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Hosacnumenvnasn 3anucka

MeToan4eckue peKOMEH AU TPU3BaHbl OKa3bIBaTh IMOMOIIb CTYJACHTAM B
VW3yYCHUH OCHOBHBIX TOHSATHM, WJI€W, TEOPUA U TOJOKECHUN JTUCUUILIAHBI
«MateMaTuka», HM3y4aeMbIX B XOJie KOHKPETHOTO 3aHSTHS, CIOCOOCTBOBATh
Pa3BUTHUIO MX YMEHHM, HABBIKOB W SIBIAIOTCA OJAHUM U3 CIIOCOOOB MPOBEPKHU
3HAHUM CTYJCHTOB.

BrinmosHeHne yyanuMucs IpakTUUYeCKUX paboT HAIMpaBJICHO Ha:
- 0000I1IeHHe, CHUCTeMaTH3alHio, YIIyOJIeHHe, 3aKperieHue IOJIyYeHHBIX
TEOPETUYECKUX 3HAHUM 110 KOHKPETHBIM TEMaM;
- (¢opMupoBaHWE yMEHUN NPUMEHATH TOJYYCHHBIC 3HAHUS Ha TMPAKTUKE W
pean3aluIo €IMHCTBA UHTEJUICKTYaJIbHON U TPAKTUYECKOMN AEATEIIbHOCTH,
- pa3BUTHE MHTCIUICKTYyaJIbHBIX YMEHMM Yy OyAylmMX  CHEUHUAIUCTOB:
AHAUTUTUYECKUX, IPOCKTUPOBOYHBIX, KOHCTPYKTHUBHBIX U JP.;
- BBIPAOOTKY NpH PEIICHUH ITOCTABJICHHBIX 3aJa4 TaKuX MpodheCcCHOHAIBHBIX
KayeCTB, KaK CaMOCTOSTEIbHOCTh, OTBETCTBEHHOCTb, TOYHOCTb, TBOpPYECKAS
WHUIMATHBA.

B  pesymprare wm3ydeHus ~ y4yeOHOW — AWCHUIUIMHBI  «MaTeMaTuka
oOyyJaromuiics: JOJKEH

AJI'EBPA

YMeETh!

®  BBHINOJHATH apu(meTnyeckue ACUCTBUS HAJl YUCIAMU, COUETasi YCTHBIE U
NUCHbMEHHBIE MPHUEMbI; HAXOAWTh MPHUOIMKCHHbIE 3HAUEHUS BEIMYUH U
NOTPEIIHOCTA BBIYUCICHUN (a0CONIOTHAS M OTHOCHUTEIIbHAsA); CPAaBHHUBATh
YUCJIOBBIE BBIPAXKECHUS;

®  HaxXOAWTh 3HAYEHUS KOPHS, CTENEeHH, Jjorapudma, TPUTOHOMETPUUYECKUX
BBIPQXEHU Ha OCHOBE OIpEACNICHUs, HCIOJIb3Yys IMpU HEOOXOAUMOCTH
MHCTPYMEHTAJIbHBIE CPEICTBA; MOJIb30BATHCS MPUOIMKEHHONM OLEHKOM IMpu
IIPAKTUYECKUX pacyeTax;

®  BBINOJHATh NPe0Opa30BaHUsl BbIpAKEHUH, MpuUMeHss (HOPMYIIbl, CBA3aHHBIE
CO CBOWCTBAMH CTETECHEH, Torapu(MoB, TPUTOHOMETPUUECKUX (HYHKIIHIA,

®  UCIOJB30BaTh MPUOOpPETEHHbIE 3HAHWSI W YMEHUS B IMPAKTUYECKOU
NEATEIIBHOCTH U MIOBCEAHEBHON KU3HU:
- JUIsl TPaKkTUYECKHX pacyeToB Mo ¢opMmynaMm, BKIOYas (QOpMYyIIbI,
COJEep Kallhe CTENeHH, paauKallbl, JorapuMbl U TPUTOHOMETPUUECKUE
(GYHKIIMM, HWCIMOJB3YsS NpU HEOOXOJUMOCTH CIPaBOYHBbIE MaTepuaibl |
MPOCTENIINE BBIYUCIIUTEIBHBIE YCTPOUCTBA.
DyHKIUHN U TPAPUKH
YMeEThb:

® BHIYHUCIATH 3HA4Y€HHE (YHKIMM MO 33JaHHOMY 3HAYEHUIO apryMeHTa NpH
pa3IMyHBIX crocobax 3aaaHus GyHKIUU;



OTIPENENSATh OCHOBHBIE CBOMCTBA YMCIIOBBIX (DYHKIIMA, WIUTIOCTPUPOBATH WX Ha
rpadukax;
CTPOUTHh TpadUKu H3y4YEeHHBIX (QYHKIUH, WUIIOCTPUPOBATh MO Tpaduky
CBOMCTBA AIEMEHTAPHBIX (PYHKIIHIA;
UCTOJIb30BaTh TOHATHE (DYHKIMHM U1 OMHMCAHUS M aHalIM3a 3aBHCUMOCTEH
BEJIMNYUH;
UCIIONb30BaTh  MPUOOPETEHHbIE 3HAHUA W YMEHHS B  IPAKTHUYECKOH
JESITEIbHOCTH U TTIOBCETHEBHOM JKU3HU JJIS:

-1 ONMUCAHWsT € TOMOINBI0  (YHKUMH  pa3iuYHBIX  3aBHCHMOCTEH,
NpeACTaBICHUS UX rpaduvuecKy, HHTEPIPETALUU TPaPUKOB.

Hauaja maTeMaTH4yecKoro aHajimu3a

yMeThb:

HAXOJUTh MPOU3BOJHBIE SJIEMEHTAPHBIX (PYHKIINI;

UCTIOJIb30BaTh MPOU3BOIHYIO JIJISl U3yUEHUsS] CBOMCTB (DYHKIMI M MOCTPOCHUS
rpaduKoB;
IPUMEHATh TPOU3BOAHYIO I TPOBEACHUS NPHUOIMKEHHBIX BBIYUCICHUH,
pemath 3aJadd MPHUKIAJHOTO XapakTepa Ha HaXOXKIACHHWE HaumOONbIIEro U
HAaUMEHBIIIETO 3HAYCHUS;
BBIUUCIIATh B IPOCTEMIINX CIIydasX IUIOIAAM U OOBEMBI C HCHOJIb30BAaHUEM
OIPEIENICHHOTO NHTETpana;
UCIIONB30BaTh  MPUOOPETEHHbIE 3HAHWSA HW yMEHHUS B  TMPAKTUYECKOM
NESITEIbHOCTH Y TIOBCETHEBHOM YKU3HU IS

-pelIieHns TPUKIATHBIX 3a]ad, B TOM YHCIIE COIUAIbHO-DKOHOMUYECKUX H
¢usznyeckux, Ha HauOOJbIlIee U HAUMEHbIlEe 3HAYCHUS Ha HAXOXKICHUS
CKOPOCTH U YCKOPEHHUSI.

I'EOMETPUA

YMeThb:

pacro3HaBaTh Ha YepTeX)ax MW MOJCNISIX MPOCTPAHCTBEHHBIE (POPMBIL;

COOTHOCUTH TPEXMEPHBIE 0OBEKTHI C X ONMUCAHUSIMHU, U300PAKCHUSIMU;

OMUCHIBATh B3aUMHOE PACIIOJIOKEHUE MPSMBIX U TIJIOCKOCTEN B MPOCTPAHCTRE,

apeyMeHmupo8ams 80U CYHCOeHUsL 00 IMOM PACHOLONCEHUU,

aHAJIM3UPOBATh B IPOCTEUIITNX CITydasX B3aUMHOE PACIOI0KEHNE 00bEKTOB B

MIPOCTPAHCTBE;

n300pakaTb OCHOBHBIE MHOTOTPAHHUKH U KPYTJIbIe Teja; BBINOJHIThH

YEpTEKU 10 YCIOBUSIM 33]1a4;

cmpoums npocmetiuiue cedenust Kyoa, npusmul, NUpamuobl;

pemaTth IUIAHUMETPUYECKHE U MPOCTEUIINE CTEPEOMETPUUYECKUE 3aJaud Ha

HAXOXKJEHUE TEOMETPUYECKUX BEJIMUMH (JJTMH, YTJIOB, IJIOMIA e, 00EMOB);

UCIIOJIB30BaTh MPU PEIICHUU CTEPEOMETPUUYECKUX 3a/1ad TUIaHUMETPUUYECKUE

(baKThl U METOIBI;

MIPOBOAUTH JOKa3aTeIbHBIC PACCYXKICHUS B X0OJI€ PEIICHUS 3a]1a4;
UCIIOJB30BaTh MPUOOPETEHHbIE 3HAHUS W YMEHHUS B  MPAKTUYECKOU
JEATEeIIbHOCTH U MIOBCEAHEBHOW KU3HU IS



- JI7Is1 CCIIeZIOBaHUS ( MOJIETTUPOBAHUS) HECIOKHBIX MPAKTUYECKUX CUTYyallui
HAa OCHOBE M3yUYEHHBIX (OPMYI U CBOKCTBA QUTYD;

- BBIUMCIICHUSI 00BEMOB M IIJIOMIACH MOBEPXHOCTEH MPOCTPAHCTBEHHBIX TeEl
Opy pEIIeHUH MPAKTUYECKHX 3a/ad, HCIONb3Yysl MpH HEoOXOIUMOCTH
CIPAaBOYHHUKH U BHIYMCIUTENIbHBIE YCTPOICTBA.

B pesynbTaTte ocBoeHUs y4eOHON AUCIIUTUTMHBI O0YJArOIITHIICS JOHKCH 3HATh:

o 3HAYCHUE MATeMAaTU4YEeCKOW HAyKH [Jisi PEIICHUs 3a/1ad, BO3HUKAIOIIUX B
TEOPUH U TPAKTHUKE; IIUPOTY U B TO K€ BPEMs OIPaHUYEHHOCTh MPUMEHEHHUSI
MaTEeMaTUYECKUX METOJIOB K aHAJIN3y U MCCIEAOBAHHUIO TIPOLECCOB U SIBJICHHIM
B IIPUPO/IE U OOIIECTBE;

o 3HAUYE€HHUE MPAKTUKUA M BOMPOCOB, BOSHUKAIOIIMX B CaMOl MaTeMaTHUKe IS
bopMHUpPOBAaHUS W PA3BUTHS MaTEeMaTHYECKOW HAYKH; HCTOPHUIO PA3BUTHS
MOHATUSI YKCIIA, CO3JaHUSI MAaTeMaTHYECKOrO0 aHajdn3a, BO3HUKHOBEHUS H
pPa3BUTHUSI TEOMETPUH;

. YHUBEPCAIBHBIN XapaKTep 3aKOHOB JIOTUKHA MAaTEMATUYECKUX PACCYKICHHM,
UX IPUMEHUMOCTB BO BCEX 00JIACTAX YEJIOBEUECKOM 1€ATEIbHOCTH;
o BEPOSATHOCTHBIN XapaKTep Pa3iInyHbIX IIPOLECCOB OKPYKAIOIIETO MUPA.

[Ipu mpoBeneHUM TPAKTUYECKUX padOT ydeOHas rpyrmma MOXKET JETUThCA Ha
MOATPYIIITBI YHCIICHHOCTHIO HE MEHBIIE 8 YEIOBEK.

Kaxxgas mpaktuyeckast paboTa cocTaBieHa C BeyIIen AUIaKTUIECKOM HEebIo -
dbopMHUpOBaHNE TPAKTUYECKUX YMCHUH.

ConepxaHue  MpakTUYECKHMX  pabOT  HAIEJIeHO W Ha  pa3BUTHE
npoecCHOHANbHBIX yYMEHUN M HaBBIKOB. BbIMONHEHHE pacd€ToB, 4YepTekeH,
WHCTPYKTHUBHBIMU  MaTepuajiaMd, CIPaBOYHUKAMH, YMEHHE TI0JIb30BAThCS
COBPEMEHHBIMH  MH(GOPMAIIMOHHO-KOMMYHUKAIIMOHHBIMU TEXHOJIOTHSIMHU.
Hapsiny, ¢ ¢dopmMupoBaHreM YMEHHA W HAaBBIKOB, B IIPOIECCE BBITOTHCHUS
MPaKTUYECKUX paboOT 0000IIAITCA, CUCTEMATU3UPYIOTCS, VYIIYOJSIIOTCS U
KOHKPETHU3UPYIOTCS TEOPETHUCCKUE 3HAHUS, BBIPAOATHIBACTCS CIIOCOOHOCTH U
TOTOBHOCTh HCIOJIb30BaTh TEOPETHUCCKUE 3HAHUS HA TPAKTHUKE, PA3BUBAIOTCS
WHTEJUICKTYaJbHbIC YMEHUS.

B nmaHHBIX METOAMYECKMX YKa3aHUAX B  Hadalle KaXJAOW TEeMbl KpaTKO
U3JIaraloTCsd OCHOBHBIE TEOPETHYECKUE CBeJeHUs (ompeneneHus, GopMmyIibl),
HEOOXOAMMBIC JUISI pEIICHUS TOCICAYIOMMX 3amad. [lpuBomsTcs penieHus

TUINOBBIX IPUMEPOB U 3a/a4. J[aroTcs ynpaxxHeHus Ui 3aKpEeIUICHUs MaTepuaa.
IIpakTnyeckoe 3ansaTue Nel

Tema: Llenbie u pannoHanpHbIe yncia. JledcTBuTenbHbIC yncia. JeicTBrs Haj
palMOHANIBHBIMU YUCIIAMH.

Heab: O600IIEHNE U CUCTeMAaTU3alNs 3HAHUI, YMEHUN, HABBIKOB YYAIIXCS MIPH BBHITTOJHEHUU
apuMeTUIECKHUX JEeHCTBUN HAJl OOBIKHOBEHHBIMH JIPOOSIMH



TeopeTtnueckuii 610K

1. Croorcernue. Cymmoii apoOeit ¢ OTHUM U TEM K€ 3HaMEHATEeJIEM Ha3bIBAIOT APOOb, UMEIOIIYIO
TOT K€ 3HaMEHATellb, @ YUCIIUTEh PABEH CyMME YUCIIUTENICH JaHHBIX IpOOei, T.¢e.

aba+b

HoOn P
ITO onpeaeIeHue MOXKHO cHOPMYIIMPOBATh TAKXKE B BUJIE CICIYIOLIETO TpaBHIa.

YTOOBI CIIOKHUTH ,Z[pO6I/I C OJHHAKOBBIMH 3HaAMCHATCIIIMH, HAJ0 CJIOXHTHh HUX YHUCIUTCIIN, a
3HaMCHATCJIb OCTAaBUTD TOT XKC.

ITpumep.

YroObl CIIOKUTH OPOOM C pa3HbBIMU 3HAMCHATEIISIMH, HAJO MPHUBECTH UX K HAUMEHbBILIEMY
o0mieMy 3HaMEHATEII0, a 3aTeM CJIOKHUTHh IMOJIYYCHHBIC YUCIUTEIH U TOJ CYMMOH TOJIUCATH
001NN 3HAMEHATEND.
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Kopoqe 3aIIMCBIBAIOT TaK:

UToOBbI CI0XHUTH CMEIIAHHBIC YHCIIA, HY’)KHO OTJEIBHO HANTH CyMMY IIENIBIX H CYMMY APOOHBIX
yactei. JleficTBUE 3aNUChIBACTCS TAK:

gl 11 g 521411420 o 1352 1,7
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2. Bwviyumanue. Berautanue npoOell MOXHO OIPEACNIUTh KaK JEUCTBHE, OOpPaTHOE CII0KEHHIO
npobeil. BeruecTh U3 0JJHOTO IPOOHOTO YKca BTOPOE 3TO 3HAYUT HAUTH TPEThE YHCIIO, KOTOPOe
B CyMME CO BTOPBIM JaeT neproe. M3 3Toro onpeneneHus ciaeayer npaBuio:

Yr1o0Obl BBIYECTD le06I/I C OJWHAKOBBIMH 3HAMCHATCIISIMU, HYXHO BBIYECTb YHUCIUTEIID
BBIUUTAEMOI'0 M3 YHCIUTCIA YMCHBIIAEMOI'O M OCTAaBHUTH Hpe)KHI/Iﬁ 3HaMCHATCIIb. HeﬁCTBHe
3aIlIMChIBArOT TaK:



UtoObl BBIUECTh JpOOM C pa3HBIMH 3HAMCHATENISIMH, HYKHO CHadaja TPUBECTH HX K
HAaUMEHbBIIIEeMY OOIIeMY 3HAMEHATEII0, 3aTEM U3 YUCIIUTENS] YMEHBIIAeMOTO BHIYECTh YUCIUTETh
BBIUMTAEMOTO W TOJ MX Pa3HOCTHIO IMOANMMCATHL OONIMI 3HAMEHaTenb. J[eHCTBUE 3aMUCHIBAIOT
TaK:

11 5 22-15 7

12 38 24 24

Ecimu HYXXHO BbBIYCCTH OJHO CMCIIAHHOC YHCJIO U3 APYTOro CMCIIAHHOI'O YHuCiia, TO, €CJIIM MOKHO,
BBIYUTAIOT ,Z[p06b u3 I[pO6I/I, a OeJIoC U3 1UeJIoro. HeﬁCTBHC 3allMCBhIBAIOT TakK:
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11 4 44 44

Ecnu ke napobp BbluMTaeMOro Ooiiblie IpOOM YMEHBIIAEMOTo, TO OepyT OJHY €AMHHMILY W3
[[EJIOr0 YHUCJIa YMEHBIIAeMOro, pa3ApoOsSioT ee B HaJeXKallue JOJIU U MPUOABIAIOT K JIpOOHU
YMEHBIIIAEMOT0, ITOCJIE YEeTO MOCTYIAI0T, KaK OMUCAHO BhIIIe. J[elicTBHE 3alUChIBAIOT TaK:

ji_1£=41ﬁ_33=352_33= 18
o 12 36 36 36

AHanoru4Ho IMMOCTYNAKT, KOI'lda Ha/10 BBIYECTh U3 LICJIOT0 YUCiia I[pO6HO€.

[Ipumep. 3

3. PacnpocmpaHenue c80lUCME CLOJNCEHUS U 8blYUMAHUSL HA OpoOHble uucna. Bece 3akoHBI U
CBOICTBA CIIO’KEHUS U BHIUUTAHUS HATYPaTbHBIX YHCEI CIIPAaBEJIMBEI U JUIsI IPOOHBIX uncen. Mx
IIPUMEHEHNE BO MHOTHX CIIy4YasiX 3HAUYUTENIBHO YIIPOIIAET IPOLIECC BHIYMCIICHUS.
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3I[GCL HCIIOJb30BaHbI HepeMeCTI/ITeJ'IBHHﬁ 1 COYETATEIbHBIN 3aKOHBI CIIOKCHHUS.
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3I[GCL HCIIOJIb30BAHO IMPAaBUIIO HpI/I6aBJ'IeHI/I$I CYMMEBI K YHUCITY.
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[Tpumep 3.
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3I[€CB HCII0JIb30BAHLbI MTpaBUJIda BBIMUTAHHA U3 YK CJIa Pa3HOCTH U CYMMBI.

4. Ymnoowcenue. YMHOKEHHE ,Z[pO6I/I Ha »OCJIO0€ 4YHUCIIO MOXHO IIOHHMMAaTh TaK XK€, KaK H
YMHOKCHHE LCJIOro 4ncjia Ha [EJI0C, T.C. KaK CJIIOXKCHUC OANHAKOBLBIX CJIaraCMbIX. HaHpHMep,
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Ho mnist ymuoxxenust Ha ApoOb Takoe TOJKOBaHHUE HE MoaxoauT. Hanpumep, ymHOKas 7 Ha 3 )

3 2

HEIb3s CKa3aTh, YTO 37eCh " 7 HaJ0 B3ATh 3 pasa ciaraembim".
31ech HEOOXOIMMO JAaTh HOBOE OMpE/IeICHHE.

[IpousBenenuem apodeil Ha3bIBAIOT TaKyro JApoOb, YUCIUTENIb KOTOPOH paBeH IPOU3BEIECHUIO
YHCIUTENeH JaHHBIX JApoOed, a 3HaMeHaTeldb - MPOU3BEIACHHIO UX 3HAMEHaTeleH,

Te T HT FIH D yroGpl yMHOXMTH OpoOb Ha ApoOb, HYKHO YMHOKHTbH YHCJIUTEb Ha
YHCIIUTENb, & 3HAMEHATENb Ha 3HAMEHATENh M TIEPBOE IPOM3BEIECHHUE C/IEaTh YMCIUTENEM, a

a C [

BTOPOC - 3HAMCHATCIICM: b d bd .

[Ipu ymHO€eHuu cienyer Aenath (€Cau BO3MOXKHO) COKpaIEHHE.

12 19 12-1p 2

Mpmvep, 19 30 19-30 5

Ecnu ydects, 4TO 11€710€ YUCIIO MPENICTaBIsAeT cCO00M IpoO0b CO 3HaMEHaTeNleM 1, TO YMHOXEHUE
JpoOU Ha 1eJI0€ YKCIIO U 1IeJIOT0 YMCia Ha APOoOb MOXKHO BBITIOJIHSTH TO3TOMY K€ MPaBUITY.

1



5. Vmmoowcenue cmewannvix uucen. UYToObl TNEPEMHOXKUTh CMEUIAHHBIE YHWCIA, HYKHO
IpeBapUTEeNIbHO OOpaTUTh MX B HENpaBHIbHBIE OPOOM M TMOTOM IMEPEMHOXKATh IO MPaBUITY
YMHOXXEHUS IpOOeii.

2lal 516 _30_,

Ecnu ke mepeMHOXar0T CMELIAHHOE YUCIO Ha LeJI0e, TO IMPOILE MHOXKHUTH OTACIBHO LETYIO
4acTh U JPOOHYIO YacTh.

gigzﬁizqg

[Tpumep. 3 3

6. Pacnpocmpanenue ceoticme YMHOJceHUsi Ha OpodOmvie uucna. CBOWCTBA YMHOXXEHUS
HATYypaJIbHBIX YHCENl CIpaBeIUIMBBI U JUIs ApoOeii. VX ucmonb30BaHWE YIPOIIAET YCTHBIE U
[IMCbMEHHBIE BBIUNCIICHMUSL.

2
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7. Henenue opobeii. J1yist nenenust 1po0ei COXpaHseTcsl TO e ONpeAesIeHUe, YTO U IS IeTIeHUs
[ENBIX YHUCEN: 3TO - JEWCTBUE IOCPEACTBOM KOTOPOTO IO TAaHHOMY ITPOM3BENEHHUIO BYX
COMHOXHUTEIEU U OOAHOMY M3 OTHUX COMHOMKUTEIIEH OTBICKUBAETCS BTOpOﬁ COMHOXKUTCIIb.
PaSIIGJ'II/ITI) OIHO 4YHCJIIO Ha BTOpPOC - 3HAYUT HaTH TakKoe TPETHE YUCIIO, KOTOPOC IIpHU
YMHOXXEHUH Ha BTOPOE JIaeT MepBoe. BRIMONHSIOT enenue Apooeii o cneayonemMy mpaBuy.

Uto0bl pa3genuTh ApoOb Ha JpoOb, HYXHO YHCIUTENIb MEpPBOM JpoOM YMHOXUTh Ha
3HaMeHaTelb BTOPOW, a 3HAMEHaTeIb MEepBOM HAa YHCIUTENb BTOPOM M NEPBOE MPOU3BEACHUE

a. ¢ ad

3aMucaTb YUCIUTEIIEM, a BTOPOC - SBHAMCHATCIIEM! b d be .

6 9 6-10 60 20

ITo 9TOMY K€ MPAaBUITy MOXXHO BBIIIOJIHATH JCJICHUC ,Z[pO6I/I Ha 1I¢JI0€ 4YMCJIO U OCJIOro Ha ,Z[p06L,
C€CJIU MPEACTAaBUTH LEJIOC YHUCJIO B BUAC I[pO6I/I co 3HaMeHarteneM 1.
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8. Henenue cmewannwvix yucen. YToObI BHITIOIHUTE JCTICHUE CMEIIAHHBIX YUCEIT, UX
MPEBAPUTEIHLHO O0OPaIal0T B HEMPABUIIbHBIC IPOOU U 3aTEM JIEIISIT 110 MPABUITY JCIICHUS
JIpOOeH.
3.1 63 21 63-20

127:1 - =22, 2220 g
Mpumep, 5 20 5 10 5-21

OIIHaKO IIpH ACJIICHUKU CMCIIaHHOI'0 YucCjia Ha LEJI0C OBIBacT YILO6H€I7I ACJIIUTH OTACJIBHO LEITYIO
4aCTb U OTACJIBHO ,Z[pO6Hy10 4aCTb CMCIIAHHOI'O YHCJia.

Z!nl‘.llé:izﬁl
7

[Tpumep.

9. 3amena oenenus ymuoodicenuem. Ecnm B kKako-HUOYIb APOOH TOMEHSITH MECTAMH YUCIUTEIh

U 3HaAMEHaTellb, MOJIy4YuTCs HOBast poOb, oOpaTHast nanHoil. Hanpuwmep, 1u1st npodu 7 oOpartHas

7

JpoOb Oynet 3

OueBUIHO, YTO MPOU3BEACHHE IBYX B3aUMHO OOpaTHBIX Ipobeii paBHO 1.

Qo | =1
I
et

=1 | oo

YuureiBas 9TO0, MOKHO JCJICHUC BBITNIOJIHATD 110 CJICAYIOIICMY IIPABUITY.

YT00BI pa3aciiTh OAHO YUCJIO HAa APYTro€, HY’>KHO ACIIMMOC YMHOXHUTH HA YUCJIO, O6paTHOC

JEIUTEIO.
25 27 11
HpI/IMepl.3 7 335 15
3 7 7



4_51 41'543 3

Mpumep3. 7 3 7 3 7 16 28

10. IIpumepst na 6ce deticmeus ¢ 0ObIKHOGeHHbIMU OpoOsMu. PeleHre mpuMepoB Ha Bce
JEUCTBUS C IPOOSMU BBIIOIHSIOT C TOMOIIBIO 3aMTUCH TT0 OT/ICIBHBIM JICUCTBHSIM HITU 3aITUCH
LIEITOYKOM.

IIpumep. BLIUHCIUTE:

3 5 15 5 1 1
4= = 212432
521 28 g4 2 3 1 16
51,10 lig 1436 35
2
Pemenue mo 4acTsM.
3.5 1 1 1
)— —=—=—; 3)=+9=9";
5 21 5-21 7 7 7
15 5 15-84 1
2)—:—=—=9; 4)5: —=10;
28 84 28-5 2
5310 +10=20;
64 16 1 1
5)9— 20=— =";11)=:3=";
7 7-20 35 3 9
1 1 1 13
7)2:—=4; 12) —
2 4 9 3'5
8)3:1=9; 13)13: E—E—Bﬁ,
3 36 13
04 +9=13; 14]35-l=1;
36
1 1 16 16
10)—:2=—; 15y —+1-—-=1
2 4 35 a5
Otser. 1.

ITpumMep BEIUHUCIECHUS 1IEIOYKOM:




1 3 1 1 7 7
2_Zlas [asffal ,l.1 413
4 4 2+ 8 8 I 2.4 5 _
3 5.1
5—4E 10 2—1E ;31 —:10 —:3—
5 3 ] 5 8 8
152 58 L5
2 7,45 _7 2 250
= =—-—+2-5=—+10=
31 58 3 1 7
510 & 25 350 5
3:5£+1l£1l=1‘-15E
7
Pewenne 3anau
2
1. Boza 3aHnMaer 3 moBepxHOCTH 3eMuid. [109ToMy 3eMIIIO HA3IBAKOT «rOoTy0OH TTAaHETOM».

1
Kakyro yactb 3eMHOM TOBEPXHOCTHU 3aHMMaeT cyma? OTBeT: 3 cylia.
2
2. Oty 42 roaa, a BO3pacT CblHA cocTaBisieT 7 Bo3pacTa oTua. Ckoybko JieT ceiny? OTBet: 12

JICT.
3

3. [IpenenbHbIN BO3pacT OCIKHU 6 JIET, UTO COCTABIISIET S MPEACIbHOrO BO3pacTa 3aiIa.

CKOJBKO JIET MOXKET NpoxkuTh 3as1? Oteet: 10 ner.
5 25

4. Jlnuna ctopoHbl kBajgpata 2 am. Kakosa ero miomaas? Oter: 81 ,Z[MZ.

5.Pabounii MOXeT BBIIOJIHUTH MPOU3BOACTBEHHOE 33/IaHUE 32 5 4aCOB, a €ro YYeHHK — 32 8
13

yacoB. Kakyro 4yacTb pabOThl OHH BBIITOJIHAT BMECTE Mociie yaca pabotei? OteT: 40 4,

2 1
6. B mepBeIit yac aBTOOYC Mpomien S BCero myTH, BO BTOPO 3 TyTH, a B TPETUH — OCTAITLHBIC
28 kM. Kakoe paccrosiHue mpoiien aBTo0yc 3a Tpu yaca?

2 1 o1
1)5 + 3 = 15 (y)—3a JBa yaca.
i1 4
2)1— 15 = 15 (4) — mporien B TpeTuii yac. 4

3)28: 15 =105 (kM) — 3a TpH vaca.
Otsert: 105 kM mporen aBToOyc 3a TpH yaca.

JdomaiuHee 3agaHue:



5 3

1. Kakoe paccrosiHue ynuTka 3a 6 gaca, eciiu oHa Oy/IeT MOJI3TH CO CKOPOCThIO 250 km/q?
1

OtBeTr: 100 kM.
o

2. 113 604Ky ¢ OEH3MHOM BHAYAJIE OTVIMIN 28 BCero MMEIOIIErocs TaM OEH3HHa,
2

noToM 7 Bcero OEH3WHa | 1ocje 3TOro B 0ouke octasioch 99 utpoB 6eH3nHa. CKOJIBKO JTUTPOB
OceH3MHA ObLUIO B OOUYKE IMepBOHAYAIBHO?

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

2)1— 28 = 28 (y)— 0CTAIOCH.

11
3)99: 28 =252 (1) — OBUIO IEPBOHAYAILHO.

OtBert: 252 11 6eH3uHa ObUTO B O0YKE MEPBOHAYAIBHO.

IIpakTuyeckoe 3ansaTue Ne 2

Tema: «PelieHue TMHENHBIX YPAaBHEHUN U HEPABEHCTB»

Hesanb: O000MMTE U CHCTEMATH3UPOBATH 3HAHUS, YMEHHS YYALIUXCS TPU PEUICHUN JTHHEHHBIX
YPaBHEHUU U HEPABEHCTB

Teopernueckuii 6110k
JInnelinble ypaBHEHHS
JIMHEHBIM ypaBHEHMEM OTHOCUTEIIBHO MEPEMEHHOM X Ha3bIBACTCS ypaBHEHHUE NEPBOMU
cremenn KX +5 =10 (1)
rne K um b — npousBonbHBIC BElIeCTBEHHbBIE YHCIIA.

T
B cayuae ¥ ¥ 0 ypasnenue (1) MMeeT eMHCTBEHHOE PELIEHHUE TIPH JTIO0OM 3HaueHur b :

b
=

K
B cnyuae, korna k=0,b #0 ypaBHeHue (1) perienuii He UMeeT.
B ciiyaae, korma K=0, b =0, pemennem ypasuenus (1) siBiseTcst 11000€ 9UCIIO
X € (~0; + <0). Ecnu wu3HauanbHO 3aJaHO  ypaBHEHHUE, COJCpIKAIllee IEPEMEHHYI B

3HAMCHATCIIC, TO MECPCa PCIICHUEM HCO6XOI[I/IMO YKa3aTb 00J1acTh OMNpCaACIICHUA, UCKIIFOUUTH U3
OTBCTAa KOPHHU, TP KOTOPBIX BBIPAKCHUC HC UMCCT CMbBICJIA.


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

8[x—1)
Br—84

&
+2x:2[4—2xj
2r=8-4x

Brx+2x+4x=8+48

Brx+2x+4x=8+18
14x =164

16

a8

r=
14 7

Hptinep 4
Sx+15
x+4
D:oox=z
Sx+15
x+4

=4
—4

(xtd) =4 (x+4)

S5x+15=4x+16

r=-1

e

Hptinep 5
Sx+15
x+3
D:ox=z
Sx+15
x+4d

x=-1

|
-3

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

Sx+15=4x+12

x=-3

Crnzein

HEr KROpHEE



JIuneiinble HepaBeHCTBA

JIMHEWHBIM HEPAaBCHCTBOM OTHOCUTEIIBHO TMEPEMEHHOU X
NpUHAJIEKAIIEE K ONHOMY U3 CIEAYIOIIUX TUIIOB:

Ha3bIBACTCsA HCEPABCHCTBO,

kx+b=0,
kx+b =0,
kx +b =10,
kx+b =0,
ek ub - MIPOM3BOJILHBIC BEIICCTBCHHBIE YHCIIA.

Pemras JIHHGfIHLIG, Ja U HC TOJIbKO JII/IHef/’IHBIC, HCPAaBCHCTBA, CJICAYCT IIOMHUTL, YTO IPHU
YMHOXCHHU WM ACJICHUKW HEPABCHCTBA Ha IIOJOXKHUTCIBHOC YHCIO 3HAaK HCEPAaBCHCTBA
COXpPAHACTCA, a IIpU YMHOXCHHH HJIN ACJIICHHU HCPABECHCTBA HA OTPHULATCIBHOC YHUCIIO 3HaAK
HCPAaBCHCTBA MCHACTCA HA HpOTHBOHOHO)KHLIﬁ.

B cooTBeTcTBHM C 3THM pelICHHWE JUHEHHBIX HEPABEHCTB, B 3aBUCHMOCTH OT 3HAYCHUU
ko3 ¢purmentor K u b, mnpeacrasneno B cieayroieit Tabmuie 1.

Tabnuna 1. — Pemennie HepaBeHCTB NEPBOM cTENIEHU

Fx+b=0 kx+b>0 kx+b=0 kx +b<0
3HaK HEpaBEHCTBA COXPAHSIETCS
e xE—E x}—g xﬂ—g .:1c-:i—E
k K K k
k=0, b<0 | 2 Xe(—w;+w). | XxXE(—0;+ ).
k=0, b=0 | x&e(-w0;+ ). | & xXe(—w;+ ). | &
k=0, b>0|xe(—w;+¢e). | XxXe(—w;+w). | & (7]
3HaK HEPaBCHCTBA MCHACTCS HA HpOTI/IBOHOJ'IO)KHHﬁ
e xi—g Jn:-:::—E xE—E .:tf::-—E
k K K k

CucreMbl TMHEWHBIX HEPABEHCTB

PaccmoTpuM perieHre cuctem JHHEHHBIX HEPAaBEHCTB HA MIPUMEPAX.

IMpumep 1. PemmmTh cuctemMy HEPaBEHCTB




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

Pemenune. Pemmm KaXX10€ U3 HCPABECHCTB CUCTEMBI:

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

N300pa3uB Ha 01HOM KoopauHaTHOM mipsimoid (Puc. 1) 06a TouedHBIX MHOXKECTBA,
COCTABJISIONINX TIOCIICHIOI CUCTEMY, ITOJIy4aeM OTBET MPUMEPA.

Puc.1

[3 11]
Xe| — —
OTtBerT: 2 3

[Ipumep 2. Pemnth cucTeMy HEpaBEHCTB

Jx+4<0,
—2x-7 =20.

Pemenne. PemuM kaxaoe us HEPaBCHCTB CUCTCMBbI:

4

5x+4 <0, Sx<—4, A<=
Lo

2x—-T7=0. _2x327, 7

Xs——,

2

N300pa3uB Ha onHOM koopauHaTHOM mnpsiMoil (Puc. 2) oba TOYEUHBIX MHOXECTBA,
COCTABJIAIOLIUX TOCJIEIHIOI CUCTEMY, [TOJIy4aeM OTBET IIPUMEPA.

N300pa3uB Ha onHOM koopauHaTHOM mpsmoil (Puc. 1) obGa TouedyHBIX MHOXECTBa,
COCTABJIAIOLIUX IOCIETHIOK CUCTEMY, I10JIy4aeM OTBET IIPHMeEpa.



Puc.2

XE|—o0— —
OrtBer: 2

[Tpumep 3. Pemintb cucTeMy HEpaBEHCTB

6x—7 =0,
4x+13<0.

Pemenue. PemnmM Kaxioe U3 HEPaBEHCTB CUCTEMBI:

ox—-7 =0, ox =7,
Lo o
4x+13 <0, dx < -13, 13
X<

N300pa3uB Ha 01HOI KoOpanHaTHOM mpsimoi (Puc. 3) 06a ToueyHbIX MHOXKECTBA,
COCTaBJISIOLIUX [OCJIEIHIOI0 CUCTEMY, I0OJIy4aeM OTBET IpUMepa

S ‘__\,\_L]_ X %
_13 07
4 6
Puc.3
OtBeT: (Z

Pemmth nanHbie cucteMbl HepaBeHCTB (Ne 179 —184):



2x—1>1 bx + 3> 8,
179. * 181. {
180. { 1—21*{—9. 182. {21:—"‘3}1_—3,
3x + 1 << 13, 4x +3>8—x.
183. {3""'1'73“’9‘*% 184, {"‘+4":?x'
5+ x> 2x -+ 2, | —x>—2.
JlomaiHee 3a1aHue:
(2x +3) (2— 2x) > 0.
(2— @) (2x — 15) (x + 4) > 0.
x}i,
[[3x-4>0, [[3x>4, , >
sev630. |1sx>-6 P77 |73
Gx-4(5x+6) >0 < Tx—4< 0, 32< 4 SR e
X =, X<l -—=
Sx+6 <0, ax < -6 3 3
: : 6
x4 ——;
L )

IIpakTnyeckoe 3ansaTne Ne 3

Tema: Pemenue KBaApaTUYHBIX YPABHEHUN U CUCTEM YPAaBHEHUI

Heﬂb: O606H_II/ITL U CUCTEMATU3HUPOBATH 3HAHUS YHAITUXCA 110 JIaHHOM TeMe.

Teopernueckuii 6110k

Ornpenenenue

Keaopamnoe ypaenenue — 310 ypaBHEeHHE BUAA ax’ +bx +c=0, rae

k03 durMeHTs! a, b u ¢ — mpou3BosbHbIE UKca, npudeM a # 0.

HpC)K,Z[C, 4YCM HU3Yy4aTb KOHKPCTHBIC MCTOAbI PCIICHUA, 3aMCTHUM, YTO BCC KBAAPATHBIC
YpaBHCHUA MOKHO YCIIOBHO pa3JICJINTh Ha TpH KJlacca:

He nmerot xopHei;

VIMeroT pOBHO OJIMH KOPEHB;

HNmeroT ABa pa3JIMYHbIX KOPH:.



JAucKpuMHUHAHT
Onpenenenne

ITycTh maHO KBaJpaTHOE YpaBHEHHE ax’ + bx + ¢ = 0. Torna OUCKPUMUHAHM — DTO TIPOCTO
yucno D = b? — 4ac.

Oty Gopmyny Hano 3HATh Hau3ycTh. OTKyAa oHa OepeTcs — celyac HeBaXkHO. BakHo npyroe:
10 3HaKy JUCKPUMHUHAHTA MOXKHO OIPEACINTh, CKOJIbKO KOPHEH MMEET KBaIpaTHOE YpaBHECHHUE.
A UMEeHHO:

Ecmu D < 0, xopHeit HeT;
Ecnu D = 0, ecTb pOBHO 0JIMH KOPEHb;
Ecnu D > 0, xopueii Oyner nBa.

O6paTI/ITC BHUMAaHHC: JUCKPUMUHAHT YKAa3bIBACT HA KOJIUYCCTBO KOpHeﬁ, a BOBCC HC Ha UX
3HAKH, KaK MO4YeMy-TO MHOTHEC CYHUTAIOT. Barnsaute Ha IMPUMCPLI — U CaMHU BCC ronMere:

3amaua

CKOIBKO KOpHeﬁ HMCIOT KBaJAPATHBIC YPABHCHU:

X2 —8x+12=0;
5%*+3x+7=0;
x* —6x+9=0.
Pemenne

Boinumem ko3¢ GuiMeHTs! U1 IepBOro YpaBHEHUSI U HalIeM TUCKPUMHUHAHT:
a=1b=-8,¢c=12;
D=(-8)7-4-1-12=64-48=16

I/ITaI(, ,Z[I/ICKpI/IMI/IHaHT HOHO)KHT@HBHBIﬁ, HOBTOMy ypaBHeHHe HNMECT ABa paSJ'II/I‘{HLIX KOpHSI.
AHaJIOrM4YHO pa3zbnpaeM BTOPOE ypaBHEHHUE:

a=5b=3;c=7,

D=32-4-5-7=9-140=—131.

I[I/ICKpI/IMI/IHaHT OTpHHaTeHLHLIP'I, KOpHeﬁ HCT. OCTaJ'IOCL MMOCJICAHEC YPABHCHUC!
a=1lb=-6;c=9;
D=(-6)’-4-1-9=36-36=0.

JIMCKpHUMUHAHT paBeH HYII0 — KOPeHb OY/IET OJIUH.
OtBer
1) 2 kopHs; 2) HET KOpHEH; 3) OIMH KOPEHb.

KopHu kBaspaTHOTrO ypaBHEHUs



—b+yD _ —b—+D

*1 2 *2 2a

Korna D = 0, MOHO HCIIOJIB30BaTh JHO0YIO U3 3TUX (POPMYI — MOIYUUTCS OJHO U TO Ke
4HCIlo, KoTopoe u OyaeT orBeToM. Hakoner, eciau D < 0, kopHelt HET — HUYEro cYUTaTh
HE HaJIo.

3amaua

Pemnth kBagpaTHbIE ypAaBHEHUS:
X2 —2x—3=0;

15-2x—x*=0;
X°+12x+36 =0,

Pewenue

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

D > 0 = ypaBHenue umeer aBa kopHs. Haiinem ux:
2+416 2—416
W= % Ty

BTOpOC YpaBHCHHUC!
15-2x-x*=0=>a=-1;b=-2;c=15
D=(-2)7%-4-(-1)-15=64.
D > 0 = ypaBHeHue cHOBa UMeeT J1Ba KopHs. Halinem ux:
2 ++/64 2 —+64
Xy, =——=-5; ¥, =—-+—=
2o (-1 2D

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

D = 0 = ypaBHeHUE UMeeT OJIMH KOPeHb. MOKHO HCIIOIB30BaTh 00y hopmyrny. Hanpumep,

IEPBYIO:

_—12+¢E_
S T

OtBer

1) X1 = 3; X2 =-1; 2) X; = —5; X2 = 3; 3) x = —6.



Henonueie kBaspaTHbIE YpaBHEHUS

briBaeT, 4TO KBaJpaTHOE ypaBHEHUE HECKOJBKO OTJIMYAETCSI OT TOTrO, YTO AAHO B OINpPEIEICHUH.
Hanpuwmep:

X° +9x=0;
x* —16 = 0.

Hecnoxuo 3aMCTUTb, YTO B 3THUX YPABHCHUAX OTCYTCTBYCT OJHO U3 CllaracMbiX. Takue
KBaApPAaTHBIC YPABHCHUA PCIIAIOTCA OAXKE JICTYC, YCM CTAHAAPTHBIC: B HUX JaKC HC HOTpe6yeTC$I
CUUTATb JUCKPUMUHAHT.

Ornpenenenue

2 -
VYpaBHenue ax” + bx + ¢ =0 Ha3bIBaCTCS HENOIHbIM  KBAOPAMHbIM — ypaghenuem, eciuub =0
i C = 0, T.e. KOOQPHUIHUEHT MPH TEPEMEHHON X WM CBOOOIHBIN 3JIEMEHT PaBEH HYIIIO.

PazymeeTcs, BO3MOXEH COBCEM TsDKEIBIA Cilydail, korma oba 3Tux Kod(QuimeHta paBHbBI
2

Hymo: b=c=0. Boarom cinyuac ypaBHeHue mnpuHHMaeT Bugax =0. OdYeBHUAHO, TaKoOe

yYpaBHEHUE UMEET STUHCTBECHHBINA KOpeHb: X = 0.

Paccmotpum octasnbhbie ciydau. [lycts b = 0, Toria mosiy4umM HEemosHOE KBapaTHOES
2

ypaBHeHue Buja ax” + ¢ = 0. HemHoro npeoOpa3yem ero:

2 2 C C
ax*+c=0=2x*=—=2x=+4+|——

a a

[TockonbKy apupMETHYECKII KBaIpaTHBIA KOPEHb CYIIECTBYET TOJIBKO U3 HEOTPUIIATEITLHOTO
4ypCIa, MOCICHEe PABEHCTBO UMEET CMBICI UCKITIOUUTENBHO rpu (—Cc/a) > 0. BeiBox:

Ecnu B HENOJIHOM KBaJipaTHOM ypaBHEHUH BUA ax? + ¢ = 0 BBITIOJNHEHO HepaBeHCTBO (—C/a) >0,
KopHei Oynet nBa. opmyra 1aHa BBILIE;

Ecnu xe (—c/a) < 0, kopHeit HeT.

Kax BUIUTC, TUCKPUMHWHAHT HE HOTp€6OBaJ'IC$I — B HCIIOJIHBIX KBAaJAPATHBIX YPAaBHCHUAX BOO6HI€
HET CJIOKHBIX BBIYHCIICHHUH. Ha camom JACJIC Jaxe Heo0sA3aTeIbHO IIOMHUTH
HepaBeHCTBO (—C/a) > 0. JlocTaTOYHO BBIPA3UTh BEJIHMYHHY X* u IIOCMOTPETh, YTO CTOUT C IPYroi
CTOPOHBI OT 3HaKa paBEHCTBA. Eciu TaMm MONOXKHUTENbHOE 4YuCIIO — KOpHeW Oyner nBa. Ecnu
OTpHIIaTEIbHOE — KOpHEH He OyneT BooOIe.

2 .
Temepr paszOepemMcsi ¢ ypaBHeHHssMH Bujaa ax” + bX =0, B KOTOPbIX CBOOOIHBIH 3JIEMEHT
paBeH Hym0. TyT Bce TTPOCTO: KOpHEH Bceraa Oyner nBa. JlocTaTogHO pa3ioXKUTh MHOTOWICH
Ha MHOXXHUTEJHN:

(11'2+bx=0:-12'({lx+f]]=0;‘rxl={];xzz—a

HpOI/ISBe,Z[CHI/Ie paBHO HYJIIO, KOI'Ia XOTH OBl OJIMH 13 MHOXKHUTEIIEH PaBCH HYJIIO. OTCIOI[a
HaxXo4dATCA KOpHU. B 3akitroueHue pa36epeM HCCKOJIBKO TaKHUX ypaBHeHHﬁZ



3amaua
PemuTh KBagpaTHBIE YpPABHCHHUS:

X2 —Tx=0;
5x% + 30 = 0;
4x* -9 =0.
Pemrenne

X—Tx=02x - X—-7)=0=2x.=0; % =—(-7)/1 =T7.

5x* + 30 = 0 = 5x* = =30 = x? = —6. KopHeii HeT, T.K. KBaJPAT HEe MOYKET OBITh PABEH

OTPHULIATCIILHOMY YHCITY.
P -9=0=24°=9=2x°=9/4=>x,=3/2=1,5; X, =—1,5.

OTtBeT

X1 = 0; Xp = 7; 2) xopHeii HeT; 3) X1 = 1,5; X, = 1,5.

Pelienne KBagpaTHYHBIX CUCTEM YPABHEHUH

.| x=y=1
IIpumep 1. Pemnts cucteMy ypaBHeHuit ¢ , °
X“+y°=41.
Pemenne. BbIpa3suB X W3 NEpBOro ypaBHEHMsS CUCTEMBI M IIOJCTaBUB BO BTOPOE, MOIYYHM
{x =y+1
2 —
PAaBHOCHIILHYIO CUCTEMY 2y +2y=40=0. (1)

Pemast BTopoe ypaBHeHue cucteMsl (1), HaX0AUM J1Ba 3HaYEHHUs NIEPEMEHHOH Y: Vi=4Y,= _5,

MOJICTABJIsIl 3TU 3HAUYEHHUS B IIepBO€ YypaBHEHHE cucTeMmbl (1), mosyyaem J1Ba 3Ha4YeHHS
TepeMeHHol X: X~ 5% =—4

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

2Xx-3y—xy =4

3X+Yy+3xy=3

Pemienne. Cpa3y BBIpa3uTh OJHY [EPEMEHHYIO 4epe3 JAPYrylo B JIaHHOM Cliydae

3aTpyJHUTENIBHO, MEIAeT ciaaraeMoe Xy. UTtoObl M30aBUTHCSA OT ATOrO CIAraéMoro YMHOXKUM
NEpPBOE YpaBHEHUE CUCTEMBbI Ha 3 M CIOXHM CO BTOpPHIM ypaBHeHUeM. llpu sTom mnomydum

IIpumep 2. Pemuts cucremy ypaBHEHUI {

. |2x=3y—xy =4,
PaBHOCHUJIBHYIO CUCTEMY YpPaBHEHMM ¢~ ~ ... (2)
9x -8y =15.
15+8y
W3 BTOpPOro ypaBHEHUs NOJIy4aeM: X = . IloxgcraBuB 3TO BBIPAXKEHHE B IIEPBOE
ypaBHEHUE CUCTEMBI (2) MOTyYHM ypaBHEHHUE 215+8X -3y - y1528y =4 . IIpeoOpa3oBas ero,

TOTY9IHM KBaJpaTHOE ypaBHeHne oTHocuTenbHo v: 4Yy° +13y+3=0. KopHu 3T0ro ypaBHeHns
1 13
y, =3y, = 7 HOJICTaBUM B GOpMYITy JUIS X, M TOTyYuM X, =—1, X, = 9

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



x*(x+Yy) =80,
x?(2x —3y) = 80.

Pemenne. B neBbIX 4acTsAX ypaBHEHMH CHUCTEMBI CTOST IPOU3BENCHMS JBYX COMHOXUTEIEH, a
CIPaBa YUCJIO OTIMYHOE OT HYJIA, [IO3TOMY, OYEBUAHO, HHU OAMH M3 COMHOXHTEIEH JIEBBIX

IIpumep 3. Pemuts cuctemy ypaBHEHUN

YyacTel ypaBHEHHI He MOXET ObITh paBeH Hyr0. TakuMm o0Opa3oM, MOIydaeMm, 4YTO x#0y

3
2X—-3y#0=x=# —Ey. PaznenuM nepBoe ypaBHEHHE CUCTEMbI Ha BTOPOE MOYJIEHHO, B CHIY

X+y

CIIEIAHHOTO BEIIIE 3aMEYaHtsl, II0JIyYUM PaBHOCHIBHYIO CHCTEMY < 2X —3Y L Bripazum u3
x*(x+y) =80.

IIEPBOr0 YPaBHEHUs IOJYYEHHOW CHCTEMBI BbIpazuM X: X =4Y. [loacraBum 3TO 3Ha4Y€HUE BO

BTOpOE YpaBHEHHE CUCTEMBI U HaiineM Yy =1, torna X =4.OtBer: (4; 1).

Homamnee 3aganue: Pemnre ypaBHEHUS:

1. x*—8x*-9=0

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

3. (X* =2x-5)* =2(x* —2x—3)-4=0

Pemnts cucreMsl ypaBHEHM:

L 1Y=2
|9x? +y? =13.

X>+y=2
Yy +x=2
L_{_L:Z,
X X—
3 ;y 4y
S .



IIpakTuyeckoe 3ansiTue Ne4
Tema: Pemenue kBapaTUYHBIX HEPABEHCTB
Iesab: OG00IMUTE M CUCTEMATU3UPOBATh 3HAHUS U YMEHUS YYalIUXCs 110 JaHHOU TeMe

Teopernueckuii 070K

KBanpaTHoe HepaBeHCTBO — 3TO HEPABEHCTBO, B JIEBOI YAaCTH KOTOPOI'O CTOUT KBaJIpaTHbIN
TpPEXWJIEH, B JIEBOK — HYIIb.

TO €CTh, KBa,I[paTHBIe HepaBeHCTBa 6I'>IBaI'OT CHeI[yIOH_[I/IX BHUIOB:
at+bx+c>0, ax®+bx+c>0, ax’+bx+c<0, ax’+bx+c<O0.
Pe]_HI/ITB KBa}:[paTHoe ypaBHeHI/Ie MOXXHO C IIOMOIIBKO MECTOAAa I/IHTepBaJIOB.

Jlyist aTOro HEOOXOIMMO CHaYalla HATH KOPHU KBAJAPAaTHOTO HEPaBEHCTBA (BMECTO 3HAKA
HEPABEHCTBA IOCTABUTD «=» I PELINTh ypaBHeHHe ax’ + bx + ¢ = 0). KopHeii MokeT GbITb 1160
nBa, 1100 0JMH, TUOO HE OBITH BoOOIIE. [lanbpHeiime 1elcTBHUS 3aBUCIT OT KOJUYECTBA KOPHEH:

1. Eciin ypaBHeHHe MMeeT /IBa KOPHsI, HCOOXOMMO HAHECTH MX Ha YHCIIOBYIO IpsiMyto. OHH
pa3o0bIOT €¢ Ha TpH MpoMexkyTka. HyxHo OyaeT onpeaennTh 3HAKH BhIPAKCHUS ax’ +bx + cHa
KaKJIOM U3 ITPOMEKYTKOB (KOHKPETHBIN ITPUMEP PEIICHUS BBl MOXKETE IMTOCMOTPETh, BBE/ISI B
$hopMy BBIIIe KAKOE-THOO HEPABEHCTBO, HAIIPUMED 5X° + 2X — 7> 0):

- ecnu @ > 0, To 3HaKM OyAyT +, —, + (CIIeBa HaNpaBo);
- ecu @ < 0, TO 3HaKM OynyT —, +, — (CIeBa HAMpPaBo).

B ciyuae, ecnu 3HaK HEpaBEHCTBA > WK >, OTBETOM OYJyT MPOMEXYTKHU CO 3HAKOM «+». Eciu
e 3HaK < WIK <, TO OTBETOM OYAYyT OTPULATEIbHbIE IPOMEKYTKHU.

Ecnu 3HaK HepaBeHCTBA > WM <, TO TOYKU-TPAHUIIBI IPOMEKYTKOB 3aIHCHIBAIOTCS B KPYTIIBIX
ckoOkax. Eciu e 3HaK > uin <, TO TpaHULIbl IPOMEXKYTKOB 3aIIUCHIBAIOTCS B KBAJPaTHBIX
CKOOKax.

2. Eciiu ypaBHeHHe HMeeT OINH KOPeHb, TO HY)KHO TaK)KE€ HAHECTH €r0 Ha YUCIOBYIO TIPSMYIO
¥ OIPEICIUTh 3HAKN BHIPAXKEHHs ax’ + bX + C Ha KaX/I0M U3 IIPOMexyTKoB. KopeHb pasmenut
NPSIMYEO Ha JIBa TPOMEKYTKA, 3HAKU B KOTOPBIX OyyT OJIMHAKOBBIMH (B 3aBUCIMOCTH OT

ko3 durreHTa a):

- eciu @ > 0, To 3Haku Oynyt +, +. B aTOM citydae, eciu 3HaK HEpaBEHCTBA >, TO OTBETOM OyieT
BCSl YMCJIOBAs IpsiMasi, KpOME TOUKH-TPaHUIbl MPOMEXKYTKa. Eciu e 3HaK HepaBeHCTBa >, TO
OTBET — BCsI unciioBas npsiMas. Eciin 3Hak HepaBeHCTBa <, TO OTBET — MMyCTOe MHOXKeCTBO. Eciu
3HaK HEPaBEHCTBA <, TO OTBET — OJIHA TOYKA — IPAHULIA MEXAY TPOMEKYTKAMH.

- ecnu a < 0, To 3HaKM OyAyT —, — B aTOM cirydae, ecim 3HaK HEPABEHCTBA >, TO OTBETOM Oy/eT
MyCTOE€ MHOXECTBO. Eciu e 3HaK HEpaBEeHCTBA >, TO OTBET — OJIHA TOYKa — FPAHUIIA
npoMmexyTka. Eciu 3Hak HepaBeHCTBA <, TO OTBET — BCS YUCIIOBAsI MpsiMasi, KpOMe TOUKH-
rpaHMIlbl MPOMEXYTKA. Ecu 3HaK HEpaBeHCTBA <, TO OTBET — BCS YUCIIOBAsI MpsmMasl.

3. Ecin ypaBHeHHE KOPHel He HMeeT, TO HUYEro Ha KOOPJAMHATHYIO OCh M HE HYXKHO
HAaHOCUTB: HAJ(0 IPOCTO OIPENEIUTD 3HAK BBIPAKECHUS ax? + bx + ¢ Ha Beeii unCI0BOI IIPSAIMOM:



- ecin a > 0, To 3HaK Oynet +. B 3TOM ciyuae: eciny 3HaK HEpPaBEHCTBA > WK >, TO OTBETOM
Oyzer Bcs yuCioBas MpsiMast. B MpOoTHBHOM citydae — eciii 3HaK < WM < — OTBETOM OyJieT
IIyCTOE MHOXECTBO.

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

ITpumep 1. PemuTh HepaBEeHCTBO 2x% +4x —6> 0.

KBagpaTHblii TpexuiieH 2x% + 4X — 6 umeer JIBA ICUCTBUTENBHBIX KOPHS X3 = —3, X2 =1.
[TosTomy mapabona y = 2% +4x —6 TepeceKaeT OCh X B JIBYX TOUKAX, aOCIIUCCHI KOTOPBIX
paBHbl —3 u 1. [TockosbKy K03 HUIMEHT TTPU X? GobLLIe HYyJIS, TTapadoa y = 2X% + 4x —
6 HampaBiieHa BBEpX

VI3 pHCYHKa BHJIHO, 9TO TPEXHIIeH 2X° + 4X — 6 ION0XKHITeNeH MpH X < — 3 1 TpH x >1.
[Tpumep 2. PemuTth HEPAaBEHCTBO
2
—X"+x—1>0.
JIMCKpUMHMHAHT KBaPaTHOTO TPEXWIEHA — XX+x—1 orpunarenes: D = —3. [Toaromy npu
BCEX X 3HAYCHHS (YHKIH y = — X° + X — 1 HMEIOT OJIMH | TOT e 3HAK, 4 MMEHHO 3HAK
2 2
Koa¢¢uimenTa npu X, To ectb Munyc. CineaoBareiabHO, HEpaBeHCTBO — X~ + X — 1> 0 He

BBITIOJIHACTCS HU TP KAKUX 3HAYCHUAX X.

[Tpumep 3. BBISICHUTD, IPH KaKKUX 3HAYEHUAX X JIpOOb

x4 9x—3
2y — 43

IMMOJIOKUTCIIbHA W IIPU KaKUX — OTPpHULATCIIbHA.

Cuauaia YKa3aHHbIM BBIIIC crmocodom OonpeaACIIMM 3HAKH YUCIIUTEIIA U 3HAMCHATCIIA HaHHOfI
I[pO6I/I, a 3aTCM CpaBHUM HUX.



Ypcnurens X + 2X° — 3 MON0KHUTENIeH npu X < —3 U npu x > 1, a oTpUIIaTENEH IPU
—3 <x <1 (puc. BepxHss YUCIOBas OCh).

4-3-2-1 0 1. 2 3

i i
e
/) 2

3HaMeHaTelb 2X — X° IIOJIOKHTEICH npu 0 <x <2 u orpunarenex npu x < 0 u npu x >2 (puc. ,
HUDKHSISL UMCIIOBas OCb). VI3 pucyHKa BUJTHO, YTO AaHHAs JpoOb Oy/eT MOJ0KUTENbHA TPH — 3
<x <0 (B 3TOM Cily4yae YUCIUTEIb U 3HAMEHATEIb OTPULIATEIbHBI) U IIPU

1< X <2 (B 3TOM cllydae YHCIUTENb U 3HAMEHATEIIb MOJIOKUTEIbHBI); OTPUILIATEIHLHONU OHA OyIeT
npu x <. —3 (YUCIUTEH OJIOKUTENICH, 3HAMEHaTeNb oTpulaTeseH), npu 0 <x < 1 (yuciaurenb
OTpHUILaTeNIeH, 3HAMEHATENb TOJIOKUTENICH) U MPH X > 2 (YUCIUTEIb MTOJI0KUTEICH, 3HAMEHATEIb
OTpHUILIATEIICH ).

Ynpasicnenun
Pemuth JaHHBIC HCPABCHCTBA
1. x*—4x +3>0. 5. x% +x+1<0.
2. x> —6x+5<0. 6.x° —x+1>0.

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

JomaniHee 3aianue:

1. Pettuth HEpaBEHCTBO:

8x*-6x +1>0

2. HaiiTi HanMeHbIIIee MOJIOKHUTEITHLHOE 1IeJI0e PelieHIe HipaBeHCTBa:
X2+ 2x>-3

3. Pemuth HepaBeHCTBO:

X*+3x+8>0

4. PemmnTh HEPaBEHCTBO:

X°-4x+4>0

5. PeluTh HEPABEHCTBO:

X2 -4x+4>0

6. Haiitu BCC 3HAUCHMU X, HC ABJIAIOINCCA peI_HeHI/IeM HepaBeHCTBa:
2

X>16

IIpakTnyeckoe 3ansaTne NeS
Tema: Oynkuuu: TuHeHas1, 0OpaTHasi MPONOPLHOHANBHOCTE. [locTpoeHne KkBaapaTHUHON
byHKIIUN
Heab: 3akpenuTs y yyamuxcsi 3HaHUS ¥ YMEHUS TOCTpoeHus TpadukoB GyHKIUN
Teopetnueckuii 6110k

r o 7 . 1
CaoiicTBa muHENHOM QyHKIMy ¥ = K€ + 0



1. OGnacTh onpeneneHus: GYHKIIMA — MHOXKECTBO BCEX JIEHCTBUTEIBHBIX YHCET.

2. O61acTb U3MeHeHUs (GYHKLUU IpH yenoBun, uto X = 0 — MHOXeCTBO BCeX HCHCTBHTEIBHBIX
ancen. Ecmn K =0 | 10 MHOXeCTBO 3HAYCHHi (YHKLINU COCTOUT U3 OAHOM TOUKU b

3. 1Ipu k= 0. & # 0 pyuiums He sBisiercs HU yetHol, Hu HederHoil. Eom K =0 (Y mo6oe) —
bynkius yerHast. Ecim b=0 (’1'5 Tr000¢€) QYHKITHSI HEUeTHASsI.

4. Tlpu ¥ = 0 phyukrus Bospacraer npu 1r00bix * . [Ipu K < 0 (yHkuus y6sIBacT npu

ni06bIx * . [Ipu K = 0 GyHKIMS HOCTOSHHA.

Ilpumep. lloctpoutsb rpaduk GyHKIUU y=2x+4 .
Pewenue. I'pahuxomM sBusiercss npsimas JuHUA. [ €€ TOCTpOeHHs JOCTaTOYHO HAMTH TOYKH

NepeceyeHus: ¢ OCSIMH KOOPIMHAT: MPH x=0,¥=4

A(0:4) . B(-%0)

U pu X=-2,y= 0. Taxum oGpazom,

psiMasi IPOXOAUT YepPe3 TOUKU

_/y=2.\'+4

. X
7 1o
_ax+b
DyHKIMs BUOA CX+d rnedd, b, C, e _ nocrosmmse ucyia, npudem € F 0, ad 2 bC,
Ha3bIBACTCSl OPOOHO-TUHEHOU dyukyuerr. DyHKIMSA onpesieneHa BCIOJ1Y, KpoMe
X = —i
3HAYCHUS € Eemd=0¢=1 d= 0, TO TIOJTYYMM YaCTHBIN CIiydail IpoOHO-THMHEHHON
_b
byHKLIMH X . OGnacte ompesesneHusi Tako (OYHKIIUN XE (_ Cﬂ,ﬂ}U (ﬂ,+cﬂ)' I"'paduxom
_b
byHKIIH X sBsieTcss KpWBas, COCTOSIIAsE W3 JIByX BETBEH, CHMMETPHYHBIX OTHOCHTEIHHO

Hayaja KoopauHar. Takas kpuBas Has3bIBaeTcs cunepoonoit. Eciu b> U, TO BETBU TUINEPOOJIbI

pacrionoxensl B I u III koopavHATHBIX YETBEPTAX; €CIIU JKE b<0 , T0 Bo II m IV koopauHaTHBIX
yeTBepTsIX. | unepbona He uMeeT OOLMX TOYEK C OCSIMH KOOPIUHAT, a JIUIIb CKOJIBKO YTOJHO OJIM3KO

:é

K HUM npubmpkaerca. DyHKIMA X meuernas. Ha pucynke n300paxkeH  Tpadux

rUnepooIIbl ¥ X JUTSL CITydast b>0



<

» X

2

@Oyukiys, 3agadHas  HopMyJIoit y=dax— + bx+c

, IOC y.Xx _ IIEpEMCHHBIC, a,b,c —

3aJaHHbIe uMCia, B F 0, Ha3bIBACTCS Keaopamuunoii ynkyueii. OOIACTHIO ONpPENEICHUS
KBQIpAaTUUHOM  (YHKIMH  SBISIETCS MHOXECTBO  JCHCTBUTENBHBIX uyHcel. [ 'padukom

2

byuxuun Y = EX +bx+e spisercs napadona. Ecm @ >0 10 Bersu  napaGonsr

HAIpaBJICHbI BBepX; eciu £ < 0, TO BETBU Mapalosibl HampasiieHbl BHU3. OCbIO CUMMETpPUU

b

.
11apaloJibl SBJIAETCS MpAMas 21 KoopauHarsl BepUIMHBI NApaboIIbl ONPEIETISIOTCS 110
b dac —b°
bopmyaam 0 2a 70 0 4a

Jlns moctpoenus napadosibl y1oO0HO BBIOpATh CIEAYIOUINE TPU TOUKH:

a) TOUKY IepecedeHus 1napadoibl C OChbIO oy, npu x=0 MOJIy4YUM y —C’ TakKuM 00pazom,

C(0,c).

nepBas TO4Ka

0) Touky Ha napabose npu y=¢ , TO €CTh JTM00 TOUKY ¢ abcuuccon x=0 (Touka C), mubo

__b B(i;c)

TOUKY ¢ abcruccoi ¢l | Takum 06pa3om, BTopast TOUKa 24

__ b _ _dgc —B°
AXg,¥o) T T2 Yo =[x, ) =422t

B) BEpIIUHY apaboIIbl TOUKY , Te
MOoXHO TaKke B KayecTBe OCHOBHBIX TOYEK BBIOpPAaTh TOYKHM MEepeceueHHs] Mapadoibl ¢

_—btvb® —4ac _—b+D

X

ocsro Ox | 1.2 2a 2@  ecn TakWe CyNIECTBYIOT, TO €CTb
JMCKPUMHUHAHT KBaJPATHOTO TPEXUIEHA HEOTPHUIATENLHBIMN.

_ 2
Ilpumep. Iloctpoutsb rpaduk GyHKIUU y= 2x“+2x+2 .

OTMeTUM TpU  TOYKHU C[ﬂ; 2)! B (_ L; 2)! A[_ 0=5;1=5). BerBu mapabonbl  HampaBlieHBI

x=-05

BBEPX (a > 0) [TapaGona cuMMeTpUYHA OTHOCUTENBHO MPSIMOI



A

1. Tloctpoiite rpaduku HyHKIUI:

1y=3x 4
! 1
V==X —
2. 2
3.v=5—4x
42v—4x =6
S53x+4v=2
3
6.y =—
v

2. IocTpoiite rpaduKu KBaApaTUIHON QYHKIIUU:

1. y=x*—4x+3. 5.y=x* +x+1.
2. y=x*—6x+5. 6.y=x> —x+1.
3.y=—5x +3x+2. 7.y=x2—6x+10.
4, y=x (1 —x). 8.y=—3x% +2x+1.

I[OMaI_HHCe 3aaHucC:

[ToctpoiiTe rpaduku GyHKIMMI:



l.v=4x — 5

[TocTpotite rpaduxu
byHKIHH:

1.y=8x?-6x + 1
2.y= X2 +2x +3
3.y=x*+3x+8
4.y=x*-4x+ 4

5.y=x*-4x + 4

KBaJIpaTUYHOMN



IpakTnyeckoe 3ansitue Ne6

Tema: KontponbsHas padboTa o teme: «Pa3BUTHsI MOHATHS O YUCIIEH
Heasn: [IpoBeputh ypoBeHb YCBOSHHS TaHHOTO MaTepHuaiia o treme «Pa3BuTust moHATHs 0

qUCIIe»
1 Bapuanr
1.PemnTe iuHeliHOE YpaBHEHHE:
2) 3X_x+2_3x—2+x—1=1 6)1—6_2X=X—XL3
4 2 3 3 2

2. Pemure CUCTEMY JHMHEeNHbIX HEPABCHCTB:

4x -3 3x 5 —2X 5 2X
—+3>—+= > :

0 00,2 el
4x-3 x-5 x-1 4x -15 2
+ > >-—4—
8 5 2 3 3

3.Pemure cucreMy ypaBHeHHIA:

B R S e’ >{i+i o

a B
3X+4y =25 y
5x—4y =-18 2y —-x=1

4.Pemure KBaJpaTHOE YpaBHEHHE:

2 2
a) x> —x=0 6)5X6+9+4X5 9.3 & x?+9x+20=0 1)x2_5=0

x(2x —3) s (Bx-1)° (x+3)

— =1
2 5 5

A)

5. Peminte KBaApaTHYHOE HEPABEHCTBO:
a) x> -8x—-20<0 6) —x*—6x+27<0 B) 2x*—-13x+20>0

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



2 BapuaHnt
1.Pemure JiuHeiiHOE YpaBHEHUE:

a)x+x—_3+x—+1=2x+5_3x 6)4—6_2X+x= x— X3
8 4 2 3 2

2.Peminte cucTemMy JIMHEHHBIX HEPABEHCTB:

5X—3>'1+X, 7—26X+10£8X+1_121
3
a 6{
){1—3x<gx—5 ) Xx+1 1
2 3 — =2X—-2=
2 2
3.Pemnre cucteMy ypaBHeHHUH:
2X—6 x-2
2x +3y =13, 3 2 =2y, i_izl,
5x-y=7 %) 3x—6 DLy x 3
y= X2_ Yo X—2y=2

4.Pemure KBaJApaTHOE YpaBHEHME:

2 9y?2
a)x*—2=0  6)3x*+6x=8x"—9x B)3X 11, ra-2x

8 12
2) X(x—=7) N x—4_&=1
3 3 10
5. Peminte KBaApAaTHYHOE HEPABEHCTBO:
a) 2x* —x+4<0 6)—3x*+5x+2>0 B8)2x*> —4x+13>0

6. Pemuure rpaguyecku ypaBHeHHe: 2 =3x-1.
X

IIpakTnyeckoe 3ansaTne Ne7

Tema: OCHOBHBIE TPUTOHOMETPUYECKUE TOXKIECTBA

Hesan: HayunTh HCnosib30BaTh OCHOBHBIE TPUTOHOMETPUYECKUE TOXKIECTBA IIPU
npeoOpa3oBaHUU BhIPAKECHHH

Teopernueckuii 610k

Teopema
OCHOBHOE TPUTOHOMETPUYECKOE TOXKIECTBO. [IJIs1 JIF000r0 yria o BEpHO YTBEPXKICHHUE!

sin® o + cos® a. = 1.

sina=+y/1—cos?a; cosa=+,1—sina

=10 r)2x*-3x+8=0



Crnencrsue
Jlist mro00Tro yriia o MOKHO MepenrcaTh OCHOBHOE TPUTOHOMETPHUYECKOE TOKIACCTBO CISAYIOUTIM

obpazoM:

1
2
a+l=—7%—; a+l=
tg COS® @ ctg’ sin? e

OTU ypaBHEHHUS JIETKO BBIBOJIATCS U3 OCHOBHOTO TOXJIECTBA — JIOCTATOYHO Pa3JIIUTh 00€ CTOPOHBI HA
cos? o (st MOJTyYeHHs TAHTeHCA) FITH Ha sin? o Ul KOTAHTCHCA).

Pewienne ynpaxxHeHuit

1.HaiiguTe sin o, ecu H3BECTHO CIEIYIOIIEE:

IZZI‘.ZIS(I_—£ {IECT

Pemenue

Hawm u3BecteH KocuHyC, HO HEM3BECTEH CUHYC. OCHOBHOE TPUTOHOMETPUUYECKOE TOKIECTBO
(B «amcToM» BUE) CBA3ZBIBACT KaK pa3 3TH (pyHKINH, TO3TOMY OyzaeM padboTath ¢ HuM. Mmeem:

sin o+ cos? o = 1 = sin® a + 99/100 = 1 = sin? o = 1/100 =>sin o = +1/10 = £0,1.

Jlist pereHus 3a1a4u OCTajJoCh HAWTHU 3HAK cuHyca. [IoCKOIbKY
yroin a €(z/2; r),T0 B TpagyCHO# Mepe 3TO 3amuchiBaeTcs Tak: a € (90°; 180°).

CJ'ICI[OB&TCJ'II;HO, YIoJl o JICKKHUT BO I KOOpI[HHaTHOﬁ YCTBCPTU — BCC CUHYChBI TaM

nooxuTeabHbl. [TosaTomy Sin a = 0,1.
Ortser: 0,1

2.HaitauTte cos o, eciii H3BECTHO CIEAYIOIIEee:

o u@_ E(_Sﬂ:)
sina = ——-; a € (1~

Pemenue

WTak, HaMm U3BECTEH CUHYC, a HaJl0 HaiiTu kocunyc. O0e 3Tu (GyHKIHUU €CTh B OCHOBHOM
TPUTOHOMETPHUYCCKOM TOXICCTBE. HO,Z[CTaBJ’ISIeM:

sin®a+cos’a=1= 3/4+cos’a=1=cos’a=1/4 = cosa==+1/2==0,5.

Ocranock pazobparbesi CO 3HaKOM Iepent 1po0bio. UTo BHIOpATh: MIIIOC WM MUHYC?

[To ycroBHI0, Yroi o NpUHAUICKUT NPOMEKYTKY (7 37/2). IlepeBenemM yribsl U3 pajuaHHON
Mephl B rpaaycHyto — noayduM: o € (180°; 270°). OueBuano, 370 Il KOOpAMHATHAS YETBEPTS,
I7ie BCe KOCUHYCBI OTpunarenbHsl. [loatomy cos a = —0,5.

Otset:—0,5



3.Haiigute tg o, €ciau U3BECTHO CIEAYIOIIEE:

1 E(&rz)
COsSa=—; & —; 4T
410 2

Penrenue

TaHreHc U KOCMHYC CBSI3aHbl YPABHEHUEM, CIICAYIOLIMM U3 OCHOBHOI'O TPUrOHOMETPUYECKOTO
TOXAecTBa:

1
2 2
a+l=—7=2tga=10-1=9
© cos? a ©
[Mony4aem: tg a = +3. 3HaK TaHreHCa onpeelsieM 1o yriry a. M3BectHo,uto a € (37/2;
27). [lepeBeneM yriibl U3 paJMaHHON MEpPhI B TPayCHYI0 — noiayduM o € (270°; 360°).
OueBunHO, 310 [V KOOpAMHATHAS YETBEPTH, I/I€ BCE TAHT'CHCHI OTpUIaTesbHbL. [loaTOoMy tg o =
—3.

OtBe: —3

4.Haiinure cos a, €CIIM M3BECTHO CIIEIYIOMICE:
) 3T

sina =—0,8; a € ?;2?1

Pemenue

CHoOBa U3BECTEH CHUHYC U HCU3BCCTCH KOCHHYC. 3anunieM OCHOBHOE TPUTOHOMECTPUUICCKOC
TOXACCTBO:

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

3uak onpeaenseM mo yriny. Umeem: a € (37/2; 2x). [lepeBeneM yriibl U3 rpayCHON MEPHI
B paananuymo: a € (270°; 360°) — sto IV koopauHaTHas 4Y€TBEPTh, KOCUHYCHI TaM
oJtokuTenbuel. CaemoBarensHo, CoS o = 0,6.

Ortsert:0,6

5.Haiigure sin a, eciu U3BECTHO ClIEAYIOIIIEE:

Ctgcx=2\fg; cIE(U;g)

Pemenue:

3anuieM (I)OpMy.Hy, KOTOpada CJICAyCT U3 OCHOBHOT'O TPUTOHOMCETPUUICCKOT'O TOKACCTBA
H HAIIPAMYIO CBA3BIBACT CUHYC U KOTAHI'CHC!

1 1
a+1= =2441=25
ctg” a sin? o = sin? o

Ortcrona nmoxy4aem, 4To sin® @ = 1/25, T.e. sin a = £1/5 = +0,2. VI3BecTHO, 4TO yrou o €
(0; #/2). B rpagycHoii Mepe 310 3anuckiBaetcs Tak: a € (0°; 90°) —I kooparHATHAS YETBEPTh.



Wtak, yroa HaxoauTces B | KOOpIMHATHOM YETBEPTH — BCE TPUTOHOMETPUYCCKUE (PYHKIIHH
TaM IMOJIOKHUTENBHBI, TT03TOMY Sin o = 0,2.

Ortser: 0,2
3
. 5
. sina U tga, eClIH cose = —
7.Haiinure 13 u
. 5
. cosa U tga,eciusina = —
8.Haiinure 1u
[omarinee 3ananue:
. 4
. sina U tga, eclnu cose = ——
1.Hatigute 3 U
; . 8 3m
. cosa ntga,ecnusing =-— wTeo<—
2. Haiiaute ’ 17 u 2
3w
3 Haiiqure cosausina, ecan tga = -1 @<

IIpakTuyeckoe 3ansitue Ne 8

Tema: [IprMeHeHe OCHOBHBIX TPUTOHOMETPHUYECKHX TOXKIECTB K MPEOOPA30BAHHIO
BBIPAKECHUI

Hean: HayunTs HCIIOIB30BATh OCHOBHBIE TPUTOHOMETPUYECKHE TOXKIAECTBA IIPH
npeoOpa3oBaHUU BBIPAXKEHUN

TeopeTtnueckuii 6110k

— dbopMyIbI 15 Lgc, cﬁg&;
— OCHOBHOE€ TPHUTOHOMETPHUYECKOE TOXKJISCTBO;
— ¢opMyna, BeIpakaroIas 3aBUCUMOCTh 84y cos &

— ¢opMyna, BeIpaKkaroIas 3aBUCUMOCTh CEQ s

YrpocTuTh BelpakeHUs (YCTHO)
1-cos® @
2—sin‘@-cost@
Cos & eign
-2 2 2
st 4 igT i+ cosT &
(1—sin &)(l+sm &)

sin* S—cos* 8



Pemenue ynpaxHeHun

YHpOCTI/ITB BbIPa’XCHHC:

[—z—l]nggcr
1 nEosT &

Pemenne:
1
[—2 - 1] -czg2£¥ = {1 +£g2&— 1)'6552&' =1
Cos’ o

2 igecigd— {.ﬁg::f LleH] {x]j
Pemenne:
g wefga— [ﬁg&r-cos &}2 =l-sin‘a=cos’a

l—sin &  cosf
3 cosd  l+sm 8

Pemenne:

1-sin & cos 8 _1—Si112,5—'3?052ﬁ_0
cos & 1+sin,e3_ cos,ﬁ{1+sﬁ1,¢5’] -

? Kakue 3HaHMsI MBI TPUMEHSUIN IS PEIICHUS TaHHBIX BBIPAKESHU?

BbinonHsss  ynpoleHue BBIPQKCHUH — HMCIOJIb30BAJIM  TPUTOHOMETPHUYECKHE TOXJIECTBA U
(hOpMyJIBI COKPAIIIEHHOTO YMHOXEHHS.

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

TO)I(I[CCTBO — PaBCHCTBO MABYX AHAJIMTUYCCKHUX BLIpa)KeHHfI, CIIpaBCIJIMBLIX JJIA JIIOOBIX
J0IMYCTUMBIX 3HAYCHHUI BXOJAIIMUX B HETO 6y1(B

dopmyna — KoMOMHAIMA MAaTEMAaTHUECKUX 3HAKOB M OYKB, BbIpa)karolasi Kakoe-1100
IPEJI0KEHUE

1—sin® o
—— gz =1
1. sih &Cos &
1—sin * a cost
— 8= ——— g =cigaeiga=1
Sl (COs & S X CO8 T

1=1

2. sin "+ Zcost @—costa=1

sin * @+ 2cos? @—cost {I:[:sin 4 {I+|::r::usg.:fx)[sin2 &—cos? -cx)+2|:os2 G=sin’a+cos a=1
1=1

cost @—sint @ 2 1
+ifgta= ———

3. cos® @ cos® @



q .4 2 .

COS & — Sin - & 2 COsS @ — sin " & 2 2

+ 2ic @ = > +2ic"a =1+ @ = >
COS " & COs " & Cos " &

11
EOSECX EOSE{I

Uto HeoOXO0AMMO JIJIsl YCTICIIHOTO BBITIOJIHEHHS TIPE0OPa30BaHUN TPUTOHOMETPUUECKHUX
BBIPAKECHUI?

CBo0oHOE BIIa/IeHUE TPUTOHOMETPHUECKUMH TOXKAECCTBAMH U (POPMYITaMH COKPAIIEHHOTO
YMHOKEHHS.

Tlaso: sih g —coscr =06

Haiiry: Sl &cosd

Pemenne:

s —cosar = 0.6

(sin c—cos .::}:]2 = 0,6

sin ® q— 2sin cos+oost =036
1- 28 oos = 0,36

2 oosa = 064

sin cosa= 0,32

Pelenue ynpaxHeHH:

Yrpoctute BeIpakeHHE

1 l-cos*a 1-cos’ @
7_1—sinzclf
2 -2
5 Cos .::E+(1—51n cl’)
' 3 sin’ @+ cos® atigia
[cos&—l)[l+cos£ﬁ)

3. i oy
cosga—(l—zsing .::E:l 9- e
| 1— Sin & cos
5. 8in &ocosd-ciga—1 10 ctg

E'.’.?'S2 o

6. cos® @—1



JlomalniHee 3ajaHue:

YupocrtuTe BhIpaskeHUe

gl cig— cos” &

2eoin

l—gsinea
- T tipa
Cos

1 1

+
1+cosa l-cosea

c.ﬁgjﬁ(coszﬁ—1)+l

g 8+1
1+eigd

cost @-fg” [—cr:l -1

1-tg(-a)
sin &+ cos [—.::E)

Tema: ®opmyibl npuBeaeHus. DopMyIbl ClI0xKEeHUS
Hean: Hayunts ucnonb3oBath GOpMyIIbl IPUBEIEHUS MIPU TPEOOpa30BaHUuN
TPUTOHOMETPUYECKUX BBIPAKEHUMN

TeopeTtnueckuii 6110k

IIpakTnyeckoe 3ansaTue Ne9

= - ) ] 8 d [ o

] H i + 8 S + ad +

S O3 e s | e3> | =8| §5 | 3

8 =] = ] + i~ B 2 g

1 fle|rle2 | gz | kT [wleg |olee ] S22 | B2

|

sin —sinajcosa| cosa | sinm |—sin &|— cos a|—cos a| —sin a|sin a
I

cos cos 2| 5in @ | — sin o|—cos a[—cosat| —sin g,  sine cosofvos o
|

tg —tigo|ctga | —clgot| —tg o tg « clgql—clurx—lguglgq

i
clg —ctgaligoa |—tga |—ctga] ctga tgo | —tga |—clgajcig o




DopMyJIbl CI0KEHUSA

sm(a’+ﬁ) sin & cos S+ cosasin 8,
)

— B)=sin @cos 8—cos&sm B,

=3
’Ea“

+,8)— cos&cos 8—sin @sin 8,

L]
o
2
—
e

cos(a: = ,8) =cos&cos S+sin @sin 5,

tga+igh : (a_ _ tga—igh

tgla+ 8)= . =
g( ﬁ) 1-tga-tg8 % 1+iga-tg8

(B mocseHuX ABYX popmytax & # A2+,  S#Af2+m y
cooteerctenno &+ 8 # Af2+m, a- 8#mf2+m, nezy

citge-cigh—1 ciga-cigf+1
————— cgla-g)=

cigla+ 8)=
( ) ctgb+ ctge ctghB —ctga

(B mocieaHuX AByX opmynax & # M, S # M y
coorBerctBenno &+ 8 # M, a- G#m, nel)

[Ipumepsr:

sin13m (2 ) sinm 3
2 =sinl2-2m + 3=

cos13m (2 ) sinm 1
3 = COs 2T+ E

13}? T
tg—— —tg{2- 2}T+—) tg="3

tlan t(2 }T) t}T 1
CQ’E—Cg 2}T+3 _Cga_ﬁ

TaHrenc ¥ KOTAaHI€HC MOKHO OBbLIO OBbI BBIYUCIIUTD U TAK:

i

13n __ sin (13n/3) Va2 13.11 1
s =tsqam = 1, =V3 s =gmm—

Vi’



sin (—1050°) = sin [360°- (—3) -+ 30°] = sin 30° =1/,,
cos (—1050°) = cos [360° - (—3) 4 30°] =cos 30° = }/3 /2,

o Sin(—1050° 1, 1
tg (—1050°) = cos (— 1050°) — y’;ﬁg T V3

o cos(—1050°) V32
cig (—1050°) = o —pospy =17, — = V'3 -

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° =
= ¢05 (90° + 30°) = — sin 30° = — 1/,

o Sin(—960°) V32
lg [—960 ] ~ Cos (—960°) e i, - '_1/3_1

ctg (—960°) = 1/tg (—960°) = —1/)/3.

Pemenne ynpaxaenui

1. 3amMeHuTh 3HaYEHUS JAaHHBIX TPUTOHOMETPUUECKUX (PYHKIIUN 3HAYCHUSIMU
TPUTOHOMETPUUYECKUX (DYHKUINN JONOTHUTENBHBIX YTJIOB:

a) sin 54°, 6) sin (/4 —3x); B) cos 53% r) cos (37/10); 1) tg 51%
e) ctg(n/4 —o/2); ) ctg 36°2846",

2. Haiftu 3Ha4eHUs CIEAYIOMNUX TPUTOHOMETPUIECKUX (PYHKITHI (MU BBIPA3UTh UX
yepe3 3HaAYCHUs] TPUTOHOMETPHUUECKUX (PYHKIIUNA OCTPBIX YTJIOB):

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

a) 3Jsin (m/2)4 cos (2/3) 46 sin (137/6);
6) 2tg IBD"-—-% sin (— 270°%) 4+ ‘l? cos 180°,

4. 3HaueHUs JAHHBIX TPUTOHOMETPUYECKUX (DYHKIIUH MPUBECTH K 3HAUCHUSAM
TPUTOHOMETPUUYECKUX (YHKIIMA HEOTPUIIATETBHBIX OCTPHIX yTJIOB:

a) cos {3‘2::;3]; ﬁ}- sin 2760°; B}- tg (—1845°%); r) -ctg 2909°,
5. Jloka3aTh TOXKJIECTBO
3 [sin? (31/2 — &) +-sin? (3n -} o)) — 2 [sin® (/2 &) -}-sin® (Sn—a)) = 1.

[IpeoOpa3yiiTe BeIpakeHHE
a) cos(/4- @) 6)sin(@ + mf4) . B) COS(T/4 + @); r)sin(e — 7/4)
n) taBn/2- @) ; e)sin(e —/6)



2. Beruncnure:
a) €OS 7105] To; 6)sin [1053 "0 . p)cos [75] "o ; r)sin [751 "o

n) tg 751 o : e)sin E151 To

3. VYmnpocrure:

a)v‘z sin(m/4 + a) — cosa; 6]*{2 sin(a — w/4) - sing; B)2 sin(mf3 — a) - V3 sina

, a3
gsing =— cosf=—,auf —yrae [ .
4.a) 3Has, 4TO 17, 5 YETBEPTH, HAMIUTE 3HAUCHHS
BBIPAXKCHUS
, 3
sing =— cosf=—.auf —yraw [ .
0) 3Has1, 4TO 17, 5 YETBEPTH, HANAUTE 3HAUCHUS
BBIPAKCHUS
, 3
sine =— cosf=—,anuff —yrawr [ .
B) 3Has, 4TO 17, 5 YETBEPTH, HAMIUTE 3HAUCHHS
BBIPAKCHUS

JlomaniHee 3a1aHue:
1.3aMeHHTE TPHTOHOMETPUYECKON (yHKIIMEN yriia o
T 3T
a)sm (E - ﬂ); 6)cos@2m — ak B) ty (? + "1): r) ctg(90° - a)

2. Haiigute 3HaueHue BbIpAXKEHHUS,

4T
a)sin 2409 : 6)cos 3009 : B) rg[—gzsﬂ]; r) ctg ?

3. IIpeobpa3yiiTe BoIpakeHUE:

cos{ —a) - cos(180° + &)
sin{ —a) - sin(90% + a)

4. IIpeoOpasyiiTe BeIpaKeHHE
a) t9(27 — @) 6)sin(T/3 - @)

5. Beruucnure:

a) tg L1531 To 6)cos [15] To



6. Ympocrure:

V3cosax - 2 cos (-:r — g)

, 5]
sine =— cosf=—,auff —yrawr [ .
7. 3Has, 4TO 17, 5 YeTBEpPTH, HAWIUTE 3HAUCHUS

BBIPAKECHUS

IIpakTnyeckoe 3ansaTue Nel0

Tema: ®opMyssl 1BOTHOTO aprymeHTa. @opMyibl MOJOBUHHOTO yria

Heanb: HayuuTs ucnonbs3oBaTh GOpMyIbl JBOMHOIO apryMeHTa MpH NpeoOpa3oBaHUU
TPUTOHOMETPUYECKUX BBIPAKECHUMN

Teopetnueckuii 6110k

sin 2xX = 2 sin X cOS X
— 2 -2
COS 2X = COS“ X — SIin“ X

cos 2x=1—2sin’x

2tgx
tg 2x =
1—tg? x
sinE:i l-cosa cosE:iJl-l_msa
2 2 2 2

fud 1-cosa s o 1-cos
2 l4cosa 14cosa i &
a 1+cos s l4+cosax
.:‘f,g—:i = = -
2 l—cosz  l—rcozex i o

YIpOCTUTH BBIpaKEHUE:

1) cos 2x = €0s? X — sin? X.
31ech MmpecTaBiIseM 2x B BUAC X + X ¥ IpUMeHsieM (opMyny KOCHHYCA CIIOKCHUS apTyMEHTOB:

C0S 2X = €0S (X + X) = COS X COS X — Sin X sin X = c0s? X — sin” X.



2) cos 2x = 1 — 2 sin® x.

311ech MbI IIPOCTO MPOJOJIKUM IPe0OPa30BhIBATh MPEABIAYILYI0 (OPMYITY.

VCIiob3yeM JUIst 5TOT0 OCHOBHOE TPHTOHOMETPHYECKOE TOXIECTBO Cos X + Sin’X = 1.

W3 3T0ro ToxaecTsa cienyer, 4To cos’X = 1 — sin’x. tak, BeIAIIEM IpeabIayIyio GopmMyiy,
BCTaBUM 3HAQUYCHHC COSZX, CBCACM HOI[O6HBIC YWICHBI U ITOJTY4YUM pPC3YyJIbTaT:

oS 2X = oS’ X —sin x =1 —sin® x —sin’ x = 1 — 2sin’ x.

21g X
3)tg2x =
1-tg®x

Cnoco0oB, KaK IPUNUTH K TAKOMY TOXKIECTBY, JIBa.

[lepBbIii cioco0. 31eck HaM MOMOXKET (GOopMyJIa TAHTEHCA CI0KEHUS apryMeHToB. [[iis aToro
npenctaBuMm tg 2X B Buze tg (X + x). Urtak:

tgx+tgx 2tgx
tg2x=tg (x +x) = =
l-tgxtgx 1—tgzx

Bropoii cnoco6. On cnoxxnee. CHavana npuMeHseM GOpMYITbl CHHYCa M KOCHHYCA CIIOKCHHS

ApPTrYMCHTOB!

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

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

sin X eesx €65% Sin x 2 sinx
+
€05-% CO0S x €05-% CO0S x 2 COS x 21g X
€05%€05%  Sin X sinx sin x 1-tg®x
— 1-—
€6S%€6S%  COS X COS x cos’ x
I[TPUMEYAHMUE:

HpI/I PEIICHUKM KOHKPETHBIX 3aJad BaXHO IMOMHHUTL, YTO 3aJada MMECT CMBICI JIMIIb B TOM
ci1ydae, €CJIM B IPpOUECCC pCHICHUS 3HAMCHATCIN HUT'JIC HC OKa3bIBAIOTCA paBHBI HYIJIIO.

Tenepb JJI HAarJIIAHOCTH PEIIUM HECKOJIBKO IIPUMEPOB IO TEME.

IIpumep 1. YOpocTUTh BEIpaKEHUE:



sin 2a

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

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

B nepByto ouepenp, oTMEUaEM, 4TO yrojl HAXOAUTCS B TPEThEN YETBEPTH. 3HAUUT, CUHYC OyaeT
CO 3HaKOM MHHYC.

1) 3nauenue cuHyca Mbl MOTJIM OBl HAalTH Yepe3 Gpopmyiy 1 + c‘[g2 o=
P2
SIN™ a

3HaAUMT, HAM HAJI0 CHayYaJia BEIYMCIUTD 3HAYCHHE KOTaHTeHca. Mbl 3HaeM, 4to tg o - ctg o = 1.
CrienoBaTenbHO:

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

2) Tenepb HaXOAMM 3HAUE€HUE CHHYCA!

1 1 1 1 9

sinfa = = = = =
1+ctg’a 1+ (4/3) 1+ 16/9 25/9 25
3

sinop=———
5

. . 2
3) M&1 3HaeM, 41O sin 20 = 2 sin o cOs 0. 3HAYUT, HAXOUM eIrle KocuHyc (1o ¢popmyre CoS” o +
sin? o= 1). Ilpu 5TOM OnsATH HE 3a0BIBAE€M, UTO YI'OJl — B TPEThEH YETBEPTU U KOCUHYC JIOJIKEH
OBITH CO 3HaKOM MUHYcC. UTak:



9 16
cosa=1-sinPag =1-—— = —
25 25

cosa=——

4) Octanock TPUMEHUTH (HOPMYJTY TIBOWHOTO yTJiia:
3 4 2:-3-4 24

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

[Ipumep 3: Beruuciauts

T T

cos? — —sin? —
8 8

Pemenue.

3T0 BBIpa)KEHUE COOTBETCTBYET MIPABOM 4acTH (POPMYJIbl KOCUHYCA ABOHHOIO

2 i 2 .
apryMmenra (cos 2X = C0S” X — SIN“ X). 3Ha4uT, IpOCTO IPUPABHSAEM €r0 K JIeBor yacTu. Jlius
3TOr0 3aMeYaeM, 4To

T
X = —

8

OcTtaercs BBECTH B (bopMyny 9TO 3HAYCHHUC X U pCHIUTL YPABHCHUC:

T T T 271 T \2
cos? —sin? =cos2+——=€0S—— = COS—— = —
8 8 8 8 4 2
YnpaxHenus:
Brerunciante:
I s T 2
Cos® —— sIn° — = cos (2 -—) =Cc0Ss—=—.
1) 5 8 38 4 2

T T 1 i T 1 T 1 @
sm—-cas—=—(23m—cas—)=—sm(2-—)=—sm—=
2) 12 12 2 12 12 2 12

Etg%

T
1—-tg* 5
3) 938

Cosx = E X E (—; 2?’[).
2. Jano: 3 2



Haiiti: a) CoS52X, 6) Sin2x.
Pemenue:
a)
- 5 9 16
sincfx=1—¢os*x=1——=—,
25 25
Sinx = ——,
5
X E (3—1 2?’[)
YauTeIBas, 4To 2 , TO
5 " 9 16 7
cos2x =cos“x —sln“x=———=——.
25 25 25
7
cos2x = ——.
Ortser: 25
0)
] ] 4\ 3 24
sin2x = 2sinx cosx = 2 - (— —) —= = —,
5 25
sin2x = —Eif.
OrtBerT: 25
YIIpocTUTE BRIpaKEHUE:
cos al”
6) cosd0 +sin 407
cos36% +ain 18
r) cos 18°
Pemrenne.
cos80°  _cos’ 40° —sin *40° _ lcos40° +sin 40° lcos40° ~ sin 407 ) _
cosd0® + gin 407 cosd0” + gin 407 cos 407 + ain 40°

6)= cos 40° — gqin 407
Otger: £o540% —sm 40°

cos36° +3in 218 _ cos®18% —sin 2 18° +35in 2 18° _ cos®18°

r) cos 187 cos 187 cosls”

i .J‘TE
—|cos— +zan —
5=

=cozl8°

Otger: t0s187,

)

Brrauciaure

Perenue.



«\E ;S : a.ﬁ . T b S S 4
— —|cos—+sn — = —rcof ——Frog—sin ——sin C — =
2 B 2 B 2
w@ I P «E & '\."E 2
= — —-Zgogs—san ——|cos® —+an —| = —-2cog—sm ——1= ——an — -1 =
2 a8 & a8 g 2 i 2 4
A
2 2
Ortser: -1.
TecrupoBanue
Bapuaum 1 Bapuanm 2
Boiyucaume: Boiyucaume:
1 c:osgi—sin2£ 1 —Zzglﬁ"
AT REY T
B 1 4 3 3
b Ay Ty YTy )t 2)%-, 3)—%, 4)=+f3
21g75° .
-332?50_1 2.'303 Esm E
3 3 g 1 1 I
DL D= -2 4H-43 D2 oyl - 2
3 3 )4, )2, 3 > )2
2
3.[::035—51'115] 3.::0543—?2——51'1143—”
] 3 3 3
1 1 1 1 N2 1 N2 1
- _ . - o _ - -2 ooy ;=T o4y -
D@42 25 B-We-2) 4o T e
o 4 Hatidume fgdey, ecou fg2a =04
4 Haticume g, ecau .ﬁgg = 7 { 20
i ) 9 9 Il 2)5; 08, 4)5
- 2)—: 33— 49—
2 16 15 17

6. IlpoBepka, anaau3 oUOOK

Ne Bapuanm 1 | Bapuanm 2
3a0anus
1 1 2
2 2 1
3 1 1
4 3 4




YIIPAKHEHUA

1. Yrpocture:

sin2a. sin2a sin2c
. e : . 5 LI .
) Gna’ 9 Zeosa’ P wda-emios D) cosZotsin
y Sndo o) S0LO0, ) c0s36° + sin’18° | sino.
A 2cos 20°’ 2cos 50°? o cos’1¥’ 2 3) 2gin2 % *
2

2, JTokaKuTe TOMKIECTBA:
a) 2sin(90° — o) - sino = sin20; 6) (sino + coso)? = 1 + sin2a. .
3. Beruucsmre:

’ 4
a) sin20., ecsm coso, = g H % < o <2m;
0) cos 20, ecau coso. = —0,2 u g< o <m;
_ § 3r
B)tg2a,ecmtga—4 R <o< .
4. YIPOCTUTE BbIPAXKEHHE:
sin o cos .
a) 2 Ol : B) o© (p 0] P
2 cos —2- COoS *2*'+ sin §
6) sin 4P . ) cos 20— sin 2a
cos 23 cos 4o :
5. Hatimure 3uadenus sino, coso U {g o, eciu H3BECTHO, YTO

sin %=% n O<o<m.



6. YIIPOCTUTE BbIPAXKEHMHE:
) sin 2o.—2 sin o
cos o — 1 2

B) sin 2a ctg o—1;

2
coS 20,—Ccos” o
6)

r) (ctg a+tg o) sin 20

5
I —ecos” o

7. Yripocrure:
sin 23
cos 2B+ sin” B’

a) 0,5tgasin 20+ cos® o

8. Briunciure:

a) 2sin 15° cos 15°; - r) cos” 15°—sin® 15°;
6) 8sin 5 5 COS 8’ 1) 4c052g—4 sinzg;
. " - 2o Tm 27m
B) sin 105° cos 105°; e) cos’ 15 SN 15 -
9. Yripocture:
2tg 5° 41g 15° tg 75°
s T B Tk Bl
-tg“ 5 1 -tg” 15 1 -tg” 75

10. prOCTPITe BbIPAXKEHHE:
T— O 3T
a) 4 sin 2 SitL —5— sm( 5 oc);
27+ o 2
6) 4 cos — cos = cos L2

4 2

11. JloKaxute TOXKAECTRO
. 9o (T O
1 +sin o =2 cos” (g -~2-).

12. YIIPOCTHTE BbIpAXKEHHUE:
1 + cos 2¢
1 —cos 2¢"

13. CyllecTByeT Ji4 TaKoil yro/i X, Npy KOTOPOM

) 3
sinx cos x== ?



IpakTnyeckoe 3ansitue Nell

Tema: IIpeoOpazoBaHue CyMMbI TPUTOHOMETPUYECKUX (DYHKIUN B POU3BEACHUE U
IIPOU3BENICHUS B CyMMY

Hess: HayunTs ucnons30Bath JaHHbIE (HOPMYIIBI IPU MPeoOpa30BaHUH TPUTOHOMETPUYECKIX
BBIPAXKECHUM

Teoperuueckuii 010K

CymMma cuHYCOB

. . Ty r—=y
sinx 4 siny = 2sin COS
2 2
Pa3HocTh cunycOB
. . . T=Y Tty
sinx —siny = 2sin COS
2 2
CyMMa KOCHHYCOB
T4y r—1y
COST + COSY = 2C0S ———— CO5 —
2 2
Paznocth KOCHHYCOB
L Tty L ox—y
COST — CcosYy = —2sin sin
2 2

CyMMa TaHreHCOB

sin(z + y)

tgr +tgy= ——
gx -t igy COST COSY

Pa3HocTh TaHTeHCOB
sin(z — y)

tgr —tgy = —
6 Y COSX COSY

CYMMa KOTaHT'CHCOB

sin{z + y)

Cler gy = G rsiny

Pa3HOCTh KOTaHT€HCOB

sin(z — y)

ctgr —ctgy = —————
& &Y sinrsiny

CymMa TaHreHca U KOTaHT'eHca



cos(x — y)

tgr +ctgy = ——
6 i SINY cosx

Pa3HoCTh TaHTeHCa M KOTaHTeHca

y)
Siny cosx

cos(x
tgr — ctgy = —

| =

(cos(av — 3) + cos(a + )

coso - cosd =

sin o - =0 3 =

(cos(ev — 3) — cos(a + )

e QR o O

slnee - cos 3 =

(sin(e + #) + sin{ae — (7))

[Ipumep. Jloka3aTh, 4YTO TaHreHCHl yriaoB o =/="/;+nm u P =/="/,+ nn paBHBI
TOTJIa ¥ TOJIBKO TOT/Ia, KOTa 9TH YIJIbl PA3HATCS Ha YroJl, KPaTHBIM 1.

[TycTh 0 ¥ B pa3HATCS HA yroJ, KpaTHBIHN 7; TOraa o = 3 + nm, rae N — HEKOTOpOoe IeNoe
yucio. Ho B TakoMm ciydae

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

sin{fee —B) 0

cos & » cos o

Ho »T0 BO3MOHO nuib npu ycsmoBuu, 4to sin (o — B) = 0. Kak uzBecTHo, cUHYC
oOparaercst B HyJb JIUIIb AJS YTIIOB, KpaTHBIX 7. [loaToMy

o — B = nm,
a= B +nm,
YTO U TPeOOBAIOCH JOKA3aTh.
Ynpascnenus
1. Beruncnuth, He MONB3YSICh TPUTOHOMETPUISCKIMHU TaOIHIIaMu:
a). tg 22°30' + tg 67°30". B). tg ™15 + tg V1.

6). tg22°30'— tg 67°30' r). tg "1, — tg "o,



2. YIIpOCTUTb BhIpAXKEHUE

lga+1gf
tga—1tgh

3. JlaHHBIE BBIp@XEHUS MIPEICTABUTH B BHJIE IIPOU3BEICHHIA:
a)\/3—tga; 0) 1 +tga.

4. HaiiTu yclioBHe, MpU KOTOPOM KOTAHTEHCHI YTJIOB 0. U 3 paBHBI MEXAY COOOM.

YnpaxHeHus:

[IpeoOpa3zoBaTh B CyMMBI CIEAYIOMINE TPOU3BEIACHHUS.

1.1)cos 15° ¢ cos 5°; 2) 2 cos 18° * cos 66°;
3) 2 cos /g ¢ cos "Is; 4) 2 cos (a+ b) * cos (a—b);
5)2cosxecos(X+1); 6)cos(a—"/g)*cos (*+").

2. 1) sin 23°— sin 32°; 2) sin "/15 ¢ sin "/g;

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

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

4. Ilonb3ysick popMynamu npeoOpa3zoBaHUs MPOU3BEIECHUN TPUTOHOMETPHUUECKUX
(GYHKIMI B CyMMYy, 10Ka3aTh TOKJIECTBA:

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

5. IlpeobpazoBaTh B CyMMBI TPUTOHOMETpUYECKUX (QyHKIUH 1-i cTenenu
CJIETyOLIUE IPOU3BEICHHUS:

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

6. [Tonb3yschk TabIUIIAMU, HANTH YHCIOBBIC 3HAUCHHUS BBIPAKCHHIA:
1) sin 50° ¢ sin 15°; 2) sin 33° « cos 47°;

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



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

9.1) sin 2a + 2 sin (*1,— @) * €0s (*1p + @);
2) cos2a + 2sin (o + ™/g)  sin (0. — /).

Jloka3aTh TOXJIECTBA.

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

11. 1) 4 cos */, * cos a ¢ sin **/, = sin o + sin 2a + sin 3o;
2) 4 cos 2a. ¢ cos (*/, +30°) « cos (*/, — 30°) = cos a + cos 20, + €OS 3a.

12.1) 4 cos “/, * cos a * sin °*/, = sin a + sin 2a + sin 3o, + sin 4o;
2) 4 ¢0s %/, * cos a * cos >*/, = COS a + €OS 2a + €OS 3a + COS 4a.

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

14. Tano: tg o = 2 tg B . Jloxaszats: Sin (o + B) = 3 sin (a — P).
JlomaniHee 3agaHue:

[IpeoOpazoBaTh B CyMMBI CIEAYIONINE TPOU3BEIACHHUS.

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

2.1) 8 cos 1°c0s2° ¢ cos4®*cos 8% 2)4sin A ¢sin2A «sin 3A « sin 4A.
YTpPOCTUTH BBIpaKEHUS.

12. 1) sin* o — sin (0. + ™3) * sin (o0 — "s5).
2) cos® o — cos(30° + a) * cos(30° — a).

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



IIpakTnyeckoe 3ansaTue Nel2

Tema: Oopmyibl MOHWKEHUS CTETICHH
Hess: HayunTs ucnons30Bath JaHHbIE (HOPMYJIIBI IPU MPe0oOpa30BaHUH TPUTOHOMETPUYECKIX
BBIPAKECHUI

Teopernueckuii 010K

) 1 - cos2x
sin?x = ——————
2
1+ cos2x
COS3X = ———
2
1 - cos2x
tghx =~ —
1+ cos2x
1+ cos2x
ctgx = ————
1 - cos2x
X 1 - cosx
sin2— = ————
2
X 1 + cosx
cos2— = ——
2
X 1 - cosx
tg?— =
2 1 + cosx
X 1 + cosx
ctg?—~ = —————

2 1 - cosx



YunpaxHeHus:

1. Joka3ats:
(1 Sinda
tg —=———.
2 1+ cosa
JlokazaTenbCcTBO:
. . a .o a ] ]
a Sin E 2sin E 2s5in E cos E SN SN
r —— . = = == .
93 cos= 2cosZ 2cos? = 5.1=cosa 1+ cosa
2 2 2 2
(g
cas; = 0.
2. Jloxazats:
a 1—cosa
g —=—7""
2 sSina
Jloka3arenbCcTBO:
. . .o O 1 — cosa
a Sins 2sin—+ 2sin? = 2-—————— 11— rosa
tg - = % : t% = @ . 7= o -
2 cos— 2sins 2Sin=cos— sina sina
2 2 2 2
(4 . X
cos—= 0 sin— =10
Ananus: kpome 2 nobasisieTcs 2 , uto cyxaer O/13.
12
cosa = ——
13
am
< @< —,
3. JlaHo: z
Haiitu:
a (7 a a

sin—, cos—, tg—, ctg—.
2 2 gz gE

Amnanus YCJIOBUS: VYron 3agaH OAHO3HAYHO, CM. pUC. 1.

YI\
a
* D 3
ra
X
Pﬂ
;e
2
Puc. 1.
VYxkazaunue: Bce (byHKI_II/II/I IMMOJIOBUHHOT'O apryMEHTa MOKHO BBIYUCIIATE YCPE3 KOCUHYC ITOJTHOTO
aprymeHTa.
Pemenne:
12
L, a 1+cosa l1—33 1
sin? —= = =—

1) 2 2 2 26’



In T o 3n
T<a<s— —< —<—
2 10 2 2 4 , T.€. YTOJI BTOpPOU YeTBEPTH, I/Ie CHHYC BEJTMYHHA
[IOJIOKUTEIbHASL.
N 5
SN —= —=
OrtBerT: 1}26.
12
a 14cosa 1 13 1
cos— = = ==
) 2 2 2 2
v
Beiiiie mokasaiu, 4To 2 HaxOJIUTCSI BO BTOPOM YETBEPTH, TJI€ €ro KOCUHYC BeTUYMHA
OTpUIATENIbHAS.
cos T=— !
OTBeT: W 26.
IIposepxka:
2 2
SrestSo1(7) + (- 5) =
sin-—+cos - —=1|—— —— =1,
2 2 V26 V26
1=1.
5
a Sin—
tgo=—"%="2 -5
cos =
3) W 26
tg—= -5
OtBer z
. i 1 1
ctg—=—=—=
4) 2
@ 1
ctg— = —-=
OTBeT: g z 3,
4. TTano: sina = 0,2.
. 2 (T-l.' ﬂ’)
sin® (-— = ).
Haiitu: ¢ 2
Pemienne:
H -
5 (n a) 1 _CC’S(E"“I) 1+sine 1402 1,2 0.6
sln _— = = = = = 0.
4 2 2 2 2 2
OtBer: "

IIpakTnyeckoe 3ansaTue Nel3



Tema: BrinonHeHre ynpa)xHEHHH Ha MPUMEHEHHE U3YYCHHBIX (OPMYIT
Heuasn: IIpoBepuTh ypOBEHD YCBOCHHS MTOJTYUYEHHBIX 3HAHUM
I-Bapuanm
1. Boruuciure:
11tg?45-cos30-ctg*30
2.9 230+ 2sin 60 —tg 45 + cos® 30
2. Ynpocrure BbIpasKeHHe:
Qo -Clgo
1l——
1-sin’a

2 ~tg°a +sin’ «

"cos® a
sin a
'1-cosa
3. Beruncaure:
1.cos 34 cos 56 —sin 34sin 56

2.sin14cos 346 +sin 346 cos14
4. Cokparture A1po0b:
sin40
1.—
sin 20
cos80
"c0s 40 + sin 40

—COSa

Il — Bapuanm
Boruuncanre:
1.ctg 245-sin 30 cos 30

2.ctg 245 + cos 60 — sin? 60+%ctg 260

Ynpocrure BoipaxkeHue:
L 1= cos’ a
tga-ctga

2 —ctg?a —cos® a

‘sin?a
sin o
1-cosa
Buruuciaure:
1.cos53c0s37 —sin53sin 37

2.sin13cos17 +sinl17cos13
4. Cokparure Apo0b:
1 sin100

" sin50
5 cos36+sin®18
' cos18

+sina

IIpakTnueckas padora Ne 14
Tema: ApkcrHYyC, apKKOCUHYC, apKKOTAHI€HC



Henab: Hayunts BBIYUCIATH apPKCUHYC, ApPKKOCUHYC, apKKOTaHT€HC

Y=3inx /
Sinx=amna[-

X = arcsin a, roe —1<a<l

b2 | R
b2 | R

v

N
arcsina |......>
nN

Ornpenenenue:

b2 | R
b2 | R

arcsina=b[-
sinb=a

sin (arcsina) = a

arcsin (-a) = - arcsin a

oo
L ¥ v
' <
1
'
1
'
1
S

-
>

L cos X = a Ha [0;m]

aCo0s 3
N2

1 Y= Ccosx

X = arccos a, rae —1<a<l

Omnpenenenue: arccos a = b cosb =a

cos(arccos) = a

arccos(-a) = p —arccos a

b2 | R
b2 | R

tg=amna (-

aclgar--

v

X = arctg a, rue a — moboe.

T x

[
o

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

tg (arctga) =a

arctg (-a) =- arctg a



3amanue:.

Breruncaurs.
1 2

1.arcsin 1; arccos(-l);arctgﬁ;arcsin(- 2),
1 X X " 1

x
2.arccos (-2)=n- 3 =23 rxcos23 =-2 y237[0;p]

z z X ®R R
3.arctg*~'E = E,T. K. tgE -3 u Ei(-i;i)

2 2z o ox
darcsin(- 2)=-arcsin 2 =-4 r. k. sin(-4)=-2 y-4][-

1
5.a) arcsin(- 2);

2

6) 2 arccos 2
1

B) 3 arctg 3
A
r) arcsin O + arccos 2
1 1 1

n) sin (arcsin 2) + cos(arccos 3 ) —tg(arctg ©)
6)HpI/I KaKNX 3HAUYCHUAX X UMCIOT CMBICIT BBIPAKCHUA :

x
a) arcsin( 3 );
0) arccos 4x
B) arctg(2x-1)

7) Uto Gomb1ie:

1

a) arcsin 2 wm arcsin 0,82

1 2

6) arccos(- 2 ) mnu arccos 2
8) Berumcnure:

a) arcsin(-1) - arctg \'E
2

arccos (- 2)

2| A
b | M



IIpakTuyeckas padora Ne 15
Tema: Pemenue ynpaxHeHUN.
Heasn: [IpoBepuTh YpOBEHb YCBOEHUS TAHHON TEMBI y YUaIIUXCS

Pewienne ynpaxHeHwMiA:

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

0)cosx+2=0;

B) sin X + 0,7 =0;

r)2cos X+ \E =0;

n)ctgx+1=0;
CamocrosTenpHas padbora
1 BapuaHT [;T 1
Pemmure ypaBHeHus: 2. % —x|=-
1. 2cosx—1=0; 7-”I|'_t9
2-£ctgx—1=0; 1—2c0522x=§
8. ;
3.25inx+‘~"{_:0; X
4. ctg x-1,5=0. 9. (sin 2 —1)(ctg x + \E) =0;
T
- cos[x+g]—1=[§] 45ﬁ1[3x—£]+«f§=[}
' 10 4 _
st [F—T— x] =10
6. 4
2 BapuaHT sin Lot o2
Pemnre ypaBHeHus: 8. 4 £ 4.
1.25inx-v'r_:o; 9.(1+coszx)(tgx_x@):o;
2 ﬁth—J.ZO' 4 cos £+E +».'|'r'E=|:|
' ’ 10 2 6 _
3.5inx-3=0;
4.cosx—0,4=0;



IIpakTnyeckoe 3ansitue Ne 16

Tema: KontpoibHas padora
Hexan: [IpoBepuTh YPOBEHDb YCBOCHHS MaTepHaia 1o Teme: «OCHOBBI TPUTOHOMETPHI
1 BapuaHT

1. Beruucnuts: a) cos 780°;

6) sin 17 .
6

. V4
B)SINa,ecmucoSa= —— u 1<a<—,
13 2

a
r) c0S E,ecnnCOSoc=O,28nO<oc<n;

sin75° +sin45°
sin285°

T
e) 16 CoSs x cos 2X cos 4x cos 8X, ecnu x = E;
H] 2
SInN“a COS” & . 1
xK - — , €Cll Sina —CoSax = = .
cosa Sina 2

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

B) %sin (540° + B) sin (B + 810°);

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

1+2 cos(z — aj cos(—a)

. 1-cos2a .
sin 2«
k) 4 sin 10° cos 50° cos 40°.
3. Pemuth ypaBHeHue: a) COS (7 + X) = Sin %;

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

4. Jloka3aTh TOXJIECTBO: a) — =
l1-sina cosa

0)cosda+ 1= %sin 4o (ctg o — tg a);

1-2c0s’ a

- =g a—Clg .
SIN ¢ COS &
2 BapuaHT
1. Beruucouts: a) sin 780°;
6) cos =X ;
6

. T
B)COSOL,CCJ'II/ISIHOL:—g u 7r<a<?;

. . 4 3z
r) Sin 2o, ecium Sin oL = “c I/ITC<OL<7;



sin70° +sin20°
cos 205°

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

1)

4sin2a +5c0s 2

2sin 2« — 3c0s 2a
2. Yrapoctuth Beipaxkenue: a) Sin (o + ) + sin (o — B);
0) sin 605°cos B + sin 3 sin 835°;

B) %sin (405° + B) cos (B + 765°):

eciu Ctg o = 1
b 3 .

r) sin 4o cos 3a + sin 3a €os 4o —sin (6 — a);

sin(?’ﬂ + aj +sin(27 + )
) 2 -

2c0s(— a )sin(—a) +1
sin 2«

1+cos2a
k) 4 sin 15° cos 15° sin 100°.

3. Pemuth ypaBuenwue: a) Sin (1 + X) = COS (— %) X

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

4. JlokazaTbh TOXKICCTBO: a)

B) —————— =SinaCoS .
tg a+clg

IIpakTuyeckoe 3ansaTue Ne 17

Tema: IIpomexxyTku Bo3pacTaHus M yObIBaHUS, HAUOOJIbIlIEE U HAUMEHBIIIEE 3HAUE€HUs, TOUKU
IKCTpEMyMa

Hean: Hayunts HaxouTh Bo3pacTaHue U yObIBaHUE (QYHKIINH, & TAKXKE ONPEIENISTh
AKCTPEMYMBI (PyHKLINN

Teopernueckuit 010k

MoHOTOHHOCTH QYHKIMH. TOUKH dKCTpEMyMa U SKCTPEMYMbI (DYHKIIUU

PaccMOTpHUM HEKOTOPYIO GyHKIAIO ¥ S . YIOpOLEHHO MojaraéM, 4YTo OHa HEMPEPbIBHA Ha
BCEH YMCIOBOU MPSIMOM:


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

v

OyHKIMS BO3pacTaeT Ha MHTEPBAJIE, €CIIU AJIS JIFOOBIX JIBYX TOYEK STOI0 MHTEPBaJia, CBA3aHHBIX

OTHOLICHHEM 2 = 1, CIIpaBEJIMBO HEPABEHCTBO Flxn) > 1 (1’1}. To ecTh, OoJbIIEMY 3HAYCHUIO

apryMeHTa COOTBETCTBYET OoJIbliee 3HaYeHNE PYHKINH, U e€ TpapuK UAET «CHU3Y BBEPX).

JlemoncTparuonsas pyukims @ = J(x pacTéT Ha UHTepBalle (@8]

AHanoru4Ho, pyHK1Ms yObIBaeT Ha UHTEpBaJIe, €CIIU AJIs JTF0ObIX IBYX TOUYEK JAHHOIO

WHTEpBAJIA, TAKUX, YTO Tz @ xl, CIIpaBEJINBO HEPABEHCTBO Jx) et (Il}. To ectb, OoJbIIEMY
3HAYECHHIO apTyMEHTa COOTBETCTBYET MEHbIIIee 3HaUeHUE PYHKIUH, U e€ rpaduK HAET «CBEPXY

BHM3Y. Hama dynxrmms » = F(7) yOBIBaeT Ha HHTEpBaIax (—em, @), (& + )

Ecnu ¢yHkius Bo3pactaeTr win yObIBaeT Ha MHTEPBaJE, TO €€ HAa3bIBAIOT CTPOIO

MOHOTOHHOIi Ha JaHHOM MHTEpBaJie. TakkKe MOYKHO OTPE/ICIUTh HeyObIBAIOIIYIO () YHKIIHIO
5 Flxg)2 flx)

(cMsITUEHHOE yCTTOBHE B [IEPBOM OTIPE/ICIICHIUH) 1 HEBO3PACTAIONLYI0 () YHKIIHIO

. -
(cMsru€HHOE yCIIOBHE FOR) 2 709 5o 2-0m ornpenenenun). HeyObiBaromyro uiu
HEBO3PAaCTAOLIYI0 (DYHKIMIO Ha MHTEpBaJie Ha3bIBAlOT MOHOTOHHOW (PyHKIIMEN HAa JaHHOM
UHTEpBAJIE .

OKpecTHOCTh TOUYKH.

Oxpecmnocmoio mouky Ha3bIBAlOT MHTEPBaJ, KOTOPBII COAEPKUT JaHHYIO TOUKY, IIPU 3TOM IS
y100CcTBa HHTEpBAJl 4acTo MojaraloT cuMMeTpuuHbIM. Hanpumep, Touka =< y eé

CTaHOapTHasd g OKpPECTHOCTb:



A 4

(1—6/—\‘/'\(1"'5
a X

& o .
Touka “" Ha3LIBAETCS TOYKOM CTPOroro MaKkCuMyma, €CJiu cyujecmeayem €€ g
o o o X
OKpPCCTHOCTD, AJISl BCE€X 3HAYCHUU x KOTOPOH 3a UCKITFOUCHUCM CaAMOU TOYKHU 0 BBIITOJIHEHO

HEPABCHCTBO f(x:l = f{x[,:' . B namem KOHKPCTHOM IIPHUMEPEC 3TO TOYKA b .

Touka “® Ha3BIBACTCS TOYKOM CTPOrOro MHHMMYMA, CCIIH Cyuyecmeyem & O -
. . . x
OKPECTHOCTb, IS BCEX 3HAUCHUH * KOTOPOU 3a UCKIIFOUCHHEM CaMOM TOUKH ~° BBIIIOJIHEHO

HEPAaBEHCTBO S x> fix) . Ha ueptexxe — Touka «a».

Toukm "~ Ha3BIBAIOT TOYKAMM CTPOIo IKCTPEMYMA MIN IPOCTO TOYKAMH IKCT €eMyMa
q)YHKIII/II/I. To ecTb 3TO O606HI€HHBII7[ TCPMHH TOUCK MAaKCUMYyMa U TOYCK MUHUMYMaA.

X < o
Touka * Ha3BIBaCTCSI TOUYKOM MaKCUMYMa, €CJI cywecmeyent €€ OKpECTHOCTb, TaKas, 4TO AJIA
o o <
BCeX 3HAUCHUM * AaHHON OKPECTHOCTU BBIITOJIHCHO HCPABCHCTBO _f(l':l_ f( x':'} .

X . ..
Touka * Ha3LIBaCTCSI TOUYKOM MHUHHUMYMA, CCJI cyujecmeyem €€ OKPpECTHOCTDb, TaKasd, YTOAJIA

F@2 fx)

BCeX 3HA4YEHUH * HaHHOﬁ OKPCECTHOCTH BBIIOJIHCHO HCPABCHCTBO

~ snauenne 7 @) maspisator MaKCUMYMOM (YHKIINU;

~ snavenme ¥ @ naspisaior MHHHMYMOM (QYHKITHH.
OO11ee Ha3BaHUE — IKCTPEMYMBI QYHKLIUU.

Toukn IKCTpEMyMaA — 3TO «MKCOBBIC) 3HAUYCHUA.
3KCTpeMyMI)I — «MI'PCKOBLBICY) 3HAUCHUS.

Hu onnoro, 1, 2, 3, ... u T.4. A0 6eckoHeyHocTH. Hanpumep, y cuHyca 6€CKOHEUHO MHOTO
MHUHUMYMOB U MaKCUMYMOB.

Yro mosmpa3ymeBaeT 3ajaHie «HAHAUTE MPOMEXYTKH MOHOTOHHOCTH U TOUKH SKCTpEMyMa
byHKIIIN»?

DopmynupoBKa MoOykaaeT HAlTH:
— UHTEpBaJbl BO3pacTaHus/yOobIBaHUs QYHKIIUU

— TOYKH MaKCUMyMa HA/WIIM TOYKH MHHHUMYMa



[pumep 1.0mpenenuts no rpaduky NPOMEXyTKH BO3PACTAHUS

I y HEN
—1 v = flx)

—
.
o

GyHKIHH.
Pemenne Ecnu ¢yHKIMS Bo3pacTaet, TO MPH ABMKCHUU 110 TpauKy ClieBa HAIIPABO OPAMHATHI

yBenuuuBatorcs. CienoBatesbHo, GYHKIMS Bo3pacTaeT Ha oTpe3kax [-6; 0] U [6; 9].
Ortser: [-6; 0] U [6; 9].

[Tpumep 2.0mpenenuts Mo rpaduKy MPOMEKYTKH YOBIBAHUS

| v TTTT]
| y = flx)

byHKINN.

Pemenne Ecnu ¢yHkums yOsIBaeT, TO MpH JBMKEHUH 110 TPpadUKy ceBa HaIPaBO OPIWHATHI
yMeHbmarTes. CrenoBarelibHO, pyHKIMS yObIBaeT Ha oTpe3ke[-1; 2].

Ortser: [-1; 2].
[Ipumep 3.Ykaxkute rpaduk Bozpactaromen
DIEERERT . 1T 2) LAY ]
' -~ N I I
\ FinY
il = I 71
0 | AT
] E\VANE \ \
. \ |
i EEL f [x
TT s INEEEEEEREE
3) | LAY -i HTTLTAM T T
e oAby
| N
0 | f':'r' (Y RERES
/ T TN

byHKINN.



Ortger: 3.
Pemenue ynpaxueHuit

[Ipumep 4.Ykaxure rpaduk yObIBaromiei

1) v ! 2) ¥
“1 il
A\ IR ‘
0N NN AN |
| x ;ﬁ \
\ . !3
Vi
3) Hy } 4) Ay |
— g h — ‘ﬂ:
1] ‘f i 'ﬂ'\‘; .Ih
R
byHKLIUN.
Ortser: 4.

[Tpumep 5.Yka3arp uHTEpBaIIBI BO3pacTaHus (PyHKIN, rpadMKu KOTOPBIX MPEICTABICHBI HAa

1) yIJ 2) AY
I INN Fany
A | \ A |
0
] P _‘!‘i /T T I
I B [i] x
N[ ¥ HITT AY
BERP H N |
0
T ..-I'J':' 2 i\
B ] ol A [ -f
B [y
PHUCYHKax:
OTBeT:

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



[Mpumep 6.0npenenuts no rpadpuky GyHKun y = x4 — x3 + bX + C 3Haku

LAY
|
v 1;
\J y=flo) L1
\
(N S — D \ ;;-
\ /
B 1] /
t NN

k03 dunuentos b u C.
Pemenne 3amerum, uto ¢ = f(0), cnenosarensHo, ¢ > 0.Takxke 3ametum, uro b = '(0), u,

cienoBaTenbHo, b < 0, Tak KaK Ha HHTEpBaJIe, coaeprkameM Touky 0, GyHKIHs yObIBaeT.
OtBet: ¢ >0, b <0.
[Tpumep 7.0mpenenuts mo rpaduKy TOUKY

AY

5
y=/1x) \
F\
—

_L'i
Va
P

MaKkCHMyMa.
[Tpumep 8.Yka3are uHTEpBaIBI YOBIBAHUS
4 ' AY LT
5 y=/{x)
[ \ .
-8 0 \z\ o
INLS
T
I L |
GyHKIINH.



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

11i_ sh T[T | 2) vh
el
_ IHEERER | _
i | ? - 0 ?t‘-
|
EEEEEEEN |
EENEENEEEREE T
DL ) ¥ ]_Ji_ 4) = YA |r
_._1 L JI i
T HENE
| 0 3 0
T | 3
E T 1
| |
T '_ I . 1 i l

ko3 dunuentos K u b.

OTBeTbI:

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

IIpakTnyeckas padora Ne 18
Tema: Hccnenoanue pynkuuii. [loctpoenue rpadukoB GpyHKInM

Henab: 3akpenuTh U CUCTEMATH3UPOBATH UCCIIEIOBAHUE U TTOCTPOEHUE TPAPUKOB (YHKIIHIA

1. ®ponranbHsIi onpoc

1.Yto Takoe uncnoBas pyHKLHUsA, €€ 00IaCTh ONpeeeHNs, 00IacTh 3HAUYSHUs?

2.Yto Takoe rpaduk GyHKIHNA?

3. Chopmynupyiite onpeaenieHue GyHKIMH, BO3pACTAOIIEH U YOBIBAOIIEH Ha MHOXECTBE P

4. JlaiiTe onpenieneHusi TOYKM MaKCUMyMa, TOYKM MUHUMYMa. YTO Takoe TOUYKHU dKCTpeMyma?
5. [laiiTe onpenenenre 4eTHOM 1 HeueTHON QyHKIMKU. KakuMm cBoiicTBOM 001a1at0T ux rpauxu?

6.Yro Takoe nepuonuyeckas GyHkuus, nepuos GyHxumn?
7.Kaxoil HauMeHbIINI MONOKUTENbHBINA epro UMeeT QyHKuus:Y = E05L.
v = sinx, v =tgx, v=clgx
2. Pemenue ynpaxHeHui
1.TToctpoiite rpaduk GyHKINU, €CIIU U3BECTHBI €€ QYHKIUU:

CBOICTBO (PyHKIIUU

1. | O6nactn [—5: 6] [-5: 4] [—4; 4]
onpeeneHus
O6nacTp 3HaYEHUS [-2:5] [0 B] [-3; 6]

[-5;3]

[0; 5]

2. | Toukn nepeceyeHus




rpaduka:
a) ¢ ocbro OX

A(-4;0) 0(0;0) A(-4;0) A(3;0)
B(-2;0) B(-1;0)
0) ¢ ocsto Oy C (2,5;0)
C (0;2,5) D(0;-2) B(0;4,5)
IIpomexyTku
3HAKOIOCTOSIHCTBA:
a)f(x) =0 [-6;-4) [-5;-0) (—4; —1) [-5:3)
(—2:6] ;4] (2,5; 4)
flx) <=0 (—4; —-2) (0 (—1;2,5) —
0)
IIpomMexyTku
a)BO3pacTaHus [-3:1] [-5; —2] [-4; —2] [-3;1]
[4; 6] [O; 4] [1; 4]
0)yObIBaHUS [-&; —3] [-2;0] [-2:1] [-5;—3]
[1; 4] [1:3]
Touku makcumymMma, 1 f)=13 2 f2)=2 2 f2)=2 1. f)=->s5
MaKCUMyM (PYHKIIMH 1 ’ ’ ’
Touku MuUHUMYMa,
MUHUMYM (YHKIAU 0, 1 fa)=—3
3, | 3,
4,
JononHurensHbIE f-6)=3 f=5)=05 f4d=¢6 f-5)=3
TOYKH Tpaduka fie)=>5 f4d=e8

2.Uccnenyiite u noctpoiite rpadux GpyHKINH

flx)=5— 2x

0)
p) FOD=2%-1

=

X+ 2

1)




IIpakTuyeckasi pa6ora Ne 19
Tema: Pemenue ynpaxxHeHui
Henb: 3akpenuTh 3HaHUSA U YMEHMSI CTYIEHTOB 110 JaHHOU TEMe

1. Omnpenenuts no rpadukam GyHKIMK y = ax2 + bX + ¢, yka3aHHBIX Ha PUCYHKAX, 3HAKU

KO3 PHUIHEHTOB &, b, C u

1 T T AW ] |

),___1_,_|+_J HH

EEEE 1

HYEE T

___] J.‘. @ Ne]

11 EEEE

3) | Y| t

T I

— | i—'r—‘

- __._ J_ _J J + T i.
E:' I 111

o[ 1T 11 | | [*

T

nuckpumuHanTa D.
OTBETHL

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

4)a>0,b=0,¢>0,D<0.

IIpakTuuyeckas padora Ne 20
Tema: KonrponbHas pabota

2)

4)

A
nui _\J_ [
/

| N

L AL T AY T I
\

\ /' u
N/
TITTNCA

! =" i

| (} i

He.]'lbl HpOKOHTpOJ'II/IpOBaTB YPOBCHb YCBOCHUA YUAIUMUCS TEMBbI: «OCHOBHBIE CBOMCTBA

GbyHKIUI

| BapuanT.

1 Uccnenyiite kuuio f(x) = 3x2 — 2[sinx| + X°-tgx Ha YETHOCTH (HEYETHOCTB).
y YH g

3
2. Jlana pynkmus g(x) = sin1,5x + Scos il

10



A) Haiigure: g(0); g(7n); g(-12x).
b) Noxaxwute, 4To 87 SBISETCS MEPUOIOM (HYHKIIUH.

B Haiigute ocHOBHOM niepuoa GyHKIUU.
. . ) 1—tg’x
3 Haiinute ocHOBHOM nepro/ M HanboJbIee 3HadyeHue GyHKIUA ) = sin 2x - P
+1g°x

4 (HaiimuTe aMIUIMTYQy, 4acTOTy, HEpUOJ M Ha4dalbHYIO (ha3y rapMOHMUYECKUX KOJeOaHUU U
N Iy 3
nocrpoiire rpapuk: y =— Zsm 2t — TCOS 2t.

5. Haiinure oGnacth onpeaeneHus GyHKIUNA
x—12

V=S

Il Bapuanr.
1 Uccnenyiite pynkmuro f(x) = 3x|X| — 2sin®x + ctgx Ha YE€THOCTh (HEUETHOCTH ).

.2
2. Jlana pynkmus g(x) = 3sin gx —co0s2,5x.

A) Haiigure: g(0); g(-97); 9(8n).
b)/lokaxkute, 4T0 247 SABISCTCS IEPUOAOM (DYHKITHH.
B) Haiinute ocHOBHOI niepro GyHKITHH.

2tgx
——5—+C0os2x.
I+1tg7°x

4 (Haiigute aMIUIMTYAY, YacTOTY, IEPUOJ U HAYAJIbHYIO (pa3y TapMOHUYECKUX KOJIeOaHUH 1

3 Haiiqute ocHOBHOM NIepuo/ ¥ HAaUMEHbIIIee 3HaYeHne PyHKIUU y =

. ! 1
noctpoiite rpaduk: y = -/3sin Et —cos Et

5.HaiinuTe 06nacth onpeneneHus GyHKIUHI

X412

x? -1

IIpakTuyeckasi pa6ora Ne 21

Tema: Pemienue nppaloHaIbHbIX YPABHEHUN
Hean: HayunTts pemars nppalioHalibHbIE YpABHEHUS

Teopetnueckuii 610K

WppatmonaibHbIM Ha3bIBa€TCSl ypaBHEHUE, B KOTOPOM HEM3BECTHOE (IEPEMEHHAs) COACPIKUTCS
0] 3HAKOM KOPHS WJIM 1101 3HAKOM OIEPAIlH BO3BEACHHUS B PAllMOHANBHYIO (IpOOHYIO)
CTEIIEHb.

Jly1st pettieHust UPPAMOHATIBHBIX YPaBHEHUN OOBIYHO UCTIOIB3YIOTCS CISTYIOIINE TP U € M bl .

11



1) «yeauHeHHEe» KOpHS B OJTHOM U3 YacCTE ypaBHEHMSI U BO3BEEHUE B COOTBETCTBYIOLYIO
CTEIICHB;

2) BBeZICHUE HOBOM IMEPEMEHHOM;
3) cBelleHHE K CUCTEME YPAaBHCHHIA;
4) npuMEHECHHE CBOMCTB (PYHKIIHIA, BXOISAIINX B ypaBHEHUE.

CrnenyeT MOMHUTB, YTO MPH PEIICHUN UPPAIIMOHATFHBIX YPAaBHEHHUI HE00X01uMa
IIPOBEPKa BCEX HaWJCHHBIX KOPHEH MyTeM MX MOJCTAHOBKHU B HCXOJHOE YPAaBHEHUE WU
Haxoxjenue O/13 u cnegyromumii aHamu3 KOpHEH (IIPU pelIeHUH METOAOM MPUBEJICHUS K
PaBHOCUJILHOM CMEIIAHHOM CHCTeME ypaBHEHUI U HEPaBEHCTB HEOOXOAUMOCTH B 3TOM

OTMA/IACT).

IIpocreimmm nppauuOHaIbHBIM YPAaBHEHUEM SIBIIACTCS YPAaBHEHHUE BUJIA:

{/f—x) = E(I) *)

IIPU PELIEHUU KOTOPOTO BaYKHYIO POJIb UTPAET YUETHOCTh MM HEYETHOCTH 2.

Ecnu M - HeueTHOE, TO ypaBHeHHUE (*) paBHOCHIBHO YPaBHEHHIO

f&x)=(glx))"

Eciu 1 - YCTHOC, TO, TAK KaK KOPCHb CUUTACTCH apI/I(l)MeTI/I‘leCKI/IM, HCO6XOI[I/IMO

o =
yuanutbiBath OJ13 (06;1aCTh AOMYCTUMBIX 3HAUCHHI ): f (x) = ﬂ. YpaBuenue (*) B 3TOM citydae
PaBHOCUJIBHO CHCTEME:

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

3/_3
Ipumep 1. Pemmnts ypapuenne WX —2x+1=1,

Pemenne. Tak kak B ganHoM mpumepe B =3 - Hedernoe, To mocie Bo3BeneHMs 06eHX YacTei
YpaBHCHUA B TPETHIO CTCIICHD IMOJTYYUM
PaBHOCHUIIBHOC TaHHOMY YpPAaBHCHHUC:
3 3 x=0 x=0
¥ -2xl=r or =0 <
x'-2=0 x=+2

Il =—q;'l'i,11 =u,13 ="\E.

OTtBer:

Ipumep 2. Pemmnrs ypauenne vX+1=2—1x

12



Pemenne. Tax xkak M = 2. YCTHOC, TO UCXOJHOC YPABHCHUC PABHOCHUIIBHO CUCTCME:

=(2- 1=4—4x+x?t ?_s5x+3=0
x+1=(2-x) o x+xt o Jxt -5k

2—-x>20 x<2 x<2
_|_
Lo 2 Lo x=—3fﬂ
<2

Orger: X=(5 _W'IE)IE.

" _n
WHorna BCcTpedaroTcsl ypaBHEHUS BUIA Jf(x) “jg(x) , KOTOPBIE PEIIaOTCsI
CJIEAYIOIIUM 00pa3oM:

M - peyernoe f(x)= g(x)

L [@=2k) 1=

M - yeTHOE x ) =0 A g(x) 20

[pumep 3. Pewnts ypaBHeHue V2x+6—Jx+1=0.

Pemenne. 3anunieM JaHHOE YPaBHEHUE B BHJIE: /246 = X +L Bospons o6e uacty B

=
KBaJpaT U YYUTBIBAsL, YTO x+120, MOJIy4YUM ypaBHeHUE 2x+6=x+1, pelieHne KoToporo
€CTb X=-5 — He YJIOBJIETBOPSIET BBIIIMCAHHOMY YCJIOBHUIO. 3HAUUT, JAaHHOE YpaBHEHHE HE UMEET
peLeHui.

OrtBet: HET peleHni

MHorga uppalMoHaJIbHOE YPaBHEHHME CONEPKUT HECKOJIBKO paJiuKalioB. B aTom
ciydae /Ui n30aBieHUs OT PaIUKaJIOB YPaBHEHHUE IPUXOAUTCS BO3BOJUTH B COOTBETCTBYIOLIYIO
CTETEeHb HECKONIBbKO pa3. IIpu 3ToM mpeaBapuTeIbHO YEAUHSIOT OMH U3 PAJAUKaIOB TaK, YTOOBI
00e yacTu ypaBHEHUS CTajlu HeoTpHuLareabHbIMU. Oco00e BHUMaHUE clieyeT oOpaTUTh Ha
npaBwiIbHOE HaxoxaeHue O/13.

[Tpumep 4. Peminth ypaBHEHUE “J"IZI -9- *JI— 3=1

Pemenmue. 3anuiem ypasaenne B puge: N 2X —9 =1++/X—3  Tak xak reneps 06e yactn
MOJTy4EHHOTO YPaBHEHHUSI HEOTPHUIIATEIBHBI, TO BO3BEIEM HX B KBaJIPaT:

2x—-9=1+x-3+2/x-3 & x-T=-/x-3 .

HOHy‘ICHHOG YpaBHCHHEC PABHOCUIIBHO UCXOAHOMY. I[J'IH €ro peicHus paCCMOTPUM CUCTEMY:

13



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

x=7

I=9J_r@

Lo x=9+@

Otger: X=9+-/20

BBeneHre HOBOM NEpEMEHHOM B psijie CIIy4aeB MO3BOJISIET IEPEUTH OT
UPPALMOHATLHOTO YPABHEHUS K PAllMOHAIIBHOMY YPAaBHEHHUIO.

2 j. 2
Ipumep 5. Pemmnts ypapuenne X +3x+ 4+/x” +3x -5 =10

Pemenne. Bo3peneHue JaHHOro ypaBHEHMsI B KBapaT MPUBEJIO Obl K YPaBHEHUIO YETBEPTOM
CTEIEHH, YTO HepalMOHAIBHO. [103TOMY 3anumem ypaBHEeHuUE B

2 2
puge X +3x—5+4Jx" +3x—-5 =5 y gpenem «HOBYIO» TIEPEMEHHYIO:
y= xl+3x-5 y=0

=1
J.r1 +4y-5=0 = y

ITomyuum y=-5

f.2 f.2
BepHeMmcs k «cTapbiM» epeMeHHbIM W X +3x-5 =1 yyip Vx" +3x-5=-5 Bropoe u3
= —3+ 433

IIOJIy4EHHBIX YPABHEHUH PEIICHNUI HE UMEET, a PEIIECHUs I1IEPBOI0 €CTh YUCIIA 2
-3--/33 -3+-/33
S
OTBer:

I/IHOFI[a IpU pCHICHUN UPPATUOHAIIBHOI'O YPABHCHHA BO3ZHUKACT HGO6XOI[I/IMOCTB BBCCTH HEC
OIHY, @ HCCKOJIBKO «HOBBIX» IICPCMCHHBIX. Taxkas CUTyalus BO3SHUKACT, HAIIPUMCP, ITPU
peHICHUA ypaBHeHPIfI, COACPpIKAINX padUKaJIbl PA3HBIX CTEIICHEH.

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

/ 3
Pemenmue. [Tycrs #=~X—2 20 4y ¥=7/1-X Torga #+¥=1_C npyroii

CTOPOHBI u? v =x-2411-x= 9 . IMonyuaem cucremy

14



#¥t+tv=1
Wty =9

u=1-v

>
(:l—'n*)1 +v' =9

Pemmm IIOCJICAHEC YPAaBHCHHUE CUCTCMBI:

u=1-v

v+ —21?—8:0.

Vivi-2v-8=0 < (¥ -8)+vv-2)-0e

(v—211r1+2v+4+v)=ﬂ <> [
v +3v+4=0

v=12

2

[Toy4um, uro ¥ = 2, atorna #=1—v=-1<0 1Jo

yenosuio # = 0 criesioBaTensHO HCX0/IHOE YpaBHEHHE PEIEHUH HE HMEET.

OtBer: HEeT penieHui.

> ow=12

HpI/I PCUICHUHU HCKOTOPLIX UPPAIUOHAIIbHBIX ypaBHeHPIfI HaxXOXACHHC obnactu
A0IMYCTUMBIX 3HAYCHUI BXOOAIIUX B YPABHCHHUEC HCU3BCCTHBIX MOKET CYIICCTBCHHO 00JICTYUTD

pCUICHUC YPABHCHU .

[Tpumep. Pemuth ypaBHEeHUE

812

' 4

35

6 —6+13r—2x° —x>—6 =0

Pemenne. /[TanHoe ypaBHEHHE UMEET BECbMa I'POMO3IKHI BUJT M HESICHO KaK MOJAOUTH K €ro
pewenuto. [Toaromy Haiinem cHavana O/13:

—6>0
13x-2x> —x*-6>0

x=6
250 +x2 —13x+6<0

[I(x+5(x— ;] >0

x=6

(x-2)2x® +5x-3)<0

.

{xe[ 5n]u[

x €[6;+ )

Y

)
(x 2{ }x+3)< 0

.

x € [6;+ )

.

oxeld
IE(— BD;—3]U|:%;2] re

HOJ’Iy‘-II/IM, YTO 00JIaCTh J0IMYCTHUMBIX 3HAYCHMI JaHHOT'O YPaBHCHUS ABJISICTCA IIYCTBIM
MHOXCECTBOM H, CJICAOBATCIILHO, JAHHOC YPABHCHUC pCIJ_ICHI/Iﬁ HC UMCCT.
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OTBeT: HET pelICHUH.

[Tpu pemennn NppanMoOHAIbHBIX YPaBHEHUH ObIBAET MOJIE3HO BOCIOIB30BATHCS
MOHOTOHHOCTbBIO (DYHKIIH.

_ 3
[Ipumep. Pemnths ypaBHEeHHE x+6)=6-~x+6 .

Pemenne. OuH KOpeHs jaHHOro ypasHenus X = 2 jerko naittu mon6opom. IToxaxkem, uto

JHx+6)+3x+6=6

JIPYTUX KOpHEW HeT. 3amnuileM ypaBHEHUE B BUIEC

ITo cBOMCTBY CTEEHHBIX (HYHKIIHMA
— _ 3
dbynxmun ¥ 1(x)=- Zx + ﬁj u Y2 (x)=x+6 SABJISIOTCS BO3PACTAIOIIMMHU Ha

IPOMEKYTKE [—6;::0)’ rae oHu obe omnpexaeneHsl. [loatomy ux

— 3
CyMMa y(x) - V{ 2‘(I + ﬁ) +3/x+6 Ha 3TOM IIPOMEXKYTKE TaKXKE BO3PACTAET, CIECNOBATENIBHO,
OHa IIPUHUMAET KaXJ10€ CBOE 3HaUeHue (B TOM uucie U 6) ToJabKo oauH pas. [losTomy apyrux
KOpHEH HeT.

Oteer: X =2,

B HeKOTOpBIX cilydasx MOKHO OCBOOOAUTHCS OT UPPALIMOHAILHOCTH B YPaBHEHUH
YMHOXKEHHEM 00erX 4acTei ypaBHEHUN Ha HEKOTOpOE HE oOpaIiaroiieecs: B HyJIb BIpaXKEHUE.

[Ipumep. Pemnts ypaBHeHHE 3 +5048 3% +5x+1 =1

Pemenne. YMHOXHUM 00€ 4acTu 3aJaHHOTO YPaBHEHUS

Ha BBIPAKEHHE “«}[312 +5x +3+“~}[3I: 35X +L, opiaomeecs COIPSIKEHHBIM K JIEBOI 4acTh
naHHOrO ypaBHeHus. [Toce npuBeeHNs MOJOOHBIX YIECHOB HOIYYUM YpaBHEHHE:

T =322 + 548 432 +5x+1,

KOTOPOC 53KBUBAJICHTHO HCXOJHOMY, TAK KaK

7 7
ypaBHEHUE V3 +5x48++32° +5x+1=0 JCWCTBUTENILHBIX KOpHEW He umeeT. CKiiaapiBas
3a/laHHOE YPAaBHEHHE U MOTYYCHHOE, OTYIHM:

A3Ix 4518 =4

2
Bo3Bonst 00e yacTu B KBajpaT, mojrydaeM KBajapaTtHoe ypaBHeHue 3x°+5x-8=0, kopHu
KOToporo x1=-8/3, x,=1. Jlenas npoBepKy, yoexxaaemcsi, 4To 00a HalJICHHBIX YHCIIa SBISIOTCS
KOPHSIMH HCXOJJTHOTO YPaBHEHHUSI.

OtBer: x1=-8/3, x,=1.

1
r=—
2

16



Pemmth ypaBHEHUE:
1 Nx-3=1

o E—F=41-x
3x=vx+l

gAT+s L N20-x 27

CamocTosrenbHas paborta

BapuanTt 1

x+2 =425 -3

Pemnte ypaBHeHus: a) J

5) T-dx-1=2
B)X-*‘x+ =3

Bapuant 2

Pewmnte ypapHenus: a) ¥< "X Ta/x =3 =3
6) m =4 -z

B) Ur-1+28x+1=13

Bapuanr 3

Pemmte ypaHenus: a) Y2~ ¥ TA/x =3 =3
6) m =4 -z

gy VAt 1+T-x =2

IIpakTnueckoe 3ansitue Ne 22

Tema: CteneHp ¢ palMOHATIbHBIM MTOKa3aTelleM
Hean: HayunTs cTy1eHTOB paboTaTh CO CTETNICHBIO C PAITMOHAIBHBIM MTOKa3aTelIeM

Teopernueckuit 6510k
m

r
Omnpenenenune. CteneHpto yncina a>0 ¢ palMOHAIBHBIM MTOKa3aTeaeM = £, e M - 1enoe
YKCII0, a N - HaTypanbHoe ( n>1), Ha3pIBaeTCs YMCio ¥a™, T.e.

m
n

3 =2|"a_“‘1 a3 x>0
17



1
o_ - —
=1, 3 —a—n.

CBoliCTBA CTENEHHU C PAIIMOHAJIBLHBIM MOKA3aTeJIeM.

ax b0 ped, e}
aF aq=ap+cr;

aF
=
{aF =3
i‘ab}]P:aP.bF;

(3 -5

Pemenne ynpaxuenuii:

-9 .
a vy

mn W M

wl —
wl —

1. Beruncnute: 25° - 1257,

1 1 1 1
E H B H

Pemrenue: 25° - 1255 = (25 - 125)F = (5°)F = 5,

OrtBerT: 5.

a a
3ibh+ ah3

2. YIIpOCTUTD BBIPAKEHHUS: a+ b

al ! 1 1
Fib+ab: _ ab [a3+b3]| —ah
3 3 B L L - '
Ya + 3 J3y b
Ortgert: ab.
Loz 4 s
g*—3* g3 3¢
LA T
3. YrpocTuTth BeIpaxkeHus: 2 — 3% 23*+3*?
Pemenue:
1 ? L 5
27— 37 FI_ 53
roeT Tz 1T
ai-a3? a*4+a‘’

_ai1-a%) & i(1-a%) _

aéil— By a'%il + 3]

=1l+a-(l-31=23

OTtBerT: 2a.

4. YIIpOCTUTB:
51 19
327

4%.

18



200 5

2) 3)

5. Beruncinursb
1
273

I[OM&I.HHCC 3aJaHuUC:

1 1
16 %

] 2
Bxt - 4x 3

IpakTuyeckoe 3ansiTue Ne 23

Tema: Pemenne noka3zareiabHbIX YpaBHEHUN

He.]'lbl Hay‘{I/ITB peuiaTh MOKa3aTCIIbHBIC YPABHCHUSA

Teopernueckuii 6110k
MeTop! penieHns ToKa3aTeIbHbIX YPaBHEHUH

1. IIpocTeiimme nmoka3areabHble YpaBHEHUS

Tun ypaBHeHUs

Bun ypaBHeHus

Meron pemenus

1 a1 = f2 ¥ | f (x)= fZ(X)
b=a +a Fa
) b b
2 al = p b>0 b£ 0
af®) _ f(x) = log_ b | Pemennii Her
f(x)=1




IIpumepsl.
Ipumep 1. Pemnre ypasrenne: 3%7° = 34,

Pemenue.

3PP =3 <=>4x 75 = x+4 <=> 3x=9<=>x = 3.
OTBeT:3
IIpumep 2. Pernre ypasuenue: 25 =3 .

Penrenue.

3  log;16 log, 48

::h
=3 <=>x-4=19823 7 10823,y sy logs

log, 48

<=>x=

OrtBerT:

I
£d
ITpumep 3. Pemmre ypaBHEHueE: 7o g,

Pemenue.

Iz .'-t:z
7% 3x 7 -3x>0

= -7 , pellIeHUui HeT, TaK KaK

s S X
R.

{@}.

2. MeTtosl ipeoOpa3oBaHusl MOKA3aTEeIbHBIX YPABHEHHUH K MPOCTEUIIIIM.

OtBerT:

A. Metoa ypaBHUBaHHSI OCHOBAHUM.

[Tpumepsr.
.3 dx—9 g +1

[Tpumep 1. Pemnte ypaBuenue: 27 =0.

Pemenue.

27" 34x—9_gx+1 =0<=> 3334x-9_ (32)x+1 =0 <=> 33+ (4x-9)_ 32(x+l) = 0<=> 34x-6_32x+2 =0 <=> 34x-6 —
3%*%<=> 4x-6=2x+2 <=> 2x = 8 <=> x=4.
Otser: 4.

2x x x __ ax—15 _
[pumep 2. Pemite ypaBHeHHE:! 273757 —60 O,

Pemenue.

3.5)x_

2% . 3T . 6% _ 0¥ = 0<=> (22)x'3x'5x — 60415 <=5 4*3¥5X = g 15 <=> @ — 60%

1 <=> 60%=60""1° <=> <=>x=4x-15 <=> 3x=15 <=> x=5.
Otser: 5.
B. YPaBHeHI/IH, pemaeMble pa3J’IO)I(eHI/IeM Ha MHOXHUTCIIN.

IIpumepsl.

[pumep 1. Pemute ypasrenue: X 2° = 2°2% + 8x-16.

Pemenwue.

X220 =22+ 8x-16 <=>x2" - 22X—8(x2)< >2X(X2) g lr—2) _ => (x-2) (2x _ -8)=0
x—2=10 x=2 [x_z [r

«=> 125 —8=052v=8__129=2% . lx=3

20



{2;3}

Ortser:

2x __ 9x x| X, —
[Tpumep 2 . Pemnre ypaBHEHueE:! > +57-35+7-35=0

Pemenue.

2 x -35 2

5%-T7¢-5% 3547 =0<=>(5"-

X)—(52x-35—?2x-35j =n¢~(52x—?2}‘j—35- (5% —7%)=0e

.

53 _ 73) . (1-35) = 0 = (5% —7%) . (—34) = 0 = 5F —7E =0 o (S2F = TF = 2L =

-l-,rx
E i = E i = E o =
1@[?] 1@(?] [?] =x=0
Ortser: 0.
C. YpaBHEHHsI, KOTOPBIC C TTOMOIIBIO TI0JICTAHOBKH @0 — t, t>0 mpeoOpa3yroTcs K KBaApaTHBIM

ypaBHEHUAM (WM K YpaBHEHUSAM 0oJiee BBICOKUX CTENEHEN).

A-a®® +B.af% =0

IlycTh , e A, B, C - nekotopsle yucia. Crnenaem

fled —
o =t.,t -t -t
3aMeHY: >0, torma A" 2+B "+C=0
PeriaeM mostyueHHOE ypaBHEHHE, HAXOAUM 3HAYCHUS t, yIUThIBacM ycioBue t >0 ,

o CLf
BO3BpaliaeMcs K NpoCTCUIIEMY IIOKA3aTCIIBHOMY YPABHCHUTO 0 = t, peuiacm €ro u
3alMcCbiBa€M OTBCT.

IIpumepsl.
Ipumep 1 . Pemnre ypasrenue: 227 - 22 = 5,

Pemenue.

Z

F =15 <=>4(2)-4=15 2

||’-.'|

[+]

22+X _ 22-X - 5 <=> 222X _

Tlenaem 3ameny t = 2%, t > 0. [Tomyuaem ypasHenrue 4 °2 - 4 = 15t <=> 4% - 15t - 4=0
t=4

1 1
t=—- -
<=> $ t= ¢

HE yIOBIIETBOPSIET yCIoBuUIO t > 0.
Bepnaemcs k mepeMeHHOM X:

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

Ortser: 2

2x—3 _ o cx—2 —
[Tpumep 2. Pemmre ypaBHEHUE: > 2-5 3.

Pemenue.

52}{—3 — 2. 5}{—2 =3 52":}{—2:'4'1 — 2. 5}{—2 =3

g (57 -2-57%-3=0,
=2 _ x—2y2 _ 42
[enaem 3ameny: > Lt>0 , TOTJ1a (5" t "[lomyyaem ypaBHEHHE:
=2
tP—2t—3=0e| s _3 0
5 t=1 t= 5pe ynoBIeTBOPSAET YCIOBHIO t =0

5 i=1e5 ?=5ex-—2=0=x=2
Bepuemcs k nepemenHon X:

21



Ortser: 2.

IIpakTHyeckoe 3ansTue Ne 24

Tema: Jlorapudm. Jlorapudm uncna. [IpaBuiia nefictBuii ¢ JorapudpmMamu
Heab: Hayunth BEIYUCIATH JTOTapr(HMbI
Teopernueckuii 010K

Jlorapudm uncna b no ocHoBaHuIo @ onpenenseTcs Kak MoKasaTelb CTENEHU, B KOTOPYIO Ha0
BO3BECTH 4YHMCJIO @, 4YTOOBI ~MoNyduTh umcio b (JlorapupM  cymiecTByeT TOIBKO Y
MOJIOKUTEIBHBIX YHCEIT).

Jlorapudm B mepeBo/ie ¢ TpeYecKoro OYKBaIbHO O3HAYACT 'YK CII0, H3MEHSIIOIIEe OTHOIICHHUE" .
CrnennajabHbIe 0003HAYEHHS:

Hatypanbnsbiit norapudm Ina - Jorapudm 1Mo OCHOBaHHUIO €,
Jecstuanblii torapudm & @ - norapudm mo ocuosanuto 10.

CpoiicTBa jorapu¢gmoB:

log b
1° a“®" = b- ocHoBHOE nOrapupMIIECKOE TOKIECTBO.

2o log,a=1.a>0.a+#1
3o log, 1=10.a>0.a+#1

Jlorapugm eauHUIBI MO JIIOOOMY MOJI0KUTEIBHOMY, OTJIMYHOMY OT 1, OCHOBAHHIO paBEH HYIIO.
OTO BO3MOXHO MOTOMY, YTO U3 JIIOOOTr0O JIEHCTBUTEJIBHOIO YMCIIA MOKHO IOJIYYUTh 1 TOJIBKO
BO3BE/IS €70 B HYJIEBYIO CTEIICHb.

g0 log,(be) =log, b+ log, ¢

Jlorapugm npousBeeHNs paBeH CyMMe JIorapu(MOB COMHOXKUTEINEH.

b
5o log,, o= log, b—log, ¢

Jlorapu¢m yactHoro (1poOu) paBeH pa3HOCTH JIOTapU(PMOB COMHOKUTEIEH.

6o log, b =p-log,b_
Jlorapudm creneHn paBeH MPOM3BEICHUIO TOKA3aTeNs CTEIICHH Ha JIOrapru(hM ee OCHOBAHHSI.

1
log . b= T log, b

70
1
log, b = ——
go log, a
log . b
log, b= el
9° log,.a [EPEX0/l K HOBOMY OCHOBAHHIO.
IIpumepsr:
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1. HaiiguTe 3HaUYe€HUE BHIPAKCHHUS:

7

{JL-.'I

6 -log,

(151 =1

6-log, VY7 =6-10g,73 =6

L =
=3
af=]
=]
e |
Il
o
I
'_'l.
Il
[~

Ucnonp3oBanu:

m
—_— 1|
an = am

M qeq .
log . b™ =m-log_ b

Ortser: 2

2. Haiimute 3nauenue Beipaxenus 10go g3 - 10g31,25

log, .3 +log, 1,25 =———-log, 1,25 log1,25
{}CF ¥ D'CF . — ¥ DCF . — —
ol.g o3 1053 'D,B o3 1Dg3 'D,B

logye1,25 = 1 l > loss> = —1.1— -1
= 10802 L. = loga- =108 5.-1 - =——-logs—=—-1-1=—

54 (3) 4 -1 734

Hcnonp3oBann:

] b L

%8 log,a

log.b

loz_a =log_b

1

log xb = 7 log, b
OtBert: —1

3.HaiinuTe 3HaueHNe BBIpaKECHUS:
5 log,- 49

5]cg25=1-9 — 5]og25?2 — 52-]og25? — E'SZ}]ogEE_? —
= 25l08257 = 7

Otser: 7

4. Haitnute 3HAaYCHUE BHIPAKEHUS:
82-10 g:3

82']Og53 — (B]OESEJL — 32 -9

23



Ortsert: 9

5.Haiigure 3HaueHue BbIpakKeHUS:

6410%9 NE}
64102:33 — (8. g)log=V3 — gloge+3 ., glogeV3 — /3. /3 = 3

Ortsert: 3

6. Halinute 3Ha4eHNE BBIPAYKCHHUS:

24

3log; 2

24 24

3logz2 2 12

Ortser: 12

7. HalimuTe 3Ha4YCHHUE BBIPAKCHUS:

log1 V13
13

— 1 )
log1 V13 =log,;-: 13%° = = log313%*=-1.05=-0,5
i3 —

Otset: — 0,5
8 . Haiinure 3nauenue BoipakeHus 1093 8,1 + logs10.

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

Ortser: 4

9. Haitute 3HaYCHNE BBIPKEHUS:

24



loge 13
log x'ﬁ — 1 1
1;: — =10g:3VI3 =10g;;132 =2 =05
o5
Ortser: 0,5

10. BerurcnuTe 3HAYCHHUE BBIPAKEHUSI:

(310g23)10g32
(S]DEEEJ]GEEE _ (SlogEZJ]c’g?a — 9logz3 _ 3

Ortsert: 3

11. Haiinure 3nadenne Boipaxenns loga(ab®), ecu logy a = 1/7.
[TpeoOpa3zyeM naHHOE BhIpAKEHUE:

log_(ab®*) =log,a+log b*=1+3log_ b

Omnpenenum 3HaueHue Boipakenus 10g, b. Ham uzBectHo, uto

1
log,a = 7
Hcnons3yem CBOUCTBO:
| 1
[ —
%" log.b
1
~log,. b

Cnenosatenbao loga b =7.
Takum oOpazom:

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

Ortger: 22
12. Haiimure loga(a:b®), ecm logs b = 5.

25



Ortser: —14

13. Hatigure Ioga(a2b3), eciu logy b = -2.

log.(a’b?)=1log,a” +log, b® =2log,a + 3log, b =

—2:1+3log,b=2+3-(-2)=—4

Ortser: 4

14. Haiimure snauenne Beipaxenus 10gy(a’h?), ecom logy a = 1/3.

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

=4-1+9log_b

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

4:1+9log, h=4+9:3=31

Ortser: 31

15. Haiigure loga(a’:h?), ecm log, b = 10.

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

16. Haitzure loga(ab™), ecou loga b = 7.
log (ab'®) =log, a+log, b®=1+10log b =

=1+10-7=71

26



Ortser: 71

IIpakTnyeckoe 3ansiTue Ne 25

Tema: IIpeoOpazoBanust anredpanuecKux BbIpaXKEHUH
Heanb: HayanTs npeoOpa3oBbIBaTh aredpandeckue BhIPaKECHHS

Teopernueckmnii 6,10k
Omnpenesienne. AnredpanyecKiM BBIPAXKEHUEM HA3bIBACTCS BBIPAXKEHUE, TTOJIy4aeMOe U3
MOCTOAHHBIX U IICPEMCHHBIX ITPHU IMTOMOIIHA onepauﬂﬁ CJIOKCHUS, BBIYUTAHHA, YMHOXCHUA,

ACJICHHUs, BO3BEACHUA B LICIYIO CTCIICHD W U3BJICUCHUA KOPH:.

[Tpumeps! anreOpandecKux BBIPAKCHHM:

8 T4+ 2y -1
E = +v/24+5; Elzr.y) = . :
T+y

E(z,y,z) = el E(z,y) = (z + y)® = 3zy(z + y).

Omnpenenenue. O0IaCTHIO JONYCTUMBIX 3HaYCHUH (cokpanieHHo O/]3) anreOpandeckoro
BeIpakeHus E(X1, X, ..., Xn) (D(E)) Ha3bIBaeTCsI MHOKECTBO BCeX HAOOPOB (X1, X2, ..., Xn), IS
KOTOPBIX BeIpaskeHue E(Xy, X, ..., Xn) HMEET CMBICIL.

T+y

E(z,y) = z 5 5
Hanpuwmep, O/[3 BoipakeHHUsI ( Ty sisieres D(E) = {(x,y) | XIR, YyIR, xy+#

0}, O/13 Boipaenns E(%:¥) = /TU = 22, ggngerca muoxkectso {(XY,2) | X, y, 1R, xy>0}.

Omnpenenenue. Anredpandeckre BolpakeHust Eq u E; Ha3pIBatoTCs TOXKIECTBEHHO paBHBIMU Ha
muoxkectBe M [ D(E1)CD(Ey), eciiu nipu J100BIX 3HAYECHHSIX TEPEMEHHBIX
13 McCOOTBETCTBYIOIIME YUCIOBBIE 3HAUYCHUS ITHX BBIPAKEHUI PABHBI.

HqﬁanMep, v #? = T ga muoxectse [0;+¥), V a? = —a, ga MHOXECTBE (-¥%0],
I— a—

r+1 na maoxectse R\{-1}, (x +y)?=x* + 2xy + y* na muoxectse {(x,y) | x IR,

Omnpenesienue. ToXIECTBEHHBIM MPEOOPa30BaHUEM ANTEOPANIECKOTO BBIPAKEHUS HA
muaokectBe M I D(E) Ha3bIBaeTcs 3aMeHa 3TOTO BBIPAKCHUS Ha TOXKISCCTBEHHO PaBHOE €My Ha
MHOkecTBe M

3ameuanue. OTMETHM, YTO HHOTJA OMYCKAIOT MHOXECTBO, HA KOTOPOM alireOpanieckue
BBIPAKECHUS TOKIECTBEHHO PABHBI, M€ IIPU 9TOM BBUY UX TOKJIECTBEHHOE PAaBEHCTBO Ha
nepecedeHny 001acTeil TOMyCTUMBIX 3HAaUEHUH.

Hampuwmep,

ala+1)  a?
a  a

27
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[Tpu BBITOTHEHUH TOXKISCTBEHHBIX TPE0OPa30BaHUI OKA3bIBAIOTCS MOJIE3HBIMU CIICTYIOIIIE
(bopMyIIBI.

1. ®opmyJibl COKpaNIEHHOTO YMHOKEHUSI

1. (a+b)*=a’+2ab+b?
2. (a+b)®=2a%+3a’h +3ab®+ b’
3. a’-b°=(a-b)(a+h),

4. a*+b®=(a+h)@® Fab+b.

O1H GOPMYIIBI IOJYHAOTCS KaK CIEACTBUS U3 Oosiee 00mux hopmy:

5. a"-b"=(a-b)@*+a"+..+ab"?+b") (niN),
6. a2n+1 + b2n+1 - (a + b)(aZn _ a2n-1b + - abZn-l + b2n) (n i N),
7. (6bunom HproTona)

(a+h]:1=Cﬁaﬂhu+c:‘alhu—l +...+(’:-‘f:.—1*"h“_*"+...+(’:—‘,’:.-1“r'1"._

ok — !
meniN, + K{n—-F!" n=123..n 0=1

II. CBoiicTBa cTenenei

Crenyrorine CBOWCTBA CIPABEIUBBI IS JIOOBIX IMOJIOKHTEIBHBIX Ykcen a U b u 100bIX
JIEMCTBUTEIBHBIX Yicen a U b.

1 a’=1

2. a®*P=a- a"
an—ﬁ' — ﬁ

3. ad’

4. (@)"=a"

5. (ab)®=a’- b%
aye  a®
6. (E) = pe

3ameuanue 1. OTMeTI/IM, YTO OTpHULATECIIBHBIC YHCJIa TAKIKE MOXKXHO BO3BOJAUTH B HCKOTOPBIC
it

crenieHu (1ienbple 1, OoJee 0010, paloHaIbHBIC BUAa 211 — 1 T1ie m - menoe, N - HaTypaiabHOER).

3ameuanne 2. 0° = 0, x1s moGoro a > 0.

ITI. CBoiicTBa paankajioB

n _ eCJIH 1T — HeYeTHOE,
eCJIH 11 — YeTHOEe.

-rl

ecma>0, b>0, kiN,

:V.-"_ 1
Vla "V_ ecmmab >0, kIN.
Th41 f..'.l= :*+VI,.-— ."k+‘/_1 kE N

ok mT R
()" = Vak, rae a> 0, ecmu M - yetHo, a I R, ecitm m - HedeTHO.

ok w e
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SIS

6. " rnrea>0, b>0, n-uernomwmb#0,alR, ecan n - HeyeTHO.
7 Vak =a*, a>0.
8. ¥V ¥a="Va, rrea> 0, eclti M - YeTHO WM N YeTHO, & 1 R, eciu M*N - HEYeTHO.
9 *%/—a=-*%/a, acR.
a+ ya? — eb? a— f/a? — eb?
atbh/c= ‘ + ‘ ._ s,
10. 2 2 rnea>0,b>0,c>0ua’>b.

Ipumep 1. Onpenenuts O/f3 anreOpanyecKux BhIPAKCHHINA:

a) E(z) = V& + 1% — 2%

z? + zy T y
b) E(z,y) = 7 +— ;
w2ty \|lz—y| =z+y

a Vid

bte  Bleteh

c) E{a,b,e.d) =

2
Pemenue. a) O/]3 1aHHOTO BBIPAKEHHS OMPECISICTCS U3 HEPAaBEHCTBA X + X - 2x3 >0, KOTOpOE
pelaeM Ipy NOMOILM METO/1a MHTEPBAJIOB:

X+x2-2¢20 U x@+x-23)>0 U x@x+1)1-x)=0 U xI(-%-Y]E[0;1].
Taxum oGpasom, D(E) = (-%-/,]E[0;1].
b) OTMeTHM, YTO BHIPAKEHHE UMEET CMBICI TOIA U TOJBKO TOIA, KOraa

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

otkyna cieayet, uro D(E) = {(X,y) | X#Yy, X#-y}

¢) Tak kak 3HaMeHaTelNb APOOU JOJKEH OBITh OTIMYEH OT HYJIS, @ KOPEHb BTOPOU CTENEHU
CYILIECTBYET TOJBKO U3 HEOTPULATEIBHBIX BBIPAXKECHUM, TO Ul onpenencHus O3 nomyunum
CUCTEMY

b+c+#0, b+c#0, E;g#&
b’c+c*b#0, U ¢ be(b+c)#0, U ’
c#0,
d>0, d>0,
d>0.

Taxum obpazom, O/[3 ucxoaHOTO BeIpakeHus paBHa {(a,b,c,d) | b+c#0, b#0, ¢#0, d>

0}.

IIpumep 2. Onpenenuts, SBIASIOTCS JIU BhpakeHUs A 1 B TOx/1eCTBEHHO paBHBIMH Ha
MHOXecTBe M.
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a)A=('““£:—i}§—vﬁ) ﬁ{a—ﬂ B=$: M = {(a,b) |[a>b>0}

a— /3 B 2a

Pemenne. a) Tak kax av/a = (a)?, bv'b = {V’EJE a=(Va)?, b= (‘ﬂ;]g Ha MHOXXecTBeM,
TO, MPUMEHHUB (OPMYITY COKPAIIIEHHOTO YMHOKEHUS, TTOTYIHM:

B) A = M={a|a> V3).

(V@) + (VB ) P va+vh
A= —ab | - =
( Vv V) e

(WA VB -Va+ () N arvh)
va +vb ab(v/a - v'b)(v/a + vb)

= (3 -t ] = V- W g -

1
= |va-vb ———.
ab(y/a - /b)
Venosue a > b > 0 Breuer V@ > Vb, U, CJIEI0BATEILHO, | v/a - Vﬁl =+a - Vb. Orcrona
1 1
A= (ya— Vb

II0JIy4aeM, 4TO ab(\/a - V;EJ ab Takum o6paszom,
BbIpakeHHS A 1 BTOX1eCTBEHHO paBHBI Ha MHOXKecTBe M.

b) [Togo6HO peapIIyIIeMy IPUMEPY
a— /3 a—3

a2 +3\2 l_\/(a“-l-lﬂﬂ—fiaﬂ-ﬁ_
( 9 ) -3 4a®

_(@=v3)-2a| _(a—+3)-2a| _ 22 _
(aZ —3)2 |a® 3] a++3

A=

TTpu peo6pa3oBaAHMAX YUHTHIBACTCS, UTO, ecom @ > V3, 1o VaZ = a,
(a* - 3)

" 2=|a* -3 =a® - 3.

ITpumep 3. YIpoCTUTH BBIPAKEHUS:
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2h+ 2 — 4

Y E—itbi2

vmn? + vm®n o 3/ m—n |
g (W+zm+{‘fﬁ_a"r+ “mﬂ—{ﬁ@) Ym+ n’

(—ﬁi}i Ehﬂ+¢@) +h¢:+3.

) Vhe+3 ’

‘13 h.'i {_._,.'3
Ve a-0  0-0b-a  C-ae-9
¢) alh? N ale? N b2 el _
Ja—ob-0 @-be-b  G-ak-a

y—z z—x T-y
De—ne-» " G-aw-2 " G-aG-n
9 m|m — 3|

(m? —m —6)|m|’

b2 — 4> 0,

2b+ 257 — 1 > 0,
Pemenne. O/]3 Boipaskerus onpeemstercs u3 cuctemsl \ VI =4+ b+ 2> 0, pepag
KOTOPYIO, mosy4nm b > 2.

BeimonnuMm paBHOcuIbHBIE HA O/]3 ipeoOpa3oBaHus:

Voot _ (V=22 + (VhF 22 +2vb- 2V 2 _

VB —Ad+b+2 VB =24/D+2 + (VD + 2)2
3 J(fh—ﬂv’ﬂﬂ)“ o WE=2+vB+2] 1

VB E2AVE—240+2)  VE+2VE—-2+4vb+2) B+2
TaK kKak Ha O[3 Vb =2+ v/b+2 2> 2

CJIEI0BATEIIBHO, [Vh =24 Vb + 2 =+/b—2+ Vb+ 2 Tagum obpa3zom, mpu b > 2 ucxoaHoe
1

BBIp@XKEHHE paBHO V b + 2

b) O/[3 nanHoro BeIpakeHHs siBIsieTCS MHOKecTBO {(M,N) | m>0, n>0, m#n}.
e _ _ a2 B 32 33
0603HauuB VM = @, 15""("’_1—Fi‘:nonyHI/IM‘Iﬂ’m—-‘1: m? =a',m=a’uVn=">0, Vn? =10,
n = b® BEIpaskeHHE PUHUMAET BH
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a’bt + a'h? - a® — Bt 1
12 -2 + =
al + 2a2h? + bt at =) a+b
_ a’b*(a® + b*) W 4 (a@® — B*)(a* + a®b* + bY) |
(a® + b*)? (a? = b*)(a® + B*) (a+ b)

ah? = 20 (a? + V) +a' +a*BF + 60 1
a? + B2 at+b

_.—14_54 1 _(-‘12+hg](f1—l']](.—1+h]_
_;1‘3+r'32-a+h— {aﬂ-l'-hﬂj{a—l-—r']] - | |
TakuMm oOpa3om, UCXOHOE BhIpaxkeHue Ha O/]3 TOXIECTBEHHO PaBHO vm = Jn.

~ b.

¢)Ha 0/3: {(ab.c) | a>0,b>0,c>0,a?+c?+0} BepaxeHHe IPeoGPasyeTcs CICAYOLUM
o0pazoM:

(c’ﬁ-’- daﬂhﬂ-}_\:@?)_—t—fm—t—ﬂ (%(ﬁ‘f‘ﬁ]_’_@)__’_h‘_}_g

Va+ /e va+ /e B
Ve +3 B vbe + 3 -
_Whetbe+3  3vbe+3+Vhe+be _ 3(vVhe+1) + (1 +vho)be _
Vbe+ 3 vbe+3 Ve + 3
_ (Ve +1)(Vhe+3) _
= N = Vbe + 1.

d) O/[3 nanHoro BRIpaKEHUS SIBJIIETCSI MHOKECTBO {(@,b,C) | a#b, a #¢c, b #c}. [IpuBoas
BBIPKEHHE K O0IIEMY 3HAMEHATETIO, TIOJTyIHM:

a® N b? N e? _dle=b)+ba-c)+P(b—a)
(a=bjla—c) (b—c)(b—a) (c—a)c—b) (@ = b)(a —c)(c —b) ‘

YuurteiBas BUJI S3HAMCHATCIIA, Pa3JI0KUM Ha MHOKUTCIIN YUCIIUTCIIb:

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

CrenosatenbHo, Ha O/]3 KCXOHOE BBIPAKECHUE TOXKIESCTBEHHO paBHO ab + bc + ca.

f) O/13 BeIpaxkenus siBisieTcst MHOXKECTBO {(X,Y,Z) | X #Y, Y #Z, Z # X}. [lepBoe cinaraemoe
BbIpaXXeHHsI Mpeo0pa3yeM CiIe1yIoIM 00pa3oM:

y—=z _r—z—z+y T—z T —1 1 1
(z—ylz—2) (z-ylz-2) (z-y)lz-2) (z-ylz—2) z-y z-2
AHaJIOTUYHO MpeoOpa3yroTcs U IpyTHUe ciaraeMbie:

32



22— 1 1

W-2)w-2) y-2z y-zx’

z-y _ 1 !
(z—z)(z-y) z-z 2z2-y
CrnenoBaTeabHO,
y—z N z—=I + I =y _
E-pE-2 W-2)b-2) (z-o@-y
1 1 1 1 1 1

T-y &-2z Y-z yYy-& 2-T z-Yy
2 2 2
+ + .
T-y Y-z z-z

0) O/[3 seipakenust paHa R\{-2;0;3}. YuuTsiBast, 4TO BBIpaKEHUE COAEPKUT |M| u |M - 3|,
pPaccMOTPUM TPH CITydas:

1. mycrs m I (-%-2)E(-2;0); Torna |m| = -m, |m - 3| = -(m - 3), ¥ BeIpaXKeHHE IPHHUMACT
BHL

m|m — 3| _ —~mim - 3) _ 1
(m?—-m—6)lm| —(m+2)(m-3m m+2

2. mycrb M 1(0;3); Torna m|=m, |m-3|=-(m - 3), u BEIpaKEHHE IPHHUMACT

m|m — 3| _ —m(m — 3) _ 1
(m2 —m —6)m| (m+ 2)(m—3)m m+ 2

3. mycrs M1 (3;+¥); Torna |m| =m, |m - 3| = m - 3 u BeIpaXKeHHE IPUHUMACT BUJ

m|m — 3| 1

(m? —m —6)jm|  m+ 2

Takxum oOpazom,

1
mm-3 | mt2 ecim m € (—00;-2) U (=2;0) U (3; +o0),
2 _ -6 - 1

IIpumep 4. PaznoxxuTh HAa MHOKUTEIH:

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

b) x> +y* + 2% - 3xyz;

XX X+ +x X+ x+ 1
d) x° + x + 1.

Pemenue. a) [IpuGasnss u Berautas z(Y + z)(z + X), a 3aremM rpynnupys yaI0OHbIM 00pa3omM,
MOJTYyYHM:

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

=+ )@+ x)(x+y+2)-2(2° +yz+2X) =

=+ )@+ (X +y+2) - (x+y+2) =
=(x+y+2)((y +2)@+X)-2) = (x+y +2)(xy +yz + 2).

b) [Ipumensiercs popmysa cyMMbl KyOOB U peIIaeTcsi MOA00HO MPeIbIIyIeMy YIPaXXHEHUIO

X2+ v+ 2% -3xyz = (X + ) - xy +y?) + (2% - 3xy) =
= (X+y+2)(X° - Xy +Y?) +2(2° - 3xy - X + Xy - y¥) =
=(X+Y+2)(X°- Xy + ) +2(2 - (X +y))) =
=(X+y+2)(X°-xy +y* +2(z-x-Y)) =

= (X+y+2)(C+Yy +7°-xy - XZ - y2).

c) [Ipumensist GopMyIIbl COKPAIIEHHOTO YMHOKEHUS, TTOJTYUUM:

a 343 a
" =1 ) =1
P+ + P+t v+l = 1 o 1

I = T o=

(P -1+ P +1)
. r—1

=+ z4+ 1)z + 27 +1).

d) XHx+1=1+x+xX2-X+xX=1+x+xX-xX1-x3) =@ +x+x%) - x*(1-x)(1 +x +x%) =
(L+X+x)L-x1-%) =1 +x+x)(1-x*+x3).

IIpumep 5. N36aBUTHCS OT UPPAIMOHATILHOCTH B 3HAMEHATele:

1 1 1
Y1ivE- v Y vVt O T

Pemenne. YMHOXaS HA BBIPAXKCHUC COMPAKCHHOC 3BHAMCHUTCIIIO, ITOJTYUUM:

1 14243 142403 (142432 V24246
l+v2-v3  (1+v22-3° 22  2v2-v2 4

b) [Togo6HO mpuMepy a) NOTYIUM

1 _VBEVE VT VBB VT
V3+VE+VT  (VB+VE2-T  142/15
_(VBVE-VT(2VIE-1)  (V3+VE-VT(2VI5-1)
B (2v/15)2 — 1 B 59 ‘

c¢) U3 popmyisl (cM., Haripumep, 4 b)):

Ay +28-3xyz= (X +y +2)0C +y  + 22 - Xy - yz - 2X)
creayer
(#* +4° + 2° — 3zy2)
(2 +y? + 22 —xy—yz — 2z)

r+y+z=

Ha ocHoBaHMu nmociaeaHero COOTHOIIEHUS MoJIy4Yum
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1 P (V2P (V) - V223128 TV2-V4-3
1+ V24291 13+ (928 + @V1)° -3-1-92-2- 91 23 '

IIpumep 6. Jlokazarb, 4TO NMPUBEICHHBIE BBIPAKESHUS MMPECTABIISAIOT COOOM IeIbIe YncIa.
BrIuuciauTh 3TH 4ucia.

a) /1207 — 53| — /204/T + 53,
B) V26 — 15v/3 + /3,

c) ‘\X26+ﬁx/13—4x/8+2\fﬁ—21,-’5+\X26—ﬁ\/13+f1'\/8—‘2. 6 + 24/5,

Pemenue. a) Beijensist mosHbIN KBapaT 101 3HAKOM paidKalia, MOJIyIruM

J{a - w’?']ﬂ—u/(a +2v7)? = |5-2V7| - |5+2V7| = 2V T-5-5-2V7 = —10.

b) Beinenss nmomHbIi Ky0 10/ 3HAKOM KOPHS TPETEH CTEIICHH, TOTyIHM

V26 - 153+ V3 = {3~ 12V3 + 18 - 3v3+V3 = /(2 - V3P +v3=2-VE+VE=2
¢) YuuTtsiBas, 4to

6+ 26 =5+2v5+ 1= (VE£1),
Js+2¢a-2ﬁ=x/s+2vf‘5—:a=x/ﬁ+2u‘§=vf§+1,
'g/S—?.\/ﬁ+2u/5_r=\/S—2J5—2=\/ﬁ—2v/5=v/5—1:
J13—4{£+lj = VI-45=1/5-2-2.V/5+1=5-2,
J13+d(v%—lj =5 +2,

x/zua(ﬁ-zj =V14+6V5=v5+2-3-vV/5+9=15+3,
V2% -6/ V5 +2=vVIl-65=1/(/5-32=|V5-3I=3-5

HOHy‘II/IM, YTO UCXOOHOEC BLIpa)KeHI/Ie paBHO
Vi+3+3-v5=6

Ycia0BHBIE TOKIECTBA.

1,11,
Ipumep 7. a) Boraucnuts X° + y> + 22, ecmx+y+z=1,+* ¥ % .
p P y y

b) [loka3aTh, uTO paBEeHCTBO XyZ = 1 BieueT

1 1 1
+ +
14z 4+xy 14y+yz 1+z24zz

¢) Jlokasartb, uto ecin X + Y + 2 =0, to X* + y* + 7* = 2(xy + yz + zx)%.

d) lokazaTh, 4TO 7151 TFOOBIX TPEX MOCIIEI0BATEIbHBIX WIEHOB F€OMETPHUUECKON IPOrpeccuun
BBITOJIHSETCS] PABEHCTBO

35



&’ + @ +as” = (ar + & + as)(a - @ + as).

e) [loka3ats, uTo, eciu X1 + X2 + X3 = Y1 + Y2 + Y3 = X1y1 + XaY2 + X3y3 = 0, ¥ He Bce yncnax;,
7=143 y vy, =13 pasusl nymo, T0

2 2 ¥
T h 2

g tri+r: gy 4y 3

1 1 1
—+-+-=0
Pemenue. a) 13 paBencrea* ¥ £ caenyet Xy +yz + zx = 0. Orcrona

Xy +i=(x+y+2)?-2xy +yz+2x)=12-2:0=1.

b) 3ameTum, uTO ycioBue XyzZ = 1 Bieuer

1 _ 1 _ 1 _ Ty
142428 zyz+z+2x z2z(1+z+zy) l+zc+zy’
1 1 1 T

I+y+yz y(l+z+zr) y-zQl+o+ay) l+z+ay

CrnenoBaTeiabHO,

1 1 1 14+ x4+ xy
+ + = =1
l+z4+my l14+y+yz 14z4zx 14+ r4+zy

¢) YuutsiBas, 4to X + Y = -Z, HOTy4uM

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

=20 + xy + y?)2 = 2(x* + x&y? + y* + 23y + 2%y + 2xy°) =
:X4+y4+(y4+4xy3+6X2y2+4yX3+X4):X4+y4+(x+y)4:
:X4+y4+('2)4:X4+y4+Z4.

-2 . .
d) Tak kak @183 = " (XapakTEepUCTHUECKOE CBOMCTBO F€OMETPUUECKOM MTporpeccun),
CJIEZIOBATEIIBHO,

(a1 + @y + a3)® = ar” + a° + ag’ + 2ay(ay + az + ag).
Otcrona nony4aem:
al’+tal+a’=(a+ay+as)’-2axa+a+asg)= (a1 +ax+as)(as-ap+as).

e) PaccMoTpum BeKTOpPBI (X1, X2, X3), (Y1, Y2, Y3) 1 (1,1,1). 3ameTum, 4T0 3T BEKTOPHI MOMAPHO
OPTOTOHAJIBHBI, TAK KaK X CKaJSPHBIC IPOU3BEICHUS paBHbI HYTH0. Clie/10BaTeIbHO, BEKTOPHI

Iy Iy Ia
o= 1 ] .
VI 4z + 2t Jrl+ 2l + a2 ol + 22 + ol

g = ( in ‘ iz ‘ Ha ) ‘

o VIiE+ui+u: Vii+uB 4+l Vit e/
111

9 = (ﬁ V3’ u_"E) "
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. 3
00pa3yroT OPTOHOPMHUPOBAHHEIN 0asuc B pocTpancTBe R°. 3HaunT, A1 KaXKI0TO
BekTopa XI R® CITPaBETMBO PABEHCTBO

(01 + (x,02)° + (x,03)° = L.
B vactHocth, ans X = €1 = (1,0,0) nmonyuum

2 2
T L 1

1
] o B o 7 7+ 5
rp+x by prtyztuys 3

OTKY/la U CIEAYeT NUCKOMOE PaBEHCTBO.
3anayu Ui peleHus
1. Onpenenuts O/]3 BbIpa)KECHUIA:

Omeem: [0; 3).

Omeem: (—oc; —1) U[4; +00).

(b+c)la+c)

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

2. OHpe,I[eJ'II/ITB, SABJIAIOTCA JIM BBIPAXKCHHA AuB TOXACCTBCHHO PAaBHBIMHW Ha MHOKCCTBC M,
cClIn

M={a: a>V3}.

Omeem. Jla.

3. YHpOCTI/ITB BBIPAXKCHUS:

37



a) va 41 1 va+1l-=1 va+1l+1 Va4 1 Omeem: 1
2 2Wa + 1 Vvatl41l a+l-1 a * )
ab ab a® +b? a’

b _ — - : . ey — ————.
](a+a—h)(a+h '1) o — b Omaem: — o3 2

VT +1 1
? : . i —1).
P]1+VE+I - Omeem: +/z(x )

ab —b ai —pi ;g
d - - Omeem: b — =,
L S TS ST S S TR PR S SRR
a?+4+2a-3
1-2 a2 — 1 -1 ;
& VI-2a+ (@ - Da-1): =
Va+1l a+1
0 P — >1; - ~l<a<l
MEem. 2 T3 pH a T3 H I

£ a’ — |a = 2|

a?+2a? ~5a—-6

1

Omeem: +3npn.—1}2;G—annad:i!:a%—ﬁ:a#—l.

b—¢ ec—a a-=b (b=clc—a)lla-D5) _
9) btc ctala+th (b+e)e+a)la+b) Omaem: 0.

4. Pa3inoXuTh Ha MHOXUTEU:

a) X' +x°+1;
b) (x-y)’+(y-2)°+(z-%°

5. 36aBUTHCS OT HPPALIMOHATILHOCTH B 3HAMEHATEE:

9

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

) V10 + V15 + V14 + /21

V7 Omeem

(T~ VB3~ VD)
| ) .

VT - B (V5 + VB) (V25 + V15 + V)

Y = A

2

6. Jlokasathb, 4TO MPUBEICHHBIE BHIPAXKEHUS MPEJCTABIISIOT COOOM 11eTble uncia. Berancnute

OTH YHuCJia.

V2B 2/ V241
RV e =

b) v/9 + B0+ v/9 —

IMpakTunyeckoe 3ansaTHe Ne 26
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Tema: [IpeoOpazoBaHue BIPAKEHUM, COACPIKAITUX PATUKAIIBI
Lesan: HayunTh BHIIOTHATH IPe0Opa3oBaHNE BBIPAKCHUN, COACPIKAIINX PATHKAIIBI
Teoperuueckuii 010K

Onpenesenne:

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

HpI/IBe,Z[eM MAaTEMAaTUYCCKYIO 3aIIMCh OIIPCACIICHUA

Va=b {b’” =a
a=0 b=0 V)" =a
n=234..

Hampumep: ¥ 125= 5, K 125; 8 3, ko 81

I/ITaK, B paCCMOTPCHHOM CJ1ydac oA KOPpHEM CTOUT CTPOro HCOTPpHUUATCIBbHOC YUCII0, HO
CYHICCTBYCT TAKIKE KOPCHb U3 OTPULATCIIBHOI'O YUCJIda — 3TO KOPCHb HEUYEeTHOH CTCIICHU, OH
CYHICCTBYCT IAJIA JIFOOBIX YHCEJL.

2“*?-\”5 — b b2n+1 —a
aeER
V-8=-2 T.K. (-2)*=-8 V-8= -8

Hanomuum cBoiicTBa KOpHE# n-if CTeneHu, KOTOPHIMU MbI OYy/J1eM MOJIb30BaTHCS MPU BCEX
npeoOpa3oBaHuUsX:

(Va)*=a,Var = a2 0n =234

Hanpuwmep:

Vab="%a\b ,a20b20n=234.

" (meopema 1);

F-
e
‘Jﬂ

=] N=)

K az0b>0n=234..
, IpA (meopema 2);
n k — 1% _ _
(Va) =Va @ 2 0,k=123..,n=234.. (meopena 3);

iR __ nk — —
Via= Va oy 22 0k =234.n=23

"akr = Vg~ @2 0k =234 m=234.,p=123.

e (meopema 4),;

" (meopema 5).

Bce nanpneiime Hp606p8.30BaHI/I$I " BBIYMCJICHUA GaSI/IPYIOTC}I Ha OIIPECACIICHUH U CBOMCTBaxX
KOpH: Nn-i CTENEHU.

[Tpumep 1. Beruncauts:
V27 x12

Paznoxxum noakopeHHoe BeIpaykeHHe Ha 0oJiee y100HbIe MHOKHUTEIH U TIOCIIE ATOTO U3BJICYEM
KOPEHb:

V27 %12 =4/33%3%4=/3*:22=9x2 =18
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[Ipumep 2 YHIpOCTUTH BBIPAKEHUE:
— 5 — —
iz - iz - iz B
( *\"lx‘) = .\In' (x-‘:]E": VIX:L‘ =x}le:|

Ilpumep 3 — ynpocmums @vipadicenue:

[Tpumep 4

e g e o

By = 5B - [

VEIYy = yx" = {y = [x]|{y
[Tpumep 5
x=0

e e

VxBy = {xB= V¥ = |x|iay=xi.@
[Tpumep 6
x=<0

—a " a

Vxty = xB= i.@ = |x|f;§ = —xi.@
ITpumep 7
b=-0

/ = = 13 — - = — —
Jaibh? = yJa’ab? = at=a*=b? =|alyalb| = —abya

KOMM@Hmapuﬁ.' IMOCKOJIBKY a CTOUT IIOJ KBaJIpATHBIM KOPHEM B HEUEeTHOM CTCIICHHU, TO JaHHasA
MNEpEMCHHAA HCOTPULATCIIbHA, UMCCM IIPABO CHATH C HCC MOAYJIb.

ITpumep 8:
a=0b=<20

|4a: _Zlal _2a _ 2a

&  |L3| _1.3 1.3
1‘|b |3 b b

[Tpumep 9:

a=<0b=0
25a®  5.((a®)? 5la®| -5a° 5a’
| _ 2 _ _ _

1‘I 9ps 3,/(B%)2 C3|B3| 3 3B°

[Tpumep 10:

azx=o

aVv2 =lalV2 = 1,,.-'?\-"'_ =4/ 2a?

[Tpumep 11:

a<<0
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av3i=—lalV3 = —ﬁ?\-@ = —/3a?
[Tpumep 12:

a=b

(@ —b)y/m

a=b—sb—a=0
(a—b]fﬁ= —(b—ﬂj\‘."’ﬁ= —lb —Ell\l."'ﬁ= —y/ (b—flj:\."ﬁ= —4/ (b— a]zm =

= —/(a —b)*m

[Tpumep 13:

az=0,b=0

abV3 = —|ab|V3 = —3/(ab)*3 = —3/3a*b*
[Tpumep 14:

a<0,b=0

—abV3 = —|ab|V3 = - (ab)*3 = —/3a*p*

IIpakTuyeckoe 3ansaTue Ne 27

Tema: [IpeoOpa3oBaHue BeIpaKeHU, COAEPIKALIMX CTEIIEHH U JIOrapu(pMbl
Hesan: HayuanTs BEIMOTHATH MTPe0Opa30BaHNE BBIPAKECHHUN, COACPIKAIINX CTEIICHH U
sorapupmbl

Teopernuecknii 070K

IIpumep 1: BeruncauTh 3Ha4eHNE BBIPAKEHUSL:

o) o £

log 5 (+3)

o (7)o £

log 5 (+3) -

Pemrenne:

3ameuanme: [Ipu perennu 3a1a4, cogepKalux Jorapu@msl, B IEPBYIO 0YEpE/b HE CIEyeT
coCpenoTaunBaThCs Ha HUX. HUKora Henmb3s 3a0bIBaTh MPOCTO MO aaredpy.
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B uncimrene sTon )IpO6I/I MOXXHO IPUMCHHUTD (bOpMy.]'[y COKpPAaICHHOT'O YMHOXCHUS PA3HOCTDb

T g
KkBapaToB. OOmIHit BH)I:ﬂt —& —{a b}{ﬂ+b}.

3ameuanue: B abcoaroTHOM OONBIIMHCTBE 3a/1a4 CIEAYET Bce Jorapudmbl IPUBECTU K OHOMY
OCHOBAHHUIO.
B 3nameHnarene Bocnosibzyemcs GopMyIioil nmepexoaa K HOBOMY OCHOBAHUIO U IIEpenIeM K

: [mgj [ﬁ) ~log, [\E]] [1 og, [\.‘E)+10g2 [\EJ] :

log, ["J@)
log, [VE:]

B uucnuTene B mepBoii CKOOKE MPUMEHHM CBOMCTBO «Jlorapudm pasHOCTH», a BO BTOPOM —
«Jlorapudm cymmbI».

o0, ()=

CaMbIil HIKHUI 3TaK MOKHO BBIUMCIIUTE:

log, G log, [JE\EJ

2

J% =1052[3]1952(2} _
log, {+/3) 210g, {+3)
=

2

BTopoii COMHOKHTEIb B YUCITUTEIE MOKHO BBIYMCIUTh, B 3HAMEHATENE MOKHO TPUMEHHUTh
cBoicTBO «Jlorapudm crenenm».

log, {3] _ log, {3} —

) log, («J{B—g) B log, {3} -

OtBer: 1

[Tpumep 2:
BbruucnuTh 3HaU€HHE BBIPasKEHUS:

log;{90)—log, (18} log, (4) log, (7}

Pemenue:
logs (90)-log, [18) log, (4) logs(7) =

[lepeiinem B kaxaoM Jorapudme K olHOMYy ocHoBaHuUI0. K ocHOBaHuIO 5.
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3 log, (18] _ log;(4)
logs {4] log; {?)

logs (18
C'gﬁf”%q =log, (90)-log, (18)= 1@(%} =log;(5)=1

=log, I[QD} log, {?] =

=log, (90}—

Ortser: 1.

(1{};};_)1[5 ) (1{};};{_-3[1 )
3.HaiinuTe 3HaueHNE BBIpa)KEHUS - ' .

(1{}_;_1;_’“5 ) (1{}_;_1;{,.‘%5 )z (1{}5{_’2 J ) (1{}5{{,[52 )= (11{}51;_"3 ) (El{}g};rfi ): I1x2=38§

Otser: 8

log 2
2. 3ananue B10 (Ne26846) Haiizte 3nauenue poipaskerus -2

3anumiem uucio 0,25 B BUjIe 0OBIKHOBEHHOM 1po0u:

1
o 3 s o ) s [ [ — o 9 —=_ h
1{}h”_2i_:u 1{}9__1 i 1{}2_,.’__,., 5 1{}h3“ (1.5

I

Ortser: -0,5

log &
4. Haiinute 3HaYCHUE BBIPAKECHUS

PaznoxuMm Ha IMMPOCTBIC MHOXKUTEIIN OCHOBAHNEC norapH(bMa " 9YUCJI0, CTOAIICE IO 3HAKOM
norapn(bMa. 3aTeM BBIHECEM CTCIICHHU 3a 3HAK norapI/IQ)Ma.

o D= 5
log 2=1.5

Iul e

. 3
log ; 8=log ,2 =
o

Ortser: 1,5

log _60-log_12
5.Haiigure 3HaueHue BelpakeHus N

[Tockonbky OCHOBaHHMS JIOTApU(PMOB paBHBI MKy COOOM, MPOCTO MPUMEHUMCBOMCTBO
JorapupMoB:

_a=1

Gl
log _@G0-log_ 12=log_— =log
i ] ”12

Ortser: 1.

log _0.2+log 4
6.Haiinure 3HaueHne BHIpOKEHUS 0,9

3anumem JCCATUYHBIC )IpO6I/I B BUJIC OOBIKHOBEHHEBIX U BBIHECEM CTEIIEHU 3a 3HAK norapH(bMa:
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http://ege-ok.ru/2012/01/26/logarifm-svoystva-logarifmov/
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log 0.2 +1{}g” . 4=1ﬂgri— +log, 4=-log_5-log _4=-1-2=-3
0 R ] i 2
)

Ortser: -3
|ug? 13

. log 0 13
7 HaI/II[I/ITe 3HAYCHUE BBIPAXKCHUA -

Iug? 13 log . 13 log . 13

= =9
1
g |ug,? 13

log , 13 :Iug?_! 3

Otser: 2

log _9log 25
7. HaiimuTe 3HaUYe€HUE BBIPAKCHHS o 3

2 2
log _9log . 25=log_3 log ) 5 =
1log . 3 lngﬂﬁ

OtBert: 4

log 5l
9 "
log 2
g

8. Haiinure 3HaueHUE BRIPAKECHUS 9

Paznoxum 50 Ha MMPOCTBIC MHOXKHUTCIIN U YIIPOCTHUM ITIOKA3aTCJIb CTCIICHU B YUCIIUTCIIC I[pO6I/IZ

log 50 log 572 log_ 5" +log_2 24log_2 5 log 2
! g - g " ! e ! 979

log 2 log 2 log 2 log 2 log 2
5 5 {} 5 q 5 {} 5

9

0

(1— log 12 ) (1— log 12 )
. 2 i
9.Haiigute 3HaueHUE BBIPAKEHUS

[IpuBenem 06a noraprudma Kk OCHOBaHMIO 2, a 3aTEM pa3IokKuM uncia 12 u 6 Ha IpocThie

) log,, (92 3 )
(1- log (2 3 ) ) l—
(l—lﬂgqli)(l—lﬂgﬁli ): - log,, (2x3 )
?+|ug_2 3 24+ h'Jg_2 3

(1— (E +1ﬂg23 ) ) 1_—l+lug_2 5 ): (—1-1012,'23 ) 1_—1+Iug_2 5 )

t=log N 3
0O603HauNM =, TOJY4HM:

MHOXUTCIIN
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) -2 ) N
Aot —/——— = (14t ) —L =1
\ f( 1+t ) | 14t

3amevanue. MoxHO ObUTO MTOCTYIUTh TaK: MPEICTaBUM YKCIO0 12 Kak mpousBeneHue 2 u 6.

(1—1{};_1;2 12 ) (l—lf}gﬁ 12 ): (1—1{}g22—1{}ngi ) (1—1{}g{jf—l{}gﬁfi ): (—1{};_1;2E:i ) (— 1{};_1;“'3 ):l

Ortser: 1

IIpakTunyeckoe 3ansiTue Ne 28

Tema: Pemenune norapuMu4eckux ypaBHEHHMA
Heas: HayunTs pemats npocreifmue sorapupMuuecKue ypaBHEHHUs

Teopernueckuii 010k

Pemenue mo6oro morapu)MIUIeCKOro ypaBHEHUS TAKKE CBOAUTCS K PEIICHUIO OHOTO WITH
HECKOJIbKUX MPOCTEHIINX JIOTapu(pMUUECKIX ypaBHEHUM:

1) logaf(x)= logag(x); 2) logaf(x)=h.

Vpasuenue (2) cBoaurcs K ypasHenuto Buaa (1): logaf(X)= logaa®.

VYpasuenus Buaa (1) cBondarcs k pemieHuto ypaBHeHui f(x)= g(x) (morenuuponanue). [Ipu stom
HEOOXO0MMO OMHHTH, 4TO ypaBHEeHUs l0g,f(X)= 10g.g(x) u f(x)= g(x) He paBHOCHIBHBL [IpH
MOTEHIIMPOBAHUY TMPOUCXOANUT PACIIMPEHUE O0JIACTH OTIPENICIICHUS, a 3HAYUT UMEETCS
OMACHOCTH MOSBIICHUS TOCTOPOHHUX KOpHEeH. [IpoBepka — HammydIiee cpeJCTBO MPOTUB TAKOM

OITaCHOCTH.

1 mun — 110 onpeeNneHuIo Jorapudma:

log i dx -0 =-2
a) 3

1
( J =2x-1
Pemenue;: > : 2X—1=9; x=5.

log;10-h=-2 log,%=-4
Mposepka: 3 .3 ; ~2logz3=-Z. _2=_2 _ pepHo.

OtBeTt: x=5.

6) logs(x +4u+12) =2
Pemenne: 3 =i +4x+12; x° +4x+12-0=0; = +4x+3=0;
K1y = -2t fA-3 =21 ; X1=—1 m xp=-3.

Iposepka: x=—1, logs(1-4+12)=2; 10939=2; 2l0g33=2; 2=2 — BepHoO;
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x=3, 10g3(9-12+12)=2; l0og39=2; 2log33=2; 2=2 — BepHO.

OtBer: x=—1, x=3.

g
lngg[——lJ =x-2
i
B) 4 .

g2 % w12
Peurenue: 2* . 4 2 yers £ =7, Torna ypaBHeHHe 3anumIeM B
v &
F 2y )

YL2=_21U4+32=_2i6; Y1=4; Y:;:_S; =4 2":22;)(:2; * -8

2
lngg(——lj =2-2
IIpoBepka: 4 ; logp1=0

— BEpHO.
OTtBer: x=2.

2 mun — ypaBHEHUS, KOTOPBIE C MOMOIIBIO JTOTapu(PMHUUECKUX TOXKIESCTB CBOIATCS K
MPOCTEUILINM YPABHEHUSIM:

a) lg(x—3)+lg(x-2)=1-1g5.

Pemrenne: Ig[(x-3)(x—2)]=1g10-1g5; Ig(x*-5x+6)=1g2;

5iq,|55—16

X2-5x+6=2; X*~5x+4=0; X1,= 2  ;x=4ux=l.
IpoBepka: x=4; 1g(4-3)+ 1g(4-2)=1- 1g5; g1+ Ig2=1g2; 1g2= Ig2 — BepHO;

x=1; lg(1-3)+ 1g(1-2)#1- 1g5, Tak Kak BbIpakeHHUE, CTOSAIIEE O] 3HAKOM Jorapudma,
JIOJIKHO OBITH BCET/Ia MOJIOKUTETBHBIM.

OTtBer: x=4;

g+ 1gx-3) 1
6) laTa+1)+1gx-6)+1g3 Tz

lgh+1gx-3) 1 lg4(x-3) 1

Pemrenme: 1@3(Tx+1G-60 2. 1g3(Ta+1x-60 2

2 Ig(4(x-3))=1g(3(7x+1)(x-6)); lg(4(x—3))2= 1g(3(7x+1)(x-6)).

IoteHuupyem: 16x°—96x+144=21x*~123x-18; —5x*+27x+162=0;
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2T+ .3868  2TX63 36 13

SX*-27x-162=0; X1.2= 10 T xi=9;xp= 10 "

2182+ 1gf, 1524 1

1
poBepka: x=9; 1g64+1g3+1g3 2 21gB+1lg3 2

124 1
21g4 2 _ pepno;

g+ lg[- %3]

2
_18 lg{. @+1J+ lg{- E-6J+ =&
X= 3 ; 5 3 — JIO’)KHO, TaK KaK MOJJIorapu(MuIecKoe
BBIPOKEHHE HE MOXKET OBITh OTPUIIATEIILHBIM.

OtBeTt: x=9;

B) logzx +loggx +logax =55

1
., log pb=—1log,h
Pemenne. Bocnons3yemcs popmynoit m X

1 1 11
logzx+ —logzx+—logzx =55 —logzx=353
B3t T et T REs g e - loggx =3 y=07,

Iposepia: 102:27+102,27 +10g,;77 = 5.5 . logs3” +logy 3 +1=55.

3 +E+1 =55
2 — BEpHO.

OtBeTt: x=27;
r) logs3x -10+1og(x -27) =3 +10g; 28

Pemrenme: 102503~ 11(x- 27 =10g, (5 &)

461 J2116+32108  46+65

Totenrmpyem: (3x—11)(x—27)=1000; 3x*~92x—703=0. X1 ,= 3 3 ;x=37wm
19
Xo= B ? .

Iposepxka: 1. loge111-11) +1og; (37 - 271 =3 +1og;2

logst 00 +10gs10 = 10gs1000 - 1ogs1000 —logs1000 _ pappo
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19
logs(-19-111 +1ogs [— ——2']"] =3 +1logs8
2. 3 , TaK KaK BBIPpaXCHUC, CTOALICC 11O 3HAKOM
HOFapI/I(bMa, JOJIKHO OBITH TTOJIOKHUTEIIBHOE.

OtBet: x=37.

3 mun — ypaBuenus suaa P(log,x)=0, rae P(y) — mHOrousien 2 wiu 3 cTeneHu, Win
YpaBHEHUS, CBOJISIIUECS K HUM. DTH YPAaBHEHUS PEIIAIOTCS C TIOMOIIIBIO TIOJICTAHOBKH: Y= logyX.

a) logs x—1log, -3=0

1
Pemenme: 1985 %~ 2108; x-3=0 Tyycpy, 198:% =¥ ; 2 2y 3=0. PeaeM ypaBHEHHE 1 T10Iy4acM
1

yi=3 uy,=—1; y=3 =083 2 =3 = x=07, y=—1 gz x=-1 o x=3
Mposepika: x=27; 105 77-1og; 37-3=10. (log; 27 ~log; 3 -3=0,

9-6-3=0 — BepHO;

]
l qag?log (1—] ~3=0
x=3: 23 o3  (log; 37 ~logy 32 -3=10.
1+2—-3=0 — BepHo.

1
OtBert: Xx=27; Xx= 3 :

6) Log,(5e") logg x=1

Pemenne. [Ipexie Bcero Hajio UMETh B BUJY, YTO €CJIM B YPAaBHEHUAX BCTPEUAIOTCS JIOTapU(pMBbI
C pa3sHbIMH OCHOBAHUAMHU, TO UX HAAO ITPUBCCTH K OAHOMY OCHOBAHHUIO C TIOMOIIIBIO
log. ®

log, b=
bopmyIbL: log a

loge(5x?
—g5[ j-lug§x=1

B nanHOM ciydae nepexoauM K OCHOBaHHUIO . logs x X
dogs 5 +2logguilogsx =1 Ogosgauum 1985 =¥ s (1+2y)y=1;

1 1 1
- logsx=— -
2yP+y-1=0; y1=—1, yo=12 ; 1985 % = -1 py B3 T x=5 :x=05 |

1 1 1
1ug1[5-EJ logh ==l logy 5-(-1)2 =1
IMpoBepka: 1) 3 ;5 ; 1=1 — BepHO;
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2
2) 1085(5-5}-IDE§£=1; tog g (5"} -[lngiﬁ JE) -1
; 1=1 — BepHo.

1
OtBer: Xx=5; x=4{3 .

5 mun — norapudpmMupoBaHue 00EUX YacTel ypaBHEHUSI.

gl _ 1000
HMpumep: x

et _q 1000
"% x o (Igx+D)lgx=3-Igx; lg?x+lgx=3-Igx; y=lgx;

Ig
Pemrenne:

y?+2y—3=0. Pemaem ypasaenue: y1=—3; Yo=1; lgx=—3 mm lgx=1,

x=10"%; x=10.
. gp1rie 1000
TMposepka: 1) e T107 (A0 TH = 100, 0y =10t
10°=10° — BepHo;
jgletn +1 _ 1000
2) 10 ; 10°=100; 10°=10% — BepHo.

OTtBer: X=1073; x=10.

IpakTuyeckoe 3ansiTue Ne 29

Tema: Pemenue ynpaxHeHUn
Henab: 3akpenuTs U cUCTEMaTU3UPOBATh MaTepual 1o IaHHON TeMe
Teopernueckuii 010k

Jlorapudmmueckas GyHKIUSA

[TycTh a — monoxxuTenbHOe YKcio, He paBHoe 1. @yHKIHMIO, 331aHHYI0 hopMmyio y =logax,
Ha3bIBAIOT JIorapupMuyeckoil pyHKIHENH ¢ OCHOBaHHUEM a.

OcHOBHBIE CBOHCTBA JIOTrapu(MUIECKON (DyHKITHH.

1. OG6nactp onpeaenenust JorapuGpmMuIecKort GyHKIIMA — MHOYKECTBO BCEX
nonokuTenbHbIX yucen R+, T. e. D(loga)=R

2. Ob6nacTp 3Ha4eHUH JorapuGMuuecKoil pyHKIIMH — MHOXKECTBO BCEX JEHCTBUTENbHBIX
YHCeIL.

3. Jlorapudmuyeckas GyHKIUS Ha Bcel 00JacTH onpeeneHus Bo3pactaer (pu a>1) uim
yObiBaet (npu 0<al ¢yHkums Bo3pacraer (B ciaydae 0<axl.
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JlorapugmMuuecKuM ypaBHEHHEM HA3bIBAIOT ypaBHEHHE, B KOTOPOM HEM3BECTHAS BXOAUT
TOJIBKO B apT'yMEHTHI JIoTapupMUUecKuX QYHKIUH MPU HEKOTOPBIX MOCTOSHHBIX OCHOBAHUSX.

[Tpu perennu orapu(MUIECKUX HEPABEHCTB HEOOXOMMO YUUTHIBATH MOHOTOHHOCTb
norapudmuueckoit pynkimu loga x: [pu 0 < a < 1 sta ¢pyHnkuus yosiBaet, npu a > 1 —
BO3pacTaer.

Pewenne ynpaxxunenuit
. . 2—-log, 3 ., . log, 5+log, »59
1. Boruncnure: a) log - 255; 6)4%°%3; p) log, log, 64; r)4 .

2. Pemnts ypasrenus: a) log,, ,(3x+1) =2; 6)2x° +5°%* = 25106510
3. Berauciure: a) |Og\/§ 4\/5’ 6) 251+|Og53; B) |Og4 |Ogg 81, I‘) 3Iogg 16-log,, 8 .

4. Haiitu X, ecu u3BecTHO, uTo logy, X = 4log,, 3 % log,, 27 —2log,, 6.

5. Haiitu X, ecu u3BectHo, uro log,, X =2log,, 6—0,5log,,100 +3log,, 3/20.
1

Iog445+log45 log, 2~ log, 4 |

log 16 —log; 0,5

6. BeruuciuTs: a)

; 0)
log, 75+1log, 3

7. Haitnute o0Gnacth onpeeseHus Kakaon u3 QyHKIui:
1Dy=v9-x>-Inx*; 2)y=,/In(x+2); 3)y= IogO’S(x2 —2x)+ NCEa
8. HaiimuTe o0nacTh onpeneneHus KaKaou u3 GyHKIHii:

Dy =va—x-In(x-2% 2)y=yIn(x-3): 3)y=log,,(+3x)+/49 .

Jlomarnee 3a/1aHue:
3log,3—1log, 27 5 3lg4+190,5
log,3+log,9 ’ lg7 —1gl4

2. Pewnts ypasrenus: a)l0g,, ;45X =2; 6)3x2 +0,5°%* =36/°% %0

1. BeraucnuTs: a)

IIpakTnueckas padora Ne 30

Tema: KontponbHas pabota
Heanb: I[IpoBepuTh ypOBEHb YCBOCHHS TaHHOW TEMBI

1 BapuanT

IIpeoOpa3yiiTe BbIpa:keHue:

1 (a+2_ a N 2 ).{E—wﬁ

V2a  2a+2  a—\2a a+?2
1
c—1 c24+cd -
2. 3 1" 1 c++ 1
cd4+c2 241
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lge+lgis
2lg2+ig3

Pemute ypaBHenue

1Lvx?+2x+10=2x -1
2.cos(;+x)+cos(;—x) =1
3.{L2x2—16x—315:5wﬂ§

4.logzVx — 5+ logzV2x — 3=1

2 BapuaHT

IIpeoOpa3yiiTe BbIpa:keHHe:

1.({11\-“E+ bb m) (w.-"E+ﬁ.-"E)2

Va+b a+2
1 1y 33
1 (az—bz) +2az+b2
3(ab)2-3b
y T -]
a—b az—b2
3lg2+3lgs
"lg13-Ig130

Pemute ypaBHenue

1V17+2x —3x2=x+1
2.Sin(§+x)—sin(§—x) =1

g px’—6x+05__ 1

1642

4%55}(2:{ —~1)=1-IlgVx—9
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IIpakTuyeckas padora Ne 31

Tema: UnciaoBas nociien0BaTelIbHOCTh, CIIOCOOBI €€ 3a1aHusl, BLIYUCIIEHHS YJICHOB
IIOCJICIOBATEIILHOCTH.

Heanb: Hayuutsb BEIYUCIATD

Peuienue ynpaxxHeHui

|. HaiiguTe nepBbie MATH WICHOB Psija IO €ro 3aJaHHOMY O0IIEMY WICHY:

U = n

1. " T n+1
u 2N

2. " T Imm—1
o 2+ 3

3. T anha

it
1+ (—1)

Uy = j

4, n

Il. HaiiguTe nepBbie YeThIpe WieHa MO €ro 3aJaHHOMY O0IleMY YJIeHY:

e = (n + 1)

1. """~ " zn

, " D)

3 Hn = (n + 1)(n + 2)
R G VR
1

5 = (2n + 1)an
' e n+1
6 " (2-n — 1)3ﬂ—1

I11. Haiinute popmyny oOriero uieHa psijia o ero JaHHBIM IEPBBIM YIeHaM

2.
3.

IY. Bbrauciure cyMMy 4ICHOB psiia:
2 1
1. nn+1)

=1
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5 Zi(Bn —2)(3n+1)
z 3ﬁ1—1

3. =1
z 2n+1
4, A2+ 1y

1
5 z nm + 1n + 2)

. =1
Y. HaliguTe N-ii WieH psa 1o ero JaHHBIM MEPBbIM YICHAM:

no

Y. Uccrnenyiite cxoquMocTh psijia, IPUMEHSS HeOOXOIUMBIH MPU3HAK U OJTUH U3
MIPU3HAKOB CPABHEHUS:

1.

9. 'rtz=:1 ‘n(n + 1)
o

3. n=1
1

4. n=1
Hccnenyiite cxonuMocTh psija, MCHOIb3YI0 pu3Hak [JamamoOepa.

n

z 1
=) n—+
1

1.
o+ 1)
2. ;:: 3"
1
3. ;”_

ar‘t
4. nz::ﬂ(”» +1)

1
5. ?‘IZ: (Zn — 1) » 2ITI1

Z 1
= {2n + 1y

53



Z n+1](n—|—3)

y L

IIpakTuyeckas padora Ne 32

Tema: [Ipenen nocinenoBaTenbHOCTH
Hesb: HayuuTh BEIYUCIATH NPEAEIbI

TeopeTuyeckas 4acThb

Onpenenenne. Yncno P naseisaeres npexenom dpynxuun £0X) npu X | crpemsmenmcst k @ |
eca juts moGoro uncna £ = 0 gajinercs takoe uncno 9 = 0 yro npu Beex X F 2 |
yjoBIeTBopsitox Hepaserctsy |X — @l <& | Gyner suimonusatses nepasencrso IfG —bl < =
Onpeenenne npeaena pyHKIHE MOXKHO chopMyInpoBath u Tak: Uncio P HaspiBaercs
peIesioMm f(x) npu X | crpemsiemcs K , eciu npu mobom £ = @ cymecrsyer Takas

OKPECTHOCTb TOUKH 4, uTO JIsi 000ro X * @ 3 o10if okpectHOCTH. IIpeien 0603HaYaeTcs TaK:
lim fi{x) = b.
lim f(x)
[Tpumep 1. IIpenen nocTosHHON PYHKIIMU B 000N TOUKE PaBEH 3TOM K€ OCTOSTHHOM.
Pemenue. [Tycts 11 Becex %. OueBUIHO, YTO AJIS JTIOOBIX ¢ = 0 0>0 y g Bcex

xE{a—8a+§) CIIPaBeUIMBbI COOTHOLICHUS
3HAYUT, 110 OMPEEICHUIO TIpeeia

limf(x) = limk = k.

X 4a X a

[Tpumep 2. lana ¢pynkuuu. Jlokazarp, 4to

}Cirlg fx) = a.

Pemenue. ITycts £ > 0 - mro60e uncio. Honoxkus O = ¢ | nnapcex X €@ —8,a+ 8)
limf(x) =limx=a
X 4a X 4

TeopeMa. Ecmu (I)YHKI_[I/IH HMECT IIPEACTI IPU X, CTPEMAIIEMCA K 4, TO 3TOT NPEaACI CAUHCTBCHCH.

1. Teopembl 0 npeaenax ¢GpyHKuHU
Teopema 1. Eciiu npu ¥ * @ cymiecTByroT npeness! G yHKIUN Gy glx) , TO CYILIECTBYET
TaK)Ke U IIPEEIIbl UX cyMMLI paBHLHZ CyMMme Hpe}IeJ'IOB (i)yHKum?I ) y glx)

Teopema 2. Ecnu npu ¥ * @ cymiecTByIOT npeaess (byHKLU/H/I fm " E(X) , TO CYILIECTBYET
TaKXe U Ipeaes ux HpOI/I3BeI[eHI/I}I paBHLII/I npomBez{eHmo HpeI[eJ'IOB (byHKuHH f&) (=)

CnenctBue. IlocTosHHBIN MHO)KI/ITeJ'IL MOJKHO BLIHeCTH 3a 3Ha1< Hpenena.
JlelicTBUTEIBHO,
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Teopema 3. Ecnu mpu ¥ * @ cymiecTBYIOT npeaessl GyHKIUN fG)  g(x) npeaen

()

byHKIIN g(x) ommuen or HYJIsA, TO CYLIECTBYET TAKXKE U IIPEIEI UX OTHOILICHUS g(x) paBHBIN
OTHOLLEHHUIO MPEIEIOB:
f(x) f(x)

(e ) = e

[TonsiTne 6ECKOHEYHO MAJION U 6eCK0Hequ OOJIBIIION BETMYMHBI
Ecnu ipenen GpyHKIMM paBeH HYIIO, TO OHA HAa3bIBACTCS OECKOHEYHO MaIOW BEITMYUHOM.
Ecnu npenen gyHKIMy paBeH OECKOHEYHOCTH, T.€. BEJIMUMHE 0OpaTHON K OECKOHEYHO MaJIoi
BCJIMYMHE, TO OHA HA3bIBACTCSI OCCKOHESYHO OOJIbIION BeInunHON. ClIe0BaTCILHO,

BBIIIOJIHAIOTCA paBCHCTBA:

1
lim — = e, lim— =0
x—a ® a0

Breraucnute IMpCaCiibl

Ipumep 1.
lim(x+3)=lim x + lim 3= 7+ 3=10.
=7 =7 =7
Ipumep 2.
limi3x+2 hm3x+hm2 Iim3-limx+2
lim 3x+12 — x—}l( ) ( ) x—1 _x—=1 x>l —
=123 -7 Hnﬂlx—?) hn(lﬂ+hn( 7y lim2-limx—7
x—1 =1 r—1 x—1 x—1
3-1+2
= =5/{-5=-
2.1-7 =)
IIpumep 3.
. x°-4
lim
=2 x—=2

—4 _(3-2)(x+2)

= + 2.
x-2 x—2
2_
lim > L lim (x 2)(.x+2): lim{(x+2)= limx+ lim 2=
=2 X—2 x>l x—2 32 =2 12
=24+2=4
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Pemenue ynpaxxHeHui

lim[(x? — 1)@= - 3)(x - 5]] Y=z L1-1
1x 2 lim—MM —
14. x 0 N
) xli:g[[Zx —4)(x — 1)(x + 2]
i ¥
lim X T 3)x —2) 15. x94 — 2x-2
x—-1 x+ 2
i 2 _ L
16. ,}1]:51 [(x] 5x 5)
3. .
17, Amlx]® = 3x7)
li 3 I 3x
4 xmleX— (5] 18 xlTX— 2
. 4 i x— 38
m
5 xlrEE‘.'{E +2x 19 X =2x— 2
L 2x3 - 2x2 lim2x3 -3x2+1
6. xlrg 5x3 - 4x? 20. x =5x3 - 4x? 4 2x
i 3x¥ L x lim2x2 —5x+4
7. 50 x 21, x=x2—2x+3
. x—3 limyxZ —x-=x
lim—; 22. X =
¥—3X" —
; I|I' 2 -
ax?-9 23, xh::!::t X< 4+ 5x-x
lim
3 2x 43
9. %72 " 4x? —Tx—2
m
2 24. x 25x2 —11x+ 2
limx —8x+15
10, x5 =x!+125 " x? +2x-15
m —
25. ® 3 x? -0x
lica 3x2 —8x+ 4
11. x 25x2 —14x+ 8 i 2x
=044 L x — 4 —
. x2 —7x+ 10 26. VT x—vd-x
m—
12. X SXE—Q‘H—ZG ; Z—Ji
Xx—6 27. xin£3 —2x+1
lim—
13, =6yx+3 -3 2 _x

limmy

28, ®=533 —yIx—-1
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IIpakTuyeckas padora Ne 33

Tema: KonTpoabsHas paboTa 3a nepBbeIii cEMeCTp
Hean: [IpoBepuTh YpOBEHb YCBOCHUS MaTepuaa 3a MepBblil ceMecTp

1 BapuanT
Ynpocrure BhIpazkeHue

1.(sinx +cos x)* —1

2
2.(cos2 x(% — xj + sinz(%[ — XD —sin?x

sin® X +sin® xcos® x
sin® x cos” x

3.

IIpeoOpa3yiiTe BbIpa:keHuUe:

(a+2 a 2 ) Ja—2
V2a  za+2  a—2a a+2
11

c—1 c2+c4 il
2. 31" 1 -c++ 1
cd+ec2 241
lgB+igis
2lg2+ig3

Pemute ypaBHenue

1.vx2+2x+10=2x -1
2.cos(ﬁ+x)+cos(ﬁ—x) =1
3 sz —16x— 3?5_5\{1'_

4.logzVx — 5+ logsv2x — 3=1

2 BapMaHT

Yupocrure BolpaskeHue
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1.(cos2x +1)tg *x —1

cta| 37 _«x
1—ctg ?(— x) I 2
2. .
tg®(x—z) ctg(xz+ x)
sin® xcos X + cos® xsin x
' cos? x

IIpeoOpa3yiiTe BbIpaxkeHHe:

1(me+ bb m) (w.-"E+ﬁ.-"E)2

Va+ib a+2

3

1 1n? 3 3

1 (az—bz) +2aZ+b2
3(ab)Z2-3b
2—-" " +

a—b

£ 1

2
az-—>b

3lg2+3lgs
"lg13-lg130

Pemure ypaBHenue

IV17+2x—3x2=x+1
2.Sin(§+x)—sin(§—x) =1

3 2x2—6x+m5: 1

1642

4.§Eg(2x —1)=1-IgJx—9

IIpakTnueckas padora Ne 33
Tema: [IpaBuia BeIYMCICHNUS TPOU3BOIHBIX

He.]'ll)I Hay'-II/ITB ydalmuxcs rmpaBujiaM BEIYHUCIICHUA IMTPOU3BOJHBIX

Teopetnueckuii 610K

° CIZD
° If:].f
. (f+a)=f+ag
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https://ru.wikipedia.org/wiki/%CF%F0%EE%E8%E7%E2%EE%E4%ED%E0%FF_%F4%F3%ED%EA%F6%E8%E8#cite_note-2

. (fg) =rg+ 19

. (Cf}"_Cf

f) fla—rfg
2

. g ) ..(g#0)
a2
. g 7 o)

Brraucnure IMPOU3BOJHYIO:

_ 3 5 3
1. T(X)=x"+2x>+4 10. f(x) = X
2. f(x)=2x"+x*+10
3. f(x)=z+%+E
X x> 7
1 2 4 11.f(x) = x(x+3)
4. f(X)==+—+— )
x x5 12.f(x):(x +4)(x-1)
_ 5
5. f(X)=2vx+4x 13 () =
6. f(x)=+/x+5x" 3x—1
7. f(x)=x(x+1) 14f()_X+5
8. f(x)=x(x+5) +1
XZ
9. f(x)=
X_

JomaiHee 3aganue:

1) f(x)=7x" +13x*+18
Nfx) =X+t Uk
5 X

3) f(x) =x(x+2)
4 f(x) = (x+5)(x* +7)

2

5)f ()= —
)10 =2

IIpakTuyeckoe 3ansitue Ne 34
Tema: [Ipou3BoaHbIE TPUTOHOMETPUUECKHUX (YHKIUI
Henanb: Hayuuts BHIYUCIATH TPOU3BOIHBIE TPUTOHOMETPUYECKUX (PYHKINN
TeopeTtnueckuii 6110k

Bce Tpuronomerpuueckue GyHKIIMN HEIPEPHIBHO U HEOTpaHUUEHHO Tu(dhepeHIInpyeMbl Ha
BCE 00JIaCTH ONIPEICTICHNUS
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(sinx) = cos,

(cosz) = —sinzx,

o

tex) = .

(tg) cos? x

(etgz) = ——

ctgr) = ———,
5 sin? x

Pemenune ynpaxHeHun

1. Haiinure npon3BoAHYIO QyHKIUU:

Dy =cosx+x, 2)y=£gx+«;‘§; 3y =sn 2x;
Ny=ctgi3x+l Dy =smfl x +gj; &1y = cos(2x + j—;};
Ny = sm(g—zxj, e =%; 8}y=|::c::szx; Ty =f,g3x.
2. Haiinure mpou3BOIHYIO PYHKIIHH:
Dy=sin’x+cos’ x; 21y = (sin x + cos x)°; 3y =cos x—sin x
fy=sin'x+cost x-2sin*x cos’ 1 Dy =sin 2xcsn 3x+cos2x cosdx — 1

3. Haiiti nmpou3BOIHYIO QYHKITHH:

A: Ty =sin x°; 5 1}y=l'xgsinx, xu=3—ﬂ-'
T 2
T COS X T
2y =cos’ (2 - 35, 2y = . Iy =—i
;.;.; T ) remx 15
3y = L )] =sin4x—::-::-s‘\"j'f x =5ﬂ—'
u cost x Y o 27 s
fgx -
Ay =—"; 41y =41+:m x, i S0k
x
5)y=1+£gx; Ny =tg’ 2x
igx
0)y = ! ; 6)y=c053(2x+1), x, =0,
fgix
Ty = : "'l; ?)y=,f1+5cos£;
fg3x % 4
B)y = ctgTx; By =sin® (227,
Py =.fxan x iy =cos” (77— 3x7).
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IIpakTnyeckas padora Ne 35
Tema: BerunciieHre mpou3BOIHOM CIIOXHON QYHKIIUN

Hess: Hayunth yyammxcsi BEIYUCIATH POU3BOJHYIO CIIOKHOW (DYHKIIMU

Teopernueckuii 010K

[TpousBoHAS CIIOKHON (QYHKIIMH paBHA MPOU3BEICHHUIO €€ MMPOU3BOIHOM 10 MPOMEKYTOUYHOMY
apryMEeHTy Ha IPOU3BOJIHYIO 3TOT0 apryMeHTa 110 HE3aBUCUMOM MTEPEMEHHOMN

Pewenne ynpaxxunenuit

BbruncnuTe npou3BOAHYIO CI0XKHON (QYHKINH:

1) f(x) =cos5x

g 14) £ (x) = L cos X
2)f(x) =3siny 4 2

15) f (x) = (4x - 5)?

3)f (x) = (Bx+4)° 8
Hix=—2 T~ ey
(3-4x)?

5) f (x) = (3—2x)° 1 17)f(X)=(2x—3)‘4+[§x+4)
) f(x) =(3-2x) +m

6) f (x) = 2sin(3x —%)

7) f(x) =tg4x

8)f(x):%cosg

18) f (x) = 8tg (2x+%)

9)f (x) = (3x +5)*
3

10)f(x):m

12) f (x) = (5x + 4)™ +(§+8]

1 /4
12) f(x) = ZCOS(§ —3x)
13) f (x) =sin8x

JomarHee 3aj1anue

2)f (x) :%sin 7x

3)f(x) = (2x +10)?
4

DW=

5)f(x) = (4x+8)° +(%x+13)

6) f (x) = 4ctg (%— 2)
7) f(x) = ctg 2x
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IMpakTnyeckas padora Ne 36
Tema: Pemenue ynpaxHeHHil.
Hean: 3akpenuTs U CUCTEMATU3UPOBATH 3HAHUS yUYaAIIMXCS 110 JaHHOU TEMe

Teopetnueckuii 6110k

. =0

. r=1

. (f+9'=f+4g
. (fo)="Ffg+ fd
. (cfy=cr

(i)f _fl9—1d

. ) g? ..(g#0)
(5) =%

. g 9 @#0)

Kapmouxa Ne 1
Haiinute npou3Boanyo GyHKuuii
1) f(x)=7x" +13x*+18

2)f(x)=§+xis+&

3) f(X) =x(x+2)
4)f(X) = (x+5)(x* +7)

2

X
5f(x)=
)10 2x+1
G)f(x)zx_le
X—2
Kapmouxa Ne 2

Haiinute npousBoaHy0 GyHKIMH
1) f(x)=6x°+5x°+78

2)f(x):§+)%+2\/;

) f(X)=x(x+3)
4)f(x) = (x* +4)(x-1)

X
5 f(x)=
=27
X+95
6) f(x) =
JT) x® +1
Kapmouka Ne 3
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https://ru.wikipedia.org/wiki/%CF%F0%EE%E8%E7%E2%EE%E4%ED%E0%FF_%F4%F3%ED%EA%F6%E8%E8#cite_note-2
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Haiinure npou3BoAHYI0 (PYHKIHMH
1) f(x)=4x"+3x* +2x°

X 5 Jx
Z)f(X):E'FF'F?
3) f (x) = x(x+10)

4)f(x)=(x+4)(x+2)

X
5 f(x)=
ALY 4x +1
X+8
6)F(x)=——
X+1
Kapmouxa Ne 4

HajinnTe npon3BoaHYI0 (PyHKIM A

1) f(x)=7x°+8x* +1
X

2f (0= 3 4 Jx
X X

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

4)f (x) = (X +5)(x* = 7)

X

5)f(x)=——

) 1) X+8
X—3

6)f(x)=——

JT) X+4

Kapmouxa Ne 1
Haiiaure npou3BoAHbIE CII0KHBIX (PYyHKIIMI

1) f(x) =cos5x
X

2)f(x) —SSlng

3)f(x)=(8x+4)°

2

4)f(X):m

3 1
5 f(x) =(3-2x) +m

6)f (x) = 25in(3x—%)

Kapmouxa Ne 2
HajiguTe npou3BoaHbIe CJIOKHBIX PyHKIUI



1) f(x)=tg4x
1 X
2)f(x):Ecosg

3) f (x) = (3x + 5)*
3

4)f(X)=m

5)f(x):(5x+4)4+(§+8j

6) (x) = %cos(g—3x)

Kapmouka Ne 3

HajiguTe npou3BoaHbIe CJIOKHBIX GyHKIUI
1) f(x)=sin8x

1 X
Z)f(x):ZCOSE
3) f (x) = (4x —5)?

DT = (1—85x)3

5)f(x)=(2x-3)™* +(§x+4)

6) f (x) = 8tg (2x + %)

Kapmouxa Ne 4
Haiiaure npou3BoaAHbIE CII0KHBIX (PyHKIMI

1) f(x)=ctg2x
2)f (x) =%sin 7x
3)F (x) = (2x +10)°

4

4)f(X):W

5)f(x) = (4x+8)° +(%x+13)

6) f (x) = 4ctg (% ~2x)

IIpakTnueckas padora Ne 37
Tema: MexaHn4eCKU CMBICT TPOU3BOAHON
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Henb: 3akpenuTh U CUCTEMATU3UPOBATH 3HAHUS yYaIIUXCS 110 JAaHHOU TEMe

Teopernueckuit 6110

ITycth 3aman myTh & — J(t) JBUKEHMSI MaTepHalIbHON ToukU. CKOPOCTh TaHHOW MaTepUaIbHON TOUKHU B
MOMEHT BpeMeHH L ecTh POM3BOIHAS OT IyTH S 10 BPEMEHH L:

v(t) = s'(t)

[Ipumep

2 .
5 s(t) = =t* — 2% 4t
Teno nBUkeTCS NPSAMOJIMHENWHO 110 3aKOHY 3 (M). OnpenienuTb CKOPOCTh €r0

nBwxenus B Moment £ = 10 ¢,

Pemenne. Uckomas CKOPOCTH - 3TO IPOMU3BOAHAA OT IIYTH, TO €CTh

2, ' 2.\
v(t) = §'(t) = (Er;* —2t? +--1.t) = (qa-*) — (23 4 (4t) =

3] b3

et

2 .
= _“—;{.1-5}* — ) A == M -2 2441 =2 — A+ 4

B SaI[aHHHﬁ MOMCHT BPEMCHU

v(10) = 2-10° =410 + 4= 200 — 40 + 4 = 164 (yy/c),

Otser. V(10) =164 (y/c).
YnpaxHenus:

1.MarepuanbHasi TOUKa JBHKETCS IPSIMOIHHEIHO 110 3aKoHy X (t) = 6t° — 48t + 17, rie X — paccTosHume OT
TOYKH OTCUETa B METpax, t — BpeMs B CeKyHJaX, U3MEPEHHOE C Havana JBIKeHus. Halinure ee cKopocTh
(B MeTpax B CEKyH]ly) B MOMEHT BpemeHu t = 9 C.
2.MartepuanbHasi TOUKa JABHKETCS MTPSIMOIMHEHHO 110 3aKOHY

X (t) = (1/6) t* + 5t + 28
rle X — paccTosSHUE OT TOYKM OTCUeTa B MeTpax, {— Bpems B CEKyHJax, M3MEpPEeHHOe C Hadaia

JBIDKEHUS. B kakoif MOMEHT BpeMeHU (B CEKyHJ1aX) €e CKOpOCTh Oblia paBHa 6 m/c?
N 2
3.MarepuanbHas TOUKa ABHKETCS MPSIMOJIMHEHHO 10 3akoHy X (t) =t°— 13t + 23, rme X — paccrosiHue OT

TOYKH OTCYETa B METpax, t— Bpems B CEKyHJaX, U3MEpEHHOE C Havaia JABMKeHUs. B kakoit MOMEHT
BpEMEHHU (B CEKyHJIaX) ee CKOpOCTh Obl1a paBHa 3 m/c?

4.Touka ABKeTcs 1o 3akoHy s(t)=2t>-3t (S — myTh B MeTpax, t — Bpemsl B CeKyH/1aX ). Berumcianre ckopocTh
JBUKEHMS TOUKH, €€ YCKOPEHUE B MOMEHT BPEMEHH 2C

5.MaxoBHK BpalaeTcst BOKpYI OCH IO 3aKOHY ¢(t)= t*-5t. Haiiyure ero YIJIOBYIO CKOPOCTB (» B MOMEHT
BpeMeHH 2¢ (¢ — yroJ BpalleHHs B paJidaHax, ® — YIJIOBasi CKOPOCTh Paji/c)
6.Teno maccoil 2 Kr JBMKETCS MPSIMOJIMHEHHO 10 3aKOHY X(t)=2-3t+2t?

HaiinuTte ckopocTh Tella ¥ ero KWHETHYECKYI0 SHEPrulo yepe3 3¢ rnocie Havyana JBuxkeHus. Kakas cuna
JEICTBYET Ha TEJIO B ’TOT MOMEHT BpeMeHH? (t U3MepseTCs B CEKYH/IaX, X — B METPaXx)
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IIpakTnyeckas padora Ne 38

Tema: Pemenue ynpaxxuenunii. CamoctosTeNnbHas padoTa
Heab: 3akpenuTh U CUCTEMATU3UPOBATh MaTepual 1o JaHHOM TeMe

1 BapuaHTt

1.

Haiinure yrinoBoit ko3¢ GUIIMEHT KacaTeIbHOM, TPOBEACHHON K TpaduKy QyHKIIMH

y=4x"-6x ~ 1 gerorouke ¢ abcruccoit Yo = 2

2. Haiinure yrinoBoit k03 GHUIMEHT KacaTeIbHOM, TPOBEACHHON K TpaduKy (GyHKIIMH
v=2x%-x"+3x —6 pero rouke c abeuuccoil ¥o = —1

3. Haiigute yrioBoii Ko QHUIHUEHT KacaTelbHOW, TPOBEACHHOH K rpaduky QyHKIUN

T

¥ = SinX — cOSX g ero touke ¢ aberuccoil 0 2

4. Haiinute KOOPIMHATHI TOUEK KacaHUs, B KOTOPBIX KacaTelbHbIe K rpaguKy GpyHKINN
v=10x*+5x -1 pyeor YIIIOBOM KOA((PHUIIMEHT, PaBHBIH 2

5. CocraBbTe ypaBHEHHE KacaTenbHOU K rpaduky pynkmuu ¥ = 2x*-5x + 1 g 1ouke ¢ abouccoil
Xy =2

6. Koopnunara MaTepHaibHO TOYKH U3MEHSETCS C TEYCHHEM BPEMEHH I10 3aKOHY
x(t) = 6t* - 8t + 6. Hajizure cKOPOCTH TOUKU B MOMEHT BpeMeHH & =

7. Koopnunara MaTepHaibHO TOYKH U3MEHSETCS C TEUCHHEM BPEMEHH I10 3aKOHY
() = 7 - 4t* + 5. Hajinure ckopoCTh TOUKH B MOMEHT BpeMenn & = 2

8. MarepnalbHas TOUKa ABIKETCS IPAMOIHHEIHO 110 3aKomy () = 5% = 2f + 1 Uepes ckoubko
CEeKYH]I TTOCJIe Havyasla IBUKCHUS TOYKA OCTAHOBUTCS?

9. MarepuaibHast TOUKa ABHKETCS IIPIMOIHHEHHO 110 3axony &) = 3% - 13t Hajinyre yckopenne
TOYKHM B MOMEHT BpeMeHH & = 2

2 BapuaHT

1. HaiiguTe yrnoBoii ko3¢ GUIMEHT KacaTelbHO, MPOBEIEHHON K rpaduKy GpyHKINUN
v =7x%-5x + 12 pero touke ¢ abcuuccoii Xo = 3

2. Haiigure yrinoBoit ko3 puIeHT KacaTeabHON, MPOBEACHHON K TpaduKy (PyHKIIHH
v =6x"-x+1 gerg rouke ¢ aberuccoii ¥o = 1

o 2

3. Haiigure yrioBoit ko3¢ duumeHT kacaTenbHON, MPOBEAEHHO K rpaduKy QyHKIHH Y= 2 " xB
ero Touke ¢ abcrmccoit Yo = —1

4. HaiimuTe KOOpAWHATHI TOUYEK KacaHMs, B KOTOPBIX KacaTelbHbIe K rpaduKy QyHKITHH
¥ =8x"+4x + 4 pyeior yrioBoi Ko ULKEHT, paBHbIii |

5. CocTaBbTe ypaBHEHHeE KacaTelbHoi Kk rpaduky Gyrkuuu ¥ = 3%7 4% — 2 g 1ouxe ¢ aGeuuccoit
xg = —1

6. Koopaunara marepuaibHO TOUKH U3MEHSETCS C TEYCHUEM BPEMEHH I10 3aKOHY
() = 3t% - 8t + 8. Hajizure ckopOCTb TOUKU B MOMEHT BpeMeHHu & = 3

7. Koopaunara MarepuaibHO TOUKH U3MEHSETCS C TEUEHHEM BPEMEHHU 0 3aKOHY

c(t) = t* - 4t* + 8. Hajigure ckopoCTh TOUKH B MOMEHT BpeMenn & = 4
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8. MarepuabHas TOUKA JBHKETCS IPIMOIHHEHHO 110 3akony ¥} = t* =8t ~ 10 Yepes ckonbko
CEKYH/ TIOCIe Hayana JABUKEHHs TOKa OCTAHOBUTCS?

. — g3 _ 948 o .
9. MarepuaibHas TOUKa ABIKETCS IIPIMOIMHEIHO 1o 3akony *&) = 8% - 2t% Hajinure yekoperue

TOYKH B MOMEHT Bpemenu £ = 1 ¢

IIpakTuyeckasi pa6ora Ne 39
Tema: [Ipumenenue HenpepbIBHOCTU. MeTo1 HHTEpBaIoB
Henan: Hayunts yyanuxcs pemars HEPaBEHCTBA, UCIOJIB3YsI METOJ MHTEPBAJIOB

Teopernueckuii 610k

AJropuT™ TIpuMep
1. Pazzomiy BRIpLHEHME B ) (x— 1)+ 1)(x+ 2)(x+ 3)2 (x — 4)*
YHCIHTENe B 3HAMeHATe e Ha JHHeHHRe 2 =0
. (x—1)(x—3)*x—15)
MHOAHTEIH.
2. Brigeamy ocodnle c1vEan|ecTH oHH xZ—3)*#0mpux=+3
£CTh) — YETHRIE CTETNeHH | (x+3)°>0mpux=3
COKPAIADIIHEcT MHOEHTATH. (x=—4)%>20mpux=4
(x—1)=0 mpux=1l
1 [Tepenmumen: HepaBeHCTED, (x+1)(x+2) -0
HCETIHOTHE 0COOBIE CIVEAH. v — 5 =
4. [Mpupaesgens K HY DO Kasasil
PHP : x+1=0 [x=-1
MHOFHTETE SHCTHTETE H 3HAMEHATEIT B
. X x+2=0 |x=-2
HafJen BCe X M3 JAHHEIX - p
. —_ = ¥ =
PaBeHCTE(«KOHTPOIBHEIS TOUKH ).
5. O1yersy Ha KOOPIHHATHOH 3 4 g
NpAMOoE TOWEEH 12 1. 4, VIHTEIEAT 3HAK W
HepaseHCcTEa(CTpOoruil HIH HecTporauil). *
X
6. [TpoRepHM 2HAK B 0THOM H2
HHTSPBRATOR, 4 B OCTATEHEIY — i 3 - -1 i 2 - N
TIpOYepeIvens. = x
7. 3anmuimen: OTBET, VIHTEIBAA 3HAK .3 2 -1 3 4
HEpaBeHCTEA H 0COORIE CIVIAH.
&
Orger:x € [~2;-1]U (5;m0) U {~3; 4],

Pemenne ynpaxxuenuit

(x=-§x+ﬁj{x-z}{x-3) <0
(x-1)* (x-2)*
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x? —4x+6 > 0npux €R . takkax D < 0
(x—2)°=z0npuX € R, Tak Kak TOYKa X * 2
x—1*z0mpux € R, tTakkak Tourkax * 1

(x—2)(x—3) =0 Ej

OteeT: X € (—2;3)

4 (-5)(x-7)(2x-3)
- —x*—5x+6

=0

(x—5)(x+5)(x—7)(2x — 3)

=0
—(x+6)(x—1)

XZ*ES -6 V5 1 1.5 V5 7
= — R + - " - -
x=7 “\.”Wﬁ\w
x=15

X=8
L x=1

OTeeT: {(—00; —6) U [—/5; 1} U [1,5;4/5] U [7; co).

[Ipumepsl Ha caMOCTOSTENBHOE PELICHHE:

1 gl.
r2 —Br+6 2

T+ 17
— = 0.
2 1 —6

JT -3

=,

r— 2

17 — 15xr — 222

v S}
T+ 3

JlomarHee 3amanue:
x=3)x—-9)>0

x+7)(x—4)<0
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(2+x)(14—%) <0
6-X)(x+7)>0
X(8—-x)(12+x)>0
(14x + 28)(9 — X)x < 0
2X(7X — 14)(4 — X)(x + 24) > 0
—5x(9x — 27)(x +28)(9 —x) <0
X=4H2+X)(x+1(x—-2)<0
(x+8)(3x —30)(16 —x)(-6 —2x) <0

IIpakTnyeckas padora Ne 40

Tema: Bo3pactanue u yObiBanue GyHKIIMH
Hean: Hayuuts uccienoBars PyHKIMIO HA TPOMEXYTKH MOHOTOHHOCTH
Teopernueckunii 010K

1.Ecnu B HEKOTOPOM MPOMEKYTKE MepBasi IPOU3BOHAS PYHKIIMH OOJIbIIE HYJIA, TO (PYHKIKS BO3pacTaeT
Ha ATOM MPOMEKYTKE;

2.Ecnu B HEKOTOPOM MPOMEKYTKE MepBasi MPOor3BoAHAs (YHKIIMN MEHbIIIE HYIsI, TO QYHKIMS yObIBaeT Ha
TOM IPOMEXKYTKE.

[TpomMexyTKkH, HAa KOTOPBIX (PYHKIIHS TOJILKO BO3pacTaeT WK TOJIbKO yObIBAeT,
HAa3bIBAIOTCS MPOMEKYTKAMH MOHOTOHHOCTH.

IMopsiiok HAXOKTEHHSI IPOMEKYTKOB MOHOTOHHOCTH:

1. Haiitu oGnacth onpenenenus GyHKINH.
2. HaiiTi nepByto npon3BoAHYIO () yHKIUY.
PaccMoTpuM HeckoJIbKO MPUMEPOB Hccie1oBaHus (YHKIIMU Ha BO3pacTaHUE U yObIBaHHE.
Haiitu npomexyTku MOHOTOHHOCTH (DYHKITHIA:
_ 3 _ 2.2
) y== ax

a) 001acTh onpeaeneHus D) xek )

¥ =3 —6x

0) HaiiileM nepByI0 IPOU3BOIHYIO:
f—

V=032 =0 x=0,x=2

Hccnenyem 3HaK MPOM3BOIHOM B MOMYYEHHBIX POMEXYTKAX, PELICHNE PEICTaBUM B BUJIE TaOIUIIBI.

T 1{=0e0,0){0](0,2) |2 {(2+0)

wix) + 0ol - |0 +
y(x) i) ! 7
. . _ 3 o1
Wrak, B mpoMexyTKax xe [_ o, D)U [2+o::j byHKIHISA y=x -3 BO3pacTaeT, B
MPOMEKYTKE xe [0;2) yOBbIBaeT.
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2)3‘"="‘}

a) 00J1aCTh OIpE/IETICHUS DOy xek )

U g
0) HaiiieM MepBYIO MPOU3BOIHYIO: y'=-3x ,
f

=023 =0 x=0

Hccnenyem 3HaK MPOM3BOIHOM B MOTYYSHHBIX IPOMEXKYTKAX, PELICHNE MPEICTAaBUM B BUJIE TAOIHUIIHI.

% |{—oo0)|0] (0:+c0)
Y| - |0 -
ya l

DyHKIUA Y yOBIBaeT Ha BCEil 007IacTH ONpeeIICHUs.

3) y:xz—5x+6.

a) 00IacTh OIPe/ICIICHUS Dy)ixe R

0) HaliZieM MepBYIO MPOU3BOAHYIO: V'=dx-5 1
D=0, 2x-5=0.2=25

I/Iccnez[yeM 3HaK HpOHBBO,Z[HOfI B ITIOJIYUCHHBIX ITPOMCIKYTKaAX, PpCHICHUC IIPCACTABUM B BUJIC Ta6J'II/II_IBI.

T |(—02,5) [2,5](2,5+00)

y'ix) - 0 +
yix) ! T
— 4 .
Oyuxmus ¥ T * Sx+6 BO3PACTACT HA MPOMEKYTKE ~ - [2,5,+m:|, yObIBaeT Ha
POMEXKYTKE * - (-o2;2.5)
[Tpumepsr:

Haiitu npomexxyTku MOHOTOHHOCTH (PyHKLIHN
y=x—27x .

f(X)=x>+2x° +4

f(x) =2x*+x*>+10

f(X) = 2/X + 4x°

f(X) =+/x +5x*

f(x)=7x" +13x% +18

I A

JlomarmHee 3amanue:
1. f(x)=x(x+1)
2. f(x)=x(x+5)
XZ
3. f(x)=

X
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4 f)=—"

IpakTnyeckas padora Ne 41

Tema: Kputnueckue Touku GyHKIIMHA, MAKCUMYMbI 1 MUHHUMYMBI
IHeab: Hayunts HaXOAUTH SKCTPEMyMBI ()yHKIIUH.
Teopetnueckuii 6110k

Heo0xoaumoe ycioBue 3xcTpemyma: Eciu Touka X SIBIsS€TCS TOUKOM 3KcTpemyMa GyHKuu f 1 B 3TOM
TOYKE CYyIeCTBYeT npousBoaHas f', To oHa paBHa Hymio: f'(x°) =0.

IIpusnak makcumyma pyukuun: Ecnu pynaknus f HenpepsiBHa B Touke X, a ' (X)> 0 Ha uHTEepBasie
(a; x°)m f'(x)< 0 ma muTepBazue (x°; B) , TO TOUKA X ABISAETCA TOUKOM Makcumyma pyHkiuu f .

IIpusnak munumyma ¢pyukuuu: Ecnu ¢pyakuus f HenpepsiBHa B Touke x°, a ' (x)< 0 Ha mHTEepBasie
(a;x°)m £ (x)> 0 Ha uHTEepBate (x°; B) , TO TOYKA X° ABISAETCS TOUYKOW MakcuMyma QpyHkmuu f .

Teneps KOCHEMCsI BOIIPOCa MOCIEA0BATEIHHOCTH OINEPallfii, KOTOPBIE HY>KHO BBIIIOJIHUTE MPU OTHICKAHUU
KCTpeMyMOB G YHKIHHU.(3-4 MUHYTHI)

1. HaiiTH O0JIACTh ompeaeacHus HyHKIIHH

2. HAUTH MPOU3BOIHYIO (YHKITHH

3. HaliTH TOYKH, B KOTOPBIX BBIMIOJHSETCS paBeHCTBO f(X)=0

4. HaliTW TOYKH, B KOTOPBIX IMPOU3BOJIHAS HE CYIIECTBYET

OTMETHTh Ha KOOPJMHATHOMN MPSAMOI BCe KPUTUYECKUE TOUKHU M 00JIACTh OINpeIeTICHHS
5. onpenenuTh 3HAK MPOU3BOTHON HA KaXKIOM U3 IIPOMEKYTKOB

6. clleNiaTh BHIBOJI O HAIMYHMH WA OTCYTCTBUH SKCTPEMYMOB

Haiinute kpuTHueckue TOUkn QyHKIUN
a)2x2+x—1=0,
6).
B)ax"24+3x —6=0,

r).

2. HaiiuTe TOUkM MakCUMyMa U MUHUMyMa  (DYHKIIUH:

a)x*-1lox*+9=0,

7

6).
g) 12x*-3x*-5=0,

’

r).

3. Tlocrpoiite 3cku3 rpaduka GyHkmum, o01aIaromei
CIEAYIOUIMMH CBONCTBaMU:

LD{)=1-3:5], f ()= O mpux € (—3;1), f (x) < 0 mpm
xe(l;8) ,fF)=20.
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2.D(f)=[-%6l, f ()= 0mpux e (—4; 2). f (x) < 0 npn

xel(2;6) , f(2)= 0.

Jlomarnee 3amanue:

1. HaiiguTe KpUTHYECKHUE TOUYKU (YHKIIUH:
a) 6x'2+3x +10=10 .
0).

2. HaiinuTe TOUKM MakCUMyMa U MUHUMyMa  (DYHKLUU:

3

x5 x
Z_ -8__+9=0
8 3

a)
5).

3.ITocTpoiite acku3 rpaduka GyHKITHNH, 00JIagaroIIen
CIEAYIOIIMMH CBOMCTBAMU:

D(f)=1I1:6]: f ()= 0 npux € (1;3) f (x) < 0 mpu

xe(3;6) y fB=0.

IIpakTuyeckasi pabora Ne 42

Tema: [IpumeHeHre TPOU3BOIHON K UCCIIETOBAHUIO (PYHKIIHI

Heab: Hayunts yuamuxcs ucciieoBath (PyHKIHUN € TOMOIIbIO POU3BOAHOMN

Teopetnueckuii 6110k

Cxema uccnenoBanust QyHKIUH:

1.

no

o

Haiitu o6nacte onpeneneHust GyHKIIHH.

[TpoBepuTsb, He sABISETCS U QYHKIUS YETHON UM HEYETHOW; IPOBEPUTH TAK)KE, HE SIBIIIETCS JIU

OHa HCpHOHH‘lGCKOﬁ.

HaiiTh, ecau 3T0 BO3MOXHO, TOUKU NlepecedeHtst rpaduka GyHKIIMHU ¢ OCSIMU KOOPAUHAT U
IPOMEKYTKH 3HAKOIIOCTOSHCTBA (PyHKIMK. MIHOT 1A 1Sl yTOUHEHUS TIOCTPOEHUS TpaduKa ciaenyer

HaWTH JABC TpU JOMOJHUTCIIbHBIC TOYKH.

Haiiti npou3BoaHyr0 GyHKIIUN U €€ KPUTHUECKHUE TOUKH.
HaiiTi npomMexyTKiu MOHOTOHHOCTHU U 3KCTPEMYMbI (YHKIUH.
[Toctpouts rpaduk QyHKIMH, UCTIOTIB3YSI MIOTYUEHHbIE PE3YIbTAThl HCCIET0BAHNUS.

PaccmoTpum npumep:
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X4

2 -1

1. Ob6nacts onpeneneHus

y:

x*=1=0; x=1 posromy ¥ € (= eo 1) (1;4+00)

2. Ilepeceuenue ¢ ocsamu koopauHat: Touka (0;0).
3. BBuy TOr0, 4TO 00JACTh ONPEICICHHIS HECHMMETPHYHA OTHOCHTEIBLHO Havajla KOOPJIUHAT, IPOBEpKa
Ha YCTHOCTh HEBO3MOJKHA.

4. uTepBaJibl 3HAKOMOCTOSIHCTBA

4
X

Tak xak X' 20 ¥z R 10 3nak apobu x’ -1 OyZIeT 3aBUCETh TOJILKO OT 3HaKa 3HAMEHATETIs, T.€. OT
2¥ 1= (z- 1)z +x+1) (~os0)u (0:) v <0 1 0
3HaKa +1). Tlosromy mpu ¥ €\~ B ¥ ,anpnxe(:‘*“’) y=Uu,
5. MHTepBagbl MOHOTOHHOCTH
. 4}{3(x3 - 1)— xt 3x? . 4x°® - 4%° - 3%° . %% - 4%° )

(x3—1)2 ) (}{3—1)2 ) (><3—1)2 ,

%% -4x* =0,
x3(x3—4)= 0;
=0 X2=§JZ
y>0 y <0 y' <0 y >0
0 1 3a )

x &(-o0)u B4 400

[Tpu (yHKIHS BO3pacTaer,
Ilpu £ € (o1)w (I;M) GbyHKIHs yObIBaET.
e 43[4
(0;0) - Touka MakcuMyMma, 3 ) - Touxa MHUHHUMYMa.

X € (— w,—i@)v (1;+°°) rpaduk QyHKIIMH BOTHYTHIMH,
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xel-32; 1) rpaduk GyHKIMHU BBITYKIIBIA. - TOYKA Ieperuoa.

AY

¥

Hccnenyiite u moctpoiite rpaguku HyHKIUII:

h(x) =-3x*+ 12.
h(x) = 2x*+ 3x + 1
f(x) =2x?-3x+1
h(x) = 0,5x* + 5x + 8
h(x)=0,5%x" —5x + 8

Z[OMaH_IHee 3aaHuc:

ANl A

1. h(x)=2x°+1
2. f(X)=x?-4x+2
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IpakTnyeckas padora Ne 43

Tema: KontponbHas pabota o teme: «[IponsBomrasy»
Heas: [IpoBepuTh ypoBEHb YCBOSHUSI MaTepraia

BapwuaHrT 1.
TeopeTnyeckumn Bonpoc

1. Tlpupaimienue apryMmeHTa u npupaiieHiue GpyHkuuu

MpakTu4yeckue 3agaHuA

2. Haiitn npousBoaHyto GyHKuuu Yy = X

3. Haiitu npomexyTok Bo3pactanus QyHKuu Y = X2 —2x + 3

4. Haiitn sxetpemymsl dyrxmn Y = X° + 3/X

5. 3ammcarh ypaBHeHMe KacaTelbHOM k rpaduky Gpynkuun f(X) = (X2 +1)/X B TouKe ¢
abcruccoit Xp=2

6. Hccnenosars pynkmuio f(X) = X*-5X+6 u HOCTPOUTH €€ rpaduk

BapuaHT 2.
TeopeTuueckuin Bonpoc
1. IloHsATue npou3BOAHOMN
MpakTu4yeckmne 3apgaHuA
2. BorumcnuTs 3Hauenue npoussonnoit gpynxumn ¢(X) = 6X* B Touke X=4
3. Haiitu npoMexyTKH, Ha KOTOPbIX QyHKLuUsA Y = (X - 2)2 : (X + 4)2 BO3pacTaeT
4., Haiitu sxctpemymsl pyrkimuu Y = — 48/X — X
5. 3anmcaTh ypaBHEHHE KacaTelnbHOM K rpaduxy pynkmuu f(X) = (X2 -1)/X B Touke c
abermccoit  Xp=-2
6. Hcenenosars pynxmmio f(X) = X* - 2x3 + 3 1 nocrponts & rpaduk

BapwuaHT 3.
TeopeTnuyeckuit Bonpoc
1. Tabmuira mpou3BOIHBIX
lNMpakTuyeckmne 3apaHuA
2. BprucIUTH 3HAYEHUE MPOU3BOAHON QyHKINMH Y = X3 B Touke X=1
3. Haiitu kputrueckyio Touky ¢pyaxuuu f(X) = X - 4
4. Haiitu npoMexyTok Bo3pacTaHusl QyHKIUN Y = X2 —2X+ 3
5. HaiiTi TaHTeHC YIiIa HAKIOHA KacaTebHoil k rpaduky Gynkunn Y = -X°/3 - X2/2 + 3x + 13 &
Touke Xop=-3
6. HUccnenosats pynkuuto g(X) = -1 u HOCTPOUTH €€ rpauk

BapuaHrT 4.
TeopeTuyeckuin Bonpoc

1. TlpaBuia BBIYMCIEHHS TIPOU3BOIHBIX

MpakTuyeckue 3apaHus

2. Haittu npoussoanyio gpynxiuu g(X) = x*

3. Peumts ypasuenne '(X) =0 , ecma f(X) = X° - X

4. Haiitu npomMexyTok yObiBaHUs (pyHKIMH Y = x> - 6x + 8

5. Haiitu TaHreHc yria HaKJIOHA KAcaTelbHON K rpaguky GyHKuuu Y = X3 -%/2-3x+13 &
Touke Xp=3
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6. Hccnenopars pynkmuio h(X) = X’ -4 u MOCTPOUTH €€ rpadux

BapwuaHT 5.
TeopeTnyeckumn Bonpoc

1. KacarenbHas k rpaduxy GyHKIIUN

I'IpaKTI/NeCKVIe 3agaHud

Haiitu npoussoanyto pynkuuu @(X) = X + COS X

Pemuts nepasencto f'(X) >0, ecmu f(X)= 2 x? - 4 X

HaiiTi npoMeskyTKH, Ha KoTopbix dymkmms Y= 2 — 2 X2 + 4x%/3 - % X* Bospacraer.
Haiitn kputnueckue Touku Gpynkiuu Y= (X2 + 3X) / (X + 4)

o0k v

HccnenoBath QyHKIUIO g(x) = - X? - 5X - 6 u noctpouts €€ rpadux.

BapwuaHT 6.
TeopeTuyeckuin Bonpoc
1. TIpomsBoxaHas B pU3UKE.
MpakTu4yeckmne 3apaHuA
Haitrn npomnssoanyto yrxman f(X) = (2 + 1)*
Haiitu kputnueckue Touku Gpynkuun Y= 6 + 12X - X3
HaiiTi mpoMeXyTKH, Ha KOTOPHIX QYHKIMS ~ yOBIBAET.
Haitn nponseozmyio dyrkman Y = 2\X + 27/X — x%/9
Uccnenonars ¢pynxiuio N(X) = X? - X - 6 u mocrpouts eé rpadux.

IS

BapuaHT 7.
TeopeTuueckun Bonpoc
1. Tlpusnak Bo3pactanus (yObIBaHUs) QYHKINH.

MpakTu4yeckmne 3apgaHuA

Borncuts f '(3), ecmm f(X) = X2

Haiitu npousBoaHyto GyHKIMU Y = 2sin x

Haitti npomeskyTky, Ha kotopbix dynxmus Y = 0,5 X* - 5x°/3 - 1,5 X* + 2 Bospactaer
HaifTH TaHTeHC YIiIa HaKIOHa KacaTebHoi k rpaduky pyHkmmu y = Vx B Touke X = 9

o0k N

Uccnenosats pynkmuio ¢ (X) = X% 9 u IIOCTPOUTE €& IpaduK.

BapwuaHT 8.
TeopeTnuyeckuit Bonpoc
1. TIpusHak MakcuMy™ma (MUHUMYMa) (QyHKIMH.
MpakTuyeckue sagaHus
2. Haitru npoussoanyio gpynkiuu f (x) = X
3. Pemmts nepasenctso §'(X) < 0, ecmn g( X )= X - 4x
4. Haiitn mpomMexyTKH, Ha koTopbix pyrkmus y = % X' - 5x %3 - x*— 1 y6usaer.
5. Haiitu TaHreHc yria HakJIOHa KacaTeabHOM rpaduky GpyHKIUU f(X) =2 X P+ 3 X 2 B Touke Xo= -2
6. Mccrenosats dpynkmmio N(X) = - X +1un MOCTPOUTH €€ rpaduk.

BapwuaHT 9.
TeopeTuyeckuin Bonpoc
1. HWccnenoBanue GyHKIUH.
npaKTVNeCKVIe 3aaaHud
2. Haiitu npoussoanyio gpynkiuu h (X) = sin (2 - 3x)
3. HaiiTi mpoMeXyTKH, Ha KOTOPBIX GyHKIHS Y = (X2 +8x) / (x - 1) Bo3pactaer.
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4. Haiitu npowssoauyto gyrkumu y = X /8 —X°/3 + VX u BeruciuTs ce 3naueHue, ecm X = 4,

5. Haiitu ypaBHenue kacatenbHoii k rpaduxy ¢pynxuun  f(X) = (x-1)/(x+1) B Touxe ¢
aberuccoii Xg = -2

6. Mccnenosats pynxumio f(x) = X+ x—6u HOCTPOHTE €€ TpaduK.

BapwuanT 10.

TeopeTnyeckumn Bonpoc
1. Ilpupaimenue apryMeHTa u npupamieHue QyHKIum.

MpakTu4yeckue 3agaHuA

2. Haitru f'(x), ecnn f(x) = 4 (x-5)°

3. Haiitu nponssomyto pyuxumn g (X) = XI5 -% X2 -9\x -2 u sbrumciuTe ee 3HAUCHNE, eCIM X =
1

4. Haiitn npomesxyTku, Ha KoTopbix dynkuus Y = (X° - 8x) /(x+1) y6uisaer.

5. 3ammcarh ypaBHeHMe KacaTenbHO# k rpaduky ¢pynkumu f(x) = (x+1)/( x-1) B Touke ¢
aberuccoit Xo=2

6. Mccnenosats pynxumio N(x) = x>+ 5X-6u HIOCTPOMTH €€ IrpaduK.

BapuaHnTt 11.

TeopeTuyeckuin Bonpoc
1. TlonsTHE TPOU3BOIHOM.

npaKTVIlIeCKVIe 3agaHuAa
2. Pemmts ypaBuenue '(x) = 0; eciu g(x) = 2x - x
Haiiti mpoMexyTKH, Ha KOTOpeIX GyHKIms Y = (X - 3)*/( x+1) Bospactaer.

2

Haiitu kpuTndeckue Touku Gynkmuu y = X + COS 2X
Hanucars ypaBHeHHE KacaTenbHOM K rpaduky GpyHkium ) = (; X2+8)/ (x+1) B TouKe xo=0
Uccnenonats ¢pynxmuro f(x) = 3% -5x°u IIOCTPOUTE €& IpaduK.

o U AW

BapuaHT 12.
TeopeTnuyeckuit Bonpoc
1. TabGuuia mpou3BOIHBIX.
MpakTu4yeckmne 3apgaHuA
2. Haiitu npoussoanyio ynxiuu f(X) = 4%’
3. Haittn npomesyTkn Bospactanus dynkumm Yy = 5x° — 3X + 1
4. Haiitu MuauMyM ¢GyHKIMH Y = x> — X
5. HaiiTu TaHTeHC yriia HAKJIOHA KacaTelbHoi K rpaduxy dynkimu y(X) = (X2+8)/ (x-1) Brouke c
a6ermccoit xo =0
6. Wccnenosars dynkmuio §(X) = - X+ 4 u MIOCTPOUTH €€ TpaduK.

BapwuaHT 13.
TeopeTuyeckuit Bonpoc
1. IlpaBuna BBIYUCIIEHUS IPOU3BOIHBIX.
MpakTuyeckue 3agaHusA
2. Haiitu f '(X), ecmu f(x) = 7x
3. Haiitu npousBoaHyI0 GyHKIUU g(x) = 4 SIN X - COS X ¥ BBIYUCIUTE €€ 3HAYEHHUE, eClli X = 7T
4. Onpenenutb, BO3pACTaeT WU yObIBaeT GQyHKIMS Y = - X3
5. Haiitu Tanrenc yria HakioHa KacatenbHoil k rpaduky ¢ynxmuu f(x) = X" B Touke ¢

abcuuccoit xg =1
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6. Hccnenosars pynkmuio N(x) = - X+ 1u HOCTPOUTH €€ rpaduK.

BapwuaHnT 14.
TeopeTnyeckumn Bonpoc

1. KacarenbHas k rpaduKy QyHKIUH.

I'IpaKTVNeCKVIe 3agaHud

2. Pemmts ypasnenne f '(X) = 0, ecn f(x) =x3— 12x =7

3. Haiitu npoussoanyio dyukuuu N(x) = 14 X

4. Haiitu npoussoanyo Gpyakmnuo Y =3 COS x/3 + 2 SIN 4X u BeIUMCIUTE €€ 3HAYeHue, eclu X = 71/2
5. Haiitu ypaBHenue kacatenbHoit k rpaduky dpynxuu f (X) = X"+ 4 X* B 1ouke abcruccoit xg =

1.
6. Hccnenosars pynkmmo ((X) = X* +5X + 6u MOCTPOUTH €€ rpaduk.

BapwuaHT 15.
TeopeTuyeckuin Bonpoc
1. TIpomsBoxHas B pU3UKE.
MpakTu4yeckmne 3apgaHuA
Haiitu npousBoanyto pyHKIMU g(x) = X8/ 8
Pemmuts nepasencteo Y' >0, ecmu Y = X 2 4X
Haiitu npomexxyTku, Ha KOTOpbIX QyHKIUA Y = Ve ( X2-2 ) X2 - 3 Bo3pacTaer.
Hanucats ypaBHeHHe KacaTenbHOU K rpaduky G yHKIIUU f(X) = 4\/X B Touke ¢ abcruccoii Xg = 4

o gk e

UccnenoBats pyHKINIO h(X) = -X2 + X + 6 u nocrpouts ee rpadux.

BapwuaHT 16.
TeopeTuuyeckuit Bonpoc
1. Tlpusnak Bo3pactanus (yObiBaHUs) GYHKIHH.
npaKTVI‘-IeCKVIe 3agaHuAa
2. Haiitu npousBognyto pynxmuu f(X) = 2X+1
3. Pemmts nepasenctso Y’ < 0, ecmn Y = X° - 6X +18
4. Haiitu npousoanyio bpynkmuu §(X) = AX® v BEMHCTATE €6 3HAueHHue, eciu X=2
5. Haiitu TaHreHC yria HaKJIOHA KacaTenbHOi k rpaduxy dpynxmuu f(X) = VX B TouKe c
abcrmccoit Xo=9
6. Mccrenosats pynximio h (X) = X+ u MOCTPOUTH €€ TpaduK.

BapuaHT 17.
TeopeTuyeckuin Bonpoc

1. TIpusHak MakcuMyMma (MUHUMYMa) (DYHKITUH.

npaKTW-IeCKVIe 3agaHuA

2. Haitru npousoanyto ¢pynkiuu f (x) =5 Xt

3. BbuucnuTh 3Ha4eHUE MPou3BoaHON Gynkimu § (X) = COS X B Touke X = /4 .

4. Pemuts HepaseHcTBO ' > (), ecru y = 4x% - 8x + 1)5.

5. HaiiTi TaHTeHC yIiIa HAKIOHA KacaTenbHOM K rpaduky Gpynkimuu f (x) = 2x + VX B TouKe ¢
abcumccoit xo=9 .

6. Mccrenosats pynximio K (x) = 4x? - 1 u moctpouts eé rpadux.

BapwuaHT 18.
TeopeTuyeckum Bonpoc
1. HWccnenoBanue GyHKIIUH
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MpakTuyeckue 3agaHuA

Haiitn npoussoanyto gynkiuu y = 1 + Sinx .

Haittu npoussoanyto gpynxuuu g (x) = (x? + 1)° u sbrumciuts & snavenue, ecmu X = 1.

HaiiTi IpOMEKYTKH, Ha KOTOPBIX QYHKIUS } = V4 x" + 7x¥3 -3 x?- 4 y6umaer.

Hanmcars ypaBHeHHs KacaTeNbHOM K rpaduky Gynkunu f (x) = X B Touxe ¢ abemmceoit Xo = 1

o gk wN

Uccnenopars dpyukuuio h (x) = - 4x? + 1 u noctpouts eé rpadux.

BapwuaHnT 19.

TeopeTnyeckumn Bonpoc

1. TlonsTHE TPOU3BOIHOM.

MpakTuyeckne 3agaHuA

2. Haiiru npoussoanyio gpynkimuu @(X) = 2 Sin 5X

3. Haiitu nponssomnyio ¢ynxuu Y = (3X° — 2 ) / ( X* - 3) u Bbrancimts €€ 3navenne, ecan X = -2
4. Haiirn sxerpemymsl dynxun Y = (X2 - 2X + 1)/ (X*- X+ 2)

5. 3amnucaTh ypaBHEHHUE KacaTelbHOM K rpaguky Gpynkmuu g(X) = x>+ X° B Touxe ¢ abcmuccoit Xo=

1

6. Hccnenosars dyrxmmo Y = 9X° + 3X° 1 moctponts eé rpaduk

BapwuaHT 20.

TeopeTuyeckumn Bonpoc

1. IlpaBuna BBIYUCIIEHUS IPOU3BOIHBIX.

MpakTu4yeckmne 3apaHuA

2. Haiitu npoussoanyo gynxiuu @(X) = 7X + 8

3. Boruucmuts f'(7/4), ecnin f(X)= 2 c0S X

4. Haiitn npoMeskyToK BospacTanns dpyHkuu Y= X- 6X + 9

5. Hammcatp ypaBHEHHE KacaTeIbHON K TpaguKy (yHKIHA f(X) = X2 - 4X + 5 B ToUKE ¢
abcrmccoit Xo= -2

6. Hccnenosars dynkmuio §(X) = - X*- X+ 6n MOCTPOUTH €€ TpaduK.

IIpakTnyeckas padora Ne 44

Tema: KontponbsHas padora mmo teme: «IIpousBoanas»
Llens: [TpoBepuTh YpOBEHb YCBOCHUS MaTEpHaia Mo JAHHON TEME
1 Bapuant

1 .BeruncnuTe npou3BoAHYO:

1.f(X) =2x° +4x* +6x+3
2 3

x> x®

3.f(x) = (8x-10)°

2.f(x)=£+
X

X
4.f(x)=cos—=
(%) c

1

5f(X):m
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2.HaiiauTe mpou3BOIHBIE CIIOKHBIX ()YHKITHIA
1) f(x)=sin8x

2)f(x)=%cos§

3)f (x) = (4x —5)?
8

4)f(X):m

5)f(x)=(2x-3)™* +(§x+4)
6)f(x):8tg(2x+%)

3.HaiinmuTe KpuTHYECKHE TOUYKU (PYHKLINU:

a) 6x'24+3x +10=10 .

0).
4. Haiiure TOYKM MakCUMyMa 1 MUHUMYyMa
i3 x®
Z_-g_+t9=p
a) 8 3 ;
0).

byHKINY:

5.Haiigute nanGonplee 1 HaMMEHbIIee 3HAaUeHHUE (QYHKITUU

2

Flad =

0) x+172 ma npomexytke [0;2.5];

1.Beraucnure MMPONU3BOJHYIO:

1.f(x) =3x* +6x* +8x +100

2i00-4 23
X X X
3.f(x) = (4x-5)°
4. (x) =sin10x
1
(L= 2x)
2.HaiiauTe mpou3BOIHBIE CIIOKHBIX ()YHKITHI
1) f(x)=ctg2x

5. (X) =

2 BapuaHT
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2)f(x):%sin 7X

3) f (x) = (2x +10)?
4
(5-x)°

5)f(x) = (4x+8)° +[%x+13}

Hfx) =

6) f (x) = 4ctg (% —2X)

3.HaiinmuTe KpuTHYECKHE TOUYKU (PYHKLINU:

a) 1/2x"2+4/5x+15=0 .
6).

4. HaifuTe TOYKM MAaKCUMyMa U MUHUMyMa  (DYHKITUH:

:_L--I- b

i I | =00
s Tt 2 :
1'5_21'3
3 3

0)
5.Haiinure HanGoIblee 1 HAMMEHbIIEE 3HAYEHUE (yHKIIUH
alf (x)=675x"4-x+2 4, npomexyrtke [0;2]:
6) f(x)=x+4/(x —1) yanpomexyrke [—2;01;

IIpakTnyeckoe 3ansitue Ne 45
Tema: Unrterpan. ®opmyna Hetorona-Jleitonuia
Iean: HayunTs pemats HHTErpaiisl, UConb3ys Gpopmyiny HeroTona-JleiiOnumna

Teopernueckuii 610K

[Mycte dhynknus f (X) HempepbIBHA HAa 3aMKHYTOM HHTepBase [a, b]. Onpenenennbiit unterpan ot dpynkuuu f () B
npesenax oT a 0 b BBOAMTCS Kak IpeIest CyMMBbI O€CKOHEYHO OOJIBIIIOTO YHCIIa ClIaraeéMbIX, KaX/10€ U3 KOTOPBIX

CTPEMUTCA K HYJIIO:
3

[£(x)ar= tim >s(x)ax.

2 ma i, k= =

rac
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b

zf[xi)é‘ix=f[x1)&1X+ff:xg)ﬁgI+---+f|:x;;)&£x+...+f[xx)&kx_

i=1

Ceoiicmea onpedenieHH020 unmezpana
Hwxe npeamnonaraercs, uro f (X) u g (X) - HenpepbiBHbIe GYHKIIMK Ha 3aMKHYTOM HHTEpBase [a, b].

3
[dx=t-a
1. *©
» b
[ (x)dx = k[ f (x)dx,
2. °© ‘ rzae K - koncranra;
3 3 3
J'(f[x)+g[x))dx=ff[x)dx+fg[x)dx
3. [ a a
. 3 .
If[x)dx=ff[x)dx+ff[x)dx, TOe @< ¢ < b
4. a a “
[ (s)an < |
0L f[x)cfxi g[x:ldx
5. Ecmm 0<.f(x) <elx) JUIA BCEX xE[a,b]’TO & &
‘Tf[x).:fx—[:]
6. °
. a
If[x)dx=—ff|ix)dx
7. ° ’
f
f[x)dxi[]
8. Ecnnfl[xj} B uHTEpBae [a, b], To *

82



Dopmyna Hevomona-JlIeiionuya
[Tycts pyukius f (X) HenpepbiBHa Ha 3aMKkHyTOM HHTEpBae [a, b]. Eciu F (X) - nepsooopasnas dyukimu f (X) Ha[a
b], To
2
?
[/ (x)dx=F(x)|, = F(2)-F(a).

a

ITpumep 1

2

I(f —xjjcfx

0
Brraucnute HHTCTpal

Pewenue.
[Tpumenss popmyny HeroTona-JIeliOnuma, momydaem

i # 2\ (15 8 4
e
i 3 |4 3 3

0

[Tpumep 2

[ —F)a

0
Boerauciauts HHTCIpal

Pewenue.

j({f—nfz_)dz - j(z%—z%)dz -

1

1
ﬁ}gﬂ 51/5+1 35% _é

%+1 %+1 u 4 3

“(2-2)-0-1
43 12

i

[Tpumep 3

-2 -
5 . y=zx" y=ix
Haiitu miomans Gurypsl, orpaHi4eHHON KpUBBIMU U .

Pewenue.
CHayasia onpeieluM TOYKU MEPECeUeHUs IBYX KPUBBIX (PHUCYHOK 3).

= xj—xj"_=0,

- ﬁ(ﬁ—l)ﬂ,

= =0 x-=1
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Takum o06pa3om, nanHble KpuBbIe TiepecekaroTcs B Toukax (0,0) u (1,1). CnemoBaTenpHO, IIIOMIAAb (PUTYPHI paBHA

1
1 }5+1 1
g=1(¢;_xz)dx=[_; l_g Loy -2 -1
+ 0
) ¥ D
y
y
y=2x-Xx?
X
Puc.3 Puc.4
[Tpumep 4
y=2x-x" x+ y=0

Haiitu mutomans Gurypsl, orpaHndeHHy0 rpadukaMu QyHKIUH u .
Pewenue.
Haiinem xoopauHaThl TOUeK MepeceyeHnst KpUBBIX (PUCYHOK 4).

2x-x = -x,

= x*-3x=0,

= =x [x - 3) =10,

= x=0 x=3

y=2x-x -

JlaHHas 00J1aCTh OrpaHUYMBAETCS CBEPXY Mapaboon , & CHU3Y - IPSIMOM JINHUEN Y .

CrnenoBaTenbHO, TJIOMIAIL ATOM 00IacTH paBHA

y =a[|[2x—xz —[—xj:l.:fx = BI‘[Ex—xg + x).:ix =[xz —§+x§]

3
N LI
2 3, 2 3 2

i

Breraucnoure HUHTCTpAJIblL:
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1
1.J x3dx
a

J cos? x

(1+2x)

N
N Oty
o
>

3.

| SRR I

[N
>
o
o
>

|
LN

o
>

N

Pem— N oty

wn

>
N

>

3.[ (4 + 2x)x

IIpakTuyeckoe 3anaTue Ne 46
Tema: [IpumeHneHne NHTETpaIa K BBIYUCICHUIO (PU3NYECKUX BETUYUH U IJIOINAACH
Hesab: HayanTs NpUMEHATh MHTETPAIBI K BEIYUCICHUIO (PU3MUECKUX BETMYMH U TUIOMIAICH
Teopernueckuii 6110k
['eomeTprueckre NPUIIOKEHUS ONPEAETIEHHOr0 HHTErpaia

KpuBosmHeliHO# Tparnenuel Ha3bpIBaeTCs IIIOCKas GUTypa, OorpaHuYeHHAs

ocpio U | npssMbIMp & = & &= by rpadg koM HeNpepbHIBHOW Ha

| 3]

OTpE3Ke dysKuy ¥ = S , KOTOpasi He MEHSET 3HaK Ha 3TOM IIpoMexyTke. ITycTs

NaHHas (GUTypa pacrnosokKeHa He Hudce OCH adCIHCC:

B
I
o

ceccefeccnaay

>
Vool a2l
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http://www.mathprofi.ru/nuli_funkcii_intervaly_znakopostoyanstva_metod_intervalov.html

Tornma miomaae KPUBOJIMHEWHOW TPAINECIIUU YUCIECHHO PaBHA ONPEICICHHOMY

&
[ £ (x)dx

UHTErpaiy 2 . C ToukH 3peHusi reoMeTpuH onpeaeneHHblid narerpan — 3to IVIOIA/Ib.

To ecTh, onpeeIeHHOMY UHTErpaty (€CiIu OH CYIIECTBYET) T€OMETPUUECKH COOTBETCTBYET

xelx

E+1.

II0Ia/1b HeKOTopoii (urypsl. Hanpumep, paccMOTpuM onpeielieHHbIi uaterpail 1 °

x
¥ = »,'n"'_ 1
[TonprHTErpanbHas QYyHKIUS ¥ +1 sanaer ma mnockoctn KPUBYIO, PaCIOJIararoIyocs
J- xdx
BBIIIE OCH % , a CaM OIpeIeNICHHbIN UHTerpai ! "E +1 YUCJICHHO PaBEH ILJIOIIAN

COOTBETCTBYIOLICH KPUBOJIMHENHON TpaIeLUU.

ITpumep 1
o y= 42 y=0 r=_2 =1
Boruncnuth miiomaas GUrypbl, OrpaHu4eHHOMN JIMHUAMU , , A= Te A=

BBHINOJTHIM uepTesx (06paTHTe BHUMAHKE, UTO YpaBHEHHE * 0 sagaer och 4 ):

== ==-r-----1
1
[
[
1
1
L

=

i ik Tl Tl

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

.
=x+2 pacIoNokKeH HaJl OChIO QX , TOOTOMY:

Ha orpeske [_ 2;1] rpaduk GyHKIHH ©
1 7 1 g .
o= _I-(x2+2).:fx: —+2x |1_2=—+2—[———4]:—+2+_+4:9
= 3 3 3 3 3
§=9ea’

OTtBeT:

[Tpumep 2
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1 U KOOPpAWHATHBIMHA

xr=

, OFpaHquHHOfI JIMHUAMUAN

Boraucnute minomanb GUrypsl

OCsIMHU.

Pemenue: BeironHuM ueprex:

T |

by

[ [,

v

, 10 KpaliHEe! Mepe, He

Ecnu kpuBOJIMHEWHAS Tparenysl paciioyokKeHa MO OChIO QX (i

§=-[ fixax

), TO €€ TUIOoIIaIb MOKHO HAWTH 110 hopmyie:

B nanHowMm cnyuae:

sébluteJaHHOU OCHU

1

_l-e?x.:fx =g

1

§=-[(e"ax

=e—1

_ 1
p=¢ —&

1

1]

(e—T1) ed” 172 o

&=

OrtBer:

3

IIpume

y=-x

2
=2x-x

Haiitu muomaap miockoi Gpurypel, orpaHu4eHHON JTUHUAMUI Y

Pemenwne: CHauana HYXXHO BBIITOJIHUTH YCPTECIK.
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RRREEEL ¥

.---i--.q_. -

R B = BT

T
]
]
'
'
T
]
'
'
]

e p——
'
'
]
]
+
'
]
]
'
]
]
'
'

A S S U P R S S

Ecnu Ha oTpeske [ﬂ’b] HEKOTOpasi HeTpephIBHAS (PYHKIIUS S () Oosb1ie 1100 paBHA HEKOTOPOU
HENpepbIBHOI QyHKIMH = (=) , TO IUIOIAb (PUTYpPbI, OTPAHUYEHHOHN rpa)KaMu JaHHbIX

]
S=[(/(x) - glx)dr

byHKIMH 1 npsiMpiMu 4 = & &= b MoxHO HaitTi 110 bopmye: a

[0.3]

B paccMaTpuBaACMOM IIPUMEPEC OUCBHUAHO, YTO HAa OTPEC3KE napa6ona pacojiaracTcs BBIILIC

2
IIPSIMOM, a IIOTOMY U3 2x—x" HeoGXOAUMO BBHIYECTh ~ X

y=2x—x

Hckomas ¢urypa orpaHnueHa napabosuoi cBepXy M npsMoit @~ cHuBy.

Ha orpeske [0;3] 2x-x' z-x , IO COOTBETCTBYIOILEH (popmyue:

3 3 4 3
3 x 27 27 g 1
S=|r-2 —t-xNdr= [ Gr-xNdr=| - f = - —0+0="=4—
!(xxcx:ox{(xx:lx[z BJIU 5 5 =45
goal g
OtBer:
[Ipumep 9

BBI4HCINTE MIOMAAs (GUrypEI, OrpAHHYeHHON muHmsamuy @ o % V= 0 JO=x=s
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Pemenue: M300pa3um ganHyo Gurypy Ha yepTexe.

e r e e e
e R
e
Ve S
—4 : ; ——
-1 1 2 3T 4
S PR R S S S
[0, 7] y=sin’z ox
Ha otpeske """ ! rpaduk dhyHkimm PacIojI0XKeH HaJl OChIO , TOITOMY:
: L omE (2)3 . (3)
S=Ism xcfx=]sm & sin xcix=_[(1—u::os x)sin xdx=0*)
0 0 0

Cd g2
(2) Mcnonb3yeM OCHOBHOE TPUTOHOMETPUYECKOE TOKIECTBO B Buje it 4= I-cos®x

(3) IIpoBeneM 3aMeHy nepemeHHoM £ = E95 X torpa:
df =d(cosx) = —sih xafx = sin xdfx = —dt

HoBrle nepe/iennbl HHTETpUpPOBAHUS:
fH=cosl=1;

t,=cosw=-1

-1

41l 3
9 =-[{1-p =]1[1—ﬁ)dz=[z—%J|l_l = {1— %—[— 1+%D =1—%+1—%=%

1 -

-] a
[ £ (x)dx == f(x)dx
(4) 31ech MbI UCIIOJIL30BAJIM CBOMCTBO OIPEJIEIEHHOT0 HHTErpaia 2 2 ,
paCHOJ’IO)KHB Hpe)]eJ'II)I I/IHTerI/IpOBaHI/Iﬂ B «HpI/IBBILIHOM» HOpf[I[KC
g=1l oo
OrtBerT:
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IIpakTnyeckas padora Ne 47
Tema: KontponsHas pabora o teme: «IlepBooOpasHasi»

Iesn: [IpoBepuTh ypoBeHb YCBOCHUS MaTepHala 110 JaHHON TeMe
1 BapuanTt

1. Haiinute oOmumii Bua mepBooOpasHbIX A1 (PYHKITUU:
1.f(x) =3x+5x> +6x° -2
2. (x) :iz+%—ﬁ
X X
3.f(x) = (5x-3)°

. T
4.f(x) = sm(Zx — Zj

2

5f(X):m

2.BpruncnuTe HHTErpasbl:

1.J1'x4dx
-1

2-Bapuant

1..Haiiaure o0t BuA nepBooOpa3HbIX ISl PyHKIIMU:
1.f(x) =6x+3x>+2x* -9

2.f(x) =%+%—2\/§
X X
3.f(x) = (4x-13)°
T
4.f(x) = cos(3x - Ej

4

5.f(x):m
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2.BpIuncnuTe UHTErpasbl:

1
1.jx5dx
e

s

j dx
0 sin’ x
2
3. (4 -+ 2x)x
1
] d’x
4.4 1T+x%

={ 1 __ 1

: d
T [ 2 sinZx |

C052x

IIpakTnyeckas padora Ne 48
Tema: PemieHre TpUroHOMETPUYECKUX YPAaBHEHUH METOIOM PA3JIOKEHUSI HA MHOKHUTEIH
Hean: HayunTs yyamuxcs pemarb TPUTOHOMETPUYECKIE YPaBHEHHSI METOIOM Pa3JIoKeHHs Ha

MHO>KUTEH
Teopetnueckuii 6110k

MeTtogbl pelleHus
TPUrOHOMETPUYECKHMX YPaBHEeHUH

|"\l"§ET{p‘r.£II 3ameHbl Metog pasnoxeHnA Ha
I'IEpEM'EHHOr’l MHOHEWUTENN
h 4

Pemenne 0THOPOIHEBIX T
PHUTOHOMETPHYECKHX YpaBHeHHH
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Metoa PAa3I0KeHHHA HA MHOAKHTEJ/IH

I

f(x)=0

I

[IpuBOoaHMM HCXOIHOE ypaBHEHHe K BHIY

fi(x) f2(x) =0

v

3apgada cROOHTCA K PEMEHHED

COBOKYITHOCTH YPaBHEHHI
fi(x)=0 uwmu fH(x)=0

I[MPIIMEP
Pemute ypaBHeHHe: sin4x + sindx cosx =0

Pemenne:
sin4x + sindx cosx =0
sindx (1 + cosx)=0
VpaeHeHHE PABHOCHIBHO COBOKYITHOCTH

YpaBHEeHMH:
sindx =0 HITH 1 +cosx=0
dx=71n, nez cosx =-1
Xx=nn'4, neZ X=xm+2nn, neZ
OteeT: x=7nn/4, neZ X=m+2nn, ne’

1. PemmnTsh ypaBHeHue: Sin X+ cosx=1.
Pemenue. IlepeHecém Bce wieHbl ypaBHEHHUS BJIEBO:
sinx+cosx—-1=0,

Hpeo6pa3yeM " PAa3JI0KUM Ha MHOKHUTCIIU BBIPAKCHU B JIEBOM 4aCTH YpaBHCHHUA:
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smx—2sn” (x/2)=0,
Zein{xf2) cos(x/2)=2sm-(x/2)=0,
dam{xl2) - [cos{xf2)—sm{x/2)]=0,
oanix/217=0, 2 cos(xd2)—an(x/21=0,
xi2=mk, tan (x/2)=1,
X = Emk xi2= arctan 1 + 7,
xi2=mid+mn,

x,= MiZ+Enn.

2. Pemmth ypaBHeHHe: COS 2 X +Sin X - €0s X = 1.
Pemenue. COS2X+SiNX-cosX—sin?x—cos?x=0,
sinx - cosx—sin?x=0,

sinx - (cosx—sinx)=0,

1 smx=0, &) cosx—snx =10,
X, =T tanx =1,

n=nld+ma,

3. Pemmts ypaBHEeHHE: COS 2X — COS 8X + COS 6X = 1.
Pemenwme. COS2Xx+cos6x=1+cos8x,
2 C0S 4X C0S 2X = 2 €0S 2 4x
cos4x - (cos2x— cos4dx)=0,

cos4x -2sin3x-sinx=0,

1). cos4x=0, 2). sin3x=0, 3).sinx=0,
dr=m/2+71k, Axr=Tn, Xy =T
n=mii+Tmild, x,=Tnl3,

1. Pemuth ypaBHEHUE:
Pemenue:

93



] 3
smx-cosx—7-cosx=0,

(- \/5}
COS X smx—7 =0,

cos x =0, x:£+7zk,keZ,
2
3 -

SIX=-- x:(—l)k-§+7zk,keZ.
ILOMaI_HHee 3aJ1aHUC:
1. 2 sin x/2 cos 5x — cos 5x = 0.
OrtserT:
x=7/10+ wn/5
x=(-1)" /3 + 27n,

IIpakTuyeckas pabora Ne 49
Tema: Penienre TpUroHOMETPUYECKUX YPABHEHHUI METOJIOM BBEJICHUSI HOBOW IMEPEMEHHOMN
Heas: Hayunuts yyammxcs pemiaTb TPUTOHOMETPUYECKHUE YPABHEHUSI METOI0M BBEJEHUS HOBOM
MIEPEMEHHOMN
Teopernueckuii 070K
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TpUroHoOMeTpHYECKHE YPaBHEHWA, NPHEO AMMBbIE K
YpaBHeHWAM OT OQHON TPUrOHOMETPHUHECKOM
dyHRUMK ogHO I NepemeHHON, pewaroTea (Kak
npaswWno)

MeTOIOM 3AMEHEI NNepeMeHH oH

v

asin’x + bsinx +¢=0
BEEJIEM HOBYHO MepeMeHHYI0
sink =t, | <1
YypaBHeHHe NPHMET BHI
at’ +bt+c=0
Pemas xepanparHoe
YpaBHeHHe, HAXOMHM t; B

Bepuemcsa k nepeMeHHOMH X A J
sinx = f; sinx = t, atg?x +btgx+¢=0
EEE/IEM HOBVIO MEPEMEHHYIO
tgx=t, t €R
VPaBHEeHHe MIPHMEeT BH]L
acos’x + bcosx + ¢ =0 at? +bt+c=0
BBEZIEM HOBYIO TepeMeHHYIO Pemas kpampaTHOe ypaBHEHHE,
cosx=t, |t|<1 HaxonuM 4y, t
ypaBHEHHE MPHMET BHI Bepremca K nepeMeHHOMH X
at +bt+c=0 fgx =1 tgx =+t
Pemas kepanparHoe
YpaBHeHHE, HaxooHuM t;;
BepHeMcsa k nepeMeHHOM X

COSX =1, COSK =13
ITpumep:
sinx + Ssinx — 6 =0,
sinx =t, t € [—1,1] tP 4+ 5t—6=0
JIeJIaeM 3aMEHY ,JIOy4aeM KBaJApaTHOE YpaBHEHUE: ,
I'i = 1_. I—ﬂ = _6 I—ﬂ = _6 v
HAaXOJIMM KOPHU - ,3aMeJaem, 4Tto - TIOCTOPOHHUN KOPEHb,
ts[-1.1] sinx = 1
MMOCKOJIbKY , IeJlaeM OOpaTHYIO 3aMEHY, T.€. pellacM ypaBHECHHE Y

X= ;—E-Wk, k=Z
KOTOPOTO KOPHSMU OYIyT Uncia : .

|.'||;.1

+ 2wk, ke X
OrTBerT: .

Pemnre ypaBHeHUS:

1)2-51'71:}( + 3cosx —3 =0

2) tgx = 3c1‘gx.
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3) cos2x = 2cosx — 1

2) 2sinx —siny — 1 =10
5) 2cos’x + 3sinx = 3
6) ‘T'Ergx - #Ecrgx =2
7 2sin"x +sine —1 =10

8) Ssinx + 6eosx —6 =0

9) 2etgx —3tgx +5=10

IIpakTuyeckas padora Ne 50
Tema: Perenue norapuMuuecKkux ypaBHEHHHA
Henab: HayunTs yuammxcs pemars JIorapuMuiIecKie ypaBHEHHUS
Teopetnueckuii 6110k

Pemenue mo6oro morapu)MIUIeCKOro ypaBHEHUS TAKKE CBOAUTCS K PEIICHUIO OHOTO WITH
HECKOJIbKUX MPOCTEHIINX JIOTapu(MUIECKUX ypaBHEHUM:

1) logaf(x)= logag(x); 2) logaf(x)=h.

Ypasrenue (2) coautes K ypauennto Buna (1): log.f(x)= log.a”.

VYpasuenus Buaa (1) cBoasarcs k pemeHuto ypasHeHui f(x)= g(x) (morenuuponanue). [Ipu stom
HEOOXO0MMO TOMHHTH, 4TO ypaBHEeHUs log,f(X)= 10g.g(x) u f(x)= g(x) He paBHOCHIBHBL [IpH
MOTEHIIMPOBAHUH TIPOUCXOANUT PACIIMPEHUE O0JIACTH OTIPENIEIICHNs, 2 3HAYUT MUMEETCS
OIIaCHOCTh MOSBJICHUS TOCTOPOHHUX KOopHe. [IpoBepka — HawmTyuIee cpecTBO MPOTUB TAKOM

OITaCHOCTH.

1 mun — 1o oTpeAeIIeHNIO Jiorapudma:

log i2x -0 =-2
a) %

1
( J =2x-1
Pemenue;: > : 2X—1=9; x=5.

log,10-h=-2 log,?=-1
MpoBepka: 3 -3 ; —2logz3=-2- _2=_2 _ pepHo.

OTtBer: x=5.

6) log,(=* +4z+10) =2
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Pemenne: 3 = +4x+12; x° +4x+12-0=0; z* +4x+3=0;

Rig=-2EaA-3=2d o g3

IMposepka: x=1, logs(1-4+12)=2; 10939=2; 2l0g33=2; 2=2 — BepHoO;
x=-3, 10g3(9-12+12)=2; l0og39=2; 2logs3=2; 2=2 — BepHoO.

OtBeT: x=1, x=3.

5
lugg[z—x—lJ = x—E.

B)
g2 % w12
Pewrennue: 2* . 4 2 yers £ =7, Torna ypaBHeHHe 3anuIIeM B
v 8
¥ Za 5

FL2=—2iﬂJ4+32=—Eiﬁ; 5?'1=4; 3?2=—8; 2}{=4; 2}{:22;)(:2; EK ;E—E.

2
lngg(——IJ =2-2
Iposepka: 4 ; logal =0

— BEpHO.
OTtBer: x=2.

2 mun — ypaBHEHHUs1, KOTOPbIE C IOMOUIbIO JIOTapU(PMUUECKUX TOKAECTB CBOIATCA K
IIPOCTEUILINM YPABHEHUSIM:

a) lg(x—3)+lg(x—2)=1-1g5.

Pemenne: 1g[(x-3)(x—2)]=1g10-1g5; Ig(x*-5x+6)=Ig2;

51«\,55—16

X2-Bx+6=2; X*~5x+4=0; X1,= 2  ;x=4ux=l.
IMpoBepka: x=4; 1g(4-3)+ Ig(4-2)=1-1g5; 1g1l+ Ig2=1g2; 1g2= Ig2 — BepHoO;

x=1; 1g(1-3)+ 1g(1-2)#1- 1g5, Tak kak BeIpa)XeHHUE, CTOSIIEE TOJ] 3HAKOM Jiorapudma,
JIOJDKHO OBITH BCEr/a MOJIOKHUTEIBHBIM.

OTtBer: x=4;

g+ 1gx-3) 1

6) laTx+1)+1gx-6)+1g3 7
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lgh+1gx-3) 1 lg4(x-3) 1

Pemenme: 1&3(Tx+0c-6) 2+ 1g3(Tx+1x-6) 2

2 1g(4(x-3))= 1g(3(7x+1)(x—6)); 1g(4(x—3))*= 1g(3(7x+1)(x—6)).

Ioteruupyem: 16x°—96x+144=21x*~123x—18; —5x*+27x+162=0;

27T+ 869_2?163 36_ 13
5x%27x-162=0; x1,= 10 10 ;x=9; Xo= 10 5,

212+ 1gh, g4 1

1
IpoBepka: x=9; le4+1g+1g5 2. 2gB+1lg3 2.

124 1

—

2
21 +1[._-3}
g+lg ; :

"3
_Ls 1{.ﬁ+1J+1{.E-6J+1g3
x= 5 3 3 — JIOKHO, TaK KaK I0Iorapu(pMUIECKOe

BI)Ipa)KeHI/Ie HC MOXET 6I>ITI) OTpI/H_IaTCJ'IBHBIM.
OTtBer: X=9;

B) logzz +loggx +logy =55

1
Llog pb=—logh
Pemenune. Bocionezyemcs popmymnoit m :

1 1 11
logsx+—logmx+—logmx =55 —loggr=55 _
BT ORETIIORE TS BT toggx =3 w207,

TMposepka; 19827 +10g527 +10gy;27 =53 . logs?’ +10g3 3" +1 =35

3 +E+1 =55
2 — BEpHO.

OTtBer: x=27;
r) logsi3x—10+1logs(x -27) =3 +1og; 8

Pemrenme: 108503100z~ 2T =10g,(5* -8

6% 211642109 A6 +45

[HoTenuupyem: (3x—11)(x—27)=1000; 3x%-92x—703=0. X12= 3 3
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19

Xo= 3,
IpoBepka: 1. 108501 11-11) +10g;(37-12T) = 3+ 1og,3

log.100 +1ag,;10 =1ag,1000 - 1og 1000 —log 1000 _ BEPHO.

19
logs(-19-111 +1ogs [— ——2']"] =3 +1logs8
2. 3 , TaK KaK BBIPAXXCHHUC, CTOALICC 110 3HAKOM
HOFapI/I(bMa, JOJIKHO OBITh TTOJIOKHUTEIIBHOE.

OTtBet: x=37.

3 mun — ypaBuenus suaa P(log,x)=0, rae P(y) — mHorousien 2 wiu 3 cTeneHu, Win
YpaBHEHUS, CBOJSIIUECS K HUM. DTH YPaBHEHUS PEIIAIOTCS C TIOMOIIBIO TIOJICTAHOBKH: Y= logyX.

a) logs x—1log, -3=0

2
Pemenme: 1983 %~ 2108; x-3=0 Tyery, 198:% =¥ 2 2y 3=0. PeaeM ypaBHEHHE 1 T10Iy4acM
1

y1=3 u y,=1; y=3 —logzx=3 x=27; y=1 —logzx=-1 — y=3
TMposepika: x=27; 105 77-1og; 37-3=10. (log; 27 ~log; 3 -3=0,
9-6-3=0 — BepHoO;

]
1 g1 (1]
logs ——1ogs|=| -3=0
w—3 . BBl (logy 377 —logy 72 —3=10.

1+2-3=0 — BepHo.

1
OtBert: Xx=27; Xx= 3 :

6) log,(5e") logg x=1

Pemenne. [Ipexie Bcero Hajo UMETh B BUJY, YTO €CJIM B YPAaBHEHUAX BCTPEUAIOTCS JIOTapU(pMBbI
C pa3sHbIMH OCHOBAHUSAMHU, TO UX HAAO ITPUBCCTH K OAHOMY OCHOBAHHUIO C TIOMOIIIBIO
log. ®

log, b=
bopmybL: log a

loge(5x?
Logs(2) j ety =1

B JaHHOM Clydae MepexouM K OCHOBAHMIO 5. 1985 % ;

dogs 5 +2logguilogsx =1 Ogosmaunm 1985 =¥ ; (1+2y)y=1;
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1 1 1
— logex=— -
2y2+y—1:0; yi=1, yo=2; logsx=-1 yny %=y ;X=35; X=n5 .

1
1051[5-21_5} -lng§;—=1 log; 5-(—1):g =1
IIpoBepka: 1) 5 ;3 ; 1=1 — BepHO;

2
2) 108 5 (5-5) log3 5 =1. tog 5 (+5)* -[1og, gz 5] =1 ;

; 1=1 — BepHoO.

1
OTBeT: X=5; x=n3 .

5 mun — norapudmupoBaHre 00enX YacTell ypaBHEHHS.

gl _ 1000
IIpumep: X

e, 1000
lgx =lg— 2
Pemenue: x ; (Igx+1)Igx=3-lgx; lg-x+lgx=3-lgx; y=lgx;

y?+2y—3=0. Pemaem ypasHenue: y1=—3; Yo=1; lgx=—3 mwm lgx=1,

x=10"; x=10.

o 1?1000

Iposepka: 1) B 1EI_‘3; (10~ = 1'3"5; (o= =10° :

10°=10° — BEPHO;

pgleto + _ 1000
2) 10 ; 10%=100; 10°=10% — BepHo.

OTtBer: x=1073; x=10.

IIpakTnyeckas padora Ne 50
Tema: Pemenue norapudMuiyeckux HepaBeHCTB
Heas: HayunTs yuanmxcs pemars jorapudMudeckre HepaBeHCTBa
Teopernueckuii 6510k
HepaBeHcTBa, KOTOphIE COEpKAT MEPEMEHHYIO 01 3HAKOM JIoTapu(mMa M B €ro OCHOBAaHUH,
Ha3bIBAIOTCS JIOTAPU(YMUIECKAMHU.

Pemenue norapuMuUecKMX HEPABEHCTB OCHOBBIBAETCS HA CBOMCTBE MOHOTOHHOCTH
norapupMuuecKoil GyHKIIUH.
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Tak ’ke HEKOTOpbIe JorapuMHUUECKHe HEPAaBEHCTBA MOXKHO pPEIIMUTh METOJIOM 3aMEHbI
MIEPEMEHHOM.
YnpaxuHenus:

1.PemuTh HEpaBEHCTBO logy (2% +42 +3) > 3
[To ompenenenuro norapudma, 00JIaCTh JOMYCTUMBIX 3HAUCHUI:
2?44+ 3>0
Penienne 1aHHOTO HEPaBEHCTBA HaifieM C MOMOIIBI0 METOa WHTEPBAJIOB, ISl 3TOTO

JIEBYIO 4acTh Pa3IoKUM Ha MHOYKHTEIH. Pemm KBaJpaTHOE
@ i
YpaBHEHUE r+dr+3=10,
D=b —dac=4"—-41-1-3=16-12=1
VD =v4=2
—b+vD  —d+2 —a+2
2= T ~ 9.1 T 9 ={-3 -1}
Takum oGpasom, momyuwnd kopu L1 = —d T2 = =1 3yauypr, neeyro wacts

HEPaBEHCTBA MOKHO TIPEICTABUTH B BHIC:
Lefe—(=3))(x—(-1)) >0 (x+3)x+1)>0

OTMETHM HyJIH KaI0r0 MHOXKHTENs (a 970 6yayT 3Hauenns 1 = —3. 2 = —1) yg
YHCIIOBOM MPSIMOIA M OTIPEIETIUM 3HAKH HEPABEHCTBA B MOJYYEHHBIX MHTEPBAJIAX:

LY Pt e

et L =

VYuurtsiBas 3HaK HEpaBEeHCTBA, onpenenum O/13:
re (—oo;—3) U (—=1: +oc)
O/Z13 ompenenuiau, TENeph MPUCTYIIAM K PEIICHUIO HCXOIHOTO JIOTapHU(PMUIECKOTO
HEPABEHCTBA:
logy (27 +42 +3) > 3
[IpencraBuM npaByro 4acTh HEPABEHCTBA KaK JIOrapudM Mo OCHOBAHUIO 2:
log, (2® + 4z + 3) > log, 2°
[lepeiimem OT HepaBeHCTBa OTHOCUTENBHO JIOTapU(MOB K HEPaBEHCTBY IS
noiorapumudeckux GyHKIUNA: TaK KaKk OCHOBaHUeE Jorapudma 0osbIine euHUIb ( 2
> 1), TO 3HaK HEpPABEHCTBA HE U3MEHUTCS
 +dr 43>
2’ 4 dx 4+ 3 > 8
2> +dr—5>0
[IpupaBHsieM K HYJIO JIEBYIO YacTh HEPABEHCTBA M PEIINM IOJIyYEHHOE KBaJIpaTHOE

e
L

ypaBHEHHUE ’ +dr—5=0,

@ & ' Ve
D=b —dac=4"—=4-1-(=5) = 16+ 20 = 36
VD =36 =6
b+ D —4 46 —4 +6 51y
e N
Takum oGpasoM, momyumid kopau 1 = —9: ¥2 = 1 Ormerum Toukn Ha umcnopoit
OCH ¥ OTIPE/ICIINM 3HAKU HEPABEHCTBA B TOJYUYCHHBIX HHTEPBAJIaX.
Py i .
et L =
VuuThIBas, YTO HAC MHTEPECYIOT BCE 3HAUECHMS -, IIPU KOTOPBIX JAHHOE HEPABEHCTBO
IPUHUMAET  MOJIOXKUTEIbHBIE  3HAYCHUS, TO  MOJNy4aeM CIIE/IyIOLIHEe
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unrepsaisl: & € (=001 —=3) U (1 +20) 10 orper, Tak kak JaHHBE HHTEpBAIHI
NOJIHOCTHIO NpuHaanexar O/13.

2.Pe1nTh HEPaBEHCTBO logg (20 —4) < logg gz +1)

Haxomum O/13 no onpenenenuto norapudma. O13

2Zr—4=10 2r =4 xr =2
> > “r e (2 +oo)
r+1=1 Tr = —1 Tr=—1

[lepeiinem B HepaBeHCTBa OT JOrapu(MOB K BBIPAKEHHUSAM, CTOSIIUM MOJI 3HAKOM
norapudma, mpu 3TOM, TaK Kak ocHoBaHHe Jorapudma Mmenbine exuaunsl ( 0,5 < 1),
3HAaK HEpaBEHCTBA MIOMEHSEM Ha MPOTUBOIIOJIOKHBII:

r—4d=ax+1
2r—r>=1+4
r =5
C yuerom OJI3, okoHUaTeNbHO UMeeM, uto & € (D: +0),
3.Pemmth HEpaBEeHCTBO loggsx+logps(z +1) 21
~1++/3
re | 0: Ve
! o

Gl [ I—)
4 Peninth HEPaBEHCTBO logg & +log, 9 > 2

5.PewnTs HepaseHcTBO logg(XP-4x+3)<1.

IIpakTnueckas padora Ne 51

Tema: Pemenue nokazarenbHbIX YPaBHEHUN
Hens: HayunTs pemars nokasaTreabHble ypaBHEHUS

Teopetnueckuii 610K
[Toka3zaTenpbHBIM ypaBHEHHEM Ha3bIBACTCS YpaBHEHHE COAEpIKallee IEPEMEHHYIO B TIoKa3arede,
TO €CTh 3TO ypaBHEHHUE BHUJA:

af® =p, rtme a0 a=1l b>=0

Camoe HpOCTefIIJ.Iee MOKa3aTCJIbHOC YPABHCHUC!
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a* =b

a>0 a=1 b=>=0

[Tpu maHHBIX YCIIOBHSIX YpaBHEHUE BCET/Ia UMEET PEUICHUE, IPH TOM SIMHCTBEHHOE.
JeiicTBuTensHO, Ipu a > 1 nmoka3aTtenbHast PyHKIUS MOHOTOHHO Bo3pactaeT, anpu 0 <a <1 —
MOHOTOHHO yOBIBaeT. B mo0oM cityuae, oHa MPUHUMAET KaXKJ0€ CBOE 3HAYCHUE POBHO OJIMH pa3
(BuaHO 110 TpaduKy):

/'y )
Y J"=a" { Y

n._____-__

0| X

O<axl

A Botr eciu b < O, TO YpaBHCHHC HC HMCECT pemeHHﬁ, BCAb ITIOKa3aTCIabHasd (1)YHKLII/I$I MOXCT
MMPUHHUMATD TOJIBKO ITOJIOKUTCIbHBIC 3HAUYCHH .

MeTopl peneHus NOKa3aTeNIbHbIX YPaBHEHNN
1. B pe3ynbTare npeodpa3oBaHuil ypaBHEHNE MOKHO PUBECTH K BUAY:

a_;l‘{x:l — af

Torna npumeHsieM CBONCTBO:
af*=a* = flx)=c

2. Tlpu monmydeHWH ypaBHEHHs BHA q ™ =

MOy YUM:

flx)=log,b

b wucnonedyercs onpeneneHue norapudma,

3. B pe3ynbraTe npeobpazoBaHii MOYKHO TIOJTYYUTh YpaBHEHUE BU/IA:

f @ = pato

[IpuMensieTcs JorapuMUpOBaHHE:
log. a’™ =log, b9™)
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Jlanee mpuMeHsieM CBOMCTBO Jiorapudma cTeneHu:

flx)-log.a=g(x) log.b

BeIpaxaem 1 HaX0quM X.
YnpaxueHus

1.6 =216
2.81=0,125

3. 2x+3 _ 2x+2 _ 2x — 48
4.9%-83"=

5. 2X _ 20,5X+1 _ 8 - O

6.4 =64,
7.318=1/9,
g \4 64
1 2—2x
— =9
G
16%°% = 1
10, 2

IIpakTnueckas padora Ne 52

Tema: Pemenne noka3areabHbIX HEPAaBEHCTB
Hennb: HayunTs pemars nokasaTreabHble HEpaBEHCTBA

TeopeTtnueckuii 6110k

Iloxa3zaTenbHBIMH HA3bIBAIOTCS HEPaBCHCTBA, B KOTOPBIX HEU3BECTHOC COACPIKHUTCS B
IoKa3aTeji€ CTCIICHU.

[Ipu penieHre MOKa3aTeIbHBIX HEPABEHCTB MOJIB3YEMCsI CICYIOIINMU CBOUCTBAMHE
MoKa3aTeIbHOU (PYHKITHH:

1)a*>0mpuscexa>0uxeR;

2) npu a > 1 hyHKIUS y= a* BO3pacTaer, T.e. ecim a>1 u a™ > 3 <=> X3 > Xp;
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3) mpu 0< a < 1 pynkims y = a* yobiBaer, T.e. eciu 0 <a < 1 ua™ > 3 <=>X; < X».
YnpaxuHenus:
[Tpumep 1. Pemure HepaBeHCTBO:
16% — 2127 £ 3%,
Pewienue: npencTaBuM HCXOIHOE HEPABEHCTBO B BUJIC!
42 -2.47.3" - 3.3% <.

2
PasieniiM 00e 4acTW 5TOr0 HEPABEHCTBA Ha 37, HpU 5TOM (B CHMIY MHOJOXKHUTEIHHOCTHU
byHKINK Y = 32X) 3HAK HEPABEHCTBA HE U3MEHUTCS:

— —2-1 =) =3<0.
3 3

BOCHOJ’IBSyeMCH HO,Z[CT&HOBKOIZZ

Torna HCPABCHCTBO IIPUMCT BU/I:

10

I/ITaK, PCHICHUCM HCPABCHCTBA ABJIACTCA ITPOMEIKYTOK:
~1<t<3,

nepexoAst K 00paTHOM MOJCTaHOBKE, MOJyYaeM:
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I/ITaK, PCHICHUCM HCPABCHCTBA ABJIACTCA ITPOMEIKYTOK:
1<t <3,

nepexoast K 00paTHOM MOJCTaHOBKE, MOTyYaeM:

JleBoe HepaBeHCTBA B CUITY MOJIOKUTEIBHOCTH II0KA3aTeIbHOM (DYHKIIMM BBIIOJIHACTCS
aBTOMAaTHUYECKH. BOCTIOIp30BABIINCH U3BECTHBIM CBOMCTBOM JIOTapu(pma, mepexoaum K

OKBHUBAJICHTHOMY HCPABCHCTBY:

T logg 3
4 4\ "%

3) T \3

[TockonbKky B OCHOBAaHHMHM CTEIEHH CTOUT YKCIIO, OOJIbIIEE €IUHUIIBI, SKBUBAJIEHTHBIM (I10

TeopeMe 2) OyAeT mepexos K caeayrolieMy HepaBeHCTBY:

T < lﬂg% 3.

Nrtak, okOHYATETBHO MOJTy4YaeM OTBeT:

z € (—oo; logs 3.

4 +2°—24=0
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http://yourtutor.info/wp-content/uploads/2012/02/2876252420b158a37ce9bdd54c1f4d2c.png
http://yourtutor.info/wp-content/uploads/2012/02/84a6b0fb1611419ea6f8742711e0f2e0.png

4 —3-2" =40

5
£x
6.
716" +4-4"—5=0
8.
2"t +3.2% 152"+ 6 =0
9.

IIpakTuyeckasi padora Ne 53

Tema: Pemienue cucremM ypaBHEHUM
Hean: HayunTs pemars CUCTEMBI YPABHEHUI

Teopetnueckuii 6110k

[Ipu penieHun cucreM ypaBHEHMH, COEpIKAIIMX HEU3BECTHBIC B II0OKA3aTelIe CTEIIEHU U B €€
OCHOBAHMHU WJIM IO/ 3HAKOM Jiorapudma U B €r0 OCHOBAHUHU , IPUMEHSIOTCS METObl PEIIeHUs
CUCTeM anreOpauyeckux ypaBHEHUH, a TakkKe METOJbl pEelIeHHUs] [0Ka3aTeNbHbIX U
norapu(MUUECKIX YpaBHEHUH.

IIpumep 1. Pemute cucremy

X
. 2 _ y o o
Pemenue: Tlonarast 32 =u, 2 =V, sayenum HCXOJIHYIO CHCTEMY are0pandeckoil CHCTeMOM

u?—-v? =65,
u-v=>5,
KOTOpaSI paBHOCI/IJ'IBHa CUCTEMC
u+v=13,
u-v=>5,
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X

uMerolen pemenne U =9, v=4. CaenoBarenbHo, 32 =9, 2Y = 4, oTKyna HaxoauM X =4,
y=2.

Otset: (2; 4).
IIpumep 2. Pemutsb cucteMy ypaBHEHUI

2" +2y =1,
3y—6y? =2""

Pemerre. O603HauuB 2 = U ,U>0, monyunm aareOpandecKyro CHCTEMY:

— F =0,(%
] 1
=1-2y, ==
u+2y=1, u=1-2y, 1 2y h 2’
1 e 1-2y < < =2, o 1
3y-6y’ =—u; 3y-6y? =—"=; 2 =—,
y-by 5 y—oy 5 ) ‘P/ 5
= 2
6 u=—
-5
(*) me ynoBnerBopsieT ycioButo U>0.
1 1
y :Ea y :g!
BepHémcs k nepeMeHHON X! 5 = 5
2" =—; x=log, —.
3 923
1
Ortser: (1-log, 3; E)
YpaxHeHus:
Pemuts cucreMy ypaBHEHMIA:
X 9y _ 2% 2y _ X ox+y+l _
1 47 .27 =32, 2 167" +16°7 =24, 3. 3.2 S,
38x+l — 33y' 16x+y 256 3x+1 _2x+y :l.
4 1X= 5 Yx+7y = 6 X =y
\/32 (2x+14y)2x =72. Cly =xE,
x2-3x-4 __ log;y _ 2 2\
7 y = 8. log, x+3 =7, 9, Ig° x+Ilg° y =5,
log, xY =52, lgx—Igy=L1.
=y oy 2°.37 =1152,
10. {Ig(x +y%)=1+2lIg2, 11 277 =47, 12{
lo(x+y)—lg(x—y) =lg 2. x* —5=4"7" log 7 (x+y+=2.
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log, x+log, y =5, 14
log, x+log, y=1. '

3%.9Y =27,

lg(2x+y)? —lgx=2lg 3.

IIpakTuyeckasi padora Ne 54

Tema: KonrponbHas pabora

Heab: [IpokoHTpOIMPOBaTH YPOBEHb YCBOCHUS MaTepuaa 1o JaHHOH TeMe

1 BapuanT
Pemmnre ypaBHeHus:

1Asin®y + 1lsine —3 =0
2.6ros*y +rosx — 1 =10

39 4.3 —45=0
7% 4 7473 = 350

4,
5logz(x*-x—4)=3

6logsx =4 — 3log,x
7.

Pemnre HepaBeHCTBA:

I+x
175206

004" —26-02"+25=0

3.
42logzx <2 4logz(x+3)=3
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5.

Pemure cucreMbl ypaBHeHH i

|92§:3|92 X+Igz Y, 22|092X+32|og3y:81
1. y 2 2log; x 2log ¥ 1
|gz(y—3X)+|g Xlgy:o 2 +3 :E.

2 BapuaHnt

Pemmre ypaBHeHus:
1. tgx —2ctgx = 1=10
2.

3
4.

5.
6.3 g%(xr —1)—1olg(x —1)+-3=0

7logs¥x — 5+ logf2x —3=1

Pemure HEPaABCHCTBA:

37 < 10100

4 —10-2"+16=<0

3.
42logzx <2 +logz;(x+3)=3
5.

Pemnre cucremMbl ypaBHEeHUH

=y
: 4\?22 - 2 I{QZ(XZWZ)—?,
| 2 I - 6.

09, (y—2x) =3-log, (2x +3y). 0g, Xx+log, y
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IIpakTuyeckasi pa6oraNe 55
Tema: Pemmenne koMOMHATOpHBIX 3a1a4. KoHTponbpHas paboTa

Iean: 3akpenurth yMEHHs CTYJICHTOB PELIaTh 3a/1a41
Teoperuueckuii 010K

OCHOBHBIMH 3JIEMEHTaAMHU KOMGI/IHaTOpI/IKI/I ABIIIFOTCA pasmeeHusd, nepecnmaHo6Ku, couemdarusl.
HYCTB JaHO MHOKECTBO, COCTOLIIEC U3 N 3JIECMCHTOB. PG3M€M/;€HM€M 13 N 3JICMEHTOB IO m
3JIEMCHTOB HA3BIBACTCS YIIOPSAA0YCHHOC MHOXKECTBO, COJICp KaIee M pa3IM4YHbIX 3JICMCHTOB
JaHHOT'O MHOXXCCTBA. Us OIIPEACIICHUS BBITCKACT, YTO PA3ZMCIICHHUA M3 N 3JICMEHTOB IO M
3JIEMCHTOB - 3TO BCC M —3JIEMEHTHBIC IOAMHOXKECTBA, OTJINYAIOIUECS COCTABOM JJIEMCHTOB HUJIN
MMOPAAKOM HX CIICAOBAHMA. Umncno Bcex BO3MOKHBIX pa3MCH.ICHHﬁ H3 N 2JIEMEHTOB 110 M

3JIEMEHTOB 0003HAYAI0T A" U BBIYUCIAIOT 110 (hopMyIie

A" =n(n-1)n-2).(n-m+1). wm A= ( k (1)

n—m)!
3mech n!=1-2-3.(n—1)-n u  (n-m)!=1-2-3..(n—m-1)n—m). Vcnosumes cuurats 0!
|
=1, mosromy Ay :%:l

Ilepecmanogkoti uz N s1emenmoe Ha3bIBACTCS Pa3MEIICHUE U3 /1 JIEMEHTOB IO N 2JIEMEHTOB.
Tak kak KaxIas IEpecTaHOBKA COJEPKUT BCE 71 JJIEMEHTOB MHOXECTBA, TO pas3IM4HbIC
IIEPECTAaHOBKHM OTJIMYAIOTCA JPYr OT APYra TOJIBKO IOPSIKOM CIIEN0BaHMsA JIEMEHTOB. Yuciio Bcex

BO3MOJKHBIX TIEPECTAaHOBOK M3 7 DJIEMEHTOB 00o3HayaioT P . V3 ompeneneHus mnepecTaHOBOK
creyer

n! n! n!
P=A=—_=——=_—_=
= A (n—n) o' 1 !

Couemanuem uz n snemermos no m (0 < m<n) sleMeHTOB Ha3bIBAETCS MOGOE

n' e P =nl (@

n

MOJIMHO>KECTBO, KOTOPOE COAEPKUT 71 PAIIUYHBIX AIEMEHTOB JAHHOI'O MHOKECTBA.
CrnenoBatenbHO, COYETAHUS U3 71 SJIEMEHTOB TI0 /72 SJIEMEHTOB - 3TO BCE /71 - HJIEMEHTHbIE TIOJMHOKeE-
CTBA 71 - BJIEMEHTHOTO MHOXECTBA, IPUYEM PA3TUUYHBIMU OAMHOXKECTBAMU CUUTAIOTCS TOJIBKO TE,
KOTOpbIE€ UMEIOT HEOMHAKOBBIM cOCTaB A11eMeHTOB. [loIMHOXKeCTBa, OTJIMYAOLIUECS APYT OT JApyra
JIUILIb TOPSIIKOM CJIE€IOBAHUS SJIEMEHTOB, HE CUMTAIOTCS Pa3IMYHBIMH.

m
Yucito BceX BOSMOKHBIX COYETAHUN 3 71 QJIEMEHTOB TI0 772 DJIEMEHTOB 0003HAYAIOT C,,, "
BBIYUCIISIOT 110 (hopMyIie

Cr = Pn B m! ' 3
m n!
G = ml(n—m)’ @

[Tpumep 1. B rpymnrie u3 30 yganmxcst Hy»)HO BbIOpaTh koMmcopra, mpodopra, puzopra. CKOTbKUMA
Croco0amu 3TO MOXKHO CENaTh, €CITM KaKIpIi 13 30 ydanpxcss KOMCOMOJIEI, WieH Mpod)coro3a 1
criopTcMeH?
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Pemienue: rckoMoe 4MCIIO CIIOCOOOB PABHO YHCITY pa3MerieHuii 3 30 21IeMeHTOB 110 3 AIIeMeHTa, T.€.

3
A330 . Honosxus o popmyne (1) 7=30, m =3, nonyuaem Ay, =30-29-28 =24360
Ortget: 24360 crioco6oB. TIpumep 2. CKOIBKAMHE CITIOCOOaMH MOYKHO PACCTaBIISTh HA OJTHOM TOJIKE
IIECTh PA3JINYHbBIX KHUT?

Pemenue: Mckomoe 4ncino crioco6oB paBHO YUCITy IIEPECTAHOBOK U3 6 3JIEMEHTOB, T.€.
P =6=1-2-3-4-5-6=720.
Ortger: 720 ciocoOOB pacCTaHOBKH.
[Tpumep 3. B 6purazge u3 25 4enoBek HY>KHO BBIICIUTD YETHIPEX AJIsl padOThI Ha ONPEICICHHOM
yuacTtke. CKOJIBKUMH CIIOCO0aMH 3TO MOXKHO CIENaTh?
Pemenye: T.K. HOPSITIOK BEIOPAHHBIX YETHIPEX YETIOBEK HE MMEET 3HAYCHUSI, TO 9TO MOYKHO CHENATh
25-24-23-22

C5, cnocobamu. ITo popmyse (4) Haxomum C;s = 1.2.3.4 =12650.

Ortser: 12650 crroco0oB.

1. CxkoJbKUMHU CITOCOOaMH MOXHO BBIOpaTh 4 JIeTaau U3 sAIUKa, B KOTOPOM
12 neranei?
2. CKOJBKO MOKHO U3TOTOBHUTH PA3JIMUHBIX TPEXIBETHBIX (DIIAXKKOB, €CITH
UCIIOJIb30BaTh  CJICIYIOIINE [IBETA: OCIbI, CHHUIN, KPACHBIH, KENTHIA, YEPHBIA,
3¢IEHBIN?
3. CKOJbKO MATH3HAYHBIX YHCENT MOYKHO COCTaBUTh W3 mudp 2, 3, 4, 5,67
4. B Ba3e 5 kpacHbIX U 7 6enbIx po3. CKOIBKUMHU CIIOCOOaMH MOYKHO COCTaBUTH OYKET U3
5 po3, ecu B HEM JIOJKHO OBITH JBE KPACHBIX U TPH OCIIBIX PO3bI?

(x+1) (x-1)

5. Pemmuts ypaBHeHHA: ———— =
P 20

x!

[

6.Beranciauts: (As + A ): P;.
(A175 o A16 5 ): C176

7. CKONBKUMHU CITIOCOOAMH MOYKHO YBE3TH €O ckiana 10 sSmuKoB Ha ABYX
MaIIMHAX, €CJIU Ha KaKIYI0 U3 MAILUH TPY3ST 110 5 AIIUKOB?
8. U3 Bocemu mmdp 1,2,3,4,5,6,7,8 HY)KHO COCTaBUTHh YeThIpeX3HAUHBINH KOJ. CKOJBKO
BapHaHTOB KOJa CYILIECTBYET, €CJIU MOBTOPEHUS LIU(PP B HEM OBITh HE TOJIKHO?
9. B mikone ueTslpe BBIMYCKHBIX Ki1acca. CKOJIBKO CIOCOO0B
pacnpeneseHuss dK3aMEHaTOPOB CYHIECTBYET Ul IPOBEICHMS DK3aMEHa 10 XMMHH, €CIU Ha
OJIHOM 3K3aM€He MPUCYTCTBYET TOJIBKO OJMH SK3aMeHaTop?
10. B Baze 5 anenbcuHOB U 8 10710K. CKOIBKUMHU CIOCOOAMU MOKHO BBIOPATh 6 PPYKTOB,
YyTOOBI Cpeiu HUX ObLIO 3 aneiabCHHA

KonrposbHas padora

.Bapmanr |
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1. I'pynmna u3 28 cryaeHToB oOMeHsut1ach GoTokapToukamu. CKoIbKO (HOTOKApTOUEK ObLIO
po3nano?

2. Jlna ywactus rpymmbl, B coctaBe 30 4YeNOBEK B CIIOPTUBHBIX COCTSI3aHUSX HYXKHO
BbIOpaTh KOMaHIy U3 4-X dYenoBeK. CKOJIBKMMHU cHOCOOaMH MOKHO BBIOpaTh y4YaCTHHKOB
COCTSI3aHUS?

3. CKOnBKUMHU CITIOCOOAMH MOKHO COCTAaBUTh CIIMCOK U3 8-MU 4eI0BEK?

4. B smmKe ¢ AeTCKUMHU KyOMKaMu 8 3eJeHBIX U 5 KpacHBIX KyOHKOB. CKOJBLKO CIIOcOO0B
BbIOOpa 7 KyOMKOB CYIIIECTBYET, €CIIU CPEeIU HUX JOHKHO OBITh 5 3€JeHBIX KyOMKOB?

x—2 2
5.Pemuth ypaBHEHUS: 2Cx+2 = Ax .

2C2  —15C. =175

x+5

Bapuant 2
8 . 12
1.Beramcmurs: Ay 1 (Pg - Cyy

4
Fi-Cy - A83 :

2. CKOJIBKO aKKOPZOB MOXHO COCTaBHUTh Ha 10-TH KJIaBUIIAX POSLIS, €CITU
KaX/IbIif aKKOPJI COZEPKUT TPH 3ByKa?

3. Ha KoieKkTiB 13 25-TH 4elOBEK BBIACTICHO TPH ITYTEBKH: B CAHATOPHUH, B
JIOM OT/bIXa U Ha TypOa3y. CKoJIbKO crIOCOOOB paclpeieeHus MyTeBOK CyIECTBYeT?

4. CKOJIBKMMH CIIOCOOaMH MOXHO PaccaJuTh 7 YEJIOBEK Ha 7-MH CTYNbIX?

5. Ha crone nexur cronka kapT, B kotopoi 10 xapT yepHON MacTu U 8 KapT — KpacHOM.
CKOJILKHMH CITIOCO0AMU MOXKHO BBIOpaTh 8 KapT, 4TOOBI CpeAr HHUX OBLIO 5 KapT YepHOM
mMactu?

IIpakTHyeckoe 3ansaTHe Ne 56

Tema: Knaccmueckoe OMnpeACIICHUEC BCPOATHOCTH CHy‘l&fIHOFO COOBITHS
HEJ'IBZ SaerHI/ITI) YMCHHS CTYACHTOB PCIIATh 3aa4U Ha KJIACCHYCCKOC OIPEACIICHUC
BCPOATHOCTHU CHy‘I&ﬁHOFO COOBITHS

Teopernuecknii 0JI0K
Kiaccuueckoe onpenenenne BeposiTHOCTH BeposTHOCTBbIO COOBITHSI A Ha3bIBaeTCA

OTHOINICHHE YHCIIa UICXOI0B M, OJIaronpusSTCTBYIOMINX HACTYIICHUIO JAHHOTO COOBITUS A, K
YUCIy, BCEX UCXOJ0B ( HECOBMECTHbBIX, €CAMHCTBECHHO BO3MOXKHbBIX, paBHOBO3M0}KHBIX), T.C.
PAY=—

T
BeposiTHOCTB 111000T0 COOBITHS HE MOXKET OBITH MEHBIIIE HYJIS U OOJIbIIIE €AMHHIIBI.
HeBo3M0kHOMY COOBITHIO COOTBETCTBYET BEpOSTHOCTh paBHas (), a TOCTOBEpHOMY —
BEPOSITHOCTh paBHA €/IMHHUIIE.

IIpumep
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W3 ypHBI B KOTOPOW HaxosATCs 5 OenbIX U 3 YepHBIX Iapa, BBIHUMAIOT ouH map. Haitu
BEPOSITHOCTb TOT'0, YTO LIAp OKAXKETCS YEPHBIM.

Pemenue: O603Ha4MM COOBITHE, COCTOSIICE B MOSBICHUHN YEPHOTO I1apa, yepe3 A. Ooiee
YHCJIO CllydaeB paBHO 8. Yuncio ciaydaeB 0J1aronpusTCTBYIOIIMX MOSBICHUIO COOBITHS A,
paBHO3. [lonyunm

3
PlA)=—
8

YnpaxHenus:

1. I'epman u3 noectu A.C. [Tymkuna «[IukoBast 7ama» BBIHUMAET 3 KapThl U3 KOJOJbI B 52
nucta. HaliauTe BepOSATHOCTB TOTO, UTO 3TO OYIyT: TpOKa, CeMepKa, TYy3.

2. B smuke nexar 15 kpacHbIX, 9 cHHUX, U 6 3€JIEHBIX IIapPOB, OJAMHAKOBBIX HA OIIYIIb.
Haynauy BeiHumarot 6 mapos. KakoBa BEposSTHOCTb TOTO, YTO BBIHYTHI | 3€JI€HBIH, 2 CUHUX, 3
KpacHBIX ILapa.

3. Bnagenen ogHoii kapTouku jgorepen «CropTiotoy» (6u3 49) 3auepkuBaetr 6 HOMEPOB.
KakoBa BepoSTHOCTB, UTO UM OyJET yraaHo 5 HOMEPOB B OUEPETHOM THPaKe.

4. B ypue 10 mapoB, u3 Kotopbix 2 0eibIx,3 4epHbIX U 5 cuHux. Haynauy usBneuens 3
mapa. KakoBa BepoSATHOCTb TOTO, YTO BCe 3 11apa pa3HOro LBETA.

5. B maptum u3 10 neraneit umerotcst 4 6pakoBaHHBIX. KakoBa BEpOATHOCTB TOTO, YTO
CpeaM HayJady OTOOpaHHBIX 5 JeTaneil okaxxyTces 2 OpakOBaHHBIE.

6. KostekTuB, BKIIIOYAIOIINI YETHIPEX KEHIIUH U TPOUX MY)KUHH, Pa3bIrpbIBacT 4 Ouiera
B Tearp. KakoBa BeposATHOCTb TOTO, UTO Cpeau obanaTeneil OMIeToB OKaXXeTCsl 2 )KEHIUUHBI U 2
MY>KYUHBI.

7. B rpynmne u3 25 cTyeHTOB, cpein KOTopbix 10 neBymiek, pa3plrpblBaoTCs 5 OMIICTOB.
HaiinuTe BeposITHOCTB TOTO, UTO cpean obagaresneil OUIeTOB OKaXyTCs JABE IEBYILIKH.

8. B ypHe 6 6emnbIxX, 4 yepHBIX U 5 KpacHbIX MIapoB. M3 ypHbI Hayra/l BBIHUMAIOT 5 I1apoB.
Haiinute BepoATHOCTB TOTO, YTO CpEAM HUX OKaXyTCs 2 OenbIX U | 4epHbIi map.

9. KOHoma 320k IBE MOCIIeTHUE UPPHI TEICPOHHOTO HOMEpa CBOSH 3HAKOMOU M MTOMHS
JMILb, YTO OHU Pa3IMyHbl, HAOpal ux Hayaady. KakoBa BEpOSITHOCTb TOTO, YTO OHU PA3JIUYHBI,
HaOpan ux Hayaauy. KakoBa BeposiTHOCTH TOr0, 4TO HOMEp OyzeT HabpaH npaBUIbLHO?

10.B rpynne 12 cTyneHTOB, cpenn KOTOpBIX 8 oTinn4yHUKOB. [1o ciucky Haynauy
oToOpansbl 9 cryaeHToB. HailTh BEpoSITHOCTB TOTO, UTO CpeAn OTOOPAHHBIX CTYJEHTOB 5
OTJINYHUKOB;

IIpakTnueckas padora Ne 57

Tema: Teopembl 0 cymme U 00 YMHOKEHHH BEPOSITHOCTH
Heanb: HayuuThcss BBIYMCIATH BEPOATHOCTH COOBITUN C TIOMOIIBIO TEOPEM YMHOMXKEHUS
BEPOSATHOCTEM

TeopeTtnueckuii 6110k

Ilpousseoenuem unu nepeceuenuem 08yx coovimuui A u B HaszpBaercs cobpitne C,
cocTosIIIee B OJHOBPEMEHHOM HacTyrieHnd A u B. CUMBOJIMYECKH TPOU3BEAECHUE 3aMMUCHIBAIOT
Tak: C=AB wmmu C=4NB. Ecau A uB — HecoBMmecTHBIE COOBITHS, TO A\ B =V ,T.
€. UX IepecevyeHne MycTo (HEBO3MOKHOE COOBITHE).

JIBa ciy4ailHBIX COOBITHS HAa3BIBAOTCS MPOMUBONONIONCHHIMY, €CIA OAHO U3 HHX
MPOUCXOAUT B TOM M TOJBKO B TOM cily4ae, Korja He mnpoucxoaut apyroe. CoOsbitue,
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MIPOTUBOIOJIOKHOE COOBITHIO A, 0003Ha4alOT uepe3 A (uurart «He Ay). [IpoTHBOMONIOKHBIE
COOBITHS  00pa3ylOT TMOJHYKD CHCTEMY IIONApPHO HECOBMECTHBIX COOBITHH, T. €.

AUA=U, ANA=V.

TeopeMbl yYMHOKEHUSI BEPOSATHOCTEM

[IpousBenenue IByX COOBITHI COCTOMT M3 TE€X JJIEMEHTapHBIX COOBITUN, KOTOpPbHIE
OaronpusATCTBYIOT M IMEPBOMY, U BTOPOMY COOBITHIO, TO €CTh IMPUHAAJICKAT UX NEPECCUCHHIO
AB = A4 N B. BeposATHOCTh NPOU3BEACHUS COOBITHI 3aBHCUT OT TOTO, SBJISIFOTCS JIM 3TU COOBITHS
3aBUCUMBIMU WM He3aBUCUMbIMU. CoObITHSI 4 W B Ha3bIBalOTCS He3a8UCUMbBIMY, €CIIH
BEPOSTHOCTh KAXJOTO M3 HUX HE 3aBUCHUT OT TOTO, MPOM30LUIO WJIM HET JAPYroe coObITHE.
Beposamnocmu He3aBUCUMBIX COOBITUH A U B Ha3bIBAIOTCS 0e3)ClO08HbIMU, U BEPOSTHOCTD
MIPOU3BEICHUS TAKUX COOBITHI paBHA IPOU3BEICHUIO UX BEPOSITHOCTEH

P(4B) =P(4) P(B) 1)

BepOﬂTHOCTI) COBMECCTHOT' O IIOSIBJICHUSL HECKOJBKUX He3asuUcCuUmMsblx CO6blmu1/7 B
COBOKYITHOCTH paBHA np0u3ee<)eHui0 eepOﬂmHocmeL? 2mux.
P(A; 4y .. An) =P(Ay) P(42) ... P(4y) (1.1)

CoObiTust A u B 3asucumvie, eciu BEpOATHOCTh OJHOTO W3 COOBITUH 3aBHCUT OT
NOSIBJICHHWSI WJIM HENOSBICHHUS Jpyroro. BeposTHOCTh COObITHS B, BBIYHCICHHAsS B
NPEINONIOKEHUH, 4YTO A YK€ OCYIICCTBHIOCh, HA3bIBACTCS VCIOBHOU 6EPOSIMHOCIbIO W
ob6o3nauvaercs Py(B).

BepositHocTs  mpoussedenuss  08yx  3asucumvlx  codOvimuii  paBHA  IPOU3BEICHUIO
BEPOSTHOCTH OJHOTO U3 HUX Ha YCIOBHYIO BEPOSITHOCTH JIPYrOro:

P(AB) =P(A)P4(B) wumn  P(AB) =P(B)Py(A). )

BeposiTHOCTE coémecmnozo nosenenuss HeCKOIbKUX 3A8UCUMBIX coObimuti (IPOU3BEIECHUS
cOOBITHIT) paBHA MPOU3BEACHUIO BEPOSTHOCTH OJHOTO M3 HUX Ha YCJIOBHBIE BEPOSTHOCTH BCEX
OCTaJIbHBIX, MNPHUYEM BEPOSITHOCTh KAKJIOTO TOCJIEAYIOIIET0 COOBITHS BBIYUCISAETCS B
NPEINOJIOKEHUH, YTO TMPEIbIIyIIMe COOBITUS YK€ MPOU3OIUIM (TeopemMa YMHOXKEHHUS
BEPOATHOCTEN ISl 3aBUCUMBIX COOBITUI):

P41 45 ... An) = P(A1) Pa1 (AP 41 42 (43) ..... Pa142 ...an1 (An) (2.1)

YnpaxHeHus:

IIpumep 1. Nmeercs Tpu sAmuka, conepxkamux no 10 geraneit, mpuyeM B IEPBOM SIIUKE -
8, BO BTOpOM — 7 W B TpeTbeM — 9 craHmapTHbIX Aetaned. M3 kKaxaoro fmuka Hayaadyy
BBIHUMAIOT 10 OJHOM JeTanu. HaiTu BEpOATHOCTh TOTO, YTO BCE TPH BHIHYTHIE JCTAINA OyayT
CTaHIapTHBHIE.
PernieHune: BeposSTHOCTh TOTO, YTO M3 TIEPBOTO SIIMKA BBIHYTA CTAHIAPTHAsS JeTajlb (CoObITHE A)

8

paBHa P(A) = 10 =0,8. BeposTHOCTB TOTO, YTO U3 BTOPOTO SIIUKA BHIHYTA CTAHIAPTHAS JETab
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7
(cobeitrie  B) paBHa P(B) IEZOJ.BCPOHTHOCTB TOr0, YTO M3 TPETHETO SIIMKA BBIHYTA

9
crangaptHas aeranb (coositue C) paBua P(C) = T =0,9. CoObITHE «BCE TPH BBIHYTHIC JCTAIN
OyIyT cTaHmapTHBIE» -eCTh npousBeneHue coobituii 4, B,C. T.k. coObitus A, B, C — monapHo

HE3aBUCUMBI , TO I1IO0 TCOPEME YMHOXKCHUSA BCpOHTHOCTCﬁ JJIsI HE3aBUCUMBIX CO6I—>ITI/II71 NMECCM.
P(ABC) = P(A)P(B)P(C) =0,8-0,7-0,9 = 0,504

IIpumep 2. B Baze nexut 3 mokonagaeix U 7 BadgenbHbx kKoH(er. Haynaay Oepercst oqHa
KoH(erTa, 3aTeM apyras. Hailftu BeposTHOCTH TOro, 4To rnepBas KoHdeTa Obula MIOKOJAJAHOH, a
BTOpas — BaQenbHOMI?

3
Perrenre: BEpOSITHOCTH TOTO, YTO IepBas KoHdera - mrokonagHas (codbitne A) P(A) =—.

10

BepositHoCTh TOTO, UTO BTOpast KOH(peTa — BadenbHas, BHIYUCICHHAS B MPEANIOIOKECHUH, YTO
. 7
niepBasi KoH(era OblIa IIOKOJAAHOM, T.e. YCIOBHAs BEpOSTHOCTh paBHa P, (B) = 3 T.e. o

. 37 7
TEOpeMe YMHOKEHHUS I 3aBUCUMBIX coObITuil umeeM: P(AB) = P(A)P4(B) = — - —=—
10 9 30
IIpumep 3. B ypHe 5 Genbix, 4 yepHbIX U 3 cuHUX mapa. Kaxaoe ucnbTaHue COCTOUT B
TOM, YTO HayjAady WU3BJIEKAIOT OJIUH IlIap, He BOo3Bpallas ero ooparHo. HaiiTu BeposiTHOCTB TOTO,
YTO MPH MEPBOM HUCIBITAHUU U3BJeUYeH Oelblil map (coObiTue A), Ipu BTOPOM - UEPHBIN LI1ap
(cobbiTHE B), ipu Tpethem — cunmii (codbitue C)?
5
Pemenne: BeposiTHOCTH MOsiBIICHHsT 0EIOTO Mmiapa B IMEPBOM HCIBbITAHHH paBHa P(A) = e

BepOHTHOCTB INOABJICHUS  4YCPHOIo Imapa BO BTOpOM  HCIbBITAHWMHM, BBIYMCICHHAA B
MMPEAIIOJIOXKCHNUH, YTO IIPU MEPBOM HCIIBITAHUN BBIHYT OebIit map, T.€. YCJIOBHaAsA BCPOATHOCTb

4
pasua P, (B) = Tk BeposiTHOCTh NOSBICHUS CHHETO I1apa B TPEThEM MCIBITAHUH, BHIYMCIEHHAs
B TPEATNOJIOKEHUH, YTO NP MEPBOM HCIIBITAHUU BBIHYT O€blil 11ap, a Mpu BTOPOM — YEPHBI,

3
T.€. yCIIOBHas BEpoSATHOCTD paBHa P, (C) = — .OKoHYATEIBHO HMEEM:
a8 10

P(ABC) = PAAIPAB)Ps(C)= = . > = L

Onepanuu HaJx COOBITUSIMH
Cymmoti unu ob6veounernuem 08yx coooimuii A 1 B HazwpiBaeTcst coobiTe C, cocrosiiee B

HACTYIUIEHMHM XOTsI Obl ofgHOro u3 coObiTuil A win B. CuMBoOIMYecKH 3TO 3alUCBHIBAIOT TaK:
C=A4A+B wwm C=A4AUB.

Teopema ci10:keHus1 BEPOATHOCTEH
B obmem cinyuae geposmuocmes cymmul 08yx cobbimuii paBHa CyMME BEPOSTHOCTEH 3TUX
coObITHIi 6€3 BEpOATHOCTH UX COBMECTHOT'O HACTYIIJICHUS U OIpenaesseTcs no hopMmyIe:

P(A+ B) = P(4)+ P(B)— P(AB) 3)
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OueBUIHO, YTO ecnu cOObIMUA HECO8MeCmHbl, TO BEPOATHOCTb HX COBMECTHOIO
HACTYIUICHHs paBHa HyI0. [To3TOMY JUIs IBYX HECOBMECTHBIX COOBITUI BEPOSITHOCTD UX CYMMBI
paBHa CyMMeE BEPOSATHOCTEN ITUX COOBITUM:

P(A+ B)=P(4) + P(B) 4)

BeposiTHOCTh MOSIBJCHHSI OJIHOTO W3 HECKOJBKHMX IIOMapHO HECOBMECTHBIX COOBITHH,
0e3pa3IMyHO KaKoro, paBHa CyMME BEpOSITHOCTEH ITHX COOBITU:

P(A1 + Ao +.... +45) = P(4)) + P(42) + ... + P(4y) (4.1)

DopMyIbl 1S OTPECIICHUST BEPOSTHOCTH CyMMBI OOJIBIIIETO YUCJIAa COBMECTHBIX COOBITHIA
JIOCTaTOYHO TpoMO3AKU. Ecnu uucino coObITUM BO3pacTaeT, TO 4YacTo ObIBaeT yJaoOHee
HCIIOJIb30BaTh BEPOSTHOCTh MPOTHUBOIOIOKHBIX COObITHI. B camom gene, coObiTHE, cocTosIIee
B TOM, YTO HACTYIUT X0ms Obl 0OHO U3 HECKOIBKUX JIEMEHTAPHBIX COOBITHI, nPOmMuUBono104CHO
COOBITHIO - «He HACMYnum HY 0OHO U3 HUX», TO3TOMY MOKHO HCIIOJIb30BaTh (PopMyIy:

P(A1+ Az + ... + A)) =1- P(A1 A> ... Ay) (5)

Yupaxaenus:

IIpumep 1. Ha cremnaxe B Oubnuorexe B caydalHOM MOPSAJKE paccTaBlieHbl 15 yueOHMKOB,
npuyYeM IATh W3 HHUX B repersiere. bubnmorekaps Haymady Oeper Tpu ydeOHuKa. Hailtu
BEPOSITHOCTH TOT'O, YTO XOTsI ObI OJIMH U3 B3ATHIX YUCOHUKOB OyJeT B mieperuiere (coobiTue A).
Pemenune: coObiTne A - «XOTS OBl OMH W3 B3ATHIX y4eOHUKOB OY/AET B MeperieTe» OymayT
OCYIIIECTBIIEHO, €CJI MPOU30UIET JIF0O0E U3 TPEeX HECOBMECTHBIX COOBITHI: B — «o/nH yueOHHUK
B neperuiere», C- «1Ba ydeOHMKa B mepemiere» , B - «rpu yueOHuka B mepemiere». T.e.
cobbitue A=B+C+D. Torna no TeopeMe ciaoxeHHus BEPOSITHOCTEN JIsi HECOBMECTHBIX COOBITHI
UMEEM:

P(A) = P(B)+ P(C)+ P(D) . Beruuciaum oTIeIbHO BEpOATHOCTH coObIThii B, C, D:

1 2 2 1 3
()=S0 -2 PE)=S -2 POy 2
Cl 91 C 91 C; 91
45 20 2 67
41 , : P(A)=PB)+P(C)+P(D)=—+—+—=—.
CIIOJIB3YsI OTH Pe3yabTaThl, monyunm: P(A) (B)+P(C)+P(D) TRETRETEET

IIpumep 2. BeposTHOCTh momajgaHusi B LEJb HPU CTpenbOe M3 TpPeX OpPYAUHA TaKOBBI:
p, =08, p, =07,  p,=09. Haiiti BeposTHOCTb XOTsi ObI OJHOTO MOMaAaHus (COOBITHE
A) Ipy OJTHOM 3aJIe U3 BCEX OpYyAUM.
Pemenue: BeposATHOCTh MONagaHUs B LIEIb KaXAbIM M3 OpYIUN HE 3aBUCUT OT pPE3YJbTaTOB
CTpenbObl U3 APYrHX OPYAMH, MOITOMY paccMaTpuBaeMble COOBITHS A (TMOnajaHue MepBOro
opyausi), A, (monagaHue BTOporo opyaus), Az (monajaHue TPEThEro Opyausi) — HE3aBUCUMBI B
COBOKYITHOCTH.
BepostHoCTH COOBITHH, MPOTUBOMOJOXKHBIX COOBITUSIM Aj, Az, Az (T.e. BEpPOSTHOCTH

npomaxoB) cootBerctBenno pasust ¢, =0,2, @,=03, ;=01
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Torna uckomast BepositHocts P(A) =1-0, 0, 9,=1-0,2-0,3-0,1=0,994.

1. JlBa cTpenka CTpeIsIOT 110 MUIIEHU. BeposTHOCTh nonasaHus B MUILIEHb IPU OJHOM
BbICTpele s nepBoro crpenka pasHa 0,7, nns Broporo — 0,8. HaliTu BeposiITHOCTH TOrO, YTO
IIPU OJITHOM 3aJIII€ B MUILIEHb IONAJIET TOJIBKO OJUH U3 CTPEIIKOB.

2. B xop3une 4 s610Ka, 3 nuMoHa U 6 nepcukoB. Kaxkaoe MCIBITaHUE COCTOUT B TOM,
4TO U3  KOP3UHBI CIy4alHBIM 00pa3oM majgaer oauH (pykT. Hailtu BeposTHOCTH TOTO, UTO U3
KOpP3MHBI TIPH TEPBOM HUCHBITAHUU BBHIMAJET S0JOKO, IPU BTOPOM — JIMMOH, NPH TPETHEM —
HEPCHK.

3. B aByX smumKkax HaXOIATCS JACTAIU: B IEPBOM - 12 (U3 4 cTaHIapTHBIX), BO BTOpoM -10
(w3 HEUX 7 cTraHAapTHHIX). M3 Kaxaoro smuka Hayaady BHIHUMAIOT 1O OJHOM neranu. Haiitu
BEPOSITHOCTb TOT'0, YTO OHU 00€ OyIyT CTaHIapTHBIE.

4. Jlns curHany3auuu o0 aBapuu YCTaHOBJIEHBI /IBa HE3aBUCHUMO
paboTaromuX CUTHaNIM3aTopa. BeposTHOCTH TOTrO, YTO NPU aBapUH CUTHAIM3ATOp cpaboTaer,
paBHa 0,95 g nepBoro curnanuzatopa u 0,9 nns Broporo. Haiitu BeposTHOCTh TOTO, YTO NpU
aBapuu cpabOTaET TOIBKO OJJH CHUTHAIIU3ATOP.

5. B smuke 4 6enbiX, 7 cMHUX U 3 KpacHbIX Ms4a. Kakgoe ucnbiTaHue COCTOUT B TOM,
4TO U3 ALIMKa cIy4aiiHbIM 00pa3oM BbIKAaThIBaeTCs OAWH Ms4. HaiiTu BeposTHOCTB TOTO, U4TO
U3 SIIMKa IIpU [EPBOM HUCHBITAHUU BBIKATUTCS CUHMHA Ms4, IPM BTOPOM — KPAaCHBIM, a MpH
TPEThEM — OCIBIN;

6. B mepBoii Baze HaXOIUTCA 5 KpPacHBIX U 3 OEINIbIX TBO3AUKH, BO BTOPO — 4 KpPAaCHBIX U
8 OenbIx rBo3aMKH. M3 ka0l Ba3bl Haynady OepyT mo ofgHoM reo3auke. KakoBa BEpOSITHOCTD
TOTr0, YTO OyyT BHIOpaHbI KPACHbBIE TBO3IUKH.

7. U3 ypHbl, comepxameil 10 Oenbix, 8 uepHbIX U 1 OpaHXKEBBIX IIAPOB, HAYraj
U3BJIEKalOT Tpy 1wapa. Hailtu BeposiTHOCTB TOro, 4To 3TO OyIyT IIAphl OJHOTO I[BETA.

8. Ha TaxkTHyeckux 3aHATHUAX 3€HUTHas OaTapesi CTpenser Mo ABYM OeCHHJIOTHBIM
camosietaM. HaiiTu BepoSATHOCTB TOTO, YTO CaMOJIEThl HE OYAYT COUTBI, €CIIU BEPOSITHOCTh COMThH
OJIMH camoJieT paBHa 1/2, a nBa camosnera — 1/8;

9. OTmen TEXHMUYECKOrO KOHTPOJI  IPOBEPSET M3JENUsS Ha CTaHJApTHOCTb.
BepositHoCcTh TOTO, UTO M3MENHE CTaHaapTHOE, paBHa 0,9. HaiiTu BEpOsSTHOCTH TOTO, UTO U3 ABYX
IIPOBEPEHHBIX U3JIENINHI TOIBKO OJIHO CTaHAAPTHOE;

10. B xopobke Haxoautcsi 6 cuHUX, 4 KpacHbIX W 6 3eneHbIx ¢uaxkkoB. Kaxmoe
UCIBITAHUE COCTOUT B TOM, YTO M3 KOP3UHBI CIy4alHbIM 00pa3oM BbIOMpaeTcs OAMH (PIaxkoK.
HaiiTu BeposSTHOCTH TOTO, YTO NMPH NEPBOM HCIBITAHUM OyleT BbIOpaH 3eJeHbIM (uaxokK, Mmpu
BTOPOM — KPACHBIM, a IPU TPETHEM — CHHHUI.

I[OMaI_HHee 3aJaHuc

1. B smuke 10 neraneil, cpenu KOTOPBIX YeThIpe OKpamieHbl. COOpUIMK Hayaaudy OepeT
Tpu aetanu. HaliTi BeposITHOCTB TOT0, YTO XOTsI OBl OJTHA U3 HUX OKpAIIEHa,;

2. Bo Bpems y4eOHBIX MaHEBPOB J[Ba TaHKa MBITAIOTCS MPOPBATHCS B PACIOJIOKEHHE
MIPOTUBOTAHKOBOM Oarapen <«IpoTUBHUKa». KakoBa BEpOSITHOCTH TOTO, YTO OyJeT MOJOUT XOTS

OBI OJIMH TaHK, €CJIM BEPOSTHOCTH TOTO, YTO Oy/AeT MOAOUT OMMH TaHK paBHa 2/3, a 1Ba TaHKa
2/5.
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3. Ha moske B ciiydaifHOM TMOPSIIKE PACCTABJICHO CEMb YUYCOHHKOB, TPUYEM YETHIPE U3
HUX - 10 Maremaruke. CTyAeHT Hayaaudy OepeT ABa U3 HUX. HaliTu BepoATHOCTH TOTO, UTO XOTS
OBl OHWH U3 HUX — 110 MaTEMATHUKCE.

IIpakTnyeckoe 3ansaTueNe 58
Tema: KontpoabsHas pabora

Heanb: IIpokOHTpONIMPOBATE YPOBEHb YCBOEHUS MaTepuasia

1 Bapuaur

1. DnexkTpoHHBII MPUOOP COCTOUT U3 ABYX MOCIEIOBATEIHHO BKIOYEHHBIX OJIOKOB.
BeposiTHOCTB BBIXO1a U3 CTpost 3a 1 mMecsiy paboTel epBoro Oioka paBua 1/3, Broporo -1/4, a
oboux — 1/6. HaiimuTte BeposITHOCTH OecriepeboitHOl paboThl Mprbopa B TCUCHUE MECSIIa.

2. B nByx Ammkax Haxo#sTcs aeTanu: B epBoM 10 meraneit (M3 HAX 7 OKpaLICHHBIX ), BO
BTOPOM- 8 neraieit (M3 HuX 5 oKpameHHbIX ). M3 kaxaoro sSimuyka HayJaqy BRIOUPAOT 110 OJTHOM
netanu. KakoBa BepoSTHOCTB TOTO, YTO 00€ OyIyT OKpallICHHBIE.

3. B samuke 12 aeraneid, cpeau HUX 9 craHmapTHBIX. HaliTH BEpOSITHOCT TOTO, YTO Cpenu
HayJady U3BJICUEHHBIX 2-X JeTalieil OKakeTcs He OoJiee OHON HeCTaHAAPTHOM JETaH.

4B smuke B ciaydailHOM nopsake nojokeHbl 10 neraneidl, U3 KOTOpbIX 4 CTaHJApTHBIX.
Kontponep B3an Haymauy 3 netanu. Beluuciure BepoOATHOCTh TOTO, YTO XOTS Obl OJHA W3
B3STBIX JIeTaJlel OKa3ajaach CTaHAAPTHOM.
5.CTyaeHT chaeT HSK3aMeH [0 TEeOpUU BEpOSATHOCTEH. BeposTHOCTh MONYyYUTh Ha HSK3aMeEH
«ueyn.» pasHa 0,1; «yn.» - 0,6; «xop.» - 0,2; «otin» - 0,1. KakoBa BeposSTHOCTH TOTO, YTO
CTYJEHT MOJIYYHUT Ha IK3aMEHE MOJIOKUTEIbHYIO OIICHKY?
6Ctpenok momagaer B necATky ¢ BeposTtHocThio 0,05, B nesatky — 0,2, B BocbMepky — 0,5.
Crnenan oauH BeicTpen. KakoBa BEpOSTHOCTH CIEIYIOIINUX COOBITHI:

a) BEIOUTO HE MEHEe 8 0UKOB;

0) BBIOUTO MEHEe 8 OUKOB;

B) BBIOWTO OoJiee 8 OUKOB;

T') BEIOUTO He OoJiee 8 OUKOB.
7.Ilpou3BoauTcs 1Ba BBICTpENa MO OJHOM M TOW k€ MuUIIeHH. BeposTHOCTh mMomanaHus B
MHUILIEHb NIPU NepBoM BbicTpelne paBHa 0,6, mpu BTopom — 0,8. HaliTu BEpOsSTHOCTH TOTO, YTO B
MHUIIEHU OyJeT XOTs Obl 01Ha MPOOOUHA.
8.bpocarorcst nBa wuWrpanbHbIX KyOuka. KakoBa BepOSTHOCTh TOSBIEHHUS XOTS OBl OJHOM
HIECTEPKHU?

2 Bapuanrt

1. U3 uucen 1, 2,3,4...100 BeiOuparoT uncio. HaliTi BEpOSTHOCTH TOTO, YTO BEIOPAHHOE YHCIIO
JIEJTUTCS XOTA ObI HAa OJHO U3 uncell: 4 u 6.

2. BeposATHOCTB TOTO, UTO MPH U3MEPSHUH HEKOTOPOH (DPU3MUYSCKON BEJTMUMHBI OYET JOIyIIeHA
ommOKa, MpeBbIIaloIas HEKOTOPYIO 3aJJaHHYI0 TOYHOCTh, paBHa 0,4. [IpousBeneHo nBa
HE3aBUCUMBIX U3MepeHus. HailTi BepOosSTHOCTH TOTO, YTO TOJIBKO B OJTHOM M3 HUX JOIYIICHHAS
omuOKa MPEBBICUT 33/IaHHYIO0 TOYHOCTb.
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3. Ha nonke Briepemexky paccraBieHo 4 yueOHUKA IO FT€OMETPHH, 5 Y4eOHUKOB IO reorpaduu
u 3 yueOHHKa M0 acTpoHOMUHU. Kaxkmoe UCIbITaHuEe COCTOUT B TOM, 4TO OMOIMOTEKaph
CIIlydaiiHBIM 00pa30M BBIOMpaeT oJuH y4eOHUK. HaiiTu BepOosITHOCTB TOTO, UTO MPU IEPBOM
UCTIBITAHUM OyZAET BBIOpaH yueOHUK MO0 aCTPOHOMUH, IIPU BTOPOM — I10 TEOMETPHH, @ B TPETHEM —
1o reorpaduu;
4. B ctynuu TeneBuieHus 3 TEIEBU3UOHHBIX Kamephl. JlJ1s KaX10i U3 HUX BEPOSITHOCTD TOTO,
YTO OHA BKJIIOUEHA B AaHHBIA MOMEHT paBHa 0,6. HailTu BEpOsATHOCTH TOTO, UTO B IaHHBII
MOMEHT HM OJIHA U3 HUX HE BKJIIOYEHA
5.B ypue Haxonsatcs 7 6enbix u 3 yepHbix mapa. [loapsia u3BnekaroT aBa mapa. Kakosa
BEPOSTHOCTH TOTO, YTO OHH 00a uepHbIe?
6.Mouety nogdpocuinu aBa pa3. Haiitu BepoITHOCTb TOro,4To 00a pasa BhINaieT repo.
7. B mepBoit ypHe 7 OenbIx M 3 4epHBIX Iapa, BO BTOPOM — 3 Oenbix ¥ 7 4epHBIX mapoB. M3
KOKIOW ypHBI BBIHUMAIOT OAWH map. KakoBa BeposSTHOCTH TOTO, 4TO 00a BBIHYTHIX IIapa
Oemnpie?
8.Tpu cTpenka HE3aBUCUMO JIPYT OT JApyra CTPENSAIOT Ho 1efu. BeposSTHOCTh monananus B LElb
nepBbIM cTpeiakoM paBHa 0,7; BTopeiM -0,8; Tpetbum — 0,9. HaiiTu BEpoSITHOCTb TOTO, UTO :

a) BcE TPH CTpeJIKa MOMaaAyT B LIETb;

0) BCe TpH CTpeJIKa MPOMaXHYThCS;

B) TOJIBKO OJIMH CTPEJIOK MOMAJET B LIETIb;

I') TOJIBKO J[Ba CTpEJIKa MONaAyT B LIEJIb;

1) He OoJiee IBYX CTPETIKOB MOMAaIyT B IIEJb;

€) XOTsl Obl OIUH CTPEJIOK MOMAJET B LIETb.

IIpakTnyeckoe 3ansiTueNe 59

Tema: CpolicTBa napamieabHbIX MIIOCKOCTEN

Hens: HayunTs pemars 3a1a4uu, UCIONb3Ys CBOMCTBA MapajlIENbHBIX INIOCKOCTEN
Teopernueckuii 6110k

Omnpenesenue. [Ipsmast v MIOCKOCTh HA3BIBAIOTCS MAPAIIETHLHBIME, €CITH OHU HE UMEIOT OOIINX

Toyek (a || o)
Ipu3HaK mapajieTbHOCTH NPSIMOI H MJIOCKOCTH.

Teopema. Ecnu npsiMas, He nexaiiasi B JaHHON IUIOCKOCTH, NapajuliesibHa KaKoH-HUOY1b
MPSAMOM, JIeXKaIEel B 3TOM MIIOCKOCTH, TO OHA MapaJljIeIbHa CAMOU MIIOCKOCTH.

=

L allb
bool=al|x
b ad o
puc. 1
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3ameuyanus.

Ecnu miockocTs IpoXoauT Yepe3 JaHHYIO NPSAMYI0, TapaJIeNbHYI0 APYTroi
IJIOCKOCTH, U IIEPECEKAET ITY IUNIOCKOCTbD, TO JIMHUS IIEPECECUECHUS
IJIOCKOCTEN napajuiesibHa JaHHON NIPSMOM.

Eciu OdHa U3 ABYX NAaPAJUICIbHBIX IIPAMBIX IapalJIC/IbHA ,HaHHOfI

pHC ) IIJIOCKOCTH, a Apyras npsaMasd UMCECT € IIJIOCKOCTBIO O6H_Iy10 TOYKY, TO 9Ta

psiMas JIEXKUT B JAHHOU IIJIOCKOCTH.

BoiBOABI.

Crnyyau B3aMMHOTO PacloJIOKEHHUS MPSIMON U TIOCKOCTHU:
a) mpsiMasi JISKUT B MIIOCKOCTH;

0) mpsiMasi ¥ MII0OCKOCTh UMEIOT TOJIBKO OJHY OOIIYIO TOUKY;
B) MpsAMas U IUIOCKOCTh HE UMEIOT HU OJJHOU OOIIEeH TOUKH.

>"{; Onpenesienne. J[Be miIoCKOCTH Ha3bIBAIOTCS NapalIeIbHBIMU, €CIIU OHU HE
- UMEIOT OOIINX TOYEK.

@ (V3
/’/>ﬂ<;/ [MapaienbHOCTH IJIOCKOCTEH o U B 0003HavaeTcs Tak: o || B. PaccmoTpum
(2 NPU3HAK MAPaIEIBHOCTH JIBYX INIOCKOCTEH.

puc. 3

TeopeMa. Ecau nBe ICPCCCKAOIUECCA IIPAMBIC O,HHOﬁ IINTIOCKOCTH
COOTBCTCTBCHHO IAPAJUICIIbHBI IBYM IIPSIMBIM I[pyl"Oﬁ IIIIOCKOCTH, TO 3TH
IUIOCKOCTH IMapaJlICIIbHBI.

Cnyqan B3aMMHOT'O PaCIIOJIOKCHUS IIOCKOCTEH:

IUIOCKOCTH o ¥ F TIEPECEKArOTCS.

puc. 4

/ MJIOCKOCTH o U P napaJlJICJIbHBI.
ol :

puc. 5

CBoiicTBa NapayIeNIbHBIX INIOCKOCTEH:
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1. Ecnu nBe napanienbHble IUIOCKOCTH II€PECEUEHB] TPEThEN, TO TMHUU
UX [IepECeUeHUs NapauIeIbHBI.

Pemenwue 3amau:

Han yron AOD u aBe mapannienbHble TNIOCKOCTH 0. U [3.

[TnockocTs o mepecekaeT croponsl yriaa OA u OD cooTBeTcTBEHHO B Toukax A u D,
MIJIOCKOCTH [3 3TH CTOPOHBI MEPECEKAET COOTBETCTBEHHO B Toukax B u C.

JHano:
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OB=8
AB=6
BC=9

CD=2

Haittu AD, OD

Yepes Touky O, KOTOpasi HAXOAUTCS MEXK]Ty MapalIeIbHBIMUA TUIOCKOCTSIMH 0. ¥ [3, TIPOBEICHBI
npsiMble C u 0, IepeceKaronne INIOCKOCTH TaK, YTO TOYKU A U B HaXOHIATCS B IIOCKOCTH 0, a
touku C u D - B mockoctu 3 AB=18 cm, DO=26 cm u AC=3-A0

Brruncnours: BD:CD

[MapaienbHbIe TIOCKOCTH O U [} IEpeCceUeHbI MPSIMBIMU C | O

Croponsl 4N\ mepecekaroT nmapauieabHbIe IIIOCKOCTH 3 1 0. B Toukax C,D u A B. Berauciam
nmuHy otpeska AB, eciim NA=13 em, NC=20 cm u CD=55 cm.
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Croponsl 4N nepecekaroT napauienbHble TNIOCKOCTH [3 U o

Jlanbl napasuienbHble IUIOCKOCTH 0. U 3. Touku A u B HaXoAsTCs B IIIOCKOCTH 0., a
touku C u D B mockoctuf3. nuna orpeska AC=7, anuHa otpeska BD=12.

CymMma npoekIuil 3TUX OTPEe3KOB B INIOCKOCTH [3 paBHa 8.

Haiitu nnuny npoekunii 000MX OTpe3KoB.

124



IIpakTnyeckoe 3ansTueNe 60
Tema: [loBropenue. [IpoBepounas pabora
Hesab: OC00MHUTE M 3aKPENUTh 3HaHUS U HAaBBIKU yJallluxcs [0 JaHHOM Teme

Teoperuueckuii 010K

Kakwue nBe npsiMble B IPOCTPAHCTBE HA3bIBAIOTCS MapalIeIbHBIMU?

Cdhopmynupyiite TeOpeMy 0 mapauIeTbHBIX MPSIMBIX.

Kakue BO3MOXHBI cllydau B3aUMHOTO PACIIOIOKEHHE IPSIMOM U TIIOCKOCTH?

Kakwue npsiMasi ¥ mII0CKOCTh Ha3bIBAIOTCS NAapAJIIEIbHBIMU?

Chopmynupyiite npu3HaK napanielbHOCTH NPSIMON U IIIOCKOCTH.

Jan xy6 A... D1. HazoBute ueTbipe napbl napauienbHbIX MPSAMBIX U YETHIPE Maphbl
NIEPECEKAIOIINXCS TPAMBIX

ChopmynupyiiTe Ipu3HaK MapauieIbHOCTH PSIMOU U TNTIOCKOCTH.

ouhkwnE

~

BepHo JIX YTBEPKACHUC: €CJIN OIHA U3 ABYX MPAMBIX ITapaJlJICJIbHA IIJIOCKOCTH, a BTOpAast
MEPECCKACT ITY INIOCKOCTh, TO MPAMBIC IMapaJlIJICJIbHBI.

Pertenuie 3amau

1). 3agava 1

[axo:

A ABC,
ABea,Ceaq,
AM = MC,
CN = NB.

Doxasats: MN || a.
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JIoKa3aTeILCTBO

MN - cpenuss nunus tpeyronpHuka ABC, saauur MN || AB, AB €a.

Takum o6pazom, MN || a (o0 mpuU3HAKY MapauIeTIbHOCTH MIPSMOM M TNIOCKOCTH ).

2). Bagaua 2
[ano:
2 C-
ABCD - tpaneuus,
M / N ABe a,CD ¢ q,
/ \ AM=MD, CN=NB.
A B/ Mokasars: MN || a.
O
I[OKaSaTCJ'IBCTBO

MN - cpennss nunus Tpaneuuu ABCD, 3naunt MN || AB; AB £ a (1o ycinoBwuio),
Taxum o6pazom, MN || a (1m0 mpu3HAKy MapaJuIeTbHOCTH MPSIMOM M IUTOCKOCTH).

3)3anaua 3. Cropona AC tpeyronsuuka ABC napaiensHa I0CKOCTH a , a ctoponsl AB u BC
NIEPECEKAIOTCSI ¢ ATOU IIIOCKOCThIO B Toukax M u N. Jlokaxure, uro Tpeyronsauku ABC u
MBN 1ogo0HBbLI.

Hepez[ peICHUCM JaHHOM 3aJ1auu H606XOI[I/IMO BCIIOMHUTD IIPU3HAKHU HOI[O6I/I$I TPCYTOJIbHUKOB.

L}

A [ano:
. ) AABC, AC ll a,
/ w2 / AB A a=M,
k! 4 BC na=N.

i——— [okasats: A ABC nogobex A MBN

JIoKa3aTeILCTBO

1. ITo yrBepxkaenuto 1° : MN || AC. Torna yron A = yriry BMN (kak 0JHOCTOpOHHUE ITPpH
NapauIeIbHBIX IPSIMBbIX).

2. yroa B - o6muii.
3. Takum oOpazom, 1o 1ByM yriam TpeyroibHuk ABC mogo6en tpeyronsauky MBN.
4). 3anava 4

Ha croponax AB u AC tpeyronsuauka ABC B3sa1sl cooTBeTcTBeHHO Touku D 1 E Tak, yro OF =
5 cm u BD = 2/3. TInockocTh a mpoxoaut yepe3 Touku B u C u nmapamiensHa orpe3ky OE.
Haiinure nmny otpeska BC.
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HaHo:

Iy A ABC,
0, —f /;. DeAB, E€AC,
' ;] BCea, a ll DE,
J B.-/_—(j DE =5cm, BD/DA = 2/3.

Hautin: BC.

Pemenue:

tpeyroibHUK ABC nogo6en tpeyroasHuky ADE.
Torna AB/AD = BC/DE, 5/3 =x/5, x = 25/3,x =8/
Otser: 8'/5

JlomamnnHee 3agaHne:

[Ipsimast AB nepecekaet miaockocTs o. Uepes koIl oTpe3ka AB u ero cepeanny C npoBeaeHbI
napajuieibHble MpsAMbIE, IEpeceKarolIne MmI0ckocTh o B Toukax Al, Bl u C1. Paccmortpure
cinydau: 1) otpe3ok AB He mepecekaer MmI0CcKoCTh o ; 2) oTpe3ok AB mepecekaet a. B kaxxaom
ciydae Hanaure: a) nnuHy otpeska CCl, ecnu: AA1 =3, BB1 = 6; 6) anuny otpeska AA1, eciu
BBI1 =13, CCl=1

IIpoBepounas pabora
1 BapuanT

1. Orpe3ok AB He nepecekaeT miaockocTsb o. Uepes cepenuny orpe3ka C 1 KOHIIBI OTpe3Ka
A u B npoBezieHbI IpsIMble, NTapalljiesIbHbIe MEXAY cO0O0M U Iepecekaromme
IJIOCKOCTB 0. B TOUKAX , . Berancauts anmuny orpeska CCiecmm Ady =5 BBy =7

2. UYepes Touky O, He JeXallyl0 MEXAy MapajuleIbHbIMHU MJIOCKOCTSIMU 0. U [3, TPOBEACHBI

Aq

npsimbie | um.  Tlpsmas | mepecekaer  mockoctd o W 3 B TOYKax

Az

u COOTBETCTBCHHO, IMpsMasi M— B TOYKax n Haiinure MJINHY

OTpe3Ka , €CIIH =15 cmMm,
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0 10 =3:5.

3. Ilpsmas AB nepecekaet miockocTs o. Uepes koHIbl oTpeska AB u ero cepeauny C
MIPOBEJICHBI MapaJlIeIbHbIE IPSIMbIE, TTEpEeCeKaroIne MI0CKOCTh o B Toukax Al, Bl u Cl1.
PaccmoTpuTte ciiydan: 1) otpe3ok AB He mepecekaeT miockocTs o ; 2) oTpe3ok AB
nepecekaer o. B kaxaom ciydae Haiiaute: a) muHy otpe3ka CCl, ecnm: AA1 =7, BBI
=35; 0) nmuny otpeska AA1, eciu BB1 =7, CCl=11.

2 BapuaHT

1. Touka M nexwut Ha orpeske AB. Otpe3ok AB mepecekaercs ¢ MiI0CKOCThIO 0. B TOUKe B.

qepe3 AuM IMPOBCACHBI ITapaJJICIIbHBIC IIPSAMBIC, IICPECCKAOIIUE O B TOUYKAX u.

Haiinure nnuny orpeska AB, eciiu A :M=3:2,AM =6.
2. UYepe3 Touky O, JIeXamryl0 MEXAYy HNapauIeIbHBIMU IJIOCKOCTSAMHU O U [3, MPOBEICHEI

npsmbie | um.  Tlpsvas | mepecekaer Iiockoctd o ¥ 3 B TOYKax u
COOTBETCTBEHHO, IIpsiMast M — B TOYKAX u . Halimure nymHy oTpeska ,
eclu =12 cm, 0:0 =3:4.

3. Jan AMKP. [Tnockocts, mapamiensHas npsimoit MK, nepecekaer MP B Touke , PK - B

Touke. Haiinute , ecimu MP P=12:5 MK=18 cm.
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IIpakTuyeckoe 3ansaTueNe 61

Tema: [Ipu3Hak MepneHIUKYIIPHOCTHU MPSIMOH U IFIOCKOCTH
Hesb: O000MHUTE ¥ CUCTEMAaTH3UPOBATh MaTepHall M0 JaHHOU TeMe

Teoperuueckuii 010K

Onpeoenenue. Ilpsimast a Ha3bIBaeTCsl MEPHEHIUKYISIPHOM K IUIOCKOCTH 0, €CIM OHa
MePIEHANKYIISIPHA K JIFOOOH MIPSMOH, JIe)KaIel B ATOM IITIOCKOCTH.

TeopeMa. Ecmu npsamMada IEepHCHAUKYIIpHA K ABYM IIEPCCCKAOIMUMCA IIPAMBIM, JICKAIIUM B
IIJIOCKOCTH, TO OHA NCPHCHAUKYJISIPHA K 3TOH IIOCKOCTH.

[Ipumep 1. Touxku 4, M, O nexar Ha NpsIMOH, NEPIEHAUKYIIIPHON K INIOCKOCTH 0, @ Touku O, B,
CuDnexar B 1miockoctu o (puc. 3). Kakme wu3 cueayromux yrjioB — sBISIOTCS
LAQE, AMOC, ADAM, 2AD0OA AEMO

HPSIMBIMU: ?
A
M
B D
&
C P4
Puc. 3.
Pewenue
LAQE
Paccmotpum  yron . Ilpsamas AO nepneHauKyaspHa IUIOCKOCTH O, a 3HAYuT,
npsimast AO neprneHuKyispHa 000 MNpsMOH, Jexkaled B IUIOCKOCTH O, B TOM 4HCIE
£LAOQB = 90°
npsimoit BO. 3Hauur, .
LMOC LMOC = 90°
Paccmorpum yron . [Ipsimast AO nepnenaukynsapHa npsmoit OC, 3Ha4uT, .
£DAM £D0A = 90°
Paccmorpum yron . IIpsamas AO nepnenaukymispHa npsamoit OD, 3HaUWT,

Paccmotpum Tpeyronsnuk DAO. B TpeyronbHuke MOXET OBITH TOJIBKO OAMH NPSMOW YTOJI.
3uauut, yroin DAM — He gBiseTcs IpsIMbIM.
2004 £D0A = 30°

Paccmotpum yroun . IIpsimast AO nepnenaukysapHa npsmot OD, 3HauuT,
LBMO

PaccmoTpum yron . DTO yroJ B mpsMOyTrojsHOM Tpeyroisauke BMO, oH He MOXeT ObITH
IPSIMBIM, TaK Kak yrosi MOB — npsamoii.
LAQB = A MOC = £D0A = 90°

Omeem.
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L0 = 90°

[Ipumep 2. B tpeyronsuuke ABC naxo: ,AC= 6 cm, BC = 8 cm, CM — meauaHa (puc.
4). UYepez Bepmuny C mpoBenena mnpsmas CK, TepneHAMKYJIspHas K  IJIOCKOCTH
tpeyronbauka ABC, npuyem CK = 12 cm. Haiiqute KM.

Kl
B
e M
A
Puc. 4.
Pewenue:
AB =vCB + AC? =87+ 62 =10
Haiinem nuny AB nio Teopeme Iudaropa: (cm).
[To cBOIiCTBY NOPSIMOYTOJILHOTO TPEYTrOJbHUKA CepelrHa TUIIOTeHY3bl M paBHOyAajieHa OT
CM=>AB=5

BEpIIMH TpeyroibHuka. To ectb CM = AM = BM, (cm).

Paccmorpum  tpeyronpHuk KCM.  Ilpsmas KC nepnennukynspHa  miockoctd ABC, a

3Hauut, KC nepnenaukyiusapia CM. 3Hauut, TpeyroibHUK KCM — npsamoyronsHbiil. Haiinem
KM =vVKC?+ CM? =+127+ 52 = 13

runoteny3y KM wu3 teopemsl [Tudaropa: (cm).

Omeem: 13 cm.

IIpakTnyeckoe 3ansaTue Ne 62

Tema: [Ipu3Hak neprneHIUKYISIPHOCTH INIOCKOCTEN. YTJIIbI MEKIY NPSAMBIMH U IIJIOCKOCTSIMU.
Hesab: OG00MUTE M CUCTEMAaTU3UPOBATh MaTepHall M0 JaHHOU TeMe

TeopeTtnueckuii 6110k

Yrois Mexay NpsAMOH U IUIOCKOCTBEO — 3TO YIOJI MEXKAY IIPSIMOM U €€ IPOCKLIUEH Ha JaHHYIO
IJIOCKOCT.

B kadecTBe yria Mexay npsMoi U MJIOCKOCTbIO BEIOMPAaEM OCTPBIH yrod.

Ecnu npsmas napaiesnbHa INIOCKOCTH, 3HAYUT, YTOJI MEXAY NMPSIMOM U INIOCKOCTBIO PABEH
HYJIIO.

Ecnu npsmas neprneHuKyspHa INIOCKOCTH, €€ IPOEKIUEN Ha INIOCKOCTh OKaKETCsl TOYKa.
O4eBHUIHO, B 3TOM CIIy4dae Yroj MKy MpsIMOU U INIOCKOCTBIO paBeH 90°.

IIpumepsr:

1.Touku A, M u O nexaT Ha NpAMOM, MEPIEHIUKYIAPHOM K IJIOCKOCTH a, a Touku B, Cu D
JeKaT B IVIOCKOCTH a. Kakue 13 cineayronux yr jioB saBistores npsmseiMu: ZAOB, ZMOC,
<DAM, £DOA, £BMO?

Pemenue: a L o, mo3ToMy a NepneHIMKYIIIpHA JTI000H MpsIMOii, Jexkatuei B 1. o. YToOsl
npsMasi IpyuHaIekana mi. o, 10CTaTOYHO, YTOOBI 2 TOYKU MPSAMON MpUHAIEkKAIH TII. .
OTBeT: npsIMbIE YTIIbI
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2. [Ipsimass OA nepriennukyssipHa K miockoctTd OBC, u Touka O sBIsSeTCS CepeIMHON OTpe3Ka
AD. Jloxaxwute, uto: a) AB = DB; 6) AB=AC, ecitu OB=0C; B) OB = OC, ecniu AB=AC.

Pemenue:

a) Paccmotpum AABD.

[I03TOMY

- 110 JIBYM KaTeTam,

0) Paccmorpum AAOB u AAOC.

- 110 OIPEJIECICHHUIO;

- 110 YCJIOBHIO; - 00IIasl.

Tpeyronpurku AOB 1 AOC paBHbl 110 AByM KateTaM. OTcroja:

B) T.x. AB = AC, to npssmoyrosabHbie TpeyroiabHUKu AOB n AOC paBHbI 10 TUIIOTEHY3€E U
karety (AO -—o0muii KaTeT), MOATOMY

Uro u TpeGoBanoCh 10Ka3aTh.

3.Uepe3 Touky O mepecedeHus AUaroHaiei KBajapaTa co CTOpOHOH a nmposeaeHa npsimas OK,
NeprIeHIUKYIIsIpHas K INIOCKOCTH KBaapata. Halinute paccrosnue ot Touku K 10 Bepuins
kBazapara, ecimu OK =b.

IIpakTnyeckoe 3ansaTue Ne 63

Tema: [leprieHIUKyYIAPBl U HAKIIOHHBIE
Hesab: OG00MHUTE M CUCTEMAaTU3UPOBATh MaTepHUall MO JaHHOU TeMe

Teoperuueckuii 010K

HaknonHoi, npoBeieHHON U3 JAaHHOM TOYKH K JaHHOH INIOCKOCTH, Ha3bIBa€TCs JTH000M
OTPE30K, COCTUHSIOMINI JAaHHYIO TOUKY C TOYKOW INIOCKOCTH, HE SBJISIIOLLIUANCS
NEPIEHIUKYIISIPOM K INIOCKOCTH.

Komnern OTpE3Ka, JICKAIINN B IIJIOCKOCTH, Ha3bIBACTCsI OCHOBAHHUEM HaAKJIOHHOI.

A

AB - HakionHas.
B - ocHOBaHME HAKIIOHHOM.
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[TepnieHIUKYIApOM, IPOBEIEHHBIM U3 TAaHHOW TOYKH K TaHHOW IIJIOCKOCTH, Ha3bIBAETCSl OTPE3OK,
COCIMHAIOIIUN JaHHYIO TOYKY C TOYKOM IIJIOCKOCTH U JIEXKAIIUI Ha IPAMOU, IEPIECHAUKYJIIPHON
IJIOCKOCTH.

Konen 3Toro orpeska, nexaiinii B III0CKOCTH, Ha3bIBAETCS OCHOBAHUEM MEPIIEHAUKYJISAPA.

A

X

AC - neprieHIuKyIsp.

C - ocHoBanue MEPINCHAUKYIIAPA.

PaccrosiHrem OT TOYKM A0 IUIOCKOCTH HA3bIBAETCSA JUIMHA NEPIIEHIUKYJIIAPA, IPOBEACHHOTO U3
3TOI TOYKHU K INIOCKOCTH.

OTpe30K, COeANHSIONKA OCHOBaHUS IEPIEHANKYIISIPA U HAKIIOHHOM, IPOBEICHHBIX U3 OJIHOM U
TOM K€ TOYKH, HA3bIBACTCS TPOCKIIMEN HAKIIOHHOM.

A

X

CB - npoernus HakinoHHOoM AB Ha MI10CKOCTS 0.
Tpeyronsauk ABC npsMoyroibHbIH.

VYriaom Mex1y HAaKIIOHHOW M TNIOCKOCTBHIO Ha3bIBAETCS YTOJI MKy STOM HAKJIOHHOM U €€
MIPOEKIIMEN HA IIOCKOCTb.
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X

¥ CBA - yron mexxay HakiaoHHONH AB 1 MI0CKOCTBIO 0.

A

Ecin AD>AB, o DC>BC

Ecnu u3 1aHHOM TOYKHM K JAHHOM TIOCKOCTH MTPOBECTH HECKOJIBKO HAKJIOHHBIX, TO OOJbIIEH
HAKJIOHHOHN COOTBETCTBYET OOJIbIIasi IPOEKIIS.

<DAB - yron Mexay HaKJIOHHBIMH
<DCB - yron Mexy mpoeKIusmMu
Otpe3ok DB - paccrosinue Mexay OCHOBaHUSIMH HAKJIOHHBIX.

Peuienne ynpaxHeHU:

1) Ipsimast CM nepneHAuKyIsipHa K IJIOCKOCTH MPAMOYrojibHOro TpeyroisHuka ABC ¢
npsimbiM yriioM C. Haiinure paccrostaue ot Touku M o croponst AB, eciiu AC=3cMm, BC=4cwm,
CM=1 cm

2)B paBno6enpennom tpeyroiabauke MHK, MH=NK=5cm, MK=6cm. Touka D Haxoaurcs Ha
paccrostamu V10 ¢ ot miockocT Tpeyronbaika MNK i Ha 01MHAKOBOM PACCTOSHIH OT €ro
cTopoH. Hanaure 310 paccrosiHue.

3) B tpeyronbauke ABC nano: AB=5cm, AC=7cMm, BC=6cwm. [lpsamas AD nepnenaukymispHa K
mmockocth TpeyroibHuka ABC. Haiinure paccrosinue ot Touku D 1o croponsl BC, ecin
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AD=5cwm.

4)Uepes karer AB npsimoyronbHoro paBHooeapeHHoro tpeyroiabauka ABC nposenena
IUIOCKOCTH a (anb(a), 00pasyromias ¢ MIOCKOCThIO TPEYTOIbHUKA yroi B 45 rpaaycos. Haiinurte
paccrositaue ot Touku C 10 miockocTH a (anbda), ecniu AC=2cm

5)Touka M HaxoauTcs Ha pacCTOSTHUU 6 CM OT IJIOCKOCTH PaBHOCTOPOHHETO TPEYTOJIbHUKA
ABC u na 10cm oT BepuiuH 3T0oro Tpeyrojbuuka. Haitaure qimny croponsl TpeyroyibHuka ABC

ILOMaI_HHee 3aJaHucC

Touka A paBHOyJaJlIeHa OT BEpIIMM Iapajuiesiorpamma. Jlokaxxure, 4To 3TOT MapajljiesiorpaMmm
ABJISIETCS IIPSIMOYTOJIBHUKOM.

OcHoBaHMs Tpanenuu paBHsIOTCS 14 cM 1 8 cM cooTBeTCTBEHHO. Yepes 0oJblee OCHOBAaHHE
Tpareiuy NpoBeeHa MIOCKOCTh, KOTOPasi HAXOAUTCS Ha PAaCCTOSHUU 8 CM OT MEHBILIETO
OCHOBaHMS Tpaneunu. Haiiqure paccToOsHUE OT TOYKHU NIEPECECUEHUS THArOHAJICH Tpareuu 10
MPOBEICHHOM MJIOCKOCTH.

C TOuYKH A Ha IJIOCKOCTh O MPOBEICHBI JIB€ HAKJIOHHBIC TTMHON 15 cm u 20 cm. [{nuHa
MIPOEKIIMU OJTHOM M3 3TUX HAKJIOHHBIX paBHa 16 cm. Haitnute cunyc yria, o00pa3oBaHHOTO
JIPYrOoil HAKJIOHHOM U TIJIOCKOCTBIO 0.

Touka K HaXOAUTCSA Ha OJUHAKOBBIX paccTOsIHUAX KA u KB 0T CTOpOH IpsIMOTo yriia C
BepiinHOM C. O — mpoekuus Toukd K Ha IJI0CKOCTh 3Toro yria. Jlokaxure, uto OACB —
KBaJpar.

IIpakTyeckoe 3ansaTue Ne 64
Tema: KonrponsHast pabota o teme: «lIpsiMble 1 TIIOCKOCTH B ITPOCTPAHCTBEY

Heasn: IIpoBeputs ypoBeHb YCBOCHHS 3HAHUM 11O TeMe: «IIpsiMble U TIIIOCKOCTH B
IIPOCTPAHCTBE

1 BapuanT

1. Cropona npaBuibHOro TpeyroabHuka ABC paBHa 23 em. K ero miockoctn IIPOBENICH
nepnesaukyisap AK, pasusiit 4cM. Haiinure paccrostaue ot Touku K no ctoponst BC.

2. UYepes cropony AB npsmoyronsanka ABCD npoBenena miockocts o. Cropona CD
yzajaeHa oT 3Toi miockoctu Ha 3 cM, CB=6¢cMm, CD=8cm. Haiigute:1)yron mexny
npsimoit DA ¥ miiockocThio 0 ,2)CHHYC yriia Mexay npsaMoil BD 1 mi1ocKoCTbIo .

|

Karer AC npsmoyronsaoro AABC ¢ npsiMbiM yriiom C JIEXKHUT B IIIOCKOCTH ., @ YTOJI
Mexay miockoctaMu oo 1 AABC paBen 60° . Haiizmre paccTostHue OT TO4KU B 110
mIockoctH o, ecau AC=5cm, AB=13cmMm.

4. . IlnockocTH MpsIMOYyroibHbIX TpeyroiabHUkoB ABC n ABK nepnieHanKynspHsl.
AB=8cM, AK=10cM, - ABK=2 ABC=90" , - BAC=45" . Borunciure paccTosiHUE MEKIY
toukamu K u C.

2 BapHaHT
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Otpes3ok AM, paBHbIil 12 cM, IepIeHANKYISPEH TIOCKOCTH TpeyrojibHuKa ABC.
Haiinute paccrosnue ot Touku M no npamoit BC, eciiu AB=AC=20cm, BC=24cMm.
Croponsl npsimoyrosibHuka ABCD paBsbl 6¢M 1 63 cm. K mrockoctn IIPSAIMOYTOJIBHUKA

™

yepe3 TOUKY IIEPECEUEHMs €ro quaroHanel nposeaeH nepneHaukyssp OK, paBHbiil 6¢Mm.
Haiinute yron Mexay miockocTsio npssmoyroiasHuka u npsimeiMu KA, KB, KC u KD.

|wo

Uepes Bepmnny D kBaapara ABCD npoBezeH k ero miockoctu nepneHaukysisip DK,
paBHbIil 10 cM. Yron mexay miockoctsimu ABC u KBC pasen 459 . Haiigure miomans
kBagpata ABCD.

|+~

[Tnockoctu paBHOCcTOpoHHETO AABC 1M mipsimoyrosibHOTr0 paBHoOeapenHoro AADC
neprneHuKyIsapHsl. AB=a, 2 ADC=90". Borumcinre paccTosiHue Mexay BepinHaMy B
u D aHHBIX TPEYroJIbHUKOB.

IpakTnyeckoe 3ansiTue Ne 65

Tema: [Lnomaas 00KOBOM U MOJIHON TOBEPXHOCTH IIPU3MBI, MMapajuielienurenia, Kyoa
Heab: HayuuTp BEIUUCIATH OOKOBYIO U MOJIHYIO ITOBEPXHOCTH MPU3MBI, Mapaljiesienumneaa, Kyoa

Teoperuueckuii 010K

IIpuzma

ITnowaowv nosepxnocmu: S=2Syc;+Spox, TNE Sgox — IUIOMIAb OOKOBOW TTOBEPXHOCTH, paBHAs
CyMMe IUIOLIAJIEN BCEX TPAHEM.

[Ipsimas npusma — npusma, 60KoBOE pedpo KOTOPOH NEPIEHIUKYIIPHO OCHOBAHHUIO.

Obwvem: V=S,0.1 .

I1Inowaow 6oxosou nosepxnocmu: Sgo=P-1, TIE P — IEpumeTp ocHOBaHUA.

[IpaBunbHas npusma — npsiMas Ipu3mMa, OCHOBaHUE KOTOPOU — IIPABUIIbHBIA MHOTOYTOJIbHUK.
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[Mapannenenunen — npu3Ma, OCHOBaHUE KOTOPOU — mapasiienorpamm. Bee rpanu
napasuiesienune1a BasSoTCs napauieIorpaMMaMU.
[IpssMOyTOIBHBIN NapajuIeNenuIe] — Npu3Ma, BCe IpaHu KOTO};OP”I — PAMOYTOJIBHUKH.
Csoiicmea ouazonaneii: AC;=BD;=CA;=DB;=d; d2=a’+b*+c’.

IInowaos nogepxnocmu: S=2-(ab+ac+bc).
Ky6 — npusma, Bce rpanu KoTopoi — kBajsipaThl (a=b=c). Ky0 siBisieTcs mapajuieenuneioMm u
o0JasaeT BCEMU €ro CBOWCTBaMHU.

d= v'gﬂ; S=6a’.

Ipumep 1. Yemy paBHa noIHask MOBEPXHOCTD MPSAMOU TPEYroJbHON MPU3MBI, €CJIA €€ BhICOTA
paBHa 50, a croponsl ocHoBanus 13, 37 u 40?
Pewenue:
[Tepumerp ocHoBanus npusmsl paseH P=13+17+40=90. [1nomanbs 60K0BOI MOBEPXHOCTH
Seox= 90-50=4500.
[Tnomans ocHoBanus HaiineM no ¢opmyse I'epona. Ero momynepumerp p=45
u Se =45(45-13)(45-37)(45-40) =+/45-32-8-5 =240

Ocranoch BBIYUCIUTH MOJIHYIO TOBEPXHOCTD Mpu3Mbl: S=2-240+4500=4980.
Omeem: 4980.

IIpumep 2. B ocnoBanuu npsimoit mpuzMel ABCDA1B1C1D1 nexut kBagpar co CTopoHo# 2.

BbokoBoe pedpo npusMbl paBHO 2 . Haiinure rpanycHyo Mepy yria Mexay MI0CKOCTbIO
TpeyronpHuka AB1C 1 IIIOCKOCTBIO OCHOBAHUS TIPU3MBI.
Pewenue:

[Tnockocts AB;C mepecekaer riockocth ocHoBauwusI 1po npsmoit AC. [Toctpoum
JIMHENHBIN yroJl, COOTBETCTBYIOIIMM Yty Mexay 3TuMu miaockocTtsamu. T.x. ABCD — kBazpar,
TO €ro JMATOHAIIN TIepeceKatoTcs oy IpsmbiM yriaom, T.e. BO L AC  Janee, T.k. npusma
npaBwibHas, T0 BiA=B;C. Tpeyronsauk AB;C — paBHOOenpennsrii. Ero meanana B1O

ABJIACTCA TAKKE €TI0 BbICOTOﬁ, T.C. Blo Ld4C . CJ'IG,Z[OBaTeJ'ILHO, JIMHEHHBIN iﬂlﬂﬂ PpaBCH yriry
MCKAY MIIOCKOCTSMMU.

Paccmotpum tpeyronbauk B1OB. ITockonbky npusma — npsiMasi, To yroii B B TpeyroiabHuke

po=lpp=-t23-.2
— IIPSIMOM. BlB:"\E 10 YCJIOBUIO 3aJ1a4HU. 2 2 . T.x. KaTeTsl B
npsMOYTosbHOM TpeyrosibHuke B1OB paBHbl, TO £B,0B =50

Omeem: 45",
Pemenue ynpaxxuenuit
1.B npsiMoyronpHOM mapaiienenurese CTOpOHbl OCHOBaHUS paBHbI 12 ¢cM u 5 cm. Jnaronanb
napajuienienumnena oopasyer ¢ IIOCKOCThIO ocHOBaHMs yroi B 45°. Halimute GokoBoe pedpo

napajjieiacnuicaa.

2.0cHOBaHWEM TPSIMOTO Tapajuienenurnena spisercs pom6 ¢ auaronansmMu 10 cm u 24 cwm, a
BbICOTa Mapaenenumnena papua 10 cm. Haiigute Gonbliryro TuaroHanb napajjeienumnesa.

3.CTopoHa OCHOBaHUS MPABUIHLHON TPEYroJbHOM MPU3MBI paBHA 8 cM, O0KOBOE pedpo paBHO 6

cM. Haiinure mnmomanb ceyeHus, NPOXOJSIIEr0 Yepe3 CTOPOHY BEPXHErO0 OCHOBAaHUS U
IIPOTUBOJIEXKAIIYIO BEPIINHY HUKHETO OCHOBAHUS.
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4.B mpaBWIBHOW n-yroilbHOW MpH3ME CTOpPOHAa OCHOBAaHWS paBHA a W BhICOTa paBHa h.
Breraucnure miomaau 60KOBOH M MOJIHON MOBEPXHOCTH MPU3MBI, eciu: a) n = 3,a= 10 cm, h =
I5cm;0)n=4,a=12am,h=8 im;B)n=6,a=23cm,h=51m;r)n=5,a=0,4Mm, h=10 cm.

[omarnee 3ananue:

1.OcHoBanue MpsMOW MPU3MbI — TPEYTOJbHUK CO CTOpoHamMu 5 ¢cM U 3 ¢M u yrioMm B 120°
Mexay HuMU. Hanbosnpiias u3 miomniaaei O0OKOBBIX rpaHed paBHa 35 cm2. Haligure miomasns
OOKOBOI1 IOBEPXHOCTH IIPU3MBI.

2.CTOpOHBI OCHOBaHHUS MPSMOTO TapaJiIesienuneaa paBHbl 8§ cM 1 15 cMm u oOpazyrot yroa B 60°.
Menbiiass U3 IUI0IIAJEH JuaroHalbHbIX cedeHuit paBHa 130 cm2. Haligute momans
MOBEPXHOCTHU Napasuieenunea.

IIpakTunyeckoe 3ansitue Ne 66
Tema: [Inomane 60KOBOM U MOJTHON MOBEPXHOCTH MUPAMUJIbI

Heab: Hayunth pemats 3amauvi Ha BBIYHCICHUE TUIOMIATU OOKOBOH M IOJHOW MOBEPXHOCTH
UpaMUIbl

Teoperuueckuii 010K

1. Ckonpko rpaHeil, OOKOBBIX pebep y M- yroJbHOM mHpaMuibl?

2. Kakoe HaumMmeHbLIEE YUCIO TpaHE MOXKET HMETh Iupamuja’?

3. Beicota nupamuabl paBHa 3 cM. Uemy paBHO pacCTOSHUE OT

BEpPIIMHBI TUPaMUIbl IO TUIOCKOCTH OCHOBAaHHS ?

4. bokoBbie pebpa TpeyronpHOW mupamuisl 7cMm, 12cm, Scm. OnHO U3 HHUX
MEePHNEHIUKYISIPHO K IUIOCKOCTH OCHOBaHUs. Yemy paBHa BBICOTA NUPAMHUIBL.

Pemienue 3anmau.

1. lana mpaBuJibHAs YETBIPEXYTOJIbHAs NHpaMuJa CO CTOPOHOM OCHOBAaHUSA 2 CM H
BbICOTOM OOKOBOH rpanu 6 cm. Haiigute miomanp

OOKOBOM TMOBEPXHOCTH MHUPAMUJIBI.

2. BeicoTa TmpaBWIBHOW YETHIPEXYrOJNbHON MUPaMHIBI 7CM, CTOPOHA OCHOBAHHS 8CM.
Omnpenenure O60KOBOE pedpoO.

3. dano: SO = 4 - Beicora mupamusl. ABCD - mpsimoyronsank, AD = BC = 6; AB=DC = 8
Haiitu: Snons., Sook., V.
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swx=—; DC-SM, su=,}sd +OM;

Pentenue:

AC=BD=+J64+36 =10, AO=0D=5; OM=
-%AD=-§=3. SM=16+9 =5. swx=—;- 285

+8=20; Spuss=20; OK=—-DC
2 (cpenuss munus AADC). OK =

_1 :
4. SK=J!6+|6=4«/§; SMDS—EG 4‘/5'12\/5' SMCS—IZJ':’-.

S =2+124/2 +2:20 =24v2 + 40 = 8 (32 +5); Sorse = 6 - 8=48; Syom. = Stoe +
¥ Soon = 2442 +40+48 =242 + 88 =8(11 +34/2).

. 1

1
=3 Son k=2 -48-4=64 (Orper: B(3V2 + 5801 +32 ). 64,

IIpakTnyeckoe 3ansitue Ne 67

Tema: [Tnomane 60KOBOM U MOTHON MOBEPXHOCTH LIUIMHAPA
Heab: HayuuTs pemaTs 3a1a4u Ha HAXOKIEHHE IJIOMaA1 OOKOBON U MOJTHON MOBEPXHOCTH

ITHH]PA
Teopernueckuii 6110k
Hunaunap npeacrarisieT OO0 reOMEeTpUIECcKOe TeJ0, OTPAaHHYEHHOE JIBYMsI MTapajlIeIbHBIMA
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IIJIIOCKOCTAMMU U I.[HJIPIH[[pPI‘-ICCKOfI MMOBCPXHOCTHIO.

h

Hunuuap cocTouT M3 GOKOBOM MOBEPXHOCTH U JIByX OCHOBaHUM. Dopmyria mionaam
MOBEPXHOCTH IIMIIMH/PA BKIIIOUAET B ce0sl OTJENbHBINA pacyeT MI0Maal OCHOBAaHUI U OOKOBOI
MOBEpPXHOCTU. Tak Kak OCHOBaHUS B IUJIMHAPE PaBHBI, TO TOJIHAS €T0 IUIONIA b OyIeT
paccuuThIBaThCA MO PopMmyIe:

S =25 +8

P 08N bok

dopmyna MIomaa OCHOBAHU HWIMHAPA. Tak Kak OCHOBAaHUEM LIUJIMHAPA ABIISIETCS KPYT,
¥

2
S =my

ST
TO: =T

M5 OMHHUM, 4TO B 3TUX pacdyeTax UCIoiab3yeTcs noctosHHoe uncio [1 = 3,1415926, kotopoe
paccyuTaHO Kak COOTHOIIEHUE JUIMHBI OKPY>KHOCTH K €€ JUaMeTpy. ITO YHUCIIO SBISETCS
MaTeMaTH4eCKOM KOHCTAaHTOM.

[Tnomaabs 60KOBOM MOBEPXHOCTHU ILIMIUHIPpA

®opmyna miomaa 00KOBOM MOBEPXHOCTH HMWJIMHPA MIPEICTABISET COO0M POU3BEIEHUE
JAJIMHBI OCHOBAaHUWA Ha €0 BBICOTY:

S =2wrh
bok A Teneps pacCMOTPHM 3a/1ady, B KOTOPOI HaM IIOTpeOyeTCs pacCUUTaTh
TOJIHYIO MIOMANb WUIHHApa. B 3amannoii gurype Boicota h =4 cm, r = 2 cm. Haitnem nonayro
IUIOMIAIb MJINHAPA.
S =314x2°=12.56cm”
Jlns Hayasaa pacCuMTaeM IUIOmaab ocHoBanmis: V"
Tenepb paccMOTpPHUM MTPUMEP pacyeTa IUIoIMmaan OOKOBOM MOBEPXHOCTH IHIMHIpA. B
Pa3BEPHYTOM BHJIE OHA IPEICTABISET IPIMOYTOIbHUK. Ero MmiIomans paccCYuTHIBAETCS IO
npuBeaeHHOI BhiIe popmyie. [logcTaBuM B Hee Bee
S, —2x3,14x2x4=5024cm”

JTAHHBIE: bok
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[ToHas mutomnaap Kpyra npecTaBiseT co00r CyMMy IBOWHOM TIJIONIAM OCHOBAHUS U

S =2x12,56 450,24 =25,12+50,24 =75.36 cm -

ookoBoit; ¥

Takum o0pa3om, UCHONB3Ys HOPMYIIBI ILTOMIAAN OCHOBAHHUM U OOKOBOI MOBEPXHOCTH (PUTYPBI,
MBI CMOTJIM HAUTH TOJHYIO TJIOMIAh TOBEPXHOCTH IIWIMHAPA.

OceBoe ceueHre HUINHPA MPEACTABISET COOON MPSIMOYTOJNIBHHUK, B KOTOPOM CTOPOHBI PaBHBI
BBICOTE U IUAMETPy LIHJIUH]IPA.

dopmyna MIoIaa OCEBOT0 CEUSHUS IIMIIMHIPA BEIBOAUTCS U3 (DOPMYIIBI pacyera II01aiu
OPSIMOYT'OJILHUKA.

S=2hd

PaccMOTpUM IIPUMEp pacyeTa IIIOMaIi OCEBOTO CEUEHHUs IIMMHAPA. JIJIs 5TOro BO3bMeM
P PUMED p p
YCIIOBUS U3 3a/1a4H, yKa3aHHOM BhIlIe. UTOOBI HANTH BENMMYKMHY HaM MOTPeOYETCs TuaMeTp. Mbl
— i Bl
3HaeM, YTO OH PaBEH JBOHHOMY PajIHyCy: d=21
d=2x2=4(cm )
_ 2
S=2x4x4=32¢em

IToymcTaBuM maHHbBIC:

. Kakas ¢urypa HazpIBaeTCs HUIUHAPOM?

. [Touemy HMAMHIP HA3BIBAIOT TEJIOM BpalieHus?

. HazoBuTe BuabI HWINHIPOB?

. HazoBuTte 3neMeHThI HUIHHIpA.

. Urto mpeacTaBisieT co0oi pa3BepTKa UIUHApPA?

. Kak HaiiTu rmomaab 60KoBOI MOBEPXHOCTH LIMIUHIPA?

. Kaxk HaitTu momaab NOoJHOW MOBEPXHOCTH LIWJIUHAPA?

. Ha3zoBute ocHOBHbIE BU/IbI ceueHM munHapa. Kakas ¢purypa noiaydaercss B KaXJI0M
ciayyae?

. [TpuBennTe NpUMeEpHl UCIIOJIB30BAHUS IUIMHIPOB.

Pemenue 3amau:
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3anaua 1. CKOIBbKO KBaJpaTHBIX METPOB JIMCTOBOM JKECTH MOMIET Ha U3rOTOBJICHHUE TPYOBI
ITMHOM 4 M 1 trameTpoM 20 cM, eciTi Ha BB He00X0auMo 100aBUTh 2,5% TIomaay ee
OOKOBOI TOBEPXHOCTH?

Hano: L=4; d=20cm=0,2m. Haiitu: S.

. . Sa =2mh
Pemenue: Bocnonb3yemcst popMyInoil miomia iy moiaHol MOBEpXHOCTH LIMINHPA: .
Panuyc paBen nonosune auamerpa — 0,1M, a BbICOTa UIMHIpPA paBHA JJIMHE HY>KHON TPyObI —

4mMm.
Tax Ha MBHI HYXKHO 100aBUTH 2,5% TUI0MaIu ee OOKOBOW MOBEPXHOCTH, HY)KHO HANTH:

(S+2,5%S). IlogcraBum BMecTo S popmMyiy Mmomaan O0OKOBOW MOBEPXHOCTH, U BHIYUCIUM:
.

$+2,5% S=S+_=§ =
100

—S 1+

25 0

IDDD )=
=2ml-1025=
=2-314-0.1-4-1.025=
=2.5748~ 2.6(n" )
OtBer: 26M

3agaua 2. HaiiTi mosHyr0 MOBEPXHOCTD MIIIMHPA, Y KOTOPOTo auamerp ocHoBanus 20,6 cMm
u BeIcoTa 30,5 cMm.

3anava 3. OceBbIM CEUEHHUEM IWIMHIIPA SBIISETCS KBaJpaT, CTOPOHA KOTOPOTO paBHA / MM.
Beruucnute miomnaas 60KOBOW MOBEPXHOCTU UTUHIPA.

3anaua 4. OceBoe ceueHne HUIMHAPA — KBaJApaT co CTOpOHOM 6 cM. Haiitu BbIcOTY U paaunyc
OCHOBaHUS IIUJIMH/IPA.

3amaua 5. Pannyc ocHOBaHUS MUIMHAPA paBeH 2M, BeicoTa 3M. Haiftu nuaronaib oceBoro
CCYEHUH.

3amaua 6. JlnuHa OKPYXKHOCTM OCHOBaHMS HMIMHIpa paBHa 1. Ilnomans OGokoBoit
MOBEpXHOCTU paBHa 2. HaliquTe BBICOTY HMIMHIpPA.

I[OMaI_HHee 3aaHuC:

1. [ImaroHanb OCEBOTO CeueHHUs LWIMHIpa paBHA 48. YToa MEXIy 3TOH AMAaroHanIbio U
oOpasytole paBeH 30°. Haiigute paanyc HUIUHIpa.2

2. JlnvHa OKPYXKHOCTH OCHOBaHHS HUIUHApa paBHa 1. [lnomans 60KOBOI MOBEPXHOCTH
paBHa 2. HaliguTe BBICOTY IMIMH/IpPA.

3. JluaroHanb OCEBOTO CEUYEHHS IWIMHIpA HAKIOHEHa K IUJIOCKOCTH OCHOBAaHHUS IO
yriom 60° u paBHa 20 cm. Haitnure momianb O0KOBOM MOBEPXHOCTH IMJIMH]IPA

Taﬁ.]'ll/lllbl AJISA BbIMHCJICHUSA NJIUMHbI OKPYKHOCTH 11O fHAMETPY.

[Tpu pereHny pa3aIMYHBIX TPOU3BOACTBEHHBIX 33/a4 YACTO MPUXOAUTCS BBIYUCIATH JUIUMHY
okpyxHocTu. [IpeacraBum cebe paboyero, KOTOPbIN U3rOTOBIISIET KPYTJIbIE AE€TAIH 110
yKa3aHHBIM eMy quamerpaM. OH JJOJKeH BCSIKUH pa3, 3Hast JUaMeTp, BBIYUCIUTH JAJIHHY
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OKPY>KHOCTH. UTOOBI COKOHOMUTH BPEMS U 3aCTPaxoBaTh ceOs OT OMMUOOK, OH 0Oparaercs K
TOTOBBIM Ta0JIMIIaM, B KOTOPBIX YKa3aHbI JUAMETPHI U COOTBETCTBYIOIIUE MM JITTHHBI
OKPYHOCTEH.

HpI/IBeI[éM HC6OJ’IBI_HYIO 9aCTb TaKuX Ta6J'H/IH H PpacCCKaXeM, KaK UMH I10JIb30BaTbCA.

H.Hua Hanua dauna |
b OKPYHHOCTH b O PYHHOCTH D OKPYAHOCTH
I 3142 | 6 | 18850 1| 34558 |
9 6,283 7 21,991 12| 37,699 |
3 9,425 8 25,133 13| 40,841 |
|4 12,566 9 28,274 14 | 43982 |
| 5 15,708 10 31,416 15| 47,124
1 |

- = — s B LT ES——

ITycTh U3BECTHO, YTO TMAMETP OKPYKHOCTH paBeH 5 M. Miem B Tabiuile B BEpTUKATbHOM
cTonbue noxa 6yksoii D uucino 5. Oto munHa auamerpa. Psyiom ¢ aTum uncioMm (Bopaso, B
ctonlue noja HazBaHueM «JlJinHa OKpyKHOCTH») yBUAUM uncio 15,708 (m). CoBeplieHHO Tak
ke Hanaem, uro eciiu D = 10 cm, To mynHa okpyxHOCcTH paBHa 31,416 cm.

[To sTuM ke TabmuiiaM MOXKHO MTPOU3BOJIUTEH U 0OpaTHbIE BhunciaeHus. Eciu u3BecTHa juinHa
OKPY>KHOCTH, TO MOKHO HaTH B TaOJHUIIE COOTBETCTBYIOIMMIM e muametp. [lycts ninmHa
OKPYXKHOCTH paBHa nmpuban3utenbHo 34,56 cm. Haiiném B Tabnuie uncno, Haubosee 6im3Koe
K nanHomy. TakoBbiM Oyzet 34,558 (pasuuia 0,002). CoOTBETCTBYIONINNA TaKOW JITTMHE
OKPYXKHOCTH JMaMETp paBeH NpuOIm3uTensHo 11 cm.

Talnuibl, 0 KOTOPBIX 3[I€Ch CKAa3aHO, UMEIOTCS B PA3JIMYHBIX CIIpaBOYHMKaxX. B yacTHoCcTH, HX
MO’KHO HalTH B KHWXKKE «HeTbIpéx3HauHble MaTeMaTuyeckue Tadauns» B. M. bpanuca. u B
3agaunuke no apupmeruke C. A. ITonomapésa u H. U. CeipHea.

IIpakTnyeckoe 3ansitue Ne 68

Tema: [1nommaas OOKOBOM M MOJTHON MOBEPXHOCTH KOHYCA, YCEYEHHOTO KOHYca, I1apa u cdepsl
Hesab: HayunTs pemaTh 3a1auy Ha HaX0XI€HHE IUIO0IAA1 OOKOBOM U MOJIHOM MOBEPXHOCTH

KOHYCa, yCEYeHHOT0 KOHyca
TeopeTtnueckuii 6110k

3a ruiomaab 60KOBOM MOBEPXHOCTH KOHYCA IPUHUMAETCS TUIONIA/Ab Pa3BEPTKU €ro OOKOBOM
MTOBEPXHOCTH.
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[TosTOoMy 110111 OOKOBO MOBEPXHOCTH MPSIMOTO KPYrOBOT'O KOHYCA PaBHA TUIOIIAIH
COOTBETCTBYIOILIETO KPYTrOBOT'O CEKTOPa (pUC. ) U BBIUUCISAETCS 110 hopMyIie

S 0K — TERL,

rae R — paaunyc ocHoBanus, a L — nimHa o6pasyromieit konyca. Eciu k miomaan 60KoBoi
MOBEPXHOCTH KOHYCa MPUOAaBUTH IUIONIA/b €T0 OCHOBAHUS, TO MOJIYYUM IUIONIAAb TOTHOMN
MIOBEPXHOCTU KOHYCa

Spoms. =7RL + nR?=7R (L + R).

Amnajoru4Ho 3a miomaab OoKOBOI MMOBCPXHOCTHU YCCUCHHOI'O KOHYCAa MPUHUMACTCA ITIJIOIIAab
COOTBGTCTBYIOIHeﬁ Pa3BCPTKHU.

[ToaToMy B citydae mpsiIMOTro KpyroBoro KoHyca (puc. ) Iiomia s 60KoBOi
MOBEPXHOCTH YCEUEHHOTO KOHYCa BBIYHCIIAETCA 110 GopMyIie

S6.y.1<.:7[(r1+ r)L

rje 11 I — paanmychl OCHOBaHUM, a L — nimHa oOpa3yrolieil ycedeHHOro KOHyca.
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Pemenue 3amau:

1. Panuyc xonyca paBeH 6, a oopa3zyromas — 10. Haiitu miomaas 60KoBOM MOBEPXHOCTH,
IUIONIA/Ib OCHOBAHUS U TUIOIIA/b TIOJTHOW MOBEPXHOCTH KOHYCA.

2. BricoTa xoHyca paBHa 4, a oOpasyromas — 5. Haiitu mmomniaab 60K0BO# TOBEPXHOCTH,
IUIONIA/Ib OCHOBAHUS U IUIOIIA b MOJHON MOBEPXHOCTH KOHYCA.

3.CkonbKo oTpedyeTcst KPacKH, IS TOTO YTOOBI TOKPACUTH MOKapHOe BeApo, eciu Ha 100cm?
HeoOxoaumo 3aTpatuth 10r?

4.CKonbKO KBaJIPAaTHBIX METPOB Ope3eHTa NOTpeOyeTCst U COOPY>KEHUS MaJaTKH KOHUYECKOH
(dbopMBI BBICOTO 4 METpa U TMaMETPOM OCHOBaHUS 6 METPOB?

5. OO6pa3yromias KOHyca HaKJIOHEHA K TUIOCKOCTU OCHOBaHUs 1o yriiom 30°, a BeICOTa KOHYca
paBHa 12cm. Haitaute miomaabs 60KOBOM MOBEPXHOCTH KOHYCA U ILIOIIA b TOJTHON
MTOBEPXHOCTH.

6. [Inomans ocHOBaHUs KOHYca paBHa 167, a 1yIo1a b oceBoro ceueHus pasHa 32. Haiaure
BBICOTY KOHYCa U IIoLIa/1b OOKOBOW TOBEPXHOCTH.

7. HaiimuTe tutomaas O0KOBOW MOBEPXHOCTH PAaBHOCTOPOHHETO KOHYCa (OCEBOE CEUCHHE —

PaBHOCTOPOHHUI TPEYroJIbHUK), €CIIU PaUyC OCHOBAHHUS PaBEH SCM.

8. OceBoe ceueHre KOHyca paBHOOEAPEHHBINM TPEYTOIbHUK IUIOMIAIb KOTOpOro paBHa 60cm?,
BbICOTA KOHYca 12cm. Haiinure miomap moiaHoNW MOBEPXHOCTH KOHYCA.

]_IOMaI_HHee 3aaHuC:

1. Haitnure muiomiaas 60KOBOI MOBEPXHOCTH KOHYCA, €CIIM 00pa3yroliasi paBHa ScM, a pagnyc
OCHOBaHHUA 3CM.

2. OOpa3ytolasi KOHyca paBHa 7cM, a paanyc ocHoBaHUs 3cM. HaitauTe miomiaab moaHoM
MOBEPXHOCTH KOHYCA.

3. BricoTa xoHyca paBHa 12cwm, oOpa3zyromas 13cm. Haiinurte mmommaas moJiHONH MOBEPXHOCTH
KOHYCa

4.Ilnomanas ocHOBaHMS KOHYca paBHa 25,7 cM?, a oOpa3yroias paBHa 6¢cM. Haiinure mnomane
OOKOBOI TOBEPXHOCTH KOHYCA.

5. Haiigure muiomaab MOJTHON MOBEPXHOCTH KOHYCA, €CiIM 00pa3yromiast HakKJIOHEHa K MJI0CKOCTH
OCHOBaHus nox yrioM 60°, a BeIcoTa paBHa 6CM.
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IIpakTnyeckoe 3ansitue Ne 69

Tema: O6beM npuU3MBI, TapajuieNenuIena
Heab: HayunTs pemiats 3a/1auu Ha BBIYUCICHHE 00beMa PU3MBI, apajuielieune/a
Teoperuueckuii 010K

IIpsiMoyroJibHBINA mapajjieienuneq - 370 o0beMHass (urypa, y KOTOpOHl HIecTh rpaHel, u
KaKIasi U3 HUX SBJISETCS MPSAMOYTOJIbHUKOM.

[IpsiMoyroJibHBI mapaJulesienune] - Tapajuielenunesl, BCE TpPaHH KOTOPOTro SBISIOTCS
MPSIMOYTOJIbHUKAMH.

O0bemM NpSIMOYIroJIbHOTO NapaJulesenuiea paBeH MPOU3BEACHUIO €ro JUIMHBI, MIUPHUHBI U
BBICOTBI.

®opmyJia 1151 BHIYHCIEHHSI 00beMa MPSIMOYT0JbHOT0 NapaJjijieenunena

V=a-b-h

rae
rae V - 00beM MpsIMOYTOJILHOTO Tapajuiesieuie/a, a - JyuHa, b — mupuHa, h- BeicoTa.
O0BEM PU3MBI paBeH MPOU3BEACHUIO €€ BHICOTHI Ha IJIOIIA b OCHOBAHUSI:

V=S-h

Pemenmue 3anau:
1.CymectByet a1 npusma, umeromas 50 pédep? 54 pedpa?

Pemenne: Yucno pedep n — yroiapHOU MpU3MBbl 3n, O3TOMY IpU3Mbl, uMetoniei 50 pedep, He
CylecTByeT, a 54 pebpa umeer 18-yroapHas nmpusma.

2. CTOpOHBI OCHOBaHUS MPSIMOYTOJIBLHOTO Mapasuieienunena paBHsl 5 cM U 12 cM , TuaroHanib
napajuiefienurnea COoCTaBIsieT C IUIOCKOCThIO ocHoBanust yron 60°. Haiimute 00BEM
napasuiesenumnena.

3. OcHoBaHUEM TPSIMON MPU3MbI CIIYKUT TPeyrojibHUK co ctopoHamu 10, 10, 12. Inaronans
MeHbIIIeH OOKOBOM IpaHM COCTaBISIET C IUIOCKOCTbIO ocHoBaHMs yros 60°. Haiinure o0BbEM
MIPU3MBIL.

4. O6peM MpsMOYTOJIBHOTO Napajienenunesa papet 2. Yemy Oyzaer paBeH 00beM
napaenenunena, eciim Kaxj10e ero peopo yBeauuuTh B 3 pasa.

Pemenue. [1ycth peOpa nanHOro mapansenenumea paBusl a, b u c. Torga umeem: V=abc=2.
[Tocne yBenmuueHus kaxoro pedpa B 3 paza ero o0sEM OyieT paBeH

V=3a*3b*3c =27 abc=27*2=54.
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OrtBeT: 54.

5. AkBapuyMm uMmeeT GopMy NpsIMOYTOJIBHOTO Tapauienenuneaa Beicotoit 30 cm. Eciu B Hero
HanuTh 30 J1. BOABI, TO 10 BEpXHETo Kpas octaHeTcst 5 cM. CKOJIbKO JIUTPOB BOJBI HYKHO, YTOOBI
HAIOJIHUTH IIYCTON aKBapuyM JOBEpXy?

Peuwienue. Ilycts V 1 H cOOTBETCTBEHHO 00bEM M BBICOTA MapaslIeICIUIIe 1A,
V=SH . Ilo ycnouto V=30,H=25, Torma 25*S=30.

[Tocrne 3amonHeHust mycToro akBapuyma gosepxy H=30. 3nagur, 30*S=V.

255 30
Haiinem otHomenue 30S = V' | V=36 5.

Ortsert: 36.

6. Kyouk Becut 10 rp. Ckoabko rpaMMoB OyJIeT BECUTh KyOUK, peOpo KOToporo B 3 pasa
Oobiie, ueM pedpo mepBoro Kyouka, eciiu 00a KyOuka U3roTOBIEHBI U3 OJMHAKOBOTO
MaTepuaa.

Pewenue. Ilycts V- 00bEM nanHoro napasmienenunena. [locie yBennueHus kaxaoro pedpa B 3
pasza, ero o0béM OyneT paBen 27 V.

\'4 10

27v x [ x=270 rp.
Otset: 270.
,Z[OMaHIHee 3a/laHueE:

1. O0BEM psAMOYTOJILHOTO Mapasuienenumena paseH 32. Yemy OyaeT paBeH 00bEM
napaieNienuIe/a, eciiv Kaxk10e ero pedpo yMeHbIIUTh B 2 pasa.

2. B cocyn, umeronuii (popMy IpaBUIIbHOM TPeyTroIbHOM MPU3MBI, HAIUIM BOY. Y POBEHb BOJIBI
nocturaet 36 cm. Ha kakoii BeicoTe OyAeT HaXOIUThCsl YPOBEHb BOJIbI, €CIIU €€ NEPEeUTh B
JIpYro# cocy1 ToH e (pOpMBbl, y KOTOPOTO CTOPOHA OCHOBaHUS B 3 pa3a Oouibliie, 4eM y MepBoro.
OTBeT BhIpa3uTe B CAHTUMETpAX.

3. 3aKpBITHIN COCY/l B BUJIE TIPSIMOYTOJILHOTO Mapasuienenuresna ¢ peopamu 30, 40 u 45 cwm.
CTOHUT Ha FOpHSOHTaHBHOﬁ MMOBEPXHOCTU TAKUM O6p330M, YTO HaMMCHbIIAA I'paHb ABJIACTCA
nHOM. B cocyn Hamunu Bogy a0 ypoBHs 36 cM. Ha kakoM ypoBHE OKa)KeTCsl BOJIa, €CIIU COCY/L
MOCTAaBUTH Ha HaHOONbIIYIO rpaHb? OTBET JaiiTe B CAaHTUMETpax.

IpakTnyeckoe 3ansaTue Ne 70

Tema: O0beM TUPAMUIBI
Hesan: HayuuTh pemaTh 3a1a4un Ha BBIYUCICHUE 00beMa MMUPAMUIbI
Teopetnueckuii 6110k
O06beM mupaMuIbI
OO0beM UpaMuJIbl paBEH OJTHOW TPETH MPOU3BEICHHUS TUIONIAIN OCHOBAHHUS Ha BBICOTY:
rjae S — iomaab OCHOBaHus, H — BbICOTa MUPaMU/IbI.
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®dopmyna o0beMa yCEUCHHON MUPAMUIBI PEJCTABISET COO0M OJIHY TPETh MPOU3BEICHHS
BBICOTHI Ha CyMMY IUIOIIAIeH BEPXHETr0 M HUYKHEr0 OCHOBAHUS C UX CPEIHUM
HMPONOPLUOHATBHBIM:

1
‘.x:gh_.(,5‘1+ 5152+Sz)

Pemenue 3anay (110 roTOBBIM UepTEKaM)

1. Jlano: ABCD - mpasuibhas mupamuaa. AB = 3; AD = 2V3 (puc. 3).
Haiitu: a) Socu.; 6) AO; B) DO; 1) V.

2. Hano: ABCDF - npasunbHas nupamuaa. £FCO =45°; FO = 2 (puc. 4).
Haiitu: a) Socu.; 6) V.

Pemienne:

1) Pacemorpum AFOC: 20 = 90°, £C = 45°, 3mauut, £F = 45°. Cnenmoarensno, AFOC -
paBuobenpennsrii, OC =~ FO = 2.

2) AC = 20C =
4C_ 4

AD’ﬁ ﬁSZJi

4.d=AC=ADV2 (o CBOWCTBY AMaroHamn Kpampara, d2= 2a2).

Torna

=AD*= (242 ) =8.

3) ABCD - kBagpar (mupaMuia mpaBHiIbHAs ). Socr,

L ST S o, L
4) 3 3 3 3

(OtBeT: a) 8; 6) 5-1/3.)
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3. Jlano: ABCDEKEF - mpaBunsHas nupamuga. FO L (ABC), FM L AK, FO = 4, FM = 5 (puc.
5).

Haiitu: a) SocH.; 6) V.

Pemenue:

1) Paccmotpum AFOM: 20 = 90° (tak kak FO L (ABC), 3uauutr, FO L OM) FO = 4, FM =

5. OM= JMF’ - FO’ (mo Teopeme Iludaropa), OM= J25-16 =49 =3. OM =r (r - paguyc
AK = 2r-tgi=2-3:g5=6-£=zﬁ.

OKPY’KHOCTH, BIINCAHHOM B IPaBWJILHBIN HIECTHYTOJIbHHK). 6 6 3

3Y' S = 6Saioie Siok -—;-AK-OM=%-2\/§-3=3J§. Soce. = 6:3v3=181/3.

3 y= %sm-ﬁ; V= 118Y3-422445,

(Otser: a) 18V3, 6) 24+3.)

3amava: Jlana TpeyronbHas yceueHHas nupamua. Ee Beicota h = 10 cM, CTOPOHBI OTHOTO M3 OCHOBAHHIA
paBubl a =27 cM, b =29 cM, ¢ = 52 cm. [lepumeTp Broporo ocHoBauus paBusercs P2=72 cm. Haiigure 06bem
TTHUPaMHUTIBL.

' L--------

s

Jst pacueTa o0beMa HaM MOTPeOyeTCs IIIOMaAb OCHOBaHUMN. 3Has! JJIMHBI CTOPOH OJJHOTO TPEYrOJIbHUKA, MBI
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MO’KeM paccyuTaTh IIIOMAab o ¢popmyse ['epona. s atoro norpebyercst HATH MOTyIEPUMETP:

P = 27T +294-52=108cm

108
P =5 =hdem

&L

Teneps Haigem S2:

ng“l:,b,.-’fp (p-a)(p-b)(p-c)

i ! %
S = n,”.-'f5=1 (54-27 )(54-29 )(54-52 )= V5 x 2T x25 2=/ 72900=270cm"

3Has, 4TO NMUpaMuja yCeueHHas, AeIaeM BbIBOJ, YTO TPEYTOJIbHHUKH, JIeKalllie B OCHOBAHUSAX MOIOOHBI.
KoaddumuenT mogodus 3TuX TPEyroJ-HIKOB MOKHO HAWTH U3 COOTHOLICHUS TepuMeTpoB. OTHOIICHHE
TUIOMIAJIE TPEYroJIbHUKOB OyIeT paBHO KBaJIpaTy 3TOro kKoadQuimeHTa:

a

Spo Py 108t o

5 p? w1
18

. 1

,‘Jn——”

. Ax270 2

S.= C —120em

9 —
Tenepb, KOorJaa Mbl HallJIMA IIJI0IIaan OCHOBaHUM yCG‘IeHHOﬁ nupamMuabl, MOXEM JICTKO paCCYUTATh €€ 00BeM:

If’:% x10% (:m}+ V 270x 120 4120 ) ~2 (270+180+120 =2 x570 =1900¢m >

3 3

Takum 00pa3zoM, BEIYMCIIAB KOAPPHUIIMESHT IMOA00HS U paCCUMTAB TUIONIA b OCHOBAHHMI, MBI HAIIUTA 00BhEM
3aJJaHHOM YCCUCHHOM MUPAMHU/IBI.

Homarnee 3a1anue

1. Jlano: A1A2A3A4 -pomb, SALA2A3A4 -mmpavmna, AlA4 = a 2SBO =
B, OB L A3A4, £A2A10 = a (puc. 6).

Haittu; V-2
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Pemenue:

(.
: - :OB= inq = —asin2ea,
1) PaccmoTtpum BOA3 A, OAy=acosa,  AOAB: OB = acosasina = 5

2) ASOB: SO = -;-asin 2atgP.
3) Seen.™ 4Sun0m, =4.—;-a-08=20-%asin20. = a’sin2d

4) Vg, =§S°c,,, 8O, Voup. = %-az sin 2a --;-asin 2atgf = éas sin? 2atgf

2 a’* sin? 2outgP.
(Otmer:

IIpakTuyeckoe 3ansitue Ne 71

Tema: O6beM HUIMHIPA
Hesan: HayuuTs pemarh 3a1a4un Ha BRIYACICHUE 00beMa IUIHHPA

Teoperuueckuii 010K

L{iMHAP 3TO TEOMETPHYECKOE TEINI0, KOTOPOE CHOPMUPOBAHO BPAIICHUEM MPSIMOYTOIbHUKA Ha
OCH, COBITAIAIOIICH C OHUM K3 er0 CTOPOH. CIIOBO «IIMIIMH/IPY TIPOUCXOAUT OT TPEUECKOTO
cioBa «kylindrosy.

Brruucnenue o0beMa MUIUHIPA MPOU3BOIUTCS IO CIIEAYIOIIeH dhopmyre:

V=nrh
V — oObeM uauHIpa
h — BeICOTA IIMIIMHIpA

I—pagnyCc OCHOBaHUsI
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n—3.14

Kak paccuntars 00beM nuinnHapa? DTUMU 3HAHUSIMU Haubosee akTUBHO MOJIb3YIOTCS B CBOEH
paboTe KOHCTPYKTOPBI Pa3IMYHBIX MAIIUH U MEXaHU3MOB, IOTPEOUTENLCKUX TOBAPOB, a TAKKE
apxuTekTopbl. UHXkeHepaM NpUXoaUTCs IPOU3BOAUTH pacueT o0bema [IUIMH/PA B TEX CIydasX,
KOTJ]a OHHM 3aHUMAIOTCSI TPOEKTUPOBAHUEM 33/1aHUH, CHAOXeHHBIX KooHHamH. [IpaBna, B
IOCJIEIHEE BPEMS 3TU APXUTEKTYPHBIE 3JIEMEHTHI B UX, TaK CKa3aTh, «KJIACCUYECKOM) BapHaAHTE
(To ecTh BMecTe ¢ 0a30 M KalmuTeJIeM) BCTPEYAOTCS JOCTATOYHO PENIKO, HO UX «YTIPOIICHHBIE
Pa3HOBUAHOCTH, COCTOSIINE U3 OJHOTO CTBOJIA (KOTOPBIN, COOCTBEHHO TOBOPS, U MPEACTABIISAET
€000 LIMITMH/IP) UCTIONB3YIOTCA BeCbMa MHPOKO. Hepenko ¢ KoJIoHHAMH PUXOAUTCS UMETh
JIEJI0 pecTaBpaTopaM pa3iNuHbIX COOPYKEHHM, UMEIOIINX OOJBIIYI0 HCTOPUUECKYIO U
KYJIBTYPHYIO IIEHHOCTD, IIPaB/ia, B X paboTe BhIYMCICHUE 00beMa UIMH]IpA — AAJIEKO HEe caMasi
pacnpocTpaHeHHas npoieaypa. Bnpodewm, ecinu pedb UIET O IOJTHOM BOCCTAHOBICHUH
YTPAueHHbIX 110 TEM WM UHBIM IPUYMHAM KOJIOHH, TO €€ TAaK)K€ IPUXOAUTCS IPOU3BOJUTD.

Pacuer oObema 1uIMHIpa OCYIIECTBISETCS TOT/Ia, KOTIa BeAETCs pa3paboTKa pasHOOOpa3HbIX
E€MKOCTEe! COOTBETCTBYIOIIEH (hopMbl. B KauecTBe HArsIHOTO TPUMEPA TAKOBBIX MOXKHO
MIPUBECTHU, CKAKEM, MEUIIMHCKHUE IIMPHUIIBI, a TAKKe KOJIObI TepMOCcOB. CeyeT 3aMeTUTh, 4TO B

IIEpBOM ClIydyac Takoi mapamMeTp, Kak 06I>GM, HMECT OYUCHBb BAXKHOC 3HAYCHHUC, IIOCKOJIBKY OT
HEr'o 3aBUCUT TOYHOC KOJIUYCCTBO MCAUKAMCHTOB, BBOAUMOI'O ITANUCHTY IIPU MHBCKIUAX.

B TexHuKe 1WINH/IPBI paCIPOCTPAHEHbI YPE3BbIYAHHO MIMPOKO: JOCTATOYHO CKa3aTh, YTO UX
dbopMy UMEIOT MPAKTUYECKH BCE BAJIbl U UX OT/ETIbHBIE COCTABHBIE YACTH, UCIOIb3YEMBIE,
CKa)keM, B JIBUTATENSIX BHYTpeHHero cropanus. K Tomy ke, pacuer oObeMa uInHIpa — OJHA U3
BAKHEUILNX 3a7]a4, KOTOPYIO MPUXOAUTCS peliaTh KOHCTPYKTOpaMU IIPU NPOEKTUPOBAHUHI
COBPEMEHHBIX O€H3MHOBBIX U IU3EIHHBIX CHJIOBBIX arperaTtoB, BeJlb OT 3TOTO IapaMerpa
3aBHCUT MHOYECTBO MX XapaKTEPHUCTHUK, U B IEPBYIO OUEPEb TaKasi BAXKHEHIIAsA, KAK MOIIIHOCT.
[Toutu Bce Tunbl /IBC cHaG)ar0TCst MOPITHAMH, KOTOPBIE TAK)KE UMEIOT ITMIIHMHIPUUIECKYIO

opmy.

Upes3BbI4aiiHO pacCIPOCTPAHEHHBIMU AETAISAMH, KOTOPBIE IPUCYTCTBYIOT B KOHCTPYKIIUM MHOTHX
CJIOKHBIX TEXHUYECKHUX YCTPOMCTB, SABIAIOTCS POJIMKOBBIE MOAMMIHUKN. Kak HeTpyaHO
JIOTaaThCs 110 CAaMOMY MX Ha3BaHUIO, OJHUMH U3 OCHOBHBIX UX KOMIIOHEHTOB SIBIISIOTCS
NPOYHBIE U U3HOCOCTOWKHE METANTNYECKHE POJIMKY, UMEIOLIHE MIIMHAPHUECKYIO (hopMYy.
HmenHo Onarojapsi Takoi T€OMETPUH, 3TU JI€TaId UMEIOT JOCTATOYHO OOJBIIYIO0 HECYILYIO
CHOCOOHOCTh U B OOJIBIIMHCTBE CITy4aeB CIIOCOOHBI BBIIEPKUBATh BECbMa 3HAUNUTEIIbHBIE
Harpy3Ky, 4eM UX IapUKOBBIE aHAJIOTH. POIMKOBBIE TOAIIUITHUKY SABIISAIOTCS BBICOKOTOYHBIMU
JeTal MU, ¥ TIOATOMY NPHU UX pa3paboTKe U MPOEKTUPOBAHUH MPABUIBHBIN pacueT o0beMa
LUIMHPa (B JAHHOM CIIy4ae — POJIMKA) UTPAeT HEMAJIOBAXXHYIO POJIb.

Pemenue 3amau:

1.Haiinute 06beM IMAMH/pPA C BHICOTOU, paBHOW 3CM M TUAMETPOM OCHOBAHHUS — OCM.
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2.Ilnomanp 0ceBOro ceueHus HUIMHIpa paBHA 21cem®, mromans ocuoBanmst - 18m cm? Haiiute
00beM UIIUHIpA.

3.CBuHIoBas Tpy6a (1moTHocTh cBuHIA 11,4 F/CM3) C TOJIIIMHON CTEHOK 4 MM MUMEET
BHyTpeHHul nuametp 13 MmM. KakoBa macca TpyOsl, eciu ee ainuHa paBHa 25 M?

p=11,41/cm®

R1=6,5MM + 4mMm = 10,5mMm = 1,05¢M (HapyKHBIN)

R, =6,5MM = 0,65¢cMm

V=Vi—V,=T - (1,05%2500 - T - 0,65%-2500 =1700T = 5338 (cm°)
M=pP -V=11,4-5338 = 61xkr.

4. Kakoe xonmyecTBO HepTH (B TOHHAX) BMELIAET LMIIMHAPUYECKas IUCTEpHA auameTpa 18 M u
. 3
BBICOTOH 7 M, €CIii TNIOTHOCTh HedTH paBHa 0,85 r/cm™?

H="7m; d = 1M; Pyegru = 0,85 r/em®
m =?

V,=TR’H = 1927 =567T (v
m=V-P = 15131

[omarinee 3ananue:

1. I[I/IaI‘OHaJ'IL OCCBOI'0 CCUCHUA NUJIIMHAPA COCTABJISCT € INIOCKOCTBIO OCHOBAHUA NUJIMHApPA

yrox 60°. Haiiziure 06beM IATHH/PA , €CIH TUIOIIAIh OCEBOrO CCYSHHs paBHa 16 \'@ oM,

2. Ha ckna1 B MacTepcKoi MO MOIIMBY O/I€XK/IbI TOCTYIHII PYJIOH JAPArioBOi TKaHU B popme
muHapa. [pu TpancnopTupoBke ObLT yTEpsSH TOBAPHBIH SAPIIBIK C YKa3aHUEM JUIMHBI TKaHU B
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pyione. HeoGxoaumo onpeaenuTs JUIMHY TKaHH B pysoHe. [Ipon3Benu HeoOXxoaumbie
W3MEPEHUSI, ONPENICTNUIIN BBICOTY U AuaMeTp pyJsioHa: 90cm u 30cM, TonmmHa Tkanu 0,2cm.

IIpakTuyeckoe 3ansitue Ne 72

Tema: O6bem konyca. O0beMm mrapa. Pemenue 3amaq
Hesan: HayunTs pemaTh 3a1a4u Ha BRIYACICHUE 00beMa KOHYyca

Teopernueckuii 610k

O06bem KoHyca BeIYHUCISAETCS 10 (hopMmyIe

1 3
g Eﬂ’l("ll

rac R — paanyc OCHOBAHHA KOHYCA, H -- ero BeicoTa

I?

P —

O

Hlap 9TO rCOMECTPHUICCKOC TCJIO, 06p330BaHHOC B PE3YJIbTATC BPpALICHUA ITOJIYKPpYTra Ha OCH
CBOCTO AaMEeTpa.

O6bem mapa MOXHO BBIUUCIHUTH MO Gopmye:

7 R

_4
V=3

R — paagmyc mapa

V — o6bem mapa
n—3.14

153



Pemenue 3amau:

1. ABunanuonHas 6oM0a cpeqHero kaaudpa Jaet npu B3pbIBE BOPOHKY
nuaMeTpoM 6 M 1 rimyouHoi 2 M. Kakoe koiaruecTBo 3eMi (110 Macce) BbIOpachIBaeT 3Ta
3
6om0a, ecu 1 M™ 3emuin umeet maccy 1650 xr?

Pemenne:
Er=lﬂﬂuff=lﬂ'-35¢2= A JL O C
] ]
P = 1650+6+3,14 =
= 31 086 ur = 31 T. B
Omeem: P = 31 . Pur. 3

2. Cwmoiry Jutsi POMBITINICHHBIX HYX COOMPAIOT, TOBEIINBAsI KOHMYECKHUE BOPOHKH K
cocHaM. CKobK0 BOpoHOK auametpom 10cm ¢ oOpasyromeit 13 cm Hy)HO coOpartb,
9TOOBI 3aMOJTHUTH JCCSITHIUTPOBOE BEIPO?

R=AC/2, R=5cm, H=\132-52=12(cm), V=1/3%3,14*5%%12 ~314(cm’) =0,3141m°
n=10/0,314 =31,8. Omeem: 32 8opoHKu.

3. Cror ceHa umeer ¢popMy HIWINHAPA ¢ KOHUYECKUM BepXoM. Paanyc ero ocHoBanus 2,5 M,
BbICOTa 4 M, IPUYEM LMJIUHAPUYECKas YaCTh CTOra UMeeT BrICOTY 2,2 M. [InoTHOCTH ceHa
0,03 r/em’. Omnpenenuts Maccy cTora ceHa.
Pemennue:

R =2,5m

0100 = 4m

010, =2.2m

P =0,03r/cM’

m=p-V; V,= 12,5222 =13,75 M>= 13750000cm°
V=131 -2,5%-1,8=3,75m° = 3750000 T cm®

M = 0,03 - 17500000 = 05257 t = 1,6 T
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4. CTakaH4MK JJ151 MOPOXKEHOTO KOHUYECKOH (PopMbl uMeeT MiyOouHy 12 cM u quameTp BepxHel
yacTu 5 cM. Ha Hero cBepxy MoJI0>KUJIu JIBE JIOKKM MOPOXKEHOI0 B BUJIE MOIYyLIapUil JUAMETPOM
5 cMm. [lepenoyHUT 1M MOPOKEHOE CTAKaHYMK, €CJIM OHO pacTaet?

OA=12cm
BC=d=5cMm
[TepenosHUT TU MOPOKEHOE CTAKAHUUK?
5

V.= 43FRY(5/2° = 125% /6 = 20 6 %

2512
V=13 FRH=1/3 A(5/2)%12= 12 =25%
OTBeT: HeT.
3agaua:

Haiitu 06bem mapa panuycom 10 caHTUMETPOB.
Pemennue:

Jist TOro 9TOOBI BEIUMCIUTE 00beM mapa ¢Gopmylia HCTIOJb3YETCS CIeAyIoIas:
4

V= zR®
3

rane V — uckomblii 00beM mapa, m — 3,14, R — panuyc.
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Takum oOpa3zom, npu paauyce 10 canTumMeTpoB 00beM 1apa paBeH:

V= g 3,14 x 10° = 4082 KYOMYECKUX CAHTUMETPOB.

Pemenue 3amau:
1. Bo ckoabKO pa3 yBeIHMUHUTCS 00BEM IIapa, €CIIM €ro PanyC YBEJIMYUTD B IMIECTh pa3?

OO0beM 1mapa HaXOAUTCS 110 PopMyIIe:

vV * R?

[Ipu yBenmueHun paanyca B ECTh pa3 ero 00bEM Oyer:
4 4
V= E}T(_ER}E = 216 *EHRB

TakuMm oOpa3om, 00beM IIapa yBeauauTcst B 216 pas.
Ortger: 216

2. O6wvem omHoro mapa B 216 pa3 Gosblie 00beMa BTOpOro. Bo CKOIBKO pa3 IIOIMAab
MIOBEPXHOCTH TEPBOTO I1apa OOJIbIIIE TUIOIIAIH TOBEPXHOCTH BTOPOTO?

\_

®opmyna 06bEMa mapa:
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4
V =—nR?3

3
dopmyria oAy MOBEpXHOCTH IIapa:
S =4nR*
[TycTh 0OBEMBI IIAPOB COOTBETCTBEHHO PABHBI:
4 3 4 3
3 3

I/IS YCJ'IOBI/ISI cnez[yeT, qTo.
* R.>=1216 * R.®
- H- — * _H -
3 1 3

R,*=216-R,®
3

=

1
5 =216
R, .
—l_3716
R,
R,
S —5
RZ

To ecTb, MBI YCTAaHOBHJIU, YTO PAJANYC MEPBOro OOJbIIE paguyca BToporo B 6 pa3. Eciu pamnyc
mapa yMeHLI_HI/ITL B 6 pa3, TO IJiomaab HOBerHOCTI/I mapa HN3MCHUTCA CJ'ICI[YIOIJ_[I/IM 06p8.30M:
c—2 (‘R ) AmR?

6 36

To ecTh oHa ymeHbIIUTCS B 36 pas.

[omarinee 3aganue:

1. Halingute 00beM KOHYCa , 0CEBOE CEYEHHE KOTOPOTO MPEACTABISAET CO00M

PaBHOOEPEHHBI MPSIMOYTOJbHBIN TPEYTOJBHUK C TUIIOTEHY301 , paBHOMU 6 J2 CM.

2.Haﬁ,[[HTe 00BeM KOHYCa , IIOJIYYCHHOT'O B PE3YJIbTATC BpallICHUS BOKPYT OOJIBIIIETO KaTeTa

o Ny 0
MPSIMOYTOJIBHOTO TPEYTOJIbHUKA C TUIIOTEHY301 , PABHOM 2 \"IE cM, u yriom 30°.
Tecm no meme: «Tena epawienusny»

1. Tlpu BpamieHun NPSMOYTOJIIEHUKA BOKPYT €T0 CTOPOHBI, TIOTydaeM:
a)KOHYC; ©0) yCeueHHBI KOHYC; B) IIap;  TI') HAJIUHJAP.

2. Tlpu BpameHnn IpSMOYTOIBHOTO TPEYTOJILHUKA BOKPYT €T0 KaTeTa, MoJTyJdaeM:
a)yCE€UYEeHHBbIN KOHYC; ©O) HWIMHJIp; B)IIap; TI) KOHYC.

3. Ilpu BpatmeHu# MpsIMOYroJIbHOM Tparneuuy BOKPYT ee O0KOBOW CTOPOHBI, ITOJTyYaeM:
a) WWIMHAP; 0) yceueHHBIH KOHYC; B) KOHYC; T) Iap.

4. Tlpwu BpallleHHH MTOJYKpyTra BOKPYT €ro AUaMeTpa, MojryqyaeMm:
a)yCeueHHbIN KOHyC;  O) IUIMHAp; B)IIap; TI') KOHYC.
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5. OCeBbIM CEUCHUEM WJIMHAPA SIBISETCS:

a)kpyr; ©) paBHOOEIPEHHBIN TPEYTOJIBHUK; B)TpaIClusl; T)IIPIMOYTOJIbHHUK.
6. OceBbIM CEUCHUEM KOHYCA SIBIIACTCS:

a) paBHOOEAPECHHBIN TPEYTOJIbHUK;  0) MPSIMOYTOJIbHUK;

B)Tparienus; T)KpPYT.
7. OceBbIM C€YEHUEM YCEUCHHOI'O KOHYCa SBIISIETCA:

a) Tpaneuus; 0) MpsIMOYTOJILHUK; B) KPYT;
T') paBHOOGIPEHHBIN TPEYTOJIHHUK.
8. CeueHune mapa mI0CKOCThIO €CTh:
a) paBHOOEPEHHBIN TPEYTOJbHHUK;  0) IPSIMOYTOJIbHUK;
B)Tparneius; T)KpYT.

9. Hanucats hopMyiry a1t BBIYMCICHHUS 00bEMA LMITUHAPA.
10.Hanucats popmyiny aiis BbIUKCIEHUS] 00bEMa KOHYcCA.
11.Hamucars opmyiy ais BelUMCIeHUS 00bEMA yCEUEHHOTO KOHYCA.
12. Hantmcats opmyity a7si BBIYUCICHUS TUIOIIAAN KPYTa.
13.Hamnucats hopmyiy A BBIYMCICHUS JJIMHBI OKPYKHOCTH.

B3aI/IMOHpOB€pKa MATeMaTUYCCKOro JUKTaHTa.

JonoHuTebHas HH(POPMALMA 0 KOHYCe H 1Iape

1. B reosioruu cyiecTByeT MOHSITHE «KOHYC 8biHOCA». ITO hopma penbeda,
o0Opa3oBaHHas CKOIJIEHUEM 0OJIOMOYHBIX MOPO/I (TaJIbKH, TPAaBHsl, TeCKa), BBIHECEHHBIMU
TOPHBIMH PEKaMH Ha TPEATOPHYIO paBHUHY WK B 00JIee MIIOCKYIO IUPOKYIO TOJTUHY.

2. B Guonoruu ecth MOHATHE «KOHYC Hapacmauusy. ITO BepXylIika modera u

KOPHSI pPaCTeHHH, COCTOSINAs M3 KIETOK 00pa30BaTeIbHOMN TKaHU.

3. «Komnycamu» Ha3bIBaETCS CEMEMCTBO MOPCKUX MOJUTIOCKOB MOJKJIacca
nepenHexxadepHbIx. PakoBuHa koHnueckast (2—16 cMm), sipko okpaieHHas. KoHycoB cBblIie
500 BumoB. JKUBYT B TPOTIMKAX U CYOTPOMUKAX, SIBISIOTCS XUITHUKAMH, UMEIOT SJOBUTYIO
xKerne3y. YKyc KOHYCOB O4eHb Oosie3HeH. M3BecTHBI cMepTenbHbIE ciiydan. PakoBUHBI
UCTIONB3YIOTCS KaK YKpallIeHUs, CyBeHHUPBI.

[To cratucTuke Ha 3emiie €KerolHO THOHET OT Pa3psIOB MOJTHUI 6 YEIOBEK Ha

1000 000 >xuTeneit (varie B 10XKHBIX CTpaHax). DTOro Obl HE CITy4aoCh, €CIIA ObI Be3/1e
OBLITM TPOMOOTBO/IBI, TaK Kak 00pa3yercs KoHyc OezonacHocTH (puc. 6). UeM BIiie
TPOMOOTBO/I, TEM OOJIBIIIE 00BEM TaKOTO KOHYca. HEeKOTOpHBIE JIFO T MBITAIOTCS
CHpATaTbCA OT PA3PAI0B MO IEPEBOM, HO JEPEBO HE MPOBOJHUK, HA HEM 3apsiabl
HAKAITMBAIOTCS U JIEPEBO MOXKET OBITh UCTOYHUKOM HAITPSHKCHHUS.

158



B reomerpuu map ompeaensieTcs Kak HEKOe TeJlo, IpeACcTaBisonee co0oi
COBOKYIIHOCTbH BCEX TOYEK NPOCTPAHCTBA, KOTOPBIE PACIOJIATalOTCA OT LIEHTPa Ha
paccTtosgHuHU, He OoJee 3aJlaHHOI0, Ha3plBaeMoro paguycoMm mapa. [loBepxHocTh
mapa uMenyercs chepoid, a cam OH oOpasyercs MyTeM BpalleHUs MOJYyKpyra OKoJo
ero JuaMeTpa, OCTAIIIErocss HEMOJBUKHBIM.

C 5TUM reoOMeTpUYECKUM TEJIOM OUYEHb YACTO CTAJIKUBAIOTCSA MHKEHEPHI -
KOHCTPYKTOPHI M apXHUTEKTOPHI, KOTOPBIM YaCTO MPUXOJAUTCS BBIYUCIATH 00BEM
mapa. CkaxxeM, B KOHCTPYKLIMH NepeJHeld MOABECKHU MO1aBIA0IEro 60IbIINHCTBA
COBPEMEHHBIX aBTOMOOMIIEH UCIONB3YIOTCS TaK Ha3blBaeMble LIAPOBBIE OMOPHI, B
KOTOPBIX, KaK HETPYAHO J0rajgaThcs U3 CaMOro Ha3BaHUs, OJJHUMHU U3 OCHOBHBIX
3JIEMEHTOB SIBISIIOTCS UMEHHO mapbl. C UX TOMOIIBIO NPOUCXOAUT COCIUHEHUE
CTYINHUIl yIpaBiasieMbIX Kojec U pblyaroB. OT TOro, HACKOJbKO MPaBUIbHO

OyaeT BbIUMCIEH UX 00BbE€M, BO MHOTOM 3aBUCHUT HE TOJIbKO JOJITOBEYHOCTh ITUX
y3J0B U NPaBUIbHOCTbh UX PabOThl, HO U 0€30I1aCHOCTh JABUKEHHUS.

B TexHuKe mupoyaiimee pacupoCTpaHEeHUE MOJYUYUIJIN TaKUE AETAaIH, KaK
[IapUKOBBIE MOAMMUITHUKH, C TOMOIBIO KOTOPBIX NPOUCXOJUT KPEIJIEHUE OCEH B
HENOJBMXHBIX YaCTAX Pa3JIMYHBIX y3JI0B M arperatoB U obOecrneunBaeTcs Ux
BpameHue. Cineayer 3aMeTUTh, YTO NPU UXpacyeTe KOHCTpYKTopaM TpeOyeTcss HallTu
00beM miapa (a TouHee — MapoB, MOMENaeMbIX B 0001WMY) ¢ BBICOKOI CTENEHbIO
TOYHOCTHU. UTO KacaeTcs U3rOTOBIEHUS METAJUINYECKUX MIAPUKOB JJIS
NOAUNUIHUKOB, TO OHU NMPOU3BOJATCS U3 METANINUYECKONW MPOBOJIOKU NIPU MOMOIIN
CJIOKHOTO TEXHOJOTHUYECKOTO0 Mpollecca, BKJIYAIOIero B cedst craiuu GOpMOBKH,
3aKaiku, rpyooi mianupoBKH, YUCTOBOM MPUTUPKHU U ouucTKU. KcTtaTtu rosops, Te
HIapUKH, KOTOPbIE BXOJST B KOHCTPYKIIMIO BCEX IIapUKOBBIX pPYyUEK,
U3TOTABJIMBAIOTCS IO TOYHO TAKOM kK€ TEXHOJIOTHH.

JlocTaTO4YHO 4acTO mapbl UCIOIB3YIOTCS U B ApXUTEKTYpe, IPUYEM TaM OHU dalle
BCEro SBJSAIOTCA ACKOPAaTHUBHBIMU JJIEMEHTAMHU 3JaHUM U JPYTUX COOpYyKeHUN. B
OOJBIIMHCTBE CIyYyaeB OHM M3TOTABJIMBAIOTCS U3 T'PAHUTA, YTO 3a4acTylo Tpedyer
0onpmuxX 3aTpaTr pydyHoro tpyaa. Koneuno, co0noaaTh CTOIb BEICOKYIO TOYHOCTD
U3TOTOBJIEHUS 3TUX LIAPOB, KAK T€X, KOTOPbIE NIPUMEHAIOTCSA B Pa3JIMYHBIX arperarax
U MeXaHu3Max, He TpedyeTcs.

bes mapoB HEMBICIIMMA TaKasd UHTCPCCHAAd U NONMYyJdpHasd UTpa, KakK 6I/IJ'IB$Ip,[[. I[J'I}I
HUX MPOU3BOACTBA UCHOJB3YIOTCA pPa3IMUYHBIC MAaTCPHUAJIBI (KOCTI), KaMC€Hb, MCTAJlI,
HJ'IaCTMaCCLI) U UCIIOJB3YIOTCA pa3JIMIHBIC TCXHOJOTHYCCKUC ITPOUCCCHI. O,[[HI/IM ns3
OCHOBHBIX Tpe6OBaHHﬁ, NpeaABABIACMBIX K 6I/IJ'IBSIp)1HI)IM mapam, ABIACTCA UX
BBICOKAs MPOYHOCTb U CIoCOOHOCTH BBIACPKHUBATH BBICOKHUEC MCXAHUUYCCKUC HAT'PY3KU
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(mpexnae Bcero, yanapueie). Kpome Toro, ix moOBEpXHOCTH JOJIKHA MPEICTABIATH
co00# TouHyI0 chepy s TOTrO, YTOOB 00ECIEUYNBATOChH IJIABHOE W POBHOE KaYeHUE
110 TOBEPXHOCTH OUIBSPAHBIX CTOJOB.

Hakonen, 6e3 TaKuX reOMETPUUECKHUX TeJ, KaK Iapbl, HE 00OXOIUTCSA HHU OJHA
HOBOTOJHASA UJIN POXKIECTBEHCKAs elIKa. M3roTaBiauBamOTCA 3TH yKpalleHUs B
OOJBIIMHCTBE CJIy4aeB U3 CTE€KJIAa METOJOM BBIJYBaHUS, U IPU UX IPOU3BOJICTBE
HauOoJiblllee BHUMAHUE yAENIsIeTCA HE TOYHOCTH pa3MepoOB, a 3CTETUYHOCTH
u3genui. TeXHOJIOrn4eCKU Npouecc Npu 3TOM NIPAKTUUYECKH IOJIHOCTBIO
ABTOMATU3UPOBAH U BPYUYHYIO €JOYHBIE 1Pl TOJIbKO YIAaKOBBIBAIOTCH.

IIpakTnueckoe 3ansaTue Ne 73

Tema: KontponbHas pabota
Heab: [IpokOHTpOIMPOBATH YPOBEHb YCBOCHUS JAaHHON TEMBI.

1 BapuaHT

1. Pa3BepTka OOKOBOW MOBEPXHOCTH IMJIMHIpA SBIISETCS KBAJpaToM, JHArOHaIb KOTOPOTO
pasHa 10 cm. HaiinuTe miomaas O0KOBOH MOBEPXHOCTH HMJIMHAPA H 00BEM
2. [TockocTh, mapajuieNnbHasi OCH IWIMHAPA, OTCEKAeT OT OKPY)KHOCTH OCHOBaHHMs Oyry B 120°.

BeicoTa munmuHzapa paBHa 5 cM, paauyc LudHApa 2 V3 oM. Haitnure miomans cevenus u
00BeEM
3. OceBoe ceucHWe LWIMHAPA — KBaapar, IUIONIAAb OCHOBAHWS LWIMHAPA paBHA 167 oM’
HaiinuTe miomaas NoBepXHOCTH LMIMHAPA, 00BeM
4. BricoTa KoHYyca paBHa 6 cM, yroJ IpHu BepLIMHE 0ceBOro ceueHus paseH 120°. Haiinure:

a) IUIOIIAJb CEYEHHUsI KOHYCa MJIOCKOCThIO, MPOXOASIIEH uepes Be 00pa3yrolue, yroji Mexay
KoTopbiMH 30°;

0) rromaab 60KOBOM MOBEPXHOCTH KOHYCA.

B) 00bEM
5. lnametp mapa paBeH 2m. Yepe3 KOHEI AMaMeTpa MPOBEAEHA IIOCKOCTh MOoJ yrioMm 45° k
Hemy. Haiinure muinHy nuHumM nepecedenus chepsl 3TON IIOCKOCTHIO.

2 BapHaHT

1. Pa3BepTka OOKOBOW TMOBEPXHOCTH IMJIWHApPA SBISETCS MNPSIMOYTOJIBHUKOM, HArOHANb
KOTOporo paBHa 8 cM, a yron wmexay nauaroHamsmu 30°. Haiinure miomans OOKOBOMA
MOBEPXHOCTH IIMIIUHIPA, 00BEM

2. CeyeHre MWIMHAPA TUIOCKOCTHIO, TAPAIISIEHONW €T0 OCH, eCTh KBajpaT. CeKymiasi TUIOCKOCTh
OTCEKAaeT OT OKPYXXHOCTU OCHOBaHUS nyry B 90°. Panguyc ocHoBaHMsS LIUIMHIpa paBeH 4 CM.
Haiigure noomanns cedyeHus, o0beM

3. OceBoe ceueHue MWIMHIpAa — KBajpar, AMAroHanb KoToporo 4 cm. Haiinmure miomians
MOBEPXHOCTH ITUIUHAPA, 00beM

4. Pamnyc ocHOBaHMS KOHycCa paBeH 6 cM, a 0Opasyrolas HaKJIOHEHAa K MJIOCKOCTH OCHOBaHUS
nox yriom 30°. Halinure:
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a) IUIOMIAh CEUYEHUS KOHYCa TUIOCKOCTHIO, MPOXOSIIeH depe3 1Be 00pa3yroline, yroil MexXI1y
KoTopbiMu 60°;

0) momiab OOKOBOM MOBEPXHOCTH KOHYCA.

B) 00beM
5. Jluametp mapa paBen 4m. Uepes KoHeEIl J[uaMeTpa MpOBEAeHa IMIOCKOCTh moj yriaom 30° k
Hemy. Haliaure momanpe cedeHus mapa 3Tol IIOCKOCTbIO.

IIpakTyeckoe 3ansaTue Ne 74
Tema: [leiicTBus C BEKTOpaMu, 3alaHHBIMU KOOPJMHATAMU
Hesb: O000MHUTE ¥ CUCTEMAaTH3UPOBATh MaTepHall M0 JaHHOU TeMe

Teopernueckunii 010K

q)OpMy.]II)I ACJICHHA OTPC3Ka B JAHHOM OTHOUICHWH Ha IIJIOCKOCTHU

Eciu u3BeCcTHBI BE€ TOYKHU INIOCKOCTH Ax g Fade Blxg. P 5) TO KOOPJAMHATHI TOYKH M(Xpq0 Pae)
b 1

Abd
_‘.;i = oe—_—
KOTOpas Ae1uT otpe3ok A5 p orHomenun  FM | pripaxarorcs Gpopmynamu:
X Xyt Axg Vet Ay
ST e P
[Tpumep 1

Haiiti koopmunatsl Touku M | nensmeit otpesox AF B ormomrennn 13 ecou m3sectHb!

roury A5 3 B=3-1)

At 1

Pemenue: B nannoii 3agaue B3 Tlo gpopmysaM neneHus oTpe3ka B JAaHHOM

OTHOUIEHUH, HANAEM TOUKY M(Xaa2 F 1) :

1
X =xﬂ+,€.x3=5+§'(_3)=5—1=4E=3
MU+ 1+ 1 4 4

3
1 1 &
_YatA ¥ _3+ .(_I:I:E_ _i=§£=2
M e 4L 4 4 34
3 3 3

OrtBer: M3 2)

B 3anade He TpeOyeTcs CTPOUTH YepTeka, HO €ro BCEr/ia MOJIe3HO BBIIOJIHUTH HA YEPHOBHUKE:
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JeiicTBUTENBHO, cooTHOmEeHe £ 3 prmonnsercs, To ecth otpe3ok AM B Tpu pasa kopoue
orpeska M | Eciu nponoplus He 04eBU/IHA, TO OTPE3KH BCETIA MOKHO U3MEPHUTH OOBIYHOM
JIMHEVKOM.

[Ipumep 2
JIaHbBI TOUKH KD L6268 Yooy

a) Touky M | nensmyro orpesok £Z B orHOmeHHn 207

6) Touky ¥, nemsmryro orpesox &% B orHomerun 43,

ITpumep 3
Touxa £ npunamiexur orpesky £47 . UspectHo, uTo oTpesok L% B 1Ba pasa ninHHEE

D(z,4), P[E, 2] |

orpeska ¥ Haiitu Touky 7, ecnn

Pemrenne: V3 yCIOBHS CIIEAYET, UTO TOYKA + IeaHT 0Tpe3oK L7 B orHomenuu <1, cunras ot
y yeT, 5

De
A="_=1
BEPILIHHBI D 1o ecth, CITpaBeIJIMBa MPOHOPIIMS: HF . I[To bopmynam nenenust orpe3ka B
JTAHHOM OTHOIIIECHUH:
Xn+d Xy Yo+ A ¥
Kp=—2_— F p=-f = 7 F
1+ 4 1+ 4
ERRELEL): S SN T I S0 B P JE P PG
3 1+2 3
4+ vy
2=T:>4+ S¥p=0=2ygz=2=yg=1
+
OTtBer: 231
[Tpumep 4
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Touka M € A5 Orpesox M B monropa pasa kopoue otpeska AM | Haiitu Touky 4, ecan

U3BECTHBI KOOPIUHAT TOYCK B(2,0), M (-1 1) .

Pemenue B koH1e ypoka. OHO, KCTaTH, HE €MHCTBEHHOE, €CJIM OWAETE OTIIMYHBIM OT 00pasia
myTéM, TO TO He Oy/IeT OmMOKOH, ITaBHOE, YTOOBI COBITAIH OTBETHI.

qDOpMy.]'IH ACJIICHHUA OTPE3Ka B JAHHOM OTHOLICHWH B IIPOCTPAHCTBE

I[J'ISI IIPOCTPAHCTBCHHBIX OTPE3KOB BcE 6yz[eT TOYHO TakK K€, TOJIbKO ,I[O6aBI/ITC$I el oaHa
KOOpAuHara.

Ecnu u3BecTHBI IBE€ TOUKU TPOCTPAHCTBA Ax: 7 4:20). B x5 P 5 25) , TO KOOPAWHATHI

AhL
touxu M Fae: Fas Zae) KOTOpas Jenut otpe3ok A5 p otnomenun — HA | pripaxarorcs
dbopmynamu:
X =xﬂ+zi-x3 =yﬂ+/1-y3 - =ZA+J1-ZB
ST T P M e
ITpumep 5

Al-2,-3, -4, B2,

JlaHbl TOUKH —4.0) . HailTu koopAuHATBI TOUKH M , IpUHAJIeXKAIIEeH

orpesky AF | ecnu usBectro, uro AM 1 BM =42
Pemenne:

ITo popmynam KOOpAMHAT CEpEUHBI OTPE3Ka:

L _+22_2 e S O D1
My 3 1+2 3T M

4
3

IIpumep 6

B(-52,3), 004, 2

I[aHBI TOYKHU - 5} . Haiitn KOOpAWHATBI TOYKH 4 , €CJIM U3BCCTHO, YTO OHA

ACJIUT OTPE30K B B OTHOILICHHUH a1 .

DopMyIbl KOOPJUHAT CEPEeIUHBI OTPE3Ka
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=)

A | yacme M | yacms

_Hgt Ay y _FYatl¥g

X
A 2 e 2

I[J'ISI IIPOCTPAHCTBCHHOI'O ClIy4das CIIpaBCAJIMBA OYCBHUIHAA aHAJIOT'UA. Ecmu JaHbl KOHIIbI

0Tpe3Ka‘4(xA=J’ 450 By ¥pag) , TO KOOPJIMHATHI ero cepeannbl M BripaxaroTcs popMynamu:

_tat s ¥ _Yat¥s o _ZatZs

X
M 2 A 2 M 2

IIpumep 7

apamnenorpamm A5 3anan koopaunraTamu cBomx

A(-4,0), B(4,4), (7, 2), D(-

BEPILIUH L-2) . HaitiTu TOUKy nepeceyeHust ero quaroHaien.

Pemenmue:

ITo HU3BCCTHOMY CBOﬁCTBy, JUuaroHalivd mnapajuicjiorpamma CBOCH TOYKOM

MNEepECCUCHUA D(IG, ‘PG} ACJIATCA TIOII0JIaM, ITO9TOMY 3a/lavy MOKHO PECIINTh ABYMSI crocobaMH.

Cnoco0 nepBbIii: PaccMOTpUM ITPOTHBOIIOJIOKHBIE BEPIIMHEI A-40), €7 2) . ITo popmynam
JIeJIEHUs OTPe3Ka I0I10JIaM HalIEM Cepeluny quaroHajiu AL
g+ & —4+7 3 Yat+¥s 0412
xﬂ = = =—, = = 1
2 2 2 2 2

O[—; 1]
B pesynbrare: 2

B4 4), Di-1,

Cnoco0 BTOpoii: PaccMOTpUM NPOTHBOIOJIOKHBIE BEPILIMHBI =2 o bopmynam

JleJIeHus OTpe3Ka MoMoaaM HailiéM cepeuHy auaroHam 547

¢
Takum oOpazom: 2

3]
OTBer: 2
[Ipumep 8

5 1 1
) :
Jlanbl TOUKH 3 4 2 . Haiitu cepenuny & orpeska @,

[Tpumep 9
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Touka ¥ nemur orpesox AZ nmonomam. Haittu Touky &, ecrn m3BecTHBI

rouxn A& 03 MG -41)

Pemenne: Vicrionszyem (popMyiibl KOOpAUHAT CEPETUHBI OTPE3Ka:

iyt X Vgt ¥ Zy4+E
_ 4 B _ 44 £ _ =4 B
& _T, ¥ _T, z _T

Ham Hen3sBecTHBI KOOPAMHATHI *2:¥2:25 11 cHOBa MOXHO BBHIBECTH o01IyI0 GOpMYITY ISl UX
HaXO0XJIECHUs, HO rOpa3Jio Jerye cpa3y MOACTaBUTH YUCIIA. TONBKO MPONOPLUAMHU BEPTH:

5=2+TXB:>2+xB=1EI:‘>xB=S

BPRNLS . PN

2
PR AL S S P
Orger: B 53]

IIpakTuyeckoe 3ansaTue Ne 75
Tema: CxassipHO€ Ipou3BeIeHHE IBYX BEKTOPOB
Heab: HaydnTh BBIYUCIATE CKAIPHOE MPOU3BEACHUE IBYX BEKTOPOB

TeopeTrueckuii 6JI0K
Onpenenenne: CKanspHbIM IPOU3BEIEHHEM JIByX BEKTOPOB # U & waspiBaercs unco,
paBHOE MPOU3BEACHUIO UTHH STUX BEKTOPOB HAa KOCHUHYC yTJia MEXAY HUMHU:
T b= |c7||§| cos @ B)

OGo3HaueHNe: CKASPHOE IPOM3BeIeHIe 0603HaYaeTcs yepes & &

[pumep 1
o Fl=2. Fl=5 <@mn=2
HaiiTi cKanspHOE IPOH3BEICHNE BEKTOPOB 2 n ¥ | ecn 6

Zh = |§| |5| coss (@A)

.:TE?:|§|-|E|-|:05£(§;5): 2-5-(:05;?—;:10-%:5'\5

Pemenne: Vcnons3zyem dpopmyiy . B nanHoM ciydae:

OrtBer: @h = 5"‘E

[Mpumep 2
_7 Fl=1, 7= -2 o
Haiitu T4 , €CIIU |C| |d| r , 4 YTOJI MEXKAY BEKTOPAMH PaBEH 1357,
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VYroa Mexy BEKTOpaMH U 3HaUE€HUE CKAJISIPHOTO MPOU3BEICHUS

B IIpumepe | ckanspHOe IpoU3BEAEHUE OTYYHIOCH TOJIOKUTENBHBIM, a B [Tpumepe 2 —
OTpULATEIbHBIM. BBIICHUM, OT 4ero 3aBUCHUT 3HAK CKaJIIPHOTO Npou3BencHus. CMOTpUM Ha

T b= |cT| |E| cos (@ B

|§|::-D,|E|::-D

Haiy Gopmyny: . JINVHBI HEHYJIEBBIX BEKTOPOB BCEIrAA

MIOJIOKUTEIIBHBI:
KOCHHYCA.

, [IOOTOMY 3HAK MOKCT 3aBUCCTHb TOJIbBKO OT 3HAYCHUS

= Al b=
Yroa Mexay BEKTOPaMH MOXKET U3MEHATHCA B IIpeaeIax U=tz b)=m

BO3MOXHBI CJICAYIOIINEC ClIydau:

, U TIpH 3TOM

= T
0«20, b)) < —
1) Eciu yroJ Mex1y BEKTOpaMu OCTPBIii: 2 (ot 0 1o 90 rpaxycoB),

cos (@ b)) =0 L =E o
TO 7. &) , 1 CKAJISIpHOE MPou3BeIeHne Oy/eT MOJ0KUTEeTbHbIM: i >0 Ocobprit
CIIyYaii: €CJI BEKTOPBI COHANPABIeHbl, TO YTOJ MEXKy HUMU CUATACTCS

L@ E)=0

HYJICBbIM , 1 CKaJIAIPpHOC IMPOU3BCACHUC TAKIKC 6YII€T MOJIOKHUTCIBbHBIM.

Iockomsky 980 =1 10 popmyna ynpomaercs: “ |ﬂ| |b|

R es@By e
2) Ecnu yroJ Mexy BeKTopaMu TYHOIi: (ot 90 mo 180 rpamycon),

cos i@ b)) <0 . Fh
TO &) , U, COOTBETCTBEHHO, CKAJISIPHOE NPOU3BEAeHNE OTPUIIATEILHO: b <0
OcoO0blit cydyaii: eciii BEKTOPBI HANPAGLEHbl NPOMUBONOJIONCHO, TO YTOJI MEKY HUMH

LaEy=n

CUHUTACTCSI PA3GEPHYMbBIM. (180 rpamycoB). CkansspHOe IPOU3BEACHUE TOXKE

OTPUIIATENIBHO, TAaK KaKk “98 T = -1

CripaBesiuBbI U 0OpaTHBIE YTBEPIKICHUS:

1) Ecnn Zh >0 1o YTOJ MEXIY JaHHBIMHU BEKTOpaMu OCTpbIil. Kak BapuaHT, BEKTOPBI
COHAIIPABJICHBI.

2) Ecin Zh <0 19 YIOJ MEXIY JaHHBIMHU BEKTOpamu Tynoi. Kak BapuaHT, BEKTOPBI
HaIIpaBJIEHbI IPOTUBOIIOJIOXKHO.

Ho ocoOslif nHTEpEC MpencTaBiIsieT TPETU ciydail:

-

L@ b)=—

3) Ecau yroa mexay BeKTopamMH NPSIMOIi: 2 (90 rpamycos),
T
cos—=10 -
TO 2 ¥ cKaIsPHOe npom3Benenne paguo nymo: 22 =0 O6parnoe Toxe BepHO:
L L hy=2

ecn &2 =0 1o 2 . KOMITaKTHO yTBepsKIeHHe (popMyHpyercs Tak: CKaJspHoe

NMPOU3BECIACHHUE IBYX BEKTOPOB PABHO HYJII0O TOIrAAa U TOJBKO TOrAa, KOoraa 1aHHbIC

BEKTOPHI OPTOroHaIbHBI. KopoTkas Matemarnueckas 3anucp: 22 =0 L&

A uro Oyzer, ecii BeKTOp £ yMHOXUTH Ha camoro cebs? [IoHsATHO, 4TO BEKTOp
COHAIPABJICH CaM ¢ COOOM, TOATOMY TOJIb3yeMCsI BHIIICYKAa3aHHOM YIPOIIEHHON (HOPMYIIOi:

2z = [z|-|2]
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g
o :|c;t|
Nnn:

— — 1
Yucno #¢ HaszpBaeTCs CKAJAPHBIM KBaJPaTOM BekTopa # , 1 0003HauaTCs Kak %

Taxum 00pa3oM, CKaJSIpHBIA KBAAPaT BeKTOpa ¢ paBeH KBAJApPaTy AJUHBI JAHHOI0
BeKTOpa:

—1 3
a* =la|

W3 naHHOTO paBeHCTBA MOXKHO MOIYYUTh (POPMYITY JUIS BEIYMCIICHUS UTMHBI BEKTOpA!
— —2
| = a

a,b, ¢
J171st IpOM3BOJIbHBIX BEKTOPOB ~ °~ *~ W JIO0OT0 YKciia A CIpaBeJIUBHI CIACAYIONINE
CBOIiCTBA:

1) @b =ba _ NIEPEMECTUTENBHBIN WM KOMMYTATHBHBIN 3aKOH CKaJSIPHOTO MPOU3BEACHMUSL.
2) (F+o)r=ac+bf _ pacnpeenuTeNbHbINA WK AUCTPUOYTHBHBIN 3aKOH CKAJIIPHOTO
IIPOU3BE/ICHUS.

A b =A@k . .
3) [ :I ( :I — COYCTATCJIBbHBIN NJIN ACCOMUATUBHBIN 3aKOH CKaJISIpHOFO
HpOI/ISBe,Z[CHI/IH. KOHCTaHTy MOKXHO BBIHCCTHU U3 CK&J’IHPHOFO HpOI/ISBCI[eHI/ISI.

[Ipumep 3

Z—&  ecnu uzBecTHO,

HaiiTi cKaspHOE IPOM3BENCHUE BEKTOpoB & = ~4& Ty d

F|=4+2. [p|=8. z@5=2
TO 4

q

Pemrenmne:

g.d="
=(2a+&) (a-&)="

=-2z-a+k a+2a-b-b b=
=-2a'+a-b+2m b -bt=M

=27 43zh b=t
= ~2f +3- | B|- cos 2@, )~ ] =
5

=—2-(4ﬁ)2+3-4ﬂ-8-cosi—r—82 =—64+96J§-;—64=—32

(1) TTocTaBIseM BBIPAKEHHS BEKTOPOB =’ d
(2) PackpbiBaeM CKOOKH 110 MPaBUIIy YMHOKEHUSI MHOTOUJICHOB

(3) B HCpBOM 1 MIOCJIICOAHEM CJIaracMOM KOMIIAKTHO 3aIllMChIBAEM CKaJ'ISIpHBIe KBaZ[paTBI
g=a:, b b=5b°

BCKTOPOB! @ .Bo BTOPOM CJIaracMoMm HCII0JIb3YEM IEPECTAHOBOYHOCTD

CKaIsIpHOTO TpousseneHus: £ & =& &

(4) IpuBoauM no00HkIE caaraemple: & ° b+2z. b=3a
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—a 2

=z o
(5) B IEPpBOM CJIaracMoOM HCIIOJIb3YyCM (bOpMyHy CKaJIApHOTO KBaapaTa | | , 0 KOTOpOou
HC TaK JaBHO YIIOMHWHAJIOCh. B IocCJaeJHEM cliara€MomM, COOTBETCTBEHHO, pa60TaeT Ta XKE

52 =pf
ITyKa: |b . Bropoe craraemoe packiiagpiBaeM 1o CTaHAapTHON
T b= B cossi@ b
bopmyie |ﬂ| |b| @.5) .
— -

E|=4+2, B|=8 Z@&==
(6) Iloacrapisiem TaHHBIEC YCIOBHS 4 , 1 IPOBOJIUM
OKOHYATEJIbHBIC BEIYUCIICHHUS.

Orser: 7d =—32

OTpunarenbHOE 3HAYCHHE CKAISIPHOTO MPOU3BEIEHUS KOHCTATUPYET TOT (PaKT, YTO Yro

MCKAY BCKTOpaMHn < d SABJISICTCS TYIIBIM.

Pewmrenne ynpaxHeHwmii:
IIpumep 4

HaiiTi cKanspHOE IpOM3BEICHNHE BeKTopoB & =&+ 28 y d == +5 | ecpy ussectHo,
T

Z|=4. [B]=245, i(a;f?):g
TO .

q

[Ipumep 5

o z|=3 Fl=2 z@B=Z
Haiitu umnny Bekropa © =~ t38  ecym 3
Pemienue

Fl=|a+35|= JCa+357 = ai—6ab +957 = af - 6 fa| B cos 2@ B+ 9. =

=\(32—6-3-2-|:05g+9-22 =J9—35%+36=Jﬁ=3ﬁ

OTBeT: H: 3”-.'Ifg en. = 5,20 ex.

[Ipumep 6
L =5 [|=10, 5(5;5):2_”
Haiitu wnny Bektopa © =Z *&  ecom 3

Ipumep 7

z|=4, P|=2+2, zF=38

Haiiti yrox Mexy Bektopamn @ u £ | ecin m3BecTHO, 4TO

Pemenue: Vcnonszyem hopmyny:
@ _ 8 _1_
SRR R R

cos (@, B)
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W2

cos (@, B
Hrak, ecinu , TO:

Sk

Z0T, B = arccos g

AF8) =2 pan, = 45°
OTtBerT: 4

[pumep 7*

}5|=3,|E|=4 — 5 Zig b=
— JUJIMHBI BeKTOpOB y nu yTOH MG)KIIy HUMU

bl

JlaHb1 . Haittu yron

MEKILY BekTopamu © = —2& +3b d=4a-3b

3a/ilaHue 1aKe HE CTOJIBKO CII0KHOE, CKOJIBKO MHOT'OX0/10BOE.
Pa3zbepém anroputm perieHus:

1) To ycnosuro TpebyeTcs HaiTH yroj Mexk1y BEKTOpaMu © u d , IOATOMY HY>KHO
- zd
cos Sl d )= —
el
UCIOJIb30BaTh (hOpMyITy .

2) Haxoaum ckansipHO€ MPOU3BEICHHE &d (cm. ITpumepnr NeNe3 4).

3) Haxomum JuMHy BeKTopa & U JUIMHY BEKTOpa d (cm. ITpumepnr NeNe5,6).

4) KonnoBka pemenus copnaznaet ¢ [Ipumepom No7 — Ham U3BECTHO YHCIIO , & 3HAYUT,

(7, d) = arcoos [ﬁ]

KpaTkoe penienne u oTBET B KOHIIE YPOKa.

JIETKO HAWTH U CaM YroJr

Bropoii pa3nen ypoka MocBsIIEH TOMY ke CKallipHOMY npou3BeaeHuto. Koopaunatel. byaer
Jla)ke MPOLIE, YEM B IIEPBOM YacTH.

[Ipumep 8

Haiitn ckansipHO€ Ipou3Be€HNE BEKTOPOB:
2) @ -3 A{-1,0

6) AB g AT e mamp1 Toukn AL =13, 50,12, CE, -4, 0)

Orser: &/ ah=-2 E)AE. AC=6

HpI/I HCKOTOPOM OIIBITC CKAJIAPHOC ITPOU3BCACHUC MOKHO TPUHOPOBUTHLCA CHUTATH YCTHO.

[Ipumep 10
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JlaHbI YEThIPE TOUKH MTPOCTPAHCTBA A4 -3-2), B2 -2, -3), 05 -5 1. D4 -3 -1 )
BbIsscCHUTE OyayT JIU IEPIECHIUKYIISIPHBIME CIIEAYIONIHE MPSIMBIE:
a) AR DO

6) AC, 5D

[Ipumep 11
ais A, -2, 5(2—,}1;

[IpH KAKOM 3HAYCHUH “ BEKTOPBI -L3) OyIyT OpTOTrOHAIBHBI?

Pemenne: 110 ycloBHiO TpeOyeTcs HAliTH TAKOe 3HAYCHHE TAPAMeTpa “ , YTOGHI JAHHBIC
BEKTOPBI ObUIM OPTOTOHANIBHEI. /[Ba BekTOpa

IpPOCTPaHCTBA Vv vy v, Wy vy, )

Wy v, iy =0 .

OPTOTOHAJILHBI TOT/Ia ¥ TOJIBKO TOT/IA,
Korja

CocTaBuM ypaBHEHHUE:
ah =10
22-D+A -0+ =-2D.5=0

PackpbiBaeM cKOOKM U IPUBOAMM MOAOOHBIE CllaraeMble:
E-31-1-10=0

-4i-4=10

Pemraem mpocreiiniee TMHEHHOE ypaBHEHHE:
—-41=4

A=-1

Otser: npu A=-1

[Ipumep 12

I1pH KAaKOM 3HAYCHHH -+ CKaNsIPHOE IPOU3BEICHHE BEKTOPOB Z(2 A),5(2-3) OyzeT paBHO

—27?
HaiiTi cKanspHOE IPOM3BENCHHE BEKTOPOB - 1 28 T¢ ecm © 0. -33),d (-4 10)
DTO PUMEP [T CAMOCTOSTENILHOTO PEIIEHHUS. 31ECh MOKHO UCTIONb30BATh

aCCOLIMAaTUBHOCTb OIEPALUU, TO €CTb HE CUUTATh ¥ =30.-33=0.-513 , 4 cpasy
BBIHECTH TPOWKY 3a MPEJENIbl CKAISIPHOTO MPOU3BEIACHHS U TOMHOXHUTH Ha HEE B MOCIIETHIOO
ouepe/p. Pemenne u oTBET B KOHIIE YpOKa.

B 3akmouenue naparpada npoBOKalMOHHBIN IPUMEP Ha BHIYHCIICHHUE JITTHHBI BEKTOPA:
[Ipumep 16

JlaHbl TpU BEPILIMHBI TPEYTOJILHUKA AL 0. 5(3 2. 05 -4 . Haiirn £A45C (yron npu
BepmmHe &),
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Pemenue: [1o ycioBuro uepTéx BHIMOIHATE HE TPEOYETCsI, HO BCE-TAKH:
. A . : : ,

Haiiném BekTOpBI:
BA(-1-3,0—-2) = BA(—4, — 2)
BC(5—3% —4—21= BC(2 - 6)

Brruncnum ckanasipHOe NPOU3BEICHUE:
BA.BC =—4.2-2.(-6)=-8+12=4

W nnvHbBI BEKTOPOB:

|E|=ﬂ;'(—4)2 +(=2* = f16+4 =./20=2.5
|ﬁ|:,323+(—6 Y= 4436 =040 =2.10

Kocunyc yrna:

— — B4.BC 4 1 1
cos A B BN = — = = =
( ) gl [Bo|] 245 24100 500 52
casi(ﬁ;ﬁ)=iﬂ'gc = —4-2-2 () =
BA|-BC|  Jia? (=27 2+ (67
—8+12 4 4 4 1

T 1644 JA136 20 40 JB00 2042 542
Haitném cam yrou:

i(ﬁ; E}I = ArcCos L 1 A5 pag = 82"

542

1
ZABC = arccos —— s 1,43 pag, = 227
OTtBerT: 5*-"5

[pumep 17
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B npocTpaHcTBeE 3aaH TPEYrOJIBHUK KOOPAUHATAMU CBOUX
BEPILIUH ALLD, 403,000, 4257 . Haiitu yron mexny cropoHamu 44, u 44

IIpakTnueckoe 3ansaTue Ne 76

Tema: KontponpsHas pabora
Heas: [IpoBepuTh ypOBEHb YCBOCHUS JaAHHOM TEMBI Y YUaIHXCS

BAPUAHT 1.
1. JlaHBI KOOpPAWHATHI TOYEK C(3 -2; l) D(-1; 2; 1), M(2; -3; 3), N(-1; 1; -2). Haiigute

KOCHHYC yIJIa MEX]ly BEKTOpaMHt CD u MN.

2. Tlpu kakoM 3HaueHWM (3HAYCHHSAX) d BEKTOPBI 5(6 -kik; 2) n é(-3; 5 + 5k; -9)
NepIEHINKYIISPHBI?

3. Ilpm KakoM 3HAYEHHH @ BEKTOPBI AAu CD KOJUTMHEApHBI, ect A(-2; -1, 2), B(4;
-3,6), C(-1; a-1; 1), D(-4; -1; a)?

4., MUsBecTHO, YTO ]5| =4, |al =1, 4(5,5) = 60°. maiimuTe coS a, Toe A - yroia Mexmy
BEKTOpaMH a+awma.

5. Haiinute amuHy BekTOopa §+é—ﬁ, eciu |5| =1, |§| =2, |r:1| =3, 4(5,5) =90°, 4(5,6) =
120°, £(3,7) = 60°.

6. B kxyb6e ABCDA1B1C1D; Touka M nexut Ha pedpe AA;, npuuem AM : AM; = 3 : 1, a Touka

N — cepenuna pebpa BC. Beruucnute kocunyc yria mexay npsmeimua — a) MN u DDy, 6) MN
u A1C.

BAPUAHT 2.
1. [Tansl koopauHatel Touek A(1; -1; -4), D(2; -3, 1), C(-1; 2; 5), B(-3; -1; 0). Haiinure

KOCHHYC yria Mexay Bekropamu CD wu AA .

2. Tlpu kakom 3HayeHun (3HaueHusix) M BekTopel a(4; m - 1; m) u &(-2; 4; 3 - m)
TEePIICHANKYIISPHbI?

_—

3. Ilpu KakOoM 3Ha4YeHUH a  BEKTOPHI W 51 CD xonnmuneapnsl, eciu M(1;
-2;a), B(-l;a+3;-1), C(-3;2;4),D(1; -4; 2)?

4., MH3BecTHO, YTO |ﬁ| =2, |ﬁ| =3, Z(E,ﬁ) = 120°. maiimure cos & , A€ ¢ - Yroj MeXIy
BEKTOpaMu m+num.

5. Haiigure quuHy BEKTOpa 5—5—?1, €CITH |5| =2, |§1| =3, |ﬁ| =4, 4(5,5) =60°, z(é,ﬁ) =
120°, ~/(&,7) = 90°.

6. B mnpsmoyromeaoM mapamienenunene ABCDA1B1Ci1D; AB = BC = % AA,. Berauciure

KOocHHYC yria Mexay npsimeiva - a) BD u CD1;  6) AC u AC:.

BAPI/IAHT3
1. [laHBl KOOpOWHATHI TOYEK A(] 1; -4), D(2; -3; 1), C(-1; 2; 5), B(-3; -1; 0). Haiinure

KOCHHYC yTJIa MKy BEKTOpaMu CD u AA.
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2. Tlpu xakoMm 3HaueHHMH (3HayeHusx) M Bekropsl a(4; m - 1; m) u a(-2; 4; 3 - m)
MEePIECHANKYISPHBI?

—_—

3. Ilpu KkakoM 3HAYEHWHU @  BEKTOPBI MN & CD komnuneapusl, ecin - M(1;
-2;a), B(-l;a+3;-1), C(-3;2;4),D(1; -4; 2)?

4. U3BecTHO, YTO |ﬁ| =2, |ﬁ| =3, Z(E,ﬁ) = 120°. maiigure coS @, e @ - yroi MexIy
BEKTOPaMHU m+num.

5. Haiigure quuHy BEKTOpa é—é—ﬁ, eCITH |5| =2, |§| =3, |ﬁ| =4, 4(5,§) =60°, 4(5,6) =
120°, ~(&,7) = 90°.

6. B mpsmoyronsHom napamienenunene ABCDA1B1CiD; AB = BC = % AA,. Berauciure

KocuHyC yrina Mexay npsmeiva - a) BD u CD1;  6) AC u AC:.

Kpurepuu onennBanus
OneHka «OTJIIMYHOY» BBICTABISIETCS CTYICHTY
3a 100% mpaBWIBHBIX OTBETOB;
O1eHKa «XOpOIIO» BBICTABIIAETCS CTYICHTY
3a 75 - 99% nmpaBUIIBHBIX OTBETOB;
OrneHKa «yJI0BJIETBOPUTEIILHO» BBICTABIISIETCS CTYACHTY
3a 50 - 75% npaBUIBHBIX OTBETOB;
OneHKa «HEeyIOBIETBOPUTEIIBHO» BBICTABIIAECTCS CTYACHTY

3a meHee 50% mpaBWIbHBIX OTBETOB.
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IlepeyeHb y4eOHBIX M3JaHUI, HHTEPHET-PECYPCOB, NONMOJHUTEIbHOM

JIATEPATYPbI

OCHOBHbIE HCTOUYHHUKH:

1. A6nynmuaa K.P. Marematuka [Dnekrponnbsiit pecypc]: yuebnuk mist CIIO/ AGmymnuHa
K.P., MyxamernuaoBa P.I'.— DnekTpoH. TekcToBbie manHbie.— Capartos: [IpodobpazoBanue,
2021.— 288 ¢.— Pexum gocryma: http://www.iprbookshop.ru/99917.html

2. AnmmatoB A. B. Marematuka [OnexkTpoHHbll pecypc]: yuebnoe nmocoodue musa CIIO / A. B.
AnmaroB. — 2-e u3ll. — DJIEeKTPOH.TeKCTOBbIe naHHble. — CapatoB: [IpodoOpasoBanue, Al
[Iu 3p Meaua, 2019. — 162 c. — 978-5-4486-0403-4, 978-5-4488-0215-7. — Pexum
nocryma: http://www.iprbookshop.ru/80328.html

3. Topromkun A. II. Maremartuka [DnekTpoHHBIH pecypc]: yduebnoe mocobue / A. II.
lNopromikun; noxa pea. M. U. Boagunuapa. — DnekTpoH.TekcToBbIe JaHHble. — CapatoB A [1u
Op Memma, 2019. — 824 c¢. — 978-5-4486-0735-6. — Pexum pocrymna:
http://www.iprbookshop.ru/83654.html

JlononHuTenbHbIC HCTOUHUKHU:

1. Anekcee I'. B. Bricmias martemartuka. Teopust um mnpakTuka [DJIEKTPOHHBII
pecypc]: yuebHoe mocobue mns CIIO / TI. B. AmnekceeB, WU. W. XonsBuH. —
DnekTpoH.TeKcToBbIe MaHHble. — CaparoB: [IpodoOpazosanme, Aii [Ilu Op Menua, 2019. —
236 c. — 978-5-4486-0755-4, 978-5- 4488-0253-9. — Pexum pocryna:

http://www.iprbookshop.ru/81274.htmi

2. bepesuna H.A. Briciiast MaTemaTrka [ DNEeKTpOHHBIN pecypc]: yueObHoe nmocobue/ bepesuna
H.A.— Dnektpon. TekcroBble nannbie.— CapatoB: Hayunas xuura, 2019.— 158 ¢.— Pexum
nocryna: http://www.iprbookshop.ru/80978.htmi

3. KopooGeitnukoBa U. F0. Maremaruka. Teopusi BeposITHOCTEH [DIeKTpoHHBIA pecypc] :
yuebHoe mocobue mus CIIO / WM. K. KopobGeitnukoBa, I. A. TpyOeukas. —
DnekTpoH.TekcToBbIe naHHBIe. — CaparoB: [Ipodobpazosanme, 2019. — 154 ¢. — 978-5-
4488- 0344-4. — Pexum noctyna: http://www.iprbookshop.ru/86073.html

4. Kouerkoa . A. Martemartuka. [Ipaktukym [ DneKTpoHHBIH pecypc] : yuedHoe mocodue / U.
A. Kouetkona, XK. U. Tumomniko, C. JI. Cene3eHb. — DJIEKTPOH.TEKCTOBbIE JaHHbIC. — MUHCK:
PecnyOnukanckuit M”HCTUTYT TpodeccnonanbHoro oopaszosanus (PUIIO), 2018. — 505 ¢. —
978-985-503-773-7. — Pexum nocryna: http://www.iprbookshop.ru/84874.html

5. Maremaruka. COOpHUK 3amady 1o 0a30BOMYy Kypcy [DneKTpoHHBIH pecypc|: y4deOHO-
Metonudeckoe mnocoobue/ H.J[. 3omorapésa [u np.].— ODJEKTPOH. TEKCTOBBIE IaHHbBIC.—
Mockaa: Jlaboparopust 3HAHUH, 2020.— 241 c— Pexum JIO0CTyTa:
http://www.iprbookshop.ru/98527.html

HHTEepHET HCTOYHUKH:

https://online-olympiad.ru/ - ecepoccutickue unmepnem-onumnuaonvt
http://www.mat/septemba.ru - easema «Mamemamukay uzdamenvckoco ooma «llepsoe
ceHmsaopsy»

http://school-collection.edu.ru/ - edurnas korrexyus yugposvix obpazoeamenvHvIX pecypcos
http://www.portalspo.ru/journal/index.php - orcypran  «Cpednee  npogheccuonanvroe
obpaszosanuey

http://npogh-oop.pdh/ - unmepnem-uzoanue Ilpogobpazosanue- nudep 6 UHGOPMAYUOHHOM
npocmparcmee npogeccuonanvrozo obpasosanus Poccuu u cmpan CHI?

http://window.edu.ru/ -  ungopmayuonnas cucmema  «Eounoe oxkmo Odocmyna
006pa306amenbHbIM Pecypcam»

http://www.mathematics.ru - mamemamuxa 6 omxkpwvimom Koinedx ce
https://minobrnauki.gov.ru/ - Munucmepcmeo obpazosanus u nayku Poccutickou @edepayuu
http://www.elibrary.ru - nayunas snexkmponnas 6ubnuomexa (HIE)

https://nsportal.ru/ - o6pazosamenvuas coyuanrvnas cemo

http://www/mathnet/ru - obwepoccutickuti mamemamuueckuii nopmai

https://nauka.club/ - o6pazosamenvnuiit nopman
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http://www.iprbookshop.ru/99917.html
http://www.iprbookshop.ru/80328.html
http://www.iprbookshop.ru/83654.html
http://www.iprbookshop.ru/81274.html
http://www.iprbookshop.ru/80978.html
http://www.iprbookshop.ru/86073.html
http://www.iprbookshop.ru/84874.html
https://online-olympiad.ru/
http://www.mat/septemba.ru
http://school-collection.edu.ru/
http://www.portalspo.ru/journal/index.php
http://проф-обр.рф/
http://window.edu.ru/
http://www.mathematics.ru/
https://minobrnauki.gov.ru/
http://www.elibrary.ru/
https://nsportal.ru/
http://www/mathnet/ru
https://nauka.club/

https://mathematics.ru - omxpwimoiii koanedoc. Mamemamuxa

http://www.bymath.net/ - cpeonss mamemamuueckas unmeprnem wkona

http://www.edu.ru/ - ¢hedepanvroiii nopman «Poccuiickoe obpazosanue»

http://fcior.edu.ru/ - ghedepanvuwviii yenmp ungopmayuonHo-06pPaA306aMeENbHBIX PECYPCO8
https://www.infouroki.net/ - osnexmponnas Oubiuomexa cnpagouHvIX Mamepualos Ol
yuawuxcs u npenooasamenei
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