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Meroauueckue ykazaHus Il NPAKTHUYECKUX 3aHATUH 1O JIUCIUIUIMHE
«Mamemamuka» coctaBieHbl B cooTBeTcTBUU ¢ TpeboBanusmu OI'OC CIIO.
[Ipenna3zHayeHsl I CTYAEHTOB, oOydarommxcs mo crenuansHocTH: 43.02.14
['octuaMYHOE n1ETIO.



Hosacnumenvnasn 3anucka

MeToan4eckue peKOMEHIalMu MPU3BaHbl OKa3bIBATh MOMOIIL CTYAECHTAM B
VW3yYCHUH OCHOBHBIX TOHSATHM, WJI€W, TEOPUA U TOJOKECHUN JTUCUUILIAHBI
«MateMaTuka», HM3y4aeMbIX B XOJie KOHKPETHOTO 3aHSTHS, CIOCOOCTBOBATh
Pa3BUTHIO WX yMCHHWH, HAaBBIKOB U SIBIISIOTCS OJHUM M3 CIOCOOOB IMPOBEPKHU
3HAHUM CTYJCHTOB.

BrinmosHeHne yyanuMucs IpakTUUYeCKUX paboT HAIMpaBJICHO Ha:
- 0000I1IeHHe, CHUCTeMaTH3alHio, YIIyOJIeHHe, 3aKperieHue IOJIyYeHHBIX
TEOPETUYECKUX 3HAHUM 110 KOHKPETHBIM TEMaM;
- (¢opMupoBaHHE YMEHHN NPUMEHATh TOJYYCHHBIC 3HAHUS HA TPAKTUKE W
pean3aluIo €IMHCTBA NHTEJUIEKTYAIbHON U TPAKTUYECKOM JEATEIbHOCTH;
- pa3BUTHE MHTCIUICKTYyaJIbHBIX YMEHMM Yy OyAylmMX  CHEUHUAIUCTOB:
AHAUTUTUYECKUX, IPOCKTUPOBOYHBIX, KOHCTPYKTHUBHBIX U JP.;
- BBIPAOOTKY NpH PEIICHUH ITOCTaBJICHHBIX 3a/Jad TaKUX MPodheCCHOHABHBIX
KayeCTB, KaK CaMOCTOSTEIbHOCTh, OTBETCTBEHHOCTb, TOYHOCTb, TBOpYECKAS
WHUIMATHBA.

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

AJI'EBPA

YMeETh!

®  BBHINOJHATH apumeTnyeckue ACHCTBHUS HaJl YHUCIAMU, COUYETass YCTHBIE U
NUCHbMEHHBIE MPHUEMbI; HAXOAWTh MPUOIMKEHHbIE 3HAYEHHsI BEIUYUH MU
NOTPEIIHOCTA BBIYUCICHUN (a0CONIOTHAS M OTHOCHUTEIIbHAsA); CPAaBHHUBATh
YUCJIOBBIE BBIPAXKECHUS;

®  HaxXOAWTh 3HAYEHUS KOPHS, CTENEeHH, Jjorapudma, TPUTOHOMETPUUYECKUX
BBIPQOXEHUI Ha OCHOBE OINpEAENICHUs, HCIOJIb3Yys MpU HEOOXOAUMOCTH
WHCTPYMEHTAJIbHBIE CPEACTBA; MOJIb30BATHCA MPUOIMKEHHOW OLEHKOW Mpu
IIPAKTUYECKUX pacyeTax;

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

®  UCHOJB30BaTh MNPUOOPETEHHbIE 3HAHUS W YMEHUS B IPAKTUUYECKOM
NEATEIIBHOCTH U MIOBCEAHEBHON KU3HU:
- JUIsl TPaKkTUYECKHX pacyeToB Mo ¢opMmynaMm, BKIOYas (QOpMYyIIbI,
COJEep Kallhe CTENeHH, paauKallbl, JorapuMbl U TPUTOHOMETPUUECKUE
(GYHKIIMHM, HWCHONB3YysS NpU HEOOXOJUMOCTH CIPABOYHBIE MAaTepHalbl U
MPOCTENIINE BBIYUCIIUTEIBLHBIE 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 TpaQUKu H3IyUYEHHBIX (QYHKIUH, WUIIOCTPUPOBATh IO TpaPuKy
CBOMCTBA AIEMEHTAPHBIX (PYHKIIHIA;
UCTOJIb30BaTh TOHATHE (DYHKIMHM U1 OMHMCAHUS M aHalIM3a 3aBHCUMOCTEH
BEJIMNYUH;
UCIIONb30BaTh  MPUOOPETEHHbIE 3HAHUA W YMEHHS B  IPAKTHUYECKOH
NESITEIbHOCTH Y TIOBCETHEBHOM KU3HU IS

-1 ONMHUCAHHWsI C TOMOINBbIO  (PYHKIMHA  pa3NUYHBIX  3aBUCHUMOCTEH,
NpeACTaBICHUS UX rpaduvuecKy, HHTEPIPETALUU TPaPUKOB.

Hauaja maTeMaTH4yecKoro aHajimu3a

yMeThb:

HAXOJUTh MPOU3BOJHBIE SJIEMEHTAPHBIX (PYHKIINI;

UCTIOJIb30BaTh MPOU3BOIHYIO JJISl U3yYEHHsS] CBOMCTB (YHKIMUA U MOCTPOCHHUS
rpaduKoB;
IPUMEHATh TPOU3BOAHYIO I TPOBEACHHS MPHUOIMKEHHBIX BBIYUCICHUH,
pemath 3aJadd MPHUKIAJHOTO XapakTepa Ha HaXOXKIACHHWE HaumOONbIIEro U
HAaUMEHBIIIETO 3HAYCHUS;
BBIUUCIIATh B IPOCTEMIINX CIIydasX IUIOIAAM U OOBEMBI C HCHOJIb30BAaHUEM
OIPEIEICHHOIO NHTETpaa;
UCIIONB30BaTh  MPUOOPETEHHbIE 3HAHUA W YMEHHS B  IPAKTHYECKOH
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 YEpPTEKaxX U MOJACISIX MPOCTPAHCTBEHHBIE (POPMBI;

COOTHOCUTH TPEXMEPHBIE 0OBEKTHI C X ONMUCAHUSIMHU, U300PAKCHUSIMU;

OMUCHIBATh B3aUMHOE PACIIOJIOKEHUE MPSMBIX U TIJIOCKOCTEN B MPOCTPAHCTRE,

apeyMeHmupo8ams 80U CYHCOeHUsL 00 IMOM PACHOJIOHNCEHUU,

aHAJIM3UPOBATh B IPOCTEUIITNX CITyYasiX B3aUMHOE PACIIOJIOKEHUE 0OBEKTOB B

MIPOCTPAHCTBE;

n300pakaTb OCHOBHBIE MHOTOTPAHHUKH U KPYTJIbIe Teja; BBINOJHIThH

YEpTEKU 10 YCIOBUSIM 33]1a4;

cmpoums npocmetiuiue cedenust Kyoa, npusmul, NUpamuobl;

pemaTh IUIAHUMETPUYECKUE U MPOCTEHIINE CTEPEOMETPUUYECKHUE 3aJaud Ha

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

UCIIOJIB30BaTh MPU PEIICHUU CTEPEOMETPUUYECKUX 3a/1ad TUIaHUMETPUUYECKUE

(baKThl U METOIBI;

MIPOBOAUTH JOKa3aTebHBIE PACCYKICHUS B X0JI€ pElIeHUs 3a/1a4;
UCIIOJB30BaTh MPUOOpPETEHHbIE 3HAHUS W YMEHUS B  MPAKTHUUYECKOM
JEATEeIIbHOCTH U MIOBCEAHEBHOW KU3HU IS



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

- BBIYMCIICHUSI 00BEMOB M IIJIOUIA/Ci MOBEPXHOCTEH MPOCTPAHCTBEHHBIX TEI
OpU pElIeHUH MPAKTUYECKUX 3a/ay, HCIONb3Yysd MpU HEO0OXOAUMOCTU
CIPAaBOYHHUKH U BHIYMCIUTENIbHBIE YCTPOICTBA.

B pesynbTaTte ocBoeHUs y4eOHON AUCIIUTUTMHBI O0YJArOIITHIICS JOHKCH 3HATh:

o 3HAYEHUE MAaTeMaTU4YEeCKOW HAyKH IJisi PEHIeHUs 3aJa4d, BO3HUKAIOUIUX B
TEOPUU U TPAKTHUKE; ITUPOTY U B TO K€ BPEMs OrPAHUYECHHOCTh IPUMEHEHUS
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 MAaTEMATHYECCKOW HAyKH, HCTOPHIO DPA3BUTHS
MOHATUSI YKCIIA, CO3JaHUS MATEeMaTUYECKOTO aHaju3a, BO3HUKHOBEHHS U
pPa3BUTHUSI TEOMETPUH;

. YHUBEPCAIBHBIN XapaKTep 3aKOHOB JIOTUKHA MAaTEMATUYECKUX PACCYKICHHM,
UX IPUMEHUMOCTB BO BCEX 00JIACTAX YEJIOBEUECKOM 1€ATEIbHOCTH;
o BEPOSATHOCTHBIN XapaKTep pPa3iIMYHbIX 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.

ConepkaHue  MpakTUYECKHX  pabOT  HAEJIeHO W Ha  pa3BUTHE
npoecCHOHANbHBIX yYMEHUN M HaBBIKOB. BbIMONHEHHE pacd€ToB, 4YepTekeH,
WHCTPYKTHUBHBIMU  MaTepuajiaMd, CIPaBOYHUKAMH, YMEHHE TI0JIb30BAThCS
COBPEMEHHBIMH  MH(GOPMAIIMOHHO-KOMMYHUKAIIMOHHBIMU TEXHOJIOTHSIMHU.
Hapsiny, ¢ ¢dopmMupoBaHWeM YMEHHA ¥ HAaBBIKOB, B IPOIECCE BBITIOJHEHUS
MPaKTUYECKUX paboOT 0000IIAITCA, CUCTEMATU3UPYIOTCS, VYIIYOJSIIOTCS U
KOHKPETHU3UPYIOTCS TEOPETHUCCKUE 3HAHUS, BBIPAOATHIBACTCS CIIOCOOHOCTH U
TOTOBHOCTh HCIOJB30BaTh TEOPETHUCCKHE 3HAHUS Ha TMPAKTHKE, Pa3BHUBAIOTCS
WHTEJUICKTYaJbHbIC YMEHUS.

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

TUIIOBBIX IPUMEPOB U 3a4a4. JlaroTcs yrpakHEHUs Il 3aKPETUIEHUS MaTepHrala.
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€ 3HAMEHATElb, & YUCIUTEIh PAaBEH CyMME YHCIUTENCH JaHHBIX IPOOCH, T.e.

aba+b
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IT0 onpeaeIeHue MOXKHO c(HOPMYIIMPOBATH TAKIKE B BUJIC CICIYIOLIETO TIpaBHJIa.

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

ITpumep.

YroObl CIIOKUTH OPOOM C pa3HbBIMH 3HAMCHATEIISIMH, HAJ0 MPHBECTH UX K HAUMEHBIIEMY
o0mieMy 3HaMEHATEII0, a 3aTeM CJIOXKHUTh IMOJYICHHBIC YUCIHUTEIN U TI0J] CYMMOW MOJIMUCATH
001NN 3HAMEHATEND.

5 7 13 14 _15+14 28 15

Mpisiep, 3 12 24 24 24 24 24

5+'? 15+14 29 15
8 12 24 24 24

Kopoqe 3aIIMCBIBAIOT TaK:

UToOBbI CIOXHUTH CMEIIAHHBIE YHCIIA, HY)KHO OTJIEIBHO HANTH CyMMY IENBIX U CyMMY JPOOHBIX
yactei. JleficTBUE 3aNUChIBACTCS TAK:

gl 111 g g2l 11+20 o 1352 1,7
15 45 9 45 45

2. Bwviyumanue. Berautanue npoOel MOXHO OINPEACIUTh KaK JACHCTBHE, 00paTHOE CIIOXKEHHUIO
npobeil. BeruecTh U3 0JJHOTO IPOOHOTO YKca BTOPOE 3TO 3HAYUT HAUTH TPEThE YHCIIO, KOTOPOe
B CyMME CO BTOPBIM JaeT nepBoe. M3 3Toro onpenenaeHus cieayeT IpaBuio:

Yr1o0Obl BBIYECTD le06I/I C OJWHAKOBBIMU 3HAMCHATCIIAIMHU, HYXHO BBIYECTH YHCIIUTECIb
BBIUUTAEMOI'0 M3 YHCIUTCIA YMCHBIIAEMOI'O M OCTAaBHUTH Hpe)KHI/Iﬁ 3HaMCHATCIIb. HeﬁCTBHe
3aIlIMChIBArOT TaK:



UtoObl BBIUECTh JpPOOM C pPa3HBIMH 3HAMCHATENISIMH, HYXXHO CHadaja TPUBECTH HUX K
HAaUMEHbBIIEeMY OOIIeMY 3HAMEHATEII0, 3aTEM U3 YHCIUTENS] YMEHBIIIAEMOTO BHIYECTh YUCIUTEIh
BBIUMTAEMOTO W TOJ MX Pa3HOCTHIO IMOANMMCATHL OONIMI 3HAMEHaTenb. J[eHCTBUE 3aMUCHIBAIOT
TaK:

11 5 _22-15_7

12 38 24 24

Ecimu HYXHO BbBIYCCTh OAHO CMCIIAHHOC YHCJIO U3 APYTOro CMCIIAHHOIO Yucia, TO, €CJIM MOXKHO,
BBIYUTAIOT ,Z[p06b u3 I[pO6I/I, a OeJIoC U3 1UeJIoro. HeﬁCTBHC 3allMCBhIBAIOT TakK:

G 3 36-33 i
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11 4 44 44
Ecnu ke npoOb BbIYMTAEMOro OOJbIIE IPOOM YMEHBIIAEMOTO, TO OepyT OJHY CAWHHILY H3
IEJIOT0 YMCJIa YMEHBIIAEMOTro, pa3Apo0IIsIOT € B HaJUIeKAIUe J0JIM U MPHOABISIOT K ApoOu
YMEHBIIIAEMOT0, TIOCJIC YEeTO MOCTYIAI0T, KaK OMUCAHO BbIIIe. J[eficTBHe 3aTUChIBAIOT TaK:

51_122416—33:352—33:3E

o 12 36 36 36

AHanoru4Ho IMMOCTYIAKOT, KOI'’Ja HA10 BBIYCCTh U3 LEJIOTO YHCJia )IpO6HOG.

[Tpumep. 3 3

3. PacnpocmpaHenue c80lUCME CLOJNCEHUS U 8blYUMAHUSL HA OpoOHble uucna. Bee 3akoHBI U
CBOICTBA CIIOKEHUS U BBIUMTAHUS HATYPAIBHBIX YHCEN CIPABEIUBHI U I IPOOHBIX uncen. Ux
[IPUMEHEHNE BO MHOTHX CIIy4asiX 3HAUYUTENIBHO YIIPOILIAET ITPOLECC BBIUYMCICHUS.

4E+13+22+5E+1+3l= 4E+3l + 13+5E +
4 9 12 & 4 4 4 e 9

+[Zi+1]=8+’?+3=18
[Ipumep 1. 1212

3I[GCL HCIIOJb30BaHbI HepeMeCTI/ITeJ'IBHHﬁ 1 COYETATEIbHBIN 3aKOHBI CIIOKCHHUS.

7 31 53 7 53 31
2 +13 + =|2 + +3 =
720 144 720 720 720 144

6 31 _12+431 _ 43
=2— +3° =5 =35
Mpuwep2. 72 144 144 144

3I[GCL HCIIOJIb30BAHO IMPAaBUJIO HpI/I6aBJ'IeHI/I}I CYMMBI K YHCITY.
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[Ipumep 3.
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Mpiniep 4. 5 8 8 8) 5 5 3
3,I[CCB HCIIOJIb30BAHBI IIPpAaBUJIa BBIYUTAHUA U3 YHCJIa Pa3HOCTU U CYMMBI.

4. Ymnoowcenue. YMHOKEHHE ,Z[pO6I/I Ha »OCJIO0€ 4YHUCIIO MOXHO IIOHHMMAaTh TaK XK€, KaKk H
YMHOXCHHE LCJIOro 4Kucja Ha HEJI0€, T.€. KaK CJIIOKCHHUEC OAMHAKOBEBIX ClIaracMbIX. HaHpHMep,

2 2 2 2 2 2
— A=t —t —+ —+—
3 3 3 3 3 13
3 2
Ho JIs YMHOKCHUS Ha ,Z[pOGL TaKO€ TOJIKOBAHUEC HC IMOAXOAUT. HaHpHMep, YMHOXas ? Ha 3 )

3 2

HEIb3s CKa3aTh, YTO 37eCh " 7 HaJ0 B3ATh 3 pasa ciaraembim".
31ech HE00X0UMO JaTh HOBOE OIIPEIEICHHUE.

[TpousBenenueM apoOell HA3bIBAIOT TaKyl IpPOOb, YHUCIUTENh KOTOPOW paBeH MPOU3BEACHUIO
YHCIUTENeH JaHHBIX JApoOed, a 3HaMeHaTeldb - MPOU3BEIACHHI0O UX 3HAMEHaTeNeH,

Te M HIF D gro6pl yMHOXHUTH 1poOb Ha OpOOb, HY/KHO YMHOXKMTh YMCJIUTEIb Ha
YUCJIUTEIb, @ 3HAMEHATENIb HAa 3HAMEHATENIb U MEPBOE MPOU3BEACHHUE CIEIaTh YUCIUTEIEM, a

BTOPOC - 3BHAMCHATCJICM: b d bd .

[Tpy yMHOXEHHMHM CleyeT J1enaTh (€CIU BO3MOXKHO) COKpALeHHUE.

12 19 12-19 2

Mpuvep. 19 30 1938 5

Eciu YUC€CTb, YTO LECJI0C YUCIIO IMMPEACTABIIACT coboii I[p06b CO 3HaMCHATCJIEM 1, TO YMHOXCHUC
I[pO6I/I Ha 1eJa0o€ 4rucCJio U OCJIoro 4mucjia Ha ,Z[p06]5 MOZKHO BBIIIOJIHATBH IMTO3TOMY K€ IIPABUITY.

1
Mpuweper. 12 112 12 2



5. Vmmoowcenue cmewannvix uucen. UYToObl TNEPEMHOXKUTh CMEUIAHHBIE YHWCIA, HYKHO
IpeBapUTEeIbHO OOpaTUTh MX B HENpaBWIbHBIE IpPOOM M MOTOM IMEPEMHOXKATH IO MPABUITY
YMHOXXEHUS IpOOeii.

Ecnu ke mepeMHOXar0T CMELIAHHOE YHUCIO Ha LENI0e, TO IPOIE MHOXKHTH OTAEIBHO LEIYI0
4acTh U JPOOHYIO YacTh.

23.32522-,-%

[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 2
7—-30= [T+ —]-33 =210+4=214
[Tpumep 1. 15
91-3=9-3+3-3=T2+T=T9
[Tpumep 2. 8

3( 9 1) (34
_.[7'_.1_3]=[_._].?izl.?iz?i
Mpmvep3. 4 L 31 37 (4 3) 31 31 31

2
[12_.433].i=[ﬂ.3].43i=2.43i=359
Tpumep 4. 5 17 ; 31 5 131 17 17 1'?_

7. llenenue opobeu. Jlns nenenust Apodel coXpaHseTcs TO K€ ONpeaeTeHUe, YTO U JUIsl AeTeHUs
LEeIbIX YHCEN: 3TO - JEHCTBHUE IOCPEACTBOM KOTOPOrO MO JAHHOMY IPOM3BEACHHUIO ABYX
COMHOMKUTENIEH M OJHOMY M3 3THUX COMHOXXHUTEJIEW OTBICKUBAETCS BTOPOU COMHOKUTEIb.
Pa3pgenuth OAHO 4YMCIO Ha BTOPOE - 3HAYUT HAWUTH TAKOE TPEThE YHUCIO, KOTOPOE IpHU
YMHOXXCHHH Ha BTOPOE JIA€T MepBoe. BEIMOIHSIOT AesieHne apo0eit 1o CleayroieMy npaBuiy.

YroObl pa3nenuts ApoOb Ha JpoOb, HYXHO YHUCIUTENb IEpPBOH JApOOM YMHOXUTH Ha
3HaMEHAaTelb BTOPOW, a 3HAMEHATEIb IEPBOM HA YHUCIUTENb BTOPOM M NEPBOE MPOU3BEACHUE

a. ¢ ad

3aMurcaThb YUCIIUTECIICM, 4 BTOPOC - 3BHAMCHATCIICM: b d bc .

6 9 610 60 20

[To aTOMY k€ MpaBUILy MOYKHO BBIMIOJIHATH JeJIEHHE IpOOH Ha LIeJI0€ YHCIIO U LEJIO0To Ha JIpoob,
€CJIM MPEe/ICTaBUTh 1IEJI0E YUCIIO B BUE IPpOOU CO 3HaMeHaTeseM 1.



15:£=E:E=E=E=21;
7 17 1.5 1
3_2_3_2_31_4

13 131 132 13

& 8:2 4
—:2
13 13 13
8. Henenue cmewannvix yucen. YToObI BHITOIHUTE JICTICHUE CMEIIAHHBIX YUCEIT, UX
npeBapUTeIbHO 00PAIAOT B HEMPABWIBHBIC APOOU H 3aTEM JIEIIAT 110 TPABUITY JIEIICHUS
JIpOOeH.
3.1 63 21 63-20

122:1 - =27 2220 g
Mpuvep. 5 20 5 10 5-21

OpHako Mpu JeJICHUH CMEIIAHHOTO YKciia Ha [1e0e ObIBaeT y00HEH AeTUTh OTACIBHO LETYI0
YacTh U OTJENbHO APOOHYIO YaCTh CMEIIAHHOTO YKCIIa.

Z!nl‘.llé:izﬁl
7

[Tpumep.

9. 3amena Oenenus ymuodicenuem. Ecnu B kakoi-HUOY b APOOU MOMEHSITh MECTAMH YHCIUTENTh

U 3HAMEHaTellb, MOJIy4YUTCs HoBast JpoOb, oOpaTHast nanHoi. Hanpuwmep, 11t ipodu 7 oOpartHas

7

IpobOb Oyner 8

OueBuIHO, YTO MPOU3BEACHHUE IBYX B3aMMHO OOpaTHBIX JpoOeii paBHO 1.

@g | -1
Il
et

=1| oo

YuursiBas 3T0, MOKHO JI€JICHUE BBIOIHSATH 10 CIAEAYIOLIEMY MIPaBUITY.

YT00BI pa3aCMTh OAHO YUCIIO HAa APYro€, HY’>KHO ACIIMMOC YMHOXKUTH HA YHCJIO, O6paTHOC

JEIIUTEITIO.
25 27 11
HpI/IMepl.3 7 35 13
3 7 7



4_51 41'543 3

Mpuvep3. 7 3 7 3 7 16 28

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

IIpumep. BLIUUCIUTE:

3 5 15 5 1 1
—_ —+3. -
521 2884, 2 "3 1 16
51110 1.,,1.5436 35
2 2 3
PerieHue 1mo 4yacTtsam.
a.5 1 1 1
)— —=—=—; N-—+9=9—;
5 21 §5.21 7 T 7
15 5 15.-84 1
2)—:—=—=9; 4)5: —=10;
28 84 28-5 2
5}10+10=2ﬂ'
1 64 16 1 1
6)9—:20= — ="—;11)—:3=";
7 720 35 3 9
1 1 13
7)2:—=4; 12}— —
2 4 9 3'5
8)3:1=9; 13)13: E—E—Bﬁ
3 a5 13
204 +9=13, 14)35-l=1;
g
1 1 16
10y —:2=—; 15)_+1__—
2 4 a5
Ortser. 1.

ITprMep BBIYMCICHUS IIETIOYKOM:




1 3 1 1 7 7
§--=|3= [3z-12]12 ,l.51 ;1,3
4 4 2 8 8} &_ 2 2.4 5 _
3 5 .1
5—4E 10 2—1E :f*!u1 —:10 —:3-
5 & & 3 a8 &
152 58 13
_27,45_ 7.2 55 20 15
3_1+5_8 3 1+25 10
510 & 25 50 5
E!15£+1l£.'l—45E
Penienue 3anau
2
1. Bozia 3anumaer 3 noBepxHocTu 3emud. [ToaTomy 3emitio Ha3bIBAIOT «T'OJTYOOM MJIAHETOM.

1
Kakyro yactb 3eMHOM OBEPXHOCTHU 3aHUMaeET cyma? OTBeT: 3 cylia.
2
2. Oty 42 roja, a BO3pacT CblHa cocTaBisieT 7 Bo3pacta otua. Ckoibko neT ceiny? OTtBet: 12

JICT.
3

3. IlpenenbHbBIN BO3pacT OCIKH 6 JIET, 9TO COCTABIIICT S MPeAeIbHOr0 BO3pacTa 3auia.

CkonpKo J1eT MokeT npoxxuTh 3aa1? Oteer: 10 ner.
5 25

Y a1 2
4. lnuna ctoponsl kBagpara 9 am. Kakosa ero miomans? OtBer: 81 nm”.

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

yacoB. Kakyro yacTb pabOThl OHH BBIIOJHAT BMECTE Tociie yaca padoTei? OteT: 40 v,

2 1
6. B mepBbIil uac aBToOYyC MpoIIesa 5 BCEro MyTH, BO BTOPOH 3 IMyTH, a B TPETUH — OCTAIbHBIC
28 kM. Kakoe paccrosiHue mpoiuen aBro0yc 3a Tpu yaca?

2 1 11
1)5 + 3 = 15 (y) —3a jBa 4aca.
11 4

2)1- 15 = 15 (1) — mpomuren B TpeTuit yac. 4
ad
3) 28 : 15 =105 (kM) — 3a TpH Yaca.

Otsert: 105 kM mporen aBToOyc 3a TPH yaca.

JdomaiHee 3agaHue:



5 3

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

OtBeTr: 100 kM.
9

2. 113 60uku ¢ OEH3MHOM BHAYaJIe OTIIMIIM 28 BCero MMEIOIIErocs TaM OeH31Ha,
2

noToM 7 Bcero OeH3WHa M MOocje 3TOro B 0ouke octasoch 99 nutpoB 6en3nHa. CKOJIBKO JTUTPOB
OceH3MHA OBLUIO B OOUYKE IMepBOHAYAIHHO?

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

2)1— 28 = 28 (4)— OCTANOCH.

11
3)99: 28 =252 (1) — OBUTO IEPBOHAYATIBHO.

Otger: 252 1 Gen3uHa ObLJIO B O0UYKE EPBOHAYAIIBHO.

IIpakTHyeckoe 3ansaTue Ne 2

Tema: «PeuieHne MTMHENHBIX YPABHEHUN U HEPABEHCTB)

Heab: OG00UMTH U CHCTEMAaTU3UPOBATh 3HAHUS, YMEHUS YYALIUXCS MPU PEIICHUU JIMHEUHBIX
YpaBHEHUM U HEPABEHCTB

TeopeTtnueckuii 6110k
JIunelinble ypaBHEHUS

JInHEeHBIM YpaBHCHHUEM OTHOCUTCIILHO nepeMeHHoﬁ X Ha3bIBACTCs YpaBHCHUEC nepBoﬁ

T o
cremenn KX +2 =0 (1)
rme K u b — IpOM3BOJNBHBIE BENIECTBEHHBIE YUCITA.

T
B ciyuae ¥ = @ ypaHenwue (1) uMeeT eAMHCTBEHHOE PELICHHE TIPH JIIOOOM 3HAYCHUH D :

b
x=-=

K

1

T, — o
B ciyuae, korma ¥ = U8 # 0 ypappenue (1) pemenuii He HMeeT.
B ciiyaae, korma K=0, b =0, pemennem ypasuenus (1) siBiseTcst 11000€ 9UCIIO

x € (—w0;+ o).
Ecin wn3HauanbHO 3aJaHO YypaBHEHHME, COAEpXKallee IEPEMEHHYIO B
3HAMCHATCIIC, TO MECPCa PCIICHUEM HCO6XOI[I/IMO YKa3aTb 001aCcTh ONpeaACIICHUA, UCKIIFOUUTD U3

OTBETa KOPHH, PY KOTOPHIX BBIPAKEHNE HE UMEET CMBICIIA.


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

8[x—1)
Br—84

&
+2x:2[4—2xj
2r=8-4x

Br+Zx+dx=5+8

Br+Zx+4x=8+8
14x =16

16

8

r=
4 7

Ipusep 4
Sx+15
x+4
Dox#
Sx+15
x+4

|
4

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

S5x+15=4x+16

x=-1

Ornsein

Hpuatep 5
Sx+15
x+3
Dox#
Sx+15
x+4

x=-1

"y
-3

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

Sx+15=4x+12

x=-3

e

HEr KOpHeH



JIuneiinble HepaBeHCTBA

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

HAa3bIBACTCA HEPABCHCTBO,

kx+b=0,
kx+b =0,
kx+b<0,
kx+b=0,
mek ub — POHU3BOJIbHBIC BEIECTBEHHBIC YHCIIA.

Pemras HHHCP’IHBIC, Ja U HE TOJIBKO J'IPIHCfIHLIC, HEpaBCHCTBA, CICAYCT IIOMHHUTH, YTO IIPHU
YMHOXCHHHU WX JACJICHUKW HEPABCHCTBA Ha IIO0JIOXKHUTCIBHOE YHCIO 3HAK HEPaBCHCTBA
COXpPAHACTCA, a IIpU YMHOXCHHH HJIN ACJIICHHU HCPABECHCTBA HA OTPHULATCIBHOC YHUCIIO 3HaK
HCPAaBCHCTBA MCHACTCA HA HpOTHBOHOHO)KHI:IfI.

B cooTBeTCcTBHM C 3THUM pEIICHHE JIMHCHHBIX HEPABEHCTB, B 3aBUCHUMOCTH OT 3HAYCHUM
ko3h¢urmentor K u b, mnpeacrasneno B cieayroieit Tabmuie 1.

Ta6muma 1. — Pemenne HepaBeHCTB MEpBOM CTEIECHU

kx+b=0 kx+b>0 kx+b=0 kx +b<0
3HaK HEpPaBEHCTBA COXPAHSETCS
e xE—E Jl.::::-—E xi—E Jl.:-::—E
K K k k
k=0, b<0]|iJ %) XeE(—o0;+ ) | XE(—0; + c0).
k=0, b=0 | X&€({—0;+0). | & Xe(—0;+w) | &
k=0, b>0|XE(—0;+ ). | XE(—0; + ). | & 7
3HaK HEPaBCHCTBA MCHACTCS HA l'IpOTI/IBOHOJ'IO)KHHﬁ
e xi—g .:v«:-::—E xE—E x}—E
k k k k

CucreMbl TMHEWHBIX HEPABEHCTB

PaCCMOTpI/IM peHICHUC CUCTEM JIMHEHHBIX HEPABCHCTB HA IIPpHUMCEpax.

IMpumep 1. PemmTh cucteMy HEpaBEHCTB




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

Pemenune. Pemmm KaXX10€ U3 HCPABECHCTB CUCTEMBI:

2x-320, 2x323, 2’
& =
3x+11>0, “3x =11, 11
X<

N300pa3uB Ha 01HOM KoopauHaTHOM mipsimoi (Puc. 1) 06a TouedHBIX MHOXKECTBA,
COCTABJIAIONINX TIOCIIEIHIOI0 CUCTEMY, ITOJIy4aeM OTBET IPUMEPA.

Puc.1

[3 11}
Xe| — —
OTtBerT: 23

ITpumep 2. Pemiuth cucteMy HEpaBEHCTB

Jx+4<0,
-2x-7 z0.

Penrenne. Pemmm kaxioe u3 HEpaBEHCTB CUCTEMBI:

4
5x+4<0, Sx<—4, A<=

L—
2x-720. 2xz27,
X=——.

2

N306pa3uB Ha onHOW KoopauHaTHOW mpsiMoil (Puc. 2) o0a TOUYEUHBIX MHOXKECTBA,
COCTaBISIIOLIUX MOCIEAHIOI CUCTEMY, MTOTyYaeM OTBET MpUMepa.

N300pa3uB Ha onHOW KoopauHaTHOW mpsmoil (Puc. 1) o0a TOuYeUHBIX MHOXECTBA,
COCTaBJIAIOLIUX IOCIEAHIOK CUCTEMY, ITOJy4aeM OTBET IPUMEDPA.



Puc.2

XE|— w0, ——
OrtsBer: 2

Ipumep 3. PemuTh cucteMy HepaBEeHCTB

6x—7 >0,
4x+13<0.

Pemenue. PeminM Kaxioe U3 HEPaBEHCTB CUCTEMBI:

7
6x—7 >0, 6x>7, oo
o o
4x+13<0, 4x <13, 13

x-:i—?.

N300pa3uB Ha 01HOI KoopanHaTHOM mpsimoi (Puc. 3) 06a ToueyHbIX MHOXKECTBA,
COCTaBIISIIOLIUX MOCIEAHIOI CUCTEMY, ITOTy4aeM OTBET MpuMepa

S S\_L]_ . o %
_13 07
4 6
Puc.3
OTBeT: Z

Pemmnth naHHbIe cucTeMbl HepaBeHCTB (Ne 179 —184):



179. { 26—1>1, 181. { bx + 3> 8,
3—x>0. 0,7 —3x < —2,6.
180. { I*Ex'i_gl I82¢ {2‘#—'3:}:{_3!
3x 4+ 1 << 13. 4x4+3>8—x
183. {34‘5'1'7}9'{—2/‘5: 184. {x+4-=:.’:?x.
54 %~ 2x - 2, | —x>—2.
JlomaiHee 3aaHue:
(2x +3) (2— 2x) > 0.
(2—m) (2x—15) (x + 4) > 0.
x}*i,
(3x-4>0, [{3x>4, [ 35 4
X —= P
_ Sxt+6x0; Sx - 57 3’
Grx-dHGx+8)>0& 3x_4{0’@ 3;:{4,@ :.x{i @x{—é
5x+6<0, g6, |3 5
- - &
i ——
| 5

IIpakTnyeckoe 3ansaTne Ne 3
Tema: Pemenue KBaApaTUYHBIX YPABHEHUN U CUCTEM YPAaBHEHUIN
Heanb: O000IUTE ¥ CHCTEMATU3UPOBATh 3HAHUS yYaIIUXCS 110 JaHHOU TeMe.
Teopernueckuii 6110k
Onpenenenue

Keaopamnoe ypaenenue — 310 ypaBHEeHHE BUAA ax’ +bx +c=0, rae
K03 duIreHTs &, b 1 C — npou3BoJbHbIE YKca, npuyueM a # 0.

HpC)K,Z[C, 4YCM HU3Yy4aThb KOHKPCTHBIC MCTOAbI pCIICHUS, 3aMCTUM, YTO BCC KBA/IPATHBIC
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 MOXHO OIPEACIIUTh, CKOJBLKO KOPHEH UMEeT KBaIpaTHOE YpPaBHECHHE.
A UMEeHHO:

Ecmu D < 0, xopHeit HeT;
Eciu D = 0, ecTb pOBHO O/IMH 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 CHHUTAIOT. 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 MOCJICAHEC 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+ D “b-D
e T

Korna D = 0, MOHO HCITIOJIB30BaTh JHO0YIO U3 3TUX (POPMYI — MOIYUUTCS OJHO U TO Ke
qrCIo, KoTopoe u Oynet orBeToMm. Hakoner, eciu D < 0, kopHelt HET — HUYEro CYUTAThH
HE HaJIo.

3amaua

Pemnth kBagpaTHbIE ypaBHEHUS:
x> —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 nx:

2 +4/16 2 —+/16
I1= =3, x2= - -
2-1 2-1

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

D > 0 = ypaBHeHue cCHOBa UMeeT J1Ba KopHs. Halinem ux:

2 ++/64 2 —/64
s =5 ==

BT e Y BT

Haxownen, TpeTbe ypaBHEHUE:
X+ 12x+36=0=>a=1;b=12;c=36;
D=12°-4-1-36=0.

D = 0 = ypaBHeHUe UMeeT OJIUH KOPeHb. MOKHO HCITOJIB30BaTh T00YI0 hopmyny. Hampumep,
NEPBYIO:

_—12+ﬁ_
*ETo 1 T

OtBer

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



Henonueie kBagpaTHbIE 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 JICT4YC, YCM CTAHAAPTHBIC. B HUX JaKC HC HOTpe6yeTC$I
CUUTATb JUCKPUMUHAHT.

Ornpenenenue

2 -
VYpaBHenue ax” + bx + ¢ =0 Ha3bIBaCTCS HENOIHbIM  KBAOPAMHbIM — ypaghenuem, ecimub =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 Buaax” =0. OdYeBHUAHO, TaKOE

yYpaBHEHUE UMEET STUHCTBECHHBINA KOpeHb: X = 0.

Paccmotpum octasnbhbie ciydau. [lycts b = 0, Torzia moyny4uM HEemosHOe KBaIpaTHOE
2

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

2 2 ¢ ¢
ax*+c=0=2x"=——=x=+ |——

a a

[TockonbKy apupMETHYECKUI KBaIpaTHBIA KOPEHb CYIIECTBYET TOJIBLKO M3 HEOTPUIIATEITLHOTO
YHCIIa, MOCIICHES PABSHCTBO UMEET CMBICI HCKITIOUUTENbHO rpu (—C/a) > 0. BeiBox:

Ecnu B HEMOJIHOM KBaJIpaTHOM YpaBHEHUHU BUA ax? + C = () BBIIOJIHEHO HepaBeHCTBoO (—C/a) > 0,
KopHei Oynet nBa. opmyra 1aHa BBILIE;

Ecnu xe (—c/a) < 0, kopHeit HeT.

Kak BuauTe, TMCKpUMHUHAHT HE IOTPeOOBajICsS — B HETIOJIHBIX KBAIPaTHBIX YPaBHEHUSAX BOOOIIIE
HET CJIOKHBIX BBIYHCIICHHUH. Ha camom JCJIe Jaxe Heo0A3aTeIbHO IIOMHUTH
HepaBeHCTBO (—C/a) > 0. JlocTaTOYHO BBIPA3UTh BEJIHMYHHY X* u IIOCMOTPETh, YTO CTOUT C IPYroi
CTOPOHBI OT 3HaKa paBEHCTBA. Eciau TaMm MONOXHUTENbHOE 4YUCIIO — KOpHeW Oyner nBa. Ecnu
OTpHUIIATEIILHOE — KOpHEH He OyAeT BOooOIIIe.

2 .
Temepr pazOepemMcst ¢ ypaBHeHHssMH Bujaa ax” + bX =0, B KOTOPbIX CBOOOIHBIH 3JIEMEHT
paBeH Hym0. TyT Bce TIPOCTO: KOpHEW Bceraa Oyner nBa. JloCTaTOYHO pas3iioKUTh MHOTOWIEH
Ha MHOXHUTEJH:

ax?’ +bx=0=>x-(ax+b)=0=>x,=0; x, = ——

HpOI/ISBe,Z[CHI/Ie paBHO HYJIIO, KOI'Ia XOTs OBl OJIMH 13 MHOXKHUTEIIEH PaBCH HYJIIO. OTCIOI[a
HaxXo4ATCA KOpHU. B 3akmroueHue 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 HE MOYKET OBITh PABEH
OTPULATEIIBHOMY YHCITY.
5 -9=0=24=9=x=94=>x%=32=15x=-L5.

OTtBeT

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

Penrenne KBapaTHYHBIX CHCTEM YPABHEHUIH
I L |Xx=y=1
pumep 1. Peuts cucremy ypasHenuit §
X“+y°=41.

Pemrenne. BpipasuB X W3 mepBOro ypaBHEHUS CHUCTEMbI M IIOJICTABHB BO BTOpPOE, MOJIYYUM

X=y+1

2y° +2y—-40=0.
pPaBHOCUIIBHYIO cucTeMy 7 = =0 00 o (1)

Pemas Bropoe ypaBHeHue cucremsl (1), HaXoaAUM /1Ba 3HAYEHUSI IEPEMEHHOMN : i=4Y,= _5,

MNOoACTAaBJIsIT 3TH 3HAUYCHHUA B IICPBOC YPABHCHUC CUCTEMBI (1), nojiyqa€M JiBa 3HAYCHUS

TEPEMEHHOM X: X1~ SX=—4

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

2x—-3y—xy =4

3X+y+3xy=3

Pemienve. Cpasy BbIpa3uTh OJHY [EPEMEHHYIO dYepe3 JpPYryl0 B JaHHOM Clydae

3aTPYIHUTENBHO, MEIIaeT ciaraeMoe Xy. UToObl M30aBUTHCS OT ITOTO CIIATAEMOTO YMHOXHM

NEpPBOE YpaBHEHHE CUCTEMBI Ha 3 M CJIOXHM CO BTOpPbIM ypaBHeHueM. [Ipu sToM momydum
2X—3y—Xxy =4,

ABHOCWJIbHYIO CUCTEM aBHEHUH <~ . 2
p yio y yp {9x—8y:15. 2)

IIpumep 2. Pemmnts cucreMy ypaBHEHUN {

15+8y
3 BTOPOI0 YypaBHCHUA IIOJTydYa€M: X=———. HOI[CTaBI/IB 9TO BBIPAKCHUE B IICPBOC

15+8x 15+8
—gy—y=>+

ypaBHEHUE CUCTEMBI (2) TOJyduM ypaBHEHUE 2 =4. Ilpeobpa3oBas ero,

TMOJTy4MM KBajpaTHOE ypaBHeHHe oTHOCHTenbHO y: 4y’ +13y+3=0. KopHu 5TOro ypaBHeHus

1 13
y,=-3,Y, = 2 HOACTaBUM B OPMYITY IS X, ¥ IOIY4InM X, =—1,X, = 3

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



x*(x+y) =80,
x*(2x—3y) = 80.

Pewenne. B neBbIX 4acTsAX ypaBHEHMH CHUCTEMBI CTOST IPOU3BEACHMS 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 HyNI0. TakuMm 00pazoMm, IMOIy4yaem, 4TO x#0y

3
2X—-3y#0=x# 5 y . Pa3zgenum nepBoe ypaBHEHHE CUCTEMBI Ha BTOPOE IIOYJIEHHO, B CUILY

X+Yy

CIICJTAHHOTO BBIIIIE 3aMEYaHHsI, TIOJIyIUM PaBHOCHIBHYIO CHCTEMY < 2X —3Y L Beipazum u3
x*(x+y) =80.

IIEPBOTO YPaBHEHHUsI IOJYYCHHOM CHUCTEMBI BbIpasuM X: X =4y . lloxcraBum 310 3Ha4eHUE BO

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

Homainee 3aganue: Pemure ypaBHeHUS:

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

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

3. (X* —2x-5)* —2(x* —2x-3)-4=0

Pemmte cuctempl ypaBHEHUN:

1 Xy =2,
9x* +y* =13.
X*+y=2
yo+x=2
1,
3 X‘;y X;y
+ =7

X+y X+y_



IIpakTuyeckoe 3ansiTue Ne4
Tema: Pemenue kBaipaTUYHBIX 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 6BIBaIOT CJICAyromunux BUAOB!
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 aTOr0 HEOOXOIMMO CHaYalla HATH KOPHU KBAAPATHOTO HEpaBEHCTBA (BMECTO 3HAKa
HEPABEHCTBA IOCTABUTD «=» I PELINTh ypaBHEeHHE ax’ + bx + ¢ = 0). KopHeii MokeT GbITb 1160
nBa, 1100 0JMH, TUOO HE OBITH BoOOIIE. [lanbpHeiime 1elcTBHUS 3aBUCIT OT KOJUYECTBA KOPHEH:

1. Eciin ypaBHeHHe MMeeT JIBa KOPHsI, HCOOX0IMMO HAHECTH MX Ha YUCIIOBYIO MpsiMyto. OHH
pa3o0bIOT €¢ Ha TpH MpoMexyTka. HyxHOo OyeT onpeaeanTh 3HaKH BEIPaKCHUS 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 a > 0, To 3HaKM OyayT +, —, + (CIIeBa HaNpaBo);
- ecm @ < 0, To 3Haku OynyT —, +, — (CIeBa HaMpaBo).

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

Ecnu 3HaK HepaBeHCTBA > MM <, TO TOYKU-TPAHHUIIBI IPOMEIKYTKOB 3aITMCHIBAIOTCS B KPYTJIBIX
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. Koperb pasaenut
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 TOUKHU-TPaHUIbI MPOMEXYTKa. Eciu ke 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, eciu 3HaK HEPABEHCTBA >, TO OTBETOM OyieT
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 MpsiMasl.

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 ciyyae: eciiy 3HaK HEpaBEHCTBA > WJIU >, 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

2
W3 pucyHKa BUAHO, 4YTO TpexwieH 2X~ + 4X — 6 monoxxureneH npu x < — 3 u npu x >1.
[Tpumep 2. PemuTth HEPaBEHCTBO

2
—X"+x—1>0.
JIMCKPUMIHAHT KBaJPATHOrO TpexwieHa — X° + X — 1 orpuuarenen: D = —3. TlostoMy npu
2
BCEX X 3HAYeHMsI PYHKIUU y = — X~ + X — 1 UMEIOT OAMH U TOT K€ 3HaK, a UMEHHO 3HaK
2

koo uImenTa IpH X2, T ecTh MuHyc. CIIe0BaTENbHO, HEPABEHCTBO — X- + X — 1> 0 He

BBITIOJIHACTCS HU IIPHU KaAKUX 3HAYCHUAX X.

[Tpumep 3. BBISICHUTD, IPU KaKKUX 3HAYEHUAX X JIPOOb

x4 9x—3
2y — x%

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

siiciig kit
-
0 b4

3HaMeHaTelb 2X — X° IOJIOKHTEICH npu 0 <x <2 u orpunarenex npu x < 0 u pu x >2 (puc. ,
HUOKHSISL UMCIIOBas 0ch). M3 pucyHKa BUJTHO, YTO AaHHAs JpoOb Oy/eT MOJ0KUTENbHA TPH — 3
<x <0 (B 3TOM Cllyuae YUCIUTENb U 3HAMEHATEIb OTPUIIATEIIbHBI) U TIPU

1< X <2 (B 3TOM cllydae YHCIUTENb U 3HAMEHATEIIb MOJIOKUTEIbHBI); OTPULIATEIHHONU OHA OyIeT
npu x <. —3 (YUCIUTETb OJIOKHUTENICH, 3HAMEHaTeNb oTpulaTesieH), mpu 0 < x < 1 (yuciaurenb
OTpHUILaTelIeH, 3HAMEHATENb MOJIOKUTENEH) U NP X > 2 (YUCIUTEIb MOJIOKUTEICH, 3HAMEHATEIb
OTpHUILIATEIICH).

Ynpasicnenusn
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.

[omarHee 3aganue:

1. Pemuth HEPABEHCTRO:

8x*-6x+1>0

2. HaiiTu HauMeHblIIee MOJIOKUTENHHOE 11eJI0e pellieHre HipaBeHCTRa:
X%+ 2x > -3

3. Pemuth HepaBeHCTBO:

X2 +3x+8>0

4. PemnTh HEPaBEHCTBO:

X>-Ax+4>0

5. Pemuth HepaBeHCTBO:

X -4x+4>0

6. HaiiTi Bce 3HaueHUS X, HE SBJISIOIIMECS PEIICHUEM HEpaBeHCTBA!
2

X°>16

IIpakTnueckoe 3ansaTne NeS
Tema: OyHkuuu: TuHeHas1, 0OpaTHasi MPONOPLHOHANBHOCTE. [locTpoeHne KkBaapaTHUHON
byHKIIUN
Heab: 3akpenuTs y yyaluxcsi 3HaHUS U YMEHUS TOCTpoeHus TpadukoB QyHKIUH
Teopetnueckuii 6110k

r — 1 . 1
CaoiicTBa muHelHOM QyHKIpy Y = KX + 80



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

2. O6nactp u3MeHeHUs (GYHKITUHU TIPU YCIIOBUH, YTO kK #0 _ \MHOXECTBO BCeX ACHCTBUTEbHDBIX
uncern. Ecau K = 0 , TO MHOYKECTBO 3HaU€HHUH (QYHKIIMM COCTOUT U3 OJJHON TOUKH b

3. IIpu k =0, b#0 (YHKIMS He SABIACTCS HU YETHOM, HU HedeTHOH. Ecm K = 0 (b nroboe) —
bynkius yerHast. Ecim b=10 (*1{ Tr000¢€) (QYHKITHSI HEUeTHASI.

4. Ilpu k=0 (dbyHKIMS Bo3pacTaeT npu Jro0six * . [Ipu k=0 GbyHKIMS YOBIBACT TIPH

mo6eix X . Ilpu & = 0  (hyHKIHUA NOCTOSHHA.

Ilpumep. lloctpoutsb rpaduk GyHKINU y=2x+4 .
Pewenue. I'padukom siBrsieTcs: npsmas auaus. [ e€ mocTpoeHUs TOCTATOYHO HAWTU TOYKHU

MEPECCUYCHUA C OCAMH KOOPAHUHAT: IIPHU X = ﬂ’ y - 4

A(0;4) . B(-20)

U 1pu X=-2,y= ﬂ. Takum oGpazom,

npsiMasi IPOXOAUT Yepe3 TOUKHU

_ax+h
DyHKIMs BUOA €X+a rned, b, C, e _ nocrosmmse uycna, npuuem € F 0, ad = bﬂ-',
Ha3bIBACTCSl OPOOHO-TUHEHOU dyukyuerr. DyHKIMSA onpesieeHa BCIOJ1Y, KpoMe
X =— d
3HAYCHHS € Eema@=0 ¢=1, d=0 , TO TTOJIYYMM YaCTHBIN CIydal JPOOHO-THHEHHON

b
byHKLIMH X . OGnacts ompesesneHusi Takol (YHKIUN XE [_ :ﬂ,ﬂ)U ({]:—Hﬂ). I"'paduxom
b

byHKIMN X sBisercs KpuBas, COCTOAIIAs W3 JIBYX BETBEH, CUMMETPHYHBIX OTHOCHTEIBHO
Hayaja KoopauHar. Takas KpuBas Ha3bIBaeTcs cunepbonoii. Ecnu b> 0, TO BETBU TUNEPOOIbI

pacrionoxkensl B I 1 III koopAMHATHBIX YETBEPTAX; €CIIU KE b<0 , To Bo II m IV koopauHaTHBIX
yeTBepTsIX. | unepbomna He uMeeT OOLMX TOYEK C OCSIMH KOOPIUHAT, a JIUIIb CKOJIBKO YTOJHO OJIM3KO

—b

K HUM npuOmmkaerca. DyHKIms X wevernas. Ha pucynke n300pakeH  Trpaduk

rUnepooIIbl ¥ X JUTSL CITydast b>0.



» <

» X

2

OyHkius, 3aaaHHas  (hopmynoi Y=dax— + bx -I—tl" IPICS y.x _

IICPEMCHHBIC, a’b’c —

3aJaHHble 4ucia, & F ﬂ, Ha3bIBACTCs Keaopamuunoi yukyueir. OOIACTBIO OMpPEIEICHUS
KBQIpAaTUYHOM  (YHKIMH  SBJISIETCS MHOXECTBO  JCHCTBUTENbHBIX uyHcel. [ 'padukom

2

byHKIIUN y=ax + bx+e sBysieTcst napabona. Ecnu & > 0 , TO BeTBH mapabobl

HAIpaBJICHbI BBepX; eciu £ < ﬂ, TO BETBU Mapaloiibl HampasiieHbl BHU3. OCbl0 CUMMETpPUU

b

X=—
napaboibl ABJISAETCS MpsAMast 2a . KoopauHaTel BepIIMHBI MApaboIIbl OMPENEIIAIOTCS 10
b dac —b°
hopmynam 0 2a -0 0 4a

Jlnis moctpoenus napadosibl y1oOHO BBIOpATh CIEAYIOUINE TPU TOUKH:

a) TOYKY IepeceueHus: napadosbl C OChIO oy, pu x=0 MOJIy4YUM Y=C rakum obpazom,

C0c).

nepBas TO4Ka

6) Touky Ha napabosie npu y=¢ , TO €CTh JINOO TOUKY C aOCIHCCOoi x=0 (rouka C), nu60

__b B(ﬁ;c)

TOYKY C aOCIUCCOM & | takum 0Opa3om, BTOpast TOUKa a

__b _ _ dac —b°
Alx,.¥,) xﬂ__ﬁ,yﬂ_y[:‘ﬂ]_ 4a

B) BEpILIUHY apaboIIbl TOUKY , Te
MoXHO TaKke B KayecTBe OCHOBHBIX TOYEK BBIOpPAaTh TOYKHM IepeceueHHsl napadoibl ¢

_—bt\b%*—4ac _—b+JD

X =
ocero OX |~ 1.2 2a 28 ecnu Takue CyWeCTBYIOT, TO €CTb
JMCKPUMHUHAHT KBaJPATHOTO TPEXUIEHA HEOTPHUIIATENLHBIMN.

2
Ilpumep. Iloctpouts rpaduk GpyHKINN y= 2x% +2x+2 .

roun C0:2) B-12) 4-0,515)

OtmetuM  TpHu

(a::»O)

BerBu mnapaGonbel  HampaBiIeHBI

x=-—10,9

BBCPX . Hapa60J1a CUMMCTPHUYIHA OTHOCUTCIIBHO Hp}IMOI‘;I



A

1. Tloctpoiite rpaduku HyHKIUI:

y— F4 L 2
1y=3x— 4% =
1 6. x
v=—x—1
2. 2 71,21
y — C — A~ N X
J.v=5—4x 2 ,
1.‘____
8. x
4 2
v=44—
9- x
42v—4x =6
S3r + 4y =2
3
6.y =—

T

2. IocTpoiite rpaduKku 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=x*—6x +10.
4, y=x (1 —x). 8.y=—3x% +2x+1.

I[OMaI_HHCe 3aaHuC:

[ToctpoiiTe rpadpuku GyHKIMMA:



l.vy=4x — 5

[TocTpotite rpaduku
byHKIHH:

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

5.y=x*-4x+4

KBaJI[paTUYHOMN



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. PemunTe cucremMy JIMHEHHBIX HEPaBEHCTB:

4x-3+3>§+§ —2X 5 2x
2) { 6 2 8 ){ - ’
4x—3+x—5>_x—1 4x -15 _43
8 5 2 3 3

3.Pemnre cucreMy ypaBHeHUI:

5x -2y =7 2X-y _X=2 ., 1,18
{3X e O3 PR B){X y 6
= 5x—4y =18 2y—x=1

4.Pemnte KBaJgpaTHOE ypaBHEHHeE:

2 2
a) x?—x=0 6) 5X6+9+4X5 9=3 B) X> +9x+20=0 Nx?-5=0

x(2x —3) N (Bx-1 (x+3)
2 5 5

=1

A)

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

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



2 BapuaHnt
1.Pemure JiuHeiiHOE YpaBHEHUE:

a)x+x-3+x+1:2X+5—3x ) 4—6_2X+x: X_x+3
8 4 2 3 2

2.Peminte cucTemMy JIMHEHHBIX HEPABEHCTB:

5X—3>—1+X, 7_26X+10S8X3+1—12,
a 6{
){%—3x<§x—5 ) X+1>2x—21
2 2
3.Pemnrte cucteMy ypaBHeHUH:
2X—-6 x-2
2x +3y =13, 3 2 =2y, l_i=1,
a) 0) B)} Yy x 3
5X-y=7 3Xx—6
> + ==X X—2y=2

4.Pemnte KBaJgpaTHOE ypaBHEHHeE:

2 _ 2
a)x* —2=0  6)3x* +6x=8x>—9x B)3X 11+74 2x

12
2) X(X=7) N x—4_g=1
3 3 10
5. Peminte KBaApAaTHYHOE HEPABEHCTBO:
a) 2x2 —=x+4<0  6)—3x*+5x+2>0 B)2x? —4x+13>0

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

IIpakTHyeckoe 3anaTHE N7

Tema: OCHOBHBIE TPUTOHOMETPUYECKUE TOXKIECTBA

Iesn: HayuuTs BCoOb30BaTh OCHOBHBIE TPUTOHOMETPUUYECKUE TOKIAECTBA IIPU
npeoOpa30BaHUH BBIPAKEHUN

Teopernueckuii 010K

Teopema
OCHOBHOE TPUTOHOMETPUYECKOE TOXKIECTBO. [1Jisl JII000T0 yria o BEpHO YTBEpKICHHE:

sin® o + cos® a = 1.

sina=+1—cos?a; cosa=+,1—sina

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



Crnencrsue
Jlist mro00Tro yriia o MOKHO MepenrcaTh OCHOBHOE TPUTOHOMETPHUYECKOE TOKIACCTBO CISAYIOUTIM

obpazoM:

tg2a+1=—1 ; ctg2a+1=—1
cos? a sin? a

OTH ypaBHEHUS JIETKO BBIBOSTCS N3 OCHOBHOTO TOXKIECTBA — JOCTATOYHO pa3/ieuTh 00 CTOPOHBI HA
C0s® o (A1 OTyYeHHUs TAHTEHCA) MM Ha Sin’ a(JUIs KOTAHIeHCa).

Pewienne ynpaxxHeHui

1.Haitnure sin o, €cii ©3BECTHO ClIeyIOIIEe:
3v11 CI
COS ¥ = — e 'TE)
10 ' 2’

Pemenue

HawMm u3BecTeH KocuHyC, HO Heu3BecTeH CUHYC. OCHOBHOE TPUTOHOMETPUUYECKOE TOXKIECTBO
(B «ancTOMY BHJIE) CBS3BIBACT KaK pa3 3TH QYHKIUH, TOATOMY Oyaem pabotaTh ¢ HUM. MMeem:

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

JIiist penieHust 3a1a41 OCTaI0Ch HAWTH 3HAK CHHYca. [I0CKOIbKY
yroi o €(n/2; 7),T0 B rpajiycHON Mepe 3To 3amuchiBaercs Tak: a € (90°; 180°).

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

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

2.HaitauTte cos o, eciii H3BECTHO CIEAYIOIIee:

3 E(_Sﬂ:)
sina = ——-; a €1~

Pemenne

Hrak, Ham U3BECTEH CUHYC, a Ha10 HalTH KocuHyc. O6€ 3Tu PYHKIIMHU €CTh B OCHOBHOM
TPUTOHOMETPHUICCKOM TOXICCTBE. HOI[CTaBJ'IHeMI

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

Ocranock pazobparbesi CO 3HaKOM Iepest 1po0bio. UTo BHIOpATh: MIIFOC WM MUHYC?

[To yciioBHIO, YroJ o MpUHAUICKUT MPOMEeKYTKY (7 37/2). TlepeBeneM yriisl U3 pajuaHHOM
Mephl B rpaaycHyto — noayduM: o € (180°; 270°). OueBuano, 370 Il KOOpAMHATHAS YETBEPTS,
IJie Bce KOCUHYCHI oTpuuatensHel. [loatomy €0S o = —0,5.

OtBetr:—0,5



3.Haiigute tg o, €ciau U3BECTHO CIEAYIOIIEE:

1 E(%rz)
COsSa=—; & — ;AT
410 2

Pemenue

Tanrenc n KOCHHYC CBA3aHblI YPABHCHHUEM, CICAYIOIIHUM M3 OCHOBHOI'O TOUrOHOMETPUYECKOro
TOXAecTBa:

1
2 2
tela+1l=——>ts?a=10—-1=9
cos? a 2
[Monyuaem: tg a = £3. 3HaK TaHreHca ONpeAeNsieM 1o yriy o. M3BectHo,uTo a € (37/2;
27). [lepeBeneM yriibl U3 paJMaHHON MEpPhI B TPayCHYI0 — noiyduM o € (270°; 360°).
OueBuaHO, 3T0 IV KOOpAMHATHAS YETBEPTH, I/I€ BCE TAHTCHCHI OTpULaTeNbHbI. [loaTomy tg a =
—3.

OrtBe: —3

4. Haiinurte cos o, €CJIM U3BECTHO CIIeNYyIOIIee:
_ 3

sina=-0,8; a € ?;2?’[

Pemenne

CHoOBa U3BECTCH CHUHYC U HCU3BCCTCH KOCHHYC. 3anunieM OCHOBHOE TPUTOHOMECTPUUICCKOC
TOXICCTBO:

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

3Hak onpeaenseM mo yriy. Umeem: a € (37/2; 2x). [lepeBeneM yriibl U3 rpagyCHON MEPHI
B paauanuymo: a € (270°; 360°) — sto IV koopauHaTHAs 4Y€TBEPTh, KOCUHYCHI TaM
rostokuTenbuel. CaemosarensHo, CoS o = 0,6.

OTseT:0,6

5.Haiigure sin a, eciu U3BECTHO ClIEAYIOIIIEE:
f[A
ctga = 246: a € (D;E)

Pemienne:

3anuieM q)OpMy.TIy, KOTOpada CJICAyCT U3 OCHOBHOT'O TPUTOHOMCETPUUICCKOT'O TOKACCTBA
" HAlIpSAMYIO CBA3BIBACT CUHYC U KOTAHI'CHC!

1 1
‘a+1= =2441=25
cg”a sin? o = sin? o

Orcrona nmoxy4yaem, 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 koopaMHATHAS YETBEPTb.



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

Ortser: 0,2
3
. 5
. sine M tgo, ecIl Cose = —
7. Haiianre 13 u
. 5
. coso U tga, ecIusinag = —
8.Haiigure 1u
[omarinee 3ananue:
. 4
. sine W tgo, eclIi cosa = ——
1.Hatigute 5 U
. 3 3T
. cosa Mitga, ecnusing =-— mwoa<—
2.Haiigure 17 n 2
3w
3.Haiiqure cosausing, ecnntga = -1 4 Tef<

IIpakTnyeckoe 3ansaTue Ne 8

Tema: [IpMeHeHe OCHOBHBIX TPUTOHOMETPUUYECKHX TOXKIECTB K MPE0Opa30BaHHIO
BBIPAKECHUIN

Heab: HayunTs UCHoab30BaTh OCHOBHBIE TPUTOHOMETPUYECKUE TOKAESCTBA MIPH
npeoOpa30BaHUH BBIPAKEHUHN

Teopernueckuii 6110k

— dopMyIIbl ISt tgc, ':‘fg&:;
— OCHOBHO€ TPUIOHOMETPUYECKOE TOXK/IECTBO;
— (¢opMyIia, BeIpaXkarolias 3aBUCUMOCTh & ) cos @ ;

cig oy i
— (I)opMyna, BBIpakarolas 3aBUCUMOCTb B posn &

Yrnpoctuth BeipakeHus (yCTHO)

l-cos? e

2—sin@-cost @
Cosdeiod

2 2 2
st " @ +igtatoosT &
(1—sin &)(1+sin &)

sin * f—cos* 8



Pemenue ynpaxHeHun

YHpOCTI/ITB BbIPa’XCHHC:

[—g—l]ic.tgjﬂ
1, \Eos" &

Pemenue:
1
(—3 - 1] -cr.gj-::r = [1 +r.gch— 1)-555251« =1
cos® &

2
2 fgiwoion — [ﬁga’ ®Cos .::r}

Pewenue:

g weigs — {ﬁg&-cos&)g =1-sin*a=cos’ &

l—sin 8§ cosgd
3 cosd I+sm &

Pemenue:
l-sm & cosf _l—sinzﬁ—cosgﬁ_
cos & l4an S cos ﬁ[1+sin ,:3)

? Kakue 3HaHUSA MBI INPUMCHAIN IJIs1 pCIICHUA TaHHBIX BLIpa)KeHHfI?

BrimonHsist  ynpolieHue BbIPOKEHUNW — UCIIOJIb30BAM  TPUTOHOMETPUUECKHE TOXKIECTBA U
(bopMyIIbI COKpAIIEHHOTO YMHOKEHUSI.

Jloka3atb TOXKIECTBO:
B yem otinume Toxaecta ot popmybi?

TO)KIIGCTBO — PaBCHCTBO ABYX AHAJIMTHYCCKHUX BBIp&)KCHHfI, CIIpaBCAJIUBBIX JJIA JIFOOBIX
AO0ITYCTUMBIX 3HaAUYCHUH BXOAAIIMX B HETO 6y1(B

dopmyna — KOMOMHALIMS MaTEMaTHYECKUX 3HAKOB U OYKB, BbIpaxkaromiasi Kakoe-JI110o
MIPEJIOKECHUE

l-sin @
— gz =1
1. sift &oos &
1—sin* & cos- &
— ey =—  efpg—rigoeipa=1
Sl YCos ity ¥ Cos Y

1=1
o sinta+2cos® @-cost @=1

4

sin * @+ 2cos? @-cost = (sin 2 £E+c:osg.::E)l:sin To— n::c::32¢:¥)+2n:nt:us2 g=cinta+roosia=1

1=1

cost @—sint @ 5 1
+2ig = ———

3 cos & cost @



4 ! 2 2
COS & — s & 2 COs " @ — s " & 2 2
- + 2ic 7@ = 5 + g =1+1g @@= 5
COs " & COS " & Cos " &

I:'.C:lS2 &8 I:'.C:lS2 &

Uto HeoOX0AMMO JIJIsl YCTICIIHOTO BBITIOJIHEHHS TIPE0OPa30BaHUN TPUTOHOMETPUUECKUX
BBIPAKECHUI?

CBo0oHOE BIa/IeHUE TPUTOHOMETPHUECKUMH TOKAECCTBAMH U (POPMYITaMU COKPAIIEHHOTO
YMHOKCHHS.

JlaHo: s g —cosar= 0.6

Hajity: Sift &cosa

Pemenne:

sin —cosa =06

(sin & — cos &}2 = 06°

sin @y — Zsin oos+coos” & =036
1—- 2 gocosey =036

2ain ooz =064

g Foosog =032

Pewenne ynpaxHeHuii:

Yrpoctute BeIpakeHHE

1. 1-cos*a 3 sin’ @+cos” @tigia
2 a3 .
5 Cos .::E+(1—sm .::k') S &%
0. fgay

3 [t:c:-s {I—l) [1+ Cos {l’:l

' 1 SN - COS Y

) cird

cos? -::E—Iil—Esm:4 .::r:l 10 £

5 sn & cos & -ciga—1
cos® &

6. cos® @—1

1-cos® @

7. 1-sin’ &



JlomalniHee 3ajaHue:

YupocrtuTe BhIpaskeHUe

fgl- cigd— cos® @

2ein

l—gin o
T tira
COsdE

1 1
+
1+cosa l-cosa

cﬁggﬁ(cosj ,.:5’—1)+1

g S+1
1+ecig s

cost @ fgt [—.::rj -1

1-zg{-a)
s &+ cos [—c:r)

Tema: ®opmyibl npuBeaeHus. DopMysbl clioxKeHUs

Hean: Hayuuts ncnonb3oBath (hOpMyIIbl IPUBEAEHUS PU IPeoOpa30BaHUU

TPUTOHOMCTPHICCKUX BBIpa)KeHI/Iﬁ

TeopeTtnueckuii 6110k

IIpakTnyeckoe 3ansaTue Ne9

- - ] ] 5 [ [ g

Il - : TS R el | e

I ol + ; 5D Huﬂ' [ > = = l.": 4+

=] = = | = + % ~ = g'e g

I (ST ] G = | oleg | mlwe | Ko | Eo

|

sin —sinojcosa| cosa | sine | —sin o|—cos a|—cosa| —sin x| sin a
1

cos cos 2| sin o | —sin a|—cos a|—cosa| —sin g  sine) cos¢feos o
|

tg —igolciga |[—clgo|—tga tg o tlgrxl—clua—lgul!lga

i
cly —clgaliga | —tga |—ctga] ctga tgo | —tpa |—clgajciga




DopMy.JIbl CII0KEHUS

sin (a:+,6)= sin & cos S+ cos&sin S,
sin (a’ ,6)— sin &cos 8— cos @sin 8,
cos(a.’+,5)— cos&cos 8—sin @sin 8,

cos(@ — 8) = cos @cos 8 +sin asin 8,

tgx+igh : (a_ _ iga—ig8

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

(B mocaeaHuX 1ByX popmynax & #Af2+m,  B#Af2+mm y
cootBercTBenno &+ 8 # Af2+m, a- G#af+m, nely

ctge-ctgh—1 citg-ctgS+1
——————— cgla- )=

cigla+ 8)= :
( ) ctghB+ ctg ctgB—cig

(B mocaenHux AByX Gopmynax & ¥ M, S # My
coorBerctBenno &t O # /M, Q- S#Fm, neL),

[Ipumepsr:
sin 13w (2 ) sinm  +3
3 = Sin 21T + 3=
cosl13m (2 ) sinmt 1
3 = (C0s 2T + 3 =3
13
g——tg(z 2H+—) tg——v"_
13m T 1

ctg——= ctg(2 - 2m +—) gL =7

TaHreHc ¥ KOTaHI'€HC MOYKHO OBIJI0 ObI BBIYMCIIMTD U TaK:

|

130 sin(13n/3) V3,2 13.11 1 -
s =csimm =1, =V3 BF5=fgmms—

V3’



sin (—1050°) = sin [360°+(—3) +30°] = sin 30° =1/,,
cos (—1050°) = cos [360° - (—3) + 30°]) =cos 30°=}/3 /2.
sin (—1050% Y, -1
cos (—1050°) © V3.2 ¥3'®

o cos(—1050°) V32
ctg (—1050°) = r=Tom00y =1, — = V3.

{g (—1050°) =

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

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

o SIn(—960°) V32
tg (—960°) = cos (—960°) — — 1/, '_ﬁ’

ctg (—960°) = 1/tg (—960°) = —1/)/3.,

Pemenne ynpaxaenui

1. 3amMeHuTh 3HaYEHUS JAaHHBIX TPUTOHOMETPUUECKUX (PYHKIIUN 3HAYCHUSIMU
TPUTOHOMETPUYECKUX (DYHKIMN JONOTHUTENBHBIX YTJIOB:

a) sin 54°, 6) sin (n/4 —3a); B) cos 53°% r) cos (37/10); n) tg 51%
e) ctg(n/4 —w/2); ) ctg I6°28°46",

2. HaiiTi 3HaueHus CleAyIOMUX TPUTOHOMETPpUYeCKUX (DYHKIUH (UM BBIPA3UTh HX
yepe3 3HaYCHUS! TPUTOHOMETPUIECKUX (QYHKIIUN OCTPBIX yTIIOB):

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

a) Jsin (7/2)4 cos (2n/3) 6 sin (13n/6);
6) 2tg |3&°~~,l; sin (— 270°) + ig cos 180°.

4. 3HaueHUs JAHHBIX TPUTOHOMETPUYECKUX (DYHKIIUN MPUBECTH K 3HAUCHUAM
TPUTOHOMETPUUYECKUX (YHKIIMA HEOTPUIIATETBHBIX OCTPHIX YTJIOB:

a) cos (327/3); 6) sin 2760°% B) tg (—1845%); r) ctg 2209°.
5. JIokaszatb TOXIECTBO
3 [sin? (371/2 — &) +-sin (3n - a)]— 2 [sin® (/2 -} &)} sin® (Gn—a))= 1.

ITpeobpa3yiiTe BhIpaKeHHE
a) cos(T/4- @): 6)sin(p + 7/4) . p) COS(T/% + @): r)sin(g — w/4)
n) tg (/2 - @) ; e)sin(p —7/6) -



2. Brmaucaure:

a) €OS 7105] To; 6)sin [1053 "0 . p)cos (751 "o ; r)sin [753 "o

n) tg £751 o ; e)sin [151 "o

3. VYmnpocrure:

a)v‘z sin(m/4 + a) — cosa; 6)%‘52 sin(a — 7/4) - sina; B)2 sin(mf3 — a) - V3 sina

i 3
sing =— cosf=—,auff —yrant [ .
4.a) 3Has, 9TO 17, 3 YETBEPTH, HANJAUTE 3HAUECHUS

BBIPpaKCHUA

g 4
sind =— cosff=—,anff —yrawr [ .
0) 3uas1, 94TO 17, 3 YETBEPTH, HANAUTE 3HAUCHUS

BbIPAXKCHUA

, 3
sing =— cosff=—,auff —yranr [ .
B) 3Has, 4TO 17, 5 YETBEPTH, HAMIUTE 3HAUECHUS

BBIPpAXXCHUA

I[OMaI_HHee 3aJaHUC:

1.3ameHuTe TpUrOHOMETpUYECKO (PyHKIIMEH yriia o

N (ﬂ' ) 3w
a)g“ﬂ 2 ¢ : 6)cosm —ak B) tg (2 + “): r) ctg(90° - a)
2. Halinute 3HaueHue BBIpaXKECHNUS,
4T
By t9G-225%% )9

a)sin 2409 . 6)cos 3000 :

3. IlpeoOpa3yiite BeIpaxkxeHue:

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

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

5. Bemuuciure:

a)tg [151 To 6)cos [15] To



6. Ympocrure:

V3cosa - 2 cos (n: — g)

a8 4
ing=— cosffi=—,auff —yrasu [
7 B S B =3

5 o
7. 3Has, 4TO YETBEPTH, HANJUTE 3HAUECHUS

BBIPAKECHUS

[IpakTnyeckoe 3ansitue NelQ

Tema: @opMyibsl JBOHHOTO aprymenTa. @opMyiibl IOJIOBUHHOIO YIila

Hess: HayunTs ucnons3oBath (OpMyIibl ABOHHOTO apryMeHTa Ipy IpeoOpa3oBaHUH
TPUTOHOMETPUYECKUX BBIPAKECHUN

Teopernueckuii 010k

sin 2x = 2 sin X cos X
2 .2
COS 2X = COS“ X — SIn“ X
cos 2x=1—2sin’x
219 X

tg 2x =
1—1tg° X

oo l—cosax I 14+cose
51t _:i"ll— cos—:iJ—
2 2 2 2
& l—cosax il & l-cos
2 l4+cosax l1+4cosa Sl o

& 1+cosa sl & 1+ cosa
cfg—=1 = =—
& l—cosa  l-cosa sl &

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:

o T T 271 T \2
cos? —sin? =cos2+——=€0S—— = COS—— = —
8 8 8 8 4 2
YnpaxHenus:
Brrauciuth:
=
T LT T A
casz——smz—=Cﬂs(z-—)=cas—=—.
1) 5 38 5 4 2
. T T 1 LW T 1 T 1 T 11
sm—-cas—=—(23m—ms—)=—sm(2-—)=—sm—=—-—=
2) 12 12 2 12 12 2 12 2 6 2 2
Etg% t (zﬁ) tgm =1
1 _tg2l I\"8/ T
3) g

3 31
Cosx =-—-, X€E (—;Eﬂ).
2. ano: 5 2



Haiir: a) cos2x, ) sin2x.
Pewuenue:
a)
" . 9 16
smx=1—cosx=1——=—,
25 25
Sinx = ——,
5
X E (3—1 ETE)
YauTeIBas, 4To 2 , TO
. - 9 16 7
cos2x = cos“x —sin"x=———=——.
25 25 25
7
cos2xy = ——.
Ortser: 25
0)
] ] 4 24
SinZx = 28Inx cosx =2 - (— —) —= ——
5 25
sin2x = — E
Ortser: 25
YIIpocTUTE BRIpaKEHUE:
cos a0
6) cosd0%+sm 407
cos36° +ain 18
r) cos 187
Pemrenne.
c0s80°  _ cos® 40° —sin 2 40° _ lcos 40° +sin 407 lcos40° — sin 407/ _
cosd(® + gn 407 cosd0® + an 40° cos 407 + sin 407

6)= cos40” —sin 407
Otger: o8 407 —sm 40°

cos36° +sin* 18 _ cos® 18° —sin * 18° +sin *18° _ cos®18°

r) cos18” cos 187 cos1d”

=coszlE"

Otger: C08 187

"‘.E [ Fia . .7"]!']2
— - |cos—+ssm —
Brranciaure 2 8 8

Perenue.



2

3
w@ i b . S S
— —|cos—+sn — = __ —cos® —-Z2cos—sth ——sn T — =
8 3 2 8 3
2 T N Y T NP
= — —2gog—sin ——|cos® —+mn* —| = — —Zcos—ssmn — -1 = ——z5in ——1
2 ] 3 3 3 2 8 2 !
W22
= ——-—-1=-1
2 2
Ortser: -1.
TecrupoBanue
Bapuanum 1 Bapuanm 2
Boiyuciume: Boiyucaume:
1.cos® Ei sin * z —Zglﬁc'
R ¥ 12 1- tg715°
S o1 3 3 3
Vo Ay Ty Ty DI, 2)%, 3)—%, 4)-+3
15 75" T
.£g2?5°—1 2.COS —SiIl E
3 3 I 1 1 I
L X -2 H-3 L L N e £
3 3 )4 ) 3 > 3'2
2
3.[:055—51'11{] 3.cos43—ﬂ-—s 43—ﬂ—
8 3 3 ]
1. = o1 1= 1 IS U R
DoR-V2) 25 Dp2-2h 4-o R i Rl
¥ 4 Hatidume fgda, ecnu fgia =04
4 Haticume (g, ecau ﬁgg = 7 ] .
i ) . 9 I, 235; 30,8 4)5
D= 2)—; 31—, =
2 16 15 17

6. IlpoBepka, anaau3 oIUOOK

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




YIIPAKRHEHUA

1. Yrpocture:

sin2ao. sin20 sin2o
° ISR ) . ° D I 2nye
) Gna’ 9 %eosa’ P wda-emos D cosZotsin‘e
) sin 40° _ ) sin 100" _ ) c0s36° + sin’18° sino:
2cos 20’ 2cos 50°’ = cos?1§’ % 3) 2gin2 % °
: 2

2, JlokaKuTe TOMIECTBA:

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

: 4
a) sin2o., ecym coso e W 3771 < o <2m;
0) cos 2a, ecau coso. = —0,2 u g< o <m;
_ § 3r
B) tg20, ecom tgo =7 Un<o< .
4. YIPOCTUTE BbIpAXKEHHE:
sin o cos .
a) 9 0L ; B) (p (p_ (p ?
2 cos 5 cos 5 + sl 5
6 sin 4P . ) cos 20— sin 2a
) cos 28 cos 4o,
5. Hafimure 3uayenus sino, coso ¥ g o, €CId H3BECTHO, YTO
o_9

sing =g u O<o<m.

ot
\



6. YIIDOCTUTE BhIPAXKEHHE:

sin 20— 2 sin o ; L
A) — = B) sin 20 ctg o—1;

cos 2¢t— cos > o
6)

r) (ctg a+tg o) sin 20

1 - cos”a
7. Yripocture:
sin 23

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

8. Briuncsure:

a) 2sin 15° cos 15°; - r) cos” 15°—sin’ 15°‘
- T, -
6)85m-gcos§, )4cos 4 sin’ 8*
: o o. 27T 27T
B) sin 105° cos 105°; e) cos” 15 —sin” 13-
9. Ymipocrure:
2tg 5° 41g 15° tg 75°
a) —=5—; 6) —=y—; B) —op— .
1-tg” 5 1 -1g° 15 1 -tg” 75

10. ynpom*m‘e BbIPaXKEHHE:
T— O 3T
a) 4 sin 2 sin.~5=— sm( 5 oc);

2w+ o 2% + o

6)4cos4cos 7 COS—5—

11. JloKaxkuTte TOXXAECTRO

1 +sin o =2 cos” (Z g)

12. YIIpocTUTE BbIpAXKEHHE:
l + cos 2¢
1—cos 2¢"

13. CyIlecTBYeT JId TaKo#l YroJi X, npd KOTOPOM

A 3
sin x cos x=3 ?



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 Tr—1
sinx 4+ siny = 2sin COS
2 2
Pa3HocTb cuHyCcOB
. . ] r+y
ST — s8Iy = 2sin cos
2 2
CyMMa KOCUHYCOB
T4y r—1y
COST + cosy = 2C0S ———— CO8 —
2 2
Pa3nocth KOCHHYCOB
LTty . x—y
COST — COSYy = —2sIn 5 511 2

CyMMa TaHreHCOB
sin(zx + y)

tgx + tgy =
8+ tgy COST COSY

Pa3HoCTh TaHreHCOB
sin(z — y)

tgr —tgy = ——
6 &Y COST COSY

CyMMa KOTaHI€HCOB
sin(z + y)

ctgx + ctgy = sin rsiny

Pa3HOCTh KOTaHT€HCOB

sin(x — y)

ctgr —ctgy = ————
& i sinrsiny

Cy'MMa TaHIr¢Hca 1 KOTaHI'CHCa



cos(x — y)

tgxr + ctgy =
gr -+ ctey SIny cosT

Pa3HoCTh TaHTeHCa M KOTaHTeHca

cos(x + y)
tgr — ctpy = —_——
& 8y SNy cosx )
1
coser - cos [ = E(CUH(“ — ) + cos(ar + )
. . 1
sin ey - sin 3 = 5 (cos(ev — 3) — cos(a + )
1
sine - cos 3 = E(Hin(“ + 3) +sin(a — 4))
[Ipumep. Jlokasare, 4YTO TaHTeHCHI yriOB o =/="/,+nmt u B =/="/,+ nn paBHbI

TOrJa U TOJBKO TOraa, Korja 3TH YTJIbl Pa3HATCS Ha YroJi, KpaTHbIﬁ TT.

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

tgoa=1tg (B +nm)=tg B.
Oo6partHo, rycTh tg o = tg B. Torma tg o — tg f = 0 u mo popmye (2)

sin{fe—B) 0

cosct - cosp 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

lga4-1g8
tga—tgf

3. HaHHHC BBIPpAXKCHUSA IIPEACTABUTH B BUJIC HpOI/ISBeI[eHI/If/'Ii
a)\/3—tga; 0) 1 +tga.

4. Haiitu ycioBue, Mpu KOTOPOM KOTaHTEHCHI YTJIOB O U 3 paBHBI MEXAY COOOI.

YnpaxuHenus:

Hp606p330BaTB B CYMMBI CJICAYIOIIHUEC ITPOU3BCACHUA.

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—D);
5)2cosxecos(X+1); 6)cos(a—"/g)*cos (*+").

2. 1) sin 23°— sin 32°; 2) sin "1, * 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 —Yy) * cos (Y —X).

4. Tlonb3ysce popmynamu npeodpa3oBaHus MPOU3BEACHUN TPUTOHOMETPUUECKHUX
GYyHKIMI B CyMMYy, 1I0Ka3aTh TOKJIECTBA:

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

5. [IpeoOpazoBaTh B CyMMBI TPUTOHOMETpUUYECKUX (DYHKIMMA 1-i1 cTeneHH
cleAyroIue IPOU3BEICHHUS:

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

6. [Tonp3ysick TaOMHMIIAMA, HAUTH YHCIIOBBIC 3HAYCHUS BBIPAYKCHHUIA:
1) sin 50° « sin 15°; 2) sin 33° * cos 47°;

3) 2 cos® 33°21';  4)sin®26°34';
5)2 sin 12° « cos 8%+ cos 10°;  6) 4 sin”10° « sin 70°.



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

9.1) sin 2a + 2 sin (*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:
a Sina
tg—=—"———
2 1+ cosa
Jloka3arenbCTBO:
. . . a ] ]
a sin E 2sin E 251n E cos E Sl S1Tx
2 cosZ 2c0s2 2cos? % 5.1z cosa 1+ cosa
2 2 2 2
[
cos > + 0.
2. Jloka3aThb:
. a 1-—cosa
g - =——7"———""
2 sina
Jloka3arenbCcTBO:
.o .o .o 1— cosa
a Sins 2sin—+ 2sin® = 2-——— 1 —rosa
tg==—=%- Z-= = 2 -
2 cos+ 2sin= 2sin—cos— sina sina
2 2 2 2
(s . [
cos—= 0 sin— =+ 0
Ananus: kpome 2 J00aBIIsIeTCS - , uto cyxaer O/13.
12
cosa = ——
13
3T
< a<—.
3. JlaHo: 2
Haiitu:
a a o a

sin—, cos—, tg—, ctg—.
2 2 92 92

AHanu3 ycioBus: Yol 3a7jad OAHO3HAYHO, CM. puc.l.

y/\
a
= D %
ra
X
Pﬂ
o
2
Puc. 1.
VYxkazaunue: Bce (byHKI_II/II/I IMMOJIOBUHHOT'O apryMEHTa MOKHO BBIYUCIIATE YCPE3 KOCUHYC ITOJTHOTO
apryMeHTa.
Pemenne:
12
., a 1+cosa 1—733 1
sin? —= = =—

1) 2 2 2 26’



3n T [ 3
T<a<s— —< —< —
2 102 2 4 , T.€. YTr0JI BTOPOM YETBEPTH, T/I€ CUHYC BEJIMYHHA
ITOJIOKUTCIIbHAA.
7 4 5
SiIn—=——
Ortser: V2 6.
14 T 1
o cosa
cos— = = 13 =
2) 2 2 2 2

Bermme II0Ka3ajiu, 4To 2 HaxoauTCsa BO BTOpOﬁ YCTBCPTHU, TAC €TI0 KOCUHYC BCIIMYMHA

OTPULIATEIIbHAS.

coSs Z = L
Ortger: V2 '6.
IIposepxka:

2
L, a ,a 5 1
sin 54— cos” o = l(ﬁ) + (_ﬁ) =1,

5
a Sin=
_ 2 _ NZ26
tg-=—4=—Y2 =-5
cos E -
3) \.-'I'E
tg— = —b.
OtBer 2
. i 1 1
ctg—=—x7=—=-
g 2 fg E 5
4) 2
@ 1
ctg— = —=
OTBeT: g 2 3,
4. Tano: sitna = 0,2.
P T [y
Sin - — =
Haiitu: (‘1' ?)
Pemenue:

sin? (5 - ) —1_ms(g+a) 1tsing 1402 12

4 2

et

2 2 2

Ortser:

IIpakTnyeckoe 3ansaTue Nel3

0,6.



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. Ypocrure BhIpaKeHue:
tfga -clga
1l——
1-sin’«a

2 —tg’a +sin’«a

"cos?a
sin? «
"1-cosa
3. Beruncaure:
1.cos 34 cos 56 —sin 34sin 56

2.sin14cos 346 +sin 346 cos14
4. Coxkparure aApo0b:
sin40
1.—
sin 20
cos 80
"c0s 40 + sin 40

—COSa

Il — Bapuanm
Bbruuciure:
1.ctg *45-sin30- cos 30

2.ctg 45 + cos 60 —sin® 60 + %ctg 60

Ynpocrure BoipaxkeHue:
L 1= cos’ &
tga - clga

2. —ctg?a —cos® a

sin? a

sin a
1-cosa
Buruucaure:
1.cos53c0s 37 —sin53sin 37

2.sin13co0s17 +sinl17cos13
4. Cokparure Apo0b:
1 sin100

" sin50
5 cos36 +sin®18
' cos18

+sina

IIpakTnueckas padora Ne 14
Tema: ApkcHHYyC, apKKOCUHYC, apKKOTAHI'€HC



Henab: Hayunts BBIYUCIATH apPKCUHYC, ApPKKOCUHYC, apKKOTaHT€HC

y=3inx

b2 | R
b | ®

Sinx=amHal[-

v

N
arcsina |......>
nN

X = arcsin a, roe —1<a<l

Onpenenenue:

d
arcsina=b[- 2 ; 2]
sinb=a

b2 | H

sin (arcsina) = a

arcsin (-a) = - arcsin a

ov
L ¥ v
1 <
1
|
1
'
1
S

-
>

L cos X = a Ha [0;m]

aCC0s 3
N2

1 Y= Ccosx

X = arccos a, rae —1<a<l

Omnpenenenue: arccosa=b cosb =a

cos(arccos) = a

arccos(-a) = p —arccos a

y=lg=

b2 | H
b2 | H

tg=ama (-

S

v

aiclgaf----------

X = arctg a, rue a — modoe.

X

n3

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

tg (arctga) =a

arctg (-a) =- arctg a



3amanue:.

Beruucnuts.
1 A2
1.arcsin 1; arccos (- 2); arctglei ;arcsin ( - T).
1 r =z x 1 =
2.arccos (-2)=n- 3 =23 rxcos23 =-2 y231[0;p]
4 4 X =R
3.arctg“~'E = E,T. K. tgi = 3 u Ei(-i;i)
2 2 = z 2
darcsin(- 2)=-arcsin 2 =-4 r. k. sin(-4)=-2n-
1
5.a) arcsin(- 2);
2
6) 2 arccos 2
1
B) 3 arctg -3
A
r) arcsin O + arccos 2
1 1 1

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

6)IIpu Kakux 3HaAUEHUSAX X UMEIOT CMbICJI BBIPAKEHUS :
x

a) arcsin( 3 );

0) arccos 4x

B) arctg(2x-1)

7) Uto GombIe:
1

a) arcsin 2 wu arcsin 0,82

1 2

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

a) arcsin(-1) - arctg \E
42

arccos (- 2)




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;

Pemure YpaBHCHHUA:
1. 2cosx—-1=0;

2. ‘Ectgx—lzo;

3. 2sinx+ \'F:O;

4, ctg x-15=0.
cos[x+£]—l=[:l

5. &
sin[?—T—x]=U

6. 4

Pemnre ypaBHeHUs:

1.2sinx— “J'f_ =0;

2. ”@tgx—lzo;
3.5inx-3=0;
4.cosx—-0,4=0;

CamocrosTenbHas pa60Ta

1 BapuaHT

2 BapuaHT

o
W2

1-2cos?2x ==
8. 2

X

9. (sinE —1)(ctg x + “E) =0;

4sm[3x—f]+f=o
10 4 .

. X x 1
St —Cos— = ——

g 4 4 4.
9. (1 + cos 2x)(tg x — "E) =0;

dcos Tz +12=0
10 2 ¢ .



IIpakTnyeckoe 3ansitue Ne 16
Tema: KontpoibHas padora

Heab: [IpoBeputh ypoBeHb YCBOCHUS MaTepuaia mo teme: «OCHOBBI TPUTOHOMETPHID)

1 BapuaHT
1. Beruucnuts: a) cos 780°;
0) sin 13—”;
6
. T
B)SINa,ecnucosS o= —— u r<a<—,
13 2

a
r) cOS E,ecm/ICOSa=O,28HO<a<n;

sin75° +sin45°

n) - ;
sin 285°
T
e) 16 CoS x cos 2X oS 4x cos 8X, ecnu x = E;
a2 2
SIN“a  Cos” & . 1
x) —— , €CJIM SINx —COSax = — .
cosa  Sina 2

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

) %sin (540° + B) sin (B + 810°);

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

sin(—a) + cos(z + «)

)

1+2 cos(;z - a] cos(—«)

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

T
3. Pemuth ypaBHeHue: a) COS (7 + X) = Sin E;

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

l-sina Ccos o

4. Jloka3aTh TOXJIECTBO: a)

0)cosda+1= %sin 4o (ctg o — tg a);

1-2c0s’ o
— =10 a—-Clg .
SINx COS
2 BapuaHT
1. Beruucouts: a) sin 780°;
0) cos 13—”;
6

. 4 7T
B)Cosoc,ecnnsmoc=—g u 7Z'<0{<?;

. . 4 3z
r) Sin 20, ecnu Sin o = “z I/ITE<0L<7;



sin70° +sin20°
cos 205°

e) 16 sin x sin 2x sin 4x sin 8x, ecinu 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°):

_1
,ecomClg o = —.
3

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

sin(g’; + aj +sin(27 + )

1)

2c0s(—a)sin(—a) +1
sin2a

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

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

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

sina l1+cosa .
4. JlokazaTh TOXICCTBO: a) = ;

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

1 .
B) ———— =sinacosa.
g a+Clg

IIpakTuyeckoe 3ansaTue Ne 17

Tema: IIpoMexxyTku Bo3pacTaHus ¥ yObIBaHUs, HAUOOJIbIlIEE U HAUMEHBIIIEE 3HAaUE€HUs, TOUKU
IKCTpEMyMa

Hean: Hayunts HaxouTh Bo3pacTaHue U yObIBaHUE (QYHKIINH, & TAKKE ONPEIENSTh
AKCTPEMYMBI (PYHKLINN

Teopernueckuit 010k

MoHOTOHHOCTH QYHKIMH. TOUKH dKCTpEMyMa U SKCTPEMYMbI (DYHKIIUU

PaccMOTpHM HEKOTOPYIO (GyHKIHIO + S . YIIpOIIEHHO N0JIaraeM, 4To OHA HENPEphIBHA HA
BCEU YUCIIOBOU NPSMOM:


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

y=f(x)

v

Q"-..--

CDYHKI_[I/ISI BO3pacTaeT Ha UHTCPBAJIC, CCIIN JJI JTFOOBIX ABYX TOYCK 3TOI'0O HUHTCpBaJIa, CBA3AHHBIX

orHomenueM *2 > *1 cipapemuso Hepasenctso - 2! IR To ecth, Gompmemy 3mauenmio

ApryMcHTa COOTBCTCTBYCT OoJIbllIee 3HAYEHUE (I)YHKI_II/II/I, u eé Fpa(bI/IK UaET «CHHU3Y BBCPX».

JemoncTpanmonsas ysxius ¥ = J(x) pacTéT Ha UHTepBale la.8).

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

HHTEpBaJIa, TAKUX, YTO X2 7 1, CIIpaBEIINBO HEPABEHCTBO JB) <y (Il}_ To ectb, OonblIEMY

3HAUEHUIO apryMEHTa COOTBETCTBYET MEHbIIIee 3HaUeHNEe PYHKIMHU, U e€ rpaduk UAET «CBEpXY

BHU3». Hama ¢yHkims y=Jx) yOBIBaeT Ha HHTEPBAIAX (-0, &), (& +co) .

Ecnu @yHkims Bo3pactaeT uian yObIBaeT Ha HHTEpBAe, TO €€ Ha3bIBalOT CTPOro
MOHOTOHHOI Ha JaHHOM UHTepBaJie. Takke MOKHO ONpeAeIUTh HeyObIBAOIIYIO () YHKIIUIO

o -
(cMsru€HHOE yCIIOBHE FR)z7a) g MIEPBOM OINpEEICHNN) U HEBO3PACTAIOIIYIO (DYHKIIHIO

.. <
(cMAr4€HHOE yCIO0BHE F(5) =7 () 5o 2-om onpezaeneHun). HeyOpiBatomiyto nuimm
HEBO3PaCTAOLIYI0 (DYHKIMIO Ha MHTEpBaJie Ha3bIBAlOT MOHOTOHHOW (PyHKIIMEN HAa JaHHOM
UHTEpBAJIE .

OKpecTHOCTh TOUYKH.

OxpecmHocmblo mouky Ha3bIBAIOT HHTEPBAJI, KOTOPBIH COAEPKUT JAHHYIO TOUKY, IPU 3TOM IS
ynoOCTBa MHTEPBAJT YacTO MOJIaral0T CAMMETpHYHBIM. Hammpumep, Touka * = % u eé

CTaHdapTHasd g OKPCCTHOCTL:



0—5/\‘/\“"'5
a X

) J

x . ,
Touka " Ha3pIBAacTCS TOUKOM CTPOrOro MaKCMMyMa, €CIIH cyujecmayem eé 4.

. . . x
OKPECTHOCTb, VI BCeX 3HAYCHUH ¥ KOTOPOW 32 UCKITFOUEHHEM CaMOM TOYKH " BBIITOJIHEHO

HEPAaBEHCTBO J ) < 7 () . B HalleM KOHKPETHOM MpHMepe 3T0 Touka ¥ .

Touka ™ Ha3pIBaeTCS TOYKOI CTPOroro MHHHMYMA, €CIIH CYUecmayen eé .
. . . x
OKPECTHOCTb, IJIsl BCEX 3HAUCHHI * KOTOPOH 32 UCKIIFOYCHHUEM CaMOM TOUYKH ~° BBIMOJIHEHO
= fix
HEPAaBEHCTBO S (x> f () . Ha ueptexe — Touka «a.

¢, b

Toukn HAa3bIBAKOT TOYKAMH CTPOI'o 3KCTpEMYMaA HUJIU ITPOCTO TOYKAMMU IKCTPpEMyMa

¢ynkuuu. To ecTh 3T0 0000IIEHHBI TEPMUH TOYEK MAKCUMyMa U TOYEK MUHUMYMa.

X 9] .
Touka *? Ha3BIBaCTCSI TOUKOH MaKCUMYMa, €CJI cywecmeyent €€ OKpCCTHOCTb, TaKas, 4TO AJIfA
~ o =
BCeX 3HaUYCHHI * JaHHOU OKPECTHOCTH BBLIIIOJIHCHO HEPABCHCTBO f(l':l - f(x':'} .

X 9] o
Touka *? Ha3BIBaCTCSI TOUKOH MHUHHUMYMA, CCJII cyujecmeyem €€ OKPpECTHOCTDb, TaKasd, YTOAJIA

FGERIES)

BCeX 3HaueHU * JaHHON OKPECTHOCTHU BBINOJIHEHO HEPABEHCTBO

— 3HAa4YCHUC f(b) Ha3bIBAlOT MAKCUMYMOM q)YHKHI/II/I;

— 3HaYEeHUE Ja) HAa3BIBAIOT MUHUMYMOM (DyHKIIHH.
O01ee Ha3BaHUE — IKCTPEMYMBbI (DYHKIIUU.

Toukn IKCTpEMyMaA — 3TO «MKCOBBIC) 3HAUYCHUA.
BKCTpeMYMbI — KUI'PCKOBBIC» 3HAUCHUS.

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

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

®opMmyaupoBKa MoOyk1aeT HAalUTH:
— UHTEpBaJbl BO3pacTaHus/yOobIBaHUs QYHKIUU

— TOYKH MaKCUMyMa H/UIU TOYKH MUHHUMYMa



[pumep 1.0mpenenuts no rpaduky NPOMEXyTKH BO3PACTAHUS

I y [T 1]
—1 v = flx)

—_
S
M

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

| 7T
| y = [lx)

Imf&

byHKLIUN.

Pemenune Ecnu ¢pyHkuus yObIBaeT, TO MpHU JBHXKEHUU 110 IpadUKy cieBa HalpaBO OPIAUHATHI
yMeHbmarTcs. CienoBarenibHO, pyHKIUS yObIBaeT Ha oTpe3ke[-1; 2].

Ortsert: [-1; 2].
[Ipumep 3.Ykaxkute rpaduk Bozpactaromein
DIEERERLT . T 2) FUE
' -~ I
\ | iy
i = If A
0 | AT
| IA\VANE] \ \
. Y |
i HEERENL f [x
1T I IEEERENERNE
3) LAY _: T T
A Al
| LA N L L
| N
0 | ';'- [il] Y x
/ N
GyHKIIHH. o o - o



Ortger: 3.
Pemenue ynpaxueHuit

[Ipumep 4.Ykaxure rpaduk yObIBaromiei

1) 7w 2) Y
“1 iy
"""J \ | AR ]
o\ VLA /
| x ;ﬁ \
1o 7%
Vi
3) Hy | 1) AT
" d h i, -Hﬂ:
0 ‘xb i 'ﬂ'\‘; ..1:
NS

byHKINN.
Ortser: 4.

[Ipumep 5.Yka3zate uHTEepBabl BO3pacTaHus (PyHKIUH, rpadMKu KOTOPBIX MPeICTaBIEHbl Ha

1) vk | ) AY
] INE E !, IT™
- | \ )"r \ ]
0
] el _‘% AREL
B ] i 0 x
NI U HITTTTAE
T T \ =
0
..-I':E' 3 A\
B ] ol v\ ] .:E
_ B L1
pUCYHKaX:
OTBeT:

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



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

LAY
N |
\] y=floy L
\
(N S — ﬂ -\ ;::h
A |/
B 1 /
t

k03¢ durrentoB b u C. ' T
Pemenne 3amerum, uto ¢ = f(0), cnenoBarensHo, ¢ > 0.Takxke 3ametum, uro b = '(0), u,
cienoBaTenbHo, b < 0, Tak Kak Ha HHTEpBaJIE, coeprkamieM Touky 0, GyHKIHs yObIBaeT.
OtBer: ¢ >0, b <0.

[Tpumep 7.0npenenuts o rpaduKy TOUKY

AY

5
y=/(x) \
-\
—

MaKkCHUMyMa.
[Tpumep 8.Yka3are uHTEpBaBI YOBIBAHUS
4 ' AY HEENE
5 y=/{x)
/ \ .
-8 0 \z'\ o
INLS
g
I L |
GyHKIINH.



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

1 [ AT ! 2) 7Y
| “':‘ L~
CNCTT | _
; o] -;; > 0 e
TN 1.
""{'_f" || 1] 11 4 | T
HLTT yl T T T 1] 4) [ VA |
| T | |
_..._1 L JI i
NN ! | ]
| 0 | E3 0
T RN | i3
E T 1
| |
H ~_ l | | | |

k03¢ durmento K u b.
OtBeTbl:

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

IpakTuyeckas padora Ne 18
Tema: UccnenoBanue pynkuii. [Tocrpoenne rpapukos GpyHKImiA
Lesn: 3akpenuTh U CUCTEMATU3UPOBAThH HCCIEIOBAHNE U TOCTPOSHHE TPadUKOB (HYHKIIHIA

1. ®ponTanbHbIi onpoc
1.Yrto Takoe uncnoBas GyHKIus, €€ 00JacTh onpeneacHus, 00JacTh 3HaUYCHUsA?
2.Yto Takoe rpaduk GpyHKIUNA?
3. ChopmynupyiiTe onpeneneHue GyHKINHU, Bo3pacTaroliel 1 yobiBaroeil Ha MHOXecTBe P
4. Jlaiite omnpeesieHusl TOYUKM MaKCUMyMa, TOYKH MUHMUMYyMa. YTOo Takoe TOUKH dKcTpeMyma?
5. [laiite onpenenenue 4eTHOM U HeueTHOH QpyHKIMKM. KakuM cBoiicTBOM 001agatoT Ux rpaduku’?
6.Yro Takoe nepuonuyeckas GyHkuus, nepuos GyHxumn?

7.Kaxkoii HaUMEHBIIUH TTOJIOKUTENBHBIN TIEpHOJ UMeeT QyHKIus:Y = CO5%,
Vv =singyv=tgx,v=cltgx
2. Pemenue ynpaxaeHui
1.Tloctpoiite rpaduk QyHKIMU, €CIIN U3BECTHBI €€ QYHKIUU:

CBOHCTBO QYHKIIMH

1. | O6nacrts [—6: 6] [-5: 4] [—4: 4] [-5: 3]
oTpeieIeHus
O06nactp 3HaYEHUS [-2:5] [D: 6] [-3: 6] [0: 5]

2. | Touku 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
3HaKOTIOCTOSIHCTBA:
a)f(x) =0 [-6:-4) [-5:-0 (—4-1) [-5:3)
(—2:6] (0; 4] (2.5; 1)
flxl <o (—4; —2) (—1;2,5) _
0)
[TpomexyTkun
a)BO3pacTaHus [-3:1] [-5:—2] [-4:—2] [-3:1]
[4; 6] [C; 4] [1;4]
0)yObIBaHUs [-6: —3] [-2: 0] [-2:1] [-5:—3]
[1;4] [1;3]
Touku MakcuMyma, 1, f0)=3 2fC2=12 2 fC2=12 1, fQ)=>s
MaKCUMYM (QYHKIIUU
Toukn MUHUMYMa,
MUHUMYM () YHKIIAN 0, 1 f)=-3
3, | 3,
4,
JIOTIOSTHUTETbHBIC fl-6)=3 f-5)=05 fi4)=6s6 f=5)=3
TOYKH rpaduka fle)=>5 fed=6

2.Uccnenyiite u moctpoiite rpaduk GpyHKINH

fxy=5— 2x

6)
p) fO) = 2% -1
r)

fe) =

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 TAY ] |
NN EE AN
EENN =
!11,1 \ T 1]

__] J.‘. @ NE]
N I e j.__l-j

3) | Ad] t
T |
— | 1’—+—‘

- __._ .....J_ _J J .{ T I.
a!' | T 111 E‘

o] T 11| [*

,.!j. | 11 I[ I |_

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.

IIpakTnuyeckas padora Ne 20
Tema: KonrponbHas pabota

2)

4)

CTT IV AM T
_ _Il_,L f
/
i}'u. 71 x|
| N
LN T A T
\ gl
\ f‘
AV Iurl%
TN A
. N
] 0 X

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 Zx .

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 HauOoJblee 3HaueHue QyHKIUKA ) = sin 2x - P
+1g°x

4 (HaiimuTe aMIUIMTYQy, 4acTOTy, HEpUOJ M Ha4dalbHYIO (ha3y rapMOHMYECKUX KOJeOaHWW U
o . N
noctpoiite rpaguk: y = — Zsm 2t - TCOS 2t .

5. Haiinure oGnacth onpeaeneHus GyHKIUNA
x—12

Ve

Il BapuaHnr.
1 Uccnenyiite pyakiuio f(x) = 3x|X| — 2sin’x + ctgx Ha YE€THOCTH (HEUETHOCTH).

.2
2. Jlana pynxmus g(x) = 3sin gx —cos2,5x.

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

3 HaiiquTe OCHOBHOM NIEpHOI ¥ HAUMEHbIIIee 3HaYCHHE PYHKIUN y = -COS2X .

X
1+1tg’x
4 (HaiiguTe aMIUIUTYAY, 4acTOTY, IEPUOJ U HAYaJIbHYIO (pa3y rapMOHMUYECKUX KoJleOaHui 1

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

5.HaiinuTe 06nacth onpeneneHus GyHKIUHI

X412

x? -1

IIpakTnueckas padora Ne 21

Tema: Pemenne nppalmoHaJIbHBIX YPaBHEHHUU
Heanb: HayunTs pemats uppanvoHaibHbIE YpaBHEHHS

TeopeTtnueckuii 6110k

HppatimoHanbHBIM Ha3bIBAETCS ypaBHEHUE, B KOTOPOM HEM3BECTHOE (NIEPEMEHHAs) COACPIKUTCS
I0/] 3HAKOM KOPHS WJIU TI0JT 3HAKOM OTIepaIliy BO3BEJACHHS B PAIIMOHAIBHYIO (IPOOHYO)
CTETIEHb.

I[J'ISI peiCHUs UppaAllMOHAJIBHBIX ypaBHCHI/Iﬁ 0OBIYHO HMCIIOJIB3YIOTCS CICAYIOIIUE P HUE MBI .

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:

7f(x)= B(I) *)

IIpU pCHICHUH KOTOPOT'O BAXXHYIO POJIb UI'PACT YCTHOCTH UJIN HCUCTHOCTDH n,

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

f)=(g))"

Ecnu M - yetHOe, TO, TaK KaK KOPEHb CUUTAETCS apU(PMETUUECKUM, HEOOXOAUMO

. >
yuuthiBaTh O/[3 (001aCTh TOMYCTUMBIX 3HAYCHH): f (x)_ 0 VYpasuenue (*) B 3TOM cityyae
PaBHOCUJIBHO CHCTEME:

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

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

Pemenne. Tak kak B naHHOM npumepe B =3 - HeueTHoe, TO 1OCIE BO3BECHHS 00CHX YacTei
YpaBHCHUA B TPETHIO CTCIICHD IMOJTYYUM
PaBHOCHUIIBHOC TaHHOMY YpPAaBHCHHUC:
3 3 x=0 x=0
¥ -2x+1=T ox -u=0) =
x'-2=0 x=+2

Oteer: X1 = _""E’ xy=0,x; = ""E.

Tpumep 2. Pemnts ypasnenne VX +1=2—-x

12



Pemenne. Tak kak ¥ =2 - yeTHOE, TO HCXOJHOE YPABHEHHE PABHOCHIEHO CHCTEME:

=(2- 1=4-4x+x’ P _5x+3=0
x+1=(2-x) o x+xt x5k

2—x>=0 x<2 <2
+
I=ﬂ 5_ .13
ot 7 & sz.
x<2

Orger: =05 _“-'lﬁ)fz.

g —
WHorna BcTpevaroTcst ypaBHEHUS BHIA “v/f(x) - “jg(x), KOTOPBIE PEIIat0TCs
CleayroImuM o00pa3om:

7 - yeuernoe = J (I)z E (I)

L[z [10-2)

N - gyeTHOE 'I)2 0 150305 g(x) =0

[pumep 3. Pewuts ypaBHeHue V2x+6—/x+1=0.

Pemenue. 3anuiiem JaHHOE YpaBHEHHE B BHJIC: A2H6 = XL Bo3Bonst 00e yactu B

>
KBaJpaT U yYUTHIBAs, YTO x+120, MIOJIy4YUM ypaBHeHUE 2x+6=x+1, peleHne KoToporo
€CTb X=-5 — He YJIOBJIETBOPSIET BBIITMCAHHOMY YCJIOBHUIO. 3HAUUT, JAaHHOE YpaBHEHHE HE UMEET
peLeHui.

Oteer: HET penieHUN

WHorna nppannoHaibHOE YpaBHEHHE COJIEPIKUT HECKOJIBKO paJuKajioB. B aTtom
cirydae Juist n30aBJIeHUs OT PaJMKalOB YpaBHEHHE IPUXOJUTCS BO3BOJAUTH B COOTBETCTBYIOIILYIO
CTCIICHb HCCKOJIBKO pas. HpI/I 9TOM MPECABAPUTECIIBHO YCAUHAIOT OAWH U3 paJJuKaJIOB TaK, YTOOBI
00e yacTH ypaBHEHHUs CTaJIM HeoTpHLaTelbHbIMU. Oco00e BHUMaHHE ClIeAyeT 0OpaTUTh Ha
npaBuiibHOE HaxoxaeHue OJ13.

[pumep 4. Pemuth ypaBHEHHE \2x-9—+x-3= 1

Pemenne. 3anuiieM ypaBHeHUE B Buae: 2x—-9=1++X-3  Tak kax Tenepb 00e yacTu
MOJIY4YeHHOTO YPaBHEHUSI HEOTPULIATEIbHBI, TO BO3BEJEM UX B KBaJIparT:

2x-9=1+x-3+2-/x-3 = x-T7=./x-3 _

[ToryueHHOE ypaBHEHHE PABHOCUIBHO UCXOJHOMY. [I11sl ero pemeHuss pacCMOTPUM CUCTEMY:

13



x-720 x=27 x=27
= = =
(x—7¢ =4(x-3) P —14x+49=4x-12 x> —18x+61=0

x=7

ngi@

L x=9+«f2_ﬂ

Oreer: X=9++20

BBenenue HOBOM IEPEMEHHOMN B psAJIE CIIy4aeB MO3BOJISET IEPEUTH OT
VPPALMOHAIIBHOIO YPAaBHEHHU K PALlMOHAJIbHOMY YPABHEHMUIO.

2 f 2
Ipumep 5. Pernnts ypauenne X +3x+ 4/x" +3x -5 =10

Pemenne. Bo3BeneHre JaHHOTO ypaBHEHUS B KBapaT MPUBEIIO Obl K YpPaBHEHUIO YETBEPTON
CTEIEHH, YTO HepaluoHaIbHO. [To3TOMY 3anumem ypaBHeHuUE B

2 i 2
puge X +3Xx—5+4+/x" +3x—5 =5 y; ppesem «HOBYIO» IEpEMEHHYIO:
y= x? +3x-5 y20

=1
_].!1 +4y-5=0 <= Y

[onyunm y=-5

i 2 i 2
BepHemcs k «cTapbIM» IEpEMEHHBIM ™ X +3x—-5 =1y Vx" +3x-5=-5 Bropoe u3
=" 3+33

MOJIyYECHHBIX YPAaBHEHUH PEIICHUN HE UMEET, a PEIIEHUS IIEPBOr0 €CTh YUCIIa 2
-3-./33 —3+-/33
hETy TR T
OTtBer:

WHoraa npu penieHny UppaluoHaIbHOTO YPaBHEHHSI BOSHUKAET HEOOXOAMMOCTh BBECTH HE
OJIHY, @ HECKOJIBKO «HOBBIX» IIEPEMEHHBIX. Takas CUTyallst BOSHUKACT, HAIIpUMED, IIPU
peLIeHUN ypaBHEHUH, COAEPIKALNX PAIUKANIBI PA3HBIX CTEIICHEH.

3
ITpumep 6. Pemnth ypaBHEHHE ’\J'III -2 +Nf£11 —x=1

{ 3
Pemenne. [Tycrs #=+vX—220 3y ¥=%1-X Torna #+¥=1_C gpyroii

2
cTopoHb 8 + v =x-2+11-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 o (P-8+v(v-2)-0c

(v—ZIvI +2v+

v=2
4+1?)=ﬂ Lo 7 > v=2
¥ +3w+4=0

[Tonyuum, uro ¥ = 2, artorna M =1-v=-1<0 110

yenosuio ¥ 20 ceoBatensHo HCX0AHOE ypaBHEHHE PENICHHIT HE HMEET.

OtBer: HEeT penieHuN.

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

pCUICHUC YPABHCHU .

[Tpumep. Pemuth ypaBHEeHUE

812

35«
Uy’ T
3 3

6 —6+/13x—2x° —x>—6 =0

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

—6>0
13x—-2x> —x*-6>0

x>6

220 +x2 —13x4+6<0

.

.

x €[6;+w)

[xe[— 5;u]uE +

(x 2{ ——}x+3)-=: 0

{I(x+5{x— ;] >0

x=>6

(x-2)2x® +5x-3)<0

.

°

x € [6;+c0)

w

oxeld
xe(—m;—3]u[%;2] *e

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

15
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OTBeT: HET pelICHUH.

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

_ 3
[Ipumep. Pemnth ypaBHeHHE x+6)=6-7x+6 .

Pemenne. OyuH KopeHb qaHHOro ypasHenus X = 2 jerko Haiitu nog6opom. ITokaxem, uto

JHx+6)+3x+6=6

JIPYTUX KOpHEW HeT. 3amnuileM ypaBHEHUE B BUIE

ITo cBOMCTBY CTeEHHBIX (HYHKIIHMA
— _ 3
dbynxmun X1 (x)=+ ix + 6) u Y12 (x)=%x+6 SABISIOTCS BO3PACTAIOIIMMHE Ha

IPOMEXKYTKE [—ﬁ;m), rae oHu 06e onpezenensl. [loatomy nx

— 3
cyMMa y(x) - x[ 2(1 + 6) +3x+6 Ha 3TOM IPOMEXYTKE TaKXKE BO3PACTAET, CIEI0BATEIIBHO,
OHa MMPUHHUMAET KaXKJ0€ CBOE 3HaU€HUE (B TOM uucie U 6) ToabKo ojuH pa3. [loatomy npyrux
KOpHEW HET.

Oter: X =2,

B HeKOTOpBIX cilydasx MOKHO OCBOOOAUTHCS OT UPPALIMOHAILHOCTH B YPaBHEHHUH
YMHOXKEHHEM 00erX 4acTeil ypaBHEHUN Ha HEKOTOpOEe He oOpaIiaroiieecs: B HyJlb BhIpaXKEHUE.

[Ipumep. Pemnts ypaBHeHHE A3 +5x+8 -3 +5r+1=1

Pemenne. YMHOXHM 00€ yacTu 34aJaHHOTO YPAaBHCHUSA

Ha BBIPAKEHHE th: +5x+8+ "4|[3I: +5x+1, gphgomeecs COIIPSIKEHHBIM K JIEBOM 4acTH
naHHOrO ypaBHeHus. [loce nmpuBeaeHns NOJOOHBIX YWIECHOB HOIy4UM YpaBHEHHE:

7 =32 + 548 4322 +5x+1,

KOTOPOC S3KBUBAJICHTHO UCXOJHOMY, TaK KaK

2 2
ypaBHEHUE V32 4548 4437 +5x41=0 JICWCTBUTENLHBIX KOpHEH He umeeT. CKiiaipiBas
3alaHHOE YpaBHEHHE U MOIYYCHHOE, TIOJTyIHM:

NI 45r+8=4.

Bo3Bos 06€ 4acTH B KBaparT, OIydaeM KBajpaTHOE ypaBHeHHe 3x°+5x-8=0, KopHH
KoToporo x1=-8/3, x,=1. Jlenas mpoBepky, yoexxaaeMcs, 4To 00a HalICHHBIX YHCIIA SIBIISTFOTCS
KOPHSIMH UCXOJTHOTO YPaBHEHHS.

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

16



Pemmth ypaBHEHUE:
1 Vx-3=1

o x—d=4l-x
3x=Vx+l

gAT+5 L A20-x _7

CamocTosrenbHas paboTta

Bapmuanr 1

Pelnvre ypaBHEHHUS: a) Nx+2 =+2x-3

5) 7-Jx-1=2
B) x- V&Y =3

Bapuanr 2

Pemire ypaBHeHUs: a) 2-xtafx-5=3
6 N2r? ~3x+2 4=z

py NE-1+24x+1=3

Bapuant 3

Pewmite ypaprenus: a) Y2~ X TAx =3 =3
e

gy NEH1HNT -5 =2

IIpakTnueckoe 3ansitue Ne 22

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

Teopernueckuit 6510k
m

r
Omnpenenenue. Crenenpio uncia a>0 ¢ palMOHANBHBIM MTOKa3aTeIeM = 1, Tae M - memnoe
4HCIIo, a N - HaTypaibHOe ( N>1), Ha3BIBaeTCSA YHCIIO ¥3™, T.C.

m
n

a =2|"a-_““, 3>
17



1
0_ - —
a=1a —a—n.

CBoiicTBa CTeNeHH C PalHOHAJTBHBIM IIOKa3aTe/IeM.

ax0 b0 pel), g}
af gT=3"",;
;:‘: gF T ;
(af ) =a™,
{ab}]ﬁ':aﬁbp;
a

s

Pemenne ynpaxuenuii:

N f W o

1

1. Beruncnure: 25° - 1257,

| -

1 1 1 1
3 5 5 5

Pemenue: 25% - 1255 = (25 . 12515 = (535 = §,

OrtserT: 5.

a a
3:bh+ b3

2. YOpoCTUTh BBIPQKECHUS: a+3b

a a 1 1
'h+ab® _ab [a3+b3] .
2 T e
¥a +3b 2T 4 b
Ortgert: ab.
-
FI_3¥ 3 i- 33
oA
3. YIpocTHuTh BeIpaXKeHuUs: 3% — 3% 3%+ a3 3
Pemenue:
1 7 1 3
27— 37 53— 33
e TE T
a*-a* a*+a’

(1-a%) a_%il— ) _
aéil—aj a';(1+ By

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

Ll -

_4a

OTtBerT: 2a.

4. YIIpOCTUTB:
51 19
327

4%.

18



200 5

2) 3)

5. Beruncinursb
1
273

1 L
16

5 2
Bxf - dx 3

127
" x?.

IpakTuyeckoe 3ansiTue Ne 23

Tema: Pemenne noka3zareinbHbIX YpaBHEHUN
Hennb: Hayunts pemars nokazareiabHble ypaBHEHUS
TeopeTtnueckuii 6110k
Mertobl perieHus oKa3aTeIbHbIX YPaBHEHUH

1. IIpocTeiimme nmoka3areabHble YpaBHEHUS

Tun ypaBHeHUs

Bun ypaBHenus

Meron pemenus

1 ﬂ_.fl (x) — ﬂ_fz (=) fi (x:] = fz (X)
b=a Fa Fa
, b b
2 ﬂ_.f'\.x:' = b b>0 b£ 0
af™ _qt f(x) = log, b | Pemenuii et
f(x) = 1

19




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

Pemenue.

3PP = 3> 4x 75 = x+4 <=> 3x=9<=>x = 3.
Otser:3
[Tpumep 2. Permute ypaBHEHHE: 2¥4=3.

Pemenue.

3 log;16 log, 48

;:h
P4=3<=>x-4=10823 7y loga3 4 oy logs

log, 48

<=>X=

Ortser:

]
9
[Ipumep 3. Pemnte ypaBHEeHUE:! 7" e -7
Pewenue.
?x1-3x

z
&£
= -7, peleHul HET, TaK KaK LN

R.
{@3.

2. MeTtosl ipeoOpa3oBaHusl MOKA3aTEeIbHBIX YPABHEHHUH K MPOCTEUIIIIM.

Ortser:

A. Metoa ypaBHUBaHHSI OCHOBAHUM.

[Tpumepsr.

[Tpumep 1. Pemnre ypaBHenue: 27 32 9v 0.
Pewenue.

07- 3% 73 9 _ (5 g3g4x9_ (32 = 0 <=> 33+ (49)_ 320D = oo X632 2 () <= 346 =
37*2<=> 4x-6=2x+2 <=> 2x = 8 <=> x=4.
Otser: 4.

2x x x 4x—15 _
[pumep 2. Pemite ypaBHeHHE:! 273757 —60 9,

Pewenue.
2. 3% .68 gp¥ls = 0 <=> (22)x'3x'5x = 6015 <=> 4¥3°5* = 6015 <=> (4 3+ 5)x _ goix
B <=> 60"=60"" <=> <=>x=4x-15 <=> 3x=15 <=> x=5,
Ortger: 5.
B. VpaBHeHUs, pelaeMble Pa3ioKeHHEM Ha MHOKHTEIH.
IIpumepsl.
[Ipumep 1. Pemmre ypaBHenne: X 2* = 2°2% + 8x-16.
Pemenue.
X'2% = 22" + 8x-16 <=> x2" - 22 = 8" (x-2) <=> 2*(x- )-8 (=2 o5 (x-2) @8y =0
B Sty Y ol S Pt S
<=> <=> <=> <=> :
20



{2;3}

OrtBerT:

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

Pemenue.

. . 35
5 -7¢-5% 3547¢  =0<=>(5"-
7X)—(52=‘ +35—-7%.35)=0 cr(fﬁx —7¥)—=35- (5% -7F)=0=
10%

5E—75).(1-35)=0= (5% —-7%).(-34)=0e5¥x -7 =0 () =TT —=

-l-.r}'
10 10 10

e (= )f=1=2 (=) "=sx=20.
1o @r=1e@ =) ex=0
Ortser: 0.
C. YpaBHEHHS, KOTOPBIC C TIOMOIIBIO IMOJCTAHOBKH i) — t, t>0 nmpeoOpa3yroTcs K KBaApaTHBIM
ypaBHEHUSM (WJIH K YPaBHEHUSIM 00Jiee BBICOKHX CTEICHEH ).

. p2fix) s =
[TycTh -« tB-a +C=0 ,rae A, B, C - Hexkotopsie uncna. Craenaem
fix) — . .

3aMeHy:a t‘t>0,Torz[aA t2+B t+C:O
Pemaem monydeHHOE ypaBHEHUE, HAXOIUM 3HAYCHHUS t, yYUTBIBaeM yciioBue t >0 ,

o L
BO3BpaliaeMcsd K NpoCTCUIIEMY IIOKA3aTCIIBHOMY YPAaBHCHUTO 0 = t, peuiacm €ro u
3alMcCbiBac€M OTBCT.

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

Pemenue.

4

¥ =15 <=>4(2)2-4=15 &

||‘\-.'|

ba

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

Jlenaem 3ameny t = 2%, t > 0. ITonyuaem ypaBHeHue 4’ t2 _4=15t<=>4t*- 15t - 4=0
t=4
1 1

t=—= —=

<=> * . t= * He ymoBueTBOpsieT ycnoBuio t > 0.
Bepnaemcs k mepeMeHHOM X:
2% = 4<=> 0¥ = 2% <=> x=2.

OtBer: 2

-

2x—3 _ 5 _cx—2 —
IIpumep 2. Pemure ypaBHEHME:! > 2-5 3.

Pemenue.

-

-3 _ o, cx-2 _ 2{x—2)41 _ o cx-2 _ o o
5}{ 2 5}{ 3:'5 " 2 5}{ 3';:' 5}{;];_2_5}{ ‘_3:[..

[enaem 3aMeny: "[lony4yaem ypaBHEHHUE:

__3
2_2t—3=0|tT ¢ 3

5 t=1 t= Spe YIAOBIIETBOPSIET YCIOBUIO t = 0.
55 i=1e5?=5'esx-2=0=x=2
Bepuemcs k nepemenHon X:
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Ortser: 2.

IIpakTHyeckoe 3ansTue Ne 24

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

Jlorapugm urcna b mo ocnoBanmIo @ onpezenseTcs Kak Mokasareib CTENEHH, B KOTOPYIO Hazlo
BO3BECTM 4YHMCJO @, uTOOBl momyuuth uucio b (Jlorapudm  cymiecTByer TONBKO Y
MOJIOKUTEIBHBIX YHCEIT).

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

Harypanbublii norapudm l11a - gorapudm no ocHoanuro €,
JlecatuaHsblii Jorapupm lga . Jorapudm 1o ocHoBanuio 10.

CsoiicTBa Jorapugmos:

log b
1° a" = b- ocnosuoe JOrapu(PMHUECKOE TOKIECTBO.

7o log,a=1.a>0.a+#1
30 log,1=10.a>0.a+#1

Jlorapugm eauHUIBI [0 JIIOOOMY MOJI0KUTEIBHOMY, OTJIMYHOMY OT 1, OCHOBAHHIO paBEH HYIIO.
OTO BO3MOXHO MOTOMY, YTO U3 JIIOOOTrO JIEHCTBUTEJIBHOIO YMCIIA MOKHO IOJIYYUTh 1 TOJIBKO
BO3BE/IS €70 B HYJIEBYIO CTEIICHb.

g0 log, (be) =log, b+ log, ¢

Jlorapudm npousBeaeHus paBeH cCyMMe JIOrapu(pMOB COMHOXKUTETEH.

b
s log,, o= log, b—log, ¢

Jlorapugm yactHOro (ApoOH) paBeH Pa3HOCTH JOrapu(PpMOB COMHOKHUTEIEH.

o log, b =p-log,b.

Jlorapudm cTeneHn paBeH NPOU3BEICHHIO I0KA3aTeNs CTENEHH Ha JIOrapu(M ee OCHOBaHMSI.

1
2o log, . b= T log, b
1
log, b = ——
g0 log, a
log b
log, b= e ”
9° log,.a . nepexoj K HOBOMY OCHOBAHHMIO.
[Ipumepsr:
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1. HaiiguTe 3HaUYe€HUE BHIPAKCHHUS:

6 * log? E\-'f?

Hcnonn3oBanu:

E
an = \."{'Lm
log b™ =m-log_ b

Ortser: 2

2. Haiigure 3nauenue Boipaxkenus 10go g3 - 10g31,25

1 log, 1,25
log,o3+1log,1,25 = log, 0,8 +log, 1,25 = lngg—{},B =
5 5
=log,,1,25 = lng%tg = lngg]—i -1 lnggg =—-1-1=-1
Hcnons3oBanu:
1
log, b = oo a
oo
log.b
log_a =log, b
1
log xb = 7 log_ b
Otser: —1

3.HaiinuTe 3HaueHNe BBIpaKECHUS:

510525 49

5]0g2549 — 5]0g25?2 — 52-]0g25? — {'52}]0g25? —
= 25108257 = 7

Otser: 7

4. Haiinute 3HAaYCHNE BHIPAKEHUS:
82-10 g:3

82']Og53 — (B]OESEJL — 32 =9

23



Ortsert: 9

5.Haiigure 3HaueHue BbIpakKeHUS:

6410g9 E]

Galog:\3 _ (8. 8)los: V3 _ glog:+3 , glog:\3 V3.3 =3

Ortsert: 3

6. Halinute 3Ha4eHNE BBIPAYKCHHUS:

24

3log; 2

24 24
3]0g22 - 7 =12

Ortser: 12

7. Halimute 3HaUY€HNE BHIPAKCHUS:

log1 V13
13

_ B 1 .
log 3 V13 =log;3-+ 13%° = —+10g;3 137" = ~1:0,5 = 0,5
13 —

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

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

Ortser: 4

9. Haiinute 3HaueHNE BHIPAKEHUS:

24



log. V13

logs 13
lﬂga \'ﬁ .-— 1
TN log,y VT3 = log,y 133 =5 = 05
Ortger: 0,5

10. BerurcnuTe 3HAYCHHUE BBIPAKEHUSI:

(310g2 3)1053 2
(SlogEEJ]ﬂgEE — (E]GEEZJ]GEEE — plogz3 _ 3

Ortsert: 3

11. Haiizure 3nauenne Boipaxenns 10ga(ab®), ecu logp a = 1/7.
[Ipeobpasyem JaHHOE BhIpaXKEHHE:

log (ab®*) =log a+log b®=1+3log b

Omnpenenum 3HaueHune Beipaxkenus: 109, b. Ham uzBectHo, uto

1
logpa = 7
Hcrnons3yem CBOMCTBO:
| 1
09, =
2" log.b
1
~log,b

Cnenosatenbao loga b =7.
Takum oOpazom:

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

Ortser: 22
12. Hatiute Ioga(a:b3), ecimu loga b = 5.

25



Ortser: —14

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

log (a’b®)=log,a* + log b* =2log,a +3log b =

—2.1+43log,b=2+3-(-2)=—4

OrtBet: 4

14. Haiiaute 3uauenue soipaxenns 10ga(a’b®), ecin log, a = 1/3.

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

=4:1+9log_ b
1
logbazg
] L L ! 1 hb=3
0. = —_ = =
O5p @ log, b 3 log,b O3a
4.1+9log_b=4+9-3=31
Ortser: 31

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

{1?

8ags = 108z @” —log; b* = 7logza —3log. b =

lo
=7+:1-3-10= —23

Ortser:; —23

16. Haiigure loga(ab™), eciu log, b = 7.
log (ab'?) =log a+log, b®=1+10log b =

=1+10:-7=71
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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:

e

3 T+ 2y -1
E = /24 /5; Elzx,y) = - :
T+y

E(z,y,z) = w E(z,y) = (z + y)® — 3oy(z + y).

Onpenenenue. O0JIACTHIO JOMYCTHUMBIX 3HaUCHUH (cokpameHHo O/[3) anredpandeckoro
BeIpaskeHus E(Xq, X, ..., Xn) (D(E)) Ha3pIBaeTCst MHOKECTBO BCeX HAOOPOB (X1, X2, ..., Xn), IS
KOTOPBIX BeIpaskeHue E(X1, Xy, ..., Xn) KMEET CMBICIT.

T+y

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

0}, 073 seipaenns E(%:¥) = v/TY — 22, gppgercn muoxkectso {(X,y,2) | Xy, Z1R, 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.

Hanpumep, vV 2 = T ga muoxectse [0;+¥), V a% = —a, ya MHOKeCTBE (-¥%0],
]
_']I'- a—

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

Omnpenenenue. ToxaecTBEHHBIM peoOpa3oBaHUEM ANreOpauyecKoro BEIpaXKEHUs Ha
mHokectBe M [ D(E) Ha3bIBaeTcs 3aMeHa 3TOTO BBIPOKCHUS Ha TOXKICCTBEHHO PABHOE €My Ha
MHOXecTBe M

3ameuanue. OTMETHM, YTO HHOTJA OMTYCKAIOT MHOXECTBO, HA KOTOPOM alireOpandeckue
BBIPAKEHUS TOXKIECTBEHHO PABHBI, KM€ IPU 9TOM BBUY UX TOKIECTBEHHOE PaBEHCTBO Ha
nepecedeHny 00J1acTeil 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+b)" = Coa%" + CLa't"™" +... + Chab"F . 4 Cla™P,

ok — n!
meniN, = kEn-k!" n=123..n o0l=1.

II. CBoiicTBa cTeneuneii

Crenyrolye CBOMCTBA CIIPaBEIUBBI IS JIFOOBIX IMOJIOKUTEIILHBIX Yncel & U b 1 T100bIX
JICUCTBUTENILHBIX YnCel a U b.

1. a%=1;
2. a®*P=a- a"
3 4]
o—F _ 7
3 e
4. (@%)° =a";

5. (ab)®=a’- b%
i1y o at
6. (3) =%
1
7. a®’

3ameuanue 1. OTMGTI/IM, YTO OTPHUIATECIBHBIC YHCJIa TAKKE MOKXHO BO3BOJAUTHL B HEKOTOPLIC
m

crenenu (Lesble U, 6071ee 06110, palloHaIbHEIE BUaa 2n — 1 rie M - menoe, N - HATypaIbHOE).
3ameuanue 2. 0% = 0, g mo6oro a > 0.

I11. CBoiicTBa pagukaJjioB

w | oa, eCJIH 11 — HeYeTHOE,
“= la|, ecom n— wernoe.
Vab = %fa- Wb, ecrma>0, b>0, kiN,
Vab = Vial 5/l ecnu ab > 0, kIN.
#ab = *2ya Wb, ke N.
P .
(%fa)" = Va*, rae a >0, ecmu M - yetHo, a I R, eciim m - HeueTHO.

o wbhE

28



S

6. " rnrea>0, b>0, n-uernomwmb#0,alR, ecan n - HeyeTHO.
7. Vak =a~, a>I0.
8. ¥V ¥a="%a, rrea> 0, ecIi M - 4eTHO WK N YeTHO, @ 1 R, eciim M*N - HeveTHo.
9. *Y—a=-"*%a, acR.
a+ a2 — cbh? a— ya? — eb?
at e = : + : : ,
10. 2 2 rmea>0,b>0,¢>0ua’>b.

Ipumep 1. Onpenenuts O/f3 anreOpanyecKux BhIPAKCHHINA:

a) E(z) = Vz + 2% - 223

tzy [ = y
b) E(z,y) = 54— + ;
4yt \|lr—yl Tty

a Vd

btec | Bletch

c) Ela,be,d) =

2 3
Pemenue. a) O/]3 1aHHOTO BBIPAKEHHS ONPEICIISCTCS U3 HepaBeHCTBa X + X - 2X° > 0, KoTopoe
pelaeM mpu MOMOIIN METO/a HHTEPBAJIOB:

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

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

otkyna cienyet, uro D(E) = {(x,y) | X#y, 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 ¢ beb+c)#0, U ’
c#0,
d>0, d>0,
d>0.

Taxum o6pazom, O/]3 ucxoaHOro BeIpakeHus paBHa {(a,b,c,d) | b+c#0, b#0, c#0, d>

0}.

IIpumep 2. Onpenenuts, SBIASIOTCS JIU BhpaxkeHUs A 1 B Tox1ecTBEeHHO paBHBIMH Ha
MHOXecTBe M.
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bam (WEEWE NTVERE L
JA (‘j—_}_{ ﬂ) IIFJI'::I-—FJ]: B_ah: ﬂ’f_{( hJI }h}ﬂ}:
thzi_ B = <0

S | arVs

Pemenue. a) Tak kax ar/a = (VGJH: bv'b = (‘V'JE]E: a = (VEJE: b= (V’EJE Ha MHOkecTBeM,

TO, IPUMEHUB (POPMYITY COKPAILIEHHOTO YMHOXKEHUS, TOTYIHM:

M ={a|a> V3).

(V@) + (VB ah)*_ Va+ Vb
(»f Ve ab((v/a)? — (VB)?)

(WA VB -Va+ () =\ arvh)
va +vb ab(v/a — vb)(va+ vb)

= [Var ~2vab+ (" g = Wam Vi s =

= |\/a — /bl -
Va= Vil e
VYcnosue a > b > 0 Bneyer V’r a = V'(E I/I CJIEJIOBATEIILHO, va— - V'F| v"— - V'JE Orcroma
1
= (va— vb)———

HOJIy4aeM, UTo h(v/_ - Vr " ab Taxum oOpasom,
BbIpaxkeHUs A 1 BToX1ecTBEHHO paBHbI Ha MHOXKeCTBe M.

b) [Togo6HO TIpeabIIyIEMY IPUMEPY

A= a- 3 \/ -3
‘J a?+3 (a? +J da 3
_ (‘1—‘/(_] Jlﬂl) (@—3)-2la] _ 2a

Wia? —3)° |a® —JI .—1+v"(_
[Tpu mpeoOpa3oBaHUAX YUUTHIBAETCA, YTO, €CIU & = ‘fﬁ 10 Va? =a,
Via? = 3)

" -3)2=|a®* -3 =a’-3.

IIpumep 3. YOpocTUTH BBIpAKEHUS:
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%+ 202 -4
VBEE—Ad4+b+2]

b) vmn? + v/m2n 2+ m—n 1 _
vm? + 2mn + v/n? vm? — /2 | §m+ '

2
Vbe? + Valbe
( © a f+v@) +bhe+3

a)

Va+ Jfe
Vb + 3 ’
4‘13 h3 {:3

(@—Ba-0  G-0b-a)  (c-a)c-b

d)

a?l? ale? B2 2

Va=0t-0  @-be-b " t-ac-a’

y—=z z—% r—-y
G-E-2 G-2w-2 G-D-g

f)

m|m - 3|
(m? — m — 6)|m|

g)

bt —4 >0,

2+ 2/b2 =4 = (),
Pemenne. O[3 BelpakeHUsI ONIPEIENAETCA U3 CUCTEMBL L\ V P —-4+b+2>0, pewiast
KOTOPYIO, mosy4nm b > 2.

BeimonnuMm paBHOcuIbHBIE HA O/]3 ipeoOpa3oBaHus:

Vab+ b7 -4 ,/(w’h— 2)2 + (Vb +2)2+2/b-2vb+2 _

VIZE—d+b+2 VB =2y + 2+ (v + 2)?
3 x/(v‘h—2+v‘h+212 o WE=2+vB+2] 1

Vb2V —24v6+2) Vh+2VE-2+b+2) B+2
Tak Kak Ha O/[3 Vb =2+ Vb +22> 2

CIIeJIOBATENILHO, [vVh =2+ b+ 2 =+vb—2+b+2. Takum o6paszom, mpu b > 2 ucxoanoe
1

BBIpaskeHue paBHo Vb + 2

b) O/[3 nanHoroO BRIpaXKEHHS SIBISICTCS MHOKecTBO {(M,N) | m>0, n>0, m#n}.
¥ — — — i — —_— i —_—
O603HaunB VM = a; /1= b gopyuum ¥Vm =a*, vVm? =a',m=ay¥n ="0%, Vvn? =¥,
n = b® BEIpaskeHHE PUHUMAET BH
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a’b' + a'b? 2h.3+aﬁ—hﬁ 1
al + 2a2h? + bt at—b ) a+b

_ (.—xﬂr’:uﬂ(af3 + b7 o4 (a® — b*)(a* + a*b* +r'1"]) 1
S\ (a? +12)? (a? - b%)(a® + 1?) (a+b)
a’b? =20 (a* + ) +a' + P+ B 1

a? + B2 at+b

_at-b 1 (@4b)a-betd)
T2+ atb (@+P)at+tbh o

Takum 00pa3oM, HCXO0HOE BhIpakeHue Ha OJ]3 TOKIECTBEHHO paBHO W /M — V.

¢)Ha 043: {(ab,c) | a=0,b>0,c>0,a’+c’+# 0} Bepaxenue npeodpasyeTcs ClIeLyOLHM
o0pazoM:

be* + Valbe - ’ . Vbe(y/e + /a) -
( Jat v +V“F) the+3 ( NE +f) +he+ 3
Vbe + 3 - vhe + 3 B
_Abe+be+3 _ 3vbe+3+vhe+be _ 3(vhe +1) + (1 + Vbhe)Vhe _
© Vhe+3 Vhe +3 Vbe + 3
_ Wb+ )(Vhe+3) _ q-
= Tt = vVbe + 1.

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

a® b* e a*le —b)+ b a—c) + e (b— a)

(@—b)a—0) b-cb-a) (c—afe—b)  (@a-bla-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 - @) =
=(b-c)(a-b)(-a’b - a’c + c*(a+ b)) = (a- b)(b - c)(b(c® - %) + ac(c - a)) =
=(a-b)(b-c)(c-a)ab+bc +ca).

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

f) O/{3 BeIpaxkenus siBisieTcst MHOXKECTBO {(X,Y,Z) | X #Y, Y #2, Z # X}. IlepBoe cinaraemoe
BbIpaXXeHHs Mpeol0pa3yeM CIe1yIoIM 00pa3oM:

=2z _T—z-I+y r—=z T —1 1 1

@-y)z-2) (e-y)(x-2) (@-wE-2) (@-pc-—2 -y z-2
AHaJIOTMYHO MPEOOPA3YIOTCA U IPYTHE CIIaraeMBble:
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z—=x _ 1 1 ]
(w-2)y-=) y-2z y-=z
=1y 1 1

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

CrnenoBaTeibHO,

y—z z—x T—y _
C-E-2 W-Du-2) G-D)(-v)
1 1 1 1 1 1
= - + - + - =

rT-y T—-z Y-z Y-T z-T z-—Y
2 2 2
+ + .
r—-y Y-z z-%

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

1.

nycts M I (-¥%-2)E(-2;0); Torma |m| = -m, |m - 3| = -(M - 3), ¥ BeIpaXkeHHE IPHHUMAET
BHL

mm=3  _ -mm-3 _ 1
(m?—-m—-6)jm| -m+2)(m-3Im m+2

mycts M 1 (0;3); Torma |m|=m, |m - 3| =-(m - 3), u BeIpaXkeHNe IPHHIMAET

m|m — 3| —m(m—3) 1

m2—m—6)[m|  (m+2)(m-3)m  m+2

mycts M 1 (3;+¥); Toraa |m| =m, |m - 3| = m - 3 1 BeIpaXKeHHE IPUHUMACT BUJ

m|m — 3| 1

(m2 —m —6)|lm| m+2

Takum oOpazom,

1
mm-3 | my2 ecim m € (—00;—2) U (=2;0) U (3; +oa),
2 — 0 - 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,
HOJTY4UM:

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:

0 g4 3 3
o | I -1
4+ + b+ 1= ] _ &) i
I = I =

(P -1+ 2+ 1)
- z—1

= (@ +z+ 1)z +2° +1).

d) XCHX+1=1+x+X -+ =1 +x+x - X1 -x) = (L +x+x°) - X1 - X)L +x +x°) =
(L+X+x)L-x1-%) =1 +x+x)(1-x*+x3).

IIpumep 5. N36aBUTHCS OT UPPAIMOHATILHOCTH B 3HAMEHATele:

1 1 1
R T R A FuVaV, L PR Y

Pemenune. YMHOXas Ha BBIPAKCHUC COIPAKCHHOC 3HAMCHUTCIIIO, ITOJTYUIUM:

1 1+vV2+v3 14243 (1+vV2+3)v2 /24246

al+v2-Vv3  (1+v22-3 22 2v2.v2 1

b) [Togo6HO mpuMepy a) NOTYIUM

1 _ VBEVE-VT VBB VT
VB3+VEHVT  (VBHVEE-T 1+2/15
_(VB+VE-VI@VIs-1) _ (VB+VE-VT)2VIE-1)

(24/15)2 = 1 59

¢) U3 ¢popmyis (cMm., Haripumep, 4 b)):

CHy + 2 -3xyz=(x+y+ )G+ Y+ 22 - xy - yz - 2X)
creyer
(® +3° + 2° — 3zy2)
(22 +y? + 22 —zy—yz — 2z)

rt+yt+z=

Ha ocHoBaHMu nmocaeaHero COOTHOIICHUS MoJIy4Yum
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1 P (V2P (2VA)P - V2294298 TV2-Y1-3
1+ V24201 P+ (V2P + @V -3-1-92-2. Y1 23

IIpumep 6. [loxazaTts, YTO MPUBEACHHBIC BBIPAKEHUS MIPEJICTABIISAIOT COOOH LeJIbIe YUCa.
Bbruucnuts 31 yncina.

a) 1/120v/7 — 53| — +/20/7 + 53,
b) V26 — 15v/3 + /3,

e) \Xﬂﬁ+ﬁ\/13—41/8+2\/6—21,!5+\‘X26—ﬁ‘\/13+4x/8—2 6+ 2./5,

Pemenne. a) Boiensis noiaHblil KBagpar 110/ 3HAKOM paJiuKaia, MoIy4uM

J(ﬁ - :aﬁjﬂ-J(ﬁ +2VT)2 = |5— 27| — |5+ 2VT| = 2VT —5-5-2VT = —10.

b) Boigensis monHeli Ky0 101 3HaKOM KOPHS TPETel CTEMEeHH, OTy4YuM

{26 - 15v3+v3 = {8 — 123+ 18 - 3v3+v3 = {2 - V3P +V3 = 2-VB+VB = 2
¢) YuuTtsiBas, 4to

6£2/5=5+2v6+1=(vV5£1)%,
Js+2¢ﬁ—2¢§=\/s+2¢“§_2=\/ﬁ+2{=ﬁ+1:
J3—2J5+2u%=Js-zvﬁ—:a:\,/ﬁ—:af:ﬁ—l:
VB-4(v5+1) =vVo-4v5=v5-2-2.V5+4=v5-2,
J13+4(J§—1]=v€+2,

V2 +6(v5-2) = V114 6v5=vV5+2-3V5+9=v5+3,
V2 -6V/V5+2=vid-6/5=1/(/5-3)7 = V53| =3 V5

HOJIqu/IM, YTO UCXOOHOC BI)Ipa)KeHI/Ie paBHO
Vi+3+3-v5=6

Yci0BHBIE TOXKIECTBA.

1 1 1
2,2, 2 —t-+-=0
I[pumep 7. a) Berancnuts X° + Yy +2°, ecm x+y+z=1% ¥ 2 .

b) JlokazaTk, 4TO paBeHCTBO XyZ = 1 BieUeT

1 1 1
+ +
l1+z+xy 14+y+yz 14z+z2x

¢) Jlokasarh, uto ecim X +y + 2= 0, to X* + y* + z* = 2(xy + yz + zx)°.

d) I[OKaSaTL, 4qTO JJIA TH00BIX TPEX MOCICAOBATCIIbHBIX YJICHOB I eOMCTquCCKOﬁ nporpeccuu
BBITIOJIHACTCS PaBEHCTBO
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&’ + @ +as” = (ar + & + as)(a - @ + as).

e) Jloka3ats, 4To, €ciu X1 + X2 + X3 = Y1 + Y2 + Y3 = X1y1 + XaY2 + X3y3 = 0, ¥ He Bce uncnax;,
J=13 y vy, 1=1.3 papnsp nymo, T0

zi vi 2

o +ridr Y4yl 3

1 1 1
—+-+-=0
Pemenne. a) 13 papeacra ¥ ¥ = cienyer Xy +yz + zx = 0. Orcroga

Xy +7=(x+y+2)2-2xy +yz+2x)=1%-2:0=1.

b) 3ameTnm, uTo ycioBue XyZ = 1 Bieuer

1 _ 1 _ 1 _ Ty
l+z24+20 ayz+z+2z z(l+z4+zy) l4+z+zy’
1 1 1 T

14y +yz  y(l+z+zz) - yz(l4+x + xy) - l+z+xy

CrnenoBaTeinHO,

1 1 1 14+ x4+ zy
+ 4 = =1
l+z+xy 14+y+yz 1+z24zzx 14+r4+r1y

¢) YuutsiBasg, 4to X + Y = -Z, HOJy4YuM

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

=20¢ + xy +y) = 2(x* + xAy* + y* + 28y + ¢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 a;83 = " (XapakTEepUCTHUECKOE CBOMCTBO F€OMETPUUECKOM Mporpeccun),
CJIEIOBATEIIBHO,

(al +a + 3.3)2 = alz + 3.22 + 8.32 + 28.2(&1 +a + 8.3).
Orcrofa noxy4yaem:
8.12 + 8.22 + 3.32 = (al +a + a3)2 - 2&2(3.1 +a + a3) = (al +a + 8.3)(3.1 -ay + ag).

e) PaccMoTpuM BEKTOPBI (X1, X2, X3), (Y1, Y2, Y3) 1 (1,1,1). 3ameTum, 4T0 3TH BEKTOPHI MOMAPHO
OpPTOTOHAIILHBI, TaK KaK X CKaJISPHBIC MPOU3BEACHHS paBHBI HYI0. Clie10BaTeIbHO, BEKTOPHI

Iy Iy L3
.q] = 3 3 3
Vil +23 + 23 Vil +af +a3 i+ 2 + o

_ ( ih Yz ia
g2 = H H o 1 o & o 1 @ @ o 1
Vit ui e Vit ud Vi e+l
0o — ( 1 1 1 )
43 VII,-EJ. V"{E‘. V"{E 3
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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 o
Ty i + 1 —1
i+ 4z y+vi+y 30
OTKy,I[a nu cne,uyeT HNCKOMOC paBeHCTBO.
33}13‘[“ JIsA pemennﬂ

1. Onpenenuts O/]3 BbIpaKEHUM:

a) y =3z — Omeem: [0; 3].
z? - Te+12
2 -2z-3°

_ (b+c)la+e)
Y abted+eb+ad

Omeem: (—oo; —1) U [4; +00).

Omeem: {(a,b,c) | a# —e, b# —d}.

2. OHpe,I[eJ'II/ITB, SABJIAIOTCA JIM BBIPAXKCHHA AuB TOXACCTBCHHO PaBHBIMHU Ha MHOKCCTBC M,
€Clin

a—v’ﬁ _ 2a

(a‘3+3‘3 ) ar s M=la:a>Vil
-3

2a

Omeem. Jla.

3. YOpoCTUTH BBIpAKEHUS:
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a]Cm+1_ 1 )_Cm+1—11m+LH va+1
2 Wi+ 1 va+l+1l at+rl-1 a
ab ab a4+ b®
b V= —a)
) (a+r1—h) (a-l-—h a,) a? - b?
) vi+1l 1
1+yr+z * -1
d ab —b ad —bi
a% —a¥bs +b%  af faibd +bF  aF —bh
al4+2a—3
1-2 —1)a—=1
) VI a+ a’)(a® = 1)(a—1): Vel

v 1
Omeem: a+. mpua >1; —
+3 a

a?—4—|a—2|

f)

a® +2a® — 5a— 6
1
Om&ewL'a+jana}J ?npnaﬁz a# -3, a#-L
i’]—-{:+{:—4‘1 a—=b (b—e¢){e—a)la—0b)
g]h-}—c c+a a+b (b+e)et+alatb)

4. Pa3iioxXuTh Ha MHOKUTEIU:

a) X' +x°+1;
b) (x-y)’+(y-2)°+(z-%>

5. 36aBuThCs OT HppalliOHAJIIBHOCTU B 3HAMCHATCIIC:

Omeem: — L

4'14

Omeem: — ———.
a? 4+ b?

Omeem: /z(z — 1).

1 1
Omeem: by — ak.

Omeem: ().

Omeem: (X°+x+1)(X*-x+1)
Omeem. 3(X - Y)(Y - 2)(z - X).

) 9 Omeem: 9(vT — VB)(V3 - 2)
VI0 + 15 + V14 + /21 o 2 '
; VT VT(5 - VB (V5 + ¥3)(¥25 + V15 + V)
] BT T Oﬂl&&m. ; .
Vi+ V3 2
6. J_IOKa?uaTL, qTO HpI/IBeJIeHHBIC BBIpa)I(eHI/IH HpeI[CTaBJ'IHIOT CO6OI>1 O eJIbIC YHCiia. BBI‘II/ICJ'II/ITI:
9TH YHCJIa.
1/ 2v8 -2/ V241
Omeem: 1.
x/x;‘fﬁf V2 - —J{ V2 -1
b} {/9 +/80+ ‘::/9 — Omeem: 3.

IIpakTuyeckoe 3ansitue 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=1234..
s.ln' — 3 — 41“1' = L -
Hampuwmep: 125= 5, o 125; 8 3, kS 8l

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“*% =h b2n+l =a
aeER
V-8= -2 T.K. (-2)*=-8 V-8= -V

Hanomuum cBoiicTBa KOpHEN n-i CTENEHU, KOTOPHIMU Mbl Oy/1€M TOJIb30BaThCS IPU BCEX
peoOpa3oBaHuUsX:

Hanpuwmep:

n n = af-n = =
{\.’E] a, ya aHpI/I az0n=2734..

Vab=VaVb  ,a=20bz0n=234.

" (meopema 1);

i F
L

Y
ST
2d

]| |

i a=0b=0n=234%4.. (meopema 2);

nyK _ g _ _
(Va) \f?’ pndZ Ok =123 =234

ny _ nk = =
Via= V{E, npn & = 0.k =234..,n=234.. (meopema 4);

e kp = N gk = = =
a Va npu az=0k=234..n=234...,p=123.. (meopema 5).

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

[Ipumep 1. Beraucnurs:
V2712

Paznoxum nokopeHHoe BeIpakeHHEe Ha 0ojiee y100HbIe MHOKHUTEIH U TIOCIIE 3TOT0 U3BJIEYEM
KOPEHb:

V27#12=4/3%%3+4=/3*+22=9%2 =18
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[Ipumep 2 YHIpOCTUTH BBIPAKEHUE:

— B —_— —_—
12 - 12 - 1z -
( 1.Iln'},;‘) = 1.Iln'[:}.:‘jE'z .V'xl-‘ =x}x2ﬂ

Ilpumep 3 — ynpocmums 8vipasiceHue:

[Tpumep 4
g el _ —
VEPy = Vx% = {fy = x|y
[Tpumep 5
x=0
™ a ™ a
iﬂxayz iﬂxsg i'lF: |x|i||};=xif?
[Tpumep 6
x<0
o o
iﬂxﬁ}; = i.'xa ® i;.? = |x|i;§ = —xi..?
ITpumep 7:
b=0
r - A - = — [ — —
Jaih? = Jalab?® = a*=\axyb? =|a|lyalb| = —abya

Kommenmapuii: TOCKOJIBKY a CTOUT 1101 KBaJJpaTHHIM KOPHEM B HEUETHOH CTENEHHU, TO JaHHasI
IepeMeHHasl HeoTpuLaTeIbHa, UMEEM IIPAaBO CHATh C HEE MOYJIb.

ITpumep 8:

a=0b=0

|45|2 _ 2|al _ 2a 2a

&  |m3| 1.3 13
.“|b |b3| b b

[Tpumep 9:
a<0b=0
|25a1® 5./(a®)? 5|a’| —5a°  5a°
1ll 9ps 3./(5°)2 ©3|b3| 3b° 3b3
[Tpumep 10:
a>==>0
a2 = |lalV2 = [a2V2 = /242
[Tpumep 11:
a=<0
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a3 = —|al3 = —/a?V3 = —/3a2
[Tpumep 12:

a<bh

(a—b)ym

a<bh—=b—a=0

(ﬂ— b:]\."'ﬁ= —(b - fl:]\."'ﬁ= —H} - ﬂ,l\."'ﬁ= —/ (b— ﬂ,:]zw,‘."'ﬁ= —/ [b— cx]zm =

= —/(a—b)*m

[Tpumep 13

a=0,b<0

abyV3 = —|ab|¥3 = —{/(ab)*3 = —{/3a%b*
[Tpumep 14:

a<0,b<0

—ab¥3 = —|ab|V3 = -3/ (ab)*3 = —3/3a%D*

IIpakTuyeckoe 3ansaTue Ne 27

Tema: [IpeoOpa3oBaHue BeIpaKeHUM, COAEPIKALIMX CTEIIEHH U JTOrapu(pMbl
Hesab: HayuanTh BEIMOTHATH MTPe0Opa30BaHNE BBIPAKECHHUN, COACPIKAIINX CTEICHH U
sorapupmbl

Teopernuecknii 070K

IIpumep 1: BeruncauTh 3Ha4eHNE BBIPAKEHUSL:

o)t £

log 5 ()

Pemrenne:

o3 ()t
log 5 (V3)

3ameuanme: [Ipu perenuu 3a1a4, coaepxKauux Jorapu@meal, B IEPBYIO 0Yepeib HE CIeyeT
cocpenoTaunBarhbcsi Ha HUX. Hukorna Henb3s 3a0bIBaTh IPOCTO MPO aredpy.
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B uncimrene sTon )IpO6I/I MOXXHO IPUMCHHUTD (bOpMy.]'[y COKpPAaICHHOT'O YMHOXCHUS PA3HOCTDb

3 g2
kBajparoB. OOIni BI/IILIa: —& —[a b]{a+b].

3ameuanue: B aOCOTIOTHOM OONBIIMHCTBE 33/1a4 CISAYET BCe Jorapu(Mbl IPUBECTU K OJTHOMY
OCHOBAHHUIO.
B 3namenarene Bocnonbzyemcs (GopMysion epexoaa K HOBOMY OCHOBAHUIO U TTEPEHIEM K

[mg2 [JE) ~log, [\EN [1 og, [\.'E)+logj [\EN

log, ["-E)
log, (ME)

B uncnuTene B nepBoii ckoOKke NpUMeHUM CBOMCTBO «Jlorapudm pa3zHOCTH», a BO BTOPOl —
«Jlorapupm cymmb».

log, [‘\E} =

|

CaMbIii HYDKHUAM 5Tak MOYKHO BBEIYMCIIUT:

log, £2 log, [Jg\(g]
J% _1052{3]1952[2] _

log, {+/3) 21og, {+3)
A

2

BTopoit COMHOKHTENb B UNCIIUTEIIE MOXKHO BBIUNCIINTD, B 3HAMEHATENE MOKHO IIPUMEHUTH
cBoiicTBO «Jlorapudm cremnenny.

log, (3) B log, (3) B

) log, (*J?-_g) B log, (3} -

Orser: 1

[Tpumep 2:
BbruucnuTh 3HaUu€HHE BBIPa)KEHUS:

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

Penrenue:
log; {90}_ log, {18] log, {4} log; {?} =

[epeiinem B kaxaoM Jiorapudme K 0lHOMY ocHOBaHUI0. K ocHOBaHuIO 5.
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_ log, (18) . log s (4)
log, (4) log. (T"]

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

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

=log, (90} -

Ortser: 1.

(1{};{ , 16 ) (1{};{{_ 16 )
3.HaiinuTe 3HaueHNE BBIpa)KEHUS - ' .

(1{}5_‘;_’”5 ) (lf}g{_fﬂi )= (1{};_1;_"3 J ) (lff.zrg.‘;{_fi2 )= ( llog 2 ) (El{}g{_fi )= I1x2 =8

OtBeT: 8

log 2
2. 3ananue B10 (Ne26846) Haiiznte sHauenue poipakerus  ©-23

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

o L p— o 9 =lne
1{}2_,”_2;_,., log, 2 =log

[
I
I

I

Ortser: -0,5

log &
4.HaiimuTe 3HaYCHUE BBIPAKCHHUSI

Paznoxum Ha IMPOCTBIC MHOXKUTCIIN OCHOBAHHNEC J'IOFapI/I(bMa 1 9YUCJI0, CTOAIICC IO 3HAKOM
norapn(bMa. 3areM BBIHECEM CTCIICHHU 3a 3HAK norapH(bMa.

log, 2=1.5

| 2

. b
1{};_1;JH=1{};_1; 22 =
o

OTser: 1,5

log_6G0-log 12
5.Haiigure 3HaueHue BoIpaskeHUs o "

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

¥ -
log _G0-log_12=log_ — =log_5H=1
H] o 12 5

T

Ortser: 1.

log 0.241log 4
6.Haiinure 3HaueHne BoIpaKEHUS 0,9

3anumem JACCATHUYHBIC )Ip06I/I B BUJC OOBIKHOBEHHBIX M BBIHECEM CTEIICHH 3a 3HAK HOFapI/I(bMaZ
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log 0,2 +1{1g” . 4=10g,,i— tlog, 4=-log_5-log 4=-1-2=-3
) sl Bk 1] ¥

2

Ortger: -3
Iug? 13
. log 13
7 Haiinute 3HaueHUE BhIpOKEHUS  +)
|ﬂg? 13 B h‘Jg? L3 B h‘Jg? L3 Ly
- k - - k - 1 -
|ug_|l1.-I 13 |ug?,!l‘i - Iug? 13
Otser: 2
log _9log 25
7. Haiinure 3HaYCHHUE BBIPAKCHUS * 3
2 2
log_9log 25=log 3 log 5 =
& 3 ) 3
4log _3log 5
) 1:F
Ortger: 4
log G0
9 °
Loy ] 2

8. Haiinure 3HaUYeHKE BBIPAKCHUS 9

Paznoxum 50 na MMPOCTBIC MHOXKHUTCIIN U YIIPOCTHUM ITIOKAa3aTCJIb CTCIICHU B YHUCJIIUTCIIC I[pO6I/IZ

log 5 log 5
5 E

9 _7 e ~ 299 .

log 2 log 2 log 2 log 2 log 2

9

9

(1— log 12 ) (1— log 12 )
o 2 [i]
9.Haiigute 3HaUCHUE BBIPAKCHUS

[IpuBenem 06a noraprudma Kk OCHOBaHMIO 2, a 3aTeM pa3IokKuM uncia 12 u 6 Ha IpocThie

, log,, (2’2 3 )
(1-1012,-0 (2‘3 ) ) l—
(l—lﬂgq 12 ) (l—lﬂgﬁ 12 ): - log,, (2x3 )
24+ I{Jng_2 3 2+ |ug_2 3
(1— (E +1ug23 ) ) l—m = (—1—1(}12,'23 ) l—m

t=log N 3
O603HauuM =, TIOJIY4YHM:

MHOXUTCIIN
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) Cf1i-2-t ) 1)
A-t ) )= (14t ) —L =1
\ f( L+t ) SRS v

3ameuanue. Mo)KHO OBUIO MOCTYMHTH TaK: MPeACTaBUM YKciio 12 kak npousBeneHue 2 u 6.

(1—1{};_1;_ 12 ) (1—1{};_1; 12 )= (1—1{};_1;_ 2-log 6 ) (1—1{};_1; 2-log 6 )= (—1{}5_1;_ i ) (—1{};_1; 2 )=l
2 0 2 2 0 i 2 0

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)=Db.

Ypasrenue (2) coautes K ypauennto Buna (1): log.f(x)= log.a”.

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 — o onpeeneHuto Jorapudma:

log,@x -1 =-2
a) %

i -2
(—J =2x-1
3 : 2%—1=9; x=5.

Pemenmne:
log,10-h=-2 log,?=-1
Mposepka: = C3 ; —2logz3=-2. _2=_2 _ pepHo.
OTBeT: x=5.

6) logy (s +4u+1D=2
Pemenne: 3 =3 +4x+12; x° +4x+12-0=0 x* +4x+3=0;
xig =2t 4-3=-141 ; X1=—1 1 xp=—3.
IMposepka: 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[—x—lJ =x-2
B) 4 :

7%=2 E_l 7% 1. E_l
Toax . T ax o
Pemenue: 4 ;43 . Ilyctp ¥, Toraa ypaBHCHHUE 3aIHIIEM B
v 2
- 2

Yiz=—dE@d432=-028 .y =4 gy =B X g P 290 = 2 e oE

B
lngg(——lJ =2-1
IpoBepka: 4 : logy1=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=4 1 x=1.
IpoBepka: x=4; 1g(4-3)+ 1g(4-2)=1- 1g5; g1+ Ig2=1g2; 1g2= Ig2 — BepHO;

x=1; 1g(1-3)+ 1g(1-2)#1- 1g5, Tak kak BeIpa)XeHHUE, CTOSIIEE TOJ] 3HAKOM Jiorapudma,
JIOJDKHO OBITH BCET/Ia MOJIOKHUTEIbHBIM.

OTtBeT: Xx=4;

g+ 1gx-3) 1

6) laTx+ )+ 1gx- )+ 13 T2

lgt+1gx-3) | lgax-3) 1

Pemrenme: 1&3(7x+1x-6) 2. 1gi(Ta+1x-6) 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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AT+ 43869 2TxA35 3d 13

5x2-27x-162=0; x1o= 10 10 ;x=9;x,= 10 3 .

21+ 1gs, 1 1g24 1

IpoBepka: x=9; @4+ 13 +1g8 2 ; Zlgh+2lg3 I

g4 1

214 2 _ pepno;

18
gl +1[._-3]
gtle-— 1

18 1{.%+1J+1g{.§-6}+1g’3 2
X= 5 5 5 — JIOXHO, TaK KaK MMOIorapu(pMHIECKOE
BBIPAKCHUE HE MOKET OBITh OTPHIIATETbHBIM.

OtBeTt: x=9;

B) logzz +loggx +loggm =35

1
L log pb=—1log b
Pemenne. Bocnons3yemcs popmynoit m X

1 1 11
logsx+—logx+—logsx =55 —logzx =53 _
BT ORAT OB TS RTINS dogx =3 w207,

IpoBepka: 108327 +10gp27 + 102,27 = 5,5 . logs3® +logg 3 +1=55 .

3 +E+1 =545
2 — BEpHO.

OtBeTt: x=27;
r) log;i3x-10+1logs(x -2T) =3 +1og; 2

Pemenne; 102503 —-1T0x—- 2N =10g, (5°-8)

A6+ 2116+2100 46465

Totenmmpyem: (3x—11)(x—27)=1000; 3x°-92x—703=0. x1,,= 3 "3 ;x=37m
19
Xo= B ? .

Iposepka: 1. log 111 =11 +10g (37 - 2T =3 +1og,5

log:100 +1og;10=1log1000 - log;1000 —log,1000 _ BEpHO.
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19
logs(-19 -111+10og; [— — —2?} #3+1logs8
2. 3 , TaK KaK BBIPaXXCHUC, CTOALICC 1O 3BHAKOM
J'IOl"apI/I(bMa, JOJI2KHO OBITH MOJIOKUTEILHOE.

OTtBet: x=37.

3 mun — ypaBaenus Buaa P(log,x)=0, rue P(y) — MHOTOWIIEH 2 WK 3 CTENEHU, WIIN
YpaBHEHHUS, CBOJAIIMECS K HUM. DTH YPAaBHEHHUS PELIAIOTCS C TOMOIIbIO MOJICTAHOBKH: Y= logaX.

a) logs z-log, = - 3= iy

2
Pemenne: 1985 ¥~ 21085 2-3=0 TJycry, 108:% =¥ 2 2y 3=(0. PemaeM ypaBHEHNE U MONydacM
1

Vi=3 uy,=—1; y=3 =g 8 =3 = x=07, y=1 logzx=-1 5 x=13
Tiposepka: x=27; 1083 27-10g; 77-3=10. (log; 27 ~log, 3° -3=0,
9-6-3=0 — BepHO;

]
1 2 1]
1 —-1 —| =-3=0
=7 B3 033[3 - (logy 3797 —log, 72 -3=10.

1+2-3=0 — BepHoO.

1
OtBert: x=27; x=§;
6) log,(5x*) logi =1

Pemenne. [Ipexie Bcero Hajo UMETh B BUJY, YTO €CJIM B YPAaBHEHUAX BCTPEUAIOTCS JIOTapU(pMBbI
C pasHbIMH OCHOBAHUSAMHU, TO UX HAAO ITPUBCCTH K OAHOMY OCHOBAHHUIO C TIOMOIIIBIO
log, b

log, b=
(bopMyIBI: log: =

lag.(5x*
—g5( ) -1:::g§ =1
B 1aHHOM clTyuae IIepexouM K OCHOBaHMIO 5. 1985 % ;

dogs 5 +2log; ) logs =1 O@FosmayuMm 1985 % = ¥ (1+2y)y:1;

1 1 1
- logsz=— -
2y2+y—1=0; yi=-1, yo=2; loggx=-1 yny Bs¥=3 PX=5; x=n{3 .

1
1051[ -21—5]-1|:|g§;—=1 1ng15-r;—133=1
IpoBepka: 1) = ;3 ; 1=1 — BepHO;
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2
2) 1055(5'5)-1Dg§£=1; tog g (5" -[1Dghﬁf Jg) =L,

; 1=1 — BepHo.

1
OtBeT: X=5; x=13 .

5 mun — norapudpmMupoBaHue 00eUX YacTel ypaBHEHUSI.

Lol _ 1000
HMpumep: %

1000
L |

g 5 (Igx+1)Igx=3-Igx; lg>x+lgx=3-Igx; y=Igx;

Pemrenne:

y?+2y—3=0. Pemaem ypasaenue: y1=—3; Yo=1; Ilgx=—3 mwm lgx=1,

x=10"% x=10.
g3yl _ 1000 . L
Mposepra: 1) TR Up STl T
10°=10° — BepHo;
jplelo 4 _ 1000
2) 10 :10°=100; 10°=10° — BepHo.

OTtBer: X=1073; x=10.

IpakTuyeckoe 3ansiTue Ne 29

Tema: Pemenue ynpaxHeHUn
Heab: 3akpenuTs U cUCTEMaTU3UPOBATh MaTepual 1o IaHHON TeMe
Teopernueckuit 010k

Jlorapudmmueckas GyHKIUSA

[TycTh a — monoxuTenbHOe YKcio, He paBHoe 1. @yHKIHMIO, 331aHHYI0 hopMmyioi y =logax,
Ha3bIBAIOT JIOrapupMuyeckoil pyHKIHENH C OCHOBaHHUEM a.

OcHOBHBIE CBOHCTBA JIOTrapu(MUIECKON DyHKITHH.

1. OG6nactp onpeaenenust JorapuGMuIecKort GyHKIIMA — MHOYKECTBO BCEX
nonoxkuTenbHbIX yucen R+, T. e. D(loga)=R

2. Ob6nacTp 3Ha4eHUH JorapuGMuuecKoil pyHKIIMH — MHOXKECTBO BCEX JEHCTBUTENbHBIX
YHCeIL.

3. Jlorapupmuyeckas GyHKIUS Ha Bcel 00JacTH onpeenenus Bo3pactaer (pu a>1) uimm
yOsiBaet (mpu 0<al ¢yHkums Bozpacraer (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
1. Beraucsmre: a) log 255 ; 6)4%°%%; g)log, log, 64; r)4° %" %=

2. Pemnts ypasuenus: a)log,, ,(3x+1) =2; 06) 2y2 4 5l0%X _ oplogs V10
3. Beranciure: a) log 4J2; 6)257°%%; p)log, log,81; r)3°%1 %8,

4. Haiitu X, ecni u3BecTHO, uto log,, X = 4log,, 3~ % log,, 27 —2log,, 6.

5. Haiitu X, ecriu u3BectHo, uto log,, X =2log,, 6—0,5log,,100 +3log,, 320
1

Iog445+log4§' log, 2 - log, 4

log,75+log,3" ~ log,16 —log. 0,5

6. Berauciuts: a)

7. Halimute o6macTh onpeneneHus: KaKa0i u3 GyHKIIHiA:
Dy=v9-x*-Inx*; 2)y=.In(x+2); 3)y= IogO]S(x2 —2x)+ NCE
8. Haiinure o0macte onpeaeneHus Kaxaon u3 GyHKIHii:

)y=v4—x -In(x-1?; 2)y=yI(x=3); 3)y=log,,(x* +3x)+/49—x* .

Jlomarnee 3aj1aHue:
3log,3—log, 27 6) 3lg4+1g0,5
log,3+log,9 ’ lg7—1gld

2. Pemnts ypasrenns: a)l0g, ,4,5x=2; 6)3x +0,5°%* =36/°% %0

1. BeruucnuTs: a)

IIpakTnueckas padora Ne 30
Tema: KontponbHas pabota
Heanb: I[IpoBepuTh ypOBEHDb YCBOCHUS TaHHOW TEMBI

1 BapuanT

IIpeoOpa3yiiTe BbIpa:keHue:

1 (a+2 a 2 ) Ja—42
' V2Za 2a+2  a—2a a+?2
11
c—1 c2 =
2. 3 1" 1 c++ 1
cd4+c2 241
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lgB+igis
2lg2+ig3

Pemute ypaBHeHue

1Lvx?2+2x+10=2x—1

2. cos(;+x)+cos(;—x) =1
3 {]izxz—lﬁx—E?,SZS\/g

4.logzVx — 5+ logsv2x —3=1

2 BapuaHT

IIpeoOpa3yiiTe BbIpakeHHe:

1 (ax.“E+ b m) (ﬁwz)z

Va+ib a+2
1 132 3 3
1 (ai—bi) +2aZ+b2
3(ab)2-3b
2——+ 3 3
a—b aZ—b2
3lg2+3lgs
"lg13-lg130

Pemnre ypaBHenue

1V17+2x —3x2=x+1
2.sin(§+x)—sin(g—x) =1

3 2x2—5x+0,5: 1
' 1642

4.§£g(2x —1)=1—-IgVx—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. """ n+a
u 2n
2. " T am—1
2+ 3
3 n it
mn+1
1+ ( -1 )
Uy = .
4, n
Il. Haitnute nmepBbie 4eThIpE YiieHa MO €T0 3aJJaHHOMY O0IEeMY WICHY:
. (n + 1y
1. """~ " an

) _ 1
, T (Br-1)(@2n+1)

3 tn = (n+ 1)+ 2)
4, Un= (—1)_&1_1%

Uy =

5 (2'?1 + 1)2“—1
' " n+1
6 " (2n—1)3n

I11. Haiiqute popmyny oOriero uiaeHa psija 1o ero JaHHbIM IEPBbIM YIEHaM

2.
3.

Y. Beraucnure cymMmy 4iICHOB psja:

1
1. z nn+1)

=1
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5 ;1(%, —2)(3n+1)

3. =23
. 2n+1
4, 'rtfiﬂz':” + 1)
1

1

5 &nm+1n+2)

Y. HaiinuTe N-i 4jieH psija 1o €ro JaHHbIM IIEPBbIM WICHAM:

no

Y. Uccaenyiite cxoquMocTh psiia, IPUMEHSS. HEOOXOIMMBIN MTPU3HAK U OJJUH U3
IIPU3HAKOB CPABHECHUSA:

1
1 _ﬁz::i mn + 2
1

2.9

3. 'ﬁfi
Z 1
nmn
4, 4=
Uccnenyiite cXonuMOCTh psifia, HCTIONB3YI0 npu3Hak [Jamambepa.

n

Z n ;,_1 i

=1

1.

N
=

1
n+

o[ o

3. =1
3r‘I
4 Z nn+ 1)

. =1

1
5. 'r‘tz:l (Zn — l) . 9271

1
6 nz::i zZn + 1y
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1

7. nz::im + 1)(n + 3)
= on

8. =™

IIpakTuyeckas padora Ne 32

Tema: [Ipenen nocinenoBaTenbHOCTH
Hesb: HayuuTh BEIYUCIATH NPEAEIbI

TeopeaneCRaﬂ 4acTb

Onpenenenune. Yucio b Haspisaercs npeaenoM QyHKIHHA fix) npu ¥ , cTpeMsImemMcs K a
eciu st 1r06oro uncaa £ = 0 uajinercs rakoe uncao @ = 0 yro mpu Beex X ¥ @
YIIOBJICTBOPSIIOIINX HEPABCHCTBY x—al<d , GyzeT BBIMONHATHCA HepasencTso () — bl < =
Onpenenenue npeena QyHKIHE MOXHO copMyanpoBath 1 Tak: Yncio P HasbiBaeTcs
peIeoM f(x) npu X | crpemsimemcs K &, eciu 1pu mobom £ > 0 cymectsyer Takas
OKPECTHOCTb TOUKH &, uTo s moboro X * @ y3 atoit okpectHocTu. Ilpenen o603HauaeTcs Tak:
}cing f(x) =b.
[Tpumep 1. [Ipeaen mocTossHHOW (GYHKIUU B JIFOOOH TOYKE PaBEH ATOH K€ MOCTOSHHOM.
Pemenwue. [Tycth mist Becex % O4eBHIHO, YTO IS JTFOOBIX ¢ = 0 d=0 y IUISL BCEX

xE{a—8a+8) CIIPaBEIIMBBI COOTHOLICHUS
3HAYUT, [0 ONPEACICHHUIO TIpe/eIia

lim f(x) = limk = k.
X 4a X a
[Tpumep 2. lana ¢pynkuuu. Jlokazarp, 4to
lim f(x) = a.
X 4a _
Pemenue. Ilycts £ = @ - mo6oe uncno. Monoxus © = € | s Beex X = (a—8a+38)
HoﬂquMHf:x:I - ﬂ.l = |‘.'{ - ﬂl <4, T.e. Ifm - ﬂl < £, 3HAYUT
limf(x) =limx=a
X a X 4a

TeopeMa. Ecmu (I)YHKI_[I/IH HMMECT IIPCACI IIPU %, CTPEMALIEMCA K &, TO 3TOT IIPEACI CTUHCTBCHCH.

1. Teopembl 0 npeaenax ¢GpyHKuHU
Teopema 1. Ecnu mpu ¥ * @ cymecTByIOT nipeaens! (yHKIHNA <)y g(x) , TO CYILIECTBYET
TaK)Ke U MPeeIibl UX CYMMBI, paBHbIA CyMMe€ MPEAEI0B PYHKIMM fC y g(x)

Teopema 2. Ecu npu ¥ * @ cymiecTBYIOT peesnsl GyHKIHA <) g(x) , TO CYIIECTBYET
TaKKe M IIPeel X POM3BECHNS, PABHbIH Mpon3BeacHnIo npenenos pynxumii f&) y glx).

CrnenctBue. [1oCTOSIHHBIN MHOKUTEIh MOKHO BBIHECTH 32 3HAK Mpejiena.
JlercTBUTENBHO,
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Teopema 3. Ecnu mpu ¥ * @ cymecTByIoT npeaesns! GyHKIUNA fC) y g(x) o npenen
f(x)

byHKIIIN g(x) ormuen ot HYJISl, TO CyHIECTBYET TaKXkKe U Mpeie X OTHOIICHHUS gix) paBHBIN
OTHOUICHUIO NPEEIIOB:
f(x) f(x)

lim(ZIIEE of )) b 11n1 glij

[TonsiTue 6eckoHEeYHO MaJIoN U 6eCK0Hequ 0OJIBIION BEJIMUUHBI
Ecnu npenen gpyHKIMK paBeH HYIO, TO OHA HAa3bIBAE€TCSA OECKOHEYHO Majol BEJTHMUYHUHOM.
Ecnu ipenen GpyHkunu paBeH O0ECKOHEYHOCTH, T.€. BETUIHHE 00paTHON K OECKOHEYHO Majon
BEJIMYMHE, TO OHA HA3bIBaeTCsl OECKOHEUHO O0ubioi BenuunHoil. CienoBarenbHo,

BBITIOJIHAOTCA paBCHCTBA!

1
lim — = e, lim— =0
x—=a X oao

Breraucnute IMpCaciibl

IIpumep 1.
lim(x +3)= lim x + lim 3=7+3=10.
x—7 =7 x>
Ipumep 2.
lim(3x+2 hm3x+hm2 Iim3-limx+2
lim 3x+2 _ x—)l( ) ( ) x—1 _ =1 x—= _
w1257 lim(2x—7) hm@i#hm(?) lim2-limx—7
x—=1 =1 x—1 x—>l x—l
3-1+2
=——=5/(-5=-1.
2-1-7 =)
IIpumep 3.
. x%-4
lim :
=2 X—2

Z—4 (x-2)x+2)

= =x+ 2.
x—2 x—2
2 —
lim > (.x 2)(.x+2)_ lim{(x +2)= limx+ lim 2=
=2 X — 2 x—}E x—2 =2 a2 =2
=2+2=4.
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Pemenue ynpaxxHeHui

lim[(x? — 1)x - 3)(x - 5)]
1x .2

xlirg[(Zx —4)(x — 1)(x + 2]

2.
lim (x+3)(x—12)
x—=-1 x+2
3.
lim 3
4, x 32x— 6
4

n 3x¥ L x

m

7. = .0 X
y x—3
im

8. x=3x2 —9
I 4xZ -9
I +3

9 %3

" x2 —8x+ 15
o OXT 29
10. x.5 X'425

. 3x2 _8xL4
lim
11. x 26x2 —14x1 8

" x2 - 7x+ 10
12. xn.SﬂXE —9x + 20
x— 6
lim

13, *6yx+3—3
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14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

3 -4x
lim——————

=04 — f2x -2

xlin:n[(xj? — 5%+ 6)

xlir!::l [(x]® + 3:{2:]

xlir!:_lﬂlxz +5x-x

o 4xI —Tx-—2
lim
x 26x2 —11xL 2

- x%+2x-15
llmj—

¥ .3 x-—9x

I 2x

1117
x=0y4 L x — 4 —x

2 -x
].j.nl—
=13 —¥2x 41
i 2—x

m—
=533 —2x—1



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.(0032 x(% — x) + sinz(:%Z — XD —sin®x

sin® X +sin? xcos? x

3 :
sin? xcos? x

IIpeoOpa3yiiTe BbIpa:keHue:

(a+2 a 2 ) Ja—2
Vza Wza+z  a—\2a a+2
11

c—1 c2+cd =
2. 3 i" i 'C4'+ 1
cd+ec2 241
lgB+igis
2lg2+lg3

Pemnre ypaBHenue

1Vx?2+2x+10=2x -1

2. cos(;+x)+cos(;—x) =1
3 {]izxz—lﬁx—3?,5:5\/§

4.logzVx — 5+ logsv2x —3=1

2 BapMaHT

Yupocrure BolpaskeHue
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1.(cos2x +1)tg?x —1

ct [?’”—xj
1—ctg ?(— x) I 2
2. -
th(X—ﬂ') Ctg(7Z+X)
sin® x cos x + cos® xsin x
cos? x

IIpeoOpa3yiiTe BbIpaxkeHHe:

1.({11\."E+ b m) (ﬁwz)z

3.

sat+yb a+2
1 (az bz) +2a2+b2
3(ab)2-3b
2——+ 33
a—b az—b2
3lg2+3lgs
“lg13-lg130

Pemure ypaBHenue

1V17+2x —3x2=x+1

2.5in G +x) — sin G — x) =1

3 2x2—5x+o,5: 1
' 1642

4.§£g(2x —1)=1—-IgVx—9

IIpakTnyeckas padora Ne 33
Tema: HpaBI/IHa BBIYUCIICHUSA ITPOU3BOAHBIX

I_Ie.]'le Hay‘{I/ITB yqaluxcd nmpaBujiaM BbIYHUCIICHUSA ITPOU3BOJHBIX

Teopernueckuii 6510k

. Cf:[]
° If:].f
. (f+9) =+
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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

. (fo)=Ffg+ 19
cn=cs
f) flg—1d fg

P
. 9 g (9#0)
Brpruucnaure npons3BoaHyHO:
1. f(x)=x>+2x"+4 10, f(x) = X
2. f(X)=2x*+x3+10 ' x—4
3. f(x)=§+%+g
X
. 1 2 4 11.f(x) = x(x+3)
=3+ E*s 12.1(x) = (x? + 4)(x - 1)
5. f(x)=2Vx+4x° 131 () =
6. f(x)=+/x+5x" 3x-1
7. £(x) =x(x+1) 14f(x) = X+5
8. f(x)=x(x+5) X" +1
X2
9. f(x)=
X_

[omarHee 3aganue:

1) f(x)=7x"+13x* +18
Nf) =X+ 24U
5 X

3) f(X) =x(x+2)
A f(x)=(x+5)(x*+7)

2

+1
x+l

6)f (="

5)f(x) =

IIpakTHyeckoe 3ansaTue Ne 34
Tema: [Ipou3BogHBIE TPUTOHOMETPHUECKUX (DYHKIIUN
Hess: HayunTh BEIYUCIASATH NPOU3BOAHBIE TPUTOHOMETPUUYECKUX (PYHKIUIH
Teopetnueckuii 610K

Bce Tpuronomerpuueckre GyHKIMN HEMIPEPHIBHO U HEOrpaHUUEHHO AuddepeHunpyemsl Ha
BCeil 001acTu onpeaeneHus:
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(sinx)' = cosx,

(cosx) = —sinz,
. 1

toex) = :
(tgz) cos? T

. 1
ctexr) = — — :
(ctgz) sin’

Pemenue ynpaxHeHuit

1. HaiiguTe mpou3BOAHYIO (QYHKIIUHU:

Dy =cesx+x, 2)y=£gx+ﬁ; Ay =sih 2X;
Ny=cigix+ Dy =sml x +%}; £y =cos(2x+ %T];
?)y=sm(g—2x), o =%; 8}y=c052x; ?)y=£g3x.

2. Haiinure mpou3BOIHYIO PYHKIIHH:

Dy =sinx+cos® x, 2y = (sin x + cosx)®; Ny =cos® x—sn®x

4 4 2 2 - :
$y=gin" x+cos” x—2sin”xcos’ X Dy =zin 2xan 3x+cos Zx cosdx -1

3. Haiiti nponsBoaHyt0 QyHKIUU:

A: iy =sin x°; 5 1)y=l'xgsinx, xu=3—ﬂ-'
T 2
T COSX T
)y = cos’ (= - 320, 2y = . Xy ==,
» (’5 :I ) 1+sm x “ o
3y = L )] =sin4x—|::os4x x o
d cos® x’ 7 2 2712
igx -
Py =—1; Ay =af1+sin x, ey SR
x
+
5:'.3":1 f.gx; Ny =ig 2x
igx
bly = 1 : 6}y=cosz{2x+1}, 7 =0k
fgix
Ty = 2 "'l; ?)y=,f1+5cos£;
fg3x x )
B)y = ctgTx, 8y =sin? (2x%);
Dy =Jxamn x. Py =cos® (71— 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 14) (x) :lcosﬁ
2)f (x) = 3sin~ 4 2
3 15) f (x) = (4x —5)?

3) f (x) = (8x +4)° 8
. B 2 16) f (x) =—(1—5x)3
)=
(3—4x)

5 (x) = (3— 25 + L 17)f(X)=(2x—3)4+(§x+4j
0= @29+ s

6) f (x) = 2sin(3x —%)

7) f(x) =tg4x

1 X
8)f (Xx) = =cos—
)()2 c

18) f (x) = 8tg (2x+%)

9)f (x) = (3x +5)*
3

10)f(x):m

12) f (x) = (5x + 4)™ +G+8j

1 T
12)f(x) = ZCOS(§ —3X)
13) f (x) =sin8x

I[OMaI_HHee 3aaHuc

2)f(x) :%sin 7X

3)  (x) = (2x +10)?
4

Y100 ==

5)f(x) = (4x+8)° +(%x+l3)

6) f (x) = 4ctg (% —2x)
7) f(x) =ctg2x
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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+ 19
. (cpy=cf

(i)f: f'g—fd

. g 9 g#0)
(E)I_ _ ¢y

. g 9 q#0)

Kapmouxa Ne 1
Haiinure npou3sBoaHyo GyHKIMA
1) f(x)=7x" +13x*+18

2)f(x)=§+xis+&

3)f(xX) =x(x+2)
A f(x)=(x+5)(x*+7)

2

X
5f(x)=
)10 2x+1
6)f(x)zx_+1
X—2
Kapmouxa Ne 2

Haiinure npousBoaHy0 QyHKIHA
1) f(x)=6x°+5x°+78

2)f(x)=§+)%+2\/§

3)f(x) =x(x+3)
4)f(x) = (xX* +4)(x-1)

X
5)f(x) =
) F(x) 1
X+5
6) f(x) =
ALY x?+1
Kapmouka Ne 3
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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* o1
X

2)f(x)=xiz+x—3;+&
3)f(x) =(x+4)x
4)f(x) = (x+5)(x* - 7)
5)f(x)=xi+8

)10 =2

Kapmouxa Ne 1
Haiiaure npou3BoaAHbIE CII0KHBIX (PyHKIMI

1) f(x) =cos5x
X

2)f(x)_33|n§

3)f(x) = (8x+4)*

2

4)f(X)=m

3 1
5)f(X):(3—2X) +W

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+(§+8]

6)f (x) = %cos(%—?:x)

Kapmouka Ne 3

HajiguTe npou3BoaHble CJI0KHBIX QyHKIUIA
1) f(x) =sin8x

1 X
2)f(x):zcosE
3) f (X) = (4x —5)?

8

4)f(X):m

5)f(x)=(2x-3)™* +(§x+4j

6) f (x) = 8tg(2x+%)

Kapmouxka Ne 4
Haiiaute npou3BoaAHbIE CII0KHBIX PyHKIMI

1) f(x)=ctg2x
2)f (x) =%sin 7x
3) f (x) = (2x +10)*

4

4)f(X)=W

5)f () = (4x+8) +(%x+13j

6) f (x) = 4ctg (% —2x)

IIpakTnyeckas padora Ne 37
Tema: MeXaHUYECKHI CMBICII IPOU3BOIHOM
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Henb: 3akpenuTh U CUCTEMATU3UPOBATH 3HAHUS yYaIIUXCS 110 JAaHHOU TEMe

Teopernueckuit 6110

ITycts 3a1an myTh 5 — fit) JBH>KEHUS MaTepuaibHON TOUKUA. CKOPOCTh JAHHOW MaTepHabHOM TOYKH B
MOMEHT BPEMEHH L ecTh IPOU3BOIHAS OT ITyTH & 10 BPEMEHH L

v(t) = s'(t)

[Tpumep

2 5
s(t) = =t — 267 + 4t

Teno ABMXKETCS MPAMOIMHENHO 110 3aKOHY : (M). OrpenenuTs CKOPOCTh €0
nBwxeHus B Moment £ = 10 c.

Pemenne. Uckomas CKOPOCTH - 3TO IPOMU3BOAHAA OT IIYTH, TO €CTh

2 ! 24
u(t) = s'(t) = (%z-* —2t* +-'L.t) = (_‘—;z-*) — (23 + (4t) =
@
_ _“—;{.r,-*}“ — 202 +4() =

3] b3

e

A2 %A1 =2 — A+ 4

B 3agaHHBIIl MOMEHT BpEMEHU

v(10) = 2-10° =410 + 4 = 200 — 40 + 4 = 164 (/)

Otser. V(10) = 164 (yyc),
Ynpaxuenus:

1.MarepuanbHasi TOUKa JBHKETCS IPIMOJIHHEIHO 110 3aKoHy X (t) = 6t° — 48t + 17, rie X — paccTosHuUe OT
TOUYKH OTCUeTa B METpax, t — BpeMs B CEKyHJlax, U3BMEPEHHOE C Hayaia ABMkeHus. Haiinure ee ckopocTh
(B MeTpax B CEKyH]ly) B MOMEHT Bpemenu t = 9 C.
2.MarepuanabHas TOYKa JIBHKETCS MPSIMOJIMHEHHO 110 3aKOHY

X (t) = (1/6) t* + 5t + 28
IIe X — pacCcTOSHUE OT TOYKM OTCUeTa B MeTpax, {— BpeMs B CEKyHJIax, U3MEPEHHOE C Hayaia

JBIDKEHUS. B kakoif MOMEHT BpeMeHU (B CEKyHJ1aX) €e CKOpOCTh Obli1a paBHa 6 m/c?
3.MareprasbHas TOUKA IBIKETCS MPSIMOMHEIHO 10 3aKkoHy X (t) = t2 — 13t + 23, rj1e X — paccTosHue OT

TOYKH OTCYETa B MeTpax, t— Bpems B CEKyHJaX, U3MEpEHHOE C Havaia JABMKEeHUs. B kakoif MOMEHT
BpEMEHHU (B CEKyHJIaX) ee CKOpOCTh Obl1a paBHa 3 m/c?

4.Touka aBIWKETCS 10 3aKOHY $(t)=2t*-3t (S — myTh B MeTpax, t — BpeMsi B CEKyH/1aX ). BeIurcInuTe CKOpocTh
JBUKEHUS TOUKHU, €€ YCKOPEHUE B MOMEHT BPEMEHH 2¢

5.MaxoBUK Bpaiaercs BOKpYT OCH IO 3aKOHY ¢(t)= t*-5t. Haifaute ero YTIIOBYIO CKOPOCTH (O B MOMEHT
BpEMEHH 2¢ (¢ — yroJI BpallleHHUs B paJiiaHax, o — yrioBas CKOPOCTh paj/c)
6.Teno Maccoi 2 KT IBMKETCS MPSIMOJIMHEWHO TI0 3aKOHY X(t)=2-3t+2t?

HaiiguTe ckopocTh Tella M €ro KHHETUUYECKYIO SJHEPTHIO uepe3 3¢ nocie Havana AsrxkeHus. Kakas cuia
NEICTBYET Ha TEJI0 B ’TOT MOMEHT BpeMeHH? (t u3MepsieTcsl B CeKyH/IaX, X — B METPax)
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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

V=4x"-6x 1 perorouke ¢ abcImcco o = 2

2. Haiinure yrinoBoit k03 GUIIMEHT KacaTeIbHOM, TPOBEACHHOM K TpaduKy (GyHKIIMH
v=2x"-x"+3x 6 peroTouke ¢ abeuuccoi ¥o = —1

3. Haiigute yrioBoii Ko QHUIMEHT KacaTelbHOW, TPOBEACHHOH K rpaduky QyHKIUN

I3

¥ = EINX — COSX g ero Touke ¢ aOCIUCCOl o T3

4. Haiigure KOOpAMHATHI TOYCK KacaHUsl, B KOTOPBIX KacaTelbHble K TpaduKy QyHKIUH
y=10x" +5x -1 pyeor yTII0BOW KO3 PHUIIMEHT, PaBHBIHA 2

5. CocTaBbTe ypaBHEHHe KacaTesbHoil k rpaduky GyHkuun ¥ = 2X° = 5% + 1 g rouke ¢ abewpceoit
Xy =2

6. KoopanHara MaTtepraibHO TOUKH U3MEHSETCS C TCUCHUEM BPEMEHH T10 3aKOHY
x(t) = 617 - 8t + 6. Hajizure cOPOCTH TOUKH B MOMEHT BpeMeHH & = 6

7. KoopanHara MatepHaibHO TOUYKH U3MEHSETCS C TCUCHUEM BPEMEHH 110 3aKOHY
x() =t - 4t* + 5. Hajinure ckopocTb ToUKM B MOMeHT Bpemenn £ = 2

8. MarepuanbHas TOUKa ABKETCS IPAMOIHHENHO 1o 3akony *{) = 567 =2 + 1 Uepes ckonbko
CEKYH/I [IOCJIC Hayalia JBHKCHHS TOYKa OCTAHOBHUTCS?

9. MatepuaibHas TOUKA ABUIKETCA IpAMONIHHeiHO 1o 3akony ¥ = 3t - 13t Hajinure yekopenne
TOYKM B MOMEHT BpeMeHH £ = 2

2 BapuaHT

1. HaiiguTe yrinoBoii ko3¢ pULIMEHT KacaTelbHOM, IPOBEIEHHON K rpaguKy QpyHKINN
v =7x*-5x + 12 g ero touke ¢ abemuccoii o = 3

2. Haiinure yrinoBoit ko3 pUIMEHT KacaTeabHOU, IPOBEACHHOMN K TpaduKy GyHKIIMH
y=6x"-x+1 pergrouke ¢ aberccoii Yo = 1

o x* 2

3. Haiinure yrinoBoit ko3 puIMeHT KacaTeabHON, TPOBEACHHOMN K rpaduKy QyHKIIMH r= 2 xB
ero Touke ¢ abermecoit o = —1

4. HaiinuTe KOOPIMHATHI TOUCK KacaHHs, B KOTOPBIX KacaTelbHbIe K rpaguKy GyHKIIMN
y=8x"+4x+4 pyepor YIII0BOM KO3 PUIIMEHT, paBHBIi |

5. CocTaBbTe ypaBHEHHeE KacaTelbHol k rpaguky ¢pynxiuu ¥ = 3% *-4x —2 g rouxe ¢ abeuuccoil
Xg = —1

6. KoopmuHara MaTepraibHO TOYKH U3MEHSETCS C TEYCHHUEM BPEMEHH 110 3aKOHY
x(t) = 3t* - 8t + 8. Hajinure CKOPOCTh TOUKU B MOMEHT BpeMeHu & = 3

7. KoopmuHara MaTepHaibHO TOYKH U3MEHSETCS C TSUCHHEM BPEMEHH I10 3aKOHY

o) =t - 4t° + 8. Hajigure CKOpOCTh TOUKU B MOMEHT Bpemenu & = #
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8. MarepuanbHas TOUKA ABIKETCS IPAMOIMHEIiHO 110 3aKkony () = 1% =8t + 10 Uepes ckonbko
CEKYH/I TIOCIe Hayana JABUKEHHs TOKa OCTAHOBUTCA?

. —gtI_ 9% .
9. MarepuabHas TOUKA JBHKETCS IPAMOJIHHEHHO 1o 3axony * ) = 8% - 2t% Hajinure yexopenue

TOYKH B MOMEHT Bpemenu t = 1 ¢

IIpakTuyeckasi pa6ora Ne 39
Tema: [Ipumenenue HenpepbIBHOCTU. MeTo1 HHTEpBaIoB
Henan: Hayunts yyanmxcs pemars HEPaBeHCTBA, UCIOJIB3Ysl METOJ MHTEPBAJIOB

Teopernueckuii 610k

Adropur™ IpuMep
1. Paztomy BRIpaHeHME B ) (x— 1)(x + 1)(x+ 2) (x + 3)2(x — 4)*
YHCIHTETe W 3HaAMeHATeIe Ha IHHefiHEe G- —3)%==5) =0
MHOEHTISIH. ’ i ]
2 Brigeamy ocodnle cTvean|{ecTH oHH (x—3)**0mpux=3
£CTh) — YETHEIE CTETNeHH B (x+3)°>0mpux=3
COKPATAIITHEcd MHORHTETH. (x=4)">0mux=4
(x—1)=0 mprx=1
3 [lepenumen HepaBeHCTED, x+1)(x+2) -0
HCETHOTHE OCO0BIE CTVIAH. ¥x—5 =
4. [Mpupassgent ¥ BV DO KasTsil
PHP : x41=0 [x=-1
AMHOEHTATE YHOTHTAIS H IHAMAHATANA 1
w i x4+2=0 |x=-2
HafZeM BCe X HI JAHHBIX . 5
. —_ = ¥ =
PaBeHCTE(«KOHTPONISHELS TOUKH ).
5. OTaeTHM Ha KOOPIHHATHOH 3 1 5
npaof TOUKH H2 1. 4, VIHTEIEAT 3HaK W
Hepazedcrea(cTporufl wIn HecTporui). *
X
6. [TpopepHM 3HAK B 0JHOM H3
HHTISPBEATOE, 4 B OCTATRHEIX — i 4 ru = i 3 - N
TIpOYEpeIVens. = x
7. Bamiment 0TBET, VUHTHIBAA 3HAK -3 2 -1 3 4
HEPaBeHCTEA H OCOORIE COVYAH.
X
Orger:x € [—2;-1]U (5;w) U {—3;4].

Pemenne ynpaxxuenuit
(x* —4x+6) (x—2)(x-3)
(x-1)*(x-2)*

<0
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x? —4x+ 6> 0npux €R  takrax D < 0
(x—2)°=z0npuX € R, Tak Kak ToYKa X * 2
(x—1)*=z0mpuxXx € R . Takkak Tourkax = 1

(x—2)(x—3) 20 [j:g

QreeT:X € (—2;3)

~ @ -8)(=—7)(2x-3)
= —x—Gx+6E

=0

(x—5)(x+V5)(x—7)(2x— 3)

—(x+6)(x—1) -
_XX_:_‘ES _ -6 - Vs 1 3
x=15
x=6
L x=1

OTeeT: (—o0; —6) U [—/5; 1) U [1,5:4/5] U [7; o).

[Ipumepsl Ha caMOCTOSTENBHOE PELICHHE:

1 gl_
2 —hr+6 2

T+ 17
— = 0.
2 —r—6

JT -3

=0,
r — 2
_ _ 2
V17 — 15z — 2z 0.
r 4+ 3

JlomarHee 3amanue:
xX=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 a2
P r=x 3x

a) 001acTh onpeaeneHus D) xe R )

¥ =3 —6x

0) HaiiileM nepByI0 IPOU3BOIHYIO:
V=003 —6x=0 x=0,x=2

I/IccnenyeM 3HaK HpOI/I3BO,Z[HOI>’I B INOJIYUCHHBIX IPOMCIKYTKAX, pCHICHUC TPCACTABUM B BU/IC Ta6J'II/II_U>I.

X | {—ooy0){0] (0;2) |2 ({2, +e0)
¥i(x) + ol - |0 +
ya 1 ! T
x & [—oo; 0)u (2;+00) y=x -3
HTak, B mpoMeKyTKax : : byHKIHS BO3pAacTaer, B
IPOMEXKYTKE e (0:2) yObIBaeT.

69



2)J’=‘f

a) 00J1aCTh OIpE/IETICHUS D) xer )

[ S
0) HaiiieM MepBYIO MPOU3BOIHYIO: y =-3x ,

:yrzlj;—BXz:D,X:D

Hccnenyem 3HaK MPOU3BOIHOM B MOTYYEHHBIX POMEXKYTKAX, PELICHNE MPEJICTAaBUM B BUJIE TAOIHUIIHI.

% | {-00,0)|0] (0;4c0)
Yy - |0 -
yx l

OyHKIUA Y yObIBaeT Ha Bcell 001acTH ONPEIEIICHNUS.

3) ¥ = - 5x+6

a) 00J1aCTh OIpeEICHUs Diy)ixe R 1
0) HaiiIeM MepBYIO MPOU3BOIHYIO: ¥=2x-5 ’
;J’r:D; gx_5=|;j; =25

Hccnenyem 3HaK NpOU3BOAHON B OJYYEHHBIX POMEKYTKAX, PEILIEHUE MPEACTaBUM B BUJIE TaOIHUIIBL.

X |(-20,2,5)|2,5|(2,5+0)
¥'(x) - 0 +
¥ix) I T
2,5, +c0)

.
=2 Sxt+ BO3pPAaCTACT HA ITPOMEIKYTKC xe I:

POMEXyTKe * © (-o2:25)

OyHKIUS Y , yObIBaeT Ha
[Tpumepsr:

Haiitu npomexxyTku MOHOTOHHOCTH (PyHKLIUU

y=x-27x .

f(X)=x*+2x>+4

f(x)=2x*+x*+10

f(X) = 24X + 4x°

f(x) =v/x +5x*

f(x)=7x" +13x% +18

o ok wdh =

JlomarHee 3amanue:
1. f(x)=x(x+1)
2. f(x)=x(x+5)

X2

3. f(=-
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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 TOUYKOM dKCTpemyMa GyHKuu f 1 B 3TOM
TOYKE CYyIeCTBYeT npousBoaHas f', To oHa paBHa Hymio: f'(x°) =0.

IIpu3nak makcumyma pyukuun: Ecnu pynaknus f HenpepsiBHa B Touke X, a ' (X)> 0 Ha uHTEpBasie
(a;x°)m f'(x)< 0 ma muTepBazue (x°; B) , TO TOUKA X ABISAETCA TOUKOM Makcumyma pyHkiuu f .

IIpusnak munumyma ¢pyukuuu: Ecou ¢pyakuus f HenpepsiBHa B Touke x°, a ' (x)< 0 Ha mHTEepBasie
(a;x°)m £ (x)> 0 nHa uHTEepBate (X°; B) , TO TOYKA X° ABJISAETCS TOUYKOW MakcuMyma QpyHkmnmu f .

Tenepb KOCHEMCs BOIIPOCa MOCIEA0BATEIHLHOCTH OINEpalii, KOTOPbIE HY>KHO BBIIIOJIHUTE MPU OTHICKAHUU
KCTpeMyMOB G YHKIHHU.(3-4 MUHYTHI)

1. HaiiTH O0JIACTh ompeaeacHus HyHKIIMH

2. HAUTH MPOU3BOIHYIO (PYHKITHH

3. HaliTH TOYKH, B KOTOPBIX BBIMIOJHSIETCS paBeHCTBO f(X)=0

4. HaliTW TOYKH, B KOTOPBIX IMPOU3BOJIHAS HE CYIIECTBYET

OTMETHTh Ha KOOPJMHATHOMN MPAMOI BCe KPUTUYECKUE TOUKU U 00JIACTh ONpEIeTICHUS
5. onpenenuTh 3HAK MPOU3BOTHON HA KaXKIOM U3 IIPOMEKYTKOB

6. clleNiaTh BHIBOJI O HAIMYHMH WA OTCYTCTBHH SKCTPEMYMOB

Haiinute kpuTHueckue Touku QyHKIUN
a)2x24x—1=0,
6).
B)ax2+3x —6=0,

r).

2. Haligute TOUkM MakcUMyMa U MUHUMyMa (QYHKIUU:

a)x*-lox*+9=0,;

7’

6).
B) 12x%*-3x*-5=0.

7

r).

3. Tloctpoiite 3cku3 rpaduka GpyHKINH, 00J1aAat0IIeH
CIEAYIOUIMMH CBONCTBaMU:
LDG)=1-3:5], f ()= O mpu xx € (—3;1), f (x) < 0 mpu
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xe(l;s) ,fy=0.

2.D(f)=[-46], f (x> 0mpnx e (—4;2). f (x) < 0 mpn

xe(2;6) , fF(2)=0.

I[OMaH_IHee 3aJaHuC:

1. HaiiguTe KpUTHYECKHUE TOUYKU (YHKIIUH:
a)6x'24+3x +10=10 .
0).

2. HaiinuTe TOUKM MakCUMyMa U MUHUMyMa  (DYHKLUU:

xS x3
—_-8—+9=0
a) 8 3

5).

3.ITocTpoiite acku3 rpaduka GyHKITHNH, 00JIagaroIIen
CIEAYIOIIMMH CBOMCTBAMU:

DFY=1L16]: f ()= 0 mpux e (1;3) f (x) < 0 mpu

xe(d; 68y fB=0.

IIpakTyeckas padora Ne 42

Tema: [IpuMmeHeHre TPOU3BOJHON K UCCIETOBAHUIO (DYHKIIHIMA

He.]'lb: Hay‘{I/ITB ydanuxces ucCiaea0oBaThb q)YHKI_[I/II/I C IIOMOIIBIO HpOHSBO,I[HOﬁ

Teopetnueckuii 6110k

Cxema uccnenoBanus QyHKINU:

1.

no

o

Haiitu obnacte onpeneneHus GyHKIINH.

[TpoBepuTs, He sABIsSETCS U QYHKIUSA YETHOM UM HEYETHOW; TPOBEPUTH TAK)KE, HE SIBIISIETCS JIU

OHa HCpHOHH‘lGCKOﬁ.

HaiiTh, ecau 3T0 BO3MOXHO, TOUKU NlepecedeHnst rpaduka GyHKIIMHU ¢ OCSIMH KOOPIUHAT U
IPOMEKYTKH 3HAKOIIOCTOSHCTBA (PyHKIMK. MIHOT 1A 1Sl yTOUHEHUS TOCTPOEHUS TpaduKa ciaenyer

HalTH JABC TpU JOMOJHUTCIIbHBIC TOYKH.

Haiitu npon3BoiHYI0 QYHKIIMU U €€ KPUTUYECKUE TOUKH.
HaiiTi npoMexyTK MOHOTOHHOCTHU U 3KCTPEMYMbI (DyHKITUH.
[Toctpouts rpaduk QyHKIMH, UCTIOTIB3YSI MOTYUEHHbIE PE3YIbTAThl HCCIEI0BAHNUS.

PaccmoTpum npumep:
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4
X

yr=x3--1

1. OGnacTh onpenencHus
3_ : :_ .
' =120, x#1 poyromy ¥ e(-l)u (I+c0)
2. Ilepeceuenue ¢ ocsamu koopauHat: Touka (0;0).
3. BBuay T0oro, 4To 00JaCTh OMpENeICHIS] HECHMMETPUYHA OTHOCUTEIIFHO Havajia KOOPJAUHAT, MPOBEpKa
Ha YETHOCTh HEBO3MOJKHA.

4. luTepBaibl 3HAKOTIOCTOSTHCTBA

X4

Tak kax xt20vxe R, TO 3HAaK JIpoou x* -1 OyJeT 3aBUCETh TOJBKO OT 3HaKa 3HAMEHATeJs, T.€. OT
3 2 )
smaxa ¥~ 1= (2~ 1)(X T 1). [Mostomy mpu ¥ € (-eal)u (01) ¥ <0 ampux€ (l4e0) >0,
5. HTepBagbl MOHOTOHHOCTH
. 4}{3(x3 - 1)— 2t 3x? 4x®-4x% - 3¢ . %% - 4%° )

(}{3—1)2 ) (}{3—1)2 ) (XB—I)Q ,

x5-4x3=0;
x3(x3—4)= 0;
=0 X2='3JZ
y>0 y <0 y' <0 y >0
0 1 33 ’

Ipu * € (-eal)u @J{T;wo) (QyHKLHUS BO3pAcTaeT,
[Ipu ¥ € (0:1)v (1;3‘/3) GbyHKIMs yOBbIBACT.

s 43f4
(5

(0;0) - Touka MakcuMyMma, J - TOYKa MUHUMYMa.

XE (— oor,—3«f§)u (1;+°°) rpaduk GyHKIIMH BOTHYTHIMH,
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xel-32; 1) rpaduk QyHKIIMU BBIMYKJIBIA. - TOYKA Ieperuoa.

AY
4

Uccnenyiite u noctpoiite rpapuku GyHKIUN:

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:

ok wn =

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

Uccnenopars dpyukuuio h (x) = - 4x? + 1 u noctpouts eé rpadux.

o gk wN

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> Xt

3.f(x) = (8x-10)’

2.f(x)=£+
X

X
4.f(x) =cos—
(X) c

1

5.f(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+4j
6) f (x) =8tg(2x+%)

3.Haiinure kpuTuyeckre TOYKU (PYHKITMH:

a)6x'24+3x +10=10 .

0).
4 HaiiinTe TOYKH MaKCUMyMa 1 MUHHMYyMa
¥ 3 x 3
Z_-8_—+9=0
a) 8 3 ;
0).

byHKINY:

5.HaiinmuTte Hanbounpiee 1 HAaMMEHbINEE 3HAUYCHHE (DYHKIIUN

Elj f(_')_] = 'D_,E Sl'r‘l - 21‘T2 +1 Ha HpOMG)KyTKe [_l: 3]1

2
flad=

0) =12 m npomexytke [0 2.5];

1.Beruncnute npou3BOAHYIO:

1.f (x) = 3x* + 6x* +8x +100
4 2 3
2.T(x) :;+F_F
3.f(x) = (4x-5)°
4.f (x) =sin10x
1
(1-2x)*

2.Haiinure npou3BOAHbIE CIOXHBIX (PYHKINH
1) f(x)=ctg2x

5.f (x) =

2 BapuaHTt
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2)f(x) =%sin 7X

3) f (x) = (2x +10)?
4
(5-x)°

5)f(X)=(4x+8) +Gx+13)

At =

6) f (x) = 4ctg (% ~2x)

3.Haiinure kputuueckre TOYKU (PyHKITHH:

a) 1/2x"244/5x+15=0.
6).

4. Haiiiute TOUKM MaKCUMyMa U MUHUMyMa  (DYHKIUH:

.-'-l.'.' i
—+xP-9—=0
a) 4 + 2 ;
x5 2x®
9 3

0)
5.HaiinuTe Hanbounpliee 1 HAMMEHbIIEE 3HAUYCHHE (DYHKIIUN
alf(x) = 6,75x™4-x + 2 ya ppomexytre [0;21;
6) f(x)=x+4/(x —1) yanpomexyrke [—2;0];

IIpakTnyeckoe 3ansitue Ne 45
Tema: Unrterpan. ®opmyna Hetorona-Jleitbnuia
Iean: HayunTs pemats HHTErpaiisl, UConb3ys Gpopmyiny HeroTona-JleiiOnumna

Teopernueckuii 610K

IMycte dynknus f (X) HempepbIBHA HAa 3aMKHYTOM HHTepBase [a, b]. Onpenenennsiit unterpan ot dpynkuuu f () B
nperenax oT a 0 b BBOAMUTCS Kak IpeIest CyMMBbI O€CKOHEYHO OOJIBIIOTO YHCIIa ClIaraeéMbIX, KaX/10€ U3 KOTOPBIX

CTPEMUTCA K HYJIIO:
3

If[le.:fx= Lﬂlﬂ if[xij,ﬂix,

2 ma b, x¥—+0 =

rac
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b

Zf(%)ﬁsx=f[x1)ﬂ1x+f[xg)ﬂgx+...+f[xk)&£x+...+f(xx)a,,x_

i=1

Ceoiicmea onpedenieHH020 unmezpana
Hwxe npeamnonaraercs, uro f (X) u g (X) - HenpepbiBHbIe GYHKIIMK Ha 3aMKHYTOM HHTEpBase [a, b].

3
[ldx=5-a
1. [
3 3
% (x)dx = k[ 7 (x)ax,
2. °© : rae K - koncranra;
3 3 3
I(f[x)+g[x))dx=jf[xjdx+fg[x)dx
3. a a a
. 3 .
If[x)dx=‘[f[xjdx+‘rf[x]dx, Toe a+cb
4. a a &
[ (a)an < |
02 [ (x)dx < |g(x)dx
5. Ecmm 0<f(x)<elx) JUIA BCEX xe[a,b]’TO 2 &
Tf[xjdx—[]
6. °
A 2
If[x)dx=—ff[x)dx
7. *° ?
3
s JF(x)dx20
8. Ecnnf[xj_ B uHTepBane [a, b], To *
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Dopmyna Hevomona-JlIeiionuya
[Tycts pyukius f (X) HenpepbiBHa Ha 3aMKkHyTOM HHTEpBae [a, b]. Eciu F (X) - nepsooopasnas dyukimu f (X) Ha[a
b], To

g 2

jf[x)dx =F(x)| =F(2)-Fla).

2

[Tpumep 1

]

J‘[f —xg:l.:ix

1]
Brraucnute HHTCTpal

Pewenue.
[Ipumenss popmyny HeroTona-JIeliGnu1a, noinydyaem

2 & 2\ (16 8 4
j(f-f)dx=[_-_] =[_-_]-|:.=__
7Y A P 3

i

[Tpumep 2

1
)
Bpruncinute nHTErpan ’

Pewenue.

j‘(iﬂr—afz_)ai‘: = j‘(z%—z%)cﬁ =

1

1
A A 35 oph

%+1 %+1 u 4 3

4 3 12

i

ITpumep 3

y=x y=Ax

Haiitu miiomanes ¢purypsl, orpaHu4eHHON KPUBBIMU 51

Pewenue.
CHayasia onpeieluM TOYKU MEPECeUeHUs IBYX KPUBBIX (PHUCYHOK 3).

= xg—q"—=|:l,

= J;(x%—l)=0,

= =0 %=1
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Takum 06pa3om, TaHHBIE KPUBBIC nepeceKaIOTc;I B Toukax (0,0) u (1,1). CnenoBarenbHo, TUIOMIAAL GUTYPHI paBHA

1

O ok | A S

1]

y=2x-x2

Puc.3 Puc.4
[Tpumep 4

y=2x-x x+ y =10
Haiitu rmomanp Gpurypsl, orpaHi4eHHY0 TpaduKaMul QyHKIHH u .

Pewenue.
Haiinem koopanHaThI TOUEK MEepeceueHus] KPUBBIX (PUCYHOK 4).

2x-x=-

= x'-3x=0,
= x[x—3:l=[l
= x=0, x=3

y=2x- x
JanHast 0051acTh OTpaHUYUBACTCS CBEPXY MapadoIioi , 4 CHU3Y - IPSMOM JIMHUEHN

CrnenoBarenbHO, IIIOMIAL 3TOM 001acTH paBHA
3
. 2 3, 2 3 =

S =T:I|‘|[2;r—x2 —[—x)).:fx= I(Ex—xj + x)cfx= [;'c:4 _x;

i

¥=Tx

Breraucnoure HUHTCTpAJIblL:
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1
1.Ix3dx
-1

J cos? x

(1+2x)H

N
N Oty |y
[eR
>

3.

[
>
13
o
>

| SRR I

|
LN

N
o
X

P C— N O'.—.-b\kl
w
>
>

N

3./ (4+2x)dx

IIpakTuyeckoe 3anaTue Ne 46
Tema: [IpumeHneHne NHTETpaIa K BBIYUCICHUIO (PU3NYECKUX BETUYUH U IJIOINAACH

Heab: HayunuTs NpUMEHATh WHTETPAIBI K BEIYUCICHUIO (PH3NYESCKUX BEIMYMH H IUIOIIAICH
Teopernueckuii 610K

['eomeTpuyeckue MpUIoKEHUS ONPEAECTICHHOIO HHTETpaia
KpuBonuHeHOM Tpanenuei Ha3pIBaeTCs TUIOCKas (GUrypa, orpaHUIeHHAs
ocpio X | npsMbiMp * = & | X = 2y rpadg koM HeNpepHIBHON Ha

OTpE3Ke [a’b] dynxrmm ¥ = Sz , KOTOpasi He MEHSET 3HaK Ha 3TOM IIpoMexyTke. IlycTs
JaHHas QUrypa pacroiokKeHa He Hudice OCH adCIHCC:
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Tornma miomaae KPUBOJIMHEWHOW TPAINECIIUU YUCIECHHO PaBHA ONPEICICHHOMY

&
[ 7ix)dx

UHTErpainy @ . C TOUKM 3peHusi reoMeTpuu onpeaenaeHubid nuarerpai — 31o [IJIOHIA/Lb.

To ecTh, onpeeIeHHOMY UHTErpaty (€CiIu OH CYIIECTBYET) T€OMETPUUECKH COOTBETCTBYET

xdx

{x +1

IUIOINAAb HEKOTOPOil urypsl. Hanpumep, paccMoTpuM orpeesieHHbIi uarerpan 1™

x
Y=
[TonprHTErpanbHas QYHKIUS X +1 3anaer na miockoctu KPHUBYIO, PacoJIararoyocs
4
]- xax
BBITIIE OCH % , a caM ONpeJIeJICHHBIN HHTerpan 1 "E +1 YUCJICHHO PaBEH ILJIOIIA N

COOTBETCTBYIOLICH KPUBOJIMHENHON TpaIeLuu.

ITpumep 1
v y=x'+2 y=0 z—-2 x=1
BoerarcnuTh momaas Gurypel, orpaHudeHHOHN JIMHUSIMUA , , A= , =1

BBHINOJTHAM uepTex (06paTHTe BHUMAHKE, YTO ypaBHEHHE * 0 3a1aeT och A ):

---r---1
]
'
'
]
]
L

B e LR It A
1
]
'
1
1
-

____________________

y=x' 42

Ha otpeske [-21] rpaduk QyHKIUN

PACIIOIOKEH Hal OCBIO e , IOOTOMY:
1 x 1 8 1 . 8

5= I(xz+2)a’x= — t+ix |1_2 :—+2—[———4]:—+2+—+4:9
Za 3 3 3 3 3

3 3
OTBeT: §=9 e0

[Ipumep 2
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1 1 KOOPpAMHATHBIMHA

x=

, OFpaHquHHOfI JIMHUAMUAN

Boraucnute minomanb GUrypsl

OCsIMH.

Pemenue: BeironHuM ueprex:

)

g

5

o

O

s

ple

2 b

= "

S

o =

=y

o

H .n.«.l_-n_

m, Il

S ta

N~— .

b 2

S 2

2 &

3 _=9

o o
pom- am - SR R M, = =
1 1 1 1 " 1
! ! " MR ! = =
! ! : ! ! < 2=
e 5 27
A m s g @
o R o | = > I
" e " A S S =
! LooH ! ! 3 = _"_,,
! s ! ! g, e -
_ : : : ! = S b
! ! : ! ! = = I
' ' : ' ! = o) — =
1 1 1 1 1 O H .
...._.. q.__.._ ﬁ..z 4.". + s M = w
1 .V)a 1 1 1 f o, Ho) 1]
! ! : ! ! = o o
Leceooo [ e e oo o [ R a °N] (@) ]
! ! ! ! - ! o & e
A ¥ = R
R S o . $1 . m o < Il
" " " ; " S S g =
A = = B3
. . . i i m m 3] a
e RREEe Foo- ; = =z T
1 1 1 1 1 p a —
1 1 1 1 1 ~ H H 1 Ry
! ! : ! ! = SE=! _
Lmmm == [ - | | ..|H.T||L w W H __

oal s

y=-x

2
2x—x

J_?:

, OTPAHUYECHHOW JIMHUSMU

(e—1) 28 = 1,72 2o

&=
Ortser:
ITpumep 3
Haiitu muiomans miockoit purypsl

Pemenne: CHavasia Hy>KHO BBITIOJTHUTH YEPTEK.
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a

.___T__E_. YT
SR I DR

[RSPEPR g P

D e I

R b= B

ot
i
[
o
t._
-

R LT E T N IS

A B S P S

U | C

Ecnu Ha oTpeske [.:z,f:'] HEKOTOpasi HenpepbIBHAs QyHKLUS f () Oosb1ie 1100 paBHA HEKOTOPOM

HETpepHIBHOM (yHKINH & (%) , TO TUTOIIAb (PUTYPBI, OTPAaHUYCHHOH rpaduKaMu TaHHBIX

§= [ - g(x)dx

¢bynkuuit u npsimpive £ = ¢ A= b MoxHO HaiiTH 110 dopmye: 2
B paccmaTtpuBaeMoM npuMepe 0YeBHIHO, YTO HA OTPE3KE [0:3] napaboJia pacrnoaraeTcs BbIlIe
>

2
IIPSIMOM, a IIOTOMY U3 2x— X" HeoOXOMMMO BbIYECTh ~ X

y=2x-x"

Hckomas purypa orpaHuueHa napabosaoi cBepXy M mpsaMoit ¥~ * CHu3y.

Ha orpeske [0;3] 2x-xz-x , IO COOTBETCTBYIOILEH popmyue:

3 3 1 3
it ox 2F 27 G 1
S=liox—2 —f—axNdr=|CGr—ridr=| — - P =22 _040==4=
_!(xx {x}}x_l!:{xx}x(z 3]|u S > >

goal g

Ortser:

[Ipumep 9

Boruncnuth miiomaas GUrypbl, orpaHu4eHHON JINHUAMU yEox oy = 0 JO=Zx=w
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Pemenue: M300pa3um ganHyo Gurypy Ha yepTexe.

Pt A R R R v ]
: ¥ : : : :
R B R S
) [ SRS SR S
e B NG B
1' “I 1' 'r re 'r
-1 1 2 37 &y
S, PR DR SR S SRR
[0, 7] y=sin’x ox
Ha orpeske L+ ! rpaduk pyHkumn PacrojIoKeH HaJl OChIO , TO3TOMY:
: L omE (2)2 . (3]
S:Ism xcz’x:_[sm X sin xdx:I(l—cos x)sin xdx=(*)
0 0 0

T S
(2) Mcnionb3yem OCHOBHOE TPUTOHOMETPUYECKOE TOKIECTBO B Buae S &= l-cos™ x

(3) [IpoBeneM 3ameHy nepeMeHHOM £ =95 X torma:
df =d(cosx) =—sth xdx=> s xdn =t

Hogsrle nepenens HHTETpUpPOBaHUS:
f=cosl=1;

t,=cosw=-1

-1 (41 3
=-[{-¢ 5=I{1—52}35=[5—%J|1_1=[1—%—(—1+%D=1—%+1—%=%

1 -1

a o
[£(xdx == fizmax
(4) 31ech MbI UCIIOJIL30BAJIM CBOMCTBO OIPEJIEIEHHOT0 HHTErpajia 2 2 ,
paCHOHO)I(I/IB Hpe}]eﬂbl I/IHTerI/IpOBaHI/Iﬂ B «HpI/IBBILIHOM» HOprI[Ke
So1) g
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
200 =2 +2 Jx
X X
3.f(x) = (5x-3)
4.1(x) = sin(Zx—%)

2

5.f(x):m

2.BpruncnuTe UHTErpasbl:

1
1.Ix4dx
-1

2-BapuaHT

1..Haiiaure oOuuit BuA nepBooOpa3HbIX Il PyHKIIUU:
1.f(x) =6x+3x>+2x* -9

20(0=24+3 o2Ux
X X
3.f(x) = (4x-13)°
T
4.f(x) = cos(Bx - Ej

4

5.f(x):m
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2.BpIuncnuTe UHTErpasbl:

1
1.jx5dx
e

v

dx
sin? x

n
2|

0

2
3] (4-+ 2x)dx

1

g dx

4.4 1+x*

I 1 1
i [ caszxﬂ sinix

3

dx

IIpakTnyeckas padora Ne 48
Tema: PemieHre TpUroHOMETPUYECKUX YPAaBHEHUH METOIOM PA3JIOKEHUSI HA MHOKHUTEIH
Hean: HayunTs yyamuxcs pemarb TPUTOHOMETPUYECKIE YPaBHEHHSI METOIOM Pa3JIoKeHHs Ha
MHOXKUTEITH
Teoperndeckuii 6110k

MeTogbl peweHus
TPMrOHOMETPHUHYECKUX YPAaBHeHHWH

MeTopg 3ameHbl MeTopq pasnoseHua Ha
I'IEDEMEHHCII:J’I MHOHUTENK
h

PemeHne oMHOPOOHBIX T
PHUTOHOMETPHYECKHX YpaBHEeHH
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Metoa Pa3jIoKeHHHA HA MHOKHTEJ/IH

I

f(x)=0

i

IIpHBOOHMM HCXOOHOE ypaBHEeHHE K BHIY

fi(x) 2(x) = 0

v

3amada CRBOOHUTCA K PEOICHHHD

COBOKYITHOCTH YPaBHEHHI
fi(x)=0 mm f(x)=0

I[TPUMEP
Pemute ypaBHeHHe: sin4x + sindx cosx =0

Pemenne:
sindx + sindx cosx =10
sindx (1 + cosx) =0
YparHeHMe PABHOCHILHO COBOKYITHOCTH

VpaBHeHHH:
sindx =0 HITH 1+cosx=0
Ax =1n, ncZ cosx = -1
x=nn/4, neZ X=7+2mn, ne”z
OteeT: x =7nn/4, neZ X=7+2nn, neZ

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—Z2sm-(xf21=0,
Zem(xi2)rcos{x/2)=2an-(x/2)=0,
dami{xd2)-[cos(x/2)—sm(x/2)]=0,
osin(x/2)=0, 21 ocos(xl2)—ami{xi2)=0,
xi2=mk, tan (x/2)=1,
x, = 2nk, x/2= arctan 1 + 7,
xiz2=mwid+7n,

X, = WiZ2+2ma.

2. Pemuth ypaBHEHHE: cos 2 x +sin x - cos x = 1.
Pemenue. COS2X+SiNX-cosX—sin?x—cos?x=0,
sinX - cosXx—sin?x=0,

sinx - (cosx—sinx)=0,

1 smx=0, Al cosx—snx =10,
x =Tk, tanx =1,

n=nld+ma,

3. Pemmts ypaBHEeHHUE: COS 2X — COS 8X + COS 6X = 1.
Pemenwme. COS2Xx+cos6x=1+cos8x,
2 C0S 4X C0S 2X = 2 €0s 2 4x
cos4x - (cos2x— cos4x)=0,

cos4x -2sin3x-sinx=0,

1). cos4x=0, 2). sin3x=0, 3).sinx=0,
dx=m/i2+mk, 3x=Tn, Xy =Tl
n=mi8+mk/4, x,=Tal 3

1. Pemuts ypaBHEHUE:
Peruenne:
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. V3
smx-cosx—7-cosx=0,

(- \/5}
COS X smx—7 =0,

cos X =0, x:£+7zk,keZ,
. 3 .
SIx=—- x=(—1)k-§+7zk,keZ.
Jlomarnee 3ajiaHue:
1. 2 sin x/2 cos 5x — cos 5x = 0.
OTBeT:
x=m/10 + /5
x=(-1)" /3 + 27n,

IIpakTuyeckas padora Ne 49
Tema: Penienrie TpUroHOMETPUYECKUX YPABHEHUI METOJIOM BBEJICHUSI HOBOW IEPEMEHHOMN
Heas: Hayunuts yyammxcs pemiaTb TPUTrOHOMETPUYECKHUE YPABHEHUSI METOI0M BBEJEHUS HOBOM
TIEpEMEHHOHN
Teopernuecknii 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
BBeJleM HOBYHO MepeMeHHYIO
sink =t, [ <1
ypaBHEHHE IIPHMET BHI
att +bt+c=0
Pemas xkepanparHoe
ypaBHeHHe, HaxOMHM t;; t

Bepuemca k nepeMeHHOH X A J
sinx =t sinx = t, atg?x +btgx+¢c=0
BB&JleM HOBVIO NepeMeHHYIO
tgx=t, t €R
ypaBHeHHe MpHMeT BH]
acos’x + bcosx +¢c =0 at? +bt+c=0
BBEJIEM HOBYIO IePEMEHHYIO Pemas kBagpaTHOe ypaBHEeHHE,

cosx=t, |t|=1 HaxomuM 1y t
ypaBHeHHe NpHMeT BHII Bepremca K nepeMeHHOMH X
al +bt+c=0 fgx=1 tgx=+t
Pemas kepanparHoe
YpaBHEHHE, HAXOIHM t;; 7
BepHeMmcs k nepeMeHHOH X

cosx =t cosx=rt;
ITpumep:
sin*x + Ssinx — 6 = 0.
sinx =t,t £ [—1,1] tP+ 5t—6=0
JIEJIaeM 3aMEHY ,JIOJTy4aeM KBaJIpaTHOE YpaBHECHHUE:
ty=1, t;, =—6 t, = —6

HAXOJUM KOpHH 1

,3aM€4yacM, 4TO = HOCTOpOHHI/Iﬁ KOpPCHb,
= [_ 1, 1] j

5L
, A€J1acM 06paTHy10 3aMCHY, T.C. p€lIacM YPaBHCHUC

W= ;E—E-GT,E{, ke?Z
KOTOPOTO KOPHSIMU OyAyT uncia e .

t
IMMOCKOJIBKY

= +omk, keZ
OrTBeT: .

Pemmnre ypaBHeHus:

1)2-51'11:}: + 3cosx —3 =10

2) tgx = EEtg:c.
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3) cos2x = 2cosx — 1

2) 2sin“x —siny — 1 =10
5) 2co57x + 3sinx = 3
6) \'Ergx - *{Er:rgx =2
7 2sinx +siny —1=0

8) Sein“x + Goosx —6 =10

9) 2etgx — 3tgx +5=10

IIpakTuyeckas padora Ne 50
Tema: Permenue norapuMuyuecKkux ypaBHEHHHA
Heab: HayunTs yuammuxcs pemars JIorapupMuiecKie ypaBHEHHUS
TeopeTtnueckuii 6110k

Pemenue mo6oro morapuMIUIeCcKOro ypaBHEHUS TAKKE CBOAUTCS K PEIICHUIO OHOTO WITH
HECKOJIbKUX MPOCTEHIINX JIOTapu(MUUECKUX ypaBHEHUM:

1) logaf(x)= logag(x); 2) logaf(x)=h.

VYpaBuenue (2) cBoautcs kK ypaBaenuto Buzaa (1): logaf(x)= Iogaab.

VYpasuenus Buaa (1) cBondarcs k pemieHuto ypasuenui f(x)= g(x) (morenuuponanue). [Ipu stom
HEOOXO0MMO TOMHHTH, 4TO ypaBHeHUs l0g,f(X)= 10g.g(x) u f(x)= g(x) He paBHOCHIBHBL [IpH
MOTEHIIMPOBAHNY TIPOUCXOANUT PACIIMPEHUE O0JIACTH OTIPENIEIICHNS, a 3HAYUT MMEETCS

OIMAaCHOCTD IMOABJICHUA ITIOCTOPOHHHUX KOpHCfI. HpOBepKa — Haujrydmee CpeACTBO IPOTHUB Takou
OITaCHOCTH.

1 mun — 1o oTnpeAeNIeHNIO Jiorapudma:

log,@x -1 =-2
a) %

i -2
(—J =2x-1
3 : 2%—1=9; x=5.

Pemenmne:
log,10-h=-2 log,?=-1
Iposepka: 3 ©3 ; ~2logz3=-2. _2=_2_ pepHo.
Otser: x=5.

6) log, (s +4u+1D=2
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Pemrenne: 3* = +4x+12; 2* +4u+12-0=0; x° +4u+3=0;

xig =2t 4-3=-141 ; X1=—1 1 xp=—3.

IMposepka: x=1, logs(1-4+12)=2; 10939=2; 2l0g33=2; 2=2 — BepHo;
x=-3, 10g3(9-12+12)=2; l0og39=2; 2logs3=2; 2=2 — BepHO.

OtBer: x=—1, x=3.

g
lngg[—x—l} =x-2
B) 4 .

y L R L |
Pemenne: ¥ 4 2% Tlycers ¥ =¥ torma ypaBHEHHUE 3alUIIEM B
¥ o8
T Zia-n

FL2=—2in4+32=—2i6; 1 =4’ ¥ =—E; o =4’ o =22;X:2; e #-8

2
lngg[——lJ =2-2
IpoBepka: 4 - log;1=0

— BEpHO.
OTtBer: x=2.

2 mun — ypaBHEHUSI, KOTOPBIE C MOMOIIBIO JIOTapu(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=4 1 x=1.
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, CTOSALIEE MO/l 3HAKOM Jorapudma,
JIOJIKHO OBITH BCET/Ia TMOJIOKUTETBHBIM.

OTtBeT: x=4;

g+ lgx-3) 1

6) laTx+1)+1gx- )+ 13 7
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lgh+1gx-3) 1 Lgrds -3 1

Pemenme: 1&3(7x+1x-6) 2. 1gi(Ta+1x-6) 2.

2 1g(4(x-3))= 1g(3(7x+1)(x-6)); lg(4(x—3))2= 1g(3(7x+1)(x-6)).
Ioteruupyem: 16x°—96x+144=21x*~123x—18; —5x*+27x+162=0;

273800  2THAF _E__E
5x%-27x—162=0; x1,= 10 10 ;x=9; xp= 10 5.

2lg+ 1gs, | 1524 1

Iposepka: x=9; l&4+1g+13 2. 21gE+21gl "3 ;

1824 1
2184 2 _ gepno;

21g2+1g(.§-3J 1

2
_1g lg{-%+1J+lg£ 13 6J+1g3
X= 5 5 3 — JIO’)KHO, TaK KaK MOJJIorapu(MuIecKoe
BBIPOKECHHE HE MOXKET OBITh OTPHUIIATCIILHBIM.

OTtBer: Xx=9;

B) logzz +loggx +loggmx =55

1
L log ph=—log b
Pemenune. Bocionezyemcs popmynoit m X

1 1 11
logsz+—lomua+—lomx =55 —logx =53 _
BT BRI IO T BT T Joggxr =3 x=07.

Ipopepka: 198527 +108527 +10g;y27 = 55 . loga3 +logy ¥ +1=55.

3 +E+1 =55
2 — BEpHO.

OTtBer: x=27;
r) log;i3x-10+1logs(x -2T) =3 +1og; 2

Pemenme: 10850 3—11(x- 27 =10g, (5" &)

dat 211642109 _ datas
[HoTenuupyem: (3x—11)(x—27)=1000; 3x°-92x-703=0. X12= 3 i ;x9=37m
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19

Xo= 3.

MpoBepka: 1. 1ogst 11 -1 +10gs(37-27) = 3 +1og,8

log;100 +1og;10=10g,1000 - 1log,1000 —log,1000 _ BEPHO.

19
logs(-19 -111+10og; [— — —2?} #3+1logs8
2. 3 , TaK KaK BBIPpAXXCHHUC, CTOALICC 110 3HAKOM
Jorapudma, J0KHO OBITh MOJIOKUTEIBHOE.

OTtBet: 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 TIOMOIIBIO TIOJICTAHOBKH: Y= logyX.

a) log2 x—1log; = — 3= o

2
Pemrenne: 1985 ¥~ 21085 2-3=0 TJycry, 108:% =¥ : y2 2y 3=(0. Pemaem ypaBHEHNE U MONydacM
1

Vi=3 ny,=—1; y=3 =g 5 =3 = x=07, y=1 logzx=-1 5 x=13
Tiposepka: x=27; 1083 27-10g; 77-3=10. (log; 27 ~log, 3° -3=0,

9-6-3=0 — BepHO;

]
1
-3=0
(3}  (log; 37 —logy 37 -3=10.

1
- lcug% ——logs
X=3: 3

1+2-3=0 — BepHO.

1
OtBert: x=27; x=§;
6) log,(5x*) logi =1

Pemenue. Hpexczle BCCTO HA10 UMETH B BUAY, YTO €CJIM B YPABHCHHUAX BCTPCUYANOTCA J'IOFapI/I(l)MLI
C pasHbIMH OCHOBAaHUAMMU, TO UX HAAO IMMPUBCCTH K OAHOMY OCHOBAaHHUIO C ITIOMOIIIBLIO

log. b
log, b=
bopmybL: log a2

log.(5x?
—E5E ) -lug§ x=1
B [IaHHOM CiTydae MepexoaiM K OCHOBAHMIO 5. 1985 ¥ ;

dogs 5 +2log; ) logs =1 OFosmaynMm 1985 % = ¥ (1+2y)y:1;
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1 11
= logsx=— -
2y2+y-1=0; yi=—1, y,=2; 108s k= =1y T3 x5 x=4f5

1
1051[5-21_5J-1ag§;_=1 1ng15-r;—133=1
IMpoBepka: 1) = ;3 ; 1=1 — BepHO;

2
2) 1055(5'5)-1Dg§«4@=1; tog g (5" -[1Dghﬁf Jg) =L,

; 1=1 — BepHoO.

1
Ot1BeT: X=5; x=n3 .

5 mun — norapudmupoBaHre 00enX YacTell ypaBHEHHS.

sl _ 1000
IIpumep: %

lgxlg}Hl = lg@
Pemenue: x ; (Igx+1)lgx=3-lgx; lg>x+lgx=3-Igx; y=Igx;

y?+2y-3=0. Pemaem ypasnenne: y1=—3; Yo=1; lgx=—3 wm Igx=1,
x=10"? x=10.

1000
107 - (0 =100 (10 =107

a D—E:]EIIT3+1 _
ITposepka: 1)

10°=10° — BepHo;

1t + _ @
2) 10 ; 10%=100; 10°=10% — BepHo.

OTtBer: X=1073; x=10.

IIpakTnueckas padora Ne 50
Tema: Pemenue norapudmMuyueckux HEpaBEHCTB
Heab: HayunTs yuamnuxcs pemats JorapupMudeckue HepaBeHCTBa
Teoperuueckuii 010K
HepasenctBa, KoTOpble coaepKaT MEPEMEHHYIO OJ1 3HaKOM Jiorapudma Wi B €r0 OCHOBAHUH,
Ha3bIBAIOTCS JIOTAapU(PMUUECKUMHU.

Pemrenne norapuMuUecKMX HEPABEHCTB OCHOBBIBACTCS HA CBOWCTBE MOHOTOHHOCTH
JorapupMUUEcKon (PyHKIIHH.
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Tak ’ke HEKOTOpbIe JorapuMHUUECKHe HEPAaBEHCTBA MOXKHO pPEIIMUTh METOJIOM 3aMEHbI
MIEPEMEHHOM.
YnpaxuHenus:

1.PeIuTh HEPAaBEHCTBO logy (&% + 4z +3) > 3
Io onpenesenuo orapudma, 061acTh J0MYCTUMBIX 3HAYCHHUIA:
2 +dx+3>0
PeleHne JJaHHOTO HEPABEHCTBA HAMIEM ¢ MOMOMIBIO METOJA MHTEPBAJIOB, JUIS 9TOTO
JEBYHO ~ YacTh  pasgokHM ~ HA  MHOMXMTEIH. PemuM  KBajpaTHOE

ypaBHEHUE r’ fdr+3=0.

D=V —dac=4"~-1.1-3=16-12=1
_ vD=v4=2
~bxvVD —4+2 —4+2
Mp= =5 =5 — il
Takum oGpasom, monyumwnd kopuu £1 = —d ¥2 = —1 3yauur, eyl wacts

HEPABEHCTBA MOKHO IPEJICTABUTD B BUJIE:
Lfg = (=3)(z—(-1) >0 (x+3)(r+1) =0

OTMETHM HyJIM KaKI0r0 MHOXKHTENs (a 9T0 6yayT 3Hauenns £1 = —3. 2 = —1) yg
YHCIIOBOM MPSIMOM U ONIPE/ICIIMM 3HAKH HEPABEHCTBA B MOJIyYEHHBIX HHTEPBAIAX:

P o =

L ot =

VYuurtsiBas 3HaK HeEpaBEeHCTBA, onpenenum O/13:
re (—oo:—=3) U(—1; +00)
O/I3 ompenenumy, Ternepb HPUCTYIIUM K PEUICHUIO HCXOAHOTO JIOTapU(PMHUYECKOTO
HEpaBEHCTBA!
log, (2% + 4x + 3) =3
[IpencTaBuM mpaByro yacTh HEPABEHCTBA KakK JIOTapr(M IO OCHOBAHHUIO 2:
log, (2% + 4z + 3) > log, 2°
[lepeiineM oOT HepaBeHCTBA OTHOCUTENBHO JIOTApU(PMOB K HEPABEHCTBY JUIS
nojuiorapumuyecknx GyHKIUN: TaKk KaKk OCHOBaHME Jorapudma Oosbiie eAUuHUIb ( 2
> 1), To 3HaK HEPABEHCTBA HE H3MEHUTCS
r® +dx+ 3>
2’ +dx+ 3> 8
2® +dx—5>0
[TpupaBHseM K HYJIO JIEBYIO 4acTh HEPAaBEHCTBA U PELIMM MOJYYEHHOE KBaJpaTHOE

iy
L

ypaBHEHHE w4 dr—5=0.

2 2 - v T
D= —dac=4"—4-1-({=5) = 16+ 20 = 36
VD =vV3=6
—b+ D —4+6 —4+6 5:1)
L E s i
Takum oGpasoM, monyumid kopuu £1 = —9: ¥2 = 1 Ormerum Toukn Ha umcnopoit
OCH ¥ OTIPE/ICIINM 3HAKU HEPABEHCTBA B TOJYUYCHHBIX HHTEPBAJIaX.
P 5 .
L L il
VuuThIBas, YTO HAC MHTEPECYIOT BCE 3HAYEHHMS -, TIPU KOTOPBIX JAHHOE HEPABEHCTBO
IPUHUMAET  MOJIOXKUTEIbHBIE  3HAYCHUS, TO  MOJNy4aeM CIIeYIOIINe
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unrepsans: £ € (—201 —=5) U (1:4+5¢) 310 ormer, Tak kak naHHble HHTEpBATBI
NOJIHOCTHIO npuHaanexar O/13.

2.Peinth HEPaBEHCTBO log5(22 — 4) < loggs(x +1)

Haxomum O/13 o onpenenenuto norapudma. O13

20 —4 =10 2r > 4 r>2
o o e e (2 400)

r+1=10 r>-—1 r>—1

[lepeiimem B HEpaBeHCTBA OT JOrapu(MOB K BBIPAKEHHUSM, CTOSIIUM TOJI 3HAKOM
norapudma, pu 3TOM, TaK Kak OCHOBaHHUE jorapupma Menpine exuHuibl ( 0,5 < 1),
3HAK HEPAaBEHCTBA TIOMEHSEM Ha TPOTHBOIIOIOXKHBIN:

2r—4>=x+1

2r—r>1+44

-

r =

C yuerom OJI3, okoHuaTenbHO uMeeM, uto L € (5: +00),
1)>=1

3.Pemmth HEpaBEeHCTBO loggsx + loggs(x +1)
~1+3
2

re |0

e [ I—}
4 PemnTh HEPABEHCTBO logg x +log, 9 > 2

5.Pemmts HepasenctBo logs(x>-4x+3)<1.

IIpakTnyeckas padora Ne 51

Tema: Pemienue nokasarenbHbIX YpaBHEHHUI
Hean: HayunTs pemaTs noka3aTeabHbIE YPaBHEHUS

TeopeTtnueckuii 6110k
[Toka3zarenbHBIM ypaBHEHHEM Ha3bIBAeTCsl ypaBHEHME COZAEprKalllee MepEMEHHYIO B IoKa3arere,
TO €CTh 3TO YpaBHEHHE BHJA:

af® =p, tne a0 a=1 b>=>0

Camoe mpocreiiiee Moka3areibHOe ypaBHEHHUE:
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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 y=a’ 4 Y

.--__l——
- -

0 X Ol X

a>1 O<axl

A Botr ecim b < O, TO YpaBHCHHC HC HMCECT pemeHHﬁ, BCAb IIOKa3aTCIbHAasd (1)YHKLII/I$I MOXCT
IMPUHHUMATD TOJIBKO ITOJIOKUTCIbHBIC 3HAUYCHM.

MeTtopl peneHus NOKa3aTeNbHbIX YPaBHEHNUN
1. B pe3ynbTare npeodpa3oBaHuil ypaBHEHNE MOKHO MPUBECTH K BUAY:

a_;l‘(xj = af

Torna npumeHsieM CBOMCTBO:
a* =0 = 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:

@ = paw)

[Tpumensiercs gorapudMupoBaHue:
log, a®) =log, h9™)
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Jlanee mpuMeHsieM CBOMCTBO Jiorapudma cTeneHu:

flx)-log.a=g(x) log.b

BeIpaxaem 1 HaX0quM X.
YnpaxueHus

1.6 =216

N

.851=0,125
3. 2X+3 _ 2X+2 _ 2X — 48
4.9%-8-3%=

5. 2X _ 20,5X+1 _ 8 - O

6. 4= 64.

7.3 =1/9.

g \4 64
1 2—-2x

IIpakTnyeckas padora Ne 52

Tema: Pemenue nokasarenbHbIX HEPABEHCTB
Hean: HayunTts pemars noka3aTeabHbIE HEPABEHCTBA

Teopernueckuii 6110k

Iloxa3zaTembHBIMH Ha3bIBAIOTCS HEPaBCHCTBA, B KOTOPBIX HEU3BECTHOC COACPIKHUTCS B
MoKa3aTeji€ CTCIICHU.

[Tpu pemieHre noka3aTelbHBIX HEPABEHCTB MOJIb3yEeMCsl CIEAYIOUIMMHI CBOWCTBaMU
noKa3aTeabHON (QYHKIUH:

1)a*>0mpuBcexa>0uxeR;

2) ipu a > 1 dyHKIMsA y= a* BO3pacTaert, T.e. ecii a>1 u a™ = 3™ <=> X > Xy;
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3) mpu 0< a < 1 pynkims y = a" yobiBaer, T.e. eciu 0 <a<1wma™ > a™ <=>x; < X,.
YnpaxuHenus:
[Tpumep 1. Pemure HepaBeHCTBO:
16 —2-12° < 3%+,
Pemenue: npeacTaBUM HCXOAHOE HEPABEHCTBO B BUJIE:
4% —2.47.3" - 3-3¥ <0.

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

Bocnonb3yemcs noacTaHOBKOM:

Torna HCPABCHCTBO IMIPUMCT BU/I:

10

I/ITaK, peIHeHI/IeM HepaBeHCTBa SABIISICTCS HpOMe)KyTOKZ
~1<t<3,

nepexoas K O6paTHOﬁ MMOACTAHOBKC, IMOJIy4dacM:
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I/ITaK, PCHICHUCM HCPABCHCTBA ABJIACTCA ITPOMEIKYTOK:
~1<t<3,

nepexoast K 00paTHOM MOJCTaHOBKE, MOTyYaeM:

JleBoe HepaBeHCTBA B CUITY MOJIOKUTEIBHOCTH II0KA3aTeIbHOM (DYHKIIMY BBIITOJIHACTCS
aBTOMAaTHUYECKH. BOCTIOIp30BaBIINCH U3BECTHBIM CBOMCTBOM JIOTapu(pma, mepexoanm K

SKBUBAJICHTHOMY HEPaBEHCTBY:

T logg 3
4 4\ 53

3] T \3

[TockonbKky B OCHOBAaHHMHM CTEIEHH CTOUT YKCIIO, OOJIbIIEE €IUHUIIBI, SKBUBAJIEHTHBIM (I10
TeopeMe 2) OyAeT mepexos K caeayrolieMy HepaBeHCTBY:

T < lﬂg% 3.

I/ITaK, OKOHYATCJIbHO MMOJIy4YacM OTBET:

z € (—oo;logs 3.

4 +2°—24=0

106


http://yourtutor.info/wp-content/uploads/2012/02/8d9dff7101c637808c7807e19f290d06.png
http://yourtutor.info/wp-content/uploads/2012/02/9365fed9603d95c52296d4efe7f8e1cd.png
http://yourtutor.info/wp-content/uploads/2012/02/81f3ccc83d088052cf4a900707d7e703.png
http://yourtutor.info/wp-content/uploads/2012/02/2876252420b158a37ce9bdd54c1f4d2c.png
http://yourtutor.info/wp-content/uploads/2012/02/84a6b0fb1611419ea6f8742711e0f2e0.png

4 =327 =40

5
£x
6.
716" +4-4"—5=0
8.
2'T1 £ 3251 52" L6 =0
9.

IIpakTuyeckasi padora Ne 53

Tema: Pemienue cucremM ypaBHEHUM
Hean: HayunTs pemars CUCTEMBI YPABHEHUI

Teopetnueckuii 6110k

[Ipu penieHun cucreM ypaBHEHHMH, COAEpIKAIIMX HEU3BECTHBIC B II0OKA3aTelIe CTEIICHU U B €€
OCHOBAHMHU WJIU 11O/ 3HAKOM Jiorapudma U B €r0 OCHOBAHUHU , IPUMEHSIOTCS METObl PEeIIeHUs
CUCTEM anreOpauyeckux ypaBHEHUH, a TakkKe METOJbl pEeHIeHHs] [0Ka3aTeNbHbIX U
JorapupMHUUECKUX YpaBHEHUH.

IIpumep 1. Pemuth cucremy
3" -4 =65,

32 -2V =5,

. 2 _ y o o
Pemenne: Ionaras 3% =u, 2’ =V, samenum HCXOJIHYIO CHCTEMY are0pandeckoi CHCTeMOM

u?—v? =65,
u-v=>5,
KOTOpaSI paBHOCI/IJ'IBHa CUCTEMC
u+v=13
u-v=>5,
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X

pMeroreii pemenne U =9, v=4. CregoBarensto, 32 =9, 2¥ =4, oTKyaa HAXOIUM X = 4,
y=2.

Ortgert: (2; 4).
IIpumep 2. Pemutsb cucreMy ypaBHEHUI

2% 42y =1,
3y-6y*=2""

Pemrenune. O603HaunB 2 = U, U >0, moxy4uM aareOpanvdeckyro CHCTEMY:

\
T

Orser: (1-log, 3; %).

YpaxHeHus:

Pemnts cucremy ypaBHEHUN:

1 J4 2 =32 16 +16% =24, 3 ¥ 2 =5
38 = 3%, 16" =256, 21 =1,

N

4 Xy — 5 m 6 Xx+y — y241
\/32 (2x+14y)2* =72. Cly* =x°.
x -3x-4 __ logsy _ 2 2\ _
7 = 3 Iog5 X+3°%Y =7, 9 lg° x+1g° y =5,
Ioga X=Y = 5%, lgx—Ilgy=1.
A iL] 2*.37 =1152,
10. lg(x* +y?)=1+2lg2, 11 277 =4 12-
lg(x+y) - lg(x—-y) =g 2. 5= 4"’9fy log z (x+y+=2.
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log, x+log, y =5,
log, x+log, y=1.

14.

3*.97 =27,

lg(2x+y)* —lgx=2lg 3.

IIpakTnueckas padora Ne 54

Tema: KontponwHas pabota

Heuan: IIpokoHTpOIMPOBATH YPOBEHb YCBOEHUS MaTEpHaia o JaHHON TeMe

1 BapuanT
Pemure ypaBHeHus:

1.4sin®*yx + 11sinyr — 3 =0
2.6ros*x +cosx — 1 =10

39 44.3"—45=0p
74 4 7%T3 = 35p

4.
glogz(x®-x —4)=3

6logsx =4 — 3log,x
7.

Pemure HEPaBEHCTBA:

3+x
1756

0,04 —26-02"+25<0

3.
42logzx <2 +log;(x+3)=3
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5.

Pemure cucreMbl ypaBHeHH i

log, x logsy _
g2 X =31g% x+1g? y, 288 3T =8,
1, Yy 2 2log; x 2log; y 1
2 * +3 ==,

lg®(y—3x)+Ig xlgy =0. 2

2 BapuaHnt

Pemure ypaBHeHus:

1. tgx —2ctgx —1=10
2.

3
4.

5.
6.31g%3x —1)—1olglx — 13+ 3 =0

7logvx — 54 logAf2r —3=1

PemmTe HepaBeHCTBA:

3" < 1090

4 —10-2"+16<0

3.
42logzx <2 +log;(x+3)=3
5.
Pemnre cucremMbl ypaBHEHUH
y=xY 1
1 1&-22 =) 2 legz(x%yZ)—?,
' " 2log, x+log, y=6.
09, (y—2x) =3—log, (2x+3y). Jo X+10G2 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 0003HAuYar0T A Y BBIYHUCIAIOT IO GopMyIe

A" =nn—1)n-2).(n—-m+1). pm A 1 kL @)

n—m)!
3mech n!=l-2-3...(n—1)-n u (n—m) !=1-2-3...(n—m—1)(n—m). VYcnosumesa cumtath 0!
|
= 1, mosromy N :%:l

Hepecmaﬂoekoﬁ u3 N anemeHmos Ha3bIBACTC Pa3MELICHUE U3 71 3JIEMECHTOB II0 N 3JICMCHTOB.
Tak Kak Kaxpjas MEPEeCTaHOBKAa COACPKUT BCC 7 JBJIICMCHTOB MHOKECTBA, TO Pa3sjIMYHLIC
MEPECTAHOBKU OTIIMYAROTCA APYI OT APYra TOJIBKO IMOPAAKOM CICHOBAHUA 3JICMCHTOB. Yucno Beex
BO3MOJKHBIX IICPECTAHOBOK M3 7 3JICMCHTOB 0003HAYaI0T Pn . U3 OIpeaACIICHUA IICPECTAHOBOK

cJIeayer

n! n' nl!
n ! ! !
n l ' L] . n
n—-n) 0O 1
Couemanuem uz n 21emMeHmos no m (O <m< n) 3JIEMEHTOB HA3bIBAETCA JIF000€E

MOJIMHO>KECTBO, KOTOPOE COAEPHKUT 71 PAIIUYHBIX AIEMEHTOB JAHHOT'O MHOKECTBA.
CnenoBaTteibHO, COUETAHNS U3 71 DJIEMEHTOB IO 771 DJIEMEHTOB - 3TO BCE M - DIIEMEHTHBIE OAMHOMKE-
CTBA 71 - BJIEMEHTHOTO MHOXECTBA, IPUYEM PA3TUUYHBIMU OAMHOXKECTBAMU CUUTAIOTCS TOJIBKO TE,
KOTOpBIE UMEIOT HEOIMHAKOBBINA COCTAB 1eMeHTOB. [[oMHOKECTBa, OTIMYAIOIIUECS PYT OT Apyra

JIMIb IMMOPAAKOM CIICAOBAHUS SJICMCHTOB, HC CHUTAIOTCS PA3JINIHBIMU.

m
Yucito BceX BOSMOKHBIX COYETAHUN M3 71 QJIEMEHTOB TI0 772 DJIEMEHTOB 0003HAYAIOT C,, "
BBIYUCIISIOT 110 (hopMyIie

A" n-(n—=1)-(n-2).(n—m+1)

G = Pn B m! ' 3
m n!
G = ml(n—m)’ @

[Tpumep 1. B rpynmie u3 30 yganmxcst Hy»KHO BbIOpaTh koMmcopra, mpodopra, puzopra. CKOTbKUMA
Croco0amu 3TO MOXKHO CENaTh, €CITH KaKIbIi 13 30 yJanpxcss KOMCOMOJIEI, WieH Mpod)coro3a 1
CHOpTCMEH?
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Pemienue: rckoMoe 4MCIIO CIIOCOOOB PABHO YHCITY pa3MerieHuii 3 30 21IeMeHTOB 110 3 AIIeMeHTa, T.€.

3
A;o . Honoxus no popmyne (1) 7 =230, m =3, nonysaem A5, =30-29-28 =24360.
Ortget: 24360 crioco6oB. TIpumep 2. CKOIBKAMH CITIOCOOaMH MOYKHO PACCTaBIISTh HA OJTHOM TOJIKE
IIECTh PA3JINYHBIX 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 6purazne u3 25 4enoBek HY>KHO BBIICIUTD YETHIPEX AJIs1 padOThI Ha ONPEICICHHOM
yuacTtke. CKOJIBKUMU CIIOCO0aMU 3TO MOXKHO CIENaTh?
Pemenye: T.K. HOPSIIOK BEIOPAHHBIX YETHIPEX YETIOBEK HE MMEET 3HAYCHUSI, TO 3TO MOYKHO CHENIATh
25-24-23-22

CJ. criocobamu. ITo hopmyie (4) Haxomum Cys = T23.4 12650.

Ortset: 12650 crtoco0oB.

1. CkonpkuMu cioco6aMy MOKHO BbIOpATh 4 eTanu U3 sIuKa, B KOTOPOM
12 neranei?
2. CKOJBKO MOXHO M3TOTOBUTH PA3IMYHBIX TPEXIBETHBIX (DIIAKKOB, €CITH
UCIIONIb30BaTh  CJEYIOIINE [BETA: OEINbIi, CHHUI, KPACHBIH, HKENTHIN, YEPHBIA,
3eNEHBINA?
3. CKOJIBKO MATU3HAYHBIX YHCET MOXKHO COCTaBUTh |3 1udp 2, 3, 4, 5,67
4. B Ba3e 5 kpacHbIX 1 7 6enbix po3. CKOJBKHMH CITOCOOaMH MOYXKHO COCTaBUTH OYKET U3
5 po3, eciu B HeM JOJDKHO OBITh JIB€ KPACHBIX U TPHU O€JIbIX pO3bI?

(x+1) |
T—(x—l).

5. Pemnth ypaBHEeHUS:

'
x! 56

(-2

6.Beranciauts: (A;’ + A ): P;.
(A175 - A165): C176

7. CKOIBKUMHU cITIOCOOaMH MOKHO YBE3TH co ckiajia 10 sSmuKoB Ha ABYX
MallliHaX, €CJIM Ha KXyl U3 MAIlIUH IPY3AT MO 5 AMHUKOB?
8. U3 Bocemu 1tmdp 1,2,3,4,5,6,7,8 HY)KHO COCTaBUTH 4YEThIpeX3HAUYHBIA KOA. CKOJBKO
BapHUaHTOB KO/1a CYIIECTBYET, €CIM MOBTOPEHUS LIU(P B HEM ObITH HE JI0JKHO?
9. B mkone deTbipe BRITYCKHBIX Kilacca. CKOJIBKO CIIOCOO0B
pacripesielleHus] HK3aMEHaTOpOB CYIIECTBYET Ul NMPOBEACHMS SK3aMEHa MO0 XUMHM, €ClId Ha
OJTHOM DK3aMeHE MPHUCYTCTBYET TOIBKO OJTUH dK3aMeHaTOp?
10. B Baze 5 anenbcuHOB U 8 1010K. CKOJIBKUMHU CLIOCOOAMU MOKHO BBIOPATh 6 PpyKTOB,
4TOOBI CpeI HUX ObLIO 3 anenbcuHa

KourposbHas padora

Bapwuant 1
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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?

-2 2
5.Pemuth ypaBHEHUS: 2C;C+2 = Ax .
2C% —15C! =75
Bapuant 2

1.BBIUUCIIUTD: A280 (P g " C;(Z)

Py-Cy — 4.

2. CKOJIbKO aKKOPJIOB MOXHO COCTaBUTH Ha 10-TH KJIaBUILIAX POSUIsS, €CIIU
KaX/IbIi aKKOPJT COJCPIKUT TPH 3ByKa?

3. Ha xonnekTuB u3 25-TH 4eI0BeK BBIJECICHO TPU MYTEBKH: B CAHATOPUH, B
JIOM OTJIbIXa U Ha TypOa3y. CKOJBKO CIIOCOO0B pacipeiesieHus MyTEeBOK CYIIECTBYET?

4. CKOIBKHMH CIIOCOOaMH MOXHO paccaauTh 7 4eTIOBEK Ha 7-MH CTYNbsIX?

5. Ha crone nexut cromnka kapt, B KoTopoil 10 xapT uyepHOi MacTH U 8 KapT — KpacHOM.
CKonpKUMH CIIOCOOAMU MOKHO BBIOpaTh 8 KapT, 4TOOBl cpeAu HHUX OBLIO 5 KapT 4YepHOM
Mactu?

IIpakTyeckoe 3ansaTue Ne 56

Tema: Kiaccuueckoe ornpeaeneHue BEpOSITHOCTH CIIy4ailHOTO COOBITHUS
Ienan: 3akpenuTs yMEHUS CTYACHTOB PEIIaTh 3aJa4ld Ha KJIACCUYECKOE ONPEEIICHNE
BEPOSITHOCTH CITy4alfHOI'O COOBITHUS

Teopernuecknii 0JI0K

Kiaccuueckoe onpenenenne BeposiTHOCTH BeposTHOCTBIO COOBITHSI A Ha3bIBaeTCA
OTHOINICHHE YK CIIa UCXO0B M, OJIaronpusSTCTBYIOMIMX HACTYIICHUIO JAHHOTO COOBITUS A, K
YUCIy, BCEX UCXOJ0B ( HECOBMECTHbBIX, €CAMHCTBECHHO BO3MOXKHBIX, paBHOBO3M0)KHBIX), T.C.

m
PA)=—
ﬂ

BeposiTHOCTB TF060T0 COOBITHSI HE MOXKET OBITh MEHBIIIE HYJISI U OOJIBIIE €TUHUIIEI.
HeB0o3MOXKHOMY COOBITHIO COOTBETCTBYET BEPOSATHOCTH paBHas 0, a JOCTOBEPHOMY —
BEPOSITHOCTH paBHA €IUHHUIIC.

[Tpumep
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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

YupaxHenus:

1. T'epman u3 nosectu A.C. [lymkuna «lIukoBas 1ama» BeIHUMaeT 3 KapThl U3 KOJIOBI B 52
nucta. Haliaure BepoaTHOCTH TOTO, YTO 3TO OYIyT: TpOHKa, cemepka, Ty3.

2. B smmke nexar 15 kpacHbIX, 9 CHHUX, U 6 3€JICHBIX APOB, OJJUHAKOBBIX HA OIIYIIb.
Haynauy BeiHuMarot 6 mapoB. KakoBa BEpOSATHOCTH TOTO, YTO BBIHYTHI | 3€JI€HbIN, 2 CUHUX, 3
KpacHbIX I1apa.

3. Bmanenern onHo# kapTouku sjoteper «CropTiaoTo» (6u3 49) 3auepkuBaeT 6 HOMEPOB.
KakoBa BeposSITHOCTb, YTO UM OYJET yraJjaHo 5 HOMEPOB B OUE€PEHOM THPAXKE.

4. B ypue 10 mapoB, u3 KoTopbix 2 0eibiX,3 4epHbIX U 5 cuHux. Haymauy usBieueHs 3
nrapa. KakoBa BEposITHOCTb TOT0, YTO Bee 3 11apa pa3HOro LBETA.

5. B maptuu u3 10 neraneit umerorcs 4 6pakoBaHHbIX. KakoBa BepOATHOCTb TOTO, YTO
cpenu Haygady OTOOpaHHBIX 5 eTajeil oKaxyTcs 2 OpakOBaHHBIE.

6. KosnekTuB, BKIIOYAIOIIMIA YETHIPEX KCHIIUH U TPOUX MY)KUWH, pa3bIrphIBacT 4 Ounera
B Teatp. KakoBa BEpOSTHOCTH TOTO, UTO Cpeau 00JaaaTencii OMIeTOB OKaKeTCs 2 KEHIIUHBI 1 2
MY>KYUHBI.

7. B rpynme u3 25 cTyneHToB, cpenu KOTopbix 10 neBymiex, pa3pIrpbIBalOTCs 5 OMIICTOB.
Haiiaute BepoATHOCTH TOTO, UTO cpenu obJanaresneil OUIeToB OKaXKyTCs JIBE JEBYILIKH.

8. B ypHe 6 6emnbix, 4 4epHBIX U 5 KpacHBIX MIapoB. M3 ypHBI Hayra BEBIHUMAIOT 5 IapoB.
Haiinute BepoITHOCTH TOTO, UTO CPEIU HUX OKaXYTCs 2 OenbIX U 1 yepHbIit map.

9. KOHoma 320k IBE MOCIIeTHUE UPPHI TEICPOHHOTO HOMEpa CBOSH 3HAKOMOU M MTOMHS
JIIIIb, YTO OHU Pa3IUYHbI, HaOpas ux Hayaauy. KakoBa BepOSITHOCTH TOTO, UYTO OHU PA3JIUYHBL,
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
Henab: HayunTbcs BBIYUCHATH BEPOSTHOCTH COOBITH C TOMOINBIO TEOPEM YMHOXKEHUS
BEPOATHOCTEMN

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 mwmu C=A4NB. Ecmu A un B — necoBmecTtHble codpiTus, 7o A(1B =V ,T.
€. UX MepeceyeHue mycTo (HEBO3MOKHOE COOBITHE).

JIBa ciny4aiiHBIX COOBITHSI HA3BIBAOTCS MPOMUBONONONCHBIMU, €CIIM OJIHO W3 HUX
MPOUCXOAUT B TOM M TOJBKO B TOM cily4ae, Korja He mnpoucxoaut apyroe. CoOsbitue,
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MIPOTUBOIOJIOKHOE COOBITHIO A, 0003Ha4aOT uepe3 A (uurart «He Ay). [IpoTHBOMONIOKHBIE
COOBITHSI  00pa3yl0T TMOJHYK CHCTEMYy IIONApHO HECOBMECTHBIX COOBITHH, T. €.

AUA=U, ANA=V.

TeopeMbl yYMHOKEHUSI BEPOSATHOCTEM

[IpousBenenue IBYX COOBITHI COCTOMT M3 TE€X JJIEMEHTapHBIX COOBITUN, KOTOpPbHIE
OJIaronpusATCTBYIOT U IEPBOMY, U BTOPOMY COOBITHIO, TO €CTh MPHHAJIEKAT UX MEPECCUCHUIO
AB = A N B. BeposATHOCTh NPOU3BEACHUS COOBITHI 3aBHCUT OT TOTO, SBJISIFOTCS JIM 3TH COOBITHS
3aBUCUMBIMU WM He3aBUCUMbIMU. CoObITHSI 4 W B Ha3bIBalOTC He3a8UCUMbBIMY, €CIIH
BEPOSTHOCTh KaXJOTO M3 HUX HE 3aBUCHUT OT TOTO, MPOM30LUIO WIM HET JApPYyroe coObITHE.
Beposmnocmu He3aBUCHUMBIX COOBITUH A W B Ha3bIBAIOTCS 0€3VCI06HbIMU; W BEPOSTHOCTD
MIPOU3BEICHUS TAKUX COOBITHI paBHA IPOU3BEICHUIO UX BEPOSITHOCTEH

P(4B) =P(4) P(B) 1)

BeposiTHOCT,  COBMECTHOTO  TMOSIBIICHUS HECKOJNBKHUX  He3aBUCUMBIX — CcOOblmuti B
COBOKYITHOCTH paBHA HPOU3BEOEHUIO 8EPOSAMHOCMEL IMUX .
P(A1 Ay .. Ay) =P(A1) P(42) ...- P(Ay) (1.1)

CobObiTust A m B 3asucumsie, eciu BEpOSTHOCTH OJHOTO W3 COOBITUH 3aBUCHUT OT
NOSIBJICHUSI WJIM HEMNOSBICHHUS Jpyroro. BeposTHOCTh COObITHS B, BBIYHCICHHAsS B
NPEINONIOKEHUH, 4YTO A YK€ OCYIICCTBHIOCh, HA3bIBACTCS VCIOBHOU 6EPOSIMHOCIbIO W
ob6o3nauvaercs Py(B).

BeposiTHOCT  npoussedenuss 08yx  3agucumvlx cobvimuil paBHA TMPOU3BEICHUIO
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 HHUX Ha YCJIOBHBIE BEPOSTHOCTH BCEX
OCTaJIbHBIX, MNPHUYEM BEPOSTHOCTb KAKJIOTO IOCJIEAYIOIIET0 COOBITHS BBIYUCISAETCS B
OPEINON0KEHUH, YTO TMPEAbIAYIIMEe COOBITUS YK€ NPOM30LUIM (TeopeMa YMHOXKEHUS
BEPOATHOCTEN ISl 3aBUCUMBIX COOBITUI):

P41 45 ... An) = P(A1) Pa1 (AP 4142 (43) ..... Pa142 ...an1 (An) (2.1)

VYipaxHeHus:

Ipumep 1. Umeercs Tpu siuka, conepxaimux no 10 neraneit, mpuyeM B NEPBOM SIIUKE -
8, BO BTOpOM — 7 W B TpeTbeM — 9 craHmapTHbIX Aetaned. M3 Kaxaoro fmmka Hayaadyy
BBIHUMAIOT 10 OJHOM feTanu. HailTu BEpOATHOCTH TOTO, YTO BCE TPH BHIHYTHIE JCTAINA OyayT
CTaHJIapTHBHIE.
Perrenue: BepOATHOCTh TOTO, YTO U3 MIEPBOTO SAMIMKA BHIHYTA CTaHIApTHAS JAeTaib (coObITHE A)

8

pasna P(A) = 10 = 0,8. BeposTHOCTH TOTO, YTO U3 BTOPOTO SIIMKA BBIHYTA CTAHIAPTHAS CTAIb
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7

(coObiTue B) paBHa P(B)zE:O,TBepo;ITHOCTb TOT0, YTO U3 TPETHEro SILIMKA BBIHYTA

9
craggaptHas jgetanb (coositre C) paBua P(C) = o 0,9. CoObITHE «BCE TPU BBIHYTHIE JIETATH

OyIyT cTaHmapTHBIE» -eCTh npousBeneHue coowituii 4, B,C. T.k. coObitus A, B, C — monapHo
HE3aBUCHUMBI , TO TIO TEOPEME YMHOXKEHUS BEPOSTHOCTEH JIJIsi HE3aBUCHMBIX COOBITHI HMEEM:

P(ABC) = P(A)P(B)P(C) =0,8-0,7-0,9 = 0,504

IMpumep 2. B Baze nexut 3 mokosnagubix 1 7 BadenbHbIX KOHET. Haynauy Oepercs onHa
KoH(peTa, 3aTeM apyras. HaliTu BEpOSTHOCTH TOTO, 4TO mepBasi KoH(peTra Oblia MIOKOJIaIHON, a
BTOpasi — BaenbHON?

3
Pelenne: BEpOATHOCTH TOrO, YTO IepBas KoH(era - ImokonanHas (cobeitue A) P(A4) =—.

10

BepositHOCTh TOTO, uTO BTOpasi KoH(pera — BadenbHasi, BEIYUCICHHAS B MPEANOIOKCHUH, YTO
. 7
riepBasi KoH(eTa OblTa IMOKOJAAHOMN, T.C. YCIOBHAs BEpOATHOCTH paBHa P, (B) = e T.e. mo

TEOpeMe YMHOKEHHUS I 3aBUCUMBIX cOObITHi nmeeM: P(AB) = P(A)P4(B) = 3 : ! = s
10 9 30
IIpumep 3. B ypue 5 Genbix, 4 yepHbix U 3 cuHUX mapa. Kaxaoe ucnbITaHHE COCTOUT B
TOM, YTO HayAaudy M3BIEKAIOT OJMH Ilap, HE BO3Bpalas ero ooparHo. HaiiTu BeposTHOCTH TOTO,
YTO IPU MEPBOM HCIIBITAHUM HU3BJIeUEH Oemblil map (coObiTHe A), MpU BTOPOM - UEPHBIN IIap
(cobprTue B), mpu Tperbem — cunuii (coositue C)?
5
Pemienne: BeposTHOCTH TOsBICHHS O€Oro Imapa B MEPBOM HCHbITaHMH paBHa P(A) = T
BeposaTHOCTh TOsBIEHUST YEpHOTO Iapa BO BTOPOM HCIIBITAHWU, BBIYMCICHHAs B

MPEIOJIOKEHNH, YTO MPU NEPBOM HCHBITAHUU BBIHYT O€JBbIN 1Iap, T.€. YCIOBHAs BEPOSITHOCTh
4

pasua P, (B) = TR BeposTHOCTh NOSBICHUS CHHETO I1apa B TPEThEM MCIBITAHUH, BHIYMCIEHHAs

B TPEATNOJIOKEHUH, YTO TP MEPBOM HCIIBITAHUU BBIHYT O€blil 11ap, a MpU BTOPOM — YEPHBIH,

3
T.€. yCJIOBHas BeposTHOCTD paBHa P, (C) = — .OKoHYATEIEHO HMEEM:
A8 10

5 4 3 1
P(ABC) = PA)PABIPas(C)= 1 - 20 =
Onepanuu HaJ COOBITUSIMH
Cymmoti unu ob6veounenuem 08yx coooimuii A n B HazwpiBaeTcst coobiTe C, cocrosiiee B
HACTYIUIEHUH XOTsI Obl OogHOro u3 coObiTuil A win B. CuMBOIMYECKH 3TO 3alMCBHIBAIOT TaK:

C=A4+B wu C=AUB.

Teopema ci10:xeHHsI BEepOSITHOCTEH
B o0mem cnydae geposmuocms cymmsl 08yX cobbimuil paBHA CYMME BEPOSITHOCTEH ATHX
cOOBITHI 0€3 BEpOSTHOCTH X COBMECTHOTO HACTYIUICHUS U OIpeensercs 1mo Gpopmye:

P(A+ B) = P(4)+ P(B)— P(4B) (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(A4) = P(B)+ P(C)+ P(D) . BoruniciuM OTAENLHO BEPOATHOCTU coObiTHii B, C, D:

1 2 2 1 3
p(B) = S0 % pe)=20 20 ppy-S -2
Cs 91 C; 91 C; 91
45 20 2 67
14 , : P(A)=P(B)+P(C)+P(D)=—+—+—=—.
Croab3ys 9TH pe3ynbrarsl, moayunm: P(A4) = P(B)+ P(C)+ P(D) o1to1 o1 a1

IIpumep 2. BeposiTHOCTh momajgaHusl B I€JIb MpPH CTpeNbOe U3 TpPEeX OpYyIUd TaKOBBI:
p,=08  p,=07, p,=09. Haiitu BeposiTHOCTH XOTsI GBI OAHOTO MmomagaHus (CoObITHE
A) npy OJTHOM 3aJlIe U3 BCEX OPYAM.

Pemienue: BEpOSITHOCTD TOMAJAHHS B IEIb KaKIbIM W3 OPYIHM HE 3aBUCHT OT pPE3yJbTATOB
CTpeNnbObl U3 JPYrHX OPYAWil, TO3TOMY paccMarpuBaeMbie COOBITHSI Aj (TOMagaHHe MEepBOro
opynusi), A, (monaganue BTOpOro opyaus), Az (IOMagaHie TPEThEro OpPYAus) — HE3aBHCUMBI B
COBOKYITHOCTH.

BeposiTHOCTH COOBITHH, TPOTHBOMOIOXKHBIX COOBITHSAM Aj, Ay Az (T.e. BEpOSITHOCTH

npomaxoB) cootBerctBenno pasusl ¢, =0,2, ¢,=03, 0,=01
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Torma uckomast BepositHocTh P(A) =1-0, 9, 4,=1-0,2-0,3-0,1=0,994.

1. JIBa cTpenka CTpensioT IO MUIIEHU. BeposTHOCTh MonasaHus B MUILEHb IIPU OAHOM
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,
YTO U3  KOP3UHBI CllydaiHbIM 00pa3oM mnajaaer oauH (Gpykr. HaiiTu BeposTHOCTH TOro, 4TO U3
KOpP3MHBI TPU IE€PBOM HUCHBITAHUU BBHINAJET SI0JOKO, IPU BTOPOM — JMMOH, 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 TOTO, YTO OHU 00€ OyAyT CTaHIapTHBHIE.

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 OJJUH CUTHAIU3ATOP.

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 — OCIIBIIA;

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 ypubl, comepxameit 10 Oenbix, 8 uYepHbIX M | OpaHXKEBBIX IIAPOB, HAYTal
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 aBa camosera — 1/8;

9. OTaen TEXHMYECKOTO KOHTPOJIE  IMpOBEpsieT U3JeNus Ha CTaHJApTHOCTb.
BepositHoCcTh TOTO, UTO M3MENHE CTaHaapTHOE, paBHa 0,9. HaiiTu BEpOsSTHOCTH TOTO, UTO U3 ABYX
IIPOBEPEHHBIX U3JIENINHI TOIBKO OJIHO CTaHAAPTHOE;

10. B xopoOke Haxoaurcsi 6 cuHUX, 4 KpacHbIX U 6 3eneHbIX (raxkoB. Kaxmoe
UCTIBITAHUE COCTOMT B TOM, YTO W3 KOP3MHBI CIydaiiHBIM 00pa3oM BBIOMPAETCS OAMH (IIaXKOK.
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 meraneit, cpenyd KOTOPBIX YeThIpe OKparieHbl. COOpIIUK Haymady Oeper
Tpu neranu. HailTu BEposITHOCTh TOTO, UTO XOTsI ObI OJfHA M3 HUX OKPAIICHA;

2. Bo Bpemsi yueOHBIX MAaHEBpPOB JIBa TaHKa MBITAIOTCS MPOPBATHCS B PACIIOIOKEHUE
MPOTUBOTAHKOBOM OaTapen «IpOoTHBHUKAY». KakoBa BEPOATHOCTH TOTO, YTO OYAET MOJAOUT XOTS

OBl OIMH TaHK, €CJIM BEPOSITHOCTh TOTO, YTO Oy/eT MOAOUT OJUH TaHK paBHaA 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 || =)
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.

a

L allb
boo= al|o
b agE o
puc. 1
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3ameuyanus.

Ecnu miockocTs MpOXOAUT Yepe3 JaHHYIO IPSIMYI0, apaJIeIbHYIO IpYyTron
IIJIOCKOCTH, U IIEPECEKAET ITY INIOCKOCTD, TO JIMHUS [IEPECCUCHUS
IJIOCKOCTEN mapajuie/ibHa TaHHOW IIPSIMOM.

Eciu OJHa U3 ABYX MAapaJUICIbHBIX HPAMBIX IMapaJlJICJIbHa IlElHHOfI

pHC ) IJIOCKOCTH, a Apyrasa npsAamMast UMECT C MJIIOCKOCTbIO 0611.[}/}0 TOYKY, TO 3Ta

psiMasi JICKUT 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.

>“<;~; Omnpenenenne. J[Be MIOCKOCTH HA3BIBAKOTCS MapaJICIbHBIMM, €CJIH OHHU HE
— UMEIOT OOIIHUX TOUYEK.

a (V3
//>J§;/ [MapamienbHOCTH MIIOCKOCTEH o M F 0003HaUaeTcs Tak: o || b. Paccmotpum
(3 IPHU3HAK ITapaJUIeITbHOCTH JIBYX INIOCKOCTEH.

puc. 3

TeopeMa. Ecnu nBe MNEPECCKAOIMUECCA IIPAMBIC O,Z[HOﬁ IIIIOCKOCTHU
COOTBETCTBCHHO ITapaJlJICJIbHBI IBYM IIPAMBIM I[perﬁ IIJIOCKOCTH, TO 3TH
IJIOCKOCTH IIapaJlICIbHBI.

Cnyqan B3aMMHOT'O PaCIIOJIOKCHUS IIOCKOCTEH:

IUIOCKOCTH o U  TIEpECEKAIOTCS.

puc. 4

// IJIOCKOCTH & U F ITapaJljIeIbHBI.
ol ;

puc. 5

CsoiicTBa MapaiCJIbHBIX IUIOCKOCTEH:
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1. Eciin aBe napanenbHble INIOCKOCTH NIEPECEUEHBI TPETHEN, TO JIMHUN
UX [epeceueHmsl apasuiebHBbl.

Pemenue 3amau:

Han yron AOD u nBe mapasienbHble IIIOCKOCTH O U 3.

[Tnockocth o mepecekaeT croponsl yria OA u OD cooTBeTCTBEHHO B Toukax A u D,
IUIOCKOCTH [3 3TH CTOPOHBI IIEpECeKaeT COOTBETCTBEHHO B TOUKax B u C.

Hano:
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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

HapanneanLIe IIJIOCKOCTH O 1 B IEPECCUYCHBI NPAMBIMUA C U d

Croponsl 4N\ mepecekaroT nmapauieabHbIe INIOCKOCTH 3 1 0. B Toukax C,D u A B. Berauciam
mmHy otpeska AB, ecmn NA=13 em, NC=20 cm u CD=55 cm.
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Croponsl 4N nepecekaroT napauienbHble TNIOCKOCTH [3 U O

Janbl napasuienbHble IIOCKOCTH o U 3. Touku A u B HaXoAsTCs B IIIOCKOCTH 0., a
touku C u D B mockoctufl. nuna orpeska AC=7, anuHa otpeska BD=12.

CymMa npoekiui 3TUX OTPE3KOB B INIOCKOCTH [3 paBHA 8.

Haiitu anuny npoexiuii 000MX OTpe3KOoB.
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IIpakTnyeckoe 3ansiTueNe 60
Tema: [ToBropenue. [IpoBepounas padora
Hesb: O000MHUTE M 3aKPENUTh 3HAHUS M HABBIKH yUYaIUXCs M0 JAHHOW TeMe

Teopetnueckuii 6110k

Kakue nBe npsiMble B IPOCTPAHCTBE HA3bIBAIOTCS MapalIeIbHBIMU?
Chopmynupyiite TeopeMy 0 napauieabHbIX MPSIMbIX.
Kakue BO3MOXHBI Ciydan B3aUMHOTO PACIOI0KEHUE MPSMO U MIIOCKOCTH?
Kakue npsiMas ¥ III0CKOCTh Ha3bIBAIOTCS MapauleIbHbIMU?
Cdhopmynupyiite mpu3HaK NapasieIbHOCTH MPSMON U IIOCKOCTH.
Jan ky0 A... D1. Ha3zoBute ueTbIpe mapel napauiebHbIX NPSMBIX U YEThIPE Mapbl
NEePECEKAIOIINXCS TPIMBIX
7. ChopmynupyiiTe npu3HaK napanieabHOCTH MPSIMON U IIIOCKOCTH.

ook wnE

BepHo JIX YTBEPKACHUC: €CIIM OHA U3 ABYX MPAMBIX IapaJlICJIbHA IIJIOCKOCTH, a BTOpast
MEPECCKACT OTY IJIIOCKOCTb, TO MPAMBIC IMApaJlJICJIbHBI.

Pemenue 3amau

1). 3agaua 1

[aHo:

A ABC,
ABea, Ceaq,
AM = MC,
CN = NB.

Jokasats: 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:
C-
2 ABCD - Tpaneuus,
M / N ABe a, CD ¢ q,
/ —\ AM=MD, CN=NB.
) . 9% Noka3zats: MN || a.
—'K&_’—_’/
JloKa3aTenbCTBO

MN - cpennss nunus Tpanenun ABCD, 3nauntr MN || AB; AB = a (o ycnosuto),
Takum o6pazom, MN || a (o npu3HaKy NapajuieTbHOCTH MPSMON U TUIOCKOCTH).

3)3anaua 3. Cropona AC tpeyronsuuka ABC napaiensHa mI0CKOCTH a , a ctoponsl AB u BC
MEPECEKAIOTCsI ¢ ATOU TIOCKOCThIO B Toukax M u N. Jlokaxure, uro Tpeyronsuuku ABC u
MBN 1no100HEL

Hepez[ peICHUEM JaHHOM 3aJ1a4uu H606XOI[I/IMO BCIIOMHUTD IIPU3HAKHU HOI[O6I/I$I TPCYTOJIbHUKOB.

i

A [ano:
) AABC, AC Il a,
/ot / AB A a=M,
e "-\ BC ~na=N.
i fokasats: A ABC nogobex A MBN
JIoKa3aTeILCTBO

1. ITo yrBepxkaenuto 1° : MN || AC. Toraa yron A = yriry BMN (kak 0JHOCTOpOHHUE ITpH
NapauIeIbHBIX IPSIMBbIX).

2. yroa B - o6muii.
3. Takum oOpazom, 1o 1ByM yriam TpeyroibHuk ABC mogo6en Tpeyronsauky MBN.
4). 3anava 4

Ha cTroponax AB u AC tpeyronsuuka ABC B3sa1hl cooTBeTcTBeHHO Touku D 1 E Tak, uro OF =
5 cm u BD = 2/3. TInockocTh a mpoxoaut yepe3 Touku B u C u nmapamnensHa otpe3ky OE.
Haiinure iy otpeska BC.
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HaHo:

A ABC,
P DeAB, E€AC,
BCea, a ll DE,
A ;ﬁf DE =5cm, BD/DA =2/3.
£ /
Hawtn: BC.
Pemenue:

tpeyroiabHuk ABC nono6en tpeyronsHuky ADE.
Torna AB/AD = BC/DE, 5/3 =x/5, x = 25/3,x =8/
Otser: 8Y/5

I[OMalIIHee 3aJlaHHuE:

[Tpsimast AB nepecekaeT miockocTs o. Uepes koHibl oTpe3ka AB u ero cepeauny C nmpoBeneHbl
napajuieibHble MpsAMbIE, IEpeceKarolIne MmI0ckocTh o B Toukax Al, Bl u C1. Paccmortpure
ciayyau: 1) otpe3ok AB He mepecekaeT mIockocTh o ; 2) oTpe3ok AB nepecekaer a. B kaxaom
ciydae Haiaure: a) nmuHy otpeska CCl, ecmu: AA1 =3, BB1 = 6; 6) nimuny otpeska AA1, ecin
BB1=13,CCl=1

IIpoBepounas padora
1 BapuaHT

1. Orpe3ok AB He nepecekaeT TIocKocTh . Yepes cepeanny otpe3ka C ¥ KOHIBI OTpe3Ka
A u B npoBezieHbI psiMble, apajiesIbHbIe MEKIY COOOM U MepeceKaroiiye
IJIOCKOCTB 0. B TOUKAX , . Berancauts anmuny orpeska CCiecmm AAy =5 BBy =7

2. UYepe3 Touky O, HE JEKAIIYIO MEXAY IMapayuIeTIbHBIMH IIOCKOCTSIMA O, M [3, TPOBEICHEI

Aq

npsimbie |l um.  Tlpsmas | mepecekaer  minockocTh o u B B TOYKax

A2

u COOTBCTCTBCHHO, IMpsMasd M — B TOYKax u Haitgure AJINHY

OTpe3Ka , €CIIN =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 ciiyuan: 1) otpe3ok AB He nepecekaeT miIockocTs o ; 2) oTpe3ok AB
nepecekaer o. B kaxaom ciyyae Haitaure: a) jymuny otpeska CCl, ecnu: AA1 =7, BBI
=5; 0) nuny orpe3ka AA1, ecnu BB1 =7, CCl1=11.

2 BapuaHT

1. Touxa M nexur Ha orpe3ske AB. Otpe3ok AB nepecekaercs ¢ III0CKOCTBIO 0. B TOUKe B.

qepe3 AuM IMPOBCACHBI ITapaJJICIIbHBIC IIPSAMBIC, IICPECCKAOIIUE O B TOUYKAX u.

Haiigure nuny otpeska AB, eciin A :M=3:2,AM=6.
2. UYepe3 Touky O, JIeXamryl0 MEXAYy HNapauIeIbHBIMU IJIOCKOCTSAMHU O U [3, MPOBEICHEI

npsmbie | um.  Ilpsmas | mepecekaer IUTOCKOCTH o M [ B TOYKax u
COOTBETCTBEHHO, MpsiMasi M — B TOYKaX u . Halinute nnuHy oTpeska ,
eclin =12 cwMm, 0O:0 =3:4.

3. Jan AMKP. ITnockocts, mapamnensHas npsmoit MK, nepecekaer MP B Touke , PK - B

Touke. Haitnure , ecim 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
LAOB, £ MOC, £DAM, £D0A, £LBMO

MPSIMBIMU: ?
A
M
B D
0
C &
Puc. 3.
Pewenue
£LAQB
Paccmorpum  yron . Ilpsmas AO nepneHAUKyJIsIpHA IJIOCKOCTH 0, a 3HAYMT,
npsMasi AO nepneHuKyIsapHa 000l mpsMOH, Jexamied B IJIOCKOCTH 0O, B TOM 4YHCIE
£LAOE = 20°
npsimoit BO. 3Hauur, .
LMoOC LMOC = 20°
Paccmorpum yron . [Ipsimast AO nepnenukynspHa npsimoit OC, 3Ha4UT, .
LDAM £D04 = 90°
Paccmorpum yron . IIpsmas AO nepnenaukynspHa npsamoit OD, 3HA4MT,

Paccmotpum Tpeyronsnuk DAO. B TpeyronbHuke MOXXET OBITH TOJIBKO OAMH NPSMOW YTOJI.
3nauut, yroin DAM — He gBiseTcs IpsIMbIM.
L0004 £D04 = 90°

Paccmotpum yron . IIpsimast 4O nepnenaukynspHa npsmMoit OD, 3HauuT,
LBMO

PaccmoTpum yron . DTO yroi B MpsAMOYTrojsHOM Tpeyroisauke BMO, oH He MOXeT OBITh
IPSAMBIM, TaK Kak yroi MOB — npsaMoil.
LAQB = £MOC = £D0OA = 90°

Omeem.
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L0 =30°

[Ipumep 2. B tpeyronsuuke ABC naHo: ,AC= 6 cm, BC = 8 cm, CM — mennaHa (puc.
4). UYepe3s Bepmuny CnpoBereHa npsmas CK, mneprneHAMKylIspHas K  IUIOCKOCTH
tpeyronbauka ABC, npuyem CK = 12 cm. Haiiqute KM.

Kl
B
e M
A
Puc. 4.
Pewenue:
AB =vCB?+ ACT =387+ 62 =10
Haiinem nyuny AB no teopeme Ilugaropa: (cm).
[To cBoOIcTBY NPSMOYTOJILHOTO TPEYroJbHUKA CepelnHa TUIOTEHY3bl M paBHOyAaJeHa OT
CM=>AB=5

BEpILUH TpeyronbHuka. To ectb CM = AM = BM, (c™m).

Paccmorpum  TpeyronbHuk KCM.  llpsmas KC nepnengukynsipHa  iockoctu ABC, a

3HauuT, KC nepnenaukyisapHa CM. 3Hauut, TpeyrojibHuk KCM — npsMoyroiabHblid. Haiinem
KM =+VKC?+ CM? =v122+ 52 = 13

runoteny3y KM u3 teopemsl [Iudaropa: (cm).

Omeem: 13 cm.

IIpakTuyeckoe 3ansaTue Ne 62

Tema: [Ipu3Hak nepneHIUKYIAPHOCTH IIIOCKOCTEH. YTIIBI MEXAY MPSIMBIMU U IIJIOCKOCTSMHU.
Heab: O600mMTH U CUCTEMATU3UPOBATH MaTEpUAIl IO TAHHOW TeMe

Teopernueckuii 6110k

Yron mexay npsiMoil ¥ IIIOCKOCThEO — 3TO YrOJl MKy MPSMOW U €€ MPOEKIUEN Ha JTaHHYIO
IJIOCKOCT.

B kauecTBe yria Mexay npsiMON U MJIOCKOCTBIO BBIOMpPAaeM OCTPBIN yTroJl.

Ecnn npsimast mapajenbHa I0CKOCTH, 3HAaUUT, YTOJ MEKIY IIPSIMON U TUNIOCKOCTBIO PaBEH
HYIIIO.

Ecnn npsimast nepneHauKysipHa INIOCKOCTH, €€ IPOEKLUEN Ha MIJIOCKOCTh OKa)KEeTCsl TOUKA.
OueBUIHO, B ATOM CIIy4ae yroJl MEeXy MpsIMOM U IIIOCKOCTHIO paBeH 90°.

IIpumepsr:

1.Touku A, M u O nexat Ha npsIMOH, IePIEHANKYISIPHON K MIOCKOCTH a, a Touku B, C u D
JeXxar B IIockocTr a. Kakue u3 cneayromux yr JioB sBisitored npssMeiMu: ZAOB, ZMOC,
2DAM, £DOA, £BMO?

Pemenue: a L o, mo3TOMY a epHeHIMKYIsIpHA JII000H pAMOH, Nexaeil B mwi. o. YToObl
npsMasi IpuHaIIekana wi. o, 10CTaTOYHO, YTOOBI 2 TOYKU MPSAMON MpUHAIEkKAIH TIT. .
OTBeT: npsAMbIE 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 - makiionHas.
B - ocHOBaHME HAKIIOHHOIA.
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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 - neprieHIuKyIIsp.

C - ocHOBaHHE MIEPIICHIUKYIISAPA.

PaccrosiHuEM OT TOYKH [0 IJIOCKOCTH Ha3bIBACTCs JJIMHA NEepuCeHAUKYIIsIpa, IPOBEACHHOTO 13
3TON TOYKH K IIJTOCKOCTH.

OTpe30K, COeNMHAIOMNN OCHOBAaHUS NEPIIEHANKYJIISIpa U HAKJIOHHOMN, IPOBEACHHBIX U3 OJHOM U
TOM K€ TOYKH, HA3bIBACTCS MPOCKIIMEH HAKIIOHHOM.

A

X

CB - mpoenus HakioHHOW AB Ha MI0CKOCTB 0.
Tpeyronsauk ABC npsMoyrosibHbIH.

Yrinom Mex1y HaKJIOHHOW U INIOCKOCTBIO Ha3bIBAETCS YIOJI MEK1Y ATOM HAKJIOHHOM U €€
MIPOEKIIMEN HA IIOCKOCTb.
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X

L CBA - yron mexxay HakJIoHHOM AB 1 IIJI0CKOCTBIO 0.

A

Ecin AD>AB, o DC>BC

Ecnu u3 1aHHOM TOYKY K JAHHOM TIOCKOCTH MTPOBECTH HECKOJIBKO HAKJIOHHBIX, TO OOJbIIEH
HAKJIOHHOHN COOTBETCTBYET OOJbIIasi TPOSKIIUS.

<DAB - yron Mexay HaKJIOHHBIMH
<DCB - yron Mexy mpoeKIusmMu
Otpe3ok DB - paccrosinue Mexay OCHOBaHUSIMH HAKJIOHHBIX.

Pemenne ynpaxHeHwMi:

1) Ipsimast CM nepneHAuKyIsipHA K IIJIOCKOCTH NPAMOYrojibHOro TpeyroiapHuka ABC ¢
npsimbM yriioM C. Haiinure paccrostaue ot Touku M o cropons! AB, eciin AC=3cMm, BC=4cM,
CM=1 cm

2)B paBunobenpennom tpeyronsuuke MHK, MH=NK=5cM, MK=6cMm. Touka D Haxoaurcs Ha
pacCcTOSTHUU V10 cM OT IIOCKOCTH Tpeyroiaparnka MNK 1 Ha 0lHHAKOBOM PacCTOSHUU OT €0
cropoH. Halimure 310 paccTosiHue.

3) B tpeyronbauke ABC nano: AB=5cMm, AC=7cMm, BC=6cwm. IIpsamas AD nepnenaukymispHa K
mmockocth TpeyroiibHuka ABC. Haiinure paccrosiaue 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
o0JaaeT BCEMU €ro CBOWCTBaMHU.

d=+B3a: 5=642,

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
o S = 45(45-13)(45-37)(45-40) = /45-32-8-5=240

OcTasioch BBIYUCIUTD MOJIHYIO IOBEPXHOCTH NMPpU3MbL: S=2-240+4500=4980.
Omeem: 4980.

IIpumep 2. B ocHoBanuu npsamoii npusmel ABCDA1B;1C1D1 nexuT kBagpaT co CTOpOHO# 2.

BbokoBoe pedbpo npu3Mbl paBHO 2 . Haiipure rpagycHyro Mepy yrila MeX.y IJIOCKOCTBIO
TpeyroipHuKka AB1C 1 III0CKOCThIO OCHOBAHUS MPU3MBI.
Pewenue:

[Tnockoctes AB1C mnepecekaet miockocTs ocHoBaHus npo npsimoit AC. IToctpoum
JIMHEHHBIN yroj, COOTBETCTBYIOLIMM yrily Mexay 3TuMH miaockoctsaMu. T.k. ABCD — kBaapar,
TO €ro IMArOHANHN TIepeceKaroTes o npsMbiM yriaom, T.e. BO LAC TTanee, T.x. npusma
npaBwibHas, T0 BiA=B;C. Tpeyronsauk AB;C — paBHOOenpennsrii. Ero meanana B1O

SIBJISIETCS TAK¥KE €r0 BBICOTOM, T.€. B0 LAC . CnienoBaTenbHO, TUHEHHBII £B,0B paBeH yriy
MEXIY INIOCKOCTSAMMU.

Paccmotpum tpeyrosnsauk B1OB. ITockonbKy nmpusmMa — npsimasi, To yroi B B TpeyrosibHuKe

so=tpp-l22-
— IIPSIMOM. BlB:ﬁE 10 YCJIOBUIO 3aJa4HU. 2 2 . T.x. KaTeTsl B

npsAMOYrosibHOM TpeyrosibHuke B1OB paBHbl, TO £B,0B =50

Omeem: 45",
Pemienune ynpaxuenuit
1.B mpsiMoyroiapHOM MHapalsienenure e CTOpOHbl OCHOBaHUS paBHBI 12 ¢M U 5 cm. [{naronans
napajuiesenunesna oopasyer ¢ IJIOCKOCTbIO OcHOBaHMs yroi B 45°. Halinute OokoBoe pedpo

napajieacnuiicaa.

2.0cHOBaHWEM TPSIMOTO Tapajuienenurnena spisercs pom6 ¢ auaroHansmMu 10 cm u 24 cwm, a
BbICOTa Mapaenenumnena papua 10 cm. Haiigute Gonbliryro TuaroHanb napajjeienumnesa.

3.CTopoHa OCHOBaHUS MPABUIHLHOW TPEYroJbHON MPU3MBI paBHA 8 cM, O0KOBOe pedpo paBHO 6

cM. Haiinure mnmomanb ceyeHus, NPOXOJSIIET0 Yepe3 CTOPOHY BEPXHEr0 OCHOBAaHUS U
IIPOTUBOJIEXKAIIYIO BEPIINHY HUKHETO OCHOBAHMUS.
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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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:;M,gcr=1 DC-SM. su=\}sd+om';
Pemrenue: 2

AC= BD=J64+36 =10, AO=0D=5,0M=
-%AD=-§=3. SM=16+9 =5. sm,c=-;- 255

+8=20; Spugs=20; OK=—- DC
2 (cpemusis munus AADC). OK =

_1 :
4 SK=A16+16=4y2; "5~ 5 6 =ity o

Sere =2-1232 +2:20 =242 + 40 =8 (332 + 5); Sors. = 6 - 8=48; Sy = S +
F Soen = 2442 +40 +48 =242 + 88 =8(11 +34/2 ).

. 1

1
=38 k=2 -48-4=64 (Omser: 8(3v2 +5) 8011 +3v2 ); 64.

IIpakTnyeckoe 3ansitue Ne 67

Tema: [Tnomans 60KOBOM U MOTHON MOBEPXHOCTH LIUIMHAPA
Heab: HayuuTs pemaTs 3a1a4u Ha HAXOKIEHHE IJIOMaA1 OOKOBON U MOJTHON MOBEPXHOCTH

WINHIpA
TeopeTtnueckuii 6110k
Huauuap npeacraBiseT co00M reOMEeTPHUECKOE TeN0, OTPAHHUYEHHOE BYMSI MapalieIbHBIMU
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IIJIIOCKOCTAMMU U I.[HJIPIH[[pPI‘-ICCKOfI MMOBCPXHOCTHIO.

h

[uauHAp COCTOUT U3 OOKOBOI MOBEPXHOCTH | ABYX OCHOBaHMi. DopMyria Iiomam
MOBEPXHOCTH IMIMH/PA BKITFOUACT B c€0sl OTJICIBHBIN pacyeT IJIOMA N OCHOBAHUH U OOKOBOM
HOBEPXHOCTHU. Tak KaKk OCHOBaHHMs B LIMIIMHAPE PABHBI, TO MOJHAS €ro IUIOIIaab Oyaer
paccumuThIBaThCA 10 hopMmyIe:

S =28 +8

P 08T bok:

CDOpMy.]'Ia Iiomajin OCHOBaHUA UJIMHAPA. Tak kak OCHOBaHHUEM OUJIMHAPA SABJISCTCA KPYT,
3

2
S =my

I‘:: X
TO: ST

MpbI NOMHUM, YTO B 3THX pacuyeTax HUCIoJib3yeTcs nocrosiHHoe unciio [1 = 3,1415926, kotopoe
paccuMTaHO KaK COOTHOIIEHUE JUTMHBI OKPY>KHOCTHU K €€ JUaMeTpy. DTO YUCIIO ABISAETCA
MaTe€MaTU4eCKOl KOHCTAaHTOM.

[Tnomanb 60KOBOM MOBEPXHOCTH IIMIIHH/IPA

CDOpMYJ'Ia I1omaaun OOKOBOM MOBCPXHOCTU HNUIIMHAPA ITPEACTABIIACT coboif MMPOU3BCACHUC
JAJIMHBI OCHOBAHUS HA €0 BBICOTY:

S  =2urh
hok:

TIOJTHYIO TUTOIIAAb IMIMHApa. B 3amannoit purype Boicota h =4 cm, r = 2 cm. Haiizem nosnHyro

A Teneppb paccMOTPUM 3a/1ady, B KOTOPOW HaM NOTpedyeTcs paccuuTaTh

rjiomanab OUJINHAPA.

9 9
S =3.14x2" =12,56¢cm
JIiist Hadaia paccuMTaeM IIomiaas ocHoBanmi: 7"
Teneps paccMOTpHUM MPUMEP pacueTa IO i OOKOBOM MOBEPXHOCTH IIMIHH/pa. B
pa3BEpPHYTOM BHJIC OHA TPECTABISET MPIMOYTOJIbHUK. Ero mioians pacCuuThIBAETCS 110
npuBeeHHOM Bbile popmyse. [loacraBuM B Hee Bce
)
S =2x3.14x2x4=5024cm"

namEpe; oK
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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 oOpa3om, UCHONB3Ys (HOPMYIIBI ILTOMIAAN OCHOBAHUM U OOKOBOI MOBEPXHOCTH (PUTYPBI,
MBI CMOTJIM HAUTH TOJHYIO TJIOMIAh TOBEPXHOCTH IIUIMHAPA.

OceBoe ceueHre HUINH/IPA MPEACTABISET COOON MPSIMOYTOJNIBHHUK, B KOTOPOM CTOPOHBI PaBHBI
BBICOTE U IUAMETPy LIWJIUH]IPA.

dopmyna MIoIaI OCEBOT0 CEUSHUS IIMIIMHIPA BEIBOAUTCS U3 (DOPMYIIBI pacyera II01aiu
OPSIMOYT'OJILHUKA.

S=2hd

PaccMOTpHM TIpUMeEp pacueTa IIIONIaAl 0CEBOr0 CEUeH s IUIHHPa. sl 3TOr0 BO3bMEM
YCJIOBHS U3 3a/1a4H, YKa3aHHO#H Bble. UToObI HANTH BeNMUMHY HaM TIOTpebyeTcs auameTp. Mbl
S
3HaeM, 4TO OH PaBeH JBOHHOMY PaUyCy: d=21
d=2x2=4(cm )
. 2
S5=2x4x4=32¢cm

[ToacTaBuM IaHHBIE:

. Kakas ¢urypa Ha3piBaeTcst HTWIMHIPOM?

. [ToueMy LMAMHAP HA3BIBAIOT TEJIOM BpallleHus?

. HazoBure Buabl HWINHAPOB?

. HazoBure 351eMEHTHI HUIUMHIpA.

. Yro mpencrasisieT coOoil pa3BepTKa UIUHApa?

. Kaxk naiitu momaas 60KOBOW MOBEPXHOCTH MUIUHAPA?

. Kak HaiiTu muiomnaib NOoJHOW MOBEPXHOCTH UIMHIpPA?

. HazoBuTe ocHOBHBIE BU/IbI ceueHM LmnuHpa. Kakas ¢purypa nonydaercs B KaxaoM
ciyqae?

. [TpuBenuTe mpUMephl UCIOIB30BAHUS 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.

. . . .S, =2mh
Pemenue: Bocronb3yemes hopmynoi TuIoma i noJHOM MOBEPXHOCTH IIWIHHIPA: .
Panuyc paBen nonoBune auamerpa — 0,1M, a BbIcOTa HWJIMHAPA PaBHA JUIMHE HY>KHOU TPYOBI —

4m.
Tak Ha MIBBI HY)KHO 100aBUTH 2,5% TUTOMAAN €€ OOKOBOM MOBEPXHOCTH, HY)KHO HANTH:

(§+2,5%S). ITogcraBum BMecTO S popMyiTy MmIomaan OOKOBOM MOBEPXHOCTH, M BBIYHCIUM:
4=

$+2.5% S=S+-2§ =
100

IDDD )~
=2ml-1025=
=2-314-0.1-4-1,025=
=2.57T48~ 2.6(w" j
OtBeT: 26M

3amava 2. HaiiTu momaHyro MOBEPXHOCTh LUJIMHJIPA, Y KOTOpOro auaMmeTp ocHoBanwus 20,6 cm
u BeIcoTa 30,5 cMm.

3anava 3. OceBbIM CEUEHHUEM IMWIMHIIPA SBIISETCS KBaJpaT, CTOPOHA KOTOPOTO paBHA / MM.
Beruucnute miomniaas 60KOBOW MOBEPXHOCTU UTUHIPA.

3anaua 4. OceBoe ceueHue WINHIPA — KBaJpaT co CTOpoHOM 6 cM. Haiitu BbicOTy U panuyc
OCHOBaHHS [IMIIMH/PA.

3amaua 5. Pannyc ocHOBaHUS MMIMHAPA paBeH 2M, BeicoTa 3M. Haiftu nuaronaib oceBoro
CCYEHUH.

3amaua 6. JlnuHa OKPYXKHOCTM OCHOBaHMS LMIMHIpa paBHa 1. Ilnomans OGokoBoi
MOBEpXHOCTHU paBHa 2. HaliquTe BBICOTY HMIMHIpPA.

[omaiuee 3ananue:

1. [ImaroHaib OCEBOTO CeueHHUs LWIMHIpa paBHA 48. YT0oa MEXIy 3TOH JAMAaroHaIbio U
oOpasytoie paBeH 30°. Haiigute paanyc HUIUHIpa.2

2. JlnuHa OKPYXKHOCTH OCHOBaHHS HUIUHApa paBHa 1. [lnomans 60KOBOI MOBEPXHOCTH
paBHa 2. HaliguTe BBICOTY IMJIMH/IpPA.

3. JluaroHanb OCEBOTO CEUYEHHS IWIMHIPA HAKIOHEHa K IUJIOCKOCTH OCHOBAaHHUS IO
yriom 60° u paBHa 20 cm. Haiinure mmommaab O0KOBOM MOBEPXHOCTH IMJIUH]IPA

Taﬁ.ﬂl/llll)l AJIsl BIYUCJICHUSA NJIMHBI OKPY/KHOCTH 110 TUAMETPY.

[Tpu pereHny pa3aIMYHBIX IPOU3BOACTBEHHBIX 33/a4 YAaCTO MPUXOAUTCS BBIYUCIATH JUIUHY
okpyxHocTu. [IpeacraBum cebe paboyero, KOTOPbIN U3rOTOBIISIET KPYTJIbIE I€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 11011 OOKOBO MOBEPXHOCTH MPSIMOTO KPYrOBOT'O KOHYCA PaBHA TUIOIIAIH
COOTBETCTBYIOILIETO KPYrOBOT'O CEKTOPa (pUC. ) U BBIUUCISAETCS 110 hopMmyIie

S 6.K. TERL,
rae R — paanyc ocHoBanus, a L — mmmHa oOpasyromieit konyca. Eciu k mmomaay 60KoBoi
MOBEPXHOCTH KOHYCa MPUOABUTH TUIOIIAb €0 OCHOBAHUS, TO MOJYYUM ILIOMIAb MTOTHON
MOBEPXHOCTH KOHYyCa

Spoms. =7RL + nR?=7R (L + R).

Amnajoru4Ho 3a miomaab OoKOBOI MMOBCPXHOCTHU YCCUCHHOI'O KOHYCA MPUHUMACTCA ITIJIOIIAadb
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.Ilnomans ocHOBaHUS KOHYca paBHa 25,7 cM?, a oOpa3zyromas paBHa 6¢cM. Haitaure miomanp
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 otHomenune 30S = V| V=36 1.

OrtBer: 36.

6. Kyouk Becut 10 rp. CkoabKo TpaMMOB OyJIET BECUTHh KyOUK, peOpo KOTOPOro B 3 pasa
OoJiblie, YeM pedpo NepBOro KyOuKa, eciii 00a KyOruKa U3rOTOBJICHBI U3 OJJUHAKOBOTO
Marepuaa.

Pewenue. Ilycts V- 00bEM nanHoro napasmienenunena. [locie yBenuueHus kaxaoro pedpa B 3
pasa, ero 06béM Oynet paBeH 27 V.

vV 10

27v x  x=270 rp.
Ortser: 270.
JlomamniHee 3a7aHue:

1. O0BEM psMOYTOJILHOTO Mapasuienenumena pasex 32. Uemy OyaeT paBeH 00bEM
napasuieNienuneia, eciiv Kaxaoe ero pedpo YMEHBIIHUTh B 2 pasa.

2. B cocyn, nmeromuii popMy npaBuiIbHON TPEYTOIbHON IPU3MBI, HAJIUIU BOAY. Y pPOBEHb BOJIbI
nocturaet 36 cMm. Ha kakoii BbicoTe OyAieT HaXOIUThCsl YPOBEHb BOJIbI, €CIIU €€ NEPEeIUTh B
JIpYro# cocy ToH e (pOopMBbl, y KOTOPOTO CTOPOHA OCHOBaHUS B 3 pa3a Oouibliie, 4eM y MepBoro.
OTBeT BhIpa3uTe B CAHTUMETpAX.

3. 3akpbIThIl COCYJ] B BUJIE IPSIMOYTOJIbHOTO Napayienenunea ¢ pedpamu 30, 40 u 45 cm.
CTOUT Ha TOPU30HTAIBHON MOBEPXHOCTH TAKKUM 00pa3oM, UTO HaMMEHbIIasi TPaHb SBIISAETCS
nHOM. B cocyn Hammnu Bogy 10 ypoBHs 36 cM. Ha kakoM ypoBHE OKa)KeTCsl BOJa, €CIIU COCY]L
NOCTaBUTh HAa HanOOJIbIIYIO IpaHb? OTBET JaliTe B CaHTUMETpaXx.

IpakTnyeckoe 3ansaTue Ne 70

Tema: O6beM TUPAMUIBI
Heab: HayuuTs pemaTs 3a1a4u Ha BRIYHCIEHUE 00beMa MTUPAMHUIbI
Teopetnueckuii 6110k
O06bemM nTupamMuIbl
O0beM mupaMuibl paBeH OJTHOW TPETH MPOU3BEACHUS TUIOIIAI OCHOBAHHUS Ha BBICOTY:
rjae S — miomaas ocHoBaHus, H — BEICOTa TMpaMU/IBL.
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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:

I |
‘.ngh,(Sl—i— S S +SQ)

Pemenue 3anay (110 roTOBBIM UepTEKaM)

1. Jlano: ABCD - npaBunsnas mupamuaa. AB = 3; AD = 2V3 (puc. 3).
Haiitu: a) Soch.; 6) AO; B) DO; ) V.

2. Jano: 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 =
AC 4,

AD = =242.
Torna 72! ﬁ

4.d=AC=ADV2 (o CBOWCTBY AMaroHamn Kpampara, d2= 2a2).

- .- 2=
3) ABCD - kBajpat (mupaMuia mpaBUIbHAS ). Soen, = AD = (2‘5) =8.
Vo tSp b Vo o8 2m o=,
4) 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) Paccmorpum AFOM: £0 = 90° (tak kak FO L (ABC), 3uauur, FO L OM) FO = 4,FM =
5, OM= yMF’ - FO’ (o Teopeme IMudaropa), PM= ¥25-16 =49 =3. OM =r (r - pamuyc
V3

AK = 2r 1g2=2-3tg = =6-~—=2+/3.
OKPYXKHOCTH, BIMCAHHOM B MPAaBUJIbHBIN IIIECTUYTOJIBHUK ). 6 6 3

) S = 6Sss0ic sm-%AK-OM%.zJiJ:zJ’i Soe. = 6333 =183.

3) V= %sw,.-ﬂ; V= %-1&5-4:24»/5.

(Otser: a) 18V3, 6) 24+3.)

3amava: Jlana TpeyronbHas yceueHHas nupamuaa. Ee Boicota h = 10 cM, CTOPOHBI OTHOTO U3 OCHOBaHHI
paBHbI @ =27 cM, b =29 cMm, € = 52 cm. TlepumeTp BTOporo ocHoBaHus paBHsietcss P2=72 cm. Haiinure 06bem
MUpaMUIBL.

' L--------

s

Jst pacueTta 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 l:i&? +29+52 =108cm

10=
P J_:T :!].:1_(_'_!'”_

Teneps Haigem S2:

S l:qb,.-"fp (p-a)(p-b)(p-c)

S =1/ 54(54-27 ) (54-29 ) (54-52 ) =/54x27 x25x2 =/ 72000=270cm”

3Has1, 4YTO MUpaMHJIa YCEUCHHAsI, IeJTaeM BBIBOJ, YTO TPEYTOJILHUKH, JIE)KAIINE B OCHOBAHUSX TTOT00HBI.
KoaddurueHT momo6ust 3THX TPEYroIbHUKOB MOXHO HANTH M3 COOTHOIICHUS TIepUMETPOB. OTHOIICHUE
TUTOMIAJICH TPEYTONILHUKOB OyIET paBHO KBaJIpaTy 3TOro KO3 QuimeHTa:

2

Spo Py w08 o
S, p? 1’ 1
18
S y=——
S 5= ! x:fm =120cm :
Tereps, KOIIAa MBI HALLTH TUTOIA/H OCHOBAHMI YCEHEHHOM MHPAMHU/TBI, MOKEM JIETKO PACCHHTATD €€ 0GBeM:
I:’:% x 10X (ETLH— /270x120 4120 ) :? (270+180+120 )= l;} X570 =1900cm >

Takxum 006pa3zoM, BEIYMCINB KOAPPHUIIMEHT MOA00HS U pacCUMTAaB IUIOLIAlb OCHOBAHHM, MBI HAIIUTA 00BEM
3a/laHHON YCEYEeHHOU MUPaMUIb.

Homarnee 3a1anue

1. Tano: AlA2A3A4 -pom6, SAlA2A3A4 -mmpamuma, AlA4 = 3 «£SBO =
B, OB L A3A4, LA2A10 = a (puc. 6).

Haittu: V - ?
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Pemenue:

| .
: = - = o = —asina,
1) PaCCMOTpI/IM AOA}A‘ . OAJ acosa, AOAJB : OB = acosasing 2

2) ASOB: SO= -;-asin 2atgP.

3) Socn.= 4854301, =4--§-a-08=2a-%asin2a = o&’sin2d
l ’ 2 . l . l 3 - 2
4) V,..,L=§S°“.-SO, Voup. ™ 32 sm2a--5asmlatgﬁ=ga sin” 2atgf

© g a’ sin? 2cutgP.
TBET:

IIpakTuyeckoe 3ansitue Ne 71

Tema: O6beM HUIMHIPA
Hesan: HayuuTs pemarh 3a1a4un Ha BRIYACICHUE 00beMa IUIHHPA

Teoperuueckuii 010K

LumuHIp 3TO reoMEeTPUIECKOe TE0, KOTOpoe ChOPMHUPOBAHO BPAILICHUEM MIPSIMOYTOJIbHUKA Ha
OCH, COBIIQ/IAIOIICH C OJHUM M3 ero cTOpoH. CIOBO «IIMJIMH/IP» MPOUCXOIUT OT FPEUECKOr0o
cioBa «kylindrosy.

Brruucnenue o0beMa MUIUHIPA MPOU3BOIUTCS IO CIIEAYIOIIeH dhopmyre:

V=nrh
V — 00beM uIHHIpa
h — BeICOTA IIMIIMHIpA

I — paAnyc OCHOBaHUS
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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?

—_————

F=114 /oM’

R1=6,5vMM + 4mm = 10,5mMm = 1,05¢cMm (Hapy>KHBIiT)

R, =6,5MM = 0,65¢cMm

V=Vi-V,=1 - (1,05%2500 - T - 0,65 -2500 =1700T = 5338 (cm°)
M=PFP -V=11,4-5338 = 61kr.

4. Kakoe koiauuecTBO HETH (B TOHHAX) BMELAET LIMJIUHAPUYECKas IMCTepHa quameTpa 18 M u
BBICOTOM 7 M, €CIIi TJIOTHOCTh HetH paBHa 0,85 r/em>?

H="7m; d = 1M; Pyegru = 0,85 r/em®
m =?

V,=TR*H = 1927 = 5671 (M)
m=V-p = 15131

Jlomarrnee 3aj1aHue:

1. ,ZII/IaFOHaJ'II) OCCBOI'0 CCUYCHUA TNUJIIMHAPA COCTABIIACT C IJIOCKOCTBIO OCHOBAHHUA MUJIMHAPA

yroJa 60°. Haiinure 06beM nuIMHIpA , €CIU TUIONIAh OCEBOTO CEUeHHUs paBHA 16 \E oM,

2. Ha cxman B MacTepcKoii 10 MOIIKBY OJICKbI IIOCTYIHII PYJIOH APArioBOM TKaHHU B opme
mwHapa. [Ipu TpaHcopTHpoBKe OBLT YTEPSIH TOBAPHBIN SAPIBIK C YKa3aHUEM JITMHBI TKAaHU 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

V = _171'1{31/

rac R — paanyc OCHOBAHHA KOHYCA, H -- ero BeicoTa

I?

7]

[Iap 3T0 reomeTpruecKkoe Teo, 00pa30BaHHOE B Pe3y/IbTaTe BPAIlCHHS MOJIYKPyra Ha OCH
CBOETO JIMaMeTpa.

O06bem mapa MOXKHO BBIUUCIHUTH MO Gopmye:

_ 3
V—37rR

R — panuyc mapa

V — o6bem mapa
n—3.14
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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?

Pemenue:
V= LaR'H = 1g.3%2= A L ST 0
3 3
P = 1650+6+3,14 =
= 31 086 wr = 31 T B
COmeem: P = 31 1. Pur. 3

2. Cwmoiry Jutsi POMBITINICHHBIX HYXI COOMPAIOT, MOBEIINBAsI KOHMYECKHUE BOPOHKH K
cocHaM. CKobKO BOpoHOK auametrpom 10cm ¢ oOpasyromeit 13 cm Hy)HO coOparb,
9TOOBI 3aMOJTHUTH JCCSTHIUTPOBOE 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 HIWIMHAPA ¢ KOHUYECKUM BepXoM. Paauyc ero ocHoBanus 2,5 M,
BbICOTa 4 M, IPUYEM LMJIMHAPUYECKAsl YaCTh CTOra UMeeT BrICOTY 2,2 M. [InoTHOCTH ceHa
0,03 r/em’. Omnpenenuts Maccy cTora ceHa.
Pemennue:

R=2,5Mm

0100; = 4m

010, =2.2m

P =0,03r/cM®

m=P-V; V, = 12,5222 = 13,75 M°= 13750000cm’
V=1/37m -2,5%1,8=3,75m> = 3750000 T cm®

M = 0,03 - 175000007 = 0,525 T T = 1,6 T
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4. CtakaH4HK JUII MOPOXKEHOTO KOHUYECKOH (OpMbI nMeeT riryOuHy 12 cM u auameTp BepxHen
yacTu 5 cM. Ha Hero cBepXy MoJIOKWIM JBE JIOKKH MOPOXKEHOTO B BUJIE MOJIyLIAPUI THAMETPOM
5 cM. IlepenosHUT JIn MOPOKEHOE CTAKAHYUK, €CJIM OHO PacTaeT?

OA=12cm
BC=d=5cMm
HepeHOJIHI/IT JIX MOPOKCHOC CTaKaHYHUK?
5

Vu=43%R3(5/20°=125%/6 =206 *

257712
V=13 FRH=1/3 A(5/2)%12= 12 =25%
OTBeT: HET.
3agaqa:

Haiitu o6bem mapa paguycom 10 caHTUMETpOB.
Pemennue:

Jlnst TOTo 4TOOBI BRIYUCIUTE 00beM mapa GopMylia HCIOJIb3yeTCs CAeAYIOIIas:
4

V= gR®
3

rae V — uckombii 00bem mapa, n — 3,14, R — paauyc.
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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?

O6beM 1mapa HaxoAUTCA 10 popMyIIe:

vV : R?

[Ipu yBenmueHun paanyca B ECTh pa3 ero 00bEM Oyer:
4 4
V= E}T(_ER}E = 216 ~§}TR3

TakxuMm oOpa3om, 00beM IIapa yBearauTcst B 216 pas.
Ortger: 216

2. O6wvem omHoro mapa B 216 pa3 Gosblie o6bemMa BTOpOro. Bo CKoIbKO pa3 IIIoIaab
MIOBEPXHOCTH TIEPBOTO IIapa OOJIBIIIE TUIOMIAH TOBEPXHOCTH BTOPOTO?

\_

®opmyna o0bEMa mapa:
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4
V =—nR?

3
dopmyna miIoniaau MNOBEPXHOCTH 1Iapa:
S = 4nR*?
[TycTh 00BEMBI IAPOB COOTBETCTBEHHO PABHBI:
4 3 4 3
V1=§}TR1 V2=§}TR2

W3 ycnoBus cnenyer, 4ro:

4 2 4 2
ERRI = EIE'EHRZ

R.*=216-R,*

To ecTh, MBI YCTaHOBHIIM, YTO PAIHyC NEPBOTO OOIbIIE pagmyca Broporo B 6 pa3. Eciu pannyc
1rapa yMeHbUIUTH B 6 pa3, TO MIOIIA s MOBEPXHOCTH IIapa U3MEHHUTCS CIEIYIOIIUM 00pa3oM:

e 4 (‘R'z 4T R?
- .6) ~ 36

To ectb oHa ymeHbIIUTCS B 36 pas.

I[OMaI_HHee 3aaHuC:

1. Halingute 00beM KOHYCa , 0CEBOE CEYEHHE KOTOPOTO MPEACTABISAET COO00i

PaBHOOEIPEHHBIN MPSMOYTOJIbHBIN TPEYTOJbHUK C TUIIOTEHY30! , paBHOM 6 -.E CM.

2.Haitnute 00beM KOHYCA , TTOJIYYEHHOTO B PE3YyJIbTATE BPAIIEHUSI BOKPYT OOJIBIIIETO KaTeTa

o o 0
MPSIMOYTOJIBHOTO TPEYTOJIbHUKA C TUIIOTEHY30M , paBHOM 2 “E cM, u yriom 30°.
Tecm no meme: «Tena epawenusny

1. Tlpu BpamieHuu NpsSMOYTOJIbHUKA BOKPYT €r0 CTOPOHBI, TOTy4aeM:
a)KOHYC; 0) yCeUeHHBI KOHYC; B) IIap;  T) HUJTUHJAP.

2. Tlpu BpaieHHH TPSIMOYTOJBHOTO TPEYTOJIbHUKA BOKPYT €ro KaTeTa, MoJdyJdaeM:
a)yCE€UYEeHHBbIN KOHYC; ©O) HWIMHJIp; B)IIap; TI) KOHYC.

3. [Ilpwu BpameHu# MpsIMOYTOJIBHOM Tpareuy BOKPYT ee OOKOBOW CTOPOHBI, ITOJTy4aeM:
a) LMIuHAp; 0) yceueHHBIH KOHYC; B) KOHYC; T) HIap.

4. Tlpu BpallleHuu NOJYKpyTa BOKPYT €ro JuaMeTpa, MoaydaeMm:
a)yCeueHHbIN KOHyC;  O) IMIMHAp; 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.
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B reomerpuu map ompeaensieTcs Kak HEKOe TeJlo, IpeACTaBisonee co0oi
COBOKYIIHOCTbH BCEX TOYEK NPOCTPAHCTBA, KOTOPBIE PACIOJIAralOTCA OT LEHTPa Ha
paccTtosaHuHU, He OoJee 3aJaHHOI0, Ha3plBaeMoro paguycoMm mapa. [loBepxHocTh
mapa uMenyercs chepoid, a cam OH oOpasyercs MyTeM BpalleHUs MOJYyKpyra OKoJo
€ro AuamMeTpa, OCTAKIIEroCs HEIOIBUKHBIM.

C 5TUM reoOMeTpUYECKUM TEJIOM OUYEHb YACTO CTAJIKUBAIOTCSA MHKEHEPHI -
KOHCTPYKTOPHI M apXHUTEKTOPHI, KOTOPBIM YaCTO MPUXOJAUTCS BBIYUCIATH 00BEM
mapa. CkaxxeM, B KOHCTPYKLIUH NepeJHeld MOABECKHU MOaBIA0IEro 60IbIINHCTBA
COBPEMEHHBIX aBTOMOOMJIEN HCIOJb3YIOTCS TaK Ha3blBa€Mbl€ LIapPOBbHIE OMOPHI, B
KOTOPBIX, KaK HETPYAHO A0rajgaThCcs U3 CaMOro Ha3BaHUs, OJHUMU U3 OCHOBHBIX
3JIEMEHTOB ABIAIOTCA UMEHHO mwapbl. C UX MOMOILIbIO IPOUCXOJAUT COCIUHEHUE
CTYNHI] yIpaBiseMbIX KoJeCc U pbidyaros. OT TOro, HACKOJbKO NPaBUIbHO

OyJeT BBIUMCIEH UX 00BEM, BO MHOTOM 3aBUCHUT HE TOJIBKO JOJTOBEYHOCTh ITUX
y3J0B M MPaBUJIBHOCTbh UX pabOThl, HO U 0€30MaCHOCTh ABUKECHHUS.

B TexHuKe mumpouaiimee pacnpoCTpaHEHUE NOJYYHUIIN TaKue AeTallu, Kak
HIapUKOBBIE MOAIMMUITHUKH, C TOMOIIBK KOTOPBIX NPOUCXOJUT KPEIJICHUE OCEH B
HEMOJBUKXHBIX YAaCTAX Pa3JIMUYHBIX Yy3JIOB U arperaTtoB U oOecreuynuBaeTcs ux
BpaueHue. CiaeayeT 3aMeTUTbh, YTO NIPH UXpacyeTe KOHCTPYKTOpaM TpedyeTcss HaAaWTH
00beM mapa (a TOYHEee — mapoB, MOMeENaeMbIX B 0001WMY) ¢ BBICOKOUW CTENEHbIO
TOYHOCTHU. YTO KacaeTcss U3roTOBJIEHUS METAJUINYECKUX IMIAPUKOB IS
NOJAIIMIHUKOB, TO OHU IMPOU3BOIATCA U3 METAIINYECKON NPOBOJOKHU IIPU MOMOIIHU
CIIO)KHOTO TEXHOJOTHYECKOT 0 Mpolecca, BKJIoyatnero B ceds craauu GopMOBKH,
3aKaJiKku, rpy0ooil miandoBKU, YUCTOBON NPUTUPKU U ouucTKHU. KcTtaTtu rosops, e
HIapUKH, KOTOPBIE BXOISAT B KOHCTPYKIINIO BCEX IIaPUKOBBIX pPYyUYEK,
MU3TOTaBJIMBAIOTCS IO TOYHO TaKOW K€ TEXHOJOTHHU.

JlocTaTO4YHO 4acTO mapbl UCHOJIB3YIOTCSI U B ApXUTEKTYype, IpUYEM TaM OHU dalle
BCEro SBJSAIOTCA ACKOPATHUBHBIMU JJIEMEHTAMHU 3JaHUM U JPYTUX COOpYyKeHHi. B
OOJBIIMHCTBE CIyYyaeB OHM M3TOTABJIMBAIOTCS U3 T'PAHUTA, YTO 3a4acTylo Tpedyer
0onpmuX 3aTpaT pydyHoro tpyaa. Koneuno, co0noaaTh CTOIb BEICOKYIO TOUHOCTD
U3TOTOBJIEHU 3TUX LIAPOB, KAK T€X, KOTOPbIE IPUMEHAIOTCSA B Pa3JIM4YHBIX arperarax
U MeXaHu3Max, He TpedyeTcs.

bes mapoB HEMbBICIIMMA TaKasd UHTCPCCHAAd U NONMYyJIdpHAsd UTpa, Kak 6I/IJ'IB$Ip,[[. I[J'I}I
HUX MPOU3BOACTBA UCHOJB3YIOTCA pa3IMUYHBIC 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 CIOoCOOHOCTH BBIACPKHUBATH BBICOKHUEC MCXAaHUUYCCKUC HAT'PY3KHU
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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 J3 em Haiinure muomanb ceyeHus u
00beM
3. OceBoe ceucHHE LWIMHAPA — KBaApaT, IUIONAAb OCHOBAHWS LHIMHAPA paBHA 167 cv’.
HaiinuTe nnomaap noBepXHOCTU HUIMHIPA, 00BEM
4. BeicoTa KoHyca paBHa 6 cM, yroJj IpH BepIInHe oceBoro ceueHus paseH 120°. Haitnure:

a) IJIoLIaJb CEYEHHUS! KOHYCa IUIOCKOCThIO, MPOXOAIIEl depe3 1Be 00pa3yromine, yroja Mex1y
KoTopeiMu 30°;

0) ronraib OOKOBOM MOBEPXHOCTH KOHYCA.

B) 00bEM
5. Jluametp mapa paBeH 2m. Uepes KOHEI [uaMeTpa MpOoBeAeHa MIOCKOCTh MO yriaoMm 45° k
Hemy. Haiiaure nnunHy nuHuM nepecedeHus cepsl 3TOH MI0CKOCTHIO.

2 BapuaHT

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 INIOCKOCTHU ACx s ) B35 8 5) , TO KOOPAUHATEI TOYKHU M(%pg3 P 1¢) ,

Adg
/’1 =
KOTOpas JIeJIUT OTPE30K AL B oTHOIIEHUU By BbIpaxaroTcsi GopMynaMu:
Tg+A-xp Fa+ A ¥z
Kya=—2 T8 =24 - S8
M Yot 1+ 4
[Tpumep 1

Haiitu KoOopAMHATHI TOYKH M , lensieit orpesok A5 B otHOmIEHNH 1.3 , €CJIM U3BECTHBI

rouxy A 3L B3 -1)

LA

Pemenue: B nannoii 3agaue EM 3 Tlo gpopmysaM JeneHus oTpe3Ka B JAaHHOM

OTHOILIEHNH, HAUJEM TOUKY M (3¢5 F aa) :

1
X =;{A+/1.x3=5+§'(_3:'=5—1=4£=3
A 144 . 1 4 4
3
1 1 B
3+ (-1) 3-- =
_Yat A ¥a "3 ( )= 3=i=§3=2
1+ 4 1 L 4 4 34
3 3 3
OrTaer: M(3,2)

B 3amaue He Tpe6yeTCH CTPOUTD YCPTEIKA, HO €TO BCCTrAa MOJIC3HO BBIIIOJIHUTHE HA YCPHOBUKE:
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AM 1

JeiicTBuTENBHO, cooTHOomene £ 3 ppimonnsercs, To ecTh otpe3ok 4M B Tpu paza kopoue

orpeska HM | Eciu nponopuys He 04eBHIHA, TO OTPE3KU BCETa MOKHO U3MEPUTH OOBIYHOMN
JIMHEUKOH.

[Ipumep 2
JlaHbI TOUKH KCZD L8 Hajirn:

a) TOUKY M, JENANIYIO OTPE30K L4 B OTHOLIEHUM 45

6) Touky & , memsutyro orpesok £% B orHomrennu 43,

[Tpumep 3

Touka £ npunannexut otpesky L7 . UssectHo, uto oTpesok ¥ B nBa pasa mmHHEE

D245, P[%; 2].

orpeska ¥, Haiitu Touky 7, ecim

Pemenue: 13 ycCJioBus CICAYECT, UTO TOYKaA F ACIIUT OTPE30K DA B OTHOIICHHUH 2:1 , ¢cduTasa OT

nr
A=——=12

BEPILUUHBI D, TO €CThb, CIIPABEAINBA IIPOIIOPLIUSL: HP . 1o popmynam neneHust oTpe3ka B
JAHHOM OTHOIIECHUU:

n+ A Xy Yo+ A ¥g
Kp="2 &% p=rf T o H

1+ 4 1+ 4

8 2+ 1ixg

=‘,>2+2;*:H=E3=‘,>2+2;*:H=8:‘>2x5=6:‘be=3
3 1+ 2 3

2=%:~4+2yﬂ.=5:~2y‘g=2:yﬁ.=1
+

OTBer: E{ERY

[Ipumep 4
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Touka M € A5 Orpesox M B monropa pasa kopoue orpeska AM | Haiitu Touky 4, ecim

HN3BCCTHBI KOOPAWHAT TOUCK B{E; D)’ M{_ L 1} .

Pemenue B koHne ypoka. OHO, KCTaTH, HE €JMHCTBEHHOE, €CJIM OWAETE OTIIMYHBIM OT 00pasia
nyTéM, TO 3TO He OyJeT OMMOKOM, I1aBHOE, YTOObI COBIIAIN OTBETHI.

q)OpMy.]IBI ACJICHHUA OTPC3Ka B JAHHOM OTHOLICHHWHU B IPOCTPAHCTBC

J1s mpoCcTpaHCTBEHHBIX OTPE3KOB BCE OYAET TOYHO TAK XK€, TOIBKO J0OABUTCA €I OJJHA
KOOpJUHATA.

Ecnu u3BecTHBI ABE TOUKU POCTPAHCTBA A ¥ 47240 Bx 5 ¥ 5 25) , TO KOOPAUHATHI

Add
touxn M Fae Fae Zae) KoTopas aeaut otpe3ok A5 p otnomennn — HM | ppipaxarorcs
dbopmynamMu:
N Xyt A-xp _¥a+ Ay 2 Iyt Az
MU e M 144 M e
IIpumep 5

JlaHbl TOUKH A-L-5-0 B2 -4 Hajiry KoopauHATH Toukd M | mpuHagnexameit

orpesky 4B, eciu ussectHo, uto AM  BM =4:2
Pemenue:

ITo popmynam KOOpAMHAT CEPEUHBI OTPE3Ka:

L _Ti+22_2 . _C3+2(4y_ 1 -4+2.0_ 4
M 42 3 oM 1+ 2 37 M

[Ipumep 6

B(-51,3), C14, 2,

JlaHbl TOUKH = 3) . HaiiTu KOOpaMHATHI TOYKH A | ecri M3BECTHO, UTO OHA

JIETUT OTPE30K BT g ornomennn 31,

(DOpMYJ]LI KOOpAUHAT CCPCAUHBI OTPE3Ka
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)

A | yacmy M | yacms
IS . °

_ Xyt X y _Yat¥s

X
i 2 A 2

I[J'IH IIPOCTPAHCTBCHHOI'O ClIy4das CIIpaBCAJIMBA OYCBHUIHAA aHAJIOT'UA. Ecmu JaHbl KOHIIbI

0Tpe3Ka‘4(xA’ FaiZg) Bxg FpZal , TO KOOpAHHATHI ero cepemunbl M BrIpakaroTcs popMynamu:

_ dat g _¥atlVa _ZfatZs
R - L W A . e

X
M 2 M 7 2

IIpumep 7

[apamtenorpamm “ZCL 3a5an koopanHATaAMH CBOKX

A(-4, 00, B4, 4), O(7, 23, Di-1,

BEPILIUH -2) . HaiiTu TOUuKy niepeceyeHus ero quaroHajieu.

Pemenmue:

ITo HU3BCCTHOMY CBOﬁCTBy, JUaroHalii mnapajuiejiorpamma CBOCH TOYKOI

MNEepECCUCHUA D(IG’ ‘F"-_":I ACJIATCA TIOII0JIaM, ITO9TOMY 3a/1avy MOKHO PECIINUTb ABYMSI cIocobaMH.

Cnoco0 nepBblii: PaccMOTpuM IpOTHBONOIOKHBIE BEPILINHBI A-4.0), €7 2) . [lo popmynam
JIeJIeHHSI OTPE3Ka TI0NoJIaM HaMIEM cepeiHy quaroHany A< :
xA+xC=—4+T=E yﬂ+yc_lil+2_1

2 2 2 2 2

o=

G'[—; IJ
B pesynbrare: 2

B4, 4), D=1,

Cnoco0 BTopoii: PaccMOTpuM NPOTHBOIOJIOKHBIE BEPIIMHbI ~2) 110 bopmynam

JIENIEHNs OTPE3Ka MOTOoJIaM HaiIEM CepeMHy quaronann 547

)
Takum oOpazom: 2

o3
OTBer: 2
[Tpumep 8

5 1 1
st} :
Janbl TOUKH 3 4 2 . Haiitu cepenuny & orpeska 3

[Tpumep 9
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Touka M memut otpesok AF momonam. Haiiti Touxy &, ecii n3BeCTHbI

rouxy A0 0-3. MG -41)

Pemenne: Vicrionszyem (popMyiibl KOOpAUHAT CEPEIUHBI OTPE3Ka:

g+ X ¥at+ ¥ Z4+Z
_ 4 ] _+4d K _ =4 ]
% _T’ y?._T, zZ, _T

Ham HensBecTHBI KOOPAMHATHI *2:¥2: %22 11 cHOBa MOXHO BBIBECTH 001IyI0 GOpMYITY ISl UX
HaXO0XJIECHUs, HO ropa3Jio JIerye cpa3y MOACTaBUThH YUCIIa. TONBKO MPONOPLUAMHU BEPTH:

5 2+ xp

= d+xp=10=x=8

_4=|:|+2.}?B i_}'?B:_E

-3+ 2,

1= ==3+Zp=2d=Zp="1

OrBer: 5(8.-8,3)

IIpakTuyeckoe 3ansaTue Ne 75
Tema: CkansspHOoe NPOU3BEACHHUE JIBYX BEKTOPOB
Heab: HayuuThs BEIUUCIATH CKAIAPHOE MTPOU3BEICHUE ABYX BEKTOPOB

Teopetnueckuii 6110k

Onpenenenne: CKaTapHbIM IPOU3BEIEHUEM JIBYX BEKTOPOB £ 1 £ maspiBaeTcs wmCIO,
pPaBHOE IPOU3BEJCHUIO JUIMH 3TUX BEKTOPOB HAa KOCUHYC YIJIa MEXK]1y HUMU:

T b= |§| |5| cos (@ B)

OGo3Ha4eHNe: CKAIPHOE POU3BEICHIE 0003Ha4aeTCs depes & #

[pumep 1

- 5 g|=2. [p|=5 <Z@#)=
Haiitu ckansgpHoe npousBeieHHe BEKTOPOB % u ¥ , eciiu

Th = |§| |5| cos (@ B

Pewmenne: Vcnonb3yem popmyny . B nanHOM ciyuae:

10-£=5»J§

25 = b2 Bl cos L@ By = 2.5 s0s
czE:-—|a| |b| cosS{@ hi=2-5 |::os6

2
OtBert: zb =53
[Ipumep 2
—7 Tl=73 il= 2 o
Haiitu ©¢ | ecin H | |d| , @ YTOJI MEXy BEKTOPAMU 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= |§|-|§|-cosi(§; Py

|§|::-D,|5|>D

Haiy Gopmyny: . [InvHBI HEHYJIEBBIX BEKTOPOB BCErAa

MIOJIOKUTEIBHBIL:
KOCHHYCA.

, IIOOTOMY 3HAK MOXET 3aBUCETH TOJBKO OT 3HAYCHUA

< SfE by
yFOJ’I MCXKAY BCKTOPAaMHU MOXKCT N3MCHSTBHCS B npez[enax D _iliﬂ’ b :I =T

BO3MOXHBI CJIICAYIOIINEC ClIydau:

, 1 IIpU 9TOM

e T
0«07, b < —
1) Eciin yroJ Mexny BEKTOpaMu OCTPBIN: 2 (ot 0 10 90 rpaaycoB),

cos i@ by =0 =L .
TO (@, 54) , 1 CKaJISIpHOE NPOM3Be/IeHne Oy/1eT MOJI0KATEIbHBIM: b =0 Ocobbit
ClTydail: eciii BEKTOPbI COHANpas/iensl, TO YTOJl MEKIY HUIMHA CUATACTCS

L@ E)=0

HYJICBBIM , 1 CKAJLIPHOC ITPOU3BCACHNEC TAKIKC 6y,I[eT ITOJIOKUTCIIbHBIM.

7 5=lal F
[Tockomnbky -2 0=1 10 dopmyna ynpomiaercs: “ |':I| |b|

iy (@ B) <o
2) Ecnu yroJ Mexy BeKTopaMu TYHOIi: (ot 90 mo 180 rpamycon),

cos (@ b <l . Fh
TO (@.&) , 1, COOTBETCTBEHHO, CKAJISIPHOE NIPOU3BEAeHHEe OTPUIIATEILHO: b <0
OcoO0blit cydyaii: eciii BEKTOPBI HANPAGLEHbl NPOMUBONOJIONCHO, TO YTOJI MEKY HUMH

L@ Bi=m

CUUTACTCS PA3BEPHYMBIM. (180 rpagycoB). CkansipHoe MPOU3BEACHHUE TOXKE

OTPUIIATENIBHO, TaK Kak “984 = -1

CripaBeasiuBbI U 0OpaTHBIE YTBEPIKICHUS:

1) Ecom @2 >0 10 yrom Mex/1y ZaHHBIME BeKTOpaM# OCTpbiii. Kak BapHaHT, BEKTOPHI
COHAIIPAaBJICHBI.

2) Ecin Zh <0 1o YIOJ MEXIY JaHHBIMHU BEKTOpamu Tynoi. Kak BapuaHT, BEKTOPBI
HaIIpaBJIEHbI IPOTUBOIIOJIOXKHO.

Ho ocoOslif nHTEpEC MmpencTaBiIseT TPETU ciyvail:

=TT

SlE b= —

3) Ecau yroa mexay BeKTopamMH NPSIMOIi: 2 (90 rpamycos),
T
cos—=10 -
TO : ¥ CKaJIsipHOe pom3Beenne papno nymo: 22 =0 O6parnoe Toxe BepHO:
i sJa =2

ecn &2 =0 1o 2 . KOMIIaKTHO yTBEp:KICHHE (hopMyHpyercs Tak: CKasipHoe

NMPOMU3BECACHHUE IBYX BEKTOPOB PABHO HYJ/JII0 TOIr'1Ia U TOJbBKO TOr1a, KOraia 1aHHbIC

BEKTOPHI OPTOroHaIbHbL. KopoTkas Matemarnueckas 3anucp: 22 =0 L&

A 4to Oyzer, eciu BEKTOp ¥ yMHOXUTB Ha camoro ce0s1? IIoHATHO, YTO BEKTOP
COHAIPABJIEH caM ¢ COOOH, MO3TOMY IOJIb3yEMCs BhIIIEyKa3aHHOH YIPOIIEHHON (pOpMYIIOi:

zz = g [a]
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— —d
ok = |EI|

Nnn:

J— — =12
Uucno ¢ Ha3piBaeTCs CKAJSAPHBIM KBaJPaToOM BeKTopa @ | 1 0003HaYaTcs Kak &

Taxum oOpazom, ckaJsIpHbIA KBAAPAaT BEeKTOpa ¥ paBeH KBAAPATY AJHHBI JAHHOIO
BeKTOpa:

—1 —2
' =]

W3 naHHOTO paBeHCTBA MOXKHO MOIYYUTh (POPMYITY JUIS BEIYMCIICHUS UTMHBI BEKTOpA!
— —2
| = a

Z,b,¢
J171s1 IPpOM3BOJIBHBIX BEKTOPOB ~ *~ *~ W JH00O0TO YKCIa A CIIpaBEJIUBBI CIACAYIOIINE
CBOIiCTBA:

1)@ b=ba _ [IEPEMECTUTENBHBIN HIIM KOMMYTATHBHBIH 3aKOH CKAJIIPHOIO IIPOU3BEACHUS.

F+LVE =GT+hE . .
2) ( ) — pacnpenenuTeNbHbIA UIU JUCTPUOYTUBHBIM 3aKOH CKaJISIPHOTO
HpOI/ISBeI[eHI/IH.

A b= Alah . .
3) { :I ( :I — COYCTATCIBHbBIN NI ACCOIIMATUBHBIN 3aKOH CKaJ'ISIpHOl"O
HpOI/ISBeI[eHI/IH. KOHCTaHTy MOXHO BBIHCCTHU U3 CKaJIHpHOFO HpOI/ISBCI[eHI/ISI.

[Ipumep 3

Z—b , €CJIA U3BECTHO,

HaiiTi CKaIspHOE IPOM3BEACHHE BeKTOpoB & = —2Z +& y d

|=442, [F|=8, g(a-,f?):‘g
TO .

q
Pemrenmne:
F.d=m

=(—2a@+h) (g-h)="H
=-2z-a+b-a+2z b-b b="
=—Ca‘+a- b4z b=t

=27 +3gh -k =
= 2 +3- | B cos 2@, 5y~ [ =
5

=2 (427 +3.4J§.8.ms§—82 =—64+96«ﬁ-;—64=—32

(1) TToacTaBIseM BBIPKEHHS BEKTOPOB © *
(2) PackpbiBaeM CKOOKH MO IIPABHITY YMHOKEHUSI MHOTOUYJIEHOB

(3) B mepBOM 1 mociieTHEM ClTaraéMOM KOMITAKTHO 3aIMMChIBAEM CKAJIIPHBIE KBAaIPaThI

- =_ =2 T C_12
Bekropop:* ¢ T ¢ - b-b=b . Bo BTOpoMm ciiaraeMmom MCIOJIb3yeM MEePEeCTaHOBOYHOCTD

CKaJIIPHOTO TIPOM3BEICHUS: bha=a b,

(4) TIpuBOIUM MOTOOHBIE CIaraemele: & - b+oa-b=3z
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—12 —2
z* =l

(5) B mepBom cnaraeMoM UCTIONb3yeM (popMyITy CKaJIsIpHOTO KBaJpara , 0 KOTOpOH
HE TaK JJaBHO YIIOMUHAJIOCh. B mocienHem cinaraeMom, COOTBETCTBEHHO, Pa0OTaeT Ta ke

52 =[gf
ITyKa: |b . Bropoe cnaraemoe packiiagpiBaeM 1o CTaHAapTHON
- b= B coslia b
bopmyie |ﬂ| |b| (@.5) :
— - T

Fl=442, P|=8 Z@d)==
(6) IloacrapisieM TaHHBIEC YCIOBHS 4 , 1 IPOBOJIUM
OKOHYATEJIbHBIC BHIYUCIICHHUSI.

Orger: 7¢ =—3¢

OTtpunarenbHOE 3HAYCHUE CKAIIPHOTO MPOU3BEICHUS KOHCTATUPYET TOT (aKT, YTO Yro

MCKAY BCKTOpaMHn £ d SABJISICTCS TYIIBIM.

Pemienne ynpaxsaenuii:
[Ipumep 4

Haiiti ckanspHoe npoussencHue Bekropos £ =—Z + 28 y d =-Z+5 ey ussectHo,
T

Z|=4. B|=243, 1(5;5)=E
TO .

q

IIpumep 5
F|=3 F|=2 z@®B)=Z
JIN

Haiiti quny Bektopa © =% +38 oc 3,

Penrenue

Y 35S 7 o207 F G 1557 = a6 [l ] cos 2@ Bre9 B -

=J32—6-3-2-c05g+9-22 =J9—35%+36=w@=3«ﬁ

Orger: H: 3#@ en. = 0,20 en.

[Ipumep 6
L z|=5 [|=10, 4(5;5)=2—”
Haiitu nnuny Bektopa = =< +&  ecom 3

Ipumep 7

A2 @k

— z|=4, [5]=2 8
Haiitu yron mexmay BektopamMu & u & , €CJIIM U3BECTHO, YTO |ﬂ| .

Pemenne: Vcnonb3yem hopmyy:
@& _ s _1_ i &
- b] 422 2 Jzde oz

cos (&, &)
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cos L@ Bl =—
Hrak, ecnu , TO:

20T, B) = arceos

o | &

T
4

2@ 5 =" pag. = 45°
OT1BeT: 4

[pumep 7*

Z[aHBI Fz| |b| — JJIMHBI BEKTOPOB & , & H yroJj MCxay HUMH

val

. Haiitn yron
MEK]1y BEKTOpamMu T =—2a +3k 1 d=4a -3k

3ajaHue Aaxe He CTOJIBKO CJI0XKHOE, CKOJIBKO MHOT'OXO/I0BOE.
Pazbepém anroputm perieHus:

1) ITo ycroBHEO TpeOyercst HaiiTH yrol MeX/Ty BekTopamu & i € | 03ToMy HYkKHO
= cd
cos sl d) = —
ol
UCIOJIb30BaTh GOPMYILY .

2) Haxoaum ckansipHO€ MPOU3BEICHHE &d (cm. TIpumepsr NeNe3 4).

3) Haxoaum qiMHy BekTopa £ U JUIMHY BeKTOpa d (cm. IIpumepnr NeNe5,6).

4) KonnoBka pemenus copnaznaet ¢ [Ipumepom No7 — Ham U3BECTHO YHCIIO , @ 3HAYUT,

L7 d) = arccos [%}

KpaTkoe penienne u oTBET B KOHIIE YPOKa.

JIETKO HAWTHU U caM yTOJI:

Bropoii pa3znen ypoka MOCBSLIEH TOMY XK€ CKaJIIpHOMY Npou3BeaeHuto. Koopannatel. byaer
JIaXKe TPOLIE, YEM B IIEPBOU YaCTH.

[Ipumep 8

Haiitn ckansipHO€ Ipou3Be€HNE BEKTOPOB:
a) Z(z -3 , E(-10)

6) 48 u AC | econ st rouxn A%~ 13 B0 1-2), T -4,0)

OTBeT' ﬂ) EE = _Es E:' E - E = 6

HpI/I HCKOTOPOM OIIBITC CKAJIAPHOC ITPOU3BCACHUC MOKHO TPUHOPOBUTHCA CHUTATH YCTHO.

[Ipumep 10
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JlaHbl YeTHIPE TOYKHU MPOCTPAHCTBA A4 -3-2), B(2,-2,-3), 05 -5 1. D4, -3 - 1) )
BbsicHUTE OynyT 1M IEpIIEHAUKYISIPHBIME CIIeIyIOIIue NpsiMble:
a) AR DO

6) AC, 8D

[Ipumep 11
ais A, -2, 5(2—;1;

[Ipu xakom 3HaYEHUU A BEKTOPBI -L3) OyIyT OpTOTrOHAIBHBI?

Pemenue: [1o ycnoButo TpeOyercs HallTH TaKoe 3HAUCHUE ITapaMeTpa A | 4TOGbI JAHHbBIE
BEKTOPHI OBUIM OPTOTOHANBHEL. J[Ba BEKTOpa

IPOCTPAHCTBA V0, va ), W (w3 vy, vy

vy Hws s =0 _

OPTOTOHAJIBHBI TOT'Ida U TOJIBKO TOI'/J4,
Koraga

CocTaBuM ypaBHEHHUE:
ah =10
E2-N+A =D+ 5=0

PackpbiBaeM CKOOKH U IPUBOJIUM MOAOOHBIE CllaracMble:
6-31-4-10=10

—41-4=0
Pemaem HpOCTGfIH.ICC JIMHENHOE YpaBHCHHUE!
—42=4

A=-1

Otser: npu A=-1

[Ipumep 12

IIpu xakom 3HaYEeHUU A CKaJISIPHOE MPOU3BEEHUE BEKTOPOB (2 Al bz -3) OyzeT paBHO

—27
HaiiTu cKaIsIpHOE IPOU3BEIeHHe BEKTOPOoB ¢ 1 22 T&  ecm © 0, =332, d (=4 1.0)
DTO MpUMeEp [T CAMOCTOSTENBHOTO PEMIEHHUS. 3/1ECh MOKHO HCTIOIb30BaTh

aCCOLMATUBHOCTH OINEPAIUH, TO €CTh HE CUUTATh 3 =30-32=0-515) , a cpasy
BBLIHECTH TPOHKY 3a IIPE/eNbl CKAISPHOTO MPOM3BEICHNUS U JOMHOXKHUTh HA HeE B TOCIIETHIOI0
ouepe/b. Pelienne u OTBET B KOHIIE yPOKa.

B 3axmrouenue naparpada mpoBOKalMOHHBIA IPUMEp HA BHIYHUCIICHHUE JITHHBI BEKTOpPA:
[Ipumep 16

JlaHbl TpU BEPILIMHBI TPEYTOJILHUKA AL 0), 8(3,2). 06 - 4) . Haiitn £A48C (yron npu
Bepuue &),
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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
BO(S—3 —4—21=BC(2 - 6)

Brruncnum ckanasipHOe NPOU3BEICHUE:
BA.-BC =-4.2-2.(-6)=-8+12=4

N nnuHbI BCKTOPOB:

|ﬁ|= J -2t = 16+ 4 =20 =2.5
|ﬁ|=,322+(—6 Y= fA+36 =40 =210

Kocunyc yrna:

— — BA.BCT 4 1 1
cos S BA B = — = = =
( ) gdl [Bc| 245 210 500 5.z
cosi(ﬁ;ﬁjziﬂlgc = B =
BA|- BT Ji? + (-2 2+ (67
—8+12 4 4 4 1

T JI6+4 Ja+36 20 40 /800 2042 542
Haitném cam yrou:
i(ﬁ; E}I = arn:n:-::-sL 1 43 pag. = H2

542

ZARBC = arcoos

a0 1,43 pag, = 82°
OTtBer: 542

[Tpumep 17
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B npocTpaHcTBeE 3aaH TPEYrOJIBHUK KOOPAUHATAMU CBOUX
BEPILIUH ALLD, 403000, 4037 . Haiitu yron mexny cropoHamu 44, u A4

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 MEKIy BEKTOpaMHU CD u MN.

2. Tlpu kakoM 3HaYCHHMH (3HAYEHUSAX) d BEKTOPHI 5(6 -ki k; 2) u 51(-3; 5 + bk; -9)
NEePIEeHIUKYIIAPHBI?

3. Ilpm KakoM B3HAYEHHH @ BEKTOPBI M u CD KOJUIMHEApHBI, eciiu A(-2; -1, 2), B(4;
-3, 6), C(-1,; a-1; 1), D(-4; -1, a)?

4. WUsectHo, uro |a| = 4, |&] = 1, £(a,8) = 60°. maiimure coS @, rae @ - yroa MEKLy
BEKTOpaMH a+awma.

5. Haiigute umHy Bektopa a+a—f, ecim |4 = 1, |&] = 2, |fi] =3, £(a,8) = 90°, £(a,fi) =
120°, £(a,f)) = 60°.

6. B kyb6e 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.

BAPI/IAHT 2.
1. [laHBl KOOPIMHATHI TOYEK A(] 1; -4), D(2; -3; 1), C(-1; 2; 5), B(-3; -1; 0). Haiimure

KOCHHYC yTJIa MKy BEKTOpaMu CD u AA.

2. Tlpu kakom 3HaueHud (3HayeHHsix) M BekTopbl a(4; m - 1; m) u &(-2; 4; 3 - m)
NepPIEeHANKYISPHBI?

3. Ilpm KakOM B3HAa4YEHHMH a  BEKTOPHI MN u CD KoJutnHeapHsl, ecn - M(1;
-2;a), B(-l;a+3;-1), C(-3; 2; 4), D(1; -4; 2)?

4. U3BecTHO, YTO |Ei| =2, |ﬁ| =3, Z(aﬁ) = 120°. maiimure coS a, rIE @ - YrOI MEXIy
BEKTOpaMuU m+num.

5. Haiigure aiuHy BeKTOpa é—é—ﬁ, eciu |5| =2, |§| =3, |r:1| =4, 4(5,5) = 60°, 4(5, Fl) =
120°, /(a,f)) = 90°.

6. B npsmoyronasHom napamienenunene ABCDA1B1Ci1D1 AB = BC = % AA,. Beruncnure

KOCUHYC yria Mexay npsimeiMa  a) BD u CDy; 6) AC u AC;.

BAPUAHT 3.
1. [Hasbr koopauHatel Touek A(1; -1; -4), D(2; -3, 1), C(-1; 2; 5), B(-3; -1; 0). Haiinure

KOCHHYC yriia Mexay Bekropamu CD wu AA .
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2. Ilpu xakom 3HadeHuu (3HaueHWsx) M BekTopel a(4; m - 1; m) u &(-2; 4; 3 - m)
MEePIECHANKYISPHBI?

 —

3. Ilpm KakOM 3HAYEHUH a  BEKTOPHI MN u CD kommuneapusl, ecmu M(1;
-2;a), B(-1;a+3;-1), C(-3;2;4),D(1; -4; 2)?

4. U3BecTHO, YTO |Ei| =2, |ﬁ| =3, L(Fﬁ,ﬁ) = 120°. naiigure cOS @, e & - Yron MEXIy
BEKTOpaMu m+num.

5. Haiigure mmHy BeKTopa é—é—ﬁ, eciu |§| =2, |§I| =3, |r:1| =4, 4(5,5) =60° «(
120°, /(&,7) = 90°.

—

a,f) =
6. B mpsmoyronsHom napamienenunene ABCDA1B1CiD; AB = BC = % AA,. Beraucnure
KocHHYC yrina Mexnay npsimbiva - a) BD u CD1; 6) AC u AC:.

Kpurepuu onennBanus
O1ieHKa «OTJIMYHO» BBICTABIISACTCS CTYICHTY
3a 100% mpaBUIBHBIX OTBETOB;
O11eHKa «XOPOIII0» BBICTABIISECTCS CTYICHTY
3a 75 - 99% nmpaBUIIBHBIX OTBETOB;
OrneHKa «yJI0BJIETBOPUTEIILHO» BBICTABIISIETCS CTYIACHTY
3a 50 - 75% npaBUIIBHBIX OTBETOB;
OrneHKa «HEyI0BIETBOPUTEIILHO» BBICTABIIACTCS CTYACHTY

3a meHee 50% MpaBUIbLHBIX 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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