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Tloacnumenvnan 3anucka

MeTtoandeckue peKOMEH AU MTPU3BaHbl OKa3bIBaTh MOMOIIL CTYJCHTaM B
W3YYCHUNU OCHOBHBIX IIOHSTHM, HWJAECH, TEOPUM U TMOJIOKEHUM JIUCUMIIIAHBI
«MareMaruka», HM3y4a€MbIX B XOJIE KOHKPETHOI'O 3aHSTHSA, CIIOCOOCTBOBATH
Pa3BUTHUIO MX YMEHHI, HABBIKOB U SIBJISIIOTCS OJHUM M3 CIOCOOOB IMPOBEPKHU
3HaHUU CTYIECHTOB.

BrinonHenue yyanuMucs TpakTUUYEeCKUX padoT HAaMpaBjIeHO Ha:
- 00o00OmieHue, CHUCTeMaTH3alUIo, VYIUIyOJeHWe, 3aKpeIyieHHe MOJyYeHHBIX
TEOPETUYECKUX 3HAHUU 10 KOHKPETHBIM TEMaM,;
- (QopMupoBaHME yMEHUN MPUMEHATH MOJTYUYEHHBbIE 3HAHUS HAa MPAKTHUKE U
peIN3alMI0 €MHCTBA MHTEJUICKTYAJIbHON U MIPAKTUUECKON eI TEIbHOCTH;
- pa3BUTHE MHTEIUICKTyaJdbHBIX YMEHHUH y OyIaymmX  CHIEIUaIuCTOB:
AHAIMTUYECKUX, TPOCKTUPOBOYHBIX, KOHCTPYKTUBHBIX U JP.;
- BBIPA0OTKY MpU PEIICHUH TIOCTABJICHHBIX 3a7a4 TaKUX MpodecCHOHAThHBIX
KayeCTB, KaK CaMOCTOSITEIbHOCTh, OTBETCTBEHHOCTb, TOYHOCTb, TBOpYECKas
VHUIMATUBA.

B  pesynbrare  u3ydeHuss ~ y4eOHOM  OUCHUIUIMHBI  «MaremaTtuka
00yYarOIIUIICs JOJDKEH

AJI'EBPA

YMeEThb:

®  BBINOJHATH apuMeTHUecKue ACHCTBUSA HAJ YUCIAMHU, COYETas YCTHbIE U
NUCbMEHHBIE MPHUEMbl; HAXOAUTh NPUOIMKEHHBIE 3HAYEHHS BEJIWYUH U
NOTPEIIHOCTH BBIYMCIIEHUN (abCONIOTHAsE M OTHOCHUTEJbHAs); CPaBHUBATH
YUCJIOBBIE BBIPAKEHUS,

®  HaxOQuTh 3HAYECHMUS] KOPHS, CTENEHHU, Jorapupma, TPUTOHOMETPUUYECKUX
BBIPQXEHUII Ha OCHOBE OMPENCNICHUs, HCIONb3Yysl MpPH HEO0OXOIUMOCTU
UHCTPYMEHTAJIbHbIE CPEJCTBA; MOJIb30BAThCA MPUOIMKEHHONW OLEHKON mpu
IIPAKTUYECKHUX pacyeTax;

®  BBIIOJHATH MPEOOPa30BaHUS BBIPAKECHUN, MPUMEHSS (OPMYIIbI, CBS3aHHBIE
CO CBOMCTBaMU CTEMEHEH, IOTapu(PMOB, TPUTOHOMETPUUECKUX (PYHKIIUN;

®  WCIOJIb30BAaTh MPHOOPETEHHBIE 3HAHUA W YMEHUS B IMPAKTUYECKOU
NEATEIIBHOCTU U TIOBCEIHEBHOW JKU3HH:
- JUIsl TPaKTHUYECKUX pacueroB 1o (QopmynaM, BKIOuYas (Hopmylibl,
coliepKalllie CTENEeHH, paJguKaibl, JorapupmMbl U TPUTOHOMETPUUYECKHE
(yHKIMH, HCHONB3YyS NpPU HEOOXOJUMOCTH CIPABOYHBIE MaTEpHANbl H
IIPOCTENIINE BBIYUCIUTEIBHBIE YCTPOUCTBA.
DYyHKIUU U ITpapuKu
YMeTh:

® BBEIYHCISITH 3HA4YCHWE (PYHKIIMU TO 33aJlaHHOMY 3HAYCHHUIO apryMeHTa TpHU
Pa3IMYHBIX CIIOcOo0ax 3aaaHus PyHKIINH,



OTIpeEIATh OCHOBHBIE CBOMCTBA YMCIOBBIX (YHKIUH, WILIIOCTPUPOBATh UX Ha
rpaduKax;
CTPOUTh TpapUKH H3YYEHHbIX (YHKLUHMA, WUIIOCTPUPOBATH MO Trpaduky
CBOMCTBA 3JIEeMEHTapHbBIX (QYHKIINN;
WCIOJIb30BaTh MOHATHE (QYHKIMM JJIs OMHUCAaHUS W aHaldu3a 3aBHCUMOCTEH
BEJIMYMH;
UCIIOJIb30BaTh  MPUOOpPETEHHbIE 3HAHUS M yYMEHHUS B  MPAKTHUYECKOH
NESATEIbHOCTH U MOBCETHEBHON KU3HU IS

-I7s.  OMHMCAHUS C TMOMOUIbI0  (DYHKIIMI  pa3iIMyYHBIX  3aBUCHMOCTEH,
IPEICTaBICHUS UX TpaUUecKu, MHTEPIpPETAUU IPaPUKOB.

Hauaja maTeMaTH4eCKOIo aHAJIM3a

yMeTh:

HaXOAUTh MPOU3BOJIHBIE 3JIEMEHTAPHBIX (PYHKIIHII;

HCIIOJIb30BaTh MPOU3BOHYIO JUJISl M3YUYEHHUs CBOMCTB (DYHKIIMI M MOCTPOCHMUS
rpaduKoB;
NPUMEHSTh MPOU3BOIHYIO JUISI MPOBEACHUS MNPUOJIMKEHHBIX BBIYMCICHUM,
pemarh 3aJayd OPUKIAJHOTO XapakTepa Ha HaxOXKJIEHHWE HauOOJIBIIEr0 U
HAaMMEHBIIEr0 3HAYCHHUS,;
BBIUKCIIATh B MPOCTEUIINX CIydasX IUIOMIAAM U OOBEMBI C HCIOJIb30BAaHUEM
OIpe/IeIEHHOr0 UHTErpaa;
UCIIONIb30BaTh  MPUOOpPETEHHbIE 3HAHUS W YMEHUS B  TNPAKTUYECKOM
NeSATEIbHOCTH U MMOBCETHEBHOM KU3HU IS

-pelieHus] NPUKIaJAHBIX 3a/Ja4, B TOM YHCIE COLHMAIbHO-DKOHOMUYECKUX U
¢u3nueckux, Ha HauOoJbIIee M HAUMEHbIIEE 3HAUYCHHUS Ha HaXOXKIACHUS
CKOPOCTH U YCKOPEHHS.

I'EOMETPUA

YMeTh:
pacro3HaBaTh Ha 4YepTeKaxX W MOJACIIX MPOCTPAHCTBEHHBIE (OPMBI,
COOTHOCHTH TPEXMEPHBIC OOBEKTHI C UX OMUCAHUSIMH, N300PKCHUSIMU;
OMHMCHIBATH B3aMMHOE PACIIOJIOKEHHUE MPSIMBIX U ITIOCKOCTEH B MTPOCTPAHCTBE,
ApPSYMEeHMUPOBamb C80U CYAHCOEHUSI 00 IMOM PACNOJIONHCEHUU,;
aHAIM3UPOBATh B MIPOCTEUIINX CIIydasX B3aUMHOE PACIOIOKEHHE OOBEKTOB B
MIPOCTPAHCTBE;
n300pakaTb OCHOBHBIC MHOTOTPAHHUKH W KPYIJIbIE TeEJa;, BBIMOJHATH
YEPTEXKH T0 YCIIOBHAM 3a/1a4;
cmpoums npocmeuuiue ceveHus Kyoa, npusmol, RUPAMUoOb;
pemarh TUIAHUMETPUYECKUE W MPOCTECHUINHNE CTEPECOMETPUUCCKHE 3aJ1aud Ha
HaXO0XXJICHUE TEOMETPUYECKUX BEJIMYUH (JIJTMH, YTJIOB, IJIONIAIeH, 00BEMOB);
UCIIOJIB30BaTh MPU PEIICHUU CTEPEOMETPUUECKUX 3a7ay MJIAaHUMETPUUECKUE
(aKThl U METOJIBL;
MPOBOAUTH JOKA3aTEIbHBIE PACCYKIICHUS B XOJI€ PEILICHUS 3a]1ay;
UCIIOJL30BaTh MPUOOPETEHHbIC 3HAHMS W yMEHUS B  IPAKTHUYECKOUN
NEATEIILHOCTH U ITIOBCEIHEBHOU KU3HU JJIS:



- 7151 vuccneaoBanus ( MOACIUPOBAHUS ) HECTIOKHBIX MPAKTUYECKUX CUTYAIUM
Ha OCHOBE M3yYEHHBIX (JOPMYJ U CBOWCTBA PUTYD;

- BBIYUCJIEHUSI 00BEMOB M IUIONIA/IEN MOBEPXHOCTEW MPOCTPAHCTBEHHBIX TEIN
OpU pEUICHUU TPAKTUYECKUX 3a7ad, HUCIHOIb3yS NpPHU HEOOXOIUMOCTH
CIPABOYHUKH M BBIUMCIUTENbHBIE YCTPOUCTBA.

B pesynbpTaTe ocBoeHMs yueOHOM TUCIUTIITUHBI 00YUYarOIIUIACS TOJKEH 3HATD:

o 3HAYEHUE MATEeMaTUYECKOW HAyKW IS PELICHHs 3a]ay, BO3HHKAIOUIUX B
TEOPUH U TPAKTUKE; MIHUPOTY U B TO K€ BPEMSI OTPAHUYECHHOCTh NMPUMEHECHUS
MaTeMaTUYECKUX METOJIOB K aHAJIU3y M MCCIEAOBAHUIO MIPOLIECCOB U SIBJICHUM
B IIPUPOJIE U OOIIECTBE;

o 3HAYEHHE MPAKTUKHA U BOMPOCOB, BOBHUKAKIIUX B CAMOM MaTEMaTUKE I
dbopMHUpOBaHUS U PA3BUTHS MaTEMaTUYECKONW HAyKH; HCTOPUIO Ppa3BUTHUS
MOHATUSA YHCIA, CO3/IaHUS MaTEMaTUYECKOrO0 AaHalin3a, BO3HUKHOBEHHS U
pa3BUTHUS T€OMETPUU;

o YHUBEPCAIbHBIM XapaKTep 3aKOHOB JIOTUKA MAaTEMATUYECKUX PACCYKICHUM,
UX IPUMEHUMOCTbD BO BCEX O0JIACTSAX YEIIOBEUYECKOM AESITENBHOCTH;
o BEPOSITHOCTHBIN XapaKTep Pa3IUIHBIX MIPOLIECCOB OKPYIKAIOIIETO MUPA.

[Ipu mpoBeneHHMH MPAaKTHUECKUX pabOT yueOHasl rpynma MOXKET JIENIUTbCA Ha
MOATPYMIIBI YUCIIEHHOCTHIO HE MEHBIIIE § YEIIOBEK.

Kaxknas npaktuueckas paboTa cocTaBlieHa ¢ BeIyIIeH TUIaKTUUYE€CKOW LENbIO -
(dbopMHpOBaHUE MPAKTUUECKUX YMEHUH.

ConepxaHue  MpakTHUYECKMX  pabOT  HAUEIeHO W Ha  pa3BUTHE
npodecCHOHAIbHBIX YMEHUW M HaBBIKOB. BbimonHeHue pacy€roB, uepTexeH,
MHCTPYKTUBHBIMU  MaTepUallaMH, CIPAaBOYHMKAMH, YMEHHUE IOJb30BaThCs
COBPEMEHHBIMH  MH()OPMAIIMOHHO-KOMMYHUKAIIMOHHBIMU TEXHOJIOTHSIMHU.
Hapsiny, ¢ QopmupoBaHueM yMeHUN U HABBIKOB, B MPOIECCE BBIMOJIHECHUS
MPaKTHYECKUX paboT 0000marTCs, CHCTEeMATHU3HPYIOTCS, YIAyOISoTCS |
KOHKPETHU3UPYIOTCSI TEOPETUUYECKUE 3HAHMs, BBIPAOATHIBACTCS CHOCOOHOCTH H
TOTOBHOCTh MCIOJIb30BaTh TEOPETUYECKUE 3HAHMUS Ha MPaKTUKE, Pa3BUBAIOTCS
MHTEJUIEKTYaJIbHbIE YMEHUSI.

B 1aHHBIX METOAMYECKMX YKa3aHHSIX B  Hayaje KaXIOW TEMbl KpaTKO
U3JIAraloTCsl OCHOBHBIE TEOPETHMYECKHE CBeleHus (ompeneneHus, (QopMmyJibl),
HEOOXOAMMBIE [UIsl pEeLIEHUs Mocienyomux 3anad. [IpuBogsaTcs pelieHus

TUNIOBBIX ITPUMEPOB U 3a7a4. JlaroTcs yIpaKHEHU I 3aKPEIUICHUST MaTepUala.
IpakTnueckoe 3ansitue Nel

Tema: Llenble u paunoHanbHble yncia. JlencTBUTENbHbIE Yncia. JleMcTBUs HaL
palMOHAIIBHBIMU YUCJIAMU.

Heab: O0oOIIeHNE U CUCTEMATH3AIMS 3HAHUA, YMEHHUW, HABBIKOB YYAIITUXCS ITPH BBHITTOTHEHUT
apudMeTHYECKUX ACUCTBUIN HaJ] OOBIKHOBEHHBIMHU APOOSMU



Teopernueckuii 610K

1. Croorcernue. Cymmont 1po0eit ¢ OJHUM M T€M K€ 3HaMEHATEeJIeM Ha3bIBAIOT JAPOOH, UMEIOIIYIO
TOT K€ 3HaMEHaTeN b, a YACITUTEh PABEH CYMME YHCITUTENEH TaHHBIX Ipo0eH, T.¢.

a b a+b

L P

DT0 omnpeeneHrue MOKHO CHOPMYITUPOBATh TAKKE B BUJIE CICAYIOIIETO MPaBUIA.

YTOOBI CIIOKHTH I[pO6I/I C OJMHAKOBBIMHM 3HaAMCHATCIIIMH, HAJ0 CJIOXHTb HMX YHCIIUTCIH, a
3HAMCHATCJIb OCTaBUTh TOT XK€.

[Ipumep.

UToOBl CIIOKHUTH JAPOOM C pa3HbIMH 3HAMCHATCIISIMHM, HAJ0 TMPUBECTH HMX K HAWMEHBIICMY
o0IIeMy 3HAMEHATEN0, a 3aTe€M CJIOXHTh TMOJyUYCHHBIC YUCIUTEIN W MOJ CYMMOW TOINUCATH
0oO1HIi 3HAMEHATEITD.

5 7 15 14 _15+14 25 15

Tpumep. 8 12 24 24 24 24 24

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

Kopoue 3anuceiBaoT Tak:

UTOOB!I CIIOKHUTH CMEIIAHHBIE YUCIIA, HY’KHO OTIEIBHO HAWTH CYMMY ILIETIBIX U CYMMY JPOOHBIX
yacTtell. JlelcTBHE 3aliChIBAETCS TaK:

gl g1 g3 a2 11420 0 1952 4,7
15 45 9 45 45

2. Bwiuumanue. Berautanue npoOell MOXKHO OIPENeNuTh Kak ACWCTBUE, 0OpaTHOE CIOKECHHUIO
npo0Oeit. BeiuecTs U3 0AHOro APOOHOIO YKCiIa BTOPOE ITO 3HAUUT HAUTH TPETHE YUCIIO, KOTOPOE
B CyMME€ CO BTOPBIM JacT nepsoe. M3 3Toro onpenenenus cienyer IpaBuiio:

YToOBl BBIUECTH IIpO6I/I C OJWHAKOBBIMH 3HAMCHATC/IIKIMHU, HYKHO BBIYCCTb YHUCIUTCIIb
BBIYUTAEMOI'0 M3 YUCIIUTECIIA YMCHBIIAEMOI'O M OCTaBUTDH HpC)KHI/Iﬁ 3HaMCHATCIIb. I[eﬁCTBHe
3aIllMChIBAIOT TaK:



UtoObl BbIUECTh JApOOM C pa3HbBIMM 3HAMEHATENsIMH, HY)KHO CHauyajga TMPUBECTH HX K
HaMMEHbIIEMY O0IeMy 3HAMEHATEII0, 3aTeM U3 YUCIUTENS YMEHBIIAEMOTO BHIYECTh YHUCIIUTEND
BBIYMTAEMOT0 M MOJ MX PAa3HOCThIO MOANMUCATH OOUIMI 3HaAmMeHaTesb. J[efcTBUE 3aluChIBaOT
TaK:

11 5 _22-15 7

12 8 24 24

Ecmu HY>XHO BbIYCCTb OJHO CMCITAHHOC YHCJIO U3 JPpYyTroro CMCaHHoro 4ucia, To, €CJIM MOKHO,
BbBIYUTAIOT I[pO6B nu3 I[pO6I/I, a ICJI0C U3 1ICjIoro. I[GI;'ICTBI/Ie 3aIIMChIBAIOT TAK:

g8 3 ,36-33_ 9
11 4 44 44

Ecmu ke npoOp BbIUMTaeMOro Oosblie IpoOM YMEHBIIAeMOro, TO OepyT OJHY EIMHHILY H3

[IEJIOTO YMCJIa YMEHBIIAEMOT0, Pa3apoOsSIOT ee B HAJISKAIINE JOJIM M MPUOABISAIOT K Ipoou
YMEHBILIAEMOT'0, TIOCJIE YETO MOCTYIAI0T, KaK OIMCAHO BbIIIE. J[eMCTBUE 3alIUCHIBAIOT TAK:

Si—lﬂ=4lﬁ_33=352_33= 19
o 12 36 36 36

AHaJOTHUYHO MOCTYMAOT, KOTIa HAJI0 BBIYECTH U3 IIEJIOT0 YUCIIa APOOHOE.

[Ipumep. 3 3

3. Pacnpocmpanenue ceoticmé cnodceHusi u 8bluumanusi Ha OpodOHvie uyucna. Bce 3akoHBI U
CBOICTBA CIIO’KEHUS U BRIUNTAHUS HATYPAIBHBIX YHCEI CIIPABEIUIMBHI U I IPOOHBIX uncen. Ux
MPUMEHEHNE BO MHOTHUX CIy4asiX 3HAYUTEIIBHO YIIPOUIAET MPOLIECC BHIYUCIICHHUS.

4E+13+Zi+jg+l+31= 4E+3l + 13+5E +
4 9 12 9 4 4 4 g 9

+[Zi+1]=8+?’+3=18
[Ipumep 1. 12 12

3I[€CB HCITIOJIB30BaHbI HepeMeCTHTeJIBHBIfI M cOYeTaTECIbHBIN 3aKOHBI CIIOKCHUS.

720 144 720 720 720 144
31 _12+431 _43

6
—2—+3 5 =5
Mpuvep2. 72 144~ 144 144

3/1ech UCII0JIb30BaHO MPaBUIIO MPUOABIECHUS CYMMBI K YHUCITY.
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ITpumep 3.

7 (.3 7 7 7Y .3 3 2
17-— [2—+ﬁ—]= [1?——6—]—2—=11—2—= 8=
Mpniep 4. 5 8 8 8, 5 5 5
3,Z[CCI> HCIIOJIb30BAHbI IIPaBHJIa BEIYUTAHUA U3 YHUCJId PA3HOCTH U CYMMBI.

4. Ymnoorcenue. YMHOXKEHHE JpoOM Ha II€JI0€ YHUCIO MOXKHO IMOHMMATh TaK J>€, KaKk H
YMHOKEHHE 11eJIOTO YHCJIa Ha 1IeJI0e, T.€. KaK CJI0KeHHE OJJMHAKOBBIX cliaraeMbix. Hampumep,

2 2 2 2 2
— =t —+ —+ —+ =
3 3 3 3 3 13

3 2
3

Ho JJI1 YMHOXKCHUSA Ha 00b TaKOE TOJKOBAHHE HE IIOAXOJHNT. Hampume MHOXas 7 Ha y
b

3 2

HEJIb3sl CKa3aTh, YTO 37eCh " 7 HAJIO0 B35Th 3 pasa cnaraembiM".
3n1ech He0OXOJUMO JJaTh HOBOE OIPEJIECIICHHUE.

[IpousBenenuem npobeli Ha3BIBAIOT TaKyl APOOb, YUCIHUTENb KOTOPOW pPaBEH IMPOU3BEIICHUIO
YUCIIUTENCH MJaHHBIX JpoOei, a 3HaMeHaTeldb - NPOU3BEIECHUI0O WX 3HAMEHATENeH,

Te. T M MR gr0661 yMHOXUTE Opo6b Ha Opo0b, HyXKHO YMHOMXKHTH YHCIMTENL Ha
YHCIUTEN, a 3HAMEHATEb Ha 3HAMEHATEb M MEPBOE IPOM3BEICHHUE CHIEIaTh YHMCIUTENEM, a

a cic

BTOPOC - BHAMCHATCIICM: b d bd .

[Ipu yMHOXEHUU clieyeT AenaTh (€CIH BO3MOYKHO) COKpaIlleHHE.

12 19 12-1% 2

Mpivep. 19 30 1938 5

Ecnu yuecTb, 4TO 11€70€ YHCII0 MpecTaBiIseT co0oi Ipodb co 3HaMeHaTeaeM 1, To yMHOXKEeHHe
IpoOu Ha IeJI0e YKMCIIO U 1100 YHCIIa Ha JPOOb MOYKHO BBITIOJIHATH TIO3TOMY K€ IPABHUILY.

Mpmvepsr, 12 112 12 2



5. Vwmmnoowcenue cmewannvix uucen. UToObl TMEPEMHOKUTH CMEIIAHHBIE 4YHCIA, HYXKHO
NpEABAPUTEIFHO OOpPAaTUTh MX B HENpaBHIbHBIC IPOOW M MOTOM IEPEMHOXKATh IO IMPABUITY
YMHOKEHUS ApOOeH.

3‘1 5 16 &0

Ecnm ke mepeMHOKAIT CMEMIaHHOE YMCIIO Ha IeJoe, TO TPOIIe MHOXHUTH OTICIBHO eIy
4acTh U APOOHYIO YacThb.

22.3_62-7%

[Ipumep. 3 3 3

6. Pacnpocmpanenue ceoticmé yMHONCeHUsi Ha OpooOmvie uucna. CBOWCTBA yMHOXKEHUS
HaTypaJbHBIX 4YHCENl CIpaBeUIMBbI M id Apobeld. VX mcnonb3oBaHME YHPOIIAET YCTHBIE U
IIACbMEHHBIEC BBIYMCIICHHUS.

2 2
7—-3U=[7+—]-3U=21U+4=214
[Ipumep 1. 15 :
93-3=9-8+3-8=T2+T=?9
[Ipumep 2. 8 3

E.[qi.llgjz[E.ﬂ].qizl.qizqi
Hpmvep3. & A 31 37 W43/ 731 " 731 31

[125.43ij.i=[g.ij.43i=2.43i=gﬁm
Tpumep 4. 3 17 ) 31 53 31 17 17 17

7. Jlenenue opobeti. Iy nenenusi ApoOer COXpaHIETCs TO e ONpeAeTeHUE, YTO U JUIS ACTICHUS
LEJIBIX YMCEN: 3TO - JIEMCTBUE MOCPEACTBOM KOTOPOrO MO JAAaHHOMY MPOMU3BEACHUIO JBYX
COMHOXUTENIEH WU OAHOMY W3 ITHUX COMHOXKHUTEJIEH OTBICKUBAECTCS BTOPOM COMHOKHUTEINb.
Pazgenuth 0OAHO 4YMCIIO HAa BTOPOE - 3HAUYUT HAUTU TAaKOE€ TPEThE YHUCIO, KOTOpOE TMpH
YMHOKEHUH Ha BTOPOE JIaeT NIEpBOE. BHIMONHSIOT fieieHne qpoOei 1o CIeayoneMy PaBIiTy.

Uro0bl pa3genuTh JpoOb Ha JpoOb, HY)KHO YHCIUTENb NEpPBOM ApoOM YMHOXKHUTH Ha
3HaMEHaTelb BTOPOM, a 3HAMEHATeNb MEPBOM Ha YMCIUTENb BTOPOW M NEpBOE MPOU3BEICHHUE

a ¢ ad

3aIucCaTb YUCIUTCIIEM, 4 BTOPOC - 3HAMCHATCJICM: b d bC .

6 9 610 60 20

Mpivep. 7 10 7-9 63 21

[To aTOMYy e MpaBUITy MOKHO BBITIOJIHATE JACJICHUE IPOOH HA I1E710€ YHCIIO U IIEJIOT0 Ha JIPOo0H,
€CJIM TIPEJICTABUTH 11eJI0€ YUCIIO B BUE IPOOH CO 3HAMeHaTelneM 1.



IE:E:E;EZEZEZH;
7 17 1.5 1

8§ ,_ 82 81 _ 4
1377 13°1 132 13

3 8:2 4
—:2
13 13 13
8. Henenue cmewannvix yucen. YToObl BHITOIHUTE ICTICHUE CMEIIAHHBIX YUCEI, UX
MIPEIBAPUTEIIBHO 00paIaloT B HEMPAaBUIbHBIC APOOH U 3aTEM JICJIAT 110 TPABUITY JCICHUS
Tpo0ei.
3.1 63 21 63-20

1221 — =2 22202 )
Mpuvep, 3 20 5 10 5-21

OnHako MpH JIeJICHUH CMEIIAHHOTO YKCila Ha 1eJIoe ObIBAeT YA0O0HEH NeMUTh OTACIHHO HETYI0
4acTh ¥ OTJIEJBHO JIPOOHYIO YACTh CMEIIAHHOTO YHCIIA.

3I11|£:5=5l
7

[Ipumep.

9. 3amena Odenenus ymuorcenuem. Ecinm B kakoil-HUOyAb JpoOU TOMEHITh MECTAMHU YHCITUTEINb

Y 3HAMEHATEllb, IIOJIy9UTCs] HOBasl IpoOb, oOpaTHas naHHoil. Hanpuwmep, mist npodu 7 oOpartHas

7

npobs Oyner 8

Ou4eBUIHO, YTO MPOU3BEICHHUE JIBYX B3aUMHO OOpaTHBIX Apo0eit paBHO 1.

=1

[+ e

8 -
7

YuuteiBas 9TO, MOXXHO ACJICHUEC BBIMIOJIHATD IO CICAYIOIICMY ITPABUITY.

YtoObl pa3faeauTh 0JTHO YUCIIO Ha JPYroe, HyKHO JeIMMOe YMHOXKHUThH Ha YUCII0, 0OpaTHOE
JEITUTEITIO.



451416433
7

Mpumep3.7 3 7 3 7 16 28

10. Ilpumepsl na éce deticmaust ¢ 00bIKHOBeHHbIMU OpoOsmu. Pelienne mpruMepoB Ha Bce
JEHCTBHS C IPOOSIMU BBITIOJIHSIOT C TIOMOIIBIO 3aITUCH 10 OTJENIBHBIM JIEHCTBUSM WM 3aIUCH
ETTOYKOH.

[Ipnmep. BeIUncanTs:

3 5 15 5 1 1
—_t —— —+3: -
521 28'84, 2 '3 1 16
1 1 1
52410 —:24-:3 96 33
2 3
Pemenue mo gactsm.
3.5 1 1 1
)— — = N-—+9=0_;
521 5.21 7 7 7
15 5 15-84 1
2)—:—=—=9;, )5: -=10;
28 84 28-5 2
5)10+10=20;
1 64 16 1 1
6)9—:20=———=—;11)—:3=—;
7 7-20 35 3 9
1 1 1 13
Ty2:—=4; 12) —
2 4 9 36’
8)3:1=9; 13)13: E—ﬂ—iﬁ
3 36 13
04+9=13; 14)36-l=1;
36
1 1 16
10) —:2=—; 15}—+1——=1
2 4 35 35
OrtBer. 1.

[IpuMep BEIUYMCIEHUSI IIETIOUKOM:




1 3Y .1 1 7Y .7
4 4,72 \'8 '8 272, 45 _
3 5 .1
s—42li0 [2-12)3l 2o 23
5 8 & 5 3 8
152 58 15
2 7. 45 _72 250
~ =t . Z42.5=-2"110=
31 5 8 3 1 T
510 8 25 50 5
355+1u=45;

Pemenue 3agau

2

3 moBepxHocTH 3eMiu. [ToaToMy 3emMiTio Ha3bIBAIOT «TOYOOH TIAHETOM.
1

1. Bona 3aHumMaet

Kaxyro 4acTh 3eMHO#H MOBEPXHOCTH 3aHMMaeT cyma? OTseT: 3 cyma.
2

2. Oty 42 roaa, a BO3pacT CblHa cOCTaBysieT 7 Bo3pacta oTia. CKoJbko JieT chiny? OtBet: 12

JICT.
3

3. [IpenenpHBINA BO3pacT OENKH 6 JIET, UTO COCTABIISIET S MPEAETbHOr0 BO3pacTa 3aiia.

CKOJIBKO JIET MOXKET NMpOXUTH 3as1? Otet: 10 ner.
5 25

4. lnuna ctoponsl kBagpara 9 am. Kakosa ero minomans? Otet: 81 L[MZ.

5.Pabounii MOXET BBIIOJIHUTH MMPOMU3BOACTBEHHOE 33/JaHUE 32 5 4acoB, a €ro YYSHHK — 3a 8
13

gacoB. Kakyro gacTe pabOThI OHU BBIITOJHAT BMECTe mociie yaca padborsi? Oteet: 40 .

2 1
6. B mepBsIii yac aBTOOYyC MpoImIen S BCEro MyTH, BO BTOPOH 3 IyTH, a B TPETHIA — OCTaJIbHbIC
28 kM. Kakoe paccrosinue mpoien aBTo0yc 3a Tpu yaca?

2 1 11
1)5 + 3 = 15 (4)—3a JBa Jaca.
11 4

2)1— 15 = 15 (4)— mpomen B TPeTHii yac. 4
4
3) 28: 15 =105 (kM) — 3a TpH yaca.

Otget: 105 kM npoien aBToOyC 3a TP vaca.

Jdomamnee 3a1anue:



5 3
1. Kakoe paccTosiHue ynuTKa 3a 6 daca, eciii oHa Oy/IeT TOJI3TH CO CKOPOCThI0 250 kMm/9?
1

OtBer; 100 gMm.
9

2. VI3 60uky ¢ OEH3MHOM BHAYaJle OTVIMJIM 28 BCEro MMEIOIIErocs TaM OeH31Ha,
2

noTtoM 7 Bcero OEGH3MHA M MOCIIE 3TOro B 00uKe octanoch 99 nmutpoB Oer3uHa. CKONBKO JTUTPOB
OeH3nHa ObUTO B OOYKE NMEePBOHAYATIBHO?

2 2 17
1) 28 + 7 = 28 (4)— OTNIWIN.

17z 11
2) 1- 28 = 28 (4)- OCTaIOCh.

11
3)99: 28 =252 (1) — GBLIO EPBOHAYAIBHO.

Otsert: 252 1 Gen3unHa ObUT0 B 00UKE IEPBOHAYAIBHO.

IIpakTu4yeckoe 3ansaTue Ne 2

Tema: «Pelienne NMHENHBIX YPAaBHEHUN U HEPABEHCTBY

Heab: O0OOUMTh U CUCTEMAaTU3UPOBATh 3HAHMS, YMEHUS YYalIUXCS MPH PEUICHUH JIMHEHHBIX
YPaBHEHUH U HEPABEHCTB

TeopeTtnueckuii 610K
JIunenHble ypaBHEHUS

JIMHEeHBIM ypaBHEHHEM OTHOCUTEIBHO IMEPEMEHHOM X Ha3bIBACTCSA ypPaBHEHUE IEPBOU

T - 1 —_—
cremenu XX +2 =0 (1)
rie K u b — npousBonbHBIC BElIECTBEHHBIC YHCIIA.

T
B cayuae ¥ = 0 ypasuenue (1) MMeeT eqMHCTBEHHOE PELIEHHUE TIPH JIIOOOM 3HaUeHUH b :

b
T

H

1

b o
B ciyuae, korma ¥ = 0.8 # 0 ypappenne (1) pelnennii He nMeer.
B cnyuae, korma k=0, b =0, pemenunem ypaBuenus (1) sBsiercst 11000€ 4HCIIO

X E(—0;+ ).
Eciu wm3HayampHO 3a1aHO  ypaBHCHHEC, COACpKaIICC JTICPCMCHHYIO B
3HAMEHaTese, TO Mepell PeIIeHUEM HEOOX0AUMO YKa3aTh 00JIacTh ONpeAeNIeHHUs, HCKIIIOUNUTh U3

OTBETAa KOPHMU, NIPU KOTOPBIX BHIPAKEHUE HE UMEET CMBICIA.


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

8[}:—1)+2x: 2[4— Exj
brx—8+2x=8-4x
Bx+2x+4x=8+8
Br+2x+dx=54+8
14x =16

16

8

r=__="

14 7

Ipuaep 4

Sx+15

x+4
Loxz-4

Sx+15

x+4
Sx+15=4x+16

xr=-1

4

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

Orgarme. x=—1
Hpuaep 5
Sx+15
x+3
Doox#-=3
Sx+15
x+4
Sx+15=4x4+12

x=-3

4

-[x+3) =4. [x+3)

Clpamem . HEm KOpHEL



JInnelinple HepaBEHCTBA

JInHelHBIM HCPaBCHCTBOM OTHOCHTCIILHO HepeMeHHOI}’I X Ha3bIBACTCA HCPABCHCTBO,

NpUHAJIC)KAIICC K OAHOMY M3 CIICAYIOIINUX THUIIOB!:

kx+b=0,
kx4+b =0,
kx +b <0,
kx+b =10,
ek ub - MIPOM3BOJILHBIC BEIICCTBECHHBIE YHCIIA.

Pemas nuHelHble, Aa U HE TOJIBKO JIMHEHHBIEC, HEPABEHCTBA, CIECIYET MOMHUTh, YTO MPHU
YMHOXEHUM WJIM JIeJICHUM HEPABEHCTBA Ha TIOJIOKUTEJIBHOE 4YHCIO 3HAK HEPaBEHCTBA
COXpaHsIeTCs, a NP YMHOXEHUHM WM JCJICHUH HEPAaBEHCTBAa HAa OTPUIIATENILHOE YMCIIO 3HAK
HEpPABEHCTBA MEHSETCS HAa IPOTHUBOIOIOXKHBIMH.

B cooTBeTrcTBUMM C 3TUM pEIICHHE JIMHEHWHBIX HEPABEHCTB, B 3aBUCHUMOCTH OT 3HAYEHUU
kodpdunmenToB K u b, mpencrarieno B cienyromieit Tabmmie 1.

Tabnuna 1. — Pemenrie HepaBeHCTB MEPBO CTENEHU

kEx+bz0 kx +b>0 kx+b<0 kx +b<0
3HaK HEpaBEHCTBA COXPAHSIIETCS
< xE—E Jl.:::-—E xi—g .m:-::—E
k k k k
k=0, b<0| & & XE(—w0; + ). | XE(—0; + o).
k=0, b=0 | XE(—-w0;+ ). | & XE(—w;+w). |
k=0, b>0| xXe({-w;+w). | xe(—w0;+ ). | & (2
3HaK HEpaBEHCTBA MEHSIETCS] Ha MPOTUBOIOJIOKHBIN
<r xE—E x-::i—E xE—E x}—f
K k k k

CucTteMbl IMHEWHBIX HEPABEHCTB

PaccMmoTpuM pemenne cucteM JTMHEHHBIX HEPAaBEHCTB HA IPUMEpPaX.

IMpumep 1. PemmTh cucreMy HEpaBEHCTB




2x-320,
-3x+11=0

Pemrenne. Pemmm kaxioe U3 HEpaBEHCTB CUCTEMBI:

2x-320, 2x 23, 2’
— g
-3x+11:>0, =3x =-11, 11
X

N3006pa3uB Ha oHOM KoopanHaTHOU npsimoi (Puc. 1) 06a ToueyHbIX MHOXKECTBA,
COCTaBJISIIOLIUX MOCIEAHIOK CUCTEMY, I0Iy4aeM OTBET MpUMepa.

Puc.1

{3 11]
Xe| — —
OTtBeT: 23

[Ipumep 2. Pemints cucteMy HEpaBEHCTB

S5x+4<0,
—2x-T72=20.

Pemenue. Pemmm kaxa0e U3 HEpaBEHCTB CUCTEMBI:

4

5x+4<0, Sx<—4, X<—gs
o

2x-720. 2x27, 7

XE——.

2

N300pa3uB Ha omHON KoopauHAaTHOW mpsiMoil (Puc. 2) o0a TOYEYHBIX MHOMKECTBA,
COCTaBJISIIOLIUX MOCIEAHIO CUCTEMY, ITOIy4aeM OTBET MpUMepa.

N300pa3uB Ha onaHOM koopauHaTHOW mnpsimoit (Puc. 1) o0a TouedyHBIX MHOXECTBa,
COCTaBJISIIOLIUX MOCIEAHIOK CUCTEMY, IOIy4aeM OTBET MpUMepa.



Puc.2

XE| -t ——
OrtBer: 2

[Ipumep 3. PemuTh cucteMy HEPABEHCTB

6x—7 =0,
4x+13<0.

Pemrenne. PemmM kaxJ10€ U3 HEPAaBEHCTB CUCTEMBI:

;

6x—7 =0, 6x>7, el
= =

4x+13 <0, 4x <-13, Lo 13

N300pa3uB Ha oHOM KoopauHaTHOU nipsiMoi (Puc. 3) 06a ToueyHBIX MHOXKECTBA,
COCTaBJISIFOIMX IOCIIEHIOI CHCTEMY, ITOJy4aeM OTBET MpHMepa

A A
_13 07
4 6
Puc.3
OTBeT: (2

Pemnth nanubpie cucTeMbl HepaBeHCTB (Ne 179 —184):



179, { 2x—1>1, 181. { 5x + 3> 8§,
3—x>0. 0,7 — 3x < —2.86.
180. { ] —2x<<—09, 182. {Qx—-3‘:-=-x——3.
3x 4 1 << 13. 4x+3>8—x.
183. {3""1'”"‘9'*% 184. {"“"’4{9“'
54+ x> 2x - 2, ] —x>—2.
JlomaiiHee 3agaHue:
(2x+3) (2—2x) > 0.
(2—m) (2x—15) (x +4) > 0.
x}i,
[[3x-4>0, [{3x>4, . 35
) se+650, 15206 (1775 |73
(Bx—4)(5x+6) >0 = o440 3x<a 4 p
;{{—, x<——.
Sx+6 40 Sx < -6 3 5
: : 6
xl—-—;
L )

IIpakTnyeckoe 3ansaTHe Ne 3
Tema: Pemenue kBapaTUYHBIX ypaBHEHUN U CUCTEM YPaBHEHHU
Hean: O600mUTH M CHCTEMaTH3UPOBATH 3HAHKSI YUAIIUXCS IO TAHHOM TeMe.
Teopetnueckuii 6510k
Onpenenenue

Keaopamnoe ypaenenue — 310 ypaBHEHHE BUIA ax® +bx+c=0,rme
k03 durEeHTs! a, b 1 C — npou3BoJIbHKIE YKcIa, mpudeM a # 0.

[Ipexne, yeM n3y4aTb KOHKPETHBIE METO/IbI PELICHUS, 3aMETHM, YTO BCE KBAIPaTHBIE
YPaBHEHHUSI MOXHO YCJIOBHO pa3JeiIuTh Ha TPH KJlacca:

He umerot xopHei;
HMeroT poBHO OJIMH KOPEHB;

HmMmeroT JABa pa3JINYHbIX KOPH.



JluckpuMuHaHT
Onpenenenue

ITycTh 1aHO KBaJpaTHOE ypaBHEHUE ax’ + bx+ ¢ =0. Torna OUCKDUMUHAHM — 3TO TIPOCTO
uucno D = b? — 4ac.

Oty popmyny Hano 3HaTh Hau3ycTh. OTKyaa OHa Oepercs — ceifuac HeBakHO. BaxkHo nmpyroe:
0 3HaKy JTUCKPUMHUHAHTA MOYHO OIPEACNIUTh, CKOJIbKO KOPHEN UMEET KBaJApaTHOE YPABHEHHUE.
A MMEeHHO:

Ecmu D < 0, kopHeii Her;
Eciu D = 0, ecTb pOBHO OJIUH KOPEHB;
Ecmu D > 0, kopHeii Oyner nBa.

O6paTI/ITe BHUMAHHUC: TUCKPUMHUHAHT YKA3bIBACT HA KOJIMYCCTBO KOpHeﬁ, a BOBCC HC Ha UX
3HAKH, KaK MIOYEMY-TO MHOTHUC CUUTAIOT. Barnsaute Ha IpUMCPLI — U CaMH BCC MOMMeETe:

3agaya

CKOJIBbKO KOpHEH UMEIOT KBaJpaTHbIE YPAaBHEHUS:

x°—8x+12=0;
5x%+3x + 7=0;
x> —6x+9=0.
Pemenune

Beimumem ko3¢ GUIMeHTs 715 IEPBOTO ypaBHEHHS U HAlJeM JUCKPUMUHAHT:
a=1b=-8c=12
D=(8)?-4-1-12=64—48=16

I/ITaK, ,Z[I/ICKpI/IMI/IHaHT HOJIO)KPIT@HBHBIIZ, H03TOMy ypaBHeHHe HUMECT IBa paanqulx KOpHH.
AHajoru4Ho pazoupaeM BTOpOe ypaBHEHHE:

a=5b=3;c=7,

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

JIMCKpUMHHAHT OTpULIATENbHBIN, KOPHEN HET. OCTaIOCh OCIEIHEE YPABHEHUE:
a=1,b=-6,c=9;
D=(-6)°-4-1-9=36-36=0.

JIMCKpUMHHAHT paBeH HYJI0 — KOPEHb OyJIET OJIMH.
OtBer
1) 2 kopHsI; 2) HET KOpHEH; 3) OJIMH KOPEHb.

KOpHI/I KBaJApaTHOI'O YpaBHCHUA



_—b++D
B ' 2a

*1 2da

Xz

Korma D = 0, MOXHO HCIIOJIB30BaTh JHO0YIO U3 3TUX (POPMYIT — MOIYIUTCS OJHO U TO K€
4YuCI0, KoTopoe u 0yneT orBetoM. Hakonert, ecnu D < 0, kopHel HET — HUYETro CYUTATh
HE HAJIO.

3amaua

Penmtn KBaJIpaTHLIC YPAaBHCHUSI:
x> —2x—3=0;

15-2x—x*=0;

x*+12x +36=0.

Pemenne

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

D > 0 = ypaBHenue umeer 1aBa KopHs. Haiinem nx:
2++16 2—+16
=g % Ty

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

D > 0 = ypaBHeHue cHOBa UMeeT JiBa KopHs. Halinem ux:

2+ 64 2 —+/64

e I B

Haxkownen, Tperbe ypaBHeHUE:
X +12x+36=0=>a=1;b=12;¢c = 36:
D=12°-4-1-36=0.

D = 0 = ypaBHeHHE UMeET OJJUH KOpeHb. MOXKHO MCTIOIB30BaTh I0OYI0 hopmyny. Hanpumep,
MEPBYIO:

_—12+Jﬁ_
T R

OTtBeT

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



HenonHble kBagpaTHbIE ypaBHEHUS

BBIBS.CT, 4YTO KBAaAPATHOC YpaBHCHHUE HECKOJIBKO OTIMYACTCA OT TOT'O, YTO AAHO B OIIPCACIICHUM.

Hamnpuwmep:
X2 +9x=0:
X —16=0.

Hecnoxuo 3aMCTUTb, YTO B OTHUX YpPaBHCHUAX OTCYTCTBYCT OJHO U3 ClIaraCMbIX. Takue
KBAaApPAaTHBIC YPABHCHUA PCIIAIOTCA AAXKE JICTUC, YEM CTAHJAPTHBIC! B HUX JTAXKC HC HOTpe6yeTCH
CUNTaTb JUCKPUMHUHAHT.

Onpenenenne

Ypasrenne ax’ + bx + C= 0  Ha3bIBACTCS HENOMHbIM KE8AOpamuviM  ypasHenuem, ecaub =0
wi € = 0, T.e. Ko3hUIUEHT NMPU IEPEMEHHOM X WM CBOOOIHBIN 2JIEMEHT paBeH HYJIIO.

Pazymeercsi, BO3MOXEH COBCEM TSDKEINBI CiIy4aid, Korma oba 3Tux kod(dduimeHTa paBHBI
—n— 2 _

Hymo: b =c=0. BoaTtom cnydae ypaBHeHue mnpuHHMaeT BuaaX =0. OdYeBUAHO, TaKOe

ypaBHEHHE UMEET eAMHCTBEHHBIN KOpeHb: X = 0.

Paccmotpum octanbhbie ciydan. [Tycts b = 0, Torna momy4uM HEMmoJIHOE KBaPaTHOES
ypaBHEHHE BHJIA ax + ¢ = 0. Hemuoro npeoOpasyeM ero:
5 2 c C
ax“+c=0=2x"=——=2x=+ |——
a il
HOCKOHBKy apI/I(l)MCTI/I‘-ICCKI/Iﬁ KBa,Z[paTHBII;'I KOPCHb CYHICCTBYCT TOJIBKO U3 HCOTPULATCIIBHOT'O
YHCITa, TOCTICTHEE PABEHCTBO UMEET CMBICI UCKITIOUUTENBHO 1pu (—C/a) > 0. BeiBo:

ECiIi B HEMOMHOM KBaJpPaTHOM YPaBHEHHH BHa aX° + C = 0 BBIOIHEHO HepaBeHCTBO (—¢/a) > 0,
KOpHei Oynet nBa. @opmyJsia 1aHa BbIIIIE;

Ecmu xe (—c/a) < 0, xopHeii HeT.

Kak BuanTe, IMCKPUMHUHAHT HE MOTPEOOBAICS — B HETIOJHBIX KBAJAPATHBIX YPaBHEHUSX BOOOIIE
HET  CIIOKHBIX  BBIUMCIeHHWA. Hacamom  geme  gaxke  HEoOs3aTeNbHO — IOMHHTH
HepaBeHcTBO (—¢/a) > 0. JIOCTATOYHO BEIPA3HTH BEIMUMHY X° M TIOCMOTPETH, YTO CTOUT C APYTOif
CTOPOHBI OT 3HaKa paBeHCTBA. Ecim TaM monmoxuTenbHOE YUCIo — KopHeH Oyzer nBa. Ecmu
OTpHULIaTEeNIbHOE — KOPHEH He OyZeT BooO1Ie.

2 _ .
Teneps paszOepemcst ¢ ypaBHeHUsiMA Buza ax” + bXx =0, B KOTOPBIX CBOOOIHBIA JIIEMEHT
paBeH Hymt0. TyT Bce mpocTo: KOpHEH Bcerga OyaeT aBa. JOCTaTOYHO pasioKUTh MHOTOUIECH
HA MHOXKHUTEJIN:

ax?+bx=0=x-(ax+b)=0=x,=0; x,=——

[IpousBeneHue paBHO HYJIIO, KOTJa XOTs Obl OMH U3 MHOXKHTENEH paBeH Hy 0. OTcrona
HaxXoJATCs KOpHU. B 3akimtoueHne pazdepeM HECKOJIBKO TaKUX YPABHEHMIA:



3agaya

PemuTs KBagpaTHbIE ypaBHEHUS:

X2 —7x=0;
5x*+30=0;
4x2-9=0.
Pemenne

X¥=TXx=0=2X-(X—7)=0=2x=0;%=—(-7)/1=7.

5x? + 30 = 0 = 5x* = —30 = x* = —6. KopHeii Her, T.K. KBapaT He MOKET OBITh paBeH
OTPULATEIIBHOMY YHCITY.
A2 -9=024%=9=>x2=9/4=x,=3/2=15; X, =—1,5.

OTtBeT

X1 = 0; X2 = 7; 2) xopueii Het; 3) X3 = 1,5; x, = 1,5.

Pemienue KBapaTHYHBIX CHCTEM YPABHEHUIl
. X—y= 11
IIpumep 1. Pemwrs cucreMy ypaBHeHnid | , °
X +y°=41.

Pemenne. BpIpasuB X M3 mepBOro ypaBHEHHUsS CUCTEMbl M MOJICTAaBUB BO BTOpPOE, MOIYYUM

X=Yy+1

2y? +2y—40=0.
PaBHOCHJIBHYIO CHCTEMY ~ 7 = =7 0 (1)

5

Pemas BTopoe ypaBHeHue cuctemsl (1), HaXoauM J1Ba 3HAYEHUS TIEPEMEHHOH Y: Vi=4Y, == ,
MOJCTABIsAsl 3TU 3HAYEHHUS B IIepBO€ YypaBHEHHE cucTembl (1), momydaeM nBa 3HaYeHUS

TepeMeHHOI X: (1~ SX =4

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

2X—-3y—-xy=4

3X+y+3xy=3

Pemenne. Cpa3dy BbIpa3suTh OJHY TEPEMEHHYIO uepe3 Ipyryld B JaHHOM CIydac

3aTPYAHUTENBHO, MEIAeT ciaraeMoe Xy. YToObl M30aBUTHCS OT 3TOrO CJIaraéMoro YMHOXHM
[IEpPBOE YpPaBHEHHUE CUCTEMBI Ha 3 M CIOXHM CO BTOpPBIM ypaBHeHueM. [Ipu 3ToM mosyyum

_ |2x=3y—xy =4,
PaBHOCUJIBHYIO CUCTEMY YpaBHEeHMM ¢~ ~ ... (2)
9x -8y =15.

15+8y

IIpumep 2. Pemuth cucTeMy ypaBHEHUN {

U3 BTOPOro YypaBHCHHUA IIOJIydacM: X = HOI[CTaBI/IB 9TO BBIPAKCHUC B IICPBOC

ypaBHEHHE CHCTEMBI (2) MOTy4YrM ypaBHEHUE 2 =4 . [Ipeobpa3zoBas ero,

—-3y-y

15+8x 15+8y
9

TOTy4YNM KBagpaTHOE ypaBHeHue otHocHTenbHO y: 4Yy? +13y+3=0. KopH# 9TOro ypaBHeHus

1 13
y,=-3,Y, = e TIIOJICTaBUM B (QOPMyYJIy JUISl X, M ITOTyYuM X, =—1, X, = 9

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



x*(x+y) =80,
x*(2x—3y) =80.

Pemenue. B neBbIx yacTax ypaBHCHI/If/'I CHUCTCMbI CTOAT IPOU3BCACHUA NBYX COMHO)KPITGJICﬁ, a
cIpaBa 4YHCJIIO OTJIMYHOC OT HYJIA, IOOTOMY, OUEBUIHO, HH OAHWH M3 COMHOKHUTEIICH JIEBBIX

Ipumep 3. Pemnts cuctemy ypaBHEHUI

yacTe ypaBHEHMH He MOXXET ObITh paBeH Hyr0. Takum oOpa3om, Mmoiydaem, 4TO x#0y

3
2X-3y#0=>x# - y . Pa3nenum nepBoe ypaBHEHHE CHCTEMBI Ha BTOPOE IOWIEHHO, B CHILY

X+Yy

CIICJTAHHOT'O BBIIIIE 3aMEYaHHsI, TIOJyIUM PaBHOCHIILHYIO CUCTEMY < 2X —3Y T Bripazum u3
x*(x +y) = 80.

IIEPBOTrO YPaBHEHMsI MOJYYEHHOM CHCTEMBI BbIpa3uM X: X=4Yy. IloxcraBum 310 3Ha4eHHE BO

BTOPOE ypaBHEHHUE CUCTEMBI U Hailnem Y =1, toraa X =4.OtBeT: (4; 1).

Jlomamnee 3ananue: Pemure ypaBHEHU:

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

2. x®-15x* -16=0

3.(X* —=2x—5)* —2(x* —2x—3)-4=0

Pemute cucrembl ypaBHEHUN:

1 Xy =2,
l9x? +y? =13.

5 X*+y=2
Y2 +x=2
L{.L:Z,
3 X+y X-Y
i+i:7

X+y X+Yy



IIpakTnyeckoe 3ansaTue Ned
Tema: Pemenne kBagpaTU4HbIX HEPABEHCTB
Heanb: O000IMTE ¥ CHCTEMATU3UPOBATh 3HAHUS M YMEHUS y4yalluxcs M0 JaHHOU Teme

Teopetnueckuii 610K

KBaznpaTHOE HEPaBEHCTBO — 3TO HEPABEHCTBO, B JIEBOM YaCTU KOTOPOI'O CTOUT KBaJIpaTHBII
TPEXWIEH, B JIEBOU — HYIIb.

To ecTh, KBafpaTHBIC HEPABCHCTBA OBIBAIOT CIEAYIONTUX BHUJIOB:
ax®+bx+c>0, ax*+bx+c>0, ax’*+bx+c<0, ax*+bx+c<O0.
PCH_H/ITB KBaI[paTHOG ypaBHeHI/Ie MOXHO C ITIOMOIIIBKO METO1A I/IHTepBaJ'IOB.

JJ1st TOTO0 HEOOXOIMMO CHaYaJIa HAUTH KOPHU KBAJPaTHOTO HEPABEHCTBA (BMECTO 3HAKA

2 .
HEpPaBEHCTBA MIOCTABUTH «=» M PEUINTh ypaBHeHHe aX~ + bX + ¢ = 0). KopHeit MoxkeT ObITH OO
1Ba, MO0 0JIMH, TNO0 He ObITh BooOIIe. JlanpHeine 1ecTBUS 3aBUCST OT KOJTMYECTBA KOPHEH:

1. Eciin ypaBHeHUe nMeeT ABa KOPHs, HEOOXOAMMO HaHECTH UX Ha YUCIOBYIO psMyr0. OHI
Pa306bIOT ee Ha TPH IPOMeKyTKa. HyKHO Gy/IeT ompeenTh 3HAKN BhIpaskeHus ax” + bX + ¢ Ha
Ka)K/IOM H3 POMEKYTKOB (KOHKPETHBIHN MPUMEpP PEIICHUS BBl MOXKETE TIOCMOTPETH, BBEIS B
(opMy BBIIIE KaKOE-HO0 HEPABEHCTBO, HAPEMEDP 5X° + 2X — 7> 0):

- ecniu & > 0, To 3HaKu OyayT +, —, + (CcleBa HaMpaBo);
- eciu @ < 0, To 3HaKM OyayT —, +, — (CJIeBa HANPaBo).

B cnyuae, ecnu 3HaK HEpaBEHCTBA > WIIM >, OTBETOM OyAyT MPOMEXYTKHU CO 3HAKOM «+». Ecin
e 3HaK < WIK <, TO OTBETOM OYAyT OTpHUIATEIbHBIC TPOMEKYTKH.

Ecnu 3HaK HepaBEeHCTBA > WK <, TO TOUKHU-TPAHUIIBI IPOMEIKYTKOB 3alIMCHIBAIOTCS B KPYTJIbIX
ckoOkax. Eciu ske 3HaK > Wi <, TO 'PaHMIIbI POMEKYTKOB 3aIIMCHIBAIOTCS B KBaAPATHBIX
CKOOKax.

2. Ecyin ypaBHeHHe MMeeT OIHH KOPeHb, TO HY)KHO TaK)Ke HAHECTH €r0 Ha YHCIOBYIO MIPAMYIO
¥ OIPE/ICITHTD 3HAKH BHIPAXCHUS axX” + bX + C Ha KaXI0M 13 mpoMesKyTKoB. KopeHs pasaenut
IpsSIMYIO Ha JiBa IPOMEXKYTKA, 3HAKH B KOTOPBIX OYIyT OJJMHAKOBBIMH (B 3aBUCHMOCTH OT

K03 pHIIHEHTa a):

- eciii @ > 0, To 3HaKkuM OynyT +, +. B aTOM citydae, eciu 3HaK HEpaBEHCTBA >, TO OTBETOM OyzieT
BCS YUCIIOBAs NpsAMast, KpOME TOUKH-TPAHULIBI IPOMEKYTKA. Eciu jke 3HaK HepaBeHCTBA =, TO
OTBET — BCs uncioBas npsimasi. Ecim 3Hak HepaBeHCTBa <, TO OTBET — IyCTOE MHOecTBO. Ecnu
3HAK HEPABEHCTBA <, TO OTBET — O/IHAa TOYKA — IPAHULIA MEXKTY IPOMEKYTKAMHU.

- eciu @ < 0, To 3HaKM OynyT —, — B 3TOM citydae, eciu 3HaK HEpaBEHCTBA >, TO OTBETOM Oy/1eT
IIyCTO€ MHOXECTBO. Eciin ’ke 3HaK HEpaBEHCTBA >, TO OTBET — OJJHA TOYKA — I'paHMIla
npomexyTka. Eciin 3Hak HepaBeHCTBa <, TO OTBET — BCS YHCIIOBAs MpsMasi, KPOME TOUKHU-
TpaHUIBl TpoMexyTKa. Ecii 3HaK HepaBeHCTBa <, TO OTBET — BCSI YUCIIOBas IpsiMast.

3. Ecan ypaBHeHHe KOPHell He MMeeT, TO HUUEro Ha KOOPAMHATHYIO OCh U HE HY>KHO
2 . . .
HAHOCHUTh: HAJIO IPOCTO OMPECINTh 3HAK BhIpaKeHHs ax~ + bX + C Ha Bceil YMCI0BON MPSIMOiA:



- eci a > 0, To 3Hak Oyzaer +. B aToM citydae: eciu 3HaK HEPaBEHCTBA > WM >, TO OTBETOM
OyJeT Bcs uuciaoBas mpsiMasi. B mpoTUBHOM cliydae — €CJi 3HaK < WK < — OTBETOM OyJieT
ITyCTOE MHOXECTBO.

- ecm a < 0, To 3HaK OyzeT — B 3TOM citydae: eciiu 3HaK HEPaBEHCTBA < MIH <, TO OTBETOM
OyzeT BCs yuCIioBas MpsiMasi. B MpOTHBHOM citydae — eCiiv 3HaK > WJIH > — OTBETOM OyJeT
IIyCTO€ MHOXECTBO.

IIpumep 1. PemuTts HepaBEHCTBO 2x% +4x — 6> 0,

KBanpaTHbiii TpexuiieH 2x% + 4X — 6 umeeT 7B IEUCTBUTEIBHBIX KOPHS X1 = —3, X2 =1.
TosToMy mapaboua y = 2X* + 4X — 6 IepeceKaeT 0Ch X B ABYX TOUKAX, aOCIHCCHI KOTOPBIX
paBHbl —3 1 1. [TockonbKy Kod(bHIeHT mpu X* 60IbIIe Hyls, mapadomna y = 2X° + 4X —
6 HampaByieHa BBEPX

Y3 prCyHKa BHIHO, 9TO TPEXWIeH 2X° + 4X — 6 IOIOKHTENCH IPH X < — 3 i rpH x >1.
[Ipumep 2. PemuTh HEPABEHCTBO
2
— X +x—1>0.
JIHCKPHMHHAHT KBaPAaTHOTO TpexwieHa — X° + X — 1 otpuuarenen: D = —3. [Tostomy mpu
BCEX X 3HAUYCHHS (PYHKIHH y = — X2 + X — 1 HMEIOT OJIMH I TOT XK€ 3HAK,  IMCHHO 3HaK
koo durmenTa npr X, T ecTh MuHyc. CIIeI0BaTEIBHO, HEPABEHCTBO — X° + X — 1> 0 He

BBITIOJIHACTCA HU IIPU KAKUX 3HAUCHUAX X.

[Ipumep 3. BIACHUTD, IPU KaKUX 3HAYCHUSAX X JIPOObH

2 4 2x—3
2y — B

IOJIOKUTCIIbHA MW TIpU KaKUX — OTpHULATCJIbHA.

CHauaJia yKa3aHHBIM BBIIIE CIIOCOOOM OITPEICIIMM 3HAKH YHCITHTENS i 3HAMEHATENsI TAaHHON
apoOu, a 3aTeM CpaBHUM HX.



Yucnurens X2 + 2X° — 3 MOIOKUTEIICH npu x < —3 u npu x > 1, a oTpunaTeneH npu
—3<x <1 (puc. BEepXHss YUCIIOBAs OCh).

“4-3<2~] 0 1. 2 3

i L
-
0 b4

3HaMeHATEIb 2X — X’ [OJIOKUTEIICH nipu 0 <x < 2 u orpunarenex npu x < 0 u mpu x >2 (puc. ,
HWKHSISL 9MCII0Bast Och). I3 pUCyHKa BHJIHO, YTO AaHHAs pOOb OyAeT MOJOKUTENbHA TPH — 3
<x <0 (B 3TOM CiTy4ae YNCIUTENb U 3HAMEHATENb OTPULIATENILHBI) U TIPU

1< X <2 (B 3TOM Cllydae YMCIUTENb U 3HAMEHATEIb TOJIOKUTENBHBI); OTPUIIATEILHON OHA OYyIeT
npu x <. —3 (YUCIUTEIH TOJIOKUTENICH, 3HAMEHATENh OTpuIaresieH), mpu 0 < x < 1 (yucnurens
OTpHILIATEJICH, 3HAMEHATEIb ITOJIOKUTENIEH) U TIPU X > 2 (YUCIIUTENb TOJI0KUTENIEH, 3HAMEHATeIh
OTpULIATETIEH).

Ynpasicnenusn
Pemute JaHHBIC HEPABCHCTBA
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.

JlomaliiHee 3agaHue;

1. Pemuth HEpaBEHCTBO:

8x°-6x+1>0

2. HaiiTn HauMeHbIIIee MOI0KUTEIHLHOE 11e10€ pellieHre HipaBeHCTBa:
X2+ 2x>-3

3. Pemuth HEpaBEHCTBO:

X*+3x+8>0

4. PeliuTh HEPABEHCTBO:

X2 -4x+4>0

5. Pemmuth HEpaBEHCTRO:

X2-4x+4>0

6. Haiftu Bce 3HaueHUS X, HE SBJISIONINECS PEIICHUEM HEPaBCHCTRBA!
2

X>16

IIpakTu4yeckoe 3ansaTue Ne5
Tema: OyHkumu: TUHEHHAs1, 00paTHAs MPONOPLUOHAIBHOCTB. [locTpoeHe kBagpaTHUHOMN
byHKIIUU
Heasn: 3akpenuTs y ydanmxcs 3HAaHUS M YMEHHS TOCTPOSHHS TpaduKoB (PyHKITHIA
Teopetnueckuii 6510k

r — 1 . 1
CaoiicTBa TMHEHHON PyHKIwMK ¥ = £ + 9



1. O6nacTh onpenenenus QYHKIME — MHOXKECTBO BCEX JIEHCTBUTEIBHBIX YHUCEL.

2. O6acTh H3MeHeHHs QYHKIMH IPH yeIoBud, uto X F 0 — MHOXeECTBO BCEX JCHCTBUTEIBHBIX
ancen. Ecm X = 0 | 10 MHOXECTBO 3HAYCHMH DYHKIIAM COCTOMT 3 OJHON TOUKH &

3.0pu k= 0. b # 0 gynkius He sisiercss HU YeTHOM, Hu HeverHol. Ecm XK =0 (2 moGoe) —
¢bynkiwms yetHas. Ecrm b=0 (X moGoe) (YHKIMS HEUeTHAs!.

4. Tpu k > 0 dyyukrust Bospactaer npu mo6sx * . [pu X < 0 pynkums yGsiBaeT npu

mro6eIX . Ilpu K =0 hyHKIMS MOCTOSHHA.

Ilpumep. IloctpouTts rpaduk GyHKINN y=2x+4 .
Pewenue. I'padukom siBnsieTcs: nipsimasi TuHAS. J[71s1 €€ OCTPOCHUS TOCTATOYHO HAWTH TOYKH

IIEPECEYEHUA C OCAMHU KOOPAUHAT: IIpU X = ﬂ= ¥y= 4

A(0:4) | B(-2,0)

U 1pu X=-2,y= ﬂ. Takum oOpazom,

InpsaMad nmpoxoauT 4€pe3 TOUKH

>y _/}=2x+4
. X
/|0

_ax+bh
®yHKIMS BUIA X+ rned, -b, C, d _ nocrosmusie uicia, puueM € F 0 ad + be ,
Ha3bIBACTCS OPOOHO-TUHEIHOU dyukyueil. OyHKIMS orpe/esnieHa BCIOZY, KpoMme
X = i
3HAYEHNUS € Ecm =0 €= 1 , d=0 , TO TTOJTy9IMM YACTHBIN CITydaid IpOOHO-THHEHHOM
_b
(byHKIMH ¥ X . OOnacte ompeseNeHns] TaKoOW (GYHKIUK X E [_ msﬂ)U (0,4—:10}. I'padurom
y = é
byHKIUH X sBisleTcss KpuBas, COCTOSINAs M3 JBYX BETBEH, CHMMETPUYHBIX OTHOCHTEIHHO

Havana KoopauHat. Takas KpuBas Ha3bIBacTCs cunepoonou. Ecmm b 0, TO BETBH THIEPOOIIBI

pacrionoxensl B I u Il koopAMHATHBIX YETBEPTSX; €CIIU XKe b« 0, 10 BO II u IV KoopnmHaTHBIX
YyeTBepTsX. [ umepOosia He uMeeT 00X TOYEK C OCSIMHU KOOPIMHAT, a JIMIIH CKOJIBKO YTOITHO OJIM3KO

b

K HUM mnpuOmmKaercs. DyHKIus X nmeuernas. Ha pucyHke n300pakeH  TpaduK

TUIIEpOOIIEI Y X s coryaas b>0



<

» X

2

Oyukms, 3amaHHas GopMyIIoi y=ax— + bx + C, rae ¥.X _

INEPEMCHHBIC, a’b’ﬂ —

3a1aHHble umcia, ¥ 0, HA3bIBACTCS Kéaopamuunoit @yukyuen. OOIACTHIO OIPEIEICHUSI
KBaJIpaTUYHOM  (PYHKIMM  SBJISETCS MHOXXECTBO JCHCTBUTENBHBIX uHced. [ paduxom

2

byHKIHH y=dax- + bx+e sBisieTcs napaoona. Ecnm @ > 0, 10 Bemsn niapaboIbl

HalpaBJICHbI BBCPX; CCJIN < ﬂ, TO BCTBH Hapa60J'ILI HalnpaBJICHbBI BHU3. Ocsi0 CUMMCTpUHN

b

x = —_=
Hapa60m,1 SABJISICTCA prIMaSI za . KOOpI[I/IHaTBI BepIJ_II/IHBI napa6onbl onpex[enmoTc;I 10
b ( ] dac —b°
x = —_= e = e =
0= 2g Yo ¥ 4a

bopmynam

Jlnst mocTpoeHus mapadoiibl yI0OHO BEIOPATh CIEAYIONINE TPH TOUKH:

a) TOYKY TepeceueHus] mapadoibl ¢ OChIO Oy’ pu x=0 IIOJTYYUM y —C’ TakuM 00pazom,

C(0.c).

0) Touky Ha mapaboie pu y=e¢ , TO €CTh TNOO TOUKY C aOCIICCOit x=0 (touka C), mu6o

__b B(i;c).

TOYKY C abCIUCCOi e | takum 06pa3oM, BTOpast TOUKa ad

__ b _ _dac-b°
AlX . ¥) xﬂ__ﬁ,yﬂ_y(xﬂj_ 4a

B) BEPILUHY 1apaboJibl TOUKY , TIe
MoOXHO Takke B KayecTBE OCHOBHBIX TOYEK BBIOpPATh TOYKM IlepeceueHHsi Mapadonibl ¢

 _bt\B%_4ac —p+ D

IepBasd TOYKa

X =
ocero OX |~ 1.2 2a 2@ comm TakMe CyIECTBYIOT, TO €CTb

JUCKPUMMHAHT KBAaJPaTHOI'O TPEXWIECHA HEOTPULIATEIIbHBIN.

Ilpumep. IloctpouTts rpaduk GyHKINN Y= 2x 2 +2x+2 :
C(02) B(-1;2) A 0,515)

BerBu mapabosibl  HampaBieHbI

x=-025

OTMeTMM TpU  TOYKH

a::-U)

BBEPX ( . Ilapabomna cuMMeTpryHa OTHOCUTEIBHO MPSIMOI



X
0
1. TlocrpoiiTe rpaduku GyHKITHI:
1y=3x 4 v = 3
1 ) 6. x
V=—x —
2. 2 v = 1
3.v=05—4x 1. x
: 2 ,
8’ " %
A 2
v=44+—
9 x
12v—4x =6
53x +4v=12
3
6.v=—

T

2. IMoctpoiite rpaduku KBaApaTUIHON (YHKIIHH:

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[OMaHIHee 3aJaHHuC:

[Toctpoiite rpaduku QyHKIMIA:



l.v=4x —1>5

[TocTpotite rpaduku
GbyHKIUY:

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

5.y=x2-4x + 4

KBaJAPaTUYHOU



IIpakTHyeckoe 3anaTHe Neb

Tema: KontposibHas pabota 1o reme: «Pa3BUTHS MOHATHS O YUCIE»
Henan: [IpoBepuTh YpOBEHb YCBOCHHS JAHHOIO MaTepuaia o teMe «Pa3BUTHS MOHATHUSA O

YHUCIIe»
1 Bapuanr
1.Pemure JinHeliHOEe YPABHEHHE:
2) 3X_x+2_3x—2+x—1:1 6)1—6_2X:x—x—+3
4 2 3 3 2

2. Pemnte cucreMy JMHEHHBIX HEPABEHCTB:

4x -3 3x 5 3-2x 5 2x
—+3¢0 —+— > ,
2) { 6 2 8 ){
4x-3 x-5, x-1 4x-15 2
+5 24 o —4=
8 5 2 3 3
3.Pemure cucTeMy YpaBHEHHIA:
5x—2y =7, Xy _X-2_. .y, 1,15
Layos 91 3 HLx ¥ 6
y= 5x—4y = —18 2y —x=1
4.Pemiure KBaJpaTHOE YPABHEHHE:
2 2 _
a) x> =x=0 6) oX +9+4X 9:3 B) X>+9x+20=0 Nx?-5=0

6 5

x(2x —3) N (Bx-1 (x+3)

_ 1
A 5 5

S. Peminte KBaApAaTHYHOE HEPABEHCTBO:
a) x> —8x—20<0 6) —x*—6x+27n0 B) 2x*-13x+20¢ 0

6. Pemnre rpaguyecku ypaBnenne: X +1=(X-1)



2 Bapuant

1.Pemure JIMHeiiHOE YpaBHEHHE:

a)x+X—_3+X—+1:2x+5_3X 6)4—6_2X+x: x— X3
8 4 2 3 2

2.Pemmnte cucreMy JIMHEiiHBIX HePaBeHCTB:

5x -3¢ 1+ X, 10< -12,
2 3
2{1 . 2 5 {
E—3Xn§X—5 X+1¢2x—21
2 2
3.Pemmure cucTeMy ypaBHeHUI:
2X—-6 x-2
2X +3y =13, 3 o =2y, E_lzl’
0) B)Y y x 3
5x-y=7 3Xx—6
5 +==X X—=2y=2

4.Pemute KBaJpaTHOE YPAaBHEHHE:

2 92
a)x*—2=0 6)3x*+6x=8x*>-9x B)3X 11+74 2X

12
2) X(x—=7) . x—4_£:l
3 3 10
5. Pemure KBaJAPaTUHYIHO€ HEPABCHCTBO:
a) 2x2 —x+4710 6)—3x*+5x+2>0 B)2X° —4x+13¢ 0

6. Peruute rpaguyecku ypaBHeHue: 2 =3x-1.
X

IIpakTuyeckoe 3ansaTue Ne7

Tema: OCHOBHBIE TPUTOHOMETPUUECKUE TOXKIECTBA

Ieab: HayunTh Ucnoib30BaTh OCHOBHBIE TPUTOHOMETPUUECKUE TOXKIECTBA MPU
peoOpa30BaHNHN BEIPAKCHHM

Teopetndeckuii 610K

Teopema
OCHOBHOE TPUTOHOMETPUUECKOE TOKIECTBO. [y 1F000Tr0 yrila oL BEPHO YTBEPKACHUE:

sin® o + cos® o = 1.

sinag =+./1—cos?a; cosa=++1—sin?a

=10 1)2x*-3x+8=0



Cnencraue

JUist 1000T0 yrila o MOYKHO NEpenucaTh OCHOBHOE TPUTOHOMETPHUECKOE TOXKIECTBO CIIETYIOIIUM
obpa3zom:

tgzr:r:—l—lzL' cgla+1=

cos? o sin? &

OTH ypaBHEHHUS JIETKO BBIBOJISTCS M3 OCHOBHOTO TOXJIECTBA — JIOCTATOYHO Pa3/IeIuTh 00€ CTOPOHBI Ha
C0S? o (JUTSt TIOTyYeHNS TAHIEHCA) MM Ha Sin’ ol Ul KOTAHTeHCA).

Pemenune ynpaxseHuit

1.Haitnure sin o, eciii U3BECTHO CJIeIyIOIIEe:

IIZI‘.ZIS{'J‘I——£ {IECT

Pemenne

Ham u3Becten KOCHUHYC, HO HCU3BCCTCH CUHYC. OcHoBHOE TPUTOHOMECTPHYICCKOC TOXKAECTBO
(B «urcTOM» BUJIE) CBSI3BIBACT KaK pa3 3TH QYHKIMH, IOATOMY OyaeM paboTtaTh ¢ HUM. Meewm:

sin® o+ cos® @ = 1 = sin® o + 99/100 = 1 = sin® ¢ = 1/100 =sin ¢ = +1/10 = +0,1.

JIns pemienus 3aa4M OCTaNOCh HAUTH 3HAK cuHyca. [lockonbky
yroi o. €(n/2; 7),To B rpagycHOI Mepe 3TO 3amuchiBaeTcs Tak: a € (90°; 180°).

CrnenoBartenbHO, yroil a JeKUT BO || koopauMHATHOM 4eTBEpPTH — BCE CUHYCHI TaM

nooxuTeabHbL. [ToaTomy Sin o = 0,1.
Ortser: 0,1

2.Haiinurte cos a, €CIM U3BECTHO CIEAYIOLIEE:

N3 E(_Sﬂ:)
sina = ——-; a €1,

Pemenne

Wrak, Ham U3BeCTEH CUHYC, a HAJ0 HailTh KocuHyc. O0e 3TH QYHKIMH €CTh B OCHOBHOM
TPUTOHOMETPUICCKOM TOXKIACCTBE. HOHCTaBHHCMZ

sin®a+cos’a=1=3/4+cos’a=1= cos’a=1/4 = cosa==x1/2==0,5.

Ocranoch pa3o0paThCsi Co 3HAKOM Tiepea Apo0bo. UTo BEIOpATh: MIIIOC UIIK MUHYC?

[To ycnoBur0, yroi a MpuHAIUICKHT MPOMEKYTKY (7 37/2). [lepeBeneM yritbl U3 pajuaHHON
MepBI B TpajycHyto — noiyuuMm: o € (180°; 270°). OueBunHo, 310 111 KOOpAMHATHAS YETBEPTH,
IJI€ BCE KOCUHYCHI oTpuliaTenbHbl. [loaTomy oS a = —0,5.

OtBeT:—0,5



3.HaiiguTe tg a, ecinu U3BECTHO CIIEAYIOIIEE:

1 3T
cosa =—; @ € (—;ZTE)

V10 2

Pemenue

TaHreHc 1 KOCUHYC CBSI3aHbl YPABHEHHEM, CIEAYIOIIMM U3 OCHOBHOTO TPUrOHOMETPUYECKOTO
TOoXKAECTBa:

1
2 2
tgeca+l=——=tg°a=10-1=9
cos? a
[Tonmyuaem: tg o = £3. 3HaK TaHreHCA ONpeIeIsIeM 10 yrity o. M3BectHo,uTo a € (37/2;
2r). IlepeBeneM yribl U3 paIiaHHON MEpPhI B TpalyCHY0 — moiyduM a € (270°; 360°).
OueBuaHO, 510 [V KOOpAMHATHAS YETBEPTH, TJI€ BCE TAHTEHCHI OTpUIaTeabHbl. [loaTomy tg a =
—5i

Otse: —3

4 Havigute cos o, €Cli U3BECTHO CIIEIYyIoIIee:
_ 3n

sine =—0,8; a € ?; 21

Pemenue

CHoBa HU3BECTEH CHHYC ¥ HEU3BECTEH KOCHUHYC. 3alMIIeM OCHOBHOE TPUTOHOMETPHUUECKOE
TOKJIECTBO:

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

3Hak onpezessieM 1o yriy. Umeem: a € (37/2; 27). TlepeBenem yribl U3 rpagyCHON MEpbI
B paauaHnyo: a € (270°; 360°) — sto IV xoopanHaTHasI YeTBEPTh, KOCUHYCHI TaM
MOJIOKUTENBHEL. CenoBaTensHo, CoS a = 0,6.

OtBert:0,6

5.Hatigure sin @, eciy U3BECTHO CIICIYIOIIIEe:
m
ctga = 246: a € (G;E)

Petenne:

3anumieM GopMyity, KOTOpas CIEAyeT U3 OCHOBHOI'O TPUTOHOMETPUUECKOTO TOXK/IECTBA
Y HaIIPSIMYIO CBSI3bIBACT CHHYC U KOTAHTEHC!

1 1
fa+1= =24+1=25
g sinfa  sin?a

Orcrozia mosny4yaem, 4to sin® a = 1/25, T.e. sin a = +1/5 = +0,2. U3BecTHO, 4TO yron o €
(0; #/2). B rpaxycHoit Mepe 310 3anmchiBaeTcs Tak: o € (0°; 90°) —I koopauHATHAS YETBEPTb.



Urak, yron Haxomutcs B | KOOpJMHATHON Y€TBEPTH — BCE TPUTOHOMETPUUECKHE (DYHKIIUU
TaM MOJIOKUTEIBHBI, T03TOMY Sin a = 0,2.

Ortser: 0,2
3w
. 5
. sina U tga, ecny cosa = —
7.Haitgute 13 u
. 5
. cosa Utga,ecausina = —
8.Hatimure 1u
JlomarHee 3a1aHue:
. 4
. sina W tga, eciu cosa = ——
1.Hatinure 3 U
. a8 Im
. cosa Htga,ecIusing =-— Tw<o<—
2.Haiinure ’ 17 u 2
im
3 Haiiqure cosausina, ecmutga =-1 5 T4 =5

IIpakTnyeckoe 3ansitue Ne 8

Tema: [IpuMeHeHE OCHOBHBIX TPUTOHOMETPUIECKHUX TOXIECTB K MMPEOOPA30BAHUIO
BBIPAKECHUI

Hean: HayunTs BCmons30BaTh OCHOBHBIE TPUTOHOMETPHUYECKUE TOXKIECTBA TIPU
peoOpa30BaHUH BBIPAKCHHM

Teopetnueckuii 610K

— hopmyITbl 1sist g, nga‘;
— OCHOBHOE€ TPUT'OHOMETPHYECKOE TOXKIECTBO;
— (opmya, BeIpaXKaromias 3aBUCUMOCTh 18 cos @,

— (hopMyIia, BhIpaXKaroIlas 3aBUCUMOCTh CEE s &

VYrpocTtuth BeipaxkeHus (yCTHO)
l-cos’ @
2—sin‘@-—costa
CoOS e iga
-3 2 2
s Eigtatoost &
(1—sin @)(1+sin &)

sin * §—cos* 8



Pemrenne ynpaxxuenunii

YpoCcTUTh BbIpaKEHUE:

1
[—cosg e 1] --:'zgjﬂ
1.

Pemenne:

EOS2 o

1
(——1] -czgga: {1+r.gg£r— 1)-c£g2&: 1
2 gy epfon— [f,g-::'c.* ®Cog a:E]I2
Pewenue:

g wetgl — I[.Egcl’-ms a’]g =l-sin‘@=cos’ @

l-sm 8 cosd
3 ctosfd  l4sm g

Pemenue:
l—sin 8 cos 8 _l—smjﬁ—cosgﬁ_
cos & 14an 8 Cos ,-:‘5’[1+sin ﬁ]

? Kakue 3HaHHS MBI MPpUMCHSIN IJI PCHICHUA JaHHBIX BBIpa)KeHHﬁ?

BeinonHss  ynpouieHue BBIPRKEHUH  MCHOJIb30BAIM TPUTOHOMETPUUYECKHE TOXKAECTBA U
(opMyIIBI COKPAIIEHHOTO YMHOXCHHS.

JlokazaTh TOXKJI€CTBO:
B uem oTiinuune Toxxaecta ot GopMyibi?

ToxaecTBO — pPaBEHCTBO JABYX AQHAIMTUYECKUX BBIPAKECHUN, CHPABEIJIUBBIX I JHOOBIX
JOTTYCTUMBIX 3HAYEHUH BXOSIINX B HETO OYKB.

dopmya — KOMOMHAIMA MAaTeMAaTHYECKUX 3HAKOB U OyKB, BRIpAXKAIOIasi Kakoe-I1u0o
MIPEI0KEHUE

1-sin’a
—— e =1
1. St &Cos &
1—gin® @ cost @
—  efpax=—— g =cigawiga=1
SN (oS BN X COS

1=1

o sinta+2ces® @-cost @=1

sinta+ 2ot a—cost = (sin ‘@ +cos? cr)[:sin ‘o —cos? .::E)+2|:c::-s2 G=sin a+cosia=1
1=1

cost @—sint @ 2 1
+2igta= ———

3. cost @ cos® @




4 .4 2 .2
COs & — sin - & 2 COs " & — sin " &
5 + 2ig " =

cos & cos 4 &

+Zigza=1+fg2¢z= p—

1 1

IZ':'J'S2 & EOS2 o

Yrto He0OXOANMO IS YCTICHTHOTO BBIIOIHEHUS PE0O0Pa30BaHH TPUTOHOMETPUIECKUX
BbIpAKEHUI1?

CB0001HOE BNIaJICHHE TPUTOHOMETPUUECKUMHU TOXKAESCTBAMU U (hOPMYJIaMU COKPAILIEHHOTO
YMHOKEHHUS.

Taro: sin ¥ —cosa =06

Hajimu: it cos &

Pewrenne:

s & —cosa =06

(sin @ - cosaf = 0,62

sin & — 2sin &cosa+oost @ =036
1-Zein goosa =036

2sin xoosa = 0,64

s oosa= 0,32

Pemenue ynpaxseHuii:

Ynpocture BeIpakeHUE

1. 1-cos’ & 1-cos® &
7 1—sin®
) cos? cx+(1— sin? ::E:]
' 8 sin® @+cos® a+igiw
3 [cos -::E—l) [1+ Cos -::r)

sim o
) oy
cos® 61’—[1—251112 &':I 9. '8
_ 1 S Y- oS
5 sin & cos & cfga—1 - Py
: 10 cig
cos® &

Z
6. cos” a—1



Jlomarrtee 3asiaHue:

prOCTI/ITe BbIpaXX€HHE

gl clgd— cos” @

2ain &

1-sina
bl ¥
COS Y

1 1

+
1+cosex l-cosg

cﬁgzﬁ[coszﬁ—l:l+l

g 8+1
1+cig 3

cost & fg [—.::r) -1

1-tg(-a)
sin & +cos [—a:r:l

IIpakTnyeckoe 3ansitue Ne9

Tema: ®opmyisl npuBeaeHUs. DOPMYIIbI CIOKEHUS
Hean: Hayuuts ucnonb3oBaTh (GOpMYIIbI IPUBEIEHUS TIPH IPEOOPa30BAHUN
TPUTOHOMETPUUYECKUX BBIPAKEHUN

Teoperuueckuii 010k

- - 8 o ] [ [ u
g B 1 - s ¥ 82 3 +
8 i 8 + n ° U + . Ba ta
| = + @ g go E o - =) -
ﬂ = = IW +~'I.l = F= l_,'!.D '='l‘_'!
1 [Rlpel rlea l ez | &z | eleg | oo | S22 | 82
[
sin —sinajcosa| cosa | Sino |—sin o|—cos a|—cos a| —sin x| sin @
|
cos €0s 2| 5in & | —sin o|—cos &|—cosa| —sin; sine| cosofensa
|
tg —tga|ciga |[—clga|—tlga tgx| clg=z|—clpa —1gﬂ!lgfx
| i
i
clyg —ctgaitga |—tga |—clga] ciga tgox | —tga |—clgajciga




DopMyJibl CII0KEHUS

sm(a’+,8)= sin & cos S+ cos@smn B,
sm(a’ ﬁ)=s1n &cos S—cos&sm B,

cos[a’+,8)— cos&cos 8—sin @&sin 8,

cos((z - {)’) =cos&cos S+sin @&sm S,

tga+igh _ tga-igh

tela+ 8)=——=0 tola =
g( '8) 1-ige - tgh8 g( 1+ige-tg8

(B moceaHUX ABYX popmynax & #F Af2+m,  S#mf2+m y
cootBerctBenno &+ 8 #FAf2+m, a- G#Af2+m, nely

cige-cigh—1

ciga-cigh8+1

ctgla+8)=  ctgla-g)=

ctgh+ ctge ctgB—ciga

(B mOCIeIHHX ABYX (opMynax & # 7™, S # My
coorBerctBenHo &t 8 # M, @- S#m, nel),

[Tpumepsr:
s5in13m (2 ) sinm J_
3 = Sin 2T + 3= 2
cos 13w (2 ) sinmt 1
3 = COs 2T + 3 =3
13w T
tg——tg(z 2}T+—) tg——r
. 13w . (2 ) . T 1
ctg—=¢c¢ 20 +—)=ctg—=—
g g + Q v

TaHreHc ¥ KOTaHI€HC MOYKHO ObLIO OBl BRIYMCIIUTD U TaK:

13n __ sin(13n/3) _ V3,2 lr— 13.11. 1
tg 3~ cos(13m/31 i, 3, clg

= g (lana)

V3’



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

o Sin(—1050% Y, .1
tg (—1050°) = cos (— 1050°) — V";ﬁg T ¥3!

oy cos(—1050°) V32
ctg (—1050°) = G —To509) = i, V3.

sin (—960°) = sin [360°-(—3) + 120°] = sin 120° =
= sin (90° 4 30°) = cos 30° = /'3 /2,
cos (—960°) =cos [360°.(—3) 4 120°] =cos 120° =
=05 (90° + 30°) = —sin 30° = —1/,,
o Sin(—960% V32
tg (—960°) = cos (—960°) — — 1/, -_VS_‘

ctg (—960°) = 1/tg (—960°)=—1/)3.

Pemenue ynpaxxuenuii

1. 3ameHUTh 3HaYEHUS JAaHHBIX TPUTOHOMETPUUECKUX (PYHKIMI 3HAYECHUSIMU
TPUTOHOMETPUUYECKUX (PYHKUMI JONOJTHUTENBHBIX YIJIOB:

a) sin 54°, 6) sin (/4 —3a); B) cos 53°% r) cos (3n/10); 1) tg 51°
e) ctg(n/4 —ot/2); ) ctg 36°28°46",

2. Haiitu 3HaueHus cleAyomuX TPUTOHOMETPUUECKUX PYHKIUHN (MIIK BBIPA3UTh UX
yepe3 3HaYeHUS] TPUTOHOMETPUUECKUX (PYHKIUI OCTPBIX YTJIOB):

a) cos (2n/3); 6) sin 92°31"; B) ctg (5n/4); r) tg 330°,
3. BelynciauTh:

a) Jsin (n/2)44 cos (2n/3) -6 sin (137/6);
6) 2tg IBD“-—-—}; sin (— 270°) + -13 cos 180°,

4. 3HaueHus JaHHBIX TPUTOHOMETPUUECKUX (DYHKIMI NMPUBECTU K 3HAUCHUSIM
TPUTOHOMETPUYECKUX (PYHKUMUNA HEOTPULIATEIbHBIX OCTPHIX YIJIOB:

a) ms{Bﬂ:th]; ﬁ}- sin 2760° B}- tg (—1845°%; ) -ctg 92209°,
5. JlokazaTb TOXAECTBO
3 [sin? (3/2 —a) +-sin* (3n-fa)j— 2 [sin® (/2 -+ o)+ sin® (Bn—a))=1.

[IpeoOpasyiiTe BbIpaxeHue
a) cOS(/4 - @) 6)sin(e@ + 7/4) . B) COS(T/4 + w): r)sin(e —a/4)
n) t9@T2-¢) ; e)sin(p — n/6)



2. Bremaucaure:

a) oS T105] To; 6)sin [1053 "0 . p) COS (751 "o ; r)sin [753 "o

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

3. VYnpocrure:

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

, a8
sing =— cosf=—,auf —yrael .
4.a) 3Has1, 9TO 17, 5 YETBEPTH, HAAUTE 3HAUCHUS
BBIPKECHUS
, 2
sing =— cosff =—,au ff —vrao: [ .
0) 3Has, 4TO 17, 5 YETBEPTU, HANAUTE 3HAYCHUS
BBIPOKCHUS
, 2
sing =— cosf =—,anff —yrast [ .
B) 3Has, 4To 17, 5 4YeTBEPTU, HAUJUTEC 3HAYCHUA
BBIPKEHUS

JlomailiiHee 3agaHue;

1.3ameHnTE TPUrOHOMETPUUECKON (DYHKIMEH yTiia o

n(5-a) )
a)iﬂ 2 : 6)::&5[2rr —ak B) tg ?+ c ] r) ctg(90° - )
2. Halinute 3HaueHNE BBIPAYKECHHUS;
4T
a)sin 240" : 6)cos 300°; B) tg(-225; r) ctg 3

3. IlpeoOpasyiiTe BbIpakeHHUE:

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

4. [IpeoOpasyiiTe BbIpaKeHHE
a) 1921 — @) 6)sin(m/3 - )

5. Bemaucaure:

a)tg L1531 To 6)cos [153 To



6. VYmpocrture:

+¥3cosa - 2 cos (nc — E)

G
i a8
sink =— cosf=—.auff —vrae [ .
7. 3Has, 94TO 17, 5 YETBEPTH, HAMAUTE 3HAYCHUS
BBIPKECHUS

IIpakTnueckoe 3ansTue NelQ

Tema: ®opmynbl 1BOMHOTO aprymeHTa. @opmyJibl TOJOBUHHOIO yIjia

Henab: Hayunts ncnonp3oBath GopMyJibl IBOMHOTO apryMeHTa MpHU NpeoOpa3oBaHUU
TPUTOHOMETPUUYECKUX BBIPAKEHUN

Teopetnueckuii 610K

sin 2xX = 2 sin X coS X

- 2 =2
COS 2X = COS” X —SIn“ X
cos2x=1—2sin’x

21g x
tg 2x =
1-tg® X

e l—cosa o 1+cose
sit —=i4||— cos—=iJ—
2 2 2 2
a2 1—rcosa sin o l—cos
& l4cosa l+cosa Sl &F

& 14+cosa sl l4+cosa
cig—=1% = =
2 l—cosay  l—-cosa i &%

prOCTI/ITI) BBIPAKCHUC!

1) cos 2x = cos? X — sin® x.
3mech npejacTaBisieM 2x B BHIE X + X M IPUMEHsIEM (hOpMyITy KOCHHYCA CIIOKCHHUS apTyMEHTOB:

C0S 2X = €0S (X + X) = COS X COS X — Sin X sin X = €0s’ X — sin’ X.



2) cos 2x = 1 -2 sin’ x.

311ech MBI MPOCTO MPOIOIKIM MPE0OPa30BBIBATH MPEIBIIYIIYIO (OPMYITY.

VIcronb3yeM JUTs 9TOr0 OCHOBHOE TPUTOHOMETPHUYECKOE TOKIECTBO cos™X + Sin’X = 1.

13 5TOr0 TOKAECTBA CIEAYeT, uTo cos X = 1 — sin’X. VTak, BBIMAIIEM MpeasLayLyio Gopmyy,
BCTABMM 3HAYEHHE COS X, CBEIEM TOOOHBIE YIICHBI ¥ TIOTYIHM Pe3yIIbTAT:

COS 2X = c0S° X — sin’ X = 1 —sin® X — sin® x = 1 — 2sin® x.

21tg x
3)tg 2x =
1-tg®x

Crioco60B, Kak MPUITH K TAKOMY TOXKAECTBY, JBa.

[epBeii cioco6. 31ech HaM TOMOXKET (POpMyITa TaHTeHCA CIOXKEHHs apryMeHToB. s aToro

npeacraBuM tg 2X B Buje tg (X + x). Urtak:

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

Bropoii cnoco6. On cnoxxuee. CHavyana npuMeHsieM (GOpMYITbl CHHYCa M KOCUHYCA CIIOKCHHUS

apryMEHTOB:

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

Tenepsb, 4TOOBI yIPOCTUTH BBIPAXKEHUE, JIEIUM BCE €r0 YaCTH Ha COS X COS X, COKpaIaeM
M0/100HbIE YJICHBI ¥ MPUXOAUM K PELICHUIO:

sin X €6s-x €6Sx sin x 2 sin x
+
€05% COS x €05-% COS x 2 COS x 21tg x
€OS%605%  sinxsinx sin? x 1-tg®x
— 1—
€6S%€05%  COS X COS x cos’ X
[TPUMEYAHUE:

HpI/I PCIICHUMN KOHKPCTHBIX 3aJda4 BaXHO IMOMHHTHL, 4YTO 3aJa4a HMECT CMBICII JIMIIb B TOM
cjydae, €CJIM B IIpOLECCC PCIICHUS 3HAMCHATCIIM HUT A€ HE OKA3bIBAIOTCA PaBHBI HYJIIO.

Tenepb AJI HarJIIAHOCTU pCIIMM HECCKOJIBKO ITPUMCPOB 110 TCMEC.

[pumep 1. YOpoCTUTh BbIpaKEHUE:



sin 2a

sin o
Perenne:
sin 2a 2 si-e cos a.
= = 2cosa
sin o sit-a

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

B nepByto ouepenp, 0TMEUaEM, YTO YIoJl HAXOAUTCS B TPEThEH YeTBEPTH. 3HAYUT, CHHYC OyIeT
CO 3HAKOM MUHYC.

. 2
1) 3nauenue cuHyca Mbl MOTJIM OBl HalTH Yepe3 popmyny 1 + ctg” o =
sin?
3HAYUT, HAM HAJI0 CHaYajia BEIYUCINUTh 3HAUCHHE KOTaHTeHca. Mbl 3HaeM, uto tg o - ctg o = 1.
CrnenoBartesnabHO:

1 1 4
ctgo= = =
tg a 3/4 3

2) Tenepb HaXOUM 3HAUYECHUE CUHYCA!

1 1 1 1 9
sinfa = = = = =
1+ ctg? a 1+ (4/3)? 1+ 16/9 25/9 25
3
sino =———
5

. . 2
3) M&1 3HaeM, 4To sin 20, = 2 sin o cOS 0. 3HAYUT, HAXOAUM eIlle KOCHHYC (110 popMyiie COS” o +
sin® a = 1). IIpu 9TOM OIIATH He 3a0bIBAEM, YTO YTOJI — B TPEThEil YeTBEPTH U KOCHHYC JOJDKCH
OBITH CO 3HAaKOM MUHYcC. MTak:



9 16
cosa=1-sinPqg=1-—— = —
25 25

cosa=———

4) Ocranock NpUMEHUTH GOPMYITy TBOHHOIO yria:
3 4 2:3-4 24

sin20=2 - (— ) (-
5 5 5-5 25

= 0,96.

N
I
I

[Ipumep 3: Berauciauth

T T

cos? — —sin? —
8 8

Pemenue.

3T0 BBIpAXKEHUE COOTBETCTBYET MPABOM YacTH (OPMYJIIBI KOCHUHYCA IBOHOTO
aprymenTa (cos 2X = cos® X — sin’ X). 3HAYHT, MPOCTO MPUPABHSIEM €ro K JeBor yacTtu. [
ATOT0 3aMEUYaeM, 4TO

Ocraetcs BBeCTH B (pOpMyITy 3TO 3HaYEHHE X U PELIUTh YpaBHEHHE:

T T T 27 T \2
cos’ — —sin>——=cos2-——=C0S—— = COS —— = —
8 8 8 8 4 2
YnpaxxHeHus:
BeruuciauTe:;
I S n T 2
C08“ —— SIn°- — = cos (2-—) = 0§ — = —.
8 8 8 4 2

1)

T T 1 T ¥ 1 T 1 @ 11 1
sm—-cos—=—(23m—cas—)=—sm (2- )=—gm_=_._=__
2 6 2 2 4

2 12 12 2 12 12/ 2 12
I
"9 —tg(22)=tg= =1
g2t I\TR/ T T
3) 8

3 3T
coSXx =—, XE (—;2?’5).
5 2



Haiir: a) cos2x, 5) sinzx.
Pemenne:
a)
w . 9 16
sin“x=1—cos*x=1——=—,
25 25
] 4
s5inx = ——,
5
X € (E—T ETE)
YuuteiBasi, 4To 2 , TO
. s 9 16 7
COSZ2x = cos“x—SIN“"x=———=——.
25 25 25
7
cos2xy = — —.
OtBeT: 25
0)
] ] 4\ 3 24
sinZx = 2sinx cosx = 2 - (— —) —= = —
5/ § 25
sin2x = — E
OtBerT: 25
Ynpocture BeIpaKeHHE:
cos 30
6) cosdl™+sm 407
cos36° +5in” 18
r) cosld”
Penrenue.
cos80°  _ cos?40% —sin T 40° _ lcos 407 +sin 40%cos 407 — sin 407/ _
cosd0® + ain 40° cos 407 + am 407 cos 407 + an 40°

6)= cos 407 =z 407
Otger: £os40% —sin 40°

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

r) cosla® cos 187 cos 187

=cosl8”

Otser: €0518"

i

2
b S o
cos— +t8mn —
Brrauciaure E 8

Pemenue.



o T )y 2 q T b S S
— —|cos— +sm — = —-cos ——ZdCos—sm ——sm T — =
2 ] 2 ] 8
a2 T T T «E T w‘@ T
= — —-Zcog—sgin ——|cog® —+sn® —| = — —-Zcog—gin ——1= ——3sn — -1 =
8 2 3 8 2 B}
Jzo2
= —-—-1=-1
2 2
Otser: -1.
TecTrupoBanue
Bapuaum 1 Bapuanum 2
Bovryuciume: Buvruucaume:
1.cos® EE sjﬂ:{E —233150
12 12 1- tg15°
T S N i | 3 3
Vo g Ty Ty e 2}%-, 3)—%; 4)-+3
2t 7o by T
tgi75 -1 2 cos Esin =
3 J3 2] 1 1 3
DL I -2 -3 DX - H-— fHl
3 3 )4, )2, 3) > )2
3
3.[cos£—smf] 3.cos43—ﬁ—sm43—ﬁ
] 3 3
1. s ol 1= 1 I F S T R
Dz@-+2; 25 I l2-2b 4o Do Do Do g
a1 4 Hatidume fgde, ecnu tg2a =04
4 Haficwume fgg, eonu iga =E i 20
1 1 . 3 I} 2)5; 30,5 43'5
D= 2)—; 31— =
2 16 15 17

6. IlpoBepka, aHaIM3 OIIUOOK

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




YIIPAKHEHUA

1. Yrpocrure:

sin2a sin2a sin2o
. . : . ‘ IR P
) sino ’ 0) 2coso. ’ B) cos’— sin’o. r) cos2o. + sinoy
5 sin 40" &) sin 100° _ ) c0s36° + sin?18° . sino
2cos 20°’ 2cos 50°? o cos?l§’ 2 3) 2%in2 % °
. 2

2. JlokaKuTe TOMKIECTBA:
a) 2sin(90° — o) * sina = sin20;; 6) (sino + cosa)? = 1 + sin2c .
3. Beruucomre:

. 4 3n
a) sin20, ecyim cosSO. =— U -5 <0 <2m;

5
0) cos 2a, ecau coso. = —0,2 u g< o <m;
_é 3n
B)tg20c,ecnntg(x—4 un<o<—.
4. YIPOCTUTE BbIPAXKEHHE:
sin o | cos @ .
g) ———— B) = o
2cosgg © cos —q-)+sin9
2 2 2
6 sin 4B | ) cos 20— sin 2al
) cos 23 cos 4o
5. Hadimure 3uayenusa sino, coso U {go, ecid H3BECTHO, YTO
o_ 9

sing =z7 H O<o<m.



6. YIIDOCTUTE BbIPAXKEHHE!
) sin 2o0—2 sin o
cos o — 1 ’

B) sin 2a ctg o—1;

2
6) — =i Ly r) (ctg oa+tg a) sin 20.

D)
l —eas™ o

7. YripocTuTe:
sin 283
cos 2 + sin” B

a) 0,5tgasin 20+ cos” o

8. Boiuncaure:

a) 2sin 15° cos 15°; - r) cos’ 15°—sin2 15°'
- T, x

6) 8sin g cos 3 ) 4cos 4 sin” 8
: _ 27m o7m

B) sin 105° cos 105°; e) cos” 15 —sin’ 13 -

9. YTipocTure:

2tg 5° 41g 15° tg 75°

A =5 O v Bl
1-tg" 5 1 —1g® 15 1 -tg” 75

10. YIIPOCTUTE BLIPaXKEHHe:
. O . -0 37
a) 4 sin 5 sin —5— sin 5 oc);

6) 4 cos + cos?‘“;acos%;a.

11. JloKaxkurte ToXaecTBO
: 9o (T O
I +sin o =2 cos” (Z **2-).

12. YTIpocTHTe BhIpaXKEHHE:
1 + cos 2¢
1 —cos 2¢-

13. CylecTByeT /1M TaKoil yrosi X, npu KoTopoM

; s
smxcosx=7?



IIpakTnueckoe 3ansitue Nell

Tema: [IpeoOpazoBaHre CyMMBbI TPUTOHOMETPUUYECKUX (PYHKIINN B TPOU3BEICHUE U
IIPOU3BENICHUS B CYMMY

Hean: HayunTs ucrons30BaTh JaHHbIE (HOPMYIIBI IPU MPe0oOpa30BaHUH TPUTOHOMETPUYECKUX
BBIPaKCHU I

Teopetnueckuii 6110k

CymMma cuHYyCOB

_ _ Tty T—y
sinx 4+ siny = 2sin Ccos
2 2
Pa3Hocth cunycoB
. . LT =Y Tty
ST — s8Iy = 2sin cOs
2 2
CyMMa KOCHHYCOB
Tty T —1y
cosST -+ cosy = 2¢os cos
2 2
Pa3zHocTh KOCHHYCOB
Tty . T—Y
COST — cosy = —28in =1 111
2 2

CYMMa TaHI'CHCOB

sin(z + y)

tgr + tgy = —
g+ tgy COST COSY

Pa3HocTh TaHTeHCOB

sin(z — y)

tgr —tgy = ——
& &Y COST COSY

CyMMa KOTaHI€HCOB

sin(x + y)

ctgx + ctgy = sin rsiny

Pa3HOCTH KOTAaHI'CHCOB

sin(x — y)

ctgr —ctgy= ————
& &Y sinrsmy

CYMMa TaHI'€HCAa U KOTaHI'€HCa



cos(x — y)

tgr+ctgy = ——
gr + ctey sinycosx

Pa3HocTh TaHreHCca M KOTaHT'eHCca

cos(x + y)
tgr —ctgy = ————
& &V Siny cosx

| =

cos0 - cos F =

(cos(o — [4) + cos(ov + )

2
. . 1
sina-sind = - (cos(ev — 3) — cos(a + )
. 1 . .
sina - cos [J = E[lel[n + 4) + sin(a — )
[Ipumep. Jlokasar, 4YTO TaHrE€HCHI yrIIOB o =/="/,+nm u B =/="/,+ nn paBHBI

TOraa U TOJbKO TOraa, Korja 3THU YIJIbl Pa3HATCS Ha yIoJl, KpaTHBIﬁ TC.

[lyctb o u B pa3HsaTCcs Ha yroi, KpaTHbIN TT; Torna o = [} + nm, rae N — HEKOTOpoe LeNoe
yucno. Ho B Takom ciryuae

tg o =tg (B + nm) = tg B.
O6patHo, iycTh tg o = tg B. Torma tg a —tg p = 0 u mo dpopmyne (2)

sin (e — ) —0

cosc-cosp

Ho 370 BO3MOKHO JUIIb TIpH YCa0BuUH, uTo sin (o — P) = 0. Kak uzBectHo, cuHyC
oOparaeTcst B HyJIb JIUIIh JJIS YTJIOB, KpaTHBIX 7. [loaTomy

o — B = nm,
o= B+ nm,
YTO U TPeOOBAIOCH JOKA3aTh.
Ynpasxcnenusn
1. Beraucnuth, He MOIB3YSICh TPUTOHOMETPUYECKIUMHU TaOIHIIaMu:
a). tg 22°30' + tg 67°30'. B). tg 1o + tg "1y,

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



2. YIIPOCTHUTD BBIpAKEHHE

lga-1gp
tga—tgh

3. JlaHHbIEe BHIpaXKEHUS IIPEACTABUTD B BUIE MPOM3BEICHHIA:
) \V3—tga 6) 1 +tg o.

4. HaiiTi ycnoBue, Mpu KOTOPOM KOTAHTEHCHI YTJIOB O U 3 paBHBI MEKIY COOOM.

YnpaxxHeHus:

[IpeoGpa3oBaTh B CyMMBI CIEAYIOIINE MPOU3BEICHUS.

1. 1) cos 15° ¢ cos 5% 2) 2 cos 18° » cos 66°;
3) 2 cos /g * cos "Is; 4) 2 cos (a + b) * cos (a—b);
5)2cosxecos(X+1); 6)cos(o—"g)*cos (", +7s).

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

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

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

4. Tlonp3ysce hopmynamu mpeoOpa3oBaHus MPOU3BEACHUN TPUTOHOMETPUUECKUX
GyHKUUN B CyMMY, I0Ka3aTh TOXKAECTBA!

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

5. [IpeoOpazoBaTh B CyMMbI TPUTOHOMETPHUUECKUX (PYHKIM 1-i cTeneHu
CIICYIOTIINE TIPON3BEICHHS:

1) sin®3A; 2) 2 cos® (0. — 45°); 3) 4 cos X * sin® */5;
4) sin 4y cos® (2y + ) 5) sin® o 6) 4 cos” «;
7) 16sin® o * cos® ; 8) 32 sin® o * cos® a.

6. [Tonp3ysch Ta0MHMIIAMU, HAMTH YUCIIOBBIC 3HAYCHHSI BHIPAKCHUH:
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°.



/. YIIpOCTUTH BbIPaKEHUS.
1) 2 sin 10° « sin 40° + cos 50°; 2) 2 cos 20° » cos 40° — cos 20°.
8.1)sina e (1+2cos2a);2)2cosa-ecos 20— COS 3a.

9.1) sin 20 + 2 sin ( *1, — a) * €0s ( */1, + a);
2) cos2a. + 2sin (o + "/g) * sin (oo — /).

JlokazaTp TOXIeCTBa.

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

11. 1) 4 cos /5 * cos o * sin >*/, = sin a + sin 20, + sin 3q;
2) 4 cos 2a. * cos (“/> +30°) « cos (*/, — 30°) = cos a + cos 2a + cos 3a.

12.1) 4 c0s %/, * cos a * sin °%, = sin o + sin 2o + sin 3a + sin 4a;
2) 4 ¢0s %/, * cos a * cos >/, = cos o, + c0s 20, + c0s 30, + €0s 4.

13. 1) sin 20° « sin 40° * sin 60° * sin 80° = 3/16;
2) tg 20° « tg 40° « tg 60°  tg 80° = 3.

14. lano: tg oo = 2 tg B . Joka3zats: sin (o + B) = 3 sin (a — B).
JlomaiiiHee 3agaHue:

[IpeoOpa3oBaTh B CyMMBI CIEAYIOIINE IPOU3BEICHUS.

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

2.1) 8 cos 1° ¢ cos2° cos4®+cos 8% 2)4sin A «sin 2A ¢ sin 3A  sin 4A.
YIIpOCTUTH BBIPAKEHUS.

12. 1) sin? a — sin (a.+ ™/3) * sin (0 — "/3).
2) cos® & — cos(30° + a) * cos(30° — a).

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



IIpakTnueckoe 3ansitue Nel2

Tema: ®opMyJibl MOHWKEHUS CTCTICHH
Hean: HayunTs ucmons30BaTh JaHHBIE (HOPMYITBI IPU MPEe0OPa30BaHIH TPUTOHOMETPHYECKHIX
BBIPAKEHUN

Teopetnueckuii 010k

) 1 - cos2x
sin2x = ——
2
1+ cos2x
CosX = —————
2
1 - cos2x
tgx = —————
1+ cos2x
1+ cos2x
ctgx = ————
1 - cos2x
X 1 - cosx
sinP— = —————
2
X 1+ cosx
cos2— = ———
2
X 1 - cosx
tg2— = ———
2 1 + cosx
X 1 + cosx
ctg>— = ————
2 1 - cosx



YnpaxkneHus:

1. loxazaTts:
o Sinc
g —=—""
2 1+ cosa
Jloka3aTenbCTRO:
. . . a ] ]
(o Sin E 28n E 251in E cos E SIN SN
t‘g —_ = " = = = :
2 cosZ 2c0s2 2c0s2 2 5. 1zcosa 1+ cosa
2 2 2 2
[
cos > + 0.
2. Jloka3aThb:
. a 1—cosa
g9 - =—"——
2 sina
Jloka3aTenbCTRO:
.o .« . o O 1— cosa
¢ Sins 2sin— 2sin? = 2-————— 11— rosa
tg-=—=% %= T = 2 -
2 coso 2sins 2sin—cos— sina sina
2 2 2 2
ir g . o
cos—+ 0 sin— =0
AHanmu3: Kpome 2 no0aBIseTCs 2 , uTo cyxaet O/13.
12
cosd = ——
13
3T
T<a=<—.
3. laHo: 2
Haiitu:
(rd a a a

sin—, cos—, tg—, ctg—.
2 2 ‘gE gz

AHanu3 ycioBus: YToJj 3aJlaH OJJHO3HA4YHO, CM. puc. 1.

vl\
a
* D %
7 o
X
Pﬁ
Pax
2
Puc. 1.
VYka3aHue: Bce PyHKIIMU TTOJIOBUHHOTO apTyMEHTa MOHO BBIYUCIISATH Y€pe3 KOCUHYC MOJTHOTO
apryMeHTa.
Pemrenue:
12
L, a 1l+cosa l—73 1



in T (i 3T
M < a< — E{:E{_

2 , TO 4 , T.C. erJ'I BTOpOﬁ ‘-ICTBepTI/I, rac CI/IHyc BCJIIMYHUHA
ITOJIOXKHUTCIIbHAA.
.o 5

SN —= ==

OTtBeT: 1!26.
12

a 14+cosa 1-— 13 1

2 2 2 2 2
o

Brime IHoKasaJiv, 4To 2 HaxoJuTcCs BO BTOpOfI YCTBCPTH, I'AC €0 KOCUHYC BCIIMYHNHA

OTpHULIATEIbHAS.
CGSQ - — L
OT1BeT: V26
[IpoBepka:
2 2
2ot =1(52) + (- 752)
3 _ 2 - — - + o — l,
sin > + cos > 1,(\? e w’%
1 =
sin a >
a =
i=TZ_ VB _
2 cos5  ———
3) \-'I'E
tg— = —b.
OTtBeT E
. a 1 1
g —=—F{= —=
2 tg= 5
4) 92
@ 1
cftg— = —-
Otser: g Z 3,
4. Tano: sinae = 0,2.
.3 T @
Sin -— =
Haiitu: (4 2)
Pemenue:
T
5 (n a) 1 —ms(i—l—a) 1+sina 1+02 1,2 0.6
Sln _—— — p— p— = = = ,0.
4 2 2 2 2 2

e

OTtBeT:

IIpakTuyeckoe 3ansaTHe Nel3



Tema: BeimonHeHue ynpaxHeHU Ha TPUMEHEHUE U3YUYEHHBIX (HOopMYyIT
Heas: [IpoBepuTh ypOBEHb YCBOCHHS NTOJIYUYECHHBIX 3HAHUI

|-Bapuanm
1. Beruucaure:

1.tg®45-c0s30-ctg?30
21930 + 2sin 60 —tg45 + cos” 30

2. Ypocrure BhIpaxKeHue:
tga - ctga

1._—2
1-sin“«a

2

2 1A 2
————g°a+sin"a
Cos” «

3 sin‘a
1-cosa
3. Bpruucaure:
1.c0s34cos56 —sin 34sin 56
2.sin14c0s346 + sin 346cos14
4. Coxkparture a1poo0b:
sin 40
1.—
sin 20
c0os80
"c0s40 + sin 40

—COSx

Il — Bapuanm
Buruucaure:

1.ctg?45-sin 30- cos30
2.ctg® 45+ cos60 —sin? 60 + %ctg 60

Ynpocrure BoIpaxeHue:
1= cos’ a
‘tga - ctga

2

e, —ctg®a —cos’ o
sina
1-cosa
Beruuciaure:
1.cos53c0s37 —sin 53sin 37

2.sin13co0s17 +sin17cos13

4. Coxparure 1po0b:
1 sin 100

" sin 50
5 cos36+sin%18
' cos18

+sina

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



He.J'II)Z Haqu/ITB BBIYHCIIATh apKCUHYC, apPKKOCHHYC, ApKKOTAHI'CHC

y=sinx
X X
: Sinx=amna[-2; 2]
0 g n " .
2 g 2 X =arcsin a, rae —1<a<l
1
Ornpenenenue:
xr N
arcsina=b[- 2 ; 2]
sinb=a
sin (arcsina) = a
Ty arcsin (-a) = - arcsin a
1
B .
0 z
§ a N cos X = a Ha [0;m]
E - co:
-1 noeeRE X = arccos a, rae —1<a<l
Omnpenenenue: arccosa=b cosb =a
cos(arccos) = a
arccos(-a) = p —arccos a
: M y :
| |
| jy=tgx
i I X =
| Rhdeis) : —_ —_
Lo S tg=ana(-2;2)
' |
ni o
2} 0 P 12 g
| o "
i g | ¥
! L -
AR : X = arctg a, rue a — moboe.
! 1
E i xR
| |
| |

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

tg (arctga) =a

arctg (-a) = - arctg a



3aganue:

Beruucnurs:
1 2

1.arcsin 1; arccos(-i);arctg\E;arcsin(- 2).

1 4 4 4 1 4
2.arccos (-i) =n-3=23 rxcos23 =-2 u23] [0:p]

X " k4 r x
3.arctg*~E = E,T. K. tgE =3 " Ei(-i,i)
2 2 = " 2 = ==

4.arcsin(-E) =- arcsinE =_4 ,T. K. sin(-E) = -En -Ei[-E : E].

1
5.a) arcsin(- 2 );

2
6) 2 arccos 2

1

B) 3 arctg 3
A
r) arcsin 0 + arccos 2
1 1 1

1) sin (arcsin 2) + cos(arccos 3 ) —tg(arctg 6)
6)HpI/I KaKMUX 3HAUYCHUAX X UMCIOT CMBICJI BBIPAKCHUA :

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

7) Yto Oomnplie:

1

a) arcsin 2w arcsin 0,82

1 J2

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

a) arcsin(-1) - arctg 3
2

arccos (- 2)




IIpakTnyeckas padora Ne 15

Tema: Pemenue ynpaxHeHUN.

Heasb: [IpoBepuTh ypOBEHb YCBOCHUS JAHHOW TEMBI Y yUAIINXCS

Pemenne ynpaxxnenuii:

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

0)cosx+2=0;

B) sin X + 0,7 =0;

r)2cos X+ ‘\"{_ =0;
o) ctgx+1=0;

CamocrositenpHas pabora

1 BapuaHT
Pemmnre ypaBHeHuS:
1. 2cosx—-1=0;
2. \'@ctg Xx—1=0;
3. 2sinx+ 3 =0;
4. ctg x-1,5=0.

i
coglx+—]-1=
5, [ 5]

sin[ir—x]=[:l
6. 4

Pemnre ypaBHeHus:

]

2 BapHaHT

1.2 sin X — 2 =0;
2. \Etgx—lzo;

3.sinx-3=0;
4,cosx—-04=0;

(5]
——x]=-
7. 43l 6
1—2co522x=£
8. 2
x

9. (sin2 —1)(ctgx+ ¥3) = 0;

4sm[3x—5]+~f§=m
10 4 .

X x 1
Blfl —COS— = ——
8. 4 4 4 -

9. (1 +cos 2x)(tg x — WE) =0;
dcos Iz +:f12=0
10. 2 b .



IIpakTH4yeckoe 3ansaTue Ne 16

Tema: KonrponbHas padoTa
Heab: [IpoBepuTs ypOBEHH YCBOCHHSI MaTepHaiia 1o TemMe: «OCHOBBI TPUTOHOMETPHI

1 BapuanT
1. Beruucauts: a) cos 780°;
0) sin 13—”;
6
. T
B)SINa,ecnucosSo = —— u 7<a<-—;
13 2

(94
T) c0S E,ecny1c05c>c=0,28y10<oa<n;

sin 75° +sin 45°
sin285°
e) 16 COS X €0S 2X oS 4x cos 8x, ecnu x = %;

n)

sina cos’a
cosa  Sina

2. YrpocTtuTh BeipakeHue: a) cos (o — ) — cos (o + p);
0) sin 915°cos B — sin B sin 645°;

) %sin (540° + B) sin (B + 810°);

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

: 1
, €CIIH SIN o —COS ¢ =5

1+2 cos(;r - a) cos(—a)

o 1-cos2a .
sin 2«
k) 4 sin 10° cos 50° cos 40°.
3. Pemmth ypaBHEHUe: a) COS (1 + X) = Sin %;
0) sin 5x cos 4x — cos 5x sin 4x = 1.
cosa  l+sina
l1-sina  cosa

6) Cos 4oL+ 1 = %sin Ao (ctg o —tg o);

4. Jloka3aTh TOKISCTBO: Q)

1-2c0s’ o
B) ——— =10 a—Clg «.
SIN ¢ COS
2 BapuaHT
1. Berauciuts: a) sin 780°;
137 .

0) coOs —/—;
) 6

B)COSoc,eanSinoc:—g u 7z<a<?;

. . 4 3
r) Sin 2o, ecnu Sin o, = “z I/ITE<OL<7;



sin 70° +5sin 20°
c0s205°

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

1)

oy

4sin 2a +5c0s2a
X

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

B) %sin (405° + B) cos (B + 765°);

ecim Ctg o = 1
3

r) sin 4o cos 3a. + sin 3a cos 4o —sin (67 — au);

sin(szr+aj+sin(27z+a)
A 2c0s(— a)sin(—a) +1
sin 2«
1+cos2a

k) 4 sin 15° cos 15° sin 100°.
3. Pemuth ypaBHenue: a) Sin (w + X) = €0S [— %j ;

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

sina 1+coso |
4. JToka3aTb TOXKAECTBO: a) =— ;
l1-cosa sin

0) (tg o + ctg a)(1 — cos 4a) = 4 sin 20,;

B) ———— =Sinacose .
tg a+Clg o

IIpakTn4yeckoe 3ansitue Ne 17

Tema: IIpomexxyTku Bo3pacTaHusi 1 yObIBaHUS, HANOOJbIIEE U HANMEHBIIIEE 3HAUCHHSI, TOUKU
IKCTpEMyMa

Heas: Hayunts HaxoauTh Bo3pacTaHue U yObIBaHUE (PYHKIUH, a TAK)KE ONMPEICIIATh
IKCTPEMYMBI (PYHKITUH

Teopetnueckuii 6110k

MOHOTOHHOCTH PYHKIIMU. TOUYKH IKCTpEMyMa U SKCTPEMYMBI (PYHKIIHH

= x .
PaccMOTPHM HEKOTOPYHO DYHKIHIO J(#) . YIIPOILIEHHO N0JIaraéM, 4TO OHA HETPEphIBHA Ha
BCEU YHMCIIOBOM MPSIMOM:


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

v

OyHKIMS BO3pacTaeT Ha MHTEPBAJIE, €CIH IS JIFOOBIX IBYX TOYEK STOTO MHTEPBAJIA, CBSI3aHHBIX

OTHOIICHHEM "2 = 1, CIIPaBEIMBO HEPABEHCTBO Ja)>7 (xlj". To ectb, OospIEMY 3HAUCHHIO

apryMeHTa COOTBETCTBYET Oouibliiee 3HaUeHNE PYHKIUH, U e€ TpaduK UIET «CHU3Y BBEPX).

Jlemonctpamonast dymxiis ¥ = 7 (%) pactér na mreppare (5.

Ananorn4yao, pyHKIHs yObIBaeT HA HHTEPBAJIE, €CIU IS IFOOBIX ABYX TOYEK JAHHOTO

HHTEPBAJIA, TAKUX, YTO Ty ? xl, CIpaBeqINBO HEPABEHCTBO Flm) <t (xl}. To ectb, OomnbiIEMY

3HA4YCHUIO apTyMEHTa COOTBETCTBYET MEHbIIICe 3HaYCHNE QYHKINH, U €€ TpaduK UAET «CBEPXY

BHU3Y». Hama pynkims y=7x yOBIBaET HA HHTEPBAIAX (—eo, @), (& +co) _

Ecnu ¢ynkuums Bozpacraer win yObIBaeT Ha HHTEpBaJie, TO €€ Ha3bIBAlOT CTPOTO

MOHOTOHHOI Ha JaHHOM HHTepBaJie. TakkKe MOKHO ONPEIEIUTh HeyObIBAIOIYI0 (QYHKIIHIO
N >

(cMsArdy€HHOE yCcIoBHE JOa)2 F(n) g NIEPBOM ONPEACICHUN) U HEBO3PACTAIIIYI0 (DYHKIIHIO

N <
(cMmsry€HHOE yCToBHe J(5R)=704) 5o 2-om onpenaeneHun ). HeyOpiBaromtyro uin
HEBO3pacTaOIYI0 (PYHKIIUIO HA HHTEPBAJIE HA3bIBAIOT MOHOTOHHOHM (DYHKIIMEH Ha JAHHOM
UHTEpBAJE .

OKpecTHOCTh TOUYKH.

OxpecmHocmovio mouKy Ha3bIBAIOT HHTEPBAJ, KOTOPHIA CONEPKUT JAaHHYIO TOYKY, IIPH STOM IS
yno0cTBa HHTEpBAJ YacTo MOJaraloT CMMMETprUaHbIM. Hanpumep, Touka + = ¢ u eé

CTaHaapTHasa 4. OKPECTHOCTL:



(1—5/—\‘/-\(""5 >
a X

b . .
Touka *" Ha3BIBAETCS TOYKOM CTPOroro MAKCHMYMa, eCIH cywjecmayem eé O -

. . . X
OKPECTHOCTb, IJIsl BCEX 3HAUYCHHUI * KOTOPOI 32 UCKITIOYEHHEM CaAMOW TOUYKH ~° BBIITOJIHEHO

HEPaBEHCTBO S (x) < f(x) . B HalTeM KOHKPETHOM MpHMepe 9TO Touka ¥ .

Touka ™ Ha3bIBaeTCS TOYKOI CTPOroro MHHUMYMA, €CIH Cyljecmeyen eé d.
. . . X
OKPECTHOCTb, IJIsl BCEX 3HAUYCHHUI * KOTOPOI 32 UCKITFOUEHHEM CAMOW TOUYKH ~° BBIITOJIHEHO

HEPaBEHCTBO S x> fim) . Ha uepresxe — Touka «ay.

Toukn % ¥ nassisaror Touxamu CTPOro IKCTPEMyMa KT [IPOCTO TOYKAMH IKCTPpeMyMa
¢bysakuu. To ecTh 3TO 0000IIIEHHBIN TEPMUH TOYEK MAKCUMyMa U TOY€K MUHUMYMa.

Touka “ Ha3bIBaeTCSA TOUKOI MAKCHMYMA, CCIIH CYujecmayem e& OKPeCTHOCTb, TaKast, 4TO 1JIs
o . <
BCeX 3HAYeHUM * JaHHON OKPECTHOCTHU BHITIOJIHEHO HEPABEHCTBO J=7(xn)

Touka ™ Ha3pIBaeTCS TOYKO MHHHMYMA, ECITH Cylyecmeyem eé OKPeCTHOCTb, TaKas, YTOJIS

F@®= flx)

BCeX 3HAUCHUM * I[aHHOﬁ OKPECTHOCTH BBIITOJIHEHO HEPABCHCTBO

~ snavenne ¥ @) wassmaror MAaKCUMYMOM (pyHKIINU;

~ snavenne ¥ @ naspisator MHHUMYMOM (YHKIIUH.
OO1ee Ha3BaHUE — IKCTPEMYMBI (DYHKITUH.

Touku IKCTpEMyMa — 3TO «UKCOBBIE) 3HAUCHUSL.
JKCTPEMYMBbI — KUTPEKOBBIE» 3HAUCHHUS.

Hwu onHoro, 1, 2, 3, ... u T.4. 710 OeckoHeuHOCTH. Hanpumep, y cuHyca 0€CKOHEYHO MHOT'O
MHUHUMYMOB U MaKCHMYMOB.

UYro moapasyMeBaeT 3a/laHie «HAWIUTE MPOMEKYTKA MOHOTOHHOCTH M TOUKH SKCTPEMyMa
byHKIAN»?

dopmynupoBKa MOOyX)aaeT HAUTH:
— UHTEpBaJIbl BO3pacTaHusl/yObIBaHUs (QYHKIIUU

— TOYKHU MaKCUMYyMa W/WIIH TOYKH MHUHHUMYMa



[Tpumep 1.0mpenenuts no rpaduky MpoOMeKyTKH BO3PACTAHUS
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GyHKIUY.

Pemenne Ecim GyHKIMS BO3pacTaeT, TO MPH ABMKESHUH 0 TpaduKy cIeBa HAIIPAaBO OPIHHATHI
yBenmuuBarotcs. CrnenoBatensHo, pyHKIUs Bo3pacTaeT Ha otpeskax [-6; 0] U [6; 9].

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

[Tpumep 2.0mpenenuts 1o rpaduky NpoMexyTKH yObIBaHUS
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GbyHKIHN.

Pemenne Ecnu ¢yHkims yOsiBaeT, TO MpH JBMKEHUH IO TpaduKy ciIeBa HapaBO OPIUHATHI

ymenbInaroTes. CiieioBaresibHO, QyHKIHsS yObIBaeT Ha otpeske|-1; 2].

Ortser: [-1; 2].
[Tpumep 3.Ykaxkute rpadguk Bo3pacTaromei
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Ortser: 3.
Pemienne ynpaxxueHnuii

[Tpumep 4.Ykaxure rpagux yobIBaromen
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GbyHKIMN.
OrtserT: 4.

[Tpumep 5.Yka3ate uHTEpBaBl BO3pacTaHus (QYHKIMHA, TpaQUKH KOTOPHIX MPEICTAaBICHbI Ha
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PHUCYHKaX:
OTBeT:

1) [-5: 1] U [3; 5]:2) [-3; 0]U[3; €];3) [-5; 0) U (0; 5T:4) [-3; -2] U [2; 3] U [4; 5].



[Mpumep 6.0mpenenuts 1o rpaduky yHKmH y = x4 — x3 + bX + C 3HaKu
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SEANS:

k03 durrentos b u C.
Pemenne 3amerum, uto ¢ = f(0), ciemoBarensHo, ¢ > 0. Takxke 3amernm, uto b = f'(0), u,

cienoBatenbHo, b < 0, Tak Kak Ha UHTEpBaJIe, coueprkamieM Touky 0, GyHKus yObiBaer.
OtBeT: ¢ >0, b <0.

[Tpumep 7.0mpenenuTs 1Mo rpaduKy TOUKY
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[Tpumep 8.Yka3zare uHTEpBaIBl yOBIBAHUS
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[Ipumep 9.0mnpenenuts no rpaduky pyHkuun y = kx + b 3Haku
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OTBeTbI:

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

IIpakTuyeckas padora Ne 18
Tema: lccnenoanue pynkuunit. I[loctpoenue rpagukoB GpyHKIHMA

Heasn: 3akpenuTs U CHCTEMAaTU3UPOBATH HCCIIEIOBAHNE U TOCTPOEHHE TpaduKoB (HyHKIIMH

1. ®poHTanbHBIH OMPOC

1.Yto takoe yncnoBas pyHKIMs, €€ 001acTh ONpeesieHus, 00IacTh 3HaYCHUS?

2.Yto Takoe rpaduk GyHKINU?

3. Chopmynupyiite onpeaenenue GpyHKIIMU, BO3pacTarolieil 1 yObIBaroield Ha MHOXecTBe P

4. JlaiiTe onpeneneHust TOUYKM MaKCUMyMa, TOUKA MUHUMYMa. YTO Takoe TOUYKHU 3KCTpeMyma?

5. JlaiiTe onpenenenue yeTHOM 1 HeueTHOU (yHKIMHU. Kakum cBoiicTBOM 001aatoT ux rpaduxu?

6.Uto Takoe nepuoanueckast pyHkuus, nepuoa GyHkuun?

7.Kaxoif HaMMEeHBIIHI MMOJIOKUTETBHBIA IEpUOA UMeeT QyHKIus: Y = CO51.
v =sing v=_1tgx,v=cltgx
2. Pemienue ynpaxHeHun
1.TToctpoiite rpaduk GyHKINHU, €CITH U3BECTHHI €€ (DyHKIIUH:

CBOICTBO PyHKIIMHU

1. | O6nactp [-&: 6] [-5: 4] [—4: 4]
OTIpEICIICHUS
OO0nacTp 3HAaYEHUS [-2:5] [Q: 6] [-3: 6]

[-3:3]

[0; 5]

2. | Touku nepeceueHus




rpaduka:
a) ¢ ocbro OX

A(-4,0) 0(0;0) A(-4;0) A(3;0)
B(-2;0) B(-1;0)
0) ¢ ocero Oy C (2,5;0)
C (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] 4] (2.5; 4)
flxi<o0 (—4;—2) (0 (—1:2,3) _
0)
[IpomexyTku
a)BO3pacTaHus [-3;1] [-5:—2] [—4; —2] [-3;1]
[4; 6] [O; 4] [1;4]
0)yObIBaHUS [-6: —3] [-2:0] [-2:1] [-5;: —3]
[1; 4] [1:3]
Touku MakcUMyMa, 1. f)=3 o ft-2)=2 2ft2)=2 1. f)=>7s
MaKCUMyM (yHKITHH 1 ’ ’ ’
Touku MuHUMYMa,
MUHUMYM (PYHKITUH 0, 1 fl)=—3
3, | 3,
4,
JlonoHUTEIbHBIC f-6)=3 f=5)=05 fled=#6 f-5)=3
TOYKH rpaduka fie)=15 fe)=686

flx)=5—2x

6)
p) O =x%-1

f=

x =2

1)

2.Uccnenyiite u nmoctpoiite rpaduk QyHKIUN




IIpakTnyeckas padora Ne 19
Tema: Pemienue ynpaxueHuu
Heas: 3akpenuTh 3HAHUS ¥ YMEHUS CTY/ICHTOB IO JAHHOH TeMe

1. Omnpenenuts no rpadpukam GyHKIUHU y = ax2 + bX + ¢, yKa3aHHBIX Ha PUCYHKaX, 3HAKU

k03 durrenTos a, b, ¢ u
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muckpuMmuHaHTa D.
OTBeThI:

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

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

IIpakTnyeckas padora Ne 20
Tema: KontposnpHas pabora
Heasn: [IpokoHTpOIMPOBATH YPOBEHB YCBOCHUS ydaluMucs TeMbl: «OCHOBHBIE CBOWCTBA
byHKITHI

| Bapuanr.
1 Mcenenyiite gynxmmo f(x) = 3x% — 2/sinx| + x*tgx Ha 4&THOCT (HEYETHOCTB).

3
2. [lana gynkuus g(x) =sinl,5x + 5cos i

10



A) Haiigure: g(0); g(7n); 9(-12m).
b) lokaxxute, 4To 87 ABIsSIETCS MEPHOJOM (PYHKIIUH.
B Haiimute ocHOBHOM nieproa pyHKIIHM.
. . ) 1-tg°x
3 Haiinute ocHOBHOM Tiepro/ 1 HanOoJIbIIee 3HaueHNe PyHKIMH y = sin 2x - @ .
4 (Haiinute aMIuIMTyxy, 4acTOTy, NMEPHUOJA W HAdalbHYIO (a3dy TrapMOHUYECKHUX KoJjeOaHWH u

1 3
MOCTpoiiTe TpaduK: y = — Zsin 2t — ——cos2t.

5. Haiimute 00nacts onpeneneHus pyHKIUH
x—-12

V=1

Il Bapuanr.
1 Uccnenyitre dyrkmmmo f(x) = 3x|X| — 2sin®k + ctgx Ha 4ETHOCTD (HEYETHOCTB).

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

A) Haiigure: g(0); g(-9n); g(8x).
b)lokaxkure, 9To 241 ABIIS€TCS NEPUOAOM (YHKITUH.
B) Haiinute ocHOBHO# neproa (pyHKIHH.

2tgx
——5—-C0s2x.
I+1tg°x

4 (Haiigute aMIMTyay, 4acToTy, IEPUO] M HAYaJIbHYIO (ha3y TapMOHUYECKUX KOJIeOaHUN U

3 HaiimuTe OCHOBHOM Mepro/1 M HAaMMEHbIIee 3HaueHne QYHKIUU ) =

. 1 1
nocTpoiite rpaduk: y = /3 sin Et —CoSs 5 t

5.Haiigute obnacth onpeneneHust QyHKIUN

NX+12

x? -1

IIpakTuyeckas padora Ne 21

Tema: Pemenne nppaiumoHaIbHBIX YPaBHEHHN
Heas: Hayunts pemaTts uppalvoHalbHbIE YpaBHEHUS

Teopetnueckuii 610K

HppanrioHansHBIM Ha3bIBAC€TCS YpaBHEHUE, B KOTOPOM HEHU3BECTHOE (IIEPEMEHHAsT) COACPKUTCS
IOJT 3HAKOM KOPHSI MJTH T10J] 3HAKOM OTIEPAIlly BO3BEJCHUS B PAIMOHATBHYIO (IPOOHYIO)
CTEIEHb.

Jlnis penieHust uppauoHaIbHBIX YPABHEHUM OOBIYHO MCIIOIB3YOTCS CAEAYIOIIUE P U € M bl

11



1) «yenuHeHue» KOpHS B OTHOM U3 YacTell ypaBHEHMsI U BO3BE/ICHNE B COOTBETCTBYIOILYIO
CTEIIEHB;

2) BBe/IEHUE HOBOM NIEPEMEHHOM;
3) cBeZieHHE K CUCTEME YPaBHEHMI;
4) npuMeHeHne CBOMCTB (PYHKIMI, BXOISIIUX B YpaBHEHHUE.
Cremyer MOMHHTB, UTO MPH PEIICHUN UPPALMOHATIBHBIX yPaBHEHUI HEOOX0IuMa
IPOBEpPKa BCEX HalIEHHBIX KOPHEH IyTeM UX MOJICTAHOBKU B HCXOJHOE YPABHEHUE UJIH
Haxoxaeane OJ13 u cremyromuii aHaTu3 KOpHEH (Tpu perIeHud METOIOM MIPUBEICHUS K

PaBHOCHIIBHOM CMEIIaHHOW CUCTEME YPaBHEHUN U HEPABEHCTB HEOOXOJUMOCTh B ATOM
OTHAJAET).

[IpocTeiiimmM nppaMoHaIbHbIM YPABHEHUEM SIBIISIETCS] YPABHEHHUE BUJA!

ﬂ = 3(1) *)

MIPH PELMICHUN KOTOPOTO BAXKHYIO POJIb UTPAET YETHOCTh MM HEYeTHOCTh M.

Ecmu ® - HeueTHOE, TO ypaBHeHHE (*) paBHOCHIIBHO YPaBHEHUIO

fG)=(gt)",

Ecom # - YCTHOC, TO, TAK KaAK KOPCHb CUUTACTCA apI/I(l)MCTI/ILICCKI/IM, H606XOZ[I/IMO

o >
yunutbiBath OJ13 (0061aCTh 1OMYyCTUMBIX 3HAUCHUN): I (I) 20 . YpaBuenwue (*) B 5TOM cityyae
PaBHOCHIIEHO CHCTEME:

S&x)=(glx)y
g(x)>0

3/_3
Ipumep 1. Pemnts ypasrenne ¥X —2x+1=1

Pemenne. Tak kak B JaHHOM npuMepe B =3 - HeueTHOE, TO MTOCITE BO3BEICHNS 00CHX YacTeit
ypaBHeHI/ISI B TpeTBIO CTCIICHb HOJ'IytII/IM
PaBHOCUJIBHOE JaHHOMY YPaBHEHHUE:
3 2 x=10 x=0
P-uHl=r e -ua=0a] =
x-2=0 = J_rm'{i

X =2, =0,x; :’\E.

OTtBer:

Ipumep 2. Peunts ypasuenne VX +1=2—x

12



Pemenne. Tax xax B =2 - yeTHOE, TO HCXONHOE YPaBHEHHE PABHOCHILHO CUCTEME:

=(2- 1=4—4x+x* P _5x+3=0
x+1=(2-x) o Jx +xt o |Et-sx+

2—-x>20 <2 =2
+
g SEVB 5 i3
e 7 & I:T'
x<2

OtBeT: x=(5—"lﬁ);2.

] _n
WNHorna BCTpevyaroTCcs ypaBHEHHS BH/IA Wff(x) Jg(x) , KOTOpBIE PEIIAIOTCS
CJIeYIOIIUM 00pa3oM:

n - neuernoe = J (I)z E (I)

L@@ 1))

M - yeTHOE I) =0 1503051 g(x) =0

[pumep 3. Pemmnts ypaBHeHHE V2x+6—Jx+1=0.

Pemenmne. 3anuiiieM 1aHHOE YpaBHEHUE B BU/JIE: W26 = x4+l Bo3Bojs 00e yacTu B

=
KBaJpaT U yYNUTHIBAsA, YTO x+12>0, MOJIyYUM ypaBHEHHE 2x+6=x+1, perieHre KoToporo
€CTh X=-5 — HE yJIOBJIETBOPSIET BHIMUCAHHOMY YCJIOBUIO. 3HAYUT, TaHHOE ypaBHEHUE HE UMEET
peuieHuil.

Oteer: HET perieHU

Wuorna uppannroHanbHOE YpaBHEHHE COACPKUT HECKOIBKO pajuKaiioB. B atom
ciydae Juis n30aBjIeHus OT pauKajIoB YpaBHEHUE PUXOJUTCS BO3BOAUTH B COOTBETCTBYIOIIYIO
CTETIeHb HECKOJIBKO pa3. [Ipu »ToM mpenBapuTensHO YEAUHSIOT OWH U3 PAJAUKAIOB TaK, YTOObI
00€e yacTu ypaBHEHHS CTAJIU HeOTpUIlaTelIbHbIMUA. Oc000€ BHUMaHHE CIIEyeT OOpaTUTh Ha
npaBuibHOE HaxoxaeHue O/13.

ITpumep 4. Pemnth ypaBHEHUE "'J'r 2x-9 - ”-J[ x-3=1

Pemenue. 3anumem ypasrenne B suge: ¥ 2X —9 =1++X—3  Tax kax teneps o6e uactu
HOJIyYEHHOT'0 YPABHEHUS HEOTPULIATENBHBI, TO BO3BEAEM UX B KBaJIpar:

2x—-9=1+x-3+2-/x-3 < x-T7T=-/x-3 .

[TonmyyeHHOE ypaBHEHUE PABHOCHIILHO UCXOMHOMY. J1JIsl €ro pemeHusi pacCMOTPUM CUCTEMY:

13



x-T7>20 x=7 x=>7
— — —
(x—7)¥ = 4(x-3) x’ —14x +49 =4x—12 x’ —18x+61=0

x=7

I=9i@

L x=9+«fﬁ

Orser: X=9+-/20

BBenenre HOBOM IEPEMEHHOM B PSIAE CIIy4aeB NO3BOJIAECT IEPEUTH OT
MPPALMOHAIIBHOTO YPAaBHEHUS K PALJMOHAIBHOMY YPaBHEHHIO.

2 {2
Ipumep 5. Pemmts ypapuenne X +3x+ 4/x” +3x -5 =10

Pemenne. Bo3BeeHre JaHHOTO ypaBHEHUS B KBaJpaT MPHUBENIO ObI K YPaBHEHHUIO Y€TBEPTOU
CTEIIEHH, YTO HEpPALIMOHAIBHO. [I0aTOMY 3anuniem ypaBHEHUE B

2 2
pune X +3x—5+4x" +3x—-5 =5 y gpenem «HOBYIO» TIEPEMEHHYIO:

y=+x" +3x-5 y20

=1
_].f1 +4y-5=0 = Y
[Honyuum y=_5.

j.2 {2
BepHemcst k «cTapbiM» niepeMeHHbM ¥ X+ 3x—5=1 yu Vx" +3x-5=-5 Bropoe u3
_ —3+433

x
MIOJIyYE€HHBIX YPaBHEHUI PELICHUI HE UMEET, a PELIEHH [IEPBOT0 €CTh YUCIIa 2
-3--/33 —3+-/33
Xj=————— Xy =—————
2 2

OTBer:

WHorna npu pernieHu HppaioHAIEHOTO ypaBHEHHS BO3HUKAET HEOOXOAUMOCTh BBECTH HE
OJIHY, @ HECKOJIBKO «HOBBIX» NIEPEMEHHBIX. Takas cuTyauns BO3HUKAET, HAIPUMED, [TPU
pELICHNN YpaBHEHUH, COACPKAILINX PAJUKaJIbl Pa3HbIX CTEIICHEM.

3
[Ipumep 6. Peminth ypaBHEHUE “JIII— 2+ ‘\"rll —x=1

3
Pemenne. [Tycts ¥ = VE—220 3 ¥v="1-X Torga t+¥=1 _C JPyToi

2
cTopoHsl ¥ + v =x-2+11-x= Q. onyuaem cucremy

14



=1—v u=1-v

(l—*li*)1 +v' =9

utv=1
L

W +v =9 vV v —2v-8=0

Pemmmim IMOCJICAHEC YPAaBHCHUC CUCTCMBI:

Vaivl-2v-8=0 < (*-8)+v(v-2)=0c

v=2

v—2 1?1+2F+4+1f =0 < > wv=2
2
v +3w+4=0

Homyunm, ato ¥ =2 atorma #=1-v=-1<0 1o

yenosuio 82 0 crenoBatensHo HCX0MHOE YpaBHEHNUE PENICHHIT He HMEET.
Oteer: HET penicHUi.

ITpu pemeHnn HEKOTOPBIX UPPALIMOHAIBHBIX YPaBHEHUH HAX0XKICHUE 00JIacTH
JOTYCTUMBIX 3HAUEHUHN BXOJSAIINX B YpaBHEHHE HEU3BECTHBIX MOXKET CYLIECTBEHHO 00JIErYuTh

pelieHue ypaBHEHUS.

[Ipumep. Pemuts ypaBHEHHE

8x> 35

4jx3 e 9 —6+-13—2x3 —x2—6=0

Pemenue. /lanHoe ypaBHeHHE UMEET BECbhbMa I'POMO3IKUM B/ U HESICHO KaK TOJIONTH K €ro
pewennto. [TosTtomy Halimem cHayana O/13:

250 +x2 —13x46<0

.

2 3x 35 7
{Iiﬁi_”_x:_;.u 2,85 35) 5, {x(x+5 i——|>0

3 3 3 3 3
<x—620 x>0 X0 o

(x-2)2x® +5c-3)<0

.

[xe[ 5; ﬂ]u[3 +qu

x €[6;+ o)

(x 2{ ——}x+3){ 0

HOJIy‘II/IM, YTO 00J1aCTh AOITyCTUMBIX 3HAYCHHUI JaHHOT'O YpaBHCHHUA SABJIACTCA ITYyCTBIM
MHOKCCTBOM H, CJICAOBATCIIbHO, JaHHOC YPAaBHCHHC peHIeHI/Iﬁ HC NMCCT.
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Oteer: HET penieHUi.

[Ipu permennn npparoHaIbHBIX YPAaBHEHHA OBIBACT MOJIE3HO BOCIIOIB30BATHCS
MOHOTOHHOCTBIO (DYHKITHH.

— 3
[Ipumep. Pemuts ypaBHEHHE x+6)=6-"/x+6 .

Pemenune. OlMH KOpEHb JAHHOTO YpaBHEHUs ¥ = 2 jerko maiitu noabopoM. [Tokaxkem, 4To

JHx+6)+3x+6=6

JIPYruX KOpPHEW HET. 3alUIlIEM YPABHEHUE B BUJIE

ITo cBOMCTBY cTeNEeHHBIX (PYHKIIHI
— .‘i( j _ 3/
byHKIIUN ¥ l(x) B x+6 u Y2 (x) =~x+6 SIBJISIFOTCS. BO3PACTAIOIMMU Ha

z 0D
MIPOMEKYTKE [_61 ), rae onu obe ompenaeneHsl. [loaTomy nx

— 3
CyMMa y(x) - N/ 2(x + 6) +3x+6 Ha 3TOM IPOMEKYTKE TaKXkKe BO3PACTAET, CJIEOBATEIIBHO,
OHA IIPUHHUMAET KaXJ0€ CBOE 3HaUEHUE (B TOM 4ucie U 6) ToIbKO oauH pa3. [loatomy npyrux
KOpHEH HeT.

Orer: X =2,

B HEKOTOpBIX CiTydassx MOKHO OCBOOOJHMTHCS OT UPPALMOHAIBHOCTH B YPaBHCHHUU
YMHOXXEHHEM 00CHX YacTel ypaBHEHUI Ha HEKOTOPOE HE 0Opalarolieecs B HyJIb BhIPpaKEHUE.

[pumep. Pemmts ypasHenue {3 45048 /3% +5x+1 =1

Pemenne. YMHOXHUM 00€ 4acTH 33JJaHHOTO ypaBHEHUS

Ha BBIPAXXCHUEC Jg‘r] +5x+8 +‘\IIr3I1 +5I+]‘-' SIBJIIOIIECCA COIPSXKCHHBIM K JICBOM YaCTH
JaHHOI'O YPaBHCHMA. Ilocae IMPUBCACHUA HO,Z[O6HBIX YWICHOB IIOJTYYUM YPAaBHCHUC!

T=-32 +5x48 432 +5x+1,

KOTOPOC SKBUBAJICHTHO NCXOJHOMY, TaK KaK

2 2
ypaBHEHHUE \{ 3Ix" +5x48+ \( 3x” +5x+1=0 pejicreurensubix kopHeii He umeer. CKIIabIBas
3a/IaHHOE YPABHEHHE U MOJTYYEHHOE, OIYIHM:

MIx45x+8=4.

Bo3Bogst 00e wacTu B KBagpar, mojydaeM KBaJpaTHOE YPaBHCHHE 3x%+5x-8=0, KOPHH
KOTOporo x1=-8/3, x,=1. Jlenas npoBepkKy, yoexaaemcsi, 4To 00a HaiIEHHBIX YHCTIA SIBISIOTCS
KOPHSIMU KCXOJTHOTO YPaBHCHHUSI.

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

1
r=—
2
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Pemute ypaBHeHue:
1 Nx-3=1

dx—9=4l-x
3.X = "‘-.Il.x+]..

g x5 L A20-x 27

CamocTtosTenbpHas paboTa

Bapuanr 1

Pemmre ypaBHEHUS: a) Na+2 =42z -3

5) T-Jdx-1=2
B)x- VX ¥ =3

Bapuanr 2

Pemyte ypaBHEHHS: ) Ji—x tafx-5=73
6) Wext-3x+2=4-x

py NE-1+20x+1=3

Bapuanr 3

Pemmnte ypaBHEHHS: ) Je—x tafx=0=3
6) m =4 -z

py NEF1+T -z =2

IIpakTuyeckoe 3ansitue Ne 22

Tema: CreneHs ¢ pallmOHAIBHBIM [T0KA3aTENEM
Hess: Hayunts cTyeHTOB paboTaTh CO CTENEHBIO C PALIMOHATBHBIM MTOKa3aTeIeM

TeopeTrnueckunii 610K
o
Onpenesnenne. Ctenenpto yncia a>0 ¢ pallMoOHAIBHBIM MTOKa3aTesieM = 1, Tae M - [eyoe

YHCII0, a N - HaTypaibHOe ( n>1), Ha3BIBACTCS YUCIIO V&7, T.C.

m
n

e =2-".5~_f“J g >0
17



1
0 -T =
a=iz —a—n.

CBoiicTBa CTeNeHH C PAIlHOHAIBLHBIM MOKA3aTe1eM.
x> b0 peld, g
af 3 T=53F",;
=
i = ap—cr !
F !
(@) 7=a",;
{ab}ﬂ:aﬂ.bﬁj-
a

iz

Pemenne ynpaxxnenmii:

[ IR N N B L I

1 1
1. BeruucianTs: 25° - 1257,

RIS

1 1 1
3 5 3

Pemenne: 25° - 1255 =25 - 125)F =(5%)5 =3,
Ortger: 5.
a a
aibh+ ab3
2. YIIPOCTUTDH BBIPAKCHUS: a+ b
a a L L
#3h+ab: _ a3h (a3+b3:| _ ab
3 E Lt s
¥z + b a3t + b2
Ortger: ab.
1 7 1 3
I a1l
3. YOopocTuTh BelpakeHus: @* — 3% 2% +3°*
Pemenue:
1 7 1 3
L&z 1T
a*-a* a*+a’

_ aélil— a') a'%lil— 3% _
aéil—aj a'%(1+ EY

=1l+3-(1-31=23

OrtsBerT: 2a.

4. YpoCTUTh:
51,19
327

4%_

18



a0 s

2) 3)

5. Beruucnurb
1
273;

I[OMaHIHeC 3a1aHHuC:

pa
o~.|'—‘
b |

[= 9
|

(xm _ym) (xm +y1r2)_

IIpakTnueckoe 3ansaTue Ne 23

Tema: Penienue nokaszareabHbIX ypaBHEHUN
Ieas: HayunTs pemars okasaTenbHbIe YPABHEHUS
Teopetnueckuii 610K
MeTozpbl pelieHus oKa3aTeIbHbIX YPABHEHUM

1. IIpocTenmume noka3zaTeabHbIe YPaBHECHHUS

Tun ypaBHeHMs

Bun ypaBHeHus

Meron pemienus

1 o1 = | f,(x) = f
b=a Fa Fa
, b b
2 af™ = b
b>0 p="0
af*) _ f(x) = log, b | Pewennii ver
f(x)=1




[Ipumepsr.
Ipumep 1. Pemmre ypasrenue: 3% = 3%,

Pemenne.

3% =3 <=>4x "5 = x+4 <=>3x=9<=>x =3 .
OtBer:3
Ipumep 2. Pemmre ypasrenue: 254 =3 .

Pemenue.
;:-
I log, 3 = log,3 4<=>x = log,3  log,16 __ ¥ = log, 48 _

OtBerT: log, 48.

x!
[Ipumep 3. Pemnre ypaBHEHHE:! 7o g,

Pemenne.

x® x®
7 3 7 -3X>0

= -7 , peLIeHNI HET, TaK KaKk

R.
{@3.

2. Metobl mpeoOpa3oBaHus MOKA3aTEIbHBIX YPABHEHHUM K MPOCTEUIIIIM.

OtBeT:

A. Metoa ypaBHUBaHHSI OCHOBAHUM.

[Ipumepsr.
3 4x—9 g +1

=0.

[Tpumep 1. Pemmre ypaBuenue: 27

Perenne.

27" 39 geil _ 0 <=> 3339 (32)x+1 = 0 <=> 33+ X9 920¢+1) — (e 36 3242 _ () <=5, 34X6 =
32*2<=> Ax-6=2x+2 <=> 2X = 8 <=> x=4.

Ortser: 4.

2x x x 4x—15
[Mpumep 2. Pemire ypaBHEHHE: 273757 —60 0.

Pemenne.

sz -3%.5%— 604}{_15 = 0 <=> (22)X.3X-5X — 604X-15 <=> 4X3X5X — 604X-15 <=> (4' 3- S}X — 604X-
1 «=> 60*=60""1° <=> <=>x=4x-15 <=> 3x=15 <=> x=5,.

Otser: 5.
B. YpaBHeHus, penraemblie pa3noKeHUEM HA MHOXKHUTENH.

[Ipumepsr.

[Ipumep 1. Pemmre ypaBHenue: X 2° = 2'2° + 8x-16.

Pewenne.

X'2X= 22X2+8>E]16< >x2X222X—8(x2)< =>2(x2) - g (* =2) =5 (x-2)" (@x_g) =
X = xXr= =
2% —8 =0 oy 2% _3<:>[2 —23<:>[x—3_

20



OTBeT: (23}

2 _ gx In | T, —
[Tpumep 2 . Pemte ypaBHEHUE: s 7" +57-35+7°-35=0

Pemmenne.

2% X 2 x.35_ — 2%
5 -7"-57 35 +7 =0<=>(5-
YX)—(EFK -35—-7%.35)=0 ﬁ(sﬁx —7%)-35- (5" -7")=0%
0¥

5% —7%).(1-35) =0 (5% — 7). (-34) = 0=5F -7 =0 e (5} ) =7 =

-I-Ir}i
10, 10, _ 10, g .
=S (—fF=1=s(—)=[(—")"=x=10
1o @y=10®) =" ex=0
Ortser: 0.
C. YpaBHEHHUs1, KOTOPBIE C IIOMOIIIBIO [TOJICTAHOBKU i) — t, >0 peoOpa3yroTcs K KBaJApaTHbIM

yYpaBHEHUSAM (WM K YpPaBHEHHUSM 00Jie€ BBICOKUX CTEIEHEH ).

A-a*f™® +B.af® +c=0

[Tyctb ,rne A, B, C - nekotopsie uncna. Caenaem

filz) —

o =ti,t -t -t

3aMEHY: >0, torma A" +B "+C=0

Penraem nonydenHoe ypaBHeHHE, HAXOAUM 3HAYEHUS t, yIuThIBaeM ycioBue t >0 ,

. oef
BO3BpAIlAEMCs K IPOCTEUILIEMY TIOKA3aTEIbHOMY YPaBHEHHIO 0 =, peuniaem ero u
3aIHUChIBAEM OTBET.

[Ipumepsr.
Ipumep | . Peumre ypasuenue: 2° - 2°% = 5,

Pemenne.

z

I\-:."ll= | (5]

22 X =5 <=> 270X - ¥ = 15 <=> 4(2)?2- 4 = 15" X

Jlemaem 3ameny t = 2% t > 0. [lony4qaem ypasrenue 4° =2 - 4 = 15t <=> 4t - 15t - 4=0
t=4
p=_1 _1
<=> ¢ t= * He ymoBieTBOpsET ycaoBuio t > 0.
BepHemcs k nepeMeHHOM X:
2% = 4<=> 2" = 2% <=>x=2,
Ortsert: 2

x—3 _ 9 cx—2 —
[Ipumep 2. Pemmre ypaBHEeHuE: > 2-5 3.

Pemenne.

-3 _ 5, cu-2 _— 2{x—241 _ o cx—2 _ I -
5 2.5"% Je= 5 2.5% 3‘?:“5_[5}:—‘:]‘_2_5}:—‘_3:0.

el el
s s

Jlenaem 3aMeHy: TTEtt >0 , TOr7a () =t " [Tosmywaem ypaBHEHHE:
2 =2
T —-2t—-3=0= 5 _3
S t=1 t= Sme YIOBJIETBOPSET YCJIOBHIO t = 0.

5 l=1e5?=5ex-2=0=x=2
Bepuemcs k nepemennoi X:

21



OrtBer: 2.

IIpakTHuyeckoe 3ansTue Ne 24

Tema: Jlorapudwm. Jlorapudm uucna. [IpaBuna neiictuii ¢ morapupmamu
Heab: Hayunth BEIYUCIATE JIOTapUBMBI
TeopeTnueckuii 6110k

Jlorapugm urcna b mo ocHOBaHHMIO @ ONPeEENAETCS KaK MOKa3aTesb CTENEHH, B KOTOPYIO HAJI0
BO3BECTH YMCIO @I, 4TOOBl momyuuth umcio b (JlorapupmM  CymecTBYeT TOJNBKO Yy
MOJIOKUTEIBHBIX YUCEN).

Jlorapudm B mepeBo/ie ¢ rpeueckoro OyKBaJlbHO O3HA4YaeT "IHciio, M3MEHSIOIIee OTHOIIEeHHE" .

CIIeIII/laJILHLIe 0003HAYEHHU:

HaTtypanbhslii norapudm l11a - norapudm no ocaosanuto €,
Hecsitnunbiii torapudm ‘& & - orapudm mo ocHoBauuio 10.

CBoiicTBa 10rapu(pmMoB:

° log, b b
1° a = {J - OCHOBHOE JIOTapHU(PMHUECKOE TONKIECTBO.

7o log,a=1.a=0.a#l
30 log,1=0.a>0.a#1
Jlorapudm eauHUIIBI IO JIFOOOMY MOJO0KUTEILHOMY, OTIIMYHOMY OT 1, OCHOBAaHUIO PaBEH HYJIIO.

OTO BO3MOXKHO MOTOMY, YTO W3 JIIOOOT0 JAEHCTBUTEIHHOIO YUCIIA MOKHO HOJIYYHTH 1 TOJIBKO
BO3BEJIS €r0 B HYJIEBYIO CTEIICHb.

go  log,(be) =log, b+ log, ¢

Jlorapudm npousBeieHNs paBeH CyMMe JIOTapU(PMOB COMHOKUTEICH.

b
5o log,, o= log, b—log, ¢
Jlorapum gacTHOTrO (JIpOoOHM) paBEeH pa3HOCTH JIOTAPHUPMOB COMHOKHUTEIICH.

6o log, b =p-log, b

Jlorapudm creneHn paBeH MPOU3BEICHHUIO MIOKA3ATENs CTETIEHN Ha JIorapu(M ee OCHOBaHMSL.

1
log . b= T log, b

1
log, b=
go log, a
log,. b
log, b= 5
9° log,.a - nepexoj1 K HOBOMY OCHOBAHHIO.
[Ipumepsr:

22


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

1. HailiguTe 3HaueHUE BBIPAKCHHUS:

7

_{i-l'.-.'l

6 - log,

[T =Y

=6r

L] =
=3
e
=]
|
Il
o

6-log, V7 =6-log,7

HWcnons3oBanu:

m
—_— iy
{‘{. 1 = 1\: ﬂ]ﬂ

log, b™ =m-log_ b

Ortger: 2

2. Haiinure 3navenue Boipaxenus 10gog 3 - 10g31,25

log,g3+10g,1,25 =

OtseT: —1
3.Haiinure 3HaYCHNE BBIPAXKEHUS:
nlog;s 49
glogzs49 — plogzs7? — g 2loges7 — (52 }]C’Eza? =

= 25108257 = 7

Ortser: 7
4. Haiinute 3HaYeHUE BBIPAYKEHUS:
g2 logg 3

g2'logg3 _ (Slﬂ'gs 3 )2

Il
L
b

Il
s
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Ortser: 9

5.Haiinure 3HaUCHNE BBIPAXKEHUS:

641059 V3
Galog:\3 _ (8. g)logs V3 _ glog:3 |, glogev3 _ J3.4/3=3

Otser: 3

6. HaiimuTe 3HaYeHNE BBIPAYKEHHUS:

24
3log; 2

24 24
=12

3logz 2 o 2

Ortser: 12

7. Haiinute 3Ha4CHHUE BBIPAKEHUS:

log1 V13
13

— - 1 _
log1 V13 =log;3-: 13%° = 1 log313%°=—-1.0,5=—-0,5
13 —

Ortser: — 0,5
8 . Haiigure 3nauenue Beipaxkenus 10g3 8,1 + 10g;10.

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

Ortser: 4

9. Haiinurte 3Ha4YeHME BHIpAKECHUS:

24



log, 13
log; V13 3 11
lc?ga 13— 10813V13=1l0g;3132 =5=05
Ortser: 0,5

10. Beruuciurte 3HaueHHE BBIPAKCHUS:

(310g2 E)IUEEE
(S]GEEEJ]GEEZ _ (Slugzﬂjmgza — 7lezz3 _ 3

Ortser: 3

11. Haiizure 3nauenne Beipaxenns 10gy(ab®), ecrm logy a = 1/7.
[Ipeobpa3yem maHHOE BBIpaKEHHE:

log (ab®) =log a+log b®=1+3log, b

Omnpenenum 3HaueHne Beipaxkenus: 109, b. Ham m3Bectro, 4To

1
log,a = 7

Hcnons3zyem CBONCTBO:

log_ b

CnenoBatensHo loga b =7.
Takum oOpazom:

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

Ortser: 22
12. Haiizure loga(a:b®), eciu logs b = 5.

25



logaﬁ =log,a —log b®*=1—3log, b=
~1-3-5=—14
Otger: —14

13. Haiimure loga(a®b®), eciu loga b = —2.

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

=2-1+3log,b=2+3:(-2)=—4

OtBer: 4

14. Haiixute 3nauenue Beipaxkermst 10ga(a’h?), ecomu logp a = 1/3.

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

=4:1+9log_ b
1
lii}gb{'-i:g
l = = = log b =3
. = —_— = o =
O8p @ log_ b 3 log,b 98a
4.1+9log,h=4+9-3=31
Ortger: 31

15. Haitgure loga(a’:b®), eciu log, b = 10.

ﬂ.?

Zaps = l08qa” —logg b* = 7loga —3log, b =

lo
=7+1-3-10= =23

OrtBert: —23

16. Haiinure Ioga(ablo), ecmu loga b =7.
log (ab'®) =log, a+log, b'®=1+10log b =

=1+10-7=71

26



Otser: 71

IIpakTuyeckoe 3ansaTue Ne 25

Tema: [IpeoOpazoBanust anreOpanyecKux BhIPAXKCHUN
Heab: Hayunts mpeoOpa3oBbIBaThH alreOpandeckue BEIPAKEHUS

Teoperndecknii 010K
Onpenesenne. AnreOpandeckiM BIPA)KEHUEM HA3bIBACTCS BBIPAKEHHE, TIOTYYaeMOe U3
ITOCTOSIHHBIX Y TIEPEMEHHBIX IIPH IOMOIIM OINEpali CIO0KEHNS, BHIYUTAHUS, YMHOXKEHUS,

ACJICHUS, BO3BCACHHA B LCIIYIO CTCIICHD K U3BJICYCHUA KOPHA.

[Tpumeps! anredbpandecKux BhIPAKECHUN:

e

2 T+ & 2xy? -1
E =2+ /5; E(zx.y) = - '
r+y

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

Onpenenenne. O6acThIO JOMYCTUMBIX 3HaUEHUH (cokpamienHo O/[3) anrebpandeckoro
BeIpaxkeHus E(Xy, Xz, ..., Xn) (D(E)) Ha3piBaeTCss MHOXKECTBO BCEX HAOOPOB (X1, X2, ..., Xn), IS
KOTOPBIX BbIpakeHHe E(X1, X2, ..., Xn) IMEET CMBICI.

T4y

E(z,y) = -z . .
Hampumep, O/3 BbipaxxeHUs ( Ty spisietcst D(E) = {(x,y) | XIR, yIR, xy+#

0}, O/I3 BeIpakeHust E(zx,y) = /T¥ — 22, ypngercst MHOKECTBO {(xy,2) | x,v,zIR, xy>0}.

Onpenenenue. Anredpanyueckue BeipaxeHus E; u E; Ha3pIBatOTCS TOXKIECTBEHHO PaBHBIMH Ha
muoxectBe M I D(E;)CD(E2), eciu npu mr00bIX 3HAYEHUSIX TIEPEMEHHBIX
13 MCOOTBETCTBYIOIIUE YHUCIIOBBIE 3HAUCHHUS ATHX BBIPAKEHUH PaBHBI.

Hanpumep, v 2* = T na muoxectse [0;+¥), V a? = —a, ga MHOXeCTBE (%01,
W]
_']:- —

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

Onpenenenne. ToxaecTBeHHBIM TPe0Opa30BaHUEM AITeOPAMUECKOTO BEIPAKECHUS HA
mHoxectBe M [ D(E) Ha3bIBaeTCs 3aMeHa STOTO BBIPAXKEHHS HAa TOXKICCTBEHHO PABHOE €My Ha
MHOxecTBe M

3ameuanue. OTMETHM, YTO MHOT/IA OMYCKAIOT MHOXECTBO, HA KOTOPOM alreOpandecKue
BBIPAJKEHUS TOXKAECTBEHHO PAaBHBI, UMes IIPU 3TOM BBHUJlY X TOXKIECTBEHHOE PaBEHCTBO HA
nepeceuyeHnn 00J1acTeil TOMyCTUMBIX 3HAYCHUH.

Hanpuwmep,

V@ =la, M=r), QD _ =10 gy o).

i ia—1
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[Tpu BBITIOIHEHUN TOXKICCTBEHHBIX TPE0OPa30BaHUI OKA3bIBAIOTCS TIOJIC3HBIMU CIICIYIOIINE
(bopMyIIBL.

L q)OpMy.]'lLI COKPAaIll€HHOI'0 YMHOKCHHU S

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

PobdE

Otr HOPMYIIBI MOTYIAFOTCS KaK CICICTBUS U3 0ojiee 00mmx hopMy:

5. a"-b"=(a-b)@*+a"+..+ab"2+b"™) (nIN),
6. @™+ b =(a+h)@" -a" b+ ..-ab™™ +b™)  (nIN),
7. (6unom HeroToHa)

(:1+|’1]“=Cﬂa"h“-f—(?,’la'h“" -I'—...+E:-‘f:t1kl’]u_ﬁ-'+...+c::auh“1

Ck — !
rmeniN,  Kln-k! nq=1.23_.n o0l=1.

11. CBoiicTBa cTenenen

Crenyrolue CBOMNCTBA CIIPaBETUBBI IS JIFOOBIX IMOJIOKUTEIILHBIX YMceT a U D 1 TF00bIX
JIEUCTBUTEIIBHBIX YKceN a U b.

1. a%=1;
2. atP=2ga% a
'}
ar.'e—ﬁ‘ _

(@2 N SN 6]
~~
mﬂ)
| ——
o
1
s

7. a®

3ameuanue 1. OTMCTI/IM, 4YTO OTPULATCIBbHBIC YK CJIa TAKKC MOKHO BO3BOAUTH B HCKOTOPLIC
1

crenienu (1ienble u, 6ojee 00110, panoHaNbHBIE BUAA 211 — 1 rae m - mienoe, N - HaTypaJbHOE).
3ameuanue 2. 0° = 0, g1 m060ro a > 0.

II1. CBoiicTBa pagukajioB

1,;’,.-— { I, eCJH T = HEeYeTHOE,
a® =

|a|, ecom n— uerHOE.
Vab= */a- b, ccma>0, b>0, KIN,
Vab = Vlal J:/m'- ecrmab >0, kIN.
2k+‘}ﬁ — “"‘{/E n+“1/?1 E € N.

(/@) = Vak, ] i ]
- tame a>0, ecau m-derHo, a I R, ecau m - HeueTHO.

ok wphE
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I

6. 1 rea>0, b>0, n-uwernomwmb#0,alR,ecan n - Heuerro.
7- Ti T — au. s ,r]_ E {.]‘
8. ¥V Wa="%a, rnea>0,ecanm - uyerno wm N yetHo, a i R, ecim M-N - HeeTHO.
9 *Y—a=-*"*%a, acR.
a+ a2 = cb? a— y/a? — cb?
at+b/e= : + . ._ .
10. 2 2 rnea>0,b>0,c>0wua”>b‘c.

Ipumep 1. Onpenenuts O3 anreOpanuyeckux BbIPAKEHUIA:

a) E(z) = V& + 12 - 2%,

P tay [ a LJ
bl Elz.y) = : + o ‘
) E(z,y) 72 + 17 (|_-1:—-y| -'17+;U),

a Vd

btc  bletcdh

c) Ela,be,d) =

2
Pemenue. a) O/]3 1aHHOTO BBIPAKEHUSI OTPEICIIACTCS U3 HEpaBeHCTBA X + X© - 2x3>0, KOTOpOE
pelaem Mpy MOMOIIY METO/1a UHTEPBAJIOB:

X+x2-23>0 U x(1+x-2x)>0 U x(2x+1)(1-x)>0 U xi(%-Y]E[0;1].
Taxum o6pasom, D(E) = (-%-Y/2]E[0;1].
b) OTMETHM, YTO BBIPpXKCHHUC UMECT CMBIC]I TOTJa U TOJIBKO TOI'ZIa, KOraa

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

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

¢) Tak kak 3HaMeHaTeNb APOOU JOIHKEH OBITh OTIUYEH OT HYJISA, a KOPEHb BTOPOU CTENEHU
CYIIECTBYET TOJBKO U3 HEOTPULIATENBHBIX BBIPAKEHUH, TO [uIs onpenenenus O/[3 moxydnm
CHCTEMY

+
b+c+#0, b+c+#0, E#(C)ioj
b’c+c®h#0, U {beb+c)#0, U c;éO’
d>0, d>0, ’

d>0.

Takum oOpazom, O/[3 ucxoaHoro BeipakeHus pasua {(a,b,c,d) | b+c#0, b#0, c#£0, d>

0}.

Ipumep 2. Onpeaenuts, SBISIOTCS JIU BeIpaxkeHuss A 1 B ToxaecTBEeHHO paBHBIMU Ha
MHOXecTBe M.
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a) A= (“—‘”ﬁ”ﬁ—wﬁ)gw B=_. M={(ab)|a>b>0};

Va + b abla—b)" ab’
. rz—xf:? . 2a . -
hJA_—{%ﬂ}E_E, B_a—+ﬁ, M={a|a>V3).

Pemenne. a) Tak xak a/a = (Vﬁ)? bvb = (W/E]? a= (VEJE: b= (V@JE Ha MHOXkecTBeM,
TO, IPUMEHHB (HOPMYITY COKPAIIEHHOTO YMHOEHUS, TTOTYYUM:

_ (@2 + (Voy ) Va+ Vi
A= —ab | - =
( Vars V) e

_(War VB -va+ () N arvh)
Vva +vb ab(y/a - Vb)(v/a+ Vb)

= (3 -2Vt 7] ey = - B G -

1
—Va- Vb ———.
ab(v/a - vb)
Yenosue a > b > 0 reuer VO > Vb, U, CIIEN0BATEILHO, |/ — ‘V/H =+a - vb. Orcrona
1 1
A=(ya-vVb)————=—=B.
H0JIy4aeM, 4To ab(y/a—vb)  ab Takum obpazom,

BbIpakeHus: A 1 BToxaecTBeHHO paBHBI Ha MHOXKecTBe M.

b) Ilono6HO nipeabIayIIEeMY TPUMEDPY
a— 3 a—/3

@3\’ _‘/(aﬂwjﬂ—daﬂ-a
( 2% ) -3 4a?

_ (a—3)-2al _ (a —v/3)-2|al __Za  _
(a? = 3)2 |a® — 3| a++/3

A=

[Ipu npeoOpazoBaHUsIX yUYUTHIBAETCA, YTO, €ClU & = V3, 10 Va2 = a,
(a® = 3]

- 3)2 = |a* - 3| = a® - 3.

IIpumep 3. YpocTUTH BBIpaKEHUS:
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2h 4+ 2% - 4

@) VR —A+b+2
vmn? + Vm?n - m-—n 1
’ (W+zm+w“*“’ﬁ+w- wn—) i+
(—ﬁiﬁ Ehﬂ+%) +hc+3.
°) Ve + 3 ’
4‘13 hE {.:3
Vaa-9 o-00b-a  Cc-ae-n
aﬂhﬂ I‘I.E{':E hﬂﬂﬂ

Sa—ot-a T @-be-b  t-ac-a’

y—z 21—z T -y

De=ne-2 " -2 -9 a9

mlm — 3|
(m? — m — 6)|m|

g)

h? —4 =0,

2b+ 23/ -4 =0,
Pemenune. O/[3 BbIpakeHUsI ONIPEAEINISAETCS U3 CUCTEMBI \ ¥ B —4+4b+2>0, pemas
KOTOPYI0, Tosydum b > 2.

Brimomaum paBHOCWITBHBIE Ha O/]3 ipeoOpa3oBaHUs:

J%+2¢F:q__Jﬁm?mﬂ+hﬁ+2ﬁ+zwh;zﬂ+i=

VBEE—d4+b+2 Vb —2/b+2+ (Vb +2)°
B J(Jh_2+ah+21ﬂ _ WE=2+4B+2] 1

CVEE2AVE—24vB+2) VB 2WVE-240+2) VB+2
Tak kak Ha O3 Vb —2+vb+22> 2

crenosarenbro, | VD — 24+ Vb + 2| = /b = 24 /b + 2. Tapm o6paszom, ipu b > 2 ucxoanoe
1

BbIpakeHue paBHo Vb + 2

b) O/[3 nanHOroO BRIpAKEHUS ABISACTCS MHOKECTBO {(M,n) | mM>0, n>0, m#n}.
i _ — a2 B — 32 B3
O6osnauus VM = a, §n= h:HOJ‘Iy‘-II/IM‘:?m_"l: m? =a', m=g®y¥n="0, Vn? =0,
n = b® BeIpaXkeHme NpUHUMAET BUL
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a’b* + a'b? 2h9+aﬁ—hﬁ 1
al + 2a%h? + bt at —bt) a+b

_ (.*:r,ﬂfzuﬂ{.-f3 +b%) o4 (a® — b*)(a® + a®b* +h4]) 1

(a® + 17)? (@® = b%)(a® +b*) (a+b)

a?h? = 20 (a® + V) +a +a*P + 00 1
a? + b2 a+b

_:1-‘-_|l]-'- 1 _(flg+flgjl(:l—l']](a+h]_
T2+ B atb (@ +B)(et+b) -
Takum 00pa3oM, HcxoqHOE BeIpakeHHe Ha O/]3 TOXIECTBEHHO PaBHO Vm — {/n.

~ b.

¢)Ha 0/3: {(a,b,c) | a>0,b>0,c>0,a’+c?# 0} BeIpakeHHe IPOOPA3YeTCs CIIe Ty OIIAM
obpazoM:

(C/ﬁ+ daﬁhn+ffﬂ)-+r’m+3 (%(ﬁ+ﬁ] +»‘=”Et)-+fm+3

va+./e va+ /e
Ve + 3 B Vhe + 3 B
_Whetbe+3  3vhe+3+Vie+be  3(Vie+1) + (1 + Vhe)vbe _
Vbe+ 3 Ve + 3 Vbe +3
_ (Ve + 1)(Vbe + 3) = Vhe+1
Vbe + 3 o

d) O/[3 nanHoro BRIpaXKEHUS SIBIIsIETCS MHOKECTBO {(a,b,C) | a#b, a#c, b # c}. [IpuBozs
BBIpaXKEHHE K 00IIEeMY 3HAMCHATEITIO, TIOTYIHM:

a’ b? c? _d(e=b)+ba—c)+P(b—a)
@ba—c G-0b-a) (c-al-b  @-bla-ok-b

YuuteiBas BU 3HAMCHATECJIA, Pa3JIO’KMM Ha MHOKHUTEIN YUCIUTCIb:

al(c-b)+b%a-c)+c(b-a)=c@-b® +ab(b*-a%) +c(b-a)=

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

CrnenoBaresnbHo, Ha O/[3 HCXOTHOE BRIpOKEHHE TOXKIECTBEHHO paBHO ab + bc + ca.

f) O/13 BeIpakeHus sBisieTCs MHOKECTBO {(X,Y,Z) | X #Y, Y #Z, Z # X}. IlepBoe cinaraemoe
BBIPXXEHUS MPEoOpa3yeM CIICIyIOIUM 00pa3oM:

y—=z _r-—z-r+y _ T—2z r—y _ 1 1

(z-y)z—-2) (z-p)x-2 (@E-y(@-2) (-yE-2) z-y z-2
AHAJIOTMYHO MPEOOPA3YIOTCA U APYTHE CIIAraeMbIe:
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22— 1 1

W-2)y-2) y-z y-=x
Tr—y 1 1

(z—z)(z-y) z-z =z2-y

CnenoBaTenabHO,
y—=z z—x T-y
+ + =
(x—yllz-2) (W-2)y-=) (z-z)(z-y)
1 1 1 1 1 1
= - + - - - =
T-y T-2z Y-z Y- z2—-T z-Y
2 2 2

+ + :
T-y Y-z z-7T

g) O/I3 Beipaxkenus paHa R\{-2;0;3}. YuurtsiBas, uTo BeIpakeHUE COACPKUT [M| U [m - 3|,
pPacCMOTPUM TPH CITydast:

1. mycts m I (-%-2)E(-2;0); Torma [m|=-m, |m - 3| = -(m - 3), 1 BbIpaXXeHHE IPUHIMAET
BHJL

mm-3 __ -mn-3) 1
(m2—m—6)jm|  —(m+2)(m—-3m m+2

2. mycts m1(0;3); Toraa m|=m, |m - 3| =-(m - 3), u BEIpAXKEHHE IPUHEMAET

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

3. mycts m1 (3;+¥); Torma [m| = m, |[m - 3| = m - 3 u BeIpaXkeHNE IPUHAMAET BUJ

m|m — 3| 1

(m2—m—6)jm| m+2

Takum 06pazom,

1
mim=3 | myz  ©mmE (o= U L0 U +o)
(‘m— — i - f)]lm,l B 1 1 ecom € ({]; 3).
m 4+ 2

Ipumep 4. Pa3noxxute Ha MHOXHUTEIH:

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

b) x3 +y* + 2% - 3xyz;

XX +x0+ X+ + X+ 1
d) x° +x + 1.

Pemenue. a) [TpuGasisist u Berumras z(Y + z)(z + X), a 3areM rpynmnupys yI0OHBIM 00pa3oM,
MOJIY4UM:

X+ +2)z+x)+z(y+2)(z+x)-z2(y+2)(z+x) -xyz =
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=(Yy+2)z+X)(x+y+2)-z((y+2)(z+x)-xy) =

= (Y + )@ +X)(X+y+2)-2(2° +yz+2X) =

=Y+ )@ +X)(X+y+2)-Z(x+y+2)=
:(x+y+z)((y+z)(z+x)-22):(x+y+z)(xy+yz+zx).

b) [IpumensieTcs popmyiia CyMMBI KyOOB | pemraeTcst o J00HO MPEeABIAYIIEMY YIIPAKHCHHIO

XC+y3+ 22 -3xyz = (x +y) (¢ - xy + y2) + 2(2? - 3xy) =
= (x+y+2)(X*-xy +y?) +2(2* - 3xy - X* + xy - y°) =
=(X+y+2)(¢-xy+y) + 27 - (x+y)) =
=(X+Yy+2)(C-xy+y +2(z-X-Y)) =
=(x+y+2)(¢+ Y+ 7% -xy-xz - y2).

C) [Mpumensst GopMyIIbl COKPALICHHOTO YMHOXEHHUS, TOTYYIHM:

2 -1 () -1

ettt vt 1=
r—1 r—1

_ (@ -1+ +1)

p— =+ 4+ 1)z + 2 +1).

d) XHx+1=1+x+x-X+xX=1+x+x-x3(1-x) = (L +x+x%) - x3(L-x)(1 +x +x) =
L+x+xX)L-X°1-x)) =L +x+x)1-x+x).

Ipumep 5. N36aBUTHCS OT HPPALMOHATILHOCTH B 3HAMEHATENE:

1 1 1
Ve VBVt O T

Pemenne. YMHOXas HA BBIPAXCHUC COIIPAKCHHOC 3HAMCHHUTCIIIO, IMOJIYUYUM!

1 1+v2++/3  1+v2+3  (1+v24+8)0vV2 V24246

Al+v2-v3 (1+v22-3 22 2v2.v2 1

b) [Togo6GHO puMepy a) MOTyIUM

1 VB4VE-VT _ VBVB-VT _

V3+VE+VT (V34vE)2-T  1+2/15
_(BHVE-VDRVIE - (VB+VE-VDEVIE-1)

(2v/15)2 = 1 59

¢) U3 popmyisl (cM., Hartpumep, 4 b)):

Xty + 2% -3xyz = (x+y +2)(C + Y + 27 - Xy - yz - 2X)
cleayer
(z® + 9 + 2° — 3zy2)
(2% + 9 +2° —zy —yz — 2z)

THy+z=

Ha ocnoBanuu MOCJICAHETO COOTHOMICHMA MMOJTYyYUM
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! P+ (V22 2V - V2 -201-298 _ TV2-V1-3
T+ V24201 134 (Y283 + V23 -3.1-92.2. 91 23 '

IIpumep 6. JlokazaTb, YTO IpUBEIECHHBIEC BEIPAKEHUS MPEICTABIAIOT COOOH 1ielible YHuCa.
Beruucnoute 311 4ncna.

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

e) J26+ﬁ‘\/13—4x/8+2#ﬁ—2x‘/5+\Xﬁﬁ—ﬁ‘\/13+f1x/8—2 6 + 2+/5,

Pemenne. a) Beiiensst noaHblid KBapar Mo 3HAKOM paJivKalia, MoIyduM

J{ﬁ - 2@2—%:5 +2VT)2 = |5-2VT| - |54+2V7| = 2VT-5-5-2VT = —10.

b) Beinesnsist monHbIi KyO 10/ 3HAKOM KOPHS TPETEH CTETeHHU, TIOTYyYUM

V26 — 15v/3+/3 = {/s- 12v/3 418 - 3v3+v/3 = {/(2 - V3P+v3 =2-3+V/3=2

¢) YuuteIBas, 4To

6E2/5 =525+ 1=(V5+£1)2%,
JS+EW=JS+2J§—2=J5+2J§=J§+1:
V8-2/6+2v5=vB-2v5-2=16-2/5=v5-1,
VBB-4(/5+1) = Vo-1/5=V5-22.v5+4=v5-2,
3/13+»1(x/§—1J =6 +2,

V2 +6(v5-2) =VI+6v5=V5+2-3-V5+9=v5+3,
V2 -6vV5+2= VI 6v5=1/(/5-3) = V53| =3 V5

HOHy‘-IPIM, YTO UCXOOHOC BI)Ipa)KCHI/IC paBHO
Vi+3+3-5=6.

YciaoBHBIE TOKIAECTBA.

1 1 1
2,2, 2 —t+-+-=0
Ipumep 7. a) Beruucnuts X“ +y° +2°, eciux+y+z=1+ ¥ =2 :

b) JlokazaTe, uT0 paBeHCTBO XYZ = 1 BiieUeT

1 1 1
+ +
l+z+zy 14+y+yz 1+z42zx

¢) Jlokasats, ato ecmm X +y + =0, To x* + y* + 2* = 2(xy + yz + 2x)2.

d) Jlokasathb, 4To 1151 IFOOBIX TPEX MOCIEI0BATEIbHBIX YWIEHOB T€OMETPHUUECKON MPOrpecCcuu
BBITTOJTHSIETCS] PAaBEHCTBO
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a’+a’ +ags=(ay +ax+as)(ar - a + as).

e) Joka3zatb, 4uTo, €Ciu X1 + Xp + X3 = Y1 + Y2 + Y3 = X1y1 + XoY2 + X3y3 = 0, 1 HE Bce quciax;,
7=13 y vy, 1=13 pagus nymo, T0

2 . £
Ty " 2

AT +rs Y4ty 3

1 1 1
—+=4+-=0
Pemenue. a) 13 paBenctea ¥ ¥ # caeayet Xy +yz + zx = 0. Orcrona

XAy + 2= (x+y+2)?-2(xy+yz+2x)=1%-2:0=1.

b) 3amerum, 4to ycioBue XyZ = 1 BieueT

1 _ 1 _ 1 _ Ty
14242z zyz+z+2z z(l+z+zy) l4+z+zy’
1 1 1 T

l+y+yz y(l+z+z2z) - y-z(1+z +zy) " 1+z+ay

CnenoBaTenbHO,

1 1 1 14+ x4+ xy
+ 4 = =1
l+z4+zy l14+y+yzr 14+z4+zr l14+z+zy

¢) YuuTtbiBas, 4to X + Y = -Z, IOJIYyYUM

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

=20 + xy + Y2 = 20 + X3y + v+ 23y + 27 + 2xy®) =
:X4+y4+(y4+4xy3+6X2y2+4yX3+X4):X4+y4+(x+y)4:
=X Ay (D) ey

d) Tak Kak a;a3 = a;° (XapaKTEePHCTHICCKOE CBOACTBO TEOMETPHIECKOIT IPOrPECCHH),
CIIe/I0BATENbHO,

(a1 + ap + a3)® = ar® + a® + ag® + 2ax(a + & + ag).
Orcrona nonyyaem:
al’ta’tags=(ay+ay+as)-2ay(a+ax+ag) = (a+ay+as)(ar-a, +as).

¢) PaccMoTpum BeKTOpBI (X1, X2, X3), (Y1, Y2, ¥3) 1 (1,1,1). 3ameTum, 4TO 3TH BEKTOPHI MOMAPHO
OpPTOTOHAJIbHBI, TAK KaK UX CKaJISIpHbIE IPOU3BEICHUS paBHbI HYJ0. Cie10BaTeNbHO, BEKTOPHI

Iy Ly I3
q = p : ]
e R VA R R AV B

_ 1 Yo Y3
Vit +ud Vit Vi)

o (o)
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00pa3yroT OPTOHOPMHUPOBAHHBIN 0a3KC B IPOCTPAHCTBE R®. 3naunr, s KaXxI0ro
BekTopa XI R® CIIPaBEJIUBO PABEHCTBO

(x,g1)* + (x,82)* + (x,93)° = L.
B wactHocTh, st X = €1 = (1,0,0) momyuum

a a
i Vi +1
o+ T ity 30
OTKYy/Ia ¥ CIIEIyeT UCKOMOE PaBEHCTBO.
3agaum 1o pemieHust

1. Onpenenuts O/[3 BbIpaKEHUI:

a) y =+dr —x2 Omeem: [0; 3].

2 -92x-3° Omeem: (—oo; —=1) U [4; +00).
(b+e)a+e)

- : s Jboe —e. b —dy.
V= b redtchtad Omeem: {(a,b,¢) | a # —e, b# —d}

2. OnpenenuTh, SBISIOTCS JIU BhIpaykeHUs A 1 B TOK/1eCTBEHHO paBHBIMH Ha MHOXKECTBE M,
eciiu

M={a: a>+3}.

Omeem: Jla.

3. YOpOoCTUTH BBIpaKEHUS:
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Va1

Omeem: —

C2/at1

1) (Ve

~|,,.-"a+1+1)
va+ 141

va+1l-—1

T

hﬂ
@+ Omaem: —

b) (:1+ ab

a—b

v+l

ab ). a’+b’
a+b Ta? - Bt

1

)

ab

1+ﬁ+;r:

2 — T

a—b

1.

4‘14

a? +bh?

Omeem: /z(z — 1).

d)

F 1,1 ) 1,1 1 L
a* —arhy £ b a¥ L oibhr 4+ hE a¥ — bE

e) V(1-

a?+2a— 3
{‘,r'a-}—] )

a4 1
ap

a4+ 3

2a + a?)(a® — 1){a — 1) :

v 1
Omeem: a—:i mpua > 1; —

:12—4—|:1—2|

/) a4+ 202 ~5a -6

Omeem: 3 ,a+2np1{:1{3:.-175—d::175—1.
h—c+c—a a—b (b—e¢lle—a)la=Db
Dpret cra arb  Brolera)ath)

4. Pa3moXKuTh Ha MHOKUTEIIH:

a) X'+ X2+ 1;
b) (x-y)°+(y-2)°+(z- %)%

5. I36aBUTHCS OT HPPALMOHATBHOCTH B 3HAMEHATEIIE:

1 L
Omeem: br — as.

Omaem.: ().

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

9 VT =B (V3 - V)
a) . Omaeem.: - .
V10 + /15 + V14 + /21 2
VT VT5 - B (VE + V3)(V25 + V15 + )
b) — =" Omaem. _
VB + V3 2
6. JlokaszaTh, 4TO MPUBEICHHBIC BEIPAKECHUSI MPEJICTABIISIOT COOOM 11eble urcia. Beraucauthb
9THU YHUCJIA.
V2vB-2/Va+ 1
Omeem: 1.
}/1?;_4—\,3 a—l—y/xf Vv2-1
b) V9 + 80+ /9 — /80. Omaem: 3.

IIpakTunyeckoe 3ansitue Ne 26
38



Tema: [IpeoOpa3oBaHre BBIPAKESHHIA, COIEPIKAIIX PATAKAIIBI
Heab: Hayunts BEINOTHATH MpeoOpa3oBaHUE BHIPAXKEHUH, COAEPKAIINUX PaTUKAIbI
Teopernueckuii 6110k

Onpenesienue:

KopHeMm n-ii creneHn U3 HEOTPUIIATEIPHOTO YKCJIa a Ha3bIBACTCS TAKOE HEOTPHUIATEIIBHOE YUCIIO
b, KOTOpOE TPH BO3BEJICHUH B CTEIIEHB N JACT YHUCIIO a.

HpI/IBej_IeM MAaTEeMaTHUYCCKYIO 3aIllCh OIPCACIICHUA:

Va=b {b“ =a
a=0 b=0 (Vo) = a
n=2234..
:f1aE = 3 — /81 = t =
Hanpuwmep: 125=5 | (2 =125 vel 3, k> 8l

Htak, B pacCCMOTPEHHOM CIy4ae MO0 KOPHEM CTOUT CTPOTO HEOTPHUIIATEIBHOE YHCII0, HO
CYIIECTBYET TaK)Ke KOPEHb U3 OTPULIATEILHOIO YUCIIA — 3TO KOPEHb HEUETHON CTENEHH, OH
CYIIECTBYET JJIsl JIFOOBIX YUCEI.

Z“+ﬁ=b b2n+l=a
a€R

B o — _o3d — _o 2o B
HarIpI/IMep:"‘F 8 E,T.K.[ 2) E,\” 8 Ve

HamomuanM cBolcTBa KOpHEH n-if CTENEHU, KOTOPHIMU MBI OYJIEM TIOJIH30BATHCS IMPU BCEX
peoOpa3oBaHUAX:

i _ mi . _
(Va)" = a, Va® = EIHpH a=0n=2734%..
niog_ nion =
'\.flb 1,"(1'\.!}’ HpHEIEﬂ;bEﬂ;ﬂr 2’3’4"'(meope/wa 1)}
nfja _ Na
|b - ﬂ"s =
‘lq W ; HpI/I a E ﬂ’b :':" ﬂ,ﬂ, 2, 3’4 pum (meopeMa 2);
— A i I —
Va) = Va* az=0k=123..,n=234.. ,
, IpA (meopema 3),
A= o —
| — T = — —
ET Va 2z 0k=234.,n=234..
War =VaF az0k=234..mn=234..,p=123.

npu " (meopema 35).

Bce nanpaetinme npeoOpa3oBaHus U BEIYUCICHHS 0a3UPYIOTCS Ha OTPEICIICHUN B CBOMCTBAX
KOpHS N-1 CTETIEHHU.

[Ipumep 1. Beruucnurs:

V2712

Paznoxum moakopeHHoe BeIpakeHHe Ha OoJiee y100HbIe MHOKUTEH U TIOCIIE ATOTO M3BJICYEM
KOPEHB!

V2712 =4/3%%3+4=4/3*22=9%2 =18
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[Ipumep 2 YOpocTUTh BbIpaKEHUE:

=]
iz - 12 5 iz -
( 1!'“}{‘) = "‘.,n'l (x*jﬁz '\.‘le‘ =x’xE|:|

IIpumep 3 — ynpocmums vipasicenue:

[Tpumep 4

B o E o

S — e —

Vxiy = x8 = {y = x|y
[Ipumep 5
x=0

g [ B _ — —

VEBy = 3xf = (fy = x|y ==y
[Tpumep 6
x=0

™ a ™ a

EL:'XSF = i{xs & EJ.E = |x|i§$ = —xi.u?
[Ipumep 7
b=<0

i - i . - = — | —— — —
Jaib? = atab? = a’ = a=b? =|alyalb| = —abya

ROMJ!/I@HWZCIPUZZ.’ IMOCKOJIbKY a CTOUT IO KBaJI[paTHbBIM KOPHEM B HCUYCTHOU CTCIICHU, TO JaHHAasdA
NEpEMCHHAs HCOTPULATCIIbHA, UMECM IIPABO CHATH C HEC MOAYJIb.

[Ipumep 8:
a=0b=>0

|45|2 _Elal _2a _ 2a
.ﬂl bs  |B?| —b® b3

[Ipumep 9:
a==0b>=0
|25a'® 5,/(a%)? 5|a’| —5a°  5a°
11I 9ps 3,/(6%)2 C3|B3| 3B 3B3
[Tpumep 10:
a>=0
av2 = lalV2 = ﬁ?ﬁuﬁ =4/ 2a?
[Tpumep 11:
a==0
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av3=—lalV3 = —«,.-'?m’g = —/3a?

[Tpumep 12:

a<bhb

(a —b)ym

a=<b—-b—-—a=0
(a=b}Wm=—(b—a)}ym=—|b—alym=—y/(b—a)*ym=—y(b—a)*m=
=—(a—b)*m

[Tpumep 13:

a=0b=<0

abV3 = —|ab|V3 = —{/(ab)*3 = —/3a*p*
[Ipumep 14:

a=0,b=0

—abV3= —|ab|V3 = —{/(ab)*3 = —/3a*b*

IIpakTuyeckoe 3ansitue Ne 27

Tema: [IpeoOpa3oBaHre BbIpaKEHH, COEPIKALUX CTENIEHH U JorapudMbI
Heab: Hayunts BEINOIHATH NpeoOpa3oBaHUE BHIPAKEHUH, COAECPKAILUX CTEIIEHU U
norapudMbl

Teopernueckuii 010k

IIpumep 1: Boruucnuth 3HaUEHUE BBIPAKEHUS:

s}t

log 5 (+3)

()t

log 5 (3) ]

Penrenue:

3ameuanue: [Ipu pemiennn 3amad, conepskamniux Jorapu@Mel, B IEPBYIO OYepelb HE CISAYET
COCpeI0TaunBaTLCS HA HUX. HUKOT1a HETb3s1 3a0bIBaTh MMPOCTO PO anreodpy.
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B uncaurene stoit I[pO6I/I MOKHO IMPUMCHUTDH (bOpMy.]'Iy COKpalll€CHHOI'0O YMHOKCHUS PA3HOCTDb

I N
KBajipaToB. OOt BI/I,Z[ZI:I —8 = [a E}) [a +b] .

3ameuanue: B aGcomoTHOM OONBITMHCTBE 3a/1a4 CIIEAYET BCE JIOTapU(MBbI IPUBECTH K OTHOMY
OCHOBAHHIO.
B 3Hamenarene Bocmosb3yeMcst (hopMyIioi mepexo/ia K HOBOMY OCHOBAHHIO | ITepeiieM K

] @ﬁgz[JE)—ﬂogg[xﬁgJ][logg[JE)+JO§2[1F§J]::

()
log, [\E)

B uncnuTene B nepBoii ckoOke MpuMeHUM CBOMCTBO «Jlorapudm paznoctu», a BO BTOPOd —
«Jlorapudm cymMmBbI».

log, [‘\E} =

| e J

CaMBbIi HUKHUH DTaXK MOYKHO BBEIYUCIIUTE:

ots] Y |tog, [ V5 [2
log \E log [ EJ;]_logg(B)logg(z}_

log, {+/3) 2log, {+3)
)

2

BTopoii COMHOXXHTENb B UUCIUTEIE MOXKHO BBIUHCINTD, B 3HAMEHATEJIE MOKHO IIPUMEHUTh
cBoiicTBO «Jlorapudm creneHum.

log, {3} _ log, [3} _

) log, [«,173_2) B log, (3} -

OtBert: 1

[Tpumep 2:
Borancnnte 3HaUeHNE BBIPAKCHUS:

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

Pemenue:
log., [90}— log, [18) log, {4}-log5 {T"] =

[lepeiinem B kaxxaoM sorapudme K 0THOMY OCHOBaHMI0. K ocHOBaHMIO 5.
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log, {18} . log. {4}
log, {4) log; {?]

1 18
Ogﬁl{ }%.1:1035{96]—1og5{18}=logj[%]ﬂogs(ﬂ:l

:logS{QU}— log, (T"]:

= log, {30} -

Ortser: 1.

]

(lt}g_’lfi ) (1{};_1; A6 )
3.HaiinuTe 3HaueHNE BBIpOKEHUS - .

(1{}5_‘;_’”5 ) (1{}5_‘;{_35 )= (1{};{_)2 J ) (1{};};{_[:‘3 )= ( log 2 ) (El{};};{_fi )= Ix2=8§

OtBeT: 8

log 2
2. 3ananue B10 (Ne26846) Haiinute 3Ha4eHWE BRIpOKEHUs ="

SanumeM uncio 0,25 B Bu1e 0OBIKHOBEHHOH JIPOOH:

|u| —

L . 0o
2=log ,2=-
°»

lovge 2=log

P =
£ o log 2=-0.5

1

I

Ortser: -0,5

log 8
4 HatinuTe 3HaYCHUE BBIPAKCHUS

Paznoxum Ha IMPOCTBIC MHOKHUTCIIN OCHOBAHHC J'IOl"apI/I(I)Ma 1 9UCJIO, CTOAIICE IO 3HAKOM

norapu¢ma. 3aTeM BBIHECEM CTETICHH 3a 3HaK Jorapugma.
. 33 , _
1{}gJH=1{}g 2 =Fl{}g_’3=1..:

¥

OtsBerT: 1,5

log _60-log 12
5.Haiinute 3HaueHNE BBIpAXKEHUS o o

[TockoabKy OCHOBaHHMS JIOTAaPH(PMOB paBHBI MEXTy COOOM, POCTO MPUMEHUMCBOWCTBO

Jorapu@moB:
. , 60 )
log _60-log_12=log — =log_5=1
] 7] 512

OtserT: 1.

log 0.2+4log 4
o .5

6.Haiinute 3HaUCHHE BBIPAXKEHUS

3anmmeM JACCATUYHBIC ):[pO6I/I B BHUJC OOBIKHOBEHHBIX U BHIHECEM CTEIICHH 3a 3HAK norapn(bMa:
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log 0.2 +1ug” ; dzlngﬂ; +log, 4=-log 5 —lt}qu =-1-2=-3
) =) Wk 1] &
I

Ortser: -3
log . L3

. log g 13
7 Haiigure 3HaYeHUE BHIpOKEHHS

log . 13 Iug? 13 h‘Jg? 13
— —9

- k = - k _1
Iug_H.J L3 Iug?_! 13 ! Ing? 13

OtBerT: 2

log _9log 25
7. Haiinure 3HaYCHNE BRIPAKECHUS & 3

2 2
. . B — o - BT =
log . Qlugﬂio log . 3 lugﬂg
4 lﬂgnﬁ lﬂgﬁﬁ

Ortser: 4

lag 5
9 7
log 2

5

8. Haiigure 3HaueHue BBIpaKCHUS 9

Paznoxum 50 Ha MPOCTBIE MHOMKUTENN M YIIPOCTUM ITOKA3aTellb CTEIIEHH B YUCIUTENE IpOOU:

log 50 log 5 %2 log 57 +log 2 2 4log 2 5 log 2
a N1 ,g 1 Nl ,!:} =1 .!:} ,!:} H1

log 2~ log 2 log 2 T log 2 log 2
] A k; I I

9 _g1

9

(1— log 12 ) (1— log 12 )
o 2 G
9.Haiinure 3HaYCHHE BBIPAXKEHUS

[TpuBenem o6a norapudma K OCHOBAHHUIO 2, a 3aT€M PA3NIOKUM yucia 12 u 6 Ha MPOCThIe

, Ing_z(??.‘i)
1-log 12 | 1-log 12 —(l_lﬂgg(rg)) 1_'“5- (2%3 ]
(1t 12) (vt 12) - 2

2+log, 3 2+log, 3
(1—(2+1ﬂg23 ) )(1m ): (-1-101;,-23 )(1m )

t=log 5 3
0O603Ha9UM =, MOJY4YHUM:

MHOXUTCIIN:
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) 1= ) (-1
“1-1 ) — =14t — =1
\ f( 1+t ) \H ST

3ameuanue. MoXHO OBUIO TIOCTYNHTD TaK: MpeICcTaBUM Yuciio 12 kak nmpousBeaeHue 2 u 6.

(1—1{};};2 12 ) (1—1{}5{{j 12 ): (1—1{};};22—1{}5_‘;255 ) (1—1{};};{53—1{}5{{5[5 ): (— 1{}5_";2f]' ) (— 1{};_1;“'3 ):l

OtserT: 1

IIpakTHyeckoe 3anaTue Ne 28

Tema: Pemenue norapupMuyeckux ypaBHEHUN
Heab: HayuuTs pemats npocTeiiiue TorapupmMuIecKie ypaBHEHUS

TeopeTtnueckuii 6110k

Pemienue mo60ro siorapu()Mu4eckoro ypaBHEHUs TakKe CBOAUTCS K PEIICHUIO OJJHOTO MU
HECKOJIBKUX MPOCTEHIIINX JIOTapu(MUIECKUX YPaBHEHHUH:

1) logaf(x)= logag(X); 2) logaf(x)=b.

Ypasuenue (2) cBomures K ypasaenno suza (1): logaf(x)= logaa”.

VYpasuenus Buna (1) cBoasaTcs K pemeHuto ypaBaenuit f(x)= g(x) (morenuuponanue). [lpu sTom
HE00XO0MMO MMOMHHUTh, 4TO ypaBHeHUs log,f(X)= 10g.g(x) u f(x)= g(x) He paBHOCHIBHBL [Ipn
MOTEHIIMPOBAHUY MPOUCXOJANUT PACHIMPEHUE O0JIACTH OTIPE/ICICHUS, 4 3HAYUT UMEETCS
OIaCHOCTBH IOSIBJICHUS IOCTOPOHHUX KOpHEU. [IpoBepka — Hamrydiiee cpeacTBO MPOTUB TaKOU

OIIACHOCTH.

I mun — 1o onpeAeICHMIO Jorapudma:

log iz -1 = -2
a) 3

q ]
(—] =1dx-1
3 - 2%—1=9: x=5.

Pemenmue:
logl0-11=-2 log,?=-2
IpoBepka: 3 .3 ; ~2logzd=-2. 2= 2 _ pepHo.
Oteert: x=5.

6) log,(x* +4x+10 =2
Pemenne: 3 =3 +4x+12; 2 +4x+12-0=0; 2* +4x+3=0;
X1y =-2¥.f4-3 =241 ; x1=—1 m x=-3.
Iposepka: x=1, logs(1-4+12)=2; 10939=2; 2l0g33=2; 2=2 — BepHO;
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x=-3, 10g3(9-12+12)=2; logs9=2; 2l0gs3=2; 2=2 — BepHoO.

OtBet: x=—1, x=3.

g
lngg[z—x—lJ =x—2.

B)
2 1 B
2}{—2:_}{_1 2}{__:_}{_1 zx
Pemenue: 2 ;42 .ycte 4 =¥, TOraa ypaBHEHHE 3aIUIIEM B
¥ &
Z_ZH=0
Buge 4 ¥ : ¥ +dy-32=10

5.r]_3=—2iq,|'4+32=—2i6; 5r1=4; 5r2=—3; zx=4; 2x=22;X:2; 2 oe_m

8
lngg(——lJ =2-2
IIpoBepka: 4 ; logg1=1

— BEpHO.
OtBert: x=2.

2 mun — YpaBHCHUA, KOTOPLIC C ITIOMOIIbBIO J'IOI‘apI/I(l)MI/I‘-IeCKI/IX TOXACCTB CBOOATCA K
HpOCTCfIHIHM YPaBHCHUAM:

a) lg(x—3)+lg(x—2)=1-1g5.

Pemrenne: Ig[(x—3)(x-2)]=lg10-Ig5; lg(x*~5x+6)=1g2;

5iq,|55—1r5

X2-5x+6=2; X*~5x+4=0; X1 ,= 2 : x=4 n x=1.
Iposepka: x=4; 1g(4-3)+ 1g(4—2)=1- 1g5; Ig1+ lg2=1g2; Ig2=1g2 — BepHo;

x=1; 1g(1-3)+ 1g(1-2)+1- 1g5, Tak kak BeIpaKeHUE, CTOSILEE MO]] 3HAKOM Jiorapudma,
JIOJKHO OBITh BCET/Ia MOJI0KUTEIIbHBIM.

OTtBet: x=4;

g+ 1gx-3) 1

6) laTx+)+1gx-6)+1g3 2

lgd+1g=-3) _ 1 lg4x-30 _ 1
Pemenue: 1@3(Ta+1x-60 2. 1g3(Ta+1x-6) 2.

2 1g(4(x-3))= 1g(3(7x+1)(x-6)); lg(4(x-3))*= 1g(3(7x+1)(x-6)).

Horenrmpyem: 16x*-96x+144=21x"-123x-18; —5x*+27x+162=0;
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27t 869_2?163 36_ 1&
5x%27x—162=0; x1,= 10 10 ;x=9;x,= 10 5.

2182+ 1g8, 1g24 1

1
IpoBepka: x=9; l@4+1gi+1g 2. 2gB+21g3 2

124 1

12 J
Ned+1g|- 2.3
gl g[ ; :

_18 lg{.%+1}+1g{-ﬁ-rﬂ+lg3 2

BBIPAXKCHUC HE MOXCT OBITH OTpULATCIIbHBIM.

— JIO’)KHO, TaK KaK MO/JIorapupMHUIEcKoe

OTtBer: x=9;

B) loggx +loggr +logax =55

1
. log gb=—log, b
Pemenne. Bocnons3yemcst popmymnoit  —* m :

1 1 11
logza+ —logsx+—logsx =355 —logx=255
BT ORI OB T, ORI logx =3 4207,

Iposepka: 198327 +10gg2T+1ngy 37 =55 - logs3* +logy 3 +1=55.

3 +§+1 =55
2 — BEpHO.

OtBer: x=27;
r) loggt3z -10 +1logg(x -2T) =3 +1ogg8

Pemenne; 1080 32-110(x- 27 = log; (5°-8) .

A6+ 2116+2109 46465

[Moternmmpyem: (3x—11)(x—-27)=1000; 3x%-92x—703=0. X1 .= 3 T3 ; X1=37 |
19
Xo= B ? .

Iposepka: 1. log,A11-11) +1og; (37 -27) =3 +1og;3

1ogs100 +10gs10=1ogs1000 » 1ogs1000 —1ogsl000 _ pepyg,
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19
logs(-19 -1T1+1ogs [— ——2?} #=3+logse
2. 3 , TAK KaK BBIPAKECHHE, CTOSIIEE MO/ 3HAKOM
norapHQ)Ma, JOJIDKHO OBITH MOJIOXKUTEIIBHOEC.

OtBet: x=37.

3 mun — ypasuenus Bunaa P(log,x)=0, rae P(y) — MHOrouseH 2 uiu 3 cTeneHu, Win
ypaBHEHUSI, CBOAAIIMECS K HUM. DTH YPaBHEHHUS PEIIAIOTCS C TTIOMOIIBIO TOJICTAHOBKH: Y= logaX.

a) logs x—log, ¥ — 3= 0

2
Pemenmne: 1083 2-2108; 2-3=0 [lycry, 10832 =¥ y2 2y 3=(. PemaeM ypaBHEHHE U MOITydaeM
1

yi=3 ny,;=—1; y=3 =083 % =3 — x=07; y=1 =108z x=-1 — x=3
TMposepia: x=27; 1983 27-10g; 27-3=10. (log; 27)" ~10g; " ~3=0.
9-6-3=0 — BepHO;

2
1 231 (1]
logd = —logs|=| -3=0
=3 B3R (logs 379 —logy 72 -3=10.

1+2-3=0 — BepHoO.

1
OtBer: Xx=27; Xx=3 ;

6) log,(5x*) logs x=1

PemeHHe. Hpem):[e BCCIro HAAO UMCTH B BUY, UTO €CJIM B YPABHCHUAX BCTPCHAIOTCA J'IOFapI/I(bMBI
C p3.3H]i>IMI/I OCHOBaHUsIMHU, TO UX HAOO0 HpI/IBeCTI/I K O):[HOMy OCHOBAHHIO C TIOMOIIIBO
log, b

log, b=
(hopMyIIbL: log:a

log.(5x°
—gj(x )-10g§x=1

B [IaHHOM ClTy4ae MepexoauM K OCHOBAHHMIO 5. 198 ¥ X
flogs; S+2logsxlogs x =1 Ogosgaunm 198:% = ¥ (1+2y)y:1;

1
2y2+y-1=0; y1=—1, y,=2 ; 1085 ¥ = -1 yyy

1

1
logsx=— -
&3 2;x=5;x=~f{5_.

1
1951[5-;_5]-1ag§;_=1 1ug15-(—1j]3=1
IMpoBepka: 1) = ;3 ; 1=1 — BepHO;
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2
2) log 5 (5-5) logs 5 =1. tog g(+5)°" -[lngcﬁ Jﬁ_) -1,
; 1=1 — BepHo.

1
OtBer: Xx=5 ; x=45 .

5 mun — norapudmMupoBaHre 00CHX YaCTeH YpaBHCHHS.

sl _ 100D
IIpumep: X

lmsl 1000
lgx =1g 2
Pemenne: x ; (lgx+1)lgx=3-lgx; lg“x+lgx=3-lgx; y=Igx;

y2+2y—3=0. Perraem ypaBuenue: y1=—3; Yo=1; Igx=—3 wmu Igx=1,

x=10"%; x=10.

. g1t _ 1000
a0 10— - (0 =0t (0 =10t

IMpoBepka: 1)
10°=10° - BEPHO;

1t 4 _ @
2) 10 :10°=100; 10°=10° — BepHo.

OTtBerT: x=10’3; x=10.

IIpakTuyeckoe 3ansaTue Ne 29

Tema: Pemenue ynpaxueHui
Heab: 3akpenuTh ¥ CUCTEMATU3UPOBATH MaTepUall IO JaHHON TeMe
Teopetnueckuii 610K

Jlorapudmuueckas GyHKIIUS

[Tycth a — moJokuTeNnbHOE Yncio, He paBHoe 1. dyHKIUIO, 3a1aHHyI0 hopmynoi y =logax,
Ha3bIBAIOT JIorapuMuyeckoil (pyHKIMEH ¢ OCHOBAaHHEM a.

OcHoBHbIE CBOWCTBA JorapuPpMUyecKol PyHKINH.

1. O6nacth onpenenenus Jorapu@mMuueckoit GyHKIIMH — MHOECTBO BCEX
nMoNoKUTENbHBIX yncen R+, T. e. D(loga)=R

2. OO6nacTp 3Ha4eHUH JorapuPMuIecKoi (PyHKIUN — MHOKECTBO BCEX AEUCTBUTEIBHBIX
YHCell.

3. Jlorapudmuueckas pyHKIMs Ha Bcel 00acTu onpezeneHus Bo3pacraer (npu a>1) wiu
yosiBaeT (npu 0<al ¢gynkius Bo3pacrtaer (B ciayyae 0<axl.
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JlorapupmMuuecKkuM ypaBHEHHEM HA3bIBAIOT ypaBHEHHE, B KOTOPOM HEM3BECTHAS BXOAUT
TOJIBKO B apTyMEHTHI JIOTapH(PMUIECKUX (PYHKIUH MPH HEKOTOPHIX OCTOSHHBIX OCHOBAaHUSIX.

[Tpu pemernu norapugMUIECKUX HEPABEHCTB HEOOXOMMO YUYUTHIBATH MOHOTOHHOCTD
norapupmmuaeckoit pynkmmu loga x: Ipu 0 < a < 1 sta ¢pyHkums yOsiBaet, mpu a > 1 —
BO3pacTaer.

Pemrenne ynpaxxuennii
1. Berauciure: a)log - 25\5; 6)4%7%%; p) log, log, 64; 1“)4Iogz *0tas?

2. Pemmts ypasuenns: a)log,  (3x+1)=2; 6)2x> +5°% = 2551065 V10
3. Beruucnure: a) |Og\/§ 4\/5; 0) 251+|0953; B) |0g4 |Og9 81; r) 3Iogg 16-log,, 8 .

4. Haiiti X, ecim u3BeCTHO, 4TO log,, X = 4log,,3 - % log,, 27 -2log,, 6.
5. Haiitu X, eciu u3BectHo, uto log,, X =2log,,6-0,5log,,100 + BIOQOVl% :

1
Iog445+log4§ log, 2 log, 4

6. BeruuciauTs: a) ; .
log, 75+1log, 3 log;16 —log, 0,5

7. Hatigure 061acTh onpeieieHust KaKI0i u3 (pyHKInI:
Dy=v9-x*-Inx*; 2)y=,In(x+2); 3)y= Iogoys(x2 —2x)+\/9— X2
8. Haiimute o6macTs onpeneneHus KaKaou u3 GyHKINH:

1)y=v4-x* -In(x=1)?%; 2)y=./In(x=3); 3)y=|0g0,3(x2 +3x)+\/49—x2 :

I[OMaIHHeC 3aJaHHUC:
3log,3—log, 27 5) 3lg4+1g0,5
log,3+log,9 ’ lg7 -lg14

2. Pewnts ypasuenust: a)l0g, 45X =2; 6)3x% +0,5°%* =36/°% 3

1. BeruncnuTs: a)

IIpakTnyeckas padora Ne 30

Tema: Kontposbnas pabota
Heas: [IpoBepuTh ypOBEHb YCBOCHHS JaHHOM TEMBI

1 BapuanT

IIpeoOpa3yiiTe Boipa:keHue:

1 (a+2_ a + 2 ):JE—{E

V2a 2a+2  a—2a a+2
1 1
c—1 ¢Z4+cz 1
2. 3 1" i 4 + 1
ci+ec2 241
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lge+lgils
2lg2+ig3

Pemnre ypaBHeHune

1LVx?2+2x+10=2x -1
2.cos G+x)+ms(§—x)

3 {]izxz—lﬁx—E?JE:Svfg

1

4.logsVx — 5+ logsV2x —3=1

IIpeoOpa3syiiTe BbIpa:xkeHHe:

1 (aw.,’E+ b m) (ﬁwﬁ)z

Va+yb a+2
1 1y2 3 3
1 (az—bz) +2az+bz
3(ab)2-3b
22—+ T 3
a—b az—hbz
3lg2+3lgs
"lg13-lg130

Pemnre ypaBHeHue

1V17+2x —3x2=x+1

2 BApUAHT

2.5in (E + x) — sin G — x) =1

3 px°—6x+05_ 1
' 1612

4.§£g(2x —1)=1-IgJx—9
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IIpakTuyeckas padora Ne 31

Tema: UncnoBas nocje0BaTeIbHOCTh, CIIOCOOBI €€ 3a1aHusl, BEIYNCIICHUS YJICHOB
MMOCJIEAOBATEIHLHOCTH.
eab: HayunTh BEIYMCIATD

Pemenue ynpaxnenui
|. Haiigute nepBbie MATh YWICHOB psija MO €ro 3aJaHHOMY O0IIEeMy YIEeHY:

U = n
1. " T n+a
2
2. " Tawmm—1
2 4+ 3

3. Un = T

n+1
1+ ( -1 )
Uy = .
4, n
Il. Haitnute mepBbie 4eThIpe YeHa MO €ro 3aJaHHOMY O0IIeMYy WICHY:
_ -+ 1x
1. n

) _ 1
, T Brn-1)(@n+ 1)

3 tn = (n+1)(n+ 2)
4, Un= (_1)ﬁ1_1§

5 Hn = (2'?‘1 - l)z'ﬁ—i

' o n+1

e (Zn — l)a'ﬁ—i

[

6.

I11. Haiiqure popmyty oOriero uiaeHa psija o ero JaHHbIM IEPBBIM 4jieHaM

2.
3.

I'Y. Bprancnute cymmy WICHOB psijia:

1
1. ﬂz::in(n + 1)
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> ;1(3?/1 —2)(3n+1)
2 5

3. =1
2 2m+1
4. Enrn+ 1)

1
5 Z nm + 1n + 2)

. =1
Y. HaliguTe n-ii 4ieH psija no ero JJaHHbIM NEPBBIM YJICHAM:

N

YI. Uccnenyiite cXoqumMocCThb psiia, IPUMEHSSI HEOOXOIMMBIN MPU3HAK U OJUH U3
IIPHU3HAKOB CPaBHEHMU:
-
1+ 2
1. & )
1

1
3 ;ﬁ

1
.nﬁ
4. =1
HCCJ’ICI[YI/ITG CXOOUMOCTD psAlda, UCIIOJIb3YIO IIPU3HAK I[anaM6epa.

n

1.
.+ 1)
2. ; 3"
1
3, ;”_

a'r‘t
4 z nn+ 1)

T

1
5 ;1(2'?1 — 1) 22

z 1
= (2n + 1)
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n + nn + 3)

~
—_
Il
[

| e
w| =

co
=1
Il
[
=

IIpakTuyeckas padora Ne 32

Tema: [Ipenen nocnenoBaTeIbHOCTH
Ieas: HayunTs BEIYUCIATD MPEAEIBI

TeopeaneCKaﬂ 4acTb

Omnpeneaenne. Yucno b naspiBaercs npeneiaoM QyHKIUU f(x) npu ¥ , cTpemseMcs K a
eci st mo6oro umcna £ = 0 maiinercs takoe mcno 9 = 0 yro mpu Becex X * @ |
yroBIeTBOpsitommx Hepaserctsy 1X — @l <& | Gyner Bumonnstees nepasenctso IfG) — bl < =
Onpenenenne npeena GyHKIMH MOXKHO chopMymupoBaTh ¥ Tak: Umcino P HaseBaercs
IpEeACIIOM f(x) npu X | cTpeMsimemcs K 2, eciu npu mobom £ > 0 cymecrsyer Takas
OKPECTHOCTb TOUKH 3, 4To 1Is Jo6oro X * @ p3 sroii okpectHoctu. [lpenen o6o3HavaeTcs Tax:
}lcing f(x) =b.
[Tpumep 1. [Ipenen mocTossHHON (YHKIMH B TFOOOK TOYKE PABEH dTOM Ke MOCTOSIHHOM.
Pemenue. [1ycTh ans Bcex 3. O4eBUIHO, YTO NS JIFOOBIX & =~ 0 d=0 y I BCEX

xE(a—8a+ 8§ CIIPaBEJIMBbI COOTHOILICHHS
3HauuUT, MO ONpeACTICHUIO TIpe/iea
lim f(x) = limk = k.
X 4a X a
[Tpumep 2. ana ¢pynkuuu. /lokaszars, 4To
lim f{x) = a.
X d _
Pemenne. Hycrs £ = 0 - m060e uncro. Monoxkus O = € | g seex X € (@ — 8,a + &)
HOJ'Iy‘-II/Ile[x:I —al=Ikx-al<s Telftd-al <z syauur
limf(x) =limx=a
X 4a X

Teopema. Ecnu pyHKIMS UMeeT peien MpH %, CTPEMSIILIEMCs K 8, TO 3TOT IpeJied €AUHCTBEHEH.

1. Teopembl 0 npeaenax ¢GpyHkuuu
Teopema 1. Eciiu pu ¥ * @ cymiectByroT npenessl GyHKIUH fCd  glx) , TO CyLIECTBYET
TaK)Ke U MPEAEIbl UX CYMMBI, PaBHBIN CyMMe TIpe/ieoB (pyHKInH £ g(x)

CnenctBue. [TocTOsSTHHBIN MHOKUTEh MOXKHO BBIHECTH 32 3HAK Ipejiena.
JlercTBUTENBHO,
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Teopema 3. Eciiv ipu ¥ * @ cymiecTByIoT npenessl GyHKIUI f&) yelx) g4 npeaen
flx)

GbyHKIMN g(x) ommuen or HYJISA, TO CYIECTBYET TAK)KE U IIPENEI UX OTHOILICHUS gix) PaBHBII
OTHOILICHHUIO IIPEJIETIOB:
() f(x)

lim( 2] [—) lin

x—a (x)} == a hm g(x)’

[TonssiTHE OECKOHEYHO MAaJION U 6eCK0HeqH0 OOJIBIITION BEIUYNHBI
Ecnu npenen pyHKIKMM paBeH HYIIO, TO OHA Ha3bIBACTCS OCCKOHEUHO MAjIOW BEJTUUYHUHOM.
Ecmu npenen pyHKIMmu paBeH 6€CKOHEUYHOCTH, T.€. BETHYHMHE 00paTHON K OECKOHEYHO MaJIOi
BEJIMYMHE, TO OHA HA3bIBA€TCsA OECKOHEYHO O0JIBIION BenmunHon. CiemoBaTeaIbHO,

BBIITOJHATOTCS PAaBCHCTBA!

1 1
lim — = e, lim—=20
x—=a X a0

Brruncnure npeaensl
IIpumep 1.

lim(x+3)=limx+ lim 3= 7+ 3=10.

=7 =7 =
Ipumep 2.

3542 Hm@x+ﬁ hm@ﬂ+hm2 lim3- lim x + 2
lim + —» x—1 _ x—=>1 x>l —
=125 —7 Mn@xJﬂ hm@ihhm(?) lim2-limx—7

x—>1 =31 x—1 =l x—>1
R Yy W
2-1-7
Ipumep 3.
. x°-4
lim
x—=2 x—2
—4_(G-2)x+2)_
x—2 -2
2 J—
Hﬂlf———i—— (x- 2ﬁﬁ4_2)— lim(x+2)= lim x+ lim 2=
=2 Xx=2 ;H«E x—2 x—2 x—=2 12
=24+2=4
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Pemrenue ynpaxxaeHui

1 lim[{x? — 1 )= - 3)(x - 5]] o yxT1-1
x 2 lim——MM —
14. % .0 x
5 :&irg[[zx —4)(x — 1)(x + 2]
T
lim X T 3)(x — 2) 15.  xo04 —¥Zx-2
x—-1 x+2
16, 111:5[(:{3? — 5%+ 6)
3. .
17, Jmlx)® +3x7)
li —3 T 3x
4 < 32%— 6 18. x=x—2
4 i x— 38
m_
5 1133x3+21c 19 X =2x— 2
i 2x3 - 2x2 lim 2x3 -3x2 41
0. xl]:g 5x? —4x! 20. X =5x3 - 4x? 4 2x
" 3x% + x lim2x2 —5x+4
7. x”ﬁ x 21. Xo=x2—2x+ 3
ko3 limyxZ = x-x
lim 22. -
. x—=3xc —9
; I|I' 2 _
. 4x2 -9 23 xllr!::l X- 4+ 5x-=x
m—
o 32x 43
X2 dx? —7x -2
m
2 24. x25x2 —11x+ 2
limx —8x+ 15
10, =x.5 =x!+23 " x2 +2x-15
mm—-
25. x .3 %! -0x
; 3x2 —8x+ 4
m
11. x.25x2 —14x+ 8 lin 2x
=0y 4 L x — /4 —
’ x2 —7x+ 10 26. V4 +x— V4 —x
12. xnsle—'?x—zﬂ ;s 2 - %
x—6 27. :-cl-n:ilﬁ —¥2x+1
lim—
13. ¥—=byx+3 —3 i 2 —x
im

28. =533 —y2x—1
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IIpakTnyeckas padora Ne 33

Tema: KonTponbsHas paboTa 3a nepBblil cemecTp
Heas: [IpoBepuTh ypOBEHb YCBOCHHS MaTepUalIa 3a IEPBBIA CEMECT]

1 BapuanT
Ynpocrure BoipakeHue

1.(sin x + cosx)* —1

2
2.(0032 x(% — xj +sin 2(3?” — XD —sin?x

sin* X+Sln X COS® X
sin? xcos” x

3.

IIpeoOpa3syiiTe Bbipa:keHue:

a+?2 a 2 Ja—2
1'(3__-_ =~ -+ F_)l
W 2a y2a+2 a—y2a at+2

11
c—1 cZ+cd =
2. 3 1" 1 'E4+‘1
cd+c2 c2+1
lge+igis
2lg2+ig3

Pemmnte ypaBHeHue

1.Vx24+2x+10=2x—-1

2. cos(f+x)+cos(g—x) =1
3 sz —16x— 3?5_5\;’_

4.logsVx — 5+ logzV2x —3=1

2 BapuaHT

Ynpocrure BoIpakeHHne
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1.(cos2x+1)tg®x —1

ct [%—xj
1—ctg?®(— x) N2
2. -
tgz(x—ﬂ) ctg(z + x)
sin® x cos x + cos® xsin x

CcOs” X
IIpeoOpa3yiiTe BbIpakeHue:

1l(m.-"E+ Vb _ m) (ﬂE+~JE)2

3.

Ja+y'b a+2
1 (az sz +2a2+b2
3(ab)2-3b
2.—T 3 3
a=b az—b2
3lg2+3lgs
"lg13-lg130

Pemmnre ypaBHeHue

1V17+2x —3x2=x+1

2.5in (E + x) — sin (E — x) =1

— 1
3. 2x 6x+0,5_
1642

4.§£g(2x —1)=1-IgJx—9

IIpakTnyeckas padora Ne 33
Tema: [IpaBuina BEIYHCICHUS TIPOU3BOTHBIX

I.[e.m;: Hay‘-II/ITL ydamuxcs 1mmpaBujiaM BBIYUCIICHUS ITPOU3BOAHBIX

Teopetnueckuii 610K

° Cf:[]
° If:].f , ,
. (f+g9) =f+4g
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. (f9)="Ffg+fgh
. —Cf

f) flg—fg
. g 7 .(9#0)

(5) =%
. g 7 (g #0)

Brruncnure npou3BoHyO:

_ 3 5 3
1. f(X)=x"+2x"+4 10. f(x) = X
2. f(x)=2x*+x*+10 x-4
3. f(x):z+%+E
X x° 7
1 2 4 11.f (X) = X(X +3)
4. f(X)==+—+— )
x x® 5 12.f(x) = (x“ +4)(x-1)
_ 5
5. f(x)_2\/;+4x 13f (x) =
6. f(X)=+/x+5x" 3x-1
7. f(X)=x(x+1) 14f()_X+5
8. f(x)=x(x+5) 4+l
X2
9. f(x)=
X_

JlomaliiHee 3agaHue;
1) f(x)=7x" +13x* +18
3

2)f(x)=g+xi+&

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

2

5)f(x)=2>)<(+1
6)f (x )_ X+1

IIpakTu4yeckoe 3ansitue Ne 34
Tema: [Ipon3BoHBIE TPHTOHOMETPHUECKUX (DYHKIUI
Heab: HayunTh BBIYUCIATH TPOU3BOAHBIC TPUTOHOMETPUYECKUX (PYHKLINN
Teopetnueckuii 6110k

Bce Tpuronomerpuieckne GyHKINU HETIPEPHIBHO U HEOTpaHUUEHHO MU (EpEeHIIUPYEMbI Ha
BCeil 00acTu onpeaesIeHus:
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(sinz) = cosx,

(cosz) = —sinx,
. 1
tex) = :
(tg) cos? x

. 1
ctex) = ———,
(ctg ) sin?

Pemenue ynpaxuenui

1. Haiinute npon3BoAHYIO (QYHKITUU:
2y =tgx +x;

5)y = sin( x +‘}:);

Dy =cosx+x;

Ny =ctgix+5

127

2. Haiigure npon3BoIHYIO (QyHKIIHH:

?}y=sﬁ1{g—2x), Xy = 8}y=cosgx;

Dy =sin’x+cos’x

Ny=sin*x+cost x-2sin* xcos® 1y

3. Haiitu mpou3BoHYyIO (YyHKITUU:

Dy =sin x”;

2y = EOS?(%—BI:I;
1

By =——;
cost X
igx

Hy =22,
1+ig x

Sy = —==,
igx
1

&1y = :

) tg3x

Ny =t
fglhx ox

By = ctgx;

Py = Jxsn x,

60

)y = (sin x + cos x)°

3y =sin 2x,

61y = cos(2x + ?—?JT)

Ty = .ﬁg3 x

: 3}y=coszx—sinzx;

Dy =sin 2xsin 3x+cosdx cosEx —

1 5. a3
Ny=— x%smn x, Iy = —,
Ihy p 1] 5

cosx s
2)y = , -Z
)Y Trem = 0T

L4 X x oo
3]y=sm4§—cos4§, x”=ﬁ;
41y =1+ sin x, x, =0
Sy =tg'2x,

&)y =cos’(2x+1), x,=0

Ty = ,J1+ 5cos%;

By =sm* (2x°);
Py =cos (- 3x7).



IIpakTuyeckasi padora Ne 35
Tema: Beruncienue npon3BoIHOM CIOXKHOW PYHKIIUU

Heab: HayunTs y4yamumxcst BBIMUCIATH TPOU3BOAHYIO CIOKHOM (PyHKIIUK

Teopetnueckuit 6510k

[Tpou3BoaHas COKHON (PYHKIIMU paBHA MPOU3BEICHHUIO €€ TIPOU3BOJHOM 110 MPOMEKYTOUHOMY
apryMEeHTy Ha POM3BOJHYIO ATOT0 apryMeHTa I10 HE3aBUCUMOI EPEMEHHON

Pemrenne ynpaxaeHnit

BoruncnuTe npou3BOAHYIO CIOKHON (QYHKITUU:

1) f(x)=cos5x 14)  (x) = Ecosi
2)f (x) = 3sin 2 42
3 15) f (x) = (4x —5)°

3) f (x) = (8x +4)° 8
D=2 R =
) f(x) = >

(3—4x)

17)f(x) = (2x-3)™* +(Ex+4j
5)f(x)=(3-2x)"°+ 3

1
(x+4)°
6)f (x) = 25in(3x—%)

7) f(x) =tg4x

8) f (x) =%cos§

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

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

10)f(X) :m

1) f (x) = (5x + 4)™ +[§+8}2

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

JlomaiiHee 3agaHue

2) f(x) :%sin X

3)f (x) = (2x +10)?
4
(5-x)°

4)f(x) =

5)f(x) = (4x+8)° +(%x+13}

6) f (x) = 4ctg (% —2X)
7) f (xX) = ctg2x
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IIpakTHyeckas padora Ne 36
Tema: Pemienue ynpaxHeHUi.
Leab: 3akpenuTh U CUCTEMATU3UPOBATH 3HAHUS YYAIIMXCS IO JaHHOU TeMe

TeopeTtnueckuii 6510k

. O =0

. =1

. (f+9'=f+9
. (fg) =fg+fd
. (Cf): =Cf

i) _flg—1d
g g ...(g#0)

Kapmouxa Ne 1
Haiinure npousBoanyo ¢pyHKumii
1) f(x)=7x"+13x*+18

2)f(x):§+%+\/;

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

2

X
5 f(x)=
)10 2x+1
6)f(x)= 2*1
X—2
Kapmouxa Ne 2

Haiinure npousBoanyo ¢gyHKumi
1) f(x)=6x°+5x°+78

2)f(x)=§+xi'2+2&

3) f(X) = x(x+3)
4) f (x) = (x* +4)(x-1)

X
5 f(x)=

) f(X) 1

X+5
6) f(x) =

)10 x?+1
Kapmouxka Ne 3
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Haiinute npousBoaHyo GyHKumMn
1) f(x)=4x>+3x®+2x°
x 5 x
2)f(X)=—+—+—
)T() 10 ’ x® " 2
3) f (x) = x(x +10)
4)f(x)=(x+4)(x+2)

X
5 f(x)=
JT() 4x +1
e)f(x)zx_*8
X+1
Kapmouxa Ne 4

Haiinute npousBoaHyo GyHKuM

1) f(x)=7x°+8x* o1
X

2)f(x)=i2+35+&
X X

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

4)f(X) = (x+5)(x? = 7)

5)f(x):$

BT (=2

Kapmouxa Ne 1
Haiinure npou3BoaHbIEe CII0KHBIX PYyHKIIUI

1) f(x)=cosbx

. X
2) f (x) = 3sin 3
3)f(x) = (8x +4)°

2

4)f(X):m

3 1
5)f(x) =(3-2x) +m

6)f(x) = 25in(3x—%)

Kapmouxa Ne 2
HajiguTe npou3BoaHbIe CJIOKHBIX QPyHKIMI
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1) f(x)=tg4x

1 X
2) T (x) :ECOSE
3)f(x) = (3x+5)*

3

4)f(X):m

5)f(x):(5x+4)4+(g+8j

6)f (x) = %cos(%—Bx)

Kapmouka Ne 3
HajiiguTe npou3BoaHbIe CJIOKHBIX PyHKIMI
1) f(x)=sin8x

1 X
2)f(x)=Zcos§
3) f (x) = (4x —5)?

8

4)f(X):m

5)f(x)=(2x-3)™* +£§x+4j

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

Kapmouxa Ne 4
HajiiguTe npou3BoaHbIe CJIOKHBIX PyHKIMI

1) f(x)=ctg2x
2)f(x) =%sin 7X
3) f (x) = (2x +10)?

4

9100= s

5)f(x)=(4x+8)"° +(%x+13j

6) f (x) = 4ctg (% ~2x)

IIpakTuyeckast padora Ne 37
Tema: MexaHM4eCKUil CMBICI IPOU3BOIHON
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He.]'[bl 3aerHI/ITI> H CUCTCMATU3HUPOBATh 3HAHUA YHAIIUXCA 11O I[aHHOﬁ TEMC

Teopetnueckuii 6110

ITycts 3am1an myTh § = J(t) geuxenns MarepuanbHOU TOUKU. CKOPOCTh JAHHOW MaTepUaibHON TOYKH B
MOMEHT BPEMEHH L €CTh IPOM3BOIHAS OT IIyTH & I10 BPEMEHH L

v(t) = s'(t)

[Ipumep

2 .
5 s(t) = =t* — 2% + 4t
Teso nBUKETCS MPSIMOJIMHENHO 10 3aKOHY 3 (M). OnpenenmuTh CKOPOCTh €T0

nBmwxenus B moment £ = 10 c.

Pemenne. Uckomas CKOPOCTDB - 3TO IIPOU3BOJHAA OT ITYTH, TO €CTb

2 ! 2
u(t) = §'(t) = (f—iH —2t* +-'L.L) = (EN) — (23 +(4t) =

r

L
= (Y —23Y +4(t) =

- B —2.24+4-1=2" —4t + 4

Sl I

et

B 3aaHHBIi MOMEHT BpeMEHU

v(10) = 2107 — 4+ 10+ 4 = 200 — 40 + 4 = 164 (yy/c),

Otser. U(10) =164 (y/c),
YnpaxxHeHus:

1.MarepuanbHas TOYKa IBHXKETCS IPIMOIUHEHHO 1Mo 3aKoHy X (t) = 6t° — 48t + 17, roe X — paccTosiHue OT
TOUKH OTCUeTa B MeTpax, t — BpeMs B CEKyH/ax, U3BMEPEHHOEe ¢ Hayvaja ABWKeHus. Hailnure ee ckopocTh
(B MeTpax B CeKyHIy) B MOMEHT Bpemenu t = 9 C.
2.MatepuanbHasi TOUKa JBIKETCS TIPSIMOJIMHEWHO 110 3aKOHY

X (t) = (1/6) t* + 5t + 28
rJie X — paccTosiHue OT TOYKM OTcueTa B MeTpax, {— BpeMs B CEKyHJax, U3MEPEHHOE C Hayaia

JBWOKEHUS. B kakoli MOMEHT BpeMEHH (B CEKyHJIaX) €€ CKOpOCTh ObLia paBHa 6 m/c?
3.MarepuanbHasi TOUKa JABMKETCS MPSIMOJIMHEIHHO 110 3aKoHy X (t) = t? — 13t + 23, rme X — pPacCcTOSsIHUE OT

TOYKHM OTCYETa B METpax, | — Bpemsi B CeKyHIaX, H3MEPEHHOE C Havaja JBMKEHUs. B kakoit MOMEHT
BpEMEHH (B CEKyH/IaX) ee CKOpOCTh Obl1a paBHa 3 m/c?

4.Touka JBrKeTcs 1Mo 3akoHy s(t)=2t>-3t (S — myTh B MeTpax, t — Bpemsi B CeKyH1aX). Bbrauciaure ckopocth
JBUYKEHUSI TOUKHU, €€ YCKOPEHUE B MOMEHT BPEMEHHU 2C

5.MaxoBuK BpalllaeTcsi BOKpYT OCH 110 3aKOHY ()= t*-5t. Haiigute ero YIJIOBYIO CKOPOCTH (0 B MOMEHT
BpPEMEHHM 2C (¢ — yroJ BpalleHus B paguaHax, ® — yriioBas CKOpOCTb paji/c)
6.Teno maccoii 2 KT IBIXKETCS MPSIMOJIMHEHHO 10 3aKOHY X(t)=2-3t+2t?

HailinguTe ckopocTh Tella U ero KHHETUYECKYI0 SHEPIHI0 uepe3 3¢ nocie Havana asrmxeHus. Kakas cuna
JEHCTBYET Ha TEJIO B 3TOT MOMEHT BpeMeHH? (t U3MepseTCs B CEKYH/IaX, X — B METPax)
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IIpakTuyeckast pabora Ne 38

Tema: Pemenue ynpaxxnenuit. CamocrositenbHas pabora
Heab: 3akpenuTs U CUCTEMATU3UPOBATH MaTepHall MO TAHHOW TeMe

1 BapuanT

1.

Haiigure yrioBoit KoaQpuIMeHT kacaTeabHON, MPOBEACHHOM K TpaduKy QyHKIIMH

V=4x"-6x ~ 1 perorouke ¢ abCIpccoi Xo = 2

2. Haiigure yrioBoii k03 uumeHT kacaTenbHON, MPOBEACHHON K rpaduKy QyHKINH
¥=2x"-x"+3x —6 pero touke ¢ abcuuccoi Yo = —1
3. Haiigure yrnoBoii ko3 uumeHT KkacaTenasHON, MPOBEACHHOM K rpaduKy QyHKINH
T
r — o . X = —
¥ = SInX — CO5X g ero touke ¢ abcrecon  ° - 2
4. HaiimuTe KOOpAMHATHI TOUYEK KacaHUs, B KOTOPBIX KacaTelbHbIC K rpaduKy QyHKINU
¥=10x" = 5% -1 ppmeroT yrioBoii Ko3pUIMEHT, PaBHBI 2
5. CocTaBbTe YpaBHEHHE KacaTebHOI K rpaduky Qpynkmuu ¥ = 2%° = 3% =1 p rouke ¢ abeuuccoit
6. Koopnunara MaTepraibHO TOYKH U3MEHSETCS C TEYEHHUEM BPEMEHH 10 3aKOHY
x(t) = 6t° - 8¢ + 6. Hajinure CKOPOCTH TOUKH B MOMEHT BpeMern & = 6
7. KoopauHata MaTepuagbHO TOUYKH U3MEHSETCS C TCYCHHEM BPEMEHH I10 3aKOHY
R B S o —
x(t) = 7 - 4t* + 5. Hajinure ckopocTh TOUKH B MOMEHT BpeMeHn © = 2
8. MarepuaibHas TOUKA ABHKETCS IPAMOTHHEHHO 110 3akony *{) = 5t% — 2t + 1 Yepes ckompko
CEKYH/I IOCJIC Havalla JIBKEHHUS TOYKa OCTAaHOBUTCSI?
9. MarepuabHasi TOUKa ABHKETCS IPIMOIMHEIHO 110 3akony X&) = 3t° - 13t Hajinure yexopenue
TOYKH B MOMEHT BpeMeHHu & = 2
2 BapuaHT
1. HaiinuTe yriioBoit kod(hHUIMEHT KacaTeIbHOM, MPOBENEHHON K rpaduKy QyHKINN
y=7x"-3x + 12 g ero touxe ¢ abeuuccoi Yo = 3
2. Haiinure yrnoBoit koadduimeHT KkacaTenbHOM, MPoBeIeHHOM K rpa@uKy GyHKINUN
y=6x"-x+1 gerorouke ¢ abcrucecoii ¥o = 1
x* 2
V=—+4+—
3. Haiigure yrioBoit ko3P PUIMEHT KacaTeIbHON, MPOBEACHHOMN K TpaduKy (QYHKIIUH - 2 xB
ero To4ke ¢ abcerpccoii Yo = —1
4. HaiianTe KOOPAUHATHI TOUEK KacaHUs, B KOTOPBIX KacaTelbHbIe K rpaguKy GpyHKINN
¥=8x" T 4x — 4 ymeror yriuoBoit Kod()QULIMEHT, paBHbIi 1
5. CocTaBbTe ypaBHEHME KacaTebHOI Kk rpaduky Qpynkiuu ¥ = 3%° ~ 4% — 2 p rouke ¢ abenuccoit
-}-.ﬂ = _1
6. KoopnuHara MaTepraabHO TOYKH U3MEHSETCS C TEYCHUEM BPEMEHH 10 3aKOHY
x(t) = 3t - 8¢ + 8. Hajinure cKOpPOCTH TOUKH B MOMEHT Bpemern £ = 3
7. Koopaunara MatepuagbHO TOUYKH U3MEHSETCS C TCYCHHEM BPEMEHH I10 3aKOHY

() =t - 4t + 8. Hajiure CKOpPOCTH TOUKU B MOMEHT Bpemenn & = 4
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8. MarepualbHasi TOUKa IBIKETCS IPSIMOIHHEHHO 110 3akony Yt} = t* ~ 8t + 10 Uepes crombko
CeKyH/I 1ocJie Hauajla JBU/KEHHS TOKa OCTAHOBUTCSA?

. — g3 _ 23 pr.s
9. MarepuabHasi TOUKa IBHKETCS IPIMOIMHEIHO 1o 3akony () = 8t° = 2% Hajinure yekopennue

TOUKHM B MOMeHT Bpemenn £ = 1 ¢

IIpakTuyeckas padora Ne 39

Tema: [IpumeHnenne HenpepbIBHOCTU. MeTO1 HHTEPBATIOB
Hean: HayunTs yuanmxcs pemaTs HEpaBEHCTBA, UCIIONIb3YS METOJI NHTEPBAJIOB

TeopeTudeckuii 0JI0K

AITOpHTM IIpuMep
1. Paamosamg eripasenie ) (= D+ x4+ 2)(x +3)2(x— 4)*
HHCTIHTENE M 3HAMEHATE TS Ha ITHHeAHEIS r =0
) (x—1)(x—-3)*(x-5)

MHOEHTETH.
2. Brigeamy 0co0sle cTveaH(ecIH OHH (x—3)*=0mpux=+3
€CTh) — 9eTHEIE CTENeHH H (x+3)°>0mpux=3
CONPAMTAOIITHSCE MHOEHTATH. (x—4*>20mpux=4

(x=1)=0 mpux=1
3 [Tepenmimen HEpPaEeHCTED, (x+1)(x+2) -0
HCKTHYHE 0CO0BIE CTVEAH. w—5 =
4. TTpupapngen K HVTHO Kass Il 11=0 -1
MHOEHTET: SHOTHTEIT H JHAMEHATE 1A B = 1a=0 = -5
Haiides BCe X H3 JAHHBIX % B *=

. i —5=40 =05
PaBEHCTE(«KOHTPOIBHEIS TOUKH» ).
5 OTMeTHM H3 KOOPIMHATHOH 2 4 5
Opaoi TOYRH M3 I 4, VIHTREIBAA 3HAK m——
HepaBeHcTBa(cTporuft #an HecTporufi} *
X
6. [MpopepuM 2HAK B OJHOM H3
HHTSPBATOE, 4 B OCTATEHEIX — X 4 = 1 i v i N
TIpOMEpeIVens. = x
7. 3anumen oTEeT, VHTEIBAA 3HaK .3 o2 | 3 4
HEPaBeHCTEA H OCOOBIE CIVIAH.
A
Oreer: x € [~2;=-1]u (5;0) U {~3;: 4]}

Pewenne ynpaxuenuii
(x* —4x+6)(x—2)(x—-3)

(x—1)*(x-2)% <0
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x? —4x+ 6 > 0npux € R . takkax D < 0

(x—2)?z0npuX € R, Tak Kak TOUKa X % 2
(x—1)*=0mpuX € R, Takkak TouraX * 1

(x—2)(x—3)=0 Ej

OteeT:X € (—2;3)

o &5} (x=7)(2x-3)

= 0
—u—Gut6

(x—V5)(x+V5)(x—7)(2x — 3)

—(x+6)(x—1) -
_:_:_"'@5 | -6 -5 1 .
x=15
=6
L x=1

OTeet: (—co; —6) U [—*J{E; 1} U [1:5:*.'@] U [7; o).

[Iprmepbl Ha CaMOCTOSITENILHOE PEIICHHE:

1 1

< —.
2 —br+6 2

r+ 17
— = 0.
2 —r—6

VT -3

= 0.

T — 2

17 — 15x — 222

v S|
x4+ 3

JomaiHee 3ananue:
x—=3)(x—9)>0

(x+7)(x—4)<0
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(2+x)(14—%)<0
(6—X)(Xx+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=4)2+x)(x+1x-2)<0

(X +8)(3x—30)(16 — x)(-6 —2x) <0

IIpakTnyeckas padora Ne 40

Tema: Bo3pacranue u yobiBaHue GyHKIIMH

Heas: Hayunts uccnenoBaTh QyHKINIO HA TPOMEKYTKH MOHOTOHHOCTH

TeopeTrnueckuii 6110k

1.Ecnu B HEKOTOPOM MPOMEKYTKE MepBasi POU3BOAHAS PYHKIIMU OOJIBIIE HYJISA, TO (PYHKIUS BO3pacTaeT

Ha 5TOM IIPOMCIKYTKEC;

2.Ecnu B HEKOTOPOM MPOMEXKYTKE TIepBasi MPOU3BOAHAS (DYHKIIMH MEHbBIIE HYIIS, TO QYHKINS yObIBaeT Ha

9TOM ITPOMEIKYTKE.

[IpomexxyTkH, Ha KOTOPBIX (YHKIIUS TOJIBKO BO3PACTAET WIIM TOJIBKO YOBIBAET,

HAa3bIBAIOTCA MPOMEKYTKAMU MOHOTOHHOCTH.

HOpﬂIlOK HaXO0KACHUS MPOMEKYTKOB MOHOTOHHOCTH:

1. Haiiti o6macte onpeneneHust GyHKITHH.
2. Haiiti nepByto nmpou3BoaHyI0 QyHKINH.

PaccmoTpuM HECKOIBKO IPUMEPOB HCCIEI0BaHNS (DYHKIIMU HAa BO3PACTAHHUE U YOBIBAHHE.

HaiiTu npomMe:xyTKu MOHOTOHHOCTH (DYyHKLIMIA:

1).}?:5*3—33’2

a) 00J1aCThb OIpeICICHUS Diy) xe kX ,

0) HaiiieM MepBYIO MPOU3BOIHYIO:

V=032 —6x=0 x=0,x=2

Hccnenyem 3HaK NpOM3BOJHON B MOJMYYEHHBIX IPOMEXKYTKAX, PEIICHNE IPEICTAaBUM B BUJE TaOJINLIBI.

¥ =32 —6x

Hrak, B mpomMexyTKax

xe(0:2)

IIPOMEIKYTKE yOBIBaeT.

YHKLIHS
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BO3pacTacT, B



2)-?'*’:"~’3

a) 00JacTh ONpeEIeHHs Dy zek ’

(=3
6) HaliIeM MEepPBYIO IPOU3BOIHYIO: © 3x ,

V=03 =0 x=0

I/ICCJ'IC,Z[yeM 3HaK HpOI/I3BOI[HOI\/'I B IIOJIYYCHHBIX ITPOMCIKYTKAX, PCHICHUC ITPCACTABUM B BUJIC Ta6J'II/II_ILI.

x (— m;D) 0 [D;+DD)
»xyl - |0 -
yix) ! !

OyHKIHSA Y yOBIBaeT Ha BCE 00JACTH ONPEICTICHHUS.

3) ¥y = - 5x+6

a) 006IaCTh OIPEICICHHUS Dy): xek ,
0) HaiiieM MepBYIO MPOU3BOHYIO: y=2dx=5 ,
>'=0.2x-5=0.x=25

Hccnegyem 3HaK MPOU3BOAHOM B MOIYUYEHHBIX IPOMEKYTKAX, PEIICHUE TPECTaBUM B BHJIE TAOJIUIIBI.

% |(-00,2,5)|2,5|(2,5,+0)

yix) - 0 +
yix) ! T
_ L3 .
DOyHKIUA y=x-3x+6 BO3pacTaeT Ha MPOMEKYTKE xe [2,5,+m:l’ yOBIBaeT HA

POMEXKYTKE ~ = (-0,2,5)

[Ipumepsr:

Haiiti mpomexy Tk MOHOTOHHOCTH (DYHKITHH
y=x -27x .

f(x)=x*+2x"+4
f(x)=2x"+x*+10

f(X) = 24/% +4x°

f(x) = +/x +5x*

f(x)=7x" +13x* +18

IS L A

JlomarnHee 3aj1aHue:
1. f(x)=x(x+1)
2. f(x)=x(x+5)

2

3, f(x):xx_3
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3

X
4. f(X):m

IIpakTuyeckasi pabora Ne 41

Tema: Kputnueckue Touku (yHKIIMHA, MAKCUMYMBl © MUHUMYMBI
Heab: Hayunts HaXOUTH SKCTPEMYMBI (DYHKITHH.
TeopeTtnueckuii 6110k

Heo0xonumoe ycjioBue dkcTpemyma: Eciiu Touka X SIBIISIETCS TOUKOM SKcTpemMyMa GyHKIUU f ¥ B 9TOM
TOYKE CyIIecTBYeT npousBoaHas f', To oHa paBHa Hymo: f'(x°) =0.

[Ipuznak makcumyma ¢pyukuun: Eciu gynkuus f HenpepsiBHa B Touke X, a f'(x)> 0 Ha uHTepBane
(a;x°)m f'(x)< 0 na unTepBane (X°; B) , TO TOUKA X SBJISETCS TOUKOW MakcuMyma QyHKuuu f .

Ipu3nak muaumyma ¢pyukuuu: Econ pyaxmus f vernpepriBHa B Touke x°, a f'(x)< 0 Ha mHTEpBase
(a;x°)m f' (x)> 0 ma maTEepBae (x°; B) , TO Touka X° ABISETCS TOUKOM MakcuMyMma GyHKuu f .

Tenepps KocHEMCsl BOIIPOCa ITOCIIEI0BATENILHOCTH OTIEPaIiid, KOTOPbIE HY’)KHO BBIITOJIHHUTH IIPH OTHICKAHUH
IKCTPEeMyMOB (YHKIUU.(3-4 MUHYTHI)

1. HaiiTh o6sacTh onpeneiaeHust PyHKIUN

2. HATH TPOU3BOIHYIO QYHKINN

3. HAlTH TOYKH, B KOTOPBIX BBINOIHsETCS paBeHCTBO f(X)=0

4. HaliTU TOYKH, B KOTOPBIX ITPOU3BOIHAS HE CYILIECTBYET

OTMeTHTh Ha KOOPAMHATHOM MPSIMOM BCe KPUTHUECKHE TOUKH U 00JIaCTh OIpeIeTICHHS
5. onpeaenuTh 3HaK MPOU3BOJHON HA KAX/I0M U3 IMPOMEXYTKOB

6. cenathb BbIBOJ O HAJIMYUU WM OTCYTCTBUH SKCTPEMYMOB

Haiinute kputnveckne TOYKu PyHKIIUA
a)z2x2+4x—1=0,
6).
B)4x"2+3x —6=0 .

r).

2. Haiiqute TOYKM MaKCUMyMa 1 MUHUMYMa  (DyHKITHH:

a)x*-10x*+9=0,;

’

3. Tloctpoiite acku3 rpaduka QyHkmuu, o0ranaromei
CIEQYIOIIMMH CBOMCTBAMU:
LDGY=1=-3;5]. f ()= 0mpux € (—3;1). f (x) < 0 mpwn
xe(l;5) , fF)=0.
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2.D(f)=[-%6l. f () > 0npux e (—4;2). f (x) < 0 mpm

xe(2;:6) , f2)=0.

JlomaiiHee 3agaHue:

1. Haiinure KpuTHYECKHE TOYKH (DYHKITUH:
@) 6x2+3x +10=0 .
0).

2. Haiigute TOUKM MakCUMyMa U MUHUMYMa  (DYHKITHH:

x8 x®
8

a)
0).
3.ITocTpoiite 3cku3 rpaduka GpyHkuu, odaaaaromen

CIEQYIOIMMH CBOMCTBAMU:
D(fy=1I1;6]l: f(x)=0npux e (1;3) f (x) < 0 npn

xe(3;6) ; F(@)=0.

IIpakTyeckas padora Ne 42

Tema: [IprmeneHre MPON3BOIHON K UCCIICTOBAHUIO (PYHKITHIA

Heab: HayunTs yuammxcst uccienoBath PyHKIHUU C TTOMOIIBIO TPOU3BOIHOM

TeopeTtnueckuii 6110k

Cxema uccnenoBanus GyHKIUU:

1.

N

o

Haiitu o6macte onpeneneHus: GyHKIIUH.

HpOBepI/ITI), HE ABJISACTCA JIU (bYHKLII/ISI YETHOU WU HequHOﬁ; IMPOBCPUTDH TAKIKC, HC SABJIACTCA JIN

OHa NIEPUOANYECKON.

HaiiTu, ecau 3T0 BO3MOXKHO, TOUKU NiepecedeHust rpaguka GyHKIMH ¢ OCSIMH KOOPAMHAT U
MIPOMEXKYTKH 3HAKOMOCTOSHCTBA (PyHKUMU. IHOT1a /U1 yTOYHEHHS TOCTPOECHUS rpaduKa cieayer

HaUTH JABC TpH JOIIOJHUTCIIbHBIC TOYKHU.

Haiiti npou3BoIHYI0 PYHKIIMH U €€ KPUTUYECKUE TOUYKH.
Haiitu mpomMeXyTKr MOHOTOHHOCTH U 3KCTPEMyMbI (DyHKIIHH.
[Toctpouts rpaduk QyHKIMU, UCTIOIB3YS MOJTYUYEHHBIE PE3YIbTATHI HCCIEAOBAHNUS.

PaccmoTrpum npumep:
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4

i X
% -1

1. Obnacte onpeneneHus
%3 -120; x=l

 mosToMy X € (= oo ) (1;400)

2. [Tepeceuenue ¢ ocsimu koopaunat: Touka (0;0).
3. BBuay Toro, 4To 00J1aCTh ONpeAeTIeHH HECUMMETPUYHA OTHOCUTENIFHO Havaia KOOPAWHAT, IPOBEpKa
Ha YETHOCTh HEBO3MOXKHA.

4. uTepBaiibl 3HAKOMOCTOSIHCTBA

X4

Tak xak X' 20 ¥z R 1o 3nak npo6u x’ -1 OyJIeT 3aBUCETh TOJILKO OT 3HaKa 3HaMeHaTells, T.€. OT
1= (x- D+ x+1) —ea)u (0:) y <0 :
snaka X —1=(x- 1" +x+1] [Tostomy mipH xe(-olju (1) v < , a IIpH xe(l+oo) y>0,
5. lHTepBanbl MOHOTOHHOCTH
. 4x3(x3— 1)— xt. 3x? » 4%° - 4%° - 3x° . %% - 4%° )

(x3—1)2 ) (x3— 1)2 ) (x3—1)9 ’

x®-4x® =0;
x3(x3 —4)= 0;
=0, %q= }JZ

r

y >0 y <0 y <0 y >0
0 1 32

) YHKIIUSI BO3PAcTaer,
[pu ¥ € o) (1;’“!5) (yHKIHs yOBIBACT.

{% 43[4
'3

N
*

Tpu X € (— co,D)p @f{?;wo) b

(0;0) - Touka MakcUMyMa, ] - TOYKa MUHAMYMa.

X E (— ocr,—gﬁ)v (1;+°°) rpaduk GyHKIIMHA BOTHYTHIN,
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xel-32; 1 rpaduK QYHKIMHU BBITYKIIBIA. - TOYKA IIEPErHoa.

AY

¥

Uccnenyiite n nocrpoiite rpaduku QyHKIUI:

h(x) = - 3%+ 12.
h(x) = 2x°+ 3x + 1
f(x) =2x?-3x + 1
h(x) = 0,5x* + 5x + 8
hi(x)=05x* —5x + 8

JlomaiiHee 3ajanue:

aprwpdpRE

1. h(x)=2x*+1
2. f(x) =x2-4x+ 2
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IIpakTyeckas padora Ne 43

Tema: KontponbsHas padora no teme: «lIpousBoanas»
Hean: [IpoBepuTh YpOBEHD YCBOCHUS MaTepHalla

BapuaHT 1.
TeopeTnyeckuin Bonpoc
1. Tlpupaienue aprymMeHTa 1 npupaieHue GyHKkuuu

MpakTUyeckne 3apaHus

2. Haiitu npousBoanyo yHKmu Y = G

3. Haiitu mpomexyTok Bo3pacTanus GyHkiun Y = x> —2x + 3

4. Haiitu skcTpeMyMbl QyHKIIMH Y = X2 + 3/x

5. 3anmcath ypaBHeHMe KacaTenbHOi Kk rpaduxy dpynkmuu  f(X) = (X2 +1)/X B TOUKE C
abcrmccoit  Xo=2

6. Uccnenosats pynkmuio f(X) = X*-5X+6 u MOCTPOUTH €€ Tpaduk

BapwuaHT 2.
TeopeTuyeckuii BOnpoc
1. TlonsATue npou3BOAHON
rlpaKTVNGCKVIe 3agaHud
2. Bbiuuciuts sHauenue npoussoanoii pynkumu §(X) = 6X° B Touke X=4
3. Haitn npomesxyTky, Ha kotopbix dyrxmmsa Y = (X — 2)°+ (X + 4)% Bospacraer
4. Haiitu sxctpemyms! Gpyukuun Y = — 48/X — X3
5. 3ammcaTh ypaBHeHHe KacaTembHOM K rpaduky Gyrkmm T(X) = (X° -1)/X B Touxe ¢
abcuuccoit Xo=-2
6. Uccnenosats ¢pynkumo f(X) = X* - 2x* + 3 1 mocTpouts eé rpaduk

BapwuaHT 3.
TeopeTuyeckui Bonpoc
1. Tabnuia mpou3BOIHBIX
MpakTuueckne 3agaHus
2. Bobruncnuth 3HaYeHHE NPOU3BOAHON QyHKIMHN Y = X B Toure X=1
3. Haiitu xputnueckyro Touky pynkmuu f(X) = X -4
4. Haiitu npoMexyTok Bo3pacTaHusi yHKIuN Y = X —2x + 3
5. Haiitu TaHreHc yriia HAKJIOHa KacaTeabHOU K rpaduky GyHkiuu Y = X33 -x2 +3x+ 13 &
Touke Xg=-3
6. Mccnenosars ¢pynkumo §(X) = X°- 1 u noctpouts eé rpadux

BapwuaHT 4.
TeopeTnyecknm Bonpoc
1. TlpaBuna BBIYUCIECHUS TPOU3BOIHBIX

MpakTu4yeckue 3agaHus

2. Haittn npomssomsyto gynkmm g(X) = X

3. Pemmrs ypasuerue T'(X) = 0 , econ f(X) = X* - X

4. HaiiTu IpOMEKyTOK yObIBaHHS QyHKIMH Y = x> - 6x+ 8

5. HaiiTi TaHTeHC YIVa HAKJIOHa KacaTeNbHOM K rpaduky Gynkmm Y = X°/3 - X°/2 - 3x + 13 &
Touke Xo=3
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6. MWccnenosats pynkiuio N(X) = X -4 u NOCTPOUTH €€ Tpauk

BapwuaHT 5.
TeopeTnyecknm Bonpoc
1. KacarenpHas k rpaduky QyHKIIN
rlpaKTVNGCKVIe 3agaHud
Haittu nipoussoanyio gpyskimu @(X) = X + COS X
Pemuts HepasenctBo f'(X) >0, ecm f(X)= 2 X?- 4 X
HaiiTu IIpOMesKyTKH, Ha KOTOPhIX GyHKmus Y= 2 — 2 X° + 4x3/3 - % x* Bospactaer.
Haiitu kputuueckue Touku dpynkuuu Y= (X2 + 3X) / (X + 4)

o0k wbd

Uccnenosats Gpynximio  g(X) = - X? - 5X - 6 u nmoctpouts eé rpadux.

BapwuaHT 6.
TeopeTnyecknm Bonpoc
1. TlpousBoanas B pusmke.
MpakTuyeckue 3agaHua
2. Haitrn npoussoanyto pyuxmn  f(X) = (2x + 1)*
Haiitu kputnueckue Touku Gpynknuu Y= 6 + 12X - X3
HaiiT npoMesKyTKM, Ha KOTOPBIX (DYHKIIHs  yOBIBAET.
Haiitu npoussoauyto pyukuuu Y = 2 X + 27/X — X¥/9
Uccnenosats pynximio N(X) = X? - X - 6 u moctpouts eé rpadux.

R

BapwuaHT 7.
TeopeTuyeckuit Bonpoc
1. Tlpusnak Bo3pactanus (yObIBaHUs) (PYHKIIHH.

MpakTu4yeckue 3agaHus

Beruncuts f '(3), ecnm f(X) = X

Haittu nipoussoanyio Gpyskiuu y = 2 SiN X

Haiitu mpomesxyTku, Ha Kotopbix Gynkuus Y = 0,5 x*-5x3/3 - 1,5 x> + 2 Bospactaer
Haiitu TaHreHc yriia HakjaoHa KacaTelbHOU K rpaduKky QyHKIUN ) = X B Touke Xo=9
Uccnenosats pyrkunmio J (X) = X% 9 1 nocTpouTs €8 rpadHK.

o0 R WP

BapwuaHT 8.
TeopeTnyeckuin Bonpoc
1. TIlpusnak makcumyma (MUHHUMYMa) (DYHKIIHH.
MpakTn4yeckue 3agaHus
Haiitn nponssozsyto gynkuuu f (x) = X
Pemmts nepasenctso §'(X) < 0, ecru (X )= X° - 4X
Haiitu npoMexXyTKH, Ha KOTOPBIX QYHKIHUA ) = V4 x*-5x %3 - x*— 1 y6nmaer.
Haiftu TaHreHC yriia HakJIOHA KacaTesbHol rpaduky dynkmuu f(X) =2 X %+ 3x? BTouKe Xg= -2

o0 A®WN

Vcenenosats ynkumo h(X) = - X* + 1 1 noctpouTs e rpadux.

BapuaHT 9.
TeopeTnyecknm Bonpoc
1. HccnenoBanue QyHKITHH.
MpakTu4yeckue 3agaHns
2. Haiitu npomssoanyio gpynkmuu h (X) = sin (2 - 3x)
3. Haiitu npoMexyTKu, Ha KOTOpbIX QyHKIusA Y = (X2 +8x) / (x - 1) BO3pacTaer.
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4. Haiitu npoussoanyio dymxman Y = X718 —X/3 + X 1 sbraucuTs ce 3Havenmue, ecn X = 4.

5. Haiitu ypaBHenue KacaTenbHoit k rpaduky pynkmuu  f(X) = (x-1)/( x+1) B Touxe c
abermccoit xo = -2

6. MUccnenosats pynkmuio f(x) = X +x—6u HOCTPOUTE €€ IpadK.

BapwuaHnT 10.
TeopeTnyeckum Bonpoc
1. Tlpupamenue aprymMeHTa U IpupamieHne GyHKINH.

rlpaKTVNeCKVIe 3agaHud

2. Haiiru f '(x), ecu f(x) = 4 (x-5)°

3. Haiitu mpoussoanyo Gyukuuu g (X) = XI5 -% X2 -9\x -2 u BBIMHCIHTE ce 3HAUCHME, CCTH X =
1

4. HaiiTu NPOMEKYTKH, Ha KOTOPBIX QyHKIMs Y = (X2 - 8x) /(x+1) ybbiBaer.

5. 3amucaTh ypaBHeHHe KacaTenbHoi k rpaduxy ¢ynxuuu f(x) = (x+1)/( x-1) B Touke ¢
abcuuccoii Xo=2

6. MUccnenosats Gpynkiuio N(x) = -x* + 5X - 6 1 mocTpouTh e rpaduK.

BapuaHnT 11.
TeopeTnyecknm Bonpoc
1. TloHsATHe MPOU3BOAHOM.
MpakTu4yeckue 3agaHus
2. Pemmts ypasnenue Q'(x) = 0; ecau g(x) = 2x - x
Haiitu npomexyTku, Ha KOTOPbIX QyHKIMS ) = ( X- 3)3/ ( X+1) BO3pacTacr.

2

Haiitu kputnyeckue Touku Gynkuun y = X + COS 2X
HancaTh ypaBHEHHE KacaTeNbHOM K rpaduky QyHKmuu y = (3 X2+8)/ ( X+1) B Touke xp=0
Uccnenopats dpynxmuto f(x) = 3% -5x%u HOCTPOUTE €€ rpaduk.

o oA w

BapuaHT 12.
TeopeTnyecknm Bonpoc
1. TaGnuia mpou3BOIHBIX.

MpakTu4yeckue 3agaHus

2. Haittn nponssonsyto gynkmmm f(X) = 4X°

3. Haiitu npoMexyTKu Bo3pacTanus pyHKIHK Y = 5x? —3x + 1

4. Haiitu muauMyM ¢yHKImMu Y = X2 — X

5. HaiiTu TaHreHC yIVa HAK/IOHA KacaTeNbHOM K rpaduxy dynkuun y(X) = (X+8)/( X - 1) B Touxe ¢
abcnuccoii xo =0

6. Uccnenosats Gpynkiuio g(X) = - X*+4 u MOCTPOUTH €€ TpaduK.

BapuaHT 13.
TeopeTnyecknm Bonpoc
1. IlpaBuna BbIYMCIIEHUS IPOU3BOIHBIX.

npaKTVI‘-IeCKVIe 3agaHuA

2. Haiitu  '(X), ecmu f(x) = 7x

3. Haiitu nmpoussoanyro Gyukuuu g(Xx) = 4 SiN X - COS X U BBIYHCINTE €€ 3HAUCHUE, ECTTH X = 7T

4. Omnpenenutpb, BO3pAcTaeT WK yObIBaeT QpyHKIMs Y = - X

5. Haiitu TanreHc yria HaKJIOHA KacaTelnbHOM K rpaduky dyukuuu f(x) = x* B TouKe ¢
abcrmccoit xg = 1
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6. MUccnenosats Gpynkimio N(x) = - X%+ 1 1 mocTpouTs ee rpadux.

BapuaHT 14.
TeopeTnyecknm Bonpoc
1. Kacarenpnas k rpaduky GpyHKINH.

I'IpaKTVIHeCKVIe 3agaHud

2. Pemmts ypasuenne f'(X) = 0, ecm f(x) =X°— [2x =7

3. Haiitu npoussoanyto ¢pynxuuu h(x) = 14 X

4. Haittu npoussoanyio ¢pyukuuio Y =3 COS x/3 + 2 SIN 4x u BLYUCINTD e 3HAYEHUE, eCU X = 7T/2
5. Haiitu ypaBHeHue KacaTebHOM K rpadguky Gpynkmuu f (X) = -X* + 4 X* B Touke ¢ abcuuccoit xg =

1.
6. MUccnenosats pyrkmuio §(X) = X* + 5X + 6 1 mocTpouTs ee rpaduK.

BapwuaHT 15.
TeopeTuyeckuii Bonpoc
1. TlpousBoanas B pusmke.

MpakTUyeckne 3apaHus

Haittu npoussoanyio gpyukiuu g(X) = X%/ 8

Pemmuto nepasenctso y' >0, ecmn Y = X - 4X

Haiitu npomexyTkH, Ha KOTOPBIX pyHKIMS Y = Va ( X2-2 ) X2 - 3 Bo3pacraer.

HanucaTs ypaBHeHue kacatenbHoii k rpaduxy dynxuun f(X) = 4\X B Touke ¢ abcruccoit Xg = 4
ccnenosats dyrkumo h(X) = -X+ X + 6 1 mocTpouTs ee rpaduk.

o0k owh

BapuaHT 16.
TeopeTnyecknm Bonpoc
1. Tlpusnak Bo3pactanus (yObIBaHUs) (PYHKIIHH.
MpakTu4yeckue 3agaHus
2. Haiitu npoussonnyio gpynkuun f(X) = 2x+1
3. Peumrs Hepasenctso Y' < 0, eciu Y = X* - 6x +18
4. Haiitu npon3BoAHYI0 (YHKIUU g(x) = 4X2 ¥ BEIYHCIINTE €€ 3HAUCHHUE, eClIU X=2
5. Haiitu TaHreHc yria HakjIoOHa KacaTesbHOH k rpaduky ynkiuu f(X) = VX B TouKe
abermccoit Xo=9
6. Uccnenosats Gpynkiuio h (X) = X*+9 1 MOCTPOUTH €€ rpaduK.

BapuaHnT 17.
TeopeTnyecknm Bonpoc
1. TpusHak MakcuMyma (MHHUMYMa) (YHKIIUH.
I'IpaKTVIHeCKVIe 3agaHud
2. Haiitu npoussoanyto pyukuuu f (X) = 5 Xt
3. BbIuMCIMTB 3HAUEHHE MPOU3BOAHON QyHkmmu J (X) = COS X B Touke X = 7/4 .
4. Pewnts HepaBenctso ' > 0, ecnuy = 4x? - 8x + 15.
5. Haiitu TaHreHc yria HakJIOHa KacaTeabHOM K rpaduky dynkuun f (X) = 2x + VX B TouKe ¢
abcuuccoit xo=9 .
6. Uccnenosats pynkimio K (x) = 4x? - 1 u moctponTs eé rpaduxk.

BapwuaHT 18.
TeopeTuyeckuii Bonpoc
1. WccnenoBanue pyHKIUI
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MpakTu4yeckue 3agaHus

2. Haiitu npomsBosnyio Gpynkmuu vy = I +Sin x .
3. Haiitu npoussoanyto gpynxuuu g (x) = (x? + 1)° u Berauciuts eé 3nauenue, eciu X = 1.
4. HaiiTu IpoMeKyTKH, Ha KOTopbiX GyHKIA Y = % X' + 7x%/3 - 3 x? - 4 yOuisaer.
5. Hanwmcars ypaBHeHus KacaTeabHOM K rpaduky Gpynkuuu f (X) = X B TouKe ¢ abemmecont Xg = 1
6. Uccnenosats Gynxiuio N (x) = - 4x? + I u nocrpouts eé rpadux.
BapwuaHT 19.

TeopeTuyeckuii Bonpoc

1. TloHsATue NpOU3BOAHOM.

rlpaKTVNeCKVIe 3agaHud

2. Haiitu npoussoanyio pynkmuu @(X) = 2 Sin 5X

3. Haiitu npoussozuyto dynxunn Y = (3X° —2 )/ ( X* - 3) u Bbrancmuts eé snavenue, ecau X = -2
4. Haiitn sketpemymst pyrxmm Y = (X2 - 2X + 1)/ (x*- X + 2)

5. 3amucaTh ypaBHEHHE KacaTesbHOM K rpaduxy gynkmun ((X) = x>+ X% B Touxe ¢ abcrccoit Xo=

1
6. Mccnenosats dynkmmo Y = 9X° + 3% i mocTponTs €é rpaduk

BapwuaHT 20.
TeopeTuuyeckunin BONpoc
1. TlpaBuia BLIMUCIIEHHUS IIPOU3BOIHBIX.
MpakTun4yeckue 3agaHus
2. Haiitu npoussognyio dyukmuu @(X) = 7X + 8
3. Botunciurs f'(7/4), ecnin f(X)= 2 cOS X
4. Haiitu npoMeKyTOK BO3pacTaHus GyHKIUU Y= X% 6X + 9
5. Hanucath ypaBHeHHe KacaTenbHoi k rpaduxy dynxmuu f(X) = X’ - 4X + 5 B Touxe ¢
abcrmccoit Xo= -2
6. Hcemenosats dynkmmio §(X) = - X - X + 6 1 noctponTs ¢é rpadux.

IIpakTnyeckas padora Ne 44

Tema: Konrponsnas pabora no teme: «IIponsBognas
Lens: [IpoBepuTh YpOBEHb YCBOCHUSI MATEpHAIIA 110 TAHHOW TEME
1 BapuanT

1.Beruncinure npon3BoaHYIO:

1.f(x) = 2x* + 4x* +6x +3

2.f(x)=§+x—22—x—33

3.f(x) = (8x-10)’
X
4.1(x) = cosg

1

5.f(x):m
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2.HaiinuTe mpon3BOAHbIE CIOKHBIX (QYHKIUH
1) f(x)=sin8x

2) f (x) =%cos§

3)f (X) = (4% —5)?
8

D10 = s

5)f(x)=(2x-3)™* +(§x+4j
6)f(x):8tg(2x+%)

3.HaiinuTte kpuTHYECKUE TOUYKH (QYHKIIHU:

@) 6x'24+3x +10=0 .

0).
4.HaiimuTe TOYKM MAKCUMyMa 1 MUHUMYMa
x3 xd
—-8_-+9=0
a) 8 3 :
0).

GyHKIUM:

5.Haiigute HanGomblliee 1 HAMMEHbIIEe 3HAYCHNE (DYHKITUU

2 X

flxd=

+ —_
0) x+1 2 namnpomexyrtke [0i25];

1.Beruncnure npon3BOAHYIO:

1.f (x) = 3x* + 6x* +8x +100

2f() =242 3

X x° x°
3.f(x) = (4x-5)°
4.f (x) =sin10x
1

5.f(x)=(1_T)3

2.HaiinuTe mpou3BOAHbIE CIOKHBIX (QYHKITUH

1) f(x)=ctg2x

2 BapuanTt
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2)f(x) :%sin 7X

3)f (x) = (2x +10)?
4
(5-x)°

5)f(x)=(4x+8)"° +(%x+13j

4)f(x) =

6) f (x) = 4ctg (% —2X)

3.Haiigute kpuTH4eckre TOUKH PYHKIIMU:

a) 1/2x'2+4/5x+15=0 .
0).

4. HaiiguTe TOYKM MAKCUMyMa U MUHUMyMa  (DYHKIIMH:

l--l- 2

4 x?-9 =0
a) 4 + 2 :
3 2xF
5 3

0)
5.Haiigute nanbonbliee U HaMMEHbIIee 3HaUCHUE (PYHKIIUU
a)f(x) = 6,75x'4-x + 2 ya npomexyrke [0;2];
6) f(x)=x+4/(* —1) yanpomexyrke [—2;01;
IIpakTuyeckoe 3ansaTue Ne 45

Tema: Unrerpan. ®opmyna Herorona-Jleiioania
Heab: Hayuuts pemaTs HHTETpalibl, UCHOIB3Ys popmyny HeroTona-JleloHua

Teoperuueckuii 610K

[ycte ¢pynknus f (X) HenpepbiBHA Ha 3aMKHYTOM HHTepBasie [a, b]. Onpenenennsiii uaterpan ot ¢pyukuuu f (X) B
npezaenax ot a A0 b BBOAUTCS Kak Mpeaei CyMMBbl OECKOHEYHO OOJIBIIOTO YHCIIA CIAaraeMbIX, Ka)10€ U3 KOTOPBIX

CTPEMHUTCS K HYJIIO:
E

If[xjdx= 1:_1& if[xz),ﬁ!x

e ma b, x—0 =l

rac
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b

Fla)dsx=F(x)dyx+ F (x) dgx+ o+ F ) dex b+ F(x) Bz

i=1

Ceoiicmea onpedenieHno20 unmezpana
Hwke npeamonaraercs, uto f (X) u g (X) - HenpepsiBHBIC PYHKIIMK HAa 3aMKHYTOM HHTEpBaje [a, b].

3
[ldx=t-a
1. [
E E
[ (x)dx= k[ 7 (x)dx,
2. ° “ riae K - koHcranra;
? 7 E
I(f[x)+g[xj)dx=ff[xjdx+jg|ix)dx
3. [ a [
2 3 h
‘l‘f[xjdx=‘|‘f[x:ldx+‘l‘f[x)dx, roe a<e <
4. [ a 3
[ (x)ax<
0L | f(x)dx < |g(x)dx
5. Eciu Dif[x)ig[;{) IUISL BCEX xe[ﬂ’b],To & &
Tf[x)dx—ﬂ
6. °
A o
Iflilecfx=-\[f[x)cfx
7 2 L]
E
. [F(xax20
8. ECJ‘II/Ifl[I:I B uHTEpBae [a, b], To *
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Dopmyna Hetomona-Jlenonuya
[Mycts dyrkums f (X) HepeppIBHA Ha 3aMKHYTOM HHTepBate [a, b]. Ecmu F (X) - nepsooopasnas ynxmmn f (X) Ha
b], o

&

?
If[xjai‘x=F[x)L =F(b)-F(a)
[Ipumep 1
F
I(f - xjjl.:fx
Beruucnute uaTErpan ’
Pewenue.
[Ipumenss popmyny HeroTona-JIelOHuia, moirydyaem
2 s sy
[(#-ax=| -2 | =[2-E]-0-2
Y 4 3, 4 3 3
[Tpumep 2
1
[t ~h)a
Brraucnoute nnTErpan °
Pewenue.
1
A W% o)

i )= 1)

52) 5.1
4 3 12

/+1 /+1 ) T_T

[Tpumep 3

_ .2 —
§ § y=x y=fx
Haiitu mromnmanes GUrypsl, orpaHHUCHHOM KPUBBIMH I/I :

Pewenue.
Cuauana onpeenrM TOYKH MepecedeHus AByX KPUBBIX (PUCYHOK 3).

2=z,
= x—«f'_—lﬁl
= «J"E(x —1)=

= =0 =1
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Takum oOpa3om, qaHHbIe KpuBbIe TiepecekaroTcs B Toukax (0,0) u (1,1). CaenoBaTtenbHO, mIomaab GUrypsl paBHa

1
S=i(d§—x2)dx= fﬂ—i =13|:2\4'{F—x3:|

2+1 3

!
T3

]

y=2x-x2

X
Puc.3 Puc.4
[Tpumep 4
y=2x- * x+ y =0
Haiita mmomans gurypsl, orpanndeHHyro rpadgukaMu GyHKINH " .
Pewenue.
Haiinem kooprHaTBI TOUEK MEpECeUEHUs] KPUBBIX (PUCYHOK 4).
2x-x =-x,
= x*-3x=0,
= x [x - 3:1 =1,
= x =0 x=3
y=2x- x* -
JlarHast 00J1aCTh OTPAaHUYMBACTCS CBEPXY MapaboIIoif , @ CHA3Y - IPSIMOM JINHUEH Y
CrnenoBartebHO, TUIOIIAL 3TOM 00JIacTH paBHA
3 3 i 2y 1 3
3 27 27 9
S=‘|‘[2X_xz_[—I:]:Icfx=‘|‘[2x—xj+x:]dx= xj—x_+x_ = i—x_ = — =
5 Y 32, 2 3, 2 3% 2

Breraucnute HWHTCTpAJIbIL:
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3.

(1+2x)

(%]

[Eny
>
o
>

SN P e— N ot |y

|
LN

N
o
>

P e— N o [y

<2

>
N

>

3.[ (4 +2x)dx

IpakTnyeckoe 3ansaTue Ne 46
Tema: [IpumeHeHre HHTETpATA K BBIYUCICHUIO (PU3HUECKUX BEIMYMH U TUTONIAICH
Heab: HayunTs npUMeHATh MHTETpaJIbl K BBIYUCICHUIO (PU3MUECKUX BEJIMYUH M IJIOMIAACH
Teopetnueckuii 6110k
['eomeTprueckuie NpUI0KEHUSI ONIPEAEIIEHHOIO HHTErpasia

KpuBonunelinoi Tpanenuei Ha3pIBaeTCs III0CKask GUrypa, orpaHUYCHHAS
ocbio O | npsMbIMU & = & &= by rpaguKoM HENpepHIBHON Ha

OTpe3Ke [':I’E:'] dynxupn = Szl , KOTOpast HE MEHSET 3HaK Ha 3TOM IpoMexyTke. [1ycTh
naHHas GUrypa pacroiokeHa He Hud#ce OCH adCIucC:

Tt . g e S
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TOFI[EI jaomaab KpHBOJIHHCﬁHOﬁ TpannCurun YUCJIICHHO paBHA OIPCACICHHOMY
3

[ 7 (xyx

HHTETpaily 2 . C TOYKHM 3peHus reOMETPUM OlpeAesieHHbIN nHTerpai — 3to [IJIOIIA/Ib.

To ectp, onpeneneHHOMY HHTETpalLy (€CIM OH CYLIECTBYET) T€OMETPHUECKH COOTBETCTBYET

xdx

E+1_

oI b HeKoTopo purypsl. Hampumep, paccMoTpuM onpenesaeHHblid uarerpan 1 *

x
Y= ’\IIf_ 1
[TogepiHTErpasTbHAS QYHKIINS % +1 sanaer na miockoctn KPUBYIO, PaCIOJIaratoIyocs
3
xdx
BBIIIE OCH <% , 4 caM OIpeIeNIeHHbIN nHTerpai ! "‘E +1 YHUCJICHHO PaBEH ILJIOIA U

COOTBETCTBYIOLIEH KPUBOJIMHENHON TPAIlCLIMH.

[pumep 1
N y= 2+ y=0 -2 x=1
BbruuciuTh miomaas GUrypbl, OrpaHu4eHHOMN JTHHUSAMU , A= x=1

BBHINOTHUM 4epTex (06paTHTe BHUMAHKE, UTO YPABHEHHE © 0 3agaer och U4 ):

=====-=-r-----1
]
]
]
]
]
L

A= ===
]

=x"+2

Ha otpeske [_ 2;1] rpauk GyHKIHH * pacrionoxkeH Haj ocblo P4 | mostomy:

1 x 1 8 1 8
S= [tz +2dx=| = +2x |1_2=—+2—(———4]=—+2+—+4=9
I 3 3 3 37773

_ 2
Ortsger: S=3 e

[Ipumep 2
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&
o = —g —
Brrurcnuth miomanas Gurypsl, OrpaHudeHHON JIMHUSMUA Y , = 1 A KOOPANHATHBIMU

OCsIMU.

Pemenne: BeimonHuM yepTex:

pE—_———— bl = =———— pE—_———— bl
1 1 1 1 1
\ \ \ \ \
\ \ \ \ \
\ \ \ \ \
\ \ \ \ \
Leeoo- N —eee e Leeoo- N
) \ \ ) \
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
Y Y I P [ [ ]
1 1 1 1 1
\ \ \ \ \
\ \ \ \ \
\ \ \ \ \
\ \ \ \ \
. ! \ . ]
r==--- hl [ r==--- hl
1 1 1 1 1
1 1 1 1 1
1 1 1 1 N}I” 1
1 1 1 1 1
1 1 1 1 - 1
T T T T ]
| i i i H
\ J j j \
1 1 1 1 1
== -- o e = o= == == -- o
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
\ \ \ \ \
. : h . '
bt b ettt el o il - b ]
\ \ \ \ \
\ \ \ \ \
\ \ \ \ \
1 1 1 1 1
1 1 1 1 1
r==--- hl [ r==--- hl
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
\ \ \ \ \
\ \ \ \ \

Ecnu xpuBonMHEHAs Tpanenys pacioiokKeHa M0 OChIO Ox (unu, Mo KpaitHel mepe, He

A
§=-[ f(x)dx
8blUleTAHHOM OCH), TO €€ TUIOIIAIb MOKHO HalUTH TI0 (hopmyIie: 2
B nannom cnyuae:
1 1
- = —_l-(—ex]l.:ix= J-é'xdfx = ex|é =gl —g" =01
0 0

. 2 2
Otger: S=(e-1) ea” =172 2o

[Ipumep 3
=2x-x" y=-x
HatiTu mmomaas miockoi GUrypsl, OorpaHMYEHHON JTMHUSMHU Y Y .

Pemenne: CHavasia Hy»KHO BBITIOJTHUTh YEPTEK.

87



SEREEEL S -y
IR I .

PSS~ T R U U

L e e

ot
_H
P
E
E__
-

L r. L T I,

e e L 1 N [ |

Y I | U o [

Ecnu Ha oTpeske [a’b] HEKOTOpasi HeTpephIBHASA ()yHKIIHS J () Oosbie 1100 paBHA HEKOTOPOIA

HETpepBIBHOM (yHKIHMH & (x) , TO TUTOIAb (PUTYPBI, OTPAHUYEHHOM rpaprKaMu TaHHBIX
»

§=[(f(2) - g(xax

GbyHKIUH ¥ npsiMpiMu. & = & X = & MoxHo HaiiTH 110 bopmyre: 2
B paccmarpuBaemMoM mpumepe 0OUeBHIHO, YTO Ha OTPE3Ke [0:3] napabosa pacrosaraeTcs BbIIe

2
IPsIMOM, a IIOITOMY U3 2%— X" HeoOXOMMMO BhIUECTh ~ ¥

y=2x—x°

Hckomas ¢urypa orpanndeHa napadoiioi cBepXy u npsiMoit ¥~ cHu3Y.

Ha otpeske [[}’3] 2x-#z-x , TI0 COOTBETCTBYIOIIEH hopmyIe:

3 3 2 3
1 3 3 oxT ) 2727 9 1
S:_!(Ex—x —(—x))dx:_!ﬁx—xjdx:{?—?J|D:?—?—D+D:E:4E

5= 41 ad?

OTtBeT:

[Ipumep 9

N =g x y=
BorauciuTh miiomanas Gurypsl, OrpaHudCHHOHN JIMHUSMUA Y Y 0 , D=x=im
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Pemenne: 11300pa3um nannyroo Gurypy Ha 4yepTexe.

e r e e e
e e S S
S S .
D ITTE S U B
1' ”I ' 'r re 'r
-1 1 2 3T Fd
e P S S S S
_ -

Ha otpeske [D’ﬂ—] rpaduk (1)yHKIII/II/I'y —en & PacIoJIoKeH Ha/l OChIO QX , IOATOMY:
2oL owE ()% . (3)
S:Jsm xdxz_[sm X sin xcix:_[{l—cos xistn xdx=0*)

0 0 0

S R R
(2) cionp3yeM OCHOBHOE TPUTOHOMETPUUECKOE TOKIECTBO B Buje M & = 1-cos™x

(3) IIposenem 3ameHy nepemMeHHoi £ = E25 X torpa:
df =d(cosx) = —sin xdx = st xdx = —df

Hogeble nepenens HHTETPUPOBAHMUS:
f=cosl=1
t, =cosir=—1

1

1

e e O G N S R

A a
[ £z = -] 7(x)dx
(4) 3neck MBI UCHIOIB30BAIM CBOMCTBO OMPEEIIEHHOr0 HHTErpaia 2 2 ,
PacCIoJIOKUB MIPeiebl MHTETPUPOBAHUS B «ITPUBBIYHOMY MOPSAKE
So1) oa?
Otser:
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IIpakTuyeckas padora Ne 47

Tema: KontposbHas pabota no teme: «llepsooOpaznas»
HeJs: [IpoBepuTh ypoBEHb YCBOCHHUS MaTepuUaa 10 JaHHON TeMe
1 Bapuant

1. Haifnure oOmuii BUI IepBOOOPa3HbIX 1 QYHKIIUN:

1.f(x) =3x+5x> +6x° -2
2000 =2+ 2 Jx

X X
3.f(x) =(5x-3)°

. T
4.f(x) = sm[Zx - Zj

2

5.f(x)=m

2.BbI4KCIUTE UHTETPAIIBI:

1
1.jx“dx
a

t dx

2-BapuanTt

1..Haiigute obmuit Bua nepBooOpa3HbIX i (PyHKIUU:
1.f(x) =6x+3x>+2x* -9

2000=2 48 ox
X X
3.f(x) = (4x-13)°
Vi
4.1(x) = cos(Bx - Ej

4

5.f(x)=m
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2.Bpluuciure MHTETpaJIbL:

1
1.jx5dx
-1
4 dx
2.
!smzx
2
3. (4-+ 2x)dx
1
3 dﬁ.'
4.4, 1+x3
7 1 1
- d
i[( a':ﬂsz}c:3 sinix *

&

IIpakTuyeckasi padora Ne 48
Tema: Pemenne TpUrOHOMETPUYECKUX YPABHEHUN METOIOM Pa3JI0KECHHsI HA MHOKUTEIN
Heas: Hayunts yyammxcs pemars TPUTOHOMETPUUECKHE YPAaBHEHUS METOIOM Pa3JIOKEHUS HA

MHOXHUTEIH
TeopeTtnueckuii 6110k

MeToabl pelueH s
TPUrOHOMETPUHYECKHX YPaBHEHMI

P T

METD,EI, 3dMeEHbBI MeToq paznoHeHHA Ha

ﬂEp‘EMEHHOﬁ MHOMWUTENU

¥
Pemenue 0fHOPOAHBIX T
PHrOHOMETPHYSCKHX VPABHEeHHIT
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Metoa pas1okeHHAd HA MHOERHTE/IH

i

f(x)=0

4

[TpuBOmMM HCXOMHOE YpaBHEHHE K BHITY

fi(x) f2(x) = 0

v

3amada CRBOOHMTCH K PEMIECHHID

COBOKYIHOCTH YPaBHEeHHIT
H(x)=0 mwmm £(x)=0

I[TPUMEP
Pemute ypaBHeHHe: sindx + sindx cosx =0

Pemenue:;
sin4x + sindx cosx =0
sindx (1 + cosx) =0
YpaeHeHHe PABHOCHIBHO COBOKYITHOCTH

ypaBHeHHIH:
sindx =0 HITH 1 +cosx=0
4x =nn, ne”Z cosx =-1
x=nn/4, neZ X=m+2nn neZ
OTBeT: x =711/4, neZ X=x+2nn, ne”Z

1. Pemmwmth ypaBHeHue: SINX +CosSx=1.
Pemenune. IlepeHecéM Bce UeHBl yPABHEHHUS BIIEBO:
sinx+cosx—1=0,

npeoOpazyeM M pas3oKuM Ha MHOXKHUTEITH BBIPAXKCHU B JICBOW YacTH yPaBHEHUS:
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smx—2sin-(xf21=0,
2am(xi2 - cos(xf2)—2am-(x/2)=0,
e (xf2)-[cos(x/2)—ani{x/2)]=0,
1smi{x/i2)y=0, 2 cos(xi21—smixi21=0,
xf2=mk, tan (xf2)=1,
X, = 2mk x/ 2= arctan 1 + 711,
xiZ2=mid+mn,

X, = W2+ 2na .

2. Pemmrth ypaBHeHHe: COS 2 X + Sin X - COSX = 1.
Pemenue. COS2X+SiNX-cosXx—sin?x—cos?x=0,
sinx - cosXx—sin2x=0,

sinx - (cosx—sinx)=0,

10 smnx=10, 2. cosx—sinx=10,
X =Tk, tanx =1,

B=mid+ 7,

3. Pemuth ypaBHeHHE: COS 2X — COS 8X + €0S 6X = 1.
Pemenme. COS2Xx+ cos6x=1+cos8x,

2 C0S 4X cos 2xX = 2 oS 2 4x

cos 4x - (cos 2x — cos4x) =0,

cos4x -2sin3x-sinx=0,

1). cos4x =0, 2). sin3x=0, 3).sinx=0,
dx =7/ 2+ Tk, 3x =T, Xy =TI
n=mii+nkid, X, =Tl s,

1. Pemuth ypaBHEHUE:
Pewrenne:
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. 3
sin x-cosx—7-cosx:0,

(. \/5]
COoS X| sIn x—7 =0,

cosx =0, x=2 1k KkeZ,
.3 .
smx—7. X:(_]_)k.§+7zk,kez.

I[OMaH_IHeC 3a1aHUC:

1. 2 sin x/2 cos 5x — cos 5x = 0.

OtBerT:

x=n/10 + wn/5

X = (-1)" /3 + 2mn,

IIpakTuyeckasi padora Ne 49
Tema: Pemienue TpuroHOMETpUYECKUX YPaBHEHUH METOJIOM BBEACHUS HOBOM MEPEMEHHOU
Hean: Hayunuts yyammxcs pemaT TPUrOHOMETPUUYECKHE YPaBHEHUSI METOIOM BBEAECHUSI HOBOM
IIEpEMEHHOMN
Teopernueckuii 010k
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TpuroHoMeTpUYECKHUE YPaBHEHUA, NMPHUEO AUMBIE K
YPaBHeHWAM OT OAHOW TPUroOHOMETPHHECKOM
GyHKUMM OaHOMN NepemeHHON, pewatoTen (Kak
npas1no)

MeTOdO0M 3aAMEHBI ITEp eMeHHOH

v

asin’x + bsinx + ¢ =10
BEEJIEM HOBYHO MEpEeMEHHYIO
sinx =t, [|[<1
YpaBHEHHE IIPHMET BHI
at +bt+c=0
Pemas xeanpaTHOe

YpaBHeHHe, HaXoOuM t;; t
BepHemcs k nepeMeHHOH X A J
sinx =t sinx = t, atglx +btgx+¢=0
BBeJIeM HOBVEO NepeMeHHYI
tgx=t, t R
+ VpaBHeHHEe MPHMeT BHIL
' _—
acos’x + bcosx +¢ =0 at +bt+c¢c=0
cosx=t, |t|<1 HaxomuM {; t
ypaBHEHHE MPHMET BHA Bepremcs K nepeMeHHOH X
Pemas xeanpaTHoe
YpaBHEeHHE, HaxoouM t;; t
BepHemca k nepeMeHHOMH X
CosX =1, cosX =1t
IIpumep:
sin*x + S5sinx — 6 =0.
sinx =t,t = [—1,1] S tP+ 5t — 6=
JleJIa€M 3aMEHY ,IIOJIy4aeM KBaJpaTHOE YpaBHEHHE:
t,=1,1t,=—6 t, =—6 y
HaXOJIUM KOPHH = ,3aM¢€4acM, 4To - IMOCTOPOHHUHN KOPCHb,
te[—1,1] sinx = 1
MTOCKOJIBKY , IenmaeM 00paTHYIO 3aMEeHY, T.€. pelllaeM ypaBHEHUE , ¥

= ;‘E—E-Trk, keZ
KOTOPOT'0 KOPHSAMHU OyayT YncClia 2 .

- +2nk, keZ
Orser: 2 .
Pemre ypaBHeHus:

1)2-31'??,:}: L 3cosx —3 =0

2) tgx = Ectgx.
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3) cosl2x = 2cosx — l.

a) 2sinx —sinx —1=0
5) 2cos®x + 3sinxe = 3
6) #Ergx - *-;Ecl‘gx =2
7) 2sin’x +siny —1 =0

8) Ssin“x + 6rosx —6 =10

9) 2etgx —3tgx +5=10

IIpakTuyeckas padora Ne 50
Tema: Permenue norapupMuyeckux ypaBHEHUN
Hesn: HayunTs yyamuxcs pemats JorapupMUuecKue ypaBHEHUS
Teopetnueckuii 6110k

Pemenne mo6oro norapuMuueckoro ypaBHEHHs TakKe CBOAUTCS K PEIICHUIO OJHOTO HIIN
HECKOJIBKUX MPOCTEHIINX JIOTapU(PMUIECKIX YPABHEHUH:

1) logaf(X)= l0ogag(x); 2) logaf(x)=b.

VYpaBuenue (2) ceoaurcs K ypaBHenuto Buaa (1): logaf(x)= Iogaab.

VYpasaenwust Buna (1) cBomsTcst K pemeHuto ypaBaenuit f(x)= g(x) (morenmuponanue). [Ipu rTom
HEOOX0JMMO MTOMHHTS, YTO ypaBHeHuUs log,f(X)= 10g.g(x) u f(x)= g(x) He paBHOCHIBHBL [Ipn
MOTEHIIUPOBAHUH MTPOUCXOUT PACIIUPEHUE 00JIACTH OIPEICICHHMS, & 3HAYUT UMEETCS
OIMACHOCTb MOSIBJICHHSI TOCTOPOHHUX KopHe#. [IpoBepka — Hawmydiee cpecTBO IPOTUB TaKOM

OIIaCHOCTH.

I mun — 110 onpeCTICHHIO JoTapudma:

log iz -1 =-2
a) 3

i -2
[—] =2x-1
3 : 2X—1=9; x=5.

Pemenne:
lag,10-T1=-2% log;%=-1
IpoBepka: 3 ©3 ; ~2logzd=-2. _2=_2 _ pepHo.
Ot1Bert: x=5.

6) log,(x* +4x+10 =2
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Pemenne: 3 = +4x+12; x% +4x2+12-0=0 x* +4u+3=0

xi3 = -2ta4-3 =141 ; X1=1 u xp=3.

Iposepka: x=1, logs(1-4+12)=2; 10g39=2; 2l0g33=2; 2=2 — BepHO;
x=—3, 1093(9-12+12)=2; log39=2; 2l0g33=2; 2=2 — BepHoO.

OtBeT: x=1, x=3.

8
lngg[——lJ =x-2

X
B) 4 .

2}‘4:3_ i L_2_
Pemenne: * . 4 I Tlyers 2 =¥, Torja ypaBHEHHe 3aMMIIEM B
¥ &
= _+1 =

5.r]_3=—21q,|'4+32=—216; 5r1=4; 5r2=—3; 2}{:4; 2x=32;X:2; 2 oe_m

a
10%2(--1} =2-2
IIpoBepka: 4 ; logg1=1

— BEpHO.
OtBer: x=2.

2 mun — YpaBHCHUA, KOTOPLIC C ITIOMOIIbBIO JIOFapI/I(I)MI/I"ICCKI/IX TOXACCTB CBOOATCA K
HpOCTCfIH.IHM YPaBHCHUAM:

a) lg(x—3)+lg(x—2)=1-1g5.

Pemrenne: Ig[(x-3)(x-2)]=1g10-Ig5; lg(x*~5x+6)=Ilg2;

51455—16

X2-5x+6=2; X*~5x+4=0; X1 ,= 2 : x=4 n x=1.
IpoBepka: x=4; 1g(4-3)+ 1g(4-2)=1- 1g5; Ig1+ lg2=1g2; Ig2=1g2 — BepHo;

x=1; 1g(1-3)+ 1g(1-2)+1- 1g5, Tak kak BeIpaKeHUE, CTOSIIEE O] 3HAKOM Jiorapudma,
JIOJKHO OBITh BCET/Ia MOJI0KUTEIbHBIM.

OTtBeT: x=4;

A+ 1g'x-3) 1

6) laTx+1)+1gx-6)+1g3 2
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g +1gx-3 1 lgax-3) 1

Pemenne: 1837+ -6 2 1g(Te+1)x-6) 2

2 1g(4(x-3))= 1g(3(7x+1)(x-6)); 1g(4(x—3))2= 1g(3(7x+1)(x-6)).
Horenmupyem: 16x*-96x+144=21x°-123x—18; —5x*+27x+162=0;

A7E 43860 2V X3 34 18

5x°27x-162=0; x1,= 10 10 :x=9; %= 10 5.

212+ 1g8, 1g24 1

1
IMpoBepka: x=9; lef4+1g+1g8 2, 2g8+2lg3 1,

g4 1

2184 2 _ gepno;

—_

g+ lg[-?g-E] 1

2
_18 lg{.ﬁﬂJHg{ E-ﬁ}+1§3
x= 5; 5 = — JIOXKHO, TaK Kak mojjiorapudmmaeckoe

BBIp@)KEHHE HE MOXKET OBITh OTPHUIIATEIHHBIM.
OTtBeT: x=9;

B) loggx +loggx +loggx =55

1
L log ob=—log, b
Pemenue. Bocionszyemcst popmynoir  ~* m :

1 1 11
10g3x+§10g3x +§1|:|g3x =35 Elngﬁ: =355

: logzx =3 - x=27.

Tpobepka; 198527+ 108527 +10g;;27 = 55 - logs?” +1og 3 +1=33.

3 +§+1 =55
4 — BEpHO.

OtBet: x=27;
r) logsi3z -1 +1logg(x -2T) =3 +1ogg8
Pemenne; 1080 32-110(x-147) = log; (5°-8) .

46+ 211642100 46463
[Moternumpyem: (3x—11)(x—-27)=1000; 3x%-92x—703=0. X1 ,= 3 i ;x1=37m
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19

Xo= 3,

logs100 +10g,10=10g,1000 - log 1000 —log,1000 _ BEPHO.

19
logs(-19-1T1+1ogs [— ——2?} #3+logse
2 3 , TAK KaK BBIPAKECHHE, CTOSIIEE MO/ 3HAKOM
norapHQ)Ma, JOJIDKHO OBITH MOJIOXKUTEIIBHOE.

OTtBer: x=37.

3 mun — ypasHenus Buaa P(log,x)=0, rne P(y) — MHOrousieH 2 wiu 3 creneHu, uim
yYpaBHEHUS, CBOJSAIIUECS K HUM. DTH YPaBHEHHUS PEIIAIOTCS C TTIOMOIIBIO MOJCTAHOBKH: Y= logaX.

a) logs x—log, ¥ — 3= 0

2
Pemrenne: 1985 ¥~ 2108; 2=3=0 [rycry 1083% =¥ ; y2 2y 3=0. PemaeM ypaBHEHHE U [IOJydacM
1

yi=3 my,=—1; y=3 = 1083 % =3 — x=07; y=1 = logzx=-1 — x=3
Iposepka: x=27; logi 27-1og; 27-3=0 - (logy 27 -log; 37 -3=0 ;

9-6-3=0 — BepHO;

2
1 2
logd =~ logs| =] -3=0
x=3: 23 °g3(3J . (log; 37 ~log; 72 -3=10.
1+2-3=0 — BepHoO.

1
OtBet: Xx=27; Xx=3 ;

6) log,(5%*) logi x=1

Pemenne. [Ipexie Bcero Hasio UMETh B BUJLY, YTO €CJIM B YPABHEHUSAX BCTPEYAIOTCS JIOTapUPMbI
C pa3HbBIMU OCHOBAHUSIMH, TO UX HAJI0 MMPUBECTU K OJJTHOMY OCHOBAHMIO C MOMOIIBIO

log, b
log, b= &

dhopMyIbL: log:a

log.(5x®
M-lng?x:l

B [IaHHOM ClTy4ae MepexoarM K OCHOBAHMIO 5. 198 ¥ ;

flogs; S+2logsx)logs x =1 Ogosgaunm 198:% = ¥ (1+2y)y:1;

99



1
2y°+y—1=0; y1=—1, y,=2 ; 1985 X =1 yyy

1

1
logsx=— -
BT x=5; x=45

1 1 1
lugl[j-ﬁj-lng§§=l 1ag15-(—1)3=1
IpoBepka: 1) 3 1 ; 1=1 — BepHO;

2
2 1085 (5.5 logh 5 =1 108 g )" [tog g 5] -1,

; 1=1 — BepHo.

1
OtBeT: x=5 ; x=+5 .

5 mun — orapupmMupoBaHre 00EUX YacTel ypaBHECHUSI.

o _ 1000
IIpumep: x

1000
xlgx+1 =1

e 5 ; (Igx+1)lgx=3-Igx; lg?x+lgx=3-Igx; y=Ilgx;

Pemenue:
y?+2y—3=0. Permaem ypaBuenue: y1=—3; Yo=1; lgx=—3 nmm Igx=1,

x=10"%; x=10.

0 g1rier _ 1000

Tposepka: 1) T107 . (10 =100 107y =10t

10°=10° — BepHoO;

jgleto + _ 10000
2) 10 ;10%=100; 10%=10? — BepHO.

OTtBerT: x=10’3; x=10.

IIpakTnyeckas padora Ne 50
Tema: Pemenne norapupMuieckux HepaBeHCTB
Hean: HayunTs ygammxcst pemars Jorapud@Muieckue HepaBeHCTBa
Teopernueckuii 6110k
HepaBeHcTBa, KOTOpBIE COAEpKAT TIEPEMEHHYIO ITOJT 3HAKOM JIorapu(Ma MM B €r0 OCHOBAHHH,
Ha3bIBAIOTCSA JIOTapU(PMUIECKIMHU.

Pemienne norapupMuyueckux HEPaBEHCTB OCHOBBIBAGTCS HA CBOWCTBE MOHOTOHHOCTHU
norapu(pMUIecKor QyHKITHH.
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Tak jxe HEKOTOpbIe JOrapu(PMUUYECKUE HEPABEHCTBA MOXKHO PEIIUTh METOJOM 3aMEHBI
MIEPEMEHHO.
YrpaxHeHus:

1.PenuTh HEPaBEHCTBO logy (27 + 4z +3) > 3
ITo onpenenenuto norapudma, 006JaCTh TOMYCTUMBIX 3HAUCHUIA:
2 +Ar+3>0
Pemrenre 1aHHOTO HEpaBEHCTBA HAii/IEM C IMOMOIIBI0 METOJA MHTEPBAIOB, U ITOTO
JICBYIO 4aCTh PasIoKUM Ha MHOYKUTEITH. Perrum KBaJ[PaTHOE
ypaBHEHUE 4 dr+3=0,
D=b —dac=4"—=4-1-3=16~-12 =4

VD —Vi-2
—b+vVD —4+£2 —4£2 .
pa= Y2 T2 = {~3;—1}
2a 2-1 2
Takum oGpasom, monydmnn Kopuu ¥l = —5. T2 = =1 3yaupr, neByro wacth

HEPABEHCTBA MOYXKHO IIPEACTABUTE B BHIE:
L-jx—(=3))(x—(-1) 0= (z+3INx+1) =0
OTMETHM HyJIM K&KIOI0 MHOKHTEIS (a 9T0 OyayT 3HaueHust L1 = —3. ¥2 = —1) yq
YHCIIOBOM MPSIMOM U ONPEIEIIMM 3HaKHd HEPABEHCTBA B IMOJYyYEHHBIX HHTEPBAJIAX:
+ — +

!
o

N
) »
-3 -1
VYuurteIBas 3HaK HepaBeHCTBA, onpenenum O/13:
re (—oo:—=3) U (—1; +oc)
O/13 ompenenwiu, Temepb MPUCTYNUM K PEHICHUIO HCXOIHOTO JOrapu(pMHUECKOTO
HEPaBEHCTBA:
logy (#% +4x +3) >3
[IpencraBuM mpaByro 4acTh HEPABEHCTBA KaK JIOrapu(M 110 OCHOBAHUIO 2:
log, (2* + 4z + 3) > log, 2°
[lepetinem OT HepaBeHCTBA OTHOCUTEIBHO JIOTapu(MOB K HEPABEHCTBY JUIS
nojanorapuMudeckux GyHKIUI: TaK KaK OCHOBaHUE Jiorapudma O0obiie equHuIb ( 2
> 1), TO 3HaK HEPABEHCTBA HE U3MEHUTCS
4+ dr+3 >
4 dr+ 3>
2 4+ dr—5 =0
[IpupaBHsieM K HYJIIO JIEBYIO YacThb HEPABEHCTBA M PELIMM IOJYyYEHHOE KBaJpaTHOE

o
L

ypaBHEHHUE 2 +dr—-5=0,

D=t —dac=4>—4-1-(=5) = 16 +20 = 36
VD =V3ii=6
b+ D —4 + 6 —4+6 .
T2 = 20 = 2.1 = 2 = Jl—;}‘: l}
Takum oGpasoM, monydman kopau £1 = —2 2 =1 Ormernm Touku Ha umcnoBoit
OCH | OIIPE/ICIINM 3HAKH HEPABEHCTBA B MOJYYCHHBIX HHTEPBAJIAX.
+ — +
O O >
=3 1
VuuThIBasl, YTO HAC MHTEPECYIOT BCE 3HAYEHHUS ', IPU KOTOPHIX JaHHOE HEPABEHCTBO
OPUHUMAET  TOJIOXKUTENbHbIE 3HAYEHHMS, TO oJIy4aeM CIEIYIOLINE
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naTepBansr: £ € (201 =5) U (1: +50) 910 ormer, Tak kak naHHBIE MHTEpBabl
MOJHOCTHIO npuHaexar O/13.

2.Pemmmth HepaBeHCTBO log 5(20 —4) < loggs(x +1)

Haxomum O/13 no onpexnenenuto norapupma. OJ13

2r — 4 =10 2r =4 r =2
> = “r e (2 +oo)
r+1=1 r>=—1 r=—1

[lepeiineM B HepaBeHCTBa OT JOrapu(PMoOB K BBIPRKEHUSM, CTOSILIKUM IOJ 3HAKOM
norapudma, Ipu 3TOM, TaK Kak OCHOBaHME Jorapudma menpuie exuaunsl ( 0,5 < 1),
3HAK HEPAaBEHCTBA IIOMEHSEM Ha MPOTHUBOIOJIOKHBII:

2Zr—4>=r+1
2r—r =144
r =0
C yuerom OJI3, 0OKOHYATENBHO UMeeM, uTo & & (53 +00)
logg s+ logpe(lz+1) =1

3.Pemmts HEpaBEeHCTBO

~14+/3

o

“

re |0

" 0}~ 2
4.Pemuth HEPaBEHCTBO logg @ +log, 9 > 2

5.Pemmth HepaBeHcTBO l0gs(Xe-4x+3)<1.

IIpakTuyeckasi padora Ne 51

Tema: Pemenue nokasarenbHbIX ypaBHEHUN
Ieas: Hayunts pemaTe nokas3aTelIbHbIE YPAaBHEHUS

Teopernueckuii 010k
[TokazaTenbHBIM ypaBHEHHEM HA3bIBACTCSI YPaBHEHHUE COJEpIKAIlee MEPEMEHHYIO B MTOKa3aTele,

TO €CTh 3TO ypaBHEHUE BUJA:

af@ =p rme a=0 a=1 b=0

Camoe npocreiiliee oka3aTelbHOE YpaBHEHHE:
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a*=h

a>0 a=1 b=0

IIpy naHHBIX yCIOBUAX YPAaBHEHHUE BCEIA UMEET PELICHUE, IIPU TOM €AUHCTBEHHOE.
JleiicTBuTENBHO, IpH a > 1 moka3aTenbHast PyHKIMS MOHOTOHHO Bo3pacTaeT, anpu 0 <a <1 —
MOHOTOHHO yObIBaeT. B mo0oM cirydae, oHa MPUHUMAET KaX10€ CBOE 3HAYCHHE POBHO OJIMH pa3
(BumHO 1O TpaduKy):

y by
yv=a"
_———"/ —
>
0 X Ol X

a>1 O<a<l

A BoT eciu b < 0, To ypaBHeHHE HEe UMeEeT pellleHHi, BEIb MOKa3aTeibHas (YHKIHMS MOXKET
IIPUHUMATH TOJIBKO MOJIOKUTENIbHBIC 3HAYCHHUS.

Mertoapl peleHns NoKa3aTeIbHbIX YPABHEHUI
1. B pe3ynpTare npeoOpa3oBaHuil ypaBHEHHE MOKHO MIPUBECTH K BUIY:

a}‘(x] — af

Torna npuMeHsieM CBOMCTBO:

af®=aq° = flx)=c

2. Tlpu moONydYeHHH ypaBHEHHs Buaa a ' =

MOJIy4YHM:

flx)=log.b

b wucmonme3yercst ompenencHue Jnorapudma,

3. B pesynbrate npeoOpa3zoBaHUil MOXKHO MOJYYUTh YpaBHEHUE BUIA:

af@ — pai®)

[TpumensieTcs norapuMupoBaHue:
(x)

log. a’™) =log,. b4
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Jlasiee mpuMeHsieM CBOMCTBO Joraprudma CTeTreHH:

flx)log.a=g(x) log.b

Bripaxaem u HaXoauM X.
YnpaxxueHus

1.6*=216
2.81=0,125

3. 2x+3 _ 2x+2 _ 2x - 48
4,9°-83=9

5. 2X _ 20,5x+1 _ 8 — O

6. 47> = 64.

7.38=1/9,

g \4 64
1 2—2x

169 —
10, :

IIpakTuyeckasi pabora Ne 52

Tema: Pemenne nokaszareabHbIX HEPABEHCTB

He.]'ll): Hay‘-II/ITB peUIaTh IMOKA3aTCIbHBIC HCPABCHCTBA

Teopernueckuii 610K

IToxa3zaTenbHBIMU Ha3bIBAIOTCS HCPAaBCHCTBA, B KOTOPBLIX HCU3BCCTHOC COJACPKUTCA B

IMoKasarcJiC CTCIICHU.

IIpu pelieHne MoKa3aTeNbHBIX HEPABEHCTB MOJIB3YEMCS CIEAYIOIIUMH CBOMCTBAMU

MOKa3aTeIbHON (DYyHKITUH:
1)a*>0npubcexa>0uxeR;

2) pu a > 1 QyHKIMs y= a* BO3pacTaeT, T.¢. ecim a>1 na™ = 3™ <=> X; > Xy;
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3) npu 0< a < | pyHkuus y = a”* yosiBaert, T.c. ecnmu 0 <a <l ma™ > 3™ <=> x; < Xp.

YnpaxxHeHus:
[Ipumep 1. Pemmmre HepaBeHCTBO:
16" — 2-12° £ 3%+
Pemenwue: npeacraBuM NCXOHOE HEPABEHCTBO B BUJIC:
4% —2.47.3 - 3.3 <0.

PasjenuM o0e YacTH 9TOrO HEPABEHCTBA HA 32, TPH 3TOM (B CHILy IONOKHTEIbHOCTH
_ a2
¢Gynxuun Y = 37) 3HaK HepaBEHCTBA HE U3MEHUTCSL:

2z T
4 4
“) —2.(Z2) =-3<o0.
3 3 h
Bocnonb3yeMcst noacTaHOBKOM:
4 £
- ( -) |
3
Torna HEpaBEHCTBO NPUMET BHU:
2
=2t —-3<0
10
5
_a 2 4

Wrak, pemieHnemM HepaBEHCTBA SIBISIETCS TPOMEKYTOK:
1<t <3,

nepexoasa K O6paTHOﬁ MMOACTAaHOBKC, IMMOJIydacM:
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Urak, penieHneM HEPABEHCTBA SIBISIETCS IPOMEKYTOK:

nepexost K 00paTHOM MOJICTAHOBKE, MOJTy4aeM:

4.1"‘.,
-1 | = < 3.
lq,ﬁ‘3 < 3

JleBoe HCPAaBCHCTBA B CUJTY ITOJIOKUTCIIbBHOCTHU MOKAa3aTeIbHOU ¢)yHKHI/II/I BBITTOJIHACTCS
aBTOMaTHYSCKU. BOCIIOIb30BaBIINCH H3BECTHBIM CBOMCTBOM ﬂorapn(bMa, MMepexoJum K
OKBUBAJICHTHOMY HEPABCHCTBY:

T logg 3
4 4 3
3) T \3
HOCKOHBKY B OCHOBAHHMH CTCIICHU CTOHUT 4YHUCIIO, OoublIIEe CAUHHNIBI, 3KBHBAJICHTHBIM (HO

TeopeMme 2) OyAeT nepexo K CIaeayIoieMy HepaBeHCTBY:

T < lﬂg% 3.

I/ITaK, OKOHYATCJIBHO ITOJIy4YacM OTBET:

x € (—oo;logs 3].

43—:_) = 432
1.
2.

4 +2°—24=0
4,

106



4 —3-2% =40

5
£x
6.
716" +4-4 —5=0
8.
2.3.'+1_3 _2).'-1_5.2).'_6:{]
9.

IIpakTuyeckas padora Ne 53

Tema: Pemenue cuctem ypaBHEHHN
Ieas: Hayunts pemarts CUCTEMBI YpaBHEHHUN

Teopetnueckuii 6510k

[Ipu pemieHnn cUCTEM ypaBHEHHM, COAEPKAIIMX HEU3BECTHBIE B MIOKA3aTEJIE CTEIEHU U B €€
OCHOBAaHUU WJIM TOJ] 3HAKOM Jioraprudma 1 B €ro OCHOBaHUH , TPUMEHSIOTCSI METO/IbI PEIICHUS
cHUCTeM anreOpanvyeckux YpaBHEHHH, a TakKe METOAbl pEIICHHS MOKa3aTeIbHBIX U
Jorapu(PMUUECKUX YpaBHEHHI.

[Ipumep 1. Pemmts cucremy

X

. 2 _ y . o
Pewenne: [omarast 32 =u, 27 =V, sayepum HCXOJIHYIO CUCTEMY alIreOpanvecKkoi CHCTeMOM

u?-v2==65
u-v=>5,
KOTOpasd paBHOCHJIbHA CUCTEMC
u+v=13
u-v=>5,
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X
umeroniei pemenre U =9, v=4. Crenosarensto, 32 =9, 2”7 =4, otkyaa HaxoauM X =4,

y=2.
Otser: (2; 4).
[Ipumep 2. Pemnth cucteMy ypaBHEHUI

2* 12y =1,
3y—6y? =2""

Pemenne. O603HaunB 2* = U, U >0, mony4um aareOpandecKyro CUCTEMY:

— @=o,(*>
T 1
=1-2y, _=
— S -< =—, =
3y-6y?=Zu; * |3y-6y =12, 2 -3
2 1 ] g
_6’ u=-—
< 3
(*) He ynoBaeTBopsieT yciaoBuio U >0.
1 1
y:E’ y:E1
BepnéMmcs k mepeMeHHON X : ) = )
2" =—; x=log, =
3 gZ3

Ortser: (1-log, 3; %)

YupaxxHeHus:

Pemute cucremy ypaBHEHUN:
X 9Y — 2x 2y _ X ox+y+l _
1 47 .27 =32, 2 167" +16° =24, 3. 3"-2 5,
3" =37, 16**Y = 256. 32 =1,
X X+7 Xx+y — 24
5. Y y= 6. y
/324 (2x +14y)2X =T72. y

4.

7 ¥ =g, 8. Iog5x+3'°g3y:7, 9 lg> x+1g? y =5,

log, x=y _512, " lgx—lgy=1.

lg(x+y)—lg(x—y)=Ig 2. _5=4'°gﬁy_ log  (x+y+=2.
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log, x+log, y =5,
log, x+log, y=1.

Tema: KonrtpoapHas pabora

14.

34.9Y =27,
lg(2x+y)* —lgx=2Ig 3.

IIpakTnyeckas padora Ne 54

Heab: [IpokoHTpOIMPOBATH YPOBEHb YCBOEHHUS MaTepuUaia Mo JaHHON TeMe

1 BapuanT
Pemiure ypaBHeHus:

1dsin®y + 11sinyr — 3 =10

26cos s 4 cosyr —1=0

39" +4.3"—45=0
Y477 =350

4.
5.logzlx*-x—4)=3

6.logsx =4 — 3log,x
7.

Pemnre HepaBeHCTBA!
d+x

004" —26-02"+25=0

3.

42logzx <2 +logz(x+3)=3
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5.

Pemnre cucremsl ypaBHEHUH
2 X 2 2
Ig°—=3Ig° x+Ig° vy,
1 { y

lg?(y—-3x)+Ig xlg y =0.

2 Bapuant

Pemiure ypaBHeHus:

1. tgx —2ctgx —1=10
2.

3
4.

5.
6.3lg3(x —1)—10lg{x —1)+-3 =0

7logs¥x — 5+ logs¥2x —3=1

Pemnre HepaBeHCTBA!

377 < 1009

4 —10-2*+16<0

3.
42logzx <2 +logz(x+3)=3
S.
Pemnre cucremMbl ypaBHEHUH
y-xY¥
e 1
2 2 — (= x73’
1 f Q)
09,(y—2x)=3-log,(2x+3y).

22Iogzx+32Iog3y =8
2{ 2log; x 2log, y
2 * +3 ¢ =1.
2

2.

Idg, (x* +y*) =7,
2)log, x+log, y =6.
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IIpakTnyeckas padoraNe 55
Tema: Pemenne koMmOMHAaTOpHBIX 3a1a4. KoHTpoibpHas paboTa

Heab: 3akpenuTh yMEHHS CTYACHTOB peIaTh 33/1a4n
Teopetnueckuii 6110k

OCHOBHBIMU 3JIEMEHTAMHU KOM6I/IH8.TOpI/IKI/I ABJBIKOTCA pasmeuierHusl, nepecnanoeku, coiemarusl.
HYCTB JaHO MHOKECTBO, COCTOALIEE U3 N DJIEMEHTOB. Pasmemenuejw 13 N 3JIEMCHTOB 110 m
3JICMEHTOB HA3bIBACTCS YHHOPAAOUYCHHOC MHOXKECTBO, COACpKAIIEEe M pa3IMYHBIX 3JIECMECHTOB
JIaHHOTO MHOKecTBa. 3 OIIPEACIICHUA BBITCKACT, UYTO Pa3sMCIICHM U3 N 3JICMECHTOB IO M
3JIEMEHTOB - 3TO BCE€ M —3JIEMEHTHBIC TIOAMHOKECTBA, OTIIMYAIOINECSI COCTaBOM 3JIEMCHTOB UJIU
MOPAAKOM HX CIICAOBAHMA. Yucao BceX BO3MOKHBIX paSMeH_[eHI/Iﬁ H3 N 2JI€MEHTOB IO M

3JIEMEHTOB 0003HAual0T A" U BBIYUCIAIOT 1O (popmyIie

A" =nn—1)n-2).(n-m+1)  wm Anm:( L @)

n—m)!
3nech n!=1-2-3..(n—-1)-n u (n—m)!=1-2-3.(n—m—-1)n—m). Ycnosumcs cuutats 0!
!
= 1, mooTomy A :%:1

Ilepecmanosxoti uz N s1emenmoe Ha3bIBACTCA Pa3MELICHUE U3 71 DJIEMEHTOB 10 N 3JIEMEHTOB.
Tak kak Kaxzas IEPECTaHOBKA CONEPKUT BCE 7 JJIEMEHTOB MHOXECTBA, TO Ppa3IM4YHbIE
NIEPECTAaHOBKU OTJIMYAIOTCS APYT OT APYra TOJIBKO MOPSAAKOM CIIEI0BAHUS AIIEMEHTOB. YHMCIIO BCex

BO3MOXHBIX INEPECTAHOBOK M3 1 JJIEMEHTOB 00O3HauaroT P . W3 ompeneneHusl NepecTaHOBOK
CIIeIyeT

n! n! nl!
P=A=—<=—=—=n!
"= A (n-npp o 1 "

Couemanuem uz n snemenmoe no m (0 < m < n) 3MeMEHTOB HA3BIBAETCS JTHOOOE

e P =n @

MTOJIMHOKECTBO, KOTOPOE COACPIKUT 71 PA3TTMUHBIX AJIEMEHTOB JJAHHOTO MHOKECTBA.
CrieoBaTenbHO, COYETAHMS U3 71 DJIEMEHTOB I10 771 DJIEMEHTOB - 9TO BCE /71 - DIIEMEHTHBIE ITOMHOMKE-
CTBa 71 - BJIEMEHTHOTO MHOYKECTBA, TIPUYEM Pa3IMUHBIMH TIOJMHOXKECTBAMU CYUTAFOTCS TOJIBKO TE,
KOTOpBIE MMEIOT HEOJJMHAKOBBIN COCTaB AJieMeHTOB. [ToIMHOXKeCTBa, OTIIMYAIONIUECS PYT OT Apyra
JIUIIB TTOPSIIKOM CIIEIOBAHUSI DJIEMEHTOB, HE CUMTAIOTCS PA3IMIHBIMH.

m
Yucito BceX BOBMOXKHBIX COYCTAHUHN M3 7 DIIEMEHTOB TI0 72 DJIEMEHTOB 0003HAYAIOT Cn u
BBIYUCIISIOT 110 (hopMyIie

C=7= : ®3)
o —m) @

[Tprvep 1. B rpyrme u3 30 yganmxcs HyKHO BBIOpaTh Komcopra, mpodopra, puzopra. CKOIbKIME
CIIOCOOAMH 3TO MOYKHO CIIeNIaTh, €CIM Kaxkaplid 13 30 ydarmxcsi KOMCOMOIEL, YieH Mpogcoro3a u
CIOpTCMEH?
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Pemenne: MCKOMOE YMCIIO CIIOCOOOB PaBHO YMCITY pa3MertieHnii u3 30 37IeMEeHTOB 10 3 /IeMeHTa, T.€.

A330 . Honoxwus no gopmyne (1) # =30, m =3, nomyuaem A330 =30-29-28=24360.

Ortset: 24360 crioco6oB. [Iprmvep 2. CKOIBKUMHU CTIOCOOAMHU MOXKHO PACCTABIISITh HA OJTHOM MOJTKE
LIECTh PA3JIMYHbIX KHUT?

Pemrenne: Mickomoe uriciio crioco00B paBHO YHCITY TIEPECTAHOBOK M3 6 2JIEMEHTOB, T.€.
P =60=1-2-3-4-5-6=720.
Ortget: 720 ciocoOOB pacCTaHOBKH.
[Tpumep 3. B Opuraze u3 25 yenoBek HY»KHO BBIICIUTH Y€THIPEX ISl pabOThI Ha ONPEIETICHHOM
yuyacTtke. CKOJIIBKUMH CTIOCO0aMU 3TO MOYKHO CIENaTh?
Permienue: T.K. HOPSIOK BBIOPAHHBIX YETHIPEX YETIOBEK HE MMEET 3HAYCHHSI, TO ATO MOYKHO C/IeNaTh
s 25-24.23.22

C;. crocobamm. ITo popmyste (4) naxomm Cys = 123.4 12650.

Ortsert: 12650 crroco0oB.

1. CkonpkuMHU ciocoOamMu MO>KHO BbIOpaTh 4 eTanu U3 siuKa, B KOTOPOM
12 netanein?
2. CKOJIBKO MOXHO M3TOTOBUTH Pa3IMYHBIX TPEXIBETHBIX (PIIAKKOB, €CIIH
WCIIOJIb30BaTh  CJICAYIOIIHE [IBETA: OCIIbIN, CHHUHN, KPACHBIH, KENTHIA, YEPHBIA,
3€JIEHBIN?
3. CKOJIbKO MATHU3HAYHBIX YUCEIT MOKHO COCTaBUTh w3 mudp 2, 3, 4, 5,67
4. B Baze 5 xpacHbIX 1 7 6€7bIX po3. CKOIBKUMH CIIOCOOAMHU MOYKHO COCTaBUTH OYKET U3
5 po3, eciu B HEM JOJKHO OBbITh JIB€ KPACHBIX U TPH O€NbIX PO3bI?

(x+1)! (1)

5. PemmuTh ypaBHEeHUA: ———— =
P 20

!
x! 56

(-2

6.BeIuncauTs: (/193 + A92 ): P;.
<A175 - A165 ): C176

7. CKOTBKUMH CIOCOOAMH MO>KHO YBE3TH €O ckiajia 10 sSIMKoB Ha ABYX
MalIMHAaX, €CJIM Ha KaKIYI0 U3 MAIlKH I'Py3AT M0 5 AIUKOB?
8. N3 Bocemu 1udp 1,2,3,4,5,6,7,8 HY)KHO COCTaBUTH UYeThIpeX3HAUHBIA KoJ. CKOJIBKO
BapHaHTOB KOJA CYIIECTBYET, €CIIU MIOBTOPEHHUS (P B HEM OBITH HE TOJIKHO?
9. B mikoJse yeTsipe BhIMYCKHBIX Kiacca. CKOJIbKO COcO00B
pacnpeneseHuss 3K3aMEeHATOPOB CYIIECTBYET AJIs MPOBEACHHUS dK3aMeHa IO XMMHUH, €CIIM Ha
OJIHOM 9K3aMeHEe NMPUCYTCTBYET TOJIBKO OJIMH 3K3aMeHaTop?
10. B Baze 5 anenbcuHOB U 8 510670K. CKONBKUMH CIIOCOOaMH MOYKHO BBIOPATh 6 GPyKTOB,
YTOOBI Cpelid HUX ObLIO 3 aneabcuHa

Kontposabnasi padora

.Bapuanr 1
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1. I'pynma u3 28 cryneHToB oOMeHsutach GoTokapToukamu. CKOIbKO (HOTOKapTOUEK OBLIO
po3naHo?

2. Hna yugactus rpynmbl, B cocTaBe 30 YeloBeK B CHOPTHBHBIX COCTSA3aHUSX HYKHO
BBIOpAaTh KOMaHAy H3 4-X denoBeK. CKOJBKMMHU CIIOCOOAMH MOXHO BBIOpaTh YYAaCTHHKOB
coCTsI3aHus?

3. CkoJIbKMMU CIIOCOOaMH MOYKHO COCTaBUTb CIIMCOK U3 8-MH YesIOBeK?

4. B smuke ¢ IeTCKUMH KyOuKaMu 8 3elIeHBbIX U 5 KpacHBIX KyOuKoB. CKOJBKO CIIOCOOOB
BbIOOpA 7 KyOMKOB CYIIIECTBYET, €CIIM CPEIU HUX JOJDKHO OBITh 5 3€JIeHBIX KYOUKOB?

-2 2
5.Pemmte ypaBHeHus: 2C;C+2 = Ax :

2C2  —15C. =175

x+5

Bapuant 2
8 . 12
1.Bomancmnts: Ay (Ps -Coy )-.

Py Cy — 45,

2. CKOJTbKO aKKOP/IOB MOKHO COCTaBUTh Ha 10-TH KIaBHIIaX POSUIIS, €CITU
KaXK/IbI aKKOPJ COAEPKUT TPH 3BYyKa?

3. Ha konneKkTiB U3 25-TH 4ellOBEK BBIACICHO TPH IyTEBKH: B CAHATOPUH, B
JIOM OT/AbIXa U Ha TypOa3y. CKOIbKO CIOCOOOB pacIpeiesieH s ITyTeBOK CYIIeCTBYeT?

4. CKOJIBKMMH CITOCOOaMH MOXHO PaccaauTh 7 4eJIOBEeK Ha 7-MU CTYJIbSIX?

5. Ha crone nexut cronka kapt, B KoTopoil 10 kapT yepHON MacTh U 8 KapT — KpacHOM.
CKOJBKUMHU CIIOCOOAMH MOKHO BBIOpaTh 8 KapT, YTOOBI CpeAu HUX ObLUIO 5 KapT YepHOM
MacTu?

IIpakTu4yeckoe 3anaTue Ne 56

Tema: Kiaccuueckoe orpeeneHue BepoITHOCTH CIy4aifHOTo COOBITUS
Henb: 3akpenuTh yMEHUs CTYJEHTOB PEIIaTh 33JJa4l Ha KJIACCUYECKOE ONPECIICHUE
BEPOATHOCTH CIY4YaitHOTO COOBITHS

Teoperuuecknii 010k

Knaccuueckoe onpenenenue BeposiTHOCTH BepoaTHOCTBIO COOBITHSI A Ha3bIBaETCS
OTHOINICHHE YHCIIAa KCXOIOB M, OJIarONPHUATCTBYIONMINX HACTYIICHUIO JAHHOTO COOBITUS A, K
YHCITy, BCEX UCXO/I0B ( HECOBMECTHBIX, €JMHCTBEHHO BO3MOKHBIX, PABHOBO3MOKHBIX), T.€.

T
PlA)=—
T
BeposiTHOCTB 111000T0 COOBITHSI HE MOKET OBITh MEHBIIIE HYJIS U OOJIBINE €TMHHUIIEI.
HeB0o3MOXHOMY COOBITHIO COOTBETCTBYET BEPOSITHOCTh paBHas (), a JOCTOBEpHOMY —

BEPOATHOCTL paBHA CAWMHUIIC.

[Ipumep
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W3 ypHBI B KOTOpO# HaxoasTcs 5 OebIX U 3 YepHBIX Iapa, BBIHUMAIOT OJIH Tap. Haiitu
BEPOATHOCTH TOTO, YTO AP OKAXKETCS YEPHBIM.

Pemenne: O603HaUMM COOBITHE, COCTOSIIICE B MOSBICHHH YEPHOTO mapa, yepe3 A. Oomee
YHUCJIO CIy4yaeB paBHO 8. UncIo ciiydaeB OJIaronpUsITCTBYIOIIMX MOSBICHUIO COOBITUS A,
paBHO3. Iloayunm

3
PlA)=-
8

Ynpaxnenus:

1. I'epman u3 nmosectu A.C. Ilymkuna «[IukoBast 7amMay» BEIHUMAET 3 KapThl U3 KOJIOJBI B 52
nucta. Haliiure BeposiITHOCTB TOTO, UTO 3TO OyIyT: TpOiiKa, CeMepKa, Ty3.

2. B smuke stexat 15 kpacHbIX, 9 cHHUX, U 6 3€JICHBIX ApOB, OJJUHAKOBBIX HA OIIYIIb.
Haypnauy BeiHuMaroT 6 mapoB. KakoBa BEpOSITHOCTh TOTO, UTO BBIHYTHI | 3€JI€HbIN, 2 CHHUX, 3
KpacHBIX I11apa.

3. Bnagenern ogHoli kapTouku jgotepen «CropTinoto» (6u3 49) 3auepkuBaet 6 HOMEPOB.
KakoBa BepOsSTHOCTB, UTO UM OYJET yraJlaHO 5 HOMEPOB B OUEPETHOM THPAXKE.

4. B ypue 10 mapoB, U3 KOTOpbIX 2 0enbix,3 yepHbIX U 5 cunux. Haynauy nsBreyeHst 3
mapa. KakoBa BepoATHOCTb TOT0, YTO Bce 3 11apa pa3HoOro LBETa.

5. B maptuu u3 10 geraneit umerotcst 4 6pakoBaHHBIX. KakoBa BEpOSTHOCTH TOTO, YTO
cpenu HayJady OTOOpaHHBIX 5 JeTaneil okaxkyTcs 2 OpakOBaHHBIC.

6. KosutekTuB, BKIIIOYAIOIIMI YETHIPEX KEHIIUH U TPOUX MYKUUH, pa3bIrphIBacT 4 Ouiera
B TeaTp. KakoBa BepoSATHOCTb TOTO, UTO cpean o0anarenei OMIeTOB OKaXKETCS 2 HKEHILUHBI U 2
MY>KUMHBI.

7. B rpynmne u3 25 cTyIeHTOB, cpein KOTopbix 10 neByliek, pa3birpblBalOTCS 5 OUIIETOB.
Haiinute BepoATHOCTB TOTO, YTO Cpean oOmagaTesneil OMIeTOB OKaKyTCs IBE JCBYIIIKH.

8. B ypHe 6 GenbIX, 4 4epHBIX U 5 KpacHbIX mapoB. 13 ypHbI Hayraj BBIHUMAIOT 5 1IAPOB.
Haiinute BepoATHOCTB TOTO, YTO CPEAN HUX OKaXKyTCs 2 OenbIX u | d4epHbIi map.

9. KOnoma 3a0buT 1BE MOCeaHUE TUPPHI TEIEPOHHOTO HOMEpa CBOCH 3HAKOMOM U TTIOMHS
JIMIIb, YTO OHU Pa3IN4YHBI, HAOpan ux Haynady. KakoBa BEpOSTHOCTH TOTO, UYTO OHH PAa3INYHEI,
HaOpan ux Haygady. KakoBa BEpOsITHOCTB TOTO, UTO HOMEP OynieT HaOpaH MpaBUIbHO?

10.B rpynne 12 ctyneHToB, cpenu KOTOpBIX 8 oTIM4YHUKOB. [1o criucky Haynauy
oToOpansl 9 cTyeHTOoB. HailTu BEpOATHOCTH TOTO, UTO CpeIr OTOOPAHHBIX CTYIAEHTOB 5
OTJINYHUKOB;

IIpakTuyeckas padora Ne 57

Tema: Teopembl 0 cymme 1 00 YMHOXKEHHH BEPOSITHOCTH
Henb: HayuuTbcst BBIYUCIATH BEPOSTHOCTH COOBITUHA C TOMOIINBIO TEOPEM YMHOKEHUS
BEPOSITHOCTEN

Teopetnueckuii 610K

IIpouseedenuem unu nepeceuenuem 08yx coovimuti A u B HazpBaercsi cooObitne C,
COCTOSIIIIEE B OJJHOBpEMEHHOM HacTyIuieHHd A n B. CUMBOIMYECKU TIPOU3BEICHUE 3aMACHIBAIOT
Tak: C=AB wm C=41 B. Ecmu A uB — necoBmectusie coObiTus, T0 A1 B=V ,T.
€. UX MepeceyeHune mycTo (HEBO3MOKHOE COOBITHE).

JIBa ciy4yailHBIX COOBITHSI HAa3BIBAIOTCS MPOMUBONONONCHLIMY, €CIIA OJHO U3 HUX
MPOUCXOJUT B TOM M TOJIBKO B TOM Ciydae, Korja He mnpoucxoaut apyroe. CoOswitue,
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IIPOTHBOIIOJIOXKHOE COOBITHIO A, 0003HauaroT yepe3 A (uutaroT «He Ax»). [IpoTuBONOIOXKHBIE
coObiTHs  00pa3yloT TMOJIHYI0 CHCTEMYy I[IONAapHO HECOBMECTHBIX  COOBITHMIA, T. €.

AY A=U, Al A=V.

TeopeMbl yMHOKeHUSI BEPOSITHOCTEH

[IpousBeneHrue IByX COOBITHII COCTOMT W3 TE€X 3JIEMEHTapHBIX COOBITUH, KOTOpPbIE
ONaronpUATCTBYIOT M IIEPBOMY, U BTOPOMY COOBITHIO, TO €CTh HMPUHAIJICKAT X NEPECCUCHHIO
AB = A N B. BeposTHOCTh IPOU3BEICHUSI COOBITHIA 3aBUCUT OT TOTO, SIBIISIOTCS JIK 3TH COOBITHUS
3aBUCUMBIMH WM He3aBUCUMBIMH. CoOOBITHSI A W B Ha3bIBAIOTCS HE3ABUCUMbBIMU, €CIH
BEPOSITHOCTh KaXXJIOTO M3 HUX HE 3aBUCUT OT TOrO, MPOMU3OLUIO WM HET APYroe COOBITHE.
Beposmnocmu He3aBUCHUMBIX COOBITUH A M B Ha3bIBAIOTCS 0e3VCI06HbIMU; W BEPOSITHOCTD
MIPOU3BEICHUS TAKUX COOBITUI paBHA IPOU3BEICHUIO UX BEPOSITHOCTEN

P(AB) =P(4) P(B) )

BeposiTHOCTP  COBMECTHOTO  TIOSIBJICHHUSI HECKOJNBKHX  HE3AGUCUMBIX — COObImuUill B
COBOKYITHOCTH PaBHA NPOU36e0eHUI0 8ePOAMHOCMEL dIMUX .

P(AL 4z .. Ay) =P(AY P(42) ...- P(Ay) (1.1)

Cobbits A u B 3asucumvie, ecimm BEpOSTHOCTh OIHOTO M3 COOBITHI 3aBHCHUT OT
TOSIBIICHUSI WJIM  HEMOSBIICHHUSI Jpyroro. BeposTHOcTs coOOBbITUS B, BBIYUCICHHAS B
MPEANONI0KEHNH, 4TO A YK€ OCYIIECTBMIIOCh, HA3BIBACTCS VCIOBHOU BEPOSIMHOCIbIO W
oOo3Havaercs Py(B).

BeposiTHOCTE  mpouszgedenusi  08yx  3a8ucumvlx  cobblmuil paBHAa  TPOU3BEICHUIO
BEPOSATHOCTH OJTHOTO M3 HUX Ha YCIOBHYIO BEPOSITHOCTD JAPYTOTO:

P(AB) =P(A)P4(B) wm  P(AB) = P(B)Ps(4). )

BeposiTHOCTE cosmecmuozo nossnenus HecKONbKUx 3a8Uucumuvlx codovimutl (IPOU3BeICHUS
COOBITHIA) paBHA MPOU3BEACHUIO BEPOSTHOCTU OJHOTO M3 HUX HA YCIIOBHBIE BEPOSITHOCTH BCEX
OCTaJbHBIX, TPHUYEM BEPOSTHOCTh KaXJOTO IOCIECAYIOMIETO COOBITHS BBIYHCISETCS B
MPEANONOKEHUH, YTO TPEABIAYIIMe COOBITHS YK€ TMPOM3OLUIM (TeopeMa YMHOXKCHHS
BEPOSITHOCTEH ISl 3aBUCUMBIX COOBITHH):

P(Al Ay ... An) = P(A]_) PA]_ (Az)P Al A2 (A3) ..... P Al A2 ... An-1 (An) (21)

YnpaxxHeHus:
IIpumep 1. Umeercs Tpu smuka, coaepxkamux mno 10 geranen, npuyeM B IEPBOM SIIHUKE -
8, BO BTOpOM — 7 U B TpeTbeM — 9 cTaHAapTHbIX AeTayneid. M3 kaxkaoro siumka Haygady
BBIHUMAIOT 110 OJHOH neTanu. HaiiTu BeposSTHOCTH TOTO, YTO BCE TPU BBIHYTHIC JETaIH OYIyT
CTaHJapTHBHIE.
Pemrenne: BeposSTHOCTH TOTO, YTO M3 MIEPBOTO SIIMKA BHIHYTA CTAHIAPTHAS JIETalb (COOBITHE A)
8

paBHa P(A) = 10 =0,8. BeposTHOCTB TOT0, YTO M3 BTOPOTO SIIIMKA BBIHYTA CTAaHJAPTHAS JAETallb
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7
(coositne B) paBHa P(B) =E=0,7.Bepo;1THOCTb TOTO, YTO M3 TPETHETO SIIHUKA BHIHYTa

9

crangaptHas aetanb (coositue C) paBHa P(C) = 0 =0,9. CobObITHE «BCE TPH BBIHYTHIC JACTAIN
OyIyT cTaHIapTHBIE» -eCTh mpousBeneHue coobituit A, B,C. T.k. coobitus 4, B, C — nomnapHo

HE3aBUCUMBI , TO 110 TCOPEMC YMHOKCHUA BepOHTHOCTCI\/'I JJIA HE3aBUCUMBIX COOBITHH UMEEM:

P(ABC) = P(4)P(B)P(C) =0,8-0,7-0,9 = 0,504.

IIpumep 2. B Baze nexut 3 mokonanusix u 7 BadenbHbx KoH(eT. Haymauy Oepercs omHa
KoH(erTa, 3aTeM apyras. HailTu BeposTHOCTH TOro, 4To nepBasi KoH¢era Obula MIOKOJAAHOH, a
BTOpast — BadeIbHON?

3
PemieHue: BEpOSTHOCTH TOTO, YTO TepBas KoHpera - mmokonamHas (cobbite A) P(A4)=—.

10

BeposiTHOCTh TOTO, uTO BTOpas KoH(pera — BadeabHas, BEIYUCICHHAS B MPEINOI0KEHUH, YTO
" 7
nepBasi KoH(pera OblIa IIOKOJIAIHOM, T.C. YCIOBHAs BEpOSATHOCTh paBHa P, (B) = R T.e. mo

TeOpeMe YMHOKEHHUS [Tl 3aBUCUMBIX cOObITUH umeeM: P(AB) = P(A)P4(B) = i . ! = i
10 9 30
IIpumep 3. B ypue 5 Genbix, 4 yepHbIX 1 3 cuHUX mapa. Kaxaoe ucnpiTaHue COCTOUT B
TOM, YTO HayAady W3BJIEKAIOT OJIMH IIap, HE BO3Bpalias ero ooparHo. HaiiTi BeposiTHOCTH TOTO,
YTO MpPH MEPBOM HCIBITAHUM U3BJIeUEH Oenblil map (coObiTHe A), MpU BTOPOM - YEPHBIN IIap
(cobsiTue B), npu tpetbem — cunmii (coObitue C)?
Pemienne: BeposiTHOCTh MOsIBIICHHS OEIOrO Iiapa B MEPBOM HCIHBITaHHHM paBHa P(A) = o

BeposATHOCT, MOSABIEHHA UYEpHOTO Iapa BO BTOPOM MCHBITAHWM, BBIUMCIEHHAS B
MPEANOI0KEHNH, YTO IPU NEPBOM HUCHBITAHUM BBIHYT O€JIbIi IIap, T.€. YCIOBHAs BEPOSITHOCTD

4
paBua P,(B) = TR BeposTHOCT MOSIBIIEHUSI CUHETO 1Iapa B TPETHEM HUCIIBITAHUU, BBIYUCICHHAS
B IPEAINOJIOKEHUH, YTO MPU NEPBOM UCHBITAHUM BBIHYT O€NbIM I1ap, a MPU BTOPOM — YEPHBIH,

3
T.€. yCIIOBHasl BeposTHOCTh paBHa P, (C) = — .OKOHYATENbHO UMEEM:
10

5 4 3 1
P(ABC) = P(A)P4(B)P45(C)=— - — - — = —
(ABC) = PAPAB)P1s(C)= 15 17 15~ 23

Onepamnun HaJ COOBITUSIMU
Cymmorti unu obveounenuem 08yx coooimuii A u B HaszpiBaeTcs codbiTue C, cocTosiiee B

HACTYIUICHUHM XOTs ObI OAHOTrO M3 coObITHHA A win B. CHMBOJMYECKH 3TO 3alMCBHIBAIOT TaK:
C=A4A+B uwwu C=AYB.

Teopema ci10:keHus1 BepOATHOCTE
B obmem cryuae geposamuocms cymmubl 08yX cobbimuii paBHa CyMME BEPOSTHOCTEH 3THX
COOBITHI O€3 BEPOSITHOCTU UX COBMECTHOI'O HACTYIUIEHUS U ONpeaeIIsseTcs 1o Gpopmyiie:

P(A+ B) = P(A)+ P(B)— P(AB) (3)
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Od4eBUIHO, YTO ecau coObimus Heco8MeCmHbl, TO BEPOATHOCTh HMX COBMECTHOTO
HACTYIUICHHS paBHA HYIO. [103TOMY 171 IBYX HECOBMECTHBIX COOBITUM BEPOSITHOCTh UX CYMMBI
paBHA CyMMe BEPOSATHOCTEM STHUX COOBITHIA:

P(4+B)=P(4) + P(B) (4)

BeposiTHOCTh TOSIBICHHUS OJHOTO M3 HECKOJBKUX IONApHO HECOBMECTHBIX COOBITHIA,
0e3pa3IMyHO KaKoTo, PaBHA CyMME BEPOSITHOCTEH 3TUX COOBITHIL:

P(Ay + Ay +.... +An) =P(A1) + P(43) + ... + P(4y) (4.1)

@DopMyIIbl 7151 OTIPEIEIEHUs] BEPOSTHOCTH CYMMBI OOJIBIIIEr0 YHCIa COBMECTHBIX COOBITHI
JOCTaTOYHO Tpomo3aku. Eciam ymcino coObITHii Bo3pacTaer, TO 4acTo ObIBaeT yaoOHee
WCIIOJIb30BaTh BEPOSTHOCTh TIPOTHUBOIIOIOKHBIX COOBITHI. B camom jerne, coObITHE, COCTOsIICE
B TOM, YTO HACTYIIUT X0ms Obl 0OHO U3 HECKOJIBKUX 3JIEMEHTAPHBIX COOBITUH, NPOMUBONON0NHCHO
COOBITHIO - «He HACMYnUmM HU 0OHO U3 HUX», TTIO3TOMY MOKHO MCIIOJIb30BaTh (hOpPMYIy:

P(Al + A, + ... +An) =1- P(14_1 A_z A-n) (5)

Yupaxuenus:

IIpumep 1. Ha crennaxe B OMOIMOTEKE B CIIy4ailHOM TOPSJIKE paccTaBieHBbI 15 y4eOHUKOB,
npuYeM MITh M3 HUX B Teperviere. bubmmorekapp Haymady Oeper Tpu ydeOHHKaA. Haiiti
BEPOSITHOCTh TOTO, UTO XOTs OBbI OJIUH U3 B3ATHIX YYCOHUKOB OY/ET B meperuiere (coobiTue A).
Pemenune: coOpiTie A - «XOTS OBl OAWMH W3 B3ATHIX y4eOHHMKOB OyAET B mMeperuieTe» OyayT
OCYIIECTBIICHO, €CIIM MPOU30MACT It000e U3 TPEeX HECOBMECTHBIX COOBITHI: B — «oauH yueOHUK
B meperuiere», C- «iBa yyeOHHMKa B meperuiere» , B - «Tpu ydyeOHuka B meperuiere». T.e.
cobsitie A=B+C+D. Torma mo TeopeMe CIoXeHHsT BEPOSITHOCTEH I HECOBMECTHBIX COOBITHI
UMEeM:

P(A) = P(B)+ P(C)+ P(D) . Beruucium otaenbHo BepositHocTH cobbithii B, C, D:

1 o 2 ~1 8
p(B) = =5 Cn _ 4 PO)=2 2= P(D)= =2
Cs 91 Cs 91 Cs 91
45 20 2 67
14 , : P(4)=P(B)+P(C)+P(D)=—+—+—=—.
CIIOJIB3YyA 3TH PC3YJIbTAThI, ITIOJTYyUYUM ( ) ( ) ( ) ( ) 91 91 91 91

IIpumep 2. BeposTHOCTh momagaHusi B I[eJb NMPHU CTpPENb0e M3 TPeX OPYIUN TaKOBBI:
p, =08, p, =07, p,=09. Haiitu BeposTHOCTb XOTs OBl OAHOro momnajaHus (coObITHE
A) npu 0JTHOM 3aJIe U3 BCeX OpPYyIHU.
Pemienne: BepoOSTHOCTh TOMAJaHUS B LENbh KaXABIM W3 OPYIU HE 3aBUCHT OT PE3yJIbTaTOB
CTpenbOBl U3 APYTUX OPYIHH, MOITOMY paccMaTpuBaeMble COOBITHS A (TOmajaHue MepBOro
opynus), A, (monagaHue BTOPOro opyausi), Az (monagaHue TPEThEro OpyJusi) — HE3aBUCHUMBI B
COBOKYITHOCTH.
BepostHOCTH COOBITHIA, TPOTHBOMOJOXKHBIX COOBITHSAM Aj, Ay, Az (T.e. BEpOATHOCTH

npomaxoB) cootBeTcTBeHHo paBusl () =0,2, 0,=03, ¢,=01
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Torna uckomast Beposithocts p(A) =1-¢q, 9, 4,=1-0,2-0,3-0,1=0,994.

1. JIBa cTpenka CTpessioT 0 MUIIEHU. BeposTHOCTh monajanusi B MUILEHb MPU OAHOM
BBICTpelne s nepBoro crpenka paBHa 0,7, mns Broporo — 0,8. HaiiTu BepoSATHOCTH TOTO, YTO
IIPU OJTHOM 3aJIII€ B MUILIEHb IONAJAET TOJIBKO OJUH U3 CTPEIIKOB.

2. B xop3une 4 s61m0Ka, 3 mumoHa u 6 mepcukoB. Kakmoe ucmbITaHWE COCTOUT B TOM,
YTO U3  KOP3UHBI CIy4YalHbIM 00pa3oM majgaet oauH ¢pykT. HallTu BEpOsSTHOCTH TOTO, YTO M3
KOpP3MHBI TPU TE€PBOM HCIBITAHWU BBINAJET S0JOKO, MPU BTOPOM — JIMMOH, HPU TPETHEM —
MIEPCUK.

3. B AByX sIIMKax HaXOJATCS ETaU: B IepBOM - 12 (13 4 crangapTHBIX), BO BTopoMm -10
(w3 HUX 7 craHmapTHHIX). M3 kaxmoro siuka Hayaady BBIHMMAIOT IO OJHOW AeTanu. Haiitu
BEPOSATHOCTH TOTO, UYTO OHU 00€ OYIyT CTaHIapTHHIE.

4. Jlns curHanu3auuu o0 aBapyuu yCTaHOBJICHBI JBa HE3aBUCHUMO
paloTaronMx CUrHajau3aropa. BeposSTHOCTH TOro, 4TO MpPU aBapUU CUTHAIM3ATOp CpaboTaerT,
paBHa 0,95 nns nepBoro curHanuzaropa u 0,9 nis Broporo. HailTu BeposiTHOCTE TOT0, 4TO TpU
aBapuu cpabOTaeT TOJIbKO OJJUH CUTHAIIU3ATOP.

5. B smumke 4 Genbix, 7 cMHUX U 3 KpacHbIX Ms4a. Kaxmoe HCIbITaHWe COCTOUT B TOM,
YTO U3 SIIAKa CITy4aliHbIM 00pa30M BBIKATHIBAETCS OAWH Ms4. HaifTu BEpOsITHOCTB TOTO, YTO
U3 SLIMKA IpU MEPBOM HCHBITAHUU BBIKATUTCS CHUHUM Ms4, IPU BTOPOM — KPACHBIM, a Mpu
TPETheM — OEJIbIi;

6. B mepBoii Baze HaX0AUTCS 5 KPAaCHBIX U 3 OEJIBIX TBO3IUKH, BO BTOPOI — 4 KPACHBIX U
8 OenbIx rBo3aAMKH. M3 Kax10il Ba3bl Hayaauy OepyT mo ofHoU reo3auke. KakoBa BEpOSITHOCTb
TOT0, YTO OYAyT BHIOpAHBI KPACHBIE TBO3IIUKH.

7. W3 ypusl, comepxameir 10 Gembix, 8§ depHbIX W | OpaH)KEBBIX IIApOB, HAYTA]d
U3BJIEKAIOT TpU 11apa. HaliTi BepoSTHOCTH TOr0, 4TO 3TO OYIyT IIAPhI OJTHOTO L[BETA.

8. Ha TakTHueckux 3aHATHSIX 3€HUTHAs Oarapest CTpessieT MO JBYM OECHUIOTHBIM
camosietaM. HaliTu BeposSTHOCTB TOTO, 4TO CaMOJIEThI HE OyAyT COUTHI, €CIIM BEPOSITHOCTh COUTh
OJIMH camoJieT paBHa 1/2, a aBa camosera — 1/8;

9. OTnen TEXHWYECKOrO0 KOHTPOJS — MPOBEpSET H3ACIUS Ha CTaHIapTHOCTb.
BepositHOoCTh TOTO, UTO M3A€NME cTaHaapTHOE, paBHa 0,9. HaliTh BEpOSITHOCT TOTO, YTO U3 JIBYX
MIPOBEPEHHBIX U3/IENINN TOIBKO OJTHO CTaHAApPTHOE;

10. B kxopoOke Haxoautcsi 6 cuHUX, 4 KpacHBIX U 6 3eneHbIX ¢uaxkoB. Kaxmoe
UCTIBITAHUE COCTOHMT B TOM, YTO W3 KOP3HHBI CIy4allHBIM 00pa3oM BBHIOMPAETCS OAMH (HIIaXKOK.
Haiitn BeposSTHOCTH TOTO, YTO NMPHU NEPBOM HCIBITAHHH OyIeT BHIOpaH 3€JeHbIH (KoK, mpu
BTOPOM — KPACHBIi, a PH TPETHEM — CUHUH.

JlomaliiHee 3agaHue

1. B smmke 10 meraneil, cpeqy KOTOPBIX YeThIpe OKpamieHbl. COOpIIrK Haymady Oeper
TpH netanu. HaliTi BepoSITHOCTH TOTO, YTO XOTs OBl OJTHA U3 HUX OKpAIICHA;

2. Bo Bpemsi yueOHBIX MaHEBPOB J[Ba TaHKa MBITAIOTCS MPOPBATHCS B PACIIOIOKCHHE
MPOTUBOTAHKOBOM OaTapen «IpoTUBHHKa». KakoBa BEpOSATHOCTH TOTO, YTO OYyJET MOJAOUT XOTS

OBl OIMH TaHK, €CJIM BEPOSTHOCTh TOTO, YTO Oy/ET MOAOWT OJMH TaHK paBHA 2/3, a IBa TaHKa
2/5.
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3. Ha nonke B ciay4yaifHOM NOpSAKE PACCTaBICHO CEMb YUYEOHUKOB, TPUUYEM YEThIPE U3
HUX - 1o Martemaruke. CTyJeHT Hayqady OepeT ABa u3 HUX. HalTH BEpOSITHOCTH TOTO, YTO XOTS
Obl OJIMH U3 HUX — [10 MAaTEMaTHKE.

IIpakTnueckoe 3ansitueNe 58
Tema: Kontposbnas pabota

Ieas: [IpokoHTpONMpPOBaTh ypOBEHb YCBOEHHUS MaTepuania

1 Bapunanr

1. DneKTpOHHBIHM MTPUOOP COCTOUT U3 ABYX MOCIEAOBATEIBHO BKIIIOUEHHBIX OJIOKOB.
BeposiTHOCTE BBIXOa M3 CTpos 3a 1 Mecsi paboTsl mepBoro O61oka paBHa 1/3, BTOporo -1/4, a
oboux — 1/6. Haiinure BeposITHOCTh OecriepeOoiiHoi paboThl MpUOOpa B TEUCHHUE MECSIIIA.

2. B nByX smmkax HaXoAsTcs AeTaiu: B epBoM 10 meraneii (M3 HUX 7 OKpAIICHHBIX), BO
BTOPOM- 8 neTasieit (M3 HUX 5 OKpalleHHbIX ). M3 Kax10ro SIyKa Hayjaqy BRIOUPAIOT TI0 OJTHOM
netanu. KakoBa BEpOsSTHOCTh TOTO, UTO 00€ OYyAyT OKpaIlIeHHBIE.

3. B smmuke 12 meraneit, cpeau HuX 9 ctanmapTHBIX. HailTi BEpOSTHOCTH TOTO, UTO Cpear
HayJlaqy U3BJICUCHHBIX 2-X JeTajell OKakeTcs: He 0oJiee OHON HeCTaHIapTHOM JIeTaIIH.

4B smuke B ciaydyailHOM Tmopsake moiioskeHbl 10 metaned, W3 KOTOPBIX 4 CTaHIAPTHBIX.
Kontponep B3sin Haymauy 3 aetanu. Beluuciute BEepOATHOCTH TOTO, YTO XOTsI ObI OJHA W3
B3ATBIX JETaJEH OKa3ajaach CTAHIAPTHOM.
5.CTyleHT chaeT 2K3aMeH MO TEOPUM BEpPOSTHOCTEH. BepoATHOCTh TMONYYUTh Ha JK3aMEH
«eyn.» pasHa 0,1; «yn» - 0,6; «xop.» - 0,2; «otin.» - 0,1. KakoBa BeposITHOCTb TOr0, UTO
CTYJICHT TMOJIYYUT Ha K3aMEHE MOJOKUTEIbHYIO OIIEHKY?
6Ctpenok momnamaer B necsaTKy ¢ BepostHocThio 0,05, B neBsatky — 0,2, B BocbMepky — 0,5.
Cnenan onuH BoicTpen. KakoBa BEpOSTHOCTH CIEAYIOITNX COOBITHIA:

a) BBIOUTO HE MECHEE 8 OYKOB;

0) BBIOUTO MEHEE 8 OUKOB;

B) BBIOHTO OoJice § OUKOB;

I') BBIOUTO HE OoJiee 8 OUKOB.
7.IlpousBoauTca Ba BBICTpENia MO OJHOM M TOW ke MUIIeHU. BeposTHOCTH momagaHus B
MHUILIEHb [IPU NEpBOM BbIcTpese paBHa 0,6, mpu Bropom — 0,8. HaliTu BEpOSITHOCTH TOTO, YTO B
MHUIIEHHA OyIeT XOTs Obl OHa MPOOOUHA.
8.bpocaroTcss nBa uWrpaybHbIX KyOuWKa. KakoBa BEpOSTHOCTH TIOSBJICHHS XOTSI OBbI OJIHOM
IeCTepKU?

2 Bapuaunr

1. U3 uucen 1, 2,3,4...100 BeIOuparoT yrcio. HaiiTu BEpoATHOCTH TOTO, YTO BRIOPAHHOE YHCIIO
JIETUTCS XOTs OBl HA OJTHO U3 Yncell: 4 u 6.

2. BeposATHOCTB TOTO, UTO MPHU U3MEPEHUH HEKOTOPOH (PU3NYECKON BEIUIMHBI OyAeT AOMyIIeHa
ommOKa, MPEBHITIAOIIAs HEKOTOPYIO 3aJaHHYI0 TOUYHOCTh, paBHa 0,4. [Ipon3BeneHo Ba
HE3aBUCUMBIX 3MepeHus. HaliTu BEpOSTHOCTH TOTO, YTO TOJIBKO B OJTHOM W3 HUX JOIMyIIEHHAS
OIMOKa MPEBBICUT 33aHHYIO TOYHOCTb.
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3. Ha nosnke BrepeMekky pacctaBieHo 4 yuyeOHHMKA M0 T€OMETPUH, 5 yUeOHUKOB 10 reorpaduu
u 3 yueOHUKa 10 acTpoHOMHH. Kaxmoe UCIbITaHue COCTOUT B TOM, YTO OMOJIIMOTEKaph
cily4aiiHbIM 00pa3oM BbIOMpaeT ouH yueOHuK. HailTu BeposTHOCTB TOTO, 4TO MPH MEPBOM
UCTIBITaHUM OYZET BBIOpaH y4eOHUK IO aCTPOHOMUM, IPU BTOPOM — 10 TEOMETPHH, a B TPETHEM —
o reorpaduu;
4. B ctynuu TeneBuaeHus 3 TEIEBU3MOHHBIX Kamephl. J{J1s KaX10i U3 HUX BEPOATHOCTD TOTO,
YTO OHA BKJIIOYEHA B IaHHBIN MOMeEHT paBHa 0,6. HaiiTu BeposITHOCTh TOTO, YTO B JAHHBIH
MOMEHT HH OJIHA U3 HUX HE BKJIIOYEHA
5.B ypue Haxomsres 7 6enbix u 3 yepHbIX mapa. [loapsin uzsnekaroT a8a mapa. Kakosa
BEPOATHOCTh TOTO, YTO OHH 00a yepHbIe?
6.Monety nogdpocunu aBa pa3. HaiiTu BeposTHOCT TOT0,4TO 00a pa3a BeIIAET repo.
7. B nepBoit ypHe 7 OenbIXx U 3 4epHBIX IIapa, BO BTOpoil — 3 OenblX ¥ 7 yepHbIX mapos. M3
Ka)XT0M YpHBI BBIHUMAIOT OnWH map. KakoBa BEpOSTHOCTH TOTO, 4TO 00a BBIHYTHIX IIapa
oenpie?
8.Tpu cTpernka HE3aBUCHMO JPYT OT JApyra CTPEJAIoT Mo 1eiu. BeposTHOCT nonajanus B LEb
nepBbIM cTpenkoM pasHa 0,7; BropeiM -0,8; Tpetbum — 0,9. Haiit BepoATHOCTH TOTO, UTO :

a) BCE TPU CTpeJIKa MOoNaayT B IElIb;

0) BCce TpU CTpesiKa IPOMaxXHYyThCS;

B) TOJIKO OJIH CTPEJIOK HOMAJET B IIETb;

T') TOJIBKO J[Ba CTpEJIKa MONaAyT B IIeJIb;

1) He OoJiee IByX CTPENIKOB MOMAAYT B IEJb;

€) XOTsI Obl O/IUH CTPEJIOK MOMAJAET B LEb.

IIpakTnyeckoe 3ansaTHeNe 59

Tema: CpolicTBa napamieIbHbIX TTIOCKOCTEN

Ieas: Hayunts pemaTe 3a1a4u, UCIIOIB3Ysl CBOMCTBA MAPAJUICIBHBIX IIJIOCKOCTEN
Teopetnueckuii 010k

Onpenenenue. [Ipsmas v MIOCKOCTh HA3BIBAIOTCS NMapaJlJIEIbHBIMU, €CJTH OHU HE UMEIOT OOIINX

ToYeK (a || o)
IMpu3HaKk mapaiiebHOCTH NPAMOil M MJI0CKOCTH.

Teopema. Ecnu nipsimast, He Jexkalasi B JaHHOU TIIOCKOCTH, TTapajielibHa KaKoW-HUOYIb
IIPSIMOM, JIEXKAIEH B 9TOU INIOCKOCTH, TO OHA MapaJlIeIbHA CaMOU IJIOCKOCTH.

3

i allb
boo=allo
b ad o
puc. 1
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3amMeuanusd.

Ecnu niockocTh NpOXOAUT Yepe3 JaHHYIO MPAMYI0, MapaJlIeNIbHYI0 IPYTou
IJIOCKOCTH, U IIEPECEKAET ITY INIOCKOCTD, TO JIMHUS NIEPECCUCHUS
IJIOCKOCTEN MapajuiesibHa TAHHOU HPSIMOM.

Ecnu onHa u3 ABYX napajuieabHbIX MPSAMBIX apajuleabHa 1aHHOU

pHc ) IIJIOCKOCTH, a Apyrasd npiamMasd UMCCT C INIOCKOCTBIO O6HIYIO TOYKY, TO 2Ta

nmpsamas JCKUT B JIAaHHOM IIJIOCKOCTH.

BriBOABI.

Crnyyau B3aMMHOTO PaCIOJIOKEHUS PSIMOK H IJIOCKOCTH:
a) mpsiMast JISKUT B IIOCKOCTH;

0) mpsiMas ¥ TUIOCKOCTh UMEIOT TOJIBKO OJTHY OOIIYIO TOUKY;
B) IIpsIMasi ¥ TUIOCKOCTh HE UMEIOT HU OJTHOU OOIIeH TOYKH.

/ ><f;’ / Onpenesenne. J[Be MI0CKOCTH HA3bIBAIOTCA MapAJICTbHBIMU, €CJIM OHU HE
o

AMEIOT OOIINX TOYEK.

o ~
///><5:/ [MapamienbHOCTD MIIOCKOCTEH o U B 0003HavaeTcs Tak: o || B. PaccmoTpum
# .
2 NPU3HAK MapalIeIbHOCTH JIBYX TIOCKOCTEH.

puc. 3

Teopema. Eciin 1Be nepecekaromuecs npsMble OJHON IIIOCKOCTH
COOTBETCTBEHHO MapaljiesbHbl ABYM MPSMBIM JPYTOi MIIOCKOCTH, TO 3TH
IUIOCKOCTH MapalieIbHBbI.

CJ'Iy‘IaI/I B3aMMHOTI'O PaCIIOJIOKCHUA IUIOCKOCTEH:

IUIOCKOCTH & U B IepeceKaroTCs.

puc. 4

/ IJIOCKOCTH o ¥ P mapasuiesbHBbl.
ol '

puc. 5

CgolicTBa mapajuiesIbHbIX MIJIOCKOCTEH:
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/
LW/

! UX [I€pECEUEHUs NapaslIeIbHBbI.

1. Ecnu nBe napajienbHble III0CKOCTH NEPECEUEHB] TPEThEN, TO TUHUU

2. OTpCSKI/I MmapaJuIiCIbHBIX IIPAMBIX, 3aKJIIOYEHHBIC MCKIOY

/ B ? NapajuIeIbHbIMU INIOCKOCTSMH, PABHBI.
L] Vg

Pemenue 3agayu:

Han yron AOD u aBe mapanenbHble IIOCKOCTH 0. U 3.

[Tnockocts o mepecekaeT croponsl yriaa OA u OD cooTBeTCTBEHHO B TouKax A u D,
TIJIOCKOCTH [3 3TH CTOPOHBI IepeceKaeT COOTBETCTBEHHO B Toukax B u C.

Hano:
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AB=6

BC=9

Haiitu AD, OD

Yepes Touky O, KoTOpast HAXOUTCS MEXKy apayuIeTbHBIMU IUIOCKOCTSIMU (. U [3, TPOBEICHBI
npsiMbie C U 0, mepecekaromye MmIOCKOCTH TakK, YTO TOYKU A ¥ B HaXoJsITCs B IDIOCKOCTH 0, &
toukn C u D - B miockoctu J AB=18 cm, DO=26 cm u AC=3-A0

Brruncnuts: BD;CD

[TapainenbHbIE TIOCKOCTH O ¥ [5 TepecedeHbl MPsSMBbIMU C U O

Croponsl 4N nepecekaroT napajienbHble MII0CKOCTH 3 1 o B Toukax C,D u A B. Beruncnu
iy oTpeska AB, eciin NA=13 cm, NC=20 cm u CD=55 cm.
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Croponsl 4N nepecekaroT napaienbHble TNIOCKOCTH 3 U o

Jlanbl mapasuienbHble TocKocTy o U 3. Touku A u B Haxonatcs B MIIOCKOCTH 0, a
touku C u D B mockoctuf3. [nuna orpeska AC=7, mmHa otpe3ka BD=12.

CymMa MpoeKIHii 3TUX OTPE3KOB B IJIOCKOCTH [3 paBHa .

Haiitu nnmuHy npoekimii 000MX OTPE3KOB.
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IIpakTu4yeckoe 3ansitueNe 60
Tema: [ToBTopenue. [IpoBepounas pabora
Heab: OG00UIMTH U 3aKPENUTh 3HAHUS M HABBIKU YYalIUXCs M0 JaHHOU TeMe

Teopernueckuii 010k

Kakue nBe nmpsimble B IPOCTPAaHCTBE HA3bIBAIOTCS MapaslIeIbHbIMU?

Cohopmynupyiite TeopeMy O MapayuIeIbHBIX TPSIMBbIX.

Kakue BO3MOXKHBI ciTydan B3aUMHOTO PAcIOI0XKEHUE MPSMOM U TIIOCKOCTH?

Kakue npsiMasi 1 INIOCKOCTh Ha3bIBAIOTCA NAapAJIIEIbHBIMU?

ChopmynupyiiTe npu3Hak napauiebHOCTU MPSIMOU U MIIOCKOCTH.

Han ky0 A... D1. HazoBute "eTbipe napbl mapauienbHBIX MPSMBIX U YETBIPE IMaPhI
[IEPECEKAIOIINXCS TTPSIMBIX

ChopmynupyiiTe npu3Hak napauieIbHOCTUA MPSIMOU U TJIOCKOCTH.

ok wdE

~

BepHo JIX YTBCPKACHUC: €CJIM OJHA U3 IBYX IPAMBIX IMapaJUICIbHA IIJIOCKOCTHU, a BTOpasa
NEPECCKACT ITY IIIOCKOCTb, TO MPAMBIC IMapaJICIIbHBI.

Pemenue 3agau

1). 3amaua 1

[aHo:

A ABC,
ABea,Ceaq,
AM = MC,
CN = NB.

Jokasats: MN || a.
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JloKka3aTeILCTBO

MN - cpennsst nuHus Tpeyronbauka ABC, 3nauntr MN || AB, AB £a.

Taxum o6pazom, MN || a (1o npu3HaKy napauiedIbHOCTH IPSIMOM U MJIOCKOCTH).

2). 3agaua 2
[aHo:
2 (2
ABCD - tpaneuus,
M [ /\/ ABe a,CD ¢ a,
/ 1\& AM=MD, CN=NB.
) B Nokaszats: MN || a.
e i o
JloKka3aTeILCTBO

MN - cpennss nunus tpaneruu ABCD, 3nauntr MN || AB; AB £ a (o ycnoswuio),
Taxum o6pazom, MN || a (1o mpu3HaKy napayuieIbHOCTH MPSIMOM H MJIOCKOCTH).

3)3amaua 3. Cropona AC tpeyronpanka ABC nmapaiiensHa miockocTH a , a croposl AB u BC
MIEPECEKAIOTCS C ATOM IIIOCKOCTHIO B Toukax M u N. Jlokaxure, uyto TpeyronbHuku ABC n
MBN nogo0HEL.

[lepen pemenreM JaHHOM 3aa49n HEOOXOIUMO BCTIOMHHUTD MTPU3HAKH OJOOMS TPEYTOILHUKOB.

L)

g [ano:
__f '1_ AABC,AC Il a,
h,_"‘ N / ABna=M,
&!i a-’ BC na=N.
L — e [okasats: A ABC nogoben A MBN
JlokazaTenbCcTBO

1. ITo yrBepxkaenuto 1°: MN || AC. Toraa yroa A = yrinmy BMN (kak oqHOCTOpOHHHE TTPH
napauIeIbHBIX MPSMBIX).

2. yron B - oOmwmit.
3. Takum obpazom, o 1ByM yriam tpeyroibHuK ABC nmogoGen tpeyronsauky MBN.
4). 3amgaua 4

Ha ctoponax AB u AC tpeyronsauka ABC B3stbl cooTBeTcTBeHHO TOukU D 1 E Tak, uro OF =
5 ecm u BD = 2/3. [TnockocTth a npoxoauT uepes Touku B u C u mapamiensHa otpe3ky OE.
Haiinure nuny otpeska BC.
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HaHo:

A ABC,
DeAB, E€AC,

e BCea, all DE,
| DE = 5cm, BD/DA=2/3.
y C

Haiitin: BC.

Pemenue:

tpeyroiabHuK ABC nono6en tpeyroasHuky ADE.
Torna AB/AD = BC/DE, 5/3 = x/5, x = 25/3,x = 8'/3
Otser: 85

Jlomamnee 3a1anue:

[Ipsimast AB nepecekaer miaockocTh o. Yepes koHIbl oTpe3ka AB u ero cepenuny C npoBeneHsl
napauiesibHble MpsIMbIe, IIepeceKaroIue IIockocTh o B Toukax Al, Bl u C1. Paccmorpure
cinyyau: 1) otpe3ok AB He mepecekaeT MIoCKOCTh o ; 2) oTpe3ok AB mepecekaeTt a. B kaxaom
ciydae Haaure: a) muHy otpeska CCl, ecimm: AA1 =3, BBI = 6; 6) mmmny otpeska AA1, ecin
BBl =13,CCl=1

IIpoBepounas padora
1 BapuanT

1. Ortpesok AB He nepecekaeT IWIOCKOCTh o. Uepes cepenuny otpeska C M KOHIIBI OTpe3Ka
A u B npoBenens! npsiMble, napajuielbHbIe MEXTy COOO0i U MepeceKarome
IJIOCKOCT 0, B TOUKAX , . Beruncnuts mvHy otpeska ©Ci1ecnm AAy =5 BBy =7

2. Yepes Touky O, He JEKAIIYIO MEXIy HapalleIbHBIMK IUIOCKOCTSAMU O ¥ 3, IPOBEICHEI

Aq

npsimbie | um.  [lpsmas | nepecekaer minockoctht o ©W [ B TOUKax

A2

n COOTBCTCTBCHHO, IIpsMasM— B TOYKax u HaﬁI[HTe JJINHY

OTpe3Ka , €CIIN =15cwm,

127



0 10 =3:5.

3. ITIpsamas AB nepecekaer iockocTh o. Yepes koHIbl oTpe3ka AB u ero cepeauny C
MIPOBEICHBI MapajlieIbHbIC MPAMbIC, IEPECEKaloIIne MI0CKOCTh o B Toukax Al, Bl u C1.
Paccmotpute cmydau: 1) otpe3ok AB He mepecekaer miockocTh o ; 2) orpe3ok AB
nepecekaer o. B kaxnom cinyuae Haiiaute: a) uHy otpe3ka CCl, ecmu: AA1 =7, BBI
= 5; 0) nnmuny otpe3ka AA1, eciu BB1 =7, CCl1=11.

2 BapuaHT

1. Touxa M nexur Ha otpe3ke AB. Otpe3ok AB nepecekaercsi ¢ MIOCKOCTHIO 0 B Touke B.

qCpCS AuM MMPOBCACHLI ITAPAJIJICIIBHBIC ITPAMBIC, IICPCCCKAOINE O B TOYKAX n.

Haiigure mynny otpeska AB, eciim A :M=3:2,AM =6.
2. UYepes Touky O, NIexallyr0 MEXAY MapaJlIeIbHBIMU TUIOCKOCTSMH O M [3, TIPOBEICHBI

npsimbie | um.  Ilpsivas | mepecekaer TwuiockocTd o W P B TOYKax "
COOTBETCTBEHHO, IpsiMasi M — B TOUKaxX u . Haliqure mimHy oTpe3ka ,
ecln =12 cm, 0:0 =3:4.

3. Jan AMKP. ITnockoctb, mapamiensHas npsmoit MK, nepecexkaer MP B Touke , PK - B

touke. Halinure , eciu MP : P=12:5 MK=18 cm.
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I[MpakTuyeckoe 3anaTueNe 61

Tema: [Ipr3Hak nepneHIUKYIAPHOCTH IPAMOUN U TUIOCKOCTH
Heab: OG00UMTH U CUCTEMATU3UPOBATH MaTepHAI MO TAHHOW TeMe

Teopetnueckuit 6510k

Onpeodenenue. IlpsiMast a Ha3pIBaeTCsl MNEPHIEHAUKYISAPHOM K IUIOCKOCTH ¢, €CIM OHa
NEePIEeHIUKYIISIpHA K JIF000H NpsMOii, JeXaleil B 3TOM MIIOCKOCTH.

Teopema. Ecnu npsiMass meprneHAMKYJspHA K JABYM HEPECEKAOIIMMCS NPSIMBIM, JIEXKAIIUM B
IUIOCKOCTH, TO OHA NEPIEHANKYIISIPHA K ATON IUIOCKOCTH.

IIpumep 1. Touku A, M, O nexat Ha IPSIMOM, IEPIIEHAUKYIISIPHON K IJIIOCKOCTH o, a ToUuku O, B,

CuDnexar B minockocty o (puc. 3). Kakue wu3 cienyrommux yrjioB  SBISIFOTCS
LAQB, AMOC, ADAM, A DOA, £ BMG

MPSIMBIMU: ?
A
M
B D
a
C &
Puc. 3.
Pewenue
£LAGE
Paccmotrpum  yron . Ilpsmas AO nepneHAUMKYISIpHA IJIOCKOCTH O, a 3HAYMT,
npsimas AO nepneHIuKyIsipHa JI000M NpsIMOM, Jekalled B IUIOCKOCTH O, B TOM YHCIE
LAQEB = 20°
npsimoid BO. 3Hauur, .
LMOC LMOC = 90°
Paccmotpum yron . [Ipsimast AO nepnienaukynsipHa npsmou OC, 3Ha4uT, :
LDAM £D0A = 90°
Paccmotpum yron . IIpsimas AO nepnenaukynspHa npsmor OD, 3Ha4MT,

Paccmotpum Tpeyronbauk DAO. B TpeyronbHuke MOKET OBITH TOJBKO OJMH MPSIMOW YTOII.

3HauuT, yron DAM — He siBnsieTCs IPSAMBIM.
LD0A LD0A = 30°

Paccmotpum yron . IIpsimast 4O nepnesaukynsipHa npsmoi OD, 3Ha4wT,
£BMO

Paccmotpum yroun . OTO0 yroi B mpsiMOyroJibHOM TpeyrojibHrke BMO, oH He MOXKeT OBITh
MPSAMBIM, Tak Kak yroi MOB — npsmoil.
LAOQB = £ MOC = £D0OA = 90°

Omeem:
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L0 = 90°

[Ipumep 2. B tpeyronsauke ABC naHo: , AC= 6 cm, BC = 8 cm, CM — mennana (puc.
4). Uepes BepumnHy C npoBenena mnpsmas CK, TNeprneHIuKyIspHas K  IUJIOCKOCTH
tpeyronbHuka ABC, npuuem CK = 12 cm. Haliqute KM.

K
B
C M
A
Puc. 4.
Pewenue:
AB =~CB + ACT =87+ 62 = 10
Haiinem nmuny AB no teopeme [udaropa: (cm).
[Io cBoOMCTBY HIpPSAMOYTOJBHOIO TPEYTOJbHUKA CEPEAUHA TUIIOTEHY3bl M paBHOyJaleHa OT
CM=>AB=5

BEpIIMH TpeyroibHuka. To ectb CM = AM = BM, (cm).

Paccmorpum  tpeyronbHuk KCM.  Ilpsamas KC nepnenaukyispHa  miockoctu ABC, a

3HauuT, KC nepnenaukyiasipHa CM. 3nauut, TpeyroabHuk KCM — npsmoyronbHbiii. Haiinem
KM =vKC?+ CM? =122+ 57 =13

runoteny3y KM u3 teopemsl [Iudaropa: (cm).

Omeem: 13 cm.

IIpakTuyeckoe 3ansaTue Ne 62

Tema: [Ipu3Hak nepneHaUKYISIPHOCTH IVIOCKOCTEH. YTUIBI MEXAY IIPSIMBIMU U TUNIOCKOCTSIMH.
Heab: OG00UMTH U CUCTEMATU3UPOBATH MaTepHal MO TAHHOW TeMe

Teopetnueckuii 610K

Yron Mexay NpsMOM U INIOCKOCTBIO — 3TO YIoJ MEXYy NPSIMOM U €€ IPOEKIMEN Ha JaHHYIO
IIJIOCKOCTB.

B kadecTBe yria Mexay IpsMOH U IMJIOCKOCTBIO BEIOMPAEM OCTPBIN YToJl.

Ecnu npsmas napaenbHa INIOCKOCTH, 3HAYUT, YIOJl MEXAY NMPSAMOM U INIOCKOCTBIO PaBEH
HYJIIO.

Ecnu npsimas neprneHanKysspHa IOCKOCTH, €€ IPOEKUUEN Ha TNIOCKOCTh OKAaKETCsl TOUKa.
OueBUHO, B 3TOM CIIy4ae Yroyl MeKy NMpsSMOM U INIOCKOCThIO paBeH 90°.

ITpumepbi:

1.Touku A, M u O nexar Ha IpsIMOH, IEPIIEHAUKYIISIPHON K TUIOCKOCTH a, @ Touku B, Cu D
JIeXkaT B IUIOCKOCTH a. Kakue u3 ciaeayromux yr jioB sBistored npsaMeivu: ZAOB, 2ZMOC,
2DAM, 2DOA, 2BMO?

Pemrenue: a L o, mo3TOMy a IepneHINKYIISpHA JTI000M MPAMOiA, Jexarnei B 1. o. YToOsl
npsiMasi MpuHaAJIekKaa . o, JOCTaTOYHO, YTOOBI 2 TOUKH MPSAMOM NMPUHAATIEKAITH TLT. O
OTBeT: npsMBbIE YIJIbI
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2. [Ipsimas OA nepnennukysipHa K miockoctd OBC, u Touka O sBisieTcsi cepeIMHON oTpe3Ka
AD. Jloxaxwute, uto: a) AB = DB; 6) AB=AC, ecitu OB=0C; B) OB = OC, eciu AB=AC.

Pemenue:

a) Paccmotpum AABD.

M03TOMY

- 110 IBYM KareTawm,

6) Paccmorpum AAOB u AAOC.

- 110 OIIPENIETICHMIO;

- IO YCJIOBHIO; - O0IIIasl.

Tpeyronbauku AOB u AOC paBHbl 1o AByM KarertaM. OTcroza:

B) T.x. AB = AC, to npsamoyroinbHblie TpeyrodbHuKu AOB n AOC paBHBI 10 TUIIOTEHY3€E U
kareTy (AO -—o0mmuii KaTeT), MO3TOMY

Uro u TpeboBanoch J0Ka3aTh.

3.Yepes Touky O mepecedeHus 1uaroHajieil KBajgpara co CTOpoHO# a mpoBeaeHa npsmas OK,
MePIEeHINKYIISIpHAs K TUIOCKOCTH KBajpara. Haiinute paccrostuue ot Touku K 10 Bepiinn
kBazpara, ecau OK =b.

IIpakTuyeckoe 3ansaTue Ne 63

Tema: [leprieHIUKYJIIApEI U HAKIIOHHBIE
Heab: OG00UMTH U CUCTEMATU3UPOBATH MaTepHAI MO TAHHOW TeMe

Teopernueckuii 010k

HakmonHo#, mpoBeICHHOM U3 TaHHOM TOYKH K IAaHHOM TJIOCKOCTH, Ha3bIBAaETCs JIFOO0H
OTPE30K, COCIUHSIONINN TAHHYIO TOYKY C TOUKOM MJIOCKOCTH, HE SBJISIOIINICS
MEPIICHANKYISPOM K IUIOCKOCTH.

Komnerr orpeska, jexaniuii B iI0CKOCTH, Ha3bIBAETCS OCHOBAHHWEM HAKJIOHHOM.

A

AB - HakoHHAas.
B - ocHOBaHWE HAKIIOHHOIA.
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[TepnieHquKyIsIpOM, IPOBEACHHBIM W3 JTAHHOW TOYKH K JAHHOW INIOCKOCTH, Ha3bIBAETCS OTPE30K,
COEQUHAIOIIMN JaHHYIO TOUKY C TOYKOM IUNIOCKOCTH U JIEXKAIIUN Ha MPSMOU, MEPIICHANKYIAPHON
IIJIOCKOCTH.

KOHCII 9TOro OoTpe3Ka, JICXKaIUK B IINIOCKOCTH, HAa3bIBACTCA OCHOBAHUCM IICPIICHAUKYJISAPA.

A

X

AC - neprieHIuKyIsp.

C - ocHOBaHME NEPIICHANKYIISPA.

PaccrosHreM OT TOUKH J10 TNIOCKOCTH Ha3bIBAETCS AJIMHA NEPIEHANKYJIISIPa, TPOBEACHHOTO U3
3TOM TOYKHU K IUIOCKOCTH.

OTpe30K, COEANHSIOUN OCHOBAHUS TIEPIICHIUKYJISIpa U HAKJIOHHOW, TPOBEACHHBIX U3 OJHOU U
TOM K€ TOYKH, HA3bIBACTCS MPOEKIMEN HAKIIOHHOM.

A

X

CB - mpoerus HaknonHoM AB Ha m10CcKOCTS 0.
Tpeyronbauk ABC npsiMoyroibHbIi.

VYoM Mex1y HaKJIOHHOU U ITIOCKOCTBIO HA3bIBAETCS YTOJI MEX/Y 3TOW HAKIOHHOM U €€
MIPOEKIIMEN Ha MJIOCKOCTb.
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X

< CBA - yron Mexay HakjoHHOM AB 1 miockocTsio a.

A

Ecmu AD>AB, To DC>BC

Ecnu u3 naHHOM TOYKM K JAaHHOW TJIOCKOCTH MPOBECTH HECKOJIBKO HAKJIOHHBIX, TO OOJIbILEH
HAKJIOHHOW COOTBETCTBYET OOJIBIIIAst POCKIIHSL.

<DAB - yron Mex1y HaKJIOHHBIMU
<DCB - yron Mexy mpoeKIusIMu
Otpe3ok DB - paccrosinue Mexay OCHOBaHUSIMU HAKJIOHHBIX.

Pemenue ynpaxueHuii:

1) IIpsamas CM neprieHAUKYJISIpHA K IIJIOCKOCTH MPAMOYToJIbHOro TpeyrojapHuka ABC ¢
npsaMbiM yriaom C. Haitaure paccrosinue ot Touku M 1o ctoponsl AB, eciiu AC=3cMm, BC=4cM,
CM=1 cm

2)B paBnoOenpennom tpeyronbHuke MHK, MH=NK=5cm, MK=6cMm. Touka D Haxoaurtcs Ha
pacCTOSHUU V10 ¢M OT mI0cKOCTH Tpeyrojbarka MNK 1 Ha 0JMHaKOBOM PacCTOSIHUM OT €ro
cropoH. Haiigure 310 paccrosinue.

3) B tpeyronsauke ABC nano: AB=5cm, AC=7cMm, BC=6¢wMm. Tpsamas AD neprnenukymsipHa K
ockoctu TpeyronbHuka ABC. Halinute paccrosaue ot Touku D 1o ctoponst BC, ecnu
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AD=5cM.

4)Yepes karer AB npsimoyronbHOro paBHoOeapeHHoro TpeyroiabHuka ABC npoBeneHa
IJI0CKOCTH a (anb(a), oOpa3yromias ¢ INIOCKOCThIO TPEyTrojibHUKA YroJl B 45 rpamycoB. Haiiogure
paccrostare ot Touku C 10 iockoctH a (anmbda), ecnmu AC=2cm

5)Touka M HaxoauTCsi HAa pacCTOSHUU 6 CM OT MJIOCKOCTH PaBHOCTOPOHHETO TPEYTOJIbHUKA
ABC u na 10cMm oT BepiinH 3T0ro TpeyroiabHuka. Haiinure ninuHy ctopossl Tpeyroyibauka ABC

JlomalHee 3agaHue

Touka A PaBHOYJAJICHA OT BCPIIMM IapaJlIicjiorpaMmma. I[OKEDKI/ITG, 4TO 3TOT HapajjicjaorpaMmm
SIBJIIICTCA MTPAMOYT'OJIbHUKOM.

OcHoBanus Tpaneuuu paBHsOTCs 14 cM u 8 cM coOoTBEeTCTBEHHO. Uepe3 Oosblliee OCHOBaHUE
Tpaneuuy NpoBeeHa MI0CKOCTh, KOTOpasi HAXOIUTCS Ha PACCTOSIHUU 8 CM OT MEHBIIIETO
ocHOBaHMs Tpaneuuu. Haiigure paccTosiHie OT TOYKU MEPECEUCHUs TUaroHaael Tpaneuuu 10
IIPOBEICHHON INIOCKOCTH.

C ToukM A Ha MIIOCKOCTH 0. MPOBEACHHI JIB€ HAKJIOHHbIE IIMHOU 15 cm u 20 cMm. [{nuHa
IIPOEKITUHU OJIHOM M3 dTUX HAKJIOHHBIX paBHA 16 cMm. Haiinure cuHyc yria, 00pa3oBaHHOTO
JIPYTOM HAKJIOHHOW U TJIOCKOCTBIO O.

Touka K HaxOIUTCS HAa OIMHAKOBBIX paccTosIHUSIX KA 1 KB OT CTOPOH MPSIMOTO yria ¢
BepmmHOM C. O — npoekuyns ToYku K Ha MII0CKOCTh 3TOro yria. Jlokaxure, uto O4ACB —
KBajpar.

IIpakTuyeckoe 3ansaTue Ne 64
Tema: KontponbHas padota no teme: «I[Ipsimblie U IIIOCKOCTH B TPOCTPAHCTBE»

Ieus: [IpoBeputs ypoBeHBb YCBOCHHS 3HAHUU 110 TeMe: «IIpsMble U TIIOCKOCTH B
IIPOCTPAHCTBE»

1 BapuaHT

1. Cropona npaBusbHOro TpeyroiarHuka ABC paBHa 23 em. K ero mrockoctn MIPOBEACH
nepnenaukyssip AK, pasusiii 4cm. Haiinure paccrosinue ot Touku K 1o ctoponst BC.

2. Uepes cropony AB npsimoyronbsarka ABCD npoBenena minockocts o. Ctopona CD
yAaJieHa OT 3Tou miockocT Ha 3 cM, CB=6cm, CD=8cm. Haiinure: 1)yromn mexay
npsimoit DA ¥ MI0CKOCTBIO 0 ,2)CHHYC YIU1a Mexay npsiMoii BD u miiockocThio a.

|

Karer AC npsmoyronsaoro AABC ¢ npsambiM yriiom C JI€XHUT B INIOCKOCTH 0., & YTOJI
Mexay mnockoctsiMu oo 1 AABC paBen 60°. Haiinure paccrosinue ot Touku B 1o
mrockoctH o, eciit AC=5cm, AB=13cm.

4. . IlnockocTtu npsiMoyroibHbIX TpeyroibHuKoB ABC n ABK neprneHauKynspHsI.

AB=8cm, AK=10cm, - ABK=- ABC=90° , - BAC=45° . Brunciure pacCTOsTHUE MEXIY
toukamu K u C.
2 BapuaHT
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Otpe3oxk AM, paBHblil 12 cm, neprieHIUKYIsApEH I0cKocTy TpeyroyibHuka ABC.
Haiinure paccrosaue ot Touku M 1o npsimoii BC, eciu AB=AC=20cMm, BC=24cwm.
Croponsl npsimoyronbauka ABCD paBHbl 6¢M 1 63 cm. K miockocTa PSAMOYTOJIbHUKA

N

yepe3 TOUKY MepecedeHusl ero AuaroHaieil nposeaeH nepneHaukysip OK, paBHbii 6¢Mm.
Haiigute yron Mexay miockocTbo npsiMmoyrojasHuka u npsasMmeivu KA, KB, KC u KD.

|

Yepes BepmmmHy D kBagpata ABCD npoBeneH K ero miockocTy nepnesaukyisp DK,
paBubliif 10 cM. Yron mexny minockoctsmu ABC u KBC paBen 45° . Haiiaure miomazs
kBagpara ABCD.

[Tnockoctu paBHOcTOpoHHETO AABC 1 nipsiMoyroibsHOTro paBHOOenperHoro AADC

Ea

nepneHauKysipasl. AB=a, 2 ADC=90°. Berumcmure paccrosiHue Mexay BepuimHamu B
u D naHHBIX TPEYrOJIbHUKOB.
IIpakTuyeckoe 3anaTue Ne 65

Tema: [Tnomane 60KOBOH U MOJIHOM MOBEPXHOCTH MPU3MBI, Iapajuieenunena, Kyoa
Heab: Hayunth BEIMUCIATS OOKOBYIO H MOJIHYIO TIOBEPXHOCTH MPU3MBI, Mapajuiesienurena, Kyoa

Teopernueckuii 610K

[Ipusma

Inowaos nogepxnocmu: S=2Sqcu+Seox, TE Seox — MIIOMIAAH OOKOBOW MTOBEPXHOCTH, paBHAS
CyMME IIONIAJIEH BCEX TPAHEH.

[Mpsimast npu3Ma — mpu3Ma, 60KOBOE pedpPO KOTOPOH MEPIECHANKYIISIPHO OCHOBAHHIO.

Obvem: V=S,.,1.

[1Inowaoe 6okosoll nogepxnocmu: Sgo=P°1, TIe P — mepuMeTp ocHOBaHMS.

[TpaBuibHas npu3Ma — mpsmasi Mpu3Ma, OCHOBaHUE KOTOPOUH — IMPaBUJIBHBIN MHOTOYTOJIBHUK.
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[Tapamienenumnen — npu3ma, OCHOBaHNE KOTOPOU — napajuiesiorpaMm. Bee rpanu
napaJuiesienuneia B0 TCs napajuieorpaMMaMH.
[IpssMOyTONBHBIN MTapajuIeIEUIIe]] — IPU3Ma, BCE TPAHU KOTOPOU — NMPSAMOYTOJIbHUKH.
Cesoticmea ouazonaneii: AC;=BD;=CA;=DB;=d: d2=a’+b?+c?.

IInowaos nosepxnocmu: S=2-(ab+ac+bc).
Ky6 — npusma, Bce rpanu KoTopoi — kBaapatsl (a=b=c). Ky0 siBisiercs napaienenumneiom 1
o0Jasaer BCEMH €ro CBOMCTBAMHU.

d =~3a; 5=6a2,

IIpumep 1. YUemy paBHa 10JIHAsA IOBEPXHOCTH MPSIMON TPEYTOJIbHON IPU3MBI, €CJIN €€ BBICOTA
paBHa 50, a cropoHsl ocHoBaHus 13, 37 u 40?7
Pewenue:
[Tepumetp ocHoBanust npusmsel paBeH P=13+17+40=90. [1nommaas 60KOBOW MOBEPXHOCTH
Seo= 90-50=4500.
[Tnomans ocHoBanus Haiiaem no popmyne ['epona. Ero momynepumerp p=45
o Som =4 45(45-13)45-37)45-40) =+/45-32-8-5 =240

Ocranoch BBIUMCIUTH MOJHYIO TOBEPXHOCTh MpU3MblL: S=2-240+4500=4980.
Omeem: 4980.

Ipumep 2. B ocnoBanuu npsimoii npusmel ABCDA1B1C1D; nexxut kBaapar co cTopoHoii 2.

BokoBoe pebpo mpu3mMbl paBHO \E . Haiinure rpangycHyro Mepy yriia Mexay IIOCKOCTBIO
TpeyroiabHuka AB1C ¥ miI0CKOCThIO OCHOBaHMSI TPU3MBI.
Pewenue:

[Tnockocth AB;C mepecekaer miockocTh ocHoBaHusI mpo npsmoii AC. [Toctpoum
JIMHEHHBIN YroJl, COOTBETCTBYIOLIUH YTy MeX Iy ATUMHU miockoctsaMu. T.k. ABCD — kBagpar,
TO €ro MaroHaNM IepecekaroTcs mox npsamev yriom, T.e. B0 L AC JTanee, 1.x. mpru3ma
npaswibHasi, To BiA=B1C. Tpeyronasauk AB1C — paBHoOGenpennsiii. Ero mennana B;O

SIBJISIETCS] TAK)KE €r0 BBICOTOM, T.€. B0 _L4C CrnenoBaTenbHO, TMHENHBIN 48,08 paBeH yriy
MEX1Y IJIOCKOCTSIMHU.

PaccmoTtpum tpeyronbsauk B1OB. ITockonbky npusma — npsimasi, To yroi B B TpeyronbHuKe

po=1pp-L2/3-.12
— MPSIMOU. BlB=NE 10 YCJIOBHIO 3a/1a4H. 2 2 . T.x. xaTeTsl B
npsIMOYTOJIbHOM TpeyronbHuke B1OB paBHbl, TO £B\0OB 450

Omeem: 45°.
Pemrenne ynpaxaeHnit
1.B npsMoyroyibHOM napasuliesenune/ie CTOpOHbl OCHOBaHUsS paBHbI 12 cMm u 5 cMm. J[uaronans
napajuienenunena oopasyer ¢ IJIOCKOCTbI0O OocHOBaHMs yron B 45°. Haiimute GokoBoe pedpo

napaJiieJICIIMIc/aa.

2.0cHOBaHWEM MPSMOTO TMapajUiesienumeaa spisercs pomo ¢ auaroHamsiMu 10 cm u 24 cwm, a
BbICOTa napasuienenunena pasHa 10 cm. Haiinure Oonbliryto 1uaroHaib napajiesenumnesa.

3.CTopoHa OCHOBaHMSI NMPABHJIBHON TPEYTrOJbHON MPU3MBI paBHA 8 ¢cM, OOKOBOE pedpo paBHO 6

CM. HaflﬂI/ITe miomanab CCUYCHUA, IMPOXOoAAICTO 4YCEpe3 CTOPOHY BCPXHCIO OCHOBAHUA U
IPOTHUBOJIC)KAITYIO BEPUIMHY HUKHET'O OCHOBAHUS.
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4.B mpaBWIBHOM N-yroJIbHOW NpH3Me CTOpOHAa OCHOBAaHMS paBHa a M BBICOTA paBHa h.
Brruucnute miomaayu 60KOBOW M MOJHOW MOBEPXHOCTH MPHU3MBI, eclii: a) n =3, a= 10 cm, h =
15em;0)n=4,a=12am, h=8 nm;B)n=6,a=23cm,h=51m;r)n=5,a=0,4m, h=10 cm.

JIOMEIHIHGC 3aJaHHuC:

1.OcHoBaHue OpsSIMON MPU3MBI — TPEYTOJbHUK CO CTOpOHaMu 5 ¢cM u 3 ¢M u yriom B 120°
Mexay HUMU. HanOosbias u3 miomiaaeld 60KoBBIX I'paHel paBHa 35 cm2. Haitaure turomanpb
OOKOBOI1 TOBEPXHOCTH MPU3MBI.

2.CTOpOHBI OCHOBAaHHUSI MPSMOTO MapasuIeieNuIie/ia paBHbl 8 cM U 15 ¢cM 1 00pa3yroT yrou B 60°.
Menbmiass W3 IUIOLIAJEH JAUArOHAIBHBIX cedeHud paBHa 130 cM2. Haiigute miomans
MOBEPXHOCTHU MapAJIJIEIECIUIIEA.

IIpakTuyeckoe 3ansaTue Ne 66
Tema: [Tnoniane 60KOBOM U MOJHON MOBEPXHOCTU MUPAMMU/IBI

Heab: Hayunth pemath 3aa4vl Ha BBIYMCICHUE TUIONMIATHM OOKOBOH M TOJHOW MOBEPXHOCTH
paMUIbl

Teopernueckuii 610K

1. Cxonbko rpaHeil, OOKOBBIX pebep y M- yrojJbHOW mHpaMuibl?

2. Kakoe HauMeHbllIe€ YMCIO TpaHe MOXET HUMeThb nupamuaa’?

3. Bricota nupamuabl paBHa 3 cM. UYemy paBHO pacCcTOSIHUE OT

BEPIIMHBI MHPaMUIBl JI0 MJIOCKOCTH OCHOBaHUSA ?

4. bokoBeie pebpa TpeyroiapbHOUW mupamMuabsl 7cM, 12cm, ScMm. OmHO W3 HEX
NEPIEeHIUKYJISIPHO K IUIOCKOCTH OCHOBaHMs. YeMy paBHa BbICOTa HUPAMMIBL.

Pemienne 3amad.

1. lana mpaBWJIbHAsE YETHIPEXYTOJbHAs MUPAMHIIA CO CTOPOHOW OCHOBAHHS 2 CM U
BBICOTOM OOKOBOHM rpanu 6 cm. Haiigute momane

OOKOBOI MOBCPXHOCTU MHUpPAMHIBI.

2. BpicoTa mNpaBWIBHOW YETHIPEXYTOJIBHOM MHpaMUIbl 7/CM, CTOPOHA OCHOBAHHUS &CM.
Omnpenenutre 60koBOe pebpo.

3. Hano: SO = 4 - Beicora nmupamuasl. ABCD - mpsimoyronsauk, AD = BC = 6; AB=DC =8
Haiitu: Smomn., SOok., V.
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sm::% DC-SM: su=,/so‘ +OM;

Pemenue:

AC=BD=+64+36 =10, AO=0D=5, OM=

-%AD=—2—=3. SM=416+9=5.5 =—;- 353

'8"'20; Sw_g:m; (9) ="LDC

2 (cpenmsist muaust AADC). OK =

_ g
4 SK=16+16=442; S“°5'§6 W2=1242; Sascs=1242.

Sere =2 1292 +2:20=2442 + 40 =8 (32 +5); Surse = 6 - 8=48; Sy = Stee +
F Soen =2482 +40+48=2442 +88=8(11 +34/2 ).
1

1
V--3-Sm.-h—§ -48 -4 =64. (Orser: 8(3v2 +5) 8011 +342 ); 64.)

IpakTuyeckoe 3ansiTue Ne 67

Tema: [Lnoniaar O0KOBOM M MOJHOM MOBEPXHOCTU LUIUHIPA
Hean: Hayuuts pemaTth 3aa4u Ha HAXO0XKICHHE IO OOKOBOM U MOJTHON MOBEPXHOCTH
HWIAHIpA

TeopeTtnueckuii 610K

HI/IJ’IHH}IP MMpeACTaBIACT coboii reoOMETpUICCKOC TCJIO0, OTPAHUYCHHOC ABYMA IMapaJICIIbHBIMU
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IIJIOCKOCTSMH U HI/IHI/IH,I[pH‘IeCKOfI MMOBCPXHOCTLBIO.

h

@

Humuuap cocTouT U3 OOKOBOIM MOBEPXHOCTU U ABYX OCHOBaHUN. DopMyIia MIo1aam
MOBEPXHOCTH IIWIMH/PA BKIIIOUAET B ce0sl OT/IEIBHBIN pacyeT IO OCHOBAHUN U OOKOBOM
MoBepXHOCTU. Tak Kak OCHOBaHMS B IUJIMHAPE PaBHBI, TO MOJIHAS €r0 IJIOIalb Oynert
paccUuThIBaTHCS 1O hopMyIie:

S =28 +8

P 05T bok

CDopMyna IIomaand OCHOBAHUA TUJIUHAPA. Tak Kkak OCHOBaHHEM OUJIIMHApPA ABJISACTCS KPYT,
3

MBI NOMHMM, YTO B 3THX pacdeTax UCIOJIb3yeTcs nocTossHHoe unciio [1 = 3,1415926, kotopoe
PacCYMTaHO KaK COOTHOIICHUE JJIMHBI OKPYKHOCTH K €€ TUaMeTpy. ITO YUCIIO SIBIISETCS
MAaTE€MAaTHYE€CKOU KOHCTAaHTOM.

[Tnomaae 60KOBOM OBEPXHOCTH IIJIUHAPA

dopmyna mromaar 60KOBOW MOBEPXHOCTH NWIMH/PA MPEACTABISIET COOOH MPOU3BEICHUE
JUIMHBI OCHOBAHUS Ha €ro BBICOTY:

S  =2mrh
bok A Temnepb pacCMOTPHUM 33J1ady, B KOTOPOW HaM MOTpeOyeTcs paccunuTaTh
MOJTHYIO TUTOINAAb MHApa. B 3amannHoit gurype Boicota h =4 cwm, r = 2 cM. Halizem nomHyo

IO (b HUTUHAPA.
S =314x2°=1256em”
Jlnst Havaa pacCuMTaeM IUIomanb OcHoBanmii:  “°"
Teneps paccMOTpUM MPUMEP pacyeTa Mo OOKOBOM MOBEPXHOCTH UIUHIpaA. B
Pa3BEpPHYTOM BUJIE OHA MPEJCTABISAET NPSIMOYTOJbHUK. Ero miomnanb paccuyuThIBacTCs 1O
pHUBEICHHOM BhIe popmye. [logcraBum B Hee Bce
G —2x3,14x2x4 =50 24cm>

namEple;  COK
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[TonnHas miomaaer Kpyra npeacTaBiseT co0ol CyMMy TBOMHOM TIJIOMIATH OCHOBAHUS U

S =2x12,56 450,24 =25,12+50,24 =75.36 cm -

ookoBoii; ¥

Takum oOpazom, UCTIOIB3Ys (GOPMYJIBI IJIOMIAAN OCHOBAHUN U OOKOBOM MOBEPXHOCTH (DUTYPHI,
MBI CMOTJIM HAWTH TOJHYIO TIOUIA/(b TOBEPXHOCTH IUIHMH/PA.

OceBoe ceueHHe IIITNHIPA MIPEICTABISET COO0M MPSIMOYTOJIBHUK, B KOTOPOM CTOPOHBI PaBHBI
BBICOTE U IUAMETPy LMIUHAPA.

dopmyIa IO 0OCEBOTO CEYCHUS IIMIMH/IPA BEIBOAUTCS U3 (POPMYIIBI pacueTa IyI01Ia /11
OPSAMOYTOJIbHUKA!

S=2hd

PaccMoTpuM npuMep pacyera Iioniaan 0CeBoro ce4eHus LIMHapa. i 3Toro Bo3bMeM
YCIIOBHSI U3 33J]a9H, YKa3aHHOW BhIIe. YTOOBI HAMTH BEIWMYMHY HaM MOTpedyeTcs auaMeTrp. Mol
3HAEM, YTO OH PaBEH JBOMHOMY pajuycy: d=2r
d=2x2=4(em)

.
S=2x4%x4=32em"

IToncraBuM naHHBIC:

. Kakas ¢urypa Ha3piBaeTCs IIMIIMHIPOM?

o [Touemy HUIUMHIP HA3BIBAIOT TEJIOM BpaILEHUA?

o HazoBuTte BUibI IUIUHIPOB?

o HazoBure 351eMeHTHI HUIMHAPA.

o Urto npeacTasiseT co0oil pa3BepTKa HUIUHIpPA?

o Kak nHaiitu rutomanbs 60KOBOW MOBEPXHOCTH MIITUHAPA?

o Kak HaiiTu momaab moJIHOW MOBEPXHOCTH LIWJIMHAPA?

o HazoBute ocHOBHbIE BU/IbI ceueHuid nunuuapa. Kakas purypa nomyyaercs: B KakJ10M
cinyyae?

o [IpuBeauTe MpUMEpHI UCIIOIB30BAHUS LIUJIMHIPOB.

Pemenue 3agau:
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3anmava 1. CKOJIBKO KBaIpaTHBIX METPOB JIMCTOBOM JKECTH TIOWJET Ha U3TOTOBJICHUE TPYOBI
TUTHHON 4 M 1 tuameTpoM 20 cM, €CJIM Ha BB HEO0X0AUMO 100aBUTh 2,5% TUIOIIAAH €€
OOKOBOI IOBEPXHOCTH?

Hano: L=4; d=20cm=0,2m. Hatitu: S.

. . Sg. =271th
Pemenune: Bocronbs3yemcst (opMysIo# mII0MaaM MOTHON MOBEPXHOCTH IIHITHH/IPA: .

Pagmnyc paBen momosune auametpa — 0,1M, a BpICOTa IWIMH/pPA paBHA JJIHHE HYKHOU TPYOBI —
4m.

Tax Ha MBI HY)KHO 100aBUTH 2,5% IIIomaan ee O0KOBOI MOBEPXHOCTH, HY>KHO HAWUTH:
(§+2,5%S). IlogcraBum BMecTo S hopMyity IIIomaan 60KOBOW NOBEPXHOCTH, U BEIYUCIUM:

T8
S+2.5%-S=8+ 2§ =
100
' J-r- Y
=5 1+— =
1000 )
=277L-1,025=

=2-314-0.1-4-1,025=

3amaya 2. HaiiTy nosHy0 MOBEPXHOCTH UIMH/PA, Y KOTOPOTro AuaMmeTp ocHoBaHus 20,6 cm
u Beicota 30,5 cMm.

3anaua 3. OceBbIM CEUCHHEM LIWINH/IPA SBISIETCS KBAaJpaT, CTOPOHA KOTOPOTO PaBHA / MM.
Boruncnute miomaas 60KOBOM MOBEPXHOCTU LUIUHIPA.

3anaya 4. OceBoe ceuyeHue WINHAPA — KBAApaT co CTOpOHOH 6 cMm. Haiitu BbICOTY 1 panuyc
OCHOBAHUS IIMIINH/IPA.

3agava 5. Paguyc ocHOBaHUS IIUIMHApPA paBeH 2M, BbicoTa 3M. HaliTh 1uaroHanb oceBoro
CEeYEeHHUsI.

3amaya 6. [lnMHa OKpYXXHOCTH OCHOBaHMA LMiauHApa paBHa 1. [lnomaar OGokoBoi
NOBEPXHOCTHU paBHa 2. HaliuTe BBICOTY HUIMHAPA.

JlomailiiHee 3agaHue;

1. JluaroHanb OCEBOTO CEUECHMS LUIMHApPA paBHA 48. YToa MeXAy TON AUAroHaibio U
o6pasytoueit paser 30°. Haiimre paanyc mumaampa.2

2. JlnvHA OKPYXXHOCTH OCHOBaHHS IMJIMHApa paBHa 1. [lnomiane OOKOBOW MOBEPXHOCTH
paBHa 2. HaiiguTe BBICOTY LIMJIMH/IPA.

3. [lmaronanp OCEBOTO CEYEHHUS IWIMHApPA HAKIOHEHA K IIOCKOCTH OCHOBAHHS O]
yraom 60° u paBHa 20 cm. Haiiaure miomianbs 60KOBOM MOBEPXHOCTH LIMIIUHAPA

Taﬁ.]'ll/lllbl AJIfl BBIYMCJICHUA JJIUHBI OKPY/KHOCTH 110 THAMETPY.

[Tpu pemeHny pa3IUYHBIX MPOU3BOACTBEHHBIX 3a/1a4 YaCTO MPUXOUTCS BEIYUCIISATH [UTHHY
okpyxHoctu. [IpencraBum cede pabodero, KOTOPHI N3TOTOBISET KPYTJIbIE JETAIH 10
yKa3aHHBIM eMy nuamerpaM. OH JOJDKEH BCSIKUE pa3, 3Has AUAMETpP, BBIYUCIUTH JJTHHY
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OKpPYXHOCTH. UTOOBI COKOHOMUTH BPEMS U 3aCTPaxoBaTh ce0sl OT OIIMOOK, OH oOpalaercs K
TOTOBBIM TaOJIUIAM, B KOTOPBIX YKa3aHbI JUAMETPHI U COOTBETCTBYIOIINE UM JITHHBI
OKPYKHOCTEH.

[TpuBeném HEOOMBIIYIO YACTh TAKUX TAONUIl W PACCKaKEM, KaK MU OJIH30BATHCS.

IO.Hua JHER Oawna |
b OXPYHHOCTH b OKPYHIKHOCTH Dok PYAHOCTH
I 3142 | 6 | 1885 1| 34558 |
2 6,283 7 21,991 12| 37699 |
3 9,425 8 25,133 13| 40,841 |
|4 12,566 9 98,274 14 | 43982 |
| 5 15,708 10 31,416 15 47,124
1 |

[TycTs U3BECTHO, YTO AUAMETP OKPYKHOCTH paBeH 5 M. Mmem B TabnuIle B BEPTUKATIBHOM
cronbie o OykBoi D uwmcio 5. D10 mymmHa quamerpa. Psgom ¢ 3TuM gucioMm (BIpaBo, B
cToore mox Ha3zBaHueM «/lnmHa okpyx)HOCTH») yBUAUM uncio 15,708 (m). CoBepieHHO Tak
xe HaiiéM, uto ecau D = 10 cM, To anmmHa okpyxHOCTH paBHa 31,416 cm.

[To 3TuM ke TabiraM MOKHO MPOU3BOJIUTH U 00paTHbIe BhIuKcieHus. Eciu u3BecTHa qiinHa
OKPYXHOCTH, TO MOYKHO HAalTH B TaOJIMIIE COOTBETCTBYIOIIUMN el nuametp. [lycts nynHa
OKPYXKHOCTH paBHa MpuOIM3uTeNbHO 34,56 cMm. Haliném B Tabnuiie uncio, Haubosiee 6im3Koe
Kk manHoMy. TakoBbm Oyzet 34,558 (pasnura 0,002). CoOTBETCTBYIOIIMIA TAKOH JITTHHE
OKPY>KHOCTH TMAMETP paBeH MpHOIM3UTENBbHO 11 cm.

TaOnu1iel, 0 KOTOPBIX 371€Ch CKAa3aHO, UMEIOTCS B PA3JIMYHBIX CIIpaBOYHHMKaX. B yacTHOCTH, X
MO>XHO HaTH B KHIKKE «HeThIpéXx3HauHble MaTeMaTHueckue Tabmuuesdy B. M. bpaauca. u B
3anaynnke no apudmeruke C. A. Tlonomapéra u H. . CeipHesa.

IpakTuyeckoe 3ansiTue Ne 68

Tema: [Tnomane 60KOBOI U MOJIHON MOBEPXHOCTH KOHYCA, YCEYCHHOTO KOHYCa, I1apa 1 cepsl
Henab: Hayunts pemats 3a7a41 Ha HAXOXKCHHE IO OOKOBOH M IOJIHOM MTOBEPXHOCTH

KOHYCa, YCEYEHHOT'O KOHYyCa
Teopernueckuii 610k

3a mionaar O0KOBOM MOBEPXHOCTH KOHYCA MPUHUMAETCS TUIOMIAAb PA3BEPTKU €r0 OOKOBOMA
MOBEPXHOCTH.
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[TosTomMy momiaaes 60KOBOM MOBEPXHOCTH MPSIMOTO KPYTrOBOT'O KOHYCA paBHA TIOIIAIH
COOTBETCTBYIOIIETO KPYTOBOTO CEKTOPA (PHUC. ) U BRIUUCIISIETCS 10 (hopmyre

S 6.x. TCRL:
rne R — paanyc ocHoBanms, a L — nymna oOpa3syromeit konyca. Ecin k momaau 60KoBOi

IOBCPXHOCTHU KOHYCa HpI/I6aBI/ITB miomanab €ro OCHOBAHH:A, TO IMOJYYHUM ILIOHIAAb ITOJIHOM
ITOBCPXHOCTU KOHYCa

Spom. =7RL + 7R?=7R (L + R).

AHAJOTUYHO 3 MI0M1a (b O0KOBOM MOBEPXHOCTH YCEYSHHOTO KOHYCA IPUHUMAETCS TUIOMIA b
COOTBETCTBYIOIIEH Pa3BEePTKH.

[ToaToMy B citydae mpsiMOro KpyroBoro KoHyca (puc. ) mioliajib 60KoBOi
MOBEPXHOCTH YCEUEHHOTO KOHYCa BBIYHUCIISIETCS 110 (hopMyJie

S6.y.1<.:7c(r1+ r)L

rae 1 r — paadycbl OCHOBaHUM, a L — jqymHa o0pasyrolel yCeueHHOTro KOHYca.
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Pemrenue 3anauq:

1. Panuyc xonyca paBeH 6, a oopa3yromias — 10. Haiitu miomnaas 60K0BOI TOBEPXHOCTH,
TIJI0IATh OCHOBAHUS U TUIONIAb MOJTHOM MOBEPXHOCTH KOHYCA.

2. Bricota koHyca paBHa 4, a obpasyromas — 5. Haiitu miomaas 60K0BOM MOBEPXHOCTH,
TJIONIA/Ib OCHOBAHUS U TUIOIIA Th TIOJTHOW MTOBEPXHOCTH KOHYCA.

3.CkonpKko moTpedyeTcst KpacKH, AJIsl TOr0 4TOOBI MOKPACUTh HOKapHOE Beapo, eciu Ha 100cm?
HeoOxoauMo 3aTpaTuTh 10r?

4.CxoNbKO KBaJIpaTHBIX METPOB Ope3eHTa MoTpedyeTcs A COOPYKEHUS MalaTKU KOHUYECKON
(hopMbI BBICOTON 4 METpa U AMAMETPOM OCHOBAaHUSA 6 METpPOB?

5. O6pa3yrorias KOHyca HaKJIOHEHA K TUIOCKOCTH OCHOBaHUs 1o yriioM 30°, a BeICOTa KOHYca
paBHa 12cm. HaiinuTe momaas O0KOBOW MOBEPXHOCTH KOHYCA U IUIOMIAIb IOJTHON
MIOBEPXHOCTH.

6. [lmomanb ocHOBaHUsI KOHYca paBHa 167, a moiaap oceBoro ceueHus pasHa 32. Haiinure
BBICOTY KOHYCA H IJIOMAAb OOKOBOW MOBEPXHOCTH.

7. Haiinure 1utomiaib 00KOBOI MTOBEPXHOCTH PABHOCTOPOHHETO KOHYCa (OCEBOE CEYCHHE —

PaBHOCTOPOHHUM TPEYToJbHUK), €CJIN PayC OCHOBAHUS paBeH SCM.

8. OceBoe ceueHne KOHyca paBHOOEAPEHHBIN TPEYTrOIbHUK IUIOIIA b KOTOPOro paBHa 60cM?,
BbICOTa KOHYca 12cm. Haiinure mioia s NoJHON NOBEPXHOCTH KOHYCA.

I[OMaIHHee 3aJaHHuC:

1. HaiiguTe muomnaas 60KOBOM MOBEPXHOCTH KOHYCa, €CIIM 00pa3yrolas paBHa ScM, a pajnyc
OCHOBAaHHUA 3CM.

2. Ob6pa3yromast KOHyca paBHa 7cM, a paauyc ocHoBaHus 3cM. Haiiaure ruomnanb moiHoM
MOBEPXHOCTH KOHYCA.

3. Bricora koHyca paBHa 12cm, oOpa3yromias 13cM. Haiiaure tuiomnaas moHOM MOBEPXHOCTH
KOHYyca

4.I1nomaae OCHOBaHUS KOHYca paBHa 25,7 cM?, a oOpasyromias paBHa 6¢cM. Haiiaure mmomanb
OOKOBOI TTOBEPXHOCTH KOHYCA.

5. Haiinure 1utomiaib IOJTHOM MOBEPXHOCTH KOHYCA, €clii 00pa3yrolias HaKJIOHEHA K TIIOCKOCTH
OCHOBaHMs 1ol yraom 60°, a BeIcOTa paBHA 6CM.
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IIpakTnyeckoe 3ansiTue Ne 69

Tema: O0beM npu3MBbI, TapaIeIenuIea
Heas: HayunTs pemats 3a1a4u Ha BBIYHCICHHE 00bEMa MPU3MBI, TapaieseIuea

Teopernueckuii 610K

IIpsiMoyroJibHBII NapaJuleenumnex - 3T0 o0beMHast Qurypa, y KOTOPOW WIeCTh TpaHeH, u
Ka)K/1asi U3 HUX SABJISIETCS] IPSMOYTOJIBHUKOM.

IIpsaMoyroyibHBIA napaJuiesienune] - MapajuleenuIes, BCe TPaHU KOTOPOTO SBISIOTCS
MPSIMOYTOJIbHAKAMH.

Oo0nem NPpAMOYIOJbHOI'0 Napa/uiejJenuieaa paBCH IMPOU3BCACHHUIO €TI0 JJIWHBI, IMHPUHBI U
BBICOTHI.

CI)opMy.ﬂa JJIsl BBIYMCJIEHUsI 00beMa NPAMOYT0JBbHOI'0O MapaJjjiejecnuieaa

V=a‘b-h

rme
rae V - 00beM IpsMOYTOJIbHOTO Mapajiesienuresa, a - JyinHa, b — mupuHa, h- BeicoTa.
OO0BEM ITPU3MBI paBeH MPOU3BEIACHHIO €€ BRICOTHI HA TIJIOIIAIb OCHOBAHUS:

V=S-h

Pemienue 3anau:
1.CymectByeT nu ipus3ma, umeromias 50 péoep? 54 pebpa?

Pemenue: Yncno pedep n — yroiapHOU npu3Mbl 3n, MOATOMY Npu3Mbl, uMmerotei S0 pedep, He
CyIllecTBYeET, a 54 pebpa umeer 18-yronpHas npusma.

2. CTOpOHBI OCHOBaHMS TMPSMOYTOJILHOTO Mapalijiesienureaa paBHbl 5 ¢cM U 12 cM , 1uaroHaib
napajuleJienunea COCTaBIsieT C IUIOCKOCThIO ocHoBaHus yron 60°. Hailigute 00BEM
napauiesienunesaa.

3. OcHOBaHHEM TIPSIMOW MPHU3MBI CIIYXKHUT TPEyroJbHUK co ctopoHamu 10, 10, 12. quaronann
MEHbIIeH OOKOBOM IpaHHM COCTaBIISET C IJIOCKOCThIO OcHOBaHMs yron 60°. Haiimure o0bEM
PU3MBIL.

4. O6beM NpsMOYTOIHLHOTO Mapajuienenumneaa pasex 2. Yemy Oynet paBeH 00beM
napayuieNIenuIe/1a, €CliM KaKa0e ero pedpo YBEIU4HTh B 3 pasa.

Pemenue. [Tycts pebpa nanHoro mapauienenumesa paBusl a, b u c. Torga umeem: V=abc=2.
[Tocne yBennyenust kaxxaoro pedpa B 3 pa3a ero o0béM OyieT paBeH

VV=3a*3b*3c =27 abc=27*2=54.
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OtsBerT: 54.

5. AkBapuym umeet (GopMy MpsSMOYToJbHOTO napaenenumneaa Bpicotoit 30 cm. Ecnu B Hero
HanuTh 30 J1. BOJBI, TO 10 BEPXHETO Kpast ocTaHeTcs 5 cM. CKOJBKO JIUTPOB BOJBI HY>KHO, YTOOBI
HaIOJIHUTh IMyCTOM aKBapuyM J10BEpXy?

Pewenue. Ilycts V u H coOoTBETCTBEHHO 00BEM M BBICOTA MapaJuIeNeUIe 1a.
V=SH . Ilo ycnouto V=30,H=25, Torma 25*S=30.
[Tocne 3anmonnenus mycroro akBapuyma gosepxy H=30. 3nauut, 30*S=V.

255 30
Haiinem otHomenue 30S = V| V=36 1.

OtBerT: 36.

6. Kyouk Becut 10 rp. CkoJibko rpaMMOB OyJIET BECUTh KyOUK, peOpo KOToporo B 3 pasa
0oJbIIIe, YeM pedpo epBoro Kyouka, eciiv 00a KyOruka U3rOTOBJICHBI U3 OJIMHAKOBOTO
MaTepuana.

Pewenue. Ilycts V- 00bEM nannoro napamenenumnesa. [locie ypenuueHus kaxmaoro peopa B 3
pasa, ero 00béM Oynet paBeH 27 V.

\'4 10

27V x , x=270 rp.
OtBerT: 270.
JlomalHee 3ajaHue:

1. O6BEM npsIMOYTOJIBLHOTO TIapajuienienunena pased 32. Yemy Oyzier paBeH 00bEM
napajuieNienumnesa, €cliv Kak10e ero peopo yMEHbIIUTh B 2 pasa.

2. B cocyn, nmeromuii (hopMy MpaBUIBLHON TPEYTOIBHON MPU3MBI, HATWIA BOAY. Y POBEHb BOJIBI
nocturaet 36 cm. Ha xakoii BeIcOTe OyZeT HaXOIUTHCSI YPOBEHb BOJIBI, €CIIU €€ MEPETUTh B
Apyroi cocyn ToM ke (GopMbl, Y KOTOPOTO CTOPOHA OCHOBaHUS B 3 pa3a OoJiblile, 4eM Y IEPBOTO.
OTBeT BbIpa3uTe B CAHTUMETpaX.

3. 3aKphITHINA COCY] B BUJIE MIPSMOYTOIBHOTO Mapajuienenurnena ¢ peopamu 30, 40 u 45 cMm.
CTOWT Ha TOPU3OHTAIILHON MOBEPXHOCTH TAKUM 00pa30M, YTO HAUMEHBIIIAs TPaHb SBIISETCS
nHoM. B cocyn Hanmumu Bogy 10 ypoBHs 36 cM. Ha kakoM ypoBHE OKaXeTcsl BOJIa, €CIIU COCY/]
MOCTaBUTh Ha HAUOOJBINTYIO TpaHb? OTBET aliTe B CAHTUMETPaXx.

IIpakTuyeckoe 3ansaTue Ne 70

Tema: O6beM UpaMuIbI
Hean: HayuuTs periats 3a1a4 Ha BBIYUCICHHE 00beMa ITHPAMHUIbI
Teopernueckuii 010k
OO6beM mupamMu/Ibl
OO0beM upaMuIbl paBEH OJTHOW TPETU MPOU3BEICHUS TUIOIIA I OCHOBAHUS HA BBICOTY:
rjae S — miomaab ocHoBaHus, H — BbICOTa TTMpaMU/IbI.
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dopmyna o0beMa yCeUSHHON TUpaMUIbl IPEACTABISIET COOOU OJHY TPETh IPOU3BEACHUS
BBICOTHI HA CYMMY ILIOMIaJEH BEPXHETO0 U HUKHETO OCHOBAHUSA C UX CPETHUM
MPONOPILIUOHATBHBIM:

|
V= h(51+ 5152+52)

r-h.l

Pemenne 3amay (1o roTOBBIM YepTEkKaM)

1. Jlano: ABCD - npaBunbsHas nupamuga. AB = 3; AD = 2V3 (puc. 3).
Haiitu: a) Socu.; 6) AO; B) DO; 1) V.

2. Jlano: ABCDF - npaBunsnas nupamuga. ZFCO = 45°; FO =2 (puc. 4).
Hatitu: a) Soch.; 0) V.

Perenne:

1) Paccmorpum AFOC: 20 = 90°, £C = 45°, 3nHauut, £F = 45°. CnenmoBarenpno, AFOC -
paBHoOenpennslii, OC =~ FO = 2.

4.d

2) AC = 20C

= AC = AD\2 (Mo CBOWMCTBY jauaroHanmud Ksajpata, d2= 2a2).
AC 4

AD = =22.
Torna 72! ﬁ
& . =
3) ABCD - kBaapat (mupaMuia mpaBHIbHAs ). Soen, =AD" = (2‘[2_) =8.
V-lsm”..h.v- "1"8'2=E:5’!‘
4) 3 3 3

(Oteer: a) 8; 6) 5-1/3.)
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3. Jlano: ABCDEKF - npasunbsHas nupamuga. FO L (ABC), FM L AK, FO = 4, FM = 5 (puc.
5).

Haiitu: a) SocH.; 0) V.

Pernenne:

1) Pacemorpum AFOM: £0 = 90° (tak kak FO L (ABC), 3nauur, FO L OM) FO= 4, FM =
5. OM= YMF* = FO" (1o teopeme Tudaropa), OM= ¥25-16 = V9=3.om=r (r - pamayc
V3

AK = 2r1g2=2.3tg = =6.~==2.3.
OKPYXHOCTH, BIMCAHHOM B MPaBUJIbHBIN IIECTUYTOJIBHUK). 6 6 3

2) Socu = 6Sason; S‘“-%AK-OMzé-zﬁ-Z%:}ﬁ. Socn. = 6-343=1843.
3) V= 133“,,.-1{; V= %-18«/374:2«/5.

(OtBet: a) 1813, 6) 2443.)

3amaua: JlaHa TpeyroibHas yceuenHas mupamuia. Ee Beicota h = 10 cM, CTOPOHBI OHOTO U3 OCHOBaHHI
paBubl a =27 cM, b =29 cm, ¢ = 52 cm. Ilepumerp BToporo ocHoBauus paBHsaeTcs P2=72 cm. Haiiaure 00beM
MUPaAMHU/IBL.

' L--------

Jst pacuera o0beMa HaMm noTpeOyeTcs MIoNa b OCHOBAaHUH. 3Has JUIMHBI CTOPOH OJJHOTO TPEYrOJIbHUKA, MBI
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MOKEM paccuuTath IJIOMAIb 10 Gpopmysie 'epoHa. {ns 51oro notpebyercst HAlTH TOIYTIEPUMETP:

P lzi? +29+52 =105cm

108
P J_:T :!]4['..(“

Teneps Hatigem S2:

S = M,-’Ep (p-a)(p-b)(p-¢)

; / 9
S =y 54(54-27 ) (54-29 ) (54-52 )=/ 54x 27 x25x2 =/ 72900=270cmn”

3Has1, 4TO MUpaMuJia yceueHHas, 1eIaeM BBIBOJI, YTO TPEYTOJIbHUKH, JIKAIME B OCHOBAHUSIX TOAOOHBI.
KoadpdummenT mogodust 3TUX TPEyroIbHUKOB MOXKHO HAUTH U3 COOTHOIICHUS epuMeTpoB. OTHOILICHHE
TUTOMIA/IeH TPEYrOIEHUKOB OyIET paBHO KBapaTy 3Toro kodddurmenTa:

2

St Py s o

° p? 1w
15

. 1

S o= 5

4270 5

,‘:G: :].i =120em

Tenepb, Koraa MbI HAIllJIM TJIOHIa v OCHOBAaHUM ycequHoi/'I mapaMuJibl, MOXKEM JICTKO paCcCUMTATh €€ 00BeM:
1 | P——— L, 1
V=5 x10x (z?u+ V270% 120 4120 ) -

Takum 00pa3oM, BHIYUCIUB KO QUIMEHT 0J00us U paccuuTaB IUIOLIAAb OCHOBAHUH, Mbl HAIIUIM 00bEM
33JJaHHOH yCEeUCHHON MUpaMHU/IbL.

Jlomaiinee 3aganue

1. ano: AlA2A3A4 -pomO, SAlA2A3A4 -mupamuma, AlA4 = a, «SBO
B, OB L A3A4, £A2A10 = a (puc. 6).

Havitu: V - ?
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Pemenne:

' = :0OB= inq = —asin2a,
1) PacemoTpum 80434, : OAy=acosa,  AOA;B: OB = acosasina = 5

2) ASOB: SO = -;-asin 2atgp.
3) Secw ™ 4344;0”4 =4-—12-a-08=2a-%asin2a = a’sin2d

4) Vg, =§S°c,,_ -8O, Vowp.= %-az sin 2a -%asin 2augP = %a’ sin? 2atgf

la3 sin? 2atgP.
(OtBer:

IIpakTuyeckoe 3anaTue Ne 71

Tema: O0beM IMHIpPA
Henab: Hayunts pemats 3a7a4n Ha BRIYUCIICHHE O0beMa UIMHIPA

Teopetnueckuii 6110k

L{MIHHIP 3TO TEOMETPUIECKOE TEI0, KOTOPOe CHOPMUPOBAHO BPAILICHUEM MTPSIMOYTOJIbHUKA Ha
OCH, COBIQJIAIOIICH C OJHUM U3 ero cTOPOH. CIIOBO «IIMJIMH/IPY» MPOUCXOAUT OT IPEUECKOTO
cioBa «kylindrosy.

Brruncnenue o6bemMa HIMIMHPA TPOU3BOIUTCS O Ciieayrouei hopmyie:

V =xnrh
V — 06beM nuIMHIpa
h — BbICOTA IMITMHApA

I'—pagnyC OCHOBAHHUA
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n—3.14

Kak paccunrars 00bem mumuHapa? DTUMH 3HAaHUSIMHA HanOoJIee aKTUBHO MOJIB3YIOTCS B CBOCH
paboTe KOHCTPYKTOPHI PA3IUYHBIX MAIIMH U MEXaHU3MOB, TOTPEOUTENBCKUX TOBAPOB, a TAKKE
apxuTeKTOphl. H)XeHepaM MPUXOAUTCS MPOU3BOANUTE paciyeT o0beMa IIMINH/IPA B TEX CIydasx,
KOTI'/Ia OHM 3aHMMAIOTCSl IPOCKTUPOBAHUEM 3a/1aHui, CHAOKEHHbIX KoJoHHaMu. [IpaBna, B
HoCJIeIHEEe BPEMsI 3TH apXUTEKTYPHBIE 3JIEMEHTHI B UX, TaK CKa3aTh, «KJIACCHUECKOM) BapHaHTE
(To ecTh BMecTe ¢ 0a30ii U KanuTelIeM) BCTPEUAOTCS JOCTATOYHO PEAKO, HO UX «YIIPOLIEHHBIE»
Pa3HOBHUIHOCTH, COCTOAIINE U3 OJJHOTO CTBOJIA (KOTOPBINA, COOCTBEHHO TOBOPS, U IPEACTABIISICT
co00i1 IMIMH/IP) UCTIONIB3YIOTCSA BeCbMa MIMPOKO. Hepenko ¢ KoJIOHHAMH MPUXOAUTCS UMETh
JIeJI0 pecTaBpaTopaM pasIMuHbIX COOPYKEHUH, UMEIOMINUX OOJIBIIYI0 HCTOPUYECKYIO U
KyJbTYPHYIO LIEHHOCTb, IIPaB/ia, B X pabOTe BHIYHUCIECHHE 00beMa IWIMHPA — AAJIEKO HE caMast
pacnpocTpaHeHHas npolenypa. Bnpouewm, eciiu peds UAET 0 IOJTHOM BOCCTAHOBIIEHUH
YTPAYEHHBIX 110 TEM WJIM UHBIM IPUYUHAM KOJIOHH, TO €€ TaK)Ke MPUXOAUTCS IPOU3BOIAUTD.

PacueT oObema numMHpa OCYIECTBISETCS TOT/1a, KOoraa BeAETes pa3paboTka pa3zHOOOpa3HbIX
€MKOCTEH COOTBETCTBYIOIIEH (hOpMBI. B KauecTBe HarfsAHOTO MPUMEPa TAKOBBIX MOKHO
MIPUBECTH, CKaXKEM, MEIUIIMHCKHE HINPHIIBI, a TAK)Ke KOJIObI TepMocoB. ClenyeT 3aMeTHTb, 4TO B

IIEPBOM clly4yae TaKoM mapameTp, Kak 00beM, UMEeT 04€Hb Ba)KHOE 3HaYEHHUE, TIOCKOJIbKY OT
HETo 3aBHCHUT TOYHOE KOJIMYECTBO MEIUKAMEHTOB, BBOAUMOTO MAI[UEHTY [TPU UHBEKILIUAX.

B texHuKe 1MIMH/IPBEI pacpOCTPAHEHbI UPE3BhIYANHO IIUPOKO: JOCTATOYHO CKA3aTh, YTO UX
(hopMy UMEIOT MPAKTUYECKU BCE BAJIBI M MX OT/AEIbHBIE COCTABHBIC YACTH, UCTIOIb3yEeMbIE,
CKa)KeM, B IBUTATENSIX BHYTpeHHero cropanus. K Tomy ke, pacuet o0bema nuanHapa — oJHa U3
BaKHEHUIIMX 33/1a4, KOTOPYIO MPUXOJAUTCS peliaTh KOHCTPYKTOPAMH IIPU TPOCKTUPOBAHUH
COBPEMEHHBIX OCH3MHOBBIX U JU3EJIBHBIX CHIIOBBIX arperaToB, Beb OT 3TOTO MapaMeTpa
3aBUCUT MHOECTBO UX XapaKTEPUCTHK, U B MIEPBYIO OUEPEb TaKask BaKHEUIIAs, KAK MOITHOCTb.
[Toutn Bce Tunel /IBC cHAaOGXarOTCS MOPIIHAMH, KOTOPBIE TAK)KE UMEIOT ITMJIHHIPUYIECKYIO

bopmy.

UpesBblyailHO pacpOCTPaHEHHBIMU JI€TAISIMU, KOTOPBIE IPUCYTCTBYIOT B KOHCTPYKIIMM MHOTHX
CJIOKHBIX TEXHUYECKUX YCTPOUCTB, SIBJISIOTCS POJIMKOBBIE MOAIIMITHUKA. Kak HETpYyAHO
J0TaJaThCs 110 CAMOMY HMX Ha3BaHUIO, OJIHUMH U3 OCHOBHBIX UX KOMIIOHEHTOB SIBJISIFOTCS
MIPOYHBIE U M3HOCOCTOWKHE METAJUTMYECKHUE POJIMKY, MMEIOIIHE IMINHAPHIECKYIO PopMy.
Hwmenno Onaronaps Takol T€OMETPHUH, 3TH JI€TAIN UMEIOT JOCTATOYHO OOJIBIIYIO HECYIIYIO
CIIOCOOHOCTH U B OOJIBIIIMHCTBE CITy4aeB CIIOCOOHBI BBIICP)KMBATH BECbMa 3HAYNTEIIbHBIC
Harpy3ku, 4eM MX IIapUKOBBIE AHAJIOTH. POJIMKOBBIE OIIUITHUKY SIBJISIOTCS] BBICOKOTOYHBIMU
JeTaIsIMH, ¥ IO3TOMY TIPH UX pa3paboTKe U MPOSKTUPOBAHUM MPABUIBHBIN pacueT oObema
1IMH/Ipa (B JaHHOM CITy4dae — pOJIMKa) UIPaeT HEMAIIOBAKHYIO POJIb.

Pemrenue 3anauq:

1.Haiinute 00beM IWIMHIIPA C BRICOTOM, paBHOW 3CM U JMAMETPOM OCHOBAHHUS — OCM.
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2.ITnomanpr 0ceBOTO ceueHUs MITMHAPA paBHA 21CM3, IUIOIAAbL OCHOBAHUS - 181 cm? Hatigure
00BEM IMIIMH/IPA.

3.CBuHIiioBas Tpy6a (1moTHocTh cBuHIA 11,4 F/CM3) C TOJILIIMHOMW CTEHOK 4 MM UMEET
BHyTpeHHU# nuametp 13 mm. KakoBa macca TpyOsl, eciu ee ajiuHa paBHa 25 m?

-
\
1
B
1
|
1
i
[
Loy
L)

—_——————

P=11,4r/em®

R =6,5mMM + 4mMm = 10,5mMM = 1,05¢cM (HapyKHBIiT)

R, = 6,5Mmm = 0,65¢cMm

V=Vi-V,=1 - (1,05%2500 - T - 0,65 2500 =1700T = 5338 (cm)
M=p-V=114-5338 = 6lxr.

4. Kakoe koimuecTBO He(pTH (B TOHHAX) BMEIIACT MMIMHAPUIECKas IIUCTEpHA AuaMeTpa 18 M u
9 3
BBICOTOM 7 M, €CJIM IJIOTHOCTh HepTH paBHa 0,85 r/cm™?

H=7m; d = 1M; Puegm = 0,85 /e’
m =?

V,=TR*H = 1927 = 5671 (M%)
m=V-P= 151371

Jlomalnee 3agaHue;

1. JluaroHanb OCEBOTO CEUCHUS IIMIIMHPA COCTABIISIET C IMJIOCKOCTHI0 OCHOBAHUS ITUIHHIPA

0 o 3
yron 60°. Haiiiure o0beM HUITHMHPA , €CITH IO b OCEBOTO CCUCHHS paBHa 16 \E cm”.

2. Ha cknan B MacTepcKoi 1o MOIIMBY OJEXK/IbI MOCTYIWJ PYJIOH IparnoBoil TkaHu B popme
nuuHapa. [Ipu TpaHCIOPTHPOBKE OBLT YTEPSIH TOBAPHBIN SPIBIK C YKa3aHUEM JIJTMHBI TKAHU B
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pyione. HeoOxoaumo onpeaenuTs AMuHY TKaHH B pynoHe. [IponsBenn HeoOxomumbie
M3MEpEHUs, ONIPENIEINIIN BBICOTY U AuaMeTp pysioHa: 90cm u 30cwm, TonmuHa TkaHu 0,2cM.

IIpakTuyeckoe 3ansaTue Ne 72

Tema: O6beM konyca. O6beM miapa. Pemenue 3a1au
Hean: HayunTs pemarts 3a1a4 Ha BBIYUCICHHE 00beMa KOHyCa

TeopeTndaeckwii 010K
O0Bem KoHyca BBIYUCIISETCS 10 (hopmyiie

V = _lyrlf‘-’//

rae R — paauyc ocHoBanus konyca, H -- ero Beicora

[ap 31O TeOMeTpHYECKOE TENO, 00pa30BaHHOE B pE3yNbTaTe BPALICHHUS MOIYKpPyTa Ha OCH
CBOETO AMaMeTpa.

O6beMm mapa MOXHO BBIYMCIHUTH 1O Gopmyie:

_4 3
V—37Z'R

R — paguyc mapa

V — 06bem mapa
n—3.14
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Pemrenue 3amauq:

1. ABuannonHast 6om0a cpeHero kaaudpa 1aeT npu B3phIBE BOPOHKY
nuameTpom 6 M 1 nryonHo# 2 M. Kakoe koJim4ecTBo 3eMitH (110 Macce) BRIOpachiBaeT 3Ta
6omba, eciu | M° semutn umeet macey 1650 kr?

Pemenne:
Ve Laptg = Lr.gtio= A SE s
3 3
- or ) N
P = 1650+6+83,14 =
= 31 086 gr= 31 1. B
Omeem: P =31 1. Pur. 3

2. Cmouy JUtsi MPOMBIIUICHHBIX HYXK COOMPAIOT, ITOIBEIINBAsi KOHUYECKUE BOPOHKHU K
cocHaM. CKOJIbKO BOPOHOK AuameTpoMm 10cM ¢ oOpasyromieit 13 cm HykHO coOparts,
YTOOBI 3aMOJTHUTH IECSITUIUTPOBOE BEAPO?

R=AC/2, R=5cm, H=V132-52=12(cm), V=1/3%3,14*5%%12 ~314(cm®) ~0,3 141p°
n=10/0,314 =31,8. Omeem: 32 6opoHKuU.

3. Cror cena umeet popMy IWIMHAPA C KOHUYECKUM BepXxoM. Paamyc ero ocHoBaHus 2,5 M,
BbICOTA 4 M, IPUYEM LUIMHAPUYECKAs YACTh CTOra UMEET BbICOTY 2,2 M. [InoTHOCTH ceHa
0,03 r/em’, Omnpenenuts Maccy CTora ceHa.
Pemrenne:

R =2,5M
0100; = 4m

0,0, =2.2m

p= O,O3F/CM3

m=p-V; V,=®-2,5-2.2 = 13,75 m°= 13750000cm>
V,=1/3m - 2,5 1,8 =3,75m° = 3750000 7 cm®

M = 0,03 - 17500000T = 0,525 T 1t = 1,6 T
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4. CTakaH4uK JUIsl MOPOXKEHOTO0 KOHUYECKOU (hOopMbI MMeeT Ii1yOouny 12 cMm u AuaMeTp BepxHei
yactu 5 cM. Ha Hero cBepXy nosoKuin B€ JIOKKU MOPOKEHOT0 B BUJIE MOJIyIIAPUI JUAMETPOM
5 cm. [lepenoyHUT T MOPOKEHOE CTaKaHYMK, €CJIM OHO PacTaeT?

OA =12 cm
BC=d=5cm
[TepenomHuT TM MOPOXKEHOE CTAKAHYHUK?
5

V.= 43R (523 =125% /6 = 20 6 %

25712
Vi= U3 TRIH =13 A (5/2%12= 12 =257
OTBeT: HET.
3amaua:

Haiitu o6bem mapa paguycom 10 canTUMETpOB.
Pewienue:

Jlnst Toro 4T0O0BI BEIYUCIUTH 00BEM mapa GopMysia UCIOIB3YETCS CIACAYIOIIas:
4

V= xR
3

rae V — uckoMmbli o6bem mapa, © — 3,14, R — paguyc.
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Taxum o6paszom, ipu paauyce 10 caHTUMETPOB 00BEM MIapa paBeH:

V= g 3,14 x 10° = 4082 KyOHUIECKHX CAHTHMETPOB.

Pemenue 3agayu:
1. Bo cKoOJbKO pa3 yBeIMUUTCS 00BEM IIapa, €CIIU €ro PaauyC YBEIUYUTh B IIECTh pa3?

OO6beM mapa HaxoAUTCA 10 PopmyJIe:

V - R?

[Tpu yBenmaeHun paanyca B IMECTh pa3 ero 00bEM OyeT:
4 4
V= Em_ﬁﬂjﬁ =216 rgmﬁ

Takum oOpa3om, 00beM 11apa yBeaIuauTcs B 216 pas.
Otgert: 216

2. O6wvem omHoro mapa B 216 pa3 Goabime 00bemMa BTOporo. Bo cKobKO pa3s ILIOIMIaib
MIOBEPXHOCTH IIEPBOTO IIapa OOJIbIIIE TUIOMIA/IH TOBEPXHOCTH BTOPOT0?

N

dopmyna o0bEMa mapa:
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il
V =—nR?

3
®0pMyJIa IJI0IMAAN MOBEPXHOCTHU 1Iapa:
S =4nR*
HYCTB 00BEMEI mapoB COOTBECTCTBCHHO PABHBI:
4 3 4 3
3 3

U3 ycnosus caenyer, 4ro:
* R = 216 7R,
=TR," = + —TIR,
370 377

R,*=1216-R,®

R

—3 =216

R—1= 2216
R
—=6

To ecThb, MBI YCTaHOBHIIH, YTO PaJHyC MEPBOTo OObIIE pagmyca Broporo B 6 pas. Eciu paanyc
1apa yMEHbIIUTh B 6 pa3, TO IUIOIIA b TOBEPXHOCTH IIapa U3MEHUTCS CIIEIYIOIUM 00pa3oM:

4 (-R-Z 4mR*
- .6) ~ 36

To ectb oHa ymensmuTcs B 36 pas.

JlomamrHee 3a1aHue:

1. Haﬁ)lHTe 00BeM KOHYCa , OCECBOC CCUCHHUEC KOTOPOI'0 NpCACTABIIACT coboit

paBHOOEIPEHHBIN TPSIMOYTOJIBHBIN TPEYTOJIBHUK C TUIIOTEHY30H , paBHOM 6 *-E CM.

2.HaﬁHHT€ 00beM KOHYCa , IOJIYYCHHOT'O B PC3YJILTATC BPAIICHUSA BOKPYT OOJIBIIIEr0 KaTeTa

MPSIMOYTOJIBHOT'O TPEYTOJIbHUKA C TUIIOTEHY301 , paBHOH 2 \'% CM, U YIJIOM 30°,
Tecm no meme: «Tena epawienusn»

1. Tlpm BpamieHUu NPsSMOYTOJILHUKA BOKPYT €r0 CTOPOHBI, MTOJTy4aeM:
a)KOHYC; ©0) yCeUeHHBI KOHYC;, B) ap; T) IAIHHID.

2. Tlpu BpameHn# IpSIMOYTOJIBHOTO TPEYTOJIBHUKA BOKPYT €T0 KaTeTa, MOJydaeM:
a)yCeueHHbBIN KOHyC; O) WIMHAP; B) mIap; T') KOHYC.

3. [Tlpwu BpameHn# NpSIMOYTOJIBHOM Tpareuy BOKPYT e OOKOBOM CTOPOHBI, OTyYacM:
a) mwMHAp;  0) yceueHHBIN KOHYC; B) KOHYC; T) Iap.

4. Tlpwu BpalieHUH MOTYKpyTa BOKPYT €T0 JHAMETPa, MOTydaeM:
a)yCE€UYCHHBIN KOHYC; O) HWIMHIp, B)map; TI) KOHYC.
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5. OceBBIM ceUCHHUEM HUIMHApPA ABJISACTCA:

a)Kpyr; ©) paBHOOEAPEHHBIN TPEYTOJbHUK; B)TpaIelus; I)IpsIMOYTOJIbHUK.
6. OceBbIM CEUEHHEM KOHYCA SBIISETCS:

a) paBHOOGPEHHBIN TPEYTOJIbHUK;  0) MPSIMOYTOJIBHHUK;

B)Tpanenus; T)KpYT.
7. OCeBBIM CEYCHHEM YCEUYEHHOTO KOHYCA SIBJISCTCS:

a) Tparmenus; 0) IpsIMOYTOJIbHUK; B) KPYT;
T') paBHOOGIPEHHBIN TPEYTOIBHUK.
8. Ceuenue mapa IIOCKOCTbIO €CTh:
a) paBHOOEIPEHHBIN TPEYTONbHUK;  0) IPSIMOYTOJIBHUK;
B)Tparienus; T)KPYT.

9. Harncath popmyiry Ui BEIYUCIIEHUS] 00bEMA HMITMHPA.
10.Hamucats popmyny it BeraucieHust 00bEmMa KOHyca.
11.Hanucars hopmyity asist BEIUKMCICHUS 00bEMa YyCEUEHHOTO KOHYCA.
12. Hantucatpb opmyity Aisl BBIYMCICHUS TUIOIAAN KpyTa.
13.Hanmcats popMymy 11t BBIMUCICHHS JUTMHBI OKPY>KHOCTH.

B3aHMOHpOBepKa MATEMATHYCCKOI'o JUKTAHTA.

JonosiaurtesnbHast uHGOpMALUSA 0 KOHYCe U IIape

1. B reonoruu cymecTByeT MOHITHE KKOHYC 8blHOCA». ITO (hopMma penbeda,
o0Opa3oBaHHas CKOIIJIEHHEM 00JIOMOYHBIX MOPOJ] (FaJIbKH, IPaBHsl, I1ECKa), BBIHECEHHBIMU
TOPHBIMH PEKaMH{ Ha MPEIrOpHYI0 PaBHUHY WU B 00Jiee IUIOCKYIO MIHPOKYIO JOIHHY.

2. B Ouonioruu ecTh MOHATHE «KOHYC Hapacmauusy. ITo BepxylIika nodera u

KOPHSI paCTCHHM, COCTOSIIIAsI U3 KJIIETOK 00pa30BaTeIbHON TKAHU.

3. «Konycamuy» Ha3bIBAETCS CEMENCTBO MOPCKHUX MOJUTIOCKOB MOAKIIacca
nepenHexadepHbix. PakoBrHa koHnveckas (2—16 cm), sipko okpaimeHHas. KoHycoB cBbllIe
500 BumoB. )KUBYT B TPOTIMKAX U CyOTPOMUKAX, SABISIOTCS XUIIHUKAMH, UMEIOT SAOBUTYIO
xKene3y. YKyC KOHYCOB O4€Hb 0osie3HeH. MI3BeCTHBI cMepTebHbIE Cily4au. PakoBUHBI
UCTIONB3YIOTCS KaK YKpaIlleHus, CYBEHUPBHI.

[To craTtucTuke Ha 3emiie €KerolHO THOHET OT Pa3psiIOB MOJTHUI 6 YEIOBEK Ha

1000 000 >xuTeneii (darie B FXKHBIX CTPaHax). DTOTO ObI HE CIy4YalloCh, €CTU ObI Be3/Ie
OBLIM TPOMOOTBO/IBI, TaK KaK oOpa3yercs KoHyc 6e3onacHOCTH (puc. 6). UeM Bblie
TPOMOOTBO/I, TEM OOJIbIIIE 00BbEM TaKOTO KOHyca. HeKoTOphIe JIT01U MBITAIOTCS
COPSTATHCS OT Pa3psiioB MO/ AEPEBOM, HO JIEPEBO HE MIPOBOJIHUK, HA HEM 3apsi/Ibl
HAKaIUIMBAIOTCS U JIEPEBO MOXKET OBITh HICTOYHHUKOM HarmpsHKEHUSI.
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Purc. & Pue. 7

B reomerpuu map onpenenseTcs Kak HEKOe TeJlo, MpeacTaBidroliee coooi
COBOKYITHOCTh BCEX TOYEK NPOCTPAHCTBA, KOTOPBIE PACIOIAralOTCs OT LIEHTpA Ha
paccTossHUU, HE O0Jee 3aJaHHOI'0, Ha3bIBAEMOTO paguycom mapa. [loBepxHOCTh
mapa uMeHnyercs cpepoii, a cam OH oOpa3yeTrcs MyTeM BpauleHus MOJyKpyra oKojao
€ro AuamMeTpa, OCTAIIIETrocss HEMOABUKHBIM.

C 5TUM reoMeTpUYECKUM TEJIOM OYEHb YACTO CTAJKUBAIOTCSA UHKEHEPHI -
KOHCTPYKTOPBI U apXUTEKTOPbI, KOTOPBHIM YAaCTO MPUXOAUTCS BBIYUCIITH 00bEM
mapa. CkaxxeM, B KOHCTPYKIIUH MEPEeIHEH MOABECKH MOIABISIONIET0 OOIBIINHCTBA
COBPEMEHHBIX aBTOMOOMIIEH UCIOJB3YIOTCS TaK Ha3blBaeMble IIapOBbIE OMOPHI, B
KOTOPBIX, KaK HETPYJAHO N0TagaThCs U3 CaMOT0 Ha3BaHUs, OJHUMH U3 OCHOBHBIX
3JIEMEHTOB ABIAIOTCA UMEHHO mapbl. C UX MOMOLIbIO MIPOUCXOAUT COCAUHEHHE
CTYNHI YOpaBisgeMblX KoJjiec U pplyaroB. OT TOro, HaCKOJIbKO MPaBUIbHO

OyneT BBIUMCIEH UX 00bEeM, BO MHOTOM 3aBHUCHUT HE TOJBKO JOJITOBEYHOCTh ITHUX
y3JI0B U MPAaBUJIBHOCTh UX PaOOTHI, HO U 0€30MaCHOCTh JBUKECHUS.

B TexHuke mmupouaiimee pacnpoCTpaHEHHE MOJTYUYHUIHN TaKue JAeTalu, Kak
IIAPUKOBBIE MOAIIUITHUKHN, C MOMOIIBI0O KOTOPBIX NPOUCXOIUT KPEIJIEHUE OCEN B
HETMOJABMKHBIX YaCTAX PA3IMUYHBIX Y3JIOB U arperaTtoB U obecrneynBaeTcs ux
BpameHue. Crenyer 3aMeTUTh, YTO IIPH UXpacyeTe KOHCTPYKTOpaM TpebyeTcs HallTu
o0bem mapa (a TouHee — mI1apoB, MOMEIMAEMbIX B 0001MY) ¢ BBICOKOM CTENEHBIO
TOYHOCTHU. YTO KacaeTcs U3rOTOBJIECHUS METAIINYECKUX MIAPUKOB IS
MOAIINIHUKOB, TO OHH MPOU3BOIATCSA U3 METAIIUYECKON NPOBOJOKHU IIPU TOMOIIHA
CJIOKHOTO TEXHOJIOTHYECKOTO Mpoliecca, BKIUYaomero B ce0s craquu GpopMOBKH,
3aKaNKku, rpy0oi mianpoBKH, YUCTOBOW MPUTUPKH U OUYHCTKU. KcTaTu roBops, Te
IIapUKH, KOTOPbIE BXOJAT B KOHCTPYKIMIO BCEX MAPUKOBBIX pYy4YeK,
U3TOTaBJIMBAIOTCA IO TOYHO TAKOW K€ TEXHOJOTHHU.

JIOCTaTOYHO YacTO MIaphl HCMOJAb3YIOTCSA U B apXUTEKType, MPUYEM TaM OHH yalie
BCETO SIBJIIAIOTCS JEKOPATHBHBIMHU dJIeMEHTAMH 3JaHUM U IPYTUX COOpyxeHuit. B
OOJIBIIMHCTBE CJIydaeB OHU M3TOTABIMBAIOTCS M3 IPAHUTA, YTO 3a4aCTyI0 TpeOyer
0oJbIIKX 3aTpaT py4yHOro Tpyaa. KonedHo, co0t01aTh CTOJNb BHICOKYIO TOYHOCTH
W3TOTOBJEHHUS dTUX IIAPOB, KaK T€X, KOTOPBIC MPUMEHSIOTCS B Pa3IMYHBIX arperarax
U MEXaHU3Max, He TpeOyercs.

be3 mapoB HeMbICIMMa TaKas UHTEpECHasl U NONyJisipHas Urpa, kak ounbapa. Jus
UX NPOMU3BOJCTBA UCIOJNB3YIOTCS pa3jindyHble MaTepHalbl (KOCTh, KAMEHb, METaNI,
IJIACTMACCHI) U UCIOJIB3YIOTCS pa3iIudyHble TEXHOJOTUUEcKue npoueccbl. OQHUM U3
OCHOBHBIX TpeOOBaHU, NpeabIABIAIEMBIX K OUJIBSIPAHBIM HIapaM, sIBISETCA UX
BBICOKAsi IPOYHOCTh M CIIOCOOHOCTbH BHIIEPKUBATH BHICOKME MEXAHUUYECKUE HATPY3KHU
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(mpexne Bcero, ynapueie). KpoMe Toro, uX MoBEpXHOCTh JOJIKHA MPEACTABIATH
co0o0it TouHyw chepy A TOTO, 4TOOBl 0O0ecnedynBanoCh MJIABHOE U POBHOE KaYyeHHUE
IO MOBCPXHOCTHU 6HHbﬂp}1Hle CTOJIOB.

Hakowner, 6€3 TaKuX reOMEeTPUIECKUX TeJ, KaK Iapbl, He 00XOIUTCS HU OJHA
HOBOTOJHSS UJIH POXAECCTBEHCKAs €JKa. M3roTaBIUBAKOTCSA 3THU YKpPAIICHUS B
OONBIIMHCTBE CIIy4aeB U3 CTEKJa METOJOM BBIJYBAHUS, U NIPU UX MPOU3BOJICTBE
HauOoJblliee BHUMAHUE YAENSIeTCS HE TOUYHOCTH Pa3MEpPOB, a 3CTETUUHOCTH
u3ieanii. TEeXHOJTOTUYECKUN MPOLECC IPHU 3TOM MPAKTUYECKHU MOJTHOCTHIO
ABTOMATU3UPOBAH U BPYUYHYIO €JOYHBIE IIaPhl TOJIbKO YIaKOBBIBAIOTCA.

IIpakTnyeckoe 3ansaTue Ne 73

Tema: KonTtponsHas pabota
Hean: [IpoKOHTPOIIMPOBATh YPOBEHD YCBOCHUS JAHHOH TEMBI.

1 BapuanT

1. Pa3BepTka OOKOBOW MOBEPXHOCTH IMHJIMHIpA SBJISCTCS KBAApaTOM, IHAroHalb KOTOPOTO
pasHa 10 cm. HaiinuTe miomniaas O0KOBOI MOBEPXHOCTH MMIIMHAPA U 00BEM
2. [InockocTh, mapaienbHas OCH HWIMHIPA, OTCEKAET OT OKPYKHOCTH OCHOBaHUA Ayry B 120°.

Bricota nunuHapa paBHa 5 cM, paauyc UUIUHApA 2 \/é cM. Halimure miomanb ceueHus U
o0beM
3. OceBoe cedeHWe IMWIMHIpA — KBaJpar, IUIONIA/lb OCHOBAHUS LWJIMHApPA paBHA 16 77 oM.
Haiinure mioiaas MTOBEPXHOCTH [WIMHIPA, O0BEM
4. BricoTa KOHYyca paBHa 6 CM, yTroJ IPU BEPITUHE 0CEBOTO ceueHus paBeH 120°. Haiinure:

a) TUIOIIA/Ib CEYCHUsI KOHYCa IIIOCKOCTRIO, MTPOXOSAIIEH Yepe3 iBe 00pa3yroliue, yrojl Mex1y
KotopbiMu 30°;

0) momaab 6OKOBOM MOBEPXHOCTH KOHYCA.

B) 00BEM
5. JlmameTp mapa paBeH 2m. Uepes KOHEI [uaMeTpa MpoBeACHa IMIOCKOCTh Moa yrioMm 45° k
Hemy. Haliure anmuHy TMHIH niepecedeHus chepsl ITOH MIOCKOCTHIO.

2 BapuaHT

1. Pa3BepTka OOKOBOW IOBEPXHOCTH LMJIUHApA SBISETCS NPSIMOYTOJBHUKOM, JIHArOHaIh
KOTOporo paBHa 8 cM, a yroia Mexpay auaroHamsmu 30°. Haiinure mmomanas OOKoBOM
MOBEPXHOCTHU IIWIUHIPA, 00BEM

2. CeueHne NWIMHIPA TUIOCKOCTHIO, TAPAJUIEIIBEHON €0 OCH, ecTh kBaapar. Cekyias miocKOCTh
OTCEKaeT OT OKPY>KHOCTU OCHOBaHUS Ayry B 90°. Pagumyc ocHOBaHMS LMIMHApA paBeH 4 cM.
Harigure momans ceuenus, o0bem

3. OceBoe cedeHWe IWIMHAPA — KBAJpaT, JWAroHaidb KoToporo 4 cm. Haiimurte muromans
MOBEPXHOCTHU IIWIUHIPA, 00BEM

4. Pannyc ocHOBaHMsI KOHycCa paBeH 6 cM, a 0Opasyromasi HaKJIOHEHA K TJIOCKOCTH OCHOBaHUS
nox yriom 30°. Haiinure:
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a) IUIOMIA/h CEYCHUS KOHYCa IIOCKOCTHIO, MPOXOISIIEH uepe3 Be 00pa3yromue, yrojl MexIy
KoTOpbIMH 60°;

0) TuToIa b OOKOBOI MTOBEPXHOCTH KOHYCA.

B) 00BbEM
5. Jlmametp mapa paBeH 4m. YUepe3 koHell auaMeTpa MPOBEACHA IUIOCKOCTh Moj yriaoM 30° k
HeMy. Haiinure miomanp ceyeHus mapa 3Toi MIOCKOCTHIO.

IIpakTu4yeckoe 3ansaTue Ne 74
Tema: [lelicTBus ¢ BEKTOpaMH, 3aJJaHHBIMUA KOOPAUHATAMHU
Heab: OG00UMTH U CUCTEMATU3UPOBATH MaTEpHAI MO TAHHOW TeMe

Teopetnueckuii 610K

q)OpMy.]'ILI ACJICHUS OTPE3Ka B JAHHOM OTHOIIICHHHU Ha IIJIOCKOCTHU

Ecnm n3BeCcTHRI 1BE TOYKH IIJIOCKOCTH Alx g P o)y Bxp: P p) , TO KOOPAWHATHI TOUKH M (Xpgi 7 pa) ,

A
gz
xoTopas Aenut otpe3ok AL B ormomennn  EM | pripaxarorca Gopmynamu:
X Xyt Ay ¥t Ay
MU e M e
[Tpumep 1

Haitt koopauHaThl TOUKH M , IeIIAIIEeN OTPE30K AE g oraomenun 3, €CJIU U3BECTHHI

rouxn 2453 B3 -1

A1

Pemenne: B nanHoii 3a1aue Ev 3 Tlo popmynam nenenus oTpeska B JaHHOM

OTHOLLIEHUH, HAAEM TOUKY M (X7 24) :

1
. =xﬂ+,&.x3=5+§'{_3)=5—1=4E=3
M1+ A i+ L 4 4
3 3
1 1 &
34 (-1} 3-- 2
. =}’A+E'J}3= +3( :I= 3_l=§3=2
M 14 1 L 4 % 34
3 3 3
OrtBer: M3, 2)

B 3a1a4€ HC Tpe6y€TC}I CTPOUTH YCPTCIKA, HO €TI0 BCCrAa IMOJIC3HO BBIIIOJIHUTH HAa YCPHOBUKCE!
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A1

JleiicTBUTENBHO, cooTHOMIEHNe £ 3 prmonmsercs, To ecth oTpe3ok A B Tpu pasa kopoue

OTpe3Ka BEM  Ecnm MPOTOPIUSL HE OUYEBHJIHA, TO OTPE3KHU BCEr1a MOXKHO U3MEPUTH OOBIYHOM
JIAHENKOM.

[Ipumep 2
JlaHbI TOUKH K21 L0576 Yagiry:

a) Touky M | nemsmryro orpesok £L B oTHOWeHHMH 217
6) Touky # , nensutyro orpesok AL B orHomenun 43,

[Ipumep 3

Touka £ mpunamexut orpesky L7 . Mssectno, uto otpesok L% B nBa pasa mmuHHEE

(2, 4), P[E, 2} |

orpeska ¥ . Haiitu Touky 7, eciu

Pemenue: 3 ycrosus cieyer, 9to Touka - pemut otpesok L7 B otHomennu 41, cumtas ot

nr
BEPILIUHBI D, TO €CThb, CIIPABEIMBA IPOTIOPLIUA: HP . I[To hbopmynam neneHus oTpeska B
JAHHOM OTHOIIICHUU:
Xp+d- Xy ¥ot+tAd-¥g
Kp=—t T E y,=-2_ 2
1+ 4 1+ 4
B d+ixg

=>2+2xH=E3=}>2+2xg=8=>2xg=ﬁ=>xg=3
3 1+2 3

2=%i4+2yﬂ=ﬁj2yﬁ=2:‘>:ﬁg=l
+

OTBerT: {ERY

[Ipumep 4
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Touka H# €45 Otpesox ZM B nmonropa pasa kopoue orpeska AM . Haiitu Touxy 4, eciu

HN3BCCTHBI KOOPAHWHAT TOYCK BI:E', D)’M(_ L 1) .

Pemenue B koniie ypoka. OHO, KCTaTH, HE €UHCTBEHHOE, €CJIH MONUAETE OTIMYHBIM OT 00pasiia
nyTéM, TO 3TO He OyIeT OIMOKOM, TJIABHOE, YTOOBI COBIMAJIA OTBETHI.

@opMyJibl J€NIEeHNs OTpe3Ka B JAHHOM OTHOLIEHHWH B IIPOCTPAHCTBE

JIJIst TpOCTPaHCTBEHHBIX OTPE3KOB BCE OYIET TOYHO TaK )K€, TOIBKO JOOABUTCS €I OTHA
KOOpJAMHATA.

Ecnu u3BecTHBI 1BE TOYKU IIPOCTPAHCTBA AT ¥ 42200 BX5 5 25) , TO KOOpAWHATHI

Ahd
touxu M 5ae-Fae: Zae) | oropas nenmt orpesox AB B otHomennn  BM | phipaxarotes
dbopmynamu:
X Xyt Ax D PR B - T+ Az
MU e M T e M 14
[Ipumep 5

JlaHBI TOYKH A-Z-3-4) B52-4.0) . Haiiti xoopmuHathl Toukn | mpuHapiexanmeit

orpesky 48 eciu usectno, uto AM 1 BM =42
Pemenne:

[To popmynam KOOpIUHAT CEPEAMHBI OTPE3Ka:

L _-i+22 12 _C3e4)_ M —442.0
My 30 142 37 My

4
3

[Ipumep 6

B(-52,3), (4, 2,

JlaHbI TOUYKH —3) . Haitu koopAuHATBI TOUYKH A | ecnm W3BECTHO, YTO OHA

nenut orpe3ok F& B oTHOmeHMH S 1.

®opMyIibl KOOPAUHAT CEPETUHBI OTPE3Ka
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tr

A | yacme M | yacme
2 ¥ ®

_Xgt A ¥ _FYatls

X
. 3 M 2

,ZIJ'IH IMPOCTPAHCTBCHHOTI'O ClIydas CIIpaBCAJIMBA OUCBHUAHAA aHAJIOTHs. Ecmm JaHbl KOHIIbI

OTpe3Ka‘q(xﬂ’ Fa3Z4) BX5: ¥ s ZB:', TO KOOPAUHATEI €r0 CEPEANHBI M BBIPAXKAIOTCS (POPMYITaMU:

_ Ayt g _¥Yat Ve =z _ZatZp
= ——— l}.? = ——— M_—

X
M 7 M 7 2

[pumep 7

Hapamrenorpamm AZCL 3anan koopauHaramu cBoux

A(—4,0), B4, 4), C(7, 2), D=1,

BEPLIMH ~2) . HaliTu Touky nepeceueHus ero quaroHasie.

Penrenmue:

I1o n3BeCTHOMY CBOMCTBY, IMArOHAIN ITapalIeIOTpaMMa CBOEH TOUYKOU

IepeceyeHust Oxg: o) JIEJIATCS TOT0IaM, TIOATOMY 3aJ[auy MOKHO PELIUTh ABYMS CIIOCOOaMH.

Crnoco0 nepBblii: PaccMoTpyuM npOTHBONOI0XKHBIE BEPILUHBI A4 0).C2) dopmymam
JIeNIeHHs] OTPe3Ka TI0TI0JIaM HaMIEM cepeuHy quaronamm A :

Mg+ X —4+7T 3 Ya+¥e OU+2

A 2 2

g

O[—; 1]
B pesynbrare: 2

54, 4), Di-1,

Cnioco0 BTOpOIi: PaccMOTpUM NPOTHUBOIOJIOKHBIE BEPLIMHBI ~2) o bopmymnam

JieNieHns OTpe3Ka MoIoJjaM HaiEM cepeiuHy quaroHamy S0
_x3+xﬂ_4—1_3 _y3+yﬂ_4—2_

1)
Takum oOpazom: 2

3
O[—; 1]
OTBer: 2

[Ipumep 8

5 1 1
s :
JlaHbl TOUKH 3 4 2 . Haiitu cepenuny & otpeska Q,

[Tpumep 9
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Touka ¥ nemur orpesox AF momonam. Haiitu Touky &, ecru m3BecTHBI

rour ALZ 0 -3 MG -4 1)

Pemenne: Vcrionszyem hopMyiibl KOOpAUHAT CEPEIUHBI OTPE3Ka:

X+ x ¥+ ¥ Ia+E
_ "4 A _ w4 B | B
% _T, yM_T’ =z _T

Ham HewnsBecTHBI KOOpAMHATHI *8:¥2: 22 ] cHOBa MOJKHO BBIBECTH o0ty GopmyIty i X
HAaxO0JICHHUs, HO TOPa3/0 Jierye cpasy MOACTaBUTh Yncia. TOIbKO IPONOPLUAMU BEPTH:

5 24 Xxp

=id+rp=l0=xg=5

_4=I:I+%:}y3=_8

1=_3%:~f—3+23= I=>z,=5

Ortger; B(8,-5,5)

IIpakTu4yeckoe 3ansarTue Ne 75
Tema: CkansipHO€ IPOU3BEICHUE IBYX BEKTOPOB
Hean: HayunuTh BBIYUCIATH CKAISIPHOE MPOU3BEICHUE JIBYX BEKTOPOB

Teopetnueckuii 610K

Onpez(eﬂe}me: CK&J’IHpHBIM IMPOU3BEACHHUEM JIBYX BEKTOPOB a u b Ha3bIBACTCA 4HCJIO,
PpaBHOC MMPOU3BCACHUIO JJIMH 3TUX BEKTOPOB HAa KOCUHYC yIJla MCKAY HUMMU:

T b= FYl |§| cos (@, b))

OGo3HaueHNe: CKAIPHOE POU3BEICHNIE 0603HauaeTcs depe3 & ¥

[Tpumep 1

— — 7
v s E2 Pls @Bl
Haiitu ckansipHoe npousBeneHue BEKTOpoB ¢ u ¥ , eciu

Tk = |§| |5| cos (@ b)

Pemenne: Vcnons3yem popmyiny . B nanHOM cityuqae:

.:TE=|§|-|E|- cos (@ b= 2-5-cos;—r=10-§= 5«4@

OrtBer: @b = 5"‘-@

[Ipumep 2

s Fl=3 W|=z o
Haittu ©¢ | ecim |C| ' |d| J_, a yroj Mex1y BEeKTOpaMu paBeH 135%
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VYTroa Mex1y BEKTOpaMH U 3HaYEHHE CKAJIIPHOTO MTPOU3BENCHHUS

B Ilpumepe 1 ckansipHoe Mpou3BEIEHNE MOIYYHIOCH MTOJIOKUTENBHBIM, a B [Ipumepe 2 —
OTpHULATENbHBIM. BBISICHUM, OT 4ero 3aBUCHUT 3HaK CKaJIIPHOTrO Mpou3BeneHus. CMOTpUM Ha

T b= |§| |5| cos (@, B )

}:Y|::-U,|E|:=-D

Hanry ¢GopMyy: . J/InvHBI HEHYJIEBBIX BEKTOPOB BCETAA

MTOJIOKUTEITHHBI:
KOCHHYCA.

, IIOOTOMY 3HAK MOXKET 3aBUCETH TOJIBKO OT 3HAUCHMA

O=s(@b)=m

Vron MECXKIAY BEKTOpaAMHU MOXXET UBMCHATLCS B IIpEACIax
BO3MOXKHBEI CJIE€AYIONUE CITyYaun:

, ¥ TIpH 9TOM

I
O el(F, b)a—
1) Ecu yroJ Mexay BEKTOpaMH OCTPbIA: 2 (ot 0 1o 90 rpamxycoB),

TO cosL(d, k) > D, U CKAJIIPHOE NIPOU3BeIeHHE OyAeT MOJI0KATENbHBIM: & & >0 Ocobbiit
CJIy4aii: €CJIM BEKTOPBI COHANPABIEeHbl, TO YTOJ MEXKIYy HUMHA CUATAECTCS

L@ E =0

HYJICBBIM , 1 CKAJIIPHOC ITPOU3BCACHUC TAKIKC 6YIIGT TIOJIOKHUTCIIbHBIM.

[Tockonbky -2 0=1 10 (GopMyIa ynpoiaercs: | | H _

Z . Sl@ By <o
2) Ecnu yros1 Mexay BeKTOpamu TYMOI: (ot 90 mo 180 rpamxycos),

cos (@ b)Y <0 . Th
TO (@) , U, COOTBETCTBEHHO, CKAJISIPHOE MPOU3BeAeHHe OTPULATEIbHO! Zb <0,
OcoOblii cimyuait: eciiu BEKTOPBI HANPAagienbl NPOMUBONONO0NCHO, TO YTOII MKy HUMH

L@ B=n

CUUTACTCS PA3EEPHYMBIM. (180 rpamycoB). CkansipHoe IPOM3BEACHUE TOXKE

OTPHLATEIBHO, TaK Kak CO87T = ~1

CHpaBeI{HI/IBLI n 06paTHBIC YTBCPKIACHUA:

1) Ecom @ >0 1o yTOJ MEXYy JaHHBIMH BEKTOpaMH OcTpblid. Kak BapuaHT, BEKTOPBI
COHAIIPaBJICHBI.

2) Ecin Zh <0 10 yroJI MeX/y JaHHBIMHM BEKTOpaMu Tynoi. Kak BapuaHT, BEKTOPBI
HaIIPABJIEHbI IPOTUBOIIOJIOKHO.

Ho ocoOblif uHTEpeC mpencTaBiaseT TPEeTHid cayyail:

i

(@ hy=—

3) Eciin yroJ Mexay BeKTOpaMy NPSAAMOIi: 2 (90 rpamxycos),
T
cos— =10 =
TO E ¥ cKaJIsipHOe mpom3Beaenne paHo nymo: ¢ = U OGparHoe ToXe BepHO:
L @ b=t

ecn @2 =0 10 2 . KoMIakTHO yrBepxaeHue GopMyaupyercs Tak: CKaasipHoe

NMPOM3BEACHUE IBYX BCKTOPOB PABHO HYJIO TOrAa M TOJbKO TOraa, Koraia 1aHHbie

BEKTOPbI OPTOIrOHAJIbHBI. KOpOTKaH MaTEMAaTHYCCKasa 3aI1UCh. gh=0calb

A 4ro Oyzer, eci BEeKTOp ¥ yMHOXHUTH Ha camoro cebsi? [IoHsATHO, 9TO BEKTOp
COHAIpPAaBJICH caM ¢ cO0OH, MOITOMY MOJIb3YEeMCS BBIIIEYKa3aHHON YIPOIIEHHON (opMyIoii:

zz =g [a]
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— ]
ad :|cz|
N

— — —2
Yucno #2 Ha3pIBaeTCs CKAJISPHBIM KBaJpPaToOM BekTopa % , u 0003HavYaTcs Kak &

Takum oOpa3oM, ckaJSIPHBIA KBaApaT BeKTOpa ¥ paBeH KBAAPaTy JJIMHBI JaHHOT O
BEKTOpa:

—a 2
z* =l

W3 naHHOTO paBeHCTBA MOKHO MOIYYUTh (POPMYITY JUIS BBIYMCIIEHUS JUTMHBI BEKTOpA!
— —2
i |=~a

F, b, T
J171s1 IpOU3BONIBHBIX BEKTOPOB " U JHO0O0ro uncia A CIIPaBEIJIMBBI CIEAYIOIINE
CBOMCTBA:

1) @ b=ba _ NEPEMECTUTENBHBIA NI KOMMYTATHBHBIN 3aKOH CKaJIsIPHOTO MPOU3BEICHHUSL.

2) @+o)e=ac+oc _ pacIpeaeInTENbHbIN WK AUCTPUOYTUBHBIN 3aKOH CKaJIsPHOTO

IIPpOU3BCACHU .

3) ()& =Mak) _ COYETATEIbHBIN WINA ACCOMATUBHBIN 3aKOH CKaJISIPHOTO
npousBeieHNs. KOHCTaHTYy MOKHO BBIHECTH U3 CKAJIIPHOTO IIPOU3BEACHUS.

IIpumep 3
HaiiTn ckanapHoe npomsseene Bektopos £ =28 8 yd =T—F | e mssecto,
_ - T
7|l=42, [Bl=8 z@ih==
. Pl 7
Pemenne:
g.d=""

(2@ +&)-(@—b)="1
—-lF-@+b-a+ig-b-b b="%
273+ g b42a b -kt

= -2z +3gk-h* ="
= —2|¢T|2 +3. |§| H cos (@, &) —lb_r = 8
A

= -2 (44/2)? +3-4m‘§-8-ms§—82 =—64+96«f§-;—64=—32

(1) TlozicTaBIIsieM BBIPaXKEHHS BEKTOPOB = *
(2) PackpbiBaeM CKOOKH 110 MPAaBUITy YMHOXEHHUSI MHOTOYWICHOB

(3) B IICPpBOM U MOCICOAHCM CJIaraCMOM KOMITAKTHO 3alIMCBIBACM CKAJIAPHBIC KBAPAThI

R N
T-aT=a hobh=h
BEKTOPOB: : . Bo BTOpoMm ciraraeMoM HCITOJIb3yeM MEPEeCTaHOBOYHOCTh

CKaJSIpHOTO TponsBeneHus: & F=& b

(4) IIpuBoauM nomOOHKIE craraemele: & - b+ia-b=3a
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_j_

2
a’=a o
(5) B nepBoM ciraraeMoM UCoNib3yeM (GopMyITy CKaJIIPHOTO KBajpaTa | | , 0 KOTOpO#
HE TakK JJaBHO YIOMHHAJIOCh. B mocnenHeM ciaraeMom, COOTBETCTBEHHO, pabOTaeT Ta ke

5=
ITyKa: |b r . Bropoe ciiaraemoe packnaapiBaeM 10 CTaHIAPTHOU
popne ™ T=FI Pl s 20)

— —
F|=42, [l]=8 z@d)==
(6) [loacTasnsiem TaHHbBIE YCIOBUS 4 u MIPOBOIUM
OKOHYATEJIbHBIC BEIYUCIICHHSI.

Orser; 7¢ =—32

OTtpunarenpHOE 3HAYCHHE CKAISIPHOTO TPOU3BEICHIUS KOHCTATUPYET TOT (PaKT, YTO yroi

MCKIY BCKTOpaMU1 e d ABJISICTCA TYIIBIM.

Pemienue ynpaxHeHHi:
[Ipumep 4

Haifti ckaisipHOe nporsBeaeHne Bekropop & =~Z +2b yd =—-Z+5  ecy usectHo,
T

Fl=4. B|=23 Z@B)==
TO

g 6

[Tpumep 5
Z|=3 Fl=2 z@5=Z

Haittu winny Bextopa © =~% 32 ecnp 3

Pemrenue

oL a4 35|2 T T T8 o o 6l | cor @ B9 B =

:J32—6-3-2-cosg+9-22 =J9—35%+36=Jﬁ=3£

OTBeT: E|: 3"\'II§ En. &= 5,2[:] Eq.

IIpumep 6
- =5 [B|=10, 2@,5)= 2%
Haiitu nnuny Bektopa © =< +h , €CIIN 5

[Ipumep 7

F|=4. [p|=2+2, @& =38

Haiitu yron mexay Bektopamu % u b | ecim m3BecTHO, UTO

Pemenue: Vcnonszyem popmyny:
zb 8 1 _ A2 2
plB| 422 42 N2z 2

cos (@ B) =
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cos i@ By =12
Hrak, ecou , TO:

|

2@, B = arccos g

2@ By =Z pan = 45°
OtBeT: 4

[Ipumep 7*

1= =4 75 @b
— AJIUHBI BEKTOPOB ** , " yroj MExay HUMHU

vl

Janbl . Haiitn yron

MESKILY BEKTOpamu & = ~2& +3b d=4a-3b

3amanne gaxe He CTOJIBKO CIIOKHOE, CKOIBKO MHOTOXOA0BOE.
Pazbepém anroputm pemeHus:

1) ITo ycnoBuro TpeGyeTcst HalTH yrosl MeX/y BEKTOpaMu & u d , IO3TOMY HY>KHO
~ _ &d
cossie, d) = =
ol
UCIOJIb30BaTh (hOPMYITy .
2) Haxoaum ckansipHOE MPOU3BEICHHE &d (cm. TIpumepnr NeNe3 4).
3) Haxoaum JuMHY BeKTOpa © M IIMHY BEKTOpa d (cm. [Tpumepnr NeNe5,6).

T

1 il

4) KonuoBka pemenus copnagaet ¢ [Ipumepom No7 — HaM U3BECTHO YHCIIO

Z(F, d) = arccos [i}

Fl |

, 4 3BHAYHT,

JIETKO HAWTHU U CaM yroJl:
KpaTkoe penieHue 1 OTBET B KOHIIE YPOKA.

BTopoii pa3znen ypoka MocBsIlieH TOMY € CKaJIipHOMY npou3BeneHnto. Koopaunatel. byner
JIa)ke MpoUIE, YEM B IIEPBOU YACTH.

[Ipumep 8

Haittu ckaisipHO€ nnponsBeieHre BEKTOPOB:
2y 7(%=5) , B(-10)

6) 48 u AC | ecnn nans Touxn AL -13), B(0 1 - 2), O -4, 0]

Orser: %/ gh=-2 6)AF - AT=6

HpI/I HCKOTOPOM OIIBITC CKAJAPHOC MMPOU3BCACHNUEC MOKHO ITPUHOPOBUTHCA CUUTATh YCTHO.

[Ipumep 10
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JlaHBI YeThIPE TOYKHU MPOCTPAHCTBA A4 =3 -2, Be -2 -3, 0 -5 D DA -5 -1
BoIsiCHUTE Oy Iy T JiM MEpIEHIUKYSIPHBIME CIIEAYOIINE MPsAMbIE:
a) AE, DT

6) AC, BD

[pumep 11

IIpy KakoM 3HAYCHHH * BEKTOpBI as A-a.ble-4-15) OyIyT OPTOrOHAIBHBI?

Pemenue: Ilo ycrnoBuro TpedyeTcss HAlTH Takoe 3HAUCHUE MTapaMeTpa A | 4r06BI JAHHBIE
BEKTOPHI OBLIIM OPTOTOHANIBHBIL. J[Ba BeKTOpa

IIPOCTPAHCTBA Vv, va 1), Wy, Wy )

Wy W, gy =0 .

OpPTOTOHAJILHBI TOTJ]A M TOJIKO TOT/IA,
Korzaa

CocTaBuM ypaBHEHHE:
ah =0
3(2-+ A -D+(-2 5=0

PackpbiBaeM CKOOKH U IPUBOAMM MOAOOHBIE ClIaraeMble:
6E—3A-A-10=10

-41-4=10

Pemaem npocTteiiniee TMHEHHOE YpaBHEHUE:
-41=4

A=-1

Oteer: npu A=-1

[Tpumep 12

[1IpK KakoM 3HAYCHUH 4 CKAISPHOE [POM3BEICHHE BEKTOPOB (2 A).8(2-3) OyIeT PaBHO
-27?
HaiiTn ckanspHoe npom3Beenne Bektopos & u 28 +d | ecru 70, =% 5.4 (=4 L0)

OT0 npumep ISl CaMOCTOSATENBHOIO PELIEHUS. 31€Ch MOXKHO UCIIOIb30BaTh

aCCOLMATUBHOCTh ONEPAIMH, TO €CTh HE CUUTATh & =30,-35=100,-513 , a cpasy
BBIHECTH TPOHKY 3a IPE/IeNbl CKAIAPHOTO MIPOM3BEICHUS U JOMHOKHUTh HA HEE B MOCIIEHION
ouepe/ib. PellleHue 1 OTBET B KOHIIE YPOKa.

B 3akirouenue naparpada npoBOKaIMOHHBINM IPUMEP Ha BHIYMCICHUE JITTHHBI BEKTOPA:
[Ipumep 16

JlaHbl TpU BEPIIMHBI TPEYTOJIBHUKA A-L0). B(3,2), €5 -4) . Haiitu £A5C (yron npu
BepimHe ).
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Pemenne: I1o yciaoBuro 4epTéx BHIMOIHITH HE TPeOyeTcs, HO BCE-TaKH:

Haitném BekTOpBHI:
BA-1-30-2)=BA(—4 - 2)
BC(5—-3 —4-2)= BC(2 - 6)

Breraucionm CKAJIAAPHOC ITPOU3BCACHHUC!
B4.BC =-4.2-2.(-6)=-8+12=4

W nnvHBI BEKTOPOB:

| = (4 +(-2)F = fie+d=20=2.5
|ﬁ|=423+(—5 Y= 4336 =.J40=2.10

Kocunyc yrna:

— — . BA BC 4 1 1
cosA L BA BN = — = = =
( ) gd| Bl 245 2100 500 542
cosi{ﬁ;ﬁ):%'gc = —42-2 b =
BA| BT Ji—? + -2 22+ (-6
— 8412 4 4 4 1

T 644 JA+36 20 A0 00 2042 542
Hainém cam yrou:

f_"(ﬁ; ﬁj = arccos

1
#1423 pag. = 327
5.2 P
SABC = arcoos
OtBeT: 5""5

22 1,43 pag, = 32°

[pumep 17
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B npoctpaHcTBe 3a/1aH TPEYTrOJIBHUK KOOPANHATAMU CBOUX

BEPILUUH ALLD, 4(3.0.0), 4023 7) . Haiitu yron mexnay ctopoHamu A4y A4

IIpakTn4yeckoe 3ansitue Ne 76

Tema: Kontposbnas pabota
Heas: [IpoBepuTh ypOBEHb YCBOCHUS JAHHOM TEMBI Y YUAIIUXCSI

BAPHUAHT 1.
1. Hassl koopauHatel Touek C(3; -2; 1), D(-1; 2; 1), M(2; -3; 3), N(-1; 1; -2). Haiinute

KocuHyc yria mexay Bekropamu CD u MN .

2. Ilpm xakom 3HaueHWM (3HAYCHWSIX) a BEKTOPHI 5(6 - k; k; 2) m &:1(-3; 5 + 5k; -9)
NEePIEeHIUKYIISPHBI?

3. Ilpm KakoM 3HAYEHUU a BEKTOPHI AMu CD KOJUTMHEAPHBI, eciu A(-2; -1; 2), B(4;
-3, 6), C(-1; a-1; 1),D(-4; -1, a)?

4. UssectHo, uto |a| = 4, |a| = 1, £(&,4) = 60°. HaiizuTe cOS &, rme & - YroX MEKIY
BEKTOpaMU a+aua.

5. Haitnure mmny Bektopa a+a—f, ecm |a| =1, |&| = 2, |fi] =3, 4(5, a) =90°, £(a,f) =
120°, ~(&,7) = 60°.

6. B kybe ABCDA1B1C1D1 Touka M nexut Ha pedbpe 441, npuaem AM : AM1 = 3 : 1, a Touka

N — cepeauna pedpa BC. Beruucnure kocunyc yria mexay npsmeivu - a) MN u DDy, 6) MN
u A1C.

BAPUAHT 2.
1. Jlawsl koopauHatel Touek A(1; -1; -4), D(2; -3; 1), C(-1; 2; 5), B(-3; -1; 0). Haiinure

KOCHHYC YIJla MEXJy BEKTOpaMH CD u AA.

2. Ilpu kakom 3HaueHuM (3HaueHWsx) M Bekrtopel a(4; m - 1; m) u a(-2; 4; 3 - m)
NEPIEeHIUKYISAPHBI?

3. Ilpm kakoM 3Ha4YeHWH a  BEKTOPHI MN u CD kommunueapusl, eciu - M(1;
-2;a), B(-1;a+3;-1), C(-3; 2; 4),D(1; -4; 2)?

4. W3BecTHO, 9TO |E| =2, |ﬁ| =3, L(E,ﬁ) = 120°. maiiure COS &, e (¢ - YLOI MEKLY
BEKTOpPaMH m-+num.

5. Haitmure amuHy BeKTOpa é—é—ﬁ, eCITH |§| =2, |§1| =3, |ﬁ| =4, 4(5, é) = 60°, 4(5,%\) =
120°, /(3,i) = 90°.

6. B mnpsmoyronsaom mapamnenenunene ABCDA1B1CiD1 AB = BC = % AA;. Berauciure

KocHHYC yria Mexnay npsimeiMu - a) BD u CDy;  6) AC u AC:.

BAPHUAHT 3.
1. Jlansl koopauHatel Touek A(1; -1; -4), D(2; -3; 1), C(-1; 2; 5), B(-3; -1; 0). Haiinute

KOCHHYC YTJla MEXIY BEKTOpaMH CD u AA.
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2. Tlpu xakom 3HaueHun (3HadueHusix) M Bektopsl a(4; m - 1; m) u a(-2; 4; 3 - m)
NEePIEHANKYIISIPHBI?

3. Ilpm KakOoM 3HAYEHHMH a  BEKTOPHI MN u CD xkommmaeapHsl, ecin - M(1;
-2;a), B(-1;a+3;-1), C(-3; 2; 4),D(1; -4; 2)?

4. MW3BecTHO, YTO |Hi| = 2, |ﬁ| =3, L(Fﬁ,ﬁ) = 120°. maiiure COS &, TIE O - YLOI MEKILY
BEKTOpaMU m+nwum.

5. Haiigure mMHy BeKTOpa é—é—r:\, eciu |§| =2, |§| =3, |F”1| =4, 4(5, é) = 60°, 4(5,6) =
120°, /(3,i) = 90°.

6. B mpsmoyronsaom mapamnenenunenae ABCDA1B1CiD1 AB = BC = % AA;. Berauciure

KOCHHYC yria Mexnay npsimeiMu - a) BD u CDy;  6) AC u AC:.

Kpurepuu oueHuBanus
OneHKa «OTJIIMYHOY» BBICTABIIAETCS CTYIAEHTY
3a 100% mpaBUIBHBIX OTBETOB;
OneHKa «XOpOIIO» BBICTABIISIETCS CTYICHTY
3a 75 - 99% npaBUIBHBIX OTBETOB;
OreHKa «yA0BIETBOPUTEIBHOY» BBICTABIISIETCS CTYICHTY
3a 50 - 75% npaBUIBHBIX OTBETOB;
Or1eHKa «HEYAOBICTBOPUTEIHHOY BBICTABISETCS CTYACHTY
3a meHee 50% MpaBUIBHBIX OTBETOB.
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1. AnmaroB, A. B. Maremaruka [DnekTpoHHsIii pecypc] : yaebHoe nocobue mist CITIO / A. B.
AnmaroB. — 2-¢ u31. — DJEKTpPOH. TeKcToBble naHHble. — CapartoB : [IpodobpaszoBanue, A
ITu Dp Meama, 2019. — 162 c. — 978-5-4486-0403-4, 978-5-4488-0215-7. — Pexum gocTyma:
http://www.iprbookshop.ru/80328.html

2. Topromkun, A. II. Marematnka [DneKTpoHHBI pecypc] : ydeObHoe mocodme / A. II.
lNopromikun ; mox pen. M. U. Boaunvapa. — DJIEKTpOH. TEKCTOBBIE JaHHbIE. — CapaToB : Aii
Ilm 3Op Memma, 2019. — 824 c. — 978-5-4486-0735-6. — Pexum pocryma:
http://www.iprbookshop.ru/83654.html

3. Marematnka [DnekTpoHHBIH pecypc] : ydebnoe mocobme / O.B. Bonaposa [ ap.]. —
DneKkTpoH. TeKcToBbIe nanHbie. — CapatoB: Al [Tu Op Menua, 2018. — 194 c. — 978-5-4486-
0107-1. — Pesxxum nmoctyna: http://www.iprbookshop.ru/70267.html

JlonoTHUTEIbHASI JIATEpaTypa:

1.CoBeptkoB, II.M. CrnpaBouyHUK TO 3JIeMEHTapHOM MareMartuke : ydeOHoe mocobue / I1.W.
CoBeptkoB. — 2-¢ u3l., crep. — Cankt-IlerepOypr : Jlans, 2019. — 404 c. — ISBN 978-5-
8114-4132-7. — TeKcT : 3NEKTPOHHBIN // DNeKTpoHHO-0nOmoTeuHas cuctema «Jlaupy : [caiT].
— URL: https://e.lanbook.com/book/115529 (mata oOpamenus: 10.09.2019). — Pexum
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2. Anekcees, I'. B. Briciias matemartuka. Teopust u mpakTuka [ DIEeKTpOHHBIN pecypc] : yueOHoe
nocobue mist CIIO / I'. B. Anekcees, 1. W. XonsiBUH. — DJEKTPOH. TEKCTOBBIC JaHHBIC. —
Caparos : I[IpodobpazoBanue, Aii ITu Op Menua, 2019. — 236 ¢. — 978-5-4486-0755-4, 978-5-
4488-0253-9. — Pesxum mocrtyma: http://www.iprbookshop.ru/81274.html

3.KopobGeitnukora, M. 0. Maremartuka. Teopusi BeposiTHOCTEH [DIEKTpOHHBIM pecypc]| :
yuebHoe mocobue mis CIIO / U. 0. KopoGeiinukoBa, I'. A. TpyOenkas. — DaeKkTpoH.
TekcToBble naHHble. — Caparos : [IpodobpazoBanue, 2019. — 154 ¢. — 978-5-4488-0344-4. —
Pexum noctyna: http://www.iprbookshop.ru/86073.html

HNuTepHeT-pecypcebi:
e ['azera «Marematuka» u3garenbckoro aoma «llepBoe ceHTAOPs

http://www.mat/septemba.ru
e Maremaruka B OTKpeITOM Kosuiemke http://www.mathematics.ru
e OO0pa3oBaTenbHBII MaTeMaTH4eCKuii caiit Exponenta.mhtto://www/ exponent/ru
e OOmepoccuiickuit MaTeMaTryeckuit mopran Mati-Net/Ru http://www/mathnet/ru
e Tlopran Alhnath.ni —Bcs MmaremaTHka B OTHOM MecCTe.
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