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Hosacnumenvnas 3anucka

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

BrinmosHeHne ydanuMucs IpakTUIEeCKUX paboT HAIMPaBJICHHO Ha:

- 0606HICHHG, CHUCTCMATHU3allHIO, erIY6JI€HI/Ie, 3aKpPCINNICHUC ITOJTYUCHHBIX
TCOPCTUICCKUX 3HAHUU 110 KOHKPCTHBIM TCMaM,

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

- Pa3BUTHUC MHTCIJICKTYAJIbHBIX YMGHHﬁ y 6y,[[y1HI/IX CIICOHNAJIMCTOB:
AHAJIUTHYCCKUX, ITIPOCKTUPOBOYHBIX, KOHCTPYKTUBHBIX U 1IP.,

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

B pesyaprare  um3yueHuss  y4eOHOM — aUCHMIUIMHBI  «MaTeMaTtukay
oOydJaromuiics JOJKEH

AJITEBPA

YMeETb!

®  BBINOJHATH apU(METUYECKHE ACUCTBUS HAJ YHCIAMH, COYETash YCTHbIE H
MAChbMEHHBIE TPUEMbl; HAXOJIWUTh NPUOJMKCHHBIC 3HAYCHUSI BEJIUYMH H
MOTPENTHOCTA BBIYUCIICHUN (a0CONIOTHAS W OTHOCHTEINIbHAS); CPAaBHHUBATh
YHUCJIOBBIE BBIPAKECHUS;

®  HAXOAWTh 3HAYEHUS KOPHS, CTENEeHH, Jorapudma, TPUTOHOMETPUUYECKUX
BBIDAKEHUII HA OCHOBE OINPEACICHHS, HCIONb3ysl MpU HEOOXOIUMOCTH
WHCTPYMEHTAJILHBIE CPENICTBA; TMOJIb30BATHCS MPUOIIKEHHON OIEHKOW IMpHU
MPaKTUYECKUX pacyeTax;

®  BBLINOJHATH NMPEOOPa30BaHUS BBIPAXKECHUM, MpUMEHssST (OPMYJIbI, CBSI3aHHBIC
CO CBOWCTBAMHM CTENEHeH, Torapu(pMoB, TPUTOHOMETPUUYECKUX (DYHKIIHIA;

®  HCMOJB30BaTh MPUOOPETEHHBIE 3HAHUS W YMEHHS B TMPAKTHYECCKOU
JEATEIbHOCTH U ITOBCEHEBHOM KU3HU:
- JUIsl TPaKTHUYECKHX pacueToB 1o ¢opmynaMm, BKIo4Yas GOPMYIIbI,
cCoJlepKalllie CTENEHH, pPaJAuKajbl, JOrapu(pmMbl M TPUTOHOMETPUUECKUE
GyHKUMH, HUCIONB3ys MNpU HEOOXOAMMOCTH CIPABOYHBbIE MaTepuaibl U
MIPOCTEUIIINE BBIYNCIUTEIBHBIE YCTPOMCTBA.
DYyHKIUHN U TPAPUKHU



yMeTh:

BBIYUCIIATH 3HAUYECHUE (DYHKIIUH 10 3alaHHOMY 3HaYCHHIO apryMeHTa Ipu
pa3IMyHbIX crocobax 3amaHus QyHKIUH,

OIpEEeNIATh OCHOBHBIE CBOMCTBA YHCIIOBBIX (DYHKIMN, HIUTIOCTPUPOBATH UX HA
rpadukax;

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

UCTIOJIb30BaTh MOHATHE (DYHKIIMH Il OTIMCAHMSI U aHAJTN3a 3aBUCUMOCTEH
BEJINYUH;

UCIIOJIb30BaTh MPUOOPETECHHBIC 3HAHUS U YMEHUS B IPAKTHUECKON

NESITENIbHOCTH Y TIOBCETHEBHOM KU3HU JJISA:
-JIJIs1 OTIMCAHUS C TOMOIIBI0 (DYHKIMN Pa3InYHBIX 3aBUCUMOCTEH,
IPEJICTaBICHUS UX TpapUUecKU, UHTEPIIPETALUU IpadUKOB.
Hauana mareMaTH4ecKOro aHaJIu3a
yMeThb:
HAXOAWTh MMPOU3BOIHBIC AIEMEHTAPHBIX (PYHKIIHIA;
UCIIOJIb30BaTh MPOU3BOAHYIO Ul U3YUEHHsI CBOMCTB (DYHKIUI U MOCTPOECHHUS
rpaduKoB;

IPUMEHATH IPOU3BOIHYIO JUIsl POBEACHUS MPUOIMKEHHBIX BBIUUCICHUM,
pemIaTh 3aJa4n MPUKIATHOTO XapaKTepa Ha HaXOXKIeHNUE HAUOOIBIIETO 1
HAaUMEHBIIIETO 3HAYCHUS;

BBIUUCIIATH B MPOCTEUIINX CIydasiX IUIOLIad U 00BEMBI C UCTIOIb30BAaHUEM
OIPEIEICHHOIO NHTETpaa;

UCIOJIb30BaTh  NMPUOOPETEHHbIE 3HAHWA M yYMEHHUS B  MPAKTUUYECKOM
JESTEIIbHOCTH Y TIOBCETHEBHOM KU3HU IS
-pelIeHns MPUKIAHbBIX 33]]a4, B TOM YUCJIE COIMATbHO-YKOHOMHUECKUX H
¢uznyeckux, Ha HauOoJbllIee U HaMMEHbIIIEe 3HAUCHUSI Ha HAXOXKICHHUS
CKOPOCTH U YCKOPEHHUSI.

I'EOMETPUA

YMeETh:

pacrio3HaBaTh Ha 4YepTekax MW MOJCIIX IPOCTPAHCTBEHHBIE (POPMEIL;
COOTHOCHUTH TPEXMEPHBIC 0OBEKTHI C UX OMUCAHUSIMH, H300paAKCHUIMU;
OIMMCHIBATh B3aHMHOE PACIIOJIOKECHUE MPSAMBIX U IFIOCKOCTEH B IPOCTPAHCTRBE,
aApeyMeHmuUpoB8amsv C80U CYHCOCHUS 00 IMOM PACNOTONCEHUU;

aHAIM3UPOBATh B IPOCTEUIITUX CITydasX B3aUMHOE PACIIOI0KEHNE 0ObEKTOB B
IIPOCTPAHCTBE;

U300pakaTh OCHOBHBIC MHOTOTPAHHMKH W KpPYIJIBIE TeEJa; BBINOJIHATH
YEPTEKH 10 YCIIOBHAM 3a]1a4;

cmpoums npocmeiiuue cevenus Kyoa, npuzmvl, NUPpAmMuobl,

permarh IUIAHUMETPUYECKHE U MPOCTEHIIINE CTEpEOMETPUUYSCKUE 3aJa4M Ha
HAXOXKJEHUE TEOMETPUYECKUX BEJIMUMH (JJTMH, YTJIOB, IJIOMIA e, 00EMOB);
HCIIOJIB30BaTh MPH PEIICHUH CTEPEOMETPUUCCKUX 3a/1ad IIaHUMETPUUSCKHUE
(haKThl ¥ METO/IBI;



®  IIPOBOJMTH JOKA3ATENIbHBIE PACCYKIACHUS B XOJ€ PELICHUS 3a/1a4;
® UCHOJb30BaTh NPUOOpPETEHHBbIE 3HAHWSA W YMEHHUS B MPAKTUYECKOM
JEATEIBHOCTH U MIOBCEAHEBHON KU3HU JUISL:

- U1 “ccaeaoBaHus ( MOJIETTMPOBAHMS ) HECIOKHBIX MPAKTUYECKUX CUTYyaIui

Ha OCHOBE M3y4YEHHBIX (POpPMYI U CBOMCTBA (UTYD;

- BBIUMCJIEHUSI 00BEMOB U ILJIOIIAJEH MOBEPXHOCTEH NMPOCTPAHCTBEHHBIX TEI

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

B pesynbrate ocBoeHUs y4eOHOM UCIUIUTMHBI 00yUYaIONIHACs JOIDKEH 3HATh:

J 3HAYeHHE MaTeMaTHYECKOW HAYKH Ul PELICHHS 3a]a4, BOSHUKAIOIIUX B
TEOPHUU U MPAKTUKE; LTUPOTY U B TO KE BPEMs OTPAaHUUEHHOCTb TPUMEHEHUS
MaTEeMaTHYECKUX METOOB K aHAJIN3y U UCCIIEIOBAaHHUIO MPOIIECCOB U SIBICHUIMA
B IIPUPOJIE U OOIIECTBE;

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

° YHUBEPCAJIbHBIN XapaKTep 3aKOHOB JIOTUKM MAaTEMAaTHUYECKUX PACCYKICHUM,
WX IPUMEHUMOCTh BO BCEX 00JIACTAX YEIOBEUYECKOU JEATEIbHOCTH;
° BEPOSATHOCTHBIN XapaKTep Pa3IMUHbIX MPOILIECCOB OKPYKAIOIIETO MUpPA.

[Ipu npoBeieHnH MPAaKTUYECKUX PabOT yueOHas rpymnna MOKET JEIUThCS Ha
HOATPYIIIBI YHCIEHHOCTHIO HE MEHBIIIE 8 UEIOBEK.

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

ConepxaHue NpakTUYECKUX padOT HAIIEJICHO U Ha Pa3BUTHE
npoecCHOHANbHBIX YMEHUHN U HABBIKOB. BhITIONIHEHHE pacu€ToOB, YEPTEIKEH,
WHCTPYKTUBHBIMU MaTe€pUajlaMy, CIIPABOYHUKAMH, YMEHHE MOJIb30BATHCS
COBPEMEHHBIMU UH(POPMAITMOHHO-KOMMYHHUKAITMOHHBIMA TEXHOJIOTUSMH.
Hapsiny, ¢ dopmupoBanreM yMeHUN U HABBIKOB, B TIPOLIECCE BBHITTOJIHEHMUSI
MPaKTUYECKUX PabOT 0000IIA0TCS, CUCTEMATU3UPYIOTCS, YTIAYOJISIIOTCS U
KOHKPETU3UPYIOTCS TEOPETUUECKUE 3HAHUS, BBIPa0aThIBACTCS CHOCOOHOCThH U
TOTOBHOCTh MCIIOJIb30BaTh TEOPETUUECKUE 3HAHUS Ha MPAKTUKE, PA3BUBAIOTCS
WHTEJJIEKTYaJIbHbIE YMEHHSI.

B aHHBIX METOUYECKUX YKa3aHUAX B Hayayle KaXJI0H TeMbl KPaTKO
U3JIaraloTcs OCHOBHBIE TEOpETHUECKHUE CBeACHUS (orpeaenenus, GopmyIbl),
HEOOXOMMbIE JJIs pelIeHus mocaenyomux 3aaad. [IpuBoasarcs pemeHus
TUIIOBBIX IPUMEPOB M 3aAad. JlaroTcs ynpaKHEHH IS 3aKpEIICHUs] MaTepuaa.



IIpakTuyeckoe 3ansaTue Nel

Tema: Llenbie u paunoHanbHbIC yncia. JledicTBUTENbHbIC Yncia. J{eicTBUS Hal
palMOHAIBHBIMU YUCIIAMU.

Hesan: O0o0mIeHNE U cUCTeMaTH3aIHs 3HAHUH, YMEHUH, HABBIKOB y4YaIIUXCsl IPU BBITOJTHECHUN
apuMeTHIECKUX NeHCTBUHN Ha/l OOBIKHOBEHHBIMU APOOSIMH

Teoperuueckuii 010K

1. Croorcenue. Cymmoit npobeii ¢ OTHUM M TEM K€ 3HaMEHATEJIeM Ha3bIBAIOT JIPOOb, UMEIOIIYIO
TOT K€ 3HAMEHATE b, @ YUCIUTENh PABEH CYMME YUCIIUTENICH TaHHBIX Ipo0eH, T.¢.

aba+b

L by
9T0 OIIpCACIICHUC MOXKHO C(i)OpMy.]'II/IpOBaTB TAK¥XKC B BUJAC CIICAYIOLICTO ITpaBUJIA.

YTOOBI CI0KUTH )IpO6I/I C OJMHAKOBBIMH 3HAMCHATCIISIMH, HAAO0 CJIOXKHUTDH UX YUCIUTCIIN, a
3HaMCHATCJIb OCTaBUTDb TOT XKC.

ITpumep.

YToOBI CIIOXKUTH APOOH C pa3HBIMH 3HAMEHATEIISIMU, HAaJI0 TPUBECTH UX K HAUMEHBIIIEMY
o0I1IeMy 3HaMEHATEJII0, & 3aTEM CJIOXKHTh MOJYYCHHBIC YHCITUTEH U IO CyMMOM MOAIUCATh
00111 3HAMEHATENb.
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Kopoue 3anuceiBaroT Tak:

UToObI CIIOXKUTH CMEIIAHHBIE YHCIIA, HY>KHO OTAENIBbHO HAUTH CYMMY LENBIX U CYMMY TPOOHBIX
yacteit. JeiicTBUe 3aNUChIBACTCS TAK:

gl 1 g a2l 11+20 0 1352 147
15 45 © 45 45

2. Bviuumanue. Berantanue apo06eit MOYKHO ONPEIEIUTh KaK JIeHCTBHE, 00paTHOE CIOKEHHUIO
npoOeit. BeryecTs u3 0/HOTO IPOOHOTO YHCIIa BTOPOE 3TO 3HAYUT HANUTHU TPEThE YUCIIO0, KOTOPOE
B CyMME CO BTOPBIM JIaeT mepBoe. M3 3Toro onpeneneHus ciaeayeT IpaBuio:



YTOOKI BEIUECTH I[pO6I/I C OAVMHAKOBBIMH 3HAMCHATCIAIMU, HY>KHO BbIYCCTh YU CIUTEIIb
BbBIYUTACMOTI'0 U3 YUCIIUTECIA YMCHBITACMOI'O U OCTABUTH HpC)KHPIfI 3HaMCHATCJIb. I[eﬁCTBHe
3alIMChIBAIOT TaK:

UToObI BEIYECTH IPOOU C pa3HBIMU 3HAMEHATEIISIMU, HY’)KHO CHaydaia MPUBECTH UX K
HaMMEHBIIEMY 00IIeMy 3HAMEHATEITI0, 3aTeM U3 YHCIUTENS] YMEHBIIAEMOTO BHIUECTh YHCIUTETh
BBIYUTAEMOT0O U MO UX Pa3HOCTHIO MOANKUCATH OOLIMI 3HaMeHaTeNb. [lelicTBUE 3aHUChIBAIOT
TaK:

11 5 22-15 7

12 8 24 24

Ecau HYXXHO BbIYCCTb OJHO CMCIIAHHOC YUCIIO U3 APYroro CMEIaHHoro 4ucia, To, €Cjiu MOXHO,
BBIYUTAIOT )Ip06]5 u3 I[pOGI/I, a IeJI0€ U3 LOCJI0ro. HeﬁCTBHC 3aIIMCBIBAIOT TaK:

33—5§=33—5_33 =3.i
11 4 44 44

Ecnu xe 1po6b BeIYUTaeMOro 00Jblie Apodu yMEHbIIaeMOro, TO OepyT OJIHY SIUHUILY U3
[EJIOT0 YKCIia YMEHBIIAeMOr 0, pa3Ipo0IIsIFOT €€ B HajuIexKalllye J0JIH U MPUOaBISIOT K Jpoou
YMEHBIIAEMOT0, TIOCIIE YeT0 MOCTYIAI0T, KaK OMUCAHO BhIiIe. J[eCTBUE 3alUChIBAIOT TAK:

51_ 1 1ﬁ—33:352—33:3E
o 12 36 36 36

AHaJOru4HoO MOCTYIAI0T, KOT'Zla Ha/10 BBIYECThb U3 LICJIOT0 YHUCiia )Ip06HO€.

ITpumep. 3 3

3. Pacnpocmpanenue c80UCm8 C0NCeHUs U bluumanus Ha OpodHble yucia. Bee 3aKoHbI U
CBOMCTBA CJIO’KEHHS M BBIYUTAHUS HATYPAJIBbHBIX YHCEN CIPABEIMBBI U JJIsI IpOoOHBIX uncen. Mx
MIPUMEHEHNE BO MHOTHX CITy4asiX 3HaYUTEIHHO YIPOIIAET MPOIIECC BHIYUCICHHS.
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ITpumep 1. 12

3}1605 HCITIOJIBb30BaHbI HepeMeCTI/ITeHLHLIﬁ 1 COYCTATSIbHBIM 3aKOHEI CIIOKCHHS.
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3,I[eCB HCIIOJIb30BAHO ITPAaBUJIO HpI/I6aBJ'ICHI/I$I CYMMBI K YUCITY.

PE Sl SEELIPER B DU LI LT LSNP v
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[Tpumep 3. 36 g 36
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31ech UCTIOJIB30BaHbI MIPABUJIa BEIUUTAHUS U3 YHCIIA PA3HOCTH U CYMMBI.

. YMHOOICEeHUe.
4.V YMHOXEHHUE [ 0o0u Ha Oeja0€ 4YMCJI0 MOXXHO ITIOHUMATh TaK K€, KaK 1
YMHOKCEHHE LCJIOr0 YUCiia Ha LEJIOC, T.C. KaK CJIOKCHUC OANHAKOBLIX CJIarda€MbIX. HaanMep,

2 2 2 2 2 2
— 8=t —F—+ —+—
3 3 3 3 3 3
3 2
Ho IJIsL YMHOXKCHUS Ha I[p06b TaKO€ TOJIKOBAHUC HE IIOAXOJUT. HaHpI/IMep, YMHOXas ? Ha 3 y

3 2

HENb3s CKa3aTh, YTO 37eCh " 7 HaIo B3ATH 3 paza ciaraembiM'".
31ech HEOOXOIMMO JaTh HOBOE OTIpe/IeIICHHE.

[IpousBenenuem apodei Ha3bIBAIOT TAKYyIO APO0Ob, YUCIUTENb KOTOPOU paBeH MPOU3BEACHHUIO
YHCIIUTENEH JaHHBIX Ipo0eil, a 3HaMeHaTelb - IPOU3BEICHUIO UX 3HAMEHATENEH,

Te. M HH yro6e1 yMHOXHTE poOb Ha APOOb, HY’KHO YMHOKHTh YHCIUTENb HA
YHUCIIUTEIND, & 3HAMEHATEIb HAa 3HAMEHATENb U [IEPBOE IPOU3BEACHHE CENIATh YUCIUTENIEM, a

a [

BTOPOC - 3BHAMCHATCIICM: b d bd .

[Tpu ymMHOXEHUU cleAyeT AeaaTh (€CiIM BO3MOXKHO) COKpaIleHHE.

12 19 12-1b 2

Mpmvep. 19 30 3930 5

Ecnu yuecTs, 4To 11e10€ YHCIIo MPeICTaBIseT co0oi ApoOb co 3HaMeHaTeneM 1, TO yMHOXKEHHE
JpoOH Ha €10 YKCIIO U 1IeJIOT0 YKcia Ha APoOb MOXKHO BBITOJIHSTH MO3TOMY XK€ MPaBUITY.



G- 1
Hpumepsr. 12 1 12 12 2

5. Ymnoorcenue cmewannvix uucen. YtoOb! IEpeMHOKHUTH CMEIIAHHBIC YHCIIA, HY)KHO
npeaBapuTeNbHO 00PATUTh UX B HEMPABUIBHBIE JPOOU M MOTOM MEPEMHOXKATH 110 MPABUILY
YMHOXXEHUS IpOOeii.

Ecnu e mepeMHOkar0T CMEIIaHHOE YHCIIO Ha 1IEJI0€, TO IMPOIIE MHOXKUTH OTJEIHHO LEIYIO
4acTh U IPOOHYIO YaCTh.

22.3-62-72

[Tpumep. 3 3 3

6. Pacnpocmpanenue ceoticme ymuodrcenus Ha Opoousie yucia. CBOWCTBA yMHOKEHUS
HaTypaJbHBIX YMCEN CIPABEJIUBBI U i1 polei. VX ucnosib30BaHUE YIIPOIAET YCTHBIC U
MICbMEHHBIE BHIYUCIICHUS.

2
T—-3ﬂ=[?+%]-3ﬂ=21!]+4=214

[Ipumep 1.
91-8=9-3+3-8=T2+T=T9
ITpumep 2. 8

3(. 9 1
_.[?_.1_3]=[E.i].qul.qu?g
Momep3. 4 \ 31 37/ L43) 31 31 31
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Tpumep 4. 5 17) 31 5 31 17 17 17

7. Henenue opoobeti. JInsa nenenust Apodeit COXpaHsIeTCs TO Ke ONMPEeeICHUE, YTO U TS JCIICHHS
ENTBIX YUCEIT: ITO - ACUCTBHUE MOCPEICTBOM KOTOPOTO 110 TaHHOMY MTPOU3BEACHHUIO ABYX
COMHOXXHTENEH ¥ OJHOMY U3 9TUX COMHOXKHUTENEH OTHICKUBAETCSI BTOPO COMHOXKHUTEIb.
PazpenuTh 0HO YKCIIO HAa BTOPOE - 3HAYUT HAUTH TAKOE TPEThE YHCII0, KOTOPOE MPHU
YMHOXXEHUH Ha BTOPOE J1aeT MepBoe. BBIMONHAIOT nenenne Apobdelt o ciaeayoiemMy mpaBuiy.

YroOsl pa3nenuTb ApoOb HAa APOOk, HY’KHO YHCIUTENb IEPBON APOOH YMHOXKHUTH Ha
3HaMEHAaTeNb BTOPOM, a 3HAMEHATENb [IEPBOM HA YUCIIUTENb BTOPO U MIEPBOE MMPOU3BEIACHHE

a ¢ ad

3aMucaTtb YUCIUTEIIEM, @ BTOPOC - SBHAMCHATCIIEM! b d JE:'C .



6 9 6-10 60 20

ITo 3TOMy € IpaBUITy MOXHO BBIIOJIHATD JEJICHUE IPOOH Ha LIEJI0€ YHUCIIO U LIETI0T0 Ha Ipo0b,
€CIIH IIPECTaBUTh 1IEJI0€ YKHCIIO0 B BUJE APOOH CO 3HAMEHaTeneM 1.

IIpumepsl.
15:2:9:%:&:2:21;
7 17 1-5 1
3_2_3_2_31_4
13 131 13.2 13

& 8:2 4
—:2
13 13 13
8. Henenue cmewannwvix yucen. YToObI BHITTOIHUTE JICTICHUEC CMEIIAHHBIX YUCEIT, UX
MPEIBAPUTEILHO OOpaIIatoT B HEMPABUIIBHBIC IPOOU U 3aTEM JICIISIT 110 TPABUITY JCIICHUS
JIpOOeH.
3.1 63 21 63-20

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

O}lHaKO IIpH ACJIICHUNW CMCIIaHHOI0 YucCjia Ha LEJI0C OBIBacT y,I[O6H€I71 ACJIIUTH OTACJIBHO LEITYIO
4acCTb U OTACIBHO Z[p06Hy'IO 4aCTb CMCIIAHHOI'O YHuCJia.

Z!nl‘.llé:izﬁl

ITpumep. 7 7,

9. 3amena oenenus ymuoodicenuem. Ecnm B kKako-HUOYIb IPOOH TTOMEHSITH MECTAMH YUCIUTEIh

U 3HAMEHaTellb, MOJIy4UTCs HoBast JpoOb, oOpaTHast nanHoil. Hanpuwmep, 11t nipodu 7 oOpartHas

7

IpoOb Oynet 3

OueBuIHO, YTO MPOU3BEACHHE IBYX B3aMMHO OOpaTHBIX Ipobeii paBHO 1.

Qo | =1
I
et

=1 | oo

YuureiBas 9TO, MOJXHO ACJICHUC BBIMIOJHATH MO CICAYIOUICMY IIPpABUITY.

YtoObl pa3ieIuTh OJHO YHUCIIO HA APYTOe, HY>KHO JIETMMOE YMHOXKHUTh Ha YHCII0, 00paTHOe
JNETUTEITIO.
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HpI/IMepl.3 7 335 13
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4_51 41543 3

Mpuwep3.7 3 7 3 716 28

10. IIpumepst na 6ce deticmeus ¢ 0ObIKHOGeHHbIMU OpoOsMU. PeleHre MpuMepoB Ha BCe
JEUCTBUS C IPOOSMU BBIIIOJIHSIOT C TOMOIIBIO 3aMMCH TI0 OT/ICIBHBIM JICUCTBHSIM HITU 3aITUCH
LEIOYKOH.

ITpumep. BeIUHCINTE:

3.5 155 1 ,.1

TS 243

52 288, 2 31 16
5;+1n Liayii3 36 35

PerieHue 1mo 4actsam.

3.5 1 1 1
p .2 -3 1 3li9-0l;
5 21 3-21 7 7 7
15 5 15.84 1
2)—:—=—=9; 4)5: —=10;
28 81 285 2
5310 +10=20;
1 64 16 1 1
)9 —:20=——=—; 11} —:3=—;
7 7-20 35 3 o
1 1 1 13
7Y2:—=4; 12) —
2 4 o 36
3)3:1=9; 13)13: 13 _13-36 _ .
3 36 13
0)4+9=1% 14}3ﬁ-l=1;
36
1 1 16
10)—:2=—; 15)—+1——=1
2 4 35 a5
OtBer. 1.

[IpuMep BBIUUCIIEHUS IIETTOYKOM:
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5 ] & 3 8 8
52 58 15
2 7,45 _7 2 250
= = —+2:53=——+10=
31 58 3 1 7
510 & 25 50 5
3:5£+1l£1l=1‘-15E
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Pemenue 3agau
2
1. Bona 3anumaer 3 moBepxHocTu 3emuid. [loaToMy 3emitio Ha3bIBAIOT «TOJTYOOH MJIAHETOM.

1
Kaxyro uacTh 3eMHO# moBepXHOCTH 3aHMMaeT cyma? Oteer: 3 cyma.
2
2. Oty 42 rojna, a BO3pacT ChlHA COCTaBisieT 7 Bo3pacrta oTma. CKoiabKo jeT cbiny? OtBeT: 12

JICT.
3

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

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

4. Jlnuna ctopoHbl kBajgpata © am. Kakosa ero miomaas? Oter: 81 I[Mz.

5.Pabounii MOKET BHIITOJIHUTD MMPONU3BOACTBCHHOC 3a/IaHUC 34 5 4acCoB, a4 €ro y4€HUuK — 3a 8
13
qacCoB. KaKYIO 4acCTb pa6OTBI OHH BBIITOJHAT BMCCTEC ITOCJIC HacCa pa60TH? OtBer: 40 4,

2 1
6. B mepBbIii uac aBToOyC MpoIIea S BCEro IMyTH, BO BTOPO 3 MyTH, a B TPETUH — OCTAJIbHBIC
28 kM. Kakoe paccrosiHue mpoien aBro0yc 3a Tpu yaca?

1 11
+ 3 = 15 (4)—3a ;Ba yaca.
11 4
2)1- 15 = 15 (4)— npouien B TpeTuii yac. 4
3)28: 15 =105 (xkm) —3a TpH 4aca.

Otser: 105 kM mporen aBToOyC 3a TpH yaca.

JdomaiHee 3aganue:



5 3

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

OtBeTr: 100 kM.
o

2. 113 60uky ¢ OEH3MHOM BHAYAJIE OTVIMIM 28 Bcero MMEIOLIErocs: TaM OSH3MHA,
2

noToM 7 BCero OCH3MHA U MOCJIE 3TOTO B 00uKe ocTanock 99 nmutpoB OeH3uHa. CKOIBKO JIUTPOB
OcH3uHa ObLIO B OOYKE MEPBOHAYATHHO?

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

2)1- 28 = 28 () — 0CTAIOCH.

11
3)99: 28 =252 (;1) — ObUTO MEPBOHAYATBHHO.

Otger: 252 1 Gen3uHa ObLJIO0 B O0UYKE IEPBOHAYAIIBHO.

IIpakTuyeckoe 3ansaTHe Ne 2

Tema: «PeuieHne MTMHENHBIX YPABHEHUN U HEPABEHCTB)

Heab: O600MUTH U CUCTEMATU3UPOBATH 3HAHUS, YMEHHS yUAIIUXCS TPU PEIICHUU JTMHEHHBIX
YpaBHEHUH U HEPABEHCTB

Teopernueckuit 010k
JIunelinble ypaBHEHUS
JInHEHBIM ypaBHEHUEM OTHOCHUTEIBHO IEPEMEHHON X HA3bIBAETCS YPABHEHHE NIEPBOU
cremenn KX +b =0 (1)
rae K u b — npousBosbHBIC BELIECTBEHHBIC YHCIIA.

T
B ciayuae ¥ ¥ 0 ypasaenue (1) uMeeT eIMHCTBEHHOE PELIEHHUE TIPH JIF0O0OM 3HAUeHUH b :

b
x=-=

k
B cnyuae, xorna k=0b #0 ypaBHeHue (1) pemeHuii He UMeeT.
B ciyuae, korma K =0, b=0, pemenuem ypaBuenus (1) siisiercst 11000€ 4nCIIO
X €(—w; + ). L
CJIM M3HAYAJIBHO 3aJI1aHO YpaBHEHHUE, co/ieprKalliee epeMEHHYIO B

3HaMEHarele, TO epel pelleHneM HEOOX0JUMO yKa3aTh 001aCTh ONPENEIICHHs], UCKITIOUUTh U3
OTBETa KOPHHU, ITPH KOTOPHIX BbIpa:KeHUEe He HMeeT CMbICJIA.


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

8[x—1)
Br—84

&
+2x:2[4—2xj
2r=8-4x

Brx+2x+4x=8+48

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

16

a8

r=
14 7

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

=4
—4

(xtd) =4 (x+4)

S5x+15=4x+16

r=-1

e

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

x=-1

|
-3

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

Sx+15=4x+12

x=-3

Crnzein

HEr KROpHEE



JIvHeliHbIe HEpaBEHCTBA

JInHeHHBIM HCPAaBCHCTBOM OTHOCHUTCIIBHO HCpCMCHHOfI X Ha3bIBACTCsS HEPABCHCTBO,
IMpUHAJICKAICE K OAHOMY U3 CICAYIOIIUX THUIIOB:

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

Pemas JII/IHef/'IHBIe, Ja 1 HE TOJIBKO J]I/IHGfIHBIC, HCPaBCHCTBA, CJICAYCT IOMHHUTD, YTO IIPU
YMHOKCHHHU UJIU ACJTICHUN HCPABCHCTBA HA IOJIOKUTCIIBHOC YHUCJIO 3HAK HEPABCHCTBA
COXPAHACTCA, a ITPU YMHOXCHUHN WJIN JCJICHUU HEPABCHCTBA Ha OTPULATCIIBHOC YHUCJIO 3HAK
HCPAaBCHCTBA MCHACTCA HA HpOTHBOHOHO)KHLIﬁ.

B cooTBeTcTBHM C 3TUM pEIICHUE JIMHEHHBIX HEPABCHCTB, B 3aBUCUMOCTH OT 3HAYCHUM
ko3h¢urmentor K u b, mnpeacrasneno B cieayroieit Tabmuie 1.

Tabnuna 1. — Pemennie HepaBeHCTB NEPBOM cTENIEHU

kx+b=0 kx+b>0 kx+b=0 kx +b<0
3HaK HEpaBEHCTBA COXPAHSIETCS
0 xE—E x}—g xﬂ—g .:1c-:i—E
k K K k
k=0, b<0| @ 2 Xe(—w;+w). | XxXE(—0;+ ).
k=0, b=0 | X€(—c0;+ ). | & xXe(—w;+ ). | &
k=0, b>0| xe(-w;+¢e0). | XxXe(—w;+w). | & (7]
3HaK HEPaBCHCTBA MCHACTCA HA HpOTI/IBOHOJ'IO)KHHﬁ
= xi—g Jn:-:::—E xE—E .:tf::-—E
k K K k

CucreMbl TMHEWHBIX HEPABEHCTB

PaCCMOTpI/IM peHICHUC CUCTEM JIMHEHHBIX HEPABCHCTB HA IIPpHUMCEpax.

Ipumep 1. Pemuth cucreMy HepaBEeHCTB




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

Pemenune. Pemmm KaXX10€ U3 HCPABECHCTB CUCTEMBI:

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

N300pa3uB Ha 01HOM KoopauHaTHOM mipsimoid (Puc. 1) 06a TouedHBIX MHOXKECTBA,
COCTABJISIIONINX TIOCIICHIOK CUCTEMY, ITOJIy4aeM OTBET IIPUMEPA.

Puc.1

[3 11]
Xe| — —
OrtBer: 23

[Ipumep 2. Pemnth cucteMy HEPaBEHCTB

Sx+4<0,
-2x-720.

Pemenne. PemuM kaxaoe us HEPaBCHCTB CUCTCMBbI:

4

5x+4 <0, Sx<—4, A<=
Lo

2x—-T7=0. _2x327, 7

Xs——,

2

N306pa3uB Ha 01HOI KoopanHaTHOU npsimoit (Puc. 2) 06a TouedHbIX MHOXKECTBA,
COCTABJIAIOLIUX TOCJIEIHIOI CUCTEMY, [TOJIy4aeM OTBET IIPUMEPA.

N306pa3uB Ha oaHOI KoopanHaTHOU npsiMoi (Puc. 1) o6a ToueyHbIX MHOXECTBA,
COCTABJIAIOLIUX TOCJIEIHIOI CUCTEMY, [TOJIy4aeM OTBET IIPUMEPA.



Pt ava v U NN
4 40
2 5

Puc.2

XE|—o0— —
OrtBer: 2

[Tpumep 3. Pemintb cucTeMy HEpaBEHCTB

6x—7 =0,
4x+13<0.

Pemenue. PemnmM Kaxioe U3 HEPaBEHCTB CUCTEMBI:

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

N300pa3uB Ha 01HOI KoopanHaTHOM mpsimMoii (Puc. 3) 06a ToueyHBIX MHOXKECTBA,
COCTaBJISIOLIUX MOCIEAHIOI CUCTEMY, ITOTy4aeM OTBET MpuMepa

.
- — ey
_13 07
4 6
Puc.3
OrtBer: <

Pemmth nanHbie cucTeMbl HepaBeHCTB (Ne 179 —184):



179.{2.15—-1}1’ 181. bx 4+ 3> 8,
3x 4+ 1 << 13. 4x+3>8—x.
183. {3.3'1'7:?94—2& 184. {x+4-=::?x,
54 %~ 2% - 2, | —x>—2.
JlomaiHee 3a1aHue:
(2x +3) (2— 2x) > 0.
(2—m) (2x—15) (x +4) > 0.
x}i,
(3x-4 >0, [[3x>4, |3 35 4
Xy —— X =
B Sx+6 >0, Sx > b 5 3
GBr-d(5x+6 >0 3}{_4{0,*::} 3}{{4’@ :-I{i {:}x{_E
Sx+6 <0, sx< 6, ]3] 5
- - &
Ti—=
i 5

IIpakTnueckoe 3ansTue Ne 3
Tema: Pemenue KBaApaTUYHBIX YPABHEHUN U CUCTEM YPaBHEHUIN
Hesab: O600UMUTH U CHCTEMAaTU3UPOBAThH 3HAHMS y4YalllUXcs [0 JaHHOM TeMe.
Teopernueckuii 6110k
Ornpenenenue

Keadpamuoe ypasnenue — 3To ypaBHeHHe BiIa ax’ + bx + ¢ = 0, rae
k03 durMeHTsI &, b u C — mpou3BoJIbHbIC Yncia, npuiem a # 0.

[Ipexne, yeM u3ydaTb KOHKPETHBIE METO/IbI PELIECHHUS, 3aMETUM, UTO BCE KBa/IpAaTHbIE
YpaBHEHHUS MOKHO YCJIIOBHO pa3/IeiUTh Ha TPH KJlacca:

He nmerot xopHei;
VIMeroT pOBHO OJIUH KOPEHB;

HNmeroT ABa pa3JIMYHbIX KOPH:.



JAucKpuMHUHAHT
Onpenenenne

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

Oty Gopmyny Hano 3HATh Hau3ycTh. OTKyAa oHa OepeTcs — celyac HeBaXkHO. BakHo npyroe:
0 3HaKy JUCKPUMHUHAHTA MOXHO OIPEACINUTh, CKOJLKO KOPHEH UMEET KBaIpaTHOE ypaBHEHHE.
A UMEeHHO:

Ecmu D < 0, xopHeit HeT;
Eciu D =0, ecTb pOBHO O/IUH KOPEHb;
Ecnu D > 0, xopHeii Oyner na.

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

3amaua

CKOIBKO KOpHeﬁ HMCIOT KBaJAPATHBIC YPABHCHU:

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

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

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

a=5b=3,c=7,

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

I[I/ICI(pI/IMI/IHaHT OTpHI.I&TCJ'ILHLIfI, KOpHGfI HCT. OCTaJ'IOCL MMOCJICAHCC YPABHCHUC!
a=1b=-6;c=9;
D=(-6)-4-1-9=36-36=0.

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

KopHu kBaspaTHOTrO ypaBHEHUs



“b++D “b—D
M=% 0 % T T

Korna D = 0, MOHO HCITIOJIB30BaTh JHO0YIO U3 3TUX (POPMYI — MOIYUUTCS OJHO U TO Ke
4HCIlo, KoTopoe u OyneT orBeroM. Hakonern, eciau D < 0, kopHelt HET — HUYEro CYUTaTh
HE HAJIO.

3amaua

Pemnth kBagpaTHbIE ypAaBHEHUS:
X —2x—-3=0;

15-2x- X =0;

X* +12x + 36 = 0.

Pewenue

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

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

Bropoe ypaBHeHue:
15-2x-x¥=0=>a=-1;b=-2; c=15;
D=(-2)*-4-(-1)-15=64.
D > 0 = ypaBHeHHe cHOBa UMeeT /iBa KopHs. Halinem ux:
2 ++/64 2 —+/64
2D P2-(-1)

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

D = 0 = ypaBHeHUe UMeeT OJIMH KOPeHb. MOKHO HCITOJIB30BaTh TH00YI0 hopmyny. Hampumep,
HEPBYIO:

_—12+¢E_
S T

OtBer

1) X =3, % =-1;2) X3 = —5; % = 3; 3) X = 6.



Henonueie kBaspaTHbIE YpaBHEHUS

briBaeT, yTo KBaipaTHOE ypaBHEHUE HECKOJIBKO OTIMYAETCS OT TOTO, YTO JAHO B ONPEACICHUH.
Hanpuwmep:

X° +9x=0;
x°— 16 =0.

Hecnoxuo 3aMCTUTDb, YTO B 3TUX YPABHCHUAX OTCYTCTBYCT OJHO M3 CllaraCMbIX. Takue
KBaApPATHBIC YPABHCHHA PCHIAKOTCA OAXKCE JICTYC, YCM CTAHJAAPTHBIC: B HUX HAXKC HEC HOTpe6yeTC$I
CUUTATb JUCKPUMUHAHT.

Ornpenenenue

YpaBHeHue a¢ + bx + C = 0 HasBIBACTCS HENONHbIM K6aopamHuuvim ypagrenuem, eciu b = 0
wii € = 0, T.e. KOOQPHUIMEHT MPH MePEMEHHON X WM CBOOOIHBIN JIEMEHT PaBEH HYIIO.

Pa3zymeercs, BO3MOKEH COBCEM TSKENBIN cllydail, korjaa 06a 3Tux ko3((uireHTa paBHbl
Hymo: b =c =0. B 3ToMm ciny4ae ypaBHEHHUE IPUHAMACT BH/] ax = 0. OUeBHIHO, TAKOE
ypaBHEHUE UMEET CTUHCTBEHHBIA KOpeHb: X = 0.

Paccmotpum octasnbhbie ciydau. [lycts b = 0, Torna mony4ynm HemosHOE KBapaTHOE
ypaBHEHUE BHUJIA ad + ¢ = 0. Hemuoro npeoOpasyeM ero:
2 2 C C
ax“+c=0=2x"=——=2x=% |——
a a
[Tockonbky apudmMeTnyecKkuil KBaApaTHbBIM KOPEHb CYIIECTBYET TOJIBKO U3 HEOTPULATEIHLHOTO
4ypCIa, MOCIeHEe PABEHCTBO UMEET CMBICI UCKITIOUUTENBHO ripu (—C/a) > 0. BeiBox:

Ecii B HEMOJIHOM KBA/JPATHOM YPaBHEHHMH Bi/Ia aX° + C = () BBIIONHEHO HepaBeHCTBO (—¢/a) > 0,
KopHei Oynet nBa. opmyra 1aHa BBILIE;

Ecnu xe (—c/a) < 0, kopHeit HeT.

Kax BUIUTC, TUCKPUMHWHAHT HEC HOTpC6OBaJ'IC$I — B HCIIOJIHBIX KBAaJJPATHBIX YPABHCHUAX BOO6HI€
HET CI0KHBIX BeIUMciaeHn. Ha camom JCJIC JaxKe Heo0A3aTeIbHO TOMHHUTD

HepaBeHCTBO (—C/a) > 0. JlocTaTO4HO BBIPA3UTh BEITHUUHY X i IIOCMOTPETH, YTO CTOUT C IPYroi
CTOPOHBI OT 3HaKa paBeHCTBa. Eciu TaM nojokuTenbHOoe Ynciao — KopHel Oynet nBa. Ecnu
OTpHIIATEIbHOE — KOpHEH He OyneT BooOIe.

Teneps pazdepemMcst ¢ ypaBHEHUSIMH BUIA ad +bx = 0, B KOTOPBIX CBOOOTHBIH DJIEMEHT
paBeH Hymo. TyT Bce mpocTo: KopHel Beeraa OyaeT nBa. JloctatogHo pa3iokuTh MHOTOWICH
Ha MHOXXHUTEJHN:

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

HpOI/ISBe,Z[CHI/Ie paBHO HYJIIO, KOI'Ia XOTH OBl OJIMH 13 MHOXKHUTEIIEH PaBCH HYJIIO. OTCIOI[a
HaxXo4dATCA KOpHU. B 3ak1roueHue pa36epeM HCCKOJIBKO TaKHX ypaBHCHI/Iﬁl



3amaua

Pemnth kBagpaTHbIE ypaBHEHUS:

XX —Tx=0;
5% +30=0;
4¢—9=0.
Pemenue

X —TXx=02X- (X—7)=0=2x=0;%=—(-7)/1=T1.

5%° + 30 = 0 = 5x° = =30 = X* = —6. KopHeii HeT, T.K. KBaJPaT He MOYXKET OBITh PABEH

OTPHULIATCIILHOMY YHCITY.
hP-9=0=2h2=9=2X=94=>x=3/2=15 X =—1,.

OtBeTr

X1 = 0; Xo = 7; 2) kopueii Her; 3) X1 = 1,5; Xo = 1,5.

Pelienne KBagpaTHYHBIX CUCTEM YPABHEHUH

. X=y=1,
IIpumep 1. Pemuts cuctemy ypaBHEHUI .
X +y =41
Pemenne. BbIpa3suB X W3 NEpBOro ypaBHEHMsS CUCTEMBI M IIOJCTaBUB BO BTOPOE, MOIYYHM
{x =y+1,
2 — =
PaBHOCUIIBHYIO CUCTEMY 2y 2y —A0=0. (1)

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

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

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

2Xx—-3y—-xy=4

3X+y+3xy=3

Pemienne. Cpa3y BBIpa3uTh OJHY [EPEMEHHYIO 4epe3 JAPYrylo B JIaHHOM Cliydae
3aTPYAHUTENHHO, MENIaeT ciaraeMoe Xy. UToObl M30aBUTHCS OT 3TOTO CIIAraeMOr0 YMHOKHM
HepBOC ypaBHEHHE CHCTEMbl Ha 3 M CIOXHM CO BTOPbIM ypaBHeHHeM. [Ipu 3TOM momydum

IIpumep 2. Pemuts cucremy ypaBHEHUI {

L | 2x=3y—xy =4, 2
aBHOCWJIBHYIO CUCTEMY YPaBHEHUH 5~ ~ ...
P vio P 9x—8y =15,
15+8y
W3 BTOpPOro ypaBHEHWs NOJIy4aeM: X= . IloxgcraBuB 3TO BBIpAXKEHHE B TEPBOE
ypaBHEHUE CUCTEMBI (2) MOTyYHM ypaBHEHHUE 215+ 8 _ 3y-y 15-;8y = 4. IIpeoGpa3oBas ero,

TOTY9IHM KBaJpaTHOE ypaBHeHne oTHocutenbHo v: 4y” +13y+3=0. KopHu 3T0ro ypaBHeHns

1 13
y,=-3Y,= k HOJCTaBUM B (POPMYITy AJIS X, U MOTYy9uM X, =—1, X, = —.

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



x*(x+y) =80,
x*(2x—3y) = 80.

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

IIpumep 3. Pemuts cuctemy ypaBHEHUMI

YyacTel ypaBHEHHI HE MOXET OBITh paBeH HyNI0. TakuMm 00pazoMm, IMOIy4yaem, 4TO x#0y

3
2X-3y#0= x=# —Ey . Paznenum niepBoe ypaBHEHME CUCTEMBI Ha BTOPOE MOYJIEHHO, B CHIY

X+Yy

CIEJTAHHOTO BBIIIE 3aMEYaHMsl, TOJYYMM PAaBHOCUIILHYIO CHCTEMY 1§ 2X—3Y - . Beipazum u3
x*(x+y) =80.

IIEPBOTO YPaBHEHHUsI IOJYYCHHOM CHUCTEMBI BbIpasuM x: X=4Yy. [logcraBum 3T0 3Ha4eHHE BO

BTOPOE ypaBHEHUE CUCTEMBI M HaieM Y =1, Torga X = 4. OtBert: (4; 1).

Homainee 3aganue: Pemure ypaBHeHUS:

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

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

3.(X* —2x-5)*-2(x*-2x-3)-4=0

Pemnts cucreMsl ypaBHEHM:

Xy =2,
Ox* +y* =13.
X>+y=2
Y24+ x=2
1 + 1 =2,
3 X‘;y X:‘ry
+ =7

X+y X+Yy



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

Teopernueckuii 070K

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

TO €CTh, KBa,I[paTHBIe HepaBeHCTBa 6BIBaIOT CJICAyromunux BUAOB!
a¢+bx+c>0, a+bx+c>0, al+bx+c<0, ax+bx+c<o.
PeIHI/ITI) KBaﬂpaTHoe ypaBHeHI/Ie MO>XXHO C ITIOMOIIBKO MECTOAA I/IHTepBaJIOB.

Jlyist aTOro HEOOXOIMMO CHaYalla HATH KOPHU KBAAPATHOTO HEpaBEHCTBA (BMECTO 3HAKa
HEPABEHCTBA IOCTABUTD «=» U PELINTh ypaBHeHHe axX + bx + ¢ = 0). KopHeil MokeT GbITb 1160
nBa, 1100 0JMH, TUOO HE OBITH BoOOIIE. [lanbpHeiime 1elcTBHUS 3aBUCIT OT KOJUYECTBA KOPHEH:

1. Eciin ypaBHeHHe MMeeT IBa KOPHsI, HCOOX0IMMO HAHECTH MX Ha YUCIIOBYIO MpsiMyto. OHH
pa3o0bIOT €¢ Ha TpH MpoMexyTka. HyxHOo OyeT onpeaeanTh 3HaKH BEIPaKCHUS a¢ +bx+cHa
KaKJIOM U3 IPOMEKYTKOB (KOHKPETHBIN ITPUMEP PEIICHHUS BBl MOXKETE IMTOCMOTPETh, BBE/ISI B
$hopMy BBIIIe KAKOE-THOO HEPABEHCTBO, HAIPUMEp 5X° + 2X — 7> 0):

- ecniu @ > 0, To 3HaKM OyayT +, —, + (CIIeBa HaNpaBo);
- eciiu @ < 0, To 3Haku OynyT —, +, — (CleBa HaMpaBo).

B ciyuae, ecnu 3HaK HEpaBEHCTBA > WIIM >, OTBETOM OYJyT MPOMEXYTKHU CO 3HAKOM «+». Eciu
e 3HaK < WIH <, TO OTBETOM OYAyT OTPUIATEIbHbIE TPOMEKYTKH.

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

2. Eciiu ypaBHeHHe HMeeT OINH KOPeHb, TO HY)KHO TaK)KE€ HAHECTH €r0 Ha YUCIOBYIO TIPSIMYIO
¥ OIPE/ICIUTh 3HAKU BRIPasKeHHs & + bX + C Ha KaX/I0M U3 IIPOMexyTKoB. KopeHb pasienut
NPSIMYEO Ha JIBa TPOMEKYTKA, 3HAKU B KOTOPBIX OyyT OJIMHAKOBBIMH (B 3aBUCIMOCTH OT

ko3 durreHTa a):

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

- ecnu & < 0, To 3HaKM OyayT —, — B aTOM cirydae, ecimu 3HaK HEPABEHCTBA >, TO OTBETOM OyieT
MyCTOE€ MHOXECTBO. Eciu e 3HaK HEpaBEeHCTBA >, TO OTBET — OJIHA TOYKa — FPAHUIIA
npoMmexyTka. Eciu 3Hak HepaBeHCTBA <, TO OTBET — BCS YUCIIOBAsI MpsiMasi, KpOMe TOUKH-
rpaHMIlbl MPOMEXYTKA. Ecu 3HaK HepaBeHCTBA <, TO OTBET — BCS YUCIIOBAsI MpsiMasl.

3. Ecin ypaBHeHHEe KOPHel He HMeeT, TO HUYEro Ha KOOPJAMHATHYIO OCh U HE HYXKHO
HAaHOCUTB: HAJ(0 IPOCTO OIPENEIUTD 3HAK BBIPAKECHUS a + bx + ¢ Ha Beeii uncI0BOl IIPSAIMOM:



- ecin a > 0, To 3HaK Oynet +. B 3TOM ciyyae: eciiy 3HaK HEpaBEHCTBA > WJIU >, TO OTBETOM
Oyzer Bcs yuCloBas MpsiMast. B MpoTHBHOM citydae — eciii 3HaK < WM < — OTBETOM OyJieT
IIyCTOE MHOXECTBO.

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

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

KBagpaTHblii TpexuiieH 2x% + 4X — 6 umeer JIBA ICUCTBUTENBHBIX KOPHS X1 = —3, X2 =1.
[TosTomy mapabona y = 2%+ 4x — 6 TepeceKaeT OCh X B JIBYX TOUKaX, aOCIIUCCHI KOTOPBIX
paBHbl —3 u 1. [TockosbKy K03 HUIMEHT TTPU X? GoblLLIe HYyJIs, TTapabona y = 2%% + 4x —
6 HampaBiieHa BBEpX

2
W3 pucyHKa BUIAHO, 94TO TpexwieH 2X° + 4X — 6 mosoxxuTeneH npu X < — 3 u npu x >1.
[Tpumep 2. Pemuth HEPaBEHCTBO

2
—X"+x—1>0.
JIMCKPUMIHAHT KBaJPATHOrO TpexwieHa — X° + X — 1 orpuuarenen: D = —3. TlostoMy npu
2
BCEX X 3HAYeHMsI PYHKIUU y = — X~ + X — 1 UMEIOT OAMH U TOT K€ 3HaK, 8 UMEHHO 3HaK
2

koo HIMeHTa IPH X2, TO ecTh MuHYyc. CIIe0BaTENBHO, HEPABEHCTBO — X2 + X — 1> 0 He

BBITIOJIHACTCS HU IIPU KaAKUX 3HAYCHUAX X.

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

x4 9x—3
2y — 43

MMOJIOKUTCIIbHA W IIPU KaKUX — OTPpHULATCIIbHA.

CHauaJia yKa3aHHBIM BBIIIIE CIIOCOOOM OIPE/IeTM 3HAKU YMCIUTEIS ¥ 3HAMEHATEs JaHHON
npoOu, a 3aTeM CpaBHUM HUX.



Ypcnurens X2 + 2X°— 3 MON0KHUTENIeH npu X < —3 U npu x > 1, a oTpUIiaTENEH IpU
—3<x<1 (puc. BepXxHss YUCIOBas OCh).

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

i i
e
/) 2

3HaMeHaTelb 2X — X° IIOJIOKHTEICH npu 0 <x <2 u orpunareiset npu x < 0 u npu x >2 (puc. ,
HUOKHSIS UMCIIOBas och). M3 pucyHKa BUJTHO, YTO AaHHAS JpOoOb Oy/eT MOJ0KUTENbHA TPH — 3
<x <0 (B 3TOM Cllyuae YUCIUTEIb U 3HAMEHATEJb OTPUIIATEIIHHBI) U TIPU

1< X <2 (B 3TOM cllydae YHCIUTENb U 3HAMEHATEIIb MOJIOKUTEIbHBI); OTPUILIATEIHLHONU OHA OyIeT
npu x <. —3 (YUCIUTETb OJIOKUTENICH, 3HAMEHaTeNb oTpuIaTesieH), mpu 0 < x < 1 (yuciaurenb
OTpUIaTeNIeH, 3HAMEHATENb TOJIOKUTENCH) U P X > 2 (YUCIUTEIND MOJIOKUTEJICH, 3HAMEHATEb
OTpHUILIATEIICH).

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

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

JlomanHee 3anaHue:

1. Pettuth HEPaBEHCTBO:

8- 6x+1>0

2. HaiiTi HanMeHbIIIee MOJIOKHUTEITHLHOE 11eJI0e PelieHIe HipaBeHCTBa:
X+ 2x>-3

3. Pemuth HepaBeHCTBO:

X+ 3x+8>0

4. PemmTh HEPABEHCTBO:

X - 4x+4>0

5. Pemuth HEPaBEHCTBO:
X -4x+ 4>0
6. Haittu BCC 3HAYCHUA X, HC ABJIAOIINCCA PCIICHUCM HCPABCHCTBA!

x*> 16

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

I 1
CaolicTBa nuHelHON QyHKun ¥ = K€ + 5



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

2. O61acTb U3MeHeHUs (GYHKLUU IpH yenoBun, uto X = 0 — MHOXeCTBO BCeX HCHCTBHTEIBHBIX
ancen. Ecmn K =0 1o MHOXECTBO 3HAYCHHi (YHKIMU COCTOUT U3 OAHOM TOUKU b

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

4. Tlpu ¥ = 0 phyukrus Bospacraer npu 1ro0bix * . [Ipu K < 0 dyHkuus y6sIBacT npu

ni06bIx * . [Ipu K = 0 GyHKIMS HOCTOSHHA.

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

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

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

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

psiMasi IPOXOAUT YepPe3 TOUKU

. X
/o
_ax+b
DyHKIMs BUOA CX+a rned, b, C, e _ nocrosmmze ucyia, npudem € F 0, ad = bﬂ',
Ha3bIBACTCSl OPOOHO-TUHEHOU dyukyuerr. DyHKIMSA onpesieneHa BCIOJ1Y, KpoMe
X = —i
3HAYCHUS C Ecm = 0 ,E= 1 , d = 0, TO TIOJTYYMM YaCTHBIN cITydail TpoOHO-THMHEHHON
_b
byHKLIMH X . OGnacte ompesesneHusi Tako (OYHKIIUN XE (_ Cﬂ,ﬂ}U (ﬂ,+cﬂ)' I"'paduxom
_b
byHKUIHH X sBsieTcss KpuBas, COCTOSIIAs M3 JBYX BETBEH, CHMMETPUYHBIX OTHOCHTEIHLHO

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

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

:é

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

TUnepOOIIBI ¥ X JUTSL CITydast b>0



<

2

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

, IOC y.Xx _ IIEpEMCHHBIC, a,b,c —

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

2

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

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

b

.
11apa0oIIbl ABJIAETCS IpAMas 2a KoopauHatsl BepIIMHEI Mapabosbl ONPeIeIsSIOTCS 110
b dac —b°
hopmynam 0 2a 0 0 4a

Jlns moctpoenus napadosibl y1oO0HO BBIOpATh CIEAYIOUINE TPU TOUKH:

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

C(0,c).

nepBas TO4Ka

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

__b B(i;c)

TOYKY C abciuccon ¢l | Takum 06pa3om, BTopast TOUKa 24

__b _ _ dac —b°
Ax,,¥,) xﬂ__ﬁ,yﬂ_y[‘tﬂj_ 4a

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

_—btvb® —4ac _—b+D

X

ocsro Ox | " 1.2 2a 22  ecm TakWe CymIECTBYIOT, TO €CTb
JMCKPUMHUHAHT KBaJPATHOTO TPEXUIEHA HEOTPHUIATENLHBIMN.

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

TOYKHU C[ﬂ; 2)! B[_ L; 2)! A{_ 0=5;1=5).

Ormetm  TpHu

(@a>0)

BerBu mapabonbl  HampaBlieHBI

x=-05

BBEPX . [Tapabona cumMMeTpruIHa OTHOCUTEIHHO MPSMOK



1. Tloctpoiite rpaduku HyHKIUI:

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

2. IocTpoiite rpaduKu KBaApaTUIHON QYHKIIUU:
1 y=x*—4x + 3. 5.y=x? +x+1.
2. y=x>—6x+5. 6.y=x> —x+1.

3.y= —5x?+3x+ 2. 7.y= x*—6x + 10.

4. y=x(1—x). 8.y=—3x% +2x+ 1.

I[OM&I.HHCG 3aaHucC:

[Toctpoiite rpaduku GyHKIMI:



l.v=4x — 5

2.yv=3-—-x
3

-1
3.7 x
3
[Toctpoiite rpaduKu
byHKIHH:
1.y=8¢-6x+ 1
2.y= X+ 2x +3
3.y=x+3x+8
4.y=x2-4x+ 4

B.y=X-4x+ 4

KBaJpaTUYHON



IIpakTuyeckoe 3ansaTue Ne6

Tema: KOHTpOJ'IBHaH pa60Ta 1o TeMe: «Pa3BUTHS MOHATUS O YUCIIE»
HCJILI HpOBepI/ITB YPOBE€HBb YCBOCHUA JAHHOI'O MaT€purajia 1o T€Me «Pa3BUTHS TIOHATHSA O

quCIIe»
1 Bapuanr
1.Pemure JIMHeiiHOe ypaBHeHHE:
2) 3X_x+2_3x—2+x—1:1 6)1_6—2x:X_x+3
4 2 3 3 2
2. Pemuure cucreMy JIMHEHHBIX HEPaBEeHCTB:
4x -3 3x 5 3-2X _ 5-2x
—+3>—+= 2 '
{ 6 2 8 { 4 8
a) : 6)
4x-3 x-5_ x-1 4x—-15 2
+ > > —4—
8 5 2 3 3
3.Pemure cucreMy ypaBHeHHIA:
5x—2y =7, 2X-y_3x—2=x+y’ £+i:§,
lgayom o1 3 4 HLx v 6
Y= 5x— 4y = —18 oy—x=1

4.Pemiure KBaJpaTHOE YpaBHEHHE:

2 2
a) x> —x=0 6) 5)((:9+4X5 9=3 B) X*+9x+20=0 )x*-5=0

~ - -
2) xQx—B/+ 6x-1° &«+3° _1
2 5 5

5. Peminte KBaApaTHYHOE HEPABEHCTBO:

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

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

2 Bapuant

1.Pemnre IMHeiiHOE ypaBHEHHE:

6-2x X+3
+x:2x—7

a) x4 23 X oy 53X 6) 4—
8 4 2

2.Pemure cucreMy JIMHEHHBIX HEPABEHCTB:



5X—-3>1+ X, -12,
a 0 {
){1 3x< X-5 ) X+1 1
3 —2X—2=
2 2
3.PemmnTe cucTeMy ypaBHEHHId:
2X-6 x-2
e 1 1 1
2x +3y =13, 3 > =% S_2_z
N ogg.y=7 MN 5 6 MLy x 3
y= XD Y X—2y=2
2 2
4.PemuTe KBajpaTHOE ypaBHEHHeE:

2 9y2
a)x*—2=0  6)3x%+6x=8x?—9x B)3X811+74122X ~10 r)2x2-3x+8=0
X(x=7) x-4 11X
A)( )+ - =

3 3 10
5. Pemiute KBaApaTHYHOE HEPABEHCTBO:
a) 2xX° = x+4=<0 6)-3x*+5x+2>0 B)2X* —4x+13>0

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

IIpakTHyeckoe 3anaTHE N7

Tema: OCHOBHBIE TPUTOHOMETPUYECKUE TOXKIECTBA

Hean: HayunTs ucnosib30BaTh OCHOBHBIE TPUTOHOMETPUUYECKHE TOXKIECTBA MTPU
npeoOpa30BaHUH BBIPAKEHUN

Teopetnueckuii 010K

Teopema

OcHOBHOE TPUTOHOMETPUICCKOC TOKICCTBO. I[J'IH JIFO00T0 yriia a BEPHO YTBCPKACHUC!
sin’ o +cos’ o = 1.

sina=+y/1—cos?a; cosa=+,1—sina

CrnencrtBue

Jst 1r000T0 yrita o MOXKHO TepenrcaTh OCHOBHOE TPUTOHOMETPHIECKOE TOKIECTBO CIICAYHOIHM
obpa3zom:

1
2 2
a+l= ; cgta+1=—
tg COS® @ sin?® @

OTH ypaBHEHHS JIETKO BBIBOASATCS U3 OCHOBHOTO TOXKJECTBA — JOCTATOYHO Pa3JIeIUTh 00€ CTOPOHBI Ha
COS” o (JIs1 TIOTyYeHHs TAHIeHCa) KM Ha sin’ a(JUIs KOTaHIeHea).



Pemenue ynpaxHeHuit
1.HaiiguTe sin o, €cu U3BECTHO CIEIYIOIICE:

cnsc)::—gfé_l; {IEG;TE)

Penrenue

Ham u3BecTeH KOCMHYC, HO HEM3BECTEH CUHYC. OCHOBHOE TPUTOHOMETPUUYECKOE TOXKIECTBO
(B «amcToM» BUE) CBA3BIBAET Kak pa3 3TH (PpyHKINH, TO3TOMY OyzaeM padboTath ¢ HuM. Mmeem:

sinfa+cofa=1=sin®a+99100=1= sin® o = 1/100 =sin o = +1/10 = £0,1.

Jlyist pereHus 3a1a4u 0CTajJoCh HAWTHU 3HAaK cuHyca. [[oCKOIbKY
yroi a €(z/2; r),T0 B TpagyCHO# Mepe 3TO 3amuchiBaeTes Tak: a € (90°; 180°).

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

nosoxuTenbHbl. [Toatomy sina = 0,1.
Ortser: 0,1

2.Haitnure cos o, €ciii U3BECTHO CIIeNYIOIIee:
) V3 3T
SIII(I=—7;{IE TE;?

Pemenue

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

snfa+coffa=1=3/4+coa=1= cos’a=14= cosa==+1/2=20,5.

Ocranoch pa3o0paThCsi CO 3HAKOM Tepes] Apoobio. UTo BBIOpATh: MITIOC UITH MUHYC?

ITo ycnoBHI0, YToJ o MPUHAICKHUT POMEXyYTKY (7 37/2). [TepeBeneM yriibl U3 pagrnaHHOM
Mepbl B rpaaycHyto — noxyuum: o € (180°; 270°). OueBunHo, 1o Il kKoopauHATHAS YETBEPTS,
I7ie BCE KOCUHYCBI OTpUnarenbHsl. [loatomy cos a = —0,5.

OTset:—0,5

3.Haiigure tg a, eciy U3BECTHO CIIEAYIOLIEE:

1 E(Sn ) )
oS =—; & —; AT
10 2

Pemenne

Tanrenc n KOCHHYC CBA3aHblI YPABHCHHUEM, CICAYIOIIHUM N3 OCHOBHOI'O TOUrOHOMETPpUYEeCKoro
TOXAecTBa:



1
2 2
g+l=—-—=2tg"a=10—-1=9
© cos?a ©
[Momyuaem: tg a = £3. 3HaK TaHreHca OnpeaeNsieM 1o yriy o. M3BectHo,uto a € (37/2;

2r). [lepeBeneM yriibl U3 paJMaHHON MEpPhI B TPayCHYI0 — NoayduM o € (270°; 360°).
OueBuaHO, 3170 IV KOOpAMHATHAS YETBEPTH, I'/I€ BCE TAHT€HCHI OTpULaTeNbHBL. [loaToMy tg o =
—3.

OtBe: —3

4. HaiinuTte cos o, €CJIM U3BECTHO CIIeNyIOoNIee:

) 3T
sina =—0,8; a € (?, 2?1)
Pemenne

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

sina+cosfa=1=0,64+cos’a=1= cos’ o = 0,36 = cos a = +0.,6.

3Hak onpeaessieM mo yriy. Umeem: a € (37/2; 2x). [lepeBeneM yriibl U3 rpagyCHON MepbI
B paananuymo: a € (270°; 360°) — sto IV koopauHaTHas 4eTBEPTh, KOCUHYCHI TaM
MOJIOKUTENLHBL. CaemoBaTensHo, CoS o = 0,6.

Ortsert:0,6

5.Haiinure sin o, eciiv U3BECTHO CJIEYIONIEE:

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

Pemenue:

3amuiem (I)OpMy.TIy, KOTOpada CJIeAYCT U3 OCHOBHOI'O TPUTOHOMETPUUICCKOT'O TOKACCTBA
" HalIpsAMYIO CBA3BIBACT CUHYC U KOTAHI'CHC!

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

Ortcrona moxy4aem, 4To sin @ = 1/25, T.e. sin a = £1/5 = +0,2. VI3BecTHO, 4TO yrou o €
(O; #/2). B rpagycHoii Mepe 310 3anuchiBaeTcst Tak: o € (0°; 90°) —I| KooparHATHAS YETBEPTb.

Urak, yron HaxoauTtcs B | KoOpAMHATHON YeTBEPTU — BCE TPUTOHOMETpUUYECKUE (HYHKITUU
TaM TMOJIOKUTENBHBI, To3TOMY Sin o = 0,2.

Ortser: 0,2



sing W tga, ecll cose = —

7.Hatinute 13 m
. 5
. cosa Htga,ecausinag = —
8.Haiinure 1wu
Jlomaraee 3amaHue:
. 4
. sina U tga, eclIl cosa = ——
1. Haiigure 3 U
. 2 im
. coso Mtga,ecnusinae =-— w<oa<—
2.Haiiaure 17 n 2
3T
3 Haiiure COS@H sin &, ecmn tga = -1 T=@=—r

IIpakTnyeckoe 3ansTue Ne 8

Tema: [IpuMeHeHre OCHOBHBIX TPUTOHOMETPUYECKUX TOKIECTB K MPEOOPa30BaAHUIO
BBIPAKECHUI

Heab: HayunTs UCHonab30BaTh OCHOBHBIE TPUTOHOMETPUYECKUE TOKAESCTBA MIPH
npeoOpa30BaHUH BBIPAKEHUN

TeopeTtnueckuii 6110k

— dbopMyIbI 15 Lgct, cﬁg&;
— OCHOBHO€ TPUIOHOMETPUUYECKOE TOX/IECTBO;
— (¢opMyIia, BeIpaXkaroIias 3aBUCUMOCTh &y cos @ ;

— (¢opMyIia, BeIpa)karoIias 3aBUCUMOCTh CEd s &

VYnpoctuts BeipaxkeHusi (YCTHO)
l-cos? @
2—zina—costa
Cof o ey
-1 2 2
s G +igt oot &
(1—sm @)(l+sm &)
sin* 8- cost &
Pemenne ynpaxHeHnit

YIIPOCTUTH BBIPAKEHUE:

1
(rgt]ree
1.



Pewenne:

EOSE{T

1
[ —l]iczgz-::r={1+£g2¢:r—1)'c.tg2cr=1
2 fgoiweigd — (f,ga-.* ®Cos -::E]2
Pemenne:

gy eriga— {fgc}r-cos&}z =1-sin*@=rcos’a

l—sin §  cos 8
3 ctosd l+sm §

Peiuenue:

1-sin & cos 8 _1_51'112,:‘5’—':052,3_0
cos A 1+sin,:3_ cos Sl +sin 8) -

? Kakue 3HaHUSA MBI IMPUMCHAIN IJIs pCIICHUA TaHHBIX BLIpa)KCHHﬁ?

BrlmonHss yrpolieHne BhIpaXXeHuid UCIOIb30BaIN TPUTOHOMETPUYECKUE TOXKIECTBA U
(bopMyITbI COKpAIIEHHOTO YMHOKEHHUSI.

Jloka3atb TOXKIECTBO:
B yem oTinume Toxaecta ot popmybi?

TO)KIIGCTBO — PaBCHCTBO JIBYX aHAJIUTUYCCKHUX BI)Ipa)KeHHfl, CIIPaBCAJIUBLIX JJIA JIFOOBIX
JO0ITYCTHUMBIX 3HaUYCHUH BXOAAIIMX B HETO 6y1(B

dopmyna — KOMOMHALIMA MaTEMaTUYECKUX 3HAKOB U OYKB, BbIpaxkaroliasi Kakoe-J110o
MIPEJIOKECHUE

1—sin’a
—— ez =1
1. sin &Cos &
1—sin* o cos
— 8= ——————efpa=cigaeiga=1
sl (YCos & Sl (Y CoE &

1=1

o sinta+2oos a—cost =1

sin*a+2cos? @—cost = (sin 4+ cos? ::E:](sin P —cos? a:E:l+2t:-::ns2 G=sin - &4cos =1

1=1

cost @—sint @ 1
- + 2tz = 5
3. cos® & cost &

2 =2
2 cos“ & —sin " &
> + 2ig " = >
Cos " & Cos” &

cos o — sin o

IZ':}S2 & Cos™ o

+2£gza=1+igza=

1

cnsza



Yro HEOOXOAMMO AJIs YCIIEUIHOTO BHIIIOJHEHUS TPe00pa3oBaHU TPUTOHOMETPUUECKUX
BBIPKEHUI?

CBo0oHOE BlIa/IeHUE TPUTOHOMETPHUECKUMH TOKAECCTBAMH U (POPMYITaMH COKPAIIEHHOTO
YMHOKEHHS.

Tlano: sih g —coscr =06

Haiiry: Sl &cosd

Pemenue:

s —cosar = 0.6

(sin c—cos .::}:]2 = 0,6

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

2 oosa = 064

sin cosa= 0,32

Pewenune ynpaxHeHuii:

Ypoctute BeIpakeHHe

1 1—cos® o 1_sincr-|:oscr

10 Lot =g 4
2 .2
5 Cog .::E+(1—51n cl’)

3 [l::os o— 1) [1+ Cog .::E)

cos? a:E—(l—Esin:4 .::E:l
s ¥ cos-cfga—1

5

E'.’.?'S2 o

6. cos® @—1

1-cos® @

7. 1- sin® v
3 sin® @+cos’ a+igia

s o

9. fogy



JlomalniHee 3ajaHue:

YupocrtuTe BhIpaskeHUe

gl cig— cos” &

2eoin

l—gsinea
- T tipa
Cos

1 1
+
1+cosa l-cosea

c.ﬁgjﬁ(coszﬁ—1)+l

g 8+1
1+eigd

cos @ fgt [—ﬁr:l -1

1-tg(-a)
sin &+ cos [—.::E)

IIpakTnyeckoe 3ansaTne Ne9

Tema: ®opmyinsl npuBeaeHus. DopMyITbl CIIOKEHUS
Heanb: Hayunts ncnonb3oBath (GOpMyIbl MPUBEASHUS MPU TPeoOpa3oBaHUU
TPUTOHOMETPUUYECKUX BBIPAKECHUN

TeopeTtnueckuii 6110k

- - ) d [ 8 8 8

g g | + 1l § [ +

g 1 g + o T | » + 8 ta tha

- + 8 == go E o E o =) bl

= (=] = 1= + = [ P l_,'!.ﬂ' ':l-ﬂ

1 ske] rlee | gz | kT |[eleg |elee ] 52 | B2

[
sin —sinmjcosa| cos e | Sina |—sin a|— cos o|—cos a| —sin | sin a
|
cos cos 2| 5in o | — sin otf—cos o |—cosa| —sin rzi sing coseofcosa
tg —igo|ctga|—clgot|—tga tgx| clgaj—clgal—1igea ! tg
]
cly —clgallga l—tgu —ciga| ctga g |—tga|—clgajciga
I




DopMyJIbl CI0KEHUSA

) sih & cos S+ cosasin 8,
sm(a’ ,8)=smcrcos,8—cosa’sm,8
cos(&+ﬁ)— cos@cos 8—sin &sin B,

cos(cz = ,6’) =cos&cos S+sm @sin 8,

tgax+igh z (a_ _ iga-—igh

tgla+ 8)= . =
g( '8) l1-tge-tghB < 1+ige-tg8

(B mocreHuX AByX popmytax & # A2+, S=Af2+m y
cooteerctenno &+ 8 # Mf2+m, a- 8= 7mf2+m, neZ);

ctge-cigh—1 cig&-ctgS+1
————— cgla-g)=

citgla+ 8)=
( ) ctglf+ ctge ctgB —ctge

(B mocieaHuX AByX dopmynax & # /M, B # M y
coorBerctBenno &+ 8 # /M, a- S#Fm, neL),

[Ipumepsr:

sin13m (2 ) sinm J_
2 =sinl2 2T+ 3=

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

13}? T
tg—— —tg{2- 2}T+—) tg="3

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

TaHrenc 1 KOTaHI€HC MOKHO OBbLIO OBbI BBIYUCIUTD U TAK:

i

131 sin(13n/3) ViR _ lr— 13n 1
tg 3 cos{l13m/3) 1, 3, clg 3 19(]3m1!

Vi’



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

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

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

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

cos (—960°) = cos [360°-(—3) 4 120°] =cos 120° =
= ¢05 (90° + 30°) = — sin 30° = — 1/,

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

ctg (—960°) = 1/tg (—960°) = —1/)/3.

Pemenne ynpaxaenui

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

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

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

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

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

4. 3HayeHus! JAHHBIX TPUTOHOMETPUUECKUX (DYHKIIMI MPUBECTH K 3HAUCHUSIM
TPUTOHOMETPUUYECKUX (PYHKIIUNA HEOTPULIATETbHBIX OCTPBIX YTJIOB:

a) cos {321;3]; ﬁ}- sin 2760°; B}- tg (—1845°%); ) -ctg 9209°,
5. Jloka3aTh TOXKJIECTBO
3 [sin? (31/2 — &) +-sin? (3n -} o)) — 2 [sin® (/2 &) -}-sin® (Sn—a)) = 1.

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



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

n) tg 751 o : e)sin E151 To

3. VYmnpocrure:

a)v‘z sin(m/4 + a) — cosa; 6]‘»"’2 sin(c — m/4) - sina; B)2 sin(mf3 — a) - V3 sina

i a3
gsing =— cosf=—,auf —yrae [ .
4.a) 3Hast, 9TO 17, 5 YEeTBEPTH, HAUIUTE 3HAUCHUS

BBIPpAXXCHUA

i 3
sing =— cosf=—.auf —yraw [ .
0) 3Has1, 4TO 17, 5 YEeTBEPTH, HAWIUTE 3HAYCHUS

BbIPAXKCHUA

i 8
sine=— cosf=—,auf —yrae [ .
B) 3Has, 4TO 17, 5 YEeTBEPTH, HAUIUTE 3HAUCHUS

BbIPAXKCHUA

[omainee 3aganue:

1.3aMeHuTE TPUTOHOMETPUYECKON (DYHKITMEH yTiia o

n(z-a) )
a)iﬂ 2 ; 6)cos@m — alk B) tg I r) ctg(90° - )
2. Haiigute 3HaueHue BbIpAXKEHHUS,
4T
a)sin 240° ; 0)cos 300°; B) tg(-225); r) ¢ty 3

3. IIpeobpa3yiiTe BoIpakeHuUE:

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

4. IIpeobpasyiiTe BbIpaKeHHE
a) t9(27 — @) B)sin(T/3 - @)

5. Beruucnure:

a) tg L1531 7o 6)cos [151 "o



6. VYmnpocrure:

V3cosax - 2 cos (-:r — g)

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

BBIPAKECHUS

[pakTnyeckoe 3ansitue NelQ

Tema: ®opMyiibl 1BOHHOTO aprymeHTa. @opMyIibl MOJIOBUHHOTO yTiia

Heab: HayuuTs ucnonbs3oBaTh GOpMyIbl JBOMHOTO apryMeHTa MPH MPeoOpa3oBaHUH
TPUTOHOMETPHUUECKUX BBIPAKEHUIN

Teopetnueckuii 6110k

Sin 2X =2 SN X Cos X
COS 2X = COS” X — Sin? X

cos2x=1-2snx

2tgx
th)(:i
1—tg® X
oo l—cos & J1+cosﬂ.
s —=% ] ——— cog—==t]—
2 2 2 2

fud 1-cosa s o 1-cos
2 l4cosa 14cosa i &
a 1+cos s l4+cosax
cig—=1% = =
2 l—cosz  l—rcozex i o

YIpOCTUTH BBIpaKEHHUE:

1) cos 2x = cos® X — sin* x.

31ech MpecTaBisieM 2x B BUJIE X + X U IpUMEHsieM (opMyITy KOCHHYCa CIOXKEHHUs apTyMEHTOB:



C0S 2X = €0S (X + X) = COSX COS X — Sin X Sin X = cos” X — sin” X.
2) cos2x = 1—2sin®x.

371ech MBI IIPOCTO MPOJIOJHKUM MPeoOpa30BhIBATh MPEABLAYIIYIO0 hopMyIy.

VICIIONB3yeM ISl 3TOTO OCHOBHOE TPHTOHOMETPHUECKOE TOXKAECTBO cos2X + Sin’X = 1.

VA3 5TOr0 TOKAECTBA CIIEAYET, 9T cos X = 1 — sin’X. ITaK, BBINAILIEM HPeIbLIYILYIO (OpMyIy,
BCTABUM 3HAYCHHE COS°X, CBEEM ITO0OHBIC WICHDI H [IOTYYHM PE3yIIbTaT:

C0S2X = oS’ X —sin®Xx=1-sin®x—sin’x = 1—2sin’x.

2tgx
Jtg2x=——
1-tg®x

Cnoco0oB, KaK IPUNUTH K TAKOMY TOXKIECTBY, /IBa.

[epBblii cioco6. 31ech HaM TOMOXKET (HOpPMYJIa TAHTCHCA CIIOXKEHHS apryMeHToB. st aToro

npeactaBuM tg 2X B Buje tg (X + x). Urak:

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

Bropoii cnoco6. On cnoxxnee. CHavyana npuMeHsieM pOpMYIIbl CHHYCa M KOCHHYCA CJIOXKCHHUS

apryMEHTOB:

sin (X +x) SiN X COSx + COSX SN x
tg2x=tg(x +x) = =
COS (x + x) COSXCOSx —Sinxsinx

Tenepp, 4T0OBI YIIPOCTUTH BBIPAXKEHUE, AEITUM BCE €0 YaCTH Ha COs X COS X, COKpaIlaeM
M0/I00HBIE YIEHBI ¥ IPUXOAUM K PEIICHUIO:

Sin X €esx €0S%Sinx 2snx
+
€06S% COS x €0S% COS x 2C0Sx 2tgx
€0S%€0S%  SinXsinx sin?x 1-1tg X
— 1—
€OSX%€OSX  COSX COSXx cos’ x
ITPUMEYAHUE:

HpI/I PEIICHUU KOHKPETHBIX 3aaa4 BaKHO IIOMHHUTB, YTO 3aJa4a UMECT CMBICIT JIMIIb B TOM
ci1ydae, €CJIM B IPOLECCC pCHICHUSA 3HAMCHATEIN HUT' /1€ HC OKa3bIBAIOTCA paBHBI HYIJIIO.

Tenepb JJI HArJIAIAHOCTH pEIINUM HECKOJIBKO IIPUMEPOB IO TEME.



[Ipumep 1. YIpoCTUTH BBIpAKEHUE:

sin 2a
sin o
Pemenue:
sin 2a, 2 St cos a
= = 2cosa
sin o Sh-e

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

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

1) 3nauenue cuHyca Mbl MOTJIM OBl HAlTH Yepe3 Gpopmyiy 1 + c‘[g2 o=

sin’a

3Ha4MT, HAM HAJI0 CHayYajia BEIYUCINTD 3HAUCHHE KOTaHTeHca. MbI 3HaeM, uto tg o - ctg o = 1.
CrnenoBaTenbHO:

1 1 4
ctgo= = =
tg o 3/4 3

2) Tenepb HaXOAMM 3HaUE€HUE CHHYCA!

1 1 1 1 9
Sin2 o = = = = =
1+ctg?a 1+ (4/3) 1+16/9 259 25
3
sino=———
5

. . 2

3) M&l 3HaeM, 4To sin 20 = 2 sin o cos 0. 3HAYUT, HAXOJIUM ellle KOCHHYC (1o ¢opmyIie cos” o +
sina = 1). Ilpu 5TOM OmsITH HE 3a0BIBAEM, UTO YT'OJl — B TPEThEH YETBEPTU U KOCHHYC JIOJKEH
OBITH CO 3HaKOM MHUHYC. UTak:



9 16
cosfa=1-snqg =1-—— = ——
25 25

cosa=——

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

sin20=2"-(— ) (= ) =
5 5 5:5 25

= 0,96.

[Ipumep 3: Beruucinuts

i T

cos® — —sin® —
8 8

Pemenue.

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

- 2 (V)
aprymenta (cos 2X = COS? X — Sin? X). 3Ha4KT, IPOCTO IIPUPABHSIEM €ro K JIeBOi dactn. Jls
3TOrO 3aMeyacM, 4YTo

T
X = —

8

OcTtaercs BBECTH B (bopMyny 9TO 3HAYCHHUC X U pCHIUTH YPABHCHUC!

o T T 2n T )
cos’ —sin? =c0$2 ——=C0S—— = COS—— = —— .
8 8 8 8 4 2
YnpaxHenus:
Beraucnurs:
=
b LT T T V2
cosz——smz—=cas(z-—)=ms—=—.
1) g 8 8 4 2
T T 1 LT T 1 . T 1 @7 11 1
sm—-cas—=—(23m—cas—)=—sm(2-—)=—sm—=—-—=—.
2) 12 12 2 12 12 2 12 2 6 2 2 4
T
298 _, (22)=tg==1
1 el I\C/ T T
3) 8

3
COSX =—, XE (—; 2?’[).
2. JlaHo: 5 e



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

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

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

r) cos 187 cos 187 cosls”

=cozl8°

Otger: COS 18"

’\E [ i . J"]!']2
— = |cos— +z5n —
Brrauciure 2 8 8

Perenue.



«\E b S : «.E 2 T b S S 4
— —|cos— + s — = —rcos’ ——Z2cos—sm ——sn T — =
B 2 2 8 ]
N2 o b b nﬁ T w‘E .
= — —Zcos—sn ——|cos® —+an —  —Zeos—sm ——-1= ——am — -1
2 g a8 2 a8 2 !
M2 2
= ——-—-1=-1
2 2
Orser: -1.
TecrupoBanue
Bapuaum 1 Bapuanm 2
Boiyucaume: Boiyucaume:
1 c:osgi—sin2£ —Zzglﬁ"
AT REY T
N3 .1 1 {3
B T L ] 3 3
Vo Ay T TS D1, 2)%-, 3)—%, -3
21g75° .
tgtT57 -1 2.cos —sin =

D1, 2)?-, Bﬁ—g; 4) =3

2
3. msE - sin 7
8 8

1 1
D 2, 275
4 Hatidume fgc,

1 1
Ti— 29—, =
}2 }16 )

1 1
—hz-21 4-=
23 )73

2k H=1
8973

2 58

15 17

A3 1 1 3
P oy - -2 o4y
)9 I

3m 4 3w
3eost L —aint 22

8

A2 1 2 1
P R ) B o T L
) o )2, ) 5 ) 5

4 Hatidume igdey, eonu fg2a =04

1 20
L, 29—, 0E $Hh—
) )2 3) )21

6. [IpoBepka, aHAIM3 OIIMOOK

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




YUPAJKHEHHSA

1. Vupocrme:
gin 2o |in 2o in2a

a) =5 ) T’ Ao r) cosZo; + sinog
sin 40° gin 100" c0s36 + gin*18° sina

A Geos 30° ’mw' ) oiE ")Lfl,,—z_%"

2, JloRa:Kure TOWIACCTRA:
a) 28in(90" — o) - sine = sin204 6) (sinet + cosx)® = 1 +sinZa .
3. Baiuscanre:

a)sin2a.oc.rmeosa-¥;- o aé—” < o <2m

6) cos 20, ecom cosa = ~0,2 1 ;<u<u;

3
B) ig2a, ecmitga =g un<a< %'5
4. Ynpocture BHIpAXKEHHE:
a) sin u.a' B) 005 @ :
2005‘2- cos§+slng
sin 48 | cos 20— sin 20
25 r) cos 4o

5. Hawxme 3HAUCHHA SINO, COSO M {go, eC/H H3BECTHO, HTO

9
sin = 5 =1 u O<o<m,

-



6. NTIpocTHTE BRIDAKEHHE!

sin 2¢—2 sin o A 1.
e B) sin 2actga—1;

6) Cos 20:—(:0520(,

- r) (ctg at+tg a) sin 20.
1l —cos™ o

7. YnpocTtHre:

A g, 3 6 sin QB e
a) 0,5 tg et sin 2a+cos” o ) cos 2B+ sin’ B

8. Beiyneanre: )
a) 2sin 15°cos 15°;, - r) cos 15°—sin® 15°;
T K 5. e - R
6) 8sin zcos g; 1) 4cos” g —4sin g
; 27 S
B) sin 105° cos 105°; e) cos’ % —sin’ -l—g
9. YNpocTure:
21g 5° 41g 15° tg 75°
ST KT () i & T T
i 1 -tg” 5° ) 1-tg” 15° ) I —tg* 75°

10. YIIPOCTHTE BBIPAXKEHHE:
o G o W=, TR
a) 4 sin 3 sin —2*-5111(-2- —-oc);

6) 4 cos %cos-zic:—a cos2—x2iﬁt

11, JloKaxkute TOXIeCTBO
: e 2(% O
1+sin o0 =2 cos (4 2).

12. YOpocTHTe BHIpAXKEHHE:
I +cos 2¢
1 -cos 2¢°

13. CyluecTBYeT JIM TaKo# yrost X, npd KOTOpOM

: . 3.
SINXCOSX=7 :



IpakTnyeckoe 3ansitue Nell

Tema: IIpeoOpazoBaHre CyMMbI TPUTOHOMETPUYECKUX (DYHKIUN B IPOU3BEACHUE U
IIPOU3BENICHUS B CyMMY

Hess: HayunTs ucnons30Bath JaHHbIE (HOPMYIIBI IPU MPeoOpa30BaHUH TPUTOHOMETPUYECKIX
BBIPAXKECHUM

Teoperuueckuii 010K

CymMma cuHYCOB

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

CyMmMa TaHreHCOB

sin(z + y)

tgr +tgy= ——
gx -t igy COST COSY

Pa3HocTh TaHTeHCOB
sin(z — y)

tgr —tgy = —
6 Y COSX COSY

CYMMa KOTaHT'CHCOB

sin{z + y)

Cler gy = G rsiny

Pa3HOCTh KOTaHT€HCOB

sin(z — y)

ctgr —ctgy = —————
& &y sinxsiny

CymMa TaHreHca U KOTaHT'eHca



cos(x — y)

tgr +ctgy = ——
6 i SIny cosx

Pa3HoCTh TaHTeHCa M KOTaHTeHca

y)
SIny cosT

cos(x
tgr — ctgy = —

| =

(cos(av — 3) + cos(a + )

coso - cosd =

sin o - =0 3 =

(cos(ev — 3) — cos(a + )

e QR o O

slnee - cos 3 =

(sin(e + #) + sin{ae — (7))

[Ipumep. Jloka3aTh, 4YTO TaHI€HCHI YyriaoB o =/="/;+nm u P =/="/,+ nn paBHBI
TOTJIa ¥ TOJIBKO TOT/IA, KOT[a 3TH YIIIbI PA3HATCS HA YroJl, KPATHbIN 7.

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

tga =tg (B + nxn) =tg B.
O6partHo, ycTh tg o = tg B. Torma tg a — tg f = 0 u mo Gopmyre (2)

sin{fee —B) 0

cos & » cos o

Ho 310 BO3MOXHO JIMIIIB TIpH ycioBuH, 9To sin (o0 — B) = 0. Kak u3BecTHO, cuHyc
oOparraercs B HyJb JIMLIb JUIS YTJIOB, KpaTHBIX 7. [lo3ToMy

o — B =nm,
a= B +nm,
YTO U TPEOOBAIOCH JJOKA3ATh.
Ynpascnenus
1. BeuucuTh, He MOIB3YSICh TPUTOHOMETPUICCKIMHE Ta0JIHIIAMHU:
a). tg 22°30' + tg 67°30". B). tg 1o + tg 12,

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



2. YIIpOCTUTD BhIpAXKEHUE

lga+1gf
tga—1tgh

3. JlanHble BBIpaXXECHUS IPEACTABUTh B BUJIE IIPOU3BEICHHIA:
a)\/3—tga; 0) 1 +tga.

4. HaiiTu yclioBHe, MpU KOTOPOM KOTAHTEHCHI YTJIOB 0. U B paBHBI MEXIY COOOM.

YnpaxHeHus:

[IpeoOpa3zoBaTh B CyMMBI CIEAYIOMINE TPOU3BEIACHHUS.

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

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

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

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

4. Tlonb3ysick popMyamMu npeoOpa3zoBaHUs MPOU3BEIECHUN TPUTOHOMETPUUECKUX
(GYHKIMI B CyMMYy, 10Ka3aTh TOKJIECTBA:

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

5. [IpeobpazoBaTh B CyMMBbI TPUTOHOMETpUYEeCKUX (QyHKIUH 1-i cTenenun
CJIETyIOLIUE POU3BEICHHUS:

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

6. [Top3yscek TabauIaMy, HANTH YHCIOBBIC 3HAUYCHHUS BBIPAKCHHIA:
1) sin 50° ¢ sin 15°; 2) sin 33° « cos 47°;

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



7. YIIpOCTUTD BBIPAKEHUS.
1) 2 sin 10° * sin 40° + cos 50°; 2) 2 cos 20° * cos 40° — cos 20°.
8.1)sina<(1+2cos2a); 2) 2cosa e cos 2o — COS 30.

9.1)sin2a +2sin (™1, — ) * cos (*1, + a);
2) cos2a + 2sin (o + */g) ¢ sin (o — /).

Jloka3aTh TOX/I€CTBA.

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

11.1) 4 cos %, * cos a * sin 3%/, = sin o + sin 2 + sin 3u;
2) 4 cos 2a. * cos (“/, +30°) » cos (*/, — 30°) = cos a. + cos 20 + cos 3a.

12.1) 4 cos %,  cos a * sin °%, = sin o + sin 20, + sin 3o, + sin 4a;
2) 4 cos %/, * cos a * cos >/, = coS a + oS 2a + cos 3a + €oS 4a.

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

14. lano: tg oo = 2tg B . lokazarse: Sin (o + B) =3 sin (o — P).
Jlomaninee 3agaHue:

[IpeoOpa3zoBaTh B CyMMBI CIEAYIOMINE TPOU3BEIACHHUS.

1. 1) Sin10° « 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)8cos 1°c0s2° ¢ cos4®*cos 8% 2)4sin A ¢sin2A «sin 3A « sin 4A.
YTpPOCTUTH BBIpaKEHUS.

12.1) sina— sin (a.+ "/3) * sin (o — /).
2) cos” o — cos(30° + a) * cos(30° — a).

13. 1) cos 20, cos? a — Y/, cos 40, — Y/, cos 2a;
2) cos” 3+ cos”1 — cos 4 * cos 2.



IIpakTnyeckoe 3ansaTue Nel2

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

Teopernueckuii 010K

) 1 - cos2x
sin?2x = ——————
2
1+ cos2x
COS3X = ———
2
1 - cos2x
tghx =~ —
1+ cos2x
1+ cos2x
ctgx = ————
1 - cos2x
X 1 - cosx
sin2— = ————
2
X 1 + cosx
cosZ— = ——
2
X 1 - cosx
tg2— = ———
2 1 + cosx
X 1 + cosx
ctg?—~ = —————

2 1 - cosx



YunpaxHeHus:

1. Joka3ats:
(1 Sinda
tg —=———.
2 1+ cosa
JlokazaTenbCcTBO:
. . a .o a ] ]
a Sin E 2sin E 2s5in E cos E SN SN
tg - = @ a = @ = .
2 coss 2cos= 2c082 = 5.1=cosa 1+ cosa
2 2 2 2
(g
cas; = 0.
2. Jloxazats:
a 1—cosa
g —=—7""
2 sSina
Jloka3arenbCcTBO:
. . o . o 1 — cosa
a Sins 2s8in o 25in? = 2-————— 1 -— rosa
Ly Wiy 2 _ 2 _
97 cosE 2sinZ 2sinZcos & sina sina
2 2 2 2
(4 . X
cos—= 0 sin— =10
Ananus: kpome 2 nobasisieTcs 2 , uto cyxaer O/13.
12
cosa = ——
13
am
< @< —,
3. JlaHo: z
Haiitn:
a (7 a a

sin—, cos—, tg—, ctg—.
2 2 2 2
Ananuz YCJIOBUS: Yron 3alaH OAHO3HAYHO, CM. pUC. 1.

vl\

>
X
Puc. 1.
VYxkazaunue: Bce (I)yHKI_II/II/I IMMOJIOBUHHOT'O apryMEHTa MOKHO BBIYUCIIATE YCPE3 KOCUHYC ITOJTHOTO
aprymeHTa.
Pemenne:
12
L, a 1+cosa l1—33 1
sin? —= = =—

1) 2 2 2 26’



in T [ 3n
T<a<s— —-<—<—
2 102 2 4 , T.€. YTr0JI BTOPOM YETBEPTH, TJI€ CUHYC BEJIMYHHA
[IOJI0KUTEbHAS.
. o 5
Sin—— —
OrTBerT: V2 6.
12
a 14+cosa 1 13
2 2 2 2 2
o
Belme nokasainu, 4to 2 HaxomuTcs BO BTOPOI YETBEPTH, II€ €r0 KOCHHYC BEJINYHHA
OTpHIIATEIIbHAS.
cos * = L
= —
OrtBer: 2 V2 6.
IIposepxka:

n S cost S =1 22) +(-72) -1
sin E-I—CCJ'S E_l’ e 2 =1,
1=1.

5
a Sin— s
_ 2 N26
tg==—>%=—Yp-=-5.
cos > —
3) W 26
tg— = —b5.
OrtsBer: 2
. i 1 1
cg-—=—7=—=
2 tg= 5
4) 92
@ 1
ctg— = —=
Orser: g z 3,
4. TTano: sina = 0,2.
. 2 T &
Sin -—— =
Haiitu: (4 2)
Pemienne:

2 2 2

sin? (E—E) - ~cos (g +) ltsina 1402 12

4 2

it

OTtBeT:

IIpakTuyeckoe 3anaTue Nel3

Tema: BrinonHeHre ynpa)xHeHUH Ha MPUMEHEHHUE U3YUYEHHBIX (OPMYIT

Heasn: IIpoBepuTh ypOBEHb YCBOCHHS MOTYYEHHBIX 3HAHUM

| -Bapuanm

2

0,6.



1. Beruuciaure:
1.tg%45-cos30-ctg?30
219?30 + 2sin 60 — tg45 + cos” 30
2. Ynpocrure BbIpasKeHHe:
tgo - ctlgor
l1-sin“«a

2

: —tg’a+sin’a
cos’ o

sin?«
"1-cosa
3. Buruuciure:
1.cos34 cos56 — sin 34sin 56

2.Sin14 cos346 + sin 346 cosl4
4. Cokparture Apo0b:
sin 40
1.=
sin 20
cos80
"cos40 + sin 40

— COosax

|l — Bapuanm
Boruuncanre:
1.ctg?45-sin 30 - cos30

2.ctgz45+cos60—sin260+%ct9260

Ynpocrure BoipaxkeHue:
n 1-cos’ a
fga - clgo
1
‘sin?a
3 9 g
1-cosa
Boruucaure:
1.cos53c0s37 —sin53sin 37

2.sin13cosl7 + sin17 cosl3
4. Coxparture a1po0b:
sin100
" sin50
5 c0s36 +sin®18
cosl8

2 —ctg®a — cos’ «

1

IIpakTnyeckas padora Ne 14
Tema: ApkcrHYyC, apKKOCUHYC, apKKOTAHI'€HC
Ieab: HayuuTs BEIMHUCIATE ApKCUHYC, aDKKOCHHYC, apDKKOTAHI€HC



b2 | R
b2 | R

y=sinx
It /
L~ 5 Snx=amna[-£; £ ]
. 0 : + >
;3 & I 3 :
2 X =arcsin a, rae —1<a<l

E
+-1
Omnpenenenue:
r =K
arcsina=b[- 2 ; 2]
snb=a
sin(arcsna) =a
T arcsin (-a) =- arcsina
1 -
H\-\
3 ettty >
a :
g o \\_K n cosx = ana [0;m]
s e
1 preeE X = arccos a, rue —1<a<l
{OnpeﬂeneHHe: arccosa=b cosb=a

cos(arccos) = a

arccos(-a) = p — arccos a

: [y :

i 1y=tgx

L sbeA nox

T/ tg=ama(-2; 2)

AR \

! o | "

| T |

tof e i X = arctg a, rae a— moboe.

. |

i : "R

: | -
Onpenenene: arctga=(-2; 2 )
tgb=a

tg(arctga) =a

arctg (-a) =- arctg a

3amanue:



Breruncaurs.

1 A2
larcsinl,; arccos(-i); arctg“ﬁ; arcsin ( - ?).
1 X X " 1 X
2.arccos(-£):n- 3 :ZE,T. k.cos23 =-2 I/IZET[O;p]
x x X r X
3.arctg‘~"§:E,T.K.tgiz‘ﬁnii(-i;i)
2 2 = T 2 = ozz
4arcsin(- 2)=-arcsn 2 =-4 r.x.sn(-4)=-2y-4]-2; 2]

1
5.a) arcsin(- 2 );

2

6) 2 arccos 2
1

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

n) sin (arcsin2) + cos(arccos3 ) — tg(arctg ©)
6)HpI/I KaKNX 3HAUYCHUAX X UMCIOT CMBICIT BBIPAKCHU :

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

7) Uto Gombiie:

1

a) arcsin 2 wm arcsin 0,82

1 2

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

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

arccos (- 2)




Tema: Pemenue ynpaxHeHHil.

IIpakTnueckas padora Ne 15

Heab: [IpoBeputs ypoBeHb YCBOSHUS JaHHOM TEMBI Y y4YaIlIUXCs

Peuienue ynpaxHeHuUid:

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

0) cos Xx+2=0;
B) sin X+ 0,7 =0;

r) 2 cos X+ \'@ =0;
o) ctg X+ 1=0;

Pemnre ypaBHeHUs:

1. 2cosx—-1=0;
2. ”@ctgx—lzo;

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

4, ctg x-1,5=0.
n:-::s[x+£]—1=[]

5. 6
sin[jl—r—x]=0

6. 4

Pemnre ypaBHeHUs:

l1.2sinx— *4'(_ =0;

2. “Etg x—1=0;
3.snx-3=0;
4.cosx—-04=0;

CamocrosTenbHas padboTa

1 BapuaHT

2 BapuaHT

g5 )
2

1-Z2cos?2x ==
8. 2 -

X

0. (sinE —1)(ctgx + ‘E) =0;

4sm[3x—£]+1'f8_ =0
10 4 .

T ] -
— = —
7."Ectg 3 ;

. X x 1
Sl —COf— = ——
8. 4 4 4.

9. (1 + cos 2X)(tg x — \E) =0;

4cos[£+i]+@=0
10 2 6 .



IMpakTnyeckoe 3ansitue Ne 16

Tema: KontpoibHas padora
Hean: [IpoBepuTh YpOBEHb YCBOCHHS MaTepHaia 1o Teme: «OCHOBBI TPUTOHOMETPHI
1 Bapuant

1. Beruucnuts: a) cos 780°;

6)sin13—”;
6

. T
B)SINa,ecmucOSa = —— U 1< <—,
13 2

o
T) COSE,GCJ'II/I cosa=028u0<o<m;

sin75° +sin45°
sin285°

/4

e) 16 Cos X COS 2x c0os 4x cos 8X, eciu x = 5 ;
sina  cos’ « _ 1

K i , €CIIN SN — COS = — .
cosa  Sina 2

2. YrapoctuTh Beipaxkenue: a) cos (o — ) — cos (o + B);
0) sin 915°cos f — sin 3 sin 645°;

B) %sin (540° + B) sin (B + 810°);

r) sin 3o €os 2o + Sin 2a0 cos 3o —CoS (21 — o);
2 sin(—«) + cos(7 + «)

1+ 200{72[ - aJ Cos(—«)

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

T
3. Pemuth ypaBHeHue: a) COS (1 + X) = Sin E;

0) Sin 5x cos 4x — cos5x sin 4x = 1.
cosa  l+sina

1-sinae  cosa

4. Jloka3aTh TOXJIECTBO: a)
0) cosda + 1= %sin4oc (ctgo —tg a);

1-2cos’ a
g) —_<Y9> @

- =g a—-Clg .
SN ¢ COSx
2 BapuaHT
1. Beruuciouts: a) Sin 780°;
0) cos 137 ;
6

. T
B)Cosoc,ecnnsmoc=—g u 7r<a<7;

. . 4 3r
r)Sthoc,ecnnsnoc:—g I/I7T,<OL<7;



sin70° +sin20°
cos205°

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

1)

4sin 2a + 5c0S82¢

2sin 2. —3cos2a
2. YrupoctuTh Beipaxkenue: a) Sin (o + B) + sin (o — B);
0) sin 605°cos  + sin 3 sin 835°;

B) %sin (405° + B) cos (B + 765°):

ecnu Ctg o = 1
3

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

sm[:zr + aJ +sin(27 + )

2cos€ a Sin(-a) +1
Sin 2

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

3. Pemuth ypaBHenue: a) SiN (7 + X) = COS (— %j :

0) cos4x sin 3x + sin 4x cos 3x = 1.
sinag 1+cosa .
1-cosa sina
0) (tg o + ctg o)(1 — cos4a) =4 sin 20,5
1
B) ———
tg a+clg o

4. JlokazaTbh TOXKICCTBO: a)

=SiNa CoSc .

IIpakTuyeckoe 3ansaTue Ne 17

Tema: IIpomexyTku Bo3pacTaHus ¥ yObIBaHUs, HAUOOJbIIEE U HAMMEHBIIIEE 3HAaUE€HUs], TOUKU
HKCTpEeMyMa

Hesas: Hayunts HaxoauTh Bo3pacTaHue U yObIBaHUE (DYHKIIMH, a TAKXKE ONPEACTIATH
AKCTPEMYMBI (PYHKLINN

Teopetnueckuii 6110k

MonoToHHOCTh PyHKIMU. TOUYKH SKCTpEMyMa U 3KCTPEeMyMbI () yHKITUH

PaccMOTpUM HEKOTOPYIO QYHKIHIO » S . YOpOLIEHHO MojaraeM, 4YTo OHa HEMPEPHIBHA Ha
BCEI YMCIIOBOM MPSIMOM:


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

v

@yHKIMS BO3pacTaeT Ha MHTEpBaJle, €CIU s JIFOObIX BYX TOUYEK ATOI'0 MHTEPBaJia, CBSI3aHHBIX

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

apryMeHTa COOTBETCTBYET OOJIbIlIee 3HAaUCHHE (PYHKITUHU, U €€ TpaduK UAET «CHU3Y BBEPX».

JlemorcTparonsas Gyukims @ = J(x pacTéT Ha MHTEpPBAJIE (a.5)

AHanoru4Ho, pyHK1Ms yObIBaeT Ha UHTEpBaJIe, €CIIU AJIs JIF0ObIX IBYX TOUYEK JAHHOIO

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

BHM3Y. Hama dynxrmms » = F(7) yOBIBaeT Ha HHTEpBaIax (—em @), (4 2)

Ecnu ¢yHkus Bo3pactaeT win yObIBaeT Ha UHTEPBAJE, TO €€ HAa3bIBAIOT CTPOIO

MOHOTOHHOM Ha JJaHHOM HHTepBaje. Takke MOXKHO ONPEIEIUTh HeYyObIBAIOIIYI0 (DYHKIIHIO
5 Fd 2 Fin)

(cMsAr4€HHOE yCIOBHE B IIEPBOM OIPE/IETICHNN) U HEBO3PACTAIOIIYIO (DYHKIIHIO

} <
(cMsTU€HHOE YCIIOBHE FOR) 2 (R0 5o 2-0m ornpenenenun). HeyObiBaromyro uiu
HEBO3PaCTAOLIYI0 (DYHKIIMIO Ha MHTEpBaJie Ha3bIBAlOT MOHOTOHHOW (DyHKIIMEH HAa JaHHOM
UHTEpBAJIE .

OKpecTHOCTh TOUYKH.

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

CTaHOapTHasd g OKpPECTHOCTb:



a—ﬁ/—Y-\d'i'é
a X

A 4

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

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

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

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

Toukn 2 b HAa3bIBAIOT TOYKAMHU CTPOIro 3KCTpEMYMa HUJIH IIPOCTO TOYKAMHU IKCTPEMYyMa
(1)YHKI_II/II/I. To ecTh 3TO 0606H_I6HHBII7I TEPMHH TOUCK MaKCUMyMa U TOYCK MUHUMYMA.

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

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

GERIES)

BCeX 3HaUeHU * JaHHOI OKPECTHOCTH BBINOJIHEHO HEPABEHCTBO

~ snauenne 7 @) maspisator MaKCUMYMOM (YHKIINU;

~ snavenme ¥ @ naspsaror MHHUMYMOM (YHKIIHH.
OO11iee Ha3BaHUE — IKCTPEMYMBbI (QYHKIIUU.

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

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

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

dopmynupoBKa NOOYX1aeT HaUTH:
— UHTEPBAaJIbl BO3pACTaHUs/yObIBaHUS (PYHKIIUU

— TOYKH MaKCUMyMa HA/WIIM TOYKH MHHHUMYMa



[pumep 1.0mpenenuts no rpaduky MPOMEXYyTKH BO3PACTAHUS

' A o E e

ly = fix)

GbyHKIHH.
Pemennie Eciiu GyHKIHS BO3pacTaeT, TO MPH ABMKCHUH 10 rpauKy cIeBa HAIIPABO OPIHHATHI
yBenuumBatorcs. CienoBaTenbHo, QYHKIUS Bo3pacTaeT Ha oTpeskax [-6; O] U [6; 9].

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

[Tpumep 2.0mpenenuTs Mo rpaduKy MPOMEKYTKH YOBIBAHUS

| J T[T
[ ) y = [flx)

stz N
L k /

i

byHKINN.

Pemenne Ecnu ¢yHkms yOsIBaeT, TO MpH IBMKEHUH 110 TPpadUKy ceBa HalpaBO OPIWHATHI
yMeHbmarTces. CrenoBarenibHO, pyHKIUsS yObIBaeT Ha oTpeske[-1; 2].

Ortser: [-1; 2].
[Tpumep 3.Ykaxute rpaduk Bo3pacTaromei
DT T T TTTT] 2) FUE ]
N7 AR
/ IAVANE Al \
= - L W A
N it b |
3) | I AY i LT *M. ' !
et : |
T u'..#_.; —
AT A
| TN
] Bl ' o
; 0 1 ] A

byHKINN.



Ortser: 3.
Pemenne ynpaxxunenuit

[Ipumep 4.Ykaxure rpaduk yObIBaromiei

1) 7] | 2) Wy
N N 5
J{J‘ "
i = 7w
o o
f S
| i |

1) A TT]

3) HV|

=
I
™

s

byHKLIUN.
Ortsert: 4.

[Tpumep 5.Yka3atp uHTEpBaIIBI BO3pacTaHus (PyHKIU, rpadMKu KOTOPBIX MPEICTaBICHBI Ha

i) &’*__ =F 2) A
- ":J?‘ i " _/\1 f
A N
+ st
[ i WM
DI TA¥ HTT] AY
BEEZ am \ |
N = 0 LN
AN AN
i = i 1Y -.t-
_ B |1 L i
pHUCYHKaxX:
OTBeT:

1) [-5; 1] U [3; 5];2) [-3; 0JU[3; 6];3) [-5; 0) U (0; 5;4) [-3; -2] U [2; 3] U [4; 9.



[Mpumep 6.0npenenuts no rpaduky GyHkun y = x4 — x3 + bx + ¢ 3Haku

AY

\ ]
ANg
k03 durreHToB b u C.

Pemenne 3amerum, uto ¢ = f(0), cnenoBarensHo, ¢ > 0.Takxke 3ameTum, uro b = (0), u,
cienoBaTenbHo, b < 0, Tak KaK Ha HHTEpBaJIe, coaeprkameM Touky 0, GyHKIHs yObIBaeT.
OtBet: ¢ >0, b <0.

[Tpumep 7.0mpenenuts mo rpaduky TOUKY

AY
L 5 }"'\\
y =/ / \
\
Higs { N / \
» 0 L
I "\ 2 x
b N
MaKkCHMyMa.
[Tpumep 8.Yka3are uHTEpBaIBI YOBIBAHUS
Av [T T
5 y=/[(x) -
/ N\ .
s WD P
| /
T
[
GyHKIINH.




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

1) [ ATTTTT] 2) 7Y
11 I
L

4) | YA |

HLT —I y

ko3 dunmentos K u b.

OTBeTbI:

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

IIpakTnyeckas padora Ne 18
Tema: Uccrnenosanue pynkuii. [Tocrpoenue rpadukos GpyHKITHA
Henab: 3akpenuTh U CUCTEMATH3UPOBATH UCCIIEIOBAHUE U TIOCTPOEHUE TPAPUKOB (PYHKIIHIA

1. ®poHTanbHeIi onpoc
1.Yto Takoe uncnoBas pyHKLUsA, €€ 00IacTh ONpeeaeHns, 00I1acTb 3HAUYSHUs?
2.Yto Takoe rpaduk GyHKIHNA?
3. ChopmynupyiiTe onpenencHue GpyHKIIUNA, BO3pacTaloIei 1 yObIBaIOIei Ha MHOXKecTBe P
4. ]laiiTe onpenie’eHusi TOYKM MaKCUMyMa, TOYKM MUHUMYMa. YTo Takoe TOUYKHU dKCTpeMyma?
5. [laiiTe onpenenenre 4eTHOM 1 HeueTHON QyHKIMKU. KakuMm cBoiicTBOM 001a1at0T uX rpauxu?
6.Yro Takoe nepuonuveckas GyHkuus, nepuos GyHxmuumn?

7.Kakoil HauMeHbIINH MONOKUTENbHBINA epro UMeeT QyHKuus:Y = 0L
v = sinx, v =tgx, v=clgx
2. Pemenue ynpaxHeHui
1.TToctpoiite rpaduk GyHKINHU, €CIIU U3BECTHHI €€ QYHKIIUU:

CBOICTBO (PyHKIIUU

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

2. | Toukun nepeceyeHus




rpaduka:
a) ¢ ocbro OX

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

2.Uccnenyiite u noctpoiite rpadux GpyHKIHH

flx)=5— 2x

0)
p) FOD=2%-1

=

X+ 2

1)




IIpakTHyeckasi padora Ne 19

Tema: Pemenue ynpaxHeHui

Henb: 3akpenuTh 3HaHUSA U YMEHMSI CTYIE€HTOB 110 JaHHOU TEMe

1. Ompenenuts o rpadukam GyHKIUHN y = ax2 + bx + ¢, yKa3aHHBIX Ha PUCYHKaX, 3HAKU

K03 punreHToB , b, C u

1) 1 [ | !Hi
H HHH
N EEEE
If \ ﬂ
1|

3)

L]
I

-

ARRCIEERENNE:
.-_iJ_ | | - !.

nuckpumuHanTa D.
OTBETHL:

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

4)a>0,b=0,¢c>0,D<0.

IMpakTuyeckas padora Ne 20

Tema: KonrponbHas pabora

2)[]

4)

T T VA T
=l \ A |
/
lt:ﬁ y, SN
| ]
A\ | [ AY I
\! |
\ | J,I ]
e ;;f
_!__.l \Lﬂjai- |
o[ - Tz

Hean: [IpokoHTpOIUPOBATH YPOBEHb YCBOCHUS yUaIIUMUCS TeMbl: « OCHOBHBIE CBOMCTBA

byHKIIHI

| BapuamuT.
1 Uccnenyiite pyakiuio f(x) = 3x%— 2|sinx| + X3-tgx Ha Y€THOCTH (HEYETHOCTB ).

3
2. lana ¢pynkius g(x) =sinl,5x + 5cos Zx .
A) Haiigure: g(0); g(7n); 9(-12n).

b) Joxaxwute, uTo 87 SBIASETCS MEPUOIOM (HYHKIIUH.

B Haitnute ocHoBHO niepro G yHKIIAH.

10



1-1g°x
1+1g°x
4 (HaiimuTe aMIUIMTYQy, 4acTOTy, NEpUOJ M Ha4dalbHYIO (ha3y rapMOHHUYECKUX KOJeOaHWW U

3 Haiigute ocHOBHOM nepuo1 U HanOouiblee 3HaueHne QyHKIMU ) = sin 2x -

1 3
nocTpoiire rpaguk: y = — Zsin 2t — TCOS 2t.

5. Haiinure obmacth onpeaeneHus GyHKIUNA

|l BapuanT.
1 Uccnenyiite pynkmmto f(x) = 3x|x| — 29 n’x + ctgx Ha YE€THOCTh (HEUETHOCTH ).

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

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

2tgx
———5—-COS2Xx.
l+1tg°x

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

3 Haiigute ocHOBHOM mepro/i ¥ HAaMMEHbIIIee 3HaUeHue QYHKIUU ) =

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

5.HaiinuTe 06nacte onpeneneHus GyHKIUHN

A X+12

X2t

IpakTHyeckasi padora Ne 21

Tema: Pemenne nppalmoHaJIbHBIX YPaBHEHHUU
Heas: HayunTs pemaTth UppalMoHaIbHbIE ypaBHEHUS

Teopernueckuii 070K

WppatmonaibHbIM Ha3bIBa€TCSl ypaBHEHUE, B KOTOPOM HEM3BECTHOE (IIEPEMEHHAs) COAEPKUTCS
0] 3HAKOM KOPHS WJIU 1101 3HAKOM OIEpPaIlH BO3BEACHHUS B PAllMOHANBHYIO (IpOOHYIO)
CTEIIEHb.

I[J'ISI peHiCHUA UppallMOHAJIBHBIX ypaBHCHI/Iﬁ 0OBIYHO HMCIOJIB3YIOTCSA CICAYIOIIUE P U E MBI .

1) «yenuHeHune» KOpHsS B OJIHOW U3 YacTel ypaBHEHUS U BO3BEJCHUE B COOTBETCTBYIOIIYIO
CTCTICHD;

2) BBeZICHUE HOBOM NMEPEMEHHOM;

3) cBeieHHE K CUCTEME YpaBHEHUI;

11



4) npuMeHeHne CBOUCTB (PYHKIUI, BXOJAIIMX B ypaBHEHHUE.

Crnenyer MOMHHUTB, YTO MPH PEIICHUH UPPALMOHATIBHBIX YPAaBHEHUH HEOOX0qMMa
IPOBEpPKA BCEX HaMIEHHBIX KOPHEN MyTEM UX MOJICTAHOBKU B MICXOJHOE YPABHEHUE UIIH
HaxoxaeHue O/13 u cnexyronuii aHanu3 KOpHeH (Ipy pelieHuH METOI0M IIPUBEIEHUS K
PABHOCHJIBHOW CMEILIaHHOM cucTeMe ypaBHEHUH M HEPaBEHCTB HEOOXOJUMOCTb B 3TOM
OTMA/IACT).

IIpocreimm uppauuOHaIbHBIM YPAaBHEHUEM SIBJIICTCS. YPAaBHEHHUE BUJIA:

{/f—x)=g(x)’ *)

IIPU PELIEHNU KOTOPOro BayKHYIO POJIb UIPAET YETHOCTh UM HEYETHOCTD .

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

f&x)=(gx))",

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

o =
yuanutbiBath O/13 (06;1aCTh AOMYCTUMBIX 3HAUCHHI): f (x)_ ﬂ. YpaBuenue (*) B 3TOM citydae
PaBHOCUIILHO CHUCTEME:

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

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

Pemenne. Tak kak B ganHoM npumepe B =3 - Hedernoe, To mocie Bo3BeneHMs 06EHX YacTei
YpaBHEHUS B TPETHIO CTETICHb MOJTYyYUM
PaBHOCUIIFHOE TAHHOMY YpaBHEHHE:

x=10 x=0

- 2xl=r or =0 <
x'-2=0 x=+.2

Oteer: X1 = _"’E’ Xy =0,x; = "‘E.

Ipumep 2. Pemmnrs ypasuenne ¥X+1=2—x

Pemenne. Tak kak ® =2 - yeTHOE, TO HCXOHOE YPABHEHHE PABHOCHIIBHO CHCTEME:

12



x+l={2—xf t+l1=4—4x+x’ 2 -5x4+3=0
Lo Lo

2—-x20 x<2 x<2
_l_
-] 53
— 2 — I=T.
x<2

Oreer: ¥~ (5 _W'IE)IE.

" —n
Wuoraa BCTpevarOTCsl ypaBHEHHSI BHIA W-/f(x) Jg(x) , KOTOpBIE PEIIatoTCs
CJEIYIOIIUM 00pa3oM:

M - yeyerHoe — f(x)= g(x)

L [)=g)  [r(0)=2()

M - yerHOE I) =0 WA g(x) =0

ITpumep 3. Pemntes ypaBHEeHUE V2x+6—Jx+1=0.

Pemenue. 3anuiiem JaHHOE YpaBHEHUE B BHJIC: 22X 46 = X +L Bo3sBons 00e yactu B

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

Oteer: HET penieHUN

WHorna nppannoHaibHOE YpaBHEHHE COJIEPIKUT HECKOJIBKO paJuKajioB. B aTtom
cirydae Juist n30aBJIeHuUs OT PaJAMKalOB YpaBHEHHE IPUXOAUTCS BO3BOIUTH B COOTBETCTBYIOIYIO
CTCIICHb HCCKOJIBKO pas. HpI/I 9TOM MPECABAPUTECIIBHO YCAUHAIOT OAWH U3 paJJuKaJIOB TaK, YTOOBI
00e yacTH ypaBHEHHUs CTaJIM HeoTpHLaTelbHbIMU. Oco00e BHUMaHHE ClIeAyeT 0OpaTUTh Ha
npaBuiibHOE HaxoxaeHue OJ13.

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

Pemrenne. 3anuiem ypasuenne B suae: N 2X —9 =1++/X—3  Tax ak reneps o6e uactn
HOJTYYEHHOTO YpaBHEHHsI HEOTPHUIIATENILHBI, TO BO3BECM UX B KBaJIpaT:

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

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

13



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

x=7

I=9J_r@

Lo x=9+@

Otger: X=9+-/20

BBeneHre HOBOM IEpEMEHHOM B psijie CIy4aeB MO3BOJISIET IEPEUTH OT
UPPALMOHATLHOTO YPABHEHUS K PAllMOHAIIBHOMY YPAaBHEHHUIO.

2 j. 2
Ipumep 5. Pemnts ypasuenune X +3x+ 4x” +3x—5 =10

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

2 2
puge X +3x—5+4Jx" +3x—-5 =5 y gpenem «HOBYIO» TIEPEMEHHYIO:
y= xl+3x-5 y=20

=1
J.r1 +4y-5=0 = ¥

ITonyuum y=-5

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

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

WHorna npu perieHuy HppaioHaIbHOTO ypaBHEHNs BO3HUKAEeT HE00X0AUMOCTh BBECTH HE
OJIHY, @ HECKOJIBKO «HOBBIX)» ITIEPEMEHHBIX. Takas CUTyalusi BOZHUKAET, HAIIPUMeEp, IIPH
pELICHUHN YPAaBHEHUM, COACPIKALUX PAJUKAIIbI Pa3HBIX CTEIIECHEH.

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

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

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

14



#tv=1
W v =9

#=1-v

=
(l—*l:*)1 +v' =9

Pemmm IIOCJICAHEC YPAaBHCHHUE CUCTCMBI:

u=1-v

v v —21?—8:0.

Vivi-2y-8=0 < (¥ -8)+vv-2)-0e

(v—211r1+2v+4+v)=ﬂ <> [
v +3v+4=0

v=12

2

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

yenosuio # = 0 crieioBaTensHO HCX0IHOE YpaBHEHHE PEIIEHUH HE HMEET.

OtBer: HEeT penieHui.

> ow=12

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

pCUICHUC YPABHCHU .

[Tpumep. Pemuth ypaBHEeHUE

812

' Ty

35

S r—6+13r—2x° —x>—6 =0

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

—6>0
13x—-2x> —x*-6>0

x=6
250 +x° —13x+6<0

[I(x+5(x— ;] >0

x=6

(x-2)2x® +5x-3)<0

.

{xe[ 5n]u[

x €[6;+ )

Y

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

.

x € [6;+ )

.

o>xeld
IE(— BD;—3]U|:%;2] re

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

15
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OTBeT: HET pelICHUH.

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

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

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

JHx+6)+3x+6=6

JIPYTUX KOpHEW HeT. 3amnuileM ypaBHEHUE B BUIEC

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

IPOMEKYTKE [—6;::0)’ rze oHu o0e onpeneneHsl. [loaTomy nx

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

Otger: X =2

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

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

Pemenne. YMHOXHUM 00€ 4acTu 3aJaHHOTO YpPaBHEHHUS

Ha BHIPAKEHHE B2 45484317 +5¢ +1, gpnaromeecs conpsuKEHHBIM K J1€BOi YacTH
JaHHOTO ypaBHeHUs. Ilocyie IpuBeIeH s HOJ0OHBIX YIEHOB HOTyYHM ypaBHEHHE:

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

KOTOPOC 53KBUBAJICHTHO HCXOJHOMY, TAK KaK

7 2
ypaBHEHUE V3P 45048 443 +5x41=0 JICWCTBUTENBHBIX KOpHEH He uMeeT. CKitaibiBas
3a]AaHHOC YPAaBHEHUE U MOIyIECHHOE, TIOTYIUM:

A3Ix 4518 =4

2
Bo3Bonst 00e yacTu B KBajpaT, ImojrydaeM KBaapaTtHoe ypaBHeHne 3x“+5x-8=0, kopHu
KOToporo x1=-8/3, xo=1. Jlenas npoBepKy, yoexxaaemcsi, 4To 00a HalICHHBIX YHCIIa SBISIOTCS
KOPHSIMH HCXOJJTHOTO YPaBHEHHUSI.

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

1
r=—
2

16



Pemmth ypaBHEHUE:
1 Nx-3=1

ox—F=4l-x
3x=vx+l

gANT+S L N20-x 27

CamocTosrenbHas paborta

BapuanTt 1

x+2 =425 -3

Pemute ypaBHeHus: a) J

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

Bapuant 2

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

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

Bapuanr 3

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

gy VAt 1+T-x =2

IIpakTuuyeckoe 3ansitue Ne 22

Tema: CteneHb ¢ palMOHATbHBIM MTOKa3aTelleM
Hean: HayunTs cTy1eHTOB paboTaTh CO CTETNICHBIO C PAITMOHAIBHBIM MTOKa3aTelIeM

Teopernueckuit 6510k
m

r
Onpenenenue. Crenenpio yrcna a>0 ¢ pallMOHAIBHBIM MOKa3aTeneM 1, rae M- 1enoe
4uCIio, a N - HaTypaibHoe ( n>1), Ha3bIBaeTCs YUCIIO ¥a™ | T.e.

m
n

3 =2|"a_“‘1 a3 x>0

17



1
o_ - —
=1, 3 —a—n.

CBoliCTBA CTENEHHU C PAIIMOHAJIBLHBIM MOKA3aTeJIeM.

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

aF
=
{aF =3
i‘ab}]P:aP.bF;

(3 -5

Pemenne ynpaxuenuii:

-9 .
a vy

mn W M

wl —
wl —

1. Beruncnute: 25° - 1257,

1 1 1 1
E H B H

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

OrtBerT: 5.

a a
3ibh+ ah3

2. YIIpOCTUTD BBIPAKEHHUS: fa+3b

al ! 1 1
Fib+ab: _ ab [a3+b3]| —ah
3 3 B L L - '
Ya + 3 J3y b
Ortger: ab.
T -
3*—-3* g3 3¢
LA T
3. YIpocTuTh BeIpaxkeHus: 2 — 3* 23*+3*?
Pemenue:
L 7 1 3
23— 37 3i_ 53
roa~ Tz 1°
g*-a*' a*+a’

Wil

_=2i1-23%) a3 %(1-3%)

1 1
3371-3) =71+ 3
=l+a-(1-3)==23

OTtBerT: 2a.

4. YrpocTurs:
51 19
327

4%.

18



200 5

2) 3)

5. Beruncnurb
1
273

I[OM&I.HHCC 3aJaHuUC:

IIpakTuuyeckoe 3ansitue Ne 23

Tema: Pemienue nokasarenbHbIX YpaBHEHUN
Heab: HayuuTs pemarth nokasaTeabHbIE YPABHEHUS
Teopetnueckuii 6110k
MeTo/1bl pelieHus MOKa3aTeIbHbIX YPaBHEHU N

1. [Tpocreiimue nokazarenbHbIE YpaBHEHUS

Tun ypaBHenus | Bun ypaBHenus | Merop pemenus

1 afi1®x) = gf2ix) fi(x)=f, (x)
b=a +a =a
s b b
5 af™ = b b>0 p=0

al™ gt f(x) = log, b | Peennii ner

[Ipumepsl.



Ipumep 1. Pemnre ypasuenue: 3%°= 3%,

Penrenue.

3%°= 3" <=>4x T5=x+4<=>3x=9<=>x = 3.
Ortser:3

[Tpumep 2. Permute ypaBHEHHE: 24=3.
Pemenue.

3  log,16 log, 43

;:-
A W log, 3 X :IDgEE +A<=>yx = log,

log, 48

<=>X=

Ortser:

z
£9
[Ipumep 3. Pemnte ypaBHEeHuUE:! 7 -7.
Pemenue.
?xz-Sx

z
-
= -7 , pelleHuii HeT, TaK KaK 7" 350

R.
(o},

2. Metopl 1peoOpa3oBaHUsl I0KA3ATEIbHBIX YPABHEHUM K POCTEUIIINM.

Ortser:

A. Metoa ypaBHUBAaHMSI OCHOBAHUM.

IIpumepsl.

[Tpumep 1. Pemute ypaBHenue: 27° S )

Pemenue.

27' 34::2—9-9:(24'1 — 0 <=> 3334X-9_ (32)X+1 - 0 <=> 33+ (4X-9)_ 32(X+1) - 0<:> 34X-6_32X+2 — O <=> 34X-6 —
3%*2<=> 4x-6=2X+2 <=> 2X = 8 <=> x=4.

Ortser: 4.

2x x x 4x—15
[pumep 2. Pemure ypaBHEHHE:! 273757 —60 0.

Pemmenue.
2x x x ax—15 _ T
2 " 3 " 5 - 60 —_ o <:> (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.
Ortser: 5.
B. YpaBHeHus, penraemplie pa3aoKeHUEM HA MHOKUTEIH.

IIpumepsl.
[Ipumep 1. Pemmute ypaBrenue: X 2 = 2'2° + 8x-16.

Pemenue.

X2=22"+8x-16 <=>x2"- 22" = 8(x2)< >2X(X2) glr—2) => (x-2) (2x _ -8)=0

x—2=10 x=2 [x—z L’
2 —8 =05 2% =8 25‘=23<=> 3
OTBGTI{E;B}

20



2x __ X x| X, —
[Ipumep 2 . Pemute ypaBHEHHUE! > 75735+ 7-35=0
Pewenue.

X X pE2x )32 2x
57 -7 -57 35+7 =0<=>(5"-
7X)—(52x -35—-7%.35)=0 @(52" —77)—35. (5" —-7")=0 @(

5% —75).(1-35)=0= (5% —7%) - (-34)= 0= 5% — 7% =nm(59]x=?xm£

?}‘

1 (%x= 1:*(%)!{: (%“:»;F 0.

Ortser: O.

ctf
C. YpaBHEHHUs, KOTOPBIE C TOMOILIBIO ITOJCTAHOBKU 0 =1, t>0 1IpeoOpa3yroTcs K KBaApaTHBIM
YpaBHEHUAM (WM K YpaBHEHUAM 00Jie€ BBICOKUX CTENEHEN).

A-a¥™@ +B.af® +c=0

fle) = . .
3aMeHy:a t’t>0,Tor11aA 2, t+c=0

[TycTh ,rne A, B, C - nexkoropsie uncna. Crenaem
Pemaem nonydyeHHoe ypaBHEHUE, HAXOIUM 3HAUYEHHUS t, yUUThIBaeM yciioBue t >0,

. fedi
BO3BPAIIAEMCS K IIPOCTEHIIEMy TTOKA3aTe/IbHOMY YPaBHEHHIO ') = t, peiaem ero u
3alKChIBa€M OTBET.

[Tpumepsr.
IIpumep | . Pemmre ypauenue: 227 - 2% =5,

Pemenue.

z

(o]

ol

2P 2X =5 <=> 220X - P = 15 <=> 4(2)2- 4= 15 X

Tlenaem sameny t = 2%, t > 0. [Tomyuaem ypapHerne 4“2 - 4 = 15t <=> 4t - 15t - 4=0
t=4
1

t=—> —=

<=> * t= * He ymosierBopseT ycioBuio t > 0.
BepHemcs k mepemMeHHoM X:

2= 4<=> 2= 2’ <=>x=2.

Otger: 2

2x—3 _ ,Ex—2 —
IIpumep 2. Pemure ypaBHEHHUE:! > 2:3 3.

Perenue.

-3 _ o, cx-2 _ 2{x—241 _ o ex-2 _ _ .
5 2-5% B 2-5% 3-‘?:'5_[5}{ ‘]"‘—2-5}{‘—3=ﬂ.

I[eﬂaeM 3aMCHy: 5}{ o= -tT t=0 , TOrga [5x ‘]L =t HOHy‘-IaCM ypaBHeHI/Ie:
- 't_ e i
P —-2t—3=0s = 3
5 t=1 y t= 5 HEC YI[OBJ'ICTBOpﬂeT YCJ'IOBI/HO t = 0.

5Fi=1e25?="ex-2=0ox=2,
BepHueMmcs k nepemeHHOM X:

Ortser: 2.
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IIpakTnueckoe 3ansaTue Ne 24

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

Jlorapudm uncna b no ocHoBaHuIoO @ onpenenseTcs KaK MoKa3arelb CTEHEHH, B KOTOPYK Hao
BO3BECTH 4YMCJO (I, 4ToObl nomyuuth uucio b (Jlorapupm  cymecTByeT TOObKO Y
MOJIOKUTEIBHBIX YUCEIT).

Jlorapugm B mepeBojie ¢ rpeyeckoro OyKBaIbHO O3HAYAET "4MCII0, U3MEHSIONIEe OTHOIIEHHE .
CrnenmnanbHble 0003HAYEHUS:

HatypanbsHslit torapudm lina - norapupm no ocosanuio €,
Jecsatuunsiii torapudm lga . norapudm 1mo ocHoBaHuto 10.

CsoiicTBa Jorapugmos:

° log, b b
1° @ = {1 - ocCHOBHOE JIOTapH(PMHUIECKOE TOXKIIECTBO.

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

Jlorapudm eAuHUIBI TIO JTFOOOMY MOJIOKUTEITLHOMY, OTIMYHOMY OT 1, OCHOBaHUIO paBeH HYIIIO.
DTO BO3MOXHO MOTOMY, YTO U3 JIOOOTO JEHCTBUTENBHOIO YMCIIA MOKHO IMOJYYUTh | TOJIBKO
BO3BE/ISl €T0 B HYJIEBYIO CTEIIEHb.

40 1{;5_';”{5(3} = 1{,15_';” b+ 1{5'5-5” C

Jlorapudm npousBeaeHus paBeH cCyMMe JIOrapu(pMOB COMHOXKUTETEH.

b
s log, o= log, b—log, ¢

Jlorapugm yactHOro (ApoOH) paBeH Pa3HOCTU JOrapu(PpMOB COMHOKHUTEIEH.

o log, b =p-log, b
JlorapudM cTeneHn paBeH MPOM3BEIECHHIO TIOKA3aTels CTENEHU Ha JOrapu(M €€ OCHOBaHHSL.

log . b= % log, b

70
1
log, b = ——
g0 log, a
log, b
log, b = =
9° log,.a . IIepexo/i K HOBOMY OCHOBAHHUIO.
[Ipumepsr:

1. HaiiguTe 3HaUue€HNE BHIPAKCHHUS:

22


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

Hcnonp3oBanu:
m L —
an = 1: am
M g1 .
log , b™ =m-log_ b
OTBer: 2

2. Haiinure 3HaueHue Beipakenus 10gpg 3 - 10g31,25

log, .3 +log, 1,25 L log, 1,25 log; 1,25
GCF " DCF . —_ — s DCF . = — =
=02 =3 log,0,8 °° log, 0,8
5 5 1 5
=log,,1,25 = 1Dg§g = lngll_.éﬁ_l—i 1= 1 lugig =—-1-1=
WL
HUcnons3oBanu:
1 1
D'CF —
=a log,a
log.b ~log. b
log.a
1
log xb=—-log, b
k
Otset: —1

3.Haiigute 3HaueHue BBIpaOKEHUS:
5 log,- 49

5]0g25:1-':‘r _ 5]og25?2 _ 52-]0g25? _ ['52}]og25? _
= 25108257 = 7

Otser: 7
4. Haitnute 3HaYCHUE BHIPAKEHUS:

82-10g33

g2-loge3 _ (B]Ggs 3 ]2

I
%]
[
I
s

Ortser: 9
23



5.Haiinure 3HaYeHHE BBIPAKEHUS:

6410%9 E]
G4108:43 _ (8. leogs V3 _ glog:+3, gloge3 _ V3.3 =3

Ortser: 3

6. HaiimuTe 3HaUYeHNE BBIPAKCHUS:

24

310832

24 24

3]ug22 - 2 12

Ortser: 12

7. HalimuTe 3Ha4eHHUE BBIPAKCHUS:

log1 V13
13

_ ) 1 i
log 1 V13 =log;3-: 13%° = —-log;3 13%° = —1-0,5 =05
13 —

Ortset: — 0,5
8 . Haiinure 3Hauenue Boipakerus 1093 8,1+ 10gs10.

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

Ortser: 4

9. Haiinurte 3HaueHNE BHIPAKEHUS:

log,v13
loge 13
log V13 11

24



Ortser: 0,5

10. BerurcnuTe 3HAYCHUE BBIPAKEHUSI:

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

Ortsert: 3

11. Haiinure 3nadenne Boipaxenns 10gs(ab’), eciu logy a= 1/7.
[TpeoOpaszyeM naHHOE BBIpAKEHUE:

log_(ab®*) =log,a+log b*=1+3log_ b

Omnpenenum 3HaueHue BoipakeHus: 10g,b. Ham uzBectHO, uTO

1
log,a = 7

Hcnons3yem CBOMCTBO:

1
log. b

1
log

log,a =

b

a

CrnenosarenbHo 10gab=7.
Takum oOpazom:

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

Ortser: 22

12. Haitgute loga(ab®), ecan loga b = 5.

lcrgab—ﬂ3 =log.a —log b®*=1—3log b=
=1—-3-5=-14

Otger: -14

13. Haiimmre loga(ab®), ecim loga b = 2.

25



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

Ortser: -4

14. Haiigute 3HaYCHUE BHIPAIKCHHUSI Ioga(a4b9), ecau log, a=1/3.

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

=4.1+9log_ b

log,a =

Ortser: 31

15. Haitaute loga(@”:b%), ecim loga b = 10.

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

16. Haitaure loga(ab™), ecu logab=7.

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

Ortser: 71

26



IIpakTuyeckoe 3ansiTue Ne 25

Tema: IIpeoOpazoBanust anredpanuecKux BbIpaXKEHUH
Heanb: HayanTs npeoOpa3oBhIBaTh anredpandeckue BhIPaKESHHS

Teopernueckmnii 6,10k
Omnpenesienune. AnredpanyecKrM BhIPAXKEHUEM HA3bIBACTCS BBIPAXKEHUE, MTOJIy4aeMOe U3
MOCTOSIHHBIX M TIEPEMEHHBIX TIPU TTOMOIIY ONIEPAIHid CII0KECHUS, BBIMUTAHUSI, YMHOXKCHHUS,

ACJICHH, BO3BCACHU B LICTIYIO CTCIICHD U U3BJICUCHU S KOPH:.

[Tpumeps! anreOpandecKux BBIPAKCHHM:

3 T+ &2yt -1
E = /24 /5; Elzx.y) = - ;
T+ y

E(z,y,z) = o 7 E(z,y) = (z + y)* = 3zy(z + y).

Omnpenenenune. O0IaCTHIO JONYCTUMBIX 3HAUCHUH (cokparieHHo O/]3) anredpandeckoro
BeIpakeHus E(X1, X2, ..., Xy) (D(E)) Ha3bIBaeTCSI MHOKECTBO BCEX HAOOPOB (X1, X2, ..., Xn), IS
KOTOPBIX BeIpaskeHue E(Xy, X, ..., Xn) HMEET CMBICIL.

T+y

E(r,y) = z . .
Hanpuwmep, O/[3 BoipakeHUs ( Ty seisiercst D(E) ={(x)y) | XIR, YyIR, xy#

0}, O/I3 BeipakeHus E(z,y) = \/zy — 22, ggnigercs muokectso {(xy,2) | X ¥, zIR, xy>0}.

Omnpenenenue. Anredpandeckue BolpakeHust E; u E; Ha3pIBatoTCs TOXKIECTBEHHO paBHBIMU Ha
maoxkectBe M I D(E;)CD(Ez), eciiu nipu 100BIX 3HAYECHHSIX TEPEMEHHBIX
13 MCOOTBETCTBYIOIIME YUCIOBBIE 3HAUCHUS ITUX BBIPAKEHUI PABHBI.

Hanpumep, vV = & na maoxkectBe [0;+¥), V a? = —a, ga MHOXeECTBE (-%0],
]
-']I'— a—

z+1 na MHoxectse R\{-1}, (x+Y)?=x% + 2xy + y* Ha muoskectse {(xy) | x IR,

Omnpenenenue. ToxaecTBEHHBIM peoOpa3oBaHUEM ANreOpanyecKoro BEIpaXKEHUs Ha
mHokecTBe M [ D(E) Ha3bIBaeTcs 3aMeHa 3TOTO BBIPAKEHUS Ha TOXKISCTBEHHO PABHOE €My Ha
MHOXecTBe M

3ameuanue. OTMETHM, YTO HHOTJA OMTYCKAIOT MHOXECTBO, HA KOTOPOM aJIreOpanveckue
BBIPAKECHUS TOKIECTBEHHO PABHBI, KM€ IIPU 9TOM BBUY UX TOKJIECTBEHHOE PaBEHCTBO Ha
nepecedeHny 001acTeil TOMyCTUMBIX 3HAaUEHUH.

Hampuwmep,

V@ =la) (M=R), 2otV _ “E__ll._ (M =R\ {0;1}).

] 4]
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[Tpu BBITOTHEHUH TOXKAESCTBEHHBIX IPE0OPa30BaHUI OKa3bIBAIOTCS MOJIE3HBIMU CIICIYIOIINE
(bopMyIIBI.

1. ®opmyJibl COKpaNIEHHOTO YMHOKEHUSI

1. (a+b)?>=a’+2ab+b?
2. (axbh)®=a’+3a’h+3ab’+ b’
3. a®-b°=(a-b)a+bh),

4. a®+b*=(a+b)@ Fab+bd.

O1H GOPMYIIBI IOJYHAOTCS KaK CIEACTBUS U3 Oosiee 00mux hopmy:

5. a-b'=(a-b)@+ah+ . +ab"+b")  (niN),
6. a_2n+1 b2n+1 — (a+ b)( _ 2n 1b + - abZn-l + b2n) (n i N),
7. (6unom HerotoHa)

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

ok — !
meniN, + Kn-F!" mn=123..n O0=1

II. CBoiicTBa cTenenei

Crenyroriye CBOWCTBA CIIPABEIIMBBI IS JIIOOBIX TOJIOKUTEIBHBIX YKceT & U b u 1100b1X
JIEMCTBUTENIBHBIX Yrcel au b.

1. a=1;
2. atP=ata
an—ﬁ' ﬁ
3 3
4. (@)°=a>;
5 (ab)?=a? b?
iy o as™
6 (E) Ty
7. i =4‘1_""'

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

crernieHu (1enbple U, OoJee 00110, parMoHaIbHBIC BUa 211 — 1 T1ie M- ienoe, N - HaTypaibHOER).
3ameuanne 2. 0°= 0, 11s mo6oro a> 0.

ITI. CBoiicTBa paankajioB

eCJIH 11 — YeTHOEe.
= VI{_ ecma>0, b>0, kIN,
“/_ Vlal /1B, ecm ab>0, kIN.
TRl i‘lf.]l — ?*+1b"'{5 2*+{/E‘. k € N

ik m R
(%/a)" = VaF, rae a> 0, ecmu M- yetHo, al R, ecitm m - HedeTHO.

“ { eCJIH 1T — HeYeTHOE,

ok W DNE
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SIS

6. " riea>0, b>0, n-uerno mm b#0, alR, ecin n - HeyeTHO.
7 Vak =a%, a>0.
8. V ¥a= "4 r1ea>0,ecnmm-gerno wm nuerro, al R, ecim MN - HeyeTHO.
9 *W/—a=-*%a, a€R.
a+ ya? — eb? a— f/a? — eb?
atbh/c= ‘ + ‘ , .
10. 2 - rrea>0,b>0,¢c>0ua’>b’.

Ipumep 1. Onpenenuts O/f3 anreOpanyecKux BhIPAKCHHINA:

a) E(z) = V& + 1% — 2%

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

a Vid

bte  Bleteh

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

2
Pemenue. @) O/]3 1aHHOTO BBIPAKEHHS ONPEICIISICTCS U3 HEpaBeHCTBA X + X - 23>0, KOTOpOE
pelaeM Ipy NOMOILM METO/1a MHTEPBAJIOB:

X+xX-2¢20 U x1+x-24)>0 U x(x+1)A-x=>0 U xI(-%-Y]E[0;1].
Taxum oGpasom, D(E) = (-%-1,]E[0;1].
b) OT™MeTHM, YTO BBIpAKEHME UMEET CMBICIT TOTa U TOJIBKO TOT/Ia, KOTAa

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

otkyna cieayert, uto D(E) ={(X,y) | X#Yy, X#-y}.

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

b+ 0
b+c+#0, b+c#0, b;&(()# ’
b’c+cb#0, U ¢ beb+c)#0, U c;éO’
d> d> ’

=0, =0, d>0.

Taxum obpazom, O/]3 ucxoaHOTO BeIpakeHus paBHa {(a,b,c,d) | b+c#0, b#0, c#0, o>
0}.

IIpumep 2. Onpenenuts, SBIASIOTCS JIX BhipaxkeHUs A 1 B Tox/1ecTBEeHHO paBHBIMH Ha
MHOXecTBe M.
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a)A=(“‘§:—i}§—vﬁ) ﬁa—ﬂ B=$: M = {(a,b) |a>b> 0}

a— /3 B 2a

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

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

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

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

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

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

II0JIy4aeM, 4TO ab(\/a - V;EJ ab Takum o6paszom,
BhIpakeHHs A 1 BroiecTBeHHO paBHbBI Ha MHOKeCTBe M.

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

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

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

A=

TTpu npeo6pa3oBaHMAX YUHTHIBACTCS, UTO, eci @ > V3; 1o Va2 = a,
(a* - 3)

" 2=|a* -3 =a® - 3.

IIpumep 3. YOpocTUTh BBIpAKEHUS:
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2h+ 2 — 4

Y E—itbi2

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

(—ﬁi}i Ehﬂ+¢@) +h¢:+3.

) Vhe+3 ’

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

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

(m? —m —6)|m|’

b2 — 4> 0,

2b+ 257 — 1 > 0,
Pemenne. O/]3 Boipaskenus onpeaemstercs u3 cuctemsr \ VI =4+ b+ 2> 0, pepag
KOTOPYIO, mosyunm b > 2.

BreimonuuM paBHOCUbHBIE Ha O/]3 peoOpa3zoBaHus:

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

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

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

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

BbIpakeHne pasHo Vb + 2

b) O/[3 nanHoro BeIpaXkeHUs IBIsIETCS MHOXKecTBO {(MN) | M>0, n>0, m#n}.
i — — a2 & —p2 3
O6o3nauup VM = a, n=>b, monydnm VM = 4%, vm? =a',m=fuvn="00, Vn?=1,
N = b® BRIpaskeHHE IPUHAMAET BT
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a’b' + a'b? 2h.3+aﬁ—hﬁ 1
al + 2a2h2 + Bt at — bt ) a+b

_ (a‘lh?(a‘3+h‘3] _2h‘3+ {:12

~B)a + P+ 1
(a? + b*)? (a® = b?)(a® + %) )

(a+b)

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

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

~ b.

¢)Ha 0/3: {(a,b,c) | a=0,b>0,c>0, a®+ c*# 0} BepaxKeHHe IPeOOPA3YeTCs CIICAYIOLUM
o0pazoM:

(m_t_ daﬂf]ﬂ+m)_+m+3 (%(ﬁ-}-ﬁ]_’_@)__’_h,_’_g

 Vat++ e Va+ /e
Ve + 3 B Ve + 3
_Whet+be+3 _ 3vhe+3+ Ve +be _ 3(Vie+ 1)+ (1 + vhe)vbe _
Vbe+ 3 vhe + 3 Vbe + 3
_ (Ve +1)(vbe+ 3)
= N = Ve + 1.

d) O/]3 nanHoro BeIpakeHus IBIsETCS MHOXeCTBO {(8,b,C) | a# b, a#c, b #c}. [Ipusons
BBIP@KECHHUE K 00IIIEMY 3HAMEHATEITIO, TIOTYUHM:

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

YuurteiBas BUJI S3HAMCHATCIIA, Pa3JI0KUM Ha MHOKUTCIIN YUCIIUTCIIb:

a’(c-b) +b*@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 - @) + b*(c - @) =
=(b-c)(a-b)(-a’b - a’c + c*(a+ b)) = (a- b)(b - c)(b(c* - &°) + ac(c - @) =
=(a-b)(b-c)(c-a)(ab + bc + ca).

CnenmoBarenbHo, Ha O/]3 HCX0IHOE BRIPAKEHHE TOXIECTBEHHO paBHO ab + bc + ca.

f) O/13 BeIpakeHus siBisieTCsl MHOXKECTBO {(X,Y,2) | X#Y, Y # Z z# X}. [lepBoe cinaraemoe
BbIpaXXeHHsI Mpeo0pa3yeM CiIe1yIoIM 00pa3oM:

y—=z _r—z—z+y T—z T —1 1 1
(z—ylz—2) (z-ylz-2) (z-y)lz-2) (z-ylz—2) z-y z-2
AHaJIOTUYHO MpeoOpa3yroTcs U IpyTrue ciaraeMble:
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22— _ 1 1
y=2)y-z) y-z

y—z’

T —1 1 1
(z-z)(z-y) z-z z-y
CrnenoBaTeabHO,
y—z z— T—y
- + =
(z—ylz—-2) (W-2Ny—=z) (z-z)(z-y)
1 1 1 1 1 1
= - + - + —~ =
rT—-y T—-2 Y-z Y-T z2-T z2-Y

2 2 2
- + :
T-y Y-z z-%

0) O/13 Beipaxkenus paBaa R\{-2;0;3}. YuuTsiBas, 4TO BeIpaskeHHE COACPXKUT |M| u |m- 3|,
PacCMOTPUM TPH CITydas:

1. mycrs M (-¥%-2)E(-2;0); Torma |m| = -m, |m- 3| =-(m- 3), u BeIpaXeHHe IPHHUMACT
BHL

m|m — 3| _ —m(m — 3) _
m2—m-6)m|  —-(m+2)(m-3m m+2’

2. mycrs M1 (0;3); Torma m=m, |m-3|=-(M- 3), i BeIpa)keHHEe IPHHIMAET

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

3. nmycrs M1 (3;+¥); Torna |m|=m, [m- 3| = M- 3 u BeIpaXkeHHe IPUHUMAET BUJ

m|m — 3| 1

(m? —m —6)jm|  m+ 2

Takxum oOpazom,

1
ecm m € (—oo;—2) U (—-2;0) U (3; +00),

mm-3 | m+2
(m#=m =6)ml 4 1 e me 039)
m + 2

IIpumep 4. Pa3noxuTe Ha MHOXHTEIN:

a) xX+y)y+2(z+X -xyz

b) 3¢ +y* + 2 - 3xyz;
)X +X +xX+ X+ X+ X+ +x+1;
d) x° +x+ 1.

Pemenue. a) [Ipubasinss u Berautas Z(y + 2)(z + X), a 3areM rpynnupys yaoO0HbIM 00pa3omM,
HOJTYYUM:

X+ +2)(z+X) +2Ay +2)(z+X) - Ay + 2)(z+ X) - xyz=
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=(Y+9(z+(x+y+2)-ZAly+2)(z+X) -xy) =

=(y+ )+ X)(x+y+2)-AZ +yz+2x) =

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

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

X+ Y+ 2 - 3xyz = (X + V)¢ - Xy + YY) + Z(Z - 3xy) =
=(X+y+ (¢ -xy+y) + A7 - 3xy - X+ xy - YF) =
=(X+y+2)(¢-xy+y) +2Z - (x+y)) =
=(X+y+2)(¢-xy+y +2z-x-Yy)) =
=(X+y+2)(C+yY +Z - Xy - xz-y2).

C) [Mpumensist GopMyIibl COKPAILICHHOTO YMHOKEHUS, ITOJTYIHM:

0 343 3
" =1 ) =1
i L N L R R AL RN R RN G —
=1 r=1
(P -1+ P +1)

r—1

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

d) XHx+1=1+x+xX-X+X=1+x+xX-X1L-X) = (1 +x+x) - ¥(1-x)(1+x+3) =
(1+X+3X)(L-X(1-X) =1L+ x+x)(1-x+X).

IIpumep 5. M36aBUTHCS OT UPPALIMOHATILHOCTH B 3HAMEHATEJIE:

a)

1 1 1
. B o) —
l-l‘-v"’i—v"ﬁj VE-FV'E-F—V'{::’ 1+{}"§+2{3ﬁ
Pemenue. YMHOXAA HA BBIPAXKCHUC COMPSIKCHHOC 3HAMCHUTCIIIO, ITOJTYUUM:

1 14243 142403 (142432 V24246
Al+v2-v3 (1+v22-3 22 2v2.v2 4

b) [Togo6HO mpuMepy a) NOTYIUM

1 _VBHVE-VT VB VE VT

V3+VE+HVT  (VB+VERE-T  1+2/15
_(VB+VE-VDERVIE-1) _ (V3+VE-VTEVIE - 1)

(2v15)2 - 1 59

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

Xty + 2 Bz = (x+y + D08+ Y+ 2 - xy - yz- )
clenyeT

(2® +y° + 2° — 3zy2)
(2% +9° +2° — oy —yz — 23)

r+y+z=

Ha ocHoBaHuu nocjaeaHero COOTHOLIEHUS MoJIy4Yum
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http://www.math.md/school/praktikum/transr/transr.html#4b)

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

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

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

e) \X‘Aﬁ+ﬁ\/13—d¢$+2v’ﬁ—2¢5+¢2ﬁi—ﬁ\/l!i-l—dx/ﬂ—z 6 + 2+/5,

Pemenue. a) Beijensiss moHbIN KBapaT 101 3HAKOM PaJUKaa, MoIyqYuM

1/{5 - Ev’f?_']‘i—y/{ﬁ +2VT)2 = [5-2V7| - [542VT| = 2VT—5-5-2V7 = 10,

b) Beinenss nomHbIi Ky0 MO 3HAKOM KOPHS TPETEH CTENEHH, TIOTYIUM

V26 - 15V3+v3 = {/8 - 123+ 18- 3v3+v3 = (2 - VP + VB = 2-VB+V3 = 2

¢) YuuTtsiBas, 4to

6+ 26 =5+2v5+ 1= (VE£1),
VE+2V/6-2B=vBravs—2=6+2/5=15+1,
'g/S—?.\/ﬁ+2u/5_r=\/S—2J5—2=\/ﬁ—2v/5=v/5—1:
J13—4{£+lj = VI-45=1/5-2-2.V/5+1=5-2,
J13+d(v%—lj =5 +2,

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

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

Ycia0BHBIE TOKIECTBA.

1 1 1
—+-+-=0
IIpumep 7. a) Beruncauts X2 + y2 + 7, eciu X + y+z=1% ¥ = .

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

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

¢) Jlokasartb, uto eciu X + Y + 2= 0, to X* + y* + 2 = 2(xy + yz + 2x)2.

d) lokazaTh, 4TO 7151 TFOOBIX TPEX MOCIIEI0BATEIbHBIX WIEHOB F€OMETPHUUECKON IPOrpeccuun
BBITOJIHSETCS] PABEHCTBO
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a® +ay” + ag” = (ay + ap + ag)(ay - @ + ).

e) Jloka3zats, uTo, ecim X1 + X2 + X3 = Y1 + Y2 + Y3 = X1y1 + Xo¥2 + Xay3 = 0, ¥ He Bce uncnax;,
7=143 y vy, =13 pasusl nymo, T0

2 2 ¥
T h 2

g tri+r: gy 4y 3

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

X+ +Z=(x+y+2)°- 20y +yz+2x) =12-2:0=1.

b) 3ameTum, uTO ycinoBue XyZ= 1 Bieuer

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

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

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

¢) YuutsiBas, 4to X + Y = -Z HOIy4uM

2(xy +yz+ 247 = 2(xy + Z(X + ¥))? = 2(xy - (x +y)*)* =

=20 +xy + Y2 = 2(X" + X7 + Y + 28y + 24y + 2xy°) =
=X +y + (Y axy + BV A X =Xy (x+y) =
:X4+y4+('2)4:X4+y4+Z4.

— a2 . .
d) Tak kak ;83 = @ (XapaKTEepPUCTHUECKOE CBOMCTBO F€OMETPHUUECKOM MPOrpeccun),
CJIEZIOBATEIIBHO,

(ay + @y + ag)” = ay” + & + ag” + 2ay(ay + ap + a).
Otcrona nony4aem:
a’ +ay’ +ag” = (ay + ap + ag)” - 2a(ay + @y + ag) = (ay + ap + ag)(ay - @ + ay).

e) PaccMoTpum BEKTOPBI (X1, X2, X3), (Y1, Y2, Y3) 1 (1,1,1). 3ameTum, 4T0 3TH BEKTOPHI MOMAPHO
OPTOTOHAJIBHBI, TAK KaK UX CKaJSPHbBIC IPOU3BEICHHUS paBHbI HYTH0. Clie/10BaTeIbHO, BEKTOPHI

T, T T
Q= : ._ ._
\/.'1‘]3 + 72 4+ 2 .,/;1",3+;r§+;r'% \/:r‘f+r§ + 2
_ in 2 i3
ViRt ui+tyd Vit Vit

Gz

o= ()
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06pa3yI0T OPTOHOPMHIPOBAHHBII Gasuc B mpocTparcTe R, 3HAUKT, [T KaXI0r0
BekTopa Xl R® clipaBe/uInBoO paBeHCTBO
2 2 2_
(%01 + (X,02)" + (X,03)° = 1.

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

o vi L1
4+ yi+yi+y 3

OTKYJIa ¥ CTIEIYET HCKOMOE PaBEHCTBO.
3anayu Ui peleHus

=1.

1. Onpenenuts O/]3 BbIpa’KEHUIA:
Omeem: [0; 3).

Omeem: (—oc; —1) U[4; +00).

(b+c)la+c)

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

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

M={a: a>V3}.

Omeem: Jla.

3. YHpOCTI/ITB BBIPAXKCHUS:
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Omeem: — 1.

va+1 1 va+1-1 a+1+1Y Va+1
a]( 2 ‘zm)'(m+1‘m_1)' '

a
ab ab a4+ b? at
b _ — - : . e — ———— .
](a+a—h)(a+h '1) - b2 Omaeem: — F i
VT 41 1
n : . i - 1).
fjl-}—ﬁ-}—:ﬂ P Omsem: /r(x )
ab —b ai —pi y
d) — = - — _ - . Omeem: b5 — a¥.
P SR TS S SR S TE SN S Y
2 g — =
e) Y1 —2a+a%)(a® - a—1): %
va+1 a+1
0 P — >1; - ~l<a<l
Maem. oy pH a T3 H @
£ a® —4—|a—2|
a’® +2a® - 5a— 6
0 ! 9 2 a# -3, a#—1
MEEm. +3npna} ,a+2npnr1~:: ,a# -3, a# -1
b—e ec—a a-b (b=c)lc—alla—="h) _
9) btc ctala+b (b+e)e+a)(atb) Omsem: 0.
4. Pa3inoXuTh Ha MHOXUTEU:
a X +xX+1; Omsem: (X +x+1)(¢-x+1)

b) (x-y)’+(y-2°+(z-X%  Omsem: 3(X-Y)(y - 2)(z- X).

5. 36aBUTHCS OT HPPALMOHATILHOCTH B 3HAMEHATelIe:

] 9 Omeem: 2T = VB (/3 — V2
V10 + V15 + V11 + /21 o 2 '

b) VT Omeem: YTUV5 = B) (V5 + ¥8)(V25 + V15 + VA)
VE4+ W3 o 2 :

6. Jlokasath, 4TO MPUBEICHHBIE BEIPAKEHUS MPECTABIISIOT COOOM 1eIble uncia. Berancnute
3TH YUCHIA.

x/c‘.v’(_ 2VV2+ 1 Omeaem: 1.
J{+«T_¢{ Ja1
b) V9 + B0+ /9 — /50. Omeem.: 3.

IMpakTuyeckoe 3ansaTue Ne 26
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Tema: [IpeoOpazoBaHue BbIpAKESHUM, COACPKAIINX PATUKAIIBI
Lesab: HayunTh BHIIOTHATH IPe0Opa30BaHue BBIPAKECHUN, COACPIKAIINX PAJUKAIIBI
Teoperuueckuii 010K

Onpenesenne:

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

HpI/IBe,Z[eM MAaTEMAaTUYCCKYIO 3aIIMCh OIIPCACIICHUA

Va=05b " =a
az=0 1.':.313 (Va)* —a
n=2134..
S,I.' — 3 — 4‘l|'l = 4 _
Hampumep: 125= 5, 9 125; 8 3, e 81

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

=a=1b pAntl = o
aER
B o — 93 —_m; 3 _o_ _=¢
Hanpuwmep: 8 2, T.K. (=2 E, E

HarmoMHUM CBOWCTBA KOPHEH N-il CTEMEHH, KOTOPHIMH MBI Oy/1eM I0JIb30BaThCS IIPH BCEX
npeoOpa3oBaHuUsX:

(Va)*=a,Var = 3@ Z 0 =234

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

" (meopema 1);

F-
e
‘Jﬂ

=] N=)

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

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

e (meopema 4),;

e kp — n & = = =
a Va mpH a=0,k=234..,n=234...,p=123 .. (meopena ).

Bce nanpHeiinme npeoOpa3oBaHus U BEIUKUCICHUS 0a3UPYIOTCS Ha ONPEIEeIEHUN U CBONCTBAX
KOpHS N-U CTEIICHH.

[Tpumep 1. Beruncauts:
V27 x12

Paznoxum nokopeHHoe BeIpaXkeHHEe Ha 0ojiee y100HbIe MHOKHUTEIH U TIOCIIE 3TOT0 U3BJICYEM
KOPEHb:

V27 %12 =4/33%3%4=/3*:22=9x2 =18
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[Ipumep 2 YHIpOCTUTH BBIPAKEHUE:
&
iz - iz - iz B
( *JX‘) = VEDE="VYx2=xx=0

Ilpumep 3 — ynpocmums @vipadicenue:

= e i -~ i i
(V¥f) = Vo2 =W =¥y ey =3y

[Tpumep 4

i."’x_B};r = i‘lﬁx 1,,"}’ = |x|ﬁ,‘|'l}r

[Tpumep 5

x=0

i’fx_sy = i’?x Vv =Ixlyy = xi.@
[Tpumep 6

x=<0

E,‘."EK_B],F = i’? ¥ f*.@ = |I|E¥f§ = —xi.'?
ITpumep 7

b=-0

Ja3b? = Jalab? = Ja? = Ja=b? = |alyalb| = —abya

KOMmeHmapuﬁ: IMOCKOJIBKY a CTOUT IO KBaJIpATHBIM KOPHEM B HEUeTHOU CTCIICHHU, TO JaHHAasA
NEepeMCHHAass HCOTPHULIATCIIbHA, UMECM IIPABO CHATH C HEC MOAYJIb.

ITpumep 8:
a=0b=<20

|4a: _Zlal _2a _ 2a

&  |L3| _1.3 1.3
1‘|b |3 b b

[Tpumep 9:
a=<0b=0
|25a*®  5./(a®)? 5|a’| —5a°  54°
1‘I 9ps 3,/(B%)2 C3|B3| 3 3B°
[Tpumep 10:
a==>0
aVv2 =lalV2 = 1,,.-'?\-"'_ =4/ 2a?
[Tpumep 11:
a<0
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av3i=—lalV3 = —ﬁ?\-@ = —/3a?
[Tpumep 12:

a=b

(@ —b)y/m

a=b—sb—a=0
(ﬂ,—b]f’ﬁ= —[b—ﬂ]w,"'ﬁ= —|b —ﬂ,lw,‘."'ﬁ= —/ (b—flj:y"ﬁ= —/ (b— rx]:m =

= —/(a —b)*m

[Tpumep 13:

az=0,b=0

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

a<0,b=0

—abV3 = —|ab|V3 = -3/ (ab)*3 = —/3a*p*

IIpakTuyeckoe 3ansaTue Ne 27

Tema: [IpeoOpa3oBaHue BeIpaKeHHUH, COAEPIKALIMX CTEIIEHH U JTOTapr(pMbI
Henab: HayunTs BBIMOIHATE MpeoOpa3zoBaHUE BHIPAKEHUH, COAEpKAILUX CTEIEHU U
sorapupmbl

Teopernuecknii 070K

IIpumep 1: BeruncauTh 3HaYeHNE BBIPAKEHUS:

o) o £

log 5 (+3)

Pemrenne:

o (7)o £
log 5 (+3)

3ameuanmue: [Ipu permennn 3a1a4, cogepxKalux Jorapu@msl, B IEPBYIO 0YEpE/b HE CIEyeT
coCpenoTaunBaThCs Ha HUX. Hukora Henmb3s 3a0bIBaTh MPOCTO MO aaredpy.

41



B uncimrene sTon )IpO6I/I MOXXHO IPUMCHHUTD (bOpMy.]'[y COKpPAaICHHOT'O YMHOXCHUS PA3HOCTDb

N
KBaApaToB. OOmmit BI/I,Z[ia: —& —{a b]{a_'_b].

3ameuanue: B abcoaroTHOM OONBIIMHCTBE 3a/1a4 CIEAYET Bce Jorapudmbl IPUBECTU K OHOMY
OCHOBAHHUIO.
B 3nameHnarene Bocnosib3yemcs GopMyIioi nepexoga K HOBOMY OCHOBaHHUIO U IepeiiieM K

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

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

B uucnuTene B mepBoii CKOOKE MPUMEHHM CBOMCTBO «Jlorapudm pa3HOCTH», a BO BTOPOU —
«Jlorapudm cymmbI».

o0, ()=

CaMbIil HIKHUI 3TaK MOKHO BBIUMCIIUTE:

log, G log, [JE\EJ

2

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

2

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

log, {3] _ log, {3} —

) log, («J{B—g) B log, {3} -

OtBet: 1

[Tpumep 2:
BbruncnnTh 3Ha4€HNE BBIPAKECHUS:

log;{90)—log, (18} log, (4) log, (7}

Pemenue:
log s (90)—log, [18) log, (4) - log;{7) =

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

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

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

=log, (90}—

Ortser: 1.

(1{};{ , 16 ) (1{};{{_ 36 )
3.Haiinure 3HaueHNE BBIpa)KEHUS - ' .

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

Otser: 8

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

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

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

I

Ortser: -0,5

log &
4 Haiinute 3HaYCHUE BBIPAKEHUS

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

o D= 5
log 2=1.5

Iul e

. 3
log ; 8=log ,2 =
o

Ortser: 1,5

log _60-log_12
5.Haiigure 3HaueHue BelpaskeHuss N

[Tockonpky OCHOBaHHMS JIOTApU(PMOB paBHBI MKy COOOU, TPOCTO TPUMEHUMCBOMCTBO
J0rapuQMmoB:

_a=1

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

Ortser: 1.

log _0.2+log 4
6.Haiinure 3Hauenne BoIpaKEHUs 0,9

3anumem JCCATUYHBIC )IpO6I/I B BUJIC OOBIKHOBEHHEBIX U BBIHECEM CTEIICHH 3a 3HAK J'IOl"apI/I(i)MaI
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log 0.2 +1{}g” . 4=1ﬂgri— +log, 4=-log_5-log _4=-1-2=-3
0 R ] i 2
)

Ortsert: -3
|ug? 13

. log 0 13
7 HaI/II[I/ITe 3HAYCHUEC BBIPAXKCHUA -

Iug? 13 log . 13 log . 13

= =9
1
g |ug,? 13

log , 13 :Iug?_! 3

Otser: 2

log _9log 25
7. Haiigure 3HaYeHUE BHIpOKEHHUS 3

2 2
log _9log . 25=log_3 log ) 5 =
1log . 3 lngﬂﬁ

OtBert: 4

log 5l
9 "
log 2
g

8. Haiinure 3HaueHNE BEIpAKEHUS 9

Paznoxxum 50 Ha MMPOCTBIC MHOXKHUTCIIN U YIIPOCTUM IMOKA3aTCJIb CTCIICHU B YUCJIUTCIIC ,Z[p06I/IZ

log 50 log 572 log_ 5" +log_2 24log_2 5 log 2
! g - g " ! e ! 979

log 2 log 2 log 2 log 2 log 2
5 5 {} 5 q 5 {} 5

9

0

(1— log 12 ) (1— log 12 )
. 2 i
9.Haiigute 3HaueHUE BBIpAKEHUS

[IpuBenem 06a noraprudma K OCHOBAHHMIO 2, a 3aTEM pa3IokKUM uncia 12 u 6 Ha IpocThie

, log., (223 )
(1-1@,-0 (2‘3 )) l—
(1-1nf_:,-ﬁr 12 ) (1‘1"% 12 ): - log , (2x3 )
?+|{J|g_2 3 ?+|ﬂg_2 3

(1— (2 +1(1g23 ) ) 1_—l+lug_2 5 ): (—1-1012,'23 ) 1_—1+Iug_2 3 )

t=log N 3
0O603HauNM =, TOJY4HM:

MHOXUTCIIN



) -2 ) N
Aot —/——— = (14t ) —L =1
\ f( 1+t ) | 14t

3amevanue. MoxHO ObUTO MTOCTYIUTh TaK: MPEICTaBUM YKCIO0 12 Kak mpousBeneHue 2 u 6.

(1—1{};_1;2 12 ) (1—1{};};“ 12 ): (1—1{};};22—1{};{2H ) (1—1{};_1;{5'3—1{};_1;“5 ): (— 1{};_1;2Ei ) (—1{}5_1;”'3 ):l

Ortser: 1

IIpakTuyeckoe 3ansitue Ne 28

Tema: Pemenune norapuMuyeckux ypaBHEHHHA
Hean: Hayuuts pemats npocreiimue sorapupMuuecKue ypaBHEHUs

Teopernueckuii 010k

Pemenue mo6oro orapuMUYecKoro ypaBHEHHUS TAK)KE CBOJAUTCS K PELICHUIO OJTHOTO WA
HECKOJIbKUX MPOCTEHIINX JIOTapu(MUIECKIX YPAaBHEHUH:

1) logaf (X)= 10gag(x); 2) log:f (x)=h.

VYpasHenue (2) cBoautcs K ypaBHenuto Buaa (1): logaf(X)= logaa’.

VYpasuenus Buaa (1) cBonsarcs k pemeHuto ypasaenuit f(x)= g(x) (morenuuponanue). [Ipu stom
HEOOXO0MMO OMHHTH, 4TO ypaBHEeHUs logf(X)=10g.g(x) u f(x)= g(x) He paBHOCHIBHBL [IpH
MOTEHIIMPOBAHNY TIPOUCXOANUT PACIIMPEHUE O0JIACTH OTIPENIEIICHNs, 2 3HAYUT MMEETCS
OIIaCHOCTh MOSBJICHUS TOCTOPOHHUX KOopHe. [IpoBepka — HawmTyuIiee cpecTBO MPOTUB TaKOM

OITaCHOCTH.

1 mun — 1o oTnpeAeNIeHNIO Jiorapudma:

log i dx -0 =-2
a) 3

1
(—J =2x-1
Pemenue;: > : 2%-1=9; x=5.

log;10-h=-2 log,%=-4
Mposepka: 3 S 3 ; ~2logz3=-Z. 2= 2_ pepHo.

OtBer: x=5.
6) logy(x’ +4x+18) =2
Pemenne: 3 =3 +du+12; 2% +du+12-0=0; = +dz+3=10;

X1 = -2 i--.,l4—3 =-2*] ; X1=_1 u X2=—3



IMposepka: x=1, l0gz(1-4+12)=2; |0g39=2; 2|0g33=2; 2=2 — BepHO;
x=3, 10g3(9-12+12)=2; 10939=2; 210g33=2; 2=2 — BepHO.

OTtBer: x=—1, x=3.

5
lugg[z—x—lJ =x-2 -

B)
ez 5 oo 18
Pemenue: ¥ 4 2% Tlycrs F=y , TOTJIa yPABHEHHE 3aIIMIIEM B
¥y &
¥ Za 5

FL2=—2iﬂJ4+32=—Eiﬁ; 5?’1=4; 5?’2=—E; 2}{=4; 2}{:22,)(:2, 2}{ ;E_g-

2
lngg(——IJ =2-2
IIpoBepka: 4 ; logp1=0

— BEpHO.
OTtBer: x=2.

2 mun — ypaBHEHHUs1, KOTOPbIE C IOMOUIbIO JIOTapU(PMUUECKUX TOKIECTB CBOJATCS K
IIPOCTEUILINM YPABHEHUSIM:

a) lg(x—3)+lg(x—2)=1-1g5.

Pemrenne: |g[(x-3)(x—2)]=1g10-1g5; Ig(x*-5x+6)=Ig2;

51«\,55—16

X2-5x+6=2; X*-5x+4=0; X1,= 2  ;x=4ux=l.
IMpoBepka: x=4; 1g(4-3)+ Ig(4-2)=1- |g5; Igl+ 1g2=192; Ig2=|g2 — BepHoO;

x=1; 1g(1-3)+ 1g(1-2)#1- Ig5, Tak kak BeIpa)keHHe, CTOSIIEE O] 3HAKOM Jiorapudma,
JIOJDKHO OBITH BCET/Ia MOJI0KUTEIBHBIM.

OTtBer: x=4;

a2+ 1gx-5) 1

6) laTx+1)+1gx-6)+1g3 2

lgh+1gx-3) 1 1gfd(x - 30 1

Pemrenme: 1@3(Tx+1G-60 2. 1g3(Ta+e-6) 2

2 Ig(4(x-3))=1g(3(7x+1)(x-6)); lg(4(x—3))2= 1g(3(7x+1)(x-6)).

oteruupyem: 16x*—96x+144=21x*-123x—18; —5x*+27x+162=0;
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2T+ .3868  2TX63 36 13

5x227x-162=0; x12= 10 10 ;x;=9;xp= 10 5 .

2182+ 1gf, 1524 1

1
poBepka: x=9; 1g64+1g3+1g3 2 21gB+2lg3 2

124 1
21g4 2 _ pepno;

g+ lg[- %3]

2
_18 lg{. @+1J+ lg{- E-6J+ =&
X= 3 ; 5 3 — JIO’)KHO, TaK KaK MoJIorapuMuIecKoe
BBIPOKECHHE HE MOXKET OBITh OTPHUIIATCIILHBIM.

OtBeTt: x=9;

B) logzx +loggx +logqex =55

1
., log pb=—1log,h
Pemenne. Bocnons3yemcs popmynoit m X

1 1 11
logzx+ —logzx+—logzx =55 —logzx=353
B3t T et T REs g e - loggx=3. =07

Ipoepia: 198527 +108527 +10g;y27 = 55 . logs3* +logy 37 41=55.

3 +E+1 =55
2 — BEpHO.

OtBeTt: x=27;
r) logs3x -10+1og;(x -27) =3 +10g;8

Pemrenme: 10850 3&—11Xz- 2T =10g,(5" &)

461 J2116+32108  46+65

Totenrmpyem: (3x—11)(x—27)=1000; 3x*-92x—703=0. x1 5= 3 3 ;x1=37m
19
Xo= B ? .

Iposepka: 1. loge111-11) +1og; (37 - 271 =3 +1og;2

logst 00 +10gs10 = 10gs1000 - 1ogs1000 —logs1000 _ papyo
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19
logs(-19-111 +1ogs [— ——2']"] =3 +1logs8
2. 3 , TaK KaK BBIPpa)XCHHUEC, CTOALICC 110/ 3HAKOM

norapudma, JOHKHO OBITH MOJIOKHUTEITHHOE.
OtBet: x=37.

3 mun — ypaBuenus suaa P(logax)=0, rae P(y) — mHOrousien 2 wiu 3 cTeneHu, Win
YpaBHEHUS, CBOJSIIUECS K HUM. DTH YPaBHECHUS PEIIAIOTCS C TIOMOIIBIO MMOJCTAHOBKH: Y= logaX.

a) logs x—1log, -3i=0

1
Pemenme: 1983 21083 x-3=0 Tyycry, 198:% =¥ y2 2y 3=0. PeaeM ypaBHEHHE 1 T10Iy4acM
1

y1=3 u y,=—1; y=3 —logzx=3 x=27; y=—1 —loggr=-1 =3
TMposepika: x=27; 105 77-1og; 37-3=10. (log; 27 ~log; 3 -3=0,

9-6-3=0 — BepHO;

2
al_ (1_] 3o
logs 3~ logs|3 E_D;(lng33'1}3—lng3 32 -3=10.

!
x=3;
1+2-3=0 — BepHo.

1
OtBert: X=27; Xx= 3 :

6) log, (52"} logg x=1

Pemenne. [Ipexie Bcero Hajio UMETH B BUJY, YTO €CJIM B YPAaBHEHUAX BCTPEUAIOTCS JIOTapU(pMBbI
C pa3sHbIMH OCHOBAHUAMHU, TO UX HAAO ITPUBCCTH K OAHOMY OCHOBAHHUIO C TIOMOIIIBIO
log. ®

log, b=
bopmyIbL: log.a

loge(5x?
—g5[ j-lug§x=1

B nanHOM ciy4ae nmepexoauM K OCHOBAHHIO 5. logs x X
dogs 5 +2logguilogsx =1 Ogosgaunm 1985 =¥ ; (1+2y)y=1;

1 1 1
= logex=— —
2yP+y—1=0; y1=—1, y,=2 ; 108: X =1 yuu 0 75 x=5 ; x=+5 .

1 1 1
1ug1[5-EJ logh ==l logy 5-(-1)2 =1
IMpoBepka: 1) 3 ;5 ; 1=1 — BepHO;



2
2) 1085(5-5}-IDE§£=1; tog g (5"} -[lngiﬁ JE) -1
; 1=1 — BepHo.

1
OtBer: Xx=5; x=n5 .

5 mun — norapudpmMupoBaHue 00EUX YacTel ypaBHEHUSI.

gl _ 1000
HMpumep: x

et _q 1000
"% x s (Igx+D)lgx=3-1gx; lg?x+lgx=3-1gx; y=Igx;

Ig
Pemrenne:

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

x=10 2, x=10.
. gp1rie 1000
TMposepka: 1) e T107 Q0T =100, 0y -10®,
10°=10° — Bepwo;
jgletn +1 _ 1000
2) 10 ; 10°=100; 10°=10” — BepHo.

OTtBer: X=1073; x=10.

IIpakTuyeckoe 3ansTue Ne 29

Tema: Pemenue ynpaxHeHun
Heanb: 3akpenuTs U CHCTEMATU3UPOBATH MATEPHAI IO TAHHON TEME
Teopetnueckuii 6110k

Jlorapudmuueckas GyHKIUSA

[TycTh a — monoxuTenbHOE YKicio, He paBHoe 1. @yHKIHMIO, 331aHHYI0 (hopMmyiol y =logax,
Ha3bIBAIOT JIorapupMuyeckoil pyHKIHENH ¢ OCHOBaHHEM a.

OcHOBHBIE CBOWCTBA JIOrapu(pMUIEcKoil GyHKIUH.

1. OGnactp onpeaenenust JorapuPmMuIeckort GyHKIIMH — MHOYKECTBO BCEX
nonokuTenbHbIX yucen R+, T. e. D(loga)=R

2. Ob6nacTh 3Ha4eHUH JorapuMuuecKoil GyHKIIMH — MHOXKECTBO BCEX JEHCTBUTENbHBIX
YHCelL.
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3. Jlorapudpmuueckas GyHKIMS Ha Bcel 00JIACTH ONpeieeHus Bo3pacTaeT (npu a>1) uin
yosiBaet (ripu 0<al ¢yHkius Bo3pacraet (B cirydae 0<axl.

JlorapumuueckuM ypaBHEHHEM Ha3bIBAIOT YpaBHEHHUE, B KOTOPOM HEH3BECTHASI BXOAHT
TOJIBKO B apT'yMEHTHI JIOTapu(pMUUecKiX (QYHKIUN MPU HEKOTOPBIX MOCTOSHHBIX OCHOBAHUSX.

[Tpu pemennu orapuMUIECKUX HEPABEHCTB HEOOXOIUMO YUUTHIBATH MOHOTOHHOCTh
norapudmuueckoit pynkmu loga x: [pu 0 < a < 1 sta ¢pyHnkuus yosiBaet, npu a > 1 —
BO3pacTaer.

Pewenne ynpaxxuenuit
1. Boinenne: a)log  25v5; 6)4%°%%; B)log,log, 64; 1)4°% 7%=,

2. Pemmuts ypapuenus: a)l0g, ,(3X+1) =2; 6)2x* +5°%* = 25/%% 10
3. Beruncure: a)log a42; 6)25*°%%; p)log,log,81; r)3°%!*%%°

4. Haiitu X, eciu u3BecTHO, uTo log,, X =4log,, 3~ §|090,1 27 -2log,, 6.

5. Haiitu X, eciiu u3BectHo, uro log,, X = 2log,, 6 - 0,5log,, 100 + 3logo'l?\’/5 :
1

log, 45+ |094§ log; 2—-log; 4

log;16 —log; 0,5

6. BerauciuTs: a)

; 0)
log, 75+log, 3

7. Haitnute o0Gnacth onpeenenus Kakaon u3 QyHKIu:
1)y=v9-x*-Inx*; 2)y=./In(x+2); 3)y=log,, & - 2x:+ NCE
8. HaiimuTte o0nacTh onpeneneHus KaKa0u u3 GyHKIIHiA:

)y=v4-x*-In(x-D*; 2)y=,In(x-3); 3)y:Iogoy3(<2+3x:+\/49—x2.

Jlomarnee 3a/1aHue:
3log,3-log, 27 6 3lg4+1g0,5
log,3+log,9 ’ lg7-Ig14

2. Pemmuts ypashenns: a)log,, ;45X=2; 6)3x* +0,5°%=* = 36/%% /%

1. BeraucnuTs: a)

IIpakTnueckas padora Ne 30
Tema: KontponbHas pabota
Iess: [IpoBepuTh ypOBEHb YCBOCHUS JAHHOM TEMBbI

1 BapuanT

IIpeoOpa3yiiTe BbIpa:keHue:

(a+2 a 2 ) Ja—42

V2a  2a+z  a—2a a+?2
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2. T 1 1 c++ 1
c4+cZ2 c2+1
3 lgB+igis
T 21g2+ig3

Pemute ypaBHenue

Lvx2+2x+10=2x—1
2.cos(;+x)+cos(;—x) =1
3 Uizxz—lﬁx—E?j:SVig

4.logsVx — 5+ logsv2x — 3=1

2 BapuaHT

IIpeoOpa3yiiTe BbIpakeHHe:

L(aqa bb m) (w.-"E+ﬁ.-"E)2

Va+ib a+2

1 1n? 3 3

1 (az—bz) +2aZ+b2
3(ab)z-3b
T

3
a—b az—>b

2

£ L

3lg2+3lgs
"lg13-lg130

Pemnre ypaBHeHnue

1N17 +2x —3x2=x+1
2.sin(§+x)—sin(g—x) =1

3 2x2—5x+0,5: 1

1642

51



4.§£g(2x —1)=1-IgVx—09

IIpakTHyeckasi padora Ne 31

Tema: Yucnosas nociie0BaTeIbHOCTh, CIIOCOObI €€ 3a1aHNUs, BBIYUCIICHUS YJIECHOB
[IOCJIEI0BATEIbHOCTH.
Henb: HayuynTs BEIYUCIAT

Pewenne ynpaxxuenuit
|. HaiinuTe nepBble NATh YIEHOB psAJa 10 €ro 33JaHHOMY OOLLEMY YJICHY:

1. " T n+a
w, =2
2. """ T —1
o 2+ 3
3 T
n+1
R .
4, Wn= n
Il. HaiiguTe nepBbie YEThIpE WICHA IO €0 33JaHHOMY OOIIEMY YJICHY:
e = (mn + 1y
1. "~ 2n
U = 1
n=
5 (3n—1ﬂ)(2n—|— 1)
ni
Un

. =(-n+1)(n+2)
4, Un= Pl)T%
5 tn = (2n+1)2n

. n+1
" (2n—1)3n—

[h

6.

[11. Halimute popmymny oOliiero ujaeHa psija 1o ero JaHHbIM IIEPBbIM WIEHaM

2.
3.

Y. Bbruncnure cyMMy 4I€HOB psija:
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- ,
1 Z nn+1)

. =1

5 rtz::i(BrL —2)(3n+1)
% =

3. n=1
2 2n+1
4. A=Zna(n+ 1y

1
5 z nm + 1n + 2)

S T
Y. HaiinuTe N-i ujieH psaa 1o ero JaHHbIM [IEPBBIM WICHAM:

w N

Y|. Uccnenyiite cxoquMocTh psiia, IPUMEHSS. HEOOXOIMMBIN MTPU3HAK U OJUH U3
[IPU3HAKOB CPABHECHUSA:

1.

2 r’rzz:i ‘n(n + 1)

1
3. ;ﬁ
1

4. 7=1
Hccnenyiite cxoauMocTh psja, HCHOb3YI0 Mpu3Hak [Janambepa.

Z 1
A=y {n+ 2y
1

1. =320

2. =1
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v [ o

6. = n + 1)
1
7 A m+nn+ 3)
S'ﬁ
8. &=

IIpakTnueckas padora Ne 32

Tema: [Ipenen mociaeao0BaTeIbHOCTH
Heab: HayuuTs BEIYHUCIATH NPEAEBI

TeopeTuyeckas 4acTb

Omnpenesnenne. Yucno b HaswiBaercs npeaenoM QyHKIHA f(x) npu ¥ , crpemsieMcs K @ ,
ecim st moGoro uncaa £ = 0 wajinercs Takoe uncno © = 00 uro mpu Beex X F A
YJIOBJIETBOPSIOIINX HEPABEHCTBY Ix—al<g , Gyner BemonHaThcs HepaBenctso If) —bl < = |
Onpenenenne npeaena GyHKIHE MOXHO cOpMyIHpoBaTh U Tak: Uncno P HaspiBaercs
peIesioM f(x) npu X | crpemsiemcs K a, ecyu npu mobom £ = @ cymecrsyer Takas
OKPECTHOCTb TOUKH &, uTo 151 J1ro6oro X * & 3 sroii okpectHocTH. IIpenen 06o3HayaeTcs TaK:
}lcin; f(x)=n.
[Tpumep 1. Ilpeaen nocTossHHON (GYHKIMU B JIFOOOH TOUKE paBeH ATOH K€ MOCTOSHHOM.
Pemenue. [1ycth s Bcex %. OueBHIHO, YTO I TFOOBIX £ = 0 d=0 y 1A BCEX

xE(a—8a+ 8§ CIIpaBEeUIMBbI COOTHOLLICHUS
3Ha4MT, 10 OIpPEIEIICHUIO Mpeiena
limf(x) =limk = k.
X 4a X -a
[Tpumep 2. lana ¢pynkuuu. /lokasars, 4to
)lclng fx)=a.
Pemenne. Mycts £ > 0 - m060e uncio. Honoxus & = | s peex X € (@ — 8,a+ 8)
nonyanmlf(x) —al =lx—al <4, e lf&)-al <=, syaunr
limf(x)=limx=a
X X i

TeopeMa. Eciu q)YHKI_[I/IH HUMECT OPEACI IIPHU &, CTPEMAIICMCS K 8, TO 3TOT IIPCACI CAMHCTBCHCH.

1 Teopembl 0 npeaenax QyHKUMHU
Teopema 1. Ecnu npu ¥ = @ cymecTByIoT npeaess GyHKIUN )y glx) , TO CYILIECTBYET
TaK)Ke M Mpeesibl UX CYMMBI, paBHbI CyMMe MPeAeoB PyHKIIHMA Gy glx)

CrnenctBue. [10CTOSIHHBIN MHOKUTEIh MOKHO BBIHECTH 32 3HAK Mpejiena.
JlericTBUTENBHO,
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Teopema 3. Eciiu npu ¥ * @ cymiecTByroT IIpeieibl (pyHKLu/m f'-:"f} u E(X:' U Tpefen
f(x)
GbyHKIUN g(x) ommuen ot HyJISL, TO CYIECTBYET TAKKE M Ipeen X oTHomenns 8(X) | paHbIii
OTHOUIECHUIO MIPEJIEIIOB!
f(x) =)

ii_r::;(iiiﬁi] G gl j) b hm lim g(x)

[ToHsiTHE OECKOHEYHO MAJIOH H 6eCK0Hequ OOJIBIIION BEITMYMHBI
Ecnu ipenen GpyHKIMM paBeH HYIIO, TO OHA HAa3bIBACTCS OECKOHEYHO MaIOW BEJTMYUHOM.
Ecnu npenen ¢gyHKIMM paBeH OECKOHEYHOCTH, T.€. BEJIMUMHE 0OpAaTHON K OECKOHEYHO MaJIoi
BCJIMYMHE, TO OHA HA3BIBACTCI OCCKOHECYHO OOJIbIION BeInunHON. ClIe0BaTCILHO,

BBIIIOJIHAIOTCA paBCHCTBA:

1
lim — = e, lim—=0
—=al X a0

Brrunciure npeaenst

IIpumep 1.
lim(x+3)=lim x+ lim 3=7+3=10.
=7 7 7
IIpumep 2.
limi{3x+2 hm3x+hm2 lim3-limx+2
lim 3x+2 _ xﬁq( ) ( ) el D e 8 T 3 —
=123 =7 th?x—?) MH@iHlmﬂ 7y lim2-limx—7
x—»1 =1 x—»1 x—>1 x—1

3-1+2
= =5/{-5=-

2-1-7 =)
IIpumep 3.

. x°—4
lim :
=2 xX—2
—4_G-2E+2)
-2 x—2
2

fim ® = i BT DD 2 i x lim 2=
=2 X—2  x—=2 x—2 x—>2 x—>2 x—2
=2+2=4
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Pemenue ynpaxHeHui

lim[(x? — 1)@= - 3)(x - 5]] Y=z L1-1
1x .2 lim——MM—
14. x 0 X
” xli:ﬁ[{ZX —4)(x — 1)(x + 2]
T
lim 2 T 3)(x — 2) 15. xo04 —2x-2
=1 x+2
. 2 _ L
16. xh:!::[ [(x]- — 5x E:]
3. .
7. Al £ 8%
li —3 I 3x
4 x32x— 6 18. x=x—2
lime ¥ lims S
_*r me 9
5. xlrgﬂxz 4+ 2x 19. X =2x— 2
I 2x3 - 2x2 lim2x3 -3x24+1
6. xlrg 5x3 - 4x? 20. X =5%3 —4x? 4 2x
i I3x¥ L x hmExz —5x+ 4
7. xlrﬁ X 21. x=x2 —2x+3
. x—3 limyxZ —x-=x
lim—; 22. X =
8. x=3x* -9
i 2 —
) 4%x2 _ 9 23, xh:!::n,-‘x +5x-x
_lma Zx+3
9. %73 " 4x? —Tx—2
, 24, x 25%x2 — 11x+ 2
limx —38x+ 15
10. X .5 x? 425 % L 2% _15
25. x.3 x'-9x
lica 3x2 —8xL+ 4
11. x 26x2 —14x 1 8 lin 2x
=044 L ow— ] —
X2 = 7%+ 10 26. VE+x—Va-x
12. xlrgxg —9x + 20 y 2 _ﬁ
x—6 27. xl—-nil-lﬂ —dZx+1
lim—
13, x6yx+3 -3 2 —x

limmy

28. ®53 —yIx—-1
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IIpakTnueckas padora Ne 33

Tema: KonTpoabHas paboTa 3a epBbIi ceMecTp
Hean: [IpoBepuTh YpOBEHb YCBOCHHS MaTepuaia 3a IEpBbIA ceMecTp

1 BapuanT
Ynpocrure BoipazkeHue

1.€in x + cosx > —1

2.[(:052 {% — xj + sinz(%r — XD —sin?x

sin? X + sin? xcos® X

3. -
sin? xcos® X

IIpeoOpa3yiiTe BbIpa:keHuUe:

(a+2 a 2 ) Ja—42

V2a 2a+2  a—2a a+2
11

c—1 c2+tcd -

2. 51" 1 -c++ 1

cd+c2 241

lgB+igis

2lg2+ig3

Pemute ypaBHenue

1.Vx2+2x+10=2x—1

T T
2.cos(;+x)+cos(;—x) =1
30 zxz—lﬁx—E?j:SV{g
4logsvVx — 5+ logsVvex — 3=1

2 BapuaHT
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Ynpocrure BoIpaskeHue

1.€0s2x+11g°x—1

1-ctg® € x _ 2
tg° &—r . cCtg €&+ X _
sin>® XcosxX + cos® xsin x

cos® X
IIpeoOpa3yiiTe BbIpa:keHue:

1.({1{E+ bb m) (M*EHE)E

Ja+ib a+2

2.

3.

1 132 3 3

1 (az—bz) +2a2+b2
3(ab)Z—-3b
2————+

a—b

£ 0

3
az—>b

3lg2+3lgs
“lg13-lg130

Pemute ypaBHenue

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

g gx’—6x+05__ 1

1642

4.§£g(2x 1) =1—-1IgVx—09

IIpakTnueckas padora Ne 33
Tema: HpaBI/ma BBIYUCIICHUSA ITPOU3BOAHBIX

IIe.m,: Hay‘{I/ITB yJaluxcd nmpaBujiaM BbIYHUCIICHUSA ITPOU3BOJHBIX

Teopernueckuii 6510k

. =0
. r=1
. (f+9=r+4g
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https://ru.wikipedia.org/wiki/%CF%F0%EE%E8%E7%E2%EE%E4%ED%E0%FF_%F4%F3%ED%EA%F6%E8%E8#cite_note-2

. (fg)=rg+ 19

. (Cf}"_Cf

) fla—rfg
2

) ..(g#0)
a2
. g 7 o)

Brraucnure IMPOU3BOJHYIO:

— 3 5 3
1L f(X)=x+2x+4 10. (x) = X
2. f(x)=2x*+x>+10 X-4
3. f(x)_3+3 6
X7
1 2 4 11.f (X) = X(x+3)
4. f(X)==+—5+= 2
x x2 5 12.f (X) = (X“ +4)(x-12)
_ 5
5. f(X)=2Vx +4x 13 (0 =X
6. f(x)=+v/x+5x" 3x-1
7. f(X)=x&+1 14f()_x+5
8. f(X)=x&+5 T+l
X2
9. f(x)=
X_

[omainee 3aganue:

1) f(x)=7x"+13x*> +18
2f(x) =X+ 21 Ux
5 X

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

X2

+1
6)f()—x+;

5) f (x) =

IIpakTuyeckoe 3ansitue Ne 34
Tema: [Ipou3BoaHbIE TPUTOHOMETPUUECKHUX (YHKIUI
Henanb: Hayuuts BHIYUCIATH TPOU3BOIHBIE TPUTOHOMETPUYECKUX (PYHKINN
TeopeTtnueckuii 6110k

Bce Tpuronomerpuueckue GyHKIIMN HEIPEPHIBHO U HEOTpaHUUEHHO Tu(dhepeHIInpyeMbl Ha
BCE 00JIaCTH ONIPEICTICHNUS
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(sinx) = cos,

(cosz) = —sinzx,

o

L = .

(tg) cos? x

(etgz) = ——

ctgr) = ———,
5 sin? x

Pemenune ynpaxHeHun
1. Haiigute npou3BOAHYIO PYHKIIUHU:

Dy =cosx+x"; 2)y=zgx+~.‘-'§;

Ny=cigix+3, 5)y=sin(x+g);

8y = cos® x,

127
2. Haiinure mpou3BOIHYIO PYHKIIHH:

?)y=sin(g—2x), %, =

-2 2
Dy=smn"x+cos” x

By =sinx+cost x-2sin *x cos® x;

3. Haiiti nmpou3BOIHYIO QYHKITUH:

A: Ty =sin z°; s

2y = cos?(%—Bx);
1
3)y= a 2
cos® x
fgx
4)y = =£=,
1+igx
Sy =22
igx
1
)y = ;
)y fgix
Ty
fg3x %
8y = ctgTx,
Py =.fxan x

60

21y = (sin x + cos x)°

Ay =sih 2x;

£y =cos(2x+ %T);

Ty = .Eg3 x
2

2 .
: Ay =cos® x—sin X

Dy =sin 2xcsn 3x+cos2x cosdx — 1

1 . 3
Ty=— x* . =—
|y po xisth x Xy >

COSX
2y = \ X, = —,
ey "7
cint X ocost X x = 2%,
3y =sin > Cos z,xn TE
41y =1+ 35m x, x, =
Sy =1g’ 2x,
By = c052(2x+1), x=0;

Ty = ,fl+5cos§;

By =sin® (2x%),
iy =cos” (77— 3x7).



IIpakTnueckas padora Ne 35
Tema: Berunciienre mpou3BoIHON CIIOXKHON (QyHKIIUN

Hess: Hayunth yyammxcst BEBIYUCIATH POU3BOJHYIO CIIOKHOW (DYHKIIMU

Teopernueckunii 070K

[TpousBoHAs CIIOKHON (QYHKIIMH paBHA MPOU3BEICHHUIO €€ MMPOU3BOIHOM 10 MPOMEKYTOUHOMY
apryMEeHTy Ha POU3BOJIHYIO 3TOT0 apryMeHTa 10 HE3aBUCUMOM ITEPEMEHHOMN

Pewenne ynpaxxuenuit

Bbrancnute npou3BOAHYIO CI0XKHON (QYHKINH:

1) f(X) =cosbx 14 f (%) :lcosz
2)f(x) = 3sin > 42
3 15) f (X) = (4x-5)?

3)F(x) = (8x+ 4)° g
16) f (x) = !
4)f(X) = % (1-5x)
(3—4x)

5)f (x) = (3—2x) 2 1 17)f(X)=(2X—3)4+[§x+4]
) £ (X) =(3-2x) +m

6)f(x) = 25in(3x-%)

7) f(x) =tg4x

8)f(x)= %cosg

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

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

10)f(X) = W

12) f (x) = (5x+ 4)™ +(§ +8j

1 V4
12)f (x) = 2 cos(g —3X)
13) f (x) =sin8x

I[OME[I.HHCC 3adaHUC
2)f(x)= %sin 7X

3)f (x) = (2x +10)°
4

4)f(X):W

5)f (X) = (4x+8) +(%x+13)

6) f (x) = 4ctg<%—2x)
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7) f (X) = ctg2x

IpakTnyeckas padora Ne 36
Tema: Pemenue ynpaxHeHUN.
Heanb: 3akpenuTh U CUCTEMATU3UPOBATH 3HAHUS YYAIIUXCA 110 JAHHOU TeMe

Teopernueckuii 070K

. C =0

. r=1

. (f+9)'=f+4g
. (fg)=Ffg+fd
. (cfy=qcf

(i)f _flg-f¢g
(E)f _Cy
. 9 9 @#0)

Kapmouxa Ne 1
Haiinure npousBoaHyI0 QyHKIHA
1) f(X)=7x"+13x°+18

2)f(x):§+%+&

) f(x) =x(x+2)
AHf(X)=(x+5)(x*+7)

X2

2x+1

6)f(x):%

5 f(x) =

Kapmouxa Ne 2
Haiinure npou3BoaHYI0 QyHKIHA
1) f(x)=6x"+5x°+78
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2)f(x):§+%+2&

) (X) =x(x+3)
4)f(x) = (X* +4)(x-1)

5f(x) =

1) =2

X+5
6) f(x) =

)1 x> +1
Kapmouka Ne 3

HajinnTe npon3BoaHYI0 (PyHKIM A
1) f(X)=4x>+3x%+2x°
5 Jx

X
Z)f(X):E‘FF 5
3) f (X) = x(x+10)

A f(X)=(xX+4)(x+2)

X
5 f(x) =
)T (%) 4x+1
e)f(x):XL8
x+1
Kapmouxa Ne 4

Haiinure npou3BoAHYI0 GPYHKIHH
1) f(x)=7x°+8x* o1
X
2)1(X) =2+ >+
X“ X

3) f(X) =(x+4)x
A f(X)=(X+5)(x*-7)

5)f(x):ﬁ

es)f(x)zsz’1

Kapmouka Ne 1
Haiiaure npou3BoAHbIE CII0KHBIX (PyHKIIMI

1) f(x)=cosbx



. X
2)f(x) :3S|n§

3 (X) = (8x+4)°
2
(3—4x)?

At =

3 1
5)f(x)=(3-2x%) +m

6)f (x) = Zsin(BX—%)

Kapmouxa Ne 2
Haiinure npou3BoaAHbIE CII0KHBIX (PyHKIMI

1 f(x)=tg4x
1 X
2)f(x) = ECOSE
3)f(x) = (3x+5)*
3

4)f(X)=m

5)f(x):(5x+4)‘4+(§+8]

6)f (x) = %cos(% ~3x)

Kapmouxa Ne 3
Haiiaure npou3BoaHbIE CII0KHBIX (PyHKIMIA
1) f(x)=sin8x

2) f (x) = %cosg
3)f(X) = (4x—5)?

8

AT = e

5)f(x)=(2x-3)™* +(§x+4j

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

Kapmouka Ne 4
Haiiaure npou3BoaHbIE CII0KHBIX (PyHKIMI

1) f(x)=ctg2x



2)f(x) :%sin X

3) f (x) = (2x+10)?
4
(5-%)°

5)f () = (4x+8) +(:—13x+13]

A=

6) f (x) = 4ctg (% —2x)

IIpakTnueckas padora Ne 37

Tema: MexaHnyeckuil CMbICII ITPOU3BOIHOU
Henb: 3akpenuThs U cCUCTEMATU3UPOBATh 3HAHUS YYaIUXCS 110 JAaHHOU TeMe

Teopernueckwuii 6110

ITycts 3aman myTh & — J(t) JBUKEHMSI MaTepHalibHOM Touku. CKOPOCTh JaHHOW MaTepUaIbHOU TOUKHU B
MOMEHT BpEMEHH L eCTh IPOM3BOIHAS OT IIyTH S 10 BPEMEHH L:

v(t) = s'(t)

ITpumep

2 .
5 s(t) = =t* — 2% 4t
Teno nBukeTCs NPSIMOJIMHENWHO 110 3aKOHY 3 (M). OnpenienuTh CKOPOCTh €ro

neuxeHnst B MomeHnt £ = 1) c.

Pemrenne. Mickomast CKOpOCTB - 3TO MPOU3BOHAS OT ITYTH, TO €CTh

2, ' 2.\
v(t) = §'(t) = (Er;* —2t? +--1.t) = (qa-*) — (23 4 (4t) =

L ‘
- :__;“'!'r — 2 A == w2 n A1 =2 A+ 4

O I

el

B 3aaHHBIi MOMEHT BpeMEHU

2

v(10) = 2107 —4- 104 4 = 200 — 40 + 4 = 164 (M/c).

Otser. V(10) = 164 (yy/c).
YnpaxHenus:

1.MatepuanbHas TOUKa IBHKETCS NPSIMOIMHEHHO 10 3aKoHy X (t) = 6t° — 48t + 17, rie X — paccTosiHUE OT
TOYKH OTCUEeTa B MeTpax, I — BpeMs B CEKYH/ax, U3MEpEHHOEe ¢ Havaja ABMKeHus. Haliqure ee ckopocTb
(B MeTpax B CEKyH/y) B MOMEHT BpeMeHu t = 9 C.
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2.MarepuanabHasi TOUYKa JBUKETCS MPSIMOJIMHEHHO 110 3aKOHY
X (t) = (1/6) t* + 5t + 28
rae X — pacCcTodHUE OT TOYKHM OTCUCTAa B METpPaAX, t— Bp€MA B CCKYHOAX, HU3MCPCHHOC C Hadala

JBIDKEHUS. B Kakoif MOMEHT BpeMeHH (B CEKYyH/Iax) €€ CKOPOCTh Obljia paBHa 6 M/c?
3.MarepuainbHast TOUKa JABMKETCS MPSIMOJIIMHEIHO 1m0 3aKoHy X (t) = 2 — 13t + 23, rue X — paccTosiHUE OT

TOYKHM OTCYETa B METpaxX, t — Bpemsi B CEKyHaX, H3MEPEHHOE C Havasa JABM)KEHUsS. B kakoi MOMEHT
BpeMeHH (B CEKYHJIaX) €e CKOpOCTh Oblia paBHa 3 m/c?

4.Touka ABHXKETCS M0 3aKOoHY s(t)=2t*-3t (S— myTh B MeTpax, t — BpeMsi B CEKyH/[ax ). BBIYHUCINTE CKOPOCTh
JBUKEHHS TOUKH, €€ YCKOPEHUE B MOMEHT BPEMEHHU 2C

5.MaxOBHUK BpalaeTcs BOKPYT OCH 10 3aKOHY ¢(t)= t*-5t. Haiiyure ero YIJIOBYIO CKOPOCTB (0 B MOMEHT
BpPEMEHHU 2¢ (¢ — yroJl BpallleHHsl B paJiiaHax, o — yrjioBas CKOPOCThb paj/c)

6.Teno maccoii 2 Kr IBMKETCSI MPSIMOIMHEHHO 110 3aKOHY X(t)=2-3t+2t?

Haiinute ckopocTh Tella U ero KHHEeTHYECKYI0 SHEPrulo uepe3 3¢ rnocie Havyana JBumxenus. Kakas cuna
JEICTBYET Ha TEJIO B ’TOT MOMEHT BpeMeHH? (t U3MepseTcsl B CEKYH/IaX, X — B METPax)

IIpakTnyeckas padora Ne 38

Tema: Pemenue ynpaxxnenuii. CamocrositensHas padora
Heab: 3akpenuTh U CUCTEMATHU3UPOBATH MaTepual 1o JaHHON TeMe

1 BapuanT
1. Haiinute yrioBoit ko3 PUIMEHT KacaTeNbHOMN, MPOBEIEHHON K rpaduKy GpyHKIUN
v=4x"-6x +1 geroTouke ¢ abeuuccoil Yo = 2
2. Haiinure yrinoBoit k03 puIeHT KacaTeabHON, MPOBEACHHON K TpaduKy (yHKIIHH
v=2x%-x%+3x —6 peroTouke c abcuuccoil ¥o = —1

3. Haiigure yrioBoii ko3 uumeHT kacaTensHON, TPOBEASCHHOH K rpaduky QyHKIIUN
T

r — o - o Xp =
V= EInX — CO5X g ero Touke ¢ abcruccoit T 2
4. Haiigure KOOpIUHATH TOYCK KacaHUs, B KOTOPBIX KacaTelbHbIC K TpaduKy QYHKIIUU

y=10x"+5x =1 pymeror yraosoit kKo3GPUIEENT, paBHBbII 2

5. CocTaBbTe ypaBHEHHE KacaTelbHOM K rpaguky Gynkmuu ¥ = 2X° = 3% + 1 g royke ¢ abeuuccoi
g = 2
6. Koopaunara marepuaibHO TOUKH U3MEHSETCS C TEUEHHEM BPEMEHHU 0 3aKOHY

x(t) = 6t" - 8t + 6. Hajiyiure cKopoCTh TOYKH B MOMEHT BpeMeHHn & = ©
7. KoopauHaTa MaTepUaibHO TOYKH M3MEHSETCS C TEYEHUEM BPEMEHH TI0 3aKOHY

v .5 i . _
w(t) = 7 - 4t* + 5. Hajigure ckopocTh TOUKH B MOMEHT BpeMeHH & = 2

8. MarepuaibHas TOUKA JBUKETCS PSIMOIHHEIHO 1o 3akony X} = 53t* — 2t + 1  Uepes ckonbko
CeKyHJI MOCIie Hayana ABHKEHUs TOYKa OCTAHOBHUTCA?

9. MarepualbHas TOUKa JBIKETCS IPSIMOTIHHEIHO mo 3axony ¥} = 3% — 13t Hajinure yekopenne
TOYKH B MOMEHT BpeMeHHu & = 2

2 BapHaHT
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1. Haiigure yrinoBoi kodpuimeHT KkacateabHON, IPOBEICHHON K rpaduKy HYHKIIUH
Vv=7x"-3x ~ 12 pero touke ¢ abcuccoi Yo = 3
2. Haiinure yrinoBoit k03 HUIIMEHT KacaTeIbHOM, TPOBEACHHON K TpaduKy (GyHKIIMH

y=6x"-x =1 gerortouke ¢ abcuuccoit ¥a = 1

Vv
3. Haiinure yrinoBoit k03 GHUIMEHT KacaTeIbHOU, TPOBEICHHON K rpaduKy QYHKIINH 2
€ro Touke ¢ abcruccoi ta = —1

B

4. HaiiauTe KOOPAUHATHI TOYEK KACAHUS, B KOTOPBIX KacaTelbHble K rpaguKy GpyHKIMH
y=8x"T4¥ -4 pyveror yrioBoit kKodpQULUEHT, paBHbIi 1

5. CocraBbTe ypaBHEHHE KacaTelbHol K rpaguky Gynkuun ¥ = 3x° —4x —2 5 1ouke ¢ abenuccoit
g = —1
6. Koopjuuara MaTepHaIbHO TOUYKH U3MEHSETCS C TEYEHHEM BPEMEHH 0 3aKOHY

x(t) = 3t* - 8t + 8. Hajinure ckopoCTh TOYKH B MOMEHT BpeMeru & = 3
7. KoopjauHara MaTepHaIbHO TOYKH U3MEHSETCS C TeYEHHEM BPEMEHH [0 3aKOHY

c(t) = t* - 4t + 8. Hajigure ckopoCTh TOUKH B MOMEHT BpeMeHn & = 4

8. MarepualbHas TOUKa JBHKETCS IPSIMOIMHEHHO 110 3akony ¥} = t* =8t = 10 Yepes ckonbko
CEKYH/I TI0CIe Hayala JBUKEHHs TOKa OCTAHOBUTCS?

9. MarepualbHasi TOUKa JBIKETCS IPSIMOJIMHEHHO 1o 3akony * U = 8% = 2t% Hajinure yekopenne

TOUKHM B MOMeHT Bpemenu £ = 1 ¢

IIpakTnyeckas padora Ne 39

Tema: [IpumeHeHne HenpepbIBHOCTU. MeTO1 HHTEPBAIIOB
Henb: Hayunts yyammxcs pemaTs HEpaBEHCTBA, UCIIOIb3YsI METOJI HHTEPBAIIOB

Teopernueckuii 6110k
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AaropurMm IIpusep

1. Pazaosiy BRIpAEEHHE B ) (x— Dx+ 1)+ 2)(x+ 3)3(x — 4)*
SHCIHTENE M 3HAMEHATeIe Ha JHHefHbIe n =0
! (x—1(x-3)*x-5)

MHOKHTETH.

2 Brigeam ocodmle cTvEan|ecTH oHH xZ—3)*#0mpux=+3

2CTh) — 9eTHEIE CTEMeHH B (x+3)°=0mpux=3

COKPATTAIIHECT MHOEHTETH. (x=—4)%>20mux=4
(x—1)=0 mpux=1l

3 [lepenmnimen HepaBeHCTED, (x+1)(x+2) -0

HCKTHOYHE 0COOBIE CITVIAH. %x—5 =

4. TIpuparmgens K HVITHO Kas sl e t1=0 fx=—1
AHOHHTSIE SHOTHTETI H sHAMeHATE 1T H
w i x+2=0 |xg=-2
HafJeM BCS X B3 JAHHBIX c—o s
_— = x =
PaBeHCTE(«KOHTPOIBHEIS TOUKH ).

5. Otyersy Ha KOOPIHHATHOM 3 1 5

npavof TOEKH B2 1.4, VIHTEIBAT 3HAK m—
HEPaEeHCTEA(CTPOrufi HIH HeCcTPOr i}

L 4

6. [TpopepHM 3HAK B 0JHOM H3

HHTSPBEATOR, 4 B OCTATEHEIY — i - = = v - N
TIpOYepeIvens. = x
7. Bamuimest OTBST, VUHTBIBAT 3HaK .3 2 -1 3 4

HEPAECHCTEA H ocooLe CIVEAH.

Orser:x € [~2;~1]U (8:0) U {~3:4).

Pemrenne ynpaxxuenuit
(x? —4x+6)(x—2)(x—3) <0
(x-1)*(x-2)?
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x? —4x+6 > 0npux €R . takkax D < 0
(x—2)°=z0npuX € R, Tak Kak TOYKa X * 2
x—1*z0mpux € R, tTakkak Tourkax * 1

(x—2)(x—3) =0 Ej

OteeT: X € (—2;3)

4 (-5)(x-7)(2x-3)
- —x*—5x+6

=0

(x—5)(x+5)(x—7)(2x — 3)

=0
—(x+6)(x—1)

XZ*ES -6 V5 1 1.5 V5 7
= — R + - " - -
x=7 “\.”Wﬁ\w
x=15

X=8
L x=1

OTeeT: {(—00; —6) U [—/5; 1} U [1,5;4/5] U [7; co).

[Ipumepsl Ha caMOCTOSTENBHOE PELICHHE:

1 gl.
r2 —Br+6 2

T+ 17
— = 0.
2 1 —6

JT -3

= (),
r—2
_ _ 2
V17 — 15z — 2x 0.
T+ 3

JlomarHee 3amanue:
xX=3)(x—9)>0

X+ 7(x-4<0
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2+x)(14-X) <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

—Bx(9% — 27)(x +28)(9 —x) <0
X=4H2+XXxX+D(x-2)<0

(x+8)(3x—30)(16 —x)(-6 —2x) <0

IIpakTnyeckas padora Ne 40

Tema: Bo3pactanue u yObiBanue GyHKIIMN
Hean: Hayuuts uccienoBars PyHKIMIO HA TPOMEXYTKH MOHOTOHHOCTH
Teopernueckunii 010K

1.Eciu B HEKOTOPOM MPOMEKYTKE MepBasi IPOU3BOHAS PYHKIIMH OOJIbIIE HYJIA, TO (PYHKIKS BO3pacTaeT
Ha ATOM MPOMEKYTKE;

2.Ecnu B HEKOTOPOM MPOMEKYTKE MepBasi Mpor3BoAHAs (GYHKIIMN MEHbIIIE HYISI, TO PYHKIMS yObIBaeT Ha
TOM IPOMEXKYTKE.

[TpomexxyTkH, Ha KOTOPBIX (DYHKIIMSI TOJIBKO BO3pPACTAET WM TOJIBKO YOBIBAET,
Ha3bIBAIOTCS MPOMEKYTKAMH MOHOTOHHOCTH.

HOpﬂ)lOK HaX0KACHUA MMPOMEKYTKOB MOHOTOHHOCTH:

1 Haiitu oGnacth onpenenenus GyHKINU.
2. Haiitu nepByto Mpou3BOAHYIO (DYHKIUH.

PaccMoTpuM HECKOIBKO IPUMEPOB MCCIEI0BaHUS (PYHKIIMU HAa BO3pACTaHUE U yObIBaHUE.
Haiiti npomMexyTKu MOHOTOHHOCTH (DYHKIIMH:

_ 3.2
== ax

a) 001acTh onpeaeeHus D) xek ,

6) HaiiIeM MepBYIO POU3BOIHYIO: Y 37 —6x ’

V=030 —6x=0 x=0, x=2
I/ICCJICI[yCM 3HAK HpOI/I3BO,ZLHOI71 B INOJIYUCHHBIX IPOMCIKYTKAX, pCHICHUC TPCACTABUM B BUJIC TaﬁJ’II/ILIBI.
T (=00} |0} {0:2] |2 {(2:+00]
Wiz + of - |0 +
yix | 1 | T
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x € [— oo, 0] (2;400) b y=x -3z

Htak, B mpoMexyTKax YHKIUS BO3pAacTaeT, B
IPOMEXKYTKE * = (0:2) yOBIBaeT.
2) Y= -7

D). xe R

a) 00J1aCTh OIpeIETICHUS

L S
0) HaiiieM MepBYIO MPOU3BOIHYIO: y'=-3x ,
)

=023 =0 x=0

I/Iccnez[yeM 3HaK HpOHSBOI[HOﬁ B ITIOJIYUCHHBIX ITPOMCIKYTKaAX, pCHICHUC ITPCIACTABUM B BUJIC Ta6J'II/II_IBI.

X | (= 00,0) |0} (0;400)
yix) - 0] -
yix) ) !

Oynxums ¥ yObIBaeT Ha Bcell 001acTu onpeaeneHusl.

3) ¥ = X —5x+6

a) 00J1aCTh OIpeeICHUs Diyj:xeR 1
0) HalizieM MepBYyIO MPOU3BOAHYIO: V'=2ax-5 ,
.J"fz[:l, 2x—5=|:|; ¥ = 2,5

I/Iccnez[yeM 3HaK HpOH3BO,Z[HOI>i B ITIOJIYUCHHBIX ITPOMCIKYTKaAX, PCIICHUC ITPCACTABUM B BUJIC Ta6J'II/II_IBI.

x| (-02,5)|2,5|(2,5+0)

y'(x) - 0 +
y(x) ! T
T .
DyHKIUA y=x-35+8 BO3pAacCTaeT Ha MPOMEKYTKE xe [2,5,+o::), yObIBaeT Ha

POMEXKYTKE * - (-0,25)

[Tpumepsr:

Haiitu mpomeXyTKi MOHOTOHHOCTH (PYHKITUU
y=x—27x .

f(X)=X+2xX+4
f(X)=2x*+x>+10

f(X) = 2/x +4x°

f(x) = /x +5x"

f(X)=7x" +13x* +18

o 00~ Wb B

JlomarHee 3amanue:
1. f(x)=x€&+1
2. f(X)=x€&+5_
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XZ
X —

3. f(x)=

4 f()=—"

IMpakTnyeckas padora Ne 41

Tema: Kputnueckue Touku GyHKIIMH, MAKCUMYMbl U MUHUMYMBbI
Heas: Hayunts HaX0AUTh 3KCTPEMyMBI (PYHKIINH.
Teopernuecknii 010K

Heo06xoanmoe ycinoBue 3kecTpemyma: Ecin Touka X sIBJISIeTCSl TOUKOH skcTpeMyma ¢pyHkuuu f U B 9TOU
TOYKE CyIIecTByeT mpou3BoaHas f', To oHa paBHa Hymto: f'(x°) =0.

Ipu3nak makcumyma ¢pyakuun: Eciu ¢pynkuus f nenpepsiBHa B Touke X, a ' (x)> 0 Ha uHTepBaie
(a;x°)m f'(x)< O na untepBane (Xx°; B) , TO TOUKA X SABJISETCS TOUKOM MakcuMyma pyHkuuu f .

Ipu3nak munumyma ¢pyukuuu: Ecimn dyakuus f nenpepsiBHa B Touke X°, a f'(x)< O Ha unTepBane
(a;x°)m £ (x)> 0 nHa unTepBate (x°; B) , TO TOUKa X° ABJISAETCS TOUKOM MakcuMyma QyHkuuu f .

Teneps KOCHEMCSI BOIIPOCA TOCIIEI0BATEIHHOCTH OINEPAIIHiA, KOTOPBIC HY)KHO BBIITOJIHUTE TIPU OTHICKAHUHT
9KCTpeMyMOB GYHKINH.(3-4 MUHYTHI)

1. HaiiTh obnacTh onpeaeneHus GyHKIIUNA

2. HalTH POU3BOAHYIO (DYHKIIUU

3. HaliTU TOYKH, B KOTOPBIX BBIMOIHSAETCS paBeHCTBO f(x)=0

4. HaliTU TOYKH, B KOTOPBIX MPOU3BO/IHASL HE CYIIECTBYET

OTMeTUTh Ha KOOPJMHATHOMN MPSMOM BCe KPUTUYECKHE TOUKH U 00JIaCTh ONpeaeIeHUS
5. onpeAenuTh 3HAK MPOU3BOTHON HA KaXJIOM U3 IPOMEXKYTKOB

6. cienaTh BbIBOJ O HAJIMYMH UM OTCYTCTBUU IKCTPEMYMOB

HaiinuTte kputHueckue ToUku GyHKIUN
a)2x2+x—1=0.
6).
B)4x243x —6=0,

r).

2. Haligute TOUkM MakcCUMyMa 1 MUHUMyMa (DYHKIIHHU:

a)x*-1lox*+9=0,;

6).
B) 12x*-3x3-5=0 ;
r).

3. Tloctpoiite 3cku3 rpaduka GpyHKINH, 00J1aAat0IIeH
CIICAYIOIIMMHU CBOUCTBAMH:
LDG)=[-3:5], f (x) = O mpu x € (—=3; 1), f (x) < 0 mpm
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xel(l;8), fy=n0.

2.D(f)=[-%6l, f ()= 0mpux e (—4; 2). f (x) < 0 npn

xel2;6) , f{2=0.

Jlomarmnee 3aanue:

1. HaiiguTe KpUTHYECKHUE TOUYKU (YHKIIUH:
a) 6x'2+3x +10=10 .
0).

2. HaiiiuTe TOUKM MaKCUMyMa U MUHUMyMa  (DYHKLUU:

+9=0

x5 Bx
8 3

a)
5).

3.ITocTpoiite 3cku3 rpaduka GyHKIUH, 0018 Ja0NICH
CIEAYIOLUIMMH CBOMCTBAMU:

D(f)=1I1:6]: f ()= 0 npux € (1;3) f (x) < 0 mpu

xel3;6) y; f(3=0.

IIpakTuyeckas padora Ne 42

Tema: [IpumeHeHre TPOU3BOIHON K UCCIIETOBAHUIO (DYHKIIHIA
Heab: Hayunts yuamuxcs uccieoBath (pyHKIUN C TOMOIIbIO TPOU3BOAHOMN

Teopetnueckuii 6110k

Cxema uccnenoBanust QyHKIUH:

1
2.

o

Haiiti obnacte onpeneneHus: GyHKIIUH.

[TpoBepuTh, HE ABNIAETCS U PYHKIUS YETHON UM HEUETHOW; IPOBEPUTH TAKXKe, HE SBIISACTCS JIH
OHa MEePUOTUYECKOM.

Haiitu, eciu 5T0 BO3MOXKHO, TOUKH NepeceueHust rpaduka GyHKIUN C OCSIMU KOOPAUHAT U
IPOMEXKYTKH 3HAKOTIOCTOAHCTBA (QyHKIMU. MIHOT1a 1711 yTOUHEHHUs TOCTPOeHU rpaduka cneayet
HAWTH JIBE€ TPU JOTIOJHUTENIBHbBIE TOUKH.

Haiiti npou3BoaHyt0 GyHKIUMHN U €€ KPUTHUECKHE TOUKH.

Haiit npomMeKyTKi MOHOTOHHOCTH U 3KCTPEMYMBI (DYHKIIMH.

[Toctpouts rpaduk GyHKINU, UCTIONB3YsI TOJTyYEeHHBIE PE3YIbTaThl UCCIIEOBAHUS.

PaccmorpumM nmpumep:
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4
X

Y=x3—l

1. Ob6nacte onpeneneHus
3_ : L .

x' =120, x=1 posromy ¥ e(- o) (1;+c0)

2. Ilepeceuenue ¢ ocsamu koopauHat: Touka (0;0).

3. BBuy TOr0, 4TO 00JACTh ONPEICICHHIS HECHMMETPHYHA OTHOCHTEIBLHO Havajla KOOPJIUHAT, IPOBEpKa

Ha YETHOCTH HEBO3MOXKHA.

4. uTepBaJibl 3HAKOMOCTOSIHCTBA

4
X

Tak xak X' 20 ¥z R 1o 3nax npobu x’ -1 OyZeT 3aBUCETh TOJILKO OT 3HaKa 3HAMEHATETIs, T.€. OT
: (&% +x+1) 0y (01) v <0 ~
smaxa ¥~ 1= (@- 1 +x+1 . [Toatomy mipu xe(-o0)u (0) v < , & TIpH xe(l+eo) y>0,
5. HTepBasbl MOHOTOHHOCTH
v 4}{3(x3 - l)-— b 3x? _ 4x® - 4%% - 3%° _ %® - 4%° )
(x3 —1)2 (X3— 1)3 (x3— 1)2

20 -4x3 =0,

x3(x3 - 4)= 0;

=0, x3= A4

y >0 y <0 y' <0 y'>0
0 1 Y
[pu £ € (- a0)u (f4;400) GyHKIUS Bo3pacTaer,
Ilpu £ € (EHS (1;3\5) GbyHKIHsT yOBIBACT.

[iﬁi 43[4
'3

(0;0) - Touka MakcuMyMa, J - TOYKa MUHHMYMa.

XE (— w,—i@)v (1;+c0) rpaduk QyHKIIMH BOTHYTHIMH,
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xel-32; 1) rpaduK GyHKIMU BBITYKIIBIA. - TOYKA Ieperuoa.

v
‘A

¥

Uccnenyiite u noctpoiite rpapuku GyHKIUN:

h(x) = - 3¢+ 12.
h(x) = 2+ 3x+ 1
f(x) =2x*-3x+ 1
h(x) = 0,5x* + 5x + 8
h(x)=0,5x —5x + 8

Z[OMaIJ_IHee 3aJaHuc:

o s wbdhPE

1. h(X)=2¢+1
2. f(X) = x2-4x+ 2
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IpakTnyeckas padora Ne 43

Tema: KontponbHas paborta o teme: «IIponsBomaHas»
Heas: [IpoBepuTh ypoBEHb YCBOCHUSI MaTepraia

BapwuaHrT 1.
TeopeTnyeckumn Bonpoc

1. TlpupaiieHue apryMmeHTa U npupaiieHue GyHkuuu

MpakTu4yeckue 3agaHuA

2. Haiitn npousBoanyto pyHkuuu Y = NG

3. Haiitu npoMexyTok Bozpactanust QyHkouu Y = X —2x+ 3

4. Haiitn skctpemymsl pyrkmmn Y = X + 3/X

5. 3ammcarh ypaBHeHMe KacaTelbHOM k rpaduky Gpynkuun f(X) = (X2 +1)/X BTOUKE C
aberuccoit Xp=2

6. Hccnenosars pynkmuio f(X) = X*-5X+ 6 u OCTPOUTH €€ rpaduk

BapuaHT 2.
TeopeTuueckuin Bonpoc
1. IloHsATue npou3BOAHOMN
MpakTu4yeckmne 3apgaHuA
2. BorumcnuTs 3Hauenue npoussoanoit Gyuxuun g(X) = 6X° B Touke X=4
3. Haiitu npoMexyTKu, Ha KOTOPbIX GyHKLIUA Y = (X - 2)2 : (X + 4)2 BO3pacTaeT
4, Haiitu sxkcTpeMymbl Gynkiun Y = — 48/X — X
5. 3amucaTh ypaBHEHHE KacaTelbHOM K rpadguky pynkmuu f(X) = (X2 -1)/X B Touke ¢
abcrmccoit  Xg=-2
6. Wcenenosars pynxmio f(X) = X* - 2 + 3 u nocrponts eé rpaduk

BapwuaHT 3.
TeopeTnuyeckuit Bonpoc
1. TabGnuira mpou3BOIHBIX
lNMpakTuyeckmne 3apaHuA
2. Bp4HCIUTH 3HAYEHUE MMPOU3BOAHON QyHKIMH Y = X3 B Touke X=1
3. Haiitu kputrueckyio Touky ¢pyaxuun f(X) = X -4
4. Haiitu npoMexyToK Bo3pacTanust QyHkuu Y = XX —2x+ 3
5. HaiiTi TaHreHc yIila HAKIOHA KacaTeNbHOM Kk rpaduky pyukmn Y = -X/3 - X2 + 3x + 13 5
Touke Xo=-3
6. HUccnenosats pynkuuto g(X) = -1 u HOCTPOUTH €€ rpapuk

BapwuaHrT 4.
TeopeTuyeckuin Bonpoc
1. TlpaBuna BBIYMCICHUS MPOU3BOTHBIX
MpakTuyeckme 3apaHus
2. Haittu npoussoanyto gpynxiuu g(X) = x*
3. Pemmrs ypasuenne T'(X) = 0 , ecmn f(X) = X - X
4. Haiitu npoMexyTok yObIBaHus GyHKIUU Y = X2 - 6x+ 8
5. HaiiTu TaHreHc yria HakJIOHA KacaTenbHoM K rpaduky GpyHkiun Y = X3-x%42-3x+ 13 &
Touke Xg=3
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6. Hccnenosats pynkmmio N(X) = X-4 u MOCTPOUTH €€ rpadux

BapwuaHT 5.
TeopeTnyeckumn Bonpoc

1. KacarenbHas k rpaduxy GyHKIIUN

npaKTI/I‘-IECKVIe 3agaHuA

Haiitu npoussoanyto ¢pyukuuu ¢(X) = X + COS X

Permuts Hepasenctso f'(X) >0, ecmu f(X)= 2 X% - 4 X

Haiiti npoMeskyTkH, Ha kKoTopbix dymkmms Y= 2 — 2 X + 4x%/3 - % X* Bospacraer.
Haiitn kputnueckue Touku Gpynkiuu Y= (X2 + 3X) / (X + 4)

UccnenoBath QyHKIHIO g(x) = - X? - B5X - 6 u mocTpouts €& rpadux.

o0k owbd

BapwuaHT 6.
TeopeTUyeckuit Bonpoc
1. TIpomsBoxHas B pU3MUKE.
MpakTu4yeckmne 3apaHuA
Haitri nponssoanyto pyrxman f(X) = (2x + 1) *
Haiitu kputnueckue Touku Gynkuun Y= 6 + 12X - X3
HaiiTi mpoMeXyTKH, Ha KOTOPBIX QYHKIMS ~ yOBIBAET.
Haitn nponseozmyio dyrkmn Y = 2VX + 27/X — X%/9
Uccnenonars ¢pynxiuio N(X) = X? - X - 6 u nocrpouts eé rpadux.

o 0krwdN

BapuaHT 7.
TeopeTuyeckuint Bonpoc

1. Tlpusnak Bo3pactanus (yObIBaHUs) QYHKINH.

MpakTu4yeckmne 3apgaHuA

Bouncauts f'(3), ecmn f(X) = X

Haiitu npoussoanyio Gysxmuu y = 2 SIN X

Haitti npomesxyTky, Ha kotopbix dynxmusa Y = 0,5 X' - 5xX°/3 - 1,5X° + 2 Bospactaer
HaiiTi TaHTeHC yTiia HaKJIOHA KacaTeNnbHO# K TpaduKy QyHKIMH ) = X B Touke X =9

Ok LN

Uccnenosats pynkmuio g (X) = X% 9 IIOCTPOUTE €& IpaduK.

BapwuaHT 8.
TeopeTnuyeckuit Bonpoc
1. TIpusHak MakcuMyMma (MUHUMYMa) (DyHKIHH.
npaKTVI‘-IECKVIe 3aaaHud
Haittu npoussoanyto pynxuuu f (x) = X
Pemmrs nepasenctso §'(X) < 0, ecru g( X )= X - 4
HaiiTi mpoMex)yTKH, Ha KOTOPbIX QYHKIMA V = V4 x*-5x%3- -1 yOBIBaET.
Haiitu TanreHc yria HakiIoHa KacaTelbHOU rpaguKy GyHKIUN f(X) =2X 3+ 3 X 2 B Touke Xg= -2

O UAWN

Uccnenosatrs dynxmmo h(X) = - X+ 1un MOCTPOUTH €€ rpaduk.

BapwuaHT 9.
TeopeTuyeckuin Bonpoc
1. HUccnenoBanue GyHKIUH.
npaKTVNeCKVIe 3aaaHud
2. Haiitu npoussoanyio gpynkimuu h (X) = sin (2 - 3x)
3. Haiiti mpoMeXyTKH, Ha KOTOPBIX QyHKIHS Y = (X2 +8x) / (x - 1) Bospacraer.
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4. Haiitu npomssoyto yuxmn y = X718 —C/3 + VX u sbrucuts ce 3nauenne, ecm X = 4,

5. Haiitu ypaBuenue kacarenbHoii k rpapuxy dyaxuun  f(X) = (x-1)/(x+1) B Touxe ¢
abcruccoii Xg = -2

6. Mccnenosats pynxumio f(x) = X+ x—6u HOCTPOHTE €€ TpaduK.

BapwuanT 10.

TeopeTnyeckumn Bonpoc
1. Ilpupamenue apryMeHTa u npupamieHne QyHKIum.

MpakTu4yeckue 3agaHuA
2. Haiitn f'(x), ecnu f(x) = 4 (x-5)°
3. Haitru npoussomiyto dynxuun g (x) = XI5 -7 X2 -9\x -2 u Bbranc;mTe ee 3HAUEHHE, ecH X =
1
4. Haiitn mpomexyTky, Ha KoTopbix Gynkuns Y = (0C - 8x) /(x+1) y6uisaer.
5. 3amnucaTh ypaBHEHHE KacaTebHOMU k rpaduky Gynxiuu f(x) = (x+1)/( x-1) B Touxe ¢
abermccoit Xo=2
_ .2
6. Mccnenosats pynximio N(x) = -x“+ 5X - 6 u moctpouTs ee rpadux.

BapuaHnTt 11.

TeopeTuyeckuin Bonpoc
1. TlonsATHE TPOU3BOIHOM.

npaKTVIlIeCKVIe 3agaHuAa
2. Pemmrts ypasuenue §'(x) = 0; eciu g(x) = 2x - x
Haiiti mpoMexyTKH, Ha KOTOphIX GyHKIMs Y = (X - 3)%( x+1) Bospacraer.

2

Haiitu kpuTndeckue Touku Gynkmun ¥y = X + COS 2X
Hanmcars ypaBHeHHe KacaTenbHOM K rpaguky GyHKmm ) = (; x>+ 8)/( x+1) B Touxe xo= 0
Uccnenosars dpynkumo f(x) = 3x°-5x%u TIOCTPOUTE €& rpaduK.

o U AW

BapuaHT 12.
TeopeTuyeckuint Bonpoc
1. TabGuuia mpou3BOHBIX.
MpakTu4yeckmne 3apgaHuA
Haiitu npoussoanyo dynxmuu f(X) = 4
Haitti npomesxyTkn Bospactanus ¢ynkuun Y = 5%° — 3X + 1
. — 2
Haiitu muaumym ¢ysakmmu Y = X — X

S EFNANN

HaiiTi TaHreHC yria Hak/IoHa KacaTenbHOH K rpaduky pynkmun y(X) = (X2 +8)/(X-1) Brouke c
a6crmccoit xo= 0
6. MUccnenosats pynxumio g(X) = - X+ 4 u MIOCTPOUTH €€ TpaduK.

BapwuaHT 13.

TeopeTuyeckuin Bonpoc
1. IlpaBuna BBIYUCIIEHUS IPOU3BOIHBIX.

MpakTuyeckue 3agaHusA

2. Haiitu f '(X), ecmu f(x) = 7x

3. Haiitu npousBoaHyI0 GYHKIUU g(x) = 4 SiN X - COS X 1 BBIYUCIUTE €€ 3HAYEHHUE, eClli X = 7T

4. Onpenenutb, BO3pacTaeT UM yobiBaeT GyHKIMsS Y = - X

5. HaiiTu Tanrenc yria HakioHa kacatenbHoil k rpaduky ¢pyaxuuu f(x) = X* B Touke ¢
abcuuccoit xg= 1

78



6. Hccnenosars pynkmuio N(x) = - X+ 1u HOCTPOUTH €€ rpaduK.

BapwuaHnT 14.

TeopeTnyeckumn Bonpoc
1. KacarenbHas k rpaduKy QyHKIUH.

npaKTquCKMe 3agaHud

2. Pemmts ypasrenne f '(X) = 0, ecmn f(x) =X2— 12x =7

3. Haiitu npousBoanyio pynkmuu h(x) = 14 X

4. Haiitu npoussoanyo Gynkmuio Y =3 COSx/3 + 2 SIN 4x u BelUMCIUTD €€ 3HAYeHue, eclu X = 71/2
5. Haiitu ypaBuenue kacarensHoit k rpaduxy dpynxiuu f (X) = X* + 4 B 1ouke c abcruccoit Xg =

1
6. Hccnenosars pynkmmo g(X) = X2 + 5X+ 6u MOCTPOUTH €€ rpaduk.

BapwuaHT 15.

TeopeTuuyeckuit Bonpoc
1. TIpomsBoxaHas B pU3UKE.
MpakTu4yeckmne 3apgaHuA
Haittu npoussoanyo dynxiuu g(X) = X2/ 8
Pemmuts nepasencteo Y >0, ecmu Y = X % 4X

i =% (X-2)%-3
Haiitu npomesyTku, Ha KoTopbix ynkimsa Y = % ( ) BO3pacTaer.
Hanucats ypaBHeHue KacaTenbHoit k rpaduky dynxmuu f(X) = 4X B TouKe ¢ abcmuccoii Xg = 4

o0k o

Uccnenosars dpynxumo h(X) = X+ X+ 6u MIOCTPOUTH €€ TpaduK.

BapwuaHT 16.
TeopeTuuyeckuit Bonpoc
1. Tlpusnak Bo3pactanus (yObIBaHUs) HYHKITHH.
npaKTVI'-IeCKVIe 3agaHuAa
2. Haiitu npousBognyto pynxmuu f(X) = 2x+1
3. Pemmts Hepasencteo Y’ < 0, ecrm Y = X°- 6X +18
4. Haiitu npousBoanyio pyrkimuu g(X) = 4% v BErHCTATE €6 3HaueHue, eciu X=2
5. Haiitu TaHreHc yria HakIoHa KacaTenbHo# k rpaduxy dpynkmuu f(X) = VX B TouKe
aberuccoit Xg=9
6. Mccnenosats pynkrmio N (X) = X+9u MOCTPOUTH €€ TpaduK.

BapuaHT 17.

TeopeTuyeckuin Bonpoc

1. TIpusHak MakcuMyMma (MUHUMYMA) (DYHKIHH.

npaKTVNeCKVIe 3aaaHud

2. Haiitn nponssommyto yuximn f (x) = 5 x° .

3. BbuucnuTs 3Ha4eHUEe MPon3BoAHON Gpynkimu J (X) = COS X B Touke X = 7/4 .

4. Pewmuts HepaBenctBo ' > (), ecnm y = 4x? - 8x + 1.

5. Haiftu TaHT€eHC yIila HAKIIOHA KacaTebHOM K rpaduky Gpynxumu f (x) = 2x + \x B TouKe c
abcnmccoit xp=9.

6. Mccrenosats pynxmmio K (x) = 4x? - 1 u moctpouts eé rpadux.

BapwuaHT 18.
TeopeTuyeckum Bonpoc
1. HWccnenoBanue GpyHKIUN
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MpakTuyeckue 3agaHuA

o gk 0N

Haiitn npoussoanyto Gynkuun Y = 1 + SiNx .

Haittu npoussoanyro gpynxumu g (x) = (x? + 1) u brumciuts eé 3nauenue, ecou X = 1.

HaiiTi IpOMEKYTKH, Ha KOTOPBIX QYHKIUS } = V4 x" + 7x¥3 - 3x?- 4 y6umacr.

Hanmcars ypaBHeHHs KacaTeNbHOM K rpaduky Gynkunu f (x) = VX B TouKe C abcuuccont Xg = 1

Uccnenopars dpyukuuio N (x) = - 4x? + 1 u noctpouts eé rpadux.

BapwuaHnT 19.

TeopeTnyeckumn Bonpoc

1

[TonaTre mpOU3BOIHOM.

MpakTuyeckne 3agaHuA

GAWN

Haiitn npoussoanyto gynkimu @(X) = 2 Sin 5x

Haittu npoussommyto dyrxumun Y = (3 —2) / ( X° - 3) u sbiuncants e 3nauenne, ecau X = -2

Haiitu sxctpemyms! GpyHknmn Y = (X2 -2x+ 1)/ ( X - X+ 2 )

3amucaTh ypaBHeHHe KacaTenbHoi k rpaduky ¢pynxmuu ¢(X) = X2+ X% B Touke abcuuccoit Xp=

1
ccnenosats dyrxmmo Y = 9X° + 3 1 moctpouts eé rpaduk

BapwuaHT 20.

TeopeTuyeckumn Bonpoc

1

HpaBI/IJIa BBIYHCJIICHUA ITPOU3BOJHBIX.

MpakTu4yeckmne 3apaHuA

2.

3.
4.
5

Haiitu npoussoanyio Gynxiuu @(X) = 7X+ 8

Boruucnuts f'(7/4), ecnm f(X)= 2 oS X

HaifTH POMeKYTOK Bo3pacTanms GyHKimn Y= X°- 6X + 9

Hanucats ypaBHeHHe KacaTenbHol K rpaduky dynkmun f(X) = X2- 4x + 5 B Touxe ¢
abermccoit Xo= -2

Uccnenonats ¢pynxmuo g(X) = - X- X+ 6u MOCTPOUTH €€ TpaduK.

IIpakTnuyeckas padora Ne 44

Tewma: Kontponbnas padota no teme: «IIponsBoanas»
Hens: [IpoBepuTh ypoBEHb YCBOCHHS MaTepHalia M0 JAHHOW TeMe

1 BapuanT

1.Beruncnute nporu3BOAHYIO:

1.f(X) = 2x* +4x* +6x+3
2 3
==

3

2.f(x)=%+x -

3.f(x) = €x-10"
X
4.f(X) = cos—
(x) = cos_

1

5.1 =
) 6-4x>°
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2.HaiinuTte npou3BOAHbIEC CIOXKHBIX (PYHKIUH
1) f(x)=sin8x

2)f(x)= %cosg

3) f (X) = (4x—5)°
8

4)f(X)=m

5 f(x)=(2x-3)™* +(§x+ 4)
6)f(x)=8tg(2x+%)

3.Haiigute kputudeckne TOUKH (PyHKIIHH:

a) 6x'2+3x +10=10 .

0).
4.HaiiguTe TOYKH MaKCUMyMa U MMHMMYMa
xd  xd®
Z_-g__19=9
a) 8 3 :
0).

GyHKIMY:

5.HaiinmuTe Hanbounpliee 1 HAMMEHbIIEE 3HAUYCHHE (DYHKIIUN

iﬂ.) f(:l_] = '::'_,25.}.'T‘l - 2::.'T2 +1 Ha MPOMEKYTKE [_l: 3]1

2

Flad=

+ —
0) x+1 2 mnanpomexyrke [0;25];

1.Beruncnute npou3BOAHYIO:

1.f(X) = 3x* + 6x* +8x+100

3.f(x) = €x-5"
4.f (x) =sin10x
1
«2x’

2.HaiiauTe mpou3BOIHBIE CIIOKHBIX ()YHKITHI
1) f(x)=ctg2x

5.f (x) =

2 BapuaHTt
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2)f(x) :%sin 7X

3) f (x) = (2x+10)?
4
(5-%)°

5)f () = (4x+8) +(%x+13j

A=

6) f (x) = 4ctg (% —2x)

3.HaiinmuTe KpuTHYECKHE TOUYKU (PYHKLINU:

a) 1/2x"2+4/5x+15=0 .
6).

4. HaifuTe TOYKM MAaKCUMyMa U MUHUMyMa  (DYHKITUH:

x-l- i

— i =0
az T 2 :
1'5_21'3
3 3

0)
5.HaiinuTte Haubonbliee 1 HAaMMEHbILIEe 3HaUeHHE (PYHKIIUN
alf (x)=675x"4-x +2 4, npomexytke [0;21;
6) f(x)=x+4/(x —1) yanpomexyrke [—2;01;
IIpakTnyeckoe 3ansitue Ne 45
Tema: Unrterpan. ®opmyna Hetorona-Jleitonuia

Iean: HayunTs pemats HHTErpaiisl, UConb3ys Gpopmyiny HeroTona-JleiiOnumna

Teopernueckuii 610K

[Tycte dynkims f (X) HenpepbiBHA HAa 3aMKHYTOM HHTepBase [, b]. Onpenenennpiii unrerpan ot dynkiuu f (X) B
npeenax oT a g0 b BBOAMUTCS Kak Mpeies CyMMbl OECKOHEYHO OOJIBIIIOT0 YHCIIA CIaraeMbIX, KaKI0€ 3 KOTOPBIX

CTPEMUTCA K HYJIIO:
3

[£(x)ar= tim >s(x)ax.

2 ma i, k= =

rac
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b

zf[xi)é‘ix=f[x1)&1X+ff:xg)ﬁgI+---+f|:x;;)&£x+...+f[xx)&kx_

i=1

Ceoiicmea onpedenieHH020 unmezpana
Hwxe npeamnonaraercs, uro f (X) u g (X) - HenpepbiBHbIE QYHKIIMK Ha 3aMKHYTOM HHTepBaie [a, b].

3
[dx=t-a
1. °
3 3
[ (x)dx = k[ f (x)dx,
2. ° : rae K - koncranra;
3 3 3
J'(f[x)+g[x))dx=ff[x)dx+fg[x)dx
3. [ a a
L I3 B
If[x)dx=ff[x)dx+ff[x)dx, TOe @< ¢ < b
4. a a “
[ (s)a
0L f[x)cfxi g[x:ldx
5. Ecmm 0<.f(x) <elx) JUIA BCEX xE[a,b]’TO & &
‘Tf[x).:fx—[:]
6. °
d o
If[x)dx=—ff|ix)dx
7. " ’
f
f[x)dxi[]
8. Ecnnfl[xj} B MHTEpBae [a, b], To *
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Dopmyna Hevomona-JlIeiionuya
[Tycts pynkius f (X) HenpepbiBHa Ha 3aMKHyTOM HHTEepBae [a, b]. Eciu F (X) - nepsoobpasnas dyuximu f (X) Ha[a
b], To

’ ?

If[x)ai‘x =F(x) =F(2)-Fla).

a

ITpumep 1

2

I(f —xjjcfx

0
Boerauciaute HHTCIpal

Pewenue.
[Tpumenss popmyny HeroTona-JleliOnuna, momydaem

i # 2\ (15 8 4
e
i 3 |4 3 3

0

[Tpumep 2

[ —F)a

0
Brerauciauts HUHTCrpaJl

Pewenue.

j({f—nfz_)dz - j(z%—z%)dz -

1

1
ﬁ}gﬂ 51/5+1 35% _é

%+1 %+1 u 4 3

“(2-2)-0-1
43 12

i

[Tpumep 3

-2 -
5 5 y=zx" y=ix
Haiitu miomans Gurypsl, orpaHHYeHHON KPUBBIMU u .

Pewenue.
CHayasia onpeieluM TOYKU MEPECeUeHUs IBYX KPUBBIX (PHUCYHOK 3).

= xj—xj"_=0,

- ﬁ(ﬁ—l)ﬂ,

= =0 x-=1



Takum oO6pa3om, nanHbIe KpuBbIe TepecekaroTcs B Toukax (0,0) u (1,1). CnemoBaTensHO, IIIOMIAAb (GUTYPHI paBHA

1
1 }5+1 1
g=1(¢;_xz)dx=[_; l_g Loy -2 -1
+ 0
) ¥ D
y
y
y=2x-x*
X
Puc.3 Puc.4
[Tpumep 4
y=2x-x x+ y=0

Haiitu miomanes ¢purypsl, orpaHudeHHyto rpadpukaMu QyHKINN u .
Pewenue.
Haiinem xoopauHaThl TOUeK MepeceyeHnst KpUBBIX (PUCYHOK 4).

2x-x = -x,

= x*-3x=0,

= =x [x - 3) =10,

= x=0 x=3

y=2x- x* -

JlaHHas 06J1aCTh OTpaHUYMBAETCS CBEPXY MapaldoIoi , @ CHU3Y - IPSIMOM JINHUEN Y

CnenoBaTenbHO, TUIOMIAIb TONW 00IaCTH paBHA

y =![2x—xg —[—xj)dx =B[[2x—xg + x).:fx = [xg —§+x§]

3
N
2 3, 2 3 2

i

Breraucnoure HUHTCTpAJIblL:
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1
1. jxsdx
-1

T

4 dx
2'Icosz X

0

3.?(+ 2x 4

1
1. ij dx
-1

T

4 dx
2 Isinz

b X

3.?¢+ 2x gx

1

IIpakTuyeckoe 3ansitue Ne 46
Tema: [Ipumenenne uHTETpaa K BHIYUCICHAIO (PU3UYESCKUX BEIMYHH U IIIOMIAJICH
Iesab: HayunTh NpuMeHATh MHTETpasibl K BEIUUCICHUIO (PU3MUECKUX BEIUYHMH U IUIOLIAAeH
Teopernueckuii 6510k
I'eomeTpryecKkre NpUIIOKEHHUs OIIPEACIICHHOIO HHTErpajia

KpuBosnHeiHO Tparnenuel Ha3bpIBaeTCs IIIOCKas GUTypa, OorpaHnYeHHAs

ocpro 4| npssMbIMp & = & &= by rpadg koM HeNpepHIBHOW Ha

|, 3]

OTpe3Ke dysKu ¥ = S , KOTOpas He MEHSIET 3HaK Ha 3TOM npoMexyTke. ITycTs

NaHHas (GUTypa pacrosiokKeHa He Hudce OCH adCIHCC:
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http://www.mathprofi.ru/uravnenie_pryamoi_na_ploskosti.html
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http://www.mathprofi.ru/nuli_funkcii_intervaly_znakopostoyanstva_metod_intervalov.html

Torpma miomaae KPpUBOJIMHEWHOW TpAIECIIMU YUCICHHO PaBHA ONPEICTICHHOMY

&
[ £ (x)dx

UHTErpaiy 2 . C Touku 3peHus reoMeTpun onpeaeaeHHblid naterpan — 3to IJIOIA/Ib.

To ecTh, onpeeIeHHOMY UHTErpaty (€CiIu OH CYIIECTBYET) T€OMETPUUECKH COOTBETCTBYET

xelx

E+1_

oAb HeKoTopoii (urypsl. Hanpumep, paccMoTpuM oripeieIeHHbIH HuHTerpan 1™

x
¥ = »,'n"'_ 1
[TonprHTErpanbHas QYyHKIUS ¥ +1 sanaer ma mockoctn KPUBYIO, PacIoJIararomlyocs
J- xdx
BBIIIE OCH % , a CaM OIpeIeNICHHbIN UHTerpai ! "E +1 YUCJICHHO PaBEH ILJIOIIAN

COOTBETCTBYIOLICH KPUBOJIMHENHON TpaIeLUU.

ITpumep 1
o y= 42 y=0 r=_2 =1
Boruncnuts miomans Gurypbl, OrpaHu4eHHON JIMHUAMU , , =T A=

BBHINOJTHIM uepTesx (06paTHTe BHUMAHKE, UTO YpaBHEHHE * 0 sagaer och 4 ):

== ==-r-----1
1
[
[
1
1
L

=

i ik Tl Tl

....................

_ 2
=5+ pacIionokeH Haj ocklo 4 | mosTomy:

Ha otpeske [_ 2;1] rpaduk GyHKIHH ©
1 7 1 g .
o= _I-(x2+2).:fx: —+2x |1_2=—+2—[———4]:—+2+_+4:9
= 3 3 3 3 3
§=9ea’

OTtBeT:

[Tpumep 2
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1 U KOOPAWHATHBIMHA

xr=

, OFpaHquHHOfI JIMHUAMUAN

Boraucnute minomanb GUrypsl

OCsIMHU.

Pemenue: BeirmonHuM yeprex:

T |

by

[ [,

v

, 10 KpaliHe! Mepe, He

Ecnu kpuBOJIMHEWHAS Tparenysl paciioyokKeHa M0 OChIO QX (i

§=-[ fixax

), TO €€ TUIOoIIaIb MOKHO HAWTH 110 hopmyie:

v

sébluteJaHHOU OCHU

B nanHowMm cnyuae:

1

_l-e?x.:fx =g

1

§=-[(e"ax

=e—1

_ 1
p=¢ —&

1

1]

(e—T1) ed” 172 o

&=

OrtBer:

3

IIpume

y=-x

2
=2x-x

Haiitu muomaap miockoi Gpurypel, orpaHu4eHHON JTUHUAMUI Y

Pemenwne: CHauana HYXHO BBIITOJIHUTH YCPTECK.
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RRREEEL ¥

.---i--.q_. -

R B = BT

T
]
]
'
'
T
]
'
'
]

e p——
'
'
]
]
+
'
]
]
'
]
]
'
'

A S S U P R S S

Ecnu Ha oTpeske [ﬂ’b] HEKOTOpasi HeTpephIBHAS (PYHKIIUS S () Oosb1ie 1100 paBHA HEKOTOPOU
HENpepbIBHOI QyHKIMH = (=) , TO IUIOIAb (PUTYpPbI, OTPAHUYEHHOHN rpa)KaMu JaHHbIX

]
S=[(/(x) - glx)dr

byHKIM 1 npsiMpiMu 4 = & &= b MoxHO HaitTi 110 bopmye: a

[0.3]

B paccMaTpuBaCMOM IMMPUMEPEC OUCBHUIHO, UTO HA OTPE3KE napa6ona pacojiaracTcs BBIILIC

2
IPSIMOM, a IOATOMY U3 2x=x" HeoGX0AUMO BBIYECTh ~ X

y=2x—x

Hckomas ¢urypa orpaHnueHa napabosuoi cBepXy M npsMoit @~ cHuBy.

Ha orpeske [0;3] 2x-x' z-x , IO COOTBETCTBYIOILEH (popmyue:

3 3 1 3
a0 ox 27 27 9 1
S=|r-2 —t-xNdr= [ Gr-xNdr=| - f = - —0+0="=4—
_!(xx(xj)x_!:(xx)x[z 3]|n 5 3 > 5
g4l o2
Otser:
[Tpumep 9

BBIYHCINTS TUIONIAAb GUIYPHI, OrPAHHYEHHON MHHMsIME © o * ) V' = 0  U=x=s
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Pemenue: M300pa3um ganHyo Gurypy Ha yepTexe.

e r e e e
e R
e
Ve S
—4 : ; ——
-1 1 2 3T 4
S PR R S S S
[0, 7] y=sin’z ox
Ha otpeske L*** | rpaduk dhyHkimm PacmojIoXKeH HaJl OChIO , TOITOMY:
: L omE (2)3 . (3)
S=Ism xcfx=]sm & sin xcix=_[(1—u::os x)sin xdx=0*)
0 0 0

Cd g2
(2) Mcnonb3yeM OCHOBHOE TPUTOHOMETPUYECKOE TOKIECTBO B Buje it 4= I-cos®x

(3) IIposeneM 3aMeHy nepeMeHHoi £ = £¢5 X Torpa:
df =d(cosx) = —sih xafx = sin xdfx = —dt

HoBrle nepe/ienbl HHTETpHpPOBAHUS:
fH=cosl=1;

t,=cosw=-1

m:—j[l—ﬁ}izi]j

-1 1
1 -1

<Y U0 Y (S OO G | PO ST B
[l—z)dz_[z 3J|_1_(1 - ( 1+3D_1 S5 =3

-] a
[ £ (x)dx == f(x)dx
(4) 31ech MbI UCTIONIB30BAJIM CBOMCTBO OIPEJIEIEHHOT0 HHTErpaia 2 2 :
paCHOHO)KI/IB HpeHeHBI I/IHTerI/IpOBaHI/Iﬂ B ((HpI/IBBI‘IHOM)) nopsmKe

g=1l oo
OrtBerT:

0



IIpakTnyeckas padora Ne 47

Tema: KontponsHast padora o teme: «IlepBooOpasHasi»
Hean: [IpoBepuTh ypOBEHb YCBOCHMSI MaTepHalla 110 JaHHOU TEME
1 BapuanTt

1. Haiinute oOmumii Bua mepBooOpasHBIX s DYHKITUH:
1.f(X) = 3x+5x> + 6x° - 2
200 =2 +2 _Jx
X° X
3.f(x)= €x-3°
4.F(x) = sin(Zx— %)

2
¢x+3"

-

5.f(x) =
2.BpruncnuTe HHTErpasbl:

1
1. I x*dx
-1

x
4 dx
sin?

2.

0
2

3.'[(21+ 3x gx

1

e

5.

X

2-Bapuant

1..Haiiaure o0t BuA nepBooOpa3HbIX ISl PyHKIIMU:
1.f(X)=6x+3x>+2x" -9
200 =2+ 3 2x
X X
3.f(x) = €x-13°

T
4.f(x) = co{3x - Ej

4

>T0= e 10°
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2.BpIuncnuTe UHTErpasbl:

1
1. Ix5dx
1

z
4
2.
0
2

3.[@+2xdx

1

dx
sin?

X

5 dx
4.4, 1+xF

s 1
J;[ cﬂszxﬂ_
5.

1
Sinix

IIpakTnyeckas padora Ne 48
Tema: Pemenue TpUroHOMETPUUYECKUX YPABHEHUI METOJIOM Pa3JI0KEHHSI HA MHOKUTEIN
Henp: HayunTs yyamuxcs pemaTb TPUrOHOMETPUYECKHE YPAaBHEHUS METOIOM Pa3JIOKEHUs Ha
MHOKUTENH
Teopernueckuii 010k

MMeTogsi p el ws
TOWEGHOMETRHMEEHHY YPaEHEHMI

-

T

i

MeTom 3amMeHE

N Qe EHH A

METOL, PESADEEHME Ha

AEHOHWATENLHA

h i

PemeHrs oAHOPOINKYE T
PHECHOMETDHYSC KN YpanHe il
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Metoa PAa3I0KeHHHA HA MHOAKHTEJ/IH

I

f(x)=0

I

[IpuBOoaHMM HCXOIHOE ypaBHEHHe K BHIY

fi(x) f2(x) =0

v

3apgada cROOHTCA K PEMEHHED

COBOKYITHOCTH YPaBHEHHI
fi(x)=0 uwmu fH(x)=0

I[MPIIMEP
Pemute ypaBHeHHe: sin4x + sindx cosx =0

Pemenne:
sin4x + sindx cosx =0
sindx (1 + cosx)=0
VpaeHeHHE PABHOCHIBHO COBOKYITHOCTH

YpaBHEeHMH:
sindx =0 HITH 1 +cosx=0
dx=71n, nez cosx =-1
Xx=nn'4, neZ X=xm+2nn, neZ
OteeT: x=7nn/4, neZ X=m+2nn, ne’

1. Pemuth ypaBHeHHe: SINX+ COSX=1.
Pemenune. IlepeHecém Bce Ui€HBl YpaBHEHUS BIIEBO:
snx+cosx-1=0,

npeoOpaszyeM U pa3jaoKUM Ha MHOXKHUTEIH BBIPAKEHHU B JICBOM YaCTH YPaBHEHUS:
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smx—2sn” (x/2)=0,
Zein{xf2) cos(x/2)=2sm-(x/2)=0,
dam{xl2) - [cos{xf2)—sm{x/2)]=0,
oanix/217=0, 2 cos(xd2)—an(x/21=0,
xi2=mk, tan (x/2)=1,
X = Emk xi2= arctan 1 + 7,
xi2=mid+mn,

x,= MiZ+Enn.

2. Pewmts ypaBHeHne: cOS%X+SinX-cosx = 1.
Pemenue. COSZX+SNX-cosX—sSn?x—cos?x=0,
SinX-cos X—sin?x=0,

sinx-(cosx—sinx) =0,

1 smx=0, &) cosx—snx =10,
X, =T tanx =1,

n=nld+ma,

3. Pemmts ypaBHEeHHE: COS 2X — COS 8X + COS 6X = 1.
Pemenwme. COS2x+ cos6x=1+ cos8x,
2 COS4X CoS 2x =2 c0s? 4X ,
cos4x - (cos2x— cos4x) =0,

cos4x-2sin3X-sinX=0,

1). cos4x=0, 2). sin3x=0, 3).sinx=0,
dr=m/2+71k, Axr=Tn, Xy =T
n=mii+Tmild, x,=Tnl3,

1. Pemuth ypaBHEHHE:
Pemenue:
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. 3
SIN X - COSX — ? -cosx =0,

{' \/§J
cos smx—; =0,

cosx =0, x:£+;zk,kez,
inx—\/é V4
six=->" x=e1j.§+7zk,kez.

ILOMaI_HHee 3aJaHuC:

1.2 sin x/2 cos 5x — cos bx = 0.
OTBET:
x=7/10+ wn/5

x=(-1)"n/3 + 27n,

IIpakTnueckas padora Ne 49
Tema: PerieHrne TpUroHOMETPUUECKUX YPAaBHEHUH METOZ0OM BBE/IEHUS! HOBOH IepeMeHHON
Heab: HayuuTh ydanmxcs pemars TPUTOHOMETPHUECKUE YPaBHEHHSI METOJJOM BBEJICHHSI HOBOM
IIEPEMEHHOMN
Teopernueckuii 6110k
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TpUroHOMEeTpH4EecKHe ypaEHeHMS, MPUMEO gMMBIE K
YPaBHEHUAM OT OfHON TPUrOHOMETPUHECHON
$YHKUMH OAHO A NepeMeHHON, pewaroTen (Kak
npaexno)

MeTOIOM 3AMEeHEI ITEp eMeHHOH

v

asin’x + bsinx +¢ =10
BEEJIeM HOBYIO [TepeMeHHYI0
sinx =t, [[£1
YypaBHEeHME MPUMET B
at +bt+c=0
Pemas keanpaTHOe
ypaBHeHHE, HaXOmHM t;; b

Bepuemcs k nepeMeHHOH X . ;
sinx = t; sinx = t, atg?x +btgx +¢c=0
EBelleM HOBVIO [TepeMeHHVIO
tgx=t, t ER
+ VpaBHEeHHE NIPHMeT BH]L
acosx + beosx +c =0 at? +bt+c=0
BBEZIeM HOBYIO IepeMeHHYIO Pemas kepagpaTHOe ypaBHEHHe,
cosx=t, |t|<1 HaxomuMm t;; t;
ypaBHeHHe TPHMeT BHI Bepremca k nepeMeHHo# X
at +bt+c=0 tgx=1t; gx=rt
Pemas kpaapatHoe
YPaBHEHHE, HAXOOHM f;: b
BepHeMcs &k nepeMeHHOM X

COSX =1, COSX =1
[Tpumep:
sinx + Ssinx — 6 =0,
sinx =t, t € [—1,1] tP 4+ 5t—6=0
JIeJIaeM 3aMEHY ,JIOy4aeM KBaJApaTHOE YpaBHEHUE: ,
I'i = 1_. I—ﬂ = _6 I—ﬂ = _6 (V)
HAaXOJINM KOPHU - ,3aMedaem, 4to - TIOCTOPOHHUN KOPEHB,
ts[-1.1] sinx = 1
MMOCKOJIbKY , IeJTaeM OOpaTHYIO 3aMEHY, T.€. peIlacM ypaBHCHHE ,Y

X= ;—E-Wk, k=Z
KOTOPOTO KOPHSMU OYIyT Uncia : )

|.'||;.1

+ 2wk, ke X
OrTBerT: .

Pemnre ypaBHeHUS:

1)2-51'71:}( + 3cosx —3 =0

2) tgx = 3c1‘gx.
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3) cos2x = 2cosx — 1

2) 2sinx —siny — 1 =10
5) 2cos’x + 3sinx = 3
6) ‘T'Ergx - #Ecrgx =2
7) 2sin"x +sine —1 =10

8) Ssinx + 6eosx —6 =0

9) 2etgx —3tgx +5=10

IIpakTuyeckas padora Ne 50
Tema: Perenue norapuMuuecKkux ypaBHEHHHA
Henab: HayunTs yuammxcs pemars JIorapuMuiIecKie ypaBHEHHUS
Teopetnueckuii 6110k

Pemenue mo6oro morapu)MIUIeCKOro ypaBHEHUS TAKKE CBOAUTCS K PEIICHUIO OHOTO WITH
HECKOJIbKUX MPOCTEHIINX JIOTapu(MUIECKUX ypaBHEHUM:

1) logaf (X)= 10gag(x); 2) log:f (x)=b.

YpasHenue (2) coautes K yparernto Buza (1): logaf(xX)= logaa’.

VYpasuenus Buaa (1) cBondarcs k pemeHuto ypasHeHui f(x)= g(x) (morenuuponanue). [Ipu stom
HEOOXO0MMO TOMHHTH, 4TO ypaBHEeHUS logf(X)=10g.g(x) u f(x)= g(x) He paBHOCHIBHBL [IpH
MOTEHIIMPOBAHUH TIPOUCXOANUT PACIIMPEHUE O0JIACTH OTIPENIEIICHNs, 2 3HAYUT MUMEETCS
OIIaCHOCTh MOSBJICHUS TOCTOPOHHUX KOopHe. [IpoBepka — HawmTyuIee cpecTBO MPOTUB TAKOM

OITaCHOCTH.

1 mun — 1o oTpeAeIIeHNIO Jiorapudma:

log i2x -0 =-2
a) %

1
( J =2x-1
Pemenue; > : 2%—1=9; x=5.

log,10-h=-2 log,?=-1
MpoBepka: 3 -3 ; —2logz3=-2- 2= 2 _ pepHo.

OTtBer: x=5.

6) logy (e +4x+10 =2
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Pemenne: 3 = +4x+12; x° +4x+12-0=0; z* +4x2+3=0;

Rig =23 =24 o g oo 3

IMposepka: x=1, 10gz(1-4+12)=2; |0g39=2; 210g33=2; 2=2 — BepHO;
x=3, 10g3(9-12+12)=2; 10939=2; 210g33=2; 2=2 — BepHO.

OtBet: x=1, x=3.

5
lugg[z—x—lJ =x-2 -

B)
g2 % w12
Pewrennue: 2* . 4 2 yers £ =7, Torna ypaBHeHHe 3anMIIeM B
v 8
¥ Za 5

FL2=—2iﬂJ4+32=—Eiﬁ; 5?'1=4; 3?2=—8; 2}{=4; 2}{:22,)(:2, EK ;E—E_

2
lngg(——IJ =2-2
Iposepka: 4 ; logal =0

— BEpHO.
OTtBer: x=2.

2 mun — ypaBHEHHUs, KOTOPbIE C IOMOUIbIO JIOTapu(PMUUECKUX TOKAECTB CBOIATCA K
IIPOCTEUIINM YPABHEHUSIM:

a) lg(x—3)+lg(x—2)=1-1g5.

Pemrenne: |g[(x—3)(x—2)]=g10-1g5; Ig(x*-5x+6)=Ig2;

51«\,55—16

X2-5x+6=2; X>-5x+4=0; X1,= 2  ;x=4ux=l.
IMpoBepka: x=4; 1g(4-3)+ Ig(4-2)=1- |g5; Igl+ 1g2=192; Ig2=|g2 — BepHoO;

x=1; 1g(1-3)+ 1g(1-2)#1- 1g5, Tak kaKk BeIpaXeHHUE, CTOSIIEE O] 3HAKOM Jiorapudma,
JIOJDKHO OBITH BCET/Ia MOJIOKHUTEILHBIM.

OTtBer: x=4;

g+ 1gx-3) 1

6) laTx+1)+1gx-6)+1g3 7
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lgh+1gx-3) 1 lg4(x-3) 1

Pemrenme: 1@3(Tx+1G-60 2 1g3Ta+1c-6) 2

2 1g(4(x-3))= 1g(3(7x+1)(x—6)); 1g(4(x-3))*= 1g(3(7x+1)(x—6)).

Ioteruupyem: 16x*—96x+144=21x*-123x-18; —5x*+27x+162=0;

27T+ 869_2?163 36_ 13
5x%27x-162=0; x1,= 10 10 ;x=9;Xo= 10 5,

212+ 1gh, g4 1

1

124 1

2-1g4 2 _ pepHo;

—

2
21 +1[._-3}
g+lg ; :

"3
_Ls 1{.ﬁ+1J+1{.E-6J+1g3
x= 5 3 3 — JIOKHO, TaK KaK I0Iorapu(pMUIECKOe

BI)Ipa)KeHI/Ie HC MOXET 6I>ITI) OTpI/H_IaTCJ'IBHBIM.
OTtBer: X=9;

B) logzxz +loggx +logym =55

1
Llog pb=—logh
Pemenune. Bocionezyemcs popmymnoit m :

1 1 11
logsx+—logmx+—logmx =55 —loggr=55 _
BT ORATI ORI R T toggr =3 5207,

Ipopepia: 198527 +108527 +10g;)27 = 55 . logs3* +logy 3¥ 41=55.

3 +E+1 =545
2 — BEpHO.

OTtBer: x=27,
r) logs3x—10+1logs(x -27) =3 +1og; &

Pemrenme: 108503 —11(x- 27 =10g,(5* - %)

6% 211642109 A6 +45
[HoTenuupyem: (3x—11)(x—27)=1000; 3x%-92x-703=0. X12= 3 3 ;x1=37m

29



19

Xo= 3.
Iposepka: 1. 1985011 -1D +1ogs(37-27) = 3 +1og;s

log.100 +1ag,;10 = 1ag,1000 - 1og 1000 =log 1000 _ BEPHO.

19
logs(-19-111 +1ogs [— ——2']"] =3 +1logs8
2. 3 , TaK KaK BBIPAXXCHHUC, CTOALICC 110 3HAKOM
HOFapI/I(bMa, JOJIKHO OBITh TTOJIOKHUTEIIBHOE.

OTtBet: x=37.

3 mun — ypaBHenus Buaa P(logax)=0, rae P(y) — MHOrOuNIeH 2 uiH 3 CTEeNneHu, Uin
YpaBHEHHUS, CBOJISAIIUECS K HUM. DTH YPaBHCHHUS PEIIAIOTCS C TTIOMOMIBIO TIOJICTAHOBKH: y= logaX.

a) logs x—1log, -3i=0

2
Pemenme: 1983 %~ 2108; x-3=0 Tyery, 198:% =¥ y2 2y 3=0. PeaeM ypaBHEHHE 1 T10Iy4acM
1

y1=3 u y,=—1; y=3 —logzx=3 x=27; y=—1 —loggr=-1 =3
TMposepika: x=27; 105 77-1og; 37-3=10. (log; 27 ~log; 3 -3=0,
9-6-3=0 — BepHO;

]
1 g1 (1]
logs ——1ogs|=| -3=0
w—3 . BBl (logy 37 —logy 72 —3=10.

1+2-3=0 — BepHo.

1
OtBert: Xx=27; Xx= 3 :

6) log, (52"} logg x=1

Pemenne. [Ipexie Bcero Hajio UMETH B BUJY, YTO €CJIM B YPAaBHEHUAX BCTPEUAIOTCS JIOTapU(pMBbI
C pasHbIMH OCHOBAHUAMHU, TO UX HAAO ITPUBCCTH K OAHOMY OCHOBAHHUIO C TIOMOIIIBIO
log. ®

log, b=
bopmybL: log.a

loge(5x?
Logs(2) j ety =1

B JaHHOM Clydae MepexouM K OCHOBAHMIO 5. 1985 % ;

dogs 5 +2logguilogsx =1 Ogosmaunm 1985 =¥ ; (1+2y)y=l;
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1 1 1
— logex=— -
2y2+y—1=0; y1i=1,y,=2; logsx=-1 yny %=y ;X=35; x=H5 .

1
1051[5-21_5} -lng§;—=1 log; 5-(—1):g =1
IlpoBepka: 1) s ;3 ; 1=1 — BepHO;

2
2) 108 5(5-5) log3 5 =1. tog 5 (+5)* -[1og, gz 5] =1 ;

; 1=1 — BepHoO.

1
OtBeTr: x=3; x=n5 .

5 mun — norapudmupoBaHre 00enX YacTell ypaBHEHHS.

gl _ 1000
IIpumep: X

e, 1000
lgx =lg— 2
Pemenue: x ; (Igx+D)Igx=3-lgx; lgx+lgx=3-1gx; y=lgx;

y?+2y—3=0. Pemaem ypasHenue: y1=—3; Yo=1; |gx=—3 mm lgx=1,

x=10"; x=10.

o 1?1000

Iposepka: 1) B 1EI_‘3; (10~ = 1'3"5; (o= =10° :

10°=10° - BEPHO;

pgleto + _ 1000
2) 10 ; 10°=100; 10°=10% — BepHo.

OTtBer: x=1073; x=10.

IIpakTnyeckas padora Ne 50
Tema: Pemenue norapudMuyeckux HepaBeHCTB
Heas: HayunTs yuanmxcs pemars jorapudMudeckre HepaBeHCTBa
Teopernueckuii 6510k
HepaBeHcTBa, KOTOphIE COEpKAT MEPEMEHHYIO 01 3HAKOM JIoTapu(mMa M B €ro OCHOBAaHUH,
Ha3bIBAIOTCS JIOTAPU(YMUIECKAMHU.

Pemenue norapuMuUecKMX HEPABEHCTB OCHOBBIBAETCS HA CBOMCTBE MOHOTOHHOCTH
norapupMuuecKoil GyHKIIUH.
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Tak ’ke HEKOTOpbIe JorapuMHUUECKHe HEPAaBEHCTBA MOXKHO pPEIIMUTh METOJIOM 3aMEHbI
MIEPEMEHHOM.
YnpaxuHenus:

1.Pemuth HEpaBEHCTBO logy (2% +42 +3) > 3
[To ompenenenuro norapudma, 00JIaCTh JOMYCTUMBIX 3HAUYCHUI:
2?44+ 3>0
Penienne 1aHHOTO HEPaBEHCTBA HaifieM C MOMOIIBI0 METOa WHTEPBAJIOB, ISl 3TOTO

JIEBYIO 4acTh Pa3IoKUM Ha MHOYKHTEIH. Pemm KBaJpaTHOE
@ i
YpaBHEHUE r+de+3 =0,
D=b —dac=4"—-41-1-3=16-12=1
VD =v4=2
—b+vD  —d+2 —a+2
2= T ~ 9.1 T 9 ={-3 -1}
Takum oGpasoM, momyuwnd kopu L1 = —d T2 = =1 3yauypr, neeyro wacts

HEPaBEHCTBA MOKHO TIPEICTABUTH B BHIC:
Lefe—(=3))(x—(-1)) >0 (x+3)x+1)>0

OTMETHM HyJIH KaXI0r0 MHOXKHTENS (2 9T0 6yayT 3Hauenns £1 = —5. 2 = —1) yg
YHCIIOBOM MPSIMOIA M OTIPEIETIUM 3HAKH HEPABEHCTBA B MOJYYEHHBIX MHTEPBAJIAX:

F P .

L L r-

-1

Lad

VYuurtsiBas 3HaK HEpaBEeHCTBA, onpenenum O/13:
re (—oo;—3) U (—=1: +oc)
O/Z13 ompenenuiau, TENeph MPUCTYIIAM K PEIICHUIO HCXOIHOTO JIOTapHU(PMUIECKOTO
HEpaBEHCTBA:
logy (27 +42 +3) > 3
[TpencraBum npaByro YacTh HEPABEHCTBA KaK JIOrapu(M 110 OCHOBAHUIO 2:
log, (2% + 4z + 3) > logy 2°
[TepeiineM OT HepaBeHCTBA OTHOCHTEIbHO JIOTapu(MOB K HEpPABEHCTBY JUIs
nojorapudmuueckux QyHKIMI: TaKk KaK OCHOBaHUE Jiorapudma 60sbliie equHuIb ( 2
> 1), TO 3HaK HEPABEHCTBA HE U3MEHUTCS
r? +dr+3 >
a® fdr+ 3> 8
2> +dr—5>0
[IpupaBHsieM K HYJIO JIEBYIO YacTh HEPAaBEHCTBA M PEIINM ITOJyYEHHOE KBaJIpPaTHOE

e
L

ypaBHEHHUE 4 dr—5=0.

D=b —dac=4>—-4.1.(=5) =16+20 = 36

VD =36 =6
b+ D —4 46 —4 +6 51y
e S R

Takum oGpasoM, momyumid kopau 1 = —9: ¥2 = 1 Ormerum Toukn Ha umcnopoit
OCH ¥ OTIPE/ICTINM 3HAKH HEPABEHCTBA B TIOJYYCHHBIX HHTEPBAJIaX.

O O g

=5 1
VuuThIBas, YTO HAC MHTEPECYIOT BCE 3HAUECHMS -, IIPU KOTOPBIX JAHHOE HEPABEHCTBO
IPUHUMAET  MOJIOXKUTEIbHBIE  3HAYCHUS, TO  MOJNy4aeM CIIE/IyIOLIHEe
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unrepsaisl: & € (=001 —=3) U (1 +20) 10 orper, Tak kak JaHHBE HHTEpBAIHI
NOJIHOCTHIO NpuHaanexar O/13.

2.Pe1nTh HEPABEHCTBO logg (20 —4) < logg gz +1)

Haxomum O/13 no onpenenenuto porapudma. O/13

2Zr—4=10 2r =4 xr =2
> > “r e (2 +oo)
r+1=1 Tr = —1 Tr=—1

[lepeiinem B HepaBeHCTBa OT JOrapu(MOB K BBIPAKEHHUSAM, CTOSIIUM MOJI 3HAKOM
norapudma, mpu 3TOM, TaK Kak ocHoBaHHe Jorapudma Mmenbine exuaunsl ( 0,5 < 1),
3HAaK HEpaBEHCTBA MIOMEHSEM Ha MPOTUBOIIOJIOKHBII:

r—4d=ax+1
2r—r>=1+4
r =5
C yuerom OJI3, OKOHUATENBHO UMeeM, uto & € (3: +00),
3.Pemnts HEpaBEeHCTBO loggsx+logps(z +1) 21
~1++/3
re | 0: Ve
! o

Gl [ I—)
4.Peninth HEPaBEHCTBO logg & +log, 9 > 2

5.Pemmuts HepaBeHeTBO |0gs(XC-4x+3)<1.

IIpakTnyeckas padora Ne 51

Tema: Pemenue nmokasareinbHbIX YpaBHEHHUI
Hean: HayunTs pemaTs noka3areabHbIE YPAaBHEHUS

Teopernueckuii 6110k
[Toka3arenbHBIM ypaBHEHHEM Ha3bIBAaeTCsl ypaBHEHME COZAEprKalllee MepEMEHHYI0 B IoKa3arere,
TO €CTh 3TO YpaBHEHHE BHJA:

af® =p, rme a0 a=1 b>0

Camoe mpocTeiiniee moka3arelibHOe ypaBHEHHUE:
a* =b

a>=>0 a=1 b>0

HpI/I JAHHBIX YCJIOBUAX YPAaBHCHUC BCCrJa UMCCT PCHICHUC, ITPU TOM €CAUHCTBCHHOC.
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JevictButensHO, ipu a > 1 mokasaTenbHast GyHKIIUS MOHOTOHHO Bo3pactaeT, anpu 0<a < 1—
MOHOTOHHO yOBIBaeT. B mo0oM cityuae, oHa MPUHUMAET KaKJ0€ CBOE 3HAYCHHE POBHO OJIMH pa3
(BuaHO 110 TpaduKy):

y dy
yv=a"
______/ "lq.______
>~
0 X 0| X

a>1 O<axl

A Bot eciiu b< 0, To ypaBHCHHE HE UMEET pCIICHUH, BEIb MOKa3aresibHas (PYHKIHS MOXKET
IIPUHUMATB TOJIBKO MOJIOKUTEIIbHBIC 3HAYCHUS.

Mertopb! perieHust oKa3aTelbHbIX YpaBHEHHH
1. B pe3ynbTare npeodpa3oBaHuil ypaBHEHNE MOKHO IPUBECTH K BUY:

a_;l‘nixj — qf

Tornma npumeHsieM CBOMCTBO:
/™ =a° = flx)=c

f
2. llpm mnomyueHWH YypaBHEHHS BHUAA a ®=p HCIIOJIb3YETCSl  OIpeneeHne Jorapudma,

MMOJIyYrM:

flx)=log,b

3. B pesynbrare nmpeoOpa3zoBaHuii MOXKHO MOITYYUTh YPaBHEHUE BUJIA!

qf@ — pato)

[Tpumensiercs porapudMupoBaHue:

log. a’™ =log, h9™

Jlanee mpuMeHsieM CBOMCTBO Jiorapudma cTeneHu:

f(x)log.a=g(x)log.b

BeIpaxxaeM 1 HAXOAUM X.
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YnpaxHeHus
1.6°=216
2.81=0,125

3. 2x+3 _ 2x+2 _ 2x =48
4.9"-83"=9

5. 28- 201 _g=0

6. 4> = 64.

7.3 =19,
(-1)2?5—19' 1

g \4 64
.1.8—2x

169 —
10, 2

IIpakTnueckas padora Ne 52

Tema: Pemenue noka3areabHbIX HEPAaBEHCTB
Hean: Hayunts pemars noka3aTeabHbIE HEPABEHCTBA

TeopeTtnueckuii 6110k

Iloxa3zaTenbHBIMH Ha3bIBAIOTCS HEPaBCHCTBA, B KOTOPBIX HEU3BECTHOC COACPIKHUTCS B
IoKa3aTeji€ CTCIICHU.

[Ipu penieHre MOKa3aTeabHBIX HEPABEHCTB MOJIB3YEMCsI CIEAYIOIIUMH CBOUCTBAMH
MIOKa3aTeNbHOM (YHKIHH:

1)a*>0mpuscexa>0uxeR,;

2) npu a > 1 dyHKIUsS y= a* Bo3pacTaer, T.e. ecian a>1 u a™ > 3™ <=> X3 > Xp;

3) mpu 0< a < 1 pynkiusa y = a" yobiBaer, T.e. eci 0 <a < 1wma™ * a™ <=>X; < Xa.

YnpaxHenus:
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ITpumep 1. Pemmre HEpaBEHCTBO:
16 — 2-12% £ 3%+,
PemeHHe: HpGI[CTaBI/IM HUCXOOHOC HepaBeHCTBO B BUJIC:
47 _2.47.3* - 3-3¥ L.

2
PasnenuM 00€ 4acTM 3TOTO HEPABEHCTBA Ha 37, mpu 5ToM (B CHIIY MOJIOKHUTEIBHOCTH
2
(yukuun y = 3%) 3HaK HepaBeHCTBA HE H3MEHHTCSL:

— —2-1=) =3<0.
3 3

Bocnonb3yemcs noacTaHOBKOM:

Torna HCPABCHCTBO IIPUMCT BU/I:

I/ITaK, peIHeHI/IeM HepaBeHCTBa SABJIACTCA HpOMe)KyTOKZ
~1<t<3,

nepexozst K 00paTHOM MOJCTaHOBKE, MOJTyYaeM:
Wtak, perieHreM HepaBeHCTBA SIBISIETCS TPOMEKYTOK:

~1<t<3,
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nepexo/is K 00paTHOW MOJICTAHOBKE, IMOTYYaeM:

JleBoe HepaBeHCTBA B CUITY HOJI0XKHUTEIbHOCTH NIOKA3aTeNbHON (DYHKIMH BBINOIHIETCS
aBTOMAaTHUYECKH. BOCTIOIb30BaBIINCH U3BECTHBIM CBOMCTBOM JIOTapu(pma, mepexoanm K

SKBUBAJICHTHOMY HEPaBEHCTBY:

T logg 3
4 4\ "3

3) T \3

[TockonbKy B OCHOBAaHHMHM CTEIIEHH CTOUT YMCIO, OOJbIIEe €IWHHUIIBI, SKBHUBAJIEHTHBIM (T10

TeopeMe 2) OyzeT nepexos K CIEAYIOIeMY HEPABEHCTBY:

T < lﬂg% 3.

Ntak, okOHYaTEIbHO MOJTy4YaeM OTBeT:

x € (—oo; logy 3.

4 +2°—24=0

A4 —=3-2% =40
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£x

6.
716" +4-4*—5=0
8.
2"t +3.2% 152"+ 6 =0
9.

IIpakTHyeckasi padora Ne 53

Tema: Pemienue cucremM ypaBHEHUM
Hean: HayunTs pemars CUCTEMBI YpABHEHU I

Teopetnueckuii 6110k

[Ipu penieHun cucreM ypaBHEHMM, COIEpKAILMX HEU3BECTHBIE B IIOKA3aTelIe CTEIICHH U B €€
OCHOBAHMHU WJIM I10J1 3HAKOM Jiorapudma U B €ro OCHOBAHUHU , IPUMEHSIOTCS. METObl PEIIEHUS
CHUCTeM anreOpanveckux YpaBHEHHH, a TakKe METOAbl pEeIIeHHUs IO0Ka3aTeNbHBIX U
norapu(pMHUECKUX YPABHCHHIA.

[Tpumep 1. Pemuts cucremy
3 -4Y =65,

X

32 _2Y =5,

X
. 2 _ Y _ o o
Pemenue: Tlonarast 32 =u, 2 =V, sayenum HCXOJIHYIO CHCTEMY are0pandeckoil CHCTeMOM

u?—v? =65,
u-v=>5,
KOTOpaH paBHOCI/IJ'IBHa CHUCTCMC
u+v=13,
u-v=>5,

X

uMeronien pemenue U=9, v=4. CiaenoBarenbHo, 32=9, 2 = 4, 0TKyJla HaxoauM X =4,
y=2.

Ortgert: (2; 4).
[Ipumep 2. PemuTe cucteMy ypaBHEHHU
2% +2y =1,
3y—-6y* =2""
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Pemerre. O603HauuB 2 = U ,U>0, mony4um aaredpandecKyro CHCTEMY:

/'
u=1-2y,
u+2y=1 u=1-2y,
12y, & Nf=s
3y-6y?==-u _ |3y—6y?="_2Y. 2
2 1
= E’
(*) me ynoBnetBopsieT ycioBuro U >0.
1 1
y = E ) y = 8 l
Bepuémca k mepeMeHHON X 5 o 5
2" =—; x=log, —.
3 923

Orger: (1-log, 3; %)

Yupaxxuenus:

Pemmnts cucremy ypaBHEHUN:

L A2 =32 o [16% +16% =
. 38x+l — 33)/. 16x+y

X' = fx+Ty =3
4. 5.
V324 (2x+14y)2x =72.
X“=3x-4 __ logsy _
7. {y = g, {Iogsx+3 =7,
Ioga X=Y. 512
X=y _ x+y
10. {Ig(x +y?)=1+2lg 2, 11 2V =4
lg(x+y)-lg(x—y)=Ig2. N 4log[y

13 log, x+log, y=5,
log, x+log, y=1.
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x.QY _
14{3 =

lg(2x+y)° —lg x=2Ig 3.

p=o,(*)

<
I

WIN ol NI

e
I

3x . 2x+y+1 — 5’
3{ X+1 _2x+y =1.
Xx+y — y24’

6- {yx+y — X6.

lg® x+1g® y=5,
lgx-Ilgy=1.

2.3 =1152,
12:
log 7 (X+y+=2



IIpakTuyeckasi pa6ora Ne 54
Tema: KonrponbHas pabora

Heab: [IpokoHTpOIMPOBaTH YPOBEHb YCBOCHHUS MaTepuaa 1o JaHHOH Teme

1 BapuanT
Pemmnre ypaBHeHus:

1Asin®y + 1lsiny — 3 =0
2.6cos%x 4 cosx —1=10

39 44.3"—45=0
7% +7°7% = 350

4,
5logs(x®-x —4)=3

6_Iag§x =4 —3log.x
7.

Pemure HEPaABEHCTBA:

G 3+x
170

i
4 < 5logss

0,04 —26-02"+25=0

3.
g2logzx <2 4logz(x+3)1=3
5.

Pemnre cucremMbl ypaBHEeHU
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Igz§=3lg2 x+1g?y,
1{ y

lg®(y-3x)+Ilg xlg y=0.

2 Bapuant

Pemmre ypaBHeHus:

1. tgx —2ctgx = 1=10
2.

3
4.

5.
63 g%xr—1)—1olg(x —1)+-3=0

7logs¥x — 5+ logf2x —3=1

Pemure HEPaABCHCTBA:

37 < 10100

4 —10-2"+16<0
3.
42logzx <2 +log;(x+3)=3
5.

Pemnre cucremMbl ypaBHEeHUH

y-x¥
S 1.
1. f 22 _(E) 31
00, (y—2x) = 3—-log,(2x+ 3y).

22Iog2 X + 32Iog3 y 8,
2_ 2Iog1 X 2Iog} y 1

2.

2 2 +3 3 ==,
2

I4g, (x* +y*) =7,
2log, x+log, y=6.
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IIpakTHyeckasi padoraNe 55
Tema: Pemmenne koMOMHATOpHBIX 3a1a4. KoHTponbpHas paboTa

Iean: 3akpenurth yMEHHs CTYJICHTOB PELIaTh 3a/1a41
Teoperuueckuii 010K

OCHOBHBIMH 3JIEMEHTaAMHU KOMGI/IHaTOpI/IKI/I ABIIIFOTCA pasmeyeHus, nepecmaHoseKu, Couvematusl.
HYCTB JaHO MHOKECTBO, COCTOLIIEC U3 N 3JIECMCHTOB. Pasmeu;enuem 13 N 3JIEMEHTOB IO m
3JIEMCHTOB HA3BIBACTCS YIIOPSAA0YECHHOC MHOXKECTBO, COJICp KaIee M pa3IM4YHbIX 3JICMCHTOB
JaHHOT'O MHOXXCCTBA. Us OIIPEACIJICHUS BBITCKACT, YTO PA3ZMECIICHHUA M3 N 3JICMEHTOB MO M
3JIEMCHTOB - 3TO BC€ M —3JIEMEHTHBIC IOAMHOXKECTBA, OTJINYAIOIUECS COCTABOM JJIEMCHTOB HUJIN
MMOPAAKOM HX CIICAOBAHMA. Umncno Bcex BO3MOKHBIX pa3MCH.IeHHfI 13 N DJIEMEHTOB 110 M

3JIEMEHTOB 0003HAYAIOT A" U BBIYUCIAIOT 110 (hopMyIie

~ ~ m n!
A}T :n(z—I:(l—Zy.(l—m—i-l) WIn Ah :(]_—rnj. (1)

3mech n!=1-2-3..¢—-1-n u  €@-m)=1.2.3..€0-m-1%—-m_. Ycioumcs cuntats 0!
0!
=5=
HepecmaHoekoﬁ u3z N s71emenmos Ha3bIBACTCA pasMCIICHUE U3 n 3JICMCHTOB 110 N 2JIEMEHTOB.

Tak kak KaxIas IEpecTaHOBKA COJEPKUT BCE 71 JJIEMEHTOB MHOXECTBA, TO pas3IM4HbIC
IIEPECTAaHOBKHM OTJIMYAIOTCA JPYr OT APYra TOJIBKO IOPSIKOM CIIEN0BaHMsA JIEMEHTOB. Yuciio Bcex

=1, noatomy A 1.

BO3MOXHBIX IEPECTAHOBOK M3 7 3JEMEHTOB 0Oo3HawyatoT P, . V3 ompenencHus NepecTaHOBOK
cleyer

n! n nl
= n:—:—:—: | = '
P =A G-nl 0 1 n' e P =nl

Couemanuem uz n 31emMeHmos no m () <M< N_3JIEMEHTOB Ha3bIBACTCS 000€

MOJIMHO>KECTBO, KOTOPOE COAEPKUT 71 PAIIUYHBIX AIEMEHTOB JAHHOI'O MHOKECTBA.
CrnenoBatenbHO, COYETAHUS U3 71 SJIEMEHTOB TI0 /72 SJIEMEHTOB - 3TO BCE 71 - DIIEMEHTHbIE TIOJIMHOKeE-
CTBA 71 - BJIEMEHTHOTO MHOXECTBA, IPUYEM PA3TUUYHBIMU OAMHOXKECTBAMU CUUTAIOTCS TOJIBKO TE,
KOTOpbIE€ UMEIOT HEOMHAKOBBIM cOCTaB A11eMeHTOB. [loIMHOXKeCTBa, OTJIMYAOLIUECS APYT OT JApyra
JIUILIb TOPSIIKOM CJIE€IOBAHUS SJIEMEHTOB, HE CUMTAIOTCS Pa3IMYHBIMH.

m
Yucito BceX BOSMOKHBIX COYETAHUN M3 71 SJIEMEHTOB TI0 772 DJIEMEHTOB 0003HAYAIOT Cn "
BBIYUCJISIOT 110 (hopMyIie

m Ay n-(l—IZ(Z—ZT.(z—m+1:
Cn = = = ” (3)
P m!

m

n!
Cm:—T'

" omlG—-m “)

—

[Tpumep 1. B rpymnrie u3 30 ydanmxcst Hy»HO BbIOpaTh komcopra, mpodopra, puzopra. CKOIbKUMU
Croco0amu 3TO MOXKHO CENaTh, €CITM KaKIpIi 13 30 ydanpxcss KOMCOMOJIEI, WieH Mpod)coro3a 1
criopTcMeH?

112



Pemienue: rckoMoe 4MCIIO CIIOCOOOB PABHO YHCITY pa3MertieHuii 3 30 21IeMeHTOB 110 3 AIIeMEHTa, T.€.

3
A330 . Honoxus no popmyne (1) 7 =30, m =3 nomyaaem A3y =30-29-28 = 24360 .
Ortget: 24360 crioco6oB. TIpumep 2. CKOIBKAMHE CITIOCOOaMH MOYKHO PACCTaBIISTh HA OJTHOM TOJIKE
IIECTh PA3JINYHbBIX KHUT?

Pemenue: Mckomoe 4ncino crioco6oB paBHO YUCITy IIEPECTAHOBOK U3 6 3JIEMEHTOB, T.€.
P=61=1.2.3-4-5-6=720
Ortger: 720 ciocoOOB pacCTaHOBKH.
[Tpumep 3. B 6purazge u3 25 4enoBek HY>KHO BBIICIUTD YETHIPEX AJIsl padOThI Ha ONPEICICHHOM
yuacTtke. CKOJIBKUMH CIIOCO0aMH 3TO MOXKHO CIENaTh?
Pemenye: T.K. HOPSITIOK BEIOPAHHBIX YETHIPEX YETIOBEK HE MMEET 3HAYCHUSI, TO 9TO MOYKHO CHENATh
s 25-24.23.22

C; cnocobamu. ITo hopmyse (4) Haxomum Cls = 1.2.3.4 =12650.

Ortser: 12650 croco0oB.

1. CkonbKUMH CIIOCOOaMH MOXHO BBIOpaTh 4 IeTalu U3 AIIuKa, B KOTOPOM
12 neranei?
2. CKOJBKO MOKHO U3TOTOBHUTH PA3JIMUHBIX TPEXIBETHBIX (DIIAXKKOB, €CITH
UCIIOJIb30BaTh  CJICIYIOIINE [IBETA: OCIbI, CHHUIN, KPACHBIH, KENTHIA, YEPHBIA,
3¢IEHBIN?
3. CKOJbKO MATH3HAYHBIX YHCENT MOYKHO COCTaBUTh W3 mudp 2, 3, 4, 5,67
4. B Baze 5 kpacHbIX U 7 6enbiX po3. CKOIBKUMH cIOcO0aMU MOKHO COCTABUTh OYKET U3
5 po3, ecu B HEM JIOJKHO OBITH JBE KpacHbIX 1 TpU OebIX po3bI?

+1
5. Pemnth ypaBHEeHUS: ‘ =€- 11 1
20
x!
———==50,
€27

6.BEIUHUCIUTD: el3 + A2

— 45 ClL
15 2
7. CKONBbKMMHU CIOCO0aMH MOKHO YBE3TH €O ckiaza 10 AmuKoB Ha IBYyX
MaIIMHAX, €CJIU Ha KaKIYI0 U3 MAILUH TPY3ST 110 5 AIIUKOB?
8. U3 Bocemu mmdp 1,2,3,4,5,6,7,8 HY)KHO COCTaBUTHh YeThIpeX3HAUHBINH KOJ. CKOJBKO
BapHaHTOB KOJa CYILIECTBYET, €CJIU MOBTOPEHUS LIU(PP B HEM OBITh HE TOJIKHO?
9. B mikone yeTslpe BBIMYCKHBIX Kilacca. CKOJIBKO CIOCOO0B
pacnpeiesieHus] dK3aMEHATOPOB CYIIECTBYET Ul NMPOBEACHUS 3K3aMEHa 10 XMMHH, €CIM Ha
OJIHOM 3K3aMeHe MPUCYTCTBYET TOJIBKO OJMH SK3aMeHaTop?
10. B Baze 5 anenbcuHOB U 8 51670K. CKONBKMMHU CIIOCOOaMH MOKHO BBIOPATh 6 (GPYKTOB,
YyTOOBI Cpeiu HUX ObLIO0 3 aneiabcuHa

KonrposbHas padora

.Bapmanr |
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1. I'pynmna u3 28 cryaeHToB oOMeHsut1ach GoTokapToukamu. CKoIbKO (HOTOKApTOUEK ObLIO
po3nano?

2. Jlna ywactus rpymmbl, B coctaBe 30 4YeNOBEK B CIIOPTUBHBIX COCTSI3aHUSX HYXKHO
BbIOpaTh KOMaHIy U3 4-X dYenoBeK. CKOJbKMMH CHOCOOaMHU MOKHO BBIOpPAaTh YYaCTHUKOB
COCTSI3aHUS?

3. CKOnBKUMHU CITIOCOOAMH MOKHO COCTAaBUTh CIIMCOK U3 8-MU 4eI0BEK?

4. B smmKe ¢ AeTCKUMHU KyOMKaMu 8 3eJIeHBIX U 5 KpacHBIX KyOHKOB. CKOJIBKO CIocoO0B
BbIOOpa 7 KyOMKOB CYIIIECTBYET, €CIIU CPEeIU HUX JOHKHO OBITh 5 3€JeHBIX KyOMKOB?

x=2 2
5.Pemuth ypaBHEHUS: 2Cx+2 = Ax .

2 1
2C% —15C' =75
Bapuant 2
8 . 12
1.Bomncmuts: Ay 1 (Pg - Cy

Py Cy — 45

2. CKOJIBKO aKKOPAOB MOXHO COCTaBHUTH Ha 10-TH KJIaBUIIAX POSLIS, €CITU
KaX/IbIif aKKOPJI COZEPKUT TPH 3ByKa?

3. Ha komnexTuB U3 25-TH 4eI0BEK BBIICTICHO TPH IYTEBKH: B CAHATOPUH, B
JIOM OT/bIXa U Ha TypOa3y. CKoJIbKO crIOCOOOB paclpeieeHus MyTeBOK CyIECTBYeT?

4. CKOJIBKMMH CIIOCOOaMH MOXHO PaccaJuTh 7 YEJIOBEK Ha 7-MU CTYNbsIX?

5. Ha crone nexur ctonka kapT, B KoTopoi 10 xapT yepHOl MacTu U 8 KapT — KPacHOM.
CKOJILKHMH CITIOCO0AMU MOXKHO BBIOpaTh 8 KapT, 4TOOBI CpeAr HHUX OBLIO 5 KapT YepHOM
mMactu?

IIpakTuyeckoe 3ansaTHe Ne 56

Tema: Kitaccuueckoe orpeieneHue BepoITHOCTH CIy4aifHOTO cOOBITHS
Henan: 3akpenuTh yMEHHUS CTYAEHTOB pelllaTh 33Jjaul Ha KJIACCUYECKOE OMpE/IeIICHNE
BEPOATHOCTH CIy4ailHOro COOBITHS

Teopernueckuii 6,10k
Krnaccudeckoe onpeneneHue BeposiTHOCTH BepoaTHOCThIO COOBITHSL A Ha3bIBaeTCs

OTHOIIIEHUE YUCJIa UCXOA0B M, OJIaronmpUsITCTBYIOIINX HACTYIUICHHIO JAaHHOTO COOBITHS A, K
YHCITy, BCEX UCXO0JI0B ( HECOBMECTHBIX, €MHCTBEHHO BO3MOKHBIX, PABHOBO3MOKHBIX), T.€.
PO ==

7
BeposiTHOCTB TF060T0 COOBITHSI HE MOXKET OBITh MEHBIIIE HYJISI U OOJIBIIE €TUHUIIEI.
HeB0o3MOXHOMY COOBITHIO COOTBETCTBYET BEPOSATHOCTH paBHasi 0, a JTOCTOBEPHOMY —
BEPOSITHOCTH paBHA €IUHHUIIC.

ITpumep

U3 ypHBI B KOTOpO# HaxonaaTcs 5 OenbIX U 3 YepHBIX 1apa, BBIHUMaloT o1uH 11ap. Haiitu
BEPOATHOCTH TOTO, UTO LIap OKAXKETCS YEPHBIM.

Pemenue: O603HaunM cOOBITHE, COCTOSAIIEE B TTOSBICHUN YEPHOTO mapa, uepe3 A. Oomiee
YHCII0 clyyaeB paBHO 8. UucIo ciaydaeB 6JaronpusTCTBYIOMINUX MOSBICHUIO COOBITHS A,
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paBHO3. [Tonyunum
3
P(A)=-
g

YnpaxHenus:

1. I'epman u3 noBectu A.C. [lymkuna «[IukoBast 1ama» BBIHUMAET 3 KapThl U3 KOJOJbI B 52
nucta. HaiiauTe BepOSATHOCTH TOTO, UTO 3TO OYIyT: TpOMKa, CeMepKa, Ty3.

2. B smuke nexar 15 kpacHbIX, 9 cHHUX, U 6 3€JIEHBIX IIapPOB, OJAMHAKOBBIX HA OIIYIIb.
Haynauy Beiaumarot 6 mapos. KakoBa BEposSTHOCTb TOTO, YTO BBIHYTHI | 3€JI€HBIi, 2 CUHUX, 3
KpacHBIX ILapa.

3. Brnanenern ogHol kapTouku jotepen «CropTiioTo» (6u3 49) 3auepkuBaetT 6 HOMEPOB.
KakoBa BepoSTHOCTB, UTO UM OyJET yraaHo 5 HOMEPOB B OUEPETHOM THPaXKe.

4. B ypue 10 mapoB, U3 KOTOpBIX 2 Oenbix,3 4epHbIX U 5 cuHux. Haynauy n3Bnedens 3
mapa. KakoBa BepoSATHOCTb TOT0, YTO BCe 3 11apa pa3HOro LBETA.

5. B maptuu u3 10 neraneit umerotcst 4 6pakoBaHHBIX. KakoBa BEpOSATHOCTB TOTO, YTO
CpeaM HayJady OTOOpaHHBIX 5 JeTaneil okaxxyTces 2 OpakOBaHHBIE.

6. KomtekTuB, BKIIIOYAIOIINI YETHIPEX JKEHIIUH U TPOUX MY)KUHH, Pa3bIrpbIBacT 4 Ouera
B Tearp. KakoBa BeposATHOCTb TOTO, UTO Cpeau obanaTeneil OMIeToB OKaXXeTcsl 2 )KEHIUNUHBI U 2
MY>KUUHBI.

7. B rpynmne u3 25 cTyieHTOB, cpein KOTopbix 10 neByliek, pa3plrpblBaoTCs 5 OMIICTOB.
HaiinuTe BeposiITHOCTB TOTO, UTO cpean obagaresneil OUIeTOB OKaXyTCs JABE JIEBYILIKH.

8. B ypHe 6 6emnbIxX, 4 yepHBIX U 5 KpacHbIX MIapoB. M3 ypHbI Hayra/l BBIHUMAIOT 5 I1apOB.
Haiinute BepoATHOCTB TOTO, YTO CpEAM HUX OKaXyTCs 2 OenbIX U | 4epHbIi map.

9. IOnoma 3a6b11 JBE nocieaHrne HUQpel TeehOHHOr0 HOMEpa CBOEH 3HAKOMOM M ITOMHS
JIMIIb, YTO OHU Pa3IUyHbl, HaOpasl ux Hayaauyy. KakoBa BEpOSITHOCTh TOrO, UYTO OHU PA3JIUMYHBI,
HaOpan ux Haynady. KakoBa BeposSTHOCTb TOT0, 4YTO HOMep OyieT HaOpaH NpaBUWIbHO?

10.B rpynmne 12 cTyneHToB, cpeny KOTOphIX 8 oTInyHUKOB. [lo ciicky Haynauy
otoOpanbl 9 cTyieHTOB. HaliT BEpOSITHOCTB TOTO, YTO CPeAd OTOOPAHHBIX CTYIEHTOB 5
OTJINYHUKOB;

IIpakTnuyeckas padora Ne 57

Tema: Teopemsl 0 cymme U 00 YMHOKEHUH BEPOSITHOCTH
Henb: HayuuTbcsi BBIYUCHATH BEPOSTHOCTU COOBITMM C TOMOIIBIO TEOPEM YMHOXKEHUS
BEPOSATHOCTEM

Teopernueckuii 6110k

Ilpousseoenuem unu nepeceuenuem 08yx coovimuui A u B HaszpiBaercs cobbitne C,
cocTosiuiee B OJHOBPEMEHHOM HacTyIuieHnd A u B. CUMBOJIMYECKH TPOU3BEAEHUE 3aMMUCHIBAIOT
Tak: C=AB wmu C=4NB. Ecau A uB — HecoBMmecTHBIE COOBITHS, TO A( 1B =V ,T.
€. X TIepeceveHne MycTo (HEBO3MOKHOE COOBITHE).

JIBa ciy4ailHBIX COOBITHS HAa3BIBAOTCS MPOMUBONONIONCHHIMY, €CIA OAHO W3 HHX
MPOUCXOJUT B TOM M TOJIBKO B TOM ciy4ae, Korja He mnpoucxoaut apyroe. CoObitue,

MIPOTHUBOIOJIOKHOE COOBITHIO A, 0003Ha4arOT uepe3 A (uurarT «He Ay). [IpOTHBOIIONIOKHBIC
coObITHSI  00pa3ylOT TMOJHYI0 CHCTEMY IIOMapHO HECOBMECTHBIX COOBITHH, T. e.

AUA=U, ANA=V.
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TeopeMbl yMHOKEHUS BEPOSAITHOCTEM

[IpousBenenne IBYX COOBITUH COCTOMT M3 TEX HJIEMEHTapHBIX COOBITHH, KOTOpHIE
OaronpusATCTBYIOT M IMIEPBOMY, U BTOPOMY COOBITHIO, TO €CTh INPUHAAJIECKAT UX NEPECCUCHHIO
AB = A4 N B. BeposATHOCTh NPOU3BEACHUS COOBITHI 3aBHCUT OT TOTO, SIBJISIFOTCS JIM 3TU COOBITHS
3aBUCUMBIMU WJIH He3aBUCUMBIMH. CoObiTud 4 M B Ha3bIBAlOTCS He3a8UCUMbIMU, €CIIU
BEPOSTHOCTh KaX/JOTO M3 HUX HE 3aBUCUT OT TOTO, IPOM30LUIO WIM HET ApPYyroe coObITHE.
Beposimnocmu He3aBUCUMBIX COOBITUH A M B Ha3bIBAIOTCS 0€3YCl06HbIMU; W BEPOSTHOCTD
IPOM3BEACHUS TAKMX COOBITHI paBHA IPOU3BEAECHUIO UX BEPOSTHOCTEN

P(4B) =P(4) P(B) D)

BeposiTHOCTP  COBMECTHOTO  TIOSIBIICHHS ~HECKOJIBKUX  HE3dBUCUMBIX — COObImuti B
COBOKYITHOCTH PaBHA NPOU3BEOCHUIO 8ePOSAMHOCEN dMUX.

P(Ac Ao .. Ay) =P(AY P(42) ... P(4n) (1.1)

CoObiTuss A u B 3asucumvie, eciu BEpOATHOCTh OJHOTO W3 COOBITUH 3aBHCUT OT
MOSIBJICHUST WJIM  HEMOSIBIICHUS JpYyroro. BeposTHOCTh coObITHS B, BBIYHCICHHAS B
NPEIMNONI0KEHNH, 4TO A YK€ OCYIIECTBHIIOCH, HA3BIBAETCA JCIO0BHOU BEPOSMHOCIbIO W
ob6o3nauvaercs Py(B).

BepositHocTh  mpoussedenus  08yx  3asucumvix  codOvimuli  paBHA  IPOU3BEICHUIO
BEPOSITHOCTH OJIHOTO U3 HUX Ha YCJIOBHYIO BEPOSITHOCTB JAPYroOro:

P(AB) =P(4)P4(B) wmu  P(AB) = P(B)Py(A). )

BeposiTHOCTE coémecmnozo nosenenusi HeCKOIbKUX 3A8UCUMBIX coObimuti (IPOU3BEIECHUS
coOBITHIi) paBHAa MPOM3BEACHUIO BEPOSTHOCTH OJHOTO U3 HUX HA YCIIOBHBIE BEPOSITHOCTH BCEX
OCTaJIbHBIX, MPHUYEM BEPOSTHOCTh KaXJOro TOCIEAYIOIIEr0 COOBITHS BBIYMCISAETCS B
NPEINOJIOKEHUH, YTO TMPEIbIIyIIMe COOBITHS YK€ TNPOU30LLIN (TeopemMa yMHOXKEHHS
BEPOATHOCTEN ISl 3aBUCUMBIX COOBITUI):

P(A1 4> ... An) = P(A1) Pa1 (A)P 4142 (A3) . P ara2 oan1 (An)  (2.1)

YnpaxHenus:
IIpumep 1. Nmeercs Tpu sAmuka, conepxkamux no 10 geraneit, mpu4yeM B NEPBOM SIIIUKE -
8, BO BTOpOM — 7 M B TpeTbeM — 9 CTaHIApTHHIX JeTayned. M3 kaxporo smumka Haynady
BBIHUMAIOT 110 OAHOM neTanu. HailTu BepOosSTHOCTH TOTO, UTO BCE TPH BBIHYTHIE JAETaNU OyAyT
CTaHJapTHBIE.
Pemrenne: BeposSTHOCTH TOTO, YTO M3 MEPBOTO SANIMKA BHIHYTA CTaHIApTHAs AeTaib (CoObITHE A)
8

pasua P(A4) = 10 0,8. BeposiTHOCTB TOTO, YTO U3 BTOPOTO SIIHKA BEIHYTA CTaHIAPTHAS ETANb

7
(cobbrtne  B) paBaa P(B) =E=O,7.BepO${THOCTB TOT0, YTO M3 TPEThEro SIIMKa BBIHYTA

9
crangaprtHas gerainb (coositue C) pasHa P(C) = 10 0,9. CoObITHE «BCE TPH BHIHYTHIC JCTATH
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OyIyT cTaHmapTHBIE» -ecTh npousBenenue coowituii 4, B,C. T.k. coObitus A, B, C — monapHo
HE3aBUCHUMBEI , TO I1O TeopeMe yMHO)KCHI/IH BepOHTHOCTeﬁ JJIsI HE3aBUCUMBIX COGLITPIFI NMCCM.:

P(ABC) = P(A)P(B)P(C) =08-0,7-0,9= 0,504 .

IIpumep 2. B Baze nexur 3 mokonagubix u 7 BadenbHbIX KoOHGET. Haynauy Oepercs omHa
KoH(erTa, 3aTeM apyras. Haiitu BeposTHOCTH TOro, 4To InepBas KoHdeTa Obula MIOKOJAJAHOH, a
BTOpas — BaenbHOMI?

3

Pelenne: BEpOSATHOCTH TOrO, YTO IepBas KoH(era - mokonagHas (codbitue A) P(A) = 0

BepOHTHOCTB TOro, 4TO BTOpada KOH(beTa — Ba(l)eJ'IBHaﬂ, BBIYHCJIICHHAsA B IPCAIIOIOXKECHHUHU, YTO

nepBasi KoHgera ObUIa MOKOJATHOM, T.€. YCIOBHAS BEPOATHOCTH paBHa P, (B) = 9’ T.e. mo
. 37 7
TEOopeMe YMHOKEHHUS [T 3aBUCUMBIX coObITHi uMeeM: P(AB) = P(A)P4(B) = 109 = 0

IIpumep 3. B ypue 5 Genbix, 4 yepHbiX U 3 cuHUX mapa. Kaxaoe ucnbITaHHEe COCTOUT B
TOM, YTO HayAaudy U3BIEKAIOT OJMH Iap, HE BO3Bpalas ero ooparHo. HaiiTu BeposTHOCTH TOTO,
YTO TIPH TIEPBOM HCIBITAHUHU W3BJICUCH OCIblid map (CoObITHE A), IPU BTOPOM - HEPHBINA HIap
(cobprTue B), mpu Tperbem — cunuii (coositue C)?

5
Pemenne: BeposTHOCTh mMmosiBIeHHsI O€loro mapa B MEPBOM HCIBITAHUU paBHaP(A):E.

BGPOSITHOCTB IMMOABJICHHA  YCpPHOTO Mmapa BO BTOPOM  HCIIBITAHWH, BBIYHUCICHHAA B
MMPCAIIOJIOXKCHNUH, YTO IIPU IEPBOM HCIIBITAHWUW BBIHYT OenbIi map, T.C. yCJIOBHAasA BCPOATHOCTDb

4
pasua P, (B) = TR BeposATHOCTE MOSABIIEHHs CUHETO 1lIapa B TPEThEM UCIBITAHUH, BEIYMCIICHHAS
B IIPEJIIOJIOKEHNUH, YTO MPU NEPBOM HCIBITAHUU BBIHYT O€NbIi 11ap, a MpH BTOPOM — YEPHBIH,

3
T.€. YCIOBHast BeposATHOCTD paBHa P ,;(C) = — .OKOHYATEIBHO HMEEM:
10

P(ABC) = P(A)PA(B)Pas(C)= = - 2. 3 - 1

Onepauum Hag COOLITHIMHU
Cymmoti unu ooveounenuem 08yx coovimuii A 1 B Ha3biBaeTcs coobiTue C, cocrosiiee B

HACTYIUIEHUM XOTS ObI OJHOrO M3 COOBITMH A miu B. CUMBOJIMYECKH 5TO 3alMCHIBAIOT TakK:
C=A4A+B uwm C=AUB.

Teopema ci10:xeHHsI BEepOSITHOCTEH
B obmem cinyuae geposmnocms cymmul 08yx cobbimuti paBHa CyMME BEPOSTHOCTEH 3THX
cOOBITHI 0€3 BEpPOSTHOCTH UX COBMECTHOI'O HACTYIIJIEHUS U ONIPENENIAeTCs 110 popMyIie:

P(A+ B) = P(4)+ P(B) - P(4B) ©)

OueBuAHO, UYTO ecau coObIMUs Heco8MeCmHbl, TO BEPOATHOCTh HUX COBMECTHOTO
HACTYIUIEHHsI paBHA HYI0. [IoaTOMY 117151 ABYX HECOBMECTHBIX COOBITHI BEPOSITHOCTh UX CYMMBI
paBHA CyMMe BEpOSTHOCTEN ATUX COOBITUMA:
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P(A+B)=P(4) + P(B) (4)

BepOHTHOCTB MOSABJICHUA OOHOTO M3 HCECKOJIbKHUX IIOIIapHO HCCOBMCECTHBIX COGBITHﬁ,
0e3pa3IMyuHO KaKOTo, paBHa CyMME BEpOSITHOCTEH 3TUX COOBITHIA:

P(Ay + Ay +.... +A4p) =P(A1) + P(42) + ... + P(4p) (4.1

dopmynbl 7151 OIPEeIICHIUS] BEPOSITHOCTH CYMMBI OOJIBIIETO YKCIIa COBMECTHBIX COOBITHI
JOCTaTOYHO TpoMo3Aku. Ecim uucimo coObITHI BO3pacTaer, TO 4YacTo ObIBaeT ymoOHee
UCIIOJIb30BATh BEPOSTHOCTH MPOTHUBOIIOJIOKHBIX COOBITHI. B camom zere, coObiTHe, cocTosiiee
B TOM, YTO HACTYIIUT XOMs Obl 0OHO U3 HECKOJBKUX 3JIEMEHTAPHBIX COOBITUI, NPOMUBONON0MHCHO
COOBITHIO - «He Hacmynum Hu 00HO U3 HUX», TI0OITOMY MOXKHO UCIIOIb30BaTh (hopMyiIy:

P(A1+ Ao+ ... + A0) = 1- P(Ay A5 ... Ap) 5

YupaxHenus:

IMpumep 1. Ha cremnaxe B OMOTMOTEKE B CIYyYalHOM IOPSJIKE PACCTaBICHBI 15 y4eOHUKOB,
npuyeM M8Th U3 HHUX B nepersere. bubnmorekaps Haymauy Oeper Tpu yueOHuka. Hailtu
BEPOATHOCTH TOTO, YTO XOTsI OBl OJIMH U3 B3SITHIX yUeOHUKOB Oy/eT B neperieTe (coObiTre A).

Pemenune: coObiTie A - «x0Tg Obl OJMH M3 B3SATHIX YU€OHUKOB OyIeT B Meperviere» OyayT
OCYILECTBIICHO, €CJIM POU30MIET JIt000€ U3 TPEX HECOBMECTHBIX COOBITUI: B — «ouH yueOHUK
B neperuiere», C- «1Ba ydyeOHuMKa B mnepemiere» , B - «rpu yueOHuka B nepemiere». T.e.
coObiTue A=B+C+D. Torna no teopeme ciiokeHHsI BEpPOATHOCTEN JJI1 HECOBMECTHBIX COOBITHI

UMEEM:
P(A) = P(B)+ P(C)+ P(D) . BerunuciauMm oTaeabHO BEpOATHOCTH coObITuii B, C, D:
1 2 2 1 3
P(B)=C5‘_3Clo=ﬁ p(c)=cs;3clo=@ P(D):C—Z:E_
cz o cc a c: a
45 20 2 67

Wcnonb3ys otu pesynbrathl, nonyuuMm: P(A4) = P(B)+ P(C)+P(D)=—+—+—=—.
9 91 91 9
IIpumep 2. BeposiTHOCTh momajgaHus B I€JIb MPH CTpeibOe U3 TPEeX OpYyIUN TaKOBBI:
p, =08, p,=07, p,=09. Haiitn BeposiTHOCTb XOTs OBl OJHOrO MOManaHUs (COOBITHE
A) npy OJTHOM 3aJlIe U3 BCEX OPYAMH.
Pemenuie: BepoSITHOCTh MOMAaZaHUs B LIE€Tb KaXIbIM M3 OPYIUIl HE 3aBUCHT OT pPE3YyJbTaTOB
CTpeNbObl U3 JIPYTUX OPYAWM, MOAITOMY paccMaTpuBaeMble COOBITHA Aj (TOIagaHue MEePBOTO
opynus), A, (monagaHue BTOpOro opyausi), Az (monagaHue TPETbEro OpyaAus) — HE3aBUCUMBI B
COBOKYITHOCTH.
BeposiTHOCTH COOBITHIA, MPOTHUBOMONOXKHBIX COOBITHSM Aj, Az, Az (T.e. BEpOSTHOCTH

IPOMaxoB) cOOTBEeTCTBEHHO paBHbl ¢ = 0,2, 0,=03 ¢=01L

Torna nckomast BepositHocts P(A) =1-0¢ ¢, 0,=1-0,2:0,3-01=0,9%4 .
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1. [Ba cTtpenka CTPESIOT MO MHUIIEHU. BEposSTHOCTh monagaHus B MUIIEHb IPU OJTHOM
BBICTpeIe s nepBoro crpenka paBHa 0,7, nns Broporo — 0,8. HaiiTu BeposSITHOCTH TOrO, UYTO
IIPYU OJITHOM 3aJIII€ B MUILIEHb IOMAJIET TOJIBKO OJUH U3 CTPEIIKOB.

2. B xop3une 4 s610Ka, 3 nuMoHa U 6 nepcukoB. Kaxkaoe MCIBITaHUE COCTOUT B TOM,
4TO U3  KOP3UHBI CIy4alHBIM 00pa3oM majnaer oauH (pykT. Hailtu BeposTHOCTH TOTO, UTO U3
KOP3UHBI NPU MEPBOM HCHBITAHUU BBINAAET SI0JOKO, MPU BTOPOM — JIMMOH, NPH TPETbEM —
MEPCHK.

3. B aByX sAmumkax HaXOATCS JAETalu: B IepBoM - 12 (13 4 craHgapTHBIX), BO BTopoMm -10
(w3 HEUX 7 cTraHAApTHHIX). M3 Kaxaoro smuka Hayaady BRIHUMAIOT 1O OJHOM neranu. Haiitu
BEPOSTHOCTh TOTO, YTO OHHU 00€ OyIyT CTaHIapTHBIE.

4. Jlns curHanu3auuu o0 aBapuu YCTaHOBJIEHBI /1Ba HE3aBUCHUMO
paboTaromux CUTHaNIM3aTopa. BeposTHOCTH TOTrO, YTO NPU aBapUH CUTHAIM3ATOp cpaboTaer,
paBHa 0,95 nns nepBoro curnanuszaropa u 0,9 ns Broporo. Haiitu BeposTHOCTh TOTO, YTO IIpU
aBapuu cpabOTaET TOIBKO OJIMH CUTHAIU3ATOP.

5. B smuke 4 Genbix, 7 cMHUX M 3 KpacHbIX Ms4a. Kaxmoe uchbITaHue COCTOUT B TOM,
4TO U3 AIIUKA CITy4aliHbIM 00pa30M BBIKAThIBA€TCS OJWH Msd. HaliTu BeposATHOCTH TOTO, YTO
U3 sIIMKa TPy NEPBOM HCIBITAHUU BBIKATUTCS CHHHUI MS4, IIPU BTOPOM — KPacHbI, a IpH
TPEThEM — OCIIBIIA;

6. B mepBoii Baze HaXOIUTCA 5 KPaCHBIX U 3 OEINIbIX TBO3AUKH, BO BTOPO — 4 KpPAaCHBIX U
8 OenbIx rBo3AMKH. M3 kax0il Ba3bl Haynady OepyT mo ofgHoM reo3auke. KakoBa BEpOSITHOCTD
TOTr0, YTO OyyT BHIOpaHbI KPACHbBIE TBO3IUKH.

7. U3 ypubl, comepxameit 10 Oenbix, 8 uYepHbIX M | OpaHXKEBBIX IIAPOB, HAYTal
U3BIIEKAIOT TpU I1apa. HaliTu BepoSTHOCTH TOTO, UTO 3TO OYIYyT IIAPBI OJTHOTO LIBETA.

8. Ha TaxkTHyeckux 3aHATHUSAX 3€HUTHas OaTapesi CTpensieT Mo JABYM OeCHHJIOTHBIM
camosietaM. HaiiTu BepoSATHOCTB TOTO, YTO CaMOJIEThl HE OYAYT COUTBI, €CIIU BEPOSITHOCTh COMThH
OJIMH camoJieT paBHa 1/2, a nBa camornera — 1/8;

9. OTaen TEXHMYECKOTrO KOHTPOJII  MpOBEpsieT U3JeNus Ha CTaHJapTHOCTb.
BepositHoCcTh TOTO, UTO M3MENHE CTaHaapTHOE, paBHa 0,9. HaiiTu BEpOsSTHOCTH TOTO, UTO U3 ABYX
IIPOBEPEHHBIX U3JIENINHI TOIBKO OJIHO CTaHAAPTHOE;

10. B xopobke Haxoautcsi 6 cuHUX, 4 KpacHbIX W 6 3eneHbIx ¢uaxkkoB. Kaxmoe
UCTIBITAHUE COCTOMT B TOM, YTO W3 KOP3MHBI CIydaiiHBIM 00pa3oM BBIOMPAETCS OAMH (IIaXOK.
HaiiTu BeposATHOCTH TOTO, YTO NMPH NEPBOM HCHBITAHUM OyleT BbIOpaH 3eJeHbIM (uiaxoK, Mpu
BTOPOM — KPACHBIM, a IPX TPETHEM — CHHHUM.

I[OM&I.HHCC 3aJaHuc

1. B smuke 10 meraneit, cpenyd KOTOPBIX YeThIpe OKparieHbl. COOpIIUK Haymady Oeper
TpH neranu. HailTu BEpOsSTHOCTD TOTO, UTO XOTsI ObI OJTHA M3 HUX OKpaIlleHa,;

2. Bo Bpemsi yueOHBIX MAaHEBpPOB JIBa TaHKa MBITAIOTCS MPOPBATHCS B PACIIOIOKEHUE
MPOTUBOTAHKOBOM OaTapen «IpOoTHBHUKAY». KakoBa BEPOATHOCTH TOTO, YTO OYAET MOJAOUT XOTS
OBI OJIMH TaHK, €CJIM BEPOSTHOCTH TOTO, YTO Oy/AeT MOoAOUT OMMH TaHK paBHa 2/3, a Ba TaHKa
2/5.

3. Ha monke B ciay4aifHOM MOPSAKE PACCTaBICHO CEMb yYEOHHMKOB, IPHYEM YETHIPE U3
HUX - 10 mMareMaTuke. CTyaeHT Hayaady OepeT aBa U3 HuX. HaliTu BEepOSATHOCTh TOTO, YTO XOTS
OBl OJIUH U3 HUX — II0 MATEMATHKE.
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IIpakTyeckoe 3ansaTueNe 58
Tema: KontponpsHas pabora

Heab: [IpokoHTpOIMPOBaTH YPOBEHb YCBOCHUS MaTepHana

1 Bapuanr

1. DnexkTpoHHBII MPUOOP COCTOUT U3 ABYX MOCIEIOBATEIHHO BKIOYEHHBIX OJIOKOB.
BeposiTHOCT BBIX0OJ1a M3 CTPOsL 3a 1 Mecsiiy paboThl mepBoro Oyioka paBHa 1/3, Broporo -1/4, a
06oux — 1/6. Haiinute BeposTHOCTh Oecniepe0oitHOM paboThl MpUOOpa B TEUSHHUE MECSIIA.

2. B aByX snuKax HaXomsTCs aetaiu: B mepBoM 10 netaneld (M3 HUX 7 OKpaIIeHHBIX ), BO
BTOPOM- 8 neraieit (M3 HuX 5 oKpameHHbIX ). M3 kaxaoro sSimuka HayJaqy BRIOUPAOT 110 OJTHOM
netanu. KakoBa BepoSITHOCTH TOT0, 4TO 00€ OyIyT OKpALICHHBIE.

3. B smmke 12 neranei, cpeau HuX 9 cranmaptHbix. HaifTu BEpoSTHOCTB TOTO, UTO Cpenu
HayJauy U3BJICUEHHBIX 2-X JeTalieil okaxkeTcs He 0oJiee OHON HeCTaHAAPTHOM JIETalH.

4B smuke B ciaydailHOM nopsake nojokeHbl 10 neraneidl, U3 KOTOpbIX 4 CTaHJApTHBIX.
Kontponep B3an Haymauy 3 netanu. Beiumciure BepOATHOCTh TOTO, YTO XOTS Obl OJHA W3
B3SITHIX JIeTajlei OKa3ajgach CTaHAAPTHOM.
5.CTyseHT caaeT 3K3aMeH IO TEOpUU BEpOsSTHOCTEH. BeposTHOCTh MONyYyuTh Ha HK3aMeEH
«ueyn.» pasHa 0,1; «yn.» - 0,6; «xop.» - 0,2; «oti» - 0,1. KakoBa BeposSTHOCTh TOTO, YTO
CTYJEHT MOJIYYHUT Ha IK3aMEHE MOJIOKUTEIbHYIO OIICHKY?
6Ctpenok momagaer B necsATKy ¢ BepostHocThio 0,05, B gesatky — 0,2, B BocbMepky — 0,5.
Crnenan oauH BeicTpen. KakoBa BEpOSTHOCTH CIEIYIOIINUX COOBITHI:

a) BRIOUTO HE MEHEe 8 0UKOB;

0) BBIOUTO MEHEe 8 OUKOB;

B) BBIOUTO OoJiee 8 OUKOB;

T') BBIOUTO He OoJiee 8 OUKOB.
7.IlpousBoauTcs JBa BBICTpENa MO OJHOM M TOW >X€ MUIICHH. BeposTHOCTh MomajaHus B
MHUIIIEHb [IPH NEpBOM BbIcTpese paBHa 0,6, mpu Bropom — 0,8. Haiitu BeposATHOCTH TOrO, YTO B
MUIIIEHHU OyJEeT XOTs Obl O/IHA TPOOOUHA.
8.bpocarorcst nBa WrpayibHBIX KyOmka. KakoBa BEpOSITHOCTh TIOSBICHUS XOTS OBl OJHOM
niecTepku’?

2 Bapuanrt

1. 3 uucen 1, 2,3,4...100 BbIOuparoT uncio. HaliT BEpOsITHOCTH TOT0, YTO BEIOPAHHOE YK CIIO
JIEJIUTCS XOTA OBI Ha OJHO U3 uncell: 4 u 6.

2. BeposTHOCTB TOT0, UTO IIPU U3MEPEHUH HEKOTOPOH (pr3nyeckoil BeTMunHbI OyIeT AOMmyIIeHa
omnOKa, MpeBbIIIaoNIas HEKOTOPYIO 331aHHYI0 TOYHOCTb, paBHa 0,4. [IpousBeneHo aBa
HE3aBUCUMBIX U3MepeHusi. HaliTu BEpOsATHOCTB TOT0, YTO TOJIBKO B OZTHOM U3 HUX JOIyLIEHHAs
OIIMOKa MPEBBICUT 33AAHHYIO TOYHOCTb.

3. Ha momnke BriepeMeKKy paccTaBieHo 4 ydeOHHMKA I10 TeOMETPUH, 5 YIeOHMKOB IO Teorpadpuu
u 3 yueOHMKa MO acTpoHOMUHU. Kaxkoe ucnplTaHue COCTOUT B TOM, 4TO OMOJIMOTEKaph
CIy4aiiHbIM 00pa3oM BbIOMpaeT oAuH yueOHUK. HaliTi BEpOSITHOCTH TOT0, YTO MPU MIEPBOM
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UCTIBITAaHUH OyJIeT BHIOpaH Y4eOHUK MO0 aCTPOHOMUU, IPU BTOPOM — IO TEOMETPUH, a B TPETHEM —
o reorpaduu;
4. B ctynum TeneBuaeHus 3 TEIEBU3MOHHBIX Kamephl. J{J1s Kaxk10i U3 HUX BEPOSITHOCTD TOTO,
YTO OHA BKJIKOYEHA B JaHHBIM MOMEHT paBHa 0,6. HaliTu BEpOSITHOCTB TOT0, YTO B IaHHBIN
MOMEHT HH OJIHA U3 HUX HE BKJIIOYEHA
5.B ypHe HaxonsaTcs 7 6enbix u 3 yepHbIx mapa. [loaps u3snekaror aBa mapa. Kakosa
BEPOATHOCTH TOTO, YTO OHH 00a yepHbIe?
6.Monety nogOpocuiu iBa pa3. HaifTu BeposSTHOCTB TOr0,49T0 00a pas3a BhIMAJET repo.
7. B niepBoii ypHe 7 OenbIX ¥ 3 YepHBIX I1apa, BO BTOPOM — 3 OenbIX U 7 4epHBIX ImapoB. M3
KOKIOW YpHBI BBIHUMAIOT OAWH map. KakoBa BEpOSTHOCTH TOTO, YTO 00a BBIHYTBHIX IIapa
Oenpie?
8.Tpu cTpenka HE3aBUCHMO APYT OT JApyra CTPEISIOT MO Iesu. BeposSsTHOCTh monajiaHus B 1ejb
nepBbIM cTpesikoM paBHa 0,7; BTopeiM -0,8; Tpetbum — 0,9. HaliTi BEpOSITHOCTH TOTO, UTO :

a) BCE TPU CTpEJIKA [TONaayT B LIETb;

0) Bce TpU CTpeIKa IPOMaXHYThCS;

B) TOJIBKO OJIMH CTPEJIOK MOMAJIET B LIETIb;

T') TOJIBKO J[BA CTPEJIKa MONaAyT B IIeJIb;

1) He 0oJiee IBYX CTPEJIKOB MOMAIYT B LIETb;

€) XOTsI ObI OIMH CTPEJIOK MOMAJET B LIETb.

IIpakTuyeckoe 3ansaTueNe 59

Tema: CoiicTBa napamieabHbIX MIOCKOCTEN

Henns: HayunTs pemars 3a1auu, UCIONb3Ys CBOMCTBA MapajlIENbHBIX INIOCKOCTEN
TeopeTtnueckuii 6110k

Omnpenesenue. [Ipsmast v MIOCKOCTh HA3BIBAIOTCS MAPAIIEIHHBIME, €CITH OHU HE UMEIOT 001X

ToYeK (a || o)
IIpu3Hak napajieIbHOCTH NPAMOM M IVIOCKOCTH.

TeopeMa. Ecmu InpsaMas, He JICKallasa B JTaHHOH IJIOCKOCTHU, IMapaJuICiibHa KaKOﬁ'HH6YHL
HpHMOﬁ, JIeXKaIlel B 3TOM IIJIOCKOCTH, TO OHA ITapaJlJIeJIbHA CaMOH IJIOCKOCTH.

=)

L allb
bool=allx
b agE o
puc. 1
3amMeuaHus.

Ecnu maockocTs IpOXOANT Yepe3 JaHHYIO NPSAMYI0, TAPAJLIENbHYIO APYTOd
IJIOCKOCTH, U IIEPECEKAET ITY IUNIOCKOCTD, TO JINHUS NIEPECCUCHHUS
IIJIOCKOCTEN MapajliesibHa JaHHOU IIPSIMOM.

Ecmu OaHa M3 ABYX NapaJlICIbHBIX IMPAMBIX IMapaljICIbHa HaHHOI\/'I
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puc. 2 IJIOCKOCTH, a JpyTas mpsiMasi IMEET C TNIOCKOCThIO OOIIYIO TOUYKY, TO 3Ta
npsiMas JICKUT B JTAHHOU MIIOCKOCTH.

BoiBOABI.

Ciryyau B3aMHOTO pacIoJIOKEHUS IPSIMOU U TUIOCKOCTH:
a) IpsiMasi JIEKUT B IUNIOCKOCTH;

0) npsMas 1 IJI0CKOCTh UMEIOT TOJIBKO OJIHY OOLIYIO TOUKY;
B) MpsiMast ¥ TUIOCKOCTh HE UMEIOT HU OJJHOM OOIIEH TOUKH.

/ \_{’ / Omnpenesenne. /[Be MIOCKOCTH HA3BIBAIOTCS NapaJlICIbHBIMU, €CITU OHU HE
.-""-'-H-F'-FF

UMEIOT OOIINX TOYEK.

o
/ >J<;/ [MapamienbHOCTH MIOCKOCTEN o U B 0003HavaeTcs Tak: o || B. PaccmoTpum
& NPU3HAK [APaICIBHOCTH JIBYX IUIOCKOCTEH.

puc. 3

TeopeMa. Ecau nBe MCPCCCKAOIUECCA IIPAMBIC O,HHOﬁ IINTIOCKOCTH
COOTBCTCTBCHHO IMAPAJUICIIbHBI IBYM IIPSAMBIM JPYT! ol IITIOCKOCTH, TO 3TH
INIOCKOCTH IMapaJlICIIbHBI.

Crny4an B3aMMHOTO PacHOJIOKEHUS IIIOCKOCTEN:

TUJIOCKOCTH . U P NIEPCCCKAKOTCA.

\/ puc. 4
/ MIJIOCKOCTH & U F apajiebHBbI.
(ol

puc. 5

CaolicTBa napaieabHbIX MIOCKOCTEH:

1. Ecnu nBe napanienbHble TUIOCKOCTH MePECeUeHbl TPEThEH, TO TMHUU
UX [epECEUEHUs NapauICIbHBI.
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P ] F
L
1
2. OTpe3ku napaieabHbIX NPSIMBIX, 3aKIFOYEHHBIE MEXKTY
/ 8 I’ / apauleIbHBIMU [JIOCKOCTSIMU, paBHBI.
[

Penrenue 3agau:

Han yron AOD u nBe mapasniesbHble MIIOCKOCTH 0. U 3.

[Tnockocts 0 nepecekaet ctoponsl yrina OA u OD cooTBETCTBEHHO B Toukax A u D,
IUIOCKOCTB 3 3TH CTOPOHBI IEPECEKAET COOTBETCTBEHHO B Toukax B u C.

Jano:

OB=8
AB=6
BC=9

CD=2

123



Haittu AD, OD

Yepes Touky O, KOTOpasi HAXOAUTCS MEXK]y MapalIeIbHBIMUA TUIOCKOCTSIMH 0. ¥ [3, TIPOBEICHBI
npsiMble C 1 O, iepeceKkaronue IIOCKOCTH TaK, YTO TOYKU A U B HaXOIATCs B IIOCKOCTH 0, a
touku C u D - B iockoctu 3 AB=18 cm, DO=26 cm u AC=3-A0

Brruncnaurs: BD;CD

[MapaienbHbIE TIOCKOCTH O ¥ [} TEpeCceYeHbl MPSIMBIME C 1

Croponsl 4\ nepecekaroT napajuieiabHble IIIOCKOCTH 3 1 o B Toukax C,D u A B. Beruuciamn
nuHy otpeska AB, eciim NA=13 ecm, NC=20 cm u CD=55 cm.
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Croponsl 4N nepecekaroT napaienbHble TNIOCKOCTH [3 U o

Jlanbl napasuienbHble IIOCKOCTH 0. U 3. Touku A u B HaXoAsTCs B IIIOCKOCTH 0., a
touku C u D B mockoctuf3. nuna orpeska AC=7/, qnHa otpeska BD=12.

CymMma npoekiuil 3TUX OTpe3KOB B INIOCKOCTH [3 paBHA .

Haiitu nnuny npoekunii 000X OTPEe3KOB.
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IIpakTnyeckoe 3ansiTueNe 60
Tema: [loBropenue. [IpoBepounas pabora
Hesab: OC00MHUTE M 3aKPENUTh 3HaHUS U HAaBBIKU yJallluxcs [0 JaHHOM Teme

Teoperuueckuii 010K

Kakwue nBe npsiMble B IPOCTPAHCTBE HA3bIBAIOTCS MapalIeIbHBIMU?
Cdhopmynupyiite TeOpeMy 0 mapajuIeIbHBIX MPSIMBbIX.
Kakue BO3MOXKHBI CiIy4an B3aUMHOT'O PACIOJIO0KEHUE MPSMOM U MIIOCKOCTH?
Kakwue npsiMasi ¥ mII0CKOCTh Ha3bIBAIOTCS MapaJUIeIbHBIMU?
ChopmynupyiiTe npu3HaK napanieabHOCTH MPSIMON U IIIOCKOCTH.
Jan xy0 A... D1. Ha3oBute ueTbipe napbl napamuieiabHbIX NPSMbIX U YEThIPE Maphbl
NIEPECEKAIOIINXCS TPSMBIX
1. CdopmynupyiiTe npu3HaK napaieIbHOCTH MPSIMON U IIIOCKOCTH.

SEENCIN

BepHo JIX YTBEPKACHUC: €CJIN OIHA U3 ABYX MPAMBIX ITapaJlJICJIbHA IIJIOCKOCTH, a BTOpAast
MEPECCKACT ITY INIOCKOCTh, TO MPAMBIC IMapaJlIJICJIbHBI.

Pertenuie 3amau

1). 3agava 1

[axo:

A ABC,
ABea,Ceaq,
AM = MC,
CN = NB.

[oxasats: MN || a.
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JIoKa3aTeILCTBO

MN - cpenuss nunus TpeyronbHuka ABC, 3Haunt MN || AB, AB € a.

Takum o6pazom, MN || a (o0 mpuU3HAKY MapauIeTIbHOCTH MIPSMOM M TNIOCKOCTH ).

2). Bagaua 2
[OawHo:
2 C-
ABCD - tpaneuus,
M / N ABe a,CD ¢ a,
/ \ =MD, CN=NB.
A B/ Mokasarts: MN || a.
— x"b__-———-‘/
I[OKaSaTeJ'IBCTBO

MN - cpennss nunus Tpaneuuu ABCD, 3naunt MN || AB; AB £ a (1o ycinoBwuio),
Taxum o6pazom, MN || a (1m0 mpu3HAKy NapaJIeTbHOCTH MPSMON M IFIOCKOCTH).

3)3amaua 3. Cropona AC tpeyroasuuka ABC mapaienbHa I0CKOCTH a , a ctoponsl AB u BC
NIEPECEKAIOTCSI ¢ ATOU IIIOCKOCThIO B Toukax M u N. Jlokaxure, uro Tpeyronsauku ABC u
MBN 1ogo0HBbLI.

Hepen peuiCHUuCM JIaHHOM 3a71a4uu HeO6XO,I[I/IMO BCIIOMHUTL IMPU3HAKHU HOI[O6I/I$I TPECYTrOJIbHUKOB.

L}

A [Aano:
. AABC,AC Il a,
/S wbn / AB ~a=M,
oz 3 ) BCAa=N.

|
. Y
0 Hokazats: A ABC nogoben A MBN

JIoKa3aTeILCTBO

1. ITo yrBepxkaenuto 1° : MN || AC. Torna yron A = yriry BMN (kak 0JHOCTOpOHHUE ITPpH
NapauIeIbHBIX IPSIMBbIX).

2. yroa B - o6muii.
3. TakuMm oOpa3zom, 1o 1ByM yriiam TpeyroiabHuK ABC nogo6en tpeyronsHuky MBN.
4). 3aynava 4

Ha croponax AB u AC tpeyronsuauka ABC B3sa1sl cooTBeTcTBeHHO Touku D 1 E Tak, yro OF =
5 cm u BD = 2/3. TInockocTh a mpoxoaut yepe3 Touku B u C u nmapamiensHa orpe3ky OE.
Haiinure nmny otpeska BC.
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HaHo:

3 A ABC,
”‘7/ DeAB, E€AC,
pa BCea, a ll DE,
s /__j S/ DE = 5cm, BD/DA =2/3.
4 >

Hawtin: BC.

Pemenue:

tpeyroibHuK ABC nmogo6en tpeyroasauky ADE.
Torna AB/AD = BC/DE, 5/3 =x/5,x =25/3,x = 8'/3
Otser: 85

JlomamnnHee 3agaHne:

[Ipsimast AB nepecekaet miaockocTs o. Uepes koIl oTpe3ka AB u ero cepeanny C npoBeaeHbI
napajuieiabHble MpsAMbIE, IEpECceKaroIne MI0CKOCTh o B Toukax Al, Bl u Cl. Paccmorpute
cinydau: 1) otpe3ok AB He mepecekaeT MmI0CKoCTh o ; 2) oTpe3ok AB mepecekaet o. B kaxxnom
ciydae Hanaure: a) nnuHy otpeska CCl, ecnu: AA1 =3, BB1 = 6; 6) anuny otpeska AA1, eciu
BBI1 =13, CCl=1

IIpoBepounas padora
1 BapuanT

1. Orpe3ok AB He nepecekaeT TIOoCcKocTh . Yepes cepeanny otpe3ka C u KOHIBI OTpe3Ka
A u B npoBezieHbI IpsIMble, NTapalljiesIbHbIe MEXAY cO0O0M U Iepecekaromme
IJIOCKOCTB 0, B TOUKaX , . Berancauts amuny orpeska CCiecmn AAy =5, BBy =7

2. UYepes Touky O, HE JeXallyl0 MEXAy MapajuleIbHbIMHU MJIOCKOCTSIMU 0. U [3, TPOBEACHBI

Aq

npsimbie | u M. Tlpsimas | mepecekaer  TIOCKOCTH o W 3 B TOYKax

Az

u COOTBETCTBCHHO, IpsMasi M— B TOYKax n Haiinure MJINHY

OTpe3Ka , €CIIN =15 cmMm,
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0 10 =35
3. IIpsmas AB nepecekaet miockocTh o. Yepes koHIbI oTpe3ka AB u ero cepenuny C
MIPOBEJICHBI MapaJlIeIbHbIE IPSIMbIE, TTEpEeCeKaroIne MI0CKOCTh o B Toukax Al, Bl u Cl1.
PaccmotpuTte ciydan: 1) otpe3ok AB He mepecekaeT miockocTs o ; 2) oTpe3ok AB
nepecekaer o. B kaxaom ciydae Haiiaute: a) muHy otpe3ka CCl, ecnm: AA1 =7, BBI
=35; 0) nmuny otpeska AA1, eciu BB1 =7, CCl=11.
2 BapuaHT

1. Touka M nexwut Ha otpeske AB. Otpe3ok AB nepecekaercs ¢ MI0CKOCTBIO 0. B TOUKe B.

qepe3 AuM IMPOBCACHBI ITapaJJICIIbHBIC IIPSAMBIC, IICPECCKAOIIUE O B TOUYKAX u.

Haiinure nnuny orpeska AB, eciiu A :M=3:2,AM =6.
2. UYepe3 Touky O, JIeXamyro MEXKAYy NapauIeIbHBIMUA IJIOCKOCTSAMHU O U [3, MPOBEICHEI

npsimbie | u M. Tlpsimast | mepecekaeT TUIOCKOCTH o W 3 B TOYKax u
COOTBETCTBEHHO, IIpsiMast M — B TOYKAX u . Halimure nymHy oTpeska ,
eclu =12 cm, 0:0 =34

3. Jan AMKP. ITlnockocts, napamensHas npsmoir MK, nepecekaer MP B Touke , PK - B

Touke. Haiinute , eciu MP : P=12:5 MK=18 cm.
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IIpakTnyeckoe 3ansaTueNe 61

Tema: [Ipyu3Hak eprneHUKYIAPHOCTH MPSMOM U IUNIOCKOCTH
Hesab: OG00IMHUTE M CUCTEMAaTU3UPOBATh MaTepHUall 10 JaHHOU TeMe

Teopernueckuii 070K

Onpeodenenue. llpsimas a Ha3pIBaeTCsl NEPHEHIUKYIAPHOH K IUIOCKOCTM 0O, €CIM OHa
NEPIEeHIUKYIIIpHA K JIF000H NpsAMOH, JiexKale B 3TOH MIOCKOCTH.

TeopeMa. Ecimu npsamMas HNeprcCHAUKYISIPHA K ABYM IHCPCCCKAIOIMIUMCS IPAMBIM, JICKAIIUM B
IIJIOCKOCTH, TO OHA ICPIICHAUKYJIAAPHA K 9TOM IIJIOCKOCTH.

[Tpumep 1. Touku A, M, O nexar Ha NIPSAMOM, NEPHIECHIUKYIIPHON K IJIOCKOCTH 0, @ TOUkU O, B,

CuDnexar B miockoctu o (puc. 3). Kakue wu3 creayromux yrioB SBISIOTCS
LAQR, A MOC, £ DAM, 2 DOA, £ BEMO

MPSIMBIMHU: ?
A
M
B D
0
C o
Puc. 3.
Pewenue
£LACQB
Paccmorpum  yron . Ipsamas AO nepneHANKYIsIpHA  TUIOCKOCTH 0, a  3HAYMT,
npsMasi AO nepneHuKyIsapHa 000l mpsMOH, Jexamied B IJIOCKOCTH 0O, B TOM 4YHCIE
£LA0B = 90°
npsimoit BO. 3HauuT, .
LMOC LMOC = 90°
Paccmotpum yron . [Ipsimasa 4O nepnenpukynspHa npsamod OC, 3Ha4uT, .
£DAM £D0A = 90°
PaccmorpuMm yrom . IIpsmas AO nepnenaukyiaspHa npsaMoit OD, 3HAYMUT,

Paccmotpum Tpeyromsauk DAO. B TpeyronbHHKEe MOXXET OBITH TOJBKO OJHWH TIPSIMOW YTOJI
3Hayut, yron DAM — He sBIseTcs NPSIMBIM.
LD04 £D0A=50°

PaccmoTtpum yron . [Ipsimasa 4O nepnenaukynspHa npsamod OD, 3Ha4UT,
LBMO

Paccmorpum yron . DTO0 yrou B npsiMmoyroisHoM TpeyroiabHuke BMO, oH He MOXeT ObITh
IPSAMBIM, TaK Kak yroi MOB — npsMoil.
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LAQB = A MOC = £D0A = 90°
Omeem: :
L0 = 90°
[Ipumep 2. B tpeyronbauke ABC naHo: ,AC=6 cm, BC = 8 cm, CM — menuana (puc.
4). Yepes Bepuuny C npoBeaeHa npsimas CK, nOepneHAUKyJaspHas K  IUIOCKOCTU
tpeyroiabauka ABC, npuuem CK = 12 cm. Haiiqute KM.

K

Puc. 4.
Pewenue:

AB =VCB?+ AC? =82+ 62 =10
Haiinem nuny AB no teopeme Ilugaropa: (cm).
IIo cBOHCTBY MpsIMOYTOJIBHOTO TPEYrOJBbHHMKA CEpeArHa T'MIOTEHY3bl M paBHOyJAJIEHA OT
CM = 3.;13 =5

BEpILUH TpeyroynbHuka. To ectb CM = AM = BM, (cm).

Paccmorpum  TtpeyronbHuk KCM.  llpsmas KC nepnengukyinsipHa  miockoctu ABC,  a

3HauuT, KC nepnenaukyispHa CM. 3Hauut, TpeyrojibHuk KCM — npsMoyroiabHblid. Haiinem
KM =vVKC?+ CM? =+127+ 52 = 13

runoteny3y KM u3 teopemsl [Tudaropa: (cm).

Omeem: 13 cwm.

IIpakTyeckoe 3ansaTue Ne 62

Tema: [Ipu3Hak neprneHIUKYIAPHOCTH IIIOCKOCTEH. YTIIBI MEXAY MPSIMBIMU U IIJIOCKOCTSMHU.
Heab: O600mMTH U CUCTEMATU3UPOBATH MaTEpUaIl IO TAHHOW TeMe

TeopeTtnueckuii 6110k

Yron mexay npsiMoil ¥ IIIOCKOCThEO — 3TO YrOJl MKy MPSMOW U €€ MPOEKIIUEN Ha JTaHHYIO
IJIOCKOCTb.
B kauecTBe yriia Mexay OpsMoi U MJI0CKOCTHIO BEHIOMPAEM OCTpPBIN YToJl.
Ecnn npsimast mapaienbHa I0CKOCTH, 3HAUUT, YIOJl MEKIY IPSIMON U TUIOCKOCTBIO PaBEH
HYIIIO.
Ecnn npsimast nepneHauKysipHa INIOCKOCTH, €€ MPOEKLUEN Ha MIJIOCKOCTh OKa)KEeTCsl TOUKA.
OueBUAHO, B 3TOM CIIy4ae yrojl MeK1y MPsSMOU U TIIOCKOCTHIO paBeH 90°.
IIpumepsr:
1.Touku A, M u O nexat Ha npsIMOM, epIEHANKYISIPHON K MIOCKOCTH a, a Touku B, Cu D
JeXxar B INIocKocTr a. Kakue u3 cneayromux yr JioB sBisitored npssMeiMu: ZAOB, ZMOC,
2DAM, £DOA, LBMO?
Pemenue: a L o, mo3TOMY a NepHeHIMKYIsIpHA JII000H IpsAMOH, Nexaneit B mi. o. YToObl
npsiMasi MpUHaAJIekana Ii. o, JOCTaTOYHO, YTOOBI 2 TOUKH MPSMOM NMPUHAATIEKATH TLI. O.
OTBeT: npsIMbIE YIIIbI
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2. [Ipsimass OA neprienukyssipHa K miaockoctd OBC, u Touka O sBIsSeTCS CepeMHON OTpe3Ka
AD. Jloxaxwute, uto: a) AB = DB; 6) AB=AC, ecitu OB=0C; B) OB = OC, ecniu AB=AC.

Pemenue:

a) Paccmotpum AABD.

I103TOMY

- 110 JIBYM KaTeTawm,

0) Paccmorpum AAOB u AAOC.

- 110 OIPEJIECICHHUIO;

- 110 YCJIOBHIO; - 00IIasl.

Tpeyroasarku AOB 1 AOC paBHbl 110 AByM KarteTaM. OTcroja:

B) T.x. AB = AC, to npssmoyrosnbHbie TpeyroiabHUKu AOB n AOC paBHbI 10 TUIIOTEHY3€E U
karety (AO -—oOuiuii kaTer), Ho3TOMY

Uro u TpeboBanock J0Ka3aTh.

3.Yepes Touky O nepeceueHus AuaroHaneil KBaapara co CTOpoHO# a nposeneHa npsmas OK,
NepreHIUKYIIsIpHas K INIOCKOCTH KBajapaTa. Halinure pacctosnue ot Touku K 10 Bepuina
kBazapara, eciiu OK =b.

IIpakTnueckoe 3ansaTue Ne 63

Tema: [leprieH UKyl U HAKIIOHHBIE
Hesab: OG00IMHUTE M CUCTEMAaTU3UPOBATh MaTepHUall O JaHHOU TeMe

Teopernueckuii 6110k

HaknonHoil, npoBeiecHHOMN U3 JaHHOM TOYKH K JaHHOH INIOCKOCTH, Ha3bIBa€TCs JTHOO0M
OTPE30K, COCTUHSIOMINI JaHHYIO TOYKY C TOYKOW INTIOCKOCTH, HE SBJISIIOIIANCS
NEPIEHIUKYIISIPOM K IUIOCKOCTH.

Konern OTpE3Ka, JICKAIINN B IIJIOCKOCTH, HAa3bIBACTCsI OCHOBAHHUEM HaAKJIOHHOI.

A

AB - HakonHas.
B - ocHOBaHME HAKIIOHHOM.
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[lepnieHIUKYIAPOM, IPOBEIECHHBIM U3 JAHHOW TOYKH K TAHHOW INIOCKOCTH, Ha3bIBAETCS OTPE30K,
COCIMHAIOIIUN JaHHYIO TOYKY C TOYKOM IIJIOCKOCTH U JIEXKAIIUI Ha IPAMOU, IEPIECHAUKYJIIPHON
IJIOCKOCTH.

Konen 3toro orpeska, nexaiinii B III0CKOCTH, Ha3bIBAETCS OCHOBAHUEM MEPIIEHAUKYJISpA.

A

X

AC - neprieHIuKyIAp.

C - ocHoBanue MEPINCHAUKYIIAPA.

PaccrosiHrem OT TOYKM A0 IUIOCKOCTH HA3bIBAETCSA JUIMHA NEPIIEHIUKYJIIAPA, IPOBEACHHOTO U3
3TOI TOYKHU K INIOCKOCTH.

OTpe30K, COeANHSIOMNKA OCHOBaHUS EPIEHANKYIISIPA U HAKIIOHHOM, IPOBE/IEHHBIX U3 OJTHOM U
TOW K€ TOYKH, HA3bIBAECTCS TPOCKIIMEN HAKIIOHHOM.

A

X

CB - npoenus HakinonHoi AB Ha miockocTs a.
Tpeyronsauk ABC npsMoyrosbHBIH.

VYriaom Mex1y HAaKIIOHHOW M TNIOCKOCTBHIO Ha3bIBAETCS YTOJI MKy STOM HAKJIOHHOM U €€
MIPOEKIIMEN HA IIOCKOCTb.
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X

< CBA - yron mexxay HakjaoHHOH AB 1 MJI0CKOCTHIO 0.

A

X

Ecin AD>AB, o DC>BC

Ecnu u3 1aHHOM TOYKHM K JAHHOM TIOCKOCTH MTPOBECTH HECKOJIBKO HAKJIOHHBIX, TO OOJbIIEH
HAKJIOHHOHN COOTBETCTBYET OOJIbIIasi IPOEKIIS.

<DAB - yron Mexay HaKJIOHHBIMH
<DCB - yron Mexy mpoeKIusIMu
Otpesok DB - paccrosinue Mexay OCHOBaHUSIMH HAKJIOHHBIX.

Peuienne ynpaxHeHU:

1) Ipsimast CM nepneHAUKYISIpHA K IIJIOCKOCTH MPAMOYTroiibHOro TpeyroipHuka ABC ¢
npsaMeim yriioM C. Haiinure paccrostaue ot Touku M 1o ctoponsl AB, eciin AC=3cMm, BC=4cM,
CM=I cm

2)B paBno6enpennom tpeyroiabauke MHK, MH=NK=5cm, MK=6cm. Touka D Haxoaurcs Ha
paccrostamu V10 ¢ ot miockocT Tpeyronbaika MNK i Ha 01MHAKOBOM PACCTOSHIH OT €ro
cTopoH. Hanaure 310 paccrosiHue.

3) B tpeyronbauke ABC nano: AB=5cm, AC=7cMm, BC=6cwm. [lpsamas AD nepnenaukymispHa K
mmockocth TpeyroibHuka ABC. Haiinure paccrosinue ot Touku D 1o croponsl BC, ecin
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AD=5cwm.

4)Uepes karer AB npsimoyronbHoro paBHooeapeHHoro tpeyroiabauka ABC nposenena
IUIOCKOCTH a (anb(a), 00pasyromias ¢ MIOCKOCThIO TPEYTOIbHUKA yroi B 45 rpaaycos. Haiinurte
paccrositaue ot Touku C 10 miockocTH a (anbda), ecniu AC=2cm

5)Touka M HaxoauTcs Ha pacCTOSTHUU 6 CM OT IJIOCKOCTH PaBHOCTOPOHHETO TPEYTOJIbHUKA
ABC u na 10cm oT BepuiuH 3T0oro Tpeyrojbuuka. Haitaure qimny croponsl TpeyroyibHuka ABC

ILOMaI_HHee 3aJaHucC

Touka A paBHOyJaJlIeHa OT BEpIIMM Iapajuiesiorpamma. Jlokaxxure, 4To 3TOT MapajljiesiorpaMmm
ABJISIETCS IIPSIMOYTOJIBHUKOM.

OcHoBanus Tpanenuu paBHsoTcs 14 cm u 8 cM cooTBeTcTBEHHO. Uepes 0oJibliiee OCHOBaHKE
Tpareiuy NpoBeeHa MIOCKOCTh, KOTOPasi HAXOAUTCS Ha PAaCCTOSHUU 8 CM OT MEHBILIETO
OCHOBaHMS Tpaneunu. Haiiqure paccToOsHUE OT TOYKHU NIEPECECUEHUS THArOHAJICH Tpareuu 10
MPOBEICHHOM MJIOCKOCTH.

C TOuYKH A Ha IJIOCKOCTh O MPOBEICHBI JIB€ HAKJIOHHBIC TTMHON 15 cm u 20 cm. [{nuHa
MIPOEKIIMU OJTHOM M3 3TUX HAKJIOHHBIX paBHa 16 cm. Haitnute cunyc yria, o00pa3oBaHHOTO
JIPYrOoil HAKJIOHHOM U TIJIOCKOCTBIO 0.

Touka K HaXOAUTCSA Ha OJUHAKOBBIX paccTOsIHUAX KA u KB 0T CTOpOH IpsIMOTo yriia C
BepinHoOM C. O — npoekuus Touky K Ha IJI0CKOCTh 3Toro yria. Jlokaxure, yto OACB —
KBaJpar.

IIpakTnyeckoe 3ansaTHe Ne 64
Tema: KontponbHas pabota o teme: «lIpsMble U IIIOCKOCTH B IPOCTPAHCTBEN

Heasn: IIpoBeputs ypoBeHb YCBOCHHS 3HaHUM 1O TeMe: «IIpsiMble U TIIIOCKOCTH B
IIPOCTPAHCTBE)

1 BapuaHT

1. Cropona npaBuibHOro TpeyroabHuka ABC paBHa 23 em. K ero miockoctn IIPOBENICH
nepnenaukyisap AK, pasusiii 4cM. Haiinure paccrostaue ot Touku K no ctoponst BC.

2. UYepes ctopony AB npsmoyronsauka ABCD nposenena minockocts o. Cropona CD
ylaneHa ot 3Toi miockoctu Ha 3 cM, CB=6¢cMm, CD=8cwm. Haiigute:1)yron mexmny
npsiMoit DA ¥ mi1ockocThio 0 ,2)CHHYC yTriia Mexay npsaMoit BD 1 110CKOCTbIO .

|

Karer AC npsimoyronsaoro AABC ¢ nipsimbiM yrioM C J€XHUT B IMIIOCKOCTH ., @ YTOJI
Mexay mrockocTsmu oo 1 AABC pasen 60° . Haiizure paccTosHUE OT TOUKH B 110
IIockocTH o, ecnu AC=5cm, AB=13cwMm.

4. . [Tnockoctu npsMoyroibHbIX TpeyroibHukoB ABC n ABK nepneHaukymisipHsl.
AB=8cM, AK=10cM, - ABK=2 ABC=90° , - BAC=45" . Borunciure paccTosiHUE MEKIY
toukamu K u C.

2 BapuaHT
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[~

Otpes3ok AM, paBHbIil 12 cM, IepIeHANKYISPEH TIOCKOCTH TpeyrojibHuKa ABC.
Haiinute paccrosnue ot Touku M no npamoit BC, eciiu AB=AC=20cm, BC=24cMm.

N

Croponsl npsimoyrosibHuka ABCD paBsbl 6¢M 1 63 cm. K mrockoctn IIPSAIMOYTOJIBHUKA
yepe3 TOUKY IIEPECEUEHMs €ro quaroHanel nposeaeH nepneHaukyssp OK, paBHbiil 6¢Mm.
Haiinute yron Mexay miockocTsio npssmoyroiasHuka u npsimeiMu KA, KB, KC u KD.

|oo

Uepes Bepmnny D kBaapara ABCD npoBezeH k ero miockoctu nepneHaukyisip DK,
paBHbIil 10 cM. Yron mexay miockoctsimu ABC u KBC pasen 459 Haiigure miomans
kBagpata ABCD.

[Tnockoctu paBHOCcTOpoHHETO AABC 1M mipsimoyrosibHOTr0 paBHoOeapenHoro AADC

B

neprneHuKyIsapHsl. AB=a, 2 ADC=90°. Boramcinre paccTosiHue Mexay BepinHaMy B
u D aHHBIX TPEYroJIbHUKOB.
IIpakTuyeckoe 3ansitue Ne 65

Tema: [Lnomaas 00KOBOM U MOJIHON TOBEPXHOCTH IIPU3MBI, MMapajuielienurenia, Kyoa
Heab: HayuuTp BEIUUCIATH OOKOBYIO U MOJIHYIO ITOBEPXHOCTH MPU3MBI, Mapaljiesienumneaa, Kyoa

Teoperuueckuii 010K

IIpuzma
e
/ H ."III/I,-'K
[ Lo

ITnowaowv nosepxnocmu: S=2Socu+Ssox, TNE Spox — IUIOMIAb OOKOBOW TTOBEPXHOCTH, paBHAs
CyMMe IUIOLIAJIEN BCEX TPAHEM.

[Tpsimast mpusMa — npusma, 60KoBoe pedpo KOTOPOH MepreHANKYIIPHO OCHOBAHUIO.

Oobvem: V=S,./| .

I1Inowaow 6oxosou nogepxnocmu.: Sso=P-1, THE P — IEpumeTp ocHOBaHUS.

[IpaBunbHas npusma — npsiMas Ipu3Ma, OCHOBaHUE KOTOPOU — IIPABUIIBHBIA MHOTOYTOJIbHUK.
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[Mapannenenunen — npusma, OCHOBaHHE KOTOPOU — mapaiiienorpamm. Bee rpanu
napasuiesienune1a BasSoTCs napauieIorpaMMaMU.
[IpssMOyTOIBHBIN MapajuIeNenuIe] — pu3Ma, BCe IpaHu KOTO}Z)Oﬁ — PAMOYTOJIBHUKH.
Cesoiicmea ouazonaneii: AC;=BD;=CA;=DB=d; d2=a’+b*+c’.

IInowaos nogepxnocmu: S=2-(ab+ac+bc).
Ky6 — npusma, Bce rpanu KoTopoi — kBajsipaThl (a=b=c). Ky0 siBisieTcs mapajuieenuneioMm u
o0JasaeT BCEMU €ro CBOWCTBaMHU.

d=+3a: s=62.

Ipumep 1. Yemy paBHa noIHask MOBEPXHOCTD MPSAMOU TPEYroJbHON MPU3MBI, €CJIA €€ BhICOTA
paBHa 50, a croponsl ocHoBanus 13, 37 u 40?
Pewenue:
[Tepumerp ocHoBanus npusmsl paseH P=13+17+40=90. [1nomanbs 60K0BOI MOBEPXHOCTH
Ssox= 90-50=4500.
[Tnomans ocHoBaHus HaiaeM o popmysie ['epona. Ero nomynepumerp p=45

o Se =/45(45-13)(45-37)45-40) =+/45-32-8-5 =240

Ocranoch BBIYUCIUTH MOJIHYIO TOBEPXHOCTD Mpu3Mbl: S=2-240+4500=4980.
Omeem: 4980.

IIpumep 2. B ocnoBanuu npsimoit mpuzMel ABCDA1B1C1D1 nexuT kBagpar co CTopoHoi 2.

BbokoBoe pedpo npusMbl paBHO 2 . Haiinure rpanycHyo Mepy yria Mexay MI0CKOCTbIO
TpeyronpHuka AB1C 1 III0CKOCTBIO OCHOBAHUS TIPU3MBI.
Pewenue:

[Tnockocts AB;C mepecekaet riockocth ocHoBauwusI 1po npsmoit AC. [Toctpoum
JIMHENHBIN yroJl, COOTBETCTBYIOIIMM Yty Mexay 3TuMu miaockocTtsamu. T.x. ABCD — kBazpar,
TO €ro JMATOHAIIN TIepeceKatoTcs oy IpsmbiM yriaom, T.e. BO L AC  Janee, T.k. npusma
npaBuwibHas, T0 B1A=B;C. Tpeyronsauk AB;C — paBHOOenpennsiii. Ero menunana B1O
ABIIIETCS TAKXKE €ro BBICOTOM, T.€. B0 LAC CnenoBatenbHO, JIMHENHBIN ZB,0B paBeH yriry
MEXY TNIOCKOCTSIMH.

Paccmotpum tpeyronbauk B1OB. ITockonbky npusma — npsiMasi, To yroil B B TpeyrosiabHuke

po=lpp=-t23-.2
— IIPSIMOM. BlB:"\E 10 YCJIOBUIO 3aJ1a4HU. 2 2 . T.x. KaTeTsl B
OpSMOYTOJIbHOM TpeyrosibHuke B1OB paBHbI, TO £B,0B =50

Omeem: 45°.
Pemenue ynpaxxaeHuit
1.B mpsiMoyronsHOM mapaiienenureie CTOPOHbI OCHOBaHUS paBHBI 12 ¢cM u 5 cm. Jluaronanb
napajuienenuneaa oopasyeT ¢ IMJIOCKOCThI0O OcHOBaHUs yroil B 45°. Haitnure G60okoBoe pedpo

napajiejacnuiicaa.

2.0cHOBaHWEM TPSIMOTO Tapajuienenurnena spisercs pom6 ¢ auaronansmMu 10 cm u 24 cwm, a
BbICOTa Mapaenenumnena papua 10 cm. Haiigute Gonbliryro TuaroHanb napajjeienumnesa.

3.CTopoHa OCHOBaHUS MPABUIHLHOW TPEYroJIbHON MPU3MBI paBHA 8 cM, O0KOBOe pedpo paBHO 6

cM. Haiinure mnmomanb ceyeHus, NPOXOJSIIEr0 Yepe3 CTOPOHY BEPXHErO0 OCHOBAaHUS U
IIPOTUBOJIEXKAIIYIO BEPIINHY HUKHETO OCHOBAHUS.
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4.B mpaBWIbHOW n-yroilbHOW MpH3ME CTOpOHAa OCHOBAaHMS paBHAa a W BhICOTAa paBHa h.
Breraucnure miomaau 60KOBOH M MOJIHON MOBEPXHOCTH MPU3MBI, eciu: a) n = 3,a= 10 cm, h =
I5cm;0)n=4,a=12am,h=8 qm;B)n=6,a=23cm,h=51m;r)n=5,a=0,4Mm, h=10 cm.

[omarnee 3ananue:

1.OcHoBanue MpsMOW MPU3MbI — TPEYTOJbHUK CO CTOpoHamMu 5 ¢cM U 3 ¢M u yrioMm B 120°
Mexay HuMU. Hanbosnpiias u3 miomniaaei O0OKOBBIX rpaHed paBHa 35 cm2. Haligure miomasns
OOKOBOI1 IOBEPXHOCTH ITPU3MBI.

2.CTOpOHBI OCHOBaHHUS MPSMOTO TapaJiIesienuneaa paBHbl 8§ cM U 15 cMm u oOpazyrot yroa B 60°.
Menbiiass U3 IUI0IIAJEH JuaroHalbHbIX cedeHuit paBHa 130 cm2. Haligute momans
MOBEPXHOCTHU Napasuieenunea.

IIpakTnyeckoe 3ansitue Ne 66
Tema: [Inomane 60KOBOM U MOJTHON MOBEPXHOCTH MUPAMUJIbI

Heab: Hayunth pemats 3amauvi Ha BBIYHCICHUE TUIOMIATU OOKOBOH M IOJHOW MOBEPXHOCTH
UpaMUIbl

Teoperuueckuii 010K

1. Ckonpko rpaHeil, OOKOBBIX pebep y I- yroJbHOM MHpaMuibI?

2. Kakoe HaumMmeHbLIEE YMCIO TpaHEl MOXKET HMETh mNupamuaa’?

3. Beicota nmupamuabl paBHa 3 cM. Uemy paBHO pacCTOSHUE OT

BEpPIIMHBI TUPaMUIbl IO TUIOCKOCTH OCHOBAaHHS ?

4. bokoBbie pebpa TpeyronpHOW mupamuisl 7cMm, 12cm, Scm. OnHO U3 HHUX
MEePHNEHIUKYISIPHO K IUIOCKOCTH OCHOBaHUs. Yemy paBHa BBICOTA NUPAMHUIBL.

Pemienue 3anmau.

1. lana mpaBwiIbHas YETHIPEXYroJibHAas MMHpPaMHUIa CO CTOPOHOM OCHOBaHUSA 2 CM U
BBICOTOM OOKOBOW Tpanum 6 cMm. Haitaure momans

OOKOBOM TMOBEPXHOCTH MHUPAMM/IBI.

2. BeicoTa TmpaBWIBHOW YETHIPEXYrOJNbHON MUPaMHIBI 7CM, CTOPOHA OCHOBAHHS 8CM.
Omnpenenure O60KOBOE pedpoO.

3. dano: SO = 4 - Beicora mupamuasl. ABCD - mpsimoyronsank, AD =BC = 6; AB=DC =8
Haiitu: Snonn., Sook., V.
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swr:—' DC-SM. SM=\ISd+OMz;
Pemienue: 2
AC=BD=J64+36 =10, AO=0D=5;, OM=
=l ap=223 sM=1679=5. Suc= -5-
2 2 2
1

o 8"'20; SM33=20; OK=—DC
2 (cpenuss munust AADC). OK =

_1 .
4. SK=16+16=442; S50 W2 =12 Sascs =124/2.

Sene =21232 +2:20 =242 + 40 = 8 (372 + 5); Sy, = 6 - 8 =48; Spc = S +
¥ S 2442 +40 + 48 =242 + 88 =8(11 +34/2 ).

1

1
v -58"“ -h e 48 -4 =64, (Omser: 8(3v2 +5: 8011 +342 ) 64.)

IIpakTunyeckoe 3ansitue Ne 67

Tema: [Tnomans 60KOBOM U MOTHON MOBEPXHOCTH LIUIMHAPA
Heab: HayuuTs pemaTs 3a1a4u Ha HAXOKIEHHE IJIOMIaAN OOKOBON U MOJTHON MOBEPXHOCTH

IMHApA
Teopetnueckuii 6110k
Hunaunap npeacrarisieT OO0 reoMeTpUIecKoe TeJ0, OTPAaHHYEHHOE IBYMsI MTapaslIeIbHBIMA
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IIJIIOCKOCTAMMU U I.[HJIPIH[[pPI‘-ICCKOfI MMOBCPXHOCTHIO.

h

< L/

Hunuuap cocTouT M3 GOKOBOM MOBEPXHOCTH U JIByX OCHOBaHUM. Dopmyria mionaam
MOBEPXHOCTH IIMIIMH/PA BKIIIOUAET B ce0sl OTJENbHBINA pacyeT IOl OCHOBAaHUM U OOKOBOI
MOBEpPXHOCTU. Tak Kak OCHOBaHUS B IUJIMHAPE PaBHBI, TO TOJIHAS €T0 IUIONIA b OyIeT
paccuuThIBaThCA MO PopMmyIe:

S =25 +8

P 08N bok

dopmyna MIomaa OCHOBAHU HWIMHAPA. Tak Kak OCHOBAaHUEM LIUJIMHAPA ABIISIETCS KPYT,
¥

2
S =my
TO: C=TE

MBsI IOMHUM, YTO B 9THX pacueTax UCIOJIb3YyeTcs mocTosiHHOoe uncio [1 = 3,1415926, kotopoe
paccuruTaHO KaK COOTHOILIEHHE JIMHBI OKPY>KHOCTH K €€ JTUaMETpy. ITO YUCIIO SBISETCS
MaTeMaTU4eCKON KOHCTaHTOM.

[Tnomaabs 60KOBOM MOBEPXHOCTHU ILIMIUHIPpA

CDOpMYJ'Ia I1omaaun OOKOBOM MOBCPXHOCTU HNUIIMHAPA ITPEACTABIIACT coboii MMPOU3BCACHUC
JAJIMHBI OCHOBAaHUWA Ha €0 BBICOTY:

S =2urh
bok A Terepb pacCMOTPHUM 3a/1a4y, B KOTOPOI HaM MOTPeOyeTCst pacCUUTATh
TOJTHYIO TUIONIA b IMIHHAPA. B 3anannoii gpurype Boicota h=4 cMm, r =2 cm. Haiinem monuyro

IUTOMIA(b [AIHH/IPA.
S =3.14x2°=12.56¢em”
Jlns Hayasaa pacCuMTaeM IUIOmaab ocHoBanmis: V"
Temneps paccMOTpUM MPHUMEP pacyueTa IO i O0KOBOM MOBEPXHOCTH IIMIHH/pa. B
pa3BEPHYTOM BHJIE OHA MMPEICTABIISAET MPAMOYTOJIbHUK. Ero mromanas pacCYuThIBACTCS 1O
IPUBE/ICHHOI BBImIe Gopmyie. [loacTaBuM B Hee Bee
S —2x3,14x2x4=50 24cm”

JTAHHBIE: bok
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[ToHas mutomnaap Kpyra npecTaBiseT co00r CyMMy IBOWHOM TIJIONIAM OCHOBAHUS U

S =2x12,56 450,24 =25,12+50,24 =75.36 cm -

ookoBoit; ¥

Takum o0pa3om, UCHONB3Ys HOPMYIIBI ILTOMIAAN OCHOBAHHUM U OOKOBOI MOBEPXHOCTH (PUTYPBI,
MBI CMOTJIM HAUTH TOJHYIO TJIOMIAh TOBEPXHOCTH IIWIMHAPA.

OceBoe ceueHre HUINHPA MPEACTABISET COOON MPSIMOYTOJNIBHHUK, B KOTOPOM CTOPOHBI PaBHBI
BBICOTE U IUAMETPy LIHJIUH]IPA.

CDOpMYJ'Ia IJIomajan oCCBOro CCYCHUA HUJINHAPA BBIBOAUTCA U3 (bOpMy.]'IBI pacucTa 1Jionaan
IPsSIMOYTOJbHUKA:

S=2hd

PaccMOTpUM IIPUMEp pacyeTa IIIOMaIi OCEBOTO CEUEHHUs IIMMHAPA. JIJIs 5TOro BO3bMeM
P PUMED p p
YCIIOBHS M3 3a/1a4H, YKa3aHHOM Bbiule. UTOOBI HAITH BENMUMHY HaM NOTpeOyeTcs auamerp. Mol
— i Bl
3HaeM, YTO OH PaBEH JBOHHOMY PajIHyCy: d=21
d=2x2=4(cm )
¥ i T
S=2x4x4=32em

[ToacTaBuM IaHHBIE:

. Kakas ¢urypa Ha3piBaeTCst HTWIMHIPOM?

. [ToueMy LHMAMHAP HA3BIBAIOT TEJIOM BpallleHUsA?

. HazoBure BubI UIMHIPOB?

. HazoBute 3nemMeHTH! WINHAPA.

. Urto mpeacTaBisieT co0oi pa3BepTKa UIUHApPA?

. Kak HaiiTu rmomaab 60KoBOI MOBEPXHOCTH LIMIUHIPA?

. Kaxk HaitTu momaab NOoJHOW MOBEPXHOCTH LIWJIUHAPA?

. Ha3zoBute ocHOBHbIE BU/IbI ceueHM munHapa. Kakas ¢purypa noiaydaercss B KaXJI0M
ciayyae?

. [TpuBennTe NpUMeEpHl UCIIOJIB30BAHUS IUIMHIPOB.

Pemenue 3amau:
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3anaua 1. CKOIBbKO KBaJpaTHBIX METPOB JIMCTOBOM JKECTH MOMIET Ha U3rOTOBJICHHUE TPYOBI
ITMHOM 4 M 1 trameTpoM 20 cM, eciTi Ha BB He00X0auMo 100aBUTh 2,5% TIomaay ee
OOKOBOI TOBEPXHOCTH?

Hano: L=4; d=20cm=0,2m. Haiitu: S.

. . S.. =2mh
Pemenue: Bocrionb3yemcs hopMyIioii miomaay moaHoi NOBEpXHOCTH HUIUHApa: ~ ** .

Panuyc paBen nonosune auamerpa — 0,1M, a BbICOTa UIMHIpPA paBHA JJIMHE HY>KHON TPyObI —
4m.
Tax Ha MBHI HYXKHO 100aBUTH 2,5% TUI0MaIu ee OOKOBOW MOBEPXHOCTH, HY)KHO HANTH:
(S+2,5%S). IlogcraBum BMecTo S popmMyiy Mmomaan O0OKOBOW MOBEPXHOCTH, U BHIYUCIUM:
5+2=5°u-5=5—£5 =

100

i i1

| 2 \
=5 1+—=—|=

. 1000
=2mrL-1025=
=2-3,14-0.1-4-1.025=
=2.5748 ~ 2.6(x)
Ortser: 2,6 M2,

Ln

I
]

3agaua 2. HaiiTi mosHyI0 MOBEPXHOCTD IIIMHPA, Y KOTOPOro auamerp ocHoBanus 20,6 cm
u BeIcoTa 30,5 cMm.

3anava 3. OceBbIM CEUEHHUEM IWIMHIIPA SABIISETCS KBaJpaT, CTOPOHA KOTOPOTO paBHA / MM.
Beruucnute miomnaas 60KOBOW MOBEPXHOCTU UTUHIPA.

3anada 4. OceBoe ceueHne WINHIPA — KBaJpaT co CTOpoHOM 6 cMm. Haiitu BeIcOTy 1 panuyc
OCHOBaHUS HWIMHJpA.

3amaua 5. Pannyc ocHOBaHUS MUIMHAPA paBeH 2M, BeicoTa 3M. Haiftu nuaronaib oceBoro
CCYEHUH.

3amaua 6. JlnuHa OKPYXKHOCTM OCHOBaHMS HMIMHIpa paBHa 1. Ilnomans OGokoBoit
MOBEpXHOCTU paBHa 2. HaliiuTte BBICOTY IIMIIMHPA.

I[OMaI_HHee 3aaHuC:

1. [ImaroHanb OCEBOTO CeUeHHUs LWIMHIpa paBHA 48. YT0oa MEXIy 3TOH JAMAaroHanIbIo U
oOpasytoiei paBeH 30°. Haiigure paauyc HWINHApA.2

2. JlnvHa OKPYXKHOCTH OCHOBaHHS HUIuHApa paBHa 1. [lnomans 60KOBOI MOBEPXHOCTH
paBHa 2. Haiigute BbICOTY HMIMHIpPA.

3. /lmaroHamb OCEBOTO CEYEHHMs IMIIMHIpPA HAKIOHEHA K IJIOCKOCTH OCHOBAHUS TMOJ
yriom 60° u paBHa 20 cm. Haitnure momaas 60KOBOM MOBEPXHOCTH IIHJIMHIPA

Taﬁ.]'ll/lllbl AJISA BbIMHCJICHUSA NJIUMHbI OKPYKHOCTH 11O fHAMETPY.

[Tpu pereHny pa3IMUHBIX TPOU3BOACTBEHHBIX 334 YaCTO MPUXOJUTCS BEIYUCIATH JUTMHY
okpyxHocTu. [IpeacraBum cebe paboyero, KOTOPbIN U3rOTOBIISIET KPYTJIbIE AE€TAIH 110
yKa3aHHBIM eMy quamerpaM. OH JJOJDKEH BCSIKUH pa3, 3Has AUAMEeTp, BBIYUCIUTH JJIHHY
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OKPY>KHOCTH. UTOOBI COKOHOMUTH BPEMS 1 3aCTPaxoBaTh ceOsl OT OmMMOOK, OH oOpaIiaeTcs K
TOTOBBIM Ta0JIMIIaM, B KOTOPBIX YKa3aHbI JUAMETPHI U COOTBETCTBYIOIIUE MM JITTHHBI
OKPYHOCTEH.

HpI/IBeI[éM HC6OJ’IBI_HYIO 9aCTb TaKuX Ta6J'H/IH H pacCKaXeM, KaK UMH I10JIb30BaTbCA.

H.Hua Hanua dauna |
b OKPYHHOCTH b O PYHHOCTH D OKPYAHOCTH
I 3142 | 6 | 18850 1| 34558 |
9 6,283 7 21,991 12| 37,699 |
3 9,425 8 25,133 13| 40,841 |
|4 12,566 9 28,274 14 | 43982 |
| 5 15,708 10 31,416 15| 47,124
1 |

- = — s B LT ES——

ITycTh U3BECTHO, UTO TUAMETP OKPYKHOCTH paBeH 5 M. MiieM B Talnuile B BEpTUKAIBHOM
cTonbue noxa 6yksoii D uucino 5. Oto muynHa auamerpa. Psyiom ¢ a3Tum uncioMm (Bopaso, B
ctonlue noja HazBaHueM «/lMHa okpy)HOCTH») yBUAUM uncio 15,708 (m). CoBepiieHHO Tak
ke HanaeM, uro eciiu D = 10 cm, To mynHa okpykHOocTH paBHa 31,416 cm.

[To sTuM ke TabauiiaM MOXKHO MPOU3BOJIUTE U 0OpaTHBIE BhiunciaeHus. Eciu u3Bectna qmnHa
OKPY>KHOCTH, TO MOKHO HaTH B TaOJHUIIE COOTBETCTBYIOIMMIM e muametp. [lycts ninmHa
OKPYXKHOCTH paBHa mpuOan3uTenbHo 34,56 cm. Haiiném B Tabnuie uncio, Hanbosee 0JnM3Koe
K nanHoMmy. TakoBbiM Oyzet 34,558 (pasuuia 0,002). CoOTBETCTBYIOIMIMIA TAKOW ITTUHE
OKPYXKHOCTH JMaMETp paBeH NpuOIm3uTensHo 11 cm.

Talnu1iibl, 0 KOTOPBIX 3/IECh CKAa3aHO, UMEIOTCS B PA3JIMYHBIX CIPaBOYHMKaX. B yacTHOCTH, HX
MO’KHO HalTH B KHWXKKE «YeTbpéx3HauHble MaTeMaTuueckue Tadaums» B. M. bpanuca. u B
3agaunuke no apupmeruke C. A. ITonomapésa u H. U. CeipHea.

IIpakTnyeckoe 3ansitue Ne 68

Tema: [1nommaas OOKOBOM M MOTHON MOBEPXHOCTH KOHYCA, YCEYEHHOTO KOHYca, 11apa u cdepsl
Hesab: HayunTs pemaTh 3a1auy Ha HaX0XI€HHE IUIO0IAA1 OOKOBOM U MOJIHOM MOBEPXHOCTH

KOHYCa, yCEYeHHOT0 KOHyca
Teopetnueckuii 6110k

3a ruiomaab O0KOBOM MOBEPXHOCTH KOHYCA IPUHUMAETCS TUIONIAAb Pa3BEPTKU €ro OOKOBOM
MTOBEPXHOCTH.
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[TosTOoMy 110111 OOKOBOI MOBEPXHOCTH MPSIMOTO KPYrOBOT'O KOHYCA paBHA TUIOIIAH
COOTBETCTBYIOIIETO KPYTrOBOT'O CEKTOpa (pUC. ) U BBIUUCISAETCS 110 hopMyIie

S6.K. = TERL,
rac R — pagnyC OCHOBAaHH:, a L— UJINHa 06pa3yfomel71 KOHYCa. Ecmn x IJ101Iaan OOKOBOM
IMOBEPXHOCTH KOHYCa HpI/I6aBI/ITL IIomanab €ro OCHOBaHUsA, TO IIOJIYYHUM ILIOINAIb OJIHOU
IMOBEPXHOCTH KOHYCa

Siom. =RL + 1R?=7R (L + R).

Amnajoru4Ho 3a miomaab OoKOBOI MMOBCPXHOCTHU YCCUCHHOI'O KOHYCAa MPUHUMACTCA ITIJIOIIAab
COOTBGTCTBYIOIHeﬁ Pa3BCPTKHU.

[ToaToMy B citydae mpsiMOTro KPyroBoro KoHyca (puc. ) Iiomiajis 60KoBoit
MOBEPXHOCTH YCEUEHHOTO KOHYCa BBIYHCIIAETCA 110 (opMyIie

SG.y.K. =T ( ra+r )L

rae 11 I — paguychl OCHOBaHUM, a L — nnuHa oOpa3yromieil yceueHHOro KOHyca.
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Pemenue 3amau:

1. Panuyc xonyca paBeH 6, a oopa3zyromas — 10. Haiitu miomaas 60KoBOM MOBEPXHOCTH,
IUIONIA/Ib OCHOBAHUS U TUIOIIA/b TIOJTHOW MOBEPXHOCTH KOHYCA.

2. BricoTa xoHyca paBHa 4, a oOpasyromas — 5. Haiitu mmomniagb 60K0BOI TOBEPXHOCTH,
IUIONIA/Ib OCHOBAHUS U IUIOIIA b MOJHON MOBEPXHOCTH KOHYCA.

3.CkonbKo oTpedyeTcst KPacKH, IS TOTO YTOOBI TOKPACUTH MOKapHOe BeApo, eciu Ha 100cm?
HeoOxoaumo 3aTpatuth 10r?

4.CKONBbKO KBAAPATHBIX METPOB Ope3eHTa MOTpeOyeTCs Ak COOPYKEHUS MaIaTKU KOHUIECKON
¢ opMbI BEICOTON 4 METpa U TUaMETPOM OCHOBaHUS 6 METpOB?

5. OO6pa3yromias KOHyca HaKJIOHEHA K TUIOCKOCTU OCHOBaHUs 1o yriiom 30°, a BeICOTa KOHYca
paBHa 12cm. Haitaute miomaabs 60KOBOM MOBEPXHOCTH KOHYCA U ILIOIIA b TOJTHON
MTOBEPXHOCTH.

6. [Inomans ocHOBaHUs KOHYca paBHa 167, a 1yIo1a b oceBoro ceueHus pasHa 32. Haiaure
BBICOTY KOHYCa U IIoLIa/1b OOKOBOW TOBEPXHOCTH.

/. HaiimuTe mutomaas O0KOBOW MOBEPXHOCTH PAaBHOCTOPOHHETO KOHYCa (OCEBOE CEUCHHE —

PaBHOCTOPOHHUI TPEYroJIbHUK), €CIIU PaUyC OCHOBAHHUS PaBEH SCM.

8. OceBoe ceueHue KoHyca paBHOOEAPEHHBIN TPEYTOJIbHUK IUI0IIAb KOTOPOro paBHa 60cm?,
BbICOTa KOHYca 12cm. HaiinuTe miomans noaHoli NOBEPXHOCTH KOHYCA.

]_IOMaI_HHee 3aaHuC:

1. Haitnure muiomiaas 60KOBOI MOBEPXHOCTH KOHYCA, €CIIM 00pa3yroliasi paBHa ScM, a pagnyc
OCHOBaHHUA 3CM.

2. OOpa3ytolasi KOHyca paBHa 7cM, a paanyc ocHoBaHUs 3cM. HaiiauTe miiomanb moaHoM
MOBEPXHOCTH KOHYCA.

3. BricoTa xoHyca paBHa 12cwm, oOpa3zyromas 13cm. Haiinurte mmommaas moJiHONH MOBEPXHOCTH
KOHYCa

4.Ilnomanas ocHOBaHUS KOHYca paBHa 25,7 cM?, a oOpa3yroias paBHa 6¢cM. Haiiaure miomane
OOKOBOI TTOBEPXHOCTH KOHYCA.

5. Haiigure muiomaab MOJTHON MOBEPXHOCTH KOHYCA, €CiIM 00pa3yromiast HakKJIOHEHa K MJI0CKOCTH
OCHOBaHus nox yrioM 60°, a BeIcoTa paBHa 6CM.
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IIpakTnyeckoe 3ansitue Ne 69

Tema: O0beM NpU3MBI, apajUIeIenune1a
Hess: HayunTs pemaTs 3a1a4u Ha BBIYUCICHNE 00beMa MPU3MBI, TapajlIeNenueaa

Teoperuueckuii 010K

IIpsiMmoyroJibHbIH MapaJuiejienunex - 3To0 o0beMHas (Urypa, y KOTOPOW IIECTh TpaHEH, U
KaXKIasi U3 HUX SBJISIETCS MPSAMOYTOJIbHUKOM.

[IpsiMoyroJibHBI mapaJuliesienune] - Tapajuielenunesl, BCE TpPaHH KOTOPOTro SIBISIOTCS
PSIMOYTOJIbHUKAMH.

O0bemM MpSIMOYIroJIBHOIO NapaJuiesenuiea paBeH IIPOU3BEACHUIO €r0 JUIMHBI, IIUPHUHBI U
BBICOTBI.

®opmyJia 1151 BLIYHCIEHHSI 00beMa MPSIMOYT0JIbHOT0 NapaJjijieenunena

V=a*b-h

rIe
rae V - 00beM MpsIMOYTOJIbHOTO Tapajuiesienuea, a - JuHa, b — mupuna, h- Beicora.
O0BEM IPU3MBI paBEH MPOU3BEACHUIO €€ BHICOTHI Ha IIJIOMIA b OCHOBAHHUS:

V=S-h

Pemenmue 3anau:
1.CymectByer nu npusma, umeroas 50 pédep? 54 pedpa?

Pemenue: Yncio pedep n — yroabHoOM Npu3Msel 3n, o3ToMy Npu3Msl, uMmeromieit 50 pedep, He
CyllecTByeT, a 54 pebpa umeer 18-yroapHas nmpusma.

2. CTOpOHBI OCHOBaHUS NPSAMOYTOJBHOTO NapajuleenuIesa paBHsl 5 ¢cM U 12 cM , 1uaroHanb
napajuleJienunesa COCTaBsIeT C IUIOCKOCTbIO ocHoBaHMsl yron 60°. Haiimute 00BEM
napajulieenunesa.

3. OcHoBaHMEM IpsMOM NMPU3MBI CIIY’)KUT TPEyrojabHuK co cropoHamu 10, 10, 12. Jlnaronans
MEHBIIIe OOKOBOW TpaHM COCTaBISIET C IUIOCKOCThIO ocHoBaHus yron 60°. Haiinure o0BEM
MPU3MBIL.

4. O6beM NpsIMOYTOJIBLHOTO Napajienenunesa papet 2. Yemy Oyaer paBeH 00beM
napajenenunena, eciim Kaxj10e ero peopo yBearuuuTh B 3 pasa.

Pemenue. [1ycts peOpa nanHOro napanienenuiesa paBusl a, b u c. Torga umeem: V=abc=2.
[Tocne yBenmuueHus kaxoro pedpa B 3 paza ero o0sEM OyieT paBeH

V=3a*3b*3c =27 abc=27*2=54.
OtBer: 54.
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5. AkBapuyMm uMmeeT GopMy NpsIMOYTOJILHOTO Tapayuienenuneaa Beicotoit 30 cm. Ecnu B Hero
HaauTh 30 J1. BOJIBI, TO 10 BEPXHETO Kpas ocTaHeTcs 5 cM. CKOJIBKO JIMTPOB BOJBI HY)KHO, YTOOBI
HAIOJHUTH IIYCTON aKBapuUyM JOBEpXy?

Pewenue. Ilycts V 1 H cOOTBETCTBEHHO 00BEM U BBICOTA MapaUIeICIUIIE .
V=SH . Ilo ycnosuto V=30,H=25, Torga 25*S=30.
[Tocne 3anmonHeHust mycToro akBapuyma aosepxy H=30. 3nauur, 30* S=V.

255 30

Haiinem orHomenne 30S =V V=36 1.
OrTBerT: 36.

6. Kyouk Becut 10 rp. Ckoapko rpaMMoB OyJIeT BECUTh KyOUK, peOpo KOToporo B 3 pasa
OoJiblie, YeM pedpo NepBOro KyOuKa, eciii 00a KyOruKa U3rOTOBJICHBI U3 OJJUHAKOBOTO
Marepuaa.

Pewenue. Ilycts V- 00bEM nanHoro napasmienenunena. [locie yBennueHus kaxaoro pedpa B 3
pasa, ero 06béM Oynet paBeH 27 V.

\%4 10

27V x , x=270 p.
Ortser: 270.
JlomarliHee 3ay1aHue:

1. O6BEM nmpsIMOYTOIBHOTO Mapajuienenuneaa paseH 32. Uemy Oyaer paBeH 00bEM
napaesenunea, eciim Kaxxj10e ero peOpo yMeHbIINUTh B 2 pasa.

2. B cocyn, nmeromuii (popMy npaBuiIbHON TPEYTOIbHON IPU3MBI, HAJIUIN BOAY. Y POBEHb BOJIbI
nocturaet 36 cm. Ha kaxoii BeicoTe OyJIeT HaXOIUTHCS YPOBEHb BOJIbI, €CIIN €€ MEPENUTh B
JpyTroii cocyn ToH ke GOopMbl, Yy KOTOPOTO CTOPOHA OCHOBaHUS B 3 pa3a Oouiblile, 4eM y IEpBOTO.
OtBeT BpIpa3nuTe B CAHTUMETPAX.

3. 3aKpeITHIN COCY/I B BUJIE TIPSIMOYTOJILHOTO Mapasuienenuresna ¢ peopamu 30, 40 u 45 cwm.
CTOUT Ha TOPU30HTAJIBLHOMN MOBEPXHOCTH TaKUM 00pa30oM, 4YTO HAUMEHbIIIas TPaHb SBIISIETCS
nHOM. B cocyn Hamunu Bogy 10 ypoBHs 36 cMm. Ha kakoM ypoBHeE OKa)keTcsl BOJIa, €CIIU COCY/L
MOCTaBUTH Ha HanOoubIIyI0 rpaHb? OTBET JaiiTe B CAaHTUMETpax.

IpakTuyeckoe 3ansitue Ne 70

Tema: O6beM TUPAMUIBI
Heab: HayuuTs pemaTh 3a1a4u Ha BRIYHCIEHUE 00beMa MUPAMHUIbI

Teopetnueckuii 6110k
O0beM mupaMuIbI
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O6bem nupaMuIbl PaBeH OJHON TPETH MPOM3BEACHUS TUIONAIU OCHOBAHHUS Ha BBICOTY:
rae S— miomaas oCHOBaHUs, H — BeICOTa MHpaMuIbI.

®dopmyna o0beMa yCeueHHOM mupaMubl IPeaCTaBIsIeT cO00M OAHY TPETh MPOU3BEICHUS
BBICOTHI HA CYMMY ILIOIIA/Iel BEPXHEr0 U HUKHEr0 OCHOBAHUS C UX CPEAHUM
MPOMOPLUUOHAIIEHBIM:

-

I |
'.x:—h_.(51+ 51$2+52)

Pemenue 3amay (o roTOBBIM YepTeKaM)

1. Jlano: ABCD - npasuisHas mupamuna. AB = 3; AD = 23 (puc. 3).
Haiitu: @) Socu.; 6) AO; B) DO; r) V.

2. Jano: ABCDF - npaBunbnas nupamuaa. £FCO = 45°; FO = 2 (puc. 4).
Haiitu: @) SocH.; 0) V.

Pemenue:

1) Pacemorpum AFOC: 20 = 90°, £C= 45°, 3mauut, £F= 45°. Cnenoarensno, AFOC -
paBHOOenpenHsbIit, OC =~ FO = 2.

2) AC = 20C = 4.d=AC=ADV2 (mo cBoiicTBy mmaroHamn Ksagpara, d2= 2a2).

Torna 7; B ﬁ

=AD*=(22 ' =3.

3) ABCD - xBazpar (nmupamusia npaBuibHas). Socu.

V= =8 h V=—B8.2=—=5
4) 3 3 3 3
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(Otset: @) 8; 6) 5-1/3.)

3. Jlano: ABCDEKF - npaBunbHas nupamuga. FO L (ABC), FM L AK, FO= 4,FM = 5 (puc.
5).

Haiitu: a) SocH.; 6) V.

Pemenue:

1) Paccmorpum AFOM: 20 = 90° (tak kak FO L (ABC), 3mauut, FO L OM) FO= 4, FM =
5, OM= {MF’ - FO’ (mo Teopeme Iludaropa), OM=25-16 =9 =3. OM = (r - paguyc
J3

AK = 2r1gi=23tg 2 =622 =23,
OKPY>KHOCTH, BIIUCAHHOM B NMPaBUJIbHBIN IIECTHYTOJILHUK). 6 6 3

%) S = 6Ssioi SA“-%AK-OM=%-2J§-3=3J§. Socn. = 633 =183.

3 V= %Sm_-H; e %»l%ﬁ-4=24J§.

(OtBer: a) 18V3, 6) 24+3.)

3anava: Jlana TpeyronpHas ycedeHHas nupamuza. Ee Boicota h = 10 ¢M, CTOPOHBI OTHOTO U3 OCHOBaHUI
paBHbl &= 27 cM, b =29 cMm, C = 52 cm. TTepumeTp BTOporo ocHoBaHus paBHsietcss P2=72 cm. Haiinure 06bem
MTHPAMHIBL.
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s pacuera oObeMa HaM TOTpeOyeTcs IIIOMIaAb OCHOBaHHUHN. 3Has JUIMHBI CTOPOH OJIHOTO TPEYroJIbHUKA, MBI
MO’K€EM pacCuuTaTh IJIOMAAb 1Mo Gpopmyie ['epoHa. [lins storo notpeGyeTcs HANTH MOTYIEPUMET:

P = 27T +294-52=108cm

108
P J_:T :!]4['..(”.

Teneps Haiinem S2:

f;l:,v.-“fp (p-a)(p-b)(p-c)

S =1/54(54-27 ) (54-29 ) (54-52 ) = /54X 27 x25x2 =/ 72900=270cm”

3Hasl, 4TO MUpPAMU/Ia YCEUEHHAs, JIeaeM BBIBOJ, YTO TPEYTOJbHUKHY, JISKAIHE B OCHOBAHHUSX MTOJOOHBI.
KoadduriueHT momo0ust 3TUX TPEYroJIbHUKOB MOYXHO HANTH M3 COOTHOIICHUS TIepUMEeTPOB. OTHOIICHUE
TUTOMIAJICH TPEYTOJILHUKOB OyIeT paBHO KBaJIpaTy 3TOro KO3 QuimeHTa:

2

L P 108t 9

4% 270
?:

N
=120cm

Teneps, Kora Mbl HAIIUTH TUTOIAIM OCHOBAHHM YCEUCHHOMN MUPaMHUIIBI, MOYKEM JIETKO pacCUUTATh €€ 00beM:
:lT x10x (z?u+ V270x120 +120 ) :? (270+180+120 ):? X570 =1900cm

Takum 00pa3oM, BEIUMCIIAB KOAPPHUIIMESHT MOA00HS U PACCUNTAB IUIOIA b OCHOBAHHN, MBI HAIIUTA 00BhEM
33JJaHHON YCEUeHHOW MUPAMHUIBI.

I[OMaI_HHCC 3aJaHuc

1. Jano: A1A2A3A4 -pom6, SA1A2A3A4 -mupamuma, AlA4 = 3 +£SBO =
B, OB L A3A4, LA2A10 = a (puc. 6).
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Haititu: V - ?

Pemenue:

-
: = :OB= ina = —asin2e,
1) Pacemorpiy 304xs 1 OAy=acosa,  BOAB: OB = acosasina = 3

2) ASOB: SO= -%asin 2atgp.

3) Soen. ™ 48400, =4~-;-a-08=2¢z-%asin2a = &’sin2d
1 ¥ oy B  J—
4) V...,\=38w,_-so, Voup, = 3 sm2u-5asmlatg[3=ga sin” 2atgf

© la3 sin’ 20tgP.
TBET:

IIpakTnyeckoe 3ansitue Ne 71

Tema: O6beM UIMHIpA
Heanb: HayunTs pemath 3a1a9u Ha BRIYHCICHUE 00beMa IMITHH/IPA

Teopetnueckuii 6110k

[{unuHIp 3TO reOMETPUIECKOE TENI0, KOTOPOe CPOPMHUPOBAHO BpalllEHUEM MPSIMOYTOJIbHUKA Ha
OCH, COBIAJIAIONICH C OHUM U3 €ro CTOPOH. CIIOBO «IIMJIMH/IPY MPOUCXOIAUT OT TPEUECKOTO
cioBa «kylindrosy.

Brruncnenue o0beMa MUIMHAPA TPOU3BOAUTCS TIO Cienyromiei Gpopmyse:
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V =xnr*h
V — o0beM nuIuHIpa
h — BeICOTA TIMITMHIPA

I — paanyc OCHOBaHHUS
n—3.14

Kak paccunrars 00bem 1uiinHapa? DTUMHU 3HAaHUSMHU HanOoJiee akTUBHO MOJIb3YIOTCS B CBOEH
paboTe KOHCTPYKTOPHI PA3IMYHBIX MAITUH U MEXaHU3MOB, IOTPEOUTEIHCKUX TOBAPOB, a TAKKE
apxuTekTopbl. UHXkeHepaM NpuXoaUTCs IPOU3BOAUTH pacueT o0bema IIUINHPA B TEX CIydasX,
KOTJ]a OHHM 3aHUMAIOTCSI IPOEKTUPOBAHUEM 33/1aHu, CHAOXeHHbIX KojloHHamH. [IpaBaa, B
HocJIeIHee BpeMsl 9TH apXUTEKTYPHBIE JIEMEHTHI B UX, TaK CKa3aTh, «KJIACCUUECKOM) BapUaHTE
(To ecTh BMecTe ¢ 6a30i M KaluTesIeM) BCTPEYAtOTCs JOCTATOUHO PENIKO, HO UX «YTIPOIIEHHBIE»
Pa3sHOBUHOCTH, COCTOSIINE U3 OJTHOTO CTBOJA (KOTOPBIH, COOCTBEHHO ITOBOPS, U IPECTABIISET
co00M LIMITMH/IP) UCTIONB3YIOTCA BecbMa MIMPoKo. Hepenko ¢ KoJloHHaAMU PUXOAUTCSI UMETh
JIEJI0 pecTaBpaTopaM pa3INdHbIX COOPYKEHHM, UMEIOIINX OOJBIIYI0 HCTOPUUECKYIO U
KYJIbTYPHYIO IEHHOCTb, IIPaBJia, B X pad0Te BHIYMCIECHUE 00beMa MIMH]IpA — AAJIEKO HE caMasi
pacrpocTpaHeHHas npolnenypa. Bripodem, eciiu peds UAET 0 IOJTHOM BOCCTAHOBJIEHUU
YTPA4eHHBIX 110 TEM WM UHBIM IPUYMHAM KOJIOHH, TO €€ TaK)K€ MPUXOAUTCSA IPOU3BOJUTD.

Pacuer oObema 11IIMH/pa OCYIIECTBIISAETCS TOI/a, KOra BeAETcs pa3paboTKa pa3sHOOOpa3HbIX
€MKOCTeH coOoTBETCTBYIOLIEH popmbl. B KauecTBe HArISIIHOTO MpUMEpa TAKOBBIX MOXKHO
IPUBECTH, CKAXKEM, METUIIMHCKHE IIIPULIBI, @ TAKXKe KoJI0bl TepMocoB. CielyeT 3aMeTUTh, YTO B

MIEPBOM CIIy4ae TaKoi mapameTp, Kak 00beM, UMEET OYEHb BaKHOE 3HAUEHUE, TOCKOJIbKY OT
HEro 3aBUCUT TOYHOE KOJIMYECTBO MEIMKAMEHTOB, BBOAMMOTO TAIMEHTY NMPU WHBEKIIHUIX.

B TexHUKe 1WIMH/IPBI paCIPOCTPAHEHbI YPE3BBIYANHO IIMPOKO: JOCTATOYHO CKa3aTh, YTO UX
(dbopMy UMEIOT MPAKTUUECKH BCE BAJIbl U UX OT/EIbHBIE COCTaBHbIE YACTH, UCIOJIb3YEMBIE,
CKa)keM, B JIBUTATENsIX BHYTpeHHero cropanus. K Tomy e, pacuer oobeMa uInHIpa — OJHa U3
BAKHEUIINX 3a71a4, KOTOPYIO MPUXOJNUTCS peliaTh KOHCTPYKTOpaMU IIPU MPOEKTUPOBAHUH
COBPEMEHHBIX OEH3WHOBBIX U IM3€JIbHBIX CHJIOBBIX arperaToB, Be/lb OT 3TOTO IapaMeTpa
3aBUCUT MHOXECTBO UX XapaKTEPUCTHK, U B IIEPBYIO OUEPEb TaKasl BaKHEUIAs, KAK MOLLHOCTb.
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[Toutn Bce Tumbl /IBC cHAOXarOTCS MOPITHAMH, KOTOPBIC TAK)KE UMEIOT ITMITHHIPUUIECKYIO
opmy.

UpesBblyaiftHO pacpOCTPAHEHHBIMH JIETAISIMH, KOTOPBIE IPUCYTCTBYIOT B KOHCTPYKIIMA MHOTHX
CJIOKHBIX TEXHUYECKUX YCTPOMCTB, SBISIOTCS POJIMKOBbIE MOAIMIHUKH. Kak HeTpyaHO
JIOTaJIaThCA 110 CAMOMY UX Ha3BaHUIO, OAHUMU U3 OCHOBHBIX UX KOMIIOHEHTOB SIBJISIFOTCS
MPOYHBIC U H3HOCOCTOWKHE METATUICCKIE POJIUKH, UMEIONINE IUIHHAPHIECKYIO (hopMy.
NmenHo Graromapsi TaKkoil FTEOMETPHH, ITH JIETAIA UMEIOT JOCTATOYHO OOJBIIYIO HECYITYIO
CIOCOOHOCTH M B OOJIBIIMHCTBE CITy4aeB CIIOCOOHBI BBIIEP>KUBATh BEChbMa 3HAYUTENbHBIC
Harpy3KH, 4eM UX IIapUKOBbIC aHAJIOTU. POMKOBbIE MOAMIUITHUKY SBISIOTCS BHICOKOTOUYHBIMU
JETaNIMU, ¥ TIOATOMY IPHU UX pa3pabOTKe U MPOESKTUPOBAHUH MPABUIIbHBIN pacyeT o0beMa
HUIMHIpa (B JAHHOM ClIydae — pOJIMKa) UTPAeT HEMaJOBaKHYIO POJIb.

Pemenwue 3amau:
1.Haiinure 00beM MIIMHIIPA C BBICOTOM, paBHOK 3CM M IMAMETPOM OCHOBAHUS — OCM.

2 1on
2.I1nomanp 0ceBOro ceueHus MUIMHIpa paBHA 21cem, wiomans ocuoBanmst - 18m em® Haiigute
00beM HUJIUHIpA.

3.CBuHIoBas Tpy6a (1mioTHocTh cBHuHIA 11,4 F/CM3) C TOJIIIMHOM CTEHOK 4 MM HUMEET
BHyTpeHHu# nuametp 13 mM. KakoBa macca TpyOsl, eciu ee ajnuHa paBHa 25 M?

-
rl
1
B
I
1
|
|
|
[
Lo
W)

P=114r/eM®

R1=6,5mMM + 4mm = 10,5mm = 1,05¢cM (HapyKHBIiT)

R, =6,5mMm = 0,65¢cm

V=Vi-V,=1 - (1,05>3%2500 - T - 0,65%-2500 =1700T = 5338 (cm°)
M=Pp-V=1145338 = 6lxr.

4. Kakoe koianuecTBO He(pTH (B TOHHAX) BMEIIACT LMIMHAPUYECKas IIUCTEepHA AuameTpa 18 M u
BBICOTO# 7 M, €CJTH IIOTHOCTh HeTH paBHa 0,85 r/cm>?

H="7m; d = 1M; Puegru = 0,85 r/em®
m=?

V= TR*H = 1927 = 5671 (M%)
m=V-P = 15131
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Jlomarnee 3ajiaHue:

1. I[I/IaFOHaJ'IB OCCBOI'0 CCUYCHHUA NUIMHAPA COCTABIIACT C INIOCKOCTBIO OCHOBAHHSA MUJIMHAPA

yroma 60°. Haiinure 06beM HUIMHIpA , €CIU TUIOIAb OCEBOT0 CEUEHHUs paBHA 16 \'@ ove.

2. Ha cknax B MacTepcKoi 1o MOIIUBY OJICKIbI IIOCTYINI PYJIOH IPAIIOBOM TKAaHU B opme
muwmHapa. [pu TpancnopTupoBke ObLT yTepsiH TOBAPHBIN SAPIBIK C YKa3aHUEM JITMHBI TKaHU B

pynone. Heo6xoaumo onpeaenuTs JUIMHY TKaHH B pysoHe. [Ipon3Benn HeoOXoaumbie
WU3MEPEHMUS], ONIPEACIIUIIN BbICOTY U AuameTp pyioHa: 90cm u 30cm, TonmumHa Tkanu 0,2¢m.

IIpakTuyeckoe 3ansaTue Ne 72

Tema: O6beM konyca. O0beM miapa. Pemenue 3agau
Heanb: HayuuTs pemaTs 3a1a4u Ha BRIYHCIEHUE 00beMa KOHYca

Teopernueckuii 6110k
O0BeM KOHYyCa BBIYUCISETCS TT0 GopMyIie

Vo= %7.-113//

rae R — paanyc ocHoBanust konyca, H -- ero BeicoTa

I_Hap 9TO reOMCTPHUICCKOC TECJIO, O6p3.30BaHHOC B PC3YJIbTATC BPAILICHUS MMOJIYKpYTa Ha OCU
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CBOCTO AaMCTpa.

OO0beM mapa MOXKHO BBIYHMCIUTH 110 popMye:

R — paguyc mapa

V — o0bem mapa
n—3.14

Pemenwue 3amau:
1. ABuarimonHas 6oM0a CpeTHEero Kaauopa JaeT IMpH B3PhIBE BOPOHKY

quameTpoM 6 M u riyouHoi 2 M. Kakoe konnuecTBo 3emiiu (110 Macce) BbIOpachIBaeT 3Ta
6om6ba, ecin 1 M° 3emin umeer macey 1650 kr?
2

Pemenne:
V= LnRH = Lg.gt.2= A RO R —
3 3
- or (). N
P = 1650+6+-3,14 =
= 31086 gr = 31 1. B
Omeem: P =31 1. Pue. %

2. CMmouty JUis IPOMBIIIJICHHBIX HYX]I COOMPAIOT, ITO/IBEIINBAs KOHMUECKUE BOPOHKH K
cocHaM. CKkoi1bKO BOpoHOK AuameTrpoM 10cMm ¢ ob6pasyromeit 13 cMm HyXHO coOpathb,
YTOOBI 3aMOJHUTH JECITUIUTPOBOE BEIPO?

R=AC/2, R=5cm, H=V132-52=12(cm), V=1/3*3,14*5%%12 =3 14(cm’) ~0,314am>
n=10/0,314 =31,8. Omeem: 32 60poHKU.
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3. Cror cena umeeT GpopMy HUIUHAPA C KOHWYECKUM BepxoM. Paguyc ero ocHoBanus 2,5 M,
BbICOTA 4 M, IpUYEM HWJIMHAPUYECKAS YaCTh CTOTa UMEET BBICOTY 2,2 M. [I11oTHOCTH ceHa
0,03 r/em’. Ornpenenutb Maccy CTora ceHa.
Pemienue:

R=2,5m

0100; = 4m

010,=2.2Mm

p= 0,03r/cM3

m=p-V; V, = 12,5222 = 13,75 m>= 13750000cm°
V=131 -2,5%1,8=3,75m> = 3750000 T cm°

M = 0,03 - 17500000T = 0,525 T = 1,6 T

O

4. CtakaH4MK /1151 MOPO’KEHOTO KOHUYECKON (popMbl UMeeT r1yOuHy 12 cM u 1uameTp BepXHen
gactu 5 cM. Ha Hero cBepxy NOJIOKUIM JIBE JIOKKHA MOPOKEHOTO B BUJIE MOJIYILIAPUI TUAMETPOM
5 cMm. [lepenoyiHUT TU MOPOKEHOE CTAKAaHYMK, €CJIM OHO pacTaeT?

OA=12cm
BC=d=5cMm

[TepenosHUAT TM MOPOKEHOE CTAKAHUIHK?

T

o | LLh

V u=4/3TR3(5/2°=125%/6 = 20
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2512

V= U3 TRH=13 % (5/2*12= 12 =257

OTtBeT: HET.

3agaua:

Haiitu o6bem mapa paguycom 10 caHTUMETPOB.

Pentenue:

Jns Toro 4T00B BRIYUCIUTE 00beM mapa ¢popMmylia HCHOJIb3YETCs CIAeAYIomas:

4

V= gR3

3

rae V — uckomeii 00bem mapa, 1 — 3,14, R — paauyc.
Takum ob6pa3om, npu panguyce 10 canHTuMeTpoB 00bEM IIapa paBeH:
4

3 3,14 x 10° = 4082 KyOGHYECKHUX CAHTUMETPOB.

Pemenwue 3amau:

1. Bo ckoabKO pa3 yBeIHUUTCS 0O0BEM IIapa, €CIM €ro PainyC YBEJIMUUTD B IIECTh pa3?

O0nem 1mapa HaxoauTes 1Mo hopmyre:

4
V =—nR?
3}'{

[Tpu yBenuueHuu pajauyca B IIECTh pa3 ero 00bEM OyieT:

4 4
V= En(_ER}E =216 *E}TRB

TakuMm oOpa3om, 00beM Iapa yBeauuuTcs B 216 pas.
Ortger: 216

2. O6wvem omHoro mapa B 216 pa3 Gosabiie 0O0beMa BTOpOro. Bo CKoIbKO pa3 IIomaab

IMMOBCPXHOCTHU IICPBOI'O Iapa OoJIbIIIE TIoIaau MmoBEPXHOCTU BTOpOFO?
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\_

dopmyna o0bEMa mapa:

v 4HR3
3
CDOpMyJIa IIomaau MmoBEPXHOCTH 1Iapa:
S = 4nR*?
[TycTp 00BEMBI IIAPOB COOTBETCTBEHHO PABHBI:
4 3 4 3
Vi =§}TR1 V5 =§}TR2

7 3 yciaoBuA CICAYCT, UTO:

4 3 4 3
E-R-RI = Zlé'gﬁﬂz

R,*=216-R,’
3

lil%1
5 =216
R, ., __
—1_%716
R,
R,
S —5
RZ

To ecTb, MBI YCTAaHOBHJIH, YTO PAJANYC MEPBOTO OOJBIINE paguyca BToporo B 6 pa3. Eciu pamnyc
mapa y'MeHLI_HI/ITB B 6 pa3, TO IJiomaab HOBerHOCTI/I mapa N3MCHUTCA CJ'IeI[yIOIJ.[I/IM o6pa30M:
ey (R )2 AR*

= 'ﬂ_’ —_ =

6 36

To ectb oHa yMmeHbIIUTCS B 36 pas.

[omariHaee 3ananue:

1. Haiinute 06beM KOHYCA , 0CEBOE CE€YEHUE KOTOPOTO MPEACTABISIET COO0H

PaBHOOEIPEHHBIN MPSMOYTOJIbHBIN TPEYTOJbHUK C TUIIOTEHY30H , paBHO 6 N'E CM.
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2.Haitnute 00beM KOHYCA , TTOJIYYEHHOTO B PE3YJIbTATE BPaAIlleHUSI BOKPYT OOJIBIIIETO KaTeTa

MPSMOYTOJIBHOTO TPEYTOJIbHUKA C TUIIOTEHY30M , paBHOU 2 \"IE CM, U yTJIOM 30°.
Tecm no meme: «Tena epawienusn»

1. Tlpwm BpamieHU# NPSIMOYTOJIHHUKA BOKPYT €0 CTOPOHBI, MOTYYaeM:
a)KOHyC; 0) yCEUeHHBIN KOHYC, B)IIap; T) HWIKHAP.

2. Tlpu BpameHnn NpsMOYTOJIBHOTO TPEYTOJIbHUKA BOKPYT €ro KaTeTa, HoJdydaeM:
a)yCeUeHHBIN KOHYC; O) HIMJIMHIp; B)IIap; T) KOHYC.

3. Tlpu BpameHnn IpSIMOYTOJIBHOM TpAIEIUK BOKPYT €¢ OOKOBOI CTOPOHBI, MOTyYaeM:
a) MWIMHAP; 0) YCeUEHHBIN KOHYC; B) KOHYC; T) IIap.

4. Tlpwu BpallleHHH MOJIYKPyTra BOKPYT €ro JUaMeTpa, MoJIydacMm:
a)yCeUeHHBIN KOHYC; ©O) HIMJIWMHIp; B)IIap; T) KOHYC.

5. OceBbIM CE€YeHUEM LMIHH/PA SBISIETCS:

a)Kpyr; 0) paBHOOEAPEHHBIN TPEYTONbHUK; B)TpaNels; I)IPIMOYTOJIbHUK.
6. OceBbIM CEYEHHEM KOHYCA SABJISETCS:

a) paBHOOGAPEHHBIN TPEYTOJIbHUK;  O) MPSIMOYTOJIbHUK;

B)Tparneius; T)KpYT.
7. OceBBIM CEYEHHEM YCEUEHHOTO KOHYCA SIBIISICTCS:

a) Tpareuus; 0) IpSIMOYTOJILHUK; B) KPYT;
') paBHOOEPEHHBIN TPEYrOJIbHUK.
8. CeueHnue mapa mioCKOCThIO €CTh:
a) paBHOOEPEHHBIN TPEYTONbHUK;  0) IPSAMOYTOJIbHUK;
B)Tparienus; T)KpYT.

9. Harucatb hopMyny /i BEIYMCIEHHS 00bEMA UIUHAPA.
10.Hanucats popmyiny A BbIUKCIEHUS] 00bEMa KOHYcCA.
11.Hamucats opmymy ass BeIYMCIeHUS 00bEMa yCEUEHHOTO KOHYCA.
12. Hanucats popMyity 15l BBIYMCIIEHUS IJIOLIAIA KpyTa.
13.Hamucats hopmMyiy Asisi BBIMMCICHUS JJIMHBI OKPYKHOCTH.

BBaI/IMOHpOBepKa MATEMAaTUYCCKOro JUKTAaHTa.

JonojiHUTEeIbHAA HH(POPMALIUA 0 KOHYCE H 1Iape

1. B reosoruu cymiecTByeT MOHATHE KKOHYC 8bIHOCA». DTO popMa penbeda,

o0Opa3oBaHHas CKOIJIEHUEM 0OJIOMOYHBIX TOPO/I (TAJIbKH, TPABHsI, T€CKAa), BBIHECEHHBIMU

TOPHBIMU PEKaMU Ha MPEATOPHYIO PaBHUHY UJIU B O0Jiee IIOCKYIO IIUPOKYIO JOIHHY.
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2. B Guonoruu ecTh MOHATHE «KOHYC HaApacmanusy. ITO BepXylika mobdera u

KOPHSI paCTeHHH, COCTOSIIIAs U3 KIETOK 00pa30BaTeIbHONM TKaHH.

3. «KoHnycamuy» Ha3bIBAETCSA CEMEUCTBO MOPCKUX MOJLITIOCKOB TOJIKIacca
nepeaHekadepHbiX. PakoBuHa koHnveckas (2—16 cm), ssipko okpanieHHas. KoHycoB cBbIle
500 BumoB. )KUBYT B TPOTIMKAX U CYOTPOMUKAX, SIBISTFOTCS] XUIITHUKAMU, UMEIOT SJTOBUTYIO
xKene3y. YKyC KOHYCOB O4eHb OoJie3HeH. 3BecTHbI cMepTenbHbIe citydan. PakoBUHbI
HCIIOJIB3YIOTCS KaK YKpaIIeHUs, CYBEHHUPHI.

[To craTucTrke Ha 3emiie eXeroaHo THOHET OT pa3psAI0B MOJIHUIN 6 YeIOBEK Ha

1000 000 >xuTerneli (darie B FOKHBIX CTPaHAX). DTOTO OBl HE CITYy4aJIOCh, €CITU OBI Be3/Ie
OBLITM TPOMOOTBO/IBI, TAK KaK 00pa3yeTcs KoHyc 0e3omacHocTH (puc. 6). Uem Beiiie
TPOMOOTBOJI, TEM OOJIbIIIE 00BEM TAaKOTO KOHYca. HeKOTOpbIE JIF0I TBITAIOTCS
CHPSITaTbCA OT Pa3psA0B MO/ AEPEBOM, HO JIEPEBO HE IPOBOIHUK, HAa HEM 3apsiJIb
HAKaIUIMBAIOTCA U JIEPEBO MOXKET ObITh HCTOUHUKOM HaMpPSHKEHHUS.

Pue. 7

B reomeTpuu map onpeaensercs Kak HEKOE Tel0, IpeacTaBisonee coooi
COBOKYIIHOCTbH BCEX TOYEK NPOCTPAHCTBA, KOTOPBIE PACIOJAraTcs OT LEHTpa Ha
paccTtosHuHU, He OoJee 3aJaHHOTr0, Ha3plBaeMoro paguycoM mapa. [floBepxHoCcTh
mapa uMeHyercs chepoii, a cam OH oOpasyeTrcs MyTeM BpalleHUs MOJYyKpyra oKoJo
€ro AuamMeTpa, OCTAUIEr0Cs HEMOIBUKHBIM.

C 5TUM reoOMeTpUYECKUM TEJIOM OUYEHb YACTO CTAJIKUBAIOTCSA UHKEHEPHI -
KOHCTPYKTOPBI U apXUTEKTOPbI, KOTOPBIM YAaCTO NPUXOAUTCS BBIYUCIATH 00BEM
mapa. CkaxxeM, B KOHCTPYKIIUH NepeHeNd MOABECKH MOaBIAI0NEro 60IbIINHCTBA
COBpPEMEHHBIX aBTOMOOMIIEN UCHOJIB3YIOTCS TaK Ha3blBae€Mbl€ IAPOBBIE OMOPHI, B
KOTOPBIX, KaK HETPYAHO J0rajgaThCcs U3 CaMOro Ha3BaHUs, OJJHUMHU U3 OCHOBHBIX
3JIEMEHTOB ABIAIOTCA UMEHHO mapbl. C UX MOMOIIbIO IPOUCXOJUT COCIUHEHUE
CTYNHUIl yIpaBiIseMbIX KoJeC U pbldyaros. OT TOro, HACKOJbKO MPaBUIBHO

OyleT BBIUMCIEH UX 00BEM, BO MHOTOM 3aBUCHUT HE TOJIBKO JIOJTOBEYHOCTh ITUX
y3J0B M MPaBUJIBHOCTh UX pabOThl, HO U 0€30MaCHOCTH JABUKECHHUS.

B TexHHMKe mmpouyaiinmee pacnpoCTpaHEHUE NOJYYHUIIN TaKue AeTallu, Kak
IapUKOBBIE MOAMMUITHUKH, C TOMOIIBI KOTOPBIX NPOUCXOJUT KPENJIEHUE OCEN B
HEIMOJBMXHBIX YAaCTAX Pa3IUYHBIX y3J0B U arperatoB U obecneynBaeTcs UX
BpameHue. CiaeayeT 3aMeTHTh, YTO MIPH UXpacyeTe KOHCTPYKTOpaM TpedyeTcss HalTH
00beM mapa (a TOYHEe — MapoB, MOMeENaeMbIX B 0001WMY) ¢ BBICOKOUW CTENEHBIO
TOYHOCTHU. UTO KacaeTcss U3roTOBJIEHUS METAIUIMYECKUX IIAPUKOB 1
NOJAIIMIHUKOB, TO OHU MPOU3BOJIATCSA U3 METAIINYECKON NPOBOJOKH NIPU MOMOIIHU
CIIO)KHOTO TEXHOJOTHYECKOTO Mpolecca, BKJIoYalnero B ce0s craauu GopMOBKH,
3aKajaKH, rpyooi mndoBKU, YUCTOBON NPpUTUPKHU U ouncTKkU. KcTaTu rosops, Te
HIapUKH, KOTOPBIE BXOAAT B KOHCTPYKIIUIO BCEX MIAPUKOBBIX PYUEK,
M3TOTaBJINBAIOTCS IO TOYHO TAKOW K€ TEXHOJOTHH.
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JIocTaTOYHO YacTO IIaphl HCIOJIB3YIOTCSA U B apXUTEKType, MPUUYEM TaM OHH dalle
BCETO SBJISAIOTCS JICKOPATHBHBIMHU dJ€MEHTAMH 3JaHUM M IPYTUX COOpyxX eHuil. B
OOJIBIIMHCTBE CIy4yaeB OHM M3TOTABJIMUBAIOTCS U3 I'PAHUTA, UTO 3a4acCTyI0 TpeOyeT
00JIBIINX 3aTpaT pydyHoro Tpyaa. KoneuHo, co6a0aaTh CTONb BHICOKYIO TOYHOCTH
U3TOTOBJICHHUS 3THX IIAPOB, KaK T€X, KOTOPbIC MPUMEHSIIOTCS B Pa3JIMYHBIX arperarax
U MEeXaHHU3Max, He TpedyeTcs.

be3 mapoB HembIcIMMa Takas MHTEpeCHas U NMONyJspHas urpa, kak ounesapa. Ans
UX NMPOMU3BOJCTBA UCIOJB3YIOTCS pa3jMyHble MaTepuaiabl (KOCTh, KAMEHb, METAJLI,
IJIACTMACChl) M UCIOJb3YIOTCS pa3IMUHble TEXHOJOTHYeckue npomneccsl. OQHUM U3
OCHOBHBIX TpeOOBaHUM, MIPEABABISIEMBIX K OUIbAPAHBIM LIapaM, SIBISETCA UX
BBICOKAsl IPOYHOCTh U CIOCOOHOCTH BBIAEPKUBATh BBICOKME MEXaHUYECKUE HArpy3KH
(mpexnae Bcero, ynapuele). Kpome Toro, ux noBEpXHOCTh JOJIXKHA NIPEICTABIATH
co0o0il TouHyto cdhepy Ansd TOro, 4ToObl 00ecneurBajoCh MJIABHOE U POBHOE KaueHHUE
10 HOBEPXHOCTH OUIbAPAHBIX CTOJOB.

HaKOHeI_I, 0e3 Takux rcOMCTPUYCCKHUX TCJI, KaK IIapbl, HC O6XOI[I/ITC$[ HHX OAHA
HOBOTOJAHASA UJIXW POXKACCTBCHCKAA CJIKa. HN3roraBauBamwTCsa 3THU YKpamicHus B
OOJBIIMHCTBE CJIy4acB M3 CTCKJIa MECTOAOM BbIAYBAHUA, U IIPHU UX ITPOU3BOACTBC
HauOoJbIIece BHUMAHUC YACTACTCA HEC TOUYHOCTHU Pa3sMCpPoOB, 4 5CTCTUYHOCTHU
H3I[e.]lPII>i. Texnonorunueckui nponecce nmpu 3ToM NpakKTH4YCCKHU IMOJHOCTBIO
ABTOMATU3HUPOBAH U BPYUYHYIO CJIOYHBIC IIAPbl TOJIBKO YIIAKOBBIBAKOTCH.

IIpakTnyeckoe 3ansaTue Ne 73

Tema: KontponbHas pabota
Hean: IIpokoHTpOIMPOBATH YPOBEHDb YCBOEHUS TAHHOUW TEMBI.

1 BapuaHT

1. Pa3zBepTka OOKOBOH MOBEPXHOCTH IWJIMHIApA SIBJSIETCS KBaapaTOM, JMAroHalb KOTOPOTO
paBHa 10 cm. Haiiaure miommaas 60koBOM MOBEPXHOCTH IHIKMHAPA U 00BEM
2. TImockocTh, MapaiielibHas OCH MWJIHHJIPA, OTCEKAET OT OKPYKHOCTH OCHOBaHUs Jyry B 120°.

BricoTa mwimHapa paBHa 5 cM, paadyc HWIMHIpa 2 \/1_3 cM. Haiinure miomans ceyeHus U
00beM
3. OceBoe ceueHHe LWIMHIpPAa — KBaJpaT, IJIOMIAb OCHOBAHUS IMJIMHIApa paBHa 167 oM.
Haiinure nuomane NOBEpXHOCTH HWIMHIPA, 00bEeM
4. BricoTa kKoHYyca paBHa 6 cM, yroJ IpHu BepLINHE 0ceBOro ceueHus pasex 120°. Haiinure:

a) IUIOIIA/Ib CEYEHUsI KOHYCa MJIOCKOCThIO, POXOASIIEH uepe3 Be 00pa3yolue, yroj MexIy
KoTopsIMH 30°;

0) ruromaab 60KOBOM MOBEPXHOCTH KOHYCA.

B) 00bEM
5. lnametp mapa paBeH 2m. Yepe3 KoHell AuaMeTpa MpoBe/ieHa IIOCKOCTh MoJ yriioMm 45° k
Hemy. Haliaure miinHy nuHumn nepecedenus chepbl 3TON IIOCKOCTbIO.

2 BapHaHT
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1. Pa3Beprtka OOKOBOW TMOBEPXHOCTH IWJIMHApPA SIBISETCS MPSIMOYTOJIHHUKOM, HArOHANb
KOTOpOro paBHa 8 cM, a yron wmexay nauaroHamsmu 30°. Haiinure momaas OOKOBOM
MOBEPXHOCTHU IMIMHIPA, 00bEM
2. CeueHue UWIMHJPA IUIOCKOCTHIO, MApaUIeTbHOM ero ocH, ecTh kBaapaT. CekyIas MiI0CKOCTh
OTCEKAaeT OT OKPYXXHOCTU OCHOBaHHUs Ayry B 90°. Pannyc ocHoBaHMs LMIMHIpa paBeH 4 CM.
Haiigute mnomans ceyeHus, 00beM
3. OceBoe ceueHWe IMWIMHIPA — KBAApaT, AUaroHandb Kotoporo 4 cm. Hailimurte mmomans
MOBEPXHOCTH IMIIUHIPA, 00BEM
4. Panmuyc OCHOBaHMS KOHyCa paBeH 6 cM, a 00pasyrolias HaKJIOHEHA K MJIOCKOCTH OCHOBAHUS
nox yriom 30°. Halinure:

a) IUIOMIAJh CEUYEHUS KOHYCa TUIOCKOCTHIO, IPOXOSIIeH depe3 1Be 00pa3yrolIne, yroil MeX1y
KoTopbiMHU 60°;

0) mromra b OOKOBOM MOBEPXHOCTH KOHYCA.

B) 00beM
5. Jluametp mapa paBen 4m. Uepes KoHeEI [uaMeTpa MpoBeAeHa MIOCKOCTh o yriaom 30° k
Hemy. Haliaurte momanps cedeHus mapa 3Toi IIOCKOCTBIO.

IIpakTyeckoe 3ansaTue Ne 74
Tema: [leiicTBUs C BEKTOpaMu, 3alaHHBIMU KOOPJMHATAMU
Heab: O600IUTH U CUCTEMATU3UPOBATH MaTEPUAII IO TAHHOW TeMe

Teopetnueckuii 6110k

q)OpMy.]II)I ACJICHHA OTPC3Ka B JAHHOM OTHOUICHWH Ha IIJIOCKOCTHU

Eciu u3BeCTHBI 1BE€ TOYKHU INIOCKOCTH Alx g Fa). Blx5 7 5) TO KOOPJAMHATHI TOYKH M(Xpq0 Pae)
b ]

Abd
KOTOpas AenuT otpe3ok A5 p orHomenun  EM | pripaxaroTcs Gpopmynamu:
X Xyt Axg Vet Ay
ST e P
[Tpumep 1

HaiiTi koopnHAaTBI TOUKH M | nensmeit orpesok AE B oTHOWEHNM 113 ecru u3BecTHBI

Ard 1

Pemenue: B nannoii 3agaue S 3 Tlo popMynam JeneHus OTpe3ka B JaHHOM

OTHOUIEHUHU, HANAEM TOUKY M(Xaa2 F 1) :

1
xM:xA+ﬁ.xB=5+§'(_3)=5—1=4E=3
1+ 4 1+ 1 4 4
3
1 1 8
4= (-1) 3-- 2
_Yat A ¥a i (}= =i=§.i=2
1+ 4 1 L 4 % 34



OTBerT: M(3,2)

B 3aaa4e€ HE Tpe6yeTc;{ CTPOMUTH YEPTEkKA, HO €TI0 BCEraa IMOJIC3HO BBIIIOJIHUTh HA YCPHOBUKE:

Add 1

JeiicTBuTensHO, cooTHomenne 54 3 ppmonusercs, To ecth otpesok AM B Tpu pasa kopoue

OTpe3Ka EM  Ecnm MIPOTIOPITUS HE OYEBHJIHA, TO OTPE3KHU BCET/Ia MOXKHO H3MEPUTh OOBIYHOM
JIMHENKOM.

[Ipumep 2
JIaHbBI TOUKH KCZDL05:-9 Hajiry:

a) Touky M | nensmyro orpesok XL B otHOmeHHH 277
6) Touky # , nensmryro orpesok £L B orHomennn 43,

[Tpumep 3

Touxa £ npunamnexur orpesky £47 . UspectHo, uto otpesok L% B 1Ba pasa nnuHHEe

Dz 4), P[E, 2] |

orpeska 7. Haiitu Touky 7, ecnn

Pemenne: 13 ycioBus cIeayer, 4To Touka & nemut orpesok &4 B ornomennn <1, cunras ot

DP
A==tz

BEPIIMHBI ', TO eCTh, CIIpaBeUTHBA TIPOMOPIIHS: AP Tlo ¢popmynam meneHus oTpe3ka B
JAHHOM OTHOIIICHHUU:

n+ A Xy Yo+ A ¥g
XP == = =

1+ 4 1+ 4
§= 21’ E;H =24 ExH=§-3:‘>2+ Trg= 8= 2xg=6=xg=1
+

2=%:4+2yﬂ=ﬁjzyﬁ=zﬂyﬂ=1
+

OTBerT: 231
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[Tpumep 4

Touka # € A5 Orpesox M p nonropa pasa kopoue otpeska AM | Haiitu Touky 4, ecan

U3BECTHBI KOOPMHAT TOYEK B(2,0),M(-11) )

Pemenue B konie ypoka. OHO, KCTaTH, HE €IUHCTBEHHOE, €CJIM IMONWIETE OTIUYHBIM OT o0pasia
myTéM, TO 3TO He OyzeT omMOKOM, rTaBHOE, YTOOBI COBIIAJIM OTBETHI.

qDOpMy.]'IBI ACJIICHUA OTPE3Ka B JAHHOM OTHOLICHWH B IIPOCTPAHCTBE

I[J'ISI IIPOCTPAHCTBCHHBIX OTPE3KOB BcE 6yz[eT TOYHO TakK K€, TOJIbBKO ,I[O6aBI/ITC$I el ogHa
KOOpAuHara.

Ecnu u3BecTHBI ABE TOUKU POCTPAHCTBA AX g ¥ 4320 55 P 25) , TO KOOPAUHATHI

Add
. . dg=_"
touxn s Fae:Zae) | xoropas memar otpesox A B oromennn  BM | pripawatorcs
bopmynamu:
X Xyt Ao _¥at Aoy z _Zy+ Az
MU wwa M ea M 1y
IIpumep S

A(-2,-3-4), B(2Z,

JlaHbl TOUKH —4.0) . HailTu koopAnHATBI TOUKH M , IpUHAIeKAIIEeH

orpesky AF ecnu usBectro, uro AM 1 BM =4: 2
Pemenne:

ITo hopmynam KOOpAMHAT CepeTUHBI OTPE3Ka:

L _+22_2 . e S O D1
My 3 1+2 3T Mg

4
3

[Ipumep 6

B(-52.3), (4, 2,

I[aHBI TOYKH - 53' . Haiitn KOOpAWHATBI TOYKH 4 , €CJIM U3BCCTHO, YTO OHA

ACJIUT OTPEC30K B B OTHOILICHUH a1 .

DopMyIbl KOOPJUHAT CEPEIUHBI OTPE3Ka
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A | wacms M 1 yacme B

Y Vi, = Yat¥e

X
A 2 M 3

I[J'IH IIPOCTPAHCTBCHHOI'O ClIy4das CIIpaBCAJIMBA OYCBHUIHAA aHAJIOT'UA. Ecmu JaHbl KOHIIbI

0Tpe3Ka‘4(xA=J’ 450 By ¥pag) , TO KOOPJIMHATHI ero cepeannbl M BripaxaroTcs popMynamu:

_tat s ¥ _Yat¥s o _ZatZs

X
M 2 A 2 M 2

IIpumep 7

[apamtenorpamm 50D 3a5an koopauHaTamMu cBOKX

A(-4,0), B(4,4), (7, 2), D(-

BEPIINH L-2) . Haititu TouKy nepeceyeHust ero quaroHaien.

Pemenue:

ITo HU3BCCTHOMY CBOﬁCTBy, JUuaroHalivd mnapajuicjiorpamma CBOCH TOYKOM

MNEepECCUCHUA D(IG, ‘PG} ACJIATCA TIOII0JIaM, ITO9TOMY 3a/lavy MOKHO PECIINTh ABYMSI croco0aMH.

Cnoco0 nepBbIii: PaccMOTpUM ITPOTHBOIIOJIOKHBIE BEPIIMHEI A-40), €7 2) . ITo popmynam
JIeJIEHUs OTPe3Ka I0I10JIaM HalIEM Cepeluny quaroHajiu AL
g+ & —4+7 3 Yat+¥s 0412
xﬂ = = =—, = = 1
2 2 2 2 2

O[—; 1]
B pesynbrare: 2

B4 4), Di-1,

Cnoco0 BTOpoii: PaccMOTpUM NPOTHBOIOJIOKHBIE BEPILIMHBI =2 o bopmynam

JleJieHus OTpe3Ka MoMoaaM HalliéM cepeuHy auaroHam 547

¢
Takum oOpazom: 2

3]
OT1BerT: 2
[Ipumep 8

5 1 1
(ildz) ;
Jlanbl TOUKH 3 4 2 . Haiitu cepenuny & orpeska @,

[Tpumep 9
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Touka ¥ nemur orpesox AZ nmonomam. Haittu Touky &, ecrn m3BecTHBI

rouxy A& 03 MG -4 1)

Pemenne: Vicrionszyem (popMyiibl KOOpAUHAT CEPETUHBI OTPE3Ka:

I+ X Ya+¥ Zy+z
At Az at Ve atZp
Kpy=——= Ypo=——"=— Fae=— =
¥ » Yae » Im
2 2 2
HaMm HemsBecTHBI KOOpauHAThl -2 ¥ 222 1 cHOBA MOXKHO BBIBECTH OOILIYIO GOPMYITY IS MX
HaXO0XJIECHUs, HO rOpa3Jio Jerye cpa3y MOACTaBUTH YUCIIA. TONBKO MPONOPLUAMHU BEPTH:

52 2+ xp

=2+xip=10=zxp=08

—4=D+23”3 =y =—8

-3+ zZp

1= =-it+zpg=2d=>zp="5

Orger: B 53]

IIpakTuyeckoe 3ansaTue Ne 75
Tema: CkansspHoe NPOU3BEACHHUE JIBYX BEKTOPOB
Heab: HayuuThs BEIUUCIATH CKAIAPHOE MTPOU3BEICHUE ABYX BEKTOPOB

Teopetnueckuii 6110k
Onpeneaenne: CKanspHbIM IPOU3BELCHNUEM IBYX BEKTOpOB Z 1 £ HaspiBaercs 4mco,
paBHOE NMPOU3BEJICHHIO JUIMH 3TUX BEKTOPOB Ha KOCUHYC yIJIa MEXy HUMHU:
T b= |c7||§| cos (@ B)

OGo3HaueHNe: CKASPHOE IPOM3BeeHIe 0603HaYaeTcs yepes & & ym

IIpumep 1
. Fl=2. Fl=5 z@mn=Z
HaiiTu ckanspHoe rnpousBeieHne BEKTOPOB ¥ U & ecim 6

Zh = |§| |5| coss (@A)

Pemenne: Vcnons3zyem dpopmyiy . B nannoMm ciyudae:

aE:|§|.|E|-|:osi(.:T;5j: 2.5 cosg:m-gz 5.3

OtBer: b = 5’“’@

[Ipumep 2

Fl=3. f|=+2

o 1 {u]
Haittu ©¢ | ecin , @ YTOJI M€Ky BEKTOpaMU paBeH 1357

Yron MCKAY BEKTOPAMH U 3HAUYCHUC CKAJIIPHOTO IPOU3BEACHUA
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B IIpumepe | ckanspHOe Ipou3BEAEHNE OTYYMIOCH TOJIOKUTENBHBIM, a B [Tpumepe 2 —
OTpHULATEIbHBIM. BBISICHMM, OT 4ero 3aBUCHT 3HAK CKaJIIPHOTO Npou3BeacHus. CMOTpUM Ha

T b= |cT| |E| cos (@ B

|§|::-D,|E|::-D

Haiy Gopmyny: . JINMHBI HEHYJIEBBIX BEKTOPOB BCEIrAA

MIOJIOKUTEIIBHBIL:
KOCHHYCA.

, [IOOTOMY 3HAK MOJKXCT 3aBUCCTHb TOJIbBKO OT 3HAYCHUS

< Sl b <
yFOJ’I MCXKAY BCKTOPAaMHU MOXKCT N3MCHSTHCS B npez[enax EI _i(ﬂ' ’ b :I =

BO3MOJKHBI CJICAYIOIINUC CIIyUaun:

, H IIpU 9TOM

e T
0«20, b)) < —
1) Eciin yroJ1 Mexay BEKTOpaMu OCTPBIN: 2 (ot 0 10 90 rpaaycoB),

cos (@ b)) =0 =L .
TO (@ 4) , 1 CKAJISIpHOE NIPOM3Be/IeHne Oy/1eT MOJI0KUATEIbHBIM: i >0 Ocobprit
CIy4aii: €CIi BEKTOPBI COHANpAasieHvl, TO Yol MEKIY HUMH CUATACTCSI

L@ E)=0

HYJICBBIM , 1 CKAJLIPHOC ITPOU3BCACHNEC TAKIKC 6y,I[eT ITOJIOKUTCIIbHBIM.

7.5 =la B
Mockomsky £950=1, 10 hopmyna ynpomacres: d H

R es@By e
2) Ecnu yroJ Mexy BeKTopaMu TYHOIi: (ot 90 mo 180 rpamycon),

cos i@ b)) <0 . Th
TO Z.&) , 1, COOTBETCTBEHHO, CKAJISIPHOE NIPOU3BEJAeHNE OTPUIIATEILHO: b <0
Oco0blii Ciydaii: eciii BEKTOPbI HAnpasieHvl NPOMu8ONoL0NCHO, TO YIoJl MEKIY HUMH

LaB=n

CUUTACTCS PA3BEPHYMBIM. (180 rpagycoB). CkansipHoe POU3BEACHHUE TOXKE

OTPUUATENBHO, TaK Kak C28T = -1

CrpaBe/UIUBBI U OOpaTHBIE YTBEPKICHUS:

1) Ecnn Zb >0 1o YTOJ MEXIY JaHHBIMH BEKTOpaMu OCTphIil. Kak BapuaHT, BEKTOPBI
COHAIIPABJICHBI.

2) Eeon @2 <0 10 yrom Mex 1y JJaHHBIME BEKTOpPaMHU TYIOif. Kak BapuaHT, BEKTOPI
HaIpaBJIEHbI IPOTHUBOIOJIOKHO.

Ho oco0bl1it nHTEpec npencTaBiseT TpeTUit ciryyait:

I

SlE b= —

3) Ecnu yroJ mexnay BeKTOpaMy NPAMON: 2 (90 rpamxycos),
T
cos—=10 L
TO 2 ¥ cKaIsIpHOe npom3Benenne pasuo nymo: 22 =0 O6parnoe Toxe BepHO:
L s hy=2

ecn &2 =0 1o 2 . KOMITaKTHO yTBepsKIeHHe (popMyHpyercs Tak: CKaJspHoe

NMPOU3BECIACHHUE IBYX BEKTOPOB PABHO HYJII0O TOIrAAa U TOJBKO TOrAa, Korjaa 1aHHbIC

BEKTOPHI OPTOroHaIbHbI. KopoTkas Matemarnueckas sanucp: 22 =0 L&

A uro Oyzer, eciii BeKTOp ¢ yMHOXUTb Ha camoro cebs? [IoHsTHO, 4TO BEKTOp
COHAIpABJIEH caM ¢ COOOH, MO3TOMY IOJIb3yeMCs BhIIIEyKa3aHHOH YIPOIIEHHON (pOpMYIIOi:

22 = B[]

Nmn:
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— — 1
Yucno ¢ HaszpBaeTCs CKAJAPHBIM KBaJPaTOM BekTopa # , 1 0003HauaTCs Kak &

Taxum oOpazom, ckaJsIpHbIA KBAAPAT BEeKTOpa ¥ paBeH KBAAPATY AJHHBI JAHHOIO
BeKTOpa:

_ ]
z* =]

s JaHHOI'O paBC€HCTBAa MOXKHO ITOJTYYUTh (bOpMy.]'Iy JJId BBIYMCIICHUA AJIMHBI BEKTOPA:
— —2
|=a

J,b,F
J171s1 IPpOM3BOJIBHBIX BEKTOPOB ~ *~ *~ W JH00O0TO YKCIa A CIIpaBEJIUBBI CIACAYIOIINE
CBOIiCTBA:

1) @b =5Z _ yepemecTHTEIBHBIN HIH KOMMYTATHBHBII 3aKOH CKAIIIPHOTO [POM3BEICHIS.

2) @+o)e=ar+bs _ pacnpeenuTeNbHbINA WK AUCTPUOYTHBHBIN 3aKOH CKAJIIPHOTO

IIPOU3BCACHUS.

3) (43) & = alak) _ coueTaTeNbHbII U acCOMATHBHBIN 3aKOH CKAJIIPHOTO
npousBeneHrs. KOHCTaHTy MOJKHO BBIHECTH U3 CKAISIPHOTO MTPOU3BEICHUS.

[Ipumep 3

HaiiTi CKaIspHOE [IPOU3BELCHHE BEKTOPOB & = 2% +& yd =3-F  ecnu u3sectno,
=42, [F|=8 <@5 =‘§

4TO :

Pemenue:

Fod=t

=({-2@+b)(g-b1="
=-2&-Z+k a+2a-b-b b=
=-2a'+a-b+2z b b=

=27 +3gh-h*="
= ~2f +3- | B| cos 2@, 5) - ] =
5

:—2.(4ﬁ)2+3.4ﬂ.8.c051ﬁ—82 :—64+96J§-;—64:—32

(1) TToacTaBIIseM BBIPKEHHS BEKTOPOB © *
(2) PackpbiBaeM CKOOKH MO IIPABHITY YMHOXKEHUSI MHOTOUYJIEHOB

(3) B mepBOM 1 mociieTHEM ClTaraéMOM KOMITAKTHO 3aIMChIBAEM CKAJIIPHBIE KBAaIPaThI

— - -1 T r_ 11
F-d=a b=k
BEKTOPOB: : . Bo BTOpOM ci1araeMom HCITOJIb3yeM MepecTaHOBOYHOCTh

CKaIPHOTO Tpon3BeeHms: &+ & = & - &

(4) TIpuBomM nosio6HbIe craraemere; & & +2d -5 =37
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—a 2

=z o
(5) B IEPpBOM CJIaracMoOM HCIIOJIb3YyCM (bOpMyHy CKaJIApHOTO KBaapaTa | | , 0 KOTOpOou
HC TaK JaBHO YIIOMHWHAJIOCh. B IIocjaeaHEM cliara€MomM, COOTBETCTBCHHO, pa60TaeT Ta XKE

52 =pf
ITyKa: |b . Bropoe craraemoe packiiagpiBaeM 1o CTaHAapTHON
T b= B cossi@ b
bopmyie |ﬂ| |b| @.5) .
— -

E|=4+2, B|=8 Z@&==
(6) Iloacrapisiem TaHHBIEC YCIOBHS 4 , 1 IPOBOJIUM
OKOHYATEJIbHBIC BEIYUCIICHHUS.

Orser: 7d =—32

OTpunarenbHOE 3HAYCHHE CKAISIPHOTO MPOU3BEIEHUS KOHCTATUPYET TOT (PaKT, YTO Yro

MCXKAY BCKTOpaMHn < d SABJISICTCS TYIIBIM.

Pewmrenne ynpaxHeHwmii:
IIpumep 4

HaiiTi cKatspHOe pousBencHue Bektopos & =—Z + 28 y d == +&  ecny ussectHo,
T

Z|=4. [B]=245, i(a;f?):g
TO .

q

[Ipumep 5

o z|=3 Fl=2 z@B=Z
Haiitu umnny Bekropa © =~ t38  ecym 3
Pemienue

F|= b a+35|= Ja +35) =T —6a8 +35° = jaf —6.[a] | cos 2@ By +9 B[ =

=J33—5.3.2..:o%+9.22 =J9—36%+35=Jﬁ=3£

OTBeT: H: 3”-.'Ifg en. = 5,20 ex.

[Ipumep 6
L =5 [|=10, 5(5;5):2_”
Haiitu winny Bektopa © =Z & | ecim 3

[pumep 7

z|=4, P|=2+2, zF=38

Haiiti yrox Mexy BekTopamn @ u £ | ecin n3BecTHO, 4TO

Pemenue: Vcnonszyem hopmyny:
@ _ 8 _1_
SRR R R

cos (@, B)
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W2

cos (@, B
Hrak, ecnu , TO:

Sk

Z0T, B = arccos g

AF8) =2 pan, = 45°
OTtBerT: 4

[pumep 7*

}5|=3,|E|=4 — 5 Zig b=
— JUJIMHBI BeKTOpOB y nu yFOH Me)KIIy HUMU

bl

JlaHb1 . Haittu yron

MEKILY BekTopamu © = —2& +3b d=4z-3b

3asiaHue 1a)ke HE CTOJIBKO CII0KHOE, CKOJIBKO MHOTOX0/10BOE.
Paz6epém anroput™ perieHus:

1) To ycnosuro TpebyeTcs HaiTH yroj Mexk1y BEKTOpaMu © u d , IOATOMY HY>KHO
~.  &d
cos AT, d )= —
ERE
UCIOJIb30BaTh (hOpMyITy .

2) Haxonum ckansipHO€e MpOU3BEACHUE &d (cm. ITpumepnr NeNe3,4).

3) Haxomum JuMHy BeKTopa & U JUIMHY BEKTOpa d (cm. ITpumepnr NeNe5,6).

4) KonnoBka pemienus copnaaaet ¢ [Ipumepom Ne7 — HaM U3BECTHO YHUCIIO , @ 3HAYUT,

LT d) = arceos [%]

KpaTkoe penienne u oTBET B KOHIIE YPOKa.

JIETKO HAWTH U CaM YroJr

Bropoii pa3nen ypoka MocBsIIEH TOMY ke CKallipHOMY npou3BeaeHuto. Koopaunatel. byaer
Jla)ke MPOLIE, YEM B IIEPBOM YacTH.

[Tpumep &

Haiitn ckansipHOe nmpousBeeHue BEKTOPOB:
2) @ -3 A{-1,0

6) AB g AT e mamp1 Toukn AL =13, 50,12, CE, -4, 0)

Orser: &/ ah=-2 E)AE. AC=6

HpI/I HCKOTOPOM OIIBITC CKAJIAPHOC ITPOU3BCACHUC MOKHO TPUHOPOBUTHLCA CHUTATH YCTHO.

[Ipumep 10
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JlaHbI YEThIPE TOUKH MTPOCTPAHCTBA A4 -3-2), B2 -2, -3), 05 -5 1. D4 -3 -1 )
BbIssCHUTE OyayT JIU IEPIECHIUKYIISIPHBIME CIIEAYIONIHE MPSIMBIE:
a) AR DO

6) AC, 5D

[Ipumep 11
ais A, -2, 5(2—,}1;

[IpH KAKOM 3HAYCHUH “ BEKTOPBI -L3) OyIyT OpTOTrOHAIBHBI?

Pemenne: 110 ycloBHiO TpeOyeTcs HAliTH TAKOe 3HAYCHHE TAPAMeTpa “ , YTOGHI JAHHBIC
BEKTOPBI ObUIM OPTOTOHANIBHEI. /[Ba BekTOpa

IpPOCTPaHCTBA Vv vy v, Wy vy, )

Wy v, iy =0 .

OPTOTOHAJILHBI TOT/Ia ¥ TOJIBKO TOT/IA,
Korja

CocTaBuM ypaBHEHHE:
ah =10
22-D+A -0+ =-2D.5=0

PackpbiBaeM cKOOKM U IPUBOAMM MOAOOHBIE CllaraeMble:
E-31-1-10=0

-4i-4=10

Pemraem mpocreiiniee TMHEHHOE ypaBHEHHE:
-41=4

A=-1

Otser: npu A=-1

[Ipumep 12

I1pH KAaKOM 3HAYCHHH -+ CKaNsIPHOE IPOU3BEICHHE BEKTOPOB Z(2 A),5(2-3) OyzeT paBHO

-27?
HaiiTi cKanspHOE IPOHM3BEICHNE BEKTOPOB - 1 4C T¢ ecm © (0.-32).4(-41.0)
OTO0 mpuUMep I CaMOCTOSTENILHOIO PEHIEHNUs. 31€Ch MOXKHO HCII0JIb30BaTh

aCCOLIMAaTUBHOCTb OIEPALUU, TO €CTb HE CUUTATh ¥ =30.-33=0.-513 , 4 cpasy
BBIHECTH TPOUKY 3a MPEENIbl CKAISIPHOTO MPOU3BEACHHS U TOMHOXKHUTH Ha HEE B MOCIIETHIO0
ouepe/ib. Pemienne u oTBET B KOHIIE YpOKa.

B 3akmouenne nmaparpada mpoBOKaMOHHBIN TPUMEP Ha BBIYUCICHUE ITTHHBI BEKTOPA:
[Ipumep 16

JlaHbl TpU BEPILIMHBI TPEYTOJILHUKA AL 0L 5(3 2. 03 -4 . Haitn £A5C (yron mpu
BepmmHe &),
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Pemenue: [1o ycioBuro uepTéx BHIMOIHATE HE TPEOYETCsI, HO BCE-TAKH:
. A , : ; :

Haiiném BekTOpBI:
BA(-1-3,0—-2)= BA(—4, — 2
BC(5-3 —4-21=BC(2 -6

Brruucnum ckanspHoe NpOu3BEACHUE:
BA.BC =—4.2-2.(-6)=-8+12=4

W nnvHBI BEKTOPOB:

|E|=ﬂ;'(—4)2 +(=2* = f16+4 =./20=2.5
|ﬁ|:,323+(—6 Y= 4436 =040 =2.10

Kocunyc yrna:

— — Bd.BC 4 1 1
cos A BA BCNY = — = = =
( ) gl [Bc| 245 210 500 5.2
casi(ﬁ;ﬁ)=iﬂ'gc = —4-2-2 () =
BA|-BC|  Jia? (=27 2+ (67
—8+12 4 4 4 1

T 1644 JA136 20 40 JB00 2042 542
Haitném cam yrou:

i(ﬁ; E}I = ArcCos L 1 A5 pag = 82"

542

1
ZABC = arccos —— s 1,43 pag, = 227
OTtBerT: 5*-"5

ITpumep 17
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B npocTpaHcTBeE 3aaH TPEYrOJIBHUK KOOPAUHATAMU CBOUX
BEPILIUH ALLD 4(50:0), 42 37) . Haiitu yron mexnay cropoHamu A4, u A4

IIpakTnueckoe 3ansaTue Ne 76

Tema: KontponpsHas pabora
Heas: [IpoBepuTh ypOBEHb YCBOCHUS JAHHOM TEMBI Y YUaIHXCS

BAPUAHT 1.
1. JlaHBI KOOPJAWHATHI TOYEK C(3 -2, l) D(-1; 2; 1), M(2; -3; 3), N(-1; 1; -2). Haiigute

KOCHHYC yIJIa MEX]ly BEKTOpaMHt CD u MN.

2. Tlpu kakoM 3HaueHWM (3HAYCHHSX) d BEKTOPBI 5(6 -k k 2 u 5.(-3; 5 + 5k; -9)
HEePIICH UK YIIAPHBI?

3. Ilpu kakoM 3HAUYEHHUH d BEKTOPHI AMu CD KOJUTMHEApHBI, ecu A(-2; -1, 2), B(4;
-3, 6), C(-1; a-1; 1), D(-4; -1, a)?

4. MWseectHo, uto |a| = 4, |&] = 1, L(é, é) = 60°. maiiure cos o, Tae o - yroia Mexmy
BEKTOPaMH 5.+§. u é.

5. Haiigure iy Bektopa a+a—~n, ecmm |a| = 1, |&] = 2, || =3, 4(5, 5) = 90°, 4(5, FNI) =
120°, /(&,7) = 60°.

6. B kyb6e ABCDA1B1C1D1 Touka M nexut Ha pedpe AA1, npuuem AM : AM; = 3: 1, a Touka

N — cepeauna pebpa BC. Beruucnure kocunyc yria mexay npsmeivu - a) MN u DD1; 6) MN
u AlC.

BAPI/IAHT 2.
1. [laHBl KOOPJIMHATHI TOYEK A(] 1, -4), D(2; -3; 1), C(-1; 2; 5), B(-3; -1; 0). Haiimure

KOCHHYC yIJla MEKYy BEKTOpaMu CDu AA.

2. Tlpu kakom 3HaueHun (3HayeHusx) M Bektopel a(4; m - 1, m) u a(-2; 4, 3 - m)
NepPIEeHANKYISPHBI?

3. Ilpm kakoM 3HAYEHUU a  BEKTOPHI W\i 51 ﬁ koyutuHeapHsl, ecn - M(Z;
-2;a), B(-1;,a+ 3;-1), C(-3; 2; 4),D(; -4; 2)?

4. WsBectHo, yto [M| = 2, |n| =3, 4(?71: Fl) = 120° wmaiimure cos a,Tne o - yroi Mexmy
BEKTOpaMu m+num.

5. Haiinute aiuHy BekTopa é—é—ﬁ, eciu |5| =2, |§.| =3, |F]| =4, 4(5.,;?1) = 60°, L(é,ﬁ) =
120°, /(&,7) = 90°.

6. B mnpsmoyromsaoM mapamienenunene ABCDA1B1C1D1 AB = BC = % AA+. Beraucnure

KocHHYC yriia Mexay npsmbiva @) BD u CD1;  6) AC u ACs.

BAPI/IAHT3
1. [laHbl KOOpOWHATHI TOYEK A(] 1, -4), D(2; -3; 1), C(-1; 2; 5), B(-3; -1; 0). Haiimure

KOCUHYC yTJIa MKy BEKTOPAMH CD u AA.

2. Ilpu xakom 3HayeHuu (3HaueHusx) M Bexktopel a(4; m - 1, m) u a(-2; 4, 3 - m)
NEepIEeHIUKYISIPHBI?
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3. Ilpu kakoM 3HaYEHWH a  BEKTOPHI MN CD KoJTHeapHsl, eciin M(Z,
-2;a), B(-1,a+ 3;-1), C(-3; 2; 4),D(L; -4; 2)?

4. U3BecTHO, YTO |ﬁ| =2, |ﬁ| =3, L(ﬁ F\) = 120°. maiiure cOS @, e @ - Yol MEXIy
BCKTOpaMU E’Hrﬁ u H’l

5. Haiigure miMHy BeKTOpa 5—5—%1, eciu |5| =2, |§.| =3 |F]| =4, 4(5,5) = 60°, 4(5,%) =
120°, /(A7) = 90°.

6. B npsamoyroasHom mapamienenunene ABCDA1B1C1D1 AB = BC = % AA,. Berauciure

KocuHyc yria Mmexay npsimeiva - @) BD u CD1;  6) AC u ACh.

Kpurtepuu oneHuBanusi
O1ieHKa «OTJIMYHO» BBICTABIISACTCS CTYICHTY
3a 100% mpaBUIBHBIX OTBETOB;
O1eHKa «XOpOIIO» BBICTABIIAETCS CTYICHTY
3a 75 - 99% npaBUIIBHBIX OTBETOB;
OueHka «yJIOBJIETBOPUTEIIBHOY» BBICTABIISIETCS CTYACHTY
3a 50 - 75% npaBUIIBHBIX OTBETOB;
OueHKa «HEYIOBIETBOPUTEIIBHOY BBICTABIISIETCS CTYACHTY

3a meHee 50% mpaBWIBHBIX OTBETOB.
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OcHoBHas1 JiMTepaTypa:

1. AnnaroB, A. B. Marematuka [DnexkTpoHHbIi pecype] : yueOHoe mocodue ans CIIO / A. B.
AnmaroB. — 2-¢ u3/1. — DJEKTPOH. TeKCTOBBIe naHHble. — CapartoB : [IpodobpazoBanue, Aii
[Tu Op Meaua, 2019. — 162 c. — 978-5-4486-0403-4, 978-5-4488-0215-7. — Pexum goctyma:
http://www.iprbookshop.ru/80328.html

2T'opromkun, A. II. Maremaruka [DnekTpoHHBIH pecypc] : ydeOHoe mocobue / A. I
[opromkus ; mox pen. M. W. Bonuruapa. — DneKTpoH. TeKCTOBbIE naHHble. — CaparoB : Al
[lu DOp Memma, 2019. — 824 c. — 978-5-4486-0735-6. — Pexum pocryna:
http://www.iprbookshop.ru/83654.html

3.KouerkoBa, 1. A. Maremartuka. [Ipaktukym [DneKkTpoHHBIH pecypc] : yuebHOe mocobue / U.
A. Kouetkosa, XK. U. Tumomiko, C. JI. Cene3eHb. — DJIEKTPOH. TEKCTOBBIE JaHHbIE. — MUHCK :
PecnyOnukanckuit MHCTUTYT npodeccuoHanbHoro obpaszoanus (PUIIO), 2018. — 505 c. —
978-985-503-773-7. — Pexxum poctyma: http://www.iprbookshop.ru/84874.html
JlonoJIHUTeIbHAS JTUTEPaTypa:

1.CoBeptkos, I1.L1. CnpaBoyHMK MO 3JIeMEHTapHOM MaTemaTuke : ydueOHoe mocobue / I1..
CoBepTkoB. — 2-e¢ u3na., crep. — Cankr-IlerepOypr : Jlans, 2019. — 404 c. — ISBN 978-5-
8114-4132-7. — TekcT : 3NMeKTPOHHBIH // DNeKTpOHHO-ONOIMOoTe Has cuctema «Jlauby : [caiT].
— URL.: https://e.lanbook.com/book/115529.— Pexwum gocTymna: isi aBTOPHU3. TOJIb30BATEIICH.
2. Anekcees, ['. B. Breiciras MmatemaTuka. Teopust v mpakTuka [ DIEKTPOHHBIN pecypc] : yueOHoe
nocobue misa CIIO / I'. B. Anekcee, . Y. XonsaBuH. — DNEKTPOH. TEKCTOBBIC JaHHBIE. —
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Caparos : [IpodobpazoBanue, Aii [Tu Op Menua, 2019. — 236 ¢. — 978-5-4486-0755-4, 978-5-
4488-0253-9. — Pexum pocryma: http://www.iprbookshop.ru/81274.html

3.Kopobeitnukoa, M. KO. Maremaruka. Teopus BeposTHOCTEH [DIEKTPOHHBIA pecypc] :
yueObnoe mocobue mis CIIO / U. FO. KopobGeitnukoBa, I'. A. TpyOerkas. — DIeKTpoH.
TekcToBbie qaHHbIe. — Caparos : [IpodobpaszoBanue, 2019. — 154 ¢. — 978-5-4488-0344-4. —
Pexxum moctyma: http://www.iprbookshop.ru/86073.htm

HuTepHeT-pecypebl:

e Tasera «MaTemaTuka» U3aaTeabckoro goma «Ilepsoe
ceHTsa0psi»http://www.mat/septemba.ru
MaremaTrKa B OTKphITOM Kojutemke http://www.mathematics.ru
OO6pa3oBarenbHbII MaTeMaTHUecKuii caiiT Exponenta.mhtto://www/ exponent/ru
O6mepoccuiickuii Maremarndeckuii moprain Mati-Net/Ru http://www/mathnet/ru
[Topran Alhnath.ni —Bcst MaTemaTHKa B OTHOM MECTE.
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