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Hosacnumenvnasn 3anucka

Mertoanyeckue peKOMEHJAINUK MTPU3BaHbl OKA3bIBaTh IIOMONIL CTYJICHTAM B
VU3YYCHUU OCHOBHBIX IIOHATHH, WJAEH, TEOPHUM M TIOJOKECHHHM IHUCIUILIMHBI
«MartemaTuKa», H3y4aeMbIX B XOJ€ KOHKPETHOTO 3aHSTHs, CHOCOOCTBOBATH
Pa3BUTHIO UX YMEHUH, HABBIKOB U SABIIIIOTCS OJHUM M3 CIIOCOOOB IPOBEPKU
3HAHUU CTYZECHTOB.

BrimonHeHne yqamuMucs IpakTHIeCKuX padoT HampaBiIeHHO Ha!

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

- (bOpMI/IpOBaHI/IC YMCHI/Iﬁ IMPUMCHATDH ITOJIYUYCHHBIC 3HAHWS Ha IIPAKTUKC U
pcaln3annuro CINHCTBA I/IHTGJIJISKTyaJIBHOﬁ )51 HpaKTquCKOﬁ ACATCIIBHOCTH,

- Pa3BUTHE UHTEIUICKTYAIbHBIX YMEHUH Y OYIyIIUX CHEIUATUCTOB:
AHATMTUYECKUX, TPOCKTUPOBOYHBIX, KOHCTPYKTUBHBIX U JIP.;

- BI)Ipa6OTKy IIpHU pCHICHUH ITOCTABJICHHBIX 3aJda4 TaKUX HpO(I)CCCI/IOHEUIBHLIX
Ka4CCTB, KaK CaMOCTOATCIbHOCTb, OTBCTCTBCHHOCTb, TOYHOCTL, TBOPUYCCKAA
HMHHUIIKMAaTHUBA.

B pesyaprare  um3yueHuss  y4eOHOM — aUCHMIUIMHBI  «MaTeMaTtuka
oOydJaromuiics J0JKEH

AJITEBPA

yMeTh!

®  BBINOJHATH apU(METUUYECKHE NCUCTBUS HAJ YHUCIAMH, COYETas YCTHbIE H
NUCbMEHHbBIE TPUEMBI; HAXOAUTh NPUOIMKEHHbIE 3HAYEHUS BEJIWYUH U
NOTPEIIHOCTA BBIYUCICHUN (a0CONIOTHAS M OTHOCHUTEIIbHAsA); CPaBHHUBATh
YHCIJIOBBIE BBIPAKEHUS;

®  HAXOAWTh 3HAYEHUS KOPHS, CTENEeHH, Jorapudma, TPUTOHOMETPUUECKUX
BBIDAKEHUI HA OCHOBE OIPEACICHHS, HCIONb3ysl MpU HEOOXOIUMOCTH
WHCTPYMEHTAJIbHBIE CPE/ICTBA; MOJIb30BATHCS MPUOIMKEHHOM OLEHKOM Mpu
PaKTUYECKHUX PACUETaX;

®  BBHINOJHATH NPEe0Opa30BaHUsl BBIpAXKEHUM, MpuUMeHss (HOPMYIbI, CBS3aHHBIC
CO CBOWCTBAaMHM CTENEHEeH, Torapu(pMoB, TPUTOHOMETPUYECKUX (DYHKIIHIA;

®  CNOJB30BATh MPUOOpPETEHHbIE 3HAHUS W YMEHHS B MPAKTUUYECKOU
JeSATEIbHOCTH U MOBCEHEBHOM KU3HU:
- U1 TPaKTUYECKUX PacyeToB MO QopmyiaMm, BKIo4Yas (QOpPMYJIbL,
COJEpKaIlhe CTENEeHH, paJuKalbl, Jorapumbl U TPUTOHOMETPHUYECKUE
GyHKUIMH, HUCMONB3Ys MpU HEOOXOAMMOCTH CIPABOYHBIE Marepuaibl U
IIPOCTENIINE BBIYUCIUTEIBHBIE YCTPOKCTBA.
DyHKIUHN U TPAPUKH
yMeTh:



BBIUUCIIATH 3HaUeHHE (QYHKIUH 110 33JJaHHOMY 3HAUYEHHUIO apryMeHTa MpH
pa3IMYHBIX COC00ax 3adaHus PYHKIINU;

OTIPE/IETSATH OCHOBHBIEC CBOIMCTBA YMCIIOBBIX (DYHKUUH, HILTIOCTPUPOBATH UX HA
rpadukax;

CTPOUTH rpaPUKN U3yUYEHHBIX (PYHKIUH, WILTIOCTPUPOBATH MO TpaduKy
CBOMCTBA JIEMEHTAPHBIX (PYHKIINIA;

UCIIONIb30BaTh MOHATHE (DYHKITUH JIJIsI ONTMCAHUS M aHaIN3a 3aBUCUMOCTEH
BEJIMYUH;

UCIIOJIb30BaTh MPUOOPETECHHBIC 3HAHUS U YMEHUS B IPAKTHUECKON

NESATENIbHOCTH U TIOBCETHEBHOM KU3HU JJIS:
-JIJIs1 OIIMCAHUS C MTOMOIIBI0 (QYHKUIMN pa3InYHBIX 3aBUCUMOCTEN,
NPEICTaBICHUS UX TpaQuuecKu, HHTEPIIpeTalun rpaduKoB.
Hauajia maTeMaTH4eCKOr0 aHAJIM32
yMeThb:
HAXOJUTb IIPOU3BOJIHBIE ANEMEHTAPHBIX (PYHKIINH;
UCIIOJIb30BaTh IPOU3BOAHYIO /IS U3YUCHHS CBOUCTB (DYHKIIUI U MTOCTPOCHHUS
rpauKoB;

MPUMEHSATH MTPOU3BOHYIO JIJIsl MPOBEACHUS MPUOIMKEHHBIX BEIYMCICHHM,
pelIaTh 3aJa4n MPUKIAHOTO XapaKkTepa Ha HAXOXKIEHUE HAUOOIIBIIETO U
HAaUMEHBIIIETO 3HAYCHUS;

BBIUUCIIATH B MPOCTEUIITNX CITyYasiX TUIOMIAIN U 00BEMBI C HCTIOIb30BAHHEM
OIIPENEIEHHOIO NHTETPaa;

UCTIONB30BaTh  MPUOOPETEHHbIE 3HAHWS HW yMEHHS B  TMPAKTUYECKOM
NeSITEIbHOCTH Y TIOBCETHEBHOM KU3HU IS
-pelieHus MPUKIaIHbIX 33]]a4, B TOM YUCJI€ COLIMAIbHO-3KOHOMHUYECKUX U
duznyeckux, Ha HanOoJIbIlIee ¥ HAMMEHBIIIEE 3HAUCHUST HAa HAXOXKICHUS
CKOPOCTH U YCKOPEHHUSI.

I'EOMETPUA

yMeTh:

pacmo3HaBaTh Ha 4YepTeXaxX W MOJEIAX MPOCTPAHCTBEHHBIC (HOPMBL;
COOTHOCHUTH TPEXMEPHBIE 0OBEKTHI C X ONMUCAHUSIMH, H300PAKCHUSAMU;
OMHCBHIBATh B3aMMHOE PACIIOJIOKEHUE MPSMBIX U IJIOCKOCTEH B IIPOCTPAHCTRE,
aApeyMeHmupo8ams C8OU CYHCOEHUS 00 IMOM PACNOTIONCEHUU;

aHAIM3UPOBaTh B IPOCTEHIITNX CITydasX B3aUMHOE PacCIIOI0KEHNE 0OBEKTOB B
MIPOCTPAHCTBE;

M300pakaTh OCHOBHBIC MHOTOTPAHHUKH W KPYTJbIE TeJa; BBIMOIHATh
YEPTEXKU 110 YCIOBUSIM 3a]1a4;

cmpoums npocmetiuiue cevenus Kyoa, npuzmvl, NUPAMuUobl,

permarh IUIAHUMETPUYCCKHE M MPOCTEHIIINE CTEpEOMETPUUYSCKUE 3aJa4M Ha
HaXOXKJICHUE TEOMETPUYCCKUX BEIMUMH (JUTMH, YTJIOB, IUIOMIA e, 00BEMOB);
WCITOJIB30BAaTh MPHU PEIICHUH CTEPCOMETPUUICCKUX 3aJ1ay IJIAHUMETPUICCKUE
(baKThl U METOIBI;

MIPOBOJIUTH JOKA3aTEIbHBIC PACCYKICHUSI B XOJI€ PEIICHUS 3a/1a4;



® UCHOJb30BaTh NPUOOpPETEHHBICE 3HAHWSA W YMEHHS B MPAKTUYECKOM
JEATEIIBHOCTH U IIOBCEAHEBHON KU3HU JUISL:

- U1 vccaeaoBanus ( MOIETMPOBAHMS) HECIOKHBIX TPAKTUYECKUX CUTyaIui

Ha OCHOBE M3yUYEHHBIX (JOPMYJI U CBOKCTBA QUTYD;

- BBIYMCIICHUSI OOBEMOB U IIJIOLIAAEH MOBEPXHOCTEN MPOCTPAHCTBEHHBIX TEI

OpU pEUIEHUM MPAKTUYECKUX 3a/4ad, MCHOJb3ySd IpU HEOOXOJUMOCTH
CIIPAaBOYHUKU U BBIYMCIUTEIBHBIE YCTPONCTBA.

B pesynbrate ocBoeHUs y4eOHOM UCIUIUTMHBI 00yUYaIONIHiiCs JODKEH 3HATh:

. 3HAYeHHE MaTeMaTHUECKOW HAYKH Ul PELICHHS 3a]1a4, BOSHUKAIOIIUX B
TEOPUU U MPAKTUKE; LTUPOTY U B TO KE BPEMs OTPAaHUUEHHOCTh TPUMEHEHUS
MaTeMaTHYECKUX METOOB K aHAJIN3y U UCCIIEIOBAaHHUIO TPOIIECCOB U SIBICHUMA
B IIPUPOJIE U OOLIECTBE;

o 3HaYeHHE MPAKTUKUA U BOMPOCOB, BOZHUKAIOIINX B CAMON MaTeMaTUKE IS
(GopMUpPOBAaHUA U PA3BUTHUS MATEMATUYECKON HAYKU; UCTOPHUIO Pa3BUTHS
MOHSTHS YHMCIIa, CO3/IaHUSI MAaTEMaTUYECKOT0 aHaIn3a, BOZHUKHOBEHUS U
Pa3BUTHUS TEOMETPUU;

° YHUBEPCAJIbHBIN XapaKTep 3aKOHOB JIOTMKH MAaTEeMaTUUECKUX PACCYKICHUN,
WX IPUMEHUMOCTh BO BCEX 00JIACTAX YEIOBEUECKOU JEATEIIbHOCTH;
° BEPOSATHOCTHBINA XapaKTep Pa3IMUHbIX MPOILIECCOB OKPYKAIOIIETO MHUPA.

[Tpu npoBeieHnn MpakTUYECKUX paboT yueOHast Tpyma MOXKET JEIUThCS Ha
MOATPYIIIBI YUCIEHHOCTHIO HE MEHBIIE 8 YETTOBEK.

Kaxxnas nmpaktuueckasi paboTa cocTaBiieHa C BeAyIIeH JUIAKTUHIECKOM 1IeIIbIO -
dbopMHpoBaHUE TPAKTUYECKUX YMECHUH .

ConepxaHue NpakKTUYECKUX padOT HAIIEJICHO U Ha Pa3BUTHE
npoecCHOHANbHBIX YMEHU U HABBIKOB. BEITIOJIHEHNE PacYETOB, YEPTEKEH,
WHCTPYKTUBHBIMU MaTe€pUajiaMy, CIIPABOYHUKAMH, YMEHHE MOJIb30BATHCS
COBPEMEHHBIMU UH(POPMAITMOHHO-KOMMYHHUKAITMOHHBIMH TE€XHOJIOTHSIMHU.
Hapsny, ¢ popmupoBanreM yMEHHUI U HAaBBIKOB, B IIPOIIECCE BHITIOJTHEHUS
MPaKTUYECKUX PabOoT 0000IIAI0TCS, CUCTEMATU3UPYIOTCS, YTIYOJISIFOTCS U
KOHKPETU3ZUPYIOTCS TEOPETUUECKUE 3HAHUS, BBIPa0aThIBACTCS CHOCOOHOCThH U
TOTOBHOCTh MCIIOJIb30BAaTh TEOPETUUECKHE 3HAHUS HA MPAKTUKE, Pa3BUBAIOTCS
WHTEJJIEKTYaJIbHbIE YMEHHSI.

B naHHBIX METOAMYECKUX YKA3aHUSIX B HAYAJIEC KAXKJIOW TEMbI KPATKO
U3JIaraloTCs OCHOBHBIC TEOPETHUECKHUE CBEACHUS (OTnpeaesieHus, GOpPMYIIb),
HEO0OXOAMMBIE JUTSI pEIIeHUs TTOCIeayomuX 3aaad. [IpuBoasrcs pemeHus
TUMOBBIX TPUMEPOB U 3a4a4. J[aroTcs ynpaxHEeHuUs s 3aKpEIUIEHNs] MaTepuana.



IIpakTuyeckoe 3ansaTue Nel

Tema: Llenbie u paunoHanbHbIC Yncia. JledcTBUTENbHbBIE Yncaa. JleicTBHUS Hal
palMOHAIBHBIMU YUCIIAMH.

Hesan: O0oOIIeHNE U cCUCTeMaTH3AIHUs 3HAHUH, YMEHUH, HABBIKOB y4YaIIUXCsl IPU BBITOJTHECHUH
apuMeTHIeCKUX NeHCTBUIN Hal OOBIKHOBEHHBIMU APOOSIMH

Teopernueckuii 010K

1. Cnoorcenue. Cymmoit npobeii ¢ OTHUM M TEM K€ 3HaMEHATEJIeM Ha3bIBAIOT JIPO0b, UMEIOIIYIO
TOT K€ 3HAMEHATEJb, @ YACITUTEIb PABEH CYMME YMCIUTENEeH TaHHbIX IpOo0OeH, T.€.

aba+b

ooH by
D70 ompeneneHne MOXHO cPOpPMyITMPOBATH TAKXKE B BUJE CICTYIOIIETO MPaBUIa.

YTOOBI CIOKUTH I[pO6I/I C OJMHAKOBBIMH 3HAMCHATCIIAAMH, HAAO0 CJIOKHUTH UX YUCIUTCIIU, a
3HaMCHATCJIb OCTAaBUTH TOT KC.

UToObI CIIOXKUTH IPOOH C pa3HBIMU 3HAMEHATENSIMH, HAJ0 TPUBECTU UX K HAUMEHBIIEMY
00IIeMy 3HAMEHATEITIO, & 3aTeM CJIOXKHTH IMOJTYICHHBIC YUCITUTEITH H MTOJI CyMMOU TIOJIITHUCATh
001NN 3HAMEHATENb.
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Kopoqe 3alChIBAIOT TaK:

YToOBbI CIIO)KUTH CMEIIAHHbIE YUCIIA, HY’)KHO OT/AEIbHO HAWTU CYMMY LIEJIBIX U CYMMY IPOOHBIX
yactei. JeiicTBUe 3alUChIBACTCS TAK:
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2. Bviuumanue. Berantanue apo06eit MOKHO ONPEIEIUTh KaK JIeHCTBHE, 00paTHOE CIIOKEHHUIO
npoOeit. BerdecTs m3 0JHOTO IPOOHOTO YKCIIA BTOPOE 3TO 3HAYUT HAWUTHU TPEThE YUCIIO0, KOTOPOE
B CyMME CO BTOPBIM J1a€T neproe. 13 3Toro onpeneneHus cienyeT NpaBuio:



YTOOKI BEIUECTH I[pO6I/I C OAVMHAKOBBIMH 3HAMCHATCIAAMU, HY>KHO BbIYCCTH YU CIUTEIIb
BbBIYUTACMOI'0 U3 YUCIIUTECIA YMCHBIIACMOI'O 1 OCTABUTH Hpe)KHI/Iﬁ 3HaMCHATCJIb. I[eﬁCTBHG
3alIMChIBAIOT TaK:

Uto0bI BEIYECTH IPOOU C pa3HBIMU 3HAMEHATENISIMU, HY)KHO CHavaja MPUBECTH HX K
HaMMEHBIIEMY 00IIeMy 3HAMEHATEITI0, 3aTeM U3 YHCIUTENs] YMEHBIIAEMOTO BEIYECTh YUCIUTEIh
BBIUMTAEMOT0O U MO UX Pa3HOCThIO MOANUCATh OOLIMI 3HaMeHaTeNb. JlelicTBIE 3auChIBAIOT
TaK:
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Ecau HYXXHO BbIYCCTb OJHO CMCIIAHHOC YUCIIO U3 APYroro CMEIaHHoro yucia, To, €CJii MOKHO,
BBIYUTAIOT ,I[p06b u3 I[pO6I/I, a [eJI0€ U3 OCiIoro. HeﬁCTBHe 3aIIMCBIBAIOT TaK:
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Ecnu xe 1po6b BeIYUTaeMOro 00Jblie Apodyu yMEHbIIaeMOTro, TO OepyT OJHY SAUHUILY U3
[EJIOT0 YKCIia YMEHBIIAeMOr o, pa3Ipo0IIsIFOT €€ B HajuIexKallire J0JIH U MPUOaBISIOT K Jpoou
YMEHBIIIAEMOT 0, TIOCIIE YeTO MOCTYIAI0T, KaK OMUCAHO BhIIIE. J[eficTBUE 3aMUChIBAIOT TAK:
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AHaJIOTUYHO TIOCTYMAIOT, KOT/Ia Ha/I0 BEIYECTh U3 IEJIOT0 Yucia IpoOHoe.

ITpumep. 3 3

3. Pacnpocmpanenue c80UCM8 CONCeHUs U bluumanus Ha OpodHble yucia. Bee 3aKoHbI U
CBOMCTBA CJIOKECHHS M BRIUMTAHUS HATYPAJIBHBIX YHUCEI CIIPABEAJIUBHBI U ISl IPOOHBIX uncen. 1x
MPUMEHEHNE BO MHOTHX CITy4asX 3HAYUTEIHHO YIPOIIAET MPOIECC BHIYUCICHHS.
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ITpumep 1. 12

3}1605 HCITIOJIBb30BaHbI HepeMeCTHTeHBHLIﬁ M COYCTATSIIbHBIN 3aKOHEI CIIOKCHHS.
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3,I[eCB HCIIOJIb30BAHO ITPAaBUJIO HpI/I6aBJ'IeHI/I5[ CYMMBI K YUCITY.
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31ech UCTIOIB30BaHbI MIPABUJIa BEIUUTAHUS U3 YHCIIA PA3HOCTH U CYMMBL.

. YMHOOJICEeHUe.
4.V YMHOXEHHUE [ 0o0u Ha OeJa0€ 4YrucCJI0 MOXXHO ITIOHUMATh TakK K€, KaK 1
YMHOKCHHE LCJIOr0 YHUCiia Ha [EJIOC, T.C. KaK CJIOKCHUC OAUHAKOBBIX CJIaraCMBbIX. HaanMep,
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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.

[IpousBenenunem qpodeil Ha3bIBAIOT TaKyHO APOOb, YUCIUTENb KOTOPOI paBeH MPOU3BEICHUIO
YHCIIUTENEeH JaHHBIX Ipo0eil, a 3HaMeHaTelb - IPOU3BEICHUIO UX 3HAMEHATENEH,

Te. M FH yro6p1 yMHOKHTE poOb Ha APOOb, HY’KHO YMHOKUTh YMCIIUTENh HA
YUCIIUTEIND, & 3HAMEHATEIb HA 3HAMEHATENb U MIEPBOE IPOU3BEACHHE CENIAaTh YUCIUTENIEM, a

a [

BTOPOC - 3BHAMCHATCJICM: b d bd .

[Tpu ymMHOXEHUU cleAyeT AenaaTh (€CIM BO3MOXKHO) COKpaIleHHE.
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Ecnu ydecTs, 4TO 11€710€ YHCII0 MPEACTaBIAET cOO0H 1poOb co 3HaMeHaTeseM |, TO yMHOKeHHe
JIpoOU Ha 1eJI0e YKCIIO U 1IeJIOT0 YKcia Ha APoOb MOXKHO BBINOJIHSTH MO3TOMY XK€ MPaBUITY.
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5. Ymnoorcenue cmewannvix uucen. YroOb! IepeMHOKHUTH CMEIIAHHBIC YHCIIA, HY)KHO
npeBapuTeIbHO 00PATUTh UX B HEMPABWIbHBIE JPOOU M TOTOM MEPEMHOKATh 10 MPABHITY
YMHOXXEHUS IpOOeii.

Ecnum e mepeMHOXar0T CMEIaHHOE YHUCIIO Ha 1IEJI0€, TO MPOIIe MHOKUTH OTAEIBHO LETYIO
4acTh ¥ IPOOHYIO YaCTh.

22.3-62-72

[Tpumep. 3 3 3

6. Pacnpocmpanenue ceoticme ymuodrcenus Ha Opoousie yucia. CBOWCTBA yMHOKEHUS
HATYpaJIbHBIX YHCEJl CIPaBEUIUBHI U JIJIs Ipo0eit. MIX ucnoib30BaHue yIponiaeT yCTHRIE |
MICbMEHHBIE BHIYUCIICHUS.

2
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[Ipumep 1.
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ITpumep 2.
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7. Henenue opoobeti. Insa nenennsi npodeit COXpaHsIeTCs TO ke ONMPEeTICHUE, YTO U IS JCIICHHS
IENTBIX YUCEIT: ITO - ACUCTBHE MOCPEICTBOM KOTOPOTO 10 TAHHOMY IPOHU3BEICHUIO JIBYX
COMHOXXHTENEH 1 OJHOMY U3 3TUX COMHOKUTENEH OTHICKUBAETCSI BTOPO COMHOKHUTED.
PaznenuTh 0JHO YKCIIO HAa BTOPOE - 3HAYUT HAUTH TAKOE TPEThE YMCIIO, KOTOPOE MPHU
YMHOXXEHUH Ha BTOPOE JIaeT MepBOe. BRIMONHSIOT enenue Apooeii o cleayonemMy mpaBuiy.

Yto0sl pa3nenuTs Ipodk Ha IpOOk, HY’)KHO YHUCIUTENh IEPBOM APOOU YMHOKHUTH Ha
3HaMEHaTeNb BTOPOM, @ 3HAMEHATEIIb IIEPBOM HA YUCIUTEb BTOPOM U NIEPBOE MPOU3BEICHHUE

a ¢ ad

3alucaTb YUCIUTEIIEM, a BTOPOC - 3BHAMCHATCIIEM! b d bc .
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ITo 3TOMY k€ IPaBUITy MOXKHO BBIIOJIHATH JeJIEHHE APOOU Ha LEJIOe YUCIIO U LIEI0ro Ha ApoOb,
€CIIM IIPEACTaBUTh 1IEJI0€ YUCIIO B BUJE APOOU CO 3HAMeHaTeneM 1.

IIpumepsl.
15:2:9:%:&:2:21;
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8. Henenue cmewannwvix yucen. YToObI BHITOIHUTE JICTICHUEC CMEIIAHHBIX YUCEIT, UX
MPEIBAPUTEILHO O0OpaIa0T B HEMPABUIIBHBIC IPOOU U 3aTEM JICIISIT 110 TIPABUITY JCIICHUS
JIpOOeH.
3.1 63 21 63-20

127:1 - =22, 2220 g
Mpuwep. 5 20 5 10 5.21

O}lHaKO IIpH ACJIICHUNW CMCIIaHHOI0 YucCjia Ha LEJI0C OBIBacT YHO6H€ﬁ JACJIIUTH OTACIBHO LEITYIO
4acCTb U OTACIBHO )Ip06Hy10 4aCTb CMCIIAHHOI'O YHuCJia.

Z!nl‘.llé:izﬁl

ITpumep. 7 7.

9. 3amena oenenus ymuoowcenuem. Ecnu B kKakoi-HUOYIb APOOH TOMEHSITH MECTAMU YHCIIUTEIH

Y 3HAMEHaTellb, MOJIy4YUuTCs HOBast [poOb, oOpaTHast nanHoil. Hanpuwmep, muist npodu 7 oOparHas

7

IpoOb Oynet 3

OueBuIHO, YTO MPOU3BEACHHE IBYX B3aMMHO OOpaTHBIX IpoOeii paBHO 1.

Qo | =1
I
et

=1 | oo

YuureiBas 9TO, MOXHO ACJICHUC BBIMIOJHATH MO CICAYIOUICMY IIPpABUITY.

YroObl pa3AeiauTh OJTHO YHUCIIO HA APYroe, HY)KHO JIEIMMOE YMHOXKUTH Ha YHCII0, 00OpaTHOE
JIEITUTEIIO.



2_5_2_'?_11
HpI/IMepl.3 7 335 15
[Tpumep 2 3 7 7

4_51 41543 3

Mpuvep3.7 3 7 3 716 28,

10. IIpumepst na 6ce deticmeus ¢ 0ObIKHOGeHHbIMU OpoOsMU. PeleHre IpuMepoB Ha BCe
JIEUCTBUS C IPOOSMU BBIIIOJHSIOT C TOMOIIBIO 3aMTMCH TI0 OT/ICIBHBIM JCUCTBHIM HITU 3aITUCH
LEIOYKOH.

ITpumep. BeIUHCINTE:

3.5 155 1 ,.1

TS 243

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

Pemenne 1mo yactsm.

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 BBEIUUCIIEHUS IIETTOYKOMN:




1 3 1 1 7 7
2_Zlas [asffal ,l.1 413
4 4 2+ 8 8 I 2.4 5 _
3 5.1
5—4E 10 2—1E ;31 —:10 —:3-
5 ] & 3 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
7
Pemenue 3agau
2
1. Bona 3anumaer 3 moBepxHoctd 3emun. [ToaTomy 3emitio Ha3bIBAIOT «T'OYOOM IIJIAHETOM.

1
Kaxyro uacTh 3eMHO} moBepxHOCTH 3aHMMaeT cyma? OTeer: 3 cyma.
2
2. Oty 42 rojna, a BO3pacT ChiHA COCTaBisieT 7 Bo3pacrta oTia. CKoabKo JeT chiny? OTBet: 12

JICT.
3

3. [IpenenbHbIN BO3pacT OCNIKHU 6 JIET, 9TO COCTABIISIET S MPEACIbHOrO BO3pacTa 3aiIa.

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

4. lnuna ctopoHsl kBagpara 9 am. Kakosa ero miomaas? OTeer: 81 M2,

5.Pabouuii MOKET BBIITOJIHUTD MMPOU3BOACTBCHHOC 3a/1aHUC 34 5 4acCoB, a €ro y4€HUuK — 3a 8
13
qacCoB. KaKYIO 4acCTb pa6OTBI OHH BBIITOJHAT BMCCTEC ITOCJIC HacCa pa6OTLI? OtBet: 40 v,

2 1
6. B mepBbIii uac aBTOOYyC MpoIIea S BCEro IMyTH, BO BTOPO 3 MyTH, a B TPETUH — OCTAJIbHBIC
28 kM. Kakoe paccrosiHue mpoiuen 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 (km) - 3a TpH 4aca.

Otser: 105 kM mporen aBToOyC 3a TpH yaca.

JlomaiHee 3agaHue:



5 3

1. Kakoe paccTosHue ynuTka 3a 6 yaca, eciiv oHa Oy/IeT IOJI3TU CO CKOPOCThI0 250 KkMm/4?
1

OtBeTr: 100 kM.
9

2. 113 60uky ¢ OEH3MHOM BHAYaJIE OTVIMIM 28 Bcero MMEIOIIErocs: TaM OSH3MHa,
2

oTOM 7 BCero OCH3MHA U IOCIIE 3TOT0 B 004Ke ocTanock 99 mutpos 6eH3uHa. CKOJIBKO JIMTPOB
OcH3uHa ObLIO B OOYKE MEPBOHAYATHHO?

=
1) 28 + 7 = 28 (4)— oTJIWIN.
17 11

2)1- 28 = 28 (4)— 0CTAIOCH.

11
3)99: 28 =252 (;1) — ObUIO MEPBOHAYATIHHO.

Otger: 252 1 Gen3uHa ObIJI0 B O0YKE IEPBOHAYAIIBHO.

IIpakTuyeckoe 3ansaTHe Ne 2

Tema: «PemieHne MTMHENHBIX YPABHEHUIN U HEPABEHCTB)

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

TeopeTtnueckuii 6110k
JIunelinble ypaBHEHUS
JIuHelHBIM ypaBHEHUEM OTHOCUTENILHO IIEPEMEHHOM X Ha3bIBaeTCs ypaBHEHUE MEpBOi
cremenn KX +b =0 (1)
rne K m b —mpousBonbHBIE BelleCTBEHHBIE YHCIIA.

T
B ciayuae ¥ ¥ 0 ypasaenue (1) uMeeT eJMHCTBEHHOE PEILIEHHUE TIPH JIF0OOOM 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€ 4uCIIO
X €(—w; + ). E
CJIM U3HAYAJIBHO 3aJIaHO YpaBHCHHUC, COACPKAIICC IICPCMCHHYTIO B

3HaMCHATCJIC, TO MEPEa pECIICHUEM HGO6XOI[I/IMO YKa3aTb 0051acTh OIPECACIICHUSA, UCKIIIOYNUTE U3
OTBCTA KOPHHU, IIPHU KOTOPBIX BBIPAKCHUE 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 nepeMeHHoﬁ X Ha3bIBACTCs 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 JIHHGfIHLIC, Ja 1 HE TOJIBKO JII/IHGI\/JIHBIG, HEPAaBCHCTBA, CJICAYCT IOMHUTDL, YTO IIPU
YMHOKCHHHU UJIU ACJTICHUN HCPABCHCTBA HA MOJIOKUTCIIBHOC YN CJIO 3HAK HEPABCHCTBA
COXPAHACTCA, a ITPU YMHOXKCHUHN WJIN JCJICHUU HEPABCHCTBA Ha OTPULATCIIBHOC YHUCJIO 3HAK
HCPAaBCHCTBA MCHACTCA HA HpOTHBOHOJ’IO)KHLIfI.

B cooTBeTCTBHUM € ATUM PEIICHHE JIMHEWHBIX HEPABEHCTB, B 3aBUCUMOCTH OT 3HAYCHUM
ko3 ¢purmentor K u b, mnpeacrasneno B cieayromeit Tabmuie 1.

Tabnuna 1. — Peniennie HepaBeHCTB NEPBO cTENIEHU

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

CucreMbl TMHEWHBIX HEPABEHCTB

PaCCMOTpI/IM pCHICHUC CUCTEM JIMHCHHBIX HEPABCHCTB HA IMTPHUMCECpax.

Ipumep 1. Pemuth cucreMy HEpaBEHCTB




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

Pemrenne. Pemmm kaxJ10e U3 HEPaBEHCTB CUCTEMBI:

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

N300pa3uB Ha 01HOI KoopanHaTHOM mipsimoi (Puc. 1) 06a TouedHbIX MHOXKECTBA,
COCTaBJISIIOLIUX MMOCIEAHIOI CUCTEMY, TOIy4YaeM OTBET MpUMepa.

ITpumep 2. Pemuth cucteMy HEpaBEHCTB

Sx+4<0,
-2x-7=0.

Pemenne. PemuM kaxkoe u3 HCEPABCHCTB CUCTCMBI:

5x+4<0, Sx<—4, St

—
—2x-720. -2x27,
X= ——,

2

N306pa3uB Ha 01HOI KoopanHaTHOU npsimoi (Puc. 2) 06a TouedHbIX MHOXKECTBA,
COCTaBJISIOLIMX MOCIEAHIOI CUCTEMY, ITOIy4aeM OTBET IpUMeEpa.

N306pa3uB Ha oHOI KoopanHaTHOU npsimoit (Puc. 1) 06a TouedHbIX MHOXKECTBA,
COCTaBJISIOLIUX IOCIEAHIOI CUCTEMY, ITOIy4aeM OTBET IpUMeEpa.



Puc.2

XE|—o0— —
OrtBer: 2

[Tpumep 3. PelinTh CUCTEMY HEPABEHCTB

6x—7 =0,
4x+13<0.

Pemenue. PeminM Kax10€ U3 HEpaBEHCTB CUCTEMBI:

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

N300pa3uB Ha 01HOI KoopanHaTHOM mipsimoit (Puc. 3) 06a ToueyHbIX MHOXKECTBA,
COCTABJISIIOIIUX TOCIEAHIOI CUCTEMY, ITOJIy4aeM OTBET IPUMeEpa

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

Pemmth nanHbie cucteMbl HepaBeHCTB (Ne 179 —184):



2—1>1, bx 43>8,
179. 181.
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
- - &
x{—g;

IIpakTnueckoe 3ansaTne Ne 3
Tema: Pemenue KkBaApaTUYHBIX YPABHEHUN U CUCTEM YPABHEHUIN
Hesab: O6001MUTH U CHCTEMAaTU3UPOBATH 3HAHMS yYaIlUXCs [0 JaHHOM TeMe.
TeopeTtnueckuii 6110k
Onpenenenne

Ksadpamnoe ypasnenue — 3To ypaBHeHue Bua ax> + bx + ¢ = 0, re
k03 dureHTs! a, b u ¢ — mpou3BosbHbIC UKca, npudem a # 0.

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

He nmerot xopHei;
VIMeroT pOBHO OJIMH KOpPEHB;

HmeroT ABa pa3auvHbIX KOPHS.



JAucKpuMHUHAHT
Onpenenenne

IIycTh naHO KBaJpaTHOE ypaBHEeHHe ax> + bx + ¢ = 0. Toraa ouckpumunanm — 310 MPOCTO
gucio D = b? — 4ac.

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

Ecmu D < 0, xopHeit HeT;
Ecnu D = 0, ecTb pOBHO 0/IMH KOPEHb;
Ecnu D > 0, xopHeii Oyner nBa.

O6paTI/ITC BHUMAaHHC: JUCKPUMHUHAHT YKa3bIBACT HA KOJIUYCCTBO KOpHeﬁ, a BOBCC HC Ha UX
3HAKH, KaK MO4YeMy-TO MHOTHEC CYHUTAIOT. Barnsaute Ha IMPUMCPLI — U CaMHU BCC romMere:

3amaua

CKOIBKO KOpHeﬁ HUMCIOT KBaJIPATHBIC YPABHCHU:

X>—8x+12=0;
5X% +3x+7=0;
x2—6x+9=0.
Pemenue

Boinumem ko3¢ GuiMeHTs Ui IEpBOro YpaBHEHUSI U HalIeM TUCKPUMHUHAHT:
a=1b=-8,¢c=12;
D=(-8)%-4-1-12=64-48=16

I/ITaI(, AUCKPUMHWHAHT HOHO)KHTGHBHLIﬁ, MO3TOMY YpaBHCHHUEC UMCCT IBa PAa3JIMYHbIX KOPH:.
AHaJIOTHYHO pa3zbupaeM BTOPOE ypaBHEHHUE:

a=5b=3;c=7,

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

I[I/ICI(pI/IMI/IHaHT OTpHHaTCHLHLIﬁ, KOpHCﬁ ger. OcTanock MOCJICAHCC YPABHCHUC!
a=1lb=-6;c=9;
D=(-6)>-4-1-9=36-36=0.

JINCKpUMIHAHT paBeH HYJIO — KOPEHb OYAET OJIUH.
OtBer
1) 2 kopHS1; 2) HET KOPHE; 3) OJJUH KOPEHb.

Kopuu kBagpaTHOrO ypaBHEHUS



“b++D “b—D
M=% 0 % T T

Korna D = 0, MOHO HCIIOJIB30BaTh JHO0YIO U3 3TUX (POPMYI — MOIYUUTCS OJHO U TO Ke
4HCIlo, KoTopoe u OyneTr orBeToM. Hakonen, ecinu D < 0, kopHelt HET — HUYEro CYUTaTh
HE HAJIO.

3amaua

Pemnth kBafgpaTHbIE ypaBHEHUS:
X2 —2x—3=0;

15-2x—x*=0;

X2+ 12x +36 = 0.

Pewenue

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

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

Bropoe ypaBHeHue:

15-2x—x*=0=>a=-1;b=-2;c=15;

D=(-2)2-4-(-1)-15=64.

D > 0 = ypaBHeHMe cHOBa UMeeT /1Ba KopHs. Halinem ux:
2 ++/64 2 —64

X, =———=-5; ¥, =—1-——=

bo2-(-D) L2

HakoHen, TpeTbe ypaBHEHHE:
X*+12x+36=0=>a=1;b=12;c=36;
D=122-4-1-36=0.

D = 0 = ypaBHeHUe UMeeT OJIMH KOPeHb. MOKHO HCITOJIB30BaTh 00YI0 hopmyrny. Hanmpumep,
HEPBYIO:

_—12+¢E_
S T

OtBeT

1) x1=3; x2=-1;2) x1 =—5; X2 =3; 3) X = —6.



Henonueie kBaspaTHbIE YpaBHEHUS

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

X2+ 9x =0;
x2—16 = 0.

Hecnoxuo 3aMCTUTDb, YTO B 3TUX YPABHCHUAX OTCYTCTBYCT OJHO M3 CllaraCMbIX. Takue
KBAaApPATHBIC YPABHCHHA PCHIAKOTCA AAXKE JICTYC, YEM CTAHJAAPTHBIC: B HUX HAXKC HEC HOTpe6yeTC$I
CUUTAaTb JUCKPUMMUHAHT.

Ornpenenenue

VpasHenue ax? + bx + ¢ = 0 Ha3bIBACTCS HENOMHBIM KEAOPAMHBIM YpasHeHuem, ecii b = 0
i € = 0, T.e. KOOQPHUIMEHT MPH MEPEMEHHON X WM CBOOOIHBIN JIEMEHT PaBEH HYIIO.

Pa3zymeercs, BO3MOKEH COBCEM TSKENbIN cilydail, korjaa 06a 3Tux ko3¢ (uireHTa paBHbl
nymo: b = ¢ = 0. B 3Tom ciyuae ypaBHeHHe IpHHAMAET BUJ ax’? = 0. OueBHIHO, TaKOe
YpaBHEHUE UMEET STUHCTBECHHBINA KOpeHb: X = 0.

Paccmotpum octasnbhbie ciydau. [lycts b = 0, Toria mosyunM HemosHOE KBapaTHOE
ypaBHeHHe Buja ax> + ¢ = 0. Hemuoro npeo6pasyem ero:
2 2 ¢ ¢
ax“+c=0=2x"=——=2x=% |——
a a
[Tockonbky apudmMeTnyecKkuil KBaApaTHbIN KOPEHb CYIIECTBYET TOJIBKO U3 HEOTPHULATEIHLHOTO
4yUCIa, MOCICHEe PABEHCTBO UMEET CMBICI HCKITIOUUTENBHO rpu (—c/a) > 0. BeiBox:

Ecnu B HENOJIHOM KBaJipaTHOM ypaBHEHUH BUIA ax? + ¢ = () BBIMOJIHEHO HepaBeHCTBO (—C/a) >0,
KopHe# Oynet nBa. opmyna gaHa BHIIIE;

Ecnu xe (—c/a) < 0, kopHeii HeT.

Kax BUIUTC, TMCKPUMHWHAHT HEC HOTpe6OBaJ'IC$I — B HCIIOJIHBIX KBAAPATHBIX YPABHCHUAX BOO6HI€
HET CI0KHBIX BeIuMciaeHn. Ha camom JICJIC JaxKe Heo0A3aTeIbHO TIOMHHUTD

HepaBeHCTBO (—C/a) > 0. J0CTaTOYHO BHIPA3HTh BETMUHHY X2 M HOCMOTPETH, 9TO CTOHT C JPYToi
CTOPOHBI OT 3HaKa paBeHCTBa. Eciy TaM MoJoKuTeNnbHOE Yncio — KopHel Oynet nBa. Ecnu
OTpHIIATEIbHOE — KOpHEH He OyneT BooOIe.

Teneps pazdepeMcs ¢ ypaBHEHHAMH BHJIA ax + bX = 0, B KOTOPBIX CBOGOTHBIN SIIEMEHT
paBeH Hymo. TyT Bce mpocTo: KopHel Beeraa OyaeT nBa. J[ocTaTouHOo pa3ioKUTh MHOTOWICH
Ha MHOXXUTEJH:

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

[Tpou3BeneHne paBHO HYJIIO, KOT/Ia XOTS Obl OJJUH U3 MHOKHUTENEH paBeH Hymo. OTcrona
HaXOJATCS KOpHH. B 3akitouenune pazdepemM HECKOJIbKO TaKUX YpaBHEHHIA:



3amaua
PemuThk kBagpaTHBIC ypABHCHHUS:

X2 —T7x=0;
5x%+ 30 =0;
4x*-9=0.
Pemenne

X=Tx=0=2Xx-X—7)=0=2>x1=0; X2=—(-7)/1=7.

5x? + 30 = 0 = 5x? = —30 = x? = —6. Kopneii HeT, T.K. KBaipaT He MOKET OBITh PaBeH

OTPUIATEIIEHOMY YHCITY.
A -9=0=24x’=9=2>x>=9/4=>x1=3/2=15; x =—1,5.

OtBeTr

X1 = 0; X2 = 7; 2) kopHeii HeT; 3) X1 = 1,5; x2 = 1,5.

Pelienne KBagpaTHYHBIX CUCTEM YPABHEHUH

. [X=y=1
IIpumep 1. Pemute cuctemy ypaBHEHUM ,
X“+y° =41
Pemenne. BpIpa3suB X W3 NEpBOro ypaBHEHMS CUCTEMBI M IIOJCTaBUB BO BTOPOE, MOIYYHM
{x =y+1,
2 —
PaBHOCHIIBHYIO CHCTEMY 2y 2y = A0 =0 (1)

5

Pemast BTopoe ypaBHeHue cucteMsl (1), HaXOAUM J1Ba 3HaYEHHUS IEPEMEHHOH Y: Yi=4Y,=- ,
MOJICTABJIsIl 3TU 3HAUYEHHUs B IIepBO€ YypaBHEHHE cucTembl (1), mosydaeMm JaBa 3HaueHUs

TepeMeHHOI X: 4~ 5%, =—4

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

2X—-3y—-xy=4

3X+y+3xy=3

Pemenne. Cpa3dy BbIpa3uTh OHY TMEPEMEHHYIO dYepe3 [pPYryl0 B JaHHOM Ciy4ae

3aTpyJHUTENBHO, MEIIaeT ciaraeMoe Xy. YToObl M30aBUTHCS OT 3TOTrO CJIaraéMoOro YMHOXHM
MEepPBOE ypaBHEHUE CUCTEMBI Ha 3 U CIOXHM CO BTOpPHIM ypaBHeHUEM. lIpu sTomM momyyum

IIpumep 2. Pemuts cucremy ypaBHEHUIN {

. [2x=3y—xy =4,
PaBHOCWJIBHYIO CUCTEMY YpaBHEHHMM ¢ =~ = ... ... (2)
9x -8y =15.
15+8y
W3 BTOpOrO ypaBHEHHsS IMONydaeMm: X = 5 [ToncraBuB 3TO BBIpOKEHHE B TIEPBOC
ypaBHEHUE CHCTEMBI (2) MOJIyYlUM ypaBHEHUE 2 15+8x -3y-y 15 ;8y =4 . [Ipeobpa3oBas ero,

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

1 13
y,=-3,Y, = R MOJICTABUM B (OpMYITY AJSA X, M MOTYyYUM X, =—1, X, = 9

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



x*(x+y) =80,
x*(2x—3y) =80.

Pemenne. B neBbIX 4acTsAX ypaBHEHMH CHUCTEMBI CTOST IPOM3BEACHUS JBYX COMHOXKUTEIEH, a
CIPaBa YHCJIO OTIMYHOE OT HYJIA, [IO3TOMY, OYEBUAHO, HHU OAMH U3 COMHOXHTENIEH JIEBBIX

Ipumep 3. Pemnts cucreMy ypaBHEHUH

YyacTeil ypaBHEHHI HE MOXET OBITh paBeH HYyNI0. TakuM o0pazoM, MOIy4daem, 4TO x#0y

3
2x-3y#0=> x;t—zy. Pa3nenum nepBoe ypaBHEHHE CUCTEMBI Ha BTOPOE IIOYJIEHHO, B CUILY

X+Yy

CIEJTAHHOTO BBILIE 3aMEYaHHMsl, IOJYYMM PABHOCHIIBHYIO CHCTEMY < 2X —3Y L Beipazum u3
x*(x+y) =80.

IIEPBOr0 YPaBHEHUs IOJYYEHHOW CHCTEMBI BbIpazuM X: X =4Yy. [loacraBum 3TO 3Ha4YEHUE BO

BTOpPOE YpaBHEHHE CUCTEMBI U HaiineM Yy =1, torna X = 4.OtBet: (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 ypaBHEHUM:

1 Xy =2,
|9x2+y? =13.

X2 +y=2
2. Y
yo+x=2
L-FL:Z,
X X —
3 ;y 4y
+ =7

X+y X+YV



IIpakTuyeckoe 3ansaTue Ned
Tema: Pemenue kBaipaTHYHBIX HEPABEHCTB
Iesab: OG00IMHUTE ¥ CUCTEMATU3UPOBATh 3HAHUS U YMEHUS YYalIUXCs 110 IaHHOU TeMe

Teopernueckuii 070K

KBanpaTHoe HepaBeHCTBO — 3TO HEPABEHCTBO, B JIEBOI YaCTH KOTOPOI'O CTOUT KBaJIpaTHbBIN
TpPEX4JIEH, B JIEBOK — HYJIb.

To €CTb, KBaIpaTHBIC HCPABCHCTBA 6I)IBaIOT CICOYIOIIUX BUOOB!:
ax’+bx+c>0, ax+bx+c>0, ax*+bx+c<0, ax’+bx+c<0.
PewmnTh KBajpaTHOE ypaBHEHHE MOYKHO C IIOMOIIBIO0 METO/Ia HMHTEPBAJIOB.

Jlyist aTOro HEOOXOIMMO CHaYalla HATH KOPHU KBAAPATHOTO HEPaBEHCTBA (BMECTO 3HAKa
HEPaBEHCTBA [IOCTABUTH «=» U PEIINTh ypaBHeHHe ax> + bx + ¢ = 0). Kopreii MoxeT GbITh 1160
nBa, 1100 OMH, TUOO HE OBITH BoOOIIE. [lanbpHeiime 1elcTBHS 3aBUCIT OT KOJUYECTBA KOPHEH:

1. Eciin ypaBHeHHe MMeeT IBa KOPHsI, HCOOX0IMMO HAHECTH MX Ha YUCIIOBYIO MpsiMyto. OHH
pa3o0bIOT €€ Ha TpH MpoMexyTka. HyxHO OyeT onpeneanTh 3HaKH BRIPaKEHUS ax? + bx + c Ha
KaKJIOM U3 ITPOMEKYTKOB (KOHKPETHBIN ITPUMEP PEIICHUS BBl MOXKETE IMTOCMOTPETh, BBE/IS B
(opMy BhIIIE Kakoe-11HO0 HEPaBEHCTBO, HAIPUMED SX? + 2X — 7> 0):

- ecnu @ > 0, To 3HaKM OyayT +, —, + (ClIeBa HaNpaBo);
- ecm @ < 0, TO 3HaKkM OyayT —, +, — (CIeBa HaMpaBo).

B ciyuae, ecnu 3HaK HEpaBEHCTBA > WIIM >, OTBETOM OYJyT MPOMEXYTKU CO 3HAKOM «+». Ecin
e 3HaK < WIK <, TO OTBETOM OYIyT OTpULATENIbHbIE IPOMEKYTKH.

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

2. Eciiu ypaBHeHHe HMeeT OINH KOPeHb, TO HY)KHO TaK)KE€ HAHECTH €ro Ha YUCIOBYIO TIPSMYIO
¥ OTIPEIEINTh 3HAKH BBIPAOXKEHHS axX> + bX + C Ha KakI0M U3 IpoMexyTKoB. Kopers pazennt
NpSIMYEO Ha JIBa TPOMEKYTKA, 3HAKU B KOTOPBIX OyIyT OJIMHAKOBBIMH (B 3aBUCIMOCTH OT

ko3 durnrenTa a):

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

- ecnu a < 0, To 3HaKM OyayT —, — B aTOM cirydae, eciu 3HaK HEPABEHCTBA >, TO OTBETOM OyieT
MyCTO€ MHOXECTBO. Eciu e 3HaK HEpaBEHCTBA >, TO OTBET — OJIHA TOYKa — FPAHUIIA
npoMmexxyTka. Eciu 3Hak HepaBeHCTBA <, TO OTBET — BCS YUCIIOBAsl MpsiMasi, KpOMe TOUKH-
rpaHMIlbl MPOMEXYTKA. Eciu 3HaK HEpaBeHCTBA <, TO OTBET — BCS YUCIIOBAsI MpsiMasl.

3. Eciiu ypaBHeHHMe KOPHeil He MMeeT, TO HUYEro Ha KOOPJIMHATHYIO OCh U HE HYKHO
HAHOCHTB: HaJI0 HPOCTO ONpEIETUTh 3HAK BhIpaKeHHs ax’ + bX + C Ha Bceil uncnoBoit mpsAMoii:



- eciu a > 0, To 3HaK Oynet +. B aTOM ciyyae: eciiy 3HaK HEpaBEHCTBA > WJIK >, TO OTBETOM
Oyzer Bcs yuCiioBas MpsiMast. B MpOTHBHOM citydae — eciii 3HaK < WM < — OTBETOM OyJieT
IIyCTOE MHOXECTBO.

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

ITpumep 1. PemmuTh HepaBEeHCTBO 2x2 +4x — 6> 0.

KBagpaTHblii TpexwiieH 2X? + 4X — 6 uMeeT JBa JAeHCTBUTEILHBIX KOpHS X1 = —3, X2 =1.
[TosToMmy mapabomna y = 2x2 + 4X — 6 TepeceKaeT och X B IBYX TOUKaX, aOCIIMCChI KOTOPHIX
paBHbl —3 1 1. ITockonbKy K03 GUIHEHT mpH X* Gonblie HyIs, napadona y = 2X° + 4X —
6 HampaBiieHa BBEpX

U3 pucyHKa BUHO, 9TO TpexuneH 2X2 + 4X — 6 moJIoKuTeTeH mpu X < — 3 u pu x >1.
[Tpumep 2. PemuTh HEPaBEHCTBO

—Xx*+x—1>0.
JIMCKPUMUHAHT KBAJPATHOTO TpexuwIeHa — X + X — 1 orpunarenen: D = —3. TTostomy npu
BCEX X 3HaUeHHs QYHKIMH y = — X° + X — 1 IMEIOT OJIMH ¥ TOT e 3HAK, a IMEHHO 3HaK
ko3 dunrenTa npu X2, To ecTh MuHyc. Clef0BaTeNbHO, HEPABEHCTBO — X2 + X — 1> 0 He

BBITIOJIHACTCS HU IIPU KaKUX 3HAYCHUAX X.

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

x4 9x—3
2y — 43

MOJIOKUTCIIbHA W IIPU KaKUX — OTPpHULATCIIbHA.

CHavaya yKa3aHHBIM BBIIIE CIIOCOOOM OIPE/ICIIUM 3HAKH YHCIUTEIIS U 3HAMCHATEIIS TAHHON
npoOu, a 3aTeM CpaBHUM HUX.



Uncmurens X2 + 2X2 — 3 TONOXHUTEINEH TIPH X < —3 U IIpU X > 1, a OTpHUIaTeNeH IIPH
—3 <x <1 (puc. BepxHss YUCIOBas OCh).

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

i i
e
/) 2

3nameHarens 2x — X? monoxureneH npu 0 < x < 2 u oTpunaTenes npu x < 0 u npu x >2 (puc. ,
HUDKHSISL UMCIIOBas 0cbh). M3 pucyHKa BUJTHO, YTO AaHHAs JpoOb Oy/eT MOJ0KUTENbHA TPH — 3
<x <0 (B 3TOM CIllyuae YUCIUTENb U 3HAMEHATEIb OTPUIIATEIIBHBI) U TIPU

1< X <2 (B 3TOM cllydae YHCIUTENb U 3HAMEHATEIIb MOJIOKUTEIbHBI); OTPUILIATEIHLHONU OHA OyIeT
npu x <. —3 (YUCIUTEH TOJIOKHUTEIICH, 3HAMEHATeNb oTpUaTeseH), mpu 0 <x < 1 (yuciautenb
OTpUIaTelIeH, 3HaAMEHATEeb TOJIOKUTENEH) U P X > 2 (YUCIUTEIND MOJI0KUTEJICH, 3HAMEHATEb
OTpHUIIATEIICH).

Ynpasicnenun
Pennts JaHHBIC HCPABCHCTBA
1. X2 —4x+3>0. 5. x2 +x+1<0.
2. x> —6x+5<0. 6. x> —x+1>0.

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

JlomanHee 3anaHue:

1. Pettuth HEpaBEHCTBO:

8x2-6x+1>0

2. HaiiTi HanMeHbIIIee MOJIOKHUTEILHOE [IeJI0e PeIlieHUe HipaBeHCTBRA:
X%+ 2x>-3

3. Pemuth HepaBeHCTBO:

X2 +3x+8>0

4. PemnTh HEPaBEHCTBO:

X2-4x+4>0

5. Pemunth HEpaBEHCTBO:

X°-4x+4>0

6. Haiitu BCC 3HAUCHMUA X, HC ABJIAIOIINCCA peHleHI/ICM HCpaBeHCTBa:
2

x> 16

IIpakTnyeckoe 3ansaTne NeS
Tema: Oynkuuu: TuHeHas1, 0OpaTHasi MPONOPLHOHANBHOCTE. [locTpoeHne KkBaapaTHUHON
byHKIIUN
Heanb: 3akpenuTh y ydamuxcsi 3HaHUS 1 YMEHUS TTOCTPOEHUS TpapuKoB (PyHKITHI
Teopernueckuii 610K

I 1
CaoilicTBa nuHelHON Qyrkun ¥ = K% + 5



1. OGnacTh onpeneneHuss GYHKIIMA — MHOXKECTBO BCEX JIEHCTBUTEIIBHBIX YHCET.

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

3. 1Ipu k= 0. & # 0 pyuiums 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 1r00bix * . [Ipu K < 0 dyHkuus y6sIBacT npu

ni06bIx ¥ . [Ipu K = 0 GyHKIMS HOCTOSHHA.

Ilpumep. lloctpoutsb rpaduk GyHKIUU y=2x+4 .
Pewenue. I'pauxomM sBnsieTcss npsmas JuHAA. [ €€ TOCTpOeHHs JOCTATOYHO HAMTH TOYKH

nepeceyeHusi ¢ OCIMHU KOOPAUHAT: MPU x=0,y=4 U pu x=-2,y= ﬂ. Taxum oGpazom,
npsiMasi IPOXOAUT Yepe3 TOUKHU A(0=4) u B (_250)
4l
Y y=2x+4
. X
/o
_ax+b
DyHKIMA BUA CX+d e d, b, C d_ TIOCTOSIHHBIE uncia, pudeM € % 0, ad # bﬂ',
Ha3bIBACTCS OPOOHO-TUHEIIHON dyukyuer. DyHKIMSA orpejiesieHa BCIOZY, KpoMe
X = —i
3HAYCHUS € Ecm = 0 L E= 1 , d =0 , TO TIOJIyYMM YacTHBIN Cydail qpoOHO-THHEWHOM
b
y=4 _
byHKLIMH X . O6nactb onpenesneHds Takoi (yHKIUHU XE ( UD,U}U (ﬂ,-l—cﬂ)' I'paduxom
_b
byHKUIHH X gBnsercsa KpuBas, COCTOSIAsS U3 JBYX BETBEH, CHMMETPHYHBIX OTHOCHTENIBHO

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

pacrionoxensl B I u III koopavHATHBIX YETBEPTAX; €CIIU JKE b<0 , T0 Bo II m IV koopauHaTHBIX
yeTBepTsIX. [ unepbona He nMeeT OOLMX TOYEK C OCIMH KOOPJMHAT, a JIUIIIb CKOJIBKO YTOHO OJIM3KO

_b
K HUM mpubmpkaerca. DyHKIMSA X newernas. Ha pucynke nu300pakeH Tpadux

TUnepOOIIBI ¥ X JUTSL CITydast b> 0.



> <

» X

.
Oyukius, 3amaHHasg  (HOpMYIIOH y=ax + bx + C, rae y.x _ IIEpEMEHHBIC, a=b=c -

3ajaHHbBle ymcia, & F 0, Ha3bIBACTCS Keaopamuunoii ynkyueii. OOIACTHIO ONpPENEICHUS
KBQIpAaTUUHOM  (QYHKIMH  SBJISIETCS MHOXECTBO  JEHCTBUTENbHBIX uyHcel. [ 'padukom

2

byrxmm ¥ — & +bx+c apnsercsa napaona. Bem @ >0 10 peren  mapabonm

HaIllpaBJICHbBI BBCPX; €CJIU e < ﬂ, TO BCTBH napa6onm HaIlTpaBJICHbI BHU3. Ocsi0 CUMMCTPUHU

b

X=_-—
napaboJibl SABJIAETCS MpsAMast 2a KoopauHaTsl BepIIMHBI Napabolbl ONPeAeIsoTcs 110
b Aac —b°
dopmysam 0 2a 0 0 4a

Jlnis moctpoenus napabosibl y100HO BHIOpATh CIIEIYIOLINE TPU TOUKU:

x=0

a) TOUKY IepecedeHus napadosibl ¢ OChbIO O , IpH MOJIy4YUM y _c, TakuM 00pazom,

C0.c).

nepBas TO4Ka

, TO €CTh JTU00 TOUKY ¢ abcruccon x=0 (Touka C), mubo

¥Y=
_b Bl=2.¢
(4}

0) Touky Ha napabose npu

x =
TOUKY ¢ abcuuccon , TAKMM 00pa3oM, BTOpast TOYKa
__ b _ 4ac —b*
Ax,y,) %o TT 2a Yo = y[ Dj_ Aq

B) BEpILMHY apadoIIbl TOUKY , Te
MOoOXHO TaKke B KayecTBE OCHOBHBIX TOYEK BBIOpPAaTh TOYKH MEpeceueHHs napa6om,1 c

_—btvb*—4ac _ b+ /D

X, =
ocsio O~ L2 2a 2@ ecnm Takme CymecTBYIOT, TO ecTb
JUCKPUMHHAHT KBAJPATHOIO TPEXHWIEHA HEOTPULIATEIBHBIIA.

2
Ilpumep. lloctpoutsb rpaduk GyHKINU y= 2x%+2x+2 .

C{0,2) B(-1,2} A(-0,51,5)

BerBu mapabonbl  HampaBlieHBI

x=—05

OTmeTMM TpU  TOYKHU

(a::-ﬂ)

BBEPX . [Tapabona cumMMeTpruIHA OTHOCHUTEIBHO MPSMOMN



1. TloctpoiiTe rpaduku HyHKIUI:

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

2. IocTpoiite rpaduKu KBaApaTUYHON PYHKIUU:

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

I[OMaI_HHCe 3aaHucC:

[ocrpoiiTe rpaduku GyHKIMMA:



l.v=4x — 5

[TocTpoiite rpaduxu
byHKIHH:

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

5.y=x2-4x+4

KBaJI[paTUYHOMN



IIpakTuyeckoe 3ansaTue Ne6

Tema: KOHTpOJ'IBHaH pa60Ta 1o TeMe: «Pa3BUTHS MOHATHS O YHCIIC)»
HCJILI HpOBepI/ITB YPOBE€HBb YCBOCHUA JAHHOI'O MaT€purajia 1o TEMe «Pa3BUTHS TTIOHATHSA O

YUCIIE»
1 Bapuaunr
1.PemnTe iuHeliHOE YpaBHEHHE:
2) 3x-X+2—3X_2+X_1:1 6)1_6—2x:X_x+3
4 2 3 3 2

2. Pemnre CUCTEMY JHMHEeNHBIX HEPABCHCTB:

4x -3 3x 5 —2X 5 2X
—+3>-—+= > ,

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

3.Pemure cucreMy ypaBHeHHIA:

SX -2y =1, 2X_y—3x_2:x+y, E.,.l:?,
a) {3X o O 3 4 DY Xy 6
Y= 5x— 4y = ~18 2y—x=1

4.Pemiure KBaJpaTHOE YpaBHEHHE:

5x2+9 4x%?-9
+ =

3  B) X*+9x+20=0 Nx?-5=0
6 5

a) x> —x=0 6)

x(2x —3) .\ (Bx-1 (x+3)

— -1
2 5 5

A)

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

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

2 Bapuant
1.Pemnre IMHeiiHOE ypaBHEHHE:
a)x+x—_3+x—+1:2x+5_3x 6)4—6_2X+x: x—X+3
4 2 3 2

2.Peminte cucTeMy JIMHEHHBIX HEPABEHCTB:



7 —6X 8x+1

SX—=3>1+X, +10< -12,
a)q 1 2 o { 2 3
E—3x<§x—5 X+1>2x—21
2 2
3.Pemnre cucteMy ypaBHeHHUH:
2X—6 x-2
2x +3y =13, 3 2 =2y, l_l=1'
0) B)}y y x 3
S5X-y=7 3x—6
5 + ==X X—2y=2

4.Pemure KBaJpaTHOE YPaBHEHHE:

3x?—11 74-2x?
+

a)x*-2=0 6)3x*+6x=8x"-9x B) =10 r)2x*-3x+8=0

12
2) X(Xx=7) N x—4_11_x:1
3 3 10
5. Pemiute KBaApaTHYHOE HEPABEHCTBO:
a) 2x? —=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 TPUTOHOMETPUYECKHE TOXKIECTBA

Hean: HayunTs Mcnosib30BaTh OCHOBHBIE TPUTOHOMETPUUECKHE TOKIECTBA MTPU
npeoOpa30BaHUH BBIPAKEHUN

Teopetnueckuii 010K

Teopema

OcHOBHOE TPUTOHOMETPUICCKOC TOXKICCTBO. I[J'IH J'IIO6OF0 yria a BEPHO YTBCPKACHUC!

sin? o+ cos? a = 1.

sina=+y/1—cos?a; cosa=+,1—sina

CrnencrtBue

21.]'[5[ JIF000T0 yriia o MOXHO IIEPENMUCATh OCHOBHOC TPUT'OHOMETPUYICCKOE TOXKIACCTBO CICAYIOIIUM

obpa3zom:

tgla+1=

; cgla+l=

COS® @ sin?® @

OTH ypaBHEHHUS JIETKO BBIBOJISATCS U3 OCHOBHOTO TOXIECTBA — JIOCTATOUHO Pa3lIeIUTh 00€ CTOPOHBI Ha
C0S? o (11 MOSTydIEHHst TAHTEHCA) WIIM Ha Sin? a(JUIs KOTaHIEHCa).



Pemenue ynpaxHeHuit

1.HaiiguTe sin o, €cu H3BECTHO CIEIYIOIICE:

cnsa=—3r; {IEG;TE)

11
10

Penrenue

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

sinfa+cos?a=1=sina+99/100 =1 = sin? a = 1/100 =sin a =+1/10 = +0,1.

Jlist pereHus 3a1a4u OCTajJ0Ch HAWTHU 3HAK cuHyca. [[oCKOIbKY
yroi a €(z/2; r),T0 B TpagyCHO# Mepe 3TO 3amuchiBacTes Tak: a € (90°; 180°).

CJ'ICI[OB&TCJ'ILHO, YIoJl o JIC)KHUT BO I KOOpI[HHaTHOﬁ YCTBCPTU — BCC CUHYChBI TaM

nosoxuTenbHbl. [Toaromy Sin o = 0,1.
Ortser: 0,1

2.Haitaure cos o, €Ciii U3BECTHO CIEAYIOIIEe:
) V3 3T
SIII(I=—7;{IE TE;?

Pemenue

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

sina+cos2a=1=3/4+cos?a=1=cos?a=1/4 = cosa=+1/2==+0,5.

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

ITo ycnoBHI0, Yroil o MpUHAICKHUT POMexyTKy (7 37/2). [TepeBenem yriibl U3 pagruaHHOM
MepbI B rpaaycHyo — noxyuum: o € (180°; 270°). OueBunno, 1o Il koopauHaTHAst YeTBEPTS,
I7ie BCE KOCUHYCHI OTpunarenbHsl. [loatomy cos a = —0,5.

OTset:—0,5

3.Haiigure tg a, eciy U3BECTHO CIIEAYIOLIEE:

1 E(Sn ) )
oS =—; & —; AT
10 2

Pemenne

TaHreHc 1 KOCUHYC CBsI3aHbl YPaBHEHUEM, CIICAYIOIIUM U3 OCHOBHOT'O TPUrOHOMETPUYECKOTO
TOXKAEecTBa:



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

27). [lepeBeneM yriibl U3 paJMaHHON MEpPhI B TPayCHYI0 — noiyduM o € (270°; 360°).
OueBuaHO, 3T0 IV KOOpAMHATHAS YETBEPTH, I7I€ BCE TAHT€HCHI OTpULaTeNbHbL. [loaTomy tg a =
—3.

OTse: —3

4. HaiinuTte cos o, €CJIM U3BECTHO CIIeAyIONIee:
) 3T

sina =—0,8; a € ?;2?1

Pemenne

CHoOBa U3BECTEH CHHYC 1 HCU3BCCTCH KOCUHYC. 3anunieM 0OCHOBHOE TPUTOHOMECTPUYICCKOC
TOXACCTBO:

sina+cos?a=1=0,64+cos’>a=1=cos’a=0,36= cos a==+0,6.

3uak onpeaesseM mo yriy. Umeem: a € (37/2; 2x). [lepeBeneM yriibl U3 rpayCHON MEPbI
B paauanuymo: a € (270°; 360°) — sto IV koopauHaTHas 4€TBEPTh, KOCUHYCHI TaM
MoJIoKHUTENLHBL. CaemoBaTensHo, COS o = 0,6.

Otsert:0,6

5.Haiinure sin o, eciiv U3BECTHO CIIEYIONIEE:

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

Pemenue:

3amuiem (I)OpMy.TIy, KOTOpada CJIeAyCT U3 OCHOBHOI'O TPUTOHOMETPUYICCKOT'O TOKACCTBA
N HAlIpsAMYIO CBA3BIBACT CUHYC U KOTAHI'CHC!

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

Otcrona nmosydaem, 4to sin? o = 1/25, T.e. sin o = £1/5 = £0,2. M3BecTHO, 4TO yroi a €
(0; #/2). B rpagycHoii Mepe 310 3anuceiBaetcs Tak: o € (0°; 90°) —I kooparHATHAS YETBEPTb.

Urak, yron Haxoautcs B | KoOOpAMHATHOM Ye€TBEPTU — BCE TPUTOHOMETpUUYECKUE (HYHKITUU
TaM TOJIOKHUTEINIbHBI, TT0ATOMY 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@M sin &, ecmn tga = -1 T=@=—r

IIpakTnyeckoe 3ansaTue Ne 8

Tema: [IpuMeHeHre OCHOBHBIX TPUTOHOMETPUYECKUX TOKIECTB K MPEOOPa30BaAHUIO
BBIPAKECHUI

Iesan: HayunTs HCIonp30BaTh OCHOBHBIE TPUTOHOMETPHUUECKUE TOXIECTBA IPU
npeoOpa30BaHUH BBIPAKEHUN

TeopeTtnueckuii 6110k

— dbopMyIbI 15 Lgct, cﬁg&;
— OCHOBHO€ TPUTOHOMETPUUYECKOE TOX/IECTBO;
— (¢opMyIia, BeIpaXkarolias 3aBUCUMOCTh tga&  cos @ ;

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

YrpocTuTh BelpaxkeHus (yCTHO)
1-cos® @

2—zina—costa

Cof o ey

sin * @ +igia oo @

(1—sm @)(l+sm &)

sin* 8- cost &

Pemienune ynpaxxneHui
YIIPOCTUTH BBIPAKEHHUE:

[—z—ljiczggcr
1 wcosta



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
g3 cosd  l+sm &

Pewuenue:

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 yripolieHne BRIpaXXeHU HMCIOIb30BaIN TPUTOHOMETPUUYECKHUE TOKACCTBA U
(bopMyITbI COKpAIIEHHOTO YMHOKEHHUSI.

Jloka3atb TOXKIECTBO:
B yem oTinuune Toxaectsa ot popmybi?

TO)KIIGCTBO — PaBCHCTBO JIBYX aHAJIUTUYCCKHUX BI)Ipa)KeHHfl, CIIPaBCAJIUBLIX JJIA JIFOOBIX
AO0IMYCTUMBIX 3HaAUYCHUH BXOAAIIMX B HETO 6y1(B

dopmyna — KOMOMHALIMS MaTEMaTUYECKUX 3HAKOB U OYKB, BbIpaxkaroliasi Kakoe-JI110o
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+2ros 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



Uto HeoOXOAMMO JIJIsl YCTICIIHOTO BBITTOJIHEHHS TIPE0O0Pa30BaHUN TPUTOHOMETPUUECKUX
BBIPAKECHUI?

CBoboHOE BNIa/IeHUE TPUTOHOMETPHUECKUMH TOKAECCTBAMH U (POPMYIaMH 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:

Yrpoctute BeIpakeHHe

1 1—cos® o 1_sincr-|:oscr

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

3 [cos&—l) [1+ Cog .::E)
cos? a:E—(l—Esin:4 .::E:l
5.sin &ocos-ciga—1

E'.’.?'S2 o

6. cos® @—1

1-cos® @

7. 1- sin® v
3 sin® @+cos’ a+igia

s o

9. fogy



JlomalniHee 3ajaHue:

YupocrtuTe BhIpaKeHUe

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: @opMyiibl ipuBeicHUS. POPMYITBI CIIOKEHUS

Heas: Hayunts ucnonb3oBaTh GOpMyIIbl IPUBEACHUS ITPU IPe0Opa30BaHUM

TPUTOHOMETPUYECKUX BBIPAKECHUN

TeopeTtnueckuii 6110k

- - g g () [ [ 8

s ¥l s X i - TJ1 §241 o o

1 N + : 8> ud £ o L I'a +o

ﬂ = = l'.‘ﬂ +~'I.l [y F= l_,'!.ﬂ' ':15

1 rle] rlee | gz | kT el | elee ] S | B2

|

sin —sinajcosa| cosa | sinm |—sin o|— cos a|—cos a| —sin a|sin a
|

cos cos 2| sin & | —sin at|—cos a|—cosat| —sin gy sine cosefvos o
|

tg —tigo|ctga | —clgot| —tg o tg clgrxl—clua—lgul!lga

i
cig —cigaligo |—tga |—clga] clga tga | —tga|—clgajclgn




DopMyJIbl CI0KEHUSA

) sin & cos S+ cosasin 8,
sm(a’ ,8)=smacos,8—cos&smﬁ
cos(&+ﬁ)— cosccos 8—sin @sin 5,

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

tga+igh ; (a_ _ iga-—ig8

tgla+ 8)= . =
g( ﬂ) 1-tge tgh g 1+iga-tgh

(B mocreHuX AByX popmytax & #Af2+m,  S#Af2+m y
cootBerctenno &+ 8 # Af2+m,  a- 8#7mf2+m, nezy

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

cigla+ 8)=
( ) ctgb+ ctge ctghB —ctga

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

[Ipumepsr:

sin13m (2 ) sinm 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:

131 sin(13n/3) ViR _ lr— 13n 1 i
g ——= cos (13n/3} — Y, 3, clg 3 T tg(3n@ . V3



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



2. Brmaucaure:

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) 3Has, 4TO 7, 5 YEeTBEPTH, HAUUTE 3HAUCHUS

BBIPAKCHUS
i 3
sing =— cosf=—.auf —yraw [ .
0) 3uast, 4TO 7, 5 YEeTBEPTH, HAMIUTE 3HAYCHUS
BBIPa)KEHUS
i 8
sine=— cosf=—,auf —yrae [ .
B) 3Has, 4TO 7, 5 YEeTBEPTH, HAUIUTE 3HAUCHUS
BBIPOKCHUS

[omainee 3aganue:

1.3amennre TpI/IFOHOMeTpI/IquKOI‘/'I (byHKuHeﬁ yria o
3T

([
a)sm (E - ﬂ); 6)cos@2m — ak B) tg (? + "1): r) ctg(90° - a)
2. Haiigute 3HaueHue BhIpaXKEHUS,
4T
p) tg-225")% ‘93

a)sin 240° . 6)cos 3007 ;

3. IIpeobpa3yiiTe BoIpakeHuUeE:
cos( —a) - cos(180° + &)
sin{ —a) - sin{90°% + «)

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

5. Brruucnure:
a) tg L1531 7o 6)cos 151 0



6. Ympocrture:

V3cosax - 2 cos (-:r — g)

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

BBIPAKECHUS

paxkTnyeckoe 3ansitue NelQ

Tema: ®opMyiibl 1BOMHOTO aprymeHTa. @opMyIibl MOJIOBUHHOTO YyTiia

Heab: HayuuTs ucnonbs3oBaTh GOpMyIbl JBOIHOIO apryMeHTa MpH NpeoOpa3oBaHUH
TPUTOHOMETPHUECKUX BBIPAKEHUN

Teopetnueckuii 6110k

sin 2x = 2 sin X coS X
COS 2X = €0S? X — Sin? x

cos 2x =1 — 2 sin? x

2tgx
tg 2x =
1—tg?x
ey l-cosa o J1+cosﬂ.
s —=% ] ——— cog— =4 |— """
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 = c0s? X — Sin? X.

31ech MpesCcTaBisieM 2x B BUJIE X + X U IpUMEHsIeM (pOpMyITy KOCHHYCA CIO0XKEHHUS apTyMEHTOB:



COS 2X = ¢0S (X + X) = €0S X COS X — Sin X sin X = €0s? X — sin? X.
2) cos 2x =1 —2sin? x.

371ech MBI IIPOCTO MPOJIOJHKUM MPeoOpa30BbIBATh MPEABIAYIIYIO hopMyIy.

Mcronb3yeM JUls 5TOT0 OCHOBHOE TPUTOHOMETPHYECKOE TOKIECTBO Cos2X + Sin?x = 1.

13 3TOr0 TOKIECTBA CEyeT, uTo cos’X = 1 — sin?X. MTak, BRIMHUIIEM IPEABIAYILYIO GOPMYIY,
BCTaBMM 3HAUEHHE COS’X, CBEJIeM MOI00HBIE YWIEHH! U TONTYdUM PEe3yNbTaT:

COS 2X = C0S2 X —Sin?X =1-sin?x—sin?x =1 - 2sin? x.

21g X
3)tg2x =
1-tg?x

Cnoco0oB, KaK IPUNUTH K TAKOMY TOXKIECTBY, /IBa.

[epBblii cioco6. 31ech HaM TTOMOXKET (hOpPMYJIa TAHTCHCA CIIOXKEHHS apryMeHToB. st 3Toro

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

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

Bropoii cnoco6. On cnoxxnee. CHayana npuMeHsieM GOpMYIIbl CHHYCa M KOCHHYCA CJIOXKCHHUS

apTyMEHTOB:

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

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

sin X €6sx €65 Sin x 2 sinx
+
€65% COS x €05% COS x 2 COS x 2tgx
COS X COS X sin x sin x sin? x 1-tg?x
— 1-—
€65%€0eS%  COS X COS x cos? X
I[TPUMEYAHUE:

HpI/I PEIICHUH KOHKPETHBIX 3aaa4 BaKHO IIOMHHUTDB, YTO 3aJa4a UMECT CMBICJI JIMIIb B TOM
ci1ydaec, €CJIM B IIPOLECCC pCIICHUA 3HAMCHATCIN HUT'IC HC OKa3bIBAIOTCA paBHBI HYIJIIO.

Tenepp AJig HATTIATHOCTH PELIUM HECKOJIBKO IMPHUMEPOB IO TEME.



[Ipumep 1. YIpOCTUTH BBIpAKEHUE:

sin 2a
sin o
Pemenue:
sin 2a, 2 sife cos o
= = 2cosa
sin o sin-a

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

B nepByto ouepenp, oTMedaeM, 4TO yrojl HaXOAUTCS B TPETbEW YETBEPTU. 3HAUUT, CUHYC OyIeT
CO 3HaKOM MHHYC.

1) 3Hauenue cuHyca Mbl MOTJIH OBl HaiiTu uepe3 hopmyiy 1 + ctg? o = .
sin a

3HAUMT, HAM HAJI0 CHaYaJia BEIYMCIUTD 3HAYCHHE KOTaHTeHca. Mbl 3HaeM, 4to tg o - ctg o = 1.
CrnenoBarenbHO:

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

2) Tenepb HaXOAMM 3HAUE€HUE CHHYCA!

1 1 1 1 9
sin2 o = = = = =
1+ ctg? o 1+ (4/3)? 1+ 16/9 25/9 25
3
sinog=———
5

3) Ml 3HaeM, 4To sin 20 = 2 sin o cos o. 3HAYUT, HAXOAUM ellle KocHHYC (110 hopmyrie cos? o +
sin? o = 1). [Ipu 5TOM ONATH He 3a0bIBAEM, UTO YrOJI — B TPEeTheil UeTBEPTH M KOCHHYC JO0IKEH
OBITH CO 3HaKOM MUHYcC. UTak:



9 16
cosoa=1-sinffa=1-—— = ——
25 25

cosa=——

4) Octasioch TPUMEHUTH (HOPMYJTY TBOMHOTO yTiIa:
3 4 2:-3-4 24

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

[Ipumep 3: Beruucnuts

T T

c0s? — —sin® —
8 8

Pemenue.

DTO BHIPAKEHHE COOTBETCTBYET MPABOH YaCTH (OPMYJIbl KOCUHYCA JBOMHOTO
aprymenTa (cos 2X = €0s% X — Sin? X). 3Ha4uT, IPOCTO IPUPABHAEM €r0 K JIeBOM yacTu. Js
3TOTO 3aMedaeM, 4T

T
X = —

8

OcTraercs BBECTH B (I)OpMy.]'Iy 9TO 3HAYCHHUC X U PCHIUTL YPABHCHUC!:

T T T 271 T \2
cos? —sin? =cos2 ——=C0S—— = COS —— = —,
8 8 8 8 4 2
YnpaxHenus:
Brerunciante:
=
b LT T T V2
cosz——smz—=cas(z-—)=ms—=—.
1) 8 8 3 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
95 __, (zﬁ) 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 BhIpaKEHUE:
cos al”
6) cosd0 +sin 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: t05187,

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

Perenue.



w@ b S : ﬁ 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 !
M2z
= ——-—-1=-1
2 2
Ortser: -1.
TecrupoBanue
Bapuanm 1 Bapuanm 2
Boiyucaume: Boiyucaume:
l.c:r::-sgi—sinEE ﬂ
1z 1z 1- #g?15°
N3 .1 1 {3
B T S ] 3 3
Vo Ay T TS D1, 2)%-, 3)—%, -3
2tg75° T
tgtT57 -1 2.cos Esin =

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, aHAIN3 OIIMOOK

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




YIIPAKRHEHUA

1. Yrpocture:

sin2a sin2a sin2o s
) e’ 9 G’ P oda-smias D) cosZatsinos
) sin 40° &) sin 100° ) c0s36° + sin?18° | ) sino.
2cos 207 208 50"’ cosfiy 0 Y g
. 2

2, JloxkaKuTe TOMXIECTBA:
a) 2sin(90° — o) - sino = sin20;; 6) (sino + coso)? = 1 + sin20. .
3. Berumesmre:

. 4 3n
a) sin2o0., ecsu coso. = FU 5 <O <2m;

n

0) cos 2a, ecau coso. = —0,2 u 5 < o <m;
_3 3n
B)tg20c,ecmtgoc—4 un<o< .
4. YIPOCTUTE BbipAXKEHHE:
sino cos @ .
a) 20’ B) O - 107
2 cos 5 cos 5 + sl 5
6 sin 48 | ) cos 20— sin 20
) cos 23 cos 4o
5. Hadimure 3uayenus sino, coso u {go, ecau H3BECTHO, YTO
y 9
sin % =77 H O<o<m. 5



6. YIIPOCTUTE BbIPaXKEHHE:
) sin 20— 2 sin o
cos o— 1 2

B) sin 20 ctg o—1;

2
COS 20, —COS~ @
0)

r) (ctg o+tg o) sin 20

2
1 —cos” o
7. Ymipocrure:
sin 23
o e
cos 2B+ sin” B

a) 0,5tgasin 20,+cos’ o

8. Boiuuciiure:

a) 2sin 15° cos 15°; - r) cos” 15°—sin? 15°;
om . 9T
6) 8sin & coss, n) 4cos” g —4sin" g;
. 7 7
B) sin 105° cos 105°; e) cos’ lg —sin’® lg
9. yripocTure:
21tg5° 4ig.16% " © tg 756°
i) == e T e ol
1-tg” 5 1 -tg” 15 1 -tg” 75

10. prOCTHTe BbIPaXKEHHE:
T— 0O 3n
a) 4sin o g sin —5— sin| 5 oc);

2+ o 27 + o
6)4cos4cos 7 COS—5—

11. JloKaxurte To)XaecTBO
: 2t ©
1 +sin o =2 cos (4 2).

12. YIIpOCTHTE BbIpAKEHHE:
1 + cos 2¢
1 —cos 2¢"

13. CyllecTBYeT Jid TaKo#l YroJi X, npd KOTOPOM

\ 3
sin x cos x=3 P



IpakTnyeckoe 3ansitue Nell

Tema: IIpeoOpazoBaHue CyMMbI TPUTOHOMETPUYECKUX (DYHKIUN B IPOU3BEACHHUE U
IIPOU3BENICHUS B CyMMY

Hess: HayunTs ucnons3o0Bath JaHHbIE (YOPMYIIBI IPU Pe0oOpa30BaHUH TPUTOHOMETPUUYECKIX
BBIPAXKECHUM

Teopernueckuii 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(x + y)

tgr +tgy= ——
gx -t igy COST COSY

Pa3HocTh TaHTEeHCOB
sin(z — y)

tgr —tgy = ——
6 Y COSX COSY

Cy'MMa KOTaHT'CHCOB

sin(z + y)

Cler gy = G rsiny

Pa3HOCTh KOTaHT€HCOB

sin{x — y)

ctgr —ctgy = ————
& &y sinrsiny

CYMMa TaHI'€¢HCa U KOTaHI'CHCa



cos(x — y)

tgr +ctgy = ——
6 i SINY cosSxT

Pa3HoCTh TaHTeHCa ¥ KOTaHTeHCca

y)
Siny cosx

cos(x
tgr — ctgy = —

| =

(cos(av — 3) + cos(a + )

coso - cosd =

sin o - =0 3 =

(cos(ev — 3) — cos(a + )

e QR o O

slnee - cos 3 =

(sin(e + #) + sin{ae — (7))

[pumep. J[lokazarte, 4YTro TaHreHchbl yriaoB o =/="/o+nm u B =/="/>+ nn paBHbI
TOTJa ¥ TOJIBKO TOT/a, KOT/J[a 3TH YIJIbl PA3HSTCS Ha yTroJl, KPaTHBIH T.

[TycTth 0 ¥ B pa3HATCS HA yroj, KpaTHBIHN 7; TOraa o = 3 + nm, rae N — HEKOTOpOoe 1o
yucio. Ho B Takom cirydae

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

sin{fee —B) 0

cos & » cos o

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

o — B = nm,
o= B +nm,
YTO U TPeOOBAJIOCh TOKA3aTh.
Ynpascnenus
1. BeIUUCIHTE, HE MOIB3YSICh TPUTOHOMETPHUYESCKHMH TaOJIAIIAMU:
a). tg22°30'+tg 67°30". B). tg ""12 + tg *"12.

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



2. YIIpOCTUTD BhIpAXKEHUE

lga+1gf
tga—1tgh

3. JlaHHBIE BBIp@XEHUS MPEICTABUTH B BHJIE TIPOU3BEICHHIA:
a)\/3—tga; 0) 1 +tga.

4. HaiiTu ycioBHe, MpPU KOTOPOM KOTAHTEHCHI YTJIOB 0. U 3 paBHBI MEXAY COOOM.

YnpaxHeHus:

[IpeoOpa3zoBaTh B CyMMBI CIEAYIOMINE TPOU3BEIACHHUS.

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

2. 1) sin 23°— sin 32°; 2) sin ™12 ¢ Sin "/g;

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

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

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

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

5. [IpeoOpazoBaTh B CyMMbl TPUTOHOMETpUUYECKUX (DYHKIMM 1-i1 cTeneHu
CJICYIOIIME TIPOU3BEICHMS:

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

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

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



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

9.1) sin 2a + 2 sin (>/12 — a) * cos ( °Y12 + a);
2) cos2a. + 2sin (o + ™e) * sin (o.— /e).

Jloka3aTh TOXJIECTBA.

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

11. 1) 4 cos “/2 * cos a. * sin 3% = sin o + sin 2a + sin 3a;
2) 4 cos 2a. * cos (*/2+ 30°) « cos (/2 — 30°) = cos a + coS 2a + COS 3a.

12.1) 4 cos %2 « cos a * sin °%> = sin o, + sin 2a + sin 3o, + sin 4q;
2) 4 cos %2 = cos a * cos >*/> = €0S a + €S 20 + €OS 30, + COS 4a.

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

14. Tano: tg oo = 2 tg B . Jlokaszats: Sin (o + ) = 3 sin (a — P).
Jlomaninee 3agaHue:

[IpeoOpa3zoBaTh B CyMMBI CIEAYIOMINE TPOU3BEIACHHUS.

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

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

12. 1) sin? a.— sin (a.+ ™/3) * sin (o.— ™).
2) cos? a.— cos(30° + a) * cos(30° — a).

13. 1) cos 20, * cos? o — /4 cos 4a.— /> cos 2a;
2) cos? 3 + c0s?1 — cos 4 « cos 2.



IIpakTnyeckoe 3ansaTue Nel2

Tema: Oopmyibl MOHWKEHUS CTETICHH
Hess: HayunTs ucnons30BaTh JaHHbIE (HOPMYIIBI IPU IPeoOpa30BaHUH TPUTOHOMETPUYECKIX
BBIPAKECHUI

Teopernueckuii 070K

) 1 - cos2x
sin?x = ——————
2
1+ cos2x
COSX = ——
2
1 - cos2x
tghx =~ —
1+ cos2x
1+ cos2x
ctgx = ————
1 - cos2x
X 1 - cosx
sin2— = ————
2
X 1 + cosx
cos2— = ——
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
r —— . = = == .
93 cos= 2cosZ 2cos? = 5.1=cosa 1+ cosa
2 2 2 2
(g
cas; = 0.
2. Jloxazats:
a 1—cosa
g —=—7""
2 sSina
Jloka3arenbCTBO:
. . o . o 1 — cosa
a Sins 2s8in o 25in? = 2-————— 1 -— rosa
tg - = % : t% = @ . T = e -
2 cos— 2sinw 2Sin—cos— sina sina
2 2 2 2
(4 . X
cos—= 0 sin— =10
Ananus: kpome 2 nobasisieTcs 2 , uto cyxaer O/13.
12
cosa = ——
13
am
< @< —,
3. JlaHo: z
Haiitu:
a (7 a a

sin—, cos—, tg—, ctg—.
2 2 gz gE

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

YI\
a
* D 3
ra
X
Pﬂ
;e
2
Puc. 1.
VYxkazaunue: Bce (byHKI_II/II/I IMMOJIOBUHHOT'O apryMEHTa MOKHO BBIYUCIIATH 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, T/I€ CUHYC BEJIMYHHA
[IOJI0KUTEbHAS.
. o 5
Sin—— —
OrTBer: V2 6.
12
a 14+cosa 1 13
n 2 2 2 2
o
Belme nokasainu, 4to 2 HaxomuTcs BO BTOPOI YETBEPTH, II€ €r0 KOCHHYC BEJIMYMHA
OTpHIIATEIIbHAS.
cos * = L
= —
OrtsBer: 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— BY=
_ 2 N26
tg==—>%=—Yp-=-5.
cos =
3) W 26
tg— = —b5.
OrtsBer: 2
. i 1 1
ctg—=—=—=
2 tg= 5
4) 92
@ 1
ctg — = — =
OTBeT: g z 3,
4. TTano: sina = 0,2.
. 2 T &
Sin -—— =
Havitu: (4 2)
Pemenue:

2 2 2

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

4 2

it

OTtBeT:

IIpakTuyeckoe 3anaTue Nel3

Tema: BrinonHeHre ynpa)xHEeHHH Ha MPUMEHEHHE U3YYCHHBIX (OPMYIT

Heasn: [IpoBepuTh ypoBEHb YCBOCHHS MTOTYYECHHBIX 3HAHUM

I-Bapuanm

2

0,6.



1. Beruuciaure:
1tg?45-cos30-ctg?30
2.t9 230 + 2sin 60 —tg45 + cos” 30

2. Ynpocrure BbIpasKeHHe:
tgo -ctga

1. _—2
1-sin“«a

2

———-tg’a+sin’a
cos’ o

sin? o
'1-cosa
3. Beruuciure:
1.c0s34 cos56 —sin 34 sin 56

2.5in 14 cos 346 + sin 346 cos14
4. Cokparture Apo0b:
sin 40
1.=
sin 20
cos80
"c0s 40 + sin 40

3 —COoSa

Il — Bapuanm
Boruuncanre:
1.ctg? 45 -sin 30 - cos 30

2.ctg %45 + cos 60 —sin > 60 +%ctgz60

Ynpocrure BoipaxkeHue:
L 1- cos’ o
tgo - ctga

2 —ctga —cos® a

sina
sin? o
1-cosa
Bbpruuciaure:
1.cos53¢c0s37 —sin 53sin 37

2.sin13co0s17 +sin17 cos13
4. Coxparture a1po0b:
1 sin 100

" sin 50
5 cos36 +5sin 218
' cos18

+sina

IIpakTnyeckas padora Ne 14
Tema: ApkcrHYyC, apKKOCUHYC, apKKOTAaHI'€HC
Hean: Hayunts BEIUUCIATE apKCUHYC, APKKOCHHYC, apDKKOTAHT'€HC



y=3inx
/ X X
a Sinx=amnal[-2; 2]
' 0 é ' >
o1 e n z .
h g 2 X = arcsin a, rae —1<a<l1
-1
Ornpenenenue:
" X
arcsina=b[- 2 ; 2]

sinb=a
sin (arcsina) =a

4

arcsin (-a) = - arcsin a

oo

Y ?
' b
1
|
1
|
1

koo

v

g g N x cos X = a ua [0;m]
b -
-1 poee X = arccos a, rae —1<a<l
Omnpenenenue: arccosa=b cosb =a
cos(arccos) = a
arccos(-a) = p —arccos a
1
i Y =tgx
| I X X
i 3 Fmm=h : - —
' H .
; 1'% i i tg:aHa(_z’Z)
0 vl
2] 0 i 12 %
: > | &
: g
v i X = arctg a, rae a — moboe.
! 1
I |
: ; xR
! i

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

tg (arctga) =a
arctg (-a) =- arctg a

3aganue:



Breruncauts.

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

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

x x X r X

3.arctg*~'E = E,T. K. tgE -3 u Ei(-i;i)
12 2 x 2 x xx
darcsin(- 2)=-arcsin 2 =-4 r.k.sin(-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

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

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

7) Uto Gomb1ie:

1

a) arcsin 2 wm arcsin 0,82

1 2

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

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

arccos (- 2)



Tema: Pemenue ynpaxHeHHil.

IIpakTnueckas padora Ne 15

Heab: [IpoBeputh ypoBeHb YCBOSHUS IaHHOM TEMBI Y yUYaIlIUXCs

Peuienue ynpaxHeHuUid:

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

0)cosx+2=0;
B) sin X + 0,7 =0;

r)2cos X+ \'@ =0;
n) ctgx +1=0;

Pemnre ypaBHeHUs:

1. 2cosx-1=0;
2. ”@ctgx—lzo;

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

4, ctg x-15=0.
n:-::s[x+£]—1=[]

5. 6
sin[jl—r—x]=0

6. 4

Pemure ypaBHeHUs:

1.2sin X — *4'(_ =0;
2. ”@tgx—lzo;

3.sinx-3=0;
4.cosx—-0,4=0;

CamocrosiTenbHas padboTa

1 BapuaHT

2 BapuaHT

5]
2

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

X

9. (sinE —1)(ctg x + ‘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;

o[ Z+2 +f12=0
10 2 6 .



IMpakTnyeckoe 3ansitue Ne 16

Tema: KontpoibHas padora
Iesn: IIpoBepuTh ypoBEHb YCBOCHHS MaTepHraia 1o TeMme: «OCHOBBI TPUTOHOMETPHI

1 Bapuant
1. Beruucnuts: a) cos 780°;
0) sin 13—”;
6
. T
B)SINa,ecnucosa=—— ur<a<-—_—,
13 2

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

sin 75° +sin 45°
sin285°

T
e) 16 CoS x cos 2X cos 4x cos 8X, ecnu x = g;
=2 2
SinN“a CoS“ ) 1
X - , €CIIM SN —COSox = —.
CoSc Sin o 2

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

B) %sin (540° + B) sin (B + 810°);

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

1)
1+2 003(72[ - aj cos(—a)

o 1-cos2«a .
sin 2
k) 4 sin 10° cos 50° cos 40°.
3. Pemnth ypaBHeHue: a) COS (7 + X) = Sin %;

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

l1-sina cosa

4. Jloka3aTh TOXKJIECTBO: a)
0)cosda+1= %sin 4o (ctg o — tg a);

1-2cos’

- =1g a—-Cig «.
SIN ¢ COS ¢
2 BapuaHT
1. Beruuciouts: a) sin 780°;
6) cos =X ;
6

. T
B)COSa,eanSInOL:—g u 7z<a<7;

. . 4 3z
r) Sin 2a., ecm SIN o = _E I/In<a<7;



sin 70° +sin 20°
c0s 205°

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

1)

4sin 2 +5c0s 2

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

B) %sin (405° + B) cos (B + 765°):

eciu Ctg o = 1
b 3'

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

sin (327[ + aj +sin(27 + @)

N cos(— a)sin(—a) +1

sin 2«

1+c0s2¢
k) 4 sin 15° cos 15° sin 100°.

3. Pemuth ypaBHeHue: a) Sin (7 + X) = €OS (— %) :

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

sinae _ 1+cosa .
4. Jloka3atb TOXKIECTBO: a) = :

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

tg a+ctg a

=sinacosc .

IIpakTuyeckoe 3ansaTue Ne 17

Tema: IIpomexyTku Bo3pacTaHus M yObIBaHUs, HAUOOJIbIlIEE U HAUMEHbIIIEE 3HAaUE€HUS, TOUKU
JKCTpeMyMa
Hean: Hayunts HaxouTh Bo3pacTaHue U yObIBaHUE (YHKIINH, a TAKXKE OMPEIENSTh

AKCTPEMYMBI (PyHKLINN
Teopetnueckuii 6110k

MonoToHHOCTh QyHKIMU. TOYKH SKCTpEMyMa U 3KCTpEeMyMbI () yHKITUU

PaccMOTpUM HEKOTOPYIO QYHKIHMIO » S . YIpOLIEHHO TMojaraeM, 4YTo OHa HEMPEPbIBHA Ha
BCEI YMCIIOBOM MPSIMOM:


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

v

@yHKIMS BO3pacTaeT Ha MHTEpBaJIe, €CIH /IS JIFOObIX IBYX TOUYEK ATOI'0 MHTEPBaJIa, CBSI3aHHBIX

OTHOILICHHEM 2 = 1, CIIpaBEJIUBO HEPABEHCTBO Flxn) > 1 (1’1}_ To ectb, OoJbIIEMY 3HAYEHUTO

apryMeHTa COOTBETCTBYET OOJIbIlIee 3HAUCHUE (PYHKIINU, U €€ rpaduK UAET «CHU3Y BBEPX».

JlemorcTparmonsas Gyukims @ = J(x pacTéT Ha MHTEpPBAIIE (@8]

AHanoru4Ho, pyHK1Ms yObIBaeT Ha UHTEpBaJIe, €CIIU AJIs JTFOObIX IBYX TOUYEK JAHHOTO

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

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

Ecnu ¢yHkius Bo3pactaer win yObIBaeT Ha HHTEPBAJE, TO €€ HAa3bIBAIOT CTPOIO

MOHOTOHHOI Ha TaHHOM WHTEpBaje. Takke MOKHO ONPeeTUTh HeYyObIBAIOINYIO () YHKIIUIO
5 Flxg)2 flx)

(cMsAr4€HHOE yCIOBHE B [IEPBOM OTIPEICNIEHNH) U HEBO3PACTAIOLIYI0 () YHKIIUIO

} <
(cMsTU€HHOE YCIIOBHE FOR) 2 (R0 5o 2-0m ornpenenenun). HeyObiBaromyro uiu
HEBO3PACTAOIIYI0 (DYHKIIMIO Ha MHTEPBaJie Ha3bIBAalOT MOHOTOHHOW (DyHKIIMEH Ha JAaHHOM
UHTEpBAJIE .

OKpecTHOCThH TOUYKH.

Oxpecmnocmoio mouky Ha3bIBAlOT UHTEPBaJ, KOTOPBII COAEPKUT JaHHYIO TOUKY, IIPU 3TOM IS
y100CcTBa HHTEpBAJl YacTO MoJaraloT cuMMeTpuuHbIM. Hanpumep, Touka =< y eé

CTaHzapTHas ¥ - OKPECTHOCTS:



(1—6/—\‘/'\(1"'5
a X

A 4

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

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

Touka “® HasBIBACTCS TOYKON CTPOrOro MHHMMYMA, CCIIH cyuyecmeyem & O -
. . . x
OKPECTHOCTb, IS BCEX 3HAUCHUH * KOTOPOU 3a MCKIIFOUCHUEM CaMOM TOUKH ~° BBIIOJIHEHO

HCPAaBCHCTBO f(x} o f{l’u} .Ha YCPTECIKE — TOUKA «a».

Toukn 2 b HAa3bIBAIOT TOYKAMHU CTPOIro 3KCTpEMYMa HUJIK IIPOCTO TOYKAMHU IKCTPEMYyMa
(1)YHKI_II/II/I. To ecThb 3TO 0606H_[6HHBII71 TEPMHH TOUCK MAaKCUMyMa U TOYCK MUHUMYMA.

X < o
Touka * Ha3BIBaCTCSI TOUYKOM MaKCUMYMa, €CJI cywecmeyen €€ OKpCCTHOCTb, TaKas, 4TO AJIAA
o o <
BCeX 3HAUCHUM * AaHHON OKPECTHOCTHU BBIIIOJIHCHO HCPABCHCTBO _f(l':l_ f( x':'} .

X . ..
Touka * Ha3BIBaCTCSI TOUYKOM MHUHHUMYMA, CCJI cyujecmeyem €€ OKPpECTHOCTDb, TaKasd, YTOAJIA

OERICS)

BCeX 3HaUeHU * J1aHHOI OKPECTHOCTH BBINOJIHEHO HEPABEHCTBO

~ snauenne 7 @) Haspisator MaKCUMYMOM (YHKIIHU;

~ 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 noapasyMeBaeT 3aJaHUE «HANAUTE IPOMEKYTKH MOHOTOHHOCTH M TOUYKH dKCTpPEMYyMa
byHKIUN»?

dopmynupoBKa NOOYX1aeT HaWTH:
— UHTEPBAJIbl BO3pacTaHUsA/yObIBaHUs QYHKIIUN

— TOYKH MaKCUMyMa H/WIIM TOYKH MHHHUMYMa



[pumep 1.0mpenenuts no rpaduky NPOMEXyTKH BO3PACTAHUS

[ y [T 1]
| ‘ y = flx)
| A
/
/

—
.
oy

GbyHKIHH.
Pemenne Ecnu ¢yHKIMS Bo3pacTaet, TO MpH ABMKCHUU 110 TpauKy ClieBa HAIIPABO OPAMHATHI

yBenuumBatorcs. CienoBatenbHo, QyHKIUS Bo3pacTaeT Ha oTpe3kax [-6; 0] U [6; 9].
Ortger: [-6; 0] U [6; 9].

[Tpumep 2.0mpenenuTs Mo rpaduKy MPOMEKYTKH YOBIBAHUS

| YT
! y = flx)

byHKINN.

Pemenue Ecinu Gpynkmms yObIBaeT, TO mpy ABMKCHUU 110 TpaHKy ClIeBa HAIIPaBO OPJIUHATHI
ymenbIatorces. CienoBarenbHo, QyHKIMs yObiBaeT Ha oTpeske[-1; 2].

Ortsert: [-1; 2].
[Ipumep 3.Ykaxute rpaduk BozpacTaroien
DIEERERT . 1T 2) LAY ]
' -~ O
\ i
L1 = If 171
0 | AT
] E\VANE \ \
. Y |
i EEL f [x
1T = INEEEEEEREE
3 AY 1 i 4) HENi *b‘ 1 T
EENEEN /AR N F
| | N
0 | F | o) % A ES
/ T TN

byHKINN.



Ortser: 3.
Pemenne ynpaxxunenuit

[Ipumep 4.Ykaxure rpaduk yObIBaromiei

1) vh | 2) AY
HA LN ]
- \ | AR
0. N1J \ A /
| x ;ﬁ \
\ |
RN AS
J
3) Hy g } 4) AY I
e ~= EEEAS
0 ‘x. | 0 \ .Ih
NS
byHKLIUN.
Ortser: 4.
[Tpumep 5.Yka3ate uHTEpBaAIIBI BO3pacTaHust (pyHKINH, TpadMKu KOTOPBIX MPEICTABICHBI HAa
1) yIJ 2) AY
I 11 /TN
o N/ \ AN
] ) -/
K B 0 x
N[ ¥ HITT AY
L I N |
0 x ™
T =5 AN
B ] oLy PE]
. L1
pUCYHKaX:
OTBeT:

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



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

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

k03¢ durrentoB b u C.
Pemenne 3amerum, uto ¢ = f(0), cnenoBarensHo, ¢ > 0.Takxe 3ametum, uro b = '(0), u,

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

AY

5
y=/1x) \'\
/ \
—

_L'i
Va
P

MaKkCHMyMa.
[Ipumep 8.Yka3aTh HHTEpBaIbl yOBIBAaHUS
4 ' AY LT
5 y=/{x)
[ \ .
-8 0 \z\ o
INLS
T
I L |
GyHKIINH.



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

11i_ AT TT | 2) 7Y
-
_ i . I -
i | ? - 0 ?t‘-
|
EEEEEEEN |
EENEENEEEREE T T
3) [T T AT ] % [T %]
_._1 L ! i
R HENE
| 0 | K3 0
NN SN | =
E T i
| |
:‘ ‘_ 'I ) | | |

ko3 dunuentos K u b.

OTBeTbI:

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

IIpakTnuyeckas padora Ne 18
Tema: UccnenoBanue Gpynkuuii. [Tocrpoenne rpadukos GpyHKIMiA

Ieasn: 3akpenuTh U CUCTEMATU3UPOBATH HCCIEIOBAHNE U TOCTPOEHUE IpaduKOB (DyHKIIHIA

1. ®ponranbHsI onpoc

1.Yto Takoe uncnoBas GyHKLHUs, €€ 00IaCTh ONpeeaeHNs, 00IacTh 3HAUYCHUSA?

2.Uro Takoe rpaduk GpyHKIumn?

3. Chopmynupyiite onpeaeneHue GyHKIHH, BO3pACTAOIICH U YOBIBAOIIEH Ha MHOXECTBE P

4. JlaiiTe onpenieneHusi TOYKM MaKCUMyMa, TOYKH MUHUMYMa. YTO Takoe TOYKHU IKCTpeMyma?
5. [laiiTe onpenenenre 4eTHOM 1 HeueTHON QyHKIMK. KakuMm cBoiicTBOM 001aatoT ux rpaguxu?

6.Yro Takoe nepuonnveckas GyHkuus, nepuos GyHxuumn?

7.Kaxoil HauMeHbIINI MONOKUTENbHBINA Mepro] uMeeT QyHKuus:Y = 0L
v = sinx, v =tgx, v=clgx
2. Pemenue ynpaxHeHui
1.TToctpoiite rpaduk GyHKINHU, €CIIU U3BECTHBI €€ QYHKIIUU:

CBOICTBO QYHKIIUU

1. | O6nacte [—5: 6] [-5: 4] [—4; 4]
onpeeneHus
O6nacTb 3HaYEHUS [-2:5] [0 B] [-3; 6]

[-5;3]

[0; 5]

2. | Touku mepeceueHus




rpaduka:
a) ¢ ocwro 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)
IIpomexyTku
a)BO3pacTaHus [-3:1] [-5; —2] [-4; —2] [-3;1]
[4; 6] [O; 4] [1; 4]
0)yObIBaHUS [-&; —3] [-2;0] [-2:1] [-5;—3]
[1; 4] [1:3]
Touku makcumymMma, 1 f)=13 2 f2)=2 2 f2)=2 1. f)=->s5
MaKCUMyM (PYHKIIMH 1 ’ ’ ’
Touku MUHUMYMa,
MUHUMYM (YHKIIAN 0, 1 fa)=—3
3, | 3,
4,
JononHurensHbIe f-6)=3 f=5)=05 f4d=¢6 f-5)=3
TOYKH Tpaduka fie)=>5 f4d=e8

2.Uccnenyiite u noctpoiite rpagux GpyHKIHH

flx)=5— 2x

0)
p) FOD=2%-1

=

X+ 2

1)




IIpakTuyeckasi pa6ora Ne 19
Tema: Pemenue ynpaxxHeHui
Henb: 3akpenuTh 3HaHUS U YMEHMS CTYIEHTOB 110 JAHHOU TEME

1. Omnpenenuts no rpadukam GyHKIMK y = ax2 + bX + ¢, yKa3aHHBIX Ha PUCYHKAX, 3HAKU
KO3 PHUIHUEHTOB &, b, C u

1) LT TAY ] ! TN A T
SEENEEEREREE AT
1 _1
N /
__]J;ﬁ _EE &;J 1
1 EEEE | 1
3| A4l It L \d FUBEI
i | \ / '
] ! 1_1'" \'\ ] | 1;;
A :"T N 11 h}/l |
| 1| | { |
_:_ﬂ _:_ !_:__.'.__.I... X __.I.. | |0 . _E
AN EEEEEEE RN

nuckpumuHanTa D.
OTBETHL:

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

4)a>0,b=0,¢>0,D<0.

IpakTuyeckas padora Ne 20
Tema: KontponbHas padota
Hean: [IpokoHTpOIUPOBATH YPOBEHB YCBOCHUS yUaIIMMUCs TeMbl: « OCHOBHBIE CBOMCTBA

byHKIIHI

| BapuanT.
1 Uccnenyiite dpynkimio f(x) = 3x% — 2|sinx| + x3-tgx Ha 4éTHOCTH (HEYETHOCTE).

3
2. Jlana pynkmus g(x) =sinl,5x + 5cos Zx .

A) Haiigure: g(0); g(7n); g(-12x).
b) JoxaxwuTte, 4To 87 SBISETCS MEPHOIOM (HYHKIIUH.
B Haitnure ocHoBHO# niepuo GyHKIIUH.

10



1-tg°x
1+1g°x
4 (HaiimuTe aMIUIMTYQy, 4acTOTy, NEpUOJ U Ha4dalbHYIO (Da3y rapMOHMUYECKUX KOJeOaHWU U

3 Haiinute ocHOBHOI nepro1 M Haubosblee 3Ha4YeHne PYHKIUU ) = Sin 2 -

1 3
nocrpoiite rpapuk: y =— Zsin 2t — %cos 2t .

5. Haiinure oGnacth onpeaeneHus GyHKIUNA

VXx-=12

x? -1

Il Bapuanr.
1 Uccnenyiite pynxmuro f(x) = 3x|X| — 2sin’k + ctgx Ha 4ETHOCTH (HEUETHOCTB).

2
2. Jlana pynkmus g(x) = 3sin gx —C0s2,5x .

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

2tgx
———>—-C082X.
l+1g7°x

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

3 Haiigute ocHOBHOM Nepro/ ¥ HaUMEHbIllee 3HadeHne QyHKIUU y =

. 1 1
nocTpoiite rpaguk: y = x@ Sin Et —CoS Et

5.Haiigure obnacts onpenenenus GyHKIUN

VX412

x? -1

IIpakTuyeckasi pa6ora Ne 21

Tema: Pemenne nppalmoHaJIbHBIX YPaBHEHHUU
Hesas: HayunTs pemaTth uppalmoHanbHble ypaBHEHUS

Teopetnueckuii 610K

WppatimonaibHbIM Ha3bIBA€TCSl ypaBHEHUE, B KOTOPOM HEM3BECTHOE (IIEPEMEHHAs1) COACPIKUTCS
0] 3HAKOM KOPHS WJIM 1101 3HAKOM OIEpPaIlH BO3BEACHHUS B PAllMOHANBHYIO (IpOOHYIO)
CTEIIEHb.

I[J'ISI peHiCHUA UppallMOHAJIBHBIX ypaBHCHI/Iﬁ 0OBIYHO HMCIIOJIB3YIOTCSA CICAYIOIINE P HUE MBI .

1) «yenuHeHune» KOpHsS B OJIHOW U3 YacTell ypaBHEHUS U BO3BEIEHUE B COOTBETCTBYIOIIYIO
CTCIICHD;

2) BBeZIcHHE HOBOM NMEPEMEHHOM;

3) cBeeHME K CUCTEME YpaBHEHUI;

11



4) npuMeHeHne CBOUCTB (PYHKIUI, BXOIIIINX B ypaBHEHHUE.

Crnemyer MOMHUTD, YTO MPH PEILICHUN UPPALMOHATIBHBIX ypaBHEHUN HE0OX01uMa
IPOBEpPKA BCEX HaMIEHHBIX KOPHEH IyTEM UX ITOJICTAHOBKU B MCXOHOE YPABHEHUE UIIH
HaxoxaeHue O/13 u cneayronuii aHanu3 KOpHeH (Ipy pelieHuH METOI0M IIPUBEIEHUS K
PABHOCHJIBHOW CMEIIaHHOM cucTeMe ypaBHEHUN M HEPaBEHCTB HEOOXOJMMOCTb B 3TOM
OTMAa/aeT).

IIpocreimm uppauuoOHaIbHBIM YPAaBHEHUEM SIBIIICTCS YPAaBHEHHUE BUIA:

f./fTI) = Q(I) *)

IIPH PEIICHUH KOTOPOTO BaYKHYIO POJIb HTPACT YSTHOCTD MM HEYETHOCTE M

Ecnu M - neuetHOe, TO ypaBHeHue (*) paBHOCHIBHO YPaBHEHHIO

f&)=(ek)

Ecou 1 - YCTHOC, TO, TdK KaK KOPCHb CUUTACTCs apI/I(i)MeTI/I‘leCKI/IM, HCO6XOI[I/IMO

o =
yuanutbiBath OJ[3 (06:1aCTh AOMYCTUMBIX 3HAUCHH): f (I) = ﬂ. YpaBuenue (*) B 3ToM citydae
PaBHOCUIIBHO CHUCTEME:

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

3/ 3
Ipumep 1. Pemmts ypasuenne ¥ X —2x+1=1,

Pemrenne. Tak kax B nansoM npumepe B =3 - nedernoe, To mocie Bo3BeeHms 0Genx yacteil
ypaBHCHI/Iﬂ B TpeTBIO CTCIICHb HOJ'IyLII/IM
paBHOCI/IHBHOC I[aHHOMy ypaBHeHI/IeZ

3 3 x=1 x=0
O-x+l=Pod-um-0c =

11—2=ﬂ I=iﬂ'{i_

X = /2,23 =0, x5 :"’E.

OTtBer:

Tpumep 2. Pemuts ypapuenne ¥X+1=2—x

Pemrenne. Tax kak 2 =2 - yeTHOE, TO HCXOQHOE YPABHEHHE PABHOCHIBHO CHCTEME:

12



. e t+1=4—4x+x? 2 -5x+3=0
x+1=(2-x) o .

2—x20 x<2 x<2
_I_
L] 53
= 2 > I:T.
x<2

Oreer: ¥~ (¢ _""IE)IE.

" —_n
WHorna BcTpeyaroTcs ypaBHEHUs BUA Jf(x) JQ(I) , KOTOpBIE pelarTcs
CJIEAYIOIIUM 00pa3oM:

M - yeuernoe > f(x)= g(x)

L=k )=

M - gyerHOE I) =0 WA g(x) 20

[Ipumep 3. Pemnth ypaBHEeHHE 1.(2x+ 6— "u"r x+1=0.

Pemenue. 3anumiemM JaHHOE YpaBHEHUE B BUJIE: 246 = Jx+L Bo3sBons 00e yactu B

=
KBaJpaT U y4UTBIBaAsI, YTO x+120, IIOJIy4YUM ypaBHeHuE 2x+6=x+1, peleHne KoToporo
€CTb X=-5 — He YJIOBJIETBOPSIET BBIIIMCAHHOMY YCJIOBUIO. 3HAUUT, JAaHHOE YpaBHEHHE HE UMEET
peLeHui.

Oteer: HET penieHUI

WNHorna uppanmonanbHOe ypaBHEHHE COJEPKUT HECKOJIBKO paguKkaioB. B aTom
ciydae /Ui n30aBieHus OT PauKaIoB YpaBHEHHE MTPUXOAUTCS BO3BOJIUTH B COOTBETCTBYIONIYIO
CTCIICHb HCCKOJIBKO pa3 HpI/I 3TOM Hpe)IBapI/ITCJ'IBHO ye,JII/IHﬂIOT OIUH U3 paI[I/IKaJ'IOB Tak, LITO6I)I
o0e yacTu ypaBHEHUS CTalld HeoTpHUIarenbHbIMU. Oco00€e BHUMaHUE CleayeT oOpaTHTh Ha
npaBwibHOE HaxoxaeHue O/13.

[Tpumep 4. Pemuth ypaBHEHHE 2x-9—~x-3= 1

Pemenne. 3anumem ypasuenne B pute: ¥ 2X —9 =1++X—3  Tax xak reneps o6e vactn
IOJYYEHHOTO yPaBHEHHS HEOTPULIATEIBHEL, TO BO3BEIEM UX B KBAJIPAT:

2x—-9=1+x-3+2/x-3 =< x-T7=.x-3 .

[ToryueHHOE ypaBHEHHE PABHOCUIBLHO UCXOJHOMY. [I71sl ero pemieHus: pacCMOTPUM CUCTEMY:

13



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

x=7

x=9J_r«JE

> x=9+«u'ﬁ

Orser: X=9+-~/20

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

2 {2
Tpumep 5. Pemnts ypapnenne X +3x+4/x" +3x -5 =10

Pemenne. Bo3peneHue JaHHOro ypaBHEHMsI B KBapaT MPUBEJIO Obl K ypaBHEHUIO YETBEPTOMH
CTEIIEHH, YTO HEepalMOHAIBHO. [103TOMY 3anumemM ypaBHEHUE B

2 2
puge X +3x—5+4x" +3x—5=5 j pperem «HOBYIO» [IEPEMEHHYIO:
y= x+3x-5 y=0

=1
_].!1 +4y-5=0 ¥

[Monyanm y=-5

i 2 i 2
BepHeMmcst K «cTapbiMy nepeMeHHbIM ¥ X +3x-5 =1 ypy Vx" +3x-5=-75 Bropoe u3
—3++/33

IIOJIy4EHHBIX YPABHEHUH PEIICHNUN HE UMEET, a PEIICHUs IIEPBOI0 €CTh YUCIIa 2
-3--/33 -3+-/33
Xy=——— Xy =————
2 2

OTBer:

WHora npu perieHuy UppariioHAIbHOTO YpaBHEHNs BO3HUKAET HE0OX0AUMOCTh BBECTH HE
OJIHY, @ HECKOJIBKO «HOBBIX)» ITIEPEMEHHBIX. Takas CUTyalusi BOZHUKAET, HAIIPUMEp, IIPH
pELICHUN YPAaBHEHUM, COACPKALUX PAaJUKAIIbI Pa3HBIX CTEIICHEH.

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

{ 3
Pemenne. Tlycts #=~vX—2 20y ¥=%1-X Torga #+¥=1_C gpyroi

2
croponbl ¥ + v =x-2+11-x= 9 Tonyuaem cucremy

14



u=1-v u=1-v

(l—*l:f)1 v =9

utv=1
L

W +v =9 Vv —2v—-8=0

Pemmm IIOCJICAHEC YPAaBHCHHUE CUCTEMBI:

Vivi-2v-8=0 < (¥ -8v(v-2)=0c

v=2
(v—ZXv1+2v+4+v)=ﬂ <> [1 < v=2
v +3v+4=0

[Monyuum, uro ¥ = 2 arorma8=1-v=-1<0 110
yenosuro # 20 crenoparensHO HCXOQHOE YPABHEHHE PELICHUI HE HMEET.
OtBer: HET penieHui.
I[Ipu penieHnr HEKOTOPBIX UPPAUOHATBHBIX YPAaBHEHUI HAX0XKICHUE 001acTH
JIOIYCTHMBIX 3HAYEHHUM BXOISAIINX B yPaBHECHHE HEU3BECTHBIX MOKET CYIIIECTBEHHO O0JIETYHUTh

pCUICHUC YPABHCHU .

[Tpumep. Pemuth ypaBHEHUE

s 8x° 3%
+———
3 3

4y 6 —6-+13x—2x° — x> —6 =0

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

2 8x 35 7
[Iiﬁi_ﬁ_x;ﬂ 2.3 _35), {I(x+5 i——|>0

3 3 3 3 3
lx—6>0 o ix>6 dx>6 o

13x-2° - x2-6>0

22 +x2 —13x4+6<0

(x—2)2x +5x-3)<0

.

.

x €[6;+ )

{x = [— 5;0] u[g 3+

(x 2{ ——}x+3)< 0

w

°

x € [6;+ )

IE(— m;—3]u[—

.

1 ](:?xeﬂi

2?

[TosryunmM, 4TO 06JIaCTH AOMYCTUMBIX 3HAYEHUI TaHHOTO YPaBHEHHUS SBIISAETCS yCTHIM
MHOKECTBOM H, CII€OBATEIbHO, JAHHOE YPaBHEHUE PEIICHUI HE NMEET.
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OTBeT: HET pelICHUH.

[Tpu pemennn NppanMoHaIbHBIX YPaBHEHUH ObIBAET MOJIE3HO BOCIOIB30BATHCS
MOHOTOHHOCTbIO (DYHKIIHIA.

x+6)=6-%x+6

[Ipumep. Pemnths ypaBHEeHHE

Pemenne. OuH KOPEHb JaHHOTO ypaBHeHus X = 2 jerko maiitn nonbopom. [lokaxem, 4yTo

JAx+6)+3x+6=6

IPYTUX KOpHEW HeT. 3anuileM ypaBHEHUE B BUIE

ITo cBOMCTBY cTeNEHHBIX (HYHKIIHMA
— .'ii j _ 3
byHKIIUN ¥ l(x ) - x+6 u Y2 (x ) =Vx+6 SBJIAIOTCS BO3PACTAIOIIUMU HA

—&; o0
IPOMEKYTKE [ ), rze oHu o0e onpeneneHsl. [loaTomy nx

— 3
CyMMa y(x)— V(Z(x + 6) +3x+6 Ha 3TOM IIPOMEXKYTKE TaKXKE BO3PACTAET, CIECN0BATENBHO,
OHa IIPUHUMAET KaXXJ10€ CBOE 3HaUeHUe (B TOM uucie U 6) ToabKo oAuH pas. [lostomy apyrux
KOpHEH HeT.

OtBer: X =2

B HEKOTOpBIX Cilydasx MOKHO OCBOOOAUTHCS OT UPPALUOHAILHOCTH B YPaBHEHUH
YMHOXKEHHEM 00erX 4acTei ypaBHEHUN HAa HEKOTOpOEe He oOpaIiaroIieecs B HyJlb BRIpaXKEHHUE.

[Ipumep. Pemnts ypaBHEeHHE 4312 +5x+8 - N’r 3x° +5c+1=1

Pemenne. YMHOXHUM 00€ 4acTu 3aJaHHOTO YpaBHEHUS

Ha BBIPAKCHUC \J{3I: +5x+8+ NJ3I: +5I+1-' SABJIAIOIICCCA CONIPAKCHHBIM K JICBOM YaCTH
JaHHOT'O YpaBHCHUA. ITocae MIPUBCACHUA HOI[O6HI>IX YJICHOB MOJIYYHUM YPAaBHCHUC!

7 =32 + 548 4322 +5x 1,

KOTOPOC 3KBUBAJICHTHO UCXOJHOMY, TAK KaK

2 2
ypaBHEHHUE V327 4548 44327 +5x41=0 NEACTBUTENBHBIX KOpHEH He nmeeT. CKuaabiBas
3aJIaHHOE YPABHEHHUE U MOTyIEHHOE, MOy IHM:

VI +5x18 =4

Bo3Boss 06e 9acTH B KBaJpar, MOMydaeM KBaJpaTHOE ypaBHeHHe 3x°+5x-8=0, KopHH
KoToporo x1=-8/3, xo=1. [lenas npoBepKy, yoexxaaemcsi, 4To 00a HalJICHHBIX YHCIIA SBISIOTCS
KOPHSIMH HCXOJJTHOTO YPaBHEHHUSI.

OTtBer: x1=-8/3, x2=1.

1
r=—
2
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Pemmnths ypaBHEHUE:
1 Nx-3=1

o E—F=41-x
3x=vx+l

gAdT+5 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 ypapaenus: a) ¥< "% 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

IIpakTnuyeckoe 3ansitue Ne 22

Tema: CteneHb ¢ palMoOHATbHBIM MTOKa3aTelleM
Hean: HayunTs cTy1eHTOB paboTaTh CO CTETICHBIO C PAIMOHAIBHBIM MTOKa3aTelIeM

Teopernueckuit 610K
m

r
Omnpenenenue. CteneHpto ynciaa a>0 ¢ palmoHaIbHBIM ITOKa3aTejaeM 11, Tje M - 1enoe
YKCII0, a N - HaTypayibHOE ( n>1), Ha3bIBACTCS YHUCIIO ¥&™, T.C.

m
n

3 =2|"a_“‘1 a3 x>0

17



1
o_ - —
=1, 3 —a—n.

CBoliCTBA CTENEHHU C PAIIMOHAJIBLHBIM MOKA3aTeJIeM.

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

aF
=
{aF =3
i‘ab}]P:aP.bF;

(3 -5

Pemenne ynpaxuenuii:

-9 .
a vy

mn W M

wl —
wl —

1. Beruncnute: 25° - 1257,

1 1 1 1
E H B H

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

OrtBerT: 5.

a a
3ibh+ ah3

2. YIIpOCTUTD BBIPAKEHHUS: a+ b

al ! 1 1
Fib+ab: _ ab [a3+b3]| —ah
3 3 B L L - '
Ya + 3 J3y b
Ortger: ab.
T -
3*—-3* g3 3¢
LA T
3. YpocTuTh 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

OTtBer: 2a.

4. YrpocTurs:
51 19
327

4%.

18



200 5

2) 3)

5. Beruncinurs
1
273

I[OM&I.HHCC 3aJaHuUC:

1 1
16 %

] 2
Bxt - 4x 3

IIpakTnuyeckoe 3ansitue Ne 23

Tema: Pemienue nokasarenbHbIX YpaBHEHUN
Heab: HayuuTs pemate nokasaTeabHbIE YPABHEHUS
Teopetnueckuii 6110k
MeTtonbl peleHns MoKa3aTeabHbIX YPABHEHUN

1. IIpocreiimme nokazarenbHblE YpaBHEHUS

Tun ypaBHenus | Bun ypasHenus | Meron pemenus

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

al™ gt f(x) = log, b | Pemenuii ner

[Ipumepsl.



[pumep 1. Pemmre ypauenne: 3% = 3**4,

Penrenue.

3PP = <=>4x " 5 = x+4 <=>3x=9<=>x =3,
Otser:3

[Ipumep 2. Pemmure ypaBreHne: 254 =3 .
Pemenue.

3 log,16 log, 43

;:-
b= 3 c=> x4 = log, 3 X:10g23 44 <=>x = log,

log, 48

<=>x=

Ortser:

z
£9
[Ipumep 3. Pemure ypaBHEeHUeE:! 7o -7

Pemenue.

z z
X -
7w g , PELICHUI HET, TaK KaK LN

TSt o o X
R.

(o},

2. Metopsl npeobpa3oBaHus OKA3aTEIbHBIX YPABHEHUN K MPOCTEHIIINM.

Ortser:

A. Metoa ypaBHUBAaHMSI OCHOBAaHUM.

IIpumepsl.
3 4x—9 g +1

[Tpumep 1. Pemute ypaBHeHue: 27 =0.

Pemienue.

07- 3% 9% _ () 5 3334x9_ (32)+1 = 0 <=> 33+ (%9)_ 320:+1) = o= 6322 = () <=> 36 =
32X*2<=> 4x-6=2x+2 <=> 2X = 8 <=> x=4,

Otger: 4.

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

Pemenmne.
2x x X ax—15 _ -
2.3 . 5% — a0 = O <=> (22)x 3x 5x = 604x-15 <=> 4x3x5x = 604x-15 <=> (4 3. 5}x = 604x-
15 «=> 60%=60%1° <=> <=>x=4x-15 <=> 3x=15 <=> x=5.
OrTser: b.
B. YpaBHeHus, penraemplie pa3aoKeHUEM HA MHOKUTEIH.

IIpumepsl.

[pumep 1. Pemure ypaBaenue: X 2% = 2°2° + 8x-16.

Pemenue.

X' 2% = 22X + 8x-16 <=> x2* - 22¥ = § (x-2) <= =>2(x2)- g —2) = (x2) (x_gy=0

x—2=10 x=2 [x—z L’
2 —8 =05 2% =8 > 2"‘—23<:> 3
OTBeTZ{E;B}
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2x __ 9x x| X, —
[Ipumep 2 . Pemure ypaBHEHUE: > 77+57-35+47°-35=0

Pemenue.

. - 35
52X 7X-52X 35 +7% =0 <=> (5% -
7X)—(52x -35—-7%.35)=0 @(52" —7%)=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: 0.

o
C. YpaBHEHHNS, KOTOPBIE C OMOIIBIO MOJCTAHOBKH ) = t, t>0 Ipeo6pa3yloTcs K KBaJPaTHIM

YpaBHEHUSAM (WM K YpaBHEHUAM 00Jie€ BBICOKUX CTENEHEN ).
A-a¥™@ +B.af® +c=0

fix) = . .
sameny: & t.t50, rorma A" 2+B T+C=0

[TycTh ,rne A, B, C - nexkoropsie uncna. Crenaem

Pemaem nonydyenHoe ypaBHeHUE, HAXOIUM 3HA4YECHHUS t, yUUThIBaeM yciioBue t >0,

o s
BO3BpAIIaeMcsl K POCTEHIIeMy TOKa3aTeIbHOMY ypaBHEHHo 1)

3aluCbIBAa€M OTBCT.

=1, pemaeM ero u

[Tpumepsr.
[pumep 1 . Pemmte ypapuenue: 22 - 22X =5,

Pemenue.

z

(o]

ol

227 Q2N = 5 <=> 220X . ¥ = 15 <=> 4(2)2 - 4= 15

Tenaem sameny t = 2% t > 0. [TonryuaeM ypasHenue 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% = 22 <=> x=2.

Otger: 2

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

5 l=1e5?=5taex-2=02x=2
Bepnemcs k nmepeMeHHON X:

Ortser: 2.
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IIpakTnueckoe 3ansaTne Ne 24

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

Jlorapudm uncna b no ocHoBaHuIO @ ompeneNnseTcs Kak MoKasarellb CTEHEHH, B KOTOPYK HaIo
BO3BECTH 4YMCJIO (I, 4ToObl nomyuuth uucio b (Jlorapudgm — cymecTByer TOmbKO Y
MOJIOKUTEIBHBIX YUCEIT).

Jlorapudm B mepeBojie ¢ rpeyeckoro OyKBaIbHO O3HAYAET "YMCII0, H3MEHSIOIIEe OTHOIIEHHE .
CrnenmnanbHble 0003HAYEHUS:

HartypansHslit torapudm lina - norapudm no ocuosanuio €,
Hecsatuunsiii torapudm lga . norapudm 1mo ocHoBaHuto 10.

CsoiicTBa Jorapugmos:

° log, b b
1° @ = {7 - OCHOBHOE JIOTapHU(PMHUECKOE TOKIECTBO.

7o log,a=1.a=0.a+#1
3o log,1=10.a>=0.a+#1

Jlorapudm eauHUIBI TIO JTFOOOMY MOJIOKUTEITEHOMY, OTIMYHOMY OT 1, OCHOBaHUIO paBeH HYIIIO.
DTO0 BO3MOXHO MOTOMY, YTO U3 JIOOOTO JIEHCTBUTENBHOIO YMCIA MOKHO IMONYYUTh | TOJIBKO
BO3BE/ISl €70 B HYJIEBYIO CTEIIEHb.

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

Jlorapudm npousBeaeHus paBeH cyMMe JIOrapu(pMOB COMHOXKUTETEH.

b
s log, o= log, b—log, ¢

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

6o log, b =p-log, b.
Jlorapud™ cTeneHn paBeH MPOM3BEIECHHIO TIOKA3aTeNs CTENEHN Ha JOrapu(M €€ OCHOBaHMSI.

log . b= % log, b

70
1
log, b = oo
go O, a
log b — log,. b
o O, = —1 ;
9 UL @ - mepexoi K HOBOMY OCHOBAHHIO.
[Tpumepsr:

1. HaiiguTe 3HaUYe€HUE BHIPAKCHHUS:

22
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Hcnionb3oBanu:
m L —
an = 1: am
M g1 .
log , b™ =m-log_ b
Ortser: 2

2. Haiigure 3nauenue Boipaxkenus 10gog 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.HaiinquTe 3HaUueHNE BBIpaXKCHHUS:
5 log,- 49

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

Otser: 7
4. Haitnute 3HAaYCHUE BHIPAKEHUS:

82-10g33

g2-loge3 _ (B]Ggs 3 ]2

I
%]
[
I
s

Ortsert: 9
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5.Haiinure 3HaYCHNE BBIPAXKEHUS:

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

Ortser: 3

6. HalimuTe 3Ha4YeHHE BBIPAKCHUS:

24

310832

24 24

3]ug22 - 2 12

Ortser: 12

7. Haiinute 3HaueHNe BHIPAKEHUS:

log1 V13
13

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

Otset: — 0,5
8 . Haiinure 3Hauenue Boipakenus 1093 8,1 + 10gs10.

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

Ortser: 4

9. Haiinute 3HaueHNE BBIPAKEHUS:

log,v13
loge 13
log V13 11

24



Ortser: 0,5

10. BeryrcnuTe 3HAYCHHUE BBIPAKEHUSI:

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

Ortsert: 3

11. Haitnure 3nauenue soipaxkennus 10ga(ab®), ecmu logy a = 1/7.
[TpeoOpaszyeM naHHOE BBIpAKEHUE:

log_(ab®*) =log,a+log b*=1+3log_ b

Omnpenenum 3HadeHue Boipakenus 10gab. Ham usBectHO, uTO

1
log,a = 7

Hcnons3yem CBOMCTBO:

1
log. b

1
log

log,a =

b

a

Crnenosatenbao logab =7.
Takum oOpazom:

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

Ortser: 22

12. Haiimure loga(a:b®), ecom loga b = 5.

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

Ortger: —14

13. Haiimure l0ga(ab®), ecru 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. Haiimute 3Hauenue Buipaskenus 10ga(a*b®), ecmm logs a = 1/3.
log (a*h®) =log,a* +log, b° = 4log a+9log, b =

=4.1+9log_ b

log,a =

Ortser: 31

15. Haiimure loga(a’:b%), ecmu loga b = 10.

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

16. Haitnure loga(ab®), ecom loga b = 7.

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

Ortser: 71
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IpakTnyeckoe 3ansiTue Ne 25

Tema: IIpeoOpazoBanust anredpanuecKux BbIpaKEHUIH
Heanb: HayanTs npeoOpa3oBhIBaTh aredpandeckue BhIPaKEeHHS

Teopernueckmnii 6,10k
Omnpenesienne. AnredpanyecKrM BhIPAXKEHUEM HA3bIBACTCS BBIPAXKEHUE, MTOJIy4aeMOe U3
MOCTOSIHHBIX M NTEPEMEHHBIX TIPU TTOMOIIY ONIEPAIHiA CII0KESHUS, BBIYUTAHUSI, YMHOXKCHHUS,

ACJICHH, BO3BCACHU B LICTIYIO CTCIICHD U U3BJICUCHUS KOPHS.

[Tpumeps! anredpanyecKux BhIPAKEHUN:

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).

Onpenenenue. O651acThIO JOMYCTUMBIX 3HaUeHUH (cokpamieHHo O/[3) anredbpanueckoro
BeIpaxkeHus E(X1, X2, ..., Xn) (D(E)) Ha3bIBaeTCS MHOXKECTBO BceX HAOOPOB (X1, X2, ..., Xn), IS
KOTOPBIX BhIpaskeHue E(X1, X2, ..., Xn) HMEET CMBICIL.

T+y

E(r,y) = z 5 5
Hanpumep, O/[3 BeipakeHUsI ( Ty seisiercst D(E) = {(x,y) | XIR, yIR, xy#

0}, O/I3 BoipakeHus E(z,y) = \/ry — 22, ggnigercs muokectso {(xy,2) | x,v,2IR, xy>0}.

Omnpenenenue. Anredpandeckre BolpakeHust E1 u E2 Ha3pIBatoTCs TOXKIECTBEHHO paBHBIMHU Ha
maoxkectBe M [ D(E1)CD(E2), ecitu nipu J100BIX 3HAYCHHSIX TEPEMEHHBIX
13 MCOOTBETCTBYIOIIME YUCIOBBIE 3HAUCHHSI STHX BBIPAXKEHUH PABHBI.

Hanpumep, vV = & na maoxkectBe [0;+¥), V a? = —a, ga MHOXeECTBE (-%0],
-1
—=r-1 A

z+1 na muokectBe R\{-1}, (X +Y)? = x? + 2xy + y? ma muOxectBe {(Xy) | X IR,

Onpenenenue. ToxaecTBeHHBIM IPeoOpa30BaHUEM ANreOpanyecKoro BEIpaXKEHUs Ha
mHokecTBe M [ D(E) Ha3bIBaeTcs 3aMeHa 3TOTO BBIPAKSHUS HAa TOXKICCTBEHHO PABHOE €My Ha
MHOXecTBe M

3ameuyanue. OTMETHM, YTO HHOTJA OMTYCKAIOT MHOXECTBO, HA KOTOPOM ajireOpandeckue
BBIPAKEHUS TOXKICCTBEHHO PABHBI, M€l IPU 9TOM BBUY UX TOKIECTBEHHOE PAaBEHCTBO Ha
nepecedeHny 001acTeil TOMyCTUMBIX 3HAUCHUH.

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. (axb)>=a’=+2ab+b?

2. (axb)®=a®+3a% + 3ab® + b
3. a’-b*=(a-b)a+bh),

4, a®+bd=(axh)(@Fab+b?.

O1H GOPMYIIBI IOTYIAFOTCS KaK CJIEICTBHS U3 Oojiee o0mux Ghopmy:

5. a"-b"=(a-b)@t+a™?bh+..+ab™2+b") (niN),
6. a®™l+p*™l=(a+b)(@®-ab+..-ab™t+b?) (nIN),
7. (6bunom HproToHa)

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

ok — !
rmeniN, = K{n—-F!" n=123..n 0=1

II. CBoiicTBa cTenenei

Crenyrorine CBOWCTBA CIIPABEIIMBBI IS JIIOOBIX TOJIOKUTEIBHBIX YrceT a U b u 100bIX
JIEMCTBUTEINBHBIX Yicen a u b.

1. a%=1;

2. a*tb=ga%- a"
a8 — ﬁ

3. ad’

4. (ad)° = a®;

5. (ab)*=a?- b?¥

6. (%)u - ‘:_:5

3ameuanue 1. OTMeTI/IM, YTO OTPULATCIIbHBIC YU CJIa TAKKC MOKHO BO3BOAUTH B HCKOTOPLIC
it

crernieHu (Tienble U, Oojiee 0010, parMoHaIbHBIC BUa 211 — 1 T/ie m - menoe, N - HaTypaibHOER).
3ameuanue 2. 02 =0, mig aro6oro a > 0.

ITI. CBoiicTBa paankajioB

Ve = €CJIH 11 — HEeYeTHOE,
- €CITH 11 — HeTHOE.

-rl

ecma>0, b>0, kiN,

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

b mE .
(%/a)" = VaF, rae a> 0, ecitm M - yeTHO, @ I R, ecimm M - HEYeTHO.

Usw e
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SIS

6. " rmea>0, b>0, n-uernowmb#0,alR,ecnu n - HeveTHo.
7 Va* =a%, a>0.
8. vV ¥Wa="%a, rrea>0,ecmnm - uerHo umm N uerrHo, a1 R, eciu M-N - HEYETHO.
9 *W/—a=-*%a, a€R.
a+ ya? — eb? a— f/a? — eb?
atbh/c= ‘ + ‘ ,
10. 2 2 rnea>0,b>0,c>0ua?>b.

Ipumep 1. Onpenenuts O/f3 anreOpanyecKux BhIPAKCHHINA:

a) E(z) = V& + 1% — 2%

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

a Vid

bte  Bleteh

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

Pemenue. a) O/{3 NTaHHOTO BBIPAKEHHS ONpeEIIeTCs U3 HepaBeHCTBa X + X2 - 2X° > 0, koTopoe
pelaeM Ipy NOMOILM METO/1a MHTEPBAJIOB:

X+x2-23>0 U x(1+x-2x)>0 U x(2x+1)(1-x)>0 U xI(-¥%-Y]E[0:1].
Takum o6pazom, D(E) = (-¥;-2]E[0;1].
b) OTMeTHM, 4TO BBIpAKEHUE UMEET CMBICI TOT/Ia U TOJIBKO TOT/a, KOTaa

X2 + y<SUP2< sup=""> # 0,</sup2<>
X -y #0,
x+y#0,

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

¢) Tak kak 3HaMeHaTelNb ApPoOU JOJIKEH ObITh OTIMYEH OT HYJIS, @ KOPEHb BTOPOU CTENEHU
CYILIECTBYET TOJBKO U3 HEOTPULATEIBHBIX BBIPAXKEHUM, TO U1l onpenenenns O3 nomyunum
CUCTEMY

b+
b+c#0, b+c#0, bigia
b’c+c?b#0, U ¢ bc(b+c)#0, U c;éO’
d> d> ’
=0, 20, d>o0.

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

0}.

IIpumep 2. Onpenenuts, SBIASIOTCS JIU BhpakeHUs A 1 B TOX/1eCTBEHHO paBHBIMH Ha
MHOXecTBe M.

29



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, CJIEI0OBATEILHO, | v/a - Vﬁl =+a - Vb. Orcrona
1 1
A= (ya— Vb

MOJIy4aeM, YTO ably/a - V;EJ ab Taxum oO6pazom,
BbIpakeHHs A 1 BToX/1ecTBEeHHO paBHBI HA MHOXKecTBe M.

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

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

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

A=

TTpu npeoGpa3oBAHMSAX YIHTHIBACTCS, UTO, eci @ > V3, 1o VaZ = a,
(a* - 3)

" 2 =|a* -3 =a® - 3.

IIpumep 3. YOpoCcTUTH 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 onpeemstercs 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 kKak Ha O[3 Vb =2+ v/b+2 2> 2

crenosarensho, [VP — 2+ Vb + 2| = /b — 2+ /b + 2. Taguu o6pasom, ipu b > 2 ucxonanoe
1

BbIpakeHne pasHo Vb + 2

b) O/[3 nanHoro BeipaxkeHus siBIsieTCst MHOKecTBO {(M,N) | m>0, n>0, m#n}.
i — — a2 & —p2 3
O6o3nauup VM = a, n= F3‘:110J1qu/IM13"m—"1 s vm? =a',m=gbyVn=">0% Vn?=10,
n = b® BeIpakeHne IPUHIMaET BHJL
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a’bt + a'h? - a® — Bt 1
12 -2 + =
al + 2a2h? + bt at =) a+b
_ a’b*(a® + b*) W 4 (a@® — B*)(a* + a®b* + bY) |
(a® + b*)? (a? = b*)(a® + B*) (a+ b)

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

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

~ b.

c)Ha 073: {(ab,c) | a>0,b>0,c>0, a%+ c?>+# 0} BeIpaxkeHne NpeoOpa3yeTcs CeLyOIIM
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 BRIpa)KEHUS SIBJIIETCS MHOKECTBO {(8,b,C) | a#b, a #¢c, b #c}. [IpuBoas
BBIPAXKECHHUE K 00IIIEMY 3HAMEHATEITIO, TIOTYUUM:

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) ‘

Y4uurteiBas BUJ 3HAMCHATCIIA, Pa3JI0KUM Ha MHOKHUTCIIN YHUCIIHUTCIIb:

a(c-b)+b3a-c)+c3(b-a)=c(@ -b%+ab(?-a?) +cib-a)=

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

CnenoBaresnbHo, Ha O/[3 HCXOIHOE BBIpaKEHHE TOXKIECTBEHHO paBHo ab + bc + ca.

f) O/{3 BeIpakenus siBisieTcss MHOXKECTBO {(X,Y,Z) | X #Y, Y #2, 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
AHaJOTU4HO MpeoOpa3yroTcs U IpyTrue ciaraeMble:
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z2— _ 1 1 ]
(y-2)y-z) y-2z y-z’

CrnenoBaTeiabHO,

T —1 1 _ 1
(2=z)z-y) 2-z z2-y
y—z z—x r—y
@-Pe-2 G-2y-2) Gc-aE-y
1 1 1 1 1 1

-y T-z2 Y-z Yy-T z2-& z-Y
2 2 2
+ + .
T-y Y-z z-%

g) O3 Beipakenus pasHa R\{-2;0;3}. YuuTbiBas, 4To BeIpaXeHHE COACPHKUT [M| U [m - 3|,
PaccCMOTPUM TPH CITydas:

1.

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

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

nycts M 1 (0;3); Torma m|=m, |m- 3| =-(m - 3), u BEIpaXKEHHE IPHHUMACT

m|m — 3| __—mm-3) 1
(m2 —m —6)|m| (m+ 2)(m—3)m m+ 27

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

m|m — 3| 1

(m?2 —m —6)lm|  m+2

Takxum oOpazom,

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

IIpumep 4. Pa3noxuTe Ha MHOKHUTEIN:

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

b) x3 +y3 + 23 - 3xyz;

X+ +x0+ X0+ X+ 3+ X2+ x + 1;
d) x° +x+ 1.

Pemenue. a) [Ipubasinss u Berautas z(y + z)(z + X), a 3areM rpynnupys ya00HbIM 00pa3omM,
HOJTYYUM:

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

=(Y+ )@+ X)X +y+2)-2(Z +yz+2x) =

=(Y+ )@+ X)X +y+2)-2P(x+y+2) =
=(X+y+)((y + D)2 +x) -2%) = (X +Y +2)(xy + Yz + 2X).

b) [Ipumensiercs popmysa cCyMMbl KyOOB U peIIaeTcsl Mo00H0 MPeIbIIyieMy YIPaXXHEHUIO

X3+ v+ 23 - 3xyz = (X + y)(X2 - Xy + y2) + 2(2% - 3xy) =
=(X+y+2)(-xy +y?) +2(2 - 3xy - X’ +xy - y) =
=(X+Yy+2)(X-xy +y) +2(2° - (x +y)*) =
S(X+HYy+)(C-xy+y +2(z-x-y)) =
=(X+y+2)(X2+Yy2+72%-xy-XZ-y).

¢) [Mpumensist GopMyIIbl COKPALICHHOTO YMHOXCHUS, MOJTYUUM:

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

I = T o=

(P -1+ P +1)
. r—1

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

d) XC+X+1=1+X+X2-X2+xX°=1+xX+X2-x3(1-x) = (1 +x+x%) - x*(L-X)(1 +x +x?) =
A+x+x)L-x1-X)) =1 +x+x)(1-x+x3).

IIpumep 5. M36aBUThCS OT HPPALMOHATBHOCTH B 3HAMEHATEIE:

1 1 1
Y1ivE- v Y vVt O T

Pemenne. YMHOXaS HA BBIPAXKCHUC COMPSIKCHHOC 3HAMCHUTCIIIO, ITIOJTYUUM:

1 14243 142403 (142432 V24246
l+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)):

X+ Yy + 70 -3xyz = (X +y +Z)(X° + Y2+ 27 - Xy - yZ - 2X)
CIemyeT
(2* +y° + 2° — 3zyz)
(22 +y? + 22 —zy —yz — 2x)

r+y+z=

Ha ocnoBanuu MOCJICAHCTO COOTHOIICHUS IMOJTyYUM
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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 BHIPAYKESHUS MPEACTABIISAIOT COOOM IIEIbIe 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,

Pemenne. a) Boiensis moaHblid KBaIpar Moj 3HAKOM pajiuKalia, modyqyuM

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

b) Beinenss nomHbIi KyO MO 3HAKOM KOPHS TPETei CTENEHH, TOTYIUM

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 BBIpa)KeHI/Ie paBHO
Vi+3+3-v5=6

YciaoBHBIE TOKIECTBA.

1 1 1
2022 2 —+o+-=0
Ipumep 7. a) Beruucnouts X° +y* + 29, ecm X +y+z=1+* ¥ < .

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

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

¢) Jlokasate, uto ecrmm X + Y + 2 =0, To X* + y* + 7 = 2(xy + yz + 2x)°.

d) oxasath, 4TO JIs TFOOBIX TPEX MOCIIEN0BATEIbHBIX YICHOB T€OMETPHUECKOM MPOTPECCUH
BBITIOJIHACTCS PaAaBCHCTBO
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a1® + @’ +as® = (a1 + a2 + as)(a1 - a2 + as).

e) Jlokazatsb, 4TO, €CIM X1 + X2 + X3 = Y1 + Y2 + Y3 = X1y1 + XaY2 + Xsys = 0, u He Bce umcay;,
7=143 y vy, =13 pausl 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+yr + 2= (x+y+2)P-2(xy +yz+2x) =12-2:0=1.

b) 3ametum, 4to ycnoBue 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, HOTy4uM

2(xy +yz +2x)? = 2(xy + 2(x +Y))> = 2(xy - (x + Y)*)* =
=20 + Xy + Y22 = 2(x* + x2y? + y* + 233y + 2x%y? + 2xy®) =
=xtyt+ (y +Axy? + Bx%Y7 H Ay + ) =Xyt (x+y)t =

d) Tak kak @183 = a2% (XapaKTepUCTHUECKOE CBOHCTBO TEOMETPHUECKOM TIPOTPECCHH),
CJIEZIOBATEIIBHO,

(a1 + az + a3)® = a1 + ap? + as + 2ax(a1 + az + az).
Orcrona nony4aem:
a2+ a2 +as? = (a1 +az + as)’ - 2ap(ay + az + as) = (a1 + a2 + as)(as - az + ag).

e) PaccmoTpum BeKTOpPBI (X1, X2, X3), (Y1, Y2, ¥3) 1 (1,1,1). 3ameTum, 4T0 3T BEKTOPHI MOMAPHO
OpPTOTOHAITLHBI, TaK KaK X CKaJISPHBIC MPOU3BEACHHS paBHBI HYI0. Clie10BaTeIbHO, BEKTOPHI

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

g = ( in ‘ iz ‘ Ha ) ‘

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

9 = (ﬁ V3’ u_"E) "
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00pa3yroT OPTOHOPMUPOBAHHEIN 0a3HC B MPOCTPAHCTBE R3. 3HaunT, 11 KaXI0T0
Bektopa XI R® cripaBemBo paBeHCTBO

(x,g1)% + (x,82)° + (x,g3)° = 1.
B vactHocth, ans X = €1 = (1,0,0) nonyuum

o vi L1
4+ yi+yi+y 3

OTKYJIa ¥ CTIETYET HCKOMOE PaBEHCTBO.
3anayu Ui peleHus

=1.

1. Onpenenuts O/[3 BbIpa’KEeHUIA:
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 PAaBHbBIMHW 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
a?+2a-3
1-2 a2 —1 -1} ——.
o VI-2a+ (@ - Da-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 ! > 2 ! <2, a# -3, a#-1
MEEm. npH C ——— T a ca#E -3 a# -1
+3 P "at+2 ™® * :
b—e ec—a a-b (b=c)lc—alla—="h) _
9) btc ctala+b (b+e)e+a)(atb) Omsem: 0.
4. Pa3noXKUTh HA MHOKUTEIIH:
a) x*+x2+1; Omeem: (X>+x+1)(x*-x+1)

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

5. 36aBUTHCS OT MPPALMOHATILHOCTH B 3HAMEHAaTelIe:

] 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 MPUBEICHHBIC BEIPAKCHUSI MPECTABIISIOT COOOM 1eIble Ynciia. BerauciuThb
3TH YUCHIA.

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

IIpakTnyeckoe 3ansaTHe Ne 26
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Tema: [IpeoOpazoBaHue BbIpAKESHUM, COACPKAIINX PATUKAIIBI
Lesab: HayunTh BHINOTHATH IPeoOpa3zoBaHue BBIPAKECHUN, COACPIKAIINX PAJUKAIIBI
Teoperuueckuii 010K

Onpenesenne:

KOpHeM N-¥ CTEIICHU U3 HCOTpUIATCIIbHOI'O YHCJIa 4 HA3bIBACTCA TAKOC HCOTPULATCIIbBHOC YU CIIO
b, KOTOPOC IIpHU BO3BCACHUHU B CTCIICHDb N JACT YHUCJIO 4.

HpI/IBe,Z[eM MATCMAaTUYCCKYIO 3aIIMCh OIMPCACIICHUA:

Va=b {b’” =a
a=0 b=0 V)" =a
n=234..
Efaac — 3 — 4o = 4 _
Hanpuwmep: V125 = 5, K 125; vel 3, e 81

I/ITaK, B PaCCMOTPCHHOM CJIydac 1o KOPHEM CTOUT CTPOro HCOTPHUUATCIbHOC YUCII0, HO
CYHICCTBYCT TAKKEC KOPCHb U3 OTPULATCIIBHOI'O YUCJIa — 3TO KOPCHb HEUYEeTHOM CTCIICHU, OH
CYHICCTBYCT IAJIA JIFOOBIX YHCEJL.

2“*?-\”5 — b b2n+1 —a
a€R
E_o— _93¥=_g ¥ _o_— _%i/n
Hanpuwmep: V-8 2, T.K.[ 2) B, V-8 Ve

HamomMHMM cBoO¥CTBa KOPHEH N-i CTENEHU, KOTOPHIMHU MBI OYJIEM MOJIb30BaThCSI ITPH BCEX
npeoOpa3oBaHuUsX:

ﬂ'n"_ Lo ﬂl"_'n: = ]

(Va) @, a aHpHa_D,ﬂ 2,3,4..
ab="Ya%Vb = = =

Vab= Ya¥y ,HpI/Ia_ 0,b=0,n 2’3’4"'(meopeﬂ4a 1);
nle _ Ya

PR = =

& v , pH a=0b=0n=234.. (meopema 2);

— nr I

"al = Wa = = =

(Va) =~ o ® 2 0,k=123..,n=234.. (meopea 3);
A= mkr—

| & — nt = = =

VY Va oy 220k =234.n=2340 0.

War=Ya* azo0k=234..n=234..,p=123
1910)7 S e e T (meopema ).

Bce nanpHeiinme npeoOpa3oBaHus U BEIUKUCICHHS 0a3UPYIOTCS Ha ONPEAEIEHUU U CBONCTBAX
KOpHS N-U CTETICHH.

[Tpumep 1. Beruncauts:
V27 %12

Pa3noxuM moikopeHHOe BeIpakeHHe Ha Oosiee y100HbIE MHOXKHUTENHN U IOCJIE ITOT0 U3BJIEYEM
KOPEHb:

V2712 =4/33%3+4=/3*:22=9%2 =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: IMMOCKOJIbKY a CTOUT IO/ KBaJIPpATHBIM KOPHEM B HEUYETHOM CTCIICHHU, TO JaHHaA
MEpeMCHHAass HCOTPHULIATCIIbHA, UMECM IIPaBO CHATH C HEC MOJAYJIb.

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:
azx=o
aVv2 =lalV2 = 1,,.-'?\-"'_ =4/ 2a?
[Tpumep 11:
a<<0
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av3i=—lalV3 = —ﬁ?\-@ = —/3a?
[Tpumep 12:

a=b

(@ —b)y/m

a=b—sb—a=0
(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*

IMpakTunyeckoe 3ansaTue Ne 27

Tema: [IpeoOpa3oBaHue BeIpaKeHHH, COAEPIKALIMX CTEIIEHH U JIOrapr(pMbl
Henab: HayunTs BBIMOIHATE MpeoOpa3oBaHUE BHIPAKEHUH, COAEpKAILUX CTEIEHU U
sorapupmbl

Teopernuecknii 070K

IIpumep 1: BeruncauTh 3Ha4eHNE BBIPAKEHUS:

o) o £

log 5 (+3)

Pemrenne:

o (7)o £
log 5 (+3)

3ameuanue: [Ipu pemennu 3agay, conepkaniux jJorapudmel, B MIEPBYIO OYEPEb HE CIEAYET
cocpenoTaunBaThCcs Ha HUX. Hukora Hemb3s 3a0bIBaTh MPOCTO PO anredpy.

41



B uncimrene sToi }IpO6I/I MOXXHO IPUMCHHUTD (bOpMy.]'Iy COKpPalICHHOT'O YMHOXCHUS PA3HOCTDb

N R
KBaApaToB. OOmmit BI/I,Z[ia: —& —{a b]{a+b}.

3ameuanue: B abcoaroTHOM GONBIIMHCTBE 3a/1a4 CIEAYET BCe Jorapu(mbl IPUBECTU K OAHOMY
OCHOBAHHUIO.
B 3nameHnarene Bocnonib3yemcs GopMyIioil nepexoga K HOBOMY OCHOBAaHHUIO U IepeiieM K

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

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

B uncnuTene B mepBoi CKOOKE MPUMEHHM CBOMCTBO «Jlorapudm pa3HOCTH», a BO BTOPOU —
«Jlorapudm cymmbI».

o0, ()=

CaMbIil HIKHUI 3TaX MOYKHO BBIUMCIIUTE:

log, G log, [JE\EJ

2

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

2

BTopoii COMHOKHTEIb B YUCITUTEE MOKHO BEIYMCIUTh, B 3HAMEHATEIE MOKHO TPUMEHHUTh
cBoicTBO «Jlorapudm cremenm.

log, {3] _ log, {3} —

) log, («J{B—g) B log, {3} -

Otger: 1

[Tpumep 2:
BbruncnnTh 3HaU€HNE BBIPAKECHUS:

log;{90)—log, (18} log, (4) log, (7}

Pemenue:
log s (90)—log, [18) log, (4) - log;{7) =

[epeiinem B kaxaoM sorapudme K oHOMY ocHoBaHuUI0. K ocHOBaHuIO 5.
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3 log, (18] _ log;(4)
logs {4] log; {?)

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

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

= log, {90} -

Ortser: 1.

]

(1{};};_)1[5 ) (1{};{ A6 )
3.HaiinuTe 3HaueHNE BBIpaKEHUS - .

(1{}_;_1;_’“5 ) (1{}_;_1;{,.‘%5 )z (1{}5{_’2 J ) (1{}5{{,53 )= (11{}51;_"3 ) (El{}g};rfi )= I1x2=38§

OtsBer: 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 IMPOCTBIC MHOXKXUTEIIN OCHOBAHNEC HOFaqu)Ma  4YUCJI0, CTOAIICEC IO 3HAKOM
norapn(bMa. 3areM BBIHECEM CTCIICHHU 3a 3HAK norapnq)Ma.

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

Iul e

. 3
log ; 8=log ,2 =
o

OTser: 1,5

log _60-log_12
5.Haiiaute 3HaYeHNE BBIPAKEHUS . o

[TockonbpKy OCHOBaHHMS JIOTapU(PMOB paBHBI MKy COOOU, TPOCTO TPUMEHUMCBOMCTBO
J0rapuQMmoB:

5=1

il
2 7

log _@G0-log_ 12=log_— =log
5 o ol

Ortser: 1.

log _0.2+log 4
6.Haiiure 3HaUCHKE BBIpOKECHUAS 0.9

3anumeM IeCITUYHBIC ,Z[pO6I/I B BUJIC OOBIKHOBEHHEBIX U BBIHECEM CTEICHH 3a 3HAK norapHQ)Ma:
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log 0.2 +1{}g” . 4=1ﬂgri— +log, 4=-log_5-log _4=-1-2=-3
0 R ] i 2
)

Ortser: -3
|ug? 13

. log 0 13
7 HaI/II[I/ITe 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 3HaueHUE BRIPAKECHUS 9

Paznoxxum 50 Ha MMPOCTBIC MHOXKHUTCIIN U YIIPOCTHUM I10KA3aTCJIb CTCIICHU B YUCJIIUTCIIC ,[LpO6I/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 BBIPAXKEHUS

[TpuBenem o0a norapudma K OCHOBAHHUIO 2, a 3aTeM Pa3IokKUM uucia 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
O603HauUM =, TOJY4HM:

MHOXUTCIIN
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) -2 ) N
Aot —/——— = (14t ) —L =1
\ f( 1+t ) | 14t

3amevanue. MoxHO ObUTO TOCTYIUTh TaK: MPEICTaBUM YUCIIO 12 Kak mpousBeaeHue 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 jorapupMuuecKkue ypaBHEHUs

Teopernueckuii 010K

Pemenue mo6oro orapuMUYecKOro ypaBHEHHUS TAK)KE CBOJUTCS K PEIICHUIO OJTHOTO WIIH
HECKOJIbKUX MPOCTEHIINX JIOTapU(PMUIECKIX YPAaBHEHUH:

1) logaf(x)= logag(x); 2) logaf(x)=b.

VpasHenue (2) ceoautes K ypasHenuo Buaa (1): logaf(x)= logaaP.

VYpasHenus Buaa (1) cBonsarcs k pemieHuto ypasHenu f(x)= g(x) (morenuuponanue). [Ipu stom
HEOOXO0MMO TOMHHTH, 4TO ypaBHeHUs logaf(X)= 10gag(x) u f(x)= g(x) He paBHOCHIBHBL [IpH
MOTEHIIMPOBAHUY TIPOUCXOANUT PACIIMPEHUE O0JIACTH OTIPENICIICHNUS, 2 3HAYUT MMEETCS

OIMMAaCHOCTD IMOSABJICHUSA ITIOCTOPOHHHUX KOpHGfI. HpOBepKa — HauJryqmee CpeaCcTBO IIPOTHUB TakoM
OITaCHOCTH.

1 mun — 1o oTnpeAeNIeHNIO Jiorapudma:

log i2x -0 =-2
a) 3

1

-
(—J =dx-1
Pemenne: - : 2X—1=9; x=5.

log,10-0=-2 log,?=-1

IIpoBepka: 3 ©3 . ~2logz3=-2

; —2=—2 — BEpHO.
OTtBer: X=5.

6) log, (' +4x+12)=2

Pemenne: 3 = +4u+12; 2° +42+12-9=0 =* +42+3=10;

Xig=-2%4-3 =241

; X1=—1 1 xp=-3.
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IMposepka: x=1, logs(1-4+12)=2; 10939=2; 210g33=2; 2=2 — BepHoO;
x=-3, 10g3(9-12+12)=2; l0g39=2; 2l0gz3=2; 2=2 — BepHO.

OtBer: x=—1, x=3.

g
lngg[——lJ =x-2

i
B) 4 .

2.8 L2
Toax 4 ax -
Peenmne: 2 : 2 . [MycTh ¥, Torga ypaBHEHHE 3aIUIIEM B
v &
24 .
BHJIE 4 ¥ i +4§.r—32=|]’

YL2=_21U4+32=_2i6; Y1=4; Y2=_8; =4 2":22;)(:2; Foe-g

H
lngg(——lJ =1-1
IMpoBepka: 4 ; 1oga1=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.
Pemenmne: Ig[(x—3)(x-2)]=lg10-1g5; Ig(x>-5x+6)=1g2;

5iq,|55—16

X?—5x+6=2; X>~5x+4=0; X12= 2 ;x=4 u x=1.
IMpoBepka: x=4; 1g(4-3)+ Ig(4-2)=1-1g5; g1+ Ig2=1g2; 1g2= Ig2 — BepHoO;

x=1; 1g(1-3)+ 1g(1-2)+1- Ig5, Tak kak BeIpa)keHHe, CTOSIIEE O] 3HAKOM Jiorapudma,
JIOJDKHO OBITH BCET/Ia MOJI0KHUTEIBHBIM.

OTtBeT: x=4;

g+ 1gx-3) 1

6) 1a7x+1)+1g(x- 6)+ 13 1

Igt+igx-) 1 lg4x-30 1

Pemenme: B3R HIGE-6) 2 1537+ D-6) 1,

2 1g(4(x=3))= 1g(3(7x+1)(x-6)); lg(4(x-3))?= 1g(3(7x+1)(x—6)).

[oternmpyeM: 16x°—96x+144=21x>-123x-18; —5x*+27x+162=0;
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2T+ 3800 2TXA3 36 12

5x227x-162=0; x12= 10 10 ;x3=9;xp= 10 5.

212+ 1gh, g4 1

1
IpoBepka: x=9; le4+1g3+1g3 1. Zlg8+2lg3 1.

124 1

21g4 2 _ pepHo;

18
21 +1[._-3}
g+lg ; :

)
_Ls 1{.ﬁ+1J+1{.E-6J+1g3

BBIPAXKCHHUEC HC MOXKCT OBITH OTPHULATCIIbHBIM.

— JIOXXHO, TaK KaK HO,I[JIOFapH(i)MI/I‘leCKOC

OtBeTt: x=9;

B) loggx +loggx +logym =35

Pemenne. Bocrionb3yemcest hopmyinoit ;

1 1 11
logsx+—logmx+—logmx =55 —loggr=55 _
BTy et Ty g e ;loggx =13 x=27.

TMpoepia: 1827 +10g,27 +10g;y27 =55 logs3” +logy 3% +1=55

3 +E+1 =545
2 — BEPHO.

OtBeTt: x=27;
r) logs(3x -10+1ogg(x -27) =3 +1og; &

Pemenne: 108503 —11x- 27 =log,(5* - &)

6% 211642109 A6 +45

Hotermupyem: (3x—11)(x—27)=1000; 3x>-92x-703=0. x1,2= 3 3 ;x1=37m
19
X2= B ? .

IMposepka: 1. logg(111-1D +10g;(37-2T) =3 +1og,8

1ogs00 +10gs10 = 1ogs1000 . 1ogsl000 —logsl000 _ poryg
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13
logs(=19 =111 +10g;s [— ——ETJ =3 +1logs8
3 , TaK KaK BBIPpaXCHHUC, CTOALICC 110 3HAKOM

norapudma, JOKHO OBITh MTOJIOKHUTEIHHOE.
OtBet: x=37.

3 mun — ypaBuenus suaa P(logax)=0, rae P(y) — mHorousieH 2 wiu 3 cTeneHu, Win
YpaBHEHUS, CBOJISIIUECS K HUM. DTH YPaBHEHUS PEIIAIOTCS C TIOMOIIBIO IMOJACTAHOBKH: Y= logaX.

a) logl x-log, & - 3= 0

2
Pemenne: 1723 ¥-2108; -3=0 Tlycopy, 108:% =¥ y2 9y 3=(. Pemaem ypasuenne u nomydaem
1

-1 o x=3,

3

yi=3 ny;=—1; y=3 =198 % =3 — x=07; y=1 = logs % =

Mposepka: x=27; 1025 27-1ag; 77-3=10. (log, 27" ~log; I -3=10.

9-6-3=0 — BepHO;

]
1 1
T togdz-1 (—J -3=0
3. B3R (logy 7 —log, 72 —3=10.

1+2-3=0 — BepHo.

1
OtBert: x=27; XZE;
6) log, (%) logi x=1

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

log, b=
bopmyIbL:

log. (5%
—gj( j-lug§x=1

B JQHHOM ClIyuae [IepexoArM K OCHOBaHHI0 5. 1985 ;
(logsS+2logsm)logsx =1 Ogospaymm 198s% =¥ : (1+2y)y=1;

1 11
- logsx=— -
2yP+y-1=0; yi=-1, yp=2 ; 18 ¥ ==Ly 07T 2 x=5 5 x5

1
lngl[j-l—} dog Lot logy (-2 =1
—n 25 3 . . -
IMpoBepka: 1) 3 ;o5 ; 1=1 — BepHO;
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2
7) logs(5-9-logi 5 =1. tog 5 ()" [1og, g 5] =1 ;
; 1=1 — BepHo.

1
OtBeT: Xx=15; x=5 |

5 mun — norapudpmMupoBaHue 00EUX YacTel ypaBHEHUSI.

Lol _ 1000
IIpumep: X

g1 =1gmnn
Pemenue: x  (lgx+1)lgx=3-lgx; lg?x+lgx=3-Igx; y=Igx;

y?+2y-3=0. Pemaem ypaBreHne: y1=—3; Y>=1; lgx=—3 nm Igx=1,
x=10"3; x=10.

-3 Jg10i4 _ 1000
I:]'D :] 1|:|_3 . (ID—3}—3+1 =1|:||5 . l:ll:l—3:|—2 =1|:||5 .

IMpoBepka: 1)
10°=10° — BepHo;

pgleto 1 _ 1000
2) 10 :10%=100; 10?=10% — BepHo.

Oteer: x=10"3; x=10.

IpakTuyeckoe 3ansiTue Ne 29

Tema: Pemenue ynpaxHeHUn
Heanb: 3akpenuTe U CHCTEMATU3UPOBATH MATEPHAJ IO TAHHOU TEME
Teopetnueckuii 6110k

Jlorapudmuueckas GyHKIUSA

[TycTh a — monoxuTenbHOE YKucio, He paBHoe 1. dyHKIHMIO, 331aHHYI0 hopMmyroi y =logax,
Ha3bIBAIOT JIorapupMuyeckoil pyHKIHENH C OCHOBaHHEM a.

OcHOBHBIE CBOWCTBA JIOrapu(pMUIEcKOi QyHKIUH.

1. O6nacte onpeaenenust JorapuPMuUIecKor GyHKIIMA — MHOYKECTBO BCEX
noNoKUTeNbHBIX uucen R+, T. e. D(loga)=R

2. OOGnacTh 3HaueHUN JorapupMuIecKor HYHKIIMH — MHOKECTBO BCEX JIEHCTBUTEIIBHBIX
qrCell.
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3. Jlorapudpmuueckas GyHKIMS Ha Bceil 00JIACTH ONpeeneHus Bo3pacTaeT (mpu a>1) uin
yosiBaet (ripu 0<al ¢yHkius Bo3pacraet (B cirydae 0<axl.

JlorapumuueckuM ypaBHEHHEM Ha3bIBAIOT YpaBHEHHUE, B KOTOPOM HEH3BECTHASI BXOIAHT
TOJIBKO B apT'yMEHTHI JIoTapupMUUecKuX QYHKIUN NP 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
. . 2-log, 3 . . log, 5+10g, 559
1. Berauenure: a) log ; 255 ; 6)4 . B)log,log,64; r)4 .

2. Pemmmts ypashenns: a)l0g,, , (3X+1) =2; 6)2x? +5"°%* = 250610
3. Beruncnure: a) log 42 ; 6)25M'°%3; p)log, log,81; r)3°®1®1o%*

4. Haiiti X, ecim u3BeCTHO, uTo log,, X =4log,,3— % log,,27 —2log,,6.

5. Haittu X, ecru u3BectHo, uro log,, X =2log,, 6—0,5log,,100 +3log ,, 320
1

Iog445+log4§ log, 2 log , 4 |

log 16 —log; 0,5

6. BeruuciuTs: a)

; 0)
log, 75+Iog,3

7. Haiingute o0nacTh onpeaeneHus Kaxaoi u3 QyHKIuii:
Dy=v9-x*-Inx*; 2)y=,In(x+2); 3)y= IogO,S(x2 —2x)+\/9—x2 .
8. Haiinure obnacte onpeaeneHus Kaxaoi u3 QyHKIHI:

1)y =va—x-In(x-1%; 2)y=4IN(x=3); 3)y=log,,(x*+3x)+/49 %2

[omainee 3aganue:
3log,3—log, 27 5 3lg4+1g0,5
log,3+log,9 ’ lg7-lg14 -

2. Pemmts ypasrenus: a)log, ,4,5x=2; 6)3x*+0,5°%" = 36/°% Y30,

1. BeraucnuTs: a)

IIpakTuyeckas padora Ne 30
Tema: KontponpsHas pabora
Iess: [IpoBepuTh ypoBEHb YCBOCHHS JAHHOMN TEMBI

1 BapuanT
IIpeoOpa3yiiTe BbIpa:keHue:

1 (a+2_ a N 2 ).{E—wﬁ

V2a  2a+z  a—2a a+?2
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lgB+igis
2lg2+ig3

Pemute ypaBHenue

1LVx2+2x+10=2x—1
2.cos(;+x)+cos(;—x) =1
3.{L2x2—16x—315:5wﬂ§

4.logzVx — 5+ logsV2x — 3=1

2 BapUAHT

IIpeoOpa3yiiTe BbIpakeHHe:

L (m..“E+ bb m) (w.-"E+ﬁ.-"E)2

Va+ib a+2

1 1n? 3 3

1 (az—bz) +2aZ+b2
3(ab)2-3b
T

3
a—b az—>b

2

£ L

3lg2+3lgs
"lg13-lg130

Pemnre ypaBHeHnue

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

3 2x2—5x+q5: 1

1642
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4.§£g(2x —1)=1-IgVx—09

IIpakTuyeckasi pa6ora Ne 31

Tema: Yucnosas nociie0BaTelIbHOCTD, CIIOCOObI €€ 3a1aHNUs, BBIYUCIICHUS YJICHOB
[IOCJIEI0BATEIbHOCTH.
Henb: HayuynTs BEIYUCIATL

Pewenne ynpaxxuenuit
|.  HaiinuTe nepsble ATk WICHOB PsAAa MO €ro 3alaHHOMY OOLIEMY WIEHY:

1. " T n+a
w, =2
2. """ T —1
o 2+ 3
3. T onha
n+i
R .
4, Wn= n
Il. Haitnute nmepBbie 4eThIpE WiieHa MO €ro 3aJJaHHOMY OOIIEeMY WICHY:
e = (mn + 1y
1. ™"~ 2n
U = 1
, - (3n—-1)(2n+1)
. . i
e
3 (n+1)(n+ 2)

—11
g, Wn={(-1) ,

5 tn = (2?1 ~ l)z'ﬁ—i
S n+1
" (2?1 — 1)3“‘1

[h

6.

I11. Haiigute popmyny oOuiero uiaeHa psija 1o ero JaHHBIM IIEPBbIM WIEHaM

2.
3.

Y. Beruucnute cymmy 4I€HOB psja:
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- ,
1 Z nn+1)

. =1

5 rtz::i(BrL —2)(3n+1)
% =

3. n=1
2 2n+1
4, AZna(n+ 1y

1
5 z nm + 1n + 2)

. TI=1
Y. HaiiguTe N-ii wieH psija mo ero JaHHBIM MEPBBIM YJICHAM:

no

Y. Uccnenyiite cxoquMocTh psiia, IPUMEHSsSI HEOOXOIMMBIM MPU3HAK U OJJUH U3
IIPU3HAKOB CPABHEHUSA:

1.

1
3. ;ﬁ
1

4. n=1
HCCHCHYﬁTC CXOOUMOCTD pdaa, UCIIOJIb3YIO TPHU3HAK I[anaM6epa.

Z 1
=) {n+ 2y
1

1, =320

92
—_

|

[
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v [ o

6. = Cn + 1)
1
7 Zm+nn+ 3)
S'ﬁ
8. =2

IIpakTnueckas padora Ne 32

Tema: [Ipenen nocneaoBaTeIbHOCTH
Heab: HayuuTs BEIYKUCIATH NPEAEBI

TeopeTuyeckas 4acTb

Omnpenesnenne. Yucno b HaswBaercs npenenoM QyHKIUU f(x) npu ¥ , crpemsIeMcs K @
ecim st mo6oro uncaa £ = 0 wajinercs takoe uncno © 0 qro mpu Beex X * @
YJIOBJIETBOPSIOIINX HEPABEHCTBY Ix—al<g , Gyner BemonHaTECs Hepaenctso If(x) —bl < =
Onpenenenne npeaena GyHKIHE MOXHO cOpMyInpoBaTh U Tak: Uucno P maspiBaercs
IIpEEIoM f(x) npu X | cTpemsmemcs K 3, ecm npu odom £ > @ cymectpyer Takas
OKpECTHOCTb TOUKH &, uTo 7151 J1ro6oro X * & 3 sroii okpectHocTH. [Ipenen 0603HayaeTcs Tak:
}lcin; f(x)=n.
[Tpumep 1. Ilpeaen nocTossHHON (GYHKIMU B JIFOOOH TOUKE paBeH ATOH K€ MOCTOSHHOM.
Pemenue. [1ycth s Bcex % OueBHIHO, YTO JJIs TFOOBIX £ = 0 i>0 y I BCEX

xE(a—8a+ 8§ CIIpaBeUIMBbI COOTHOLLICHUS
3Ha4MT, 1O OIpEEIICHUIO Mpeiena
limf(x) =limk = k.
X 4a X -a
[Tpumep 2. lana pynkuuu. /lokaszars, 4to
)lclng fx)=a.
Pemenne. ycts £ > 0 - m060e uncio. Honoxus & = | s peex X € (@ — 8,a+ 8)
nonyanmlf(x) —al =lx—al <4, e lf&)-al <=, syaupr
limf(x)=limx=a
X X i

TeopeMa. Eciu q)YHKI_[I/IH HUMECT NPEACI IIPHU &, CTPEMAIICMCS K 8, TO 3TOT IIPCACIT CAMHCTBCHCH.

1. Teopembl 0 npeaenax QyHKUMHU
Teopema 1. Ecnu npu ¥ = @ cymecTByIoT npeaesns! GyHKIUN )y glx) , TO CYILIECTBYET
TaK>Ke U Mpeelibl UX CYMMBI, paBHbI CyMMe MPeAeoB PYHKIIHMA Gy glx)

CJIG,Z[CTBI/IG. ITocTOSIHHBIM MHOKUTEIIL MOKHO BBIHECTH 3a 3HAK npeacia.
JlercTBUTEIBHO,
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Teopema 3. Eciiu npu ¥ * @ cymniecTByroT IIpeieibl (l)yHKLII/II/I f'-:"f} u E(X:' U Tpefen
f(x)
GbyHKIUN g(x) ommuen ot HyJISL, TO CYIIECTBYET TAKKe H Ipeen X oTHomenns 80X | paHbIii
OTHOUIECHUIO MIPEJIEIIOB!
f(x) =)

ii_r::;(iiiﬁi] G gl j) b hm lim g(x)

[TonsiTre GECKOHEUHO MaJoi U 6eCK0Hequ 00JIBILI0N BETUYMHBI
Ecnu penen GpyHKIMM paBeH HYIIO, TO OHA HAa3bIBACTCS OECKOHEYHO MaOW BEJTMYUHOM.
Ecnu npenen @pyHkunu paBeH 6ECKOHEUHOCTH, T.€. BETMUYUHE 00paTHON K OECKOHEYHO MaJoi
BEJIMYMHE, TO OHA HA3BIBACTCSI OECKOHEYHO O0ubIoi BenuunHoi. CiienoBaTensHo,

BBIIIOJIHAIOTCA paBCHCTBA:

1
lim — = e, lim—=0
—=al X a0

Brrunciire npeaensl

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]
1x 2

N

lim
X—=-1

(x+3)(x—12)
x+ 2

N

e

L

[ S ]

i
|

o

I 3x¥ L x
m
7. x .0 X
y x—3
1ITT
8. x=3x2 —9
I 4xZ -0
e +3
9. %73
" x2 — 8x + 15
10. x5 x!+25

3x2 —8xL+ 4

xli:ﬁ[{ZX —4)(x — 1)(x + 2]

li
11. =x 25%x2 —14x+8

x2 —7x+ 10

lim—

12. x 5X2 —9x+ 20

x— 6
limmy

13, x~6yx+3-3
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14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Coyx+1-1
lim——M—

x -0 X

3 -x
lim—————

x—0d — f2x -2

111?[(::]2 — 5%+ 6)

xli:!::t [(x]® + 3x?)

2x3 -3x2 +1
¥ =5x3 —4x2 4 2%

" 2x2 —5x 1+ 4
x=xZ—2x+3

lim\-‘xz —X-x
i o=
lim\-‘xz +5x-x
W om

4x? —Tx— 2
1m
x 25%x2 —11x+ 2

x? £+ 2x-15
¥ .3 X —9x

i Zx
1177
=044 L+ x — 4 —x

2 -
liﬂ'l—
=413 —¥2x 41
i 2—x

8 e
=53 — 4 2x—1



IIpakTnueckas padora Ne 33

Tema: KonTpoabsHas paboTa 3a epBbIii ceMecTp
Hean: [IpoBepuTh YpOoBEHb YCBOCHUS MaTepHaia 3a IEpBbI ceMecTp

1 BapuanT
Ynpocrure BoipazkeHue

1.(sin x + cos x)* —1

2
2.(0032 x(% — xj +sin 2(37” — XD —sin?x

sin* X+Sln X C0OS* X
sin? xcos? x

3.

IIpeoOpa3yiiTe BbIpa:keHuUe:

a+2 a 2 Ja—42
1. ( — — —— 4 ,—) :
Ya2a Y2a+2 a—y2a a+2
1

= 1
c—1 c2+c4 il
2. 37171 —c++1
cd+cZ 241

lgB+igis
2lg2+ig3

Pemute ypaBHenue

1.vx?2+2x+10=2x—1
2.cos(f+x)+cos(§—x) =1
3 sz —16x— 3?5_5\{1'_

4.logzVx — 5+ logzV2x — 3=1

2 BapHMaHT
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Ynpocrure BoIpaskeHue

1.(cos2x +1jg*x —1

ct [%—xj
1—ctg?(— x) A2
2. .
tg®(x—z) ctg(z + x)
sin 3 xcos X + cos® xsin X
' cos? X

IIpeoOpa3yiiTe BbIpa:keHue:

1.({1{E+ bb m) (ﬁwﬁ)z

va+ib a+?2

3

1 132 3 3
1 (az—bz) +2az+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

3 gx’—6x+05_ 1

1642

4.§Eg(2x —1)=1-IgV/x—9

IIpakTnueckas padora Ne 33
Tema: HpaBI/ma BBIYUCIICHUSA ITPOU3BOAHBIX

I_Ie.]'le Hay‘{I/ITB yJaluxcd mpaBujiaM BbIYHUCIICHUSA ITPOU3BOJHBIX

Teopernueckuii 6510k

. =0
. r=1
. (f+9)'=rf+4d
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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) =fg9+ fd

. (Cf)f—Cf

) fla—fg
2

) ..(g#0)
a2
. g 7 g

Brraucnure IMPOU3BOJHYIO:

_ y3 5 3
1. f(X)=x"+2x"+4 10. f(x) = X
2. f(x)=2x>+x*+10 X—
3. f(x):g+%+9
X x> 7
1 2 4 11.f(x) = x(x+3)
4. f(X)==—+—+= )
x x2 5 12.1(x) = (x“ +4)(x-1)
_ 5
5. f(x)=2vx+4x 131 () =
6. f(x)=1/x+5x* 3x-1
7. f(x)=x(x+1) 14f(x)_X+5
8. f(x)=x(x+5) X" +1
XZ
9. f(x)=
X_

[omainee 3aganue:

1) f(x)=7x"+13x* +18
Nfx) =X+t s Ux
5 X

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

2

5)f (0= —
6)f()—x—+;

IIpakTuyeckoe 3ansitue Ne 34
Tema: [Ipou3BoaHbIE TPUTOHOMETPUUECKHUX (QYHKIUI
Heawb: Hayuuts BHIYUCIATH TPOU3BOJHBIE TPUTOHOMETPUYECKUX (PYHKIIMN
Teopernuecknii 070K

Bce Tpuronomerpuueckue GyHKIIMU HEIPEPHIBHO U HEOTpaHUUEHHO Tu(depeHInpyeMbl Ha

BCE 00J1aCTH ONPE/ICTICHUS
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(sinx) = cos,

(cosz) = —sinzx,

o

L = .

(tg) cos? x

(etgz) = ——

ctgx) = ———,
5 sin? x

Pemenune ynpaxHeHun
1. Haiigute npou3BOAHYIO (QYHKIIHHU:

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: BerunciieHre mpou3BOIHOM CIIOXKHON (QyHKIIUN

Hess: Hayunts yyammxcst BBIYUCIATH POU3BOJHYIO CIIOKHOW (DYHKIIMU

Teopernueckuii 070K

[TpousBoHAs CIIOKHON (QYHKIIMH paBHA MPOU3BEICHHUIO €€ MPOU3BOIHOM 110 MPOMEKYTOIHOMY
apryMEeHTy Ha IPOU3BOJIHYIO 3TOT0 apryMeHTa [0 HE3aBUCUMOM MTEPEMEHHOMN

Pewenne ynpaxxuenuit

Bbraucnute npou3BOAHYIO CII0XKHON (YHKINH:

1) f(x) =cosbx

g 14) £ (x) = L cos
2)1 () =3sin 3 4 2

15) f (x) = (4x —5)?

3) f(x) = (8x +4)® 8
pro 2 010 =g
X)) ="
(3—4x)

5Yf(x)=(3-2x)72 1 17)f(x):(2x—3)‘4+(§x+4j
) F(x) =(3-2x) +W ]
: 7 18) f (x) =8tg (2x + )
6) f (x) = 2sin(3x — g) 2
7) f(x) =tg4x
1 X
8)f(x)=§COSg
9) f (x) = (3x+5)*
3

10)f(X) = m

1) f(x) = (5x +4) +[%+8)

1 V4
12) f (x) = ZCOS(§ —3X)
13) f(x) =sin 8x

I[OME[I.HHCC 3aJaHUuC
2)f(x) = %sin 7X
3) f (x) = (2x +10)?

4
(5-x)°

4)f(x) =

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 JAHHOWU TeMe

Teopernueckuii 070K

. O =0

. =1

. (f+9)=r1+4
. (fg) =rg9+ 19
. (e =cf

j) _f9-1g
g 9 g#0)

Kapmouxa Ne 1
Haiinure npousBoaHyI0 QyHKIHA
1) f(x)=7x"+13x%+18

2)f(x):%+)%+&

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

2

X
5f(x) =
)T 2X+1
6)f(x):’(_Jrl
X—2
Kapmouxa Ne 2

Haiinure npou3BoaHYI0 QyHKIHA
1) f(x)=6x°+5x"+78
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2)f(x)=§+%+2&

3)f(x) =x(x+3)
4)f(x) = (x* +4)(x-1)

X
5)f(x) =
=2
X+5
6) f(x) =
)1) x* +1
Kapmouka Ne 3

Haiigute npou3BogHy0 GpyHKIMA
1) f(x)=4x"+3x*+2x°

X 5 Jx
Z)f(X):E'FF'F?
3) f (x) = x(x+10)

4)f(x) =(x+4)(x+2)

X
5 f(x) =
)T 4x+1
e‘,)f(x):x_Jr8
x+1
Kapmouxa Ne 4

Haiinure npou3BoAHYI0 GPYHKIHH

1) f(x)=7x°+8x* o1
X

A2k
X X
3)f(x) =(x+4)x

4)f (x) = (x +5)(x* = 7)

2)f (x) =

5)f(x):$

6)f(x)=§7f1

Kapmouka Ne 1
Haiiaure npou3BoAHbIE CII0KHBIX (PyHKIIMI

1) f(x) =cos5x

63



X
2)f(x):35|n§

3)f(x) = (8x + 4)°
2
(3-4x)?

4)f(x) =

3 1
5 f(x) =(3-2x) +W

6) f (x) = 2sin(3x — %)

Kapmouxa Ne 2
Haiinure npou3BoaAHbIE CII0KHBIX (PyHKIMI

1) f(x)=tg4x

1 X
2)f(x):zcosg
3)f(x) = (3x+5)*

3

DW=

5)f(x):(5x+4)4+(g+8)

6)f (x) = %cos(%—Bx)

Kapmouxa Ne 3
Haiiaure npou3BoaHbIE CII0KHBIX (PyHKIMIA
1) f(x)=sin8x

1 X
2)f(x):zcosg
3) f (x) = (4x—5)?

8

D)= oy

5)f(x) =(2x-3)™* +(§x+4}

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

Kapmouka Ne 4
Haiiaure npou3BoaHbIE CII0KHBIX (PyHKIMI

1) f(x)=ctg2x
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2)f(x):%sin 7X

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

D100 =5

5) f (x) = (4% +8) +[%x+l3j

6) f (x) = 4ctg (% ~2x)

IIpakTnueckas padora Ne 37
Tema: MexaHUuecKHii CMBICI ITPOU3BOJHOM
Hennb: 3akpenuTh U cCUCTEMATU3UPOBATH 3HAHUSA YYaIUXCs 110 JaHHOU TeMe

Teopernueckwuii 6110

ITycts 3aman myTh & = J(t) JBUKEHMSI MaTepHalibHOM Touku. CKOPOCTh JaHHOW MaTepUaabHOM TOUKH 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 NPAMOIMHEWHO 110 3aKOHY 3 (M). OnpenienuTh CKOPOCTh €ro

neuxeHnst B MomeHnt £ = 1) c.

Pemrenne. Mickomast CKOpOCTB - 3TO MPOU3BOJHAS 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 3a1aHHBIi MOMEHT BpeMEHU

v(10) = 2-10° =410+ 4 = 200 — 40 + 4 = 164 (M/c).
Otser. U(10) = 164 (yy/c).

VYrnpaxHeHus:

1.MarepuasnbHas TOUKa JIBHKETCS NPAMOIMHEHHO 110 3aKoHy X (t) = 6t° — 48t + 17, rie X — paccTosiHue oT
TOYKM OTCUETAa B METpax, t — BpeMs B CEKyHJlax, U3BMEPEHHOE C Hayaia ABWKeHUs. Haiinure ee ckopocTh
(B MeTpax B CEKyHIy) B MOMEHT BpemeHu t = 9 C.
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2.MarepuanabHasi TOUYKa JBUKETCS IPSIMOJIMHEHHO 110 3aKOHY
X (t) = (1/6) t? + 5t + 28
rae X — pacCcTodHNUE OT TOYKHM OTCUCTAa B MCETpPaAX, t— Bp€MA B CCKYHOAX, HU3MCPCHHOC C Hadala

JIBIDKEHUS. B Kakoif MOMEHT BpeMeHH (B CEKYH/Iax) €€ CKOPOCTh Obljia paBHa 6 M/c?
3.MarepuapHas TOUKa JBIKETCS IPAMOJIMHEHHO 110 3aKoHy X (t) = t2 — 13t + 23, rie X — paccTosHHE OT

TOYKHM OTCYETa B METpax, t— Bpemsi B CEKyHaX, H3MEPEHHOE ¢ Havasa JABMKEHUs. B kakoi MOMEHT
BpeMeHH (B CEKYHJIaX) €e CKOpOCTh Oblia paBHa 3 mM/c?

4.Touka ABMXKETCS 10 3aK0oHY s(t)=2t>-3t (S — myTh B MeTpax, t — BpeMsl B CeKyH/1ax ). Berarcianre ckopocTh
JBUKEHHS TOUKH, €€ YCKOPEHUE B MOMEHT BPEMEHHU 2C

5.MaXo0BHK BpaIaeTcs BOKPYT 0cH Mo 3akony ¢(t)= t*-5t. HaiiauTe ero yrioByro cKOpOCTb @ B MOMEHT
BpPEMEHHU 2¢ (¢ — yroJl BpallleHHsl B paJiiaHax, o — yrjioBas CKOPOCThb paj/c)

6.Tenmo maccoit 2 Kr JBMXKETCS MPSMOIMHEHHO 10 3aKOHY X(t)=2-3t+2t?

Haiinute ckopocTh Tella M ero KWHEeTHYECKYI0 SHEprulo uepe3 3¢ rnocie Havyana JBumxeHus. Kakas cuna
JEICTBYET Ha TEJIO B 3TOT MOMEHT BpeMeHH? (t U3MepsieTcsl B CEKYH/1aX, X — B METPax)

IIpakTnyeckas padora Ne 38

Tema: Pemenue ynpaxxnenuii. CamocrositensHas padora
Heab: 3akpenuTh U CUCTEMATU3UPOBATH MaTepual Mo JaHHOHN TeMe

1 BapuanT
1. Haiinure yrioBoit koahpHIMEHT KacaTeNbHOMN, MPOBEIEHHOM K rpaduKy GpyHKIUN
v =4x"-6x +1 geroTouke ¢ abeuuccoil Yo = 2
2. Haiinurte yrioBoit k03 pHUIMEHT KacaTeIbHOU, TPOBEACHHOHN K TpaduKy (yHKIIHH
v=2x%-x"+3x —6 peroTouke c abcuuccoil ¥o = —1

3. Haiimute yrioBoii ko3 PHUIHUEHT KacaTebHOW, TPOBEICHHOH K rpaduky QyHKIIUN
T

r — o - o Xp =
V= EInX — CO05X g ero Touke c abcruccoit T 2
4. HaiiguTe KOOPIWHATHI TOUEK KacaHUsI, B KOTOPBIX KacaTelbHbIC K rpaduKy QyHKIINN

y=10x"+5x =1 pperor yraosoit kKo3GPuIEEnT, paBHbIi 2

5. CocTaBbTe ypaBHEHHE KacaTelbHOM K rpaguky Gynkmum ¥ = 2X° = 3% + 1 g royke ¢ abemuccoi
g = 2
6. Koopaunara MarepuaibHO TOUKH U3MEHSETCS C TEYEHUEM BPEMEHHU IO 3aKOHY

x(t) = 6t" - 8t + 6. Hajiyure cKopoCTh TOYKH B MOMEHT BpeMeHH & = ©
7. KoopauHaTa MaTepHaibHO TOYKH M3MEHSETCS C TEYEHUEM BPEMEHH T10 3aKOHY

v .5 i . _
ot = t* - 4t* + 5. Hajigure ckopocTh TOUKH B MOMEHT BpeMeHn & = 2

8. MarepuabHas TOUKa JBIKETCS IPIMOIHHENHO 110 3akony ¥} = 5t -2t + 1 Yepes ckonbko
CeKyHJI IOCIie Hayana ABHKEHUs TOYKa OCTAHOBHUTCA?

9. MarepranbHas TOUKa ABHKETCS IPAMOJIHHEIHO 1o 3akony X8 = 3% — 13t Hajinure yekopenne

TOYKH B MOMEHT BpeMeHH ¢ = 2
2 BapuaHT
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1. HaiiguTe yrioBoi kodhpuImeHT KkacateabHOH, MPOBEeHHON K TpaduKy GyHKIIUN
Vv=7x"-3x ~ 12 pero touke ¢ abcruccoi Yo = 3
2. Haiinure yriaoBoit k03 GHUIIMEHT KacaTeIbHOM, TPOBEACHHOM K TpaduKy QyHKIIUN

y=6x"-x =1 gerortouke ¢ abcuccoit X¥a = 1

Vv
3. Haiinure yrinoBoit k03 GHUIMEHT KacaTeIbHOM, TPOBEACHHON K TpaduKy HyHKIINH ° 2
€ro Touke ¢ abcruccoi ta = —1

B

4. HaiiauTe KOOPAUHATHI TOUYEK KACAHUS, B KOTOPBIX KacaTelbHble K rpaguKy GpyHKIMH
y=8x" T 4¥ -4 pyeror yriuosoit kKodQpduLueHT, papHblii 1

5. CocTaBbTe ypaBHEHHE KacaTelbHol K rpaguky Gynkuun ¥ = 3x° —4x —2 5 1ouke ¢ abenuccoit
g = —1
6. Koopauuara MaTepHaIbHO TOYKH U3MEHSETCS C Te4EHHEM BPEMEHH 10 3aKOHY

x(t) = 3t* - 8t + 8. Hajinure ckopoCcTh TOYKH B MOMEHT BpeMern & = 3
7. KoopjauHara MaTepHaIbHO TOYKH U3MEHSETCS C Te4EHHEM BPEMEHH 0 3aKOHY

w(t) = t* - 4t + 8. Hajigure ckopoCTh TOUKH B MOMEHT BpeMeHn & = 4

8. MarepualbHas TOUKa JBHKETCS IPIMOIMHEHHO 110 3akony ¥ = t* =8t + 10 Yepes ckonbko
CEKYH/I TI0CIe Hayala JBUKEHHs TOKa OCTAHOBUTCS?

9. MarepualbHas TOUKa JBIKETCS IPIMOJIMHEHHO 1o 3akony ¥ U = 8% = 2t% Hajinure yekopenne

TOUKHM B MOMeHT Bpemenn £ = 1 ¢

IIpakTnueckas padora Ne 39

Tema: [IpuMeHeHne HelpepbIBHOCTU. MeTo1 HHTEPBAIIOB
Henb: Hayuuts yyammxcs pemaTts HEpaBEHCTBA, UCIIOIb3YSI METO/I HHTEPBAJIOB

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).

[Ipumepbl Ha caMOCTOSTENBHOE PELIEHHE:

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:
x=3)x—9)>0

x+7)(x—4)<0
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(2+x)(14-x) <0
6-X)(x+7)>0

X(8—-x)(12+x)>0

(14x +28)(9 — X)x < 0

2X(7X — 14)(4 — X)(x + 24) > 0

—5x(9x — 27)(x +28)(9 —x) <0
X=HE2+x)(x+1)(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 070K

1.Eciiu B HEKOTOPOM MPOMEXKYTKE MepBasi IPOU3BOHAS (PYHKIIMH OOJIbIIE HYJIA, TO (PYHKIKS BO3pacTaeT
Ha ATOM MPOMEKYTKE;

2.Ecnu B HEKOTOPOM MPOMEXKYTKE TepBasi MPoU3BogHas (QYHKIIMU MEHbILE HYJIS, TO (QYHKIUS YObIBAeT Ha
ITOM MPOMEXKYTKE.

[TpomexxyTkH, Ha KOTOPBIX (DYHKIIHS TOJBKO BO3PACTACT WM TOJIBKO YOBIBAET,
Ha3bIBAIOTCS MPOMEKYTKAMH MOHOTOHHOCTH.

HOpﬂ)lOK HaX0KACHUA MMPOMEKYTKOB MOHOTOHHOCTH:

1. Haiitu oGnacth onpeneneHus GyHKINH.
2. Haiitu nepByto Mpou3BOAHYIO (DYHKIUH.

PaccMoTpuM HECKOIBKO MPUMEPOB HCCIe10BaHUs (PYHKIIMK Ha BO3pacTaHUE U yObIBaHHE.
Haiitn npomMexyTKu MOHOTOHHOCTH (DYHKLIMI:

_ 3.2
) y=% ax

a) 00J1acTh onpeaesIeHus D) xek )

6) HaiiIeM MIEPBYIO TPOU3BOIHYIO: Y 37 —6x ,

V=030 —6x=0 x=0, x=2

I/ICCJICI[yeM 3HaK HpOI/I3BOZ[HOI71 B INOJIYUCHHBIX NPOMCIKYTKAX, pCHICHUC TPCACTABUM B BUJIC Ta6J‘II/II_U>I.
X | {=00,0)[0[(0:2)]2] ((2;+c0)

Wiz + of - |0 +

y o1 ! 1
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x € [— oo, 0] (2;400) b y=x -3z

Htak, B mpoMexyTKax YHKIUS BO3pAcTaeT, B
POMEXKYTKE * = (0:2) yOBIBaeT.
2) Y= -7

D). xe R

a) 00J1aCTh OIpeIEICHUS

L S
0) HaiiieM MepBYIO MPOU3BOIHYIO: y'=-3x ,
)

=023 =0 x=0

I/Iccnez[yeM 3HaK HpOHSBOI[HOﬁ B ITIOJIYUCHHBIX ITPOMCIKYTKAX, pCHICHUC ITPCACTABUM B BUJIC Ta6J'II/II_IbI.

X | (= 00,0) |0 (0;400)
yix) - 0] -
yix) ) !

Oynxums ¥ yObIBaeT Ha Bcell 001acTu onpeaeeHusl.

3) Y= X -5x+6

a) 0671acTh ONpe/e/eHus Diy). xe R 1
0) HaiiieM MepBYIO MPOU3BOIHYIO: y=2ax-5 1
.J"fz[:l’ 2x—5=|:|; ¥ = 2,5

I/ICCHCI[yCM 3HaK HpOH3BO,Z[HOI>i B INOJIYUCHHBIX NPOMCIKYTKAX, PCHICHUC IPCACTABUM B BUJIC Ta6JII/II_IBI.

x| (-02,5)(2,5](2,5+c0)

y'(x) - 0 +
y(x) ! T
T .
DyHKIUA y=x-35+8 BO3pACTaET HA TPOMEKYTKE xe [2,5,+o::), yObIBaeT Ha

POMEXKYTKE * = (-0,25)

[Ipumepstr:

Haiit mpomMexxyTk MOHOTOHHOCTH (DYHKITUH
y=x—27x .

f(x)=x+2x"+4
f(x)=2x*+x*+10

f(X) = 24/x +4x°

f (X) =/ +5x*

f(x)=7x" +13x° +18

© ok b =

JlomarHee 3amanue:
1. f(x)=x(x+1)
2. f(X)=x(x+5)
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3 H9="

4 f)=—"

IMpakTnyeckas padora Ne 41

Tema: Kputnueckue Touku GyHKIMH, MAKCUMYMbI 1 MUHUMYMBbI
Heas: Hayunts HaX0AUTh 3KCTPEMyMBI (PYHKIINH.
Teopernuecknii 010K

Heo06xoanmoe ycinoBue 3kecTpemyma: Ecin Touka X sIBJISIeTCSl TOUKOM 3kcTpemyma ¢pyHkimu f U B 9TOU
TOYKE CyIIecTByeT mpou3BoaHas f', To oHa paBHa Hymo: f'(x°) =0.

IIpuznak makcumyma ¢pynkuum: Ecou pynkuus f HenpepsiBHa B Touke X, a f'(x)> 0 Ha uHTepBane
(a; x°)m f'(x)< 0 Ha mHTEepBase (X°; B) , TO TOYKA X SIBJISAETCS TOUKOM MakcuMyma QyHKIuH f .

IMpusnak munumyma ¢pyukuuu: Ecin dyaknus f HenpepsiBHa B Touke X°, a f'(x)< 0 Ha unTepBane
(a;x°)m £ (x)> 0 nHa unTepBane (x°; B) , TO TOUKa X° ABJISAETCS TOUKONW MakcuMyma QpyHkuuu f .

Tenepb KOCHEMCS BOIIPOCA MOCIIEA0BATEIFHOCTH OIEePaIlfii, KOTOPhIC HY>KHO BBIITOJIHATH IPH OTHICKAHUN
9KCTpeMyMOB GyHKIUH.(3-4 MUHYTHI)

1. HaiiTH 0ONacTh onpeaeneHus HyHKIIHHA

2. HalTH POU3BOAHYIO (DYHKIIUU

3. HaliTU TOYKH, B KOTOPBIX BBIMIOIHETCS paBeHCTBO f(x)=0

4. HaliTU TOYKH, B KOTOPBIX MPOU3BOJIHAS HE CYIIECTBYET

OTMeTUTh Ha KOOPJAMHATHOM MPSMOI BCe KPUTUYECKUE TOUKU U 00JIaCTh ONpeaeIeHUs
5. onpeAenuTh 3HAK MPOU3BOTHON Ha KaXKIO0M U3 IMPOMEKYTKOB

6. cienaTh BbIBOJ O HAJIMYMH UM OTCYTCTBUU IKCTPEMYMOB

Haiinute kpuTnueckue TOUku GyHKIUU
a)2x2+x—1=0.
6).
B)4x243x —6=0,

r).

2. Haliaute TOUkM MakcUMyMa U MUHUMyMa (QYHKIUU:

a)x‘—lﬂx=—9=ﬂ-

6).
B) 12x*-3x3-5=0 ;
r).

3. Tocrpoiite acku3 rpaduka Gyakuuu, odranaromeit
CHEAYIOUIMMH CBOMCTBAMU:
LDG)=1-3:5], 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. HailiguTe KpUTHYECKHUE TOUYKU (YHKIIUH:
a) 6x'2+3x +10=10 .
0).

2. HaiiiuTe TOUKM MaKCUMyMa U MUHUMyMa  (DYHKLUU:

+9=0

x5 Bx
8 3

a)
0).
3.ITocTpoiite acku3 rpaduka GyHKITNH, 00JIagaroIIen

CIEAYIOLUIMMH CBOMCTBAMU:
D(f)=1I1:6]: f ()= 0 npux € (1;3) f (x) < 0 mpu

xel3;6)  f(@)=0.

IIpakTuyeckas padora Ne 42

Tema: [IpumeHeHre TPOU3BOIHON K UCCIIETOBAHUIO (DYHKIIHIA

Henb: Hayunts yuamuxcs uccieoBath (pyHKIHUY € TOMOIIbIO TPOU3BOAHOMN

Teopetnueckuii 6110k

Cxema uccnenoBanust QyHKIUH:

1.

o

o

Haiitu o6nacte onpeneneHust GyHKIIHH.

[TpoBepuTh, HE SABNIAETCS U QPYHKIUSA YETHON UM HEUETHOW; IPOBEPUTH TAKXKE, HE SIBIISCTCS JIH

OHa MEPUOUYECKOM.

Haiitu, eciu 5T0 BO3MOXKHO, TOUKH NepeceueHus rpaduka GyHKIUN C OCSIMH KOOPAMHAT U
IPOMEXKYTKH 3HAKOTIOCTOSAHCTBA (QyHKIMU. VIHOT1a 4711 yTOUHEHUS TOCTPOEeHUS rpaduKa crieayer

HalTH ABC TpU JOIMOJIHUTCIIbHBIC TOYKH.

Haiiti npou3BoaHy0 QyHKIIMU U €€ KPUTHUECKHUE TOUKH.
Haiitu npomMeKyTKi MOHOTOHHOCTH U 3KCTPEMYMbI (PYHKIIHH.
[Toctpouts rpaduk GyHKINHU, UCTIONB3YS MOTYyYSHHbIE PE3yIbTAaThl UCCIIEAOBAHUS.

PaccmorpuM npumep:
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X4

2 -1

1. Ob6nacte onpeneneHus

y:

x*=1=0; x=1 posromy ¥ € (= eo 1) (1;4+00)

2. Ilepeceuenue ¢ ocsimu koopauHat: Touka (0;0).
3. BBuy TOr0, 4TO 00JIACTh ONPEICICHHUS HECHUMMETPHYHA OTHOCUTEIILHO Havyalla KOOPAWHAT, IIPOBEPKa
Ha YCTHOCTHh HEBO3MOJKHA.

4. aTepBaJibl 3HAKOMOCTOSIHCTBA

4
X

Tak xak X' 20 ¥z R 10 3nak apobu x’ -1 OyJeT 3aBUCETh TOJILKO OT 3HaKa 3HAMEHATEJs, T.€. OT
2¥ 1= (z- 1)z +x+1) (~os0)u (0:) v <0 1 0
3HaKa +1). Tlosromy mpu ¥ €\~ B ¥ ,anpnxe(:‘*“’) y=Uu,
5. aTepBanbl MOHOTOHHOCTH
. 4}{3(x3 - 1)— xt 3x? . 4x°® - 4%° - 3%° . %% - 4%° )

(x3—1)2 ) (}{3—1)2 ) (><3—1)2 ,

%% -4x* =0,
x3(x3—4)= 0;
=0 X2=§JZ
y>0 y <0 y' <0 y >0
0 1 3a )

x &(-o0)u B4 400

[Tpu (yHKIHS BO3pacTaer,
Ipu % € (o:)w (1;3\:’5) GyHKIHs yOBIBAET.
e 43[4
(0;0) - Touka MakcUMyMa, 3 ) - Touxa MHUHAMYMa.

X € (— w,—i@)v (1;+°°) rpaduk QyHKIIMH BOTHYTHIMH,
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xel-32; 1) rpaduk GyHKIMU BBITYKIIBIA. - TOYKA eperuoa.

v
441

Uccnenyiite n noctpoiite rpapuku QyHKIUMN:

h(x) =-3x>+12.
h(x) = 2x>+ 3x + 1
f(x) =2x?-3x+ 1
h(x) = 0,5x%> + 5x + 8
h(x)=0,5x*> —5x + 8

I[OMaIJ_IHee 3aJaHuc:

AN ol A

1. h(x)=2x*+1
2. f(X)=x2-4x+ 2
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IpakTnyeckas padora Ne 43

Tema: KontponbHas padota o teme: «IIponsBomanas»
Heas: [IpoBepuTh ypoBEHb YCBOCHUSI MaTepuaia

BapwuaHrT 1.
TeopeTnyeckumn Bonpoc

1. Tlpupaimienue aprymeHTa u npupaiieHue GyHkuuu

MpakTu4yeckue 3agaHuA

2. Haiiti nponsBoanyto pyHKuuu Yy = X2

3. Haiitu npomexyTok Bo3pactaHus QyHKIuM Y = X>—2x+3

4. Haiitn sxkctpemymsl pyskimn Y = X5 + 3/X

5. 3amucaTh ypaBHeHHeE KacaTenbHoi k rpaduxy ¢ynxmun f(X) = (X2 +1)/X B Touxe ¢
abcuuccoit Xp=2

6. Hccnenosats pynkmuio f(X) = X?-5X+6 u OCTPOUTH €€ rpadux

BapuaHT 2.
TeopeTuueckuin Bonpoc
1. IloHsATue npou3BOAHOMN
MpakTu4yeckmne 3apgaHuA
2. BorumcnuTs 3Hauenue npoussonnoit gpynxumn ¢(X) = 6X° B TOUKE X=4
3. Haiitu npoMexyTKu, Ha KOTOPbIX GyHKLuUsA Y = (X - 2)2 : (X + 4)2 BO3pacTaeT
4. Haiitu skerpemymbl Gyrxunn Y = — 48/X — X3
5. 3anmcaTh ypaBHEHHE KacaTelnbHOM K rpaduxy ¢pynkmun f(X) = (X2 -1)/X B Touke ¢
abcuuccoii Xp=-2
6. MUccaenosars pynxmmo f(X) = X* - 2x3 + 3 u nocrpouts eé rpaduk

BapwuaHT 3.
TeopeTuueckuin Bonpoc
1. Tabmuira mpou3BOIHBIX

lNMpakTuyeckmne 3apaHuA

2. BpHCIUTH 3HAYEHUE MPOU3BOAHON QyHKIMN Y = X3 B rouke X=1

3. Haiitu kputrueckyio Touky ¢pyaxuun f(X) = X2 -4

4. Haiitu npoMexyToK Bo3pacTaHusl PyHKIUN Y = X2 —2X + 3

5. HaiiTi TaHTeHC yIia HAKIIOHA KacaTelbHON K rpaduky pyukimn Y = -X3/3 - X2/2 + 3Xx + 13 8
Touke Xg=-3

6. HUccnenoats pynkmuto g(X) = X2 -1 wmoctponts eé rpauk

BapuaHT 4.
TeopeTuyeckuin Bonpoc
1. TlpaBuna BBIYUCIICHUS TPOU3BOTHBIX

npaKTquCKMe 3agaHuAa

2. Haittu npoussoanyto gpynxiuu g(X) = x4

3. Pemmuts ypasmenne f'(X) =0 , ecrm f(X) = X2 - X

4. Haiiti npoMexyToK yObiBanus GyHkuun Y = X2 - 6X + 8

5. HaiiTy TaHreHC yIia HAKIOHA KacaTeIbHoi K rpaduky dynkumn Y = X33 - X%/2 - 3x + 13 8
TOYKE Xo:3

76



6. Hccnenopars pynkmuio h(X) = X2-4 u MOCTPOUTH €€ rpaduk

BapwuaHT 5.
TeopeTnyeckumn Bonpoc

1. KacarenbHas k rpaduxy GyHKIIUN

I'IpaKTI/NeCKVIe 3agaHud

Haiitu npoussoanyto pynkuuu @(X) = X + COS X

Pemmuts Hepasenctso f'(X) >0, ecmu f(X)= 2 x? - 4 X

HaifTi npoMexyTKH, Ha KoTopbix pyHkimst Y= 2 — 2 X2 + 4x%/3 - % x* Bospacraer.
Haiitn kputnueckue Touku Gpynkiuu Y= (X2 + 3X) / (X + 4)

o0k v

HccnenoBath QyHKIUIO g(x) = - X? - 5X - 6 u nocrpouts €€ rpadux.

BapwuaHT 6.
TeopeTUyeckuit Bonpoc
1. TIpomsBoxHas B pU3MUKE.
MpakTuyeckmne 3apaHuA
Haitru npomssommyio dynxman  f(X) = (2x + 1)
Haiitu kputnaeckue Touku Gynkuun Y= 6 + 12X - X3
HaiiTi mpoMeXyTKH, Ha KOTOPBIX QYHKIMS ~ yOBIBAET.
Haittn nponseonmyio pyrkman Y = 2\X + 27/X — x%/9
Uccnenonars ¢pynxiuio N(X) = X? - X - 6 u nocrpouts eé rpadux.

IS

BapuaHT 7.
TeopeTuueckuin Bonpoc
1. Ilpusnak Bo3pactanus (yObIBaHUS) QYHKIUH.

MpakTu4yeckmne 3apgaHuA

Boraucmuts f '(3), ecmn f(X) = %2

Haiitu npoussoanyio Gynxuuu y = 2 SiN X

Haittu npomexyTky, Ha kotopsix pyrkims Y = 0,5 X* - 5x3/3 - 1,5 x2 + 2 Bospacraer
HaifTH TaHTeHC YIiIa HaKIOHa KacaTebHoi k rpaduky pyHKImmu y = Vx B Touke Xo = 9

o0k LN

Wccnenosats Gpyukimo § (X) = X?- 9 u nocrpouTs 8 rpaduk.

BapwuaHT 8.
TeopeTnuyeckuit Bonpoc
1. TIpusnak MakcuMy™ma (MUHUMYMa) (DYHKIHH.
MpakTuyeckue 3apaHus
2. Haiiri npoussozayio dymxmmn f (x) = X°
3. Pemmrs mepasenctso §'(X) < 0, ecm g( X )= X2 - 4X
4. HaiiT mpOMEKYTKH, Ha KOTOPHIX Gyukims y = ¥ X*-5x3/3 - x2— 1 yGrisaer.
5. Haiitu TaHreHc yria HaKkJIOHa KacaTeabHOM rpaduky pyHKINU f(X) =2 X3+ 3 X2 Brouke Xo= -2
6. Mccrenosats dynkmmio N(X) = - X2+ 1un MOCTPOUTH €€ rpaduk.

BapwuaHT 9.
TeopeTuyeckuin Bonpoc
1. HWccnenoBanue GyHKIUH.
npaKTI/I‘IGCKVIe 3agaHuA
2. Haiitu npoussoanyio gpynkmuu h (X) = sin (2 - 3x)
3. Haiitu npomexyTkn, Ha kotopsix ¢pymkims Y = (X2 +8x) / (x - 1) Bospacraer.
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4. Haiitn npoussoanyto gyuxmun y = X*/8 —x%/3 + \x u Beraucuts ee snavenue, ecm X = 4.

5. Haiitu ypaBHenue kacatenbHoii k rpaduxy ¢ynxuun  f(X) = (x-1)/(x+1) B Touxe ¢
abcrmccoi xXg = -2

6. Wccnenosars pynkmmo f(x) = X2 + x — 6 u nocrpouts ee rpaduk.

BapwuanT 10.

TeopeTnyeckumn Bonpoc
1. Ilpupaimenue apryMeHTa U pupamieHne QyHKIUH.

MpakTu4yeckue 3agaHuA

2. Haitru f'(x), ecmm f(x) = 4 (x-5) 3

3. Haitru npoussoxtyto dymxumn § (x) = X5 -7 X2 -9\x -2 u BbruncnTe €€ 3HAYCHNE, eCI X =
1

4. Haiitn npomexyTku, Ha KoTopbix Gyukimus Y = (X2 - 8x) /(x+1) yGsisaer.

5. 3anucaTh ypaBHeHHe KacaTeNnbHOM k rpaduxy dpynxuuu f(x) = (x+1)/( x-1) B Touke ¢
abcrmccoit Xo=2

6. Wccnenosars dynkmmio N(x) = -x? + 5X - 6 u nocrponts ee rpadux.

BapuaHnTt 11.

TeopeTuyeckuin Bonpoc

1. TlonsTre mpou3BOJHOM.

MpakTuyeckme 3agaHus

2. Pemmts ypasuenne §'(x) = 0; ecau g(x) = 2x - x?

Haiitn npomesxyTki, Ha KoTopsix Gyukmus Y = (X - 3)%/( X+1) Bospacraer.

Haiitu kpuTndeckne Touku Gynkmuu y = X + COS 2X

Hanmcars ypaBHeHHE KacaTeNnbHOM K rpaduky GpyHKmm ) = (; X2+8)/ (x+1) B TouKe x0=0

o U AW

Uccnenosars pyukrmo f(x) = 3x° -5x% u mocrponts eé rpagux.

BapuaHT 12.
TeopeTnuyeckuit Bonpoc
1. TabGuuia mpou3BOIHBIX.
MpakTu4yeckmne 3apgaHuA
2. Haiitu npousBoanyio ynxmuu f(X) = 4x°
3. Haifti npoMexyTkn Bospactanns yrkimn Y = 5x% — 3X + 1
4. Haiitu MuauMyM ¢GyHKIMH Y = X% — X
5. HaiiTu TanTeHC yria HAKIOHA KacaTelbHOU k rpaduky Gpynkimu y(X) = (X2+8)/ (X-1) Brouke c
abcrmecoit xo =0
6. MHccnenosats pynxmmio §(X) = - x>+ 4 u MOCTPOUTH €€ TpaduK.

BapwuaHT 13.
TeopeTuyeckuit Bonpoc
1. IlpaBuna BBIYUCIIEHUS IPOU3BOIHBIX.
MpakTuyeckue 3agaHusA
2. Haiitu f '(X), ecmu f(x) = 7x
3. Haiitu npousBoaHyI0 GYHKIUU g(x) = 4 SIN X - COS X ¥ BBIYUCIUTE €€ 3HAYCHHUE, eClli X = 7T
4. Onpenenutb, BO3pACTAaET WU yObIBaeT QyHKIH Y = - x3
5. HaiiTi TaHIeHC yIUIa HAKJIOHA KacaTelbHOM K rpaduky pyukmmn f(x) = X* B Touke ¢

abcrmccoit xo = 1
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6. MUccnenosars dynxumio N(x) = - X2+ 1 u nocrpounts ee rpaduk.

BapwuaHnT 14.
TeopeTnyeckumn Bonpoc

1. KacarenpHas k rpaduky QyHKINH.

rlpaKTquCKVIe 3agaHud

2. Pemmts ypasuenne f '(X) =0, ecrm f(x) =x3—12x =7

3. Haiitu npoussoanyio dyukuuu N(x) = 14 X

4. Haiitu npoussoanyo Gpyukmnuo Y =3 COS x/3 + 2 SIN 4X u BeluMCIUTE €€ 3HAYeHHe, ecu X = 71/2
5. Haiitu ypaBHenue kacatenbHoit k rpaduxy ¢pynxiuu f (X) = -x* + 4 X% B Touke ¢ aGCIUCCOM Xo =

1.
6. Hccnenosars pynkmmo ((X) = X? + 5X + 6 u nocrpouts ee rpadux.

BapwuaHnT 15.
TeopeTuyeckuint Bonpoc
1. TIpomsBoxHas B pu3MKE.
MpakTu4yeckmne 3apgaHuA
Haiitu npousBoaHyto pyHKIMU g(x) =x8/8
Pemmts Hepasencteo Y' >0, ecnn Y = X 2- 4X
Haiitu npomexxyTku, Ha KOTOpbIX GyHKIUA Y = Ve ( X?-2 ) X?-3 BO3pacTaeT.
Hanucats ypaBHeHHe kacaTenbHOU K rpaduky QyHKINUN f(X) = 4\/X B Touke ¢ abcruccoii Xo = 4

o gk e

UccnenoBats pyHKINIO h(X) =-X°+X+6u MTOCTPOUTH €e TpaduK.

BapwuaHT 16.
TeopeTnuyeckuit Bonpoc
1. Tlpusnak Bo3pactanus (yObiBaHUs) QyHKITHH.
npaKTVI'-IeCKVIe 3agaHuAa
2. Haiitu npousBognyto pynxmuu f(X) = 2X+1
3. Pemmrs Hepasenctso Y’ < 0, ecrm Y = X? - 6X +18
4. Haiitu npousoauyio bpyukmuu §(X) = 4X? y BHIUMCIIHTE €€ 3HAUCHNE, eCI X=2
5. Haiitu TaHreHC yria HakIOHa KacaTenbHOi k rpaduky dynkuuu f(X) = VX B TouKe c
abcuuccoit Xo=9
6. Mccrenosats dpynximio h (X) = X249 u MOCTPOUTH €€ TpaduK.

BapuaHT 17.
TeopeTuyeckuin Bonpoc
1. Tlpusnak MakcumyMma (MHHHEMYMa) QYHKIIHH.
npaKTVNeCKVIe 3aaaHud
2. Haiiri npoussonyio dyrxmun f (x) = 5 x*.
3. BbuucnuTh 3Ha4€HME TPOoU3BOAHON GyHkimu § (X) = COS X B Touke X = /4 .
4. Pemuts HepaseHcTBO ' > (), ecmu y = 4x% - 8x + 1)5.
5. HaiiTi TaHTeHC yIiIa HAKIOHA KacaTeabHOM K Tpaduky Gpynkimu f (x) = 2x + \x B TouKe c
abcrmccoit xo=9 .
6. Mccrenosats pynximio K (x) = 4x? - 1 u moctpouts eé rpadux.

BapwuaHT 18.
TeopeTuyeckuin Bonpoc
1. HWccnenoBanue GyHKIUH
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MpakTuyeckue 3agaHuA

Haiitu npoussoanyto gynkiuun y = 1 + Sinx .

Haittu npoussoanyto gpynxumu g (x) = (x? + 1)° u sbrumciuts & snavenue, ecmu X = 1.

HaiiTi ipoMexyTKH, Ha KoTOpbIX pyrkims ¥ = % x' + 7x¥/3 - 3 x? - 4 y6uiBaer.

Hanmcars ypaBHeHHs KacaTelbHOM K rpaduky Gynkuuu f (x) = X B Touxe ¢ abemmceoit Xo = 1

o gk wN

Uccnenopars ¢pyukuuio h (x) = - 4x? + 1 u noctpouts eé rpadux.

BapwuaHnT 19.

TeopeTnyeckumn Bonpoc

1. TlonsTHE TPOU3BOIHOM.

MpakTuyeckne 3agaHuA

2. Haiiru npoussosnyio Gpynkimuu @(X) = 2 Sin 5X

3. Haiitu npoussommyio pysuxmm Y = (32 —2 )/ ( X? - 3) u BerumcauTs e 3HaveHue, ec X = -2
4. Haiitu 3kcTpeMyMbl QyHKIMH Y = (X2 -2x+ 1)/ ( X2-X+2 )

5. 3amucaTh ypaBHeHHeE KacaTenbHoH k rpaduxy ¢yaxmun §(X) = X3+ X2 B TouKke ¢ abeuuccoii Xo=

1

6. Wccnenosars pyrkumo Y = 9X° + 3x3u nocrpouts eé rpaduk

BapwuaHT 20.

TeopeTuyeckumn Bonpoc
1. IlpaBuna BblUMUCIEHUS TPOU3BOIHBIX.

MpakTu4yeckmne 3apaHuA

2. Haiitu npoussoanyio pynxiuu ¢(X) = 7X + 8

3. Beuucauts f'(7/4), ecnn f(X)= 2 cOs X

4. Haiitu mpoMexyToK Bo3pacTanus GpyHkimn Y= X>- 6X + 9

5. Hamucats ypaBHeHue KacaTenbHoil k rpaduxy pynxmun f(X) = X?- 4X + 5 B Touxke ¢
abcruccoit Xg= -2

6. Hccnenosats dynkmuio §(X) = - X?-X+6u MOCTPOUTH €€ TpaduK.

IIpakTnueckas padora Ne 44

Tewma: Kontponbnas padota no teme: «IIponsBomnas»
Hens: [IpoBepuTh ypoBEHb YCBOEHUSI MaTEpHalIa IO JaHHOU Teme
1 BapuanT

1.Beraucinure npon3BOAHYIO:

1.f(X) = 2x* + 4x* +6x+3

2¢m:§+%—%

3.f(x) = (8x-10)’
X
4.f(x) = cosg

1

5f(X)=m
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2.Haiinure npou3BOAHbIE CIOXKHBIX (QYHKINUN
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 kpuTuieckre TOUKH PYHKIIMU:

a) 6x'2+3x +10=10 .

0).
4.Haiiiute TOUKHM MaKCUMyMa U MUHUMYyMa
xd  xd®
Z_-g__19=9
a) 8 3 :
0).

byHKIMNU:

5.Haiiaute Hanbonbliee 1 HaMMEHblIee 3HaUeHnEe QYHKIUU

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 nporu3BOAHYIO:

1.f(x) =3x* +6x* +8x+100

26(=24+2 3
X X X
3.f(x) = (4x-5)°
4.f(x) =sin10x
1
(1-2x)*
2.HaiiauTe mpou3BOIHBIE CIIOKHBIX ()YHKITHI
1) f(x)=ctg2x

5f(x) =

2 BapuaHTt
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2)f(x):%sin 7X

3) f (X) = (2% +10)?
4

DI~

5) f (x) = (4% +8) +[%x+13j
6) f (x) :4ctg(%—2x)

3.HaiinmuTte KpUTHYECKUE TOUKU (DYHKINU:

a) 1/2x"2+4/5x+15=0 .
6).

4. HaiiuTe TOYKM MAaKCUMyMa U MUHUMyMa  (DYHKITUH:

x-l- i

— i =0
az T 2 :
1'5_21'3
3 3

0)
5.Haiinute HanbGonblee 1 HaMMeHbIlee 3HaUeHHE (QYHKIIUN
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

Heas: HayunTs pemarts HHTErpaiibl, UCONb3ys popmyiny HeroTona-JleiiOnumna

Teopernueckuii 610K

[Tycte ¢pynkius f (X) HenpepbiBHA HA 3aMKHYTOM HHTepBase [a, b]. Onpenenennpiii unrerpan ot dynkuuu f (X) B
npeenax oT a 10 b BBOANUTCS Kak Mpeies CyMMbl O€CKOHEYHO OOJIBIIIOTO YHCIIa CIIAaraeMBbIX, KaXK/10€ U3 KOTOPBIX

CTPEMUTCS K HYJIO:
?

[£(x)ar= tim >s(x)ax.

2 ma i, k= =

rac
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b

zf[xi)é‘ix=f[x1)&1X+ff:xg)ﬁgI+---+f|:x;;)&£x+...+f[xx)&kx_

i=1

Ceoiicmea onpedenieHH020 unmezpana
Hwxe npeamnonaraercs, uro f (X) u g (X) - HenpepbiBHbIe GYHKIIMK Ha 3aMKHYTOM HHTEpBaje [a, b].

3
[dx=t-a
1. °©
3 3
[ (x)dx = k[ f (x)dx,
2. ° : rae K - KoHCTaHTa;
3 3 3
J'(f[x)+g[x))dx=ff[x)dx+fg[x)dx
3l [ a a
L I3 B
If[x)dx=ff[x)dx+ff[x)dx, TOe @< ¢ < b
4l a a “
[ (m)as < |
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 uHTEpBae [a, b], To *
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Dopmyna Hevomona-JlIeiionuya
[Tycts pynkius f (X) HenpepbiBHa Ha 3amMkHyTOM HHTEepBae [a, b]. Eciu F (X) - nepsooopasnas dyukiuu f (X) Ha[a
b], To
2
?
[/ (x)dx=F(x)|, = F(2)-F(a).

a

ITpumep 1

2

I(f —xjjcfx

0
Bpruucnutes uHTET pal

Pewenue.
[Tpumenss popmyny HeroTona-JleliOnuna, momydaem

i # 2\ (15 8 4
e
i 3 |4 3 3

0

[Tpumep 2

[ —F)a

0
Brerauciauts HUHTCIpaJl

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, orpaHi4eHHON KPUBBIMU u .

Pewenue.
CHayasia onpeieTuM TOYKU MePEeCceYeHHsI IBYX KPUBBIX (PUCYHOK 3).

= xj—xj"_=0,

- ﬁ(ﬁ—l)ﬂ,

= =0 x-=1
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Takum oO6pa3om, nanHble KpuBbIe TiepecekaroTcs B Toukax (0,0) u (1,1). CnemoBaTenpHO, III0MIaAb (GUTYpH paBHA

1
1 }5+1 1
g=1(¢;_xz)dx=[_; l_g Loy -2 -1
+ 0
) ¥ D
4
y
y=2x-x32
X
Puc.3 Puc.4
[Tpumep 4
y=2x-x x+ y=0

Haiitu miomanes ¢purypsl, orpaHudeHHyto rpadpukaMu GyHKINN u .
Pewenue.
Haiinem xoopauHaThl TOuek nepeceueHust KpUBBIX (PUCYHOK 4).

2x-x = -x,

= x*-3x=0,

= =x [x - 3) =10,

= x=0 x=3

y=2x- x* -

JlaHHas 06J1aCTh OTpaHUYMBAETCS CBEpXY MapaloIoif , @ 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 HWHTCTpaJIbI:
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1
1.J x3dx
-1

dx
COS° X

!
3.}(1+ 2x)d
J

2.

1. x°dx

-1

dx

sin? x

2.

3.[ (4 +2x)x

|
|

IIpakTuyeckoe 3ansitue Ne 46
Tema: [Ipumenenne uHTETpaa K BHIYUCICHAIO (PU3UYESCKUX BEIMYHH U IIIOMIAJICH
esab: HayunTh NpUMeHATh MHTETpalibl K BEIUUCICHUIO (PU3MUECKUX BEIUYHMH U IUIOLIAAeH
Teopernueckuii 6510k
I'eomeTpuyeckne NpUIIOKEHUS ONIPEACIIEHHOIO HHTErpalla

KpuBonuneiiHo# Tpanenueit Ha3bIBaeTCs MI0ckas Gurypa, orpaHudeHHas

ockio 04 npsMbIMH A = & | &= by rpagMKOM HEMpepbIBHON Ha

OTpE3Ke [a’b] dysKu ¥ = S , KOTOpasi He MEHSET 3HaK Ha 3TOM npoMmexyTke. [Tyctsb
NaHHas (GUTypa pacrosiokKeHa He Hudce OCH adCIHCC:

B
I
o

NP
Ry
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http://www.mathprofi.ru/uravnenie_pryamoi_na_ploskosti.html
http://www.mathprofi.ru/nepreryvnost_funkcii_i_tochki_razryva.html
http://www.mathprofi.ru/nuli_funkcii_intervaly_znakopostoyanstva_metod_intervalov.html

Torma miomaae KPUBOJIMHEWHOW TPAIECIIUU YUCIECHHO PaBHA ONPECICHHOMY

&
[ £ (x)dx

UHTErpaily 2 . C Touku 3peHusi reoMeTpun onpeaeaeHHblid naterpan — 3to [IIOLA /Ib.

To ecTb, onpeieIeHHOMY HUHTErpaiy (€Ciu OH CYIIECTBYET) TEOMETPUUYECKU COOTBETCTBYET

xelx

E+1.

IIoHIalb HeKoTopoii (urypsl. Hanpumep, paccMoTpuM onpeielieHHbIi uaterpail 1 °

x
¥ = »,'n"'_ 1
[TonprHTErpanbHas QYyHKIUS ¥ +1 sanaer ma mockoctn KPUBYIO, PacIoJIararollyocs
J- xdx
BBIIIE OCH % , & CaM OIpeIeJICHHbIN UHTerpai ! "E +1 YUCJICHHO PaBEH ILJIOIIAN

COOTBETCTBYIOLIEH KPUBOJIMHEMHOMN Tpaneuuu.

ITpumep 1
o y= 42 y=0 r=_2 =1
Boruncnuth miiomaas GUrypbl, OrpaHu4eHHOMN JIMHUAMU , , A= Te A=

BBHINOJTHIM uepTesx (06paTHTe BHUMAHKE, UTO YpaBHEHHE ¥ 0 sagaer och 4 ):

== ==-r-----1
1
[
[
1
1
L

=

i ik Tl Tl

....................

_ 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 KOOPpAWHATHBIMHA

xr=

, OFpaHH‘ICHHOf/'I JIMHUAMUN

Boraucnute miiomans Gurypsl

OCsIMHU.

Pemenue: BeirmonHum ueprex:

T |

by

[ [,

v

, 10 KpaliHe! Mepe, He

Ecnu xpuBOJIMHEWHAS Tparenysl paciioyokKeHa M0/ OChIO QX (i

§=-[ fixax

), TO €€ TUIoIaAh MOKHO HAWTH TI0 popMmyIie:

v

sébluteJaHHOU OCHU

B nanHowMm cnyuae:

1

_l-e?x.:fx =g

1

§=-[(e"ax

=a-—1

1 0
p=¢€ —¢

1

1]

(e—T1) ed” 172 o

&=

OrtBer:

3

IIpume

y=-x

2
=2x-x

Haiitu muomaap miockoi Gurypel, orpaHu4eHHON JTMHUAMUI Y

Pemenne: Crauana HYXXHO BBIITOJIHUTBH YCPTCIK.

88



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 (PYyHKIIUS S () Oosbiie 1100 paBHA HEKOTOPOM
HENpepbIBHOI QyHKIMH = (=) , TO IUIOIAJb GUTYpPbI, OTPAaHUYEHHOMN TpaduKaMu JaHHBIX

]
S=[(/(x) - glx)dr

byHKIMH 1 npsiMpiMu 4 = & &= b MoxHO HaitT 110 dbopmye: a

[0.3]

B paccMaTpuBaACMOM IMMPUMEPEC OUYCBUIAHO, UTO HA OTPE3KE napa6ona pacnojiaracTcs BbIIIC

2
IPSIMOM, a IOATOMY U3 22— %" HeoGXOAUMO BBHIYECTh ~ X

y=2x—x

Hckomas ¢urypa orpaHnueHa napabosuoi cBepXy M npsMoit @~ cHuBy.

Ha orpeske [0;3] 2x-x' z-x , IO COOTBETCTBYIOILEH Gopmye:

3 3 4 3
2= 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
Ortser:
[Tpumep 9

BBIYHCINTS TIONIAAb GUIYPHI, OrPAHMYEHHOMN THHIsIME @ o * V' = 0  O=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 PacIojI0XKeH HaJl OChIO , TOITOMY:
: L omE (2)3 . (3)
S=Ism xcfx=]sm & sin xcix=_[(1—u::os x)sin xdx=0*)
0 0 0

Cd g2
(2) Mcionb3yeM OCHOBHOE TPUTOHOMETPUYECKOE TOKIECTBO B BUje it 4= I-cos®x

(3) IIposeeM 3aMeHy nepeMeHHoi £ = £¢5 X Torpa:
df =d(cosx) = —sih xafx = sin xdfx = —dt

HoBrle nepe/iennbl HHTETpUpPOBAHUS:
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 UCTIONTB30BAJIM CBOMCTBO OIPEJIEIEHHOT0 HHTerpaia 2 2 ,
paCHOHO)KI/IB HpeHeHBI I/IHTerI/IpOBaHI/Iﬂ B ((HpI/IBBI‘-IHOM)) HOprHKe

g=1l oo
OrtBerT:
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IIpakTnyeckas padora Ne 47

Tema: KontponsHast pabora o teme: «IlepBooOpasHasi»
Henan: [IpoBepuTh ypOBEHb YCBOCHHS MaTepHala 0 JAHHON TEMe
1 BapuanTt

1. Haiinute oOmumii Bua IepBOoOpasHBIX s (DYHKITUH:

1.f(x) =3x+5x> +6x° -2

3.f(x) = (5x-3)°

. T
4.f(x)=sin (Zx - Zj

2

5.f(x):m

2.BpruncnuTe UHTErpasbl:

1.j.x4dx
-1

s

t dx
2.[-
< Sin

X

3./ (21+ 3x)dx

e
5.

P C— N

2-Bapuant

1..Haiiaure oOuuit Bua nepBooOpazHbIX Uil PYHKIIUU:
1.f(x) =6x+3x>+2x* -9

2000=243 oUx
X X
3.f(x) = (4x—13)°
T
4.f(x) = cos[3x - E)

4

5f(X):m
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2.BpruncnuTe UHTErpasbl

1
1.Jx5dx
a
i
2. [
? sin? x
2
3.J-(4+2x)dx
1
] d.').
4.4, 1+x*
11\,
cos2x® sinlx

il
5

IIpakTnyeckas padora Ne 48

Tema: Pemenue TpUroHOMETPUYECKUX YPABHEHUHA METOAOM Pa3JIOKEHUS HA MHOKHUTEIIN
Henp: HayunTs yuamuxcs pemaTb TPUTOHOMETPUYECKUE YPABHEHHS METOIOM Pa3JIOKEHUsS Ha

MHO>KUTEIH
Teopetnueckuii 6110k

MeTtogbl peweHms
TPUrOHOMETPHUYECKHMX YPaBHeHWH

Metog pasnoxeHnA Ha

MHOHMWTENA

MeTong sameHbl
nepeMeHHOM

¥
Pemernue 0THOPOIHBIX T
PHTOHOMETPHHYECKHX VPABHeHHIT

92



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: SIN X +COSX=1.
Pemenne. IlepeHecéM Bce 4iaeHBl ypaBHEHUS BIIEBO:
sinx+cosx—1=0,

npeoOpaszyeM U pPa3jaoKUM Ha MHOXKHUTETH BBIPAKEHHU B JICBOM YaCTU 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. Pemmts ypaBHenme: COS 2 X + Sin X - cos X = 1.
Pemenue. COS2X+SinX-cosX—sin?2x—cos?x=0,
SinX - cosX—sin?x=0,

sinx - (cosx—sinx)=0,

1 smx=0, &) cosx—snx =10,
X, =T tanx =1,

n=nld+ma,

3. Pemmts ypaBHEHHE: COS 2X — COS 8X + COS 6X = 1.
Pemenwme. COS2Xx+cos6x=1+cos8x,
2 C0S 4X C0S 2X = 2 €0S 2 4x
cos4x - (cos2x— cos4x)=0,

cos4x -2sin3x-sinx=0,

1). cos4x =0, 2). sin3x=0, 3).sinx=0,
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—7-cosx:0,

(- \/5]
cos X| sin x—7 =0,

cosx =0, x:£+7zk,keZ,
2

.3 -
sihx==- x=(—1)k~§+7zk,kez.
,HOMaI_HHee 3aJ1aHUC:
1. 2 sin x/2 cos 5x — cos 5x = 0.
OTBET:
x=7/10+ wn/5

Xx=(-1)"n/3 + 27n,

IIpakTnueckas padora Ne 49
Tema: Perienue TpUroHOMETPUYECKUX YPAaBHEHUN METOJIOM BBEJAEHUSI HOBOM NIEPEMEHHOMU
Heanb: Hayunts yyammxcs pemars TPUrOHOMETPUUECKUE YPABHEHUS METOJIOM BBEJICHUSI HOBOU
IIEPEMEHHOMN
TeopeTtnueckuii 6110k
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TpUroHoOMeTpHYECKHE YPaBHEHWA, NPHEO AMMBbIE K
YpaBHeHWAM OT OQHON TPUrOHOMETPHUHECKOM
dyHRUMK ogHO I NepemeHHON, pewaroTea (Kak
npaswWno)

MeTOIOM 3AMEHEI NNepeMeHH oH

v

asin’x + bsinx +¢=0
BEEJIEM HOBYHO MepeMeHHYI0
sink =t, | <1
YypaBHeHHe NPHMET BHI
at’ +bt+c=0
Pemas xepanparHoe
YpaBHeHHe, HAXOMHM t; B

Bepuemcsa k nepeMeHHOMH X A J
sinx = f; sinx = t, atg?x +btgx+¢=0
EEE/IEM HOBVIO MEPEMEHHYIO
tgx=t, t €R
VPaBHEeHHe MIPHMEeT BH]L
acos’x + bcosx + ¢ =0 at? +bt+c=0
BBEZIEM HOBYIO TepeMeHHYIO Pemas kpampaTHOe ypaBHEHHE,
cosx=t, |t|<1 HaxonuM 4y, t
ypaBHEHHE MPHMET BHI Bepremca K nepeMeHHOMH X
at +bt+c=0 fgx =1 tgx =+t
Pemas kepanparHoe
YpaBHeHHE, HaxooHuM t;;
BepHeMcsa k nepeMeHHOM X

COSX =1, COSK =13
ITpumep:
sinx + Ssinx — 6 =0,
sinx =t, t € [—1,1] t* 4+ 5t—6=0
JIeJIaeM 3aMEHY ,JIOy4aeM KBaJApaTHOE YpaBHEHUE: ,
I'i = 1_. I—ﬂ = _6 I—ﬂ = _6 v
HAaXOJINM KOPHU - ,3aMedaem, 4Tto - TIOCTOPOHHUU KOPEHB,
ts[-1.1] sinx = 1
MMOCKOJIbKY , IeJlaeM OOpaTHYIO 3aMEHY, T.€. pellacM 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 yuammuxcs pemars JIorapuMuiIecKie ypaBHEHHUS
Teopernueckuii 6110k

Pemenue mo6oro morapu)MIUIeCKOro ypaBHEHUS TAKKE CBOAUTCS K PEHICHUIO OHOTO WIIH
HECKOJIbKUX MPOCTEHIINX JIOTapu(PMUIECKIX YPAaBHEHUN:

1) logaf(x)= logag(x); 2) logaf(x)=b.
VpasHenue (2) coautcs K ypasHernHo Buaa (1): logaf(x)= logaa’.

VYpasuenus Buaa (1) cBondarcs k pemieHuto ypaBHenuit f(x)= g(x) (morenuuponanue). [Ipu stom
HEOOXO0MMO MTOMHHTH, 4TO ypaBHeHUs logaf(X)= 10gag(x) u f(x)= g(x) He paBHOCHIBHBL [IpH
MOTEHIIMPOBAHNY TPOUCXOANUT PACIIMPEHUE O0JIACTH OTIPENICIICHNUS, 2 3HAYUT MMEETCS
OIIaCHOCTh MOSBJICHUS IOCTOPOHHUX KOopHe. [IpoBepka — HamTyuIiee cpecTBO MPOTUB TAKOM
OTTaCHOCTH.

1 mun — 1o oTnpeAeNIeHNIO JIoTapudma:

log i dx -0 =-2
a) 3

2
( J =2x-1
3 - 2X-1=9: x=5.

Peienne:
log,10-0=-2 log,%=-12
IlpoBepka: 3 ;3 ; ~2logz3=-2- 2= 2 _ pepHo.
OTBeT: x=5.

5) logy(x +4u+1 =2
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Pemenne: 3 = +4x+12; x* +4x+12-0=0: = +4x+3=0;

X =-2f.4-3 =341

; X1=—1 1 x2=-3.
IMposepka: x=1, logs(1-4+12)=2; 10939=2; 210g33=2; 2=2 — BepHoO;
x=-3, 10g3(9-12+12)=2; l0g39=2; 2l0gz3=2; 2=2 — BepHoO.

OtBeT: x=1, x=3.

g
lngg[——lJ =x-2

i
B) 4 .

L E_l 7% 1. E_l
T ax 4 ax -
Pemenue: 4 ; 4% Tlycrs ¥, Torja ypaBHEHHE 3alUIIEM B
v &
I 2 5
Bume 4 ¥ ¥ +4§.r—32=|]’

YL2=_21U4+32=_2i6; Y1=4; 3r2=—8; 2x=4; 2":22;)(:2; Fox-g

E
lngg(——lJ =1-1
IMpoBepka: 4 : logy1=0

— BEPHO.
OTtBert: x=2.

2 mun — ypaBHEHHUs, KOTOPbIE C IOMOUIbIO JIOTapu(PMUUECKUX TOKAECTB CBOJATCA K
MIPOCTEUIINM YPABHEHUSIM:

a) lg(x-3)+lg(x-2)=1-1g5.
Pemenne: Ig[(x—3)(x—2)]=lg10-1g5; Ig(x>-5x+6)=1g2;

5iq,|55—16

X?-5x+6=2; X°>~5x+4=0; X12= 2 ;x=4 nx=1.
Ipoepka: x=4; 1g(4-3)+ 1g(4-2)=1-1g5; lgl+ 1g2=1g2; Ig2= Ig2 — BepHoO;

x=1; 1g(1-3)+ 1g(1-2)#1- 1g5, Tak kak BeIpakeHHUE, CTOSIIEE O] 3HAKOM Jiorapudma,
JIOJDKHO OBITH BCET/Ia MOJI0KHUTEILHBIM.

OTtBer: x=4;

M2+ gz -5 1

6) laTx+1)+1g(x-6)+ 13 2
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Igt+igx-) 1 lg4x-30 1

Pemenne: 1837+ DE-6) 2. g3+ Dx-6) 1.

2 1g(4(x=3))= 1g(3(7x+1)(x-6)); lg(4(x=3))?= 1g(3(7x+1)(x—6)).
[oternupyeM: 16x°—96x+144=21x°-123x-18; —5x*+27x+162=0;

27t 869_2?163 36_ 18
5x227x-162=0; x1.= 10 10 ;x1=9; xp,= 10 5,

21+ 1gs, 1 1
MpoBepka: x=9; lg4+1g@+1g 2. 2lgg+3lgs 2.

1524 1

1224

1
21g4 2 _pepHo;

—_

g
21 +1[._-3]
git+lg ; |

)
1 Ead E

x= 5 — JIO’KHO, TaK KaK MOJJI0orapuMuIecKoe

BI)Ipa)KeHI/Ie HC MOXET 6I>ITI) OTpI/IIlaTeJH)HI)IM.
OTtBer: X=9;

B) loggx +loggx +logym =35

1
L log nb=—1logh
Pemenne. Bocnons3yemcs popmynoit m ;

1 1 11
logzx+ —logzx+—logzx =355 —logzx=353
BTy T Lo s loggx =3 x=07,

Iposepia: 10827+ 108,27 +10gy27 = 55 . 1ogs3” +10g2 3" +1=55

3 +E+1 =55
2 — BEPHO.

OTtBer: x=27,
r) logs(3x -1 +1ogs(x —27) =3 +10gg 8

Pemenue: 1025((3—11(x- 27 =1log; (5" 8}

461 J2116+32108  46+65

[otenuupyem: (3x—11)(x—27)=1000; 3x2-92x—703=0. x1,2= 3 3
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19

Xo= 3.

IpoBepka: 1. loge111-11) +1og; (37 - 271 =3 +1og;2

logs100 +logsl0 = logs1000 » 1ogs1000 —1ogs1000 _ pery

13
logs(=19 =111 +10g;s [— ——ETJ =3 +1logs8
2. 3 , TaK KaK BBIPAXXCHHUC, CTOAIICC 110 3HAKOM
J'IOl"apI/I(bMa, JOJI2KHO OBITH MOJIOKUTEIBHOE.

OTtBet: x=37.

3 mun — ypaBHenus Buaa P(logax)=0, rae P(y) — MHOrOusIeH 2 uiu 3 CTeneHu, Win
YpaBHEHUS, CBOJSIIUECS K HUM. DTH YPaBHCHHUS PEIIAIOTCS C TIOMOIIBIO IMOJCTAHOBKH: Y= logaX.

a) logl x-log, & - 3= o

2
Pemenne: 1723 ¥-2108; -3=0 ylycpy, 108:% =¥ y2 2y 3=0. Pemaem ypasuenne u nomyuaem
1

3 = x=3,

-1

yi=3 ny,=—1; y=3 =183 % =3 — x=07: y=1 = legz ¥ =

Mposepia: x=27; 1025 27-10g; 27-3=10. (log; 27" ~log, 3 -3=10,

9-6-3=0 — BepHO;
1 1
— ]_Dg% E— ll:lg3

]
—| -3=0
<=3 (3J . (logy 371 —logy 372 -3=0.

1+2-3=0 — BepHo.

1
OtBet: Xx=27; Xx=3

6) log, (52" logi x=1

Pemenne. [Ipexie Bcero Hajio UMETH B BUJY, YTO €CJIM B YPAaBHEHUAX BCTPEUAIOTCS JIOTapU(PMBI
C pasHbIMH OCHOBAHUSAMHU, TO UX HAAO IMPUBCCTH K OAHOMY OCHOBAHUIO C TIOMOIIBIO
log. b

log, b=
bopmybL:

log. (5%
—gj( j-lug§x=1

B J[aHHOM ClTydae [IePeXOMM K OCHOBAHMIO 5. 1085 ;

(logsS+2logsm)logsx =1 Ogospauynm 198s% =¥ : (1+2y)y=1:
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i P
- _ logzz=— =
2y2+y-1=0; y1=-1, y,=2; 1985 X == =77 2, x=5; x=5 ,

1
lugl[ -21_5]-1ug§;_=1 log, 5-(-1)2 =1
IpoBsepka: 1) 3 ] ; 1=1 — BepHO;

1
2) 1085(5'5)'108§~Jr§=1; 10%@(*534 -[1Dg(£)z a.frf_') =1 ;
; 1=1 — BepHoO.

1
OtBeT: x=75; x=05 .

5 mun — norapudmupoBaHre 00enX YacTell ypaBHEHHS.

vl _ 1000
IIpumep: X

e =lgmnn
Pemenue: x ; (lgx+1)lgx=3-lgx; lg°x+Igx=3-Igx; y=Igx;

y?+2y-3=0. Pemaem ypasrenne: y1=—3; Y>=1; lgx=—3 nm Igx=1,
x=10"3; x=10.

1000
1|:|_3 . (ID_3}_3+1 — ll:llﬁ . l:ll:l—3}—2 — ll:llﬁ .

(1[!'3)31”_3*1 _
ITposepka: 1)

10°=10° — BepHo;

1l H _ @
2) 10 :10%=100; 10%=10?% — BEPHO.

Otet: x=107%; x=10.

IIpakTnyeckas padora Ne 50
Tema: Pemenue norapuMuyeckux HepaBeHCTB
Hean: HayunTs yuammxcs pemars jgorapudMudeckre HepaBeHCTBa
Teopernueckuii 6110k
HepaBeHcTBa, KOTOpBIE COJEpKAT MEPEMEHHYIO 01 3HAKOM JIoTapr(mMa MM B €ro OCHOBAaHUH,
Ha3bIBAIOTCS JIOTAPU(PMUIECCKUMHU.

Pemenne norapuMuUecKMX HEPABEHCTB OCHOBBIBAETCS HA CBOMCTBE MOHOTOHHOCTH
norapupmMuuecKoil GyHKIIUH.
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Tak ’xe HEKOTOpbIe JOrapu(PMHUUECKHE HEPABEHCTBA MOXHO PEIIUTh METOJOM 3aMEHBI
MIEPEMEHHOM.
YnpaxuHenus:

1.PemuTh HepaBeHCTBO logy (2% +42 +3) > 3
[To ompenenenuro norapudma, 00JIaCTh JOMYCTUMBIX 3HAUCHUI:
2?44+ 3>0
PenieHne 1aHHOTO HEPABCHCTBA HaifieM C MOMOIIBIO METOla WHTEPBAJIOB, ISl 3TOTO

JIEBYIO 4acTh Pa3IoKUM Ha MHOYHTEJH. Pemum KBaJpaTHOE
@ i
YpaBHEHUE r+dr+3=10,
D=b —dac=4"—-41-1-3=16-12=1
VD =v4=2
—b+vD  —d+2 —a+2
2= T ~ 9.1 T 9 ={-3 -1}
Takum oGpasoM, momyuwnd kopu L1 = —d T2 = =1 3hauypr, nepyro wacts

HEPaBEHCTBA MOKHO TIPEJCTABUTH B BHJIC:
Lefe—(=3))(x—(-1)) >0 (x+3)x+1)>0

OTMETHM HyJIH Ka’I0T0 MHOXKHTENS (2 9T0 6yayT 3Hauenns £1 = —5. 2 = —1) yg
YHCIIOBOM MPSIMOIA M OTIPEICTIUM 3HAKH HEPABEHCTBA B MOJYYECHHBIX MHTEPBAIAX:

LY Pt e

et L =

VYuurtsiBas 3HaK HepaBeHCTBa, onpeaenum OJ13:
re (—oo;—3) U (—=1: +oc)
O/I3 ompenenwiv, Temepb MPHUCTYIIUM K PEHICHUIO HCXOMHOTO JIOTapU(PMHUECKOTO
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
noyrorapudmuyecknx QyHKINN: TaKk Kak OCHOBaHHE Jorapudma 0oJbine eqnHAIB ( 2
> 1), TO 3HaK HEPABEHCTBA HE U3MEHUTCS
r? +dr+3 >
a® fdr+ 3> 8
2> +dr—5>0
[TpupaBHsSIieM K HYJIO JIEBYIO 4acTh HEPAaBEHCTBA W PEIIMM MOJYYCHHOE KBaJPaTHOE

e
L

ypaBHEHHUE 4 dr—5=0,

@ & ' Ve
D=b —dac=4"—=4-1-(=5) = 16+ 20 = 36
VD =V =6
—b+ /D —4+6 —4 +6 51y
T A R
Takum oGpasoM, monyumid kopau £1 = —9: ¥2 = 1 Ormernm Toukn Ha uncnopoit
OCH ¥ OTIPE/ICTINM 3HAKU HEPABEHCTBA B TIOJYYCHHBIX HHTEPBAJIaX.
Py i .
et L il
VuuThIBas, YTO HAC MHTEPECYIOT BCE 3HAUCHHS I, IIPU KOTOPBIX JAHHOE HEPABEHCTBO
[IPUHUMAET  TOJIOXKUTEIbHBIE  3HAYCHHS,  TO oJrydaemMm CIIEYOIINE
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unrepsaisl: & € (=001 —=3) U (1 +20) D10 orper, Tak kak JaHHBE HHTEpBAHI
HOJIHOCTHIO npuHaanexar O/13.

2.Pe1nTh HEPaBEHCTBO logg (20 —4) < logg gz +1)

Haxomum O/13 no onpenenenuto porapudma. O13

2Zr—4=10 2r =4 xr =2
> > “r e (2 +oo)
r+1=1 Tr = —1 Tr=—1

[lepeiinem B HepaBeHCTBa OT JOrapu(MOB K BBIPAKEHHUSAM, CTOSIIUM MOJI 3HAKOM
norapudma, mpu 3TOM, TaK Kak ocHOBaHHe Jorapudma menbiie exuauibl ( 0,5 < 1),
3HAK HEpaBEHCTBA MIOMEHSEM Ha MPOTUBOIIOJIOKHBII:

r—4d=ax+1
2r—r>=1+4
r =5
C yuerom OJI3, okoHUATeNIbHO UMeeM, yto & € (D: +20),
3.Pemmth HEepaBeHCTBO loggsx+logps(z +1) 21
~1++/3
re | 0: Ve
! o

Gl [ I—)
4 Peniuth HEPaBEHCTBO logg & +log, 9 > 2

5.Pemmts HepaBercTBo 10gs(X2-4x+3)<1.

IIpakTnyeckas padora Ne 51

Tema: Pemenue nmokasareinbHbIX YpaBHEHHUI
Hean: HayunTs pemaTs noka3arelbHbIC YPAaBHEHUS

Teopernueckuii 6110k
[Toka3zarenbHBIM ypaBHEHHEM Ha3bIBAeTCsl ypaBHEHME COZAEprKalllee MEePEMEHHYIO B IoKa3artere,
TO €CTh 3TO YpaBHEHHE BHJA:

af® =p, rme a0 a=1 b>0

Camoe npocTeiiniee noka3aresibHOe ypaBHEHUE:
a* =b

a>=>0 a=1 b>0

IIpu naHHBIX yCIOBUSAX YPAaBHEHME BCET1a UMEET PEUICHUE, IPU TOM €AMHCTBEHHOE.

103


http://www.webmath.ru/poleznoe/formules_3_1.php

JevictButensHO, ipu a > 1 mokasaTenbHas GyHKIIUS MOHOTOHHO Bo3pactaeT, anpu 0 <a <1 —
MOHOTOHHO yOBIBaeT. B mo0oM cityuae, oHa MPUHUMAET KaXKJ0€ CBOE 3HAYCHUE POBHO OJIMH pa3
(BuaHO 110 TpaduKy):

y dy
yv=a"
______/ "lq.______
>~
0 X 0| X

a>1 O<axl

A Bot eciu b < 0, To ypaBHCHHE HE UMEET pCIICHUH, BEIb MOKa3aresbHas (PYHKIHS MOXKET
IIPUHUMATB TOJIBKO IOJIOKUTEIIbHBIC 3HAYCHUS.

MeToapl peneHus NoKa3aTeNbHbIX YPaBHEHNN
1. B pe3ynbTare npeodpa3oBaHuil ypaBHEHNE MOKHO IPUBECTH K BUAY:

a_;l‘nixj — qf

Tornma npumeHsieM CBOMCTBO:

@ =" = fl)=c

2. Tlpu nonydeHWH YypaBHEHHs BHAa a'® =bh wucmonmesyercs ompeneneHue Jorapudma,
IOy qHM:

flx)=log,b

3. B pe3ynbraTe npeobpazoBaHMii MOKHO NOJIYYUTh YpaBHEHUE BUJA:

qf@ — pato)

[Tpumensiercs norapudmMupoBaHue:

log. a’™ =log, h9™

Jlanee mpuMeHsieM CBOMCTBO Jiorapudma cTeneHu:

f(x)log.a=g(x)log.b

Bripaxkaem 1 HaxoauM X.
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YnpaxHeHus

1.6 =216
2.81=0,125

3. 93 | 9x2 _ox = 4g
4,.9-8-3*=9

5. 2X. 20,5x+1 -8=0

6. 412x = 64,
7.318=1/9.
(-1)2?5—19' 1
g \4 64
.1.8—2x
_ — 9
)
16%~% = 1
10, 2

IIpakTnueckas padora Ne 52

Tema: Pemenue noka3zareabHbIX HEPAaBEHCTB
Hean: Hayunts pemars noka3aTelbHbIE HEPABEHCTBA

Teopetnueckuii 6110k

Iloxa3zaTenbHBIMH HA3BIBAIOTCS HEPaBCHCTBA, B KOTOPBIX HEU3BECTHOC COACPKUTCS B
MoKa3aTeji€ CTCIICHU.

[Ipu penieHre MOKa3aTeabHBIX HEPABEHCTB MOJIB3YEMCsI CIEAYIOIIUMH CBOUCTBAMH
MIOKa3aTeNbHOM (YHKIHH:

l)a*>0mnpuBcexa>0uxeR,

2) npu a > 1 dyHkuus y= a* Bo3pacraer, T.e. eciau a>1 u a™ > 3™ <=> X1 > X2;

3) npu 0< a < 1 pynkiusa y = a* yobiBaer, T.e. ecin 0 <a< 1 ma™ » 3 <=> X1 < X».

VYnpaxHeHus:
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ITpumep 1. Pemmre HepaBeHCTBO:
16 — 2-12% £ 3%+,
PemeHHe: HpGI[CTaBI/IM HUCXOOHOC HepaBeHCTBO B BUJC:
47 _2.47.3* - 3-3¥ L.

PasnenuM o0e uyacTM 3TOro HepaBeHCTBa Ha 32, mpu 5ToM (B CHIIY MHOJIOKMTEIBHOCTH
dynxmun y = 3%) 3HaK HepaBeHCTBA HE M3MEHUTCSL:

— —2-1=) =3<0.
3 3

Bocnonb3yemcs noacTaHOBKOM:

Torna HCPABCHCTBO IIPUMCT BU/:

10

I/ITaK, pemeHHeM HepaBeHCTBa SABJIACTCA HpOMe)KyTOKZ
~1<t<3,

nepexonst K 00paTHOM MOJCTaHOBKE, MOJTyYaeM:
Wtak, pemieHreM HepaBeHCTBA SIBISIETCS TPOMEKYTOK:

~1<t<3,
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nepexo/is K 00paTHOW MOJICTAHOBKE, IMOTYYaeM:

JleBoe HepaBeHCTBA B CUITY HOJI0KHUTEIbHOCTH NOKA3aTEIbHON (DYHKIMH BHIMOIHIETCS
aBTOMAaTHUYECKH. BOCTI01p30BaBIINCH U3BECTHBIM CBOWCTBOM JIOTapu(pmMa, mepexoanm K

SKBUBAJICHTHOMY HEPaBEHCTBY:

T logg 3
4 4\ "3

3) T \3

[TockonbKy B OCHOBAaHHMHM CTEIIEHH CTOUT YMCIO, OOJbIIEe €IWHHUIIBI, SKBUBAJIEHTHBIM (IO

TeopeMme 2) OyAeT nmepexo K cIeaykolieMy 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.
7.16" +4-4"—5=0
8.
2"t +3.2% 152"+ 6 =0
9.

IIpakTuyeckasi padora Ne 53

Tema: Pemienue cucremM ypaBHEHUM
Hean: HayunTts pemars CUCTEMBI YpABHEHUHN

Teopetnueckuii 6110k

[Ipu penieHun cucreM ypaBHEHMI, COEpKAIINX HEU3BECTHBIE B IIOKA3aTelIe CTEIICHH U B €€
OCHOBAHMHU WJIM T10J1 3HAKOM Jiorapudma U B €ro OCHOBAHUHU , IPUMEHSIOTCSI METObl PEIICHUs
CHUCTEM anreOpanvyeckux YpaBHEHHH, a TakKe METOAbl pEeIIeHUs IO0Ka3aTeNbHBIX U
norapu(pMHUECKUX YPABHCHHIA.

IIpumep 1. Pemute cucremy

X

. 2 _ Y o o
Pemenne: Tlonaras 3* =u, 2’ =V, savennm nexoaHyio cucteMy anreGpandecKoii CHCTEMOt

u?—v? =65,
u-v=>5,
KOT opaﬂ paBHOCI/IJ'ILHa CHUCTCMC
u+v=13,
u-v=>5,

N | x

uMerolnei pemenne U =9, v=4. CinenosarensHo, 32 =9, 27 =4, oTkya HaxoquM X = 4,

y=2.
Ortgert: (2; 4).
[Ipumep 2. PemuTe cucteMy ypaBHEHHU

2% +2y =1,
3y—6y? =2""
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Pemerre. O603HaunB 2 = U ,U>0, monyuum aareOpandecKyro CHCTEMY:

— FZO:(*)
b 1
u=1-2y, i
u+2y=1, u=1-2y, L y h’ 2’
= <g=2, o
3y—-6y* ==u; 3y—6y2_ﬂ, 2 y=1,
2 1 6
= " ‘L 2
6 u=-
< 3

(*) me ynosnerBopser ycioBuio U>0.

1
y = y =
Bepué H X: 6
PHEMCS K IEPEMEHHOM X ! > =
20 =—; x=1lo
3 g,

Orser: (1-log, 3; %)

Yupaxxuenus:

Pemmnts cucremy ypaBHEHUN:

X, 9Y _ 2x 2y _ X oXx+y+l _
L =, 5 [16% +16% = 3 [32 5,
38X+1 — 33y. 16 X+y _ 256 3X+1 _2X+y =1.

4 XY _ 5 m =3, 6 Xx+y — y24
\/32 (2x+14y)2* =72. Cly* =x°.

. y et o, 8 log, x+3"%Y =7, 9 Ig? x+Ig? y =5,
log, x=y ' xY =5 ' lgx—Igy=1.

10. {lg(x +y?)=1+2lg 2, 1127 =47 12 2% .37 =1152,
lg(x+y)—lg(x—y) =g 2. x4 _5—4"%27 "llog 5 (x+y+=2.

13. log, x+log, y =5, 14, 3°.9Y =27,
log, x+log, y=1. lg(2x+y)* —lg x =21Ig 3.
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IIpakTuyeckasi padora Ne 54
Tema: KonrponbHas pabora

Heab: [IpokoHTpOIMpPOBaTH YPOBEHb YCBOCHUS MaTepHala o JaHHON 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

GIIGggx =4 —3log.x
7.

Pemure HEPaBEHCTBA:

G 3+x
1770

i
4 < 5logss

0,04 —26-02"+25=0

3.
42logzx <2 4logz(x+3)1=3
5.

Pemnre cucremMbl ypaBHEHU
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Igzi:3lg2x+lg2 Y,
1{ y

lg?(y—-3x)+Ig xlg y =0.

2 BapuaHnt

Pemmre ypaBHeHus:

1. tgx —2ctgx = 1=10
2.

3
4.

5.
6.3 g%(xr —1)—1olg(x —1)+-3=0

7logs¥x — 5+ logf2x —3=1

Pemure HEPaABCHCTBA:

37 < 10100

4 —10-2"+16=<0

3.
42logzx <2 +logz;(x+3)=3
S.
Pemnre cucremMbl ypaBHEeHUH
y—xY
e 1.,
1. 1E 2=
09 ,(y—2x) =3-log ,(2x +3y).

22Iog2 X +32Iog3 y _ 8,
2_ 2log, x 2log, y 1

2.

2 * +3 ¥ ==,
2

Idg , (x* +y*) =7,
2)log , x+log, y=6.
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IIpakTuyeckasi pa6oraNe 55
Tema: Pemmenne koMOMHATOpHBIX 3a1a4. KoHTponbpHAs paboTa

Hean: 3akpenuth yMEHHS CTYJICHTOB PELIATh 3a/1a4n
Teopernueckuii 010K

OCHOBHBIMH 3JIEMEHTaAMH KOM6I/IHaTOpI/IKI/I SABJIANOTCA pasmeujerHus, nepecmaroskKu, CouemaHusl.
HYCTB JaHO MHOXECTBO, COCTOAIIEC U3 N 3JIECMCHTOB. Pasmeu;eﬂuejw 13 N 3JICMEHTOB IO m
3JIEMCHTOB HA3BbIBACTCS YIIOPAA0YECHHOC MHOXKECTBO, COJICp KaIee M pa3IM4YHbIX 3JICMCHTOB
JaHHOT'O MHOXXCCTBA. U3 OIIPEACIJICHUS BBITCKACT, YTO PA3ZMCLICHUA M3 N 3JICMEHTOB IO M
3JIEMCHTOB - 3TO BCC M —3JIEMEHTHBIC TOAMHOXKECTBA, OTJINYAIOIUECSI COCTABOM 3JIEMCHTOB HUJINU
MMOPAAKOM HX CIICAOBAHMA. Umncno Bcex BO3MOKHBIX pa3MCIH6HHfI 13 N 2JIEMEHTOB 110 M

3JIEMEHTOB 0003HA4al0T A" U BBIYMUCIAIOT O opMyIie

A:l":n(n—l)(n—2)...(n—m+1). W Aqu(n_Lin)!. (1)

3nech n!=1-2-3..(n—1)-n m (n—m)!=1-2-3.(n—m—-1)n—-m). Ycrosumcs cuntats 0!
!
=1, moaTomy A :%:1.

HepecmaHoekozi u3 N a71emermos Ha3bIBACTCS Pa3MCIICHNUC U3 # 3JICMCHTOB II0 N 3JICMCHTOB.
Tak kak Kkaxmas MepeCTaHOBKa COACPIKUT BCC 7 IJICMCHTOB MHOXCCTBA, TO PA3JIMYHBIC
MEPECTAHOBKU OTIIMYAKOTCA APYr OT APYyra TOJIBKO IMOPAAKOM CICAOBAHUA 3JICMCHTOB. Yucmo Bcex

BO3MOKHBIX TICPCCTAHOBOK M3 71 3JICMCHTOB oboznauaror P, . U3 OIIPCACIICHUA TICPECTAHOBOK

n

cleyer

n! n! nl
=—=—=n! .. P =n (

n

P=A= ——=—_=—
n

(n—n) 0o 1

Couemanuem uz n snemenmos no m (0 < m < n) s1eMeHTOB Ha3bIBACTCS THOGOE

MOJIMHO>KECTBO, KOTOPOE COAEPKUT 71 PAIIUYHBIX AIEMEHTOB JAHHOI'O MHOKECTBA.
CrnenoBatenbHO, COYETAHUS U3 71 SJIEMEHTOB TI0 /72 SJIEMEHTOB - 3TO BCE /71 - HJIEMEHTHbIE TIOJMHOKeE-
CTBA 71 - BJIEMEHTHOTO MHOXECTBA, IPUYEM PA3TUUYHBIMU OAMHOXKECTBAMU CUUTAIOTCS TOJIBKO TE,
KOTOpbIE€ UMEIOT HEOMHAKOBBIM cOCTaB A11eMeHTOB. [loIMHOXKeCTBa, OTJIMYAOLIUECS APYT OT JApyra
JIMILIb TIOPSIJIKOM CJI€IOBAHUS SJIEMEHTOB, HE CUMTAIOTCS Pa3IMYHBIMH.

m
Yucrno Bcex BO3MOXKHBIX COYETAHUH U3 71 DTIEMEHTOB TI0 71 DJIEMEHTOB 0003HAYAIOT C,, u
BBIYUCJISIOT 110 (hopMyIie

A" n-(n—1)-(n=2).(n—m+1)

Cr = Pn B m! . @)
m n!
G = ml(n—m) @

[Tpumep 1. B rpymme u3 30 yyarmmxcs Hy>»KHO BBIOpaTs Komcopra, npogopra, pusopra. CKoIbKUMH
Croco0amMu 3TO MOXKHO CZENaTh, €CITH KaKbIi 13 30 ydanpxcss KOMCOMOJIEI, WieH Mpod)coro3a u
CHOPTCMEH?
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Pemienue: rckoMoe 4MCIIO CIIOCOOOB PABHO YHCITY pa3MertieHuii 3 30 21IeMeHTOB 110 3 AIIeMEHTa, T.€.
3
A Tlononaus o dopmyse (1) 7 =30, m =3, nonyuaen Az, =30-29 - 28 = 24360

Ortget: 24360 crioco6oB. TIpumep 2. CKOIBKAMHE CITIOCOOaMH MOYKHO PACCTaBIISTh HA OJTHOM TOJIKE
IIECTh PA3JINYHbBIX KHUT?

Pemenue: Mckomoe 4ncino crioco6oB paBHO YUCITy IIEPECTAHOBOK U3 6 3JIEMEHTOB, T.€.
P =6=1-2-3-4-5-6=720,
Ortger: 720 ciocoOOB pacCTaHOBKH.
[Tpumep 3. B 6purazge u3 25 4enoBek HY>KHO BBIICIUTD YETHIPEX AJIsl padOThI Ha ONPEICICHHOM
yuacTtke. CKOJIBKUMH CIIOCO0aMH 3TO MOXKHO CIENaTh?
Pemenye: T.K. HOPSITIOK BEIOPAHHBIX YETHIPEX YETIOBEK HE MMEET 3HAYCHUSI, TO 9TO MOYKHO CHENATh

25-24-.23.22
C3. cniocobamu. [To Gopmyre (4) Haxomum Cys = {3.3.4 12650.

Ortser: 12650 croco0oB.

1. CxonbKUMH CITOCOOaMH MOXHO BBIOpaTh 4 IeTaau U3 AIIuKa, B KOTOPOM
12 neranei?
2. CKOJBKO MOKHO U3TOTOBHUTH PA3JIMUHBIX TPEXIBETHBIX (DIIAXKKOB, €CITH
WCIIOJIb30BaTh  CJICIYIONINE [IBETA: OCIbIN, CHHUHN, KPACHBIH, KEITHIHN, YEPHBIH,
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 U TPH OCIIBIX PO3bI?

|
5. Petth ypaBHEHWUSL: %01) = (x - 1)!

|
x! _56.

(-2

6.BeravcinTh: (Ag3 + Ag2 ): P;.

7 6 \. 7
(15_A15)- 16

7. CKONBKMMHU CIOCO0aMH MOKHO YBE3TH €O ckiaza 10 AmuKoB Ha IBYyX
MaIIMHAX, €CJIU Ha Ka)KIYI0 U3 MAILUH TPY3ST 110 5 AUIUKOB?
8. U3 Bocemu mmdp 1,2,3,4,5,6,7,8 HY)KHO COCTaBUTHh YEThIpeX3HAUYHBINH KOJ. CKOJIBKO
BapHaHTOB KOJa CYILIECTBYET, €CJIU MOBTOPEHUS LIU(PP B HEM OBITh HE TOJIKHO?
9. B mikone yeTslpe BBITYCKHBIX Kilacca. CKOJIBKO CIOCOO0B
pacnpeesieHusl dK3aMEHATOPOB CYIIECTBYET Ul MPOBEACHUS 3K3aMEHa 110 XMMHH, €CIM Ha
OJIHOM 3K3aMeHe MPUCYTCTBYET TOJIBKO OJMH SK3aMeHaTop?
10. B Baze 5 anenbcuHOB U 8 51670K. CKONBKMMHU CIIOCOOaMH MOKHO BBIOPATh 6 (GPYKTOB,
YTOOBI Cpeiu HUX ObLIO 3 aneiabCHHA

KonrposbHas padora

.Bapuanr 1
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1. I'pynma u3 28 cryaeHToB oOMeHsut1ach GorokapToukamu. CKoJIbKO (POTOKapTOUEK ObLIO
po3nano?

2. Jlna ywactus rpymmbl, B coctaBe 30 4YelOBEK B CIIOPTUBHBIX COCTSI3aHUSIX HYXKHO
BbIOpaTh KOMaHIy U3 4-X dYenoBeK. CKOJbKMMHU CHOCOOAMH MOKHO BBIOpPAaTh YYaCTHUKOB
COCTsI3aHUS?

3. CKONpKUMHU CIIOCOOAMH MO>KHO COCTaBUThH CIIMCOK U3 8-MU 4eIOBeK?

4. B smmKe ¢ AeTCKUMHU KyOMKaMu 8 3eJIeHBIX U 5 KpacHBIX KyOHKOB. CKOJBKO CIoco00B
BbIOOpa 7 KyOMKOB CYIIECTBYET, €CIIU CPEIU HUX JOKHO OBITh 5 3€JeHBIX KyOMKOB?

x=2 2
S.Pemnts ypaBHeHuUs: 2Cx+2 = Ax .

2C:, —15C. =75

X

Bapuanr 2
1.BBIUuCINTS: A;go 3(P g " ;g

4
Fi-Cy - Ag -

2. CKOJIBKO aKKOPZOB MOXKHO COCTaBHUTH Ha 10-TH KJIaBUIIAX POSLIS, €CIU
KaXKIBIA aKKOPJ CONEPXKUT TPU 3BYKa?

3. Ha KoieKTUB U3 25-TH YelIOBEK BBIACIICHO TPH ITYTEBKH: B CAHATOPHIA, B
JIOM OT/bIXa U Ha TypOa3y. CKOJIBKO CIIOCOOOB pacmpesiesieHus: MyTeBOK CYIIeCTBYeT?

4. CKOJIBKMMH CIIOCOOaMH MOXHO PAaccaJuTh 7 YEJIOBEK Ha 7-MH CTYNbsIX?

5. Ha cTone jeXuT cTomka Kapt, B KOTopoi 10 kapT yepHOM MacTH U 8 KapT — KpacHOM.
CKoNbKMMH CcTIOCO0aMU MOXKHO BBIOpaTh 8 KapT, 4TOOBI Cpeau HUX OBLIO 5 KapT 4YepHOMH
Mactu?

IIpakTuyeckoe 3ansaTHe Ne 56

Tema: Kitaccuueckoe orpeieneHue BepoITHOCTH CIy4aifHOTO cOObITHS
Henan: 3akpenuTh yMEHHUS CTYAEHTOB pellaTh 3aJjaul Ha KJIACCUYECKOE ONpE/IeIIeHNE
BEPOATHOCTH CIy4ailHOr0 COOBITHS

Teopernueckuii 6,10k
Krnaccudeckoe omnpeneneHue BeposTHOCTH BepoITHOCTIO COOBITHS A Ha3bIBaeTCS

OTHOIIIEHUE YUCJIa UCXOI0B M, OJIarompUsITCTBYIOIINX HACTYIUICHHIO JAaHHOTO COOBITHS A, K
YHCITy, BCEX UCXO0JI0B ( HECOBMECTHBIX, €MHCTBEHHO BO3MOKHBIX, PABHOBO3MOXKHBIX), T.€.
PO ==

7
BeposiTHOCTB TF060T0 COOBITHSI HE MOXKET OBITh MEHBIIIE HYJISI U OOJIBIIE €TUHUIIEI.
HeB0o3MOXHOMY COOBITHIO COOTBETCTBYET BEPOSTHOCTH paBHasi 0, a JOCTOBEPHOMY —
BEPOSITHOCTH paBHA €IUHHUIIC.

ITpumep

U3 ypHBI B KOTOpO# HaxonaatTcs S5 OenbIX U 3 YepHbIX 1apa, BBIHUMAloT o/uH m1ap. Haiitu
BEPOSATHOCTH TOTO, UTO LIap OKAXKETCS YEPHBIM.

Pemenue: O603HaunM coOBITHE, COCTOSAIIEE B TTOSBICHUN YEPHOTO mapa, yepe3 A. Oomiee
YHCII0 clyyaeB paBHO 8. UuCIo ciaydaeB 6JaronpusTCTBYIOMINX IOSBICHUIO COOBITHS A,
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paBHO3. [Tonyunum
3
P(A)=-
g

YnpaxHenus:

1. I'epman u3 noectu A.C. [lymkuna «[IukoBast 1amay» BBIHUMAET 3 KapThl U3 KOJOJbI B 52
nucta. Haliaure BepOATHOCTB TOTO, UTO 3TO OYIYT: TpOKa, ceMepKa, TYy3.

2. B smuke nexar 15 kpacHbIX, 9 cHHUX, U 6 3€JIEHBIX IAPOB, OJAMHAKOBBIX HA OIIYIIb.
Haynauy Beinumarot 6 mapos. KakoBa BEposSITHOCTb TOTO, YTO BBIHYTHI | 3€JI€HBIH, 2 CUHUX, 3
KpacHBIX ILapa.

3. Bnagenen ogHoii kapTouku jgorepen «CrnopTinoToy» (6u3 49) 3auepkuBaetT 6 HOMEPOB.
KakoBa BepogTHOCTB, UTO UM OyJET yraaHo 5 HOMEPOB B OUEPETHOM THPaKE.

4. B ypue 10 mapoB, u3 Kotopbix 2 0eibix,3 4epHbIX U 5 cuHux. Haynauy usBneuens 3
mapa. KakoBa BeposTHOCTb TOTO, YTO BCE 3 1Iapa pa3HOTro LIBETa.

5. B naptuu u3 10 geraneit umerorcst 4 OpakoBaHHbIX. KakoBa BEpOSTHOCTH TOTO, YTO
CpeaM HayJady OTOOpaHHBIX 5 JeTanei okaxyTces 2 OpakoBaHHBIE.

6. KomtekTuB, BKIIIOYAIOIINI YETHIPEX JKEHIIUH U TPOUX MY)KUHH, Pa3bIrphIBaeT 4 Ouiera
B Tearp. KakoBa BepoATHOCTb TOTO, YTO Cpeau obanaTeneil OMIeToB OKaKeTcsl 2 JKEHILUHBI U 2
MY>KUUHBI.

7. B rpynne u3 25 cTyeHTOB, cpean KOTopbix 10 neByiiek, pa3plrpblBaoTcs 5 OMIICTOB.
HaiinuTe BeposiITHOCTB TOTO, UTO cpeAu obafareneil OUIeTOB OKaXyTCs ABE IEBYIIKH.

8. B ypHe 6 6emnbIxX, 4 yepHBIX U 5 KpacHbIX MIapoB. M3 ypHbI Hayra/l BBIHUMAIOT 5 11apoB.
Haiinute BepoITHOCTB TOTO, YTO CPEAM HUX OKaXKyTCs 2 OenbIX U | 4epHbIi map.

9. IOHoma 326611 JBE nocieaHrne HUPPb! TeeOHHOr0 HOMEpa CBOEH 3HAKOMOM M MTOMHS
JIMIIb, YTO OHU PA3INyHbl, HaOpas ux Hayaauyy. KakoBa BepOSITHOCTh TOTO, UYTO OHU Pa3IUYHBL,
HaOpan ux Haynady. KakoBa BeposSTHOCTb TOT0, 4YTO HOMep OyieT HaOpaH NMpaBUIbHO?

10.B rpynne 12 cTyneHToB, cpein KOTOphIX 8 oTInyHUKOB. [lo ciicky Haynauy
otoOpanbl 9 cTyieHTOB. HaliT BEpOSITHOCT TOTO, YTO CpPeAd OTOOPAHHBIX CTYIEHTOB 5
OTJINYHUKOB;

IIpakTuuyeckas padora Ne 57

Tema: Teopemsl 0 cymme U 00 YMHOKEHUH BEPOSITHOCTH
Henb: HayuuTbcst BBIYMCHATH BEPOSTHOCTU COOBITHMM C TOMOIIBIO TEOPEM YMHOXKEHHUS
BEPOSATHOCTEMN

TeopeTtnueckuii 6110k

Ilpousseoenuem unu nepeceuenuem 08yx coovimuui A u B HaszpiBaercs cobpitue C,
COCTOSIIEE B OJHOBPEMEHHOM HacTyIieHnn A u B. CUMBOJIMYECKH TPOU3BEAECHUE 3aMUCHIBAIOT
Tak: C=AB wmmu C=4NB. Eciu A uB — HecoBMmecTHBIE COOBITHS, TO A\ B =V ,T.
€. X TIepeceveHne MycTo (HeBO3MOKHOE COOBITHE).

JIBa ciy4ailHBIX COOBITHS HAa3BIBAIOTCS MPOMUBONONIONCHHIMY, €CIA OAHO W3 HHX
MPOUCXOJUT B TOM M TOJIBKO B TOM cily4ae, Korja He mnpoucxoaut apyroe. CoOsitue,

MIPOTHUBOIIOJIOKHOE COOBITHIO A, 0003HauaroT yepe3 A (uutaror «He Ay). [IpoTMBOMONIOKHBIE
cOOBITUSL  00pa3ylOT TMOJIHYI0 CHCTEMY TIOHapHO HECOBMECTHBIX COOBITHH, T. €.

AUA=U, ANA=V.
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TeopeMbl yMHOXKeHHS BepPOSITHOCTENH

IIpousBeneHne 1ByX COOBITMM COCTOMT M3 TE€X 3JIEMEHTapHbIX COOBITUH, KOTOpPbIE
ONaronpusATCTBYIOT M MEPBOMY, U BTOPOMY COOBITHIO, TO €CTh NMPUHAICKAT UX MEPECeUCHUI0
AB = A4 N B. BeposATHOCTh NPOU3BEACHUS COOBITHI 3aBUCUT OT TOTO, SBJISIOTCS JIX 3TU COOBITUS
3aBUCUMBIMU WM He3aBUCUMBIMU. CoObiTud 4 M B Ha3bIBAlOTCS He3a8UCUMbIMU, €CIIU
BEPOSTHOCTh KaXJ/JO0TO M3 HUX HE 3aBUCUT OT TOr0, IPOM30LUIO WJIM HET JApYyroe coObITHE.
Beposimnocmu He3aBUCUMBIX COOBITUH A W B Ha3bIBAIOTCS 0€3VCl06HbIMU;, W BEPOSTHOCTD
IPOM3BEACHUS TAKUX COOBITUI PaBHA IPOU3BEIECHUIO UX BEPOSITHOCTEN

P(4B) = P(4) P(B) (1)

BeposiTHOCTP  COBMECTHOTO  TOSIBIICHHS  HECKOJBKUX  HE3dBUCUMBIX — COObImuti B
COBOKYITHOCTH PaBHA NPOU3BEOCHUIO 8ePOSAMHOCEN IMUX .

P(A1 A2 .. An)=P(A1) P(42) ...- P(4n) (1.1)

CoObiTuss A u B 3asucumvie, eciu BEpOATHOCTh OJHOTO W3 COOBITUH 3aBHCHUT OT
MOSIBJICHUST WJIM  HENOSIBIICHUS Jpyroro. BeposTHOCTb coObITHS B, BBIYHCICHHAS B
NPENONI0KEHNH, 4TO A YK€ OCYIIECTBHIIOCH, HA3BIBACTCA JCIOBHOU BEPOSMHOCIbBIO W
o0o3Hauaercs P4 (B).

BepositHoCTh  mpoussedenuss  08yx  3asucumvlx  coOvimuii  paBHA  IPOU3BEICHUIO
BEPOSITHOCTH OJIHOTO U3 HUX Ha YCJIOBHYIO BEPOSITHOCTD JAPYroOro:

P(AB) =P(A)P4(B) wmn  P(AB) =P(B)Ps(A). )

BeposiTHOCTE coémecmnozo nosenenuss HeCKOIbKUX 3A8UCUMBIX coObimuti (IPOU3BEIECHUS
coOBITHIi) paBHa MPOM3BEACHHUIO BEPOSTHOCTH OJHOTO M3 HUX HA YCIIOBHBIE BEPOSITHOCTH BCEX
OCTaJIbHBIX, MPHUYEM BEPOSTHOCTh KaXJOro TOCIEAYIOIIEr0 COOBITHS BBIYHMCISAETCS B
NPEIINOJIOKEHUH, YTO TNPEIbIIyIMe COOBITUS YK€ MPOU3OIUIM (TeopemMa YMHOXKEHHUS
BEPOATHOCTEN ISl 3aBUCUMBIX COOBITUI):

P(A1 4> ... An) = P(A1) Pat (A2)P 41 42 (43) ..... P a142 ... An-1 (An) (2.1)

YnpaxHenus:

IIpumep 1. Nmeercs Tpu sAmuka, conepxammx no 10 xeranei, mpuyeM B NIEPBOM SIIUKE -
8, BO BTOpOM — 7 M B TpeTbeM — 9 CTaHIApTHHIX JeTayned. M3 kaxporo smumka Hayjnady
BBIHUMAIOT 10 OAHOM NeTanu. HailTu BEpOsSTHOCTH TOTO, UTO BCE TPU BBIHYTHIE AETalIU OyAyT
CTaHJapTHBIE.
Pemrenne: BeposSTHOCTH TOTO, YTO M3 MEPBOTO SIIMKA BHIHYTA CTAHIAPTHAS IeTalb (COObITHE A)

8

paBHa P(A4) = 0 =0,8. BeposiTHOCTB TOTO, UTO U3 BTOPOTO SIIIMKA BEIHYTA CTAHAAPTHAS JIETAJb

-
(cobeiTHE  B) paBHa P(B)ZEZOJ.BGPOSITHOCTB TOrO, 9TO W3 TPETHETO SIIUKA BHIHYTA

9
cranpaptHas aerans (coobrtue C) pasna P(C) = 0 =0,9. CoObITHE «BCE TPU BBIHYTHIC JICTAH
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OyIyT cTaHmapTHBIE» -ecTh npousBenenue coowituii 4, B,C. T.k. coObitus A, B, C — monapHo
HE3aBUCHUMBI , TO I1IO TeopeMe YMHO)KCHI/ISI BepOSITHOCTefI IJIA HE3aBUCUMBIX CO6LITPII>1 HNMCCM.:

P(ABC) = P(4)P(B)P(C) =0,8-0,7-0,9 = 0,504 .

IIpumep 2. B Baze nexur 3 mokonagubix u 7 BadenbHbIX KOHET. Haynauy Oepercs omHa
KoH(era, 3aTeM apyras. Hailtu BeposiTHOCTH TOro, yTo nepBasi KoH¢era Obula OKOJAIHOHU, a
BTOpas — BaenbHOMI?

3
Perienne: BepOSTHOCTh TOTO, YTO IepBas KoH(pera - mokonagaHas (codsitne A) P(A4)=—.

10

BepostHocTs TOro, yTo BTOpas KoH(eTa — BadenabHasi, BEIYUCICHHAs B IPEINON0KEHUHU, YTO
. 7
nepBast KoH(pera OblIa IIOKOJAAHOM, T.e. YCIOBHAs BEPOSATHOCTH paBHa P, (B) = R T.e. mo

. 3 7 7
TEOpeMe YMHOXKEHHUS JUIsl 3aBUCUMBIX coObITul umeeM: P(AB) = P(A)P4(B) = — - — = —
10 9 30
IIpumep 3. B ypue 5 Genbix, 4 yepHbix U 3 cuHUX mapa. Kaxaoe ucnbITaHHEe COCTOUT B
TOM, YTO HayjAady W3BJIEKAIOT OJIMH Ilap, He BO3Bpallas ero ooparHo. HaiiTi BeposiTHOCTB TOTO,
YTO TPU TIEPBOM UCIBITAHUM W3BJIeUeH Oenblil map (coObiTHe A), IpH BTOPOM - YEPHBIN mIap
(cobprTue B), npu Tperbem — cunuii (coositue C)?
5
Pemienue: BeposTHOCTh mMOsiBIeHHsT O€NOro miapa B MEPBOM HCHbITaHMH paBHA P(A) = o

BGPOSITHOCTB MMOABJICHHA YCpPHOTO Mmapa BO BTOPOM  HCIIBITAHWH, BBIYMUCICHHAA B
MPECAIIOJIOXKCHNUH, YTO IIPU IEPBOM HCIIBITAHWUW BBIHYT OenbIi map, T.C. YCJIO0BHasA BECPOATHOCTH

4
paBHa P,(B) = TR BeposITHOCT MOSBIEHNS CUHETO 11apa B TPETbEM MCIIBITAHUM, BBIYMCIICHHAS
B IIPEJIIOJIOKEHNUH, YTO MPU NEPBOM HCIBITAHUU BBIHYT O€NbIi I1ap, a P BTOPOM — YEPHBIH,

3
T.€. YCIIOBHAs BepOSATHOCTB paBHa P, ,(C) = — .OKOHYATEILHO NMEEM:
10

5 4 3 1
P(ABC) =P(A)P+(B)P45(C) TRTRTE:
Omnepanun HaJ COOBITHSIMU
Cymmout unu odveounenuem 08yx coovimuti A n B HazpBaeTcs cooOsiTue C, cocTosiee B
HACTYIUICHUH XOTS Obl OJHOTO M3 coObITHH A wiu B. CUMBOJIMYECKH 3TO 3alMCBHIBAIOT TaK:

C=A+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 HACTYIIJICHUS U ONIPEeNIAeTCs 110 popMyJie:

P(A+ B) = P(4) + P(B)— P(AB) (3)

OueBHIHO, 4YTO eciu cobbimus Heco8MecmHuvl, TO BEPOSTHOCTH HX COBMECTHOTO
HACTYIUIEHHsI paBHA HYI0. [Io3TOMY 117151 ABYX HECOBMECTHBIX COOBITHI BEPOSTHOCTh X CYMMBI
paBHa CyMMeE BEPOSITHOCTEH 3TUX COOBITHI:
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P(4+ B) =P(4) + P(B) ()

BepOHTHOCTb MOSABJICHUA OOHOI'O M3 HCCKOJIBbKHUX IIOIIapHO HCCOBMCECTHBIX CO6BITI/II71,
0e3pa3zIMYHO KaKOTo, paBHa CyMME BEPOSITHOCTEH 3TUX COOBITHIA:

P(A1 + Az +.... +A4n) = P(A1) + P(42) + ... + P(4n) (4.2)

@®opMyiibl 111 ONIPEIENIEHUs] BEPOSATHOCTH CyMMBI OOJIBILIEr0 YKcIa COBMECTHBIX COOBITUI
JOCTaTOYHO TpoMo3aku. Ecim uucimo coObITHI BO3pacTaer, TO 4YacTo ObIBaeT ymoOHee
UCIIOJIb30BaTh BEPOATHOCTH MPOTUBOIOJIOXKHBIX cOObITUI. B camom nene, cobbITHE, cocTosIee
B TOM, YTO HaCTYIUT X0ms Obl 0OHO U3 HECKOJIBKUX 3JIEMEHTAPHBIX COOBITUI, nPOMuUEonoaI04#CcHO
COOBITHIO - «He HACMYnum HU 0OHO U3 HUX», IO3TOMY MOKHO MCIIOJIb30BaTh (POpMyIy:

P(A1 + A2 + ... + An) =1- P(A1 A2 ... An) (5)

YupaxHenus:

IMpumep 1. Ha cremnaxe B OMOMMOTEKE B CIYyYalHOM IOPSIIKE PACCTaBJICHBI 15 y4eOHUKOB,
OpuYeM TISITh W3 HUX B Iepemviere. bubnamorekaps Haynady Oeper Tpu ydeOHuka. Haiitu
BEPOATHOCTH TOTO, UTO XOTs OBl OJIMH U3 B3STHIX yUeOHUKOB Oy/eT B neperiere (coObITre A).

Pemenune: coObiTie A - «x0Tg Obl OJMH M3 B3ATHIX Y4eOHUKOB OyIeT B meperviere» OyayT
OCYILIECTBIICHO, €CIIH MPOU30MIET JII000€ U3 TPEX HECOBMECTHBIX COOBITUI: B — «ouH yueOHuK
B neperuiere», C- «1Ba ydyeOHMKa B mepemiere» , B - «rpu yueOHuka B mepemiere». T.e.
coObiTue A=B+C+D. Torna no reopeme ciiokeHUsI BEPOATHOCTEN AJ11 HECOBMECTHBIX COOBITHI

UMeeM:
P(A) = P(B)+ P(C)+ P(D) . Beraucaum oTesbHO BeposTHOCTH coObITnii B, C, D:
1 2 2 1 3
P(B) = =2 PO =020 P(D)= -
Cs 91 C 91 C; A
45 20 2 67
41 , : P(A)=PB)+P(C)+P(D)=—+—+—=—.
CIIONb3ys 9TH pe3ynbTatsl, moayuum: P(A4) = P(B)+ P(C)+ P(D) R

IIpumep 2. BeposTHOCTh momajgaHusi B I€Jb NPHU CTpelb0e M3 TPEeX OpyIud TaKOBBI:
=08 p,=07  p,=09. Haiitn BeposTHOCTb XOTsi ObI OJHOTO TOMAMAHUs (COOBITHE
A) npy OJTHOM 3aJlIie U3 BCEX OPYAMH.

Pemenuie: BeposITHOCTh MOMaZaHUs B LIE€TIb KaXIbIM M3 OPYIUl HE 3aBUCUT OT pE3yJbTaTOB
CTpeNbObl U3 JPYTUX OpYIuH, MOATOMY paccMaTpuBaeMble COOBITHA A1 (IOMagaHHE MEPBOTO
opynus), Az (monagaHue BTOpOro opyausi), Az (monagaHue TPETbETro OpyAUs) — HE3aBUCHMBI B
COBOKYITHOCTH.

BeposiTHOCTH COOBITHI, MPOTHBOIONIOXKHBIX COOBITUAM A1, A2, A3z (T.e. BEpOATHOCTH

npomaxoB) cootBercTBeHHo pasusl ¢, =0,2, 0,=03, ¢,=01.

Torna uckomast BepositHocth P(A) =1-0, 9, 4,=1-0,2-0,3-:0,1=0,994 .
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1. [Ba ctpenka CTPESIOT MO MHUIIEHU. BeposSTHOCTh monagaHus B MUIIEHb IPU OJTHOM
BbICTpele s nepBoro crpenka paBHa 0,7, nns Broporo — 0,8. HaliTu BeposITHOCTH TOrO, 4YTO
IIPU OJTHOM 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  KOP3WHBI CIy4aliHBIM 00pa3oM majnaer oauH (pykt. Hailtu BeposTHOCTH TOTO, UTO U3
KOP3UHBI NPU MEPBOM HCHBITAHUU BBINAAET SI0JIOKO, MPU BTOPOM — JIMMOH, MPH TPETbEM —
MEPCHK.

3. B aByX sAmumkax HaXOIATCS JACTAIU: B IEpBOM - 12 (13 4 cTaHIapTHBIX), BO BTOpoM -10
(w3 HEUX 7 cTraHmApTHHIX). M3 Kaxaoro smuka Hayaady BHIHUMAIOT MO OJHOM neranu. Haitu
BEPOSTHOCTB TOTO, YTO OHU 00€ OYIyT CTaHIapTHBIE.

4. Jlns curHanu3auuu o0 aBapuu YCTaHOBJIEHBI 1Ba HE3aBUCHUMO
paboTaronMx CUrHanu3aropa. BeposTHOCTh TOro, 4ro IpU aBapuM CUTHAIU3ATOp CpadoTaerT,
paBHa 0,95 g nepBoro curnanuzatopa u 0,9 nns Broporo. Haiitu BeposTHOCTh TOTO, YTO IpU
aBapuu cpabOTaeT TOIBKO OJIMH CHUTHAINU3ATOP.

5. B smuke 4 Genbix, 7 cMHUX M 3 KpacHbIX Ms4a. Kaxmoe uchbITaHue COCTOUT B TOM,
4TO U3 AIIUKA CITy4aliHbIM 00pa30M BBIKAThIBA€TCSl OJWH Ms4. HaliTu BepoATHOCTH TOTO, YTO
U3 sIIMKa TPy NEPBOM HCIBITAHUU BBIKATUTCS CHHHUI MSY, IPU BTOPOM — KpacHbI, a IpH
TPETHEM — OCIIBIIA;

6. B mepBoii Baze HaXOIUTCA 5 KPacHBIX U 3 OEINIBIX TBO3AUKH, BO BTOPOil — 4 KpPAaCHBIX U
8 OenbIx rBo3aMKH. M3 kax0il Ba3bl Haynady OepyT no ogHoOM reo3auke. KakoBa BEpOSITHOCTD
TOTO, 4TO OYIyT BRIOpAaHBI KPACHBIE TBO3IUKH.

7. U3 ypubl, comepxameit 10 Oenbix, 8 uYepHbIX M | OpaHXKEBBIX IIAPOB, HAYTal
U3BJIEKAlOT TpH mapa. HailTu BeposiTHOCTB TOro, 4To 3TO OyIyT IIaphbl OJHOTO I[BETA.

8. Ha TaxkTHyeckux 3aHATHUSAX 3€HUTHas OaTapesi CTpensieT Mo ABYM OECHHJIOTHBIM
camosietaM. HaiiTu BepoATHOCTH TOTO, YTO CaMOJIEThl HE OYAYT COUTBI, €CIIU BEPOSITHOCTh COUThH
OJIMH camoJieT paBHa 1/2, a jBa camosnera — 1/8;

9. OTaen TEXHMYECKOTrO0 KOHTPOJII  MpOBEpsieT U3JeNus Ha CTaHJApTHOCTb.
BepositHoCTh TOTO, UTO M3MENHE CTaHAapTHOE, paBHa 0,9. HaiiTu BEpOsSATHOCTH TOTO, UTO U3 IBYX
IIPOBEPEHHBIX U3JIENINHI TOIBKO OJIHO CTaHAAPTHOE;

10. B xopobke Haxoautcsi 6 cuHUX, 4 KpacHbIX W 6 3eneHbIx ¢uaxkkoB. Kaxmoe
UCTIBITAHUE COCTOMT B TOM, YTO W3 KOP3HMHBI CIydailHBIM 00pa3oM BBIOMPAETCS OAMH (HIIaXKOK.
HaiiTu BeposATHOCTH TOTO, YTO NMPH NEPBOM HCIIBITAHUM OyleT BbIOpaH 3eJeHbId (uiaxok, Mmpu
BTOPOM — KPACHBIM, a IPU TPETHEM — CHHHUI.

I[OM&I.HHCC 3aJaHuc

1. B smuke 10 meraneit, cpemyd KOTOPBIX YeThIpe OKparieHbl. COOpIIUK Haymady Oeper
Tpu aetanu. HaliTi BeposITHOCTb TOT0, YTO XOTsI OBl OJTHA U3 HUX OKpAIIIEHa,;

2. Bo Bpems y4eOHBIX MaHEBPOB J[Ba TaHKa MBITAIOTCS MPOPBATHCS B PACIOJIOKEHUE
MIPOTUBOTAHKOBOM Oarapen <« IIpoTUBHUKa». KakoBa BEpOSITHOCTh TOTO, YTO OyJIeT MOJAOUT XOTS
OBl OJTUH TaHK, €CJIM BEPOSTHOCTh TOTO, YTO OyAeT MOAOUT OJUH TaHK paBHa 2/3, a 1Ba TaHKa
2/5.

3. Ha nonke B ciy4aifHOM MOPSAJKE PACCTaBICHO CEMb YUCOHUKOB, IPHUEM YETHIPE U3
HUX - 10 Maremaruke. CTyIeHT Hayaauy OepeT ABa U3 HUX. HallTH BEpOATHOCTH TOTO, YTO XOTS
OBl OZIMH U3 HUX — [0 MAaTEMaTHKe.
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IIpakTyeckoe 3ansaTueNe 58
Tema: KontponpsHas pabora

Heab: [IpokoHTpOIMPOBaTH YPOBEHb YCBOCHUS MaTepHana

1 Bapuaunr

1. DnexkTpoHHBII PHUOOP COCTOUT U3 ABYX MOCIEIOBATEIHHO BKIOYEHHBIX OJOKOB.
BeposiTHOCT BBIXOJ1a M3 CTPOsL 3a 1 Mecsii) paboThl mepBoro Oyioka paBHa 1/3, Broporo -1/4, a
ob6oux — 1/6. Haiinute BeposTHOCTh Oecniepe0oitHOM paboThl MPUOOpa B TEUCHHUE MECSIIA.

2. B 1ByX fAlMKax HaXOAsATCs AeTanu: B nepBoM 10 geraneii (M3 HUX 7 OKpAIIEHHBIX ), BO
BTOpOM- 8 neTanei (M3 HuX 5 okpaiieHHbIX ). M3 kaxaoro simuka Haygady BEIOMPAIOT MO OJTHOU
neranu. KakoBa BEpOsITHOCTB TOTO, 4TO 00€ OyIyT OKpalIeHHEIE.

3. B smmke 12 neraneid, cpenu HuX 9 cranmaptHbeIX. HailTu BEposITHOCTB TOTO, UTO Cpein
Hay/Jauy U3BJICUEHHBIX 2-X JeTaliell oKaxkeTcs He 0oJiee OHON HECTaHAAPTHOM JETalH.

4B smuke B ciay4dailHOM nopsake nosokeHbl 10 neraneid, U3 KOTOpbIX 4 CTaHJApTHBIX.
Konrponep B3sn Haymauy 3 neranu. Berumcnure BepoSTHOCTH TOTO, YTO XOTS Obl OJHA U3
B3STBIX JIeTallel OKa3ajgach CTaHAApTHOM.
5.CTylleHT cAaeT 5K3aMeH 10 TEOpUH BepoATHOCTEH. BeposTHOCTh MOMy4YMTh Ha 3K3aMeH
«ueyn.» pasHa 0,1; «yn.» - 0,6; «xop.» - 0,2; «otin» - 0,1. KakoBa BeposSITHOCTH TOTO, YTO
CTYJEHT IOJIYYHUT Ha DK3aMEHE NOJIOKUTEIbHYIO OLICHKY?
6Ctpenok momagaer B jmecATKy ¢ BepostHocThio 0,05, B meBsatky — 0,2, B BocbMepky — 0,5.
Cnenan oauH BeicTpen. KakoBa BEpOSTHOCTD CIEIYIOLINX COOBITHIA:

a) BEIOUTO HE MEHEe 8 0UKOB;

0) BBIOUTO MEHEE 8 OUKOB;

B) BBIOUTO OoJiee 8 OUKOB;

T') BBIOUTO He OoJiee 8 OUKOB.
7.IlpousBonuTcst 1Ba BBICTpeNia MO OJHOW W TOW e MHIIeHH. BeposTHOCTh momanaHus B
MHUIIIEHb [IPU NEPBOM BbIcTpese paBHa 0,6, npu Bropom — 0,8. HaiiTu BepoATHOCTH TOTO, YTO B
MUIIIEHHU OyJEeT XOTs ObI 0O/IHA TPOOOUHA.
8.bpocaroTcst aBa WrpaibHBIX KyOmka. KakoBa BEpOSTHOCTh MOSIBICHHS XOTS OBl OJHOM
niecTepku’?

2 Bapuanr

1. U3 gmcen 1, 2,3,4...100 BeIOMparoT uncio. HaliT BEpOSITHOCTH TOTO, YTO BHIOPAHHOE YHCIIO
JIEJIUTCS XOTA OBbI Ha OJIHO U3 uncell: 4 u 6.

2. BeposTHOCTB TOTO, UTO MPH U3MEPEHUH HEKOTOPOH (PM3UYECKON BETHMUMHBI OYAET JOIyIIeHa
o1nOKa, MPEeBBIIAIIIAs HEKOTOPYIO 3aJaHHYI0 TOYHOCTh, paBHa 0,4. [Ipon3BeneHo nBa
HE3aBUCUMBIX U3MepeHusi. HaliTu BEpOSTHOCTH TOTO, YTO TOJIBKO B OJTHOM U3 HUX JOIMYIIEHHAs
OIIMOKA MPEBBICUT 33JaHHYIO TOYHOCTD.

3. Ha monke BepeMexky pacctaBieHo 4 ydyeOHHUKA 110 TEOMETPHUH, 5 YICOHHKOB 0 reorpadun
u 3 yueOHHKa 10 acTpoHOMHH. Kaxjaoe ucnpiTaHue COCTOMT B TOM, 4TO OMOIHMOTEKaph
CIIy4aiiHBIM 00pa30M BBIOMpAET OJWH yueOHUK. HaliTh BEpOSITHOCTH TOTO, YTO MPH TIEPBOM
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UCTIBITAaHUH OyJeT BbIOpaH Y4eOHUK MO0 aCTPOHOMUU, IIPU BTOPOM — IO TEOMETPUH, a B TPETHEM —
1o reorpaduu;
4. B ctynum TeneBuaeHus 3 TEIEBU3MOHHBIX Kamephl. JJis Kax10il U3 HUX BEPOSITHOCTh 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 HaxozasaTcs 7 6enbix u 3 uepHbIX mapa. [loapsa u3Bnekarot aBa mapa. Kakosa
BEPOATHOCTH TOTO, UTO OHU 00a YepHbIe?
6.Monety nogOpocuiu iBa pa3. HaifTu BeposSTHOCTB TOr0,49T0 00a pas3a BBIMAJET repo.
7. B nepBoii ypHe 7 OenbIX ¥ 3 YepHBIX I1apa, BO BTOPOM — 3 OenbIX U 7 4epHBIX ImapoB. M3
KKIOW ypHBI BBIHMMalOT oAuH map. KakoBa BeposATHOCTH TOro, 4ro 00a BBIHYTBHIX IIapa
Oenpie?
8.Tpu cTpenka HE3aBUCHMO APYT OT JApyra CTPEISIOT MO 1esu. BeposTHOCTh Monaaanus B 1eb
nepBbIM cTpesikoM paBHa 0,7; BTropeiM -0,8; Tpetbum — 0,9. HaliTi BEepOsITHOCTH TOTO, YTO :

a) BCE TPU CTpEJIKa [TONaayT B LIETb;

0) Bce TpuU CTpeTKa IPOMaXHYThCS;

B) TOJIBKO OJIMH CTPEJIOK IMOMAJET B LIETb;

T') TOJIBKO J[Ba CTPEJIKA MOMaAyT B IIeJIb;

1) He 0oJiee IBYX CTPEJIKOB MOMAIYT B LIETb;

€) XOTsI ObI OIMH CTPEIIOK MOMAJET B LIETb.

IIpakTnyeckoe 3ansiTueNe 59

Tema: CpoiicTBa napamieabHbIX MIIOCKOCTEN

Hennb: HayunTs pemars 3a1a4uu, UCIONb3Yys CBOMNCTBA MapalIEIbHBIX MNIOCKOCTEN
TeopeTtnueckuii 6110k

Omnpenesenue. [Ipsmast v MIOCKOCTh HA3BIBAIOTCS MTAPAIIIEIBHBIME, €CITH OHU HE UMEIOT OOIIINX

ToYeK (a || o)
IIpu3Hak napajieIbHOCTH NPAMOM M IVIOCKOCTH.

TeopeMa. Ecmu InpsaMas, He JICKallasa B JTaHHOH IIJIOCKOCTHU, IMapaJuICiibHa KaKOfI'HH6y,Hb
HpHMOﬁ, JIeXKaIlel B 3TOM IIJIOCKOCTH, TO OHA ITapaJlJIeJIbHA CaMOH IJIOCKOCTH.

=)

L allb
bool=allx
b agE o
puc. 1
3amMeuaHus.

Ecnu miockocTs IpOXOANT Yepe3 JaHHYIO NPSAMYI0, IAPAJLIENbHYIO APYTON
IJIOCKOCTH, B IEPECEKAET ITY IUNIOCKOCTb, TO JINHUS IIEPECECICHHUS
IIJIOCKOCTEN MapajuiesibHa JaHHOU IIPSIMOM.

Ecnu onHa u3 qByX napasienabHbIX MPSMbIX apajuieabHa TaHHOM
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puc. 2 TUIOCKOCTH, a Apyrast MpsiMasi UMEeT C IIOCKOCThIO OOIIYI0 TOUKY, TO 3Ta
psiMast JIEXKUT B JTAHHOU IIJIOCKOCTH.

BoiBOABI.

Crny4an B3aMHOIO PAaCHOJIOKEHUS IIPSIMOI U INIOCKOCTH:
a) IpsiMasi JIEKUT B IUNIOCKOCTH;

0) npsMas 1 IJI0CKOCTh UMEIOT TOJIBKO OJIHY OOLIYIO TOUKY;
B) IpsAMas U IUVIOCKOCTb HE UMEIOT HU OJHOW OOIIEH TOUKH.

UMEIOT OOIUX TOYEK.

o
/’/>J<;/ [MapaymienbHOCTh IOCKOCTEN o U B 0003HavaeTcs Tak: o || B. PaccmoTpum
(S HPU3HAK MAPAICIBHOCTH JIBYX INIOCKOCTEH.

puc. 3

/ ><~r~; / OnpenesieHue. J[Be MIOCKOCTH Ha3bIBAIOTCS MMAPALICILHBIMHE, €CTH OHU HE
—

TeopeMa. Ecau nBe MCPCCCKAOIUECCA IIPAMBIC O,HHOﬁ IINTIOCKOCTH
COOTBCTCTBCHHO IMAPAJUICIIbHBI IBYM IIPSAMBIM JPYT! ol IIJIOCKOCTH, TO 3TH
IUIOCKOCTH IMapaJlICIIbHBI.

Crny4an B3aMMHOTO PacHOJIOKEHUS IIIOCKOCTEN:

IJIOCKOCTH . U P NIEPCCCKArOTCA.

puc. 4

/ MJIOCKOCTH & U F apaJlJICJIbHBI.
ol :

puc. 5

CBoiicTBa NapaJJIENIbHBIX IIIOCKOCTEN:

/
LW/

1. Ecnu nBe napanienbHble TUIOCKOCTH NEPECeUeHbl TPEThEH, TO TMHUU

.’ HUX IICPECCUCHUS ITapaJIJICIIbHBI.

puc. 6
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j”:_ | A
/ H
2. OTpe3KHu napasiebHbIX MPAMBIX, 3aKII0YEHHBIE MEXKITY
/ g.,,ﬁ: ! / HapalIeIbHBIMK IIOCKOCTSMH, PABHBI.

%

puc. 7

Penrenue 3agau:

Han yron AOD u nBe mapasienbHble IIIOCKOCTH O U 3.

[Tnockocth o mepecekaeT croponsl yriaa OA u OD cooTBeTCTBEHHO B Toukax A u D,
IJIOCKOCTH 3 3TH CTOPOHBI IIEpeceKaeT COOTBETCTBEHHO B Toukax B u C.

Jano:

OB=8
AB=6
BC=9

CD=2
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Haittu AD, OD

Yepes Touky O, KOTOpasi HAXOAUTCS MEXKIy MapalIeIbHBIMU TUIOCKOCTSIMH 0. ¥ [3, IIPOBEICHBI
npsiMble C u 0, IepeceKaronne INIOCKOCTH TaK, YTO TOYKU A U B HaXOJIATCs B IIOCKOCTH (1, &
touku C u D - B miockoctu 3 AB=18 cm, DO=26 cm u AC=3-A0

Brruncaurs: BD;CD

[MapaienbHbIe TIOCKOCTH O U [} TEpeCeUeHbI MPSIMBIMU C | O

Croponsl 4\ nepecekaroT napajuieiabHble IIOCKOCTH 3 1 o B Toukax C,D u A B. Beruucian
nuHy otpeska AB, eciim NA=13 cm, NC=20 cm u CD=55 cm.
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Croponsl 4N nepecekaroT napauieabHbIe MJI0CKOCTU 3 U 0

Janbl napasuienbHble IIOCKOCTH 0 U 3. Touku A u B HaXoAsTCs B IIIOCKOCTH 0., a
touku C u D B mockoctuf3. nuna orpeska AC=7, anuHa otpeska BD=12.

CymMma npoekiuil 3TUX OTPEe3KOB B INIOCKOCTH [3 paBHA 8.

Haiiti nnmuny npoekunii 000X OTpe3KOB.
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IIpakTnyeckoe 3ansTueNe 60
Tema: [ToBropenue. [IpoBepounas pabora
Hesab: OC00MHNTE M 3aKPENUTh 3HAHUS U HAaBBIKM y4allluXcs [0 JaHHOM Teme

Teoperuueckuii 010K

Kakwue nBe npsiMble B IPOCTPAHCTBE HA3bIBAIOTCS MapajlieIbHbIMU?

ChopmynupyiiTe TeOpeMy O MapaieTbHBIX MPSIMbIX.

Kakue BO3MOXHBI clTyda B3aUMHOTO PACIIONIOKEHHE MPSIMOM U TIIOCKOCTH?

Kakwue npsiMasi ¥ mII0CKOCTh Ha3bIBAIOTCA MapaIeIbHBIMU?

Chopmynupyiite npu3HaK napaielbHOCTH NPSMON U MJIOCKOCTH.

Jan xy06 A... D1. HazoBute uetbipe napbl mapauienbHbIX MPSMBIX U YETBIPE APl
HepeceKaroIuXcs MPsIMbIX

ChopmynupyiiTe TpU3HaK MapauIeIbHOCTH MPSIMOM U TNIOCKOCTH.

ouhkwnE

~

BepHo JIX YTBEPKACHUC: €CJIN OIHA U3 NBYX MPAMBIX ITapaJlJICJIbHA IIJIOCKOCTH, a4 BTOPAs
MEPECCKaACT ITY INIOCKOCTDh, TO MIPAMBIC IMapaJlJICJIbHBI.

Pemenue 3amau

1). 3agaua 1

[axo:

A ABC,
ABea,Ceaq,
AM = MC,
CN = NB.

Doxasats: MN || a.
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JIoKa3aTeILCTBO

MN - cpenuss nunus TpeyronbHuka ABC, 3naunt MN || AB, AB €a.

Taxum o6pazom, MN || a (10 mpuU3HAKY MapauIeTIbHOCTH MIPSMOM M TNIOCKOCTH ).

2). Bagaua 2
[ano:
2 C-
ABCD - tpaneuus,
M / N ABe a,CD ¢ q,
/ \ AM=MD, CN=NB.
A B/ Mokasars: MN || a.
O
I[OKaSaTCJ'IBCTBO

MN - cpennss nmunus Tpaneuuu ABCD, 3nauntr MN || AB; AB € a (1o ycinoBwuio),
Taxum o6pazom, MN || a (1m0 mpu3HAKy NapaIeTbHOCTH MPSMON M IFIOCKOCTH).

3)3anaua 3. Cropona AC tpeyronbuuka ABC napaiensHa mI0CKOCTH a , a ctoponsl AB u BC
MIEPECEKAIOTCSI ¢ ATOU MIIOCKOCThIO B Toukax M u N. Jlokaxure, uro Tpeyronbaukun ABC u
MBN noa00HbI.

Hepen peuiCHUuCM JIaHHOM 3a71a4uu HeO6XO,I[I/IMO BCIIOMHUTL IMPU3HAKHU HOI[O6I/I$I TPECYTOJIbHUKOB.

L}

A [ano:
. ) AABC, AC ll a,
/ w2 / AB A a=M,
k! 4 BC na=N.

i——— [okasats: A ABC nogobex A MBN

JIoKa3aTeILCTBO

1. ITo yrBepxkaenuto 1° : MN || AC. Torna yron A = yriry BMN (kak 0JHOCTOpOHHUE MPH
NapauIeIbHBIX IPSIMBbIX).

2. yroa B - o6muii.
3. TakuMm oOpa3zom, 1o 1ByM yriiam TpeyroiabHuk ABC nogo6en tpeyronsHuky MBN.
4). 3anava 4

Ha cTroponax AB u AC tpeyronsauka ABC B3s1hl cooTBeTcTBeHHO ToukH D 1 E Tak, yto OF =
5 cm u BD = 2/3. TInockocTh a mpoxoaut yepe3 Touku B u C u nmapamnensHa orpe3ky OE.
Haiinure nymny otpeska BC.
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HaHo:

Iy A ABC,
0, —f /;. DeAB, E€AC,
' ;] BCea, a ll DE,
J B.-/_—(j DE =5cm, BD/DA = 2/3.

Hautin: BC.

Pemenue:

tpeyroibHuK ABC nogo6en tpeyroasHuky ADE.
Torna AB/AD = BC/DE, 5/3 = x/5, x = 25/3, x = 8%/,
Otser: 83,

JlomamnnHee 3agaHne:

[Ipsimast AB nepecekaet mimockocTh o. Uepes ko1l oTpeska AB u ero cepeauny C npoBeneHbl
napajuieiabHble MpsAMbIE, IEpeceKarolne mI0ckocTh o B Toukax Al, Bl u Cl. Paccmorpute
cinydau: 1) otpe3ok AB He mepecekaeT MI0CcKOCTh a ; 2) oTpe3ok AB mepecekaet o. B kaxxnom
cinydae Haiaure: a) nmuHy otpeska CCl, ecnmu: AA1 =3, BB1 = 6; 6) anuny otpe3ka AA1, ecnu
BB1 =13, CCl=1

IIpoBepounas padora
1 BapuanT

1. Orpe3ok AB He nepecekaeT TIocKocTh . Yepes cepeanny otpe3ka C ¥ KOHIIBI OTpe3Ka
A u B npoBezieHbI IpsIMble, NapalljieNIbHbIe MEXKAY COOO0M U IepeceKaromme
IJIOCKOCTB 0. B TOUKAX , . Berancnauts amuny orpeska CCiecmn AAy =5 BBy =7

2. UYepes Touky O, He JeXallyl0 MEXAy MapajuleIbHbIMHU IJIOCKOCTSIMU 0. U [3, TPOBEACHBI

Aq

npsimbie | um.  Tlpsimas | mepecekaer  1wockoctd o W 3 B TOYKax

Az

u COOTBETCTBCHHO, IpsiMast M— B TOYKax n Haiinure IJINHY

OTpe3Ka , €CIIA =15 cm,

128



0 10 =3:5.

3. Ilpsmas AB nepecekaer miockocTs o. Uepe3 koH1bl otpeska AB u ero cepeauny C
MIPOBEJICHBI MapaJlIeIbHbIE IPSIMbIE, TTIEPECeKaroIIMe MII0CKOCTh o B Toukax Al, Bl u Cl1.
PaccmoTpuTe ciydan: 1) otpe3ok AB He mepecekaer miockocTs o ; 2) orpe3ok AB
nepecekaer o. B kaxaom cimydae Haiiaute: a) mmuHy otpe3ka CCl, ecnmm: AA1 =7, BBI
=35; 0) nmuny otpe3ka AA1, eciu BB1 =7, CCl=11.

2 BapuaHT

1. Touka M nexwut Ha otpe3ke AB. Otpe3ok AB mepecekaercs ¢ MI0CKOCThIO o B TOUKe B.

qepe3 AuM IMPOBCACHBI ITapaJJICIIbHBIC ITPSAMBIC, IICPECCKAOIIUEC O B TOUYKAX u.

Haiinure nnuny orpeska AB, eciiu A :M=3:2,AM =6.
2. UYepe3 Touky O, JIeXamyro MEXAYy NapajuieIbHBIMUA IIOCKOCTSAMHU O U [3, MPOBEICHEI

npsimbie | um. Tlpsmas | mepecekaeT TUIOCKOCTH o W 3 B TOYKax u
COOTBETCTBEHHO, IIpsiMas M — B TOYKAX u . Halimure nmHy oTpeska ,
eclu =12 cm, 0:0 =3:4.

3. Jan AMKP. [Tnockocts, mapamiensHas npsimoit 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: [Ipu3Hak eprneHUKYIAPHOCTH MPSMOM U IUNIOCKOCTH
Hesb: OG00MHUTE M CUCTEMATU3UPOBATh MaTepHUall 10 JAHHOU TeMe

Teopernueckuii 070K

Onpeodenenue. llpsimas a Ha3bIBaeTCsl NEPHEHIUKYIIPHOM K IJIOCKOCTH 0, €CJIM OHa
NEPIEeHIUKYIIIpHA K JIF000H NpsAMOH, JiexKale B 3TOH MIOCKOCTH.

TeopeMa. Ecimu npsamMas HNeprcCHAUKYISIPHA K ABYM ICPCCCKAIOIMIMUMCS IPSAMBIM, JICKAIIUM B
IIJIOCKOCTH, TO OHA ICPIICHAUKYJIAAPHA K 9TOMU IIJIOCKOCTH.

[Ipumep 1. Touku A, M, O nexar Ha NPSAMOM, NEPIECHIUKYIIPHON K IJIOCKOCTH 0, @ TOUKU O, B,

CuDnexar B mwiockoctd o (puc. 3). Kakme wu3 creayroomux 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  3HAYHT,
npsMasi AO nepneHuKyIsapHa 000l mpsMOH, Jexamed B IJIOCKOCTH 0O, B TOM YHCIE
£LA0B = 90°
npsMoit BO. 3Hauwur, .
LMOC LMOC = 90°
PaccmoTtpum yron . [Ipsimasa 4O nepnenpukynspHa npsamod OC, 3Ha4uT, .
£DAM £D0A = 90°
PaccmorpuMm yroa . IIpsmas AO nepnenaukymispHa npsamoit OD, 3HaUWT,

Paccmotpum Tpeyrompauk DAO. B TpeyroibHUKEe MOXKET OBITH TOJBKO OJHMH TIPSMOW YTOJI
3Hayut, yron DAM — He sBIseTCsS IpSIMBIM.
LD04 £D0A=50°

Paccmotpum yron . [Ipsimasa 4O nepnenpukynspHa npsamod OD, 3Ha4UT,
LBMO

Paccmorpum yron . DT0 yroux B npsiMmoyroisHoM TpeyroiabHuke BMO, oH He MOXxeT ObITh
NpsAMBIM, TaK Kak yroj MOB — npsiMO.
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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 Bepumny C npoBeaeHa npsimas CK,  nOeprneHAUKyJaspHass K  IUIOCKOCTU
tpeyroiabauka ABC, npuuem CK = 12 cm. Halinure KM.

K

Puc. 4.
Pewenue:

AB =vCB?+ AC? =v87 + 62 = 10
Haiinem nuny AB no teopeme Iugaropa: (cm).

Ilo cBOHCTBY MpsSIMOYTOJIBHOTO TPEYrOJBHHMKA CEpeArHa T'MIOTEHY3bl M paBHOyJAJIEHA OT
1
CM =-AB = 5

BEpILUH TpeyronbHuka. To ectb CM = AM = BM, (cm).

Paccmorpum  TtpeyronbHuk KCM.  llpsmas KC nepnengukyiasipHa  1iockoctu ABC, a

3Hauut, KC nepnenaukyniapia CM. 3Hauut, TpeyroibHUK KCM — mnpsamoyronbHbiil. Haiinem
KM =vVKC?+ CM? =+127+ 52 = 13

runoteny3y KM u3 teopemsl [Tudaropa: (cm).

Omeem: 13 cwm.

IIpakTyeckoe 3ansaTue Ne 62

Tema: [Ipu3Hak neprneHIUKYIAPHOCTH INIOCKOCTEH. YTIIbI MEXAY MPSIMBIMU U IIJIOCKOCTSAMHU.
Heab: O600IMTH U CUCTEMATU3UPOBATH MaTEpUAI IO TAHHOW TeMe

TeopeTtnueckuii 6110k

Yron mexay npsiMoil M MIIOCKOCThEO — 3TO YIOJl MKy MPSMOW U €€ MPOEKIIUEN Ha TaHHYIO
IJIOCKOCTB.

B kauecTBe yriia Mexay OpsMoi U MJI0CKOCTBIO BEIOMPAEM OCTpPBIN yIoJl.

Ecnn npsimast mapaienbHa II0CKOCTH, 3HAUUT, YIOJl MEKIY IIPSIMON U IUIOCKOCTBIO paBEH
HYIIIO.

Ecnn npsimast nepneHauKysipHa INIOCKOCTH, €€ IMPOEKIUEN Ha MJIOCKOCTh OKa)KETCsl TOUKA.
OueBUAHO, B 3TOM CIIy4ae yrojl MeK1y MPSMON U TIIOCKOCTHIO paBeH 90°.

IIpumepsr:

1.Touku A, M u O nexat Ha npsIMOH, IEePIEHANKYIIPHON K MIOCKOCTH a, a Touku B, C u D
JeXxar B INIocKkocTr a. Kakue u3 cneayromux yr jioB sBisitores npssMeiMu: ZAOB, ZMOC,
<DAM, £DOA, £BMO?

Pemenue: a L o, mo3TOMY a MEpIEHAUKYIIIPHA OO0 MPSIMOH, JIeKaien B 1. o. YToOsI
npsMasi IpuHaAIekKana wi. o, 10CTaTOYHO, YTOOB! 2 TOYKHU MPSAMON MPUHAIEkKAIN TII. Q.
OTBeT: npsIMbIE YIIIbI
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2. [Ipsimass OA nepriennukyssipHa 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 KaTeTam,

0) Paccmorpum AAOB u AAOC.

- 110 OIPEJIECICHHUIO;

- 110 YCJIOBHIO; - 00IIasl.

Tpeyronpauku AOB u AOC paBHbl o 1ByM kareram. OTcroza:

B) T.x. AB = AC, to npssmoyrosnbsHbie TpeyroiabHUKu AOB nu AOC paBHbI 10 TUIIOTEHY3€E U
kareTy (AO -—oOuiuii kaTer), Ho3TOMY

Uro u TpeOoBaNIOCh T0Ka3aTh.

3.Yepes Touky O nepecedeHus 1uaroHaieil kBajapara co CTopoHoii a mposezeHa npsmas OK,
NepreHINKYIISpHAs K TUIOCKOCTH KBaapaTa. Haiimute paccrosaue ot Touku K 10 Bepmma
kBazapara, ecim OK =Db.

IIpakTnueckoe 3ansaTue Ne 63

Tema: [leprieH UKyl U HAKIIOHHBIE
Hesab: OG00MUTE M CUCTEMATHU3UPOBATh MaTepHall M0 JaHHOU TeMme

TeopeTtnueckuii 6110k

HaknonHoi, npoBeiecHHOMN U3 JaHHOM TOYKH K JaHHOM IJIOCKOCTH, Ha3bIBa€TCs JTHOO0M
OTPE30K, COCTUHSIOMINI JaHHYIO TOYKY C TOYKOW INIOCKOCTH, HE SBJISIIOIIUANCS
NEPIEHIUKYIISIPOM K INIOCKOCTH.

Koner oTpeska, nexaniuii B INIOCKOCTH, HA3bIBAETCS OCHOBAHUEM HAKJIOHHOM.

A

AB - makionnas.
B - ocHOBaHue HAKIIOHHOIA.
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[lepnieHIUKYIAPOM, IPOBEICHHBIM U3 JaHHOW TOYKH K JaHHOW INIOCKOCTH, Ha3bIBAETCS OTPE30K,
COCIMHSIOIIUI JaHHYIO TOYKY C TOYKOM IIJIOCKOCTH U JIEKALIUI Ha NPAMOU, IEPIECHAUKYIIAPHON
IJIOCKOCTH.

Konen 3toro orpeska, nexaiinii B III0CKOCTH, Ha3bIBAETCS OCHOBAHUEM MEPIIEHAUKYJISPA.

A

X

AC - neprieHIuKyIsp.

C - ocHoBanue MEPINCHAUKYIIAPA.

PaccrosiHrem OT TOUKM J0 INIOCKOCTH HA3bIBAETCA JIMHA NIEPIICHAUKYJIIAPA, IPOBEACHHOTO U3
3TOI TOYKHU K INIOCKOCTH.

OTpe30K, COeANHS IO OCHOBaHUS EPIEHANKYIISIPA U HAKIIOHHOM, IPOBEJIEHHBIX U3 OJTHOM U
TOM K€ TOYKH, HA3bIBAECTCS TPOECKIIMEN HAKIIOHHOM.

A

X

CB - npoernus HakinonHo# AB Ha MI0CKOCTS 0.
Tpeyronsauk ABC npsMoyroibHbIH.

Yriaom Mex1y HAaKIIOHHOW M TNIOCKOCTBIO Ha3bIBAETCS YTOJI MKy ATOM HAKJIOHHOM U €€
MIPOEKIIMEN HA IIOCKOCTb.
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X

< CBA - yron mexxay HakiaoHHONH AB 1 MI0CKOCTEIO 0.

A

Ecou AD>AB, To DC>BC

Ecnu u3 1aHHOM TOYKY K JAHHOM TUIOCKOCTH MTPOBECTH HECKOJIBKO HAKJIOHHBIX, TO OOJIbIIIEH
HAKJIOHHOHN COOTBETCTBYET OO0JIbIIas MPOESKIHSI.

<DAB - yron Mexay HaKJIOHHBIMH
<DCB - yron Mexy mpoeKIusmMu
Otpesok DB - paccrosinue Mexay OCHOBaHUSMH HAKJIOHHBIX.

Pewienne ynpaxHeHU:

1) IIpsimast CM nepneHAUKYISIpHA K MIJIOCKOCTH MPAMOYTroiibHOTo TpeyroipHuka ABC ¢
npsmMbim yriioM C. Haiinure paccrostaue ot Touku M 1o ctoponsl AB, eciin AC=3cMm, BC=4cMm,
CM=I cm

2)B paBno6enpennom tpeyroiabauke MHK, MH=NK=5cm, MK=6cm. Touka D Haxoautcs Ha
paccrostamu V10 ¢ oT mockocTi Tpeyronbainka MNK i Ha 0MHAKOBOM PACCTOSHHHU OT €TI0
cTopoH. Hanaure 310 paccrosiHue.

3) B tpeyronpauke ABC nano: AB=5cm, AC=7cm, BC=6¢cM. [Ipsimas AD neprieHauKysspHa K
mockoctu TpeyroibHuka ABC. Haiinute paccrosinue ot Touku D 1o croponst BC, eciu
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AD=5cwm.

4)Uepes karer AB npsimoyronbHOro paBHooeapeHHoro tpeyroiabauka ABC nposenena
IUIOCKOCTH a (anb(a), 00pasyromias ¢ MI0CKOCThIO TPEYTOIbHUKA yroi B 45 rpaaycoB. Haiiaure
paccrositaue ot Touku C 70 miockocTH a (anbda), eciiu AC=2cMm

5)Touka M HaxoauTcs Ha pacCTOSHUU 6 CM OT IJIOCKOCTU PAaBHOCTOPOHHETO TPEYTOJIbHUKA
ABC u na 10cm oT BepiiuH 3T0oro Tpeyrojbuuka. Haitaure mnny croponsl TpeyroyibHuka ABC

ILOMaI_HHee 3aJaHucC

Touka A paBHOyJaJIleHa OT BEpIIMM Iapajuiesnorpamma. Jlokaxxure, 4To 3TOT MapajljiesiorpaMmm
ABJISIETCS TIPSIMOYTOJIBHUKOM.

OcHoBanus Tpanenuu paBHs0Tcsa 14 cM u 8 cM cooTBeTcTBEHHO. Uepes OoJibliiee OCHOBaHKE
Tpareiuu NpoBeeHa MIIOCKOCTh, KOTOpasi HAXOAUTCS Ha PAaCCTOSHUU 8 CM OT MEHBILIETO
OCHOBaHMS Tpaneunu. Haliqure paccTosHUE OT TOYKHU NEPECECUEHUS] TUAarOHAJIEH Tpaneuuu 10
MPOBEICHHOM MJIOCKOCTH.

C TOuYKHu A Ha IJIOCKOCTh O MPOBEICHBI JIB€ HAKJIOHHBIC ITTMHOK 15 cMm u 20 cMm. [{nuHa
MIPOEKIIMU OJTHOM M3 3TUX HAKJIOHHBIX paBHa 16 cm. Haitnute cunyc yria, o0pa3oBaHHOTO
JIPYrOoil HAKJIOHHOM U TIJIOCKOCTBIO 0.

Touka K HaXOAUTCS HA OJUHAKOBBIX paccTOsIHUAX KA u KB OT CTOpOH psIMOTIo yriia C
BepuinHOM C. O — npoekuus Touku K Ha MIIOCKOCTh 3Toro yria. Jlokaxure, uto OACB —
KBapar.

IIpakTnyeckoe 3ansaTHe Ne 64
Tema: KontponbHas pabota no teme: «IIpsMbie 1 TIIOCKOCTH B TPOCTPAHCTBE»

Heasn: IIpoBeputs ypoBeHb YCBOCHMS 3HAHUM 11O TeMe: «IIpsiMble U TIIIOCKOCTH B
IIPOCTPAHCTBEY

1 BapuaHT

1. Cropona npaBunbHOro TpeyroabHuka ABC paBHa 23 em. K ero mrockoct IIPOBENICH
nepnenaukyisap AK, pasusiii 4cM. Haitnure paccrostaue ot Touku K no ctoponst BC.

2. UYepes ctopony AB npsamoyronsauka ABCD nposenena miockocts o. Cropona CD
ylaneHa oT 3Toi miockoctu Ha 3 cM, CB=6¢cMm, CD=8cwm. Haiigute:1)yron mexny
npsiMoit DA ¥ m1ockocThio 0 ,2)CHHYC yriia Mexay npsaMoit BD 1 T10CKOCTbIO .

|

Karer AC npsimoyronsaoro AABC ¢ nipsimbiM yriiom C J€XHUT B IIIOCKOCTH 0., @ YTOJI
Mexy miockocTamu o 1 AABC pasen 60° . Haiire paccTosHIE OT ToukH B 110
IIocKoCTH o, ecnu AC=5cm, AB=13cmMm.

4. . [Tnockoctu npsamoyronbHbIX TpeyroibHukoB ABC n ABK nepneHaukysisipHsl.
AB=8cm, AK=10cM, - ABK=- ABC=90° , - BAC=45" . Brrunciure paccTOsHHE MEXTY
toukamu K u C.

2 BapuaHT
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=

Otpes3ok AM, paBHbIil 12 cM, IepIeHANKYISPEH TNIOCKOCTH TpeyrojibHuka ABC.
Haiinute paccrosnue ot Touku M no npamoit BC, eciiu AB=AC=20cm, BC=24cMm.
Croponsl npsimoyrosibHuka ABCD paBsbl 6¢M 1 63 cm. K mrockoctn IIPSAIMOYTOJIBHUKA

™

yepe3 TOUKY IIEPECeUeHUs €ro quaroHanel nmposeaeH nepneHaukyisp OK, paBHbiil 6¢Mm.
Haiinute yron Mexay miockocTsio npsimoyroisHuka u npsimeiMu KA, KB, KC u KD.

|wo

Uepes Bepmnny D kBaapara ABCD npoBezeH k ero miockoctu nepneHaukyssip DK,
paBHbIil 10 cM. Yron mexay miockoctsimu ABC u KBC pasen 45° . Haiinure miomais
kBagpata ABCD.

|+~

[Tnockoctu paBHOCcTOpoHHETO AABC 1M ipsimoyrosibHOTr0 paBHoOeapennoro AADC
neprenauKysapusl. AB=a, - ADC=90°. Brruuciute pacctrosHue Mex1y BepiiuHamu B
u D aHHBIX TPEYroJIbHUKOB.

IIpakTuyeckoe 3ansitue Ne 65

Tema: [Lnomaas 00KOBOM U MOJIHON TOBEPXHOCTH IIPU3MBI, MMapajuielienurenia, Kyoa
Heab: HayuuTp BEIUUCIATH OOKOBYIO U MOJIHYIO TOBEPXHOCTH MPU3MBI, Mapalljiesienumneaa, Kyoa

Teopernueckuii 010K

IIpuzma

IInowaow nosepxnocmu: S=2Socu+Seox, THE Sgox — IIIOMIAAE OOKOBOM MOBEPXHOCTH, PABHAS
CyMMe IUIOLIAJIEN BCEX TPAHEM.

[Tpsimast mpusMa — npusma, 60KoBoe pedpo KOTOPOH MepreHANKYIIPHO OCHOBAHUIO.

Obvem: V=Socu'l .

[Inowaow 6okosoti nosepxnocmu: Seox=P-1, e P — nepumerp ocHOBaHusl.

[IpaBunbHas npusma — npsiMas Ipu3Ma, OCHOBaHUE KOTOPOU — IIPABUIIBHBIA MHOTOYTOJIbHUK.
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[Mapannenenunen — npu3Ma, OCHOBaHUE KOTOPOU — mapasuienorpamm. Bee rpanu
napasuiesienune1a BIsS0TCs napauieIorpaMMaMU.
[IpssMOyTOIBHBIN NapajuIeIenuIIe]] — IPU3Ma, BCE TPAaHU KOTOPOU — IIPSIMOYT OJIbHUKHU.
Ceoticmea ouazonaneii: ACt=BD1=CA1=DB1=d; d2=a’+b?+c?.

IInowaos nogepxnocmu: S=2-(ab+ac+bc).
Ky6 — npusma, Bce rpanu KOTopoi — kBajsipaThl (a=b=c). Ky0 siBisieTcsl mapajuieenuneioMm u
o0JasaeT BCEMU €ro CBOWCTBaMHU.

d= v'gﬂ; S=6a2.

Hpumep 1. Yemy paBHa 1oIHask MOBEPXHOCTD MPSAMOUN TPEYroJbHON MPU3MBI, €CJIA €€ BhICOTA
paBHa 50, a croponsl ocHoBanus 13, 37 u 40?
Pewenue:
[Tepumerp ocHoBanus npusmMsl paBeH P=13+17+40=90. [1nomanbs 60K0BOI MOBEPXHOCTH
Seox=90-50=4500.
[Tnomane ocHoBaHus HaiaeM o popmysie ['epona. Ero nomynepumerp p=45

u Se =45(45-13)(45-37)(45-40) =+/45-32-8-5 =240

OcTanoch BIYUCIUTH MOJIHYIO TOBEPXHOCTD Mpu3MbL: S=2-240+4500=4980.
Omeem: 4980.

IIpumep 2. B ocnoBanuu npsimoit mpuzMel ABCDA1B1C1D1 nexut kBagpar co CTopoHoO# 2.

BbokoBoe pedbpo npu3Mbl paBHO 2 . Halingute rpagycHyro Mepy yriia MexXay INIOCKOCTBIO
tpeyronsHuka AB1C 1 IIIOCKOCTBIO OCHOBAHUS TIPU3MBI.
Pewenue:

[Tnockocts AB1C mepecekaet riiockocth ocHoBauwusI 1po npsmoii AC. [Toctpoum
JIMHENHBIN Yrojl, COOTBETCTBYIOLINM yIily MeXAy dTUMHU m1ockocTsaMu. T.k. ABCD — kBazpar,
TO €ro JIMaroHaIH TepecekaroTcs o npameiM yriaom, T.e. B0 LAC  JTanee, 1.x. npusma
npaswibHas, T0 BIA=B1C. Tpeyronsauk AB1C — paBHOOenpennsrii. Ero meanana B1O
ABIIIETCS TAKXKE €r0 BBICOTOM, T.€. B0 LAC, CrnenoBarenbHO, JIMHEHHBIN ZB,0B paBeH yriry
MEXIY MIIOCKOCTSAMU.

Paccmotpum tpeyronbauk B1OB. ITockonbky npusma — npsiMasi, To yroi B B TpeyroiabHuke

po=lpp=-t23-.2
— IIPSIMOM. BlB:"\E 10 YCJIOBUIO 3aJ1a4HU. 2 2 . T.x. KaTeTsl B
npsMOyrosibHOM TpeyroyibHuke B1OB paBHbl, TO £B,0B =50

Omeem: 45°.,
Pewenue ynpaxxHeHuit
1.B mpsiMoyronsHOM mapaiienenureie CTOPOHbI OCHOBaHUS paBHBI 12 ¢cM u 5 cMm. JluaroHanb
napajuienenuneaa oopasyeT ¢ IJIOCKOCThIO OCHOBaHUs yroil B 45°. Haitnure 60koBOe pedpo

napajiejacnuiicaa.

2.0cHOBaHMEM TIPSIMOTO TapajuieNienurnena spisercs pom6 ¢ auaronansmMu 10 cm u 24 cwm, a
BbICOTa Mapaenenurnena papua 10 cm. Haiigute Gonbliryro [uaroHanb napajelienumnesa.

3.CTopoHa OCHOBaHUS MPABUJIBLHOW TPEYroJIbHON MPU3MBI paBHA 8 cM, O0KOBOE pedpo paBHO 6

cM. Haiinure mnmnomanp ceyeHus, NPOXOJSIIET0 Yepe3 CTOPOHY BEPXHETO0 OCHOBAaHUS U
IIPOTUBOJIEXKAIIYIO BEPIINHY HUKHETO OCHOBaHUS.
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4.B mpaBWIBHOW n-yroilbHOW MpH3ME CTOpPOHAa OCHOBAaHMS paBHAa a W BhICOTAa paBHa h.
Breruucnure miomaau 00KOBOW M MOJIHON MOBEPXHOCTH MPU3MBI, ecii: 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 MpAMON MPU3MbI — TPEYTOJBHUK CO CTOpOHamMu 5 ¢cM U 3 ¢M u yrioMm B 120°
Mexay HuMU. Hanbosnpiias u3 miomniaaei OOKoBBIX rpaHed paBHa 35 cm2. Haligure miomasnas
OOKOBOI1 IOBEPXHOCTH ITPU3MBI.

2.CTOpOHBI OCHOBAaHHUSI MPSIMOTO TapaJijIesIenuie a paBHbl 8§ cM U 15 cMm u oOpazyrot yroa B 60°.
Menbiiass U3 IUIOIIAJEH JuaroHalbHbIX cedyeHui paBHa 130 cm2. Haligute momans
MOBEPXHOCTHU Napasuieenunea.

IIpakTunyeckoe 3ansitue Ne 66
Tema: [Inomane 60KOBOM U MOJTHON MOBEPXHOCTH MUPAMUJIbI

Heab: Hayunte pemats 3amauvi Ha BBIYHCICHUE TUIOIIATM OOKOBOH M IOJHOW MOBEPXHOCTH
UpaMUIbl

Teopernueckuii 010K

1. Cxonbko rpaHeil, OOKOBBIX pebep y M- yroJbHOM MHpaMUIbI?

2. Kakoe HauMmeHbLIEE YMCIO TpaHEl MOXKET HMETh mNupamuja’?

3. Beicota nmupamuabl paBHa 3 cM. Uemy paBHO pacCTOSHHUE OT

BEpPIIMHBI TUPaMUIbl IO TUIOCKOCTH OCHOBAaHHS ?

4. bokoBbie pebpa TpeyroinpHOW mupamuibl 7cm, 12cm, Scm. OnHO U3 HHUX
NEePHNEHIUKYISIPHO K IUIOCKOCTH OCHOBaHUs. Yemy paBHa BBICOTA NUPAMHUIBL.

Pemenue 3amau.

1. Jlana mpaBuibHAs YETHIPEXYrojibHAsg MNHPAMHUIA CO CTOPOHOM OCHOBaHUA 2 CM U
BBICOTOM OOKOBOW Tpanm 6 cMm. Haiiaute momans

OOKOBOM TMOBEPXHOCTH MHUPAMM/IBI.

2. BeicoTa TmpaBWIBHOW YETHIPEXYrOJbHON MUpaMHIBI 7CM, CTOPOHA OCHOBaHHUS 8CM.
Omnpenenure O60KOBOE pedpoO.

3. dano: SO = 4 - Beicora mupamuasl. ABCD - mpsimoyronsank, AD = BC = 6; AB=DC = 8
Haiitu: Snons., Sook., V.

138



sw::—; DC-SM. su=,lso‘ +OM;

Pemenue:

AC=BD=+64+36 =10, AO=0D =5, OM=

-%AD=-§=3. SM=16+9 =5. Sm=—;— -5-

-8=20; Syups=20; OK=— DC
2 (cpenuss munus AADC). OK =

| :
4 SK=A16+16=4y2; 40575 i1, Sascs =124/2.

See #2-124/2 +2:20 =242 + 40 = 8 (3v2 + 5); Sorse = 6 - 8= 48; Spoe = S +
F Soen =2442 +40+48=2442 + 88 =8(11 +34/2).

1

1
=3 Soen o -48-4 =64, (Ommer: 8(3v2 + 58011 +3v2); 64.)

IpakTuyeckoe 3ansitue Ne 67

Tema: [Tnomans 60KOBOM U MOTHON MOBEPXHOCTH LIUIMHAPA
Heab: HayuuTs pemaTs 3a1auu Ha HAXOXKIEHHE IJI0MaA1 OOKOBON U MOJHON MOBEPXHOCTH

THHApA
Teopetnueckuii 6110k
Hunaunap npeacrasisieT COO0H TreOMETpUIECKOe TEJI0, OTPaHIMUEHHOE IBYMsI ITapasuIeTbHBIMH
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IIJIOCKOCTAMMU U I.[HJIPIHI[pPI‘-ICCKOfI MMOBCPXHOCTHIO.

h

Hunusap cocTouT M3 60KOBOM MOBEPXHOCTH U JIByX OCHOBaHMM. Dopmyria ruiomaan
MOBEPXHOCTH IIMIIMH/PA BKIIIOUAET B €05l OTJENbHBINA pacyeT IIOMaal OCHOBAaHUI U OOKOBOI
MOBEpPXHOCTU. Tak Kak OCHOBaHUS B IUJIMHAPE PaBHBI, TO TOJIHAS €T0 IUIONIA b OyIeT
paccuuThIBaTHCA MO PopMyIe:

S =25 +8

P 08N bok

dopmyia MIOMAAM OCHOBAHUS HIJIMHPA. Tak Kak OCHOBaHHEM LUJIMH]IPA SIBJISIETCS KPYT,
3

2
S =my
TO: C=TE

MpI IOMHUM, YTO B 9THX pacueTax UCIOJIb3yeTcs nocTostHHoe uncio [1=3,1415926, kotopoe
paccunTaHO KaK COOTHOLIEHHE JIMHBI OKPYKHOCTH K €€ JUaMeTpy. ITO YUCIO SBISETCS
MaTeMaTU4eCKON KOHCTaHTOM.

[Tnomaabs 60KOBOM MOBEPXHOCTHU ILIMIUHIPpA

CDOpMYJ'Ia I1omaaun OOKOBOM MOBCPXHOCTU NUIIMHAPA ITPEACTABIIACT coboit MMPOU3BCACHUC
JAJIMHBI OCHOBAaHUWA Ha €0 BBICOTY:

S =2urh
bok A Termepb pacCMOTPHUM 3a/1a4y, B KOTOPO HaM MOTPeOyeTCst pacCUUTATh
TOJTHYIO TUIONIA b IWIHHAPA. B 3anannoii gpurype Boicota h =4 cM, r =2 cm. Haiinem monuyro

IUTOMIA(b [AIHH/IPA.
S =3.14x2°=12.56¢em”
Jlns Hayasaa pacCUMTaeM IUIomanb ocHoBanmis: V"
Temneps paccMOTpUM MPHUMEP pacydeTa Mo il OOKOBOM MOBEPXHOCTH IIMIHH/pa. B
pa3BEPHYTOM BHJIE OHA MPEICTABIISAET MPAMOYTOIbHUK. Ero miomaas pacCYMThIBAETCS 110
IPUBE/ICHHOI BBImIe Gopmyie. [loacTaBuM B Hee Bee
S —2x3,14x2x4=50 24cm”

JTAHHBIE: bok
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[ToHas Tuomaap Kpyra NpecTaBiseT co00l CyMMy IBOWHOM TIJIOMIAM OCHOBAHUS U

S =2x12,56 450,24 =25,12+50,24 =75.36 cm -

ookoBoit; ¥

Takum oOpa3om, UCHONB3Ys (HOPMYIIBI ILTOMIAAN OCHOBAHHUM U OOKOBOI MOBEPXHOCTH (PUTYPBI,
MBI CMOTJIM HANTH TOJIHYIO TIJIOMIAh TOBEPXHOCTH IIMIUMHAPA.

OceBoe ceueHre HUINH/IPA MPEACTABISET COOON MPSIMOYTOIBHHUK, B KOTOPOM CTOPOHBI PAaBHBI
BBICOTE U IUAMETPy LIHJIUH]IPA.

CDOpMYJ'Ia IJIomajan oCCBOro CCYCHUA HUJINHAPA BBIBOAUTCA U3 (I)OpMYJ'IBI pacucTa 1Jiomaan
IPsSIMOYTOJbHUKA:

S=2hd

PaccMOTpUM IpUMeEp pacyeTa IIIOIaIi OCEBOTO CEUEHHUs IIMMHAPA. JIJIs 5TOro BO3bMEM
P PUMED p P
YCIIOBHS M3 3a]1a4H, YKa3aHHOM BbIule. UTOOBI HAITH BENMUMHY HaM NOTpeOyeTcs auamerp. Mbl
— i Bl
3HaeM, YTO OH PaBEH JBOHHOMY PajIHyCy: d=21
d=2x2=4(cm )
¥ i T
S=2x4x4=32em

IloacraBuM naHHEBIE:

. Kakas ¢urypa Ha3piBaeTCst HTWIMHIPOM?

. [ToueMy IMIMHAP HA3BIBAIOT TEJIOM BpallleHUsA?

. Ha3oBute BBl TUIUHAPOB?

. HazoBute 3nemMeHTH HWINHAPA.

. Uro mpeacTaBisieT co0o0i pa3BepTKa MUIUHApPA?

. Kak HaiiTu rmomaap 60KOBOI MOBEPXHOCTH LUIUH]IPA?

. Kaxk HaitTu momaab NOoJHOW MOBEPXHOCTH LIWJIUHAPA?

. Ha3zoBute ocHOBHbIE BU/IbI ceueHH munuHapa. Kakas ¢purypa noiaydaercs B KaxJI0M
ciayyae?

. [TpuBenuTe npUMepsl NCIOIB30BAHUS IUIMHIPOB.

Pemenue 3amau:
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3anaua 1. CKOIBKO KBaJpaTHBIX METPOB JIMCTOBOM JKECTH MOMIET Ha U3rOTOBJICHUE TPYOBI
JTUTMHOM 4 M 1 1rameTpoM 20 ¢M, eCiTi Ha BB He00X0auMo 100aBUTh 2,5% TIomaay ee
OOKOBOM 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 HUIMHIpPA paBHA JJIMHE HY>KHON TPyObI —
4m.
Tax Ha MBHI HYXHO 100aBUTH 2,5% TUIOMIAU €€ OOKOBOW TOBEPXHOCTH, HY)KHO HANTH:

(S+2,5%S). IlogcraBum BMecTO S popMyiy MIomaan O0OKOBOW MOBEPXHOCTH, U BHIYUCIUM:
.

$+2,5% S=S+_=§ =
100

—S 1+

25 0

IDDD )=
=2ml-1025=
=2-314-0.1-4-1.025=
=2.5748~ 2.6(n" )
Otser: 2,6 M2.

3agaua 2. HaiiTu mosHy0 MOBEPXHOCTD IMIIMH/IPA, Y KOTOPOTo nuamerp ocHoBaHus 20,6 cMm
u BeIcoTa 30,5 cMm.

3anaya 3. OceBbIM CEUEHHUEM IWIMHIIPA SABIISETCS KBaJIpaT, CTOPOHA KOTOPOTO paBHA / MM.
Beruucnute miiomnaas 60KOBOW MOBEPXHOCTH UTUHIPA.

3anada 4. OceBoe ceueHne MWINHIPA — KBaJpaT co CTOpOoHOM 6 cM. Haiitu BbICcOTY M pannyc
OCHOBaHUS HWIMHJpA.

3amaua 5. Pannyc ocHOBaHUS MUIMHAPA paBeH 2M, BeicoTa 3M. Haiftu nuaronaib oceBoro
CCYEHUH.

3amaua 6. JlniuHa OKPYXKHOCTM OCHOBaHMS LMIMHIpa paBHa 1. Ilnomans OGokoBoi
MOBEpXHOCTHU paBHa 2. HaliiuTe BBICOTY IIMIIMHIpA.

]_IOMaI_HHee 3aaHuC:

1. [lmaroHaib OCEBOTO CeueHUs IWIMHIpa paBHA 48. YTOoa MEXIy 3TOH JAMAaroHaIbIO U
obpasyromeit pasen 30°. Haiiure paamyc mumueapa.2

2. JlnwHA OKPYXKHOCTH OCHOBaHHS HUiIuHApa paBHa 1. [lnomans 60KOBOI MOBEPXHOCTH
paBHa 2. Haiigute BbICOTY HUIMHIpPA.

3. JluaroHanb OCEBOTO CEUYEHHS IWIMHIPA HAKIOHEHA K IUIOCKOCTH OCHOBAaHHUS IO
yriom 60° u paBHa 20 cm. Haitnure miommaas 60KOBOM MOBEPXHOCTH IIJIMHIPA

Taﬁ.]'ll/lllbl AJISA BbIMHCJICHUSA NJIUMHbI OKPYKHOCTH 11O fHAMETPY.

[Tpu penieHnr pa3IUYHBIX MPOU3BOJACTBEHHBIX 33]]a4 YaCTO MIPUXOAUTCS BEIYUCISTH UTHHY
okpyxHocTu. [IpeacraBum cebe paboyero, KOTOPbIN U3rOTOBISIET KPYTJIble A€TAIH 110
YKa3aHHBIM eMmy auamerpaM. OH JO0JKEH BCAKHM pa3, 3Hast AUAMETP, BBIYUCIUTH JJTHHY
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OKPY>KHOCTH. UTOOBI COKOHOMUTH BPEMS 1 3aCTpaxoBaTh ceOsl OT OmMOOK, OH oOpaIiaeTcs K
TOTOBBIM Ta0JIMIIaM, B KOTOPBIX YKa3aHbI JUAMETPHI U COOTBETCTBYIOIIUE MM JITTHHBI
OKPYHOCTEH.

HpI/IBeI[éM HC6OJ’IBI_HYIO 9aCTb TaKUuX Ta6J'II/IH N 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——

[TycTh M3BECTHO, UTO TUAMETP OKPYKHOCTU paBeH 5 M. Miiem B Taliuile B BEpTUKAIBHOM
cTonbue noxa 6yksoii D uucino 5. Oto munHa auamerpa. Psjiom ¢ 3Tum uncioMm (Bopaso, B
ctonlue noja HazBaHueM «/lnHa okpy)HOCTH») yBuAUM uncio 15,708 (m). CoBepliieHHO Tak
ke Hanaem, uro eciiu D = 10 cm, To mynHa okpykHOocTH paBHa 31,416 cwm.

I[To aTuM ke TabauLaM MOXKHO IPOU3BOJUTH U OOpaTHbIE BbluKcieHus. Ecnu u3BecTHa qyimHa
OKPYKHOCTH, TO MOYKHO HalTH B TaOJMIlE COOTBETCTBYIOMMM el auametp. [lycts nuna
OKpYKHOCTH paBHa npuoiausurenbHo 34,56 cm. Haiiném B Tabnune yrcio, Hanbosee 61u3Kkoe
K nanHoMmy. TakoBbiM Oyzet 34,558 (pasuuia 0,002). CoOoTBETCTBYIOIIMIA TAKOW ITTUHE
OKPYKHOCTH JIMAMETpP paBeH NMpUOIU3UTENBHO 11 cM.

TabmuIrel, 0 KOTOPBIX 3[IECh CKa3aHO, UMEIOTCS B PA3IMYHBIX CIPAaBOYHMUKAX. B yacTHOCTH, UX
MO>XHO HalTH B KHUXKKE «UeThIpéx3HauHble MaTeMaTudeckue Tabnuisy B. M. bpaauca. u B
3agaunuke no apupmeruke C. A. ITonomapésa u H. U. CeipHea.

IIpakTnyeckoe 3ansitue Ne 68

Tema: [1nommaas OOKOBOM U MOTHON MOBEPXHOCTH KOHYCA, YCEYEHHOTO KOHYca, I1apa u cepsl
Hesas: HayuuTs pemaTs 3a1auy Ha HaX0X/I€HHE TUIO0IIA OOKOBOM U MOJIHOM MOBEPXHOCTH

KOHYCa, yCEYeHHOTO KOHyca
TeopeTtnueckuii 6110k

3a ruiomaab O0KOBOM MOBEPXHOCTH KOHYCA IPUHUMAETCS TUIOIIAIb Pa3BEPTKU €ro OOKOBOI
MTOBEPXHOCTH.
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[TosTOMy 1UI0IIIa I OOKOBOH MOBEPXHOCTH MPSIMOTO KPYrOBOT'O KOHYCA paBHA TUIOIIAH
COOTBETCTBYIOILIETO KPYrOBOT'O CEKTOpa (pUC. ) U BhIUUCISAETCS 110 hopMyIie

rac R — paHI/ch OCHOBAHMU:, a L— JJINHA O6pa3y1-OH_IeI71 KOHyca. Ecmn x Iiomaan 60KOB0ﬁ
IMOBCPXHOCTH KOHyca HpI/I6aBI/ITB miaomaigb €ro OCHOBaHHUA, TO HOHy‘II/IM Iiomaab HOHHOﬁ
HOBerHOCTI/I KOHyca

SHOJIH. =qnRL + 7[R2 =nR (L + R)

AHanoru4Ho 3a IJIomaab 00KOBOI1 MMOBEPXHOCTHU YCCUCHHOI'O KOHYCAa MPUHUMACTCA ITIJIOIIadb
COOTBETCTBYIOLICH Pa3BEPTKH.

[ToaToMy B citydae mpsiMOTro KPyroBoro KoHyca (puc. ) Iiomiajis 60KoBoit
MOBEPXHOCTH YCEUEHHOTO KOHYCa BBIYHCIIAETCA 110 (opMyIie

S6.y.1<.=7|:(r1+ r)L

rae U I — paguychl OCHOBaHMH, a L — nynHa o0pa3yroliei yceueHHOTo 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 rmtomniaab 60K0BOI TOBEPXHOCTH,
IUIONIA/Ib OCHOBAHUS U IUIOIIA b MOJHON MOBEPXHOCTH KOHYCA.

3.Ckonbko oTpedyeTcst KpacKu, ISt TOTO YTOOBI TOKPACUTH MOKapHOe Bepo, eciu Ha 100cm?
HeoOxoaumo 3aTpatuth 1017

4.CKOBKO KBAIPATHBIX METPOB Ope3eHTa MOTPeOyeTCs AT COOPYKEHUS MATATKA KOHUIECKOU
¢dbopMbI BEICOTOM 4 METpa U TUaMETPOM OCHOBaHUS 6 METPOB?

5. OO6pa3yromias KOHyca HaKJIOHEHA K TUIOCKOCTU OCHOBaHUs 1o yriiom 30°, a BeICOTa KOHYca
paBHa 12cm. Haitaute miomiaab 60KOBOM MOBEPXHOCTH KOHYCA U ILIOIIA b TTOJTHOU
MTOBEPXHOCTH.

6. [Inomans ocHOBaHUs KOHYca paBHa 167, a 1yIo1a b oceBoro cedeHus pasua 32. Haiiaure
BBICOTY KOHYCa U IIoLIa/1b OOKOBOW TOBEPXHOCTH.

7. HaiiquTe tutomaas O0KOBOW MOBEPXHOCTH PAaBHOCTOPOHHETO KOHYCA (OCEBOE CEUCHHUE —

PaBHOCTOPOHHUH TPEYroJIbHUK), €CIIU PaUyC OCHOBAHHUS PaBEeH ScM.

8. OceBoe cedyeHue KOHyca paBHOOEAPEHHBIN TPEYTroJIbHUK IUIOIAAb KOTOPOro paBHa 60cm?,
BbICOTa KOHYca 12cm. HailiuTe miomans noaHoli NOBEPXHOCTH KOHYCA.

]_IOMaI_HHee 3aaHuC:

1. Haitnure muiomia s 60KOBOI MOBEPXHOCTH KOHYCA, €CIIM 00pa3yroliasi paBHa ScM, a pagnyc
OCHOBaHHUA 3CM.

2. OOpa3ytolasi KOHyca paBHa 7cM, a paanyc ocHoBaHus 3cM. HaiiauTe miiomanb moaHou
MOBEPXHOCTH KOHYCA.

3. BricoTa xonyca paBHa 12cwm, oOpaszyromas 13cm. Haiinurte miomasas motHONH MOBEPXHOCTH
KOHYca

4.Ilnomanas ocCHOBaHUS KOHYca paBHa 25,7 cM?, a oOpa3yroas paBHa 6¢cM. Haiiaure miomane
OOKOBOI TTOBEPXHOCTH KOHYCA.

5. Haiigure muiomaab MOJTHON MOBEPXHOCTH KOHYCA, eciIi 00pa3yroliast HakJIOHEHa K MJI0CKOCTH
OCHOBaHus nox yrioM 60°, a BeIcoTa paBHa 6CM.
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IIpakTnyeckoe 3ansitue Ne 69

Tema: O0beM NpU3MBI, apajUIeIenune1a
Hess: HayunTs pemaTh 3a1a4u Ha BBIYUCICHNE 00beMa MPU3MBI, TTapaJlIeenuea

Teopernueckuii 010K

IIpsiMmoyroJibHbIH MapaJulejienunex - 3To0 o0beMHas (Urypa, y KOTOPOW IIECTh TpaHEH, U
KaXKIasi U3 HUX SBJISIETCS MPSMOYTOJIbHUKOM.

[IpsiMoyroJibHBI mapaJulesienune] - Tapajulelenunel, BCE TpPaHH KOTOPOTro SBISIOTCS
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 Tapajuiesieuie/a, a - JyuHa, b — mupuHa, h- BeicoTa.
O0BEM IPU3MBI paBEH MPOU3BEACHUIO €€ BHICOTHI Ha IIJIOMIA b OCHOBAHHUS:

V=S-h

Pemenmue 3anau:
1.CymectByet a1 npusma, umeromas 50 pédep? 54 pedpa?

Pemenue: Yncio pedep n — yroabHoOM Npu3Msel 3n, o3ToMy Npu3Msl, uMmeromieit 50 pedep, He
CyllecTByeT, a 54 pebpa umeer 18-yroapHas mpusma.

2. CTOpOHBI OCHOBaHMS MPSAMOYTOJIbHOTO Mapajijieenuneaa paBHbl 5 ¢cM U 12 cM , 1uaroHanb
napajuieJienunesa COCTaBIseT C IIOCKOCTBIO OCHOBaHWs yronm 60°. Haiimure o00BEM
napasuiesienuIena.

3. OcHoBaHMEM MpPSMOM MPU3MBI CIY’)KUT TPeyrojabHUK co cropoHamu 10, 10, 12. /lnaronans
MEHBIIIe OOKOBOW TpaHM COCTaBISIET C IUIOCKOCThIO ocHoBaHus yron 60°. Haiinure o0BEM
MIPU3MBL.

4. O6peM MpsIMOYTOJIBLHOTO Napauienenunesa papet 2. Yemy Oyzaer paBeH 00beM
napaseNenuena, eciim KaxJ10e ero peopo yBearuuuTh B 3 pasa.

Pemenue. [1ycts peOpa nanHoro napanienenuiesa paBHsl a, b u c. Torga umeem: V=abc=2.
[Tocne yBenmuueHus kaxaoro pedpa B 3 paza ero o0sEM OyieT paBeH

V=3a*3b*3c =27 abc=27*2=54.
Ortser: 54.
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5. AkBapuymMm umeeT popMy MpsIMOYTOJILHOTO Tapayuienenuneaa Beicotoit 30 cm. Ecnu B Hero
HanuTh 30 J1. BOABL, TO 10 BEpXHEro Kpas octaHeTcst 5 cM. CKOJIBKO JTUTPOB BOJBI HYKHO, YTOOBI
HAIOJIHUTH IIYCTON aKBapuyM JOBepXy?

Pewenue. Ilycts V 1 H cOOTBETCTBEHHO 00BEM U BBICOTA MapajUIeIeIuUIe .
V=SH . Ilo ycnouto V=30,H=25, Torga 25*S=30.
[Tocne 3anmonHeHust mycToro akBapuyma gosepxy H=30. 3naunt, 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
OoJibliiie, 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 rp.
Ortser: 270.
JlomarliHee 3ay1aHue:

1. O6BEM nmpsIMOYTOIBHOTO Mapauienenuneaa paseH 32. YUemy Oyner paBeH 00bEM
napaeNenunesa, eciiu Kaxxj10e ero peOpo yMeHbIINUTh B 2 pasa.

2. B cocyn, nmeromuii (popMy npaBuiIbHON TPEYTOIbHON IPU3MBI, HAJIUIIN BOAY. Y POBEHb BOJIbI
nocturaet 36 cM. Ha kakoil BeicoTe OyJ1eT HAXOIUTHCS YPOBEHD BOJIbI, €CJIN €€ MEePEIUTh B
JpyTroii cocyn ToM ke (GOopMbl, Yy KOTOPOTO CTOPOHA OCHOBaHUS B 3 pa3a Oouiblile, YeM y IEpBOTO.
OtBeT BpIpa3uTe B CAHTUMETPAX.

3. 3aKpBITHIN COCY/ B BUJIE TIPSIMOYTOJIBHOTO Mapasuienenumesna ¢ peopamu 30, 40 u 45 cwm.
CTOUT Ha TOPU3OHTAJIHLHOMN MOBEPXHOCTH TAaKUM 00pa30M, YTO HAUMEHbIIas TPaHb SBIISIETCS
JIHOM. B cocyn Hanmmim Boy 10 ypoBHs 36 cM. Ha kakom ypoBHE OKaXeTcsl BOJa, €CIIN COCYT
MOCTaBUTh Ha HauOobIIYI0 rpaHb? OTBET JaiiTe B CaHTUMETpax.

IpakTnyeckoe 3ansaTue Ne 70

Tema: O6beM TUPAMUIBI
Heab: HayuuTs pemaTs 3a1a4u Ha BRIYHCIEHUE 00heMa MTAPAMHUIbI

Teopernuecknii 070K
O0beM upaMuIbI
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O6beM nupaMuIbl paBeH OJHON TPETH MPOU3BEACHUS TUIOIAIM OCHOBAHHUS Ha BBICOTY:
rae S — miomaab OCHOBaHMA, H — BbIcOTa MUpaMubl.

®dopmyna o0beMa yCeueHHOM mupaMubl IpeaCcTaBiIseT co00i OAHY TpeTh MPOU3BEICHUS
BBICOTHI HA CYMMY ILIOIIA/Iel BEPXHEr0 U HUKHEr0 OCHOBAHUS C UX CPEAHUM
MPOMOPLUUOHAIIEHBIM:

#

I |
'.x:—h_.(51+ 51$2+52)

m

Pemenue 3aa4 (1o rOTOBBIM YepTEKaM)

1. Jlano: ABCD - npasuisHas mupamuna. AB = 3; AD = 23 (puc. 3).
Haiitu: a) Soch.; 6) AO; B) DO; r) V.

2. Hano: ABCDF - npaBunbnas nupamuaa. £FCO = 45°; FO = 2 (puc. 4).
Haiitu: a) Socu.; 0) V.

Pewenue:

1) Pacemorpum AFOC: 20 = 90°, £C = 45°, 3mHauut, £F = 45°. Cnenmoatensno, AFOC -
paBHOOeapenHbIid, OC = FO = 2.

2) AC = 20C = 4.d=AC=ADV2 (mo cBoiicTBy mmaroHamn Ksagpara, d2= 2a2).

Torna ﬁ B ﬁ

=AD*= (242 ) =8.

3) ABCD - kBagpar (mupaMuia mpaBHiIbHAS ). Socr,

i S i N l-s-2=§=5~;~.

4) 3 3 3
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(OtBet: @) 8; 6) 5-1/3.)

3. Jlano: ABCDEKEF - mpaBunbHas nupamuga. FO L (ABC), FM L AK, FO = 4, FM = 5 (puc.
5).

Haiitu: a) SocH.; 6) V.

Pemenue:

1) Paccmorpum AFOM: £0 = 90° (tak kak FO L (ABC), 3mauur, FO L OM) FO = 4, FM =
5, OM= {MF’ - FO’ (mo Teopeme Iludaropa), OM=25-16 =9 =3. OM =r (r - paguyc

AK = 2r-tg%=2-3tg£=6-‘/?§-=2\/i.

OKPY>KHOCTH, BIIUCAHHOM B NMPAaBUJIbHBIN IIECTHYTOJILHUK). 6
2) S = 6Saioic S,ox-%AK-OM=%-2J§-3=3J§. Socn. = 6343 =1843.

1 1
3) V=S H; V= 3-1&/3-4=24~/§.

(Otser: a) 18V3, 6) 24+3.)

3apnaua: Jlana TpeyrosbHas ycedeHHas nupamuza. Ee Beicota h = 10 cM, CTOPOHBI OHOTO U3 OCHOBaHUMH
paBubl @ = 27 cm, b =29 cm, ¢ = 52 cm. T[lepumeTp BTOporo ocHoBanus paBHsieTcss P2=72 cm. Haiinnte o6bem
OUpPaMHUIBL.

149



- -~ L--.-----

Js pacuera o0beMa HaM TOTpeOyeTcs IIOMIaAb OCHOBaHHUH. 3HAs JUIMHBI CTOPOH OJIHOTO TPEYroJIbHUKA, MBI
MOK€EM paccuuTaTh IJIOMAAb 1Mo Gpopmyie ['epoHa. [lns storo norpeGyeTcs 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, 9TO MMpaMu/ia yCeUeHHas, AeTaeM BBIBOA, YTO TPEYTOIbHUKH, JISKAIIE B OCHOBAaHUAX ITOJOOHBI.
KoaddurmenT mo1o6ust 3TUX TPEyroJIbHUKOB MOXHO HAMTH U3 COOTHOIICHHUS TepUMETpoB. OTHOIIEHUE
TUIOMIAJICH TPEYTrOJILHUKOB OyIET paBHO KBaJIpaTy 3TOro KO3 QuimeHTa:

2

S Py w8t

S, op7 ot
18

, !

S 0=

. 4Ax270 2

S, = — =120em

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: AlA2A3A4 -pomb6, SA1A2A3A4 -mumpammma, AlA4 = 4q,4SBO =
B, OB L A3A4, 2A2A10 = a (puc. 6).
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Haiitu; V - ?

Pemenue:

|-
: = :OB= ina = —asin2a,
1) Pacemorpy 3044 : OAy=acosa,  BOA:B: OB = acosasina = 3

2) ASOB: SO= -;-asin 2atgp.

3) Soen.= 4San0m, =4--;-a-08=20-§asin2a = o&sin2d
1 F g B £ s
4) Vmg:;Sw,.-SO, Voup, = 3 sm2u-Easto.th=ga sin® 2atgf

© %a’ sin? 2autgP.
TBET:

IIpakTnyeckoe 3ansitue Ne 71

Tema: O06beM UIHHIIPA
Henwb: HayunTs pemaTh 3a1a9u Ha BEIYUCICHUE 00beMa IMITHHIpa

TeopeTtnueckuii 6110k

[{unuHIp 3TO reOMETPUIECKOE TEJI0, KOTOPOe CPOPMHUPOBAHO BpaIllECHHUEM MPSIMOYTOJIbHUKA Ha
OCH, COBIAIAIONICH C OHUM U3 ero cTOPOH. CIIOBO «IIMJIMH/IPY MPOUCXOIUT OT TPEUECKOTO
cioBa «kylindrosy.

Brruncnenue oobeMa MUIMHAPA TPOU3BOAUTCS TIO Cienyromei Gpopmyse:
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V=mnr%h

V — o0beM numuHIpa
h — BeICOTA IIMIIMHIpA
I — paanyc OCHOBaHUS
n—3.14

Kak paccunrats 00bem nuinnuapa? ITUMHU 3HAaHUSIMH HanOoJiee akTUBHO I0JIb3YIOTCS B CBOEH
paboTe KOHCTPYKTOPBI Pa3IMUHBIX MAIIUH U MEXaHU3MOB, IOTPEOUTEIHCKUX TOBAPOB, a TAKKE
apxuTekTopbl. UHXkeHepaM IpUX0AUTCs IPOU3BOAUTH pacueT o0bema IUIMHPA B TEX CIydasX,
KOT/J]a OHHM 3aHUMAIOTCS IPOEKTUPOBAHUEM 33/1aHUH, CHAOXeHHbIX KosloHHamH. [IpaBaa, B
MOCJIEAHEE BPEMS 3TH APXUTEKTYPHBIE SJIEMEHTHI B MX, TAK CKa3aTh, «KJIACCUYECKOM) BapHAHTE
(To ecTh BMecTe ¢ 6a30i M KaluTesIeM) BCTPEYAOTCsI JOCTATOYHO PEIKO, HO UX «YTIPOIIEHHBIE»
Pa3sHOBUHOCTH, COCTOSIINE U3 OJTHOTO CTBOJIA (KOTOPBIH, COOCTBEHHO IOBOPS, U MIPEJCTABISAET
co00i LIMITMH/IP) UCTIONB3YIOTCA BecbMa MIMPoKo. Hepenko ¢ KoJloHHaMH PUXOIUTCS UMETh
JIEJI0 pecTaBpaTopaM pa3iNuHbIX COOPYKEHHUH, UMEIOUINX OOJBbIIYI0 HCTOPUUECKYIO U
KYJIBTYPHYIO IEHHOCTb, IIPaB/ia, B X padoTe BbIYMCICHUE 00beMa IMIMH]IpA — AAJIEKO HE caMasi
pacrpocTpaHeHHas mpouenypa. Bripodem, eciiu peds uaeT 0 IOJTHOM BOCCTAHOBJIEHUU
YTPA4eHHBIX 110 TEM WUJIM UHBIM IPUYMHAM KOJIOHH, TO €€ TaK)K€ MPUXOAUTCS IPOU3BOJUTD.

Pacuer oObema 11IIMH/pa OCYIIECTBISAETCS TOT/a, KOra BeAETcs pa3paboTKa pa3sHOOOpa3HbIX
€MKOCTeH cooTBeTCTBYIOLIEH Gpopmbl. B KauecTBe HArISIIHOTO pUMepa TAKOBBIX MOXKHO
NPUBECTH, CKAXKEM, METUIIMHCKHE IIIPULIBI, @ TAKXKe KOJI0bI TepMocoB. ClielyeT 3aMeTUTh, YTO B

MIEPBOM CIIy4ae TaKoi mapamMeTp, Kak 00beM, UMEET OUeHb BaKHOE 3HAUEHHUE, IOCKOJIbKY OT
HEro 3aBUCUT TOYHOE KOJIMYECTBO MEIMKAMEHTOB, BBOAUMOTO MAIIMEHTY MPU WHBEKITUIX.

B TexHuKe 1UIMHAPEI pacCHpOCTPaHEHbl YPE3BBIYAITHO HIMPOKO: TOCTATOYHO CKA3aTh, YTO UX
(dbopMy UMEIOT MPAKTUUYECKH BCE BAJIbI U UX OT/EIbHbIE COCTABHbIE YACTH, UCIIOJIb3YEMBIE,
CKa)keM, B JIBUTATENSIX BHYTpeHHero cropanus. K Tomy e, pacuer oObeMa uInHIpa — OJHa U3
BOXHEHINNX 33134, KOTOPYIO IPUXOAUTCS pellaTh KOHCTPYKTOPAMH IIPH IPOEKTUPOBAHNN
COBPEMEHHBIX OCH3WHOBBIX U IM3EIbHBIX CHJIOBBIX arperaToB, Bellb OT 3TOTO IapaMeTpa
3aBUCUT MHOXKECTBO MX XapaKTEPUCTUK, U B IEPBYIO OUEPENb TaKas BayKHEMIIAsl, KAK MOLTHOCTb.
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[Toutn Bce Tumbl /IBC cHAOXarOTCSt MOPITHAMH, KOTOPBIE TAK)KE UMEIOT ITMIIHHIPHUUIECKYIO
opmy.

UpesBblyaiftHO paclpOCTPAHEHHBIMH JIETAISIMU, KOTOPBIE IPUCYTCTBYIOT B KOHCTPYKIIMM MHOTHUX
CJIOKHBIX TEXHUYECKUX YCTPOMCTB, ABISIOTCS POJMKOBbIE MOMIIUIHUKH. Kak HeTpyHO
JIOTaJIaThCA 110 CAMOMY UX Ha3BaHUIO, OAHUMU U3 OCHOBHBIX UX KOMIIOHEHTOB SIBJISIOTCS
MPOYHBIC U H3HOCOCTOWKHE METAITUICCKIE POJIUKH, UMEIONTNE IUIMHAPHIECKYIO (hopMy.
Wmenno 6naronapst Tako TeOMETPHH, 3TU JACTAIN UMEIOT JOCTATOYHO OOJIBIIYIO HECYITYIO
CIOCOOHOCTH M B OOJIBIIMHCTBE CITy4aeB CIIOCOOHBI BBIIEP>KUBATh BECbMa 3HAYUTENIbHbIC
Harpy3KH, 4eM UX IIapUKOBbIC aHAJIOTU. POIMKOBbIE MOAMIUITHUKY SBISIOTCS BHICOKOTOUYHBIMU
JETaNIMU, ¥ TIOATOMY IIPU UX pa3pabOTKe U MPOSKTUPOBAHHUH MPABUIIbHBIN pacyeT o0beMa
UIMHIpa (B JAHHOM Cllydae — pOJIMKa) UTPAeT HEMaJOBaKHYIO POJIb.

Pemenwue 3amau:
1.Haiinure 00beM MIIMHIIPA C BBICOTOM, paBHOK 3CM M IMaMETPOM OCHOBAHUS — OCM.

2.ITn0mans 0CeBOro cedeHus IUIMHApA paBHa 2 1M, momaas ocHoBanus - 181 cm? Haiinure
00beM HUJIUHIpA.

3.CBuHIOBas Tpy0a (11oTHOCTH cBuHNA 11,4 r/cM®) ¢ TONIIMHOM CTEHOK 4 MM MMeeT
BHyTpeHHul nuametp 13 mM. KakoBa macca TpyOsl, eciu ee ajuHa paBHa 25 M?

-
rl
1
B
I
1
|
|
|
[
Lo
W)

P=114r/cm®

R1=6,5MMm + 4mm = 10,5mMm = 1,05¢cMm (HapyKHBIiT)

Rz =6,5MM = 0,65¢cm

V=Vi-V,=7 - (1,05)%2500 - T - 0,652 -2500 =17007 = 5338 (cm°)
M=F -V=11,4-5338 = O6Ixkr.

4. Kakoe koianuecTBO He(pTH (B TOHHAX) BMEIACT MJIMHAPUYECKas IIUCTEpHA AuameTpa 18 M u
BEICOTOH 7 M, €CJTH TIIOTHOCTH Hedytu pasHa 0,85 T/cM3?

m =?
Vy=TR2H =m-92.7 = 5671 (M%)
m=V-P= 15131
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Jlomarnee 3ajiaHue:

1. I[I/IaI‘OHaJ'IB OCCBOI'0 CCUCHMA NWJIMHAPA COCTABJIACT C INIOCKOCTHbIO OCHOBAHUWA HUJIMHAPA

yroma 60°. Haiiaure o6bem HWJIMHJIPA , €CJIU TJIOIA/Ib OCEBOTO CEUCHHMs paBHA 16 \'@ cm®.

2. Ha cknag B MacTepcKoi 1o MOIIUBY OJCKIbI IIOCTYINI PYJIOH IPAIIOBOM TKAaHU B opme
nuwmHapa. [pu TpancnopTupoBke ObLT yTEpsSH TOBAPHBIN SAPIBIK C YKa3aHUEM JITMHBI TKaHU B

pynone. Heo6xoaumo onpeaenuTs JUIMHY TKaHH B pysioHe. [Ipon3Benn HeoOXoaumbIe
W3MEPEHHUS], ONPEACIIUIIN BbICOTY U AuameTp pyioHa: 90cm u 30cm, TonmumHa Tkanu 0,2¢cm.

IIpakTuyeckoe 3ansaTue Ne 72

Tema: O6beM koHnyca. O0beM miapa. Pemenue 3agau
Heanb: HayuuTs pemaTs 3aauu Ha BRIYHCIEHUE 00beMa KOHYca

Teopernueckuii 6110k
O0BeM KOHYyCa BRIUUCISETCS 110 hopmyIie

] 3
g En’l(’“ 1

rae R — paanyc ocHoBaHus koHyca, H -- ero Beicora

[Ilap 3T0 reomMeTprUecKoe Tell0, 00pa30BaHHOE B PE3YJIbTATE BpAIICHUS MOTYKPYyra Ha OCH

154



CBOCTO AaMCTpa.

OO0beM mapa MOXKHO BBIYHMCIUTH 110 popMye:

V=_zR®

4
3
R — paguyc mapa

V — o06bem mapa
n—3.14

Pemenwue 3amau:
1. ABuarnuonHas 6oM06a cpeHero kaauopa JaeT Ipu B3pbIBE BOPOHKY

nuaMerpoM 6 M u TiyouHoit 2 M. Kakoe kommdecTBO 3eMiIH (110 Macce) BEIOpachIBaeT ATa
6omba, eciu 1 M3 3emn 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. Cwmomny Ui MPOMBIIIEHHBIX HYX COOMPAIOT, MOABEIINBAast KOHUYECKHE BOPOHKHU K
cocHaM. CKo1bKO BOpOHOK AuameTrpoM 10cMm ¢ o6pasyromeit 13 cMm HyXHO coOpathb,
YTOOBI 3aMOJHUTH JECSITUIUTPOBOE BEIPO?

R=AC/2, R=5cm, H=V132-52=12(cm), V=1/3*3,14*5212 ~314(cm®) =0,314m°
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, MpUYEeM LHUIUHAPUYECKas 4aCTh CTOra UMeeT BhICOTY 2,2 M. [InmoTHOCTH ceHa
0,03 r/cm®. OnpeienuTh Maccy CTOTa CeHa.
Pemienue:

R=2,5m

01001 = 4m

0102 =2.2Mm

P =0,03r/cm®

m=F-V; Vy=1-252-22=13,75 m>= 13750000cm>
Vi=1/3m -2,5% 1,8 =3,75m% = 3750000 @ cm®

M =0,03 - 17500000 =0,525 T T = 1,6 T

O

4. CTakaH4MK /1151 MOPO’KEHOTO KOHUYECKON opMbl uMeeT r1yOuHy 12 cM u 1uameTp BepXHen
gactu 5 cM. Ha Hero cBepxy NOJIOKUIM J1BE JIOKKHA MOPOKEHOTO B BUJIE MOJIYILIAPUI TUAMETPOM
5 cMm. [lepenoyiHUT TU MOPOKEHOE CTAKAaHYHK, €CJIM OHO pacTaeT?

OA=12cm
BC=d=5cMm

[TepenosHUT T1 MOPOKEHOE CTAKAHIHK?

T

o | LLh

Vu=437FR3(523=125%/6 = 20
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25ml2

Vi=1/3 TR?H=1/3 ®(5/2)>12= 12 =257
OTBeT: HET.

3agaua:

Haiitu o6bem mapa paguycom 10 caHTUMETPOB.
Pewenue:

Jast Toro 4To0Bl BRIYUCIUTE 00beM mapa hopMmylia HCIOJIb3YyETCS CACAYIOIIas:
4

V= znR®
3

rae V — uckoMbit 006em mapa, © — 3,14, R — paguyc.
Takum o6pa3om, npu panguyce 10 canHTuMeTpoB 00bEM IIapa paBeH:

V= g 3,14 x 10° = 4082 KyOUYEeCKUX CAHTHMETPOB.

Pemenwue 3amau:
1. Bo ckoabpKo pa3 yBeIHUUTCS 0O0BEM IIapa, €C €ro PainyC YBEJIMUUTD B IIECTh pa3?

O0nem mrapa HaxoauTes 1Mo hopmyre:

vV * R?

[Tpu yBenuueHuu pajuyca B IMIECTh pa3 ero 00bEM OyeT:
4 4
V= E}T(_ER}E = 216 *EHRB

TakxuMm oOpa3om, 00beM IIapa yBeaInuuTcs B 216 pas.
Otger: 216

2. O6wveM omHoro mapa B 216 pa3 Goabiie o0beMa BTOpOro. Bo CKoabKo pa3 IIomaab

HOBEPXHOCTH MEPBOTO IIapa OOJIbIIe MUIOMAIN TOBEPXHOCTH BTOPOTO?
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N

dopmyna 00bpEéMa mapa:

v 4HR3
3
CDOpMyJIa IIomaau rMmoBEPXHOCTH 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

Ry
F=216
Rl 2aq -
— =4/216
R,

R,

— =6

R,

To ecTb, MBI YCTAaHOBHJIH, YTO PAJNYC MTEPBOTo OOJBIINE paauyca BToporo B 6 pa3. Eciu pamuyc
mapa YMCHLI_HI/ITB B 6 pa3, TO IJIomaab HOBerHOCTI/I mapa NU3MCHUTCA CJ'ICI[yIOIJ.[I/IM 06p330M3
ey (R )2 AR*

= 'ﬂ_’ —_ =

6 36

To ectb oHa ymeHbIIUTCS B 36 pas.

[omariHaee 3ananue:

1. Haiinute 06beM KOHYCa , 0CEBOE CEUEHUE KOTOPOTO MPEACTABIISIET CO00

PaBHOOEAPEHHBI TPSIMOYTOJBHBIN TPEYTOJIBHUK C TUTIOTEHY30M , paBHOM 6 NE CM.
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2.Haitnute 00beM KOHYca , TOJIYYEHHOTO B PE3YJIBTATE BpallleHUs BOKPYT OOJIBIIETO KaTeTa

MPSMOYTOJIBHOTO TPEYTOJIbHUKA C TUIIOTEHY30M , paBHOU 2 \"IE cm, u yriom 30°,
Tecm no meme: «Tena spawienusn»

1. Tlpwm BpamieHu# NPSIMOYTOJIHHUKA BOKPYT €0 CTOPOHBI, MTOTYYaeM:
a)KOHyC; 0) yCEUeHHBIN KOHYC, B)IIap; T) HWIKHAP.

2. Ilpu BpameHnH NpSIMOYTOJIBHOTO TPEYTOJIbHUKA BOKPYT €T0 KaTeTa, HOdydaeM:
a)yCeUeHHBIN KOHYC; O) HIMJIMHIp; B)IIap; T) KOHYC.

3. [Ilpwu BpameHu# MpsIMOYTOJIbHOMN Tpareluu BOKPYT €e OOKOBOW CTOPOHBI, ITOJTy4aeM:
a) MWIMHAP; 0) YCeUEHHBIN KOHYC; B) KOHYC; T) IIap.

4. Tlpwu BpallleHHH MOJYKPyTra BOKPYT €ro JUaMeTpa, MoJIydacM:
a)yCEUYCHHBIN KOHYC; ©) HMIMHIp; B)map; TI) KOHYC.

5. OceBbIM CEYEeHUEM LUIHHIPA SBISIETCS:

a)Kkpyr; 0) paBHOOEAPEHHBIN TPEYTONbHUK; B)TpANels; I)IPIMOYTOJbHUK.
6. OceBbIM CEYEHHEM KOHYCA SABJISETCS:

a) paBHOOGAPEHHBIN TPEYTOJIbHUK;  O) MPSIMOYTOJIbHHUK;

B)TpamneIus; T)KpYT.
7. OceBBIM CEYEHHEM YCEUEHHOTO KOHYCA SIBIISICTCS:

a) Tpamnewus; 0) MpsIMOYTOJILHUK; B) KPYT;
T') paBHOOEPEHHBIN TPEYrOJIbHUK.
8. CeueHnue mapa mioCKOCThIO €CTh:
a) paBHOOEPEHHBIN TPEYTONbHUK;  0) IPSAMOYTOJIBHUK;
B)Tpanenus; T)KpYT.

9. Hanucatb opMyny /Ui BEIYUCIEHHS 00bEMa HIUIMHPA.
10.Hanucatp popmyny aiis BblUKCIEHHUSI 00bEMa KOHYcCA.
11.Hamucatp opmymy asst BeIYHCIeHUS 00bEMA yCeUEHHOTO KOHYCA.
12. Hanucats opMyity aj1si BBIYMCIIECHUS IIJIOLIAAN Kpyra.
13.Hamucatb hopmMyiy AJisi BBIMUCICHUS JJTMHBI OKPYKHOCTH.

BBaI/IMOHpOBepKa MATEMAaTUYCCKOro JUKTaHTa.

JlonojiHUTEeIbHASA HH(POPMALIMA 0 KOHYCE H 1Iape

1. B reosoruu cymiecTByeT MOHATUE KKOHYC 8blHOCA». ITO popMa penbeda,
o0Opa3oBaHHas CKOIIEHUEM OOJIOMOYHBIX TIOPO/T (TaJIbKH, TPABHSI, I1€CKA), BBIHECEHHBIMU
TOPHBIMHU PEKaMU Ha MPEATOPHYIO PaBHUHY WJIM B 00JIee TUIOCKYIO MUPOKYIO JOJIUHY.
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2. B Guonoruu ecTh MOHATHE «KOHYC HaApacmanusy. ITO BepXylika mobdera u

KOPHSI paCTeHHI, COCTOSIIAsA U3 KJIETOK 00pa30BaTeIbHOM TKAHU.

3. «KoHnycamuy» Ha3bIBAETCA CEMEMCTBO MOPCKUX MOJLITIOCKOB MOJIKIacca
nepeaHekadepHbiX. PakoBuHa koHnveckas (2—16 cm), ssipko okpanieHHas. KoHycoB cBbIle
500 BumoB. )KUBYT B TPOTIMKAX U CYOTPOMUKAX, SIBJISTFOTCS] XUIITHUKAMU, UMEIOT SJTOBUTYIO
xKenezy. YKyC KOHYCOB O4eHb OoJie3HeH. 3BecTHBI cMepTenbHbIe citydan. PakoBUHbI
UCIIOJIB3YIOTCS KaK YKpaIIeHUs, CYBEHHUPHI.

[To craTucTrke Ha 3emiie eXeroaHo THOHET OT Pa3psAI0B MOJIHUIMA 6 UeIOBEK Ha

1000 000 >xuTerneii (darie B FOKHBIX CTPaHAX). DTOTO OBl HE CITYy4YaJIOCh, €CITU OBI BE3/Ie
OBLIT TPOMOOTBO/IBI, TaK KaK 00pa3yeTcs KoHyc 6e3omacHocTu (puc. 6). Uem Brime
TPOMOOTBOJI, TEM OOJIbIIIE 00BEM TAaKOTO KOHYca. HeKOTOpbIE JIF0I TBITAIOTCS
CHPSITaTbCA OT Pa3psA0B MO/ AEPEBOM, HO JIEPEBO HE IPOBOJIHUK, HAa HEM 3apsiJIb
HAKaruIMBalOTCA U JIEPEBO MOXKET ObITh HCTOUHUKOM HaMPSHKEHHUS.

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
ero JuaMeTpa, OCTaIIEeTrocss HEMOJBUKHBIM.

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 SIBIASIOTCS UMEHHO mapbl. C UX TOMOIIBIO NPOUCXOAUT COCTUHEHUE
CTYNHUI YIpaBJsieMbIX KoJiec U pbluaroB. 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
NOJAMUIHUKOB, TO OHU MPOU3BOJSATCS M3 METATJIMUYECKONW MPOBOJOKHU MPU MOMOIIHU
CIIOKHOTO TEXHOJOTHYECKOTO Mpolecca, BKJIoUanero B ce0s craauu GOpMOBKH,
3aKaJIKH, Tpy0o# muin$OBKH, YUCTOBOW MPUTHPKHU U ounucTKU. KcTtatu roBops, Te
HIapUKHU, KOTOPbIE BXOJAT B KOHCTPYKIHUIO BCEX IIaPUKOBBIX PyUeK,
M3TOTaBJINUBAIOTCS O TOYHO TAKOW K€ TEXHOJOTHH.
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JIocTaTOYHO YacTO IIaphl HCIOJIB3YIOTCSA U B apXUTEKType, MPUUYEM TaM OHH dalle
BCEro SBJISIOTCS ACKOPATUBHBIMHU 3JIEMEHTAMH 3IaHUIM M IPYTUX COOpYyKeHHil. 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
co0oil TouHyto chepy Aasd TOro, 4TOOBl 00ecneunBagoCh MIABHOE 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 TOYUHOCTHU Pa3sMCpPoOB, 4 5CTCTUYHOCTH
H3I[e.]lPII>i. Texnonorunueckui nponecce nmpu 3ToM NpakKTH4YCCKHU IMOJHOCTBIO
ABTOMATU3HUPOBAH U BPYUYHYIO CJIOYHBIC IIAPbl TOJIBKO YIIAKOBBIBAKOTCH.

IIpakTnyeckoe 3ansaTue Ne 73

Tema: KontposbHas pabota
Heasn: IIpokoHTpOIMPOBATH YPOBEHb YCBOEHUS IAHHOUW TEMBI.

1 BapuaHT

1. Pa3sBepTka OOKOBOI MOBEPXHOCTU IWJIMHIApA SIBISIETCS KBaapaTOM, JMAroHalb KOTOPOTO
paBHa 10 cm. Haiiaure miomaas 60KkoBOM MOBEPXHOCTH IHIMHAPA U 00BEM
2. TImockocTh, MapaiielibHas OCH IWJIMHJIPA, OTCEKAET OT OKPYKHOCTH OCHOBaHUS Jyry B 120°.

Bricora mmnmHAgpa paBHa 5 cM, paauyc UWJIMHApPA 2 J§ cM. Haimure miomans ceyeHHUsd U
o0beM
3. OceBoe cedyeHHe HMUIMHIAPA — KBAAPAT, IUIOMIA]b OCHOBAHHS LMIMHIApA paBHA 167 cMm?.
HaiinuTe niomane NOBEpXHOCTH IUIMHIPA, 00bEM
4. BricoTa KoHYyca paBHa 6 cM, yroJ IpHu BepLIMHE 0ceBOro ceueHus pasex 120°. Haiinure:

a) IUIOIIA/Ib CEYEHUsI KOHYCa MJIOCKOCThIO, MPOXOASIIEH uepes Be 00pa3yolue, yroj MexIy
KoTopsIMH 30°;

0) ruromaab 60KOBOM MOBEPXHOCTH KOHYCA.

B) 00bEM
5. lnametp mapa paBeH 2m. Uepe3 KOHel AuMaMeTpa MPOBEAEHA IUIOCKOCTh MOJ yrioMm 45° k
Hemy. Haliaure muinHy nuHum nepecedenus chepbl 3TON IIIOCKOCTbIO.

2 BapuaHT
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1. PasBepTka OOKOBOW TMOBEPXHOCTH IMJIMHApPA SIBISETCS MPSIMOYTOJIHHUKOM, THArOHANb
KOTOpOro paBHa 8 cM, a yroin wmexay auaroHamsmu 30°. Haiinure miomaas OOKOBOM
MOBEPXHOCTHU IMIMHIPA, 00bEM
2. CeueHue UWIMHJPA IUIOCKOCTHIO, MApaUIeTbHOM ero ocH, ecTh kBaapaT. CekyIas MiI0CKOCTh
OTCEKAaeT OT OKPYXHOCTU OCHOBaHUS nyry B 90°. Panguyc ocHoBaHMs LUJIMHIpa paBeH 4 cM.
Haiigute momans ceyeHus, 00beM
3. OceBoe cedeHue IMWIMHIpPA — KBajpar, AWAroHainb Kotoporo 4 cm. Haiinmure miomanb
MOBEPXHOCTH IMIIUHIPA, 00BEM
4. Pamuyc oCHOBaHMS KOHyCa paBeH 6 cM, a 00pasyrolias HaKJIOHEHA K MIOCKOCTH OCHOBAHUS
nox yriom 30°. Halinure:

a) IUIOMIAh CEUYEHUS KOHYCA TUIOCKOCTHIO, IPOXOSIIEH depe3 1Be 00pa3yroIIne, yroil MeXI1y
KoTopbiMu 60°;

0) momia b OOKOBOM MOBEPXHOCTH KOHYCA.

B) 00BbeM
5. luametp mapa paBen 4m. Uepes KoHeEIl [uaMeTpa MpOBEAeHa MIOCKOCTh 1o yriaom 30° k
Hemy. Haliaure momanps cedeHus mapa 3Tol IIOCKOCThIO.

IIpakTyeckoe 3ansaTue Ne 74
Tema: [lelicTBus ¢ BEKTOpaMu, 3aJaHHBIMH KOOPAMHATAMU
Heab: O600UTH U CUCTEMATU3UPOBATH MaTEpUaIl 11O JAHHOW TeMe

Teopetnueckuii 6110k

CDOpMyJ'IBI ACJICHHA OTPE3Ka B JAHHOM OTHOUICHWH Ha IJIOCKOCTHU

Eciu u3BeCTHBI IBE€ TOYKHU INIOCKOCTH Alx g Fa). Blx5 7 5) TO KOOPJAMHATHI TOYKH M(Xpq0 Pae)
b 1

Abd
KOTOpas AenuT otpe3ok A5 p orHomenun — FM | pripaxaroTcs Gpopmynamu:
X Xyt Axg Vet Ay
ST e P
[Tpumep 1

Haiitu KoopAMHATHI TOUKU M | nensueit 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>1 CTPOUTH YEPTEXKA, HO €ro BCEraa 1moJI€3HO BEIIIOJIHUTE HAa YCPHOBHUKE!

AM 1

JeiicTBuTensHO, cooTHomenne S 3 ppimonusercs, To ecth otpesok AM B Tpu paza 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 ', nensmyro orpesox £L B orHomennn 43,

[Tpumep 3

Touxa £ npunamnexur orpesky £47 . UspectHo, uto otpesok L% B 1Ba pasa nuHHEe

Dz 4), P[E, 2] |

orpeska I Haiitu Touky 7, ecnin

Pemenne: 13 ycioBus cIeayer, 4To Touka & pemut orpesok &4 B ornomennn <1, cunras ot

DP
A==tz

BEpIIMHBI £, TO eCTh, CTIPaBeUTHBA TIPOMOPIIHS: AP Tlo ¢popmynam meneHus oTpe3ka B
JAHHOM OTHOILICHHUU:

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 B 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 MONWAETE OTIUYHBIM OT o0pasia
myTéM, TO 3TO HE Oy1eT OMMOKOM, ITaBHOE, YTOOBI COBIAJIM OTBETHI.

DopMyIbl eNIeHUs OTpe3Ka B JAHHOM OTHOLICHHH B IIPOCTPAHCTBE

I[J'IH IIPOCTPAHCTBCHHBIX OTPE3KOB BCcE 6yz[eT TOYHO TakK K€, TOJIBKO I[O6aBI/ITCSI e ogHa
KOOpAuHara.

Ecnu u3BecTHBI ABE TOYKU MPOCTPAHCTBA AX g ¥ 4320 55 P 25) , TO KOOpAUHATHI

Add
. . dg=_"
touxn M FaeFae:Zae) | xoropas memar otpesox A Boromennn  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 koopauHAaThl TOUKH M , IpUHAJIeKAIIEeH

orpesky AF | ecnu usBectro, uro AM 1 BM =42
Pemenne:

ITo hbopmynam KOOpAMHAT cepeTUHBI OTPE3Ka:

L _+22_2 . e S O D1
My 3 1+2 3T Mg

4
3

[Tpumep 6

B(-52.3), (4, 2,

I[aHBI TOYKH - 53' . Haiitn KOOpAWHATBI TOYKH 4 , €CJIM U3BCCTHO, YTO OHA

ACJIUT OTPEC30K B B OTHOILICHHUH a1 .

DopMyIbl KOOPIUHAT CEPEeIUHbI OTPE3Ka
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A | yacme M | vacme B
a s ®

Y Vi, = Yat¥e

X
A 2 M 3

I[J'ISI IIPOCTPAHCTBCHHOI'O ClIy4das CIIpaBCAJIMBA OYCBHUIHAA aHAJIOI'UA. Ecmmn JaHbl KOHIIbI

0Tpe31<a‘4(xﬂ=f 450 By ¥pag) , TO KOOpJIMHATHI ero cepeannbl M BripaxaroTcs popMynamu:

_tat s ¥ _Yat¥s o _ZatZs

X
M 2 A 2 M 2

IIpumep 7

apamnenorpamm A5 3anan koopaunaTamu cBomx

A(-4,0), B(4,4), (7, 2), D(-

BEPIINH L-2) . Haititu TouKy nepeceyeHust ero quaroHaien.

Pemenmue:

ITo HU3BCCTHOMY CBOﬁCTBy, JUuaroHaliv mapajuicjiorpamma CBOCH TOYKOI

MNEepECCUCHUA D(IG, ‘PG} ACJIATCA TIOII0JIaM, ITO9TOMY 3a/lavy MOKHO PCIINUThL ABYMSI croco0aMH.

Cnoco0 nepBbIii: PaccMOTpUM IPOTHBOIIOIOKHBIE BEPIIMHEI A-40), €7 2) . ITo popmynam
JIeJIEHUs OTPe3Ka I0I0JIaM 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 NPOTHUBOIOJIOKHBIE BEPILIHMHBI =2 o bopmynam

JleJIeHus OTpe3Ka MoMoaaM HailiéM cepeuHy auaroHam 547

¢
TakuMm oOpazom: 2

3]
OT1BerT: 2
[Ipumep 8

5 1 1
(ildz) ;
Jlanbl TOUKH 3 4 2 . Haiitu cepenuny £ orpeska ¢,

ITpumep 9
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Touka ¥ nemur orpesox A momomam. Haiirtu Touxy &, ecrin u3BecTHEI

rouxy A 03 MG -41)

Pemenne: Vicrionszyem (popMyiibl KOOpAUHAT CEPEIUHBI OTPE3Ka:
g+ X ¥yu+ ¥ Z4+E
=Tt _Yat Ve _Zat iy
g =—— Yu=—— > =
2 2 2
Ham HensBeCcTHBI KOOPIUHATHI *2:¥2:25 11 cHOBa MOXHO BBHIBECTH o011yI0 GOpMYITy ISl UX
HaXO0XJIEHUs, HO ropa3Jio Jerye cpa3y MOACTaBUTh YUCIIA. TONBKO MPONOPLUAMH 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 NpOU3BEACHUE JIBYX BEKTOPOB
Heab: HayuuTps BEIUUCIATH CKAIAPHOE MTPOU3BEICHUE ABYX BEKTOPOB

TeopeTtnueckuii 6110k
Onpeneaenne: CKanspHbIM IPOU3BELCHNUEM IBYX BEKTOpOB 2 1 £ HaspiBaercs wmcio,
paBHOE NMPOU3BEJICHHUIO JUIMH 3TUX BEKTOPOB Ha KOCUHYC yIJIa MEXy HUMH:
T b= |c7||§| cos (@ B)

OGo3HaueHNe: CKAISPHOE IPOM3BeIeHIe 0603HaYaeTcs yepes & & pm

IIpumep 1
. Fl=2. Fl=5 z@mn=Z
HaiiTu ckanspHoe rnpousBeeHrne BEKTOPOB ¥ U b , €CII1 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 ©¢ | eciu , @ YTOJI M€Ky BEKTOpaMHU paBeH 135%,

VYroa Mexy BEKTOpaMH U 3HaU€HUE CKAISIPHOTO MPOU3BEICHUS
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B IIpumepe | ckanspHOe Ipou3BeIEHNE OTYyYHIOCH TOJIOKUTENBHBIM, a B [Tpumepe 2 —
OTpULATEIbHBIM. BBISICHUM, OT 4ero 3aBUCHUT 3HAK CKAJIIPHOrO Npou3BeAcHus. CMOTpUM Ha

T b= |cT| |E| cos (@ B

|§|::-D,|E|::-D

Haiy Gopmyny: . JINMHBI HEHYJIEBBIX BEKTOPOB BCEIrAA

MOJIOKUTEIIBHBIL:
KOCHHYCA.

, [IOOTOMY 3HAK MOJKXCT 3aBUCCTHb TOJIbBKO OT 3HAYCHU S

< Sl b <
yFOJ’I MCXKAY BCKTOPAaMHU MOKCT UBMCHATLHCA B npez[enax EI _i(ﬂ' ’ b :I =

BO3MOJKHBI CJICAYIOIINUC CIIyUaun:

, H IIpU 9TOM

e T
0«20, b)) < —
1) Eciin yroJ Mexay BEKTOpaMU OCTPBIN: 2 (ot 0 10 90 rpaaycoB),

cos (@ B ) =0 . Fh .
TO .5) , 1 CKAJIIPHOE MPOou3BeleHue OyIeT MO0JI0KUTEeNbHbIM: Zb =0 Ocobbuit
CIIy4aii: €CJI BEKTOPBI COHANPAgieHbl, TO Yol MEKy HUMU CUUTACTCS

L@ E)=0

HYJICBBIM , 1 CKAJLIPHOC ITPOU3BCACHNEC TAKIKC 6y,I[eT ITOJIOKUTCIIbHBIM.

7.5 =la B
Mockomsky £250 =1, 10 hopmyna ynpomacres: d H

R es@By e
2) Ecnu yroJ Mexy BeKTopaMu TYHOIA: (ot 90 mo 180 rpamycon),

cos i@ b)) <0 . Th
TO Z.&) , 1, COOTBETCTBEHHO, CKAJISIPHOE NIPOU3BEJAeHNE OTPUIIATEILHO: b <0
Oco0blii ciydaii: eciii BEKTOPbI HaAnpasieHvl NPOMuU8ONOL0NCHO, TO YIol MEKIAY HUMH

L@ B=n

CUUTACTCS PA36EPHYMbIM. (180 rpagycoB). CkansipHoe IPOU3BEACHUE TOXE

OTpHIIATEIBHO, TAaK Kak “@87 = -1

CrpaBe/UIUBBI U OOpaTHBIE YTBEPKICHUS:

1) Ecnu Zb >0 1o YTOJ MEXIY JaHHBIMH BEKTOpaMu OCTphIil. Kak BapuaHT, BEKTOPBI
COHAIIPABJICHBI.

2) Econ @2 <0 10 yrom Mex 1y JaHHBIME BEKTOpaMH TYIOif. Kak BapuaHT, BEKTOPHI
HaIpaBJIEHbI IPOTHUBOIOJIOKHO.

Ho oco0bl1it nHTEpec npencTaBiseT TPeTUi ciryyait:

I

SlE b= —

3) Ecnu yroa mexnay BeKTOpaMu MPAMON: 2 (90 rpamycos),
T
cos—=10 L
TO 2 ¥ cKaIspHOe npom3Benenne pasno nymo: 22 =0 O6parnoe Toxe BepHO:
L s hy=2

ecn &2 =0 1o 2 . KOMITaKTHO yTBep:KIeHHE (hopMyHpyercs Tak: CKaspHoe

NMPOU3BECIACHHUE IBYX BEKTOPOB PABHO HYJII0O TOIrAAa U TOJBKO TOrAa, Korjaa 1aHHbIC

BEKTOPHI OPTOroHaIbHBI. KopoTkas Matemarnueckas 3anucp: 22 =0 L&

A uro Oyzer, eciii BeKTOp ¢ yMHOXUTB Ha camoro ceds? [IoHsTHO, 4TO BEKTOp
COHAIpABJIEH caM ¢ COOOH, MO3TOMY IOJIb3yeMCs BhIIIEyKa3aHHOH YIPOIIEHHON (pOpMYIIOi:

22 = B[]

Nnn:
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— — 1
Yucno #¢ HaspBaeTCs CKAJNAPHBIM KBaAPaTOM BeKTOpa ¢ , 1 0003Ha4aTCs Kak < .

Taxum oOpa3om, ckaJsIpHbIA KBAApaT BeKTOpa ¥ paBeH KBAAPATY AJHHBI JAHHOIO
BeKTOpa:

_ ]
z* =]

s JaHHOI'O paBC€HCTBAa MOXHO ITOJTYYUTH (bOpMy.]'[y JJIA BBIYUCIICHUS JJIMHBI BEKTOPA:
— —2
|=a

J,b,F
J171s1 IPpOM3BOJIBHBIX BEKTOPOB ~ *~ *~ W JH00O0TO YKCIa A CIIpaBEJIUBBI CIACAYIOIINE
CBOIiCTBA:

1) @& =52 _ yepemecturenbHbIA 1K KOMMYTATUBHBII 3aKOH CKAISIPHOTO MPOU3BEACHHUS.

2) @+o)e=ar+bs _ pacnpeenuTeNbHbINA WK AUCTPUOYTHBHBIN 3aKOH CKAJIIPHOTO

IIPOU3BCACHUS.

3) (43) & = alak) _ coueTaTeNbHbII UK acCCOMATHBHBIN 3aKOH CKAJIIPHOTO
npousBeneHrs. KOHCTaHTy MOYKHO BBIHECTH U3 CKAJISIPHOTO MPOU3BEICHUS.

[Ipumep 3

HaiiTi CKaIspHOE [IPOU3BELCHHE BEKTOPOB & = 2% +& yd =3-F  ecnu u3sectno,
=42, [F|=8 <@5 =‘§

4TO :

Pemenue:

Fod=t

(—2@+b) (@—b)="
=-2&-Z+k a+2a-b-b b=
=-2a'+a-b+2z b b=

=—23°+33h -5 ="
= ~2f +3- | B| cos 2@, 5) - ] =
= 2. (427" +3-4u'r§-8-cosi—r—82 :—64+96J§-§—64:—32

(1) TTofcTaBIseM BBIPKEHHS BEKTOPOB © * d .
(2) PackpbiBaeM CKOOKH MO IIPABHITY YMHOKEHUSI MHOTOUYJIEHOB

(3) B mepBOM 1 mociieTHEM ClTaraéMOM KOMITAKTHO 3aIMChIBAEM CKAJIIPHBIE KBAaIPaThI

- a=a, b bk=b"

BCKTOPOB: ? . Bo BTOPOM CJIara€MoM HCII0JIb3YEM NEPECTAHOBOYHOCTD

CKaJIPHOTO Tpon3BeseHus: ¥ & =& &

(4) TpuBomiM nosioGHbie craraemere; & & +2d -5 =37
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—a 2

=z o
(5) B IIEPBOM CJIara€MoOM HCII0JIb3YyECM (bOpMYHy CKaJIApHOT'O KBaJgpaTa | | , 0 KOTOpOou
HC TaK JaBHO YIIOMHWHAJIOCh. B IIocjaeaHEM clilara€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 BEIYMCIICHUS.

Orser: 7d =—32

OTtpunarenbHOE 3HAYCHHE CKAAPHOTO MPOU3BEICHUS KOHCTATUPYET TOT (PaKT, YTO yrod

MCXKAY BCKTOpaMHn < d SABJISICTCS TYIIBIM.

Pewmrenne ynpaxHeHwmii:
IIpumep 4

HaiiTi cKaIspHOe Ipou3BeneHue BekTopos & =—Z + 28 y d == +& | ecny usectHo,
T

Z|=4. [B]=245, i(a;f?):g
TO .

q

[Ipumep 5

o z|=3 Fl=2 z@B=Z
Haiitu winny Bektopa © =~ t 38 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 & | ecom 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

MEXJLy BeKTOpamu & = ~2& +3b d=4a-3b

3asiaHue 1a)ke HE CTOJIBKO CI0KHOE, CKOJIBKO MHOTOX0/10BOE.
Paz6epém anroput™ perieHus:

1) o ycnoBuro TpebyeTcs HaiiTH yroa MexK1y BEKTOpaMu © u d , IOATOMY HY>KHO
~.  &d
cos AT, d )= —
ERE
UCIOJIb30BaTh (hOpMyIly .

2) Haxoaum ckansipHO€ MPOU3BEICHHE &d (cm. ITpumepnr NeNe3 4).

3) Haxomum JuMHy BeKTopa & U JUIMHY BEKTOpa d (cm. ITpumepnr NeNe5,6).

4) KonuoBka pemtenus coBnaaaet ¢ [Ipumepom Ne7 — HaM U3BECTHO YHUCIIO , @ 3HAYUT,

LT d) = arceos [%]

Kpatkoe penienne u oTBET B KOHIIE YPOKa.

JIETKO HAaWTH U caM yroJi:

Bropoii pa3nen ypoka MocBsIIeH TOMY ke cKallipHOMY npou3BeaeHuto. Koopaunatel. byaer
Jla)ke MPOLIE, YEM B IIEPBOM YacTH.

[Tpumep &

Haiitn ckansipHOe npousBeeHuEe 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 TPUHOPOBUTHCA CHUTATH YCTHO.

[Ipumep 10
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JlaHbl YeThIpE TOYKHU MPOCTPAHCTBA A4 -3 -2, 8(2-2-3), C-& -5 D, DA -3 -1
BoisicHUTh OyIyT JIM MIEPIICHIUKYIISIPHBIMHA CIIEAYIOIINE MPsAMbIE:
a) AEB, DT,

6) AC, 5D

[Ipumep 11
ais A, -2, 5(2—,}1;

[IpH KAKOM 3HAYCHUH “ BEKTOPBI -L3) OyIyT OpTOTrOHAIBHBI?

Pemenne: 110 ycloBHio TpeOyeTcs HAliTH TAKOe 3HAYCHHUE ApaMeTpa “ , 4TOGHI JaHHbIC
BEKTOPBI OBUIH OpPTOTOHANIBHEI. /[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 npocreiiniee TMHEHHOE ypaBHEHHE:
-41=4

A=-1

Otser: npu A=-1

[Ipumep 12

I1pH KAaKOM 3HAYCHHH + CKaTsIPHOE IPOU3BEICHNE BEKTOPOB Z(2 A),5(2-3) Oyzer paBHO

—2?
HaiiTi cKanspHOE IPOM3BEICHNE BEKTOPOB - 1 4C T¢ ecm © (0.-32).4(-41.0)
OTO0 mpUMep I CaMOCTOSITENILHOTO PELIEHHUs. 31€Ch MOXKHO HCII0JIb30BaTh

aCCOLIMAaTUBHOCTb ONEPALUH, TO €CTh HE CUUTATh ¥ =30.-33=0.-513 , 4 cpasy
BBIHECTH TPOUKY 3a MPEIENIbl CKAISIPHOTO MPOU3BEACHHS U TOMHOXKHUTH Ha HEE B IMOCIIETHION0
ouepe/ib. Pemienne u oTBET B KOHIIE YpOKa.

B 3akmouenne nmaparpada mpoBOKaMOHHBINA TPUMEP Ha BBIYUCIICHUE ITTHHBI BEKTOPA:
[Ipumep 16

JlaHbl TpU BEPILIMHBI TPEYTOJILHUKA AL 0L 5(3 2. 03 -4 . Haiin £A5C (yron mpu
BepmmHe &),
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Pemenue: [1o ycrnoBuro yepTéx BHINOIHATH HE TpeOyeTCs, HO BCE-TAKU:

Haiiném BekTOpBI:
BA(-1-3,0—-2)= BA(—4, — 2
BC(5-3 —4-21=BC(2 -6

Brruucnum ckansipHOe IPOU3BEACHUE:
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

Ilpumep 17
172



B npocTpaHcTBe 3a1aH TPEYrOJIbHUK KOOPAUHATAMU CBOUX
BEPILIUH ALLD 4(50:0), 42 37) . Haiit yron mexnay cropoHamu A4, u A4

IIpakTnueckoe 3ansaTue Ne 76

Tema: KontponpsHas pabora
Heas: [IpoBepuTh ypOBEHb YCBOCHUS JAHHOM TEMBI Y YUaIHXCS

BAPUAHT 1.
1. Hassr koopauHatel Touek C(3; -2; 1), D(-1; 2; 1), M(2; -3; 3), N(-1; 1; -2). Haiiaure

KocuHyc yria mexxay Bekropamu CD u MN .

2. Tlpu kakoM 3HaueHWM (3HAYCHHSX) d BEKTOPHI 5(6 -ki k; 2) n 5(-3; 5 + 5k; -9)
HePIICHIUKYIISIPHBI?

3. Ilpm KakoM B3HAYEHWH @ BEKTOPHI AMu CD KOJUTMHEApHBI, ecniu A(-2; -1, 2), B(4;
-3, 6), C(-1,; a-1; 1), D(-4; -1, a)?

4. WsBectHO, 4TO ]gl| = 4, |§| =1, 4(5,5) = 60°. maiiguTe coS ¢, rue « - YroJl MEXIy
BEKTOpPaMH a+awma.

5. Haiinute amunHy BekTopa 5+§l—ﬁ, eciu |gl| =1, |§| =2, |ﬁ| =3, 4(5, é) =90°, 4(5, r:1) =
120°, /(&,f) = 60°.

6. B xybe ABCDA1B1C1D:1 Touka M nexwur Ha pedpe AA1, npudem AM : AM1 =3 : 1, a Touka

N — cepenuna pebpa BC. Beruucnute kocunyc yria mexxay npsmeimu - a) MN u DDy, 6) MN
u A1C.

BAPUAHT 2.
1. Jauwl koopauHatel Touek A(I; -1; -4), D(2; -3; 1), C(-1; 2; 5), B(-3; -1; 0). Haiimure

KOoCHHYC yria Mexay Bektopamu CD u AA

2. Tlpu kakom 3Hauenun (3HayeHusx) M Bektopel a(4; m - 1; m) u a(-2; 4; 3 - m)
TIEPIIEH UK YIIAPHBI?

3. Ilpu KakOoM 3Ha4YeHMH a  BEKTOPHI MN u CD xonnmuneapnsl, ecmu - M(1;
-2;a), B(-l;a+3;-1), C(-3;2;4),D(1; -4; 2)?

4. WsBectHO, yTOo [M| = 2, |n| =3, L(ﬁ,ﬁ) = 120°. Haiiourte coS «, rme A - YTOJl MEXIY

BekTopamMu M+N u M,
5. Haitaure mmny Bektopa a—a—f, ecim |a| = 2, |&| = 3, |fi] =4, £(a,8) = 60°, £(a,A) =
120°, /(&,f) = 90°.

6. B mpsmoyromsroMm mapamtenenunene ABCDA1B1CiD1 AB = BC = % AA1. Berancnure

KocuHyC yrina Mexny npsimeiva - a) BD u CD1;  6) AC u ACh.

BAPUAHT 3.
1. Jansr koopauHatel Touek A(1; -1; -4), D(2; -3, 1), C(-1; 2; 5), B(-3; -1; 0). Haiinure

—_—

KOCHHYC yria Mexay Bektopamu CD u AA .

2. Tlpu xakom 3HadeHuu (3HaueHusx) M Bektopel a(4; m - 1; m) u &a(-2; 4; 3 - m)
MEePIECHANKYISPHBI?
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3. Ilpm kakoM 3HAYEHUU a  BEKTOPHI MN wu CD xomnuneapusl, ecin - M(1;
-2;a), B(-1;a+3;-1), C-3; 2;4),D(1; -4; 2)?

4. U3BecTHO, YTO |E| =2, |ﬁ| =3, L(ﬁﬁ) = 120°. maiimuTe COS @, Iie O - YroJd MEXIy
BEKTOpaMHu m+num.

5. Haiigure mmHy BeKTOpa 5—5—6, eciu |gl| =2, |§1| =3, |ﬁ| =4, 4(5, é) = 60°, 4(5, r:1) =
120°, /(&,7) = 90°.

6. B npsamoyroiasHom mapamtenenunene ABCDA1B1CiD1 AB = BC = % AA1. Beraucnure

KocuHYyC yria Mmexay npsimeiva - @) BD u CD1;  6) AC u ACh.

Kpurepuu onennBanus
O1ieHKa «OTJIMYHO» BBICTABIISACTCS CTYICHTY
3a 100% mpaBUIBHBIX OTBETOB;
O1eHKa «XOpOILIO» BBICTABIIAETCS CTYICHTY
3a 75 - 99% nmpaBUIIBHBIX OTBETOB;
OrneHKa «yJI0BJIETBOPUTEIILHO» BBICTABIISIETCS CTYIACHTY
3a 50 - 75% npaBUIIBHBIX OTBETOB;
OreHKa «HEYIOBIETBOPUTEIILHO» BBICTABIIACTCS CTYACHTY

3a meHee 50% mpaBWIBHBIX OTBETOB.

Jlureparypa:

OcHoBHas1 JIMTepaTypa:

1. AnnaroB, A. B. Marematuka [DnexkTpoHHbI pecype] : yueOHoe mocodue s CIIO / A. B.
AnmaroB. — 2-¢ u3/1. — DJEKTPOH. TeKCTOBBIE naHHble. — CapartoB : [IpodobpazoBanne, Aii
[Tu Op Menaua, 2019. — 162 c. — 978-5-4486-0403-4, 978-5-4488-0215-7. — Pexum goctyma:
http://www.iprbookshop.ru/80328.html

2.T'opromkun, A. II. Maremaruka [DnekTpoHHBIH pecypc] : ydeOHoe mocobue / A. I
lNopromkus ; mox pen. M. U. BonnHvapa. — DJIEKTpOH. TEKCTOBBIE HaHHbIE. — CapaToB : Al
[lu DOp Memma, 2019. — 824 c. — 978-5-4486-0735-6. — Pexum pocryma:
http://www.iprbookshop.ru/83654.html

3.KouetkoBa, . A. Martematuka. [Ipaktukym [DnekTpoHHBIN pecypc] : yueOHoe mocodue / .
A. Kouetkosa, XK. 1. Tumomiko, C. JI. Cene3eHb. — DJIEKTPOH. TEKCTOBBIE JaHHbIE. — MUHCK :
PecnyOnukanckuit MHCTUTYT npodeccuoHanbHoro obpaszoBanus (PUIIO), 2018. — 505 ¢. —
978-985-503-773-7. — Pexxum pocryma: http://www.iprbookshop.ru/84874.html
JloToTHUTEIbHAS JIATEpaTypa:

1.CoBeptkoB, I1.1. CnpaBoyHHMK MO 3JIeMEHTapHOM MaTemaTuke : ydeOHoe mocobue / I1.U.
CoBepTkoB. — 2-e¢ u3n., crep. — Cankr-IlerepOypr : Jlans, 2019. — 404 c. — ISBN 978-5-
8114-4132-7. — TekcT : 3NMEeKTPOHHBIN // DIIeKTPOHHO-OMOIHOTeUHas cucTeMa «JIauby : [caiT].
— URL.: https://e.lanbook.com/book/115529.— Pexwum fgocTyna: jist aBTOPHU3. TOIb30BATEIICH.
2. Anekcees, I'. B. Briciras matemaTtuka. Teopust 1 mpakTuka [ DIEKTPOHHBIN pecypc] : yueOHoe
nocobue mis CIIO / T'. B. Anekcee, . Y. XonsBuH. — DJNEKTPOH. TEKCTOBBIC JaHHBIC. —
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http://www.iprbookshop.ru/83654.html

Caparos : [IpodobpazoBanue, Aii [Tu Op Menua, 2019. — 236 ¢. — 978-5-4486-0755-4, 978-5-
4488-0253-9. — Pexum mocryma: http://www.iprbookshop.ru/81274.html

3.KopobGeiinukora, . 0. Maremaruka. Teopust BepoATHOCTEH [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.html

HuTepHeT-pecypcesbl:
e Tasera «Maremaruka» u3nareiabckoro qoma «Ilepsoe
ceHTs0psivhttp://www.mat/septemba.ru
e Maremaruka B OTKPBITOM KoJuIeLke hitp://www.mathematics.ru
e (OO6pasoBaTenbHBIN MaTeMaTHYCCKHi caiiT Exponenta.mhtto://www/ exponent/ru
e Oo6uiepoccuiickuit Maremarndeckuii moprain Mati-Net/Ru http://www/mathnet/ru
e Ilopran Alhnath.ni —Bcst MaTematrka B 0JHOM MecTe.
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