—TToAmMcanT tHe63yXoBa TaTEAHa ATTERCaRAPOBHE
Jog14teH D090 28 T5:G0FRT 1EKTDOHHON NOAMNCHIO

NHbopmaums o Bnagenbue:
OVO: Websyxo (I AHIFCFEPETBO HAYKH M BBICIIEI'O OBPA3OBAHMS POCCHICKOM OEJIEPAIINN
Llomxkrocts: ﬂ”peKTO(R)Qﬂ%"ﬂ%%ﬂ@e”r“&@ﬁp‘%ﬂ%ﬁﬁggBgﬂg}i{(ﬁ?)'ﬁifﬂfgr86pasona eJ1bHOE yUpesk/ieHHe BhICIIero 00pa3oBaHus

ng:ﬁf)’;fw"c;m”g‘gpg;'fg;3 1634 EBEPO-KABKA3CKHIl ®EEPAILHbIN YHUBEPCUTET»

YHUKanbHbIA MPOrpaMMHbIA KNt Isituropexuit uHCTHTYT (Ppuinan) CKOY
d74ce93cd40e39275c3ba2f58486412alc8efioamem:k IlaTuropeckoro uneturyTa (punanan) CKOY

MeToanyecKkue yKazaHus

T10 BBIIIOJTHEHUIO IIPAKTHYECKUX padoT
o JucHuminHe «MaTteMaTukay

JUTSL CTY/ICGHTOB HAIIPABJICHHUS TIOATOTOBKH /CHIEIUALHOCTH
43.02.15 ITIOBAPCKOE 1 KOHAUTEPCKOE JEJIO

IIaruropck, 2022



Mertoanyeckue yka3aHus A MPAKTHYECKUX 3aHATUA 1O JUCHUIUIMHE
«Mamemamuka» coctaBieHbl B cooTBeTcTBUU ¢ TpeboBanusmu OI'OC CIIO.
[IpennaznaueHsl AJig CTYJAEHTOB, oOydarommuxcs mo cneruansHoct: 43.02.15
[ToBapckoe U KOHIUTEPCKOE AETIO.



Hosacnumenvnasn 3anucka

MeToan4eckue peKOMEH AU TPU3BaHbl OKa3bIBaTh IMOMOIIb CTYJACHTAM B
VW3yYCHUH OCHOBHBIX TOHSATHM, WJI€W, TEOPUA U TOJOKECHUN JTUCUUILIAHBI
«MateMaTuka», HM3y4aeMbIX B XOJie KOHKPETHOTO 3aHSTHS, CIOCOOCTBOBATh
Pa3BUTHIO MX YMEHUM, HABBIKOB W SIBIAIOTCA OJHUM H3 CHOCOOOB IMPOBEPKH
3HAHUM CTYJCHTOB.

BrinmosHeHne yyanuMucs IpakTUUYeCKUX paboT HAIMpaBJICHO Ha:
- 0000I1IeHHe, CHUCTeMaTH3alHio, YIIyOJIeHHe, 3aKperieHue IOJIyYeHHBIX
TEOPETUYECKUX 3HAHUM 110 KOHKPETHBIM TEMaM;
- (¢opMupoBaHWE yMEHUN TPUMEHATH TOJYYCHHBIC 3HAHUS Ha TMPAKTHKE U
pean3aluIo €IMHCTBA UHTEJUICKTYaJIbHON U TPAKTUYECKOMN AEATEIIbHOCTH,
- pa3BUTHE MHTCIUICKTYyaJIbHBIX YMEHMM Yy OyAylmMX  CHEUHUAIUCTOB:
AHAUTUTUYECKUX, IPOCKTUPOBOYHBIX, KOHCTPYKTHUBHBIX U JP.;
- BBIPAaOOTKY MpH PEIICHHH IIOCTaBJICHHBIX 3a/1ad TaKUX IPOQeCcCHOHATBHBIX
KayeCTB, KaK CaMOCTOSTEIbHOCTh, OTBETCTBEHHOCTb, TOYHOCTb, TBOpPYECKAS
WHUIMATHBA.

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

AJI'EBPA

YMeETh!

®  BBHINOJHATH apumeTnyeckue ACHCTBHUS HaJl YHUCIAMU, COUYETass YCTHBIE U
NUCHbMEHHBIE MPHUEMbI; HAXOAWTh MPHUOIMKCHHbIE 3HAUEHUS BEIMYUH U
NOTPEIIHOCTA BBIYUCICHUN (a0CONIOTHAS M OTHOCHUTEIIbHAsA); CPAaBHHUBATh
YUCJIOBBIE BBIPAXKECHUS;

®  HaxXOAWTh 3HAYEHUS KOPHS, CTENEeHH, Jjorapudma, TPUTOHOMETPUUYECKUX
BBIPQXEHUI Ha OCHOBE OIpEAENCHUs, HWCIOJIb3ys MpU HEOOXOAUMOCTH
MHCTPYMEHTAJIbHBIE CPEICTBA; MOJIb30BATHCS MPUOIMKEHHONM OLEHKOM IMpu
IIPAKTUYECKUX pacyeTax;

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

®  UCHOJB30BaTh MNPUOOPETEHHbIE 3HAHUS U YMEHUS B IMPAKTUYECKOU
NEATEIIBHOCTH U MIOBCEAHEBHON KU3HU:
- JUIsl TPaKkTUYECKHX pacyeToB Mo ¢opMmynaMm, BKIOYas (QOpMYyIIbI,
COJEep Kallhe CTENeHH, paauKallbl, JorapuMbl U TPUTOHOMETPUUECKUE
(GYHKIIMHM, HWCHONB3YysS NpU HEOOXOJUMOCTH CIPABOYHBIE MAaTepHalbl U
MPOCTENIINE BBIYUCIIUTEIBHBIE YCTPOMCTBA.
DyHKIUHN U TPAPUKH
YMeEThb:

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



OTIPENENSATh OCHOBHBIE CBOMCTBA YMCIIOBBIX (DYHKIIMA, WIUTIOCTPUPOBATH WX Ha
rpadukax;
CTPOUTHh TpadUKu M3yUYEHHBIX (QYHKIUH, WUIIOCTPUPOBATh MO Tpaduky
CBOMCTBA AIEMEHTAPHBIX (PYHKIIHIA;
UCTIONIb30BaTh TOHATHE (YHKIWW Ui OMHCAHHWS W aHajdn3a 3aBHCHUMOCTEH
BEJIMYWH;
UCIIONb30BaTh  MPUOOPETEHHbIE 3HAHUA W YMEHHS B  IPAKTHUYECKOH
NESITEIbHOCTH Y TIOBCETHEBHOM KU3HU IS

-1 ONMHUCAHWsI € TMOMOINBI0  (QYHKUMH  pa3IWYHBIX  3aBHCHMOCTEM,
NPEJICTaBICHUS UX TpauuecKu, HHTEPIIPETaluy TpaduKoB.

Hauaja maTeMaTH4yecKoro aHajimu3a

yMeThb:

HAXOJWTh IMPOU3BOTHBIC AIIEMEHTAPHBIX (PYHKIIHIA;

UCTIOJIb30BaTh MPOU3BOIHYIO IS M3YYCHHUS CBOMCTB (YHKIIMI M TOCTPOCHUS
rpaduKoB;
IPUMEHATh TPOU3BOAHYIO I TPOBEACHUS NPHUOIMKEHHBIX BBIYUCICHUH,
pemath 3aJadd MPHUKIAJHOTO XapakTepa Ha HaXOXKIACHHWE HaumOONbIIEro U
HAaUMEHBIIIETO 3HAYCHUS;
BBIUUCIIATh B IPOCTEMIINX CIIydasX IUIOIAAM U OOBEMBI C HCHOJIb30BAaHUEM
OIPEIEICHHOIO NHTETpaa;
UCIIONB30BaTh  MPUOOPETEHHbIE 3HAHWSA W yMEHHS B  MPAKTUYECKOM
NESITEIbHOCTH Y TIOBCETHEBHOM YKU3HU IS

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

I'EOMETPUA

YMeThb:

pacro3HaBaTh Ha YepTeX)ax MW MOJCNISIX MPOCTPAHCTBEHHBIE (POPMBIL;

COOTHOCUTH TPEXMEPHBIE 0OBEKTHI C X ONMUCAHUSIMHU, U300PAKCHUSIMU;

OMUCHIBATh B3aUMHOE PACIIOJIOKEHUE MPSMBIX U TIJIOCKOCTEN B MPOCTPAHCTRE,

apeyMeHmupo8ams 80U CYHCOeHUsL 00 IMOM PACHOJIOHNCEHUU,

aHAJIM3UPOBATh B MIPOCTEUIITUX CITydasiX B3aUMHOE PACIIOJI0KEHNE 0OBEKTOB B

MIPOCTPAHCTBE;

n300pakaTb OCHOBHBIE MHOTOTPAHHUKH U KPYTJIbIe Teja; BBINOJHIThH

YEpTEKU 10 YCIOBUSIM 33]1a4;

cmpoums npocmetiuiue cedenust Kyoa, npusmul, NUpamuobl;

pemaTth IUIAHUMETPUYECKHE U MPOCTEUIINE CTEPEOMETPUUECKUE 3a7ayd Ha

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

UCIIOJIB30BaTh MPU PEIICHUU CTEPEOMETPUUYECKUX 3a/1ad TUIaHUMETPUUYECKUE

(baKThl U METOIBI;

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



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

- BBIYMCIICHUSI 00BEMOB M IIJIOUIA/Ci MOBEPXHOCTEH MPOCTPAHCTBEHHBIX TEI
Opy pEIIeHUH MPAKTUYECKHX 3a/ad, HCIONb3Yysl MpH HEoOXOIUMOCTH
CIPAaBOYHHUKH U BHIYMCIUTENIbHBIE YCTPOICTBA.

B pesynbTaTte ocBoeHUs y4eOHON AUCIIUTUTMHBI O0YJArOIITHIICS JOHKCH 3HATh:

o 3HAYEHUE MAaTeMaTU4YEeCKOW HAyKH IJisi PEHIeHUs 3aJa4d, BO3HUKAIOUIUX B
TEOPUH U MPAKTHUKE; IUPOTY U B TO K€ BPEMsI OTPAHMYEHHOCTh TPUMEHEHUS
MaTEeMaTUYECKUX METOJIOB K aHAJIN3y U MCCIEAOBAHHUIO TIPOLECCOB U SIBJICHHIM
B IIPUPO/IE U OOIIECTBE;

o 3HAUYE€HHUE MPAKTUKUA M BOMPOCOB, BOSHUKAIOIIMX B CaMOl MaTeMaTHUKe IS
dbopMHpOBaHUS W PA3BUTHS MATEeMAaTHYECKOW HAYKH; HCTOPHIO Pa3BUTHS
MOHATUSI YKCIIA, CO3JaHUSI MAaTeMaTHYECKOrO0 aHajdn3a, BO3HUKHOBEHUS H
pPa3BUTHUSI TEOMETPUH;

. YHUBEPCAIBHBIN XapaKTep 3aKOHOB JIOTUKHA MAaTEMATUYECKUX PACCYKICHHM,
UX IPUMEHUMOCTB BO BCEX 00JIACTAX YEJIOBEUECKOM 1€ATEIbHOCTH;
o BEPOSATHOCTHBIN XapaKTep Pa3iINyHbIX IIPOLIECCOB OKPYKAIOIIETO MUPA.

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

Kaxxnas mpaktrdeckasi paboTa cocTaBieHa C BEAYIIEH JUITAKTHICCKOM TICITBIO -
dbopMHUpOBaHNE TPAKTUYECKUX YMCHUH.

ConepxaHue  MpakTUYECKHMX  pabOT  HAIEJIeHO W Ha  pa3BUTHE
npoecCHOHANbHBIX yYMEHUN M HaBBIKOB. BbIMONHEHHE pacd€ToB, 4YepTekeH,
WHCTPYKTHUBHBIMU  MaTepuajiaMd, CIPaBOYHUKAMH, YMEHHE TI0JIb30BAThCS
COBPEMEHHBIMH  MH(GOPMAIIMOHHO-KOMMYHUKAIIMOHHBIMU TEXHOJIOTHSIMHU.
Hapsay, ¢ ¢dopmupoBaHreM YMEHHH W HAaBBIKOB, B IIPOIECCE BBIMOTHCHUS
MPaKTUYECKUX paboOT 0000IIAITCA, CUCTEMATU3UPYIOTCS, VYIIYOJSIIOTCS U
KOHKPETHU3UPYIOTCS TEOPETHUCCKUE 3HAHUS, BBIPAOATHIBACTCS CIIOCOOHOCTH U
TOTOBHOCTh HCIOJB30BaTh TEOPETHUCCKHE 3HAHUS Ha TMPAKTHKE, Pa3BHUBAIOTCS
WHTEJUICKTYalbHbIE YMEHUS.

B nmaHHBIX METOAMYECKMX YKa3aHUAX B  Hadalle KaXJAOW TEeMbl KpaTKO
U3JIaraloTCsd OCHOBHBIE TEOPETHYECKUE CBeJeHUs (ompeneneHus, GopMmyIibl),
HEOOXOAMMBIC JUISI pEIICHUS TOCICAYIOMMX 3amad. [lpuBomsTcs penieHus
TUIIOBBIX PUMEPOB | 3a1a4. JlaroTcs ynpaKHEeHHS JIJIs 3aKpeIICHUs MaTepraa.

IpakTHyeckoe 3anaTue Nel

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

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



TeopeTtnueckuii 610K

1. Croorcernue. Cymmoii apoOeit ¢ OTHUM U TEM K€ 3HaMEHATEeJIEM Ha3bIBAIOT APOOb, UMEIOIIYIO
TOT K€ 3HaMEHATellb, @ YUCIIUTEh PABEH CyMME YUCIIUTENICH JaHHBIX IpOOei, T.¢e.
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D70 omnpeieieHre MOXXKHO COPMYITUPOBATH TAKXKE B BUJE CIEIYIOLIETO MpaBuia.

YTOOBI CIIOKHTH ,Z[pO6I/I C OJHHAKOBBIMH 3HaAMCHATCIIIMH, HAJ0 CJIOXHTHh HUX YHUCIUTCIIN, a
3HaAMCHATCJIb OCTaBUTh TOT XK€.

UToOBI CIIOKHTH APOOHM C pa3HBIMH 3HAMEHATEISIMH, HAJ0 TPUBECTH HMX K HAMMEHBIIEMY
00111eMy 3HAMEHATENI0, a 3aT€M CJIOKUTh MOJIYYCHHBIC YUCIHUTENIU U TOJl CyMMOW MOAMHUCATh
00IIHIT 3HAMEHATED.
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Kopoue 3anuceiBaroT Tak:

YToOb!I CIIOKUTH CMEIIAHHbIE YHCIIA, HY)KHO OTACIIbHO HAWTH CyMMY LENBbIX U CyMMY APOOHBIX
yacTel. JIelicTBUE 3aIUChIBACTCS TaK:

4l 111 g2 21411420, 5 1432 4,7
15 45 9 45 45

2. Bwviuumanue. Berautanue 1poOei MOXHO OINpeNesuTh Kak JeWcTBUE, 0OpaTHOE CIO0KEHUIO
npoOeit. BeruecTh U3 0JJHOro ApoOHOTO YUCIIa BTOPOE ITO 3HAYUT HAUTH TPEThE YUCIO, KOTOPOE
B CyMME CO BTOPBIM JaeT nepsoe. M3 oToro onpeneneHus ciaeayer npaBuio:

Yr1o0Obl BBIYECTD leO6I/I C OJWHAKOBBIMHU 3HAMCHATCIISIMU, HYXHO BBIYCCTH YHUCIUTEIID
BBIUUTAEMOI'0 M3 YHCIUTCIA YMCHBIIAEMOI'O M OCTAaBHUTH Hpe)KHI/Iﬁ 3HaMCHATCIIb. HeﬁCTBHe
3aIIMCBIBAIOT TAaK:



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

11 5 22-15 7

12 8 24 24

Ecnu HyKHO BBIYECTh OJJHO CMEIIAHHOE YMCIIO U3 APYTOro CMEIIAHHOT0 YKCIIa, TO, €CJIH MOXKHO,
BBIYUTAIOT APOOb U3 IpO0OH, a 1eoe U3 1eoro. JleiicTBre 3anuchIBarOT Tak:

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

Ecnu ke npobp BbluMTaeMOro Ooiiblie IpoOM YMEHBIIAEMOTo, TO OepyT OJHY EAMHHMILY W3
[[EJIOr0 YHUCJIa YMEHBIIAeMOro, pa3ApoOsioT ee B HajJIeXKallue JOJIU U MPUOABIAIOT K JIpOOHU
YMEHBIIIAEMOT0, ITOCJIE YEeTO MOCTYIAI0T, KaK OMUCAHO BhIIIe. J[elicTBHE 3alUChIBAIOT TaK:

ji_1£=416—33=352—33=3E
o 12 36 36 36

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

[Ipumep. 3

3. Pacnpocmpanenue ceoticme ClodiCeHusi U eblyumanusi Ha OpodOHble uucna. Bece 3akoHBI U
CBOMCTBA CIIOKCHHS ¥ BBIYMTAHUS HATYypaIbHBIX YHCEN CIPABEIIMBBI U ISl APOOHBIX ymcen. Ux
MPUMEHEHNE BO MHOTHX CITy4asX 3HAYUTEIHHO YIPOIIAET MPOIIECC BHIYUCICHHS.

4E+13+Zi+ig+l+3l= 4E+3£ + 13+5E +
4 9 12 9% 12 4 4 4 e 8
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[Ipumep 1. 1212

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

2T+331+53 :2'?+53 +3‘311:
720 144 720 720 720 144
31 12 +31 _5 43

6
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Mpumep2. 72 144 144 144

3/1ech UCTIOIB30BAHO MPABUIIO IPUOABICHHS CYMMBI K YHCITY.
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[Ipumep 3.
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3I[€CB HUCIIOJIB30BAHBI HpaBI/IJIa BBIYUTAHHUA U3 YUCJIA paSHOCTI/I 158 CYMMBI.

4. Vmmuooicenue. YMHOXKEHHE JapoOM Ha I1[€0€ YWCIO MOXHO TOHMMATh TaK JKe, Kak |
YMHOXKEHHE 11eJIOT0 YKMCJIa Ha 1IeJI0e, T.€. KaK CII0KEHUE OJIMHAKOBBIX ciaraembix. Hanmpumep,

2 2 2 2 2 2
— 8=t -+ —+—+—
3 3 3 3 3 3
3 2
Ho JIs YMHOKCHUS Ha ,Z[pOGL TaKO€ TOJKOBAHUC HC IIOAXOJHUT. HaHpHMep, YMHOXast 7 Ha 3 )

3 2

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

[TpousBenenueM apoOell HA3BIBAIOT TaKylO JIpPOOb, YHCIUTENIb KOTOPOIl paBeH MPOU3BEICHUIO
YyUCIUTEeNed JaHHBIX JApoOel, a 3HaMeHareldb - MPOU3BEIEHUI0O UX 3HAMEHAaTENeH,

T.C. it M -1 . YTOOBI YMHOXHUTb )IpO6L Ha ,Z[p06b, HY)XXHO YMHOXHTb UYHUCIIUTCIIb Ha
YUCIUTCIIb, 4 3HAMCHATCIIb Ha 3HAMCHATCIIb U TIEPBOC NMPOU3BECACHUEC CHCIATH YUCIIUTCIICM, a

o O dl

BTOPOC - 3HAMCHATCIICM: b d bd .

[Tpy yMHOXEHUHM CleyeT J1enaTh (€CIi BO3MOXKHO) COKpALIeHHUE.

12 19 12.1% 2

Mpmvep. 19 30 19-38 3

Ecnu ydects, 4TO 11€710€ YUCIIO MPENICTaBIsAeT CO00M TpoOb CO 3HaMEHaTeNeM 1, TO YMHOXEHHUE
JIpoOU Ha LeJI0€ YKCIIO U IIeJIOT0 Yncia Ha APoOb MOKHO BBIMOIHSTH I03TOMY K€ IPaBUITY.

Mpuwepss, 12 1 12 12 2



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

Mpusep, 2 3 2 5 10

Ecnu ke mepeMHOXalT CMEINIAHHOE YHCJIO Ha 1el0e, TO MPOIIe MHOXHUTh OTIENbHO IENIYIO
4acTh U JPOOHYIO YacThb.

23-3=ﬁg=?%

[Tpumep. 3 3

6. Pacnpocmpanenue ceoticme YMHONceHUsi Ha OpodOmvie uucna. CBOWCTBA YMHOXKEHUS
HATypaJIbHBIX YHCEJ CIpaBeJIMBBI U Ais ApoOel. VX ucmosnp3oBaHHE YOpOIIAET YCTHBIE U
MUCHbMEHHBIC BHIYHCIICHHSL.

Ti-33= [T+i]-33=213+4= 214
[Tpumep 1. 15

93-8=9-8+3-8=T2+T=T9
[Tpumep 2. 3

E.[-,-i.llgjz[E.ij.qizl.qi:;&
Mpmep3. 4 \ 31 37/ \43) 31~ "31 31

[12E.43i].i=[E.i].qg,i:z.qg}i:aﬁm
ITpumep 4. 5 17} 31 5 31 17 17 17

7. llenenue opobeu. Jlns nenenust Apoder coxpaHseTcs TO K€ ONpeaeTIeHHe, YTO U JUIS AeTICHUS
LEIbIX YHCEN: 3TO - JEHCTBHUE IOCPEACTBOM KOTOPOTO MO JAHHOMY IPOM3BEACHHUIO ABYX
COMHOXXKHUTENIEH M OJHOMY U3 OTHUX COMHOXKHUTEJIEH OTBICKUBAETCS BTOPOM COMHOMXHUTENb.
Paznenuts ogHO 4YHMCIIO HA BTOpPOE - 3HAYUT HAWTH TakoOe TPEThE YUCIO, KOTOPOE MpH
YMHOXKEHHH Ha BTOPOE Ja€T MepBoe. BRIMOMHAIOT AefieHre apo0ei 1o cleayroiemMy MpaBuiy.

Uto0bl pa3penuTh ApoOb Ha JpoOb, HYXHO YHMCIUTENIb MEpPBOM JpoOM YMHOXKUTh Ha
3HaMeHaTelb BTOPOW, a 3HAMEHaTelb MEepBOM Ha YUCIUTENb BTOPOM M MEPBOE MPOU3BEACHUE

a ¢ ad

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

9 610 60 20

[To sTOMY k€ MpaBUITYy MOXKHO BBITIONHSATE JeJIEHHE TPOOH Ha 11eJ0€ YHCIIO U IEJIOT0 Ha JIPOo0H,
€CJIM TPEJICTABUTH I1€JI0€ YHUCIIO B BUJE APOOH CO 3HAMEHaTeNneM 1.
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7 1 7 1.5 1
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13 131 13.2 13

OI[HaKO B IIOCTICAHEM IIPUMEPE NPOLIEC YUCITIUTEID pa3ACIIMTh HAa L EI0€ YUCIIO:

8 &8:2 14
— =" =__
13 13 13
8. Henenue cmewannwvix yucen. YToObI BHITTOIHUTE JCTICHUE CMEIIAHHBIX YUCEI, UX
MPEBAPUTEIHLHO OOPaIIa0T B HEMPABUIIbHBIC IPOOU U 3aTEM JICIISIT 110 MPABUITY JCIICHUS
JIpOOeH.
3.1 63 21 6320

127:1 - = 22T g
Mpmep. 5 20 5 10 5-21

OIIHaKO IIpH ACJIICHUKU CMCIIaHHOI'0 YucCjia Ha LEJI0C OBIBacT YI[O6H€I7I ACJIIUTH OTACJIBHO LEIYIO
HaCTb U OTACIBHO I[pO6Hy10 JaCcTb CMCIIAHHOI'O YHuCiia.

3!‘.]'!;:5=ﬁl
7

[Ipumep.

9. 3amena Oenenus ymuodicenuem. Ecinu B kakoi-HUOY b APOOU MOMEHSITh MECTAaMH YHCIUTETh
Y 3HaMeHaTellb, OJyYUuTCsl HOBas Apo0Ob, 0OpaTHas nanHoil. Hampumep, s

8 7

Ipodu 7 oOpatHasi 1poOb OyeT G

OueBUIHO, YTO IPOU3BEIECHUE JIBYX B3aUMHO OOpaTHBIX Jpodel paBHO 1.

oo |~
I
e

=1 @@

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

YToOBbI pa3faenuTh 0HO YHUCIIO HA APYroe, HyXKHO AEIMMOE YMHOXKUTh Ha YHUCII0, 00OpaTHOE

JACIINUTECIIO.
2.5 27 11
Mpuvep1. 3 7 3 5 15
8 7 7



Mpmvep3. 7 3 7 3 716 28

4_51 41543 3

10. Ilpumepsl Ha 6ce Oeticmausi ¢ 0ObIKHOBeHHBIMU OpoOsmu. Pellienne MpuMepoB Ha BCe
JNEHCTBUS C IPOOSMU BBIIOIHSIOT C TOMOIIBIO 3aMUCH MO OTJEIbHBIM JISUCTBUSIM UITU 3aITUCH
LIEITOYKOM.

[Ipumep. BerancinTh:

3 5 15 5 1 1
A Tl SN, iy ¥l
521 2888, 2 31 16
55,10  L.p4i.3 36 35
2
PenieHnue 1o yactsim.
3.5 1 1 1
p .2 =231 5199l
5 21 5-21 7 7 7
15 5 15-84 1
2)— —=—=9; 4)5: —=10;
28 84 23-5 2
5)10+10=20;
1 64 16 1 1
6)9—:20=———=—; 11)—:3=—;
7 7-20 35 3 9
1 1 1 13
7)2:—=4; 12) —
2 4 9 3!5
8)3:1=9; 13)13: E—H—Eﬁ
3 36 13
94+9=13; 14)36-l=1;
36
1 1 16 16
10) —:2=—; 15}—+1——=1
2 4 35
Orser. 1.

ITpumMep BEIUUCIECHUS 1IEIOYKOM:




1 3 1 1 7 7
2_2)as [321f]afl 41,1 1.3
4 4 2 8§ &) 8_ 2 2 .4 5_
3 5 .1
5—*‘-1E 10 E—IE 31 —:10 —:3-
5 3 8 3 4 &
152 38 15
27,45 _7 .2, 5520 44
3_1+5_8 3 1+25 10
510 8 25 50 5
3524_10:455
7 7
Penrenue 3amau
2
1. Boga 3annmaer 3 noBepxHocTH 3emiu. [ToaToMy 3emMitio Ha3bIBAIOT «TOTY00I MIIaHETOM.

1

Kakyro yactb 3eMHOM TOBEPXHOCTHU 3aHUMaeET cyma? OTBeT: 3 cylia.
2

2. Oty 42 roja, a BO3pacT ChlHA cOCTaBisieT 7 Bo3pacta otua. Ckoabko jeT ceiny? OTBer: 12

JICT.
3

3. llpenenbHbBIN BO3pacT OeNKH 6 JIET, 4TO COCTABIIICT S MPEISIBHOI0 BO3pacTa 3aiIa.

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

4. Jlnuna cTopoHbl kBajpaTta 9 nam. Kakosa ero miomans? Oteer: 81 I[MZ.

5.Paboumnii MOKET BBITIOIHUTE IIPpOU3BOJACTBCHHOC 3a/IaHUC 3a 5 4JacoB, a €0 YYCHHUK — 34 8
13

qacCoB. KaKYIO 4acCTb pa6OTBI OHH BBIITOJHAT BMCCTEC ITOCJIC Haca pa6OTLI? OtBer: 40 4,

2 1
6. B mepBbIit yac aBTOOYC Mpomien 5 BCero MyTH, BO BTOPO 3 MYTH, a B TPETHIA — OCTATbHBIE
28 kM. Kakoe paccrosiHue mpoiienn aBTo0yc 3a Tpu yaca?

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

2)1- 15 = 15 () - Ipoules B TpeTui vac. 4
3)28: 15 =105 (kM) — 3a TpH Uaca.
Otser: 105 kM mporen aBToOyC 3a TpH yaca.

JdomaiHee 3agaHue:



5 3

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

OtBeTr: 100 xM.
9

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

OTOM 7 BCEro OSH3WHA U TIOCIIe ATOT0 B 00uKe ocTanock 99 mutpoB OeH3nHa. CKOJIBKO JIUTPOB
OcH3uHa ObLIO B OOYKE MEPBOHAYATHHO?

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

2)1— 28 = 28 (4)— 0CTAIOCH.

11
3)99: 28 =252 (;1) — ObLIO MEPBOHAYATBHO.

Oter: 252 1 Gen3uHa ObLJIO B O0UYKE EPBOHAYAIBHO.

IIpakTuyeckoe 3ansaTue Ne 2

Tema: «PelieHue TMHENHBIX YPABHEHUN U HEPABEHCTB»

Heab: OGO0UMTh U CHCTEMAaTU3UPOBATh 3HAHUS, YMEHUS YYALIUXCS MPU PEIICHUU JIMHEUHBIX
YpaBHEHUHN U HEPABEHCTB

Teopernueckuit 010k
JIunelinble ypaBHEHUS
JIMHEHbIM ypaBHEHMEM OTHOCUTEIIBHO MEPEMEHHOM X Ha3bIBACTCS ypaBHEHHUE NEPBOM
cremenn KX +2 =0 (1)
rne K um b — npousBonbHBIC BElIECTBEHHbBIE YHCIIA.

T
B ciyuae ¥ = 0 ypaBHenue (1) MMeeT eqMHCTBEHHOE PEIICHUE TIPH JTF0OOOM 3HaueHUH D :

T, — 1 ~
B ciyuae, korma ¥ = 0.8 #F 0 ypapuenue (1) perennit He uMeer.
B cnyuae, korma k=0, b =0, pemenuem ypaBuenus (1) siBisiercst 11000€ 9uCIiIo

X E(—w0; + co).
Ecin wn3HauanbHO 3aJaHO ypaBHEHHE, COJIEp)Kallee IEPEMEHHYIO B
3HaMCHATECJIC, TO MECPEa PCHICHUEM H606XO)II/IMO YKa3aTb 00J1aCcTh OnpeacICHN, UCKIIFOUUTh U3

OTBETA KOPHH, PU KOTOPHIX BBIPAKEHUE HE UMEET CMBICIIA.


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

8[x—1:l+2x:2[4—2x:|
Bx—8+2x=8-4x
Bx+eix+dx=58+5
sx+2x+dx=58+5
ldx=16

16 8
ETRE]

Ilpriser 4

S5x+15
x+d
Doz -4
Sx+15
x+4
Sx+15=4x+16

r=-1

4

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

Crmern: x=—1
Hptirep 5
Jx+15
x+3
Dox#-3
Sx+15
x+4
Sx+15=4x+12

x=-3

4

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

Crmsem . nem xopret



JIuneiinble HepaBeHCTBA

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

Ha3bIBACTCsA HCEPABCHCTBO,

kx+b =0,
kx +b=>=0,
kx +b <0,
kx+b =0,
ek ub — [POM3BOJILHBIC BEIIECTBEHHBIC YKCIIA.

Pemras J'IHHefIHBIe, Ja U HE TOJIBKO J'IPIHefIHBIe, HEpaBCHCTBA, CICAYCT IIOMHHUTH, YTO IIpHU
YMHOXCHHUU WKW AOCJICHUMW HCPABCHCTBA HaA IIOJOXKHUTCIBHOC YHCIO 3HAK HCPABCHCTBA
COXPAHACTCA, a IpU YMHOKCHHU WKW ACJIICHHMU HCPABCHCTBA HA OTPHULATCIBHOC YHUCIIO 3HAK
HCPAaBCHCTBA MCHACTCA Ha HpOTI/IBOHOJIO)KHBIfI.

B cooTBeTrcTBUMM C 3TUM pELICHHE JIMHEWHBIX HEPABEHCTB, B 3aBUCHUMOCTH OT 3HAYEHUU
ko3hunmentoB K u b, mnpexacrasneno B cnepyromeit Tabmuie 1.

Tabnuna 1. — Pemennie HepaBeHCTB NEPBOM CTENIEHU

kx+b=0 kx +b>0 Ex+b=0 kx +b <0
3HaK HEpaBEHCTBA COXPAHSAETCS
e xE—E x}—g xi—E Jl.:-:‘:—E
k k k k
k=0, b<0| & (i Xe(—o0;+o0). | XE(—0;+ ).
k=0, b=0 | XE(—-20;+ ). | & XE(—w;+ ). |2
k=0, b>0|XE(—w;+ ). | xE(—00;+ o). | & (7
3HaK HEpaBEHCTBA MEHSETCS Ha MPOTHUBOIOJIOKHBIN
<0 xi—g Jl.:-::—E xE—E .1|.:::=-—E
K K K K

CucreMbl TMHEWHBIX HEPABEHCTB

PaCCMOTpI/IM peHICHUC CUCTEM JIMHEHHBIX HEPABCHCTB HA IIPpHUMCEpax.




ITpumep 1. Pemuth cucreMy HEpaBEeHCTB

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

Pemenune. Pemmm KaXX10€ U3 HCPABECHCTB CUCTCMBI:

2x-320, 2x323, 2’
— Lo
3x+11>0, “3x > -11, 11
X <

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

Puc.1

{3 11]
xXxe| — —
OrTBerT: 23

[Ipumep 2. Peminth cucteMy HEpaBEHCTB

Sx+4<0,
-2x-7 20,

Pemenne. PemuM kaxaoe u3 HEPaBCHCTB CUCTCMBI:

4
5x+4<0, Sx<—4, X<—os

Lo—
—2x-720. -2x27,
X=——.

2

N300pa3uB Ha onHOW KoopauHaTHOW mpsMoil (Puc. 2) o0a TOUYEUHBIX MHOXECTBA,
COCTaBJIIOLIUX IOCIEAHIOK CUCTEMY, ITOJy4aeM OTBET PUMEDPA.

N300pa3uB Ha onHOM koopauHaTHOM mpsmoil (Puc. 1) obGa TouedyHBIX MHOXECTBA,
COCTaBJISIOLIUX IOCIEIHIOI0 CUCTEMY, OJIy4aeM OTBET IIPUMeEpa.



Puc.2

XE|—e0;——
OTBeT: 2

[Tpumep 3. Pemintb cucTeMy HEpaBEHCTB

6x—-7 >0,
4x+13<0.

Pemenue. PeminM Kaxioe U3 HEpaBEHCTB CUCTEMBI:

7
6x—7 >0, 6x>7, e
= =
4x+13 <0, 4x <-13, 13
X <

N300pa3uB Ha ogHOM KoopArHATHOM npsiMoit (Puc. 3) 006a ToueuHbIX MHOXKECTBA,
COCTaBJISIOLIUX IOCJIEIHIOI0 CUCTEMY, 10JIy4aeM OTBET IpUMepa

Pemmnth naHHbIe cucTeMbl HepaBeHCTB (Ne 179 —184):



179.{2.!:—-12}1* 181. {511-!-3}3,
3—x>0. 0,7 —3x < —2,6.
180. { 1—2.1"'5:—9- |82+ {2]:*3}.1"-—3.
3x 4+ 1< 13. 4x +3>8—x
183. {3«’5'1'7}9'{—2& 184. {x+4-=::?x,
54 %> 2% - 2, | —x>—2.
JlomaniHnee 3agaHue:
(2x +3) (2— 2x) > 0.
(2—m) (2x —15) (x +4) > 0.
I:}i,
[(3x-4>0, [[3x>4, x}_3.5_ 4
) Sx+6 50, S5x > =6 5 |*3
Gr-dGx+6)>0e |5, 0 x4 > e p
;.t;{_? e ——.
Sx+6 0 Sx < -6 3 5
- - §
TN =
| 5

IIpakTnyeckoe 3ansaTne Ne 3

Tema: Pemenue KBaApaTUYHBIX YPABHEHUN U CUCTEM YPAaBHEHUI

Hean: O000MUTh U CHCTEMATU3UPOBATH 3HAHUS YUAIIUXCS 110 TAHHOU TeME.

Teopernueckuii 6110k

Ornpenenenue

Keaopammnoe ypasnernue — 310 ypaBHEHHE BUIA a+bx+c= 0, roe
p yp Yp

K03 duIreHTs &, b 1 C — npou3BoJbHbIE YKca, npuueM a # 0.

HpC)K,Z[C, 4YCM HU3Yy4aTb KOHKPCTHBIC MCTOAbI PCIICHUA, 3aMCTHUM, YTO BCC KBAAPATHBLIC
YpaBHCHUA MOKHO YCIIOBHO pa3JICJIMTh Ha TpH KJlacca:

He nmerot xopHei;

VIMeroT pOBHO OJIMH KOPEHB;

HNmeroT ABa pa3JIMYHbIX KOPH:.



JAucKpuMHUHAHT
Onpenenenne

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

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

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

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

3amaua

CKOIBKO KOpHeﬁ HMCIOT KBaJAPATHBIC YPABHCHU:

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

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

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

a=5b=3;c=7,

D=32-4-5-7=9-140=—131.

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

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

KopHu kBaspaTHOTrO ypaBHEHUs



b ++D b D
MT T 7 T T e

Korna D = 0, MOXHO HCIIONIB30BaTh JHOOYIO U3 3TUX (HOPMYIT — MOTYUUTCS OJTHO U TO XKE
qHCI0, KoTopoe u Oynet orBeToMm. Hakoner, eciu D < 0, kopHelt HET — HUYEro CYUTAThH
HE HaJIo.

3amaua

Pemnte kBagpaTHbIC ypaBHEHUSA:
x> —2x—3=0;

15-2x—x*=0;

X% +12x + 36 = 0.

Pemienue

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

D > 0 = ypaBHenue umeer aBa KopHs. Haiinem nx:

24416 . 2-16
T TY 2T

BTOpOG YpPaBHCHHUC!
15-2x—x*=0=a=-1;b=-2;c=15;
D=(-2%-4-(-1)-15=64.

D > 0 = ypaBHeHMe cHOBa UMeeT /iBa KopHs. Halinem ux:

2+v64 2—v64

“TTEn T Y T

HaKOHeI_I, TpeTbe ypaBHeHI/Iei
X+ 12x+36=0=>a=1;b=12;c=36;
D=122-4-1-36=0.

D = 0 = ypaBHeHUe UMeeT OJIMH KOPeHb. MOXKHO HCIIOIB30BaTh 00y hopmyrny. Hanpumep,

HEPBYIO:

_—12+Jﬁ_
=T T

OtBeT

1) x1 = 3; X2 =-1; 2) X1 = —5; X, = 3; 3) x = 6.



Henonueie kBaspaTHbIE YpaBHEHUS

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

X° +9x=0;
x* —16 = 0.

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

Ornpenenenue

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

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

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

yYpaBHEHUE UMEET STUHCTBECHHBINA KOpeHb: X = 0.

Paccmotpum octasnbhbie ciydau. [lycts b = 0, Toria mosiy4umM HEemosHOE KBapaTHOES
2
ypaBHeHue Buja ax” + ¢ = 0. HemHoro npeoOpa3yem ero:

2 5 C [
ax“+c=0=22x"=——=2x=4 |——
a a
[TockonbKy apupMETHYECKII KBaIpaTHBIA KOPEHb CYIIECTBYET TOJIBKO U3 HEOTPUIIATEITLHOTO
YHCIIa, MOCIeHEE PABEHCTBO UMEET CMBICI HCKITIOUUTENbHO rpu (—C/a) > 0. BeiBox:

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

Ecnu xe (—c/a) < 0, kopHeit HeT.

Kak BuauTe, TMCKpUMHUHAHT HE IOTPeOOBajICsS — B HETIOJIHBIX KBAIPaTHBIX YPaBHEHUAX BOOOIIIE
HET  CIOXHBIX  BbluMcIeHMH. Hacamom  gene  gaxke  HeoOs3aTeNbHO — MOMHUTH
HepaBeHCTBO (—C/a) > 0. JlocTaTOYHO BBIPA3UTh BEJIHMYHHY X* u IIOCMOTPETh, YTO CTOUT C IPYroi
CTOPOHBI OT 3HaKa paBEHCTBA. Eciu TaMm MONOXKHUTENbHOE 4YuCIIO — KOpHeW Oyner nBa. Ecnu
OTpHUIIATEIIEHOE — KOpHEH He OyaeT BooOIIIe.

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

ax*+bx=0=x-(ax+b)=0=x,=0; x, = ——
a

HpOI/ISBe,Z[CHI/Ie paBHO HYJIIO, KOI'Ia XOTs OBl OJIMH 13 MHOXKHUTEIIEH PaBCH HYJIIO. OTCIOI[a
HaxXo4dATCsa KOpHU. B 3akmtroueHue pa36epeM HCCKOJIBKO TaKHUX ypaBHeHHﬁZ



3amaua
PemuTh KBagpaTHBIE YpPABHCHHUS:

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

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

5x* + 30 = 0 = 5x* = =30 = x? = —6. KopHeii HeT, T.K. KBaJPAT HEe MOYKET OBITh PABEH
OTPULATEIIBHOMY YHCITY.
5 -9=0=24=9=x=94=>x%=32=15x=-L5.

OTtBeT

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

Pelienne KBagpaTHYHBIX CUCTEM YPABHEHUH

.| x=y=1
IIpumep 1. Pemuts cuctemy ypaBHEHUM
x?+y? =41,
Pemenne. BrIpasuB X W3 NEepBOro ypaBHEHHUS CHUCTEMBI M TOJCTaBHB BO BTOPOE, MOIYYUM
{x =y+1
2 —_—
PaBHOCUJIBHYIO CUCTEMY 2y +2y=40=0. (1)

5

Pemas Bropoe ypaBHeHue cucremsl (1), HaXoaAUM /1Ba 3HAYEHUSI IEPEMEHHOMN : i=4Y,=- ,
MOJICTaBJIsIl 3TU 3HAUYEHHUS B IIepBO€ YypaBHEHHE cucTeMmbl (1), mojgyyaem JBa 3Ha4YCHHS

IepeMeHHOI x: X = SX=—4
Ortgert: (5; 4),(-4; -5).
2x-3y—xy=4
3X+y+3xy=3
Pemenne. Cpasy BbIpa3uTh OAHY TIEPEMEHHYIO dYepe3 Ipyryl0 B JIaHHOM CiIydae
3aTPyJHHUTENHFHO, MEIIAeT caraeMoe Xy. YToObl M30aBUTHCS OT ATOTO CIIAraéMoro YMHOXKUM
NEpPBOE YpaBHEHHE CUCTEMBI Ha 3 M CIOXHM CO BTOpPbIM ypaBHeHueM. [Ipu sToM momydum
. [2x=3y—xy =4, 2
PaBHOCWIIBHYIO CHCTEMY YpaBHEeHWH ¢ =~ ...
9x -8y =15.

15+8y
W3 BTOpPOro ypaBHEHHs INOJIy4aeM: X = .

IIpumep 2. Pemmnts cucreMy ypaBHEHUN {

HOI[CT&BI/IB OTO BBIPAKCHHUE B IICPBOC

15+8x 15+8
_gy—y=>+

ypaBHEHHE CUCTEMBI (2) MOIy4YUM ypaBHEHHE 2 = 4. IlpeoOpa3oBas ero,

[OJIYYMM KBAJpaTHOE ypaBHeHne otHocutenbHo y: 4Yy° +13y+3=0. KopHu 3T0ro ypaBHeHus

1 13
y, =-3,Y, = e 10JICTaBUM B (GOpMyYJTy JUIs X, U IOTYyYUM X, =—1, X, = 9

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



x*(x+Yy) =80,
x*(2x—3y) =80.

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

IIpumep 3. Pemuts cuctemy ypaBHEHUN

yacTeld ypaBHEHHMI HE MOXKET ObITh paBeH Hyito. TakuMm o0Opa3zom, moiydaem, 4TO x#0y

3
2X—3y#0=>x# —Ey. Paznenum mepBoe ypaBHEHHE CHUCTEMbI HAa BTOPOE MOWIEHHO, B CHIY

X+Yy
CIIEJIAHHOTO BBIIIE 3aMEUYaHHsI, TOJTYYHM PaBHOCHUIIBHYIO CHCTEMY < 2X —3Y T Bripazum u3
x*(x+y) =80.
IIEPBOTO YPaBHEHHUsI IOJY4CHHOM CHUCTEMBI BbIpasuM X: X =4y . [loxcraBum 3T0 3Ha4eHHUE BO
BTOpOE YpaBHEHHE CUCTEMBI U HaiineM Yy =1, torga x = 4. Otser: (4; 1).
Homamnee 3aganue: Pemure ypaBHeHUS:
1. x*-8x*-9=0
2. x*—15x*-16=0
3.(X* —=2x-5)* =2(x* —2x-3)-4=0

Pemmte cuctempl ypaBHEHUN:
1{”22

9x* +y? =13.
X +y=2
y +x=2
1,
3 X';y X:‘ry
—t—=7



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

Teopernueckuii 070K

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

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

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

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

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

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

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

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

ko3 durreHTa a):

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

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

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



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

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

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

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

W3 prucyHKa BUJIHO, 4TO TPEXWICH 2x% + 4X — 6 HOIOKHTENCH npu x <— 3 u npu x >1.
ITpumep 2. PemnTth HEPABEHCTBO
2
—X"+x—1>0.
JINCKpMMHMHAHT KBaJIpaTHOTO TPEXWIEHa — XX+x—1 orpunarenes: D = —3. [Toaromy npu
BCEX X 3HAUCHHS (QYHKIMK y = — X° + X — 1 MMCIOT OJIMH | TOT K& 3HaK, a MMCHHO 3HAK
ko3 unrenTa npu X%, To ecTh munyc. CinenoBaTenbHO, HEPABEHCTBO — X2 +x—1>0mne

BBITIOJIHACTCS HU IIPHU KaAKUX 3HAYCHUAX X.

H[)I/IMGQ 3. BBISICHI/ITB, IIPU KaKUX 3HAUCHUAX X I[p06b

2 2x—3
2y — a3

IMMOJIOKHUTECIIbHA W IIPU KaKHUX — OTpHLATCIbHA.

CHayaza yka3aHHBIM BBIIIE CIIOCOOOM OIPEJIeIUM 3HAKU YUCIIUTENS U 3HAMEHATe sl TaHHON
IpobHu, a 3aTeM CpaBHUM HUX.



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

4-3-2~1 0 1.2 3

it i
A
0 b4

3HaMeHaTelb 2X — X° IOJIOKHTENCH npu 0 <x < 2 u orpurnarenex npu x < 0 u mpu x >2 (puc. ,
HWOKHSSL 9MCIIOBast 0Ch). VI3 prCyHKa BUIHO, YTO JaHHAS JPOOb Oy/IeT MOJ0KUTENbHA TPH — 3
<x <0 (B 3TOM Ccily4yae YUCIUTEIh U 3HAMEHATEIb OTPHULIATEIbHBI) U PU

1< X <2 (B 3TOM cllydae YHCIUTENb U 3HAMEHATEIIb MOJIOKUTEIHHBI); OTPHUIIATEIIHLHONW OHA OyIeT
npu X <. —3 (YUCIUTENH MOJIOKUTENICH, 3HAMEHaTeNb oTpuaTeneH), npu 0 <x < 1 (yucnurensb
OTpHULATEIICH, 3HAMEHATENb TIOJIOKUTENIEH) U NTPHU X > 2 (YMCIUTEID [T0JIOKUTEIIEH, 3HAMEHATEIb
OTpHUIIATEIIEH).

Ynpasicnenusn
PemmnTe naHHBIE HEpaBEHCTBA
1 x> —4x+3>0. 5 x* +x+1<0.
2. xX* —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.

JomaiHee 3aganue:

1. Pemuth HEPABEHCTRO:

8x*-6x+1>0

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

3. Pemuth HepaBeHCTBO:

X2 +3x+8>0

4. PemnTh HEPaBEHCTBO:

X>-Ax+4>0

5. Pemuth HepaBeHCTBO:

X -4x+4>0

6. HaiiTi Bce 3HaUeHUS X, HE SBJISIOIIMECS PEIICHUEM HEPaBEHCTBA!
2

X">16

IIpakTHyeckoe 3ansaTHE NeS
Tema: Oynkuuu: TuHeHas1, 0OpaTHasi MPONOPLHOHANBHOCTE. [locTpoeHne KkBagpaTHUHOMN
byHKIIUN
Henab: 3akpenuTs y yyamuxcsi 3HaHUS U YMEHUS TOCTpoeHus TpadukoB QyHKIUN
Teopetnueckuii 6110k

I 1
CaoiicTBa muHelHON Qynkmun Y = K% + 5



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

2. O6nacTh M3MeHEeHUs! GYHKIMH IIPU YCIOBHHU, YTO kK #0 _ MHOKECTBO BCEX JCHCTBUTEIBHBIX
uucen. Ecm & = 0 , TO MHOKECTBO 3Ha4Y€HUI (PYHKIIMH COCTOUT U3 OJTHON TOUKH b

3.Mpu k= 0. b # 0 (yuxums e sBsiercst HU 4eTHOI, Hu Hewernoit. Ecm ¥ =0 (2 moGoe) —
dynxips wernas. Ecm # = 0 (X mo6oe) dyrxims HeverHas.

4. Ilpn k=0 ¢yHkuums Bo3pacTaet npu Jitoosix * . [pu k<0 ¢byHKuMs yObIBaET MpU

mo6sx X Tlpu K =0  pyHKIMS HOCTOSHHA.

Ilpumep. Iloctpouts rpaduk GyHKIIUHA y= 2x+4 :
Pewienue. I'paduxoM siBnsieTcs npsimasti TuHUS. J[1st €€ mocTpoeHus: JOCTAaTOYHO HAWTH TOYKU

MEPECEYEHUS ¢ OCAMU KOOPAUHAT: IIPU x= U= y= 4

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

U 1pU X=-2,y= U. Takum 06pazom,

mpsamas rmpoxoauT 4€pe3 TOUKU

_/y=2x+4

7. o

_ax+b
OyHKIKA BHIA CX+d el b, C, d_ IIOCTOSHHBIE YKcla, npudeM € F 0 ad + be ,
Ha3bIBACTCSl OPOOHO-TUHEHOU dyukyuerr. DyHKIMSA onpesieneHa BCIOJ1Y, KpoMe
—_d
X d=0 p—" o
3HAYEHHS € Ecma=0 €= 1 , & =\ 10 momy4nm yacTHbIH citydail 1poOHO-TTHHEHHON

_b
byHKLIMH ¥ X . OOnacte ompemeneHusl Tako (QYHKIHH XE {_ ﬂﬂ,ﬂ)U (ﬂ,-l-tﬂ}_ I'paduxom
_b

byHKLIMH X sBrseTcsl KpuBas, COCTOSIIAS W3 JBYX BETBEH, CHMMETPHYHBIX OTHOCHTEIIBHO
Hadana KoopauHar. Takass KpuBas HasbIBacTCs cunepoonoii. Ecmn b> 0, TO BETBH TMIEPOOIIBI

pacnonoxensl B [ u Il koopAMHATHBIX YETBEPTAX; €CIIU KE b <0 , To Bo Il m IV koopauHaTHbIX
yeTBepTsX. [ umepOona He uMeeT OOIIMX TOYEK C OCSIMH KOOPMHAT, a JIUIIH CKOJIBKO YTOAHO OIIU3KO

:b

K HuUM npuOmmkaerca. DyHKIMs X neuerHas. Ha pucyHke n300pakeH  Tpaduk

rUnepooIIbl ¥ X JUTSL CITydast b>0



<

» X

2

®ynkuus, sagamnas  Qopmysoit Y A% ab,c _

+ bx +c , TII€ y’x — ICpEMCHHBIC,

3ajaHHble uncia, & F 0, Ha3bIBaeTCs Keaopamuunoi ¢yuxkyueri. OOIACTbIO ONpPECIECHUS
KBAaJpaTUYHOW (YHKIMM  SBISETCA MHOXECTBO JICHCTBHTENBHBIX uucenl. [ 'paduxom

2

y=ax“ +bx+c

byHKIIUN sBisieTcs napadona. Ecnn €l 3"0, TO BETBH MapaloIbl

HaIpaBJICHbl BBepX; eciu < 0, TO BETBU Iapalosibl HampasiieHbl BHU3. OCbl0 CUMMETpPUU

b

X=—-"
11apa0oIIbl ABJIAETCS IpsAMast 2a. KoopauHaTel BepIIMHLI Mapaboibl ONPeIeIsSIOTCS 10
b Aac — B°
X. =—x5— ¥, = y( X ]: AL T
hopmynam 0 2a 0 0 4a

Jlns noctpoenust mapadosibl yA00HO BHIOPATh CIIEAYIOIINE TPU TOUKHU:

a) TOUKY IepecedeHus mapadoJibl ¢ OChbIO Oy , IpH x=0 MOJIy4UM ¥ —C." TakuM 00pazom,

C(0,c).
0) Touky Ha napabose npu y=¢ , TO €CTh JTU0O TOYKY C abCIHCcCcon x=0 (Touka C), mubo

__b B(ﬁ;c)

nepBas TO4Ka

Touky ¢ abcmmccoit €, TakuM oGpasoM, BTopast Touka € :
b 4ac —b*
A X X =—= y = y(_,t j = " v
B) BEPUIMHY MapaboIIbl TOUKY ( U’y'j) ,rae U 2a, 70 0 da

MOXHO TakK)Xe B KaueCTBE OCHOBHEIX TOUYEK BBI6paTI) TOYKH TICPECCUCHUA napa60m>1 (¢

_—btvb%*—4ac _—b+JD

X =
ocero Ox |~ 1.2 2a 2 ecnu Takue CymECTBYIOT, TO €CTb
JIMCKPUMHUHAHT KBAJPATHOTO TPEXUIECHA HEOTPHIIATENBHBIMN.

Ilpumep. Iloctpouts rpaduk GpyHKINN y= 2x 2 +2x+2 .
TOYKHU C{U; 2)! B[_ I; 2)! A[_ ﬂ,ﬂ;l,ﬂ).

BerBu mapabonbl  HampaBiieHBI

x=—0.25

Ormetum  TpHU

BBEPX (a > 0). [Tapabona cuMMeTprYHA OTHOCUTENBHO MPSIMOI



1. Tloctpoiite rpaduku HyHKIUI:

r = F4 L 2
1¥y=3x+ 4 v ==
1 6. x
v=—x—1
27 2 7?:1
y — C — A N x
J.v=5—4x 2
v=-—+2
8. x
4 2
v=4 +—
9 x
42v—4x =6
53x +4v=12
3
G.v=—
-

2. IocTpoiite rpaduKku KBaApaTUIHON QYHKIIUU:

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

I[OMaI_HHCe 3aaHucC:

[ToctpoiiTe rpaduku GyHKIMMI:



l.v=4x —1>5

[Toctpoiite rpaduKu
byHKIHH:

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

5.y=x*-4x + 4

KBaJI[paTUYHOMN



IpakTnyeckoe 3ansitue Ne6

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

YUCIIE»
1 Bapuanr
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. PemunTe cucremMy JIMHEHHBIX HEPaBEHCTB:

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.Pemnre cucreMy ypaBHeHUI:

5x—2y =7 X0y =2, 1,13
{3x+4 IR S ¢ B){X y 6
y= 5x—4y =-18 2y —x=1

4.Pemure KBaJApaTHOE YPaABHEHHE:

5% +9 4x°-9
=+ =

x> —=x=0 6
a) ) 5 z

3  B8) X*+9x+20=0 Nx?-5=0

x(2x —3) s (Bx-1)° (x+3)’
2 5 5

=1

A)

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

6. Pemmre rpaguaeckn ypasuenne: X +1=(x-1)°



2 BapuaHnt

1.Pemure JiuHeiiHOE YpaBHEHUE:

Xx-3 x+1 5-3x 6—2x X+3
+ X+ 0) 4— +X=2X——
4 2 3 2

2.Pemnre cucremMy JMHEHHBIX HEPaBEHCTB:

5x—3> 14X, 7—6x+10£8x+1_12,
2 3
a 6{
){%—3x<§x—5 ) X+l>2x—21
2 2
3.Pemnrte cucteMy ypaBHeHUH:
2X—-6 x-2
2x +3y =13, s 5 = L1
a) 0) B)y y x 3
oX-y=7 3Xx—6
> + ==X X—-2y=2

4.Pemnte KBaJgpaTHOE ypaBHEHHeE:

2 oy2
Qx> 220 6)3 +6x=8x-0x p) X 1L, -2

12
2) X(x—=7) N x—4_£:l
3 3 10
5. Peminre kBaApaTHYHOE HEPABEHCTBO:
a) 2x> = x+4<0 6)—3x*+5x+2>0 B8)2x* —4x+13>0

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

IIpakTHyeckoe 3anaTHE N7

Tema: OCHOBHBIE TPUTOHOMETPUYECKUE TOXKIECTBA

Hean: HayunTh HCnosb30BaTh OCHOBHBIE TPUTOHOMETPUYECKUE TOXKIECTBA IPU
npeoOpa3oBaHNU BhIPAKECHHM

Teopernueckuii 610k

Teopema
OCHOBHOE TPUTOHOMETPUYECKOE TOXKIECTBO. [lJ1s 1000ro yriia o BEpHO yTBEpIKACHHE:

sin® o + cos® o = 1.

sina =+4/1—cos?a; cosa=+1—sin’a

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



Crnencrsue

Jlist mro00Tro yriia o MOKHO MepenrcaTh OCHOBHOE TPUTOHOMETPHUYECKOE TOKIACCTBO CISAYIOUTIM
obpazoM:

; ctgza'—l—l:—l

2
a+1= -
'8 sin? @

COS< @

OTH ypaBHEHUS JIETKO BBIBOSTCS N3 OCHOBHOTO TOXKIECTBA — JOCTATOYHO pa3/ieuTh 00 CTOPOHBI HA
C0s® o (1151 OMTyYeHHUs TAHTEHCA) HIIM Ha Sin’ a(JIsl KOTAHIeHCa).

Pewienne ynpaxxHeHuit
1.Haitnure sin o, €civ M3BECTHO ClIeyIONIEe:

cnsc)::—gl?; {IEG;TE)

Pemenue

Hawm u3Becten kocuHyc, HO HEM3BECTEH CUHYC. OCHOBHOE TPUTOHOMETPUUYECKOE TOKIECTBO
(B «ancTOMY BHJIE) CBS3BIBACT KaK pa3 3TH PYHKIUH, TOATOMY Oyaem pabotaTh ¢ HUM. MMeem:

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

s pemenus 3a1a4n OCTAJIOCh HAWTH 3HAK cuHyca. [IockoabKy
yroi a €(n/2; ), To B TpajyCHO# Mepe 3TO 3amuchiBacTes Tak: a € (90°; 180°).

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

noJoxuteabHbl. [Toatomy Sin a = 0,1.
Ortser: 0,1

2.HaitnuTe cos o, €clii U3BECTHO CIEAYIOLIEe:

o x@_ E(_Sn)
sina = ——-; a € (1

Pemenne

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

sinfa+cos?a=1=3/4+cos’a=1= cos’a=1/4 = cosa==+1/2=20,5.

Ocranock pa3o0paThCsi CO 3HAKOM Mepes] Apoobi0. UTo BEIOpATh: MITIOC UITH MUHYC?

[To yciioBHIO, YroJ o MpUHAUICKUT MPOMEeKYTKY (7 37/2). TlepeBeneM yriisl U3 pajuaHHOM
MepHI B rpagycHyto — moayduM: o € (180°; 270°). OueBunno, 370 Il KOOpAMHATHAS YETBEPTH,
/i€ Bce KOCUHYCHI oTpunarenbHsl. [loaTomy cos o = —0,5.

OtBetr:—0,5



3.Haiigute tg o, €ciau U3BECTHO CIEAYIOIIEE:

1 E(%IZ)
oSt =—; & — ;AT
4/ 10 2

Pentenue

Tanrenc n KOCHUHYC CBA3aHblI YPABHCHUCM, CICAYIOUIUM U3 OCHOBHOT'O TOUTOHOMETPUYECKOTO
TOXAEeCTBa:

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

OtBe: —3

4. HaiinuTte cos o, €CIIM U3BECTHO CIIeIYIONIEe:
) 3T

sina =—0,8; a € ?; 2T

Pemenne

CHoOBa U3BECTEH CHUHYC U HCU3BCCTCH KOCHHYC. 3anunieM OCHOBHOE TPUTOHOMETPUUICCKOC
TOXICCTBO:

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

3nak onpeaenseM mo yriy. Umeem: a € (37/2; 2x). [lepeBeneM yriibl U3 TrpagyCHON MEpPHI
B paananuymo: a € (270°; 360°) — sto IV koopauHaTHas 4eTBEPTh, KOCUHYCHI TaM
ostokuTenbuel. CaemoBarensHo, CoS o = 0,6.

Ortsert:0,6

5.Haiigure sin a, eciu U3BECTHO ClIEAyIOIIIEE:
A
ctga = Zv"g; @ E (G;E)

Pemenue:

3anumieM GpopMyity, KOTopas ciIelyeT U3 OCHOBHOI'O TPUTOHOMETPUYECKOrO TOKIECTBA
U HaNpsSMYIO CBSI3bIBAET CUHYC M KOTAHT€HC:

1 1
a+1= =24+1=25
ctg”a sin® a = sin® «

Orcrona nmoxy4yaem, 4To sin® @ = 1/25, T.e. sin a = £1/5 = +0,2. VI3BecTHO, 4TO yrou o €
(0; #/2). B rpagycHoii Mepe 310 3anuckiBaetcs Tak: a € (0°; 90°) —I koopaMHATHAS YETBEPTh.



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

Ortser: 0,2
3T
. 5
. sina U tga, ecll cosa = —
7.Haiinute ' 13 u
. 5
. cose W tga, ecansing = —
8.Haiinute ' 1w
[omarinee 3ananue:
. 4
. sina U tga, ecau cosa = - —
1.Haiigure ° "
. a3 3T
. cosa M tge, ecnusing = -—— mT<a<—
2.Haiiaure 17 n
3w
3 Haitqure CoSausin e, ecmntge =-1 , 7<% =757

IIpakTnyeckoe 3ansaTue Ne 8

Tema: [IpMeHeHe OCHOBHBIX TPUTOHOMETPUUYECKHX TOXKIECTB K MPE0Opa30BaHHIO
BBIPAKECHUI

Heab: HayunTs UCHoab30BaTh OCHOBHBIE TPUTOHOMETPUUYECKUE TOKAESCTBA MIPH
npeoOpa30BaHUH BBIPAKEHUN

TeopeTtnueckuii 6110k

— dbopMyIbI 15 gt cigl :

— OCHOBHOC TPUT'OHOMETPHUUCCKOC TOKACCTBO,

=l .
— (opMyIia, BEIPAXKAIOIIAs 3aBHCHMOCTE "o i CO8 &

faff =gt 4 i
— ¢opMyna, BeIpakaroIas 3aBUCUMOCTh By osin &

Ynpoctuth BeipakeHus (yCTHO)

1-cos® e

2—sin ‘o —cosa
Ccosaefod

2 2 2
st @ HigTatcoost &
(1—sin @&)(1+sin @)

sin* 8- cost &



Pemenue ynpaxHeHun

YHpOCTI/ITB BbIPa’XCHHC:

1
(rg)eas
1.

Pemenne:
1
(—2 - 1] -cr.gj& = {1 +r.gjcx— l}iczgzcr =1
cost o

2
2 g eoigd— I[r.g-::r ®Cos -::r]l

Pemenne:

(g eofgd — (ﬁgcximsa’}z =l-sin‘a@=cos’ @

l-sn §  cosf
g3 tosd l+sm §

Pemenne:

l-sin 8  cos @ _1—Sﬁ12ﬁ_'3‘:’52ﬁ_
cos 8 1+sin,e3_ cosﬁ(1+sinﬁ} -

? Kakue 3HaHMsI MBI TPUMEHSUIN JJIS1 PEIICHUS TaHHBIX BBIPAKECHU?

BbinonHsiss  ynpoleHue BBIPQKCHUH — HMCIOJIb30BAJM TPUTOHOMETPHUYECKHE TOXJIECTBA U
(GOpMyJIBI COKPAIIIEHHOTO YMHOEHHS.

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

TO)I(I[CCTBO — PaBCHCTBO MABYX AHAJIMTHYCCKUX BLIpa)KeHHfI, CIIpaBCIJIMBBIX JJIA JHOOBIX
J0IMYCTUMBIX 3HAYCHHUI BXOJAIIMUX B HETO 6y1(B

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

1—sin* e
—— gz =1
1. s &cos &
1—sin o cost @
— 8= ————— g =rigaeiza=1
sl (Yros & Sl YOS &

1=1
4 3 4
o sin &+ Zoost @—cos” a=1
sin'*.::f+2|:osg-::E—cos"'.::E:(sinzcl’%:oszﬁr)(smgﬁ—coszﬁ)+2cosz-::E:sinzﬁ+|:osz¢:E:1
1=1
cost a—sin t o

- +2agia= —
3. cos® & cos® &




q .4 2 .

COs & — sin - & 2 Cos @ — sin " & 2 2

+ 2ic " = > + 2fc " =1+t @ = >
COs ™ & COs " & Cos " &

1 1

IZICE'S2 o IZIC?'S2 o

Uto HeoOXO0AMMO JIJIsl YCTICIIHOTO BBITIOJIHEHHS TIPE0OPa30BaHUN TPUTOHOMETPUUECKHUX
BBIPAKECHUI?

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

Tlaso: ah g —coser =06

Haiiry: St &cos &

Pewenue:

sin —cosc =06

(sin - cos -::rj2 = 0,6

sin ? @— 2sin &oos @ +oost & =036
1- 2 gocosea =036

Zoin cosg = 0,64

sin cosa =032

Pelienue ynpaxHeHH:

Yrpoctute BeIpakeHHE

1 1-cos* @ 3 sin® @+ cos® a+igta
cos c:E+(1—sin2 .::E:l sin &
2.
0. ig

3 [cos o 1:1 |[1+ Cos a’:l
' SN Y- Cos

1—
cos? {I—(l—Esin:4 cx) 10 CIEQ

5 sna cosd ciga—1

IZOS2 o

6. cos® -1

l-cos’

7. 1- sin’ @



JlomalniHee 3ajaHue:

YupocrtuTe BhIpaskeHUe

fgd- clgdy— cos” @

Zsn g

1-sina
T T ttea
Cos
1 1
+
1+cosa l-cose

cﬁgzﬁ(cosj ,.:5’—1)+1

tgA+1
1+cig 8

cos® @ tg’ [—-::r:l -1

1-ig(-a)
sin & +cos [—-::E)

Tema: @opMyiibl ipuBeicHUS. POPMYITBI CIIOKEHUS

Heas: Hayunts ucnonb3oBaTh GOpMyIIbl IPUBEACHUS ITPU IPeoOpa30BaHUM

TPUTOHOMETPUYECKUX BBIPAKECHUN

TeopeTtnueckuii 6110k

IIpakTnyeckoe 3ansaTue Ne9

= - [ [ [ ] 2 a8

s T 8% : . TSl R e | e

i v' + ~=+ 1) 8o Y E & l'e': +S

-] =] =] j = 4 - P o g2

i rRlng | rlnea 1= = | olen | wfne ] ST

[

sin —sinajcosa| cosa | sina |—sin ol—cos a|—cos | —sin a| sin a
]

cos €0s 2| 5in & | — sin a|—cos @|—cosa|—sin g  sine cos ol vos o
I

tg —tige|ctga | —clgo|—tg o tg o clgql—clua—lguglgq

i
clg —cigaliga |—tga |—ctga| cliga tga | —tga|—clgajciga




DopMyJIbl CI0KEHUSA

sm(a+ﬁ)= sin & cos S+ cos&sin 8,
sin (@ — 8)=sin @cos 8- cos @sin 8,
cos(@ + 8)= cos@cos 8—sin asin 8,

cos(@ — 8) = cos @cos 8 +sin asin 8,

tgla+ 8)= . N
g( ’8) 1-tga-tgh8 £ 1+ige-tg8

(B mocneaHuX AByX popmynax & # Af2+m,  B# Af2+m y
cootBerctBenHo &+ 8 # Af2+m, a- S=mf2+m, nELZY;

tgax+igh sl tga—itgh

cige-cig8+1

cig&-ctgh—1
————— c1g(

ctgla+g8)= a-g)=

(B moc/enHuX ABYX popmynax & F M, S # My
coorBerctBenno &t G#m, a- Gzm, nezl ).

[Ipumepsr:
sin13m (2 ) sinm  +3
3 = Sin 2T + 3 =
cos13m (2 ) sinm 1
3 = C0s 2T + 3 =3
lam T
g—=tg(2 2}T+—) tg——w.-"_
13w |

ctg——= ctg(2 -2 +—) ctgs =2

TaHrenc ¥ KOTaHI€HC MOKHO OBbLIO OBbI BBIYUCIIUTD U TaK:

ctg8+ciga ctgB —cig

i

130 sin(13n/3) V3,2 13.11 1
5 =csimamm =1, =V3, B =mmms—

Vi’



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

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

o cos(—1050°) Y32
ctg(—1050°) = = —poemy =1, — = V3.

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

cos (—960°) = cos [360°-(—3) 4+ 120°] =cos 120° =
=03 (90° + 30°) = — sin 30° = —1/,,

o Sin(—960° V32
1g (—960°) = cos (—960°) — — 1/, '_IV/S_:

ctg (—960°) = 1/tg (—960°) = —1/)/3.

Pewienve ynpaxxHeHuii

1. 3amMeHUTh 3HAYCHUS JAHHBIX TPUTOHOMETPUYECKUX (PYHKUMN 3HAUSHUSIMU
TPUTOHOMETPUUYECKUX QYHKIUN JOTIOTHUTEIBHBIX YIIIOB:

a) sin 54°, 6) sin (/4 —3a); B) cos 53°% r) cos (37/10); n) tg 51°
e) ctg(m/4 —o/2); x) ctg 36°28°46",

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

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

a) 3sin (m/2)4 cos (2/3) 46 sin (13x/6);
6) 2tg 180°— sin (— 270°) + = cos 180°.

4. 3HaueHus JAHHBIX TPUTOHOMETPUYECKUX (DYHKIIUH MPUBECTH K 3HAUCHUAM
TPUTOHOMETPUUYECKUX (PYHKIIMA HEOTPUIIATETHHBIX OCTPHIX yTJIOB:

a) cos (321/3); 6) sin 2760°% B) tg (—1845°); r) ctg 2209°.
5. JIokazatb TOXIECTBO
3 [sin? (3m/2 — ) +-sin® (3m - o)) — 2 [sin® (/2 + ) }-sin® (Bn—a)) = 1.

[IpeoOpasyiiTe BeIpakeHHEe
a) COS(T/4~ @); 0)sin(¢@ + m/4) . B) COS(T/4 + @); r)sin(g — 7f4)
n) te@m/2- @) ; e)sin(g —/6)



2. Beruncnure:
a) €OS T105] To; 6)sin [1051 0 . p)cos [75] "o ; r)sin [751 "o

mto k753 To ;. e)sin K153 To

3. VYmnpocrure:

a)v‘z sin(m/4 + a) — cosa; 6)1{?2 sin(a — 7/4) - sina; B)2 sin(mf3 —a) - V3 sina

, 3
sing =— cosf=—,aunff —yraw [ .
4.a) 3Has, 9TO 17, 3 YETBEPTH, HAMJAUTE 3HAUECHUS
BBIPOKCHHS
, a
sing =— cosf =—,a u f —yraset [ .
0) 3Has, 4TO 17, 5 YETBEPTH, HANAUTE 3HAUCHUS
BBIPKECHUS

g 4
sing =— cosf=—,auff —yranl [ .
B) 3Has, 4TO 17, 5 YETBEPTH, HANAUTE 3HAUECHUS

BbIPAXKCHUA

[omaiHee 3aganue:
1.3amenuTe TpUrOHOMETpUUECKON (PYHKITUEH yria o:
. (’T ) 3T
a) Az Y g)cos@am — adk B) tg (? t “): r) ctg(80° - a)

2. Halinute 3HaueHue BBIpaXKEHNUS,

4
a)sin 240" : 6)cos 3007; B) tg(-225"); r) cty 3

3. IIpeobpa3yiiTe BoIpakeHUE:

cosl —a) - cos(180° + a)
sin{ —e) - sin(909 + a)

4. IIpeoOpasyiiTe BeIpaKeHHE
a) t9(2T — @) 6)sin(m/3 - @)

5. Bemuuciure:

a)tg (151 7o 6)cos [151 To



6. Ympocrure:

3cosa - 2 cos (ﬂ: — g)

, 3
sing =— cosf=—,aufS —yrae [ .
7. 3Has, 4TO 17, 5 YeTBEpPTH, HAUIUTE 3HAUCHUS

BBIPAKECHUS

[MpakTnyeckoe 3ansitue NelQ

Tema: ®opMysbl 1BOTHOTO aprymeHTa. @opMyibl MOJOBUHHOTO yTJiia

Heanb: HayuuTs ucnonabs3oBaTh GOpMyIbl JBOMHOIO apryMeHTa IpH NpeoOpa3oBaHUU
TPUTOHOMETPHUUECKUX BBIPAKEHUN

Teopetnueckuii 6110k

sin 2x = 2 sin X coS X
2 .2
COS 2X = COS“ X — SIn“ X

cos 2x=1—2sin’x

2tgx
tg 2x =
1—tg? x
sinE=i l-cose msﬁzi\/1+cosa
2 2 2 2

o l-cosax i e l-cosa
fg—:i = = -

2 l4+cosa l+cosa Sl &Y

[ 1+cos i o 14+ cosa
.:'f,g_zi = = -

2 l—cos  l—cosg S o

YIpOCTUTH BBIpaXKEHHUE:

1) cos 2x = cos® X — sin? .
31ech mpecTaBisieM 2x B BUJIE X + X U IPUMEHsieM (pOpMYJTy KOCHHYCA CIIOKEHHUS apTyMEHTOB:

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



2) cos 2x = 1 — 2 sin® x.

311ech MbI IIPOCTO MPOJOJIKUM IPe0OPa30BhIBATh MPEABIAYILYI0 (OPMYITY.

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

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

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

21g X
3)tg2x =
1-tg®x

Cnoco0oB, KaK IPUNUTH K TAKOMY TOXKIECTBY, JIBa.

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

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

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

ApPTrYMCHTOB!

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

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

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

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

Tenepb JJI HAarJIIAHOCTH PEIIUM HECKOJIBKO IIPUMEPOB IO TEME.

IIpumep 1. YOpocTUTh BEIpaKEHUE:



sin 2a

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

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

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

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

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

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

2) Tenepb HaXOAMM 3HAUE€HUE CHHYCA!

1 1 1 1 9

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

sinop=———
5

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



9 16
cosa=1-sinPag =1-—— = —
25 25

cosa=——

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

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

[Ipumep 3: Beruuciauts

T T

cos? — —sin? —
8 8

Pemenue.

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

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

T
X = —

8

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

T T T 271 T \2
cos? —sin? =cos2+——=€0S—— = COS—— = —
8 8 8 8 4 2
YnpaxHenus:
Brerunciante:
I s T 2
o8 —— SIn° — = cas(z-—) = (s — = —.
1) 5 8 5 4 2

. W T 1 [ T 1 T 1
SLH—-CGS—=—(ES£H—CGS—)=—S£?1(2 )=—sm—=
2) 12 12 2 12 12 2

2tg g

Il
o
—_—
[

| =
—

Il
o

[
|_'|.

T
1—-tg*g
3) 98
COSX = 5 X E (—; ?.TE).

2. Jano: 3 2



Haiiriz: a) cos2x, 6) SIn2x.
Pewuenue:
a)
.y 5 9 16
sincx=1—cos*x=1——=—,
25 25
siny = ——,
5
X € (EH : 2?’[)
YuureiBas, 4To 2 , TO
5 . 9 16 7
cos2x =cos“x —sINx=———=——.
25 25 25
7
cos2x = ——.
OrtBeT: 25
0)
] ] 4y 3 24
sin2x = 2sinx cosx =2 - (— —) —= ——
5 25
sin2x = — E
OrtBer: 25
YHpOCTI/ITe Bpra)KeHI/IeZ
cosg 807
6) cosd0® +sin 407
cos36° +sin 18
r) cos 18°
Pemrenne.
cos80°  _cos® 40° —sin 407 _ lcos 40° +sin 40° lcos 407 ~ sin 40° )
cosd(® + sin 407 cosd0® + zmn 40° cos 407 + sin 407

6)= £os40% —sm 407
Otger: Cosd0”—zam 407

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

r) cos 18 cos 18 cosls”

=cosl18°

Otger: C0s 18",

*\.IIIE i LT :
—|lcos— +z2n —
8 8

2

Brranciaure

Perenue.



2 -2

T . 7T b/ S S 5
—— = cos—+sm = — —cos® ——Zcos—sin — —sm T — =
2 B 2 8 B
w'r_ a5 4 T ﬁ I w‘E T
= — —Jioos—sm ——|cos —+sm —| = —-Z2cos—sn —-1= ——s5mn — -1
B 8 8 2 8 2 4
M2z
= —-—-1=-1
2 2
Ortser: -1.
TecrupoBanue
Bapuanum 1 Bapuanm 2
Boiyuciume: Boiyucaume:
1. c:-:>32£—sin2£ 2g15”
12 12 1- 1g215°
S 1 3 3 7
b Ay e Ay D1, 2)%-, 3)—%, 4)-1f3
Dt 75" -
'zg;"?ﬁc'—l 2 cos —sm E
NE] NE] 15 1 1 I
DL 22 - 443 pA2 oyl gy g2
3 2 )4, )2, 3 5 )2
23
3.[cos£—sin£] 3305"'3_??——5 "'3_?1-
3 ] 2 3
1 1 1 1 2 1 J2 1
Z@-AT 9= palZ- - ) R W PR L R,
D@42y 2o BoWe-2) 4-o )-S5 Do DT Do
a1 4 Hatidume fgde, ecau fg2a =04
4 Hadidume (g, eonu :gg = 7 . 50
i i 2 2 Il; 2}5; 0.8, 43'5
D—, 21—, 21—, 49—
}2 }16 }15 }1?
6. IIpoBepka, aHAIN3 OIIUOOK
Ne Bapuanm 1 | Bapuanm 2
3a0anus
1 1 2
2 2 1
3 1 1
4 3 4




YIIPARHEHUA

1. Yrpocture:

sin2a. | sin2a sin2o
)5 0 s B) oy et
sino 2coso cos“a— sin“o

T) cos2o + sinZoy

y Snd0, o) H0LO0, ) c0s36° + sin?18° sino.
2cos 20”7 2c0s50°° il et el
. 2
2. [TokaKuTe TOMKIECTBA:
a) 2sin(90° — o) * sino = sin20;; 0) (sino + cosa)? = 1 + sin2¢c .

3. Berumcsure:

. 4 3n
a) sin20, eciym coso, = FU 5 <O <ot
0) cos 2a, ecau coso. = —0,2 u g< o <m;
3 3n
B)tg2oc,ec.rmtgoc=z T <0< .
4. YnpocTuTte BbipaKeHHe:
sin o | cos © .
a) 9 o 7 B) (p 3 (p 7
2 ¢os 5 C0S ~2~+ sin 5
sin 48 | cos 2a - sin 2
6) cos 2P r) cos 4o

5. Hafigure 3uadeHus: sino, coso # {g o, ecld H3BECTHO, YTO

- o9
sing =gy H O<o<m. ¥



6. YIIPOCTUTE BbIPAXKEHHE:
) sin 2o0—2 sin o
cos o — 1 ?

B) sin 20 ctg a—1;

cos 20— cos > o
6) :

r) (ctg a+tg o) sin 20

1 —cos” a
7. Yripocrure:
sin 23

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

8. Boluucuiure:

a) 2sin 15° cos 15°; - r) cos’ 15°—sin2 15°‘
- T, p
6)831ngcos§, )4cos 4 sin® 8*
B) sin 105° cos 105°; e) cos’ 28 i I8
’ 12 19"
9. Yripocture:
2tg5° 4ig 15° tg 75°
e e RO L T e el
1-tg?5 1-tg” 15 1 -tg 75

10. prOCTHTe BbIpaXKeHHeE:
T— O 3T
a) 4 sin 2 sitL. =5~ sm( 5 oc);
27+ o 2
6) 4 cos — cos "ot e

4 2

11. JlOKaxute TOXAECTRO
: 2[R O
1 +sin o =2 cos (4 2).

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

13. CylecTByer Jid TaKoil yroJ X, npH KOTOPOM

; 9
smxcosx=-7-?



IpakTnyeckoe 3ansitue Nell

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

Hess: HayunTs ucnons30Bath JaHHbIE (HOPMYIIBI IPU MPeoOpa30BaHUH TPUTOHOMETPUYECKIX
BBIPAXKECHUM

Teoperuueckuii 010K

CymMma cuHYCOB

. . .ty xr—1y
sinx + siny = 2sin COS
2 2
Pa3zHocTh CHUHYCOB
. . LT =Y Tty
sinx —siny = 2sin COS
2 2
CyMMa KOCHHYCOB
T4y xr—1y
COST + COSY = 2008 ———— COS —;
2 2
Paznocth KOCHHYCOB
. rty . x—y
COST — cOsSYy = —2sin sin
2 2

CyMMa TaHreHCOB

sin(zx + y)

tgx +tgy = ——
gr 1y COST COSY

Pa3HoCTh TaHreHCOB
sin(z — y)

tgr —tgy= ——
& &Y COST COSY

CYMMa KOTaHT'CHCOB

sin{z + )

BT T Gnasing

PasHocTh KOTAHTE€HCOB

sin{z — y)

ctgr —ctgy = —————
& 2 sinrsiny

CymMa TaHreHca U KOTaHT'eHca



cos(x — y)

tgxr + ctgy =
gT + ctey SIn Yy cosT

Pa3HocTh TaHreHca U KOTaHT'eHCa

cos(x + y)
tgr —ctgy = ————
& i SInYy cosaT

1
cosea - cos [ = 5(-:0:-401 — ) + cos(av + )
. . 1
sin oy - sin d = L_—}I:CUHIZEE — ) — cos(ov + )
1
sino - cos 1 = E(Hirl{n + 4) + sin(a — /7))
[Ipumep. Jloka3aTh, 4YTO TaHreHCHl yriaoB o =/="/;+nm u P =/="/,+ nn paBHBI

TOrJa U TOJIBKO TOrAaa, Korga 3TH YTJIbl Pa3HATCS HA YI'OJl, KpaTHBIﬁ .

[TycTh 0 ¥ B pa3HATCS HA yroJ, KpaTHBIHN 7; TOraa o = [ + nm, rae N — HEKOTOpOoe 1o
yucio. Ho B TakoM ciydae

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

sin{fe —B) 0

cos & » cos B

Ho 3T0 BO3MOXHO NI TIpU yCiioBUH, 4To sin (o — ) = 0. Kak u3BectHO, cuHyC
oOparmraercst B HyJIb JIMIIb JUIS YTIIOB, KpaTHBIX 7. [ToaTomy

o — B = nm,
a= B +nm,
4TO U TPeOOBAIOCH JIOKA3aTh.
Ynpascnenus
1. BelYncanTh, HE MOJB3YSICh TPUTOHOMETPUYCCKIUMHU TaOIHIIaMu:
a). tg 22°30' + tg 67°30'. B). tg ' "Y1p + tg Y1a.

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



2. YIIpOCTUTb BhIpAXKEHUE

lga-1gp
tga—tgf

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

4. HaiiTu yciioBHe, MpU KOTOPOM KOTAHTEHCHI YTJIOB 0. U 3 paBHBI MEXKAY COOOM.

YnpaxuHenus:

[IpeoOpazoBaTh B CyMMBI CIEAYIONINE TPOU3BEIACHHUS.

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

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

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

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

4. Monp3ysicek hopMynamMu mpeoOpa3oBaHUs MPOU3BEACHUN TPUTOHOMETPUUECKHIX
byHKIMI B CyMMYy, 1I0Ka3aTh TOKJIECTBA:

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

5. IIpeobpazoBaTh B CyMMBbI TPUTOHOMETpUYECKUX (QyHKIUH 1-i cTenenu
CJIETyOLIUE IPOU3BEICHHUS:

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

6. [Tonb3yschk TabaUIaMU, HANTH YHCIIOBBIC 3HAUYCHUS BBIPAKCHHIA:
1) sin 50° ¢ sin 15°; 2) sin 33° « cos 47°;

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



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

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

Jloka3aTh TOXJIECTBA.

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

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

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

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

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

[IpeoOpazoBaTh B CyMMBI CIEAYIONINE TPOU3BEIACHHUS.

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

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

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

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



IIpakTnyeckoe 3ansaTue Nel2

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

Teopernueckuii 010K

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

2 1 - cosx



YunpaxHeHus:

1. Joka3ats:
a Sina
g —=7—7—""——.
2 1+ cosa
Jloka3arenbCTBO:
. . . a ] ]
a sin E 28n E 28in E cos E SIN SIN
2 coss 2cos= 2cos? = 5. 1=cosa 1+ cosa
2 2 2 2
i
cos S = 0.
2. Jloka3aThb:
. ¢ 1—cosa
g 2 sina
Jloka3aTenbCcTBO:
. . . o 1— cosa
a Sins 2sin+ 2s5in? = 2-———— 1 -—cosa
tg 5= % : t% = a 2 T = 2 -
2 cos= 2sin= 2sin—cos— sina sina
2 2 2 2
a N &
cos—= 0 sin—=0
Ananus: kpome 2 nobasisteTcst 2 , uto cyxaer O/13.
12
cosa = ——
13
a7
M < o< —.
3. Jlano: z
Haiitu:
(1 (1 a a

sin—, cos—, tg—, ctg—.
2 2 gE gE

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

y/\
a
= Jd i 2
7 o
X
Pﬁ
o
2
Puc. 1.
YKaSaHI/Ie: BCC q)yHKHI/II/I ITIOJIOBUHHOT'O apryMeHTa MO>XXHO BBIYUCIIATH qepe3 KOCI/IHYC ITOJIHOT O
apryMeHTa.
Pemenue:
12
L, a l+cosa 1—-733 1
sin® —= = = —

1) 2 2 2 26’



3w T a 3
M < < — E<E{—

2 10 4 , T.€. YTOJI BTOPOH YE€TBEPTH, IIc CHHYC BEITUIHHA
[IOJIOKUTEIBHAS.
. 5
SIN—— —
Ortser: "'JEE'.
12
a« 14cosa 1 13 1
cos— = = =
) 2 2 2 2
o
Beiire mokasainm, 4To 2 HAXOJUTCS BO BTOPOM YETBEPTH, TJIC €ro KOCHHYC BEIMYMHA
OTpUIATENIbHAS.
cos =_ L
OrtBerT: V2 6.
[TpoBepka:
5 \° 1 2
in? =+ cos? = 1(—) + (——) =1
sin® — —=1, =1,
2 2 V26 V26
1=1.
5
a Sin=
cos E - =
3) \.-'I'E
tg— = —b.
OtBer 2
. i 1 1
ctg—=—= = ——.
g 2 fg E 5
4) 2
& 1
ctg— = —=
OTBeT: g 2 3,
4. Tlano: stna = 0,2.
. 3 m &
Sin s
Hartitu: (4 2)
Pemenue:
T
5 (n a) 1 _CC’S(E"'“) 14+sine 1402 1,2 0.6
sin |———=) = — — — — 0,6.
4 2 2 2 2 2
OtBer:

IIpakTuyeckoe 3anaTue Nel3



Tema: BrinonHeHre ynpa)xHEHHH Ha MPUMEHEHHE U3YYCHHBIX (OPMYIT
Heuasn: IIpoBepuTh ypOBEHD YCBOCHHS MTOJTYUYEHHBIX 3HAHUM
I-Bapuanm
1. Boruuciure:
1tg?45-cos30-ctg*30
2.9 %30+ 2sin 60 —tg 45 + cos® 30
2. Ynpocrure BbIpasKeHHe:
t{ga-Clga
1l———
1-sin’*a

2.——-tg’a+sina

CoS” a

sin’ o

"1-cosa
3. Beruucanre:
1.cos 34 c0s56 —sin 34sin56
2.5in14cos 346 + sin 346 cos14
4. Coxparure aApo0b:

sin40
1.—

sin 20

cos 80
€05 40 +sin 40

—COS«x

Il — Bapuanm
Boruucamnre.
1.ctg 245 -sin 30 - cos 30

2.ctg 245 + cos 60 — sin” 60 +%ctg 260

Yupocrure BoIpaxkeHue:
1 1-cos’«
fga -clga

1
sin’ a
sin a
1-cosa
Buruucaure:
1.cos53cos 37 —sin53sin 37

2.5in13co0s17 +sin17 cos13
4. Cokparure A1po0b:
1 sin100

" sin50
5 cos 36 +sin?18
' cos18

2.

—ctg ’a —cos’ a

+sina

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



Henab: Hayunts BBIYUCIATH apPKCUHYC, ApPKKOCUHYC, apKKOTaHT€HC

y=3inx /
Sinx=awmna -

X = arcsin a, rae —1<a<l

b2 | ®
b2 | ®

v

N
arcsina |......>
nN

Ornpenenenue:

| ®
| ®

arcsina=b[-
sinb=a

sin (arcsina) = a

arcsin (-a) = - arcsin a

ov
Y ?
' <
1
'
|
'
1

cos X = a ua [0;m]

ACC03 3
N2
|

x

1 ¥ = Ccosx

X = arccos a, roe —1<a<l

Omnpenenenue: arccosa=b cosb =a

cos(arccos) = a

arccos(-a) = p —arccos a

r r
tg=ama(-2; 2)

S

v

aiclgaf----------

X = arctg a, rue a — modoe.

rx

[
o

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

tg (arctga) =a

arctg (-a) =- arctg a



3amanue:.

Beruucnuts.
: 3
1.arcsin 1; arccos (- 2); arctg\E; arcsin (- 2 ).
1 = x 1 =
2.arccos (-2)=n- 3 =23 1 xcos23 =-2 23
X X x r x
3.arctg“-E = E,T. K. tgE -3 u Ei(-i,i)
2 2 = = 2
darcsin(- 2 )=-arcsin 2 =-4 1. x.sin(-4)=-2u-
1
5.a) arcsin(- 2);
2
6) 2 arccos 2
1

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

n) sin (arcsin 2) + cos(arccos 3 ) — tg(arctg ©)
6)I1py KaKuX 3HAYCHUSAX X IMEIOT CMBICI BBIPKEHUS :

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

7) Uto GombIe:
1

a) arcsin 2w arcsin 0,82

1 2

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

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

arccos (- 2)




IIpakTuyeckas padora Ne 15

Tema: Pemenue ynpaxHeHUN.

Heasn: [IpoBepuTh YpOBEHb YCBOEHUS TAHHON TEMBI y YUaIIUXCS

Pewienne ynpaxHeHwMiA:

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

0)cosx+2=0;

B) sin X + 0,7 =0;

r)2cos X+ ""{_ =0;
n)ctgx+1=0;

CamocrosTenbHas padoTa

1 BapuaHT
Pemnre ypaBHeHUs:

1. 2cosx-1=0;
2. \Ectgx—lzo;

3. 2sinx+ ’-“{_ =0;
4, ctg x-15=0.

K
cogl x+—|-1=
5, [ 5]

sin[?—r—x]=[]
6. 4

Pemnre ypaBHeHUs:

]

2 BapuaHT

1.2sin X — “J'f_ =0;

2. ‘Etgx—lzo;
3.5inx-3=0;
4,cosx—-04=0;

sm[x—f]+1=o
5. 3 :

[F)--
——xl=-
7.“~Etg 6
1—2|::-::-522x=E
8. 2
x

9. (sin5 —1)(ctg x + \E) =0;

4sm[3x—5]+i§=a
10 4 .

X x 1
Sl —COs— = ——
8. 4 4 4.

9. (1 + cos 2x)(tg x — WE) =0;
4oz Wz +12=0
10. 2 6 .



IIpakTnyeckoe 3ansitue Ne 16

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

1. Beruucnuts: a) cos 780°;

6) sin 17 .
6

. T
B)SINo,ecnmucoSa = —— U 1<a<—;
13 2
o
r)cos —,ecmu COSa=0,28u 0 <o <m;
2
sin75° +sin45°
sin285° '
e) 16 CoS x cos 2X cos 4x cos 8X, ecnu x =

sina cos’a
cosa  Sina

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

B) %sin (540° + B) sin (B + 810°);

, €CIIM Sina —CoS ¢ =

X

NI oy

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

1+2 cos(z - a] cos(—a)

o 1-cos2cx .
sin 2«
k) 4 sin 10° cos 50° cos 40°.
3. Pemnth ypaBHeHue: a) COS (1 + X) = Sin %;

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

1-sina Ccos o

0)cosda+ 1= %sin 4a (ctg o —tg o);

4. JlokazaTh TOXIECTBO: a)

1-2c0s’ &
B) — =10 a—-Clg «.
SINa COS ¢
2 BapuaHT
1. Beruuciuts: a) sin 780°;
6) cos X ;
6

. T
B)Cosoc,ecm/lsmoc=—g u 7r<a<7;

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



sin70° +sin20°
cos 205°

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

1)

o

4sin2a +5c0s 2

2sin 2 —3cos 2a
2. YapoctuTh Beipaxkenue: a) Sin (o + ) + sin (o — B);
6) 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 3o + sin 3o cos 4o —sin (6 — a);

sin(?’” + oc) +sin(27 + )
e -

2c0s(— a)sin(—a) +1
sin 2a

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

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

0) cos 4x sin 3x + sin 4x cos 3x = 1.
sinaa_1+cosa .

l-cosa  sina

0) (tg o + ctg o)(1 — cos 4a) = 4 sin 2a;

4. Jloka3aTh TOXKJIECTBO: &)

B) ——————=SinaCoS .
tg a+clg

IIpakT4eckoe 3ansaTue Ne 17

Tema: IIpomexyTku Bo3pacTaHus ¥ yObIBaHUs, HAUOOJIbIlIEE U HAMMEHBIIIEE 3HAaUE€HUs, TOUKU
IKCTpEMyMa

Heas: Hayunts HaxonuTh Bo3pacTaHue U yObIBaHUE (DYHKIIMH, a TAKXKE ONPEAETATH
AKCTPEMYMBI (PyHKLINN

Teopernueckuit 010k

MoHOTOHHOCTH QYHKIMH. TOUKH dKCTpEMyMa U SKCTPEMYMbI (DYHKIIUU

PaccMOTPHM HEKOTOPYIO (BYHKIMIO ¥ S . YIIPOIIEHHO N0JIaraeM, 4TO OHA HENPEpPhIBHA Ha
BCEU YUCIIOBOU NPSMOM:


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

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

OTHOLICHHEM 2 ~ "1, CIpaBeJINBO HEPABEHCTBO Fn)>r (xl:'. To ectb, O0JIbIIIEMY 3HAYEHUIO

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

Jlemonctpaunonnas Gysiuns =7 %) pacrér na nurepsane (42,

AHanoru4Ho, pyHk1Ms yObIBaeT Ha UHTEpBaJIe, €CIIU AJIs JTFOObIX IBYX TOUYEK JAHHOIO

HMHTEpBaa, TAaKUX, YTO =R 1, CIIpaBEIJINBO HEPABEHCTBO Flg)<f (xlj'. To ectb, OonbiIEMY

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

BHM3Y. Hama ¢ynxrms @ — Sz yObIBaeT Ha HHTEpBAJIaX (—eaa), (& +c0).

Ecnu @yHkius Bo3pactaeT uian yObIBaeT Ha HHTEpBAe, TO €€ Ha3bIBalOT CTPOIo

MOHOTOHHOI Ha JaHHOM UHTepBaJie. Takke MOKHO ONpeIeIUTh HeyObIBAIOIIYIO () YHKIIUIO
. -

(cMsru€HHOE yCIIOBHE Flg)2 7(n) g NIEPBOM ONpPEAEICHNN) U HEBO3PACTAIOIIYI0 (QYHKIIHIO

.. <
(cMAr4€HHOE yCIO0BHE F(5R) =70 5o 2-om onpezaeneHun). HeyOpiBatomiyto nuimm
HEBO3PAaCTAOLIYI0 (DYHKIMIO Ha MHTEpBaJie Ha3bIBAlOT MOHOTOHHOW (PyHKIIMEN HAa JaHHOM
UHTEpBAJIE .

OKpecTHOCTh TOUYKH.

Oxpecmnocmuio moukuy Ha3bIBAIOT HHTEPBAJI, KOTOPBIN COAEPKUT JAHHYIO TOUKY, IIPH 3TOM IS
y100CTBa MHTEPBAJT YACTO MMOJIAraloT CUMMETpUuHbIM. Hamprumep, Touka * = ¢ u eé

CTaHJapTHasd g OKPCCTHOCTD:



(1—5/—\‘/\(""5 .
a X

bt o .
Touka “" Ha3pIBaeTCA TOYKOM CTPOroro MaKkCumMyma, €CJiu cyujecmeayem €€ g
o o o &
OKpPECTHOCTD, AJIfl BCE€X 3HAYCHUU X KOTOPOH 3a UCKIIFOUCHHUEM CaMOU TOYKHU U BBIITOJHEHO

i

Xl = X
HEPAaBCHCTBO I: :I f( D:I . B namem KOHKPCTHOM IIPHUMEPEC 3TO TOYKA b .

Touka ™0 Ha3pIBaeTCS TOYKOH CTPOroro MHHHMYMA, €CIIH CYUjecmayen eé g
. . . x
OKPECTHOCTb, IJIsl BCEX 3HAUCHHUH ¥ KOTOPOH 32 UCKIIIOYEHUEM CaMOW TOYKH ~° BBIMOJIHEHO

HEPAaBEHCTBO S (@) > fx) . Ha uepTexxe — Touka «a».

Touku b Ha3bIBAIOT TOYKAMM CTPOI0 IKCTPEMYMa WIH IIPOCTO TOYKAMH IKCTpeMyma
¢ynkuuu. To ecTh 3T0 0000IIEHHBIH TEPMUH TOYEK MAKCUMYMa U TOYEK MUHUMYMa.

Touka ™0 Ha3BIBAETCA TOYKON MAKCHMYMA, ECIH Cyiyecmayen €& OKPeCTHOCTb, TaKas, 4To JJIs
. . <
BCeX 3HAUCHUI * MaHHON OKPECTHOCTH BBHIIIOJHEHO HEPABEHCTBO F= 7ix),

X . ..
Touka ™ Ha3pIBacTCI TOUYKOI MHUHHUMYMA, CCJII cyujecmeyem €€ OKPpECTHOCTDb, TaKasd, YTOMAJIA

72 f(x)

BCeX 3HAUYCHUI * MaHHON OKPECTHOCTH BBHIIIOJHEHO HEPABEHCTBO

~ snauenne 7 @ naspisator MaKCUMYMOM (YHKIIUH;

— 3HaYEHUE Jia) HA3BIBAIOT MUHUMYMOM (D YHKIIHH.
O01ee Ha3BaHUE — IKCTPEMYMBbI (DYHKIIUU.

Touku IRCTPpEMYyMA — 3TO «MKCOBBIC) 3HAYCHU.
BKCTPEMYMBI — KUI'PCKOBBIC» 3HAUCHU.

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

Uro moppa3zymMeBaeT 3a/laHie «HalAUTEe MPOMEXYTKA MOHOTOHHOCTH U TOYKH SKCTpEMyMa
byHKIUN»?

®opMmyaupoBKa MoOykAaeT HAalUTH:
— UHTEPBAaJIbl BO3pACTaHUs/yObIBaHUS (DYHKLIIUU

— TOYKH MaKCUMyMa H/UIU TOYKH MUHHUMYMa



[pumep 1.0mpenenuts no rpaduky NPOMEXyTKH BO3PACTAHUS

I y [T 1]
| ‘ Ly = fix)

|
w
—_
S
ey

GyHKIHIH.
Pemenne Ecnu ¢yHKIMS BO3pacTaeT, TO PH ABMKEHUH 110 IpaUKy CIeBa HAIIPABO OPJUHATHI

yBenuuuBarorcs. CiieoBaTenbHO, GyHKIMSA Bo3pacTaeT Ha otpeskax [-6; 0] U [6; 9].

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

[Ipumep 2.0mpenenuts 1o rpauky NpoMexyTKU yObIBaHUS
| v IT]
! y = [lx)

— '\
|
1

byHKLIUN.

Pemenune Ecnu ¢pyHkuus yObIBaeT, TO MpH JBMXKEHUU 110 rpadUKy caeBa HalpaBO OPIAUHATHI
yMmeHbInatotces. CreoBarenbHo, GyHKIUS yObIiBaeT Ha oTpeske[-1; 2].

Ortsert: [-1; 2].
[Mpumep 3.Ykaxute rpaduk Bo3pacTaroriei
VIEEEERURRERE 2) _AY_ |
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1T | IEEENEEERSE
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byHKINN.



Ortger: 3.
Pemenue ynpaxueHuit

[Ipumep 4.Ykaxure rpaduk yObIBaromiei

1) v ! 2) AY
“1 LN
A\ JAR\ ‘
0 A\ NN AN /
| x ;ﬁ \
\ - ft
Vi
3) Hy ]. ) A ]
" [ h T -Hﬂ:
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NS
byHKLIUN.
Otser: 4.

[Tpumep 5.Yka3atp uHTEpBaIIBI BO3pacTaHus (PyHKINH, rpadMKu KOTOPBIX MPEICTaBICHBI HAa

1) #IJ 2) A
I INE ST
T | \CHA |
0
] €l _JW AR EL
I ] 0 x
N[ ¥y HITT AY
Y I N |
0
T .Jj'c' : i\
B ] [IRYE -:'ch
B L1
PHUCYHKaX:
OTBeT:

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



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

LAY
;
\Lf ]

V Y= fl[).!} 4]

2

N\
L1 /
k03 dunuentos b u C. ' t B
Pemenue 3amernm, uto ¢ = f(0), cnenoBarensHo, ¢ > 0.Takxke 3ametum, uto b = £'(0), u,
cienoBaTenbHo, b < 0, Tak Kak Ha HHTEpBaJIe, cojepikaiieM Touky 0, GyHKIHs yObIBaeT.
OtBer: ¢ >0, b <0.

[Ipumep 7.0npenenuts o rpaduKy TOUKY

AQ‘

y =/ : / \
\
>

:‘( M, '
MaKCUMyMa.
[Tpumep 8.Yka3are uHTEpBaIBI YOBIBAHUS
4 ' AY EEENE
5 y=[(x) -
[ AY .
-8 0 \a\ o
IN L/
T
| -
byHKINN.




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

EEEUNL UNEEEE 2) 7
CNCC |
ol > = o 3
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TN 1.
EEEEE . T
3) [ AL T T ] O [T A
SEEERHEEEREE
- _ z
| 0 | E3 0
T RN | €3
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:_ ] “.I | | |

ko3 dunuentos K u b.

OTBeThHI:

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

IIpakTnyeckas padora Ne 18
Tema: Uccnenosanue pynkuii. [Tocrpoenue rpadukos GpyHKITHIA
Henab: 3akpenuTh U CUCTEMATH3UPOBATH UCCIIEIOBAHUE U TIOCTPOEHUE TPAPUKOB (YHKIIHIA

1. ®ponranbHsI onpoc
1.Yto Takoe uncnoBas pyHKLUsA, €€ 00IaCTh ONpeeaeHNs, 00IacTh 3HAUYSHUs?
2.Yto Takoe rpaduk GyHKIHNA?
3. Chopmynupyiite onpeaenieHue GyHKIMH, BO3pACTAOIIEH U YOBIBAOIIEH Ha MHOXECTBE P
4. JlaiiTe onpenieieHusi TOYKM MaKCUMyMa, TOYKM MUHUMYMa. YTo Takoe TOUKHU dKCTpeMyma?
5. [laiiTe onpenenenre 4eTHOM 1 HeueTHON QyHKIMKU. KakuMm cBoiicTBOM 001a1at0T ux rpauxu?
6.Yro Takoe nepuonnyeckas GyHkuus, nepuos GyHxmumn?
7.Kakoii HAaUMEHBIINH TOJIOKHUTENBHBIN Tepruo MeeT QyHKIus:> = €05%
Vv =Finx,v=1=1tgx, v=ctgx
2. Pemenue ynpaxHeHui
1.Tloctpoiite rpaduk QyHKIIMU, €CIIN U3BECTHBI €€ QYHKIUU:

CBOICTBO (yHKIIUU

1. | O6nacte [-6;: 6] [—5; 4] [—4: 4] [-5; 3]
oTpeieIeHus
O06nactp 3HaYEHUS [-2:5] [0: 6] [-3: 6] [0: 5]

2. | Touku nepeceyeHus




rpaduka:
a) ¢ ocbro OX

A(-4;0) 0(0;0) A(-4;0) A(3;0)
B(-2;0) B(-1;0)
0) ¢ ocsto Oy C (2,5;0)
C (0;2,5) D(0;-2) B(0;4,5)
IIpomexyTku
3HAKOIOCTOSIHCTBA:
a)f(le =0 [-6:-4) [-5:-0) (—4:-1) [-5:3)
(—2:6] (0: 4] (2,5; 4)
flx) <o (—4:—2) (—1;2,3) _
0)
IIpomexyTku
a)BO3pacTaHus [-3;:1] [-5;—2] [-4; —2] [-3;1]
[4; 6] [0; 4] [1; 4]
0)yObIBaHUs [-6: —13] [-2;0] [-2;1] [-5; —3]
[1; 4] [1;3]
Touku Mmakcumyma, 1, fa)=3 2fC2)=2 2fC2)=2 1, f)=>5
MaKCUMYM (QYHKIUU
Touku MuUHUMYMa,
MUHUMYM () YHKIUU 0, 1, f)=-3
-3, -3,
41
JIOTOTHUTEBHbIE fl-6)=13 f-5)=10,5 fa=e fG-3)=3
TOYKHU Tpaduka HOESR fe)=s6

fx)=5—2x
a)
0)
p) fO)=x%-1
r)
1

f[«"-] = P

1)

2.Uccnenyiite u noctpoiite rpadgux GpyHKINH




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

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

KO3 PHUIHEHTOB &, b, C u

1) [T TAY ] ' [ TT TN AT
SR I_J HHH .\J_ [
L1 41
A T /
___] J.’. 'lﬂ 1% f}'\ AL %
NN NN | [
3| A4l .E [ \d FURNiN
m | \ an.
] ! 1_1'" \'\ ] | 1;;
A HRDA
_I:_u _i_ !_:__.'.__.I... X __.I.. i |ﬂ' . _E
NN EEEE

nuckpumuHanTa D.
OTBETHI.

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

4)a>0,b=0,¢c>0,D<0.

IIpakTnuyeckas padora Ne 20
Tema: KonrponbHas pabota
Hean: [IpokoHTpOIUPOBATH YPOBEHb YCBOCHUS yUaIIUMUCS TeMbl: « OCHOBHBIE CBOMCTBA

byHKIIHID

| Bapuanr.
1 Uccnenyiite pyukmuio f(x) = 3x%— 2|sinx| + X3-tgx Ha YETHOCTH (HEUETHOCTD).

3
2. Jlana pynkmus g(x) = sin1,5x + 5cos i

10



A) Haiigure: g(0); g(7n); g(-12x).
b) Noxaxwute, 4To 87 SBISETCS MEPUOIOM (HYHKIIUH.
B Haiigute ocHOBHOM niepuoa GyHKIUU.
2
. . ) I-tg°x
3 Haiinute ocHOBHOI nepuo/1 1 Hauboublee 3HaYeHne PyHKIUN ) = Sin 2.x - [P
g X
4 (Haiigute aMImiuTyny, 4acTOTy, NEpUOJ M HayalbHYIO (Da3y rapMOHMYECKHX KojieOaHuN U

1 3
nocTpoiite rpaduk: y = — Zsin 2t — %cos 2t .

5. Haiinure obnacts onpeaeneHus GyHKIUNA
Vx—-12

x? -1

Il Bapuanr.
1 Uccnenyiite pynkuio f(x) = 3x|X| — 2sin®x + ctgx Ha 4E€THOCTDH (HEUETHOCTB).

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

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

2tgx
——5—-C0S2x.
l+1g°x

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

3 Haiiqute ocHOBHOM Nepuo/ U HAaUMEHbIIIee 3HaYeHne PyHKIUU y =

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

5.HaiinuTe 06nacth onpeneneHus GyHKIUHI

Vx+12

x? -1

IIpakTuyeckasi pa6ora Ne 21

Tema: Perienue nppaluoHaIbHbIX YPABHEHUN
Hean: HayunTts pemars nppalioHalibHbIE YpABHEHUS

TeopeTtnueckuii 6110k

WppatmonaibHbIM Ha3bIBa€TCSl ypaBHEHUE, B KOTOPOM HEM3BECTHOE (IEPEMEHHAs1) COAEPIKUTCS
0] 3HAKOM KOPHS WJIM 1101 3HAKOM OIEPaIlH BO3BEACHHUS B PAllMOHANBHYIO (IpOOHYIO)
CTEIIEHb.

Jl1st petiieHust MPPAMOHATIBHBIX YPaBHEHUN OOBIYHO UCTIOIB3YIOTCS CISTYIOIINE TP U € M bl

11



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

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

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

OTMA/IACT).

IIpocreimmm nppauuOHaIbHBIM YPAaBHEHUEM SIBIIACTCS YPAaBHEHHUE BUJIA:

7f(x)= 3(1') *)

IIPU PELIEHNN KOTOPOr0 BaXKHYIO POJIb UTPAECT YETHOCTh WM HEYETHOCTD M.

Ecnu M - HeueTHOE, TO ypaBHEeHHE (*) paBHOCHIIBHO YPABHCHHUIO

) =(gt))",

Ecnmu M - yeTHOE, TO, TaK KaK KOPEHb CUNTACTCS apU(METHUECKIM, HEOOXOIUMO

o =
yuanutbiBath O/13 (06;1aCTh AOMYCTUMBIX 3HAUCHHI): f (I)— ﬂ. VYpaBuenue (*) B 3TOM citydae
PaBHOCUJIBHO CHCTEME:

S &)= (ex)y
gx)>0

3.3
Ipumep 1. Pemnrs ypasuenne ¥ X —2x+1=1

Pemenue. Tak kak B TaHHOM Tipumepe B = 3.- HEYETHOE, TO TI0CIIE BO3BEICHHS 00EUX YacTen
ypaBHeHI/ISI B TpeTLIO CTCIICHb HOJ‘IyLII/IM
PaBHOCWIILHOE TaHHOMY YpaBHEHUE:

x=0 x=0

¥ -2x+l=1" o =0, =
x-2=0 x=+/2

Oteer: *1 = _"ET xy=0,x;3 = "E.

Ipumep 2. Pemnts ypapuenne VX +1=2—x

12



Pemenne. Tak kak B = 2 - yeTHOE, TO MCXOHOE YPABHEHNE PABHOCUIILHO CHCTEME:

=f{7— t+1=4—4x+x* 2 -5x+3=0
x+1=(2—x) o .

2—x>20 x<2 <2
_|_
x=ﬂ 5_ 13
o 7 & I=T.
=2

Orger: X=05 _'\}E)’FZ .

" _n
WNHorna BcTpevaroTcs ypaBHEHUS BUIA W-/f(x) Jg(x), KOTOPbIE PEIIAI0TCs
ClenyroImuM o0pa3om:

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

L [)=ek)  [1()-2)

M - gyetHOC I) =0 U g(x) 20

[Mpumep 3. Peuts ypaBHEHHE ‘\'( 2x+6 - x"r x+1=0

Pemenue. 3anuiiem JaHHOE YpaBHEHUE B BUJIE: W2 H6 = XL Bo3Boas 06e yactu B

>
KBaJpaT U YYUTLIBAsL, YTO x+120, MOJIy4YHM ypaBHeHue 2x+6=x+1, perieHre KOToporo
€CTb X=-5 — He YJIOBJIETBOPSIET BBIITMCAHHOMY YCJIOBUIO. 3HAUUT, TAaHHOE YpaBHEHHE HE UMEET
peLeHui.

OrtBeT: HET peleHni

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

[pumep 4. Penuth ypaBHEHHE 2x-9—-Jx-3= 1

Pemenne. 3anuiiem ypaBHEHHE B BUC: 2x—9 =1++/x—3  Tak xax Tenepb 00e yactu
MOJIY4YeHHOTO YPaBHEHUsI HEOTPULIATEIbHBI, TO BO3BEJIEM UX B KBaJIparT:

2x-9=1+x-3+2-/x-3 = x-7=./x-3 _

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

13



x-T720 x=27 x=27
= = o
(x—7) = 4{x-3) X’ —14x +49 =4x 12 x* —18x+61=0

x=7

x=9i«fﬁ

> x=9+«f2_ﬂ

Oreer: X=9+-+/20

BBeneHre HOBOM NEpEMEHHOM B psijie CIy4aeB MO3BOJISIET IEPEUTH OT
MPPALMOHATEHOTO YPABHEHUS K PAllMOHAIIBHOMY YPAaBHEHHUIO.

2 {2
Ipumep 5. Perunts ypapuenne X +3x+ 4Jx" +3x—5 =10

Pemenne. Bo3peneHne JaHHOro0 ypaBHEHMsI B KBapaT MPUBEJIO Obl K ypaBHEHUIO YETBEPTOMN
CTEIEHH, YTO HEepalMOHAIBHO. [103TOMY 3anumem ypaBHEHuUE B

2 2
puge X +3x—5+4x" +3x—5 =15 y spenem «HOBYIO» TIEPEMEHHYIO:
y= x+3x-5 y=0

=1
y1 +4y-5=0 <= ¥

ITomyuum y=-5

i 2 i 2
BepHemcs k «ctapsivy» niepeMenabiM ¥ X +3X—5 =1y Vx” +3x—5 =—5 Bropoe u3
= —3+ 33

IIOJIy4EHHBIX YPAaBHEHUH PEIICHNUI HE UMEET, a PEIIECHUs I1IEPBOI0 €CTh YUCIIA 2
-3--/33 -3+-/33
Xy =———— X =———
2 2

OTBer:

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

3
[pumep 6. Pemuts ypaBHEHHE Nr-2+311-x = 1

{ 3
Pewenue. [ycts #=~X—220 4, ¥=~1-X Torna #+¥=1.C gpyroit

2
CTOpoHbI 8 + v =x-2+1l1-x= Q. Honyuaem cucremy

14



utv=1

3

2 <>
u +tv =

9

u=1-v

—
(1—1:'*)1 v =9

Pemmm MOCJICAHEC YPABHCHUC CUCTCMBbI:

u=1-v

v v —2v—8=0_

Vivi-2v-8-0 o (P-8+v(v-2)-0c

(v—ZXvI +2v+4 +1r)=ﬂ —

v=12

[Tonyuum, uro ¥ = 2, atorqa ¥=1—-%=—-1<0 1]o

YCJIIOBUIO u=>0Q , CICOOBATCIIBHO HCXOJHOC YPaBHCHHUE peHIeHI/Iﬁ HE UMCECCT.

OtBer: HEeT penieHui.

> v=2

v i3vid4=0

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

pCUICHUC YPABHCHU .

IIpumep. Pemnts ypaBHEHHE

812

I+ T4

35

6 —6+/13x—2¢° —x*—6 =0

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

—6>0
13x-2° —x2-6>0

=6
22 +x2 —13x+6<0

.

[xe[ 5n]u[

x €[6;+ )

F Y

=
(x 2{ ——}x+3)<: 0

[I(x+5(x—§]l_* 0

=6

(x-2)2x® +5x-3)<0

.

x € [6;+ )

xe(—m;—3]u[—

.

1 ]C}xeﬁi

2!‘

HOJ'Iy‘II/IM, 4yTO 00J1aCTh AO0IMYCTUMBIX 3HAYEHUH TaHHOTO YPaBHCHUS ABJISICTCA IIYCTBIM
MHOXCECTBOM H, CJICAOBATCIIBHO, JAHHOC YPAaBHCHUC pemeHHﬁ HE UMCCT.

15
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OTBeT: HET pelICHUH.

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

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

Pemrenne. OuH KOpeHb HaHHOTO ypaBHenus £ = 2 jerko Haiiti moxGopom. ITokaskeM, 4To

Hx16=6

JIpYTUX KOpHEH HeT. 3anuilieM ypaBHEHUE B BUJE ’\f 2(1 + 6) +

1o cBOICTBY CTENEHHBIX (HYHKIUI
— .'i( j _3
dynxun Y1 (x) - x+6), ¥, (x) =NxX+6 piaiomen BO3pacCTarOLMMHU Ha

IPOMEXKYTKE [-6; m), rae oHu 06e onpezenensl. [loatomy nx

— 3
cymMma Hx)=/2Ax+6)+3x+6 Ha 9TOM MPOMEKYTKE TAKKe BO3PACTAET, CIe0BATENLHO,
OHAa MMPUHUMAET KaXKJ0€ CBOE 3HaU€HUE (B TOM uucie U 6) ToJabKo ojuH pa3. [loatomy npyrux
KOpHEW HET.

OrBer: X =2,

B HeKOTOpBIX cilydasx MOKHO OCBOOOAUTHCS OT UPPALIMOHAILHOCTH B YPAaBHEHUU
YMHOXXEHHEM 00enx yacTell ypaBHEHHUI Ha HEKOTOpoe He oOpalarolieecs B Hyllb BRIpaKEeHHE.

[Ipumep. Pemnts ypaBHeHHE 3% #5048 307 +5x+1 =1

Pemenne. YMHOXHUM 00€ 4acTu 3aJaHHOTO YPaBHEHUS

Ha BBIPAKEHHE B +5T 4843 451 L, gpisomeecs conpsokeHHBIM K 1eBoit YacTH
nanHoro ypasuenus. [Tocne npuBeaeHns OJOOHBIX YWIEHOB MOJY4UM YPABHEHHE:

T=+32 +5c4 8 +-/32 +5x+1,

KOTOPOC 5KBUBAJICHTHO HCXOJHOMY, TAK KaK

2 2
ypaBHEHHUE V3% +5x48 ++32° +5x41=0 JIEACTBUTENBHBIX KOpHEH He uMeeT. CKitagpIBast
3a/IaHHOE YPaBHEHHE U MOTYYEHHOE, TOTyINM:

NIxt i 5x48 =4

Bo3Bos 06€ 4acTH B KBaJpaT, HOIydaeM KBaipaTHOE ypaBHeHHe 3x°+5x-8=0, KopHH
KoToporo x1=-8/3, x,=1. Jlenas mpoBepKy, yoexxaaeMcs, 4To 00a HalACHHBIX YHCIIA SBIISFOTCS
KOPHSIMH UCXOJTHOTO YPaBHEHHS.

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

r=

1
2
16



Pemmth ypaBHEHUE:
1 Axt-3=1

2.«3:1:—9:«,#1—,7{_
3x=x+l

4TS L N20-x 27

CamocrositenpHas pabora

Bapmuanr 1

Pemmire ypaBHEeHUs: a) Nx+2 =42x-3

6) T-Jx-1=2
B) x- V& =3

Bapuanr 2

Pemnte ypaBHEHUSL: ) Je—xtafx=5=73
NNy P

gy NE-1+24x+1=3

Bapuant 3

Pemnte ypaBHeHUs: a) Je-x tafx-5=3
6) m =4 -x

gy N+ 1+T-x =2

IMpakTunyeckoe 3ansaTue Ne 22

Tema: CreneHs ¢ paliuoHaIbHBIM [TOKa3aTEIEM
Heas: Hayunts cTyeHTOB paboTaTh CO CTENEHBIO C PAllMOHAIBHBIM ITOKa3aTelIeM

Teopetnueckuii 610K
m

r
Onpenenenue. Crernenpio yrcna a>0 ¢ palluOHAIBHBIM MOKa3aTeneM 1, rae M - enoe
41CII0, a N - HaTypaibHOe ( n>1), Ha3bIBAETCS YUCHO 3™, T.€.

an =" 320
17



1
0_ =T —
F'=1a —a—n.

CBoiicTBa CTeNeHH C PalHOHAJTBHBIM IIOKa3aTe/IeM.

Fx0, b0 pel), ge )
7 3T=5"";
af _
?= SF T ;
(@) =a"™;
{abF=grtF;
=)

His

Pemenne ynpaxuenuii:

U

1 1
1. BeraucauTh: 25° - 125,

1 1 1 1
3 H 5 H

Pemrenne: 25% - 125% =25 - 125)% =(5)5 =5,

OrtserT: 5.

4 L]

3%h + ab=

2. YIpocTuth Bolpaxkenus: ¥a + ¥

a a 1 1
Fib+ab: _ ab |[.5.~3+.'i:|3]| — ah
3 T L L e
¥a +ib STy b
Ortger: ab.
O
3i-3* g:3- 3¢
ra
3. YIpoCTHUTh BBIpaXKeHUs: 3% — 3 3% +3 3

Pewenue:

OrtseT: 2a.

4. YupocTurs:
19

5 22
32

4@’\”;_

18



a0 s

2) 3)

5. Berauciurs
1
273;

IpakTuyeckoe 3ansiTue Ne 23

Tema: Pemenne noka3zareiabHbIX YpaBHEHUN

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

TeopeTtnueckuii 6110k
MeTop! pereHns ToKa3aTeIbHbIX YPaBHEHUH

1. IIpocTeiimme nmoka3areabHble YpaBHEHUS

Tun ypaBHeHUs

Bun ypaBHeHus

Meron pemenus

1 ﬂ',.‘fl ix) = ﬂ_.fz ix) fi (x:] = fz (X)
2 af™ = p b>0 b£ 0
af™) _ f(x) = log, b | Perienwuii ner




f(x) = 1

[Tpumepsbil.
Ipumep 1. Pernre ypasuenue: 377° = 3%

Pemrenue.

3P = 3> 4x 75 = x+4 <=> 3x=9<=>x = 3.
Ortser:3
[Tpumep 2. Pemute ypaBHEHHE: 2¥4=3.

Pewenue.
F:-
Xh— 3 cms x4 = log,3 X = log,3 | 4<=>x = log,3  log,16 _ X = log, 48 .

Ortser: log, 48.

b
£9
[Ipumep 3. Pemure ypaBHEeHUE:! =T,

Pemenue.
z

7 -

=7, pPELICHUH HET, TaK KaK

s S X
R.

z
'?'Jt‘ -3x > O

{@}.

2. Metopsl npeoOpa3oBaHus OKA3aTEIbHBIX YPABHEHUN K MPOCTEHIIINM.

OtBerT:

A. Metoa ypaBHUBAaHMSI OCHOBAHUM.

[Ipumepsl.

[Tpumep 1. Pemmte ypaBHeHue: 27 3T,

Pemenue.

97+ 3% 72 9¥F |y __ q3qtx0 (32)x+1 = 0 <=> 33+ (4x-9)_ 32(c+1) — ez, 34X6_g2x42 _ () s, HX6 —

32x+2<:> 4AX-6=2X+2 <=> 2X = 8 <=> x=4.
Ortser: 4.

2x x x 4x—15 _
[Mpumep 2. Pemure ypaBHEHME:! 273757 —60 0,

Penienue.
2 &x-15 _ -
2 . 3}{ - 5}{ - 6':' " — 0 <=> (22)X 3X 5X - 604X-15 <=> 4X3X5X - 604X—15 <=> (4' 3- S}X — 604X-
B <=> 60"=60""° <=> <=>x=4x-15 <=> 3x=15 <=> x=5,
OtBer: 5.
B. YpaBHeHus, penraemplie pa3aoKeHUEM HA MHOKUTEIH.

IIpumepsl.

[pumep 1. Pemmure ypasuenue: X 2% = 2°2* + 8x-16.

Pemenue.

20



X% = 22" + 8x-16 <=> x2* - 22" = 8" (x-2) <= =>2(x2)- g (=2 s (x2) " (Zx_g)=
x—2=10 x=2 [x-Z [r

<=> ¥ =8=0c=5 2% =85 2¥=2% (5 lx =3

{2;3}

OrtBerT:

2x __ gx x| X, —
[Ipumep 2 . Pemure ypaBHEHUE: 7"+5%-35+7°-35=0

Penrenue.

2X X 2x. x.35_ — 2X
57-7"-57 35+7 =0<=>(6"-
—(5%-35-7%.35)=0 :r(s.f“ —7¥)=35-(5F—-7")=0=

5% —7%).(1-35)=0= (5% —-7%)-(—-34)= 0= 5% - 7% =u:~(5zjx=?x:~1?—x=

10 10

— |— = — [ — = o = .
1o @r=1e@) =) ex=0
Ortser: 0.
C. YpaBHEHHsI, KOTOPBIC C TTIOMOIIBIO TI0JICTAHOBKH i) — t, >0 npeoOpa3yroTcs K KBapaTHbIM
ypaBHEHUAM (WM K YpaBHEHUSAM 00Jiee BBICOKUX CTEMEHEN).

. 2fix) . pfixd =
[TycTh 4 a tB-a +C=0 ,rae A, B, C - Hexkotopsie uncna. Craenaem
Flx) — . ;

3aMeHy:a t’t>0,Torz[aA t2+B t+C:O
Pemaem monydeHHOE ypaBHEHUE, HAXOIUM 3HAYCHHUS t, yAUTBIBaeM yciioBue t >0 ,

i af
BO3BPAIIAEMCS K IIPOCTEHIIEMy TTOKA3aTeIbHOMY YPABHEHHMIO © ) = t, peiaeM ero i
3alKChIBa€M OTBET.

[Tpumepsr.
IIpumep | . Pemmre ypasrenue: 227 - 22* = 5,

Pemenue.

[
L]

)
H

279X =5 <=> 220X - F = 15 <=> 4(2)2- 4= 15" ¥

Tlenaem sameny t = 2%, t > 0. [Tonyuaem ypasrenme 4 =2 - 4 = 15t <=> 4t - 15t - 4=0
t=4

1 1
t=—> —=

<=> * t= * He ymOBIETBOpPSET yCIOBHIO t > 0.
Bepnaemces k mepeMeHHOM X:

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

Ortser: 2

-3 _ 9, cCcx—2 —
ITpumep 2. Pemmre ypaBHEHUeE: 2-5 3.

Pemenue.

-3 _ 9, cx—2 _ 20x—2041 _ o, ex—2 _ s .
5}{ 2 5}{ 3';:'5 * 2 5}{ 3';:'5_[:5}{ ;j;_z_S}{ ;_E_GI

5 el
r ;_.t.n

— =
=6t =0 orma (57

[enaem 3aMeny: "[lony4yaem ypaBHEHHUE:

21



tf-2t-3=0=|"" "5 _: 0
5 t=1 t= 5 neynoBnerBopsier yCHOBmot} )

55 =157 ?=5'ex-2=0=x=2
BepHeMcs k nepeMeHHOM X:

Ortser: 2.

IIpakTHyeckoe 3ansTue Ne 24

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

Jlorapugm uncna b no ocHopanuo @ onpesensercs Kak MokasaTelb CTENEHHU, B KOTOPYIO HAJO0
BO3BECTH YUCJIO (&, YTOOBI IOTYy4UTh yucio b (Jlorapudm CylecTByeT TONbKO Y HOMOKUTEIbHBIX
qHCeN).

Jlorapugm B mepeBo/ie ¢ rpeyeckoro OyKBalbHO O3HAYAET "YMCII0, H3MEHSIOIIEEe OTHOIIEHHE .
CrnenmnanbHble 0003HAYEHUS:

Harypanbhsiit norapudm l11a - norapudm no ocrosanmio €,
JecaTtuansblii Jorapupm lga . aorapudm 1o ocHoBanuio 10.

CpoiicTBa orapu¢gmoB:

log b
1° a”" = b- ocrosnoe JorapuMuuecKoe TOXIECTBO.

20 log,a=1a=0a+#1
30 log,1=0.a=>0.a+#1

Jlorapudm eauHUIBI TI0 JTFOOOMY MOJIOKUTEITFHOMY, OTIMYHOMY OT 1, OCHOBaHUIO paBeH HYIIIO.
DTO0 BO3MOXHO MOTOMY, YTO U3 JIIOOOTO JEHCTBUTENBHOIO YMCIA MOKHO IMOJYYUTh | TOJIBKO
BO3BE/ISl €T0 B HYJIEBYIO CTEIIEHb.

40 I{Jg”{bﬂ} = 1{;5_';” b+ 1{?5-5” &

Jlorapudm npousBeaeHus paBeH cCyMMe JIOrapu(pMOB COMHOXKUTETEH.

b
s log, o= log, b—log, ¢

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

go log, 0" =p-log,b.
Jlorapugm crernenu paBeH IMPOU3BEIEHUIO TIOKA3ATENs CTENEHH HA JIOrapu(pM €€ OCHOBAHHUS.

1
2o log,. b= ma log, b

22
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1

log b=
go Sa log, a
log b
log, b= 5
9° log,.a - nepexoj K HOBOMY OCHOBAHHIO.
IIpumepsr:
1. HaiiguTe 3HaueHUE BBIPAXKCHUS:
N 3 'II'_
6-log, V7
. 11 1
6+log- V7 =6-log,73 =6 -E-lng?? =6 ~§~1 = 2
Hcnonb3oBanu:
m -
an =\ am
log b™ =m-log_b

Ortser: 2

2. Haiigure 3nauenue Boipaxkenus 10go g3 - 10g31,25
log, 1,25

log,o3+1log,1,25 = = 02,08

— ] 1,25
log,08 o3

=log, 21,25 = logs— =log, =—-1-1=-1

Hcnonw3oBanu:

OtBert: —1
3.HaiiquTe 3HaUeHNE BBIPAKCHHUS:
510g25 49
5]ng2549 — 5]ng25?2 — 52-]ng25? — {'52}]og25? —

= 25087 = 7

Ortser: 7
23



4. Haitnute 3HaYCHHUE BBIPAYKEHUS:
g2 logg 3

g2-loge3 — (B]GEEBJE =3?=9

Ortser: 9

5.Haiinure 3HaYeHNE BBIPAXKEHUS:

6410%8 V3

Galoge V3 _ (8- g)lﬂgs V3 glog. SE glog. V3 _ MJE. J3=13

Ortser: 3

6. Halinute 3HaYeHNE BBIPAYKCHHS:

24

3log; 2

24 24
Flogs 2 o ? o

Ortser: 12

7. HalimuTe 3HaUY€HNE BBIPAKCHUSI:

log1 V13
13

_ 1 _
log1 V13 =log 31 1392 = 1 logy313%°=—-1-0,5=-0,5
13 —

Otset: — 0,5
8 . Haiinure 3nauenue Boipakenus: 1093 8,1 + 10gs310.

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

Ortser: 4

9. Haiinute 3HaueHNE BBIPAKEHUS:

24



log, V13

log, 13
log \ﬁ — 1
o
Ortser: 0,5

10. BeruuciauTte 3HaueHHE BbIPAXXCHUA:

(310g23)1ﬂg32
(3].3%23)]9%22 — (3]0g22)19223 — plogz3 _ 3

Ortsert: 3

11. Haiiure 3uadenne Boipaxenns l0ga(ab®), ecu logy a = 1/7.
[TpeoOpa3zyeM naHHOE BBIpAKEHUE:

log_ (ab®) =log a+1log b*=1+3log b

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

1
log,a = 7

Hcnonb3yeM CBOUCTBO:

1
log.b

1
log.b

logpa =

Cnenosatenbao loga b =7.
Takum oOpazom:

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

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

25



Ortser: —14

13. Hatigure IOga(azbg), eciu logy b = -2.

log, (a?h?®) =log, a*+log, b® =2log, a+3log, b =
—=2.1+3log . b=2+3(-2) =—4

Ortser: 4

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

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

=4-1+9log_b

Ortser: 31

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

ﬂ,?
lngaﬁ =log,a’ —log, b* =7log_a—3log b =
~7-1-3-10= —23
Otser: —23

16. Haiigure loga(ab™), eciu log, b = 7.

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

=1+10-7=71

26



Ortser: 71

IIpakTnyeckoe 3ansiTue Ne 25

Tema: IIpeoOpazoBanust anredpanuecKux BbIpaXKEHUH
Heanb: HayanTs npeoOpa3oBbIBaTh aredpandeckue BhIPaKECHHS

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

ACJICHHUs, BO3BEACHUA B LICIYIO CTCIICHD W U3BJICUCHUA KOPH:.

[Tpumeps! anreOpandecKux BBIPAKCHHM:

iy

3 T+ 3 2ry? — 1
E =2 +/5; El(z,y) = - :
Ty

E(z,y,z) = w E(z,y) = (z + y)* — 3zy(z + y).

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

T+y

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

0}, O3 BeIpakeHus E(z,y) = T¥ = 22, gppgercs MuOKecTBO {xy,2) | x,y,zIR, xy>0}.

Omnpenenenue. Anredpandeckre BolpakeHust Eq u E; Ha3pIBatoTCs TOXKIECTBEHHO paBHBIMU Ha
muaoxectBe M I D(E1)CD(Ey), eciiu nipu J100BIX 3HAYECHHSIX TEPEMEHHBIX
13 McCOOTBETCTBYIOIIME YUCIOBBIE 3HAUCHUS ITUX BBIPAKEHUI PABHBI.

HqﬁanMep, Vv x? = r ga muoxkectse [0;1¥), V a* = —a, ya MHOKECTBE (-%0],
_']:- —

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

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

3ameuanue. OTMETHM, YTO HHOTJA OMYCKAIOT MHOXECTBO, HA KOTOPOM alireOpandeckue
BBIPAXEHUS TOXKIECTBEHHO PAaBHBI, UMEsl IIPU 3TOM BBHly UX TOKIECTBEHHOE PAaBEHCTBO HA

nepecedeHny 001acTeil TOMyCTUMBIX 3HAaUEHUH.

Hampuwmep,

Va® =|a|, (M =R), =

afa+1) a?-1 )
ﬂ L, (M =R\ {0:1)).
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[Tpu BBITOTHEHUH TOXKISCTBEHHBIX TPE0OPa30BaHUI OKA3bIBAIOTCS MOJIE3HBIMU CIICTYIOIIIE
(bopMyIIBI.

1. ®opmyJibl COKpaNIEHHOTO YMHOKEHUSI

1. (a+b)*=a’+2ab+b?

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

4. a*+b®=(a+h)@® Fab+b.

O1H GOPMYIIBI IOJTYIAFOTCS KaK CJIEICTBHS M3 OoJiee o0mux hopmyt:

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

{a-r—h]":lf}‘ﬁa"h“+C,';a'h“" +...+(’?ﬁa"‘h“""+...+f:-‘::.-1“h“._

ck — 7!
meniN, © Kn-kE" n=123..n o0=1

II. CBoiicTBa cTenenei

CJ'IGI[YIOH_II/IC CBOMCTBaA CIIpaBCJIMBLI JJIA JFOOBIX MMOJIOKUTEIBHBIX YMced a U b 1 JIF00BIX
HeﬁCTBHTeHBHLIX yucenaub.

1. a%=1;

2. a®*P=a- a"

5 7=

4' (aa)b: ab

5. (ab)*=a®- b
an o a™

6 (E) = pa’

7 i ::1_"-"

3ameuanue 1. OTMeTI/IM, YTO OTpHULATEJIIBHBIC YHCJIa TAKIKE MOXKXHO BO3BOJAUTH B HCKOTOPBIC
1T

crenienu (1enbple u, OoJee 0010, paroHaIbHBIC BUAa 211 — 1 Tie m - mienoe, N - HaTypaabHOER).

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

L]

ITI. CBoiicTBa paankajioB

eCJIH 11 = HeYeTHOe,

=

ﬂ-:

a,

lal, ecmn— werHOE.
Vab = %a- *’{;HE ecma>0, b>0, kiN,
Vab = */|a|*

VIPl: ecmmab>0, kiN.
:*+V,.f_= “+V"E zu+vl.f‘1 kE N.

e S e R
(%/a)” = Vak, rae a >0, ecmu M - yetHo, a I R, eciim m - HeueTHO.

ok w e
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-5
6. b Vb’ rnea>0, b>0, n-uernowmb#0,alR, eciu n - HeyeTHO.
7 Vak =a", a>0.
8. V Ya = "{/a, re a > 0, ecii M - YeTHO Wik N Y9eTHO, @ 1 R, ecii M*N - HedyeTHo.
9 */—a=-**%a, acR.

f a+ +/a2 — eh? a— +/a? — eb?

at hl‘./_i‘" = J ¥ = J ¢ 1 2 2
10. 2 2 rrea>0,b>0,¢>0wua’>b.

Ipumep 1. Onpenenuts O/]3 anreOpanvdecKux BbIPAKECHUMN:

a) E(z) = Vz + 1% - 21%;

IE +zy T i
B Elz.y) = : + 2. ‘
) Elz,y) 72 + 42 ('3:--;;] -‘IT-F'E'A')j

a Vd

btec  Bleth

c) Ela, b, e,d) =

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

X+x2-220 U x(1+x-2)>0 U x@2x+1)1-x)>0 U xI(-%-"]E[0;1].
Taxum o6pazom, D(E) = (-%-1/,]E[0;1].
b) OT™MeTnM, YTO BBIpaKEHHE UMEET CMBICII TOT/Ia ¥ TOJIBKO TOT/Ia, KOTIa

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

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

¢) Tak kak 3HaMeHaTelNb APOOU JOJKEH OBITh OTIMYEH OT HYJIS, @ KOPEHb BTOPOU CTENEHU
CYIIECTBYET TOJBKO U3 HEOTPULATENbHBIX BhIPAXKEHU, TO I onpeneneHust O/3 nomyuyum
CUCTEMY

b+c#0, b+c#0, E;g#&

b’c+c*b#0, U ¢ beb+c)£0, U c;éO’

d>0, d>0, ’
d>o0.

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

0}.

IMpumep 2. Onpenenuth, SBISIOTCS JIA BhIpakeHUS A 1 B TOX/1eCTBEHHO paBHBIMH Ha
MHOxecTBe M.
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a;A=(‘W;:—ij_f—wﬁ) H B=—, M={(@b)|a>b>0)

a— /3 B 2a

Pemenue. a) Tak kax arfa = (ﬁ]g b = (JE]F‘: a= (ﬁ]ﬂ: b= (VJE]E Ha MHOXecTBeM,
TO, IPUMEHHUB (POPMYITY COKPAIIEHHOTO YMHOKEHUS, TIOTYIHM:

b) A= M ={a|a>V3}.

(Va)* + (VB ) T Ja+Vh
A= —ab | - =
( Vot V) e -

(W VB -Va WY o\ (asvh
va+vb ab(y/a — vb)(va+ V)

= [ivar -2vabe 7] gt = Ve g =

1
= Va- Vbl- ———.
ab(v/a — Vb)
Venosue a > b > 0 Brever V@ > V'(E: H, CJICIOBATEIILHO, |v/a — Vﬂ =a - Vb. Otcrona
1 1
A=(Va- VB - = 2 =B.
THI0JIy4aeM, 4TO ab(y/a—vb)  ab Taxum o6paszom,

BbIpaxkeHUs A 1 BToX1ecTBEHHO paBHbI Ha MHOXKeCTBe M.

b) [Togo6HO IpeabIIyIEMY IPUMEPY

P L a—V3

2 +3\2 x/(a“-HiF—»i;ﬁ-H -
(%) = VT

_(a-v3)-2a| _(a—V3)-2a _ 2 _
(a® — 37 |a® — 3| a++v3

B.

[Ipu npeoOpa3oBaHMSIX YYUTHIBAETCS, YTO, €CIIH & V3, 10 Va? = a,
(a® —3)

" 3)2 =|a* - 3| =a®-3.

IIpumep 3. YOpocTUTH BBIpAKEHUS:
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2b+ 21 — 4
VB —A+bh+2]

b) vmn? + vm2n _Ym+ m —n 1 ]
vm? + 2¢mn + Vn? vm? — /n? | Ym+

Ybe3 + VaZh
( c + Vathe v@) +he+3

a)

Va+ /e .
Vbe+ 3 ’
4'13 'r']3 {:3

(@—Bla-0  b-ob-a)  (c-a)c—b’

d)

) a’h? N a’e? N b 2 _
Ya-ot-0  @-be-b " t-aec-a’

y—z z2—z T-y
N e—pe-2 T a6 -2  G-o-9
0 mfm — 3|

(m? —m —6)[m|

b2 —4 >0,
9%+ 2/B2 — 4 > 0,

Pemenue. O/]3 BLIPaXKEHHUs ONPEIEIAETCS U3 CI/ICTeMBI{ VI~ 4+ b+ 2> 0, pemas
KOTOPYIO, mosrydum b > 2.

BeimomauMm paBHOCWITBHBIE Ha O/]3 TipeoOpa3oBaHus:

VooV 1 _ \/ (Vb= + (Vb2 +2V6-2/b+ 2

v’—+h+z VBE=2yb+ 2+ (VB +2)?
J(Jh—2+ﬁh+212 Wb =2+b+2 1

T br2Vb-24+vb+2) vht2AVb-2+vb+2) hi2
TaK Kak Ha O[3 Vb =2+ b+ 2> 2

cnenoparenso, | V0 — 2+ vb+ 2 = b — 2+ Vb + 2. Tagum obpazom, ipu b > 2 ncxoxHOE
1

BBIpaKeHHUE paBHO Vb + 2

b) O/13 nannoro BI)Ipa)KeHI/Iﬂ SIBJISIETCSI MHOXKECTBO {(M ) | > 0, n>0, m#n}
O6o3Han/IBV"(_—‘1 vn=b, Honqu/IM‘y_—fl vm .m=atuvn=>b vn =,

n= b BBIPAKCHUC TPUHUMACT BU
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a’b* + a'b? _2h2+:1&—hﬂ 1
at 4 2a2b? + bt at = b ) a+b

_ aﬂhﬂ(aﬂ-lhhﬂ]_th (a® — B )(a" + a®b* + b") 1
((a“HFJ“ S 7y TP )(a+m

a’b? =20 (a* + PP) +a' + 2P+ 1
a? + B at+b

_at =t 1 (a®+b0*)a—-b)latb)
S el oa+b (a2 4+ (at+bh)
Takum 006pa3om, ucxoaHOE BhIpakeHHe Ha (O/]3 TOXKACCTBEHHO PaBHO vm — 3/n.

= b.

¢)Ha 043: {(ab,c) | a=0,b>0,c>0,a’+c’+# 0} Bepaxenne npeodpasyeTcs CleLyOMHM
obOpazoM:

(W+m+ﬁ:) +be+ 3 (ﬁ{ﬁ+ﬁ]+ﬁ) +be+ 3

Vva+y/e Va+ /e B
Ve + 3 - vbe + 3 B
_Whetbe+3  3Vbe+3+Vhe+be _ 3(vVhe +1) + (1 +vVhehe _
Vbe+ 3 Vhe +3 Vbhe +3
_ (e + )(Vbe+3) _ ae
= N = vbe + 1.

d) O/[3 nanHoro BeIpakeHUs SIBIIIETCS MHOKeCTBO {(a,b,C) | a#b, a#¢c, b #c}. [IpuBoas
BBIP@XKEHHUE K 00IIIEMY 3HAMEHATEITIO, TIOJTYUHM:

a’ b i a*(e —b)+ b a —c) + (b - a)

(@=ba-0c (b-0b-a) (e-afe—1b @-ba-olc—b
y‘-II/ITLIBaH BUJ 3HAMCHATCIIA, pa?)J'IO)KI/IM HA MHOXHUTCIIN YUCIIUTCIIb.

a’(c-b)+b*@-c)+c*(b-a)=c@-b’) +ab(h’-a?) +c*(b-a)=

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

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

f) O/{3 BeIpaxkenus siBysieTcst MHOXKECTBO {(X,Y,Z) | X #Y, Y #Z, Z # X}. [lepBoe cinaraemoe
BbIpaXXeHUsI MpeoOpa3yeM CiIe1yIoIIM 00pa3oM:

Y-z _I—z-I+y r—2z =1y 1 1

(z-y)z-2) (e-p(z—2) (z-ylz—2) (@-y)lz—2) z-y z-2
AHaﬂOFI/IqHO HpeO6pa3y10TCﬂ U I[pyTI/Ie cJaracMeIc.
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z2—I _1 1_
(y—2)y-=z) y-2z y-z

-y 1 1

(z—x)(z-9y)  z-z z-y

CrnenoBaTeibHO,
Y=z + 2—==I + T =1y _
(z—-ylz-2) (y-2)y-z) (z-z)(z-y)
1 1 1 1 1 1

T-y T-z2 Y-z yYy-x z-T z-Y
2 2 9
+ + .
T-y Y-z z-T

g) O/13 Beipaxkenus paBHa R\{-2;0;3}. YuuTtbiBas, 4To BeIpaXeHUE COACPKUT [M| U |m - 3|,
PAacCMOTPUM TPH CITydas:

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

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

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

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

3. mycrs M1 (3;+¥); Toraa |m| =m, |m - 3| = m - 3 u BeIpaXkeHHE IPUHAMAET BUJ

m|m — 3| 1

(m2 —m —6)jm| m+2

Takxum oOpazom,

1
mm—-3 | my2 ecam . € (—00;-2) U (=2;0) U (3; +oa),
2 _ — R - 1

IIpumep 4. PaznoxxuTh HAa MHOKUTEIH:

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

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

)X +xX X+ +x X+ +x+1;
d) x° +x + 1.

Pemenue. a) [Ipubapinss u Berautas z(Y + z)(z + X), a 3areM rpynnupys yaoO0HbIM 00pa3omM,
HOJTYYUM:

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

=+ )@+ x)(x+y+2)-2(2° +yz+2X) =

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

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

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

= (X+y+2)(C+Yy +7°-xy - XZ - y2).

c) [Ipumensist GopMyIIbl COKPAIIEHHOTO YMHOKEHUS, TTOJTYUUM:

9 343 3

=1 ) —-1
P+ P+ P 1= . _( ) 1
I-— T -

P 1"+ 2+ 1
_L= ]E_I_T i ]=(:a:'3+:e:+1](:a:“+:a:3+l].

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

IIpumep 5. N36aBUTHCS OT UPPAIMOHATILHOCTH B 3HAMEHATele:

1 1 1
R TRV S TRV v A PR R

Pemenune. YMHOXKaS HA BBIPAXKCHUC COIMPAKCHHOC 3BHAMCHUTCIIIO, ITOJTYUYUM:

1 1+v24+v3  14v2+v3  (14+V2+8)0v2  v2+42+6

a)l+v2-v3~ (1+v22-3~ 2v2  2v2.v2 4

b) [Togo6HO puMepy a) NOTYIUM

1 CVBEVE-VT VBB VT
V3+VE+ VT  (V3+V5)2-T 1+2y15
_ (VB+VE-VT)(2V15-1) _ (V3+ V5 - VT)(2V15 1)
B (24/15)2 — 1 B 59 ‘

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

CHy + B2 -3xyz=(x+y+ )G+ YA+ 22 - xy - Yz - 2X)
cienyer
(z® +4° + 2° — 3zy2)

r+y+z=
¥ (z? + 9% + 2% —zy —yz — z2z)

Ha ocHoBaHMu nmociaeaHero COOTHOIIEHUS MoJIy4Yum
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! PV (VAP -V2-2VA-2Y8  TV2-VA-3
1+¥2+2V4 1P+ (V2P + @V2° -3-1-92-2.4 23

IIpumep 6. Jlokazarh, YTO IPUBEICHHBIC BEIPAKEHUS TPEICTABISIOT COOOH IIeIIbIe YUCIIa.
BrIauciauTh 3TH 4ucia.

a) 1/|20v/7 — 53| — +/204/7 + 53,
b) V26 — 15v/3 + /3,

e) Jz&+ﬁ~/13—d¢&+2ﬂ&—2ﬁ+‘/2&—6\/13+4x/8—2 6 + 2/5,

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

J(ﬁ - zu%ﬂ—J(ﬁ +2V7)? = |5-2V7| = |5+2V7| = 2V T -5-5-2v/7 = —10.

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

V26— 15v3+v3 = /8 — 123+ 18 - 3v3+v3 = {/(2 - V3P +VB = 2-VE+VB= 2.
¢) YuuTtsiBas, 4To

6+ 2/5=5+2v5+1=(vV5£1)%
VE+2v/6-2B=vBravs-2=6+2/5=15+1,
}/8—2\/6+2\/§=v'$—2\f§—2=\/6—21/5=\/§—1:
J13—4(£+13 =VI-45=v5-2-2./5+4=v5-2
¢13+4(¢§—1] =v5+2,

V2 +6(v5-2) = VId+6v5=v5+2-3V5+9=v5+3,
V2% -6V V2= VIl-6/5=1/(/5-372=V5-3=3-5

HOJ'Iy‘-II/IM, YTO UCXOOHOEC BLIpa)KeHI/Ie paBHO
Vi+3+3-V5=6

Ycia0BHBIE TOKIECTBA.

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

b) [loka3aTh, uTO paBEeHCTBO XyZ = 1 BieueT

1 1 1
+ +
1+z4+xy 14+y4+yz 14z4:zr

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

d) lokazaTh, 4TO 7151 TFOOBIX TPEX MOCIIEA0BATEIbHBIX WIEHOB F€OMETPHUECKON IPOrpeccuun
BBITOJIHSETCS] PABEHCTBO
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&’ + @ +as” = (ar + & + as)(a - @ + as).

e) Jloka3ats, uTo, eciu X1 + X2 + X3 = Y1 + Y2 + Y3 = X1y1 + XaY2 + X3y3 = 0, ¥ He Bce uncnax;,
J=13 u vy, = 1.3 papun nymo, o

2 . G
T iTh 2

24l P4y 3

1 1 1
—+=4-=0
Pemenue. a) 13 paBencrea* ¥ £ cinenyet Xy +yz + zx = 0. Orcrona

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

b) 3ameTum, uTo ycinoBue XyzZ = 1 Bieuer

1 _ 1 _ 1 _ Ty
l+z+2x xyz+z+zz z2(1+z+zy) l+z+zy’
1 1 1 T

14y +yz  y(l+z+zz) - Yy z(l14+x + zy) - l+z+xy
CrnenoBaTeiabHO,

1 1 1 14+ x4+ zy
+ + = =1
l4+z+xy l4+y+yz 14+ z4zr 14+ x4 xy

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

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

=20¢ + xy +y) = 2(x* + xAy* +y* + 28y + 23Xy + 2xy°) =
:X4+y4+(y4+4xy3+6X2y2+4yX3+X4):X4+y4+(x+y)4:
:X4+y4+('2)4:X4+y4+Z4.

-2 . .
d) Tak kak @183 = " (XapakTEepPUCTHUECKOE CBOMCTBO F€OMETPUUECKOM Mporpeccun),
CJIEZIOBATEIIBLHO,

(al +a + 3.3)2 = alz + 3.22 + 8.32 + 28.2(&1 +a + 8.3).
Orcrona nony4yaem:
8.12 + 8.22 + 3.32 = (al +a + a3)2 - 2&2(3.1 +a + a3) = (al +a + 8.3)(3.1 -ay + ag).

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

T T3 T3
o = [ s s
VIt + 2k + 22 Jri+ad+ad ol + 2l + ok

g = th iz Wa
o ViRt ity Vit Vit )

= (i )

=
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. 3
00pa3yroT OPTOHOPMHUPOBAHHEIN 0asuc B pocTpancTBe R°. 3HaunT, A1 KaXKI0TO
BekTopa XI R® CITPaBETMBO PABEHCTBO

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

2 2
T i + 1 -1
4o+ y4vi+y 30
OTKy,I[a nu cne,uyeT HNCKOMOC paBeHCTBO.
33}13‘[“ JIsA pemennﬂ

1. Onpenenuts O/]3 BbIpaKEHUM:

a)y= Omeem: [0; 3.
by = Omeem: (—oc; —1) U[4; +00).

~_ (b+tc)latc) . - -
c) Y= Tt tad Omeem: {(a,b,c) | a # —e, b# —d}.

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

a—y’ﬁ _ 2a

(a‘3+3'3 ) at /3 M={a: a>V3}.
-3

2a

Omeem: Jla.

3. YHpOCTI/ITB BBIPAXKCHUS:
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0) (m—:+1_ 1 )_(1.;’.*1-#—1—1 \m+1+1) Vva+1 Omeem: — 1
2 2va+ 1 va+1+41 Va+1-1 a ) '
ab ab a’ + b? a

b —_ —_— : . M — ——.
](a+a—h)(a+h '1) a? — b Omeem: — 3

VT +1 1
: : . 21T = 1).
r]1+ﬁ+x 7 Omeem: \/z(z — 1)

ab ~b a¥ — b3 L
d . - : Omeem: b — as.
P J T S U T Y L
a’+2a -3

1-2 2{a? -1 -1 ;

&) YT —2a+ )@@~ o -1):

Omeem: a—:i] mpua > 1; — .—1_:—31 H-1l<a<l
£ a’ —4—|a—2|

a® +2a% - Ha -6

1

Omeem: +3npn.-1}2 +znp1{r1{2 a7 -3 a# -1

b—¢ ec—=a a-=b (b=c)lc—a)la-=Dh) _
9) h+a+c+a a+b (b+elet+alat+h)’ Omaem: 0.

4. Pa3iioxXuTh Ha MHOKUTEIU:

a) X' +x°+1;

b) (x-y)*+(y-2)*+(z-%?

Omeem: (X°+x+1)(X*-x+1)

5. 36aBuThCs OT HUppallnOHAJIIBHOCTU B 3HAMCHATCIIC:

9T~ VB3~ VD
| ) |

9

) V10 + /15 + V14 + /21

h]i

Omeem: 3(X - Y)(Y - 2)(Z - X).

{Omeem

VTV - BV + V3) (V25 + Y15+ V0)

2

6. Jlokasarb, 4TO MPUBEICHHBIE BHIPAKEHUS MPECTABIISIOT COOOM 11eIble uncia. Berancnute

OTH YHuCJia.

V28— 2/ V24 1

MV =

b) v/9+ RO+ /9 —

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

Onpenesenne:

KOpHeM N-¥ CTEIICHU U3 HCOTpULIATCIIbHOI'O YHCJIa 4 HA3bIBACTCS TAKOC HCOTPULATCIIbBHOC YU CIIO
b, KOTOPOC IIpHU BO3BCACHUHU B CTCIICHDb N J4CT YMUCJIO 4.

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

%:b {bﬂ =0
a=0 hb=0 (T.U'E)n —a
n=2234%..

H . y125=5 52 =125 y81=3 3% = g1
arnpumMep: , T. K. : ,T. K.

Htak, B pacCMOTPEHHOM CJIy4ae MojJ KOPHEM CTOUT CTPOr0 HEOTPUIATEILHOE YUCIIO, HO
CYILIECTBYET TAK)K€ KOPEHb U3 OTPUIATEIIHLHOTO YHCIIa — 3TO KOPEHb HEUETHOW CTENEHH, OH
CYILLIECTBYET AJIs JTFOOBIX YUCEIL.

+
a=b b =g

aER

B e — _3—_a B _a— _Efn
Haan/IMep:‘“' 8 E,T.K.( 2) 8 V-8 V8

i)

HanomHuMm cBoiicTBa KOpHEH n-ii CTENEHU, KOTOPHIMU Mbl Oy/J1€M MOJIb30BaTHCS IPU BCEX
peoOpa3oBaHuUsX:

(T}.HFEJH= a}f}'vfﬂ_?B:aH EIE':I,'H-=E,3,4...

pu

ab="Ya%Vb = > =
vab= Yavy . mipu az0b=0,n=2734.. (meopena 1);
nja_ Ya
8y v  nipu a=0b=0n=2734.. (meopema 2);

— & n
"al = N ak = = =
(Va)" =% AT 0k =123 m=234. o
Via="44q az0,k=234..,n=234%.

, Ipu " (meopema 4),;

.I'T-p — ﬂ'n"_i'{ = = =
Va Va i =0k=234..,n=234..,p=123.. (meopema 5).

Bce nanpneiime Hp606p8.30BaHI/I$I " BBIYMCJICHUA 633I/IPYIOTC}I Ha OIIPECACIICHUH U CBOMCTBax
KOpH: Nn-i CTENEHU.

[Tpumep 1. Beruncauts:
V27 %12

Paznoxum nojkopeHHoe BeIpakeHUEe Ha 0ojiee y100HbIe MHOKHUTEIH U TIOCIIE 3TOT0 U3BJICYEM
KOPEHb:

V2712 =/33%3+4=4/3%+22=9%2 =18
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[Ipumep 2 YHIpOCTUTH BBIPAKEHUE:

&
1z 5 L3 ar— 1% o
(w“x‘) = VED)E=VYxE =xx=0

Ilpumep 3 — ynpocmums vipadicenue:

— 2 ; =
(V¥°) = V2= =¥y =y

[Tpumep 4:
e o _ Bl o _ —
VEfy = 27 {y = x|y
[Tpumep 5:
x=10
o o
VxBy = {xB= iﬁ = leﬁvﬁ = xiﬁ
[Tpumep 6
x=<0
e/ _ - _ — _ —
VEPy = V5% = {y = x|y = —=xi/y
ITpumep 7
b=<0
I - A - = — [ — —
Jaih? = yatab? = a*=\ax=4yb? =|alyalb| = —abya

Kommenmapuii: TOCKOIBKY a CTOUT IO KBaJIpaTHBIM KOPHEM B HEUETHOM CTETNIEHU, TO JaHHAs
nepeMeHHas HeOTpUIlaTeNIbHA, UMEEM MPABO CHATH C HEE MOIYIIb.

[Tpumep 8:
a>=0b<0

|4E|2 _Elr:xl _2a _ 2a

& L3l 13 1.3
1llb |b3| b b

[Tpumep 9:
a=<0b=0
|25a®  5,/(a®)* _ 5la?| _ —5a’® _ Sa’
1‘I 9ps 3,/(B%)2 ©3|B3| 3% 3b°
[Tpumep 10:
ax=0
av2 = lalV2 = 1,,*?*“"'_ =,/ 2a’
ITpumep 11:
a=<0
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a3 =—|aV3 = —JE\,’E = —4/ 3a?
[Tpumep 12:

a=bh

(@ —b)y/m

a=b—=b—a=0
(ﬂ,—bjw,"'ﬁ: —[:b—ﬂ:]\."'ﬁz —lb —ﬂ,l\."'ﬁz —y/ (b‘-ﬂjz\."'ﬁz —y [:b‘— rx]zm =

= —/(a—b)?*m

[Tpumep 13:

a=0,b=0

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

a=0,b=0

—ab\3= —|ab|V3=—1/(ab)*3 = —/3a*b*

IIpakTuyeckoe 3ansaTue Ne 27

Tema: [IpeoOpazoBanne BEIpaKEHHIA, COACPIKALINX CTETICHH U JIOTapH (MBI
Heuab: HayuuTh BBIIOIHATH IPe0Opa30BaHuE BBIPAKEHUN, COAECPIKAILMX CTEIICHHU U
Jorapu@msl

Teopernueckuii 6110k

IIpumep 1: BeranciinTh 3Ha4EHNE BBIPAKEHUSA:

o (8)- s

log 5 (v3)

Pemrenne:

o) oet £

3

log 5 (V3)

3ameuanme: [Ipu permenuu 3a1a4, coaepxKauux Jorapu@mel, B IEPBYIO OUepeib HE CIeyeT
cocpenoTaunBarhbcsl Ha HUX. Hukorna Henb3s 3a0bIBaTh IPOCTO MPO anredpy.
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B uncimrene sTon )IpO6I/I MOXXHO IPUMCHHUTD (bOpMy.]'[y COKpPAaICHHOT'O YMHOXCHUS PA3HOCTDb

2 .1 g
kBaipaToB. OOmuii BHIL:cz —b = {a b}(ﬂ +b].

3ameuanue: B aOCOTIOTHOM OONBIIMHCTBE 33/]1a4 CICAYET BCe Jorapu(Mbl IPUBECTH K OJTHOMY
OCHOBAHHUIO.
B 3namenarene Bocnonbzyemcs (GopMysion epexoia K HOBOMY OCHOBAHUIO U TTEPEHIEM K

: [mgg [JE) ~log, {\E]] [1 og, [\.'{tg:]+log2 [\EN ]

log, ['\'@)
log, (NE:]

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

o0, ()

CaMbIil HIKHUI 3TaK MOKHO BBIUMCIIUTE:

log, iz log, [JEE]
\/; =10g2(3]1952(2} _
log, [«E) 2log, [ﬁ)
—

2

BTopoii COMHOXKHTEIb B YUCIUTEIE MOKHO BBIYMCIUTD, B 3HAMEHATENE MOKHO TPUMEHHUTh
cBoicTBO «Jlorapudm crenerm».

log, {3} _ log, [3) B

) log, [\/3_2) ) log, {3} -

OtBer: 1

[Tpumep 2:
Boruncinuth 3HaueHNE BBIPAKEHUS:

logs {90]_ log, [18} -log, [4] log; {?}
Penienue:
logs {90}_ log, {18} log, {4} ‘log, [T] =

[epeiinem B kaxaoM Jiorapudme K olHOMY ocHOBaHUI0. K ocHOBaHuIO 5.
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log; {18} . log {4}
logs {4] log; {?}

log, (18
og%(}%_l =log, (90)—log, (18) = logj(%] =log;(5)=1

:1055{90}— log, (T"]:

= log, {90} -

Ortser: 1.

(lf}gljlfi ) (1{};};{_ 36 )
3.HaiinuTe 3HaueHNE BBIpa)KEHUS - ' .

(1{};{_)“:‘ ) (1{};.1;{_.‘%:' )z (1{};{_"3 J ) (1{}5_1;![)5:'2 ): ( llog 2 ) (El{}g{_fi ): 1x2 =8

OtBeT: 8

log 2
2. 3apanue B10 (Ne26846) HaiinuTe 3HaUeHNE BBIPAXKCHHS 20.2

3anumiem uncio 0,25 B BUjIe 0OBIKHOBEHHOM TpoOH:

o DI—lae D =lne
1{}2_,”_2;_,., log , 2 =log

[ B
I
I

|

Ortser: -0,5

log 8
4. Haiinute 3HaYeHUE BBIPAKECHUS
Pa3noxxumM Ha IPOCTHIE MHOXKUTENN OCHOBaHHUE JIoTapudMa U YUCIIO, CTOSIIIEE MO/ 3HAKOM
norapudma. 3aTeM BbIHECEM CTETEHU 3a 3HaK Jorapudma.

i b -
1{};1,'13:1{}5_1; 22 =Fl{}g_,'3=l..:
o 2 2

OTser: 1,5

log _60-log 12
5.Haiigure 3Hauenue BolpakeHus "
[TockonbKy OCHOBaHUS JIOTapU(PMOB paBHBI MEXKIY COOOH, MPOCTO MPUMEHUMCBONUCTBO

Jorapu@moB:

log_@G0-log_ 12=log_ — =log_hH=1
b b w12 b

Ortser: 1.

log 0.2+1log 4
6.Haiigute 3HaueHNE BBIpaKEHUS . 0,9

3anumem JCCATUYHBIC )IpO6I/I B BUJIC OOBIKHOBEHHEBIX U BBIHECEM CTEIIEHU 3a 3HAK norapnq)Ma:
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log 0.2 +lug” . 4=10g,,i— +log, 4=-log _5-log 4=-1-2=-3
] ) i Ey ] 1) A
a

Ortser: -3
log - 13

. log i 13
7 HaI/II[I/ITe 3HAYCHUE BBIPAXKCHUA e

Iug? 13 log . 13 log . 13

= = =9
IUg.m 13 Iug?_! 13 l_ Ing? 13

Ortser: 2

log _9log 25
7. Haiinure 3HaYCHHUE BBIPAKCHUS o 3

2 2
log _9log -;25 =log_3 log 15 =
1log . 3 lugﬂﬁ

OtBert: 4

8. Haiinure 3HaueHnE BRIPAKECHUS

Paznoxum 50 Ha MMPOCTBIC MHOXKHUTCIIN U YIIPOCTHUM ITOKA3aTCJIb CTCIICHU B YHUCIIUTCIIC I[pO6I/IZ

log_50 log 5 5
5 g ] g = = '!:} ﬁ .

log 2 log 2 log 2 g 2 log 2
9 7 9 9 7 9 7 9 -

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

[TpuBenem oba norapudma K OCHOBAHHUIO 2, a 3aT€M Pa3NIokKUM yrcia 12 u 6 Ha mpocTbie

, log, (2’2 3 )
(l—lﬂgq (EHR ) ) -~
(l—lﬂgﬁ 12 ) (1-1015;ﬁ 12 ): - log., (2x3 )
2+log, 3 2+log, 3
(1— (E +10g23| ) ) l—m = (—l—loggﬂ ) l—m

t =log 5 3
0O0603HaYNM =, TIOJYYHM:

+log 2 24 log 2 5 log 2
9 ! :

MHOXHUTCIIN
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) 1241 ) (-1
-1-11 = {14t | —=1
\ f( 141 ) | f14t

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

(l—lﬂg_{2 12 ) (1—1{};;“ 12 )= (1—1{}g23—1{}ngi ) (l—l{}gﬁf—l{}gﬁfi )= (— 1{}5_‘;2H ) (—1{}g{j? )=1

Ortser: 1

IIpakTunyeckoe 3ansiTue Ne 28

Tema: Pemenune norapuMu4eckux ypaBHEHHMA
Heas: HayunTs pemats npocreifmue sorapupMuuecKue ypaBHEHHUs

Teopernueckuii 010k

Pemenue mo6oro morapu)MIUIeCKOro ypaBHEHUS TAKKE CBOAUTCS K PEIICHUIO OHOTO WITH
HECKOJIbKUX MPOCTEHIINX JIOTapu(pMUUECKIX ypaBHEHUM:

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

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

VYpasuenus Buaa (1) cBondarcs k pemieHuto ypaBHeHui f(x)= g(x) (morenuuponanue). [Ipu stom
HEOOXO0MMO OMHHTH, 4TO ypaBHEeHUs l0g,f(X)= 10g.g(x) u f(x)= g(x) He paBHOCHIBHBL [IpH
MOTEHIIMPOBAHUY TMPOUCXOANUT PACIIMPEHUE O0JIACTH OTIPENICIICHUS, a 3HAYUT UMEETCS
OMACHOCTH MOSBIICHUS TOCTOPOHHUX KOpHEeH. [IpoBepka — HammydIiee cpeJCTBO MPOTUB TAKOM

OITaCHOCTH.

1 mun — o onpeeneHuto Jorapudma:

log 2z -1y = -2
a) 3

2
(—} =dx-1
Pemenne: >  2X—1=9; x=5.

log,10-0)=-2 log,%9=-2
Mposepka: 3 c3 ; ~2logzd=-2-_2=_2 _ pepHo.

OtBer: x=5.

6) logy (= +4x+10) =2
Pemenne: 3 = +4x+12; 1 +4x+12-0=0; x* +4x+3=0;
x1p=-221-3 =241 ; X1=—1 1 xp=-3.
IMposepka: x=1, logs(1-4+12)=2; 10939=2; 2l0g33=2; 2=2 — BepHoO;
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x=3, 10g3(9-12+12)=2; l0og39=2; 2log33=2; 2=2 — BepHO.

OtBer: x=—1, x=3.

B
logg| —-1|=z-2
x
B) 4 :

%2 _ 3_1 % 1 E_l
T oax . 4 F o
Pemenue: 2 2 Ilycts ¥, Tor/a ypaBHEHHE 3aIHIIEM B
v 2
Z-ZH=0

Vig=—2EA+30=-ddb. =4y =8 g P o2 =D B 28

i
lugg[——l} =2-2
IpoBepka: 4 ; logal =0

— BEpHO.
OTtBer: x=2.

2 mun — ypaBHEHHUs, KOTOPbIE C IOMOUIbIO JIOrapu(MUUECKUX TOKAECTB CBOIATCA K
IIPOCTEUILINM YPABHEHUSIM:

a) lg(x—3)+lg(x—2)=1-1g5.

Pemrenne: Ig[(x—3)(x—2)]=1g10-1g5; lg(x*~5x+6)=Ig2;

5iq,155—16

X2-5x+6=2; X*~5x+4=0; X1,= 2  ;x=4ux=l.
IpoBepka: x=4; 1g(4-3)+ 1g(4-2)=1- 1g5; g1+ Ig2=1g2; 1g2= Ig2 — BepHO;

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

OTtBeT: Xx=4;

g+ 1gx-3) 1

6) laTx+1)+1g(x- )+ 1g3 2

lg+1gx-3) | g4x-3) 1

Pemrenme: 1&3(7x+1x-6) 2 1gi(Tx+1x-6) 2

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

IoteHuupyem: 16x°—96x+144=21x*~123x-18; —5x*+27x+162=0;
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2?i«.‘§869_2?163 36 18
5x%-27x—162=0; x1,= 10 10 ;x=9;x,= 10 5 .

2162+ 1gf, 1224 1

1
Iposepka: x=9; 1g4+1gi+1g3 2. 20gE+31g3 2.

124 1

2-1g4 2 _ pepHo;

18
yil +1(._-3]
git+lg ; |

T2
_E lg{.%HJHg{.E-ﬁJHg?

BBIPAXKCHUC HC MOIKET OBITH OTpULATCIILHBIM.

— JIOXXHO, TaK KaK HOI[J'IOl"apI/I(i)MI/I‘ICCKOG

OtBeTt: x=9;

B) logzx +loggx +logyu =35

1
L log pbh=—1logh
Pemenne. Bocrionb3yemes hopmynoit  * m X

1 1 11
logsx+—logmx+—logsx =53 —logzx =335 _
BT REE T8 e cloggx =3 =07

Iposepia; 10227 +102,27 +10g,;77 = 5.5, logs? +1og, 3 +1=55,

3 +§+1 =55
2 — BEpHO.

OtBeTt: x=27;

r) logs3ux -10+1log(x -2 =3 +10g;&8

Pemrenme: 10850 3—11(x- 21T =10g,(5* -8

A6+ 211642109 _ A6EAS
3 =

[Torenuupyem: (3x—11)(x—27)=1000; 3x%-92x—703=0. X1.2= i ;x9=37m
1a
Xo= B ? .

MpoBepxka: 1. 1085011 -1 +1ogs(37-27) =3 +1og,3

log.100 +1ag;10=1ag,1000 - 1og.1000 —log 1000 _ BEPHO.

19
logs(-19-111+1og; [— ——2?] #3+1logss
2. 3 , TaK KaK BBIPAXXCHHUEC, CTOALICC 11O 3HAKOM
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norapudma, JOHKHO OBITh TTOJIOKUTEITHHOE.

OtBet: x=37.

3 mun — ypaBuenus suaa P(log,x)=0, rae P(y) — mHOrousien 2 wiu 3 cTeneHu, Win
YpaBHEHUS, CBOJISIIUECS K HUM. DTH YPaBHEHUS PEIIAIOTCS C TIOMOIIIBIO TIOJICTAHOBKH: Y= logyX.

a) logs x-log, 32—3=EI.

2
Pemrenne: 1083 ¥~ 210g; x-3=0 Trycry, logsx =¥ y2 2y 3=0. Pemaem ypasrenue u noydaem
1
yi=3 uy,=—1; y=3 = 1083 =3 = x=07, y=] = logzx=-1 o x=3

Mposepika: x=27; 103 17-1og; 27-3=10. (log; 27)* ~log; 3 -3=0,

9-6-3=0 — BepHO;

2
1 1
logd = -1 H -3=0
=7 Dg33 0Ez 3 ;(1'3'33 3_1:'2_1['%3 3—2_3=D;

Ly | =

1+2-3=0 — BepHO.

1
OtBer: x=27; Xx=73

6) log, (52"} logg =1

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

log, b=
bopMyIbI: log;a |

loge( 5
—gﬁ( )-lug§x=1

B JIaHHOM CITy4ae MepexoaiM K OCHOBAHMIO 5. 1085 ¥
dog; 5+2log; ) logs x =1 O@osgauymm [98s5% =¥ : (1+2y)y:1;

1 11
= logex=— -
2yP+y-1=0; y1=-1,y,;=2; 1985 x =1 i T 3 x=3 ; x=45 .

1
10%1{5';—5}19%%;—:1 lnglg-(—1j2=1
IMpoBepka: 1) = ;s ; 1=1 — BepHO;

2
2) 108 5(5-5)-1og3 W5 =1 tog 5 (5" (log, g 5] =1 ;
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; 1=1 — BepHo.

1
OTtBer: x=5; x=4{3 .

5 mun — norapupmupoBanue o0enx yactel ypaBHEHUSI.

g1 _ 1000
IIpumep: x

1000
B _y

2 5% ; (Igx+1)Igx=3-Igx; Ig?x+lgx=3-Igx; y=Igx;

Pemenne:

y?+2y—3=0. Pemaem ypasHenue: y1=—3; Yo=1; lgx=—3 mm lgx=1,

x=10"%; x=10.
g3yl _ 1000 . .
Iposepka: 1) ¢ 107 (1077 =10%. (10 =107
10°=10° — BepHo;
jgleto + _ 1000
2) 10 :10°=100; 10°=10° — BepHo.

OTBer: X:1073; x=10.

IpakTuyeckoe 3ansiTue Ne 29

Tema: Pemenue ynpaxHeHUn
Henab: 3akpenuTs U cUCTEMaTU3UPOBATh MaTepual 1o IaHHON TeMe
Teopernueckuii 010k

Jlorapudmuueckas GyHKIUSA

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

OcHOBHBIE CBOHCTBA JIOrapu(pMUIECKON QyHKIHH.

1. OG6nactp onpezaenenus TorapuPmMuieckoil GyHKIIMA — MHOKECTBO BCEX
nonokuTenbHbIX yucen R+, T. e. D(loga)=R

2. Ob6nacTh 3Ha4eHUH JorapuMuuecKoil PyHKIIMH — MHOXKECTBO BCEX JEHCTBUTENbHBIX
YHCeIL.

3. Jlorapupmuyeckas GyHKIUS Ha Bcel 00JaCTH onpeenenus Bo3pactaer (pu a>1) uimm
yobiBaet (npu 0<al ¢pyHkums Bo3pacraet (B ciaydae 0<axl.

HOFapI/I(i)MI/I‘IeCKI/IM YpPaBHCHHUEM HA3BIBAIOT YPABHCHUC, B KOTOPOM HEU3BCCTHAA BXOJUT
TOJIBKO B apTr'yMCHTEIL J'IOI“apI/I(l)MI/I‘{eCKI/IX (I)YHKI_II/II\/JI IMPpU HCKOTOPLIX IMOCTOAHHBIX OCHOBAHUSX.

49



[Tpu perennn orapuMUIECKUX HEPABEHCTB HEOOXOIMMO YUUTHIBATH MOHOTOHHOCTD
norapudmuueckoit pynkimu loga x: [pu 0 <a < 1 sta ¢pyHkuus yosiBaet, npu a > 1 —
BO3pacTaer.

Pemenue ynpaxxnenui

1. Beraucnure: a) log - 25.5; 6)427°%3; p) log, log, 64; F)4'°925+'°90,259 _
2. Pemnts ypasrenus: a) log,,  (3x+1)=2; 6)2x* +5°%* = 25106 V10

3. Beruucure: a) log 4J2; 6)25"°%2; p)log, log,81; r)3°%eo%:®

4. Haiitn X, ecu u3BecTHO, uTo log,, X =4log,, 3~ % log,,27 —2log,, 6.
5. Haiitu X, ecu m3BectHo, uto log,, X = 2log,, 6 —0,5l0g,,100 + 3logoyl3{/ﬁ :

1
log,45+log, =
9 g43 6) log; 2 —log 4

6. BeruuciuTs: a) ; .
log, 75+1og, 3 log;16 —log; 0,5

7. Haitnute obGnacth onpeeseHus Kakaon u3 QyHKIu:
Dy=v9—x2-Inx*; 2)y=4In(x+2); 3)y= Iogoyt.)(x2 —2x)+ VO—x2.
8. Haiinure o0macteh onpeaeneHus Kaxaon u3 GyHKIHii:

1)y=v4—x2-In(x=1)?%; 2)y=+/In(x-3); 3)y=|ogov3(x2+3x)+\/49—x2.

JomarHee 3aganue:
3log,3-1log, 27 5 3lg4+1g0,5
log,3+log,9 ’ lg7—1g14

2. Pemmmts ypaerenns: a)l0g,, 45X =2; 6)3x? +0,5°%" =36°% %,

1. Beruucnuts: a)

IIpakTnyeckas padora Ne 30

Tema: KontponbHas pabota
Heanb: I[IpoBepuTh ypOBEHDb YCBOCHHS TaHHOW TEMBI

1 BapuanT

IIpeoOpa3yiiTe BbIpa:keHue:

(a+2 a 2 ) Ja—2
V2a za+2z  a—2a a+2
11

c—1 c2+tcs =
2. 3 i 1 4 + 1
cd4+ec2 241
Igs+igis

2lg2+lg3
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Pemnre ypaBHeHue

1.Vx24+2x +10=2x -1

2. cos(;+x)+cas(;—x) =1
3. {]}zxz—lﬁx—E?JEi:S\/g

4.logzVx — 5+ logzV2x — 3=1

2 BapuaHT

IIpeoOpa3yiiTe BbIpakeHHe:

L (aﬁ+ bb m) (ﬁﬂi)z

Va+/b a+2
1 1y2 23
1 (az—bz) +2aZ+b2
3(ab)Z-3b
2 ———m+ 3 3
a-b aZ—bz
3lg2+3lgs
"lg13-lg130

Pemute ypaBHenue

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

3 2x2—5x+0J5: 1
' 1642

4.§Eg(2x —1)=1-IgVvx—9
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IIpakTuyeckasi pa6ora Ne 31

Tema: UnciaoBas nociieg0BaTelIbHOCTh, CIIOCOOBI €€ 3a1aHusl, BLIYMCIIEHHS YJICHOB
IIOCJICIOBATEIILHOCTH.
Henb: HayuynTs BEIYUCIATH

Peuienue ynpaxxHeHui
|. HaiiguTe nepBsie MATH WICHOB psijia IO €ro 3aJaHHOMY OOIIEMY WICHY:

i, n
1. " T+
" n
2. " Taam—1
_ 2"+ 3
3. Un E?H':I.
i+
141
4, Un= n
Il. HaiiguTe nepBbie YeThIpe WieHa MO €ro 3aJaHHOMY O0IleMY YJIeHY:
e = n + 1
1. ™"~ 2n
U = 1
0=
5 (3?’1—1)(2?14— 1)

" n
3 E"Lﬁ_(';-'?,4—1)|:n+ 2)
4 = (D)o
1

5 tn = (2'?’1 + l)z'ﬁ—i
' n+1

Hn = (2?1 — 1)3“—1

6.

I1l. Haiinute popmyny oOriero uieHa psijia o ero JaHHBIM IEPBBIM YIeHaM

2.
3.

I'Y. Bbruncnute cymMMy 4IEHOB psija:
2 1
1. nn+ 1)

n=1
1

5. ﬂzz:i (3n—2)(3n+1)
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1

3, /=3
. m+1
4. A=ni(n+ 1Y

1
5 &nm+ 1n+ 2)

Y. Haiiqute N-if wieH psijia o ero JaHHBIM MEPBBIM YJICHAM:

g

N

Y. Uccnenyiite cxoquMocTh psiia, IPUMEHSsS. HEOOXOIMMBIN MTPU3HAK U OJUH U3
IIPU3HAKOB CPABHEHUS:

2T
1, A @2
= 1

9. 'rtz=:: ‘n(n + 1)
27

3. 'ﬁfi
1
P
4, =N
Hccnenyiite cxonuMocTh psjia, HCHOIb3YI0 pu3Hak [lamamoOepa.

[

.+ 1y
2. nz:: 3"
2. e

3. 'ﬁfi

1.

31‘1
APIICESY

. =1

1
5. ?‘IZ::L (2T'|L — 1) . 231

Z 1
=) 21 + 1y

1
7 Z M+ n+3)

. =1
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IIpakTuyeckas padora Ne 32

Tema: [Ipenen mociaeaoBaTeIbHOCTH
Heab: HayduTs BEIYKUCIATH NPEAEBI

TeopeTuyeckas 4acThb

Omnpenenenue. Yncno b passiBacres npenenom QyHKIUH f(x) npu X | CTpeMsIIeMCS K 3
ecu ju1s moGoro uncia £ 0 paijnercs rakoe uncino 9 = 0 yro npu Beex X ¥ @
YIOBIIETBOPSAIONIUX HEPABEHCTBY x—al<d 6ynet BoImonHAThCs HepaeHcTso fE) — bl < =
Ornpenenenne npesena GyHKIHE MOKHO chopMyInpoBaTh 1 Tak: Yncao ©  HassBaeTcs
peIeoM f(x) npu X , cTpemsnIeMcs K &, eciu npu mobom £ > @ cymecrpyer Takas
OKPECTHOCTH TOUKH &, uTo st moboro X * @ 113 510ii okpecTHOCTH. [Ipenen o603HavyaeTcs Tak:
}cing f(x)=h.
[Tpumep 1. [peaen nocTosHHON GYHKIKH B TF000 TOUKE PABSH ATOM ke OCTOSHHOM.
Pemmenue. [Tycts a1 Beex 3. OueBHaHO, 9T Ay1s mo0bix £ > 0 >0y nyg eex

xE(a—8,a+8) CIIPaBe UIMBBI COOTHOIICHHUSI

3HauuT, 0 ONPEEICHUIO IIPeaea

limf(x) = limk = k.

X d X a

[Tpumep 2. lana ¢pynkuuu. Jlokazare, 4to

lim f{x) = a.

X 4a

Pemenme. ITycts € > 0 - moGoe wncno. Monoxus § = € | pis peex X € (@ — 8,2+ §)

nonymumlf(x) —al =lx —al <4, Telf&)-al <& shaunr
limf(x) =limx=a
X X

TeopeMa. Ecmu (I)YHKI_[I/IH HMECT IIPCACI IPU %, CTPEMALICMCA K 8, TO 3TOT IPEACIT CAUHCTBCHCH.

1. Teopembl o0 npeaenax ¢GpyHKuHU
Teopema 1. Ecu npu ¥ * @ cymecTByroT npenensl GyHKIUH fG)  g(x) , TO CYIIECTBYET
TaK)Ke U MPeeIibl UX CYMMBI, paBHbI CyMMe€ MPEAEIoB PYHKIMM fGD y g(x)

Cnencrue. [1I0CTOSHHBIN MHOKUTEIH MOYKHO BBIHECTH 32 3HAK MpeIea.
JleliCcTBUTEIIBHO,
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Teopema 3. Eciiv ipu ¥ * @ cymiecTBYIOT nipe/ietbl GyHKITUI fCD y g(x) o npeen
f(x)
byHKIMN g(x) ormmuen ot HYJISL, TO CYLECTBYET TAKXKE H Ipejen X oTHomenns 8.X) | paBHbIii
OTHOUICHUIO MPE/ICIIOB:
f(x) f(x)

:1\1—12[:::] Sy ol ]) %3 11n1 glx)

[ToHsiTHE OECKOHEYHO MAJIOH H 6eCK0Hequ OOJIBIIION BEITMYMHBI
Ecnu npenen GpyHKIMM paBeH HYIIO, TO OHA HAa3bIBACTCS OECKOHEYHO MaIOW BETMYUHOM.
Ecnu npenen gyHKIMy paBeH OECKOHEYHOCTH, T.€. BEJIMUMHE 0OpaTHON K OECKOHEYHO MaJIoi
BCJIMYMHE, TO OHA HA3bIBACTCSI OCCKOHESYHO OOJIbIION BeInunHON. ClIe0BaTCILHO,

BBIIIOJIHAIOTCA paBCHCTBA:

1
lim — = e, lim— =20
x—a X od oo

Brrunciure npenensl

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 — x%l( ) ( ) x—1 _ =1 x>l —
=123 -7 Hnﬂlx—?) hnﬂlﬂ+hnﬂ 7y lim2-limx—7
—1 x—1 =1 x—1 —1
3-1+2
= =5/{-5=-
2-1-7 =)
IIpumep 3.
x°—4
lim
r—2 X — 2

-4 (x-2)(x+2)

— =x+2.
x—2 x—2
2
lim"x— (.x 2)(x+2)—11m(.x+2) limx+ lim 2=
=2 x—2 x—}2 x—2 x—72 x—72 72
=2+2=4

55



Pemenue ynpaxxHeHui

lim[(x? — 1)@= - 3)x - 5)]
1x 2 . -
14. x 0 X

xlirg[(Zx —4)(x — 1){x + 2)]

2.
3 -+x
1 _ m——
lim 33":"2 2) 15, %64 —vZx-2
x—-1 X
16 xlin__:[[xj? — 5%+ 6)
3. - 3 2
17 Jmf(x]° +3x )
1 3 1 3x
4. 1 32%— 6 18. x=x—2
li i lim *x—8
5. x 03x% +2x 19 X =2x—2
! 2x3 - 2x2 limn 2x3 -3x2 41
3] 11% Sx? —4x? 20. X =5x3 —4x? 4+ 2x
i 3x3 L x hmZxZ —5x+4
7.x0 X 21, x=x—2x+3
x—3 . T o
lim—; 22, hllff}’ﬂ'x X-X
8. x=3x* —9
4x2 9 23 hllrl:w‘}iz +5x-x
xhr_“; 2% +3
9.7 2 " 4x? — 7x — 2
m
. ? _ e
x? — 8x + 15 24. x 25% 11x + 2
10. x5 X-+125 y x2 L 2%x-15
mm——-
3x2 — 8x + 4 25. x 3 x? -9x
1|
11. x25x2 — 14x+ 8 ) 2x
11T
x2 —7x+ 10 26. X0y +x—y4-x
im——— ——
12. xlrgxz —9x + 20 ) 2 - %
o %6 27. %43 —y2s ¥ 1
ImM—
13. xweyx+3-3 2—x

lim

28. ®533 —y2x—1
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IIpakTuyeckas padora Ne 33

Tema: KonTpoabsHas paboTa 3a nepBbeIii cEMeCTp
Hean: [IpoBepuTh YpOBEHb YCBOCHUS MaTepuaa 3a MepBblil ceMecTp

1 BapuanT
Ynpocrure BhIpazkeHue

1.(sin x +cos x)* —1

2
2.(0032 x(% — xj + sinz(%r — XD —sin®x

sin® x +sin? xcos? x

3 .
sin? xcos? x

IIpeoOpa3yiiTe BbIpa:keHue:

(a+2 a N 2 ) Va—2

V2a 4 2a+2  a—2a a+?2
11

c—1 c2+tcs =

2. 3 i 1 'E4'+ 1

ci4+cZ 241

Igs+igis

2lg2+1g3

Pemnre ypaBHenue

1.Vx24+2x+10=2x—1

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

4.logsvx — 5+ logzv2x — 3=1

2 BapUAHT

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

ctal 37 _«x
1—ctg ?(— x) I 2
2. .
tg®(x—z) ctg(z+x)
sin® xcos x + cos® xsin X
' cos? x

IIpeoOpa3yiiTe BbIpaxkeHHe:

1.(axﬁ+ b m) («;EHE)E

3

Va+/b a+2
1 1\2 3 3
1 (az—bz) +2aZ+bz
3(ab)2-3b
2———+ 3T 3
a—b aZ—bz
3lg2+3lgs
"lg13-lg130

Pemute ypaBHenue

1V17+2x —3x2=x+1
2.sin(§+x)—5in(§—x) =1

3 2x2—5x+0J5: 1

1642

4.§Eg(2x —1)=1-IgVyx—9

IIpakTnueckas padora Ne 33
Tema: [IpaBuia BeIYMCICHNUS TPOU3BOIHBIX

He.]'ll)I Hay'-II/ITB ydalmuxcs rmpaBujiaM BEIYHUCIICHUA IMTPOU3BOJHBIX

Teopetnueckuii 610K

° CIZD
° I:f:].f ,
. (f+9)=f+g
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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) = fg+fgl
. (Cf)f
I g fg

9 (g#0)

5 )f— .
. g 7 @#o

Brraucnure IMPOU3BOJHYIO:

_ 3 5 3

1. f(X)=x"+2x>+4 10. f(x) = X

2. f(x)=2x*+x*+10 X—

3. f(x)= —+i+$

Y o X2 . 11,1 (x) = x(x + 3)

' (X)_;+F+§ 12.f(x):(x2+4)(x—1)
_ 5

5. f(X)=2vx +4x 13100 =

6. f(x)=+/x+5x" x-1

7. (9 =x(x+1) 141 (x) = s

8. f(x)=x(x+5) X" +1

2

9. f(x)=

[omarHee 3aganue:

1) f(x)=7x"+13x° +18
2t =2+ Ux
5 X
3) f(x) =x(x+2)
4)f(X) = (Xx+5)(x* +7)

5 f(x) =

2

+1
x+1

6)f (0 =-"—

IIpakTuyeckoe 3ansitue Ne 34
Tema: [Ipon3BoaHbIE TPUTOHOMETPUUECKHUX (YHKIUI
Heanb: Hayuuts BHIYUCIATH TPOU3BOHBIE TPUTOHOMETPUYECKUX (PYHKINN
TeopeTtnueckuii 6110k

Bce Tpuronomerpuueckue GyHKIIMN HEIPEPHIBHO U HEOTpaHUUEHHO Tu(depeHInpyeMbl Ha

BCE 00JIaCTH ONIPEICTICHNUS
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(sinx)' = cosx,

(cosz) = —sinzx,

. , 1

t = ,

(tgz) cos? T

(ctgz) = ——

cter) = — :
& sin?

Penrenue ynpaxunenui
1. HaiiguTe mpou3BOAHYIO QYHKIIUHU:
2y =itgx+x,

Dy =rcosx+zx,

Ny =cigix+], 5)y=sin(x+gj;

By = cos® x;

127

2. Haiinure mpou3BoaHYIO QYHKIIHN:

D= sm(‘g—zx), %, =

-2 2
Ny=sin*x+cos” x

-4 4 2 2
DNy=sain x+cos x—28n "X cos x

3. Haiiti nmpou3BOIHYIO QYHKITHH:

A Ty =sin x°; £

2)y = cos’ (g— ax),
1

5y = —=
cos” x
igx

4y ==£2;
I+egx

5)y=—2;
igx
1

Bly = :

4 fgax

Ty =—— 4
figld3x x

8)y = ctg7x;

Py =.fxsin x

60

2y = (sin x +cosx)*

3y =sin 2x;

&1y =cos(2x + .?_3?');

Ty = .ﬁgE x
p

2 .
; Ay =cos® x—sintx

Dy =sin 2xcsin Sx+cos2x cosdx -,

1 45 AT
Tiv=— x%sn x, Xy = —.
1y P 0 5

COs X i
2 = ) =_:
) ez 05
.4 X 4 X ST
=g " = — 008 —, Xp = —.
Ea 2 0 TR
41y =41+:m x, x, =0,
)y =tg' 2x;
By = cosg(2x+1], x, =

Ty = ,’1+ 51::{:-5%;

By =sin* (2x7),
iy =cos® (- 3x°0).



IIpakTnyeckas padora Ne 35
Tema: BerunciieHre mpou3BOIHOM CIIOXHON QYHKIIUN

Hess: Hayunth yyammxcsi BEIYUCIATH POU3BOJHYIO CIIOKHOW (DYHKIIMU

Teopernueckuii 010K

[TpousBoHAS CIIOKHON (QYHKIIMH paBHA MPOU3BEICHHUIO €€ MMPOU3BOIHOM 10 MPOMEKYTOUYHOMY
apryMEeHTy Ha IPOU3BOJIHYIO 3TOT0 apryMeHTa 110 HE3aBUCUMOM MTEPEMEHHOMN

Pewenne ynpaxxunenuit

BbruncnuTe npou3BOAHYIO CI0XKHON (QYHKINH:

1) f(x) =cos5x 8) f (x) = Ecosi
2)f (x) = 3sin > 2.5
3 9)f(x) =(3x+5)*

3)f(x) = (8x+4)° 3
. ) 5 10) f (x) :—(2x+4)3
X)) ="
(3—-4x)

. 1) f(x) = (5x+4)* +(5+8j
5)f (X) = (3—2%)° +———— 2

(x+4)
6)f (x) = 25in(3x—%)

7) f(x) =tg4x

1 V4
12) f (x) = Zcos(g—Sx)
13) f (x) =sin8x

1 X
14)f(x) = ZCOSE
15) f (x) = (4x —5)?

8
(1-5x)*

16) f (x) =

17)f(x) =(2x-3)™ +[§x+4j

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

I[OMaI_HHee 3aJaHuc

2)f(x) = %sin 7X

3) f (x) = (2x +10)?
_4
(5-x)°

5)f(x)=(4x+8) +(%x+13j

4)f (x) =

6) f (x) = 4ctg (%— 2)

7) f(x) =ctg2x
IIpakTnueckas padora Ne 36
Tema: Pemenue ynpaxHeHUN.
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Henan: 3akpenuTs U CUCTEMATU3UPOBATH 3HAHUS yUYaAIIMXCS 110 JAaHHOU TEMe

Teopernueckwnii 670K

. C'=0
. r=1
. (f+9) =f+4
. (fg) ="Ffg+fd

. (GQ—Gf
(i) _fl9-1g fg

. g -(g#0)
(E)::__L

: g 9 q#0)

Kapmouxa Ne 1
Haiinute npou3Boanyo GyHKuuii

1) f(x)=7x" +13x° +18
2f() =242 4 Ux
5 X

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

2

X
5f(x)=
) F(x) 1
x+1
6)T ()=
Kapmouxa Ne 2

Haiinute npousBoaHyo GyHKIMH
1) f(x)=6x®+5x°+78

2)f(x) = —+—+2J—

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

X
5)f(x)=
)100=2 "

x+5
6)1(x) =~

Kapmouxa Ne 3

Haiinure npou3BoAHYI0 (PYHKIHH
1) f(x)=4x"+3x*+2x°
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_x 5 Jx
Z)f(X)—E'FF'F?
3) f(x) = x(x+10)

4)f(x)=(X+4)(x+2)

X
5f(x) =
)T () 4x +1
e)f(x):X_WLS
X+1
Kapmouxa Ne 4

HajinnTe npon3BoaHYI0 (PyHKIM A

1) f(x)=7x°+8x* A
X

2)f(x)=xiz+xis+\/;
3) f(x)=(x+4)x

A f(x)=(x+5)(x*=7)
5)f ()=

X-3

6)f(X)=——

A X+4
Kapmouxa Ne 1

Haiinure npou3BoaHbIE CJI0KHBIX PyHKIIMI
1) f(x) =cos5x

. X
2)f(x):3sm§

3) f (x) = (Bx +4)°
2

4)f(X):m

~ 1
5 f(x)=(3-2x) +m
6)f (x) = 25in(3x—%)

Kapmouxa Ne 2
HajiguTe npou3BoaHbIe CJIOKHBIX PyHKIUI

1) f(x)=tg4x



2)f(x):%cos§

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

4)f(x)=m

5)f(x)=(5x+4)-4+e+8]

6)f (x) = %cos(%—3x)

Kapmouxa Ne 3
HajiguTe npou3BoaHble CJI0KHBIX QyHKIUIA
1) f(x) =sin8x

2)f(x):%cos§

3) f (x) = (4x —5)?
8
(1-5x)°

4)f(x) =

5)f(x):(2x—3)‘4+[§x+4j

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

Kapmouxa Ne 4
Haiiaure npou3BoAHbIE CII0KHBIX (PYyHKIMI

1) f(x)=ctg2x
2)f(x) :%sin 7X
3) f (x) = (2x +10)?

4

DI ==

5) f (x) = (4% +8)° +@x+13j

6) f (x) = 4ctg (% ~2x)

IIpakTnyeckas padora Ne 37
Tema: MexaHn4eCKUI CMBICI TPOU3BOTHON
Henan: 3akpenuTs U CUCTEMATU3UPOBATh 3HAHUS yUYaIIUXCS 110 JaHHOU TEMe
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Teoperuueckuii 010

ITycts 3a1an myTh & — f(t) JIBUKEHUS MaTepuaibHOU TOYKH. CKOPOCTh TaHHOW MaTepUaIbHOM TOYKH B
MOMEHT BpEMEHH L ecTh IPOU3BOIHAS OT ITYTH & IO BPEeMEHHU L:

v(t) = s'(1)

[Tpumep
2

5 s(t) = =7 —2t* + 4t
Teno nBUkeTCs NPSIMOJIMHENHO 110 3aKOHY 3 (M). OnpenenuTb CKOPOCThb €r0

neukenus B momenrt £ = 10 c.

Pemenne. Mickomasi CKOPOCTB - 3TO IPOU3BOHAS OT ITyTH, TO €CTh

2 ! 2 4
u(t) = §'(t) = (%a-* —2t* -I—-'l.t) = (_‘—;z-*) — (2 + (4t) =

| b

2
=-:;t‘.t-*}’—9.{12}“+-1{.t}’=_ M2 A1 =27 A+ 4

et

B SaI[aHHHﬁ MOMCHT BPEMCHU

v(10) = 210> = 4- 10+ 4= 200 — 40 + 4 = 164 (/)

Orser. U(10) = 164 (yy/c).
YnpaxHenus:

1.MatepuanbHas TOUKa JIBHKETCS MPIMOJIMHEIHHO 1Mo 3aKkoHy X (t) = 6t° — 48t + 17, rue X — paccTosiHue OT
TOUYKH OTCUeTa B MeTpax, t — BpeMs B CEKyHAax, U3MEpEHHOEe ¢ Havaja ABkeHus. Haliqure ee ckopocTb
(B MeTpax B CEKyH]ly) B MOMEHT BpemeHu t = 9 C.
2.MatepuanbHasi TOUYKa JBMKETCS MPSIMOIMHEWHO 10 3aKOHY

X (t) = (1/6) t* + 5t + 28
I7le X — paccTosiHMEe OT TOYKM OTcueTa B MeTpaX, '— BpeMms B CEKyHJaX, M3MEPEHHOe C Hayaja

IBUKEeHMS. B Kakoil MOMEHT BpeMeHH (B CEKYHJIaX) ee CKOpOCTh OblIa paBHa 6 mM/c?
N 2
3.MarepuanbHas TOUKa ABHKETCS MPSIMOJIMHEHHO 10 3akoHy X (t) =t°— 13t + 23, rme X — paccTosiHue OT

TOYKH OTCYETa B METpax, t— Bpems B CEKyHJaX, H3MEPEHHOE C Havaia ABMKEHUs. B kakoit MOMEHT
BpEMEHHU (B CEKyHJIaX) ee CKOpOCTh Obl1a paBHa 3 m/c?

4.Touka ABKeTcs 1o 3akoHy s(t)=2t>-3t (S — myTh B MeTpax, t — Bpemsl B CeKyH/1ax ). Berumcianre ckopocTh
JBUKEHMS TOUKH, €€ YCKOPEHUE B MOMEHT BPEMEHH 2C

5.MaxOBHK BpaIaeTcs BOKPYT OCH 110 3akomy @(t)= t*-5t. Haiiiure ero yrioByio CKOpOCTh (& B MOMEHT
BpeMeHH 2¢C (¢ — yroJ BpalleHHs B paJidaHax, ® — YIJIOBasi CKOPOCTh Paji/c)
6.Teno maccoil 2 Kr IBMKETCSI MPSIMOJIMHEHHO 10 3aKOHY X(t)=2-3t+2t?

Haﬁ)mTe CKOPOCTH T€JIa U €TI0 KHHECTUYCCKYIO DHCPIUIO Y€PE3 3¢ mocie Havaja JABHKXCHUA. Kaxkas cuma
ﬂeﬁCTByCT Ha TCJIO B 9TOT MOMCHT BpCMCHI/I? (t N3MCPACTCA B CCKYHIAX, X — B MCTan)
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IMpakTnyeckas padora Ne 38

Tema: Pemenue ynpaxxkuenunii. CamoctosTensHas padoTa
Heab: 3akpenuTh U CUCTEMATU3UPOBATH MaTepual Mo JaHHOM TeMe

1 BapuaHTt

1.

Haiinure yrinoBoit ko3¢ GUIIMEHT KacaTeIbHOU, TPOBEACHHON K TpaduKy QyHKIIMH

V=4x"-6x — 1 gerorouke ¢ abermccoii Yo = 2

2. Haiinure yrinoBoit k03 PUIMEHT KacaTeabHOU, MPOBEACHHOHN K TpaduKy (yHKIIHH
y=2x"-x"+3x —6 perprouke ¢ abcrpecoi Yo = —1
3. Haiigute yrioBoii Ko QHUIHUEHT KacaTelbHOW, TPOBEACHHOH K rpaduky QyHKIUN
T
P— o - - o .:L e —
V= SInx — C0SX gerg Touke ¢ abcuuccor ~ ° 2
4. Haiinute KOOPIUHATHI TOUEK KacaHWs, B KOTOPBIX KacaTellbHbIC K rpaguKy QyHKIIMN
y=10x" = 5x =1 pymeror yrioBoii K03 OHUIUEHT, paBHbIii 2
5. CocraBbTe ypaBHEHHE KacaTenbHoil K rpaduky ¢pynkmuu ¥ = 2%° ~3% = 1 g 1ouke ¢ abemmccoit
xg = 2
6. KoopmuHara MaTepHaibHO TOYKH U3MECHSETCS C TSUCHHEM BPEMEHHU I10 3aKOHY
x(t) = 6t% - 8t + 6. Hajiyure CKOpPOCTbh TOYKH B MOMEHT BpeMeHH & = O
7. Koopnunara MaTepHaibHO TOYKH U3MEHSETCS C TEUCHHEM BPEMEHH I10 3aKOHY
N S S . _
x(fy = t7 - 4" + 5. Hajinure cKopoCTh TOUKH B MOMEHT BpeMeHH & = 2
8. MarepuanbHasi TOUKa ABIKETCS IsAMOIHHEiHo 1o 3akony () = 5t* =21 + 1 Yepes ckombko
CEeKYH/]I TIOCJIe Havaya JBMKCHHUS TOYKA OCTAHOBUTCS?
9. MarepuanpHasi TOYKa JBIKETCS MPSMOJIMHEHHO 1O 3aKOHY (t) =3t - 13t Haiigure YCKOpEHHE
TOYKM B MOMEHT BpeMeHH & = 2
2 BapuaHT
1. HaiiguTe yrinoBoii ko3¢ pULMEHT KacaTelbHOM, IPOBEIEHHON K rpaguKy QpyHKINUN
Yy =7x"-5x — 12 g ero touke ¢ abemuccoit Xo = 3
2. Haiigure yrioBoit ko3¢ duumeHT kacaTenbHON, MIPOBEIEHHOH K rpaduky QyHKIUH
y=6x"-x =1 gerorouke ¢ aberuecoii Yo = 1
xt 2
V=—+—
3. Haiinure yrnoBoii ko3 huIMEHT KacaTenbHOU, MPOBEIEHHOM K rpaduKy QyHKINY - 2 xB
ero Touke ¢ abcruccoi o = —1
4. Haiinute KOOPIMHATHI TOUEK KacaHHs, B KOTOPBIX KacaTelbHbIe K rpaguKy GpyHKINN
y=8x" T4 — 4 yyperor yrmopoit kodduIMEHT, paBHbIii 1
5. CocTaBbTe ypaBHEHHUE KacaTenbHOMH K rpaduxy pynkmun ¥ = 3%~ ~ 4% —2 g rouke ¢ abermccoit
6. KoopmuHara MaTepraibHO TOYKH U3MEHSETCS C TEYEHHUEM BPEMEHH 10 3aKOHY
(t) = 3t* - 8t + 8. Hajigure ckOPOCTH TOUKM B MOMEHT BpeMeHH | = 3
7. KoopmuHara MaTepraibHO TOYKH U3MEHSETCS C TSUCHHEM BPEMEHH IO 3aKOHY

ety = t° - 4" + 8. Hajinure CKOPOCTh TOUKH B MOMEHT Bpemenn & — 4
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8. MarepuanbHasi TOUKa ABHKETCS IPAMOIMHEHHO 110 3akony X} = 1%~ 81 + 10 Yepes ckombko
CEKyH]I IOCIe Havyasla JBHKEHHs TOKA OCTAaHOBUTCA?

9. MarepuanbHas TOYKa JIBUKETCS MPSAMOTHHEHHO 0 3aKOHY (t)=8t" - 2t° Hajinure YCKOpEHHUE

TOYKH B MOMEHT Bpemenn & = 1 ¢

IIpakTuyeckasi pad6ora Ne 39
Tema: [Ipumenenue HenpepbIBHOCTU. MeTo1 HHTEpBaIoB
Henan: Hayunts yyanmxcs pemars HEPaBEHCTBA, UCIOJIB3Ysl METOJ MHTEPBAJIOB

Teopernueckuii 610k

AJropuT™ TIpuMep
1. Pazzomiy BRIpLHEHME B ) (x— 1)+ 1)(x+ 2)(x+ 3)2 (x — 4)*
SHCIHTEIE H sHAMeHATeIe Ha IHHeHES 2 =0
. (x -1 -3)*x-5)
MHEOKHTEIH.
2 Brigeamy ocodnle c1vEaH|ecTH OHH xZ—3)*#0mpux=3
2CTh) — 9eTHEIE CTEMeHH B (x+3)°=0mpux=3
COKPANMADIIHECT MEOSHTETH. (x—4)">0mpux=4
x—1)=0 mpux=+1l

i [lepenmnmen HepaBeHCTED, (x+1(x+2) -0
HCETHOTHE OCOOBIE CTVIAH. w—5 =
4. [Mpupaemgen: ¥ BV O Kaaell 4 1=0 [x=—1
AMHOEHTSIE SHOTHTETS H 3HAMSHATENE B 12 2

- X = X=—
Hafijeu gce X H2 JaHHLIX c=0p g

. _ ot ¥ =
PaBEHCTE(«KOHTPOTBHEIE TOUKH» ).
5. Otyersy Ha KOOPIHMHATHOM 3 1 5
NpAMOE TOYKH 12 1. 4, VIHTEIEAT ZHAK W
HepaeencTea(cTporuft wn HecTporui). >
X
. [TpopepHM 3HAK B OJHOM H3
HHTSPBEATOR, 4 B OCTATEHEIY — i -2 = -1 i 3 i N
TIpOYEpeIvens. = x
7. Bamumen: OTBET, VUHTHIBAT 3HAK .3 -2 -1 3 4
HepaBeHCTEA H 0COORIE CIVEAH.
X
Orger:x € [-2;-1]u (5;0) U {-3; 4}

Pewrenne ynpaxxHeHuit
(%% —4x+6) (x—2)(x—3)
(x-1)*(x-2)7

<0
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x? —4x+ 6 >0npux €R . takkax D <0
(x—2)°=0npHX € R, Tak Kak TOUka X ¥ 2
(x—1)*z0mpuXx € R . Takkak Toura X #* 1

(x—2D(x-3)=0 Ej

OteeT:X € (—2;3)

4 E-5)(==7)(2x-3)
- —x*—5x+6

=0

(x—V5)(x+v5)(x—7)(2x— 3)

=0
—(x+6)(x—1)
_X:":fg -6 W5 15 V5 7
X=— R -+ - : - -
x=15
L x;']_

OteeT: {(—0c0; —6) U [—5; 1) U [1,5:4/5] U [7; co).

[Ipumepsl Ha caMOCTOSTENBHOE PELICHHE:

1 gl_
2 —hrt+6 2

I oy

= 0.
¢ — 1 —6

JT -3

=0,

r— 2

17 — 15x — 222

v T2
r+3

JlomarmHee 3amanue:
x=3)x—-9)>0

x+7)(x—4)<0
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(2+x)(14—%) <0
6-X)(x+7)>0
X(8—-x)(12+x)>0
(14x + 28)(9 — X)x < 0
2X(7X — 14)(4 — X)(x + 24) > 0
—5x(9x — 27)(x +28)(9 —x) <0
X=4H2+X)(x+1(x—-2)<0
(x+8)(3x —30)(16 —x)(-6 —2x) <0

IIpakTnyeckas padora Ne 40

Tema: Bo3pactanue u yObiBanue GyHKIIMH
Hean: Hayuuts uccienoBars PyHKIMIO HA TPOMEXYTKH MOHOTOHHOCTH
Teopernueckunii 010K

1.Ecnu B HEKOTOPOM MPOMEKYTKE MepBasi IPOU3BOHAS PYHKIIMH OOJIbIIE HYJIA, TO (PYHKIKS BO3pacTaeT
Ha ATOM MPOMEKYTKE;

2.Ecnu B HEKOTOPOM MPOMEKYTKE MepBasi MPOor3BoAHAs (YHKIIMN MEHbIIIE HYIsI, TO QYHKIMS yObIBaeT Ha
TOM IPOMEXKYTKE.

[TpomMexyTKkH, HAa KOTOPBIX (PYHKIIHS TOJILKO BO3pacTaeT WK TOJIbKO yObIBAeT,
HAa3bIBAIOTCS MPOMEKYTKAMH MOHOTOHHOCTH.

IMopsiiok HAXOKTEHHSI IPOMEKYTKOB MOHOTOHHOCTH:

1. Haiitu oGnacth onpenenenus GyHKINH.
2. HaiiTi nepByto npon3BoAHYIO () yHKIUY.

PaccMoTpuM HeckoJIbKO MPUMEPOB Hccie1oBaHus (YHKIIMU Ha BO3pacTaHUE U yObIBaHHE.
Haiitu npomexyTku MOHOTOHHOCTH (DYHKITHIA:

_ i _ a2
P r==x ax

a) 00J1aCTh ONpeAeIeHUs Dyl zxe kX 1

r = —
6) HaiileM ePBYIO IPOU3BOLHYIO: Y 32 —6x ,

V=032 —6x=0 x=0,x=2

I/ICCHGI[yCM 3HaK HpOI/I3BO,Z[HOI>'I B INIOJIYUCHHBIX IPOMCIKYTKAX, pCHICHUC TPCACTABUM B BU/IC Ta6J’II/II_U>I.
¥ | (= 00,0))0](0:2) |2 {(2+e0)

¥ix) + of - |0 +

ya | 1 ! T

69



£ [—m;U)u(E;m) b ¥= X = 3x

WTaK, B IPOMEXKYTKaX
x e (0,2)

YHKLIMS BO3pAacCTaer, B

IPOMEXKYTKE yOBIBaeT.

2)-?'*’:‘?‘3

a) 00J1aCTh OIpeIETICHMS DOy xek )

f_ 2.2
0) HaiiieM MepBYIO MPOU3BOIHYIO: y'=-3x ,

:.}’r=D; - 35 =0 z=0
I/Iccnez[yeM 3HAK HpOHBBOHHOﬁ B ITIOJIYUCHHBIX ITPOMCIKYTKAX, pCHICHUC IIPCIACTABUM B BUJIC Ta6J'II/II_IBI.
| {=0,0)|O| (0s+eo)
Y| - |0 -
yix | !

OyHKIHA Y yObIBaeT Ha Bcell 001acTU ONpPEIeNICHUSI.

3) y=x2—5x+6l

a) 00IacTh OIPe/ICIICHUS Dyl xe R

6) Haii[eM IepBYIO IPOU3BOIHYIO: * '=2x-3
:.yr = D’ 2?:—5:':'; r= 2=5

I/Iccnez[yeM 3HaK HpOHBBO,Z[HOfI B ITIOJIYUCHHBIX ITPOMCIKYTKaAX, PpCHICHUC IIPCACTABUM B BUJIC Ta6J'II/II_IBI.

% |(-e22,5)|2,5] (2,5 +e0)

y'(x) - 0 +
yix) ! T
— 2 _ :
DyHKIUA y=x-3x+b BO3pAacCTaeT Ha MPOMEKYTKE %< [2,5,+m)5 yObIBaeT Ha

POMEXYTKE * = (- 0.25)

[Tpumepsr:

Haiitu npomexxyTku MOHOTOHHOCTH (PyHKLIHN
y=x-27x .

f(X)=x+2x° +4
f(x)=2x*+x%+10

f(X) = 24/x +4x°

f (x) = /X +5x*

f(x)=7x" +13x* +18

© o~ wdh =

I[OMaHIHCC 3adaHUC:
1 f(x)=x(x+1)
2. f(x)=x(x+5)
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3. f(X)=—-

X

4. f(x)=

X—4

IpakTnyeckas padora Ne 41

Tema: Kputnueckue Touku GyHKIMH, MAKCUMYMbl 1 MUHUMYMBbI
Heas: Hayuynts HaX0AUTh 3KCTPEMYMBI (PYHKIINH.
Teopernuecknii 010K

Heo06xoanmoe ycinoBue 3kecTpemyma: Ecin Touka X sIBJISIeTCSl TOUKOH skcTpeMyma ¢pyHkuuu f U B 9TOU
TOYKE CyIIecTByeT mpousBoAHas f', To oHa paBHa Hymo: f'(x°) =0.

Ipu3nak makcumyma ¢pyakuun: Eciu ¢pynkuus f HenpepsiBHa B Touke X, a ' (x)> 0 Ha unTepBaie
(a; x°)m f'(x)< 0 Ha mHTEpBaye (X°; B) , TO TOYKA X SIBJISAETCS TOUKOM MakcuMyma GpyHKIuu f .

IMpusnak munumyma ¢pyukuuu: Eciu dyaknus f nenpepsiBHa B Touke X°, a f'(x)< 0 Ha unTepBane
(a;x°)m £ (x)> 0 nHa unTepBane (x°; B) , TO TOUKa X° ABJISAETCS TOUKOW MakcuMyma QpyHkuuu f .

Tenepb KOCHEMCS BOIIPOCA MOCIIEA0BATEIHFHOCTH OIEPAIIHiA, KOTOPBIC HY>KHO BBIITOJIHUTE TIPH OTHICKAHUHT
9KCTpeMyMOB GyHKINH.(3-4 MUHYTHI)

1. HaiiTh obnacTh onpeaeneHus GyHKIUNA

2. HAWTH IPOU3BOJIHYIO (PYHKIIHH

3. HaliTH TOYKH, B KOTOPBIX BBIMIOJHSETCS paBeHCTBO f(X)=0

4. HAITH TOYKH, B KOTOPBIX IPOM3BOIHAS HE CYIIECTBYET

OTMETHTh Ha KOOPJMHATHOMN MPAMOI BCe KPUTUYECKUE TOUKHU U 00JIACTh ONpEIeTICHHS
5. ompenenuTh 3HaK MPOU3BOAHON Ha KAKIOM U3 TIPOMEKYTKOB

6. clleNiaTh BBIBOJ O HAIMYHMH WA OTCYTCTBHH SKCTPEMYMOB

Haiinute kputndeckue TOUKH PYHKIIMU
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a)2x2+x—1=0 .,
6).

B)ax"2+3x —6=0,

r).

2. Haligute Touku MakcuMyMa U MUHUMyMa (QYHKIUU:

a)x*-10x*+9=0,

’

6).
g) 12x*-3x*-5=0,

r).

[Toctpoiite acku3 rpaduka GyHKIIH, 00IaAar0ImIen
CIICAYIOIIMMHU CBOWCTBAMH:

LD(f)=[-351 f ()= O mpux € (=3;1), f (x) < 0 npu
xell;s), fF)=0.

2.D(f)=[-4:6]. f () = 0O mpu x € (—4; 2). f (x) < 0 npu

re(2;6) , fF(2)=0.

I[OMaI_HHee 3aJaHUC:

1. HaiiguTe KpuTHYECKHUE TOUYKU (HYHKIIUH:
a)6x'24+3x+10=0 .

0).
2. Haitnure TOUKM MakCUMyMa U MUHUMyMa  (yHKIIUHU:
x5 13
-8__-+9=0
a) 8 3 ;

5).

3.IToctpoiite acku3 rpaduka GyHKIMH, 00sIaAar0MIEeH
CJICAYIOIIMMHU CBOWCTBAMM:

Dify=11;6l. f{x) >0 npux e (1;3) f (x) < 0 npn
xe(3;6) , F(3)=0.

IIpakTnyeckas padora Ne 42
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Tema: [IpumeHeHre TPOU3BOIHON K UCCIEAOBAHHIO (PYHKITHIA
Hean: HayunTh yqammxcs ucciaeaoBarh GyHKIIMA C TTOMOIIBIO TIPOHU3BOHON

Teopernuecknii 010K

Cxema uccnenoBanust (pyHKITUH:

1. HaiiTu o6sacts onpenencHus GyHKIIHH.

2. [TpoBepuTh, HE SABIACTCS U PYHKIUSA YSTHON UM HEYETHOW; IPOBEPUTH TAKXKE, HE SBIISCTCS JIH
OHA MEePUOTUIECKOH.

3. Haiitu, eciu 5T0 BO3MOXKHO, TOUKH NiepeceueHus rpaduka GyHKINUN C OCSIMH KOOPAUHAT U
IPOMEXYTKH 3HAKOIIOCTOSTHCTBA QYHKIMU. MIHOT 1A [Tl yTOYHEHHSI TOCTPOEHUS rpaduKa ciaeayeT
HAWTH JBE TPU AOTIOTHUTEIILHBIC TOUYKH.

4. Haiitu npou3BoiHy0 QyHKIMU U €€ KPUTUYECKUE TOUKH.
S. Haiit npoMeKyTKi MOHOTOHHOCTH M 3KCTPEMYMBI (DYHKIIUH.
6. [Toctpouts rpaduk GyHKINHU, UCTIOIB3YS MOTYyUCHHBIE PE3yIbTAThI UCCIETOBAHMUS.

PaccmoTpum npumep:

b
% -1

1. O6macte onpeneneHus

Y:

X' =120, x#1 poyromy ¥ € (= oo 1)U (1;:400)

2. Ilepeceuenue ¢ ocsamu koopauHat: Touka (0;0).
3. BBuay T0Oro0, 4To 00JIaCTh ONpPEACICHHS HECHMMETPUYHA OTHOCUTEIIHO Havaia KOOPAUHAT, TPOBEPKa
Ha Y€THOCTh HEBO3MOJXKHA.

4. I/IHTepBaJ'IbI 3HAKOIIOCTOSAHCTBA

X4

Tak kax x'20 ¥xe R, TO 3HaK Apodu x* -1 OyZIeT 3aBUCETh TOJILKO OT 3HaKa 3HAMEHATes, T.€. OT
suaxa X~ 1= (2= 1)(}‘2 52 1). IMostomy npu ¥ € (-0 (O1) ¥ <0 ,anpu ¥ € (+o) y>0,
5. MHTepBanbl MOHOTOHHOCTH
i 4}{3(x3 = 1)— xt. 3x? _ 4x° - 4%° - 3x° . x° - 4%* ]
- - erf
x%-4x° =0,
x3(x3 = 4)= o,
=0, x,= 4

y >0 y <0 y' <0 y >0
0 1 T

Ipu * € & w,D)g_; W”‘wj (yHKIUS BO3pACTaET,

Ipu ¥ € (o1)w (1;3«'2) dyHKIHS yOBIBAET.

1. A

(0;0) - Touka MakcUMyMa, 3 ) - touxa MHHAMYMA.

XE (— cor,—iﬁ)u (1;+°°) rpaduk QyHKIIMHA BOTHYTBIMH,
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xel-32; 1) rpaduk pyHKIIMU BBIMYKJIBIA. - TOYKA Ieperuoa.

AV

Hccnenyiite u moctpoiite rpaguku HyHKIUII:

h(x) =-3x*+ 12.
h(x) = 2x*+ 3x + 1
f(x) =2x?-3x +1
h(x) = 0,56x* + 5x + 8
hi(x)=05x* —5x + 8

Jomarinee 3ananue:

A A

1. h(x)=2¥*+1
2. f(x) =x?-4x + 2
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IpakTnyeckas padora Ne 43

Tema: KontponbHas pabota o teme: «[IponsBomrasy»
Heas: [IpoBepuTh ypoBEHb YCBOSHUSI MaTepraia

BapwuaHrT 1.
TeopeTnyeckumn Bonpoc

1. Tlpupaimienue apryMmeHTa u npupaiieHiue GpyHkuuu

MpakTu4yeckue 3agaHuA

2. Haiitn npousBoaHyto GyHKuuu Yy = X

3. Haiitu npomexyTok Bo3pactanus QyHKuu Y = X2 —2x + 3

4. Haiitn sxetpemymsl dyrxmn Y = X° + 3/X

5. 3ammcarh ypaBHeHMe KacaTelbHOM k rpaduky Gpynkuun f(X) = (X2 +1)/X B TouKe ¢
abcruccoit Xp=2

6. Hccnenosars pynkmuio f(X) = X*-5X+6 u HOCTPOUTH €€ rpaduk

BapuaHT 2.
TeopeTuueckuin Bonpoc
1. IloHsATue npou3BOAHOMN
MpakTu4yeckmne 3apgaHuA
2. BorumcnuTs 3Hauenue npoussonnoit gpynxumn ¢(X) = 6X* B Touke X=4
3. Haiitu npoMexyTKH, Ha KOTOPbIX QyHKLuUsA Y = (X - 2)2 : (X + 4)2 BO3pacTaeT
4., Haiitu sxctpemymsl pyrkimuu Y = — 48/X — X
5. 3anmcaTh ypaBHEHHE KacaTelnbHOM K rpaduxy pynkmuu f(X) = (X2 -1)/X B Touke c
abermccoit  Xp=-2
6. Hcenenosars pynxmmio f(X) = X* - 2x3 + 3 1 nocrponts & rpaduk

BapwuaHT 3.
TeopeTnuyeckuit Bonpoc
1. Tabmuira mpou3BOIHBIX
lNMpakTuyeckmne 3apaHuA
2. BprucIUTH 3HAYEHUE MPOU3BOAHON QyHKINMH Y = X3 B Touke X=1
3. Haiitu kputrueckyio Touky ¢pyaxuuu f(X) = X - 4
4. Haiitu npoMexyTok Bo3pacTaHusl QyHKIUN Y = X2 —2X+ 3
5. HaiiTi TaHTeHC YIiIa HAKIOHA KacaTebHoil k rpaduky Gynkunn Y = -X°/3 - X2/2 + 3x + 13 &
Touke Xop=-3
6. HUccnenosats pynkuuto g(X) = -1 u HOCTPOUTH €€ rpauk

BapuaHrT 4.
TeopeTuyeckuin Bonpoc

1. TlpaBuia BBIYMCIEHHS TIPOU3BOIHBIX

MpakTuyeckue 3apaHus

2. Haittu npoussoanyio gpynxiuu g(X) = x*

3. Peumts ypasuenne '(X) =0 , ecma f(X) = X° - X

4. Haiitu npomMexyTok yObiBaHUs (pyHKIMH Y = x> - 6x + 8

5. Haiitu TaHreHc yria HaKJIOHA KAcaTelbHON K rpaguky GyHKuuu Y = X3 -%/2-3x+13 &
Touke Xp=3
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6. Hccnenopars pynkmuio h(X) = X’ -4 u MOCTPOUTH €€ rpadux

BapwuaHT 5.
TeopeTnyeckumn Bonpoc

1. KacarenbHas k rpaduxy GyHKIIUN

I'IpaKTI/NeCKVIe 3agaHud

Haiitu npoussoanyto pynkuuu @(X) = X + COS X

Pemuts nepasencto f'(X) >0, ecmu f(X)= 2 x? - 4 X

HaiiTi npoMeskyTKH, Ha KoTopbix dymkmms Y= 2 — 2 X2 + 4x%/3 - % X* Bospacraer.
Haiitn kputnueckue Touku Gpynkiuu Y= (X2 + 3X) / (X + 4)

o0k v

HccnenoBath QyHKIUIO g(x) = - X? - 5X - 6 u noctpouts €€ rpadux.

BapwuaHT 6.
TeopeTuyeckuin Bonpoc
1. TIpomsBoxaHas B pU3UKE.
MpakTu4yeckmne 3apaHuA
Haitrn npomnssoanyto yrxman f(X) = (2 + 1)*
Haiitu kputnueckue Touku Gpynkuun Y= 6 + 12X - X3
HaiiTi mpoMeXyTKH, Ha KOTOPHIX QYHKIMS ~ yOBIBAET.
Haitn nponseozmyio dyrkman Y = 2\X + 27/X — x%/9
Uccnenonars ¢pynxiuio N(X) = X? - X - 6 u mocrpouts eé rpadux.

IS

BapuaHT 7.
TeopeTuueckun Bonpoc
1. Tlpusnak Bo3pactanus (yObIBaHUs) QYHKINH.

MpakTu4yeckmne 3apgaHuA

Borncuts f '(3), ecmm f(X) = X2

Haiitu npousBoaHyto GyHKIMU Y = 2sin x

Haitti npomeskyTky, Ha kotopbix dynxmus Y = 0,5 X* - 5x°/3 - 1,5 X* + 2 Bospactaer
HaifTH TaHTeHC YIiIa HaKIOHa KacaTebHoi k rpaduky pyHkmmu y = Vx B Touke X = 9

o0k N

Uccnenosats pynkmuio ¢ (X) = X% 9 u IIOCTPOUTE €& IpaduK.

BapwuaHT 8.
TeopeTnuyeckuit Bonpoc
1. TIpusHak MakcuMy™ma (MUHUMYMa) (QyHKIMH.
MpakTuyeckue sagaHus
2. Haitru npoussoanyio gpynkiuu f (x) = X
3. Pemmts nepasenctso §'(X) < 0, ecmn g( X )= X - 4x
4. Haiitn mpomMexyTKH, Ha koTopbix pyrkmus y = % X' - 5x %3 - x*— 1 y6usaer.
5. Haiitu TaHreHc yria HakJIOHa KacaTeabHOM rpaduky GpyHKIUU f(X) =2 X P+ 3 X 2 B Touke Xo= -2
6. Mccrenosats dpynkmmio N(X) = - X +1un MOCTPOUTH €€ rpaduk.

BapwuaHT 9.
TeopeTuyeckuin Bonpoc
1. HWccnenoBanue GyHKIUH.
npaKTVNeCKVIe 3aaaHud
2. Haiitu npoussoanyio gpynkiuu h (X) = sin (2 - 3x)
3. HaiiTi mpoMeXyTKH, Ha KOTOPBIX GyHKIHS Y = (X2 +8x) / (x - 1) Bo3pactaer.
76



4. Haiitu npowssoauyto gyrkumu y = X /8 —X°/3 + VX u BeruciuTs ce 3naueHue, ecm X = 4,

5. Haiitu ypaBHenue kacatenbHoii k rpaduxy ¢pynxuun  f(X) = (x-1)/(x+1) B Touxe ¢
aberuccoii Xg = -2

6. Mccnenosats pynxumio f(x) = X+ x—6u HOCTPOHTE €€ TpaduK.

BapwuanT 10.

TeopeTnyeckumn Bonpoc
1. Ilpupaimenue apryMeHTa u npupamieHue QyHKIum.

MpakTu4yeckue 3agaHuA

2. Haitru f'(x), ecnn f(x) = 4 (x-5)°

3. Haiitu nponssomyto pyuxumn g (X) = XI5 -% X2 -9\x -2 u sbrumciuTe ee 3HAUCHNE, eCIM X =
1

4. Haiitn npomesxyTku, Ha KoTopbix dynkuus Y = (X° - 8x) /(x+1) y6uisaer.

5. 3ammcarh ypaBHeHMe KacaTenbHO# k rpaduky ¢pynkumu f(x) = (x+1)/( x-1) B Touke ¢
aberuccoit Xo=2

6. Mccnenosats pynxumio N(x) = x>+ 5X-6u HIOCTPOMTH €€ IrpaduK.

BapuaHnTt 11.

TeopeTuyeckuin Bonpoc
1. TlonsTHE TPOU3BOIHOM.

npaKTVIlIeCKVIe 3agaHuAa
2. Pemmts ypaBuenue '(x) = 0; eciu g(x) = 2x - x
Haiiti mpoMexyTKH, Ha KOTOpeIX GyHKIms Y = (X - 3)*/( x+1) Bospactaer.

2

Haiitu kpuTndeckue Touku Gynkmuu y = X + COS 2X
Hanucars ypaBHeHHE KacaTenbHOM K rpaduky GpyHkium ) = (; X2+8)/ (x+1) B TouKe xo=0
Uccnenonats ¢pynxmuro f(x) = 3% -5x°u IIOCTPOUTE €& IpaduK.

o U AW

BapuaHT 12.
TeopeTnuyeckuit Bonpoc
1. TabGuuia mpou3BOIHBIX.
MpakTu4yeckmne 3apgaHuA
2. Haiitu npoussoanyio ynxiuu f(X) = 4%’
3. Haittn npomesyTkn Bospactanus dynkumm Yy = 5x° — 3X + 1
4. Haiitu MuauMyM ¢GyHKIMH Y = x> — X
5. HaiiTu TaHTeHC yriia HAKJIOHA KacaTelbHoi K rpaduxy dynkimu y(X) = (X2+8)/ (x-1) Brouke c
a6ermccoit xo =0
6. Wccnenosars dynkmuio §(X) = - X+ 4 u MIOCTPOUTH €€ TpaduK.

BapwuaHT 13.
TeopeTuyeckuit Bonpoc
1. IlpaBuna BBIYUCIIEHUS IPOU3BOIHBIX.
MpakTuyeckue 3agaHusA
2. Haiitu f '(X), ecmu f(x) = 7x
3. Haiitu npousBoaHyI0 GyHKIUU g(x) = 4 SIN X - COS X ¥ BBIYUCIUTE €€ 3HAYEHHUE, eClli X = 7T
4. Onpenenutb, BO3pACTaeT WU yObIBaeT GQyHKIMS Y = - X3
5. Haiitu Tanrenc yria HakioHa KacatenbHoil k rpaduky ¢ynxmuu f(x) = X" B Touke ¢

abcuuccoit xg =1
77



6. Hccnenosars pynkmuio N(x) = - X+ 1u HOCTPOUTH €€ rpaduK.

BapwuaHnT 14.
TeopeTnyeckumn Bonpoc

1. KacarenbHas k rpaduKy QyHKIUH.

I'IpaKTVNeCKVIe 3agaHud

2. Pemmts ypasnenne f '(X) = 0, ecn f(x) =x3— 12x =7

3. Haiitu npoussoanyio dyukuuu N(x) = 14 X

4. Haiitu npoussoanyo Gpyakmnuo Y =3 COS x/3 + 2 SIN 4X u BeIUMCIUTE €€ 3HAYeHue, eclu X = 71/2
5. Haiitu ypaBHenue kacatenbHoit k rpaduky dpynxuu f (X) = X"+ 4 X* B 1ouke abcruccoit xg =

1.
6. Hccnenosars pynkmmo ((X) = X* +5X + 6u MOCTPOUTH €€ rpaduk.

BapwuaHT 15.
TeopeTuyeckuin Bonpoc
1. TIpomsBoxHas B pU3UKE.
MpakTu4yeckmne 3apgaHuA
Haiitu npousBoanyto pyHKIMU g(x) = X8/ 8
Pemmuts nepasencteo Y' >0, ecmu Y = X 2 4X
Haiitu npomexxyTku, Ha KOTOpbIX QyHKIUA Y = Ve ( X2-2 ) X2 - 3 Bo3pacTaer.
Hanucats ypaBHeHHe KacaTenbHOU K rpaduky G yHKIIUU f(X) = 4\/X B Touke ¢ abcruccoii Xg = 4

o gk e

UccnenoBats pyHKINIO h(X) = -X2 + X + 6 u nocrpouts ee rpadux.

BapwuaHT 16.
TeopeTuuyeckuit Bonpoc
1. Tlpusnak Bo3pactanus (yObiBaHUs) GYHKIHH.
npaKTVI‘-IeCKVIe 3agaHuAa
2. Haiitu npousBognyto pynxmuu f(X) = 2X+1
3. Pemmts nepasenctso Y’ < 0, ecmn Y = X° - 6X +18
4. Haiitu npousoanyio bpynkmuu §(X) = AX® v BEMHCTATE €6 3HAueHHue, eciu X=2
5. Haiitu TaHreHC yria HaKJIOHA KacaTenbHOi k rpaduxy dpynxmuu f(X) = VX B TouKe c
abcrmccoit Xo=9
6. Mccrenosats pynximio h (X) = X+ u MOCTPOUTH €€ TpaduK.

BapuaHT 17.
TeopeTuyeckuin Bonpoc

1. TIpusHak MakcuMyMma (MUHUMYMa) (DYHKITUH.

npaKTW-IeCKVIe 3agaHuA

2. Haitru npousoanyto ¢pynkiuu f (x) =5 Xt

3. BbuucnuTh 3Ha4eHUE MPou3BoaHON Gynkimu § (X) = COS X B Touke X = /4 .

4. Pemuts HepaseHcTBO ' > (), ecru y = 4x% - 8x + 1)5.

5. HaiiTi TaHTeHC yIiIa HAKIOHA KacaTenbHOM K rpaduky Gpynkimuu f (x) = 2x + VX B TouKe ¢
abcumccoit xo=9 .

6. Mccrenosats pynximio K (x) = 4x? - 1 u moctpouts eé rpadux.

BapwuaHT 18.
TeopeTuyeckum Bonpoc
1. HWccnenoBanue GyHKIIUH
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MpakTuyeckue 3agaHuA

Haiitn npoussoanyto gynkiuu y = 1 + Sinx .

Haittu npoussoanyto gpynxuuu g (x) = (x? + 1)° u sbrumciuts & snavenue, ecmu X = 1.

HaiiTi IpOMEKYTKH, Ha KOTOPBIX QYHKIUS } = V4 x" + 7x¥3 -3 x?- 4 y6umaer.

Hanmcars ypaBHeHHs KacaTeNbHOM K rpaduky Gynkunu f (x) = X B Touxe ¢ abemmceoit Xo = 1

Uccnenopars dpyukuuio h (x) = - 4x? + 1 u noctpouts eé rpadux.

o gk wN

BapwuaHnT 19.

TeopeTnyeckumn Bonpoc

1. TlonsTHE TPOU3BOIHOM.

MpakTuyeckne 3agaHuA

2. Haiiru npoussoanyio gpynkimuu @(X) = 2 Sin 5X

3. Haiitu nponssomnyio ¢ynxuu Y = (3X° — 2 ) / ( X* - 3) u Bbrancimts €€ 3navenne, ecan X = -2
4. Haiirn sxerpemymsl dynxun Y = (X2 - 2X + 1)/ (X*- X+ 2)

5. 3amnucaTh ypaBHEHHUE KacaTelbHOM K rpaguky Gpynkmuu g(X) = x>+ X° B Touxe ¢ abcmuccoit Xo=

1

6. Hccnenosars dyrxmmo Y = 9X° + 3X° 1 moctponts eé rpaduk

BapwuaHT 20.

TeopeTuyeckumn Bonpoc
1. IlpaBuna BblUMUCIEHUS TPOU3BOIHBIX.

MpakTu4yeckmne 3apaHuA

2. Haiitu npoussoanyo gynxiuu @(X) = 7X + 8

3. Boruucmuts f'(7/4), ecnin f(X)= 2 c0S X

4. Haiitn npoMeskyToK BospacTanns dpyHkuu Y= X- 6X + 9

5. Hammcatp ypaBHEHHE KacaTeIbHON K TpaguKy (yHKIHA f(X) = X2 - 4X + 5 B ToUKE ¢
abcrmccoit Xo= -2

6. Hccnenosars dynkmuio §(X) = - X*- X+ 6n MOCTPOUTH €€ TpaduK.

IIpakTnyeckas padora Ne 44

Tema: KontponbsHas padora mmo teme: «IIpousBoanas»
Llens: [TpoBepuTh YpOBEHb YCBOCHUS MaTEpHaia Mo JAHHON TEME
1 Bapuant

1 .BeruncnuTe npou3BoAHYO:

1.f(X) =2x> +4x" +6x+3
1 2 3
3.f (x) = (8x-10)’
X
4.f(x) =cos—
(x) =

1

5.f(x):(5_T)5
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2.HaiiauTe mpou3BOIHBIE CIIOKHBIX ()YHKITHIA
1) f(x) =sin8x

1 X
Z)f(X)ZZCOSE
3) f (x) = (4x —5)?

8

D)= oy

5)f(x)=(2x-3)™* +[§x+4j
6)f(x):8tg(2x+%)

3.Haiinure kputuueckune TOYKU (PYHKITUH:

a)6x'24+3x+10=0 .

0).
4.HaiiguTe TOYKHM MaKCUMyMa U MMHMMYMa
R
—_-g_1g=9p
a) 8 3 ;
0).

GyHKIMY:

5.HaiinmuTte Hanbounpiee 1 HAaMMEHbINEE 3HAUYCHHE (DYHKIIUN

a) f(x) = 02524 -2x"2 + 1y, ppomexyrke [—1:31;

T

flad =

0) x+1'2 ma npomexyrke [0:25];

1.Beruncnute nporu3BOAHYIO:

1.f(x) =3x* +6x* +8x+100
2ipy- el 2
X X X
3.f(x) = (4x-5)°
4.f (x) =sin10x
1

5.f(x):m

2.HaiiauTe mpou3BOIHBIE CIIOKHBIX ()YHKITHI

1) f(x)=ctg2x

2 BapuaHt
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2)f(x):%sin 7X

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

DI0= 50

5)f(x)=(4x+8) +(%x+13j
6) f (x) = 4ctg (%—2x)

3.Haiinure kpuTuyeckre TOYKU (PYHKITMH:

a) 1/2x24+4/5x+15=0 .
6).

4. HaiimuTe TOYKM MAaKCUMyMa U MUHUMyMa  (DYHKITUH:

x
—+x=—-0 =10
a) 4 + 2 ;
x5 2xE
9 3

0)
5.Haiigure Hanbosnblliee 1 HAMMEHBIIIEE 3HaYCHUE (QYHKIIUH
alf(x) = 6,75x™4-x + 2 ga ppomexytre [0;21;
6) fx)=x+4/(x —1) ya npomexyrxe [—2;01;
IIpakTHyeckoe 3anaTHe Ne 45

Tema: Unrerpan. ®opmyna Hetorona-Jleii6Humna
Henawb: HayunTs pemaTs HHTETpasibl, UCHONB3Ys popMmyny HeroTona-JIeliOHuna

TeopeTtnueckuii 6110k

[Tycte dynkius f (X) HempepsiBHA Ha 3aMKHYTOM HHTepBaie [a, b]. Onpenenennsiii uaTerpai ot pynkuuu f (X) B
npeaenax or a 0 b BBOAMUTCS Kak Mpees CyMMbl OECKOHEUHO OOJBIIIOT0 YHCIIA CIAraeMbIX, KOKI0€ 13 KOTOPBIX

CTPEMUTCA K HYJIHO:
&

If[xja!‘x= LI-IE.}:. if[xij,ﬁix,

2 ma b, x—0 =

rac
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b

Zf(%j‘ﬁix=f|':x1j*ﬂ1x"’f|:xgjﬂg7f+---+flixkjlﬁkx+...+f[xxj,ﬂxx_

i=1

Ceoiicmea onpeoenennozo unmezpana
Hwxe npennonaraercs, uto f (X) u g (X) - HenpepbIBHBIC PYHKIIMK HAa 3aMKHYTOM HHTEpBae [a, b].

3
[1dx=b-a
1l a
2 )
& (x)ax=k[f(x)ax,
2. °© : rae K - koncranra;
2 2 2
[/ (x)+g(x))dx= [ 7 (x)ax+ [g(x)dx
3. a a a
L 3 A
If[xjdx=ff[x)dx+ff[x}ldx, roe a<e b
4. a a 3
[£()ax< |
0 f[x:l.:fxi g[xjdx
5. Ecmu Dif(x)ig(x) IUISL BCEX xe[ﬂ’b],To & &
if[x)cfx—[fl
6. °
‘I‘j[x:lcfx=—‘|‘f|ix:|dx
7. ° ’
2
s [#(xjdx20
8. Ecnnf[x)_ B uHTEpBane [a, b], To ®
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Dopmyna Hevomona-JlIeiionuya
[Tycts pyukius f (X) HenpepbiBHa Ha 3aMKkHyTOM HHTEpBae [a, b]. Eciu F (X) - nepsooopasnas dyukimu f (X) Ha[a
b], To
I
2
[7(x)a@x=F(z)| =F(2)-F(a).

-

[Tpumep 1

)

I(xz —xz)dx

i
Berancnute HHTCTpal

Pewenue.
[Mpumensis popmyny HeroTona-JIeliOuuIa, morydaem

z & 2\ (16 s 4
f(f-xﬂ)dF[_-_] =[_-_]-o=__
J rECY A 3

[Tpumep 2

[(4F-F)a

1]
Boerauciaute HHTCIpal

Pewenue.

j‘[ifr—n.r’z_)ai‘z - j'(z%—z%)dz -

1

2 35 ok

%H_ %H_ u 4 3

1

B S
i3 12

i

[Tpumep 3

_ 2 _
3 § y=x y=dz
Haiitu rutoraab GpUrypsl, OrpaHUIEHHOW KPUBBIMA u :

Pewenue.
Cnauana onpeaenum TOYKH MepeceyeHus IByX KPUBBIX (PUCYHOK 3).

xt =.Jx,
= xg—«J"_=CI,

- «J"E(x%—l)ﬂj,

= x=0 x=1
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Takum o06pa3om, nanHble KpuBbIe TiepecekaroTcs B Toukax (0,0) u (1,1). CnemoBaTenpHO, IIIOMIAAb (PUTYPHI paBHA

r x}ﬁn % 1 1
S=‘![ﬁ—x2)dx=[ﬁ—? =§|:2\E—x3:|
o

1
5

1
i

y=2x-x32

Puc.3 Puc.4
[Tpumep 4

y=2x-x x+ y =0
Haiitu muomaznpe Gpurypsl, orpaHi4eHHyI0 rpaduKaMu QyHKIUH u :

Pewenue.
Haiinem koopArHATHI TOUEK MEPECeUEHUs KPUBBIX (PUCYHOK 4).

Sx-x =-x,

= x-3x=10,

= x [x - 3) =10,

= x =0, x=3

y=2x- %

JlanHast 0651acTh OTpaHUYMBAETCS CBEPXY MapaboIoif , @ CHU3Y - IPSIMOI1 JINHUEH
CrenoBaTenbHO, TUIOMIAIb 3TOW 00JaCTH paBHA

S=j(2x—xz _[—x))dx=}[2x—xg +x]dx=[x3 _§+§]

1]

y=-Xx

5

3| 2 3

=3_xf*_x3 _27 27 %
z 3, r

i

Brraucnoure HUHTETpaJIbl:
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3.[ (4 +2x)dx

IIpakTyeckoe 3anaTue Ne 46
Tema: [IpumeHeHne MHTETpaIa K BBIYUCICHUIO (PU3NYECKUX BETUYUH U IJIOINAACH
Hesab: HayanTs NpUMEHATh MHTETPAIBI K BEIYUCICHUIO (PH3MUECKUX BETMYMH U TUIOMIAICH
Teopernueckuii 6110k
['eomeTpHrueckre NPUIIOKEHUS ONPEAETIEHHOr0 HHTErpaia

KpuBonuHeHO# Tpanenuei Ha3pIBaeTCs TUIOCKas (GUrypa, orpaHUIeHHAs

ocbro P4 npsiMpiMp & = & X = by rpauKOM HEMPEPHIBHOMN HA

cx;f:']

OTPE3KE [ (1)YHKI_II/II/I Y= f(?f:' , KOTOpast HC MCHACT 3HAK HAa 5TOM IIPOMCEIKYTKE. HYCTB

JaHHas QUrypa pacroiokKeHa He Hudice OCH adCIHCC:

£
I
o

cecceflcaaaay

>
Ul cianmd aall
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Tornma miomaae KPUBOJIMHEWHOW TPAINECIIUU YUCIECHHO PaBHA ONPEICICHHOMY
L

[ 7 (x)ax

UHTErpainy @ . C TOUKM 3peHUsi TeOMETPUU onpeaeneHHbii nurerpai —3to [JIOIIAJLD.

To ecTb, onpesIeIEeHHOMY UHTErpaly (€CiIU OH CYLIECTBYET) FTEOMETPUUECKH COOTBETCTBYET

xdx

IEH_

IUIOINAAb HEKOTOPOil urypsl. Hanpumep, paccMoTpuM orpeesieHHbIi narerpan 1™

x
Y= '\Ilr— 1
[TonprHTErpanbHas QYHKIUS ¥ +1 5anaer ma mnockoctu KPHUBYIO, PacoJIararoyocs
xedx
BBIIIE OCH A , 4 caM ONpeIeICHHbIN uHTerpan ! "E +1 YUCJIEHHO PaBEH IUIOLIAIN

COOTBETCTBYIOIIEH KPUBOJIUHEUHON Tpaneiuu.

ITpumep 1
y y=x'+2 y=0 z=_2 x=1
Beraucnuts miionaaps GUrypsl, orpaHuYEeHHON JIMHUSMHA , A= A=

BBHINOTHAM uepTex (06paTHTe BHUMAHKE, YTO ypaBHEHHE ¥ 0 sagaer och 4 ):

L b2
L xE L
b "
[— 2'1] y=x+2 94
Ha otpeske "1 rpaduk pyHKIMH PacCIOJIOKEH HaJ OCBIO , IOATOMY:

1 x 1 8 1 _ 8
5= I(I2+E)cfx= Ztox ==+ 2—[———4]=—+2+—+4=9
et 3 3 3 3 3

_ 2
OTBeT: §=9ed

[Ipumep 2
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1 1 KOOPpAMHATHBIMHA

, OFpaHquHHOfI JIMHUAMUAN

Boraucnute minomans GUrypsl

OCsIMH.

Pemenue: BeironHuM ueprex:

FP==-==-= Ammm e m - - s R R ] e "
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
(I [ R S L b [ T [ a
1 1 1 1 o 1 1 1 1
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
oM ___. ! 1 ' ! 1 '
T i " "

1 1 oy 1

1 1 < 1 1

1 1 .mm 1 1

1 1 a 1 1

. \ L \

1 1 1 1

1 1 1

1 1 1 1

1 1 1 1

1 1 1 1

r T T

= o o

PR ="F R '

1 1 1

1 1 1

(A ¥ 1

1 1 1 1

1 1 1 1

1 1 1 1

1 1 1 1

1 1 1 1

1 1 1 1

rTTTTTAT TS v v v v 1
1 1 1 1 1 1 1
1 1 1 1 1 1 1
1 1 1 1 | 1 1 1 1
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
r=---- a---=- - 1------ r .i_u.ﬂ.rnl._ |||||| ------ F----- 1
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
Lmm e == [ - | P [ I R | | Fl

v

, 10 KpaliHEe! Mepe, He

Ecnu xpuBOJIMHEWHAS Tparenys paciioyiokKeHa M0 OChIO QX (i

&

§=-[ rix)ax

), TO €€ TIoIIalb MOKHO HalTH 10 hopmyre:

B nannom ciydac:

eébluieJaHHOU OCH

=a-—1

S
p =€ —¢

1

¥
[

1

_I.ex.:fx
0

1

§=-[(e"ax
1]

y=-x

Dx—x

.}?:

, OTPAHUYECHHOW JIMHUSAMU

(e—1) oo = 172 2o

.S:
3

Ortser:
Haiitu muiomans miiockoit purypsl

IIpume

Pemenne: CHavasia Hy>KHO BBITIOJTHUTH YEPTEK.

87



.___T__g_._},_,____

.---%_-4_. ................

RS I R

B b= B

A S B S P S

R 1 [ [ C

| 2]

Ecnu Ha oTpeske HEKOTOpas HempepbIBHAs (QYHKIUS 7 (%) Gompre 6o paBHA HEKOTOPOH

HETpepBIBHOH (yHKIMH & (x) , TO TIOIAL (GUTYPBI, OTPAHUYCHHON rpaduKaMu JaHHBIX

A
§= |2 -gzpdr

GyHKIMIA ¥ IpsiMbIMA & = & &= & moxuo Haiitn no bopmye: 2

[0:3]

B paccmarpuBaeMoM npumepe 04€BUIHO, YTO Ha OTPE3KE napaboJia pacnoJiaraeTcs Bblllie

2
PSIMOM, a IOATOMY U3 2x—x HEOOXOIUMO BBIYECTH — &

2
CBEpXY U IIPAMON Y=o CHHU3Y.

. V=2X
Hckomast hurypa orpanuueHa napabosoi ¥

Ha otpeske [0;3] 2x-7 z-x , TIO COOTBETCTBYIOIICH opmyie:

3 3 2 3
I x 27 27 g 1
S=ler—xt—(—xNdr= [ Gr—aNdr=| = - |l == -0+ 0=2=4=
!(xx(x:ox!(xx:'x[g BJID — 5 =43
goal o
OtBeT:
[Ipumep 9

Boruncnuth miiomans GUrypbl, OorpaHu4eHHON JINHUAMU yEEox oy = 0 JO=x=m
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Pemenue: M300pa3um ganHyo Gurypy Ha yepTexe.

e P e e e
R R RS S
s S S
R B 7 o (G SR
1' I ' 'r re ]
-1 1 2 37 &4
e PO S S S S
Ha otpeske [D; ﬂ—] rpaduk (bYHKI_II/II/Iy = x PacIOJIOKEH HaJl OChIO X , IOATOMY:
T . e . . 2 5 _ [3)
S=Ism xcfx=_[sm xsin xcfx=l(l—u::os xisin xedfx=0*)
0 0 0

L34 .2
(2) Ucnionbp3yem OCHOBHOE TPUTOHOMETPUYECKOE TOKIECTBO B BUje S & = 1-cos™x

(3) IIpoBeneM 3ameny nepeMeHHoM £ = £%5 X torma:
df =d(cosx) = —sth xdx = sin xdx = —df

HoBsle nepeenbl HHTETrpUpOBaHUS:
f =cosl=1;

t,=cosw=-1

-1

{411 3
S e O N O R R
[ @x=-[ 7 (x)an
A

(4) 31ech MbI UCIIOJIL30BAJIM CBOMCTBO OIPEJIEIEHHOT0 HHTErpajia 2 )
paCHOJ'IO)KI/IB Hpe,[[eJ'IBI I/IHTel"pI/IpOBaHI/ISI B «HpI/IBLI‘lHOM» HOpHI[Ke
1
5=1= 28?
OTBerT:
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IIpakTnyeckas padora Ne 47
Tema: KontponsHas pabora o teme: «IlepBooOpasHasi»

Iesn: [IpoBepuTh ypoBeHb YCBOCHUS MaTepHala 110 JaHHON TeMe
1 BapuanTt

1. Haiinute oOmumii Bua mepBooOpasHbIX A1 (PYHKITUU:
1.f(x) =3x+5x° +6x° -2
2f(0= 2 +2 Vx
X X
3.f(x) = (5x-3)°

. T
4.f(x) = sm(Zx - Z]

2

5.f(x):m

2.Breruncnure HUHTCI'paJIbl:

1
1.J'x4dx
-1

2-Bapuant

1..HaiiguTe oOmmii Bua nepBooOpa3HbIX A PYHKIUH:
1.f(x) =6x+3x>+2x* -9

2.1 (X) :%+%—2&
X X
3.f(x) = (4x-13)°
T
4.f(x) = cos(Bx - Ej

4

) =——m—
>t (2x+10)°
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2.BpIuncnuTe UHTErpasbl:

1
1.jx5dx
-1

V4

dx

sin’ x

3.[ (4 +2x)dx

4
2, j
0
2
|
1
3 d:’l.'
4.4 T+x2

8 B

1 ]- 1
cos2x® sinix

u I dx

3

IIpakTnyeckas padora Ne 48
Tema: Pemenne TpUroHOMETPUUYECKUX YPABHEHUI METOJIOM Pa3JI0KEHHSI HA MHOKUTEIN
Heawb: HayunTs yyamuxcs pemiaTb TPUTOHOMETPUUECKHE YPAaBHEHUS METOJIOM pa3JIoKEHUs Ha
MHOKUTENH
Teoperuueckuii 010K

MeToabl pelleHms
TPUrOHOMETPHUYECKHMX YPaBHeHHH

MeToq sameHbl MeTog pasnoKeHuna Ha
nepemeHHoON MHOXMTENN
h 4

PemeHne 0THOPOIHBIX T
PHTOHOMETPHYECKHX YpaBHEHHH
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Metoa PAa3I0KeHHHA HA MHOAKHTEJ/IH

I

f(x)=0

I

[IpuBOoaHMM HCXOIHOE ypaBHEHHe K BHIY

fi(x) f2(x) =0

v

3apgada cROOHTCA K PEMEHHED

COBOKYITHOCTH YPaBHEHHI
fi(x)=0 uwmu fH(x)=0

I[MPIIMEP
Pemute ypaBHeHHe: sin4x + sindx cosx =0

Pemenne:
sin4x + sindx cosx =0
sindx (1 + cosx)=0
VpaeHeHHE PABHOCHIBHO COBOKYITHOCTH

YpaBHEeHMH:
sindx =0 HITH 1 +cosx=0
dx=71n, nez cosx =-1
Xx=nn'4, neZ X=xm+2nn, neZ
OteeT: x=7nn/4, neZ X=m+2nn, ne’

1. PemmnTsh ypaBHeHue: Sin X+ cosx=1.
Pemenue. IlepeHecém Bce wieHbl ypaBHEHHUS BJIEBO:
sinx+cosx—-1=0,

Hpeo6pa3yeM " PAa3JI0KUM Ha MHOKHUTCIIU BBIPAKCHU B JIEBOM 4aCTH YpaBHCHHUA:
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smx—2sm-(xf2)=0,
Z2em(xi2Y-cos{x/2)—2am-(x/2)1=0,
dan(xd2)-[cos(xf2)—sm(x/f2)]=0,
osm(x/2)=0, &) cos{xl2)—ami{xi2)=0,
xi2="7k, tan (x/f2)=1,
x, = 2nk, x/2= arctan 1 + 7,
xi2=mwid+7n,

X, = W/2+2man.

2. Pemmth ypaBHeHHe: COS X +Sin X - €0s X = 1.
Pemenue. COS2X+SiNX-cosX—sin?x—cos?x=0,
sinx - cosx—sin?x=0,

sinx - (cosx—sinx)=0,

1 snzx=0, 2l cosx—sinx =0,
X, =Tk, tanx =1,

n=ml4+ T,

3. Pemmts ypaBHEeHHUE: COS 2X — COS 8X + COS 6X = 1.
Pemenwme. COS2Xx+cos6x=1+cos8x,
2 C0S 4X C0S 2X = 2 €0s 2 4x
cos4x - (cos2x— cos4x)=0,

cos4x -2sin3x-sinx=0,

1). cos4x=0, 2). sin3x=0, 3).sinx=0,
dx=m/2+mk, 3x=Tn, Xy =T
n=mi8+mki4, x,=Tnl 3,

1. Pemuts ypaBHEHUE:
Pemenue:
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) 3
smx-cosx—7-cosx=0,

{- \/§J
COS X smx—7 =0,

cosx =0, x:£+7zk,keZ,
. 3 -

SIx === x:(—l)k-§+7zk,kez.
ILOMaI_HHee 3aJ1aHUC:
1. 2 sin x/2 cos 5x — cos 5x = 0.
OTtBeT:
x=m/10 + ntn/5
x = (-1)" /3 + 27,

IIpakTnueckas padora Ne 49
Tema: Pemenne TpUroHOMETPUYECKUX YPABHEHUIM METOJIOM BBEJICHUsI HOBOW ITIEPEMEHHOMN
Henab: HayunTs yyamuxcs pemiaTb TPUTOHOMETPUUECKHE YPAaBHEHUS METOJIOM BBEJEHUSI HOBOM
MIEPEMEHHOMN
Teopernueckuii 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 coOsSX =1
ITpumep:
sin®x + Ssinx — 6 = 0.

sinx =t,t € [—1,1] tP+ 5t—6=20
JIeJIaeM 3aMEHy ,JIOJIy4aeM KBaJIpaTHOE ypaBHEHHE: :
t,=1,t, =—6 t, =—6 o

HaXO0JUM KOpHHU : ,3aMmedaeM, 4yTo = IIOCTOPOHHUM KOPEHb,

te[-1,1] sinw = 1
IIOCKOJIBKY , lenaeM oOpaTHYIO 3aMEeHy, T.€. pellaeM ypaBHEHUE , Y

x=Z+2nk keZ
KOTOPOT0 KOPHSIMH OyAyT uucia : .

Z+2mk, keZ
Ortser: 2 .
Pemnre ypaBHeHUS:

1)2-51'?1:}: + 3cosx —3 =10

2) tgx = 3£rgx_
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3) cos2x = 2cosx — 1

2) 2sin®x —siny — 1 =10
5) 2co5°x + 3sinx = 3
6) *Ergx - ‘-(Ecrgx =2
7 2sinx +siny —1=0

8) Ssin“x - Gcosxy —6 =10

9) 2etgx — 3tgx +5=10

IIpakTnueckas padora Ne 50
Tema: Pemenue norapuMu4eckux ypaBHEHHHA
Hean: HayunTs yuanmxcs pemars JorapudMuieckue ypaBHEHHUS
Teopernueckuii 010K

Pemenue mo60ro orapu)Mu4eckoro ypaBHEeHHs TAKKE CBOAUTCS K PEIICHUIO OJJHOTO MU
HECKOJIBKUX MPOCTEHIINX JIOTapU(PMUUECKUX YPaBHEHUM:

1) logaf(x)= logag(x); 2) logaf(x)=Db.
Vpasuenue (2) cBoaurcs K ypasHenuto Bua (1): logaf(X)= logaa®.

Ypasuenus Buna (1) cBoasaTcs K pemieHuto ypaBHeHui f(x)= g(x) (morenuuponanue). [Ipu sTom
HEOOXO0MMO IOMHHTB, YTO ypaBHeHUs log,f(X)= 10g.g(x) u f(x)= g(x) He paBHOCHWIBHBL [IpH
NOTEHIIMPOBAHUY NMPOUCXOAUT PACIIMPEHNE 00JIACTH ONPENIEIEeHNUs, a 3HAUUT UMEETCs
OMaCHOCTb MOSBJICHNS IOCTOPOHHUX KOpHEH. [IpoBepka — Hammy4niee cpeicTBO MPOTUB TAKON
OTaCHOCTH.

1 mun — 110 onpezeneHuo Jorapudpma:

log@x-I)=-2
a) 3

q -2
(—} =3x-1
3 - 2%—1=9: X=5.

Pemenmne:
log,10-0)=-2 log,%=-2
Mposepka: 3 C3 ; ~2logzd=-2-_2=_2 _ pepHo.
OtBer: x=5.

6) logy (= +4x+12) =2
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Pemenne: & =3 +4u+12; 2% +4x+12-9=0; z°* +4z+3=0:

xiy =2t -3 =241 ; X171 m x=—3.

IMpoBepka: x=1, logs(1-4+12)=2; 10939=2; 2l0g33=2; 2=2 — BepHoO;
x=-3, 10g3(9-12+12)=2; l0og39=2; 2log33=2; 2=2 — BepHoO.

OtBeT: x=1, x=3.

5
lugg(——l] =x-2

X
B) 4 .

2:{—2 3 x 1 8

Pemenue: ¥ 42 lycers F=y , TOTJIa YPaBHEHHE 3aAIIUIIEM B
v B

+1=0
Buge 4 ¥ -y +4y-32=10.

F1a= -2 +32=-046 . gy =4y =8 ¥ g o 3F x=Dr B oxog

B
lagg[——lJ =2-1
IpoBepka: 4 - logzl=10

— BEpHO.
OTtBer: x=2.

2 mun — ypaBHEHUSI, KOTOPBIE C MOMOIIBIO JIOTapu(PMHUUECKUX TOXKIESCTB CBOIATCS K
MPOCTEUILINM YPABHEHUSIM:

a) lg(x—3)+lg(x—2)=1-1g5.

Pemrenne: Ig[(x-3)(x—2)]=1g10-1g5; Ig(x*-5x+6)=1g2;

5iq,155—16

X2-5x+6=2; X>-5x+4=0; X1,= 2 :x=4 1 x=1.
IMpoBepka: x=4; 1g(4-3)+ Ig(4-2)=1-1g5; 1g1l+ Ig2=1g2; 1g2= Ig2 — BepHoO;

x=1; lg(1-3)+ 1g(1-2)#1- 1g5, Tak kak BbIpakeHHUE, CTOSALIEE MO/l 3HAKOM Jorapudma,
JIOJKHO OBITH BCET/Ia MOJOKUTETBHBIM.

OTtBer: x=4;

g+ 1gx-3) 1

6) laTx+1)+1gx- )+ 13 2
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lgh+1gx-3) | lgdx-3) 1

Pemrenme: 1&3(7x+1x-6) 2 1gi(Tx+10x-6) 2

2 1g(4(x-3))= 1g(3(7x+1)(x-6)); lg(4(x—3))2= 1g(3(7x+1)(x-6)).
Ioteruupyem: 16x°—96x+144=21x*~123x—18; —5x*+27x+162=0;

Tt 869_2?163 36_ 18
5x%27x-162=0; x1,= 10 10 x1=9; xp= 10 5 .

g+ 1gh, 1 1224 1

Mposepka: x=9; 1#4+1+18 2 21g8+1lgs 2

124 1

2124 2 _ pepro;

12
2 +1[._-3J
gi+lg G |

1z 13{'%“}“@{& 6J+1g'3 2
x= 5; 3 3 — JIOXKHO, TaK KaK MoIorapu)MUIECKOe
BBIPAKEHUE HE MOYKET OBITH OTPULIATENLHBIM.

OTtBer: X=9;

B) logzxz +loggx +logym =355

1
L log pb=—1log b
Pemenne. Bocnions3yemcs popmynoit B m o X

1 1 11
logsx+—logmr+—logsx =53 —logzx =335 _
BTy PRI REE T g logzx =3 =07,

Iposepia; 10227 +108,27 +10g,,77 = 5.5 . log;3® +1loge 3’ +1=55 .

3 +§+1 =23
2 — BEpHO.

OTtBer: x=27;
r) logs3x—10+1logs(x 2T =3 +1ag; 8

Pemenne; 10250 38—11x- 2T =1og; (5 8

46+ 4/2116+2109 _ 46 65
Totenrmpyem: (3x—11)(x—27)=1000; 3x*~92x—703=0. X1 ,= 3 3 ;x1=37m
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12

Xo= 3.
Iposepka: 1. 1085011 -11+10g;(37-27) =3 +logss

log.100 +1ag;10=1ag,1000 - 1og.1000 —log 1000 _ BEPHO.

19
logs(-19-111+10g4 (— —- E'FJ #3+1logs8
2. 3 , TaK KaK BBIPAXXCHHUEC, CTOALIECC 110 3HAKOM
Jorapudma, J0KHO OBITh MOJIOKUTEIBEHOE.

OTtBet: x=37.

3 mun — ypaBuenus suaa P(log,x)=0, rae P(y) — mHorousien 2 wiu 3 cTeneHu, Win
YpaBHEHUS, CBOJISIIUECS K HUM. DTH YPAaBHEHUS PEIIAIOTCS C TIOMOIIBIO TIOJICTAHOBKH: Y= logyX.

a) log? u-log, ;{2—3=EI_

2
Pemenne: 1083 ¥=2108; x-3=0 [lycry 1o83% =¥ ; y2 2y 3=(0. Pemaem ypaBHEHHUE U [OTydaeM
1

Vi=3 ny,=—1; y=3 =082 =3 = x=07, y=1 = logzx=-1 — x=3
Mposepika: x=27; 103 17-1og; 37-3=10. (log; 27)* ~log; 3 -3=0,
9-6-3=0 — BepHO;

2
1 1
1 2
logs —-1logs|=| -3=0
x=3" 7833 DEE(EJ - (log, 371y —log; 32 _3=10.

1+2-3=0 — BepHO.

1

OtBet: x=27; Xx=3;
6) log, (52"} logg =1

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

log, b=
bopmybL: log; 2

loge( 5
L0852 Jngdy =1

B JIaHHOM CITydae [MepexOiM K OCHOBAHHO 5. 198 X ;

dog; 5+2log; ) logs x =1 O@osmauymm [98:5% =¥ : (1+2y)y:1;

99



1 1 1
— logex=— -
2yP+y—1=0; y;=—1, y,=2 ; o085 x = =1 yyy Bs% =3 cx=35; x=A5

1
lngl( -;—jJ-lnggi—=1 lnglg-(—1j2=1
IMpoBepka: 1) = ;3 ; 1=1 — BepHO;

2
2) lngﬁ(ﬂ-ﬁ-lngg u@:l; lﬂgﬁ(«gj4 '(IDEMEF JEJ =1 ;

; 1=1 — BepHoO.

1
OtBer: Xx=15; x=+5 .

5 mun — norapudpmupoBaHue o0enx yactel ypaBHEHHUSI.

g1 _ 1000
IIpumep: x

Lzl (1000
lgx =lg— 2
Pemenue: x ; (Igx+1)Igx=3-Igx; lg-x+lgx=3-Igx; y=lgx;

y?+2y—3=0. Pemaem ypasHenue: y1=—3; Yo=1; lgx=—3 mwm lgx=1,
x=10"3%: x=10.

1004
0= - (0P =10t (a0 =10t

(m-z:llgln'3+1 _
IMpoBepka: 1)

10°=10° — BepHo;

1gleto + _ 1000
2) 10 ; 10%=100; 10°=10% — BepHo.

OTtBer: x=1073; x=10.

IIpakTnyeckas padora Ne 50
Tema: Pemenue norapudmMuyueckux HEpaBEHCTB
Heab: HayunTs yuamnuxcs pemats JorapudpMudeckue HepaBeHCTBa
Teoperuueckuii 010K
HepasenctBa, KoTOpble coaepKaT MEPEMEHHYIO OJ1 3HaKOM Jiorapudma Wi B €r0 OCHOBAHUH,
Ha3bIBAIOTCS JIOTAapU(PMUUIECKUMU.

Pemrenne norapuMuUecKMX HEPABEHCTB OCHOBBIBAETCS HA CBOWCTBE MOHOTOHHOCTH
JorapupMUUEcKon (PyHKIIHH.
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Tak ’ke HEKOTOpbIe JorapuMHUUECKHe HEPAaBEHCTBA MOXKHO pPEIIMUTh METOJIOM 3aMEHbI
MIEPEMEHHOM.
YnpaxuHenus:

1.PemuTh HEpaBEHCTBO logy (27 + 42 +3) > 3
[To ompenenenuro norapudma, 00JIaCTh JOMYCTUMBIX 3HAUCHUI:
2 Fdr+3>0
Penrenne maHHOrO HEpaBEHCTBA HAMIEM C MOMOIIBI0 METOJAa MHTEPBAJIOB, JUIS 3TOTO
JICBYIO 4acTh pas3IoKuM Ha MHOXHTEJTH. Pernm KBaJ[paTHOE
YpaBHEHUE :]'f2 +4r+3=0 .
D = — dac = 4

T2 =

W 1 =2
b++vD  —44+2 —4+2
2%a 2.1

Takum oGpasom, momyumnn kopuu £1 = —3 ¥2 = —1  3pauyur, nesyo wactn
HEPABEHCTBA MOYKHO TIPEJICTABUTH B BUJIE:

Lz —(=3) (z—(-1) 0= (x+3)z+1) >0

OTMETHM HyJIHM KaKI0r0 MHOXKHUTENs (a 5T0 OyayT sHadenus T1 = —5. T2 = —1) yg
YUCIIOBOM NPSAMOM M ONPENETMM 3HAKU HEPABEHCTBA B MOJIyYEHHBIX MHTEPBAJIAX:

Pt P .

o - =

YuuTteiBas 3HaK HeEpaBEHCTBA, onpenenum O/13:
r e (—oo;—3) U(—1: +00)
OJ13 ompenenuiu, Tenepb MPUCTYNUM K PEIICHUIO HCXOIHOTO JIOTapU(pMUYECKOTO
HEpaBEHCTBA:
logy (2% +4a +3) = 3
[IpencraBuM npaByro 4acTh HEPABEHCTBA KaK JIOrapudM Mo OCHOBAHUIO 2:
log, (2* + 4z + 3) > log, 2°
[lepeiimeM OT HepaBeHCTBa OTHOCUTENBHO JIOTapU(MOB K HEPaBEHCTBY IS
noiorapumudeckux GyHKIUNA: TaK KaKk OCHOBaHUE Jorapudma 0osbline equHUIb ( 2
> 1), TO 3HaK HEpPABEHCTBA HE U3MEHUTCS
;r:i+ dr +3>2°
r o+ dr + 3 = 8
r A dr—-5=10
[IpupaBHseM K HYIIO JIEBYIO YacThb HEPABEHCTBA W PEIIUM IMOJYy4YE€HHOE KBAaJPATHOE

ypaBHEHHE 4 dr—-5=0 .

2 2 e v e
D=t —dac=4"=4-1-(=5) =16+20 =36
VD =V36=6
b£VD 46 —4x6
P P R e R
Taxum oGpasom, momyamwmn kopau £1 = —9- T2 = 1 Orvernm touxu na wucnosoit
OCH M OTIPEJIETINM 3HAKHM HEPABEHCTBA B MOJYYEHHBIX HHTEPBANIAX.
" Y -
L L il
VYuTBIBas, YTO HAC MHTEPECYIOT BCE 3HAYEHHMS L', IPH KOTOPHIX JAHHOE HEPABEHCTBO
NPUHAMAET  TIOJIOKMUTENbHBIE  3HAYEHHs,  TO  MOJIyYaeM  CIEIYIOIIUE
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unTepBansl: - (—o0:=5)U(Li+20), D10 orser, Tak Kak naHHBIE HHTEPBAIIBI
MOJHOCTBIO puHauiexkaT O/13.

2.PeruTh HEPaBEHCTBO log o 5(2z — 4) < logg 5(x +1)

Haxomum O3 o onpenenenuto norapudma. OJ13

2 — 4 =0 2r =4 T =2
o o “r e (2 +oo)
r+1=1 r > —1 r=—1

[lepeiimem B HEpaBeHCTBA OT JOrapu(MOB K BBIPAKEHHUSM, CTOSIIUM TOJI 3HAKOM
norapudma, pu 3TOM, TaK Kak OCHOBaHHUE jorapupma Menpine exuHuibl ( 0,5 < 1),
3HAK HEPAaBEHCTBA TIOMEHSEM Ha TPOTHBOIIOIOXKHBIN:

2Zr—4d>r+1
2Zr—r>1+44
(=

C yuerom O/I3, okoHUATeTHEHO HMeeM, uTo -+ & (5: +00),

3.Pemmth HEepaBEeHCTBO loggsx+loggs(r+1) =1
~14++3
2

re | 0:

T 0} ~ 2
4.Pemmts Hepasencrso 1083 ¥ +10g,9 > 2

5.Pewnts HepaseHcTBO logg(XP-4x+3)<1.

IIpakTnueckas padora Ne 51

Tema: Pemenue nokazarenbHbIX YPaBHEHUN
Hens: HayunTs pemars nokasaTreabHble ypaBHEHUS

Teopetnueckuii 610K
[Toka3zaTenpbHBIM ypaBHEHHEM Ha3bIBACTCS YpaBHEHHE COAEpIKallee IEPEMEHHYIO B TIOKa3arede,
TO €CTh 3TO ypaBHEHHUE BHUJIA:

af®=p, tme a»>0 a=1 b>=0

Camoe mpocreiiiiiee Moka3aresibHOe ypaBHEHHUE:
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a* =b

a>0 a=+1 b>0

[Tpy maHHBIX YCIOBHSIX ypaBHEHUE BCET/Ia UMEET PEUICHUE, IPH TOM €IHHCTBEHHOE.
JeiicTBuTensHO, pu a > 1 nmoka3aTtenpHast QyHKIUS MOHOTOHHO Bo3pactaeT, anpu 0 <a <1 —
MOHOTOHHO yObIBaeT. B mo0oM cityuae, oHa MPUHUMAET KaKJ]0€ CBOE 3HAaYCHHE POBHO OJIMH pa3
(BumHO 1O TpaduKy):

) _
Y y=a $ y

|I'-|-|..__|__|_|_
- >

0 X Ol X

a>1 O<a<xl

A Bot eciiu b < 0, To ypaBHCHHE HEe UMEET pCIICHUH, BEIb MOKa3aresibHas (PYHKIHS MOXKET
IIPUHUMATB TOJIBKO MOJIOKUTEIbHBIC 3HAYCHUS.

MeTopl peneHus NOKa3aTeNbHbIX YPaBHEHNN
1. B pe3ynbTare npeodpa3oBaHuil ypaBHEHNE MOKHO MPUBECTH K BUAY:

a_;l‘(xj — qf

Tornma npumeHsieM CBOMCTBO:
a’™=a" = flx)=c

f
2. Ilpm momyueHmH ypaBHEHHS BHUAA & ®=p HCIIOJIb3YETCSl  OIpeneieHne Jorapudma,

MMOJIyYrM:

f(lj' = E'Dgab

3. B pe3ynbraTe npeobpazoBaHii MOYKHO TIOJTYYUTh YpaBHEHUE BU/IA:

f) = pa)

[Tpumensiercs gorapudMupoBaHue:
log, af™ =log, b9™)
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Jlanee mpuMeHsieM CBOMCTBO Jiorapudma cTeneHu:

f(x)-log.a=g(x) log.b

Bripaxkaem 1 HaX0IUM X.
YnpaxxHeHus

1.6*=216
2.81=0,125

3. 2x+3 _ 2x+2 _ 2x — 48
4.9%-83"=

5.28-2%1.8=0

6. 41> =64,
7.38=1/9,
g \4 64

IIpakTnueckas padora Ne 52

Tema: Pemenne noka3areabHbIX HEPAaBEHCTB
Hennb: HayunTs pemars nokasaTreabHble HEpaBEHCTBA

TeopeTtnueckuii 6110k

Iloxa3zaTenbHBIMH HA3bIBAIOTCS HEPaBCHCTBA, B KOTOPBIX HEU3BECTHOC COACPIKHUTCS B
IoKa3aTeji€ CTCIICHU.

[Ipu penieHre MOKa3aTeIbHBIX HEPABEHCTB MOJIB3YEMCsI CICYIOIINMU CBOUCTBAMHE
MoKa3aTeIbHOU (PYHKITHH:

1)a*>0mpuscexa>0uxeR;

2) npu a > 1 hyHKIUS y= a* BO3pacTaer, T.e. ecim a>1 u a™ = 3™ <=> X3 > Xp;
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3) mpu 0< a < 1 pynkius y = a" yobiBaet, .. ecniu 0 <a<1wma™ = a™ <=>X; < X,.
YnpaxuHenus:
[Tpumep 1. Pemure HepaBeHCTBO:
16 — 2. 127 £ 3%,
Pewienue: npencTaBuM HCXOIHOE HEPABEHCTBO B BUJIC!
4% -2.47. 3 - 3-3* <.

2
PasieniiM 00e 4acTW 5TOr0 HEPABEHCTBA Ha 37, HpU 5TOM (B CHMIY MHOJOXKHUTEIHHOCTHU
byHKINK Y = 32X) 3HAK HEPABEHCTBA HE U3MEHUTCS:

4 2r 4 T
) —2-(2) —3<o.
3 3

Bocnonb3yemcs noacTaHOBKOM:

Torz{a HCPAaBCHCTBO IMPUMET BUI:

10

I/ITaK, peIHeHI/IeM HepaBeHCTBa SABIISICTCS HpOMe)KyTOKZ
~1<t<3,

nepexozst K 00paTHOM MOJCTaHOBKE, MOJyYaeM:
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I/ITaK, PCHICHUCM HCPABCHCTBA ABJIACTCA ITPOMEIKYTOK:
—1<t<3,

nepexoast K 00paTHOM MOJCTaHOBKE, MOTyYaeM:

JleBoe HEpaBEHCTBA B CHUJTY TOJIOKHUTEIBHOCTH TIOKA3aTEIbHON (DYHKIIMH BBITTOJIHACTCS
aBTOMaTH4YeCKU. BOCOIb30BaBIINCH U3BECTHBIM CBOMCTBOM JIOrapudma, mepexonnum K
SKBUBAJICHTHOMY HEPaBEHCTBY:

4 .'1:{ 4 |GE%3

3] T \3

[TockonbKy B OCHOBAaHHMHM CTEIEHH CTOUT YHCIIO, OOJIbIIEE €IUHUIIBI, SKBUBAJIECHTHBIM (I10
TeopeMe 2) OyAeT nmepexos K caeayrolieMy HepaBeHCTBY:

T < lﬂg% 3.

I/ITaK, OKOHYATCJIbHO MMOJIy4YaceM OTBET:

& € (—o0;logs 3].

4 +2°—24=0

106


http://yourtutor.info/wp-content/uploads/2012/02/8d9dff7101c637808c7807e19f290d06.png
http://yourtutor.info/wp-content/uploads/2012/02/9365fed9603d95c52296d4efe7f8e1cd.png
http://yourtutor.info/wp-content/uploads/2012/02/81f3ccc83d088052cf4a900707d7e703.png
http://yourtutor.info/wp-content/uploads/2012/02/2876252420b158a37ce9bdd54c1f4d2c.png
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4 —3-2% =40

5
£
6.
716" +4-4"—5=0
8.
2¥71 4+ 3.2"1 5.2+ 6=0
9.

IIpakTuyeckasi padora Ne 53

Tema: Pemenue cucremM ypaBHEHUM
Hean: HayunTs pemars CUCTEMBI YpAaBHEHUI

Teopetnueckuii 6110k

[Ipu penieHun cucreM ypaBHEHHMH, COIEpIKAIIMX HEU3BECTHBIC B II0OKA3aTelIe CTEIICHU U B €€
OCHOBAHMHU HJIU IO/ 3HAKOM Jiorapudma U B €r0 OCHOBAHUHU , IPUMEHSIOTCS METObl PEIICHUs
CUCTEM anreOpauueckux ypaBHEHUH, a TakkKe METOJbl pEeHIeHHUs] [0Ka3aTeIbHbIX U
norapu(pMUUECKIX YpaBHEHUH.

IIpumep 1. Pemuth cucremy
3" —47 =65,
32 -2Y =5,

X

. 2 _ Y — o o
Pemenue: Tlomaras 32 =u, 2 =V, savennm HCXO/IHYIO CUCTEMY aJredpandeckoi cucTeMoi

u?—v? =65,
u-v=>5,
KOTOpaH paBHOCI/IJ'ILHa CHUCTCMC
u+v=13,
u-v=>5,
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X

uMeroleit pemenne U =9, v=4. CnenoBatensHo, 32 =9, 2¥ =4, 0TKy/Ja HaX0auM X = 4,
y=2.

Otset: (2; 4).
IIpumep 2. Pemutsb cucteMy ypaBHEHUI

2" +2y =1,
3y—6y* =2*"

Pemenne. O603nauuB 2 = U ,U>0, HOIy4UM anreOpandecKyro CHCTEMY:

— F=o,(*)
] 1
=1-2y, ==
u+2y=1 u=1-2y, 1 2y h 2’
3y-6y* ==u; 3y—-6y° = ; 2 (y=—,
= — ‘L 2
6’ u=—
< 3

(*) me ynoBnerBopsieT ycioButo U >0.

1 1
y :El y =gl
Bepuémcs k mepeMeHHON X : 5 &
2" ==, x=1Io
3 9,

Otser: (1-log, 3; %)

YpaxHeHus:

Pemuts cucreMy ypaBHEHMIA:

1 4x,2y :32, 62x +162y =24’ 3 3x.2x+y+l=51
38x+l :33y. l6x+y 256 3x+l _2x+y :1.

N

4 Xy _ 5 m 6 Xx+y — y24,
/324 (2x+14y)2X Cly* =xC.
x%2-3x—4 _ logsy _ 2 2 —
7. y 8. log, x+3 =7, 9. Ig° x+Ig° y =5,
Iogax_ xY =5, lgx—Ilgy=1
=4 2*.37 =1152,
10. lg(x* +y?)=1+2lg2, 11 2 477 12-
lg(x+y)—lg(x—y)=Ig2. x4 5= 4"%Y log 7 (x+y+=2.
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log, x+log, y =5,
log, x+log, y=1.

14.

3°.9Y =27,

lg(2x+y)* —lgx=2Ig 3.

IIpakTuyeckasi padora Ne 54

Tema: KonrponbHas pabora

Heab: [IpokoHTpOIMPOBaTH YPOBEHb YCBOCHUS MaTepuaa 1o JaHHOH TeMe

1 BapuanT
Pemmnre ypaBHeHus:

1Asin®y + 1lsiny — 3 =0
2.6cos®x 4cosx—1=0

39" +4.3"—45=0
7% 4 74T =35

4.
5log(x®-x —4)=3

glogsx =4 — 3logyx
7.

Pemure HEPaBEHCTBA:

B 3+x
1756

]
4 < 50854

004" —26-02"+25=0

3.
42logzx <2 +logz(x+3)=3
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5.

Pemure cucreMbl ypaBHeHH i
g2 X 2 2
g°—=3lg" x+Ig° vy,

1{ y

lg®(y—-3x)+lg xlgy=0.

2 BapuaHnt

Pemure ypaBHeHus:

1. tgx —2ctgx —1=10
2.

3
4.

5.
6.3g%x —1)— 1olg{x — 1)+ 3 =0

7logs¥x — 5+ log,¥2x —3=1

PemmTe HepaBeHCTBA:

37" < 10199

4 —10-2*+16=0
3.
g2logzx <2 +logs(x +3)=3
5.

Pemnre cucremMbl ypaBHEeHU

y—xY
- 1.,
1. 1&22 U
09, (y—2x) =3—-log,(2x +3y).

22Iog2x+32logay :8,
2, 2Iogl X 2Iog1 y 1
2 * +3 & =—

2.

2

I9g, (x* +y*) =7,
2log, x+log, y=6.
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IIpakTuyeckasi pa6oraNe 55
Tema: Pemmenne koMOMHATOpHBIX 3a1a4. KoHTponbpHas paboTa

Iean: 3akpenurth yMEHHs CTYJICHTOB PELIaTh 3a/1a41
Teoperuueckuii 010K

OCHOBHBIMH 3JIEMEHTaAMHU KOMGI/IHaTOpI/IKI/I ABIIIFOTCA pasmeeHusd, nepecnmaHo6Ku, couemdarusl.
HYCTB JaHO MHOKECTBO, COCTOLIIEC U3 N 3JIECMCHTOB. PG3M€M/;€HM€M 13 N 3JICMEHTOB IO m
3JIEMCHTOB HA3BIBACTCS YIIOPSAA0YCHHOC MHOXKECTBO, COJICp KaIee M pa3IM4YHbIX 3JICMCHTOB
JaHHOT'O MHOXXCCTBA. Us OIIPEACIICHUS BBITCKACT, YTO PA3ZMCIICHHUA M3 N 3JICMEHTOB IO M
3JIEMCHTOB - 3TO BCC M —3JIEMEHTHBIC IOAMHOXKECTBA, OTJINYAIOIUECS COCTABOM JJIEMCHTOB HUJIN
MMOPAAKOM HX CIICAOBAHMA. Umncno Bcex BO3MOKHBIX pa3MCH.ICHHﬁ H3 N 2JIEMEHTOB 110 M

3JIEMEHTOB 0003HA4al0T A U BBIYUCIIOT 110 opMyIIe

A" = n(n - 1)(11 - 2)(n —m+ 1). o A= L (1)

(n—m)!
3mech n!=1~2-3...(n—1)~n " (n—m) !=1-2-3...(n—m—1)(n—m). Vcnosumesa cunrtath 0!
=1, mosTomy AOO:%:I.

Ilepecmanogkoti uz N s1emenmoe Ha3bIBACTCS Pa3MEIICHUE U3 /1 HIEMEHTOB IO N 2JIEMEHTOB.
Tak kak KaxIas IEpecTaHOBKA COJEPKUT BCE 71 JJIEMEHTOB MHOXECTBA, TO pas3jIM4HbIC
NIEPECTAaHOBKHM OTJIMYAIOTCA JIPYyr OT APYra TOJNBKO IOPSIKOM CIIEN0BaHMsA JIEMEHTOB. Yuciio Bcex

BO3MOXKHBIX TEPECTAaHOBOK M3 7 3JEMEHTOB oOo3Hawaror P . M3 onpereneHusl mepecTaHOBOK
creyer

n! nt n!
=—=—=n! ¢ P=n (g

n

n

f=A (n—n) 0o 1
Couemanuem uz n snemermos no m (0 < m<n) seMeHTOB HazbIBaETCS MOGOE

IIOIMHOXKECTBO, KOTOPOE COAEPHKUT /71 PA3ITMYHBIX JIIEMEHTOB JAHHOIO MHOYKECTBA.
CrnenoBarenbHO, COYETaHHs U3 11 DIEMEHTOB I10 711 DIIEMEHTOB - 3TO BCE /71 - DIIEMEHTHBIE ITOJMHOXKE-
CTBA 71 - DJIEMEHTHOTO MHOXKECTBA, IPUYEM PA3IMYHBIMU MOJAMHOKECTBAMM CUUTAIOTCS TOJIBKO TE,
KOTOPBIE MMEFOT HEOIMHAKOBBIN COCTAB 3JIEMEHTOB. I10IMHOKECTBA, OTINYAOIIMECS IPYT OT Apyra
JIUILb TIOPSIKOM CJIEI0BAHMS DJIEMEHTOB, HE CUUTAIOTCS Pa3IUYHBIMH.

m
Yucito BceX BOSMOKHBIX COYETAHUN 3 71 DJIEMEHTOB TI0 772 DJIEMEHTOB 0003HAYAIOT Cn "
BBIYUCIISIOT 110 (hopMyIie

CoRTTT e
m n!
© Tty ¢

[Tpumep 1. B rpymnrie u3 30 yganmxcst Hy»HO BbIOpaTh koMmcopra, mpodopra, puzopra. CKOIbKUMA
Croco0amu 3TO MOXKHO CENaTh, €CITH KaKIbIi 13 30 ydanpxcss KOMCOMOJIEI, WieH Mpod)coro3a 1
CHOpTCMEH?
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Pemienue: rckoMoe 4MCIIO CIIOCOOOB PABHO YHCITY pa3MerieHuii 3 30 21IeMeHTOB 110 3 AIIeMeHTa, T.€.

3
A330 . Honosxwue o popmyne (1) 7=30, m =3, nonyuaem A5, =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.€.
F,=6!=1-2-3-4-5-6=720.
Ortger: 720 ciocoOOB pacCTaHOBKH.
[Tpumep 3. B 6puraze u3 25 4enoBek HY>KHO BBIICIUTD YETHIPEX AJIs1 padOThI Ha ONPEICICHHOM
yuacTtke. CKOJIBKUMH CII0CO0aMH 3TO MOXKHO CIENaTh?
Pemenye: T.K. OPSITIOK BEIOPAHHBIX YETHIPEX YETIOBEK HE MMEET 3HAYCHUSI, TO 9TO MOYKHO CHENATh

25-24-23.22
C3, croco6amu. TTo dopmysie (4) Haxommm C;S = 12.3.4 =12650.

Ortser: 12650 crroco0oB.

1. CxkoJbKUMHU CITOCOOaMH MOXHO BBIOpaTh 4 JIeTaau U3 sAIUKa, B KOTOPOM
12 neranei?
2. CKOJBKO MOKHO U3TOTOBHUTH PA3JIMUHBIX TPEXIBETHBIX (DIIAXKKOB, €CITH
UCIIOJIb30BaTh  CJICIYIOIINE [IBETA: OCIbI, CHHUIN, KPACHBIH, KENTHIA, YEPHBIA,
3¢IEHBIN?
3. CKOJbKO MATH3HAYHBIX YHCENT MOYKHO COCTaBUTh W3 mudp 2, 3, 4, 5,67
4. B Ba3e 5 kpacHbIX U 7 6enbIx po3. CKOIBKUMHU CIIOCOOaMH MOYKHO COCTaBUTH OYKET U3
5 po3, ecu B HEM JIOJKHO OBITH JBE KPACHBIX U TPH OCIIBIX PO3bI?

|
5. Pemuth ypaBHEHHUS: %01) = (x — 1)!

|
X =56

(-2

6.BBIYNCIIUTS: (A; + A ): P;.
(A17 s — Ais ) 1 Cis

7. CKONBbKMMHU cIOCO0aMH MOKHO YBE3TH €O ckiaza 10 AmuKoB Ha IByX
MaIIMHAX, €CJIU Ha KaKIYI0 U3 MAILUH TPY3SIT 110 5 AIIUKOB?
8. U3 Bocemu 1mmdp 1,2,3,4,5,6,7,8 HY)KHO COCTaBUTHh YeThIpeX3HAUHBIH KOJ. CKOJBKO
BapHaHTOB KOJa CYILIECTBYET, €CJIU MOBTOPEHUS LIU(PP B HEM OBITh HE TOJIKHO?
9. B mkosne ueTsIpe BBITYCKHBIX Ki1acca. CKOJIBKO CIIOCOO0B
pacnpesiesieHnss 9K3aMEHaTOPOB CYIIECTBYET Ul IPOBEJACHHS IK3aMEHa M0 XMMMH, €ClIH Ha
OJIHOM 3K3aM€HE MPUCYTCTBYET TOJIBKO OJAMH SK3aMEHATOP?
10. B Baze 5 anenbcuHOB U 8 1010K. CKOJIBKUMHU CLIOCOOAMU MOKHO BBIOPATh 6 PpyKTOB,
4TOOBI CpeI HUX ObLIO 3 anenbcuHa

KourposbHas padora

Bapwuant 1
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1. I'pynmna u3 28 cryaeHToB oOMeHsut1ach GoTokapToukamu. CKoIbKO (HOTOKApTOUEK ObLIO
po3nano?

2. Jlna ywactus rpymmbl, B coctaBe 30 4YeNOBEK B CIIOPTUBHBIX COCTSI3aHUSX HYXKHO
BbIOpaTh KOMaHIy U3 4-X dYenoBeK. CKOJIBKMMHU cHOCOOaMH MOKHO BBIOpaTh y4YaCTHHKOB
COCTSI3aHUS?

3. CKOnBKUMHU CITIOCOOAMH MOKHO COCTAaBUTh CIIMCOK U3 8-MU 4eI0BEK?

4. B smmKe ¢ AeTCKUMHU KyOMKaMu 8 3eJeHBIX U 5 KpacHBIX KyOHKOB. CKOJBLKO CIIOcOO0B
BbIOOpa 7 KyOMKOB CYIIIECTBYET, €CIIU CPEeIU HUX JOHKHO OBITh 5 3€JeHBIX KyOMKOB?

x—2 2
5.Pemuth ypaBHEHUS: 2Cx+2 = Ax .

2C2 . —15C. =75

X

Bapuant 2
8 . 12
1.Bpruniciauts: A20 : (P8 : C20

Py-Cy — 4.

2. CKOJIbKO aKKOPJIOB MOXHO COCTaBUTH Ha 10-TH KJIaBUILIAX POSUIsS, €CIIU
KaX/IbIi aKKOPJT COJCPIKUT TPH 3ByKa?

3. Ha xonnekTuB u3 25-TH 4eI0BeK BBIJECICHO TPU MYTEBKH: B CAHATOPUH, B
JIOM OTJIbIXa U Ha TypOa3y. CKOJBKO CIIOCOO0B pacipeiesieHus MyTEeBOK CYIIECTBYET?

4. CKOIBKHMH CIIOCOOaMH MOXHO paccaauTh 7 4eTIOBEK Ha 7-MH CTYNbsIX?

5. Ha crone nexut cromnka kapt, B KoTopoil 10 xapT uyepHOi MacTH U 8 KapT — KpacHOM.
CKonpKUMH CIIOCOOAMU MOKHO BBIOpaTh 8 KapT, 4TOOBl cpeAu HHUX OBLIO 5 KapT 4YepHOM
Mactu?

IIpakTHyeckoe 3ansaTue Ne 56

Tema: Knaccumueckoe OMnpeaACIICHUEC BCPOATHOCTH CHy‘l&fIHOFO COOBITHS
HEJ'IBZ SaerHI/ITI) YMCHHS CTYACHTOB PCIIATh 3aa4U Ha KJIACCHYCCKOC OIPECACIICHUC
BCPOATHOCTHU CHy‘I&ﬁHOFO COOBITHS

Teopernuecknii 0JI0K

Kiaccuueckoe onpenenenne BeposiTHOCTH BeposTHOCTBIO COOBITHSI A Ha3bIBaeTCA
OTHOINICHHE YK CIIa UCXO0B M, OJIaronpusSTCTBYIOMIMX HACTYIICHUIO JAHHOTO COOBITUS A, K
YUCIy, BCEX UCXOJ0B ( HECOBMECTHbBIX, €CAMHCTBECHHO BO3MOXKHBIX, paBHOBO3M0)KHBIX), T.C.

m
PlA)=—
i

BeposTHOCTB 110000 COOBITHS HE MOXKET ObITh MEHbIIIE HYJISI M OOJIbIIIE €AUHUIIBI.
HeBo3MoxHOMY COOBITHIO COOTBETCTBYET BEpOSTHOCTD paBHasi 0, a TOCTOBEPHOMY —
BEPOSATHOCTH paBHA €INHUIIE.

IIpumep
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W3 ypHBI B KOTOPOW HaxosATCs 5 OenbIX U 3 YepHBIX Iapa, BBIHUMAIOT ouH map. Haitu
BEPOSITHOCTb TOT'0, YTO LIAp OKAXKETCS YEPHBIM.

Pemenue: O603Ha4MM COOBITHE, COCTOSIICE B MOSBICHUHN YEPHOTO I1apa, yepe3 A. Ooiee
YHCJIO CllydaeB paBHO 8. Yuncio ciaydaeB 0J1aronpusTCTBYIOIIMX MOSBICHUIO COOBITHS A,
paBHO3. [lonyunm

3
PlA)=—
8

YupaxuHenus:

1. T'epman u3 nosectu A.C. [lymkuna «IIukoBas 1ama» BeIHUMaeET 3 KapThl U3 KOJIOBI B 52
nucta. HaliauTe BepOSATHOCTB TOTO, UTO 3TO OYIyT: TpOKa, CeMepKa, TYy3.

2. B smuke nexar 15 kpacHbIX, 9 cHHUX, U 6 3€JIEHBIX IIapPOB, OJAMHAKOBBIX HA OIIYIIb.
Haynauy BeiHumarot 6 mapos. KakoBa BEposSTHOCTb TOTO, YTO BBIHYTHI | 3€JI€HBIH, 2 CUHUX, 3
KpacHBIX ILapa.

3. Bnagenen ogHoii kapTouku jgorepen «CropTiotoy» (6u3 49) 3auepkuBaetr 6 HOMEPOB.
KakoBa BepoSTHOCTB, UTO UM OyJET yraaHo 5 HOMEPOB B OUEPETHOM THPaKe.

4. B ypue 10 mapoB, u3 Kotopbix 2 0eibIx,3 4epHbIX U 5 cuHux. Haynauy usBneuens 3
mapa. KakoBa BepoSATHOCTb TOTO, YTO BCe 3 11apa pa3HOro LBETA.

5. B maptum u3 10 neraneit umerotcst 4 6pakoBaHHBIX. KakoBa BEpOATHOCTB TOTO, YTO
CpeaM HayJady OTOOpaHHBIX 5 JeTaneil okaxxyTces 2 OpakOBaHHBIE.

6. KostekTuB, BKIIIOYAIOIINI YETHIPEX KEHIIUH U TPOUX MY)KUHH, Pa3bIrpbIBacT 4 Ouiera
B Tearp. KakoBa BeposATHOCTb TOTO, UTO Cpeau obanaTeneil OMIeToB OKaXXeTCsl 2 )KEHIUUHBI U 2
MY>KYUHBI.

7. B rpynmne u3 25 cTyeHTOB, cpein KOTopbix 10 neBymiek, pa3plrpblBaoTCs 5 OMIICTOB.
HaiinuTe BeposITHOCTB TOTO, UTO cpean obagaresneil OUIeTOB OKaXyTCs JABE IEBYILIKH.

8. B ypHe 6 6emnbIxX, 4 yepHBIX U 5 KpacHbIX MIapoB. M3 ypHbI Hayra/l BBIHUMAIOT 5 I1apoB.
Haiinute BepoATHOCTB TOTO, YTO CpEAM HUX OKaXyTCs 2 OenbIX U | 4epHbIi map.

9. IOHom1a 3a6b11 JBE nocieaHne HUPPhI TeNehOHHOr0 HOMEpa CBOEH 3HAKOMOM M TOMHS
JIMIIb, YTO OHU Pa3IUyHbl, HaOpas ux Hayaauyy. KakoBa BEpOSITHOCTh TOrO, UYTO OHU PA3JIMYHBI,
HaOpan ux Haynady. KakoBa BeposTHOCTB TOT0, 4YTO HOMep Oy/ieT HaOpaH NpaBUIIbHO?

10.B rpynmne 12 cTyneHToB, cpeny KOTOphIX 8 oTInyHUKOB. [lo ciucky Haynauy
oto0Opanbl 9 cTyieHTOB. HaliT BEpOSITHOCTH TOTO, UTO CpPeAM OTOOPAHHBIX CTYIEHTOB 5
OTJINYHUKOB;

IIpakTuuyeckas padora Ne 57

Tema: Teopemsl 0 cymme U 00 YMHOXKEHUH BEPOSITHOCTH
Henb: HayuuTbcst BBIYUCHATH BEPOSTHOCTU COOBITMM C TOMOIIBIO TEOPEM YMHOXKEHUS
BEPOATHOCTEMN

Teopetnueckuii 6110k

Ilpouseedenuem unu nepeceuenuem 08yx coovumuti A u B HazwpiBaercs cobObitue C,
COCTOSIIIIee B OJHOBpEMEHHOM HacTymieHnu A u B. CUMBOIHYECKH IPOU3BEICHNE 3aHCHIBAIOT
tak: C=AB wmu C=A4NB. Ecm A uB — HecoBMmecTHbIE coObITUSA, TO A1 B =V ,T.
€. X TIepeceveHne MycTo (HEBO3MOKHOE COOBITHE).

JIBa ciny4aiiHBIX COOBITHSI HA3BIBAOTCS MPOMUBONONONCHBIMU, €CIIM OJIHO W3 HUX
MPOUCXOAUT B TOM M TOJBKO B TOM Ciy4ae, Korjga He mpoucxoaut npyroe. CoObiTue,
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MIPOTHUBOIIOJIOKHOE COOBITUIO A, 0003HauaroT uepe3 A4 (uutaroT «He Ay). [IpoTHBOMONOXKHBIC
cOOBITUS  00pa3ylOT TMOJIHYI0 CHCTEMY TIIOMapHO HECOBMECTHBIX COOBITHH, T. €.

AUA=U, ANA=V.

Teopembl yMHO:KEHHUS BEPOATHOCTEH

[IpousBenenre NBYX COOBITHI COCTOMT W3 TE€X JJIEMEHTApHBIX COOBITUN, KOTOpPBIE
OJIaronpusATCTBYIOT U NEPBOMY, U BTOPOMY COOBITHIO, TO €CTh MPHUHAJIEKAT UX MEPECCUCHUIO
AB = A N B. BepoATHOCTh MPOU3BEACHUS COOBITUI 3aBUCUT OT TOTO, SIBJISTFOTCS JIK 3TH COOBITHS
3aBUCUMBIMU WM He3aBUCUMBIMU. CoObITUS A U B Ha3bIBAIOTCS HE3A8UCUMbIMU, €CITU
BEPOATHOCTh K&XKJIOTO M3 HUX HE 3aBUCUT OT TOTO, MPOM3OLUIO WK HET APYroe COObITHE.
Beposmuocmu He3aBUCHUMBIX COOBITUH A W B Ha3bIBAIOTCS 0€3VCI06HbIMU;, W BEPOSTHOCTDH
MIPOU3BEICHUS TAKUX COOBITHI paBHA IPOU3BEICHUIO UX BEPOSITHOCTEH

P(4B) = P(4) P(B) ()

BeposiTHOCTP  COBMECTHOTO  TMOSIBIICHUS HECKOJNBKHUX  He3aBUCUMBIX — CcOOblmuti B
COBOKYITHOCTH PaBHA NPOU3BEOCHUIO 8ePOSAMHOCEN IMUX .

P(A1 4> .. Ay) =P(Ay) P(42) ...- P(4n) (1.1)

CobObitust A u B 3asucumeie, eciu BEpOSTHOCTH OJHOTO W3 COOBITUH 3aBUCHUT OT
MOSIBJICHUST WJIM  HEMOSIBIICHUS JpYyroro. BeposTHOCTh coObITHS B, BBIYHCICHHAS B
NPEINONI0KEHNH, YTO A YK€ OCYIIECTBHIIOCH, HA3BIBAETCA JCIOBHOU BEPOSMHOCIbIO W
ob6o3nauvaercs Py(B).

BeposiTHOCT  npoussedenuss  08yx  3agucumvlx cobvimuil paBHA TMPOU3BEICHUIO
BEPOSITHOCTH OJIHOTO U3 HUX Ha YCIOBHYIO BEPOSTHOCTB JAPYroOro:

P(AB) =P(4)P4(B) wmu  P(AB) = P(B)Py(A). )

BeposiTHOCTh coemecmnoco nosienenuss HecKOIbKUX 3a8uUcumublx cobvimuti (IpOU3BEIECHUS
COOBITHI) paBHA MPOU3BEECHUIO BEPOSITHOCTU OJHOTO M3 HUX HA YCIIOBHBIE BEPOSITHOCTH BCEX
OCTQJIbHBIX, TPUYEM BEPOSTHOCTh KaXKJIOTO TMOCIEIYIONIErO0 COOBITHS BBIYUCISIETCS B
MPEINONIOKEHUH, YTO TPEIbIAYIIHE COOBITUS YK€ TPOU3ONUIH (TeopemMa YMHOXKEHHS
BEPOATHOCTEH IS 3aBUCUMBIX COOBITHH):

P(A1 45 ... An) = P(A1) Par (A)P 4142 (A3) ... P araz oana (An)  (2.1)

VYipaxHeHus:

IIpumep 1. Nmeetca Tpu smuka, cogepxkamux no 10 geranei, npudeM B IEPBOM AILIUKE -
8, BO BTOpOM — 7 M B TpeTbeM — 9 CTaHIApTHHIX JeTayned. M3 kaxporo smumka Haynady
BBIHUMAIOT 110 OAHOH neTtanu. HailTu BEpOosSTHOCTH TOTO, UTO BCE TPH BBIHYTHIE JAETANU OyAyT
CTaHJapTHBIE.
Perienne: BEpOsITHOCTh TOTO, YTO M3 TIEPBOTO SIIMKA BBIHYTA CTaHIAAPTHAsS JeTallb (COObITHE A)

8

pasaa P(A) = T =0,8. BepossTHOCTB TOTO, YTO U3 BTOPOTO SIIUKA BHIHYTA CTAHIAPTHAS JIETalb
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7
(cobeitrie  B) paBHa P(B) IEZOJ.BCPOHTHOCTB TOr0, YTO M3 TPETHETO SAIIMKA BBIHYTa

cranmaptHas jgetanb (coositie C) paBaa P(C) = % =0,9. CoObITHE «BCE TPH BBIHYTHIC JCTAIN

OyIyT cTaHmapTHBIC» -eCTh npousBeneHue coobituit A, B,C. T.k. cobbitust 4, B, C — monapHo
HE3aBHCHUMBI , TO [10 TEOPEME YMHOKEHHSI BEPOSITHOCTEH /17151 HE3aBUCHUMBIX COOBITHI HMeeM:

P(ABC) = P(4)P(B)P(C) =0,8-0,7-0,9=0,504.

IIpumep 2. B Baze nexut 3 mokonagaeix U 7 BadgenbHbx kKoH(er. Haynaay Oepercst oqHa
KoH(peTa, 3aTeM apyras. HaliTu BEpOSTHOCTH TOTO, 4TO mepBasi KoH(peTra Oblia MIOKOJIaIHON, a
BTOpas — BaQenbHOMI?

3
Perienre: BEpOSITHOCTH TOTO, YTO TepBas KoHpera - miokonamHas (coobitme A) P(A) =—.

10

BepOSITHOCTB TOro, 4TO BTOpad KOH(beTa - Ba(beHBHaH, BbIYUCJICHHAA B IMPCAIIOJIOKCHHUU, UTO
. 7
niepBasi KoH(era OblIa IIOKOJAAHOM, T.e. YCIOBHAs BEpOSTHOCTh paBHa P, (B) = I T.e. o

. 3 7 7
TeopeMe YMHOXKEHHUS JUIS 3aBUCUMBIX coObITUl umeeM: P(AB) = P(A)P4(B) = —-— = —
10 9 30
IIpumep 3. B ypHe 5 Genbix, 4 yepHbIX U 3 cuHUX mapa. Kaxaoe ucnbTaHue COCTOUT B
TOM, YTO HayAady M3BJIEKAIOT OJIMH Iap, HE BO3Bpalias ero ooparno. HaiiTi BeposTHOCTB TOTO,
YTO TIPH TIEPBOM HCIBITAHUHU M3BJICUCH OCIblid map (CoObITHE A), IPU BTOPOM - YEPHBINA HIap
(cobprTue B), nmpu Tperbem — cunuii (coositue C)?
5}
Pemenne: BeposiTHOCTH MOsiBIICHHsT 0EIOro Mmiapa B IMEPBOM HCIBITaHHH paBHa P(A) = e

BGPOSITHOCTB IMMOABJICHHUA  YCpPHOTO Mmapa BO BTOPOM  HCIIBITAHWHM, BBIYHUCICHHAA B
MPECAIIOJIOXKCHNUH, YTO IIPU IMMEPBOM HCIIBITAHWW BBIHYT OenbIi map, T.C. YCJI0BHasA BECPOATHOCTDH

4
pasua P, (B) = TR BeposATHOCTE MOSBIEHUs CUHETO LIapa B TPETbEM MCIBITAHUM, BEIYUCICHHAS
B IIPEJIOJIOKEHNUH, YTO MPU NEPBOM HCIBITAHUU BBIHYT O€NbIi I1ap, a P BTOPOM — YEPHBIH,

3
T.€. yCIIOBHas BEpOoITHOCTD paBHa P, (C) = — .OKOHYATEIEHO HMEEM:
s 10

5 4 3 1
P(ABC) =P(A)P4B)P4(C)=—+— - — = —
(ABC) = P(4)P4(B)P45(C) TR
Onepanuu HaJ COOBITUSIMH

Cymmoti unu ob6veounernuem 08yx coooimuii A n B HazwpiBaeTcs coobiTe C, cocrosiiee B
HACTYIUIEHMHM XOTsI Obl OofHOro M3 coObiTuil A win B. CuMBOIMYECKH 3TO 3alMCBHIBAIOT TaK:
C=A4+B wu C=AUB.

Teopema ci10xeHHsI BEpOSITHOCTEH
B obmem cinyuae geposmnocms cymmubl 08yx cobbimuti paBHa CyMME BEPOSTHOCTEH 3THX
cOOBITHI 0€3 BEpPOSTHOCTH UX COBMECTHOI'O HACTYIIJIEHUS U ONIPEeNIAeTCs 110 (popMyIie:

P(A+ B) = P(A)+ P(B)— P(4B) (3)
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OueBUIHO, YTO ecnu cOObIMUA HECO8MeCmHbl, TO BEPOATHOCTb HX COBMECTHOIO
HACTYIUICHHs paBHa HyI0. [To3TOMY JUIs IBYX HECOBMECTHBIX COOBITUI BEPOSITHOCTD UX CYMMBI
paBHa CyMMeE BEPOSATHOCTEN ITUX COOBITUM:

P(A+ B)=P(4) + P(B) 4)

BeposiTHOCTh MOSIBJCHHSI OJIHOTO W3 HECKOJBKHMX IIOMapHO HECOBMECTHBIX COOBITHH,
0e3pa3IMyHO KaKoro, paBHa CyMME BEpOSITHOCTEH ITHX COOBITU:

P(A1 + Ao +.... +45) = P(4)) + P(42) + ... + P(4y) (4.1)

DopMyIbl 1S OTPECIICHUST BEPOSTHOCTH CyMMBI OOJIBIIIETO YUCJIAa COBMECTHBIX COOBITHIA
JIOCTaTOYHO TpoMO3AKU. Ecnu uucino coObITUM BO3pacTaeT, TO 4YacTo ObIBaeT yJaoOHee
HCIIOJIb30BaTh BEPOSTHOCTh MPOTHUBOIOIOKHBIX COObITHI. B camom gene, coObiTHE, cocTosIIee
B TOM, YTO HACTYIUT X0ms Obl 0OHO U3 HECKOIBKUX JIEMEHTAPHBIX COOBITHI, nPOmMuUBono104CHO
COOBITHIO - «He HACMYnum HY 0OHO U3 HUX», TO3TOMY MOKHO HCIIOJIb30BaTh (PopMyIy:

P(A1+ Az + ... + A)) =1- P(A1 A> ... Ay) (5)

Yupaxaenus:

IIpumep 1. Ha cremnaxe B Oubnuorexe B caydalHOM MOPSAJKE paccTaBlieHbl 15 yueOHMKOB,
npuyYeM IATh W3 HHUX B repersiere. bubnmorekaps Haymady Oeper Tpu ydeOHuKa. Hailtu
BEPOSITHOCTH TOT'O, YTO XOTsI ObI OJIMH U3 B3ATHIX YUCOHUKOB OyJeT B mieperuiere (coobiTue A).
Pemenune: coObiTne A - «XOTS OBl OMH W3 B3ATHIX y4eOHUKOB OY/AET B MeperieTe» OymayT
OCYIIIECTBIIEHO, €CJI MPOU30UIET JIF0O0E U3 TPEeX HECOBMECTHBIX COOBITHI: B — «o/nH yueOHHUK
B neperuiere», C- «1Ba ydeOHMKa B mepemiere» , B - «rpu yueOHuka B mepemiere». T.e.
cobbitue A=B+C+D. Torna no TeopeMe ciaoxeHHus BEPOSITHOCTEN JIsi HECOBMECTHBIX COOBITHI
UMEEM:

P(A4) = P(B)+ P(C)+ P(D) . BoruriciiuM OTIEIBbHO BEpOATHOCTH coObiTHii B, C, D:

1 2 2 1 3
()=S0 =B PE)=S 202 PO -2
Cs 91 C 91 C; 91
45 20 2 67
41 , : P(A)=P(B)+P(C)+P(D)=—+—+—=—.
CIIoIIB3yst 3TH pe3yabratsl, monyuum: P(A4) = P(B)+ P(C) + P(D) o1tortol " o1

IIpumep 2. BeposiTHOCTh momajgaHusl B I€JIb MpPH CTpeNbOe U3 TpPEeX OpYyIUd TaKOBBI:
p, =08, p, =07,  p,=09. Haiit BeposTHOCTb XOTs1 ObI OJHOTO MOMaNAHUS (COOBITHE
A) npy OJTHOM 3aJlIie U3 BCEX OPYAMH.
Pemenue: BeposATHOCTh MONagaHUs B LIENb KaXAbIM M3 OpYIUN HE 3aBUCUT OT pPE3YJbTAaTOB
CTpenbObl U3 APYrHX OPYAMH, MOITOMY paccMaTpuBaeMble COOBITHS A (TMOnajaHue MepBOro
opyausi), A, (monaganue BTOporo opyaus), Az (monajaHue TPEThEro Opyausi) — HE3aBUCUMBI B
COBOKYITHOCTH.
BepostHocTH COOBITHH, MPOTUBOMOJOXKHBIX COOBITUSIM Aj, Az, Az (T.e. BEpPOSTHOCTH

npomaxoB) coorBerctBenHo pasupl ¢ =02, ¢,=03, 0,=0]1.
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Torna uckomast Bepositaocts P(A) =1-¢, g, 4,=1-0,2-0,3-0,1=10,994.

1. JIBa cTpenka CTpensioT IO MUILIEHU. BeposSTHOCTh MonasaHus B MUILEHb IIPU OAHOM
BbICTpele s nepBoro crpenka pasHa 0,7, nns Broporo — 0,8. HaliTu BeposITHOCTH TOrO, YTO
IIPU OJTHOM 3aJIII€ B MUILIEHb IONAJIET TOJIBKO OJJUH U3 CTPEIIKOB.

2. B xop3une 4 s650Ka, 3 nMMOHA U 6 TIepcuKoB. Kakioe UCIBITAaHUE COCTOHWT B TOM,
YTO U3  KOP3HHBI CIy4ailHbIM 00pa3oM majnaeT oauH ¢pykT. HailTu BeposSTHOCTH TOTO, YTO U3
KOP3UHBI NPU MEPBOM HCIBITAHUU BBINAAET SI0JOKO, MPU BTOPOM — JIMMOH, MPH TPETbEM —
MEPCHK.

3. B aByX sAmumKax HaXOIATCS JACTAIU: B IEpBOM - 12 (13 4 cTaHIapTHBIX), BO BTOpoM -10
(u3 Hux 7 craHaapTHbIX). M3 Kaxaoro siuka Hayaady BBIHMMAOT 1O OAHOM Jertanu. Haitu
BEPOSITHOCTB TOTO, YTO OHU 00€ OyAyT CTaHIapTHBHIE.

4. Jlns curHany3auuu o0 aBapuu YCTaHOBJIEHBI /1Ba HE3aBUCHUMO
paboTalomuX CUTHaNIM3aTopa. BeposTHOCTH TOTrO, YTO NPU aBapHH CUTHAIM3ATOp cpaboTaer,
paBHa 0,95 mis neporo curHanuzartopa u 0,9 ang Broporo. Halitu BeposSTHOCTh TOro, 4TO TIPHU
aBapuu cpabOTaeT TOIBKO OJIMH CHUTHAINU3ATOP.

5. B smuke 4 Genbix, 7 cMHUX M 3 KpacHbIX Ms4a. Kaxmoe uCIbITaHue COCTOUT B TOM,
4TO U3 AIIUKA CITy4aliHbIM 00pa30M BBIKAThIBA€TCS OJWH Ms4. HaliTu BepoATHOCTH TOTO, YTO
U3 SLIMKA TPU MEPBOM HCHBITAHUM BBIKATUTCS CUHUI Ms4, IpU BTOPOM — KpacHBIM, a mpu
TPETHEM — OCIIBIIA;

6. B mepBoii Baze HaXOIUTCA 5 KpPacHBIX U 3 OEIJIbIX TBO3AUKH, BO BTOPOi — 4 KpPAaCHBIX U
8 OenbIx rBo3aMKH. M3 kax10il Ba3bl Hayznady OepyT mo ofgHoON reo3auke. KakoBa BEpOSITHOCTD
TOTr0, 4YTO OyAyT BHIOpAHBI KPACHBIE TBO3IUKH.

7. U3 ypubl, comepxameit 10 Oenbix, 8 uyepHbIX M | OpaHXKEBBIX IIAPOB, HAYTal
U3BIIEKAIOT TpU I1apa. HaliTu BepoSTHOCTH TOTO, UTO 3TO OYIYyT IIAPBI OJTHOTO LIBETA.

8. Ha TakTMueckux 3aHATHSIX 3€HHUTHAs OaTapesi CTpesseT Mo AByM OECHUIOTHBIM
camoneraM. HaliTu BEpOSATHOCTb TOTO, YTO CAMOJIETHI HE OYAYT COMUTHI, €CIIM BEPOSITHOCTh COUTH
OJIMH camoJieT paBHa 1/2, a aBa camosnera — 1/8;

9. OTaen TEXHMYECKOTO KOHTPOJIE  MpPOBEpsieT U3JeNus Ha CTaHJApTHOCTb.
BepositHoCcTh TOTO, UTO M3MENHE CTaHaapTHOE, paBHa 0,9. HaiiTu BEpOsSTHOCTH TOTO, UTO U3 ABYX
IIPOBEPEHHBIX U3JIENINHI TOIBKO OJIHO CTaHAAPTHOE;

10. B xopoOke Haxoaurcsi 6 cuHUX, 4 KpacHbIX U 6 3eneHbIX (raxkoB. Kaxmoe
UCTIBITAHUE COCTOMT B TOM, YTO W3 KOP3HMHBI CIydailHBIM 00pa3oM BBIOMPAETCS OAMH (IIaXKOK.
HaiiTu BeposATHOCTH TOTO, YTO NMPH NEPBOM HCIBITAHUM OyleT BbIOpaH 3eJeHbId (uaxok, Mmpu
BTOPOM — KPACHBIH, a IPU TPETHEM — CHHHUI.

JlomarnHee 3aj1anue

1. B smuke 10 meraneit, cpemy KOTOPBIX YeThIpe OKparieHbl. COOpIIUK Haymady Oeper
Tpu neranu. HailTu BEposITHOCTh TOTO, UTO XOTsI ObI OJJHA M3 HUX OKPAIIICHA;

2. Bo Bpemsi yueOHBIX MAaHEBpPOB JIBa TaHKa MBITAIOTCS MPOPBATHCS B PACIIOIOKEHUE
MIPOTHUBOTAHKOBOM Oarapen <«IpoTUBHUKA». KakoBa BEpOSITHOCTH TOTO, YTO OyJET MOJOUT XOTS

OBl OIMH TaHK, €CJIM BEPOSITHOCTh TOTO, YTO Oy/eT MOAOUT OJUH TaHK paBHaA 2/3, a 1Ba TaHKa
2/5.

118



3. Ha moske B ciiydaifHOM TMOPSIIKE PACCTABJICHO CEMb YUYCOHHKOB, TPUYEM YETHIPE U3
HUX - 10 Maremaruke. CTyAeHT Hayaaudy OepeT ABa U3 HUX. HaliTu BepoATHOCTH TOTO, UTO XOTS
OBl OHWH U3 HUX — 110 MaTEMATHUKCE.

IIpakTnyeckoe 3ansaTueNe 58
Tema: KontpoabsHas pabora

Heanb: IIpokOHTpONIMPOBATE YPOBEHb YCBOEHUS MaTepuasia

1 Bapuaur

1. DnexkTpoHHBII MPUOOP COCTOUT U3 ABYX MOCIEIOBATEIHHO BKIOYEHHBIX OJIOKOB.
BeposiTHOCTB BBIXO1a U3 CTpost 3a 1 mMecsiy paboTel epBoro Oioka paBua 1/3, Broporo -1/4, a
oboux — 1/6. HaiimuTte BeposITHOCTH OecriepeboitHOl paboThl Mprbopa B TCUCHUE MECSIIa.

2. B nByx Ammkax Haxo#sTcs aeTanu: B epBoM 10 meraneit (M3 HAX 7 OKpaLICHHBIX ), BO
BTOPOM- 8 neraieit (M3 HuX 5 oKpameHHbIX ). M3 kaxaoro sSimuyka HayJaqy BRIOUPAOT 110 OJTHOM
netanu. KakoBa BepoSTHOCTB TOTO, YTO 00€ OyIyT OKpallICHHBIE.

3. B samuke 12 aeraneid, cpeau HUX 9 craHmapTHBIX. HaliTH BEpOSITHOCT TOTO, YTO Cpenu
HayJady U3BJICUEHHBIX 2-X JeTalieil OKakeTcs He OoJiee OHON HeCTaHAAPTHOM JETaH.

4B smuke B ciaydailHOM nopsake nojokeHbl 10 neraneidl, U3 KOTOpbIX 4 CTaHJApTHBIX.
Kontponep B3an Haymauy 3 netanu. Beluuciure BepoOATHOCTh TOTO, YTO XOTS Obl OJHA W3
B3STBIX JIeTaJlel OKa3ajaach CTaHAAPTHOM.
5.CTyaeHT chaeT HSK3aMeH [0 TEeOpUU BEpOSATHOCTEH. BeposTHOCTh MONYyYUTh Ha HSK3aMeEH
«ueyn.» pasHa 0,1; «yn.» - 0,6; «xop.» - 0,2; «otin» - 0,1. KakoBa BeposSTHOCTH TOTO, YTO
CTYJEHT MOJIYYHUT Ha IK3aMEHE MOJIOKUTEIbHYIO OIICHKY?
6Ctpenok momagaer B necATky ¢ BeposTtHocThio 0,05, B nesatky — 0,2, B BocbMepky — 0,5.
Crnenan oauH BeicTpen. KakoBa BEpOSTHOCTH CIEIYIOIINUX COOBITHI:

a) BEIOUTO HE MEHEe 8 0UKOB;

0) BBIOUTO MEHEe 8 OUKOB;

B) BBIOWTO OoJiee 8 OUKOB;

T') BEIOUTO He OoJiee 8 OUKOB.
7.Ilpou3BoauTcs 1Ba BBICTpENa MO OJHOM M TOW k€ MuUIIeHH. BeposTHOCTh mMomanaHus B
MHUILIEHb NIPU NepBoM BbicTpelne paBHa 0,6, mpu BTopom — 0,8. HaliTu BEpOsSTHOCTH TOTO, YTO B
MHUIIEHU OyJeT XOTs Obl 01Ha MPOOOUHA.
8.bpocarorcst nBa wuWrpanbHbIX KyOuka. KakoBa BepOSTHOCTh TOSBIEHHUS XOTS OBl OJHOM
HIECTEPKHU?

2 Bapuanrt

1. U3 uucen 1, 2,3,4...100 BeiOuparoT uncio. HaliTi BEpOSTHOCTH TOTO, YTO BEIOPAHHOE YHCIIO
JIEJTUTCS XOTA ObI HAa OJHO U3 uncell: 4 u 6.

2. BeposATHOCTB TOTO, UTO MPH U3MEPSHUH HEKOTOPOH (DPU3MUYSCKON BEJTMUMHBI OYET JOIyIIeHA
ommOKa, MpeBbIIaloIas HEKOTOPYIO 3aJJaHHYI0 TOYHOCTh, paBHa 0,4. [IpousBeneHo nBa
HE3aBUCUMBIX U3MepeHus. HailTi BepOosSTHOCTH TOTO, YTO TOJIBKO B OJTHOM M3 HUX JOIYIICHHAS
omuOKa MPEBBICUT 33/IaHHYIO0 TOYHOCTb.
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3. Ha nonke Briepemexky paccraBieHo 4 yueOHUKA IO FT€OMETPHH, 5 Y4eOHUKOB IO reorpaduu
u 3 yueOHHKa M0 acTpoHOMUHU. Kaxkmoe UCIbITaHuEe COCTOUT B TOM, 4TO OMOIMOTEKaph
CIIlydaiiHBIM 00pa30M BBIOMpaeT oJuH y4eOHUK. HaiiTu BepOosITHOCTB TOTO, UTO MPU IEPBOM
UCTIBITAHUM OyZAET BBIOpaH yueOHUK MO0 aCTPOHOMUH, IIPU BTOPOM — I10 TEOMETPHH, @ B TPETHEM —
1o reorpaduu;
4. B ctynuu TeneBuieHus 3 TEIEBU3UOHHBIX Kamephl. JlJ1s KaX10i U3 HUX BEPOSITHOCTD TOTO,
YTO OHA BKJIIOUEHA B AaHHBIA MOMEHT paBHa 0,6. HailTu BEpOsATHOCTH TOTO, UTO B IaHHBII
MOMEHT HM OJIHA U3 HUX HE BKJIIOYEHA
5.B ypue Haxonsatcs 7 6enbix u 3 yepHbix mapa. [loapsia u3BnekaroT aBa mapa. Kakosa
BEPOSTHOCTH TOTO, YTO OHH 00a uepHbIe?
6.Mouety nogdpocuinu aBa pa3. Haiitu BepoITHOCTb TOro,4To 00a pasa BhINaieT repo.
7. B mepBoit ypHe 7 OenbIx M 3 4epHBIX Iapa, BO BTOPOM — 3 Oenbix ¥ 7 4epHBIX mapoB. M3
KOKIOW ypHBI BBIHUMAIOT OAWH map. KakoBa BeposSTHOCTH TOTO, 4TO 00a BBIHYTHIX IIapa
Oemnpie?
8.Tpu cTpenka HE3aBUCUMO JIPYT OT JApyra CTPENSAIOT Ho 1efu. BeposSTHOCTh monananus B LElb
nepBbIM cTpeiakoM paBHa 0,7; BTopeiM -0,8; Tpetbum — 0,9. HaiiTu BEpoSITHOCTb TOTO, UTO :

a) BcE TPH CTpeJIKa MOMaaAyT B LIETb;

0) BCe TpH CTpeJIKa MPOMaXHYThCS;

B) TOJIBKO OJIMH CTPEJIOK MOMAJET B LIETIb;

I') TOJIBKO J[Ba CTpEJIKa MONaAyT B LIEJIb;

1) He OoJiee IBYX CTPETIKOB MOMAaIyT B IIEJb;

€) XOTsl Obl OIUH CTPEJIOK MOMAJET B LIETb.

IIpakTnyeckoe 3ansiTueNe 59

Tema: CpolicTBa napamieabHbIX MIIOCKOCTEN

Hens: HayunTs pemars 3a1a4uu, UCIONb3Ys CBOMCTBA MapajlIENbHBIX INIOCKOCTEN
Teopernueckuii 6110k

Omnpenesenue. [Ipsmast v MIOCKOCTh HA3BIBAIOTCS MAPAIIETHLHBIME, €CITH OHU HE UMEIOT OOIINX

To4ek (a || =)
Ipu3HaK mapajieTbHOCTH NPSIMOI H MJIOCKOCTH.

Teopema. Ecnu npsiMas, He nexaiiasi B JaHHON IUIOCKOCTH, NapajuliesibHa KaKoH-HUOY1b
MPSAMOM, JIeXKaIEel B 3TOM MIIOCKOCTH, TO OHA MapaJljIeIbHa CAMOU MIIOCKOCTH.

=)

allb
o bool=al|n
) agE o
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puc. 1
3ameuyanud.

Ecnu miockocTs IpoXoauT Yepe3 JaHHYIO NPSAMYI0, TApaIIEbHYIO APYTroi
IJIOCKOCTH, U IIEPECEKAET ITY IUNIOCKOCTD, TO JIMHUS IIEPECEUECHUS
IJIOCKOCTEH mapajuiesibHa TaHHON MPSMOM.

Eciu OAHa U3 ABYX NAaPAJUICIbHBIX IIPAMBIX IapalJIC/IbHA ,HaHHOfI

pHC ) IIJIOCKOCTH, a Apyras npsaMasd UMCECT € IIJIOCKOCTBIO O6H_Iy10 TOYKY, TO 9Ta

InpsMast JCKHT B HaHHOﬁ IIJIOCKOCTH.

BriBoabl.

Crny4an B3aMHOIO PAaCHOJIOKEHUS IIPSIMOI U INIOCKOCTH:
a) psiMasi JIEXUT B IUNIOCKOCTH;

0) nmpsiMasi ¥ IMJI0OCKOCTh UMEIOT TOJIBKO OJHY OOLIYIO TOUKY;
B) NpsAMas U IVIOCKOCTh HE UMEIOT HU OJJHOW OOIIEH TOUKH.

>"{,__; Omnpenenenne. J[Be INIOCKOCTH HA3bIBAKOTCS NApAJLIEIbHBIMU, €CJIM OHU HE
— UMEIOT OOIINX TOYEK.

a ~
/,/>F</ [MapamienbHOCTh MIIOCKOCTEH o 1 B 0003HayaeTcst Tak: e || B. PaccmoTpum
& MPU3HAK NapauIeTbHOCTH ABYX IIIOCKOCTEH.

puc. 3 Teopema. Eciiu 1Be nepecekaromuecs npsiMble OHON IITOCKOCTH

COOTBECTCTBCHHO IMapalJICJIbHbI IBYM MPSAMBIM ZIperfI IJIOCKOCTH, TO OTH
IJIOCKOCTH IMapaJlJICJIbHBI.

Crny4an B3aMMHOTO PacHOJIOKEHUS IIIOCKOCTEN:

IUIOCKOCTH . U P NIEPCCCKAIOTCA.

puc. 4

/ IUIOCKOCTH o U F IIapajjieabHEl.
o ;

puc. 5

CBoiicTBa MapaiCJIbHBIX IUIOCKOCTEH:
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1. Ecin ABC MapalJICJIbHBIC IIJIOCKOCTH MEPECCUCHBI TpeTBeﬁ, TO JIMHHUHU
HX IICPECCUCHUSA ITapaJlJICIIbHBI.

2. OTpe3ky napajuleIbHbIX IPAMBIX, 3aKJIFOUEHHBIE MEXY

/ B : Ir ; napajiCJIbHbIMHA IIJIOCKOCTSAMU, PABHBI.
R

Pemenue 3amau:

Han yron AOD u nBe mapasienbHble IIIOCKOCTH O U 3.

[Tnockocth o mepecekaeT croponsl yriaa OA u OD cooTBeTCTBEHHO B Toukax A u D,
IUIOCKOCTH [3 3TU CTOPOHBI IIEpECceKaeT COOTBETCTBEHHO B ToUKax B u C.
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Hano:

OB=38
AB=6
BC=9

CD=2

Haittu AD, OD

UYepes Touky O, KOTOpast HAXOIUTCS MEKIY MapauIeIbHBIMH IIJIOCKOCTSAMU 0. | [3, IPOBEACHBI
npsiMbie C 1 0, IepeceKaroIne IIOCKOCTH TaK, YTO TOYKU A U B HaXOIATCs B IJIOCKOCTH (1, &
touku C u D - B mockoctu 3 AB=18 ecm, DO=26 cm u AC=3-A0

Brruncnours: BD:CD

[MapasutenbHbIe MIIOCKOCTH 0. U [ IepecedeHbl MPsAMbIMHE C 1 O

Croponsl 4N nepecekaroT napamienbHble TWIocKocTH [3 U 0. B Toukax C,D u A B. Beruncnu
many otpeska AB, ecmn NA=13 em, NC=20 cm u CD=55 cm.
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Croponsl 4N nepecekaroT napaienbHble TNIOCKOCTH [3 U O

Janbl napasuienbHble m1ockocTu o U 3. Touku A u B HaxosaTCs B INIOCKOCTH 0., &
touku C u D B mockoctufl. nuna orpeska AC=7, anuHa otpeska BD=12.

CymMa mpoeKIuii 3TUX OTPE3KOB B TNIOCKOCTH [3 paBHA 8.

Haiitu anuny npoexiuii 000MX OTpe3KOoB.
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IIpakTnyeckoe 3ansTueNe 60
Tema: [loBropenue. [IpoBepounas pabota
Hesb: O000MHUTE M 3aKPENUTh 3HAHUS M HABBIKH y4YaIluXcs M0 JAHHOW TeMe

Teoperuueckuii 010K

Kakwue nBe npsiMble B IPOCTPAHCTBE HA3bIBAIOTCS MapalIeIbHbIMU?

Cdopmynupyiite TeopeMy 0 napaieabHbIX MPSIMBbIX.

Kakue BO3MOXHBI Ciydan B3aUMHOTO PACIOI0KEHUE MPSAMOI U MIIOCKOCTH?

Kakue npsiMas ¥ III0CKOCTh Ha3bIBAIOTCS MapaleIbHbIMU?

CdhopmynupyiiTe mpu3HaK NapayieIbHOCTH MPSMON U IIIOCKOCTH.

Jan xy06 A... D1. HazoBuTe uetbipe napbl mapaienbHbIX MPSAMBIX U YETHIPE Maphbl
NIEPECEKAIOIINXCS TPAMBIX

ChopmynupyiiTe IpU3HaK MapauieIbHOCTH PSIMON U TNTIOCKOCTH.

ok wnE

~

BepHo JIX YTBEPKACHUC: €CJIN OlHA U3 ABYX MPAMBIX IapaJlJICJIbHA IIJIOCKOCTH, a BTOpast
MEPECCKACT ITY INIOCKOCTDH, TO MPAMBIC IMapaJlJICJIbHBI.

Pertenne 3amau

1). 3agaua 1

[axo:

A ABC,
ABea, Ceaq,
AM = MC,
CN = NB.

[okasats: MN || a.
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JIoKa3aTeILCTBO

MN - cpenuss nunus Tpeyronparuka ABC, saaunr MN || AB, AB £a.

Takum o6pazom, MN || a (o0 mpuU3HAKY MapauIeTIbHOCTH MIPSMOM M TNIOCKOCTH ).

2). Bagaua 2
[ano:
C-
2 ABCD - tpaneuus,
M / N ABe a,CD ¢ q,
- j\ AM=MD, CN=NB.
A B/ Mokasars: MN || a.
O
JloKa3aTenbCTBO

MN - cpennss nmunus Tpaneuuu ABCD, 3naunt MN || AB; AB € a (1o ycnoBwuio),
Taxum o6pazom, MN || a (1m0 mpu3HAKy MapaJuIeTbHOCTH MPSIMOM M IUTOCKOCTH).

3)3amaua 3. Cropona AC tpeyronpanka ABC nmapaiienbHa II0CKOCTH a , a ctopoHbl AB u BC
MEPECEKAIOTCsI ¢ ATOU TIOCKOCThIO B Toukax M u N. Jlokaxure, uro Tpeyronsuuku ABC u
MBN 1ogo0HBbLI.

[lepen pemieHreM AaHHOM 33ja9M HEOOXOIMMO BCTIOMHUTD MTPU3HAKH MOJO0MS TPEYTOJIbHUKOB.

I}

A [ano:
/. T AABC, AC Il q,
Hi—" o/ AB na= M,
& \'ﬂ BCra=N.
A [fokaszate: A ABC nogoben A MBN
JokazarenbcTBO

1. ITo yrBepxkaenuto 1° : MN || AC. Toraa yron A = yriry BMN (kak 0JHOCTOpOHHUE ITpH
NapauIeIbHBIX IPSIMBbIX).

2. yroa B - o6muii.
3. Takum oOpazom, 1o 1ByM yriam TpeyroibHuk ABC mogo6en Tpeyronsauky MBN.
4). 3anava 4

Ha cTroponax AB u AC tpeyronsuuka ABC B3sa1hl cooTBeTcTBeHHO Touku D 1 E Tak, uro OF =
5 cm u BD = 2/3. TInockocTh a mpoxoaut yepe3 Touku B u C u nmapamnensHa otpe3ky OE.
Haiinure iy otpeska BC.
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aHo:

A ABC,
0, ﬂ /z DeAB, E€AC,
g BCea, all DE,
s /’__(}f ' DE =5cm, BD/ DA =2/3.
A4 P

Hawtiu: BC.

Pewenue:

tpeyroiabHuk ABC nono6en tpeyronsHuky ADE.
Torna AB/AD = BC/DE, 5/3 =x/5, x = 25/3,x =8/
Otser: 8Y/5

I[OMalIIHee 3aJlaHHuE:

[Ipsimast AB nepecekaet miaockocTs o. Uepes koIl oTpe3ka AB u ero cepeanny C npoBeaeHsbI
napajuleJibHbIe MIpsIMbIE, IIepeceKarolue IockocTh o B Toukax Al, Bl u C1. Paccmorpure
ciayyau: 1) otpe3ok AB He mepecekaeT mIockocTh o ; 2) oTpe3ok AB nepecekaer a. B kaxaom
cinydae Hanaute: a) nnuHy otpeska CCl, ecnu: AA1 =3, BB1 = 6; 6) anuny otpe3ka AA1, ecnu
BB1=13,CCl=1

IIpoBepounas padora
1 BapuaHT

1. Orpe3ok AB He nepecekaeT miaockocTsb o. Uepes cepenuny orpe3ka C 1 KOHIIBI OTpe3Ka
A u B npoBezieHbI psiMble, apajiesIbHbIe MEKIY COOOM U MepeceKaroiiye
TJIOCKOCTh 0L B TOYKAX , . Beraucauts auuny orpeska ©Ciecnm AAy =5 BBy =7

2. UYepes Touky O, He JeXallyl0 MEXAy MapajuleIbHbIMHU IJIOCKOCTSIMU 0. U [3, TPOBEACHBI

Aq

npsimbie | um.  Tlpsimas | mepecekaer  mockocth o W 3 B TOYKax

A2

u COOTBECTCTBCHHO, IIpsAMas M- B TOYKax n Haﬁ)mTe JJINHY

OTpe3Ka , €CIIN =15 cmMm,
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0 10 =3:5.

3. Tlpsmas AB nepecekaer miockocTs o. Uepes koHIbl otpeska AB u ero cepeauny C
MIPOBE/ICHBI MAapaJUIeIbHbIC MPAMbIE, IEPECEKAIOIINE ITOCKOCTh o B Toukax Al, B1 u CI.
PaccmotpuTte ciiyuan: 1) otpe3ok AB He nepecekaeT miIockocTs o ; 2) oTpe3ok AB
nepecekaer o. B kaxaom cimyuae Haitaure: a) jymuny otpeska CCl, ecnu: AA1 =7, BBI
=5; 0) nnuny orpe3ka AA1, eciu BB1 =7, CCl1=11.

2 BapuaHT

1. Touxa M nexur Ha orpe3ske AB. Otpe3ok AB nepecekaercs ¢ III0CKOCTBIO 0. B TOUKe B.

qepe3 AuM IMPOBCACHBI ITapaJJICIIbHBIC IIPSAMBIC, IICPECCKAOIIUEC O B TOUYKAX u.

Haiinure muny otpeska AB, eciiu A :M=3:2,AM =6.
2. UYepe3 Touky O, Iexallyr0 MEXAY MapaJUICIIbHBIMU TUIOCKOCTSIMHU 0O ¥ [3, TIPOBEICHBI

npsmbie | um.  Ilpsmas | mepecekaer I1utockocTd o u [ B TOYKax u
COOTBETCTBEHHO, MpsiMasi M — B TOYKaX u . Haligute nnuny oTpeska :
eclu =12 cm, 0:0 =3:4.

3. Jan AMKP. [Tnockocts, mapamiensHas npsmoit MK, nepecekaer MP B Touke , PK - B

Touke. Haiinute , eciu MP ; P=12:5 MK=18 cm.

128



IIpakTuyeckoe 3ansaTueNe 61

Tema: [Ipu3Hak MepneHIUKYIIPHOCTHU MPSIMOH U IFIOCKOCTH
Hesb: O000MHUTE ¥ CUCTEMAaTH3UPOBATh MaTepHall M0 JaHHOU TeMe

Teoperuueckuii 010K

Onpeoenenue. Ilpsimast a Ha3bIBaeTCsl MEPHEHIUKYISIPHOM K IUIOCKOCTH 0, €CIM OHa
MePIEHANKYIISIPHA K JIFOOOH MIPSMOH, JIe)KaIel B ATOM IITIOCKOCTH.

TeopeMa. Ecmu npsamMada IEepHCHAUKYIIpHA K ABYM IIEPCCCKAOIMUMCA IIPAMBIM, JICKAIIUM B
IIJIOCKOCTH, TO OHA NCPHCHAUKYJISIPHA K 3TOH IIOCKOCTH.

[Ipumep 1. Touxku 4, M, O nexar Ha NpsIMOH, NEPIEHAUKYIIIPHON K INIOCKOCTH 0, @ Touku O, B,
CuDnexar B 1miockoctu o (puc. 3). Kakme wu3 cueayromux yrjioB — sBISIOTCS
LAQE, AMOC, ADAM, 2DOA, A EMO

HPSIMBIMU: ?
A
M
B D
0
C o
Puc. 3.
Pewenue
LAQE
Paccmotpum  yron . Ilpsmas AO nepneHAuUKyaspHA IUIOCKOCTH 0O, a 3HA4WT,
npsimasi AO neprneHuKyispHa 000 MpsMOH, Jekalled B IUIOCKOCTH O, B TOM 4HCIE
£A0B =930°
npsimoit BO. 3Hauur, .
LMOC sMOC = 320°
Paccmotrpum yroun . IIpsimast AO nepnenaukynsapHa npsmoit OC, 3Ha4uT, :
£DAM £D0A = 30°
PaccMmoTrpum yron . IIpsmas AO nepnenaukymsipHa npsmoi OD, 3Ha4uT,

Paccmotpum Tpeyronsnuk DAO. B TpeyronbHuke MOXET OBITH TOJIBKO OAMH NPSMOW YTOJI.
3nauut, yroin DAM — He gBiseTcs IpsIMbIM.
2004 £D0A = 20"

Paccmotrpum yron . [Ipsimas 40 nepnenukynspHa npsmoi OD, 3Ha4uT,
LBMO

PaccmoTpum yron . DTO yroi B MpsAMOYrojsHOM Tpeyroiabauke BMO, oH HE MOXET OBITH
IPSAMBIM, TaK Kak yroi MOB — npsaMoil.
LAQE = /MOC = £D0OA = 50°

Omeem:.

129



L0 = 90°

[Ipumep 2. B tpeyronsuuke ABC naHo: ,AC= 6 cm, BC = 8 cm, CM — menunaHa (puc.
4). UYepes Bepmuny C mpoBenena mnpsmas CK, TepneHAMKYJIspHas K  IJIOCKOCTH
tpeyronbauka ABC, npuyem CK = 12 cm. Haiiqute KM.

K
B
C M
A
Puc. 4.
Pewenue:
AB =V (B + ACT =v82+ 62 =10
Haiinem nyuny AB no teopeme Ilugaropa: (cm).
[To cBOWCTBY MNPSIMOYTOJILHOTO TPEYrOJbHUKA CEpelIMHA TUIIOTEHY3bl M paBHOYAAJICHA OT
CM=>AB=5

BEpIINH TpeyroiabHuka. To ectb CM = AM = BM, (cm).

Paccmorpum  Tpeyronbuuk KCM.  Ilpsmas KC neprienaukyisipHa  miockoctu ABC, a

3HauuT, KC nepnenaukynsapia CM. 3nauut, TpeyroiabHuk KCM — npsmoyronbHbiil. Haiinem
KM =VKC?+ CM? =v127+ 52 = 13

runoteny3y KM u3 teopemsl [Iudaropa: (cm).

Omeem: 13 cm.

IIpakTnyeckoe 3ansaTue Ne 62

Tema: [Ipu3Hak neprneHIUKYISIPHOCTH ITIOCKOCTEN. YTJIIbI MEKIY NPSAMBIMU U IITIOCKOCTSIMU.
Hesab: OG00MHUTE M CUCTEMAaTU3UPOBATh MaTepHall MO JaHHOU TeMe

TeopeTtnueckuii 6110k

Yrois Mexay NpsAMOH U IUIOCKOCTBEO — 3TO YIOJI MEXKAY IIPSMOM U €€ IPOCKLIHUEH Ha JaHHYIO
IJIOCKOCT.

B kauecTBe yria Mexay npsiMON U MJIOCKOCTBIO BBIOMpPAaeM OCTPBIN yTroJl.

Ecnn npsimast mapajenbHa I0CKOCTH, 3HAaUUT, YTOJ MEKIY IIPSIMON U TUNIOCKOCTBIO PaBEH
HYJIIO.

Ecnn npsimast nepneHauKysipHa INIOCKOCTH, €€ IPOEKLUEN Ha MIJIOCKOCTh OKa)KEeTCsl TOUKA.
OueBUIHO, B ATOM CIIy4ae yroJl MEeXy MpsIMOM U IIIOCKOCTHIO paBeH 90°.

IIpumepsr:

1.Touku A, M u O nexat Ha npsIMOH, IePIEHANKYISIPHON K MIOCKOCTH a, a Touku B, C u D
JeXxar B IIockocTr a. Kakue u3 cneayromux yr JioB sBisitored npssMeiMu: ZAOB, ZMOC,
<DAM, £DOA, £BMO?

Pemienue: a L o, mo3ToMy a NepneHIMKYIIsIpHA JTI000 MpsIMOii, exkatuei B 1. o. YToOsl
npsMasi IpuHaIIekana wi. o, 10CTaTOYHO, YTOOBI 2 TOYKU MPSAMON MpUHAIEkKAIH TIT. .
OTBeT: npsIMbIE YTIIbI
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2. [Ipsimass OA nepriennukyssipHa K miockoctTd OBC, u Touka O sBIsSeTCS CepeIMHON OTpe3Ka
AD. Jloxaxwute, uto: a) AB = DB; 6) AB=AC, ecitu OB=0C; B) OB = OC, ecniu AB=AC.

Pemenue:

a) Paccmotpum AABD.

[I03TOMY

- 110 JIBYM KaTeTam,

0) Paccmorpum AAOB u AAOC.

- 110 OIPEJIECICHHUIO;

- 110 YCJIOBHIO; - 00IIasl.

Tpeyronpurku AOB 1 AOC paBHbl 110 AByM KateTaM. OTcroja:

B) T.x. AB = AC, to npssmoyrosabHbie TpeyroiabHUKu AOB n AOC paBHbI 10 TUIIOTEHY3€E U
karety (AO -—o0muii KaTeT), MOATOMY

Uro u TpeGoBanoCh 10Ka3aTh.

3.Uepe3 Touky O mepecedeHus AUaroHaiei KBajapaTa co CTOpOHOH a nmposeaeHa npsimas OK,
NeprIeHIUKYIIsIpHas K INIOCKOCTH KBaapata. Halinute paccrosnue ot Touku K 10 Bepuins
kBazapara, ecimu OK =b.

IIpakTnyeckoe 3ansaTue Ne 63

Tema: [leprieHIUKyYIAPBl U HAKIIOHHBIE
Hesab: OG00MHUTE M CUCTEMAaTU3UPOBATh MaTepHUall MO JaHHOU TeMe

Teoperuueckuii 010K

HaknonHoi, npoBeieHHON U3 JAaHHOM TOYKH K JaHHOH INIOCKOCTH, Ha3bIBa€TCs JTH000M
OTPE30K, COCTUHSIOMINI JAaHHYIO TOUKY C TOYKOW INIOCKOCTH, HE SBJISIIOLLIUANCS
NEPIEHIUKYIISIPOM K INIOCKOCTH.

Komnern OTpE3Ka, JICKAIINN B IIJIOCKOCTH, Ha3bIBACTCsI OCHOBAHHUEM HaAKJIOHHOI.

A

AB - makiionHas.
B - ocHOBaHME HAKIIOHHOIA.
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[TepnieHIUKYIApOM, IPOBEIEHHBIM U3 TAaHHOW TOYKH K TaHHOW IIJIOCKOCTH, Ha3bIBAETCSl OTPE3OK,
COCIMHAIOIIUN JaHHYIO TOYKY C TOYKOM IIJIOCKOCTH U JIEXKAIIUI Ha IPAMOU, IEPIECHAUKYJIIPHON
IJIOCKOCTH.

Konen 3Toro orpeska, nexaiinii B III0CKOCTH, Ha3bIBAETCS OCHOBAHUEM MEPIIEHAUKYJISAPA.

A

L

X

AC - neprieHIuKyIIsp.

C - ocHOBaHHE MIEPIICHIUKYIISAPA.

PaccrosiHuEM OT TOYKH [0 IJIOCKOCTH Ha3bIBACTCs JJIMHA NEepuCeHAUKYIIsIpa, IPOBEACHHOTO 13
3TON TOYKH K IIJTOCKOCTH.

OTpe30K, COeNMHAIOMNN OCHOBAaHUS NEPIIEHANKYJIISIpa U HAKJIOHHOMN, IPOBEACHHBIX U3 OJHOM U
TOM K€ TOYKH, HA3bIBACTCS TPOCKIIMEN HAKIIOHHOM.

A

L

X

CB - npoernus HakinoHHOM AB Ha MI10CKOCTS 0.
Tpeyronsauk ABC npssMOyTOITBHBIH.

VYriaom Mex1y HAaKIIOHHOW M TNIOCKOCTBHIO HAa3bIBAETCS YTOJI MEKTY STOM HAKJIOHHOM U €€
MIPOEKIMEN Ha IIOCKOCTb.
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X

< CBA - yron mexxay HakiaoHHONH AB 1 MI10CKOCTBIO 0.

I

Ecin AD>AB, o DC>BC

Ecnu u3 1aHHOM TOYKY K JAHHOM TIOCKOCTH MTPOBECTH HECKOJIBKO HAKJIOHHBIX, TO OOJbIIEH
HAKJIOHHOHN COOTBETCTBYET OOJIbIIasi IPOEKIIUS.

<DAB - yron mexny HaKJIOHHBIMH
<DCB - yron Mexay npoeKusmMu
Otpe3ok DB - paccTosiHue Mex1y OCHOBaHUSIMHU HAKJIOHHBIX.

Pewienne ynpaxHeHU:

1) Ilpsimast CM neprieHAMKYIISIpHA K IJIOCKOCTH NPSMOYToJIbHOTO TpeyroibHuka ABC ¢
npsimbiM yriioM C. Haiinure paccrostaue ot Touku M o croponst AB, eciiu AC=3cMm, BC=4cwm,
CM=1 cm

2)B paBnobenpennom tpeyronpaunke MHK, MH=NK=5cMm, MK=6cMm. Touka D Haxoautcs Ha
paccrostamu V10 ¢ ot miockocT Tpeyronbaika MNK i Ha 01MHAKOBOM PACCTOSHIH OT €0
cTopoH. Hanaure 310 paccrosiHue.

3) B tpeyronsauke ABC nano: AB=5cMm, AC=7cMm, BC=6cMm. IIpamas AD nepnenaukymispHa K
mmockocth TpeyroiibHuka ABC. Haiinure paccrosiaue ot Touku D 1o croponsl BC, ecin
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AD=5cwm.

4)Uepes karer AB npsimoyronbHoro paBHooeapeHHoro tpeyroiabauka ABC nposenena
IUIOCKOCTH a (anb(a), 00pasyromias ¢ MIOCKOCThIO TPEYTOIbHUKA yroi B 45 rpaaycos. Haiinurte
paccrositaue ot Touku C 10 miockocTH a (anbda), ecniu AC=2cm

5)Touka M HaxoauTcs Ha pacCTOSTHUU 6 CM OT IJIOCKOCTH PaBHOCTOPOHHETO TPEYTOJIbHUKA
ABC u na 10cm oT BepuiuH 3T0oro Tpeyrojbuuka. Haitaure qimny croponsl TpeyroyibHuka ABC

ILOMaI_HHee 3aJaHucC

Touka A paBHOyJaJlIeHa OT BEpIIMM Iapajuiesiorpamma. Jlokaxxure, 4To 3TOT MapajljiesiorpaMmm
ABJISIETCS IIPSIMOYTOJIBHUKOM.

OcHoBaHMs Tpanenuu paBHsIOTCS 14 cM 1 8 cM cooTBeTCTBEHHO. Yepes 0oJblee OCHOBAaHHE
Tpareiuy NpoBeeHa MIOCKOCTh, KOTOPasi HAXOAUTCS Ha PAaCCTOSHUU 8 CM OT MEHBILIETO
OCHOBaHMS Tpaneunu. Haiiqure paccToOsHUE OT TOYKHU NIEPECECUEHUS THArOHAJICH Tpareuu 10
MPOBEICHHOM MJIOCKOCTH.

C TOuYKH A Ha IJIOCKOCTh O MPOBEICHBI JIB€ HAKJIOHHBIC TTMHON 15 cm u 20 cm. [{nuHa
MIPOEKIIMU OJTHOM M3 3TUX HAKJIOHHBIX paBHa 16 cm. Haitnute cunyc yria, o00pa3oBaHHOTO
JIPYrOoil HAKJIOHHOM U TIJIOCKOCTBIO 0.

Touka K HaXOAUTCSA Ha OJUHAKOBBIX paccTOsIHUAX KA u KB 0T CTOpOH IpsIMOTo yriia C
BepiinHOM C. O — mpoekuus Toukd K Ha IJI0CKOCTh 3Toro yria. Jlokaxure, uto OACB —
KBaJpar.

IIpakTyeckoe 3ansaTue Ne 64
Tema: KonrponsHast pabota o teme: «lIpsiMble 1 TIIOCKOCTH B ITPOCTPAHCTBEY

Heasn: IIpoBeputs ypoBeHb YCBOCHHS 3HAHUM 11O TeMe: «IIpsiMble U TIIIOCKOCTH B
IIPOCTPAHCTBE

1 BapuanT

1. Cropona npaBuibHOro TpeyroabHuka ABC paBHa 23 em. K ero miockoctn IIPOBENICH
nepnesaukyisap AK, pasusiit 4cM. Haiinure paccrostaue ot Touku K no ctoponst BC.

2. UYepes cropony AB npsmoyronsanka ABCD npoBenena miockocts o. Cropona CD
yzajaeHa oT 3Toi miockoctu Ha 3 cM, CB=6¢cMm, CD=8cm. Haiigute:1)yron mexny
npsimoit DA ¥ miiockocThio 0 ,2)CHHYC yriia Mexay npsaMoil BD 1 mi1ocKoCTbIo .

|

Karer AC npsmoyronsaoro AABC ¢ npsiMbiM yriiom C JIEXKHUT B IIIOCKOCTH ., @ YTOJI
Mexay miockoctaMu oo 1 AABC paBen 60° . Haiizmre paccTostHue OT TO4KU B 110
mIockoctH o, ecau AC=5cm, AB=13cmMm.

4. . IlnockocTH MpsIMOYyroibHbIX TpeyroiabHUkoB ABC n ABK nepnieHanKynspHsl.
AB=8cM, AK=10cM, - ABK=2 ABC=90" , - BAC=45" . Borunciure paccTosiHUE MEKIY
toukamu K u C.

2 BapHaHT
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Otpes3ok AM, paBHbIil 12 cM, IepIeHANKYISPEH TIOCKOCTH TpeyrojibHuKa ABC.
Haiinute paccrosnue ot Touku M no npamoit BC, eciiu AB=AC=20cm, BC=24cMm.
Croponsl npsimoyrosibHuka ABCD paBsbl 6¢M 1 63 cm. K mrockoctn IIPSAIMOYTOJIBHUKA

™

yepe3 TOUKY IIEPECEUEHMs €ro quaroHanel nposeaeH nepneHaukyssp OK, paBHbiil 6¢Mm.
Haiinute yron Mexay miockocTsio npssmoyroiasHuka u npsimeiMu KA, KB, KC u KD.

|wo

Uepes Bepmnny D kBaapara ABCD npoBezeH k ero miockoctu nepneHaukysisip DK,
paBHbIil 10 cM. Yron mexay miockoctsimu ABC u KBC pasen 459 . Haiigure miomans
kBagpata ABCD.

[Tnockoctu paBHOCcTOpoHHETO AABC 1M mipsimoyrosibHOTr0 paBHoOeapenHoro AADC

|+~

neprneHuKyIsapHsl. AB=a, 2 ADC=90". Borumcinre paccTosiHue Mexay BepinHaMy B
u D aHHBIX TPEYroJIbHUKOB.
IpakTnyeckoe 3ansiTue Ne 65

Tema: [Lnomaas 00KOBOM U MOJIHON TOBEPXHOCTH IIPU3MBI, MMapajuielienurenia, Kyoa
Heab: HayuuTp BEIUUCIATH OOKOBYIO U MOJIHYIO ITOBEPXHOCTH MPU3MBI, Mapaljiesienumneaa, Kyoa

Teoperuueckuii 010K

IIpuzma

Inowaowv nosepxuocmu: S=2SqcutSeox, TIAE Seox — TUIONTATb OOKOBOW MTOBEPXHOCTH, paBHAs
CyMMe€ IUIOLIAJE BCEX TpaHen.

[psimast mpu3Ma — npu3ma, O0KOBOE peOpo KOTOPOI MEPICHINKYISIPHO OCHOBAHUIO.

Obvem: V=Spe| .

IInowaow 6oxosoti nogepxnocmu: Sgo=P-1, TIe P — mepumeTp ocHOBaHMUSL.

[IpaBunbHAsS pU3Ma — IpsiMasi IPU3Ma, OCHOBaHUE KOTOPOW — MPABUIIHLHBIN MHOTOYTOJIbHUK.
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[Mapannenenunen — npu3Ma, OCHOBaHUE KOTOPOU — mapasiienorpamm. Bee rpanu
napasuiesienune1a BasSoTCs napauieIorpaMMaMU.
[IpssMOyTOIBHBIN NapajuIeNenuIe] — Npu3Ma, BCe IpaHu KOTO};OP”I — PAMOYTOJIBHUKH.
Csoiicmea ouazonaneii: AC;=BD;=CA;=DB;=d; d2=a’+b*+c’.

IInowaos nogepxnocmu: S=2-(ab+ac+bc).
Ky6 — npusma, Bce rpanu KoTopoi — kBajsipaThl (a=b=c). Ky0 siBisieTcs mapajuieenuneioMm u
o0JasaeT BCEMU €ro CBOWCTBaMU.

d =-B3a: =642,

IIpumep 1. Yemy paBHa nosHasi IOBEPXHOCTb NPSIMOM TPEYTOJIbHON IIPU3MBI, ECJIN €€ BBICOTA
paBHa 50, a croponsl ocHoBaHus 13, 37 u 407
Pewenue:
[TepumeTp ocHoBanwms pu3Mbl paBeH P=13+17+40=90. [1nomans 60K0BOI TOBEPXHOCTH
Seox= 90-50=4500.
[Tnomans ocHoBaHUs HalaeM 1o ¢popmyiie ['epona. Ero momynepumerp p=45

o S =+/45(45-13)(45-37)(45-40) =/45.32.8-5=240

OcTanoch BBIYUCIUTH MOJIHYIO TOBEPXHOCTD Mpu3MbL: S=2-240+4500=4980.
Omeem: 4980.

IIpumep 2. B ocnoBanuu npsimoit mpuzMel ABCDA1B1C1D1 nexut kBagpar co CTopoHoO# 2.

BbokoBoe pebpo npu3Mbl paBHO 2 . Halingute rpagycHyro Mepy yriia MexXay INIOCKOCTBIO
TpeyroipHuKka AB1C 1 III0CKOCThIO OCHOBAHUS MPU3MBI.
Pewenue:
[Tnockoctes AB1C mnepecekaet miockocTs ocHoBaHus npo npsimoit AC. IToctpoum
JMHEHHBIN yroj, COOTBETCTBYIOLIMM yrily Mexay 3TUMH miockoctsaMu. T.k. ABCD — kBaapar,

TO €ro JIMaroHaliv MepeceKaroTCs MO/ MPSIMBIM YTJIOM, T.€. BO 1L AC, Jlanee, T.K. mpu3mMa
npasuibHas, To0 BiA=B;C. Tpeyronsuuk AB1C — paBnobenpennsiii. Ero meauana B,0O
SIBJIIETCS TaK)Ke €ro BEICOTOH, T.€. B0 LAC CnemoBaTeabHO, JIMHEHHBIH £B,0B paBeH yriry
MEX]Ty TUTOCKOCTSIMH.

PaccmoTrpum tpeyronsauk B1OB. Tlockonbky npusma — npsimasi, To yroi B B TpeyronbHuke

so=tsp-lap-2
— MPSIMOM. BlB:"\E 10 YCIIOBUIO 3a7a4M. 2 . T.x. KaTeThl B
npsMOYrosibHOM TpeyrosibHuke B1OB paBHbI, TO £B,0B 450

Omeem: 45",
Pemienune ynpaxueHnuit
1.B mpsiMoyroiapHOM Mapaisienenurne e CTOpOHbl OCHOBaHUS paBHBI 12 ¢M U 5 cm. [{naronans
napajuiesenunesna oopasyer ¢ IJIOCKOCTbIO OcHOBaHMs yroi B 45°. Halimute OokoBoe pedpo

napajjieacnuiicaa.

2.0cHOBaHMEM TIPSIMOTO Tapajuienenurnena spisercas pom6 ¢ auaroHansmMu 10 cm u 24 cwm, a
BbICOTa Mapaenenumnena papua 10 cm. Haiigute Gonbliryro TuaroHanb napajijelenumnesa.

3.CTopoHa OCHOBaHUS MPABUIHLHON TPEYroJbHOM MPU3MBI paBHA 8 cM, O0KOBOE pedpo paBHO 6

cM. Haiinure mnmomanb ceyeHus, NPOXOJSIIEr0 Yepe3 CTOPOHY BEPXHErO0 OCHOBAaHUS U
IIPOTUBOJIEXKAIIYIO BEPIINHY HUKHETO OCHOBAHUS.
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4.B mpaBWIBHOW n-yroilbHOW MpH3ME CTOpPOHAa OCHOBAaHWS paBHA a W BhICOTa paBHa h.
Breraucnure miomaau 60KOBOH M MOJIHON MOBEPXHOCTH MPU3MBI, eciu: a) n = 3,a= 10 cm, h =
I5cm;0)n=4,a=12am,h=8 im;B)n=6,a=23cm,h=51m;r)n=5,a=0,4Mm, h=10 cm.

[omarnee 3ananue:

1.OcHoBanue MpsMOW MPU3MbI — TPEYTOJbHUK CO CTOpoHamMu 5 ¢cM U 3 ¢M u yrioMm B 120°
Mexay HuMU. Hanbosnpiias u3 miomniaaei O0OKOBBIX rpaHed paBHa 35 cm2. Haligure miomasns
OOKOBOI1 IOBEPXHOCTH IIPU3MBI.

2.CTOpOHBI OCHOBaHHUS MPSMOTO TapaJiIesienuneaa paBHbl 8§ cM 1 15 cMm u oOpazyrot yroa B 60°.
Menbiiass U3 IUI0IIAJEH JuaroHalbHbIX cedeHuit paBHa 130 cm2. Haligute momans
MOBEPXHOCTHU Napasuieenunea.

IIpakTunyeckoe 3ansitue Ne 66
Tema: [Inomane 60KOBOM U MOJTHON MOBEPXHOCTH MUPAMUJIbI

Heab: Hayunth pemats 3amauvi Ha BBIYHCICHUE TUIOMIATU OOKOBOH M IOJHOW MOBEPXHOCTH
UpaMUIbl

Teoperuueckuii 010K

1. Ckonpko rpaHeil, OOKOBBIX pebep y M- yroJbHOM mHpaMuibl?

2. Kakoe HaumMmeHbLIEE YUCIO TpaHE MOXKET HMETh Iupamuja’?

3. Beicota nupamuabl paBHa 3 cM. Uemy paBHO pacCTOSHUE OT

BEpPIIMHBI TUPaMUIbl IO TUIOCKOCTH OCHOBAaHHS ?

4. bokoBbie pebpa TpeyronpHOW mupamuisl 7cMm, 12cm, Scm. OnHO U3 HHUX
MEePHNEHIUKYISIPHO K IUIOCKOCTH OCHOBaHUs. Yemy paBHa BBICOTA NUPAMHUIBL.

Pemienue 3anmau.

1. lana mpaBuJibHAs YETBIPEXYTOJIbHAs NHpaMuJa CO CTOPOHOM OCHOBAaHUSA 2 CM H
BbICOTOM OOKOBOH rpanu 6 cm. Haiigute miomanp

OOKOBOM TMOBEPXHOCTH MHUPAMUJIBI.

2. BeicoTa TmpaBWIBHOW YETHIPEXYrOJNbHON MUPaMHIBI 7CM, CTOPOHA OCHOBAHHS 8CM.
Omnpenenure O60KOBOE pedpoO.

3. dano: SO = 4 - Beicora mupamusl. ABCD - mpsimoyronsank, AD = BC = 6; AB=DC = 8
Haiitu: Snons., Sook., V.
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sw»:% DC-SM. su=,]sd +OM;

Pemenue:
AC=BD=J64+36=10; AO=0D=5,0M=
-%AD=-§-=3. SM=JI6+9 =5. Sm=%— -5.

- 8=20; Spuss=20; OK=-- DC
2 (cpemusis munus AADC). OK =

_1 g
n SK =16 +16 =442; SM"S'EG W2=122; Sascs=1242.

Sere =2-1232 +2:20 =242 + 40 = 8 (3v2 + 5); Socse = 6 - 8=48; Spome = S +
F Soen, =2442 +40 + 48 =242 + 88 =8(11 +34/2).

1 1

V=3 Soon - o -48 -4 = 64. (Orser: & W2 +5); 801 +3V2); 64

IIpakTnyeckoe 3ansitue Ne 67

Tema: [Tnomane 60KOBOM U MOJTHON MOBEPXHOCTH LIUIMHAPA
Hean: HayuuTts pemars 3aa4 Ha HAX0XKICHHUE TUTOIA I OOKOBOM U MOJTHOM MOBEPXHOCTH

WINHIpA
TeopeTtnueckuii 6110k
Huauuap npeacrabiseT co00M reOMEeTPHUECKOE TeN0, OTPAHHUYEHHOE IBYMSI MapalieIbHBIMU
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IIJIIOCKOCTAMMU U I.[HJIPIH[[pPI‘-ICCKOfI MMOBCPXHOCTHIO.

h

Hunuuap cocTouT M3 GOKOBOM MOBEPXHOCTH U JIByX OCHOBaHUM. Dopmyria mionaam
MOBEPXHOCTH IIMIIMH/PA BKIIIOUAET B ce0sl OTJENbHBINA pacyeT MI0Maal OCHOBAaHUI U OOKOBOI
MOBEpPXHOCTU. Tak Kak OCHOBaHUS B IUJIMHAPE PaBHBI, TO TOJIHAS €T0 IUIONIA b OyIeT
paccuuThIBaThCA MO PopMmyIe:

S =28 +8

p 05N bok

dopmyna MIoaa OCHOBAHUS HWIMHIAPA. Tak Kak OCHOBAaHUEM LIUJIMHAPA ABIISIETCS KPYT,
2
S =y
To: 08T

MpbI NIOMHUM, YTO B 3THX pacuyeTax HUCIoJib3yeTcs nocrosiHHoe unciio [1 = 3,1415926, kotopoe
paccuMTaHO Kak COOTHOIIEHUE JUTMHBI OKPY>KHOCTHU K €€ JUaMeTpy. DTO YUCIIO ABISAETCA
MaTe€MaTU4eCKOl KOHCTAaHTOM.

[Tmomrane 60KOBOI MOBEPXHOCTH IIMIIHH/IPA

CDOpMYJ'Ia I1omaaun OOKOBOM MOBCPXHOCTU NUIIMHAPA ITPEACTABIIACT coboii MMPOU3BCACHUC
JAJIMHBI OCHOBAHMS HA €0 BBICOTY:

S bok: =2mrh

MOJTHYIO TUTOIIAAb IMMHApa. B 3amannoit purype Boicota h =4 cm, r = 2 cm. Halizem nosnyro
IIoUIa1b HUJIMH]IpA.

A TCIICPb paCCMOTPUM 3a1a1y, B KOTOpOI‘/’I HaM HOTpe6yeTC$[ paccuuTaTb

S =3.14x2%=12.56em>
JInst Hayasa paccuyuTaeM IUomaab ocHoBanmi: "
Teneps paccMOTpUM IPUMEP pacyeTa IIoaan OOKOBOM MOBEPXHOCTH HMIUHIpa. B
Pa3BEPHYTOM BHUJIE OHA TPECTABIAET PIMOYTOIbLHUK. Ero miomans paccCuMThIBAETCS 10
npuBeeHHOM Bblile popmyse. [loncraBuM B Hee Bce
S —92%3,14x2x4=5024cm”

nammpie; VoK
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[ToHas mutomnaap Kpyra npecTaBiseT co00r CyMMy IBOWHOM TIJIONIAM OCHOBAHUS U

D
S =2x12,56 450,24 =25,12+50,24 =75.36em~

ookoBoi: ¥

TakxuMm 00pa3om, UCTIOB3YS (POPMYIIBI ILTOMIAIN OCHOBAHHA U OOKOBOM MTOBEPXHOCTH (PUTYPHI,
MBI CMOTJIM HaWTH MOJIHYIO IJIOIA/(h TIOBEPXHOCTH HWIHHIPA.

OceBoe ceueHre IUINH/IPA MPEACTABIISET COOON MPSAMOYTOJIBHHUK, B KOTOPOM CTOPOHBI PaBHBI
BBICOTE U IUAMETPY IMIIMH/IPA.

dopmyIia IO 0OCEBOTO CEYCHUS IIMIMHIIPA BEIBOAUTCS M3 (POPMYIIBI pacueTa IyIoma/m
OPSMOYTOJIbHUKA:

S=2hd

PaccMOTpHM IIpUMeEp pacueTa MIONIa[l 0CEBOr0 CEUeHHs UIMHPa. Il 5TOro BO3bMEM
YCIIOBUS M3 3a/1a4H, YKa3aHHOH Bbille. UToObI HAWTH BeIUUMHY HAM NOTpebyeTcs uaMerp. Mol
3HaeM, YTO OH PaBeH JBOWHOMY paguycCy: d=2r
d=2%x2=4 {r_trra. )

N
S=2x4x4=32cm"

[ToacTaBuM IaHHBIE:

. Kakas ¢urypa HazpIBaeTCs HUIUHAPOM?

. [Touemy HMAMHIP HA3BIBAIOT TEJIOM BpalieHus?

. HazoBuTe BuabI HWINHIPOB?

. HazoBuTte 3neMeHThI HUIHHIpA.

. Urto mpeacTaBisieT co0oi pa3BepTKa UIUHApPA?

. Kak HaiiTu rmomaab 60KoBOI MOBEPXHOCTH LIMIUHIPA?

. Kaxk HaitTu momaab NOoJHOW MOBEPXHOCTH LIWJIUHAPA?

. Ha3zoBute ocHOBHbIE BU/IbI ceueHM munHapa. Kakas ¢purypa noiaydaercss B KaXJI0M
ciayyae?

. [TpuBennTe NpUMeEpHl UCIIOJIB30BAHUS IUIMHIPOB.

Pemenue 3amau:
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3anaua 1. CKOIBbKO KBaJpaTHBIX METPOB JIMCTOBOM JKECTH MOMIET Ha U3rOTOBJICHHUE TPYOBI
ITMHOM 4 M 1 trameTpoM 20 cM, eciTi Ha BB He00X0auMo 100aBUTh 2,5% TIomaay ee
OOKOBOI TOBEPXHOCTH?

Hano: L=4; d=20cm=0,2m. Haiitu: S.

. . Sse =2mh
Pemenune: Bocnonbs3yemcst (hopMyIsioi MI0MaAN NOTHON MOBEPXHOCTH HMIMHAPA! .

Pannyc paBen nomoBune auametpa — 0,1M, a BpICOTa UIUHIPA paBHA JUTMHE HYKHOH TPYyOBI —
4m.

Tak Ha MIBBI HY)KHO 100aBUTH 2,5% TUTOMAAN €€ OOKOBOM MOBEPXHOCTH, HY)KHO HANTH:
(§+2,5%S). ITogcraBum BMecTO S popmMyiTy MIomaan OOKOBOW MOBEPXHOCTH, ¥ BBIYHCIUM:

28
S+2.5% -8=S+—_S5=
100
(.25
=5 1+ |=
. 1000
=2mrL-1.025=

2-3,14-0.1-4-1,025=
2.5748 = 2.6(7)
OrtBer: 2,6 MZ.

3amava 2. HaiiTu moaHyro MOBEpXHOCTh LUJIMHJIPA, Y KOTOpOro auaMmeTp ocHoBanwus 20,6 cm
u BeIicoTa 30,5 cMm.

3anmaya 3. OceBbIM CEUEHHUEM IUIMHIIPA SBIISETCS KBaJpaT, CTOPOHA KOTOPOTO paBHA / MM.
Beruucnure miomnaas 60KOBOW MOBEPXHOCTU IUTUHIPA.

3anava 4. OceBoe ceueHue WINHIPA — KBaJpaT co CTOpoHOM 6 cM. Haiitu BbicOTy U panuyc
OCHOBaHHS [IMIIMH/PA.

3anava 5. Panuyc ocHOBaHMS IMIUHAPA paBeH 2M, BbicoTa 3M. HaiiTu nuaronans oceBoro
ceyeHusl.

3amaua 6. JlniuHa OKPYXKHOCTM OCHOBaHMS HMIMHIpa paBHa 1. Ilnomans OGokoBoi
MOBEpXHOCTU paBHa 2. HaliquTe BBICOTY MIMHIpPA.

[omainee 3aganue:

1. JluaroHayib OCEBOTO CEUYECHHS IUIMHIApPA paBHA 48. YTOI MEXIy 3TOH TUArOHAIBIO U
oOpa3yroie paBeH 30°. Haiigure paanyc HUIUHIpa.2

2. JlnvHa OKPYXKHOCTH OCHOBaHHS HMIUHApa paBHa 1. [Inomans 60KOBOI MOBEPXHOCTH
paBHa 2. HaliguTe BBICOTY IMIMH/IPA.

3. JluaroHanab OCEBOTO CEUYEHHS IWIMHIpA HAKIOHEHa K IUJIOCKOCTH OCHOBAaHHUS IO
yriom 60° u paBHa 20 cM. Haiinure mimomiaab O0KOBOM MOBEPXHOCTH IMJIMH]IPA

Taﬁ.ﬂl/llll)l AJIsl BIYUCJICHUSA NJIMHBI OKPY/KHOCTH 110 TUAMETPY.

[Tpu pereHny pa3aIMYHBIX TPOU3BOACTBEHHBIX 33/1a4 YAaCTO MPUXOAUTCS BBIYUCIATH JUIUHY
okpyxHocTu. [IpeacraBum cebe paboyero, KOTOPbIN U3rOTOBIISIET KPYTJIbIE I€TAIH 110
yKa3aHHBIM eMy quamerpaM. OH JJOJKeH BCSIKU pa3, 3Hast JUaMeTp, BBIYUCIUTH JJIHHY

141



OKPY>KHOCTH. UTOOBI COKOHOMUTH BPEMS U 3aCTPaxoBaTh ceOs OT OMMUOOK, OH 0Oparaercs K
TOTOBBIM Ta0JIMIIaM, B KOTOPBIX YKa3aHbI JUAMETPHI U COOTBETCTBYIOIIUE MM JITTHHBI
OKPYHOCTEH.

HpI/IBeI[éM HC6OJ’IBI_HYIO 9aCTb TaKuX Ta6J'H/IH H PpacCCKaXeM, KaK UMH I10JIb30BaTbCA.

H.uua JaHua dauna |
b OXPYAHOCTH D OKPYHHOCTH b OKPYHHOCTH
| 3142 | 6 | 18850 1| 34558 |
2 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 R ES—

ITycTh U3BECTHO, YTO TMAMETP OKPYKHOCTH paBeH 5 M. Miem B Tabiuile B BEpTUKATbHOM
cTonbue noxa 6yksoii D uucino 5. Oto munHa auamerpa. Psyiom ¢ aTum uncioMm (Bopaso, B
ctonlue noja HazBaHueM «JlJinHa OKpyKHOCTH») yBUAUM uncio 15,708 (m). CoBeplieHHO Tak
ke Hanaem, uro eciiu D = 10 cm, To mynHa okpyxHOCcTH paBHa 31,416 cm.

[To sTuM ke TabmuiiaM MOXKHO MTPOU3BOJIUTEH U 0OpaTHbIE BhunciaeHus. Eciu u3BecTHa juinHa
OKPY>KHOCTH, TO MOKHO HaTH B TaOJHUIIE COOTBETCTBYIOIMMIM e muametp. [lycts ninmHa
OKPYXKHOCTH paBHa nmpuban3utenbHo 34,56 cm. Haiiném B Tabnuie uncno, Haubosee 6im3Koe
K nanHomy. TakoBbiM Oyzet 34,558 (pasuuia 0,002). CoOTBETCTBYIONINNA TaKOW JITTMHE
OKPYXKHOCTH JMaMETp paBeH NpuOIm3uTensHo 11 cm.

Talnuibl, 0 KOTOPBIX 3[I€Ch CKAa3aHO, UMEIOTCS B PA3JIMYHBIX CIIpaBOYHMKaxX. B yacTHoCcTH, HX
MO’KHO HalTH B KHWXKKE «HeTbIpéx3HauHble MaTeMaTuyeckue Tadauns» B. M. bpanuca. u B
3agaunuke no apupmeruke C. A. ITonomapésa u H. U. CeipHea.

IIpakTnyeckoe 3ansitue Ne 68

Tema: [1nommaas OOKOBOM M MOJTHON MOBEPXHOCTH KOHYCA, YCEYEHHOTO KOHYca, I1apa u cdepsl
Hesab: HayunTs pemaTh 3a1auy Ha HaX0XI€HHE IUIO0IAA1 OOKOBOM U MOJIHOM MOBEPXHOCTH

KOHYCa, yCEYeHHOT0 KOHyca
TeopeTtnueckuii 6110k

3a ruiomaab 60KOBOM MOBEPXHOCTH KOHYCA IPUHUMAETCS TUIONIA/Ab Pa3BEPTKU €ro OOKOBOM
MTOBEPXHOCTH.
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[TosTOMy 11011 OOKOBO MOBEPXHOCTH MPSIMOTO KPYrOBOT'O KOHYCA PaBHA TUIOIIAIH
COOTBETCTBYIOILIETO KPYTrOBOT'O CEKTOPa (pUC. ) U BBIUUCISAETCS 110 hopMmyIie

S 6.K. — TERL,
rae R — paanyc ocHoBanus, a L — mmHa oOpasyromieit konyca. Eciu k mumomaay 60KoBoi
MOBEPXHOCTH KOHYCa MPUOABUTH TUIOIIAb €0 OCHOBAHUS, TO MOJIYYUM ILIOMIAb TTOTHON
MOBEPXHOCTH KOHYyCa

Spoms. =7RL + nR?=7R (L + R).

AHaJIOTMYHO 3a MJI011a{b OOKOBOM MOBEPXHOCTH YCEYEHHOI0 KOHYCa MPUHUMAETCSI IIJI0IIA/ b
COOTBETCTBYIOLIEH Pa3BEPTKH.

[ToaToMy B citydae mpsiIMOTro KpyroBoro KoHyca (puc. ) Iiomia s 60KoBOi
MOBEPXHOCTH YCEUEHHOTO KOHYCa BBIYHCIIAETCA 110 GopMyIie

S6.y.1<.:7[(r1+ r)L

rje 11 I — paanmychl OCHOBaHUM, a L — nimHa oOpa3yrolieil ycedeHHOro KOHyca.
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Pemenue 3amau:

1. Panuyc xonyca paBeH 6, a oopa3zyromas — 10. Haiitu miomaas 60KoBOM MOBEPXHOCTH,
IUIONIA/Ib OCHOBAHUS U TUIOIIA/b TIOJTHOW MOBEPXHOCTH KOHYCA.

2. BricoTa xoHyca paBHa 4, a oOpasyromas — 5. Haiitu mmomniaab 60K0BO# TOBEPXHOCTH,
IUIONIA/Ib OCHOBAHUS U IUIOIIA b MOJHON MOBEPXHOCTH KOHYCA.

3.CkonbKo oTpedyeTcst KPacKH, IS TOTO YTOOBI TOKPACUTH MOKapHOe BeApo, eciu Ha 100cm?
HeoOxoaumo 3aTpatuth 10r?

4.CKonbKO KBaJIPAaTHBIX METPOB Ope3eHTa NOTpeOyeTCst U COOPY>KEHUS MaJaTKH KOHUYECKOH
(dbopMBI BBICOTO 4 METpa U TMaMETPOM OCHOBaHUS 6 METPOB?

5. OO6pa3yromias KOHyca HaKJIOHEHA K TUIOCKOCTU OCHOBaHUs 1o yriiom 30°, a BeICOTa KOHYca
paBHa 12cm. Haitaute miomaabs 60KOBOM MOBEPXHOCTH KOHYCA U ILIOIIA b TOJTHON
MTOBEPXHOCTH.

6. [Inomans ocHOBaHUs KOHYca paBHa 167, a 1yIo1a b oceBoro ceueHus pasHa 32. Haiaure
BBICOTY KOHYCa U IIoLIa/1b OOKOBOW TOBEPXHOCTH.

7. HaiimuTe tutomaas O0KOBOW MOBEPXHOCTH PAaBHOCTOPOHHETO KOHYCa (OCEBOE CEUCHHE —

PaBHOCTOPOHHUI TPEYroJIbHUK), €CIIU PaUyC OCHOBAHHUS PaBEH SCM.

8. OceBoe ceueHre KOHyca paBHOOEAPEHHBINM TPEYTOIbHUK IUIOMIAIb KOTOpOro paBHa 60cm?,
BbICOTA KOHYca 12cm. Haiinure miomap moiaHoNW MOBEPXHOCTH KOHYCA.

]_IOMaI_HHee 3aaHuC:

1. Haitnure muiomiaas 60KOBOI MOBEPXHOCTH KOHYCA, €CIIM 00pa3yroliasi paBHa ScM, a pagnyc
OCHOBaHHUA 3CM.

2. OOpa3ytolasi KOHyca paBHa 7cM, a paanyc ocHoBaHUs 3cM. HaitauTe miomiaab moaHoM
MOBEPXHOCTH KOHYCA.

3. BricoTa xoHyca paBHa 12cwm, oOpa3zyromas 13cm. Haiinurte mmommaas moJiHONH MOBEPXHOCTH
KOHYCa

4.I1nomans ocHOBaHUS KOHYca paBHa 25,7 cM?, a oOpa3zytomias paBHa 6¢cM. Haliaure miomanb
OOKOBOI TOBEPXHOCTH KOHYCA.

5. Haiigure muiomaab MOJTHON MOBEPXHOCTH KOHYCA, €CiIM 00pa3yromiast HakKJIOHEHa K MJI0CKOCTH
OCHOBaHus nox yrioM 60°, a BeIcoTa paBHa 6CM.

144



IIpakTnyeckoe 3ansitue Ne 69

Tema: O6beM npuU3MBI, TapajuieNenuIena
Heab: HayunTs pemiats 3a/1auu Ha BBIYUCICHHE 00beMa PU3MBI, apajuielieune/a
Teoperuueckuii 010K

IIpsiMoyroJibHBINA mapajjieienuneq - 370 o0beMHass (urypa, y KOTOpOHl HIecTh rpaHel, u
KaKIasi U3 HUX SBJISETCS MPSAMOYTOJIbHUKOM.

[IpsiMoyroJibHBI mapaJulesienune] - Tapajuielenunesl, BCE TpPaHH KOTOPOTro SBISIOTCS
MPSIMOYTOJIbHUKAMH.

O0bemM NpSIMOYIroJIbHOTO NapaJulesenuiea paBeH MPOU3BEACHUIO €ro JUIMHBI, MIUPHUHBI U
BBICOTBI.

®opmyJia 1151 BHIYHCIEHHSI 00beMa MPSIMOYT0JbHOT0 NapaJjijieenunena

V=a-b-h

rae
rae V - 00beM MpsIMOYTOJILHOTO Tapajuiesieuie/a, a - JyuHa, b — mupuHa, h- BeicoTa.
O0BEM PU3MBI paBeH MPOU3BEACHUIO €€ BHICOTHI Ha IJIOIIA b OCHOBAHUSI:

V=S-h

Pemenmue 3anau:
1.CymectByet a1 npusma, umeromas 50 pédep? 54 pedpa?

Pemenne: Yucno pedep n — yroiapHOU MpU3MBbl 3n, O3TOMY IpU3Mbl, uMetoniei 50 pedep, He
CylecTByeT, a 54 pebpa umeer 18-yroapHas nmpusma.

2. CTOpOHBI OCHOBaHUS MPSIMOYTOJIBLHOTO Mapasuieienunena paBHsl 5 cM U 12 cM , TuaroHanib
napajuiefienurnea COoCTaBIsieT C IUIOCKOCThIO ocHoBanust yron 60°. Haiimute 00BEM
napasuiesenumnena.

3. OcHoBaHUEM TPSIMON MPU3MbI CIIYKUT TPeyrojibHUK co ctopoHamu 10, 10, 12. Inaronans
MeHbIIIeH OOKOBOM IpaHM COCTaBISIET C IUIOCKOCTbIO ocHoBaHMs yros 60°. Haiinure o0BbEM
MIPU3MBIL.

4. O6peM MpsMOYTOJIBHOTO Napajienenunesa papet 2. Yemy Oyzaer paBeH 00beM
napaenenunena, eciim Kaxj10e ero peopo yBeauuuTh B 3 pasa.

Pemenue. [1ycth peOpa nanHOro mapansenenumea paBusl a, b u c. Torga umeem: V=abc=2.
[Tocne yBenmuueHus kaxoro pedpa B 3 paza ero o0sEM OyieT paBeH

V=3a*3b*3c =27 abc=27*2=54.
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OrtBeT: 54.

5. AkBapuyMm uMmeeT GopMy NpsIMOYTOJIBHOTO Tapauienenuneaa Beicotoit 30 cm. Eciu B Hero
HanuTh 30 J1. BOABI, TO 10 BEpXHETo Kpas octaHeTcst 5 cM. CKOJIbKO JIUTPOB BOJBI HYKHO, YTOOBI
HAIOJIHUTH IIYCTON aKBapuyM JOBEpXy?

Peuwienue. Ilycts V 1 H cOOTBETCTBEHHO 00bEM M BBICOTA MapaslIeICIUIIe 1A,
V=SH . Ilo ycnouto V=30,H=25, Torma 25*S=30.
[Tocrne 3amonHeHust mycToro akBapuyma gosepxy H=30. 3nagur, 30*S=V.

255 30
Haiinem otHomenue 30S = V' | V=36 5.

OrtBer: 36.

6. Kyouk Becut 10 rp. CkoabKo TpaMMOB OyJIET BECUTHh KyOUK, peOpo KOTOPOro B 3 pasa
Oobiie, ueM pedpo mepBoro Kyouka, eciiu 00a KyOuka U3roTOBIEHBI U3 OJMHAKOBOTO
MaTepuaa.

Pewenue. Ilycts V- 006éM manHOTO Napauienenumnena. [locie yBenmmueHus kaxmaoro peopa B 3
pasa, ero 06béM Oynet paBeH 27 V.

vV 10

27v x  x=270 rp.
Otser: 270.

Z[OMaLHHee 3aJlaHue:

1. O6BEM npsIMOYTOIBHOTO Mapauienenuneaa paseH 32. Uemy Oyaer paBeH 00bEM
napaesenunea, eciim Kaxxj10e ero peOpo yMeHbIINUTh B 2 pa3a.

2. B cocyn, umeronuii (hopMy IpaBUIIbHOM TPEeyTroIbHOM MPU3MBI, HAIUIM BOY. Y POBEHb BOJBI
nocturaet 36 cM. Ha kakoii BeicoTe OyJIeT HaXOIUTHCS YPOBEHb BOJIb, €CIIN €€ MEPEUTD B
JpyTroii cocyn ToM ke GOopMbl, Yy KOTOPOTO CTOPOHA OCHOBaHUS B 3 pa3a Oouiblile, 4eM y MEpBOTo.
OtBeT BpIpa3nuTe B CAHTUMETPAX.

3. 3aKpeITHIN COCY/] B BUJIE TIPSIMOYTOJILHOTO Mapasuienenuresna ¢ peopamu 30, 40 u 45 cwm.
CTOHUT Ha FOpHSOHTaHBHOI;'I MMOBEPXHOCTU TAKUM O6p330M, 4YTO HaMMCHbBIIAasA I'paHb SABJIACTCA
nHOM. B cocyn Hamunu Bogy a0 ypoBHs 36 cM. Ha kakoM ypoBHE OKa)KeTCsl BOJIa, €CIIU COCY/L
MOCTaBUTH Ha HaHOONbIIYIO rpaHb? OTBET JaiiTe B CAaHTUMETpax.

IIpakTnyeckoe 3ansaTue Ne 70

Tema: O6beM nupaMuIbl
Heawb: HayunTs pemats 3a1a4u Ha BeIYHCIEHUE 00bEMa MUPaMHUIbI
TeopeTtnueckuii 6110k
O0beM mupaMuIbI
O06beM nmupamMuibl paBeH OJJHOM TPETH MPOU3BEACHHUS TUIOIal OCHOBAHUS Ha BBICOTY:
rae S — miomaab OcHOBaHMA, H — BbIcOTa MUpaMuabl.
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®dopmyna o0beMa yCEUCHHON MUPAMUIBI PEJCTABISET COO0M OJIHY TPETh MPOU3BEICHHS
BBICOTHI Ha CyMMY IUIOIIAIeH BEPXHETr0 M HUYKHEr0 OCHOBAHUS C UX CPEIHUM
HMPONOPLUOHATBHBIM:

V= h..($1+ 51$2+$2)

L

Pemenue 3anay (110 roTOBBIM UepTEKaM)

1. Jlano: ABCD - npaBunsnas mupamuaa. AB = 3; AD = 23 (puc. 3).
Haiitu: a) Soch.; 6) AO; B) DO; ) V.

2. [Hano: ABCDF - npaBunbnas nupamuaa. £FCO = 45°; FO = 2 (puc. 4).
Haiitu: a) Soch.; 0) V.

Pemenue:

1) Pacemotpum AFOC: 20 = 90°, £C = 45°, 3nauut, £F = 45°. CnenoBatensno, AFOC -
paBHOOeapenHsbIl, OC = FO = 2.

2) AC = 20C 4.d=AC=ADV2 (o cBoiicTBy amaroHamu KBagpata, d2= 2a2).

AC 4,

AD”ﬁ Ji=2\/_2_

Torna

=AD*=(242 ) =3.

3) ABCD - kBajpat (mupaMuia mpaBuIbHAs ). Socn

Vi Bl N B B O i
3 o 3 3 3

4)

(OtBeT: a) 8; 6) 5-1/3.)
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3. Jlano: ABCDEKEF - mpaBunsHas nupamuga. FO L (ABC), FM L AK, FO = 4, FM = 5 (puc.
5).

Haiitu: a) SocH.; 6) V.

Pemenue:

1) Paccmorpum AFOM: £0 = 90° (tak kak FO L (ABC), 3mauur, FO L OM) FO = 4,FM =
5, OM= VMF? - FO? (mo teopeme Iludaropa), OM=V25-16 =4/9 = 3. OM =r (r - paguyc
V3

AK = 2,. (gﬁ: 2.3tg£=6-.—_= Zﬁ.
OKPY’KHOCTH, BOHUCAHHOU B HpaBI/IJ_H)HI)If/i IHeCTI/IyFOJH)HI/IK). 6 6 3

2) Socw = 6Saso; S‘ox-%AK-OM=%-2J§-3=3J§. Soen. = 6343 =183

3) V= 135'“,,_-1-[; V= %-l8«/§-4=24—\/§.

(Otser: a) 18V3, 6) 24+3.)

3anava: Jlana TpeyronpHas ycedeHHas nupamuza. Ee Boicota h = 10 ¢M, CTOPOHBI OTHOTO U3 OCHOBaHUI
paBHbI @ =27 cM, b =29 cMm, € = 52 cm. TlepumeTp BTOporo ocHoBaHus paBHsietcss P2=72 cm. Haiinure 06bem
MTHPAMHIIBL.

' L---.----

Jst pacuera o0beMa HaM MOTpeOyeTCs IIIOIMaAb OCHOBaHUMN. 3Has! JJIMHBI CTOPOH OJJHOTO TPEYrOJIbHUKA, MBI
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MO’KeM paccyuTaTh IIIOMAab o ¢popmyse ['epona. s atoro norpebyercst HATH MOTyIEPUMETP:

P = 27 +294+52=108cm

Teneps Halinem S2:

S l:1%,--"{;{} (p-a)(p-b)(p-c)

S =/ 54(54-27 ) (54-29 ) (54-52 )= /5427 x25 x2 =/ 72000=270cm”

3Has1, 9YTO MUpaMuIa YCeUeHHasI, 1eJIaeM BBIBO, UTO TPEYTOJILHHUKH, JIE)KAIINE B OCHOBAHUSX ITOAO00HHI.
KoaddurueHT momo0ust 3THX TPEYroIbHUKOB MOXHO HANTH M3 COOTHOIICHUS TIepUMeTpoB. OTHOIICHUE
TUIOMIAJIE TPEYroJNbHUKOB OyIeT paBHO KBaJpaTy 3TOro KoadQuineHTa:

9

St Py w8 o

S opt ot
18

. 1

S S

. 4x270 2

S, t — —120em

Teneps, Korma Mbl HAIIUTH TUTOIIAIM OCHOBAHHM YCEUCHHOMN MUPaMHUIBI, MOYKEM JIETKO pacCUUTATh ¢ 00beM:
1 —— 10, 10
V=g x10x (:m}+ V 270% 1204120 ) ==

Takum 00pa3zoM, BEIYUCIIAB KOAPPHUIIMESHT IMOA00HS U paCCUMTAB TUIONIA b OCHOBAHHHN, MBI HAIIUTA 00BhEM
33/IaHHON yCEYEHHOW MTUPaMHUIBI.

Z[OMaH_IHee 3aJaHuc

1. Jlano: AlA2A3A4 -pom6, SALA2A3A4 -mmpamuua, AlA4 = a, 2SBO
B, OB L A3A4, 2A2A10 = a (puc. 6).

Haittu; V-2
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Pemenue:

I
: = : = e = —asin 2a,
1) PaccMoTpum BOA3A, 1 OAy=acosa,  AOAB: OB = acosasing = 5

2) ASOB: SO = -;-asin 2atgp.

3} K= A8 eom, =4--;.a-03= 20-%asin2a = sinod

4) V,..“%S

1 5.
oo, "0, Voup. ™ %-az sin 2a -%asiu 20ugP = —6—03 sin? 2atgh

© 12 sia? 20utgP.
TBCT.

IIpakTuyeckoe 3ansaTue Ne 71

Tema: O6beM HUIMHIPA
Heanb: HayuuTs pemars 3a1a4u Ha BRIYHCICHUE 00beMa IUITHHIPA

Teopetnueckuii 6110k

L\IHHIpP 3TO TEOMETPUIECKOE TEJI0, KOTOPOoe CPOPMUPOBAHO BPAIICHUEM MPSIMOYTOJIbHUKA Ha
OCH, COBIAJIAIONICH C OHUM U3 €ro cTOPOH. CIIOBO «IIMJIMH/IPY MPOUCXOIAUT OT TPEUECKOTO
cioBa «kylindrosy.

Brruncnenue oobeMa MUIMHAPA TPOU3BOAUTCS TIO Cienyromiei Gpopmyse:

V=nrh
V — 00beM uIHHIpa
h — BeICOTA IIMITHHIPA

I — paAnyc OCHOBaHUS
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n—3.14

Kak paccuntars 00beM nuinnHapa? DTUMU 3HAHUSIMU Haubosee akTUBHO MOJIb3YIOTCS B CBOEH
paboTe KOHCTPYKTOPBI Pa3IMYHBIX MAIIUH U MEXaHU3MOB, IOTPEOUTENLCKUX TOBAPOB, a TAKKE
apxuTekTopbl. UHXkeHepaM NpUXoaUTCs IPOU3BOAUTH pacueT o0bema [IUIMH/PA B TEX CIydasX,
KOTJ]a OHHM 3aHUMAIOTCSI TPOEKTUPOBAHUEM 33/1aHUH, CHAOXeHHBIX KooHHamH. [IpaBna, B
IOCJIEIHEE BPEMS 3TU APXUTEKTYPHBIE 3JIEMEHTHI B UX, TaK CKa3aTh, «KJIACCUYECKOM) BapHaAHTE
(To ecTh BMecTe ¢ 0a30 M KalmuTeJIeM) BCTPEYAOTCS JOCTATOYHO PENIKO, HO UX «YTIPOIICHHBIE
Pa3HOBUAHOCTH, COCTOSIINE U3 OJHOTO CTBOJIA (KOTOPBIN, COOCTBEHHO TOBOPS, U MPEACTABIISAET
€000 LIMITMH/IP) UCTIONB3YIOTCA BeCbMa MHPOKO. Hepenko ¢ KoJIoHHAMH PUXOAUTCS UMETh
JIEJI0 pecTaBpaTopaM pa3iNuHbIX COOPYKEHHM, UMEIOIINX OOJBIIYI0 HCTOPUUECKYIO U
KYJIBTYPHYIO IIEHHOCTD, IIPaB/ia, B X paboTe BhIYMCICHUE 00beMa UIMH]IpA — AAJIEKO HEe caMasi
pacnpocTpaHeHHas npoieaypa. Bnpodewm, ecinu pedb UIET O IOJTHOM BOCCTAHOBICHUH
YTPAueHHbIX 110 TEM WM UHBIM IPUYMHAM KOJIOHH, TO €€ TAaK)K€ IPUXOAUTCS IPOU3BOJUTD.

Pacuer oObema 1uIMHIpa OCYIIECTBISETCS TOT/Ia, KOTIa BeAETCs pa3paboTKa pasHOOOpa3HbIX
E€MKOCTEe! COOTBETCTBYIOIIEH (hopMbl. B KauecTBe HArsIHOTO TPUMEPA TAKOBBIX MOXKHO
MIPUBECTHU, CKAKEM, MEUIIMHCKHUE IIMPHUIIBI, a TAKKe KOJIObI TepMOCcOB. CeyeT 3aMeTUTh, 4TO B

IIEpBOM ClIydyac Takoi mapamMeTp, Kak 06I>GM, HMECT OYUCHBb BAXKHOC 3HAYCHHUC, IIOCKOJIBKY OT
HEr'o 3aBUCUT TOYHOC KOJIUYCCTBO MCAUKAMCHTOB, BBOAUMOI'O ITANUCHTY IIPU MHBCKIUAX.

B TexHuKe 1WINH/IPBI paCIPOCTPAHEHbI YPE3BbIYAHHO MIMPOKO: JOCTATOYHO CKa3aTh, YTO UX
dbopMy UMEIOT MPAKTUYECKH BCE BAJIbl U UX OT/ETIbHBIE COCTABHBIE YACTH, UCIOIb3YEMBIE,
CKa)keM, B JIBUTATENSIX BHYTpeHHero cropanus. K Tomy ke, pacuer oObeMa uInHIpa — OJHA U3
BAKHEUILNX 3a7]a4, KOTOPYIO MPUXOAUTCS peliaTh KOHCTPYKTOpaMU IIPU NPOEKTUPOBAHUHI
COBPEMEHHBIX O€H3MHOBBIX U IU3EIHHBIX CHJIOBBIX arperaTtoB, BeJlb OT 3TOTO IapaMerpa
3aBHCUT MHOYECTBO MX XapaKTEPHUCTHUK, U B IEPBYIO OUEPEb TaKasi BAXKHEHIIAsA, KAK MOIIIHOCT.
[Toutu Bce Tunbl /IBC cHaG)ar0TCst MOPITHAMH, KOTOPBIE TAK)KE UMEIOT ITMIIHMHIPUUIECKYIO

opmy.

Upes3BbI4aiiHO pacCIPOCTPAHEHHBIMU AETAISAMH, KOTOPBIE IPUCYTCTBYIOT B KOHCTPYKIIUM MHOTHX
CJIOKHBIX TEXHUYECKHUX YCTPOMCTB, SABIAIOTCS POJIMKOBBIE MOAMMIHUKN. Kak HeTpyaHO
JIOTaaThCs 110 CAaMOMY MX Ha3BaHUIO, OJHUMH U3 OCHOBHBIX UX KOMIIOHEHTOB SIBIISIOTCS
NPOYHBIE U U3HOCOCTOWKHE METANTNYECKHE POJIMKY, UMEIOLIHE MIIMHAPHUECKYIO (hopMYy.
HmenHo Onarojapsi Takoi T€OMETPUH, 3TU JI€TaId UMEIOT JOCTATOYHO OOJBIIYIO0 HECYILYIO
CHOCOOHOCTh U B OOJIBIIMHCTBE CITy4aeB CIIOCOOHBI BBIIEPKUBATh BECbMa 3HAUNUTEIIbHBIE
Harpy3Ky, 4eM UX IapUKOBBIE aHAJIOTH. POIMKOBBIE TOAIIUITHUKY SABIISAIOTCS BBICOKOTOYHBIMU
JeTal MU, ¥ TIOATOMY NPHU UX pa3paboTKe U MPOEKTUPOBAHUH MPABUIBHBIN pacueT o0beMa
LUIMHPa (B JAHHOM CIIy4ae — POJIMKA) UTPAeT HEMAJIOBAXXHYIO POJIb.

Pemenue 3amau:

1.Haiinute 06beM IMAMH/pPA C BHICOTOU, paBHOW 3CM M TUAMETPOM OCHOBAHHUS — OCM.
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2.Ilnomanp 0ceBOro ceueHus HUIMHIpa paBHA 21cem®, mromans ocuoBanmst - 18m cm? Haiiute
00beM UIIUHIpA.

3.CBuHIoBas Tpy6a (1moTHocTh cBuHIA 11,4 F/CM3) C TOJIIIMHON CTEHOK 4 MM MUMEET
BHyTpeHHul nuametp 13 MmM. KakoBa macca TpyOsl, eciu ee ainuHa paBHa 25 M?

P=11,4 r/eM’

R1=6,5vMM + 4mm = 10,5mMm = 1,05¢cMm (Hapy>kHBIiT)

R, =6,5MM = 0,65¢cMm

V=Vi-V,=1 - (1,05%2500 - ® - 0,65 2500 =1700T = 5338 (cm)
M=p-V=11,4-5338 = 61kr.

4. Kakoe konuuecTBO HETH (B TOHHAX) BMELIAET LIMJIMHAPUYECKas IMCTepHa quameTpa 18 M u
BBICOTOM 7 M, €CIIi TJIOTHOCTh HeptH paBHa 0,85 r/em>?

H="7m; d = 1M; Puegru = 0,85 r/em®
m =?

V,=TR*H = 1927 = 5671 (M%)
m=V-p= 151371

[omaiaee 3ananue:

1. I[I/IaI‘OHaJ'IL OCCBOI'0 CCUHCHUA NUJIIMHAPA COCTABJISICT € INIOCKOCTBIO OCHOBAHUA NUJIMHApPA

yrox 60°. Haiiziure 06beM IATHH/PA , €CIH TUIOIIAIh OCEBOrO CCYSHHs paBHa 16 ‘\'@ oM.

2. Ha ckna1 B MacTepcKoi MO MOIIMBY O/I€XK/IbI TOCTYIHII PYJIOH JAPArioBOi TKaHU B popme
muHapa. [pu TpancnopTupoBke ObLT yTEpsSH TOBAPHBIH SAPIIBIK C YKa3aHUEM JUIMHBI TKaHU B
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pyione. HeoGxoaumo onpeaenuTs JUIMHY TKaHH B pysoHe. [Ipon3Benu HeoOXxoaumbie
W3MEPEHUSI, ONPENICTNUIIN BBICOTY U AuaMeTp pyJsioHa: 90cm u 30cM, TonmmHa Tkanu 0,2cm.

IIpakTuyeckoe 3ansitue Ne 72

Tema: O6bem konyca. O0beMm mrapa. Pemenue 3amaq
Hesan: HayunTs pemaTh 3a1a4u Ha BRIYACICHUE 00beMa KOHYyca

Teopernueckuii 610k

O06bem KoHyca BeIYHUCISAETCS 10 (hopMmyIe

1 5
V= —iﬂ'lf— I,

rae R — pannyc ocHoBanus konyca, H -- ero Beicora

I

P —4

7]

[Iap 3T0 reomeTpruecKkoe Teo, 00pa30BaHHOE B Pe3yJIbTaTe BpAIlCHHS MOJIYKPYyra Ha OCH
CBOETO JIMaMETpa.

OO0BeM mapa MOXXKHO BBIYHCIUTH MO GopMye:

TR

4
V=3

R — paagmyc mapa

V — o6bem mapa
n—3.14
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Pemenue 3amau:

1. ABunanuonHas 6oM0a cpeqHero kaaudpa Jaet npu B3pbIBE BOPOHKY
nuaMeTpoM 6 M 1 rimyouHoi 2 M. Kakoe koiaruecTBo 3eMi (110 Macce) BbIOpachIBaeT 3Ta
3
6om0a, ecu 1 M™ 3emuin umeet maccy 1650 xr?

Pemenne:
F'=111'R”H=ln--35‘2= A g O M o
3 3
P = 1650+6+3,14 =
= a1 086 gr = 31 1. B
Omeem: P = 31 . Pur. 3

2. Cwmoiry Jutsi POMBITINIEHHBIX HYX COOMPAIOT, TOBEIINBAsI KOHMYECKUE BOPOHKH K
cocHaM. CKobK0 BOpoHOK auametpom 10cm ¢ oOpasyromeit 13 cm Hyx)HO coOparb,
YTOOBI 3aMOJIHUTH JCCSITHIUTPOBOE BEIPO?

R=AC/2, R=5cm, H=\132-52=12(cm), V=1/3%3,14*5%%12 ~314(cm’) ~0,3141m°
n=10/0,314 =31,8. Omeem: 32 8opoHKu.

3. Cror ceHa umeer ¢popMy HWIMHAPA ¢ KOHUYECKUM BepXoM. Paauyc ero ocHoBanus 2,5 M,
BbICOTa 4 M, IpUYEM LMJIMHAPUYECKasi YaCTh CTOra UMeeT BrICOTY 2,2 M. [InoTHOCTH ceHa
0,03 r/em’. Omnpenenuts Maccy cTora ceHa.
Pemennue:

R =2,5Mm

0100 = 4m

010, =2.2m

P =0,03r/cM’

m=pP-V; V,= 12,5222 = 13,75 M>= 13750000cm°
V=1/3m -2,5% 1,8 =3,75m> = 3750000 ™ cm®

M = 0,03 - 175000007 = 0,525 T T = 1,6 T
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4. CtakaH4HK JUII MOPOXKEHOTO KOHUYECKOH (OpMbI nMeeT riryOuny 12 cM u auamerp BepxHen
yacTi 5 cM. Ha Hero cBepXy MoJIOKWIM JBE JIOKKH MOPOXKEHOTO B BUJIE MOJIyLIAPUI THAMETPOM
5 cm. IlepenosHuUT JIn MOPOKEHOE CTAKAHUYUK, €CJIM OHO PacTaeT?

OA=12cm
BC=d=5cMm
[TepenosHUT TU MOPOKEHOE CTAKAHUUK?
]

Vo= 43FR(5/2°=125% /6 = 20 6 %

25712
V=13 TRH=1/3 X (5/2%12= 12 =25%
OTBeT: HeT.
3agaua:

Haiitu o6bem mapa paguycom 10 caHTUMETpOB.
Pemennue:

st TOro 9TOOBI BEIUMCIUTE 00beM mapa ¢Gopmylsia HCTIOJb3YETCS CIeAyIoIas:
4

V= xR
3

rae V — uckomblii 00beM mapa, m — 3,14, R — panuyc.
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Takum oOpa3zom, npu paauyce 10 canTumMeTpoB 00beM 1apa paBeH:

V= g 3,14 x 10° = 4082 KYOMYECKUX CAHTUMETPOB.

Pemenue 3amau:
1. Bo ckoabKO pa3 yBeIHMUHUTCS 00BEM IIapa, €CIIM €ro PanyC YBEJIMYUTD B IMIECTh pa3?

OO0beM 1mapa HaXOAUTCS 10 PopMyIIe:

vV * R3
=_-T
3

[Tpu yBenuueHuu paguyca B IIECTh pa3 ero 00bEM OyeT:
4 4
V= E}TI{_ER}E = 216 *E}TR3

TakxuMm oOpa3om, 00beM Iapa yBearauTcst B 216 pas.
Ortger: 216

2. O6wvem omHoro mapa B 216 pa3 Gosblie 0o6bemMa BTOpOro. Bo CKoIbKO pa3 IIIoIaab
MIOBEPXHOCTH TIEPBOTO I1apa OOJIBIIIE TUIOMIAH TOBEPXHOCTH BTOPOTO?

\_

®opmyna 06bEMa mapa:
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4
V =—nR?

3
dopmyiia IIOWAAM MOBEPXHOCTH LIApa:
S = 4nR*?
[1ycTh 00BEMBI IAPOB COOTBETCTBEHHO PABHBI:
4 2 4 2
V1=§}TR1 V2=§}TR2

W3 ycnoBus cnenyer, 4ro:

* R*=216 * R.*?
—_ — .._-R' A
3}—[ 1 3 £Z

R,*=216-R,*

R,®

—3 =216

R—i = 3216
R
e

To €CTb, Mbl YCTAHOBWJIA, YTO panyC IIEPBOro 0oJbIIe paauyca BTOPOTO B 6 pas. Ecmu paaunyc
nrapa yMEHbIIUTH B 6 pa3, TO MIIOIIAh TTOBEPXHOCTH MIapa U3MEHHUTCS CIICIYIOIIHM 00pa3oM:
s (’R ')‘ 41 R?

6 36

To ecth oHa ymeHbIIUTCS B 36 pas.

[omainee 3aganue:

1. Haiinute 06beM KOHYCA , 0CEBOE CE€YEHUE KOTOPOTO MPEACTABIISIET CO00i

pPaBHOOEPEHHBI MPSIMOYTOJIbHBIN TPEYTOJIBHUK C TUIIOTEHY30M , paBHOMU 6 2 CM.

2.Haﬁ,[[HTe 00BeM KOHYCa , IIOJIYYCHHOT'O B PE3YJIbTATC BpallICHUS BOKPYT OOJIBIIIETO KaTeTa

IPSIMOYTOJIBHOTO TPEYTOJIbHUKA C TUIIOTEHY30M , paBHOM 2 *-'% CM, U YIJIOM 30°,
Tecm no meme: «Tena epauienusn

1. [lpwu BpamieHr# NpAMOYTrOJIbHUKA BOKPYT €0 CTOPOHBI, MTOTY4aeM:
a)KOHYC; ©0) yCeueHHBI KOHYC; B) IIap;  TI') HAJIUHJAP.

2. Tlpu BpameHnn IpSMOYTOIBHOTO TPEYTOJILHUKA BOKPYT €T0 KaTeTa, MoJTyJdaeM:
a)yCeueHHbIN KOHyC;  O) NMIMHAp; B)IIap;  TI) KOHYC.

3. Ilpu BpameHu# MpsIMOYroJIbHOM Tparneuuy BOKPYT ee O0KOBON CTOPOHBI, ITOJTyYaeM:
a) WWIMHAP; 0) yceueHHBIH KOHYC; B) KOHYC; T) Iap.

4. Tlpwu BpallleHHH MTOJYKpyTra BOKPYT €ro AUaMeTpa, MojrydyaeMm:
a)yCeueHHbIN KOHyC;  O) IMIMHAP; B)IIap; TI) KOHYC.
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5. OCeBbIM CEUCHUEM WJIMHAPA SIBISETCS:

a)kpyr; ©) paBHOOEIPEHHBIN TPEYTOJIBHUK; B)TpaIClusl; T)IIPIMOYTOJIbHHUK.
6. OceBbIM CEUCHUEM KOHYCA SIBIIACTCS:

a) paBHOOEAPECHHBIN TPEYTOJIbHUK;  0) MPSIMOYTOJIbHUK;

B)Tparienus; T)KpPYT.
7. OceBbIM C€YEHUEM YCEUCHHOI'O KOHYCa SBIISIETCA:

a) Tpaneuus; 0) MpsIMOYTOJILHUK; B) KPYT;
T') paBHOOGIPEHHBIN TPEYTOJIHHUK.
8. CeueHune mapa mI0CKOCThIO €CTh:
a) paBHOOEPEHHBIN TPEYTOJbHHUK;  0) IPSIMOYTOJIbHUK;
B)Tparneius; T)KpYT.

9. Hanucats hopMyiry a1t BBIYMCICHHUS 00bEMA LMITUHAPA.
10.Hanucats popmyiny aiis BbIUKCIEHUS] 00bEMa KOHYcCA.
11.Hamucars opmyiy ais BelUMCIeHUS 00bEMA yCEUEHHOTO KOHYCA.
12. Hantmcats opmyity a7si BBIYUCICHUS TUIOIIAAN KPYTa.
13.Hamnucats hopmyiy A BBIYMCICHUS JJIMHBI OKPYKHOCTH.

B3aI/IMOHpOB€pKa MATeMaTUYCCKOro JUKTaHTa.

JonoHuTebHas HH(POPMALMA 0 KOHYCe H 1Iape

1. B reosioruu cyiecTByeT MOHSITHE «KOHYC 8biHOCA». ITO hopma penbeda,
o0Opa3oBaHHas CKOIJIEHUEM 0OJIOMOYHBIX MOPO/I (TaJIbKH, TPAaBHsl, TeCKa), BBIHECEHHBIMU
TOPHBIMH PEKaMH Ha TPEATOPHYIO paBHUHY WK B 00JIee MIIOCKYIO IUPOKYIO TOJTUHY.

2. B Guonoruu ecth MOHATHE «KOHYC Hapacmauusy. ITO BepXylIika modera u

KOPHSI pPaCTeHHH, COCTOSINAs M3 KIETOK 00pa30BaTeIbHOMN TKaHU.

3. «Komnycamu» Ha3bIBaETCS CEMEMCTBO MOPCKUX MOJUTIOCKOB MOJKJIacca
nepenHexxadepHbIx. PakoBuHa koHnueckast (2—16 cMm), sipko okpaieHHas. KoHycoB cBblIie
500 BumoB. JKUBYT B TPOTIMKAX U CYOTPOMUKAX, SIBISIOTCS XUITHUKAMH, UMEIOT SJOBUTYIO
xKerne3y. YKyc KOHYCOB O4eHb Oosie3HeH. M3BecTHBI cMepTenbHbIE ciiydan. PakoBUHBI
UCTIONB3YIOTCS KaK YKpallIeHUs, CyBeHHUPBI.

[To cratucTuke Ha 3emiie €KerolHO THOHET OT Pa3psIOB MOJTHUI 6 YEIOBEK Ha

1000 000 >xuTeneit (varie B 10XKHBIX CTpaHax). DTOro Obl HE CITy4aoCh, €CIIA ObI Be3/1e
OBLITM TPOMOOTBO/IBI, TaK Kak 00pa3yercs KoHyc OezonacHocTH (puc. 6). UeM BIiie
TPOMOOTBO/I, TEM OOJIBIIIE 00BEM TaKOTO KOHYca. HEeKOTOpHBIE JIFO T MBITAIOTCS
CHpATaTbCA OT PA3PAI0B MO IEPEBOM, HO JEPEBO HE MPOBOJHUK, HA HEM 3apsiabl
HAKAITMBAIOTCS U JIEPEBO MOXKET OBITh UCTOYHUKOM HAITPSHKCHHUS.
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B reomerpuu map ompeaensieTcs Kak HEKOe TeJlo, IpeACcTaBisonee co0oi
COBOKYIIHOCTbH BCEX TOYEK NPOCTPAHCTBA, KOTOPBIE PACIOJIATalOTCA OT LIEHTPa Ha
paccTtosgHuHU, He OoJee 3aJlaHHOI0, Ha3plBaeMoro paguycoMm mapa. [loBepxHocTh
mapa uMenyercs chepoid, a cam OH oOpasyercs MyTeM BpalleHUs MOJYyKpyra OKoJo
€ro AuamMerpa, OCTAKIIEroCs HEIOIBUKHBIM.

C 5TUM reoOMeTpUYECKUM TEJIOM OUYEHb YACTO CTAJIKUBAIOTCSA MHKEHEPHI -
KOHCTPYKTOPHI M apXHUTEKTOPHI, KOTOPBIM YaCTO MPUXOJAUTCS BBIYUCIATH 00BEM
mapa. CkaxxeM, B KOHCTPYKLIMH NepeJHeld MOABECKHU MO1aBIA0IEro 60IbIINHCTBA
COBPEMEHHBIX aBTOMOOMJIEH HCIOJb3YIOTCS TaK Ha3blBa€Mbl€ LIapPOBbHIE OMOPHI, B
KOTOPBIX, KaK HETPYAHO A0rajgaThCcs U3 CaMOro Ha3BaHUs, OJHUMHU U3 OCHOBHBIX
3JIEMEHTOB ABIAIOTCA UMEHHO mwapbl. C UX MOMOILIbIO IPOUCXOJAUT COCIUHEHHUE
CTYNHUI yIpaBiseMbIX KojeCc U pbidyaros. OT TOro, HACKOJbKO NPaBUIBbHO

OyJeT BbIUMCIEH UX 00BEM, BO MHOTOM 3aBUCHUT HE TOJIBKO JOJTOBEYHOCTh ITUX
y3J0B M MPaBUJIBHOCTbh UX pabOThl, HO U 0€30MaCHOCTh ABUKECHHUS.

B TexHuKe mmpouaiimee pacnpoCTpaHEHUE NOJYYHUIIN TaKue AeTallu, Kak
HIapUKOBBIE MOAIMMUITHUKH, C TOMOIIBK KOTOPBIX NPOUCXOJUT KPEIJICHUE OCEH B
HEMOJBUKHBIX YAaCTAX Pa3JIMUYHBIX Y3JIOB U arperaTtoB U oOecreuynuBaeTcs ux
BpaueHue. CiaeayeT 3aMeTUTbh, YTO NIPH UXpacuyeTe KOHCTPYKTOpaM TpedyeTcss HAalTH
00beM mapa (a TOYHEe — MapoB, MOMeENaeMbIX B 0001WMY) ¢ BBICOKOUW CTENEHBIO
TOYHOCTHU. UTO KacaeTcss U3roTOBIECHUS METAJUINYECKUX IMIAPUKOB IS
NOJAIIMIHUKOB, TO OHU IPOU3BOIATCA U3 METAIINYECKON NPOBOJOKHU IIPU MOMOIIHU
CIIO)KHOTO TEXHOJIOTHYECKOT 0 Mpolecca, BKJIoyatuero B ce0s craauu GOpMOBKH,
3aKaJiku, rpy0oil miandoBKU, YUCTOBOU NPUTUPKU U ouucTKH. KcTaTtu roBops, e
HIapUKH, KOTOPBIE BXOISAT B KOHCTPYKIINIO BCEX IIaPUKOBBIX pPYyUEK,
MU3TOTaBJIMBAIOTCS IO TOYHO TaKOW K€ TEXHOJOTHHU.

JlocTaTO4YHO 4acTO mapbl UCHOJIB3YIOTCSI U B ApXUTEKTYype, IpUYEM TaM OHU yalle
BCEro SBJSAIOTCA ACKOPAaTHUBHBIMU JJIEMEHTAMHU 3JaHUM U JPYTUX COOpYyKeHUN. B
OOJBIIMHCTBE CIyYyaeB OHM M3TOTABJIMBAIOTCS U3 T'PAHUTA, YTO 3a4acTylo Tpedyer
0onpmuxX 3aTpaTr pydyHoro tpyaa. Koneuno, co0noaaTh CTOIb BEICOKYIO TOYHOCTD
U3TOTOBJIEHUS 3TUX LIAPOB, KAK T€X, KOTOPbIE NIPUMEHAIOTCSA B Pa3JIMYHBIX arperarax
U MeXaHu3Max, He TpedyeTcs.

bes mapoB HEMBICIIMMA TaKasd UHTCPCCHAAd U NONMYyJdpHasd UTpa, KakK 6I/IJ'IB$Ip,[[. I[J'I}I
HUX MPOU3BOACTBA UCHOJB3YIOTCA pPa3IMUYHBIC MAaTCPHUAJIBI (KOCTI), KaMC€Hb, MCTAJlI,
HJ'IaCTMaCCLI) U UCIIOJB3YIOTCA pa3JIMIHBIC TCXHOJOTHYCCKUC ITPOUCCCHI. O,[[HI/IM ns3
OCHOBHBIX Tpe6OBaHHﬁ, NpeaABABIACMBIX K 6I/IJ'IBSIp)1HI)IM mapam, ABIACTCA UX
BBICOKAs MPOYHOCTb U CIoCOOHOCTH BBIACPKHUBATH BBICOKHUEC MCXAHUUYCCKUC HAT'PY3KU
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(mpexnae Bcero, yanapueie). Kpome Toro, ix moOBEpXHOCTH JOJIKHA MPEICTABIATH
co00# TouHyI0 chepy s TOTrO, YTOOB 00ECIEUYNBATOChH IJIABHOE W POBHOE KaYeHUE
110 TOBEPXHOCTH OUIBSPAHBIX CTOJOB.

Hakonen, 6e3 TaKuX reOMETPUUECKHUX TeJ, KaK Iapbl, HE 00OXOIUTCSA HHU OJHA
HOBOTOJHASA UJIN POXKIECTBEHCKAs elIKa. M3roTaBiauBamOTCA 3TH yKpalleHUs B
OOJBIIMHCTBE CJIy4aeB U3 CTE€KJIAa METOJOM BBIJYBaHUS, U IPU UX IPOU3BOJICTBE
HauOoJiblllee BHUMAHUE yAENIsIeTCA HE TOYHOCTH pa3MepoOB, a 3CTETUYHOCTH
u3genui. TeXHOJIOrn4eCKU Npouecc Npu 3TOM NIPAKTUUYECKH IOJIHOCTBIO
ABTOMATU3UPOBAH U BPYUYHYIO €JOYHBIE 1Pl TOJIbKO YIAaKOBBIBAIOTCH.

IIpakTnueckoe 3ansaTue Ne 73

Tema: KontponbHas pabota
Heab: [IpokOHTpOIMPOBATH YPOBEHb YCBOCHUS JAaHHON TEMBI.

1 BapuaHT

1. Pa3BepTka OOKOBOW MOBEPXHOCTH IMJIMHIpA SBIISETCS KBAJpaToM, JHArOHaIb KOTOPOTO
pasHa 10 cm. HaiinuTe miomaas O0KOBOH MOBEPXHOCTH HMJIMHAPA H 00BEM
2. [TockocTh, mapajuieNnbHasi OCH IWIMHAPA, OTCEKAeT OT OKPY)KHOCTH OCHOBaHHMs Oyry B 120°.

Bricota mmimHapa paBHa 5 cM, paadyc HWIMHApA 2 \/§ cMm. Haiinure mionaas cedeHus u
o0BveM
3. OceBoe CeueHHE LWIMHAPA — KBaIpar, IUIOLIAAb OCHOBAHWS LHAIMHAPA paBHA 167 oM’
HaiinuTe nnomaab moBepXHOCTU HUIMHIPA, 00BEM
4. BeicoTa KoHyca paBHa 6 cM, yroJj IpH BepIInHe oceBoro ceueHus paseH 120°. Haitnure:

a) IJIOLIaJb CEYEHHUS! KOHYCa IUIOCKOCThIO, MPOXOAIIEl yepe3 1Be 00pa3yroline, yrojl Mex1y
KoTopeiMu 30°;

0) rronraib OOKOBOM MOBEPXHOCTH KOHYCA.

B) 00bEM
5. Jluametp mapa paBeH 2m. Uepes KOHEI [uaMeTpa MpoBeAeHa MIOCKOCTh Mo yriaoMm 45° k
Hemy. Haiiaure nnunHy nuHuM nepecedeHus cepsl 3TOH MI0CKOCTHIO.

2 BapuaHT

1. Pa3BepTka OOKOBOW TMOBEPXHOCTH IMJIWHApPA SBISETCS MPSIMOYTOJIbHUKOM, HArOHANb
KOTOpOro paBHa 8 cM, a yroin wmexay nauaroHamsmu 30°. Haiinure miomans OOKOBOMA
MOBEPXHOCTH IIMIIUHIPA, 00BEM

2. CeyeHre MWIMHAPA TUIOCKOCTHIO, TAPAIIIEIEHONW €T0 OCH, eCTh KBajpaT. CeKymiasi TUIOCKOCTh
OTCEKAaeT OT OKPYXXHOCTU OCHOBaHUS nyry B 90°. Panguyc ocHoBaHMsS LWIMHIpa paBeH 4 cM.
Haiigute noomanps ceuyeHus, o0bLeM

3. OceBoe ceueHue IMWIMHIpAa — KBajpar, AWAroHanb KoToporo 4 cm. Haiinmure miomians
MOBEPXHOCTH ITUIUHAPA, 00beM

4. Pamnyc ocHOBaHMS KOHycCa paBeH 6 cM, a 0Opasyrolas HaKJIOHEHAa K MIOCKOCTH OCHOBaHUS
nox yriom 30°. Halinure:
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a) IUIOMIAh CEUYEHUS KOHYCa TUIOCKOCTHIO, MPOXOSIIeH depe3 1Be 00pa3yroline, yroil MexXI1y
KoTopbiMu 60°;

0) momiab OOKOBOM MOBEPXHOCTH KOHYCA.

B) 00beM
5. Jluametp mapa paBen 4m. Uepes KoHeEIl J[uaMeTpa MpOBEAeHa IMIOCKOCTh moj yriaom 30° k
Hemy. Haliaure momanpe cedeHus mapa 3Tol IIOCKOCTbIO.

IIpakTyeckoe 3ansaTue Ne 74
Tema: [leiicTBus C BEKTOpaMu, 3alaHHBIMU KOOPJMHATAMU
Hesb: O000MHUTE ¥ CUCTEMAaTH3UPOBATh MaTepHall M0 JaHHOU TeMe

Teopernueckunii 010K

q)OpMy.]II)I ACJICHHA OTPC3Ka B JAHHOM OTHOUICHWH Ha IIJIOCKOCTHU

Ecnm n3BecTHBI ABE€ TOUKH INIOCKOCTH Alx g Fa), Bxpi 7 8) , TO KOOPAUHATHI TOUKU M(Xpe: P ) ,

Ahf
g=0
KOTOpas JIEJIUT OTPE30K AE g oTHOMIEHUU BM BBIpaXKAIOTCS (hOpMyTIaMu:
X _xA+/1-xB _}’,1+/1-Jf3
Mo ea 0™ 1+ A
[Tpumep 1

Haiitn K0oOpauHATBI TOUKH M | nensmeit orpesok AE B orHOmIEHNM '3 ecrn m3BecTHBI

rouxy A3 B=3-1)

Add 1

Pemenue: B nannoii 3agaue EM 3 Tlo popmynam Jenenus oTpe3ka B JaHHOM

OTHOUIEHWH, HANAEM TOUKY M(Xaq. Fae) :

1
X =xﬂ+/1.x3=5+§'(_3:'=5—1=4E=3
M1+ A w1 4 4
3 3
1 1 &
Fes(-1) 3-- =
» =J’}1+£'J’B= +3( :I= 3=i=§3=2
I 1+ i 1+£ 4 i 34
3 3 3
OTtBer: M3, 2)

B 3amaue He Tpe6yeTCH CTPOUTD YCPTEIKA, HO €TO BCCTrAa MOJIC3HO BBIIIOJIHUTHE HA YCPHOBUKE:
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Add 1

JelictBuTensHo, cootHomenne 4 3 ppmonnsercs, To ects otpe3ok AM B Tpu pasa kopoue
orpeska £M | Ecnu nponopuys He 04€BHIHA, TO OTPE3KU BCETIa MOKHO U3MEPHUTH OOBIYHON
JIMHEVKOM.

[Ipumep 2
JlaHbI TOUKH K20 25760 Hajirn:

a) touxy M | nemsyro orpesox X4 B orHoweHHH 4 7]

0) TOuKy N , IIEJIAILYI0 OTpe30K 44 B OTHOIIEHUH 4:3,

[Tpumep 3

Touka £ mpunamiexut otpesky L7 . M3BectHo, uTo oTpe3ok £ B Ba pasa ninMHHEE

D(z,4), P[E, 2] |

orpeska ‘1, Haittu Touky 7 , ecnu

Pemenue: 13 ycJioBus CICAYCT, UTO TOYKaA F ACIUT OTPE30K LA B OTHOIIICHUH 2:1 , cuuTas OT

Dr

BEpPIIMHEBI £, TO €CTh, CIPaBeINBA IPOIIOPLIUSL: AP Tlo popmynam aeneHus oTpesKa B
JAaHHOM OTHOUIICHHU:

n+d Xy Yo+ d Vg
XP = P = —_— -

1+ A 1+ 4
§= 21’ E;H =34 2xﬁ=§3 =24+ iy =8> 2xy =6 =g =3
+

2=% =44y =62y =2y, =1
+
H3 1)

OTBer:

[Tpumep 4
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Touka # €45 Orpesox £M B montopa pasza kopoue orpeska AWM . Haiitu Touky 4, ecnu

U3BECTHBI KOOPIUHAT TOYCK B(0).M (-1 1) .

Pemenue B koH1e ypoka. OHO, KCTaTH, HE €AMHCTBEHHOE, €CIIU MONAETE OTIIMYHBIM OT 00pa3ia
nyTéM, TO 3TO He OyZIeT OMMOKOH, ITaBHOE, YTOOBI COBITAJIM OTBETHI.

qDOpMy.]'IH ACJIICHHUA OTPE3Ka B JAHHOM OTHOLICHWH B IIPOCTPAHCTBE

I[J'ISI IIPOCTPAHCTBCHHBIX OTPE3KOB BcE 6yz[eT TOYHO TakK K€, TOJIbKO ,I[O6aBI/ITC$I el ogHa
KOOpAuHara.

Ecnu u3BecTHBI BE TOUKU POCTPAHCTBA A ¥ 43240 B(X 5 ¥ 5 25) , TO KOOPAUHATHI

Add
. A=—
touxn M ar Faes Zaed KoTOpas aeaut otpe3ok A5 B ormomennn  EM | pripaxarorcs
dbopmynamu:
X Xyt Ad-xg _¥at Ay - _Zy+ Az
MU w2 M 14 M e a
ITpumep 5

JlaHbl TOUKH AL -3 -4, BE-4 0 Yajiry xoopauuarsl Toukn M | mpuHaiexameit

otpesky 48, ecin nspecro, uro AM 1 BM =4:2
Pemenmue:

[To popmynam KoOpIAMHAT CEpEANHBI OTPE3Ka:

-2+2.2 32 -3+2-- 11 -44+2-0 4
Xpy = ———— = =——, 2= =-

vz 3 ™ T 13 M e 3

1+2 3 1+32 3

IIpumep 6

EB(-52,3), 014, 2,

I[aHBI TOYKHU - 5) . Haittu KOOpAUHATBI TOYKHU A , €CJIM U3BCCTHO, YTO OHA

JIEJTAT OTPE30K 5L g ornomenun 311,

(DOpMYJ]LI KOOpAUHAT CCPpCAUHBI OTPE3Ka

163



A | yacmy M | yacme B

_ Xyt X y _YatVs

X
A 2 A 2

I[JISI IMPOCTPAHCTBCHHOI'O Cliy4das CIIpaBCAJIMBA OYCBHUIHAA aHAJIOTUA. Ecmu JaHbl KOHIIbI

0Tpe31<a‘4(xﬂ’ P a>Za) BX5 ¥ 5 25) , TO KOOPAUHATEI €T0 CEPEAUHBI M BBIpaXXaroTcs GopMysIaMu:
g+ x + Za+Z
At YatF¥s gz, =cAtiE

Kpy=-—2_"2
M 2 M 2 M 2

IIpumep 7

HapaﬂnenorpaMM ABCD 3aJlaH KOOpaAnHaTaMu CBOUX

A(-4,0), B(4;4), C(7, 2), DI~ 1,

BEPILIUH ~-2) . Haiit TO4Ky nepeceueHus ero 1uaroHajIe.

Pemenmue:

ITo HU3BCCTHOMY CBOﬁCTBy, JUaroHaliv mnapajuiejiorpamma CBOCH TOYKOM

MNEepECCUCHUA D(x'-'-’" ‘PG} ACJIATCA 1I0I10JIaM, ITO3TOMY 3a/laqy MOKHO PCIINTb ABYMS crocodamu.

Cnoco0 nepBblii: PaccMOTpUM POTHUBONOJIOKHBIE BEPIIMHBI A-4.0), C(7.2) . [To popmynam
JIeJICHUS OTPE3Ka IIOI0JIaM HalIEM CEPEIMHY AUarOoHaau AL
g+ X —4+T 3 Fat¥e 0+2

X —
o 2 2 2 2 7

o2
B pesynbrare: 2

B4, 4), D=1,

Cnoco0 BTOpoii: PaccMOTpUM NPOTHBOIOJIOKHBIE BEPILIMHBI ~2) o bopmynam

ACJICHHUA OTPEC3Ka IOII0JIaM HalaEM CCPCANHY AnaroHain BD:

)
Takum oOpazom: 2

3
O[—; 1]
OTBerT: 2

[Tpumep 8

5 1 1
i) :
Jlanbl TOUKH 3 4 2 . Haiitn cepenuny & orpeska Q,

[Tpumep 9
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Touxa M pemur orpesok AZ nomonam. Haiitu Touky & | ecin n3BecTHbI

roury ks 05— M5 -4 1)

Pemenne: Vcnonb3zyem popmysibl KOOpAUHAT CEPEIMHBI OTPE3Ka:

Xy + X ¥Yqat+ ¥ Za+ =
_ 4 A _+4d A _ <4 A
% _T’ ¥ _T’ Z, _T

Ham Hen3sBecTHBI KOOPAMHATHI *2:¥2:25 11 cHOBa MOXHO BBHIBECTH o01IyI0 GOpMYITY ISl UX
HaXO0XJIECHUs, HO rOpa3Jio Jerye cpa3y MOACTaBUTH YUCIIA. TONBKO MPONOPLUAMHU BEPTH:

5=2+Tx3:>2+x3=1n:>x3=8

BRI

d
=232 30,5
Orteer: 5(8,-8,5)

IIpakTuyeckoe 3ansaTue Ne 75
Tema: CxassipHO€ Ipou3BeIeHUE IBYX BEKTOPOB
Heab: HaydnTh BBIYUCIATE CKAIPHOE MPOU3BEACHHUE IBYX BEKTOPOB

Teopernueckunii 010K
Onpenenenue: CKasIpHBIM IPOU3BEICHUEM IBYX BEKTOPOB ¥ U & yaseiBaercs uncio,
paBHOE MPOU3BEACHUIO IJIMH 3THUX BEKTOPOB Ha KOCUHYC yIjia MEXKy HUMH:
T b= |cT| |§| cos (@ B)

OGo3HaueHNe: CKASPHOE IPOM3BeeHIe 0603HaYaeTcs yepes & &

[Tpumep 1
o Fl=2. Fl=5 z@®=2
HaiiTi cKanspHOe IPOH3BEICHIE BEKTOPOB & 1 & | ecin 6

b = |§| |5| cos (@ &)

Pemenne: Vcnons3zyem dpopmyiy . B naHHOM ciyyae:

&E=|§|-|§|- cos (@ B1=2.5. cosg=10-§=5wf§

OTtBer: b = 5"‘-'@
[Mpumep 2

Haiitn &6 , €CIn H =3 |d|= ﬁ, a Yroj MeJy BEKTOpaMH paBeH 1357,
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VYroa Mexy BEKTOpaMH U 3HaUE€HUE CKAJISIPHOTO MPOU3BEICHUS

B IIpumepe | ckanspHOe IpoU3BEAEHUE OTYYHIOCH TOJIOKUTENBHBIM, a B [Tpumepe 2 —
OTpULATEIbHBIM. BBIICHUM, OT 4ero 3aBUCHUT 3HAK CKaJIIPHOTO Npou3BencHus. CMOTpUM Ha

T b= |§| |5| cos (@, B

|§|>D,|§|::-D

Haiy Gopmyny: . [InvHBI HEHYJIEBBIX BEKTOPOB BCErAa

MIOJIOKUTEIBHBIL:
KOCHHYCA.

, [IOOTOMY 3HAK MOJKCT 3aBUCCTHb TOJIbBKO OT 3HAYCHU S

=L B =
VYron MECXKAY BEKTOPAMH MOXKET U3MCHATHCA B IIPEACTIAX

BO3MOJKHBI CJICAYIOIINUC CIIydaun:

, 1 IIpA 3TOM

I §
0«20 b)) < —
1) Ecm yroJ Mex 1y BEKTOpaMu OCTPBbIii: 2 (ot 0 1o 90 rpamxycoB),

TO cosZ(@ ) >0 , ¥ CKAJIIPHOE MPOU3BeIeHne Oy/1eT M0JI0KUTeIbHbIM. & & >0 Ocobsiit
CIIy4aid: €ClIM BEKTOPbl COHANPABaeHbl, TO YroJl MEXy HUMU CUUTAETCS

@B =0

HYJICBBIM , 1 CKAJIPHOC IMIPOU3BCIACHUC TAKIKC 6yz[eT ITIOJIOXXUTCIIbHBIM.

7 5=la F
Tockonsky £950=1 10 popmyna ynpomaercs: “ g H .

iy (@, b)Y <
2) Ecnu yroJ Mexay BeKTOpamMu TYMOI: 2 (ot 90 no 180 rpagycos),

cos (@ B <0 . TE
TO @ &) , i, COOTBETCTBEHHO, CKAJIAIPHOE MPOM3BeAeHIE OTPHIATEIbHO: b <0
OcoO0blit cyyaii: eclii BEKTOPBI HANPABLEHbl NPOMUBONOJIONCHO, TO YTOJI MEKY HUMH

LaB)=nx

CUUTACTCS PA3GEPHYMBIM. (180 rpamycoB). CkansgpHoe MpoU3BEACHHUE TOXKE

OTPHMIATENBHO, TAK KaKk 958 = -1

CrpaBeaniuBbI 1 0OpaTHBIE YTBEPHKICHUS:

1) Ecom @2 >0 10 yron Mesxy AaHHBIME BeKTOpaMu ocTphiii. Kak BapHaHT, BEKTOPBI
COHAIPAaBJICHBI.

2) Ecrn @& <010 yrom Mesk/1y ZaHHBIME BEKTOpaMH TYIION. Kak BapHaHT, BEKTOpHI
HanpaBJIeHbl IPOTHUBOIOIOKHO.

Ho oco0bl1it nHTEpec npencTaBiseT TpeTUit ciryyait:

I

(& B =—

3) Eciu yroa Mexxay BeKTOpamMu NpsAAMON 2 (90 rpamycos),
T
cos—=10 -
TO 2 ¥ CKAJIsIpHOE Ipom3BeeHne paBHo nyao: 22 =0 O6parHoe Toxe BepHO:
- sahy=2

ecn @& =0 10 2 | KOMIIaKTHO yTBepKaeHHe popMymmpyercs Tak: CKaIsSPHOe

MPOU3BECACHHUE IBYX BEKTOPOB PABHO HYJII0O TOIrAAa U TOJBKO TOrAa, Korjaa 1aHHbIC

BEKTOPbI OPTOroHaJbHbI. KOpoTKas Maremarnyeckas 3aIuch: Zh=0=alb

A 4T0 OyJer, ecii BEKTOp # yMHOXHThH Ha camoro ce0si? [ToHATHO, 9TO BEKTOP
COHATPABJICH CaM ¢ COOOM, TTOATOMY TOJIb3yeMCsI BHIIICYKAa3aHHOM YIIPOIIEHHON (HOPMYIIOi:

zz =fa| |af
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— —d
ok = |EI|

Nnn:

— — 1
Yucno ## HazpiBaeTCs CKAJSPHBIM KBAaJPaTOM BekTopa ¥ | n 0003Hauarcs Kak &

Takum 00pa3oM, CKaJSIpHBINA KBAIPAT BEKTOPa ¥ paBeH KBaJAPaTy JJIMHbI JAHHOTO
BeKTOpa:

—12 —2
" =]

W3 maHHOTO paBEeHCTBA MOYKHO TOJYYUTh (POPMYITY JJI BBIYUCIICHUS JJIMHBI BEKTOpPa!
_ _2

=/
[l =+

T b F
J171s1 IPpOM3BOJILHBIX BEKTOPOB '~ M JII0OOOTO YUCiIa A CIIpaBEJIUBBI CIACAYIOIINE
CBOWCTBA:

1) @b =5 _ yepemecTuTenbHBIN WM KOMMYTATHBHBII 3aKOH CKAJIIPHOrO POH3BE/ICHHSL.

2) (@+o)e =ac+be _ pacnpeaenuTeNbHbIN WK AUCTPUOYTHBHBIN 3aKOH CKAJIIPHOTIO

IIPOU3BCACHUS.

3) (Aa) & = Aao) _ COYeTaTeJbHbIN UM aCCOUATUBHBIN 3aKOH CKAJIIPHOTO
npousBeieHns. KOHCTaHTy MOKHO BBIHECTU U3 CKAJIIPHOIO ITPOU3BEICHUS.

[Ipumep 3

HaiiTi cKaIspHOE IIPOM3BELCHHE BEKTOPOB & = —2Z +& y d =& =%  ecny ussectHo,

E|=442. [F|=8, i(a;f?}zg
TO .

q
Pemrenmne:
Fd="

=(—2a+k) (@-&)="
=-2&-a+k a+a-b-b- b=
=273 +@ - b+2F b -p =t
=273 +3gh -k =W

- _2|‘7|2 +3-| |5| cos (@ B) _I,_:,_F _ 18}
5

= -2 (4+/2)° +3.4ﬁ.8.c¢s‘;i—82 =—64+96«J’§-;—64=—32

g
(1) Honcrasnsiem BeIpa’ke€HUsI BEKTOPOB
(2) PackpbiBaeM CKOOKH MO IIPABHITY YMHOKEHUSI MHOTOUYJIEHOB

(3) B mepBOM 1 mociieTHEM ClTaraéMOM KOMITAKTHO 3aIMMChIBAEM CKAJIIPHBIE KBAIPaThI

— 1 T r_ 11
a-dT=a bhobh=h
BEKTOPOB: : . Bo BTopoMm ciiaraeMoM HCIOJIb3yeM NePECTaHOBOYHOCTh

CKaJIIPHOTO TIPOM3BEICHUS: h-dg=a b,

(4) IpuBoauM Mo00HEIE caaraemble: & ° b+l b=3z
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—1a —2
a* =]

(5) B mepBom cnaraeMoM UCTIONb3yeM (popMyITy CKaJIsIpHOTO KBaJpara , 0 KOTOpOH
HE TaK JJaBHO YIIOMUHAJIOCh. B mocienHem cinaraeMom, COOTBETCTBEHHO, Pa0OTaeT Ta ke

52 =pf
HITyKa: |b . BTOpOC caraéMo€ packjiiaablBacM I10 CTaHHapTHOfI
- b= B coslid b
bopmyie |a| |b| (@.5) :
— — T
E|=4+2, [l=8 Z@i==
(6) IToacrapisieM TaHHBIC YCIOBHS 4 , 1 IPOBOJIUM
OKOHYATCJIbHBIC BBIYUCIICHUSL.

Orger: 7¢ =—32

OTtpunarenbHOE 3HAYCHHE CKAISIPHOTO MPOU3BEICHUS KOHCTATUPYET TOT (aKT, YTO Yro

MCKAY BCKTOpaMHn c d SABJISICTCS TYIIBIM.

Pewrenne ynpaxHeHwmil:
[pumep 4

Haiiu ckanspaoe npoussenenue sektopos & =~& +28 y d ==F+E& ecny u3secto,
=4, [F|=243. z@8)=Z
TO 6

q

IIpumep 5

L F|=3 F|=2. z@B=Z
Haiitu quny Bexropa © =2 +3b  ecin 3

Penrenue

F|f|_a+35|f Ji—z +38)° S JIEIE—E-IEI-|5|-WS/1(5; 5)+9-Bf =

:J32—6-3-2-cos%+9-22 :J9—36%+36:ﬂfﬁ:3£

Orger: H: 3«4@ en. = 9,20 ex.

[Ipumep 6

— —
o zl=5 [5|=10, z@B)=="
Haiitu wnny Bektopa © =Z & ecom d |b| 3

Ipumep 7

J2. @b =8

R 7| =4 FFQ
Haiitu yron Mexay BekTopamu % u b , €CJIX U3BECTHO, YTO |ﬂ|

Pemenue: Vcnonszyem hopmyny:
@ _ 8 _1_
AIF T R

cos (@, B)
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- 2
cossid, b= £
Hrak, ecinu , TO:

)

LT B =arccos — = il
2 4

£(@,5) =2 pan. = 45°
OTtBerT: 4

[pumep 7*
- T
Sl ==
(&, &) 3

Jlanb1 M_ |b|_ — JIUTMHBI BEKTOPOB & Y yTOJl MEXKly HUMH . Haiitu
A7

a
yroi Mexy Bektopamu & =—2& +38  d =4a-3b

3ajaHue Jaxe He CTOJBKO CI0XKHOE, CKOJIBKO MHOTOXO/I0BOE.
Pazbepém anroputm perieHus:

1) ITo ycnoButo TpeOyeTcs HAMTH Yrol MeXy BEKTOpaMH = | d , IOATOMY HY>KHO
zd

cosZ(E, dl1= _EI
UCIOJIb30BaTh (OpMyIy

2) HaxouM CKajsipHOE NMPOU3BEICHHE & d (cm. [Tpumepnr NoNe3 . 4).

3) Haxoaum jumMHy BeKTOpa © U JUIMHY BEKTOpa d (cm. ITpumepnr NeNe5,6).

4) KonnoBka pemenus copnaznaet ¢ [Ipumepom No7 — Ham U3BECTHO YHCIIO

(7, d) = arcoos [H |d|]

KpaTKOC pCHICHUC U OTBET B KOHLIC YpOKa.

, 4 3HAYHT,

JIETKO HAWTHU U caM yTOJI:

Bropoii pa3znen ypoka MOCBSLIEH TOMY XK€ CKaJIIpHOMY Nnpou3BeaeHuto. Koopannarel. byaer
JIaXKe TPOLIE, YEM B IIEPBOM YaCTH.

[Ipumep 8

Haiitu ckansgpHoe npousBeieHHe BEKTOPOB:
2) Z(d -5, Hi-1,0

6) 4B y AC , €CIM 1aHbl TOYKH Al =13, 80,12, 0% ~4.0)

Orser: &/ ab=-2, €)AB ACT=6

HpI/I HCKOTOPOM OIIBITC CKAJIAPHOC ITPOU3BCACHUC MOKHO TPUHOPOBUTHCA CHUTATH YCTHO.

[Tpumep 10

169



JlaHbl YeThIpE TOYKHU MPOCTPAHCTBA A4 -3-2),8(2-2-3), C& -3 D, DA -3 -1

BoisicHuTh OynyT Ju eprieHIUKYISPHBIMU CIIEYIOIINE MpSMbIe:
a) AR, DT

6) AC BL

[Ipumep 11
s, /1;—2},5(2—21;

IIpu xakom 3HaYCHUU A BEKTOPBI —13) OyAyT OpTOTOHAIBHBI?

Pemenue: [1o ycnoButo TpeOyercs HallTH TaKoe 3HAUCHUE MTapaMeTpa A | 4r06b1 nannsle
BEKTOPHI OBUIM OPTOTOHANIBHEL. J[Ba BEKTOpa

IPOCTPAHCTBA V0, vy ), Wy Wy, W)

Wy vy s =0 .

OPTOTOHAJIBHBI TOT'Ida U TOJIBKO TOI'/J14,
Koraga

CocTaBuM ypaBHEHHE:
ab =0
E2-0+3-D+-25=0

PackpbiBaeM CKOOKH U IPUBOJIUM MOAOOHBIE CllaracMble:
6-31-A4-10=10

-41-4=0

Pemraem npocreiiniee TMHEHHOE ypaBHEHHE:
-4i=4

A=-1

Otser: npu A=-1

[Ipumep 12

TIpyu KaKOM 3HAUECHAH “+ CKANSAPHOE IPOU3BEICHAE BEKTOPOB = (2 A)8(a-3) OyIET PaBHO
—27?

Haiit ckansproe nponssenenne Bektopos - u 22 +@ | ecm © (0, =3 3).d (-4 L0)

DTO MpUMeEp [T CAMOCTOSTENBHOTO PEMIEHHUS. 3/1ECh MOXHO HCTIOIb30BaTh

aCCOLIMAaTUBHOCTb ONEPALUU, TO €CTh HE CUUTATh 3 =30-33)=0-513) , 4 cpasy
BBIHECTH TPOWKY 3a MPEEINIbl CKAISIPHOTO MPOU3BEACHHS U TOMHOXHTH Ha HEE B MOCIIETHIO0
ouepe/b. Pemenne u oTBET B KOHIIE YpOKa.

B 3akmouenue naparpada nmpoBOKalMOHHBIN IPUMEp Ha BHIYHCIICHHUE JITTUHBI BEKTOPA:
[Ipumep 16

JlaHbl TpU BEPILIMHBI TPEYTOJILHUKA AL 0, 532,03 -4 . Haitrn £45C (yron mpu
Bepmmne &),
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Pemenue: [1o ycioBuro uepTéx BHIMOIHATE HE TPEOYETCsI, HO BCE-TAKH:
4 : : ; :

Haiiném BekTOpHI:
BA(-1-30-2)= Bd(—4, - 2)
BC(5-3—4-21=BC(2 - 6)

Breruncianm CKAJIPpHOC IIPOU3BCACHUC!
BA BC =—-4.2-2.(-6)=-8+12=4

N nnuHbI BCKTOPOB:

|E|= S+ (-2 = T6+4 = 20=2.5
|ﬁ|= J2H (-6 = 4436 = Ja0 = 2./10

Kocunyc yrna:

— —.  BA BC 4 1 1
L(BA BCY = — - = _
ros <t ) zd|-[BC] 245210 500 sz
casi(ﬁ;ﬁ]=iﬂ-gc = —4-2-2(9) =
BA|BC|  J? + (-2t 2+ (-6
—8+12 4 4 4 1

T 1644 JA+36 20 A0 B0D 2042 542
Haitném cam yrour:

i(ﬁ; E}I = arn:n:-::lsL ] 4% pag. m W2

5.2

1
ZARBC = arcoos = 1,42 pag. = B2°
OTBerT: 5“~"§

[pumep 17
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B npocTtpaHcTBe 3a/1aH TPEYroJbHUK KOOPANHATAMHU CBOUX

BEPILIUH ALLD 4(30,0), 4237 . Haiitu yron mexnay cropoHamu A4 u A4

IIpakTnueckoe 3ansaTue Ne 76

Tema: KontponpsHas pabora
Heas: [IpoBepuTh ypOBEHb YCBOCHUS JAHHOM TEMBI Y YUaIHXCSI

BAPUAHT 1.
1. Haser koopauHatel Touek C(3; -2; 1), D(-1; 2; 1), M(2; -3; 3), N(-1; 1; -2). Haiinure

kocunyc yria mexay Bekropamu CD u MN .
2. Ilpu xakoMm 3Hauenun (3HaueHusx) a Bekropel a(6 - k; k; 2) m a(-3; 5 + 5k; -9)
NEePIEeHUKYIIAPHBI?

3. Ilpm KakoM B3HAYEHHH d BEKTOPHI M u CD KOJUTMHEapHbl, et A(-2; -1, 2), B(4;
-3, 6), C(-1,; a-1; 1), D(-4; -1, a)?

4. WUseectHo, uro |a| = 4, |&4| = 1, £(a,8) = 60°. maiizute coS @, rIe & - Yroa MEKIy
BCKTOpaMH 5.+§ Hu 5

5. Haiigure umHy Bektopa a+a—N, ecmm |a| =1, |&] =2, || =3, £(a,8) = 90°, Z(&,fi) =
120°, Z(3,) = 60°.

6. B xy6e ABCDA1B1C1D1 Touka M nexut Ha peOpe AA1, mpuuem AM : AM; = 3 : 1, a Touka

N — cepenuna pedbpa BC. Beruucaure kocunyc yria mexay npsmeimu — a) MN u DDy; 6) MN
u A1C.

BAPUAHT 2.
1. Jlauwl koopauHatel Touek A(1; -1; -4), D(2; -3; 1), C(-1; 2; 5), B(-3; -1; 0). Haiimure

—_—

KoCHHYC yria mexay Bekropamu CD u AA

2. Tlpu xakom 3HaueHuu (3HadeHHMsAX) M Bektopel a(4; m - 1; m) m &(-2; 4; 3 - m)
NEepIEeHIUKYISIPHBI?

_—

3. Ilpm KakoM 3HAaYE€HHWH @ BEKTOPHI MN u CD komnmuueapnsl, ecmu M(1;
-2;a), B(-l;a+3;-1), C-3; 2; 4), D(1; -4; 2)?

4. W3BecTHO, YTO |ﬁ| = 2, |ﬁ| =3, A(E,ﬁ) = 120°. naiigmre COS @, IIe O - Yrol MEXIy
BEKTOpaMH Fﬁ—l—ﬁ Hu ﬁi

5. Haiigure aiuHy BeKTOpa é—é—ﬁ, eciu |5| =2, |5| =3, |ﬁ| =4, L(gl,é) = 60°, L(gl,ﬁ) =
120°, /(& f) = 90°.

6. B mpsmoyronsaom napamienenunene ABCDA1B1Ci1D1 AB = BC = % AA,. Beruncnure

KOCUHYC yria Mexay npsimeiMa @) BD u CDy; 6) AC u AC;.

BAPUAHT 3.
1. [asbr koopauHatel Touek A(1; -1; -4), D(2; -3, 1), C(-1; 2; 5), B(-3; -1; 0). Haiinure

KOCHHYC yriia Mesky Bektopamu CD u AA |
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2. Tlpu xakom 3HadeHuu (3HaueHWsx) M BekTopel a(4; m - 1; m) u &(-2; 4; 3 - m)
MEePIECHANKYISPHBI?

—_— —_—

3. Ilpu kakoM 3Ha4eHUHM a BEKTOPHI MN u CD xomnuneapusl, eciu - M(1;
-2;a), B(-1;a+3;-1), C(-3; 2;4),D(,; -4; 2)?

4. UsBecTHO, YTO |Hi| =2, |ﬁ| =3, L(ﬁi,ﬁ) = 120°. naiigure cOS @, rIe & - yron MexIy
BEKTOpaMu m+num.

5. Haiigure nuuHy BEKTOpa 5—5—%1, €CIu |5| =2, |§| =3, |ﬁ| =4, 4(5,5) =60°, L(E,I’:l) =
120°, £(3,i) = 90°.

6. B mpsmoyronsaom mapamnenenunene ABCDA1B1CiD1y AB = BC = % AA,. Beraucnure

KocuHYC yria Mexnay npsimeiva - a) BD u CD1;  6) AC u AC:.

Kpurepuu onennBanus
O1eHKa «OTJIMYHOY» BBICTABISETCS CTYACHTY
3a 100% mpaBWIBHBIX OTBETOB;
OreHKa «XOpOIII0» BBICTABIISAECTCS CTYACHTY
3a 75 - 99% nmpaBUIIBHBIX OTBETOB;
OrneHKa «yJI0BJIETBOPUTEIILHO» BBICTABIISIETCS CTYIACHTY
3a 50 - 75% npaBUIIBHBIX OTBETOB;
OneHKa «HEeyIOBIETBOPUTEIIBHO» BBICTABIIAECTCS CTYACHTY

3a meHee 50% mpaBWIBHBIX OTBETOB.
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IlepeyeHb y4eOHBIX M3JaHUI, HHTEPHET-PECYPCOB, NONMOJHUTEIbHOM

JIATEPATYPbI

OCHOBHbIE HCTOUYHHUKH:

1. A6nynmuaa K.P. Marematuka [Dnekrponnbsiit pecypc]: yuebnuk mist CIIO/ AGmymnuHa
K.P., MyxamernuaoBa P.I'.— DnekTpoH. TekcToBbie manHbie.— Capartos: [IpodobpazoBanue,
2021.— 288 ¢.— Pexum gocryma: http://www.iprbookshop.ru/99917.html

2. AnmmatoB A. B. Marematuka [OnexkTpoHHbll pecypc]: yuebnoe nmocoodue musa CIIO / A. B.
AnmaroB. — 2-e u3ll. — DJIEeKTPOH.TeKCTOBbIe naHHble. — CapatoB: [IpodoOpasoBanue, Al
[Iu 3p Meaua, 2019. — 162 c. — 978-5-4486-0403-4, 978-5-4488-0215-7. — Pexum
nocryma: http://www.iprbookshop.ru/80328.html

3. Topromkun A. II. Maremartuka [DnekTpoHHBIH pecypc]: yduebnoe mocobue / A. II.
lNopromikun; noxa pea. M. U. Boagunuapa. — DnekTpoH.TekcToBbIe JaHHble. — CapatoB A [1u
Op Memma, 2019. — 824 c¢. — 978-5-4486-0735-6. — Pexum pocrymna:
http://www.iprbookshop.ru/83654.html

JlononHuTenbHbIC HCTOUHUKHU:

1. Anekcee I'. B. Bricmias martemartuka. Teopust um mnpakTuka [DJIEKTPOHHBII
pecypc]: yuebHoe mocobue mns CIIO / TI. B. AmnekceeB, WU. W. XonsBuH. —
DnekTpoH.TeKcToBbIe MaHHble. — CaparoB: [IpodoOpazosanme, Aii [Ilu Op Menua, 2019. —
236 c. — 978-5-4486-0755-4, 978-5- 4488-0253-9. — Pexum pocryna:

http://www.iprbookshop.ru/81274.htmi

2. bepesuna H.A. Briciiast MaTemaTrka [ DNEeKTpOHHBIN pecypc]: yueObHoe nmocobue/ bepesuna
H.A.— Dnektpon. TekcroBble nannbie.— CapatoB: Hayunas xuura, 2019.— 158 ¢.— Pexum
nocryna: http://www.iprbookshop.ru/80978.htmi

3. KopooGeitnukoBa U. F0. Maremaruka. Teopusi BeposITHOCTEH [DIeKTpoHHBIA pecypc] :
yuebHoe mocobue mus CIIO / WM. K. KopobGeitnukoBa, I. A. TpyOeukas. —
DnekTpoH.TekcToBbIe naHHBIe. — CaparoB: [Ipodobpazosanme, 2019. — 154 ¢. — 978-5-
4488- 0344-4. — Pexum noctyna: http://www.iprbookshop.ru/86073.html

4. Kouerkoa . A. Martemartuka. [Ipaktukym [ DneKTpoHHBIH pecypc] : yuedHoe mocodue / U.
A. Kouetkona, XK. U. Tumomniko, C. JI. Cene3eHb. — DJIEKTPOH.TEKCTOBbIE JaHHbIC. — MUHCK:
PecnyOnukanckuit M”HCTUTYT TpodeccnonanbHoro oopaszosanus (PUIIO), 2018. — 505 ¢. —
978-985-503-773-7. — Pexum nocryna: http://www.iprbookshop.ru/84874.html

5. Maremaruka. COOpHUK 3amady 1o 0a30BOMYy Kypcy [DneKTpoHHBIH pecypc|: y4deOHO-
Metonudeckoe mnocoobue/ H.J[. 3omorapésa [u np.].— ODJEKTPOH. TEKCTOBBIE IaHHbBIC.—
Mockaa: Jlaboparopust 3HAHUH, 2020.— 241 c— Pexum JIO0CTyTa:
http://www.iprbookshop.ru/98527.html

HHTEepHET HCTOYHUKH:

https://online-olympiad.ru/ - ecepoccutickue unmepnem-onumnuaonvt
http://www.mat/septemba.ru - easema «Mamemamukay uzdamenvckoco ooma «llepsoe
ceHmsaopsy»

http://school-collection.edu.ru/ - edurnas korrexyus yugposvix obpazoeamenvHvIX pecypcos
http://www.portalspo.ru/journal/index.php - orcypran  «Cpednee  npogheccuonanvroe
obpaszosanuey

http://npogh-oop.pdh/ - unmepnem-uzoanue Ilpogobpazosanue- nudep 6 UHGOPMAYUOHHOM
npocmparcmee npogeccuonanvrozo obpasosanus Poccuu u cmpan CHI?

http://window.edu.ru/ -  ungopmayuonnas cucmema  «Eounoe oxkmo Odocmyna
006pa306amenbHbIM Pecypcam»

http://www.mathematics.ru - mamemamuxa 6 omxkpwvimom Koinedx ce
https://minobrnauki.gov.ru/ - Munucmepcmeo obpazosanus u nayku Poccutickou @edepayuu
http://www.elibrary.ru - nayunas snexkmponnas 6ubnuomexa (HIE)

https://nsportal.ru/ - o6pazosamenvuas coyuanrvnas cemo

http://www/mathnet/ru - obwepoccutickuti mamemamuueckuii nopmai

https://nauka.club/ - o6pazosamenvnuiit nopman
174



http://www.iprbookshop.ru/99917.html
http://www.iprbookshop.ru/80328.html
http://www.iprbookshop.ru/83654.html
http://www.iprbookshop.ru/81274.html
http://www.iprbookshop.ru/80978.html
http://www.iprbookshop.ru/86073.html
http://www.iprbookshop.ru/84874.html
https://online-olympiad.ru/
http://www.mat/septemba.ru
http://school-collection.edu.ru/
http://www.portalspo.ru/journal/index.php
http://проф-обр.рф/
http://window.edu.ru/
http://www.mathematics.ru/
https://minobrnauki.gov.ru/
http://www.elibrary.ru/
https://nsportal.ru/
http://www/mathnet/ru
https://nauka.club/

https://mathematics.ru - omxpwimoiii koanedoc. Mamemamuxa

http://www.bymath.net/ - cpeonss mamemamuueckas unmeprnem wkona

http://www.edu.ru/ - ¢hedepanvroiii nopman «Poccuiickoe obpazosanue»

http://fcior.edu.ru/ - ghedepanvuwviii yenmp ungopmayuonHo-06pPaA306aMeENbHBIX PECYPCO8
https://www.infouroki.net/ - osnexmponnas Oubiuomexa cnpagouHvIX Mamepualos Ol
yuawuxcs u npenooasamenei
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