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Hosacnumenvnan 3anucka

Meroauyeckne peKOMEHIALNN MTPU3BAHbI OKa3bIBaTh NTOMOIb CTYJIECHTAM B
W3YYEHUU OCHOBHBIX TOHATHUW, WJEH, TEOPUM U TOJONKECHUH TUCLUILUIMHBI
«MareMatuka», HU3y4aeMbIX B XOJI€ KOHKPETHOIO 3aHSTHs, CIOCOOCTBOBATH
Pa3BUTHIO MX YMEHHI, HAaBBIKOB U SIBISAIOTCS OJHUM M3 CIOCOOOB MPOBEPKHU
3HAHUW CTYJIEHTOB.

BrinoniHeHHe yyamuMucs NpakKTUYECKUX padoT HAIMIPaBJIeHO Ha:
- 0000mieHne, cucTeMaTu3aluio, YriayoleHue, 3aKpeIuieHHE MOTyYEHHBIX
TEOPETUYECKUX 3HAHUM IO KOHKPETHBIM TEMaM;
- (QopMupoBaHME YMEHHMI NPUMEHSTH IOJYYEHHbIE 3HAHUS HaA MpPAKTUKE H
peanu3aluio €INHCTBA UHTEJUIEKTYaIbHOM U MPAKTHYECKOM AEATEIbHOCTH;
- pa3BUTHE HWHTEJUIEKTYaJbHbIX yMEHUH Yy OyIylUX CHEHHAIUCTOB:
AQHAJIUTUYECKUX, IPOEKTUPOBOYHBIX, KOHCTPYKTUBHBIX U JP.;
- BBIpaOOTKY MpHU PEIICHUH IOCTAaBICHHBIX 3a/ady TaKUX MPOQEeCcCHOHATbHBIX
KauecTB, KaK CaMOCTOSATEIbHOCTb, OTBETCTBEHHOCTb, TOYHOCTb, TBOPYECKas
MHULIAATHUBA.

B pesyaprare um3yueHus ~ y4eOHOM  aucuMiuiuHbel  «MaTtemartuka»
00Oy4aroIuiics T0KEeH

AJITEBPA

yMeTh.:

®  BBINOJHATH apupMETUYECKHUe NEUCTBUSI HAJ YHCIaMH, COYeTas yCTHbIE U
MUCHbMEHHBIE TIPHEMbI; HAXOAWTHh NPUOIMKCHHBIC 3HAYCHUS BEIUYUH WU
MOTPEIIHOCTH BBIYUCICHUM (a0CONIIOTHAs W OTHOCUTENIbHAs); CPaBHUBATH
YHUCJIOBBIE BBIPAKECHHUS;

®  HAXOJWUTh 3HAYCHHUS KOPHS, CTENEeHH, Jorapudma, TPUTOHOMETPHUECKHUX
BBIpOKEHUU HA OCHOBE OIPEICICHUs, HUCIOJb3yd MpPH HEOOXOIUMOCTHU
MHCTPYMEHTAJIBHBIE CPENICTBA; MOJB30BATHCS MPHUOIMKEHHON OLICHKOW TpH
IIPAKTUYECKUX PacyeTax;

®  BBINOJHITH NMPEOOPa30BaHUs BBIPAKECHUHN, TMPUMEHSS (POPMYIIbI, CBS3aHHBIC
CO CBOWCTBAMH CTETICHEH, TOTapu(MOB, TPUTOHOMETPUUIECKUX () YHKITUA;

®  HCMOJB30BaTh MPUOOPETEHHBIE 3HAHUS W YMEHHS B MPAKTHYECKOM
NEATENBHOCTU U MIOBCEIHEBHOW KU3HU:
- JUIS TPaKTUYECKUX pacyeToB 1o QopMysiaMm, BKIrOYas (GopmyIbl,
colepKalue CTEMeHU, pPaJUKaIbl, JIOTApU(PMBI U TPUTOHOMETPUUCCKHE
(GYHKIIMK, WUCTONB3ysS MpU HEOOXOAMMOCTH CIPAaBOYHBIE MaTEpHAIbl |
IIPOCTENIIINE BBIYUCINUTEIBHBIE YCTPOMCTBA.
DOyHKUNH U TPaPUKH
yMeTh:

® BBLIYUCISITh 3HaUeHUE (YHKIUU MO0 3aJaHHOMY 3HAUYEHHUIO apryMeHTa MpH
pa3IMYHbIX cioco0ax 3aianusi QyHKIINY;



OINpeeNsITh OCHOBHbIE CBOMCTBA YMCIOBBIX (PYHKIMH, WIUTIOCTPUPOBATh UX Ha
rpaduxkax;
CTpPOUTh TpaUKKM HU3YyYEHHBIX (DYHKIUH, WUIIOCTPUPOBATh MO Trpaduky
CBOICTBA AJIEMEHTAPHBIX (DYHKIIMIA;
UCIIOJIb30BaTh NOHATHE (YHKUMMA JJIi ONUCAHUS U aHalu3a 3aBHUCHUMOCTEN
BEJIMYMUH;
UCIIOJIb30BaTh  NMPUOOpPETEHHbIE 3HAHUA W YMEHHMS B  IPAKTHYECKOU
JEeSATENbHOCTU U TOBCEAHEBHOM JKU3HU JJIA:

-IJIs  ONMMCAaHWs C MOMOIIbI0  (YHKUMHA  pa3jiuyHbIX  3aBUCHMOCTEH,
npe/iCcTaBleHus X rpaduyecKy, MHTEPIPETALUU IPAPUKOB.

Hauyana maTemMaTH4yeckoro aHajausa

yMeTh:

HaXOAUTh MPOU3BOJIHBIE JIEMEHTAPHBIX ()YHKIIHIA;

UCII0JIb30BATh MPOU3BOJIHYIO JJIi U3yUYEHUs CBOMCTB (DYHKIMHA M MOCTPOEHUS
rpaduKoBs;
OPUMEHSTh MPOU3BOJHYIO JJii TPOBEIEHUS MPUOJMKEHHBIX BBIYUCICHUH,
pemiarh 3ajaud MNPUKIATHOTO XapaKTepa Ha HAaXOXXIEHUE HauOOJIbIIEro Hu
HAaUMEHBIIETO 3HAYCHUS;
BBIUUCISATh B MPOCTEHIIMX CIIy4asX IUIOMAAd M OObEMBI C HCIOIb30BAHUEM
OIpEIEICHHOI0 HHTETpaa;
UCNOJb30BaTh NPUOOPETEHHbIE 3HAHUSA M yMEHHUA B  IPAKTUYECKOU
NESITEIbHOCTU U MIOBCETHEBHON KU3HU JIJIS:

-pellleHns] MPUKIAJAHBIX 3aJa4, B TOM YHCIE COLMATIbHO-DKOHOMUYECKUX U
¢usnyeckux, Ha HauOoybllee M HAUMEHbLIEE 3HAYEHUS HA HaXOXKJICHUS
CKOPOCTH U YCKOPEHHMUS.

I'EOMETPUA

yMeTh:

pacmo3HaBaTh Ha uYepTekaX M MOJENSAX MPOCTPAHCTBEHHbIE (OPMBI;

COOTHOCHTH TPEXMEPHBIE OOBEKTHI C UX OMUCAHUAMH, H300PAKCHHUSIMU;

OMUCHIBATh B3aUMHOE PACIIONI0KEHUE MPSAMBIX U IJIOCKOCTEN B MPOCTPAHCTBE,

aApeyMeHmupo8ams C80U CYHCOeHUs 00 DMOM PACNONONCEHUU,

aHAM3UPOBATH B MPOCTEHIIINX CIydasX B3aUMHOE PACIIOIOKEHHE 0OBEKTOB B

IPOCTPAHCTBE;

U300pakaTh OCHOBHBIE MHOTOTPAaHHUKH W KPYIJble TeNa; BBIIOIHITH

YEPTEKH MO YCIOBUSM 33]1a4;

cmpoums npocmetiuiue ceyerus Kyoa, npusmol, RUPaAMuosL,

pemaTh IUIAHUMETPUYECKHUE M MPOCTEHIINE CTEPEOMETPUUYECKUE 3aJaud Ha

HAXOXKJICHHE T€OMETPUUYECKUX BEJIUYMH (JIJIMH, YTIIOB, MJIOIIa/1ei, 00bEMOB);

UCIIOJIB30BATh MPHU PEIICHUH CTEPEOMETPUUYECKUX 3a/1ad TUIaHUMETPUUYECKHE

(baKTBhl ¥ METO/IBI;

MIPOBOJIMTH JI0KA3aTeNIbHbIE PACCYXKIEHHUS B XOJI€ PEIICHUs 3a/1ad4;
UCIOJb30BaTh MPUOOPETEHHbIE 3HAHUS WM YMEHUA B  MPAKTUUYECKOU
NEATEeNIbHOCTU Y MOBCEIHEBHOM KU3HU JJISL:



- ISl KccaeA0BaHusl ( MOJIEIUPOBAaHNUSA ) HECIOKHBIX TPAKTUYECKUX CUTYAIU
Ha OCHOBE M3y4YEHHBIX (DOPMYJ U CBOMCTBA (pUryp;

- BBIYUCIICHHUS] OOBEMOB U IUIOLIAJEH MOBEPXHOCTEH MPOCTPAHCTBEHHBIX TEJN
IpU pEUICHUU NPAKTUYECKUX 3aJad, HCHOJb3yd IMpU HEOOXOIUMOCTH
CIIPABOYHUKH U BBIYUCIIUTENbHbBIE YCTPOICTBA.

B pe3ynpTaTe 0OCBOCHHS YU€OHOM TUCIIUIUIMHBI 00YJarOIIUNACS JODKEH 3HATH:

J 3HaYeHHE MaTEeMaTHYECKOW HAayKd I PEIIeHUS 3aJad, BO3HUKAIOIIUX B
TEOPUH W MPAKTUKE; MIUPOTY U B TO K€ BPEMsSI OTPAHMYCHHOCTh IPUMEHEHUS
MaTeMaTUYECKUX METOJIOB K aHAJTN3y U UCCIICJOBAHUIO MPOIIECCOB U SIBJICHHM
B IIPUPO/I€ U OOIIECTBE;

o 3Ha4YeHHE MPAKTUKH M BOMPOCOB, BOSHHUKAIOUINX B CaMOW MaTeMaTHKE IS
GopMuUpOBaHUS M pa3BUTHA MaTEMaTHYECKON HAYKH; HCTOPHIO Pa3BUTHS
NOHATUS YHCA, CO3JaHUS MAaTeMaTUYECKOrO aHain3a, BO3HUKHOBEHHUS U
pa3BUTHS TEOMETPUH;

o YHUBEPCAJIbHBIN XapaKTEP 3aKOHOB JIOTUKH MAaTEMAaTUYECKUX PACCYKICHHI,
UX MPUMEHUMOCTH BO BCEX 00JIACTAX YEJIOBEUECKON JEATEIbHOCTH;
o BEPOSITHOCTHBIN XapaKTep pa3INUYHBIX MPOLECCOB OKPYKAIOIIETO MUPA.

[Ipu mpoBeaeHUN MpakTHUYECKUX PabOT ydeOHas TpyIna MOXKET JEIUThCS Ha
NOATPYIIBI YACIEHHOCTHIO HE MEHBIIIE 8 YETIOBEK.

Kaxxnas npaktuyeckas pabota cocTaBieHa ¢ BeAyIIeH UIaKTUUECKON LETbIO -
dbopMHUpoBaHUE TPAKTUIECKUX YMEHUH.

CognepxaHue  MpakTUYECKUX  pabOT  HaleNeHo W Ha  pa3BUTHE
npodeccroHaIbHBIX YMEHHH M HaBBIKOB. BbIMoOHEHHE pacuéToB, YepTEKew,
UHCTPYKTUBHBIMM ~ MaTepuajaMy, CIPAaBOYHUKAMH, YMEHHE MOJb30BaThCA
COBPEMEHHBIMU  MH(POPMAIIMOHHO-KOMMYHUKAIIMOHHBIMU TEXHOJOTUSIMHU.
Hapsiny, ¢ ¢dopmupoBannem yMeHHMII M HaBBIKOB, B IMPOIIECCE BBIMOIHEHUS
PaKTUYECKUX PpabdoT 0000IMIAOTCS, CHCTEMAaTU3UPYIOTCSA, YIAyOJIsSroTcs |
KOHKPETHU3HUPYIOTCS TEOPETHUECKHE 3HAHUS, BbIPAOATHIBAETCS CIOCOOHOCTH H
FOTOBHOCTh MCIIOJIb30BaTh TEOPETUUYECKHE 3HAHMS Ha MPAKTUKE, pPa3BUBAIOTCS
MHTEJUIEKTYaJbHbIE YMEHHUS.

B naHHBIX METONMYECKMX YKa3aHUSIX B  Hayaje KaXKJAOW TEeMbl KpaTKo
M3JIAralOTCS OCHOBHBIE TEOPETHUECKHE CBeJeHusi (ompenencHus, ¢GOpMyIbl),
HEOOXOMUMBbIE JJIS peHIeHUs TOocClHeAymuX 3anad. [IpuBoasTcs pemnieHwHs

TUMOBBIX MPUMEPOB U 3a11a4. JlatoTcsa ynpaKHEHUs I 3aKPEIUVICHUST MaTepraa.
IIpakTyeckoe 3ansaTue Nel

Tema: Llenble u paunoHanbHbIe yncia. [elictBurenpHble yncina. JIeicTBus Haa
palMOHAIBHBIMU YUCIIAMU.

Hean: O6001IeHNE U CUCTEMATH3AIMs 3HaHUH, yMEHUH, HAaBBIKOB YJAITUXCS PU BBHIIIOJHEHUN
apu(pMeTHYECKUX ACHCTBHUM HaJ OOBIKHOBEHHBIMHU JAPOOSIMHU



Teopernueckuii 610k

1. Cnoorcenue. Cymmoit qpo0eii ¢ OTHUM M TEM KE 3HAMEHATEJIEM Ha3bIBAIOT JIPOOb, HMEIOITYIO
TOT 7K€ 3HaMEeHAaTeNb, a YUCIUTEINIb pAaBEH CyMME YHCIHUTENCH JaHHBIX Ipo0eid, T.e.

aba+b

i H i
OT0 ompeieeHne MOKHO COPMYIUPOBATH TAKXKE B BUJE CIEIYIOIIEr0 MpaBuia.

YUToOBl CHOXHUTH }IpO6I/I C OJMHAKOBBIMHM 3HaMCHATCIAMMU, HAAO0 CJIOXUTHh HUX YUCIIHUTCIH, a
3HaAMCHATCJIb OCTaBUTh TOT €.

[Tpumep.

qTO6I)I CJIOKUTH )IpO6I/I C paSHI)IMI/I 3HaMeHaTeJ'I$[MI/I, Haa1o0 HpI/IBeCTI/I HX K HaI/IMeHI)HIeMy
o0meMy 3HaMEHATEII0, a 3aTeM CJIOXHUTh IMOJIYYCHHBIC YUCIIUTEIN W TI0J] CYMMOW TIOJIITUCATh
OOIIMA 3HAMEHATENb.

5 7 15 14 _15+14 28 15

Tpumep. & 12 24 24 24 24 24

5 7 15+14 29 5

Kopoue 3anuceiBaroT Tak:

UTOoOBI CIIOKUTH CMEIIAHHBIC YHCIIa, HY)KHO OTIIEIHHO HAWTH CYMMY LIEJBIX U CYMMY JIPOOHBIX
yactel. JleficTBUE 3alIUChIBACTCS TaK:

a4l 11 g4 421411420 . .52 L, 7
15 45 9 45 = 45

2. Bviuumanue. Beruntanue npoOedl MOXKHO OIPEACIUTh Kak JICHCTBHE, OOpPaTHOE CIIOKEHHIO
npoOeii. BeraecTs 13 0HOTO APOOHOTO YKCIa BTOPOE 3TO 3HAYUT HANTH TPEThE YMCIIO, KOTOPOE
B CyMMe€ CO BTOPBIM JaeT nepBoe. M3 3Toro onpeneneHus ciaeayeT MpaBuio:

YUToOBI BBIYECTH I[p061/I C OJWHAKOBBIMU 3HAMCHATCIISIMU, HYKHO BbIYCCTH YHUCIUTCIIb
BbIYUTACMOT'0O H3 YHUCIUTCIII YMCHBIIAEMOIO W OCTABUTH Hpe)KHI/Iﬁ 3HaMCHATCJIb. I[eﬁCTBHe
3allMCbIBAIOT TaK:



Uto0bl BBIYECTh ApOOM C pa3HBIMU 3HAMEHATENSIMH, HYXHO CHadajlla MNPHUBECTH HUX K
HaWMEHbIIEMY 00IIeMYy 3HAMEHATENI0, 3aTeM U3 YUCIUTENS] YMEHbIIAEMOTO BHIYECTh YHCIIUTEIh
BBIYMTAEMOTO M TIOJ] X PAa3HOCTHIO MOAMKCATH OOIMi 3HAMeHaTelNb. J[elicTBHE 3amHuChIBAIOT
TaK:

11 5 22-15 7

12 & 24 24

Eciu Hy’)KHO BBIYECTh OJJHO CMELIAHHOE YKMCJIO U3 APYrOro CMEIAHHOTO YKCIIa, TO, €CIM MOXKHO,
BBIUUTAIOT poOb U3 ApoOH, a 1esoe u3 1meoro. JleiicTBre 3anuchIBarOT Tak:

g2 3_,36-33 9
11 4 44 44

Ecnu xe npoOb BbIUMTaeMOro OoJibliie JpoOM YMEHBIIAEMOIo, TO OepyT OJHY €IWHHULY W3
LIEJIOT0 YHCIIa YMEHBLIAEMOT0, pa3apoOssioT €€ B HaAJeKallue JOJIM M MPUOABIAIOT K apoou
YMEHBIIIAEMOT0, MOCJIE YEro MOCTYMAI0T, KaK OMUCcaHo BbIle. J[elicTBHE 3allChIBAIOT TaK:

Si—1£=41ﬁ_33=352_33=SE
o 12 36 34 36

AHaJOTHYHO TOCTYNAIOT, KOT/Ia Ha/I0 BEIYECTh M3 IIEJIOT0 Yhcia ApoOHOE.

[Tpumep. 3 3 33,

3. PacnpocmpaHeHue CBOLICME CNOJHCEHUS U BbIYUMAHUSL HA ()pO6Hbl€ yycaa. Bece 3akoHBI U
CBOMCTBA CJIOKCHUS M BEIYUTAHUS HaTypaJbHBIX YHUCEII CIIPABCAJIUBEI U 1JIA ,Z[pO6HBIX gucelr. Ux
IMPUMEHCHUEC BO MHOTHX ClIydasaX 3HAYUTCIIBHO YIIPOIIACT IIPOUECC BhIYMCICHUA.

4E+11+23+5E+1+31= 4§+3l + 13+5E +
4 9 12 9 12 4 4 4 e 9
3

+[2—+1]=8+'?+3=18
[Tpumep 1. 1212

3,ZLCCL HCIIOJIb30BAaHbI HepeMeCTI/ITeHBHHﬁ M COYETATEIIbHBIM 3aKOHBI CJIIOKCHM.

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

6 31 _12+31 _43
=2— 43— =3 =35
Mpuvep2. 72 144 144 144

3,[[601: HCIIOJIB30BAHO ITPABUJIO HpI/I6aBJ'IeHI/IH CYMMBI K YHUCJTY.
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[Tpumep 3.

7 (.3 .7 7 7Y .3 a2
17— [2—+ﬁ—] - [1?—— ﬁ—]—z—: 11-2-=8=
Mpunicp 4. 5 8 8 8] 5 5 3
3I[6CI) HCIIOJIb30BaHbI HpaBI/IJIa BbIUHWTAHUS U3 YK ClIa pa3HOCTI/I u CyMMLI.

4. Vmnooicenue. YMHOKCHHE ApoOM Ha IEJ0€ YHCIO MOXHO IOHMMATh TaK JKe, Kak |
YMHO’KEHHE 11eJIOT0 YKCIIa Ha 1IeJI0€e, T.€. KaK CJI0KeHHE OJIMHAKOBBIX ciaraeMbix. Hanpumep,

2 2 2 2 2 2
— A=t —+—+ —+—
3 3 3 3 3 3
3 2
Ho mnsa YMHOKEHHUS Ha )1p06L TaKO€ TOJIKOBAHUE HE IMOJXOIHUT. Haan/IMep, YMHOXKast 7 Ha 3 ,

3 2

HeJIb3s cKa3aTh, 4To 371eCh " 7 Hago0 B3ITH 3 pasa ciaraeMbIiM".
31ech HEOOXOIMMO JaTh HOBOE OTPEICTICHUE.

[IpousBenennem apobeii Ha3bIBAIOT TaKyk IpoOb, YUCIUTENh KOTOPOW paBEH MPOU3BEICHUIO
YUCIHUTENICW JaHHBIX JpoOel, a 3HaMeHaTelb - [POM3BEICHUIO WX 3HaMEHaTeseH,

te. B MM yro6pl yMHOXHTH OpoOb Ha ApoOb, HYKHO YMHOKMTh UYMCIUTENb HA
YHUCIIUTENb, 4 3HAMEHaTellb Ha 3HAMEHATelb U MEpBO€ MPOU3BEICHUE CAeIaTh YUCIUTENEM, a

a [

BTOPOC - BHAMCHATCIIEM: b d bd .

HpI/I YMHOKCHHU CJIICAYCT ACJIaTh (GCHI/I BOSMO)I(HO) COKpallICHHC.

12 19 12-1% 2

Mpivep, 19 30 1938 5

Ecmu YUCeCTb, YTO LCJIOC YUCIIO MTPCACTABIISICT coboi ,Z[pO6I> CO 3HAMCHATCJICM 1, TO YMHOXCHHUC
I[pO6I/I Ha 1ICJI0€ 4rCJIO U OCJIOro 4rucjia Ha ,Z[p06]':> MOKHO BBITIOJIHATE ITIO3TOMY 7K€ ITpaBUITY.

G- !



5. Vmmoocenue cmewannvix uucen. UtoObl TEPEeMHOXKHTH CMELIAHHBIE YHCIA, HYKHO
MPEIBAPUTEIILHO OOpaTUTh MX B HEMPABWIBHBIE IPOOM M MOTOM MEPEMHOXKATH IO MPABHUITY
YMHOXKEHUS IPOOei.

Ecnu e mepeMHOKal0T CMEIIAHHOE YMCJIO Ha IeNIoe, TO MPOIE MHOXHUTH OTAEIBHO LETYIO
9acTh M IPOOHYIO YacTh.

22.3_62_7%

[Tpumep. 3 3 3

6. Pacnpocmpanenue ceovicme ymnodceHus Ha Opoomvie yucia. CBOWCTBA YMHOMKEHUS
HaTypaJIbHbIX YMCE CIpPaBeUIMBBI M JUId Jpobel. X mcrnonp3oBaHue yHpoIlaeT yCTHbIE U
MMCbMEHHBIE BEIYUCIICHHUSI.

T£-3U=[T+ i]-finl'ill=21I'.:'I+4=211‘-I
[Tpumep 1. 15 13

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

E.[ i.llgj:[i.ﬂ].qizl.qi:?i
Homvep3. 4 \ 31 3/ \43) 731~ '31 ‘31

Honveps, & 5 17/ 31 5 31) 17 17 17

7. Henenue opobeii. JInst nenenust [po0eit COXpaHsIeTcsl TO ke ONpeAesieHue, YTO U IS JAeJICHUs
LENbIX YHUCENl: 3TO - JEHCTBUE MOCPEICTBOM KOTOPOrO MO JAHHOMY MPOU3BEACHUIO BYX
COMHOXHTENIEH U OJHOMY H3 O3THUX COMHOXHTEIEH OTBHICKUBAETCS BTOPOM COMHOXKHTEIb.
Pazgenuth OAHO YMCIIO HAa BTOPOE - 3HAYMT HAWTH TAaKOE TPEThE YHCJIO, KOTOpOE MpH
YMHOKEHUH Ha BTOPOE J1aeT MepBoe. BrIMoNHIOT Aenenue apoOeit o ciaeayomeMy npaBuiy.

Uto0bl pa3genuTh ApoOb Ha JpoOb, HYKHO UHCIHTENh TMEpBOH JApoOM YMHOXHUTH Ha

3HaMCHAaTCIIb BTOpOI>'I, a 3HaMCHAaTCJIb nepBoﬁ Ha 4YUCIUTCIIb BTOpOfI " MCPBOC IMPOU3BCIACHUC
a ¢ ad

3aIMUCaTh YUCIIUTECIICM, a4 BTOPOC - 3BHAMCHATCIICM! b d bc .

6 9 610 60 20
Mpuvep. 7 10 79 63 21

IIo 9TOMY K€ IMPABUITY MOKHO BBIIIOJIHATH ACJIICHUC ,Z[pO6I/I Ha 1I¢JI0€ YMCJIO U LCJIOTr0 Ha )Ip06l>,
C€CJIK MPEACTABUTL LICJIOC YMUCJIO B BU/C I[pO6I/I €O 3HaMcHaTeaeM 1.



15:5:&:2:&:2:21;
7 17 1.5 1

8 , 82 81 4
137 131 132 13

8. Henenue cmewranuvix yucen. UToObI BHITIOIHNUTH JICTICHUE CMEIIAHHBIX YHCEI, HX
MpeABaAPUTEIILHO 00paIaloT B HEMPABUIIbHBIE APOOU U 3aTEM ACIIAT M0 MPABWITY JCJICHUS
npoOeit.

3.1 63 21 63-20

127:1 - =277 13
Mpuwep, 5 20 510 5.21

O)IHaKO Ipu ACJICHUN CMCIIaHHOI'0 YMCJia Ha IEJI0C ObIBaeT y2106HeI\/'I JACIUTDb OTACIIBHO LEIYIO
HacCTb U OTACIIBHO I[pO6HYIO HaCThb CMCIIAaHHOT'O YHCJIa.

:*):I‘.Z'IE:5=5l
7

[Tpumep.

9. 3amena oenenusn ymuodicenuem. Ecnu B kKakoi-HUOYIb APOOH TOMEHITH MECTAMU YHCIIUTEIb

Y 3HaMEHaTelb, OJyYUTCsl HOBasi Ipo0b, oOpaTHas AaHHoi. Hampumep, ans apodu 7 obpatHas

7

npoOb OyneT 8

OdeBHUIHO, UTO MPOU3BEACHUE ABYX B3aUMHO 00paTHBIX ApoOeit paBHO 1.

oo | -1
Il
(-]

~1| &8

YuutsiBas 9TO, MOJXHO ACJICHUC BBIMNIOJIHATD 110 CICAYIOLIEMY IIPAaBUITY.

YtoObI pasACIIMTbG OAHO YHCJIO HA APYTO€, HY’)KHO ACJTIMMOC YMHOKUTH HAa YUCJIO, O6paTHOG

JEIUTEIIO.
2_5_2_'?_11
HpI/IMepl.3 7 335 13
3 7 7



4_51 41ﬁ43 3

Mpmvep3.7 3 7 3 716 28

10. Ilpumepvl Ha 6ce deticmaust ¢ 00bIKHOBEHHLIMU OpoOsMu. Pellienne mpuMepoB Ha BCe
JCUCTBUS C IPOOSIMU BBITIOJIHSIOT C TIOMOIIIBIO 3aITMCH 10 OTICILHBIM JISHCTBHSIM HITH 3aTHCH
LETTOYKOM.

[Ipumep. Beruncints:

3 5 15 5 1 1
-t —— —+3: -
521 28 ga 2 3 1 16
1 1 1
5-110  —:24-:3 3% 33
2 3
Pemenne mo gactsM.
.5 1 1 1
p.2 -2 1 31,90l
5 21 5.21 %7 7 7
15 5 15-84 1
2)—:1—=—=9; 4)5: =10,
28 8 28-5 2
5)10 +10=20;
1 64 16 1 1
6)9—:20=——=—; 11} —:3=—;
7 7-20 35 3 9
1 1 1 13
7)2:—=4; 12) —
2 4 9 36
3)3:1=9; 13)13: 13 _13-36 _ ¢
3 a6 13
N4+9=13; 14]35-l=1;
36
1 1 16
10) —:2=—; 15)—+1———
2 4 35 a5
Orser. 1.

[Ipumep BbIUKCICHHUS LIETIOYKOM:



1 3 1 1 7 7
g——> 132 [a=_1l]al ,1.,1 ;1.3
4 4 2 8 8/ 8_ 2 2 L 4 5
3 5 .1
5—4E 10 2—1E 31l —:10 —:3-
5 & & 3 3 8
152 538 15
27,45 _17 2 230
= + =——+2-5=—+10=
3 _ 1 35 _ ] 31 7
510 8 25 50 5
a5 E +10=45 E
7 7
Pemenue 3amau
2
1. Boja 3aunmaer 3 noBepxHocTu 3emin. [losTomy 3emitio Ha3bIBAIOT «T'0JIyOOH TIIIAHETOM.
1
Kaxyro 9acTh 3eMHOIf TIOBEpPXHOCTH 3aHMMaeT cyma? OTBeT: 3 cyrma.
2

2. Oty 42 roga, a BO3pacT CbIHA COCTaBsAeT 7 Bo3pacta oTua. CkoybKo JeT chiny? OTBeT: 12

JICT.
3

3. IlpenenbHBIN BO3pacT OENKHU 6 JIET, 9YTO COCTABJISIET = MPEeTIbHOTO BO3pacTa 3auIa.

CKOJIBKO JIET MOXKET MpoXKuTh 3as1? Oteet: 10 seT.
5 25
4. Jlnuna ctopoHsl kBagpata 2 am. Kakosa ero miomans? Oteer: 81 M2,

5.Pabounii MOKET BBITIOJIHUTH MPOM3BOICTBEHHOE 3a/IaHKE 3a 5 4acoB, a €r0 YICHUK — 3a 8
13
yacoB. Kakyro yacTe pabOTHI OHH BBITIOJHAT BMECTE Tociie yaca pabotei? OtBeT: 40 4,

2 1
6. B mepBblii yac aBTOOYC mpomiea S BCEro MyTH, BO BTOPOH 3 MyTH, a B TPETUH — OCTaJIbHBIC
28 kM. Kakoe paccTostHue mpoiies aBTo0yc 3a Tpu yaca?

1 11
+ 3 = 15 (4)—3a jBa Jaca.
i 4
2)1- 15 = 15 (y) — mpoiesa B TpeTUi yac. 4
3)28: 15 =105 (xm) — 3a TpPH 4aca.

Ortger: 105 kM mpoien aBToOyc 3a TpH yaca.

Jdomamnee 3aganue:



5 3

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

OtBer: 100 gMm.
o

2. U3 60ukH ¢ OEH3MHOM BHaYajle OTIMIA 28 BCEro MMeEIIerocs TaM OeH31Ha,
2

moTOM 7 Bcero OEH3MHA M MOCIIe 3TOro B 60uke octanoch 99 mutpoB 6eH3nHa. CKOIBKO JTUTPOB
OeH3uHa ObLTO B OOYKE IMepBOHAYAIHHO?

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

2)1- 28 = 28 (9) — ocTanock.

11
3) 99 : 28 =252 (1) — OBLIO IEPBOHAYAITHHO.

OtBert: 252 11 6eH3nHa OBLTIO B 60YKE IEPBOHAYAIILHO.

IIpakTnyeckoe 3ansitue Ne 2

Tema: «Pelenne TMHEUHBIX YPABHEHUN U HEPABEHCTBY»

Heab: O600MUTE U CUCTEMATU3UPOBATh 3HAHUS, YMEHUS yJalllUXCs MPU pPEIICHUU JTUHEHHbBIX
YpaBHEHUH U HEPABEHCTB

Teopernueckuii 610K
JIuHeiiHble ypaBHEHUS

JIuHeMHbIM ypaBHEHHEM OTHOCHTEIBHO MEPEeMEHHONM X Ha3bIBa€TCAd ypaBHEHHUE IEPBOM

T o
crenenu **¥ +2 =0 (1)
rie K u b — npousBonbHEIE BEIECTBEHHBIE YNCIIA.

T
B ciyuae ¥ = 0 ypapnenue (1) uMeeT €MHCTBEHHOE PEIIECHUE TIPH JIFOOOM 3HAYEHUH D :

b
=

K

1

T, — (V)
B ciyuae, korma ¥ = 0.8 # 0 ypapuenne (1) pemennii He nmeer.
B cnyuae, korma k=0, b =0, pemienuem ypaBaenus (1) sBisieTcs 1000€ YUCIIO

xe(—w;+ ).
Ecnmn  wu3nagagbHO 3aaHO  YpPaBHCHHUC, COACpIKAIICEC TCPEMCHHYIO B
3HAMCHATCJIC, TO MEPC PCHICHUEM HCO6XO,Z[I/IMO YKa3aTb 0071aCcTh ONpCACIICHUA, UCKIIFOUUTH U3

OTBCTA KOPHH, IIPU KOTOPLIX BBIPAKCHUC HC UMCCT CMbICJIA.


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

B(x—1)+2x=2(4-2x)
dx—84+2x=8-4x
dx+ix+dx=584+8
bx+ix+4x=8+8
4x=164
16

Xr=—=

1

=1 oo

Ilpriatep 4
S5x+15
x+d
Dooxz-4
Sx+15
x+4
Sx+15=4x+16

r=-1

4

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

Cemserm . x=-1
Ilpriatep O
S5x+15
x+3
Dooxz-3
Sx+15
x+4
Sx+15=4x+12

r==-3

4

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

Clmgem . Hem KopHel



JIuHelinble HEpaBEHCTBA

JIuHEeHBIM HEpaBEHCTBOM OTHOCUTEIIBHO IIEPEMEHHOM X  HA3bIBACTCSd HEPABEHCTBO,
MpUHAJICKAIIEE K OJHOMY U3 CIECAYIOIIHNX THUIIOB!

kx+b=0,
kx+b =0,
kx+b =10,
kx+b =0,
ek ub - MIPOM3BOJIbHBIC BEIECTBEHHBIC YHCIIA.

Pemras J'II/IHCﬁHBIG, Ja U HC TOJBKO HHHeﬁHBIe, HCEpaBCHCTBA, CJICAYCT IMOMHUTL, YTO IPHU
YMHOXCHHUN WX ACJICHUKW HCEPABCHCTBA Ha IIOJOXUTCIBHOC YHCIIO 3HAK HCPAaBCHCTBA
COXpPAaHACTCsA, a P YMHOKCHHU WKW ACJICHUU HCPABCHCTBA Ha OTPHULATCIBHOC YHUCIIO 3HAK
HCPaBCHCTBA MCHACTCS HA HpOTHBOHOJ’IO)KHI:Iﬁ.

B cooTBeTcTBMUM € 3THM pElIEHHE JIMHEHHBIX HEPABEHCTB, B 3aBUCUMOCTH OT 3HAUYECHUU
koaddunuentoB K wu b, mpencrasieno B cienyromeii Tabnume 1.

Tabnuna 1. — Perenne HepaBeHCTB MEPBOM CTENEHU

Ex+b:=0 kx+b>0 Ex+b=0 kx+b<0
3HaK HEPABEHCTBA COXPAHSAETCS
e xE—E x}—E xE—E x-::—E
K K K
k=0, b<0| & %] xXe(—w;+ ). | XxXE(—c0;+ ).
k=0, b=0 | xe(—w;+ ). | & XE(—c0; + ). | &
k=0, b>0| xe(—c0;+ ). | XE(—0;+ ). | (2
3HaK HEPABCHCTBA MCHACTCA Ha HpOTHBOHOJ’IO)KHBIfI
< xi—g x-::—E xE—E x}—g
K K K

CucreMsbl JIMHEUHBIX HEPABEHCTB
PaccMoTpuM pemienne cucreM TMHEHHBIX HEPABEHCTB HA IPUMEPAX.

[Mpumep 1. Pemints cucTeMy HEpaBEeHCTB



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

Pemenne. Pemmm kaxa0e U3 HEPAaBEHCTB CUCTEMBI:

2x-320, 2x3=3, 2’
= =
3x+11>0, “3x =11, 11
X<

N3o0pa3uB Ha oHOM KoOpAHATHOM npsiMoi (Puc. 1) o0a ToueuHbIX MHOKECTBA,
COCTaBJISIIOLIUX MOCIEAHIO CUCTEMY, ITOIY4aeM OTBET MpUMEDPA.

Puc.1

{3 11]
xXe| ——
Ortser: 23

[Tpumep 2. PemuTs cucTeMy HEpaBEHCTB

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

Pemenne. Pemmm KaXX10€ U3 HCPAaBECHCTB CUCTCMBI:

4

5x+4 <0, Sx<—4, X<=3s
o

2x-T720. 2x27, 7

X ——,

2

N306pa3uB Ha onHOUM KoopauHaTHOW mpsimoit (Puc. 2) o0a TOYEUHBIX MHOKECTBA,
COCTaBJISIIOLUX IOCIEAHIOK CUCTEMY, IOJy4YaeM OTBET IIPUMEDPA.

N306pa3uB Ha onHOUM KoopauHaTHOW mpsimoit (Puc. 1) oba TOYEUHBIX MHOKECTBA,
COCTaBJISIIOLUX IOCIEAHIOK CUCTEMY, IOJy4aeM OTBET IIPUMEPA.



7 40
2 )

Puc.2

Xe|—ow——
OrTBer:. 2

[Mpumep 3. Pemnth cucTeMy HEPaBEHCTB

6x—-7 >0,
4x+13<0.

Pemenne. Pemmm kaxa0e U3 HEpaBEHCTB CUCTEMBI:

;
6x—7 >0, 6x>7, e
o o
4x +13 <0, 4x <—13, 13
X <

N3o0pa3uB Ha oHOM KoopAuHATHOM npsiMoi (Puc. 3) 06a ToueuHbIX MHOKECTBA,
COCTABJISIFOIIUX TIOCIICIHIOI CUCTEMY, ITOJTydaeM OTBET MpUMepa

S S\_L,_ X .
_13 07
4 )
Puc.3
OrTBerT: 7

Pemmth naHHbie cucteMbl HepaBeHCTB (Ne 179 —184):



2x—1>1, Bx 43>8,
179. .
{ §—x>0. {0,7—334:4;_2‘&
180. { ] —2x<<—09, 182. {2"—'3‘.‘)1——3_
SRS 4% +3>8—x.
183. {3x+7}9+2’t’ 184. {-’f+4-::2x.
5+ x> 2x 4 2, | x~>—2.
JloManiHee 3aJaHue:
(2x+3) (2—2x)>0.
(2—m) (2x — 15) (x + 4) > 0.
:J:}i,
(3x-4>0, [{3x>4 [§ 2%
Br-d)(55+6) >0 e [VFFO70 L |26 f}_?’@ >3
3x—4<0, 3x <4, x{i I{_E_
Sx+ 60, 5% < -6 1 3 5
' ] 3
I{:—E;

IIpakTnueckoe 3ansitue Ne 3
Tema: Pemenue kBaipaTUUHBIX YPAaBHEHUM U CUCTEM YpaBHEHUH
Heab: O600MUTh U CHCTEMAaTU3UPOBATH 3HAHUS yUYAIIUXCS M0 TaHHOU TeMe.
Teopernueckuii 610K
Onpenenenue

Keaopammnoe ypagnenue — 3To ypaBHeHue Buaa ax> + bx + ¢ = 0, rae
k03¢ duireHTs! a, b 1 ¢ — npousBonbHEIE yKcia, mpudem a 7 0.

Hpexczle, YCM U3Yy4aTb KOHKPCTHBIC MCTOAbI PCIICHUS, 3aMCTUM, UTO BCC KBAJIPATHBIC
YpaBHCHHA MOKHO YCJIOBHO pa3JIC/IIMTh HAa TpH KJIacCa:

He nmeror xopHei;
HMeroT pOBHO OJIMH KOPEHB;

HmMmeroT nBa Pa3JIMYHBIX KOPHA.



JIuCKpUMHUHAHT
Ornpenenenue

ITycTh 1aHO KBaJpaTHOE ypaBHEHHUE ax’ + bx + ¢ = 0. Torna duckpumunanm — 310 MPOCTO
yucio D = b? — 4ac.

Oty hopmyny Hamo 3HATH Hau3ycTh. OTKyna oHa Oepercss — ceiyac HeBakKHO. BakHo npyroe:
I10 3Ha1<y I[I/ICKpI/IMI/IHaHTa MOXHO OHpeIleJII/ITI), CKOJIBKO KOpHeI\/JI HNMECT KBaIIpaTHOC ypaBHCHI/Ie.
A MUMEHHO:

Ecmu D <0, kopHel HeT;
Ecnu D =0, ecTh pOBHO OJJIH KOPEHB;
Ecnu D > 0, kopHeii Oyner nBa.

O6paTI/ITe BHUMAHHWEC: TUCKPUMHWHAHT YKa3bIBA€CT HA KOJIMYECTBO KOpHeﬁ, da BOBCC HC Ha UX
3HAaKH, KaK IOYEMY-TO MHOTHEC CUUTAIOT. Barasaure na IMPUMEPLI — U CaMH BCC moMMeTe:

3amaua

CKOJIBKO KOpHEW NMEIOT KBAa/IpaTHBIE YPABHEHUS:

X2 —8x + 12 =0;
5x2 +3x +7=0;
X2 —6x+9=0.
Pemenue

Brimumem ko3 GuItnenTs! 1715 IepBOTO YpaBHEHHS U HaleM TUCKPUMUHAHT:
a=1Db=-8,c=12;
D=(8y—-4-1-12=64-48=16

I/ITaK, JUCKPUMHUHAHT HOHOH(HTGHBHBIﬁ, IIOSTOMY YPaBHCHUC UMECT JIBa PA3JIMYHBIX KOPH:I.
AHanoru4Ho pazOupaem BTOpPOE ypaBHEHHE:

a=5b=3,c=7,

D=32-4.5.7=9-140=-131.

HI/ICKpI/IMI/IHaHT OTpPII.I&TGJ'IBHBIfI, KOpHGfI get. OcTanock IMOCJICAHCC YPABHCHHUC:
a=1;b=-6;c=09;
D=(-6)>—-4-1-9=36-36=0.

JIMCKpUMHHAHT paBeH HYII0 — KOPEHb Oy/IeT OJUH.
OTtser
1) 2 xopHs; 2) HET KOpHEi; 3) OJIMH KOPEHb.

KOpHI/I KBaApaTHOT'O YpaBHCHUA



_b+yD __ ~b—D

¥1= 2a *2 2a

Korna D = 0, MOXHO HCII0JIB30BaTh JHO0YIO U3 3TUX (POPMYIT — MOJIYIUTCS OJTHO U TO K€
YHUCII0, KoTopoe u 0ynet orBeToM. Hakowner, ecnu D < 0, kopHEeil HET — HUYETO CYUTATh
HE HaJIo.

3anaua

Pemuts KBaApPaTHBIC YPAaBHCHUS:
X2 —2x—3=0;

15-2x—x2=0;

X2+ 12x+36 =0.

Pemenue

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

D > 0 = ypaBHenue umeeT aBa KopHs. Haitnem ux:

_2—!—1!16_3_ _2—v16

1T =g =1

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

D > 0 = ypaBHeHHe cHOBa UMeeT /iBa KopHsl. Haiinem ux:

2+v64 2—+64

BT DT

R

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

D = 0 = ypaBHeHue uMeeT 0J1H KopeHb. MOKHO HCTIOIb30BaTh 00YIo (hopmymny. Hampumep,
MEPBYIO:

_—12+v‘ﬁ_
*TTo T

OTBeT

1) x1=3;%x2=-1;2) Xx1=-5;x2 = 3; 3) x = —6.



Henonnele kBagpaTHbIE ypaBHEHUS

BBIBaeT, YTO KBaAPATHOC YPABHCHUC HCCKOJILKO OTIMYACTCA OT TOT'O, UTO JAHO B OIMPCACIICHUU.

Hamnpumep:
X2+ 9x =0;
x?—16 =0.

Hecnoxuo 3aMC€TUTb, YTO B OTUX YPABHCHHAX OTCYTCTBYCT OJHO U3 CllIaraCMbIX. Takwue
KBaApPAaTHBIC YPAaBHCHUA PCIIAIOTCA AAKC JICTUC, UCM CTAHAAPTHLIC: B HUX JAXKC€ HC HOTpC6yeTC$[
CUNTaTb AMCKPUMHHAHT.

Omnpenenenue

VpaBHenue ax? + bx + ¢ =0 HasbIBaeTCs HenoaHbiM  Keadpamuvim  ypaenenuem, ecaub =0
i € = 0, T.e. K03 PULMEHT IpU EPEMEHHOM X UIM CBOOOIHBIN IEMEHT paBeH HYIIIO.

Pa3ymeercs, BO3MOXEH COBCeM TsDKENbIM ciaydaif, korga o0a 3TUX Kod(@uIMeHTa paBHbBI
Hymo: b=c=0. BoaToM cnyuae ypaBHeHWe TNpHHHMaeT Bujax’>=0. OueBHIHO, TaKOe
ypaBHEHHE UMEET eIMHCTBEHHBIA KOpeHb: X = 0.

Paccmotpum octanbhbie ciydau. [Tycts b = 0, Torma moyiyduM HEmojHOe KBapaTHOES
ypaBHeHHe BHa ax> + ¢ = 0. HemHoro npeoGpaszyeM ero:

5 5 C C
ax“+c=0=x " =——=2x==1 |——
a a
[Tockonbky apuMeTHUECKUNA KBaIPATHBIM KOPEHb CYIIECTBYET TOJIBKO U3 HEOTPHUIATEIIHHOTO
YKciIa, MOCAeIHEE PABCHCTBO HMEET CMBICI HCKIFOUUTENBLHO rpu (—C/a) > 0. BeiBo:

Ec/u B HENOJIHOM KBaApaTHOM ypaBHEHHH Bua ax? + C = 0 BHINOJIHEHO HepaBeHcTBo (—C/a) > 0,
KopHeil Oynet nBa. @opmyra 1aHa BBIIIE;

Ecmu e (—c/a) < 0, kopHeii HeT.

Kak BuauTe, IMCKpUMHUHAHT HE IOTPEOOBAJICS — B HEIMOJIHBIX KBAIPATHBIX YPAaBHEHUSAX BOOOIIIE
HET CIOXHBIX  BbIUMCIeHHNA. Hacamom  nene  gaxke  HeoOs3aTenbHO ~ MOMHHTH
HepaBeHCTBO (—C/a) > 0. JIoCTaTOYHO BBIPA3HTh BEIUUMHY X° M IOCMOTPETh, YTO CTOUT C JPYroif
CTOpPOHBI OT 3HaKa paBEHCTBA. Eciu TaMm MoyoXHUTETbHOE YHUCII0O — KOpHeW Oyzner nBa. Ecnu
oTpuIaTeNIbHOe — KOpHEH He OyaeT BoooiIe.

Tenepsr paszbepeMcss C ypaBHEHMsAMH Buja ax®+bx =0, B KOTOPBIX CBOOOJHBIH DIEMEHT
paBeH Hym0. TyT Bce MpocTo: KOpHEH Bcerna OyneT aBa. JJocTaTodyHO pa3ioKUTh MHOTOYJIEH
HA MHOXHUTEIHU:

ax?+bx=0=2x-(ax+b)=0=2x,=0; x, = ——
a

HpOI/IBBC,Z[CHI/IC PpaBHO HYJIIO, KOT'Jd XOTA OBl OJIMH 13 MHOKHUTENEH PAaBCH HYIIIO. OTCIO,Z[E[
Haxo4dATCd KOpHH. B 3akmroueHue pa36epeM HCCKOJIBKO TaKHUX ypaBHCHI/II\/'II



3agaua

Pemuth KBaApPAaTHBIC YPAaBHCHUS:

x> —7x=0;
5x2 + 30 = 0;
4x> -9 =0.
Pemenne

X—TXx=0=2X-X—-7)=0=>x1=0;%=—(-7)/1=T7.

5x? + 30 = 0 = 5x? = =30 = x? = —6. KopHeif HeT, T.K. KBaJApaT HE MOKET OBITh PaBeH
OTPHIATEIILHOMY YHCITY.
A —-9=0=24x=9=2x*=9/4=x,=3/2=15; x2 = —1,5.

OtBeT

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

PemieHne KBaApaTHYHBIX CHCTEM YPABHEHHUH

.| x=y=1
IIpumep 1. Peuts cucremy ypaBHEeHUM
X% +y? =41.
Pemenune. BpipasuB X u3 mepBOro ypaBHEHHsI CHCTEMBbI M MOJICTAaBUB BO BTOPOE, MOIYYUM
{x =y+1,
2 [—

PaBHOCHIILHYIO CUCTEMY 2y 2y —A0=0. ] (1)

5

Peluasi BTopoe ypaBHeHHe cucteMsl (1), HAXOMM 1Ba 3HAYCHHS IEPEMEHHOM y: J1 = 4y, =~ :
MOJICTAaBJIsIsl OTH 3HAYEHHS B IEpBOC ypaBHeHHWe cucTeMbl (1), mojydaeM JBa 3HAYCHHS
TIePEMEHHOM X: 4 =5X, =-4

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

2X—-3y—xy=4

3X+y+3xy=3

Pemenne. Cpa3sy BBIpasuTh OJHY IIEPEMEHHYIO dYepe3 JPYryl0 B JaHHOM Cilydae
3aTPYJAHUTENILHO, MeMIaeT ciaraeMoe Xy. UToObl M30aBHTBCS OT 3TOTO CJIaracMoro YMHOMKHM
[epBOE YpaBHEHHE CHCTEMBI Ha 3 W CIOXKHM CO BTOPBIM ypaBHeHHeM. [Ipu 3TOM mOIydnm

IMpumep 2. Pemnts cucremy ypaBHEHHI {

. |2x=3y—xy=4,
PaBHOCWIBHYIO CUCTEMY YPABHEHUU =~ iiceeeee... (2)
9x -8y =15.
15+8y
13 BTOpPOrO YpPaBHCHHA IIOJdy4YacM: X = 9 . HOI[CTaBI/IB 9TO BBIPAXKCHUEC B IIEPBOC
15+8x 15+8y

ypaBHEHHUE CUCTEMBI (2) MOIy4YUM ypaBHEHUE 2 -3y—-y =4 . [IpeoOpa3oBas ero,

MOJYYUM KBaJIpaTHOE YpPaBHEHUE OTHOCUTENIBHO V: 4y +13y+3=0. Kophu 31oro ypaBHeHus
1 13

y,=-3,y, = vk HOJCTaBUM B GOPMYITy JUI X, U HOIy4uM X, =—1,X, = 3

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



x?(x+y) =80,
x?(2x —3y) =80.

Pemrenne. B yieBBIX 4acTsAX ypaBHEHMM CHCTEMBI CTOSIT IPOU3BEICHHUS ABYX COMHOXKUTENEH, a
CIpaBa YUCJIO OTIMYHOE OT HyJd, IIO3TOMY, OYEBHUJHO, HH OJUH M3 COMHOXKHUTEIIEH JIEBBIX

IIpumep 3. Pents cucreMy ypaBHEHUH

yacTeld ypaBHEHHMH HE MOKET ObITh paBeH Hynto. TakuM o0pa3zoMm, IOJydaeM, 4TO X#0y

3
2X-3y#0=>x=# —Ey . PazgennM nepBoe ypaBHEHME CUCTEMBI Ha BTOPOE IOYIEHHO, B CUILY

X+y

CJIGIIAHHOTO BBIIIC 3aMEUYAHHS, TIONyYHM PABHOCHIBHYIO cucTeMy { 2X—3Y . Bbipasum u3
x*(x+y)=80.

MIEPBOTO ypaBHEHUS MOJIYYEHHOM cHCTEeMbI BbIpa3uM X: X =4Yy. IloacraBum 3TO 3HaueHHE BO

BTOPOE YpaBHEHHE CUCTEMBI U HaiinieM Y =1, torga x = 4. OtBert: (4; 1).

Jomamnee 3aganue: Pemure ypaBHEHHUS:

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

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

3.(x* —2x-5)* —=2(x* -2x-3)-4=0

Pemnts cucrems! ypaBHEHMIA:

Xy =2,
9x* +y® =13.
X*+y=2
y24x=2
i,
3 X;y X;y
—t—=7



IIpakTnueckoe 3ansaTue Ned
Tema: Pemenue kBagpaTu4HbIX HEPABEHCTB
Hesab: O600MMTH U CHCTEMATU3NPOBATH 3HAHUS M YMEHUS YUALTUXCS 110 JaHHOU TeMe

Teopernueckuii 610k

KBanpaTtHoe HEpaBEeHCTBO — 3TO HEPABEHCTBO, B JIEBOM YaCTU KOTOPOI'O CTOUT KBaJIpaTHbBIN
TpPEX4IEH, B JIEBOM — HYJIb.

TO GCTI), KBaIIpaTHI)Ie HepaBeHCTBa 6I)IBaIOT CJICZIYIOHII/IX BHUIOB:
ax?+bx+c>0, ax®+bx+c>0, ax®+bx+c<0, ax*+bx+c<0.
PGHII/ITI) KBaleaTHOC ypaBHeHHe MOKHO C ITOMOIIIBKO METOda I/IHTepBaJ'IOB.

Jy1st 5TOr0 HEOOXOIMMO CHauaja HalTH KOPHHU KBaJpaTHOTO HEPABEHCTBA (BMECTO 3HAKa
HEpaBEHCTBA MIOCTABUTH «=» U PENINTh ypaBHeHHe ax’ + bx + ¢ = 0). KopHeii MoxkeT OBITh THO0
nBa, TM00 0JMH, MO0 HE OBITH BoOOIIE. [lanpHelne qeHCTBUS 3aBUCAT OT KOJIMYECTBA KOPHEH:

1. Eciu ypaBHeHHe MMeeT IBa KOPHsI, HEOOXOMMO HAHECTH MX Ha YUCIOBYIO TIpsiMyro. OHH
Pa300bIOT ee Ha TpH MPOMEKyTKa. HyKHO Oy/ieT onpe/ieuTh 3HaKH BEIpaKeHns ax’ + bx + ¢ Ha
KaXJIOM U3 POMEKYTKOB (KOHKPETHBIN ITPUMEP PEIICHUS BBl MOKETE MOCMOTPETh, BBEIS B
dopMy BBITIIE KaKOe-THO0 HEPAaBEHCTBO, HApUMEp SX2 + 2X — 7> 0):

- ecyia @ > 0, To 3HaKM OyayT +, —, + (ClieBa HaMpaBo);
- ecyia @ < 0, To 3HaKM OymyT —, +, — (CIeBa HAIPaRBo).

B cnygae, ecniu 3HaK HEpaBeHCTBA > WJIM >, OTBETOM OYIyT MPOMEKYTKH CO 3HaKOM «+». Eciu
e 3HAK < WIH <, TO OTBETOM OYAYT OTpHUIIATEIbHbIE TPOMEXKYTKH.

Ecnu 3HaK HepaBeHCTBA > WK <, TO TOYKH-TPAHUIIBI IPOMEKYTKOB 3aIMCHIBAIOTCS B KPYIJIBIX
ckoOKkax. Eciu ke 3HaK > Wi <, TO TPaHMIIbI IPOMEKYTKOB 3aITUCHIBAIOTCS B KBAJAPATHBIX
CKOOKax.

2. Eciiu ypaBHeHHe HMeeT OJMH KOPeHb, TO HY)KHO TaK)Ke HAHECTH €r0 Ha YMCIIOBYIO MIPAMYIO
¥ ONIPEIEINTh 3HAKU BBIpaKeHHs ax? + bX + C Ha KaxkI0M U3 npoMexyTkoB. Kopenb pasaenut
NPAMYIO Ha JBa TIPOMEXKYTKA, 3HAKH B KOTOPBIX OYyT OJMHAKOBBIMHU (B 3aBUCHMOCTH OT
koaddureHTa a):

- ecnu @ > 0, To 3Haku OynyT +, +. B aTOM cityuae, eciin 3HaK HepaBEeHCTBA >, TO OTBETOM OyJeT
BCsl UHMCJIOBas MpsiMasi, KpOME TOUKU-TPAHUIIBI IpOMeXyTKa. Ecim ke 3Hak HepaBeHCTBaA >, TO
OTBET — BCS YKCIIOBad npsamas. Eciay 3Hak HepaBeHCTBa <, TO OTBET — IIyCTOE€ MHOXeCTBO. Eciun
3HaK HEPAaBEHCTBA <, TO OTBET — O/JJHA TOYKA — I'PAHULIA MEXAY IPOMEKYTKaMH.

- ecim @ < 0, To 3HaKu OynyT —, — B 3TOM citydae, eciiu 3HaK HepaBEHCTBA >, TO OTBETOM OyJeT
IIyCTO€ MHOXECTBO. Eciin ke 3HaK HEpaBEHCTBA >, TO OTBET — OJJHA TOYKa — I'PaHULa
npoMexyrka. Eciii 3Hak HepaBeHCTBa <, TO OTBET — BCS UNCIIOBas MpsiMasi, KpOMe TOUKH-
IpaHuLbI IPOMEXyTKa. Eciin 3HaK HEpaBeHCTBA <, TO OTBET — BCSI UNUCIIOBas MpsiMast.

3. Ecau YpaBHeHUE KOpHeﬁ HE MM€€T, TO HUYETO Ha KOOPAMHATHYIO OCh U HE HY>KHO
HAaHOCHUTB: HAZ10 MTPOCTO OMPECACIUTH 3HAK BbIPAKCHU A aX2 + bX + C Ha Bceil uncioBoit HpSIMOﬁI



- ecim a > 0, To 3HaK OyzeT +. B aTOM cityyae: eciu 3HaK HEPaBEHCTBA > UJIH =, TO OTBETOM
OyzeT Bcs uuciioBast npsiMast. B mpoTUBHOM ciTydae — eciiM 3HaK < WM < — OTBETOM OyneT
IIyCTOE MHOXECTBO.

- ecim a < 0, To 3HaK OyzeT — B 3TOM ciydae: ecnu 3HaK HEPaBeHCTBA < HIIH <, TO OTBETOM
OyzeT Bcs uuciioBast npsiMast. B mpOTHBHOM cily4ae — €CJIM 3HaK > MM > — OTBETOM OyJeT
MyCTO€ MHOXECTBO.

Ipumep 1. Pemuts HEpaBEHCTBO 2x% + 4x — 6> 0.

KBanpaTHblii TpexwieH 2X? + 4X — 6 uMeeT 1Ba JIeHCTBUTEIbHBIX KOpHS X1 = —3, X2 =1.
[Tostomy mapabomna y = 2X? + 4X — 6 mepeceKxaeT 0Ch X B JBYX TOUKAX, aOCIIMCCHI KOTOPBIX
paBubsl —3 u 1. [TockonbKy KodddurmenT npu X? Gombiue Hyns, mapadona y = 2X° + 4X —
6 HampaBJIeHa BBEPX

U3 pucyHKa BUJHO, 9TO TpexueH 2X2 + 4X — 6 MoIoKuTeIeH npu X < — 3 u mpu x >1.
[Ipumep 2. PemuTh HEpaBEHCTBO

—x2+x—1>0.
JIMCKpPMMMHAHT KBaJpaTHOTO TpexuleHa — X2 + X — 1 orpunarenen: D = —3. ITostomy npu
BCeX X 3HaueHUs QYHKIMH y = — X2 + X — 1 MMEIOT O/IMH U TOT e 3HaK, a MMEHHO 3HAK
kod(duurenta npu X2, To ecth Munyc. Cie10BaTeIbHO, HEPABEHCTBO — X2 + X — 1> 0 He

BBIIIOJIHACTCA HU IIPHU KaKUX 3HAUYCHUAX X.

H[)I/IMCQ 3. BLISICHI/ITL, IIPpU KaKHUX 3HAYCHUAX X ,I(p06b

£ 29x—3
2y — 42

MOJIOKUTCIIbHA W TIPpU KAaKUX — OTPULATCIIbHA.

Cnauana YKa3aHHBIM BBIIIIC CIIocoo0M ONpCACIIMM 3HAKU YHUCIUTCIIA U 3BHAMCHATCIIA JTaHHOM
,Z[pO6I/I, a 3aTEM CpaBHHUM HUX.



Yucnutens X2 + 2X2— 3 MON0KUTENeH OpU X < —3 U IpK X > 1, a oTpuuaTeNeH npu
—3 <x <1 (puc. BepxHAA YHCIOBAs OCBh).

4-3-2-1 0 1.2 3

L. gy A
i.-/.l-/r.l-ii
0 2

3nameHaTens 2x — X2 monoxkutenes npu 0 < x < 2 u oTpunarencH npu x < 0 u npu x >2 (puc.
HWDKHSISL YMCII0Bast 0cb). VI3 puCcyHKa BHHO, YTO JaHHAs APOOb OyIeT MOJIOKUTEbHA TPH — 3
<x <0 (B 3TOM CiTy4ae YUCIUTEIb U 3HAMEHATEb OTPULIATEIbHBI) U IPU

1< X <2 (B 3TOM cilyyae YUCIHUTENb U 3HAMEHATE b MOJI0KUTENIbHBI); OTPUIIATEILHON OHA OYyIeT
npu x <. —3 (YUCIHUTEND MOJOKUTEICH, 3HAMEHATENh oTpuliaresieH), npu 0 <x < 1 (uucnurens
OTpHIIATENICH, 3HAMEHATEIb MTOJIOKUTEINICH) U TIPH X > 2 (YUCIIUTEIb TI0JI0KUTENICH, 3HAMEHATEIh
OTpHUIIATETIEH).

Ynpasicnenusn
Pemmnte naHHBIE HEpaBEHCTBA
1. x> —4x+3>0. 5. X2 +x+1<0.
2. X2 —6x+5<0. 6. x> —x+1>0.

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

HOMaI_HHCC 3aJaHUC:

1. Peminth HEPaBEHCTBO:

8x°-6x+1>0

2. HaﬁTI/I HANMCHBIIICC ITOJIOXKXHUTCIBHOC LICJI0€ pemeHHe HtpaBeHCTBa:
X2+ 2x>-3

3. Pemuth HepaBEHCTRO:

X+ 3x+8>0

4. PemuTh HEPAaBEHCTBO:

X2 -4x+4>0

5. Pemnth HEpaBEHCTBO:

X2 -4x+4>0

6. HaﬁTH BCC 3HAUCHMUA X, HC ABJIAIOIIHNCCA peH_IeHI/IeM HepaBeHCTBa:
2

X>16

IIpakTnyeckoe 3ansaTue NeS
Tema: Oynkiuu: nuHeiHas, oOpaTHast MPONOPHHOHATBEHOCTE. [locTpoeHue kBapaTHUHOM
GbyHKITII
Heusn: 3akpenuTh y yyaluxcs 3HaHUS U YMEHUS OCTPOeHUs IrpaduKoB PyHKIMH
Teoperuueckuii 6110k

r — 1 . 1
CaoiicTBa THHEHHOM QyHKIMK ¥ = KL + 0



1. O6nactb onpenenenust GyHKIIMH — MHOXKECTBO BCEX JCHCTBUTEIILHBIX YUCEI.

2. OGmacth wu3MeHeHHss (YHKIMH 1P ycluoBud, u9to® =0 _  MHOXecTBO  Beex
JefcTBUTeNbHBIX uncen. Ecmu K = 0 , TO MHOKECTBO 3HAUEHUH (PYHKIUU COCTOUT U3 OJHOMI
ToukH 2 .

3. 0Ipu k= 0. & ¥ 0 yuxuus He siBIsercs HU YeTHOR, HU HeyetHoil. Ecmn K =0 (2 jmoGoe) —
bynakiws getHast. Eciu b=o (k 1r000€) PYHKIIMS HeUeTHAS.

4. Mpuk =0 @yukuus Bospacraer npu 106bix © . [pu © <= 0 (yHkups yobIBacT npu
mo6ex X . Ipu & =0 QyHKIMSA HOCTOSHHA.

Ilpumep. lloctpouts rpaduK GYHKIHH y=2x+4 :
Pewienue. I'paduxoM sBisieTcst npsimasi TUHUS. [t €€ mocTpoeHust JOCTaTOYHO HAWTH TOYKU

MEPECEUCHHS ¢ OCSIMU KOOPJIUHAT: MPHU x=0, y= 4 U TIpu X = —2,}‘ = ﬂ. Takum o0pazom,
npsiMast IPOXO/IUT Yepe3 TOUKU A(U;4) u B (_2;0)
4’
Y y=2x+4
F X
/ 0
y= ax+b
DyHKIMA BHA £X+ a , Toe &, b, C d_ TMOCTOSIHHBIE urcia, pudem € # ﬂ, ad # bﬂ',
Ha3bIBACTCS OPOOHO-TUHEIH O dynxyuer. DyHKIMS onpezeneHa BCIOILY, Kpome
X =— i

3HAYECHUS € Ecm = 0 L= 1 , d = 0, TO TIOJTYYUM YaCTHBIN CTydail ApOOHO-TMHEHHOM

_b
byHKIAN X . OGnacts omnpeseneHus Takoi (yHKIUN XE {_ m=0)U (0=+m}. I'paduxom

_b
GbyHKIH X gensercsa KkpuBas, cocTosuas M3 JBYX BETBEi, CUMMETPUYHBIX OTHOCHTEIHHO

Hauana koopauHar. Takas KpuBas HasbIBaetTcs cunepoonoi. Ecmu b> U, TO BETBU TUINEPOOITBI

pactionoxkensl B [ u [l KoOopIMHATHBIX YETBEPTIX; €CIIN KE b<0 , T0 BO I m IV xoopauHaTHBIX
yeTBepTsax. [ unepOoa He UMeeT OOLMX TOUEK C OCSIMH KOOPJIUHAT, a JIMIIL CKOJIBKO YTOIHO OU3KO

_b
K HUM mnpubmwkaercs. DyHKIMA X neuernmas. Ha pucynke u300pakeH rpadux

runepOoIIb ¥ X JUTSL CITydast b> 0.



<

> X

2
y=ax“ +bx+c e Yo

®dyHkiMsA, 3a7aHHAsg  POPMYIION , a,b,c _

NIEPEMEHHBIE,
3amaHHble umcia, & F ﬂ, Ha3bIBaeTCs Keaopamuynou yukyueir. OOIACTHIO OIpENEICHUS
KBaJIpaTUYHON  (YHKIMM  SIBJISIETCS MHOXECTBO  JIEHCTBUTENBHBIX uHcen. [ 'padukom

y:ar2+bx+c

GbyHKIIII apnsgercs napadona. Ecm & > 0 , TO BeTBU MapaboJIbI

HaIpaBJieHbl BBepx; eciu < ﬂ, TO BETBU Mapalosibl HampaBiieHbl BHU3. OCbI0 CUMMETpPUU

b

X=—

nmapaboJIbl SBIISACTCS MpsMast 2a . Koopaunater BepmmHbl apabosisl ONpeaesstoTcs o
b dac —b°
oy o)t
2a Yo =¥ A

hopmynam

Jliia moctpoenust napadosibl yA00HO BHIOpATh CJIEAYIOUIUE TPU TOUKHU:

x=0

a) TOYKY IepeceyeHusi mapadoJibl C OCBIO O , IpH MOJIy4UM y , TaKUM 00pa3om,

C0,c).

IepBas TOYKa

0) Touky Ha mapaboie npu y=¢ , TO €CTh JIN0O TOUKY C abcIuccoit x=0 (touka C), mubo
x=_b B(i;c)
€€ | takum 06pazom, BTopas TOYKa cl :

__b _B?
Alxg,ve) o ~ 2a Yo :y[‘tﬂj: 4ﬂc4ab

B) BEpLIMHY Mapad0JIbl TOUKY , TIe
MoOHO TaKke B KayecTBE OCHOBHBIX TOYEK BBIOpaTh TOUKM IepecedeHus mapabosibl ¢

_—btvVb® —4ac _—b+/D

TOYKY C abciuccoit

X. .=
ocsio O% 1.2 2a 2@ ccnm Takue CymecTBYIOT, TO eCTh
JMCKPUMHUHAHT KBaJIPaTHOTO TPEXUWICHA HEOTPUIIATEIbHBIH.

_ 92
ITpumep. Iloctpouts rpadpuk GyHKIUH y= 2x° +2x+2 :



o CO2) B2} AC0515)

OtmetuM  TpH BerBu mapaGouisl
BBEPX (a > U) [Tapabona cuMMeTprYHa OTHOCUTEIBHO MPSIMOI x=—0 75

v

1. TloctpoiiTe rpaduku HyHKIIMIA:

P = g L 3
1y =3x 4 by’
2_1.'—59.'—1 *

3.v=5—4x

2
6.'1'_1'
1
y==

42v—4x =6 7. 12

- 0 r — ,=___2

53x —~4v =2 g .

9.'1' +:a.

2. IlocTpoiiTe rpaduku KBaagpaTUIHON (HYHKIIUH:
1. y=x*?—4x+ 3. 5. y=x* +x+1.
2. y=x>—6x+5. 6.y=x2 —x+1.
3.y=—5x2+3x+2. 7.y=x2—6x+10.

4, y=x(1—x). 8.y=—3x> +2x+1.

I[OME[I_HHCC 3aJaHHuC:

[ToctpoiiTe rpaduku GYHKIIHIA:

HAINpPaBJIEHbI



l.v=4x —5

[TocTpoiite rpaduKu
GbyHKIMH:

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

5.y=Xx2-4x+ 4

KBaJpaTUYHON



IIpakTnueckoe 3ansaTue Ne6

Tema: KonTponbHas paboTa mo Teme: «Pa3BUTHS MOHATHS O YHCIIE»
Heasn: [IpoBeputh YpOBEHb YCBOEHUS JAHHOTO Marepuaia 1o teMe «Pa3BUTus MOHATHS O

YUCIIe»
1 Bapuanr
1.PemiuTe JinHeiiHOEe ypaBHeHME:
%) 3X_x+2_3x—2+x—1:1 6)1—6_2X=X—XL3
4 2 3 3 2

2. Pemmure CUCTEMY JMHENHBIX HEPaABCHCTB:

4x -3 3x 5 3-2x 5 2X
—+3>—+= > ,

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

3.Pemnre cucreMy ypaBHEeHUIl:

5x -2y =17, 2X-y—3x_2:)(+y1 1+£ E
{3X+4 =25 6) 3 4 B) X y 6
y= 5x—4y =-18 2y —x=1

4.PemintTe KBaJApaTHOEe ypaBHEHHE:

2 2
a) X2 —x=0 6)5X6+9+4X5 9.3 g x?+9x+20=0 x’-5=0

x(2x —3) . (Bx-1)° (x+3)’
2 5) 5

=1

A)

5. Pemmiure KBaipaTHYHOE HEPABEHCTRBO:
a) x> —8x—-20<0 6) —x? —6x+27<0 B)2x*—-13x+20>0

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



2 Bapuant
1.PemuTe JinHeiiHOEe YpaBHEHHE:

a) x+ 13 X5y 523X 6) 4— 02X L x—oxXH3
8 4 2 2

2.Pemure CUCTEMY JHMHENHbIX HEPaABCHCTB:

5X—3>'1+X, 7_26X+10S8X3+1—12,
a 6{
){1—3x<gx—5 ) x+1 1
2 3 — > 2X—-2—
2 2
3.Pemure cucreMy ypaBHeHHIA:
2X-6 Xx-2
2x +3y =13, s 5 =2 L 1.1
a) By -y 7 0) 36 B)YY x 3
y= X220, Y« X—2y=2

4.Peminte KBaJApaTHOE ypaBHEHHE:

3x*—11 74-2x°
+

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

8 12
2) X(x=7) N x—4_£:1
3 3 10
5. PeminTe KBajpaTHYHOE HEPABEHCTBO:
a) 2x? —x+4<0 6)-3x*+5x+2>0 8)2x? —4x+13>0

6. Pemnte rpadpuyecku ypaBHeHHe: 2 =3x-1.
X

IIpakTHyeckoe 3anaTHE N7

Tema: OcHOBHbBIC TPUTOHOMCTPUYICCKHUEC TOXKACCTBA
He.m;: Hay‘{I/ITL HCIIOJIB30BATH OCHOBHBIC TPUTOHOMETPUUCCKUC TOKACCTBA IIPU

peoOpa30BaHUN BhIPAKEHHIMA
Teopernueckuii 010K

Teopema
OCHOBHOE TPUTOHOMETPUUECKOE TOXKAECTBO. {1 11000ro0 yriia o BEpHO yTBEPXKICHUE:

sin? a + cos? a = 1.

sing = ++/1 —cos?a@; cosa=4++/1—sina



CrnencrBue
Jis 1r060ro0 yria a MOKHO MEPENnucaTh OCHOBHOE TPUTOHOMETPUYECKOE TOKIACSCTBO CICITYIOIIM

o0pazom:

; ctgza:—l—1=—1

2
a+1= -
g sin? o

cos? o

OTH ypaBHEHHSI JIETKO BBIBOAATCS U3 OCHOBHOI'O TOXIECTBA — JOCTATOYHO Pa3/elIuTh 00¢ CTOPOHBI Ha
C0S? o (JU1s OTyYEHHs TAHTEHCA) MM Ha Sin’ ou(JU1s KOTAHTEHCa).

Pemenue ynpaxHeHui

1.Haitaure sin o, €ciu U3BECTHO CIIEAYIOIIEE:
311 C‘[
cosd = — o = 'TE)
10 ° 2’

Pemenne

Hawm n3BecTeH kocuHyc, HO Hen3BeCTeH CUHYC. OCHOBHOE TPUTOHOMETPHUIECKOE TOXIECTBO
(B «9uCTOMY BHJIE) CBS3BIBACT KaK pa3 3TH QYHKIHH, TIO3TOMY OyaeM paboTath ¢ HUM. MMeeM:

sin2a +cos? a =1 = sin? a + 99/100 = 1 = sin? a = 1/100 =sin « = £1/10 = +0,1.

Jlns penieHust 3aja4M OCTaJI0Ch HAWTH 3HAK cuHyca. [I0CKOJIbKyY
yron a €(x/2; r),To B rpamycHOi Mepe 5To 3anmchiBaercs Tak: o € (90°; 180°).

CJ'IC,Z[OB&TCJ'IBHO, YroJi o JIC)KHUT BO | KOOp,HHHaTHOﬁ YCTBCPTU — BCC CUHYCBI TaM

moJIoKuTENbHEI. [ToaTomy Sin a = 0,1.
Ortser: 0,1

2.Haiinure cos o, €ciu U3BECTHO CIIEyIoNIee:

Pemenue

WTak, HaM U3BECTEH CHHYC, a HaJl0 HailTu kocunyc. O0e 3TH (PyHKIIUU €CTh B OCHOBHOM
TPUTOHOMETPUICCKOM TOXKIACCTBEC. HO,Z[CTaBJ'ISIeMZ

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

Ocranock pa3obpaTbces cO 3HAKOM Iepes Ipoobio. UTo BBIOpaTh: IUIIOC WIIK MUHYC?
[To ycnoButo, yroi o MPHHAUISKUT IPOMEKYTKY (7 37/2). TlepeBeneM yriibl U3 pajnaHHO
MEpBI B rpagycHyto — noxyuuM: a € (180°; 270°). OueBuano, 1o 11l KOOpaAuHATHAS YETBEPTH,

'€ BCC KOCUHYCBI OTPULATCIIbHBI. HOE)TOMy coS a = _0,5.

Otset:—0,5



3.Haiigute tg o, ecau U3BECTHO ClEIyIOLIEE:

1 3
cosa =—; @ € (—;ZTE)

v 10 2
Pemenue

TaHTeHC 1 KOCUHYC CBSI3aHbI YPaBHEHUEM, CIIEAYIOIINM U3 OCHOBHOTO TPUrOHOMETPUYECKOTO
TOXAecTBa:

1
2 2
trta+l=—-—=2tg°a=10—1=9
cos?a
[Monygaem: tg a = +3. 3HaK TaHT€Hca OIpeessieM 1o yriy a. M3BectHo,uto o € (37/2;
2r). IlepeBenieM yribl U3 paIiaHHON MEPhI B IpajycHy0 — mosyanuM a € (270°; 360°).
OueBunHO, 310 IV KOOpAMHATHAS YE€TBEPTH, TJIe BCE TAHT€HCHI OTPHUIATeIbHBL. [ToaToMy tg o =
—3.

OtBe: —3

4 HaiiguTe coS a, €CITi U3BECTHO CIIEYIOIIEee:
) 3

sinae =—0,8; @ € ?; 21

Pewrenne

CHOBa U3BECTEH CUHYC M HEM3BECTEH KOCHHYC. 3alHIlieM OCHOBHOE TPUTOHOMETPHYECKOE
TOXJIECTBO:

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

3nak onpezensieM mo yriry. Umeem: a € (37/2; 2x). IlepeBenem yrisl U3 rpagyCHOM MEphI
B pamuaHHyio: a € (270°; 360°) — ato |V KoopauHaTHAst Y4ETBEPTh, KOCHHYCHI TaM
oJIoKUTEeIbHEI. CiiemoBaTesibHO, CO0S a = 0,6.

Ortsert:0,6

5.Haiigure sin a, eciu U3BECTHO ClIEAYIOIIEE:
T
ctoa = 246; a € (G;E)

Pemenue:

Samuiem (bOpMy.]'Iy, KOTOpas CIeAYCT U3 OCHOBHOI'O TPUTOHOMETPUUCCKOTO TOXKACCTBA
" HAlIPpAMYIO CBA3BIBACT CUHYC U KOTAHI'CHC!

1 1
a+1= =244+1=25
cg” a sin? o = sin? o

Otcrozia monydaem, uto sin? a = 1/25, T.e. sin a = £1/5 = £0,2. U3BecTHO, 4TO yroi o €
(0; #/2). B rpamycHoii mepe 310 3anuckiBaetcs Tak: o € (0°; 90°) —| koopauHaTHAS YETBEPTh.



Wrak, yron HaxonuTcs B | KOOpIMHATHOW YETBEPTH — BCE TPUTOHOMETPUYECKUE (PYHKIIUU
TaM MOJIOXKUTEIBHBI, modToMYy Sin a = 0,2.

Ortser: 0,2
I
. 5
. sina U tga, eclIl cosa = —
7.Haitoute 13 u
. 5
. cosa Mtgo, ecansing = —
8.Haiinure 1u
JloMamHee 3a1anue:
. 4
. sina U tga, ecIl cosa = ——
1.Haitgute 5 U
. 3 3w
. cosa Mtga,ecausing = -——  g<q<—
2.Hanigure 17 u 2
3w
3. Haiigute CoOsausina, ecan tga = -1 5 T4 =57

IIpakTuyeckoe 3ansaTue Ne 8

Tema: [IpuMmeHeHre OCHOBHBIX TPUTOHOMETPUYECKUX TOKIECTB K MPEOOPa30BaAHUIO
BBIPAKCHUI

Heab: HayunTs nCnoib30BaTh OCHOBHBIE TPUTOHOMETPUUECKHE TOXKIECTBA MPU
peoOpa30BaHUU BbIPAKEHHM

Teopernueckwuii 010K

fgd, cigd.
— hopmyubl s ‘B EEES
— OCHOBHO€ TPUTOHOMETPHUECKOE TOXKIECTBO;
fgcy .
— hopMyIia, BHIPAXKAIOMIAS 3aBHCUMOCTh &y 608 &

cig sy i
— hopMyIia, BHIPAXKAIOMIAS 3aBUCUMOCTh =& yp St &

YupocTuTh BeipakeHus (YCTHO)
l-cos® @
2—sin@—cos® &
Cos oY e igd
2 2 2
st " @ +Higt i+ oosT &
(1—sin &)(1+sin &

sin* f—cos* 8



Pemrenne ynpakHeHui

YIIpOCTUTH BBIPAKEHHUE:

1
(—c-::-sg i IJ scigia
1.

Pemenue:

1
[—2_1J -.:.‘f.ggl::r: [1+r.gz¢:r— l}icﬁgzﬁr: 1
cos® &

2
2 gy wofon— (f,ga:f ® 003 .::H)
Pemenue:
fo ectol — (ﬁg:‘:ﬁicos c‘:ﬁ)j =1-sin‘@=cos’ @

l-sin 8§ cos
3 ctosd  l+sm §

Perenue:

l—sin 8 cos 8 _1—3ﬁ12ﬁ_5032ﬁ_
cos 8 1+sinﬁ_ cos {1 +sin 8) -

? Kakue 3HaHUS MBI MMPUMCHAIN OJIA pCIICHUSA JaHHBIX BBIpa)KeHHﬁ?

BrinonHss  ympolleHue BBIPAKEHUH — HUCMOJIB30BAIM TPUTOHOMETPUYECKHE TOXKIECTBA U
(hopMYIIBI COKPAIIIEHHOTO YMHOXKEHHSL.

Jloka3zaTtb TOXIECTBO:
B gem oTnmume ToxkaectBa ot popmyibi?

ToxngectBo — PAaBCHCTBO JIBYX AHAJIUTHYCCKHUX BBIpa)KeHHfI, CHIpaBCUIMBbIX JJIA JIFOOBIX
JOIMTYCTUMBIX 3HAYCHHUI BXOJAIIMUX B HEI'O 6}’KB

(DOpMyJ'Ia — KOM6I/IHaHI/IH MAaTCMAaTHYCCKHUX 3HAKOB U 6YKB, BbIpa’karouias Kakoe-1100
MIpCIJIOKCHUC

1—sin® &
—  eirz=1
1. st cos &
1—sin * & cost &
—  ejrp=—  efpx=cigaeiga=1
Sl (XCOS & Sl T Cos
1=1

2. il Yo+ feost -cost =1

sin* @+ 2cos® @-cost = (sin Y+ cos? a:E)(sin 2 - cos? &')+2E052 G=sn’a&+coosta=1
1=1

cos' @—sint o 2
- +2igta = -
3. cost & cost &




4 -4 2 .
COS & — s & 2 COs " & — 85I~ & 2 2
- + 2ic 7@ = 5 +2igTa=1+ig @ = 5
Cos” & Cos " & COs " &

1 1

I:QS2 o IZIC?'S2 o

UYto HeoOX0AMMO IS YCIIEHUIHOTO BBIIIOJHEHUS TPpeoOpa3oBaHUi TPUTrOHOMETPUUECKUX
BbIpaYKEHUI1?

CBo0Oo1HOE BIIaZIeHHE TPUTOHOMETPUUECKUMU TOXKAECTBAMHU U (POPMyJIaMU COKPAILLIEHHOTO
YMHOKEHUSI.

Taso: sin d—cosx =06

Haiity: St &cos &

Pewrenne:

sin & —coscx= 0.6

[sin @& — cos &}2 = 06*

sin @y — 2sin &cosd+oos” @ =036
1- 2z @eoger =036

2ain oos =064

an Foosg =032

Pemenue ynpaxxHeHuii:

YnpocTtute BeIpakeHUE

1. 1-cos® 1-cos? o
7. 1-sin’ @
cos? r:¥+(1—sin2 .::E:]
2.

sin’ @+ cos’ atig'a

8
3 [l::os a:r—l) [1+ Cos .::E)
' sin &
cos® @ — |:1— 2sin’ .::E:I 0. lga
. S Y- Cos Y
sin & cosd-ciga—1 -
5. 10 cigoy

IZ(;"S2 &

6. cost @ —1



JlomailirHee 3ajaHue:

Yupocture BeIpazkeHue

fgd cigdi— cos @

2sin e

1—sin
T4t
COs

1 1

+
l+cosy l-cosa

cﬁgzﬁ[cosz ,.:5’—1)+1

tgh+1
1+ecigd

cost @ fgt (—clf) -1

1-tg(-a)
S Cos [—-::E)

IIpakTuyeckoe 3ansaTHe Ne9

Tema: Popmyisl npuBeacHUA. DOPMYIIBI CIIOKECHUS

Henab: Hayunts ncnonb3oBath (GOpMyIIbl IpUBEIECHUS IPU ITPe0Opa30BaHUN

TPUTOHOMETPUYECKUX BBIPAKCHHI

Teopernueckuii 06710k

- - g o [ g o u

u B I - -] - +

R - BT 8> | e3| =8| ¥ | §5

fs] = =1 1= 4% [ P B ':t‘.'!

1 rlr2] k2 | gz | kT |olea | elhe ] e | B

[

sin —sinajcosa| cos o | Sina | —sin ol—cos a|—cos ot —sin | sin a
1

cos c0s 2 5in o | — sin o|—cos a|—cos e | —sin sing| coseofrosao
|

tg —tgo|ctga |—clga|—tga tg o clgfxl—clurx —1gu!lga

i
clg —clgaltgo |—tga |—ctga| ctga tga | —tga |—clgajciga




DopMyJibl CJI0KEHUS

sm(cx+ﬁ)= sin & cos S+ cos@sin S,
sin (@& — 8) = sin @cos 8- cos @sin 8,
cos(a:+;5’)= cos&cos 8—sin asin 8,
cos(&—ﬁ): cos &cos 8+sm &smn S,

tga+igh Sl e tga—itgh

tgla+ 8)= . =
g( ﬁ) 1-itge tg8 g 1+ige-tg8

(B OCeAHNX ABYX Qopmymax & # A2+, G # A2+ y
cooTBeTcTBeHHo & T B #A[2+m, a- S#mf2+m, nel)y

ctge-cigh—-1 ciga-cigh+1
—————— cgla-g)=

ctgla+ 8)=
( ) ctgb+ ctgex ctgB—cige

(B mocneaHux IBYX opmynax Q#m, )6 Moy
cootserctenno & T )8 7, G- :67'ﬁ m, nel ).

[Tpumepsr:

sinl13m {2 ) sinm 1"_
3 = Sin 2T + 3 2

cos 13m (2 ) sinm 1

—— =0 M4+ —)=—=—
3 ® M 3 2
13m T T

th=tg(2 '2H+;)=fg;=ﬁ

13m S |
Cth—Ctg(Z 21 +—)_Ctg——ﬁ

TaHreHc ¥ KOTaHT€HC MOYKHO OBIJIO OBl BEIYKMCIHUTE M TaK:

131 sin(13n/3) _ V3.2 - V3, {:tg 13n I

i

€ =costmnar = L, T3

Vi’



sin (—1050°) = sin [360°+(—38) + 30°] = sin 30° =1/,,
cos (—1050°) = cos [360° - (—3) + 30°] =cos 30° = }/3 /2,

sin (—1050°) Y, -1
cos { — 1050°) Ve V3’

o cos(—1050°) V32
ctg (—1050°) = o —jgs05y =17, — = V3.

tg (—1050°) =

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° =
=¢0s (90° 4 30°) = — sin 30° = —1/,,

o Sin(—960°) V32
lg [_960 ] ~ Cos [___gﬁﬁﬂ:l = i, - '_I/S_l

ctg (—960°) = 1/tg (—960°) = —1/)/3.,

Pemenue ynpaxueHui

1. 3aMeHUTH 3HAYCHHSI TAHHBIX TPUTOHOMETPHUECKUX (QYHKINN 3HAUCHUSIMHU
TPUTOHOMETPUUYECKUX (QYHKIUN JOTIOTHUTENIbHBIX YIJIOB:

a) sin 54°, 6) sin (a/4—3a); B) cos 53°% r) cos (37/10); 1) tg 51°
e) ctg(n/4 —et/2); ) ctg 36°28746",

2. HaiiTy 3HaueHus ClIeAyIOIUX TPUTOHOMETPUUECKUX (DYHKIMM (MU BBIPA3UTh UX
Yyepe3 3HaUCHUsI TPUTOHOMETPUUECKUX (PYHKIUI OCTPBIX YIJIOB):

a) cos (2n/3); 6) sin 92°31"; B) ctg (5m/4); r) tg 3305
3. BelunciuTh:

a) Jsin (7/2)4 cos (2n/3)+6 sin (13n/6);
6) 2tg ISD"'-—-% sin (— 270°) + i,} cos 180°,

4. 3HaueHUsI TaHHBIX TPUTOHOMETPUUYECKUX (DYHKUNN MPUBECTU K 3HAUCHUAM
TPUTOHOMETPUUYECKUX (YHKIUNA HEOTPULIATEIbHBIX OCTPBIX YIJIOB:

a) cos {321;3]; ﬁ-}"s»in 2760°; B}- tg (—1845°%); r) -ctg 2209°,
5. JlokazaTh TOXAECTBO
3 [sin? (31/2 —a) +-sin® (3n -t a)]— 2 [sin® (/2 -} &)+ sin® (Sn—a))=1.

[TpeoOpa3yiiTe BhIpaKEHHE
a) coS(T/4 - @); 6)sin(e + w/4) . p) coS(T/4+ @); r)sin(e — m/4)
n) ta@Gn/2- @) ; e)sin(g —7/6) -



2. Berunciure:

aycos[105] To;  &)sin [1051 ‘0, pycos [75] To;  r)sin [751 ‘o

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

3. VYmopocrure:

a)v‘z sin(m/4 + o) — cosa; 6)\"2 sin{a — w/4) - sina; B)2 sin(m/3 — a)- V3 sina

, S 4
sint =—= cosf=—,auff —vyrawtl o
4.a) 3Has, 4TO 17, 5 YETBEPTH, HAWJIUTE 3HAYEHUS

BBIPpAXKCHUA

a8
sind =— cosf=—.anuff —vrae [ .
0) 3Has, 9To 17, k 5 B =3 YETBEPTH, HAUJUTE 3HAYEHUS

BBIPpAXCHUA

, 3 4
sint =—= cosf=—,aunff —yrawl o
B) 3Has, 4TO 17, 5 YETBEPTH, HANAUTE 3HAUCHUS

BBIPpAXCHUA

JomarmHee 3amanue:

1.3amenuTe TpUrOHOMETPUUYECKON (DYHKIIUEH yriia o

T
a)Sm (E ) ﬂ); 6)cos(am — a)k; rg T+ “) r) ctg(90°
2. Haiinute 3Hau€HHUE BBIPAKECHUS,
45T
a)sin 240" : 6)cos 300°; B) tg(-225"); r) ctg -

3. [IpeoOpasyiiTe BeIpaKeHHE:

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

4. IIpeobpa3yiiTe BeIpaKeHHE
a) t9(27 — @) 6)sin(T/3 - @)

5. Beruuciure:

a)tg L1531 To 6)cos [151 To

- )



6. Ympocrure:

3cosa - 2 cos (cr — g)

, 3 4
sint =— cosf=—,aunff —yrawl o
7. 3Has1, 4TO 17, 5 YETBEPTH, HAWJIUTE 3HAYEHUS

BbIPpAXKCHUA

I[IpakTnueckoe 3ansiTue NelQ

Tema: @opmyibl ABOMHOrO aprymeHTa. @opMyiibl IOJIOBUHHOIO yria

Henanb: HayunTs ncnosis3oBath (OpMysbl JBOHHOIO apryMeHTa pH NpeoOpa3oBaHUU
TPUTOHOMETPUYECKUX BBIPAKECHHUN

Teopernueckuii 6110k

sin 2x = 2 sin X cos X
€OS 2X = c0s? X — sin® X
cos2x=1-2sin?x

2tg X
tg 2x =
1—tg? x

Lo 1—cosa o 1+cosc
g1t —=i,.||— cos—=i\{—
2 2 2 2
& l-cosa sl & l-cosa

fg—:i = = -
2 l4cosa l4cosa sifn &
& 1+cos s o l4+cosa
ctg—=1% = =
2 l—cos  l—cosg SN o

prOCTI/ITB BBIPAXKCHUC!

1) cos 2x = cos? X — sin® X.
31ech MpescTaBisieM 2x B BUJE X + X U IPUMEHsIeM (pOpMyITy KOCHHYCA CI0XKEHHUS apTyMEHTOB:

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



2) cos 2x =1 -2 sin? x.

371ech MBI IPOCTO MPOJIOIIKHM IIPE0OPA30BBIBATH MIPEABLIYILYIO (GOPMYITY.

Hcronp3yeM IS 3TOT0 OCHOBHOE TPUTOHOMETPHUECKOE TOKIECTBO cos2X + Sin?x = 1.

U3 9TOTO TOXKIECTBA CIEAYET, uTo cos2X = 1 — Sin?X. MTak, BRIMMIIEM NpeasLIynLyio GopMyiy,
BCTaBUM 3HAUYCHHUC COSZX, CBCICM HOHO6HI)I€ YWICHBI U IMOJTYUYUM PE3YJIbTAT:

COS2X = C0s? X —sin?x =1 —sin?x —sin?x =1 —2sin% x.

2tg X
3)tg 2x =
1-1tg%x

Crioco0oB, Kak IPUUTH K TAKOMY TOKJIECTBY, /1Ba.

[TepBeiit crioco0. 31ech HaM MOMOXKET (OopMyJia TAHTEHCA CIIOKEHUSI apTyMeHTOB. [[71s1 3TOTO
npencTaBuM tg 2X B Buze tg (X + x). Urak:

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

Bropoii cnoco6. On croxxnee. CHavana npuMeHseM (GopMylibl CHHYca U KOCHHYCA CIOKEHUS
apryMeHTOB:

sin (X + x) Sin X coS x + €0S X Sin x
tg2x=tg(x +x) = =
cos (x + x) COS X COS x — Sin X Sin x

Tenepb, YTOOBI YIIPOCTUTH BBIPAXKECHHUE, ACIIMM BCE €r0 4aCcTH Ha COS X COS X, COKpalaeM
HOI[O6HBI€ YICHBI U IIPUXOJUM K PEHICHUIO!

sin X eesx €05% Sin x 2 sin x
+
€0S-% CO0S x €0S% CO0S x 2 COS x 21tg X
€OS%-£05X% sin x sin x sin? x 1-tg?x
— 1-—
€0SX%€0S%  COS X COS X cos? X
ITPUMEYAHUE:

HpI/I pCeUICHNN KOHKPETHBIX 3a4a4 BAaXXHO IIOMHUTH, YTO 3aJla4a MMECT CMBICHI JIMIIbL B TOM
cJIydac, €CJIM B IIPOLECCCC PCIICHUS 3HAMCHATECIN HUT'IC HEC OKA3bIBAOTCSA paABHBI HYIIHO.

Tenepb JJId HArJIAAHOCTU pCHIUM HECKOJIbKO IPUMEPOB IO TEMC.

IIpumep 1. YIpocTuTh BeIpakeHUE:



sin 20

sin a,
Pemenue:
sin 2a. 2 sine cos a
= = 2cosa
sin o si-e

Hpumep 2. [lycrs tg o =3/4 n 180° <a <270°.
Haiitu sin 2a.
Pemrenue.

B nepByto ouepenn, oTMEUaeM, 4TO Yrojl HaXOAUTCS B TPEThEH 4eTBepTH. 3HAUUT, CHHYC OyIeT
CO 3HaKOM MHHYC.

1) 3Hadyenwe cUHYca MBI MOTJIN GBI HaliTH uepe3 Gopmyny 1 + ctg? o =
in2
SIin“ a

3Ha4yuT, HaM HAJI0 CHaYyaJia BEIYMCIIUTh 3HAUEHUE KOTaHTeHca. Mbl 3Haem, uro tg o - ctg o = 1.
CrenoBaTenbHO:

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

2) Tenepb Haxo0AUM 3HAYCHHUE CHHYCA!

1 1 1 1 9
sin® o = = = = =
1+ ctg® a 1+ (4/3)2 1+16/9 25/9 25
3
sing=———
5

3) Mel 3HaeM, 4To sin 20, = 2 sin o cos 0. 3HAYUT, HAXOJUM elie KocuHyc (1o popmyre COS? o +
sin? o = 1). IIpu 2TOM ONATH HE 3a0BIBAEM, UTO YTOJ — B TPEThEH YETBEPTH M KOCHHYC JIOIIKEH
OBITh CO 3HaKOM MUHYC. MTak:



9 16
cosfa=1-sinfg =1-——— = —
25 25

coso=———

4) OcTanock NPUMEHHUTH (POPMYITY TBOMHOTO yrJa:

3 4 2-3-4 24
sin20=2 - (— ) (- ) = = = 0,96.
5 5 5.5 25

[Ipumep 3: Berancnuth

T T

cos? — —sin® —
8 8

Pemienue.

DTO BBIPAKEHHE COOTBETCTBYET MPABOM yacTu (HOpMYibl KOCHHYCA JBOWHOTO
apryMenTa (cos 2X = C0S? X — $in? X). 3HaunT, MPOCTO MPUPABHSIEM €ro K JIeBoif yacTH. J{s
3TOTO 3aMeyaeM, uTo

T
X = —

8

Octaercs BBecTH B (POPMYILY 3TO 3HAYEHHUE X U PELUIUTH YpaBHEHHE:

T T T 271 T \2
cos? — sin? =cos2+-——=C0S—— = COS—— = ——,
8 8 8 8 4 2
YnpaxxHeHus:
Beruuciure:
T W T T 2
cﬂsz——smz—=cas(z-—)=cas—=—.
1) 38 8 8 4 2
. I m 1 LT [ 1 T 1 ™ 11
sm—-ms—=—(23m—cas—)=—sm(2-—)=—sm—=—-—=
2) 12 12 2 12 12 2 12 2 6 2 2
T
98 __, (zﬂ) tgr =1
1l I\V08/ T T
3) 8
3 am
COSx = —, IE(?;ZTE).

2. laHo:



CoS2x, Sin2x.

Haiitu: a) 0)
Pemenue:
a)
s 5 9 16
sin“x=1—cos“x=1——=—,
25 25
) 4
SInx = ——,
5
37
X €E (—T; 2?’[)
YuuteiBasi, 4T 2 , TO
5 » 9 16 7
COS2X = OS" X — S x=———=——.
25 25 25
7
cos2xy = ——.
OrtBeT; 25
0)
] ) 4 24
sSin2x =2sinxcosx =2 -|——)-—= ——.
5/ 5§ 25
Sin2x = — 2—?
OTBeT: 25
prOCTI/ITe Bpra)KCHI/IeZ
cozall”
6) cosdl® +sm 40%
cos36 +ain t 18
r) cos 187
Penrenwue.
cosB0°  _ cos” 407 —sin * 40° _ lcos 40 +sin 407 lcos40® — sin 40° ) _
cogd0” + an 407 cog40° + s 407 cosd0% + ain 407

6) = cos 407 —zm 40°
Otger: £o840% —zn 40°

cos 367 +sin* 18 _ cos®18° —sin P 18° +5in * 187 _ cos® 18°

r) cos1d” cosla® cosli

=cosli®

Otser: tos 187

3]

o a0 T
—|cos— +sih —
Brrauciure 2 8 8

Pemenue.




m‘ﬁ I T : «JE ;T b
— —|cos—+sn — = —cos® ——Zcos—sm ——sn T — =
8 ] 2 2 2
A2 T N B T M2 oo
= — —-Zgogs—san ——|cos® —+an* —| = — —Zcos—an ——1 = ——sn — -1
2 3 ] 2 2 2 ] 2 4
B
2 2
Ortser: -1.
TecTtupoBanue
Bapuanm 1 Bapuanm 2
Buviuucnume: Buvruucnume:
Leos? Z-sin? L _Zely
12 12 1= 2?15
31 ! 43 B . B
h—. 2= 3-= $H-— nl, 23—, - A =3
)2 )2 ) 5 ) > ) )3 3 5 =l
} 2;‘2750 2 cosz Esjn 7
12275 -1 6 6
3 NE] NCEE 1 A3
01 = -_= 4 -3 ==, 2i-; =8 AN
I, )3, 3 5 =<8 )4 )2 3 > )2
2
3.[cos£—sm£] 3.cos43—ﬂ—sin43—ﬂ
] H 3
1 1 1 1 2 1 2 1
S2-A2) D= P2 - - p-22 ;o p-dE g2
D@2y 25 Dpl2-2l 45 )= Do D A5
. o 4 Hatidume tgde, ecnu fg2a =04
4 Hafidume gc, ecnu f.gE = 7 : 20
OL 2o 308 4)—
pl ool 3l H~E 2 21
2 16 15 17

6. IIpoBepka, anaau3 oMIMOOK

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




YIIPARHEHUSA

1. Y1rpocTure:

sin2a sin2a sin2a
> > —_— ¢ B -
) sino 6) 2coso. ’ B) oo —sin’o’ ) cosZo + sin?oy
) sin 40" ) sin 100° ) c0s36° + sin’18° sino.
A 2cos 20°’ 2cos 50° 7 E cos?lg’ °? 3) TR

2. [ToxaxuTe TOMKIECTBA:

a) 2sin(90° — o) - sino = sin2¢; 6) (sino + cosa)? = 1 + sin20 .
3. Berumenure:

. 4 3n
a) sin2a, ecim cosOL =+ U — < O <2m;

5 2
0) cos 20, ecau coso. = —0,2 u g< o <m;
_3 3n
B)tg2a,ecm4tgoc—4 T <0< 5.
4. YNpoCTUTE BbIpAXKEHHE:
sin o coS )
a4) —————o B) gt R cn
2 cos®Z " cos 9+sin9
2 2 2
6 sin 4P . ) cos 20— sin 20
) cos 2f8° cos 4a.
5. Hafipure 3nauyenus sino, coso U {g o, ecad HU3BECTHO, YTO

- 09
sing =gy ¥ O<o<m. .



6. YIIDOCTUTE BhIPAXKEHHUE!
) sin 20— 2 sin o
cos o — 1 ?

B) sin 2o ctg o—1;

cos 20,— cos > o
0)

; r) (ctg a+tg o) sin 20.

1 —cos’a
7. ¥Ynipocrure:
sin 23

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

8. Boiunciiure:

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

6)85m§cos-g, )_1)4005 4 sin® 8*
. - 7

B) sin 105° cos 105°; e) cos” %t —sin” 172t

9. Yripocture:

21tg5° 4tg 15° tg 75°

&) =i B T B ==,
1-tg?5 1-tg? 15 I —tg” 75

10. prOCTHTe BbIPAXKEHHUE:
T— O 3
a) 4 sin 5 g sin —5—sin| 5 oc);
2+ o 2n
6) 4 cos + cos pogl e

4 2

11. JIoKaxkurte TOXaecTRO
: 2Rk @
I +sin o =2 cos (4 2).

12. YIIPOCTHTE BbIpAXKEHHUE:
1 +cos 2¢
l1—cos 2¢°

13. CylieCTByeT /4 TaKo#l yrosi X, OpH KOTOPOM

) _3
sinx cosx=z P



IIpakTnueckoe 3ansirue Nell

Tema: IIpeoOpazoBanre CyMMbI TPUTOHOMETPUYECKUX (DYHKIUI B POU3BEICHUE U
IIPOU3BENICHUS B CYMMY

Heas: HayauTs ucnons30BaTh JaHHBIE (GOPMYIIBI IPU IPeoOpa3oBaHUM TPUTOHOMETPUUYECKIX
BBIpAXKEHUN

Teopernueckuii 610k

CymMma cuHyCcOB

: : . zty  x—y
sinx 4 siny = 2sin COS
2 2
Pa3Hocth cuHycOB
. . . r—=Yy xty
ST — sy = 2sin cOs
2 2
CymMMa KOCHHYCOB
Tty r—1y
cosT -+ cosy = 2cos COS
2 2
Pa3zHocTh KOCHHYCOB
L Tty L -y
COST — cosy = —2s8In s
2 2

CyMMa TaHI€HCOB

sin(z + y)

tgr +tgy= ——
gr gy COST COSY.

PasHocTh TaHreHCOB

sin(z — y)

tgr —tgy= ——
5 Y COST COSY

CYMMa KOTaHI'CHCOB

sin(z + y)

ctgx + ctgy = sin rsiny

Pa3HOCTH KOTAaHT€HCOB

sin{x — y)

ctgr —ctgy = ———
& & sinxsiny

CYMME[ TaHIr€¢HCa U KOTaHI'€HCa



cos(x — y)

tgxr + ctgy =

SInYy cosT

Pa3HocTh TaHreHca 1 KOTaHT'eHca

cos(x + y)
tgr — ctgyy = ————
& &Y Sy cosT
1
cosa - cos [f = a[cur{n — A) + cos(a + 7))
: : 1
sin o - sin J = 5 (cos(av — 3) — cos(a + [3))
1
siney - cos [ = E(Hirl[ﬂ + 4) + sin(a — [4))
IMpumep. Jloka3ate, YTO TaHTE€HCHl YrIoB o =/="/,+nm u P =/="/,+ nn paBHBI

TOrJJa U TOJIBKO TOrJa, KOrJa 3TH YIJIbI Pa3HATCA Ha YroJ, KpaTHI)II\/'I TC.

ITycth o u B pa3usaTcs Ha yroi, KpaTHBIN ; Toraa o = [ + nm, rae N — HEKOTOpOoe 1Ieloe
yucao. Ho B Takom citydae

tg a =tg (B + nm) =tg B.
O6patHo, ycTthb tg o = tg B. Torma tg o — tg B = 0 u mo popmyie (2)

sin (e — B) —0

cos o » cos P o

Ho 310 BO3MOKHO HIIb 1pHu yciaoBuu, 4to sin (oo — B) = 0. Kak uzBecTHo, cuHyc
oOparmraercsi B HyJIb JIMIIb JUIS YIIIOB, KpaTHBIX 7. [ToaTomy

o — B = nm,
a= P +nm,
4TO U TpeOOBAJIOCH 10KA3aTh.
Ynpaoicnenusa
1. BeluncnauTh, He MOJIb3yACh TPUTOHOMETPUYECKHMHU TaOIuLIaMu:
a). tg 22°30' + tg 67°30'. B). tg "2 + tg *"1a.

6). tg 22°30' —tg 67°30' ). tg !y, — tg o,



2. YIpOCTUTH BBIpaKCHUE

tgo+ g B
tgo—1tgp

3. JlaHHBIE BRIpOXECHHS IPEICTABUTH B BHJIE TIPOU3BEICHHIA:
a)\/3—tga; 0) 1 +tga.

4. Haiitu ycnoBue, Mpu KOTOPOM KOTAHTEHCHI YTJIOB O U [} paBHBI MEXKIy COOOM.

YnpaxxHeHus:

[IpeobpazoBaTh B CyMMBI CIEIYIOIINE TPOU3BEICHHUS.

1. 1) cos 15°«cos 5°; 2) 2 cos 18° « cos 66°;
3) 2 cos ™/g * cos /s; 4) 2 cos (a+ b)*cos(a—b);
5)2cosxecos(x+1); 6)cos(a—"s) e cos (%2 +s).

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

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

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

4. Ilonb3ysice popmynamu npeodpa3oBaHMs MPOU3BEACHUN TPUTOHOMETPUUECKUX
(GyHKIUH B CyMMY, 0Ka3aTh TOX/IECTBA:

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

5. [IpeoOpazoBaTh B CyMMbl TPUTOHOMETPUYECKUX GYyHKIUH -1 cTenenu
CJIEIYIOLIHE TPOU3BEACHNUSA

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

6. [Tonp3ysch TabnMIIAMK, HAUTHU YUCIIOBbIE 3HAYEHUS BBIPAXKEHUM:
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. YIIpOCTUTH BBIPAKEHUS.
1) 2 sin 10° * sin 40° + cos 50°; 2) 2 cos 20° » cos 40° — cos 20°.
8.1)sina e (1+2cos2a);2)2C0Sa-*cos 20— COS 3a.

9. 1) sin 2a. + 2 sin (°*12 — a) * cos ( °12 + a);
2) cos2a + 2sin (a + ™/g) * sin (o — /).

JlokaszaTh TOXIECTBA.

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

11. 1) 4 cos %/ * cos o * sin 3%/, = sin o + sin 20 + sin 3a;
2) 4 cos 2a ¢ cos (*/2 +30°) » cos (“/— 30°) = cos a + cos 2a + cos 3a.

12. 1) 4 cos %/, » cos a * sin >*/, = sin a + sin 20 + sin 3o + sin 4a;
2) 4 cos %/, * cos a * cos °*/2 = €OS o, + COS 20, + COS 30 + COS 4a.

13. 1) sin 20° « sin 40° « sin 60° * sin 80° = 3/44;
2) tg 20° « tg 40° » tg 60° » tg 80° = 3.

14. Tano: tg oo = 2 tg B . Jokazats: Sin (o + B) = 3 sin (o« — P).
JlomaliHee 3a1aHue:

[Ipeo6Gpa3oBaTh B CyMMBI CIEAYIOLINE TPOU3BEACHHUS.

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

2.1) 8 cos 1°*cos2° ¢ cos4®+cos8° 2)4sin Aesin2A *sin3A sin 4A.
YIIpOCTUTH BBIPAXKEHUS.

12. 1) sin? a.— sin (o + */3) * sin (o — ™/3).
2) cos? o.— c0s(30° + a) * cos(30° — a).

13. 1) cos 2a. * cos? oo — /4 cos 4a.— Y/, cos 20;
2) cos? 3 + c0s?1 — cos 4 ¢ cos 2.



IIpakTnyeckoe 3ansaTHe Nel2

Tema: ®opMysIbl TOHMKEHHS CTEIEHH
Heas: HayauTs Bcnons30BaTh JaHHBIE (POPMYIIBI IPU TPeoOpa3oBaHUM TPUTOHOMETPUYECKIX
BBIpAKEHUN

Teopernueckuii 610k

) 1 - cos2x
sin?2x = ———
2
1+ cos2x
COSX = ————
2
1 - cos2x
tglx = ————
1+ cos2x
1+ cos2x
ctg’x = ———
1 - cos2x
X 1 - cosx
sin?— = ———
2
X 1+ cosx
cogt— = ———
2
X 1 - cosx
tg?— = ———
2 1+ cosx
X 1+ cosx
ctg?— = ———
2 1 - cosx



YupaxHenus:

1. loxa3ats:
[ Sinda
ig—=—"—
2 1+ cosa
Jloka3arenbCTBO:
. . a . a _ _
I sin E 2sn E 2sin E cos E ST ST
fg —_— = . = = = .
2 cosZ 2c0s2 2c0s2 2 o.1=cosa 1+ cosa
2 2 2 2
cosg = 0.
2. Jloka3ars:
a 1-—cosa
g -=———
2 sina
Jloka3arenbCcTBO:
. . . o O 1— cosa
a Sins 28sin—+ 2sin? = 2-—————— 1-—rcosa
tg - = % ' (% = a : = 2 - -
2 cos= 2sin= 2sin—=cos— sina sina
2 2 2 2
cos= =0 sin= =0
Ananus: kpome 2 noOaBisieTcst 2 , uto cyxaet O/13.
12
oS = ——
13
3m
< a<—.
3. laHo: 2
Haiitn:
N o . [ . a
Sin—, cos—, —, ctg—.
2 2 g 2 g 2
AHanu3 ycioBuA: YTOJ 3a/1aH OJIHO3HAYHO, CM. puc. 1.
v/k
a
* i -3
ra
X
Pﬂ
;
2
Puc. 1.
VYkazanue: Bce PyHKIIMU TOJOBUHHOTO apTyMEHTa MOKHO BBIYHCIISAThH Yepe3 KOCHHYC MOITHOTO
apryMeHTa.
Pemenue:
12
., l+cosa 1—33 1
sin® —= = =—

1) 2 2 2 26’



T a _3n
3m
m<a<y 557<%
2,10 , T.€. YrOoJI BTOPO# YETBEPTH, I'/Ie CUHYC BEIMYHHA

ITOJIOKHUTCIIbHA.
., o 5
SiIN—=—
OrtBerT: 1"126.
12
a 1+ cosa 1-— 13
cos— = = = —
2) 2 2 2 2

(24

Brime IIoKa3ajiv, 4TO 2 HaxoauTcCs BO BTOpOI\/’I YCTBECPTH, I'I€ €TO KOCUHYC BCIIMUMHA
OoTpUuLaTCIIbHAA.

CUSE - — L
OrTBer: ""ffE.
[IpoBepka:
a a 5 \2 1 42
sin? E+ cos? 5= 1(@) + (— E) =1,
1=1.
Sin E 5
2 cas% _ 1
Z=_5,
OTtBeT 2
. o 1 1
ctg—=—7= —=
2 ta= 5
4) 92 .
ctg==—<
OtBerT: g : 3,
4. TMato: sina = 0,2.
sin? (Z=%).
Haittu: (‘1' 2)
Pemienue:
T
5 (?r a) 1 _CGS(E"'“) 1+sine 1+02 1,2 06
sin“|——=) = — — _ ~ 0,
4 2 2 2 2 2
0,6.

OtBerT:



IIpakTnueckoe 3ansaTne Nel3

Tema: BrinonHeHue ynpakHeHUH Ha TPUMEHEHHE U3yYeHHBIX (POpMYIT
Heasn: [IpoBepuTh ypOBEHD YCBOCHUS MOJTYYEHHBIX 3HAHUN

|-Bapuanm
1. Beruucaure:

1.tg®45-cos30-ctg?30
2.tg*30 + 2sin 60 —tg45 + cos® 30

2. Ynpocture BbIpa:keHue:
fga - ctga

1._—2
1-sin“«a

2

————tg’a+sin’a
cos’ o

sin?a

'1-cosa
3. Beruuciamure:
1.cos34c0s56 —sin 34sin 56
2.5in 14.cos 346 + sin 346cos14
4. Coxkparute apoodb:

sin 40
1.—

sin 20

cos80
€05 40 +sin 40

—COS«

Il — Bapuanm
Broiuuciunre:

1.ctg?45-sin 30 - cos 30
2.ctg* 45+ c0s60 —sin ? 60+%ctg260

YupocTure BhIpakeHue:
1 1-cos’ a
tga - ctgo

1
‘sina
sin? a
1-cosa
Boruuciure:
1.cos53cos37 —sin 53sin 37
2.sin 13c0s17 +sin 17 cos13

4. CoxkparuTe Apoodb:
1 sin 100

" sin 50
5 cos36+sin 218
' cos18

2

—ctg®a —cos’ a

+sin




IIpakTnueckas padora Ne 14
Tema: ApkcuHyc, apKKOCUHYC, apKKOTAaHI€HC
Henanb: Hayunts BHIYMCIATH APKCUHYC, APKKOCHHYC, aPKKOTAaHI'€HC

y=$illx
/ —_

X = arcsin a, roe —1<a<l1

2|

N
arcsina |......0
Nlj 1
v

Ornpenenenue:

2| A
2 | A

arcsina=b[- & ; & ]
sinb=a

sin (arcsina) = a

1T arcsin (-a) = - arcsin a

oo
i =
1
'
1
'
'

v

LA cos X = a ua [0;m]

ACCOS 3
N2

X = arccos a, rae —1<a<l

Omnpenenenue: arccosa=b cosb =a

cos(arccos) = a

arccos(-a) = p — arccos a

y=tgx

il
tg=amna(-2 ; 2)

2 | A

L

v

aiclgaf----------

X = arctg a, rae a — moboe.

xR

N3
o

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

tg (arctga) =a



arctg (-a) =- arctg a

3anganue:
Brrunciauts:
l.arcsin 1; arccos(-i);arctg”‘ﬁ;arcsin(- 2,

1 X X X 1 X
2.arccos (-i):n- 3-23 ) T. K. cos23 =-2 HZET[O;D]

" " "
3arctg"‘~"{§—3TKtE ”‘~'r EE)
J’i £2 T T £2 ¥ =R

4arcsin(- 2)=-arcsin 2 = -4 T. K. Sin(- E) =-2y -ET[-E;E]

1
5.a) arcsin(- 2);

2
6) 2 arccos 2

1
B) 3 arctg 3

A3
r) arcsin 0 + arccos 2
1 1 1

1) sin (arcsin 2 ) + cos(arccos3 ) — tg(arctg € )
6)I1pu KakuX 3HAYECHHUSIX X UMEIOT CMBICIT BBIPAXKCHHUS :

x
a) arcsin( 3 );
0) arccos 4x
B) arctg(2x-1)
7) YUto Gosblie:

1
a) arcsin 2w arcsin 0,82

1 a

6) arccos(- 2 ) muu arccos 2
8) Beruuciure:

a) arcsin(-1) - arctg ”"E



2

arccos (- 2)

IIpakTnueckas padora Ne 15
Tema: Pemenue ynpaxHeHuU.
Hean: [IpoBeputh ypoBeHb YCBOCHUS JAHHOM TEMBI Y yJalllUXCs

Pemrenne ynpaxHeHH:

1. Pemnte ypaBHEHUs
a)tgx+1=0;

0) cosx+2=0;

B)sinx + 0,7 =0;

r)2cos X+ ”"E =0;

) ctgx+1=0;
CamocTtosTenpHas paboTa
1 BapuaHT [}‘T ] ]
Pemnre ypaBHeHus: ekl
1. 2cosx—1=0; 7-”@@ 5
2.”‘Ectgx—1:0' 1—2c0522x=£
) 8' 2 ;
3.25inx+"‘~"§:0; x «,-@
in2 _ =0
4. ctg x-1,5=0. 9. (sin 1)(ctg x + )=0;
cos[x+f]—1=0 45ﬁ1[3x-£]+w@=0
5. < 10 - .
N Fi
st [——x] =10
6. \?
2 BapUaHT [f —x] _ 2
Pemure ypaBHeHus: 7 u@ ctg 3 :
: 1
i _f: . sin L eost = -
1.2 sinx 0; 8 1°9%7 7.
2. ”‘Etgx—lz 0; ﬁ
) 9. (1 + cos 2x)(tg x — )=0;
3.sinx-3=0;
x
4.cos x—0,4=0; doos| =+ Z|+A12 =0
10 2 6
r ;?'T‘ .
sin|x——|+1=10
5 . 31 :
f ﬂ_‘l
cos| x——=| =0
& .




IIpakTnueckoe 3ansTue Ne 16

Tema: KonrponsHas padora
Hean: [IpoBeputs ypoBeHb yCBOCHUS MaTepHaiia 1o teme: «OCHOBBI TPUTOHOMETPUIY
1 BapuaHT

1. Beraucnuts: a) cos 780°;

0) sin 13—”;
6

. T
B)SINo,ecnmucOSa = —— u 7<a<—,
13 2

a
r) cOS E,ecnnCOSa=O,28M0<a<n;

sin 75° +sin 45°
sin 285° ’
e) 16 cos X Cos 2x cos 4x cos 8X, ecnu x =

sina  cos’a

cosa Sha

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

B) %sin (540° + B) sin (B + 810°):

, €CIin Sin @ — CoS & =

X

r) sin 3o €os 2a. + sin 2a c0s 3o —C0S (21 — a);
2 sin(—a) + cos(7z + )

1+2 cos(;[ - aj cos(—a)

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

T
3. Pemuth ypaBHeHwue: a) €0S (1 + X) = sin E;

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

1-sin o cos«&

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

1-2cos’ a
B —_—

- =g a—-cClg «.
SIN a COS &
2 BapuaHT
1. Beraucnuts: a) sin 780°;
0) cos 13—”;
6

i T
B)COSOL,CCHI/ISIHOL:—E u 7z<a<7;

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



sin 70° +sin 20°
cos 205°

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

1)

4sin 2a +5c0s 2a

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

5) %sin (405° + B) cos (B + 765°);

ecnu Clg o = 1
3

r) Sin 4o cos 3a. + sin 3a €os 4a. —sin (67 — a);

sin (3; + aj +sin( 27 + )
A 2cos(—a)sin( —a) +1
sin 2a
1+cos2a

k) 4 sin 15° cos 15° sin 100°.
3. Pemuth ypaBuenwue: a) Sin (1 + X) = C0S (— %j X

0) cos 4x sin 3x + sin 4x cos 3x = 1.
sina  1+cosa .
l1-cosa  sina
0) (tg o + ctg a)(1 — cos 4a) = 4 sin 2a,;

4. Jloka3aTh TOXKJIECTBO: a)

B) ——————— =SinaCoS«x .
tg a+Ctg o

IIpakTnyeckoe 3ansitue Ne 17

Tema: IIpomexyTku Bo3pacTaHus U yObIBaHUS, HAMOOJbIIIEE U HAMMEHbILIEE 3HAYCHHUSI, TOUKH
JKCTpEMymMa

Henab: Hayunts HaxouTh Bo3pacTanue U yObIBaHUE (QYHKIIMH, a TAKXKE OMPEIENSTh
AKCTPEMYMBI PYHKIIUU

Teopernueckuii 610K

MoHnoToHHOCTb (pyHKIMU. TOUKM SKCTpeMyMa U SKCTpeMyMBbl (PyHKIUU

PaccMOTpUM HEKOTOPYIO GYHKIHIO » J(x) . YIIpOIIEHHO IT0JIaraeM, 4YTo OHa HEIPEPhIBHA HA
BCEU YMCIOBOM MPAMON:


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

qDYHKHI/ISI BO3pacTaeT Ha UHTCPBAJIC, CCIIN JIA JIFOOBIX JBYX TOYCK 3TOI'O MHTEpBaJia, CBA3aHHBIX

OTHOIITEHHEM *2 ~ *1, crpaBeIHBO HEPABEHCTBO JO) = 700 1 €CTb, OOJIbIIEMY 3HAUECHHUIO

apryMeHTa COOTBETCTBYET OoJIblliee 3HaUYeHNEe PYHKINHU, U e€ rpaduK UIET «CHU3Y BBEPX).
JleMoHCTpaIoHHas (GyHKIHs » S pacTéT Ha UHTepBaie (a b).
AmnanorudHo, QyHkuus yObIBaeT Ha HHTEPBAJIE, €CIIU IS JHOOBIX IBYX TOUEK JaHHOTO

o :3'1'1

1) < flx
WHTEpBaJa, TAKUX, YTO , CTIpaBEJINBO HEPABEHCTBO JR) <7 1o €CTb, OOJIbIIEMY

3HAYEHUIO apr'yMEHTa COOTBETCTBYET MEHbIIIee 3HaueHHe PyHKIUH, U e€ rpaduK UAET «CBEPXY

BHm3». Hamma gynxrms » ~ Jix) yOBIBaeT Ha MHTEPBAJIaX (—ooa), (& +o0) :

Ecnu ¢ynxus Bo3pactaer win yObIBaeT Ha MHTEPBAJIE, TO €€ Ha3bIBAlIOT CTPOTO

MOHOTOHHOI1 Ha TaHHOM HMHTepBasie. Takke MOKHO OINPEIEIUTh HeyObIBAIOLIY IO () YHKITHIO
N >

(cMmsruéHHOE yCIoBHE JR)270q) g MIEPBOM OTpECNICHNH ) U HEBO3PACTAIIYI0 (YHKIIHUIO

; =
(cMAry€HHOE ycioBue J5) 2700 5o 2-0m omnpenenenun). HeyObiBaromyro uiam
HEBO3pPACTAIONIYI0 (QYHKIMIO Ha HHTEpPBaJIe Ha3bIBAIOT MOHOTOHHOW (DyHKIIMEH Ha JaHHOM
UHTEpBAJIE .

OKpecTHOCTh TOUKH.

Oxpecmnocmbio moyky Ha3bIBAIOT UHTEPBAJ, KOTOPBIM CONEPKUT JaHHYIO TOUKY, IIPU 3TOM JUIs
ya00CTBa MHTEPBAJ YacTo MOJIaraloT CMMMeTpuyHbIM. Hanpumep, Touka = ¢ u eé

CTaHJapTHasA g OKPCCTHOCTL:



a—éN\a+5 >
a X

X . ..
Touxa " Ha3pIBaeTCS TOUKOI CTPOrOro MAaKCHMYMa, €CII Cyujecmeyem eé g

. o o X
OKPCCTHOCTD, AJIsl BCE€X 3HAYCHUU x KOTOPOH 3a UCKIITFOYCHUCM CaMOU TOYKH 0 BBITIIOJIHCHO
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HEPaBEHCTBO . B HalleM KOHKPETHOM HpHMepe 3T0 TouKa ¥ .
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OKpPECTHOCTD, AJIsl BCE€X 3HAYCHUU x KOTOPOH 3a UCKITFOYCHUEM CaMOU TOYKH 0 BBITIOJTHCHO
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HCPaBCHCTBO . Ha YCPTEIKE — TOUKA «a».
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Toukn Ha3bIBAIOT TOYKAMHM CTPOI'o IKCTpEMyYMaA NI NIPOCTO TOYKAMHU IKCTPpEMYyMa

¢byskun. To ectb 3T0 00001IEHHBI TEPMUH TOYEK MAaKCUMyMa U TOYEK MUHUMYMa.

Touka “® Ha3pIBAETCA TOUKOM MAKCHMYMA, €CIIH Cyuyecmeyen e& OKPECTHOCTb, TAKAs, UTo ISk
. . =
BCeX 3HAYCHUH * JaHHOW OKPECTHOCTH BBITIOJTHEHO HEPABEHCTBO F= (5,

X . .
Touka *? Ha3pIBaCTCS TOUKOM MHUHHMYMaA, €CIIU cyujecmeayen €€ OKPECTHOCTD, TaKasl, YTOAJIH

flxz fx)

BCeX 3HaUCHHWI * TAaHHON OKPECTHOCTH BBHITIOJHEHO HEPABEHCTBO :

— 3Ha4YeHHE I Ha3bIBAIOT MAKCMMYMOM (DYHKIIUU;

_ snavenne ¥ @ waspmaior MHHUMYMOM (YHKIINH.
OO6miee Ha3BaHKE — IKCTPEMYMBI (DYHKIIUH.

Touku IKCTPpEMYyMaA — 3TO «KUKCOBBIC)» 3HAUCHUA.
3KCTpeMyMbI — «UI'PCKOBBIC) 3HAYCHU.

Hu onnoro, 1, 2, 3, ... u T.4. 10 6eckoHeyHOCTH. Hampumep, y cunyca 6€CKOHEYHO MHOTO
MUHHUMYMOB U MaKCHUMYMOB.

Yro moapa3zymeBacT 3aJaHHe «HAWIUTE IPOMEKYTKA MOHOTOHHOCTH U TOYKH SKCTPEMyMa
byHKIIN»?

dopmynHpoBKa MOOYXKIAET HANTH:
— UHTEpBaJIbl BO3PACTaHUs/yObIBaHUS QYHKLIUU

— TOYKH MaKCUMYyMa W/UINA TOYKU MHUHUMYMa



[Tpumep 1.0npenenuts no rpaduky NPOMEKYTKH BO3pACTAHUS
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byHKIHMH.
Pemenne Ecnu ¢yHKIMS BO3pacTaeT, TO MPH ABIKEHUH 110 TpaduKy ClIeBa HAIIPABO OPAWHATHI

yBenuuuBarorcsi. CiiefoBarenibHo, QYHKIUS Bo3pacTaeT Ha oTpeskax [-6; 0] U [6; 9].

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

[Tpumep 2.0npenenuts Mo rpaguKy MPOMEKYTKH YOBIBAHUS

| 1]
! y = flx)

byHKINA.

Pemenne Ecnu dyHkuus yOsiBaeT, TO MpH IBMKCHUU 110 TpadUKy ciIeBa HAPaBO OPIUHATHI
ymenbinatorcs. CrieroBaresibHo, QyHKIUS yObIBaeT Ha oTpeske[-1; 2].

Ortsert: [-1; 2].
[Tpumep 3.Ykaxure rpaduk BozpacTaromen
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Pemrenne ynpakHeHu

[Tpumep 4.Ykaxute rpaduk yobIBaromein
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[Tpumep 5.Ykazarb UHTEpBAIIBI BO3pacTaHus QYHKIIUN, TpaQUKA KOTOPHIX MPEICTaBICHBI Ha
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OTBerT:

1) [-5: 11 U [3; 5132) [-3; 0]UI3; 6]:3) [-5; 0) U (0; 5]:4) [-3; -2] U [2; 3] U [4; 5.



[Mpumep 6.0Onpenenuts no rpadpuxy GyHkuun y = x4 — x3 + bX + C 3Haku
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Pemenue 3amerum, uto ¢ = f(0), cnemoarensHo, ¢ > 0. Takxke 3ametum, uto b = f'(0), u,

clleZIoBaTeNbHO, b < 0, Tak KaK Ha HHTEpBAJIE, coepKameM Touky 0, QyHKIus yObIBaeT.
OtBet: ¢ >0, b <0.

[Tpumep 7.0mnpenenuTs Mo rpapuKy TOUKY
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[Tpumep 9.0npenenuts no rpaduky Gyaknun y = kx + b 3Haku
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OTBeTbI:

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

IIpakTuyeckasi padora Ne 18
Tema: MccnenoBanue Gpynkuwmii. [loctpoenue rpadpuxoB GyHKIINHA
Hesn: 3akpenuTh U CHCTEMAaTU3UPOBATh UCCIEAOBAHNE U TIOCTPOEHHUE TPadUKOB (PyHKITHI

1. ®ponHTanbHBIN OIIPOC
1.Yto0 Takoe uncioBas GyHKIMsA, €€ 00JacTh onpeneneHus, 00JacTh 3HaUYCHUs?
2.Yto Takoe rpaduk GyHKIHIU?
3. Chopmynupyiite onpenenenre GyHKIIUU, BO3pACTAIONICH 1 yObIBaIoIel Ha MHOXKeCTBE P
4. ]JlaiiTe onpeaeneHusl TOYKA MAaKCUMyMa, TOYKA MUHUMYMa. YTO Takoe TOYKHU IKCTpeMyma?
5. [laliTe onpenenenue 4eTHOM 1 HeueTHOU (yHkuuu. Kakum cBoiicTBoM 00nanaroT ux rpaduxu?
6.UTto Takoe nepuoauyeckas GyHKuus, nepruoa GpyHkuuu?

7.Kaxkoit HaMMEHBIINH MOJIO0KUTENbHBIN epro ] uMeeT QyHKIus: Y = C95L
Vv =gsinx, v=1tgx,v=cigx
2. Pemenue ynpaxHeHui
1.IToctpoiiTe rpaduk GYHKIUH, €CIIU U3BECTHBI €€ (PYHKIUU:

CBOMCTBO (YHKITMH

1. | O6nacte [-6; 6] [-5; 4] [—4: 4] [-5; 3]
OTIpe/IeIICHUS
O0uacTh 3HAYEHUS [-2;5] [0: B] [-3: 6] [0: 5]

2. | Touku nepeceyeHus




rpaduka:
a) ¢ ocero OX

A(-4;0) 0(0;0) A(-4;0) A(3;0)
B(-2;0) B(-1;0)
6) c ocbio Oy C(2,5:0)
C (0;2,5) D(0;-2) B(0;4,5)
[IpomexyTku
3HAKOIOCTOSIHCTBA:
a)f[x] =0 [-6:-4) [-5:-0) {(—4;—1) [-5:3)
(—2:6] (0: 4] (2,59
flx) <=0 (—4;-2) (—1;2,5) _
0)
[IpomexyTku
a)BO3pacTaHus [-3;1] [-5; —2] [-4; —2] [-3;1]
[4; 6] [0; 4] [1; 4]
0)yObIBaHUS [-5; —3] [-2: 0] [-2:1] [-5; —3]1
[1:4] [1:3]
Touku MakcuMyMa, 1, f)=3 2f2)=2 2f2)=2 1, fl)=>s
MaKCUMyM (YHKITUH
Toukn MUHUMYMa,
MHHUMYM ()YHKIHH 0, 1, f)=-3
-3, -3,
4,
JlomoTHUTEIbHBIC f-6)=13 f{-5)=105 fi)=¢6 f-5)=13
TOYKH rpaduka fle)=13 f) =6

flx)=5— 2x

0)
p) FO) =% -1
r)

ftd=

x =2

1)

2.Uccnenyiite u noctpoiite rpaduk GyHKINUN




IpakTuyeckas padora Ne 19
Tema: Pemienue ynpaxHeHui
Henab: 3akpenuTh 3HaHUS U YMEHUSI CTYIEHTOB 10 JAHHOU TeMe

1. Onpenenuts mo rpadukam GyHKIUN y = ax2 + bx + ¢, yKa3aHHBIX Ha PUCYHKAX, 3HAKH

ko3 dunreHToB a, b, ¢ u
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OTBeETHI:

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

4)a>0,b=0,¢>0,D<0.

IIpakTuuyeckas paéora Ne 20
Tema: KonrponbHas pabora
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He.]'lbl HpOKOHTpOJ'II/IpOBaTB YPOBCHBb YCBOCHUS YUAIITUMHUCA TCMbI: «OCHOBHBIE CBOHMCTBA

G yHKIHI

| Bapuanr.

1 Uccnenyiite pynxmuio f{x) = 3x% — 2|sinx| + x3-tgx Ha 48THOCTD (HEYETHOCTH).

3
2. lana pynkmus g(x) =sinl,5x + 5cos ik
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A) Haiigure: g(0); g(7n); g(-12m).
b) Hokaxwure, uto 87 SABASETCS MEPUOIOM (PYHKITUH.

B Haiingute ocHOBHOM nieproa PyHKITUY.
2
. . ) l-tg°x
3 Haiinure 0CHOBHOI! Iepuo 1 HauboJiblee 3HaueHHe QyHKIMU Yy =sin2x-— 5 .
1+1g°x
4 (Haiiaute aMImmTyqay, 4acTOTy, NMEPUOA W HadalbHYIO (Da3y rapMOHHYECKHX KOJIEOaHWU U

1 3
MOCTPOTE rpaduk: y =— Zsin 2t — TCOS 2t.

5. Haiigure obnacts onpenenenus GyHKIUU

Jx =12

x? -1

Il Bapuanr.
1 Uccnenyiite dpynxmmio f(x) = 3x|X| — 2sinx + ctgx Ha YETHOCTH (HEYETHOCTS).

2
2. ana pynakmus g(x) = 3sin 3%~ c0s2,5x .

A) Haiinure: g(0); g(-9n); 9(8n).
b)[lokaxure, 4to 241 sBAsSETCS IEPUOIOM HYHKIIAH.
B) Haitnure ocHoBHO# miepuo GyHKITUH.

2tgx
————>—-C0S2Xx .
I+1tg7°x
4 (Haitgute aMIuMTymy, 9acToTy, IEpUoJ M HadaabHYIO (ha3y TapMOHUYECKUX KOJIeOaHUH 1
1 1
nocrpoiite rpaduk: y = /3 sin Et —Cos Et

5.Haitaure o6macth onpeaeneHust GyHKIIMH

Mx+12

x? -1

3 Haiinute ocHOBHOM TIepHo/ M1 HAMMEHBIIIee 3HaUeHNuEe QYHKIUA ) =

IIpakTuyeckasi padora Ne 21

Tema: Pemenne nppalluoHaIbHbIX YPaBHEHUMN
Heas: Hayunuts pemaTte nppaliMoOHaIbHbIE YPABHEHUS

Teopernueckwuii 010K

I/IppaL[I/IOHaJ'ILHBIM Ha3bIBACTCA YPABHCHHEC, B KOTOPOM HEHU3BECTHOC (HepeMeHHaﬂ) COACPIKUTCA
o 3HAKOM KOpPHA HWJIM IO 3HAKOM OIliepallvuv BO3BCACHUA B pAllUOHAILEHYIO (I[pO6Hy10)
CTCIICHD.

I[J'ISI peHICHUS UppaAllUOHAIIBHBIX ypaBHCHI/Iﬁ 0OBIYHO MCIIOJIB3YIOTCS CICAYIOINUC TP U MBI .

11



1) «yeauHeHHEe» KOpHS B OJIHOM U3 YacTel ypaBHEHMS U BO3BEICHUE B COOTBETCTBYIOLIYIO
CTEIICHb;

2) BBEJICHUE HOBOM MEPEMEHHOM;
3) cBeneHME K CUCTEME YPaBHEHMI;
4) npuMeHeHHe CBOMCTB (PYHKLIMMN, BXOIAIINX B ypaBHEHUE.
Crnenyet MNOMHUTB, YTO IIPU PEILICHUN UPPALIMOHAIbHBIX YPaBHEHUN Heo0xoauma
IIPOBEPKA BCEX HAWJICHHBIX KOPHEH MyTEM MX IOJICTAHOBKU B MCXO/IHOE YPaBHEHUE WU
HaxoxaeHue OJ13 u cnenyronuii aHamu3 KopHeH (Ipy pelieHud METOA0M ITPUBEIEHUS K

PaBHOCHJIbHOM CMELIaHHON CUCTEME ypaBHEHUI M HEPABEHCTB HEOOXOAUMOCTh B 3TOM
OTIA/AET).

[IpocTenmmmM nppanMoHaIbHBIM YPAaBHEHUEM SIBIIICTCS YPAaBHEHUE BHJIA!

7f(x) = g(x) *)

NPU PENIEHUH KOTOPOTO BaXKHYIO POJIb UTPAECT YE€THOCTH WIIH HEYETHOCTH M

Eciu M - geuetHoe, To ypaBHeHHE (*) paBHOCHIBHO YPaBHEHHUIO

Flx)=(gt)"

Eciu M - getHOE, TO, TaK KaK KOPEHb CYMTACTCS apH(PMETHIECKUM, HEOOXO0IMMO

. =
yanutbiBath O/13 (007aCTh AOMYCTUMBIX 3HAUCHUMN ): f (x)_ ﬂ. VYpasuenue (*) B 93TOM cirydae
PaBHOCHIJIBHO CHUCTEME:

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

3/.3
ITpumep 1. Pemuts ypaBuenune X — 2x+1=1

Pemeﬂﬂe. TaK KaK B JaHHOM HpHMepe n= 3 - HCUCTHOC, TO ITIOCJIC BO3BCACHU A O6CI/IX I'Ia.CTeI‘/’I
ypaBHeHI/IH B TpeTBI'O CTCIICHBb HOHyLII/IM
paBHOCI/IHBHOC ,Z[aHHOMy ypaBHeHHe:

3 3 x=10 x=0
©ox+1=Pod-un-0c T

11—2=ﬂ I=i*v'{i

Il = _’\.E,II =ﬂ,I3 = "\.E

OTtBeT:

Ipumep 2. Peumts ypasuerne ¥E+1=2—x

12



Pemenne. Tak xax M = 2. YCTHOC, TO UCXOAHOC YPAaBHCHHUEC PABHOCHUIIBHO CUCTCME!

=f{7— x+l=4—4x+x* 2 _5x43=0
x+1=(2 :!:)2 & &>

2—x20 x<2 <2
_I_
> 7 & I=T.
x<2

x=(5-.13)/2

OTtBer:

n _n
I/IHOFJIa BCTPCYAKOTCA YPAaBHCHUS BHU A 'V{f-(x) '\jg(x) , KOTOPBIC pCHIAIOTCA
CJIEIYIOLIUM 00pa3oMm:

7 - pevernoe = J (x): E (x)

L [0=gk)  [1()-2()

M - yetHOC I) 20 WIN g(I) =0

AJ2x4+6—Jx+1=0.

[Tpumep 3. Pemnths ypaBHEHUE

Pemenue. 3anuuieM JAHHOE YPaBHEHNE B BUJIE: 26 = x4l Bo3Bojs 00e 4acTu B

=
KBaJIpaT U YYUTHIBAs, YTO x+120, HOJIy4UM ypaBHEHHE 2x+6=x+1, pelieHrne KOTOporo
€CTh X=-5 — HE yJIOBJIETBOPSET BHIITUCAHHOMY YCJIOBHIO. 3HAUUT, JaHHOE YpaBHEHUE HE UMEET
[S11(S317178

OTBeT: HET peleHuin

Wuorna uppannoHanbHOE YpaBHEHHUE COAECPKUT HECKOJIBKO pajukanoB. B atom
ciydae /Ui u30aBlIeHUS OT PaIUKaIOB YpaBHEHHUE MTPUXOAUTCS BO3BOJUTH B COOTBETCTBYIOIIYIO
CTENeHb HECKOJBbKO pa3. [Ipu 3ToM mpenBapuTeNbHO YEAUHSIOT OJUH U3 PAJAUKAIIOB TaK, 4YTOObI
o0e yacTu ypaBHEHHS CTalu HeoTpuuareabHbIMU. Oco00e BHUMaHUE CleayeT 00OpaTuTh Ha
npaBuibHOE HaxoxaeHue O/13.

[Tpumep 4. PemuTs ypaBHeHHE N2x-9 —~x-3=1

Pemenne. 3anuiiem ypaBHEHUE B BUJE: V2X -9 =1++X-3 Tk xax Terneps 00e yacTu
MOJIy4EeHHOTO YpaBHEHHsI HEOTPHUIIATENIbHBI, TO BO3BE/IEM MX B KBAJparT:

2x—-9=1+x-3+2-/x-3 = x-T7=-/x-3 .

HOHy‘ICHHOC YpaBHCHUC PABHOCHIILHO UCXOJHOMY. I[J'IH €ro peucHusd paCcCMOTpUM CUCTEMY:

13



x-7=0 x=7 x=7
= & =
(x—7F =4(x-3) x* - 14x+49=4x-12 x*-18x+61=0

x=>7

x=9i@

Lo x=9+xr'ﬁ

Orger: X=9++/20

BBenenue HOBOM NTEpEMEHHOM B PSZI€ CIy4aeB IMO3BOJISIET IEPEUTH OT
HMPPALMOHAIIBHOTO YPAaBHEHUS K PAlMOHAIIBHOMY YPAaBHEHMUIO.

2 f. 2
Ipumep 5. Petmts ypasuenne X +3x+44/x" +3x—5 =10

Pemenne. Bo3Benenue 1aHHOTO ypaBHEHUS B KBaJIpaT MPUBENIO Obl K ypaBHEHUIO YETBEPTOM
CTENEHU, YTO HepaluoHanbHO. [[03TOMY 3anuiemM ypaBHEHUE B

2 2
puge X +3X—35+4x" +3x -5 =5  ggepem «noByIO» MEpEMEnHYIO;

y= x+3x-5 _}’Eﬂ.

=1
y1 +4y-5=0 = [y
[Moayanm y=-5

[.2 f.2
Bepremcst k «ctapbim» repemvennpm ¥ X +3X—3 =1y ~/X" +3x—5 =5 Bropoe u3
—3+./33

IMOJIYYCHHBIX ypaBHCHI/Iﬁ peH_IeHI/Iﬁ HE UMCCT, a pCUHICHUSA IIEPBOT'O €CTh YHCJia 2
-3--/33 -3+-/33
N =———— Xy =————
2 2

OTBeT:

HNuorna IIpU pCHICHUN UPPALUOHAIIBHOI'O YPABHCHHA BO3ZHUKACT HGO6XO,I[I/IMOCTB BBCCTH HEC
OJZIHY, @ HCCKOJIBKO «HOBBIX» IICPECMCHHbIX. Takas CUTYyallisd BO3HUKACT, HAIIPUMCD, IIPU
PCIICHHUHN ypaBHeHHfI, COACPIKAIIUX paanuKaJlbl Pa3HbIX CTCIICHEH.

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

3
Pewenne. [Tycts # = NE—220 ;, ¥=1-X Torgp #+v=1 C npyroii

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

14



u=1-v u=1-v

(1—v)1+v3=9

ut+v=1

u +v =9 v +vE—2v-8=0

Pemum MOCJICOHEC YPABHCHUC CUCTCMBI:
Vivi-2v-8=0 < (V-8)+vv-2)=0<c

v=2

v—2 1?1 +2v+4+v)=0 &
( X ) v +3v+4=0

v=2

Honyuum, uto ¥ =2 a orna #=1-¥=-1<0 11
yenosmio M = 0| criefoBaTenbHO MCXOHOE YPAaBHEHHUE PEITEHHH He HMeET.
OTBeT: HET peleHNN.
ITpu perieHrn HEKOTOPIX UPPAIIMOHATBHBIX YPaBHEHUH HAXOXICHUE 00IaCTH
JOTYCTHMBIX 3HAYECHUI BXOIAIINX B YypaBHEHHE HEU3BECTHBIX MOXKET CYIIECTBEHHO O0JIETIHTh

PEIICHUE YPaBHCHU.

[Ipumep. Pemuth ypaBHEeHHE

8x> 35

4y s +9x—6+13x-22° —x*—6=0

Pemenue. /lanHoe ypaBHEHUE UMEET BECbMa I'POMO3IKHI BUJI U HESICHO KaK MOJOUTH K €ro
pewenuto. [loaromy Halinem cHavyana OJ13:

2 8x 35 7
[I3+8i_35_x:_>u 2.3 _35),5 {x(x+5 i——|>0

3 3 3 3 3
1Xx-620 —>4Xx26 29X 20 >
1Bx-2°-x2-620 |22 +x® —1Bx+6<0 |(x—2)2x* +5x-3)<0

A

x €[6;+ o)

[I (S [— 5;{1] u[g 3+

(x 2{ ——}x+3)< 0

°

x € [6;+ )

xe(— m;—3]u[—

1 ]-::)IE@

2!‘

HOJ’Iy‘II/IM, 4yTO 00J1aCTh JOIMYCTUMBIX 3HAYECHUN JAHHOIO YPaBHCHUSA ABJIACTCA IIYCTHIM
MHOKCCTBOM H, CIICA0BATCIIBHO, JTAHHOC YPABHCHHUC peI_HeHI/Iﬁ HC UMCCT.
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OTBeT: HET pelIeHU.

[Ipu perennu UppalMOHATBHBIX YpaBHEHUI ObIBA€T MOJIE3HO BOCHOIB30BATHCS
MOHOTOHHOCTBIO (DYHKITHH.

x+6)=6-%x+6

[Ipumep. Pemute ypaBHEHHE

Pemenne. Oy KOpeHs JaHHOTO ypaBHeHHs X = 2 jerko Haittu mog6opom. TTokaxkem, uto

JAx+6)+3x+6=6

JPYrUxX KOpHEH HeT. 3anuilieM ypaBHEHHUE B BUJIE

1o cBO¥iCcTBY CTENEHHBIX (PYHKIMMA
— .'EI j _3
GbyHKIIMI 4 l(x ) - x+6 u Y2 (x ) =~x+6 ABJISIFOTCS BO3PACTAIOIMMU HA

—&; o0
IIPOMEKYTKE | ), rze oHu o6e onpenenensl. [Toatomy nx

— 3
cyMMa y(x ) o \/2(1 + 6) +3x+6 Ha 9TOM IIPOMEKYTKE TAKKE BO3PACTAET, CIEI0BATEIbHO
OHa MPUHHUMAET KaXKJ0€ CBOE 3HaueHue (B TOM 4yucie u 6) Toapko oauH pa3s. [lostomy npyrux
KOpHEH HeT.

2

OrBer;: X =2,

B HEKOTOpBIX cilydasix MOXKHO OCBOOOAUTHCS OT UPPALIMOHAIBHOCTH B YpaBHEHUU
YMHOKE€HHEM 00enX yacTel ypaBHEHUH Ha HEKOTOpOE He oOpaliaronieecs B Hyllb BbIpaKEHHUE.

IIpumep. Pemuts ypaBHEHHE 32 4504830 +5r+1=1

Pemenne. YMHOXUM 00€ YacTH 3aaHHOI'0 YpaBHCHUA

Ha BBIPAKCHUC \Jlfgrz +5x+8+ 'U{3I: +5I+1-' ABJIIFOIIECC CONPSKEHHBIM K JIEBOM 4acTH
JaHHOT'O YpaBHCHHA. ITocne IIPUBCACHUA HOI[O6HBIX YJICHOB IMOJIYYUM YpaBHCHHUC!

7 =32 + 5x+8 ++/322 +5x+1,

KOTOPOC 5KBUBAJICHTHO UCXOJHOMY, TaK KaK

2 A\(f 2 _
ypaBHEHHE \{EI +5x+8++3x +5x+1=0 JCHCTBUTEIIbHBIX KOpHEH He nMmeeT. CKiiaapiBas
3aJ[aHHOE YPAaBHEHUE U TIOJIYYCHHOE, TTOJTyIHM:

A3 1548 =4

Bo3Boj1s 06€ 4acTu B KBaJpar, OJIy4aeM KBaJpaTHOEe ypaBHeHue 3x°+5x-8=0, kopHu
KOoTOporo x1=-8/3, x2=1. Jlenas npoBepky, yoexxgaemcs, 4To 00a HalJCHHbIX YHCIIA SABISIOTCS
KOPHSIMU MCXOJTHOTO YpaBHEHHUSI.

OtBer: x1=-8/3, x»=1.

16



Pemnts ypaBHeHue:

1 x'-3=1

ox—9=4fl-x
3x= vxtl

AT HS L 20-x _4

CamocTtosrenpHas paboTta

Bapuanr 1

Pemmte ypaBHEHUS: a) Vlrx t2= erzx -3

5) T-dx-1=2
B)X-"'x+ =3

Bapuanr 2

Pemnte ypaBHEHHS: a) Ji-xtafx-5=73
N

p) VAT 142 +1=3

Bapuant 3

Pemure ypaBHeHMS: a) Ji-xHafx-5=73
e S

gy NEH1YT-x =2

IIpakTnyeckoe 3ansiTue Ne 22

Tema: Ctenens ¢ palliOHAJIBHBIM ITOKA3aTCJICM
He.]'[bZ HayLII/ITB CTYACHTOB pa60TaTB CO CTCIICHBIO C pallMOHAJIBHBIM IIOKA3aTCJICM

Teopernueckuii 6110k

|3

r
Omnpenenenue. CreneHpro yncia a>0 ¢ pallMOHATBHBIM TOKa3aTejaeM  #, Tae M - [mejoe

4UCII0, a N - HaTypaibHOoe ( n>1), Ha3bIBaeTCs YUCIO 3™, T.e.

17



m
an="%3" 30

30=1 3"= i.

lE|.|'I

CBoiicTBa CTENEHH C pPalluOHAJBHBIM IMMOKA3aTEJIEM.

b0, pe), ge
af 37=a"",

(3" )=,
i‘ab J:IF: IF. bl’-?;
a

i

Pemrenne ynpaxHeHwmii:

[ O T o B

1 1
1. Beruucauts: 25 - 125°,

L 1 1 1
B H

Pemtenue: 25°% - 1255 = (25 - 1255 = (5°)F = 5,
OtBer: 5.
a 4
F:h+ abc
2. YrpocTuts Belpaxkenns: ¥z + 35
a a L L
b +ab® _ ab [a3+b3]| —ab
z E h L L h '
¥z +3b 3+ b3
Ortser: ab.
1 ¥ 1 ]
23_37 3i_ 5T
T
3. YOpocTuTh BeIpaKeHus: 3 —a* a*+a*
Pemenue:
1 ) 1 3
[
F*-a* aF*+a’
L L
2i(1-3%) a il-3%) _

4. YIpoCTHUTh:

19
] 7— .
32

18



4%_

x
ﬂj.

#;J%ﬁ ﬂgﬁi %EA%F.
2) 3)

5. Beraucants
1
273

3

21 4

JloMarHee 3a1anue:

@Q—f%&m+f@_

IIpakTnueckoe 3ansTue Ne 23

Tema: Pemenue nmokasaTteabHbIX ypaBHeHI/Iﬁ

I.le.m;: Hay‘II/ITL peuiaTth IMOKa3aTeJIbHbIC YPABHCHUA

Teopetuueckuii 610K
MeTo bl penieHns MmoKa3aTeabHbIX YpaBHEHUN

1. IIpocreiimue nmoka3zaTenbHbIE YpaBHEHUS

Tun ypaBHeHUs

Bun ypaBHeHus

Meron pemenus

1 a1 = @29 | f1(x) = f2 (y)
b=a Fa Fa
. b b
2 af*l = p b>0 bﬂ o

19




af®) g1 f(x) = log, b | Peienwuii Het

f(x) =

T

[Ipumepsl.
[pumep 1. Pemmre ypauenne: 3¥° = 3¥*4

Pemenue.

35 =M <=>4x 5 =x+4 <=>3x=9<=>x=3.
Otser:3
[pumep 2. Pemmte ypaBHenue: 254 =3 .

Pemenne.
—
Xd= 3 c=> w4 = log, 3 X = log,3 | 4<=>x = log,3 | log,16 __ X = log, 48 .

OrtBerT: log, 48.

1
£
[Tpumep 3. Pemmre ypaBHEHUE:! =7,

Pemrenue.
7% 7
X = .7, pemeHuii HeT, TaKk Kak =~ °X> 0

AT X
R.

{0}

OrBer:
2. MeTtopl mpeoOpa3oBaHus OKA3aTEIbHBIX YPABHEHUH K TIPOCTEHIITIM.
A. Meton ypaBHUBaHHSI OCHOBAHHUIA.

[Tpumepsi.

X — 1l
[Ipumep 1. Pemmre ypaBHenue: 27° 3WTIFT o0

Pemrenue.

07- 3378 9¥FL _ o o 337 gax9_ (32)+1 = 0 <=> 33+ (9. 320¢+D) = (<= 3632002 = () <=> 3¢
6 = 32*2<=> 4x-6=2x+2 <=> 2X = 8 <=> x=4.

Ortser: 4.

2x x x __ 4x—15
[Tpumep 2. Pemnnre ypaBHEHHUE: 273757 —60 0

Pemenue.

2x X x aw—15 _ - -
2. 3%. 55— a0 =0 <=> (22 3 5% = 60%15<=> 4X7 35X = pOPIS <=> (4 3-5)_
6015 <=> 60*=60""1° <=> <=>x=4x-15 <=> 3x=15 <=> x=5.
Ortser: 5.
B. YpaBHeHus1, periacMbie pa3iosKeHUEM Ha MHOXKUTEITH.

[Ipumepsl.

[Tpumep 1. Pemmre ypasuenue: X 2% = 2°2% + 8x-16.

20



Pemenue.

X' 2% = 2-2%+ 8x-16 <=> x- 2% - 2-2* = § (x-2) <= > 27 (c2) - g (=2 o5 (x2) 2x. gy =g
[x—E—{] [x—E [x—E E—
=> 2% 8_l::]<:> 2% _B<:> 2% —23<:> —3.

{2;3)

OrtBer:

2 _ gx In | T, _
[Ipumep 2 . Pemute ypaBHEHUE: s 7+ 5%-.35+7°-35=0

Pewrenne.
: - 35
52X . 7% - 5% 35 +7% =0 <=> (5% -
{{§L35—?mdﬁ)=ﬂm5“—?“}4%-@“—?“)=0:
7) ( (
52}{ _ ?2}{:] . (1 _35] =0 = (52}{ _?2}{] . (_34) — DQEEK _ ?2}{ =0 = (EEJ}{ — -}rx QF:
0y 1 ey (Pyx (090 o
@(?j 1@(?:] (?] =x=0.
Ortser: 0.
C. YpaBHEHHUsl, KOTOPbIE C TOMOII[BIO [OACTAHOBKH * ™ = t, t>0 11peo6pasyioTest K KBaIPaTHBIM
YpaBHEHUSAM (MJIM K YpaBHEHUSAM OoJiee BBICOKUX CTENEHEH ).
A-a¥™@ +B.af® +c=0

flx) — . .
sameny: & t’t>O,Torz[aA Ligtic=0

[TycTh ,rne A, B, C - HekoTopsle uncna. Cuenaem

Pemaem nosydyeHHOe ypaBHEHHE, HAXOUM 3HaueHUs t, yauTbiBaeM yciosue t >0,

o 4
BO3BpAIIaeMcs K MPOCTEHIIIeMY MOKa3aTebHOMY YPaBHEHHIO 1)

3allMCbIBA€M OTBCT.

= t, pemaeM ero u

[Tpumepsi.
IIpumep 1 . Pemure ypasHenue: 22 - 22 =5,

Pemrenue.

B3 | ba
In:l =]

227 . g2X = 5 <=> 227X ¥ = 15 <=> 4- (22 - 4= 15 >

Jlenaem 3ameny t = 2% t > 0. [Tonyuaem ypaBHenue 4 t2 4= 15t <=> 412 - 15t - 4=0
t=4
1

t=—>  —=

<=> ¢ t= * He YIOBIIETBOPSET YCIOBHIO t > 0.
BepHemcs k nepeMeHHOU X:

2% = 4<=> 2¥ = 22 <=> x=2.

Ortger: 2

Ix—3 _ o cx—2 _—
IIpumep 2. Pemmre ypaBHeHue:! 25 3.

Pemienue.
5””—25*9=3m5”*ﬂ”—zﬁrf=3¢€Ey4f_z_¥ﬂ_3_ﬂl

=tt>0 (5*7%)% = 2.

I[enaeM 3aMCHY. , TOT 14 HonyqaeM YPaBHCHHUC!
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P —2t—3=0|" " = 3

S t=1 t= Spge YAOBJIETBOPSET YCIOBHUIO t =0

55l=1e5?=5"ex-2=02x=2.
Bepremcs k nepemenHon X:

OrtBer: 2.

[MpakTHyeckoe 3ansaTue Ne 24

Tema: Jlorapudwm. Jlorapudm uncna. [IpaBuna neiicTBuii ¢ norapupmamu
Henab: Hayunts BBIYUCIATD JOraprudMbl
Teopetnueckuit 610k

Jlorapugm uncna b no ocHoBanuro @ onpesenserTcs Kak Mokasareib CTENeHH, B KOTOPYIO HaJ0
BO3BECTH UMCJO (I, 4TOOB momyduts uymcio b (Jlorapudm — cymecTByeT TONBKO Y
TTOJIOKUTEITBHBIX YHCEIT).

Jlorapudm B repeBojie ¢ rpeueckoro OyKBajabHO O3Ha4yaeT '"4ncio, M3MEHSIoIee OTHOIIEeHHE" .
CrneunuajgbHble 0003HAYCHUS:

Harypansnsrif norapugm lina - norapudm no ocrosanuio €,
Jlecsatuunbiii orapudm lga . norapudm mo ocHoBanwuio 10.

CaoiicTBa J0orapudpmos:

° log, b b
1° a = ) - ocHOBHOE JTOTapu(HMHUUECKOE TOXKIECTBO.

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

Jlorapudm eauHULBI TIO JIIOOOMY MOJIOKHUTEILHOMY, OTIIMYHOMY OT 1, OCHOBAHHIO PaBEH HYIIIO.
DTO BO3MOXHO MOTOMY, YTO U3 JIIOOOTO JIEHCTBUTEIILHOTO YMCIIA MOKHO IMOJIYYUTh 1 TOJBKO
BO3BE/IS €r0 B HYJIEBYIO CTEIICHb.

g0 log,(be) =log, b+ log, ¢
Jlorapudm Mpou3BeIeHHs PaBEeH CyMME JIOTapu(pMOB COMHOXKHTEIIEH.

b
co log, o= log, b—log, ¢

Jlorapugm yactHOTrO (ApOOH) PaBEH Pa3HOCTHU JOTrapu(HPMOB COMHOXKUTEIEH.

ge log, b =p-log, b._

.HOFapI/ICI)M CTCIICHU PaBCH NPOU3BCACHUIO ITOKA3AaTCJIA CTCIICHU Ha JIOFapI/I(l)M €€ OCHOBAHUA.

o

1
log, . b= T log, b

22


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

1

7

log, b=
ge log, a
log, b= log, b
9° ’ log.a . Hepexo/ K HOBOMY OCHOBAHHUIO.
[Ipumepsr:
1. HaiiguTe 3HaueHNE BHIPAKCHHUS:
6 - lUg? vV
= ro1
6:log- V7 =6-log,73 =6 '3
Hcnonp3oBanu:
o on—=
an =y am
log . b™ =m-logb
Ortger: 2

2. Haiigure 3nayenue Beipakenust 10gog 3 - 10931,25

log,.3-1o

5
=l0g,.1.25 = lcrgiq = lo

Hcnonp3oBanu:

OtBert: —1

1,25 !
o =
=37 g

log, 0,

ag

3.HaiiquTe 3HaueHUE BBIpKCHHUS:

510325 49

log, 1,25 =

5]ng2549 — 5]og25?2 — 52-]og25? — {'52}]ng25? —

— 2508257 — 7

23

log, 1,25
log,0,8
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OtserT: 7
4. HaiiguTe 3HaYeHUE BBIPAKECHHUS:
g2 logg 3

g2-loge3 — (B]GEEEJZ =32=9

Ortsert: 9

5.HaiiguTe 3HaueHNE BbIpaKEHUS:

6410%8 V3
64lo2:V3 — (g . g)leg=V3 — glogaV3 . glogaV3 — /3. /3 = 3

Ortger: 3

6. HaiimuTe 3HaYeHNE BBIPAKEHHUSL:

24
3log; 2
24 24

3logs2 2

Ortser: 12

7. Haiinute 3HaYCHHE BBIPAYKCHUS:

log1 V13
13

— B 1 .
log1 V13 =log;3-+ 13%% = —+10g3313%° = ~1:05 =05
13 —

Otset: — 0,5
8 . Haitmute 3nauenue Beipaxenus logs8,1 + 1ogsl0.

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

Ortser: 4

24



9. HaiinuTe 3Ha4eHHE BBIPAKEHHUSL:

I'Dg@ M’Iﬁ
log, 13
lﬂgﬁ 'l..'ﬁ _ 1 1
DL logaVTE = logis 135 =2 = 05
Ortger: 0,5

10. Beruucnure 3HaYCHUE BBIPAKEHUS:

(310g2 3)10g32
(S]ng 3)10%22 _ (3]ng22)]cg"’-3 — plogz3 _ 3

OrtserT: 3

11. Haiiaure 3nauenne Beipaxkenus loga(ab®), ecm logy a = 1/7.
ITpeobpasyem TaHHOE BBIPAKEHHUE:

log (ab®*)=log a+log . b*=1+3log b

Omnpenenum 3HadeHue Boipakerus 10gab. Ham usBectHo, uTo

1
logpa = 7

Hcnonb3yem CBOMCTBO:

1
0850 =555
Y
1
7 log.b

CnenoBatenbro logab=7.
Taxum o6pazom:

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

Otger: 22
12. Haiinure loga(a:b%), ecnm loga b = 5.

25



lngaﬁ =log,a —log,b®*=1—-3log, b =
—1-3.5=—14
Ortger: 14

13. Haiinure 10ga(a?b®), ecru loga b = —2.

log (a*b?®) =log,a® + log, b® =2log,a +3log, b =
—2-1+3log,h=2+3(=2)=—4

OtBet: —4

14. Haiinure 3Hauenue Beipakenns 10ga(a*b®), ecmu logy a = 1/3.

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

=4-1+9log_b

1
lngba=§
] L L L 1 bh=23
[n = —_ = =
05p @ log, b 3 log.b 03a
4:1+9log_ b=4+9:-3=31
Ortser: 31

15. Haiizure loga(a’:b®), ecom loga b = 10.

7
a
lngaﬁ =log. a’ —log, b*® =7log,a —3log, b =
~7-1-3-10= —23
Otger: —23

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

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

=1+10-7=71

26



Otser: 71

IIpakTuyeckoe 3ansitue Ne 25

Tema: IIpeoOpazoBanus anredpanuecKux BhIpaKEHUH
Heab: HayuuTts mpeoOpa3oBEIBaThH AlITeOpandecKue BEIPAKEHUS

Teopernueckuii 6,10k
Onpenesienue. AnreOpandyeckuM BIPAKEHUEM HA3bIBAETCS BEIPAXKECHHE, MTOTy4aeMOe U3
IMOCTOSHHBIX U MMEPEMEHHBIX IIPHU IMOMOIIH onepaunﬁ CJIOKCHMS, BBIYMTAaHHA, YMHOKCHU,

ACJICHUS, BO3BECACHHA B LCIYIO CTCIICHD U U3BJICYHCHHA KOPH:.

[Ipumeps! anreOpanyecKkux BbIpaKeHUM:

3 T4 2y -1
E = /2 ++/5; E(zx,y) = : ;
T+y

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

Onpenesenue. O61aCThIO TOMYCTUMBIX 3HaUeHUH (cokpamieHHo O/[3) anredopandeckoro
BbIpaxkeHus E(X1, X2, ..., Xn) (D(E)) Ha3piBaeTCss MHOKECTBO BCeX HAOOPOB (X1, X2, ..., Xn), IS
KOTOPBIX BeIpakeHue E(X1, X2, ..., Xn) AIMEET CMBICIL.

T+ y
E{xr,y) = — N N
Hanpuwmep, O/]3 BeipaskeHusI () ry * amnsercs DE)={(xy) | xIR, yIR, xy#

0}, O/]3 BrIpaxkenust E(z,y) = /&y — 22, gpngercs MHONKECTBO {xy.2) | x,v,zTR, xy>0}.

Onpenenenue. Anreopandeckue BoipakeHns E1 n E2 Ha3bIBAIOTCS TOKIECTBEHHO PaBHBIMU Ha
muoxkectBe M | D(E1)CD(E2), eciiu mipu J1i00BIX 3HAYEHHUAX IEPEMEHHBIX
13 McOOTBETCTBYIOIIME YKCIIOBBIC 3HAUCHHUS STHX BBIPAKECHHUIN PaBHBI.

Hanpumep, v 2 = & ga mHOkecTBe [0;+¥), V a® = —a, ya MHOMKECTBE (-¥;0],

-1
—=r-1 .
r+1 Ha MHOkecTBe R\{-1}, (X +Y)?=X? + 2xy + y? Ha mHO)ecTBe {(X,Y) | X IR,

Omnpenesienue. ToxaeCTBEHHBIM IPe0Opa3oBaHUEM aareOpandecKoro BEIPAKCHHS HA
mHoxecTBe M | D(E) Ha3bIiBaeTCst 3aMeHa STOTO BhIPAKEHHS Ha TOKICCTBEHHO PAaBHOE eMy Ha
MHOXecTBe M

3ameuanue. OTMETHM, UYTO MHOT'/Ia OMTYCKAIOT MHOXKECTBO, HA KOTOPOM ajiredpanyeckue
BBIPAXKCHUS TOXKJIECTBEHHO PaBHBI, UMEs IIPU 9TOM BBUY UX TOKJIECTBEHHOE PAaBEHCTBO Ha
nepeceyeHnu obaacTelt JOMYCTUMBIX 3HAUECHUH.

Hampumep,

alfa+1) a*—1

VaZ = |a|, (M =R), . (M =R {0;1}).

T a—1
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[Tpu BBINIOTHEHUU TOXKJECTBEHHBIX MPE0OPa30BaHUIl OKa3bIBAIOTCS TIOJIC3HBIMU CIIC/YIOIIUE
(bopMybI.

I. ®opMyJibI COKPAILIEHHOT0 YMHOKEHU S

(a*hb)>=a?+2ab+ b?
(a+b)=ad+3a%h + 3ab? £ b°,
a?-b%=(a-b)(a+h),

a®+ b3 = (a+b)(a®F ab + b?).

bR

OTH GOPMYIIBI TOTYYAOTCA KaK CIEICTBHS U3 Oojiee oOmmx Gpopmyi:

5. a"-b"=(a-b)@*+a"b+..+ab"+b"") (nIN),
6. a™+ b =(a+b)(@™-a?b+..-ab™ +b?™) (nTN),
7. (6unom HproTOoHA)

(a+h1u=Cﬂaﬂhu+cialhu—l +‘“+Cli:ai1hu—i1+‘“+c::auhﬂf

ok — !
rmeniN,  kn-kK" n=123..n 0=1

II. CeBoiicTBa cTenenen

Crenyrolie CBONCTBA CIIPABETUBEI IS JIFOOBIX MMOJIOKUTEIILHBIX YMceT a U b 1 mo0bIx
NEACTBUTEIBHBIX YUCed a U b.

1. a%=1;
2. a®*P=a?- a
x
an—ﬁ' _ ﬂ'_
= i

U AW
~
Q
<
o
I
Q
QD
-

. (ab)*=a%- b?
i o a®
6. (3) =%
I
7. % Tae

3ameuannue 1. OTMCTI/IM, 4YTO OTPULATCIIbHBIC YK CJIa TAK)XKC MOKHO BO3BOANTL B HCKOTOPLIC
it

crenenw (uensie U, 6osee o010, paMoHanbHbIe BUuaa 2n — 1 rje m - esnoe, N - HATYpaIbHOE).
3ameuanue 2. 0% = 0, 1s mro6oro a > 0.
I1I. CBoiicTBa pagukaJioB

a,  ecJH 1t — HeYeTHOe,
lal, ecom n— wuerHOE.

%ab= %a- b, ecma>0, b>0, kN,
Vab = */1a] %/l ecrm ab >0, kTN,
n+ﬂ _ ""‘*‘ﬁ-‘ﬁ 2"*‘{.-"}';._ ke N.

Y R -
(%/a)” = VaF, rae a >0, eciim M - yetHo, a | R, eciiu m - HeueTHO.

i

4‘1“’ —

ok wbhE
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<lg

6. " tnea>0, b>0, n-uerno wmm b#0,alR, eciu n - HEYETHO.
7. Vak =a%, a>0.
8. V ¥a= "y, rae a> 0, ecii M - YeTHO Wik N 4eTHO, @ 1 R, ecit M-N - HEYeTHO.
9. */-a=- '“‘*ﬁ/ﬁ.. o€ R.
f + /o ‘/a+1.fa'3—f3ﬁ'3i‘/.—1—\f.—1‘3—rrh'—“
[V = : F 3
10. 2 2 rea>0,b>0,c>0ua?>b.

IIpumep 1. Onpenenurs O/3 anreOpanuecKkux BbIPaXKEHUMN:

a) B(z) = vz + 2% - 27,

tay (@ Y
by Elz,y) = T ‘

a Vd

btc  Blotc2h

c) Ela,be,d) =

Pemenne. a) O/3 TaHHOTO BEIPAKEHHUS ONpe/IeIIeTcs H3 HepaBeHCTBa X + X2 - 2x° > 0, koTopoe
pentaemM npyu MOMOIIY METOJ1a UHTEPBAJIOB:

X+x2-2x3>0 U x(1+x-2x)>0 U x(2x+1)(1-x>0 U xT1(-¥-Y]E[0:1].
Takum o6paszom, D(E) = (-¥;-/2]E[0;1].
b) OT™MeTHM, YTO BBIPAXKEHHE UMEET CMBICII TOTa U TOJILKO TOI' /A, KOTa

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

otkyna cieayer, uro D(E) = {(X,y) | X#Y, X#-y}

c¢) Tak kak 3HamMeHaTelNb JpoOU JOJHKEH OBITh OTIMYEH OT HYJIS, a KOPEHb BTOPOH CTEIEHU
CYIIECTBYET TOJIbKO U3 HEOTPHUIATEIbHBIX BRIPAKEHUMN, TO JuIg onpeaeneHust O3 noayuum
CUCTEMY

b+c#0, b+c#0, E;(C)#O’
b’c+chb#0, U 4 bc(b+c)#0, U ’
c£0,
d>o0, d>o0,
d>0.

Takum o6pazom, O/]3 ucxoqHOTO BeIpakeHus pasua {(a,b,c,d) | b+c#0, b#0, c#0, d>

0}.

IIpumep 2. Onpenenuts, ABISIOTCA JIU BhIpaskeHUs! A 1 B TOXIeCTBEHHO paBHBIMH Ha
MHOXecTBe M.
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ab(a -~ b} ab

__e-V3 g las
b) A= s B=—7 M {a]a> 3}

a)A=(“‘/E—WE_JE)QM. B=1, M={(ah)|a>b>0):

Pemenue. a) Tak xak ava=(va)’, bvb=(vh)®, a= (ﬁ]ﬂ: b = (vb)’ Ha MHOXecTBeM,

TO, IPUMEHUB (POPMYITY COKPAILICHHOTO YMHOXCHUS, TIOJTyIUM:

(Va)* + (VBP ) F o Ja+vh
A= —+ab | -
( Va+ b ab((y/a)? ~ (VB)?)

_ (W VBWar-vae WY N (arvh)
va +vb ab(ya — vb)(va+Vb)

1
h(f s v = VWO =

'-rl"'

=[f —N—Hv’—]

Vcnosue a > b > 0 Biaeuer v’r a = Vr I/I CIIEI0BATEILHO, |va — Vrl Va - Vb, Orcrona
1
= (va - vb)———— = B.
THOJTydaeM, 4TO h{v’_ - Vr " ab Taxum o6pazom,
BeIpakeHUs1 A 1 BroxaecTBeHHO paBHBI Ha MHOKecTBE M.

b) [lono6GHO peapIIyImeMy IpUMEPY

so—_ 0" V3 x/ -3
‘\X a+3 (:1 +J o’ 3
- (’l—vg_l Jlfll) (@-V3)-2a _ 20 _

(@ -3¢ |aﬂ 1 " at3

IIpu npeoOpa3oBaHUsX yYUTHIBACTCS, YTO, €y & = V3, 10Va? =a,
(a2 —3)2 =|a* — 3| =a’ - 3.

IIpumep 3. YIpocTUTh BbIpaKEHUS:
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2h+ 2V — 4

) E—itb12’
b) vmn? + vm2n oYt m—n 1 _
yf“mﬂ-}—i&-&‘mﬂ-}—w vm? — /n? {?’ﬁ-l-—ﬁ"ﬁ’
2
& 4;'_13?]‘ .
(%4”;@) +he+3
Ve +3 ;
-1'13 'r'].? {-_._,3
Va-Ba-9 ' t-06-a  c-akc-b’
a?b? aec? b2 2

Va—ot-a " @-ve-b b-a-a’

y—z z—=z -y
G-pE-2 G-0W-2 G-DE-y

1)

m|m - 3|
(m2 — m —6)|m|’

g)

b2 -4 >0,

%+ 2/b62 — 4> 0,
Pewenne. O/3 Boipakenus onpenensiercs us cucrempr \ VE — 44+ b+2 >0, peag
KOTOPYIO, motyuum b > 2.

Brimonaum paBHocmibHBIC HAa O/]3 TpeoOpa3oBaHus:

Vahrovit i _ (V= 22+ (VhF 2 +2V5- 2V 42 _

VIE—4+b+2 VI =2+ 2+ (v +2)?
3 1/(1.”:—2+JF=+2F _ Wh=2+4B+2] 1

VB E2AVE—240+2) B+ 2AVE-2+4vb+2) VB+2
Tak kKak Ha O3 Vb — 2+ /b +22>2

CJI€I0BaTEIbHO, |‘ﬂ] -2+ b+ 2 = vh =24 /b+2. Takum o6pasom, ripu b > 2 ucxomHoe
1

BbIpaXkeHue papHo Vb + 2

b) O/[3 nanHOTO BBIpaXKEHHUS SBISICTCSI MHOKeCcTBO {(M,n) | m>0, n>0, m#n}.
i — L— — g2 2 — — K2 B E
OG6o3HaunB VM = @, Vlﬁ_ b, nosyuum V1M = @ m? =a',m=gdyvn=">, Vn?=1,
n = b® BrIpakeHHe NPUHUMAET BUJL
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a’b* + a'b? W 4 a® — b° 1
al + 2a2h% + bt at — bt ) a+b

_ aﬂhﬂ{ag-}—hE]_FhE (a® — B*)(a* + a®b” + b*) 1
((aﬂmﬂ)ﬂ B )@+ )(.-1+F1)

_ a2 (@ + ) +at + 2P 1
B a? + b2 at+b

_at = 1 (a®*+b*)(a—Db)la+b)
T a2+ a+b (@@ +8)at+b)
Takum oOpazom, ucxoaHOe BeipakeHue Ha (/{3 TOXAECTBEHHO PaBHO vm — /n.

~ b.

¢)Ha 073: {(a,b,c) | a>0,b>0,¢c>0,a?+c?+# 0} BeIpakeHne MPeoOPa3yeTCs CIETYIOIIHM
ob6pazom:

Vb + Va?be L (e Va) Lo
- be be be be
(ﬁ+ﬁ+#_)++d(ﬁ+ﬁ +¢’—)++J
Vbe + 3 ; Ve + 3 a
_Whet+be+3  3vbe+3+ Ve +be _ 3(Vie+ 1) + (1 + vhe)vbe _
Vhe+ 3 Ve + 3 Ve +3

_ Whe+ )(Vbe+3) _ p-
= N =vbe+ 1.

d) O/[3 nanHOTO BRIpAKEHUS SBIIIETCS MHOKECTBO {(a,b,C) | a#b, a#c, b #c}. [Ipusoas
BBIpKEHHE K 00IIEMY 3HAMEHATEIO, TIOJTYUHM:

a? b e’ a*(c—b)+ b a—c) +*(b— a)

(@a-b)a-0 G-00b-a) -ale-b @-ba-oc—-b
VYuureiBas BHUJ 3BHAMCHATCIIA, PA3JI0KUM Ha MHOXHUTEIN YUCIIUTECIIb:

a’(c-b)+b3a-c)+c3b-a)=c(@®-bd +abb?-a%) +cb-a)=

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

CnienoBatenbHo, Ha O/]3 MCXOIHOE BBIPAXKEHHE TOKISCTBEHHO paBHO ab + bc + ca.

) O/13 BoipaxkeHus sABIsIETCSI MHOKECTBO {(X,Y,2) | X #Y, Y #Z, Z # X}. [lepBoe ciaraemoe
BBIPKEHUS IpeoOpaszyeM CIeAyIONINM 00pa3oM:

y—=z _r—z-r+y T— 2z -1y 1 1

(z—y)z—2) (z—y)z—-2) (z-ylz—2) (z-y)lz—2) z-y z—2
AHaHOFI/ILIHO Hpeo6pa3yIOTC$[ U ,[[pyrI/Ie cJaracMeic.
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z— _1 1_
(y—2)y-z) y-z y-z

r—1y 1 1

(z—x)z—-y) z-az 2-y

CnegoBaTeibHO,

y—z z—x -y
C-nE-2 W-Dy-2)  G-)z-9)
1 1 1 1 1 1

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

g) O/I3 Beipaxkenus paHa R\{-2;0;3}. VuurteiBas, uTo BeIpaKeHUE COACPKUT |M| u |m - 3|,
PAacCCMOTPHM TpPH CITyYast:

1.

mycts M 1 (-¥;-2)E(-2;0); Torma [m| = -m, |m - 3| = -(M - 3), 1 BEIpa)kKeHNEe NPHHAMAET
BUJT

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

mycts M 1 (0;3); Torga |m|=m, |m - 3| =-(m - 3), 1 BEIpaXXeHNE IPUHUMAET

m|m — 3| -m(m—3) 1

m2—m—6)lm| (m+2(m-3m m+2

mycts M 1 (3;+¥); Torma [m| =m, |[m - 3| = m - 3 u BeIpaKeHHE IPHHAMAET BUJ

m|m — 3| 1

(m? —m — G6)|m| T m4+ 2

Takum oOpa3zom,

1
mjm - 3| T eco m € (—o0;=2) U (=2;0) U (3; 400,
2 _ A = 1
(m? —m — 6)|m)| et ecmi m € (0; 3).

Ipumep 4. PaznoxuTh Ha MHOXKHUTEIH:

Q) (X +y)(y +2)(z + X) - Xyz;

b) x* +y3 + 2% - 3xyz;

O)XE+X +x0+ X+ X+ 3+ X2+ x+1;
d) x>+ x + 1.

Pemenue. a) [Ipubasisist u Berumras z(y + z)(z + X), a 3areM rpynmnupys yao0HsIM 00pa3oMm,
MOJTyIHM:

x+yY)y+2)@z+x)+zly+2)(z+x)-z2(y+2)(z+Xx) -xyz=
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=+ +X)X+y+2)-2((y +2)(z +X) -xy) =

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

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

b) [IpumensieTcst popmyrna CyMMbI KyOOB M pEIIaeTcst OI00HO MPEAbIIYIIeMY YIPAKHEHUIO

X3+ 2+ 23 - 3xyz = (X + Y)(X2 - xy +y?) + (2% - 3xy) =
= (X+y+2)(C-xy +y?) +2(22 - 3xy - X+ xy - y¥) =
=(X+y+2)(X-xy +y) +2(2 - (x +y)?) =
=(X+y+)(C-xy+y +2(z-x-Y)) =
=(X+Yy+2)(X2+ Y2+ 22-xy - Xz - y2).

¢) [lpumensis Gopmysbl COKPAIIEHHOTO YMHOKEHHUS, TTOTYIHM:

0 343 3
b | I -1
Pt 4+t b4+l = ] _ =) ]
I = £ =

(P -1z + 2 +1)
- z—1

= (@ +z+1)z%+2° +1).

d) XCHx+1=1+x+X2-X+X=1+x+X-xX2(1L-x) =1 +x+x3)-x1L-X)(L+x+x?) =
(L+x+x)A-x31-x) =1 +x+x)(1-x2+x3.

IIpumep 5. N36aBUTHCS OT HPPAITMOHATHHOCTH B 3HAMEHATEJIE:

1 _— 1 o) 1
1++/2 -3 VI+HVEHVT T 1424291
Pemenue. YMHOXas Ha BbIpaKEHHE CONPSHKEHHOE 3HAMEHUTEIIO, TTOTYUHM:

1 1+v2++v/3  1+v2+v3  (1+vV2+V3)vV2 V24246

al+v2-v3 (1+v22-3° 22  2v2.v2 1

a)

b) [TogoGHO mpuMepy a) NOTYyIUM

1 _ VBHVE-VT VB VE-VT

V3+VEHVT  (VB+HVER-T  1+2V15
_(VB+VE-VDEVIS-1) _ (V3 VE-VT(VIE - 1)

(2v15)2 - 1 59

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

Xy +72%-3xyz= (X +y+2)(X* +y* + 27 - Xy -yz-2X)
ClIeayeT
(@ 49+ 2 302)
(2% +y* + 22 —zy —yz — 2x) |

r4+y+z=

Ha ocHoBaHMHU NOCIEIHEr0 COOTHOIICHUS oJIy4uM
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1 P (V2P 2V - V220428 TV2-V4-3
T+ ¥2+2V4 1P+ (¥2° + V4 -3-1-92-2- ¥4 23

IIpumep 6. [lokazaTh, 4TO IPUBEACHHBIC BRIPAKEHUS MPEICTABISAIOT COOOH IeIbIe YUCIIa.
BruuciauTe 3TH 4ucia.

a) 1/[203/7 — 53| — v/204/7 + 53,
b) V26 — 15v/3 + /3,

c) \Xzﬁ+ﬁ\/13—dJs+2 ﬁ—2ﬁ+\/ﬂﬁ—ﬁ\/13+fi'\/3—2 6 + 2+/5,
Pemenne. a) Boiaensist nosHelil KBaipat noj 3HAKOM pajivKaia, HoJIy4uM

1/(5 - zﬁﬂ—J(ﬁ +2VT)2 = |5—2VT7| - |5+ 27| = 2VT—5-5-2vT = —10.

b) Beiaenss noiHbIi Ky0 101 3HaKOM KOPHS TPETel CTENeHH, MOJTydYuM

/26 — 15v/3+/3 = {/3 —12v3 4+ 18 = 3v3+v3 = {/(2 - V3343 = 2-3+/3 = 2.
¢) YuuTbIBas, 4To

6+ 2/5=5£2v6+1=(vV5£1)%
x/s+2\/ﬁ—2\/§=\/s+2vi§—2=\/ﬁ+2\/‘=v’§+1:
y/S—Ev')ﬁ-FE\/E:\/S—Ev%—zzw/ﬁ—ﬂwfﬁ:ﬁ—l:
V1B-4(/5+1) =Vo-45=v5-22-V5+4=V5-2,
x/13+»1(u/3—1] =v5+2,

V26+6(/5-2) = VId+6v5=V5+2.3.v5+9=V5+3,
V2B -6VVE+2=VII-65=/(V5-3)2 = V53| =3 V5

HOJ'IyLII/IM, YTO UCXOOHOC BBIpa)KeHI/Ie paBHO
Vi+3+3-v5=6.

Y ci10BHBIE TOXKAECTBA.

1 1 1
—+-4+-=0
IIpumep 7. a) Beruucnute X+y?+7% ecru X +y+z=1,% ¥ = .

b) oka3aTh, 4TO paBEeHCTBO XyZ = | Bieyer

1 1 1
+ +
144y 14y+yz 1424 zr

¢) JlokazaTh, uto ecimu X + Y + 2 =0, To X* + y* + 2* = 2(xy + yz + 2x)2.

d) I[OKEB&TB, 4TO JJIA JFOOBIX TPEX MOCJICAOBATCIIBHBIX YJICHOB FeOMeTqueCKOﬁ nporpeccuu
BBIIIOJIHACTCA PaBCHCTBO
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a1? + a? + as? = (a1 + a2 + as)(a1 - az + aa).

¢) Jlokaszarb, 4To, eciu X1 + X2 + X3 = Y1 + Y2 + Y3 = X1y1 + X2Yy2 + X3y3 = 0, ¥ He BCe YmCIaXx;,
1=13 y vy, =13 pagus nymo, T0

2 2 £
Ty n 2

2 rrirl g4y 3

1 1 1
—+-+-=0
Pemenue. a) U3 paBenctea* ¥ £ caenyet Xy +yz + zx = 0. Orcrona

Xy +22=(Xx+y+2)2-2xy+yz+2x) =12-2.0=1.

b) 3ameTum, uTO yciaoBue Xyz = 1 Bieuer

1 _ 1 _ 1 _ Ty
l+z2+428 zyz+z+z2z  z(l+z+zy) l+zc+zy’
1 1 1 T

l+y+yz y(l+z+z2z) y-2(00+c+zy) l+z+ay

CiegoBaTeibHO,

1 1 1 14+ x4y
+ 4+ = =1
l4z4+xy 14+y+yz 14+z42zzx 1+z4+ry

¢) YuuTtsiBas, 4to X + Y = -Z, HOJy4UM

2(xy +yz +2x)? = 2(xy + 2(x +Y))* = 2(xy - (X +y)*)* =
=202 + xy + ¥?)2 = 2(x* + x2y2 + y* + 2x3y + 2x%y2 + 2xy°) =
=x Yy (VAR O HAYC Hx) =Xy (x+y)E =

d) Tak kak @183 = a2 (XapaKTepUCTUYECKOE CBOMCTBO F€OMETPHYECKON MPOrpeccun),
CIICZIOBATEIILHO,

(a1 + @z + a3)® = a? + a2 + ag® + 2ax(a1 + az + ag).
Orcrozia monyvaem:
ar+ a® +as’ = (ar+ax + as)’ - 2azx(a1 + az + as) = (a1 + a2 + az)(as - az + ag).

¢) PaccMoTpuM BeKTOpBI (X1, X2, X3), (Y1, Y2, Y3) 1 (1,1,1). 3ameTnM, 9TO 3TH BEKTOPHI MOMAPHO
OpTOTOHANILHBI, TAK KaK UX CKAJISIPHBIC IPOU3BEACHUS paBHBI HYII0. Cle10BaTeNbHO, BEKTOPHI

T Ty Tq
o = s s s
VI +xk +at Jri+ el 42l ol + 2k + ol

g = in e ia
o ViRt ui+ud Vit Vi)

)
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006pa3yI0T OPTOHOPMUPOBAHHBIH Oa3uc B pocTpancTe R®. 3HAUnT, U1 KA I0T0
sextopa XI R® crpaBenuBo paBeHcTBO

(x,92)* + (x,82) + (x,3)* = 1.
B vactnoctu, ana X = €1 = (1,0,0) nonyuum

2 2
| L 1

1
] ] o ] ] 7+ 5
Tpbxz bxy oyt tuy 3

OTKyJIa U CIIeyeT HCKOMOE PaBEHCTBO.
3agaum 1A pelieHus
1. Onpenenuts O/[3 BbIpakeHUi:

Omeem: [0 3].

Omeem: (—oo; —1) U[4; +00).

(b+c)a+c)

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

2. OnpenenuTs, SABISIOTCS X BeIpakeHust A 11 B Tok1ecTBEHHO paBHBIMU Ha MHOXKeCTBE M,
eciin

M={a: a>3}.

Omeem: Jla.

3. YOpoCTUTh BbIPAXKEHHUS:
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Omeem: — 1.

2 ( a+ 1 1 )_(m—l VWH)_VW_

2 2/a+l Vatl+l Jat+l-1 a
ab ab a® 4+ b? al
B l[a+ — || — —a | : ——. Omeem: — ————.
) ( a—h) (.—1+h ) a? — b? a? + b
v+ 1 1
v : . Omeem. - 1].
F]1+VE+I 2 — T meem: V/z(z — 1)
ab a—"h ad —bi 1
d) — — - — — - . Omeem: b3 — a¥.
L S T S S S TR SN S SRR
a+2a-3
1- Ja+aﬂ a2 —1la—-1): —————.
e) VI I ) ) Y
3 1 1
Om&&m-a—-}:npna;vl;— ;1-}—. mi - 1<a<l
a+3 a+3

a®—4—|a—2
a® +2a% —5a— 6

f)

1
np a > 2; —— mpua < 2, a# -3, a # -1
+3 P a+2 P 7 7

Omeemnm:
a

b—e e~a a-=b (b=c){c—a)la-Db)

Dreteratarv T 0 dcraar ) Omaem: 0.
4. Pa3i0XUTh HA MHOKHUTEIIHN:
a) x*+x2+1; Omeem: (X>+x+1)(X*-x+1)

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

5. V36aBUTHCS OT MpPAMOHATBLHOCTH B 3HAMEHATEE:

J 9 Omeem: (VT — VB)IV3 - V/2)
V10 4 v15 + 14 + /21 o 2 '

b) VT Omeem: YTUV5 = W3) (V5 + V38)(V25 + /15 + VA)
Y54+ W3 o 2 :

6. HOK&?)&TI), 4TO MPUBCACHHBIC BBIPAXKCHUS TPCACTABIIAOT coboii OCJIbIC YuCia. Beruncnutb
OTH 4YHCJia.

“/Jvr 2VV2 41 Omaem: 1.
RV E TRy B O
b) V9 + /B0 + /9 — /0. Omeem: 3.

IIpakTuyeckoe 3ansitue Ne 26
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Tema: [IpeoOpazoBaHue BEIPAKESHUH, COIECPIKANTUX PAJIUKAIIBI
Heab: HayauTh BBIMOTHATH Pe0Opa30BaHUe BHIPAKECHUN, COACPIKAIINX PaJUKAIIBI
Teoperudeckuii 610K

Onpenesienne:

KOpHeM n-y CTETIICHU U3 HCOTPULATCIIbHOT'O YKMCJIa 4 HA3BIBACTCA TAKOC HCOTPULATCIBHOC YU CIIO
b, KOTOPOC IIPpU BO3BCACHUHN B CTCIICHDb N AACT YUCIIO a.

[IpuBeneM MaTeMaTHYECKYIO 3aMKUCh ONPEACIICHUS:

a=0 b=10 (?{fa)n —a
n=2234..

H V125=5 53 =125 V81=3 34 = g1
alpuMep: , T. K. ; , T. K.

Wtak, B pacCMOTPEHHOM ciTy4ae 1oJi KOpHEM CTOUT CTPOTO HEOTPULIATEIBHOE YUCIIO, HO
CYIIECTBYET TAaK)Ke€ KOPEHb U3 OTPHUIATEIIHHOTO YHCIa — 3TO KOPEHb HEUETHON CTENEHH, OH
CYIIECTBYET IS JTHOOBIX YUCEIL.

2“*}\{5 = b b2ﬂ+l =a
a€ER
t_a— _ o3 _a o= _%o
Hanpuwmep: V-8 E, T.K.( 2) S, V-8 V8

HamomHuMM cBOMCTBA KOpPHEH n-i CTENEHU, KOTOPBIMHU MBI OyJIeM IOJIb30BaThCs TPU BCEX
npeoOpa3oBaHUAX:

(Va)"=a,Vva"=a__ a=o0n=23,4..
npu

ny = ﬂ."_ﬂ-"_ = = =
vab= Yavy @ 2 0,b=0,n=234.. (meopea 1);
nja_ Sa

s 5B = =
A 5  npu a=0b>=0,n=2734.. (meopema 2);

— K n—

ﬂ.'.a — 'Iﬂ-k == — =

v v , pu a=0k 1.23..,.n=2,34.. (meopeMa 3);
niy — iy —

R _ nk = = =
Vi Y ’ ana =0,k=234...n=2734.. (meopema 4);
"arkr = Vg a=0,k=234..,n=234 =1,23

HpI/I = W, pd L wea 22T e, P e, "'(meopeMa 5)

Bce panpHeitne npe06pa30BaHI/I${ " BBIYUCJICHUA 6331/IPYIOTC$I Ha OMPCACIICHUN U CBOMCTBaX
KOpHA n-i CTETICHM.

ITpumep 1. Beruncnnts:

V2712

Paznoxum noiKopeHHOe BeIpakeHue Ha OoJiee y100HbIE MHOKHUTEIH U TIOCIIE 3TOTO W3BJIEYEM
KOPEHb:
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V27%12=4/3%%3%4=/3%+22=9%2 =18
[Ipumep 2 YpocTuTh BeIpakeHUE:

'_zf-'_:E' 1 an g
vE )E=

VETy = x° = {y = [x|{y
[Ipumep 5
x=0

VePy = VxF = {y = Ixl{/y =x{/y
[Ipumep 6
x=0
o ——
:IIEXBF = i.'xs - i;.g = |x|i~,f$ = —xi‘fg
[Tpumep 7:
b=0
313 2 13 — - [ — —
Jaih? =4 a*ab?® =y a?=+a=b* =|alyalb| = —abya

KOMMeHmapMZZ.' IIOCKOJIbKY a CTOUT 110 KBaApaTHBIM KOPHEM B HEYCTHOM CTCIICHH, TO AaHHAsA
NNEPEMCHHAs HCOTPpULATCIIbHA, UMCCM IIPABO CHATH C HCC MOAYJIb.

[Tpumep 8:
a=0b=20

|4E|2 B 2|al _ 2a 2a

& |n3| _p3 1.3
w|b |b3| b b

[Tpumep 9:
a=0,b=0

(25a'® 5,/(a®)? 5la’| —54°  54°
NI 9be 3./(5%)2 © 3|83 3b%  3b°
ITpumep 10:
a=>0

— — = P
av2=lalV2 =ya®*V2=.2a?

|

ITpumep 11:
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a==0

a3 =—lalV3 = f?\ﬁ = —/3a2

[Tpumep 12:

a=b

(@ —b)y/m

a=b—=b—-az=0
(a—b)Wm=—(b—a)ym=—|b—alym=—/(b—a)?ym = —(b— a)?m =

= —y/(a —b)?m
[Ipumep 13:
a=0b=0

abV3 = —|ab|V3 = -{(ab)*3 = —/3a*b*

[Ipumep 14:
a=0,b=<0
—ab¥V3=—|ab|V3 == (ab)*3 = —/3a*h*

IIpakTuyeckoe 3ansaTue Ne 27

Tema: [IpeoOpa3zoBaHKe BBIpOKEHHA, COJICPIKALINX CTEIICHH U JIOTapu()MBI
Hean: HayauTh BBIOIHATH IPEOOPA30BAHNE BHIPAKCHHM, COJICPIKALIUX CTCIICHH U
sorapudmsl

Teopernueckuii 010K

IIpumep 1: BeruncnuTh 3HaY€HHUE BBIPAKCHHUS:

oab (7)o £

log 5 (V3)

o)t £

log 5 (+3) )

Pemrenme:

3ameuanue: HpI/I PCIICHUHN 3aaa4, COACPKAIIUX J'IOl"apI/I(I)MBI, B IICPBYIO OUCPCAb HC CIICAYCT
COCPCAOTAUYNBATHCA HA HUX. Huxorna Henb3s 3a0bIBaTh MpoCTO Mpo anre6py.
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B uncnurene 3Toi ApoOH MOKHO MPUMEHUTH (POPMYITY COKpPAIIEHHOTO YMHOKEHUS pa3HOCTh

2 .1
kBapaToB. OOmui BI/IIIII:I -8 —{a b} [a +b].

3ameuanue: B abcostoTHOM OOJBITMHCTBE 3334 CIEAyeT BCe Jorapu(Mbl IPUBECTH K OJTHOMY
OCHOBAaHHIO.
B 3nameHarese Bocnonb3yeMcst popMysioi nmepexoia K HOBOMY OCHOBAHUIO U TIEPEHIEM K

] [mgg [JE) ~log, [\Eﬂ [1 og, [\.'%:Hlogz [\EN ]

log, ['\E)
log, [N’E)

B uucnurene B nepBoil ckoOke MpUMEHUM CBOMCTBO «Jlorapudm pasHOCTH», @ BO BTOPOH —
«Jlorapudm cymmbI».
log, [\E ) =

!
2

CaMbIi HIHKHUU DTaXK MOYKHO BBIYMCIINTE:

log, £§ log, {V”EEJ
J; _1052[3]1952(2} _

log; {+/3) 210g, {+3)
e

2

Bropoii COMHOKHUTEh B YUCIUTENE MOXKHO BHIYHCIUTH, B 3HAMEHATEJIC MOKHO MPUMEHUTD
cBoOMCTBO «Jlorapudm creneHn.

log, {3] _ log, {3} _

) log, («f?)_g) ) log, {3} -

OtBer: 1

[Tpumep 2:
BbruncnuTh 3HaUeHHE BBIPAYKEHUS:

log; {80} log, (18] log, (4)log; (7)

Pemenue:

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

[Tepeiinem B kaxxaoM Jorapudme K 0JHOMY ocHOBaHUI0. K ocHOBaHUIO 5.
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_ log, (18) . log s (4)
log, (4) log. (T"]

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

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

=log, (90} -

Ortser: 1.

(1{};1;_)1[1' ) (1{};;{_ 36 )
3.HaiinuTe 3HaueHne BBIpa)KEHUS - ' .

(1{};1;_)1[1' ) (1{};};{_-‘%1’ )= (1{}5_1;_"3 J ) (1{};};{_[1’2 )= ( llog 2 ) (El{}g{_fi )= I1x2 =8

OtBerT: §

log 2
20,05

2. 3amanue B10 (No26846) HalimuTe 3HaUeHNE BHIpOKCHUS

3anumem yncio 0,25 B BUae 0OBIKHOBEHHOM Ipo0OH:

i i i 1 i
1“5—‘;” .,__=3=1{};.1,;l 2=log ,2=-log 2=-0.5

=

b

Ortser: -0,5

log 8
4. HaiinuTe 3Ha4eHUE BBHIPAKECHUS

Pa3noxxum Ha IpOCThIe MHOKUTENIN OCHOBaHUE JIoraprdma 1 YUCIIO, CTOSIIEE M0/ 3HAKOM
norapudma. 3aTeM BbIHECEM CTETICHH 3a 3HaK JIorapudma.

i 5 -
1{}5_1;JH=1{}5_1; 2 =;1{}g 2=1.5

o=

Otser: 1,5

log _6G0-log 12
] ]

5.Haiinute 3HaueHUE BBIPAKECHUS
[Tockonbky ocHOBaHUs J0rapu(MOB paBHBI MEKIY COOOM, MPOCTO MPUMEHUM CBOHCTBO

Jorapu(MoB:

60 ]
log_60-log_ 12=log_ — =log _H=1
o i 512 i

OtseT: 1.

log 0.2+log 4
] 0.0

6.HaiiquTe 3HaUeHNE BRIPKCHHUS

3amuiem JACCATUYHBIC IIp06I/I B BHUJEC OOBIKHOBEHHBIX 1 BBIHECEM CTEIICHU 3a 3HAK norapn(bMa:
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log (1.2 +10g” . 4=10gri—

L]

+log , 4=—10g,,.5 -log 4=-1-2=-3
a

Otser: -3
h‘Jg? 13

. log i 13
7 Haiiqure 3HaYCHUE BBIPOKEHHUS

|ug,? 13 |ﬂg? 13 |ﬂg? 13
— —9

- k = - k _1
IUE.Lﬂ 13 Iug?_! 13 . Iug? 13

Otser: 2

log _Olog 25
7. Haiinute 3Ha4YeHHE BBIPAKEHUS v 3

2 2
logng 1012,‘325= lugnEl 1012,‘35 =

1log _3log . 5
] b

Ortser: 4

P
8. Haiinure 3HaueHUE BRIpOKCHUS 9

Paznoxxum 50 Ha IpOCTBIE MHOXKUTENIN U YIPOCTUM MOKAa3aTeNb CTENEHH B UUCIUTENE IPOOH:

log 50 log 57 %2 log 5°
1 ﬁ il g il =l .!:} [ {

log 2 log 2 log 2 log 2 log 2
g g g 7 g 7 :

(1— log 12 ) (1— log 12 )
o 2 G
9.HaiiguTe 3HaUYeHNE BBIPAKCHHS

[TpuBenem 06a gorapudma K OCHOBAHHIO 2, a 3aTeM Pa3I0KUM yucia 12 u 6 Ha IpoCThIe

, log, (2’23 )
| | (l—lnuvg2 (2_.3 ) ) l—m
(1-1(;,;,212)(1-1(;%12): By (2%3 )
2+log, 3 2+log, 3

(1—(2 +log, 3 ) ) l—m = (-1-1012,-23 )(1m )

t=log N 3
O603HauUM =, TIOY4UM:

9 +log 2 '2+|.ug__l'2 g log 2

MHOXHTCIIN:
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3ameuanue. MoKHO ObLIO OCTYNIUTH TaK: MPEACTaBUM 4HCIO 12 kak mpousBeneHue 2 u 6.

(1—1{};{2 12 ) (1—1{}5{“ 12 ): (1—1{};{22—1{};{2[i ) (1'1{}2“2'1{}2““ ): (—1{}gzh' ) (—1{}gﬁﬁ ):1

Otser: 1

IIpakTuyeckoe 3ansitue Ne 28

Tema: Pemenue norapudmMuueckux ypaBHeHUN
Heab: HayuuTs pemaTts npocTeiiinue jorapupMuueckie ypaBHEeHuUs

Teopernueckuii 6110k

Pemenue mo6oro sorapuMuUUecKoro ypaBHEHHUs TaK)Ke€ CBOAUTCS K PEIIEHUIO OJJTHOTO WU
HECKOJIbKUX MPOCTEHIINX JIOTapU(MUUIECKUX YPaBHEHUM:

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

VpapHeHnue (2) coaurcs K ypasHernuo Buza (1): logaf(X)= logaaP.

VYpasuenus Buzaa (1) cBomarcs K pemeHnto ypasHeHui f(x)= g(x) (morennuposanue). [Ipu sTom
HE0OXOUMO MTOMHHUTH, YTO ypaBHEeHHS logaf(X)= 10gag(X) u f(x)= g(x) He paBHOCHIBHBL [Ipn
MOTEHIMPOBAHUH MTPOUCXOAUT PACIIMPEHUE 00IACTH ONIPE/ICTICHUS, & 3HAYUT UMECTCS

OTAaCHOCTh MOSIBJICHUSI MIOCTOPOHHUX KOpHEW. [IpoBepka — Hawtydiliee CpecTBO MPOTUB TAKOH
OTIAaCHOCTH.

1 mun — 1o onpeaeneHMIo Jorapudma:

logZx-11=-2
a) 3

1y
[ J =2r-1
Pemenne: > 1 2X=1=9; x=5.

log10-0=-2 log,?=-1

IpoBepka: 3 ©3 - —dlogz3=-

2 ; —2=—2 — BEpHO.
OTtBeT: x=5.

6) logy(x +4u+1Y =2

Pemenne: 3 = +4u+12; x° +4x+12-0=0" =* +4x+3=0

g = -2%.4-3 =241

; X1=—1 1 x2=-3.

Iposepka: x=—1, logs(1-4+12)=2; 10g39=2; 210g33=2; 2=2 — BepHoO;
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x=3, 1093(9-12+12)=2; 10g39=2; 2l0g33=2; 2=2 — BepHoO.

OtBet: x=1, x=3.

B)
a 1 &
a1 o= ¥ _
Pemenue: 4 ;4 2% TIyers ¢ =7, Torma ypaBHeHHE 3aIuIIeM B
¥ B
L_Z4=0 4
Bume 4 ¥ i +4§.r—32=[l’

5?']_.2=—2i'\,l4+32=—216; 5r1=4; 5?2=—E; 2}{=4; 2}{:22;)(:2; Ex ;E_g.

2
lngg(——lJ =1-1
Iposepka: 4 ; logg1=10

— BEPHO.
OTtBert: x=2.

2 mun — ypaBHEHUSI, KOTOPbIE C MOMOIIBIO JTOTrapu(PMUIECKIX TOKIECTB CBOASTCS K
MIPOCTENIINM YPAaBHEHUSIM:

a) lg(x—3)+lg(x-2)=1-Ig5.
Pemenue: Ig[(x-3)(x—2)]=1g10-1g5; lg(x*~5x+6)=1g2;

5i«,|55—16

X>-5x+6=2; X°>~5x+4=0; X1 2= 2 s x=4 u x=1.
Iposepka: x=4; 1g(4-3)+ lg(4-2)=1- Ig5; lgl+ Ig2=1g2; Ig2= Ig2 — BepHo;

x=1; 1g(1-3)+ lg(1-2)=1- Ig5, Tak Kak BeIpaske€HHE, CTOSAIIEE IO 3HAKOM Jorapudma,
JIOJIKHO OBITH BCET/Ia TOJIOKUTETBHBIM.

OTtBer: x=4;

g+ lgx-3) 1
6) 1a7x+1)+1gx- 6)+ 13 1

lg+1gx-3) 1 lgdx-3n 1

Pemenne: ST+ -6) 2. 1g3Tx+10x-6) 2

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

[otenrmpyem: 16x°-96x+144=21x2-123x-18; —5x*+27x+162=0;
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27+ 3200 2TXA3 36 13

5X227x-162=0; x1.= 10 10 ;x;=9;xo= 10 3.

Ilg+ g6, 1 1524 1

Mposepxka: x=9; 'F4+1B+1g@ 2. 21gB+21g 2,

124 1

< 1g4 2 _pepHo;

12
2 +1[._-3]
git+lg ; |

"2
_18 1g£ﬁ+1}+1g{-ﬁ-6}+1g3

BBIPAKCHHUEC HC MOXKET OBLITH OTpUIATCIILHBIM.

— JIOXKHO, TaK Kak nojajgorapudmuyeckoe

OtBeTt: x=9;

B) logzx +loggx +logyx =35

1
Jlog nbh=—log, b
Pemenune. Boconssyemcs popmymot m ;

1 1 11
logsx+ —logsx+—logsx =55 —logzx=35>5 _
23 3 2z 3 2z - g 2z : logsx =3 - x=27.

IpoBepa: 108:27+ 108,27 +10g,27 = 55 . logs3” +1og 3" +1=55

3 +§+1 =535
2 — BEpHO.

OtBet: x=27;
r) logs(3x —1D +1ogg(x -2T) =3 +1og: 8
Pemenne: 10853 -11(2-17) =log;(5* -8

A6+ 211642100 46465

[orentmpyem: (3x—11)(x-27)=1000; 3x?>~92x-703=0. x1 2= 3 3 ;x1=37mu
19
X2= B E .

IMposepka: 1. 198:0111-11) +10g5(37-27) = 3 + log;3

log;100 +1ag;10=log,l000 : log,1000 —log,l000 _ BEHO.

47



19
logs(-19 -111+10g; [— ——E?J #3+1logs8
2. 3 , TaK KaK BBIPpaXXCHHUC, CTOALICC MO 3HAKOM
norapugma, T0HKHO OBITh TOJIOKUTENBEHOE.

OTtBer: x=37.

3 mun — ypasaenus Buaa P(logax)=0, rae P(y) — MHOTOWIEH 2 WK 3 CTENECHH, WIIN
ypaBHEHUS, CBOISIIMECS K HUM. DTH YPaBHEHHUS PEIIAIOTCS C MTOMOIIBIO TIOJICTAHOBKH: y= logaX.

a) logs x-log, ¥ - 3= o

2
Pemenne: 1083 £~ 21083 2-3=0 1yopy, 10833 =¥ y2 oy 30, Pemraem ypasHenne n nomydaem
1

3 = x=3,

1

yi=3 u yo=1; y=3 =198 ¥ =3 = x=07; y=1 =108 ¥ =~

Tposepxka: x=27; log? 27-log, 27— 3= 0. (log; T —log; 3 -3=0 ;

9-6-3=0 — BepHO;

]

1 21 (IJ
logd ——logs| =| -3=0
3. E3T R - (log; 37 —log, 72— 3=10.

1+2-3=0 — BepHoO.

1

OtBer: x=27; x=3
6) log, (") logi x=1

Peurenue. Hpemne BCCTO HAI0 UMETHh B BUAY, UTO €CJIM B YPAaBHCHUAX BCTPCHAIOTCA J'IOl"apI/I(bMBI
C pa3HbIMU OCHOBAHUSAMH, TO UX HAAO0 IMMPUBCCTU K OAHOMY OCHOBAHHUIO C ITIOMOIIbIO
log. b

log, b=
bopMyIb:

loge( 5z
—gj( j-lug§x=1

B nanHOM ciydae nepexoauM K OCHOBAHHIO O. logs x X

(log; 5 +2log;x)log, x =1 - 0603HAYNM log,x =¥ : (1+2y)y=1;

1 11
— _ logsx=— =
2yP+y-120; y1=-1, y;=2 ; 1085 ¥ ==L g T 3 x=3 ;x5

1
1ag1(5-21_5J -1Dg§;—=1 log, = (-D* =1
Iposepka: 1) 3 ;s ; 1=1 — BepHo;
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2
2) lug£(5-$-10g§£=1; 1ag£¢q;§j4 '(lﬂgiﬁf ﬁ) _1 ;
; 1=1 — BepHO.

1
OtBeT: x=2 ;xzv'g.

5 mun — norapudmupoBaHre 00eNX YacTel ypaBHEHUS.

gl _ 1000
IIpumep: X

sl 1000
lzx =1g 9
Pemenne: z ; (lgx+1)lgx=3-Igx; lg°x+lgx=3-Igx; y=Igx;

y?+2y-3=0. Pemraem ypaBHeHue: y1=—3; Y>=1; lgx=—3 nmm Igx=1,

x=10"%: x=10.
3. gloia _ 1000
Iposepka: 1) ¢ 107 . (1073 =10, (10 =1III'5;
106=10° — BepHo;
(plete 4 _ 1ooo
2) 10 ; 10?=100; 10%=10? — BepHoO.

OtBet: x=1073; x=10.

IIpakTuyeckoe 3ansaTue Ne 29

Tema: Pemenue ynpaxHeHui
Ienpb: 3akpenuTs ¥ CUCTEMaTU3UPOBATH MAaTEPHAI 110 JAHHOHN TeMe
Teopernueckuii 010K

Jlorapudmmueckas GyHKIUS

[TycTh a — moJoXkuTenabHoe Yuciio, He paBHoe 1. dyHKIHMIO, 3aaHHYI0 hopMyroi y =logax,
Ha3bIBAIOT JOrapupMuueckoi GyHKIMEH ¢ OCHOBaHUEM a.

OcHoBHBIE CBOHCTBA JIorapu(pMUIecKoi GpyHKIHH.

1. Ob6nactb onpezaeneHus JorapuGpMuyeckoilt GyHKIIUN — MHOXKECTBO BCEX
noJIoKuTensHBIX uncen R+, 1. e. D(loga)=R

2. OOGnacTb 3HaYCHUH JOrapuPMUUECKON (PYHKIIMH — MHOKECTBO BCEX JICHCTBUTEIBHBIX
qHce.

3. Jlorapudmuueckas GyHKIUSA HAa Bcell 00acTu onpeaeneHus Bo3pacraet (mpu a>1) wim
yosiBaet (mpu 0<al ¢ynkius Bo3pactaer (B ciaydae 0<axl.
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JlorapupmMuuecKuM ypaBHEHHEM HA3bIBAIOT yPaBHEHHE, B KOTOPOM HEM3BECTHASI BXOAUT
TOJIBKO B apPTyMEHTBHI JIorapu(PpMudeckux (pyHKIMNA MTPH HEKOTOPBIX MOCTOSHHBIX OCHOBAHMSX.

[Tpu pemenun norapupMuIecKux HEPABEHCTB HEOOXOMMO YIUTHIBATh MOHOTOHHOCTh
norapupmudeckoit pynkuuu loga x: Ilpu 0 < a < 1 sra pynkuus yosiBaet, mpu a > 1 —
BO3PacCTaer.

Pemrenne ynpaxueHuit
. . 2-log, 3 . . log, 5+10g; 559
1. Beruncnure: a) log 2545 ; 6)421°%3; p) log,log,64; r)4 .

2. Pemuts ypasrenns: a)log,, ,(3x+1) =2; 6)2x* +5"°%* = 25'96: Y10
3. Boruucnurte: a) log 4725 6)254°%%; B)log, log,81; r)3°%ieew®

4. Haiitu X, ecnm m3BecTHO, uTo log,, X =4log,,3— % log,,27-2log,,6.

5. Haiitu X, ecu u3BectHo, uto log,y, X =2log,, 6 —0,5log,,100 +3log 0113\‘/2_0 :
1

Iog445+log4§' log, 2 log, 4 |

log 16 —log; 0,5

6. BeruncnuTts: a)

; 0)
log, 75+log, 3

7. Haitnure 06sacTh onpenesaeHus KakIou u3 QyHKImii:
Dy=v9-x*-Inx*; 2)y=,In(x+2); 3)y= Iogovs(x2 —2x)+\/9—x2 :
8. Haiinmure o6macTh onpeneaeHus: KaKI0u u3 QyHKIIHMA:

Dy=v4-x*-In(x=1)?%; 2)y=4/In(x-3); 3)y=IogO,S(x2+3x)+\/49—x2.

Jomarmnee 3amganue:
3log,3-log, 27 5 3lg4+1g0,5
log,3+log,9 ’ lg7-lg14

2. Pewnts ypasuenns: a)l0g,, 45X =2; 6)3x?+0,5°%* =36'°% V%0

1. Berancnuts: a)

IIpakTuyeckas padora Ne 30

Tema: KontponbHas pabota
Heab: [IpoBepuTh ypOBeHb YCBOCHHS JAHHOU TEMBI

1 Bapuant

IIpeoOpa3yiiTe BbIpakeHue:

1 (a+2_ a N 2 ).w’E—w’E

V2a  zZa+2z  a—Za a+32
1 1
c—1 ¢2Z2+cz 1
2. —1 1 ¢+ 1
cd4+c2 241
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lg8+ligls
2lg2+ig3

Pemure ypaBHenue

1.Vvx2+2x+10=2x—1

2. cos(§+x)+cos(§—x) =1
3 Urzxz—lﬁx—S?j:S\/g

4.logsvVx — 5+ logsV2x — 3=1

2 BapMaHT

IIpeoOpa3yiiTe BbIpa:keHue:

1l(aﬁ+ 0o m) (ﬁﬂ@)z

sJatyb at+2
1 132 3 3
1 (az—sz +2az2+b2
2 3{{11?}5—31] L
T 3 3
a—b az—hbz

3lg2+3lgs
"lg13-lg130

Pemmnre ypaBHeHnue

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

1

1642

4.; lg(2x—1)=1—Ilgvx—9

3 2x2—6x+0,5:
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IpakTuyeckas padora Ne 31

Tema: HucnaoBas mmocie10BaTeIbHOCTh, CIIOCOORI €€ 3aJaHts, BIUMCIICHHS YWICHOB
MOCJICIOBATEIIBHOCTH.
Hean: Hayunts BeIUUCIATH

Pemrenne ynpaxueHuit
|. Haiinure nepBbie NATh WICHOB Psia MO €ro 3aJaHHOMY OOIIeMy YJIeHY:

1. """ T n+a
w, =2
2. " Tamm—1
2+ 3
3 n 21i+1
+1
.
4, Un= n
Il. Haiinure mepBbie YeThIpE YieHa O €To 3aJaHHOMY OOIIeMy YJIeHY:
e = mn+ 1y
1. """ an
1
Uy =
in—-1)(2n+1
2. )
o

e =

3 " (n—l—l)(n+ 2)
T—1 f 11

4, un=1(-1) ) Mg

= (2n+1)an—
__ n+1
" (2?1 — 1)3“‘1

S.
U

6.

I1l. Haitnute popmyiy oO1iero wieHa psjia 1o ero JaHHBIM MEPBBIM YieHaM

2.
3.

I'Y. Beruucnure cymMmy 4ieHOB psija:

1
1. z nn+ 1)

=1
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5 ,TZ; (3n—2)(3n+1)

1
3. &3
—~ m+1
4. =Anin+ 1)

1
5 Anm+mn+2)
Y. Haiigute N-it wieH psija no ero JaHHBIM MEPBBIM YJeHaM:

g

N

YI. Uccnenyiite cXxoquMocCTh psijia, IpUMEHss HeOOXOUMBIN MPU3HAK U OJUH U3
[IPU3HAKOB CPaBHEHU:

1.

2 rtZ:n ‘n(n + 1)

1
3. ﬁz::ﬁ
— 1

4, 7=1
Uccnenyiite cxoquMocCThb psiaa, UCHOJB3YI0 Npu3Hak JJanambepa.

Z 1
=) n—+ 2
1

1. &= 3.2m

Z 1
= 2n + 1y
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1
7 ;z:im+1}(n+3]
AR

8. n=1

IIpakTnueckas padora Ne 32

Tema: [Ipenen mocnenoBaTeIbHOCTH
Heas: HayuuTs BEIYUCIIATE NPEIEIBI

Teopernyeckasi 4acTb

Omnpenesaenne. Yucno b yasiBaercs npenenoM QyHKIUU f(x) npu ® | crpemsieMcs K @
ecim s moGoro uncna £ = maiinercs takoe uncno © @ yro mpu Becex X @
ylioBIeTBopsfomx Hepasenctsy |X — @l < & | Gyner ppmonusTeest Hepasencrso IfG) — bl < =
Onpesienenue nmpesena GpyHKIME MOXKHO chOpMYINpoBaTh ¥ Tak: Uncio P HaseiBaeTcs
TpeaesioM f(x) npu X | cTpemsmeMcs K &, eciu npu modoM £ = @ cymectsyer Takas
OKPECTHOCTb TOUKH &, uTOo yIs Moboro ¥ ¥ @ y3 a10ii okpectHocTH. [Ipenen o603HauaeTcs Tak:
lim f(x) = b.
[Tpumep 1. [Ipeaen mocTossHHOM PYHKIMH B JH000M TOYKE PaBEH ATOM K€ MOCTOSTHHOM.
Pemenue. ITycts s Beex %, OueBHIHO, UTO Jist MOOBIX £ = 0 d=0 y IUTSL BCEX

x€{a—8a+8§) CIIpaBEeUTMBBI COOTHOIIICHUS

3HAYHT, 11O OTPEICIICHUIO TTpeaeiia

limf(x) =limk = k.

M Aa X a

[Tpumep 2. ana ¢pynkiuu. Jlokazars, 4To

lim f(x) = a.

X 4a

Pemenue. [Tycts € = 0 - mo6oe uncno. Ionoxus ¥ = € | s Becex X = (a—8a+ 8]
lim fl:xjj =limx=a
X a X a

TeopeMa. Ecmu q)YHKI_[I/IH HUMCECT IPECACT IIPHU X, CTPEMALLICMCS K 8, TO 3TOT NPEACI CAMHCTBCHCH.

1. Teopembl 0 npenesax GpyHKIUU
Teopema 1. Eciiu ipu ¥ * @ cymiecTByroT npenenbl GyHKIUN f&)  g(x) , TO CYILIECTBYET
TAaKKe 1 IPeelbl HX CyMMbI, PaBHBIN cymme tipesenos dynkmii £&) i glx) .

1n1[222223[f[x) +glx)) = 1n1f[x] +lim g(x).
Teopema 2. Eciiu mpu ¥ * @ cymiecTBYIOT Npeiesbl (l)yHKI_[I/II/I f{x} n g(x) , TO CYILIECTBYET
TaKXe U Impeen ux HpOI/I3Be,I[eHI/I$[ paBHbIii iponsseaernio npenenos pynxuuii &) u glx) .

CJ'IC,Z[CTBI/IC. IlocTosHHBIH MHO)KI/ITGJ'IB MOJKHO BBIHCCTHU 3a 3HAK IIPECACa.

JlercTBUTENBHO,
llm[IZZZ] kfx) = hm k- li_r.tg fix)=k- ‘l{irlil fx).
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Teopema 3. Ecii mpu ¥ * @ cymiecTBYIOT npeesnbl pyHKIHi fG) y g(x) npenen
fix)

byHKIIN g(x) omimuen ot HYJIS, TO CYLIECTBYET TAKXKE U IIPEJIEI UX OTHOLICHUS glx) paBHBII
OTHOILEHHUIO MPEENOB:
fi(x) f(x)

(e 2.5 = i e

IlousgaTne 6€CKOHEYHO MAJION U 6eCK0HeqH0 00JIBIION BEIUYNHBI
Ecnu npenen pyHKIMM paBeH HYIIO, TO OHA HA3bIBACTCS OCCKOHEUHO MAJIOW BEITUIHHOM.
Ecnu npenen ¢yHkiuu paBeH 0€CKOHEYHOCTH, T.€. BETMYMHE 00paTHON K OECKOHEYHO MaJIOn
BEJIUYMHE, TO OHA HA3BIBAETCI OSCKOHEUHO OOJIBIION BenmnuuHoi. ClaeoBaTeIbHO,

BBIIIOJIHAIOTCA paBCHCTBA:

1 1
lim — = o=, lim—=0
x—=al X a0

Brruncnure npeaensl

Ipumep 1.
lim(x+3)= lim x + lim 3= 7+ 3=10.
=7 x—=7 =7
IMpumep 2.
lim{3x+2 hm3x+hm2 lm3-limx+2
lim 3x+2 _ x%]( ) ( ) x—1 _ x—1 —1 —
251237 Hm@x—ﬂ hm@iHhm(T) lim 2 - limx— 7
x—>1 =31 x—1 x—>1 x—>1
3-1+2
= —_=5/(-5%=-
217 Y
IMpumep 3.
. x°-4
lim
=2 X—2

—4_(x-2)x+2) _

+ 2.
x—2 x—2
2_
lim >4 _ (x 21x+2)—lun(x+2)—lhnxﬁ—ﬁnlzz
=2 X—2 x+2 x—2 x—>2 2 =52
=2+2=4
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Pemenne ynpasxHeHuu
lim[(x? — 1)6x - 3)(x - 5]
1x 2

" 3 -4x
Im———
hna[[zx — 4)(x — 1)(x + 2)] 15.  x—~94 —2x-2

2.
lim[(x]2 — 5%+ 6
. (x+3)(x—2) 16. x =:[I: ] :)
lim
x—-1 x+2 3 7
7. Jm[(] £ 3%
3 I 3x
18. xlElx— 2
3
lime— w8
4. x 32%x— 6 19, Sm3.—5
4 3 2
lim— Do 2x?*-3x+1
5 x 03x* +2Ix 20. ,;11]:553{3 —4x? 3 2x
2 3 -7 2
lirm ‘-‘fa xj hmzx? —5x+ 4
6. x 05x7 —4x- 21, x=x*?—2x-+3
. 3x% +x , 3
lim limyx2 —x-x
7. =0 X 22. X o=
x—3 limyx2 + 5x-x
lim— 23. X =
8. x—3x* —9
2 _ _
4x? - 9 im 4x Tx—2
g x 32 F3
: o x?+2x-15
11m._,—
X2 = Bx+15 25 x3 X'-Ox
m -t -Y
10. x5 X'+25 y 2x
i
i 3x? —8x+ 4 26, x0y4+x—v4-—x
m
11. : 25%x2 —14x+ 8
X ) 2 - %
im——
hmx? —7x+ 10 27. x—43 —¥2x+1
12. x 5x2 —9x+ 20
i 2—x
_ m—
lim—x 6 28. ¥23 —yax—1
13. =6yx+3—3
CoYvx+1-1
lim——
14. x 0 X
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IIpakTnueckas padora Ne 33

Tema: KontposisHast paboTa 3a epBbIii cemecTp
Heasn: [IpoBepuTh ypoOBEHb YCBOEHHUS MaTepHUaa 3a IEePBbI CEMECTP

1 BapuanT
Ynupocturte BbipakeHue

1.(sin x +cosx)* —1

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

sin * X+Sln X c0S? X
sin * x cos® X

3.

IIpeoOpa3yiiTe BbIpa:keHue:

1 (a+2 a N 2 )w’E—w’E
"\za za+z  a—42a a+2

c—1 c¢2+cz 1L
2.7 1 1 "+ +1
ci+ec2 241
lg8+ligls
2lg2+ig3

Pemmnre ypaBHeHnue

1.Vvx2 +2x+10=2x—1
2..-:05( +x)+r:os( —x)

3 sz —16x— 3?5_5\/_
4.logzVx — 5+ logav2x —3=1

2 BapuaHT
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Ynpocrure BoipaxkeHue

1.(cos2x +1)tg?x —1

ct (3” — xj
1—ctg?(—x) A2
2. -
t92 (x—7z) ctg(z+x)

sin ® x cos x + cos® xsin x

CcOSs? X
IIpeoGpa3yiiTe BbIpa:keHue:

1(me+ bVb _ m) (ﬁﬂ@)z

3.

Ja+4yb a+2
1 (az sz +2a2+b2
2 3{{11?}2—31] L
T 3 3
a=b az—b2
3lg2+3lgs
"lg13-lg130

Pemmnte ypaBHeHue

1V17+2x —3x2=x+1
Z.Sin(Eer)—sin(g—x) =1

_ 1
3 2x 6x+0, 5_
1642

4%Eg(2x— 1)=1—-Ilgvx—9

IIpakTnyeckas padora Ne 33
Tema: [IpaBuia BIYMCICHUS TPOU3BOIHBIX

He.m;: Hay‘{I/ITL yqalmuxcs mpaBujiaM BbIYHUCICHUA ITPOU3BOIHBIX

Teoperudeckuii 610K
° Cf — []
° If - 1
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. (f+9)' =1 +d
(fg) = f'g+ fd"

. (cfy=cf

"_fa—T1d

9° ..(g#0)
(5) %
. \9 9 @#0)

Beruncnure nponsBoaHyO:

_ 3 5 3
1. f(X)=x"+2x"+4 10. f(x) = X
2. f(X)=2x*+x3+10 X—4
3. f(x):z+%+§
X x° 7
1 2 4 11.f(xX) = x(x+3)
4. f(X)==+—+— )
x x* 5 12. (x) = (x* +4)(x-1)
_ 5
5. f(X)=2x +4x 131 () =
6. f(x)=~/x+5x* 3x-1
7. £00=x(x+1) 14f (x) = X+
8. f(x)=x(x+5) X+l
XZ
9. f(x)=
(x) 3

Jomarmxee 3amanue:

1) f(x)=7x"+13x*+18

2)f(x):§+xi+\/§

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

2

6)f(x):%

IIpakTn4eckoe 3ansaTue Ne 34
Tema: IIpou3BoHbIE TPUTOHOMETPUUECKUX (DYHKIIUN
Hesas: HayunTs BEIYUCIATH MPOU3BOHBIE TPUTOHOMETPHUUECKUX (QYHKIIUN

Teopernueckuii 6110k
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Bce Tpuronomerpuueckre (yHKIIMU HEIPEPHIBHO U HEOTPaHUUEHHO TU((epeHIupyeMbl Ha

BCell 00nacTu onpeneneHus:

(sinx)' = cos,

(cosz) = —sinz,
1
t =
(tgx) cos? 1’
(tga) = - —
ctgx) = ———,
5 sinz’

Pemrenne ynpakHeHuit

1. HaiiguTe npon3BoaHYIO QYHKIINH:

2y =tgx +x

Dy=cosx+zx°,

Ny=cigix+3, 5}y=sin(x+g);

?}y=sm(g—zx}, = Ol Bpo E

E a
2. Haiigute mpou3BoaHy0 (PYHKITUU:

2 2

Tiy=sm*x+cos” x

4 4 -2 2
Ny=sn"x+cos” x—2sn“xcos’ x

3. Haiitu npousBoHy0 QyHKIIMH:

A: Dy =sin x°; 5
2)y = cos’ (%T— ax);
1
3y = ——;
cos” x
fgx
Hy =22,
x
1+igx
S =—2
igx
1
Ely = :
)Y tg3x
Tyt
fg3x x
B)y = ctgTx,

iy =.Jxsin x.

60

2y = (sin x +cos x)°

31y =sin 2x;

61y = cos{2x + %T]

Ny = .ﬁg3 x

; 2y =cos" x—sin* x,

Sy =sih 2xsin 3xtcosdrcosdx -1

1 4. T
hy=— : -—;
I v po xisth % Xq >

COS X T
2y = . I, ==
Y en 175
31y = 3in > Cos 2,:J:[, T
iy =af1+:n x, i S0k
Sy =tg' 2x,

Gy = c¢52(2x+lj, Ty Sk

Ty = ,{1+ 5::05%;

By =sin* (2x°);
Py =cos® (71— 3x7).



IIpakTnueckas padora Ne 35
Tema: Beruncnenne mpou3BOIHON CI0XKHOM (DyHKITHH

Henab: Hayunts yyamuxcs BHIYUCIATH IPOU3BOJHYIO CIOKHON (QyHKUINN

Teopernueckuii 610k

[IpousBoHas cnoxHOM (GYHKIIMK paBHA MPOU3BEICHUIO €€ TPOU3BOIHOM MO MPOMEKYTOUHOMY
apryMeHTy Ha IPOM3BOIHYIO 3TOT'0 apryMEHTa I10 HE3aBUCUMOM NIEPEMEHHON

Pemrenne ynpaxHeHuit

BoruncnuTe npou3BoAHYIO CIIOKHON (QYHKIIMU:

1) f(x) =cos5x 14) () =1cos§
2)f(x) = 3sin ~ 42
3 15) f (x) = (4x=5)°

3)f (x) = (8x+4)° g
HE=—2 T ey
(3-4x)?

5)f (x) = (3—2x)3 1 17)f(X)=(2X—3)‘4+(§x+4J
) F(x) =(3-2x) +m
6) f (x) = 2sin(3x _%)

7) f(x) =tg4x

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

8) f (x) :%cosé

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

10)f(x)=m

1) f (x) = (5x +4)™ +(§+8j

1 V4
12)f (x) = 2 cos(§ —3X)
13) f (x) = sin 8x

Z[OM&I.HHCC 3aJaHHueC
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2)f(x)= —sm 7X

3)f(x) = (2x +10)?
4
(5-x)°

5)f(x) = (4x+8)° +(%x+13]

At(x) =

6)f (x) = 4ctg(%— 2x)

7) f(x) = ctg2x
IIpakTnueckas padora Ne 36

Tema: Pemenue ynpaxHeHUN.
Henab: 3akpenuThs U CUCTEMaTU3UPOBATH 3HAHUS yYaIIMXCS 10 TaHHOU TeMe

Teopernueckuii 6510k

. C'=0
. =1
. (f+9)'=f+4
. (fg) =Ffg+fd)
(Cf)f —Cf
fa—r1g
2 ...(g#0)

) =

) 92 (@#0)

mmmm

|
(

Kapmouka Ne 1
HajiguTe npon3BoaHYI0 PyHKUIMH
1) f(x)=7x"+13x* +18

2)f(x) = —+—+J—

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

2

X
5)f(x)=
) F(x) "]
x+l
6)f(X)=——
) =-—
Kapmouka Ne 2

Haiinure npou3BoAHYI0 QYHKIUH
1) f(x)=6x°+5x°+78

62
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2)f(x):2+%+2\/§

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

X
5 f(x)=
) £(x) 1
X+5
6)f(x) =
)T() x> +1
Kapmouxa Ne 3

Haiigure npou3BoAHYI0 (PYHKIHH
1) f(x)=4x>+3x% +2x°

2)f(x):%+%+£

2
3) f(x) = x(x+10)
Hf(X)=(X+4)(x+2)

X
5 f(x) =
)T () 4x +1
6)f(x):x_+8
X+1
Kapmouka Ne 4

HajiguTe npon3BoaHyI0 PyHKUIMH
1) f(x)=7x°+8x* +1
X
2) f(x) =iz+%+&
X X

3) f(x) =(x+4)x
4)f(x) = (x+5)(x*=7)
5)f(x)=x—i(r8

X—3

G)f(X):m

Kapmouxa Ne 1
Haiiagure npou3BoAHbIE CJ0KHBIX (PYHKIUI

1) f(x)=cos5x
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. X
2)f(x):35|n§

3)f (x) = (Bx+4)°
2

4)f(X)=m

3 1
5)f(x) =(3—2x) +m

6) f (x) = 2sin( 3x—%)

Kapmouxa Ne 2
Haiigute npou3BoAHbIE CJI0KHBIX (PYHKIIUI

1) f(x)=tg4x

1 X
2) f(x) :ECOSE
3)f(x) = (3x+5)*

3

4)f(x)=m

5) F (x) = (5x +4) +(§+8}

6)f (x) = %cos(%—3x)

Kapmouxa Ne 3
Haiigute npou3BoAHbIE CJI0KHBIX (PYHKIIUI
1) f(x) =sin 8x

1 X
Z)f(x):ZCOSE
3) f (x) = (4x —5)?

8

D)= oy

5)f(x)=(2x-3)™"* +(§x+4j

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

Kapmouka Ne 4
Haiiagure npou3BoAHbIE CJI0KHBIX (PYHKIIUI
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1) f(x)=ctg2x
2)f(x) :%sin 7X

3) f (x) = (2x +10)?
4
(5-x)°

4)f(x) =

5)f(x) = (4x+8)° +[%x+13j

6) f (x) = 4ctg(%— 2x)

IIpakTnyeckas padora Ne 37

Tema: MexaHnueckHil CMBICIT TPOU3BOJHON
Heab: 3akpenuTs U cUCTEMATU3UPOBATh 3HAHUSA yUYaIIUXCs M0 JaHHON Teme

Teopernueckuii 6110

ITycts 3aman myTh 5 = f(t) JBY>KEHUS MaTepUuaIbHON TOUKU. CKOPOCTh JAHHOW MaTepHaIbHOM TOUKH B
MOMEHT BpeMeHH L eCTh MPOM3BOJIHAS OT IYTH & 110 BpeMeHH L.

v(t) = s'(t)

[Tpumep

2 .
y s(t) = =t* — 20> + 4t
Teno ABUXKeTCs NPSIMOJIMHENHO IO 3aKOHY 3 (m). OnpeenuTh CKOPOCTh €ro

neukenust B Moment £ = 10 c.

Pemenne. Mckomas CKOPOCTH - 3TO IMPOU3BOJHAA OT ITyTHU, TO €CTh

l-J: . f ? . f
o(t) = &'(t) = (_‘—E_z'* — 9t* +--1.1) = (Erﬁ) —(2%) +(4t) =

P22 441 =2 — At + 4

2 .
= () = 2A8) +4() =

L I

e

B 3aaHHbBII MOMEHT BpeMEHU

v(10) = 2107 = 4- 10+ 4 = 200 — 40 + 4 = 164 (30,

Orser. U(10) =164 (y/c).

VYnpaxxHenus:
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1.MarepuasnpHas TOUKa JBIKETCS MPAMOIMHENHO Mo 3aKoHy X (1) = 6t2 — 48t + 17, rine X — paccTosHue OT
TOYKH OTCUETAa B METpax, t — BpeMs B CEKyHJlaX, U3BMEPEHHOE C Hayaja JBuxeHus. Haiinure ee ckopocThb
(B MeTpax B CEKyHly) B MOMEHT BpemeHnu t = 9 C.
2.MarepuanbHasi TOUKa ABMKETCS MPSIMOJIMHEIHO 110 3aKOHY

X (t) = (1/6) t* + 5t + 28
I7I€e X — pacCcTOsHUE OT TOYKM OTCUeTa B MeTpax, t— BpeMs B CEKyHJaxX, U3MEpPEHHOE C Hayaja

JBIDKEHHS. B Kakoii MOMEHT BpeMeHH (B CeKyH/JIaX) €€ CKOpOCTh Obljia paBHa 6 M/c?
3.MatepuanbHas TOUKa JBUKETCS TIPSAMOJIMHEHRHO 10 3akoHy X (t) = t? — 13t + 23, rie X — paccTosHue OT

TOYKH OTCHCTA B MCTpPaAX, t— BpEMs B CCKYHAAX, UIBMCPCHHOC C HavdaJla ABUKCHUS. B xakoif MOMeHT
BpeMEHH (B CEKyH/Iax) ee CKOpOCTh ObLIa paBHa 3 m/c?

4.Touka nBrkercs 1o 3akoHy s(t)=2t>-3t (S — myTh B MeTpax, t — Bpemsl B CeKyH1aX). Beruucianre ckopocTh
JBUKEHUS TOUKH, €€ YCKOPEHHE B MOMEHT BPEMEHH 2¢

5.MaxoBHUK BpaIaeTcs BOKPYT OcH Mo 3akoHy @(t)= t*-5t. Haiinure ero yrinoByo ckopocTb @ B MOMEHT
BpeMeHH 2¢ (¢ — yroJi BpalieHus B paJiiaHax, ® — yrjioBasi CKOPOCTb pajy/c)

6.Temo maccoit 2 KT ABMKETCS IPSIMOJIMHEWHO TI0 3aK0OHY X(t)=2-3t+212

HaiinuTte ckopocTh Tesla M ero KWHETUYECKYI0 3HEpruto yepe3 3¢ nocie Havaia apiwxkeHus. Kakas cuna
NeMCTBYET Ha TEJIO B 3TOT MOMEHT BpeMeHH? (t u3MepsieTcsl B CeKyHAaX, X — B METpax)

IIpakTnyeckas padora Ne 38

Tema: Pemenue ynpaxuenuii. CamoctosTensHas padborta
Ieab: 3akpenuTh U CUCTEMATU3UPOBATh MATEpHUAIT 110 JTAHHOW TeMe

1 BapuaHT
1. HaiiguTe yrioBoit ko3 uUIIMeHT KacaTelIbHON, TPOBEACHHON K rpaduKy QYHKIIUH
v=4x"-6x+1 gero Touke ¢ abciuccoii Yo = 2
2. Haiinure yrinoBo#t k03¢ GUIIUEHT KacaTeIbHOU, TPOBEACHHON K rpaduKy HYHKIIUH
v=2x*-x"+3x -6 3 ero Touke c aberuccoii Yo = —1
3. Haiinure yrinoBoit ko3puiMeHT kacaTenbHON, MPOBEACHHON K rpaduKy pyHKINUN

T

PR L - . o X =
V = SINX — COSX g ero Toyke ¢ abcuuccoit  ° 2
4. Haiigute KOOpaIuHATHI TOYEK KacaHUsl, B KOTOPBIX KacaTelbHbIe K rpaduky GyHKIUU

y=10x"=5x -1 pymeror yrinosoii ko3 PULKEHT, paBHBIii 2

5. CocTaBbTe ypaBHEHHE KacaTeNlbHOM K rpaguky pyHkuun ¥ = 2% = 3% =1 g 1ouke ¢ aberuccoii
6. Koopaunara mMarepraabHO TOUKH U3MEHSETCS C TEYEHUEM BPEMEHH I10 3aKOHY

x{t) = 6t* - 8t + 6. Hajigure cKOpPOCTb TOUYKH B MOMEHT BpeMeHH & = ©
7. KoopauHaTta MaTepHaIbHO TOYKM M3MEHSETCS C TEYEHUEM BPEMEHH 10 3aKOHY

Fy _ L5 il . —
x(t) = t7 - 4t" + 5. Hajizure ckopocTh TOUKH B MOMEHT BpeMer £ = 2

8. MarepuanbHas TOUKa ABIKETCS IPAMOIMHEHHO 110 3akony X{) = 5%~ 2t + 1 Yepes ckonbko
CEKyH/I TI0CJI€ Havajla JBMKEHHUS TOUKA OCTAHOBHTCA?
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9. MarepuabHas TOUKa ABHKETCS IPSMOJIHHEHHO 110 3axony XY = 3% - 13t Hajinure yckopenne

TOYKH B MOMEHT BpeMeHH £ = 2
2 BapuaHT

1. HaiinuTe yrinoBoit Ko3hGHUIMEHT KacaTelbHOM, TPOBEACHHON K TpaguKy GyHKINU
v =7x*-5x + 12 g ero Touke ¢ abeuuccoii Xa = 3

2. Haiigure yrnoBoi k03(h(UIIMEHT KacaTeIbHOH, MPOBEICHHON K TpaduKy (HyHKIHA
v =6x%-x+1 gero touke ¢ abeuuccoii ¥a = 1

2

3. Haiinute yriosoit ko3 puuneHTt kacaTenbHON, NPOBEACHHON K rpaduKy pyHKINN YT T s
ero Touke ¢ abeuuccoii Yo = —1

4. HaliauTe KOOPAMHATHI TOYEK KACAHHMS, B KOTOPBIX KacaTelbHbIe K TpaQuKy QyHKIHH
v=8x"+ 41+ 4 yyeor yrIoBoil kodpQUIMEHT, paBHbil |

5. CocTaBbTe ypaBHEHHe KacaTelbHoil K rpaduky QyHkum ¥ = 3%° — 4% — 2 g touke ¢ aGemuccoit
g = —1

6. KoopmuHaTa MaTepranbHO TOYKH U3MEHSETCS ¢ TEUEHHEM BPEMEHH T10 3aKOHY
x() = 3t% - 8t + 8. Hajizure cKopOCT TOUKH B MOMEHT BpeMeHH & = 3

7. KoopauHarta MaTepuanbHO TOUKH U3MEHSETCS ¢ TEYEHUEM BPEMEHH T10 3aKOHY
x(t) = t* - 47 + 8. Hajinure ckopocTh TOUKH B MOMEHT BpeMern & = 4

8. MarepuanbHas TOUKa ABUKETCS MPMOIHHEHHO 1o 3akony £{) = t¥ — 8t + 10 Uepes ckonbko
CEKYH/I IIOCJIE HaYasa JBUKEHHUS TOKA OCTAHOBUTCS?

9. MarepuansHas TOUKa ABUKETCS MpsMOITHHEHHO 1o 3akony £{3 = 8t - 2t% ajinure yekopenue

TOYKH B MOMeHT BpeMenn £ = 1 ¢

IIpakTuyeckas padora Ne 39

Tema: [IpumeHnenue HenpeprIBHOCTU. MeTO1 HHTEPBAJIOB
Henapb: Hayunts ydamuxcs pematb HepaBeHCTBA, UCMOJIb3YSI METOJI MHTEPBAJIOB

Teopernueckuii 670K
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AaropurMm Ipumvep

1. Pazzosaiy BrRIpaseHue B ) (x— DX+ D+ 2)(x + 3)%(x — 4)*
THCIHTENS B SHAMEHATE TS Ha THHEHHES z =0
) (x—1x-3)*x-5)

MHOHHTETH.

2. Brigeamy oco0sle CTVEaH(ecTH OHH (x—3)*20mpux+3

€CTh) — YeTHEIE CTENeHH H (x+3)°>0mpux=3

COKPANTANIHECT MHOMHTETH. (x—4)¥=0mpux=4
(x—1)=0 mpux=1

i [Tepenuimen HepaBeHCTRO, (x+1)(x+2) -

HCKTHOSHE 0CO0RIE CIVEAH. x—5 =

4. TMpupassgens ¥ 5vI0 KasoTelil ct1=0 [x=—1
AMOEHTATE SHOTHTETT H SHAMSHATSIT M
- ) x+2=0 |x=-2
HafJeM BCe X H3 JaHHBIX c=0 5
— = x =
PaBSHCTE(«KOHTPOTEHEIE TOUKH ).

3. Otyersy Ha KOOPIHHATHOH 2 1 5

MpAMOHA TOMKH H3 I 4, VHHTEIBAT 3HAK W
HepaBeHcTRa(cTporil HIH HecTporuii).

¥

6. [IpoRepHM 2HAK B OXHOM H3

HHTEPBATOE, 4 B OCTATHHEIX — 3 = = ) e N
TIpOYepeTVent. = x
7. 3anumen OTBET, VIHTEIBAA IHAK .3 2 -1 3 4

HEPAECHCTER H 0C0 oIS CAVEAH.

Oreer:x € [-2;-1]u (5;0) U {-3; 4}

Pemenue ynpaxxnenuii

(X% —4x+6)(x—2)(x-3) 0
(x-1)*(x-2)*
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X2 —4x+6 >0npux € R . takkag D <0

(x—2)’z0npHX € R . Tak Kak Touka X * 2
x—1D*=z0npHX € R . Takkak Toukax *+ 1

(x—2)(x—3) 20 Ezg

OteeT:X € (—2;3)

o E-5)(x-7)(2x-3)
= —x*—Bx+6

=0

(x—V5)(x+V5)(x—7)(2x—3)

—(x+6)(x—1) -
XK:_*":% 6 Vs 3
=Y —\\'mw
x=15
fo1

OTBe_n {(—co:—6)U [—1..@; 1} U [1,5;\.@] U [7; ooy

[TpumMepbl Ha CAMOCTOSTEIIEHOE PELICHHE:

1 gl.
2 _br4+6 2
x4+ 17

=0

2 —r—6"

Jz-3

> ().

T — 2

17 — 150 — 222

v S}
T+ 3

Z[OM&I.HHCC 3aJaHHuC:
(X~ 3)(X —9)>0

x+7(x—4)<0
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(2+x)(14-x) <0

(6 —X)(x+7)>0
X (8 —X)(12+X) >0

(14x +28)(9 —X)x < 0

2X(7X — 14)(4 — X)(x + 24) > 0
—5X(9X — 27)(X + 28)(9 —X) < 0

(X — )2+ X)(X + 1)(x —2) <0

(x + 8)(3x — 30)(16 — X)(—6 — 2X) < 0

IIpakTnueckas padora Ne 40

Tema: Bo3pacranue u yObiBaHHE (QyHKIIMU
Heawb: Hayunts nccnenoBath (yHKIMIO HA TPOMEKYTKH MOHOTOHHOCTH
Teopernueckuii 6110k

1.Ecnu B HEKOTOPOM MPOMEXKYTKE MepBasi MPOrU3BOJHAs PYHKIUU OOJIbIIE HYIS, TO (QYHKIUS BO3pACcTaeT
Ha 9TOM IIPOMEXKYTKE;

2.Ecnu B HEKOTOPOM MPOMEXKYTKE IepBas Mpou3BoAHas (DYHKIIMHM MEHbIIE HYJIs, TO (PyHKIUS yObIBaeT Ha
3TOM MPOMEKYTKE.

[IpomexyTku, Ha KOTOPBIX PYHKILHKS TOJBKO BO3PACTAET MIIM TOJILKO yOBIBAeT,
Ha3bIBAIOTCS MPOMEKYTKAMH MOHOTOHHOCTH.

IMopsiiok HAXOKIEHUS TPOMEKYTKOB MOHOTOHHOCTH:

1. Haiitu o6macth onpeaenenust GyHKITHH.
2. Haiitu nepByro npou3BOIHYIO (BYHKIINH.

PaccMoTpuM HECKOJIBKO TPUMEPOB Hccie10BaHus (YHKIIMKM Ha BO3pACTaHHUE U yObIBAHHUE.
Haiitu nmpomMexyTkn MOHOTOHHOCTH (DYHKITHIA:
3 2
=x -3
1) 7

a) 00JacTh Ompe/e/ICHHs D) xer

¥ =35 —6x

0) HalizieM MepByIO MPOU3BOIHYIO:
»'=0.3"—6x=0 x=0,x=2

I/ICCHGI[yeM 3HaK HpOPI3BO,[[HOI>'I B MTOJIYYCHHBIX ITPOMEKYTKAX, PCIHICHUC ITPEACTABUM B BUIC Ta6J'II/II_[bI.

X |{—o0)]0](0:2)]2] ({2 +o0)
Y| of - |0] +

ya| 1 ! T
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y=x -3

x € (=00, 0)0 (2:+00) DyHKIHS BO3PACTacT, B

Wrak, B ipoMeKyTKax

xe(0:2)

IIPOMEXKYTKE yOBIBaeT.

0¥ ="%
Dy xe R

a) 001acTh OMpeeTICHUS

0) HaiiieM MepBYIO MTPOU3BOIHYIO: :
=10 — 3y =0 x=0

Hccnenyem 3HaK IpOM3BOJHON B MOJTYYEHHBIX POMEXKYTKAX, pEIIEHUE TPEJICTABUM B BUJIE TaOJINLIBI.

% ({=oo0) |0 (0:+c0)

yixy| - 0] -
x|l |
®ynxuus ¥ yGbiBaeT Ha Beeit 061ACTH ONPEIeTeHH.
I
3) V=1 S+ 6.
a) 0051acTh OIpeaeIeHHs Diy) xeR ,
»=2x-5

0) HaiiIeM MepBYIO MTPOU3BOIHYIO:
' =0.2x-5=0. ¥= 2.5

HCCHC}IyeM 3HaK HpOHSBO}IHOfl B IIOJIYYCHHBIX ITPOMCKYTKaAX, pCIICHUC IIPCACTABUM B BUIC Ta6J'II/II_[BI.

x [— 0::;2,5) 2,5 (2,5;+03)

y'(x) - 0 +
yix) ! T
S :
Oynkuus y=ix-5x+6 BO3DACTAeT Ha IPOMEKYTKE * - [2,5,+m)’ yOBbIBaeT Ha
IPOMEKYTKe ~ = (-25)
ITpumepsi:

Haiitu mpoMeXyTKu MOHOTOHHOCTH (DYHKITHH
y=x-2x

f(X)=x+2x° +4
f(x)=2x>+x*+10

f(X) = 2% + 4x°

f (x) = /x +5x*

f(x)=7x" +13x° +18

o g bk~ wh P

I[OMa]_HHee 3aJaHHUC:
1. f(x)=x(x+1)
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2. f(x)=x(x+5)
X

3 1=~

4 F=—"

IIpakTnueckas padora Ne 41

Tema: Kputnueckue Touku GyHKINH, MAKCUMYMbI I MUHUMYMBI
Heanb: Hayunts Hax0uTh 3KCTPEMYMBI (DYHKIIUH.
Teopernueckuii 610k

Heo0xoaumoe ycioBue 3xcrpemyma: Ecinu Touka X sBiisieTcst Toukoil akcrpemyMa ¢pyHkiuu f u B aTOM
TOYKE CyIIeCTBYyeT npousBoaHas f', To oHa paBHa Hymto: f(x°) =0.

IIpuznak makcumyma pynxumun: Ecnu pynkuus f HenpepsiBHa B Touke X, a ' (x)> 0 Ha uHTepBane
(a;x°)m ' (x)< 0 nHamHTepBase (X°; B) , TO TOUKA X SBISETCS TOUKOM MakcuMyma QyHKIuH f .

Mpusznak munumyma pynkuuu: Ecmu dyakuus f vHenpepsiBHa B Touke x°, a ' (x)< O Ha mHTEpBase
(a;x°) m f' (x)> 0 nHa unHTepBase (Xx°; B) , TO TOUKa X° SBJISIETCS TOUKOW MakcuMyma GpyHKiuu f .

Teneprs kocHEMCS BOIIpoca MOCIEA0BATEIBLHOCTH ONEPALIUNA, KOTOPbIE HYKHO BBIIOJHUTH MPU OTHICKAHUHI
AKCTPeMYMOB GYHKIMHU.(3-4 MUHYTBI)

1. HaiiTH 00MacTh onpeaeneHus PyHKIMN

2. HAWTH TPOU3BOIHYIO Q) YHKIIUH

3. HAWUTH TOYKH, B KOTOPHIX BBITIOJIHSAETCS paBeHCTBO f(X)=0

4. HaliTU TOYKH, B KOTOPBIX MPOU3BOJHAS HE CYIIIECTBYET

OTMeTHTh Ha KOOPAMHATHOM MPSMOI BCe KPUTUYECKHE TOUKH U 00JIaCTh ONPEIeICHUS
5. onpenenuTh 3HaK MPOU3BOIHOM HA KaXJOM U3 MPOMEKYTKOB

6. caenaTh BBIBOJI O HAJIMYUU WIIM OTCYTCTBUU SKCTPEMYMOB

HaiinmuTe kputnueckue TOUKH HyHKIIUH
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a)2x2+x—1=0
6).

B)4x"2+3x —6=0 .

r).

2. Haiigute TOYKM MaKCUMyMa U MUHUMYyMa  (DyHKIIHH:

a)x*-lox*+9=0,;

7

6).
g) 12x*-3x*-5=0,

7

r).

[TocTpoiite acku3 rpaduka GyHKIIMHA, 00IaTat0MIeH
CIEAYIOIIMMH CBOMCTBAMU:

L.D{y=[-3;5]. f ()= O mpux € (=3; 1) f (x) < O mpu
xe(l; 2, f)=0.

2.D(fy=[-4;6l, f (x) = O mpu x € (—4; 2). f (x) < 0 mpm

xe(2;6) , f{2)=0.

HOM&IHHCC 3aJaHHUC!:

1. Haiigure KpUTHYECKUE TOUKH (yHKIHH:
a) 6x2+3x+10=0 .

6).
2. Haiigute Touky MakcuMymMa U MUHUMyMa  (DYHKIHUU:
x s x®
a8 23 770,

5).

3.IToctpoiite 3cku3 rpaduka GpyHkuuu, odagaroniei
CIIEAYIOIIMMHU CBOWCTBAMHM:

D{fy=[1;6l: f (x) = 0npux e (1;3)f (x) < 0 npn
xe(3;6) , F(@=0.

IIpakTnuyeckas padora Ne 42
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Tema: [IpuMeneHne npou3BOIHON K UCCIETOBAHHIO (DYHKIUN
Hean: HayunTs ydammxcst uccinenoBath (PyHKIUHU C ITOMOIIBIO TPOU3BOIHON

Teopernueckuii 610k

Cxema uccnenoBanus (QyHKIUU:

=

Haiitu o6macts onpenenenust GyHKIUH.
[IpoBepuTh, HE ABNAETCS JIU (PYHKIMS YETHOM MM HEYETHOM; IPOBEPUTH TAKKE, HE SIBIISIETCS JIU

OHAa MEPUOJUYECKOM.

3. HaiiTu, eciu 3T0 BO3MOYKHO, TOUKHU IepecedeHus rpaduka QyHKIHUU ¢ OCSIMU KOOPAUHAT U
MIPOMEXYTKH 3HAKOTIOCTOSIHCTBA (PyHKIMU. MIHOT 1A 1711 yTOUHEHMSI TOCTPOEHMSI rpaduKa cleayeT
HaWTH JIBE€ TPU JIOTIOJHUTEIbHBIE TOUKH.

4. Haiitu npou3BoaHyt0 (YHKIIMHM U €€ KPUTHUECKUE TOUKH.

no

S. Haiiti npomMexyTKi MOHOTOHHOCTH U AKCTPEMYMbI (DYHKIUH.
6. [TocTpouTts rpa@uk GyHKINU, UCHIOIB3YS MOJYyYEHHBIE PE3YIbTATHI UCCIEAOBAHMSI.
Paccmotpum mpumep:
4
7 X
EZa
x -1

1. O6macTp onpeacIeHUs

% -1%0; x=1 x €(~ o) (1;+00)

, IO3TOMY
2. Ilepeceuenue ¢ ocsimu koopauHat: Touka (0;0).

3. BBumy Toro, uTo 001acTh ONpeACTICHUS HECHMMETPUYHA OTHOCUTEIIFHO Havaia KOOPAWHAT, TPOBEpKa
Ha YETHOCTh HEBO3MOXHA.

4. laTepBaibl 3HAKOMIOCTOSIHCTBA

4
X

Tak kak X' 20 ¥z & R 10 3nak gpo6u x’ -1 OyzeT 3aBHCETh TOJILKO OT 3HaKa 3HaMEHAaTels, T.€. OT
3 2 .
smaka X —1=(x- 1)(X X +1). IMostomy mpu £ € (-ea0)u (01) ¥ <0 ,ampu ¥ € (l4oo) y>0,
5. MaTepBasbl MOHOTOHHOCTH
. 4x3(x3— 1)— xt 3z? . 4x% -4x° -3x® x%-4%° )

(x3—1)2 ) (x3—1)2 ) (x3—1)2 ,

x®-4x’ =0,
x3(x3 —4)= 0;
2 =0;, x, =34
y >0 y <0 y <0 y >0
0 1 T

Mpu * € (- ca0)u (4400) (GyHKIMs BO3pacTaer,
Ipu ¥ € (O:1)w (l;éﬁ) GbyHKIHs yOBIBAET.
g B
i

(0;0) - Touka makcuMymMma, - TOYKa MUHUMYyMa.

XE (— °°’,"§~'E)U (1;+c0) rpaduk QyHKIUU BOTHYTHIH,
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xel-32; 1) rpaduk GyHKIUHU BBITYKIBIA. - TOYKA Meperuoa.

AY

¥

Hccnenyiite n moctpoiite rpaguku GyHKIIHMA:

h(x) =-3x2+12.
h(x) = 2x?>+ 3x + 1
fx) =2x2-3x + 1
h(x) = 0,5x%> + 5x + 8
h(x)=0,5x% —5x + 8

HOMaI_HHee 3aJaHHuC:

ok~ wnPE

1. h(x)=2x>+1
2. f(X) =x2-4x + 2
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IIpakTnueckas padora Ne 43

Tema: KontponpsHas pabora o teme: «IIpowusBoaHasy
Heas: [IpoBepuTs ypoOBEHb YCBOEHUS MaTepuana

BapuaHT 1.
TeopeTnyeckun Bonpoc

1. Tlpupamenue aprymMeHTa u npupameHne GyHKIuuu

MpakTnyeckune 3agaHuA

2. Haiitu npousBoanyio GyHkmun Y = X

3. Haifti mpoMexyToK Bo3pacTanns GpyHkman Y = X2 — 2X + 3

4. Haiitu skcTpeMyMbl QyHKIMK Y = x3 + 3/x

5. 3ammcarh ypaBHeHHE KacaTensHOM K rpaduky Gpymkman  f(X) = (X2 +1)/X B Touke ¢
abcrmccoit  Xo=2

6. Wccrenosats dyukmmio f(X) = X% - 5X + 6 u noctpouts eé rpadux

BapwuaHrT 2.
TeopeTnyeckun Bonpoc
1. TlonsiTe MPOU3BOIHOM
MpakTnyeckne 3agaHusA
2. BvrYECcIUTh 3HAYCHHUE TIPOU3BOTHON (QYHKITHH g(x) = 6X? BTouKe X=4
3. Haiit npomexyTku, Ha KoTopbix dynkmms Y = (X — 2)?+ (X + 4)? Bospacraer
4. Haiitu skctpemymbl Gynkiuu Y = — 48/X — x3
5. 3ammcath ypaBHeHHe KacaTenbHoit K rpaduky Gpyukmmn  f(X) = (X% -1)/X B touke ¢
abcrccoit Xo=-2
6. MHccnenosars dyrxmuio f(X) = X4 - 2x3 + 3 u nocrpouTs eé rpadux

BapwuaHT 3.
TeopeTnyeckur Bonpoc
1. Tabnuua mpou3BOIHBIX

npaKTVI‘IECKVIe 3agaHus

2. BbluMcnauTh 3HaYeHHE NPOU3BOJHON QyHKIMHU Y = x3 B rouke X=1

3. Haiitu kputuueckyro Touky ¢pynxiuu f(X) = X% -4

4. Haiitu npoMexyToK Bo3pacTaHust yHKIMU Y = X2 —2x+ 3

5. HaiiTy TaHreHC yrila HAKIOHA KacaTenbHoil K rpaduky ¢pyuxmun Y = -X3/3 - X2/2 + 3x + 13 B
Touke Xo=-3

6. Mccnenosats pynkuuo g(X) = X2 -1 wunocrpouts eé rpadux

BapwuaHrT 4.
TeopeTnyecknin Bonpoc
1. TlpaBwia BBIYMCICHUS IPOU3BOTHBIX

rlpaKTVILIeCKVIe 3agaHus

2. Haiitu npoussoauyio pyskmun g(X) = x*

3. Pemuts ypaBuenue f '(X) =0 ,ecmu f(X) = x%- X

4. Haiiti npoMexyToK yobiBanns dyrkmmn Y = X2 - 6X + 8

5. HaiiTy TaHreHC yrila HAKIOHA KacaTenbHoil K rpaduky Gpyukmun Y = X3/3 - X%/2 - 3x + 13 B
Touke Xo=3
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6. Mccnenosats dyuxmmo h(X) = X% -4  u nocrpouts eé rpadux

BapwuaHrT 5.
TeopeTnyeckun Bonpoc
1. KacarenpHas k rpaguky GyHKIUU
MpakTnyeckune 3agaHuA
Haittu npoussoanyio gpynkimu @(X) = X + COS X
Pemuts Hepasencteo f'(X) > 0, ecim f(X)= 2 X2 - 4 X
Haiiti mpomexyTkn, Ha koTopbix Gyukmms Y= 2 — 2 X2 + 4x3/3 - Y4 x* Bospacraer.
Haiitu kputuueckue touku pynkiuu y= (X2 + 3x) / (X + 4)

o Ok wN

Uccnenosats Gpynkumio g(X) = - X2 - 5X - 6 u nocrpouts €& rpaduk.

BapwuaHrT 6.
TeopeTnyeckun Bonpoc
1. TlpousBoanas B pu3UKE.
MpakTnyeckne 3agaHus
Haiitu npomssomnyio pyukrmn f(X) = (2x + 1) 4
Haiitn kputnueckue Touku Gpyakunn Y= 6 + 12X - x3
Haiitu mpoMexxyTKku, Ha KOTOPbIX PYHKIUS ~ yObIBaeT.
Haiitn npoussoanyto Gpynkuun Y = 2VX + 27/x — x2/9
Uccnenosars dynxmuio N(X) = X2 - X - 6 u mocTpouTs €8 rpadux.

S

BapuaHT 7.
TeopeTnyeckun Bonpoc

1. TIpusnak Bo3pactanus (yObIBaHUS) (PYHKITHH.

I'IpaKTVIHGCKVIe 3agaHusA

Borancmuts f '(3), ecu f(X) = X2

Haittu npoussoanyio gynkiuu y = 2 Sin X

Haiitu mpomexyTkn, Ha kotopsix Gpyukmms Y = 0,5 X* - 5x3/3 - 1,5 X? + 2 Bospacraer
HaiiTy TaHreHC yIiia HAKIOHA KacaTeNbHOM K rpaduky Gyukmmu y = VX B Touke Xo = 9

ok w

Uccnenosars Gpyrkuuio g (X) = X?- 9 1 mocTpouTh e rpaduk.

BapwuaHrT 8.
TeopeTnyecknn Bonpoc
1. IIpusnak MakcuMyma (MHHUMYyMa) QYHKIUH.
I'IpaKTqucme 3aaaHuA
Haiitu npomssoanyto pynxuuu f (x) = X°
Pemmuts Hepasenctso §'(X) < 0, ecm g( X )= X2 - 4X
Haiitu npoMexxyTkH, Ha KOTOpBIX QyHKIMS ) = Yux*-5x33- x2—-1 yOBIBaeT.
HaiiTu TaHreHc yriia HakIoHa KacaTelbHOU rpaduky GyHKIMU f(X) =2 X3+ 3 X? BrouKe Xo= -2

o 0 AwN

Uccnenosars pynxiuto h(X) = - X% + 1 u noctpouts eé rpaduxk.

BapuaHT 9.
TeopeTuueckuin Bonpoc
1. HUccnepoBanue QyHKIHI.
MpakTMyeckme 3apaHns
2. Haiiru npoussonyto gpynkiuu h (X) = sin (2 - 3x)
3. Haiit npomexyTku, Ha koTopeix dynkmus Y = (X2 +8x) / (x - 1) Bospacraer.
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4. Haiitn npou3BOIHYIO QYHKINHU Y = x48 —x3/3 + \x u BerancauTE cc 3Hauenue, ecm X = 4,

5. Haiitu ypaBHenue kacatenbHoii k rpapuxy pynxuun  f(X) = (x-1)/(x+1) B Touxe ¢
abcruccoit xo = -2

6. Mccnenosats dyukimo f(x) = X2 + x — 6 u mocrpouts ee rpadux.

BapwuaHnT 10.

TeopeTnyeckun Bonpoc
1. Tlpupamenue apryMeHTa U mpupamieHue QyHKIHH.

MpakTnyeckune 3agaHuA

2. Haiitu f '(x), ecm f(x) = 4 (x-5) 3

3. Haiitu npousBoanyo Gpyuxmuu g (x) = X°/5 Y2 X2 -9\x -2 ¥ BBIYHMCIHTE ce 3HAUEHHUE, ECITH X =
1

4. Haiitu mpomexyTky, Ha KkoTopbix dynkuus Y = (X2 - 8x) /(x+1) yosisaer.

5. 3amucaTh ypaBHEHHE KacaTelbHOM K rpaguky gynximu f(x) = (x+1)/( x-1) B TouKe ¢
abcmmccoii Xo=2

6. MHccnenosats dynxumio h(x) = -x? + 5X - 6 u moctpouts ee rpadux.

BapuaHT 11.
TeopeTnyeckumn Bonpoc
1. TlonsiTne MPOU3BOAHOM.
MpakTnyeckue 3agaHus
2. Peumnts ypasuenue §'(x) = 0, ecau g(x) = 2x - x?
Haiiti mpoMexyTky, Ha kotopsix pyukims Y = (X - 3)3/( X+1) Bospacraer.
Haiitu kputndeckue Touku GpyHkmun Y = X + COS 2X
Hanucats ypaBHeHHe KacaTenbHO# k rpaduxy dyukimn y = (X>+8)/( X+1) B touxe xo=0
Wccnenoats pynxmmio f(x) = 3x° -5x% u mocrpouts eé rpadux.

o oA w

BapuaHT 12.

TeopeTnyeckur Bonpoc
1. Tabnuia npou3BOIHBIX.

npaKTVI‘IECKVIe 3agaHus

2. Haittu npoussoanyio gynkiuu f(X) = 4x5

3. Haiitu IIPOMEXYTKH BO3pacTaHusl pyHKIMU Y = 5x2 —3x + 1

4. Haiitu MuHUMYM ¢GyHKIHK Y = X2 — X

5. HaiiTu TaHreHc yria HakjIoHa KacaTelnbHOH k rpaduky Qpynkuun y(X) = (X2+8)/ (x-1) BTouKe c
abcrmccoit xo =0

6. Mccnenosars Gpynkuuio §(X) = - x?+ 4 u nocrpourts ee rpauk.

BapuaHT 13.
TeopeTnyecknin Bonpoc
1. TlpaBuna BbIUKCICHUS MPOU3BOIHBIX.

npaKTVI‘-IeCKVIe 3aaaHuA

2. Haiiru f'(X), ecn f(x) = 7x

3. Haiitu npoussoanyto Gpynkuun g(x) = 4 SIN X - COS X U BBLIMUCIUTE e 3HAUEHHe, eClid X = T

4. Ormpenenuts, BO3pacTaeT Wi yobiBaeT GpyHkuus Y = - X3

5. Haiitu TaHTeHC yIria HAKJIOHA KacaTenbHoM K rpaduky dynkimu f(x) = X* B Touke ¢
aberuccoit xg = 1
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6. Mccnenosars dynkimo h(x) = - X2 + 1 u nocrpouTs ee rpaduk.

BapuaHT 14.
TeopeTnyeckun Bonpoc
1. KacarenpHas k rpaduky QyHKIUH.

MpakTnyeckune 3agaHuA

2. Pemmrs ypasuenue f '(X) = 0, ecn f(x) =x3—12x =7
3. Haiitu npoussoanyio gpynkiuu h(x) = 14 X

4. Haiitn npoussoanyio Gynkmuio Y =3 COS x/3 + 2 SIN 4X u BEIYMCIUTE ee 3HAYeHHE, ecliu X = 71/2
5. Haiitu ypaBHenue KacatenbHoit k rpaduxy dpynxmuu T (X) = -x* + 4 X2 B Touke ¢ aberuccoit Xo =

1.
6. Wccrenosats pyukmmio g(X) = X% + 5X + 6 u mocrpouts ee rpaduk.

BapwuaHT 15.
TeopeTnyeckum Bonpoc
1. TlpousBoanas B pu3UKe.
MNMpakTnyeckune 3agaHus
Haiitu npomssonyto pyaxmun g(X) = x8/ 8
Pemmts Hepasenctro Y' >0, ecim Y = X 2- 4X
Haiiti mpoMexyTky, Ha Kotopsix Gyakims Y = ¥4 ( X%-2 ) X? - 3 Bo3pacraer.
Hanmcats ypaBHeHHe KacaTenbHO# K rpaduky pyakmun f(X) = 4\X B Touke ¢ abemceoii Xo = 4
Hccnenoats pynxmmio h(X) = -X? + X + 6 u nocTpouTs ee rpaduk.

ok wn

BapuaHT 16.
TeopeTnyeckuin Bonpoc
1. Tlpusnak Bo3pactanus (yObIBaHUS) (DYHKIIUH.
npaKTVIquKVIe 3agaHus
2. Haittu npoussoanyio pynkmuu f(X) = 2xX+1
3. Pemmts nepasenctso y' < 0, ecin Y = X?- 6X +18
4. Haittu npomssoauyio ¢pyuxiun §(X) = 4X? i BeIUKCIUTE e 3HAUCHHE, eCITH X=2
5. Haiitu TaHrenc yria HakioHa KacaTenbHol k rpaduky ¢pynkuuu f(X) = VX B TouKe ¢
abcrccoit Xo=9
6. Mccnenosats Gpynkumio N (X) = -X2+9 u nocrpouts ee rpadux.

BapuaHT 17.
TeopeTnyecknn Bonpoc

1. IIpusnak MakcuMyMma (MHHUMYyMa) QYHKIUH.

npaKTVI‘-IECKVIe 3agaHus

2. Haiiru npoussoanyio pyskuun f (x) = 5 x4,

3. BbuuciuTh 3HaueHue Npou3BoaHOM GyHkimu J (X) = COS X B Touke X = /4.

4. Peutsb Hepaencto Y’ > 0, ecnmu y = 4x? - 8x + 15.

5. HaiiTu TaHreHc yria HakJIOHa KacaTelnbHoM K rpaduky Gpyakuun f (x) = 2x + VX B Touke c
abcrmecoit xo=9 .

6. Mccnenosats pynkuuio K (x) = 4x? - 1 u noctpouts eé rpaduxk.

BapuaHT 18.
TeopeTnyeckum Bonpoc
1. WccnenoBanue QyHKIUI
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MpakTnyeckune 3apaHuA

Haittu npoussoanyio Gynkiuu vy = I +Sin x .

Haittu npoussoanyto gpynxiuu ¢ (x) = (x? + 1)’ u Boiuucauts eé 3nauenue, eciu X = 1.

Haiiti IpoMexyTKH, Ha KoTopbIX Gyukims y = ¥ x’ + 7x%/3 - 3 x? - 4 y6wiBaer.

Hanucars ypaBHeHUs KacaTelbHOU K rpaduky Gyrkuun f (X) = VX B Touke ¢ abermccoit Xo = 1

o Ok wn

Uccnenopars pynxmuio N (x) = - 4x? + 1 u moctpouts eé rpaduxk.

BapuaHT 19.
TeopeTnyeckun Bonpoc
1. TloHsATHE IPOU3BOIHOM.
MpakTnyeckne 3agaHus
2. Haittu npoussoanyio gpynkiuu @(X) = 2 sin 5x
3. Haiiru npoussomuyto pyaxun Y = (3X?> —2 )/ ( X% - 3) u BerunciuTh €& 3HAUCHHE, €CTH X = -2
4. Haiitu skcrpemymbl pynkmun Y = (X2 -2x+ 1)/ (X?-x +2)
5. 3anmcaTh ypaBHEHHeE KacaTenbHOH k rpaduxy dynkmun g(X) = X3+ X? B Touke ¢ aberuccoit Xp=

1
6. Hccnenosars pynxmmo Y = 9X° + 3x3u mocrpouts eé rpadux

BapwuaHT 20.
TeopeTnyecknin Bonpoc
1. TlpaBuna BEIYMCIEHHS TPOU3BOIHBIX.
I'IpaKTVNeCKVIe 3agaHusA
2. Haittu npoussoanyio gynkiuu @(X) = 7X + 8
3. Beruucmuts f'(7/4), ecnu f(X)= 2 c0S X
4. Haiiti npoMexyToK Bo3pacTanus dyHkun Y= X>- 6X + 9
5. HamwucaTh ypaBHeHHe KacaTenbHoit k rpaduky ¢pynxmun f(X) = X2 - 4X + 5 B Touxe ¢
abcrccoit Xo= -2
6. Uccnenosats pynximio §(X) = - X2 - X + 6 u nocTpouTs eé rpadux.

IIpakTuyeckasi padora Ne 44

Tema: KontponbsHas padora no teme: «IIpousBoanas»
Lens: [IpoBeputh ypoBeHb YCBOSHHS MaTepuaia o JaHHOW TeMe
1 Bapuant

1.Beruncnure MMPOU3BOAHYIO:

1.f(x) =2x* +4x* +6x+3

2.f(x):%+x—22—%

3.f(x) = (8x-10)’
X
4.f(x) = cosg

1

5.f(x):m
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2.Haiiaure mpou3BOHbIE CIOKHBIX (YHKIUH
1) f(x) =sin 8x

2)f(x):%cos§

3) f (x) = (4x —5)?
8
(1-5x)®

4)f(x) =
5)f(x)=(2x—-3)™"* +(§x+4j
6) f (x) =8tg(2x+%)

3.HaiiguTe kpuTnyeckue TOYKU QyHKIIUU:

a) 6x'2+43x+10=0 .

0).
4. Haiaure TOUKM MaKCUMyMa 1 MUHUMyMa
i3 8
ne 237770,
0).

GbyHKINU:

5.Haiinute HanboJsibiliee 1 HAaMMEHbIIIEE 3HAUCHHE (DYHKITUH

iﬂ.j f(.').] = ':::'_.2 5.').'T‘l - EITE + 1 Ha HpOMe)KYTKe [_l: 3],

2 x

Fld=

0) * ~1 ' 2 nanpomexyrke [0;25];

1.Beruncnure MMPOU3BOAHYIO:

1.f (x) = 3x* + 6x* +8x +100
2 3
o3

8

2.f(x):§+x -

3.f(x) = (4x-5)°
4.f (x) =sin 10x
1

(1-2x)°

2.Haiinute npou3BOHbIE CIOKHBIX (QYHKIUH
1) f(x)=ctg2x

5. (x) =

2 BapuanTt
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2)f(x) :%sin 7X
3) f (x) = (2x +10)°

HE)=—

(5-x)°

5)f(x)=(4x+8)° +(%x+13)
6)f (x) = 4ctg(% —2x)

3.HaiiguTe kxpuTHyeckue TOUKU (QyHKIIUU:

a) 1/2x2+4/5x+15=0 .
6).

4. Haiigute TOUKM MakCUMyMa U MUHUMYMa  (DYHKIIHH:

- il . a
a)-t +x= -9 —ﬂ;
¥ 2xd
3 3

0)
5.Haitnure Hanbonpliiee 1 HAMMEHbIIIEE 3HAYCHHUE (DYHKITHHI
a)f(x) = 6,75x"4-x + 2 ya npomesxyrke [0:21;
6) f()=x+4/(x —1) ya npomexyrke [—2;01;
IpakTuyeckoe 3ansTue Ne 45
Tema: Unrterpan. ®opmyna HeioroHa-Jleiibuuia

Heab: HayuuTs pemats HHTETpabl, HCHONB3Ys popMyny Herotona-JleitOnuma

Teopernueckuii 610K

[Tycts dynkius f (X) HenpepbiBHA Ha 3aMKHYTOM HHTepBaie [a, b]. Onpenenennsiii uaTerpan ot ¢pyHkuuu f (X) B
npenenax ot a 0 b BBOIUTCS Kak MpeaeNt CyMMbl OSCKOHEYHO OOJIBIIOTO YHCIIA CIaraeMbIX, KaKI0€ U3 KOTOPBIX
CTPEMHTCSI K HYJIIO:

[f(@dx= tim > f(x)ax,

mae i, x—0 1=

rac
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Zx:f[%)"ﬂix=f|:x1)ﬂ1x*'f[?fg)ﬁgx*'---+f[xk)ﬁkx+...+f[xx)&xx_

i=1

Ceoiicmea onpedenennozo unmezpana
Hwxe npennonaraercs, uto f (X) u g (X) - HenpepbIBHBIC QYHKIIMY HA 3aMKHYTOM HHTEpBaje [a, b].

A
jl.:ix=f;.—a

]‘ﬁg’ (x)dx = k}f (x)dx,

[
2. rje K - koHcTaHTa;

(7 () + £ ()= [ (x) e+ i ()

If[x)dx=ff[xjdx+ff[x)dx, roe a<e b
4' 2 @ 3
) 2
£ L P
0<7(x) <g(7) e RN L
5. Ecimm VTS BCEX , TO
jf[x)cfx—ﬂ
6. °
a a
If[xjdx=—ff[xjdx
7. ° ’
)
7120 £ (x)dz20
8. Ecmm B uHTepBase [a, b], To *
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Dopmyna Heiomona-Jleiionuya
[Mycte ¢pynkus f (X) HenpepbiBHA Ha 3aMKHYTOM HHTepBatie [a, b]. Ecmu F (X) - nepsootpasnas dynxuuu f (X) Hala

b], To
[7(x)dx=F () = F(b)-Fa).

a

IIpumep 1

ji‘(f —xj)r:fx

i
Berunciuts uHTErpan

Pewenue.
[Tpumensist hbopmyny HeroTona-JleitOnuia, momrydaem

4 * f16 8 4
=[=Z-2]-0=2
| [4 3] 3

I(f-xﬂ)dx=[§-x_;]

1]

[Tpumep 2

J[4- )

0
Beruncnuts uHTErpan

Pewenue.

j‘(ia'r—\fz_)dz = j'(z% —f.%)cfﬁ =

1

1
A A 34 2

%H_ %H_ i 4 3

(22201
4 3 12

0
[Tpumep 3

_ 4 _
} § y=x' y=afx
HaI/ITI/I Iiomaab q)HprBI, OrpaHI/IIleHHOI/I KpI/IBLIMI/I nu .

Pewenue.
CHayana omnpeaenuM TOYKU MepeceyeH sl IBYX KPUBBIX (PUCYHOK 3).

2’ =z,
= x-Jxr=0

= «J";(x%—l)=0,

= =0 x=1
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Takum oOpa3om, nanHbIe KpuBBIC IepecekaroTes B Toukax (0,0) u (1,1). CnegoBarensHO, TUIOMAIs GUTYPHI paBHA

1
1 }i+1 1
5= (Ve - )ar=| - Z|| - Lov -2 -1
0 //2 +1 \ i
y
Yy
y=2x-x?
X
Puc.3 Puc.4
[Tpumep 4
y=2x-x xty =1
Haiitu mmomane purypsl, orpanndeHHy0 rpadpukamMu QyHKIIHHA u .
Pewenue.
Haiinem koopauHATBI TOUYEK MIEPECEUEHUs KPUBBIX (PUCYHOK 4).
Sx—x =-x,
= x*-3x=0
= x |:x - 3) =1,
= =0 x=3
y=2x- x -
JlanHast 0651aCTh OTpaHUYMBACTCS CBEPXY Napabooit , & CHU3Y - IPSIMON JTMHHUEH Y
CrnenoBaTenbHO, IJIOMIAL ATOW 00JIaCTH paBHA
3
3 3 3 2 2 3
3 27279
S=I|[2x—xj —[—xj)dx=ﬂ2x—x2 +x).:fx= O | Y P |t
N p a2 . 2 3 0 2 3 2

Brruncaure HUHTCETrpajibl:
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1
1.J.x3dx
O

J cos? x

(1+2x)

N
N Ot |y
o
>

3.

=
b
ol
o
=

L — e ey

N
o
>

P C— N o'.‘—..,p\n

23

>
N

>

3.[ (4 +2x)dx

IIpakTHyeckoe 3ansaTHe Ne 46
Tema: [IpumeHeHne uaTerpana K BoIYUCICHUIO (U3NYECKUX BETUYHH U TUIOIIaIel

He.]]b: Haqu/ITI) OPUMCHATb HUHTETPAJIbl K BBIYHMCIICHUIO (bl/ISI/I‘-IeCKI/IX BCJIIMYNH U HJ'IOH.[&)IGIZ
Teopernueckuii 610K

I'eoMeTrpuueckre MpUIIOKEHUS ONPEAETICHHOTO HHTEeTpaa
KpuBosmHeliHOU Tpanerueil Ha3bIBaeTcs IocKas (purypa, orpaHndeHHast
ocpio T | npsMbIMH + = & | &= by rpaduKoOM HETPEepPHIBHOM HA

OTpe3Ke [a’b] dysxman ¥ = S , KOTOpasi HE MEHSIET 3HaK Ha 3TOM npoMexytke. [1yctpb
naHHas pUrypa pacroyiokeHa He Hudce OCH abCLUCC:
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http://www.mathprofi.ru/uravnenie_pryamoi_na_ploskosti.html
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http://www.mathprofi.ru/nuli_funkcii_intervaly_znakopostoyanstva_metod_intervalov.html

Toraa miomaas KpUBOJIMHEWHOW TPAINIELIUU YUCIEHHO PABHA OMPEAEIEHHOMY

a
[ 7(x)dx

HHTErpaiy 2 . C ToukH 3peHusi reoMeTpuu onpeeseHHbli nurerpan — 3to IIJIOLIA/Ib.

To ectb, onpeieIEcHHOMY UHTETpaly (€CJIM OH CYIIECTBYET) T€OMETPUUYECKHA COOTBETCTBYET

4
xadx

IEHI

II011a1b HeKOTopo urypsl. Hanpumep, paccMoTpum onpeesieH bl uarerpai !

x
Y= "Ilr— 1
[TonpiaTerpanbHas GyHKIUs ¥ +1 sanaer wa miockoctn KPHUBYIO, PacIojararouyrocs
J- xadx
BBIIIE OCH T4 , @ caM OTpe/IeJICHHBIN HHTeTpan ! "E +1 YUCJICHHO PaBEH ILJIOIA N

COOTBETCTBYIOLIEH KPUBOJMHENHON Tpanenuu.

[Tpumep 1
2
F=4a +2’.}’:U,x:—2’x:1_

Boruncnuth mnomaas GUrypbl, orpaHu4eHHOMN JTMHUSMU

BBINoTHUM uepTesx (06paTiTe BHUMAHHUE, YTO ypaBHEHHE » 0 3a1aeT och WA ):

.|
]
]
'
'
]
'
'
'
]
'
[ |

L

=T
[

_|
]
]
'
'
]
-

.|_____

[ |

L

'
B ST TR

Ha otpe3ske [_ 2;1] rpa¢uk GyHKIUU y=x+2 pacIoJIOkKeEH Hall OCIO QX MIO3TOMY:

T x 1 2 1 2
S=[(x* +Ddx=| = +2x |1_2=—+2—[———4]=—+2+—+4=9
2 3 3 3 37773
_ 2
Ortser: §=3 ed

[Ipumep 2
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1 H KOOPpAWHATHBIMHA

, OTPAaHUYCHHOM JIMHUSMU

Berarcnuth 1oiomans Gurypel

Pemienne: BeirmonHuM dyeprex:

OCsMH.

|||||| R e
" > "
‘ ‘
1 1
|||||| il mall i
1 1
1 1
1 1
' '
! '
rTTTTTAT T [ [ L I R
1 o 1 1
N I ' :
1 a 1 ] 1
| L ' |
j j . j
1 1 ] 1
1 1 ] 1
' ' ' '
' ' ' 1
T T T
l 1 i i
(a7} ™ - e -
1 ' '
1 ] 1
' ' '
|||||| L J—
1 ' 1 1
=
‘ : % ‘
' [ B '
1 ' T 1
............. e It 44 ‘
A S
1 ] 1 1
' ' ' '
...... R SR A S S
1 ] 1 1
' ' ' '
1 ' 1 1
1 ] 1 1
1 ] 1 1
|||||| PRI IR~ S e e e e e el e e e

Ecnu xpuBoMHEHAs Tpanenus pacroaoKeHa Mo OChI0 £%4 (nmm

—X

, IO KpaliHe! Mepe, He

Y

S=-[ fix)dx
Dx—x

:_|,.?=

g—1
, OTPAaHUYECHHOU JIMHUSAMH

_ 1.0
p=¢ — &

1

), TO €€ TUIoIIa b MOKHO HAalTH o Gopmyre:

B nannowm cnyuae:
_I-excz’x =g"

1
i}

(2-1) o8 =172 22

gbluleTaHHON OcH
=
3

1

S=-[e"ydx
Haiitu mumomanp miockoi Gpurypsl

OtBerT:
IIpume

Pemenne: Caavaia HY?KHO BBIIIOJIHUTB YCPTCIK.
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S--- e Sy

T T bl
' ' ' 1
] ] ] ] 1
1 1 1 1 1
1 1 1 1 1
LT . B e EE LR R
] ] ] ] 1 ]
1 1 1 1 1 1
1 1 1 1 1 1
' ' ' ' 1 '
LT . B e e T
] ] ] ] 1 ]
1 1 1 1 1 1
' ' ' ' 1 '
' ' ' ' [ '
S DOy U P IR
1 1 1 1 K 1
: : 4 :
' [ '
] 1 ]
----------- A====d
i 1 '
' [ X‘
] 1 ]
1 1 1
T H ¥
i 1 i
1 1 '
= a---=na
1 ]
1 1
1 '
[ '
----------- a---=n
1 1
1 '
[ '
1 ]
---------------- A====d
1
1
1
1

Ecnu Ha oTpeske [a’b] HEKOTOpasi HenpepbIBHAsA QYyHKITUS S (@) Oomp1ie 1100 paBHA HEKOTOPOM

HETIpepbIBHOM PyHKIMH = (=) , TO TUIOIa b (GUTYpBI, OTPAHUYEHHOM rpaduKamMu TaHHBIX
3

§=[((®-gxndx

GbyHKIMNA 1 pssMbIMu £ = & | A= £ | MoXHO HaifTH 110 dbopmye: e

B paccmaTtpuBaeMoM npumepe 0YEBHIHO, UTO HA OTPE3KE [0’3] napaboJa pacroiaraeTcs BhIIe

2
MIPSIMOM, a TIOATOMY U3 22~ %" Heo6XOAMMO BbIUECTD ~ ¥

2
CBEpXY M IpAMOii © —  © CHH3Y.

y=2x-x

Hckomas ¢urypa orpannueHa napadoioi

Ha otpeske [0;3] 2x-7 z-x , TI0 COOTBETCTBYIOLIEH QopmyIe:

3 3 2 3
30 ox 2727 9 1
S=l(2x—2 —(—xNdx= | Gr—xddr=| - L = - —0+0=Z=4—
_!(xx{x}}x_!(xx}x[z 3J|D > 3 5 5
g=al o
OrtBer:
[Ipumep 9

-3
o =fn X =
Boruncnuth miomanas GUrypbl, OrpaHi4eHHON THHUSMU Y i 0 , O=z=x
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Pemenne: M300pazum nannyio GUrypy Ha 4epTexe.

T T

Ha otpe3ske [U; ‘T‘r] rpaduk Q)YHKHI/II/I‘}? =i A PacToJIoKEH Hal OChIO QX MO3TOMY:
- TS ()3 . (2)

S:Ism xcix:Ism X sin xdx:_[(l—cos Kisth xdx=(*
0 0 D

T TR
(2) Ucnionp3yeM OCHOBHOE TPUTOHOMETPHUIECKOE TOKISCTBO B BHjie Sl &= l-cos™x

(3) Ipoenem 3ameHy nepeMeHHoM £ = £¢5 X | torma:
df =dcos x) = —sin xeafx=> sin xdx = —dt

HoBble niepeens HHTETpUpOBaHUS:
f=cosl=1,

t,=cosir=-1

N A TR Y R MO S | 1) . 1 14
(*)_—![1—; Ve =[(1-¢ )dz_{:—gm_l_(1—§—(—1+§]J_1—§+1—§_§

-1

A a
[ £z == Fizmdx
(4) 3nech MBI UCITOJIH30BAIM CBOMCTBO OIPEACICHHOTO HHTerpaia 2 : ,
paCHOJ'IO>KI/IB HpeI[eJ'IBI I/IHTCFpI/IpOBaHI/Iﬂ B «HpI/IBLI‘{HOM» HOprI[Ke
g 11 o
OtBerT:
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IIpakTnueckas padora Ne 47

Tema: KontposisHast pabota no teme: «IlepBooOpasHas»
Ieun: [IpoBeputs ypOBEHBb YCBOCHUS MaTEpHalla 110 JaHHOU TEME
1 Bapuant

1. Haiigure oOmuii Bua mepBOOOPa3HBIX TSl PYHKIIHH:
1.f(x) =3x+5x° +6x° -2
2.T(x) :iz+£3—\/§
X X
3.f(x) = (5x-3)°

. T
4.f(x)=sin (Zx - Zj

2

5f(X)=(4XT)4

2.BbluncIuTe MHTErpaIbl:

1
1.j x*dx
]

4

£ dx

2.[—
5 sin? x
2

3.[ (21+3x)x

2-BapuanTt

1..Haiigure oOumii Bua nepBooOpa3HbIX A QYHKIUU:
1.f(x) =6x+3x° +2x* -9

3.f (x) = (4x-13)°

VA
4.1 (x) = cos(3x - EJ

4

5f(X)=(2x+—10)6
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2.BbIYKCIIUTE UHTETPAJIbL:

1
1._[x5dx
)
T
2. [
2 sin % x
2
3..[(4+2x)dx
1
 dx
4.4y 1+x*
s[ 1,, 7- .l,, de
T ™ cosix® sinix
5.

IIpakTHyeckas padora Ne 48

Tema: Pemenne TpUroHOMETPUYECKUX YPABHEHU METOJIOM PA3JI0KEHUS Ha MHOKUTEIIH
Heab: Hayunts yyammxcs pemarb TPUTOHOMETPUUECKHE YPAaBHEHUSI METOJIOM Pa3JIOKEHHS Ha

MHOKHUTEITN
Teopernyeckuii 010K

MeTtogbl peweHMs
TPUrOHOMETPHUYECKHX YPaBHEeHHH

MeToq 3ameHbl MeTog pasnoseHuna Ha
I'IEDEMEHHO:’I MHOMMUTENU

h
PelmeHue 0OHOPOIHEIX T
PHTOHOMETPHYECKHX VpaBHeHHIH
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METO,C[ pa3jdoKeHHA HA MHOKHTe/ITH

L

fx)=0

L

IIpuBoOouM HCXOOHOE YpaBHEHHE K BHIY
fi(x) f2(x) =0

v

SEUIEF-IEI CBOOHTCA K pPEIICHHKD

COBOKYITHOCTH YpaBHeHHI
f(x)=0 mm f(x)=0

ITPUMEP
Pemmute ypaBHeHHE: sin4dx + sindx cosx =0

Pemenne:
sin4x + sindx cosx =0
sindx (1 + cosx)=0
VpaeHeHHe PAaBHOCHILHO COBOKYITHOCTH

ypaBHeHMI:
sindx =0 HITH 1 +cosx=0
4x =mn, ne’Z cosx = -1
x=nn/4, neZ X=7+2mn, ne’
OtBeT: x=1n/4, neZ X=7+2nn, ne”z

1. Pemuth ypaBHeHHe: SINX+COSX=1.
Pemenue. IlepeHecém Bce UlieHbl ypaBHEHHUS BIIEBO:
sinx+cosx—1=0,

npeo6pa3yeM " PA3JIOKUM HAa MHOKUTCIIN BBIPA’KCHHU B JIEBOM 4acCTH YpaBHCHMU:
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smx—2sm-(x/2)=0,
Zetn(x /2 cos(xf2)—2an-{x/2)=0,
2ani{x/20-[cos(xf2)—sn(x/20]=0,
Losn(xr2)=0, 21 ocos{xl2)—amix/2)=0,
xi2=mk, tan (x/2)=1,
X, =2k, /2= arctan 1 + 72,
xiZ=mwid+mn,

= miZtina.

2. Pemmts ypaBHeHme: COS 2 X + Sin X - cOS X = 1.
Pemenue. COS2X+SINX-COSX—sSin2Xx—cos?x=0,
sinx - cosx—sin?x=0,

sinx-(cosx—sinx)=0,

1 snx=0, 2. cosx—sinx =10,
x =Tk, tanx =1,

n=nld+ 7,

3. Pemuts ypaBHEHHE: COS 2X — COS 8X + €0S 6X = 1.
Pemenune. C€OS2X+cos6x=1+cos8x,

2 C0S 4x c0S 2x = 2 c0Ss 2 4x ,

cos 4x - (cos 2x— cos4x)=0,

cos4x-2sin3x-sinx=0,

1). cos4x =0, 2). sin3x=0, 3).sinx=0,
dx=m/2+ Wk, 3x =T, Xy =Tl .
n=mis+Tki4, x,=Tnl3,

1. Pemuts ypaBHEHHE:
Pemenue:
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. 3
sin x-cosx—7-cosx:0,

{- \/éj
COS X| Sin x—7 =0,

cos X =0, x=" 41k keZ,
2
.3 .
shx==" X=(—1)k-§+7zk,keZ.
JloMarnee 3a1anue:
1. 2 sin x/2 cos 5x — cos 5x = 0.
Orser:
x=7/10 + n/5
X =(-1)" /3 + 27mn,

IIpakTuyeckas padora Ne 49
Tema: Pemienne TpUroHOMETPUYECKHUX YPAaBHEHUM METOJIOM BBEJICHUS HOBOW ITEPEMEHHOMN
Hean: HayunTh yqammuxcs pemars TPUTOHOMETPUYECKHE YPAaBHEHUS METOJOM BBEJICHUS HOBON
MepEMEHHO N
Teoperuueckwnii 010K
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TpUroHOMeTpHYECHWE YPAaBEHEHMA, NPUBOAMMBIE K
YpaBHeHWAM OT OQHOM TPUrOHOMETPUHECKOM
dyHHUMK ogHON NepemeHHOMN, pewaroTea (KaK
npaewno)

MeTOIO0M 2AMEHEI NepeMeHH oH

v

asin’x + bsinx +¢ =0
BEEJIeM HOBYHO MepeMeHHYIO
sinx =t, | <1
ypaBHEHHE IPHMET BHI
att +bt+c=0
Pemas kepanparHoe
ypaBHeHHe, HaxOOHM t;; B

BepHeMcsa k nepeMeHHOMH X v
sinx =t sinx = t, atg’x + btgx +¢c=0
BEelleM HOBVIO NepeMeHHYE0
tgx=t t €R
VpaBHeHHe MpHMeT BH]T
acos’x + bcosx +¢ =0 at? +bt+c=0
BEEJIeM HOBVIO IIepeMeHHYIO Pemas kBagpaTHOe ypaBHeHHe,
cosx=t, |t|=1 HaxomHM ty; t
ypaBHeHHe IpHMeT BiA Bepremca K nepeMeHHOM X
atl +bt+c=0 fgx=1 tgx=+t
Pemas kpanparHoe
ypaBHEeHHe, HaXooHuM t;; t;
BepHeMcs K nepeMeHHOI X

COSX =1, COSX=1;

[Tpumep:

sin“x + Ssinx — 6 =0.

sinx =t,t € [—1,1] t"+ 5t—6=0
ACJIacM 3aMCHY ,110JIy9acM KBaJIpaTHOC YPABHCHUC: ,

t:j__l f:=_5 fn:_ﬁ

HAXOJUM KOPHH 1 ,3aM€YaeM, 4To - IOCTOPOHHUIN KOPEHb,
te[—1,1] sinx = 1
MOCKOJIBKY , IeTlaeM 00paTHYIO 3aMeHY, T.€. peliaeM ypaBHCHUE ,y
x= —+2nk keZ
KOTOPOTO KOPHSIMH OyIyT Yucia : :

Z +2mk, keZ
OrTBeT: *© .

Pemure ypaBHeHus:

1)2-51'712}( + 3cosx —3 =0

2) tgx = SCtg:x:.
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3) cosdx = 2cosx — 1

2) 2sinx —siny —1 =10

5) 2eos®x + 3siny = 3

6) V3tgx — V3ctgx =2

7) 2sinx +sink—1=0
8) Ssin“x + 6cosx —6 =0

9) 2etgx — 3tgx+5 =0

IIpakTnueckas padora Ne 50
Tema: Pemenne norapudmMuyueckux ypaBHeHUN
Henab: HayunTs yyammxcs pemarsb JorapupmMuieckie ypaBHEHHUS
Teopernueckuii 6110k

Pemenne mo0oro jgorapudMUYEcKOro ypaBHEHHUS TAaK)KE CBOJUTCS K PEIICHUIO OJHOTO MITH
HECKOJIBKUX MPOCTEHIINX JOTapu(MUUECKUX YPABHCHHI:

1) logaf(x)= logag(x); 2) logaf(x)=b.
Vpasuenue (2) cBoauTcs K ypaBHeHnro Buaa (1): logaf(x)= logaaP.

VYpasuenus Buza (1) cBoaarcs K pemeHuro ypasHenui f(x)= g(x) (morenmuposanue). [Ipu aTom
HEOOXOAUMO ITOMHHUTH, YTO ypaBHeHHS logaf(X)= 10gag(X) u f(X)= g(x) He paBHOCHIBHBL [Ipn
MOTEHIIUPOBAHUY TIPOUCXOJNUT PACHIUPEHUE OOJIACTH OTIPEICIICHUS, a 3HAYUT UMECTCS
OITaCHOCTH TMOSIBJICHUS IIOCTOPOHHHUX KOpHEW. [IpoBepka — HamTydIee CpeicTBO MPOTHB TaKOH
OITaCHOCTH.

1 mun — o onpeaeneHMIo Jorapudma:

logZx-11=-2
a) 3

2
[—J =2x-1
3 - 2%-1=9: x=5.

Pemenmne:
log10-0=-2 log,?=-1
IpoBepka: 3 ;3 ; 2logz3=—2- 2= 2 _ pepno.
OTtBer: x=5.

6) logy(x +4u+19 =2
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Pemenne: 3 =3 +4x+12; x° +4x+12-0=0; x* +4x+3=0;

g = -2E -3 = 241

; X1=—1 1 xo=-3.
IMpoBepka: x=1, logs(1-4+12)=2; 10g39=2; 2l0g33=2; 2=2 — BepHO;
x=3, 10g3(9-12+12)=2; 10g39=2; 2l0g33=2; 2=2 — BepHoO.

OtBet: x=—1, x=3.

B)
a 1 &
a1 o= ¥ _
Pemenue: 4 ;4 2% TIyers ¢ =Y, Torma ypaBHeHUe 3amuIieM B
v E
Z_Z4=0 4
Bume 4 ¥ Vi +4§.r—32=[l’

E,ru:—ﬁiq,l'4+32=—21r5; 3r1=4; 3r2=—8; 2":4; 2“:22;)(:2; e # -8

E
lngg(——lJ =1-1
IpoBepka: 4 » log;1=0

— BEpHO.
OTtBeT: x=2.

2 mun — ypaBHEHUS, KOTOPbIE C MOMOIIBIO JOTrapu(MUUYECKUX TOXKIECTB CBOAATCS K
MIPOCTEHIINM YpaBHEHUSIM:

a) lg(x—3)+lg(x-2)=1-Ig5.
Pemenne: Ig[(x—3)(x-2)]=Ig10-lg5; Ig(x>-5x+6)=lg2;

5+.25-16
X>-5x+6=2; X°>~5x+4=0; X1 2= 2 s x=4 u x=1.

IMpoBepka: x=4; 1g(4-3)+ lg(4-2)=1- Ig5; lg1l+ Ig2=1g2; Ig2= 1g2 — BepHoO;

x=1; Ig(1-3)+ Ig(1-2)=1- 1g5, Tak Kak BeIpaXeHHE, CTOSIIEE MO 3HAKOM Jiorapudma,
JIOJDKHO OBITH BCET/IA MOJIOKHUTETbHBIM.

OTtBer: x=4;

g+ 1gx-3) 1

6) 1a7x+1)+1gx- 6)+ 13 1
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lgd+1gx-3) _ 1 lgd(x-37) _ 1
Pemennme: 1&3(Tx+10x-60) 2. 1g3(Te+Dix-6) 2

2 Ig(4(x=3))= lg(3(7x+1)(x-6)); lg(4(x—3))*= Ig(3(7x+1)(x-6)).
[otenrmpyem: 16x°—96x+144=21x2-123x-18; —5x*4+27x+162=0;

27X 43860 ITEE3 i 1%
5x%-27x-162=0; x1,= 10 105 x1=9; xo= 10 5.

Ilg+ 1g6, 1 1524 1

IMposepka: x=9; l&4+1gd+1g2 2. 2gt+2l 2,

1924 1
<1g4 2 _ pepHo;

—_

g
2 +1[._-3]
git+lg ; |

2
_18 1{.ﬁ+1J+lg{-E-ﬁJ+lg3
x= 3 ] k]

; — JIOXKHO, TaK Kak nojajgorapudmuyueckoe

BBIPAXKCHHUE HC MOXKET 6LITB OTpULATCIIBHBIM.
OtBert: x=9;

B) logsx +loggx +lagyx =55 '

1
Jlog nbh=—log, b
Pemenune. Boconssyemcs popmymort m ;

1 1 11
logsx+ —logsx+—logsx =553 —logzx=5>5 _
L A g e cloggx =3 497

log,27+10g, 27 +10g,,27 = 5,5 . logs3” +10gy 3% +1=55.

ITIpoBepka:

3 +§+1 =35
2 — BEpHO.

OtBert: x=27;
r) log;(3x 1D +1log;(x-27) =3 +1log 5 .

Pemenne: 10853 -11(x-17) =1og; (5" -8

A6% 2116+ 2109 4665

[orenrmpyem: (3x—11)(x-27)=1000; 3x?>-92x-703=0. x1 2= 3 3
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19

Xo= 3.

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

logs100 +1ogsl 0= 1og;1000 . log;1000 ~logs1000 _ ponp

19
logs(-19 -111+10g; [— ——E?J #3+1logs8
2. 3 , TaK KaK BBIPaXXCHHUC, CTOAICC MO 3HAKOM

jorapu@ma, T0JKHO ObITh TIOJIOKHUTEIBHOE.
OrtBert: x=37.

3 mun — ypaBHenus Bujaa P(logax)=0, rae P(y) — mHOTOUNEH 2 uiu 3 CTETeHU, WU
ypaBHEHUS, CBOJISIINECS K HUM. DTH YPaBHEHHUS PEIIAIOTCS C MOMOIIBIO MOJACTAHOBKHU: y= logaX.

a) logs x-log, ¥ - 3= o

2
Pemenne: 1083 £=2108; -3=0 yyycp 108:% =¥ y2 oy 3=0. Pemaem ypasHenne 1 nomydaem
1

yi=3 uy=1; y=3 =108 ¥ =3 — 307 y=1 108z x=-1 _ y=3

Tposepxka: x=27; log? 27-log, 27— 3= 0. (log; T —log; 3 -3=0 ;

9-6-3=0 — BepHO;

]
1
T togi—-1 (—J -3=0
3. EyT R - (log; 379 ~log, 32 —3=10.

1+2-3=0 — BepHo.

1

OtBert: x=27; x=3 ;
6) log, (") logi x=1

Permenmne. Hpemne BCCTO HAZI0 UMETH B BUY, UTO €CJIKM B YPABHCHUAX BCTPCHAIOTCA J'IOFapI/I(i)MBI
C pasHbIMH OCHOBAHUAMHU, TO UX HAO0 ITPUBECTU K OJHOMY OCHOBAHUIO C IOMOIIBIO
log. b

log, b=
¢dbopmynsL:

loge( 5z
—gj( j-lug§x=1

B nanHoM ciydyae nepexoAuM K OCHOBAHUIO 5. logs x X

(log; 5 +2log;x)log, x =1 _0603HAYNM log,x =¥ s (1+2y)y=1;
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1 1 1
= logsx=— -
2y2+y-1=0; y1=—1, yp=2 ; 1985 ¥ = =1 ypy B cx=35; x=45 .

|
lngl{j-;—j}lnggi—=l IDEIE'(‘DE=1
Iposepka: 1) 3 ] ; 1=1 — BepHo;

2
2) lug£(5.5}.1gg§£=1; lagﬁiqgj-i '(“'E(.ﬁf ﬁ) -1

; 1=1 — BepHO.

1
OtBeT: Xx=23 ;xzw'g.

5 mun — norapudmupoBaHre 00eNX YacTe ypaBHEHHUS.

gl _ 1000
IIpumep: X

Loyl _ 11000
Pemenne: x ; (lgx+1)lgx=3—Igx; lg?x+Igx=3-Igx; y=Igx;

y?+2y-3=0. Pemraem ypaBHeHue: y1=—3; Y>=1; lgx=—3 nm Igx=1,
x=1073; x=10.

1000
107 . 1073y o pos . (107 =108,

a I:|-3jgm'3+1 _
IIposepka: 1)

10%=10° — BepHo;

ypleto &1 _ 1000
2) 100 ;10%=100; 10?=10? — BepHo.

Otset: x=1073; x=10.

IIpakTnyeckas padora Ne 50
Tema: Pemenue norapudmMuyeckux HepaBeHCTB
Heab: HayunTs yyammxcs pemarh JorapudmMudeckie HepaBeHCTBA
Teopernueckuii 010K
HepaBeHcTBa, KOTOpbIe cofepkKaT MEPEMEHHYIO MOJ1 3HAKOM JIorapu(mMa Uil B €ro OCHOBaHMH,

Ha3bIBAIOTCA JOTapHU(PMUUECKIMHU.
Pemenne norapupMUUECKUX HEPABEHCTB OCHOBBIBA€TCS Ha CBONCTBE MOHOTOHHOCTH

norapupmMuUecKoi GyHKIUN.
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Tak >xe HEKOTOpble JOrapu(PMHUYECKHE HEPABEHCTBA MOXKHO pEIIMTh METOJOM 3aMEHbI
IIEPEMEHHOM.
VYipaxHeHus:

@ P P
1.Pemuth HEPABEHCTBO logy (&% +4x +3) > 3
ITo onpenenenuto gorapudma, 06IacTh JOMYCTUMBIX 3HAYEHHI:
2 +4r+3>0
PelieHre JaHHOTO HEPABEHCTBA HAMJIEM C MOMOIIBIO METOA MHTEPBAJIOB, IS OTOTO

JIEBYIO 4acTh PasJIoKUM Ha MHOKHUTEIH. Pemum KBaJ[PaTHOE
ypaBHEHUE 2’ +4x+3=0.
D=b —dac=42—4.1.3=16—12 =1
VD =v41=2
b+VD  —4+2 442 _
2=y ~ 9.1 " =9 = {-3; -1}
Takum oGpasom, monyurmnn kopu 1 = —3 T2 = —1 3pauur, nesylo wacts

HCPaBCHCTBA MOYXHO MPECACTABUTL B BUAC:

l-(z—(=3(c—(-1)=0=(c+3)x+1) = 0

OTMETHM HYIIH KaX0Tro MHOKHTENS (a 570 OyayT sHauenus L1 = —d T2 = —1) gy
YHCIIOBOM NPSAMOM U OTIPEIENIUM 3HAKH HEPABEHCTBA B MOJIyYEHHBIX HHTEPBAJIAX:

P Pt .

L L v

VYuuteiBas 3HaK HepaBeHCTBa, onpenenum OJ13:
r e (—oo;—=3) U (—1; +ox)
O3 ompenenunu, Teneph MPUCTYIIUM K PEIICHUIO HCXOTHOTO JIOTapu(MUUYECKOTO
HEpaBEHCTBA:
log, (z* +4r +3) >3

[IpencraBuM mpaByro YacTh HEPABEHCTBA KaK JIOTapU(M 110 OCHOBAHUIO 2:

log, (2* + 4z + 3) > log, 2°
[lepeiizeM OT HepaBeHCTBA OTHOCHUTEIBHO JIOTapu(MOB K HEPAaBEHCTBY IS
nojyrorapuMudeckux GYHKIHUNA: TaK KaKk OCHOBaHUE JioTapudma O0oJbIe equHUIbI ( 2
> 1), TO 3HaK HEPABEHCTBA HE H3MEHHTCA

r*‘+ dr + 3 =2°
r‘+ dr+ 3 =8
;r:‘—i—-L;r:— =1

HpI/IpaBHHeM K HYJI JICBYIO 4YaCTb HepaBeHCTBa " pelInM IOJYYCHHOC KBAaApPAaTHOC

ypaBHEHHE 2’ +dr—5=0.

D =b —dac = -F — - 1 {—5} = 16 +20 = 36

l::1|
I

. {-51)

I 2 =

2a _ 2-] 2
TakuM 06pasoM, omydmmn kopan 1 = —9 T2 = 1 Ormernm Toukn Ha umcioBoii
OCH M OTIPEJIEIUM 3HAKH HEPABEHCTBA B MOJYYEHHBIX HHTEPBAJIAX.

Py i B

et L =
VuuTeiBas, YTO HAC MHTEPECYIOT BCE 3HAYEHUS L', IPU KOTOPBIX JAHHOE HEPABEHCTBO
NPUHUMAET  TOJIOKUTEIbHBIE  3HAUEHHWs,  TO  [OJy4aeM  CJIEAYIOIIUe
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unteppans: £ € (=001 =5) U (L +50) 310 otBer, Tak kak naHHBIE MHTCpBAIEI
noJHoCcThIo mpuHaanexar OJ13.

2.Pemnth HEPaBEHCTBO log g 5(2z —4) < logy 5(z +1)

Haxomum O3 o onpenenenuto norapudma. O/13

2r —4 =10 2r =4 r > 2
& & & r € (2 +oo)
r+1=10 r = =1 r = =1

[lepeiinem B HepaBeHCTBa OT JOrapu(MOB K BBIPRXKEHUSM, CTOSILUM 0] 3HAKOM
jJorapu@ma, Mpu 3TOM, TaK KaKk OCHOBaHUE Jorapupma meHsie equHuns! ( 0,5 < 1),
3HAaK HEpPAaBEHCTBA IIOMEHSEM Ha MPOTHBOIIOJIOKHBIH:

2r-4d>r+1
r=r>14+4
T =0

C yuetom OJ[3, okoHuaTensHo nmeem, uto & € (5 +0¢),

3.Pemmth HEpaBEeHCTBO logg s +logp sz +1) =1
~1+ /3
9

re | 0:

e [y = 2
4.PeiuTh HEPaBEHCTBO logz x +log .9 > 2

5.PemmTh HepaBeHCTBO l0gs(X?-4x+3)<1.

IIpakTHyeckas padora Ne 51

Tema: Pemienue noka3arenbHbIX ypaBHEHUN
Hean: HayunTs pemaTte oKa3aTellbHbIE YpPaBHEHUS

Teopernueckuii 010K
[Toka3zaTenbHBIM ypaBHEHHEM HA3bIBACTCS YPABHEHUE COJEpIKAIIEE IEPEMEHHYIO B IIOKA3aTele,
TO €CTh 3TO YPaBHEHHE BUJIA:

af® =h, Tme a0 a=1 b>=>0

Camoe HpOCTCfH.HCC NOKa3aTCJIbHOC YPABHCHUC!
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a* =bh

a>=0 a=1 b>=0

[Ipu naHHBIX YCIOBHSIX ypaBHEHHUE BCET/Ia UMEET PEIICHUE, IIPYU TOM STUHCTBCHHOE.
JleiicTBuTensHO, pu a > 1 nmoka3zaTenbHas QyHKIUS MOHOTOHHO Bo3pactaeT, anpu 0 <a <1—
MOHOTOHHO yObIBaeT. B mo0oM ciydae, OHa IpUHUMAET KaXI0€ CBOE 3HAYCHHE POBHO OJMH Pa3
(BuaHO 1O TpaduKy):

/'y )
Y J“':a" 4 Y

'l-..______

q X

O<ax<xl

A BoT ecnu b < 0, To ypaBHEHHE HE UMEET peIICHHH, BEIb MoKa3areibHas (QYHKIUS MOXKET
MIPUHUMATD TOJIBKO MOJIOKUTEIbHbIC 3HAYCHHUSL.

MeTo1bl penieHus noka3aTeabHbIX YpaBHEHHH
1. B pe3ynbTate npeoOpa3zoBaHuil ypaBHEHHE MOKHO IIPUBECTU K BULY:

ﬂf{x] = aF

Torna npumMeHsieM CBOMCTBO:

=0 = flx)=c

2. Tlpu nonyuenunm ypaBHeHHs Buia a'® =D wucHmonb3yeTcss ompeneneHHe jorapudma,
MOJTY4HM:

flx)=log,b

3. B pe3ynbrate npeobpazoBaHmii MOXKHO MOTYYUTh YpaBHEHUE BUJIA!

af0) — pato)

[Tpumensiercs norapupmMupoBaHue:

o
LX)

log. a’™) =log,. b?
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Jlanee mpuMeHsieM CBOMCTBO JIOTapH(pMa CTETICHU:

f(x)log.a=g(x) log.b

BeIpaxxaem 1 HaX0UM X.
YnpaxHeHus

1.6 =216
2.81=0,125

3. 2% - X2 X =48
4.9%-8-3*=9

5. 2% _ 20,5x+1 _ 8 - 0

6. 412X = 64.
7.318=1/9,
(-1-)2?6—19’ 1
g \4 64
1 2—-2x
G
9 3
6% = ©
10. 2

IIpakTnyeckas padora Ne 52

Tema: Pemenue nokasaTeabHbIX HCPAaBCHCTB
IIe.m;: Hay‘II/ITL peuiaTh MOKa3aTCJIbHBIC HCPABCHCTBA

TeopeTrnueckuii 6110k

ITokazaTenbHBIMH Ha3bIBAKOTCS HEPAaBCHCTBA, B KOTOPBIX HECU3BCCTHOC COACPIKUTCA B
IIOKa3aTeJIC CTCIICHU.

IIpu pemenne noka3zaTenbHbIX HEPABEHCTB MOJIB3YEMCSI CIEAYIOLIIMMHI CBOWCTBaMHU
MOKa3aTeNbHON (PYHKIMH:

l)a*>0mpuBcexa>0uxeR,

2) npu a > | pyHKIMs y= a* Bo3pacraer, T.e. eciu a>1 ua™ > a™ <=> X > X;
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3) npu 0< a < | pynkuums y = a* yobiBaer, 1.c. ecit 0 <a < 1 ma™ > a™ <=>x1 < X».

YnpaxxHeHus:
[Ipumep 1. Pemmre HepaBeHCTBO:
16 —2-12% £ 3L
Pemenue: mpencraBuM HCXOTHOE HEPABCHCTBO B BUJIC:
4% - 2.47.3" - 3.37 <.

PasnenuM o0e 4YacTM STOTO HepaBeHCTBA Ha 32, mpm 5ToM (B CHIIY TIOJIOKHMTEIHHOCTH
dynxmuy y = 3%) 3HaK HepaBEHCTBA HE H3MEHUTCS:

2 T
% —2- % —3<0.
3 3

Bocnons3zyemcst moacTaHOBKOM:

Tornma HepaBEHCTBO IPUMET BUI:

10

I/ITaK, peHICHUEM HCPABCHCTBA SABJISICTCA ITPOMEIKYTOK:
~1<t<3,

nepexoas K 00paTHOH 1M0/ICTAaHOBKE, TMOJIy4aeM:
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I/ITaK, PCIICHUECM HCPABCHCTBA ABJIACTCA ITPOMEIKYTOK!
~1<t<3,

nepexoss K 00paTHOI MOJICTAHOBKE, M10JIy4aeM:

JleBoe HepaBEHCTBA B CUJIY MIOJIOKUTEIBHOCTH MOKA3aTEIbHON (DYHKIIMU BBIMOIHIETCS
aBTOMaTH4YecKu. Bocnop30BaBIIMCh U3BECTHBIM CBOMCTBOM JIoTapu(Ma, epexoauM K

SKBUBAJIEHTHOMY HEPABEHCTBY:

4 .T{ 4 Icrg%‘&

3/ T \3

[TockombKy B OCHOBaHWHM CTETNEHH CTOWUT YHCIIO, OOJBINEE €IUHUIIBI, SKBHUBAJECHTHBIM (110

Teopeme 2) OyaeT mepexo K CIeNyoneMy HEpaBeHCTBY:

T lﬂg% 3.

I/ITaK, OKOHYATCJIbHO IMOJIydacM OTBET:

z € (—oo;logs 3.

4 +2°—24=0

107


http://yourtutor.info/wp-content/uploads/2012/02/8d9dff7101c637808c7807e19f290d06.png
http://yourtutor.info/wp-content/uploads/2012/02/9365fed9603d95c52296d4efe7f8e1cd.png
http://yourtutor.info/wp-content/uploads/2012/02/81f3ccc83d088052cf4a900707d7e703.png
http://yourtutor.info/wp-content/uploads/2012/02/2876252420b158a37ce9bdd54c1f4d2c.png
http://yourtutor.info/wp-content/uploads/2012/02/84a6b0fb1611419ea6f8742711e0f2e0.png

A —3-2% =40

5
£x
6.
716" +4-4"—5=0
8.
2¥T1 L 3.2%1 5.2 L 5=10
9.

IMpakTnyeckas padora Ne 53

Tema: Pemenue cuctem ypaBHEHU
Hean: Hayunuts pemarts cUCTEMbl YpaBHEHU N

Teopernueckwnii 010K

[Ipu pemieHun cucteM ypaBHEHHH, COJIEpKalllMX HEU3BECTHBIE B MOKa3aTese CTENeHN U B €€
OCHOBAaHUU WM TOJI 3HAKOM Jiorapudma U B €ro OCHOBAaHUH , IPUMEHSIOTCS METO/IbI PEIICHUS
cucTeM anreOpanyecKkux YypaBHEHHMH, a TakKe METOJAbl peUIeHHUs T[0Ka3aTeIbHBIX U
Jorapu(MUUECKUX YpaBHEHUIA.

[Tpumep 1. Pemuts cucremy

X

. 2 _ Y — o o
Pemenue: [omaras 3* =u, 2” =V, zamennm HCXOJIHYIO CUCTEMY alreOpandecKoi CHCTEMOM

u?-v? =65,
u-v=>5,
KOTOpaSI paBHOCI/IJ'IBHa CUCTCMC
u+v=13,
u—-v=>5,
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X
umerolnei pemenne U =9, v=4. Crenosarensto, 32 =9, 27 =4, orkyna HaxoquMm X =4,
y=2.

Otser: (2; 4).
[Ipumep 2. Pemmts cucreMy ypaBHEHUN

2% 42y =1,
3y—6y? =2"",

Pemenne. O603HaunB 2 = U ,U>0, mosyanm aareOpandecKyro CHCTEMY:

_ fi=0.¢9
] 1
=1-2y, ==
u+2y=1 u=1-2y, L 2y h 2"
— P _< =—, P 1
3y—6y* ==u; 3y—6y2_ﬂ, 2 J’y=—,
2 1 6
== 'L 2
6’ u==
N

Orser: (1-log, 3; %)

YnpaxxHeHus:

Pemuts CUCTEMY ypaBHeHHﬁl
X, 92Y — 2x 2y _ X ox+y+l _
1 JA =32 o [ 16 +16% =24, 3 |32 5,
38X+l — 33y. 16x+y 256 3X+1 _2x+y =1.

n x) =9 5. AX+7y =3, 5 X =y,
Y324 = (2x +14y)2* =72 Cly =xE.
-3x-4 __ {

log , x+3"%Y =7, 9 lg* x+lg* y =5,

yoo= 8. .
xY=5"% lg x—1lgy=1.

{.ogx :
{

7.

lg(x* +y?)=1+2lg 2,

X=y — AXY 2% .37 =1152,
10. 1nr = 12:
g(x+y)—lo(x-y)=lg2. " |x* —5=4"977, log ;5 (x+y+=2.



log, x+log, y =5,
log, x+log, y=1.

Tema: KonrtpoisibHas pabota

14,

3%.9Y =27,
lg(2x+y)? —lg x =21y 3.

IIpakTnueckas padora Ne 54

Heab: [IpokoHTpOIMPOBaTH YPOBEHb YCBOCHHUS MaTepHraia 1o JaHHOW TeMe

1 BapuanT
Pemmnre ypaBHeHnus:

1.4sin®x + 1lsiny — 3 =10
2.6cos*y +cosc — 1 =10

39 +4.3"—45=0
75+ 7% =350

4.
5logz{x®-x—4)=3

6logsx =4 — 3log,x
7.

PemmiTe HepaBeHcTBA:

G 3+x
170

¥
4 < 5i00s4

0,04 —26-02"+25<0

3.

42logzx <2 +log;(x +3)=3
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5.

Pemmnre cucremMsl ypaBHeHU

|921=3|gzx+lgzy, 2210%x | 32106y —g
1. y 2 2log; x 2log, y 1
lg*(y—3x)+lg xlg y =0. 2 P43 =2

2 BapuaHt

Pemure ypaBHenus:

1. tgx —2ctgx —1=10
2.

3
4.

5.
6.3lg%(x —1)—1o0lg{x —1)+-3=0

7logs¥x — 54 log2x —3=1

Pemmure HepaBeHcTBA:

3 £ 10l90

4 —10-2*+ 16 =10

3.
42logzx <2 +logz(x+3)=3
5.

Pemmnre cucremMbl ypaBHeHU#

=y
1 {32 2 :(E)x—3’ ) ?\QZ(XZﬁLyZ):?,
| )l 6.
g, (y—2x) = 3—log , (2x +3y). og, x+log, y=6
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IIpakTnueckas padoralNe 55
Tema: Pemenne koMOMHATOPHBIX 3a1a4. KoHTpopHAs paboTa

Heab: 3akpenutb yMEHHUs CTYJIEHTOB peLIaTh 3a/1a4u
Teopernueckuii 610k

OCHOBHBIMH dJIECMECHTAMH KOM6I/IHaTOpI/IKI/I SABJIAYOTCA pasmeulerusl, nepecmaHo6Ku, cCo4emaHusl.
HYCTI) JaHO MHOKECTBO, COCTOSIIEE U3 N DJICMEHTOB. Pa3M€M4€HM€M U3 N 3JIEMCHTOB 110 m
3JIEMCEHTOB HA3bIBACTCS YIOPSAAOYCHHOC MHOKECTBO, CoACpIKaIIee M pa3InIHbIX 3JICMCHTOB
JTAaHHOTO MHOXecTBa. M3 ONpPEACICHUS BBITCKACT, YTO PA3MCIICHUS U3 N DJICMEHTOB MO M
3JIEMEHTOB - DTO BC€ M —BJI€MEHTHBIE ITOJAMHOXKECTBA, OTINYAIOIIHNECI COCTaBOM 2JIEMEHTOB UJIU
MOPAAKOM UX CJICIOBAHMA. Ywucmo BceX BO3MOKHEIX paSMGHIGHI/Iﬁ U3 N 3JIEMEHTOB 110 M

9JIEMEHTOB 0003HAa4al0T A ¥ BBIYUCIISIOT IO (hopMyIIe

A" =n(n-1)n-2).(n-m+1).  um Ahm:(n—L!m)!' (1)

3pech nl=1-2-3.(n—1)-n n (n—m)1=1.2-3.(n—m-1)n—m). Ycnosumes cumrars 0!
0!

—_— = 1
0!

Ilepecmanoexoti u3 N 21eMeHmoe Ha3hIBAETCA Pa3MEIEHUE M3 7 JIEMEHTOB MO N JIEMEHTOB.

Tak Kkak Kaxgas IEpecTaHOBKA COJEPXKUT BCE 7 DJIEMEHTOB MHOXECTBA, TO pa3lIMuHbIC
MIEPECTAaHOBKU OTIMYAIOTCS APYT OT JIpyra TOJIBKO TOPSIKOM CIe0BaHus AlieMeHTOB. Umucio Bcex

BO3MOXKHBIX IIEPECTAaHOBOK M3 71 AJIEMEHTOB 00Oo3Hawaior P, . M3 ompeneneHus mepecTaHOBOK

= 1, mosToMy A

creyeT

n! n! n!
P=A=——=—=—=n
= A (h-n) o' 1 "

Couemanuem u3 n s1emMeHmos no m (0 <m< n) 9JIEMEHTOB Ha3bLIBAETCS JTH000€

re P,=nl (2

n

IIOAMHOXXECTBO, KOTOPOC COACPKUT m Pa3IMYHBIX 3JICMCHTOB JJAHHOI'O MHOKCCTBA.
CJ'Ie,Z[OBaTeJ'IBHO, COYCTaHUA U3 71 DJIEMCHTOB I1I0 1 DJIEMCHTOB - 3TO BCC 71 - DJIEMCHTHBIC ITOJIMHOXKEC-
CTBa 71 - 3JIEMCHTHOI'O MHOKECTBA, IIPUYEM Pa3JIMYHBIMHA ITIOAMHOKECTBAMU CHUTAKOTCS TOJIBKO TC,
KOTOPBIC UMCHOT HEOJMHAKOBBINA COCTaB AJIEMEHTOB. HO,Z[MHO)I(GCTB&, OTIIMYaromuecs Apyr OoT Apyra
JIMIIb IMTOPAAKOM CIICAOBAHMSA 3JICMCHTOB, HE CUUTAIOTCA PA3JINYHbIMU.

m
Uucio BceX BO3MOXKHBIX COUYETAHUHN U3 71 DTIEMEHTOB T10 71 SJIEMEHTOB 0003HAYAIOT C,, u
BBIUUCIIAIOT 1O (hopmyre

= Pn B m! ' ®)
- n!
G = ml(n—m)’ @

ITpumep 1. B rpynmne u3 30 yyarmmxcst Hy>KHO BbIOpaTh Komcopra, npogopra, ¢puzopra. CKOIbKUMA
CrIoco0amM 3T0 MOKHO CIIeNIaTh, €CIU Kax/ bl n3 30 ydarmxcs KOMCOMOJIEL], WieH Mpodcoro3a 1
CIIOPTCMEH?
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Pemmenre: nckomMoe 9mcIio criocoO00B paBHO YHCTY pasmMenieHui n3 30 AIeMEHTOB 110 3 AIeMEHTa, T.¢.

3
A330 . Homnoxus no popmyne (1) 72 =30, m =3, nomysaem Ay, =30-29-28 =24360
Otser: 24360 cnioco6oB. TIpumep 2. CkoIBKAMHE CTIOCOOAMU MOYKHO PacCTaBIISTh HA OJTHOM MOJIKE
LIECTh PA3JIMYHbIX KHUT?

Pemenne: Vickomoe 4nciio cioco00B paBHO YMCITy TIEPECTAHOBOK U3 6 AIIEMEHTOB, T.€.
P =6=1-2-3-4-5-6=720.
Otser: 720 croco0OB pacCTaHOBKH.
[pumep 3. B Opuraze u3 25 4enoBeK HY)KHO BBIISIUTh YETHIPEX I paOOThI Ha OIIPEICICHHOM
yuacTke. CKOTBKUMH CIIOCO0aMM 3TO MOKHO C/IEIaTh?
Perienue: T.K. IOPSZIOK BRIOPAHHBIX YETHIPEX YETIOBEK HE MIMEET 3HAYCHHSL, TO 9TO MOYKHO CJIe/IaTh

25-24.23.22
C;; cnocobamu. ITo Gopmyre (4) Haxomum Cys = [ 23.4 12650.

Ortset: 12650 crioco0oB.

1. CxonpkuMHU criocobamMu MOKHO BbIOpaTh 4 AeTaiu U3 sIIuKa, B KOTOPOM
12 neraneii?
2. CKOJBKO MO>KHO M3TOTOBUTH PA3TMYHBIX TPEXIIBETHHIX (PIIaXKKOB, €CITH
WCIIONIb30BaTh  CJICAYIONIUE I[BETA: O€JIbIiA, CHHUN, KPACHBIH, )KENTHIN, YEPHBIN,
3eNEHBIN?
3. CKOJBKO MIATU3HAYHBIX YHCETT MOKHO COCTaBUTh U3 nudp 2, 3, 4, 5,67
4. B Ba3e 5 kpacHbIX 1 7 6enbIX po3. CKOJBKUMH CIIOCO0aMU MOYXKHO COCTaBUTh OYKET W3
5 po3, eciu B HEM JOJKHO OBITh JIB€ KPACHBIX U TPH O€NbIX PO3bl?
|
()C + 1) _ (X _ 1)'

5. Pemuth ypaBHEeHHS: — =

20

x!
=56
(x-2)

6.Beruncnuts: (A93 + A ): P;.
(A175 — A, ): Cry

7. CKOJIBKMMHU crioco0aMH MOKHO yBE3TH co ckiaja 10 AmuKoB Ha IBYX
MaIllMHAX, €CJIM Ha KXY U3 MAIIUH IPY3AT 10 5 AIMUKOB?
8. U3 Bocemu mudp 1,2,3,4,5,6,7,8 HY)KHO COCTaBUTHh YEThIpeX3HAUHbIH KoJ. CKOJIBKO
BapMaHTOB KOl CYIIECTBYET, €CIIU MOBTOPEHUS LIU(P B HEM OBbITH HE TOJDKHO?
9. B mkosie yeThipe BhITYCKHBIX Kacca. CKOJIBKO CIIOCOO0B
pacnpeneneHuss dK3aMEeHaTOpPOB CYIIECTBYET AJI IPOBENCHMS DK3aMEHa 0 XMMMHM, €CIU Ha
OJIHOM 3K3aMEHE MPUCYTCTBYET TOJIBKO OJMH SK3aMEHATOP?
10. B Baze 5 anenbcHHOB U § s10;10K. CKOJBKMMH CIIOCOOAMHU MOKHO BBIOpaTh 6 (PpyKTOB,
9TOOBI Cpeid HUX ObLIO 3 anesbcuHa

KonrposbHas padora

.Bapuanr 1
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1. I'pynna u3 28 cryaeHToB oOMeHsIach GoTokapToukamu. CKoJIBKO (POTOKapTOUEK OBLIO
po3zaHo?

2. Jlna yuactus rpynmbl, B cocTaBe 30 4elOBEK B CHOPTHBHBIX COCTSA3aHUSAX HYXKHO
BbIOpaTh KoMaHAy M3 4-X uyenoBeK. CKOJIBKMMHU CIIOCOOaMH MOXHO BBIOpaTh YYacCTHHUKOB
cocTsA3aHus?

3. CkonbKMMHU CIOCOOAMH MOKHO COCTaBUTh CIIMCOK U3 8-MU YeIOBEK?

4. B simuke ¢ AeTCKUMHU KyOMKaMu 8 3eJIeHBIX U 5 KpacHBIX KyOHKOB. CKOJBKO CIIOCOOOB
BbIOOpa 7 KyOMKOB CYILIECTBYET, €CJIM CPEIAH HUX JOJDKHO OBITh 5 3€JIEHBIX KYOUKOB?

x=2 2
5.Pemuts ypaBHEHUS: 2Cx+2 = Ax .

2 1
2C%-15C! =75
Bapuanr 2
8 . 12
1.Bsrancimute: Ay 1 (P - Cyg

Py Cy — Ay

2. CKOJIbKO aKKOPIOB MOXXHO COCTaBHUTh Ha 10-TH KIIaBUIIIAX POSIIS, €CIIN
Kbl aKKOPJ COAEPIKUT TPH 3BYKa?

3. Ha koyexTiB U3 25-TH 4eloBEK BBIACIICHO TPH ITyTEBKU: B CAHATOPHH, B
JIOM OT/ZIbIXa U Ha TypOa3y. CKOJIbKO CIIOCOOOB pacrpeiesieH!s IyTeBOK CyIIeCTBYeT?

4. CKOTBKAMH CTIOCOOaMH MOKHO PAacCaanTh 7 4eIOBEK Ha 7-MHU CTYIbAX?

5. Ha cTone nexur cromka KapT, B KoTopoi 10 kapT depHOW MacTH M 8 KapT — KPacHOM.
CKOJIBKUMH CTIOCOOaMU MOKHO BBIOpaTh 8 KapT, YTOObI Cpead HUX OBLJIO 5 KapT YepHOU
mactu?

IIpakTnyeckoe 3ansitue Ne 56

Tema: Knaccudeckoe OIIpCACIICHUC BEPOATHOCTHU CJ'Iy‘I&ﬁHOFO COOBITHS
HeJIBI 3aerrme YMCHUSA CTYACHTOB PCIIATh 3aJa4 Ha KIIACCHUYECKOC OIIPCACIICHUC
BCPOATHOCTHU CHy‘I&ﬁHOFO COOBITHUSA

Teopernuecknii 6710k

Knaccuueckoe onpeneneHue BeposiTHOCTH BeposTHOCThIO COOBITHS A Ha3bIBaeTCA
OTHOIICHHE YHCIIa KCXOI0B M, OIaronpusSTCTBYIONINX HACTYIJICHUIO JAHHOTO COOBITUS A, K
YHCITy, BCEX UCXO0JI0B ( HECOBMECTHBIX, €JMHCTBEHHO BO3MOKHBIX, PABHOBO3MOXKHBIX), T.€.
PLay="

T

BeposTHOCTb 11000T0 COOBITHSI HE MOXKET OBITH MEHBIIIE HYJS U OO0JbIlIe €AUHULIBL.
HeBo3M0KHOMY COOBITHIO COOTBETCTBYET BEPOATHOCTH paBHas 0, a JOCTOBEPHOMY —
BEPOSATHOCTh PaBHA E€AMHUIIE.

IIpumep
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W3 ypHBI B KOTOPOI HaXoAATCs 5 O6ebIX U 3 YepHBIX IIapa, BBIHUMAIOT oAuH mmap. Haiftu
BEPOSITHOCTb TOT'O, YTO LIAP OKAXKETCS YEPHBIM.

Pemenue: O603HaYnM COOBITHE, COCTOSIICE B MOSIBICHUN YePHOTO mapa, uepe3 A. Obmiee
YHCIIO CITydaeB paBHO 8. UHCIO ciTydaeB OIarompUsTCTBYIOIIUX MOSIBICHUIO COOBITHS A,
paBHO3. [Tomyunm

3
PlA)=—
8

YupaxHeHus:

1. I'epman u3 nosectu A.C. Ilymkuna «IlukoBast 7ama» BBIHUMAET 3 KapThl U3 KOJIOJBI B 52
nucra. Haliute BEpOSTHOCTh TOTO, UTO 3TO OyIyT: TpoKa, ceMepKa, Ty3.

2. B smuke siexat 15 kpacHbIX, 9 CHHUX, U 6 3€JICHBIX IIAPOB, OJJMHAKOBBIX HA OTIYIIb.
Haynauy BeiHuMarot 6 mapoB. KakoBa BEpOSTHOCT TOTO, YTO BBIHYTHI | 3€NI€HBIH, 2 CHHUX, 3
KpacHBIX 1Iapa.

3. Brnagenen omHO# KapToukH otepen «CropTinoTo» (6u3 49) 3auepkuBaer 6 HOMEPOB.
KakoBa BeposITHOCTB, UTO UM OYZET yrajaHo 5 HOMEPOB B OUEPEIHOM THPAXKE.

4. B ypue 10 mapoB, u3 KoTopbix 2 0enbix,3 yepHbIX U 5 cunux. Haynauy uzBniedensl 3
mapa. KakoBa BeposITHOCTb TOT0, YTO Bce 3 11apa pa3Horo IBeTa.

5. B maptuu u3 10 geraneit umerorcs 4 6pakoBaHHbIX. KakoBa BEpOSTHOCTH TOTO, YTO
cpenu Hayaady OoTOOpaHHBIX 5 eTajeil OKaxyTcs 2 OpakoBaHHBIE.

6. KoutekTuB, BKIIFOYAIOIINH YETHIPEX JKEHIIUH U TPOMX MYKUYHH, Pa3bITphIBacT 4 Ouiera
B Tearp. KakoBa BEpOATHOCTBH TOTO, UTO Cpe/ir 0OJaaarenel OMIETOB OKaXKETCs 2 )KEHIIMHBI U 2
MY>KYHHBI.

7. B rpymre u3 25 cTyaeHToB, cpean KOTophixX 10 neByiek, pa3pIrpblBatOTCs 5 OUIIETOB.
HaiimuTe BeposSTHOCTH TOTO, YTO Cpear OOanaTesaeii OMIeTOB OKaKYTCS IBE ICBYIITKH.

8. B ypHe 6 Genbix, 4 4epHBIX U 5 KpacHBIX mapoB. M3 ypHBI Hayral BRBIHUMAIOT 5 IIapoB.
Haiinmnre BeposSTHOCTH TOTO, YTO CPEAM HUX OKXKYTCS 2 OenbIX M 1 YepHBIN 1map.

9. IOnoma 32611 1BE mocieanne nudpsl TeaehOHHOTO HOMEpa CBOEH 3HAKOMOW U TTIOMHS
JIUIIb, YTO OHU Pa3IMyYHBI, Habpan ux Hayaaudy. KakoBa BEposSITHOCTh TOTO, YTO OHU PAa3IMYHbI,
HaOpan ux Haygauy. KakoBa BeposTHOCTh TOT0, YTO HOMEp OyneT HabpaH NpaBUIBLHO?

10.B rpynmne 12 cTyneHToB, cpeau KOTOphiX 8 oTauuHUKOB. [1o cniucky Haypagy
oToOpansbl 9 crynenToB. HailTu BEepoOsITHOCTB TOTO, UTO Cped OTOOPAaHHBIX CTYACHTOB 5
OTJINYHUKOB;

IIpakTuyeckas padora Ne 57

Tema: Teopembl 0 cymme 1 06 YMHOKEHHH BEPOSITHOCTH
Henab: HayunTbcs BBIUMCIATH BEPOSTHOCTH COOBITHI C TMOMOIIBIO TEOPEM YMHOKEHUS
BEPOSATHOCTEU

Teopernueckuii 610k

IIpoussedenuem unu nepecevenuem 08yx codowimuu A B HaspiBaercs coObitue C,
CoCTOsIIIee B OJHOBpeMEeHHOM HacTymieHnH A 1 B. CUMBOIHUYECKH MPOU3BEICHNE 3aHUCHIBAIOT
Tak: C=AB mm C=A4NB. Ecmu AuB — HecoBmecturie coObitust, 0 A( 1B =V ,T.
€. X TepeceveHne mycTo (HEeBO3MOKHOE COOBITHE).

JIBa ciyd4allHBIX COOBITHSI HA3BIBAIOTCS MPOMUBONONONCHLIMY, €CIU OJHO U3 HHUX
MPOUCXOJUT B TOM M TOJBKO B TOM cllydae, Korga He mpoucxoaut apyroe. CoOsiTue,
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MIPOTHUBOTIONIOKHOE COOBITHIO A, 0003Ha4arOT yepe3 A (uutaroT «He Ay). I[IpoTHBOMOIOXKHBIC
coObITHsI  00pa3ylOT TMOJHYI0 CHCTEMY IIONapHO HECOBMECTHBIX COOBITHH, T. €.

AUA=U, ANA=V.

TeopemMbl yMHOKeHUSI BEPOSITHOCTEMH

[IpousBenenue nByX COOBITMM COCTOMT W3 TE€X JJIEMEHTApHbIX COOBITUH, KOTOpbIE
OJIarONMPUSATCTBYIOT U MEPBOMY, U BTOPOMY COOBITHIO, TO €CTh NMPUHAUICKAT UX TEPECCUCHUIO
AB = A N B. BeposTHOCTb MPOU3BEACHHS COOBITUI 3aBUCUT OT TOTO, SIBJISIFOTCS JIM 3TU COOBITHS
3aBUCUMBIMU WM He3aBUCUMBIMU. CoObITHS A W B Ha3bIBAIOTCSA He3A8UCUMBIMU, ECITH
BEPOSITHOCTh KaXXJIOTO M3 HUX HE 3aBUCUT OT TOTO, MPOM3OLUIO WM HET APYroe COObITHE.
Beposamnocmu He3aBUCUMBIX COObITU A W B Ha3bIBAIOTCA 06€3YCl06HbIMU, U BEPOSITHOCTh
MIPOU3BEICHUS TAKUX COOBITUI paBHA MTPOU3BEICHUIO UX BEPOSTHOCTEH

P(AB) =P(4) P(B) (1)

BepOSITHOCTB COBMECTHOTO TIOSIBJICHUSI HECKOJBKUX  HE3a6UCUMbIX  coObimull B

COBOKYITHOCTHU paBHA NPouU38e0eHUIo 8ePOSMHOCMeEL dMUx.
P(A1 A2 .. An) =P(A1) P(42) ...- P(4n) (1.1)

Cobmitusti A u B 3asucumvie, ecnum BEpOSITHOCTh OJHOTO W3 COOBITHA 3aBUCHUT OT
MOSIBIICHUSI WM HEMOSIBIIEHUS Jpyroro. BeposaTtHocTs coObITHS B, BBIYHCICHHAs B
MPEAMNOJIOKEHUH, 4YTO A YK€ OCYIIEeCTBHIOCh, HA3bIBACTCS VCIOBHOU BEPOSIMHOCIbIO W
ob6o3nauvaercs P4(B).

BeposTtHOCT  mpouseedenuss 08yx  3asucumvlx  coObimuii  paBHAa  TMPOU3BEICHUIO
BEPOSTHOCTH OJIHOTO W3 HUX Ha YCIOBHYIO BEPOSITHOCTH JIPYroTo:

P(AB) =P(A)P4(B) wmi  P(AB) =P(B)Ps(A). ()

BeposTHOCTh cosmecmnozo nossieHus HeCKONbKUX 3a8Ucumblx coovimutl (IPOU3BEICHUS
coOBITHIT) paBHA MPOU3BEACHUIO BEPOATHOCTU OJHOTO U3 HUX HA YCIOBHBIC BEPOSITHOCTH BCEX
OCTaNbHBIX, MPUYEM BEPOSATHOCTh KaXJOTO TMOCIEIYIOMEro COOBITUS BBIYUCISETCS B
MPEANONIOKEHUH, YTO MPEIbIIyIIUe COOBITUA YKEe MNPOU30UUId (TeopeMa YMHOKEHUs
BEPOSITHOCTEH sl 3aBUCUMBIX COOBITUI):

P11 4> ... An) = P(A1) Pat (A2)P 4142 (A3) ..... P a142 ... an-1 (An) (2.1)

YpaxHeHus:

IIpumep 1. Nmeetca Tpu smuka, conepxamux rno 10 geraneid, npuyeM B IEPBOM AILIUKE -
8, BO BTOPOM — 7 M B TpeTbeM — 9 cTaHmapTHBIX JeTaned. M3 kaxkpgoro smuka Haynady
BBIHMMAIOT IO OJHOM feTanu. HaliTh BeposTHOCTH TOTO, YTO BCE TPU BBIHYTHIE JE€Talnu OymayT

CTaHJapTHBIE.

Pemrenne: BeposSTHOCTH TOTO, YTO M3 MEPBOTO SIIMKA BHIHYTA CTaHIapTHAs JeTanb (CoObITHE A)
8

paBua P(4) = 0 = 0,8. BeposTHOCTB TOTO, YTO U3 BTOPOTO SIIHKA BBIHYTA CTAHIAPTHASI CTalb
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-
(coObiTe  B) paBHa P(B):E:Q? .BeposiTHOCTH TOTO, YTO W3 TPETHErO SIIUKA BHIHYTA

crangaptHas aerains (coositre C) pasHa P(C) = % =0,9. CoObiTHE «BCE TPU BBIHYTHIE JCTAN

OyIyT CTaHIapTHBIEY» -eCTh MpousBeneHue coobithii A, B,C. T.k. coObitus 4, B, C — monapHo

HCE3aBHCHUMBI , TO 10 TCOPEMC YMHOKCHHA BepOﬂTHOCTCﬁ JJI1 HE3aBUCHUMBIX COOBITHII UMEEM:

P(ABC) = P(A)P(B)P(C) =0,8-0,7-0,9 = 0,504 .

IIpumep 2. B Baze nexut 3 mokosagasix u 7 BadenbHbix KoH(peT. Haynady Oepercs ogna
KoH(eTa, 3aTeM npyras. HaliTu BEpOSTHOCTH TOTO, 4TO TepBas KoH(peTa Oblia MOKOJIAJHON, a
BTOpast — BadenbHON?

3

Pemienune: BepOSITHOCTH TOTO, YTO TepBas KoH(eTa - mokonagHas (coosite A) P(A) :E.

BeposiTHOCTR TOTO, 4TO BTOpast KOH(peTa — BadeabHas, BEIYMCICHHAS B MPEIIOIOKEHUH, YTO
. 7

nepBasi KoH(pera OblTa MIOKOJIAIHON, T.€. YCIOBHAas BEpoSTHOCTh paBHa P, (B) = R T.e. mo

TeOpeMe YMHOKEHHUS JIIsl 3aBUCUMBIX coObITUM umeeM: P(AB) = P(A)P4(B) _3.7 = I
10 9 30
IIpumep 3. B ypHe 5 OGenbix, 4 yepHbIX U 3 cuHUX mapa. Kaxgoe ucnbiTaHue COCTOUT B
TOM, YTO Hayjauyy M3BJIEKAIOT OJIUH IlIap, HE BO3Bpallas ero ooparHo. Haiitu BeposTHOCTB TOTO,
YTO MPHU MEPBOM HCTIBITAHWUU W3BJICUCH Oenblidi map (coObiThe A), MPU BTOPOM - YEPHBIN IIap

(cobprtie B), mpu TpetheM — cunuit (coonrtre C)?
5
Pemrenne: BeposATHOCTh MOSBIEHUs 0€JIOro Imapa B IEPBOM HCIbITaHuu paBHa P(A) = e

BepOHTHOCTB IMOABJICHHUA 4YC€pPHOTO I1Iapa BO BTOpPOM  HMCIIBITAHWH, BBIYMCIICHHAsA B
MMPCAIIOJIOXKECHUH, YTO IIPU IIEPBOM HCIIBITAHHU BBIHYT OenbIit map, T.C. YCJIOBHaA BEPOATHOCTH

4
pasua P, (B) = Tk BeposiTHOCTh MOSIBIIEHHS CUHETO 1Iapa B TPEThEM HCIIBITAHUM, BHIYHCICHHAS
B MPEATNOJIOKEHUH, YTO IIPU MEPBOM HCIBITAHUU BBIHYT O€Nbld Iap, a Mpu BTOPOM — YEPHBIH,

3
T.€. YCIIOBHast BepostHOCTh paBHa P, ,(C) = 0 .OKOHYAaTeIbHO UMEEM:

5 4 3 1
P(ABC) —P(A)PA(B)PAB(C)—E : ﬁ : E = Z
Onepanum HaJ COOBITUSIMHA
Cymmou unu ob6vedunenuem 08yx coovimuti A u B HazpiBaetcs coObiTue C, cocTosiee B
HACTYIUICHUH XOTs Obl OJHOTO M3 coObITMH A mian B. CHUMBOJIMYECKH 3TO 3alUCBIBAIOT TaK:

C=A4A+B wwu C=AUB.

Teopema ci10:keHUsI BepOSITHOCTel
B obuiem cnydae geposmuocms cymmsl 08yX cobbimuti paBHa CyMME BEPOSTHOCTEH 3THX
COOBITHH 03 BEPOSITHOCTH MX COBMECTHOTO HACTYIUIEHUS U OTpeessercs no Gpopmyie:
P(A+ B)=P(A)+ P(B)—P(A4AB) (3)
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OueBuIHO, UYTO eciu coOblMuUs HecO8MecmHbl, TO BEPOATHOCTb HUX COBMECTHOIO
HACTYIUICHHsI paBHA HyI0. [To3TOMy [T IBYX HECOBMECTHBIX COOBITUI BEPOSITHOCTD UX CYMMBbI
paBHa CyMMe BEPOSITHOCTEH 3TUX COOBITHIA:

P(4+B)=P(4) + P(B) 4)

BGPOQTHOCTI) IMOABJICHUA OJHOIO M3 HCECKOJbKHUX IIOIIapHO HCECOBMECTHBIX CO6BITPII>1,
0e3pa3IMyHO KaKoTo, paBHA CyMME BEPOSITHOCTEH 3TUX COOBITHI:

P(A1 + Ay +.... +An) =P(A1) + P(A2) + ... + P(4n) (4.1)

DopMyIibl 1S OTIPECIICHUs] BEPOSITHOCTH CYMMBI OOJIBIIIETO YKCIa COBMECTHBIX COOBITHI
JOCTaTOYHO TIpoMO3AkH. Ecimum yucino coObITHII BO3pacTaer, TO 4acTo ObIBaeT yaoOHee
MCTIOJIb30BaTh BEPOSITHOCTH IMPOTHUBOTIOJIOKHBIX COOBITHI. B camoMm nene, coObITHe, cocTosIee
B TOM, YTO HACTYITUT X0Ms Obl 0OHO U3 HECKOIBKHX 3JIEMEHTAPHBIX COOBITUI, NpOmMu8onoI0HcHo
COOBITHIO - «He Hacmynum Hu 0OHO U3 HAX», IOATOMY MOKHO HCIIOJIB30BaTh (hopMyIry:

P(A1 + A2+ ... + An) =1- P(41 A2 ... An) (5)

YnpaxHeHus:

IIpumep 1. Ha cremnaxe B OuOIHMOTEKE B CIydaliHOM TMOPSAKE paccTaBieHbl 15 ydeOHHMKOB,
MpuYeM IsITh U3 HUX B Ieperuviere. bubnmorekaps Haymauy Oeper Tpu ydeOHuWKa. Haitu
BEpPOSTHOCTH TOTO, YTO XOTS OBl OJIMH U3 B3ATHIX YICOHHKOB OyJIET B meperieTe (coobiTre A).

Pemenne: cobpiTie A - «XOTs Obl OJMH W3 B3SATHIX YUCOHHKOB OymeT B meperuiere» OymyT
OCYILIECTBJICHO, €CJIM MPOU30UJIET JII000€e U3 TPEX HECOBMECTHBIX COOBITUI: B — «onuH yyeOHuK
B meperuiere», C- «iBa y4eOHUMKa B meperuiere» , B - «rpu ydeOHuka B meperuiere». T.e.
coopiTne A=B+C+D. Toraa mo teopeme CIIOKSHHUSI BEPOATHOCTEHN /I HECOBMECTHBIX COOBITHI

UMeeM:
P(A) = P(B)+ P(C)+ P(D) . BelunciuM oTAeIbHO BepoaTHOCTH coObiTuii B, C, D:
1 2 2 1 3
P(B) = e - 22 PE)=C =20 P(D)- -
cz o c o1 Ci a1
45 20 2 67
" : P(A)=P(B)+P(C)+P(D)=—+—+—=—.
CIIOJIb3Ys 9TH pe3yabrarsl, nonyuum: P(A4) = P(B)+ P(C)+ P(D) ontortol o1

IIpumep 2. BeposTHOCTh momajgaHusl B IeNb MPH CTpPelbOe M3 TPEeX OPYIUil TaKOBBIL:
=08 p,=07,  p,=09. Haiitu BepoATHOCTH XOTSI OB OJHOTO TOMaAaHus (COOBITHE
A) mpu 0JTHOM 3allie U3 BCEX OpYIuil.

Pemrenne: BepoATHOCTh MOMaJaHMs B LEAb KaXIbIM U3 OPYIUMW HE 3aBUCHUT OT pE3YyIbTaTOB
CTpenbObl U3 APYTrUX OpYyIOuil, TOSTOMY paccMaTpuBaeMble COOBITHA A1 (NOMagaHUE TMEPBOTO
opynusi), Az (momagaHue BTOPOTo opyaus), Az (TMONagaHue TPEThero Opyaus) — He3aBUCHUMBI B
COBOKYITHOCTH.

BeposTHOCTH COOBITUIH, TPOTUBOMOJOKHBIX COObITHSIM A1, Az, Az (T.e. BEpOSTHOCTH

npomaxoB) cootBercTBenHo paBusl ¢, =02, 0,=03, ¢,=0]1.
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Torna uckomast BepositHocts p(A) =1-0q, 9, 9,=1-0,2-0,3-01=0,994.

1. JIBa cTpenka CTpessioT 0 MUIIEHU. BEeposTHOCTh MonajaHus B MUILEHb IPU OJHOM
BBICTpee AJs nepBoro crpenka pasHa 0,7, mius Broporo — 0,8. HaiiTu BEpOSITHOCTH TOrO, UTO
IIPU OJIHOM 3aJIII€ B MUILIEHb MONAaJET TOJIBKO OJIUH U3 CTPEIIKOB.

2. B xop3une 4 s6m0ka, 3 numoHa u 6 nepcukoB. Kakgoe MCIBITAHWE COCTOWT B TOM,
9TO M3  KOP3WHBI CIlydalHbIM 00pa3oM maaaer oauH (Gpykr. HaiiTu BEposITHOCTH TOTO, YTO U3
KOp3UHBl IPU TEPBOM HCIBITAHUU BBINAAET SIOJIOKO, MPU BTOPOM — JIMMOH, IPU TPETbEM —
MIEPCHUK.

3. B IByX sIIuKax HaXOJATCS AETANU: B TepBOM - 12 (U3 4 craHAapTHBIX), BO BTOpoM -10
(u3 HUX 7 craHmapTHHIX). M3 KaXa0ro siyMka HayJgady BBIHUMAIOT MO OJHOM neramu. Haiitm
BEPOSITHOCTb TOTO, YTO OHU 00€ OYIyT CTaHapTHBIE.

4. Jlnsa curHanu3auuu o0 aBapyuu YCTaHOBJIEHBI JBa HE3aBUCUMO
paboTaromux CUrHaiau3aropa. BeposTHOCTh TOro, YTo NMpU aBapHHM CHUTHAIM3aTOp CpabOTaerT,
paBHa 0,95 ms nepBoro curHanuszaropa u 0,9 s Broporo. Halitu BEpOATHOCTH TOTO, YTO TNpHU
aBapuu cpabOTaeT TOJIBKO OJIMH CUTHAJIN3ATOP.

5. B smuke 4 6enbix, 7 cuHUX W 3 KpacHBIX Msda. Kakjpoe uCIbITaHWE COCTOUT B TOM,
4TO U3 AUIMKa CITydallHbIM 00pa3oM BbIKaThIBaeTCs OJUH Ms4. HaliT BEpOsSTHOCTH TOTO, YTO
W3 SIIUKa TPU TEPBOM HCTIBITAHUU BBIKATUTCS CHHHUN MY, IPH BTOPOM — KPAacHBIA, a TP
TpeTheM — OeJblii;

6. B mepBoii Baze HAXOAUTCS 5 KpAaCHBIX U 3 O€JBIX TBO3JAMKH, BO BTOPOU — 4 KpacHBIX U
8 Oenbix TBO3aMKU. 13 Kax a0l Ba3pl Hayaady OepyT 1Mo ojHOM rBo3auke. KakoBa BEpOATHOCTH
TOTO, 4TO OYAyT BIOpAHBI KPACHBIE TBO3INUKH.

7. N3 ypubI, comepxkamieir 10 Oenmbix, 8 uyepHBIX W 1 OpaHKEBBIX IIApOB, HAYTall
W3BIIEKAIOT TpH I1apa. HalTi BeposITHOCTH TOTO, YTO 3TO OYIYT IIaphl OJTHOTO LIBETA.

8. Ha TakTHueckux 3aHATHSAX 3€HHUTHAas OaTapesi CTPEseT MO JBYyM OeCHUIOTHBIM
camojeTaM. HaliTu BepoSITHOCTb TOTO, YTO CaMOJIEThl He OyIIyT COUTHI, €CIIU BEPOSTHOCTh COUTH
OJIMH camoJIeT paBHa 1/2, a aBa camoueta — 1/8;

9. OTnen TEXHUYECKOTO KOHTPOJISI — IPOBEPSET W3LENIHs Ha CTaHAAPTHOCTb.
BeposiTHOCTB TOTO, UTO M3JENME CTaHAapTHOE, paBHa 0,9. HaiiTn BEposSTHOCTH TOrO, UTO U3 JABYX
MIPOBEPEHHBIX U3EIIMI TOJIBKO OJIHO CTaHIAPTHOE;

10. B kopoOke Haxomurtcs 6 cUHUX, 4 KpacHbIX W 6 3eneHbIXx ¢uakkoB. Kaxmoe
UCIBITAHUE COCTOUT B TOM, YTO W3 KOP3WUHBI CIy4allHBIM 00pa3oM BbIOHMpaeTcs OJUH (PIaxKoK.
Haiit BepoATHOCTH TOTO, YTO MPHU MEPBOM HCIBITAHUM OyIET BHIOpAH 3€JICHBIN (hIaKOK, MpH
BTOPOM — KpacHbIi, a IPU TPETbEM — CUHUIA.

Z[OM&I.HHCC 3aJaHHueC

1. B suke 10 geraneii, cpean KOTOPBIX YeThipe oOkparieHbl. COOpIuk Hayaady Oeper
TpH JneTanu. HallTu BEpOSTHOCTB TOTO, YTO XOTs Obl O/IHA M3 HUX OKpAIIeHa;

2. Bo Bpemsi y4eOHBIX MaHEBPOB J[Ba TaHKa MBITAIOTCS MPOPBATHCS B PACIOIOKEHHE
MIPOTUBOTAHKOBOM OaTtapen «IpoTHBHUKA». KakoBa BEpOSITHOCTh TOTO, YTO OyJIeT MOJAOUT XOTS

Obl O/IMH TaHK, €CJIM BEPOSITHOCTh TOTO, YTO OyIeT MOAOUT OJMH TaHK paBHa 2/3, a Ba TaHKa
2/5.
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3. Hanonke B cmy4aiiHOM MOPSAIKE PACCTABICHO CEMb YUCOHUKOB, IPHUYEM YETHIPE U3
HUX - 1o mareMaruke. CTyleHT HayJady OepeT ABa u3 HUX. HailTu BEpOSTHOCTB TOTO, YTO XOTS
OBI OJUWH M3 HUX — I10 MaTEMATHUKE.

IIpakTnueckoe 3ansTueNe 58
Tema: KontpospHast pabora

Hean: [IpokoHTpOIMPOBATH YPOBEHb YCBOEHUS MaTepuaia

1 Bapuanr

1. DnexTpoHHBII IPHUOOP COCTOUT U3 ABYX MOCIIEI0BATEILHO BKIIOYEHHBIX OJIOKOB.
BeposiTHOCTH BbIX0/a U3 CTpos 3a 1 Mecsl paboTel epBoro 6yoka pasHa 1/3, BToporo -1/4, a
o6oux — 1/6. Haiiaure BeposTHOCTh OecriepeOoitHON paboThI TpuOOpa B TEUECHHE MECsIIa.

2. B nByX smmKax HaxomsTCs eTaiu: B iepBoM 10 nmeraneii (M3 HUX 7 OKpamieHHbBIX), BO
BTOpOM- § nieTaniel (M3 HUX 5 oKpaiieHHbIX). M3 kax10ro sAiuka Hayaady BIOMPAIOT IO OJTHOM
neranu. KakoBa BepoSATHOCTb TOTO, 4TO 00€ OyAYT OKpalleHHBbIE.

3. B smmke 12 neraneit, cpemu HUX 9 cranmapTHBIX. HaiflTh BEpOSTHOCTB TOTO, UTO CpeIn
Hay/auy U3BJICYCHHBIX 2-X JeTalled OKaKeTcs He 0oJiee OTHOM HeCTaHJapTHOM JeTalu.

4B samuke B CIy4alHOM TOpsIKe MOJ0KeHbl 10 geranmeld, W3 KOTOPBIX 4 CTaHAAPTHBIX.
KonTtponep B3sin Haymauy 3 netanu. Beiuucianre BEpOSITHOCTH TOTO, YTO XOTS Obl OJHA U3
B3ATHIX J€TaJel 0Ka3aaach CTAHAAPTHOM.
5.CTymeHT chaeT 3K3aMeH 10 TEOPHH BEPOATHOCTEH. BeposSTHOCTh MOMYYUTh Ha DK3aMEH
«eyn.» paHa 0,1; «yn.» - 0,6; «xop.» - 0,2; «otn.» - 0,1. KakoBa BEpOsITHOCTH TOTO, YTO
CTYIEHT MOJIYYHUT Ha SK3aMEHE MOJIOKUTEIbHYIO OLICHKY?
6Ctpeniok momamaer B AecIATKy ¢ BepositHocThio 0,05, B nmeBarky — 0,2, B Bocbmepky — 0,5.
Cnenan oauH BeicTpen. KakoBa BeposITHOCTh CIIEIYIOLUIUX COOBITHI:

a) BEIOMTO HE MEHEe 8 0UYKOB;

0) BBIOUTO MEHEE 8 OYKOB;

B) BBIONTO O0Jiee 8 OUKOB;

') BRIOUTO HE 6oJsiee 8 OYKOB.
7.IlpousBoauTcs [1Ba BBICTpeNa MO OAHOW W TOM ke MHIIEHH. BeposTHOCTh momajaHus B
MMIIIEHb TIpU TIepBOM BbIcTpesie paBHa 0,6, mpu BTopoMm — 0,8. HaliT BEpOSITHOCTH TOTO, YTO B
MUIIEHU OyJeT XOTs Obl OJHA MPOOOUHA.
8.bpocatorcsi nBa urpanbHbIX KyOuka. KakoBa BepOSITHOCTh TOSBIEHUS XOTsI Obl OJHOM
IeCTepKHU?

2 Bapuanr

1. U3 uucen 1, 2,3,4...100 BbIOuparoT uncio. HaliTi BEpoOSITHOCTH TOTO, YTO BHIOPAHHOE YHCIIO
JICTUTCS XOTS OBl Ha OHO U3 YHcel: 4 u 6.

2. BeposgTHOCTB TOTO, YUTO MPHU U3MEPEHUHN HEKOTOPOH (hPU3MUECKON BETMUMHBI Oy/IeT JOMyIeHa
o1nOKa, MPeBBIIIaroIas HEKOTOPYIO 33JaHHYI0O TOYHOCTh, paBHa 0,4. [IpousBeneHo 1Ba
HE3aBUCUMBIX U3MepeHus. HaliTu BepOATHOCTh TOTO, YTO TOJIBKO B OJIHOM M3 HUX JIOMYyIlIEHHAs
OIIMOKA MPEBBICUT 33AaHHYIO TOYHOCTb.
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3. Ha monke BriepeMexKy pacctaBieHO 4 ydeOHHMKaA 110 T€OMETPUH, 5 yueOHUKOB IO reorpadpuu
u 3 yyeOHUMKa 10 acTpoHOMHHU. Kaxk1oe ncnpITaHue COCTOUT B TOM, YTO OMOJIMOTEKaph
CIlydaifHbIM 00pa30M BBIOMpAET OJMH yueOHUK. HaifTn BepoSTHOCTH TOTO, YTO NPH IIEPBOM
UCTbITaHuU OyAeT BHIOpaH y4eOHUK 110 aCTPOHOMMH, TIPH BTOPOM — TI0 TE€OMETPUH, a B TPETHEM —
1o reorpaduu;
4. B ctynuu TeneBueHUs 3 TEIEBU3HMOHHBIX Kamephl. 1 KaX /101 U3 HUX BEPOSITHOCTD TOTO,
YTO OHa BKJIIOYEHA B JaHHbIM MoMeHT paBHa 0,6. HaliTu BEposSTHOCTB TOTO, YTO B AAHHBIN
MOMEHT HU OJIHA U3 HUX HE BKIIIOUECHA
5.B ypHe Haxonsarcs 7 6enbix u 3 yepHbix mapa. [loapsa u3snekaroT aBa mapa. Kakosa
BEPOSITHOCTh TOT'0, UYTO OHU 00a yepHble?
6.Mosety nogdpocuiu aBa pa3. HaiiTu BeposSTHOCTB TOT0,9T0 00a pasa BhIMAIET repo.
7. B nepBoii ypHe 7 6enbIX U 3 4YepHBIX LI1apa, BO BTOpoil — 3 OenbIx U 7 4epHbIX 11apos. U3
KaKJOW ypHBI BBIHMMAIOT OJWH Iap. KakoBa BepOATHOCTH TOTO, 4TO 00a BBIHYTHIX IlIapa
oemnbie?
8.Tpu cTpenka HE3aBUCUMO JIPYT OT Jpyra CTPENSIOT 1O 1eid. BeposTHOCTh Monaganus B Ielb
nepBbIM cTpenkoM pasHa 0,7; BropeiM -0,8; Tpetbum — 0,9. HaiiTu BEposITHOCTB TOTO, UTO :

a) Bce TPH CTpeJIKa MONaaAyT B LIEJIb;

0) BCE TpH CTPEJIKa TPOMAXHYTHCS;

B) TOJIbKO OJTUH CTPEJIOK MOMAaJIeT B 1IeJb;

I') TOJIBKO J[Ba CTpeJKa MONaayT B 1IeJib;

1) He 00Jiee IBYX CTPEIIKOB MOTAIYT B 1IETh;

€) XOTs1 ObI OJMH CTPEJIOK TIOMA/IET B LIETTb.

IIpakTuyeckoe 3anaTueNe 59

Tema: CBolicTBa napasuieibHbIX JIOCKOCTEH

Hean: HayunTts pemate 3a1a4u, KCHOJb3Ysl CBOWCTBA MapasuIeNIbHBIX INTIOCKOCTEN
Teopernueckuii 610K

Onpenenenue. [Ipsimas 1 MIOCKOCTh HA3BIBAIOTCS MapaslieIbHBIMU, €CIIM OHU HE UMEIOT 00X

Touek (a || o)
Ipu3HaK MapaiIeIbHOCTH NPSAMOil M IJIOCKOCTH.

TeopeMa. Ecau npsMasi, HE JICKaliasa B JTaHHOM IJIOCKOCTH, ITapaJlJICIIbHA KaKOﬁ'HH6YHB
HpHMOfI, JIeXKalllel B 3TOM IIJIOCKOCTH, TO OHA ITapaJljiCJIbHa CaMOM MJIOCKOCTH.

3

i allkb
b= al|x
b agd o
puc. 1

121



3ameuyanud.

Ecnu maocKkocTs IpOXOAUT Yepe3 JaHHYIO NIPSAMYIO, IapajuIebHYI0 APYTron
IIJIOCKOCTH, U MIEPECEKAET ITY IUNIOCKOCTD, TO JIMHUS IIEPECECYCHUS
IJIOCKOCTEM MapasuliesIbHa JAHHOM IPSIMOM.

Ecau OJiHa U3 ABYX HapaJlICIbHBIX IMPAMBIX IIapaljIC/IbHA I[aHHOﬁ

pHC ) IIJIOCKOCTH, a Apyras npsamMasa UMCECT € IJIOCKOCTBIO O6HIYIO TOYKY, TO 3Ta

Impamas JIC)KHUT B HaHHOﬁ IJIOCKOCTH.

BrniBoabI.

Crny4yaun B3aMHOTO PAaCIOJIOKEHUS MPSIMON U TNIOCKOCTH:
a) mpsiMasi JIEKUT B IJIOCKOCTH;

0) mpsiMasi ¥ TIOCKOCTh UMEIOT TOJIBKO OJIHY OOIIYIO TOUKY;
B) IpsiMasi U MJIOCKOCTh HE UMEIOT HU OJJHOU 0O1el TOUKH.

UMEIOT OOIIMX TOYEK.

o o
/ [MapanmienbHOCTh MIIOCKOCTEH o U B 0003HaUaeTcs Tak: o || B. PaccmoTpum
A N
/3 MPU3HAK MapaUICIIFHOCTH ABYX IJIOCKOCTEH.

puc. 3

Z >{~; / Onpenenenue. /[Be TUIOCKOCTH HA3BIBAIOTCS MAPAUICTLHBIMHE, €CITH OHH HE
—

Teopema. Eciu 1Be nepecekaromuecs npsMbie 0JJHON MITIOCKOCTH
COOTBETCTBEHHO MapalIeNIbHbI IBYM MPSMBIM JIPYTOd IUIOCKOCTH, TO 3TH
IJIOCKOCTH MapaiebHbl.

Cnyan/I B3aMMHOT'O pacCIIOJIOKECHUA IUIOCKOCTEH:

IUIOCKOCTH o U B IMEPECEKAIOTCA.

puc. 4

/ MIOCKOCTH . U B IapajjiC/IbHBI.
ol :

puc. 5

CsoiicTBa napaJijICJIbHbIX IUIOCKOCTEH:
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1. Eciu nBe napasuienbHble IUIOCKOCTH IIEPECEUEHB] TPETHEH, TO TUHUU
UX MIepECeUeHUs NapauIeIbHBL.

2. OTpe3ku napajuiebHbIX IPSIMBIX, 3aKII0UEHHBIE MEXKITY

/ B ; mapajICJIbHBIMU INIOCKOCTSAMM, PaBHBI.

puc. 7

N
\:

Pemrenue 3agauq:

Han yron AOD u nBe mapasienbHble TIIOCKOCTH O U [3.

[Tnockocts o mepecekaet croponsl yrina OA u OD cooTBeTCTBEHHO B Toukax A u D,
TUTOCKOCTB [3 3TH CTOPOHBI IIEPECceKaeT COOTBETCTBEHHO B Toukax B u C.

Hano:
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OB=8
AB=6
BC=9

CD=2

Haiitu AD, OD

Yepes Touky O, KOTOpast HAXOIUTCS MEKIYy HapaieIbHBIMU IJIOCKOCTSAMU 0. U [3, TPOBEAECHbI
npsiMbie C U O, mepecekaromue mioCKOCTH TakK, YTO TOYKH A U B HaXosITCs B IIIOCKOCTH 0, a
touku C u D - B mmockoctu 3 AB=18 cm, DO=26 cm u AC=3-A0

Beraucnours: BD;CD

HapaJ'IJ'IeJ'ILHLIe IIJIOCKOCTH O 1 B NEePEeCCYCHBI NPAMBIMU C U d

Croponsl 4N nepecekaroT napasuienbHble MI0CKocTH [ 1 o B Toukax C,D u A B. Beruucnu
mmuHy otpeska AB, ecmm NA=13 em, NC=20 cm u CD=55 cm.
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Croponsl 4N nepecekaroT napauienbHble MIIOCKOCTH [3 U O

Jlanbl mapajuienbHbie m1ockocTu o U . Touku A 1 B HaxomsITCs B TUIOCKOCTH 0, &
touku C u D B utockoctu 3. Jlnuna otpeska AC=7, nmuHa otpeska BD=12.

CymMma mpoekIuii 3TUX OTPE3KOB B IIIOCKOCTH [3 paBHA 8.

Haiitu nnmuny npoekuuii 000X OTPE3KOB.
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IIpakTuueckoe 3ansiTueNe 60
Tema: IlosTopenue. [IpoBepounas padota
Heab: OOOOUUTE U 3aKPENIUTh 3HAHUS U HABBIKM YYaIIUXCS MO TaHHOW TeMe

Teopernueckwuii 070K

Kakwue nBe mpsimbie B MPOCTPAHCTBE HA3bIBAIOTCS MapaslieIbHbIMU?
ChopmynupyiiTe TeOpeMy O MapaIeIbHBIX MPSIMBIX.
Kakne BO3MOKHBI Ciiydan B3aUMHOTO PACIoJIOKEHUE MPSAMOM U TNIOCKOCTH?
Kakwue npsiMast 1 III0CKOCTh Ha3bIBAIOTCA MapaljiebHBIMU?
Chopmynupyiite npu3HaK napajieIbHOCTH MPSMOU U IIIOCKOCTH.
Han xy6 A... D1. HazoBute 4yetbipe napbl mapauielbHbIX MPSIMBIX U YEThIPE Haphbl
MIePECEKAIOIINXCS TPSIMBIX
7. Chopmynupyiite npu3HaK napajieIbHOCTH NPSMOM U IIOCKOCTH.

ogkrwhE

BepHo JIK YTBEPXKACHUE: €CJIM OJHA U3 IBYX IIPAMBIX IIapaJuI€iIbHA IIJIOCKOCTH, a BTOpas
MEPECCKACT 3TY IIOCKOCTh, TO MPAMBIC ITapaJIJICJIbHBI.

Pemenue 3agau

1). Bamaua 1
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[aHo:

A ABC,
ABea, C ¢ q,
AM = MC,
CN = NB.

Jokasats: MN | a.

JloKa3aTeILCTBO

MN - cpennss nuaus TpeyroiabHuka ABC, 3naunt MN || AB, AB € a.

Taxum o6pazom, MN || a (o pu3HaKy MapaIeTbHOCTH MPSIMOM U TFIOCKOCTH).

2). 3amaya 2
[aHo:
C-
D ABCD - tpaneuus,
[ ABe a,CD ¢ q,
AM=MD, CN=NB,

Nokaszats: MN || a.

M N
[\
%

JloKa3aTeILCTBO

MN - cpennsist nunus Tpaneuun ABCD, 3naunt MN || AB; AB £ a (o ycnosuto),
Takum oOpazom, MN || a (o npu3HaKy napamuieIbHOCTU MPSIMON U TIIOCKOCTH).

3)3amaua 3. Cropona AC tpeyronparka ABC mapauienbHa IIIOCKOCTH a , a croponsl AB u BC
IIEPECEKAIOTCS € ATOM IIIOCKOCThIO B Toukax M u N. Jlokaxute, yto TpeyronsHukn ABC u
MBN no106HS!.

Hepen PCUICHHEM JJAaHHOM 3a7a4M HCO6XO,I[I/IMO BCIIOMHUTD ITPU3HAKH HOI[O6I/I$I TPECYIr'OJIbHUKOB.

L)

A [AaHo:
. A ABC, AC Il q,
F.-{,j—"‘ N / ABna=M,
Z ,,~" |\ BCra=N.
“» fokasats: A ABC nopoben A MBN
HOKEBE[TCJ'ILCTBO
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1. Io yrBepxkaenuto 1°: MN || AC. Toraa yron A = yriry BMN (kak 0JTHOCTOPOHHHE ITPH
MapajuieNIbHBIX MPSMBIX).

2. yron B - oOuiwmii.
3. Takum o6pa3zom, 1o AByM yriam TpeyroisHuk ABC nono6en tpeyroisnuky MBN.
4). 3anaya 4

Ha croponax AB u AC tpeyronsuuka ABC B3sthl cootBeTcTBeHHO Touku D 1 E Tak, yto OE =
5 cm u BD = 2/3. Tliiockocth a mpoxoaut yepes Touku B u C u mapaiiensHa otpe3ky OE.
Haiinure muny otpeska BC.

HaHo:

A ABC,
DeAB, E€AC,
BCea, all DE,

H DE =5cm, BD/DA =2/3.
4 f/
Hawtn: BC.
Pemenne:

tpeyronsHuK ABC nomo6en tpeyronpauky ADE.

Torma AB/AD = BC/DE, 5/3 = x/5, x = 25/3, x = 8%/3,

Otser: 83

JlomaniHee 3aianue:

[Ipsamas AB nepecekaet miockocTh o. Yepes koH1bl oTpe3ka AB u ero cepeauny C npoBeieHbl
napajuiebHbIe MPsAMbIE, NepeceKarore miockocTh o B Toukax Al, B1 u C1. PaccMorpute
cnydan: 1) otpe3ok AB He mepecekaeTt miockocTs o ; 2) oTpe3ok AB nepecekaer o. B kaxaom

ciydae Haiaure: a) anuHy otpeska CCl, ecnu: AAL =3, BB1 = 6; 0) nnuny otpeska AAl, ecnu
BBI1 =13, CCl=1

IIpoBepounasi padora
1 BapuaHT

1. Otpe3ok AB He nepecekaer mI0CKOCTh a. Yepes cepeanny orpe3ka C U KOHIIBI OTpe3Ka
A u B npoBezieHbI IpsiMble, NapasiebHble MEXy COOOH U MepeceKaromme
IJIOCKOCTh O B TOUKaX , . Beraucnuts uuny otpeska CCiecnm Ay =5 BBy =7

2. UYepe3 Touky O, HE JEXKAIIyI0O MEXAY NMapauleIbHbIMU INIOCKOCTSMHU 0. U [3, TPOBEICHBI

Aq

npssmbie | um.  Ilpsmas | nepecekaer mmockocth o u [ B TOuKax
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A2

u COOTBETCTBEHHO, IpsiMasi M— B TOYKaX " Haitnure niuny
OTpe3Ka , €CIIH =15 cm,
O 0 =3:5.

3. TIpsmas AB mepecekaeT TIockocTh o. Uepes koHibl oTpe3ka AB u ero cepeauny C
MPOBEJICHBI NMapajuIeNbHbIE PsIMbIE, TTEPECEKAONINE TIOCKOCTh o B Toukax Al, B1 u CI.
Paccmotpute cmydan: 1) otpe3ok AB He mepecekaeT TIocKocTh o ; 2) oTpe3ok AB
nepecekaet o. B kaxxaoMm ciaydae HaiiauTe: a) nmmuHy otpeska CCl, ecnmu: AA1 =7, BB1
=5, 6) mmuay otpeska AA1, ecmu BB1 =7, CC1=11.

2 BapuaHT

1. Touka M nexut Ha oTpe3ke AB. Otpe3ok AB nepecekaeTcs ¢ MI0CKOCTHIO o B Touke B.

Uepes A u M nipoBeieHbI NTapajuiesibHbIE TPSMBIE, IEPECEKAIONINE 0, B TOUKAX u.

Haiinmure mymny otpe3ka AB, eciiu A :M=3:2,AM=6.
2. UYepe3 Touky O, Jexallyr0 MEXAYy MapauIeIbHBIMU IUIOCKOCTSAMHU O U [3, TIPOBEIACHBI

npsmbie | um.  Tlpsimas | nepecekaer maockocth o W B B TOYKax u
COOTBETCTBEHHO, MpsMas M — B TOYKaX u . Haiiqure miuHy oTpes3ka :
ecliu =12 cm, 0:0 =3:4.

3. Jan AMKP. ITnockocts, napamiensHas npsamoit MK, nepecekaer MP B Touke , PK - B

Touke. Haiinure , ecti MP : P=12:5 MK =18 cm.
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IIpakTnueckoe 3ansiTueNe 61

Tema: [Ipu3Hak neprneHIUKYIIPHOCTH MPSMOMN U INIOCKOCTH
Heab: O00OLUTE U CUCTEMATU3UPOBATh MaTepUall 10 IaHHOH TeMe

Teopernueckuii 610k

Onpeodenenue. llpsimasi a Ha3pIBaeTCA TEPHEHANKYIAPHOW K TJIOCKOCTH 0, €CIIM OHa
MePIEHNKYIISIPHA K JIFOO0H MPSMOH, JIexKaIel B 3TOM IMIIOCKOCTH.

Teopema. Ecnu npsiMasi nmepneHIUKYJIsSIpHa K JBYM IEPECEKAIOIIMMCS MPSIMBIM, JEKAIIAM B
IJIOCKOCTH, TO OHA MEPIEHANKYIISIPHA K OTOM MJIOCKOCTH.

[Tpumep 1. Touku A, M, O nexat Ha NpsIMO, TEPIEHIUKYIAPHON K TIIOCKOCTH 0, a Touku O, B,
CuD nexar B miockoctd o (puc. 3). Kakwe wu3 crueayomux yrjioB  SBISIOTCS
LAQE, AMOC, ADAM, A D0OA, L BMO

MIPSIMBIMU ?
A
M
B I
0
C o
Puc. 3.
Pewenue
£A0QB
PaccmoTpuM  yron . Ilpsamas AO nepneHAMKyIsipHa IUIOCKOCTH 0, a 3HAYMT,
npsimast AO nepneHauKyIsipHa Jr000H NpsMOW, jexamed B IUIOCKOCTH O, B TOM 4HUCIE
£ZAQB = 90°
npsamoit BO. 3Hauur, :
LMOC LMOC =90°
Paccmotpum yron . [Ipsimas 4O nepnenaukynsapHa npsamoi OC, 3Ha4uT, :
LDAM 2004 = 90°
PaccmorpuMm yron . Ipamas AO nepnienaukynaspHa npsimoit OD, 3Ha4uT,

Paccmorpum tpeyronbauk DAO. B TpeyronbHHKe MOXKET ObITh TOJBKO OJMH NPSMOM Yrodi.
3naunt, yroa DAM — He gBiseTCS MPSIMBIM.
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L0004 £D0A = 90"

Paccmorpum yron . [Ipsimas 4O nepnenaukynspHa npsmoi OD, 3HauuT,
LBMO

Paccmorpum yron . DTO0 yrous B npsiMoyroiisHOM TpeyroiabHuke BMO, on He MOXeT ObITh
MPSIMBIM, Tak Kak yroia MOB — npsiMoii.
£AQB = £MOC = £D0OA = 30°

Omeem: :
L0 = 90°
[Ipumep 2. B tpeyronsuuke ABC naxo: ,AC= 6 cm, BC = 8 cm, CM — mennana (puc.

4). UYepez Bepuuny C npoBenena npsamas CK, TepneHAUKYyaspHas K  IUIOCKOCTH
tpeyronbuuka ABC, npuuem CK = 12 cm. Haiinute KM.

K
i
B
e M
4
Puc. 4.
Pewenue:
AB =B + ACT =v82+ 62 =10
Haiinem nmuay 4B nio Teopeme I[udaropa: (cm).
[To cBoWCTBY NpSIMOYTOJIBHOTO TPEYTrOJbHUKA CEpeAruHa THUMNOTEHY3bl M paBHOyIajd€HAa OT
CM=ZAB=5

BepIInH Tpeyrojbauka. To ectb CM = AM = BM, (cm).

Paccmotrpum  tpeyronpuuk KCM.  Ilpsmas KC nepnenaukynsipHa  1miockoctu ABC, a

3HauyuT, KC nepnenaukynspHa CM. 3nauut, TpeyroibHUk KCM — npsmoyroJibHbid. Haitnem
KM =vVKC?+ CM? =122+ 52 =13

runoteny3y KM wu3 teopemsl [Iudaropa: (cm).

Omeem: 13 cm.

[IpakTHueckoe 3ansaTHe Ne 62

Tema: [Tpu3Hak neprneHIUKYISIPHOCTH IUIOCKOCTEH. YTIIBI MEXKAY MPSIMBIMU U INIOCKOCTSMHU.
Iean: O000MUTh U CHCTEMATHU3UPOBATh MAaTepUal MO JaHHOH TemMe

Teopernueckuii 610K

VYroa Mex Iy IpsMON U INIOCKOCTBED — 3TO YIOJl MEKY IIPSIMOM U €€ MPOEKIUEN Ha JaHHYIO
IIJIOCKOCTb.

B kauecTtBe yriia Mex1y NpsMOi U MIIOCKOCTBIO BHIOUPAEM OCTPBIN YroJl.

Ecnu npsmas napasienbHa MJI0CKOCTH, 3HAUUT, YTOJI MEKIY IPSIMON U TNIOCKOCTBIO PaBEH
HYJIIO.

Ecnu npsmas neprneHauKyisipHa INIOCKOCTH, €€ IPOEKLHEN Ha INIOCKOCTh OKa)KETCsl TOUKA.
OueBHIHO, B 3TOM CiIydae Yroj MeXJy IpsIMOM U INIOCKOCTBIO paBeH 90°.

IIpumepsr:
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1.Touku A, M u O nexaT Ha NpsAMON, NEPIIEHIUKYIIPHON K IJIOCKOCTH a, a Touku B, Cu D
Jexar B mockocTH a. Kakue u3 cneayromux yr joB aBisgtores npsamseiMu: ZAOB, £ZMOC,
2DAM, £DOA, £BMO?

Pemenue: a L o, 103TOMY a eprneHIUKyIIApHA J1I000H NpsAMoii, nexaieil B mi. o. YToOsbl
npsiMasi IpUHaJIexaa i. o, J0CTaTOYHO, YTOOBI 2 TOUKH MPSAMOM MPUHAAIEKATH ILI. .
OTBeT: npsiMbI€ YIJIbI

2. [Tpsmast OA neprienaukyssipaa k mockoctd OBC, u Touka O siBIsieTcs cepeMHoN 0Tpe3Ka
AD. lokaxwure, uro: a) AB = DB; 6) AB=AC, eciu OB=0C; B) OB = OC, ecnu AB=AC.

Pemenue:

a) Paccmotpum AABD.

03TOMY

- 110 IBYM KaTeTam,

6) Paccmorpum AAOB u AAOC.

- 110 OTPEIEICHHUIO;

- TI0 YCIIOBHIO; - OOIIIasl.

Tpeyronsauku AOB u AOC paBHbI o AByM KaTetam. Otcroza:

B) T.x. AB = AC, 1o npsimoyrosibHbie TpeyroabHuku AOB u AOC paBHBI 10 TUIIOTEHY3€ U
kareTy (AO -—o0muil KaTeT), 03TOMY

Uto 1 TpeboBaIOCH JOKA3aTh.

3.Uepes Touky O mepecedeHus AuaroHaiei KkBajapaTa co CTopoHo# a mpoBeeHa npsmas OK,
NEPIECHIUKYIIIpHAs K IUIOCKOCTH KBajpara. Haiinure paccrosaue ot Touku K 1o Bepmun
kBazpara, eciu OK =b.

IIpakTuyeckoe 3ansaTue Ne 63

Tema: [lepnieHAMKYISPBI U HAKIOHHBIC
Heab: O000UUTE U CUCTEMATU3UPOBATH MaTepUal 0 IaHHOM TeMe

Teopernueckuii 610K

HakiionHo#, poBeIeHHOM M3 JaHHOM TOYKM K IAaHHOM TIJIOCKOCTH, Ha3bIBACTCS JIFOOOH
OTPE30K, COSUHSIONINI JaHHYIO0 TOUKY C TOYKOH MJIOCKOCTH, HE SIBISIOIIUNACS
MEPIEeHIUKYISAPOM K TUIOCKOCTH.

KOHGI_[ OTpPE3Ka, JIe)KaH_II/Iﬁ B IIJIOCKOCTH, HA3bIBA€TCsA OCHOBAHHECM HaKJIOHHOM.

A
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AB - makmonnas.
B - ocHOBaHune HAKIIOHHOH.

[TepnenuKysipoM, MPOBEACHHBIM U3 JAHHOW TOYKHU K JAHHOM IUIOCKOCTH, HA3bIBAETCS OTPE3OK,
COCIMHSIOMI JAHHYIO TOYKY C TOYKOMW IIJIOCKOCTH M JIXKAIIWKA Ha NPSMOH, EPIIEHAUKYIAPHON
IIJIOCKOCTH.

Komner aToro otpeska, jexaniuii B JI0CKOCTH, Ha3bIBa€TCS OCHOBAHUEM NEPIIEHIUKYJISpa.

A

(04

AC - nmeprieHIuKyIsp.

C - ocHOBaHMe NepHEHANUKYIIApA.

PaccrossHueM oT TOUKH J0 IIJIOCKOCTH HA3bIBACTCSA JJIMHA IICPICHAUKYJIIApa, IIPOBEACHHOI'O U3
9TOM TOYKH K IIJIOCKOCTH.

OTpe30K, COeANHSIONNA OCHOBaHUS IEPIEHANKYIISAPA U HAKIIOHHOM, IPOBEJICHHBIX U3 OJTHOU U
TOM K€ TOUKH, HA3bIBACTCS MPOCKI[MEH HAKIOHHOM.

A

X

CB - mpoerus HakinoHHO#M AB Ha MIOCKOCTS 0.

Tpeyronsauk ABC npsiMoyroJyibHbIH.
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VYriaom Mexy HaKJIOHHOM M INIOCKOCTBIO HA3bIBAETCS YIOJI MEXKAY ATOM HAKIOHHOM U €€
IIPOEKLIHUEN HA IIJIOCKOCTb.

A

X

<CBA - yron mexy HakoHHOH AB 1 m10cKoCThIO 0.

A

Ecimn AD>AB, To DC>BC

Ecmn u3 ﬂaHHOﬁ TOYKH K ,HaHHOﬁ IJIOCKOCTH ITPOBECTH HECKOJIbKO HAKJIOHHBIX, TO OoJIbIIIEH
HaKJIOHHOM COOTBCTCTBYCT OobIIas IMPOCKI M.

<DAB - yron Mex1y HaKIIOHHBIMU
<DCB - yron mexay npoeKuusMu
Otpesok DB - paccrosinue Mex 1y OCHOBaHUSMU HAKJIOHHBIX.

Pewrenue ynpaxHeHMiA:

1) Ilpsimass CM nepreHANKYIIspHA K IUIOCKOCTHU MPSIMOYToJibHOTO TpeyrojabHuka ABC ¢
npsmeiM yriioM C. Halinure paccrosinue ot Touku M o croponst AB, eciin AC=3cm, BC=4cwm,
CM=1 cm

2)B paBHoOenpennoM TpeyroasHuke MHK, MH=NK=5cm, MK=6cMm. Touka D HaxoauTcs Ha
paccrostnmi V10 ¢M ot miockoctn Tpeyronbuinka MNK i Ha 01MHAKOBOM PACCTOSHHHM OT €0
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cropoH. Hanaure 310 paccrosHue.

3) B tpeyronsnuke ABC nano: AB=5cM, AC=7cm, BC=6¢wM. [Ipsamas AD nepnenaukyssipHa K
miockoctu TpeyroapHuka ABC. Haligute paccrosHue ot Touku D 1o ctoponst BC, ecin
AD=5cm.

4)Uepes karer AB npsimoyrosibHoro paBHodenpeHHoro tpeyroiabHuka ABC nmposeneHa
IIJIOCKOCTH a (anbda), oOpasyroias ¢ MmI0CKOCThIO TPEYTroJibHUKA yroJ B 45 rpagaycoB. Halinure
paccrosinue ot Touku C 110 Tuiockoctu a (anbda), ecnu AC=2cm

5)Touka M HaxoauTCsl HAa PACCTOSIHUM 6 CM OT IIJIOCKOCTH PaBHOCTOPOHHETO TPEYroJbHUKA
ABC u Ha 10cm oT BepinH 3T0T0 Tpeyrojbauka. Haiinure miuHy croponsl Tpeyroiasauka ABC

JowmarHee 3aj1anue

Touka A paBHOyaJIeHa OT BEpIINM Mapaiienorpamma. Jfokaxure, 4to 3TOT MapajjiesiorpaMmm
SIBJISICTCS] TIPSIMOYTOJIBHUKOM.

OcHoBanust Tpanenuu paBHs0TCSA 14 cM u 8§ cM cooTBeTCTBEHHO. Uepe3 6osiblliee OCHOBaHUE
Tparneuu MpoBeIeHa MIOCKOCTh, KOTOPasi HAXOJUTCS Ha pACCTOSIHUU 8 CM OT MEHBILIETO
OCHOBaHMS Tparneunu. Haliqure paccTosHrE OT TOYKH MEPECEYEHUS TUArOHAJICH Tpaneuu 10
MPOBEICHHOM TIJIOCKOCTH.

C TOouYkHu A Ha IJIOCKOCTh 0L MPOBEICHBI IB€ HAKJIOHHBIE TMHOM 15 cm u 20 cM. [[nuHa
MPOEKIINY OJHOU W3 3TUX HAKJIOHHBIX paBHa 16 cm. Haiiaute cunyc yria, o0pa3oBaHHOTO
JPYroi HaKJIOHHOM U TIJIOCKOCTBIO 0.

Touka K Hax0JAUTCS Ha OJMHAKOBBIX paccTOsIHUAX KA u KB 0T CTOpOH MpsiMOTO yTJia ¢
BepirHOi C. O — npoekius Touku K Ha mI0cKocTh 3Toro yria. Jlokaxure, uto OACB —
KBaJIpar.

IIpakTnyeckoe 3ansitue Ne 64
Tema: KonrponpsHas pabota o teme: «IIpsimbie U MIIOCKOCTH B IPOCTPAHCTBE»

He.ﬂb: HpOBepI/ITB YPOBCHBb YCBOCHUA 3HAHWH 110 TEME: «HpﬂMBIe H IIJIOCKOCTH B
IIpOCTPAHCTBE»

1 BapuaHT

1. Cropona npaBmibHoro TpeyrojasHuka ABC paBHa 243 em. K ero miockocTi IIPOBECH
nepnenukyisap AK, pasusiii 4cMm. Haiiaure paccrosinue ot Touku K 1o ctoponst BC.

2. UYepes cropony AB npsimoyronsauka ABCD nposenena miockocts o.. Cropona CD
ylajaeHa oT 3Toi miockoctu Ha 3 cm, CB=6cm, CD=8cm. Haiigure:1)yron mexmy
npsiMoit DA u maockocTbio o ,2)cuHyc yria Mexay npsmoi BD u miockocTsio a.

3. Karer AC npsmoyronsaoro AABC ¢ npsMbiM yriiom C JIEXKHUT B IFIOCKOCTH 0., @ YTOJI

Mexy miockoctamu o 1 AABC pasen 60° . Haiiute paccrosuue ot Touku B 10
miockoctH o, ecnu AC=5cm, AB=13cmMm.
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4. . IInockoctu npssMoyroiabHbIX TpeyroibHukoB ABC u ABK nepnenukynspHsl.
AB=8cmM, AK=10cMm, - ABK=~ ABC=90° , - BAC=45" . Berunciure paccTosiHuE MEKIY
toukamu K u C.

2 BapuaHT

1. Orpe3ox AM, paBHblii 12 cM, neprneHAUKYISIPEH IIOCKOCTH TpeyrojbHuka ABC.
Haiigure paccrosinue ot Touku M 1o npsamoit BC, ecniu AB=AC=20cMm, BC=24cwm.

2. Cropons! npamoyrombarka ABCD pasusr 6¢M 1 613 cM. K IIIOCKOCTH MpsIMOYTOTbHIKA
yepe3 TOUKY IIepecedeHus ero auaroHaneii nposeaeH nepneHaukyisp OK, paBHbiii 6¢M.
Haiigure yron Mexay miockocTbio npsMoyroisHuka u npsambivu KA, KB, KC u KD.

3. Uepes Bepmmny D kBagpara ABCD npoBesieH k ero miockocTa nepreHankyisip DK,
paBubiid 10 cM. Yroa mexay mockoctsimu ABC u KBC pasen 45° . Haiinure muiomanis
kBazapara ABCD.

4. Ilnockoctu paBHocTtopoHHero AABC u npsmoyronsHoro paBHoOeapeHHoro AADC
nepreHuKy/sapHsl. AB=a, - ADC=90°. Berunciiure paccTosiHuE MEXTy BepiiuHaMu B
u D 1aHHBIX TPEYroJIbHUKOB.

IIpakTHyeckoe 3ansaTHe Ne 65

Tema: [Tnomane 60KOBOM U MOJTHON MOBEPXHOCTH MPU3MBI, MapalljieNenumnesa, Kyoa
Hean: HayunTh BBIYMCIATH OOKOBYIO U IOJHYIO IIOBEPXHOCTh MPU3MBI, Mapajuleenuneaa, Kyoa

Teopernueckwnii 010K

[Ipusma

Inowaows nosepxnocmu: S=2SocutSeox, TIAC Seox — TUIONIAAB OOKOBOI TOBEPXHOCTH, PaBHAsS
CYMME IUIOIIA/IEN BCEX TPaHEH.

ITpsimas mpu3Ma — mpusma, 60KoBO€ pedpo KOTOPOIl MEPIEHIUKYISIPHO OCHOBAHHUIO.

Oobvem: V=Soeu'l .

IInowaow 6oxosoii nogepxnocmu: Seo=P-1, TIe P — mepumeTp ocHOBaHUSL.

[IpaBuiibHas npusMa — npsMas pu3Ma, OCHOBaHUE KOTOPOU — IIPABUIIbHBIM MHOTOYT OJIHHUK.

136



D]_ - L

A4 Dl :‘i{_‘ ) .;,Hl C
- h
A a B
[Tapannenenunen — npusmMa, OCHOBAHUE KOTOPOM — mapajienorpamMm. Bee rpanu
napajuliesienuIe1a BIsS0TCS NapajuieJorpaMMaMH.
[IpssMOyTroBHBIN MapauieaenuIe] — Ipru3Ma, BCE IPaHu KOTOPOU — MPSAMOYTOJIbHUKH.
Csoticmea ouazonaneii: ACi=BD1=CA1=DB1=d; d2=a+b?+c?.

Inowaow nosepxnocmu: S=2-(ab+ac+bc).
Ky6 — npusma, Bce rpanu koTopoi — kBajapaTsl (a=b=c). Ky0 siBisieTcst mapayuiesenunesiom u
00JaaeT BCEMU €ro CBOMCTBAMHU.

d =+83a: s=6a?.

IIpumep 1. Yemy paBHa MoJIHAsi HOBEPXHOCTH MPSAMOI TPEYroJbHOM MPU3MBI, €CJIH €€ BhICOTa
paBHa 50, a cropoHs! ocHoBaHus 13, 37 u 40?
Pewenue:
[lepumertp ocHoBanus npusmsl paBeH P=13+17+40=90. [1nomaas 60KOBOH MOBEPXHOCTH
Séox=90-50=4500.
[Tnomane ocHoBaHus Haiaem o Gopmyne ['epona. Ero momynepumerp p=45

8o =4[45(45-13)(45-37)(45-40) = /45.32.8.5 =240

OcTanock BBIUUCINTG NOJHY TOBEPXHOCTh MpU3Mbl: S=2-240+4500=4980.
Omeem: 4980.

IIpumep 2. B ocroBanuu nipsimoit mpusmel ABCDA1B1C1D1 nexut kBaapart co cTOpoHOH 2.

BoxoBoe pebpo mpu3Mbl paBHO {2 Haitaure rpagycHyto Mepy yriia MeXay II0CKOCThIO
TpeyroibHuka AB1C 1 mI0CKOCThIO OCHOBAHUS TIPU3MBI.
Pewenue:

[Tnockocts AB1C mepecekaer miockocTs ocHoBaHus mpo nipsimoit AC. TToctpoum
JIMHEHHBIN yroJj, COOTBETCTBYIOIINHI YTy MEXIy 3TUMHU miockocTsiMu. T.k. ABCD — kBazpar,
TO €ro AMArOHANN epecekaroTcs no | npambiM yriaom, T.e. BO LAC  JTanee, T.x. npusma
npaBuibHasg, To BiA=B1C. Tpeyronbank AB1C — paBHoOeapennbiii. Ero meanana B1O

SIBJISIETCS TAK)KE €r0 BBICOTOM, T.€. B0 LAC . CireqoBaTellbHO, JIMHEHHBIN ZB,0B paBeH yriy
MEXIY MIIOCKOCTSIMH.

Paccmotpum Tpeyronbauk B1OB. Ilockoinbky npusma — npsiMas, To yroi B B TpeyronbHuke

EO=13D=%EE=*\E

— MPSIMOM. BlB:wE 10 YCJIOBUIO 3a1a4H. . T.x. KaTeTsl B

MPsIMOYTOJIbHOM TpeyrosbHuke B1OB paBHbl, TO £B,0B 50,

Omeem: 45°,

Pemenue ynpaxHeHuit

1.B npssMoyrosbHOM mapaijiesienunele CTOPOHbI OCHOBaHUA paBHbl 12 ¢cM u 5 cM. [[uaronans
napajuieNienunena oopasyer ¢ IIIOCKOCThIO OCHOBaHHs yron B 45°. Haiimute G60oxoBoe pedpo
napajuieJenumnesa.

2.0cHOBaHUEM MPSMOTO Mapajienenurnena spiusercs pom6 ¢ auaroHansmu 10 cMm u 24 cm, a

BbICOTA IMapaJUICIICIIUIICIa paBHA 10 cm. Haiigute 60J'ILIJ_Iy}O AuaroHalib IapajuiCJICTIuIcaa.
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3.CropoHa OCHOBaHUS MPABWILHOW TPEYTOJIBHOM MPU3MBI paBHa § cM, O0KOBOE pedpo paBHO 6
cMm. Haiiaure mnnomaap ceyeHus, NPOXOJSIIErO YEpe3 CTOPOHY BEPXHErO0 OCHOBAaHUS U
IIPOTUBOJIEKAIILYIO BEPIINHY HUKHETO OCHOBAHUSI.

4.B mpaBUIBHON N-yrojibHOW MNpHU3ME CTOpOHAa OCHOBaHHMS paBHA a M BBICOTa paBHa h.
Boeruucnure miomaan 60KOBOW M MOJTHONW MOBEPXHOCTH MPU3MBL, eciii: a) n = 3,a= 10 cm, h =
IS5em; 0)n=4,a=12am,h=8 am;B)n=6,a=23cm,h=5 ;) n=5,a=0,4Mm, h=10cm.

JoMamHee 3agaHue:

1.OcHoBaHue TPSIMOM MPU3MBI — TPEYTOJIBHUK CO CTOpOHaMU 5 ¢cM U 3 ¢cM u yriaom B 120°
Mexay HumMu. Haunbonbimas u3 muiomnaaei 00KOBBIX TpaHei paBHa 35 cm2. Haiiaute momaas
OOKOBOM MOBEPXHOCTHU MPU3MBI.

2.CTOpOHBI OCHOBAHMS IIPSMOTO HapaJljIe/Ieueaa paBHbl 8§ ¢cM U 15 ¢cM u 0Opa3yroT yroia B 60°.
Menbmiass W3 IUIOLIAJEA AUAroHalbHBIX cedeHud paBHa 130 cm2. Haligure momanb
MOBEPXHOCTH MapaJlieJenuneaa.

IIpakTuueckoe 3ansTue Ne 66
Tema: [Tnomane 60KOBOM U MOJTHON MOBEPXHOCTH MUPAMHIBI

Hean: Hayunth pemars 3aaud Ha BBIYMCICHUE IUIOMIATM OOKOBOM M TOJIHOW MOBEPXHOCTH
MTUPaAMUTBI

Teopernueckwnii 010K

1. Cxonpko TpaHel, OOKOBBIX peOep y M- yroJIbHOW TUPaMHIbI?

2. Kakoe HamMeHbIIEEe YMCIO IpaHe MOXKET HUMeThb nupamuja?

3. Beicota nupamuabl paBHa 3 cM. UeMy paBHO pacCTOsSIHUE OT

BEPLIMHBI IUPaMUIbl /0 IUIOCKOCTU OCHOBAaHHS ?

4. bokoBble pebpa TpeyroiapbHOW mupamMunsl 7cM, 12cm, Scm. OnHO W3 HHUX
NEePHEHIUKYISIPHO K IUIOCKOCTH OCHOBaHMs. Yemy paBHa BbICOTAa MHPAMMJBIL.

Pemenue 3amauq.

1. Jlana mpaBuiIbHAs YETHIPEXyrojibHas MNHUPAMHIA CO CTOPOHOM OCHOBaHUA 2 CM U
BBICOTOM OOKOBOW rpanu 6 cm. Haiinure mniomane

OOKOBOW MOBEPXHOCTH MHPAMHU/JIBL.

2. BeicoTa mMpaBWIBHOW YETBIPEXYrOJbHOW IMUPAMHUJIbI 7CM, CTOPOHA OCHOBAHHsS 8CM.
Omnpenenure OGokoBoe pedpo.
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3. Hano: SO = 4 - Beicota nmupamuasl. ABCD - npsimoyronsauk, AD = BC = 6; AB=DC = 8
Haiitu: Snonn., S6ok., V.

swxe% DC-SM, SM=\’SO’ +OM;

Pemenue:

AC=BD=+64+36 =10, AO=0D=5;, OM=

-%AD=-§-=3. SM=\16+9 =5. sm=_;. 8

8= 20; Spugs=20; OK=—DC
2 (cpenuss munnst AADC). OK =

_1 2
4 SK=16+16=442; SMDS-gﬁ“‘ﬁ"’JE' Spscs =1242.

Seoe 21242 +2:20 =244/2 + 40 = 8 (3v/2 + 5); S, = 6 - 8= 48; Spere. = S +
F Sun =2442 +40+48 =242 + 88 =8(11 +34/2).
1 1

V=§Sw._-h=§'48’4"64- 8(32 +5);8(ll+.%/5);64.)

(OtBer:

IIpakTuyeckoe 3ansitue Ne 67

Tema: I[Tnomans 60KOBOM U MOMHON MOBEPXHOCTH LIUIMHJIPA

Heab: HayuuTs pemaTs 3aa4n Ha HAXOKIEHUE IIONIAAN OOKOBOM U MOJTHON MOBEPXHOCTH
UUAJTMHIpA

TeopeTrnueckuii 6110k

HHJ’IHH}IP npeaACTaBJIACT coboi reoMETpUICCKOC TCJIIO, OTPaHUYICHHOC ABYM ITapaJIJICIbHBIMU
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IIJIOCKOCTAMHU U I.[PIJIPIHI[pPI'—IGCKOfI MOBCPXHOCTHIO.

h

Hunuaap coctout u3 60KOBOM MOBEPXHOCTH U BYX OCHOBaHui. dopmMyna ruiomanm
MOBEPXHOCTH LWJIMHJIpA BKJIIOUAET B ceOs OTAEIbHBIN pacyeT MJI0IIa i OCHOBaHUHI U OOKOBOM
MOBEPXHOCTU. Tak Kak OCHOBaHHUS B WJIMHJIPE PaBHBI, TO MOJIHAS €T0 IIOIaas OyaeT
paccuuThIBaThCs MO hopMyIIe:

S =25 +S

P oSN bok

®opmyra MI0IMAaad OCHOBaHUS IMIUHAPA. Tak KaKk OCHOBAaHUEM LIMJIMHAPA SBISETCS KPYT,
3

2
S =mr

I;l: 2
TO: byl

MBI MOMHHM, YTO B 3THX pacueTax MCMoJib3yeTcs mocTosHHoe uncio [1 = 3,1415926, kotopoe
paccunuTaHO KaK COOTHOUICHHE JUTMHBI OKPY>KHOCTH K €€ JUaMeTpy. ITO YUCIIO SBISETCS
MaTeMaTU4eCKON KOHCTAaHTOM.

[Tnomanb 60K0BOY MOBEPXHOCTH IIMHIPA

dopmya mromaan 00KOBON MOBEPXHOCTH IMIIMHIIPA TIPEICTABIIACT COO0M MPOU3BEICHHE
JUIMHBI OCHOBAHMSI Ha €r0 BBICOTY:

S  =2nrh
bok:

MOJIHYIO TUIOIIAb UIMHAPa. B 3anannoit purype Boicota h =4 cm, r =2 cm. Haiizem mosHyro

A Temepp pacCMOTPHM 3a/1ady, B KOTOPOH HaM MOTpeOyeTcs pacCuuTaTh

IIomaab MUJIMHApPA.

S =314x2°=12 56cm”
Jlyist HaYasIa pacCyMTaeM oAb OCHoBanuin:  “°"
Tenepsb paccCMOTPUM MPUMEP pacyeTa IIoaau 60KOBOM ITOBEPXHOCTH IMIMHpa. B
Pa3sBEPHYTOM BHUJIE OHA MPEJCTABIISET MPAMOYTOJIbHUK. Ero miomass pacCunThIBAETCS 110
NpUBENEHHOM BbIie popmyie. [ToacTaBum B Hee Bee
S —2x3,14x2x4=5024c¢m”

nammsre;  POF
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[TonHas momaap Kpyra npeacTaBiiseT co00i CyMmMy JBOHON TUTONIA U OCHOBAHUS H

S =2x12,56 +50,24 =25,12+50,24 =75.36cm -

ookoBoii;: ¥

Taxum o06pazom, UCTIONB3YS (HOPMYIIBI TUIOIIAAN OCHOBAHUM U OOKOBOI MOBEPXHOCTH (UTYPHI,
MBI CMOTJIM HAWTH TIOJIHYFO TUTOIIAIh TTIOBEPXHOCTH ITUIMHAPA.

OceBoe ceueHne HUINHAPA IPECTABIIAET COOO0M MPSIMOYTOIBHUK, B KOTOPOM CTOPOHBI PAaBHBI
BBICOTE U IUAMETPY LHJIUHIpPA.

dopmyra MIoIaI 0CEBOT0 CEUEHUS IMIMHAPA BEIBOIUTCS U3 GOpMYJIbl pacueTa II011a/11
IPSMOYTOJIbHUKA:

§=2hd

PaccMoTpuM IpuMep pacyeTa IUIOIA1M OCEBOro CeYeHHUs LMIUHpa. JJIs 3TOro Bo3bMeM
YCIIOBHS M3 3a1aul, yKa3aHHOH Bele. YToObI HaifTH BennunHy HaM noTpebyeTcs auameTp. Mbl
3HAEM, YTO OH pPaBEH JBOWHOMY PajHycCy: d=2r
d=2x2=4 {r:m )

N
S=2x4x4=32¢cm"

IloxcraBuM HaHHEIE:

. Kaxkas ¢urypa HazpBaeTcsi TUIMHAPOM?

. [ToyeMy HUIMH/P HA3BIBAIOT TEJIOM BpAILCHUS?

. HasoBuTe BuabI HMIMHAPOB?

. HasoBuTe a1eMeHTHI IIIHHIpA.

. Yro mpezacTaBiseT co00i pa3BepTKa MIIHHIPA?

. Kaxk HaiiTu ruonas O0KOBOW MOBEPXHOCTH IMIMHIPA?

. Kaxk HaiiTH rutonaip moJIHOH MOBEPXHOCTH LMITUHApPA?

. HasoBuTe ocHOBHBIE BUIBI cedeHUI mmumHapa. Kakas ¢purypa nomaydaercs B KaKI0M
ciydae?

. IIpuBenuTe mpuMepsl UCIIOIB30BAHUS LIMJIUHPOB.

Pemenue 3amau:
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3amaua 1. CKOIBKO KBaJPaTHBIX METPOB JIMCTOBOM KECTH MOMIET Ha U3TOTOBJICHHUE TPYObI
JUIMHOM 4 M 1 uameTpoM 20 cM, eciTi Ha IIBBI He00X0AUMO J00aBuTh 2,5% Iuiomanay ee
OOKOBOI TTOBEPXHOCTH?
Hano: L=4; d=20cm=0,2m. Haiitu: S.

y y o = <h
Pemenne: Bocnonb3yemcs popMyIioi mioia y NoJIHON MOBEPXHOCTH IIWIMHApA: =" .
Panuyc paBen nonosune quamerpa — 0,1M, a BplcoTa HUIMH/pPA paBHA JJIMHE HY>KHOU TpyObI —
4m.
Tax Ha BBl HY)KHO T00aBUTH 2,5% miomany ee 60KOBOW OBEPXHOCTH, HY)KHO HAWTH:

(§+2,5%S). IToacraBum BMecTo S dhopMyny TuIomaan O0KOBOK OBEPXHOCTH, U BEIYHCITUM:
23

54+2,5%-5=5+—§=
100

=2mrL-1,025=
=2.3,14-0.1-4-1.025=
748~ 2.6(")
OtBeT: 2,6 M°.

-

L

3amaua 2. HaliTu MOJHYIO TOBEPXHOCTD IWIIMH/IPA, Y KOTOPOTO ArameTp ocHoBaHuUs 20,6 cM
n BeIcoTa 30,5 cm.

3amaua 3. OceBbIM CEUCHHUEM ITMIIMHJIPA SBIISICTCS KBAAPAT, CTOPOHA KOTOPOTO paBHA 7/ MM.
Brruncnute miomaas O0KOBOM MOBEPXHOCTH IIUIMHIPA.

3agava 4. OceBoe ceueHHe MUIMHIpa — KBaJpaT co CTOPOHOM 6 cMm. HaliTu BhICOTY M paanyc
OCHOBAHUS IIWJIHHJIPA.

3agava 5. Paguyc ocHOBaHMS IIMJIMHIpA paBeH 2M, BbicoTa 3M. HaliTu nuaronanbs oceBOro
CEYEHHUS.

3amaua 6. [lnvHA OKPYXKHOCTHM OCHOBaHWs muiMHIApa paBHa 1. Ilmomanes OokoBoH
MOBEPXHOCTH paBHa 2. HalimuTe BHICOTY LIUIMHIpA.

HOM&I.HHCC 3aJaHHUC:

1. JmaroHaip OCEBOTO ceueHUs IWIMHIpa paBHA 48. YToa MeXIy 3TOW IuaroHaibio U
oOpa3yroleil paBeH 30°. Haiinure paanyc UAIUHAPA.2

2. JlnuHa OKPYXHOCTH OCHOBaHUS IMIuHApa paBHa 1. [Tnomaaps 60k0BOI MOBEPXHOCTH
paBHa 2. HaiiguTe BBICOTY LIMIIMHIpA.

3. JluaroHanb OCEBOTO CEYECHHs IWJIMHIpPAa HAKIOHEHA K MJIOCKOCTH OCHOBAaHHUS IO
yraom 60° u paBHa 20 cm. Haiiaute miomiaas 60KOBOI MOBEPXHOCTH LIUIUHAPA

Taﬁ.]'ll/lllbl AJISA BBIYMCJICHUA JJIUHBI OKPYXKHOCTH 110 TUAMETPY.

HpI/I pCeHICHUHA PA3JIMYHBIX NPOU3BOJACTBCHHLIX 3ada4 YaCTO MPUXOAUTCA BBIYHUCIATH JJINHY
OKPYXHOCTH. HpCI[CTaBI/IM cebe pa60qer o, KOTOpBIﬁ HU3TOTOBJIACT KPYIJIBIC ACTAJIN I10
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YKa3aHHBIM €MY JUaMCTpPaM. On JOJIKCH BCSIKUI pa3, 3Had JMaMeTp, BbIYUCIUTH JJIIMHY
OKPYKHOCTH. UTOOBI COKOHOMHUTE BPEMsI M 3aCTPaxoBaTh ce0sl OT OMMUOOK, OH 00OpaIaeTcs K
T'OTOBbIM Ta6JH/II_IaM, B KOTOPBIX YKa3aHbl AXaMCTPbl U COOTBCTCTBYIOIIUC UM JJIMHBI
OKPY>KHOCTEH.

[IpuBeném HEOOBIIYIO YaCTh TAKUX TAONMI] U PACCKa)KEM, KaK UMU IOJIb30BaThCS.

Iaxua Hinea Oauna |
b OHPYHHOCTH b OKPYHHOCTH D OKPVAHOCTH
1 3,142 6 18,850 11| 34558 |
9 6,283 7 21,991 12| 37,609 |
3 9,425 8 25,133 13| 40,841 |
|4 12,566 9 28,274 14 | 43982 |
| 5 15,708 | 10 31,416 15| 47,12
1 |

[1ycTh U3BECTHO, YTO IUAaMETpP OKPYKHOCTHU paBeH 5 M. Uiiem B Tabnuiie B BEPTUKAIBHOM
ctonbue noxa Oyksoi D uucno 5. 910 munHa auamerpa. Paiom ¢ aTum yuciom (Bnpaso, B
cToJIOIe 1o Ha3BaHueM «J[JTMHa OKpyKHOCTHY) yBUAUM uncio 15,708 (m). CoBepiieHHO Tak
xe Haiiiém, uto ecau D = 10 cMm, To 1uinHa okpykHOCTH paBHa 31,416 cwm.

[To 3TuM ke TabiraM MOXKHO MPOU3BOIUTE U 00paTHbIEC BhrunciaeHus. Eciau u3BectHa qmna
OKPYXHOCTH, TO MOKHO HalTH B TaOJIHIIE COOTBETCTBYIONMH el quametp. [IycTh anmnHa
OKPYXHOCTH paBHa puoOan3uTenbHo 34,56 cM. Haiiném B Tabnuiie uncio, Hanbosiee 61M3koe
K nanHoMy. TakoBbiM Oyzaet 34,558 (pazauma 0,002). CooTBETCTBYIONIUN TaKOW IJTUHE
OKPYXHOCTH JHAMETP PaBEeH NMpUOIM3UTEIbHO 11 cM.

Tabmuibl, 0 KOTOPBIX 37I€Ch CKa3aHO, UMEIOTCS B Pa3IMYHBIX CIIPABOYHHMKAX. B wacTHOCTH, UX
MOHO HaWTH B KHWXKKE «HeThIpéX3HauHble MaTeMaTHyeckue Tadnuisy B. M. bpaauca. u B
3amaunuke mo apupmeruke C. A. Tlonomapésa u H. U. CeipHeBa.

IIpakTnyeckoe 3ansTue Ne 68

Tema: [Tnomans 60KOBOH U MOJTHON MOBEPXHOCTH KOHYCA, YCEYEHHOTO KOHYCa, mapa u chepsl
Heab: HayuuTs pemats 3aa4u Ha HAXOKIEHUE IJIOMIaAU OOKOBOM U MOJHON MOBEPXHOCTH

KOHYCa, yCEYEeHHOTO KOHYyca
Teopernueckuii 610K

3a miomaiab OOKOBOI MOBEPXHOCTU KOHYCA TPUHUMACTCA IIJIOIIaZIb PA3BCPTKU CTO OOKOBOM
ITOBEPXHOCTH.
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[ToaTomy momaas OOKOBOW MOBEPXHOCTHU MPSIMOIO KPYroBOrO KOHYCa paBHa IIOIIA U
COOTBETCTBYIOILIETO KPYTOBOT'O CEKTOpa (pHC. ) U BIUUCHSETCS 10 hopMye

S 0.K. — nRL,
rae R — paanyc ocHoBanwus, a L — nnuHa oOpasyromeit konyca. Ecnu k mmommaan 60kKoBo#
IMOBEPXHOCTHU KOHYCA HpI/I6aBI/ITI) miomazab €ro OCHOBAaHMs, TO IMOJYYHUM ILIOIAAb MOJHOM
MMOBEPXHOCTH KOHYCa

Spom. = TRL + 7R? =R (L + R).

AHAJIOTMYHO 3a IIONIa b OOKOBOM MOBEPXHOCTH YCEYEHHOTO KOHYCa MPUHUMAETCS TUIONIa/lb
COOTBETCTBYIOUIEH Pa3BEPTKHU.

[TosTOoMy B citydae mpsiMOTO KpYTroBOTO KOHYca (pHUC. ) TUIOIAhr OOKOBOM
MMOBEPXHOCTH YCEUYEHHOT'O0 KOHYCA BBIUUCIIACTCS IO opmyIie

SG.y.K.:TE(rl'I' r)L

rae riu I — paanycsl OCHOBaHUM, a L — mimHa o0pasyrolieil yce4eHHOro KOHyca.
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Pemenue 3amau:

1. Pamuyc xonyca paBeH 6, a oOpasyromiast — 10. Haiitu momaas 60K0BOM TOBEPXHOCTH,
IJIOMIA/Ib OCHOBAHUS U TUTOIIA/h TIOJTHOM MOBEPXHOCTH KOHYCA.

2. BricoTa koHyca paBHa 4, a oOpasyromiasi — 5. Haiitu muromiaas 60KOBOM MOBEPXHOCTH,
TUIONIA/Ib OCHOBAHUS Y TUIOIIA/Ih TIOJTHOW MOBEPXHOCTH KOHYCA.

3.CKkoabpKo oTpedyeTcst KpacKu, JUIsl TOTO YTOOBI TOKPACUTh TOKapHOe Bepo, ecin Ha 100cm?
HeoOxo Mo 3aTpaTuTh 10r?

4.CKOJBKO KBaJIPATHBIX METPOB Ope3eHTa MOTPeOyeTCst Ul COOPYKEHUS MaJaTKi KOHMYECKON
(hopMBbI BBICOTON 4 MeTpa U TUaMETPOM OCHOBAaHUSA 6 METpOB?

5. OOpa3yrorias KOHyca HaKJIOHEHa K TII0CKOCTH OCHOBaHUs 1o yriioM 30°, a BICOTa KOHYyca
paBHa 12cm. Haitaure mromaae O0KOBO# MOBEPXHOCTH KOHYCA U TIJIOIIA b TTOJTHON
MTOBEPXHOCTH.

6. [Tnomanb ocHOBaHMA KOHYca paBHa 167, a mutonmaas oceBoro ceueHus pasHa 32. Haitaure
BBICOTY KOHYCA U IJIOLIaJAb OOKOBOW MOBEPXHOCTH.

7. HaiimuTe mutomaas G0KOBOM MOBEPXHOCTH PAaBHOCTOPOHHETO KOHYyca (0CEBOE CeUCHUE —

PaBHOCTOPOHHUH TPEYroJIbHUK), €CIIA PAIUyC OCHOBAHHUS PaBEH SCM.

8. OceBoe ceueHne KOHYca paBHOOCPEHHBIN TPEYTOJIBHUK TIJIOMIAIh KOTOPOTO paBHa 60cM?,
BbICOTa KOHYyca 12cM. HaliguTe mmoniaas NOJIHOM MOBEPXHOCTH KOHYCA.

HOMaI_HHee 3aJaHHuC:

1. Haiinure momaas O0KOBOM MOBEPXHOCTH KOHYCA, €CJI 00pa3yroIias paBHa SCM, a paanyc
OCHOBaHUs 3CM.

2. O0pasyromias KOHyca paBHa 7cM, a paauyc ocHOBaHus 3¢cM. HalauTe muomaap moTHoM
MOBEPXHOCTU KOHYCA.

3. Broicora konyca paBHa 12cm, obpa3zyromas 13cMm. Haitaure muomaas nogHONW NOBEPXHOCTH
KOHyca

4.Ilnomaas OCHOBaHUS KOHYca paBHa 25,7 cM?, a oOpa3yromas paBHa 6¢cm. Haliaure miomnans
OOKOBOI TIOBEPXHOCTH KOHYCA.

5. Haiigurte ruiomaap MoJHON MOBEPXHOCTH KOHYCA, €ClIi 00pa3yrolas HaKJIOHeHa K MIOCKOCTH
OCHOBaHUs NOJ yriioM 60°, a BeIcOTa paBHa 6CM.
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IIpakTuyeckoe 3ansitue Ne 69

Tema: O0beM npu3Mbl, Napajieaenunesa
Henab: HayunTs pemaTh 3ajjaun Ha BBIYUCIIEHUE 00bEeMa MIPU3MBI, lTapajuleenune1a

Teopernueckuii 610k

IIpsamoyroyibHBIH napauiesienumnesn - 370 o0beMHass ¢GuUrypa, y KOTOPOW IIECTh T'paHeu, H
KaKJ1asl U3 HUX SBJISIETCS IPSIMOYT OJIbBHUKOM.

IIpsimoyroJibHbIH MapaJjiesienuie] - NapalIeleuIel, BCE TPaHU KOTOPOIO SIBISIOTCA
MIPSIMOYTOJIbHUKAMH.

O0beM NPSIMOYTOJILHOTO NAapaJijiejienunena paBeH MPOU3BEICHUIO €ro JUTUHBI, IUPHHBI H
BBICOTHI.

®opmy.Jia 1Jisl BBIYHCJIEHUs 00beMa MPSAMOYToJIbHOI0 napaJjuiesienumnena

V=a-b-h

rjae
rae V - 00beM MpsAMOYTOJIbHOTO Mapajuieienuiesna, a - [yiuHa, b — mupuna, h- Beicora.
O06BbEM mpHU3MBI paBeH MPOU3BEICHUIO €€ BHICOTHI HA MJIONIAAb OCHOBAHMUS:

V=S-h

Pemenne 3agau:
1.CymectByeT i mpuszma, umeromias 50 pédep? 54 pedpa?

Pemenne: Yucno pedep n — yroinpbHOM Mpu3MbI 3n, MOATOMY Hpu3Mbl, uMmetomiei 50 pedep, He
CYIIECTBYET, a 54 pebpa umeer 18-yronbHas npusma.

2. CTOpOHBI OCHOBaHUs MPSMOYrOJIbHOTO Mapaulesienune a paBHbl 5 cM U 12 ¢M , quaroHains
napajulefienumnesa COCTaBlsieT C IJIOCKOCThIO OcHOBaHUs yron 60°. Haiinute 00bEM
napajuieJenume/a.

3. OcHoOBaHHMEM MIPSMOI MPHU3MBI CIYKHUT TPEYroJbHUK co ctopoHamu 10, 10, 12. Jnaronanb
MEHBIIIEH OOKOBOW TpaHW COCTaBIAECT C TUIOCKOCTHIO OCHOBaHMs yroj 60°. Hailimute o0BEM
MIPU3MBI.

4. O6beM npsAMOYToJILHOTO Napaienenunea paset 2. Yemy Oyzaer paBeH o0beM
napajiesienune 1, eciy Kaxaoe ero pedpo yBeamuuTh B 3 pasa.

Pemenue. [lycts pebpa naHHOTO nmapaiiesnenunesa paBHsl a, b u c. Torna umeem: V=abc=2.
[Tocne yBenuuenust Kaxjoro pedpa B 3 pasza ero o0béM OyneT paBeH

V=3a*3b*3c =27 abc=27*2=54.
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Otsert: 54.

5. AxkBapuyMm umeet popMmy npsMOyroJabHOro napamienenumneaa Beicotoit 30 cm. Ecnu B Hero
HauTh 30 J1. BOABI, TO A0 BEPXHETO Kpas ocTaHercst 5 cM. CKOJIBKO JIMTPOB BOBI HY>KHO, YTOOBI
HATOJHUTH ITYCTOH aKBapuyM J0Bepxy?

Pewenue. Ilycts V u H cooTBETCTBEHHO 00BEM U BBICOTA MapalIeICIUIEAA.
V=SH . Ilo ycnosuto V=30,H=25, torna 25*S=30.

[Tocne 3anonnenus mycroro akBapuyma gosepxy H=30. 3nauut, 30*S=V.

255 30
Hatigem otHOomenue 30S = V| V=36 1.

OrtBer: 36.

6. Kyouk Becut 10 rp. CkoJIbKO TpaMMOB OyJIeT BECHTH KyOHK, peOpo KOTOPOro B 3 pasa
OoJibilie, YeM pedpo mepBoro Kyouka, eciin 00a KyOuka U3roTOBJICHBI U3 OJMHAKOBOTO
MaTepHaa.

Pewenue. Ilycts V- 00bEM nanHoro napamienenunena. [locie ypennuenus kaxaoro pedpa B 3
pasa, ero 006EM OyzeT paBeH 27 V.

\'4 10

27V x  x=270 Tp.
Ortser: 270.
JloMmalrHee 3aaHue:

1. O6BEM psAAMOYTOJIFHOTO Mapajuienenurnena paseH 32. Uemy OyaeT paBeH 00bEM
napajuiesienunea, ecliv Kaxaoe ero pedpo yMeHbIIUTh B 2 pasa.

2. B cocyn, umeromnuii Gopmy npaBUILHON TPEYTOJIbHON MPU3MBbI, HAJTUIN BOIY. Y POBEHb BO/IbI
nocturaet 36 cM. Ha kakoii BeicoTe OyAeT HaXOIUTHCS YPOBEHb BOJIbI, €CIIU €€ MEPEIUTD B
Jpyro# cocyn Toit xe GopMbl, y KOTOPOTO CTOPOHA OCHOBAHUS B 3 pasza OoJiblile, YEM Y IEPBOTO.
OTBeT BhIpazuTe B CAaHTUMETpPaXx.

3. 3aKkpbIThIN COCYA B BHJIE€ IPSIMOYTOJILHOTO Mapamenenumena ¢ pedpamu 30, 40 u 45 cm.
CTOUT HA TOPU30HTAIBHON MOBEPXHOCTH TaKKM 00pa3oM, UTO HAUMEHbIIIAsl IPAaHb SBISETCS
nHoM. B cocyn Hanunu Boay 1o ypoBHs 36 cM. Ha kakoM ypoBHE OKa)KeTCsi BOJIa, €CIIU COCY/T
MOCTaBUTh Ha HAaUOObIIYIO0 TpaHb? OTBET JaiiTe B CAHTUMETPAX.

IIpakTnuyeckoe 3ansitue Ne 70

Tema: O06beM mupaMuIbI
Heab: HayuuTs pemaTh 3a7aud Ha BRIYUCICHUE 00beMa MUPaMUIbI

Teoperndeckuii 6110k

O0beM nmupamMuIbl
OOBeM nupaMuIbl PAaBEH OJTHOM TPETH MPOU3BEICHUS IUIONIAIH OCHOBAHUS HA BBICOTY:
rjae S — miomaab OCHOBaHus, H — BbICOTa MUPaMUJIBI.
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d®opmyna oObeMa yceueHHON MUPaMUJIbI IPEICTABISAET OO0 OJIHY TPETh MPOU3BEICHHS
BBICOTHI HA CyMMY ILIOIIA/IeH BEPXHETO U HUYKHETO OCHOBAHUS C UX CPEAHUM
IIPONOPLIUOHAIBHBIM:

V= h(Sl—i— 5152+52)

Lo =

Pemrenue 3aga4 (110 rOTOBBIM YePTEKAM )

1. Jlano: ABCD - npaBmibHas mupamuma. AB = 3; AD = 23 (puc. 3).
Haiitu: a) Soch.; 6) AO; B) DO; ) V.

2. Jlano: ABCDF - mpaBmibHas mupamuna. £FCO = 45°; FO =2 (puc. 4).
Haiitu: a) SocH.; 0) V.

Pemrenue:

1) Paccmorpum AFOC: 20 = 90° 2C = 45°, 3nauwmt, £F = 45°. CnenoBarensno, AFOC -
paBuo6enpennslii, OC = FO = 2.

2) AC = 20C = 4.d=AC=ADV2 (mo CBOWCTBY JWaroHanud Kkeaapara, d2 = 2a2).

AC 4
AD= o= =242,
Torna E Ji

=AD*= (242 ) =8.

3) ABCD - kBajpar (mupaMusia mpaBuiibHas). Socn

Ve —Sp -h. V= —.8:2=—=5
4) 3 3 3 3

(OtBer: a) 8; 6) 5-1/3.)
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3. Hano: ABCDEKEF - mpasuibsHas nupamuga. FO L (ABC), FM L AK, FO = 4, FM = 5 (puc.
5).

Haiitu: a) SocH.; 6) V.

Pemenue:

1) Pacemorpum AFOM: 20 = 90° (tak xak FO L (ABC), 3uauut, FO L OM)FO = 4, FM =
— 2 2 = " o — —
5. OM=yMF" - FO (mo Teopeme Iludaropa), OM= V25-16 = J; =3. OM =r(r - pamuyc

AK = 2,(g%=23[g£=6.\/75.=2ﬁ_

OKPY>KHOCTH, BOIMCAHHOH B MPaBUJIbHBIN IIECTUYTOJIBHUK). 6

B S = 68 aois S‘og-%AK-OM=%-2J§-3=3ﬁ. Soce. = 6-33/3=18+3.
3) V= 2 S Hi V= 31845422445,

(OtBet: a) 183, 6) 24+3.)

3amaua: [lana TpeyroabHas yceuenHas mupamuaa. Ee Beicora h = 10 ¢cM, CTOPOHBI OIHOTO M3 OCHOBAaHU
paBubIl @ = 27 cM, b =29 cm, ¢ = 52 cm. Ilepumerp BToporo ocHoBanus paBusiercss P2=72 cm. Haiigute 00beM
T PAMHIBL.

L--.--‘-Q

I[J'IFI pacucra o0beMa HaM HOTpe6yeTC5[ IUIOIIAIb OCHOBAHUH. 3Has JJIMHBI CTOPOH OAHOI'O TPECYTOJIbHHUKA, MbI
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MOKEM paccuuTaTh IIOMab Mo hopmyne ['epoHa. s 31oro norpebyeTcs HaliTH MONYEPUMETD:

P L:‘:3?’ +29 +52=108cm

108
P J_:T 2114(_‘.!“

Teneps Haligem S2:

S L:,b,-’fp (p-a)(p-b)(p-c)

S =y 54(54-27 ) (54-29 ) (54-52 ) =/54x 27 x25x2 =/ 72900=270 cm ?

3Has, 4TO MUPaMUJA YCeUECHHas, JeJaeM BBIBO, UTO TPEYTOIBHHUKH, JI€XKAIIUE B OCHOBAHUIX TOJO0HBI.
Koa¢dumuent mogodust 3TuX TpeyroJsHUKOB MOXKHO HAWTH U3 COOTHOIIEHHS NepuMeTpoB. OTHOIIEHHE

MIJIONIAJIEN TPEYTOIBHUKOB OyIET paBHO KBaJpaTy 3TOro KoddduiineHTa:
2

St Py 108t o

Sy p? 1 4
48

. 1

S 2=

. 4x270 2

S ”:Ti =120cm

Temeps, Korja MbI HAIIUTK MJIOMIAIM OCHOBAHUN YCEUCHHON MMPAaMUIBI, MOKEM JIETKO PACCUUTATh €€ 00BEeM:

If’:% x 10 % (ETU—I— V 270% 120 +120 ) :? (270+180+120 ):? x 570 =1900cm "

Takum 006pa3oM, BEIYUCIHUB KO3(DPHUIIMEHT MOI00Ms M pacCCUMTAB IIJIOIIA (b OCHOBAHUH, MbI HAIITH 00beM
3a/IaHHOM YCEUEHHON MHUPAMHU/IBI.

JomarmHee 3amanue

1. Jano: AlA2A3A4 -pomb, SAlA2A3A4 -mupammma, AlA4 = 4a,«SBO =
B, OB 1L A3A4, LA2A10 = a (puc. 6).

Haittu: V - ?
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Pemenue:

-
: - -OB= ing = —asina,
1) Paccmotpum AOA3A, 1 OAy=acosa,  AOAB: OB = acosasina = 5

2) ASOB: SO = -;-asin 2atgp.
3) Soen. = 4San00, =4--;-a-08=2a-%asin2a = o’sin2d

4) Vo, =%Sw,_ -80, Vo= %-az sin 2a ‘-liasiu 2atgf = %a’ sin® 2atgh

© 1o i’ 20utgP.
TBET:

IMpakTHyeckoe 3ansiTue Ne 71

Tema: O6beM nuIMHIPA
Henb: HayunTs pemats 3aa4n Ha BRIYMCIICHHE 00beMa HITUHAPA

Teopernueckwnii 010K

LMIUHIp 3TO FEOMETPUIECKOE TEI0, KOTOPOe CHOPMUPOBAHO BPAILICHUEM MPSAMOYTOJIbHUKA Ha
OCH, COBITQJIAIOIIEH C OJJHUM M3 ero cTOpPoH. CIIOBO «IIMIIHH/IPY» MPOUCXOIUT OT IPEUECKOr0
cioBa «kylindros».

Brruncnenue o0bemMa HMIMHAPA TPOU3BOAUTCS IO CIEAyIoIe Gpopmyie:

V =7 r’h
V — 00beM uIHHIpa
h — BbICOTA IMIIMHIpA

I'—pagnyC OCHOBaHMs
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n—3.14

Kak paccuntats 00beM 1unHApa? DTUMH 3HaHUSIMH HauboJiee aKTUBHO TOJIB3YIOTCS B CBOCH
paboTe KOHCTPYKTOPHI PA3IMYHBIX MAIIMH U MEXaHU3MOB, IOTPEOUTEIHCKUX TOBAPOB, a TAKXKE
apXUTEeKTOphl. HXKeHepaM IpUXO0IUTCS MPOU3BOAUTD pacueT oObema IUINH/PA B TEX CIIydasXx,
KOT'JIa OHHM 3aHUMAIOTCSI POCKTUPOBAHUEM 3aJaHNi, CHaO>)KEHHBIX KosloHHamu. [IpaBa, B
IIOCJIETHEE BPEMS ATH APXUTEKTYPHBIE 3JIEMEHTHI B UX, TaK CKa3aTh, «KJIACCHYECKOM) BapHaHTE
(To ecTh BMecTe ¢ 0a30ii U KalMTEIeM) BCTPEUAIOTCS IOCTATOYHO PEIKO, HO MX «YIIPOIIEHHBIE
Pa3sHOBUIHOCTH, COCTOSIIIIME U3 OJHOTO CTBOJIA (KOTOPBIN, COOCTBEHHO TOBOPS, U IPEICTABIISIET
COOOH IIMITMH/IP) UCTIONB3YIOTCS BECbMa MHUPOKO. Hepeako ¢ KOJIOHHaMU MPUXOIUTCS UMETh
JIeJI0 pecTaBpaTopaM pas3iNdHbIX COOPYKEHUI, UMEIONINX OOJIBIIYI0 HCTOPHUUECKYIO U
KYJIbTYPHYIO LIEHHOCTb, IIPaB/ia, B UX pab0Te BHIYUCICHHE 00beMa IMIINHpPA — AAJIEKO HE caMasi
pacrpocTpaHeHHas mpouenypa. Bpouem, eciiu peds UAeT 0 NOJIHOM BOCCTAHOBJIEHUU
YTPAYEeHHBIX 10 TEM UM UHBIM MPUYMHAM KOJIOHH, TO €€ TaKXXe MPUXOAUTCS MPOU3BOIUTH.

Pacuer oObema nuinH/Ipa OCYIIECTBIISETCS TOTAa, Koria BeAeTcs pa3paboTka pa3sHOOOpa3HbIX
€MKOCTel cooTBeTCTBYIOIIEN (hopMbl. B KauecTBe HaryIsIHOrO MpUMepa TAKOBBIX MOKHO
MIPUBECTH, CKaYKEM, METMLIMHCKUE MIMPUIIBL, @ TAK)KE KOIObI TepMOCOB. ClieayeT 3aMeTUTh, YTO B

MEPBOM CIIy4yae TaKoi mapaMeTp, Kak 00beM, UMEeT 0YeHb BaKHOE 3HAUEHUE, TOCKOJIbKY OT
HEro 3aBHCUT TOYHOE KOJIMYECTBO MEIUKaMEHTOB, BBOJUMOTO MALMEHTY IPU UHBEKLIUAX.

B TexHuKe 1UIMHIPEI pacpoOCTPAHEHbI YpE3BbIUAHO HIUPOKO: JOCTATOYHO CKa3aTh, YTO UX
(hopMy UMEIOT MPAKTUYECKH BCE BAJIbl U UX OTAEIbHBIE COCTABHBIE YAaCTH, UCIIOIb3yEMBIE,
CKaXkeM, B JIBUraTelsiX BHyTpeHHero cropanus. K tomy ke, pacuer oObeMa IIMINHIpA — OJHA U3
BKHEHIINX 33724, KOTOPYIO IPUXOAUTCS PeliaTh KOHCTPYKTOPaMH MPU IPOEKTUPOBAHUH
COBPEMEHHBIX OCH3MHOBBIX U JU3EJIbHBIX CUIIOBBIX arperaros, Beb OT 3TOT0 MapameTpa
3aBUCHT MHO>KECTBO MX XapaKTEPUCTHUK, U B IEPBYIO OUepe/ib TaKkas BaKHEIIas, Kak MOIIIHOCTb.
[Tourtu Bce Tunbl [[BC cHab)arTCs NOPUTHAME, KOTOPBIE TAKXKE UMEIOT IIMIIMHIPUYECKYIO

popmy.

Upe3BbIualtHO pacpOCTPaHEHHBIMU JIETANIIMU, KOTOPbIE IPUCYTCTBYIOT B KOHCTPYKLIUU MHOTHX
CJIO’KHBIX TEXHUYECKUX YCTPOMCTB, ABJISAIOTCS POJIMKOBBIE NOJUUMIHUKHN. Kak HeTpyaHO
J0ra/laTbCsl [0 CAMOMY MX Ha3BaHUIO, OJHUMH M3 OCHOBHBIX UX KOMIOHEHTOB SIBJISIFOTCS
IIPOYHbIE U U3HOCOCTOMKHE METAIUIMYECKHE POJIMKH, UMEIOLIUE HIUIMHIPUIECKYIO (popMmy.
HmenHo Gnaronaps Takoi T€OMETPHUHM, 3TU JI€TalId UMEIOT JOCTAaTOYHO OOJIBLIYIO HECYIYIO
CIOCOOHOCTh U B OOJIBIIMHCTBE CIIy4aeB CIIOCOOHBI BBIAEP)KUBATh BECbMa 3HAUHUTEIIbHBIE
Harpy3Kku, 4eM UX IIapUKOBbIE aHAJIOTH. POIMKOBbIE MOAIMITHUKY SBJISIOTCS BBICOKOTOUHBIMU
JEeTalsIMU, ¥ IO3TOMY NIPH UX pa3paboTKe U MPOEKTUPOBAHUH MTPABUIIBHBIN pacuer o0beMa
UIIMHAPa (B JAHHOM CIIy4ae — POJIMKA) UTPaeT HEMAIOBAXXHYIO POJIb.

Pemenue 3amau:

1.Haiinute oObeM UIMHIPA C BBICOTOM, paBHOW 3CM M THaMETPOM OCHOBAHHUS — OCM.
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2.Ilnomaps 0CeBOro cedeHus MUIMHApa paBHa 21cm®, miomaas ocHoBanus - 18m cm? Haitnure
00BEM IUIIMHPA.

3.CBuHIOBas Tpy6a (mIoTHOCTH cBuHNA 11,4 r/cM®) ¢ ToMImMHOM cTeHOK 4 MM HMeeT
BHyTpeHHu# nuamerp 13 mm. KakoBa macca TpyOsl, eciiu ee JyiuHa paBHa 25 M?

.

P
1
1
1
I
L
1
L
oo

———— e =

b

—— e —

4
1
1
1
|
|
I
1
\
-

P=114r/cm

R1=6,5MM + 4mMMm = 10,5mMm = 1,05¢cM (HapyKHBIi1)

R2 = 6,5MM = 0,65¢cMm

V=Vi-V,="7 .(1,05)2.2500 - ™ - 0,65% -2500 =1700™ = 5338 (cm°)
M=pF -V =114-5338 = 61kr.

4. Kakoe koimuecTBO He(pTH (B TOHHAX) BMEIIACT IMIIMHAPUYECKAs IIUCTEPHA AuameTpa 18 M u
BBICOTO} 7 M, €CITM MIOTHOCTH HeTH paBHa 0,85 r/cm>?

H= 7M, d= lM, pHe(i)Tu = 0,85 1"/CM3
m=?

Vi = TR?H = 1.92.7 = 5677 (M°)
m=V-p = 15131

HOM&HIHCC 3aJaHHUC!:

1. Z[I/IaFOHaJ'IL 0CCBOI'0 CCYCHHUA NUJIMHAPA COCTABIIACT C IJIOCKOCTBIO OCHOBAHUA LMUJIIMHAPA

yron 60°. Haiinure 06beM IUIMHIpA , €CIIH MIIOMAh OCEBOTO CEYeHHs paBHa 16 ”"'@ eM®,
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2. Ha ckiag B MacTepcKoi 0 TOMIMBY OAEXKAbI IIOCTYIHI PYJIOH APArioBOil TKaHU B opme
muaApa. [Ipu TpancnopTUpoBKe OBLT yTEPSH TOBAPHBIH SIPJIBIK C YKa3aHHEM JJIUHBI TKAaHH B
pynone. HeoOxoaumo onpenenuTs JNIMHY TKaHu B pynoHe. [IpousBenn HeoOXoaumbie
WU3MEPEHUS, ONPEJCIIUIIN BHICOTY U AuameTp pyiaoHa: 90cm u 30cwm, TommuunHa Tkanu 0,2cM.

IIpakTnueckoe 3ausitue Ne 72

Tema: O0beM konyca. O0beM mapa. Penienue 3anaq
Hean: Hayuuts permaTh 3a/1a4i Ha BRIYKUCIEHUE 00BbeMa KOHYyCa

Teopetnueckuii 6110k

O0beM KOHYyCa BBIUYUCISETCS TI0 (hopMyIie

l 9
V= —-iﬂ'lf-ll

rac R — paanyc OCHOBAHHA KOHYCA, H -- ero BeIicoTa

(7] 7]

[Iap sT0 reomMeTpuuecKoe Tesio, 00pa30BaHHOE B pe3yNIbTaTe BpallleHuUs MOJIYKpyra Ha Ocu
CBOETro JMaMeTpa.

OO0Obem mapa MOJKHO BBIYHCIUTH 1O hopMmylie:

V=_rxR®

4
3
R — panuyc mapa

V — o06bem mapa
n—3.14
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Pemenue 3amau:

1. ABunanonHast 6oM0a cpeqHero kaaubpa JaeT npu B3pbIBE BOPOHKY
nuametrpoM 6 M 1 rinyouno# 2 M. Kakoe konnuecTBo 3emi (110 Macce) BbIOpachiBaeT 3Ta
6om6a, ecu 1 M3 3emimm umeer maccy 1650 kr?

Peienue:
Er=lﬂﬂuff=lﬂ'-35¢2= A JL O C
3 3
P = 1650+6+3,14 =
= 31 086 gr = 31 T. B
Omeem: P = 31 . Pur. 3

2. CMOJ'Iy AT IPOMBIIIJICHHBIX HYX/T c06npa}0T, noaABCIIMBAA KOHMYECKHUE BOPOHKHU K
cocHaM. CkoJibko BOpoHOK quameTrpoM 10cm ¢ oOpasyromieit 13 cMm HyXHO coOpaTb,
9TOOBI 3aIOJTHATH IECATHIUTPOBOE BEIPO?

R=AC/2, R=5cm, H=V132-52=12(cm), V=1/3*3,14*52%12 ~314(cm®) =0,314am°
n=10/0,314 =31,8. Omeem: 32 60poHKU.

3. Cror cena umeet hopMy LUIMHAPA C KOHUYECKUM BepxoM. Paguyc ero ocHoBanus 2,5 M,
BbICOTa 4 M, IpUYEM LIWJINHAPUYECKAst YaCTh CTOTa UMeeT BhICOTY 2,2 M. [ImoTHOCTH ceHa
0,03 r/cm®. OnpeienTh Maccy CTOra CeHa.
Pewienne:

R=25m

01001 = 4m

0102 =2,2m

P =0,03r/cm®

m=p-V;V,=m.252-22=1375 M= 13750000c™m>
Vi=1/3m . 25%-18=3,75m° = 3750000 © cm®

M =0,03 - 17500000T = 0,525 T = 1,61
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4. CTakaH4uK JUIsl MOPOXKEHOTO KOHUYEeCKoU (popmbl uMeeT riryOuny 12 cM u AuaMeTp BepxHeu
yacTH 5 cM. Ha Hero cBepxy MOJIO0KWIN JBE JIOKKH MOPOKEHOTO B BUJIE TOJIYIIAPUI JUAMETPOM
5 cm. IlepenonHuUT 11 MOPOKEHOE CTAKaHYUK, €CIIM OHO pacTaer?

OA=12cm
BC=d=5cMm
HepeHOJ'IHI/IT JIK MOPOKCHOC CTaKaH4YHUK?
5

Vu=43%R3(5/2)°=125% 16 =206 F

2512
V=13 FR?H=1/3 ® (5/2)2.12= 12 =25%
OTBeT: HET.
3agaua:

Haiitu o6bem mapa paguycom 10 caHTUMETpPOB.
Pemennue:

JIas TOTo 4TOOBI BEIYUCIUTE 00beM mapa GopMyiia UCIOJIb3yeTCs CIeAyIoIas:
4

V= =R
3

rae V — uckomblii 06bem mapa, © — 3,14, R — paguyc.
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Taxum oOpa3zom, npu paauyce 10 caHTUMETpOB 00bEM IIapa paBeH:

V = g 3,14 x 10° = 4082 KyOHUYECKUX CAHTUMETPOB.

Pemenue 3anau:
1. Bo cKoJbKO pa3 yBeIUUYUTCA 00BEM I1apa, eCi ero pagnyc YBEIUIUTh B 1IECTh pa3?

O06bem mapa HaxoauTes 1Mo Gopmyse:
4 - R?
==
3

[Ipu yBenuuenuu paguyca B IECTh pa3 ero 00bEM OyIeT:
4 4
V = E}T(_ER}E =216 - g}TRE

Takum oOpa3om, 00beM mapa yBenuautces B 216 pas.
Ortger: 216

2. O6beM omHoro mapa B 216 pa3 Gosbiie 0oObema BTOporo. Bo ckoJibKO pa3 IIIoOImIaib
MOBEPXHOCTH TIEPBOTO mIapa 00JIbIIe MIOMaIH TOBEPXHOCTH BTOPOTO?

\_

®opmyna o6bEMa 1m1apa:
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4
V =—nR?

3
q)OpMyJIa IIomaan NOBCPXHOCTHU 1Iapa:
S = 47R*
HYCTI) 06'I)éMI)I mrapoB COOTBETCTBCHHO PAaBHBI:
4 4
V1=_}TR1 VE=_}TR2
3 3

N3 ycnoBus cnenyer, 4ro:
YR = 216+ 2 7R,?
— 7T — +—TTH A
370 3¢

R,*=1216-R,®
3

Rl
=216
Rl I A~
~1_3716
R,
Ry
=5
RE

To ecTp, MBI YCTAaHOBHIIH, YTO PAHyC IIEPBOTO OOJBIIE paaryca BToporo B 6 pas. Eciu pamnyc

rapa yMEHbIIUTH B 6 pa3, TO MJIOMIAIh IIOBEPXHOCTH IIapa H3MEHUTCS CIISIYIONTIM 00pa3oM:
R\?  4mR?

S=4an (E) T 36

To ecth oHa ymMeHBIIUTCS B 36 pas.

HOM&I.HHCC 3aJaHHuC:

1. Haitnure 00beM KOHYCa , OCEBOE CEUCHHUE KOTOPOTO MPEACTaBIsAET COO0M

PaBHOOEIPEHHBIN MPSIMOYTOJIbHBIN TPEYrOJbHUK C TUIIOTEHY30H , paBHOM 6 2 oM.

2.Haiiaure 00beM KOHyca , MOJIyY€HHOT'O B pe3y/bTaTe BpallleHHsI BOKPYT O0JIbIIEro Karera
MPSIMOYTOJIBHOTO TPEYTrOJIbHUKA C TUIIOTEHY30M , paBHOH 2 ”"‘IIE cm, u yriom 30°,
Tecm no meme: «Tena spawienun»

1. Tlpu BpameHUH NPSIMOYTOJIbHUKA BOKPYT €r0 CTOPOHBI, HOJTYy4aeM:
a)KOHYC; 0) yCeueHHBIN KOHYC; B) IIap;  T) IMJIHHID.

2. Ilpu BpameHuH NpsIMOYTrOJIbHOTO TPEYTOJIbHUKA BOKPYT €T0 KaTeTa, MoJydaeM:
a)yCeYeHHbIN KOHyC; O) NWIMHIAp;, B)IIap; T) KOHYC.

3. [Ilpu BpameHuu npsiMOYroJabHOM Tpaneuun BOKpYT ee O0KOBOIM CTOPOHBI, MOTydaeM:
a) WWIMHAP;  0) YCeYeHHBIN KOHYC; B) KOHYC; T) LIap.

4. Tlpu BpallleHUH MOJYKpyra BOKPYT €ro JUAMETPa, MOJIydaeM:
a)yCEYeHHbIN KOHyC;  O) IWIMHIAp;, B)IIap; T) KOHYC.
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5. OceBbIM CEUEHUEM LIMIIUH/IPA SIBIISIETCS:

a)Kpyr; 0) paBHOOEAPEHHBIN TPEYTOJIBHUK; B)TPANCIHs; T')IPSIMOYTOJIbHHUK.
6. OceBbIM CEYEHHEM KOHYCA SBJISETCA:

a) paBHOOGAPEHHBIN TPEYTOJIBHUK;  0) IPSIMOYTOJIBHHK;

B)Tparneuus; T)KPYT.
7. OCeBBIM CEYEHHEM YCEUECHHOI'O KOHYCA SIBIISETCS:

a) Tpaneuus; 0) IpSIMOYTOJIbHUK; B) KpPYT;
I') paBHOOEAPEHHBIN TPEYTOJIbHUK.
8. CedeHue 1mapa mioCKOCThIO €CTh:
a) paBHOOEJAPEHHBIN TPEYTOJBbHUK;  0) MPSAMOYTOJIbHUK;
B)Tparnenus; T)KpPYT.

9. Hanucats Gopmyiny asist BbluuciaeHus: 00bEMa MUIUHAPA.
10.Hanucats Gpopmyity Asisi BIYMCIEHUS 00bEMa KOHyca.
11.Hanucars Gpopmyiy Asist BeIYUCICHHUS 00bEMa yCEUEHHOTO KOHYCA.
12. Harucatb popmyiry aj1st BBIYUCICHUS TUIOMIAAN Kpyra.
13.Hammcats hopMyity 1Jis BRIYUCIEHUS UTHHBI OKPY>KHOCTH.

BsanMonpOBepKa MaT€MaTUYCCKOIro JUKTaHTa.

JonmosHuTebHAsE MH(pOPMAIIUS 0 KOHYCE U IIape

1. B reosioruu cymiecTByeT MOHIATUE KKOHYC @blHOCA». ITO (hopMa pelnbeda,
o0pa3oBaHHas CKOIUIEHHMEM 00JI0MOYHBIX OPOJ (IajbKH, IPaBUs, IECKA), BHIHECEHHBIMU
TOPHBIMH peKaMM Ha MPEArOpHYI0 paBHUHY WU B 00Jiee MIOCKYIO LIUPOKYIO JOIHHY.

2. B 6uonoruu ecte NOHATHE «KOHYC Hapacmanusy. ITO BepXyllka rnodera u

KOPHS pacTeHUH, COCTOsIIAs U3 KIETOK 00pa3oBaTeIbHOM TKaHU.

3. «KoHnycamuy» Ha3bIBAETCS CEMENUCTBO MOPCKMX MOJUIIOCKOB MOJAKIIAcCa
nepeaHexadepHbiX. PakoBuHa koHnveckas (2—16 cm), spko okpameHHas. KoHycoB cBbllie
500 BumoB. )KuUBYT B TPONMKAX U CYOTPOTMKAX, SBISIOTCS XUITHUKAMH, UMEIOT SJOBUTYIO
xKene3y. YKyc KOHYCOB oueHb OoJie3HeH. VI3BecTHBI cMepTebHbIe ciydau. PakoBHHBI
UCIIOJIb3YIOTCS KaK YKpalllEHUs], CYBEHHUPHI.

ITo cratucTuke Ha 3eMie eXeroJHo THOHET OT Pa3psiI0B MOJIHMI 6 YeIOBEK Ha

1000 000 >xuTenei (dare B FO’KHBIX CTpaHax). ITOro Obl HE CITy4anoch, €Ciii Obl BE3JIe
ObLI TPOMOOTBO/IBI, TAK Kak 0Opa3yeTcst KoHyc O6e30macHocTH (puc. 6). Uem Bblle
IPOMOOTBOJ, TeM 00JbIIIe 00BbEM TaKOTO KOHYyca. HeKoTophbie J1t011 MbITatoTCs
CIPATATHCA OT Pa3psA0B MO JEPEBOM, HO IEPEBO HE IPOBOJAHUK, Ha HEM 3apsiIbl
HAKaIUIMBAIOTCS U JIEPEBO MOKET OBITh MCTOUHMKOM HalpsHKEHUS.
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B reomerpun map onpeaensieTcs Kak HEKOe TeJIo, IpeACTaBIsoIee co0oi
COBOKYITHOCTh BCEX TOUEK MMPOCTPAHCTBA, KOTOPHIE PACIOIaralTCs OT EHTpa Ha
paccTosiHUHU, He OoJiee 3aIaHHOTO, HA3bIBAEMOTO paguycom mapa. [loBepXxHOCTH
mapa UMeHyeTcs chepoit, a caMm OH 00pa3yeTcs MyTeM BpamleHHs MOJyKpyra OKOJIo
ero JuaMeTpa, OCTAIOMErocs HEeIOBHKHBIM.

C 5THM TE€OMETPHUYECKHM TEJIIOM OYEHBb YaCTO CTAIKUBAIOTCS HHKCHEPHI -
KOHCTPYKTOPBI H aPXUTEKTOPHI, KOTOPBIM YaCTO MPUXOJUTCS BBIYHCIATH 00BEM
mapa. CkaxxeM, B KOHCTPYKIIMHU MEpeHEH MOABECKHU MOJABISIONIET0 OOMBIIHHCTBA
COBPEMEHHBIX aBTOMOOMIICH HCITOJB3YIOTCS TaK Ha3bIBaeMbIe M apPOBBIC OMOPHI, B
KOTOPBIX, KaK HETPYJAHO JOTANaThCs M3 CAaMOTO Ha3BaHUs, OJJHUMHU U3 OCHOBHBIX
3JIEMEHTOB SIBIAIOTCS UMEHHO mmapbl. C UX MOMOMIIBIO MPOUCXOIUT COCAUHEHUE
CTYNHUI] yIPAaBISIEMBbIX KoJieC U perdyaroB. OT TOT0, HACKOJIBKO MPaBHIBHO

OyaeT BBIYUCIEH UX 00bEeM, BO MHOTOM 3aBHCHT HE TOJBKO JOJTOBEYHOCTh ITHUX
y3J0B ¥ NPaBUIBHOCTH UX PabOTHI, HO U 0€30TaCHOCTH JABUIKCHHUS.

B TexHuMKe mupouaiimee pacnpocTpaHEHUE MOJYYUIH TaKue JETallu, KaK
IapUKOBBIC MOJANIUITHUKH, C TOMOIIBI KOTOPHIX MPOUCXOAUT KPEIJICHUE OCCH B
HETMOABYIKHBIX YaCTsAX PAa3JIMUHBIX y3JI0B M arperatoB U o0ecrneuynBaeTCs UX
BpameHue. Cieayer 3aMeTHTbh, YTO IMPU UXpacyeTe KOHCTPYKTOpaM TpedyeTcss HalTh
o0beM mapa (a TOYHee — MapoB, MOMEIIaeMbIX B 000MMY) ¢ BBICOKOH CTEMEHbIO
TOYHOCTH. UTO KacaeTcs M3TOTOBJICHUS METAINIMYECKUX MAPUKOB IS
MOAIIUTTHUKOB, TO OHHM MMPOU3BOASATCS M3 METAJJIMYECKOW MPOBOJOKHU MPU MOMOIIU
CJI0KHOTO TEXHOJOTHYECKOTO MpoIecca, BKIYAIIEro B ce0st cTaauu GOPMOBKH,
3aKaJKH, rpyood maupoBKYH, YUCTOBOW MPUTUPKH B OYUCTKU. KcTaTh roBops, Te
apuKu, KOTOPBIC BXOMAT B KOHCTPYKIIUIO BCEX MAPUKOBBIX PyYeK,
M3TOTABJIMBAIOTCS IO TOYHO TAKOW K€ TEXHOJIOTHH.

[[OCTEITO‘IHO JaCTO Mapbl UCIIOJB3YIOTCA U B ApXUTCKTYpPEC, IPUYICM TaM OHHU YallC
BCCIO ABJISAKOTCA ACKOPATUBHBIMU 3JICMCHTAMHU 30aHUN U Apyrux COOPY)KCHHﬁ. B
OOJBIIMHCTBE CJIyda€B OHH HU3TOTABJIHUBANOTCA U3 I'PAHUTA, YTO 3a4aCTYHO Tpe6yeT
00JBIINX 3aTpaT pyd4HOIro Tpyaa. KOHG‘IHO, CO6J'IIOI[3.TB CTOJIb BBICOKYIKO TOYHOCTb
HU3TOTOBJICHUA 3THX HNIAPpOB, KAK TCX, KOTOPBIC MPUMCHAKTCA B pa3JIMUYHBIX arperarax
n MCXaHu3Max, HC Tpe6yeTc;I.

bes mapoB HEMBICIIMMA TaKasd UHTCPCCHASA U NONMYyJsApHAd Urpa, Kak 6I/IJ'IL$IpII. I[J'ISI
HUX MPOU3BOACTBA UCIIOJNB3YOTCA pPa3JIMYHBIC MATCPUAJIbI (KOCTB, KaMCHb, ME€TaJll,
HJIaCTMaCCBI) U UCIIOJIB3YIOTCA PAa3JIMYHBIC TCXHOJOTHYCCKUC ITPOLUCCCHI. O,[[HI/IM ns3
OCHOBHBIX TpC6OBaHHﬁ, nNpeaABABIACMBIX K 6I/IJ'IL$Ip,Z[HBIM mapam, ABJIACTCA UX
BBICOKAd NPOYHOCTHb U CIOCOOHOCTH BBIACPIKUBATH BBICOKHEC MCXAaHUUYCCKUC HATPY3KHU
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(mpexpae Bcero, yaapueie). KpoMme Toro, ux moBepXHOCTh JOJKHA MPEJICTABIATH
co6oif Tounyt chepy ansg TOro, 4To0bl 00ECIEUNBATOCH MIABHOE U POBHOC KauyCHUE
[0 MOBEPXHOCTH OUIBSIPAHBIX CTOJOB.

Hakonen, 0€3 TakuX reoMeTpUUYECKUX T€J, KaK MIapbl, He 00XOAUTCSA HU OJHA
HOBOTOJHSAS WJIN POXKAECTBEHCKAs eiKa. M3roraBiauBaroTCsa 3TH yKpalleHUs B
OOJIBIIMHCTBE CJIy4aeB U3 CTE€KJAa METOJOM BbIIYBAaHUS, U MIPU UX IPOU3BOJCTBE
HauboJipllIee BHUMAaHUE YI€IsI€TCA HE TOYHOCTHU pa3MepoB, a 3CTETUUHOCTHU
n3aenui. TeXHOTOTHYECKUM NPOLEeCC IPU 3TOM MPAKTUYECKH IOJHOCTHIO
AaBTOMAaTU3UPOBAH U BPYYHYIO €JI0YHBIE IIAPhl TOJIBKO YIIaKOBBIBAKTCH.

IIpakTnueckoe 3ansiTue Ne 73

Tema: KonTtponbHas pabota
eab: [IpokoHTpOMPOBaTH YPOBEHb YCBOEHUS JAHHON TEMBI.

1 BapuaHT

1. Pa3BepTka OOKOBON MOBEPXHOCTH IMJIMHIpA SIBISIETCS KBaJpaToM, AMArOHadb KOTOPOTO
paBHa 10 cm. Haitaure momiaap 60KOBOI MOBEPXHOCTH IIMIIMHAPA U 00BEM
2. [1nockocTh, mapayienbHast OCH MIJIMHIPA, OTCEKAET OT OKPYKHOCTH OCHOBaHUS Ayry B 120°.

BricoTa munuHApa paBHa 5 cM, paguyc UWIMHApPA 2 \/§ cMm. Haiinmnre momans cedeHHUS U
o0peM
3. OceBoe cedyeHue IMWIMHApPA — KBaJApaT, IUIONIAJh OCHOBAHUS LIWIMHApA paBHa 1677 cM?.
Haiigure miomaab noBepXHOCTU HUIMHIPA, 00BEM
4. BricoTa KOHYyca paBHa 6 cM, yroJ MpH BepIIuHE 0ceBOro ceueHus paseH 120°. Haitaure:

a) IJIOIA/b CEYEHHUSI KOHYCa MIIOCKOCTHIO, MPOXOsIel Yyepe3 [Be 00pa3yolne, yrojl Mexay
KoTopbiMu 30°;

0) rronra b OOKOBOM MOBEPXHOCTH KOHYCA.

B) 00bEM
5. lmametp mrapa paBeH 2m. Yepe3 KOHeIl AMaMeTpa MPOBEICHA IUIOCKOCTh MO yrioM 45° k
Hemy. Haiiaure nuny nuHum nepecedenus chepbl 3TON IIIOCKOCTHIO.

2 BapuaHT

1. Pa3Beprka OOKOBOI TOBEPXHOCTH IWJIMHApPA SBISAETCS MPSMOYTOJbHUKOM, TUArOHANb
KOTOpOTO paBHa § cMm, a yron Mexay nauaroHansmu 30°. Haiiaure mmomans OOKOBOIMA
MOBEPXHOCTU UJIHH]IPA, 00BEM

2. CedeHue MUIMHAPA MIIOCKOCTHIO, MapalIeNbHOM ero ocH, ectb kBaapar. CekyIas MmiocKocTh
OTCEKaeT OT OKPYKHOCTU OCHOBaHUA Oyry B 90°. Pammyc ocHOBaHMs LWIMHIApA paBeH 4 cM.
Hatinure momans ceyeHus1, 00beM

3. OceBoe ceueHue IWIMHIpA — KBajpaT, AMAroHainb kKoToporo 4 cMm. Haiinute miomans
MOBEPXHOCTHU IIWIHH]IPA, 00BEM

4. Papuyc ocHOBaHUS KOHYcCa paBeH 6 cM, a oOpa3yrolias HaKJIOHEHAa K IJIOCKOCTH OCHOBaHUS
nox yriom 30°. Haligure:
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a) IUIOIIAIh CEYCHHUSI KOHYCA IIIOCKOCTHIO, MPOXOASIIEH uepes Be 00pa3yolue, yrojl MexIy
KoTopbiMH 60°;

0) rionaabp OOKOBOM OBEPXHOCTH KOHYCA.

B) 00BeM
5. lmameTtp mapa paBen 4m. Yepe3 KoHell AUaMeTpa MpOBEIEHA IUIOCKOCTh moj yrioMm 30° k
HeMy. Hainure rutonaap cedyeHus mapa 3TOU IIIOCKOCTBIO.

IIpakTnueckoe 3ansitue Ne 74
Tema: JlelicTBUSA C BEKTOpamMHu, 3aJJaHHBIMU KOOpAMHATAMU
Heab: O00OLUTE U CUCTEMATU3UPOBATh MaTepUall 10 IaHHOH TeMe

Teopernueckuii 610k

q)OpMy.]'IBI ACJICHUSA OTPE3Ka B JAHHOM OTHOIICHWH HaA IIJIOCKOCTHU

ECIM U3BECTHBI JIBE TOUKH MIOCKOCTH ‘W Xar Fald Bz ¥ 20 19 KOOPAUHATEI TOUKH M(Xpq2 F pg) ,

iz AbS
KOTOpas IEeNUT OTPE3OK AE g orHOWEHNN SM BBIpaXKaroTcs GopMyIamu:
N Xyt Axg _ Yat+ Ay
MU wa M 144
[Tpumep 1

Haiitn koopauHaThl TOUKH M , ICJISIIEH OTPE30K AE g orpomenyy 113 , €CJIF U3BECTHBI

roury A3 B3 -1

Apd 1

Pemenue: B nannoii 3amaue BM 3 Tlo (dhopmynam aeneHus OTpe3ka B JaHHOM

N Mix... .
OTHOIIIEHUHU, HAUAEM TOUYKY (% ¥ ) :

1
X =xﬂ+ﬁ.x3=5+§'(_3)=5—1=4_E=3
ad 1+ 4 el 4 4
3 3
1 1 3
4= (-) 3-- 2
y _Fat A ¥s +3( :I= 3=i=§.i=2
3 3 3
OTtBer: M3 2)

B 3amaude He Tpe6yeTc;1 CTPOUTD UCPTCIKA, HO €TI0 BCCT A ITOJIC3HO BBINIOJIHUTE HA YCPHOBUKE:
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JeitcTBuTENBHO, cooTHomenue £ 3 prpimonmsercs, To ecTh otpesok AM B Tpu pasza kopoue

oTpeska £M | Ecim mpomopnus He 0UeBH/IHA, TO OTPE3KH BCET/Ia MOKHO H3MEPUTH OOBIYHOM
JINHENKOM.

[Mpumep 2

(=21, L(5,

JlaHBI TOYKH ~8 Haitru:

a) touxy M | nensyro orpesox KL g oraowennn 2:5;

6) Touky ¥, memsyro 0Tpe3oK KL g ornomennn 4:3.

[Ipumep 3

Touxa F IMPHUHATJICKHUT OTPE3KY DH I/ISBCCTHO, 4YTO OTPE3OK LiF B JIBa pa3a JJIMHHEC

Dz, 43, P[E, 2] |

oTpeska ‘7¥ Haiitu Touky 7 , ecru

Pemenue: 113 YCIIO0BHUA CIICAYET, UTO TOYKA F JACIIUT OTPE30K LA B OTHOLLICHUH 41 , cHuTasdi OT

e
A="_

BEPILUHBI L , TO €CTb, CITPABEIJINBA IIPOIOPLIUS: HFP . [lo popmynam nenenust oTpe3ka B
JAaHHOM OTHOIIICHUHU:

n+Ad Xy Yo+ A ¥y
Ap=—"—7—"7= P

1+ 4 1+ 4

K

§=% =74 2xH=%-3 =2+ g =82k = 61y =3
+

2=%j4+2yﬂ=ﬁjzyH=zij=1
+

OTBer: H(31)

[Ipumep 4
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Touka M €45 Orpesox EM B nomrropa pasa kopoue otpeska 44 . Haittu touxy 4, ecim

M3BECTHBI KOOPMHAT TOYEK B(2,0). M1 1) .

Pemenue B koHiie ypoka. OHO, KCTaTH, HE €IMHCTBEHHOE, €CIIM MOWIETE OTIIMYHBIM OT 00pasia
myTéM, TO 3TO HE Oy/eT OIIMOKOM, rIIaBHOE, YTOOBI COBITAIH OTBETHI.

q)OpMy.]'II)I ACJICHUS OTPE3Ka B JAHHOM OTHOIICHWH B IIPOCTPAHCTBC

JlJ1 IpOCTPaHCTBEHHBIX OTPE3KOB BCE OYIET TOUHO TAK K€, TOJIBKO 100aBUTCS elI€ OHA
KOOpJAMHATA.

EC/IM M3BECTHBI ABE TOUKH IIPOCTPaHCTBa 174 F 4> 24 BXs: F525) 10 xoopmuuatsl

Add
M . . _-,;i = o—_—
touku s FarZad | otopas genur otpesok A B orHomennn  EM | peipaxcatorcs
dbopmynamu:
X =xA+Ji-x3 =yA+,?1-yB 2 =zﬂ+zi-23
M 14 M e M e
[Tpumep 5

A-2,-3 -4, B(Z,

JlaHbl TOUKH —40) . Haittit koopmunats! Touku | npunamesxarei

OTPE3KY AE , eciu u3BecTHO, uto AM 1 BM =4:2
Pemenne:

[To popmynam KOOpIAMHAT CEpEIUHBI OTPE3KA!

L _t2+22_2 y _CI+2A_ 1L -4+2.0_ 4
My 5 M 1+2 30 M

[Ipumep 6

B(-5 23004, 2,

— 5 o
HaHLI TOYKH ) . Haiitu KOOPpAWHATBI TOYKH 4 , €CJIM U3BCCTHO, YTO OHA

ACIUT OTPE30K 5 B OTHOIIICHHUH 3:1 .

q)OpMyJ'IbI KOOpAUHAT CEPpCANHBI OTPE3Ka
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A | yacme M | vacme B
[ S 2 2 ]

XX Y+ ¥
A B A B
XM = —, yM == =

P d
JI1sl IPOCTPAHCTBEHHOTO CITydast CPAaBeIMBa OUEBHMIHAS aHATOTHs. ECIM JaHbl KOHIIBI
otpeskaiFar ¥ 4:Za) BX5: ¥ 5750 10 koopauHath ero cepenunst M Bepakarores hopmymamu:

g+ X Va+ ¥ Tyt Z
_ 4 B _ 4 B _ =4 B
% _T’ ¥ _T’ z, _T

[Tpumep 7

Hapanenorpamm A5CL 3anan koopauHaTamu cBoux

A4, 00, B4, 4y, 0T, 20, D=1,

BEPILUUH =2 Haiitn TOYKY ITEpECEYEHUS €ro TuaroHaIen.

Pemrenmne:

1o n3BeCTHOMY CBOMCTBY, IMAarOHaIM MapauieIorpaMMa CBOEH TOUKOM

repeceyeHmst Oxg; o) JEJSITCS TIOTIOJIaM, TIOTOMY 33/1ady MOKHO PEIINTh IBYMS CITOCOOaMHU.

Cnoco0 nepBblii: PaccMOTprUM NMpOTUBOMNOJIOAKHBIE BEPUIUHBI A-4.0), C(7.2) . ITo hbopmymnam
JICNIeHNs OTPe3Ka TOMoJIaM HalAEM cepeiHy auaroHans ¢ ;

Mg xe  —4+T
- —

Ao

)
B pesymbrare: 2

B4, 43, Di-1;

Cnoco0 BTOpoOii: PaccMOTpUM MPOTUBOIOJIOKHBIE BEPIITUHBI ~2) o dbopmyiiam

JACJICHUA OTPC3Ka IIOoII0JIaM HaﬁHéM CEPEAMHY araroHalinu BD

A1)
TakuMm obpasom: 2

3
O[—; 1]
Oreer. -2

[Ipumep 8

sl o
Jlassl Toukn 7 4 2 . Haiitu cepenuny £ otpeska :
ITpumep 9

Touxka M ACIIUT OTPE30K AE nonojiam. Halitu TOYKY ¥ , €CJIN U3BCCTHBI

roury A% 0 =3 MG -41)
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Pemenne: Mcnonszyem Gpopmysbl KOOpIUHAT CEPEIUHBI OTPE3Ka:
_ Pt _FYatl¥sg _ZatIs
=0 Ym0 T
2 2 2
Ham Hen3BeCTHBI KOOPIMHATHI *2:¥2: 22 1 cHOBa MOXHO BHIBECTH o0uryro hopmyiy ais ux
HAaxO0’KJICHUs, HO TOPa3/10 JIerye cpasy NoACTaBUTh YKCIIA. TOJIBKO MPONOPLUUAMH BEPTHU:
2+ xp

5= =2+xp=10=x=1

_4=I:I+%:>J;B=—E

1=_3%:>—3+z3= 1=zp=5

Orger: 56 ~85)

IIpakTuyeckoe 3ansaTue Ne 75
Tema: CxansapHoe Npon3BEICHUE ABYX BEKTOPOB
Hean: HayduTh BRIUUCTATH CKAIIPHOE TIPOU3BEACHHE IBYX BEKTOPOB

Teopernueckwnii 010K

Onpenenenne: CKaTapHBIM OPOU3BEIEHHEM BYX BEKTOPOB £ U £ HasiBaeTcs umCIIO,
paBHOE NMPOU3BEACHUIO JUTMH 3TUX BEKTOPOB HAa KOCUHYC YIJIa MEX1y HUMHU:

b= |§||§| cos L@ B

O0o03HaYeHne: CKaJIsIpPHOE MTPOU3BEACHNE 0003HaYaeTCs uepes & 4y

[Ipumep 1

g|=2. [l=5 Z@5)=

ol

HaiiTu ckanspHoe npousBeieHHE BEKTOPOB ¥ U b ecim

Fb = |§| |5| cos(@ b
Pemenne: Mcnons3yem hopmyny . B manHoM ciryyae:

&E:M-Iﬂ- cos (@, B =25 cos%:m-g: 5&4@

OTBeT: zh = SWE
[Ipumep 2

Fl=3 =+

Yron MCXKAY BEKTOPAMHU U 3HAYCHHUC CKAJIAPHOT'O IPOU3BCICHU A

o — 7 fu]
Haiitn ©< | ecrn , @ YTOJl MEX/ly BEKTOpaMU pPaBEH 1357,

B HpI/IMCpC 1 CKaJIIPHOC MPOU3BCACHUC MOJTYIUIIOCH MTOJIOKHUTCIIBHBIM, a4 B HpHMepe 2 -
OTPULIATCIILHBIM. BBI}ICHI/IM, OT YCTO 3aBUCUT 3HAK CKAJIAPHOTO MPOU3BCACHUA. CMOTpI/IM Ha
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b= |§|-|§|-cosi(§; A

|§|::-D,|E|::-D

Haiy GopMyny: . JImMHBI HEHYIIEBBIX BEKTOPOB BCErAa

MOJIOKUTEIIbHBI:
KOCHHYCA.

, IO3TOMY 3HAK MOKCT 3aBUCCTh TOJIBKO OT 3HAYCHUA

0</(@8)<n
Yron MC)KIIy BeKTOpaMI/I MOXKECT UBMCHATHCA B Hpe)lenax , U HpI/I 3TOM

BO3MOJKHBI CJICAYIOIIHUEC ClIydau:

= T
0«wsd, b)) «—
1) Ecnu yroa Mmexay BEKTOpaMu OCTPBIIii: 2 (ot 0 10 90 rpamycoB),

cos (@ b} =0 . ZE =0 y
TO , 1 CKaJIsIpHOE Mpou3BeieHHe OyAeT MOJI0KUTEIbHbIM: . OcoOmrit
Cllydail: eClI BEKTOPbI COHanpasgiensl, TO yrojl MeX1y HUIMH CUUTAaeTCs

/(@ E)=0

HYJICBBIM , 1 CKaJIIPHOC MPOU3BCACHUC TAKKE 6YI[€T IOJIOKUTCIIbHBIM.

[Tockonbky “9% 0=1 10 (dbopMmyna yrpouiaercs: ab= |E|' H :

w =
— <@ b e
2) Ecnu yroa mexay BeKTOpaMu TYNOM: (o1 90 mo 180 rpamycos),

cos (@, b ) <0 CFE <0
TO , 1, COOTBETCTBCHHO, CKAJAPHOEC MPOU3BECACHUEC OTPULATECJIBHO. .
OcoOblii ciyJaii: eciii BEKTOPBI HaAnpasieHbl NPOMUEON0I04CHO, TO Yroll MKy HUMH

. @B =7
CUUTACTCS PA3BEPHYMBIM. (180 rpamxycoB). CkansipHO€ IPOU3BEACHHUE TOXKE

OTPHLATEIBHO, TAK Kak COS 7 =~1

CripaBeiniuBbI 1 00paTHBIE YTBEPIKICHUS:

1) Ecnm & b= U, TO YroJ MEX/y TaHHBIMU BEKTOpaMU OCTpPhIil. Kak BapuaHT, BEKTOPHI
COHAIPaBJICHBI.

2) Ecim & b <0 , TO YTOJl MeXAy JaHHBIMHU BEKTOpaMmu Tymnoil. Kak BapuaHT, BEKTOPHI
HaIpaBJIEHbI IPOTUBOIOJIOKHO.

Ho ocoOsl1it nHTEpEC MpEeACTaBISIET TPETUH CTydail:

I

S(F@ b= —

3) Ecnu yroJ1 Mexay BEeKTOpaMu MPSMO¥: 2 (90 rpamgycoB),
T
cos—=10 -
TO a U CKaJIsipHOE NPOU3Be/leHNe PABHO HYJIIO! Zh =0 OO6paTHOe TOK€e BEPHO:
- sa =2

ecn @2 =0 1o 2 . KOMIIaKTHO yTBepkaeHne hopmynupyercs Tak: CrajJasipHoe

NMPOU3BECACHUE IBYX BEKTOPOB PABHO HYJ/I0 TOr1a U TOJbKO TOr1a, Koraa 1aHHbIE

BECKTOPbI OPTOTOHAJbHBI. KOpOTKaH MaTeéMaTHn4dCCKas 3aIllucCh: gh=0c=alb

A dto Oyzer, eciti BeKTOp ¥ yMHOXKHUTH Ha caMoro ceds1? [I0HITHO, 4TO BEKTOP
COHATIPABJIEH CaM € cO00i, TOATOMY MOJIb3yeMCsI BBIIICYKa3aHHON YIPOIIEHHON (GOpMyYITOii:
zz = fz| |a|

a7 =|a’
Nnu:
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—_ — -
Yucno # ¢ HaspBaeTCs CKAIAPHBIM KBAAPATOM BEKTOpa # , 1 0003HaUaTCs Kak & .

Taxum 06pa3oM, CKAJSIPHBINA KBAPAT BeKTOpPa ¥ paBeH KBAAPATY AJHHBI JaHHOTO
BeKTOpa:

—2 —_2
a*=|al

W3 naHHOTO paBeHCTBA MOXKHO TOIYYUTHh (POPMYITY JUIS BEIYUCICHUS JIJTHHBI BEKTOPA:
— -2
| =~a

? ?

J171s1 IpOM3BOJIBHBIX BEKTOPOB 1 J060r0 Ynca 4 CIPaBEJIMBBI CIEAYIOIINE

CBOMCTBA:

1) @& =& _ epeMecTUTENBHEIH NI KOMMYTATHBHBIH 3aKOH CKATAPHOTO TIPOM3BEICHHS.

2 (@+h)F =ac+be . .
) — pacrpeienuTeNbHbIN WA AMCTPUOYTHBHBIN 3aKOH CKaJSIPHOTO
MIPOU3BEACHHUS.
(Az)-& = Al@h) y y
3) — COYETaTEIbHBIN NN ACCOUATHBHBIN 3aKOH CKaISIPHOTO

IIPOU3BCACHUA. KOHCTaHTy MOKHO BBIHECTHU U3 CKAIIAPHOI'O IMPOU3BECICHU.

[Tpumep 3

HaiiT cKaJsipHOe IIPOM3Be/IeHHe BEKTOpoB & =—2Z +& y & =&~ &  ecny uspectHo,

Z|=42, f|=8. z@&=Z
qTo 4

Pemnenmne:

g =
(2@ +&) (Z-5)="
-2F - @+k-EZ+2E-bE-k-b="
2@ +a-b+2a- b -t ="

—2a* +3@h - ="
2l +3-Jg| | cos £(@: By - o[ =@
5

= =2 (427 +3-4u'r§-8-cosi—r—82 :—64+96«.ﬂ'§-;—64:—32

1

(1) Ioacrasnsiem BeIpayKEHUSI BEKTOPOB

(2) PackpriBaeM ckOOKH 10 MPABUITY YMHOKEHHS MHOTOUJICHOB

(3) B IEPBOM U MOCJIICAHEM CJIAaracMOM KOMITAKTHO 3aIllUChIBAECM CKAJIAPHBIC KBAJIPAThI
- = 21 T 1
a-a=a, b-h=h

BCKTOPOB: . Bo BTOPOM CJIara€MOM HCIIOJIB3YEM IICPECTAHOBOYHOCTDH

CKaJIAPpHOTO ITPOU3BCACHU: ba=ab .

(4) IpuBoauM NOA00HBIE CllaraeMble: & - b +2a B =3ak
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—2 2
(5) B mepBoM ciraraeMoM KCIOJNIb3yeM GOpMYTy CKaJsipHOTO KBajpaTa | | , 0 KOTOpOU
HE Tak JaBHO YIIOMUHAJIOCh. B mocnenHem ciiaraeMoM, COOTBETCTBEHHO, pabOTAET Ta K€

52 =pf
HITyKa: |b . Bropoe cnaraemoe packiiagpiBaeM Mo CTaHIApTHOU
T b= _|5| cos i@ b
dbopmyie |ﬂ| (@.5) .
- — T

Z|=442, P|=8 Z@B)==
(6) [oncrasnsieM gaHHBIEC YCIOBHS 4 u MIPOBOIUM
OKOHYATEIIHHBIC BHIYMCIICHUSI.

Orger: 7d =—32

OTtpunarenbHOE 3HaYEHHE CKAJIIPHOTO MTPOU3BEIEHUSI KOHCTATUPYET TOT (DaKT, YTO YroJj

ME¥Kly BEKTOpaMu

H

ABJIACTCA TYIBIM.

Pemrenne ynpaxHeHwmil:
[Ipumep 4

HaifTy ckanspHoe pon3BeneHne Bektopos & =~ &+ 2 yd =-&+&  ecny uspectHo,

Z|=4, [Fl=25. 2@ 5 =2
qTo0 6 .
[Ipumep 5
_ e
_ 7|=3 PBl=2 Z@B=1
Haiiti uymHy Bektopa © =~ + 32 | ecrm d Ib| 3

Pemnenne

F|E|"§+ 35|EJ J-a +38)° Tf\;’aﬂ — 6ab +95° 2 JFF —6-[a| B| cosZ(@ B)+9- |E|2 =

:J32—6-3-2-c05g+9-22 =J9—36%+36:wﬁ=3£

H: 3~J§ exn. e 5,20 e,

OTtBeT:

[Ipumep 6
L =5 [|=10, 5(5;5):2_”
Haiitu nyimny BekTopa = =9 +4 , €CIIN 3,

Ipumep 7

- g|=4. [p|]=242, @&

— B
Haiitu yron mexnay Bektopamu ¢ u & | eci M3BECTHO, YTO .

Pemenne: Vcnonsizyem dpopmyimy:
_ @@ _ 8 _1_ s 2
A T2 R

coss(E )
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cos L@ b= —

Hrak, ecnu , TO:

4
L@, B = arccos £ —

2 4

£(@ 5 =2 pag = 45°
Otser: 4
[pumep 7*
- T

Jansl — JJIUHBI BEKTOPOB ¢ | b oy YroJl MEXJ1y HUMU 3 . Haiitn yroi

Mex 1y Bektopamu € = —2& +3F  d =4a -3k

3amanne gaxxe He CTOJNBKO CII0KHOE, CKOIBKO MHOT'OXOJIOBOE.
Paz6epém anroputm perieHus:

1) Ilo ycnmoBuro TpeOyeTcst HAMTH YroJl MeXIy BEKTOpaMU Cpd , TO3TOMY HY>KHO
zd

cos (T, d) = _E|
WCIIOJIb30BaTh POpMYITy

2) HaxomuM CKalsipHOE IPOM3BENCHUE = d (cm. TIpumepnr NoNe3,4).

3) HaxoxuM [IHHY BEKTOpa ° U IUTHHY BEKTOPa d (cm. TTpumepnr NeNe5,6).

4) Konmogka pemenust copnagaet ¢ [Ipumepom Ne7 — HaM U3BECTHO YHUCIIO

Fl |d|]

, 4 3HAYHT,

Z(F, d) = arccos [
JIETKO HANTH U caM YTOJI:
Kpatkoe pemienre 1 OTBET B KOHIIE ypOKa.

Bropoii pa3znen ypoka MoCBsIIEH TOMY K€ CKalsipHOMY npou3BeneHuto. Koopaunatel. byner
Jla’ke TMPOIIIE, YeEM B IIEPBOM YaCTH.

[Ipumep 8
Havntu CKAJIAAPHOC IIPOU3BCACHUC BCKTOPOB:
RLCEDM B(-1.0)

0) AB y AC , €CIIM 1aHbl TOUYKH AL -13), 50 1-2). 04 -4, 0)

Orser: & Zh=-2 6)AB AC=6

HpI/I HCEKOTOPOM OIIBITC CKAJIAPHOC ITPOU3BCACHNUEC MOKHO IPUHOPOBUTHCA CUUTATH YCTHO.

[Ipumep 10
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JIaHbI YeThIPE TOYKH MPOCTPAHCTBA A4 -3 -2, B2 -2 -3, C8 -5 0. D -3 -1

BorsicHuTh OyyT 1M IEPIIEHANKYISPHBIME CIETYIONUE NpSIMble:
a) AB, DT

6) AC, BD

ITpumep 11
a3 A-0,EQ-4-15

[Ipu kakoM 3HaUYEHUU A BEKTOPBI OyIyT OPTOTOHAILHBI?

Pemenne: ITo ycnoBuro TpeOyeTCsl HAUTH TaKoe 3HAYCHHE ITapaMmeTpa A | 4106BI NaHHBIC
BEKTOPHI OBLIIM OPTOTOHAJIBHEI. /[Ba BekTOopa

Vv vy wl Wy, Wy, )

IMPpOCTPaHCTBA OPTOTOHAJIBHBI TOT'JIa U TOJIBLKO TOT' /4,

Wy v, s =0
xormga 1T TV TV =Y

CocTaBuM ypaBHEHHUE:
ab =0
22-04+3(-0+(-2-5=0

PackpriBaeM ckOOKM U TPUBOJUM MOJOOHBIE ClIaraeMble:
E—21-21-10=0

—42-4=0
Pemaem npocreiiiiee TMHEHMHOE YpaBHEHUE:
—4a=4

A=-1

OTtBeT: npu A=-1

[lpumep 12

A Z(2 A),b(2,-3)
HpI/I KAaKOM 3HAQUYCHUU CKAJIAPHOC IMPOU3BCACHUC BCKTOPOB 6yI[eT paBHO

—2?

HaiiTu ckanspHoe npousBeieHre BEKTOPOB ¥ y2r+d , €CIH c(0,-35),d (-4 10)

9T0 IpuMEp Il CaMOCTOATCIIbHOTO PCIICHUA. 3,[[60]5 MOJKHO HUCIIOJIb30BAaThb

A =300-35=(0,-%15
ACCOLIMATUBHOCTL OII€paliiu, TO €CThb HC CUUTATh I: ’ ? :I ( ’ ’ ) , a Cpazy
BBIHCCTH TpOﬁKy 3a pCACiibl CKAJLIPHOI'O IIPOU3BCACHUA U TOMHOKUTL HA Heé B MOCIIEIHIO0
oucpeanb. Pernienre u 0TBET B KOHIIE YpoOKa.

B 3aknroueHue naparpacpa HpOBOKaI_II/IOHHHﬁ IMPUMCP HA BBIYUCIICHUC IJIMHBI BEKTOpA:

[Ipumep 16

JlaHb! TpH BepiMHb! Tpeyrobhuka 1o b U1 F(3 2. TG =4 Hajry LABC (yron npu
Bepunue & ).
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Pemenne: I1o ycnoBuo 4epTEx BBINOIHATL HE TPeOYeETCs, HO BCE-TAKHU:
" }L v . "

Haiiném BekTOpHI:

BA(-1-3,0-2)= BA(—4, - 2)
BC(5-3—4-2)=BC(2 —§)

Brruncinnm ckansipHOe TPOU3BEACHUE:
BA-BC =-4.2-2.(-6)=-8+12=4

W nnvuHbBI BEKTOPOB:

|E|= SR (=2 = 16+ 4 =.20=2.5
|ﬁ|=,ﬂ23+(—5 Y= 4% 36 =020 =2.010

Kocunyc yrna:

— ——. BA BC 4 1 1
Z(Ed, BC) = e = -
Rt - N RN CREW R o RN o
— —=.  BA.BC _ —4.2-2.(—6) _
cos (84 BCN = = - . - ==
B4| [BC| 4@ + -2 22+ (-6)
~8+12 4 4 4 1

T 644 JA+36 20 40 B00 2042 542

Haitném cam yrour:

Z{ﬁ; ﬁ} = arccos L = 1,45 pag, = 82°

542

1
SABC = arcoos ——=2 1,43 pag. = 527
OTBerT: 542

[Ipumep 17
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B npoctpaHcTBe 3a1aH TPEYroJIbHUK KOOPAUHATAMHU CBOUX

ACLTD, 430,00, 402,37

BEPIUUH . Haiitu yron mexnay ctopoHamu 44, u Al‘%

IIpakTnueckoe 3ansitue Ne 76

Tema: KontpossHast pabota
Hean: [IpoBepuTs ypOBEHBb YCBOCHMS JAHHOW TEMBI Y yJalIUXCSA

BAPHUAHT 1.
1. Jlabl KOOpPAWHATHI TOYEK C(3 -2; 1) D(-1; 2; 1), M(2; -3; 3), N(-1; 1; -2). Haiinute

KOCHHYC yTJIa MEX]ly BEKTOpaMHU CDu MN.

2. Ilpu xakom 3HauyeHWH (3HAYCHHSX) d BEKTOPHI a(6 - k; k; 2) mw a(-3; 5 + 5k; -9)
MEPIEeHIUKYIISPHBI?

3. Ilpm kakoM 3HAa4YeHWH a BEKTOPHI AAu CD KOJUTMHEAPHBI, eciu A(-2; -1, 2), B(4;
-3, 6), C(-1; a-1; 1), D(4 -1; a)7

4. WsBecTHO, YTO |a| =4, |a| =1, L(a a) = 60°. mHaiimTe COS &, THE A - YrON MEXIY

g

BEKTOpamu a + a u a.

5. Haiigure niuny Bektopa a+a—"h, ecm |a| =1, |4 = 2, |A] =3, 4(5,5) = 90°, z(é,ﬁ) =
120°, /(& ) = 60°.

6. B kyoe ABCDA1B1C1D:1 Touka M nexut Ha pedpe AA1, npuueM AM : AM1 = 3 : 1, a Touka

N — cepenuna pedbpa BC. Beruucnure kocunyc yria Mmexay npsmeiva @) MN u DDy, 6) MN
u A1C.

BAPUAHT 2.
1. ausl koopauHatel Touek A(1; -1; -4), D(2; -3, 1), C(-1; 2; 5), B(-3; -1; 0). Haiigure

_—

KOCHHYC yria Mexay Bekropamu CD u AA .

2. Tlpu xakoMm 3HayeHun (3HaueHusix) M BekTopel a(4; m - 1; m) u &(-2; 4; 3 - m)
HEePIICH UK YIISAPHBI?

—_— _—

3. Tlpu KakOM 3HAYCHHMH a  BEKTOPBI MN wu CD xomnuueapnsl, ecmu M(1;
-2;a), B(-l;a+3;-1), C(-3; 2; 4), D(1; -4; 2)?

4. HW3BecTHO, 4YTO ]ﬁ| =2, |ﬁ| =3, 4(51,?1) = 120°. maiigute coS ¢, TAE O - Yroi MEXIy
BEKTOpaMU m+num.

5. Haitmure quHy BeKTOpa E‘i—é—ﬁ, eciu \5| =2, |§| =3, |ﬁ| =4, 4(5,5) = 60°, z(é,ﬁ) =
120°, /(& f) = 90°.

6. B mpsamoyronsHoM napamienenunene ABCDA1B1CiD1 AB = BC = % AA1. Beruncnure

KOCHHYC yriia Mexay npaMmeiMu - a) BD u CD1;  6) AC u AC.

BAPI/IAHT3
1. JlaHBI KOOpAWHATHI TOYEK A(] -4) D(2; -3, 1), C(-1; 2; 5), B(-3; -1; 0). Haiigure

KOCHHYC YTIJIa MEKAy BEKTOpaMHU CD u AA.
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2. Tlpu kakoM 3HaueHMd (3HayeHusx) M Bekropel a(4; m - 1; m) u a(-2; 4; 3 - m)
NIEPIEHIUKYIISPHBI?

3. Ilpm KakOM 3HAYEHHH a  BEKTOPBI MN u CD KoJutnHeapHusl, ecnmn - M(1;
-2;a), B(-l;a+3;-1), C(-3; 2; 4), D(1; -4; 2)?

4. HW3BecTHO, YTO |ﬁ| =2, |ﬁ| =3, L(H”I,F]) = 120°. maiiguTe coS ¢, THE ¢ - YTON MEXIY
BEKTOPaMHU m+num.

5. Haiimmre umHy BekTopa d—Aa—1i, ecmm |2 = 2, |a| = 3, || =4, £(3,3) = 60°, Z(&,f) =
120°, /(& ) = 90°.

6. B mpsamoyromsHOM mapautenenunene ABCDA1B1C1D1 AB = BC = % AA1. Beruucnure

KOCHHYC yriia Mexnay npsmbiva - a) BD u CD1;  6) AC u AC:.

Kpurtepuu oneHuBanus
OrneHka «OTIMYHOY BBICTABISETCS CTYJIEHTY
3a 100% mpaBWIBHBIX OTBETOB;
OrneHka «XOpoII0» BHICTABISAETCS CTYACHTY
3a 75 - 99% npaBUIIBLHBIX OTBETOB;
OrneHka «y0BICTBOPUTEIHLHOY BBHICTABISIETCS CTYICHTY
3a 50 - 75% npaBUIBHBIX OTBETOB;
OrneHKa «HEYIOBIETBOPUTENBHOY» BHICTABIAETCS CTYACHTY
3a meHee 50% mpaBUIIbHBIX OTBETOB.

Jluteparypa:

OcHoBHas1 iuTEparypa:

1. AnmaroB, A. B. Matemaruka [2nexkTpoHHBINH pecypc] : yauebnoe nmocooue mus CIIO / A. B.
AnmaroB. — 2-e u3ll. — DJEKTPOH. TeKCTOBbIe JaHHbie. — CapatoB : [IpodoOpazoBanue, At
ITu Op Menaua, 2019. — 162 c. — 978-5-4486-0403-4, 978-5-4488-0215-7. — Pexum gocryma:
http://www.iprbookshop.ru/80328.html

2. Topromkun, A. Il. Marematuka [DnekTpoHHBIH pecypc] : yuebHoe mocobme / A. IL
lopromikun ; mox pea. M. U. Boaunuapa. — DnekTpoH. TeKCTOBbIE AaHHbIe. — CapaToB : Al
IIm 3p Memma, 2019. — 824 c. — 978-5-4486-0735-6. — Pexum gocryma:
http://www.iprbookshop.ru/83654.html

3. Marematuka [DnekTpoHHbIH pecypc] : yuebHoe mocobue / O.B. bonaposa [u ap.]. —
DneKTpoH. TeKcToBble naHHble. — Capatos: Al [Tu Op Meaua, 2018. — 194 ¢. — 978-5-4486-
0107-1. — Pexum goctyna: http://www.iprbookshop.ru/70267.html

JlonoTHUTeIbHAS JIMTepaTypa:
1.CoBeptkoB, II.M. CrnpaBoyHMK MO 3JI€MEHTapHON MaremaTuke : ydyeOHoe mocobue / I1.HM.
CoBepTkoB. — 2-¢ u3a., crep. — Cankr-IletepOypr : Jlans, 2019. — 404 c. — ISBN 978-5-
8114-4132-7. — TexcT : 3NeKTPOHHBIH // DneKTpoHHO-0MbOIoTeuHas cucteMa «Jlanpy : [calT].
— URL: https://e.lanbook.com/book/115529 (mara obpamenus: 10.09.2019). — Pexum
noctyna: Juis aBropus. [lonb3oBareneit
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2. Anexcees, . B. Boiciias Mmarematuka. Teopus u mpakTuka [ DIEKTPOHHBIN pecypc] : yaeOHoe
nocobue mist CIIO / I'. B. AnekceeB, M. M. XonsBuH. — DIEKTPOH. TEKCTOBBIC TaHHBIC. —
Caparos : [IpoobpazoBanue, Aii [Tu Op Menua, 2019. — 236 ¢. — 978-5-4486-0755-4, 978-5-
4488-0253-9. — Pexxum mocryma: http://www.iprbookshop.ru/81274.html

3.KopoGeiinukoBa, W. 0. Maremaruka. Teopuss BeposTHOCTEW [DIEKTpOHHBIN pecypc]| :
yaeoHoe mocobue st CIIO / U. HO. KopobGeiitnukoBa, I'. A. TpybOenkas. — DIEKTpOH.
TekcToBbIe nanHbie. — CapatoB : [IpodobpazoBanue, 2019. — 154 ¢. — 978-5-4488-0344-4. —
Pexxum nocryna: http://www.iprbookshop.ru/86073.html

HNHTepHeT-pecypcebl:
e Tazera «Martemaruka» uznarenabckoro noma «llepBoe ceHTIOps»

http://www.mat/septemba.ru
e Maremaruka B OTKpbITOM KoJuiemke http://www.mathematics.ru
e OO0pa3oBatenbHbII MaTeMaTHYeCcKui caiit Exponenta.mhtto://www/ exponent/ru
e OOGmepoccuiickuit MaTemaruueckuii mopran Mati-Net/Ru http://www/mathnet/ru
e [lopran Alhnath.ni —Bcst MaTemaTHKa B OJTHOM MecCTe.
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