OEJIEPAJIBHOE ATEHTCTBO XEJIE3HOJJOPOXKHOI'O TPAHCIIOPTA
denepanbHOE rocy1apcTBEHHOE OI0KETHOE 00Pa30BaTEIbHOE YUPEXKICHUE
BbICLIEr0 00pa30BaHuUs
«MpKyTCKUI TOCYIapCTBEHHBIN YHUBEPCUTET MTyTEH COOOIICHUS»

Cubupckuii KOJUIeK TPAHCIIOPTA M CTPOUTEIHCTBA

CBOPHUK ITPAKTUYECKUX PABOT I10 YYEBHOU JUCLUIIJIMHE
b/1.04 Maremartnuka

JUTSL CTIEIAATBHOCTH
08.02.05 CTpouTenbCTBO M AKCILUTYaTaIUsl aBTOMOOMIBHBIX IOPOT U a3POJIPOMOB
bazosas nod2omoeka

cpedHezo obue2o 0opazoeanus

Wpkyrck 2022 1.

ONEeKTPOHHbIV AOKYMEHT BbirpyxeH n3 EMC ®IrbOY BO Upl'YTC n cooTBeTCTBYET OpUrnHany

Moanwcant ®rE0Y BO VprYTC Tpodumos IOA. ol
00a73c5b7b623a969ccad43a81ab346d50 ¢ 08.12.2022 14:32 o 02.03.2024 14:32 GMT+03:00

Moanuce cooTBeTCTBYET (harny AOKYMEHTa I/IP]'V\_\C.




PACCMOTPEHO:

L{MK10BO# METOIMYECKOIH

Kowmuccueit Marematuku

IIpeacenarens LIMK <</~ /T.I1. HoBukosa
L » 2LOL7 S 2022 1.

Pa3paborunku: Hukopoa M.A., mpenonaBatenb Bbicuield kareropuu CHOMpPCKHM KoJuieIxK
Tpancnopta u crpoutenbctBa ®I'BOY BO «MpkyTckuii rocyaapCTBEHHbIM YHUBEPCUTET MyTel
COOOILEHUA»

Hosukosa T.II., mpenomaBarens Bbiciield kareropun CHOMPCKHN KOJUICK TpPaHCIOpTa W
crpoutenbetBa PI'BOY BO «MpkyTckuii rocyJapCTBEHHbIH YHUBEPCUTET IyTE€H COOOLICHUS

Yo6oxenko I'.I'., nmpenonaBarens Beicmiel kareropun CHOUpPCKHUN KOJIEIK TpaHCIOpTa U
crpoutenberBa PI'BOY BO «MpkyTckuii roCyJapCTBEHHBIH YHUBEPCHUTET ITYTEH COOOIICHUS

Huxoposa W.A., mpemnomaBarenb BbicHied kateropuu CHOMPCKHI KOJUIEIK TpaHCIOpPTAa H
crpoutenbectBa PI'BOY BO «MpkyTckuii rocyJapCTBEHHbIN YHUBEPCUTET IyTE€H COOOLICHUS



BBenenue

[TpaxTrueckas padota Ne 1
[Tpaktuyeckas padora Ne 2
[Tpaktuyeckas padora Ne 3
[Tpaktuyeckas padora Ne 4
[TpakTuyeckas padora Ne 5
[TpakTrueckas padora Ne 6
[TpakTrueckas padora Ne 7
[TpakTrueckas padora Ne 8
[TpakTrueckas padora Ne 9
ITpakTrueckas padora Ne 10
[MpakTtryeckas padora Ne 11
[TpakTuyeckas padora Ne 12
[TpakTuyeckas padora Ne 13
[TpakTuyeckas pabora Ne 14
[TpakTrueckas pabota Ne 15
[TpakTuueckas paborta Ne 16
[TpakTiueckas paborta Ne 17
[TpakTrueckas paborta Ne 18
[Tpaktuyeckas padora Ne 19
[TpakTuyeckas padora Ne 20
[Tpaktuyeckas padora Ne 21
[TpakTrueckast padorta Ne 22
[TpakTnyeckas padora Ne 23
[TpakTtnyeckas padora Ne 24
[TpakTuyeckas padora Ne 25
[TpakTuyeckas pabora Ne 26
[TpakTrueckast padorta Ne 27
[TpakTrueckast padorta Ne 28
[TpakTrueckast padorta Ne 29

Coneprxanue



BBeneunue
penucioBue

COopHHK 3a1a4 COJEPXKHUT 3aJaHUs UL MPAKTUYECKHX padoT, MpenHa3HAuYeHHBIX IS
Oonee riay0OKOro M3y4deHHs JUCHMIUIMHBI; CHCTEMATHU3aLUU M 3aKpEIUICHHUs IMOJyYEHHBIX
3HAHUHM U MPAKTUYECKUX YMEHUH; YriyOJleHHs U pacIIuPEeHUs] TEOPETHUECKUX U MPAKTHYECKUX
3HaHUH; GOpPMUPOBAHMS YMEHHUM MCIOIb30BATH CIEHUAIBHYIO, CIIPABOYHYIO JINTEPATYpPY, a TaKk
K€ COJEPKUT METOAMYECKHME YKAa3aHHs [0 BBIIOJHEHUIO MPEUIOKEHHBIX 3aJaHUl U CIIMCOK
JUTEPATyphl, HEOOXOIUMOH ISl U3YUEHUS AUCLHUIIINHBI.

Hcnonp30Banue MaHHOTO COOpPHHMKA 3agad B Y4YeOHOM IIPOLIECCE IMO3BOJUT KAXKIAOMY
CTYIEHTY OCBOUTb TEOPETHUYECKHN MaTepual, AACT BO3MOKHOCTb IIPUMEHUTH I10Jy4EHHBIE
3HAHMS Ha IPAKTHKE.

Yka3aHusl K OIIeHUBAHUIO MPAKTHYECKUX PadoT

OueHuBanue MHAMBHIYAIbHBIX 00pa30BaTEeNbHBIX JOCTHKEHHH MO pe3yiabTaTaM BBIIOJHEHUS
MPaKTUYECKUX PabOT MPOU3BOAUTCS B COOTBETCTBHH C YHUBEPCAIHHOM MIKaION (Tabnuia).

KauectBenHas olieHKa WHIUBUTYATbHBIX
IIpoueHT pe3yapTaTUBHOCTH .
00pa30BaTeNbHBIX JOCTHKEHUI
(MpaBUJIBHBIX OTBETOB) »
6ay (0OTMETKA) BepOAJIbHBIN aHAIOT
90 — 100 5 OTJINYHO
80 — 89 4 XOPOIIIO
70—-79 3 YJIOBJIETBOPUTEIILHO
menee 70 2 HEYJI0BJIETBOPUTEIIBHO

Tema: JleiicTBus HaJ KOMIJIEKCHBIMH YyncaaMu. [IpudianxeHHble BIYUCTEHUS.
IIpakTuyeckas padora Ne 1

1. IloHsTHE MHUMOI €IUHUIIEI.

JomyctrM, dYTO MpHM pENIEHWHM HEKOTOPOM NPHUKIAAHOW 3aJady, HalpuMmep, 10
TUAPABIMKE, Mbl CTOJKHYJIHCh C HEOOXOIMMOCTbIO H3BIeub V— 36 . l3BecTHO, 4TO B
JEHCTBUTENBHBIX YMCIaX JaHHAs 3a/1aya He pa3pelnuma.

JomycTruMm, 9TO CyIIECTBYET HEKOTOPOE YUCIIO0, KBapaT KOTOPOro paBeH — 1. O6o3HaunM
3TO YKo OYKBOI i, TOrIa MOKHO 3amucaTh: i> = - 1.

Yucno i Oyaem Ha3bIBaTh MHUMOU eOuHuyeti (1 — HayajabHas OykBa ()pPaHIly3CKOTO CIIOBA
imaginaire — «MHUMBI»).

13 sToro paBencTBa momydaeM i = v—1.

BBenenne MHUMOW eIMHHUIBI TO3BOJUT HaM TeNeph H3BJIE€Yb KOPEHb KBAJpPAaTHBIX W3
OTPULIATENIbHBIX YHCEII:

V=36 =,/36" (—1) =36 " V—1=6i.

2. CreneHu MHUMOU € IUHUIIBL.




PaccMoTpuM cTeneHn MHUMOM € MHULIBL:

BunuMm, 4ro cremeHu uucia i MOBTOPSAIOTCA € NepuoioM, paBHbIM 4. [lonb3ysach aTum,

MO>KHO 3aIUCaTh MPaBUIIO:
Y100bI BLIYMCIUTD CTENEHb YMCJIA i, JOCTATOYHO Pa3e/IMTh JaHHbII oKa3aTe/ b Ha
4. lleayo 4YacThb OT JeJIeHHsI OTOPOCHMM, a OCTATOK 3amnuileM B MoKa3aTeJb 4yHcjIa i,

MOJy4YMM OAUH U3 Y€ThIPEX CIy4YacB:

Hanpuwmep, Beraucauts i'%; i

Pewenue: i'*° = {135 : 4 = 23 + ocraTok 3} =i’ = - i.
i**={24:4=6,ocrarox 0} =i’ = 1.

3. OmnpeneneHrue KOMIUIEKCHOTO YHCTIA.

Omnpenesenue: Yucna Buga a + bi, rie a u b — AeCTBUTENBHBIC YUCHA, @ 1 — MHUMAs

eNHMIIA, OYZeM Ha3bIBATh KOMHIIEKCHbIMU.
UYucna a OyzneM Ha3bIBaTh OelicmeumebHOU YaCThI0 KOMILUIEKCHOTO uncna, bi — muumoii

yacmoio, b — Koaghpuyuenmom npu MHUMOU Yacmu.
3anuch KOMIUIEKCHOTO YHCla B BUAE a + bi HasbIBaeTcs aneedOpauueckol @opmou

KOMILJIEKCHOTO YHCIIA.

V nelcTBUTENbHBIC 1 MHUMBIC YaCTH:

a+bi=c+di,ectma=c,b=d.

[Tpumepst koMiiekcHbIX uncen: (3 + 0,21); (- 2 + 5i); (% —12i); (1,6 + /3i).

Jlroboe nelcTBUTENBHOE YHWCIO BCErJa MOXHO NPEICTaBUTh B KOMIUIEKCHOU ¢opme,
Harpumep:

6=6+01;

-4 =-4+0i;

0=0+0i.

4. JlelicTBUA HaJ KOMILJIEKCHBIMU YUCJIaMU B anredpandeckoi popme.

[Ipexxne uveM paccMmarpuBaTh JACHCTBUSA HaJ KOMIUIEKCHBIMM YHCJIAMHM, BCIOMHUM
JIEMCTBHUSI CIIOKEHUS, BBIUUTAHHS U YMHOKEHUS MHOTOWICHOB.
Caoxenue. UYToObl CIOXWUTH JBa MHOTOYIEHA, HAJAO OIYCTHUTh CKOOKM U MPHUBECTH

MOJ00HBIE.
(4+2x)+(3-5x)=4+2x+3-5x=7-3x.



Boruuranue. YToObI M3 0JTHOTO MHOTOYJIEHA BEIYECTh BTOPOM MHOTOUIEH, HAJI0 OIYCTUTh
CKOOKHM, WM3MEHHB TMPU O5TOM Y KaXIOTO CJaraéMoro BTOPOTO MHOTOWIEHA 3HAK Ha
MPOTUBOTIOJIOKHBIN, U TIPUBECTH TOJOOHEIE.

(1-4x)—(6—-2x)=1—-4x-6+2x=-5-2x.

YmHoxkeHue. UTOOBI MEPEMHOXKUTH JBAa MHOTOUWICHA, HAJ0 KaXIO€ CllaraeMoe OJIHOTO
MHOTOYJICHa YMHOXKUTh Ha KaXKI0€ CaraeMoe Jpyroro MHOTOYWICHA U IPUBECTH MOT00HBIE.

(7-3x)"(3+x)=7"3+7"x-3x"3-3xx=21+7x—-9x—3x>=
=-3x>—2x +21.

[lpexxae dYem paccMaTpuBarh JEHCTBUE JEICHUE KOMIUICKCHBIX YHCEN, BCIOMHHM
(bopMyiTy cokpamieHHOro yMHOKeHHs a> — b% = (a +b) - (a—b).
Muoxutenu (a + b) u (a—b) Ha3BIBAIOTCS CONPANHCEHHBIMU.

JIeliCTBUS CIIOKEHHMS, BBIYUTAHUS U YMHOXKEHHS KOMIUICKCHBIX YHCEN B alreOpandeckoi
dopMe MPOU3BOIATCA IO MpPaBWIAM COOTBETCTBYIOIIMX JICHCTBUIA HaJ MHOTOYJICHAMH
(packpbITHE CKOOOK), € yueToM i’= - 1;

YroObl pa3ie]uTh OJTHO KOMILICKCHOE YMCIIO HA APYTroe, HaJIO:

1) 3aMEHUTH JICUCTBUE JENICHUE YEPTOH APOOH;

2) yMHOXHTH YUCIIUTEIh M 3HAMECHATENh IPOOU Ha BRIPAKEHUE CONPSDKEHHOE 3HAMEHATEITIO;
3) npuBeCTH NOA00HBIE, yUUTHIBAd i° = -1;

4) 3amucaTth OTBET B BHUJIE a + bi.

Hampumep, mycts z1 =2 + 31, 22 = | — 1, HaWTH 71 + 22; Z1 — 22} Z1" 72} Z1 : 22,
Pemrenue:
Z1+722=(2+31)+(1-1)=2+3i+1-1=3 + 2i;
21—-22=(2+31)—(1-1)=2+31i—-1+i=1 + 4i;
z1°22=(2+31)"(1-1)=2" 1+2'(-i)+3i'1+3i'i=2—21+3i+312:
2-21+31+3-(-1)=2-21+3i-3=-1+1i;
_(2430)7 (14+0) _ 242i+3i+3i®  242i+3i-3 _ — 1+5i
(1-i) " (1+0) 12— j2 1-(-1) 2

=-0,5+2,5i

71 : 72

5. Pemenue KBaJApaTHBIX ypaBHeHI/Iﬁ C OTpULATCIIbHBIM TUCKPUMHWHAHTOM.

PaccMOTpHM pellieHne KBaApaTHBIX ypaBHEHHH, TMCKPUMHUHAHT KOTOPBIX OTPHIATENEH.
x>—6x+13=0 a=1:b=-6;c=13

D =b? —4ac

D=(-6)%—41-13=36-52=-16

- b+D 6+vV—16 6+,/16°(—1) 6+4i .
XI:T;XI: 5 = > = > =3+2i




-b—VD = 6-V-16 _ 6- 16'(—1)_6—41’_3 2
2a - 2 7 2 T2 7

BI/I,I[I/IM, 4TO €CIIM JUCKPUMHUHAHT KBAaAPATHOI'O YpPaBHCHHA OTPULATCIICH, TO YpPaBHCHHC
HMEET 08a CONPANCEHHBIX KOMNJIEKCHbIX KOPHAL.

6. YmpaxHeHus.

1. Bpluucaurhb
1) i242 :
i64
3) i2301
321
5) i13 + i82;
{70 91 - {14
7y il18 - (403 4§35 {9,
2. Haiity 71 + 723 21 — 725 71° 725 71 : 72, €CIU
1) z1=4+21,z2=1-2i,
2) z1=1-51,22=3+1,
3) z1=-2+31,22=T7-21,
4) z1=-3+51,22=6+21,
5) z1= 3i,z2=1-1.
3. Pemmuth ypaBHeHMe:
1) 9x>+12x+29=0
2) x2—4x+13=0
3) x¥>+3x+4=0
4) 2x>—10x+13=0
5) 5x2+2x+2=0.
Omeemwr:1. 1. -1;2.1;3.0i;4.i;5 -1+1i;6.-1-i;7 3.
2.1.5 3 +4i;8-6i; 2i
2.4—4i;-2-6i; 8—14i; -0,2 — 1,61.
20 170

3.54+1i;-9+5i; -8+ 25i;- —+—.
53 53

4.3+ 7i; -9 +3i; -28+24i; 0,7 + 0,9i.
5.1+ 2i; -1 +4i;3+3i;-1,5+ 1,51

3.7-243. 2 3 5.-02 + 0.6i: - 0.2 — 0,6i
3 3 3 3

2.2-3i:2+3i
-3 V7. =3 7.

3 — +—i ;= - =i
2 2 2 2

4.2,5+0,5i;2,5-0,5i

Tema 2.4 Brraucnenue KopHel U CTeneHen

Tema: BolunciieHrne KOpHeH M cTeneHei
IIpakTyeckas padora Ne 2

1.IloHsATHE CTEIICHU C HaTypaJIbHBIM ITOKa3aTCJICM



[Tyctp a — Hekotopoe uucno u ne N, n > 1, To a -a-a-..-a = a" — Ha3pIBaeTca n — |
n pas

CTCIICHBIO YHCJIa a.

a"™ = b, rae a — OCHOBaHHE CTEIEHH, N — IOKa3aTelb CTENEeHH, b — pe3ynbTaT BO3BEICHUS B

CTEIEHB.
Hanpuwmep, 35 =243, 1.x.3-3 -3 -3 -3 =243
2.CTeneHu ¢ LeIbIM IOKa3aTelIeEM U UX CBOMCTBA

I[J'IH CTEIIEHEH C IEIBIMM MMOKa3aTeIIMH OIIPECACIICHUC U 0003HAYEHHS TaKUe K€, KaK IJId
CTCIICHU C HATYpPaJIbHBIM IIOKA3aTCJIEM.

CaoiicTBa:

n+m

1) a"-a™=a
2) a":a"=a""
3) (an)m:an'm
4) (a"b)"=a""b"

) () =5
6) a’ =1
7) a"=—

3.IloHsTHE KOPHSA N — I CTENIEHU U €ro CBOMCTBa

IIyctb n € N, n > 1 u b — HekoTopoe uucio, TO KOPHEM N — i cTeneHu W3 yucia b
Ha3bLIBAETCS TAKOE YUCIIO a, yTo a" =b.

n
KOpHI/I 0003HaYaITCs C MMOMOIIBKO 3HAKA paJguKalia, T.C. a = \/E

I[eﬁCTBHe H3BJICUCHUC KOPHA — 3TO OIICpalusi 06paTHa${ onepanr BO3BCIACHHA B CTCIICHD
(,ZLCI\/'ICTBI/IG HaXO0XIACHHUA OCHOBAHUA CTeHeHI/I).

Hanpuwmep: V4 =2, T.x. 2> =4
V81=31.x 3*=81
CsoiicTBa:

Va'b =Va Vb

)

VVa=""a

(Va)" =a

Vam = (Va)"
"Ra®="Va , wm Var ™ = a™

4 TloHATHE CTENEHN C JENCTBUTEIBHBIM ITOKa3aTeJIeM, CBOMCTBA

AN



) m nr—m
CTCHCHBIO C ACUCTBUTCIIbHBIM ITOKAa3aTCJIEM HA3BIBACTCA TAKOC YHUCJIO a , YTO a ; =\va

CBoiicTBa cTEIEHEN C HEHCTBUTEIBHBIMUA MOKA3ATEIIMUA TAKHE K€ KaK CBOMCTBA CTEIEHEH C

OCJIBIMU ITOKA3aTCIIIMU.
5. Ynpaxxaenus
1) Hpe,I[CTaBI/ITB B BUJIC CTCIICHU C pallUOHAJIBHBIM ITIOKA3aTCJICM:
V3 2)Vak; 3)Vb3; HVx L 5)Va; 6)Vb~3

2)IIpencTaBUTh B BUIEC KOPHS:

1 2 =s _1 1 _2
Dxz; 2)ys; 3as; 4b~ 3 5)(2x)z; 6)(3b) " 3
3)BoruucnuTs:

1 1 2 3
1)64z;  2)273;  3)83; 4)81%; 5)16= 975, 6)9~ 15

4 11 1 -4

& u 2 3 z 1 r 35 L
725 - 255 8)57-57;  9)93:96;  10)43 : 4s; 11)(812)
2 2 2 2 33 33
12)9s - 27s; 13)75 - 49s3; 14)1444 : 94; 15)1502 : 62
2 6

16)87: 87 - 35-35  17)22-3V5 . g8 1g)31+2VZ. 932

4)Haiitu 3HaYeHNE BHIPAKEHUS:

D¥a-as mpua=0,09 2Wb:%Yb mpub=27 3)bz-Vb2:3b mpub =1,3

5)Pa3noxxuTh Ha MHOXKUTEIH:

1

1 1 2 2 2 1
l)az - bz 2)ys—1 3)x-a 4das - b3 5)0,01lms - ne

Tema: Boruncienue jjorapu(pmos.
IIpakTyeckas padora Ne 3

1. Omnpenenenne morapudma.

PaccmoTpum paBeHncTBo:  a® = b, rie a — OCHOBaHWE CTENEHU, C — MMOKA3aTeNb CTENEHH, b

— pE€3yabTaT BO3BCACHU B CTCIICHD.

Jlorapudmom nosioxuTenbHOr0 uucia b mo ocHoBanuto a, rae a > 0, a # 1, Ha3pIBaeTcs

MoKa3areJ/ib CTeNeHHu, B KOTOPYIO HaJI0 BO3BECTH YMCIIO a, YTOOBI MOTYUYHUThH b.
c=log, b

logs 5 umrTaem: Jorapudm gucia 5 10 OCHOBAHHUIO 3.



JleiicTBre HaXOXKJIEHUS MOKa3zaTesdsl CTENEeHM, [0 3aJaHHBIM OCHOBAHUIO M PE3YNIbTaTy
BO3BE/ICHUSI B CTENECHb,  HA3BIBACTCA .J02apumuposanuem. ITO JEUCTBHE — oOpaTHOE
BO3BEJICHUIO B CTEIIECHb.

Hanpuwmep:

1.log, 8=3,1Tx.2°=8

2. logs5=1,1k. 5'=5
3. logeo-=-2,TK 6=
4. log7\/7:%
5. logz1 =0,1x.3°=1
9 3\2 9
6. loggz—z, T.K. (E) —E
49 4\"2% 49
7. loga—=-2,TK. (= =—
8176 (7) 16

8. logys 0,125 =3, 1.x. (0,5)% = 0,125

2. OcHOBHOE Torapu(MIUIECKOe TOKAECTBO.

Tak xak a°=b (1.) u ¢ =log, b (2.), To moncrasiss (2.) B (1.), momyunm

aloga b _ b
DTO paBEHCTBO HA3BIBACTCS 102APUPMULECKUM MOHCOECTNBOM.

OcHOBHOE J'IOFapI/I(i)MI/ILIGCKOC TOXACCTBO IO3BOJIACT BbIYHUCIATH 3HAUYCHHUA TaKUX

BBIPAKECHUN:
1. 3logss =35
2. 250857 =7
3. 3619865 = (62)!°8¢5 = (6'°865)" =52 = 25
1 10g54_ —3ylogs4 _ (clogsa\~3 _ 43 _1
4 (55) =Gt = (Shes) =4t a
5. 3l+logz7 _31.3logs7 =3 .7=9]
6. 43+10825 — 43 . 410825 — g4 . (22)l0825 — g4 - (210%25)2 =64 -52=64-25=1600

1. YnpaxhHeHus.

1. HaiiTi norapu¢msl 4ncen Mo OCHOBaHHIO 3:

11 1 3 1 4
39 99 279 819 19 57 ;a E’ 3’ ﬁa 9\/§ .

2 .BBEIYUCIUTE:

10



1) logz 16;  2)log, 64;  3)log, 2, 4log, 1; S)logy5;  6)log, 3 7)log, V2;

8)log, % ; 9log; 27 ; 10)log;81 ; 11)log;3 ; 12)logs 1; 13)logs g;
1 1
14)logs 3; 15)log; V3; 16)logs 5
I7logi—:  18)logid:  19)loggs 0,0625; 20)logess:  2Dloggs L;
2 2
22)log: 3/2;  23)logs 625;  24)logg 216; 25)log, 1_16; 26)logs 515;
2

27)log:125;  28)log:27;  29)log: i; 30)log: =
5 3 3 64 G 36

3. Beruucnurs:

1
1)3510g3 2; 2)0’3210g0‘3 6; 3)1010g102; 4)7510g7 9; 5)810g2 5;
6)910g3 12; 7)1610g4 7; 8)0,12510g0,5 1

4 BbISCHUTB, IPU KAKKUX 3HAYEHMSAX X CYLIECTBYET jorapudm:
1 -5
Dlogi(4 — x); Dlogg (7 — x); 3)loge —- Hlogg >—
2
Slogi(—x*);  6)logg(—2x%)
4

5.BeaucinTh:

1
=logsz 4 —5log, 5 —4log1 5
2logs 5. 1)z . 1 . 3 -
nozlosss;  (HF 5 3)(3) 27 5

1\1+2logs 3
) ;  7log,log; 81; 8)log; log, 8;

5)103 108105 6)(2

9)2log,, log1o 1000; 10)% logg log, 8 ; 11)3log, log, 16 + log: 2
2

12)log; 81 + log, 32; 13)logs 625 - logg 36; 14)log, 16 * log, 49

6.Pemuth ypaBHeHue:

Dlog, 27 = 3; 2)1ogX§=—1; Hog, V5 =-4 425 =5;
S)125=4; 6)4**3=5; Ty -2 =2

Tema: IIpeoOpasoBanne BbIpaskeHU, COAePKALIUX JOrapu(PMBbI.
IIpakTyeckas padora Ne 4

1.Omnpenenenue norapudma. JlecssTuuHble 1 HaTypajbHbIE JOrapu(msl.

PaccmoTpum paBeHnctBo:  a® = b, r/ie a — OCHOBaHWE CTENEHU, C — MMOKA3aTeNlb CTENEHH, b
— pe3yJIbTaT BO3BEJICHUS B CTCIICHD.

Jlorapudmom nosioxuTenbHOro uyucia b mo ocHoBanuto a, rae a > 0, a # 1, Ha3pIBaeTcs
MoKa3arTeJib CTeNeHU, B KOTOPYIO HAJI0 BO3BECTH YUCIIO a, YTOOBI MOJTYUYHUTH b.

c=log, b

11



log; 5 umraem: norapudm Yrcia S 1o OCHOBAHUIO 3.

HelicTBue HaXOXACHUS IMOKA3aTelsl CTENEHHU, 110 3aJaHHBIM OCHOBAHMIO U PE3YIbTaTy
BO3BE/ICHUSI B CTENECHb, HA3BIBACTCA .J02apugmuposanuem. ITO JEUCTBHE — oOpaTHOE
BO3BEJICHUIO B CTEIIEHb.

Hanpuwmep:
log, 8=3,1.k. 2°=8

JlecATHYHBIM J10TapuMOM YKCIa Ha3bIBACTCS JIOrapudM STOr0 YKCIa MO OCHOBAHHIO
10, kotopsIit 0603Havaercs 1g b, BMecro log, b.

Hanpuwmep:
1g1000 = 3, T.x. 10° = 1000

HatypajabHbIM Jlorapu¢MoM 4Yrciia Ha3bIBaeTCs JOrapu(M 3TOr0 YKCIa IO OCHOBAHUIO
e,rnee=2,7182818...(= 2,7).

Hatypanbnbie norapudgmsl 0603Havarotes In b, BMecto log, b.

2.0cHOBHOE NoTapu(PMHUUECKOE TOKAECCTBO.

Tak kak a°=b (1.) uc =log, b (2.), To moacrasnsas (2.) B (1.), momyunm

aloga b _ b
9T0 PaBCHCTBO HA3bIBACTCA JlOZLZpud)Mu‘l@CKuM MoNCOecmeoM.

OcHoBHOE JOrapu(PMHUUECKOE TOXKIECTBO TIO3BOJSET BBIUUCIATH 3HAUEHUS TaKHUX
BBIPAKECHUM:

7. 30835 =5
8. 3610g65 — (62)10g65 — (6log65)2 _ 52 =925

3.CaoiicTBa jorapudmon

1) log, b +log, k =1log,(b - k)
b
2) log, b -log, k =log, (E)
3) r-log,b=1log, b"
Hanpumep:
1) loge 18 + logg 2 =logg 36 =2
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4
4
5

2) 10g12 4‘8 - 10g12 4‘ = 10g12 ( ) = 10g12 12 = 1

logs16 logs2* 4 -logs2
3) g5 _logs — 854 _

logs32  logs25 5-logs2

4.®opmyna nepexoja oT Jorapudma 1o 0JHOMy OCHOBAHHIO K JIorapudmy 1o Ipyromy

OCHOBAHHIO.

__loggb
loga b= logk a
Hanpuwmep:

lOgs 25 _ 2
logs 3 - logs 3

log; 25 =

5.YnpaxHeHus

1) BeruucauTs:

a)log, 8; log,V2; log, 3—12; log, 16; log, 64; log,2; log, 1;

6) logs 3; log;V3; logli; log181; log: l; log: 27; log; l;
527 3 59 3 3

2)BBIanciauTh:

510g52; 7log73; 310g37; 610g612; 210g210; 32-10g32; 42-log45; 52-log51; ;92-10g92;

3-logs5. 71-log;2. 21+ logz5. 1+ logs3. 71+ log;3. 2-log,5
4510845, 71— 10872, 3 083>. § 0853. 2 0823. 2 082>
3)HaiiTu 3HaueHUE BBIPAXKECHUS:

1.1log,6 2 +1og, 13 = 2.10g8$+10g8%= 3.1g4+1g25=

4.log, 5 - log, g = 5.logz 7 - logs g = 6. log% 28 - log% 7=
logs25 _ logy 4 _ logy 3 _
"log, 125 "log; 8 "log; 9
10.(9)'o8s* = 11.(27)'08s2 = 12.(25)'08s3 =
13.log, 16 - log%i = 14.logs 25 - log; 1 = 15.logz 1 -log, 2 =

Tema: Pemienne npocTedIuX MOKa3aTeJbHbIX H JJOrapu(PMUYECKUX YPABHEHHU I U
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HEepPaBeHCTB.
IIpakTnyeckas padora Ne 5

[To ompenenenuto a® = b. IlokazarenbHO€ ypaBHEHHE — 3TO YpaBHEHHE, COJEpKallee
HEU3BECTHOE B IIOKa3aTejie CTEMEHHU, T.e. IOKa3aTesb IMPEACTaBICH B BHUJAE BBIPAKEHUS,

cozepxkamiero X. Takoe ypaBHeHue 6yner umers Buj;: a'® = b —mpocreiimee ypasHeHue.

T.k. MBI MOXXEM CpaBHUBATh CTEIICHH C OJMHAKOBBIMH OCHOBAaHMSIMH, TO 4YHCIO b Hamo
MPEACTaBUTh B BHJE a°. 3Has O TOM, YTO y PaBHBIX CTETCHEH C OJMHAKOBBIMH OCHOBAHHSIMHU,
MOKa3aTeJIM PaBHBI, MOXKHO clenaTh BbIBOA, f(X) = c¢. Pemas »To ypaBHeHue, Haiigem X. T.k.
MOKa3aTeib MOXET OBITh JIFOOBIM YHCJIOM, TO O0O0JIACTh JONMYCTHUMBIX 3HAYEHUH TaKOTo
ypaBHEHUS — BCE JACUCTBUTEIbHBIC YHCTIA.

KOpOTKO BCC BBIIIC CKa3aHHOC MOXHO ITPCACTABUTb B BUAC CXCMBI:

a™=b
{0 = g¢
f(x)=c
Hanpuwmep:
ox+l_g
gx+1 _ 93
x+1=3
x=2

[TpuHIMN pemieHus MoKa3aTeIbHOr0 HEPAaBEHCTBA aHAJIOTUYEH, €IUHCTBEHHOE, HEOOXO0IMMO
y4eCTh MOHOTOHHOCTh COOTBETCTBYIOLIEH MOKa3aTeabHON yHKINH.

a™ > b

IR

a)ect a > 1, To PyHKIIMA OyIE€T BO3pACTAIOIIEH, 3HAK HE TTOMEHSETCS
fx)>c

6)ecin a < 1, To pyHKIMS OyeT yObIBaoIIeH, 3HaK MEHsIeTCs

f(x) <c

Hanpumep:

0,3*73<0,09

0,3*73<0,3?

a=0,3 <1, pynkuus yObIBaeT, 3HaK MEHsETCS
14



X—3>2
Xx>5

[Mpunuun pemenust JorapuMUYECKUX YpaBHEHHM M HEPABEHCTB CXO0XK C pPELICHUEM
MOKAa3aTeIbHBIX YPAaBHEHUN U HEPABEHCTB, HO HEOOXOJUMO YUUTHIBATH OOJACTH JOMYCTUMBIX
3HAYEHWI: T.K. MBI PAacCMaTPUBAEM TOJIBKO IMOJIOKHUTEIbHBIE OCHOBAaHHWSA, TO BbIPAKECHUE
CTOSIIEE O] 3HAKOM JIoTaprudMa J0JKHO ObITh MOJIOKUTEIbHBIM.

log, f(x)=c OH3: f(x)>0

log, f(x) =log, a¢

f(x) =a°
f(x)=b
Hampumep: log,(x + 2) =3 O3:x+2>0
log,(x + 2) =log, 23 x>-2
x+2=23
x+2=8
x=6€ 03

OtBeT: X =6
Pemnth HepaBeHCTBO: log,(x +2) < 3
log,(x + 2) <log, 23

a=2> 1,pyHKkius Bo3pacTaet, 3HaK HE MEHSETCS

{x +2 < 28
x+2 >0
{x +2 <8
x+2 >0
{ x <6
X > —2
OtBeT: X € (- 2; 6)
VYnpaxHeHus:
1.Pemuth ypaBHEeHHUS:
5-ox_ 1 -1 _ 1\3% _
3= 2)25%-1 = 125 3) (4) =32
4)0,2% 13 = 51 5)2-8=16 6) 2% = 3%

15



7)log,x=2 8)log;(x—3)=0 Ilog:i(2x+5) =-1
2

10)logs 2x =logs(1 +x) 11)log,(2 — x) =log,(4 — 3x)

2.Pemnth HEPABEHCTBO:

X xts s L AN
12* > 4 235> 2 3)(5) <25
« dx+2 E 3x+6 f
4)0,2 < 0,04 5)5%+2 > 125 o) >3
Nlog, x < 2 8)logp,(2x — 1) <-1 9)log; 4x >0
10)log,(x + 4) > log,(3x — 1) 1Dlogz(1 — x) <logz(3 — x)
5 5

Tema: 3agaun Ha Napa/LIeIbHOCTD U NMEPHEHAUKYISIPHOCTD NPSIMBIX U IUIOCKOCTEll B
NMPOCTPAHCTBE.

IIpakTHyeckas padora Ne 6

1.Ctepeomerpusi. AKCHOMBI CTEPEOMETPUU.

CrepeomeTrpus — pa3fen reOMETpUH, B KOTOPOM M3Yy4aroTcs MPEAMETHI B MPOCTPAHCTBE U
WX CBOMCTBA.

Heonpenensembie MOHATUS: TOUKA, IPsAMas, IIOCKOCTb.

AKCHOMBI CTEPEOMETPHH:

Ci: KakoBa Obl HM Oblla MIOCKOCTH, CYIIECTBYIOT TOUKH €H MpUHAATEKAIUE U HE
MIPUHAJIEKALLNE.

Cz: Ecnm ABe TIJIOCKOCTH UMEIOT OOIIyI0 TOYKY, TO OHHU MEpeceKaroTcsl Mo TMPSMOH,
MPOXOIALIEHN Yepe3 ATy TOUKY.

Cs: Uepes aBe mepecekaronuecs mpsiMble MOXKHO MPOBECTH TUIOCKOCTh U MPUTOM TOJBKO
0JIHY (aKCHOMa O CYIIECTBOBAHUHM INIOCKOCTH ).

CrnencTBus U3 aKCUOMBI O CYLIECTBOBAHHUHM IJIOCKOCTH:

[.Yepe3 npsamyro M HE JIEKALIYI0O HAa HEM TOYKY MOXHO MPOBECTH IJIOCKOCTh U MPUTOM
TOJIBKO OJIHY.

2.Yepe3 TpH TOUYKHU He JIeKaIIMe Ha OJHON MPSIMON MOXKHO IIPOBECTH IUIOCKOCTh M IIPUTOM
TOJIBKO OJTHY.

3.Yepe3s nBe napasuiesbHbIE IPSMbIE MOYKHO MPOBECTH INTIOCKOCTh U IPUTOM TOJIBKO OJIHY.

2.B3anMHO€ pacrnoaoKEeHUE NPAMBIX, IUIOCKOCTEN, IPSIMBIX U IJIOCKOCTEH B
IIPOCTPAHCTBE.

[110CKOCTH B MPOCTPAHCTBE MOTYT:
1.ITepecekaTbcst (MMETH OJIHY OOIIYIO MPSMYIO),
2.bpITh apauieTbHBIMU (HET OOILIUX MPSMBIX ).
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ITpsiMble M IJIOCKOCTH B IPOCTPAHCTBE MOT'YT:
1.ITepecekaThcs (MMETh OJIHY OOIIYIO TOYKY),
2. BITh mapaniensHbIMU (HET OOILINX TOYEK).

IIpsiMbIe B IPOCTPAHCTBE MOTYT:

1.ITepecekaThbcs (MMETh OJTHY OOIIYIO TOYKY),

2. BeITh MapaienbHBIMU (HET OOIINX TOYEK),

(B EpPBBIX ABYX Cy4asx MpsIMbIC JIeXKAT B OJTHOM TIIOCKOCTH)
3.bBITh ckpemuBaronuMucs ( He JIeKaT B OJHOU IITIOCKOCTH).

3.IlapaysienbHOCTh MPSAMBIX U TIJIOCKOCTEH.

Z[Be NPAMBIE B IIPOCTPAHCTBE HA3BIBAIOTCA NapaJdJdeJbHBIMHA, €CJIKM OHU JIC)KAT B OI[HOﬁ
IIJIOCKOCTH U HC IICPECCKAIOTCA.

TeolgeMa: IIepes TOYKY BHC JTaHHOM HpHMOfI MOKHO IPOBECTHU IPAMYIO, IIaPAJUICIIBHYIO
JTaHHOU U IIPUTOM TOJIBKO OAHY.

IIpu3Hak mapajajgedbHOCTH  OPSMBIX: I[Be IpsAMbIC, IIapaJlJICIIbHBIC TpeTbeﬁ,

mapaJuiCJIbHbI.

IIpsimas ¥ MJI0CKOCTH HA3bIBAIOTCS MAPAJIeIbHBIMHU, €CJIM OHU HE MEPECEKAIOTCS U HE
HAMEIOT OOIINX TOYEK.

[Ipr3HaK mapanieabHOCTH MPSIMON M IUIOCKOCTH: Ecnu mpsmas, He npuHayiexamas
IUIOCKOCTH, NapajulelbHa KaKoW-HUOYIb MPsIMOW B 3TOW IUIOCKOCTH, TO OHa NapajulejbHa U
CaMOM IIJIOCKOCTH.

JIBe IUIOCKOCTH Ha3bIBAIOTCA NMAPAJLIeJbHBIMH, €CIM OHM HE IEPECceKaroTcs, T.€. He
UMEIOT O0IIMX TOYEK (TPAMBIX).

IIpu3Hak mapajuleJbHOCTH IUIocKocTer: Ecnm aBe mepecekaromuecs OpsiMble OJHOM
IJIOCKOCTH, COOTBETCTBEHHO MapaJIJIeNIbHBI IBYM IEPECEKaAIOIUMCS IPSIMBIM APYTOil MIIOCKOCTH,
TO 3T TUIOCKOCTH MapalIeIbHBI.

4.1lepneHAMKYIAPHOCTD NPAMBIX U IUIOCKOCTEM.

JIBe mpsiMble Ha3bIBAIOTCA MNEPHEHAMKYJISAPHBIMH, €CIM OHHU IE€PECEKAOTCS TOJ
IPSMBIM yTJIOM.

ITpy3HaKk NEepHeHAMKYISIPHOCTH MHPAMBIX: €CIM JBE IE€pPECEKarolIrecs NpsMble
COOTBETCTBEHHO MApa/JICNIbHbl  JIBYM IEPIEHIUKYJISAPHBIM MpsIMBIM, TO OHH TOXE
HepIEHIUKYIISPHBIL.

IIpsamasi, mnepecekaromas IJIOCKOCTb, Ha3bIBACTCS  NMEPHEHAUKYJISAPHON  3TOU
IUIOCKOCTH, €CJT OHAa TIEPIICHIUKYJIIPHA JIFOOOU TIPSIMOM, KOTOpasi JIEKUT B TAHHOHN TIOCKOCTH
Y MPOXOJIUT Y€pe3 TOUKY MEPECEUCHUsI TAHHOU MPSAMOU C MIOCKOCTHIO.
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[Tpy3HaK NEpHEHIUKYIIPHOCTU NPAMON M IJIOCKOCTH: €CJIH NpsMas MEepIEeHIUKYIIIpHA
JBYM IIEpECEKAIOLIUMCS MPSMBIM, JIEKALIUM B IUIOCKOCTH, TO OHA IEPIEHIUKYISIPHA U CaMOU
IIJIOCKOCTH.

CBolicTBa NEPIEHINKYISIPHBIX NPIMOUN U MIOCKOCTH:

1.Ecnu nmiaockocTe MEpHIEeHAMKYISIPHO OJHOM M3 JBYX NapajuleIbHBIX HPSAMBIX, TO OHA
NEPNEHAUKYJIAPHA U JPYTOi.

2./1Be npsiMble NEpIEHAUKYISIPHBIE OJJHOW U TOM K€ MJIOCKOCTH, MApaJlJIeIIbHBbI.

5.M300paxkeHne mpoCcTpaHCTBEHHBIX (PUTYp HA IIOCKOCTH.

Jns u300pakeHus MPOCTPAHCTBEHHBIX (UTYp Ha TUIOCKOCTH OOBIYHO IOJIB3YHOTCS
napa/uieJibHBIM TMPOEKTHPOBAHUEM. OJTOT CIOCO0 H300pakeHuss (GUTypbl COCTOUT B
clemyroneM: OepeTcsi TpOW3BOJbHAs TmpsiMas h, Tpecekaromias IUIOCKOCTh 4YepTexa o,
NPOBOJUTCS 4Yepe3 MPOM3BOJIBHYIO TOYKY A Qurypsl mnpsimas, mapawienbHas h. Touka A
IpeceueHus] ITON MPSIMOKM C IMJIOCKOCTBIO YepTexa OyaeT n3oOpaxkenuem Todku A. [Toctpous
TakuM 00pa3zoM n300pakeHne Kax a0l TOYKU (QUTYPBI, MOTYYUM U300paskeHrne caMoi (UTypBhL.

Takoli cnoco06 M300paXkeHHsI MPOCTPAHCTBECHHOW (DUTYPHI HA MJIOCKOCTH COOTBETCTBYET
3PUTEIBLHOMY BOCIIPHUSTHIO (DUTYPHI IIPH PACCMOTPEHUU €€ U3AJIH.

CaoticTBa n300paxenust GUrypbl Ha MIOCKOCTH:

1. ITpsiMmosnHeitHBIE OTPe3KH (QUTYPI H300PAXKAIOTCS HA TUIOCKOCTH YEPTEkKa OTPE3KAMH.

2 IlapannenbHbie  OTpe3kd  (GUTYPhI  W300paKAIOTCS HAa  IUIOCKOCTH — YepTexXa
MapauIeIbHBIMHA OTPE3KaAMH.

3.0THOIIEHUE OTPE3KOB OJHOHN MPSAMOW WM MapaJUICIBHBIX MPSIMBIX COXPAHSICTCS TPH
napajuIeIbHOM IMPOCKTUPOBAHUH.

Hapsiny ¢ mapamienbHbIM MPOEKTHUPOBAHUEM JJIsi U300pa)K€HHsI MPOCTPAHCTBEHHBIX
¢buryp Ha MJIOCKOCTH MOXET UCIOJIb30BaThCS TAK)KE HEHTPaJIbHOE MPOEKTHPOBaHHe, KOTOPOE
COCTOUT B CIEAYIOIIEM: OepeM IIPOU3BOJIBHYIO TOUKY S, HE JISKAIIYIO B INIOCKOCTH YepTexXa 0, U
IIPOBOAMM 4epe3 MPOU3BOJIbBHYIO TOUKY A ¢urypsl npsimyro SA. Touka A; mnepeceueHus: 3Toi
IpsIMOM € IUJIOCKOCTBIO depTexka Oyner m3zoOpaxenue Toukd A. IloctpouB Takum o0Opazom
M300paxKeHne KakJJ0i TOUKH (PUTyphl, TOTy4YUM U300pakeHne caMoil (purypsl.

OTOT crnocod M300paxKeHUsl aeT HarIsAHOe 3pUTEIbHOE MpeicTaBieHue o ¢urype, Ho
TOYHBIE pa3Mephl €€ YaCTEH MPU ITOM TEPAIOTCS.

6.3agaun.

1./lanbl n1Be pa3nuuHble OpsIMbIE, Mepecekaronmecs B Touke A. J[okaxute, 4yTO BCe
npsiMbIe, TIepeceKarole 00e JaHHbIE MPSMbIE U He TPOXOIAIINE Yepe3 TOUKY A, JeKaT B OJHOM
IUIOCKOCTH.

2.Jlokaxkute, 4TO 4epe3 MpsIMyI0 MOKHO ITPOBECTH JIBE PA3JIMUHBIE MIOCKOCTH.

3.JlokaxuTe, 4TO BCE MpsIMbIE, MEPECEKAIolIMe JIB€ JIaHHbIE NapalljieibHbIE MPSMBIE,
JIe’)KaT B OJTHOM IIJIOCKOCTH.

4.JIokaXuTe, 9TO €CIU TUIOCKOCTh TIEPEeCeKaeT OJHY U3 JBYX MapauIeIbHBIX MPSMBIX, TO
OHa TIEPECEKaET U IPYTYIO.

5. JlokaxxuTe, 4TO Yepe3 ABE CKPEIIUBAIOITUECS MIPSIMbBIE MOKHO IMPOBECTHU MapajlieTbHbBIE
IIOCKOCTH.
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6./lokaxxute, 4To Yepe3 OOy TOUYKY MPSMOW B IMPOCTPAHCTBE MOXKHO IPOBECTH
NEPHEHIUKYIISPHYIO €U NPSMYIO.

7.Yepe3 koHubl oTpe3ka AB u ero cepeauHy M mpoBeneHbl NapajuleibHbIE MPSMBIE,
MepEeCceKaoIIe HEKOTOPYIO TUIOCKOCTh B Toukax Aj, By, Mi. Haliqute nnuny orpeska MMy,
eciu oTpe3ok AB He mepecekaer miockocth U eciu: 1)AA; = Scm, BB = 7eMm; 2)AA| = 3,61M,
BB =4,81Mm.

8. Uepes koHubl oTpe3ka AB u ero cepennHy M mpoBelieHBbl MapajijiefibHbIE MPSMBIE,
MepeCceKaroIe HEKOTOPYIO TUIOCKOCTh B Toukax Aj, By, Mi. Haliqute nnuny orpeska MMy,
eciu oTpe3ok AB mepecekaer mockocts u ecnu: 1)AA| = 8,3cm, BBy = 4,1cm; 2)AA | = a 1M,
BBi =b am.

9.[an tpeyronpHuk ABC. [1nockocts, mapannenbHas npsmoid AB, nepecekaer cTopoHy
AC »storo TpeyroiabHuka B Touke Aj, a ctopony BC — B Touke Bi. Haiinute mniunHy oTpeska
AiBi, ecu: 1) AB=15cm, AA;: AC=2:3;2) AB=8cm, AA;1: AiIC=5:3.

10.ITapannenorpammel ABCD u ABCiD; nexaTt B pa3sHbIX MIOCKOCTAX. Jlokakute, 4To
yetbipexyroibHuk CDD1Ci Toxe mapanienorpamm.

Tema: [lepneHauKYJISIP M HAKJIOHHAS.
IIpakTHyeckasi pabora Ne 7
1.Onpenenenuss neprneHANKYIIApa U HAKIIOHHOMN
[TycTh maHbI MIOCKOCTH 0. M HE MPUHAJICKAIIAS

el Touka A.

Hepnennmcy.]mp()M, OIMYHICHHBIM U3 JIaHHOM TOYKHU

Ha IIJIOCKOCTH (O, HA3bIBACTCSA OTPC3OK, COETUHSAIOIINI 9Ty TOYKY C
TOYKOM INIOCKOCTH M JIEXKAIUN Ha HpﬂMOfI, HepHeHHHKYHHpHOﬁ IIJIOCKOCTH.

Konery aroro otpeska, Jekamui B IUIOCKOCTH 0, Ha3bIBaeTCsi OCHOBAHHMEM
NepreHIuKyJIspa.

I[J'II/IHa MNEpNCHAUKYJIApa, OMYHICHHOI'0 H3 JaHHOM TOYKH Ha IIJIOCKOCTb, HAa3bIBACTCA
PaACCTOAHMUEM OT TOUYKH A0 IJIOCKOCTH.

HaxkJionHoii, npoBeIcHHOW U3 TaHHOW TOYKU A K JJAaHHOM IJIOCKOCTH, Ha3bIBAETCs 000
OTPE30K, COETMHAIOIINI TOUKY A C TOYKOH MJIIOCKOCTH, HE SBIISIOIINICS NEPIEHAUKYIISPOM.

Koner HakJTOHHOM, JIEKAITHH B TNIOCKOCTH, Ha3hIBACTCSI OCHOBAHHEM HAKJTOHHOM.

OTpe3oKk, COSAWHSIONMNUNA OCHOBAaHWE TEPHEHANKYIsApa C OCHOBAaHHUEM HAKIOHHOM,
Ha3bIBACTCS MPOEKIHeil HAKJIOHHOM Ha TUIOCKOCTb.

2. Teopema o Tpex mepreHIuKyIsIpax

Ecin mnpsMas, nmpoBeleHHas Ha IUIOCKOCTM  4YE€pe3 OCHOBAHME  HAKIOHHOM,
NEepIEHINKYIISIpHAa €€ MPOEKLUH, TO OHA MEPHEeHIUKYJsIpHA U caMOM HaKJIOHHOW. (oOpaTHOE
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YTBEpXKACHHE: €ClIM TMpsMas Ha IUIOCKOCTH TMEpIeHIUKYJIspHa HAKJIOHHOH, TO OHa
NEPIEHIUKYIIIPHA U €€ TPOEKIIHH).

3.Yroa Mexay npsiMoi U MIIOCKOCThIO

IIycTh 0. — IIIOCKOCTB, a — EpPECEKaroIas ee npsmas,

HE NepPHEHANKYIISIpHAs MIIOCKOCTH. OCHOBaHUS MEpIeH-
AKYJSIPOB, OIYILIEHHBIX M3 Ka)KJ0W TOYKU MPSMOH a Ha
IIJIOCKOCTH 0L, JIEKAT HA OAHOM MPSIMOM a1 Ha MJIOCKOCTH .

Yraom MEKAY l'lpﬂMOﬁ H IJIOCKOCTBI0 HA3bIBACTCA YIroJl MCXKAY HAKJIOHHON H e¢
HpOGKHI/ICﬁ Ha 3Ty INIOCKOCTh.

4.1Ipu3HaK nepneHAUKYIIPHOCTH IIIOCKOCTEN

OnpejnieneHue: Be NEPECEKaroInecs MJIOCKOCTH HAa3bIBAIOTCS MepPNeHIMKYISPHbIMU,
€CJIM TPEThS INIOCKOCTh, IEPIEHIUKYISIPHAS JIMHUY [IEPECECYCHUS ITUX IIJIOCKOCTEM, IEPECEKAET
UX 10 NEePHEHAUKYIISIPHBIM IIPSIMBIM.

TeopeMa: ecnu IUIOCKOCTb IPOXOAUT Yepe3 IMPsAMYH0, MEPIECHAUKYIAPHYIO APYrou
IIJIOCKOCTH, TO 3TH INIOCKOCTH NEPIEHANKYJISPHBI.

5.PaccrosiHue MCKAY CKPCIINBAOMIUMUCS TPAMBIMU

OO01mMM nepneHAUKYJIAPOM JIBYX CKPEUIMBAIOUINXCS MIPSIMBIX HAa3bIBAETCS OTPE30K C
KOHIIAMU Ha 3TUX MPSMBIX, SBJISIIOIIANACS NEPIEHIUKYIAPOM K KaXK10M U3 HUX.

Teopema: nBe CKpelIUBAIOIIMECS MpPsIMble UMEIOT OOIIMH MEepneHAUKYISp, U MPUTOM
TOIbKO ofauH. OH dBisfeTcs OOIMM MEpPHEHAMKYISIPOM MapAIENbHBIX IUIOCKOCTEH,
MPOXOJAIINX YePe3 ITH MPSIMBIE.

Paccrostnuem Mexny CKpELIMBAIOIIMMUCS TMPSMBIMM Ha3bIBAeTCS [UIMHA WX OOIIEro
nepneHaukyiasipa. OHO pPaBHO  PAaCCTOSHUIO MEXAYy MapaJIeNbHBIMU  IUIOCKOCTSMH,
POXOJAIIMMHU YepPe3 3TH MPSMBIE.

6.YT10a MeX1y MIOCKOCTIMHA

[Tycte a0 N B = c. [IpoBeneM MIOCKOCTH Y TaK, YTOOBI C 1 Y:
yNa=a, yNP=8. Yroa Mexxay NpsIMbIMUA @ U B - 3TO YIoJI IVIOCKOCTAMH O H f.

7.YT0J MEXKy CKPEIIUBAIOIIMMUCS IPSIMBIMU

JIBe nepecekatoriuecs NpsiMble 00pa3yroT CMEXHbIE U BEPTUKAJIbHBIE YTJIbL.
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BeprtukanbHbie yriibl paBHbI, @ CMEXKHBIE JOMOJHSIIOT Ipyr apyra 1o 180°.
21=123
21 +2£2 =180

VYriom Mexay nOpsiMbIMA Ha3bIBACTCSl YTOJ C HAUMEHBILIECH IpayCHONM MEpor. YToa MeXIy
napajuieIbHbBIMU IPSIMBIMH CUUTAETCS paBHbIM (.

Vriom MCXKOY CKPCIIUBAOIIUMHCS IIpsAMBbIMHA Ha3bIBACTCA yroi MCKIY
MNEPECCKAOMMMHUCH ITPAMBIMHA, KOTOPBIC ITAPAIJICIIbHBI TdHHBIM CKPCIIUBAOIUMCA IIPAMBIM.

HYCTB da 1 B — CKpCIIUBAIOIIUECCH IIPAMBIC.

\ ar lla,=> 4@ — yron Mmexnay CKpeluBaroIuMucs

IIpsAMBIMH a U B.

/

8. Hpumenelme OpMOZOHAIbHOZ0 RPOEKMUPO6ARUA 6 MEXHUUYECKOM Uepuenuu
B YCPUCHHUUN IIPHUMCHACTCA OPTOI'OHAJIBHOC IIPOCKTHUPOBAHUEC, T.C. IIApaJUICIIBHOC
IMPOCKTUPOBAHUEC NIPAMBIMHU, HCPICHAUKYIAPHBIMHA INIOCKOCTU MIPOCKIUH.

UYeprexxn neranedl MONMydaroTcsl IyTEM OPTOTOHAJIBHOIO NPOEKTUPOBAHUS HA OJIHY, JBE
WIM TPU B3aUMHO MEPHEHIUKYISIPHBIE MJIOCKOCTU. DT IJIOCKOCTU HAa3bIBAIOTCS MJIOCKOCTSAMHU
MPOCKIM.

[Tpu BBITIOTHEHUH yepTexen MOJIB3YIOTCA pa3IMYHBIMU YCJIOBHOCTSIMH,
MPEAYCMOTPEHHBIMH CTaHIapTOM. Hampumep: HEBUAMMBIE JTUHUU HU300paXKaIOTCsl MYHKTHPOM,
IEHTPAIbHBIE W OCEBBIE — IITPUXIYHKTUPHBIMHU JIMHUSIMHU, pe3b0a YCIOBHO H300pa)kaeTcs
CIJIOIITHOM TOHKOM TUHUEH.

9.3agaun

l.Yepe3 ueHTp BHNHCAHHOU B TPEYrOJIBHUK OKPYXXHOCTU IIPOBEAECHA IIpsMas,
NEPNEHAUKYJISIPHAs IUIOCKOCTH 3TOTO TPEYrojbHHKA. JlokaxkuTe, 4TO Kaxkaas TOYKa OSTOH
IPSIMOM paBHOYAAJIEHA OT CTOPOH JAHHOTO TPEYTOJIbHUKA.

2.BepxHHe KOHIIBI JBYX BEPTHKAIBHO CTOAIIUX CTOJOOB, yIaJe€HHBIX APYT OT Jpyra Ha
pacctostHue 3,4 MeTpa, CoeIMHEHBI TNepekiaanHoil. Bricota omHoro cronba 5,8 M., BeICOTa
npyroro — 3,9 M. Halinure 1iuHy nepexksiaInHbl.

3.CTopoHBI PaBHOCTOPOHHErO TPEYTOJbHHKA paBHbI 3 MeTpa. Haiinute paccrosHue no
IJIOCKOCTHU TPEYT'OJIbHUKA OT TOYKH, KOTOpass HaAXOJAUTCA Ha paCCTOSAHUU 2 MCTPOB OT Ka)I(HOfI nu3
€r0 BEPIIHH.
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4.01pe3ok quHoi 10cM mepecekaeT MiI0CKOCTh, KOHIIBI €0 HaXOIATCS Ha PACCTOSIHUM 2 U
3 MeTpa ot mockoctu. Haiiinre yroa Mexxay JaHHBIM OTPE3KOM U IUIOCKOCTHIO.

5.HaknonHas paBHa a. Uemy paBHA MNPOEKIMS 3TOM HAKIOHHOM HA IJIOCKOCTh, €CJIHU
HAKJIOHHAsI COCTABJISIET C MNIOCKOCTBIO Yo, paBHbIi: 1) 45°; 2) 30°; 3) 60°?

6.3 ToukH, OTCTOAIICH OT MIIOCKOCTH HAa PACCTOSIHHE A, MPOBEACHBI JBE HAKIOHHBIC,
o0Opa3zyroiue ¢ MI0CKOCThI0 ocHOBaHUs yriibl 45° 1 30°, a Mexay co0Ooit nmpsiMoit yroi. Haliaure
paccTostHUE MEXIY KOHIIAMH HAKJIOHHBIX.

Tema: Pemmenne KOMOMHATOPHBIX 3a1a4.
IIpakTnueckas padora Ne 8
1.IIpaBua KOMOMHATOPHKH.

KoMmOuHatoprika paccMaTpHBaeT 3aJayd, CBS3aHHBIE C COCTABJICHHEM pPa3IMYHBIX
COeTMHEHUH (KOMOMHAIIHIA).

I[J'IH PCUICHUA KOM6I/IH8.T0pHBIX 3aJga4 H€O6XOI[I/IMO 3HAaTb IIpaBHUJIa KOM6I/IHaT0pI/IKI/I
(CJ'IO)KGHI/IH, YMHOXCHUA, IPAaBUJIO BKIIOUCHUA — I/ICKJ'IIO‘-IGHI/ISI).

Paccmorpum nBa mHOxkectBa A u B. MHOXECTBO — 3TO COBOKYITHOCTh HEKOTOPBIX
00BEKTOB, 00BEAMHEHHBIX 110 KAKOMY-HHOYAb MpU3HAKY. IDTH 00BEKTHI HA3bIBAIOT AJIEMEHTAMU
MHOkeCTBa. KOIM4ecTBO 371eMEHTOB B MHOXKECTBE 0003HAUYAIOT MPSMBIMUA CKOOKaMH.

O0bennHeHreM MHOXKeECTB A 1 B Ha3pIBaeTCS MHOMXKECTBO COCTOSIIEE U3 BCEX DIIEMEHTOB
MHOXecTB A u B.

[Tepeceuennem MHOXkeCcTB A m B Ha3pIBaeTCs MHOXKECTBO COCTOSIIIEE M3 OOIIUX
ni1eMeHTOB MHOXkeCTB A n B. O0o3nauaerca: A N B.
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Ipasuno croorcenus.

[TycTh BO MHOXECTBE A MMEETCS M 3JIEMEHTOB, @ BO MHOXXECTBE B — n a11eMeHTOB, T.¢.
Al=m,|B|=n.

Ecnmu y MmHOXecTB A 1 B HeT 00mux 371€MeHTOB, TO B UX OOBEAMHEHUH YHCIIO JIEMEHTOB
paBHom +n,T.e. |AUB|=|A|+|B]|.

3adaua: JIBa pa3a moapsa OpocaroT UrpajibHYyI0 KOCTh. B kakom uucie ciaydaeB XOTS Obl
OJIMH pa3 BeImaeT nudpa 6?

Pewenue: PazobbeM Bce cilydad Ha JIBa KJlacca: Hu pa3y He BbINaAeT uudpa 6, xoms pas
BbIMazeT nudpa 6. OOmUX 7IEMEHTOB y 3TUX KJIaccoB HEeT. Bcero BO3MOXKHBIX BapHAHTOB, T.€.
YKCII0 TIOCTIe0BaTeNbHOCTEH M3 ABYX Hudp MpH 3amace B 6 mudp, paBHo 62 , mpu 3amace B 5
uudp, passo 5%, IIpumeHsieM MpaBUiIo clIoxkeHus: 62 = 52 + x , oTkyma X = 6% — 52 =36 — 25 =
11.

Otger: mpu 36 Opocanusx mudpa 6 Beimazer 11 pas.

HDGGMJZO VMHOMNCERUA.

Ecnu cymectByer m BapuaHTOB BBIOOpa TEPBOTO AJIEMEHTA W ISl KaXIOTO M3 HHUX
MMEETCs] N BapUaHTOB BBIOOpA BTOPOTO IJIEMEHTa, TO BCETO CYIIECTBYET MmN Pa3IUYHBIX Map ¢
BbIOpaHHBIMU TaKUM 00pa30M MEPBBIM U BTOPHIM JIEMEHTAMHU.

3adaua: CKOMBKO Pa3IMYHBIX TPEX3HAYHBIX YHCET MOKHO COCTaBUTH C MOMOIIBIO udp 0,
1,2,3?

Pewenue: B xauectBe nepBoil nudpsl MOKHO BbIOpaTh M00yI0 U3 Tpex: 1, 2 wim 3. B
KayecTBe BTOPOM W ueTBEpTON — J00YyI0 M3 ueThlpeX AaHHbIX uucen. CorjiacHo MpaBUly
YMHOEHHS YNCJIO0 BCEBO3MOXKHBIX TPEX3HAUHBIX YHCEN paBHO 3-4-4 = 48.

Ipasuno sxnrouenuss — UCKIIOYECHU.:

PaccmorpuMm ciywait, korma mMHOkecTBa A W B mMeroT oOmme siemeHTh. Torma mpu
o0bemMHeHn MHOXECTB A u B 3Tu oOmue smeMeHThl OyayT ABaXKAbl MOMAnaTh: OAUH pa3 C
MHOECTBOM A, BTOpO# pa3 ¢ MHOkecTBOM B. YOepem BTOpoO# ciydait, HOTyduMm:

[AUB|=|A|+| B|-| A NB]|
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3adaua: B TpymnIe KaXIbIH CTYACHT H3ydaeT KaKOW-HHUOYAb WHOCTPAHHBIN s3bIK. 20
CTYJICHTOB M3Y4YalOT aHTJIMUCKUH, 12 — ppanmy3ckuid. [Ipu 3ToM 7 dyemoBek U3yqaroT 00a sS3bIKa.
CKOJIBKO YeTIOBEK B rpyrirne?

Pewenue: Ilycth A — MHOXECTBO CTYJICHTOB, HM3YYAIOUIMX AHIVIMHCKUU s3bIK, B —
MHOECTBO CTYJICHTOB, M3yJaronux ¢ppanmy3ckui s3eik. Torma |A| =20, |B|=12, | AN B|=7.
[Tonyuunm:

[AUB|=|A|+| B|-| A NB|=20+ 12— 7 =25 4enoBek B rpymre.
2.IlepecTaHOBKH.

CDaKmopuaﬂOM HAa3bIBACTCA IIPOU3BCACHUC

1-:2-:3:4- - 'n=n! wmun-(n—1)(n—2) ----3-2-1=n! (uuTaercs «3H GaxTopHam»).
I'=1

21=12=2

31=123=6

4!1-2-3-4=24nr.n.

Cunrtaercsa, uto 0 ! =1

HepeCTaHOBKaMH H3 N 3JIEMCHTOB HA3bIBAKOT COCANHCHUSA, KOTOPBIC COCTOAT U3 OJHUX U
TEX JKE N 3JICMCHTOB U OTIIMYAIOTCA APYT OT APYyra TOJBKO MOPAAKOM HUX PACIIOJIOKCHUA.

HepeCTaHOBKI/I W3 N 3JIEMEHTOB 0003HauaroTcs Pp
3adaua: CKOIBLKUMU CIIOCOOAMU MOYKHO pacCTaBUTH PAAOM Ha IOJIKE 4 xaurn?

Pewenue: Ha nepBoe MECTO MOXKHO IOCTaBUTh OJIHY U3 YETBHIPEX KHUT, Ha BTOPYIO — OJIHY
U3 TPEX OCTaBIIMXCS, HA TPEThE — OAHY U3 JBYX, Ha YETBEPTOE — OJHY HocienHow. Torma
COIJIACHO MPABUILY YMHOXEHHUS , TostyuuM 4-3-2-1 = 4! = 24 cnoco0a.

Taxum 00pa3oM MOXKHO 3anKcaTh GOPMYITY JUIsl HAX0XKIEHHS YUClla IePECTaHOBOK:

Pn=n!

3.Pazmenienus.

PasmemeHusiMH m 3JIEMEHTOB II0 N 3JIEMEHTOB (n < m) Ha3bIBAlOTCA TaKUC COCIUHCHMAA,
KaKI0€ H3 KOTOPBIX COACPNKHUT N IJICMCHTOB, B3ATHIX H3 JAHHBIX M Pa3HbIX 3JICMCHTOB, U
KOTOPBIC OTIIMYAKOTCA OpPpyr OT JOpyra 1100 caMUMH 9JICMCHTaMU, 0o MOpsAAKOM HX
PpacCIioJIOKCHU .
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n_ m!
M= (m—n)!

3adaua: CKONBKO Pa3IMYHBIX JBY3HAYHBIX YHCE MOXHO 3allMCaTh C MOMOIIBIO (P
1,2,3,4?
4! 41

Pewenue: Az = ETiaterie 3-4 =12 nBy3HAYHBIX YHUCEIL.

4.CoueraHusl.

CoueTaHHMsIMHU U3 M 3JEMEHTOB I10 N JIEMEHTOB (N < M ) Ha3bIBAIOT COCAMHEHUS, KAXKI0€
U3 KOTOPBIX COJAEPKUT N AJIEMEHTOB, B3SITHIX U3 JaHHBIX M Pa3JINYHbIX JIEMEHTOB, U KOTOPHIE
OTJIMYAIOTCS IPYT OT Ipyra 10 KpalHe! Mepe OJJHUM DJIEMEHTOM.

m!
Ch=—"—
m™ (m-n)!n!

3adaua: mokynatenb U3 UMeEIOUMXcd B NUTOMHHMKE 10 cakeHIeB XoueT BbIOpaTh 2.

CkonbKMMH c110c00aMH OH MOKET 3TO CAEIAaTh?

Pewenue: ecnn 6b1 B BbIOMpaeMoii mape ObLT BayKeH MOPSAIOK BHIOOPA, TO KOJIHMYECTBO Hap
MOJKHO OBLIIO OBl HAWTH C MOMOIIBI0 Pa3MEIICHUH, HO T.K. B JAHHOM CJydae MOPSI0K BeIOOpa
HE MMEeT 3HaueHHs, TO KOJMYECTBO Map yMeHbIUTMecTo /11 ypaBHeHusd.cs B 2 pa3a. Torna

10! 10! 9 -10
C%O =— = = =45.
(10-2)12! ~ 812 2

5.bunomMm Hrerorona.
bunomoM Ha3biBaeTcs ABywieH Buaa a + b.

st paznmoskeHrss OMHOMA CTETEHM m BOCIOJIb3yeMcsi (popMysiol, KOTopasi Ha3bIBaeTCs
ournomom Heromona.

(@+b)™=Cla™p® + Cra™ bl + CZa™2b% + ...+ Ca’bh™, rae
Ch=Cr =1

(@a+b)*=1"a* 1+4a%>b*+6a%b? +4a' b3+ 1'1'b* = a* + 4a°b + 62°b” + 4ab® + b*

6.3agaun.

1.CKOnbKO pPa3IMYHBIX TPEX3HAYHBIX YHUCENl C Pa3HbIMU IU(paMU MOXKHO 3amlucath ¢
nomorpio udp 2,3,5?

2. CKOJIbKO Pa3IMYHBIX TPEX3HAYHBIX YHCET C Pa3sHBIMH IH(paMH MOXHO 3alucarh C
nomoripio 1udp 5,1 u 0?7

3. CKOJBKO pa3jMyYHBIX TPEX3HAUHBIX YHCEN C Pa3HBIMH MH(PpPaMA MOXKHO 3alucath C
nomorsio 1udp 2 u 0?7

4.CxonbKuMU cioco0aMu MOTYT 3aHSTh o4uepeab B Oyper 6 cTyaeHTOB?
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5.CKONBKO pa3IMYHBIX ISITU3HAYHBIX YHCEN MOXHO cocTaBuTh W3 1mudp 1,2,3,4,5, Tak,
4T00BI IEpBOM ObLTa Udpa 2, a mocneaHeit — 47

6. CKOJBKO CYIIECTBYET Croco0oB s o6o3HaueHus ¢ momompbio OykB A,B,C,D,E.F
BEpILMH JAaHHOI'O TPEYTOJIbHUKA?

7.B rpynme 20 gyenoBek. CKOJIBKUMHU CIIOCOOAMH MOKHO BBIOpaTh U3 MX YHCIIA CTAPOCTY U
npogopra?

8. B rpynmne 25 yenoBek. CKOIBKUMHU CIOCOOaMU MOXHO BBIOPATh M3 UX YHCIIA CTApPOCTY,
3aMEeCTHUTEINS CTapOCThl U podopra?

9. CkonbKUMU crioco0amu AJisl y4acTus B KOH(EpeHINH U3 9 4JIeHOB HAy4yHOTO 00IecTBa
MO>KHO BBIOPATh TPEX CTYACHTOB?

10.Ha OKPY’KHOCTHU OTMCUYCHO 8 TOYCK. CKOJIBKO Ppa3INYHbIX BBIITYKJIBIX
YCTBIPCXYT'OJIbHUKOB C BEPpUINHAMU, BBI6paHHLIMI/I B 3THX TOYKax, MOXXHO HOCTpOI/ITB?

11. B xope 9 manpbuukoB 1 12 neBouek. CKOIbKUMHU cIOCOOaMU M3 COCTaBa XOpa MOXKHO
BbIOpaTh HAa TOPOJICKON KOHKYpC 4 Manbuuka u 4 1eBOUKu?

12.3anucars pasnoxxeHue OuHoOMa:

a) (1 +p)° r)(a-1"
6) (x +2)° 0 (y-3)
B) (2x + 1)° ) (4y -5’

13. Vka3aTh MHOXKHTENb TIEpel X y° B pas3ioxkeHun 6uHOMa (X + 2y)

Tema: IIpuMeHeHue BEKTOPOB NPHU peLICHNH 3a1a4.
IIpakTnyeckas padora Ne 9
1.BexTopsl 1 UX BUJBL.
BekropoM Ha3zbiBaeTCs JIF000 HaNpaBIEHHBIN OTPE30K.

BekTop, mIMHa KOTOPOrO paBHA HYIIO, Ha3bIBACTCS H)/IE6blM 6eKmopom. BEKTOpHI,
JeKaIlMe Ha OJHOW NPSAMOM WM Ha NapajuIeNIbHBIX MPAMBIX, HA3bIBAIOTCA KOJIUHEADHbIMU.
Conanpaeénennvie BEKTOPbl — 3TO KOJIJIMHEAPHBIE BEKTOPBI, HAIPABJICHHBIE B OJHY CTOPOHY.
KonnnHeapHble BEKTOPEBI, HAIIPABIEHHBIE B IIPOTHBOIOJIOXKHBIE CTOPOHBI — NPOMUBONOLOHNCHO
HanpaeienHvle 6eKmopbl. Paenbimu HA3BIBAIOTCA BEKTOPA JJIMHA W HAINPABIEHHE KOTOPBIX
COBNANAIOT. [Ipomu6ononodcHvie BEKTOPbl — 3TO IPOTUBOIOIOKHO HAIPABJIEHHBIE BEKTOPBI
paBHOM JUIMHBI.

2.JleiicTBUE Ha/l BEKTOPAMH B T€OMETPHUIECKON popMme.
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CymMmoil BEKTOPOB d U B Ha3bIBAETCS TaKOM BEKTOP C, HAYaJo KOTOPOIO COBIAJAET C
HAyaJIoOM BEKTOPAa a, a KOHEI[ - C KOHIIOM BEKTOpa B, NPH YCIOBUM, YTO HAYaIO BEKTOpa B
TIEPEHECEHO B KOHEI[ BEKTOPA a.

Pa3nocmplo BEKTOPOB a U B Ha3bIBAIOT CyMMY BEKTOPOB A U - B, T.€ 4 - B = a + (-B).

Ilpoussedenue BeKTOpa a Ha BEIIECTBEHHOE YHMCIO K HA3bIBAETCSA BEKTOP Ka, JIMHA
KOTOPOTO paBHa Klal, u KoJUIMHEapeH BEKTOPY a.

3.JlelicTBUE HaJ BEKTOpPAaMH B KOOPAMHATHOU (opMme.
1) npu ci10XeHUH IByX BEKTOPOB CKJIAbIBAIOTCS UX OJJHOUMEHHBIE KOOPIUHATHI.
a=(1;3;-5),8B=(3;02)
a+B=(1+43;3+0;-5+2)=(4;3;-3)
2) npu BBIYMTAHUU ABYX BEKTOPOB BBIYUTAIOTCS X COOTBETCTBYIOIINE KOOPAUHATHI.
a-B=(1-3;3-0;-5-2)=(-2;3;-7)

3) npu YMHOKEHUHU BEKTOpa Ha YHMCJIO KaX/aas KOOpJAWHATa BEKTOpa YMHOXAeTcs Ha 3TO
YHCJIO.

2a=2(1; 3; -5) = (2: 6; -10)
4.CkansipHO€ TpOU3BEICHNE BEKTOPOB.

Ecimu BCKTOpa 3agaHbl CBOMMHU IJIMHAMH, TO CKAJIIPHBIM ITPOHU3BCIACHUCM BCKTOPOB 5 u
_B)Ha3BIBaeTC}I YUCJIO PaBHOC NPOU3ZBCACHHUIO MJIMH 3THX BCKTOPOB HA KOCHUHYC YyIJla MCKIAY
HUMMU:

_
a-B=Ial I8l cos 4(@@, B)

Ecimu BCKTOpa 3aJlaHbl CBOUMH KOOpAWHATAMHU, TO CKAJIAPHBIM IIPOU3BCACHUEM BEKTOPOB 5
u _B> Ha3bIBACTCA YUCIIO PaBHOC CyMME HpOI/ISBeIleHI/Iﬁ COOTBCTCTBYIOIIMX KOOPAWHAT:

- o
a ' B= XaXB + yaYB + ZaZB
5./lnuHa BekTopa.

JUTMHY BEKTOpa MOKHO pacCMaTpHBaTh KaK JUIMHY Paanyca OKPYKHOCTH C LEHTPOM B
Hayalle KOOpAUHAT, ypaBHEHHE KOTOpoii x* + y* = 1%, mosToMy

[dl ={x?+ y? + z2
6.YT0oJ1 MEKy BEKTOPAMM.

N3 dpopmyn ckansipHOro MPOU3BEICHHUS:

a-B=lal-IBl-cos £(@@, B)
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d°B=XaXs + Yay¥s + ZaZp

XaXpt Yayst ZaZp

- =
o 9= 4(a, B) = arccos ¢

CIenyer cos £(a, B) =
7.JlenieHre oTpe3Ka B 3aJaHHOM OTHOIIEHUU.

Ecmu Touka M gemut orpe3ok AB B OTHOIICHHH A, TO KOOPAWHATHI TOUYKH M HaXOASTCS
o popmymnam:

_ Xa+t AXp _Yat AYg . Zp+ AZp
Xu = 1414 Yu= 1+ A » L 1+ A
8.3agaun

1.1an A ABC. Touka M — cepenuna croponsl AB, Touka K — cepenuna croponst BC, AM = l_1>

AK = E Paznoxuts B 6a3uc (Z_I, E) CJIEIYIOIIME BEKTOpA: AB, BC, CA, MK.

— —

2.3ajaiiTe [Ba HEKOJIMHEAPHBIX BEKTOPA @ U b. [Toctpoiite BexTOp: € = 24 + b ; d=d - 3b.
3.Haiigute Bektop 4a + 2(B - ¢), ecnmu d = (2; -3), B=(1;5), ¢ =(0; - 2)

4.Haiitu 3nauenue Boipaxenus (2¢ - a)-(3d + B), ecmm (3| = 2, [B] = 3, [¢] = 1, 4(d,B)= 30°,
£G,8)=90°, £(B,8)= 60°,

5. A(2; -3), B(4; 0), C(5;4). HaifTu 1yiHBI BEKTOPOB AB, CB, AC.

6./1an uetsipexyronpauk ABCD. Haiitu nepuMeTp 4eThIpexyroibHUKa, eCiu
A(-2;-1;3), B(0; 1; 4), C(2; 0; 4), D(3; -2; 3).

7.Haiiti yron mexay Bektopamu a = (4;0), B = (2,-2)

8.0t1pe3ok AB 3anan toukamu A(2;3) u B(10;11). Haittu koopaunats! Touku C, eciu |AC| : |CB|
=3:5.

9.Haiitu nnmuny meauansl AM tpeyronsHuka ¢ BepmmHamu A(2; -2; 0), B(7; -3; 1), C(1; -1; 5).

Tema: Pemenne 3axa4 no reme «Paanannas mepa yriaa»
IIpakTnyeckas padora Ne 10
Yto0BI XOpOIIIO
1.YmeTs onpenensaTe MECTONOI0KEHUE TOYKN HA YHCIIOBOM OKPYKHOCTH.

2.YMeThb NepexoIuTh U3 paJuaHHONH MEPHI B TPAIyCHYIO U 00paTHO:

a=_—-'a a(pan) = — - a(pan)
Hanpumep:
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I)ITepeBectn U3 rpaaycHON Mephl B paguanHyto 140

T _ I
120" = 50 120 . (pan)

2)IlepeBectu U3 paiaHHON MEPHI B TPaJyCHYIO %paﬂ.:

180

s

=36

4
5

e

3)Onpenenuth MECTONOJOKEHHUE TOYKM HAa OKPY>KHOCTH, COBEPILIMBIICH MOBOPOT Ha YroJ

112" u Ha yrou - 4?” pan.

Pemrenue: 3Has o TOM, YTO ITOJIOKUTCIBbHBIC YIJIbI OTKJIAJIbIBAIOTCA ITPOTHB JacoBOM CTPCIIKH

ot Touku (1; 0) m
1 yetBepTh: OT 0° 1O 90”(% pan)
2 gerBepTh: oT 90° mo 180°(7 panm)
3 yetBepTh: OT 180° 1O 270’(3771 pan)

4 gyetBepTh: oT 270° 1o 360° (27 pan),
JICTKO MOHATH, YTO B IICPBOM CJIy4acC TOYKA MOMIaJACT BO BTOPYIO YCTBCPTD.

OTpI/II_IaTeJ'IBHHe YIJIbl OTKJIAABIBAKOTCA I10 4acoBOM CTPCIIKH, CJIICOOBATCIIBHO BO BTOPOM

51
CJIydac HaJO pacCMaTpuBaTh HUXKHIOKO ITOJIOBUHY OKPYXKXHOCTH, - ? — TOYKa OKa>XETCs HAa OCH OX

4m
B (-1; 0). B HameMm ciyyae TOYka COBEpUIMA TOBOPOT Ha YroJ -~ CIIE/IOBATEbHO OHA

OKaXkeTcs B 3 — i UeTBEPTH.
3agaun:

1)I1epeiit OT rpagycHOM MepHI B paiMaHHYIO:
15°, 35%, 927, 1407, 2107, 3207, 3507, 400

2)nepelTH OT paJluaHHOM MepbI K IpalyCHOM:

b4 m w 2m 4m 5m 8m

100 12, 5 3° 5° 4’ 3

3)OnpenenuTb MECTONOIOKEHNE TOUKH HAa YUCIOBOW OKPYXHOCTH, COBEPIIMBILEH
IIOBOPOT Ha Yrodi:

35,1007, 115°, 1727, 2807, 320, 210°,-14°, -2207, -400", g,

3@ 5m 13w
4’ 3’ 3

Tema: BolunciieHne 3HaYeHUI TPUTOHOMETPHUYECKUX BbIPAKEHHUH.
IIpakTnyeckas padora Ne 11

JIist BBIUMCIICHHS] 3HAYSHUH TPUTOHOMETPUUYECKUX BBIPAXKEHHUH, HEOOXOANMO 3HATh P
dbopmy:

1. Tabuna 3HaYeHHil TPUTOHOMETPHYECKHUX (PyHKIMI

Mepa l0° 30° 45° Je0°  fpo°  [120°  [135° [150° 180°
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yria 0 n n n n 2w 3 51
6 4 | 3 2 3 y 3
sin a 0 1 V2 | V3 |1 V3 V2 1
2 | 2 | 2 2 2 2
cos a 1 V3 V2 10 1 V2 NI
2 |2 | 2 2 |\ 2 | 2
tga 0 NI V3 0 —/3 |1 V3
3 3
ctga o) NI v3 0 V3 1 —/3 oo
3 3

1.

2.®opMyJIbl OTPULIATEIBHBIX YIJIOB!
cos(-0) = cosa

sin(-a) = - sinal

tg( - o) = - tga

ctg( - a) = - ctga

3)OCHOBHOE TPUTOHOMETPUUYECKOE TOXKIECTBO:
cos?a + sina = 1

4)3HaKy TPUTOHOMETPUUYECKUX BBIPAKEHUH O YETBEPTSIM:

cosa. sina tga, ctga

Hampumep:

Haiitu cosa, tga, ctgo, ecnu sina =

TN
NN

<o<Tm

9

Pemenwne: u3 OCHOBHOTO TPUTOHOMCTPUYCCKOT'O TOKACCTBA BbhIpa3nM
_ B V1
coso.=+ V1 — sin a?. U3 HCPaBCHCTBA E <a<m CJIEAYCT, YTO TOUYKA HAXOOUTCA BO

BTOPOW YETBEPTH, KOCUHYC IPUHUMAET 3HAK ,,-:

cosa=— V1— sina?=- /1— ~ 1——:—?
_Sina 1 __ V15 L_E
tga_cosa_4'( 4) RGEEET:

ctga = - V15
sina

2.HaliTh 3HaY€HHE BBIPAKECHUS:

2 (tg (— %) — cos? (— g)) =2(- tg% - coszg) =2(-1- %) =2(- %) =-25

3agaun:
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o . 2 3
1. Haiitu sin a, tga, ctgo, eciiu coso = - SHT <a< >
o . 3 3
2. Haiitu sin a, tgo, ctgo, eciu cosa = ey <o<2xn
o . 1 31
3. Haiitu sin a, cosa, tgo, ecnu ctgo = JHT <a< ~

o . 3
4. Haittu sin a, cos a, ctga, ecnu tg o = -4, > <o<2xm

bt EJe cor( )
1

() ()

5. BbIYUC/IUTD:

6.BurunciuTh:

7.BeraucinTs: o5 (_E) tg (_E)

Tema: Pemenne 3aaad Ha NMPUMECHEHUE OCHOBHBIX TPUTOHOMETPHYECCKUX q)OpMy.]'l

IIpakTnueckas padora Ne 12

Jns npeobpazoBaHus TPUTOHOMETPUYECKHUX BBIPAKEHUH, HEOOXOJUMO 3HATh P

bopmy:

1.®opMyIbI COKEHUS

sin(a + ) = sina * cosP + cosa * sinf}
sin(a. — B) = sina * cosP - cosa * sinf
cos(a + ) = cosa * cosP — sina * sinf
cos(a - B) = cosa. " cosP + sina * sinf3
Hanpumep: Haiitu sin75°

sin75° = sin(30° + 45°) = sin30 - cos45 + cos30 - sin45 =

JE
e
JE
¥
5

N |-

2.®opMyJIbl IPUBEICHMUS:

w —_ T — 3T — —
Ecmu AAaHHBIKM YT'OJI MOXHO IIPEACTABUTL B BUIAC T + a, E + a, 7 + a ,27‘E + a, TAc

b3
o<—, TO
2,
l)B HpaBOﬁ HJacTHU paBCHCTBA CTAaBUTCA TOT 3HAK, KOTOpLIfI HUMCECT JICBasd,
T 3T
Z)GCJ'II/I €CTb YIOJI T I/IJ'H/IZTE, TO Ha3BAHUEC BBIPAKCHUSA HC MCHACTCS, €CIIN E HIIn 7,TO

Sin MeHsieTcs Ha cos, COs Ha sin, tg Ha ctg, ctg Ha tg.
3)OcraBisieM TOJIBKO 0L 1 CMOTPUM B TaOJIHILy 3HAUCHHI
Hanpumep: naiitu 3HaueHue tgl120°

Pewenne: tgl20" = tg(90° + 30) = {120°— 24eTBepTb, TAHT'€HC CO 3HAaKoM " — ") = -

ctg30" =-+/3



3.®@opMyJibl CyMMBI U pPa3HOCH CUHYCOB, CYMMBbI Pa3HOCTH KOCUHYCOB:

. . . at a—

sina + sinf= 2s1nTﬁ . cosTﬁ
. . . a— a+

sina - sinf= 2s1nTB : COST'B

a+ a—

cosa + cosP = ZCOSTB 'cosTB
. at . a—

cosa - cosP = - 2s1nTﬁ 'smTﬁ

Hanpuwmep:

Hatitu 3Hauenne BeipaxkeHus cos150° + cos30°
150+30 150-30
" COS

Pemenue: cos150 + cos30 = 2cos =2c0s90 cos60=2 -0 - % =0

3agaun:

1.Buucnuth no ¢popmynam CIOKEHUS:
sin 225°; cosz?n; tg 225°; ctgz?”

2.BBIYHCIUTE TI0 (DOpPMYJIaM MTPUBEICHHUS
cos 135°; tg%t; sin 225°; cosz?ﬂ

3.Y1pocTUTh BhIpakeHUE:
1 —sina - (1 + ctg’a)
cos’a + ctg’a + sin’a
cosa — sina * ctgo
4.JlokazaTh TOXKIECTBO:

2sin2a-sinda 5

tg o

2sin2a+ sinda

sin(a— )

cosa cosf

ga—tgf =

cos2a

ctga— 1= sina * cosa+ sin? a
2cos?a = 1 + cos2a
Tema: Pemienne npocreduX TPUrOHOMETPUYECKHX YPABHEHHI U HEPABEHCTB
IIpakTuyeckas padora Ne 13

Icost=a,a€[—1; 1] arccos(- a) =m - arccos a

t; = arccos a + 2nn, n€ N

to = - arccos a + 2ntn, n€ N YaCTHBIE CITy4au:

l.cost=1

t=0+2nn, n€ N

2.cost=0
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t=§+nn,nEN

3.cost=-1
t=mn= 2nn, n€ N
2)sint=a,a€[—1; 1] arcsin (- a) = - arcsin a
t; = arcsin a+ 27n, n€ N
tp = 7 - arcsin a+ 2zn, n€ N YaCTHBIE CIIyYau:
l.sint=1
t= g + 2nn, n€ N
2sint=0
t=0+mn, nEN
3sint=-1
t=- g+2nn,nEN
3tgt=a arctg (- a) =- arctg a

t=arctg a+nn, n€ N

3anaqnzpennrnsypaBHeHHH

lsinx=1
2.CO0S X = 1
2

3tgx=0
4. sin 3x:g
5.cos = = 3

37 2
6.tg2x =1

7.sin(x + %) =0
8.cos(2x - %) =-1

O.tg(x + g) =3

Tema: O0sacTh onpeneneHus GyHKIUH
IIpakTnyeckas padora Ne 14

O6nacth onpeneneHuss GyHKIIMUA — 3TO MHOXKECTBO BCEX JICMCTBUTEIBHBIX 3HAYCHUI

X, NPU KOTOPBIX (PYHKIMS CYIIECTBYET, T.€. BBINOJIHSIOTCS BCE 3aKOHBI, COOpaHHbBIE B

dbopmyne QyHKIIMM M B Mapy K HEKOTOPOMY 3HAUYEHHIO X MOXKHO TIOCTaBUTh

COOTBETCTBYIOIICE 3HAUCHHE Y.

Ho He Bce neiicTBHs HA MHOYKECTBE JIEHCTBUTENIBHBIX BCEI/IA YMCEN BBIIOJHAKOTCS
(IeneHue W M3BJIEUEHHE KOPHS 4eTHOU creneHu). [loaTomy HaM HEOOXOJUMO OTHICKATH

TaKye 3HAYSHUS X U UCKITIOUYNTH UX.
2x—3
Hampumep: y = 2 Xt 4+0
Xx#-4
cnenoBatenbHO D(f): x € (-00; —4) U (- 4; +0)
y=v2x—4 2x-42=0
X=2
cnenoBarenbHo D(f): x € [2; + )

3anaun: HaiiTH 00JacTh onpenaeneHns QyHKInu:

Dy =4x-vV1+x
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2)y = V3x + 12
3y = X2+ 3x - z
_Ax+1

4)y N x+5
1 3
W=t
V145
6)y= x—lX
_ 4x+6 L
)y Vx+7 ) X+4

Tema: Urenue rpagukoB pyHKIUIA.
IIpakTnueckas padora Ne 15

[To nanubIM Tpadukam ¢GyHKUMN (pa3IaTOYHBIN MaTepuan) MepPeYHCIUTh CBOHCTBA
byHKuuu:

1.06macTh onpenencHust (OTPE30K WITH UHTEPBAI OCH OX)

2.9eTHOCTh, HEYETHOCTh (CHMMETpHYEH TpapuK OTHOCHTEIBHO OCH  OY,
CUMMETPUYEH OTHOCUTEIBHO Hayajaa KOOPIUHAT)

3.Hymu ¢yHKuMU( TOYKU TEepecedeHus rpaduka ¢ OChbl0 0X — KOOPAMHATHI X ITUX
Touek.0

4.MPOMEXKYTKH 3HAKOTIOCTOSTHCTBA (TIPOMEXKYTKH OCH OX, Ha KOTOPBIX TpaduK BhIIIE
uIm Huke ocH oXx: f(x) > 0, f(x) <0

5.0pOMEKYTKM MOHOTOHHOCTH (IIPOMEXYTKHM OCH OX, Ha KOTOPbIX (YHKLHUS
BO3pacTaeT Win yObIBAET)

6.9KCTpEMYMBbI — TOUKH MaKCUMyMa U MUHMUMYMa, T.€. B KOTOPBIX:

[TpomexxyTok BO3pacTaHUsl CMEHSETCS NPOMEXKYTKOM yObIBaHHsA — Xmax,
IPOMEKYTOK YOBIBAaHUS CMEHSIETCS IPOMEKYTKOM BO3pacTaHus — Xmin

7.HauOosbIIee U HaUMEHbIIee 3HaUeHUs! (PYHKIMM (KOOPAMHATHI Y CMOW BBICOKOH U
caMol HU3KOU TOYKH rpaduka)

8.00s1acTh 3HaYeHUH PYHKINU (OTPE30K OCH 0Y)

Tema: IIpu3ma u nupamuga
IIpakTnueckas padora Ne 16
[IpysmMa — MHOrOrpaHHMK, COCTOSIIIMM W3 JBYX PaBHBIX MHOI'OYTOJBHUKOB, JEXKAIIUX B
NapajuleJIbHBIX IUIOCKOCTSIX, M MapajUleNIbHbIX OTPE3KOB, COEIUHSIOUIMX COOTBETCTBEHHbBIE
BEPILKHBI 3TUX MHOTOYTOJIbHUKOB.
MHOTroyroinbHUKN Ha3bIBAIOTCSI OCHOBAHUSMHU IPU3MBI, TApaJJIeIbHbIE OTPE3KU — OOKOBBIMU
pebpamu.
Ha3panue npusMbl TPOUCXOAUT OT HA3BaHMSI MHOTOYTOJIbHMKA, JIEXKAIero B OCHOBaHUU
MPU3MBL: TPEYTrOJbHAasl, YeThIPEXYTOJIbHAS U T.J.
[Ipu3ma Ha3bIBaeTcs mHpsiMasi, €ciu ee OOKOBble pedpa MepHneHAMKYISIpPHbl OCHOBAaHUIO, B
IIPOTUBHOM CJIy4yae MPU3Ma Ha3bIBAETCS HAKJIOHHAS.

[Tnommank MoHON MOBEPXHOCTH MPU3MBI COCTOUT M3 TUIOMIATHU OOKOBOI MOBEPXHOCTH U JIBYX
IJIOIAJIE OCHOBAHUH.

SnonH. = S60k. + 2SocH.
S60k = PocH - h, ecniu npusma npsimast, To h = H

®dopmyrna 1715 HaXOXKIEHUS 00beMa MPU3MBI:
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V =SocH. - H

3amava: HAWTH TUIOMIAJL IOJHOW IMOBEPXHOCTH M O00BEM MPAaBWJIBHOW YETHIPEXYrOJbHOU
MPU3MBI, CTOPOHA OCHOBaHUsI KOTOPO paBHa 5M, BBICOTa 7M.

Pemienne: ABCDAABiCiD: - nmnpaBuibHas 4eThIpeXyrojibHas MHpU3Ma — 3TO MOpsMas
pu3Ma, B OCHOBAaHUH KOTOPOM JICKHUT KBaaparT.

SnonH. = S60kK. + 2SocH.

SocH. = SkB.= AB? = 5% = 25M>

S6ok =PocH - h,h=H=7m

Pocu =PxkB=4AB =4 5=20m
CrenoBatenbro: S60k =20 - 7 = 140m?
CrenoBatenbro: StonH. = 140 + 2 - 25 = 190m?
V =SocH.*H

CrnenoparenbHo: V =25 - 7= 175M°

HI/IpaMI/II[a — O9TO MHOI'OI'PAHHHK, COCTOSIH_II/Iﬁ U3 TIIIOCKOI'O0 MHOI'OYroJIbHUKa, TOYKH,
nemameﬁ BHC IINIOCKOCTH 3TOI'O MHOI'OYIOJIbHHKa WM OTPE3KOB, COCAUHAIOMHX 3Ty TOYKY C
BCpIIMHAMU MHOI'OYI'OJIbHUKA.

9TOT MHOT'OYT'OJIbHHUK Ha3bIBACTCA OCHOBAHUCM IMMHUPAMU/BI, OTPEC3KH — OOKOBBIMH pe6paMH.

boxoBrie r'paHv NUpaMu bl — TPECYT'OJIbHUKH. HI/IpaMI/II[a Ha3bIBACTCsA priMOfI, €CJIM €€ BbICOTa
naaacT B HCHTP OCHOBAHUS.

HI/IpaMI/II[a Ha3bIBACTCsA HpaBHHBHOﬁ, €CJIM OHa IIpdMad U B OCHOBAHUH JICIKUT HpaBI/IJ'IBHHﬁ
MHOT'OYT'OJIbHHUK.

[Inomane moaHOM IMOBEPXHOCTU MMUpAMHUIBI COCTOUT U3 ILIOLIAAN OOKOBOM IMOBCPXHOCTHU U
omaan OCHOBaHUA.

SnonH. = SO0K. + SOcH.
1 o
S60k = EPOCH - h, roe h — BeicoTa 60K0BO¥ rpanu — anodema.
dopmyiia s HAX0XKAECHUS 00beMa PU3MBIL:
1
V= ESOCH. “H

3agaun:

1 B npaBuiibHOI 4eThIpexyroiabHON npusMe 00koBoe pedpo 12 cM, a quaroHanbs OOKOBOM rpaHH
20 cm. HaiiTu mutomiaib HOJTHONW MOBEPXHOCTH U 00BEM MTPU3MBI.
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2. B mpaBWIbHON YETHIPEXYTOJBbHON Tpu3Me OOKOBOE pedpo 24M, a nuaroHaib OOKOBOW T'paHU
26M. Haiitu nomiaap MoJHOM MOBEPXHOCTH U 00BEM MPU3MBI.

3. B mpaBuiIbHOM Y4eTHIPEXyTroabHOM pu3Me 60koBoe pedpo 40 cM, a AraroHanb OOKOBOW rpaHU
50 cMm. HaiiTi momiane moMHOM MOBEPXHOCTH U 0OBEM IMPU3MBI.

4. B mnpaBWJIbHOH 4YeTHIPEXYTroiabHOW mupamuae amodema paBHa 20cM, a BbICOTa CaMoOU
nupamMuael 16cm. HaiiTu mutormanp moaHoM MOBEPXHOCTH U 00bEM MHUPAMHM/IBI.

5. U3mepenus npsaMoyroiasHoro 0pycka 3cM, 4cm, Scm. Ecnn yBemnunTh Kakaoe pedpo Ha X ¢M,
TO TIOBEPXHOCTH YBEMUUTCA Ha S4cm”. Kak yBeanuutes 0obem?

6.Yyrynnas Tpyba MMeeT KBaJpaTHOE CEYEHME, €€ BHEIIHsA IIUPUHA25CM, TOJIIEHAa CTEHOK
3cm. KakoBa Macca 0JJHOrO IOrOHHOTO MeTpa Tpy6bI (IITOTHOCTH uyryHa 7,3 r/cm’)?

Tema: HuauHAp U KOHYC.
IIpakTnueckas padora Ne 17

[unuaap — 3T0 Teno, MOAYyYEHHOE MpPU BpAIlEHWU MNPSIMOYTOJIbHUKA BOKPYT OIHOW M3 €ro
CTOPOH. OJTa CTOpOHA HA3bIBACTCSI OCbIO BpALICHMs, a CTOpPOHA €l MPOTUBOIOJOXKHAS —
oOpa3yroliei, T.K. IpU BpallleHnH oHa 00pa3yeT MOBEPXHOCTh HMIMH/pA. Y NPSAMOro HUIMHAPA
BBICOTA M 00pa3yrolasi COBMAakoT.

OcHoBaHMe UUIMHIPA — KPYT.
OceBoe ceueHHe UINHAPa — PSIMOYTOJIbHUK.

[Tnomane MOMHOM MOBEPXHOCTH IWJIMHIPA COCTOUT M3 IUIOMIAAN OOKOBOW MOBEPXHOCTH U
JIBYX IUUIOIIA/IEN OCHOBAHHUM.

Snonn. = S60K. + 2S0CH.

SocH. = R? — myomaas kpyra.

S60k = [- a, rae a — oOpasyromas

[ =2nR

dopmyiia 11 HAXOXKACHUS 00beMa MPU3MBI:
V=SocH.-H,tne H=a

3amava: HAWTH IUIONMIAb TOJIHOW TMOBEPXHOCTH W O0BEM IHJIMHIpA, PaIUyC OCHOBAHHS
KOTOpOTO 9cM, a IuaroHaib 0ceBOro ceueHus 30cm.

Pewenue:
StonH. = S60k. + 2SocH.

SocH. =t R?
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R = 9cM, TI0 YCII0BHIO, ClIe0BaTeNbHO, SOCH. = 817mem?
S60k = [- a, rae a — obpazyromas
[ =2nR, cnemoBaTenbHO, [ = 18mcM.

ITycte oceBoe ceueHue nuiaMHIapa ecTh npsimoyroibHUk ABCD c¢ auaronansto BDrorna
oOpa3yromas a = AB. UtoObl HaliTu AB paccmorpum TpeyronbHUK ABD. OH npsMOyrobHBIi,
T.K. SIBJIAETCS NTOJIOBUHOM nIpsiMoyroJibHuKa. AB = Dkp =2R =2 - 9 =18cm

Torna o Teopeme ITudaropa, BD? = AB? + AD?, cienosarensho, AB = VBD2 — AD? =

V302 — 182 =4/900 — 324 = V576 = 24cm.- a

CrienoBarenbHo, SO0k = 187 + 24 = 4327cm?

CrenoBatenbHO, SonH. = 4327 + 2 - 8171 = 4327 +1921 = 624ncm?
V=Socu.-H, H=a

V =81n - 24 = 1944ncm’

KOHyc — 9TO TC€JIO, HOJYUYCHHOC IPHU BpaAlICHUU HNPAMOYI'OJIBHOIO TPCYrOJIbHHWKA BOKPYT
OAHOI'O U3 KaTCTOB. OTOT KaTeT HA3bIBAETCS OChIO BpalllCHUs, a TUIIOTCHY3a — o6pa3y101uel71, T.K.
06pa3yeT IIpH BpallICHUH ITOBEPXHOCTb KOHYCA.

OceBbIM ceYeHHEM KOHYCa SBISETCS PABHOOEPEHHBIN TPEYTOJIbHHUK.
B ocHOBaHUU KOHYCA JIEKUT KPYT.

Hnomam, ITOJTHOM MOBEPXHOCTU MUPAMUJbI COCTOUT M3 IJIOMIAAN 0OKOBOI IMOBEPXHOCTU U
IIomaan OCHOBaHUs.

SnonH. = SO0K. + SocH.
1
S6ok = ElOCH * a, T1Ie a — oOpasyroras
dopmyra 715 HaXOXKIEHUs 00beMa MPU3MBI:
1
V= ESOCH. -H

3agaun:

1.  Oobpasyromias konyca 65 cM, BeicoTa S2cM. HaliTu 1uioniais moHoM MOBEPXHOCTH U
00BbEeM KOHYca.

2. Oo6pa3yromiast konyca 45 cM, BeicoTa 27cM. HaliTu muiomaas nmoiHoM MOBEPXHOCTH U
00BbeM KOHYCa.

3. OGOpa3yromas konyca 35 cM, BeicoTa 28cM. HaliT miomaas mogHoNH TOBEpXHOCTH U
00BbeM KOHYCA.

4. OOpasyromas konyca 25 cM, Bbicota 20cm. HaiiTu muioraapr mogHOM MOBEPXHOCTH H
00BbeM KOHYyca.
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5.Kyua me6Hs nMeeT KOHMYECKyro (hopMy, paauyc OCHOBaHUS KOTOpO# 2M, a oOpa3yromias
2,5m. Haiimute 00beM Ky4u 1mieOHs.

6.CuHIIOBas TpyOa (IIOTHOCTH cBMHIA 11,4 r/cM®) ¢ TONIIMHON CTEHOK 4 MM HMeeT
BHyTpeHHu# nuamerp 13 mm. KakoBa macca 25m 3toii TpyOsI?

Tema: Illap u cdepa.
IIpakTuyeckas padora Ne 18

[IMap — 3T0 Teno, MOIYYEHHOE MPU BPALLIEHUH IMOJIYKpyra BOKpPYr ero auamerpa. uamerp
OyZeT SABIATHCS OChIO BPALLICHMSL.

[[fap — 3TO TENO, KOTOPOE COCTOMT M3 BCEX TOYEK IPOCTPAHCTBA, HAXOMALIMXCSA Ha
paccTosiHuM, HE OOJIbIIEe JAHHOTO, TO JAHHOW TOYKH.

DTO TOYKA HAa3bIBACTCS LICHTPOM II1apa, a JAHHOE PACCTOSIHUE — PAIIYCOM Iapa.

['panuna mapa Ha3bpIBaeTCs IAPOBOM MOBEPXHOCTHIO U chepord. Takum 00pa3om, TOUKaMU
chepnl SBIAIOTCS BCE TOYKHM IIapa, KOTOPBIE yJaj€HBI OT IIEHTpa Ha pPacCTOSHUE, PaBHOE
pamuycy. JIto00i1 0Tpe30K, COSTUHSIOMIMM [ISHTP MIapa ¢ TOYKOM IIapOBOM MOBEPXHOCTH, TAK HKE
Ha3bIBACTCSI PAJANYCOM.

OTpe30K, COETUHSIONMI BE TOYKHU ILIAPOBOM MOBEPXHOCTU M HPOXOASAIIMHM depe3 LEHTP
niapa, Ha3bIBACTCs TUAMETPOM.

OO0beM 1mapa HaxXoAUTCS 10 PopMmyIIe:
V=2nR?

3
[Tmoniaar MOBEPXHOCTH IIapa paBHA:
S = 47R?
3agaya:

1.Buemnunii auamerp mnojoro mapa paBeH 18cM. Tommena crerok 3 cMm. Haiinute o6bem
MaTrepuaa, U3 KOTOpOro U3rOTOBJIEH 1Iap.

2.IMap pamumyca 10cM IWIMHAPUYECKH NPOCBEpIEH 1O ocu. Jmamerp orBepctus 12cm.
HaiiguTe nonHyo nNoBepXHOCTH TeNA.

3.Paguyc mapa 15cm. Kakyro miomans MMEET 4acTh €ro MOBEPXHOCTH, BUAUMAs U3 TOUYKH,
yZaJe€HHOW OT LEHTpa Ha 25¢cm?

4.TToBepXHOCTH JIBYX IIAPOB OTHOCSITCS KaK M : N. KaK OTHOCSITCS KX 00BEMBI?
BuInosHUTE CAMOCTOSTENBHO:

5.Nmeetcs kycok cBuHIA Maccoil | kr. CKOJIBKO MIApUKOB THAMETPOM |CM MOKHO OTJIUTH U3
Kycka (II0THOCTh cBUHIA 11,4 r/em’)?
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6.Uyrynnslii map perymsatopa umeeT maccy 10kr. Haiigure nuamerp mapa (IJIOTHOCTH
uyryHna 7,2 r/cm>)?

Tema: IlocTpoeHue ceyeHMid.
IIpakTnueckas padora Nel9

CeueHne — IJIOCKOCTh pacceKaroliasi reoMerpuueckoe teno. JIunus nepeceueHus (mpsimas)
CeKylllell IJIOCKOCTH M TpaHM MHOTIOIpaHHUKa HasbIBaeTcs cieaoM. Kak mpaBuio, 4ToObl
MOCTPOUTh CEUYEHHWE MHOTOTPAaHHHMKA, HEOOXOIMMO HaWTH Cliel] TepeceueHusi CeKyulen
IJIOCKOCTH € TPaHblo. 3/1eCh AODKHBI pad0TaTh TAaKME aKCUOMBI M TEOPEMBI, KaK:

1.Yepes aBe pazauyHble TOYKHA MOKHO ITOCTPOUTH MPSAMYIO U IIPH TOM TOJIBKO OAHY.

2.Eciu JABE€ TOYKH Hp?[MOfI MNpUuHAAJICIKAT IINIOCKOCTHU, TO BCA IpsAMasd NPUHAAICKUT 3TOM
ITIJIOCKOCTH.

3.Ecnu 1Be pa3ziauuHble INIOCKOCTH MMEIOT OAHY OOLIYI0 IPAMYIO, TO OHHM HEPECEKArTCs MO0
9TOU NMPAMOM.

CedyeHuss TpU3MBI  TUIOCKOCTSIMH, TapalIeIbHBIMA ~ OOKOBBIM ~ peOpam,  SIBISIOTCS
napajuiejaorpamMmmaMu. B 4acTHOCTH, mapajuiesiorpaMMaMH SIBJISFOTCSL TMAarOHAJIbHBIE CEYCHUS.
OTO cedyeHUs IUIOCKOCTSMH, MPOXOJAIIMMH Yepe3 /Ba OOKOBBIX pebpa, HE NMPUHAICKAIINX
OJIHOY I'PAHH.

CeueHust nmupaMubl MIOCKOCTSAMH, MPOXOASIIMMU Yepe3 €€ BEPIINHY, MPEACTABIAIOT cO00M
TPEYroJdbHUKU. B 4YacTHOCTH, TpeyroibHUKaMH SBJISIOTCSI JUAroHaJbHBIE CEUEHUS — 3TO
CEYEHUS IJIOCKOCTSIMU, MMPOXOASIIMMU Yepe3 iBa HE COCETHUX OOKOBBIX pedpa MUpaMU/Ibl.

Ceuenne nupaMuIbl INIOCKOCTh C 33JJaHHBIM CJIEZIOM g Ha TUIOCKOCTH OCHOBAHUSI CTPOUTCS
TakK ke, KaKk M ceueHue Mpu3Msbl. [ MoCTpoeHHs ceueHus: MUpaMubl MIIOCKOCTHIO JOCTAaTOYHO
IOCTPOUTH NEpeceueHms €e OOKOBBIX IPAaHEH € CEKyIlel IIOCKOCTBIO.

Eciu Ha rpaHM, He mnapauleIbHOM clleqy g, W3BeCTHa Kakas-HHOynb Touka A,
IIPUHAIEKANAasi CCUEHUIO, TO CHadanaa CTPOUTCA IEPECCUCHUE Cela g CEKyLIeH INIOCKOCTH C
IUIOCKOCTBIO 3TOM rpanu — Touka D. Touka D coeaunsiercs ¢ Toukoit A npsimoii. Toraa oTpe3ok
ATOW MPSIMOM, IPUHAJIEKAILNN TPAHH, €CTh IEPECEUCHUE ITOW I'PAHU C CEKYILEH TUIOCKOCTBIO.

Ecnu Touka A nmeXuT Ha TpaHU MUPAMUIBI, TAPATUICTEHON CIeNy g, TO CEeKyIas MIOCKOCTh
nepeceKaeT ATy rpaHb MO OTPE3Ky, MapauieIbHoMy npsmon g. [lepexoas xk cocemneit 00KOBOMH
TpaHu, CTPOSTCS €€ MepeceueHne ¢ CeKyIel MIOCKOCThIO U T.1. B utore mony4daercs Tpedyemoe
CEYEHUE MUPaAMUBI.

CeuenusiMu HUJInHApa SABJIAIOTCA IMPAMOYIOJIbHHKH, B TOM YHCJI€C H OCEBOC CCUCHHC,
CCUCHUSMU KOHYCA ABJIAOTCA paBHO6CI[pCHHBIC TPECYIrOJIbHUKH, B TOM YHUCJIC U OCCBOC CCUCHHC.

3amava: HAWTH IUIONIA/b OCHOBAHWS IUJIWHIpPA, €CIIM OCEBOE CEYCHHE ATOTO IMJIWHIpA —
KBaJpar, Iiomaas Kotoporo Q.
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Penrtenue:

Cropona kBajgpata paBHa ./Q. OHa paBHa aMAMETPy OCHOBAaHMS, MO3TOMY IUIOMIA/b

Ja

2
nQ
OCHOBAHUA PABHA T * 7 =—

"
3agaun:

1.B mnpaBunbHOW YETHIPEXYroJAbHOM MpHU3ME IUIONMIAJAb OCHOBaHMS paBHa Q. Haiinute
IUIOHIA/Ib JUArOHAILHOTO CEYCHHUSI.

2.B mpaBWIbHOW IIECTHYTOJNLHOW TpHU3ME, y KOTOpOW OOKOBbIE TpaHM — KBaJApaThl,
IIPOBEJUTE IUIOCKOCTH YE€PEe3 CTOPOHY HMIKHETO OCHOBAHUS M IPOTUBOJICKAILYI0 €l CTOPOHY
BepXHeEro ocHoBaHusA. CTOpoHa OCHOBaHM paBHa a. Haliaure miomans MOCTPOCHHOTO CEUEHUS.

3.Iloctpoiite ceueHue TPeyrobHONM NMUPAMUJBI IJIOCKOCTHIO, MPOXOASIIEH Yepe3 CTOPOHY
OCHOBAHHUS MUPAMU/IbI U TaHHYIO TOUYKY Ha MPOTUBOJIEXKAIEM pedpe.

4.IlocTpoiiTe CEYEHHE YETHIPEXYrOJAbHOW NHpPaMUIbl IUIOCKOCTHIO, MIPOXOISAIIEH uepe3
CTOPOHY OCHOBAHUS ¥ TOUKY Ha OJTHOM M3 OOKOBBIX pedep.

S.Iloctpoiite ceyeHue NMUpPAMUABI IUIOCKOCTBIO, NMPOXOALIEH Yepe3 BEpLUIMHY NMHUPAMUIBI U
JIB€ IaHHbIE TOUYKH HAa €€ OCHOBaHUHU.

Tema: BpluucieHre NPOU3BOAHBIX JJIEMEHTAPHBIX (DYHKIUIA.
IIpakTnyeckas padora Ne 20

[Tpon3BosnHas (GYHKUMU C TOYKHU 3peHHs] (PU3MKH, 3TO CKOPOCTh M3MEHEHHs (YHKIMU B
HEKOTOPBI MOMEHT BpeMeHHU. TakuMm oOpa3oM Mojydaercsi, UTo Mepe] HaMHM CTOUT 3ajaya 1o
U3BECTHOM (hopMyIie, ONMHUCHIBAIOLIEH HEKOTOPHBIN Mpoliecc, HAUTH GopMyIly, 0 KOTOPOil MOXKHO
OyzeT BBIYMCIUTh CKOPOCTh U3MEHEHUS 3TOT0 MPoLiecca B HEKOTOPbI MOMEHT BPEMEHH.

Hpouecc HaXO0XJICHUA HpOH3BOI[HOI>i Ha3bIBACTCA ):[I/I(l)(l)epeHLII/IpOBaHI/IeM.

Jliist Toro, 9TOOBI HANTH MPOW3BOJAHYIO HEKOTOPOW (PYHKIMM HEOOXOIUMO 3HATh TPaBHIIA U
dbopmynsl nuddepeHpoBaHus.

[IpaBuna muddepennmpoBaHus
L.(u+v-— k)l: u +v-k 3.(Cu)l: u

1 1 1
1 1 1 C gy -
2(u'v) =u-vt+tu'v 4.(3):w

v v2

dopmyssl AudhepeHInpOBaHUS

1.C=0 9. (cosx) =-sinx

1

cos? x

2x =1 10. (tg x)' =
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3. (x™) =n x"1 11. (ctg x) =-

sin? x
4 (1 )1_ 1 12( . )1_ 1
(logg %) = —— [(arcsinx) = —
5.(Inx)'= i 13.(arccos x) = - ﬁ
6. (a¥)'=a* - Inx 14. (arctg x) = 1+1x2
7. (e%) =e* 15. (arcctg x)' = - =

. 1
8. (sinx) = cos x
IIpumeyanue:

1) T. x. wer Qopmynsl auddepeHUIUpOoBaHUS apUPMETHUUECKUX KOpPHEH, HE0O0X0aUMO
KOpEHb TIPEACTaBUTh B BHUJIC CTCIICHU C IPOOHBIM IOKA3aTEeNIeM M BOCIOJIB30BAThCs (HOPMYIIOH
Ne 3, nanpumep:

1
1 2 2 3
5 2\ 2 24 2 _2 2
$/x2) = _2. _2. _
X4 )=|X5)==-"X5 =—"X 5=

(V%) ( ) 5 5 5- Vi3
2) T Geit — 6

) T.x. Her dopmynsr auddepenuupoBanus apodeit — » HCOOXOMMO MPEACTABHTH ITY

,I[p06b B BHUAC CTCIICHU C OTPHULATCIIBHBIM ITIOKA3aTCJIICM KU BOCIIOJIb30BATbLCA (I)OpMyHOfI Ne 3,
Harpumep:
1
2Y_ (9 y—4)=n . o4l Q. y—5__ 8
(3)=@ x =2 (4 x*'=-8 x5=- 2

x5

YroObl HaliTH MPOU3BOJIHYIO HEOOXOIMMO CHayajia o MpaBWJIaM IMOKa3aTh Kak OyJeM HCKaTh
MPOU3BOJHYIO (IIPOCTaBUTH IITPUXHU), a 3aT€M IO (popMysaM MOACTaBUTH FOTOBBIN PE3yJbTaT:

y = 2sinx + x> -3
y = (2sinx + x> = 3) = 2(sinx)" + (x?)" - 3" = 2cosx + 2x> "1 — 0 = 2cosx + 2x

3agaun: HAWTH TPOU3BOJHYIO (DYHKIIMHU:

ly=8x"-2x +4

3.y:%+\/§

7.y =2%+ 3sinx
9. y = cosx — 4ctgx
11. y =3tgx + e*
13. y =x7"Inx

15. y =4x> - cosx

2.y=4x>+x-2

6.y =2cosx — 3*

8. y=4"—Inx

10. y = 2sinx - log, x
12. y=x " cosx

14. y=3x*"e*

16. y = 5x* - log, x
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_ 3+x? 2x2

17.y = e 18.y:13x
4-x x3 +2
19.y= x3+1 20.y= 1+2x

Tema: HccienoBanue (pyHKIUHA ¢ IOMOIIbLIO IPOM3BO/HOM.
IIpakTuyeckas padora Ne 21

C noMo1pio MPOU3BOTHON MOXKHO HCCIEA0BATh (PYHKIIMM HA MOHOTOHHOCTb U SKCTPEMYMBI,
He cTposi ux rpadukoB. Tak ke HMPOU3BOJHBIC AAIOT BO3MOXHOCTH OINPEAETSATh YpaBHEHHS
KacaTeNbHbIX K TpadukaM r00bIX (YHKIUN B 3aJaHHOW TOYKE, OMSATH K€, HE BBINOIHSA
MOCTPOCHU.

CocraBreHue ypaBHEHUH KacaTeNbHBIX K rpadukaM 3a1aHHbIX (QYHKIUH.
OO1iee ypaBHEHUE KacaTelbHON UMeeT BUJ:
y =1f(x0)" (X — X0) + f(X0)

Uro0bl cOCTaBUTH ypaBHEHHE KacaTeabHON mis pyHKuuu y = f(X) B TOUke ¢ abcumccon Xo,
HAJIO BBITIOJHUTH CIICAYIONINE IIIarH:

1)Haiitu f(x0) — 3HaueHue QyHKIIUN B TOUKE X0

2)Haiitu f(x)" ~npousBoaHas GyHKIIUU

3)Haiitu f(X0)" - 3HaYeHHE MPOU3BOIHON B TOUKE Xo

4)IMoncraButh B 00IIIee ypaBHEHHE KacaTebHOM 3HaueHus f(Xo), f(Xo)', Xo
5)3anucate nosyuuBlIeecs ypaBHeHHE B BUJie y = kx + b

Hanpumep: coctaBuTh ypaBHEHHUE KacaTeNbHOM K TpaduKy QYHKINH Y = 3x3 = 2x + 1 B Touke
X0=2

Pemenue:
1) f(xo)=f(2)=3-2*-2-2+1=21
2)f(x) ' =(3x>—2x+1) =9x*-2
3) f(xo) =f(2) =9 -22-2=34
4y =34(x—2) + 21 =34x — 68 +21 =34x — 47
S)y = 34x — 47 — ypaBHEHHE KacaTeIbHOMU.
HccnenoBanue (yHKIIMM HAa MOHOTOHHOCTB M 9KCTPEMYM.

3Has O TOM, 4YTO €CJIM Ha HEKOTOPOM IIPOMEXKYTKE OCH OX (YHKIHS BO3pACTaeT, TO
MIPOU3BOIHAS ITOW (YHKIIMH, BEIYUCICHHAS B JTIOOON TOYKE ATOTO MPOMEKYTKA, MOJTOKHUTEIbHA
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(eci Ha HEKOTOPOM TPOMEXYTKE OCH OX (DYHKITHSI yObIBaeT, TO MPOU3BOAHAS 3TOW (PYHKITUH,
BBIUMCJICHHAST B JIFOOOW TOYKE 3TOTO MPOMEXKYTKA, OTPHUIATEIhbHA) W HAO0OpOT, a TaK IXKe,
Mpou3BOIHAS (PYHKIIMHM B TOYKAX IKCTPEMyMa paHa HYI0, MOXKHO HCCIIENOBaTh (DYHKIHIO Ha
MOHOTOHHOCTb U 3KCTPEMYMBI.

J1s 3TOr0 HEOOXOAMMO BBIIIOJIHUTE PSIJL 11ar0B:

1)Haiitu o6macth onpeaenenne Gynkuu - D(f)

2)Haiiti mpon3BoIHYIO 3TOM PyHKIUH - f(X)”

3)HaiiTi TOUKH, B KOTOPBIX MTPOU3BOIHAS paBHA HYJIO, T.€. PELIUTh YpaBHEHHE

f(x)” = 0(BO3MOXHO, B 3THX TOUYKaX OyIET IKCTPEMYM )

4)Pa30uTh HaliICHHBIMU TOYKAMHU OOJIACTH ONPEICTICHHUS HA IIPOMEKYTKH

5)Onpenenuts 3HaK MPOU3BOAHON Ha KaXKJIOM MPOMEKYTKE:

Ecnu f(x)" > 0, To pynkuus Oyaet Bo3pacrats, ecnu f(x)” < 0, To yObIBaTh

Heo6xoanmo 3amucaTh 3TH MPOMEXYTKH, T.€. Mbl UCCIIEI0BAIN (PYHKINIO HA MOHOTOHHOCTb.
6)Uccnenyem Ha SKCTPEMYM:

Ecnu npu nepexone uepe3 TOuKy, KoTopoil Mbl pazounu D(f) Ha uHTEpBanbl, IPOU3BOIHASL
MEHSET 3HAK C «+» Ha «-«, TO 3TO TOYKAa MaKCUMyMa — Xmax, €CJIH C «-« Ha € «+», TO 3TO TOUKa
MUHHMYMa — XMmin, €cJIi CMEHBI 3HAKOB HET, TO TOUKA IKCTPEMYMOM SIBIISITHCS HE OyIIeT.

Harnpumep: ucclenoBaTh Ha MOHOTOHHOCTB M 9KCTpeMyMbl pyHKIHIO y = 3x° — 5x°
Pemenue:
DD(f): x€ (- 00; +0)
2) f(x)" = 15x* - 15x>
3) 15x* - 15x2=0
x*-x?=0

x}(x*-1)=0

x}=0 x>-1=0

x=0(mBa3Hau) x=1,x=-1

+ - - +

_

. ’ ' (mar 4,5)

DyHKIWsE B3pacTaet, npu X € (-00$; -1) U ( 1; + o)
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Oynaknus yosBaeT, mpu X € (- 15 1)
6)Xmax =-1; 1 Xmin — Her, X = 0 — Touka neperuda
3agaun:
1.CocTaBUTh ypaBHEHHUE KacaTeNbHOU K rpaduKy QyHKIHUU:
1) y=6x>-x>-2, ecn x0 = 0.
2)y=7x*-x>+1, ecmu xo=1.
3)y=2x—x*+3, ectm  x0=-2.
4)y=3x>—x*+x, ecimm xo=1.

2. Hccnenosath (1)YHKI_II/IIO Ha MOHOTOHHOCTB U S5KCTPEMYMBI C ITIOMOIIBIO HpOH3BOI[HOI>iZ

Dy=3x-x’ 5)y = 6x* — 4x5

2)y = 6x — 2x° 6) y =3x* - 4x>

3) y=4x> - 5x* T)y = 2x3 — 3x2 — 36x + 40
= 3 _x

4)y=3x-3x 8)y—x2+3

Tema: IlocTpoeHue rpagpukoB pyHKIHI 110 HCCIAETOBAHUIO C IOMOIIBIO IPOU3BOAHOM
IIpakTnueckas padora Ne 22

PanbIre, MbI MOTJIM CYIUTh O TOM, KaK BeJeT ceOs PYHKIMS B TOM HJIM WHOM CIly4ae, TIIsIs
Ha ee rpaduk, a YTOOBI MOCTPOUTH TpaduK MPUXOJIUIOCH 3aJaBaTh HEKOTOpPHIE 3HAYCHUS
NEPEMEHON X, TOJCTABIATh WX B (QopMmyny (YHKIMHM ¥ MPOCUYUTHIBATH COOTBETCTBYIOIINE
3HayeHus nepemeHHoi y. T.e. ctpounu rpaduk mo Toukam. Yem OoJjbllie TOUEK, TEM TOUHEE
rpa¢uk. CpeacTBa MaTeMaTHYECKOI0 aHAIN3a 3HAUYUTENFHO O0JIETYMIN 3Ty 3a1a4y. Ternepb Mbl
MOXEM CYIUTh O MoBeAeHUM (yHKIMM Oe3 ee rpapuku. A cam rpaduk mnoiydaercs Oosee
TOYHBIM.

O06o00m1ast Bech ONBIT HMCCIENOBaHUSA (YHKLUUH, PEKOMEHAYyeM MAJs MOCTPOEHUs rpaduxos
(byHKUINH TPUAEPKUBATHCS CIETYIOIEH CXeMBbI:

1)Haiinem obnactb onpeneneHus QyHKIUN
2)Onpenennm, KaKoro OHa BUAA:
ecnu f(-x) = f(x), To pyHKIMA yeTHas (Tpa@UK CUMMETPUYEH OTHOCUTENIHHO OCH 0X),

ecmu f(-x) = - f(x), To yHKIMsA HeueTHass rpadUK CUMMETPUYEH OTHOCHUTEIBHO Hayasa
KOOpJIHAT)

3)HaﬁHCM TOYKHU HCpCCC‘-ICHI/Iﬂ C OCiAMHU KOOp,Z[I/IHaT, T. €. pCIJ_II/IM ypaBHCHI/ISIZ
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f(x) =0 — c ochro 0Xx, y = f(0) — ¢ ocht0O Oy
4)ccnenyem GyHKIMIO HA MOHOTOHHOCTD U AKCTPEMYM € MTOMOUIBIO TPOU3BOTHOM
5)Haiinem 3HaueHHs GYHKIIMHA B TOYKAX IKCTpEMyMa

6)Uccrnenyem (QyHKIHIO HAa TIeperud Mo BTOPOW MPOW3BOTHON (BCE NEHCTBUS aHAIOTHYHBI

HCCJIICAOBAHUIO Ha MOHOTOHHOCTBL, C€CJIM BTOpas IMIPOU3BOAHAA II0JIOKHUTCIIbHA, TO rpa(pm(

BBITHYT BHHU3, €CJIKM OTpULIATCIIbHA, TO BBCpX)

7)Haiinem 3HaueHus (HyHKIMH B TOUKaX mepernda
8)OTmeTHM Bce HallJIeHHbIE TOYKU HAa KOOPAMHATHON IIJIOCKOCTH
9)Ecnu HeoOxoauMo, Hal1eM JOTOTHUTETHHBIC TOYKH

10)AkKypaTHO COeIMHSAS BCE OTMEUYEHHBIE TOYKU, CTPOUM Ipaduk (He 3a0bIBaiiTe, UTO JIMHUS

rpaduka 10KHA MPOXOAUTH C JIEBA HA TPABO).

Hanpumep: BeimonHuTh HecneqoBanne CBOMCTB (PyHKIIMH ¢ TOMOIIBIO IPOU3BOTHON U
noctpouTs rpaduk pynkmun f(x)=x> - 3x> - 45x + 20
Pemenue:

1)O6nacteio onpenenenus Tor GYHKIUH SIBISIETCS MHOKECTBO BCEX JCHCTBUTEIbHBIX

YHCe.

2)Ota HyHKIUS HE SBISIETCS YSTHON WIIM HEYETHOM.

3)Touka nepeceuenus ¢ ockto oy: (0 ; 20)

4)Haiinem nepByI0 IPOM3BOJHYIO U OMPEEIIMM COOTBETCTBYIOIINE CBOICTBA
dynkuun. f(x)=3x% - 6x —45.

Pemmm ypaBHenue 3x2— 6x — 45 = 0. KopHsiMu ypaBHeHus sBistorcs uncna (-3) u 5.

Bocnons3zyemcs tabunei:

X (-00; -3) 3 (-3;5) 5 (5500)
f'(x) + 0 - 0 +
f(x) /v max ~a min _—r

®dyHKIMs Bo3pacTaeT B MHTepBaiax (-0;-3) u (5;00), yobiBaeT B unTepBae (-3; 5).

5)®Dynkuus umeer MakcumanbHoe 3HaueHue f(-3)=101, umeer MmunumanbHoe 3HaueHue f(5)= -

155.

6)Haiizem BTopyio npousBoaHyio f (x)=(3x? — 6x —45) =6x-6.
PemnMm ypaBHeHue 6x-6=0. Pemiennem ypaBHeHHUs sBisieTcs X=1.
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Jlst onipeiesieHnsi CBOMCTB (DYHKIIUH BOCITOJIB3YEMCS TaOJIAIICH :

X (-o0; 1) 1 (1;00)
f'(x) - 0 +
f(x) M TOYKa U

BBINyKIas | Heperuba | BoOruHyras

Tnpu x =1, y=-27 (1; - 27) — Touka neperuda

8)lononHuTeNnbHbIE TOUKHU: TIpU X = -5,y =45 (- 5; 45)
[pux=7,y=-99 (7;-99)

9)OTMeTuM BCe HallICHHBIE TOYKU Ha TIIOCKOCTH

10)[TocTpoum rpaduk

OcHoBHON -

-OcHoBHEMCHYBHENCHOBHEICHOBHAICHA
-OcHOBHOWM -

-OcHOBHOW -

-OcHoBHOW
-OcHoBHOM -
Mpadmk yHKuMM f(X)

3amaun:
. y=x3-12x+4
2. f(x)=1+2x%—x*
3. y=6x-2x°
4, y=3x*—4x3
5. y=6x*—4x°



Tema: Pemenue 3a1a4 ¢ HCNOJIb30BAHUEM NIPOU3BOIHOI.
IIpakTnueckas padora Ne 23
[TpumeHeHre TPOU3BOTHON JJISt OTHICKAHUSI HAMOOIBIINX M HAMMEHBIINX 3HAYEHUH
BEJIMYMH

ANTOPUTM OTBHICKAHUSI HAUMEHBIIETO M HAaNOOJIBIIEr0 3HAUCHHI HETIPEPHIBHOM (QYHKINHU Y =
f(x)na orpeske [ a ; b]:

1. Haiitu npousBonnyto ¢pynkmu f(x)”

2.HaiiTu cTanMoHapHbIe U KPUTHYECKHE TOYKU (YHKIUH, JIeKalIue BHYTpU oTpe3Ka [ a ; b]

3.Beruucnute 3HaueHus QyHKuH y = f(X) B TOUKax, OTOOpaHHBIX Ha BTOPOM miare (1. 2). U B
TOYKax a M b; BEIOpaTh Cpeay 3HAYCHUH HauMeHbluee (3To Oyner YHaum.) M Haubonbliee (3TO
oyner Yraubonvui.)

Hanpumep: HaiiTH HaubGoNbIee U HaUMeHbIIee 3HaueHne GyHKIuM y = X° — 3x*> — 45X + 1 Ha
oTpeske [ - 4; 6]

Pemienue: Bocnosab3yeMcst alrOPUTMOM.

1) y =3x>-6x-45

2) 3x*—6x—-45=0

x>-2x—15=0

X1 =-3 X2=5 BUAMUM, 4TO 00€ TOUKH MPUHAJIEKAT OTPE3KY [ - 4; 6]
3)Haiinem 3HaueHue GyHKIMH B 3TUX TOUKAX U KOHIIAX OTPe3Ka:
y(-3)=282 y(§)=-174
y(-4) = 69 y(6) =-161
Bribepem cpeny HaliIGHHBIX 3HAYSHHI HAanOOJIbIIIee M HAUMEHBIIIEe:
Yrhaum. = - 174, nipu x =5, Ynaubonrvw. = 82, ipu x =- 3

33)13‘11/1 Ha OTBICKaHHE HAUOOJBIINX U HAUMEHBIINX 3HAUYECHUH BEITHYNH

bak, umeromuii GopMy NpSIMOYrojbHOTO NapajuleJienuIena ¢ KBaJApaTHBIM OCHOBaHHUEM,
JOJKeH BMeIath V IuTpoB Bojbl. [Ipu kakoil cTopoHe OCHOBaHMS IUIONMIAAb MOBEPXHOCTH Oaka
(0e3 kpbIlIKK) OyJeT HauMEHbLINUM?

Pewenne:

Ilepsbiii aTan. CocTaBieHre MaTEMaTHUECKON MOJIENH.

1) Ontummsupyemas BenuunHa (O.B.) — miomane noBepxHocTH 6aka, MOCKOJIBKY B 3a/1a4e
TpeOyeTcs BBIICHUTD, KOT/1a 3Ta IUIoIaab OyaeT HauMmenblied. O6o3nauum O.B. OykBoii S.

2) Iliomans NMOBEPXHOCTH 3aBUCUT OT HM3MEPEHUH IPSAMOYTOJIBHOIO MapajuielenuIea.
O06mwsBuM HezaBucuMoii nepemennoit (H.I1.) cropony kBaapara, ciy)Kaliero oCHoBaHueM 0aka;
o0o3HauuM ee OykBoi X. SIcHO, uto X > 0. JIpyrux orpaHudeHuil Her, 3Ha4uT, 0 < X < + 00 .
TaxoBbI peasibHbIE TPAHUIIBI U3MEHEHUS HE3aBUCUMOI nepeMeHHoM: X = (0; + o0)

14
3)Ecau h — BeicoTa Oaka, To V = x’h, OTKyJ1a HaxoauMm h = et
[ToBepxHOCTh 6aka COCTOMT M3 KBaJpaTa cO CTOPOHOM X W UYEThIpeX MPSIMOYTOJILHUKOB CO
14 2 v 7 4V
CTOPOHAMH X U —. 3HauuT, S=x"+4" o X=X+
4v
Utak, S = x> + — rae x (0; + oo).
MaremaTtnueckas MOJIEb 3a7jaul COCTABJICHA.
Bropoii stan. Pabota ¢ cocraBieHHO# MOIENbIO.
4v .

Ha stom stane mns pyskmum S = x> + —> TIe X € (0; + 00), Hamo HaiTh YHaum. Jljis 3TOTO

HY>XHa IPOU3BOIHAs (PYHKLIUU:
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, 4V 2(x3-2v
5 =2x - =22
X X

Ha nmpomexytke (0; + ©0) KpUTUYECKMX TOYEK HET, a CTAllMOHApHAsl TOYKA TOJIbKO OJHA!
S'=0, mpu x = V2V

3amernm, uTo 1pu X < V2V BhIMONHAETCS HepaBeHCTBO S’ < 0, a pu X > 32V BBINOTHAETCS
HepaBeHCTBO S” > 0. 3maunt X = V2V. — eIMHCTBEHHAs CTALMOHAPHAS TOYKA, IPHYEM TOUKA
MUHUMYMa (YHKIUU Ha 33JaHHOM NPOMEXKYTKE, a TIOTOMY B ATOH TOYKE (YHKIHS TOCTUTAET
CBOEr'0 HAMMEHBIIIErO 3HAYEHUSI.

Tperuii atan. OTBET HA BONPOC 3a7a4H.

B 3agaue cnpammBaeTcs, Kakod JoJkHa OBITh CTOpPOHA OCHOBaHMs, 4TOObI Oak uMel
HaMMEHBUIYI0 NTOBEPXHOCTb. MBI BBIICHUJIM, YTO CTOpPOHA KBaJpaTa, CIIy>Kalllero OCHOBAHUEM

3
Takoro 0aka, paBHa V2V.
[IpumeneHnne npou3BoJHON B (pU3HKE U T€OMETPHH.

Hcnonb3yss reoMeTpUyYecKUi CMBICT MPOU3BOJHONH, MOYKHO HCCIEN0BaTh (YHKIUIO Ha
MOHOTOHHOCTbh M 9KCTPEMYyMBbI, HAXOJUTh YPAaBHEHHE KacaTelIbHOH, MPOBENEHHONH K rpaduky
¢yskuy. C 3TUM BBl YK€ TO3HAKOMUINCH PaHEE.

Hcnonb3yss (pU3HUYECKUI CMBICT TPOM3BOMHOW MOXKHO HAXOJUTh CKOPOCTh (YHKIUH B
HEKOTOPBII MOMEHT BPEMEHH.

HaanMep: MaTepI/IaJ'ILHaH TO4YKa ABHUKCTCA I10 HpHMOﬁ COI'JIACHO 3aKOHY

2 .
s(t) = 12t* - 3 3, rme s(t) — MyTh B METpax U t — BpeMs B ceKyHaax. Haliiure ckopocTb B MOMEHT

BpeMEHHU t = 2c.

Pemenmue: v = s(t)” = (12t> - % %) =24t — 2t
v(2)=s(2) =24-2-2-2>=16m/c

3anauu:

1.Yucno 10 npencraBbTe B BUJE CYMMBbI JBYX HEOTPHULATENIBHBIX YHCEN TaK, YTOOBI CyMMa
ATHUX yucel Obljla HanOOIbIIEH.

2.3 kpyrnoro OpeBHa nuamerpoM 40cMm TpeOyercs BbIpe3aTh OajKy MNPsIMOYTOJbHOTO
cedeHMs ¢ OCHOBaHHEM b u BbicoToil h. IIpounocTs Ganku nponopuuoHansHa bh?. Tlpu kakux
3HaYeHusAX b u h mpoyHocTs OyaeT HanOobIIeH?

3. Kpyrislii MeTalIM4ecKuil NUCK paclIMpsieTcsl MpU HarpeBaHUU TakK, YTO €ro pajguyc
paBHOMepHO yBennunBaercsa Ha 0,01 cm/c. C kakol CKOPOCThIO YBEIMUMBAETCS IJIOLIAb AUCKA,
KOTJla €ro pajnyc paBeH 2 cm?

4.Koneco BpaiaeTcsi Tak, YTO Yroj OBOPOTa MPOMOPIMOHANEH KBaapaTy BpeMeHH. [lepBbIit
obopot ObLT caenaH koiiecoM 3a 8 c¢. HalauTe yrioByro CKOpOCTh Kojieca depe3 48c mocie
Hayaja BpalleHusl.

5.JllnHa BEPTUKAIBHO CTOAIIECH JECTHUIIBI paBHAa SM. HWKHHMII KOHEI JIECTHUIIBI HAYMHAET
CKOJIB3UTh C MIOCTOSIHHON CKOPOCTHIO 2 M/c. C KaKkoil CKOPOCTHIO OITYCKAeTCsl B MOMEHT BpEMEHU
t BEpXHUI KOHEI JIECTHUIIBI, C KAKUM YCKOPEHHUEM?

6.HaiiTu HanGonbInee ¥ HaMMeHbIee 3HaYenre GyHKIun y = x* — 8x> — 9 Ha orpeske [-1;1]

7. Haiitu HauGosbliee ¥ HaUMeHblIee 3HaueHne GyHKIUK y = X° — 3x> — 9x Ha oTpeske [3;4]
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BBINoONHUTE CaMOCTOSITENBHO:

1.CyMMa JUIMH KaTeTOB IPSIMOYTOJIBHOTO TpeyroyibHUKa paBHa 20 cM. Kakoi 1IMHBI JOIKHBI
OBITH KaTeThl, YTOOBI TUIOIIAAb TPEYTrOJbHUKA Obll1a HANOOIBIICH?

2.Kpyraplii MeTalNIMYeCKUN AMCK pacUIMpSAETCs NpPU HAarpeBaHMM TakK, 4YTO €ro paauyc
paBHoMepHO yBennuuBaercs Ha 0,01 cm/c. C Kakoil CKOPOCTBIO YBETUUMBACTCS IJIOMIAIb AUCKA,
KOI'/Ia €r0 paauyc paBeH 2 cm?

3. HaiiTu HauGosbInee ¥ HauMeHbIIee 3HaueHne GpyHKIuN y = x* — 2x2 + 4 Ha otpeske [2;3]

Tema: Bolunciienne HeonpeaeJeHHbIX HHTETPAJIOB
IIpakTnyeckas padora Ne 24

DyHKIINS, BOCCTAHOBJICHHAS 0 3aJIaHHOM MPOM3BOIHOM, Ha3bIBAETCs MepBooOpazHoi. M3 —
3a HaIM4us y QYHKIIMH HEKOTOPOTo MocTosiHHOTO C, MBI B IPOIIECCE BOCCTAHOBIICHUS (DYHKIIHH,
HaXOJUM HE OJIHY IMEepBOOOpPa3HYI0, a MHOXECTBO. MHOECTBO MEPBOOOPA3HBIX IJIsI OJHOU
MIPOM3BOTHOM HA3BIBAETCS HEOMPEICTICHHBIM HHTETPATIOM.

[Ipouecc BoccTaHoOBiIeHHUS (YHKIUU MO TMPOM3BOAHOM HA3BIBAETCS HWHTETPUPOBAHUEM
(metictBue oopaTHOE MU PEpPEHIIMPOBAHUIO).

UToObl BBIYHCIATH HEOMPEIECICHHbIE MHTETrpasibl, HEOOXOJUMO 3HATh MPaBHI U (HOPMYIIBI
uHTerpupoBanus. [IpaBuna erie Ha3bIBalOT CBOWCTBAMHU HHTETPANOB, a (GOpMYIbl — Tabnuien
UHTErpanoB. MHTerpansl B Hell cofieprKalirecs Ha3blBatlOT TAOJINYHBIMU.

TlpaBuIa MATETPUPOBAHAS]
lL.f(u+v—k)dx = [udx+ [vdx - [ kdx

2./ m udx =m - [ udx, rne m- ynciI0 (MHOKHUTEID)

3.(f f()dx) = f(x)

®opMyJIbl HHTErPHPOBAHHS
1. [dx=x+C.
2. [ mdx =mx + C

xTL+1

n+1

(98]

+C

fx"dx =

n

Je*dx=e*+C

.faxdx:a—x

Inx

9,

@)

dx
. f;zln |X| +C

~

. [sinxdx =cosx +C

oo

.Jcosxdx=-sinx+C

9. [Z =tgx+C

cos? x
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10. - = _ctgx+C

sin? x

11.f% = arcsin x + C

12. [ = arctg x + C

1+x2

YT0oObl BBIYHCIHUTE JIIO00H ,HaHHBIﬁ HHTCIpall, HCO6XOI[I/IMO CBCCTHU €TI0 K OJHOMY HIIH
HECKOJIbKMM Ta0IM4YHBIM. Takoii crioco0 BEIYMCICHUS HA3bIBACTCS HCIMOCPCACTBCHHBIM.

HaHpHMep:f(6x5—%x+1)dx =6fx5dx-%fxdx+de: %—%X2+X+C:
=x*-x>+x+C

3amaun: BBIYUCIUTH HEONPEACICHHBIA UHTETPaJl.

1. [(3x% + 5x — 1)dx 2. [(x? = 7x + 2)dx
3. [(5x* — 2x + 12)dx 4. [(2x* + 8x — 4)dx
5. f (3x5 ~24 7) dx 6. [(2x% + 7x — 10)dx
16 3 7
7f(x_3+ ;)dx Sf(x_4+ ;)dx
18 3 6
11. [ (¥/x + cos x — 6¥)dx 12. [(Vx3 + 2sin x — cos x)dx
13. (Va3 + e* — 4¥)dx 14. (Vx® + 2% — 2sin x)dx

Tema: BorunciieHue onpeaejieHHbIX HHTErpaJioB
IIpakTnyeckas padora Ne 25

OmnpeneneHHbli HHTErpal — 3TO MpHUpalieHre IepBooOpa3HO Ha HEKOTOPOM OTpe3ke [ a; b].
Koneuno e camoii mepBooOpa3HON HE JaHO, €€ He0OXOAUMO HaWTH, BBIUMCIUB
HEOIlpeIesIeHHbIN HHTEerpall.

Bocnonszyemcs ¢popmynoit Hetotona — Jleitbnuna:

b
J? f(x)dx = F(x)| = F(b) - F(a)
a

2
2
Hanpumep: BBIYMCIIATE ONpPE/IEIEHHbINA HHTErpa . L 2xdx =x| = 2-1=1
1
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2

[iBx?* = 2)dx=(—x)| = (-2~ (I*~1)=6

1

3amaun:
3 5
1.[7 4x°dx
3.f04(x + 1)dx
5.f_21(2x —3x%)dx
edx
7L
9.f¢ cosxdx
BrInoaHuTE caMOCTOSITEIILHO:

1LV dx

13.f)(x? + 2x — 3)dx

2.f24 xdx

4.f_02(1 — 3x)dx
6.f01(4x — e¥dx
S.fonsinxdx

IO.fOn tgxdx

12,7 2vx dx

14.[7(3x% — x — Ddx

Tema: IlpuMeHeHHe omNpeaeIeHHOI0 HHTErpaJsia MPHU pelieHNH MPUKJIATHBIX 32124

IIpakTnueckas padora Ne 26

C noMoIibio ONpeeIeHHOT0 HHTErpata MOKHO HaXOJUTh IUIOLIad KPUBOJIMHENHBIX QUTYD

W BBIUHUCIATE 00BEMBI TET BpalcHus.

KpuBonuneiinas tpaneuus — 310 ¢urypa (4acTb KOOPAMHATHOMN IUIOCKOCTH), OTpaHUYEHHAs!
CBEpXy rpauMKoM HENpepbIBHON Ha oTpeske [a; b] pyHkuuu, cHu3y — oTpe3koMm [a; b] ocu ox,

1o OOKaM MPSMBIMU X =a U X = b.

V s v={(x)

v

[Tnomanpe Takoil GUrypsl paBHa oNpeAeIeHHOMY HHTETpally, BEIUNCICHHOMY Ha OTPE3Ke

[a; b]
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YT1oOBl BBMHCINTH IUIOMIAIb TakoH (UTYpbl, HEOOXOAWMO COCTaBHTH OINpPEIEICHHBIN
MHTETpal: 4YWCla a W b — Tpenensl MHTETPUPOBAHUS, TOJ 3HAK HWHTErpaja 3aluChiBaeM
¢yHKuuIo, rpaguK KOTOPO OrpaHUYMBACT (DUTYPY CBEPXY.

2

Hanpumep: BbIYMCINTH TUIOMAAb (GUTYPHI, OTPAHUYEHHON IMHMSIMH y = X°, X = 1, X =2 u

OCBIO OX

Pemienune: HE0OX0IMMO MOCTPOUTH YEPTEXK, YTOOBI BBIICHUTH, 4TO (hurypa OynaeT SBISATbCA
KPUBOJIMHEHHOM TpaIrenueu.

2

2 x3 22 13 7 1
S=["x?dx== | ==-—==-=2-kB.cp.
fl 31 3 3 3 3 A

beiBaer, uTo ¢urypa He SBISAETCS KPUBOJIMHEHHOW Tpameuueil. MOXHO BBIICTUTH TPU
OCHOBHBIX CITy4Yasi:
1.®urypa cHuzy orpannyeHa rpadukoM (HyHKIHH, CBEpXY — OCBIO OX.

B sTtom CJIydac TOKC MOXKHO BOCIIOJIB30BATHCA OIPEACICHHBIM HHTEIpAaJIOM, HO IMOCTABUB
nepca HUM 3HAK «-«.

2.®durypa orpaHu4eHa CHU3Y OCBIO 0X, a CBEpXY — rpaKaMu HECKOJIBKHUX (hYHKITUH.

B atoM ciydae u3 Todek mepecedeHHUs TpadHUKOB OMyCKaeM Ha OCh OX IEPIEHIUKYIISPHI
(Touku 00s3aTeNbHO MpocyYUThIBaeM). [lomydnM HECKONBKO KPHUBOJMHEHHBIX —Tparenui.
[Tnomane ¢urypsl OyaeT paBHa CyMMe IUTOMIAIeH 3TUX KPUBOJIUHEHHBIX TPAeIIHii.

3.®urypa He OrpaHUYEHa OCBIO OX.

B sTOM ciyuae u3 Touek nepeceueHus: rpaguKkoB onmyckaeMm neprneHauKynspsel. [lonydum nse
KPUBOJIMHENHBIX Tpanelyy, ONUPAIOIIUXCS Ha OJUH OTpe30K ocu ox. [Tnomane Hamel Gurypsl
OyzeT paBHa pa3HOCTH IUIOLIA/IEH 3TUX TPaIEIH.

Taxk ke ¢ TOMOIIBIO ONPEACIIEHHOT0 HHTETPpaJIla MOKHO HaXOJAUTh OOBEMBI TEII.
b .
V= fa S(x)dx, rme S(X) — uromams ceYeHus Telia IIOCKOCThIO, TIEPIIEHANKYISPHON OCH OX.

3anauu:

1. BBIYMCIHTH TUIOMIAAb (PUTYPBI, OTPAHUYCHHOW JIMHUSMHU:
Dy=x*y=0,x=-1,x=1
Dy=x>—4x+5,y=0,x=0,x=4

yy=x>,y=0,x=-1,

4)y =4 —x%, ocblo 0X

Sy=x%,y=8,x=1

6)y =4x —x%, y=4-x
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2.Haiitn oO6beM Tena, MOJYyYEHHOTO TNMPH BpaIIEHUH BOKPYT OCH aOCIHMCC KPUBOJIHMHEHHOM
Tparneuuu, OI‘p&HH‘-IGHHOfI JIUHUSAMMU:

Dy=x*+1,x=0,x=1,y=0
2y=+vx, x=1,x=4,y=0
y=vx,x=1, y=0
BBINOIHUTE CaMOCTOATENBHO:
y=x?,y=x+1uocblo ox

2)y=1—x2,y=O

Tema: Teopus BeposiTHOCTH. Pemienne 3axay.
IIpakTnyeckas padora Ne 27

Bepo}ll’l’ZHOCI’nb coOpITHS A paBHa OTHOHIICHHIO YHUCIa I HKHCXOJO0B HUCIIbITAHHWA,
6HaFOHpI/I${TCTBYIOIHI/IX HAaCTYIJICHUIO COOBITHS A, K 06H_[6My qUCJIy N BCEX PaBHOBO3MOXKXHBIX
HECCOBMCCTHBIX MCXOJ0B, T. €.

P(A) ="
=

CnenoBaTeNlbHO, JUIS  HAXOXKICHHS BEPOATHOCTH COOBITHS HEOOXOIUMO,
paccMOTPEB  pa3MUYHBIE MCXOJAbl HCIBITAHUSA, TOJICYMTATh BCE BO3MOXKHBIC
HECOBMECTHBIC HCXOIBI N, BBIOpaTh YHCIO HWHTEPECYIOIIMX HAC HCXOJOB M U
BBIYKCIIUTH OTHOIIICHHE M K N.

W3 onpenienieHnst BRITEKAIOT CIICTYIOIINE CBOMCTBA:

1.Beposimuocmb 1106020 cobblmusi ecmv HEOMPUYAMENTbHOE YUCTLO, He
npesocxoosuee eOUHUYbL.

HeﬁCTBHTeHBHO, YUCII0 M MCKOMBIX COOBITHM 3aKJIIOUYCHO B npeaciax

0<m 0<P)=1

=
=1 . PaznienuB Bce wacTtu HCpaBCHCTBA HA 1 MMOJYYHUM

2.Bepossmnocmb 0ocmosepro2o cobvimus pasHa eouruye, maxk Kax

3.B€p0ﬂﬂ’”—l0cmb HEB03MONCHO20 COObIMUSL pasrna HYJ0, NOCKOJbKY n

ITpumep 1

BpocaroT urpanbHyto kocte. HaliTu BEpOSITHOCTH TOTO, UTO: @) BBIMAJET YETHOE
YHCIIO OYKOB (COObITHE A); 0) BBINAAET YHCIO OYKOB, kpaTHoe 3 (coOwiTHe B); c)
BBITIAZIET JIFOOOE YHMCIIO 0UKOB, KpoMe 5 (coowitre C).

Pemenue
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a) Ha rpansx urpajabHOM KOCTH UMEETCs TpU YeTHbIe Udpsl ( 2, 4 1 6),

T.€. YHCJIO MCKOMBIX MCX0M0B m = 3. Yuciao Bcex BO3MOXKHBIX MCXOAOB paBHO 6 (BbINAAET

3 1
P)=32=1
Jr000€ YUCII0 OYKOB OT 1 /10 6 ). 3HAUHT, 6 2

0) 3meck umeroTcs aBe nUQpbI, KpaTHbie TpeM: 3 u 6. CiienoBaTensHO,

I |
P@B)=2=1

m=2, a YKCJIO BCEX BO3MOXKHBIX HUCXO0B N = 6, OTKy/1a 6 3
c¢) Uckombimu ucxomamu siBisitorest mudpsr 1, 2, 3, 4, 6 — Bcero ux msath (m=5). Yucno

P(C) =
BCCX BO3MOXXHBIX MCXOJ0B N= 6. HOBTOMY

ool

HI/ICerTHHMI/I CHy‘I&ﬁHLIMH BCINMYHMHAMH HAa3bIBAKOTCA cnyqaﬁHLIe BCINYHNHEBI,
KOTOPBIC IPUHUMAIOT JIMIIb KOHCYHOC HIIKN CYCTHOC MHOXKCCTBO 3HAYCHUMH.
CDYHKI_II/IH, CBA3bIBAIOIIas 3HAa4YCHUA

CIIy4ailiHON
COOTBETCTBYIOIIIMMU MM  BEPOATHOCTSIMH,

BCINYHHBI C

Ha3bIBACTCS  3AKOHOM  pAcnpeoeneHus
TVICKPETHOH CITy4aifHo# BenrmuuHbl. Ero yno0HO 3a1aBaTh B BHJIE TAOJIUIIBL:

3nayenusa Xi X Xs X3 Xn
BepositHocTe  Pj P P2 Ps3 Pn
Cobptust X = x; (i = 1, 2,3, ...,n) SABIAOTCI HECOBMECTHBIMH W EIUHCTBCHHO
BO3MOXXHBIMHU, T. €. OHU 00Pa3yIOT MOJHYIO CHCTEMY COOBITHH.

[ToaTOMy CymMma X BEpOATHOCTEH paBHA €AMHULE: p1 + P2 +p3+ ...+ pn =

OI[Ha N3 CaMbIX BaXXHBIX YHCJIIOBBIX XapaKTCPHUCTHUK cnyqaﬁHoﬁ BCJIIMYHUHBI €CTb
MATEMATHYCCKOC OXKMAAHUC.

Ecmn U3BECTHA JUCKpETHas ciy4yanHas BEIIMYMHA X, 3aKOH
pacpeneneHus KOTOpol UMeeT BUJL
3Havuenus Xi X1 X2 X3 Xn
BepostHocts  Pi p1 p2 p3 C pn
TO MaTeMAaTUYECKUM OXUAaHUEM M(X) (WM CpelHUM 3Hau€HHEM) JAUCKPETHOM BETMUMHBI X

HasbiBaeTcs uucio M(X) =xp; +xop2 + ... + Xu pn

= Z :1=1 }"na

Takum o6pa30M, MATEMATHUYICCKOC OXXKHNIAHUC IIHCI(pCTHOfI cnyqaﬁHoﬁ BCIIMYHHBI

X paBHO CyMME MPOU3BEICHUI BO3MOKHBIX 3HAYEHUN 3TOM BEJIMYMUHBI HA X
BEPOSATHOCTH.

bunomMuaneHOE pacnpeneneHne

HYCTB MMPOU3BOAUTCA OIIPEACIICHHOC YHUCIO N HE3aBUCUMBIX OIIBITOB, NPHYEM B

KaXXJI0M H3 HUX C O)IHOI71 U TOM Ke BEPOATHOCTBIO MOXET HACTYIIUTh HEKOTOPOC
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cobpiTie p. PaccMoTpuM ciydaitHyro BenmWuuHy X, TPEICTaBIISIONIYIO COOOW YHCIIO
HACTYIUICHHUI COOBITUI A B N ONbITax. 3aKOH €€ paclpeieieHus] IMEET BHU]T

3Hauenus  Xi 0 1 2 e n
BepositHocts  Pi P(Anp) P(An,1) P(An2) C P(Ann)
CF.: k n-k
I'me P(Anx) Beruncnsercs no ¢popmyne bepuymnu P(Aqx)= —1 P q
e 4= 1-—p.
3nauenus  Xi 0 1 2 S n
Bepositroere Pi | COp%gn—? Clp*q™? Cip2g™2 | Captg™™™®

3aKkOH pacmpeleieHus, KOTOPBIA XapakTepusyeTcsl TaKoW TaOnuiel, Ha3bIBaeTCs
OUHOMUAILHBIM.

ITpumep
Mounetry mnoaOpaceiBatloT mnaTh pa3. CocTaBUTh 3aKOH paclpeneieHus ciaydailHou
BEJIMUYMHBI X — YMCIa BBINIAJCHUS repoa.

Pemrenne

Bo3moskHbl crnenyroniye 3HadeHus ciydaitnon Benuunnabl X: 0, 1, 2, 3, 4, 5. 3nHas,
1

4TO BEPOATHOCTD BbIIIAJACHUA rep6a B OAHOM HCIIbBITAHHUU paBHA 2

Haitinem BEPOSATHOCTH  3HAYECHUU

M aih 0 5
CITydaiHoON 0.0, \s—0 _ 1. (1) . (E) _ 1 senwunnbl X 1o gopmyie
Bepuyuu: C-p-(1+-p) =1

C-pt-(1-p)y°*=5- (3)1 : (3)1 3. P(Aso)=;

2 2/ 32
G aop=0:() ()3
cz-p*-a-pp2=10-(2) - (5)= 2

_ _ .. 0 4
C2-p>-(1—p)— = ==
P(As,1)=
P(As2)=;
P(As3)=;
P(As4)=
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P(Ass5)=

3akoH paciapeacii€Husd UMECT BU

3HaueHUs Xi 0 1 2 3 4 5
BeposTHocTH 1 5 10 10 5 1
pi 32 32 32 32 32 32

[Tpoussenem npoBepky: 32 32 32 3z 32 32

Jlucnepcuen ciaydaiiHOM BETMYMHBI Ha3bIBAETCSI MATEMATHYECKOE OKUJAHUE

KBaapara OTKJIOHCHUA cnyqaﬁHoﬁ BCIIMYHHBI oT €€ MaTCMaTHYCCKOI'O

OXHAaHHs.

O603HauYUM TUCHEPCUI0  CIIyYalHON  BEITHMYMHBI D(X), Torma coriacHoO

onpezeneHus: 0yaeM UMeTh

qyepes

D(X) = M (X -M(X)?).
OK&?»BIB&GTCH, 4TO AUCIICPCHUIO MOKHO BBIYHCIUTD U 110 (bOpMy.]'IC
D(X) = M (X°) -(M(X))",

T.€. KaK Pa3HOCTh MAaTeMaTHYECKOr0 OXUIAHWs KBaJpara 3HAYCHUW CIIy4allHOM BEJIWYHHBI U
KBaJpaTa €¢ MaTeMaTUYECKOTO OKUJAHUS.

BBomdTr eme OIHY XapakTepUCTUKY, Ha3bIBAEMYIO, CPEOHUM K8AOPAmMUYECKUM
OmK0HeHUuem CIydaiiHoW BenuuuHbl X U 00bIYHO 0003Ha4aroT OykBoi 6: ¢ = D(X) Ona

XapakTepu3yeT MPUMEPHBIN pa3Max,;£aMor0 OTKJIOHEHHS.

Ilpumep . Juckpernas cly4yanHas BEJIMYMHA X uMeeT  3aKOH
pacnpeneneHus
X 0 1 2
P 0,3 0,5 0,2

Haiitn aucniepcuio u cpeaHee KBaaApaTUYHOE OTKIIOHEHHE CITy4YalHOW BEJIMYMHBI X.
Pewenue. Tlo popmyne M(X) =xp1 +x2p2 +° °° + xn pp. Haxogum

M(x)=0-03+1-0,5+2-0,2=0,9.

3anuiieM 3aK0oH pacipeesieHus: KBaJpaTa OTKIIOHEHHS 3TON BEJINMYUHBI,

T.e. Bemmuunbl (X — M(X))%:

(X -M(X))’

(0-0,9)

(1-0,9)

(2-0,9)

P

0,3

0,5

0,2




ITo popmyne D(X) =M (X)? - (M(X))> umeem
DX)= (0-0,9)%-0,3+(1-0,9)%-0,5+(2-0,9%*0,2=0,81-0,3+0,01-0,5 + 1,21

0,2 =0,49.
N

B cootBerctBuu ¢ popmynoit O (X) = D(X) , umeem O (X)=D(X) = =0,49=0

9

[Ipy  HaxOXJEHUUM  MATEMATUYECKOTO  OXHUAAHUA, JUCHEPCUU U CPEIHEro
KBaJpaTUYECKOr0 OTKJIIOHEHHS CIIy4YallHOW BEIUYUHBI:

1)  3anmare 3aKoH pacrpeneneHus 3TOM BEIMYUHEI (COCTABUTH TAOIMILY):
X X1 X2 Xi Xn
P pl p2 pi pn

[JI€ Xi- BO3MOKHbBIE 3HAYEHHS CIIyYaliHOW BEIUYUHBI, p; — UX

BCPOATHOCTH,

2) HAWTH MareMaTHM4ecKoe OXujanue M(X) IMCKPETHOW —ClydaiHoi

BennuuHbl X 1o popmyne M(X) =xp; +xop2 + ... + Xu pu;

3) HAWTHU TUCTICPCHIO TUCKPETHON CIIy9allHOM BEIMYMHBI IO popmyie:

D(X) = M (X°) -(M(X))?

4) HaWTH CpelHee KBAaAPaTMYECKOE OTKJIOHEHUE CIIy4alHOW BEJIIMYMHBI 110
q)opMyne\f/; =D(X) .

3agaun:

1.B maptun u3 100 neraneii umeercs 5 OpakoBaHHBIX. OnpeaenuTe BEpoITHOCTb TOTO, YTO

B3dTad Haydady ACTaJlb OKAKCTCA CTaHHapTHOﬁ.

2. Bribupator Hayrazg uucio ot 1 1o 100. Onpenenure BEpoSITHOCTh TOTO, YTO B
ATOM YHCIIe OKaxeTcs mudpa 3.

3. Haiingute BeposSTHOCTH TOro, UTO Hayraja BbIOpaHHOe uuciao oT 1 mo 60
nenurcd Ha 60.

4 B kmacce 17 neBouek u 14 manbunkoB. OnpenennTs BEPOATHOCTh TOTO, YTO
00a BBIOpaHHBIX YUEHHKA OKXKYTCS: a)MaTbunKaMu; 0)I1eBOYKaMHU.

5. B cemusnHaunom TenepoHHOM HoMepe 3a0biTa mocinenHss —uudpa.
Omnpenenutbh BEpOATHOCTh TOTO, YTO Hayraja BblOpaHHas mudpa (or 0 no 9) okaxercs
BEpPHOM.

6. W3 xopobku, comeprkaleil n MpOHyMEpPOBAaHHBIX LIApOB, HAYTa/ BHIHUMAIOT
OJIMH 3a APYTMMH Bce Haxozsmuecs B Heill mapel. OnpenenuTs BEPOSITHOCTh TOTO, 4YTO
HOMeEpa I1apoB PaCIOJI0kKATCS M0 HOPAAKY.
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8. Monety nmonopacsiBatoT 5 pa3. CocTaBUTh 3aKOH pacrpeieeHus CIydaiiHoMl
BEIMYMHBI X — BbIMaJieHus repba. Haiitu mMaTematnueckoe OXXHIaHUE W JUCTIEPCHIO
CIIy4ailHOM BEJINYMHBI.

9.Ilo ogHOMY M TOMY € MapuUIpyTy B OJUH U TOT K€ JI€Hb COBEPUIAIOT MOJET
Tpu camosieTa. BeposTHOCTh IMocaiku MO pacnMcaHuio Ais Kaxzaoro pasHa 0,7.
CocTaBUTh 3aKOH pacHpeesieHusl CIy4ailHOro 4ucia caMOJ€TOB, OTKIOHUBIIUXCS OT
pacnucanud. HaliTu MareMaTnueckoe 0KMIaHUE U TUCIIEPCUIO CIIy4alHON BEJIUYUHBL.

10.YcTpoiiCTBO COCTOUT U3 TPEX B3aMMHO HE3aBUCUMBIX AeTaneid. BeposTHOCTD
OTKa3a KaxJoW neranu B oaHoM omnbiTe paBHa 0,1. CocTaBUTh 3aKOH pacnpeneieHus
yHclla OTKa3aBIIMUX JeTajeil B oJHOM ombiTe. HaliTu mMaremMaTuueckoe OXHAaHUE U
JIUCTIEPCUIO CIYyYailHON BEJIUYUHBI.

11.CocTaBuTh 3aKOH pacmpeieieHus 4Yucia IMONaJaHuid B Ledb Opu S
BBICTpENax, €CId BEPOSTHOCTh MOMaJaHUs MPU OAHOM BbicTpese paBHa 0,6. Haiitu
MaTeMaTUYECKOE OXKHUJIAHNUE U AUCIIEPCUIO CITy4yalHOM BETUYBbI.

BBINOJIHUTE CAMOCTOATENIBHO:

1.3 OykB COCTaBIEHO CIIOBO «KHHUTa». DTO CIOBO PACCHIMAld U MPOU3BOIBHO
coOpainu cHoBa. KakoBa BEpOSITHOCT TOT'O, YTO CHOBA MOJIYUUTCS CIIOBO «KHHUTa»?

2.Momnety noadpaceiBatoT 6 pa3. CocTaBUTh 3aKOH paclpeaeseHus ClydyaiiHOM
BennurHbl X BbIMajaeHus mudpsl. HaliTh MaremaTdeckoe OXHAaHWE W JUCIEPCHUI0
CIIy4ailHON BEJINYMHBI.

Tema: Penienne ypaBHEeHU M CHCTEM YPaBHEHHH.
IIpakTnueckas padora Ne 28

[lpu pemieHNH TMOKa3aTENbHBIX, JOrapu(MUUYECKUX, TPUTOHOMETPUUECKUX YpaBHEHHI,
HEOO0XO/IMMO CBECTH €r0 K OJHOMY WJIM HECKOJbKHUM MpPOCTEHIINM, pElIeHHE KOTOPBIX YyiKe
paHee pacCMaTpUBAIIUCh, MU K YK€ U3BECTHBIM YPAaBHEHHUS.

OcHOBHBIE CIOCOOBI PElICHUs] YPaBHEHHUI:
1.Pa3noxenne Ha MHOKUTEIIN:

6" +35- 6 ' =71 Buaum, 4To BCe CTENEHH C OJMHAKOBBLIMM OCHOBAaHHUAMH, TEpes X
CTOAT OJUHAKOBBIE KOI(PPUITMEHTHI, BEHIHECEM 3a CKOOKH CTETIEHb C HAUMEHBIIIUM TOKa3aTelleM.
(BriHOCHM, 3HAUUT JIEeMHM, a NP JACTEHUH CTETIEHEeN ¢ OJJUHAKOBBIMUA OCHOBAHUSMHU TTOKA3aTeIU
BBIYUTAIOTCS):

61 (6% +35) =71 (B ckoOKax He JOIKHO OCTAThCS X)
6 1-71=71]:71
6* =1

6x—1 :60
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2.3ameHa nepeMeHHON (0OOBIYHO CBOAMM JAHHOE YpaBHEHUE K KBaIPAaTHOMY):

2sin’x + sinx — 1 = 0 B ypaBHEHHHU OPUCYTCTBYET BTOpas CTEHEHb, MOMBITAEMCS CBECTH €r0 K
KBaJIpaTHOMY, B KBa/IpaTHOM ypaBHEHUU HET cUHycoB. CaemnaeM 3aMeny:

Sinx =t
2 4+t—1=0
1

t= > t = 1 Cnemaem oOpaTHYIO 3aMeHY, TOJYYUM JIBa TPUTOHOMETPHUECKUX YPABHCHHSI,

pEIINM HX.
. 1 )
Sinx = 3 sinx =1
Xi=arcsina+2nn,n € Z YaCTHBIN cilydai
.1 T
X1:ar0s1n5+2nn,nEZ x::+2nn,nEZ

X1:§+2nn,nEZ
Xp=m-arcsina+ 2nn,n € Z

X2=n—g+2nn,nEZ

5
X2=?n + 2nn,n €7Z

Tak ke ObIBAIOT ClIydau, Koraga npuxoauTcda CHadajla BOCIIOJIb30BAaThLCs IMMPpaBUJIaMH WA

CBOWCTBaMH:
logs(x + 1) + logs(x +3) = 1 om;{ii;ig X€E (-1;00 )
log3((x + 1D+ 3)) = log; 3
X*+4x+ 3=3
X2+4x=0
X=0,e O3 X = -4 ne € O/I3 — NOCTOPOHHHUIT KOPEHB

OtBer: x=0

Pemenne cuctemM ypaBHEHHI OOBIYHO pelIaeTcsl BbIpa)KEHHEM KaKON-HUOYAb NMEPEMEHHOW U3
OJIHOTO YPAaBHEHUS U MTOACTAHOBKOM B APYTOE.

3anaun: Pemnth ypaBHEHUE

1.3 +33*=12 2.5x = gxtl
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34*-5-2"+4=0 4.9*-8-3*-9=0

5.(log, x)?+ 2log, x =3 6.0g(x —9) +1g2x — 1) =2
7.Jog, x -logs x *logz(x —2) =0 8.2cos*x — 5 cosx = 3
9.sin2x" tgx + sin2x = 0 10. tg’x —4tgx +3 =0

Pemuts cucremy:

2%+ 2V =12 X+y=5
1{ 3%y =3 2'{4X+ 4y = 80

{ lg(y —x) = lg2 { x+y=7
‘Uog, x —4 = log, 3 — log, y Ugx +1lgy=1

Tema: Penenne HepaBeHCTB U CHCTEM HEPaBEHCTB.
IIpakTuyeckas pabora Ne 29

[Ipu pemeHHM HEPaBEHCTB MCHOJB3YIOTCSA TE K€ METOJbI, YTO U NPH PEIICHUU ypaBHEHHH.
Tak ke crnenyer MOMHUATh O METO/IE MHTEPBAJIOB. YUUTHIBATH 00JIACTh JOMYCTHMBIX 3HAYCHUH.
Tak, Hanmpumep, pelIeHHE JIOTapU(PMHUYECKOTO HEPABEHCTBA CBOAMTCS K PEIICHHIO CHCTEMBI
HEPaBEHCTB.

log,(x+2)< 3
log,(x + 2) <log, 23
a=2> 1, yHKIHUS BO3PACTAET, 3HAK HE MEHSAETCS

{x+2 < 23
Xx+2 >0

{x+2 <8
x+2 >0

{XX>< —6 2

OtBeT: X € (- 2; 6)
3agaun: Pemnth HEpaBEeHCTBA
1.22x7 14 22x=2 4 223 <448
24-_2x*1_8>0
337243 1<28

41g(2x —3) > lg(x + 1)
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5.logp3(2x —4) > logps(x + 1)

6.1gBx—-7) <lg(x+1)
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