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COopHHK 3a/1a4 COJEPXKHUT 3aJaHUs UL MPAKTUYECKHX padoT, MpenHa3HAueHHBIX IS
Oonee riay0OKOro M3y4deHHs JUCHMIUIMHBI; CHUCTEMATHU3allMU M 3aKpEIUICHHs IMOJy4YeHHBIX
3HAHUU U MPAKTUYECKUX YMEHUH; yriyOJeHHs U pacIIuPEeHUs] TEOPETHUECKUX U MPAKTHYECKUX
3HaHUM; GOpPMUPOBAHMS YMEHHUM HCIOIb30BATh CIIELUUAIBHYIO, CIIPABOYHYIO JINTEPATYpPY, a TaKk
K€ COIEPKUT METOAMYECKUE YKA3aHUS 110 BBINOJIHEHUIO MPEMIOKECHHBIX 3aJaHUM U CIIMCOK
JUTEPATYphl, HEOOXOIUMOM ISl U3YUEHUS AUCLUIIINHBI.

Hcnonb3oBanue MaHHOTO COOpPHHMKA 3agad B Y4YeOHOM IIpOLIECCE IMO3BOJIUT KAXKIAOMY
CTYJEHTY OCBOUTb TEOPETHYECKHUN MaTepuas, AACT BO3MOKHOCTb IPUMEHHUTH IIOJIyYECHHBIC
3HAHMS Ha IPAKTHKE.

Yka3zaHusi K OlleHUBAHUIO NMPAKTUYCCKUX p360T

OueHuBaHUE WHIUBUIYAIBHBIX 00pPA30BATEIbHBIX JIOCTHKEHUN MO pe3yJbTaTaM BBITOJIHEHUS
MPAKTUYECKUX Pa0OT MPOU3BOJUTCS B COOTBETCTBUU C YHUBEPCAIBHOM IIKaIOH (Tabnuua).

KauecTBeHHast orieHKa WHANBUAYAIbHBIX
[TpoueHT pe3ynbTaTUBHOCTH .
00pa3oBaTeNbHBIX TOCTHKCHUIN
(MpaBUJIBHBIX OTBETOB) =
Oay (OTMETKA) BepOAJIbHBIN aHAJIOT
90 — 100 5 OTJINYHO
80 — 89 4 XOPOIIIO
70-79 3 YAOBJIETBOPUTEIBLHO
menee 70 2 HEYIOBJICTBOPUTEIIHLHO

Tema: JleiicTBUSI HA KOMIUIEKCHBIMM YK cjaamMu. IIpudian:keHHbIe BLIYUCIEHUS.
IIpakTnyeckas padora Ne 1

1. IloHsTHE MHUMOI €IUHUIIEI.

JlomycTuM, 4YTO MpH pelIeHMM HEKOTOpPOH MNpHUKIagHONW 3ajaud, HampuMep, II0
THJIPABIUKE, MBI CTOJIKHYJUCh C HEOOXOAMMOCThIO u3BIeub V— 36 . M3BecTHO, 4TO B
JIeMCTBUTENBHBIX YUCIIAaX JaHHAS 33/1a4a He pa3pernma.

JlomycTum, 4TO CyIIECTBYET HEKOTOPOE YUCIIO, KBaapaT KOToporo paseH — 1. O003HauuM
3TO YUCIJIO OYKBOH 1, TOTIa MOYKHO 3aIUCaTh: =-1.

Uucno 1 Oynem Ha3bIBaTh MHUMOU edunuyetl (1 — HadaiabHas OykBa (paHIly3CKOrO CIOBa
imaginaire — «MHUMBII»).

3 sToro paBencTsa noxydaeM i = v—1.

BBenenne MHUMOHN €IMHUIBI MO3BOJUT HaM TeNepb M3BJIE€Yb KOPEHb KBAJPAaTHBIX W3
OTPHIIATENIbHBIX YUCEIT:

V=36 =,/36"(—-1) =36 V- 1=6i.

2. CreneHn MHUMOM €TMHUIILI.
PaccMoTpuM cTeneHrn MHUMOM € MHULIBL:
.1 .
1 =1

.2
1 =-1;
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W
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1
—
—
|
1
—
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l
1
o
—_—
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l
—
-

=i i=-1"i=-1
=i i=-ii=-i’=-(-1) = 1;
BunauMm, 4ro creneHu umcia i MOBTOPSAIOTCA € NepuoAoM, paBHbIM 4. [lonb3ysach aTum,
MO’KHO 3aIIiCaThb NpaBuJIo:
YT100bI BLIYUCIUTH CTENMEHb YHCaA i » JOCTATOYHO pa3ae/iuTh I[al-[l-[bli/i nmoxKasarTteJjib Ha
4. HeJ’IyIO qJacTb OT JAceJeHUus OTﬁl)OCI/lM, a 0CTaToOK 3alnmuuIieM B IIoKka3aTe/Jib 4Yucja i,
MMOJIYYMM OJIMH M3 Y€TBIPEX CIyYacB:
i'=1;
i'=i;
2_ . 1;
i’=-i.
Hanpumep, BEIUUCIUTH i
Pewenue: i = {135 : 4 = 23 + octaTok 3} =i’ = - i.
i**={24:4=6,ocrarox 0} =i’ = 1.

i

3. OmnpeneneHrue KOMIUIEKCHOTO YHCIA.

Omnpenesienne: Yucna Buga a + bi, rme a u b — AeCTBUTENBHBIC YUCHA, @ 1 — MHUMAs
enHuIA, OyZeM Ha3bIBATh KOMNIEKCHbIMUL.

Uucna a OyaeM Ha3bIBaTh OelicmeumenbHol 9acThi0 KOMIUIEKCHOTO uucna, bi — muumoi
yacmoio, b — KoaghPuyuenmom npu MHUMOU Yacmu.

3anuch KOMIUIGKCHOTO 4YMCIa B BHAE a + bi HaswpIBaeTcs areebOpauueckou @opmou
KOMIUIEKCHOTO YHCIIA.

VY neiicTBUTEIbHBIC U MHUMBIE YACTH:

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

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

Jltoboe nmelicTBUTENHHOE YHWCIO BCETrJa MOXHO NPEICTaBUTh B KOMIUIEKCHOW ¢opme,
Harpumep:

6=6+01;

-4 =-4+01;

0=0+0i.

4. JlelicTBUA HaJ KOMILUIEKCHBIMH YUCIIaMU B anrebpandeckoid hopme.

[Ipexxne uvem paccMmarpuBaTh JACHCTBUS HaJd KOMIUIEKCHBIMM YHCJIAMH, BCIOMHUM
JIEHCTBUSI CIIOKECHUS, BBIUUTAHUS U YMHOKCHHUSI MHOTOWICHOB.

Caoxenune. YToOBl CIOXHUTH JBa MHOTOWICHA, HAJI0 OIYCTUTh CKOOKHM W TIPUBECTH
IMOJOOHEBIE.

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

Boruuranue. YToObI U3 0JTHOTO MHOTOYJIEHA BEIYECTh BTOPOW MHOTOUJIEH, HAJI0 OITYCTUTh
CKOOKHM, W3MEHHUB TMPU ITOM Y KaXKIOTO CJIaraéMoro BTOPOTO MHOTOWIEHAa 3HAK Ha
MIPOTHUBOIIOJIOKHBIN, M TIPUBECTH MOJ00HBIE.

(1-4x)—(6-2x)=1—-4x-6+2x=-5-2x.



YmHo:xxeHue. UToOBI MEpEMHOXHUTH JBAa MHOTOYJIEHA, HAZ0 KaXJO€ CJIaraeMoe OJIHOTO
MHOI'O4JICHA YMHO)KI/ITL Ha KaxXJ10€ cjiaracmMoe l[pyl“OFO MHOT'OYJICHA U HpI/IBeCTI/I HOIIOGHBIC.
(7-3%)"(3+x)=7"3+7-x-3x"3-3xx=21+7x—9x —3x" =
=-3x> - 2x +21.

[Ipexne uYeM paccMmaTpuBaTh JACWCTBUE JEIEHHE KOMIUIEKCHBIX YHCEJN, BCIIOMHUM
2 42
dopMyty cokpaiieHHOro yMHOXKeHus a- —b” =(a+b) - (a—b).
Muoxwutenu (a +b) u (a—b) Ha3BIBAIOTCS CONPANCEHHBIMU.

JleiicTBuS CIIOKEHUS], BBIYUTAHUS M YMHOKEHHUS KOMIUIEKCHBIX YHCEN B ajreOpandecKou
dopMe MPOM3BOIATCA 1O NpPaBWIAM COOTBETCTBYIOIIMX JCHCTBHHA HAJ] MHOTOYICHAMH
2
(packpeITHE CKOOOK), C yueToM i = - 1;

YroObl pa3fenauTh 0JTHO KOMIIEKCHOE YUCIIO Ha APYroe, Hajo:

1) 3aMeHUTH AeHCTBUE JeTIeHHe YepTOoi 1pooH;

2) yMHOXHTb YUCIUTEIb U 3HAMEHATENb IPOOH Ha BHIPAKEHUE CONPSKEHHOE 3HAMEHATEIIO;
3) IPUBECTH MOTOOHBIE, YIHTHIBAS i = -1;

4) 3amucaTth OTBET B BHJIC a + bi.

Hanpumep, nycts z; =2 + 31, z, = | — 1, HAWTU 7| + Zo; 21 — Z2; Z1" 72} Z1 : Z2,
Pemenne:
Z1+2,=(2+31)+(1-1)=2+3i+1-1=3+ 2i;
21—2Z3=(2+31)—(1-1)=2+31i—1+i=1 + 4i;
Z1°2,=(2+31)"(1-1)=2" 1+2'(-i)+3i'1+3i'i=2—21+3i+312:
2-21+31+3 - (-1)=2-21+31-3=-1+1i;
_(2430)" (14+0) _ 242i+3i+3i®  242i+3i-3 _ — 1+5i
(1-0) " (1+0) 12— j2 1-(-1) 2

=-0,5+2,5i

VAR /)

5. Pemenue KBaJApaTHBIX ypaBHeHI/Iﬁ C OTpULATCIIbHBIM JTUCKPUMHWHAHTOM.

PaccmoTpum perienre kBapaTHBIX YpaBHEHHM, JUCKPUMHHAHT KOTOPBIX OTPUIIATENICH.
x> —6x+13=0 a=1;b=-6;c=13

2
D =b"—4ac

D=(-6>-41-13=36-52=-16

- b++D 6+vV—16 6+,/16°(—1) 6+4i .

X|=——— X| = = = =3+2i
2a 2 2 2

- b—~D 6—vV—16 6-./16"(-1) 6-4i .

Xp=———; X| = = = =3-2i
2a 2 2 2

BI/IIlI/IM, 9dTO €CJIM OUCKPUMHHAHT KBAaJAPATHOI'O0 YPABHCHUA OTPULATCIICH, TO YPAaBHCHUC
AMEET 08a CONPANCEHHBIX KOMNJIEKCHbIX KOPHAL.



6. YmpaxHeHus.

1. Bpruumciaurthb

1 i242;
2) i

3) i2301

4) i321;

5) i +i%%

6) {70 _ 1. i14;

7) {118 (1403 + i35—i9).

9

2. Haiitm 21+ 72371 — 73, 21" 135 71 « Zp, €CIIA

1) Z]Z4+2i,Z2:1—2i,
2) Z]ZI—Si,Z2:3+i,
3) z1=-2+31,2,=7-21,
4) z;=-3+5i,20=6+2i,
5) Z1 = 3i,Z2:1—i.

3. Pemuth ypaBHeHHE:
) 9> +12x+29=0
2) X*—4x+13=0
3) x> +3x+4=0
4) 2x*—10x+13=0
5) 5x>+2x+2=0.

Omeemwr:1l. 1.-1;2.1;3.i;4.i;5. -1+1i;6.-1-1;7. 3.

2.1.5; 3+ 4i; 8-6i; 2i.
2.4—4i;-2—6i; 8—14i; -0,2 — 1,6i.
20 170

3.54+1i;-9+5i; -8+ 25i;- —+—.
53 53

4. 3+ 7i; -9 +3i; -28424i; 0,7 + 0,9i.
5.1+ 2i;-1+4i;3+3i;-1,5+ 1,51.

3.0-243 2 %
3 3 3 3
2.2-3i;2+3i
3 =2 40220
2 2 2 2

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

Tema 2.4 Brerancnenre KoOpHel U CTeTeHeH

5.-0,2 + 0,6i; - 0,2-0,6i

Tema: BolunciieHHne KOPHeH M cTeneHeil

IIpakTuyeckas padora Ne 2

1.IToHsATHE CTEIEHU C HATYPAJIBHBIM ITOKa3aTelIeM

IIycts a — HexoTOpoe uucino u ne N, n > 1, To

CTCIICHBIO YHCJIa a.

d-a-a-

..-a =a" — Ha3pIBaeTCI n — "

n pas

a™ = b, r1e a — OCHOBaHHE CTENEHH, N — IOKa3aTellb CTEIEeHH, b — pe3ynbTar BO3BEICHUS B

CTCIICHb.



Hampumep, 3= 243, 1.x.3-3-3-3-3=243
2.CTeneHu ¢ [eNbIM IOKa3aTelIeEM U UX CBOMCTBA

I[J'IH CTEIIEHEH C IEIBIMM ITOKa3aTeIIMH OIIpCaACIICHUC U 0003HAYEHHS TaKue K€, KaK IJId
CTCIICHU C HAaTypaJIbHBIM IIOKA3aTCJIEM.

CsoiicTBa:
1) n, _m — n+m

2) a":a"=a""
3) (@H)M™=a""
4 (@ b)*=a" b

5 (5) =5
6) " =1

7) a =—
3.IloHsTHE KOPHS N — I CTENIEHU U €ro CBOMCTBa

IIyctb n € N, n > 1 u b — HekoTopoe unciO, TO KOPHEM N — ¥ cTeneHu W3 yuciaa b
HA3bIBAETCS TAKOE YHCJIIO a, 4To a" =b.

n
KOpHI/I 0003HAYaIOTCsA C IMOMOIIbBIO 3HAKA paJjuKajad, T.C. 4 = V b

I[eﬁCTBHC H3BJICUCHHUC KOPHA — 3TO OIICpalusAa 06paTHa;1 orcepanu BO3BCACHUA B CTCIICHDb
(ﬂeﬁCTBHC HaxXO0XIACHUA OCHOBAaHUA CTeHeHI/I).

Hanpumvep: V4 =2, T.x. 2° = 4
V81=3r.k 3*=81
CBoiicTBa:

Va'b =Va b

Va=""a

(Va)" =a

Vo = (Ya)"
"at="Va , wm Var ™ = a™

4 IlousTre CTENICHU C ACHCTBUTEIILHBIM IIOKa3aTelIeM, CBOMCTBA

p—

=]

AN AR

o m nr—m
CrerneHrio ¢ JCUCTBUTCIIbHBIM ITOKAa3aTECJIEM HA3bIBACTCA TAKOE YHUCJIO a , UTO a Z =Va

CBoMCTBa CTENEHEN C JIEUCTBUTEIbHBIMU ITOKA3aTelIIMU TaKHWE K€ KaK CBOWCTBA CTEIIEHEH C

OCJIBIMH ITOKA3aTCIISIMHU.

5. Ynpaxxuenus



1) [IpeacTaBuTh B BUI€ CTETICHH C PAIMOHAIBHBIM MTOKA3aTEIIeM:
DVx3; 2)Va%; 3)3Vb3; MHx~ T, 5)%a; 6)Vb-3

2)IIpencTaBuTh B BUEC KOPHS:

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

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

4 1 -4

4 11 2 5 2 1 1 5 1
7)25 - 25, 8)57-57: 9)95:9s;  10)45 : 4e; 11)(812)

3

2 2 2 2 3 3 3 3
12)9s - 27s; 13)73 - 49s; 14)1444 : 94; 15)150z : 62

9 2 6 4 3 3
16)87 : 87 - 35 - 35 17)2273V5 - g¥s  1§)3142VZ . gV2
4)HaiiTi 3HaueHNE BBHIPAKCHHUS:

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

5)Pa310XKuTh Ha MHOXKUTEIIH:

1

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

Tema: Boruncienue jjorapu(pmos.
IIpakTuyeckas padora Ne 3

1. Omnpenenenne norapudma.

PaCCMOTpI/IM PaBCHCTBO: a‘ = b, rac a — OCHOBAHHUC CTCIICHHU, C — IMOKAa3aTCJib CTCIICHU, b
— pE3ybTaT BO3BCACHU B CTCIICHD.

Jlorapugmom nonoxurenpbHoro uyuciaa b mo ocHoBaHuio a, rae a > 0, a # 1, Ha3bIBaeTCs
MoKAa3aTeJib CTeNneHH, B KOTOPYIO HaJI0 BO3BECTH YUCIIO a, YTOOBI MOIYUHUTS b.

c=log, b
logs 5 umrTaem: Jorapudm gucia 5 10 OCHOBAHHUIO 3.

JelicTBUe HaxXOXAEHUS MOKA3aTeNsl CTENEHU, [0 3aJaHHBIM OCHOBAHMUIO U PE3YIbTaTy
BO3BE/ICHUSI B CTENEHb, HA3bIBACTCA .J02apugmuposanuem. ITO JAEUCTBUE — oOpaTHOE
BO3BEJICHUIO B CTEIIECHb.

Hanpumep:

10



1.log,8=3, T.k. 2° =8

2. logs5=1,Tk.5' =5
3. loggs-=-2,TK 6 =
4. log7\/7:%
5. logz1 =0,1k.3"=1
9 3\2 9
6. loggg—2, T.K. (E) —E
49 4\"?% a9
7. loga—=-2,TK. (= =—
8176 (7) 16

8. 10gys 0,125 =3, 1.x. (0,5)% =0,125

2. OcHOBHOE JOorapru(MUIECKOE TOKIECTBO.

Tak kak a° =b (1.) u ¢ = log, b (2.), To mozcrasisst (2.) B (1.), moxyuum

aloga b _ b
DTO paBEHCTBO HA3BIBACTCS 102APUPMULECKUM MOAHCOECTNBOM.

OcHOBHOE JIOFapH(i)MI/I‘leCKOC TOXIACCTBO IO3BOJIACT BBIYMCIIATH 3HAUYCHUA TaAKHX

BBIPXKEHUM:
1. 310g35 =5
2. 25108257 =7
3. 3610g65 — (62)10g65 — (610g6 5)2 — 52 — 25
1 log54_ —3vlogs 4 _ 10g4_3_ 3_1
4. (E) = (57°)"8s —(5 5) =4 T 64
5. 3i*logs7 — 3. 3logs7 —3.7=2]
6. 43+log25 :43 . 4_10g25 =64 - (22)log25 =64 (zlog2 5)2 =64 - 52 =64 -25=1600

1. YnpaxhHeHus.

1. Haiitu norapudmsl yncesn Mo OCHOBaHUIO 3:
3,9,27,81,1, 7,7, —, ¥/3, ==, 93/3..

309 243" '3y

2.Beraucianrs:
1) log, 16; 2)log, 64; 3)log,2; 4)log,1; 5)log, %; 6)log, %; Dlog, V2;
8)log2% : 9logs27 ; 10)logz81; 11)logs3 ; 12)log; 1; 13)log; 3:

1 1

14)logs 5 15)logs V/3; 16)log; 5
1Mlog:—:  18)logs 4; 19)logo,s 0,0625;  20)logos5: 21)loggs 1;

2 2
22)log: V2;  23)logs 625;  24)log, 216; 25)log, —— 26)logs —:

2

27)log: 125;  28)logi27;  29)logi—  30)logi——.
5 3 4 6
11



3. Beryucinurs:

1
1)3510g3 2; 2)0’3210g0‘3 6; 3)1010g102; 4)7510g7 9; 5)810g2 5;
6)9'°8:12;  7)16!0847; 8)0,125'°80s*

4 BbISCHUTB, IPU KAKKUX 3HAYEHMAX X CYLIECTBYET Jorapudm:

1 -5
l)log%(4 — X); Dlogg (7 — x); 3)loge —- Dlogg -—
SHlogi(=x*):;  6)logg;(—2x°)

4

5.BuIyucinTh:

1
=logz 4 —5log, 5 —4log1 5
porlesss. (I (DT w27 sy

1+2log; 3
5)103 108105, 6)(2)

9)2log,- log1o 1000; 10)§ logg log, 8 ; 11)3log, log, 16 + log: 2
2
12)logz 81 + log, 32; 13)logs 625 - logg 36; 14)log, 16 * log, 49

; Dlog,log; 81;  8)logslog, 8;

6.Pemuth ypaBHeHue:

Dlog, 27 = 3; 2)logX§= “1; 3logVE=-4 4)2* =5
5)1,2X:4; 6)42X+3:5; 7)7172)(:2

Tema: [IpeoOpa3oBanne BbIpaKeHNH, COAEPKAIMX JOTapupMbI.
IIpakTuyeckas padora Ne 4

1.Onpenenenue norapudma. JlecssTuuHble U HaTypaJbHBIE JOrapu(Msl.

PaccMoTpuM paBeHCTBO: a° = b, IJle a — OCHOBaHHWE CTEIEHH, C — ITOKa3aTellb CTENEeHH, b
— pe3yJIbTaT BO3BE/ICHUS B CTCIICHD.

Jlorapugmom nonoxurenpHoro uuciaa b mo ocHoBaHuio a, rae a > 0, a # 1, Ha3bIBaeTCs
NMoKa3areJ/ib CTeNeHU, B KOTOPYIO HAJI0 BO3BECTH YUCIIO a, YTOOBI MOJTYUYHUThH b.

c=log, b
logs 5 umTaem: Jorapudm yucia 5 10 OCHOBAHHUIO 3.

JelicTBre HaXOXACHUS TOKA3aTeNsl CTEMEHW, 110 33J[aHHBIM OCHOBAHHMIO U PE3YIbTaTy
BO3BEJICHUSI B CTENEHb, HAa3bIBaeTCs .Jocapugmuposanuem. ITO JeUCTBUE — 0OpaTHOE
BO3BEJICHUIO B CTEIIECHb.

Hampuwmep:

log,8=3,Tk 2°=8
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JlecATHYHBIM Jorapu¢mMoM dYnciIa Ha3bIBACTCS JIOTapu(pM 3TOTO YHCIA 110 OCHOBAHHIO
10, koTopslit 0o603Havaercs 1g b, BMmecro logyg b.

Hanpuwmep:
121000 = 3, T.x. 10° = 1000

HartypajabHbiM Jlorapu¢gMoM 4uciIa Ha3bIBAETCS JIOTapu(M 3TOT0 YUCHIA MO OCHOBAHUIO
e,rae e =2,7182818...(= 2,7).

Hatypanbnblie norapudgmsl 0603Haqarotes In b, BMecro log, b.

2.0cHOBHOE J0orapu(PMHUECKOE TOKIAECTBO.

Tak kak a“=b (1.) u ¢ = log, b (2.), To noacrasiss (2.) B (1.), moayuum
aloga b _ b
3TO PaBEHCTBO HA3BIBACTCS J102APUPMUYECKUM MOHCOECTNEOM.

OcHOBHOE JIOTApU(PMHUUECKOE TOXKIACCTBO TIO3BOJISIET BBIYUCIATH 3HAYCHUS TaKUX
BBIPAKCHUM

7. 3lo8s5 =5
] 361085 = (62)log65 — (610g65)2 _ 52 -75

3.CaoiicTBa j0rapugmon

1) log, b +log, k =log,(b - k)

2) log, b -log, k =log, (g)
3) r-log,b=1log, b"

Harpumep:
1) loge 18 +logg 2 =logg 36 =2
48
2) 10g12 4‘8 - 10g12 4‘ = 10g12 (T) = 10g12 12 = 1
3 logs 16 _ logs2* _ 4-logs2 _ 4
) logs32  logs25 5-logs2 5
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4.®opmyra nepexoja oT Jorapudma 1o 0AHOMY OCHOBAHUIO K JIoTapu(pmy 1o Ipyromy

OCHOBAHHIO.

__loggb
log, b = logra
Hanpuwmep:

logs25 2
logs 3 - logs 3

log; 25 =

5.YopaxHeHust

1) BeruucauTs:

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

6)logs 3; logsV3; logi—; logi81; logiz; logi27; logs=:
127 : 29 - 3

2)BbluncnuTs:

510g52; 7log7 3; 310g3 7; 610g6 12; 210g2 10; 32-10g3 2; 4_2-log4 5;
43-log45; 71—log72; 31+ 10g35; 5l+ log53; 21+ 10g23; 22—10g25.

3)HaiiTi 3HaueHNE BbIPAXKECHMUS:

1.1log,6 2 +log, 13 = 2.log8$+log8%= 3.1g4+1g25=

2-logs1. . g2-loge2.
52-logs1, . g2-loge2.

4.log, 5 - log, g = 5.log; 7 - logs g = 6. log% 28 - log% 7=
logz 25 _ logy 4 _ logz 3 _
"log, 125 "log, 8 "log, 9
10. (9)'8s % = 11.(27)'0832 = 12.(25)08s3 =
13.log, 16 - log%i = 14.logs 25 - log, 1 = 15.logz 1 log, 2 =

Tema: Pemrenue npocreimmx noka3ateabHbIX H JJOrapugMuyecKux ypaBHeHU U

HePaBeHCTB.

IIpakTnyeckas padora Ne 5

[To ompenenenuio a° = b. Iloka3aTenbHOE YpaBHEHHE — 3TO YpPAaBHEHHE, COAEpPIKAIIEE

HEU3BECTHOE B IIOKa3aTelie CTENEHM, T.e. IOKa3aTellb MPEJCTaBIE€H B BHJE BBIPAKEHUS,
comepamero x. Takoe ypaBHeHHe Oyzer mmers B a®™ = b —mpocreiiliee MOKa3aTeIbHOE

ypaBHEHUE.
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T.k. MBI MOXX€M CpaBHUBATh CTENECHH C OJIMHAKOBBIMH OCHOBAaHMSIMH, TO 4YHCIO b Hamo
IPEJICTABUTh B BUJE a°. 3Has O TOM, YTO Y PaBHBIX CTENEHEH ¢ OJMHAKOBBIMH OCHOBAaHHSIMH,
MOKa3aTeJId PaBHbI, MOXKHO CHAENaTh BBIBOJA, g(X) = c¢. Pemasa 3to ypaBHeHue, HailgeM X. T.k.
MOKa3aTelb MOXXET OBITh JIOOBIM YHCIOM, TO OO0JacTh JOMYCTHMBIX 3HAUYEHUH TaKOro
YpaBHEHUS — BCE JICUCTBUTEIILHBIE YHCIIA.

KOpOTKO BCC BBIIIC CKa3aHHOC MOKHO IPCACTABUTHL B BUJAC CXCMBbI:

ag(x) =b
ag(X) =a°
gx)=c
Hanpumep:
2X+ l - 8
2X+ 1 - 23
x+1=3
x=2

[TpuHIMI pelieHns TOKa3aTelbHOI0 HEPABEHCTBA aHAJIOIMYEH, €IMHCTBEHHOE, HEOOX0IUMO
y4€CTh MOHOTOHHOCTh COOTBETCTBYIOIICH TIOKA3aTeIbHON (DYHKITHH.

agx) >b

28®) s g¢

a)ectu a > 1, To GpyHKIUSA OyAET BO3paCTArONIEi, 3HAK HE TOMEHSIETCS
gx)>c

0)ecnu a < 1, To pyHKIMS OyAeT yObIBaIOIIEH, 3HAK MEHSIETCS
f(x)<c

Harpumep:

0,3* 7 <0,09

0,3* <03’

a=0,3 <1, pysHkiusa yobIBaeT, 3HAK MEHAETCS

x—3>2

x>5

[Tpunin pemieHust Jorapu@MUUYECKMX YypaBHEHMH W HEPaBEHCTB CXOXK C pELICHHEM
NOKa3aTeIbHbIX YPaBHEHUH M HEPAaBEHCTB, HO HEOOXOAMMO YUYHUTHIBaTh 00JAaCTh JOMYCTHMBIX
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3HAYEHWH: T.K. MBI pPacCMaTPUBAEM TOJIBKO ITOJIOKHTEIbHBIE OCHOBAaHHWS, TO BBIPAKECHUE
CTOSIIEE O] 3HAKOM JIOTapr(Ma TOJKHO OBITH MMOJIOKUTETHHBIM.

log,g(x) =c OI3: gx)>0

log, g(x) =log, a¢

gx) =a’
gx)=b
Hanpumep: log, (x + 2) =3 O/13:x+2>0
log,(x + 2) =log, 23 x>-2
x+2=2°

x + 2 = 8MecTo /11 ypaBHEHHUS.
x=6 € O/13
OtBer: x =6
Pemnts HepaBeHcTBO: log,(x + 2) < 3
log,(x + 2) <log, 23

a=2> l,pynkuus Bo3pacTaer, 3HaK HE MEHSETCS

{x +2 < 28
x+2 >0
{x +2 <8
x+2 >0
{ Xx <6
X > —2
OtBer: X € (- 2; 6)
YnpaxHenus:
l.Pemmts ypaBHEHUSA:
3P x=L 2251 = 125 () =3
) T 81 ) - ) 4)
4)0,2%* " = 5%! 5)2-8°=16 6) 2* = 3*
7 log,x=2 8)logs(x—3)=0 9Mlogi(2x+5) =-1
2

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

2.PeminTh HEPABEHCTBO:
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X 5 1 1 x+3
12°> 4 235> L 3)(5) <25

X 4x +2 2 3x+6 4
4)0,2 < 0,04 5)5%2 5 125 60(2)" >2
Dlog,x < 2 8)logp,(2x — 1) <-1 9)log; 4x >0
10)log,(x + 4) > log,(3x — 1) 1Dlog2(1 — x) <logz(3 — x)
5 5

Tema: 3a1aun HA MAPAJIETBHOCTD M NMEPNEHINKYJISIPHOCTD NPSAMBIX U IJIOCKOCTEH B
NPOCTPAHCTBeE.

IIpakTnueckas padora Ne 6

1.CtepeomeTpusi. AKCUOMBI CTEPEOMETPHH.

CrepeomMerpust — pasjiel FreOMETPUH, B KOTOPOM M3y4daroTcs MPEIMEThl B IPOCTPAHCTBE U
UX CBOMCTBA.

HeonpenensemMble NOHATUSA: TOUKA, IPsIMast, IJIOCKOCTb.

AKCHOMBI CTEPEOMETPUH:

C;: KakoBa Obl HHM ObLTa TUIOCKOCTH, CYHIECTBYIOT TOYKH € NpUHAAJISKAIINE U HE
HpUHAAJISKAIIHE.

C,: Ecnum aBe MIOCKOCTM MMEIOT OOIIYI0 TOYKY, TO OHH IepeceKaroTcs IO HpsSMO,
POXOJALIEeH Yepe3 3Ty TOUKY.

Cs: UYepes aBe nepecekaroniyecs MpsiMble MOXKHO IIPOBECTH INIOCKOCTh M IMIPUTOM TOJIBKO

OIHY (aKCI/IOMa 0 CyIIE€CTBOBAHUHN HHOCKOCTI/I).

CrnencTBus U3 aKCUOMBI O CYLIECTBOBAHMH IIJIOCKOCTH:

1.Yepe3 npsAMyro U HE JEKALYyI0 Ha HEW TOYKY MOKHO IPOBECTH IUIOCKOCTb U IPUTOM
TOJIBKO OJIHY.

2.Yepes Tpu TOUKHU HE JIeKaIIMe Ha OAHON MPSIMON MO>KHO IIPOBECTH IUIOCKOCTb M IIPUTOM
TOJIBKO OJIHY.

3.Yepes aBe napasenbHble NPsSMbIe MOKHO IIPOBECTH IJIOCKOCTh U IPUTOM TOJIBKO OJHY.

2.B3auMHO€e pacrnooKeHue NPSIMbIX, INIOCKOCTEN, IPSIMBIX U IIOCKOCTEH B
IIPOCTPAHCTBE.

[110CKOCTH B MPOCTPAHCTBE MOT'YT:
1.ITepecekaThcst (MMETH OJIHY OOIIYIO TPSIMYIO),
2.bbITh napauieaTbHBIMU (HET OOLIUX MPSAMBIX ).

ITpsiMble ¥ IJIOCKOCTH B IPOCTPAHCTBE MOT'YT:
1.IlepecexaTbcst (MMETh OJTHY OOIIYIO TOUKY),
2. BeITh mapanenbHbIMU (HET OOIINX TOYEK).

[IpsiMBIe B IPOCTPAHCTBE MOTYT:
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1.IlepecekaThcst (MMETH OIHY OOIITYIO TOUKY),
2. BeITh mapanenbHbIMU (HET OOIIUX TOYEK),
(B mepBBIX ABYX Clydasx MpsMBbIE JIe)kKaT B OHOM TJIOCKOCTH)
3.bbITh ckpenuBaronMucs ( He JIeKaT B OJHOU MJIOCKOCTH).

3.IlapanienbHOCTb NPSMBIX U INIOCKOCTEH.

/IBe mpsiMble B MPOCTPAHCTBE HA3BIBAIOTCS MapaJieJIbHBIMU, €CIIU OHU JISKAT B OJHOU
IUIOCKOCTH U HE IIEPECEKAIOTCS.

Teopema: Yepe3 TOUKy BHE JAHHOW MPSMOM MOXHO MPOBECTH MPSIMYIO, apaieIbHYO
JAHHOW U TIPUTOM TOJIBKO OJIHY.

[Tpu3Hak mapajuieNbHOCTH  OPSIMBIX: JlBe nmpsMble, mapaljielibHble TPEThel,
napasuieNbHBI.

HpﬂMaﬂ H IIJIOCKOCTDb HAa3bIBAIOTCA MapaJljI€eJIbHBIMHU, €CJIM OHU HE IEPECCKAOTCA U HE
HUMCIOT O6H_[I/IX TOYCK.

IIpusHak mapaJieIbHOCTH OpSIMOW M IJIockocTH: Ecnu npsMasd, HES IIpUHAAJICKallas
IIJIOCKOCTH, IIapaJlICIbHA KaKOﬁ—HH6YﬂB HpHMOﬁ B 3TOH IIJIOCKOCTH, TO OHa IIapauiCJibHA H
caMol MJIOCKOCTH.

JIBe IUIOCKOCTH Ha3bIBAlOTCA NMApaJLIeJbHBIMHM, €CIM OHM HE IIEPECceKaroTcs, T.e. HeE
UMEIOT OOIINX TOYEK (TPSMBIX ).

IIpu3Hak mapajuleJbHOCTH IUIOCKOcTer: Ecnm aBe mepecekaromuecs NpsMble OJHOU
IJIOCKOCTH, COOTBETCTBEHHO MapaJljIeNIbHbI IBYM MEPECEKAIOIUMCS IPSIMbIM JIPYroi MI0CKOCTH,
TO 9TH IUIOCKOCTHU MapalIeIbHBbI.

4.IlepneHAMKYASIPHOCT NPSAMBIX U IUIOCKOCTEH.

JIBe mpsiMble Ha3bIBAIOTCA MNEPHEHIMKYJISAPHBIMH, €CIM OHHU IEPECEKAOTCS TOJ
OPSMBIM YTJIOM.

ITpy3HaKk NEpHEeHAMKYISPHOCTH MPAMBIX: €CIM  JBE IEpPEeCEKaroluecs NpsMble
COOTBETCTBEHHO MapajuleJbHbl  JIBYM MEPHEeHAMKYISPHBIM MpSAMBIM, TO OHH  TOXeE
HEepIEHIUKYIISPHBIL.

Ilpsimasi, mepecekaromass IIJIOCKOCTb, HA3bIBAETCA  NMEPHEHAUKYJIAPHOH  OTOU
IJIOCKOCTH, €CJIM OHa NEepHEeHIUKYIIspHA JII000H MPsAMON, KOTOpast JIEKHUT B JAHHOHM MJIOCKOCTH
U IIPOXOJHUT YEPe3 TOUKY MIEPECCUCHUST JTaHHOU IPSIMOMU C INIOCKOCTBIO.

IIpu3HaK NEPHEHAUKYIIPHOCTH NPAMOU U IVIOCKOCTH: €CIIU IpsMast NEPHEHAUKYIIIpHA
JIBYM IIEPECEKAIOIIUMCS MPSIMBIM, JIEKALIUM B IUIOCKOCTH, TO OHA IEPIEHAUKYISIPHA U CaMOU
IIJIOCKOCTH.

CBoIICTBa NEPNEHANKYIISIPHBIX MPSIMOHN U INIOCKOCTH:

1.Ecnu niocKocTh NMEpPHIEHIUKYISIPHO OAHOW M3 JBYX NapaJIeNbHBIX IPSIMBIX, TO OHA
NEePNEHANKYJISPHA U APYTOM.

2.JIBe npsiMble NEPIEHANKYJIAPHBIE OJJTHON U TOW k€ TUIOCKOCTH, NTapaJlICIbHBI.
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5.M300paxkeHne mpocTpaHCTBEHHBIX (PUTYp HA IIOCKOCTH.

Jns u300pakeHus: MPOCTPAHCTBEHHBIX (UTYp Ha IUIOCKOCTH OOBIYHO MOJIB3YIOTCS
Napa/uieJibHbIM MPOEeKTHPOBAHUEM. OJTOT CMOco0 H300paxeHuss (GUIrypsl COCTOUT B
clenymoomeM: Oepercss Npou3BosibHas mpsMas h, mnpecekaromas IUIOCKOCTh uepTexka d,
NPOBOJIUTCS 4Yepe3 MPOM3BOJIBHYIO TOUKY A ¢urypsl npsmas, mapawiensHas h. Touka A
IpecedeHus] ATON MPsIMOM € MJIOCKOCTBIO uepTexa Oyaer m3oOpaxenueM touku A. Iloctpous
TaKUM 00pa3oM n300paskeHue KaXKA0H TOUKH (PUTYPBI, TOTYYHM N300paskeHre caMOl (PUTYPHI.

Taxoli cnoco0 M300paKeHHs MPOCTPAHCTBEHHOM (PUTYPHI HA MIOCKOCTH COOTBETCTBYET
3pUTEIBHOMY BOCIIPUSTHIO (QUTYpHI IIPU PACCMOTPEHUN €€ U3aJIH.

CaoiicTBa n300paskeHus GUIypbl Ha MIOCKOCTH:

1. ITpsimonnHeiHbIe 0Tpe3kH (GUTYphl H300paKarOTCs HA INIOCKOCTH YepTeXa OTPE3KAMH.

2 IlapannenbHble  OTpe3kH  GUIYpbl H300pakalOTCsl Ha  IUIOCKOCTH — uYepTexa
napaujelbHbIMU OTPE3KaMH.

3.0OTHOIIEHUE OTPE3KOB OJHOW MPSAMON WMJIM HapaylIeNbHbIX MPSIMBIX COXPAHSAETCS IPH
napanjebHOM IPOEKTUPOBAHUY.

Hapsny c¢ mapaiienbHbIM HPOEKTHMPOBAHUEM JUIsI M300pa)kKeHUs HPOCTPAHCTBEHHBIX
¢Guryp Ha MIOCKOCTH MOXKET UCIOJIb30BATHCS TAKXKE LEHTPaJIbHOE NPOEKTHPOBAHHE, KOTOPOE
COCTOUT B CIIEAYIOIIEM: OepeM MPOU3BOJIbHYIO TOUKY S, HE JISKALIYIO B INIOCKOCTH YepTexa o, U
IIPOBOJIUM 4epe3 MPOU3BONIbHYIO TOUKY A ¢durypsl npsmyro SA. Touka A; mnepecedeHus: 3TOu
OpsSMOI € TUIOCKOCTBIO YepTexa Oyner m3o0paxkenue touku A. IlocTtpomB TakuM oOpazom
n300pakeHNe KaX/10i TOUKU (PUTYPBI, TIOITYIUM H300paKeHHE cCaMOil (PUTypHI.

3TOT crmocod M300paKEeHUs JTAeT HATIIHOE 3pUTEIbHOE MpeACTaBiIeHne o Gurype, HO
TOYHBIE pa3MePhI €€ YaCTEeH MPH ITOM TEPSIOTCSL.

6.3agaun.

1./laHbl n1Be pa3nuuHbIE IpsMBbIE, Nepecekaromuecs B Touke A. J[okaxkuTe, 4TO BCE
npsMble, iepeceKarolire ooe JaHHbIe MPsMbIE U HE TIPOXOIAIINe Yepe3 TOUKY A, JiexKaT B OJJTHOU
IJIOCKOCTH.

2.Jlokaxkure, 4TO Yepe3 NPAMYI0 MOYKHO IIPOBECTH JBE PA3JINYHBIE TUIOCKOCTH.

3.JlokaxxuTte, 4TO BCE MNpsMBIE, NEPECEKAIOIINE JBE JAHHBIE MAapaJUICIbHbBIE TPSMBIE,
JIEKaT B OJTHOM IJIOCKOCTH.

4.JlokaxxuTe, 4TO €CIIU INIOCKOCTh MEPECEKAET OJHY U3 ABYX MAPAJIENIbHBIX NPSIMBIX, TO
OHa MepeceKacT U APYTrylo.

5.JloKaxxuTe, 4TO 4epe3 JBE CKPEIMBAIOIINECS IPSIMbIE MOKHO IIPOBECTHU NapajuIeIbHbIE
IJIOCKOCTH.

6.Jlokaxxure, 4yTo uYepe3 JOOYI0 TOYKY HpPSAMOM B MPOCTPAHCTBE MOXHO IPOBECTH
NEPNEHIUKYISAPHYIO €l MIPSIMYIO.

7.Yepe3 koHubl oTpe3ka AB um ero cepennHy M mpoBeneHBI MapajulelIbHbIE NPSMBIE,
MepeceKarIe HEKOTOPYIO TUIOCKOCTh B Toukax Aj, B;, M. Haliqute mmuny orpeska MM,
eciu oTpe3ok AB He mepecekaer miockocth U ecnu: 1)AA; = Scm, BB = 7eMm; 2)AA| = 3,6aM,
BB; =4,81M.
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8. Uepe3 koHIbI oTpe3ka AB u ero cepenuny M npoBeneHbl mapajlieibHbIE MPSMbIE,
MepeceKarole HEKOTOPYIO TUIOCKOCTh B Toukax Aj, Bj, M. Haliqute nnuny orpeska MM,
eciu oTpe3ok AB mepecekaer mockocth U ecnu: 1)AA| = 8,3cm, BB; = 4,1cm; 2)AA| = a 1M,
BB; =b oM.

9.[an tpeyronpHuk ABC. IlnockocTs, napamnensHas npsmoil AB, nepecekaer cTopony
AC storo TpeyroibHuka B Touke Aj, a cropoHy BC — B Touke B;. Haiinure nnuny orpeska
ABj, ecmu: 1) AB=15cm, AA;: AC=2:3;2) AB=8cm, AA; : A|]C=5:3.

10.ITapamnenorpammel ABCD u ABC D, nexar B pa3HbIX MmiockocTsx. [JJokaxure, 4to
yetblipexyroibHUK CDD;C; ToXxe napanienorpamm.

Tema: [lepneHAUKYJIAP U HAKJIOHHAS.
IIpakTuyeckas padora Ne 7
1.Onpenenenust nepneHIuKyIspa 1 HAKIOHHOU
[TycTh maHbl MIOCKOCTH 0L M HE MPUHAJIEKAIIAS

eif Touka A.

IlepneHaUKYJIAPOM, ONYIIEHHBIM U3 TAHHOW TOYKH

Ha IIJIOCKOCTH (O, HA3bIBACTCA OTPC30K, COCTUHSIONIHNI 9Ty TOYKY C
TOYKOM INIOCKOCTH U J'IC)KaH_[I/Iﬁ Ha HpHMOﬁ, HepHeHHHKYJIHpHOﬁ IIJIOCKOCTH.

Konenr »3toro otpeska, mexaiui B IUIOCKOCTH 0, Ha3bIBaeTCsi OCHOBAHHMEM
nepneHAuKyJsipa.

I[JII/IHa NEPNCHAUKYJIApa, OIMYHMICHHOI'0 H3 ZIaHHOﬁ TOYKM Ha IIJIOCKOCTb, HAa3bIBACTCs
PACCTOAHUEM OT TOYKHU O IMITOCKOCTH.

HaxkJionHoi#, poBeIcHHOW U3 TaHHOW TOYKU A K JJAHHOM IJIOCKOCTH, Ha3bIBAETCS JII0O0H
OTPE30K, COCIUHAIOIINMI TOUKY A C TOYKOH IJIOCKOCTH, HE SBIIFOLINICS NEPIEHANKYIIAPOM.

Kownerr HakJIOHHOM, JIeKanii B IIIOCKOCTH, Ha3hIBAa€TCSI OCHOBAHHEM HAKJIOHHOM.

OTpe3OK, COCIUHSAIONINN OCHOBaHHE NEeprneHauKyjsdgpa € OCHOBaHUCM HaKJ'IOHHOI\/'I,
Ha3bIBACTCA npoemmeizi HAKJIOHHOH Ha IJIOCKOCTb.

2.TeopeMa 0 Tpex NEPIEHIUKYIIApax

Ecin mnpsMas, mpoBeleHHas Ha IUIOCKOCTM  4YE€PE3 OCHOBAHWUE  HAKIOHHOM,
NEepHEHINKYIIIpHAa €€ MPOEKLUH, TO OHA NMEpPHEeHIUKYJISIpHA U caMOM HaKJIOHHOH. (oOpaTHoe
YTBEpXKACHHUE: €CIM MpsMas Ha IUIOCKOCTH NEPIEHIUKYJIsSpHAa HAKJIOHHOH, TO OHa
HEePIEHINKYIIAPHA U €€ TIPOCKIIH).

3.Yroa Mexay npsiMoi U IITOCKOCTBIO
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[TycTh 0. — IIIOCKOCTB, a — EpPEeCceKaroIas ee npsmas,

HE TIepIEeHANKYIISIpHas MII0CKocTH. OCHOBaHUS TIEPICH-
AKYJISIPOB, ONYIICHHBIX M3 KAKI0W TOYKH MPSMOH a Ha
IJIOCKOCTH (L, JIEXKAT HA OJHOM MPSMOU a; HA MJIOCKOCTH .

Yraom Mexay npsMoil M IUIOCKOCTBIO HA3bIBACTCS YroJl MEXIy HAKIOHHOM U €€
IIPOCKLMEN Ha ATy IIJIOCKOCTb.

4.1Ipu3HaK NepneHAUKYIIPHOCTH INIOCKOCTEN

OHDGI[CJICHI/ICI ABC TCPCCCKAOIMECA NMJIOCKOCTH HA3bIBAOTCA NMEPIEHANKYJIAPHLBIMUA,
CCJIN TPEThA IJIOCKOCTD, ICPIICHAUKYIIApHAA JIMHUHA MIEPECCCUCHUA OTUX HHOCKOCTeﬁ, MEpeCCKacT
HX 110 NCPICHAUKYIIAPHBIM IIPAMbBIM.

TeoneMa: CCJIM INIOCKOCTH IIPOXOAUT UYCpPE3 IIPAMYH0, HNCPICHAUKYIISAPHYIO I[perﬁ
IJIOCKOCTH, TO 3TH IJIOCKOCTH NECPHICHANKYIISIPHBI.

5.Paccrosinue MCKAY CKPCIIHUBAIOMIUMUCS IIPSIMBbIMU

Oﬁ]lII/IM NEPHEHIUKYJIAPOM JIBYX CKPCIIHUBAIONIUXCA MPAMBIX Ha3bIBA€TCS OTPE30K C
KOHIAMH Ha 3TUX IIPAMBIX, SIBJISIOIIUICS MNEPNCHAUKYIIAPOM K Ka)K,HOﬁ U3 HUX.

TeoneMa: JABC CKPCHIMBAIOIIUCCA IIPAMBIC HUMCIOT 06H.[HI>1 MNEPNCHAUKYJIAP, U IPUTOM
TOJIBKO OJHH. On gBisgercs 06H_II/IM MNEPNCHAUKYIIAPOM  HTapaJlJICJIBHBIX HHOCKOCTCﬁ,
MpOXOAAIIUX YCPE3 OTU IIPAMBIC.

Paccrosauem MCKAY CKPCUIMBAKOIIMUMMUCA IIPAMBIMU HA3BIBACTCA IOJIMHA HUX 061_[161"0
MNEPHNCHAUKYIIAPA. Omno paBHO PACCTOSAHUIO MCXKAY NapaJuUICIbHBIMU  IINIOCKOCTSIMH,
MMpOXOAAIIUMHU YCPE3 OTU IIPAMBIC.

6.YT0JI MeXy TIIIOCKOCTSIMU

Iycts o N B = c. [TpoBeeM MIOCKOCTH Y TAK, 9TO0BI ¢ L :
yNa=a, yNP=8. Yroa Mexay NpsIMbIMUA @ U B - 3TO YI0JI IVIOCKOCTAMHU O H f.

7.YT0JI MEXKIY CKPEIIUBAOIUMUCS MTPSIMBIMU
JlBe nmepecekaromyecs npsMble 00pa3yloT CMEXHbBIE U BEPTUKATIbHBIE YIJIIbL.
BepTukanbHble YIUIbI paBHBI, @ CMEXHBIE TOMOJIHAIOT APYT Apyra a0 18001,
21 =143
21+ 22 =180"]
VYTI0M MexX1y NpsAMBIMUA HA3bIBAETCS YTOJI C HAMMEHBIIEH TPagyCHON MEPOM. YTOJI MEKIY

napajijiCJIbHbIMU MPAMBIMU CHUTACTCA paBHbBIM 0.
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Yrimom  MexAy — CKpEIIMBAIOIIUMUCS  TNPSAMBIMH ~ HA3bIBAaeTCSI  Yrol  MEXIY
MEPECEKAIIUMHUCS MTPSIMBIMU, KOTOPBIE TTapaUIeTbHbI JAHHBIM CKPEIIUBAIOIIUMCS TTPSIMBIM.

HYCTB a U B — CKpCIIUBAOIIUECA IIPAMBIC.

\ a; lla,=> £ — yron Mexnay CKpeluBaromuMucs

IpsAMBIMH 4 U B.

/

8. Hpumenenue OpMOZOHAIbHOZ0 RPOEKMUPO6aAnUsil 6 MEeXHUYECKOM YepUeéHuu
B YCPUYCHHUHU IPUMCHACTCA OPTOrOHAJIBHOC IIPOCKTHPOBAHUEC, T.€. MapaljICIIbHOC
MMPOCKTUPOBAHUC NIPAMBIMHU, ICPIICHAUKYIIAPHBIMHA INIOCKOCTU IIPOCKIIUH.

UYeprexxn neranedl MONMy4aroTCs IIyTEM OPTOTOHAJIBHOTO INPOEKTUPOBAHUSA HA OJHY, JIBE
WM TPU B3aUMHO NEPIEHIUKYJSPHBIE INIOCKOCTU. JTU MJIOCKOCTH HA3BIBAIOTCS MJIOCKOCTAMU
NMPOeKUMIA.

ITpu BBIIOJTHEHUH yepTexen MOJIB3YIOTCSA pa3IMYHBIMU YCJIOBHOCTSIMH,
MPeyCMOTPEHHBIMU cTaHAapToM. Hampumep: HeBHAMMBIE JTUHUH W300pakKaroTCs MyHKTUPOM,
[EHTpaJbHble M OCEBbIE — IITPUXIYHKTUPHBIMH JUHHUSIMH, pe3b0a YCIOBHO H300pa’kaeTcs
CIUIOITHOM TOHKOM JTUHHUEH.

9.3agaun

l.Yepe3 ueHTp BHNHCAHHOU B TPEYrOJIBHUK OKPYXXKHOCTU IIPOBEACHA IIpsMas,
NEePNEHAUKYJISIPHAs IUIOCKOCTH JTOTO TPEYroJbHMKA. JlokakuTe, 4TO Kakaas TOYKa 3TOU
IPSAIMOM paBHOYAAJIEHA OT CTOPOH JAHHOI'O TPEYTrOJIbHUKA.

2.BepxHue KOHIIBI JBYX BEPTUKAIBHO CTOSIIMX CTOJIOOB, YIAJICHHBIX JIPYT OT Apyra Ha
paccrositnue 3,4 mMeTpa, COeAMHEHBI TMepekyiaauHoi. Beicota omHoro cronba 5,8 M., BbIcOoTa
apyroro — 3,9 M. Halinute ayinHy nepexiaaarHbl.

3.CTopoHBI PaBHOCTOPOHHErO TpPEyrojibHWKa paBHbI 3 MeTpa. Haiinurte paccrosHue 10
MJIOCKOCTH TPEYTOJIbHUKA OT TOYKH, KOTOPAsi HAXOAUTCS HAa PACCTOSIHUM 2 METPOB OT KAXKJI0M U3
€ro BEPILIUH.

4.01pe3ok mmmHoN 10cM mepecekaeT MI0CKOCTh, KOHIIBI €r0 HaXOATCS Ha PACCTOSIHUU 2 U
3 MeTpa oT mnockocTu. Haifnure yron Mexxay JaHHBIM OTPE3KOM U TUIOCKOCTHIO.

5.HakionHas paBHa a. Yemy paBHaA MPOEKIMUSA 3TOM HAKIOHHOM Ha IIOCKOCTh, €CIIU
HaKJIOHHAsI COCTABJISIET C TUNIOCKOCTBIO Yo, paBHbIA: 1) 45(01; 2) 3007; 3) 60017

6.3 TOYKH, OTCTOSIIEH OT IJIOCKOCTH Ha PACCTOSIHUE A, MPOBEICHBI JABE HAKJIOHHBIE,
oOpa3zyromue ¢ TUIOCKOCTbI0 ocHOBaHUs yribl 450) u 300], a Mexnay coOoil MmpsiMOW yroil.
Haiinure paccTosiHue MexXAy KOHIAMH HAKJIOHHBIX.
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Tema: Pemmienne KOMOMHATOPHBIX 3a71a4.
IIpakTuyeckas padora Ne 8
1.ITpaBua KOMOMHATOPHKH.

KomOunaTopuka paccMaTpuBaeT 3a/laud, CBS3aHHBIE C COCTaBJICHHUEM pa3IMYHBIX
coeMHeHuH (KOMOUHAIHA).

Jns pemieHus: KOMOWHATOPHBIX 3a/a4 HEOOXOJMMO 3HATh MpaBHJIa KOMOWHATOPHUKH
(cloXeHus:, YMHOXKECHHS, TIPABUIIO BKITFOUEHUS — UCKITIOUCHHUS).

Paccmorpum nBa mHOxkectBa A u B. MHOXECTBO — 3TO COBOKYINHOCTb HEKOTOPBIX
00BEKTOB, 00BETMHEHHBIX 110 KAKOMY-HUOY/Ib IPU3HAKY. OTH OOBEKTHI HA3bIBAIOT JIEMEHTAMU
MHOXecTBa. KoJIHuecTBO 371IEMEHTOB B MHOKECTBE 0003HAYAIOT MPSMBIMU CKOOKaMHU.

O6’LCI[I/IHGHI/IGM MHOKeCcTB A 1 B Ha3pIBaeTcss MHOKECTBO COCTOALICC U3 BCEX IJICMCHTOB

MHOXecTB A u B.

[lepeceuennem MHOXecTB A W B Ha3piBaeTcsi MHOXXECTBO COCTOsIIEe U3 OOIIHMX
351eMeHTOB MHOXecTB A u B. O6o3Hauaercsa: A N B.

Ilpasuno cnocernus:

23



ITycTh BO MHOXKECTBE A MMEETCSI m 3JIEMEHTOB, & BO MHOKECTBE B — n 351eMeHTOB, T.€.
Al=m, |B]=n.

Ecnm y MmHOXecTB A 1 B HeT 00mux 37eMEHTOB, TO B MX 00BEJMHEHUN YHCIIO AJIEMEHTOB
pasHom+n,te. [AUB|=|A|+|B]|.

3adaua: JIBa pa3a mompsia OpocaroT UTPAIbHYIO KOCTh. B KakoMm 4ucie ciaydaeB XOTs Obl
OJIMH pa3 BeIMajeT nudpa 6?7

Pewenue: Pazo0beM Bce cllyyad Ha JBa Kjacca: Hu pa3y He BbIIafeT mudpa 6, xoms pas
BhIMazeT nudpa 6. OOImuUX IEMEHTOB Yy 3THX KJIacCOB HET. Bcero BO3MOKHBIX BapHAHTOB, T.€.
YHCIIO MOC/IEOBATENBHOCTER W3 ABYX mudp mpu 3amace B 6 mudp, paBHo 6° , mpu 3amace B 5
wdp, pasro 5°. TIpHUMeHseM MPaBHIIO CIOKEHHs: 67 = 57 + X , oTKyaa X = 6° — 57 = 36 — 25 =
11.

Otget: npu 36 6pocanusx mudpa 6 Beimazger 11 pas.

Ilpasuno ymroocenus.

Ecnu cymectByer m BapuaHTOB BBIOOpa IMEPBOrO 3JIEMEHTAa W Ul KaXKAOr0 U3 HUX
UMEETCsl N BapUaHTOB BbIOOpa BTOPOTO 3JIEMEHTA, TO BCErO CYIIECTBYET M'N Pa3jIMYHbIX Hap C
BBIOPaHHBIMU TAKHMM 00Pa30M MEPBHIM U BTOPHIM 3JI€MEHTAMH.

3adaua: cKOJBKO pa3IMYHBIX TPEX3HAUYHBIX YMCET MOXKHO COCTaBUThH C MoMolibio 1udp 0,
1,2,37

Pewenue: B xauectBe nepBoil nudpsl MOKHO BBIOpaTh M00YI0 U3 Tpex: 1, 2 wim 3. B
KayecTBE BTOPOM W YeTBEpPTON — JI00YI0 M3 4eThipeX AaHHbIX uucen. COriacHo MpaBUILy
YMHOXEHHS YHCIO0 BCEBO3MOXKHBIX TPEX3HAUHBIX YHced paBHO 3-4-4 = 48.

HDGGMJZO 6KIIOYEHUA — UCKTTIOYEHUA.

PaccmoTpum ciydaif, korna MHokecTBa A W B umeror oOmme snementsl. Torma mpu
00BbEeIMHEHUN MHOXXECTB A M B 3Tu oOuiue sneMeHTsl OyAyT ABaXKAbl MOMaaaTh: OJUH pa3 C
MHOXECTBOM A, BTOPOIi pa3 ¢ MHOkeCTBOM B. Y6epem BTopoii cirydait, monyqum:

[AUB|=|A|+| B|-| A NB]|

3adaua: B rpynmne KaXIbpld CTYAEHT H3ydaeT KaKoh-HHUOyab WHOCTpaHHBIA s3bIK. 20
CTYACHTOB M3y4aroT aHTTMHCKUi, 12 — ¢paniry3ckuil. [Ipu sToM 7 yenoBek n3yyaroT o0a s3bIKa.
CKOJIBKO 4€I0BEK B rpymiie?

Pewenue: Ilyctb A — MHOXECTBO CTYIEHTOB, M3YYarOUIUX AHIVIMMCKUN S3bIK, B —
MHOXECTBO CTYJIEHTOB, U3yJaromux (ppanmysckuit s3eik. Toraa |A| =20, |B|=12,| ANB|=7.
ITonyuynm:

[AUB|=|A|+]| B|-| A NB|=20+ 12— 7 =25 4enoBek B Tpymrie.

2.IlepecTaHOBKH.
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CDGKWIO]?MCIJZOM Ha3bIBACTCA IIPOU3BEACHHUE

1-2:3:4- - n=n! wmn(n—1)(n—2) - -3-2-1=n! (uutaercsa «3H GakTOpUaI»).
1'=1

21=12=2

31=123=6

411-2-3-4=24nr.n

Cuynraercsa, uto 0 ! =1

IlepecTaHOBKaMHU U3 N HIIEMEHTOB HA3bIBAIOT COCIUHEHMS, KOTOPHIE COCTOAT U3 OJHUX U
TEX 7K€ N MIEMEHTOB U OTJIIMYAIOTCS APYT OT APYra TOJIBKO NOPAIKOM UX PACIIOIOKEHHUS.

[lepecTanoBkM U3 n 37eMEHTOB 0003HaUarOTCs Py
3adaua: CKONBKUMH CIIOCOOAMH MOXHO PAcCTaBUTH PSIIOM Ha MOJKE 4 KHUTH?

Pewenue: Ha epBoe MECTO MOYKHO ITOCTABUTh OJTHY U3 YETHIPEX KHUT, HA BTOPYIO — OJHY
U3 TPEX OCTaBIIMXCS, HA TPEThe — OJHY M3 JIByX, Ha YETBEPTOC — OJHY IOCICAHIOK. Torma
COTJIACHO MPABWIIY YMHOXKEHUS , Tosrydnm 4-3-2-1 = 4! = 24 cnocoba.

Takum 06pa30M MOXKHO 3aIlliuCaTb (I)OpMy.]'Iy AJI1 HaXOXKACHU S YHCJia IICPCCTAHOBOK!

P,=n!

3.Pazmemienus.

Pa3memieHUsiMH m 3JIEMEHTOB IO N 3JIEMEHTOB (h < m) Ha3bIBAIOTCS TaKHE COCTUHEHUS,
KOKI0€ M3 KOTOPBIX COJCPKHT N 3JIEMEHTOB, B3ATHIX W3 JAHHBIX M Pa3HBIX JJIEMEHTOB, W
KOTOpbIE OTJIWYAIOTCA JAPYyr OT JApyra JuO0 caMUMHU DJEeMEHTaMH, JHOO TMOPSIKOM HX
PacHoJIOKEHUS.

n_ m!
m™ (m-n)!

3adaua: CKONBKO Pa3IMYHBIX JBY3HAUHBIX YHMCEJ MOXHO 3allMCaTh C MOMOIIbIO LU
1,2,3,4?

4 41
=— =134 = 12 nBy3HAUHBIX YUCEI.

Pewenue: A2 = G- 7

4 .CoueraHus.

CouyeTaHUsIMU U3 M 3JIEMEHTOB 110 N TEMEHTOB (N < m ) Ha3bIBAIOT COSANHEHMS, KaX10€
U3 KOTOPBIX COJAEPKUT N AJIIEMEHTOB, B3SITHIX U3 JaHHBIX M Pa3IWYHBIX JIEMEHTOB, U KOTOPhIE
OTJIMYAKOTCS IPYT OT JIpyra IO KpallHEH Mepe OJJHUM DJIEMEHTOM.
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n_ m!
m™ (m-n)n!

3adaua: mokymnarenb W3 UMEOIMUXCA B NUTOMHHKE 10 cakeHIIEB XOueT BBIOpaTh 2.
CKOJIBKUMH CIIOCOOAMHU OH MOXET 3TO C/AENaTh?

Pewenue: ecnu Obl B BEIOMpaeMoii ape OblT BaXKEeH MOPAI0K BBIOOPA, TO KOJIUYECTBO Iap
MOYHO ObITIO ObI HAWTH C MOMOIIBIO pa3MEIIeHUH, HO T.K. B JAHHOM CJyd4ae Mopsa0K BbIOopa
HE MMEeT 3HaYeHMsl, TO KOJIMYECTBO Map yMeHbUTMecTo 11s ypasHeHus.ca B 2 pa3a. Toraa

10! 100 9 -10
Cfo =— =— = =45.
(10-2)121 ~ 812 2

5.bunomMm HerotoHa.
buHOMOM Ha3bIBaeTCs IBy4IeH Buaa a + b.

st paznoskeHuss OMHOMA CTETIEHW m BOCIOJIb3yeMcsi (popMynoi, KoTopasi Ha3bIBaeTCs
ouromom Heromona.

(@+b)"=Ca™b® + CLa™ bt + CLa™2b% + ...+ CMa’bh™, rue
Ch=Chr =1

(@a+b)*=1a* 1+4a3b*+6a%b? +4-a'-bh3+1-1'b* = a* + 42°b + 62°b” + 4ab’ + b*

6.3agaun.

1.CKoNBbKO pPa3IMYHBIX TPEX3HAYHBIX YHUCEN C Pa3HBIMH LHU(PpaMH MOXKHO 3amucaTh C
nomoInpko 1mudp 2,3,5?

2. CKONBKO PA3MUYHBIX TPEX3HAUHBIX YHCEN C pa3HbIMU LU(PaMU MOXKHO 3alHcaTh C
nomotisko udp 5,1 n 0?7

3. CKOJIBKO pa3IMYHBIX TPEX3HAYHBIX YHCET C Pa3HbBIMH IH(pamMH MOXHO 3alucath C
nomo1isko udp 2 u 0?7

4.CxonbKuMu cioco0aMu MOTYT 3aHSTh o4uepeab B Oyper 6 cTyaeHTOB?

5.CKONBKO pa3lIMYHBIX IMSTH3HAYHBIX YHCEN MOXHO cocTaBUTh W3 1udp 1,2,3,4,5, Tak,
4yTOOBI IEpBOM ObLTa IUPpa 2, a mocaeaHe — 47

6. CKOJBKO CyYIIECTBYET CrocoOoB st ob6o3HaueHus ¢ momombio O0ykB A,B,C,D,E.F
BEpILMH JAaHHOTO TPEYTOJIbHUKA?

7.B rpymme 20 genoBek. CKOIBKUMHU CIIOCOOAMH MOXHO BBIOPATh U3 MX YUCIA CTAPOCTY H
npodopra?

8. B rpymme 25 yenoek. CKOIBKMMH CIIOCOOAMU MOKHO BBIOPATh U3 MX YHCIa CTAPOCTY,
3aMEeCTHTENsI CTapOCThl U ipodopra?
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9. CKOJIbKUMU CTIOCO0aMH JUTsl y9acThsi B KOH(GEpPEeHIIUU 13 9 4IeHOB HAy4YHOTO 00IIecTBa
MOYKHO BBIOPATh TpEX CTYAECHTOB?

10.Ha oxpyxHoctu oTMeueHO & Touek. CKOIBKO  pa3iM4YHBIX  BBITYKIIBIX
YETHIPEXYTOJbHUKOB C BEPIIMHAMH, BBIOPAHHBIMH B 3THUX TOYKAX, MOXXHO MOCTPOUTH?

11. B xope 9 manpunkoB u 12 neBouek. CKOJIBKUMH CIIOCOOAMH M3 COCTaBa XOpa MOXKHO
BBIOpATh HAa TOPOACKON KOHKYPC 4 Majb4uKa U 4 1eBOYKH?

12.3anucarp pasioxeHue OMHOMA:

a) (1 +p)° r)(a— 1"
6) (x +2)° m) (y-3)
B) (2x + 1)° e) (dy -’

13. Yka3zaTb MHOXHTEIb TIEpe] XSy3 B pa3ioxkeHuu 6uHOMa (X + 2y)

Tema: I[IpumMeHeHue BEKTOPOB NMPHU pellleHNH 3a/1a4.
IIpakTHyeckas padora Ne 9
1.BexTopsl U UX BUIIBI.
BekTtopoMm HazbIBaeTCst 11000 HAMIPaBICHHBIN OTPE3OK.

Bekrop, mmMHA KOTOpPOro paBHA HYJIKO, HA3bIBACTCS H)JIEGbIM BeKMOpoM. BeKTOpHI,
JeXKalye Ha OJHOM MpSIMOM WIM HAa MAPAJUICIBHBIX MPSIMBIX, HAa3bIBAIOTCSA KOJLIUHEAPHLIMU.
Conanpasnennvle BEKTOPbl — 3TO KOJUIMHEAPHBIE BEKTOPHI, HANPABICHHbIE B OJHY CTOPOHY.
KonnuHeapHble BEKTOpHI, HAlPaBIEHHBIE B MPOTUBOIMOJIOKHBIE CTOPOHBI — NPOMUBONOLONHCHO
HanpaeienHvie eexmopwvl. Paenbimu Ha3bIBAIOTCA BEKTOpA JUIMHA U HANPABJIEHUE KOTOPBIX
COBNANAKOT. [Ipomueononodichuvie BEKTOPBl — 3TO IPOTUBOIIOJIOKHO HAIpaBJIECHHbIE BEKTOPBI
paBHOM JJIMHBI.

2.JleficTBUE HaJl BEKTOpaMU B TEOMETPUUYECKOH popme.

CymMmoil BEKTOPOB 4 W B HA3bIBAETCS TaKOM BEKTOP C, HAyaJo KOTOPOrO COBIIAIAET C
HAYaJIoOM BEKTOPa a, a KOHEl - C KOHIIOM BEKTOpa B, NPH yCIOBHM, YTO HA4alo BEKTOpa B
TIEPEHECEHO B KOHEI BEKTOPA 4.

Pa3nocmplo BEKTOPOB @ U B Ha3BIBAIOT CYMMY BEKTOPOB d U - B, T.€ 4 - B = 4 + (-B).

IIpoussedenue BEKTOpa a Ha BEIIECTBEHHOE YHMCIO K Ha3bIBAETCA BEKTOP Ka, UIMHA
KOTOPOTO paBHa Klal, U KoJUIMHEApeH BEKTOPY a.

3./leiicTBHe HaJ BEKTOpaMu B KOOPAMHATHOM Qopme.

1) IMPpU CIOXKCHUHN ABYX BCKTOPOB CKJIAABIBAOTCA UX OAHOUMCHHBIC KOOPAWHATHI.
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a=(1;3;-5),8=3;02)

a+B=(1+3;3+0;-542)=(4;3;-3)

2) npu BBIYMTAHUU ABYX BEKTOPOB BBIUUTAIOTCS UX COOTBETCTBYIOINE KOOPAUHATHI.
a-B=(1-3;3-0;-5-2)=(-2;3;-7)

3) npu yMHOKEHHMHM BEKTOpa Ha YHCIIO KaKJas KOOpAHHAaTa BEKTOpa YMHOXKAETCsS Ha 3TO
YHCIIO.

2a=2(1; 3; -5) = (2; 6; -10)
4.CkansipHoe pou3BeIeHNE BEKTOPOB.

Ecimu BCKTOpa 3adaHbl CBOMMHU IAJIMHAMH, TO CKAJIPHBIM IMPOU3BCACHUCM BCKTOPOB 5 u
_B)HEBBIBaeTCH YUCJIO PaBHOC NPOU3ZBCACHHUIO MJIMH 3THX BCKTOPOB HA KOCHUHYC YyIJla MCKIAY
HUMMU:

- - _ - —
a-B=lal"IBlcos 4(@@,B)

Ecimu BCKTOpa 3aJaHbl CBOUMH KOOpAWHATAMHU, TO CKAJIAPHBIM IIPOU3BCACHUEM BECKTOPOB 5
u _B) HAa3bIBACTCA YUCIIO PaAaBHOC CYMME HpOI/I3BeI[€HI/If/'I COOTBCTCTBYIOIIHUX KOOPAHWHAT:

ad B = XoXp T Ya¥s + ZaZs
5./lnuHa BekTopa.

JnuHy BEKTOpa MOKHO pacCMaTpUBaTh KakK JUIMHY paadyca OKPYKHOCTH C LIEHTPOM B
L2 2 2
Hayajie KOOPAWHAT, YpPaBHEHHE KOTOPOH X~ + Yy~ =17, M0o3TOMY

[l =/x2+ y? + z2
6.YT0J3 MEeXIy BEKTOpaMH.

U3 popmyn ckansspHOTO MPOU3BEACHUS:

wl
Il

a- lal - I Bl - cos £(a, B)

- =
B =XqXp T Ya¥s + ZaZp

XaXpt Yays+ ZaZp

clenyer cos £(a, B) = =
al"|IB

= ¢, => £(@, B) = arccos ¢

7.JleieHne oTpe3Ka B 3aIaHHOM OTHOIIEHUU.

Ecnmu Touka M nmenut otpe3ok AB B oTHOImIEHHH A, TO KOOPAMHATHI TOUKH M HaxoasTcs
o ¢popMynam:

Xa+ AXp Ya+ AVp Zpa+ AZp
M= 5 M= 5 ZM =
1+ A 1+ A 1+ A
8.3amaun
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1.1an A ABC. Touka M — cepenuna croponsl AB, Touka K — cepennna croponst BC, AM = l_1>,

AK = E’ Paznoxute B 6azuc (l_f, E) CJIEIYIOIIHE BEKTOPA: AB, BC, CA, MK.

— —

2.3ajaliTe 1Ba HEKOJUIMHEAPHBIX BEKTOpA A U b. [Toctpoiite BexTOp: € = 2a + b ; d=d - 3b.
3.Haiigure Bektop 4d + 2(B - C), ecima = (2;-3), B=(1;5), ¢ =(0; - 2)

4.Haiitu 3nHauenue Bbipaxkenus (2¢ - a)-(3d + B), ecmm (3| = 2, [B] = 3, [¢] = 1, 4(d,B)= 30°,
4(a,0)=90°, £(B,¢)= 60°.

5. A(2; -3), B(4; 0), C(5;4). HaliTu nyiiHBI BEKTOPOB AB, CB, AC.

6./1an uetpipexyronsuuk ABCD. Halitu nepumeTp 4eTbIpexyrojibHUKa, €CIIH
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)

8.01pe3ok AB 3angan toukamu A(2;3) u B(10;11). Haittu koopaunats! Touku C, ecnu |AC| : |CB|
=3:5.

9.Haiitu nnuny meauansl AM TpeyronsHuka ¢ BepmuHamu A(2; -2; 0), B(7; -3; 1), C(1; -1; 5).

Tema: Pemienne 3axa4 no reme «Paanannas mepa yriaa»
IIpakTuyeckas padora Ne 10
Yt0o0BI XOpOIIO
1.YMeTh onpenensaTe MECTOIOJIOKEHUE TOUKH Ha YNCIOBON OKPYKHOCTH.

2.YMeTh NepexoanTh U3 PaIMaHHONW MEPHI B TPAAYCHYIO U 0OpaTHO:

o__T .0 _ 180
o« =g a(pan) === a(pan)
Hanpuwmep:

1)IlepeBecTu u3 rpaaycHoit Mepsl B paauanHyto 140010

m L
120D=E 120 = . (pam)

2)IlepeBecTr U3 paluaHHON MEPHI B TPATYCHYIO %paz[.:

E:@-E:36ﬂ
5 5

A

3)0Hpe,Z[CJ'II/ITB MCCTOIIOJIOKCHUEC TOYKH Ha OKPYKHOCTH, COBCpI_I_II/IBH_Ieﬁ MIOBOPOT Ha YroJj

11207 u Ha yron - 4?”pagl.
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Pemenue: 3Has 0 TOM, YTO TOJIOKUTENBHBIE YIIIbl OTKIAABIBAIOTCSA MPOTUB YACOBOM CTPENIKH
ot Touku (1; 0) u

1 uerBepTh: oT 011 10 90[ (g pan)

2 yetBepth: 0T 901 go 180L1(n pan)

3 yetBepTh: oT 18001 m0 27001 (%ﬂ pan)

4 gyerBepthb: oT 27001 mo 3600] (27 pan),

JICTKO ITIOHATBH, YTO B IICPBOM CJIYUAC TOYKA IMOIAACT BO BTOPYIO YCTBCPTh.

OTpI/ILIaTeJIBHbIG YTJIbl OTKJIAABIBAIOTCA I10 4acoBOM CTPCJIKH, CJICAOBATCIIBHO BO BTOPOM

51
CJIydac Hago0 pacCMaTpuBaTb HUKHIOKO IMOJIOBUHY OKPYXXHOCTH, - ? — TOYKa OKAXXETCs HA OCH OX

41
B (-1; 0). B mamem ciydyae Touka COBEpIIMJA MOBOPOT HA Yroj -~ CIIE/IOBATENbHO OHA

OKaXkeTcs B 3 — il UeTBEpTH.

3amauu:

1)Ilepeiitu OT rpagycCHON MEpHI B paAMAHHYIO:
1501, 3501, 9201, 14001, 21001, 32001, 35001, 4001

2)nepeiTu OT paJiMaHHON MEpBI K IPayCHOM:
b4 m w 2m 4m 5m 8m

10° 12, 5 3° 5° 4° 3

3)0Hpe,[[eJ'II/ITB MCECTOIIOJIOKCHHUEC TOUKH Ha t'II/ICJ'IOBOI‘/’I OKp}I)KHOCTI/I, COBepI_HI/IBH_Ieﬁ
HOBOpOT Ha erJ'IZ

300,10000, 1150, 17200, 28001, 3205,2105,-145,-2205,-400[,%, %” 5?” 137”

Tema: Boruncienne 3Ha4YeHU TPUTOHOMETPUYECKUX BbIPAKEHHUH.
IIpakTnyeckas padora Ne 11

Jl1s BbIUMCIIEHUS] 3HAYEHUM TPUTOHOMETPUYECKUX BBIpAXKEHHUHM, HEOOXOAUMO 3HATh Psij
bopmy:

1. Tabuna 3HaYeHHil TPUTOHOMeTpUYecKUX PyHKIM

Mepa 0° 30° 45°  160°  90° 120° 135° 150° 180°
yriia 0 n n n n 21 3 51 T
6 4 3 2 3 4 6
sin a 0 1 V2 | V3 |1 V3 V2 1 0
2 2 | 2 2 2 2
cos a 1 V3 V2 1 0 B 1 V2 V3 H
2 | 2 | 2 2 2 2
tga 0 NI V3 00 -3 [l V3 0
3 3
ctga 00 V3 |l V3 D V3 (1 -3 0o
3 3
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2.®opMyJIbl OTPULIATEIBHBIX YIJIOB!
cos(-0) = cosa

sin(-a) = - sino.

tg( - a) =-tga

ctg( - a) = - ctga

3)OCHOBHOE TPUTOHOMETPUUECKOE TOXKIECTBO:
2 . 2
cos‘a+sin“a =1

4)3HaKky TPUTOHOMETPUUYECKUX BBIPAKEHUH MO YETBEPTSIM:

cosal sina. tga, ctga

Hampumep:

1. Haiitu cosa, tga, ctga, ecnu sina = <a<m

2

NI
N

Pemenue: U3 OCHOBHOT'O TPUTOHOMETPHUYECKOTO TOXKIECTBA BHIPA3UM
_ - s
coso. = + V1 — sina?. U3 HepaBencrna 3 <o < T CIemyeT, YTO TOYKA HAXOJUTCSI BO

BTOPOW YETBEPTH, KOCUHYC IPUHUMAET 3HAK ,,-:

2
coso.=— V1 — sina?=- /1—(1):_ 1 L_ V5
4 16 4
oo he 1 (L) 1
80 Cosa " 2" 4 )T T V15 15
ctgazc?sa:-\/15
Sina

2.HaiiTn 3Ha4eHNE BBIPAIKEHUS:

2 (tg (=3) - cos? (- g)) =2(-tgf—cosD) =2(-1-9)=2(-H=-25
3agayu:

o . 2 3
1. Haiitu sin a, tgo, ctgo, ecnu cosa = - SHT <a< >
o . 3 31T
2. Haiitu sin a, tgo, ctgo, ecinu coso = i <a<2n
o . 1 3
3. Haiitu sin a, cosa, tgo, ecnu ctgo = JHT <ao< >

o . 3T
4. Haiitu sin a, cos a, ctga, ecnu tg o = -4, > <a<2m

5. BBIYUC/IUTB:

bt -2)sco(-
: (

—tg(—%)' sin

W[l
N—|
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cos(-3)+2sin(-7)  tg(-})

1— cos(—m)

1+sin(—§) ' ctg(—%)
7.B :
BIYUCIIATH o (_E) o (_E)

6.BurynciuTs:

Tema: Pemenue 3a1a4 Ha NIpMMeHeHHe OCHOBHBIX TPUTOHOMETPHYECKHUX (hOpMY.JI
IIpakTuyeckas padora Ne 12

s mpeoOpa3oBaHUs TPUTOHOMETPUYECKHX BBIPAKEHUH, HEOOXOIUMO 3HATh P
dbopmyi:
1.DopMymbI CIIOKEHHS
sin(a + B) = 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: naiitu sin75(]
V2 2 V2+

sin7500 = sin(300 + 450) = sin30 - cos45 + cos30 - sin45 :% St ST

B

2.®opMyIibl IPUBEICHMUS:
o —_ T — 3t — —
Ecnu naHHBI yroa MOXKHO MNpPEACTaBUTH B BUIE T + «, > + a, Y +a,2n +a, roe

Y
0.<2—, TO

’

1)B mpaBoii YacTH paBeHCTBA CTAaBUTCS TOT 3HAK, KOTOPBIM UMEET JieBas,
T 31
2)ecnu ecTh yroj T UIU2T, TO Ha3BaHUE BBIPAKEHUS HE MEHSETCS, €CITU 2 WM —-,T0

Sin MeHsieTCA Ha COS, COS Ha sin, tg Ha ctg, ctg Ha tg.
3)OcTaBiisieM TOJIBKO 0. 1 CMOTPUM B TaOJIMIly 3HAUEHU
Hampumep: naiitu 3Hauenue tg1200

Pemenue: tg1200] = tg(90[] + 30) = {120D — 24eTBepPTh, TAHT'€HC CO 3HaKoM " — ") = -
ctg30] =-+3

3.@opMyITbI CyMMBI B Pa3HOCH CHHYCOB, CYMMBI Pa3HOCTH KOCHHYCOB:
. . . at+ a—

sina + sinf= 2smTﬁ : cosTﬁ

a+ f
2

a+ a—

cosa + cosp = 2cosTﬁ 'COSTB
. at . a—

cosa - cosP = - 2s1nTﬁ 'smTﬁ

aB.

sina - sinf= 2sin CcoS

Hampuwmep:

Haiitu 3nauenue Beipaxenus cos1500] + cos3010]

Pemenne: cos150 + cos30 = 2cos1502+30 : 0051502_30 =2¢0890 cos60=2 -0 - ; =0
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3agaun:
1.Buncnuth 1o Gpopmynam CIoKEHHS:

sin 22507 ; cosz?n; tg 22507 ; ctgz?ﬂ
2.BBIYMCIUTH 11O OPMYIIaM MPUBEACHHUS:
cos 13507 ; tg%n; sin 22507 ; cos%ﬂ

3.YOpocTUTh BhIpaXKeHUeE:
L2 2
I —sin“a " (1 +ctg”a)
2 2 . 2
cos”a + ctgo + sin“a
cosa — sina * ctgo
4. J]lokazaTh TOXKACCTBO:

2sin2a—-sin4a 2
. .. =1lga
2sin2a+ sin4a

B __ sin(a-p)

cosa ' cosf

ga—tg

cosza

ctga — 1=

sina " cosa+ sin? a

2cos’a = 1 + cos2a
Tema: Pemenue npocreiliuX TPUrOHOMETPUYECKHX YPABHEHU M HEPABEHCTB

IpakTnyeckas padora Ne 13
Decost=a,a€[[—1; 1] arccos(- a) =T - arccos a
t; = arccos a + 2nn, n€ N
t, = - arccos a + 2mn, n€ N YacTHBIC CIIyYaHu:

l.cost=1
t=0+27n, nEN

2.cost=0
t= % + nn, n€ N
3.cost=-1
t=m= 2mn, n€ N
2)sint=a,a€[—1; 1] arcsin (- a) = - arcsin a
t; = arcsin a+ 27tn, n€ N
t, = 7 - arcsin a+ 2xnn, n€ N YaCTHBIE CITyYau:
l.sint=1
t= g + 2mn, n€ N
2sint=0
t=0+7mn, nEN
3sint=-1



t=- §+2nn,nEN

3)tgt=a arctg (- a) =-arctg a
t=arctg a + mn, n€ N

3aauu: pelnuTh ypaBHEHUS

lsinx=1
2.CO0S X = 1
2

3tgx=0
4. sin 3X=g
5.cos = = v3

37 2
6.tg2x =1

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

O.tg(x + g) =3

Tema: O0sacTh onpeneneHuss GyHKIUH

IIpakTnueckas padora Ne 14

Ob6nactp onpeneneHust GyHKIIUU — 3TO MHOKECTBO BCEX JEHCTBUTEIBHBIX 3HAYCHUH
X, TIPA KOTOPBIX (DYHKIHS CYIIECTBYET, T.C. BBIMOJHSIOTCS BCE 3aKOHBI, COOpaHHBIC B
dopmyne ¢(yHKOMM W B mapy K HEKOTOPOMY 3HAUYEHHIO X MOXKHO TIIOCTaBHUTh

COOTBETCTBYIOIICE 3HAUCHHUE Y.

Ho He Bce neiicTBHs HA MHOYKECTBE JIEHCTBUTENIBHBIX BCEI/IA YMCEN BBIIOJHAIOTCS
(IeneHue W M3BJIEUEHHE KOpHS 4eTHOM creneHu). [loaTomy HaM HEOOXOIUMO OTBICKATH

TaKU€ 3HAaUYCHUA X U UCKIIIOYUTDH UX.

Hanpumep: y=—3 x+4+0

2x—
x+4
X*-4
cnenoBatenbHO D(f): x € (-00; —4) U (- 4; +0)
y=vV2x—4 2x-4>0
Xx=2
cnenoBarenbHo D(f): x € [2; + )

3anayn: HaliTH 00JacTh onpeaeneHns QyHKInu:

Dy=4x-v1+x

2)y = V3x + 12

3y = X%+ 3x - z
_ 4x+1

4)y_ X+5

Sy = i + %

V1+5x
0)y =—

Tema: Urenue rpa¢ukoB pyHKIUIA.

IIpakTHyeckas padora Ne 15
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[To manubIM Tpadukam GyHKIMKA (pa3aaTOYHBIN MaTEpHal) MEPEUUCTUTh CBOWCTBA
byHKuun:

1.06macTh onpeneneHust (OTPE30K WM UHTEPBATI OCH OX)

2.9eTHOCTh, HEUYETHOCTh (CHMMETpHYEH TpapuK OTHOCHUTEIBHO OCH  OY,
CUMMETPHUYECH OTHOCHTEIBHO Hayajia KOOPAMHAT)

3.nynu QyHKIuH( TOYKU TepecedeHus rpaduka C OChbI0 OX — KOOPAHHATHI X ATHX
Touek.0

4. MPOMEXYTKHU 3HAKOTIOCTOSTHCTBA (MPOMEXKYTKH OCH OX, HAa KOTOPBIX rpaduK BHIIIC
WIH HIke ocH oXx: f(x) > 0, f(x) <0

5.IpOMEXYTKM MOHOTOHHOCTH (TIPOMEXYTKHM OCH O0X, Ha KOTOPBIX (YHKIHUS
BO3pacTaeT WK yObIBACT)

6.9KCTPEMYMbI — TOYKHM MAaKCUMyMa U MUHUMYMa, T.€. B KOTOPBIX:

[IpoMexxyTOK BO3pacTaHUsI CMEHSAETCS MPOMEKYTKOM yObIBaHuS — Xmax,
MPOMEKYTOK YOBIBaHHSI CMEHSIETCS IPOMEXKYTKOM BO3pacTaHus — Xmin

7.HauboJbllIee 1 HauMeHbIlee 3HaueHUs GYHKIMH (KOOPAMHATHI y CMOM BBICOKOH U
caMOil HU3KOM TOYKH rpaduka)

8.001acTh 3HaUEHUHN QPYHKIMH (OTPE30K OCH 0Y)

Tema: IIpu3zma u nupammuga
IIpakTuyeckas pabora Ne 16
[Ipusama — MHOTOIpaHHMK, COCTOSIIMI W3 ABYX PaBHBIX MHOIOYIOJIbBHHKOB, JEXKallUX B
NapajyiedbHbIX IUIOCKOCTSIX, W NapajUIelbHBIX OTPE3KOB, COCAMHSIOUIUX COOTBETCTBEHHbIE
BCPIIMHBI 3THX MHOT'OYT'OJIbHUKOB.
MHOFOerJII)HI/IKI/I HAa3bIBAOTCA OCHOBAHUSAMMU IMPHU3MBbI, MMAPAJIJICIbHBIC OTPE3KU — OOKOBBIMH
pebpamu.
HazBanne IMPU3MBbI IIPOUCXOAUT OT HA3BAHUSA MHOI'OYTI'OJIbHHKA, JICKAIIETO B OCHOBAHUU
MPU3MBIL: TPEYroabHasl, YETbIPEXYTOJIbHASA U T. 1.
[Ipusma Ha3wpIBaeTCsl mpsiMasi, €CiM €¢ OOKOBbIE pedpa MEepIEeHIUKYISPHbI OCHOBAHHUIO, B
MIPOTUBHOM CITy4ae Mpu3Ma Ha3bIBAETCSl HAKJIOHHAS.

[Tnomane MOMHON MOBEPXHOCTH MPU3MBI COCTOUT M3 TIJIOMIAAN OOKOBOW MOBEPXHOCTH U JABYX
IJIOIAJIE OCHOBAHMH.

Snonn. = S60K. + 2S0CH.

S60k = PocH - h, ecau npusma npsimast, To h = H
®dopmyra 7151 HaXOXKIEHUs 00beMa MPU3MBI:

V =Soch. - H

3amava: HAMTH IUIOIIAJb TOJHOM MOBEPXHOCTH U OOBEM MNpPaBHIBHOW YETHIPEXYroJbHOU
IIPU3MBI, CTOPOHA OCHOBaHUsI KOTOPOM paBHa 5M, BbICOTa 7M.

Pemenne: ABCDAA;B,C;D; - mnpaBuibHas 4eThIpeXyrojibHas IpHU3Ma — 3TO MpsMas
IIpU3Ma, B OCHOBaHMM KOTOPOM JIE)KUT KBapar.

StionH. = SO0K. + 2SocH.
SocH. = SkB.= AB? = 5% = 25M°
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S6oxk=Poce-h,h=H=7m

Pocu =PxkB=4AB =4 5=20m
CnenoBarenbHO: SO0k =20 7= 140M>
CrnenoBarensHo: Stona. = 140 + 2 - 25 = 190m*
V =SocH.*H

CnenoBarenpHo: V=25-7= 175m°

HI/IpaMI/II[a — O9TO MHOI'OI'PAHHHUK, COCTOSIIMHA M3 TIIIOCKOIO MHOI'OYI'OJIbHHUKA, TOYKHU,
JIeKaIleld BHE IJIOCKOCTH 3TOr0 MHOI'OYrojlJbHHKa M OTPE3KOB, COCIAUHAIOINHNX 3Ty TOYKY C
BEpIIMHAMH MHOI'OYI'OJIbHHUKA.

9ToT MHOI'OYI'OJIbHHUK Ha3bIBa€TCs OCHOBAHUEM IMUPAMHUBI, OTPE3KU — OOKOBBIMU pe6paMH.

bokxoBrie r'pany NUpaMubl — TPEYTrOJIbHUKHU. HI/IpaMI/II[a Ha3bIBACTCA HpﬂMOfI, €CJIn €€ BBICOTA
majgacT B HCHTP OCHOBAHUA.

IInpamuia Ha3bIBaeTCs NMPABUIIBHOM, €CIIM OHA IpsIMas U B OCHOBAHUU JICKUT IIPaBUIIbHBIN
MHOI'OYTOJIbHUK.

HJIOHIaI[B ITOJTHOM IMOBCPXHOCTU MHUpaMUIbl COCTOUT U3 ILIOLIAIN 0oOKOBOI IMOBCPXHOCTHU U
IIomaan OCHOBaHUs.

SnonH. = SO0K. + SOCH.
1 .
S60k = EPOCH - h, rme h — BeicoTa 60KOBOI1 rpanu — anogema.
dopmyiia s HAXOXKAECHUS 00beMa PU3MBI:
1
V= ESOCH. “H

3agaun:

1 B npaBuiibHOM YeThIpeXyroyibHOM npu3mMe 60koBoe pedpo 12 cM, a TuaroHaab OOKOBON I'paHU
20 cm. HaiiTu nuiomiaib HOJHOW MOBEPXHOCTH U 00BEM MTPU3MBI.

2. B npaBuIIbHOM 4eThIpeXyroiabHON Mpu3Me 60koBoe pedpo 24M, a AUaroHanb OOKOBOW TpaHU
26M. Haiitu rutomazbs mojHoW NOBEPXHOCTH U 00BEM MTPU3MBI.

3. B npaBuiIbHOM YeThIpeXyronbHoi npusme 0okoBoe pedpo 40 cm, a quaroHanb OOKOBOM rpaHu
50 cMm. HaiiTu niomiae moaHOM MOBEPXHOCTH U 0OBEM NMPU3MBI.

4. B mpaBUIIbHOM 4YeThIpEXyroipHOW mnupamuze amnodpema paBHa 20cM, a BbICOTa caMoOU
nupamuabl 16cM. HaiiTi motomaas moHoi moBepXHOCTH U 00BEM MUPAMUIBI.

5. U3mepenus npsamoyrosbHoro oOpycka 3cm, 4cm, Scm. Ecnu yBennuuTh kaxkaoe pedpo Ha X cM,
TO TIOBEPXHOCTH yBeTHuHTCs Ha S4cm”. Kak yBenmautest 06bem?
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6.UyrynHas Tpy0a MMeeT KBaJpaTHOE CEUCHHEe, €€ BHEIIHSS IMIMPUHA25CM, TONIIEHA CTEHOK
3cm. KakoBa Macca 0JTHOTO IOTOHHOTO MeTpa TPYyOb! (IUIOTHOCTH YyryHa 7,3 r/em)?

Tema: IUavHAP U KOHYC.
IIpakTnyeckas padora Ne 17

Hunuuap — 3TO TeNO, MOJYYEHHOE IMPH BpallCHUH MNPSIMOYTOJbHHUKA BOKPYT OJHON M3 €ro
CTOPOH. OJTa CTOpOHA HA3bIBA€TCS OCHIO BpAIIECHMS, a CTOPOHA €l IPOTUBOMNOJOXKHAS —
oOpa3yromiei, T.K. IpU BpallleHUH OHa 00pa3yeT MOBEepXHOCTh LHUIMHAPA. Y TPSIMOro HUIUHApA
BBICOTA M 00pa3yrolasi COBMaIakoT.

OcHoBaHMe LUIMHPA — KPYT.
OceBoe ceueHNEe NMIMHAPA — IPIMOYTOJIbHHUK.

[Tnomanas MOJHOW MOBEPXHOCTH IWIMHAPA COCTOUT W3 IUIONIAA OOKOBOW MOBEPXHOCTH H
JIBYX IUJIOIIA/IEN OCHOBAHHUIA.

StonH. = S60K. + 2SocH.

Soch. = 1t R? — momazas Kpyra.

S60k = [+ a, rae a — oOpasyromas

[ =2nR

dopmyrna 7151 HAXOXKIEHUs 00beMa MPU3MBI:
V=SocH.-H,tneH=a

3amavya: HAWTH IUIOMIA[b TOJHOW TMOBEPXHOCTH M OOBEM HWIMHIPA, PAaaUyC OCHOBAHUS
KOTOpOro 9cM, a 1uaroHanb oceBoro ceueHus 30cm.

Pemenne:

StiomH. = S60K. + 2S0CH.

Soch. =1 R?

R = 9cmM, 1o ycnoButo, c1e10BaTeNbHO, SOCH. = 8 1em?
S6ok = [ a, rae a — oOpasyromias

[ =2xnR, cienoBarenbHo, [ = 18mcM.

IlycTte oceBoe cedyeHue muwiMHApa ecTh npsamoyrojbHUK ABCD c¢ guaronansto BDtorna
oOpa3yromas a = AB. UtoObl HaliTu AB paccmotpum TpeyronbHuK ABD. OH npsMOyTrofbHBIH,
T.K. ABJISIETCS OJIOBUHOM NpsiMoyroiabHuKa. AB = Dkp =2R =2 - 9 = 18cMm

Torxa 1o Teopeme Indaropa, BD* = AB? + AD?, cienoBarensro, AB = VBD2 — AD? =
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V302 — 182 =4/900 — 324 = /576 = 24cm.- a

CnenoBatensHo, SO0k = 187 - 24 = 432mem’

CrnenoBarenbHo, StioiH. = 432n+ 2 - 81r=432n +192n = 624mcm’
V=SocH.-H,H=a

V =8l - 24 = 1944nem’

Konyc — 310 Teno, monydeHHOE IpPU BPAIICHUU MPSMOYTOJIBHOIO TPEYTOJbHHKA BOKPYT
OJTHOTO M3 KaTe€TOB. DTOT KaTeT Ha3bIBAETCS OCBHIO BpAILIEHHsI, a THIIOTeHY3a — 00pa3yroleH, T.K.
o0Opa3yeT IIpH BpallleHUH [TOBEPXHOCTh KOHYCA.

OceBbIM ceYeHHEM KOHYCa SIBISIETCS PaBHOOCAPEHHBIN TPEYTOJIbHUK.
B ocHOBaHMU KOHYCA JISKUT KPYT.

IInomane momaHOM IOBCPXHOCTH IMHUPaMUJbl COCTOUT M3 IJIOIIAAN OOKOBOI IOBCPXHOCTHU U
niaomaign OCHOBAaHU.

SnonH. = SO60K. + SOocH.
1
S6ok = EZOCH * a, rie a — oOpazyrotmas
®dopmyna A HaX0xkJIeHUs: 00beMa MPU3MBI:
1
V= ESOCH. -H

3agaun:

1.  OGpa3yromas koHyca 65 cM, BeicoTa 52cM. HaiiTu miiomniaap mogHOM MOBEPXHOCTH U
00beM KoHYCa.

2. OGpa3yromias konyca 45 cm, BeicoTa 27cM. Haiitu mioniaab moaHoM MOBEPXHOCTH U
00beM KoHYCa.

3. Oo0pazyromias koHyca 35 cm, BeicoTa 28cM. HaliTu miiomma s mogHoW MOBEPXHOCTH U
00beM KoHYCa.

4. Oobpazyromias koHyca 25 cm, Beicota 20cM. Haiitu miomnaap mojiHoi MoBepXHOCTH U
00beM KOHYCa.

5.Kyua me6Hs nmeer KOHUYECKYIO (HOpMY, paIlyC OCHOBAaHUS KOTOPOH 2M, a oOpa3zyrorast
2,5m. Haiinute o0beM Kyuu 1IeOHS.

6.CuHIoBasgs TpybOa (MIoTHOCTH cBuHIA 11,4 r/CM3) C TOJIIMHOW CTEHOK 4 MM HMEeT
BHyTpeHHu# nuametp 13 mm. KakoBa macca 25m atoii TpyOs1?

Tema: Ilap u chepa.
IIpakTnyeckas padora Ne 18

[Hlap — 3T0 Teno, MOJIYyYEHHOE MPU BpALllEHUH TMOJYKpyra BOKpPYT ero nuaMerpa. Juamerp
OyZIeT SBJIATHCSA OChIO BpalllEHUSI.
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[lap — 3TO0 TEmo, KOTOPOE COCTOMT M3 BCEX TOYEK IPOCTPAHCTBA, HAXOISIIUXCS Ha
pacCTodHnuU, HC 60JH>H_IC JaHHOTI'0, TO Z[aHHOﬁ TOYKH.

ITO TOYKA HA3BIBACTCS LOEHTPOM HIapa, a JAHHOE PACCTOSAHUEC — PaanuyCOM IIapa.

['panuna mapa Ha3bIBaeTCs LIAPOBOM MOBEPXHOCTHIO Ui cepoii. Takum oOpa3oM, TOUKaMu
chepbl ABIAIOTCS BCE TOUKHM IIapa, KOTOpbIe YAalleHbl OT ILIEHTpa Ha PacCTOsHUE, PaBHOE
paauycy. JIro60i OTpe30K, COSAMHSIONINNA IIEHTP Iapa ¢ TOYKOM IIapOBON MOBEPXHOCTH, TaK KeE
Ha3bIBACTCSI PaJNYCOM.

OTpe30oK, COCTUHSIONUI [BE TOYKHU IIAPOBOI MOBEPXHOCTU M MPOXOAIIMNA 4Yepe3 LIEHTP
11apa, Ha3bIBAETCS IUAMETPOM.

O0BeM 1rapa HaxoauTes 1Mo hopmyse:
V==2nR

3
[Tmonaar MOBEPXHOCTH LIapa paBHA:
S = 47R*
3anava:

1.BuemHuii quamerp mosoro mapa paBeH 18cm. Tommena crenok 3 cm. Haligute oObem
MaTrepuaa, U3 KOTOpOTO U3TOTOBJICH IIap.

2.1lap pammyca 10cM mmIMHAPUYECKH MPOCBEpiieH 1o ocu. [uamerp orBepctus 12cm.
Haiiaute nmonHyro moBepXHOCTh Tena.

3.Pagnyc mapa 15cm. Kakyto mmomanbs ©MeeT 4acTh €ro nmoBEpXHOCTH, BUAMMAsS U3 TOUKH,
yAQJICHHOW OT IIeHTpa Ha 25¢cM?

4.TToBEepXHOCTH JABYX IIAPOB OTHOCSTCS KaK M : N. KaK OTHOCATCS UX O0BEMBI?
BBINOJIHUTE caMOCTOATENBHO:

5.Nmeetcs xycok cBuHIA Maccoit 1 kr. CKOJIBKO MIAPUKOB TUAMETPOM 1cM MOKHO OTIIUTH U3
Kycka (mIoTHOCTh cBuHIA 11,4 F/CM3)?

6.Uyrynnelii map perynsropa umeer maccy 10kr. Haiigure nuamerp mapa (IJIOTHOCTh
ayryna 7,2 t/em’)?

Tema: IlocTpoeHue ceyeHUid.
IIpakTHyeckas padora Nel9

CeueHne — IJIOCKOCTh paccekaroliasi reoMerpuueckoe teno. JIunus nepeceueHus (mpsimas)
CeKyIIel TJIOCKOCTH W TpaHW MHOTOTpaHHMKA Ha3bIBaeTcs cienoM. Kak mpaBuio, 4TOOBI
MOCTPOUTh CEYEHHWE MHOTOTpaHHHMKAa, HEOOXOJUMO HaWTH clel IepeceyeHusl CeKyuei
IJIOCKOCTH € FPaHblo. 3/1€Ch JOKHBI padoTaTh TaKUE aKCUOMBI M TEOPEMBI, KaK:
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1.Yepes aBe paznuyHble TOYKA MOKHO MOCTPOUTH MPSAMYIO U IIPH TOM TOJBKO OIHY.

2.Ecnu 1B€ TOYKHM NPAMOW MPUHAMIEKAT IJIOCKOCTH, TO BCS MpsiMas NMPUHAMICKUT HTOU
MJIOCKOCTH.

3.Ecnu nBe paznuyHble TUIOCKOCTH UMEIOT OJIHY OOIIYIO MPSAMYIO, TO OHH MEPECcEeKaroTCs Mo
3TOM MPAMOH.

CedeHusT TPU3MbI  IUIOCKOCTSIMHM, TapajlIeIbHBIMH ~ OOKOBBIM — peOpam,  SIBISIOTCS
napajuiejorpaMmmaMu. B 9acTHOCTH, mapajuiesiorpaMMaMH SIBIISTFOTCSL TUArOHAJbHBIE CEYCHUSI.
DTO CeYeHHs IIOCKOCTSIMHU, MPOXOIAINIMMU 4Yepe3 JBa OOKOBBIX peOpa, HE MpPHUHAIJIEKAIINX
OJHO TpaHH.

Ceuenuns ImUupaMuabl IIJIOCKOCTAMU, IMPOXOJAINIUMHA Y€PE3 €€ BCPUIMHY, IPCACTABIAIOT coboit
TPEYIrOJIbHUKH. B YaCTHOCTHU, TPCYIOJbHUKAMHU SBJIAIOTCA OUWAroHajJlbHBIC CCUCHUA — OTO
CCUCHUS INIOCKOCTAMM, ITPOXOAAIINMHU Y€PE3 IBA HE COCCTHUX OOKOBBIX pe6pa nmupamMubl.

CedeHue nupaMubl IVIOCKOCTh C 33JaHHBIM CIIEIOM g Ha IUIOCKOCTH OCHOBAHHUS CTPOUTCS
TakK ke, KaKk U cedeHue Mpu3Mbl. {1 mOCTpOeHUsI CeUeHUs MUPaMU/IbI IJIOCKOCTBIO 1I0CTaTOYHO
IIOCTPOUTH NEepeceueHusl e OOKOBBIX IPAHEH € CEKyIlEH IIOCKOCTBIO.

Ecnu Ha rpaHu, He mnapajsleNbHOW cieqy g, U3BEeCTHAa Kakasg-HMOyIb Touka A,
IIPUHAJUIEKallasi CEUEHUI0, TO CHadajga CTPOMUTCS IEPECEUEHUE Cilela g CEeKyIIeH INUIOCKOCTH C
IUIOCKOCTBIO 3TOM rpanu — Touka D. Touka D coeaunsiercs ¢ Toukoit A npsimoii. Toraa orpe3ok
ATOW MPAMOM, IPUHAIEKAIIUN TPAHH, €CTh IIEPECEUECHUE ITOU I'PaHU C CEKYLIEH IIOCKOCTHIO.

Ecnu Touka A J€XUT HA TpaHU MHUPAMUIbI, MAPAIEIBHON Cley g, TO CeKyIlas IIOCKOCTh
nepeceKaeT ATy rpaHb MO OTPE3Ky, napauieabHomy npsimoit g. [lepexons k cocenneit O0OKOBOM
IpaHu, CTPOSITCS €€ MepeceueHue ¢ CeKyIlel II0CKOCThIO U T.1. B utore nomnydaercs tpedyemoe
CCUCHUC NMHPaMHUIBI.

CeueHusiMu HujinHApa SABJIAIOTCA IMPAMOYIOJIbHHKHM, B TOM YHCJIC H OCCEBOC CCUCHHC,
CCUCHUSMU KOHYCa ABJIAIOTCA paBHO6€I[pCHHI)I€ TPEYTOJbHUKH, B TOM YUCJIC U OCCBOC CCUCHMUC.

3amava: HAWTH TUIOMIAb OCHOBAHMS IIWIIMHIpPA, €CIM OCEBOE CEYEHHE JITOr0 LUIUHApA —
KBaJpart, TIomaas KoToporo Q.

Pemenue:
Cropona kBazgpata paBHa ./Q. OHa paBHa JMaMETPy OCHOBAHHS, TO3TOMY IUIOIIA/b

ﬁ)zzg

OCHOBAHHA paBHA T * (7 i

3agaun:

1.B mpaBuiabpHON 4YeTBHIPEXYrOJBHOM IpU3ME IuIoNiaAb OCHOBaHMsA paBHa Q. Haigure
IJIOLIAb JUArOHAJIBHOIO CEUECHHUS.
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2.B mpaBWIbHOW WIECTHYTOJbHOW TIpH3Me, Y KOTOpOH OOKOBBIE TpaHUW — KBaIpaThl,
MPOBEANTE TUIOCKOCTh 4Y€pe3 CTOPOHY HUKHErO0 OCHOBAHUS U MPOTHUBOJICKALIYIO € CTOPOHY
BepXxHero ocHoBaHus. CTopoHa OCHOBaHMsI paBHa a. Haliaure miomniaab MOCTPOEHHOIO CEUEHUSI.

3.IlocTpoiite ceueHHe TPeyroJbHONM NMUPAMUJBI IIOCKOCTHIO, MPOXOASIIEH 4Yepe3 CTOPOHY
OCHOBaHUs MTUPAMHUJIBI U JAHHYIO TOYKY Ha MTPOTUBOJIeKAIIIEM pedpe.

4.IlocTpoilTe ce4YeHHEe YEThIPEXYroJIbHOM NUpaMUJIbl TUIOCKOCTHIO, MNPOXOASIIEH dYepes3
CTOPOHY OCHOBAHUS ¥ TOYKY HA OJJTHOM U3 OOKOBBIX peodep.

5.Iloctpoiite cedyeHrne MUpPaMUIbl TUIOCKOCTHIO, MPOXOAIICH Yepe3 BEpPIIMHY MUPAMUAbI U
JIBE TaHHbIE TOUYKH HAa €€ OCHOBaHUHU.

Tema: BbrumciieHue NPOU3BOAHBIX 3JIEMEHTAPHBIX (PYHKIMIA.
IIpakTnyeckas padora Ne 20

[Tpon3BonHast (GYHKIMU C TOYKH 3peHHS (PU3MKH, 3TO CKOPOCTh M3MEHEHHs (YHKIHU B
HEKOTOPBIi MOMEHT BpeMeHH. TakuM 0Opa3oM Mojydaercsi, 4To Mepe] HaMH CTOUT 3ajada 1o
U3BECTHOH (hOopMyIIe, OTMCHIBAIONIEH HEKOTOPBIN MPOIIecC, HAUTH (GOPMYITY, 0 KOTOPOH MOKHO
OyZJeT BBIYMCIUTh CKOPOCTh U3MEHEHMSI 3TOTO MPOLIEcCa B HEKOTOPbIE MOMEHT BPEMEHH.

[Ipornecc HaXOKACHUS IPOU3BOTHON Ha3bIBACTCS MU PEpEeHIIMPOBAHUEM.

[l Toro, 4ToObl HANTH MPOU3BOAHYI0 HEKOTOPOW (PYHKUMK HEOOXOIUMO 3HATh IpaBUiia U
dopmynbl mudhepeHITupoOBaHHS.

[TpaBuna nquddepeHmpoBaHus

I.(u+tv-— k)l= u +v'-k 3.(Cu)l= u

1

1 1
1 1 1 u u'v-u'v
2.(u'v) =u "v+tu-v 4.(;):—1;2

®opmynsl quddepeHIpoBaHUS

1.C =0 0. (cosx)l =-sin x

24 =1 10. (tg )’ = ——

3. (x") =n- x"1 11. (ctg x) =- i x
4.(logy x)'= . 'llnx 12.(arcsin x)'= \/;7
5.(1nx)]:§ 13.(arccos x) = - %xz
6. (a")l: a* - Inx 14. (arctg x)l = 1+1x2
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7. (e¥) = e* 15. (arcctg x) =

T 1+ a2
i 1

8. (sinx) = cos x

[Ipumeuanue:

1) T. x. wer dopmynsl auddepeHpoBaHus apuPMETHUYECKUX KOpHEH, HEoOXOIMMO
KOpEHb TPEACTaBUTh B BHJIC CTCIICHU C IPOOHBIM IOKA3aTEeNIeM M BOCIOJIb30BATHCS (HOPMYIIOi

Ne 3, nanmpumep:
1

5 ! 2 2 2 2 3 2
(\/X—Z):(XS):E'XS 1:;'){ 5:5.5\/)(_3

. C
2) T.x. mHer dbopmynsl nuddepeHupoBaHus ApoOEH el HEOOXOAMMO TPEJACTAaBUTh ATy

IpoOb B BUJAE CTENEHU C OTPHUIATEIBHBIM IOKA3aTeJIeM U BOCIOJb30BaThes (hopmyinoi Ne 3,
HanpuMmep:

(X%); (2% )'=2(-4) x4 1=-8 x 5=- 8

x5

YroObl HalTH MPOU3BOJHYIO HEOOXOJUMO CHauaja Mo MpaBHUJaM IMOKa3aTh Kak OyaeM HCKaTh
MIPOU3BOHYIO (TPOCTABUTH IITPUXH), a 3aT€M O (popMyraM MOACTaBUTH TOTOBBINA Pe3yabTaT:

y=2sinx+x2—3

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

3ana4yu: HAWTHU IPOU3BOJHYIO (PYHKIIMU:

ly=8x"—2x +4

3.y=xz—5+\/§

7.y =2"+3sinx
9. y = cosx — 4ctgx
11.y=3tgx +¢"
13. y=x Inx

15. y = 4x’ * cosx

2

17.y= 3;:
4—x

19.y= x3+1

Tema: HUccienoBanue pyHKUM ¢ IOMOLIbLIO IPOU3BOIHOM.

2. y=4x*+x-2

2 s
4 y=x—4—\/p
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

2

2
18. y= 1—x3x

x3 42
20. y= 1+2x

IIpakTHyeckas padora Ne 21
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C nomouibio NPOU3BOJHON MOXKHO MCCIEI0BaTh (PYHKIIMM HA MOHOTOHHOCTb M 3KCTPEMYMBI,
HC CTpOsA HX I‘pa(l)I/IKOB. Tak xe MPOU3BOAHBIC OAIOT BO3MOXKHOCTH OINPCACIATL YPaBHCHUSA
KacaTenbHBIX K TrpadukaM m0ObIX (YHKIHMHA B 33JaHHOM TOYKE, OMATH >K€, HE BBIMOJIHSSA
IIOCTPOEHUM.

CocraBieHue ypaBHEHUH KacaTeNbHBIX K TpadukaM 3aJaHHbIX (YHKIUH.
OO1iee ypaBHEHHE KacaTeIbHOM UMEET BU:
y =1(x0)" (x = Xo) + f(xo)

YroObl cocTaBUTh ypaBHEHUE KacaTelnbHOU it pyHkuuu y = f(X) B Touke ¢ aOCIUCCON Xo,
HaJI0 BBIITOJIHUTH CJICTYIONINE IIIaru:

1)Haiitu f(x() — 3HaueHNE QPYHKIIMH B TOUKE X(

2)Haiitu f(x)"  mpousBoaHas GyHKIUU

3)Haiitu f(X() - 3HaYeHKE MPOU3BOIHON B TOUKE X

4)IToacraButh B 001Iee ypaBHEHHUE KacaTelbHOM 3HaueHus f(xo), f(xo)’, Xo
5)3anucarh OJIy4HBIIEECs ypaBHEHHUE B BUAe y = kx + b

Hampumep: cOCTAaBHTh ypaBHEHHE KacaTeIbHON K rpaduky QyHKImn y = 3x° — 2X + | B Touke
X0 = 2

Pemenne:
D f(xo)=f2)=3-2"-2-2+1=21
2)f(x) =(Bx’—2x+ 1) =9x*-2
3) f(x) =f(2) =9 -2* -2 =34
4)y =34(x —2) + 21 = 34x — 68 +21 = 34x — 47
5)y = 34x — 47 — ypaBHEeHUE KacaTeIbHOM.
I/ICCJ'IGI[OBaHI/Ie (1)YHKI_II/II/I Ha MOHOTOHHOCTb U SKCTPEMYM.

3Has O TOM, YTO €CIM Ha HEKOTOPOM IPOMEXYTKE OCH OX (YHKUHUS BO3pPACTaeT, TO
IPOM3BO/IHAS ATOM (DYHKIIMH, BBIYUCICHHAS B JIFOOOH TOYKE 3TOrO MPOMEXKYTKA, MOJIOKHUTEIbHA
(ecnM Ha HEKOTOPOM HPOMEKYTKE OCH OX (YHKIHMs yOBIBAaeT, TO NMPOU3BOAHAS TOH (PYHKIUH,
BbIUMCJIEHHAs] B JIOOOM TOYKE 3TOr0 MPOMEXYTKa, OTpUIIATeIbHA) M HAO0OpOT, a TaK IXKe,
MPOU3BOJIHAS (PYHKIIMM B TOYKAX 3KCTPEMyMa paHa HYJI0, MOXKHO HCCIENOBaTh (PyHKLHIO Ha
MOHOTOHHOCTb M 3KCTPEMYMBI.

J1st 3TOr0 HEOOXOIMMO BBITTOJIHUTE PSIJT IIar0B:
1)Haiitu o6mnacts onpenenenue pynkuun - D(f)

2)Haiitu npou3BoIHYIO 3TON QyHKIUH - f(X)’
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3)Haiiti TOYKH, B KOTOPHIX MPOU3BO/IHAS PaBHA HYIIIO, T.€. PEIINTh YPAaBHCHHE

f(x)” = 0(BO3MOKHO, B 3THX TOYKaX OyAET SKCTPEMyM )

4)Pa36uth HaliICHHBIMU TOYKAMU 00JIACTh ONpEAeNICHUS Ha TPOMEKYTKHI

5)Onpenenuts 3HaK MPOU3BOIHON Ha KaXOM IMPOMEXKYTKE:

Ecnu f(x)” > 0, To ¢pyHkuus 6yzaer Bo3pactarh, eciu f(x)” < 0, To yObIBaTh

HeoOxoaumo 3anucath 3TH MPOMEKYTKH, T.€. Mbl HCCIEA0BAIN (PYHKIIMIO HA MOHOTOHHOCTb.
6)ccnenyeM Ha SKCTPEMYM:

Ecnu npu nepexone uepe3 TOUKy, KOTopoil Mbl pazounu D(f) Ha uHTEpBaibl, MPOU3BOIHAS
MEHSIET 3HAK C «+» Ha «-«, TO 3TO TOYKAa MaKCHUMyMa — Xmax, €CJIH C «-« Ha C «+», TO 3TO TOUYKa
MUHUMYMa — Xmin, €CJIH CMEHbI 3HAKOB HET, TO TOUKA SKCTPEMYMOM SIBIISITHCSI HE OYIIET.

HaHpI/IMepZ HCCJIICA0BATh HA MOHOTOHHOCTB U 3KCTPEMYMBbI (bYHKI_II/IIO y= 3X5 — 5X3
Pemenne:

DD(f): X€E (- 0; +00)

2) f(x) = 15x* - 15x*

3) 15x* = 15x* =0

+ - - +

‘ ’ ' (war 4,5)

Oyukius B3pacraet, Ipu X € (-00$; -1) U ( 1; + o)
@yHkuus yobBaeT, npu X € (-1 ;1)
6)Xmax =-1; 1 Xmin — HeT, X = 0 — TouKka neperuda
3agaun:
1.CocTaBuTh ypaBHEHUE KacaTeNbHOU K rpaduKy QyHKINU:
1)y=6x5—x2—2, ecnu x0=0.

2)y=7x2—x3+1, eclu X = 1.
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3)y=2x5—x4+3, ecmm  Xg = -2.
4)y=3x5—x4+x, ecnu Xo=1.

2. HCCJ’IC,I[OB&TB (byHKLII/IIO Ha MOHOTOHHOCTH U SKCTPEMYMBI C ITIOMOIIBLIO HpOHSBOI[HOﬁZ

1)y=3x—x3 5)y=6x4—4x6

2)y=6x - 2x° 6) y =3x" —4x’

3)y =4x> - 5x* 7y =2x> - 3x* — 36x + 40
_ 3 _x

4)y=3x-3x 8)y—x2+3

Tema: IlocTpoenue rpagpukoB pyHKIHI 110 HCCIETOBAHUIO C IOMOIIbIO IPOU3BOAHOM
IIpakTnueckas padora Ne 22

PaHbIie, MBI MOTJI CYIHTH O TOM, KakK BeAeT ceOst QYHKIMS B TOM HJIM MHOM CIIydae, TIIsis
Ha ee¢ TpapuK, a 4YTOOBI MOCTPOHUTH TpadUK MPUXOAWIOCH 3aJlaBaTh HEKOTOPHIE 3HAYCHUS
MEPEeMEHON X, IMOJACTaBIATh MX B (GopMyny (YHKIUU H TPOCUYHTHIBATH COOTBETCTBYIOIIHEC
3Ha4YeHUs1 nepeMeHHoi y. T.e. cTtpownu rpaduk nmo Toykam. Yem OoJbllie TOYEK, TEM TOYHEE
rpaduk. CpeacTBa MaTeMaTHYECKOTO aHAIM3a 3HAUUTENBHO OOJIETYHIIN 3Ty 3a7a4dy. Ternepb Mbl
MOKEM CYIUTh O moBeAeHuHn (GyHKIUU Oe3 ee rpaduku. A cam rpaduk moiydaercs Ooiee
TOYHBIM.

O060011ast Becb OMBIT HCCIAEAOBaHUS (YHKIUH, PEKOMEHIYEeM [UIsl MOCTPOCHHS TpaduKoB
GYHKIMH TPUACPKUBATHCS CIEAYIOUIEH CXEMBI:

1)Haiinem o6nacth onpeneneHus: GyHKIHH
2)Ornpenenum, KaKoro OHa BUA:
eciu f(-x) = f(x), To pyHKIUS yeTHas (TpapK CUMMETPUYEH OTHOCUTENIBHO OCH 0X),

ecmu f(-x) = - f(x), To QyHKIMSA HedeTHass rpaduK CUMMETPUYEH OTHOCUTEIHHO Hayaa
KOOpJIMHAT)

3)Haiinem ToukH nepeceueHus ¢ OCIMU KOOPJIUHAT, T. €. PEIIUM YpaBHEHUS:

f(x) =0 —c ocbto 0Xx, y = f(0) — ¢ ocbto Oy

4)ccnenyem GyHKIMIO HA MOHOTOHHOCTD U 3KCTPEMYM € MTOMOUIBIO TPOU3BOTHOM
5)Haiinem 3HaueHus: GyHKIUU B TOUKAX SKCTpEMyMa

6)Uccnenyem QyHKIIMIO Ha MEperud Mo BTOPOM MPOM3BOIHOM (BCE NEUCTBUS aHATOTUYHBI
WCCIICJIOBAaHWIO HAa MOHOTOHHOCTB, €CJIM BTOpas IPOW3BOJHAS IOJIOKHTEIbHA, TO Tpaduk
BBITHYT BHH3, €CJTH OTPHIIATEIbHA, TO BBEPX )
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7)Haiinem 3HaueHus GYHKIIUU B TOUKAX Tepernda

8)OTMeTHM BCE HalICHHBIC TOYKH HAa KOOPJUHATHOM TIOCKOCTH

9)Ecnu HeoOxoauMo, Hal1eM JOTOTHUTEIHHBIC TOUKH

10)AKKypaTHO COEIMHSS BCE OTMEUEHHBIE TOUKHU, CTPOUM Tpaduk (He 3a0bIBaliTe, YTO JTHHUS

rpaduka J0JDKHA MPOXOAUTH C JieBa Ha MPaBo).

Hanpumep: Beinonauuts uccnenoBaHiue CBOMCTB (DYHKIIUHU C IIOMOILBIO POU3BOIHOM U

nocTpouTh rpaduk Gpynkmun f(x)=x" - 3x* - 45x + 20

Pemenue:

1)O6nacTeio onpenenenus Tor GYHKIUH SIBISIETCS MHOKECTBO BCEX JACHCTBUTEIbHBIX
qucell.

2)Ota GyHKIHS HE SBISETCS YETHOW MM HEYETHOM.

3)Touka nepeceuenus ¢ oceto oy: (0 ; 20)
4)HaiiieM niepByrO NPOU3BO/IHYIO U OLPEAEIMM COOTBETCTBYIOLIME CBOHCTBA
¢byakun. (X)=3X2 — 6x —45.

Pewmm ypaBrenue 3x” — 6x — 45 = 0. KopHAMHI ypaBHEHHs sSBIsOTCS uncia (-3) u 5.

Bocnonszyemcs tabauiei:

X (-00; -3) -3 (-3;5) 5 (5500)
f (x) + 0 - 0 +
f(x) 4 max ~a min _r

DyHKIMS BO3pacTaeT B UHTEpBaJiax (-00;-3) u (5;00), yOsiBaeT B uHTEpBaie (-3; 5).

S)®yHkiusa umeer MakcumanbHoe 3HaueHue f(-3)=101, umeer MmuHumanbHoe 3HadeHue f(5)= -

155.

6)Haiinem BTOpyrO IPOU3BOAHYIO f”(x)=(3x2 —6x —45)’=6x—6.

Pemmm ypaBHenue 6x-6=0. PemiennemM ypaBHeHus sBiseTcs x=1.

Jlnst onpenenieHus CBOMCTB (DYHKIIMU BOCIIONB3yeMcsl TaOIHLIeH:

(1500)

X (-005 1)
fx) - 0 n
f(x) M TOYKa v,
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BBINMyKJasg | meperuba | BOTHYyTas

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

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

9)OTMeTuM BCe HalICHHBIC TOUKH Ha IJIOCKOCTH

10)IToctpoum rpadux

OcHoBHON -

‘ ‘ OcHoBHO
-OCHOBHEVCHFBHENCHOBHEMCHOBHQICHO
-OCHOBHOW -

-OCHOBHOW -

-OcHoBHOWM -

-OcHoBHOWM -

Mpaduk pyHkumm f(X)

3amaun:

. y=x3-12x+4

2. flx)=1+2x%—x*
3. y=6x—2x3

4. y=3x"—4x’

5. y=6x"—4x°

Tema: Pemienue 3aga4 ¢ Mcno/ib30BaHUEM IIPOM3BO/IHOIA.
IIpakTHyeckas padora Ne 23
[IpumeHneHne MponU3BOIHON /I OTHICKAHUS HAaUOOIBIINX U HAMMEHBIINX 3HAYeHUH
BEJTMYNH
ANTOPUTM OTHICKAHUSI HAUMEHBIIETO U HaWOOJBIIET0 3HAYCHUN HENPEePhIBHON (PYHKIINU y =
f(x)na orpeske [ a ; b]:

1.Haiitu npousBoanyto ¢pyukiuu f(x)”
2.Haiitu cTanoHapHble U KpUTHYECKHE TOYKU (QYHKIIUH, JeKalliue BHYTpU oTpe3ka [ a ; b]
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3.Berunciute 3Hauenus Gynknuu y = f(X) B Toukax, OTOOpaHHBIX HA BTOpOM miare (1. 2). U B
TOYKax a u b; BRIOpAaTh Cpeay 3HAYCHHI HauMeHbInee (3To Oyner Yraum.) u Haubobiee (3TO
oyner Yraubonvui.)

Hanpumep: naiitn Hanbosblee 1 HaUMEHbIIee 3HaYeHUE QYHKIMU Y = X’ —3x> —45x + 1 Ha
oTpeske [ - 4; 6]

Pemenue: Bocmoyib3yeMcst alrTOPUTMOM.

1) y =3x"—6x—45

2) 3x*—6x—-45=0

x?-2x-15=0

X1 =-3 X2=5 BUAUM, 4TO 00€ TOUKHU IPUHAJJIEKAT OTPE3KY [ - 4; 6]
3)Haiinem 3HaueHue QyHKIMU B 3TUX TOUKAX U KOHIIAX OTpe3Ka:
y(-3)=82 y(5)=-174
y(-4) =69 y(6) =-161
BeiGepeM cpeau HaiiieHHBIX 3HaYeHUH HauOoJbllee U HauMEHbIIIee:
Yraum. = - 174, npu X =5, Yrauborvw. = 82, npu x = - 3

33,[[8.‘11/1 Ha OTBICKaHN€E HauOOJIbIINX U HANMEHBIINX 3HAUY€HHH BEIUYNH

bak, umeromuii (opMy NpsSMOYrojJbHOrO Mapajuleienunesa ¢ KBaJpaTHbIM OCHOBaHMEM,
JIOJDKEH BMeIaTh V JIMTpoB BoJibl. [Ipu kakol cTOpoHE OCHOBAHUS IUIOIIA/b ITOBEPXHOCTH Oaka
(6e3 KpbIKH) OyIeT HANMEHBIINUM?

Pewenne:

[epsbiii aTan. CocTaBieHne MaTEMaTUYECKON MOJIEIH.

1) Onrtummsupyemas Benuuusa (O.B.) — momaae NOBEpXHOCTH 0aka, MOCKOJIbKY B 3a/a4e
TpeOyeTcst BEISICHUTD, KOT/Ia AT TUIoImaab Oyaer HanMmenbined. O6o3nauum O.B. OykBoii S.

2) Ilnomans MOBEPXHOCTH 3aBUCUT OT WM3MEPEHUH MPSMOYTOJIBHOIO Mapajlielenurnesa.
O0nwsiBuM HezaBucumon nepemenHoit (H.I1.) ctopony kBagpara, ciyKamiero oCHoBaHHEM 0aka;
00o3HaunM ee OykBo# X. SlcHOo, uTo X > 0. /Ipyrux orpaHuueHuil HeT, 3HauuT, 0 < x < + 00 .
TaxoBbI peasibHbIE TPAHUIBI U3MEHEHHS HE3aBUCUMOI epeMeHHoM: X = (0; + o0)

2 %4
3)Ecau h — BeicoTa 6aka, To V = x"h, oTkyna Haxoaum h = et
[ToBepxHOCTh 6aka COCTOMT M3 KBajpaTa CO CTOPOHOM X M UYEThIpeX MPSIMOYTOJILHUKOB CO
14 2 v 2 4V
CTOPOHAaMHM X U —. 3HAUUT, S =X +4 ' —. "X =X"+—.
X X X
2 4V

Urak, S =x" + —> e x (0; + 00).

MaremaTtuueckas MOJIEb 3a7jaul COCTaBJICHA.

Bropoii stan. Pabora ¢ cocTaBieHHOI MOJEINbIO.

2 4V o

Ha srom stane mis dynkuuu S = X~ + —> e X € (0; + 00), Hano HaTH YHaum. Jjis aTOrO

HY>XHa [IPOU3BO/IHAs (PYHKLUU:
, 4V 2(x3-2v
S’ =2x-=—-= (_2)
X X
Ha npomexytke (0; + 00) KpUTHYECKMX TOYEK HET, a CTAllMOHApHAas TOYKa TOJbKO OJHA:
’ 3
S’=0, mpu x = V2V.
3 , 3
3ametuM, 4To NpH X < V2V BeImonHsaeTcs HepaBeHCTBO S’ < 0, a mpu x > V2V BeInonHsAeTcs
’ 3

HepaBeHCTBO S > 0. 3HauuT X = V2V. — eAMHCTBEHHAs CTallMOHApHas TOYKa, IPUYEM TOYKa
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MUHMMYMa (DYHKIMH Ha 33JaHHOM NPOMEXYTKE, a MOTOMY B 3TOH TOYKe (YHKLHS TOCTUIaeT
CBOCT'O HAMMCHBIICT'O 3HAYCHU .

Tpertuit atan. OTBET Ha BONPOC 3aa4H.

B 3amaue cmpammBaeTcsi, KakoW JODKHA OBITH CTOpPOHA OCHOBaHHS, YTOOBI Oak uMeln
HaMMEHBIIYIO MMOBEPXHOCTh. MBI BBIICHWJIM, YTO CTOPOHA KBaJpaTa, CIIY>KaIllero OCHOBAHUEM

3
Takoro 0aka, paBHa V2V.
[TpumeHeHue POU3BOIHON B (PU3KKE M TEOMETPHUH.

Hcnonb3ys reoMeTpuyecKuil CMbICT TNPOU3BOJAHOM, MOMKHO HCCIEl0BaTh (DYHKIHUIO Ha
MOHOTOHHOCTb M 3KCTPEMYMbI, HAXOJIUTh YpaBHEHHE KacaTelbHOM, MPOBEICHHONH K rpaduky
¢ynkuuu. C 3TUM BbI Y)K€ IO3HAKOMUIIUCH pPaHEe.

Hcnonb3ys (u3Myeckuil CMbICT HPOM3BOJHOW MOXKHO HAXOOUTh CKOPOCTb (DYHKIUHU B
HEKOTOPBIA MOMEHT BPEMEHU.

Hanpumep: MatepuanbHas TOUKa JBHKETCA 110 IPSIMOM COIVIACHO 3aKOHY

_ 2 2.3 .
s(t) = 12t° - 3 t”, rae s(t) — myTh B METpax U t — BpeMs B CeKyHaax. Halure ckopocTh B MOMEHT

BpEMeEHHU t = 2c.

Pemenune: v =s(t)" = (12'[2 - % t3)' =24t - 2¢>
v(2)=s(2)=24-2-2-2"=16wm/c

3anauu:

1.Yucno 10 mpencraBbTe B BHJAEC CYMMBI JIByX HEOTPHUIATCIBLHBIX YUCEN TaK, 9TOOBI CymMMa
ITHX YHCEN ObUTa HAauOOJIbIICH.

2.3 xpyrioro OpeBHa muamerpoM 40cM TpeOyeTcs BbIpe3aTh OalKy MPSIMOYTOJLHOTO
CeueHHs ¢ OCHOBaHHeM b m BhICOTOH h. ITpouHoCTh Ganky mpomopuuonanbaa bh. TIpy Kakux
3Ha4YeHUsAX b 1 h mpodHocTs OyaeT HanbobIIeH?

3.Kpyrnibiii MeTajuIM4ecKud JUCK paclIupsieTcss MpU HarpeBaHUM TakK, YTO €ro paanyc
paBHOMepHO yBenuunBaetcs Ha 0,01 cm/c. C kakoi CKOPOCTHIO YBEIHMUMBAETCS TIIOMIAb AUCKA,
KOI'Zla €r0 paguyc paBeH 2 cMm?

4. Koneco Bpaiaercs Tak, 4TO yroj OBOpPOTa MPONOPLHMOHATIEH KBaApaTy BpeMeHH. [1epBriii
o0opoT ObUT chenaH KojecoM 3a 8 c. Haiinute yrimoByro ckopocTh Koseca uepe3 48c mocine
HayaJla BpaleHusl.

5./lnuHa BepTUKAIbHO CTOSIIEH JeCTHUIBI paBHAa SM. HuKHUN KOHEI| JECTHUIBI HAYMHAET
CKOJIB3UTH C IMOCTOSTHHOM CKOPOCThIO 2 M/c. C KaKkoi CKOPOCTBIO OIYCKAETCsl B MOMEHT BPEMEHU
t BEpXHUI KOHEI JIECTHUIIBI, C KAKUM YCKOPEHUEM?

6.Haiitu Hanbospliee 1 HaMMeHblIee 3HaYeHUE QYHKLIUU Y = x'—8x*~9ma orpeske [-1;1]

7. Haittit HauboJibIIee 1 HaMMEHbIIee 3HaUeHHe BYHKIMA ¥ = X~ — 3X” — 9X Ha oTpeske [3:4]

BBITTOTHUTE CaMOCTOSTENBHO:

1.Cymma UIMH KaTeToB MPSMOYTOJIBHOTO TpeyroiabHuKa paBHa 20 cM. Kakoi JUIMHBI JOKHBL
OBITH KaTeThl, YTOOBI TUIOIIA/b TPEYTOJIbHUKA ObliIa HauOOoIbIIEeH?

2.Kpyrnelii METAIIIMYECKUHA JUCK DPACIIAPSAETCA INPU HArPEBAaHWM TaK, YTO €ro pajguyc
paBHOMepHO yBenununBaercs Ha 0,01 cm/c. C kakoi CKOPOCTBIO YBEIMUMBAETCS IUIOMIA/b TUCKA,
KOTJla €ro pajnyc paBeH 2 cm?

3. Haiitn HaubosIbIIIee M HAMMEHbIIeE 3HaUeHHe GYHKIHH y = X' — 2x> + 4 Ha oTpeske [2;3]
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Tema: Boruncijienne HeonpeaeJeHHbIX HHTETPAJIOB
IIpakTnyeckas padora Ne 24

OyHKIHS, BOCCTAHOBIIEHHAS IO 33/IaHHOM MPOW3BOJIHOM, HAa3bIBACTCS MEpBOOOpasHoi. 13 —
3a HAMWYKSL Yy QYHKIUU HEKOTOPOTO MOCTOSTHHOTO C, MBI B MPOIIECCE BOCCTAHOBIEHHS (PYHKIINH,
HaXOJUM HE OJHY IEepPBOOOpa3HYyI0, a MHOXECTBO. MHOECTBO MEPBOOOPA3HBIX JUIS OJHOU
IIPOM3BOIHON HA3bIBAETCSI HEOIPEIEICHHBIM UHTEIPAJIOM.

[Iporiecc BoccTaHOBICHHS (DYHKIUMM IO TPOM3BOJHOW HA3bIBACTCS HHTEIPUPOBAHHEM
(meficTBue obpatHOe MU HEepeHIIMPOBAHUIO).

UToObl BBIYUCIATH HEOIpPECICHHBIE MHTETpajibl, HEOOXOIMMO 3HATh MPaBHI U (POPMYIIBI
uHTerpupoBanus. [IpaBuia erie Ha3pIBalOT CBOWCTBAMHU HHTETPANOB, a (GOPMYJbl — Tabiuien
UHTETpaoB. MIHTerpassl B Hell coneprKamuecst Ha3bIBalOT TAOJTUYHBIMU.

IIpaBuiia MHTErpUPOBAHMS
l.f(u+v—k)dx = [udx+ [vdx - [ kdx
2./ m udx =m - [ udx, rne m- uncio (MHOKUTEIB)
3.(f f(0)dx) = f(x)

®opMy.JIbI HHTETPHPOBAHUS
1. [dx=x+C.
2. [ mdx =mx + C

x‘l’l+1

n+1

(98]

+C

fxMdx =

N

.fe*dx=e*+C

. [ a¥dx -
Inx

9,

(@)

dx
.f7=ln|x|+C

3

. [sinxdx=cosx+C

oo

.Jcosxdx=-sinx+C

9. 4 =tgx+C

cos? x

0. [ =_cigx+C

sin? x

11.f1d\/fo2 = arcsin x + C

=arctgx + C

dx
x2

12. [ =
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YtoOBbl BBIYUCIHUTH JIOOOW MaHHBIA HWHTErpaj, HEOOXOAUMO CBECTH €ro K OJHOMY WIIH
HECKOJIbKUM TaOMHuHBIM. Takoi crmoco0 BRIYUCICHUS HA3BIBAETCS HETIOCPEICTBEHHBIM.

6x°

HaHpI/IMep:f(6x5 —%x+ 1)dx =6fx5dx-%fxdx+de: T—%x2+x+C:
=x’-x*+x+C
3a/1aun: BBIYUCIUTD HEOTIPEIEICHHBINA HHTETPAIL.

1. f(3x% + 5x — 1)dx 2. [(x? = 7x + 2)dx

3. [(5x* — 2x + 12)dx 4. [(2x* + 8x — 4)dx

5.0 (325 —2+7)dx 6. [(2x% + 7x — 10)dx

7.f(x%+§)dx S.f(x%+£)dx

9.f(x—12+§)dx IO.f(%—g)dx

11.f(§/§+cosx— 6%)dx 12.f(W+ 2sin X — cos X)dx

13. (Va3 + ¥ — 4%)dx 14. (Vx® + 2% — 2sin x)dx

Tema: BeruncieHue onpeaeJeHHbIX HHTETPAJIOB
IIpakTuyeckas pabora Ne 25

OmnpeneneHHbli HHTErpal — 3TO MpHUpalieHre IepBooOpa3HOi Ha HEKOTOPOM OTpe3ke [ a; b].
Koneuno e camoii mepBooOpa3HON HE JaHO, €€ He0OXOAUMO HaWTH, BBIUYKCIUB
HEOIlpeIesIeHHbIN HHTEerpall.

Bocnonbszyemcs popmyioit Hetorona — Jleitonuna:

b
b
fa f(x)dx =F(x)| =F(b) - F(a)
a
X 2
Hanpumep: BEIYUCIUTD OMpe/IeIeHHBIN HHTErpat f 1 2xdx=x| =2—-1=1
1
2
2 2 3 — ("3 3
f1(3x —2)dx=x"-x)|=2"-2)-(I"-1)=6
1
3agaun:
3 & 4
1.[7 4x°dx 2.f, xdx
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3.J5 G + D 4.2 (1 - 3x)dx

5.f_21(2x —3x%)dx 6.f01(4x — e¥)dx
7.ffi—x 8.f0nsinxdx
9.f¢ cosxdx IO.fon tgxdx

BEITTOTHATE caMOCTOSATEIBHO:
4 9
11.f Vxdx 12.f; 2v/x dx

13.f) (x? + 2x — 3)dx 14.[7(3x% — x — Ddx

Tema: IlpumMeHeHue onpeeJIeHHOT0 HHTErpaJja MpH pelieHuH NPUKIAAHBIX 3224
IIpakTnueckas padora Ne 26

C momoImIpIo OMpeIeIeHHOr0 MHTErpaia MOKHO HaXOAUTh TUIOIIAN KPHUBOJIMHEHHBIX QUTYD
Y BBIYUCIISITH 0ObEMBI TEJ BPALLCHUSI.

KpuBonuneiinas tpaneuuss — 31o ¢urypa (4acTb KOOPIMHATHOM MIOCKOCTH), OTpaHUYECHHAs
CBEpXY TpauKOM HETPEPhIBHON Ha oTpe3ke [a; b] ¢yHKuMHU, CHU3Y — OTpe3KoM [a; b] ocu ox,
1o OOKaM MPSMBIMU X =a U X = b.

V s v={(x)

4

[Tnomanpe Takoil GUrypbl paBHa ONpeAeIEHHOMY UHTETpally, BBIUNCIEHHOMY Ha OTpPE3Ke
[a; b]

YroObl BBIYUCIUTH IUIONAAb TaKOH (UTYpbI, HEOOXOIUMO COCTAaBUThH OINpEAETICHHBIN
MHTETpaJl: 4YucClIa a U b — Mpefenbl MHTETPUPOBAHMS, IOJ 3HAK MHTErpajla 3alKCcbiBacM
byHKIMIO, rpagK KOTOPOW OTpaHUUMBAET QUTYDPY CBEPXY.

. 2
Hanpumep: BbIYMCIUTE MIIOMIAAb (GUTYPHI, OTPAHUYEHHON MUHMAMU Y = X, X =1, X =2 u
OCBIO 0X
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Pemenue: He0OX0AMMO TOCTPOUTH YEPTEXK, YTOOBI BBISICHUTH, YTO (GUTypa OyAeT SBIATHCS
KPUBOJIMHEHHOM TpaIenuen.

2

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

beiBaer, uTo ¢urypa He SBISAETCA KPUBOJIMHEHHOW Tpameuueil. MOXHO BBIICTUTH TPU
OCHOBHBIX CITy4asi:
1.®urypa cHuzy orpannyeHa rpadukoM (QyHKIHH, CBEPXY — OCBIO OX.

B sToMm ClIydac€ TOXKC MOXHO BOCIIOJIB30BATLCA OIPCACICHHBIM HMHTCTPAIOM, HO IIOCTABHB
nepca HUM 3HAK «-«.

2.®urypa orpaHu4€Ha CHU3Y OCBIO 0X, a CBepXY — rpaukaMu HECKOJIbKUX (YHKIUH.

B stom cnydyae u3 Touek mepecedeHusi TpadUKOB OMyCKaeM Ha OCh OX MEPIEeHIUKYISPHI
(Touku 00s3aTENbHO MpOCYUTHIBaeM). [lomydnM HECKONbKO KPUBOJMHEHHBIX —Tparnenui.
[Tnomane ¢urypsl OyaeT paBHa CyMMe IUIOMIAIeH 3TUX KPUBOJIUHEHHBIX TPaNeIHii.

3.®urypa He OrpaHUYeHa OCBIO OX.

B sTOM cnyuae u3 Touek nepecedeHus rpauKoB OnyckaeMm neprneHauKyispel. [lonyquum nse
KPUBOJIMHENHBIX TpalelMy, ONUPAIOIIUXCS Ha OJUH OTpe30K ocu oX. ITnomane Hamel gurypsl
OyzeT paBHa pa3HOCTH IUIOLIA/IEH 3TUX TPaIeIUi.

Taxk ke ¢ TOMOIIBIO ONPEACIIEHHOT0 UHTETPpaJIa MOKHO HaXOJAUTh OOBEMBI TEII.
b .
V= fa S(x)dx, rue S(X) — romams cedeHus Tela MIOCKOCThIO, TIEPIIEHANKY/ISPHON OCH OX.

3anauu:

1. BBIYMCIUTH MJIOLIAAb (GUTYPBI, OTPAHUUECHHOM JTHHUSIMHU:
1)y=x4,y=O,X=— I,x=1
2)y=x2—4x+5,y=0,x=0,x=4

y=x",y=0,x=-1,

4)y=4- X?, OCBIO OX

S5)y=x",y=8x=1

6)y=4x—x*, y=4-x

2.Haiitnu 06beM Tena, MOJYyYEHHOTO MpPH BpPALIEHUH BOKPYT OCH abcuMcC KPUBOJIMHEHHOMN
Tpaneuuu, OrpaHUuYCHHON JIMHUSAMM:

Dy=x*+1,x=0,x=1,y=0

2)y=vVx, x=1,x=4,y=0
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)y=vx,x=1, y=0
BEIIOJIHUTE CAMOCTOSTENLHO:
1)y=x2,y=x+ 1 u ocbro OX

)y=1-x*,y=0

Tema: Teopusi BeposiTHOcTH. Penienune 3aaay.
IMpakTnyeckas padora Ne 27

Beposmnocms coObiTUs A paBHa OTHOIICHMIO YHCIA M MCXOJOB HCIBITAHUS,
OJIaronpUATCTBYIOIIUX HACTYIUICHHUIO COOBITUS A, K O0IIEeMy YHCIYy N BCEX PaBHOBO3MOXKHBIX
HECOBMECTHBIX UCXO/IOB, T. €.

P(A) ="
=

CnenoBarenbHO, JUIsl HAxOXKIEHHUST BEPOATHOCTH COOBITHS HEOOXO0IMMO,
paccMOTpeB  pasMYHbIE HUCXOAbl HUCIBITAHMA, [OACYMTATh BCE BO3MOXKHBIE
HECOBMECTHBIE MCXOJbl N, BBIOpaTh YHCIO HHTEPECYIOIIMX HAc MCXOJOB M U
BBIYUCIIUTH OTHOIIEHUE M K N.

W3 onpenenenus BBITEKAIOT CIEIyIOIUE CBONCTBA:

1.Beposamnocmb 1106020 codbimus ecmv HeOMpUYamenIbHoe YUco, He
npesocxoosuee eOUHUYbL.

JlelicTBUTENFHO, YHCIO M HCKOMBIX COOBITUM 3aKIIOUEHO B Mpesenax

0<m 0P =1

-
=1 . PaznienuB Bce yactu HCPAaBCHCTBA Ha 1N NOJYYUM

2.Bepossmnocmb 0ocmoseprozo cobbimus pasHa eounuye, maxk Kax

3.B€p0}1mHOCn’Ib HEBO3MONCHO20 COObIMUS paesHa HY0, NOCKOJbKY n

[Ipumep 1

Bpocarot urpanpHyto kocte. HaliTu BEpOSITHOCTh TOTO, YTO: @) BBINAJET YETHOE
YHCIO0 OYKOB (COoObITHE A); 0) BBIMAAET YHCIO OYKOB, kpaTHoe 3 (coOwiTHe B); c)
BBINAET J1I000€ YMCII0 0YKOB, KpoMe 5 (coobiTue C).

Pewmenue

a) Ha rpansix urpanbHoO# KOCTH uMeeTcst Tpu uyeTHble tugpsl ( 2, 4 u 6),

T.€. YHUCJIO MCKOMBIX MCX0J0B m = 3. Yuciao Bcex BO3MOXKHBIX MCXOAOB paBHO 6 (BBINAJAET
3 1

pla)=2=1
6 2

mt000e yKcio o4koB oT 1 70 6 ). 3Hauwr,
6) 3nech umeroTcs aBe uuppsl, KpatHble TpeM: 3 u 6. CienoBarebHO,
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P(B)=>="

m=2, a YUCIIO BCEX BO3MOXKHBIX UCXOJ0B h = 6, OTKy/a &

c¢) UckoMbiMu ucxonamu sSBisiroTces mudpsl 1, 2, 3, 4, 6 — Bcero ux nsath (m=5). Yucio

P(C) =

BCCX BO3MOXXHBIX HCXOJ0B N= 6. HOBTOMY

ol

JIMCKPETHBIMH CIy4aliHbIMU BEJIMYMHAMM HA3BIBAIOTCS CIIy4alHbBIC BEJIUYHHBI,
KOTOpBIE IPUHUMAIOT JIMIIb KOHEYHOE WJIM CYETHOE MHOXKECTBO 3HAYCHUM.

OyHKIUA, CBS3BIBAIOLIAs 3HAYCHUS CIly4anHOM1 BEJIMYHUHBI c
COOTBETCTBYIOIIMMHM UM BEPOSTHOCTSMHM, HA3bIBACTCA 3AKOHOM pACHpeoeneHus

JTUCKPETHOH ciTy4yaifHo# BenrmuuHbl. Ero yno6HO 331aBaTh B BHJIE TAOJIUIIBL:

3HayeHud Xi X X5 X3 ce Xn
BepositHocTe  Pj P, P2 P3 Co Pn
Cobprrmss X = x; (1 = 1, 2,3, ...,n) SBIAIOTCS HECOBMECTHBIMU M CIMHCTBEHHO

BO3MOXXHBIMH, T. €. OHU O6p33y10T IMNOJIHYIO CUCTCMY COOBITHIA.

IToaToMy cymMa UX BEPOATHOCTEN paBHA €AMHULIE: P1 + P2+ P3+ ...T pn =

OI[Ha N3 CaMbIX BaXXHbIX YHCJIOBBIX XapaKTCPHUCTHK CJ'Iy‘I&fIHOfI BCINYHNHBI CCThb
MATEMAaTHYCCKOC OXKHAAaHUC.

Ecmn U3BECTHA JIACKpETHAas Ciy4yanHas BEJIMYMHA X, 3aKOH
pacnpeneneHus KOTOpoil UMEET BU/]T
3Hauennsa Xi X1 X X3 ce Xn
BepositHocTs P p1 p2 p3 C pn

TO MaTeMaTUYECKUM OXKuJaHueM M(X) (WM cpeHUM 3HAu€HUEM) JUCKPETHOM BETUYMHBI X

HazbiBaeTcs yucino M(X) =xp; +xop2 + ... + X, pa

= ZT:'_I 3"»1101

Takum oOpa3om, MaTeMaTHUECKOE OXKHUIaHUE JUCKPETHOM cIydailHOW BeTMYHUHbI
X paBHO CyMME MPOU3BEICHUI BO3MOKHBIX 3HAUEHUN 3TOM BEJIMYMHBI HA UX

BCPOATHOCTH.

bunomuaneHOE pacnpeneneHmne

[TycTh TpPOM3BOAMUTCS ONPEAEIEHHOE YKCIO N HE3aBUCHUMBIX OIBITOB, MPUYEM B
KOKIOM W3 HHMX C OJHOM M TOM e BEpOSTHOCTBIO MOXET HACTYNHUTh HEKOTOPOE
cobpiTie p. PaccMoTpuM ciydaitHyro BenMWYuHY X, TPEICTaBISIONIYI0 COOOW YHCIIO
HACTYIUIEHUH COOBITHII A B n ONbITax. 3aKOH €€ pacnpeiesieHuss UMEET BUJL

3uaueHua Xi

0

2

BepostHocTs  Pj

P(An,O)

P(An)

P(An2)

P(Ana)
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CF.: k n-k
I'ne P(A,x) Berancisercs o Gopmyie Bepaymmm P(A, )= " P q
e 4= 1—-rp.
3HaueHusa Xi 0 1 2 ce n
BepostHocts  P; Cgpﬂqn—ﬂ eriplqn—l Cipz qn—z | Captgt T

3aK0oH pacrpenencHus, KOTOPBIM XapaKTepH3yeTcss TaKoW TaONuIel, Ha3bIBacTCA
OUHOMUAILHBIM.

IIpumep
Monety mnoaOpaceiBaioT TATh pa3. COCTaBUTh 3aKOH pPACHpEACNCHHS CIydailHON
BEJIMYMHBI X — YKClIa BbIIA/IeHUs repoa.

Pemrenue

Bo3mosknbl crieqyroniye 3HadeHus ciydaitnon Benuunnasl X: 0, 1, 2, 3, 4, 5. 3Has,
1

4TO BCPOATHOCTD BbIIIAJACHUA rep6a B OIHOM HUCIIBITAHHUH PaBHA 2

Haiinem ] BEPOATHOCTH  3HAYECHUU
et 1 2 (' T b

ctopt@-pt=5-() ()= peasy:
G () ()
a0 () ()
a1 () (2
gm0

P(As))=

P(Asp)=;

P(As3)=3

P(Asq)=

P(Ass)=

3aKOH PACTIPEIENEHHS UMEET BHT

3HaueHus Xi 0 1 2 3 4 5
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BepostHocTH 1 5 10 10 5 1

pi 32 32 32 32 32 32

1 5 10 10 5 1
—+—+—4+ —+ =+ —=1
[Tpoussenem npoBepky: 32 32 3z 3z 3z

Jlucnepcuen ciaydaiiHOM BETMYMHBI Ha3bIBACTCSI MATEMATUYECKOE OKUJAHUE

KBaJpara OTKJIOHEHMSI CIIy4ailHOM  BEJIMYHMHBI  OT €€ MaTeMaTUYECKOI0
0>KHMIaHUS.

O06o3HauuM JUCHEpCUI0  CclydailHOW BenwmuumHbl 4vepe3 D(X), Torma coryiacHO
omnpezeneHus: 0yaem UMeTh

D(X) = M (X -M(X)*).
OKa3BIBaeTC}I, qTo I[I/ICHepCI/II-O MOXHO BBIUUCIIUTH U I10 (bOpMy'J'Ie
DX) = M (X°) -(M(X))’,

T.. KAK Pa3HOCTb MAaT€MaTHYECKOI'0 OKMIAHWS KBaJgpaTa 3HAYCHUM CIy4allHOM BEIWYMHBI U
KBaJ[paTa e MaTeMaTHYECKOTO OKUIAHUS.

BBomar eme OIHY XapaKTepUCTUKY, HAa3bIBAEMYIO, CPEOHUM K8AOpaAmMuU4eCKum
OmKIOHeHuem CilydailHOW BenuuumHbl X U 0ObIYHO 0003HadarT OykBoi 6: ¢ = D(X) Ona
XapakTepu3yeT NpUMEpPHBIH paSMaX,;@aMoro OTKJIOHEHHUSL.

Ilpumep . JluckperHas ciyJaiiHas BEJINYMHA X HAMeeT  3aKOH
pacnpeneneHus
X 0 1 2
P 0,3 0,5 0,2

Haittn nucnepceuio u cpeHee KBaJpaTUYHOE OTKJIIOHEHUE CITy4YalHOW BETUYUHBI X.
Pewenue. Tlo popmyrne MX) =xp; +xp2 + 7 + x, p,. Haxonum
Mx)=0" 03+1" 0,5+2"° 0,2=0,9.

3amnuineM 3aK0H pacipeaciCHus KBaapara OTKIIOHCHUS 3TOH BCJINYHUHBI,

T.¢. Bemmanabl (X — M(X))™:

(X - M(X))* (0-0,9)° (1-0,9)° (2-0,9)°

p 0,3 0,5 0,2

To popmyne D(X) =M (X)* - (M(X))* umeem
DX)= (0-097% 03+(1-097" 0,5+(2-09* 0,2=081" 0,3+0,01" 0,5+
1,21° 0,2=0,49.
NS
B cootBerctBuu ¢ popmymnoii O (X) = D(X) , umeem O (X) =D(X) = =0,49 =0,
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[Ipp  HaxoXJIEeHWM  MAaTEeMAaTHYECKOTO  OXHUJAHUS, JUCIEPCUH W CPEIAHETo
KBaAPAaTUUECKOTO OTKJIOHEHHUS CTy4YalHON BEJTUYHHBI:

1) 3a/1aTh 3aKOH PAaCTpeeICHHUS dTOW BEIMUYUHBI (COCTAaBUTh TAOIHILY):
X X1 X2 Xi Xn
P pi p2 pi pn

A€ X;- BOSBMOXXHBIC 3HAYCHH A CHy‘I&ﬁHOﬁ BCJIIMYHHBI, p; — UX

BCPOATHOCTH,

2) HaWTH MareMaThyeckoe OujaaHue M(X) JUCKPETHOH clydaliHOU

BennuuHbl X 110 popmyne M(X) =xp; +xp2 + ... + X, pus

3) HAWTHU TUCTIEPCHIO TUCKPETHON CIIy9aliHOUM BEIMYMHBI IO popmyie:

D(X) =M (X°) -(M(X))

4) HAliTH CpeliHee KBAJPaTUYECKOE OTKIOHCHHWE CIYyYalHOW BEIMYHHBI IO
q)opMyJIevg =D(X) .

3amauu:

1.B maptuu u3 100 geraneit umeercsa 5 6pakoBanHbIX. OnpenenuTe BEpOSITHOCTh TOTO, YTO

B3sTad Haydady ACTaJlb OKAKETCA CTaHHapTHOﬁ.

2. Bribupatot nayrazg uucio ot 1 1o 100. Onpenenure BEpoSTHOCTH TOTO, YTO B
9TOM YHCIIe OKaxeTcs mudpa 3.

3. Haiinute BepoATHOCTH TOro, UTO Hayraja BbeIOpaHHOe 4ucio oT 1 mo 60
nenutcs Ha 60.

4. B knacce 17 neBouek u 14 manbunkoB. Onpenennutb BEPOITHOCTh TOTO, YTO
00a BbIOpaHHBIX YUEHHKA OKAXKYTCS: a)MalIbuuKaMu; 0)1eBOYKaMHU.

5. B cemusHauHom TenepoHHOM HOMepe 3abbiTa mociedHss uudpa.
Onpenenutbh BEPOSITHOCTH TOrO, YTO Hayraj BblOpaHHas mudpa (ot 0 mo 9) okaxercs
BEpHOM.

6. N3 xopoOku, copepxaiieil n MpOHYMEpPOBaHHBIX LIApOB, HAyraJ BBIHUMAIOT
OIWH 3a JAPYIruMH BCC HaAXOIAIIMECA B HeH mapslI. OHpGI[eJ'H/ITB BCPOATHOCTHL TOI'0, 4TO
HOMeEpa IIapoB PACHOJIOKATCA IO HOPSAKY.

8. Monety nmonopacsiBatoT 5 pa3. CocTaBUTh 3aKOH paclpeaeseHHs clydaiHoil
BeIMUYMHBI X — BbIMajieHus repda. Haiitu maTemarnueckoe 0XKMJaHUE U JUCIEPCHUIO
CIIy4ailHON BEJINYUHBI.

9.Ilo ogHOMY M TOMY K€ MapuIpyTy B OJUH U TOT K€ JI€Hb COBEPLIAIOT MOJIET
TpU camosieTa. BeposTHOCTh mHocaiku MO pacnMCaHHui0 A Kaxzaoro pasHa 0,7.
CocTaBuTh 3aKOH pacHpelesIeHUs CIy4alHOTO YHCIa CAMOJETOB, OTKIOHUBIIUXCSA OT
pacnucanusa. HaliTn MareMaTnyeckoe 0)KMIaHUE U TUCIIEPCUIO CITyYaliHOW BEJTMYMHBI.

10.YCcTpOoiCTBO COCTOUT M3 TPEX B3aMMHO HE3aBUCUMBIX AeTajnel. BeposTHOCTh
OTKa3a KaxJoi netanu B ogHoM ombite paBHa 0,1. CocTaBUTh 3aKOH pacIpeaesieHHst
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YHCciIa OTKA3aBIIMX JETajiIel B OJHOM OIIbITe. HallTh MaTeMaTHUeCcKOEe OXHIAHUE U
JUCIIEPCUIO CIIy4allHON BEJIUYMHBI.

11.CocTaBuTh 3aKOH paclpeneicHus uuciaa IMOoNajaHul B ILedb HOpu S
BBICTpENaX, €CJIM BEPOSITHOCTh IONAJAaHUs NpU OAHOM BbicTpeine pasHa 0,6. Haiitu
MaTeMaTUYECKOE OKUIAHUE U JUCIIEPCHUIO CIyYaiiHON BEJINYBI.

BrImomHUTE caMOCTOSTEIIBHO:

1.3 GykB COCTaBIECHO CIIOBO «KHHTa». DTO CIOBO PACCHINAIN U MPOU3BOIBHO
coOpanu cHoBa. KakoBa BepOSITHOCTB TOTO, YTO CHOBA MOJYYUTCS CIIOBO «KHUTa»?

2.Monety nonopaceiBatoT 6 pa3. CoCTaBUTh 3aKOH paclpeiesieHUus CIydaiHOn
BennurHbl X BbIMajeHus 1udpsl. HaliTu MaremaTndeckoe OXHAaHUE U AUCIEPCHUIO
CIIy4ailHON BEJIMYUHBI.

Tema: Pemienne ypaBHeHU M CHCTEM YPaBHEHM.
IIpakTuyeckas pabora Ne 28

[lpu pemeHNH TOKa3aTENbHBIX, JIOTAPU()MUYECKUX, TPUTOHOMETPHUECKUX YpaBHEHHIA,
HEOO0XO/IMMO CBECTH €ro K OJHOMY WJIM HECKOJBbKHUM MPOCTEHIINM, pELIeHHE KOTOPBIX YyikKe
paHee pacCMaTpUBAIIUCh, UIIU K YK€ U3BECTHBIM YPAaBHCHUS.

OcHOBHBIE CTIOCOOBI PEIICHHS YPABHCHUIA:
1.Pa3noxxeHne Ha MHOKUTEIIN:

6" +35-65 =71 Buaum, 4to BCe CTENEHU ¢ OJMHAKOBBIMUA OCHOBAaHUSMH, TEPEI X
CTOST OJUHAKOBBIC KOI(DPHUITMCHTHI, BEIHECEM 33 CKOOKH CTEIICHb C HAMMEHBIIIMM TTOKa3aTelIeM.
(BeiHOCHM, 3HAYHT JIE)THM, a MIPH JCIICHUH CTCIICHEeH ¢ OJJMHAKOBBIMUA OCHOBAHUSIMH ITOKA3aTeIN
BBIYUTAIOTCS):

6" ' (6> +35) =71 (B ckOOKax He JOIKHO OCTATHCS X)

6 71="71]:71

6X71=1
6X71=60
x—1=0
x=1

2.3aMeHa nepeMeHHON (0OBIYHO CBOAMM JaHHOE ypaBHEHHE K KBAJPaTHOMY):

2sin’x +sinx — 1 =0 B YPAaBHEHUU NIPUCYTCTBYET BTOpask CTEIEHb, MOINBITAEMCS CBECTH €0 K
KBaJIpaTHOMY, B KBa/IpaTHOM ypaBHEHUU HET cUHycoB. ClenaeM 3aMeHy:

Sinx =t
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28 +t—-1=0

1

t= > t = 1 Cnemaem oOpaTHYIO 3aMEHY, TOJYYUM JIBa TPUTOHOMETPHUECKUX YPABHCHHSI,
pelIuM HX.
. 1 .
Sinx = 5 sinx =1
Xy=arcsina+2nn,n €7 YaCTHBIN ClTydail
.1 T
X1=arcs1n5+2nn,nEZ X=:+2nn,nEZ

Xl=§+2nn,nEZ

X,=m-arcsina+ 2nn,n € Z
s
X2=n—g+2nn,nEZ

5
X2=?n + 2nmn,n €7

Tak ke ObIBaIOT ClIydau, Korga nmpuxoauTcsa CHadajla BOCIIOJIb30BaThLCA IMMpaBUJIaMU WA

CBOWCTBaMH:
logs(x + 1) + logs(x +3) = 1 om:{ii;;g XE (-1;00)
log3((x + 1D+ 3)) = log; 3
X +4x+ 3=3
X +4x=0
X=0,e O3 X =-4 He € O/13 — moCTOPOHHUI KOPEHb

OtBer: x=0

Pemenne cuctemM ypaBHEHHI OOBIYHO peLIaeTCs BBIPAKEHUEM KaKOH-HUOYAb NMEPEMEHHOU U3
OJIHOTO YPAaBHEHUS U ITOJACTAHOBKOM B Ipyroe.

3anaun: Pemnts ypaBHEHUE

1.3 +3° *=12 2.5 =gt
34°-5-2"+4=0 49*-8-3-9=0
5.(log, x)%+ 2log, x =3 6.lg(x—9) +1g2x—-1)=2
7.]og, x -log, x “ log;(x —2) =0 8.2c0s’x — 5 cosx = 3
9.sin2x" tgx + sin2x =0 10. tg’x —4tgx +3 =0

Pemuts cucremy:
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{2X+ 2¥ =12 2_{ X+y=5

3%y =3 4* + 4Y =80
3{ lg(y —x) = lg2 { x+y=7
‘Uog, x —4 = log, 3 — log, y Ugx+1lgy=1

Tema: Penienne HepaBeHCTB U CHCTEM HEPaBEHCTB.
IIpakTuyeckas padora Ne 29

[Ipu pemeHHK HEpaBEHCTB MCHOJB3YIOTCS TE YK€ METOJbI, YTO M IPH PEIICHUH YpaBHEHHUH.
Tak ke crenyeT MOMHUATh O METO/IE MHTEPBAIOB. YUYHUTHIBATH 00JIACTh JOITYCTUMBIX 3HAYCHUI.
Tak, Hanpumep, pelIeHHE JIOTapUPMHUUIECKOTO HEPABEHCTBA CBOAMTCS K DPEIICHHIO CHCTEMBI
HEPaBEHCTB.

log,(x+2)< 3
log,(x + 2) <log, 23
a=2> l,(ynkuus Bo3pacTaer, 3HaK HE MEHSIETCS

{x+2 < 23
x+2 >0

{X+2 <8
x+2 >0

{XX>< —6 2

OtBeT: X € (- 2; 6)

3amaun: Pemuth HepaBeHCTBA
12771425724 2777 <448
2421 _8>0

33477 +3 1 <28

41g2x - 3) > lg(x + 1)
5.1ogg3(2x — 4) >logos(x + 1)
6.1g3x—-7) <lIgx+1)
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