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IHosicHuTEIbHASA 3aIIMCKA
Metonuueckie pEKOMEHJALUMU K BBIIOJIHEHHUIO IPAKTUYECKUX paboT 10  JUCHUILIMHE
«MareMaTuka» TpeAHAa3HAYCHbl Ui OPraHU3allid CaMOCTOSITENBHOM pPabOThl O0O0ydYarOUIMXCS
IIEpBOr0 Kypca OYHOro oOTAeneHus cnequanbHocT 35.02.16 Okcmmyatanuss W PEMOHT
CEJIbCKOXO35MCTBEHHON TEXHUKHU U 000PYZA0BAHUS HA YPOKE.

VY4eOHbIM IJJAHOM Ha W3y4YeHHWE IUCIHHIUIMHBI OTBOAUTCS 226 4YacoB, B TOM YHCIE
npaktudeckue 3aHATUsS — 118 wacoB. IlpakThueckue 3aHITHS SBISIOTCS BaXXHOH (OpMOi
00pa3oBaTeNIbHOTO Ipollecca M HamNpaBleHbl Ha HOKCIEPUMEHTAJIbHOE MOJTBEPKICHHE
TEOPETUYECKUX MOJIOKEHUH U (POpMUPOBAHUE YUEOHBIX U MPO(ECCHOHATBHBIX MPAKTUYECKUX
YMEHHM, OHU COCTaBJISIOT BaXHYIO 4acTh TEOPETUUYECKON M MPOPecCHOHANIBHON MPaKTUYECKON
ITOJATOTOBKH.

[lepen BhIMONHEHWEM MPAKTUYECKOW PalbOTHI IMpernojaBaTesieM MPOBOJUTCS HHCTPYKTAX,
KOTOPBI BKJIIOYAET LENb 3a/1aHus, €ro CoJepKaHue, BpeMs BbITIOJHEHUSI, OCHOBHbIE TPEOOBaHUs
K pe3yapTaTaMm paboTbl, KPUTEPUH OLEHKU BBIMOJIHEHHUS 3aJlaHUS. BBINMOTHEHNIO MPAaKTUYECKUX
3aHATHI TPENIIEeCTBYET NPOBEpKAa 3HAHUM CTYAEHTOB - WX TEOPETHUYECKOM TOTOBHOCTH K
BBIMIOJIHEHUIO 3a7aHus. lIpakTuueckue 3aHATHS HOCAT PENpOIyKTUBHBIM Xapakrtep. Pa0oTsl,
HOCSIIHAE PENPOANYKTUBHBIA XapaKTep, OTIMYAKOTCS TEM, YTO NPU HUX MPOBEICHUHU CTYICHTHI
MOJIB3YIOTCA TMOAPOOHBIMU HMHCTPYKLMSIMM, B KOTOPBIX YKa3aHbl: Lelb PaOOThI, MOSICHEHUS

(Teopus, OCHOBHBIEC XapaKTEPUCTUKH ), TIOPSIOK BHITIOJTHEHHS paOOTHI.

Kputepun oneHuBaHMs PHU BbINIOJIHEHUU MPAKTHYECKOH padoThI:

IIpouent
pe3yJbTATUBHOCTH OueHka ypoBHS NOATOTOBKH Ouenka
(%)
91 -100 OTJINYHO 5
70 -90 XOPOIIIO 4
50 - 69 YIOBJIETBOPUTEIILHO 3
Menee 50 HEYJOBJIETBOPUTEIBHO 2

Bpewmst BbINOIHEHUS TpakTHUecKoi paboTel coctabiiseT 90 MUHYT.
B npornecce nHCTpyKTaXka mpernoiaBaTesib oOpaliaeT BHUMaHue 00yJaronuXxcsi Ha BO3MOKHBIE
BCTPEYAIOLIUECsS TUTUYHBIE OLTHOKH.



IIpakTnueckas padora Nel
BxoaHoii KOHTPOJIL 0 MaTeMaTHKe Ha 6a3e 9 k1accoB

1 BapuanT
1.Beruncnuts: 52 *8 _12:
8 9
A)7 b) -7 B) 17 I)-17
2.Haiitu 15% ot 48
A) 72 b)7,2 B) 0,72 I 3,2
3. Cokpatuth qpobdh (475 ;
a’—p2
a+b a+b a—b a—b
A)a=p b) 227 B) a7 D) 245
4. VHPOCTUTH BBIPaXEHHUE V. 25-24/16+3v 64
A) 21 1.b) 27 B) 16 I 10
5. Boraucauts: 7
7—20
1- - _71-
A) 49 B) L B) - 49 r)-74
6. PemuTh ypaBHEeHHE 2-3(x+2) =5-2x;
A) 10 b) 9 B) 10 -9

7.Haiitu mpousBeieHue KOpHEH ypaBHeHUs 2x2-9X+4=0;

A) 2

B) - 2

1
B)§

T)8

8. Yka3zaTh HauOoJbIIee 1eioe pemenue HepaBeHcTBa  3(3X-1)>2(5%-7);

A)11 B) 10 B) - 11 T)-10

9.HaiiTi niomaap NpsMOYTOJIbHHUKA, OJTHA U3 CTOPOH KOTOpOro 6 cm, a
nuaro”ais 10 cm
A) 60cm?;

b) 28cm?; B) 48cm?; I') 16¢cm?;

10. HaiiTy cKalspHOE IpOU3BENEHHE BEKTOPOB d (2; -3) n b (-1;4).

A) - 10 B)-3 B)2 T)-14




BxoaHo# KOHTPOJIb IO MaTeMaTHKe HA 0a3e 9 Ki1accoB

2 BapuMaHT
1.Beraucaute: 55 * & -10
6 7
A)5 b)-5 B) 12 I)-12
2. Haiitu 35% ot 12
A) 42 b) 8,2 B) 0,42 I')4,2
2
3.Cokparuts apods (19
h2—c2
bie. bic; be I) 2(b+c);
A D2 B) pt ) b+e)
4.Y1pocTuTh Beipaxenue 3v 16-4v/81+V/64
A) -14 b) 2 B) -16 ) 10
_5*6_7
5.Bbruncinuts: ©
6-13
A) 6 b) -6 B) 36 N

7.Haiitu mpousBefieHne KOpHEH ypaBHeHUs 7x2-9x+2=0

A)-Z

B)Z

B) 2

r)7

8. Yka3zaTh HauOoJbIIIee [IeJI0e peieHue HepaBeHeTBa  5(X+4) <2(4X-5);

A) 10 B)- 10 B) 11 T) 12

9.HaiiTn niomaap NpssMOYroJabHHUKA, OJTHA U3 CTOPOH KOTOPOIo 5 CM,

a gquaroHaib 13

CM.

A) 60cm?;

b) 65cm?;

B) 18cm?;

I') 34cm?;

10. HaiiTy cKalsapHOE NPOU3BENEHHE BEKTOPOB: d(2;3) n B(l; -4).

A) 10

B)- 2

B)2

T)-10




BxoaHo# KOHTPOJIb IO MaTeMaTHKe HA 0a3e 9 Ki1accoB

3 BapuaHT
1.Beruucnure: 53 * 2. -14
9 10

A) -19 b) 19 B) 14 I -9
2.Haiitu 18% ot 15

A) 12 b) 2,7 B) 0,27 I) 27

2_y2
3.Cokpatuth apo0b: X
(x=y)?
A))x=y; B) 2 x=v; xty )Y
x+y x+y xX—y 2(x—y)’

4. VIpOCTUTH BhIpaxeHue 44/ 36-5V81+/16

A) -17 b) 17 B) -69 )73

—5*9—10
5.Bpruncnuts: 2
9—17
S 1 1 -

A) o B)ﬁ B) -81 I 81
6.PemuTh ypaBHEHHE 7-4(x+2) =10-3x

A) 11 b) -11 B)9 -9

7.Haiitu mpou3Benenne KopHen ypaBHeHUs: 2x2-7X+3=0

A) 1,5

B) 3,5

B) &

r)-15

8. Yka3zaTh HauOoJbIIIee 1ejoe pemenue HepaBeHcTBa  4(2x-3)>9x-11

A) 2

B) 0

B) -2

N1

9.HaiiTn nomaap NpssMOYroiabHHUKA, OJTHA U3 CTOPOH KoToporo 12 cm, a

nraronans 20 cm

A) 192cm?;

b) 240cm?;

B) 64cm?;

I') 56cm?;

10. HaiiTi cKanspHOe npousBenenue BeKTopos d(-5;2) u 3(4; -3)

A) 26

B) -2

B) 0

T)-26




IIpakTHyeckas padora Ne2
[ToBTOpeHue: «/IeiCTBUTEIBHBIE YU CIIaY»

HEJIb PABOTBI:

[ToBTOPUTH ¥ 3aKpenuTh 3HaHUS 0Oyuarommxcs 1o reme: «IIpeodpasoBaHne YUCIOBBIX

1 OYKBEHHBIX BBIPQKCHHI.
HNOPAJOK BBIIIOJIHEHUSA PABOTDI:
1. C noMo1bio CipaBOYHBIX MOCOOUH 1O anredpe MOBTOPHUTH:
a) MpaBwWJIa JCHCTBUI HAJl OOBIKHOBCHHBIMH JIPOOSMU;
0) hopMyIBI COKpAIIEHHOTO YMHOKEHUS;
B) CIOCOOBI Pa3JI0KEHUSI BBIPAKEHUSI HA MHOKHUTEIH;
I') IPaBUJIO COKPAIIEHUSI IpoOeii.
2. I3yunThb ycinoBHe 3aJaHUAM ISl TPAKTUIECKON pabOTHI.
3. Opopmuts otyer o padore.
IIpaBuna geiicTBUii HaJ 00LIKHOBEHHBIMH IPOOSIMMU:
ad T be a c _ac a ¢ ad

a,°c_

b d bd b d bd: b d be

DopMyJibl COKPALLIEHHOT0 YMHOKEHUS
(atb) =a’ +2ab+b?. a’-b'=(a+bla-b).

a*tb’ =(ath)a® Fab+b?)

(axh) =a® +3a’b+3ab” £5°

IIpakTHYeckas 4yacTb

Bapuant 1.1. Beruucnaute 3HaueHue
g . <™ o

-_.13_ E,.'33,3+3T'

BBIPOKCHUS: - ’ ! /

Cx+10 1) 5 10

| 84128 L&y & 2 _ %
2. VmpocTure BeIpaskeHme: -X T =7 XTI /x=2 =

Ba[!I/IaHT 2.1. Briuuciaure 3HaUeHHE BBIPAKCHH:

1 .9 Y. 5 11
75:4--3— 3| 1—+035-—:14
L 6 23 ) 18 15)
}2 1 "9 1 |
3 + 7 T :

N . L9 .
2. YupocTuTe BBIpaKEHHUE: ~ - \ /.

Bapuant 3.

1. Belunciure 3HaYCHHE BBIPAXKCHUS:

f11 1 1
4509 15— 2-.4--25.2_1:4=
32 2] 4
2. YrpocTute BbIpaXeHUE:
2m 2 m+1 3 1

me—4 m -4 \2m-2 m-1)
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IIpakTHyeckas padora Ne3
Tema: YpaBHenus u HepaeHncra. (IloBropenue)

HEJIb PABOTBI:

- OOHOBUTbH U 3aKpCIUTh 3HAHU IKOJBHOT'O KypcCa 110 TCMC

Xoa padoThl;

1. TloBTOpUTH TEOpPETUUECKUI MaTepUal

2. BbIMOTHUTH HA3HAYCHHBIN BapHAHT

Teoperuyeckunii MmaTepuaJ:
— 3TO PaBEHCTBO, COJepKallee HEU3BECTHYIO BETUUYUHY (X).

YpaBHeHue

Pemurhb YPaBHE€HHUE — OTO 3HAYUT HaAWTH BCE ero KOpHH, UM JOKa3aTbh UX OTCYTCTBHUC.

Kopenb ypaBHeHHs — 3TO 3HAYEHHUE HEU3BECTHOM BEIMYHHBI X, IIPA KOTOPOU ypaBHEHUE
oOpalaercsi B BEpHOE PABEHCTBO.

Tunot ypasnenuii:
Tun .
R— OO0mmii BUI IIpumeyanue IIpumepsl
CoiepKUT HEU3BECTHYIO A
. 5 x+2=3;
JIuneiiHoe ax=b BEJIMYUHY X B MEPBOU 2(x+1)43(2x—1)=0
CTCIICHH.
CoiepKUT HEU3BECTHYIO 32+ 2% — 1 =0
Ksaznpartnoe ax? + bx+c=0 | Bennunny X BO BTOpOIA (x—1) (x +2) :’3
CTCIICHH. '
C 3 . X + 1 _
OJICPKUT HEM3BECTHYIO =5: =1
Apoo6no - Q(x) -0 BEJIMYMHY X B X 2x
panuoHaJbHOe R(X) 3HaMeHaTesIe IPOOHOro 3 (xt+2) + x-5 ~6
BBIpaKCHUSI. 26+ 4
ConepKUT HEHU3BECTHYIO Y3c 12 =2
Hppaunonans JQ(x) =R (X) | Bemnumny X mos 3HaKoM X ’
Ho€ KOPHSL. v2x-5=(x +1).
Ceoiicmea pasencme:
CBoiicTBO IIpumMeHeHne K ypaBHEHHUIO

Eciu,a=b, 10 b=2a

Yactu YpaBHCHUSA MOKHO MOMCHATH MECTaAMH, HC U3MCHSI S
3HaKHM.

11



Ecin, a =b, m — a1060e CnaraeMble MOYKHO MEPEHOCUTDH U3 OJJHOW YacTH ypaBHEHUS
YHCJI0, TO a +M=b +m | BApyryo, IOMEHIB 3HaK CIaraéMoro Ha IpOTHUBOIIOJI0KHBIH.

Ecau, a=b, m# 0, To O0e yacTu ypaBHEHHsI MOXKHO YMHOKUTb, UM Pa3ACIUTh HA
a b

am=bm, ¢ = ° OJIHO U TOXKE YHUCJIO, OTIINYHOE OT HYJIsl, PABEHCTBO IIPU 3TOM
m m HE U3MEHUTCSL.

JIuHeiiHble ypaBHEeHHU S

Cooepoicam HEM3BECTHYIO BeJINYMHY X B IIePBOii CTelleHH;

Hmerom eIMHCTBEeHHbII1 KOp€Hb.

Ob6wuii 6ud: ax=">b, a #0.
Ipumepuoi: 2x+3=5; 2(x+1)-3(2x-1)=5; 2(x+4)-5=3(x-4).
Aneopumm pewenus ypasnenus Q(X) = R(X):

1. TIpuBectu ypaBuHenue Q(X) = R(X) k Buay ax = b:

a) PacKpbITh CKOOKU;
0) coOpathb ciaraemeie ¢ X B JIEBOM YaCTH YpaBHEHUsI, CBOOOIHBIE CIaraéMbie — B TIPaBOM

4acTy;
B) PUBECTHU MOJIOOHBIE CIIaraeMble;

2. Haiiti KopeHb ypaBHEHUS 1O hopmyIe: X = E
a
Ilpumepwvt pewienus 1unelnsbIX YpagHeHUU:
x+3=0; 2x+1=0; 2(x+1)=5; 2(x+1)=3(x-1);
X =-3; 2x = -1; 2x +2=5; 2x +2=3x-3;
:_1. 2x=5-2; 2x —3x=-3-2;
X —_
2 _ 3 . -X = '5,
9 ' X =15;
x =1,5;

KBaapaTrHble ypaBHeHMsI

Cooeporcam  HeM3BECTHYIO BeJIMYMHY X BO BTOPOii CTeneHn

Obwuii 6uo: ax? + bx + ¢ = 0, rae a — ko>pduument npu x°, b — kosdduiment npu x,
¢ — cBOOOAHBIN KOA(DHUITHECHT.

Tunvl K6AOPAMHBIX YPAGHEHUIL
nosinoe - ax*+bx+c=0
HenonHoe - ax?+bx=0;¢=0;
ax’+c¢=0;b=0;

npugedennoe — X° +px+q=0;a=1;
Ipumepor: 3x* +2x -1=0; (x + 1)(x - 2) = 0; 3x2-1=0; 3x°+x=0.

Aneopumm pewienus kK6aopamuo2o ypaerenus: TPUBECTH ypaBHEHUE K BUY:

ax?-c=0;
B=0;

ax’+bx+c=0, ax?+bx=0, X% + px + q =0;

c=0




HaUTH ecnua+b+c=0, BBIHECTH X ax? = ¢; 1o Teopeme

TUCKPUMHUHAHT 3a CKOOKH: 2= ¢- Buera:
D = b? — 4ac: To X1 =1, a
eciiu D > 0, To XZ:E_ X (ax +b) =0; X:ir X1°X2=(,
a
-b+. /D a
X1 = oa ; x1 = 0; X1+x2=-p
L (ecmma=1,t0 |, peruTh .
-b-yD rae ~ >0
X2 = ————; ypaBHCHHE a
2a x1=1, x2=¢)
ecim D =0, To X
b ax +b=0;
2a XZ = -

a
ecim D<0, To

KOpHEH HET

/ApoOHO — paniuoHAJIbHbIE YPABHEHHS

Cooeporcam (51(6]313B€CTHy]0 BeJIMYUHY X B 3HAMEHAaTeJie IPOOHOr0 BhIPasKeHHsl.
X

Obwuiisuo:. —— =0, R(X) #0.
3 _
Ipumepor: —=9 ; S _x 2; 3x+6:0.
X x+1  x x
Aneopumm pewienus ypasHeHus
S(x) _ B(x)
P(X)  T(x)
| cioco®:
Q(x)
1. IlpuBectu ypaBHEHHE K 00UIEMY BULY ——— = 0 juisi 3TOTO:

R(x)
a) IepeHeCTH APOOHOE BHIPAKEHHUE U3 TIPABOW YaCTH B JICBYIO;
0) mpuBecTH IPOoOH K 00IIeMy 3HAMEHATEIIO;
2. Yucnurens IpoOu MPUPABHATH K HYITIO, peiuTh ypaBaenue: Q(X) =0;

3. Haiitu O/13: R(x) # 0.

Aneopumm pewenus
S(x) _ B(x)
P(x)  T(x)
Il cmoco6
[To cBoO¥CTBY IPONIOPIINH, IEPEMHOKHUTH KPECT Ha KPECT:
YHCIIUTENh JICBOW APOOH HA 3HAMEHATEIb NIPaBO ApoOH, a 3HAMEHATeNb JICBOM IpoOU Ha
YHCIIUTENb PABOM JAPOOH;
2. Pemuth ypaBHenue S(X) - T(X) = P(X) - B(X).

3. Haiitu OJ13: P(x) # 0. T(x) #0;
IIpumepsl pewienus ypagHenuil:
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3.5 3x+6 _ . B _X¥H2. o 3 x=(x+1)-(x+2)
X x—2 x+1 X
5x=3 3x+6=0; 32 = X%+ 2x + x + 2;
X:E; 3x=-6; 3x2—x?-3x-2=0;
5
Ol13: x # 0. X=-2; 2x2-3x-2=0;
Otset: x = 0,6. OJI3: x -2 #0. D=32-4-2-(-2)=9+16=25;
3+5 3-5
2: =__ " =2 = _— — =-1.
X#2; Xz X o
OtBet: X =-2. O3:x+1#0 X #-1;
x#0. x # 0.

OtBer: x = 2.

Dopmynvl COKPAUEHHO2O YMHONCEHUS!

(a+ b)?=a%+ 2ab + b?; (a+b)®=a+2a%+2ab?+b% |a>-b®=(a—b)(@®+ab+b?
(a-b)?=a’-2ab + b?; (a-b)®=a’- 2a%h + 2ab? - b®; a®+b%=(a+b)(a®-ab + b?)
(a+b)(a—b) =a2-b?

Pemenue cucrem ypaBHeHHH
Metox ci10:KeHHe

[Ipu perennu cucTembl ABYX JTUHEHHBIX YPaBHEHUM ¢ IByMs IEPEMEHHBIMU CIIOCOO0M
CJIO’KEHUS MTOCTYIAOT CIEAYIOUIMM 00pa3oM:

- YMHOKAIOT MMOYJICHHO YPaBHCHUS CUCTCMBI, 1'[0)161/11335[ MHOXHUTCJIN TAK, 4TOOBI KOBq)q)I/IHI/IeHTBI

Ipu OI[HOﬁ N3 TCPEMCHHLIX CTAJIM IIPOTUBOIIOJIOKHBIMU YHUCIIaMHU, CKIIAJAbIBAOT ITOYJICHHO

JICBBIC W IIPpABBLIC 4YaCTHU ypaBHeHI/Iﬁ CUCTCMbI, PCHIAKOT IMOJYYHMBIICCCA YPABHCHHC C OI[HOﬁ

MepEeMEHHOM
MeTo1 IOACTAaHOBKH

CyTtb MeTO/1a MOACTAHOBKHU:

Bripa3uTh 0/iHy IEpEeMEHHYIO Yepe3 APYryro U3 J000T0 ypaBHEHUS! CUCTEMBI.
[ToacTaBUTH MOTy4EHHOE BHIPAKEHUE B IPYTO€ YPaBHEHUE CUCTEMBI M PEIIUTh, KaK OJHO
ypaBHEHHUE C OJHON HEM3BECTHOM NEpPeMEHHO. 3Hast OHY IEPEMEHHYIO, HATH IPYTYIO U3
MCXOJHOTO ypaBHEHUS. MeTO/] MO3BOJISET CBECTU PEIICHUE CUCTEMBI K PEIICHUIO OJJHOTO

YpaBHEHUS C OJTHUM HEU3BECTHBIM.
Pemenue HepaBeHcTB

HepaBeHcTBO — 3T0 BBIpaKeHHUE, cojepKaliee HEM3BECTHYIO BETUUHUHY (X)
1 3HAaKH HEPABEHCTB >, <, <, 2.

Pemurtp HEPaBCHCTBO — 3TO 3HAYUT HaWTH BCE €ro peuicHus, Ui 10Ka3aTb UX OTCYTCTBHC.

Pemenue HEpPaBCHCTBA — 5TO BCC 3HAYCHUA HEU3BECTHON BEIIMYHUHBI X, IIpU KOTOPBIX
HCPaBCHCTBO o6pa1uaeTc5{ B BEpHOC HCPABCHCTBO.
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Tunwt Hepaeencme:

Tun HepaBeHCTBa OO0mmii Bu1 IIpumeyanue IIpumepsl
ConepxuT HEU3BECTHYIO | X + 2 < 3;
Jluneiinoe ax>b BEIHMUYMHY X B TICPBOii 2(x+1)+3(2x-1)>
CTENCHHU. 0
ConepKuT HEN3BECTHYIO 2
2 . 3x°+2x—-12>0;
KBaznpatnoe axc+bx + ¢ <0 | Bemuuuny X Bo BTOpO# (x—1) (x+2) > 3.
CTETICHHU.
Coiep’XUT HEU3BECTHYIO 3 <5: x+1 > 1
JApodHo - Q(x) <0 BEIMYNHY X B x 2x
panuoHaJbHOE R(X) 3HaMeHarese IpoOHOTro 3(x+2) + x-5 <6
BBIPAYKEHUSI. 2x + 4

Ceoiicmea nepasencma:

CBoiicTBO

IIpumeHeHMe K HEPABEHCTBY

Eciu,a>b, To b<a.

Yactn HEPAaBCHCTBA MOKHO ITIOMCHATH ME€CTaMU, U3MCHUB
3HaK.

Ecan, a > b, m — 11000e
4HCJI0, TO a tm>b +m.

Criaraemblie MOKHO MEPEHOCHUTh U3 OJTHOM YacTH
HEpaBEHCTBA B JIPYI'yl0, IOMEHSB 3HAK CJIaraéMoro Ha
MPOTHUBOTOJIOKHBIH.

Ecau, a> b,

a _b
m>0, toam>bm,— >
m m

a
m<0, toam<bm,__

<P
m m

Ecnu 06e yacTu HepaBeHCTBA YMHOXKHUTh, UJIM Pa3JeNIuTh Ha

OJIHO U TOK€ TIOJIO’KUTEJILHOE YHCII0, HEPABEHCTBO MPHU 3TOM
HE U3MEHUTCSL.

Ecnu 06e yacTu HepaBeHCTBA YMHOXKUTh, WU Pa3JeNIuTh Ha

OJIHO M TOXE OTPHUIIATEIbHOE YUCIIO, 3HAaK HEPABEHCTBA MPH

3TOM HW3MEHUTCS Ha MPOTHUBOIOJIOKHBII.

Cooeporcam
Obuwuii 6uo:
Ipumepor: 2x + 3 > 5;

JIuHeliHbIe HEpaBeHCTBA
HEU3BECTHYIO BeJIMYMHY X B IIePBOil CTeNeHH;

ax>b, ax<b, ax>b,ax<b,a#0.
2(x+1)-3(2x-1)<5;

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

Anecopumm pewenus nepasencmsa Q(X) > R(X):

3. IlpuBectu HepaBenctBo Q(X) > R(X) k BuIy ax > b:

a) pacKpbITh CKOOKH;

0) cobpaTh crnaraemble ¢ X B JIEBOW YacTHU HEPABEHCTBA, CBOOOIHBIE CllaraeMble — B IIPaBOi

YacTH,

B) IPUBECTHU MOJJOOHBIE CIaracMble;
4.  pa3genuth o0e yacTH HEPABEHCTBA Ha KOA(P(UIIMEHT a,

ecnu a > 0, TO 3HAK HEPABCHCTBA HC MCHACTCI: X >

ecnu a < 0, TO 3HAK HEPABCHCTBA MCHAICTCH: x <

g ’
b

a

b b
5. sanuumre OTBET B BUAE MHTEPBANA: X € (; o), yum x € (-o0; —)-

HpuMepbz PpeuLerHu JAUHEUHBIX HepaseHcme.
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Xx+3<0; 1-2x<0; 2x+1)=5; 2(x+1)<3(x-
X <-3; -2x < -1, 2x+2>5; 1);
x € (-o0; -3). x>£; 2x>5-2; 2x +2<3x-3;
2 x>15; 2x—-3x<-3-2;
x € (0,5; ). x € [1,5; ©); -x < -5;
x>5; x e (5; x).

KBaIlpaTHble HEpaBcHCTBA

Cooepoicam  HeHW3BECTHYIO BeJIMYMHY X BO BTOPOii CTelleHH.

Ob6wuii 8u0: ax?+bx+c>0,
rzie a — kodhPHUIUenT mpu X2, b — K0d3hGHUIMEHT 1pH X, ¢ — CBOOOJHEII
KO3 UILIEHT.

noJiHoe - ax?+bx+c< 0;

HenoJiHoe - ax? +bx >0; ax?+c<0;

npueedennoe — X°+px+q>0;
Ipumepvor. 32 4+2x-1>0; (x+1)(x-2)>0; 3x2-1<0; 3x2+x<0.
Anzopumm pewienus k6adpamnozo nepasencmea ax> + bx + ¢ > 0:

Pemmuts kBagpaTHOe HepasencTso ax? + bx + ¢ = 0;
2. OTMEeTHTH Ha JTyde KOPHU KBAaPATHOTO YPaBHEHHS X1 > X2,

v

4. BeiOpaTh HHTEpBaJ, COOTBETCTBYIOIINI 3HAKY HEPABEHCTBA:

N Ty 4+

... >0 - mHTEpBaAT CO 3HAKOM «1»;
... <0 - wHTEpBaJI CO 3HAKOM «-».

IIpumepul peutenus K6aOpamuvixX HEPAGEHCME:

3x2+6x<0; 9-x2>0; -2x2 +3x +2<0;
3x2+6x=0; 9-x*=0; 2x2 +3x+ 2 =0;
3x (x + 2) =0; x?=9; D =b? —4ac =9+ 16 = 25;
x1=0; Xx+2=0; X = #3; -b+. /D -=-3+5 1
e TN N T 5 T g T
+ > -3 3 —b-/D -3-5
-2 0 Otser: x € (-3; 3); X1 = Y= =2,
Otser: x € [-2; 0]; 2a —4
B} Y Y " | -
-0,5 2 -
Ortsert: x € (- ; -0,5)U(2; ).




IIpakTnueckas padora Ne3

Pemenue PAalMOHAJIBbHBIX ypaBHeHI/Iﬁ H HEPABCHCTB

1 2 4 5 5 6
Peumre Pemre Elp06Ho- Pemmts npoOHO-MHHEHHOE Perre npoOHO-IHHEHHOE Pemure cuctemy Pemre cucremy
I;l;a};[:;a:;;: ;/TI;/I;eI{PIeI:{(I)/Iee YpaBHCHUC HCPABCHCTBO JIMHEWHBIX HCPABCHCTB HCPABCHCTB
—x2 3x—-2<0 2—-6x=>4
X°+8x-33=0 i=i X 4 > = 8 %X—XSO Jx>1 x> —6x—-5>0
Xx-1 Xx+2 X—2 x+2 x2-4 33X —2 | L
2x <5 x? —2x-3>0
X2-11x+30=0 LA AT S 3TX 50 / !
X+1 Xx- X+3 3-x x -3 2X° + X [Xx+3>0 (5-x<1
2 2 _ X—2<0 3-4x<5
X2-6x-135=0 i:i E 1 _X 2 X 36g0 J 2
X—4 X+4 X X+1 x2+x 2X +1 |5x >1 [x —4x+3<0
3x 5 3X-6 X 2X 49X — x2 2x>7 x? =3x—-2>0
x%-19x+88=0 —_—=— = - — >0 JX_3>0 ﬂf <1-X
X—2 X+2 (x-1)(x+2) x-1 x+2 A% -3 | E
a5 6 _ 2 X+4 1+ X [4x+2<0 3-4x>5
X°+4x-32=0 = - =2-" - <0 _ 2 _
X+3 3-X x2 -1 x-1 X+1 X2 +3x LX> 3 LX 7x+6>0
3 _ 6x <2 x> —3x-5<0
NSTRER B S ¢ 3 1 1 LGN !
Xx-3 x+1 X+2 x-2 4-x* 7 2% —3 [x-5>0 [5<3-x
™2 3 -1 x+1 X® - Ox [x-3=0 3-x<4
7x24+9x+2=0 — = - = < 2
x-1 x+2 X+2 X+1 X2 +3x+2 0 LX<1 LX +ox+4>0
3x? - X
ZX <5 Z=X<D5
5x2-8x+3=0 2 & 2 + x-4 __1 —5;X—>0 4x—1<0 x> +3x—4>0
x-3 x+1 X -4 x*+2x X2 -2x (x-77 | |
62774120 4 _ 3 3 2x __ 3x-6 =9 _ o220 X rmest
X+2 x-2 x-1 x+2  (x-1)(x+2) 2x -11 l 15
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IIpakTnueckas padora Ne4

Tema: «Ilimomanm njockux Guryp»
Heas: [IpuMeHUTD 3HAHHUSA, YMEHUS 1 HABBIKKA O0OyUYaIOMIKUXCs, CPOPMUPOBAHHBIE TIPH U3YyYCHUH TEM

IJTAHUMETPUH.
H3yyums meopemuueckuti mamepuai.

Mopsinok BLIMOJHEHHUS
O3HaKOMHUTBCS C TEOPETUUCCKUM MaTEPUATIOM M PEIICHUEM 3a]1aY .
N3yunTh 00pa3iibl PeIICHHBIX 3a/1aY.
BBINOIHUTE TPaKTHYECKYIO padoTy.
CrenaTh BBIBOI.
OTBETUTH HA KOHTPOJIBHBIE BOIPOCH

ok~ wdE

TeopeTnueckas 4acTb

OcHOBHBIE BHJIBI TEOMETPUUECKUX QUTYD:
a

a
a a
a
a
P=4a A
a P =6a
b 3 2
c
P=atbtc  P=2(atb) 5__ . 1iced
[Tnomank, o6o3Hauenue: S. EXUMHUIBI H3MEPEHus: MM2, cM2, M2, M2, ...

dopMmyIIbI IO MHOTOYTOJIbHUKOB:

Yemebipexy20/1bHUKU.

— b

=

- 3

a

TPEYTrOJIbHUK

I1nowjadb mpeyzonbHUKa

|
T TR 1
m S=—a-h} hm S=—a-h\
2 2.
a

a




Kpyr R — paanyc; S=nR?
| — anuna okpyxHoctH. |l = 27R
Kpyroeoe T — BHYTPEHHH# paauyc; | § = n(R? = r?)
R — napyxHblit paauyc;
RERIO d — BHYTPeHHWI Aaua- §= %(Dz - d?)
MeTp; S = 2npd
D — HapyxHui#t aua-
MeTp; [Maowany YacTu Koablia:
_r+R __
e = —5— — cpemmh|S = ZR(R? - r?)
paamyc,
5 = R—r — wuphna|S = %%(D’—d’)
KOAbUA,;
Q@ — UEHTPaNbHLIA yron|S = %p&
4acTH Koabua (B rpany- 1
cax).
HpaKTl/l‘leCKaﬂ qacThb.
1 BapmaHT 2 BapwaHT
1. Hatinure mmomans Ghurypbl 1. HaliguTe miomanb GUrypsl
2 cm 3w 3cm
5cm
5o
o lcm
4cm
1cm 10cm
8 cm 2cm
2cm
2cM 3cm
8cum 10 cm

2. Ha xneruatoii Oymare HapHCOBaHO [Ba

kpyra. [lmomaaps BHyTpeHHEro kpyra paBHa 1.

Haiigure momaap 3amTpuxoBaHHON (DUTYPEI.
T T

£ R |
£ AREEN _3
|  AEEEN L
|  WHEEN |
! A | |
5 /|
SO

2. Ha xiietyaroii Oymare HapucoBaHO /1Ba Kpyra.
[Tnomans BHyTpeHHero kpyra paBHa 9. Haiinu-
T€ TUIONIA b 3alITPUXOBAHHON (PUTYPHI.

3. OcHoBaHHUE CagOBOr0 JOMHUKA —

npsIMOYrofbHUK 6x8 (M). Kpbliia HakjIoHeHa 1107
yriioMm 45° k ocHoBaHMt0. Haitmure rutonians
KphlM. B oTBeTe yKaskuTe NpuOIKeHHOE

3. OcHOBaHHE CaIOBOT0 IOMHKA —
npsimoyronsHuK 8x10 (m). Kpeia HaknoneHa mox
yrioMm 45° k ocHoBanuto. Haiiaure mutormanb
KpbIK. B oTBeTE yKaXkuTe NpuOIMKEHHOE




3HA4YCHUEC, paBHOC LCIIOMY YUCITY KBaJPAaTHBIX 3HAYCHUC, PABHOC LCIOMY YUCITY KBaJPAaTHBIX

METPOB. METpOB.

4. Haiinute muiomais JIEeCHOro Maccusa (B M2), 4. HalimuTe Tuiommas JISCHOro MaccuBa (B M2),
M300paKEHHOT0 Ha TUIaHEe C KBAJPATHON CETKOM M300paKEHHOI'0 Ha TUIAHE ¢ KBaIPATHON CETKOM
1x1 (cm) B macmTabe 1 cm — 200 M. 1x1 (cm) B MacmTabe 1 cm — 200 M.

lom

Tem

CnenaiiTe BbIBO/I.

KoHnTposabHbIe BONpockI (OTBETUTH MHUCHMEHHO).
1. Kak obo3Hauaercs miomans?
2. C nomoIipto Kakoi (hopMyJIbl BBIYUCIUTD IUIOMIA L Kpyra?
3. Kakue BbI 3HaeTe eIUHUIBI U3MEPEHUS TUIOMIAAN?

Ilpakmuueckaa paboma Ne5: YucnoBas QyHKIMS

Tema: Yucnosas ¢pyHk1us, e€ cBoiicTBa U rpaduKy.
Heasn: [IpumeHenne u 3akperieHue 3HaHUW U YMEHHI K PEIICHUIO 3a]1a4.

1 BapuanT.
6) y=x?-Tx+10

2. Jlokazate, 4to DyHKIHS epruoandeckas ¢ nepuogom T: y=sin2x, T=x

1. Haiitu oGnacts onpenenenust yHKIUU: a) YV = 5
X+

3. BbIACHUTS, sIBASICTCS JIK JaHHast QYHKIMS YETHOW MM HEUETHOM: y= X SiN X
(x2 + 4, echu x <1

4. Tloctpouts rpaduk GyHKIMH, 3a1aHHOM: a) PopMysIol y = i

5,eciu x>1
6) ormucanmem: JJ () =[1; 7], f(7) =1, f(X) = x? mpu 1< X< 2 , y = f(X) yObIBaer Ha
npoMexyTke 2 < x <7
5. Ha pucynke ®UpHBIMH TOYKaMU TOKa3aHa II€Ha 0JI0BA HA MOMEHT 3aKPBITUSI OUPIKEBBIX
TOproB Bo Bce padoune auu ¢ 14 mo 28 utons 2008 roaa. [To ropu3oHTanu yKa3bpIBalOTCs YUCIa
Mecs1a, 0 BEpTHKAIN — LieHa TOHHBI 0y1oBa B Aoyapax CLIA. Jlns HarasqHOCTH )KUPHBIE TOYKU

Ha PUCYHKEC COCAUHCHLIL JIMHUEH. OHpeI[eJ'II/ITe 10 pPUCYHKY, KaKOI'0 4H1CJia [ICHA OJIOBA HAa MOMCHT

3aKPbITHA TOPIOB ObllTa HAMMEHBIIIEH 3a JIaHHBIN MNepuoa.



24300

24100
23900

23700 / \
23500 \

23200

23100

22900

22700 —"

22500

14 15 1a 17 1s 21 22 23 24 25 28

2 BAPHUAHT.

6) y=x? +4x-5

1. Haiitu o6nacte onpenenenus GyHKuu: a) V = 3
X—

X
2. Jloka3aTh, 4T0 (yHKIHS epHondeckas ¢ mepuogom T: ¥ =C0S_, T = 4rn
2

3. BbIsicHHTS, SBIISETCS K JaHHAsS QYHKINS YETHOW MITH HEYETHOM: y = X + Sin X
(1 x%, ecru x <1

4. Tloctpouth rpaduk GYHKIUH, 3aJaHHOH | a) GopMyIor y =4
- 3, ecmu x>1

0) ormucanuem: /7 (f) =[-3; 3], E(f): f(X) <0 , dbyukuus uérnas, Bo3pacraet rnpu X < 0, yObIBaeT
npu x >0
5. Ha pucyHke >XUpHBIMH TOYKaMHU MTOKa3aHa I[eHa 0JI0Ba HA MOMEHT 3aKPbITUsI OUPKEBBIX TOPTOB
BO Bce paboune qau ¢ 3 o 18 centsops 2007 roma. 1o ropu3oHTamM yKa3pIBAIOTCS YHCIa MECSAIIA,
10 BEPTUKAJIA — II€HA TOHHBI oJioBa B gojutapax CIIA. [ HarisHOCTH )KUPHBIE TOYKU HA
PUCYHKE cOeIMHEHBI InHueH. OrnpenenuTe no pucyHKy HauOoJbIIYIO IIEHY 0JI0Ba HA MOMEHT

3aKpBITHUSI TOPTOB B YKa3aHHBIN niepuo (B gosutapax CIIA 3a TOHHY).

15300

15200

15100 / \.

15000

14900 /
14800 /

14700 u_\_\_‘ /

14600

14500

14400




Ilpaxkmuueckasa padboma Ne6: Yenvt u ux uzmepenus
Lenb: hopMupoBaHre HABBIKOB ONPEACTICHNUS MEPHI YTIIOB.

Teoperuyeckuii MaTepua

I'eoMeTprUecKuii yroa — 3TO 9acTh IJIOCKOCTH, OTpaHUYCHHAA ABYMA JIydaMU, BbIXOJAIINMHA

U3 OJTHO¥ TOYKH — BEPIIUHBI yriia (puc. 1).

o >

v/

1
B xagecTBe eIMHHUIBI U3MEPEHUSI T€OMETPUYECKUX YIVIOB NPUHAT rpagyc - —— 1acTh
180

pa3BepHyTOTO yria. KoHKpeTHbIe yriibl U3MEPSIOT B rpajaycax C MOMOIIbIO TPaHCHOPTHpA. YTIIbI,

Puc. 1

MOJIyYaloOUIUecs] MPU HENPEepbIBHOM BpPALLEHUH, YIO0OHO H3MEpSATh C INMOMOIIbI0 TAaKUX YHCEN,
KOTOpble oToOpa)kamu Obl caM TpoliecC MOCTPOEHUs yria, T. €. BpamleHue. Ha mpaktuke yriibl
IIOBOPOTA 3aBUCAT OT BPpEMCHHU.

JomyctuM, 9To 3aMKCHPOBAHbI BEPIINHA yIila U OJIMH U3 00pa3yrolIMX ero Jydeil, a BTopoi
ayd Oyzaer BpamiaTbCcsi BOKpYr BepuiuHbl. [losyuaromimecst yriiel OyayT 3aBUCETh OT CKOpPOCTHU
BpalieHuss U BpeMeHd. [IoBOpoT OyneT ompeaensTbcsi MyTeM, KOTOPBIA MPOWIeT Kakas — Ju00
(ukcupoBaHHas TOUKa MOJBHKHOTO Jyda.

Ecnu paccTosiHue TOUKH OT BEpUIMHBI paBHO R, TO Mpu BpallleHUH TOYKA ABHKETCS MO OKPYKHOCTH
paauyca R. OTHoIIeHHE MPOWIEHHOTO MyTH K panuycy R He 3aBUCHT OT paauyca U MOXKET ObITb
B35TO 3a Mepy yria. YHCIeHHO 3Ta Mepa paBHA MYTH, MPONHIECHHOMY TOUYKON MO OKpPYKHOCTH

€AMHUYHOTO pajauyca (puc. 2).

Puc. 2

Pa3BepHyTHIN yroa HU3MEPACTCA MOJIOBUHON IIIUHBI GHHHHHHOﬁ OKPYKHOCTH. OTO YHCIO

obo3Havaercs OykBoit . Yucno nt = 3, 14159265358 ...
1° — T %~0,017 u 1 pao. = @ =57,296°.
180 T

B reorpa(ppm, ACTPOHOMHHU U JPYTUX NPHUKIIAAHBIX HAaYKaX HCIIOJB3YHOT HOJIK T'padyCOB —

1 1
MHHYTY U CEKyHIy. MuHyTa — 3T0 0 rpanyca, a CCKyHa — __ MUHYTBI.



(1) (2

1'=] [°=0,0003, 1= =] =0,000005
\60) keoJ 3600 )
1 pao. =57,296° = 57°17'45’
180
Ipumep 1. Beipasum B rpagycax 4,5 pax Tak xak 1pad.=__, TO
T
4,5 pao.=4,5- 180 = 810° ~ 258°.

T T

Ilpumep 2. Haiimem pamuanHyr0 wMepy yriaa 72°. Tak kak 1°= % pao., TO

T

(e}

72°=72- 1 pao. =13 pao.

Bripasum B paguarnoi Mepe yraer 30°, 45°, 60°, 90°, 270°, 360°:

300= *_-30°=" 60°— T -60°=" 270°= 2700= 3"
180° 6 180° 3 180° 2
o T ° T
450 = =450 = 90°= —90°= 360°= —_.360° = 2x
180° 4 180° 2 180°
Yunpaxnenus

1. Haiiaure rpangycHyro Mepy yria, paJdaHHas Mepa KOTOPOTO paBHa:



Ne 1 papuanTt 2 BapUAHT

1 T i3
9 5
2 51 n
12 4
3 n 3
5 4
4 41 31
5 2
5 T 7T
3 6
1. Haiigute paauanHyio Mepy yria, rpajycHas Mepa KOTOPOro paBHa:
Ne | 1 Bapuant 2 BApHAHT
1 135° 45°
2 36° 15°
3 150° 215°
4 240° 72°
5 360° 330°

IpakTuyeckas padora Ne7: TPUT'OHOMETPUYECKHUE ®YHKIINU
Lenb: GpopmupoBaHue HaBBIKOB HCIOJB30BAaHUS CBOMCTB TPUTOHOMETPUYECKUX (PyHKUIMN
pH npeoOpa3oBaHUU BBIPAXKEHUI.
Teopernyeckuii MaTepuall
Tpuronomerpuueckue (YHKIMH OMPENENAIOTCA C MOMOIIBI0O KOOPIMHAT Bpalllaroleics
TOYKH.
OTtmeTM Ha ocu X chpaBa OT Haudajga KOOpIMHAT TOYKY A4 U TPOBEAEM uepe3 Hee

OKPYKHOCTbH C LIICHTPOM B TOUKE O . Pa,Z[I/ch 0OA Ha3bIBacTCs HAa4YaJIbHBIM PAaAUYCOM. HpI/I IIOBOPOTC

IIpOTHUB 4acoBOM CTPCJIKU CUUTAIOT YI'OJI HOJIOKHUTCJIbHBIM, IIPHU IMOBOPOTEC IIO JacoBO# CTPCIIKC —

OTPHIIATEILHEIM (pHc. 3).

[Tpu moBopOTE HA Yro Ol HAYANIBHBIN paguyC O4 TEPEeXOTUT B paguyc OB .

/\ /\
A B
m RUAEY mf} 5
N <

Puc. 3 Puc. 4



Onpedenenue: CuHycOM yria O, Ha3bIBa€TCs OTHOILICHHE OpAMHATa TOUYKH B K JUIMHE
paauyca (puc. 4).

Onpeodenenue: KocuHycoMm yria OU  Ha3bIBa€TCSl OTHOIICHHE aOCIMCCHI TOYKU B K JJIMHE
pamuyca (puc. 4).

Onpeodenenue: TaHreHCOM yriia OL  HA3bIBAE€TCS OTHOIICHWE OPAMHATHI TOYKH B K e€
abcuucce.

Onpeodenenue: KoTanreHcoM yria O Ha3pIBa€TCS OTHOIICHHE aOCIUCCHI TOYKH B K €€
OpAMHATE.

3HAaKM TPUTOHOMETPHUYECKHX (YHKIUH OMPEeNsIOTCS B 3aBHCUMOCTH OT TOTO, B KaKOM
YEeTBEPTH JICKUT paccMaTpuBaeMblil yroi. | yetBepts — ot 0° 10 90°, Il yerBepTh — OT 90° 70 180°

, Il veTBepTH — OT 180° MO 270°, IV WeTBepTh - OT 270° 110 360°.

3Haku cuHyCca 3HAKH KOCHHYCa 3HAaKH TaHreHca u
KOTaHreHca
y4 y4 yA
90°
90° 90°
1 ni n
0
s A I R + \* o - | T\ .
"1 360° "l {1V 360° " v 360°
—| = _ | + + | =
2700 2700 2700

HpI/I HU3MCEHCHHUH yI'Jla Ha LEJI0C YMCIO 060p0TOB 3Ha4YCHUE CHHYCa, KOCHMHYCa, TaHI'CHCA U

KOTaHTeHCa HE M3MEHHUTCSL.
Ipunep 1: Haitmnre 3nauenne sin(—810°).
Pemrenne:  sin(—810°) = —sin(720° +90°) = —sin 90° = —1.

Ipumep 2: Onpenenute 3HaK cos52°. Pemenue: Yromn 52° - yroja nepBoil 4eTBEpTH, 3HAYUT

c0s52° MMEET 3HaK +.

Ynpaxnenus
1. Ompenenure, kakoii 3HaK UMEIOT sina , COSOL , tgo. U ctga, :
a) o =48°; B) o = 200°;
6) o =137°; r) o = 306°.
2. Ompenenure, KaKOi 3HAK UMEKOT TPUTOHOMETPUYECKHE DYHKIHMH:

sin179° cos 280° tg145°



ctg359° sin(- 75°) sin109°
c0s140° COS(— 116") cos(- 26°)
tg500° Cos315° tg(-10°)

Ornpenenure, yriom, KaKOH Y€TBEPTHU SBIISETCS YroJl O , €CIIu:

a) sina. >0 # cosa > 0;

0) sina. <0 u cosa >0;

B) Ctgal <0 u sina < 0;
Omnpenenure 3HaK BBIPAKEHUS:
a) sin100° - cos300°;

6) sin190°-tg200°;

Haitgure 3HaueHne BbIpaKEeHUS:

r) tga <0 u coso >0

B) C0S 320°- ctgl7°;
r) tg170°. cos400°.

sin(- 30°) cos 405°
tg(~ 900°) ctg1110
MaremMaTu4ecKuii JUKTAHT
B-1 B-2
1. Cunyc —»970 ... 1. Kocuuyc — 3to ...
2. TaHresc — 9710 ... 2. KoraHresc — 1o ...
3. Yrou 38° - yroiu ... 4eTBEPTH. 3. Yrom 189° - yroi ... YeTBEPTH.
4. Yrom -179° - yroi ... YeTBEPTH. 4. Yrom - 79° - yrou ... 4eTBEPTH.
5. ctg259° umeer 3Hax ... 5. t9239° umeer 3HaxK ...
6. cosl114° UMEeT 3HaK ... 6. sin89° MMeeT 3HaK ...
7. sin390°=... 7. sin290° = ...
8. cos(-150°) = ... 8. cos(-30°)=...
9. 1g480° =.... 9. 1g390°=....
10. ctg(-660°) = ... 10. ctg(-765°) = ...

IpakTuueckas padora Ne§: OCHOBHBIE TPUTTOHOMETPUYECKHUE
TOXKIECTBA

Lenb: hopMupoBaHHe HaBBIKOB UCIOJIb30BAHUS OCHOBHBIX TPUTOHOMETPUYECKUX TOXKIECTB
IIpU IpeoOpa30BaHUU BBIPAKEHUH.

Teopernyecknii MaTepua
sin2x+cos? x =1

2 _
SIn X g°x+1= C0S? X
tgx:_
COS X Ctgzx+1: )
COS X
ctgx = 22X SIn- X

sin x tgx-ctgx =1



OTH paBeHCTBA Ha3bIBAlOT OCHOBHBIMU TPUTOHOMETPUYECKUMHU TOXKIECTBAMHU.

Ilpumep 1. Yupoctute Bhpaxenue 1— cos? X

Pewenue:  Wcnonw3yem s pemenus  dopmyay  SinZ X+C0s? x =1,
1-c0s® x =5in? X + €0s? X —cos? X =sin? X

. 4
Ilpumep 2. Haiinure 3HaueHue tgo. , €CIM COSOL = —__, __ <O <T .

5
sin x . ;
Pewenue: tga, = v SiN2x+c0s2X=1 = siN2x=1-C0$2X = sinx=+/1—cos? X
COS X
3
— sinx= __ M 9.7
25 25 5
_sinx _ 3( 4\ 35_ 3

cosx 4 5\ 5) 54 4



HpaKTI/I‘leCKaﬂ 4acTb

B-1
Sin2 X +Cos? X =...
ctgx = ...

tg2x+1=...

A w0 NP

sin x-ctgx =...

1-sin?x _

o

COS X

. . 3 3¢
Haiiure 3HaueHue tgo , ecmm sina =—_, < < 211 |

tgx - Ctgx = ...
tgx = ...
ctg?x+1=...

tgx -CcoS X = ...

o > w0 NpoRF

tg(— x)-ctgx +sin? x = ...
3n

6. Haiigure 3HaueHue ctgo , ecm SINQL = ——=, T < < —

KoHTposbHbIe BOIPOCHI
1. B kakom ciydae QyHKIUS MEHsIeTCS Ha KOPYHKIUIO?
2. B kakom ciydae GyHKIUS HE U3MEHATCS?

3. Kaxk onpegnensiercs 3Hak QyHKIIHH?



Ilpakmuueckan paooma Ne8: ®OPMYJIbl IPUBEJEHUSA

Henb: popMupoBaHre HaBBIKOB UCIOIB30BaHUS (POPMYIT IPUBEIEHUS IIPU IPEOOpa30BaHUN

BBIPAXKCHUM.

TeopeTnueckuii MmaTepuaJ

Ecmn B cxobkax (90°%a) wm (270°+a ), To ¢ynkums memsercs Ha cxommyro. Ecan

(180°ia) WK (360°ia), TO (QYHKIHMS HE MEHseTCS. 3HAK pe3yibTara ONpEIesieTcs 0 3HAKy

JIEBOU YaCTH.

FX) | x
E—X E+X T —X T+ X 3_71:_X 3_7'C+X 2T — X 27T + X
2 2 2 2
sin x Cos X COS X sin x —sin X —COS X —COS X —sin X sin X
COS X sin x —sin X —COS X —COS X —sin x sin x oS X CoS X
tgx ctgx —ctgx - tgXx tgx Cctgx Ctgx —1gx tgx
ctgx tgx — tgx — ctgx ctgx tgx tgx — ctgx ctgx
Ilpumep 1. Haiinute 3HaUeHNE cos8_n :
8 6m +2 6 % 2 2
cosE =COS(M\=COS(_TE +—n\=cos(2n +—ﬂ\=cos—7c _ [(3n-m)  (3n m)
| = CO0Ss J— Cos -
3( I k 3 EJ 1 (3 3) N 3) 3 3 3 3 J
=C0S T —" =-C0S =-—
3 3 2
Ilpumep 2. Haiinute 3HaueHue sin 300° .
Pewere: $in 300° = sin(90°+ 210°) = cos 210° = — V>
2
IIpakTnyeckasi 4acThb
1. HaiiguTe 3HaueHUE BHIPAKCHUS
Ne 1 BapuanTt Ne 2 BapHAHT
1 sin 240° 1 sin 315°
2 sin 330° 2 c0s120°
3 cosZn 3 sin 4_ﬂ
6 3
4 tg300° 4 ctg(—225°)
5 cos(-210°) 5 sin(-150°)




2.  YOpocTHuTe BHIpaOKEHUS:

1 BapuanTt 2 BapuaHT
cos(= x)-cos(180° — x) sin(m_+ x)~sin(( K+ o1 )\
sin(~ x)-sin(90° + x) tg(m —X)‘COS| TTEX

( 2

Ilpakmuueckana padoma Nel(): PemieHrue TPUrOHOMETPUUECKUX YPaBHEHUN

[{esb: 3aKpenuUTh YMEHUS U HABBIKU PELICHUS 3a7a4 0 TeMe: «Pelienue
TPUTOHOMETPUYECCKUX YPaBHEHHH BHa COSX=4a, SINX=a, tgx=a, ctgx=ax».

MeTtoauueckune YKazaHus:

ypaBHEHUE dopmyna o01ero peneHus YacTHbIe penieHus
a=0;1;-1
COSX = a ae [-1;1] 1)cosx=0
s
X=+ arccos a + 2an , neZ X= 3 + n, neZ
2) cos x =-1

X=T +27n, neZ
3)cosx=1
X= 27N, neZ

ypaBHEHUE dopmyia 001Iero pemeHus YacTHble penieHus

a=0;1;-1




II

sinx=a ae[-1;1] 1)sinx=0
x = (-1)narcsin a + zn, neZ X= 7tn, neZ
2)sinx=-1
x=—_1II2 +27n, neZ
3)sinx=1
X=_TII2 +2nn, neZ
tg x =a a— Jroboe

X = arctg a + nn, neZ

3amanus 119 NPaKTHYECKO padoThI:

YPOBEHH
Pemuts ypaBHEHMSA:
B-1 B-2
cosx=0 1 cosx=1
cos x =1 2 COSX:ﬁ
2 2
i3 A
COSX:—AZL 3 COSX:—lzL
24/3 +4cos x=0 4 12/2 +4cos x=0
sinx =2, sinx = — 3
2 2
tgx=—13 6 | tg X+ /3=0.
3
YPOBEeHb

a) cosx =0;
6

r) COSX = — VY2;
2 2

Pemute ypaBHEeHUS:

0) cos 2x :LE;
2

Pemnte ypaBHEHUS:

B) COS (2x + 1) =1;
3

1) cos 4x = 0.




a) cos(IT+ x) = sin (- %) 6) 2-cos; +1=0; B) 2005(% +x) =2
r) cos(I'T+ x) = sing; 1) 2-cos§L —+/3=0.

3 Haiinute KOpHH ypaBHEHHS 2-cos X + /3= 0, IpuHaANeKaNHIe
otpesky [0; 2IT].

4 Haiimmte KopHH ypaBHEeHHs 2-C0S X —1= 0, npuHazIeKamme
oTpesKy [—m; 2m].

Ilpakmuueckan paooma Nel I: PemieHre TPUrOHOMETPUUECKUX HEPABEHCTB

Henab: 3akpenyienue yMeHU ¥ HaBBIKOB MPU PELLICHUH 3a/1a4.

Metoanyeckue peKOMeHIAIUH

Omnp.

HepasenctBa, coaeprxaiiiye nepeMeHHY0 Mo 3HaKOM TPUTOHOMETPHUYECKON (DYyHKIINH,
Ha3bIBAIOTCA

TPUTOHOMETPUYECKUMHU.

[Ipu pemreHny TPUTOHOMETPUYECKUX HEPABEHCTB HUCITOJb3YIOT EAMHUYHYIO OKPYKHOCTD.

1
3adaua  PemuTh HEPABEHCTBO COS X > P

y4
Mz
M
P(1;0)
0 1 x
2
Ml

ITo onpenenenuto cos X — 310 abcuucca TOYKU €IMHUYHON OKPYKHOCTH. AGCLHcCy, paBHYIO 3° HUMEIOT

i 1
JIB€ TOUKH €JUHHYHOI OKpykHOCTH M1 M M; . AGcuuccy, 6obuyto - UMEIOT BCe TOUKH M yru
€IMHUYHOM OKPYXHOCTH, Jiexalue npasee rnpsimoit M1M; . Takum o0pa3om, perieHus MU HEPaBEHCTBA

| T T
COS X > — SBIISIIOTCS BCE YMCIA X M3 MPOMEKYTKa —— < X < —.
2 3 3
T T
Bce penienusi J7aHHOTO HEPABEHCTBA — MHOYKECTBO MHTEPBAJIOB — ; +2m<x< 3- +2mne”Z

T /4
Omeem: —g +2m<x< g +2m,ne”Z



PemnThs HepaBeHCTBO Sin x 2 - %

» OpaMHATY, He MEHLIIYIO —%, HMEIOT BCe TOYKM AYrH

M MM, exnanunoit okpyxuocTn (puc. 82). Iloaromy
pelIeHHAME HepaseHCTBA 8in x 2 —% SABNAIOTCA 4MC-

na X, NPUHAANEXKAUIME TPOMERYTKY —g <x< -76—".

Bce pemenusa ZaHHOIO HEPABEHCTBA — MHOMKECTBO OT-
Pe3Kos Puc.82

_g+2nn<x<16’i+21m, neZ2 <

OrmernM, 4TO BCe TOYKH OKDPYXHOCTH, JeKaline
HuKe npamoit M, M,, iMe0T OPARHATY, MEHLIIYIO -%

(puc. 82). IloaTomy Bce umcaa x e(—%; -5) ABJA-

6

IOTCH PelIeHHAMHA HepaBeHCTBAa sin x < -%. Bece peme-

HHSA 2TOrN0O HEepaBeHCTBA — WHTEPBaAJBI

(-ﬁ +2nn; -5+21m), nel2d.
6 6

IIpakTHyeckas padora
Tema: Pemienue TpUroHOMETPHUECKUX HEPABEHCTB.
Heus: [Ipumenenue 3HaHui IpU PELICHUU 3aau.
1 Bapuamur.
Pemiuts HepaBeHcTBA:

3 2 : | ' ’ 1
1) cosx < 7 : 2) costT : 3)smx$5; 4) smx>—\/§ 5) sm3x>—§

IIpakTHyeckas padoTa
Tema: Pemienue TpHroHOMETPHYECKUX HEPABEHCTB.
Hean: [Ipumenenue 3HaHuil IpH pEeLICHUH 3a/1a4.
2 BapHaHT.
PemuTh HepaBeHcTBa:

3 2 : 1 : 5 1
1) cosx > 7; 2) cosxST : 3) smxza; 4) sinx < —+/3 5) sm3x<—§



Ilpakmuueckasa paboma Nel2: ®OPMYJIbI CJIOKEHUA

Hesn: popMupoBanne HABBIKOB HCII0JIL30BaHNA (POPMYJI C/10KEHHS NPH NPeodpa3o0BaHUN
BbIPAKEHH .

Teoperuyecknii MaTepuall
Kocunyc cymMMBl IByX YIJIOB paBeH NPOM3BEICHHIO KOCHHYCOB ITHX YIJIOB MHHYC
MPOM3BEICHUE CHHYCOB 3TUX YIJIOB:
cos(x+ y) = cosx-cosy—sin x-sin y
Kocuryc pa3HOCTH IBYX YIJIOB PaBEH MPOM3BEICHHIO KOCHHYCOB 3THX YIJIOB ILTHOC
IMPOU3BCACHUC CUHYCOB 3THX YI'JIOB!:
cos(x—y)=cosx-cosy +sin x-sin y
CHHYC CYMMBI JIBYX YIJIOB PAaBEH MPOM3BEICHHUIO CHHYCA MIEPBOTO yIila Ha KOCHHYC BTOPOTO
IUTIOC TIPOM3BEICHUE KOCHHYCA MIEPBOTO yIiia Ha CHHYC BTOPOTO:
sin(x + y) = sin x-cos y +cos X -sin y
CuHYC pa3HOCTH JBYX YIJIOB PaBeH MPOM3BEIECHUIO CHHYCA IIEPBOTO YIila Ha KOCHHYC
BTOPOTIO yrjia MUHYC IIPOU3BEACHNUEC KOCHHYCA IIECPBOI'0 yrijla Ha CHHYC BTOPOI'O yrja:
sin(x - y)=sin x-cos y - cos x-sin y .
Hcnons3ys GopMyIibl CIIOKEHHS ISl CHHYCa M KOCHHYCA TOIy94atoTCst (GOPMYIIbI CIIOKEHHSI

JJI1 TaHT'€HCAa U KOTaHI'€HCA.

to(x + y) = tgx + tgy Ctg(x + ) = ctgx - ctgy -1
1-1tgx-tgy ctgx + ctgy
tgx —t ctgx - ctgy +1
tgx-y)= > clg(x - y) =~ P2
1+tgx-tgy ctgx — ctgy
Ilpumep 1. Beruucnure coslse .
Pemenue: IIpeACTaBUM 15° B BUIEC pa3sHoCcTH 45° — 30°. Torma

o2

1
2 2 22 4

C0s15° = c0os(45° —30°) = c0s 45° - c0s 30° + sin 45°-5in 30° = V2 ,@Jr V2

IIpumep 2. YnpocTute BbIpaxeHue COS(X + y)+ COS(X - y).
Pemennue:

cos(x+ y)+ cos(x— y) = cos x-C0s y —Sin X -Sin y +COS X - COS y +Sin X-sin y = 2C0S X - COS Y



YnpaxHeHnus

1. C)HOMYSI;JE[LIO Popmyit coxkenus npeoOpasyiTe BHIPaKEHHUE:
1) cos

\ 4
2) sm( -B
3) cos(m +P)
(m
4) smL +B

2. YrpocTuTe BEIPAKECHUS:
1) sm?a + B% sino. -cos B
2) sin L cosa
6 J 2
sin(a+ B )— coso. -sin B
sin(o. — B )+ cosa -sin f

3)

cos(o = B )= 2sin o -sin B

4 2sina. -cos B —sin(a. — B )

3. Haiinure 3HaUYeHNE BHIPAKCHHUS:
1) co0s107°-cos17° +5sin107°-sin17°
2) c0s36°-c0s24° —sin 36°-sin 24°
3) sin63°.cos27° + cos63°-sin 27°

4) sin51°-c0s21° —cos51°-sin 21°

KonTposbHbie BONpochl
1. Uemy paBeH KOCUHYC Pa3HOCTHU ABYX YTJIOB?
2. YeMy paBeH KOCHHYC CYMMBI JIBYX yIJIOB?
3. UeMy paBeH CHHYC CYMMBI JABYX yIJIOB?

4. Yemy paBeH CUHYC pa3HOCTH JBYX YIJIOB?



Ilpaxkmuueckasa paboma Nel2: ®OPMYJIbI CYMMBbI 1 PASHOCTH
TPUTOHOMETPUYECKHNX ®YHKIIUM

Henb: ¢GopMupoBaHHE HABBHIKOB HCHOJIB30BaHUSA (OPMYI CYMMBI M Pa3HOCTH TIpU

PeoOpPa30BAHUN BhIPAKCHUIA.

Teoperuyeckuii MaTepua
CymMMa CHHYCOB JIByX YIJIOB paBHAa yJIBOCHHOMY MPOU3BEACHHUIO CHHYCA MOJYCYMMBI 3THX

YTJIOB Ha KOCHMHYC HUX ITOJTYPa3HOCTH

o+pB oa—pB
-C0S

2 2

sino +sin B = 2sin

Pa3HocTh CHHYCOB JIBYX YyI'JIOB paBHa YABOCHHOMY IIPOU3BCACHHUIO CHUHYCA ITOJTYCYMMBI O0TUX

YTJIOB Ha KOCHMHYC HUX ITOJTYpPa3HOCTH

. . . a—f a+p
sina. —sin 3 = 2sin -COS

2 2

CyMMa KOCHMHYCOB JBYX YIJIOB PaBHA YJIBOCHHOMY ITPOM3BEICHUIO KOCHUHYCA MOJYCYMMBI

9TUX YIJIOB HA KOCHHYC UX TOJIypa3HOCTH

o+pB oa—fB
-C0S

2 2

cosa. + CosP = 2cos

Pa3HOCTh KOCHMHYCOB JIBYX YIJIOB paBHa B3SITOMY CO 3HAKOM «MHUHYC» YABOCHHOMY

MIPOU3BEICHUIO CHHYCA MTOJTYCYMMBI 3TUX YIJIOB Ha CHHYC HX IMOJypPa3HOCTH

a+f . a-pB

-SIn .
2 2

sin(x + )

cosa —CosP =—2sin

CyMma Ta . tgx+tgy = .
YM HI'€HCOB JIBYX yIJIOB: gy COS X-COS Y

sin(x - y)

Pa3HOCTb TaHI€HCOB IBYX YIJIOB: tgx—tgy =
COS X-COS 'y

IIpumep 1. Beruucnure sinl10° + sin 50°.

Pemenue:

107+50% 105197 =50% _ osin30e -cos(—20°) = 2.1 .c0s20° = cos20°
2 2 2

sin10° +sin 50° = 2sin

IIpumep 2. Beruncnure cos90° — cos30°.

Pemenue:

907+ 307 i 90730 =-2sin60°-sin30°=-2.-v3 1
2

2 2 2

€0590° - c0s30° = —2sin

| &



YnpaxueHnus

1. IlpencraBbTe B BUJIE IPOU3BEACHMUS:

1) sin40°+sin16°

2) sin20°—sin 40°

3) c0s46°—cos74°

4) co0s15°+cos45°

5) sin Zn +sin™

11
6) cos % cos™™
12 4
)

5
3

18
7) €0S < +a  +cosa

. (T .
8) sin = +a —sin

()

6

9) tg25°+tg35°

10)tg "
5
2.
1)
2)
3)

—tg "

10

[[OKa)KI/ITC TOXKACCTBO:

sin 2x + sin 6x
cos2x=+Ccos6x = 194X

sin 87° —sin 59° —sin 93° +sin 61° = sinl°

c0s115° —c0s35° + c0s65° + c0s25° =sin 5°

KonTposbHbie BONpochl

Yemy paBHa cymMMa CUHYCOB?
Yemy paBHa CyMMa KOCUHYCOB?
Yemy paBHaA pa3HOCTb CUHYCOB?
Yemy paBHa pa3HOCTb KOCUHYCOB?

Uemy paBHa CyMMa TaHT€HCOB?

o gk~ w bdF

Yemy paBHa pa3HOCTb TAHTE€HCOB?



Ilpakmuueckas paboma Nel4: ®OPMY.JIbI IBOMHOI'O YIJIA

Lenb: ¢opmMupoBaHHE HABBHIKOB HCIOJb30BaHUS  (HOpMya ABOWHOTO yriia IpH
peoOpa30BaHUH BHIPAKEHUH.
Teopernyeckuii MmaTepua

. 2tgx
sin 2x = 2sin x -cos X C0S 2X = C0S? X —Sin 2 X tg2x = 92
1-tg°x
Ilpumep 1. YpocTture BelpakxeHHE sin 2x .
COoS X
Pemrerme: SN 2X _ 2sIn X -c0oS X — 2in x
COS X COS X
C0S2X
17 2. Yopocrture aKeHne —-———,
[pumep IIPOCTUTE BBIPAXKEHU SN X £ COSX
cos2x  cos? x—sin?x _ (cosx—sinx)-(cosx+sinx) _
Pemenne: . e — ] = cosx _SInX.
SINX+COSX  sin x4+ CoOSX SiN X + COS X
Yupaxnenust
1. Ynpocture BelpaeHHUs:
1 sin 2x
) —Simx —COS X
2) C0S2X +5in? x
sin 2x sinx
3)
0S2X COS X
4) +5sin X
2C0S? X
5) sin 2x
cosX 6) (1—tg32x)-cos2 X

2. JIoKaXuTe TOXKICCTBA:
1) 1—(sin x—cosx)’ =sin 2x
2) Cctgx —sin 2x = Cctgx - cos 2x
3) (sinx+cosx)’ —sin2x =1
4) 4sin x-cos X -C0S 2X = sin 4x
5) sin 2x —tgx = €0S 2X - tgx

6) (ctgx —tgx)-sin 2x = 2c0s 2x



IIpakTuyeckas padora

B-1
Yrpocrute Bepaerms: SIN X sin 71 COST[_, 1-cos2x +sin 2x
sin 2x 8 8 1+ c0s2x +sin 2x
tg75°
Beraucnoure: 2sinl5°-.cosls®, ————.
1-tg?75°
B-2
. X X :
Yrpocrure Bepakerns: COS® X —C0S2X, sin ~-cos —, COSX—sSINX
2 2 C0S2X
. tg”
Brrancnure: Sin100° , —87[ .
2c0s50°  1-tg2 =
8

Ilpakmuueckasn paboma Nel5: «AkcuoMbI CTEPEOMETPUH U CIIEACTBHSA U3 HUX». «[lapaiensHOCTh
MPSAMBIX U IUNIOCKOCTEN B MPOCTPAHCTBE”

[{enn: o0oO0IIeHre U cucTeMaTu3alus 3HaHU ydaluxcs, NOJTy4eHHBIX PU U3yYEHUH TEMBI.

Xoa paboThl.
1) Kakuie purypsl B CTepeOMETPHH SBJISIOTCS OCHOBHBIMHE?

2) 1. Kakue ToukH mpuHaIekKaT mIockoctu? | OTBETHI:
2. Kakue Touku He mpuHaIIexKaT
TJIOCKOCTH? 1. Toukn

IMPpUHAJJICKAIIUEC IJIOCKOCTU

\ 2. Toukn
/ HE MPUHAJICKAIINE TUIOCKOCTH

3) OObsicHHTE, TOYEMY IIITATUB UMEET BCETO TPU TOUKHU OMOPHI?

4) YeTbIpe TOYKH HE JICKAT B OJAHOM TIIOCKOCTH. CKOJIBKO TIOCKOCTEH MOYKHO TMPOBECTH Yepe3 TPOUKH
aTux Touek? CrenaiTe pUCyHOK.
Pewenue:




5) JlokaxwuTe, 4TO BCE BEPIIMHBI YSTHIPEXYTOJIbHUKA IPHUHAICKAT OTHOU TNIOCKOCTH, €CITH
BBITIOJTHSETCS OJTHO U3 CIACAYIOLIUX YCIOBHM:
1. ntnaroHanM 4YeTHIPEXYTOJIbHUKA IEPECEKAIOTCS;
2. MEPCCCKANOTCA MPOAOJDKCHUA ABYX €ro HCCMCXKHBIX CTOPOH.
JlokazarenbCTBO:
1.

6) Crousip mpoBepsIeT, JCKAT JIH KOHI[BI HOXKEK CTyJIa B OJIHOM TUIOCKOCTH, TIPU TIOMOIIH JIBYX HUTCH.
OO0OBsICHHATE, KaK OH 3TO AenaeT?
Pemenmne:

7) Ha mockoctu OL otMeueHsl Tpu Touku A, B, C, He nexanue Ha oHo# npsmoii. Touka D He

MPUHAUICKUT TUIOCKOCTH OL. Ompenenute, siBisieTcs i 4eThipexyroibHuk ABCD Tpanernueii.
Pewenue:

[TapannenbHOCTh NPSIMBIX, TPSAMOU U TNIOCKOCTH

1) Chopmynnpyiite onpeieseHie napayuieIbHEIX IPAMBIX B IPOCTPAHCTBE

2) ITo naHHOMY 0Opasiy OIIIIINTE BCe BO3MOXKHBIE CIIOCOOBI IOCTPOEHIIA INTOCKOCTII 11 clienaiire
PHCYHKIL

Uepes JBe mapaiieIbHBIX IPAMBIe MOXKHO
MPOBECTII MJIOCKOCT I IPHTOM TOJIBKO OZIHY.

lk

4) IIo o6pa3uy 3agadyn Ne2 onumiure TPU BOBMOXKHBIX ClIydasA B3aUMHOI'0 PACIIOJIOKCHUA HpSIMOI71 n
IIJIOCKOCTH B ITPOCTPAHCTBE U crenairte PUCYHKHU.



[/

5) ChopmynupyiiTe MpU3HaK MapaIeTbHOCTH IFIOCKOCTEH B TPOCTPAHCTBE.

6) Jlanbl 1Be mapaienbHbie WIOCKOCTH. Yepe3 Touku A U B 0/1HOM MIIOCKOCTH MPOBEICHBI
MapajiebHbIE MPSAMbIE, IEPECEKAIONINE APYTYIO INTOCKOCTh B TOUkax A1 u Bi. Haiinure mymHy oTpeska
A1B1, ecmu AB=a. Caenaiite pucyHOK.

Pewenue:

7) YKaxuTe 1Mo pUCYHKY Clydail B3AUMHOTO PACTIOJIOKESHHUS MPSMBIX B TPOCTPAHCTBE.

1. A. CKpelMBaroImuecs mpsmoie.

2. B. Ilepecekatomuecs npsimMble.

S/

C. IapamienbHbie MPsSIMBIE.

Ortser: 1 , 2 , 3

OreHka:



Ilpakmuueckasa paooma Nel6: «B3auMHoe pacnosoxkeHue AByX IPAMBIX B

NPOCTPAHCTBE.
Iesn: oTpaboTaTh HABBIKM PAcIO3HABATh HA YEPTEKAX PA3IMYHBIC CIy9ad B3aUMHOTO PACTIOIOKEHHS
NPSIMBIX, UCTIOJIB3YS (DOPMYIUPOBKY ONPEACTCHUN , TPU3HAKOB U CBOMCTB PACIIOJIOKEHHUE MPSIMBIX U
[IPUMEHEHHE TPU3HAKOB U CBOMCTB IPU PELLIEHUU 3a/1a4.

IIpakTHyeckas 4acTb
I.Conep:xanmne padoTbI:
OTBETUTH HA BONIPOC ¥ BHITMIOJHUTH PUCYHOK.
1.IlpssMple M ¥ N JexaT B OJHOMN IUNIOCKOCTU. MOTYT JIM 3TU NpsAMbIE NE€peceKaTbcs, ObITh
napajuieIbHBIMU, MOTYT JIM OHU CKpPEIIUBATHCS?
2. [Ipsimbie b u ¢ mepecekaroresi. Kak pacnosioskena npsivast b otHocutensHo npsimoii d, ecnu clld?
3. Mansr ckpemuBatommecs npsmbie ¢ 1 d. Kak MoxeT ObITh pacrosiokeHa mpsiMasi ¢ OTHOCUTENIBHO m,
ecau m || d?
4. Tpsimbie b u d nepecekarotes. Kak pacrosnioxena npsiMasi b OTHOCHTEINIBHO C, €ciii ¢ 1 d
IepeceKaroTcs ?
5. [lanbl ckpemuBaromyecs npsimble m 1 n. Kak MoxeT ObITh pacnosokeHa npsMasi M OTHOCUTEIbHO
MpSIMOM C, €civ C ¥ N [TePECEKArOTCs?
I1. BRIMOIHUTH PUCYHOK U 3aIIOJTHUTH TaOIUILY.
B xkyoe ABCDA1B1C1D1 Touka M — cepenuna B1C1, F — cepenuna D1C1, K — cepennnaa DC, O — touka
nepeceveHus Auaronaneit keaapara ABCD.

HpSIMBIe Bzaumuoe PpacCIIoJ0KCHUEC TIPAMBIX

1 AA1 141 CC1

2 A1C1 H B1D1
3 A1C1 141 C1D1
4 A1M 141 CC1
5 A1D 141 DC1
6 A1C1 u BD
7 A,.CuAC

8 AlB n D1C
9 A1C 141 BBl
10 |ADuAB
11 |[A;MuBC
12 |[A;MuBK
13 ClK n BlF
14 ClO n AB1
15 AlO n BlD

KonTposibHbIE BONIPOCHI

1.Yt0 usyuaer crepeomerpus?

2. Kakue cymiecTBylOT OCHOBHBIE (DUTYpBI B IPOCTpaHCTBE?

3. Kakue akcnomsl CyIIECTBYIOT B CTEPEOMETPHU?

4. Kakue cne/icTBUS U3 aKCHOM CYILECTBYIOT B cTepeoMeTprn?

5. Kakue npsimble B IPOCTPAaHCTBE HA3bIBAIOTCS NapaJIeIbHBIMU?

6. Kakue npsiMble Ha3bIBAIOTCS CKPEIIUBAIOIIMMUCS ?

7. Kakue npsimble B TPOCTPAHCTBE HA3bIBAIOTCS MEPIEHAUKYIAPHBIMU?



Ilpakmuueckaa paboma Nel7: IlepneHIUKYISAPHOCTh TNPSAMBIX M IUIOCKOCTEH B
MIPOCTPAHCTBE
eas:
1) VYMeTb NpUMEHSATH ONpEIeNICHHs, IPU3HAKNA M CBOWCTBA NEPICHIMKY/ISIPHBIX MPSIMBIX 1
IIJIOCKOCTEN B IPOCTPAHCTBE IIPU PELICHUU 3a/1a4.
2) Co3pnath ycIoBUS VIS Pa3BUTHSI YMEHHS YCTAHABIMBATH CMHBIC OOLIME TIPU3HAKKA U CBOMCTBA
EJI0Ir0, COCTABJIATD IJIaH ACATCIIBHOCTHU IMPU PCUHICHUH 3a1a4.
3) Bocnuranme TMYHOCTHBIX KA4SCTB MOCPCACTBOM PA3BUTUA UHANBUAYAJIbHBIX ITO3HABATCIIbHBIX
HUHTEPECOB U CIIOCOOHOCTEH.

TeopeTnyecKuii MaTepUAJL:
1. Onpenenenue: [[Be nmpsiMbie HA3bIBAIOTCS NEPICHANKYISIPHBIMH, €CJIM OHU TIEPECEKAIOTCS TO/T
MPSMBIM YTJIOM.

2. Omnpeneaenne: [Ipsimast, mepecekaromiasi MI0CKOCTb, HA3bIBACTCS MEPIICHINKYISIPHON ATOM
TIJIOCKOCTH, €CJIM OHA TIEPIICHAUKYIISIPHA JIFOO0H MPSMOM, KOTOpast JISKHUT B TAaHHOU TIJIOCKOCTH U
MIPOXOJUT Yepe3 TOUKY IEPECEUCHHUS.

W |

C
o A

3. Ompenesienue: J[Be nepecexarommecs MIOCKOCTH Ha3bIBAIOTCS NEPIIEHIUKYISIPHBIMU, €CITU
TPEThsI IIIOCKOCTh NEPIIEHANKYISIPHAS IPSMOI1 IepeceueHU  3TUX IIOCKOCTEN MepeceKkaeT ux o
MEePIEeHIUKYIISAPHBIM MPSMBIM.

mp&m& (mpu3Hak HepHeHI[I/IKYJ'IHpHOCTI/I HpHMBIX B npOCTpaHCTBe) Emuwmmm
[ 0 JI [ [




Z ° ABe NPAMBIC, NEPICHANKYVIAPHBIC !!Z!H!!ﬁ U T!!ﬁ JKE IJTOCKOCTH, NTAPAJIJICJILHDbI,

a B

B

Teopema: (nMpu3HaK NEePHEHINKYISPHOCTH IJIOCKOCTEN B pocTpaHcTBe) ECIH IJI0CKOCTE

npoxoaur 4 npam HNCPUNCHANKVIADH roi I KOCTH,. TOJTHN II KOCTH

HNEPHNCHIMKVJISADHDBI.

3agaua: [Ipsmeie AB,AC u AD nonapHo nepnennukynspasl. Haiiaure otpesok CD, eciu 1)
AB=3cm., BC=7cMm.,AD=1,5¢cm. 2) BD=c., BC=a., AD=d.

1) PaccmoTpum AABC
c AC =+BC? - AB? =/49-9 =+/40

Paccmotpum AACD

DC=+v4C2+AD? =./40+2,25 = /42,25 =6,5

D B 2) AABD AB? =c? —d?
AABC AC?=a?-c?+d?

AACD DC=+a?-c?+2d?

3ajaya: BepxHue KOHIIBI ABYX BEPTHUKAIBHO CTOSIIIUX CTOJIOOB, YAAJICHHBIX HA PACCTOSHUU 3,4M
COCIMHEHBI NTepeKIaanHoi. BricoTa omqHoro crosba 5,8M., a agpyroro 3,9M. HaliuTe JIMHY

MNCPCKIAANHLI.
A
c B AC= AA;-CA;=5,8-3,9=1,9
2
AB =+BC? + AC? =342 +1,9 =.11,56+3,61~3,9(M)
5,8 3,9

o




3agaya: 13 rouek A u B, nexxamux B ABYX NEepHIEHAUKYISPHBIX IIOCKOCTSIX, OMYILEHBI
nepnenukyisipel AC u BD Ha npsimyro nepeceuenus miockocteil. Halinqure iy otpeska AB, eciu

AD=BC=5Mm, CD=1Mm.

HMano: oLl AC LCD
BD.1CD

Ae a,Be f
AD=BC=5bm

CD=1m

Haiitu: AB

Pemenue:

1) pacem ACD, ~c =90°
AC=+25-1 =24 = 2./6
2)paccmM. AACD, ZACD =90
AB=25+24 = /49 = 7(n)

3ajaya: Haiinure pacctosiHue OT cepeaunbl oTpe3ka AB 10 TIIOCKOCTH, HE MEPECEKAOIIEN 3TOT
OTPE30K, €CJIM pacCTOsIHUE OT TOUKK A U B 10 miockoctu paBubl 7,4 cMm 1 6,1 cm.

Hano:AB¢a C AB, AC=CB,
AAI=6,1cMm, BBI=7,4cMm.
Haiitu:CC|=?

Al Cl Bl

Pemenue:
PaccmoTtpum AAIBBI-Tpamnenus, T.K. AAILOL, BBIla, T0 AA| || BBI
CClI- cpennsist TUHUS Tpareuu

CCl= AA; + BB: _ 6,1; 74 _ 132,5 — 6,75 (cm)




3agaya: Touka A HaXOAUTCS HA PACCTOSTHUU OT BEPIIMHBI PABHOCTOPOHHETO
TpEyroJibHUKA CO CTOPOHOM a. HaliauTe paccTosiHue OT TOUKU A /10 TUIOCKOCTH TPEYTroJIbHUKA.

Hano: A ABC

AB=BC=AC=a; SA=SB=SC=a
Haittu: SO-?

5

A B
0]
C
Pemenue:
a
OB=R=—

I a’ 2
5 PaccmoTpum A SOB <0=90° SO=+/SB? —OB? = fa’ R B

IlpaKTuyecKas yacrb:

1 BapuanT \

2 BApHAHT | 3 BapuaHT \ 4 BapuaHT
1. IIpsmeie AB,AC u AD nonapno nepneHaukyasipubl. Haiiaure otpezok CD, ecnu:

AB=6cMm, BC=l4cwm, BD=9cMm, BC=16¢cMm, BC=8cm, AD=2,5¢cMm, BC=6,5cm. AB=1,5¢cwm,
AD=3cwm. AD=5cwm. BD=4,5cwm. AB=3cm.

2. Uepes Toukn A u B poBeneHbI npsiMbie, IEPIICHANKYIISIPHBIE TUIOCKOCTH &, TIEPECEKAIOIINE €€ B
Toukax C u

D cooTBercTtBenHo. HalimuTe paccrossHue Mex 1y ToukamMu A u B, 1 otpe3ok AB He nepecekaeT
IJIOCKOCTh &, eCJIU:

AC=3wm,
BD=2m,CD=2,4m .

AC=6M, BD=3m,CD=4m

AC=10m,
BD=5m,CD=12m
3. Haiinure paccrosinue oT cepeaunsl oTpe3ka MN 10 mIIoCKOCTH, He MepeceKarolield 3TOT OTPE30K,
€CJIi paccTosiHue OT TOukd M u N 710 TIIOCKOCTH PaBHBI:
MM;=4,5; NN1=5,5 | MM:=7,4, NN1=5,6 | MM;=2,8, NN:=6,8 | MM:=4,3; NN:=5,8
4. U3 Touek A u B, nexxanux B IByX NeprEeHANKYISIPHBIX IIJIOCKOCTAX, OMYIICHBI MEPIEeHIUKYISPbI

AC u BD Ha npsamyro nepeceuenus miockocreid. Haiiagure nnuny orpeska AB, ecnu:
AC=6mMm, BD=7m, CD=7v AC=3M,BD=4m, CD=12n AD==4m, BC=T7Mm,

CD=1m
5.CTOpOHBI PaBHOCTOPOHHETO TPEYroJbHUKA PaBHbI | 5.PaccTosHUS OT TOUKH A 10 BEpIIUH KBaJIpara
a. Haiinure paccTosiHEE 10 MIIOCKOCTH TPEYTOJIbHUK | paBHbI a. Haiiiure pacCTOSIHUS OT TOUKH A J10
OT TOYKH, KOTOPas HAaXOAUTCS Ha PACCTOSHUM B OT | TUIOCKOCTH KBajparta. Eciu cTopoHa KBajipara paBHa
Ka)JI0¥ U3 €ro BEpIIIHH.

B.
a=3M, B=2M. a=2/3M, B=5M.

AC=9Mm, BD=3Mm,CD=8Mm

AD=13m, CD=CB=5m

a=10m, B=2v/3Mm. ‘

a=5M, B=2M.

KOHTpOJLHBIC BONIPOCHL:

1. Kakwue NpsAMBIC B IPOCTPAHCTBC HA3bIBAOTCHA HCpHCHI{I/IKy.TIHpHLIMI/I?



N

Bepno nu yrBepxkaeHue. UTo «1eprneHIuKyIsspHbIe PSMBIE JIEKAT B OAHOM INIOCKOCTH»?

B kakux ycnoBusix npsimasi NEpreHIUKYISIpHA K IIIOCKOCTU?

4. B okpyxaromieil 00cTaHOBKe HaliIuTE MPUMEPHI Ha CBOMCTBA MEPICHIUKYISIPHOCTH IPSMOM U
IIJIOCKOCTH.

5. Kakue niockocT Ha3bIBalOTCS NEPIEHIUKYISIPHBIMU?

w

Ilpakmuueckan paooma Nel8: Tlpsimbie u miiockocTu B ipodeccuu
I]ens: noka3zath HEOOXOAUMOCTb 3HAHUH O MAPATIIETLHOCTH JIJIsl TEXHOJIOTa
Xon paboThI:
1. TBopueckoe 3ananue. Co3aaTh NPE3EHTALMIO IO TEME

Ilpaxkmuueckasa paboma Ne 19,20: YucioBbie OCIEA0BATEIIBHOCTH U UX CBOMCTBA.
[lonsiTe npenena YMCIOBOM MOCIEA0BATENbHOCTH

He.ﬂb: NPUMCHUTHE YMCHUA 110 BIIAACHUIO HpeHCTaBHeHI/II\/'I 00 OCHOBHBIX NOHATHAX MaTEMaTUIECKOTO
dHaJIM3a U UuX CBOﬁCTBaX, BJIAICHUEC YMCHUEM XapaKTCPHU30BaTh IMMOBCACHUC q)yHKHHﬁ, HCIIOJIB30BaHUC
IMOJIYYCHHBIX 3HAaHUH AJIg OITMCAaHUA U aHaJIM3a pCalbHBIX 3aBHCHUMOCTEH

HUE:
| Bapuant Il Bapunant
1. [TocnenoBaTenbHOCTH 3a7jaHa CIOBECHO. HamuimuTe nepBbie AECATh WICHOB MOCIIEI0BATEILHOCTH
a) HATYpaJIbHBIX YUCEN, KPATHBIX 5 a) HaTypaJbHbBIX YHCEII, KPATHBIX 3

0) cTerneHeit uncna 2 ¢ HaTypaJbHBIMH ITOKA3aTeIsIMU  0) CTEIeHeH uncia 3 ¢ HaTypajJbHBIMH ITOKa3aTeIIMU
2. I[TocnenoBaTenbHOCTH 3a1aHa hopMysIoi 00IIero wieHa. Hanuimre rnepBbie JecTh YWICHOB

IMOCICAOBATCIHPHOCTH
a)a,=2n—3 a)a,=3n—-4
oa =(-1)y" (1)

n 0) a, =

n
3. [pemnoxute hopMyiny oOIIero 4iaeHa It KaxIou 13 mocieqoBatenbHocTell. ECiu n3BecTHO HECKOIBKO
TIEPBHIX YICHOB

a) 4,8,12, 16,20,...; a) 2,5,8.11,14,...;
0)-1.1,-1,1,...; 0) 3,12,48,192....;
4. BeraucnuTe mpeensl mocaenoBaTenbHOCTeiH
1 n
a)x =1+_—__ a) X =
n n 2" " n+l
3 +n+7 4n® +n—-6
6) .xn - @ 6) xn = _
5-n—n? 8—n—n?

110psiIOK BHINIQJIHCHMSA:
BHuMaTenpHO MPOYUTATh TEMY U 1I€Th IPAKTHUECKOH paboTHI.

1

2. WM3yuuts y4eOHBIN MaTepHal 1o TeME.
3. OTBeTUTH Ha BOIIPOCHI.

4. BBINOJHUTH 33JaHUS.

5. TloaroroBUTH OTHYET.

Ilosicnenusi K padore (vueOHBIM MATEPUA):



OnpeneneHue: MHOMCECMBO YUCEL, KAXCAOe U3 KOMOPBIX CHAOHICEHO CBOUM HOMEPOM, HA3bIBACCS
YUCTI0B0LL NOCTE008AMENbHOCHIBIO.

DIEMEHTHI ATOTO YHCIIOBOTO MHOYKECTBA HA3bIBAIOTCS WICHAMH MTOCIICIOBATEILHOCTA U 0003HAYAIOT:
TIEPBBII YJIEH - @ 1, BTOPOW - @ 2, N- ¥ WieH - @ n ¥ T.1. Bes nocnenoBarebHOCTh 0003HAYACTCS: @ 1,4 2,4
3, eees @n WIH (@n ).

UucnoBas mociie10BaTeIbHOCTh MPEACTABISIET COO0M HE YTO MHOE, KaK MHOKECTBO HYMEPOBAHHBIX
YHUCel, YHOPSJIOYEHHBIX HAMoa00Me HATypallbHOTO psifia, T.€. pacrojiaracMoe B IMOPSAKE BO3PACTaHUS
HoMepoB. [locneoBaTeIbHOCTh MOXKET COJIEPKAaTh KAaK KOHEUHOE, TaK M OECKOHEYHOE YHCJIO WICHOB.

llocneoosamenvnocmo, cocmoawas u3 KOHEUHO20 HYUCAA YJNEHO8, HA3bleAemcsl KOHEeUHOU, d
NnOC1e008aMeNbHOCMb,  cOCmoswas U3  OeCKOHeuHo20  4ucia  41eHos, -  0OecKOHe4YHOU
nOC1e008amMeNbHOCMbIO.

NHorna 6eckoHEeYHYO YUCTOBYIO MOCIEI0BATEILHOCT BBOIST, UCTIOJB3Ys MOHATHE (DYHKITUU:

Onpenenenne: Oyuxyuio y = f(X), X€ N naszviearom ¢ynxyueti namypaibHo2o apecymenma uiu
YUCTI0BOLL NOCIe008aMeENbHOCMbIO U 0603Hauaiom: y = T(N), wau y1, y2, y3..., yn wiu y(n).

[TocnenoBaTenbHOCTH MOKHO 3aJ1aBaTh Pa3IUYHBIMU CHOCOOAMHU, HAPUMED, CAOBECHO, KOTNa
MPaBUJIO 3aJaBaHUsSI MOCJIEAOBATEIILHOCTH OMHCAHO ClloBaMHU, 0e3 ykazaHusi Gopmysbl. Tak, CIOBECHO
3a/1aeTCs MOCIEA0BATEIIbHOCTD MPOCTHIX YUCET:

2,3,5,7,11,13,17,19,23,29,...

Oco0EeHHO BaXXHBI AHATUMUYUECKUIL U PeKYyPPeHnHbLIL CTIOCOOBI 3a/TaHUS TTOCIIEI0BATEILHOCTH.

['oBopsT, 4TO TIOCTIEIOBATENHHOCTD 3a/1aHA AHAIUMUYECKU, €CITA YKa3aHa popMyIia ee N-Tro dieHa.
Ilpuseoem mpu npumepa.

1)  yn=n? DTO aHANMMTHYECKOE 3aJaHHe MOCIe0BATENEHOCTH
1,4,9,16,...,n% ...
VYka3zaB KOHKpETHOE 3HaUeHHUE N, HETPYAHO HAWTHU WIEH MOCJIE0BATEILHOCTH C COOTBETCTBYIOIIUM
HomepoM. Ecii. Harrpumep, n= 9, To yo = 92 = 81, eciu

2) yn= C. Baecw peusb maer o nocinenoBareasHoctn C, C, C, ...., C, .... . Takyro
TIOCIIEI0BATEFHOCTD HA3BIBAIOT MOCTOSIHHOM (VM CTAI[MOHAPHON ).
3)  yn=2".DT0 aHANMTHUECKOE 3aJaHNE TOCIeoBaTenpHOCTH 2, 22, 23 ... 2" ...

Pexyppenmmuutii cnoco6 3anaHuisi OCIEI0BATEIIbHOCTH COCTOUT B TOM, YTO YKa3bIBAIOT MPaBHUIIO,

MIO3BOJISIFOIIEE BEIYUCTUTH N- 1 WiIEH MOCIe0BaTeIbHOCTH, €CIIM NU3BECTHBI €€ IIPEIbIIYIIUE YJICHBI.

Hanpumep, apudmernueckas mporpeccus — 3TO YUCIIOBask MOCIEA0BATEIbHOCTD (an), 3a1aHHAas

PEKYPPEHTHO COOTHOLICHUSIMU:

ai,=a, ans1 = antd
(a u d — 3a0annvie uucna, d — paznocms apugpmemuueckori npozpeccuu)
['eomeTpuyeckasi MPOrpeccsi — 3TO YHUCIOBas mocienoBateabHOCTh (bn), 3amaHHas pexyppeHTHO
COOTHOIIICHUSIMU:
b1,=b, bn1=bnq

(b u q — 3a0annvie uucna, b#0, q # 0; q 3Hamenameny 2ceomempuueckoi npoepeccuu ).

IIpumep: BrinucaTs nepBbie NATH YWICHOB MOCIE0BATENILHOCTH, 33JAHHON pEKyppeHTHO: y1=1; y2 =
1; ¥Yn = Yn2 + ¥n1

Pemenue. N —ii 4ieH MmocineoBaTeIbHOCTH pPaBEH CyMMeE JBYX MPEAIISCTBYIOIIMX €My YJICHOB.
3HAYUT, OCIEA0BATENBHO MOTYyYaeM:

yi=1,y2=1; y3=1+1=2; y4 = 1+ 2 = 3; y5=2+3 =5; u T.1.

OrpaHnyeHHbIe N0CJIeI0BATEJIbHOCTH.

. IMTocnenoBaTeabHOCTD (Xn) HA3bIBACTCS OTPAHUUCHHOM, €CIIN CYIIECTBYIOT TaKHe JBa Yucia Mu M,
91O 17151 BcexX NE N BBIMOTHSAETCS HEPABEHCTBO M= Xp <M.
. [MTocnenoBaTeabHOCTD (Xn) HA3BIBACTCS OTPAHHUUCHHOM CBEPXY, €CIIHM CYIIECTBYET TAKOE YHCIO M,
970 17151 Bcex NE N BBITIOIHACTCS HEPABEHCTBO Xn <M.
. [TocnenoBaTeIbHOCTD (Xn) HA3bIBACTCS OTPAHUYCHHOM CHU3Y, €CIIU CYIIECTBYET TAKOE YUCIO M,
910 17151 BceX NE N BBIMOTHAETCS HEPABEHCTBO M= Xp

Hanpumep: nocienoBaTenbHOCTD (Xn), 3a1aHHast GOpMYIIOi 00IIero YieHa Xn = N, OrpaHUYCHA CHU3Y
(manpumep, uucno 0) U He orpaHUYEHA CBEPXY.



MOHOTOHHBIE TOCJIeT0BATEILHOCTH.
[TocnenoBaTenbHOCTD (Xn) Ha3BIBACTCS BO3PACTAOIIECH, €CITU KaXIbIi €€ WICH, HauuHasi CO BTOPOTO,
0O0JIBIIIE TTPEIBIAYIIETO, T.C. eCIIH I TI000T0 HATYPATBLHOTO N BBITIOIHSAETCS HEPABEHCTBO Xn+1 > Xn,
[TocnenoBaTenbHOCTD (Xn) Ha3BIBACTCS YOBIBAIOIICH, €CITM KaXK b €€ YIeH, HAYMHAas CO BTOPOTO,
MEHBIIIE MPEABIAYIIETr0, T.€. €CIH IS JIF000TO HATYPATBHOTO N BBIMOIHIETCS HEPABEHCTBO Xn+1 < X,

[TocnenoBaTeabHOCTH (Xn) HA3BIBACTCSI HEBO3PACTAIOMICH, €CITU KaXK/BIN €€ YIeH, HaunHasl CO
BTOPOTO, HEe 00JIee MPEABIAYIIETO, T.€. €CIIN IS IF0O0TO HATYypPaIbHOTO N BBITIOIHIETCS HEPABEHCTBO Xn+1
< Xn.

[TocnenoBaTeabHOCTH (Xn) HA3bIBACTCSI HEYOBIBAIOIICH, €CITH KXl €¢ WiIeH, HauuHast CO BTOPOTO,
HE MEHBIIIE TPEBIAYILIEro, T.€. €CIH IS JII000T0 HATYPAIBHOTO N BBIMOJHSAETCS HEPABEHCTBO Xn+1 > X,

Bo3spacraromiue, yosiBatolue, HEBo3pacTarolye 1 HeyObIBAIOIINE MOCIEA0BATEIFHOCTA 00pa3yIoT
KJIACC MOHOMOHHBIX TIOCIIEA0BATEILHOCTEH.

Ilpeen YncJI0BOI N10CACI0BATCIALHOCTH,

PaccMoTpuM /17151 YKCIIOBBIE TOCIEI0BATEIBHOCTH — (Vn) U (Xn).

On):1,3,57,9,...2n—1, ...;

111 1

(x):1,2'324 1

N300pa3um wieHbl 3TUX NOCIeA0BaTEIbHOCTEN TOUKAaMU Ha KOOPAUHATHON MPSIMOH.
—9 9T 0T ¢ v

—0—0—0—0 @ @ o

0 0,25 0,5 1

3aMedaeM, 4To WICHBI OCIEI0BATEIBHOCTH (Xn) KaK OBl «CT'YIIAFOTCS» OKOJIO TOUKU () — TOBOPSIT
MOCIIEIOBATEIILHOCTD CX00AMCA , 3 Y TIOCIEIOBATEIBHOCTH ()n) TAKOH TOUKH CTYIICHHUS HET — M TOBOPSIT,
YTO TOCIIEAOBATEIILHOCTD PACXO0OUMCA.

MareMaTHKH He UCTIONB3YIOT TEPMHH TOYKA CTYIICHHUS, a OHU TOBOPST npedei
nocn1e008amenbHOCMU.

Onpeoenenue: Yucno b nazvieaemces npedenom nociedogamenvHocmu (Yn), eciu 8 1000l 3apanee
8bIOPAHHOU OKpeCMHOCMU MOYKU b codeparcumcs 6ce uneHnbl noci1e008ameIbHOCU, HAYUHAS C
HEKOmopo2o Homepa.

Huwym max: yn—b wiu im Y, = b yuraror tax: npeies NOCIeI0BaTEIbHOCTH Yn NPU CIPEeMIIeHUU
n—o0

N k 6eckoneunocmu pagen b.

Ha npaxrtuke ucnons3yercs eiie 0JHO UCTOJIKOBAaHUE PAaBEHCTBA lim yn =b y CBA3aHHOC C
n—o0

NPUOIMKEHHBIMU BBIYMCICHUSMU: €CITH MOCIIeI0BATEIbHOCTD Yn = f(n) cxoaures k uuciy b, To
BBITIOJTHAETCS IPUOIMKEHHOE paBeHCTBO f(n)=<b, mpudem 310 MpUOIMKEHHOE PABEHCTBO TEM TOYHEE, YeM
OombIie N.

Bonpocs! 111 3aKkpenJieHnsi TeOPEeTHYECKOr0 MaTepPHaia K MPAKTHYECKOMY 3aHATHIO:

1. JTaiiTe onpeneneHne YUCIOBOM MOCIIEOBATEILHOCTH.

2. [lepeuncnure cnocoObl 3aaHUsI TOCIIEOBATETLHOCTEH.

3. Kakue mocnenoBarensHOCTH HA3bIBAIOT OTPAHUYCHHBIMU ?

4. ChopmynupyiiTe onpeaencHue npeaena YuciaoBOi Mocie10BaTeNbHOCTH.

Collep:xkanue oTyera:

Ha3zBanue npaktuueckoi paboThI.

YueOHas 11enb.

Pemenue 3aganuii mpakTUYECKO pabOTHI.

OTBeTHI Ha BOMIPOCHI JIJIS 3aKPETICHUS] TEOPETUYECKOTO MaTepHaa.



Ilpakmuueckasa paboma Ne 21: Onpenenenne Npou3BoaHON. ['eomeTpuueckuid u
(U3HYECKUI CMBICT
Henw: nayuumoscs:
-nu¢depeHIpoBaTh;
-IPUMEHSTh (PU3HUUYECKUN U TEOMETPHUYCSCKUN CMBICI TIPOU3BOIHOM.
Ymems: puMeHSTh METO bl TP HEPESHIINATHFHOTO UCYUCIICHUS.
3name: 0cHOBBI TP PEPEHITNATHHOTO UCUUCITICHHUS.
Bapuanr 1.

1. Haiigure mpon3BoIHBIC ()YHKITHIA:
a.y=2x*—x3+3x+4; 6).y=8/x+05cosx; B).y=

sin x

;o 0.y=0Gx+17 n).x-

X

ctgx.
2. CocTaBHUThH ypaBHEHHE KacaTeIbHOH K mapaboiie y = x2 — 6x + 5 B Touke ¢ abcuuccoii xo = 4.

3. [IpsaMonmHeitHOe NBIKEHNE TOYKHU OMHICHIBACTCS 3aKOHOM S = t* — t2. HaiiauTe e€ ckopocCTh B
MOMEHT BpeMeHn t =3C.

4. Beranciute f/ (), ecam f(x) = 2cosx + x2 — "+ 5.
6 3

Bapmuanr 2.
1. Haiinure mpou3BoaHbIC DYHKITHAN:
a).y=—-x54+2x3—-3x2—1; 6).y=sinx+¥ B).y=
2

cos x

;0 n.y=0Bx—-4)% n.x-tgx.

X

2. CocTaBHTh ypaBHEHHUE KacaTeJIbHOM K mapaboiie y = 2x%2 — 5x — 3 B Touke ¢ abcmuccoit xo =2.

3. [IpssmosmHEeHHOE TBMKEHUE TOYKH OMUCHIBACTCS 3aKOHOM S = t® — 4t*, Haiinure e€ cCKopocTh B
MOMEHT BpeMenu t =2C.

4, Beraucimre f/ (%) ,€CI f(x) = 1,5x2 + 6sinx — mx + 4.

Ilpakmuueckan padoma Ne 22,23: Boeiunucnenue npou3BoanbiX. [IpaBuia
muddepennpoBanus. Tadauia mpou3BoHbIX. [Ipon3BoIHAS CIOKHBIX () yHKIIHMA

Pemenne 3ana4 no reme: «llpasuia u popmy.nsl 1udpepeHurpoBanus, TadIMIa
MPOU3BOHBIX 3JIEMEHTAPHBIX PyHKIMII».

- IPUMCHUTH YMCHUA 110 BIIAACHUIO HpeﬂCTaBHeHI/Iﬁ 00 OCHOBHBIX IOHITHAX MaTEMaTUUECKOr0 aHAIM3a U
Hux CBOﬁCTBaX, BJIAICHUC YMCHUCM XaPAKTCPU30BATH ITOBCACHUC (1)YHKI_II/II71, HCIIOJIb30BAHUC TTOJIYYCHHBIX
3HAHUM 711 ONMCAHUS U aHaJIn3a pC€alIbHbIX 3aBUCHMOCTEH.

3aganue:
| Bapuant Il Bapunant
[Tonb3ysack hopmynamu u npaBunamu quddepeHnpoBaHus, HalAUTe TPOU3BOTHBIC
a) y=x>-9%x% +x-1 a) y=>5x*-3x?+5
X+l 5 y= x?+1
x?+1 ) VT ey
B) y = Xx-Sin X 8) Y = X-COS X

2) y =sin? 3x 2) Y =Co0s? 3x



9)y=Jx+5 0 Y= b+

y=(2+5x)° €) y=(3+7x)
x) Y = logs 4x ac) 'y =logs 10x
3) y =5 3)y = 6%

11opsIOK BRINOJAHCHMS:
BaumaTtenbHO Mpo4uTaTh TEMY M LIE€TH MPAKTUUECKON PaOOTHI.

1

2. WByuuts y4eOHBIN MaTEepHal 1O TEME.
3. OtBeTuTH HA BOIIPOCHI.

4. BbINOJHUTH 33aHUS.

5. IloaroToBuTh OTYET.

IHogcHenud K T JeOHBLA MATEDH :

f(x+h)- f(x)

[Mpoussoanoit pyukimu f(X) B Touke X Ha3bIBAETCS MPE/IE]T PA3HOCTHOTO OTHOIICHUS '

npu h —» 0.
: - f(x+h)- f(x)
f (X) =lim .
h—0 h
Oneparnys HaX0Xk/I€HNE MPOU3BOIHOM Ha3bIBaeTcs nuddepeHIpoBaHuEM.
DTO0 MpaBUJIO SABJISETCS OCHOBHBIM, T.K. BBIBEJICHO U3 caMoro omnpenenenus. OqHako npu
T hepeHInPOBaHUH CIOKHBIX QYHKIMHA, CyMMBbI, IPOU3BECHMS, YACTHOTO TPUMEHEHNE O0IIIero
IIpaBUJIa MIPEJCTABIAET O0bIINE TPYAHOCTHU. [To3TOMY IpUMEHSIOT npaBuia 1upepeHIpOBaHHUS.

Ilpasuna:

. (F'(0)+ g(x))= T'(x)+ g'(x) - TpouseoxHas cyMmmsI paBHa CyMMe TPOM3BOIHBIX.

[N

!
: (C- f (X)) =c-f '(X) - IlocTosHHBINM MHOXKHMTEIb MOKHO BBIHECTH 34 3HAK IIPOU3BO/IHOM.

- (F(x): g(X))! = £'(x)- g(x)+ f(x)-g'(x) - Mponssoauas mpoussencHus.
(ﬂﬁ] _ /(%) a(x) = £(x)-g'(x)
kg(X) ) g%(x)

Dopmyavl ouddeperuuposanus

A W N

HpOI/ISBOI[Haﬂ qaCTHOI o

1. C=0 11. (sinx) = cosx
2. (x)'=1 12. (cosx) =-sin x
3 2)yr=2 13 (igx) =

(x7) ) (t9) cos? x
4, (x3%)=3x?

Py’ = p-1 ':_

5 (xP)'=px 14. (ctgx) Sin? x
6. (e*)'=e* 15. (ax) =a*-Inx

' 1 !
7. (Jx) = oI 16. (log, x) =

x-Ina



(1 L () () 0O

- 17. fgx =fgx g x
8 l\)CJ ' X2
9. (kx+b) =k 18. f'(kx+b)=k- f'(kx+b)
10. (Inx) =%
X

IIpu BHINOJHEHNH MPAKTHYECKOH PadoThl pacCMOTpHTE CJIeAYI0lie TPUMePBI:
IIpumepsI:

[Tone3ysick hopMynaMu U paBuiIaMu JuQPepeHInPOBaHNS, HAIUTE IPOU3BOIHBIC
1) y=3°-7x% —x? +5x -7

Y =(0@x® —7x® —x* +5x—7)=3-6x> —7-3x% —2x+5=18x" — 21x? — 2x +5.

x*+4
2 =
)y 3x -2
(P+4) (P+)  —2)-(P+HBc-2) 32 Br-2)-(>+4)-3
P | = 4 (3x .
Y LBx——Z/J Bx=2)? = (3x — 2)? =
_ 9x% —6x% —3x° -12 _ 6x° —6x% —12
(3x — 2)? )
3) y = x-tgx (Bx-2)
y' = (x-tgx)" = x"-tgx + x- (tgx)" =1-tgx + x - =1gx+
cos? x cos? x
4) y =tg?4x
y' = (tg24x)" = 2tg4x - (tg4x)’ = 2tgax - 1 (4x)" = 2tg4x - 1,8
cos? 4x cos? X cos? x
5) y=+6-x*
' 1 , 1 2x3
y=W6-x*)=—(6-x") = ——(4x°)=- .
26— x* 246 x* J6—x*
6) y=(8-3x)

y'=(B-30") =631 -(6-3x)' = 6(8-31)° - (-3) = -18(8 - 30)".
7)y =logs 12x
CLY L

= 12 = .
xIna 12xIna xIna

"=(log. 12x)' =
Y = (logs 12x)' =

8) y =11*
J = (11%) =11% - In1l- (4x)’ = 11% - In1l-4 = 4In11-.11%

Bonpocs! 1u1s1 3aKkpenJieHnsl TEOPEeTHYECKOro MaTepuaJia K NPAKTHYEeCKOMY 3aHATHIO:
1. Yro Ha3bIBaeTCS MPOU3BOAHON QyHKIUU?
2. Kaxkas onepanus Ha3biBaeTcs auddepenuupoBanueM?

S ;ggg!gnma}mg orTyera:

Ha3zBanue npakTuueckoi paboThI.
VYuebHas 1enb.
Pemienue 3a1anuii npakTH4eckoit paboThI.



OrtBeTHI HA BOITPOCHI JJI 3aKPCTIJICHUA TCOPECTHICCKOIO0 MaTCpraia.

Ilpakmuueckan paboma Ne 24 YpaBHeHUE KacaTeabHOU K rpaduky QyHKIHUH

Tema: «KacareabHas Kk rpapury GyHKIum»
Llesn: HAyIUTHCS HAXOJUTD YIIIOBOM KOA(PPUIIMEHT KacaTeabHOH K rpaduKy GyHKINHU B 3a1aHHON
TOYKE; COCTAaBJISITh YPAaBHEHUS KacaTeIbHbIX K rpa@uKy QYHKIUU 1O 3aJaHHBIM YCIOBUSIM.
Kpartkast Teoperuyeckasi cipaBKka.

TPROIOE OII HUE KAcaTeALHOM:
KacarenpHast k rpaduky pynknuu f, muddepenimpyemoii B TOUKe Xo, - 3TO MpsiMasi, POXOIAIIAs yepe3
TOUKY (Xo; f(Xo)) 1 uMeromas yriioBoi koddpduitueHt f '(Xo).

YraoBoit kosdduirent umeet npsamast Bugaa y = kx + b. Koadduruent K u sBisercst yriaoBbim
K03} PUIUEHTOM 3TON MPIMOU.
VYrioBo# kK03 PHUITUEHT paBeH TAHT€HCY OCTPOTO yTIJia, 00pa3yeMoro 3Toi MpSIMON ¢ OChIO aOCITUCC:

k=tga=Tf"(X).

31ech yroJ o — 3TO YroJi MeXxay mpsiMoii Y = KX + D 1 M0JI0KUTEeTbHBIM (TO €CTh IPOTUB YacOBOM
CTpeJKH) HampaBieHreM ocH adcicc. OH Ha3bIBaeTCs YIJIOM HAKJIOHA MPSMON.

A Puc.1 A Puc.2 A Fuc 3 A Puc 4
¥ ¥ ¥ ¥

97 \ y=h
/4 \Qq 90°

7 - > ; > >

/ \ Ecmn yron

HaKJIOHA TpsAMoit Y = KX + b ocTpslif, To YriioBo#i KO3()GHUIUESHT SBIISETCS MOI0KUTEIbHBIM YHUCIOM.
I'padux Bo3pactaer (puc.l).

Ecnu yron Hakinona nmpsiMoit Y = kX + b Tymoii, To yrioBoii ko3 HUIKEeHT SBISETCS OTPHIATEIbHBIM
guciaoM. ['paduk yosiBaeT (puc.2).

Ecnu npsimast mapasuienbHa ocu abCcIyce, To yroJl HakJIoHa MpsIMOi paBeH Hylo. B 3Tom ciaydae yrioBoit
KOA(QQUIMEHT NPSAMOI TOXKE PaBEH HYIIO (TaK KaK TAHT€HC HYJS €CTh HOJb). Y paBHEHUE MPsIMOi OynieT
uMeTs Bua Y = b (puc.3).

Ecnu yron Haknona nipsimoii paseH 90° (7/2), To eCTh OHa MEePIEHAUKYIISIPHA OCH a0CIKCC, TO TpsMast
3aJIaeTcsl PaBEHCTBOM X = C, T/ie C — HEKOTOPOE JEHCTBUTENBHOE YUCIIO (PHC.4).



YpaBHeHHe KacaTedbHOI K rpaguky pynkmun y = f(X) B Touke X,:

y = (%) + T (X0) (X = X0)

AJITOPUTM pelieHUsl ypaBHEHHUsI KacaTeJIbHOi K rpa¢uky pynkmun y = f(X):

1. Boraucuts f(X,).
2. Borurcnuth nipousBonbie f /(X) u f/(X,).
3. BuecTH HaiineHnble uncna Xo, f(X,), f'(X,) B ypaBHEeHME KacaTeIbHON U PENIUTB €TO.

IopsinoKk BBINMOJTHEHUS PA0OTHI.
1. BHuMaTenpHO U3YyYHTE TEOPETUUYECKYIO CIIPABKY MO TEME.

2. Pemmure cnemyromue 3aaHusl.

Ipumepl. Haiinem ypaBHenue xacatensHoit k rpaduky pyakmmn f(x) = X2 — 2x2 + 1 B Touke ¢
abcrccoi 2.

Peinenue.
CnenyeM anropurmy.

1) Touka kacauus X, paBHa 2. Beraucium f(X,):

f(xo) =f(2)=22-2-22+1=8-8+1=1

2) Haxomum f '(X). s sToro npumenseM Gopmyibl 1udPpepeHInpOBaHNs, U3I0KEHHBIE B IPEIbIIYILEM
pazaene. CormacHo 3TuM opmynam, x> = 2x, a x° = 3x°. 3Haunr:

f/(x) =3x%— 2 2x = 3x* — 4u.

Temneps, ucnonb3ys nmonyuenHoe 3uauenue f '(X), Beramcaum f '(X,):
f'(x)=f'(2)=3-22-4-2=12-8=4.

3) Urak, y Hac ecTh Bce HEOOXOMUMBIE JaHHBIE: X, = 2, f(X,) = 1, f '(X,) = 4. IloacraBisieM 3TH 4Kcia B
ypaBHEHHE KacaTeIbHOM U HAXOAUM OKOHYATEIILHOE PEIICHHUE:

y=f(Xo) +f'(X0) (X—Xo) =1+4-(x—-2)=1+4x-8=-T+4x=4x-T.

OtBer. y=4x-17.

Ipumep 2. Ha pucynke nzoopaxensl rpaduk Gpyakiuu Y=Ff(X) u kacareapbHas K HEMy B TOUKE C
adcmuccoi Xo . Haiiaure 3Ha4eHHE MPOU3BOIHOM (YHKITUU B TOUYKE X0 .



.-----
+

Hlocdesh
+

3HaueHue Npou3BOAHON QyHKIMU Yy=f(X) B TOUKE X0 PaBHO TAHI'€HCY YIJla MEX1y KacaTeIbHOU
U TIOJIOKUTENNbHBIM HanpaBiaeHrueM ocu OX. YToObl ero HalTH, BBICIUM MPSIMOYTOJIbHBIN TPEYrOJIbHUK,
TUIIOTEHY3a KOTOPOTO JIEKUT Ha KacaTeIbHOM, a KaTeThl NapajulesbHbl 0CsIM KoopauHaT. O003HauNM
TOYKH C LEIBIMU KOOpAMHATaMU OykBaMH A U B - 3Tu TOUKHM BbIETICHBI HA KacaTeJIbHOM:

[IpoBenem yepes Touky A npsMyro napamienasHo ocu OX, a yepe3 Touky B - mapaymensHo ocn
OY. Ilonyunm npsamoyronsHelil TpeyroibHUK ABC. Yron A tpeyronbauka ABC paBeH yriy mexay
KacaTeJIbHOW M MOJIOKUTEIbHBIM HampasieHueM ocu OX.

Tanrenc octporo yria npsiMOyroJIbHOro TpeyroJbHUKa paBE€H OTHOIIEHUIO IPOTHUBOJIEKAIIETO
KaTeTa K nmpuiexarieMy. JJTMHbI KaTeTOB CUUTAEM 0 KOJIMYECTBY KIETOYEK

OTtBer. 0,25.

I'IpI/lMe[-)1 3. Haiitu yrinoBoit k03¢ dUIIMEeHT KacaTeIbHOW, IPOBEICHHON K TpaduKy GyHKIIUHA

U=

T
4 B TOUKeE C abcruccoit x0=1.

Pemenune. Haxomm nmpon3BoiHyIO GyHKIIUA

E'-l !
flie)=—) =7
!
Torna npu Xo=1 3HaueHre NPOU3BOIHON PABHO
INER - 3 -
Fy=1%=1

Otcroaa mostydaeM, 4To yriioBoil koaduineHT kacaTenbHON B TOUKE ¢ a0ciuccoi Xo=1 paBen

,I," == f‘j |:J.:| - J.
OtBer. 1.

Tpumep 4. [psmas y= 8x-5 napannenbHa kacaTebHOM K rpaduky QyHkimu y=x> +7x +7. Haiiqure
abciyccy TOUKM KacaHMs.
Pemenne. YcinoBruem napajuieaIbHOCTH JBYX MPSMBIX SBISETCS PABEHCTBO UX YIJIOBBIX KO3()(DUIIMEHTOB,
cnenoBarenbHO K=8 . YTnoBoii k03(hGHUIMEeHT KacaTelIbHON — 3TO €CTh 3HaYeHUE MTPOU3BOAHON (DYHKIHH
B Touke Xo. T (Xo) = 2Xo+7 =8, 2Xo = -1, Xo = -0,5.
Ortger. -0,5.

3. BrInmosHUTE IpakTHYECKYIO pabOTy 110 BapuaHTaM.


http://www.reshim.su/blog/najti_proizvodnuju_onlajn_besplatno/2013-07-20-361

IIpakTHyeckas padora

3apanme Nel. CoctaBpTe ypaBHEHHE KacaTelbHOU K rpaduky ¢pyHkunn y=f(X) B

TOYKE Xg.
: y =X = 3% %0 =2 11 y =5x —x%,x0 = =2
2 y=2x—x2x0=1 12 y=6+2x—x3,x0
) =1
3 y =3x3 —4x +x%,x = -1 |13 y=3x- 4:+_2f2»xo
— 2 —
4 y=x2—2x—1,x =3 14 y = 6x X=+35,xo
— x2 _
5 y:—2x2 +x,x0:_2 15 y X +2x= _1’3)(0
— _ 2 3
6 y=7x—5—2x3x0 =1 16 y=7 5x:12x,x0
/ y =2x —3x2+x4x0=-1 |17 y =2 + 3x? +1x4,x0
I
| y=§x3—3,x =z 18 y = 5x3 — 3x,x0 = 2
9 y =0,5x2 — 5x,x0 = —2 19 y = 0,5x* —:53C_2.1C, X0
1
= 4 __ —
10 y:zx4—3x,x0—- 1 20 y §x 3,x0 1

3apanue Ne2. Haiitu yrioBoi ko3 UIIMEHT KacaTeIbHOU, TPOBEICHHOMN K

rpaduKy QYHKIIUH B TOYKE Xo.

1 | y=x3+4x2-11, Xo=3 11 | y=3-x-2tgx, Xo=0

2 y=6x-tgx, Xo=0 12 | y=6x+4sinx, Xo=1

3 | y=3e*+2,5x%, Xo=0 13 | y=9-3x%-2x3, xo=-1

4 | y=2x+7Inx, xo=14 14 | y=5x+4x2+3e X, Xo=0
5 |y=4/x—-3x+1Lx=1 15 | y=6x-4c0sx, Xo=2

6 y = ;xg — 7x +1, Xo=6 16 | y=4x-3Inx, xo=6

7 | y=2x+ctgx, X~ 5 17 |y = ; x3 — 7x2, Xo=-2
8 | y=3x-x?, xo=1 18 | y=6sinx-3x, Xo=0

9 | y=4x2-2e*, %=0 19 |y =2Vx—3x%xy=4
10 | y=2-5x-Inx, xo=1 20 | y=9x-4x3, xo=1

3aganme Ne3. [Ipsimas mapayiesibHa KacaTesIbHOU K rpaduky dyrkmun y=Ff(X).
Hatimure abcruccy TOYKH KacaHUs.

1 y = 4x+8 ¥ = x —5x+7 11 y=5x+3,y = X2-TX+2

2 y = Tx+ 11,y = X+ 8x+6 12 y=4-3X, y = 2x?-x-12

3 y=3x+5y=x+Tx—=5 13 | y=x+1,y = x?-5x+3

4 |y= —dx—11,y = x —5x+7 14 | y=-5x+2,y = 3x2+7x+1




5 y = x+9,y=x+7Tx—5 15 | y=2-5x, y = x2-6x+2

6 y = -3x+5, y = 2x? -2x-1 16 | y=-x+1,y = -X°+4x

7 y=3x-2, y=-x?-12x+5 17 | y=5x, y = 2x?-8x-3

8 y =-x+5, y =x?-7x-1 18 | y=4-X,y = x?+2

9 y = -6x-2, y = 3x? -12x+7 19 | y=12x,y =3x*1

10 |y =-3x-5, y = 2x?-2x-1 20 | y=-3x-2,y=2x%-11x+2

Ilpakmuueckan paboma Ne 25 UccnenoBanue GyHKIMI HA MOHOTOHHOCTh U SKCTPEMYM

HGJ'[I/I BBITTOJIHCHU A Da6OTI>II
e HccnenoBaTh npaBUiIo IPUMEHEHUS TPOU3BOJHOMN K UCCIIEI0BaHNIO (DYHKIINI Ha IPOMEXKYTKU
MOHOTOHHOCTH N 3KCTpeMYMI)I
e [lpuMeHUTH AaHHOE MPaBUIIO MPU UCCIEAOBAHUN KOHKPETHBIX (yHKIIMMA
e (Oco3HaTb ce0s B JTaHHOU TEME

[IpuobGperaeMbie yMEHHUS:
o JlupdepenunpoBaTb QyHKITU
e lcrnonp30BaTh MPOU3BOIHYIO IS U3YUSHHS CBOMCTB (DYHKITHI: IPOMEKYTKH
MOHOTOHHOCTH, SKCTPEMYMBI (DYHKITHH
e Pemate KOHKpETHBIE 32/1a41 TIO UCCIIETIOBAHHIO TPOMEKYTKOB MOHOTOHHOCTH U
IKCTPEMYMOB (DYHKITHIA.

Pa3BuBaeMbIe CIOCOOHOCTH:

e UccnenoBath popMyiibl U mpaBmiia qudGepeHnpoBaHus

e lccrnenoBars MpaBWIIo MPUMEHEHHSI TPOU3BOIHON K HCCIEIOBAHNIO (DYHKIIUU HA
MIPOMEXYTKH YOBIBaHHUS, BO3PACTAHUS, IKCTPEMYMbI (DYHKITUH.

e [IpoekTupoBaTh JaHHBIC 3HAHKS U YMEHHS Ha UCCIICAOBAHUE KOHKPETHOW (DYHKITHH

e OreHUBaTh pe3yIbTAThl IPUMEHEHHS JAHHBIX MIPABHII K UCCIICIOBAHUIO (DYHKITHIA

e OueHUBaTh PE3YJIbTAThl CBOCH JICATEIILHOCTH B IIEJIOM 110 HCCIICIOBAHUIO CBOWCTB
byHKIMHA

e (Oco3HaBaTh YpOBEHb YCBOCHUS JIAHHOTO MPOIecca

HHOPAAOK BBIIIOJIHEHUS PABOTbI:

1. BxoaHoit koHTpOJIb: MccaenoBanue OCHOBHBIX MOHSATUM

1.1 OBIIASI CXEMA UCCJEJOBAHUS ®YHKIUA U TIOCTPOEHU NX TPA®UKOB
Haiitu oOnacte onpeneneHus GyHKIUU

OnpenenuTh Y4eTHOCTh, HEYETHOCTh (PYHKIMH

OnpenenuTts NEPUOIUYHOCTD QYHKIMH

Haiitu npomexyTkn MOHOTOHHOCTH (DyHKLIUH

Haiitu sxctpemymbl GyHKIIUN

OnpenenuTts NpyU HEOOXOTUMOCTH JOMOJHUTEIbHbIE TOUKU rpadrka GyHKINU

Haiitu oGnacts 3HaueHus GyHKIUU

IToctpouTts rpaduk GyHKIUN

ONoak~wdE

JTOCTATOYHBIN NPU3HAK BO3PACTAHUSA ®YHKIIUU



Ecnu npousBoHas GyHKINH MOJIOKHUTEIBHA B KAKAON TOUKE HEKOTOPOTO POMEKYTKA, TO (PYHKITHS
BO3pacTacT Ha JAHHOM IIPOMEKYTKE

I[OCTATOHHBIFI INPU3HAK YBBIBAHUSA ®YHKIITUN
Ecnu nponsBoiHas GyHKIMH OTpULIATEIbHA B KQKJIOW TOYKE HEKOTOPOTO MPOMEKYTKA, TO PYHKIIHS
yOBIBaeT Ha TAHHOM ITPOMEKYTKE.

JOCTATOYHBIE YCJIIOBUA CYHIECTBOBAHUS OKCTPEMYMA B TOUKE (TOUKA
MAKCUMYMA U TOYKA MUHUMYMA)
Ecmu ¢yHKIms HenpeppIBHA B HEKOTOPOI TOUYKE U ClIeBa OT HE€ MPOU3BOIHAs (PYHKIIMK UMEET 3HAK
«+», a cripaBa OT He€ MPOU3BOAHASA UMEET 3HAK «-», TO JIaHHasl TOUKa SBJIETCS TOYKOM MakCUMyMa
(GYHKIMM Ha TAHHOM MTPOMEXYTKE.

Ecnu pyHxus HenpepbIBHA B HEKOTOPOM TOUYKE U CJIeBa OT HE€ MPOU3BOIHAS (PYHKIIUN UMEET 3HAK
«-», a cTpaBa OT He€ IPOU3BOAHAS UMEET 3HAK «1», TO JaHHAs TOYKA SBISAETCA TOUKOM MUHUMYMa
(GYHKIMM Ha TAHHOM MTPOMEXYTKE.

2. OnpeneanTb NPOMeKYTKH Bo3pacTanusi (YObIBaHHS) TOUKH MUHUMYMA,
MaKCUMyMa CJIeYIouX (PyHKIUMI:

21. f(X)=3—;X

oy 0

, 1
Tk f (X) = _E <0, to dynkumus yosIBaeT Ha Bceit ocu OJ13.

2.2. f(x)=—x2+2x-3
()= (=x2 +2x-3) =(=x2) +(20) ~(3) =-2x+2-3=-2x+2
f'(x)=0=>-2%+2=0

—2X=-2
X = 1-KpuTHUYeCKas TOYKa.

K(Y\ e n’—{‘m\
f(0)=-2-0+2=2>0
f'(2)=-2-2+2=-2<0

DyHKIMA BO3pACTAET HA (— oo;l]

OyHKIMS yObIBAaET HA [1;+oo)
Xmax = 1
Ymax = —(1)° +2-1-3=-1+2-3=-2

(1;—2)- TOYKa MaKCUMyMa.

2.3. f(x)=x* - 3x?
£(x) = (x —3x2), :(x3)’ —(sz)’ = 3x? —3-2x = 3x% - 6x



f'(x)=0=3x2-6x=0

x(x-2)=0
3x=0 WM x—2=0
x=0 X = 2 - KpUTHYECKUE TOUKU
e Y
2.4. i(ﬂ /IHQX TN M / :

f'(-1)=3-(-1)°-6-(-1)=3+6=9>0
f'(1)=3-1)° -6-1=3-6=-3<0
f'(3)=3-(3)"-6-3=27-18=9>0
®DyHKIUS BO3pacTaeT Ha (— oo;O]U [2;+oo)
Oyuxuus yoeaer Ha [0;2]

Xmax =0 Xiin = 2
Onax = 0% —3-0% = 0 Ymin =2%-3.22 =8-3-4=8-12 =4
(0;0)- Touxa makcumyma (2;-4)- Touka MuHIMYMa

3. BbINOJHUTH 3a/1aHUeE € JajibHel1eil caMonpoBepKoOi.
HccrenoBars GYHKIHMIO HA IPOMEXYTKH MOHOTOHHOCTH M TOYKH SKCTPEMyMa.
f(x)=x® - 27x
Orteer: dyrkums Bospactaer Ha (— 00,3 |U[3;+0)
GbyHKIMsA yOBIBacT Ha [— 3;3]
Touka maxcumyma (— 3;54)
Touka MurnMyma (3;-54)
OrnpenenuTh IPOMEKYTKH yOBIBAHUS M TOUKH MAKCHUMyMa (QYHKIIUH.
f(x)=12x+3x2 - 2x°
OrtBer: QyHKIHUS yObIBaeT Ha (— oo;—l]u [2;+oo)
Touka makcumyma (2;20)
OrnpenenuTs IPOMEXKYTKH BO3PACTAHHS U TOYKU MUHUMYMa QYHKIIHH.
f(x)=x® —12x
Ortser: gynuxuus Bospacraer Ha (— 0;—2]U [ 2;+0)

Touka MuHmIMyMa (2;-16)

4. BbIXOHOI KOHTPOJIb.
1. Bapuant

1. I/ICCHeI[OBaTB (I)yHKHI/HO Ha TPpOMEKYTKH MOHOTOHHOCTHU U SKCTPCMYMBbI q)yHKHI/H/I
f(x)=5x2 —3x+1

2. OmpenenuTh NPOMEKYTKH BO3pAcTaHus (DYHKIIMU ¥ TOYKY MUHUMYMA:
f(x)=x®-3x? —9x +1

2. Bapuanr
1. HCCHCI{OB&TB (I)yHKHI/IIO Ha TPpOMEKYTKU MOHOTOHHOCTHU U SKCTPCMYMBbI (I)yHKHI/II/I
f(x)=2+9x+3x2-x°
2. OmnpenenuTsb MPOMEKYTKU YOBIBAHUS ¥ TOUKY MAKCUMYyMa:
f(x)=2+9x+3x2 - x°



3 Bapuanr
1. HccnenoBars GYHKIMIO HAa IPOMEKYTKA MOHOTOHHOCTH M SKCTPEMYMBI (DyHKIIUH:
f(x)=3x* -2x+5
2. Omnpenenuts MPOMEKYTKA BO3PACTAHMS U TOUKM MUHUMYMA:
f(x)=x-3x+3

4 BapuaHt
1. HccnenoBaTh (HyHKIMIO HA IPOMEKYTKH MOHOTOHHOCTH U SKCTPEMYMBI (DyHKITUH:
f (x) = 8x — 5x>
2. OrmpenenuTh MPOMEXKYTKH YObIBAaHHS U TOYKH MaKCHMYyMa:

f(x)=-x®+3x? -4

Ounenka: «3» - 3amanue 1
«4 v 5» - 3amanue 1,2

Ilpakmuueckas paboma Ne 25: ViccnenoBanue BbITYKIOCTH U Mieperuda

Henn:
3Hamy:

o TIOHATHS BO3pacTarollel U yopiBaromen QyHKIUY;

o TOHATHA IPOMEKYTKOB MOHOTOHHOCTH;

o IMOHSTHA TOYEK MUHHUMYMa U MaKCUMyMa, 3KCTpeMyMa (PYHKIIHNH, KPUTHUYECKUX
TOYEK;

e AJTOPUTM HCCIIE0BAHUS (PYHKIIUU HA SKCTPEMYM;
ymemo:

e HaXOIUTb KPHUTHUYCCKUC TOYKH, IIPOMCKYTKHM MOHOTOHHOCTH, OSKCTPCMYMBLI

byHKIMY;
e C IIOMOIIBIO MPOHU3BOIHON HCCIIENOBATH PYHKIIHNIO, 3aIaHHYI0 POPMYJION;

IIponon:kuTebHOCTH 3aHATHUSA: 2 Yaca
O01me cBeleHUs ¥ NPUMeEPHI BbIIMOJIHEHUS 3aaHUM:

I'padpux  dynknuu f(X) Ha3pBaeTcs évtnykavim Ha uHTEpBae (a; b), ecam oH

pacroioKeH HIXKE KacaTeIbHOU, MPOBEACHHOMN K JIFOOOH €ro TOuKe.

I'papux  ¢ynknuu f(X) Ha3pIBaeTcs 6ocnymevim Ha wuHTepBane (a; b), ecim o

pPacroJioKeH BBhIILIE KacaTeJIbHON, TPOBEICHHOMN K JII00O0M ero Touke.

gl

b X agia X

Teopema (mocTaTouHOE YCJIOBHE BBINYKJIOCTH, BOTHYTOCTH rpaduka GyHKIUMN):



Ecmu ¢pynkmus y = f(X) umeer Ha untepsanie (a; b) Bropyro npousBoanyto f'(x) 1 oHa
MOJIOKUTENIbHA, TO (YHKIIMS BOTHYTa HAa 3TOM uHTepBaie. Eciu xe f”'(x) oTpuiarenbHa
Ha uHTepBaie (a; D), To QyHKIMS BBITTyKIIa HA 3TOM UHTEpBAJeE.
Touka rpaduka Gpynkuuu M(xg; f(xg)), mpu mepexone yepes
KOTOPYIO  KpWBas  MCHSCT  HANpaBIICHUE  BBIMTYKJIOCTH,
Ha3bIBACTCS MOUKOIL nepezuda.

7
*fix)
HUx,ifiny

)

/

X

b K

Teopema (10ocTaTo4HOE yCJI0BHE CYIIECTBOBAHMA TOYKH Nepernda):

Ecimu ¢ynkmus y = f(X) umeer na uatepBaie (a; b) Bropyro npoussoanyto f'(x) u npu
nepexo/ie uepe3 Touky x =a, f(X) MeHseT 3HaK, TO TOYKa KpUBOU ¢ aOCIMCCOit

X =a, SIBJIETCS TOUKOM meperuoa.

KpwuBas,
BbINyKnasn
Ha (a, b).

Kpusas,
BOrHyTas
Ha (a,b).

—

Kpusas pasmelieHa
Hwxe nioboit
CBOEW KacaTenbHOM.

=

Kpusas pasmeuieHa
sbiwe nioGoi
CBOeit KacaTenbHo.

OnopHbIN KOHCIIEKT.

AocTaTouHbie NPU3HAKK BbINYKMNOCTH U BOTHYTOCTH

/"(x)>0
Ha (a, b).

—

Kpusas,
BOrHyTas
Ha (a, b).

(x)<0
Ha (a, b).

=

Kpueas,
Bbinyknas
Ha (a, b).

[ns nocTpoenus rpachuka Lenecoobpa3Ho NpoaHanU3npoBaTh, Kakoi Bua UMeeT rpacuk
PyHKUUM Ha UHTepBane (a, b) B 3aBUCMMOCTY OT 3HAKOB NEPBOW U BTOPOI MPOU3BOAHBIX.
Peaynbrart yno6Ho ceectu B Tabnuuy:
y"<0

|o'a b X lo:a

y'<0
Y50

N

b Xx |oa b X

y'>0 y'>0

y'>0

y'<0
y'<0

o
x
[

<
-

y6biBaeT,
BbINyKnas.

y6biBaer,
BOTHyTaA.

BO3pacTaer,
BbiNyKnas.

Bo3pacTaer,
BOTHYTas.

AJroput™ HaXO0KIEHUS
BBINTYKJIOCTHU I'paduka (YHKIUHU:
1° Haxonst BTOpYIO IPOU3BOAHYIO (PYHKLIUU U TOUKH, B KOTOPBIX OHA paBHA HYJIIO WU
HE CYILIECTBYET.

2° OnpeaensioT UHTEPBaJbl HA KOTOPbIE 00J1acTh onpeaesneHus GyHKINN pa3ouBaeTcs
HaWJIEHHBIMU TOYKAMH.

3° YTaHaBIMBAIOT 3HAKU BTOPOW ITPOU3BOJHON B KaXKJOM M3 yYKa3aHHBIX WHTEPBAJIOB.
Ecmu f'(x) < 0, To B paccMaTpuBaeMOM WHTEPBaJIe KPUBas BBITTYKIIA;

eciu f"'(x) > 0, To B paccMaTpuBa€MOM MHTEPBAJIC KPUBasi BOTHYTA.

WHTEPBAJIOB

1.UccnenoBath PyHKIMU HA BBIMYKJIOCTh, BOTHYTOCTh. HaliTu Touku neperuoa.
y= x3—6x2+9x — 3.

1°HaiizeM BTOPYIO Ipon3BoaHyt0: ¥ = 6x — 12; 6x —12 =10, x = 2.

2°Touka x = 2 genut 00JacTh onpeneneHns (PyHKIIMHM Ha JTBA MPOMEXKYTKAa —00 < X <
2n2<x<oo.

30



X —o<x <2 2 2<x< o
y'(x) + -1 -
y(x) N Touka nepeauba U

y(2) = -1

Takum 00pa3oM, MOJIYyYUM TOYKY meperuda (2;-1).

Kpurtepuu onennBanusi padorsi:

Ha «3»:

IlepBbie 3 nmpumepa

Ha «4»:

IlepBbie 4 npumepa

Ha «5»:

Bce 3ananus

KoHnTposbHbIE BONIPOCHI:

1. Kakas kpuBasi Ha3bIBa€TCA BBINTYKJIOM (BOTHYTOM);

2. Kak omnpeensitoTcsi reOMeTpUYeCKH BBIMTYKJIOCTh U BOTHYTOCTh KPUBOW?
3. IlonsTus: Touka reperuoa.

4. JlocTaTOYHOE YCJIOBHE CYIIECTBOBaHHUS TOUKH Meperuoa,

4. AropuTM Hax0KJE€HUS UHTEPBAJIOB BHIMYKJIOCTHU rpaduka G yHKINH.

Ilpaxmuueckasn paboma Ne 26: ViccnenoBanue BHITYKIOCTH U Tiepern0a, moCTpoeHUE
rpagukoB QyHKIINH

- IPUMCHUTH YMCHUA 110 BIIAACHUIO Hpe,Z[CTaBJ'IeHI/Iﬁ 00 OCHOBHBIX IOHITHAX MaTEMaTUUECKOr0 aHAIM3a U
Hux CBOfICTBaX, BJIAICHUC YMCHUEM XapaKTCpPU30BaATh IIOBCIACHUEC (bYHKHHﬁ, HCIIOJIb30BAHUEC ITOJTYYCHHBIX
3HAHHUH JJIs OIIMCAaHUA U aHajlu3a pC€ajlbHBIX 3aBHCHMOCTEH.

1. PaGoyas TeTpanp B KIETKY
2. PaznatouHble MaTepHalibl: KAPTOYKH-3aaHNUs, HHCTPYKIIMOHHBIE KapThl — 20 MTYyK.
3. Kanbkynsitop mpocToii.

4. Pyuxka.
3ananue:
1 Bapuaur 2 Bapuanr
1 1. UccnenyiiTe GyHKIMIO HA SKCTPEMYM C IMTOMOIIBIO MIEPBOH MPOU3BOTHOM.
F)=-2x"+2-x +1 f(x) = x* —4x+4,
3 2
2. HaiinuTe mpoMeXyTKH BBITYKIIOCTH U TOYKH MEPernda KpuBbIX:
y = x3 +3x? y = x% —12x? +145 .
1 1 3. I[aH 3aKOH HpHMOHHHCﬁHOTO I[BH%(CHI/IH TOYKHN
s=—_t3+ t2+ t+1 s=—_1>+3t2 +5t+3
6 2 2 3

(t— B cexynaax, S — B MeTpax).Haiiniute MakcCUMallbHYIO CKOPOCTh ABH)KEHHSI 9TOHM TOUKH.



11opsIOK BBINOJIHCHMS:
BuumaTtenbHO Mpo4uTaTh TEMY U LIE€Tb MPAKTUUECKON PaOOTHI.

1

2. WByuuts y4eOHBINA MaTepHal 10 TEME.
3. OTBeTUTH HAa BOTIPOCHI.

4. BBINOJHUTH 3a/1aHUS.

5. IloaroroBuTh OTHET.

Llosicuenus K T¢ (VyeOHBI MaTepua):

IIpaBuno HaxosxaeHus skctpemymos ¢pyukiuu Y = f(X) ¢ nomompio nponssoaHoii:
1. Haiitu npoussoauyio f'(X)

2. Haittu kputHueckue Touku QpyHkuuu, B kotopbix f'(X) =0.

3. Pa3genuTh 4MCIOBYIO OCh Ha IPOMEKYTKH KPUTHIECKUMHU TOUKAMH.
4. VlccnenoBath 3HaK MPOU3BOAHON B KaXK/10M MHTepBase. Eciiu mpu 3TOM pon3BOIHAS OKaKETCs
OTpULATENbHOM, TO (PYHKIIMS BO3pACTAET, NOJOKUTENbHOMN — yObiBaeT. Eciu 3HaK MeHsieTcs ¢ Iuroca Ha
MHHYC- 3TO TOYKa MaKCUMyMa, C MAHYCA Ha IUIFOC- 3TO TOYKAa MUHHUMYMaA.
5. Beruncnuth 3HaueHus QYHKIMM B TOUKAX 3KCTPEMYyMa.

HanpagJienue BeINyKJI0CTH rpadpuka GyHKuuu

Kpusas Y = f(X) maspiBaercs Bbimykislii BHu3 B mpomexyTke (8;0), ecnm oma nexwur Boime
KacaTeJIbHO B II000i Touke 3Toro npomeskyrtka. Kpusas Y = f (X) naseiBaetcs BeIyKII0i BBEpX B
npomexytke (8;0) , eciiu ona nexuT HIKe KacaTenbHOM, B M060i TOUKE 3TOTO MPOMEKYTKA.
BrInyksiocTh BHU3 WM BBEPX KPUBOM XapaKTepHU3yeTCs 3HAKOM BTOPOM MPOU3BOIHON QyHKIIUU
y = f(X): ecu B nexotopom mpomesxytke f''(X) > 0, To KpuBas BBINMyKIa BHU3 B 9TOM TIPOMEKYTKE;
ectuxe f'"(X) <0, o kpuBas BIMyKIa BBEPX B 3TOM MPOMEXKYTKE.

IpaBuJ10 HAX0KIeHHsI TOUeK mepern6a rpapuka pynkumn Y = F(X)
1. Haittu BTopyo nponssoauyio T ''(X).
2. Haiitu kputnueckue touku Gpyakuuu Y = f(X), B xoropeix f''(X) o6pasyercs B nyas unm teprut
pasphbIB.
3. Uccnenopats 3HaK BTopoii npoussoauoii f''(X) B mpoMexyTkax, Ha KOTOPBIX HaiiJcHHBIE

KpUTUYECKHE TOUYKH JIENST 00nacth onpeaenenus Gpyukuun Y = f (X). Ecnu kputnueckas Touka

paszaessieT MPOMEXKYTKH BBITYKIOCTH IPOTHBOIIOJIOKHBIX HAIIPABICHHUN, TO OHA SIBJISIETCSI 00IIUCCOM
TOYKH Tiepernoda rpaduka.
4. BoruncnuTh 3Ha4eHus PYHKIIUU B TOUKaX Ieperuoa.

IIpy BBINOJIHEHHH NPAKTHYECKO Pa0oThI PACCMOTPHTE CIEAYIOLIME IIPUMEPbI:
IMpumep 1:
HccnenoBarh QYHKIMIO HA SKCTPEMYM € IOMOLIBIO BTOPOM TPOU3BOIHOM
f(x)=x2 —9x% +24x-12.

1) IMpoussommas f'(X)

f'(x) =3x% -18x+24.
2) Kpurnueckue touku f'(X) =0:

3x% -18x+24 =0

X2 —6x+8=0

X1 =2, X2 =4 - KpUTUYECKUE TOUKH.
3) Bropas npoussognas f''(X)

f"(x) =6x-18.

4) WccnenoBaTh 3HAK BTOPOU MPOU3BOTHOM B KK/JI0H KPUTUYECKOH TOYKE:



f"(2) =6-2-18 =12 -18 = -6 < 0, 3Hauur, x =2 sABIAETCA TOUYKOI MAKCUMyMa
f"(4) =6-4-18 =24 -18 =6 > 0, snaunr, x = 4 ABIAETCA TOUKONH MUHHMYMA.
5) Beraucium 3HaueHust yHKIMHA B OTHX TOUKAX:
f o =f(2)=2°-9.22124.2-12-8-36+48-12=8
fo=f(4)=4%-9.42+24.4-12=64-144+96-12=4
Orser: f,,(2)=8; . (4)=4.
2. IIpy BBINOJIHEHUH BTOPOTO 3a1aHUsl PACCMOTPUTE IIPUMED.
HaiiTi IpoMesKyTKH BBITYKIOCTH U TOUKH Heperu6a kpupoit y = 6x? — x°.
1)Ipoussonnas Y'
y'=12x — 3x2.
2) Bropas npousBoanas Yy
y"'=12 - 6X.
3) Kputnueckue toukn: Y '=0.
12-6x=0
—-6x=-12
X = 2 - KpUTH4YECKas TOYKaA.
4) ccnemyeM 3HaK BTOpoii mpoussoaHoi Y'' B npomesxyTkax (—0;2) u (2;0).
y'(0)=12-6-0>0; vy"(3)=12-6-3<0
X = 2 TOYKa Meperunda
Haiiném Y(2)
Y(2)=6.22 —2° =24 -8 =16,
OrtBeT: Ha npoMexyTke (—00;2) KpuBasi BBITYKIa BHHM3; Ha MPOMEXyTKe (2;00) KpuBas BBIMYKIIa BBEPX;
(2;16) - Touxa neperu6a.

3. [Ipu BBHIMOJTHEHUH TPETHETO 3a/IaHUSI PACCMOTPUM IIPUMED.
HaiiTn MakcuManbHyI0 CKOPOCTb IBUYKEHUS TOUKH, €CIIH 3aKOH MPSIMOJIMHEHHOTO ABMKEHUSA 3a/1aH

ypaBHeHueM S(t) = —t3 +9t? —2t —8 (S —B MeTpax, t —B ceKyHIax).
CKOpPOCTb JIBUKEHHS TOYKH €CTh NepBasi IPOU3BOIHAS ITyTH BO BPEMEHHU:
=g = — 2 — M )
o(t) = s(t) = ~3t2 +18t - 24( A
Uccnemyem 3Ty QYHKLHIO HA MAKCUMYM M MHHUMYM C TIOMOILbIO BTOPO¥ MPOU3BOIHOI:

V'(t) = §"(t) = —6t +18

—6t+18=0
— 6t =-18
t=3

v"(t) = (-6t +18)=-6<0
Bropas npousBoHast OTpHIIaTENbHA, CIEI0BATEIbHO, CKOPOCTD SBJSETCS HAaMOOJbILEH MPH t = 3 CEK.
Haiiném 3HayeHrEe CKOPOCTU B MOMEHT t = 3CEK:

v(3) =-3-32 +18-3—24:—27+54—24:3%).
OrtBert: 3%.

Bomnpocs! 1u1s1 3aKkpenJieHnsl TeOPeTHYECKOro MaTepuaJia K NPAKTHYeCKOMY 3aHATHIO:
1. ITpaBm10 HAXOXKJICHUSI IKCTPEMYMOB (DYHKIIMHU C TOMOIIBIO TPOU3BOTHOM.

2. Kakue ToukH ()yHKIUU HA3BIBAIOTCS KPUTHUECKUMHU?

3. Uto Ha3bIBaeTCs IKCTpeMyMOM (pyHKIIMU?

4. B xakoM ciy4ae KpuBas BBITYKJIas BHU3, U B KAKOM Clly4ae — BBepX?



5. IlpaBuna HaxoxaeHus Touek neperu6a rpaduka Gpynkmun Y = f(X).

S :!!Z!QH)KaHHQ oTYeTaA:

HazBanue npaktudeckoi paOoThI.

VueOHast 11elb.

Pemenue 3aianuii npakTuyeckoil paboThl.

OTBeThl Ha BOIIPOCHI JIJIs1 3aKPEIIEHUS] TEOPETUYECKOTO MaTepHaa.

Ilpakmuueckan paboma Ne 27: [IpumeHeHre TPOU3BOIHON I OTHICKAHUSI HAUOOIBIITUX

1 HAUMEHBIIINX BEJIUYUH
I]ens: okazaTh MpUMEHEHUE TIPOM3BOHON K PEIICHUIO TEKCTOBBIX 3aj[a4 Ha HaX0KIEHUE HanOOJIbIITNX
M HaUMEHBIINX 3HAYECHUH.
UToOBI OCTHYB 11eJIH PAOO0THI, MOTPEOYETCS PEIIUTH CIIEIYIOIINE 3aauu:
M3YYUTh HAYYHYIO U HAYYHO-METOAUUECKYIO JIMTEPATYPY 10 TEME.
popaboTaTh TEOPETUUECKYIO YAaCTh MaTepHuaa.
1o00paTh U MpopeniaTh TEKCTOBBIE 33]]a4l Ha JIaHHYIO TEMY.

(pyHKUHMH HA OTpE3Ke.

¥ ¥ ¥ ¥
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Puc.1 Puc.2 Puc.3 Pucd

(KOHCIIEKT BMeCTe ¢ pa300paHHBIMU NpuMepaMu). PaccMoTpum, kak
MIPOM3BO/IHAS UCTIOJIB3YETCS U1 HAX0XKACHUS HauOOJIbIIEr0 ¥ HAUMEHBIIET0 3HaUeHUs QYHKIIUU Ha
otpeske. Haubonbiee n HanMeHblIee 3HaUCHUE HEMPEPhIBHON (QYHKIIMHM HAa OTPE3KEe MOXKET ObITh KaK Ha
KOHIIaX OTPEe3Ka, TaK U BHYTPHU HETO. ( B OTIUYHE OT IKCTPEMYMOB (DYHKIIUH, KOTOPbIE Ha KOHLIAX
MIPOMEXYTKa HEe MOTYT ObITh). Eciiu HanOoJibliee niik HauMeHblIee 3HaUeHUE JI0CTUTaeTCsl BHYTPU
0Tpe3Ka, TO 3TO TOJILKO B CTAIIMOHAPHBIX TOUYKAX (20e npou3800Has pasHa Hyuo) Wi B KPUTHYECKHX
( 20e npouzeoonas ne cywecmagyem). bynem ux HazpiBaTh 01HUM clioBoM «Kputuueckue». Paccmotpum
PUCYHKHU.

_Puc.1. Ha otpesok [a;b] momanator nBe kputrueckue Touku (X2 u X3). B Touke X2 Oyaer HaubosbIiee
3HauYeHHE, B TOUKe X3 - HaMeHblee. B nanHOM ciydyae Hanbombliee 3HaUeHHUE COBIAJI0 ¢ MAKCUMYMOM
(GYHKIMM, HAMMEHBIIIEE 3HAYEHHE COBIAIO C MUHUMYMOM QYHKIHH. Yyaus (X2) U Yiauw (X3) .

Puc.2. Ha otpesok [a;b] monamator Tpu kpurtndeckue Touku (X1, X2 u X3). Hanbompiee 3HaucHIE
MOJIyYMIIOCh HA KOHIIE MPOMEXKYTKA B T. & : Yyans (@) , HAMMEHbBIIIEE — B KPUTUUECKON TOUKE X3 '

yHaI/IM (X3) .

Puc.3. Ha otpesok [a;b] momamarot nse kputndeckue Touku (X1 u X2). B nanHom ciydae HanbosbIiee
3Ha4YEeHHE COBMAJIO C MAKCUMYMOM (YHKIMHU B TOUKE X2 :: Yians (X2), HAUMEHbIIIEE 3HAUCHHUE TTOIYIHIIOCH
Ha KOHIIE IPOMEKYTKA B T. 0 Viyauw (D).

Puc.4. Ha otpesok [a;b] monamaror aBe kpurnueckue Touku (X1 u X2). Hanbosnbliiee 1 HaMMEHbIIIee

3HAUEHHUE OKA3BIBAIOTCS HA KOHIAX OTPe3Ka: Yyaus (D), Yuamu ().
AJITOPHUTM HAX HUA HANO0OQJbINIIET0 U HANMEHBIIICT HAYCHUA HKIINN :f X) HA OT] K a'b

1. Haiimu ppouszeoduyro f “(X).

2. Haiumu cmayuonapnvie u Kpumuueckue mouku (RpupagHAms nPOU3800HYI0 K Hy110, MO eChlb

naumu £ (x)=0).



3. U3 NOJIYUE€HHbIX MOUYEK Gblﬁpamb me, Komopulie nonaoarom 6 3a0aHHbLI NO Yciaoeuro ompe3okx.

4. Bvruuciums 3nauenue w 3 GblﬂpaHHblx MOYKax U Ha KOHUAx npomerxcymikad.

5. H3 nonyuennwix uucen eplopame camoe nauodonvuiee V. u camoe Haumenvuiee V.
PaccmoTpuM nmpumepsl Ha JAHHYIO TEMY.
Ipumep 1. Haiitn HauGonbinee u HauMeHblIee 3HaucHue Gynkun  f(X)= x* - 2%
—3 mHnaotpeske [ 0; 2]. B orBer 3anmucaTh HaMMEHbIIIEE 3HAUYCHHUE.

Pemienue,
1. Hatimu npouseoonyio f*(X).
f (X)=(x*-2x*-3) =4x3-4x
2. Haiimu f “(x)=0.
4x%-4x=0 4x(x*-1)=0 4x=0 x*-1=0 x=0, x=1,x=-1
3. U3 nmomy4yeHHbIX TO4YeK X = 0, x= 1, x= - 1 BRIOpaTh Te, KOTOPHIC TIOMATAIOT B 33 JaHHBIN
otpesok [ 0; 2].
0€[0;2], 1€[0;2], -1lue €[0;2].
4. BolurcnuM 3HaYeHHe 3aJaHHOW (QYHKIIMH B BBIOpaHHBIX Toukax X = 0, x= 1 1 Ha KOHIaX
otpeskal 0; 2].
f(0)=0*-2.02-3=-3
f(1)=14-2-12-3=-4
f(2)=2¢-2-22-3=5

X 0 1 2
f(x) -3 -4 5
T nau6 (2) =5 T manm (1) =-4 OTBer:

Ilpumep 2. HajiTu HaubGo/b1Iee H HAUMeHbIIee 3HaYeHue pynkuun f(x)= x3/

3-x2[2-2x+10 Ha orpe3ke [ -3; 3]. B orBeT 3anmucaTh HAHOOJIbIIIEE
3HaA4YCHUE. (OTBeT OKPYTJIUTH 10 IECATHIX).

Pemenne,
()= (x3/3-x2/2-2x+10) = x2—x -2
2. x¥2-x-2=0 D=(-12-4-1-(-2)=1+8=9=32
X1=(1+V9) [ 2=1+3) [ 2=2 Xo=(1-V9)[2=@1-3)[2=-2/2=-1
3. 2€[-3;3], -1€[-3:3]
4. f(2)=23/3-22/2-2.2+10=8/3-2-4+10=6,7
f(- 1)= (-1)3/ 3 - (-1)2/2-2:(-1) +10 =(-1)/3-1/2+2+10=11,17
f(-3)= (-3)3/ 3— (-3)? /2 - 2(-3) +10 = -9 -4,5 + 6+ 10 =2,5
f(3)=3%3-32/2-2.3+10 = 9-45-6+10=85

=

X 3] -1 2 3
f(X) 25 | 1117 | 6,7 8,5
fums(2) =11,17  fuamm (1) = 2,5 Orser:

Ipumep 3. Haiitu HanOoibliee U HauMeHbInee 3HadeHue ¢pynkmuu  f(X)=9 Cos X
+ 16X - 8 ma otpeske [ -37/2; 0]. B oTBeT 3amucaTh HanbGObIIEE 3HAYEHHE.

Pemenue.
1. F(X)=(9Cosx+16x-8) =-9Sinx +16



2. -9Sinx+16=0 -9Sinx=-16 Sinx=(-16)/(-9)=1,8 >1 — xer
pemenus, Tak kak - 1 < SINX < 1. Kpuruueckux Touex ner. Cpasy BITIONHSIEM
MyHKT 4.

3. Haiiziem 3HaueHue pyHKIMU HA KOHIIAX TIPOMEKYTKA.
f(-3n/2)= 9 Cos (-3n/2 )+ 16 -( -37/2) - 8 =9Cos (n/2) - 24n -8 =
9.0-24.3,14 - 8=-83,36
f(0)=9Cos(0)+16:(0)-8=9-1+0-8=1

X 3n/2 0
f(X) - 83,36 1

f nane (0) =1 f wann (-37/2) = - 83,36 OTBeT:
[pumep 4. Haiitu HanOoblee ¥ HauMeHbIee 3HaueHue pynkuun f(X)= 12 tg
X — 12x+ 3m - 13 Ha otpeske [ -n/4; n/4]. B oTBeT 3anmcaTh HanbobIIEE
3HaYCHUE.
Peinenve.
F(X)=(12tgx—12x+3n—-13) =12/ Cos?x—-12+0-0
(Opumeuanue: npoussoanas ( 31)" = 0 Tak kak 5To NOCTOSHHAS BETUYMHA)

2. 12/ Cos?x—12=0 12(1/ Cos?x —1)=0 1/Cos?x =1

[EY

Cos?x =1 Cos x=1 m Cos X = - 1. INonyunnu a8a mpocTeHIINX
TPUTOHOMETPHYCCKUX YPaBHEHUS, U KOTOPBIX MCIIOJIb3yeM (DOPMYITbI YACTHBIX CIyJaeB.
Cos x=1 x=2nn, neZ. Ilpu n=0 x=2n-0=0
Cosx=-1 x=n+2mn, neZ Ilpu N=0 x=n+2n0==x
3. 0¢[ -n/4; nl4], n ue € [ -n/4; nl4].
f(0)=12tg 0 - 12-0+ 37 - 13 =12-0- 12-0 +3-3,14 -13=-3,6
f(-n/4)= 12 tg (-n/4) — 12-(-n/4) +3n - 13 =12-(-1) + 3n +3n — 13=
-12 +6m -13 = -25 +61 = -25 +18,84 = - 6,16
f(n/4)= 12 tg (n/4) — 12-(n/4) +3n - 13 =12-(1) - 3n +3n - 13=-1

X -ntl4 0 nl4
fx) | -6,16 | -36 1
f waue (7'5/4) =-1 f waum (-75/4) =- 6,16 OTBerT:

Penmits caMOCTOSITEIILHO.

1. Haiitu nanGomnbliee 1 HAMMEHbILEE 3HAYEHNE (PYHKIIMU

f(x)= x3 +4x% —3x - 12 ma otpeske [ - 4; - 1]. B oTBeT 3anucarh HaubGonblICE
3HAYEHHE.

2. Haiitu Haubounbllee 1 HAMMEHBILEE 3HaYeHUE (PyHKIIUH

f(x)= x3 - 20x? + 100x + 23 na orpeske [ 9; 13]. B oTBer 3anucaTh
Ha¥MeHbIlee 3HAYEHHUE.

3. Haiitu Haubonblnee 1 HAUMEHBILEE 3HAYCHUE (PyHKIIUH



f(X)=27x- 13 Sinx +11 Ha oTpe3ke [ -27 ; 0]. B oTBeT 3anmucaTh HaHOOJIbIIICE
3HAYCHHUE.

4, Haiiti HauGoIblIEE U HAUMEHBIIEE 3HAUEHUE (DYHKIIUH

f(x)= 15tg x — 15x+ 4 Ha oTpeske [ 0; n/4]. B oTBeT 3amucaTh HauMEHbIIIEE
3HAYCHHE.
OTBeThL

1-fHaHM('1) :'6 fHaH6('3) :6 |§|
2. fouame (10) =23 f s (13) =140
3. fuam (-27) =- 158,56 f yau (0) = 11

4, fHaI/IM(O) =4 f waus (7'[/4) =12

Ilpakmuueckaa pavoma Ne 28: ViccnenoBanue u noctpoerue rpadukoB QyHKIUIH C
MOMOIIBIO IPOU3BOAHON

[lenb— BbIpaOOTKa YMEHUI U HAaBBIKOB MPUMEHSTh MPOU3BOIHYIO JUIS UCCIIETOBAHUS CBOWCTB (DYHKIIUH,
noctpoenus rpadukoB GyHkumii. Pa3Butne yMeHuit paboTath CO CIPaBOYHBIM MaTEPHATIOM, YUSOHUKOM.
3anauyn: 3aKOHCIEKTUPOBATH Y4EOHBIH MaTepuai, UCCIeNoBaTh (PYHKUMUU MPH MOMOLIM MPOU3BOJIHBIX,
MOCTPOUTH rpauKu GYHKUUN, OTBETUTh Ha KOHTPOJIbHBIE BOIIPOCHI.

Conepxanue:

1. Teopernueckuit MmaTepua.

2. [IpakTHueckas 4acTb.

3. KoHTpobHbIE BOMIPOCHI.

TeopeTnyeckuii MaTepuaJ

[TonsiTHe MPOU3BOAHON — OJIHO M3 BaKHEHINX B MaTeMaTtuke. C MOMOIIBIO TPOU3BOTHOM, YIUTHIBAS
€€ MEXaHMYeCKHIl CMBICT (CKOPOCTh M3MEHEHHUs HEKOTOPOTrO Mpoliecca) U TeOMETPUUYECKU CMBbICH (YT-
T0BOM KOX(PUIIMEHT KacaTelbHOI), MOXHO pellaTh caMble Pa3HOOOpa3HbIE 3aJadd, OTHOCSIIUECS K
mo00i 00MacTH 4YeIOBEYECKOM JEesATENbHOCTH. B 4YacTHOCTH, C TOMOIIBIO TMPOU3BOJIHBIX CTaJo
BO3MOXHBIM MOAPOOHOE HccienoBanue GyHKIHM, 00iee TOUHOE TOCTPOCHUE UX TPaPHUKOB, HAXOKICHHUE
WX HaOOJIBIITUX U HAUMEHBIITNX 3HAUCHUH U T.JI.

Hccaenosanue GyHKUHMNA U MOCTPOeHUE rPapUKOB PYyHKIMH
ITpu noctpoenuu rpapukoB GYHKIUNA C TOMOIIBIO TPOU3BOJIHBIX MOKHO MPHUAEPKUBATHCS TAKOTO

TUIaHa:

CxeMma uccieoBaHus QYHKIUU:

1. HaxonsaT o6nactpb onpeneneHus: QyHKINU.

2. BousacHsior, sBisieTcs i (QyHKIMS YeTHON WIIM HEYETHOM.

3. OnpenensoT TOUKU nepecedeHns rpaguka GyHKIUU ¢ KOOPAMHATHBIMU OCSIMH, €CJIM 3TO BO3MOXKHO.
4. Haxonat craiimoHapHble TOYKH (QYHKLUH.

5. OnpenensoT NPOMEXYTKM MOHOTOHHOCTH U 3KCTPEMYMBbI (DYHKIIMH.



6. Vicnonb3ys pe3ynbTaThl HCCIEOBAHUS, COSIUHSIOT TOJYyYeHHbIE TOUYKH IIaBHOM KPHUBOK.

DTOT 1UIaH UCCIeA0BaHUS (PYHKIIMM U MOCTPOEHUs ee rpaduka sSBIsIeTCS MPUMEPHBIM, €ro He BCernaa
HAaJ0 IPUACPKUBATHCA IYHKTYaJIbHO: MOXKHO MEHSAThH NOPSAAOK IIYHKTOB, HEKOTOPBIE COBCEM OITyCKaTh,
€CITM OHU HE MOJXOJAT K JaHHOU (yHKUIMHU. B yacTHOCTH, €ClTM HaX0Xk/IeHHE TOUEK IIePECEUCHHS C OCIMHU
KOOpPJMHAT CBSI3aHO C OOJBIIMMU TPYAHOCTSMHU, TO ITOIO MOKHO HE JIeJIaTh; €clid (PyHKIUS YETHas, TO
ee rpaduK cHUMMETpU4YeH OTHOcUTeNbHO ocu Oy, MOATOMY IOCTaTOYHO MOCTPOUTH TpapuK Ui
MIOJIOKUTETIbHBIX 3HAYEHUH apryMeHTa, MNpUHAJIeKalluX OO0JacTH ompefeseHus (QyHKIUHU, a 3aTeM
OTPA3UTh €r0 CUMMETPUYHO OTHOCHUTEIIBHO OCH OpAUHAT, U T.II.

3ananue Nel: Uccaenyiite GyHKIMIO U NOCTPOiiTE ee rpauk,
f(x) = x? +2x - 3.

Pemrenne.
1. ®yHkuus ompenenieHa Ha MPOMEXyTKe (-co; +oo). Touek pa3pbiBa HeT.

2. Umeem f(-x) = (-x)? + 2(-x) - 3 =x%-2x - 3.
f(x) = (x)? +2(X) —3=x® +2x-3
OYHKIMSA HE SABJISETCS HA YETHOM, HU HEYETHOM, TaK Kak
f(-x) # f(x) u f(-x) £ -f(x).
3. Ecm x=0, y= 0%42+0 —3= —3, (0;—3) Touka mepeceueHns rpaduka ¢ ockio opauHaT. Ecm y=0, To
x?+2x—3=0. (—3;0) u (1;0) — Touxn nepeceueHns rpaduKa ¢ 0ChIO abCIHCC.
4 HaxomuMm cramroHapHble Touku Gyaknuu. Umeem y' = 2x + 2,

2x+2 =0,
2x = -2,
x =-1.

5. O6nactp onpeneneHuss GyHKIMHA Pa3aeIUTCS Ha MPOMEXYTKH (-00; -1) u
(-1;+00). 3raku mpou3BoaHON f'(X) B KaXJI0M IPOMEXYTKE MOKHO HAWTH HENOCPEICTBEHHOM
MOJICTAHOBKOM TOYKH U3 PACCMaTPUBAEMOT0 MTPOMEKYTKA.

Tak, f(-2) = -2 < 0, f(2)=6 > 0.

. T .

-1

CrenoBartesibHO, B mpoMekyTke (-00; -1) GyHKIMs yObIBAaeT, a B MPOMEXKYTKE
(-1;+00) — BO3pacraer.
IIpu x = — 1 dyHKUMS UMEET MUHUMYM, PaBHBIH

f(-1) = (-1)2 +2(-1) -3 =1-2-3 =4,
6. OT™MeuaeM HaliJIeHHbIE TOUYKH B MPSIMOYTOJIBHOM CUCTEME KOOPAUHAT U COCNMHSAEM UX IJIaBHOU
JIAHUEN.



3aganue Ne2: MccienoBath (pyHKIMIO U MOCTPOUTH rpaduk:

5x2 +x+1

Y=

X
1. O6nacte onpenenenus: (—0,0) U (0,00).
2. OyHKIWs HA YeTHA, HU HEYCTHA, HETICPUOINIecKasl.
3. Touek mepeceueHus ¢ OCIMU KOOPANHAT HET.

L 5x2 -1
4. TlpousBoaHas: y = =
5x% -1
Haxoaum cranmoHapHble TOUKH (YHKINN — =0
x
J5
0 =+ —
XF X 5
V5 V5
+ 5§ = () - 5 +
- O -
mn

5. OyHKIMS BO3pacTaeT nmpux € (—x© ;—g) (%—5 ;00) 1 yObIBaeT IpH XE (—g 0) (0; 5&)

Makcumym GyHKIHU:(— ? :1—2+/5 ) MunumMyM QyHKITUH (g 1425 )

HafmeM MIPOMCIKYTKH BBIITYKIIOCTH U BOTHYTOCTHU

3 3
- +2 2 2
yu: 10x 10x X _ 320, X;éo

4 3
X X X

®ynkuus BorHyTa mpu X € (0;0) 1 BBIMyKIa npH X € (— 0 ;0)
6. [l Gosiee TOUHOTO MOCTpOEHHS rpadrka BO3bMeM KOHTposbHbIe Touku. Ecin x=1, y=7 (1;7)
Ecmu x=—1, y=—5 (—1;-5)



X

3ananue Ne3:
YueOnuk M.M.bammMakoB. Anrebpa 1 Hadajga MaTeMaTUYECKOTO aHajiu3a, reoMerpus. Mockaa.
«Axanemus» 2017. 3anstue 6, ctp. 183-186. [IpounTaiiTe M 3aKOHCTIEKTHPYITE.

TpedoBanus Kk ohopMiIeHHIO MPAKTUHYECKOH PadOThI
3ajanue 7151 BBITTOTHEHHSI TPAKTUYECKOM paOOThHI IOJKHO OBITh IEPEHECEHO B TETPAIb IS MPAKTHIECKIX

pabor.
B TeTpany 101KHO OBITH OTPAXKEHO:
- Ha3BaHHe MPaKTUYECKON paboThI
- pelIeHuE 3aJaHUN TPAKTUYECKON YaCTH.
- OTBETHI HA KOHTPOJBHBIE BOIIPOCHI.
2. [IpakTHYeckasi 4acTh

3ananue: UcciaenoBaTrh QyHKIUIO U OCTPOUTH ee rpaduk.

1 BapuaHT 2 BapuaHT
1Ly=x3-3x2 +4 1.y=x>+3x*-4
2.y=x3—4x 2.y=x3-12x
3. y=x* - 8x? 3. y=x*-2x?

2 2
x +4 X
4.y= — 4.y=
X x+1

3. KoHTpoJIbHBIE BONIPOCHI
1.Kakue npoMexyTKH Ha3bIBalOT IPOMEXYTKAMU MOHOTOHHOCTH (pyHKIIHMN?
2. Korja ¢yHkiuus Bo3pactaer Ha IPOMeyTKe?
3. Korna ¢ynkuus yObIBaeT Ha mpoMexyTKe?
4. Kakye TOYKHM Ha3bIBalOT TOUYKAMH SKCTpeMyMa GyHKIUU?
5. Kakue TOUkM Ha3bIBAIOTCS CTAllMOHAPHBIMU?
6. ChopmynupyiiTe 10CTaTOYHOE YCIIOBUE CYLIECTBOBAHUSI MUHUMYMA B CTAllMOHAPHON TOUKE.
7. ChopmynupyiiTe T0CTaTOYHOE YCIOBUE CYLIECTBOBAHHUS MaKCHMyMa B CTAIl[MOHAPHOM TOUKe



Ilpakmuueckasa padboma Ne 29: HaxoxjeHue ONTUMAIBHOTO PE3YIbTATA C OMOIIBIO IPOU3BOIHOMN
B MIPAKTUYECKHX 3a/1auax. OU3NYeCKUil CMBICI IPOU3BOIHOM B MPO(ecCHOHANBHBIX 3a1auax. Perenne
3a7a4 Ha (PU3MUYECKHUI CMBICI TPOU3BOIHOM B MPOPECCHOHATBLHBIX 3a1auax

Heab: pemuTh 3a1a9u Ha (PU3UIESCKHUIA CMBICTT IIPOU3BOTHOM
Teopernyeckasi 4acThb

®uznyeckuii CMbIC] NPOU3BOJIHOM 3aKII0YAETCS B TOM, YTO IIPOU3BOHAS BHIPAYKAET CKOPOCTh
NPOTEKaHUsI POIIECcCa, OMMChIBAEMOT0 3aBUCUMOCTHIO Y = f(X):
- €CJIM 9TO JIBIKEHHE aBTOMOOWIIA, TO, IPUHKAMAS B KaueCTBE (DYHKIIMH 3aBHCUMOCTH IPOUICHHOTO
paccTosiHUS OT BPEMEHHU, € TIOMOILIBIO TPOU3BOIHON MOJIY4aeTCsl 3aBUCUMOCTh CKOPOCTH OT BPEMEHH;
- €CJIM )K€ PaCCMOTPETh B KaUeCTBE (PYHKIIMM MTHOBEHHYIO CKOPOCTh aBTOMOOMJIS, TO TIPOU3BOAHAS
3aJ1a€T U3MEHEHHUE €T0 YCKOPEHUS;
- €CJIM pacCMOTPETh (QYHKIINIO, 33/1al01IYI0 3aBUCHMOCTh 00beMa NMPOU3BEACHHOMN MPOAYKIIUU OT
BpEMEHH, TO MPOU3BO/IHAS MTO3BOJIUT y3HATh, KAK U3MEHSIACH CO BPEMEHEM IPOU3BOAUTEIBLHOCTh TPYy/ia
Ha 3TOM TIPEIPUITHH;
- €CJIM pacCMaTPUBAIOTCS 3JIEKTPOMArHUTHBIE BOJIHBI, TO MOTYT OTpeOOBaThCs (PyHKIUHY,
XapaKTepHU3YIOIINE U3MEHEHNE CO BPEMEHEM JIEKTPHUUECKOI0 U MarHUTHOTO TIOJIEH, a TaKKe UX
MIPOM3BO/IHBIE - CKOPOCTH U3MEHEHHUS ATHX T0JIeH, Be/lb BETMYMHA MAarHUTHOTO T0JISI IPOTIOPIIMOHAIbHA
CKOPOCTH U3MEHEHHSI SJIEKTPUYECKOTO MO U T.I1.
Pemas KOHKpeTHbIE TEKCTOBBIE 33]Ja4l HA CKOPOCTH IpoLiecca ¢ IPUMEHEHUEM IIPOU3BOIHOM, CIIEAYET HE
3a0bIBaTh O Pa3MEPHOCTSIX BeMMuuH. Eciu nepemenHas Y, 3anannas ¢pynkiuei f(X) nsmepsercs B
HEKOTOPBIX eANHUIAX [Y], @ €€ apryMeHT B €IMHUIIAX [X], TO TPOU3BOIHAS (CKOPOCTH) H3MEPSIETCS B
enunuiax [y/x].
CKopoCTh MPSAMOJIUHEHHOTO ABM)KEHHSI MaTepHAIbHON TOUKH B MOMEHT BpeMeHH { ecTh MpOU3BOAHAS OT
MyTH S 10 BpeMeHH t:

V(D) =S,

a YCKOpEHHE — ITPOU3BO/IHASI CKOPOCTH 10 BPEMEHHU:
al) =v'(t) =S"(1).
Ecnu dynkiust y = f (X) onuceiBaeT kakoi-1u00 GU3UUECKHiA POIIECC, TO MPOU3BOIHAS ¥ €CTh CKOPOCTh
MIPOTEKAHUSI 3TOTO Ipoliecca. B 3ToM 3akioyaeTcs MeXaHM4eCKU CMBICIT TPOU3BOTHOM.
[Tpumepsi:
1. 3akoH ABIKEHU Tena 3agaH Gopmyioit S(t)=0,5t2 + 3t + 2 (S - B meTpax, t — B cexyHaax). Kakoit
MyTh MpoiiJieH TesoM 3a 4 cexkyH ipl? KakoBa CKOpOCTh IBUKEHHS B 3TOT MOMEHT BpeMeHU?
Pewrenue:
S(4)=0,5-4? + 3-4 + 2 = 8+12+2=22 (m)
v(t)=(0,5t> + 3t + 2)'=t+3(m/c)
v(4)=4+3=T7 (m/c)
Omeem:7 m/c
2. ITycTh KOJMYECTBO BEIIECTBA, BCTYIUBIIETO B XMMHUUYECKYIO PEAKIINIO, 3a1aéTCs 3aBUCUMOCThIO P(t) =
t2/2 + 3t -3 (moaw). HaiiTu cKOpOCTb XMMUYECKOH PeakLuu yepes 3 CeKyHIbl.
Pemenue:
v(t) =p’(t) =t + 3 (morv/c)
V(3) =3+ 3 =6 (monwv/c)
Omeem: 6moaw/c
Xoa padoTsl
[lepepucyiiTe B TeTpaab U 3aM0JHUTE KIACTEP-CXeMY (JaHHBIE BO3BMHUTE U3 TEOPETUUECKOM YacTH):



dusuueckuit
CMBICIT
MPOU3BOAHOM

= —

CKOPOCTb

BremomanTe MMPpCATOKCHHBIC 3a/IlaHUs.

Bapuanrl

YCKOpeHUe

Bapuaur 2

Pemute 3amauy

1.

3aKoH IBKEHUS Tena 3aJ1aH GopMysioi
S(t)=t3+3t-4(S-BmeTpax, t — B
cexyH1ax). Kakoii myTe npoiiieH Teaom
3a 4 cexyHabl? KakoBa ckopocThb
JBYKEHUS B 9TOT MOMEHT BPEeMEHH?

[Iycth momysnsiiust 6akTepuil B MOMEHT t
(cex) HacumThiBaeT X(t) = 3000 + 100 t
ocobeil. B kakoif MOMEHT BpeMeHU
CKOPOCTh pOCTa MOMYJISIIMK OyIeT paBHA
600 oco0eii B cexyHTy?

O6bEM npoaykiuu V 11eXa B TCUCHHE
JTHSI 3aBUCUT OT BPEMEHH I10 3aKOHY

V() = g t3+%t2 +50t + 70 (e0.).

Berauciiure npou3BOUTEILHOCTE TPY/Ia
I1 (t) B MOMeHT Bpemenu t = 2 Jaca.

Mama ¢ JOYKO# TYJISUTH B MapKe.
JleBouka 3axoTesia MOKaTaThCs Ha
Kapycelsix, a Mama perruia
choTorpadupoBats J0UKy. Bpamenue
Kapycelld COBEPILAETCs M0 3aKOHY

g@)= é s — % t2. doTorpadus MoxKeT

OBITH XOPOIIETO KaueCTBa TOJIBKO MPHU
yckopeHuu paBHOM 3 M/c2. B kakoit
MOMEHT BpEMEHHU HE0OX0IMMO C/IeNaTh
CHUMOK?

3aKoH JBWKEHMS Tena 3aJ1aH GopMysIoi
S(t)=t3-3t+4 (S-BM™erpax, t — B
cekyHax). Kakoii nmyTe npoiiieH Teaom
3a 4 cexyHanl? KakoBa ckopocTh
JBYDKEHUS B 9TOT MOMEHT BPEMEHU?

[Tycts momysmsityst OakTepHii B MOMEHT t
(cex) HacunThBaet X(t) = 4000 + 200 t2
ocobeil. B kakoil MOMEHT BpeMeHHU
CKOPOCTh pOCTa MOMYJIALNU OyJeT paBHa
800 ocobeit B cexyHTy?

O0bEM poaykIuu V 11eXa B TEUCHHUE JTHS
3aBUCHUT OT BPEMEHH I10 3aKOHY

V() = 5§t3 - 1i2t2 +50t + 70 (e0.).

Brrauciure mpou3BOIUTEILHOCTE TPY/Ia
I1 (t) B MoMeHT Bpemenu t = 2 yaca.

Mama ¢ JOYKO# TYJISUTH B MapKe.
JleBouka 3axoTela MOKaTaThCs Ha
Kapycessix, a Mama peliuia
choTorpadupoBaTh 104Ky. Bpaienue
KapycesH COBEpIIaeTcs Mo 3aKOHY

g)= 1—12t3 -3 t2. ®oTorpadus MoxeT

OBITH XOPOIIETO KaueCTBa TOJIBKO MPHU
yCKOpeHHH paBHOM 2 M/c2. B kaxoit
MOMEHT BpEMEHH HE0OX0IUMO CeNaTh
CHUMOK?

Ilpakmuueckan padoma Ne 30: 1lonsitue MHOTOTpaHHKKa. Bepiunsl, pédpa, rpaHu
MHOrorpaHHuka. Pazséprka. MHororpanssle yribl. Beimykibsie MHOTOrpaHHUKHU. Teopema
Diinepa.
3ananme 1: 3anucath B TeTpajb MOHITUS MHOTOTPAaHHUKA, BEPIIMHBL, pedpa, IpaHu; IPaBUIBHOTO

MHOTI'OrpaHHUKaA.

MHOZOZpaHHuK - TCOMCTPHUUCCKOC TCJIO, OIPaHUYCHHOC CO BCECX CTOPOH
MHOT'OYT'OJIbBHUKaMH, Ha3bIBACMbIMU SPAHAMU. CTOpOHBI Iy paHeI71 Ha3bIBAIOTCsA peﬁpamu

IIJIOCKUMH



BbInykiiblii MHOTOTPAHHUK HA3bIBACTCS MPAGUAbHBIM, €CIIM BCE €r0 I'DaHH — IPABUIIBHBIC
OJIMHAKOBBIC MHOTOYI'OJIbBHUKHW U BCC MHOT'OI'PAHHBIC YTJIbI IIPU BEPIIMHAX PABHBI. CYH_IGCTBYCT 5 BUI0OB
NPaBUIIbHBIX MHOTOTPAaHHHUKOB: TETPAadp, KyO, OKTasp, 10JACKadAp, HKOCAIP.

3aganue 2: 3anucarh B TETpas Teopemy Ditiepa
Teopema 3iinrepa O COOTHOLICHWHM MEXKAYy YHCIOM BEpHIMH, pedep W TpaHel BBIMYKIOrO
MHOTOTPaHHUKA, JIOKAa3aTeIILCTBO KOTOpOit Ditep omyosmkoBai B 1758 .

Bepuwiunot + I'panu - Péopa = 2.

Bepwunwt + I'panu - Péopa = 2.

MHoOrorpaHHuK BepumHbl I'pann | Péopa zlc;:MeTpnn gl'];(:;le(:;:;
Terpasrap 6 3 6

Kyo 12 9 9

OxTarap 12 9 7
HMonexasrap 20 12 30 15 15
Hxocasap 12 20 30 15 15

3ananue 3. U300pa3ure TeTpa’ap, Kyo, OKTAYAP U YKAKUTE TPaAHH, pedPa U BePIIMHBI.
3aganme 2: 3anmcaTh B TETPaIb HOHAMUE RPU3M, €€ INEMEHM 08

Ilpuzma — 3mo MHO202paHHUK, 06€ 2PAHU KOMOPO20 AGNAIOMCA PAGHLIMU MHO20Y201bHUKAMU,
HAXO0O0AWUMUCA 8 NAPAJITIENbHBIX NI1OCKOCMAX, 4 OCMAIbHbIE 2DAHU — RAPAIE10ZPAMMAMU.
['panu, KOTOpBIE HAXOMATCS B MapasUIeIbHBIX MJIOCKOCTSAX, HA3BIBAIOTCS OCHOBAHMSAMM IPU3MBI, a
OCTaJIbHbIE TPaHU — OOKOBBIMH I'PAHSIMHU [TPU3MBI

B 3aBucuUMOCTH OT OCHOBaHUS MPU3MBI ObIBAIOT:

Tpeyronbnas YeTbIpEXyroyIbHbIE [HectuyronpHas

ITpuzma ¢ 60xoBBIMU pEOPaMHU, EPHIEHIUKYISPHBIMU €€ OCHOBAHUSM, Ha3bIBaeTCs MPSIMOM NMPU3MOHi,
KaK B IPEJIbIIYIINX PUCYHKAX.



[IpsiMas mpu3ma Ha3bIBACTCS NMPABUJILHOM, €CJIM €€ OCHOBaHUS — IIPaBUJIbHBIE MHOTOYT OJIbHUKH.
[Ipusma, OoxoBble pEOpa KOTOPOH HE MEPHEHIUKYISPHBI
OCHOBAHUSIM, Ha3bIBACTCS HAKJIOHHOM NPHU3MOM.

Paccrosuue MCKIAY OCHOBaHUAMMU IMPU3MbI
Ha3bIBACTCS BBLICOTOM IMPU3MBI.

e BricoTa npsiMoii IpU3Mbl COBIAIaeT ¢ OOKOBBIM PEOPOM.

e BpIcoTa HAaKIIOHHOW NPU3MBI — 3TO NEPIEHIUKYIIAP,

IIPOBEACHHBIN MEK/ly OCHOBAaHHUAMM IpU3Mbl. Hacto

NEPHEHANKYJIAP IPOBOAAT C OJHON U3 BEPILINH BEPXHETO

OCHOBAHUS.

e be3 1onoaHUTENBHBIX YCIOBAM HEBO3MOKHO ONPEIEIINTh, B
KAaKyl0 TOYKY IPOEKTUPYETCS BbICOTA HAKIIOHHOM MPU3MBI.

Urto Takoe pa3BepTKa

) 10.31
>' & B Pa3gepTKa MHOFOrPaHHMKa — 3TO

¢durypa, coctaBneHHana U3 MHOFOYro/ibHUKOB,

ABNAIOLLMXCA €ero rpaHAMM U PacnoNOXKeHHbIX onpeaeneHHbIM
obpasom. Ha pucyHke 10.31 n3obparkeHa HekoTopasa ¢urypa. 310
[passepTKa Kyba.

IR AT AL A

1) IlepeuyepTuTe pasBepTKy Ha JHMCT KJeTJaTO# Oymarw, yBeJIWUYWB TaK,
uT0OBI CTOPOHA KAMXA0ro Ksaapara Oewia passa 3 cm (doro I).

2) BrmipexxpTe GHUrypy #u3 OymMarm M CJOMKHTE, KaK IOKAa3aHO HAa
dororpadhuu 2. ¥V Bac nonyuurca Kyb (doro 3).

BbINOJIHUTEH TECT 1O TeMe:
Tect o Teme «MHOTOrpaHHUKN»
Bapuanr 1
1. MHoOrorpasHuK — 3TO T€JI0, TOBEPXHOCTh KOTOPOT'O COCTOUT H3:
a) mapauiesaorpaMMoB
0) MHOTOYT'OJIbHUKOB M TPEYTOJIbHUKOB
B) MHOTOYTOJIbHUKOB
T') MHOTOYTOJbHUKOB U MapajieiorpaMMOB
2. Ecniu OokoBble peOpa mpu3Mbl NEPIEHAUKYIAPHBl K OCHOBAaHHMSM, TO NpHU3Ma
Ha3bIBACTCS
a) MPaBUILHOU
0) mpsiMoit



B) HAKJIOHHOM

I') MEepHEeHIUKYISIPHON

. Jlnaronasiib MHOrOrpaHHHMKa — 3TO OTPE30K, COSTUHSIOIINN

a) Mo0ble 1B€ BEPUIMHBI MHOTOTPAHHHUKA

0) IBe BEpILIMHBI, HE TPUHAAJIEKAIINE OJHOU rPaHU

B) JIBE€ BEPIIMHBI, IPUHAJICKAIINE OJHOU IpaHH

I') JIB€ BEpUIMHBI, OJTHOI'O OCHOBaHUS

. KonnuecTtBo pedep mecTuyroibHON NpU3Mbl

a) 18

0) 6

B) 24

r) 12

. Hanmens1iee uncio rpaHeit npusmsl

a) 3

0) 4

B) 5

r) 6

BapuanTt 2

. IloBepXHOCTh MPU3MBI COCTOUT U3

a) IByX MHOTOYT'OJIbBHUKOB, PACIIOJIOKEHHBIX B IBYX PABHBIX IJIOCKOCTSIX U KOHEYHOTO
yucia napajieJorpaMMoB

0) JABYX paBHBIX MHOTOYTOJILHUKOB M KOHEYHOT'O YMCJIa MapauieorpaMMoB

B) ABYX PaBHBIX MHOTOYT'OJIbHUKOB, PACIIOJI0KEHHBIX B ABYX IUIOCKOCTSX U KOHEYHOT O
yucia napajieJorpaMMoB

') IByX PaBHBIX MHOTOYTOJIbHUKOB, PACIOJI0KEHHBIX B MapaJUIEIbHbBIX MIOCKOCTIX U
KOHEYHOT'O YHCJIa MapauiesiorpaMMoB

. IIpaBuiibHas npu3ma — 3TO

a) Mpu3Ma, OCHOBAaHUEM KOTOPOIl SIBISETCS MPABUIbHBII MHOTOYTOJIBHUK

0) mpu3Ma, OCHOBAaHMEM KOTOPOU SIBIISIETCA PABHOCTOPOHHUI TPEYTOJIbHUK

B) IIpsiMasi Ipu3Ma, OCHOBAaHUEM KOTOPOU ABJISIETCS MPABWIbHBIA MHOTOYTOJIbHUK

I) MpsiMasi IpU3Ma, OCHOBAaHUEM KOTOPOH SIBISETCS KBaJpaT

. BeicoTOM npu3Mbl Ha3bIBAETCS:

a) OTPE30K, COCIMHAIOIINN JIB€ BEpPLIIMHBI IPU3MBI, HE IPUHAIJICIKALIUE OJJHOM IpaHu

0) OTpe30K, COCTUHSIONINI IBE BEPIIMHBI, TPUHAIICKAIINE OJHOU TPaHH

B) PACCTOSIHUE MEXAY IJIOCKOCTSIMU €€ OCHOBAaHUI

I') pacCTOSIHUE MEXKY JIByMsI OOKOBBIMU I'paHsIMHU

. KosmnuecTBO rpanei mecTuyrojibHOM MPU3MBbl

a) 6

0) 8

B) 10

r) 12

. Hanmensp1iee uncio pedep npusmsl

a) 9

6) 8

B) /



r) 6

Kpurtepuu ouenkn: «5» 6ayioB —5 BEPHO BBINOJHEHHBIX 331aHUN
«4» Ganna — 4 BepHO BHITIOJIHEHHBIX 3a1aHUS
«3» Oana — 3 BEpPHO BBINOJIHEHHBIX 3a/IaHUs

OTBeThBI:
Bapuant 1 2 3 4 3)
1 B 0 0 a B
2 r B B 0 a

Ilpaxmuueckan paooma Ne 31: Ilpuzma. [Ipsimas u HaknonHas npusma. [IpaBunbHas

npusma. [apannenenunen, Ky6. CpoiicTa napamienenuneaa
ens paboTsr:
1) TToBTOPHUTP U 3aKPETUTh BUIBI IPU3M M UX CBOICTBA.
2) BoipaboTath YMEHUS [enaTh K 3a7a4aM rpaMOTHBIC YePTEKU.
3) BoipaboTath yMEHHUS ¥ HABBIKU MPH PEIICHUH T€OMETPUUCSCKHX 3a1a4 1o Teme «IIpu3may.
O6opynoBaHue: KapTa UHAUBUIYAIBLHOTO 3aJaHUsI, MUKPOKAIBKYISTOP.
J11s1 BBITIOJTHEHUST TPAKTUISCKON PabOTHI UCTIOJIB3YUTE CICAYIOIINE CBEACHUS:
e Eciiu OokoBbie peOpa MpHU3MBI NMEPHEHAUKYISAPHBI OCHOBAaHUSM, TO IMpH3Ma Ha3bIBaeTCs MPSAMOH, B
MIPOTUBHOM CJIy4ae HAKIOHHOU.
e [Ipsmas mpu3ma, B OCHOBAHUM KOTOPOM JIEKUT MPABUIHHBIN MHOTOYTOJIbHUK, HA3bIBAETCS TPABUIIBHOM.
o [leprieHuKysIp, ONMYIIEHHBIN U3 JIF000M TOUKH BEPXHETO OCHOBAHUS HA INIOCKOCTh HUKHET0 OCHOBAHUS,
HA3bIBAETCS BBICOTON MPU3MBL. Y MPSAMOI U MPABUILHOM MPU3MBbI BHICOTA paBHA OOKOBOMY pedpy.
e JluaroHanbio MpU3MBbI Ha3bIBaeTCs JIOO0N OTPE30K, COCAMHSIONIMK JABE HE JIeKallue B OJHOW IpaHu
BEPLIMHBI IPU3MBI.
e J/[naroHaJlbHOE CEUYEHHE - 3TO CEUYEHHE, KOTOPOE MPOXOJUT Yepe3 OJHY U3 JUaroHale OCHOBAHUS U
OoKOBOE pedpo.
[Tapannenenunen. Hanbonee yacTto BCTpeyaromIMMCs BHJIOM MPHU3MBI SBJsETCs Hapasuienenunen. Omp.
[Tapannenenunenom Ha3bIBaeTCA MpU3Ma, B OCHOBAHUU KOTOPOU JIEXKUT MMAPaIIeTIOTPaMM.
e Bce rpanu napasuiesienuiienia - mapamuieorpaMMsl.
e [lapamnenenumnen, 60KOBbIE peOpa KOTOPOTO NEPIEHANKYIISPHBI K MIIOCKOCTSAM OCHOBAHUM, HA3bIBACTCS
npsamMbeiM.  (OcHOBaHME TMPSMOrO TNapajulefienunena — MapaenorpamMmm, a OOKOBbIE TpaHH —
MPSIMOYTOJIbHUKH ).
e [Ipsmoii mapainenenunen, B OCHOBAHUM KOTOPOTO JIEKHUT INPSMOYIOJBHUK, HAa3bIBA€TCS IPSIMO-
YTOJIBHBIM Tapajuielenune oM. Bce rpaHu mpsAMOYroJIbHOTO MapajulesienuIea - HPSAMOYTOJBHUKH.
JmuHbl TpEX pedep MpsAMOYroJIbHOTO Mapajliesienunea, BIXOAAINE U3 OJHOM BEpIIMHBI, HAa3bIBAIOTCS
€ro U3MEepPEeHUSIMU (JUIMHOM, IUPUHON, BBICOTOI).
KBagpar uMHBI AMaroHaidM HPSMOYTOJILHOTO Mapajliesienurnesa paBeH CyMMe KBaJpaToB 3-X €ro
u3Mepenuit: a® + b? + ¢?= d%

Bapmuanr 1
1. Cxounbko p&6ep y IecTUyroabHON MpU3Mbl?

2. Kakoe HauMeHblIIee YUCII0 IpaHeil MOXKeT UMETh pu3ma?
3. Han xky0 ABCDA1B1C1D:. KakoBo pacnonoxenue npsmbix BiD1 u AC ?



4. TleprieHAMKYISAp, MPOBEJACHHBIM N3 KaKOH-HUOYIb TOYKM OJHOTO OCHOBAHHS K IUIOCKOCTH JPYTOTO
OCHOBAHHS, Ha3bIBACTCH. . .

5. CTropoHa OCHOBaHUS MPaBHILHON YETHIPEXYroJbHON NpU3Mbl paBHa 12 cm. J[naroHanab HIpU3MBI
oOpa3yeT C IJIOCKOCThIO OCHOBaHus yrou 45°. Haiigure 60koBOE peOpo MPHU3MBL.

6. B npsaMoyronbHOM napaiienenunene CTOpOHbl OCHOBAaHUS PaBHBI 7 ¢M U 24 cM, a AuaroHalib

napatenenunena - 5v29 cm. Haiitu mioma s 1MaroHaabHOr0 CEUeHMs HapasLieIetIIesa.
7. B mpsimoM mapaiienenwuresie ¢ BeicoToi 15 M ctoponst ocHoBanust ABCD paBubl 2 M 1 4 M, IMaroHaib
AC paBna 5 M Haiinure miomags AMaroHaaIbHOTO CEYCHUS Mapalljieienunea, MPOXOIsIIero yepes
BepmnHbl B u D.

Bapuanr 2
1. CkonpKo rpaHeil y ecTuyroJbHON IpU3Mbl?
2. Kakoe HanMeHbIIIee 9uciIo pédep MOKET HMETh pu3Ma?
3.Tpu pebpa nmapaenenurena pasasl 6 M, 8 M u 10 M. Haiinute cymmy 1imnH Beex ero pédep.
4. [Ipsimas mpr3Ma Ha3bIBAETCs MPAaBUIILHOM, €CIIM €€ OCHOBAHMSI. ..
5. Haiinute 1MHY TuaroHaiau OpsIMOYroJIbHOTO Mapajulefienuiesia, U3MEpeHns KOTOPOro paBHbI 2 cM, 3
CM 1 4 cM.
6. B mpsiMom mapasienenuiene CTOpOHbl OCHOBAHMSI PaBHBI 3 CM M 5 €M, a OJfHA M3 JHaroHaied — 4 cM.
MeHbITast TMaroHanb napaulelenuena ¢ IIOCKOCTRI0 OCHOBAaHHS cocTapiseT yroa B 60°. OnpenenuTs
JaroHaJIy napajuiesenunena.
7. B mpsmom napainenenunene 6okooe pedpo 1 M, ctopoHsl ocHOBaHusA 23 1M u 11 1M, a quaroHanu
OCHOBAHHUS OTHOCATCS Kak 2:3. HainnTe nyoniaay IHaroHAILHBIX CEUSHUM.

Ilpakmuueckan paboma Ne 32: DneMeHTH TUPAMUJIBI, ITUIUHIPA, KOHYCa, Cephl U
mapa. Pemenue 3amau
Hean:
JlupakTuyeckasi - criocoOCTBOBaTh (POPMHUPOBAHHUIO YMEHHN M HABBIKOB IIPHU PEIICHUU
3a/1a4 10 BBIYHMCJICHUIO IIJIONIAM TTOBEPXHOCTH IWJIMHAPA U KOHYCA.
BocnuTaTtebHas - IOBBIIIIEHUE HHTEPECA K TIPEAMETY.
PasBuBaliuas - pa3BUTHE MPOCTPAHCTBEHHOTO BOOOpaKESHHS.
Heab: popMupoBaHre YMEHHI U HaBBIKOB MPH PEIICHUH 3a7a4 HA BBIUYMCICHUE TUIOIIATN
MOBEPXHOCTH IWIMHAPA U KOHYCA.
3agaum.
1. YMeTh NpuUMeHATh (POPMYJIbI BRIYUCICHHS TUIOMIAIN MTOBEPXHOCTH MIIMHAPA U KOHYCA.
2. YMeTh pemath 3a7a49i Ha BRIYMCIICHUE TUTOIAIN TOBEPXHOCTH ITMIMHAPA U KOHYCA.

®opmupyembie komnerennuu: OK 1-5.

OcHameHne: METOANYECKHE YKa3aHUsI IO BHIMOJHEHUIO TPAKTUYECKON paOOTHI.
1. TlpoBepka rOTOBHOCTHU BBIMOJHEHHUS MPAKTUYECKOU PAOOTHI:
@ponmanvHwvil Onpoc.
3aKOHYMUTH PEAJIOKEHHE!
1. HunuHapoM Ha3bIBa€TCs TEJIO, KOTOPOE COCTOUT M3. ..
2. KonycoM Ha3bIBaeTCs TEJIO, KOTOPOE COCTOHUT U3 ...
3. OOpa3yroriei MUInHIpa Ha3bIBACTCS OTPE30K, COCTMHSIONINA ..
4. O6pa3yrolei KoHyca Ha3bIBa€TCsl OTPE30K, COCTUHSIONIUH ..
5. PaanycoM nuiivHIpa ¥ KOHYCa Ha3bIBACTCA ...



6. OcHOBaHMEM LMIMHAPA U KOHYCA SBISIETCS ...

/. BbICOTOM IMIIMHIpA HA3bIBAETCS OTPE30K COECTUHSIOIIUY .. .

8. BbicOoTOl KOHYyCa Ha3bIBAETCS OTPE30K COSTUHSIONINM . ..

9. [Tnomaab MOBEPXHOCTU LUIUHAPA BHIYUCIISIETCS. .

10. Tnomaak NOBEPXHOCTH KOHYCA BBIYUCISIETCS ...

11. Illapom Ha3bIBaeTCs TEJIO KOTOPOE COCTOUT U3 ...

12. TInomaab MOBEPXHOCTH IIapa BEIYUCISAETCA. ...
2. Coobuienue TeMbl 3aHATHS, (HOPMYIUPOBKA 00YUAIOIIUMCS 1SN 3aHSATHS.
3. OOyuaromuecss MOAy4YalT TETpaaAu [UIsl MNPAKTHUECKOW paboThl M METOAMYECKHUE
yKa3aHMsl 110 BBIMOJIHEHUIO MPAKTHYECKOW pabOThl, 3HAKOMSITCS C TIOPSIKOM BBIMOJIHEHUS
(mpuoxenue 1).
4. O0yuaronIrecs BBITTOIHSAIOT MPAKTUIECKYIO paboTy.
5. CooO11ieHe JoOMaIIHero 3a1aHus.

MeTtoan4yeckue yKa3aHHsl M0 BHINOJHEHUIO MPAKTHYECKOH padoThl Ne 32
Tema: Brruncnenue miomnaay NOBEPXHOCTH IIUIMHAPA, KOHYCa, I1apa

Iean ypoka: CriocoOcTBOBaTh POPMHUPOBAHUIO YMEHHUM M HABBIKOB IO BHIYHCIICHUIO
TUTOIIA I TOBEPXHOCTH IUJIMHIPA, KOHYCA, I1apa.

IIpomoxuTEeIbHOCTH: 2 Yaca.

Oo0yyarmmuiicsi 10/I2KeH 3HATD:

- OCHOBHBIE 3JIEMEHTHI HUJIMH]pA, KOHYyCa, 111apa;

- opMyIIbI BRIYUCIEHUS TUIOLIAAN TOBEPXHOCTH LMIUHAPA, KOHYCa, [apa.
Oobyyarwmmiicsi 10/KeH YMETh:

- BBIYUCIISITH IUIOMIA b OOKOBOM MOBEPXHOCTH IIMJIMHIPA U KOHYCA;

- BBIUMCIIATH IUION[AJb OBEPXHOCTH ILIApa.

- BBIUUCIIATH IION[AJb TMOJHOW IOBEPXHOCTU UUJIMHApPA U KOHYCA;
PexomMeHaanum N0 BHIMOJIHEHUIO MPAKTHYECKOH PadoThbI:

1. IlpouTuTe 3amaHKE.

2. 3anuImTe yCIOBHUE 3a1auu.

3. 3anumure KpaTKo JaHO

4. BBINOJIHUTE PUCYHOK.

5. 3anuIlIuTe PEUIEHUE U OTBET.

Kpatkue Teopernueckue mojioKeHus:

Huaunap (puc. 1.18) Komnyc (puc. 1.19)
[Tnomanb 60KOBOM MOBEPXHOCTH: [Tomanb 60KOBOM MOBEPXHOCTHU
S, = 27RH . S, = 7RL
[Lnomaae MoJIHOM NOBEPXHOCTH: [momaas MOIHONW NOBEPXHOCTH

S0 = 27RH + 27R". S . = 7RL + 7R,



Puc. 1.18 Puwc: 119

Hlap
[Tnoriaas noBepxHoctu Su 00béM Vimapa
paauyca ' onpeaensoTes GopMyIaMHu:

« S = 4?@‘2
(] S: d
V= 4 3
. = 3?1'?‘
3aoaua 1.

[Tnomanps 60KOBOM MOBEPXHOCTH HWJIMHIApPA paBHA 21 5 a AMaMeTp OCHOBaHMS paBeH /.
Haipure BoicOTY nuimmHApa.
Pemienue.

BricoTa nunuHapa paBHa
b Seox _ Seox _ 217 _3
2R D T
OtBerT: 3.
3aoaua 2.
[Tnomanp ocHOBaHUS KOoHyca 367 cM”, a ero obpasyromas 10 cMm.
BreruncnuTh 60KOBYIO TOBEPXHOCTH KOHYCA.
Pemenue.
3Has IUI0Ia/Ib OCHOBAHMS, HAlIeM ero paaunyc.
S=nR?,K 36n=nR?, R?=36, R=6
[Tnomanpk 60KOBOM MOBEPXHOCTH KOHYCA HaieM 1o popmyre:
S=nRl, rae R-paguyc ocHoBanus, |- gnvHa obpa3sytowen,
oTKYyAa

2

S=m-6-10 = 60m
OTtBeT: 601 cM2.

3aoaua 3. O6vem mapa paseH 288 . HaiinquTe muiomans 00KOBOI MOBEPXHOCTH KOHYCA
BIUCAaHHOTO B map. OCHOBaHWEM KOHYCa SBISAECTCS OOJBIITUN KPYT.

Pemnrenue.

4
V=_rR
O6beM mapa paguyca ¥ Bprancisercs mo popmyie 3 OTKyz;a HalileM paamyc

mapa


https://ru.wikipedia.org/wiki/%D0%9F%D0%BB%D0%BE%D1%89%D0%B0%D0%B4%D1%8C_%D0%BF%D0%BE%D0%B2%D0%B5%D1%80%D1%85%D0%BD%D0%BE%D1%81%D1%82%D0%B8
https://ru.wikipedia.org/wiki/%D0%9F%D0%BB%D0%BE%D1%89%D0%B0%D0%B4%D1%8C_%D0%BF%D0%BE%D0%B2%D0%B5%D1%80%D1%85%D0%BD%D0%BE%D1%81%D1%82%D0%B8
https://ru.wikipedia.org/wiki/%D0%9E%D0%B1%D1%8A%D1%91%D0%BC_(%D0%B3%D0%B5%D0%BE%D0%BC%D0%B5%D1%82%D1%80%D0%B8%D1%8F)
https://ru.wikipedia.org/wiki/%D0%9E%D0%B1%D1%8A%D1%91%D0%BC_(%D0%B3%D0%B5%D0%BE%D0%BC%D0%B5%D1%82%D1%80%D0%B8%D1%8F)

.3V (3. 2887

= [ — — ,'I —_—
R 1'l- 4w ‘lf 4w 6
[Inomans GOKOBOI OBEPXHOCTH KOHyca paBHa S = 7RI, | = Ry 2. clesoBaTeNbHo S =
m6 - 6V2 = 36V2rm Otset:36V2m

3aoaua 4. Okomno mapa OnMcaH UUIMHAP, IUION[aJb MOBEPXHOCTU KOTOPOIO paBHA
18. Haligure mioiaab NOBEPXHOCTH I1apa.

(o~ Pemenue.

' [To mocTpoeHuro paanychl mapa 1 OCHOBaHUS UWJIMHIApA paBHbL. [lnomans
MMOBEPXHOCTH IUJIMHAPA, C PAJINyCOM OCHOBAHUS I' U BEICOTOM 2I' paBHA

!‘ 5 = 25,4 + Sgoxc = 277" 4+ 27rh = 271 4 277 - 2r = G

]
TTnoma s MOBEPXHOCTH IIapa paguyca r paBHAa > — 477 10 ecTh B 1,5
pasza MeHbIIIE TJIOMIaAu MTOBEPXHOCTH MIHHpa. ClenoBaTeNbHO, MI0MAab TOBEPXHOCTH

mapa pasHa 12.
OTBert: 12.

3amaHus QUi NPAKTHYECKO padoThl

1 BapuanT

1. ITnomaasr 0ceBOro ceueHus MpsIMOTo KPyriioro MuMHapa paBHa 24. Haiinure miomans
€ro OOKOBOI MTOBEPXHOCTH.

2. BricoTa nununapa 6aM, paguyc ocHoBaHus SnM. Haiinnre 60K0BYIO MOBEPXHOCTD
IWIMH]IpA.

3. lnaroHanb 0CEBOTO CEUCHHUS HUIUHAPA HAKIOHEHA K IMJIOCKOCTH OCHOBAHUS MO/ YTJIOM
60° u paBHa 20 cM. Haiinure momaas 60KOBOM MOBEPXHOCTH ITMIHHAPA.

4. BeicoTa KOHYca paBHa 6, oOpa3yromas papHa 10. Haiinure miomaas 60koBo#
MOBEPXHOCTH KOHYCA.
- 5. O6pazyromast koHyca paBHa 18 cM 1 HaKJIOHEHa K

IIJIOCKOCTH OCHOBaHMS 1oJ1 yriioMm 60°. HaitauTe momaab
IIOJTHOM ITOBEPXHOCTHU KOHYCA.

6. Bo ckobKO pa3 yMEHBIINUTCS IJI0MIAb OOKOBOU
MOBEPXHOCTH KOHYCA,

€CJIM paJInyC €ro OCHOBAHUS YMEHBIIUTH B 1,5 pa3za?

7. Bo ckoibKo pa3 yBenuuuTcsi 00beM Iapa, eCiu ero pajanyc
YBEJIUYUTH B TpU paza?

8. Paguycel Tpex mapoB paBHs 6, 8 u 10. Haiinure paamyc
mapa, 00beM KOTOPOTO PaBeH CyMMe X 00bEMOB.

9. [Mnomans 6ombIIOrO KpyTa 1mapa paBHa 3. Haiinure miommaas mOBEpXHOCTH IIapa.




10. O6bem mapa paseH 972 n . Haiiaute miomaas ero noBepXHOCTH.
11. Okono mapa onucaH HUIUHIP, IIIOHIaAh TOBEPXHOCTU KOTOPOTO

paBHa 81. Haiinure TJI0IIAb
MTOBEPXHOCTH IIIapa.
12. B xy6 ¢ pe6pom 3 BIIMCAH I1IAap.
Haiinure miomans IIOBEPXHOCTH
ATOTO MIapa.
3a KaK70€e 3a7aHue MPAKTHUECKON paOdoThI morydaere 2 0aioB.
Ommemxa Yucno bannos,
Heobx00umoe 0 NOJIyUeHUs: OMMemKu
«3» (y008.) 8-12
«4» (xopouwio) 13-20
«5» (omauuno) bonee 20
2 BApMAHT

1. Ilnomaab 0CEBOro CEYEHUs MPSIMOTO KPyIryioro muinHApa paBHa 4. Haliqure miomaib
OOKOBOU MOBEPXHOCTH IIIMHAPA.

2. lnaronans oceBoro ceueHus muwinHapa 13 cm, BeicoTa ScM. Haitaure mutomans
OOKOBOI MOBEPXHOCTH IJIUHJIPA.

3. JlMaroHaJb OCEBOTO CEUCHHMS LIMIMHAPA paBHA 82 CM H 06pa3yerT ¢ IIOCKOCTHIO
ocHOBaHUs yroi 45°. HaliuTe miomiaap MOJHON MMOBEPXHOCTH ITUIMHAPA.

4. Panuyc OCHOBaHUS KOHYca paBeH 3, BeicoTa paBHa 4. Haiinure miomaas 60KoBOM
MOBEPXHOCTHU KOHYCA.

4 5. B konyc, BeicoTa koToporo 20 cMm, BMCaHa MUpaMuja.
OcHOBaHHEM MUPAMUJIBI ABISIETCA MPSIMOYTOJIBHUK CO CTOPOHAMHU
18 cM 1 20 cM. Haiiaute 006pa3yroniyto u paguyc OCHOBaHUS KOHYca,
IJIOILA]Ib IOBEPXHOCTH KOHYCA.

6. [Tnomanp oceBoro ceueHus koHyca papaa 0,6 cMm?. Beicota KOHYCa
paBHa 1,2 cM. BeIYucaIuTh 1I101a/1b IMOJTHOM MTOBEPXHOCTH KOHYCA.

7. Bo CKOJIbKO pa3 yBEIMYMUTCS IJIOIIA/Ib MOBEPXHOCTH 11apa, €CIu
€ro paJinyc yBEJIUYHUTH B JBa pa3a?

8. Pammycel aAByX mapoB paBHbI 6, 8. Haiinure paguyc mapa,
IJI0IA/1b IOBEPXHOCTH KOTOPOTO paBHA CYMME IUIOIIAIEH X TTOBEPXHOCTEM.

9. [Mnomans 6ombIIOTO KpyTa 1Mmapa pasHa 1. Haiinure miomaas TOBEpXHOCTH IIapa.

10. O6wem mapa paBeH 36 = Haiiaure momaas ero moBepXHOCTH




11. Oxoso mapa onucaH UUWIUHAP, IUIOMIAJAb TOBEPXHOCTH KOTOPOTO
paBHa 54. HalinuTe muiomaab MOBEPXHOCTH IIapa.

mapa.

12. Oxoo Ky6a ¢ peGpom V3 ommcan
map. Halaure iomans OBEpXHOCTU 3TOTO

3a KaKJ0€ 3a/laHue PaKTUYeCKOW paboThI MosydaeTe 2

OaJIIoB.
Ommemxa Yucno 6annos, 01 noyyenus Oommemxu
«3» (y008.) 8-12
«4» (xopouwto) 13-20
«5» (omauuno) bonee 20

Bonpocs! 1yist caMOKOHTPOJISA

1. Kak BbIuucisieTcs miomiaab MOBEPXHOCTU IWJIUH Ipa?
2. Kak BeIunCsI€TCS TUIONIAh TOBEPXHOCTH KOHYyCa?
3. Kak BeruucisgeTcs miomaib MoBEpXHOCTH Iapa?

Ilpakmuueckan paboma Ne 33 Onipenenenue u GU3NUESCKUN CMBICT BEKTOpa
[lenb: 3aKkpenuTh YMEHHS U HABBIKH HAXOXKJICHHUS KOOPIUHAT BEKTOPA, IJIMHBI BEKTOPA, YIiia MEXIY
BEKTOpPaMH

,HJ'I?I JaHHBIX Iap BEKTOPOB BBIITOJIHUTEC I[GﬁCTBI/ISIZ

1) HaiiguTe KOOPAMHATH BEKTOPA a-+ B;
2) HaiiIuTe KOOPAUHATHI BEKTOPA Ja — 375;
3) HaiiuTe IIMHBI BEKTOPOB au B;
4) mHalizuTe cKaIIpHOE IPOMU3BEACHHE BEKTOPOB d U B;
5) waiiaute COSQ MEKIy BEKTOpaMu au B
1 BapuanT 2 BapuaHT 3 BapuaHT
a) d(1;1;2) u b(5;4;3) a) d(1;0;2) u b(7;5;4) a) d(5;7;2) ub(7;2;-5)
6) d(1;0;~7)n b(4;4;7) 6) d(3;4;0)u 75(]; 1;0) 0) d(-2;4;5)n b(5;4;7)
B) a(7;0;1) u b(7;—6;6) B) a(2;7;—5)ub(5;7;3) B) a(5;5;2) ub(7;4;3)
4 papuaHTt 5 BapHaHT 6 BapuaHT
a) d(1;0;—1) ub(1;1;4) a) d(—2;4;5)ub(7;5;4) a) d(—3;—4;5)u b(4;3;0)
6) d(-7;50)ub(6;0;1) | 6) d(—3;2;5) mb(2;5;3) 6) @(3;2;0) u b(0;5;1)
B) d(2;7;1) u b(5;4;3) B) d(1;6;—5) u b(6;1;3) B) d(1;3;—4) n B(5;7;2)
7 BapUaHT 8 BapuaHT 9 BapuaHT
a) d(=3;1;4) ub(1;4;6) a) d(1;1;0)u b(1;2;2) a) d(1;—-1;2)ub(7;-2;1)
6) (=254 ub(5;7;4) | 6 d27:5)ub(-=52-7) | 6) d(-3;4;—-5) ub(5;1;7)
B) d(—3;5:4) u 5(7; 0:1) B) d(3;1;2)u 5(5; 4;1) B) d(5;7;2)mn E(—7; 4;3)




10 Bapuant 11 Bapuant 12 Bapuant
a) d(5;—2;1) u b(4;0;3) a) d(5;—1;2) ub(6;—-2;5) a) d(4;1;2) ub(—4;0;-5)
0) a(-7;2;3)mu b(2;2;0) 6) d(-5;4;3) u b(2;4;4) 6) d(—3;4;0) u b(5;—1;7)
8) @(8;0;1) u b(0;4; —2) B) d(5;0;4)ub(3;4;-3) B) d(5;0;2) ub(6;4;-3)
13 Bapuant 14 Bapuant 15 Bapuant
a) a(6;—1;3)m E(O; -2;5) a) a(-2;-1;1)n 5(6; 2;=5) | a) d(5;—4;2)u 5(2; -3;5)
6) d(—5;0;3) ub(2;7;4) 6) d(—3;4;—3) ub(4;1;4) 6) d(—4;4;—3) ub(1;—1;4)
B) d(5;—1;4)nb(0;3;-3) | B) d(—3;0;7)ub(5;—4;2) B) d(5;0;4)ub(2;4;-2)
16 Bapuant 17 Bapuant 18 BapuanTt
a) a(5;—1;2) u B(O; -7;5) | a) a(2;-1;9m 5(6; -2;1) a) a(1;—-1;2) n 3(6; —2;4)
6) d(—2;1;3)ub(7;1;1) 6) d(—5;4;0)ub(—2;3;7) 6) d(—5;0;3) nb(2;—1;4)
B) d(—2;0;4)ub(3;2;-5) | B) d(7;0;1)ub(2;4;-2) B) d(2;0;4)u b(5;—4;3)
19 Bapuant 20 BapuaHT 21 BapuaHT
a) d(4;1;-2) ub(=3;2;5) | a) d(5;—2;0) nb(1;-2;4) a) d(7;—-1;2) ub(2;2;-5)
6) d(—1;0;3) u b(2;7;4) 6) d(—3;5;3) u b(2;0;—4) 6) d(—3;1;3) ub(2;6;0)
B) d(2;0;—4)ub(1;—1;3) | B) d(3;0;—4)ub(4;—4;1) B) d(8;0;1) ub(3;—4;1)
22 BapuaHT 23 BapuaHT 24 BapuaHT
a) a(2;-1;2) I/IB(S; -2;0) | a) a(5;—-1;2) HE(l;—B;S) a) a(9;—-1;2) HE’(1; —2;4)
6) d(—1;1;3) nb(2;—4;4) | 6) d(—4;5;3) ub(6;0;4) 6) d(—6;1;3) nb(2;7;3)
B) d(2;0;—4)ub(7;2;-3) | B) d(4;0;—3)ub(—2;-3;1) | B) d(4;—1;3)ub(3;4;-3)
25 BapuaHT 26 BapuaHT 27 BapuaHT
a) a(4;—1; 1)1/13(2;—1; 5) a) (3(5;1;—5)1/175(—1;2;1) a) a(5;—1; 3)1/175(2;—1; 5)
6) d(—4;1;3) n b(2;3;4) 6) d(5;4;—3) n b(2;0;4) 6) d(—5;1;—3) u b(2;7;0)
B) d(7;0;—1) ub(3;—4;3) | B) d(1;0;4)ub(3;—4;4) B) d(—4;0;4)ub(-3;1;3)
Ilpakmuueckan padoma No34.:
CoKeHHre ¥ YMHOKEHHE BEKTOPA Ha YUCIIO
Lens:

chopMUpPOBATh y CTYJICHTOB YMEHHE HaXOIUTh KOOPAUHATHI BEKTOPA;

MIPOU3BOIUTH ACUCTBUA HAJ BEKTOpaMU (CIOKEHUE, BBIYUTAHHE, YMHOKEHHE BEKTOpa Ha YUCIIO),
BBIYHCIISATH CKASIPHOE MPOU3BEICHHE; BBIYUCIIATH YTOJl MEXKAY BEKTOPAMU; HAXOAUTh MPOEKIIHIO
BEKTOpa Ha OCb.

[Ipu BBITIOJIHEHUU MPAKTUYECKON pabOTHI CTYACHT JOJKEH 3HATh:

e omnpezeNieHs: BEKTOpa, MOyJIb BEKTOPa, paBHbBIE BEKTOPA;

e npaBujia paboOThI C BEKTOPAMU;

® YCJIOBHSI IEPIICHAUKYIIIPHOCTU U KOJJTMHEAPHOCTU BEKTOPOB;

® CKaJISIpHOTO IIPOU3BEAECHUS BEKTOPOB.

CTyneHT H0JKEH YMETh:

® HAXOJUTh KOOPJMHATHI BEKTOpa

® BEIYHCIIATH CKAISIPHOE TPOU3BEJCHUE;

® HaXOJIUTh YrOJl MEXKTy BEKTOPAMH;

® HaXOJUTh MPOEKIHIO BEKTOPa Ha OCk.
[Topsiiok BEIMOTHEHUS PAOOTHI:

1.13yunTh TeOpeTHUEeCKuil MaTepHal 1o reme «Bektopa B mpocTpaHCTBEY.
2.PaccMOTpeTh MpUMEphI pEeLICHUs] TUTIOBBIX 3a1aHU.

3. OTBETUTH Ha KOHTPOJBHBIE BOMIPOCHI.
4. BBITIOJIHUTH CAaMOCTOSITENFHYIO PaboTy.



5. CmaTh OTYET 10 MPOJICTaHHOH padoTe.

Teopernueckas 4acTsb :

I1ycTh B TPEXMEPHOM NPOCTPAHCTBE 3a/1aHbI BEKTOPbI = {.\': 4t Z._}, b {x3 2Y232 3:€ {.\'3 SPHS

CBOHMH KOOp/IHHaTaMH.

1). Croxcenue 1BYX BEKTOPOB NPOM3BOHTCA NOYIEMEHTHO, To ecth eci € — @ +b , TO B KOOP/IHHATHOI
(opme 3anuchIBacTCA:

cfxs; iz} = {xy sz H{xgs sz} = {x + x50, + 452, + 2, }

2) VMHOKEHHE BEKTOPA HA YHCI0.

B ciryuae n-MepHOro pocTpaHCTBa MPOH3BE/ICHHE BEKTOpa @ = {a; ; @2; ... ; @) M uncaa k MOXKHO HaiiTH
BOCTIO/IB30BABIINCE ClIeyouieil Gopmyoii:

k-a={k-a;k-a;...; k- ap}

ITpumep 1. Haiitu nponsBe/ieHHe BeKTOpa E= {1;2} na3.

Pewenme: 3 - [ = {3 1;3 -2} = {3;6}.

3). Koopaunars BekToOpa.

Bekrop AB 3anannsiii koopauHatamy Touek A(Ax ; Ay ; Az) u B(Bx ; By : Bz) moxHO HaiiTn
BOCIIOJIb30BaBIINCh clieytomieii popmysoii

AB = {Bx’Ax;By‘Ay;Bz‘Az}

Ipumep 2. Haiitu xoopaunatel Bektopa AB, ecim A(1: 4: 5), B(3; 1: 1).

Pemenne: AB={3-1;1-4;1-5}=1{2;-3;-4}.

4)/lmna BexTOpA.

Alxy o 2)) oy B(xy 95, 2)

Ecim naubt 1Be TOuKH npocTpaHcTBa 272/ 1o pmmy otpeska A5 mokHO BErHCIMTH

. o vl T
- — |4B|= \f(x, = x)" + (= )" +(2,-2,)

Ipumep 3

A=3%3) o BL=3) AB
Jlaub! Toukn ''n . Haiitn jumny otpeska 45,
Pemenne: no coorsercTBytomieit opmyse:

AB|=f(1- (-3)* + (-3-5)° = /4 +(-8) =16+ 64 =30 = 4.5

AB| = 4\;{5 en = 3,9 en

Orser:
5. CxaasipHoe npou3Be/IeHHE BEKTOPOB

CrajsipHbiM NPOH3BEICHHEM BEKTOPOB Ha3bIBACTCS MPOM3BE/ICHHE JUIMH BEKTOPOB Ha KOCHHYC yria
MEXK/1Y HHMH.

asb = |a|+|b|scoso .
a
@
b
6. U3 hopMyJibl U1sl CKATAPHOTO MPOH3BE/ICHAS MOXKHO HAITH YroJ MEKIY BEKTOPAMH:
h’ . ‘5 "a ? .\b & "‘a h "'b
cos ¢ =

Glelb| eyl o G2
la| |b| xa+-‘a 4 xb*-‘,b
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6. U3 popmysbl u1s CKaIspHOTO MPOM3BEACHHS MOKHO HAHTH YroJl MEXK1Y BEKTOPAMH:

-(7 " —b’ '\-d * .\b L] -"a * ".b

= T = o .
|(7 | ® | b | '\[](;4-.]‘(; . xl;-}'b-

ITpumep 4. Haiitu yron mexay Bekropamu a = {3:4; 0} u b= {4; 4; 2}.
Pemenne: Haﬁncm CKaJBIpHOC IMMPOHU3BCICHHC BCKTOPOB:
ab=3-4+4-4+0-2=12+16+0=28.

Haiiiem Moy/iH BEeKTOpOB:

la|=V3?+4>+ 0>=V9 + 16 =V25=5

b=V + 4% +22=V16+ 16 +4=36=6

HaiiieMm yron Mexay BeKTopam:

ab 28 14

la|-b] 5-6 15

cos @ =

Ccos a =

HpaKm uueckasa uacmbo.

Bapuanr 1

Ne

it Ha3pauue onepanun ®opmysi

a1;-2:3),  b{4:0;-1)
3+3{x1 +X; Vi +Y2: 21425 )
d4:1:-3),  b{0;-5:2)
_&:—-b’{xl —X; V1 -Y2:21-27}
3 Haiitu nponsseaenne | a{-1;3;1} & —uucao § =-3
BEKTOPA HA 4HCT0 5l5 - x; 8y :62)

4 Buiuncants  koopamnatel | Touka A(1:2:-3), Touka B (-3:4;-1] .Touxa C-
CepeHHBI 0TPe3Ka

1 HaiiTi cymmy BeKTOpOB

2 | HaiiTa pa3HocTh BEeKTOpPOB




X, + X,
cepeanna orpeska AB. C(Xc y.:z,) x = —\%—
y _N ¥ % + I,
: 2 B
Touka A (5:0:-3).  ToukaB (-1:4;-7) Haxoaum
5 | Haiitn koopaunats: Bexcropa | KCOPAMHATLI BeKTOpa AB | M3 koopamuar kouua
BBIYHC/IHTH KOOPAHHATHI HAYA/Ia BEKTOpPA
AB {x; — x4 :y, —¥1, 2, — 24}
a{3,-2.0}
6 | Haiitn qauny BeKkTOpa
VRAETp I = jm
7 Beruucanrs CKaJsIpHOE a{-2:3;7), B{-9:0: 2}
NPOU3BEIEHHE BEKTOPOB G-D=xy X +Y1 V2 +24-2;
@2:0:1),  b-3:1:2)
8 Haiitu kocunyc yraa memay | oo _ Xy X +y1'Y21+24°2;
BEKTOPAMH VX2 +yi +20 X2 +y3 + 23
g | Ilpn kakux suauenmsx M u g{m:3:1}, b{l;n:2)
n g |Z2N1_nt_y
BEKTOPBI KOLTHHEAPHBI? | 37 = 3= 7 i
IIpoBepbTe a{-4;0;1}, b{2;7:8)
10 | nepneHANKYJISIPHOCTH Xy "X +YV1"V2+21-2,=0 - yCI0BHE
BEKTOPOB nepHneHIHKYJISIPHOCTH BEKTOPOB
Bapuant 2
Ne
Hassanue onepanun Gopmyiibi
n/n
a2;-3:4),  b{-1:2:0)
1 Haiiti cymmy BekTopos
d+bfx; +x; yi+yy: 2042, )
a4;-5:7),  b(3;-1:2)
2 HaiiTi pasnocts BeKTOpOB
E‘b[xx —X3; ¥1-Y2:21-2;}
3 Haiitn nponssenenne | a{-2;4:0}, & —uucno & = -4
BEKTOPA HA YHCJI0 Sals - x; 6y;6z)
Touka A (=3:1:2)  ToukaB (2;-3;1) Touka C-
cepeanna orpeska AB. C(¥e,y, ,z,)
4 BoiaucanTs  KOOPAHHATDI
CEpPeHHDbI 0TPE3Ka Xy + X Y1 + ¥
Xe =—5 e _,_:l+:2
2 2 2=




h

Haiiti
BEKTOpA

KOOPAHHATBI

Touka A(6;-3:4). ToukaB (1;-4;7) .

——
Haxomum koopunatst sexropa AB, M3 koopamuar
KOHIA BLIMHCIHTD KOOPAHHATHI HAYAIA BEKTOPA

AB {x; — x4 :y5 =4, 2 — 24}

a(0,2,-2|
6 Haiitn 1mny BekTopa
y ; d] = ’x2+y2+22
- Boruncants CKaasipHoe a6-3:2:9, NEE
NPOH3BE/IEHHE BEKTOPOB o =
a-b=x1-%+y,"¥2+24-2;
a(4:1:0),  b-5:3:1)
8 Haiitn  kocunyce yria
MEK/LY BEKTOPAMH R . .. tY1'Y2+24°25
Vi +yi+ziVag +y; +23
Ipn kakux 3nauennsx m | afm:5:3}, b(Z;n;4)
9 H n BEKTOPbI
KOJLIHHeApHbI? A N_y
: X2 Y2 2Zp
[posepnre a{0; -3;2}), b{9:4: 6}
10 | nepnenankyasipHocTh =
BEKTOPOB XX +Y1°Y2+21°2;=0 . yeJa0BHe

NePHeHIHKYISPHOCTH BEKTOPOB

Kpurepuii onienku: «5» - 9-10 3amanuii; «4» -7-8 3aganuit; «3» -5-6 3aganuit

Ilpaxmuueckan paboma Ne35:
Paznoxenue Bekropa. [lonsite koMIutaHapHOCTH

I_le.]IBI YMETb IMPUMCHATE OCHOBHBIC OIIPEACIICHUA U TCOPEMBI 110 TEME «PaznoxeHue BEKTOpa 110
TPEM HCKOMILUIaHAPHBIM BEKTOPaM» IIPU 000CHOBAHHMU 3TAIIOB pe€UICHUA 3a4a4; YMETH BBIIIOJHATE YEPTCIKU
I10 YCJIOBHIO 3aaa4u, IOHUMATh YCPTCKHU, HAXOJUTh Ha YEPTCIKAX BEKTOPEI, YMCTh PaCKiIaJAblBaTbh BEKTOP
II0 JaHHBIM BCKTOpPaM, UCIIOJb3Yys IMPABHUJIO IapaUICIICIIUIICAa, IIapajuiejiorpaMmmMa, Tpe€yrojlbHuKa, 3HaTb

OIIPCACIICHUC KOJUIMHCAPHBIX U KOMILIAHAPHBIX BECKTOPOB.

OOopynoBanme: TeTpaap A MPAKTUYECKHX paboOT, pydyka, MPOCTOM KapaHJall, JWHEHKa,

MCTOAUYCCKUC PCKOMCHIAIINH 110 BBIIIOJIHCHUTO pa6OTBI.

BEKTOD

MeToanyeckne peKOMeHIAIUH 10 BHINOJHEHHIO MPAKTHYECKOil padoThI:

3aganue Nel. [lan xy0 ABCDA; B, G Dy pebpom m. Touka K — cepenuna pedpa B1G | pasnowurs
AK a=AB b=AD,C = AA,

AK 10 BEKTOpam

Pemenue: nocrpoum 3aaHHbli Kyo (puc. 1).
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Puc. 1.

-+ - -
Bekropamu 2 u b sanaetes mockocTs KBaI(paTa ABCD TpeTHﬁ BEeKTOp © HE JIKHUT B DTOM mIoc-

KOCTH, OTCIO/J1a 3aK/Ir049acM, 4YTO TpH 3a)IaHHI>IX BCKTOpa El h u HeKOMHHaHapHI)I M Mbl MOKEM BBEIPAa3UThH

LICpC?: HUX HCKOMBIH BGKTOp M{ HaI/II[eM BCKTOPD AH' 1o npaBI/my MHOT'OYT'OJIbHH -

e

ka, AK = AA[ +A;B; +BiK Bexrop A 1 MBI 110 YCIOBHIO 0GO3HAUMII KaK BEKTOp © . Bexrop1B1 co-

IJIaCHO CBOMCTBaM Ky6a paBeH BEKTOPY "5%03HaquH0My 3a BEKTOP . a

BeKTop K ' cocTaBiseT HOJ‘IOBI/IHy BEKTOpa BiCi, Tak Kak Toyka K — cepeamna pebpa B:iG o
BK = B an
YCIOBHIO: 1C1 BeKTop Blcl* COTJIaCHO CBOI/ICTBaM Ky0a, paBeH BEKTOpY AD 0003HAaYCHHOMY
E M{ AA1+A1B1+BJ_K—C+H+ b

Kak BekTop . Meem:
Tak, 3a7aHHBII BEKTOp BBIPAXKEH 4Yepe3 TPU HEKOMIUIAHAPHBIX BeKTOpa. OCTamoch HAWTH €ro
JUIAHY.

3ananue Ne2. 3aman tpeyronbHuk ABC. Touka M — Touka nepeceuenust Meauat. Touka O —

et = —_— — = —_—
MPOMU3BOJIbHAA TOUKA MPOCTPAHCTBA. Pa3I0KUTh BEKTOP OM o BeKTOpaM 2 = GA, b=0B, c=0C
(puc. 1)
7/ B\
// \.\‘\
/ B‘ N\
//’ i \
Ay M N\
A . c
Puc. 2.

e — L —
CornacHo npaBuily TPEeyroJbHHUKA OM=0A+AM=a+ AM

[Mpomum oTpe3ok AM 10 mepeceueHus co croponoit BC TpeyrosbHuka (pUCYHOK 3), MOIYYUM

TOYKY Al — CCpCAuny JTOM CTOPOHBI (TO‘IKa M no YCJIOBUIO TOYKA IIEpECCUCHUA MCIUAH TPCYFOJ'IBHI/IKB.)
KpOMe TOT'O0, BCIIOMHUM CBOMCTBO MeAuaH TPECYrOJIbHUKA: MCIUAHBI TPCYI'OJIbHUKA HepeCCKaIOTCH B OJTHOM

AM = —.f-'u!al
TOYKEC, KOTOpasd paCcCCKACT UX B OTHOILICHHUUN 2:1, cqrTas OT BEPUINHBI. TaK, HNMECM:

N
‘/// ' \




Puc. 3. JlonosHuTENbHOE NOCTPOEHUE K 3a7aue 2

AA, = AB+BA, = AM == (AB + BA,)
CHOBa IPUMEHUM MPABUIIO TPEYTOJIbHUKA! 3
4 - —

AB=b—a

—s 1— 1. =
Bi—";l —EBC _E(C_h}
— 2 1 1 2 1
M=E(E—E+E{E—E}):—E}—§E+§E

. 2.

1= 1
DM=E+§h—3a+§E=—(§+b+E}

3agaHus AJ1 caMOCTOSITeIbHON padoThI:

Bapuanr Nel Bapuant Ne2
3ananme Nel. Jlan ABCDA1B1C1D1 — 3ananue Nel. Jlan ABCDA1B1C1D1 —
napayuenenunen. Touku K m T — cepemuns! | mapamtenenumnen.  [lpuaem AK:KB=3:2,

pebep

BC u D1€1 cooTBeTCTBEHHO. Pasnoxute | A, T: TD;=1:4. Pasnosxure BEKTOPHI: a) Z»I?; 0)

BEKTOPSI: 952 AC; 06) AK; B) CT;r) CAr; | AT, B) AC; 1) DT; n) DK; ) AC; x) KT
n) DK e) BT; x) A1 K 1o Bextopam AB, AD, AR, .

10 BEKTOpam t”ﬁ, 2'»5, m

3amanue Ne2. Jlan ABCD — terpasap.
3apnanue Ne2. Jlan ABCD — terpasap. | Touka T — cepenuna pebpa CB, H - touka

Touka M — Touka mepecedyeHMs MEIUaH | mepeceueHus wmeauan TtpeyroiabHuka ABC.
Tpeyronsinka ABC, mnpuuem DA=d, DB=b, Pa3HO>KHTiEeKTogf£ .
DC=¢. Pasnosxure BeKTOPHL: a) DT Q Iiz:; ELCH

a) DM; 6) 4B ; 8) AM no Bekropam: CA, CB, CD.

.o -
10 BEKTOpam: d, b, C.

© oo N RN R

el
N PO

KoHTpoJibHbIe BOTPOCHI (OTBETHTE MHCHMEHHO):
JlaiiTe onpeneneHue BEKTopa.

JaiiTe onpeesieHne HyJlIeBOro BEKTOpa.

JlaiiTe onpeesieHne AIUHBI BEKTOPA.

Jlaiite onpeesieHne KOJUIMHEAPHBIX BEKTOPOB.

Coopmynupyiite mpaBuiIo TPEYTroIbHUKA /1711 CJI0XKEHUS BEKTOPOB.
Cdopmynupyiite nmpaBuiIo napajuienorpamma Jyis CJ0>KeHHUst BEKTOPOB.
JlaiiTe onpeneneHre pasHoCTH BEKTOPOB.

JlaiiTe onpeneneHue YMHOKEHUN 1 BEKTOpa Ha YUCIIO.

JaiTe onpeesieHre KOMIUIAHAPHBIX BEKTOPOB.

CohopmynupyiiTe Npu3HaK KOMITIAHAPHOCTH TPEX BEKTOPOB.

. Cchopmynupyiite mpaBuIio napasuienenunena.
. Cchopmynupyiite TeopeMy 0 pa3ioKeHUH BEKTOPA 110 TPEM HEKOMILIAaHAPHBIM BEKTOPAM.



Ilpakmuueckasa paooma Ne36:
JlekapToBbl KOOPJIMHATHI B IpOCTpaHCcTBE. KOOpAMHATHI BEKTOPA, pACCTOSHUE MEXKIY
TOYKAMH, KOOPAUHATHI CEPEANHBI OTPE3Ka

Lenb: 3akpenuTh MOHATUE IEKAPTOBBI KOOPIAMHATHI B IPOCTPAHCTBE, OTPAOOTATh HABBIKK PabOTHI C
(bopMynaMu pacCTOSHUS MEXKAY TOUKaMHU, KOOPJHHATAMH CEPEIIMHBI OTpe3Ka

Teopernueckas 4acTh:

KoopauHaTh! Ha TUIOCKOCTH U B IPOCTPAHCTBE MOKHO BBOJUTH OCCKOHEUHBIM YUCIIOM Pa3IIUIHBIX
Croco0OoB.

Pemras reomerpuueckyro, QpU3NYECKYI0, XUMHUYECKYIO 33/1a4y MOKHO HCIOJIb30BaTh Pa3IMYHbIC
KOOPJIMHATHBIE CHCTEMBI: TPSAMOYTOJIbHYIO, NOJSPHYI0, LWIMHApUYecKyto, cgepuueckyro. (Ilokas
MoJenel KpUCTaNINYeCKON peéTK MOBApEHHOM COJIH)

B o0mieo6pa3oBarensHOM Kypce U3ydaeTcsi IpSIMOYToJibHasl CUCTEMA KOOPAMHAT Ha IJIOCKOCTH U B
npocTpancTBe. MHade e€ Ha3piBatoT JlekapToBOM CUCTEMOW KOOPAMHAT 110 UMEHHU (hPAHITY3CKOTO YYEHOTO
(bpmocoq)a Pene Jlexapra (1596 — 1650) BriepBbie BBEAIIET0 KOOPAUHATH B TEOMETPHIO.

Pene JlexapT poawmics B 1596 r. B ropojie Jlas Ha rore @pannuu, B JBOPSHCKOH
cembe. Orerr xoten caenath w3 Pere odumepa. s atoro B 1613 r. on oTnpaBuin Pene
B [lapmwx. MHoro net npunuiocs JlekapTy npoObITh B apMUH, Y4aCTBOBATh B BOCHHBIX
noxonax B l'omnanaum, ['epmanuu, Benrpumn, UYexnn, Mrtanuu, B ocaae Kpenoctu
ryrenoToB Jla-Pomranmu. Ho Pene untepecoBana dpunocodus, hpuznka u MmaTemMaTHKa.
Bckope mo npuesne B Ilapuwk OH MO3HAKOMWICS C Y4eHUKOM Buera, BUIHBIM
MaTeMaTUKOM TOTO BpeMeHH — MepceHoMm, a 3aTeM U C APYTUMHU MaTeMaTuKaMu
Opanmuu. bynyan B apmum, JlekapT Bce cBoe cBOOOJHOE BpeMs OTAaBaJ 3aHATHSIM
MaremMaTukoil. OH wu3yumn anreOpy HEMELKUX, MaTeMaTHKy (paHIy3CKUX U
IPEYECKUX YUCHBIX.

[Tocne B3stus Jla-Pomamu B 1628 1. Jlexkapt yxoaut u3 apmuu. OH BeJIeT yeANHEHHBIN 00pa3 KU3HH
C TEM, YTOOBI pealIn30BaTh HAMEUEHHBIC OOIIMPHBIE TUTAHBI HAYYHBIX PadoT.

Ounocodekre B3msiAbl JlekapTa HE COOTBETCTBOBAIM TPEeOOBAaHMSIM KaTOJUYECKOW ILIEPKBH.
[Tosromy on mepecenwics B ['osanauto, rae npoxuna 20 net, ¢ 1629 no 1649 r., HO uU3-3a TOHEHUH
NMpoTeCTaHTCKOM LepkBU B 1649 1. mepeexan B CtokronsM. Ho cypoBbeiii ceBepHbiii kiaumat llIBeruun
okazaiics s JlekapTa ryOUTeNnbHBIM, M OH yMep OT npocTyasl B 1650 r.

Hexapt Obl1 KpynHedmuM ¢umocodhoM KW MareMaTHKOM CBOEro BpeMeHu. B ocHoBe ero
¢dbunocodum nexan marepuanusMm. CambiM u3BeCTHBIM Tpyaom Jlekapra smisercs ero “Teomerpus’.
JlekapT BBeN cHUCTEMY KOOPIHMHAT, KOTOPOH MOJB3YyIOTCA BCce M B Hacrosimiee Bpems. OH yCTaHOBHII
COOTBETCTBUE MEXJy YUCIAMHU M OTpPEe3KaMHU IMPSMOW U TaKUM 0Opa3oM BBeEIl anreOpanyecKkuii MeToJl B
reOMEeTpHI0. DTH OTKphITUA JlekapTa Jany OrpOMHBIN TOMYOK Pa3BUTHIO KaK M€OMETPUH, TaK U APYTUM
paszzmenaM MareMaTHKd, ONTHKHU. [losBuiack BO3MOXXHOCTh HM300pakaTh 3aBUCHUMOCTh BEJIHMYUH
rpaduyecKku Ha KOOPIMHATHON IJIOCKOCTH, YHCIIA - OTPE3KAMU U BHITIOJIHATH apu(pMETHUECKUE IeHCTBUS
HaJ OTPE3KaMH M JAPYTMMH T€OMETPUYECKUMU BEIHMUYNHAMU, a TAK)Ke Pa3IMUYHBIMHU GYHKIHUSIMH. ITO OBLI
COBEPIICHHO HOBBIN METOJ, OTJINYABIINICS KPaCOTOM, U3SIIECTBOM U MPOCTOTOM.

CeronHs Ha ypoKe Mbl MPOJAOIHKUM M3yYEHUE JIEKAPTOBOM CUCTEMbI KOOPAMHAT, U TIOKAXEM, UTO
KOOPAMHATHI B POCTPAHCTBE BBOJASTCS TaKXKe€ IPOCTO, KAK U KOOPAMHATHI HA TJIOCKOCTH.

B cBoé Bpems Pene [lexapt ckazan: ... HOTOMKH OyayT OGiarofjapHsl MHE HE TOJIBKO 3a TO, 4TO 5
CKazajl, HO H 3a TO, YTO 51 HE CKa3all U TEM CaMbIM J1aJl UM BO3MOXHOCTb U YIOBOJIbCTBHE TOJAYMATHCS 10
3TOT0 CaMOCTOATENbHO . S MpeoCTaBI0 BaM BO3MOXHOCTh M YJJOBOJICTBUE Pa300paThCs C IeKapTOBOH
CHUCTEMON KOOPAMHAT CAMOCTOSTENIBHO.

Onpenenenune 1. Eciu yepe3 TOUKy IpOCTpPAHCTBA MPOBEACHBI 3 MONAPHO NMEPIEHAUKYIISPHBIE
npsIMbIe, Ha KQXJIOW 13 HUX BBIOpAHO HAIlpaBleHHE U BRIOpaHa €JMHULIA U3MEPEHUS OTPE3KOB, TO TOBOPSIT,
4TO 3aJaHa NpsMOYTOJIbHasl CUCTEMAa KOOPAUHAT B IPOCTPAHCTBE.



Onpenenenue 2. [Ipsvbie ¢ BHIOpaHHBIMY Ha HUX HAITPABICHUSIMH HA3bIBAIOTCS OCAMH KOOPAUHAT,
a ux oOmras Touka — HavasioM koopauHat. Ona o6o3HauvaeTcst OykBoit O. Ocu kKoopauHAT 0003HAYAIOTCS
tak: Ox, Oy. VX Ha3bIBaIOT: OCh a0CIHCC, OCh OPJIMHAT, OCh aNILIMKAT. Bes cucrema o6o3navaercs Oxyz.

Onpenenenue 3. Tpu mI0CKOCTH, TPOXOIAIINE COOTBETCTBEHHO uepe3 ocu koopauHaT Ox u Oy,
Oy u Oz, Oz u Ox - xoopauHaTHbIe TUI0CKOCTH. X 0603Hayaror Oxy, Oyz, Ozx.

Touka O pazmenser KaXIyI W3 OCEH KOOPAWHAT Ha 2 Jiyda, OJWH W3 HUX — IOJIOKHTEIbHAS
I0JIyOCh, APYroil — OTpULATENbHAS I0JIYOCh.

Onpenenenue 4. B npsMOyroyibHON cucTeMe KOOpAMHAT Kaxa10i Touke M mpocTpaHCTBa
COIIOCTAaBIISIETCS TPOMKA YHCEN, KOTOPBIE HAa3bIBAIOTCA €€ KOOPHHATAMH.

[IpoBenem yepe3 TouKy M Tpu TUIOCKOCTH, IEPENEHIUKYIISIPHBIE K OCSIM KOOPAMHAT, U 0003HAYNM
yepe3 M1, M2 u M3, Touku nepecedeHust 3TuX MIOCKOCTEW COOTBETCTBEHHO C OCSIMU abcLucC, OpAUHAT
u anukar. M1 — aGerucca, M2 — opnunara, M3 — anmuinkara Touku M. KoopaunaTer Touku M
3anuceiBatoTesa: M (x; y; z), X — a0ciucca, y — opJiiHaTa.

[IpakTnueckas pabota

1. Chopmynupyiite oTiIMYME JEKAPTOBOM CUCTEMbI KOOPAMHAT Ha IUIOCKOCTH U B IPOCTPAHCTBE

2. HazoBuTe ocu KoopuHAT Ha TUIOCKOCTH? HazoBHTEe 0cH KOOpAMHAT B TIpocTpancTBe? HaspaHue,
KaKoi ocu MbI He n3y4anu? (3HaKOMCTBO C HOBBIM CJIOBOM ‘‘allIijinKaTa’)

4. Kakue mIoCKOCTH pacCMaTpHUBAIOTCS B IJIAHUMETPHH (B MPOCTPAHCTBE)?

5. HazoBuTe KoOpAMHATY Havyajla KOOPAMHAT Ha MJIOCKOCTH (B MPOCTPAHCTBE)?

6. Kakue ere KOMIOHEHTHI IOJDKHA UMETh CHCTEMa KOOPAWHAT Ha TUIOCKOCTH H B TIPOCTPAHCTBE?
7. Kak 3amaercs KoopauHaTa TOYKH Ha TJIOCKOCTH M B IPOCTPAHCTBE?

Ha mnockoctn B npoctpancTse
2 ocu, 3 ocwu,
OV- och opauHar, OX - ocp abcuumce,
OX- ocp abcrmucce OY - ocw opauHar,
OZ - ocp anrumkar.
OX nepnenaukynspHa OY OX nepnenaukynsapaa OV,
OX nepnengukynspHa OZ ,
OY nepnenaukynspHa OZ.
(0;0) (0;0;0)
Hanpasnenue, eTMHUYHBIN OTPE30K Hanpasnenue, eTMHUYHBIA OTPE30K
PaccrosiHne Mexay Toukamu. Paccrosinne Mexay Toukamu.
d= J{Kz_xljz + (FE_FI )2 d:V(X2-X1)?+(y2-y1)?+(22—21)?
Koopaunatsl cepeHbl 0OTpe3Ka. Koopaunatel cepeiHbl OTpe3Ka
#l + == ¥l + 2
H= oo, F S o + + -
R _®tm  mim -z
2 2 2

1. Kaxkas u3 touek A(0,3,6), B(-1,5,0), C(-2,0,-7), K(0,0,6) nexut B muockoctu Oxy?
2. Kakas u3 touek A(0,3,6), B(-1,0,0), C(-2,0,-7), K(0,0,6) nexut B mockoctu Oyz?
3. Kakas u3 Touek A(0,3,6), B(-1,0,0), C(-2,0,-7), K(0,0,6) nexxut Ha ocu z?

4. [TocTpouTh TOUKY C 3aJaHHBIMU KOOpauHaTamMu A (2; - 3).

5. IlocTpouTth TOUKY ¢ 3ajaHHBIME KoopauHaTtamu A (1; 2; 3).

6. Haiftu anmuny oTpeska:

A (1;2;3;) u B (-1; 0; 5)



A (1;2;3) u B (x; 2 5-3)

7. Haitnure koopauHaThl TOUKKM M - cepeluHbI OTpe3Ka
A(2:3;2), B (0;2;4) u C (4;1;0)

AC, AB

A1(2:-3;0),A2(2:0;5),A3(0;-3;5).

&~
A, z
i 71
.A. i A ;: ","‘-
E 1 __'I'”
) N N S .'_|_..
1Y
A i
X i
i
8. Jlan ky6 c pebpom, paBHEIM 4. OrpeiesnTe KOOPAUHATEI €0 BEPIINH.
z
B C1 OTBeTHI:
A1 D; A (4;0;0) A1 (4;0;4)
B (0;0;0) B1 (0;0;4)
B g y C (0;4;0) C1(0;4;4)
> D (4;4,0) D1 (4:4;4)
Al D

9. Jlan mpsAMOYTOJIBHBIN NapasuieNenuIe]], U3MEepeHusi KOToporo paBHbI 6;4;4. Onpenenante KOOpIUHATHI
€ro BEpILUH.

B: z N C AL D1
OtBeThI:
A1 D1
p A (2;-3,0) A1 (2;-3;4)
B C B (-2;-3,0) B1 (-2;-3;0)
A | L A D YR C (-2;3;0) C1 (-2;3;4)

/ D (2;3;0) D1 (2;3;4)



Ilpakmuueckasa padoma Ne37: Yron mexay BekTopamu. CKalasipHOE MPOU3BEICHUE
[lenb: HAyYUTHCSI HAXOJIUTh KOOPJMHATHI BEKTOPA, CKAJISIPHOE MPOU3BEICHHE BEKTOPOB,
YTOJI MEKY BEKTOPAMH.

Ha miockoctu B npoctpancTse

Yeprex

Ocwu xoopauHar

Ilnockoctn

Hauano koopaunar

JomnosHuTenbHbIC
KpUTEPUU
Koopannaatsl Touku

Paccrosinne mexay
TOYKaAMMU.

Koopaunats! cepenuHbl
OTpe3Ka.

Bekmopom Ha3biBaeTCs HarpasIeHHBI OTPE30K MPSIMOi.

5
BekTop ¢ HadanoM B Touke 4 ¥ KOHLOM B To4ke B obo3nauaercs AB. [lns
0003Ha4YEHHUSA BEKTOPOB YMOTPEOIAHOTCS TAKKE CTPOYHBIC JIATUHCKHE OYKBBI:

- = -

a,b.x....

JIBa BeKTOpa HA3bIBAKTCH KOLIUHEAPHBIMU, €CITH OHH JIeKAT HA OJHOI
NPAMOi WM Ha napauie/ibHbIX NpsMbIX. KoiHeapHbie BEKTOPbI, HANPaBIEHHbIE
B OJHY CTOPOHY, Ha3bIBAlOTCA conanpasieHnvimu. KolnimHeapHble BEKTOPBI,
HaMpaBJieHHbIE B  MPOTHBOMOJOKHBIE  CTOPOHbI, -  HPOMUBONOIOHCHO
HANPABICHHBIMU.

JIBa BEKTOpa HA3bIBAKOTCS PAGHBIMU, €CIIA OHW COHAIPABJICHBI H PaBHbI MO
MOJYJIIO.

Cnoscenue eekmopog. Jlns  10r0  4TOOBI

>

5
MOCTPOMTH CYMMY JIBYX BEKTOPOB @ M b , HYXHO
BbIOpaTh MPOM3BOJILHYIO TOYKY A U OTJIOKHTH OT Heé

—v -

BeKTOp AB = a, a 3aTeM OT TOYKH B 0TI0KHUTH BEKTOP

BC=b . Torma Bekrop AC sBnsercs HCKOMOIi
cymmoii: AB+BC=AC.

Koopauunatel Bektopa ABc¢ HavyaaoM B TOYKe A(X;,y,,Z;) U KOHLOM B TOYKE
B (x2,y223) pasHbl (X2 — X3 Y2— Y15 22— Z1).

Jlnnna Bexkropa AB Beivucisercs no Gopmyse:

A—’B‘ = \/(xz _xl)2 +(, - ), ) +(2, -2 i




Cymmon BextopoB a(a,;a,;a;) u b(b;b,;b;) Ha3biBaeTcs BEKTOP ¢ C
KoopaAuHatamu (a, +b;a, +b,;a, +b,).
-

Ilpouseedenuem Bextopa a(a,;a,;a,) Ha YUCIO A Ha3bIBAETCSd BEKTOP

"
Aa(Aag;Aa,;ay).

CranApHelM npouseedeHuem JIBYX HEHYJIEBbIX BEKTOPOB Ha3bIBAETCS
MPOM3BEICHHE JJIUH ITHX BEKTOPOB HA KOCHHYC yria Mexay HuMu. Eciu xots Obl
OJIMH U3 BEKTOPOB HYIIEBOI, TO UX CKaJIAPHOE MPOU3BEIEHNE PABHO HYJIIO.

—

a

- >

a-b=

-

b

-COSQ,

- -

IJie ¢ - YroJl Mek/1y BeKTopaMu au b.
CBoifcTBa CKaJIIPHOTO MPOM3BE/ICHHS BEKTOPOB:

> -

- IePEeMEeCTHTENIbHOE CBOHCTBO: a-b=b-a;

A - =
- coyerarenbHoe cBOCTBO: (ka)-b=k(b-a);
-» = - -+ = - -
- pacnpeieuTeNbHOe CBoiicTBO: a-(b+c)=a-b+a-c.
CkansipHoe NpOM3BEJCHHE JBYX BEKTOPOB PABHO CyMMe NpPOH3BE/ICHMId
OTHOMMEHHBIX KOOP/IMHAT ITHX BEKTOPOB:

-» -

a-b=xx, +yy, +22,.
dopMmyJia 15t BBIYHCIICHUS YIJIa MEXK/Y BEKTOPaMH:

- -

a
COSP = ——

- 2]
a-b‘

Jra ke (popMyIia B KOOPAMHATAX:
XX, + Yy, +z,z,

2 2 2 2 2 9.
\/xl +) t+3 ‘\/xz +), +2,
[TpakTHueckas 4acThb

cosp =




Bapuanr 1

1. Jlan ABCDAB,CD, — napatenenunen. Haiitu AB+ AD+ A4 +CD.
2. Haiitu koopaunatsl Bexktopa 0,3 ;— 0,6 B+ 0,2 Z— 5 2 ,ecima(—1;2:4), b(0;5;3),

(3:3:3), d(L;1;4).
3. Maubl Touku A(1; 3; 0), B(2; 3; -1) w C(1; 2; -1). Beiuucaure yroyn Mexay
BEKTOpaMu 54 7 C? B.

e T

4. U3BectHo,uto a ¢c=b ¢=30",

> -2 o

=3 . Boiuucnure (a+b)c.

=

a

-

b

2

c

=2

Bapuanr 2
1. lana ABCA,B,C, — npusma. Haiitu .IB— .427,— BE?, .
2. Haittm koopaunatel Bektopa 0.5 ;+ 0,lg+ 0,3 2—62 , ecim ;(5;—1;—1) \
B(—l:l:l). 2(0;2;—2). J(—3;2;0).
3. Mauwl Touku A(5; 0; 0), B(l; 1; 1) v C(3; -1; 2). Boiuucnure yrojg Mexay
BEKTOPaMH AﬁB 7 AﬂC A

A
-»" 5 ">

4. UssectHo,uT0o @ ¢c=b c =45,

> -2 -

= 6. Boruucimre(a+ b)c.

=)

b

o

C

al=3.

Ilpaxmuueckan paboma No38:
OTtoOpakeHust MPOCTpaHCTBa Ha ceOs1. Bunibl nBrxeHus

Leanb padoThl: chopmMupoBaTh YMEHHS pelIaTh 3314y Ha JABHKEHUE

Teopernyeckue cBeleHUsI K MIPaKTU4ecKoil padore:
[Ipu pemiennn 3a1a4 Ha JBUKEHUE TPOCTPAHCTBA, HAJI0 3HATh BUJIbI IBMXKCHUS. JTO LIEHTpalbHas
CUMMETpHUs1, OCEBAsE CHUMMETPHS, 3epKaJIbHAsI CAMMETPHS U HapauIesIbHbINA IEPEHOC.
Llenmpanvnas cummempus: Touku M u M1 Ha3bpIBalOTCS CHMMETPUYHBIMH OTHOCUTENBHO T O (LIeHTp
cummeTpun), ecnu O — cepeanna otpeska MMi. Touka O cunTaercs CUMMETPUYHON caMoii cebe.
T. M u T.M1 cUMMeTpUYHBI OTHOCUTEIIBHO T.O.
M o M T. O — LIEHTp CUMMETPUU
1.0 — cepenuna orpe3ka MMy
1.0 oToOpaskaercsi cama Ha ceOs
Ocesasn cummempus: Toukn A U A1 Ha3bIBAIOTCSI CHMMETPHUYHBIMHI OTHOCUTEIBHO TPMOH a ( 0Ch
CUMMETPHUH), €CITIU TpsAMasi @ IPOXOJIUT Yepe3 CepearHy oTpeska AA1L 1
NEepPNEHIUKYISIPHA K 3TOMY O0Tpe3Ky. Kaxaas Touka npssMou a cUuTaeTcst
CUMMETPHUYHON camoii cebe.

‘ a

3epkanvrasn cummempus: Toukn AA1 Ha3bIBAIOTCS CUMMETPUYHBIMU
OTHOCHUTEIIBHO INIOCKOCTH 0 MIOCKOCTh CUMMETPHH ), ECIIH IJIIOCKOCTD O, IPOXOAUT
A1 4Yepe3 cepeluHy oTpe3ka AA1 1 NepneHIuKyIsspHa K 3ToMy oTpe3Ky. Kaxkaas Touka

IIJIOCKOCTH CUHHUTACTCA CI/IMMCTpI/I‘IHOfI caMmoi cebe.




e

=N

.

—

[TapannenbHBIM IEPEHOCOM HA BEKTOP p HAa3bIBA€TCs OTOOpakeHHE IIPOCTPAaHCTBA Ha cels, pu
— —

KOTOpOM Jto0asi Touka M mepexouT B TOUKy My , 4TO MM, = p

e

—

M

3aganus 1719 CaMOCTOSITEJILHOTO peleHust
BapHaHT.
[Tpu 3epkanbHOM CUMMETPHH TIpsSIMasi @ OTOOpaXkaeTcsl Ha PsAMYI0 a1 . JIoKakuTe, 4To MpsiMbIe a U a1
JIekKAT B OJIHOM TIOCKOCTH ( TIPSAMBIC @ M a1 TIAPAJUICIbHBI ).
2. TIpu 3epKabHOI CHMMETPHH OTHOCHTEIBHO IIIOCKOCTH 0. TIOCKOCTB B 0TOOpakaeTcs Ha IIOCKOCTb
B1. Hoxaxwure, uTo ecnu [3 || o,To P1 || a.
3. JlokaxuTe, UTO TIPH MapauIeTbHOM MEPEHOCE Ha BEKTOP P, Tie p # 0 , IpsAMast , He TapajuienbHas
BEKTOPY P U HE COJIEpKAIasi 3TOT BEKTOP, OTOOpakaeTcsl Ha MapaJuIeIbHYIO €i MPSIMYTO.
BapHaHT.
[Tpu 3epkanbHON CUMMETPHH TIpsSIMasi @ OTOOpakaeTcsl Ha PsMYI0 a1 . JIoKakuTe, 4To MpsIMbIe a U a1
JIekKAT B OJIHOM TIOCKOCTH ( MPSIMBIE d M a1 TIEPECEKAIOTC ).
2. TIpu 3epKabHOI CHMMETPHH OTHOCHTEIIBHO IIIOCKOCTH 0. TIOCKOCTB B 0TOOpakaeTcs Ha III0CKOCTb
B1. Jlokaxkute, 94TO €Ciu 3 MepIeHAUKYsIpHA o, , TO [31 coBmamgaet ¢ f.
3. JlokaxuTe, UTO TIPH MApaIIETLHOM MEPEHOCE Ha BEKTOP P, Iae p # 0 , mpsAMast , apaJuiebHast
BEKTOPY p WJIU CoJIeprKaliasi 3TOT BEKTOP, OTOOpakaeTcsi Ha ceOsl.

KOHmpOJleble eonpocwol:

Uto Takoe LeHTpaJIbHAsi CHMMETPUs?
Uto Takoe oceBasi CAMMETpHs?
Uto Takoe 3epKaibHasi CAMMETPHs?

Ilpakmuueckasa paboma Ne39: KoopinHaTHas MJI0CKOCTh. BhIuncIeHNE pacCTOAHUN U
IJIOIIAIEN Ha TIIOCKOCTU. KonuecTBEHHbIE PACUEThI

HeJ’ILZ 3aKPCIUTb 3HAHUA U YMCHUA T10 TECMC ((KOOp,I[I/IHaTHaH IIJIIOCKOCTB»

1) KoopauHathbl BeKTOpa ONpEIEAOTCA Yepe3 KOOpIMHAThl Hayalla M KOHIIa BEKTOpa
KOOpL[I/IHaTBI Hayajia BEKTopa }'-'I.{XA; J"' As zA}, KOOpAWHATHI KOHIIA BEKTOpa B{NE; Y, ZE]'.

KoopmuHaTsl BeKTOpa ‘ﬁ{xﬁr — XA} Y8 — ¥aiZp — Z4)

2) Yroa Mexk1y BeKTopamMu (Xa; ¥ai Za) u b (Xp; Yo; Zo)

OMPENENSIETCS C TIOMOILBIO (GOPMYJIBI CKAIIPHOTO MPOM3BEICHHS:

VroJ MeKIy NpSIMbIMH, COJEPKALIUMI BEKTOPBI

3) IoJ103KkeHHe MJIIOCKOCTH B TIPOCTPAHCTBE XapAKTEPHU3YETCS BEKTOPOM-HOPMAJIbIO n(A; B; C)
TUIOCKOCTH.

Eciiu u3BECTHBI TPU TOYKH IIOCKOCTH K(x1;y1; 1), M(Xa; ¥a; Z2), N(x3; ¥s; 23}, TO 110 HUM MO>KHO
OIpeIeIUTh KOOPAHUHATH HOPMAITH n(A; B; C)

JLy1st 5TOro HeOOXOAUMO PELIUTH CHCTEMY YPABHEHUIA, TI€ BMECTO OJHOM U3 HEPEMEHHBIX (00b4HO D)
oepyt nroboe uncno, He paBaoe 0.



YpaBHeHHE IUIOCKOCTH 331a€TCsl yPABHEHUEM Ax+By+Cz+D=0

4) PaccTosiHUE OT TOYKH /10 IJIOCKOCTH

PaccTosHue OT TOUKH ¢ KoopauHaTamu X0s ¥0s £0 10 MI0CKOCTH ¢ HOPMATIBIO n(A; B; C)

h

|AX+Bys+CZ2 +D|

ompenensercs o Gopmyiie

VA2 + B2 4+ C2

5) Yrou Me:kay MI0CKOCTSIMHU PaBeH yriy Mexay Hopmaisimu i, fl2 x mockocTsim:

VYTo1 MeXIy IIOCKOCTSIMU 1O onpeneneHuto Menbire 90 rpaaycos, 3To obecreunBaeTcs
MTOJIOKUTEILHBIM 3HAYCHIUEM KOCHHYCA B JopMyIIe.

6) Yroa Mexay npsiMoii M IJI0CKOCTHI0
IPAMOii ¥ HOPMAIBIO f1 K MIOCKOCTH:

_Ind
| ||

7) Ili1omaas OpTOroHa/IbHOM NMPOEKIUH

sin

miIomaab IPpOCKIUHU MHOTOYI'OJIbHUKA,

ONpCACIIACTCA C IOMOIIBIO BEKTOPA é, JICKaIIero Ha

MHOTOYTOJIbHUKA Snp=Su-C0S ¢ rre Snp—
M — mIomaagb MHOTOYIOJIbHHKA,

05 F— KOCHHYC yrjia MEXAY IJIOCKOCTBIO MHOI'OYT'OJIbHUKA U IJIOCKOCTBIO IIPOCKIINH.

IL1omaae MHOTOYroJibHUKa
8) YpaBHeHue NpsAMOii B TPOCTPAHCTBE

HaxXOJUTCH 10 IIomaau €ro NpoCKununu

Sne
M E
cos

Ecnu npsmast mapamiensua sextopy P (XP; ¥P: Zp) u npoxonut wepes ouxy M(Xus Yurs Zu),

X—Xu Y- Z—2Zn

TO ypaBHEHHE TPSIMOM 3amaeTcsi GopMyIIon

Xp

ye Zp

BAPUAHT Nel

1.Haueptute ky0 ABCJIA1B1C1/11. Haitnure
yroda mexay npsmeivu 1) AJl u BB1

)11 u B1C; 3)B1C u JIC1

Haitaure paccrosinne mexay npsamMbiMu AAz1
u CCy, ecniu pedpo Kyba paBHO a.

2.Uepe3 BepmmHy B paBHOOEIpEHHOTO
TpeyrosibHuka ABC npoBenena npsimas a,
MepIeHIUKYIIsIpHas ero miockoctu. Haliaure
paccrosiHue Mexay npsameiMu a u AC, ecnu
AB=AC=10cm, BC=12cm.

3.Uepes Touky A OKpY>KHOCTH ¢ 1ieHTpoM O
U paguycoM 6¢M MpoBeieHa npsaMas 1,
MePIEeHIUKYIISIPHAs TIOCKOCTU OKPYKHOCTH,
a yepe3 TOuKy B okpykHOCTH — IIpsimasi 6,
KacarelbHas K OKpyxHocTH. Haiinure
paccTosiHuE MEXIY IPSIMBIMU 6 U M, €CIIH
yroin AOB =120°.

4.TInomase Tpanenuy pasHa 48v/3 cv?, a ee
OpTOTOHANIbHAS TIPOEKIIUS — paBHOOOKAs
Tpanenus ¢ ocHoBaHUsIMU 4cM 1 20cM 1
60koBoii ctopoHoit 10cm. Haiinure yron
MEXKy MJIOCKOCTSIMU Tpamnerui.

BAPUAHT Ne2

1.Haueptute xy6o ABC/IA1B1C1/11. Haiinure
yroa mexay npsimeivu 1) AB u CCy

2)ACu B1Cs; 3)AC u JIA1

Haiinute paccrosinue Mmexay npsimbiMu BB1 u
JJ11 eciu pebpo Kyba paBHO a.

2.Yepes Bepuiuny A tpeyrojgbauka ABC
IpoBeJIcHa MpsiMast m, EePIEeHIUKYIIIpHAas ero
wiockocTu. HaliuTe paccTosiHue MexX Iy
npsmbeiMu m 1 BC, ecniu AB=13cM,
BC=14cMm,AC=15¢cMm..

3.Uepes TouKy A OKPY>KHOCTH MPOBEACHBI
xopasl AB u AC. Yepes Touky B npoBenena
npsiMasi m, NePHeHINKYIIpHas TUIOCKOCTH
OKPYXXHOCTH, a uepe3 Touky C npsimas a-
KacarenbHas K oKpyxHocTu. Haiiaure
paccTosiHUE MEXAY MPSIMBIMU @ U M,ECIIN
AB=6cMm, AC=8cm, yron BAC =60°.

4. OpTOrOHAILHOM MPOEKIUEN Tparennu
SBIIIETCS PAaBHOOOKAS TpATEIus C
OCHOBaHUSIMH 4CM U 8CM , a IMaroHallv ee
B3aMMHO NeprneHauKyIspHbl. Haiinure
MJI0IAIb JAaHHOM Tpaneuuu, eciau yroi
MEXY €€ MIIOCKOCTBIO U MIOCKOCThIO
pOeKIK paBeH 60°.




Ilpakmuueckan padoma Ne4(: Tousitie KOpHs N—il CTENEHH U3 ACHCTBUTEIHHOIO YHCIA

Llean padoThl: OBJIaJIcHNE TPAKTUYECKUMH HABBIKAMU U 3aKPEIICHHE TEOPETUUYECKOr0 MaTepuasa mo
BBIYHCIICHUIO KOPHEW U3 YHCEI H YUCIIOBBIX M OYKBEHHBIX BBIPAKCHUH.
TYIEHT JKEH:
3Hamb:
- IIOHATHE KOPHSA N-OU CTEIEHU;
-TIOHATHE apUPMETHUECKOTO KOPHSI;
-OCHOBHBIE CBOMCTBA KOPHEH;
ymemp:
- BBIYUCJIISITh KOPEHb N-OU CTETIEHU;
-yIpOIIaTh JIFOObIE BRIPAYKEHUS UCIIOIB3YS CBOMCTBA KOPHEH;
IloaroToBKA K Te:
1. TloBTOpHTH, YTO TaKOE apUMETUUECKUA KBAIPATHBIA KOPEHB U3 YHUCIIA.
2. CsotlicTBa apu(PMETHISCKOTO KBAJAPATHOTO KOPHSI.
KoHTpoabHpie BONPOCELI:
Uto Takoe KOpEeHb N-0 CTENEeHU U3 uncia a?
Uto Takoe apupMeTHUIECKHii KOpeHb N-Oi CTETeH! U3 Yuca ?

1
2
3. OcHOBHBIEC CBOWCTBAa KOpHEH?
4

Kax Ha3eIBarOT 3HAK KOpHA \/ ?

3ajapupe:
eapuanm
3aoanue
1 2
1)Beruncaure A)3V0,125 310,027
5 —t
B)y— B—
32 V_3 °
8
A)x3+8=0 xt—19=0
2)Pemmre ypaBHeHHE - 3
Bp3Wx—5=-3 | V7—4dx=4
3)Haiigute 3Haue€HNE YUCIOBOTO BBHIPAKEHUS a)3\/24 %9 A )3\/7 5 % 45
3 27ab
5)‘%/1614‘38 5) \/_m'a'




A5 5v2
4)BHecuTe MHOKUTEND 110 3HAK KOPHS 5 3
5)23/3 3V2
5)[IpeoOpasyiiTe 3aJaHHOE BBIPAKECHHUE K BHTY — E—
n 4 3 3 3
VA NARVERV: V2 3.2
3 4 3 3 2 3
6)BblHecuTe MHOKUTEND U3 0] 3HAKa KOPHS 3625 x5y6 5v—64n16

TEOPETHUYECKHWI MATEPHAJI K TIPAKTHYECKOM PABOTE:
Kopensb N-ii cTeneHu u ero cBoiicraa.

6C3YCJ'IOBHO, BCC TaK WJIM MHAYC 3HAKOMBI C MHTYUTHBHBIM IOHATUCM KBAaAPATHOI'O KOPHS - 3TO TaKOC
YHCJI0, KBaApaT KOTOPOTO PaBCH a. aHAJIOTUYHO OMPEACTIACTCA KOPCHb N-¥ CTEIICHU M3 YHCIIa a, raec n -
ITOJIOXKUTCIIBHOC YUCJIO.

OonpeacjacHmue. KOpHEM N-i1 CTEIIEHN M3 YKClIa d Ha3hIBAaeTCsA TaKOe 9uCI0, N-s1 CTETICHb KOTOPOTO paBHa a.

COTJIACHO JaHHOMY OIIPCACIICHUIO KOPCHb Nn-¥ CTENECHU M3 YHCIIA a - 3TO peuieHne ypaBHEHUS X™ = a.
YHCIIO0 KOpHGfI OTOT'0 YPaBHCHUSA 3aBUCUT OT N U OT a.

apugmMeTHYeCKHii KOpPeHb N-i CTeNeHHu. onpeesieHue. apuPMETHICCKUM KOPHEM N- CTETICHH W3
yuclia @ Ha3bIBalOT HEOTPULIATEIBHOE YHCIIO0, N-51 CTETIEHb KOTOPOTO paBHa a.

apu(MeTHIEeCKHii KOpeHb 0003HAYaI0T™/X. UKCII0 N HA3BIBAIOT MOKA3aTeNeM KOPHS, a CaMo JHCIIO a -
TT0IKOPEHHBIM BEIPOKCHIEM. 3HAK KOPHs \ HA3BIBAIOT PAIHKAIOM.

OCHOBHbIE CBOMCTBA KOPHENl.

Ji1s1 11060T0 HATYPAIBHOTO N, 11e10r0 K 1 JIF06BIX HEOTPHLATEIBHBIX YHCEI d M D BHIMOIHEHBI PABEHCTBA:
-
@b —a-\.
“a
2. 4/ =1 (s 0

3%, Af{fg= wa (k> 0).
4% Rlg=—="/a* (k=0).
5% &gt = (R/a)* (ecam k<0, 10 a0).

OTH ISITh CBOMCTB C JIETKOCTHIO AOKAa3bIBAKOTCA U3 ONPCACIICHUA KOPHA U CTCIICHU. IIPpU PCHICHUUN 3a1a4,
CBA3aHHBIX C BBIYMCIICHUCM KOpHGfI CJICAYCT aKTHBHO IIOJIb30BATHCA 3TUMU CBOMCTBAaMH - OHU COKpalaroT
00BeM BLIHHCHGHHﬁ, IMO3BOJIAIOT YHPOIIATh BBIPA’KCHHUA U OKA3BIBAIOT APYT'YIO IIOMOIIb.

Vb

Tl
Jlnst moObIx uncen a u b, Takmx, yro 0<a<b, BBINOJNHSETCS HepaBeHCTBO V& = . TIpOBEZIEM

- iy o o
A0Ka3aTCJIbCTBO METOJAOM OT IMPOTHBHOTO. NOIYCTUM, YTO \""IE :—} ""'II'{E . TOraa 1o CBOUCTBY CTCIICHCU C

(;’_JJ}[{E}]H

HaTypaJIbHbIM ITOKa3aTCJIEM , T.C. a>b. 310 MMPOTUBOPCUYUT YCIIOBUIO a<B.



Ilpakmuueckasa paboma No41: Criocodbl ynpouieHusi BbIPAKeHH, COAEPKAINX PATHKAJIBI
Ienu:
Obpazosamenvuas: TPOAOIKUTHL (POPMHUpPOBAHHE Yy CTYACHTOB YMEHHUM NPUMEHSTH
CBOICTBA CTENEHEN U KOPHEW MpU NpeoOpa30BaHUU BbIPAKEHUH.
Bocnumamenvhas: BociuTaHle caMOCTOSITEIbHOCTH, TBOPUYECKOTO MOJIX0/1a K PEIICHUIO
3azay.
Pazeusarowas: pa3ButTHe JOrMYECKOr0 MBIILJICHUS, HABBIKOB CPABHUTEILHOTO aHAJN3a.
Oobopyooeanue: 10CKa, KOMIIBIOTEP, TPOEKTOP, IKPaH, 3alUCH HA JJOCKE, MJIAKATHI C
dbopmynamu no teme: «Crenenn» u «KopHu», UHAUBUTyaTbHbIE KAPTOUKU-3aaHUS.
Hcnonvzoeanue 3nemenmos nedazozuueckux mexHoa02uil:
1. coTpynHuuecTBa;
2. 310poBbecOeperaromux (depeoBaHue BUI0B JEATEIbHOCTH );
3. uHGOPMAIMOHHO-KOMMYHHUKAIIUOHHBIX;
4. pa3BUBAIOIINX;
5. INYHOCTHO-OPUCHTUPOBAHHBIX.
Pezynomamuenocmo:
dbopMupoBaHUE KOMIIETEHIINN: IIEHHOCTHO-CMBICIIOBOM, Y4eOHO-TT03HABATEIIHLHOM,
KOMMYHHMKATUBHOM, JIMYHOT'O CAMOCOBEPIIICHCTBOBAHMS.
IThan 3anamua.
1) IloaroToBUTEABLHBII 3TAIL.
1) TIpoBepka ycBOEHUS MPONACHHOTO MaTeprana GPOHTAIBHO (MJIM HHINBUAYAIBHO) IO
CJIEIYIOIIMM BOIpocaM (Ha 3KpaH MPOEKTUPYIOTCS BOMPOCHI, HA KOTOPBIE CTYACHTHI
OTBEYAIOT YCTHO).
. UTO 3HaYUT BO3BECTU YUCIIO B CTENEHB N?
. Kak nepeMHOXUTh IBE CTENEHHN C OAMHAKOBEIMU OCHOBAHUSMHU ?
. Kak pazgenutsb nBe cTeneHu ¢ OJMHAKOBBIMUA OCHOBAHUSIMU ?
. Kak Bo3BecTu crerneHp B CTENeHb?
. Kak u3Bieuyb KOpeHb U3 CTEIICHU?
. Uemy paBHa HyJeBas CTEIEHb yucia?
. Kak HaliTH CTEneHb C OTpUIIATEIbHBIM MTOKa3aTeaeM?
. Kax Haiitu KopeHb ¢ IpoOHBIM TOKa3aTeaem?
10. ChopmynupyiiTe OCHOBHOE CBOMCTBO KOPHSI.
11. Kak u3Bieub KOpEeHb U3 MPOU3BEACHUSA?
12. Kak u3Bieub KOpeHb U3 1poou?
13. Kak u3Bieub KOpeHb U3 CTEIICHU?
14. Kak npou3BOAUTCA YMHOXEHNE KOPHEW OJJMHAKOBOU CTeNEeHU?
15. Kak npou3BOAUTCA YMHOXKEHNUE KOPHEW Pa3HbIX CTEIEHEN?
16. Kak nmpou3BoauTCS IeICHUE KOPHEW OJTMHAKOBOW CTENEHN?
17. Kak npou3BOAUTCSA BO3BE/ICHUE KOPHS B CTEIIECHb?
2) IToBTOPHTH:
CBOMCTBa KOpPHEU CBOMCTBA CTEICHEN

1. #/aNb = Vab 1. am-ar = amtr
na n @& z_am:anzamn
2.V =+_

b b

O ~NO O wN -



3. (R/& = ’\L/'CTI" 3. (am)n = qmn

)
4_n’{/.a=nl(/‘a 4_an.bn=(ab)n
;T = Y 5.7 = &
b™ b

2) TeopeTnyeckuii dTam.
IIprMeHeHne 3HaHU| [IPU PELLIEHUH TUIIOBBIX 3a1aHUMN.

3aoanue 1. llpuBectu Kk 001IEMYy MMOKA3aTENI0 KOPHU:

3W2 u V5

3aoanue 2. CokpaTHTh MMOKA3aTEIN KOPHEH U MOJIKOPEHHBIX BBIPAXKCHUI:
/81x4y*
3aoanue 3. 3Bieub KOPEHB:

1/0,01-81; 3v27-8
3aoanue 4. Beinmonuure aeiicTBUA:

Va3 Vb Vp1 -V

3aoanue 5.Beruncnure:
1

—0,23+ 0,272 4+ 646 + 53: 54 — 1,50

3) IpakTHYecKuii rTam.

CamocTosITeIbHOE IPUMEHEHHE YMEHUH M 3HAHHIA.
[TpoBecTH caMOCTOSITEIbHYIO paboTy B 15 BapuaHTax.
[IpumepHOE coepKaHnue OJHOTO BapHaHTa.

1. TlpuBecTH K 00IIEMY ITOKA3aTEII0 KOPHH:

V2ui3

2. CokpaTuTh MOKa3aTeIu KOpHEH 1 MOAKOPEHHBIX BBIPAKCHHM:
4/25x2y2

3. M3Brieub KOpeHb:

V25-64; m/a3n-(a—b)"

4, BBIHOiHI/ITe nﬂCTBI/Iﬂ L L

a) 0,5v24 — 3v/40 — (v/150 + V54 — v/1000)

6) V7 —v33-V7+33

5. Beruucnure:

1
—0,52: 0,53 — 273 + 4% - 4-2 — 0,20



Bapuanr 1

1. Briuucanre:
a) 40,0625 - ¥-243;
6) 428 . 35 . 425 . 7,
2. PacnonoxuTe unciaa B nopsagxe vOLIBAHMA: ﬁfﬁ: JE; m
3. ITocTpoiTe rpadgux GyaROoum: Y = “Yx -1 +3.
4. Berauenmre: 40412 — 4375,

5. Pemnre ypasaenue: ¥x? — ¥ — 131 = —5.

6. Hafigure sHadedue BHIPAKEHIH
Job? - 8 - 2560 + 2401 mpm b = T - 3.

7. Pemure ypaenenue 381y + ¥243x2 = 6.

Bapwant 2
1. Briuncaure:
a) §-0,343 + $729;
6) 27 - 117 - g28 . 117,
2. PacnionokuTe yBcaAA B NOPAZKEe BOSPACTAHMA: i2, ¥3, 11
3. ITocrpolite rpaduk dyERIMM: I = 4x+3 -5

4. Brruncnure: 6475 - 2«}15\:@ .

9. PeunTe ypaBHenue: ¥y? _ x — 44 - -9,

6. HaiiauTe sHaYeHNe BLIPAKEHNA
V2502 + ¥64a® ~ Y16a* ~ §676 npu a = Y26 - 3.

7. Pemure ypasrenne 3128x2 = 24 + Y64x.

Ilpakmuueckasn paboma Ne42: 1loHsTHE CTEIICHU C PAllUOHAILHBIM MOKa3aTeIEM,
CBOMCTBA CTEIECHEN

He.]'lb: O606H_[I/ITB U CUCTCMATHU3UPOBATH 3HAHUS 11O TEMC «CBolicTBa KOpHeP’I u CT@HCHCIZ»; 3aKpCIUTH
YMCHHA UCIIOJIb30BATh ITOJTYUCHHBIC 3HAHUA IS Hp606pa3OBaHI/I${ anreﬁpanquKHX BBIpa)KeHI/Iﬁ

Teopernyeckue cBeieHUsI K MPaKTHYeCKOil padore:

m
Ir- —
Onpeuene}me. CreneHplo 4ucia a>0 C palMOHAJIbHBIM IMOKAa3aTCIIEM n o, TACe M - [eJIoe 4ucio, an -
n m

HarypanbHoe ( N>1), Ha3pIBaeTCA YKMCIO W3, T.C.

L I - -
— gi=3I, 3= .
37 =143a" s3>0 - 2"




CBolicTBA CTEINEHH ¢ PAalHOHAJBHBIM IMIOKA3aTEJIEM.
g b0, pe, g
faT=3"",;
EP
a‘:l'
(3" )T =3,
{ab JF=z" 5",

5.(gJ”=§_§.

3agaHus 1J151 CAaMOCTOATEILHOTIO peuaicHus:

1 Bapuaut
3aoanue 1. Beraucnurb

@) V12 + 45 x V12 — 45,
6)(6 + V27)2 X (6 —V27)2 ;

_ ZFT .
=3 h

B T L

2)

3adanue 2. YIpoCTUTH BBIPQXKCHUE U HAUTH €T0 3HAUCHUE
7 1

a) L0 5

a®  npu a=2

3adanue 3. 136aBUTbCS OT MPPALMOHAILHOCTH B 3HAMEHATENIE

a)5; 6)_¥ ; B)S5YS;r)_6 m 2
23 Jeivb 5+v3 e Ya
2 BapUAHT

3adanye 1. BeIupciauTs
) R o L A ST EW TS

1 1

6)(12 — V19)3 x (12 +v19)3 :
1 1.
(N7 — )+ (W7 =) ;
) ( \[7_3) ( 7)
3aoanue 2. YupocTUTh BRIPAXKEHUE U HANTH €ro 3HAYCHHUE

75
7—4/3 n 7+4+/3
7+4/3  7-4V3

8—4V3
_|_

OS5+ 1)+ (V5 +V);

8+4/3

2)
8+4/3

8—43



5 1

b2 +b?

a) 7
bz ppu b=3
7 2 2 7
a®c® +adc®
0) 71
asc? npu a=9, c=2

3adanue 3. 136aBUTbCS OT MPPALMOHAILHOCTY B 3HAMEHATEIE
7 . . 5Jc . (35 12 ;0) 2
Vom0 Vi D W

KOHmPOJleble 60ONPOCHL.
1. Yrto Ha3bIBAIOT CTENEHBIO C PallMOHAIBHBIM MOKa3aTenemM?
2. IlepeuncnuTh CBOMCTBA CTETICHN C PAIMOHATIBHBIM MTOKA3aTEIIEM.

Ilpakmuueckan paboma Ne43: CBoiicTBa cTeneHHbIX QYHKIMH U UX TPpa@uKH

Heab: chopMupoBaTh HABBIKM HCCIICIOBAHUS CBOMCTB CTEMEHHBIX (PYHKIIUN U TIOCTPOCHUS UX
rpaduKoB B 3aBUCUMOCTH OT Mokazares; popmupoBaTh komnoHeHThl OK 2. Oprannu3oBbiBaTh
COOCTBEHHYIO JICATSIILHOCTh, BEIOUPATh TUIIOBBIE METOIBI M CIIOCOOBI BBHITTOJTHCHUS
npodecCHoHANBHBIX 3aJ1a4, OIleHUBaTh X 3h(HeKTUBHOCTh 1 KauecTBO; OK 6. PaGoTaTh B
KOJIJIEKTHUBE U B KOMaH e, YQ(PEKTUBHO 00IIATHCS ¢ KOJIJIETaMH, PyKOBOJACTBOM,
notpedurenssmu; OKS. CaMOCTOSITEIBHO OTPEIeATh 3a1a4u TPO(PEeCCHOHATBEHOTO 1
JUYHOCTHOTO Pa3BUTHS, 3aHUMATHCSI caMO00Opa30BaHHEM, OCO3HAHHO TJIAaHUPOBAThH MOBBIIICHHE
KBaTM(UKAITIH

Teopernyeckasi 4acThb:

Bbl yoke 3HaKOMBI ¢ QyHKIHAME Y=X, Y=X?,y=X°,y=1/X. Bce 3TH (yHKIUK SABISIOTCA YACTHHIMU
cnyqasmu CTEIIEHHOW ®YHKIUU, Te dynkiuun y = X P,

Ceoticmea cmeneHnHot (h)yHKYUYU 3aBUCIT OT CBOWCTB CTEIICHU C ICHCTBUTEIBHBIM ITOKa3aTeNeM, a
B YACTHOCTH OT TOTO, IPU KaKMX 3HAYEHHUSIX X U P UMEET CMBICI CTENeHb X P.

Jlasatime e6cnomHum onpedeneHue @GYHKyuu, O0AOUM NOHAMUE CMENeHHOU @YHKYuu u
paccmompum ee ceolicmea yepe3 maoiuy)y.

L4 (I)yHKHI/Iﬂ — OTO COOTBCTCTBHUC MCXKAY ABYMA MHOXCCTBAMU TaAKOC, YTO KaXKIAOMY
X .

QJICMCHTY OAHOTO MHOXKECTBAa CTABUTCA B COOTBCTCTBUC CAUHCTBCHHBIM 3JJIEMCHT APYroro

MHOXKCCTBaA IFrl_lepBOG MHO>KECTBO Ha3bLIBAIOT 00J1aCTHIO onpeaecjIcHuss (l)yHKI[I/II/I, a BTOpPOC

(v} 2 T
— 00J1aCTBI0 3HAYEHHI q)YHKHI/II/I. O003Ha4aIoT: D (}:] u E[}:] COOTBCTCTBCHHO.

Crenennasi pyHkuus — 510 QyHKIUSA BUaga y = X P, r1ie p — 3aaHHOe AeHCTBUTEIHHOE YHUCTIO.
Heo0xoaumpblie 0003HAYEHMST:

A - o0macTh onpeeneHus QyHKIMA

Y - o6nacth u3MeHeHUs PyHKITUH

Xo- HyIU QYHKITTH

X T - 00macTb NONOKUTENBHBIX 3HAUEHUH QyHKIMH

X - o0macTe oTpHUIIATENBHBIX 3HAYCHUH (PYHKITUN

Max - TOYku MakcuMyma (yHKIIHH

MIN - Toukx MUHUMYMa (YHKIIUN

X T - o6nacts BO3pacTaHus QyHKIUU



X | - o6nacts yobiBaHUs (QyHKIHM

Hazeanue(P)

I'pagpux

Ceoiicmea

P=2n (ueTHoe
HATYpaJIbHOE YK CJIO)

y=x

napabona

e o0nacTb onpeseneHuss — BCE
JNeHCTBATEIILHBIC YHCIIA, T. €.
MHOXECTBO R;

®  MHOXECTBO 3HAYEHUN —
HEOTPHULIATEIIBHBIC YHACIIA, T. €. Y >
0;

(GyHKIMS YyeTHas;

e  (yHKuUSA ABISETCH
yObIBatomiei Ha npoMexxyTke X < 0
Y BO3pacCTarolIed Ha TPOMEKYTKE
X=0.

Ipumep ¢pynxkyuu c nokazamenem
p =2n:

y = x4

P=2n-1 (He4yeTHOE
HATypaJIbHOE YHCJI0)

e 00JyacThb ompeaeNeHNus —
MHOKEeCTBO R;

®  MHOECTBO 3HAYEHUMN —
MHOECTBO R;

e  (DyHKIUS HEUETHAS,

e (ynkmus sBIAETCA
BO3pacTaloIIeil Ha BCeil
JNEUCTBUTEILHOM OCH.
Ilpumep ¢pynkyuu c nokazamenem
p=2n-1:

y =X,

P=-nrmen—
oTpHIATE]bHOE
HATypaJibHOE YU CJI0:

eunepbona

wvY

e 0o0macTp onpeaeneHus —
MHOXecTBO R, kpome X = 0;

®  MHOXXECTBO 3HAYCHUH —
HOJIOXKUTENbHbIE yncia 'y > 0;

e  (QyHKIMA YETHAS;

e  (GyHKIMS SABISIETCS
BO3pACTaloIIei Ha MPOMEXYTKE X
< 0 u yObIBaro1Iel Ha MPOMEKYTKE
x> 0.

Tpumep 'y = 1/x°.




P=-(2n-1),
rae n —
HEYETHOC
HaTypaJIbHOe
YucJjao:

eunepbona

e 00JsacTb onpeaeNeHus —
MHOXecTBO R, kpome X = 0;

®  MHOXECTBO 3HAYECHUN —
MHOXecTBO R, kpome y = 0;

e  (pyHKUUS HEUYETHas,

e  (yHKUUSA ABISETCA
yOBIBaroIe Ha MPOMEKYTKAX X <
Oux>0.

Ipumep y = 113,

P — HONOXUTENIbHASA

IpoOb

y = x"(o >0, . — Heuemxoe)

®  MHOECTBO 3HAYEHU —
HeoTpHaTenbHbIe uncna y > 0;

e  (yHKUUSA ABISETCA
BO3PACTAOIIEH Ha IPOMEKYTKE X
> 0.

e 00yacThb ompeaeNeHNus —
HEOTpHULIATENIbHBIE Ynciia X > 0;
Ipumep y = x*B,

p — oTpunarenabHas

IpoOb

y=x"(o <0, 0— Hememoe)
vi

rY

e 00yacThb ompeaeNeHNus —
[MOJIOKUTENBHBIE yrcia X > 0;

e  MHOXECTBO 3HAYEHUN —
MOJIOKUTENbHBIE uncia 'y > 0;

e  (dyHKIHUS SABISETCS
yOBIBaOIICH HA TPOMEKYTKE X >
0.

Ipumep: y = x5,

ComnocraBbTe rpaduyeckoMy U300paKeHUI0 CTENIEHHON (PYHKIIUU €€ aHATUTUYECKOE BhIpaKEHUE.

Benute otBet B pexkume «T2» B hopme 1udpa-oyksa




AHATHTHYECKOE BhIPAKCHHE ['papuueckoe n3obpakenne creneHHbIX QyHKLMI
-3 r
S LNV,
y=x° b
y=x° B i
&
y=x7* r
y=x* A
........ |THE:|-‘---------.
"
— 05 K ‘
y=x I j
|
i
y=-x H

Ne zazanus 1 2 3 4 5 6 7 8

OrmeTka 0 BbIMOIHEHHH

«+» - NPaBHIIbHLII OTBET

«-» - HEBEPHbIH OTBET




Ilpakmuueckan paooma Nod4,45:
Mertonbl pelieHus oKa3aTelIbHbIX YPaBHEHUN U HEPABEHCTB

Henap padorbl: OnpeneneHne TUIIOB MOKA3aTENbHBIX YPABHEHUM U METO/I0B UX PELLICHUS,
penieHue NpoCTENIINX OKa3aTeIbHBIX HEPABEHCTB.

Onpenenenue. YpaBHeHue Buaa a* = b, rae a > 0,a # 1, Ha3bIBaCTCS NOKA3AMENbHBIM.
Ecmu b > 0, mo ypenenue umeem eounmcaenHulii kopeus, eciu b < 0, mo kopuetl nem.

Crnioco0bl penieHus MOKa3aTeJIbHbIX YPABHEHMIA.

1. IlpupaBHuBaHME MOKA3aTEIECH.

Cytb MeTOfa:
1. Venunuts cnaraemoe, cojeprkaliee NepeMeHHYI0;
2. IlpuBecTH CTENEHN K OJJHOMY OCHOBAHHUIO;
3. IlpupaBHATH MOKA3aTENH;
4. PemuTh Noy4eHHOE YPABHEHHUE;
5. 3anucath OTBET.
[Tpumep:
-27=0
3 =27,
3:&’ — 33,

x=23
OrtBer: X = 3.

2. BriHecenune o011ero MHOXUTENS 32 CKOOKH.

HpI/IMe‘IaHHeZ BBIHOCHM 33 CKOOKH MHOKHTEJIb C MEHBIIMM ITOKa3aTeJIeM.

[Tpumep:

3F 3" =78
37{1-3)=-78
3 {1-27)=-78
3" (- 26)=—78,
=3

=1

OtBer: X=1

3. BaeneHue HOBOI EpeMEHHON

Kaxk IIpaBuJIo0, YpaBHCHUA, pEIIAEMbBIC 3THM CHOCO6OM, CBOIATCA K KBaApPaTHBIM.
HpHMep: 42?{ _5' 4?{ +4 = D
HYCTB 4X = a Torga YypaBHCHHC MOXKHO 3aIlliCaTh B BUJC:

a® —Sa+4=0,
D=25-16=19,
@, = E =4
2
5-3

=—=1
a. 5
CnenaeM oOpaTHYIO 3aMEHY:
4 =4 ym 4 =1,

x=1mwmx=0



Omer: x=1umx=0

4. HWcronbp3oBaHWE OOHOPOIHOCTH

Sl flxd
Onpedenenue TlokazaTenbHbIe ypaBHEHHs Buaa @ =& "' HA3BIBAIOTCA OIHOPOIHBIMA.

Cytb metona: Tak kak moka3aTesbHas (QYHKIUS HE MOXKET MPUHUMATh 3HAYCHUE, pABHOE HYITIO,
1 00e YyacTh ypaBHEHUSI MOXKHO JISIUTh HA OJHO M TO )€ HE paBHOE HYIIIO YHCIIO, Pa3JIeiuM 00e

picy
YaCTH ypaBHEHHUsI, HAIPUMED, Ha :
[Mpumep: 2 =
Paszennm 06e 4acTu ypaBHeHus Ha 5 # O
203
73

3

x=0
Ortser: X = 0.
Onpenenenune. [lokazamenvHblm HEPABEHCTBOM HA3bIBAETCS HEPABEHCTBO, B KOTOPOM
MepEeMEHHasl COJIEPKUTCS B MTOKA3aTEII€ CTENEHHU.
Pemenne nmpocreiimmx nmoka3areJbHbIX HEPABEHCTB.

E

Ipocreiimmmu cunTarOTCS MOKa3aTelbHbIC HEPABSHCTBA BHUIA: a¥<aY, a*>aY . (a*<aY, a*>aY).
Tak ke, Kak W [IPH PEIIEHUH MPOCTENIINX MOKA3ATEIbHBIX YPAaBHEHHI, O JMHAKOBBIE OCHOBAHHUSI
CTEICHEH OMyCKAaIOT, HO 3HAK HOBOTO HEPABEHCTBA COXPAHSIOT, €U QYHKIMS y=a* SBISICTCS
Bo3pacraroieii (a>1); eciiu ke nokaszarenbHas GpyHnknus y=a* yosiBaet (0<a<l), to

3HAK HOBOT'O HEPABEHCTBA MEHSIIOT HA MPOTHBOMOJIOKHbII:

a*<a’ — X<y, eciiu @>1; 3HaK COXpaHEH, TaK KaK (PyHKIIMS BO3pacTacrT;

a*<a’ — x>y, ecim 0<a<l; ¢pyHkuus yObIBaeT — 3HAK MOMEHSIICS;

a*>a’ — x>y, eciu @>1; 3HaK COXpaHEH, TaK KaK (BYHKIIMs BO3pacTacT

a*>aY — x<y, eciau 0<a<l; ¢pyHkuus yObIBaeT — 3HAK MOMEHSIICS.

[Ipumepsbl.
Pemmmth HepaBeHCTBO:

1) 4>2<(0,25.

IIpencraBum npaByto yacTs B Buse: 0,25=(%/100)=(Y1)=47;

452<41; pynxnus y=4* ¢ ocHoBanueM 4>1 Bo3pacraeT Ha R, mosToMy, onyckas OCHOBaHHUsS
CTEIeHEeH, 3HaK HEPaBEHCTBA COXPAHUM:

5-2x<-1;

— 2x<-1-5;

— 2X<-6 |:(-2) npu geneHun 0OeHx YacTeil HEepaBeHCTBA HA OTPULIATEIILHOE YUCIIO, 3HAK
HEpaBEHCTBA MEHSIOT Ha IPOTHUBOIIOI0KHBIMN:

xX>3.

U
3 S
OrtBert: (3; +).
2) 0,4%*1>0,16.
[IpeacraBum uucno 0,16 B Buae crenenn uucna 0,4. [lonyqyaem:
0,4%*1>0,42; ocHoBanue cteneneii — uncno 0,4 — ynosnersopser ycnosuio: 0<0,4<1; mosromy,
OTyCKaeM OCHOBAHUs CTETICHEH, a 3HAK HEPABEHCTBA MEHSEM Ha MPOTUBOTOJIOKHBIH:
2x+1<2;



2x<2-1;
2x<1 |:2
x<0,5.

Ortsert: (-o0; 0,5].

ATAEARAYRAARARAL
0,5

BAPUAHT — |

1. PemunTe ypaBHeHUS:

. (X =49;

.87 =64";

.5t =1

25% — 72X

. Pemunre ypaBHeHue:

5)-()

5)\a

3. Haiinute cymMmmy KopHeii
YPaBHEHHUs

N= & o

52— 6.5 +5=0

4. PenmiuTe HEPaBeHCTBA:
a. 2* >4

0. 0,6 >0,6°

5. Haligute Hanodob1Iee 1IeJ10€
pellieHre HepaBeHCTBA

2 +2X2 <20

BAPUAHT — |1

1. Pemunrte ypaBHeHUSI:

a. 2% =8;
0. 9°=1;
B. 6% =36
r. 27% =5%
2. Pemnte ypaBHeHue:

(4" (5Y

=) 2

3. Haiigute cymmMy KopHeii
YPaBHEHUS

2% 6.2 +8=0

4. PemiuTe HepaBeHCTBA:
a. 2x <8

0. 0,3+ <0,3

5. HaliaiuTe HauMeHbIIIee 1ejoe
pellieHHe HEPaABEHCTBA

3 +3+2 - 30




APUAHT — 111
1. Pemunre ypaBHeHUs:

a. 3% =81;
0. 4%—64" °;

B. 23x+6 =1

r. 3% =8%

2. Peminte ypaBHeHue:

G5

3. Haiiaute cymMmMy KOpHei
YPaBHeHH S

3% -6-3*-27=0

4. PelinTe HEepaBeHCTBA:
a, <81

6. 057*>0,5""

5. Haligute HanodoJbIIee 1Ee10€
pellieHHe HepaBEeHCTBA

4+ 442 < 68

BAPUAHT — 1V

1. Pemunte ypaBHeHUs:

a. 44 =64;
6 36—x: 33x—2 .
B. 3X2‘4X =1
I. 4% = 92x

2. Pemnte ypaBHeHue:

(5Y (4

2) =)

3. Haiigute cymmy KopHei
YPaBHeHH S
2:2% -5.22+2=0

4. PemnTe HepaBeHCTBA:
a, 5125

0. 0,77% <0,7?

5. HaliauTe HAMMEeHbIIIEE 1eJ10€
pellleHHe HePaBEHCTBA

5% + 52 > 650

BAPHMAHT -V
1. Pemmnre ypaBHeHUsI:
a. 214—x = 4:
6.8%+> =1;

B. 625% 5% = 2512;
r. 73%—10 — 43x-10
2. Pemiute ypaBHeHHe:
52-3x — L
25
3. HaiiauTe cyMMy KOpHell ypaBHeHHUs
10-32*—-7-3*r—-3=0
4. PemmTe HepaBeHCTBA:
a. 4* < 64
0.0,32x-1 < (,3x+4
5. HaiinuTe HauboJIb1IEE LIEJI0OE PellleHHe
HEPaBeHCTBA
6* + 6%+2 < 222

BAPUAHT — VI
1. Pemnte ypaBHeHHs:
a. 3x+11 = 9’
6.1654 =1,
B. 7x2—9x+22 = 409;
r. 17471 = 2241
2. Pemiute ypaBHeHHe:
62—3x — i

36
3. HalianTe cyMMy KOpHeil ypaBHeHHsA
9* —6-3*—-27=0

4. Pemmmte HepaBeHCTBA:
a. 3* > 27
6.0,92* < 0,943
5. HaiinuTe HauMeHb11Iee 11€J10€ pelieHne
HepaBeHCTBA

8x + 8xt1 < 72




Ilpakmuueckasa paooma Ned6:
[Tonsitue norapudma. OcHOBHOE JIOrapu(PMUUECKOE TOXKIECTBO

Henw:

3HaTh OIpeaeseHre Jorapugma, OCHOBHOE JIOTapU(PMHUECKOE TOKIAECTBO.

YMeTb BBHIUUCIIATH JIOTapr(MBbI, TIPUMEHITH OCHOBHOE JIOTApU(PMHUECKOE TOXKIECTBO.

YMeTh BBIUUCIIATH 3HAUEHUS BRIPAKECHUN COIEPIKAIINX JIorapru(MBbI, COACpIKAIIIE JOTaprU(PMBbI,
norapu(MUpPOBaATh U IOTEHIIUPOBATH BHIPAYKEHHSL.

Jlozapugpmom uucna b no ocnosanun a HazpIBacTCS TAKOM MOKA3aTeNb CTEIICHU, B KOTOPYIO
HAJI0 BO3BECTH YHUCIIO &, YTOOBI MOTYIUTh YKCIO0 D.

loge b =x <=> a* = b, raeb>0; a>0; a#1

Ipumepur: log; 8 = 3; 1.x.2°=8
logs 625 = 4; 1.x.5*=625
logs 16 = 2; T.x.4°=16

log3 C=-2;1K3%=1
9

log 1=—1;1x5%=1
51 35

]0g4— —3;TK4-:1
S 1 1

logzs 5 = %; 1. 257 = V25 =5

1
loga4s3 = ¢
log77=1; logel=0

HOJ'IB?)YSICB OIpCACIICHUEM MOKHO 3allucaTb OCHOBHOC JIOFapI/I(l)MI/ILIeCKOG TOXKACCTBO:

aloga b — b

Hpumeppr: 5053 = 3
810g85 =5

3_210g35 = (310g3 5)_2 = 5_2 = —

23+log27 = 23 .2log27 = 8.7 = 56
IIpakTH4yeckast 4acTh:

Bapunant Nel
| yposens Bapuant Ne2
1. Bsmuciure: a) 10g; 27 109, 7, 6) | yposens
7 1. Berumciure: a) 109,16 —log; 9| 6)
21+Iog2 5 3
B) lgd+2Ig5, r) Blogs -1
logs —logs B) logg9+2logs 2, 1) Iy 30—1g
Haﬁ[[I/ITe - |Og3x =4 |0g3 a+7 |Og3 b 2. Haﬁl{HTe X. |0g5X =2 IOgS a-— 3|Og5 b




3. Ilponorapupmupyiite 10 OCHOBaHHUIO 5
Boipakenne: 125a% 1b?.
Il yposens 1
log 24 - ?Iog ,(2

1. Beranciuts: a)

Iog318 - ; Ioga72

6) 36I0g65+101—I92 _8logz3
2. Haiigure x:

log x = 1 log a- 2 log b- 1Iog b+5

2 ? 2 § 2 :-—)’ 2
3. IlpomorapudmMupyiite BRIpakeHUE TI0
X 3\/-6 m?

4. YipocTtuTe BhIpakeHue:

OCHOBAHUIO €.

3. IIponorapudgmupyiite Mo 0CHOBaHHIO 5:
25a°b’
Il ypogens
1. Beruucaure:
1
log, 14 5 log 56

a) 0)

Ioge30 - lzlog 6150

( l—llog 4
814 2 9
\

2. Hatinure x:

+ 25|09125 8 \| . 4glog7 2

log x=3- ilog a—8log b+2 {Iog c
L 3 1L 1 3 1
3 3 3

3. IIponorapudmupyiite BeIpakeHHE IO

cz\/C‘

- T

w

OCHOBAHHUIO 3:

lgb —log b? 243(ab?
lga log_b 2 4. YIpocTHTE BEIPAKEHHE:
2log,b I b ¥
a (ogaa )
Bapuant Ne3 Bapuant Ned
| yposens | yposenw

1. Bomuucyure: a) 109,16 + |091§, 0)
5

122—|09124
) 3lg2+3lg5, r)
logs .80 —logs 10"
2 1
2. Haitgure x: log, x= —og,a— -og, b
72 3 72 5 72

3. IIponorapudmupyiiTe Mo 0CHOBaHUIO 2

48a.f-b’

Il yposens

1. Beruucnure: a)_logL4 * IogLV/iﬁ
log, 20 + 3log; 2

1
IogZS—SIog 85

6) 1677°9¢° 4 42
2. Hatiqure x:

log x:zlog a—4+5log b—llog b
3 3 3 3 2 3

3. Ilponorapudmupyiite BeIpa)keHUE MO
0,04 -3ra%h
OCHOBAHHIO 5!

ac?
4. YIpoCcTHUTE BBIpaKEHHE:
log, a
- Iogb a?— 9.
1_I60ga Iog3 b

1. Beruncimure: a) 10gg 64 + |091§ , 0)

3
1 1-logge18
)
1
B)élg4+I95, T) Iogs\/%—logs\/te

1 4
2. Haiinure x: log X=" log a-" log 2b
I T

3. IIpomnorapudmupyiite no ocnoBanwuto 10:

0,001b?

2
Il yposens
1. Boruncnure:
3Iog72— ! Iog764

a) , 0)

w LN

4logs 2+ _logs 27

! log 9-log 6

72.(4972 T +5*'°9f“)

2. Haiiqure x:

log x= 3Iog a+ 1 —-5log b+4log b
25 5 25 -2 25 25
3. Ilponorapudmupyiite o ocHoBaHUIO 4:

\/'rg'

256 (praf




4. Ynpoctute Beipaxkenue: T0Yp U =1,

Ilpakmuueckan paooma Ned7,48:
CaoiicTBa norapupmuyeckoi GyHKIMH U €€ rpaduk

Lean: 3HaTh cBOIiCTBaA JoTaprdma, GOPMYIIH IEpexoaa K IJpyroMmy OCHOBAHHIO.
YMeTb npeoOpa3oBhIBaTh BEIPAKECHUS, COACPIKAIINE JTOTapU(PMBI.

Hust a>0; a#1; x>0; y>0 cnpaBeanuBbl GOPMYIIBI:
loga1 =0

logea =1

loga xy = loga x + loga y

log, i =log,x —log.y

logax? =p lloga x

o » wbd Pk

log,rx =-
P
Ilpumepot: a) loge 18 + loge 2 = loge 18 - 2 = loge 36 = 2
0) logi2 48 + lOglz 4 = loglz 48 -4 =logi212 =1

B) logs 34 = —log3 3 = Z

r) logs V3 ——10g512 +10g550 = logs v/3 — logs /12 + logs50 =
V350

V12

Jlecamuunvie u hamypanvHhsle 102apudmeol.
Jecamuunvie nocapughm yrcna Ha3bIBAIOT Jorapudm 3Toro ymucia no ocuoranuto 10.

= logs = logs25 = 2

Ilpumepor:  1g100 = 2, lgb = logwb
1g1000 = 4,
1g0,00001 = -5,
1g0,01 = —2.
Hamypansnsim nozapughmom 4dvicia Ha3pIBaeTCs Joraprum 3TOro Yrcia Mo OCHOBAHHUIO €, IJIe
e =2,71828 Inb = 10ge b
e=1+_+_"+_1' 4+ . +_ T 4+ .
1 1x2 1x2x1 1x2%X3..n
Ilpumepor: In eiz =2,
In-=-1,
| ‘1 _ >
= s

Jlist HaTypaibHBIX U AECATHYHBIX JIOTapU(MOB COCTABJIECHBI CIIEIIMATbHBIC TAOIUIIBI.
Jist BBIYMCIICHUS JPYTUX JIOTapU(PMOB UCIIONB3YIOT (hopmysiy nepexooa K Opy2omy 0CHOBAHUIO

oo b log: b
0820 = Jog. a

1
loga b =

logp a




Hpumep:@+m4—3= log 2+ log 3=log 6=1
6 6 6

logs 6 logs 6

@OyHKIMS — 3TO OTOOpakeHue, MpU KOTOPOM KakJOMYy 3HAUEHHUIO OJHOTO MHOXKECTBA
CTaBUTCSI B COOTBETCTBUE €JMHCTBEHHOM 3HaU€HUE BTOPOro MHOXecTBa. [Ipuuem oToOpakeHue

Ha3bIBAETCSl OOPATUMBIM €CIIU KaXKJI0MY 3JIEMEHTY
BTOPOI'O MHOJKECTBA CTAaBUTCS B COOTBETCTBUE
€IMHCTBEHHBII  JJIEMEHT IEPBOTO  MHOKECTBA.
I'padukn  oOpaTHbIX QYHKUMH CHUMMETPUYHBIN
OTHOCHUTEIBHO MPAMON =X

Bcnomnume onpeoeneHue u ceolicmea
nokazamenvrou Qyukyuu: y=a*, npu a>0, a# 1. Ota
(GyYHKIMS BO3pacTaeT Ha BCEW YMCIIOBOM MpPsIMOM MpH
a>1 wn yowBaer npu 0<a<l. To ectp mpu JTH0O0M
3HaYEHUM a TOKa3aTrenbHas (YHKIUS MOHOTOHHA.
Jlnia Hee cymiectByeT oOpatHas ¢yHkuus. MoxHO ee
noctpoutb.  (Puc 1), ®yHkumsa, oOpatHas
MOKa3aTeIbHON HA3bIBACTCS JIOTapU(PMHUUECKOH.

o

y=logax

Puc 1. I'paduku nokazarenbHOI
u orapupmudeckon GyHKIHI.

DYyHKINIO, 3aaHHYI0 (HOpMYyIIOi

y=logax, 20e a>0, a+ 1

Ha3bIBAIOT J102apUPMUYECKoll )ynKyuell ¢ OCHOBAHUEM a.

s noxazamenvHotl (hyHKyuu cywecmsyem 08a Ciyyas nogedeHus QyHkyuu: npu a>1 u npu

O0<a<l. Jloeapugpmuueckyro pyHxyuro paccmompum

y=logaX, 20e a>1

y=logaX, 20e 0<a<l

y=logax, a>1

I'pagux pynkuyuu I'paguk ¢pynkuyuu
A A
y y
1 1
ol /1 > 0 >

y=log.x,

Ceoiicmea pynkyuu

2. E(H=R.

Cesoiicmea pynkyuu

1. D(f)=(0;+o0). 1. D(f)=(0;+o0).
Obnacms onpedenenusi — 3mo ce
oonycmumbvle 3HA4eHUs He3A8UCUMO20
nepeMeHHO20 X. 2. E(H=R.




Obnacmov 3nayenus — 3mo 6ce donycmumvle
3HAYEHUs. 3ABUCUMO20 NEPEMEHHO20 ).
3. Bospacraer Ha Bceit obnactu
OIIpe/IeIICHUS
DyuKkyusa Hazvleaemcs 6ospacmaroujell, eciu
OobUEMY 3HAUEHUIO apSYMEeHma CMABUMCs 8
coomeemcmaue Oobuee 3HaAUeHUU QYHKYUU.
4. Tlpoxomut uepe3 Touky (1;0)

3. YOsIBacT Ha Bcell 00acTu
oTpeieICHUs
Qynxyus  Hasvieaemcst yowisaiowell, eciu
OObUEMY 3HAYCHUIO APSYMEHMA CMABUMCSL 8
coomeememaue 60buLee 3Ha4eHul QYHKYUL.
4. Tlpoxomut uepe3 Touky (1;0)

ITpumep 1. TloctpouTts rpaduk GpyHkimu y=l0gs(x-2). OnucaTh ee CBOWCTBA.
Pewenue. I'padux nckomoii pyHKIMHU mosrydaercs u3 rpaduka Gpynkiun y=logsx.

X 1/3 3

9

y -1 1

2

I'paduk dynkimu y=logs(X-2) noxydaem u3 npensiaymero capurom mo ocu Ox Ha 2

enuHMIbI BripaBo (Puc 11).

A A
¥y :
y=logax  y=logs(x-2)
1 /
0 2 >

Puc 11. I'paduk pyukuun y=logsz(x-2).

ITpumep 2. Haiigure obnacts onpenencuus Gyuakiun y=logs(6-2x).

Pewienue. OGnacThio onpeaeneHust JorapuhMUIecKoi GyHKIINU SBISIETCS MHOXKECTBO
MOJIOKUTEIBHBIX JCHCTBUTEIBHBIX Yrces. [loaToMy aprymeHT siorapudma J0mKeH
OBITH CTPOTO OOJIBINE HYIS. 6-2x>0; -2x>-6; X<3.

Omeem Xe(—0; 3)

Hpumep 3. Haiinute o6nacts onpenenenns Gpyskimn y=logs(x?-3x-4).

Pewenue. x*-3x-4>0.

Pewm nepagencmeo memooom unmepsanos: f(X)= x>-3x-4

x2-3x-4=0; x1=-1; Xo=4

+

- +

x€e(—o0; —1 U (4; +o0)
Omeem: xe(—o0; —1 U (4; +00)

Ilpumep 3. Haiinute o0nacte onpenenenus QyHKIUN y = log8

Pewenue. 226 > ()
5—10x

v

~
g

1

B0

2x+6

5—10x

2x+6

PemiM HepaBeHCTBO MeTOZOM MHTEpBaoB: f(X)= 2x+6

2x+6
5—10x
MOJTY4HM:
2x+6=0u5—-10x#0
x=-3 x # 0,5
xe(—=3;0,5)

Omeem: xe(—3;0,5)

5—10x

= 0; dpo6s paBHa 0 xorna uucnutens paBeH 0, a 3Hamenarens He paseH 0. T.O.

- + -

Q
v

73

o
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IIpakTHyeckas 4acrb:

No 1 papuanT Ne 2 BApHAHT
1. Mocrpoiite rpadpuk GpyHKIHM:

a |y=logs(x—2) a |y=logax+1)

b |y= —log;x b |y= logix +2

1. BbInoJgHuTeE ACHCTBUA:

Ceoticmea nozapughmoes

Bapuanm 1

A) Bvibepume HoMep npasuivHo20 omeema

Al | Beruuciure: log,,160 +log,,0,9 1)2;21;,33;4)0
A2 | yupocrure: 52+1095° 1) 50; 2) 3; 3) 75; 4) 12
A3 | Beruucaure: 2log,12 —log,18 1) 3;2)4;3)1; 4) 2
A4 | Halinute 3HaY€HHE BBIPAKECHUS: 1) 1; 2) 2,25; 3) 3,75; 4) 4,5
logs (16¢), ecim logz ¢ = 0,5
A5 logs144 4: X -8 4) _
HaiiuTe 3HaYeHNE BHIPAKEHUS: 9277 g 1) 4 2) 6: 3) log;12-8; 4) 6
log;12
A6 | Boranciure: logz (24m), ecnu log2 3m=8,5 | 1) 11)5; 2) -5,5; 3) 19,5; 4) 20
A7 Haﬁzgge 3HAYECHUE BBIPAKECHHUS: 1)3;2)7;3)-34)5
log , ecnu log 5=0,2
5 C c
A8 1) 5; 2) 5,2; 3) 4,8; 4) 4,5

log, 4 logy 55
Brruncnure 81 9> —2 7%

Ceoiicmea no2apugpmos

Bapuanm 2

A) Bvibepume Homep npasuibHo20 omseema

Al | Beruucaure: log,,110 + log,,1,1 1)1;,2)3;3)2;4) -1
A2 | ynpocrute: 62710962 1) 18; 2) 15; 3) 75; 4) 25
A3 | Boruucaure: log,96 —5log, 2 1)3;2)1;3)-1;4)2
A4 Haﬁm/éTe 3HAUCHUE BLIPAKEHMS: 1) -0,5; 2) 3,5;3) 1,5; 4) 2,5
log 1_, eciu log ¢=-0,5
4 C 4
A5 logs169 6;2) 7; - 4) —
HaiiuTe 3HaYeHNE BHIPAKEHUS: g +5 1) 6, 2) 75 3) logr13+5; 4) -2
log,13
A6 | Beruucmure: 1) 6,5; 2) —4,5; 3) 9,5; 4) 10
logs (100m), ecnu logs 4m = 7,5
A7 Haﬁmxnée 3HAUYE€HUE BBIPAKEHUA: 1)3;,2)1;,3)24)2
log , ecm log 6=0,5
ST c
A8 1) 6,5; 2) 5; 3) 6,2; 4) 7,5

log, 37 _ 5|090,2 2

Brraucnure 64




Ceoticmea nozapughmoes

Bapuanm 3

A) Bvibepume nomep npagunvHoco omeema

Al | Boruucmure: 19125+1g8 1)1;,2)2;,3)3;4) 4

A2 | yhpocrure: 627109° 1) 4, 2) 6;3)9; 4) 12

A3 | Berauciure: 2log,;3+10g,, 25 1)3;,2)4;,3)1;4) 2

A4 | Haliiute 3HaYEHNUE BBIPAKECHUS: 1) 1; 2) 1,75; 3) 0,75; 4) 1,5
logs (27c), ecm logsc =0,5

A5 | HalinuTe 3Ha4YCHHE BBIPAKCHUS: 1) 11; 2) 6; 3) log,11+5; 4) 7
log,121

+5

log,11

A6 | Berauciure: 1) 8,5; 2) 6,5; 3) 9,5; 4) 9
logs (50m), &fiéé logs 2m = 4,5

A7 Haﬁiuéne 3HAQ4YECHHE BBIPAKECHUS: 1) -8; 2) —6; 3) -3 4) 4
log ™, ecmm log 4=0,1

4 c c
A8 log; 5

3
Beruucnure 64|092J5 +3 ¢

1) 5: 2) 25,2 3)15,1; 4) 4+
3

Ceoiticmea nozapughmos

Bapuanm 4

A) Bvibepume HoMmep npasuivHo2o omeema

Al | Beraucnure: log,810 —log,10 1)1;2)2;3)3;4) -1
A2 | ynpocrure: 3%+109:2 1) 54; 2) 48; 3) 81; 4) 29
A3 | Beruucimre: logg12,5—1og, 0,1 1) 3;2)1;3)-2; 4) 4
A4 | Halinute 3HaY€HUE BBIPAKCHUS: 1)1,2; 2)1,5; 3) 0,6; 4) 1,8
logss (6¢), ecmu loge ¢ =0,2
A5 | Halimute 3HaY€HUE BBIPAKCHUS: 1) 2; 2) 8; 3) 1; 4) loge4—2
log, 64
-2
log, 4
A6 | Beruuciure: 1) 4,5; 2) -2,5; 3) 1,5; 4) 5
logs (54m), ecm logs 2m =1,5
A7 | HaliiuTe 3HaYEHUE BBIPAKCHUS: 1) =3; 2)1; 3) 24) -2
49
log __, ecnu log 7=0,25
7 C c
A8 ; log, 5 1) 4,8; 2) -3; 3) 3,2; 4) 10,5
Brruncnure 2:|.6|096J§ +7 7

2. OnpenenuTe MHOKECTBO 3HAYEHU I PyHKIMU:

Al

Onpenenute MHOKECTBO 3HAYCHHI
(107319112178
y =11-log; (x+5)

1) [5;+%); 2) (—o0;+); 3) (—0;11]; 4) (5:11)

A2

OHpCI[CJ'II/ITC MHO>KECTBO 3HAYCHUI

(107319112178 4
y =

Iogj x2+9)

1) (1,9]:2) (—=;2]; 3) (0:2]; 4) [2;+)




A3

Omnpepenute MHOXECTBO 3HAUCHHIA
¢byHKIMu:
y =12+ log, (4 - x)

1) [12;+e0); 2) (—0;12); 3) (—o0; +o0); 4)
(4;:12)

A4

Omnpenenyute MHOXKECTBO 3HAUCHUH
byHKIMN:

y=1og, (X +1)

1) (-;0); 2) (—o0;+0); 3) [1;+x); 4) (0;+x)

A5

Omnpenenure MHOXKECTBO 3HAYCHUI
GbyHKIUNU:

=log? (x+

y =log? (x+3)

1) [0;+0); 2) (—0+0); 3) (—=:3]; 4) (0:3)

A6

Omnpenenute MHOXKECTBO 3HAUCHUH
GyHKIUU:
y 3

Iogjx2+8i

1) (0:1]; 2) (~=;1]; 3) (13]; 4) [3;+)

A8

Omnpenennre MHOKECTBO 3HAYCHUN
(107319112178
y =log 2( G +16)

1) (~o0;+0); 2) (—o0;4]; 3) [4;+0); 4) [16;+0)

Ilpaxmuueckan paboma Ne49,50.

Mertopsl perieHus J0rapupMUIEcKrX ypaBHCHHM
Lenw pabomur: 3akpenuTh 3HAaHUS U YMEHHSI CTYI€HTOB IIPU PELLIEHUH JIOTapU(PMUIECKUX

YpaBHEHUN U HEPABEHCTB.

JTeopruyeckas yacre

JlorapudpmMuyeckoe ypaBHeHHue

Onpenenenue: Jlorapudpmuueckoe ypaBHEHHE — 3TO YpaBHEHHE BHUJIA
loga b(X) = loga ¢(X), rme a >0, a # 1.

ypaBHeHI/IH, CBOIAIIUECA K OSTOMY BUAY, TAKXKC HAa3bIBAKOTCA J'IOl"apI/I(l)MI/ILIeCKI/IMI/I YpaBHCHHUAMMU.

[Ipumep.
Pemum ypaBHeHue

logs (x2 — 3x —5) = logs (7 — 2x).
Pemienue.

1) ITockoJIbKY OCHOBAHUS B JIEBOM M MPABO 4acTAX OJAWHAKOBBIE (PaBHBI 3), TO MBI MOXKEM
0CBOOOUTHCS OT 3HAKOB JIOTapu(MOB M MPUATH K ypaBHeHHUIO Buaa b(X) = ¢(x):

X2 -3x-5=7-2x
2) TlpupaBHUBaeM ypaBHEHHE K HYJIIO U ITOJIy9aeM KBapaTHOE ypaBHEHHE:
X2 -3x-5-7+2x=0
X2 -x-12=0

PemuB kBaapaTHOE ypaBHEHHE, HAXOAUM €r0 KOPHH:
X1 =4, Xo =-3.
3) IIpoBepuMm, TIpu KAaKOM U3 JIBYX 3HAYCHHUH X YypaBHEHHE HMEET CMBICI.

MB&I yxe 3HaeM, 4To JorapuMHIECKOe YpaBHEHHE PaBHOCHIIBHO ypaBHeHHUIO D(X) = C(X) Tonbko

B TOM ciydae, eciii b(X) > 0 u ¢(x) > 0. CnenoBaTeIbHO, BHIBOJIUM JIBa HEPABCHCTBA:
2
X=—3x—-5>0,

7_

2x> 0.

HpI/I x=4 HCEPAaBCHCTBA HCBCPHBI. 3Ha‘-II/IT, 4 ne sBusAeTCS pPCHICHUCM YpAaBHCHHUH.




[Tpu x = —3 HepaBeHCTBA BEPHBI. 3HAUUT, 3 SIBJIACTCS €MHCTBEHHBIM pEIIEHUEM YPaBHEHUSI.

JlorapupmMuyeckoe HepaBeHCTBO

Onpenenenue: Jlorapudmuueckoe HEPABEHCTBO — ITO HEPABEHCTBO BUIA
loga b(X) > loga c(X), rae a >0, a # 1.
HepaBeHncTBa, cBOISIIMECS K STOMY BH/LY, TAK)KE HA3bIBAIOTCS JIOTapU(PMUIECKUMU
HEPaBEHCTBAMH.
Ecmu b(x) >0 u c(x) > 0, To:
- mpu @ > 1 morapudmudeckoe HepaBeHCTBO loga b(X) > l0ga ¢(X) paBHOCHIBHO
HepaBeHCcTBY D(X) > ¢(X);
- mpu 0 < a < 1 norapudmuueckoe HepaBeHCTBO 10ga b(X) > l0ga ¢(X) paBHOCHIBHO
HEPaBEHCTBY C MIPOTUBOIOJIOKHBIM cMbIcToM D(X) < ¢(X)
[Tpumep.
Pemnm HepaBencTBo logs (2x —4) > logs (14 — x).
Pemenue.
1) B ocHOBaHUM 00eHX YacTell ypaBHEHHS — OJIHO U TO K€ YHCIIO 3. 3HAYUT, MOXKEM yOpaTh
3Ha4kH JoraprupmoB. [Tockonbky 3 Gorbie 1, To, cienyst mpaBUiTy, COCTABIISIEM CIIETYIONTYIO
CHCTEMY HEPaBEHCTB:
2x—-4>0
14-x>0
2x—-4>14 —x.
Penraem HepaBeHCTBA 1 TIOTyJaeM:
X>2
x<14
X>6
Mgl BUAKM, 4TO X OOJIBIIE HE TOJIBKO JABYX, HO U OOJIbIIIE HIECTH. 3HAYUT, HEPABEHCTBO X > 2 MbI
yKe B pacueT He OepeM: eciu x 0oJibiie 6, TO ecTecTBeHHO U Ooubie 2. Takum obpazom, s
Hac Ba)XHBI TOJIBKO JIBA APYTHX HEPABEHCTBA, COTJIACHO KOTOPHIM X OOJIbIIe 6, HO MeHbIIe 14,
OTO U eCTh OTBET:
6 <x<14.

TeKcer sajanusa:

Pemenne jjorapugmMuyecKkux ypaBHeHUil 1 HEPABEHCTB
Bapmuanr 1

A) Bvibepume Homep npasunibHo2o omeema
Al Ecnu X, - kKopenb ypaHenust log,, (6-2x)=-2, | 1) 5;2)30; 3)9; 4)6
TO 3HAYEHUE BBIPAKEHUS x(z) +5 paBHO

A2 Haiinure npousBeneHne KOpHE ypaBHEHUs 1) 1000; 2) 0,01; 3) 0,1; 4)100
lg? x—lgx®+2=0

A3 Haiinure cymMmy KOpHEN ypaBHEHMS 1) -2; 2) 4,5; 3) 2,5; 4)3
Iogs(2x2 + 3) ~1=log x

A4 Haiigute Hanbomnplee 1enoe pereHue 1) -1;2) 4; 3) 5; 4) -3
nepasescrsa 100, % ~2)<log, (2 ~X)

A5 Haiinute o6nacte onpeneneHus QyHKIUH 1) [3;+0); 2) (-=;3]; 3)[3:4);

y =/l0goz (4-x) 4) (~o0;4)

B) Hanuwume npagunvHoiii omeem




B1

Haiinure npousBeneHne KOpHEN ypaBHEHUS |ng 2+ |092 X 2= |094 2

B2 VYKa)KuTe KOJIMYECTBO LIEJIBIX PELICHUN HEPABEHCTBA!
Iog%(Bx ~1)-2>log, X
B3 X+2y =5,
Ecnu X, u Y, - pelieHue CucTeMbl YpaBHEHHI Llog i (y N X) _0,5: TO 3HAYEHHE
BBIPAXKEHUS 2X, + Y, PABHO
C) llpuseoume noopobHoe peutenue OaHH020 3A0AHUL.
c Ipu Kakux 3HAYeHMAX mapamerpa & ypasHenue 10 (32a - 9") = X He UMeeT
KOpHEH
Peumrenne norapupmMuueckux ypaBHeHuii U HepaBeHCTB
Bapuanr 2
A) Bvibepume HoMmep npasuivbHo2o omeema
Al | Ecim x, - xopenb ypasHenus log,,, (3x+1) =-2, |1) 45, 2) 20; 3) 4; 4)31

TO 3HAUCHUEC BBIPAXKCHUA X2 — X PaBHO
0 0

A2 | Haiigure npousBeicHUe KOPHEN ypaBHEHUS 1) 1000; 2) 0,01; 3) 0,1; 4)100
lg? x—lgx?-3=0
A3 Haiimnre cymmy KOpHEH ypaBHEHHS 1) 9; 2) 11, 3) -10; 4) 3
log 6(4x2 + 32) -2=log X
A4 Haiinure Hanbospiee menoe pereHne 1) 7; 2) 6; 3) —6; 4) —7
nepanencraa 100, (}x +13) < log, (5 - 3x)
A5 | Haiigure oGmacTs gnpez[enemm (byHKI:I/II/I 1) (-1;0); 2)(-1;0]; 3)(—=;0];
y = flogos (x+1) 4) (-Li+c)
B) Hanuwume npasunvnwiii omeem
B Haiinute HauMeHbIINN KOPEHb PABHEHHUS Iogz X+ |093 x=1
B2 | YKax#uTe KOJMYECTBO LENbIX PEIICHUI HEPABEHCTBA
Iog%(x— 0,5)-log, (x-1)>1
B3 [3x+2y =5,
Ecimu X, u Y, - peuieHne CuCTeMbl ypaBHEHHH j[ log § (y . X) _ 0,25 TO 3HAUCHHE
BBIPKCHUS 2X, + Y, paBHO
C) IIpuseoume noopodnoe peuienue 0aHHO20 3a0AHUSL.
C

IIpu kakux 3HaYCHUSX ITapaMeTpa & ypaBHEHHE log (a3 +4 ) —X=0 wumeer
2

POBHO IBa KOPH:




Ilpaxkmuueckasa paboma Ne51: Ilepexoo k HogoMy ocHOBaHuo 102apughma

Lenb: 3aKkpenuTh 3HAaHUSI 1 YMEHHUS CTYACHTOB 10 OCBOEHHUIO JIOTapu(MOB U

CBOICTB JiorapupmMuueckoil pyHKIUY.

Teopernyeckasi 4acThb:

OcHoOBHBIE CBOMCTBA JIOTapUu(pMOB

CioskeHne ¥ BbIYUTaHHE JIOI‘apI/I(l)MOB

1. loga X + loga y = loga (X - Y);
2. loga X — logay = loga (x : y).

BoiHeceHHe moka3arelisi cTeneHn U3 jJorapugma

1.l0oga X" =n - loga x;

lo x==-log_x
2. gﬂk - k gﬂ

3. log x x" = o log, x

[Iepexor Kk HOBOMY OCHOBAaHHIO

B YaCTHOCTH, €CJIM IOJOKUTH C = X, MOJYyYHUM:

log. x
log,x = ——
log. a
l 1
082 % = log, a

OcHoBHOe JIoTapU(PMHUIECKOE TOKIECTBO

Yacro B npoi1iecce penieHus: Tpedyercst IpeCTaBUTh YHUCIO0 KaK JIorapu@m 1o 3aJaHHOMY
OCHOBaHUIO. B 3TOM cityuae HaM IOMOTYT (POPMYIIbI:

1.n=logaa"

2. = bl°oBs @

Jlorapudpmuyeckas eqMHUNA U JorapuMuuecKuii HOJIb

1. loga @a = 1 — 510 norapudmudeckas eauHMIA. 3aTIOMHHUTE Pa3 U HABCET/Ia: JOrapuM 1o
T000MY OCHOBAHHIO & OT CAaMOT'0 3TOTO OCHOBAHUs PAaBEH EAMHHUIIC.

2. logal = 0 — 310 NorapupmMuueckuii Hosb. OCHOBAHUE @ MOKET OBITH KAKUM YTOJHO, HO
eclu B apryMeHTe CTOUT euHuIa — JorapudM pasen Hymo! [Toromy uto 8 =1 — 5710
MPSIMOE CIICJICTBUE U3 OTIPEICIICHUSI.

Ilepexoa kK HOBOMY OCHOBAHUIO log 6 = Iogc 6 | wactHOCTH, ecin C = b, To Iog 6=1 ,

1
U TOT/1a: log 6=

a log a -

log 3-log 1,25=log
0,8 3 0

.8

a log. a ¢
log,s1,25 _ S _
3. %0840 = log 125=log =-1
log,s 3 08 <4

JlorapugmMupoBaHue — 3T0 HaX0Xk/I€HHE JOTapHU(PMOB 33JaHHBIX YUCEI U BHIPAKECHUH.



b
Ipumep: Haiinem norapupm X = a2 - — .
c
Pewrenue.
[TocnenoBaTenbHO BOCHOIB3YEMCS Cpa3y BCEMHU TPEMsi OCHOBHBIMH CBOMCTBAMU JIOrapu(MOB,
KOTOPBIE M3JI0’KEHBI BhIIIE (JIorapud™M mpou3BeieHus, JorapudM 4acTHOTO U Jorapudm
CTEIIEHN):
b
lgx=Ig(@*-—)=Iga’+Igb—Igc=2lga+Igb—Igc.
c
IMoTeHuHpoOBaHMe — 3TO HAXOXKICHUE YHCEII WM BBIPAKEHHUN 110 JTAHHOMY JIoTapudmy drcia
(BBIpaXKEHHUS).
[ToTreHpoBaTh — 3HAYUT OCBOOOKAATHCS OT 3HAYKOB JIOTapU(MOB B TIPOIIECCE PEIICHUS
J0rapru(MUIECKOTO BBIPAKEHHUS.

Ilpumep: L 1 )
x=3ai/7[5?, Inx = In3a3\/15?,lnx =In3+Ina+_(In4+2Inb),Inx=In3+Ina+ _In4+ " Inb,
3 3 3
OtBer: InXx = In3+|na+£|n4+ Elnb.
3 3
BrInoanure aeiicTBUA:
/ 160+/ 0,9
Al BhramcITe: og, og 1, Y, 122)13)34)0
A2 §2+logs3 1)502) 33) 754) 12
Yupocrure:
A3 Brrancaunre: 210g212 _IOgZIS 1)32)43)14)2

Hatinure 3nauenue
BBIpKCHUSI:

A4 1)12)2,253)3,754) 4,5
log, (16¢), ecim log,c=0,5
log;144 g
log 12
A5 Hatigure 3Hauenue BBIPKEHHUS: 1)42)63) log512—8; 4) -6
Breruucnure:
A6 10g2 (24m)) eCII| 10g2 Im = 8,5 1)11,52)-5,53) 19,54) 20
Haitnure 3nauenue
BBIpaKEHUSI:
A7 25 1)32)73)-34)5

log, —, ecim log_5=0,2
c



A8 g1lees¥5 _ ologasS 1)52)5,23) 4,84) 45

Beruucnure
2 BapHaHT
Al 1)12)33)24)-1
Brruucnure: loglll 10+ loglll’ 1 )12)33)24)
2-log.2
A2 Yipocrmre: 62 1288 1) 18 2) 15 3) 75 4) 25
A3 Biamcme: 102,96 —5log, 2 1)32)13)-14)2
Haitnure 3Hauenue
BBIPpAKCHUA:
A4 16 1)-052)3,53)1,54) 25
log, —, ecm log, c =-0,5
C
HaiinuTe 3HaYeHNE BBIpAKEHUS:
A5 log_ 169 1)62)73) log 13+5;
g7— +5 4) iy g’]
log 13
Beruucnure:
A6 log, (100m), eci log. Am=17,5 1) 6,52) -4,53) 9,54) 10
Hatinure 3Hauenue
A7 216 1)32)13)-24)2
log, —, eciu log, 6=10,5 )32)13)-24)
c
BBIPaKCHUS:
3 / 2
A8 64727 _ 51802 1) 6,52)53)6,24) 7,5
Brrunciure

Ilpakmuueckan padoma Ne52: 1lpaBuna BeuKCIICHHS IEPBOOOPA3HBIX

HEJIb : KoppekTupoBaTh 3HaHHs, YMEHUS U HaBBIKU B TeMe: «Bbruncienue nepBooOpa3sHon
GyHKII.
1. 3akpenuth U CHCTEMaTU3UPOBATH 3HAHUS MO TEME.
2. OmpenenuTs ypOBEHb YCBOCHHS 3HAHHM, OLICHUTH Pe3yNbTaT ACITeIbHOCTH yU-Csl.
HOPAJOK BBIIIOJIHEHUSA PABOTDI:
1. OTBeTuTH Ha KOHTPOJbHBIE BOIIPOCHI:
a) Uto Ha3pIBaeTCs epBOOOpa3HON QYHKIMH?
6) Copmynupyiite 0CHOBHOE CBOMCTBO MIEPBOOOPa3HOIA.
B) Chopmynupyiite Tpu MpaBuiIa HaX0XKACHUS IEPBOOOPA3ZHBIX.
2. V3yuuTh 00pa3Ilbl pEIICHHBIX IPUMEPOB.
3. BBIMOTHUTH 3a7aHUS AT CAMOKOHTPOJISL.
4. W3yuuTh ycIOBHE 3aJaHUN AJIS IPAKTUUECKON pabOTHI.



5. OdopmuTts oTueT 0 pabdore. .
YKA3AHNMA K BBITIOJIHEHUTIO ITPAKTUYECKOU PABOTHI

2 o
[TPMEP 1. BrisicHuTe, SIBISETCS JIH F(X):— x* —3x +cosx -1 nepBOOOPA3HOM 11t QyHKIHH
2 )
f(x)=2x2 -3-siNX ya R?
3
PEIIEHME. Haxomum !
()="2 3 I[+ V_2 2_ (- ):Z 2 _
Fx | x 3x cosx| 3x 31 sin x X 3 sinx fX.
3

\9 ) 9

2 .
CrnenoBaTenbHO, TIO OTIPEIETICHUIO F(X) :5 x> —3x+cosx —1 sBusercs MepBOOOpa3HON ISt

2 .
Gysxmn (X):g x* =3-sinX uaR.
ITIPUMEP 2. Jins dynxumn f(x)= 2

1
X  cos? x

MIPOXOJUT Yepe3 TouKy M (E A+2 /0 J .
4

HaliiuTe nepBooOpasHyto, Tpaduk KOTOPOH

PEIIEHMUE. [lo ocHOBHOMY CBOWCTBY IepBOOOpa3HbIX Jito0asi mepBooOpa3Has (GyHKUUU

f (X):i—% samnceiBaercs B Buge  F(X)=2- 27X —tgx+ C =4/x —tgx + C .
\/; COoS X

(n

yis . .
Koopaunatel Toukn M k A+2 /r J rpaduka HICKOMOM MepBOOOPa3HOM JOJIKHBI YIOBIETBOPATH

4
YpaBHEHHIO:

T
1+2\/_:4\|£—t9_+c.
4 4

Orcrona HaX0 UM, YTO

1+ 2Jn =240 —1+C,

Cc=2.

CrnenoBarenbHO, ypaBHEHHE HCKOMOI IepBOOOpa3HON UMEET BU/I: F(x) =4:/x - tgx + 2.

TECT JJI1 CAMOKOHTPO/JIA.

Bri0epuTe npaBuiIbHBINA BAPHAHT OTBETA.
1. DOynknus F(X) = 3X2 +0,5¢0S8 2x+ 5 sBisercs nepBooOpa3Hoii A PYHKIUU: a)

f(x)=6x—sin2x; 6) f(x)=3C +05cos2x; B) f(x)=9x> —2sin2x.

2. Jlana ¢pyHkuus g(x): : 12 —%, [TepBooOpasnast st ¢pyHkuuu g(X), rpaduk KOTOpPOi
Sin "~ X

MIPOXOJIUT Yepe3 TOUKY (E 2\ - 1) , 9TO:
4

a) G(x)=-4+/x —ctgx+ 41 ; 6) G(X)=ctgx—4+/x +2; B) G(X)=—ctgx — 4+/x + 2.

BAPUAHTEI ITIPAKTUYECKOM PABOTHI.



Bapuanr 1.
1. SBnsercs mu GyHKIUSA F(x) = x? +3x +1 nepBooOpasHoii aus Gpynxiuu  f (X) =2X+3 maR?
x> 3
2. a) Haiiaure oOmuit Bu1 nepBooOpasHbIX A1 GyHKIuKH f (x) =3
2
X
0) I[nfx }PYHK*I]II/H/I f (x) = Sin 2X HaiauTe MepBoOOpas3Hylo, rpaduK KOTOPOH MPOXOAUT Yepe3
Touky M

LZJ

Bapuanrt 2.

4

1. SBnsercs nmu GyHKImMsS F )=+ 5x T2 mepBooOpasHoii st GyHKiuu  f (X) =—x*+5

Ha R?

3 _ 1

2. a) Haiinure oOmuii BuI epBOOOpa3HBIX s QYHKITHH f (X) S
x* 24x

0) dns ¢pynxumm f (X) = (4 - 5X)3 HaliiuTe nepBooOpasHylo, rpaduK KOTOPOH MPOXOAUT
Yepe3 TOUKY |, f 4. _
‘20
BapwuanT 3.
1. Ssnsiercs mu bynxums F(x)= x? —x mepoobpasuoit ans gymrxmmu  f (x) = 2x —1 Ha R?

7
2. a) Haiigure oOmuii Bu mepBooOpa3HbIX Mist QyHKIUH  f (X) o5l x 3x — x5,

0) s pyuxmun  f (X) = sin3X HaiauTe MepBooOpasHyIo, rpadMK KOTOPOM MPOXOIUT YEPE3
Touky M (m ;O\ .
L12 J

Bapuanr 4.
1 1
1. SBnsercs i GyHKIUSA F (X) B Sin X mepBooOpasHoi i QyHKIMH f (X) ~ T —3—CO0sX
X X
Ha R?

2. a) Haitnure oOmmii Bua nepBooOpa3HbIX s GyHKIuU  f (X) = X(X +1)(X + 2) .

0) dns dynkuuun f(x)z - \/% HaliiuTe mepBOOOpa3Hyl0, rpapuK KOTOPOHl MPOXOAUT

yepe3 Touky M (0;3) )

Bapwuasnr 5. \ i

+ +
1. SBnsercs mu ¢pynkuua F X X 1 mepBooOpasnoii ans dynkuuu f X v X na R?

1
a) Haiinute o6muit Bua nepBooOpasHbix 1 pyHkiun f (x) = ( x10 _ ?) .
X

0) dns ¢ynxmum  f (X) = x —10sin 2x HaiiguTe MEpPBOOOPa3HYyO, TPadhUK KOTOPOH MPOXOIUT
uepe3 Touky M (0;-5).

Bapuanr 6.
1. SBnsercs mu QyHkuus F(X) = X+ C0S X mepBooOpasHoi s Gpyskuun | (X) =1-sinx HaR?

a) Haiinqute oOmuit Bug nepBooOpa3HbIX it GyHKIUU  f (x) = 3eX +5c08 X — 7x* .



0) Hdus dbyHKIIMMN f(x):

1
(2 )3 HaliuTe MepBoOOpasHyro, rpaduK KOTOPOH MPOXOIMT
x—-1
uepes Touxy M (1;2).
Bapuanr 7.

1. SBnsercs nm  QyHKIUSA F(X): 2¢ + ZX4 +5  mepBoobpasHON s (YHKIHH

f(x) = 3(x+ 2)x? na R?
2. a) Haiinure oOmmii Bu iepBooOpa3HbIX it yHKoun  f (x) = Ux+7*+ 2x% .

0) s (by}I(I%I/II/I \f (X) = —6sin 2x HaiiauTre TEpBOOOpa3HYyI0, rpaduK KOTOPOW HPOXOAUT
gyepe3 TouKky M |

\4 )
Bapwuanr 8.
1 1
1. SBnserca nu pynkuus F (X) =X+ Py nepBooOpa3HON A PyHKIUU f (X) =1- — x>0?
X X
2. a) Haiiaure 06wmmit BHj| 1epBOOGPA3HBIX 1S QyHKIHH | (x)=2sin x+ 2% - %
0) ns pynkmuum f (x) = . HanzuTe nepBooOpa3Hyto, TpauK KOTOPOI MPOXOAUT Yepe3
cos? ©
2

TOYKY M(EZ \/?J

Ilpakmuueckan paboma Ne53: BeruncieHne HeONpeaeIEHHOTO HHTETpaia
Henb: OTpaboTaTh HABBIKK BBIYHMCICHUES HEOMPEAESIEHHOTO HHTETpaja

Bapuanrt 1
1. [xdx 12 [(x +4)2dx ap [XUX

I J I 24x
2. J.xzdx 13. J3(2x —3)%dx N

X
3. _|.x5dx 14. Jx(3— X)2 dx 22. J.de
4. [2dx 15. | 4+/xdx 23. | X
4 XS

5, _[6xdx 16. [/ dx \

24. — +33r |dx
6. jét?’dt 17, % f
—3x
7. [(3-x 15 | d_fx - J‘X— "
? X
8. I(4x—x )dx " 26-jx—3\/x_2dx
19. \/;
9. [5(x-2)dx J T o
10 j(8x3 +4x —T7)dx 3dx : I4sm xdx
' 20. |
44/x 28. IZcos xdx

11. sz (1+3x)dx



2dx

cos? x
3dx

29.29. j

30. [sin? x
3L j(l +C0s x)dx

32. 22 —3sin x)dx
3x2 —2c0s X)dx

34. J[ 2 3 \|dx

\cod x sinx)

35. I3e“du

2a°do
(x —5e*)dx

¥
y
j(2et 3cost)dt
I
J

[IpakTnueckas pabora no treme «HTErpanb»

BapwuanT 2

1. _[xdx
2. Ix3dx
3. Ixsdx

I3dx
j5xdx

AN

o

Ilt3dt
3

~

[ (4-x)dx
I(Sx — x2)dx
[ 3(x - 3)dx

10. [(4x3 +8x - 2)dx

© o

11. sz (1+ 4x)dx
12. [ (x —2)2dx
13. [4(3x-2)%dx

14. j X(5 - x)?dx
15. J‘2 xadx
L

16. [3x? dx
d
17. | X—f

2 _ay2
25, [ X3 g
X

26. [ x=x? d
Jx
4sin xdx
27.]

28. I2cos xdx

29.  2dx

I cos? X

2C0s2 v +1
43, j — dv
COS? v

sin?t -2
44, I—Sméq—dx

e2X +eXsin x
45, | ————dx
eX
46. |tg2xdx

x2dx

47. 9 x*=1

3d
30. .[sm Xx

31. I(1+ cos X)dx
32. [ (2-3sin X)dx

33. I(sz — 2.¢0s X)dx
34 (2 3

\cos? x sin?x

35. [3evdu

36. [ 2a%do
37. J'(x —5e*)dx

38. J‘(Zet — 3cos t)dt
3dt

2 )
40. j| — XJdX

41, 6dx
I 3dx

39. j

2o

2C0s2 Vv +1

. dv
43. j COS2 v



sin2t-2 e2x 4 pX smx

11. Ixz (1+5x)dx

12. [(x—3)%dx
13. .[2(4x —1)2dx

14. _[x(3—x)2dx
15. 4 xdx

16. jW dx

17.j%

18, fj_z

1. dex
2. jxgdx

2

26j \/_
27. j4smxdx

28. chos xdx
29.J. 2dx

sin? x

3L j(1+ cos x)dx
32. j(2 —3sin x)dx
33. J.(3x2 —2¢0s x)dx

IIpaktuyeckas pabdora no Teme «VHTErpasb»
Bapuant 4

3. Ix3dx
4, f6dx

44. I sin?t o 45. I 47 IXXZZ%
46. th xdx

[TpakTudeckas padbora o teme «HTETpab)

Bapgany 2o L wi P
2. ijdx z);_zx \GO5" X sinzx/{
3. IXZdX 35. jSe“du
4. ] 4dx 21, | z)j_)( 3. [2a0dp
5. _[3xdx " 37. j(x—SeX)dx
6. jltsdt = Iadx 38. J.(Zet — 3cost)dt
7. [ G- x)dx 23, j XA&dx 39. - 3dt

(312 B, CIR
I %\ f+3ﬂ <l
9. [2(x-2)dx : 2 a | bx
10. I(4x3+2x—5)dx 25. I E*/Y_‘?X dx Sy

42.j
2(:032v+1d
43I cos2 v
sin?t-2
44, |————dx
I sin?t

e2x yeXsin x
45, dx

ex
4. [tg2xdx

X 2dx
47 sz +1

5. I4xdx
6. (Lt
J‘3t t



7. [(6-xdx 29. | 2dx

8. |(2x - x)dx cgst X
9. IB(X—S)dX 30. Jsin? x

3L j(l +C0s X)dx

10. J‘(Zx3 +2x — 3)dx
32. [(2-3sin x)dx

11. IXZ (1+6x)dx

12. j(x +2)2dx gi J.@XZZ_ZSOS )%dx\dx
13- [6(2x - 3)2 dx JI\cos2 X sin® XJ
Y
14. IX(Z X)* dx 35, j3e“du
15. j 2V xdx
16. |0 36. [ 2a%do
N 37. | (x - 5e*)d
5
38. I(Zet —3cost)dt
18 [ 3. [adt
ﬁ 2t
dx 2
19. IW 40. I(;— x}dx
3dx 6dx
_ 41
20 .[44\1/; J.:|.+ NG
de 3dx
== 42.
21 | 2Jx / 41~ x?
2c0s% v +1
W - v
22. J.de %[ c0s?V
sin?t-2
XA/ X
23. -[4 X3 dx 44. ‘[ sinzt ox
2 4 e2X 4 e*sin x
2. 0% " el 4
W Vx ) e
46. jtgzxdx
3/x — 3x2
25. IN_—ZXdX
X x2dx
26 J-x—3x2 i 47'J.X2+1
X
27. I4sin xadx

28. JZcos xdx



[MpakTrueckas padoTa o Teme «HTErpaIb
Bapuant 0

1. jxdx
2. jx“dx
3. Ix”‘ldx
4. j5dx
5. J2xdx

1
6. J'ztzdt

[(2-xdx

I(3x - x2)dx
[3(x - 2)x

10. _[(4x3 +4x - 3)dx

~

©

©

11. jx2(1+ 2x)dx
12. [ (x +3)2dx
13. I4(2x ~1)2dx
14. J.x(l—x)2 dx
15. [/xdx
16. [4xdx
17, [&

s,




(2 4 3
24, I|\X_2_ﬁ+3\/)(_)|dx

3/x — 3x2
5 R
X2

27. j4sin xdx

28. IZcos xdx

2dx
cos? X

3dx
sin? x

29.29. j

30.30. j

31. I(1+ Cos x)dx

32. I(Z — 3sin x)dx

33. [(3x2~ 2cos x)dx

34. J.?S 2 X% \d
I\cos2 X oo x"

35. [3evdu

36. [2a°do
37. I(x —5e¥)dx

I (2et —3cost)dt

39. (3dt
2t

40.4 2 — x)dx
0[Lé(dx

414

1+ X2

42. 3dx
— i
%052 %+ 1
3. _ dv
I cos?v
sin?t-2
44, [————d
sin?t

e2x +eXsin x

45, [———




Ilpakmuueckasa paboma Ne54:Bviuucnenue onpedenénnozo unmezpana

IEJIb: KoppektupoBaTh 3HaHHsI, yMEHUS U HABBIKU B TeMe: «BbIunciaeHne onpeneneHHoro
UHTErpajiay.

1. 3akpenuTs U cUCTEMATU3UPOBAThH 3HAHUS 110 TEME.

2. OmpenenuTts YpOBEHb YCBOCHHSI 3HAHUH, OLIEHUTH PE3YNbTaT ACATEIbHOCTH Y4-Csl.

NOPAJOK BBIITOJIHEHUS PABOTDI:
1. OTBeTUTH Ha KOHTPOJIbHBIE BOIIPOCHI:
a) Uro Ha3bIBaeTcs epBo0Opa3HON GyHKIUN?
0) ChopmynupyiiTe OCHOBHOE CBOMCTBO TIEPBOOOPA3HOMA.
B) ChopmynupyiiTe TpH NpaBuiia HAX0XKISHUS TePBOOOPA3HBIX.
r) 3anumute popmyiny Herorona-JIeitbuuna.
. M3yunth 00pa31iibl pelieHHbIX IPUMEPOB.
. BbImosHuTh 331aHus 11 CAMOKOHTPOJIS.
. M3yuutp ycnoBue 3aaHuil Ui MpaKkTHUIECKON pabOThI.
. Odopmurs otuet o padore.

O~ wiN

YKA3AHMA K BBIIIOJIHEHUI) ITPAKTUYECKO PABOTBI

I[TPUMEP 1. Beraucnute WHTErpat I(_ A% + 4 + X2 )dx _
o)
PEHIEHUE. Haitnem MHOXeCTBO BceX EPBOOOPA3HBIX At GyHKIMH — 4X + 4 + X2
X2 x3 X3
F(x)=—4 —+4- X+ c=-n2+&X+_,C,
2 3 3

[Jonw3ysce (bOpMYJ'fOI)'I HLIOTOHa-Aeﬁ6Hf1ua, TOJIy4aeM; , 3)
X 2 w -
j(—4x+4+x2)dx=|—2x2+4x+7| :|_2.22+4.2+7 —|—2-(—2)2+4-(—2)+ | =
3 3 3
2( 8) (\ 8) Jp )

8+8+ —,-8-8- " =21"".
OTBCTZZlE.

LA T

[TPUUMEP 2. BeisicHuTe, IPU KaKOM OTPHUIIATEIIbHOM 3HAYCHUH NTEPEMEHHOMN ¢ BEPHO PABEHCTBO
a

JZXSdX =-75?
—Za

4
PEIIEHMUE. Ilockonbky nast 2 X3 OJIHOM W3 MEePBOOOPA3HBIX SIBIISAETCS X— ,
2
2 [ x* ) g (-2a)"  15a*
J'2x3dx:|_ =__ - =— _
-2a K 2 )—Za 2 2
CrnenoBaTenbHO, HY’)KHO PEIIUTh YPaBHEHUE:!
15a*
- =-7,5,
2
B 15a* 15
2 2
at =1,
a=+1.

OTpPILIaTeJ]LHBIﬁ KOPCHb 3TOI'0 YpaBHCHUA — 3TO YUCIIO -1



OTrBer: -1

TECT U1 CAMOKOHTPOJIA.

Bribepute IPagHIIbHbII BApUAHT OTBETA.

1. 3naueHme j(— X + X% + 9)dx paBHo:

a1
0)18°: 6)18%; ) 197

3 3 3
2a
2. PamenctBO I x3dx = 3,75 (rmea> 0) BepHO, €CITH @ paBHO:
a
a)l;, 6)2; B)3.

BAPUAHTBI ITIPAKTUYECKOM PABOTHI.

Bapuanr 1.
2 12
1. BoluncnuTe UHTETpajbl: a) I x2dx : 6) (1 1 COoS 2X)dx .
1
3

S (0

2. JIoKaXuTe CIpaBeIJIMBOCTh PABEHCTBA: 1[ 2X+1dx= .[ x —ldx.
0

BapuanT 2.
2 24

1. Beruucnure uHTErpabl: @) | — 2 sin xdx 6) .
!; _-[2 V2X+5

T
2 ¥3
2. JlokaxkuTe cripaBelIMBOCTh PABEHCTBA! [[ cos xdx = 1[ % 2dx .

Bapwuant 3.
T dx . 6)f dx
1. BeluucauTe MHTErpansl: a) J cos>x | fx—ri-)L
0 1
% dx

T,
3
2. Jlokaxwure CrpaBeIMBOCTh PAaBEHCTBA! Jsin Xdx = IT .
X
0 1

16

Bapuanr 4.
L L

1. BrluMcnuTe UHTETpaNBL: a) J.de; 0) g—ﬁz_ﬁ
1vX cos?| |

4 \9)



dx :j.dx.

2. JlokaxxuTe cpaBeJIMBOCTh PABEHCTBA! TCUSZ—X
0

Bapuanr 5.
2 Z (n \
1. BbluMciIuTe UHTETPAIBL: Q) J.—X dx; 0) ,[ sin| g — 3x |dx
3 \ Y
= dx ldx
2. BepHo 1 HEpPaBEHCTBO: j sinZx J.;z— :
b3 1
2 2
Bapwuanr 6.
2 dx 2 4
1. BrluncnuTe UHTErpabL: a)J‘— — 0) I(1+ 3X) dx .
© sin®x g
6
1
3. B : ax.
€pHO JIM HEPABEHCTBO JX AdX < J'
Bapuanr 7.
dx
1. BbumcnuTe UHTETpAJIBL: Q) lZCOS XdX ; 0) _! 12"
? dx f dx
> :
2. BepHO 11 HEPABEHCTBO: Y gg2x =
0 L Ix?
Bapuanr 8.
7
1. BpumcnuTe UHTErpajbl: a) I x4dx : 6) [[ sin 2xdx ..

b 1

2 * dx
2. BepHo 1 HEpaBEHCTRBO: jcos xdx > J-— ?
Y

Ipakmuueckaa padooma Ne55: [IpumeHeHre onpeaeIeHHOr0 HHTErpaia JIJis
HAaXO0XJIEHHUS TJIOMAA KPUBOJIMHEWMHOMN Tpareuuu

Henab: HayuuTbes omnpeAensTh ¢GoOpMy TMONMYYeHHOW GUTYpPBI B CPaBHEHUH C
KPUBOJIMHEMHOW Tparenueil, aHaJIUTU4YeCKH BbIPAXaThb W BBIYUCIATH IUIOLIA[b
MOJIy4YE€HHOU (PUTYPHI.

Conep:xanue

Yacrs 1. Teoperuueckas

Mpumep.



Beruucauts maomans 3€MEIbHOIO ydyaCTka, C€CJIM Ha INIOCKOCTH OH

orpaHrdeH TuHEIMA: v = 1x2 + 1 y=0; x
PeiieHIe.S = fI@IMlxzy+ 12)d = ( x3 X)I Ll (333+3)—( (F2)P = 2) =

- -2 2 2 —2 6 6
10
6

f »
3

5
Takum 06p3.30M, miIomaab 3€MCJIbHOTO Y4aCTKa COCTABJIACT 10 —CANHUII.
6

HMpumep.

Boeruncnuth 00beM Tena, 00pa3oBaHHOIO BpallleHHueM BOKpYyr ocu OX
burypsl, orpanudeHHoi TuHUsAMHU y2 =4x;y = 0; x = 0; x = 4.
Pemenue.V =1 f: Axdx = 27TX2|0 = 32m. B pemenun ucnonp3oBana ¢opmyna V

b
=1 fa f(x) dx.
IIpumep.
BeIurciuTh Maccy CTEpIKHsI, PacIooKeHHOTo Ha otpeske [0; 6], eciu
IUTOTHOCTH 3aaetcs GyHkiuei p(x) = 2x2 + 3.

Pemienwe. I/IcnonbayeM (bopMyJIy m6 ) b p(x) dx, rae p(X) - IIOTHOCTh CTEPKHS.

63
—f (2x + 3)dx= (x + 3x)| _T+3 6 = 162.

Yacrte 2. [IpakTnueckas

3aganue 1. Bocrionb30BaBIINCH COOTBETCTBYIONIUM IPHUIIOKEHUEM OIMPEIECICHHOTO
WHTETpaja K 3aJadyaM TeOMETPUU, HAWTU IJIomans (GUrypbl, OTrpaHUYCHHOU
JTUHUSIMUA

Ne | 3aganue o | Bamanue

y=x2,y=7x-12 y=Inx, y=1y=4

N
6
y=x%y=31x3 7 |y=x2—2x+3,y=3x-1
8
9

y=2x, x=0,x=¢e =-x3,y=-9

1
2
3 |y=Inx,x=e 1, x=¢e y=x3—3x, y=X
4
5

y=9-x2, y=0 10 |y=x% y=5ta

3ananue 2. Pemure 3agauy.



No 3amanue

3ananue

CxkopocTb JBUKECHUS TOYKHU
1 | OUPENEIAETCS 1O 3aKOHY v=(2t -

CKOpOCTh IBUKEHUS TOUKU
OTIpeIeNsieTCs TI0

1)2m/c. Haitmure yTh S, IpoiAeHHBII
TOYKOM 3a 3-10 CEKYHTY

. . . koHny V=(3t — 2)2m/c. Haligure myth
1)2m/c. Haiigure mytb S, NpONICHHBIH 6 S3a oHy V=(3t — 2)*m/c. Haiimure myr
TOYKOM 32 3-F0 CEKYHIY Lo . .

NPOIIEHHBIN TOUYKOH 3a 2-10 CEKYHY
C CKOpOCTh IBUKEHHS TOUKU
KOPOCTh JIBUOKCHHSI TOUKH
ompenensercs no 3akony V=(3t + OTPCACIACTCA
2 ) y g . | 7 |mo3akony v=3t2+ 2t + 1m/c. Haiiqure
2)?m/c. Haiigure myth S, npoiiieHHbIN . . .
. nyTh S, IPONAEHHBIN TOUKOM 3a 10-10
TOYKOM 32 4-10 CEKYHAY
CeKYHJLY
C CKOpOCTh IBHIKEHHS TOUKU
KOPOCTh JIBUOKEHHS TOUKH
OTIpeNIeNsIeTcs 10 3aKoHy V=(2 — OTPEACIACTCA 1O
3 y B 8 |3akomy v=(4t — 3)2m/c. Haiinure myts
3t)2m/c. Haiigute myts S, S y v=( )ym/ a yr
MPOMICHHBINA TOYKOM 32 4-10 CeKYHY o . .
PONJEHHBIN TOUKOM 3a 4-10 CEKYHIY
CKOpOCTh IBUIKEHHS TOUYKH
CKOpOoCTh TBHIKEHHS TOUKH
_ OTIpeIeIsIeTCs TI0
ompeensercs no 3akony V=(3t — -~ ) .
4 ) N . . | 9 |3axkomy v=t(t — 2)2m/c. Haiizure myTh
1)2m/c. Haitnute myTh S, poiIeHHBII
TOYKOM 3a 2-10 CeK L . o
yRAY NPONJCHHBIN TOUKOI 3a 4-10 CEKYHIY
CKOpOCTh IBHIKEHHS TOUKU
CKOpOoCTh TBHKEHHS TOUKH
oTpeseNnsieTcs 1o 3akony V=(2t + OTIPCACIACTCA TIO
5 10 |3akony v=9t2 — 8t m/c. Haiimure myTs

S,
MIPOMICHHBIN TOYKOM 3a 4-10 CeKyHTy

3aganme 3. Haiinure o0beM Tena, MOTYYEHHOTO MPU BPAIIEHUH BOKPYT OCH
abcIrce KpUBOJIMHEHHOM Tparenuu, orpaHudeHHoN JuHusIMU. CrienaiTe yepTex.

Ne 3anaHue Ne 3anaHue
1 | y=+x, y=0, x=9 6 | y=xt1, x=0, x=2, y=0

2 | y=2+x, x=1,x=2, y=0 7 | y=3x,x=2, y=0

3 | y=2x, x=1, x=4, y=0 8 | y=+vXx, y=0, x=1, x=4

4 | y=2-x, x=0, y=0 9 | y=2x,x=3,y=0

51 y=x, x=5, y=0 10 | y=vx, y=0, x=4

Bonpochl K NPAKTHYECKOMY 3aHATHIO
1. Chopmynupyiite onpenencHue KpUBOJIUHEHHON TPATICIIHH.
2. ChopmynupyiiTe onpeneneHne IepBooOpa3HOM.
3. CKoJIbKO MIEpBOOOPA3HBIX MOKET UMETh Kaxkaash QyHKIus?
4. KakoB alropuT™M BbIYUCIICHUS TJI0MIA I KPUBOJIMHEHHOM Tpanenuu?
5. Kakue n3BecTHBI MpaBuiia BEIYUCICHUS IEPBOOOPA3HBIX?
6. [To xako¥ hopmyJsie BEIYUCIACTCS IUIONIA b KPUBOIHMHEHHOM Tpaneun?
[lepeuucnuTe BUbI 3a/1a4, PEIIAEMbIE C TOMOIIBIO OMPEIEIEHHOIO UHTETP




Ilpakmuueckaa padoma Ne56: dneMeHTbI HIAIMHIPA. DJIEMEHTHI KOHYCA.
OnemeHThI cepsl U mapa. [lnomaas noBepXHOCTH

Meau ypoka:
JupakTuyeckas - criocoOCTBOBaTh (POPMUPOBAHUIO YMEHHUI M HAaBBIKOB MPHU
pelIeHnH 3a7a4 Mo BBIYMCICHHUIO TUIOIAIM MOBEPXHOCTHU IIUIMH/pa U KOHYCA.
3apaum:
1.YMeTh npuUMeHATh (OPMYJIbI BBIYMCICHUS TUIONIAA MOBEPXHOCTU HWJIMHIPA U
KOHYyca.
2. YMeTb peliarh 3aJaud Ha BBIUMUCICHHUE TUIOMIAM TOBEPXHOCTU IWIMHIApA U
KOHYcCa.
[TpoBepka roTOBHOCTH BBITIOJIHEHUSI TPAKTUUECKON paOOThI:
DponmanbHbill ONPOC.
3aKOHUUTH TPEI0KEHUE:
. Hunuaapom Ha3bIBaeTCs TEJIO, KOTOPOE COCTOUT U3. ..
. Konycom Ha3biBaeTcs T€s0, KOTOPOE COCTOUT U3 ...
. O6pazyronieil HUIMH]pa Ha3bIBAETCS OTPE30K, COCAUHSIONIHH ..
. O6pa3yronieil KoHyca Ha3bIBA€TCA OTPE30K, COCTUHSIIOIIHI ..
. Pannycom nunvHapa u KoHyca Ha3bIBaeTCs ...
. OcHOBaHUEM IUJIMH]IpA U KOHYCA SIBIISCTCH ...
. BeicoTOl nuanHapa Ha3bIBAETCSI OTPE30K COEAUHSIOIINIA . ..
. BeicOTOl KOHYCa Ha3bIBa€TCA OTPE30K COCTUHSIONIUM ...
. [Inomanp NOBEPXHOCTH LIMJIMHIPA BBIYUCISAETCS. .

10. Tlnomaab MOBEPXHOCTH KOHYCA BBIUUCIISETCS .

11. ITapom Ha3bIBAETCS TETO KOTOPOE COCTOUT U3 ...

12. TInomaab MOBEPXHOCTH IIapa BEIYUCIISAETCA. ...
Oobyuyarmmuiicsi 10/KeH 3HATD:
- OCHOBHBIE AJIEMEHTHI UINHAPA, KOHYCa, 111apa;
- (hopMyIBI BBIYUCIICHUS TUIOIIAAN MIOBEPXHOCTU UIMHAPA, KOHYyCa, [apa.
Oobyuarwmuiicsi 10/K€H YMeTh:
- BBIYHCIIATH IJIOMIA b OOKOBOM MOBEPXHOCTH NUJIMHAPA U KOHYCA;
- BBIYUCIISTD IUIONIAb  [OBEPXHOCTHU LIApa.
- BBIYUCIIATD IUIONIAlb MOJHOM TOBEPXHOCTU HUJIMHIPA U KOHYCA;
PexoMeHIaUM 110 BHINOJHEHUI0 PAKTHYECKOH padoThI:
1. IIpouture 3agaHue.
2. 3anuimuTe ycIOBUE 3a/1auu.
3. 3anummTe KpaTKo JaHO
4. BbINOJIHUTE PUCYHOK.
5. 3anuIuuTe pelieHue U OTBET.
Kpatkue Teopernueckue mojioKeHus:

OO ~NOoOUTLR,WN P

Huaunap (puc. 1.18) Komnyc (puc. 1.19)
[Tnomanas O0KOBOI MOBEPXHOCTH: [Tnomaar 6OKOBOM MOBEPXHOCTH:
Soon = 27H Sgon = TRL.

Fox Fox

[Lnomaae MoJHOM NOBEPXHOCTH: [momaas MOIHOW NOBEPXHOCTH



S0 = 27RH +27R". S e = TRL + 7R,

Puc 1.18 Puc 1.19

Ilap
[Toriaas moBepxHOCTH SU 00bEM Vimapa
paauyca I" onpeaenstorcs GopMyiaMu:

. S = dur?

. S= in-ﬁ

. V= E?TTE
3aoaua 1.

[Tnomaar OOKOBOM TMOBEPXHOCTH NWJIMHApPA paBHa 21 7 a AMAMETp OCHOBaHUS
paBeH 7. Halaure BBICOTY HWJIMHpPA.
Pemenue.
BricoTa nunuHapa paBHa
) _ Soox _ Seox _ 2lT _ o

2R a D T
OtBerT: 3.
3aoaua 2.
ITnomaas OCHOBaHMs KOHyca 361 cM?, a ero oopasyromas 10 cm.
BrruncnuTh 00KOBYIO TOBEPXHOCTH KOHYCA.
Pemenue.
3Has IUI0IaIb OCHOBAHMS, HAlIeM ero paJnyc.
S=7R?, 36n=nR?, R?=36, R=6
[Tnomanp 60KOBOM MOBEPXHOCTH KOHYCA HaieM 1o popmye:
S=nRl, rae R -pagunyc ocHoBanus, |- gnvHa obpa3sytowen,
oTKYyAa

S=m-6-10 = 60m
OTtBeT: 601 cM2.

3aoaua 3. O6beM mapa pasen 288 ». Halimure momraas O0KOBOM MOBEPXHOCTH
KOHYCa BIUCAaHHOTO B map. OCHOBaHHEM KOHYCa SBISETCS OOJIBIINI KPYT.

Penrenue.

4
V = xR

Lt

O6beM mapa paauyca I Bprancisercs mo popmyie
paauyc mapa

, OTKyJla HalJIeM


https://ru.wikipedia.org/wiki/%D0%9F%D0%BB%D0%BE%D1%89%D0%B0%D0%B4%D1%8C_%D0%BF%D0%BE%D0%B2%D0%B5%D1%80%D1%85%D0%BD%D0%BE%D1%81%D1%82%D0%B8
https://ru.wikipedia.org/wiki/%D0%9F%D0%BB%D0%BE%D1%89%D0%B0%D0%B4%D1%8C_%D0%BF%D0%BE%D0%B2%D0%B5%D1%80%D1%85%D0%BD%D0%BE%D1%81%D1%82%D0%B8
https://ru.wikipedia.org/wiki/%D0%9E%D0%B1%D1%8A%D1%91%D0%BC_(%D0%B3%D0%B5%D0%BE%D0%BC%D0%B5%D1%82%D1%80%D0%B8%D1%8F)
https://ru.wikipedia.org/wiki/%D0%9E%D0%B1%D1%8A%D1%91%D0%BC_(%D0%B3%D0%B5%D0%BE%D0%BC%D0%B5%D1%82%D1%80%D0%B8%D1%8F)

;/3V  [3-288x

= [ — | —
B Vis V1= G_
Inomaas GOKOBO# MOBEPXHOCTH KOHyca paBHa S = 7Rl , | = RV2.
clle/IoBaTeNbHO S = 6+ 6v2 = 3621 OTBeT:36V2m

3aoaua 4. Oxoino mwapa onvcad UWIMHAP, IJIOAb TOBEPXHOCTH KOTOPOTO
paBHa 18. Halimure miomaas TOBEPXHOCTH 1Iapa.

o~ Peumenue.
m I[To HOCTPOEHUIO PaauyChl IIAPa ¥ OCHOBAHHS LIMIUHIPA PABHEL

; 1 HJ'IOIJ.I&I[B IMOBECPXHOCTH HMJIIMHJIpPA, C paAuyCOM OCHOBAHHA I' U

BBICOTOM 2I paBHa
S = 25,04 + Spox = 271”4+ 2wrh = 2?4 27r - 2r = 6wr?

gl
[Imomaae MOBEPXHOCTH 1Iapa paguyca r paBHa S =4m" 10 ectb B 1,5 pasa
MEHBIIIE MION[A1 NOBEPXHOCTH IMHApa. CaeqoBaTenbHO, IIONIAAb

NOBEPXHOCTH 111apa paBHa 12.
OTtBerT: 12.

3amaHus U1 NPAKTHYECKO padoThl

1 BapuanT

1. [Inomanb 0ceBOro ceyeHus MpsAMoro Kpyrioro HHJInHapa paBHa 24. Haiiagure

IUIOIIA/Ib €r0 OOKOBOM MOBEPXHOCTH.

2. BricoTa nununapa 61M, paauyc ocHoBaHus SaM. Haiiaute 60koByrO

NOBEPXHOCTh LIWIMHAPA.

3. AnaroHanbs 0ceBOro ceueHus HUINHAPA HAKIOHEHA K MJIOCKOCTH OCHOBaHUS

nox yriiom 60° u paBHa 20 cM. Haiinure muromaabs 60KOBOMH MTOBEPXHOCTH

UUJTUHAPA.

4. BricoTa KOHYyca paBHa 6, oOpa3yromas papHa 10. Haiinure momaas 60koBoi

MMOBEPXHOCTH KOHYCA.
- 5. O6pazyromiast koHyca paBHa 18 cM 1 HaKJIOHEHa K

IJIOCKOCTH OCHOBaHMS 1moJ1 yriiom 60°. Haitaure

IJIOILA]Ib TTOJTHOM MOBEPXHOCTU KOHYCA.

6. Bo ckobKO pa3 yMEHBIIUTCS IJI0MIAb OOKOBOU

MOBEPXHOCTH KOHYCA,

€CJIM paJInyC €ro OCHOBaHMS YMEHBIIUTH B 1,5 paza?

7. Bo cKoJIbKO pa3 yBEIUUYUTCS 00BEM 1Iapa, €CJIH €ro

paauyc yBEJIMYHUTh B TpU pasza?

8. Paguycel Tpex mapoB paBubl 6, 8 u 10. HaliquTte

paauyc 1mapa, 00beM KOTOPOro paBeH CyMMe UX OOBEMOB.

9. [Mnomans Gompiioro kpyra mapa pasHa 3. Haiiaure miomaas TOBEpXHOCTH

miapa.




10. O6bem mapa paBeH 972 xn . Haiinure miomans
€ro MOBEPXHOCTH.

11. Okono mapa onucaH UIMHIP,
IUIOIIAIb IOBEPXHOCTH KOTOPOTO
paBHa 81. Halinure miomanb
NOBEPXHOCTH I1apa.

12. B xy6 c pe6bpom 3 Brucau miap.
Haiinure mmomanbs noBepxHoCTH

3TOTO mIapa.

3a KaXXa0€ 3adaHuc Hp&KTH‘I@CKOﬁ pa6OTBI moJIy4acTe 2 0aJUIoB.

Ommemka Yucno bannos,
Heobx00umoe 0 NOJy4eHUs: OMmMemKu
«3» (y008.) 8-12
«4» (xopouwio) 13-20
«5» (omauuHo) bonee 20
2 BapUAHT

1. [Tnomanb 0CEBOTO CeUEHUS MPSIMOTO KPYIJIoro MuinHApa papHa 4. Haitnure
iomnaab OOKOBOM MOBEPXHOCTH IMJIMHIPA.
2. lmaroHaib oceBoro ceueHus muinHapa 13 cm, Beicota ScM. Haliaute momanb
OOKOBOM MOBEPXHOCTH IIMIIMH]IPA.
3. JlnaroHamb OCEBOTO CEUEHHS MIMHIPA PaBHA 8\2 CM 1 06pasyer ¢
IUIOCKOCTBIO OCHOBaHUs yrou 45°. Haiinure miiomas oJHOM MOBEPXHOCTH
UUAJTUHAPA.
4. Pannyc OCHOBaHMS KOHYcCa paBeH 3, BricoTa paBHa 4. Halinurte miomaib
OOKOBOI TOBEPXHOCTH KOHYCA.
4 5. B konyc, BeicoTa koToporo 20 cMm, BMcaHa mupaMuja.
ﬁh OcHOBaHMEM MTUPAMU/JIBI SIBJIAETCS IPSIMOYTOJIBHUK CO
': croponamu 18 cM u 20 cm. Haligure 0O6pa3yromryto u paauyc
] OCHOBaHUSA KOHYCa, IIOLIAb TOBEPXHOCTH KOHYCA.
6. [Imomaas oceBoro cedeHus konyca pasHa 0,6 cm?. BeicoTa
KoHyca paBHa 1,2 cM. BpUHCINTE IUIOMIAAP TOJHOM
MOBEPXHOCTH KOHYCA.
7. Bo CKOJIBKO pa3 yBETUYUTCS ILIONIaAb TOBEPXHOCTH
niapa, €clid ero pajuyc yBeJIuyuThb B iBa pa3a?
8. Pamnycel nByX mapoB paBHbI 6, 8. Haiinure paanyc mapa, miomaib
MMOBEPXHOCTH KOTOPOT'O paBHA CyMME IIONIAJIEH UX OBEPXHOCTEM.
9. [Mnomans 6ombIIOro Kpyra mapa paBHa 1. HaliaguTe miomnans moBepXHOCTH
miapa.
10. O6wem mapa paBeH 36 = Haiiaure momaas ero moBepXHOCTH




11. Oxkoo mapa onucan MUIMHAP, TUIOIAb TOBEPXHOCTU
KOTOporo paBHa 54. Haiinure mioma s NTOBEPXHOCTH I1apa.

?

7

12. Oxouno ky6a ¢ pe6pom V3
onucan map. Haiiaure miomans
TIOBEPXHOCTH 3TOTO 1IApa.

3a KaxJ0€ 3a1aHue TPaAKTUUECKON pabOThI
noyiyyaere 2 6ajioB.

Ommemka Yucno 6annos, 0ns nomyyenus Ommemxu
«3» (y008.) 8-12

«4» (xopowo) 13-20

«5» (omauuHo) bonee 20

Bonpocs! 1yist caMOKOHTPOJISA

1. Kak BBIYHMCIISIETCS TIIOIIA/Ih IIOBEPXHOCTU IWJIUH Ipa?
2. Kak BpraucsieTcst miorniaas NOBEPXHOCTH KOHYyca?
3. Kak Beruncmisiercst miomniaas NoOBEpXHOCTH 1mapa?

Ilpaxkmuueckasa paboma Ne57: 1lpaBuno cymmsl. [IpaBuiio npousBeneHus
Llenb: OrpaboTka HaBLIKOB peLIEHHs 3a1au

TGOpeTHqGCKaH qacCThb:

Komﬁunamopuka — 9TO pa3acii MaTCMAaTHUKH, HOCBHHléHHBII;'I PCUICHUIO 3a/ia4 BH60pa n
PACIIOJIOKCHHA JICMCHTOB HCKOTOPOI'O MHOKECTBA B COOTBCTCTBUHU C 3aJdHHBIMU IIPABUJIAMH.
KOM6I/IHaTOpI/IKa HU3y4acTt KOM6I/IHaL[I/II/I H ICPCCTAHOBKH IIPEAMECTOB, PACIIOJIOKCHUC DJICMCHTOB,
06.]'[3,[[21}0]]_[66 3aJaHHBIMHU cBolictBaMHu. OOBIYHBIN BOIIPpOC B KOM6I/IHaTOpHBIX 3aJavdax:
CKOJILKMMH CIIOCOOaMH. ...

K xoMOuHATOpHBIM 33/1a4aM OTHOCSATCS TAKKE 3a/1a4M IMOCTPOCHHS Marn4ecknxX KBaJIpaTos,
3a/1a4uM paciu(poBKU U KOJAUPOBAHHUS.

PoxxneHrne koMOMHATOPUKH KaK pa3Jiesia MAaTeMaTHKH CBSI3aHO C TPYJIAMH BEITUKUX
bpanmy3ckux matematikoB 17 Beka biesa Tackans (1623—1662) u ITbepa Depma (1601-1665)
10 TEOPHH a3aPTHBIX UI'P. DTH TPY/AbI COACPIKAIH IPUHIUIIBI ONIPEICICHHS YrCiIa KOMOHHAIUH
AJIEMEHTOB KOHeYHOTO MHOKecTBa. C 50-x rojioB 20 Beka MHTEpEC K KOMOMHATOPUKE
BO3POXKJIACTCS B CBS3U C OYPHBIM Pa3BUTUEM KHOCPHETHKH.

OcHOBHBIE TIpaBUJIa KOMOMHATOPUKU — 3TO MPABMJIO CYMMBbI U IPABHUJI0 NPOM3BEICHUS.
o IIpaBuio cymmbl

Ecnu HeKoTOpHIit 371eMeHT A MOKHO BBIOpaTh N crioco0amu, a 3JeMeHT B MoxxHO
BBIOpaTh M crioco6amu, To BeIOODP «inbo A, mu6o B» MoxkHO caenats N + M criocobamu.

Hanpuwmep, Eciu Ha Tapernke siexar 5 s0J10K ¥ 6 TpyIll, TO OJMH ITUIOI MOXHO BbIOpaTh 5 + 6 =
11 coocobamu.



o IlpaBuso npousseneHust

Ecnu snemeHT A MOkHO BBIOpaTh N crioco0amu, a 3neMeHT B MoxkHO BBIOpaTh M criocobamu, TO
napy A u B MoxHO BBIOpaTh N * M coco0amu.

Hanpumep, eciiu ectb 2 pa3HbIX KOHBEPTA U 3 pa3HbIE MapKH, TO BbIOpATh KOHBEPT U MapKy
MOXHO 6 criocobamu (2 ¢ 3 = 6).

HpaBI/IJIO IMPOU3BCACHUA BEPHO U B TOM CJIydac, KOrjga pacCMaTpuBarOT 3JICMCHTBI HECKOJIbKUX
MHOXKECCTB.

Hanpumep, eciiu ectb 2 pa3HbIX KOHBEPTA, 3 pa3Hble MAPKU U 4 pa3Hble OTKPHITKH, TO BbIOpATh
KOHBEPT, MAPKy M OTKPBITKY MOKHO 24 criocobamu (2 » 3« 4 = 24),

IIpousBenenne Bcex HATYPAJIbHBIX YKces OT 1 10 N BKIKYUTEIHLHO HA3bIBAETCS N —
(pakTopuasom u o603HavaeTcss CHMBOJIOM N!

Ni=1e¢2e¢3e4e on
Hanpumep, 51 = 1234 +5=120.

IIpunsito cuurars 0! paBHbIM 1.
Yucs10 nepecTaHOBOK U3 N paBHa N!

Hanpumep, ecnu ecth 3 mapuka — KpaCHbIN, CHHUAN U 3€JEHBIN, TO BBUIOKUTH X B Psii MOYKHO 6
criocobamu (3 2+ 1 =31 =6).

HNHorpa komOuHAaTOpHAs 3a/1a4ya PemiaeTcs ¢ MOMOIIBIO TIOCTPOCHUS 1epeBa BO3MOKHbBIX
BAPHAHTOB.

Hanpumep, permm npeapayiyto 3agady o 3-X mapax nIoCTpOSHHUEM JepeBa.

ANANA

a C a K [ K

IIpakTH4yeckas 4acTh

3AZIAYM u pemeHust
1. B Baze 6 51610k, 5 rpymt u 4 cnuBbl. CKOJIBKO BAPHAHTOB BEIOOpA OJAHOTO TuioAa?
6+5+4=15

Omeem: 15 BapnaHTOB.
2. CKOJIBKO CYILECTBYET BapUAHTOB MOKYIIKH OJJHOM pO3bl, €CIIM MPoAatoT 3 anble, 2 anble u 4
KENTBIE PO3BI?

3+2+4=9

Omeem: 9 BapUaHTOB.
3. 3 ropona A B ropos B BenyT nate gopor, a u3 ropoja B B ropon C BeayT Tpu 10poru.
Ckonpko nyTeil, npoxoaamux yepes B, senyr n3 A B C?



A S/ \B L
= 7

53=15

Omeem: 15 nytei.
4. CKOJIBKMMH CITIOCOOaAMU MOHO COCTaBUTh NApy U3 OJHOM IIIaCHOW M OJTHOM COTJIACHOU OYKB
CJIOBA «IJIATOK»?

rjacHele: a, 0 — 2 IIT.
COIJIacHBIC: I, JI, T, K — 4 IIT.

2¢4=8

Omeem: 8 ciocobamu.
5. CKOJIBKO TaHIIEBAIBHBIX TTap MOKHO COCTAaBUTH U3 8 toHOMIEH 1 6 neBymiex?

6+8=48

Omeem: 48 nap.
6. B cTomoBoii ecTh 4 mepBbIx 002 U 7 BTOPBIX. CKOJIBKO Pa3IMYHBIX BAPUAHTOB 00ena 13
JBYX OJIF0]T MOKHO 3aKa3aThb?

4.8=28
Omeem: 28 BapruaHTOB.

7. CKONBKO Pa3IMYHBIX JIBY3HAUHBIX YHUCET MOKHO COCTaBUTh, UCTIONIB3Ys UPpsI 1, 4 u 7, eciu
UQPBI MOTYT OBTOPSATHCS?

1 uudpa — 3 crocoba
2 mudpa — 3 cnocobda
3 mudpa — 3 cocoda
3¢3=9

Omeem: 9 pa3NUYHbIX JBY3HAUHBIX YHCEI.
8. CKOJIBKO Pa3IMYHBIX TPEXZHAYHBIX YHCET MOXKHO COCTaBUTh, UCIONB3YS HU(PHI 3 U 5, eciu
uuGpbI MOTYT MTOBTOPATHCS?

1 uudpa — 2 crocoba
2 mudpa — 2 cnocoda
3 mudpa — 2 cnocodba
2022=8

Omeem: 8 pa3NUYHBIX YUCEIL.
9. CKONBKO pa3IMYHBIX IBY3HAYHBIX YHCEN MOKHO cocTaBUTh U3 1udp 0, 1, 2, 3, ecnu mudpol
MOTYT MOBTOPATHCA?

1 uudpa — 3 crocoba
2 mudpa — 4 cnocoda
3¢4=12

Omeem: 12 pa3nuyHbIX YHUCEIL.
10. CkosbKO CymIecTBYET TPEX3HAYHBIX YHUCEI, Y KOTOPBIX Bce LU PHI UETHBIE?

UYérnsie mudpe — 0, 2, 4, 6, 8.

1 nudpa — 4 crocoba
2 uudpa — 5 croco6oB
3 uudpa — 5 crocobon
45+5=100



Omeem: cymectByet 100 gucern.
11. CkoJbKO CylIeCTBYET YETHBIX TPEX3HAUHBIX YHCEN?

1 mudpa — 9 cnocodos (1, 2, 3,4,5,6,7,8,9)

2 uudpa — 10 cnoco6os (0, 1, 2, 3,4, 5,6, 7, 8, 9)
3 nudpa — 5 cnocodos (0, 2, 4, 6, 8)
9¢105=450

Omeem: cymectByet 450 umncern.
12.CkoabpKO pa3sIuYHBIX TPEX3HAYHBIX YUCEII MOKHO COCTABHUTH U3 TPEX Pa3IMUHBIX TUGD 4, 5,
6?

1 uudpa — 3 crocoba
2 mudpa — 2 crocoda
3 mudpa — 1 crmocod
3¢2+1=6

Omeem: 6 pa3TUIHBIX YUCEIL.
13. CkonpkuM# crioco0amMyu MOKHO 0003HAUUTh BEPIINHBI TPEYrOJIbHUKA, UCTIONB3YS OYKBBI A,
B, C,D?

1 Bepmmna — 4 criocoba
2 BepmnHa — 3 crocooba

3 BepmmHa — 2 crocoba
4e302=24

Omeem: 24 cnioco0a.
14. CkosbKO pa3IuyHBIX TPEX3HAUYHBIX YMCET MOKHO COCTaBUTh U3 udp 1, 2, 3, 4, 5,mpu
YCIIOBHH, YTO HU OJHA ITU(pa HE TOBTOPSETCS?

1 uudpa — 5 cmoco6oB
2 mudpa — 4 cnocodba
3 mudpa — 3 cnocoba
5¢4+3=60

Omeem: 60 pa3TUYHBIX YHCEIL.
15. CkoJIbKO pas3IMyHBIX TPEX3HAUHBIX yncen, MeHbIX 400, MOKHO cocTaBUTh U3 mudp 1, 3, 5,
7, 9, eciu mobast U3 3TUX IUGP MOKET OBITh HCIIOIB30BaHA TOJIHKO OJIMH pa3?

1 uudpa — 2 crocoba
2 mudpa — 4 cnocoda
3 mudpa — 3 cocoda
2043=24

Omeem: 24 pa3nuuHBIX YUCTA.
16. CkobKUMH CTIOCOOAMU MOYKHO COCTaBUTH (hi1ar, COCTOSIIUI U3 TPEX TOPU30HTAIBHBIX
M0JIOC PA3JIMYHBIX IIBETOB, €CIIM UMEETCS MAaTEPHAI IIECTH I[BETOB?

1 momoca — 6 crmoco0OoB
2 mojioca — 5 crmoco0oB
3 mojioca — 4 crocoba
65+4=120

Omeem: 120 crioco0oB.
17. U3 xnacca BBIOMpAIOT 8 yesloOBEK, UMEIOIIMX JYYIITHe pe3yabTaThl 1o 0ery. CKOJIbKUMHU
croco0amMy MOKHO COCTaBUTh U3 HUX KOMaHy U3 TPEX YellOBEK IS ydacTus B dctadere?



1 yenoBex — 8 crroco0OoB
2 4enoBeK — 7 crmoco0oB
3 uenoBek — 6 crnoco0oB
8e7+6=2336

Omeem: 336 crioco0oB.
18. B gueTBepr B mepBoM Kiacce TOJHKHO OBITh YETHIPE ypOKa: MUChMO, YTCHHE, MaTeMaTHKa 1
¢buskynpTypa. CKOJIBKO PA3IMYHBIX BAPUAHTOB PACITHCAHUS MOKHO COCTaBUTh HA ATOT JICHB?

1 ypok — 4 criocoba
2 ypok — 3 criocoba
3 ypok — 2 criocoba
4 ypox — 1 crioco0
4e3e21=24

Omeem: 24 BapuaHTa.

19. B nsiToMm Kiacce u3ydarorcst 8 mpeameTroB. CKOJBKO pa3MYHbIX BAPHAHTOB PACIIMCAHHUS
MO>KHO COCTaBUTb Ha MOHEJIENbHUK, €CJIU B 3TOT JIEHb J0JKHO ObITh 5 YPOKOB U BCE YPOKHU
pa3zHbie?

1 ypok — 8 BapuaHTOB
2 ypoK — 7 BapuaHTOB
3 ypok — 6 BapraHTOB
4 ypox — 5 BapuaHTOB
5 ypok — 4 BapuaHTa

8eT7e654=6720

Omeem: 6720 BapuaHTOB.
20. udp mst ceiida cocTaBiaseTcss U3 MATH pa3IuIHBIX MUGP. CKOJBKO pa3TuYHBIX BAPUAHTOB
cocTaBjeHus mudpa?

1 uudpa — 5 cmoco6oB
2 mudpa — 4 cnocoda
3 mudpa — 3 cnocoda
4 mudpa — 2 cnocoba
5 mudpa — 1 cmocod
5¢4¢321=120

Omeem: 120 BapuaHTOB.
21. CKOJIBKUMHU CIIOCOOaMU MOKHO Pa3MECTHTh 6 YEJIOBEK 3a CTOJIOM, Ha KOTOPOM IOCTaBJICHO 6
puoopoB?

6e54+321=720

Omeem: 720 cnoco0oB.
22. CKOJIbKO BapHAHTOB CEMU3HAYHBIX TEJIC(POHHBIX HOMEPOB MOKHO COCTABUTD, €CIIU
WCKITIOYUTh M3 HUX HOMEpa, HaYMHaroImuecs ¢ Hyias u 97

1 mudpa — 8 cnocoboB

2 uudpa — 10 cnoco6oB

3 uudpa — 10 cnoco6oB

4 mudpa — 10 cmoco6oB

5 nudpa — 10 cnoco6os

6 uudpa — 10 cnoco6oB

7 uudpa — 10 cnoco6oB
8+10+1010+10+10+10=8.000.000

Omeem: 8.000.000 BapuaHTOB.



23. Tenedonnas cranius oOCITy)KMUBacT a0OHEHTOB, Y KOTOPBIX HOMEpa TelIe(OHOB COCTOST U3 7
udp u HaunHaTes ¢ 394. Ha ckoapko aOOHEHTOB pacCYMTaHa 3Ta CTAHIU?

e e ez

'lﬂ_,"
Ne tenedpona 394 4yugprt
10+ 10+ 10+ 10 =10.000

Omeem: 10.000 aGoHEHTOB.

24. Nmeetcs 6 map nepyaTok pa3iIMdHbIX pazMepoB. CKOJIBKMMHU CIOCO0aMH MOYKHO BBIOpATh M3
HUX OJIHY TIEpYATKy Ha JICBYIO PYKY U OJIHY II€pUaTKy Ha MPaBYIO PYKY TaK, YTOOBI 3TH IEePUATKH
OBUTH Pa3IUYHBIX Pa3MepoB?

JleBbie iepuaTku — 6 crmocoOoB
[TpaBbie mepuatku — 5 crioco0oB (6 mepyarka Toro K€ pa3Mepa, 4To 1 JieBas)
65=30

Omeem: 30 crioco6oB.
25 . U3 uudp 1, 2, 3, 4, 5 cocTaBisAOT NATU3HAYHBIE YKCIA, B KOTOPBIX BCE IIU(PPHI pa3HbIE.
CKOJBKO TaKUX YETHBIX Ynce?

5 uudpa — 2 crocoba (1Be 4€THBIE UDPHI)
4 mmudpa — 4 cnocoba

3 mudpa — 3 crocoba

2 mudpa — 2 cnocoda

1 uudpa — 1 cnoco6

2044+321=48

Omeem:. 48 YETHBIX YHCEII.
26. CKOJIBKO CYIIECTBYET YEThIPEX3HAUHBIX YHCEJI, COCTABJIICHHBIX M3 HEYETHBIX ITUDP U
nensAmmxcs ga 5?

Heuérnwie mudpp — 1, 3, 5, 7, 9.
W3 sux nenarcs gva 5 — 5.

4 nudpa — 1 croco6 (tmdpa 5)
3 mudpa — 4 crocodba

2 mudpa — 3 crocoda

1 uudpa — 2 crocoba
le4e32=24

Omeem: 24 yucna.
27. CKOJBbKO CYIIECTBYET MATU3HAYHBIX YHUCEN, Y KOTOPBIX TpeThs tudpa — 7, nociennss undpa
— yérHas?

1 mudpa — 9 cnocobos (Bce, kpome 0)
2 mudpa — 10 croco6oB

3 mudpa — 1 cnocod (udpa 7)

4 mudpa — 10 crioco6oB

5 mudpa — 5 croco6os (0, 2, 4, 6, 8)
9¢101°10+5=4500

Omeem: 4500 yucern.
28. CKOJIBKO CYIIECTBYET MIECTH3HAYHBIX YHCEIl, Y KOTOPBIX BTOpas nmudpa — 2, yeTBépTas — 4,
mrecrast — 6, a Bce ocTajJbHbIe — HCUETHEIE?

1 mudpa — 5 BapuanTos (u3 1, 3,5, 7, 9)
2 uudpa — 1 Bapuant (uudpa 2)



3 nudpa — 5 BapuaHTOB
4 nudpa — 1 Bapuant (uudpa 4)
5 nudpa — 5 BapuanTOB
6 uudpa — 1 Bapuant (uudpa 6)
5¢1e5¢1¢51=125

Omeem: 125 aucenn.

29.CKOJIBKO pa3IHMyYHBIX YHCET, MEHBIINX MIJIJIMOHA, MOYKHO 3aIMCaTh ¢ MOMOIIbI0 1udp 8 u 9?7

OHO3HAYHBIX — 2
JIBy3HauHBIX —2 2 =4

Tpéx3HauHbIX —2 2 ®
YeThIpEX3HaYHBIX — 2

=8

2
2+2+2=16

[TaTn3HauHBIX — 22222 =32
[lecTn3HaUHBIX —2 22222 =64
Bceco:2+4+8+16+32+64=126
Omeem: 126 uucen.

30. B ¢yrbonpHOI KOMaHe 11 yenoBek. Hy)xHO BBIOpaTh KammuTaHa U €r0 3aMECTHTEIIS.

CKOJBKHUMH CIIOCO0AMU ATO MOYKHO CIENIaTh?

Kamran — 11 cmoco6oB

3amecturens — 10 crroco0oB
1110=110

Omeem: 110 crioco6oB.
31.B kmacce yuarcs 30 yenoBek. CKOJTBKMMH CIIOCOOAMH M3 HUX MOYKHO BBIOpATh CTApOCTy U
OTBETCTBEHHOTO 3a MPOE3/THbIC OWIICTHI?

Crapocrta — 30 croco6oB
OrtBet. 3a OmiIeTsl — 29 cnoco6oB

30+29=2870

Omeem: 870 crioco6oB.
32. B moxone yuactBytotT 12 manbunkoB, 10 neBodek u 2 yuurtens. CKOJIBKO BApUAHTOB I'PYIII
JEeXKYpHBIX U3 TpEX uenoBek (1 manpunk, 1 neBouka, 1 yunTenb) MOXKHO COCTABUTh?

12+10+2=240

Omeem: 240 cioco0o0B.

33. CkobKo KOMOMHAIMH U3 4eThIpEX OYKB pycckoro andapura (B andasure Bcero 33 OyKBbI)

MOXHO COCTAaBUTb IIPpU YCIIOBUH, YTO 2 COCCIHUC 6YKBBI 6y,I[YT pa3HBIMI/I?

1 6ykBa — 33 criocoba
2 OykBa — 32 criocoba
3 OykBa — 32 criocoba
4 oykBa — 32 criocoba
3332+32+32=1.081.344

Omeem: 1.081.344 xomOuHAIINA.

CKHUX
¢mIBMOB, 2 KOMeUHU U 2 GpuiibMa
y’KacoB.

3anumm, CKOJIbKUMH Pa3InIHbIMH

Ne | 1 Bapuanr Ne | 2 Bapuant
1 | Ilo TeneBusopy B 1 | B rpymnmne 11 yenoBek UMerOT «5» 1o
cy000TY MOKa3bIBAIOT 5 MPUKIIOUEHYE MaTeMaTukKe, 6 4eloBeK — «5» 10

dunocopun. B ceccunm 2 sk3ameHa.
W3BecTHO, 4yTO 3 dYenoBeka cIau
ceccrio OTINYHO. CKOJBKO YEJIOBEK
UMEIOT XOTS Obl OJHY MATEPKY B
ceccun?




crioco0amMu MOKHO BBIOpaTh OJIMH U3
BCEX MPEIOKEHHBIX (PUITBMOB?

OTMETh, CKOTBKUMU PA3INYHBIMU
croco0aMu MOYKHO TIOTIACTh U3
ropoaa A B ropoj C, eciu Ha JaHHOM
PUCYHKE CXEeMATHYECKH U300paKCHBI
BAapUaAHTHI yTei ?

B knacce 26 uenosek, u3

HUX 8 YEJIOBEK U3y4aloT SI3bIK
MpOrpaMMUpOBaHus bencuk,

u 9 genosek nzyvarot [lackaib.
CKOJIBKO Y€JIOBEK HE U3YYaIOT SI3bIKU
IPOTPaMMUPOBAHUS, €CITH U3BECTHO,
YTO JIPYTHX S3BIKOB B 3TOM KJIacCe HE

M3Y4aloT U KaXIbli YEJIOBEK 3HAET HE
A e C oJiee 0IHOTO s3bIKa
~_ IPOrpaMMHPOBAHUS?
Ha JTHE POXKIEHUS Cepres CocuunTail, CKOJBKAUMH PA3TAYHBIMHU
MIPUCYTCTBOBAIN 4 MaJlbuMKa croco6amMu MOKHO MOTIACTh U3
1 4 1eBOYKH. Cepreit ropoaa A B ropon C, eciu Ha JaHHOM

CTaHIICBAJT 8 MAPHBIX TAHIICB,
Hrops — 10 mapHbIX TaHUEB, AHIpei

" Jnma — 1o 8 TAHIICB,
Csera — 8 TaHIIEB,

Wnona — 9 taHIes, a
Npa — 7 tanneB. CKOJIbKO TapHBIX

TaHIEeB cTaHeBaia Hartama?

PUCYHKE CXeMaTHUYeCKU U300paKeHbl
BAPUAHTHI IyTEH?

B MarasuHe nmpoaroTcs CUHHUE,
KpacHBbIE,

XKENTHIC U KOPUIHEBBIC PyOAITKN
pasmepoB M, L u XL.

Omnpenenu, CKOIbKO pa3iInuHbIX
py0aliiek MOXHO KyIHTb.

Haiimu, ckoibko

Pa3IUYHBIX IATH3HAYHBIX YHCEIT
MOYKHO COCTaBHUTh U3

uudp 0;1;2;3:4;5, ecnu >TH B PHI He
MOT'YT TIOBTOPSTHCS.

Jaabl

uudpsr 0,1,2,3,4,5,6,7,8. Beraucim,
CKOJIbKO Pa3IuYHBIX TPEX3HAUHBIX
qyucel, JSISAIUXCSI Ha 2, MOXKHO
COCTaBUTh U3 3TUX ITUGP, ecIu UDPHI
HE JIOJDKHBI TIOBTOPSATHCSL.

VY yueHuKOB 7 KJlacca B

YeTBEPr MOTYT OBITh TOJILKO
CJICAYIOIINE TIPEAMETBI: JTUTEPATYPA,
reomMeTpusi, OnoyIorus, GU3nKa,
UCTOPHS U (pU3NIECcKast

KynbTypa. Onpenenu, CKOIbKO
CYIIECTBYET BapUAHTOB

MOCTAaBUTh 6 PA3TUYHBIX YPOKOB B
YeTBEpr.




Ilpakmuueckasn paooma Ne58 IlepecranoBku. [lepectanoBku 6e3 moBTopeHuit. Pazmernienus.
Pa3menenns ¢ nOBTOpEHUSIMU
ean padoThI:
® HayuyuThCS pelIaTh 3a/a4 10 KOMOMHATOPUKE;

® HAYYHUTHCS MPUMEHSTH (OPMYITBI KOMOMHATOPUKY MPH PEIICHUH 3a71a4.

B pe3ynbpTaTe BBIMOJHEHUS TPAKTHYECKON pabOThI CTYIECHT JIOJDKEH:
3HaMb:

e (dopmyibl KOMOMHATOPUKY;
ymems:

® TpUMEHATh GOPMYIIbl KOMOMHATOPUKY MPU PELICHUU 3a]1a4.

KpaTtkue TeopeTnyeckue cBeJeHus1

1 a) IlepecranoBku P, =n! Ilo onpexenenuto, cunrarot, uro 0!=1,11=1.
I

n
6) Mepecranosku ¢ mopropenusimu P (M, m ,..m )=
n 1 2 k
m!m,!....m,!

Ilpumep 1. CKOJBKO CIIOB MOKHO TIOJIYUUTh, TepecTaBisis OykBol B ciioBe [[OPA?

1) Ymo oenaem ¢ bykeamu (MeHsem Mecmamu — 3HAYUmM nepecmaHosKiL)
2) Ilosmopsiomcs i 6yKewl (Hem — 3Hauum nepecmanosKu Oe3 no8MmopeHus)

Pewenue. P, =41=1.2-3-4=24
Ilpumep 2. CKOJIBKO CJIOB MOKHO TIOJIY4UTb, IepecTaniisis OykBbl B ciiope MHCTUTYT?

1) Ymo odenaem ¢ bykeamu (MeHsem Mecmamu — 3HAYUM NepecmaHosKiL)
2) Ilosmopsiiomcest iu 6YKévl (0a — 3HAUUM NEPECMAHOBKU C NOSMOPEHUSIMU)
Pewenue.

8!
e e R TRTETE T
n!
2 a) Coueramuss C)] =
m!-(n—m)!
6) Couerannsi c mosropenusivu - _ (N+M-1)!
" oml(n-1)!

IIpumep 1. CKOABKUMH crIOCOOAMU U3 KOJIOABI B 36 KapT MOXHO BhIOpaTh 3 KapThl?

1) 3usz 36
2) Ilopsook sadxcen? (nem — 3HAUUM couemanusi)



3) [losmopsmucs moey? (nem — 3nauum couemanusi 6e3 nO8MopeHuil)

n!

Pewenue. C|' = —————
" ml(n-m)!

Ilpumep 2. B KOHIUTEPCKOM MarasuHe MpoIaBajuch 4 copTa MUPOKHBIX: HAIOJIEOHBI, SKIIEPHI,
necoyHble u kapTouka. CKOJIbKUMU CIOCO0aMU MOKHO KYIUTh 7 MHUPOKHBIX?
1) 7usz4

2) Ilopsook sadxcen? (nem — 3nHauum couemanusi)
3) Tlosmopsimbcs mocy? (0a — 3nauum couemanusi ¢ ROSMOPEHUIMU)

Pewenue.

& = (4+7-1)r 10! _120
4@ 7131

n!

3 a) Pasmemennss A= ——
(n—m)!

6) Pasmemienus c nopropenusimu 4, =n"

Ilpumep 1. CKoJIbKO pa3IUYHBIX 3-X 3HAUHBIX (P MOKHO COCTAaBUTH U3 2,4,6,8, eciiu udpsl
HE MOBTOPSIIOTCS?

1) 3uz4
2) Ilopsiook sadicen? (0a — 3nauum pazmeuenus)
3) Lugppwr nosmopsiomes (nem)

Pewenue. 2= 4 _ ﬂ_

4 (4-3)1 11
Ilpumep 2. CKOJBKO pa3IMUHBIX 3-X 3HAYHBIX U(PP MOKHO COCTaBUTH u3 2,4,6,87
1) Sus4
2) Tlopsioox easicen? (0a — 3Hauum pazmeujetus)
3) Lugpol nosmopsiromes (0a — 3Hauum pameujerus ¢ NOBMOpPeHUsIMU)

Pewenue. 2143 =43 =64

Oopa3zen pemeHust 3aaa4

IlepecTanoBKH, COYETAHUS U pa3MeLeHUs 0e3 IOBTOPEHUs

1. Ckomabko IIEET]E:IpéXBHElLIHLIX YUCCJI MOXKHO COCTaBHUTh U3 ‘leTBIpéX KapTO4CK C I_[I/I(I)paMI/I 1,

5,7, 97 P . =41=24

2. CKOJBbKO TPEX3HAUHBIX YUCEN MOXHO COCTaBHTh U3 YETHIPEX KapTouek ¢ uudppamu 1, 5, 7,

9, ecnu M dpsI HE TOBTOPSIIOTCA?



3
A, =24
3. CKOJBKUMHU crIocoO6aMu U3 KOJIObI B 36 KapT MOXKHO BBIOpaTh 3 KapThl?
3 _
C,;=7140
4. CKOJIBKHMH CTIOCOOaMH U3 KOJIOJIBI B 36 KapT MOKHO BeIOpaTh 1 gamy u 2 Ty3a?
1 2 _ —
Cl.C2=4.6=24

5. CKOJBKUMU CTIOCOOaMU MOKHO PacCcaJnTh 6 YeIOBEK 3a CTOJIOM?

P =6!=720

6. CKOJBKUMU CIIOCOOAMU MOYKHO paccauTh 3 MaIbuuKa U 3 JCBOYKH 32 CTOJIOM?
P,=61=720

7. CKOJBKUMH CIIOCOOaMU MOYKHO paccaauTh B 2 psaa 3 MaabuuKa U 3 ICBOYKH?
P =31.31=6-6 =36

8. CryneHueckas Tpynma COCTOUT U3 23 YeJIoBeK, cpear KoTopbix 10 roHomiew u 13 neByiek.

CKOJIBKUMH CITIOCO0aMH MOXKHO BBIOpaTh 2-X 4eJT0BEK OTHOTO ToJia?
2 2 _ _
C,+C,,=45+78=123
9. V Bacu goma xuByT 4 KOTA.

a) CKOJILKMMH CTI0CO0aMHU MOKHO paccaiuTb KOTOB I10 yrijiaM KOMHAThI?
P,=41=24

0) CKOJIbKUMU CTI0CO0aMU MOYKHO OTITYCTUTD T'yJISITh KOTOB?

CI+Ci+C2+C2+Cl=1+4+6+4+1=16

B) CKOJILKUMH crlocobamu Bacst MokeT B3sTh Ha pyKH 2-X KOTOB (OJJHOTO
Ha JIEBYIO, IPYroro — Ha MpaByo)?
2 _
A; =12
10. I'pynny u3 20 CTyI€HTOB HYKHO Pa3JiesIuTh Ha 3 Opurajsl, IpU4eM B IEPBYIO OpUramy
JIOJKHBI BXOJUTH 3 YeJloBeKa, BO BTOPYI0 — 5 U B TpeThio — 12. CKOJIBKUMH crIocoOaMu

9TO MOJXHO CACJIATh.

C®.C5 .C'? =1140-6188-1= 7054320

20 17 12



11. Jins ydactusi B KOMaHae TpeHep otoupaer 5 manpuukoB u3 10. CkonbkuMu ciocobamMu oH
MOKET c(hopMUPOBATH KOMAH]Ty, €CITU 2 OTIPE/ICIEHHBIX MaJIbUUKa JI0JKHbI BOUTH B

komauay? (2 marvuuxa mouno 6xoosm, m.e. ocmanocs evlopams 3 uz 8)

C3=56

8
12. B miaxMaTHOM TYpHUPE IPUHUMAIIM y9acTHe 15 maxmMaTucToB, Mpu4eM KaKIbId U3 HUX
CBITpaJl TOJIBKO OJJHY MApTHUIO C KaXJbIM U3 OCTaJIbHbIX. CKOJIBKO BCEro NapTuii ObLIO

CBITPAHO B 3TOM TypHUpE?
Clé =105

13. CkoJIbKO pa3IndHBIX JAPoOei MOKHO COCTaBUTH U3 uucen 3, 5, 7, 11, 13, 17 Tak, uTtoObI B

KKy IpoOb BXOIWIN 2 pa3iINyuHbIX yucia’?
42=30
14. Nwmeercs 3 ppykTa. CKOTBKUMH CIIOCOOAMHU MOKHO B3SITh XOTS ObI OJMH QpPYyKT?
Cl+C2+C3=3+3+1=7

HepeCTaHOBKH, CoUYeTaHUuA " pa:memenml C HOBTOpeHI/lﬂMI/I

15. Anekceit 3aHUMAaETCsl CIOPTOM, MPUUEM 4 THS B HEZIEIIO — JIETKOM aTIeTUKOM, 2 THS —
CUJIOBBIMH YIPOKHEHHSAMU U | 1eHb oTApIxaeT. CKOJBKHUMH CTIOCOOaMU OH MOXKET
COCTaBUTh ce0e paclucaHue 3aHATUIA Ha HEJEI0?

7!

P,=——=105
41.21
16. CkosbKUMU crIocO0aMU MOKHO PaccTaBUTH Oenble purypsl (2 gaapu, 2 KOHs, 2 CIOHA,

(hep3b 1 KOpoJIb) HA TIEPBOH JIMHUM ITAXMATHOU JTOCKU?

. 8!
P =——=5040
21.21.21

17. B xouienbke HAXOAUTCS JOCTATOYHO OOJBIIOE KOJIUYECTBO pyOIieH, 2-X, 5-TH
necsTupy0naEBpix MOHET. CKOJIBKUMU CIOCOOaMU MOXHO W3BIIeYb TPH MOHETHI U3
KOIlIeJIbKa?

<~ (3+3-1)1 51
- 3L21 3121

18.B Kopo61<e JICKAT MIapbl TPEX HBCTOB—KPACHOT'O, CHHETO U 3CJICHOIO. H_[apLI OJHOT'O OBETA
CUHUTAIOTCA OJUHAKOBBIMH. BOHpOCZ CKOJIbKUMH CII0OCOOaMH MOKHO COCTaBUTH Ha60p n3

JBYX I1apoB?

<~ (2+3-1) a4
G = 2121 2121



19.

20.

Bosbmem OykBrl b, A, P. Kakue pazmenienus u3 3Tux OyKB, B3TBIX MO BE, MOKHO
nosry4uTh? CKOJIBKO TaKMX HAOOPOB MOJYYHUTHCS, eciau: 1) OyKBbI B HAOOpe HE

MOBTOPSIOTCS; 2) OYKBBI MOTYT HOBTOPATHCS ?
1) A2=6
2) A2=32=9
CKOJIBKO CYIIECTBYET YETHIPEX3HAUHBIX TUH-KOJI0B?

424 =10* =10000

IIpakTHYeckas 4yacTb
B mkonbHOM CTONIOBOM Ha MEPBOE MOXKHO 3aKa3aTh OOPII, COJISIHKY, TPUOHOM CYII, Ha BTOPOE
- MSICO C MakapoHaMHu, ppI0y ¢ KapTOILIKOH, KypHIly C PUCOM, a Ha TPEThE - Yall U KOMIIOT.

CKOJIBKO pa3IMYHBbIX 00€0B MOXKHO COCTABUTh M3 YKA3aHHBIX OJF01?

B mikosbHO CTONIOBOM Ha MEPBOE MOYKHO 3aKa3aTh OOpIII, COJISHKY, TPUOHOM CyI, HAa BTOpOe
- MSICO C MakapoHaMHu, ppI0y ¢ KapTOLIKOM, KypHIly C pUCOM, a Ha TPEThE - Yall U KOMIIOT.
CKOJIBKO pa3IMYHBIX 00€/I0B IepecTaBUTh OYKBHI B CJIOBE abpakamadpa?

CKOJBKUMHU cIIOCOOaMH MOKHO Pa3MECTUTh BOCEMb TACCa’KUPOB B TPHU BaroHa?

N3 yuanuxcs natu 11 kaccoB HY>KHO BBIOpATh JBOMX AEKYPHBIX. CKOJIBKO Map AeKYPHBIX

MO>KHO COCTaBUTH (YUEHUKH B Iape He JOJKHBI ObITh U3 OJJHOTO Kiiacca)?

CKOJIBKO pa3JIMYHBIX JBY3HAYHBIX YMCEI MOYKHO COCTaBUTh Mpu romotu uudp 4, 7, 9?7

(ITudpel B 3amcu yMCiIa HE IIOBTOPSIIOTCS).
CKOJIBKO pa3IMYHBIX TPEX3HAYHBIX YHCET MOYKHO COCTaBUTH ¢ TTomoIbio mudp 1, 3, 77

Camna, Ilers, enuc, Ons, Hacts yacto xonat B kade. Kaxaplii pas, obenast Tam, oHH

pacCa)KuBarOTCA IO-PA3ZHOMY. CKOIIBKO JHEH APY3bd CMOTYT 3TO CACIATb oe3 HOBTOpeHI/I}I?

CereTHLIfI 3aMOK COCTOMT U3 3 6apa6aHOB, Ha Ka)KJAO0M U3 KOTOPBIX MOKHO BBI6paTB

1u¢psl oT 0 10 9. CKONBKO pa3IUYHBIX BApUAHTOB BbIOOpa MM dpa cymiecTByeT?



10.

11.

12.

13.

14.

15.

K 60-neturo [ToGenp! rpymma MKOJILHUKOB OTIIPABUIIACH IO MECTaM OOEBBIX JCHCTBHIA B
Cmounenckoit o6macti. OHH IJTAHUPOBAIN OCYLIECTBUTH TOXO/ [0 MapIIPYTy JEPEBHU
CocHoBka-beikoBka- Macnoska- Bunoso. 113 C B b MOKHO NpOIIIBITH 110 pEeKe WM IPOUTH
nerkoMm, u3 b B M- nemkom miu Ha aBtoOyce, 3 M B B - 10 peke, menkom wim aBTooyce.
CKOJIbKO BapUaHTOB MOX0/Ia €CTh Y LIKOJIbHUKOB?

B Hauane urpbl Kaxx0My UTPOKY pazaaercst 6 KapT U3 KOOI, B KOTOPOM 36 pa3iIuyHbIX
KapT. CKOJIBKO CYIIECTBYET pa3IMYHbIX KOMOWHAIUI KapT, KOTOPbIE UTPOK MOKET HOJYUUTh

B Hauaje Urpsl?

B 8 “a” xmacce nydiie Bcex MaTeMaTHKy 3HatoT 5 yueHukoB: Bacs, Jluma, Oner, Kats u
AH?I. Ha OJ'II/IMHI/Ia]Iy 10 MaTeMaTUuKe HY)KHO OTHpaBI/ITB Hapy, COCTO?IHIYIO nu3 1 MaJIbUYMKa 1

1 neBouku. CKOJBKUMHU CIIOCOOAMHU YUUTEITLHUIIA MOXKET 3Ty IMapy BHIOpaTh?

Ha npuBuBKY B MEAMyHKT OTHpaBMIKCE 7 qpy3ei. CKOJIbKUMHU Pa3HBIMU CIIOCOOaMU OHU

MOTYT BCTaTh B O4€PE/Ib Y MEIUIIMHCKOTO KabuHeTa?

Ha Br160opax nobenunm 9 yenosek - Cadponos, Hukonaes, [lerpos, Kynakos, Mumus, ['yces,
Bonoaun, Aponnn, TutoB. M3 HUX HY)KHO BBIOpaTh MpeAcenaTess, 3aMECTUTEIS U

npodopra. CKOJTBKUMH CIIOCO0aMHU 3TO MOXKHO C/IeIaTh?

B mudt 12-3taxknoro noma cenu 3 maccaxkupa. Kaxaplii He3aBUCUMO OT JIPYTUX €
OJINHAKOBOM BEPOSTHOCTHIO MOKET BBIMTH Ha JIt000M (HaunHast co 2-1o) staxke. CKOIbKUMU

crocodamu JOJIU MOT'YT BBIATH Ha Pa3HbIX Taxkax?

CKOJIBKO HEYETHBIX TPEX3HAYHBIX YHCEJI MOXKHO COCTaBUTh U3 1udp 3, 4, 8, 6?7 (L{udps! B

3aIlMCHU YUCjia HE MOT'yT HOBTOprTLCﬂ).

KonTpoJibHBIE BOPOCHI

1 q)OpMy.]'ILI KOM6I/IHaTOpI/IKI/II MEPECTAaHOBKHU, PAa3MCHICHUA U COUCTAHHUSA C ITIOBTOPCHUSAMHU U 0e3.



Ilpakmuueckasa paboma Ne59: CoueTanusi u X CBONCTBA
IJens: OTpaboTaTh HABBIKM PEIICHUS 33124

Teoperuyeckast 4acThb
Coueranus (0e3 mOBTOpPeHUI)
IIycte MHOkECTBO X COCTOMT U3 N 2IIEMEHTOB.
Onpeoenenue. JI1060e K-31eMeHTHOE TIOJAMHOKECTBO Y MHOKECTBa X HA3bIBACTCS cOUemanuem
u3 n 21emenmos no K.

OueBHAHO, 4YTO K JOJI2KHO OBITH HE 0O0JIbIIE N.

Yuco BCeX COUYETAHUM U3 N AJIEMEHTOB 110 K 0003HaYaeTcsa CHMBOJIOM Ch U BBIYUCIIIETC I10

dbopmyre:
I (n=1)...-(n-k -
ceo M _n (n-1)-..-(n-k-1) @
k!i(n—k) k!
n! n!
B wactaoctn, C%=-—-=1,C" = —— =1 410 CcOriacyercs ¢ TeM, YTO y JIOBOTO
otn! n!-0!

MHOXKecTBa X HMMeEeTCs TOJBKO OJHO MOJMHOKECTBO U3 HyJs 3JeMeHTOB (nycmoe
NOOMHOJICECMB0), U TOJBKO OJHO TOJAMHOXECTBO M3 N 3JIEMEHTOB (COBMAJAIOIIee C CaMUM
MHOKECTBOM X).
IIpu paccMoOTpeHHUN COYETAHUI 0YEeHb MOIIHO UCIOJIb3YyeTCsl TeOPUS MHOKECTB!
Jokaxem dopmyiy (4).
IMycte Y kakoe-muOO TMPOU3BOJIBHOE TMOJAMHOXECTBO MHOXKecTBa X, cojepkainee K
3JIEMEHTOB (TO €CTh coYeTaHue u3 N 3MeMeHToB 1o K). Urciao Takux MOAMHOXKECTB 0003HAYMM

CHMBOJIOM Crl]( . HeO6XOI[I/IMO BBIICHUTB, YEMY PaBHO 3TO YHCIIO.

COCTaBJ'ISISI, BCCBO3MOXKHBIE IEPECTAHOBKU M3 3JICMCHTOB 3TOI'O MHOXKECTBaA Y [MoJIy4uM k!

Pa3IUYHbIX CTPOK THHO# K. Eci yka3zaHHY!0 onepariuio mpoaesiaTh ¢ KaXIbIM 10 IMHOKECTBOM
Y coneprxantum K snementos, To nomyanm Beero CX -k! pasmuunbix cTpok, miunoii K. C apyroit

CTOPOHBI, TAKUM 06pa30M JAOJIKHBI IIOJTYUYUTHCSA BCC 0e3 HMCKIIIOYEHUS CTPOKH, JJITMHOM k Oe3

HOBTOpCHI/Iﬁ, KOTOPBIC MOKHO COCTAaBUTDb U3 3JICMCHTOB MHOKCCTBA X. Uncno Takux CTPOK pPaBHO

A*, crienosatensro, CK -Kl= AX. BrIpakast 13 3TOro paBeHCTBa ck, MOy YHM:
n n n n

Ck :_A«k —n-(n-1)-.-(n-k-1) ®opmyna (4) nokasaHa.
n k! k!

Ynucna C  Ha3biBatoT GUHOMMANBHBIMU KOO(h(QHUIMEHTAMH — OHU BXOJAT B (OpMyITy

OmHOMa HBIOTOHa, HU3YUCHHUEC KOTOPOTO TAKIKEC BXOJUT B IPOrpaMmy IO MATCMATUKC JJIA

NPO(UIBHBIX KJIACCOB.

Ywucma C: O6J'Ia,ZLaIOT PAAOM 3aMCUATCIIBHBIX CBONCTB:



1. Ck =C™ (nokasbiBaeTcs HemocpeaCTBEHHO 110 Gopmyre (4));
n n

2. CO4Ct+..+CM=2" (MOXHO J0Ka3aTh C MOMOIIBIO M3BECTHOW TEOPEMBI U3 TEOPHU
n n n
MHO’KECTB O TOM, YTO YHCJIO PA3IMYHBIX MOJAMHOYECTB N-3JIEMEHTHOTO MHOXECTBa paBHO 2";
Ipyroii crnoco® JoKa3aTesbCTBa - KOMOWHATOPHBIN);
k — ~k k-1 .
3.Ck=Cf  +C. ; mmobbix nuk, 1J kJ n (nokaseBaercs ¢ momopio Gopmyns (4)); Ha

OCHOBE 3TOT0 CBOMCTBA CTPOUTCSA 3HAMEHUTBIM TpeyroybHUK [lackais.

Tabnumna 1. Tpeyronsuuk Ilackamns

W66 EEEEE)EE G

0 1

1 1 1

2 1 2 1

3 1 3 3 1

4 1 4 6 4 1

5 1 5 10 10 5 1

6 1 6 15 20 15 6 1

7 1 7 21 3 3 21 7 1

8 1 8 28 56 /0 56 28 8 1

9 1 9 36 84 126 126 84 36 9 1
10 1 10 45 120 210 252 210 120 45 10 1

3ametruM, uto bne3 Ilackanp Ha3bpIBall YMCIOBOM TPEYroJbHHUK, HAYaIO0 KOTOPOTO
conepxutcs B Tabmuue 1, apugpmemuueckum. Tlackanap MOCBIATHI CBOWCTBAM apu(METHYECKOTO
TpeyrojbHUKa OCHOBomoJararomuii "Tpakrar 06 apudpmerndeckoMm Tpeyronbuuke" (1654).
CrnpaBeUIMBOCTH pajid, CTOUT YIIOMSIHYTh, YTO OMHOMHUAIBHBIC KOAPPHUIIMEHTHI ObLIH XOPOIIO
M3BECTHBI B A3HMM 32 MHOTO BeKOB 10 pokiaeHus [lackans. B Hrtamum tpeyronpnuk [lackamns

Ha3bIBAIOT TPEYroJbHUKOM TapTanbu.
U3 onpeoenenus couemanus ciedyem, ymo eciu cupammpaercsi «CKOIbKUMH CIOcO0aMu
MOJKHO BbIOpaTh k 00BEKTOB 13 n?», TO HYKHO OTBEYATh: « Clr<1 qUCIOM criocoOoB»!!!

IIpumep. Bo B3BojE 5 cepxkanToB U 50 conmar. CKOJIBKHUMHE CIIOCOOAMH MOKHO COCTaBUThH HapSIT

U3 OJHOT'O CCPIKAHTA U TpéX cojaar.



Pewenue. OnHoro cepkaHTa U3 MATH MOXHO BbIOpaTh 5-10 pasHbIMU criocobamu. J[is
M000T0 M3 3TUX CIOcO00B BBIOOpA cepkaHTa TPEX coyaT (MOPSIOK TPOHKH He BaxeH) u3 50-tu

! .49.
MOXHO BBIOpATh C:o: 3?2%5 481 29 350 =19600 wumciom crnoco6o. Torga 1O mpaBuiLy

HpOI/I?;BeIIeHI/I?I BECh Hap?[I[, TO €CTb OJHOI0O CepmaHTa /) TpéX coJigaTr, MOXHO BBIGpaTI)
5.19600 =98000 cnocobamu.

[TooOHBIE 3324 OYEHB YACTO BCTPEYAIOTCS B KOMOMHATOPHKE M B TEOPUU
BeposTHOCTEN. [IoaTOMY paccMOoTpuM MoOAeNb ITOH 321244 U eé pelieHune.

[Iycth umeercst N o0bekToB | TNAa 1 M 00bekTOB || THMA. CKONBKUME cIOCOOAMH MOKHO
BbIOpaTh U3 HUX K 00bekToB | THMa 1 S 00bekToB Il THHA?
VYcnoBue 3anaun pekoMeH1yeTcst 0popMUTh TaOJIUIIeH, YTOOBI HE 3aIyTaThCsl B YHCIIAX MMPU

COCTABJIEHUHM YMCJIa COUETAHUH.

| T I tun
EcTh: N 00BEKTOB u m OOBEKTOB
Heo0xomumo k 00BEKTOB nu S 00BEKTOB
BBIOPATH:

Torma K 06bekToB | THIIA U3 N MOXHO BHIOpAThH Cr‘f qyCcIIoM croco0oB. [[s kaxmoro u3

ATUX CIIOCO0O0B BhIOOpa 00BheKTOB | THTIA S 00BEeKTOB |l THITa U3 M MMEIONTUXCSI MOXKHO BBHIOPATH

C® umcioM crioco6oB. [IpUMeHsst IPaBHIIO MPOM3BE/ICHNS, TTOTydaeM oteetT: CX - C* .
m n m

AHaJOTHYHO peliaeTcs 3a1a4a 11l 00bEKTOB TPEX, YETHIPEX U T.J1. THUIIOB.

K mogo0Ho# 3a1aue cCBoAATCS 3a/1a4H, B KOTOPBIX U3BECTHO 00IIee KOJIUYECTBO UMEIOIITUXCS
00BEKTOB | 00IIIee KOJIMUECTBO TeX, KOTOPhIC HY)KHO BBHIOPATH.
Ilpumep. B xiacce 36 denoBek, U3 KOTOPHIX 6 — OTIIMYHUKU. CKOJIBKUMH CIOCOOaMH MOKHO
pa3OuTh Ki1acc Ha JBa Kjacca mo 18 4enmoBek Tak, 4TOObI OTIMYHUKOB B KaXKJOM Kjacce OBLIO
MOPOBHY?

Pewenue. Pa3outh Kilacc Ha JBe 4acTH MO 18 yenoBek — 3TO BCE paBHO, YTO BBIOpaTh 18
yenoBek u3 36. OToOpanHble 18 YenmoBeK COCTaBISIOT OJMH KJIAcC, OCTaBIIMECS — IPYroil.

Odopmum ycinoBue 3aJjaud B yKa3aHHOM BBIIIE BUJIE.

| THII - Il T —

OTJIIMYHUKHU HC OTIINYHUKHU

Ectp 36 yenoBek: 60TINYHUKOB u 27 He OTIIMYHUKOB




Heob6xonumo 3 oTIIMYHUKA nu 15 "He OTIIMYHUKOB
BBIOpATh

18 yenosek:

OtBet: C° - C* crioco0oB.
6 27

1. ®. Y necauka 3 cobaku: Actpa (A), Bera (B) u I'pud (I'). Ha 0X0Ty JIECHUK pemIwi OWTH C
nByMsi cobakamu. [lepedrcinTh BCe BapUaHThI BBHIOOPA JICCHUKOM Iaphl COOaK.

Pemenue.
Oro 3amaya o BeIOOpE ABYX 3JEMEHTOB M3 Tpex 0e3 ydera nopsjaka. [lepeuncnum BapuaHTbI
BeIOOpa u3 A, b, B o nBa: A, b; A, B; b, B. Ecniu ywamuecs 3HatoT GopMmyiy aisi gucia
C*= C33‘2 = C13:

COYETAaHMM, TO KOJIMYECTBO BAPUAHTOB PABHO:  ° 3.

Otger: 3 BapuaHTa.
2. @. CKOJIBKO CYIIECTBYET CIIOCOOOB BHIOPATh TPOUX PEOST M3 YETBEPHIX KETMAIOIINX JIEKYPUTh
IO CTOJIOBOM?

Pewrenne.

KomnuectBo coueranunii w3 4 mo 3 (mopsgok BheIOOpa HE HMEET 3HAYCHHUs) PaBHO:

CP=CY=(Ct=4
4~ ¥4 T 4T 7= 4 Huaye MOXHO pacCykaaTh Tak. BmecTo BbIOOpa TpOWX HEKYPHBIX

BbIOEpEM OJHOTO, KOTOPBIM He OyIeT AeKYpUThb, a TPEX OCTABIIUXCS OTHPABUM HA JEKYPCTBO.
KonnuecTBo crioco60B BIOpaTh OHOTO U3 YETBEPHIX PEOSAT paBHO 4.

Otger: 4 cnocoba.
3. T. B kiacce 7 4enoBeK YCHEIIHO 3aHUMAIOTCsl MaTeMaTuKol. CKOJIBKMMH CIOCO0aMU MOKHO
BBIOpATh U3 HUX JABOMX JJISl yYaCTHs B MaTeMaTUUECKOM onuMnuase?

Pewrenue.
Bribupaem 2 ygamuxcs u3 7, nopsaok BbiOOpa He UMeeT 3HaueHus (00a BRIOpaHHBIX MOUAYT Ha

oJIMMIINagy Kak IOJIHOCTBIO paBHOHpaBHLIe); KOJIMYECTBO CIIOCOOOB BBI60pa paBHO YHUCITY

7-6
C? = =21
B
coyeTaHud w3 7 0o 2: 1.2 coco0.
Otset: 21 criocoO.
4. T. B marazune «Dunatenus» npojaercs 8 pa3nuuHbIX HAOOPOB MapOK, MOCBALIEHHBIX
CHOpTUBHOM TeMaTuke. CKOIBKUMH CTIOCO0aMU MOKHO BBIOpaTh U3 HUX 3 Habopa?
Pemienue.
;s 8-7-6
8

Bri6op u3 8 o 3 6e3 yuera nopsiika: 1-2-3 = 56 crioco6os.

Ortsert: 56 crioco0oB.



5. T. Yuammmcs ganu cnucok u3 10 kHUr, KoTopbie peKOMEHIyeTCsl IPOYNUTATh BO BpeMs
KaHuKyJ. CKOJIBKUMH CIIOCO0aMM YYEHHUK MOYKET BBIOpATh M3 HUX 6 KHHUT?
Pewenue.
C140 _10-9-8-7 _ 210
Bri6op 6 u3 10 6e3 yuera mopsaka: 1.2-3-4 Croco0oB.
Otgert: 210 crioco6oB.
6. T. 13 mabopaTopuu, B KOTOPO# paboTaroT 3aBeayromuid u 10 COTpYAHUKOB, HAI0 OTIPABUTH 5
YeJIOBEK B KOMaHIUPOBKY. CKOJIBKUMH CIIOCOOaMH 3TO MOKHO C/IEIaTh, €CITH:
a) 3aBEAYIOIINM TabopaTOpHel JOJDKEH €XaTh B KOMaHIUPOBKY;
0) 3aBeAyIOIIM JIabopaTOPHEH TODKEH OCTaThCA?
Pemrenne.
N3 11 yenoBek 5 TOJHKHBI IOEXaTh B KOMaHIUPOBKY.
140 _10-9-8-7 _ 210
a) 3aBenyroIIuid eneT, Hy)KHO BBIOpaTh eme 4 w3 10 ocraBmuxcs: 1.2.3-4
CIOCO0OOB.
B) 3aBemymommii  ocTtaercs, HyKHO BeIOpath 5 w3 10  cOTpyIHHKOB:
C5 = 10-9-8-7-6 =252 cnoco6a.
10 1.2.3.4.5

Otser: a) 210 cnoco6oB; 6) 252 cnocoba.
7. T. B OubnuoTeke YMUTATEIIO0 NMPEIJIOXKIIA Ha BBIOOP M3 HOBBIX mocTymiieHuid 10 kaur u 4
)ypHaia. CKOJIBKUMHU CnocoOaMu OH MOXET BbIOpaTh M3 HUX 3 KHUTH U 2 )KypHaia?

Pemrenue.

HyxHo crenats gpa Bei6opa: 3 kauru u3 10 ( C3 croco6oB) u 2 sxxypHana u3 4 ( C? cioco6oB) ;
10 4

18(0J0)201(0)18 BLI60pa HEC HMMCCT 3HA4YCHUA. Ka)KI[BIﬁ BBI60p KHHUI' MOXXCT COYCTAThbCA C KaKIAbIM

BLI60pOM KYPHAJIOB, IO3TOMY 06].].[66 YHCIIO CIIOCO0O0B B5160pa IO IIpaBUITY ITPOU3BCACHUS PABHO:

oo .2 _10-98 43

0 4 192.3 1.2

=720 cnoco0oB.

Ortser: 720 cnioco6oB.
8. T. 13 12 conpart, B 4Mca0 KOTOpbIX BXoaaT MBaHoB u IleTpoB, Ha0 OTHpaBUTh B HApsA TpeX
yenoBek. CKOJIBKUMH CIOCOOAaMU 3TO MOKHO C/I€aTh, €CIH:

a) ViBanoB u IleTpoB NOKHBI HOWTH B Hapsl 00s13aTEIbHO;

6) lBanoB u [1eTpoB H0JIKHBI OCTATHCS;

B) MIBaHOB noJDKeH NolTH B Hapsz, a [lerpoB — ocraThcs?

Pemenue.



Bribupaem Tpu snementa u3 12; mopsaok BeIOOpa HE UMEeT 3HaueHHs (Bce TPOe UAYT B HAPS).
a) VBanoB u IlerpoB mayr B Hapsn, emie OJHOTO HYXHO BbIOpath u3 apyrux 10 conpar;
KonmgecTBo criocobos: C = 10.

6) VBanoB u IleTpoB HE UAYT B HAPST; TPOMX HIYLIUX B HAPSII HY’)KHO BBIOpaTh U3 Apyrux 10

_10:9-8 150 6
COJIIAT; KOJIMYECTBO crocobos: C3 = ——— =120 CIoCcobOB.
1.2-3
B) MBanoB uuer B Hapsa, a [lerpoB ocraercs. Eme aBoux, uaymux B Hapsia ¢ FIBaHOBBIM,

HYXHO BbIOpaTh u3 npyrux 10 congar ( UBaHoBa u [leTpoBa He cunTaeM); KOJUYECTBO CIIOCOOOB:

C,, S 45,

Otgert: a) 10cmoco6oB; 6) 120 cioco60B; B) 45 criocoOoB.
9. T. B xnacce yuarcst 16 manpunkoB u 12 nesodek. [yt ydopku Tepputopuu TpeOyeTcs BBIIEINTh
YeThIpeX MAYUKOB U TpeX JeBOoYeK. CKOJBKHMH CIIOCOOAMH 3TO MOXHO CJIENIaTh?

Pemenue:
HyxHo cienath nBa BeiGopa: 4 manbunkoB u3 16 ( Bcero C2 crocoGoB); MOpAIOK BBIGOpa
3Ha4YeHus He umeet ( Bce Uayiire Ha yOOpKYy paBHOMpaBHBI). Kaxaplii BapuanT BeIOOpa
MaJb4UKOB MOYKET COUETAThCs C KaXKIbIM BEIOOPOM JIeBOYEK,

[TosTOoMy 1O MpaBMITY MPOU3BEACHHS OOIIIEE YHCIIO CIIOCOOOB BHIOOPA PaBHO:

ch.c? _ 16-15-14-13 . 12-11-10
vor 1.2-3-4 1.2-3
Ortsert: 400 400 crtoco6oB.

= 400400 crioco00B.

10. B 9 «A» kmacce yuarcs 25 ygamuxcs, B 9 «b» -20 ygammxcs, a B 9 «By» - 18 yuamuxcs. s
paboThl Ha MPUIIKOJIBLHOM yYacTKe HaJ0 BBIACTUTH TPEX ydalmuxcs u3 9 «Aw, nByx - uz 9 «b» u
onHoro - u3 9 «B». CKoJbKO CylIecTBYeT CHocoOOB BbIOOpa ydamuxcs Ais paboThl Ha
MPULIKOJIBHOM y4acTke?

Pemenue.

Bre16op u3 Tpex coBoKymHOCTeW Oe3 ydeTa MOpsaka; KaxAbld BapHaHT BbIOOpa M3 TEpBOM

C3 3 2
COBOKYMHOCTH ( 25) MOXET COYeTaThCs C KaXKIbIM BapHaHTOM BbiOOpa u3 BTOpoi (C 2) u ¢

1
Ka)XIbIM BapHaHTOM BbIOOpa u3 Tpetheit (C 18); mo npaBuity NpOU3BEACHUS TOTydaeM:

€3 .7 .ct _25-24-23 2019 18 o0

25 20 18 1.2.3 1.2 1 CIoco00B BbIOOpA yualuxcs

Ortser: 1 866 000 crtoco0oB.

11. T. Ckonbkumu criocoGamu rpyniy u3 12 yesoBek MOKHO pa30OUTh Ha JIBE IPYIIBL: a) 10 4 1

8 uenoBek; 0) mo 5 u 7 yenoBek?



Pemenue.
KonudecTtBo crmoco0oB pa30OMEeHHsT MHOXKECTBA Ha JIBE€ YaCTH PABHO KOJHYECTBY CIOCOOOB
(dhopmupoBanus OHOU U3 yacTel (1r000i). [ToCKOIbKY MOPSIOK PACTIONOKECHHS JIEMEHTOB HE

YUUTBIBACTCSA, UMCCM:

a) 1.2.3-4 croco0oB pa3dueHus Ha 4 u 8 21eMeHTOB.
0) 1.2.3-4-5 Croco00B pa30KreHus Ha O U / JIEMEHTOB.

Ortger: a) 495 cnoco6oB; 6) 792 crocoba.

3ameyanue. 3ajava  WUIIOCTPUPYET  CBOMCTBO  OMHOMHHAIBHBIX  KOI(PPUIIMEHTOB:
cr=crm.
12. T. B otnene paboTaroT 5 BeAymuX U 8 CTapIInX HAYYHBIX COTPYAHHUKOB. B KOMaHAMPOBKY
HAJIO MOCITIaTh JBYX BEAYIIUX W TPEX CTAPIIUX HAYYHBIX COTPYTHHUKOB. CKOJIBKHUMH CIIOCOOAMH
MOJKET OBITh CJ/IeIaH BBIOOP COTPYJHHKOB, KOTOPBIX HAJIO MOCIATh B KOMaHIUPOBKY?

Pewrenue.
Br160p 13 1BYX pa3HbIX COBOKYITHOCTEH 0€3 yueTa mopsiaKa; KakIbli BapuaHT BIOOpA U3 TIEPBOM
coBOKyMHOCTH (MX C? ) MOKET cOUeTaThes ¢ KaKABIM BAPUAHTOM BBIOOpA M3 BTOPOIi

3
coBokymHOCTH (MXx C 8), Mo mpaBuiIy MPOU3BEICHHUS 00IIIee YHUCIIO CIOCOOOB BRIOPATh CO-

TPYJHHKOB, YE3)KAIONIUX B KOMaHIUPOBKY, PABHO:
c2.c3 5.4 876
> 8 1.2 1.2-3- 560 cioco0oB.

Otger: 560 crioco6oB.
13. M. Berperunucs 11 pyr6onnctoB 1 6 XOKKEUCTOB, U KaXKIbIH CTaJl IO OJTHOMY pa3y UTPaTh C
Ka)XJIbIM B LIAIIKH.

a) Ckosbko BcTped Ob110 Mexay pyroonuctamu?

6) CKoJbKO BCTped ObLIO MEXAY XOKKencTaMu?

B) CKoJbKO BeTped Ob110 MeXIy pyTOOIMCTaMU U XOKKEUCTaMu ?

r) CkosbKo BcTpeu OblIO BCero?

Pemenue.



a) Beioupaem napst u3 11¢dyréonuctos 6e3 yuera mopsaka; KOJIMYECTBO BOSMOKHBIX BCTPEY:

5 11-10
Cl,=——=>55.
11 2
6) BeiOupaem mapsl u3 6 XOKKeHCTOB 0€3 ydera MOpsKa; KOJIMYECTBO BCTPEY PABHO:
6-5
C?=""=15
6
2
B) Konunuectso nap  «pyrbommct - XOKKEHCT»  Haijaem [0  MpaBUILy
MIPOU3BEICHUS: BBIOpATh 1 ¢yrbonncra MOKHO 11 crocobamu, noeJn
3TOTO BBIOpATh OJIHOTO XOKKEeucTa MO>KHO 6 croco0amy; KOJINYECTBO

pa3HbIX BBIOOPOB «(hyTOOIHCT, 3aTEM XOKKEHUCT» PaBHO 11-6 = 66.Kommuectso BCTPEY MEXKIY
¢yrbosIcTaMU M XOKKEUCTaMH paBHO 66.

r) OO0mee KOJMYEeCTBO BCTPEU paBHO KomdecTBY map u3 11 + 6 = 17 snemenToB 0e3 ydera
cf7 = ﬂ =136.
MOPSIJIKA: 2 [ToHATHO, YTO CyMMa IMEPBBIX TPEX BEIUYHH JIOJDKHA PABHSITHCS
nocnenneit: 55+ 15 + 66 = 136.
Otser: a) 55; 0) 15; B) 66; 1) 136.
14.M. B npaBusibHOM 17-yronbHUKE MTPOBEH BCE TUATOHAIIH.
a) CKOJIBKO BCEro MOJIy9HJIOCh OTPE3KOB?
0) CKOJIBKO UMEETCSI CTOPOH?
B) CKOJBKO MPOBETU AUArOHAICH?
r) Ckoabko BCETO JMaroHaen B BBIITYKJIOM N-yroJibHUKE?
Pewrenue.
[IpaBunbHBIIT MHOTOYTOJIBHUK MMeeT 17 BepLIuH; HUKaKue TpU U3 3TUX 17 TOoYek He JexaT Ha
OJHOM IPSIMOH.
a) OOmiee 4KMCIO OTPE3KOB PABHO KOJIMYECTBY map u3 17 Touek Oe3 ydyera mopsaka :

, 17-16
C17_T

6) CTOpOHLI COCIUHAIOT TOJIBKO COCCIHHMEC TOYKH (TO‘IKI/I, pacCTosIHnuEC MCEXKAY KOTOPbIMU

=136.

HauMeHsbliee). [IoaToMy KOJTM4eCTBO CTOPOH PABHO KOJIMYECTBY MHTEPBAJIOB MeX 1y 18 Toukamu
Ha OpsAMOM (4TOOBI MOMYYUTh 3aMKHYTYIO JIMHUIO, Oynem cuutarh, yTo l-1 m 18-1 Toukm
coBnajaiT). KomnuyecTBO MHTEpBalIOB MEXIy N TOYKaMHM Ha MpsMOl paBHO n - 1, mo3Ttomy
KOJIMYECTBO CTOPOH 17-yronbHuka paBHo 18 -1==17.

MoxHO paccyxnaTb uHaue. IIponymepyem BepiinHbl 17-yronbHuka. M3 kaxmoil BeplIuHBI,

HayuHasa C nepBoﬁ, HUCXOOUT CTOPOHA 17-YTOJIBHI/IK3, KOTOpasa 3aKaHYNBACTCA B CJ'ICI[YIOH_ICI\/'I 110



HoMmepy BepmiuHe. CtopoHa, ucxosmias u3 17-if BepuIuHbl, 3aKaHYMBaeTcs B BepuinHe Ne 1.
[ToaTOMY KOJIMUYECTBO CTOPOH PABHO KOJIMYECTBY BEPIIUH, T. €. 17.

B) Jlnaronanpto 17-yronpHuKa OyJaeT OTPE30K, COCTUHSIONINI KaK/IyI0 BEPIIUHY C KaXKI0H
U3 BEPIINH, HE SBJSIOIINXCS COCEAHUMU JUIS JAHHOM, T. €. ¢ 17 - 1 - 2 = 14 pa3HbIMH BEpIIMHAMHA
(MBI BN 1 -BepiInHY, U3 KOTOPOI UCXOIUT AWAroHajb, U 2 - IB€ cOCeIHUE BeplinHbl). Takum
00pa3oM, U3 Kax 0l BepIKHbI 17-yronsHuka ucxoaut 14 muaronaneii. Ho npoussenenne 17-14
Oy/eT BKIIIOYATh KaXKIYIO IMaroHalIb ABAK/bI (CHAYaIa Kak MCXOSIIYIO U3 i-if BepIINHEI B K-1o,

MOTOM KaK UCXOJISITY 0 13 K-if BepiuHsl B i-10). [loaToMy 001iiee KOJHMUECTBO AUaroHajiel paBHO

17-14 .
= 119. TloHATHO, YTO KOJHMYECTBO CTOPOH IUTIOC KOJHMYECTBO AMArOHAICH JIOJDKHO

2
PaBHSATBECS KOJIIMYECTBY OTPEIKOB:
17 + 119=136.
T) B BBITTyKIIOM N-yroJIbHUKE M3 K&XKI0W BEPIIMHBI MOKHO TpoBecTH N - 1 - 2 = n -3 quaronanm;
oO11ee KOJMYECTBO TUaroHaiel paBHO n(r12——3) (oOBsicCHEHHE TaKO€ K€, KaK B IyHKTE B).
Ortser: a) 136; 6) 17; B) 119; 1) @

15. M. BerpeTunuch HECKOIBKO YEJIOBEK M CTaJIM 370POBAThCS APYr ¢ ApyroM. M3BecTHO, 4TO
pykonoxxkatuit 0610 0T 60 10 70. CKOJBKO YEIOBEK BCTPETHIINCH, €CITM U3BECTHO, YTO:

a) KaXIbIH 30pOBAJICA C KaXIbIM;

0) TOJNBKO OJUH YEJIOBEK HE 370pPOBAJICS HU C KEM;

B) TOJIbKO JIBO€ HE MO3J0POBAIUCH MEXIY COOOM;

I') YETBEPO MO3JI0OPOBAIUCH TOJIBKO MEXIY COOOH.

Pemenue.

a) Yncio pykomokaTHii paBHO YMCITy Pa3IMYHBIX MAp W3 I JIEMEHTOB 0Oe3 ydera Mmopsaka
< n(n-1) <
BbIOODPA, ModTOMY: 60 < Cﬁ <70; GO_T =70; 120 < n2 -n < 140;
MoXHO pemarh IBOHHOE HEPAaBEHCTBO M BHIOpATh HATypaJbHOE I M3 IIOJyYEHHOTO
uHTepBana. OJHaKO B 3TOM MpoCTeiIeM cirydae JIerko Haxoaures nogdopom: N =12, IMpu n=11

n?-n =110, ampu n= 13 n*- n= 156.

6) Ecnu ogun yenoBek He 3A0pPOBAJICA HU C KEM, TO MMAPbI O6p330BBIBaJ'II/ICI:> n3n-1 9JICMCHTA,

T. €. 60< Cﬁ—l <70;120 < (n-1) (n-2) < 140; nockomnsky 1211 =132, To n = 13.



B) Ecmu nBoe HE MO3I0pOBAINCh MEXIY COOOW, TO KOJUYECTBO PYKOMOXaTwii Obuto Ha 1

MCHBIIC:

60<C?-1<70:

61<C? <71

122 <n(n-1)< 142. ITockonbky 12 e 11 =132, To n = 12.
Ortser: a) 12;6) 13; B) 12; 1) 15.

HpaKanecxaﬂ 4acTb

Ne | 1 papuant Ne | 2 Bapuanrt
1 Boruncnu 3HaueHNE BBIPAXKECHHUSL. 1 | Beiuuciu 3HaYeHUE BHIPAKEHUSI.
C3 C%
29 7

2 Pura nanucana 14 xaptun. s 2 | Mapuna nanucana 11 xaptun. lns
BBICTaBKU HY)KHBI JIBE€ KAPTUHBI OT BBICTaBKU HYXHBI JIB€ KAPTUHBI OT
aBTopa. CKOJIBKO Pa3IN4HbIX [1ap aBTOopa. CKOJIBKO pa3INYHbIX Hap
KapThH PrTa MOKET 0TOCIaTh Ha KapTHH MapuHa MOXET 0TOCIaTh Ha
BBICTAaBKY? BBICTaBKY?

3 Ha nonke nexar 8 pazinu4HbIX 3 | Ha nonke nexart 11 paznuynbIx
KHUT. CKOJIbKUMH Pa3IMuHbIMU KHUT. CKOJIbKMMHU Pa3InyHbIMU
croco6amMu MOKHO crocobamMu MO>KHO BbIOpaTh J1B€ KHUTH?
BBIOpATh JABE KHUTU?

4 Ha okpyxHOCTH OTMEYEHBI 4 | Ha OKpy’XHOCTH OTMEYEHBI
touku A, B, C, D u E. Ckonpko touku A, B, C, D, E, F u G. Ckoabsko
Pa3IUYHBIX TPEYTOJIbHUKOB Pa3IUYHBIX TPEYTOJbHUKOB
C BEPIIMHAMU B 3TUX TOYKaX MOKHO C BEpLINHAMU B 3TUX TOYKaX MOKHO
COCTaBUTH? COCTaBUTH?

A G A
E F
B 8
D c E ¢
D
5 CKONBKMMHM Pa3IMYHBIMU CIIOCOOAMU 5 | CKoJIBKHMU pa3InYHBIMU CLIOCOOAMHU

MO’KHO BBIOPATh ABYX AEKYPHBIX
u3 24 y4eHuKoB?

MO>KHO BbIOpaTh 4 KHUTH U3 8 KHUT?
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