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IHosicHUTE/IbHAA 32N CKA
MeTtomueckre peKOMEHIALNU K BBIIIOJIHEHUIO IPAKTUUECKUX padOT MO JUCHUIUINHE
«MateMaTikay npeJHa3HauYeHbI JJIsl OpraHU3alui CaMOCTOATEIEHOM paboThl 00yJaroImuXCcs
MEPBOTO Kypca 04HOTO oTAeneHus cienuanbHocTd 19.02.11 «TexHonaorus npoyKToB MU TAHHS
U3 PACTUTEIBHOTO ChIPbs» Ha YPOKE.

Y4eOHpIM IJIAHOM Ha M3y4Y€HHE JUCUUIUIMHBI OTBOAMTCS 226 4YacoB, B TOM YHCIE
npaktuueckue 3aHsaTHsS — 118 wacoB. IlpakTuueckue 3aHATHUS SIBISIFOTCS Ba)KHOH (opMoii
0o0pa30BaTeIbHOTO Ipollecca M HampaBiIeHbl Ha JKCIEPUMEHTAIbHOE IOATBEPXKIACHUE
TEOPETUYECKUX MMOJIOKEHUH M (POpMUPOBAHUE YUEOHBIX M MPO(ECCHOHATIBHBIX MPAKTUYECKUX
YMEHHM, OHU COCTAaBJISIOT BaXXHYIO 4acTh TEOPETUUYECKON M MPOQeCcCHOHATbHON MPaKTHUYEeCKON
MIO/ITOTOBKH.

[lepen BhIMONHEHWEM MPAKTUYECKOW PabOTHI IMpernojaBaTesieM MPOBOJUTCS HHCTPYKTAX,
KOTOPBI BKJIIOYAET LENb 33/1aHHUs, €r0 COJIep>KaHue, BpeMs BBITIOJIHEHHS, OCHOBHbIE TPEOOBaHMS
K pe3yiapTaTaMm paboTbl, KPUTEPUH OLEHKU BBIMOJIHEHUS 3a/laHus. BBINOTHEHNIO MPAKTHUECKUX
3aHATHI TPENIIECTBYET NPOBEpKAa 3HAHUM CTYJAEHTOB - WX TEOPETHYECKOW TOTOBHOCTH K
BBIMIOJIHEHUIO 3afaHus. lIpakTuueckue 3aHATHS HOCAT PENpOAyKTHBHBIM Xapakrep. Pabotsl,
HOCSIIKE PENPOAYKTUBHBIM XapaKTep, OTIMYAKOTCS TEM, YTO NPU HUX IPOBEICHUH CTYACHTHI
MOJIB3YIOTCA MOJPOOHBIMH HMHCTPYKLMSMH, B KOTOPBIX YKa3aHbl: I€JIb pabOThI, MOSICHEHMS

(Teopus, OCHOBHBIC XapaKTEPUCTHKH ), TOPSIOK BHITIOJIHEHHS paOOTHI.

Kputepun oueHuBaHusl NPU BHINOJHEHUH NPAKTHYECKO padoThI:

IIpouent
pe3yJIbTATUBHOCTH Ouenka ypoBHsI NOATOTOBKH Ouenka
(%)
91 -100 OTIIUYHO 5
70 -90 XOPpOIIIO 4
50 -69 yIIOBJIETBOPUTEIILHO 3
Menee 50 HEYI0BJIETBOPUTEIBHO 2

Bpewmst BbINOIHEHUS pakTHUecKoi paboTsl cocTabisieT 90 MUHYT.
B mporecce nHCTpyKTa)ka mpemnojiaBaTesb oopaiiaeT BHUMaHHe 00yJaromuxcs Ha BO3MOXKHbIE
BCTPEYAIOLIUECS TUITUYHBIE OLTHOKH.



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

1 BapuanT
1. Beramcnute: 53 * & 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. Cokparutb apodp @b ;
a2_b2
a+b a+b a—b a—b
= b) 2% B) e D25
4. YTIpOCTUTB BhIpaskeHue v 25-2v/16+3V/ 6_4,
A) 21 | b) 27 B) 16 I 10
5. Berauciute: 7
7-20
1- - _71-
A) 49 B) L; B) - 49 n-74
6. PeriuTh ypaBHEHHE 2-3(x+2) =5-2x;
A) 10 b) 9 B) 10 -9

7. HaiiTu mpousBeneHue KopHel ypaBHeHUS 2x2-9X+4=0;

A) 2

B) - 2

1
B) 1

)8

8. Yka3zarh HauOoJbIIee 1eiioe penieHne HepaBenctea  3(3X-1)>2(5x-7);

A)11 B) 10 B) - 11 I)-10

9. Haiitn tutommaap mpsiMOYTOTBHUKA, OJTHA U3 CTOPOH KOTOPOTO 6 cM, a
muaroHaib 10 cMm
A) 60cm?;

B) 28cMm?;

B) 48cm?;

I') 16cm?;

10. HaiiTu ckanspHoe npousBeaenue Bekropos a (2;-3)u b~ (-1;4).

A) - 10

B)- 3

B) 2

T)-14




BxoaHoii KOHTPOJIb IO MaTeMaTHKe Ha 0a3e 9 Ki1accoB

2 BapuMaHT
1. Beraucnuts: 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 ) 4,2
2
3. Cokpatuts apods B+9)
h2—c2
btc, bc: _bc - ) 2(b+c):
A) b—c B) 2 m B) b+C’ ) ( )
4. YrpocTuTh BeIpaskenne 3v 16-44/81+/64
A) -14 b) 2 B) -16 I 10
_5*6_7
5. Beruncnuts: ©
6-13
A) 6 b)-6 B) 36 I %;

7.HaiiTi mpousBeneHne KopHel ypaBHeHHs x2-9x+2=0

)
A) Z

7
B)Z

2
B) Z

)7

8. Ykazarh HauOoJbIIee eJIoe pelieHne HepaBeHeTBa  5(X+4) <2(4X-5);

A) 10

B)- 10

B) 11

T) 12

9.HaiiTu miiomaas NpsiMOyroiabHUKA, OJTHA U3 CTOPOH KOTOPOTO S CM,

a quaroHanb 13

CM.

A) 60cm?;

b) 65¢cm?;

B) 18cm?;

I') 34cm?;

10. HaiiTu cKasspHOE IMPpOM3BeIeHne BEKTOpOB: a (2;3) u b™(1; -4).

A) 10

B)- 2

B) 2

T)-10




BxoaHoii KOHTPOJIb IO MaTeMaTHKe Ha 0a3e 9 Ki1accoB

3 BapuaHT
1. Beraucaute: 53 * 9 -14
9 10
A) -19 b) 19 B) 14 -9
2. Haiitu 18% ot 15
A) 1.2 b) 2,7 B) 0,27 I 27
2_y2
3. Cokpatuth qpo0b: X
(x=y)?
A)) =y B) 2 1=, B) X ) =
x+y x+y x—y 2(x—y)
4. Y1pocTHTh BhIpakeHne 44+/ 36-5v81+V16
A) -17 b) 17 B) -69 )73
—5*9—10
5. Beruucauts: 2
9—17
-1 1 -
A) & B)ﬁ B) -81 I 81
6. PeriuTh ypaBHEHHE 7-4(x+2) =10-3x
A) 11 b) -11 B) 9 -9

7.Haiit mpousBeneHne KopHel ypaBHeHus: 2x2-7X+3=0

A) 1,5

B) 3,5

1-
B) L

T)-15

8. Yka3zarh HanOoJbIIee 1esioe penieHne HepaeHcTea  4(2x-3)>9x-11

A) 2 B) 0

B) -2 )1

9. Haiitn tutommaap mpsiMOYTOTBHUKA, OJTHA U3 CTOPOH KOTOoporo 12 cMm, a
nuaroHaib 20 cm
A) 192¢cm?; b) 240cm?; B) 64cm?; ') 56cm?;

10. Haiitu cKasispHOE Ipou3BeaeHue BeKTopoB a (-5;2) u b~ (4; -3)

A) 26

B) -2 B)0

T) -26




IIpakTHyeckas padora Ne2
IToBTOpenue: «JleMCTBUTEIBHBIE YUCIIA»

HEJIb PABOTBI:

[ToBTOPUTH M 3aKpenUTh 3HAHUA O00y4Jatouuxcs 1o reme: «IIpeoOpa3oBanue YUCIOBBIX
1 OYKBEHHBIX BBIPOKECHUI.

MNOPAJAOK BBIITOJIHEHUS PABOTDI:
1. C nomoipto cripaBOYHBIX IOCOOUH N0 aJIredpe MOBTOPUTH:!
a) paBuWJIa JEHCTBUM HaJl OOBIKHOBEHHBIMH JIPOOSMU;
0) hopmMysIBI COKpPAIIIEHHOTO YMHOXKEHUS;
B) CIIOCOOBI Pa3IOKEHUS BBIPAKEHUSI HA MHOKUTEIIH,
I') IPaBUJIO COKPALIEHUS TPOOEi.

2. I3yunTh ycinoBHe 3a1aHui U IPAKTHIECKOH padoThI.

3. Opopmuts oTyet o padoTe.

IIpaBuna neiicTBUii HAJ 00BIKHOBEHHBIMHU POOSIMHU:
c;r+|:_cm"ib|: a c _ac a ¢ ad

b d bd b d bd: b d be

DopMyJibl COKPALIEHHOT0 YMHOKEHUA:
(atb) =a’ +2ab+b?. a’-b'=(a+bla-b).
a®tb =(athlla® Fab+b). (atbf =a® +3a’b+3ab® £5°

IIpakTHYeckas 4acTb

Bapuant 1.1. Breruuciaute 3HaueHne
g . <™ o
-_.13_ E,.'33,3+3T'

BBIpOKEHUA: ™ / :

© x+10 17 5 10

i =
s

L Ex+25 15 v—5 L _2%
2. Vmopocrure BeIpaxkeHue: -X T =7 XTI /X2 =
Bapuanr 2.1. BbluuciauTe 3HaYEHUE BHIPAKEHUS:

[ 1 9

AT 117
75:4--3_-3/1—+0,35-—1|:14
6 ~ 23 )18 15 )

2. VIpocTHTe BEIpaXKEHHE: -1y -l

Bapuanr 3.

1. Belunciure 3HaYCHHE BBIPAKCHUS:

F11 17 1
4500:15—12-.4-_-25.2_1:4_
32 2] 4
2. YupocTHuTe BBIpaXeHHUE:
Im 2 m+1 B 1

me—4 m -4 \Im-2 m-1)



IIpakTuyeckas padora Ne3
Tema: YpaBHenus u HepaBeHcTBa. (IloBTOpEHMe)

HEJIb PABOTbDI:
- 0OHOBHTH M 3aKPENUTh 3HAHUS IIKOJLHOTO Kypca Mo TeMe
Xona padoThI;

1. TloBTOpUTH TEOPETUUECKUIT MaTepral

2. BBIMOIHUTH HA3HAYCHHBIN BapHAHT

Teoperuyeckunii Mmarepual:
YpaBHeHue — 3TO PaBEHCTBO, COJIEPrKalllee HEU3BECTHYIO BETUUUHY (X).

Pemurhb YPABHECHHE — 5TO 3HAYUT HalTH BCE €ro KOpHH, NI JOKA3aTb UX OTCYTCTBHUC.

Kopens ypaBHeHMsl — 5TO 3HAUEHHE HEU3BECTHOM BEIMUMHBI X, TP KOTOPOU YpaBHEHHUE
oOpalaercsi B BEpHOE PABEHCTBO.

Tunw ypasuenuii:
Tun .
OO0mmii BuA IIpumeuanue IIpumepsi
YPaBHEeHH S
CoiepKUT HEN3BECTHYIO C+2=3
Jluneiinoe ax=>b BeJIMYMHY X B MEPBOit ’

CTETICHH. 2(x+1)+3(2x-1)=0

CoIepKUT HEN3BECTHYIO

o 3x2+2x—-1=0;
Ksaapatnoe ax?+bx+c=0 | Benmmunny X BO BTOPOi

x-1)(x+2)=3.

CTEIICHH.
C § . x+1 A,
OJICP)KUT HEM3BECTHYIO = =1
JApodHo - Qx) - BEINYMHY X B X 2x
pannoHaibHOe R(x) 3HaMeHaTese APOOHOro 3(x+2)+ *~ 5 _5
BBIPKCHHSL. 2% + 4
CONepKHT HSMBBECTHYIO | 3/ 5 _ .
Hppaunonans, YQ(x) =R (X) | Bemmuuny X mos 3HaKOM X ’
noe KOpHSL. J2x—5=(x + 1).

Ceoiicmea pagencme:

CBoiicTBO IlpuMeHeHNne K ypPABHEHHIO

Yactu YpaBHCHUSA MOKHO ITOMCHATH MECTaAMU, HC U3MCH A

Ecmm,a=b, 10 b=12a
¢, b, To 3HAKU.




Ecsn, a =b, m — a1060e CrnaraeMble MOXHO IEPEHOCUTH U3 OJJHOW 4acTH ypaBHEHUS

YHCJI0, TO a tM=b +m

B JIPYT'y10, IOMEHSB 3HAK CJIaraéMOro Ha IIPOTUBOIIOJIOKHBIMH.

Ecau, a=b, m=0, To O0e yacTu ypaBHEHUSI MOXHO YMHOKUTb, WM Pa3Je/IUTh HA
am=bm. & = b OJIHO U TOKE€ YUCJIO, OTIIMYHOE OT HYJIsA, PABEHCTBO IIPU 3TOM
1 _— —_—
m m HE U3MEHUTCS.

JIuHeiiHble ypaBHEeHUs

Cooepoicam HEM3BECTHYI0 BeJINYMHY X B NIePBOi CTENeHM;

Hwmerom eIMHCTBEeHHbII1 KOPC€Hb.

Obwuti 6uo: ax=D>b, a# 0.
Ipumeppr: 2x + 3 =15 2(x+1)-3(2x-1)=5; 2(x +4)-5=3(x-4).
Aneopumm pewenus ypasnenus Q(X) = R(X):

1. TIpuBectu ypaBHeHue Q(X) = R(X) k Buay ax = b:
a) PacKpbITh CKOOKU;
0) coOpath cnaraemsbie ¢ X B JICBOW YaCTH ypaBHEHHs, CBOOOHBIC CllaraeMbIe€ — B IIPAaBOU

4acTu;
B) MPUBECTHU MOJIOOHBIE CIaraeMble;

2. Haiiti kopeHb ypaBHEHUS TI0 popMmysie: X = _

a
Ilpumepwvt pewienus 1unelnbIX 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;
x=-1' 2x=5-2, 2x —3x=-3-2;
E' _ 3. -x = -5;
E' x=5;
x =1,5;

KBaapaTrHble ypaBHeHMsI

Cooepoicam  HeM3BECTHYIO BeJIMUMHY X BO BTOPOI CTeneHn

Obwuii 6uo: ax? + bx + ¢ = 0, rae a — koahduuuent npu x2, b — ko uLHenT npu X,
¢ — cBOOOAHBIN KOI(PPHUITUEHT.

Tunvl K6AOPAMHBIX YPAGHEHUIL
noanoe - ax? +bx+c=0
HenonHoe - ax?+bx=0;c=0;
ax? +¢=0; b=0;

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

Aneopumm pewienus K6AOpamHo2o ypagHenus: TPUBECTH ypaBHEHUE K BUY:

ax?-c=0;
B=0;

ax? + bx+c =0, ax?+bx=0,
c=0

X2 + px + q =0;

11



HaUTH
JTUCKPUMHUHAHT
D = b? - 4ac;

ecsiu D >0, T0

-b+.D

X1 =

2a
—b-JD
XZ:T
eciiu D =0, 10 X
_=b.
2a

ecimm D<0, to

KOpHEHW HET

ecma+b+c¢=0,

TO X1=1,

_c
X2 = _.
a
(ecma =1, 0

x1=1 x2=¢)

/{poOHO — pannoHaJIbHbIE YPABHEHHA

BBIHCCTHU X

3a CKOOKU:

x (ax +b) =0;

x1 =0;
U PEIIUTh

ypaBHEHHE

ax+b=0;
b

a

X2 = -

c
roe _ >0

N

110 TeOpEME

Buera:

X1 *X2 =(,

x1tx2=-p

Cooepoicam QH(eX](;CSBeCTHle BeJIMYUHY X B 3HAMEHAaTeJ1e IPO0OHOr0 BbIPasKeHHU .
Obwuii 8uo. R(X) =0, R(x) #0.
Tpumeper: 325; 3 :x—2; 3er6=O.
X x+1 i x
Aneopumm pewenus ypagrenus
S(x) _B(x)
P(x)  T(x)
| cnoco6:
Q(X)
1. Ilpuectu ypaBHEHHE K 00meMy BU1y — — = 0 s 3TOro:

a) mepeHecTy ApoOHOE BBHIPAKEHUE U3 MTPABOI YaCTH B JIEBYIO;

R(X)

0) mpuBeCTH IpoOH K 00IIeMy 3HAMEHATEIIO;
2. Yucnutens ApoOU NpUPaBHATH K HYIIO, PeIInTh ypaBHeHue: Q(x) =0;

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

Aneopumm pewienus

SO _B(¥

P(x)  T(x)

Il cioco6

[To cBoO¥CTBY MPOTIOPIINH, TIEPEMHOKUTH KPECT HA KPECT:
YHCIUTENb JICBOU JIPOOH HA 3HAMEHATENb MPaBoOi IpoOH, a 3SHaAMEHATE b JICBOM IpoOH Ha
YHCIIUTENb MPABO IpoOH;
2. Pemuth ypaBHenue S(X) - T(X) = P(X) - B(X).
3. Haiitu O/13: P(x) # 0. T(X) #O0;
IIpumepwi pewienus ypasHeHui:

12



3.5 x+6_, B X2 3xx=(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; 2x?—-3x-2=0;
Otset: x = 0,6. OJ13: x -2 #0. D=32-4-2-(-2)=9+16 = 25;
X?éz, Xl:ﬁ:z; XZ:E:-L
2-2
OtBet: X =-2. O/B3:fx+1#0 X #-1;
x #0. x # 0.

OrBeT: X =2.

CDOpMy]lbl COKPAUWEHROCO YMHOINCEHUA

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

Pemenne cucrem ypaBHeHMil

Metopa ciiokeHne

[Ipu pemiennn cucTeMbl IBYX JTUHEHHBIX YPaBHEHUN C IBYMs IEPEMEHHBIMU CIIOCOOOM
CJIOKEHUS MOCTYIAIOT CJICIYIONIUM 00pa3oM:
- YMHOKAIOT TTOYWIEHHO YPaBHEHUS CHUCTEMBI, O0MPasi MHOKHUTEIH TaK, YTOOBI KOA(PPHUITHEHTHI
IIPU OJJHOM U3 IEPEMEHHBIX CTaJIM IPOTUBOIOIOKHBIMU YHCIAMU, CKJIAbIBAIOT MOYIEHHO
JIEBbIE U MIPaBbIC YaCTU YPAaBHEHHUI CHCTEMBI, PEIIAOT MOJyYUBIIEeCs YpaBHEHHUE C OJTHOM
MepEMEHHOM
MeTo1 IOACTAaHOBKH

CyTtb MeT0/1a OJICTAHOBKHU:
Bripa3uth 01HY IepeMeHHYI0 uepe3 APYryro U3 JII000r0 ypaBHEHUS! CUCTEMBI.

[ToncTaBUTh MOTY4EHHOE BBIPAKEHUE B IPYTO€ YPABHEHUE CUCTEMBI U PELIUTh, KaK OJHO
ypaBHEHHUE C OJJTHOM HEM3BECTHOM MEPEMEHHOM. 3Has OJIHY IEPEMEHHYI0, HAUTHU APYTYIO U3
HCXOJIHOTO ypaBHEHUS. MeTo/1 03BOJISIET CBECTU PEIIEHUE CUCTEMBI K PEIICHHUIO OJIHOTO
YpaBHEHUS C OJTHUM HEU3BECTHBIM.

Pemmenue HepaBeHCTB

HepaBeHcTBO — 3TO BRIpaXXKeHUE, COJIEpIKAIIEEe HEM3BECTHYIO BEMUUUHY (X)
W 3HAaKH HEPABEHCTB >, <, <, 2,

Pemurtp HEPaBCHCTBO — 3TO 3HAYUT HalTH BCE €ro peuieHus, UJik 10Ka3aTb UX OTCYTCTBHUC.

Pemenue HEpPpaBCHCTBA — 3TO BCC 3HAYCHUA HEU3BECTHOM BEIMYHUHBI X, IIpU KOTOPBIX
HCPaBCHCTBO o6pa1uaeTc5{ B BEpHOC HCPABCHCTBO.

13



Tunwt Hepaeéencme:

Tun HepaBencrBa OO0mmii BuA IIpumeyanue IIpumepsl
CozepXuT HEM3BECTHYIO | X +2 < 3;
Jluneiinoe ax>b BEITMUYMHY X B IEPBOii 2(x+1)+3(2x-1)>
CTEMEHH. 0
ConepKuT HEU3BECTHYIO 2
2 . 3x°+2x—-12>0;
KsaapatHoe axc + bx + ¢ <0 | Benmnuuny X Bo BTOpoit (x—1) (x +2)>3.
CTEIEHH.
Colep>KUT HEU3BECTHYIO 3 <5: x+l > 1
JApodHo - Q(x) <0 BEIMYNHY X B x 2x
panMoOHAIBbHOE R(x) 3HaMeHaTelne JpoOHOro 3(x+2) + x=5 _ 6
BBIPKEHUS. 2% + 4

Ceoiicmea nepagerncmae:

CBoiicTBO

IIpumeHeHMe K HepaBEHCTBY

Eciu,a>b, 10 b<a

Yactn HEPABCHCTBA MOKHO ITIOMCHATH ME€CTaMH, U3MCHUB
3HaK.

Ecan, a > b, m — 11000e
qyHCea0, TO a tmM>b +m.

Craraemblie MOKHO MEPEHOCUTh U3 OJJHOM YaCcTH
HEpPaBEHCTBA B IPYT'yIO, IOMEHSB 3HAK CJIaraéMoro Ha
MPOTUBOTIOJIOKHBIM.

Ecau, a > b,
M50 Toam>bm 2 > b | Ecimi o6e yacTy HepaBeHCTBA YMHOXKHTS, UM Pa3/IeINTh HA
’ ' OJTHO ¥ TOKE TOJIOKUTENILHOE YUCII0, HEPABEHCTBO MIPU STOM
) M M | e nusmennres.
’ a b | Ecau00e yacTn HEpaBeHCTBA YMHOKHTD, WM PA3/IENHTh Ha
m<0,Toam<bm, _ < | onHo 1 TOKE OTPULATEIEHOE YHCIIO, 3HAK HEPABEHCTBA [IPH
_ M M | 5roM HM3MEHUTCS HA IPOTUBOIOJIOMKHBIN.
;
JIuHeliHbIe HEpaBeHCTBA
Cooepoicam ~ HeM3BECTHYIO BeJIMYUHY X B MEPBOii CTENEHH;

Obuwuii 6uo:
Ilpumepor: 2x + 3 >5;

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 nepasencmea Q(X) > R(X):

3. TlpuBectu HepaBerctBo Q(X) > R(X) k Buay ax > b:

a) PacKpbITh CKOOKH;

0) coOpatb ciaraemble ¢ X B JIEBOU YacTU HEPABEHCTBA, CBOOOIHBIE cllaraeMble — B MPABOi

YacTH;

B) IPUBECTHU NOJJOOHBIE ClIaraeMble;
4.  pa3nenuTb 00e YaCTH HEPaBEHCTBA Ha KOA(PPUIIMEHT a,

ecnu a > 0, TO 3HAK HEPABCHCTBA HC MCHACTCA:

ecnu a < 0, TO 3HAK HCPABCHCTBA MCHACTCA:

5.

X> _,

x <

o | oo

b b
3alMIIKMTE OTBET B BUJE UHTEPBaNA: X € (—: o0), i X € (-00; — )-

HpuMepbz peuteHuA AUHEUHBIX HeEpaeeHcmes:
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x+3<0; 1-2x<0; 2(x+1)>5 2(x+1)<3(x-
X <-3; -2x<-1; 2x+2>5; 1);
X € (-o00; -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 € (5; o).

KBaIlpaTHble HEPaBC€HCTBA

Cooepicam  Hen3BeCTHYIO BeJJMYUHY X BO BTOPOIi CTeNeHM.

Ob6wuii 6u0: ax?+bx+c>0,
rzie a — kod(dumuent npu X2, b — koddduIment mpu X, ¢ — cBO6OHEII
KO3 UIMEHT.

noJiHoe - ax?+bx+c< 0;

HenoJiHoe - ax? +bx >0; ax?2+c<0;

npugedennoe — X° + px+q>0;
IIpumepoi: 3x242x-1>0;  (x+ 1)(x—-2)>0; 3x2-1<0; 3x?+x<0.
Anzopumm pewenus keadpammozo nepasencmea ax> + bx + ¢ > 0:

Pemuts kBagpaTHOoe HepasencTso ax? + bx + ¢ = 0;
2. OTMeTHTH Ha JIyde KOPHU KBAaPATHOTO YPABHEHUS X1 > X2,

v

4. BeiOpaTh HHTEpBaJ, COOTBETCTBYIOIINIA 3HAKY HEPABEHCTBA!

B Ve

... >0 - mHTepBaa co 3HAKOM «+»,
... <0 - uHTEpBaJ CO 3HAKOM «-»,

IIpumepuol peutenus K6aOpamHbviX HEPABEHCME:

3x2 + 6x < 0; 9-x2>0; -2x2 +3x+2<0;
3x2 + 6Xx = 0; 9-x*=0; 2x2+3x+2=0;
3x (x + 2) =0; X2 =9; D =b?—-4ac=9+ 16 = 25;
x1=0; XxX+2=0; X = +3; -b+ /D -3+5 1
=2 Ve S Ve R PR S &
+ > -3 3 -b- /D -3-5
-2 0 Ortsert: x € (-3; 3); X1 = = =2
Otser: x € [-2; 0]; 2a -4
+ >
-0,5 2
Ortsert: x € (- 0; -0,5)U(2; ).
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IIpakTnueckas padora Ne3

Pemenue PAalMOHAJIBbHBIX ypaBHeHI/Iﬁ H HEPABECHCTB

1 2 4 5 5 6
Pewrre Pemre E[p06HO- Peruts 1pobHO-TMHEHHOE Pemmre npoOHO-ITMHEHHOE Pemure cuctemy Pemmre cucremy
KBaJIpaTHOC JIMHCHUHOC o
ypaBHEHHUE ypaBHEeHHe YpaBHCHHC HEPABEHCTBO JINHENHBIX HEPABEHCTB HEPABEHCTB
2 3x-2<0 2—-6x>4
X°+8x-33=0 i=i X 4 > = 8 —36X X <0 !x >1 X2 —6x—-5>0
x-1 Xx+2 X—2 x+2 x2-4 ) | |
2x <5 x? —2x—-3>0
x2-11x+30=0 3 _ & 5 _ 1 34X J J
x+1 x-1 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 A & LR S X"=36 l )
X—4 Xx+4 X X+1 x2+X 2X +1 [5x>1 [x —4x+3<0
_ > 2 _ gy _
x2-19x+88=0 & __5 -6 _ X X 49x—x> _ {)2(><_—37>0 {x<1fxx 2>0
X—2 X+2 (x-1)(x+2) x-1 x+2 A% -3 | 15
4x 5 6 2 X+4 1+ X {4x+2s0 3-4x>5
X?+4x-32=0 = =2 ——"—<0 _ '
Xx+3 3-X x2-1 x-1 x+1 x? + 3X > 3 b 7X+6>0
3_ B6x <2 x?2 -3x—-5<0
2 1630 5x _ 5 4 3 12 1 X*-49% J J
Xx-3 x+1 X+2 x-2 4-x* 7 2X -3 (x-5>0 [5<3—x
3x 2 3 2x-1  2x+1 %3 — Ox {2x—320 3-x<4
7X2+9x+2=0 —_— = - = < 2
X-1 X+2 X+2  x+1 X% +3x+2 Lx<1 % +6X+4>0
3x2—x
2 4x 2 X—4 1 44xso Z=—X<5
5x?-8x+3=0 A + _ 5— X 3 , >
x-3 x+1 2 —4 ¥ +2x X2 —2x (X_7)220 LX 1<0 Lx +3x—4>0
s | A | s S OTCEL B LSO
X+2 x-2 x-1 x+2 (x-1)(x+2) 2x-11 | 15
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IIpakTnueckas padora Ne4

Tema: «Ilaomanm miockux puryp»
Heus: [IpuMeHUTh 3HaHUS, yMEHHSI M HABBIKH 00Y4alOLIUXCs, COOPMUPOBAHHBIC IPH U3YYEHUU TEM

TJTAHUMETPHH.
H3yuums meopemuueckuti mamepuai.

Iopsinok BBINMOJIHEHU:
O3HaKOMHUTBCS C TCOPETHUCCKUM MATEPHAJIOM U PEIICHUEM 3a]1aY .
N3ydnTs 00pasiibl pereHHbIX 3a/1ad.
BBINOIHUTE IPAKTUYECKYIO pa0oTy.
Crenath BBIBO/I.
OTBETUTH Ha KOHTPOJILHBIC BOMPOCHI

ok~ wdE

Teopernueckas 4acTb

OCHOBHBIE BUJIBI TEOMETPUUECKUX PUTYP:
a

a
a a
a
a
P=4a =
a P =6a
b 9 2
c
P = a+b+c P =2(a+b) P = atbtctd
[Tnomank, 0603Hauenue: S. EQMHUILI U3MEPEHUS: MMZ, CM?, TM?, M, ...

dopMyIIbI TUIONIAIe MHOTOYTOJTbHUKOB:

Yemebipexy201bHUKU.

= b

=

=

a

TPEYTOJIbHUK

I1nowjadb mpeyzonbHUKa

|
R T 1
m S=—a-h} ,,L\ S=—a-hl
2 2
a

a




Kpyr R — paauyc; S=nR?
| — nnuna oKpyxHocTH. |l = 27R
Kpyrosoe T — BHYTPeHHHH PAIMYC; | § = #(R? — r?)
R — napyxuuiit pamuyc;
L d — euytpennwi ama-|S = %(Dz —d?)
i S = 2npd

D — HapyxHui#t aua-
Merp;

[Maowans 4yacTv Koapla:

_r+R __
e = —5— — cpemnii(S = ‘,’5%‘(')(122 -r?)
paauyc;
6§ = R—r— wupuna|S = %%(D’—d’)
KOAIbLA;
Q@ — UEHTPabHLIA yroa|§ = %p&
YacTH Kosbla (B rpany- 1
cax).
HpaKTl/l‘leCKaﬂ qacTb.
1 BapuaHT 2 BapuaHT
1. Hadimure momanb GUrypsl 1. Haiimure momanb Gurypsl
2 e 3em 3cm
bcm
Sao
- lcm
4cm
1cm 10cm
8cm 2cMm
2cm
2 cm 3cm
8cm 10cm

2. Ha xneruatoii Oymare HapuCOBaHO JBa

kpyra. [lnomane BHyTpeHHero kpyra paBHa 1.

Haiigure niomaap 3amTpuxoBaHHON (DUTYPEI.
D i e

£ S |
[ Rmmm O
| EEREN
\ A | !
5 /|
~CT | [~

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

3. OcHoBaHHe caJOBOr0 JOMUKA —

npsiMoyronsHUK 6x8 (M). Kpblma HakmoHeHa mof
yriom 45° k ocHoBanuto. HaiiauTe miomanb
Kpbld. B oTBeTe yKaxkuTe npuOIMKeHHOe

3. OcHOBaHHE CaJIOBOr'0 JOMHUKA —
npsiMoyronsHUK 8x10 (m). Kpbiira HakmoHeHa mox
yriiom 45° k ocHoBaHuto. Halinute miomanb
KphIli. B oTBeTe ykakuTe mpuOImKeHHOS




3HAYCHHUE, PABHOE LIETIOMY YHCITy KBaJIPaTHBIX
METPOB.

3HAYCHHUE, PABHOE [EIIOMY YHCITy KBaJAPATHBIX
METPOB.

4. Hatinute muiomas JIECHOro MaccuBa (B M2),
M300pakKEHHOT0 HAa IJIAHE C KBAJIPATHOM CETKOM
1x1 (cm) B macmTabe 1 cm — 200 m.

Tem

4. HaitnuTe mutomane JiecHOro MaccuBa (B M2),
N300pa)KEHHOr 0 Ha IUTaHe C KBaJAPaTHOM CEeTKOi
1x1 (cm) B macmTabe 1 cm — 200 m.

1wt

CnenaiiTe BLIBO/.

KoHTposbHbIe BOPOCHI (OTBETUTH MHCBMEHHO).

1. Kax obo3nauvaercs miomais?

2. C moMotnipio Kakoi (opMyIbl BEIYUCIUTH TUIONIAH Kpyra?

3. Kakwue BbI 3Ha€TE €AUHULIBI H3MEPEHUS TUTOIAIN ?

Ilpakmuueckas padoma Ne5: YucnoBas GyHKIUSA

Tema: YucnoBas ¢pyHkIMs, €€ CBOICTBa U TpapUKU.
Heasb: [IpumeHenune u 3akperieHue 3HaHW U YMEHHUI K PEIICHUIO 3a]1a4.
1 BapuaHr.

1. Haiitu oGnacts onpenenenust GyHKOuu: a) Y =

6) y=4x2-7x+10

x+2

2. Jloka3zatb, uTo (yHKIHUS meproandeckas ¢ mepuogom T: y=sin2x, T=mx

3. BbIsACHUTS, sIBASCTCS K AaHHas QYHKIHS YETHON WM HEYETHOU: y = X* SiN X

4. Tloctpouts rpaduk pyHKUNH, 3aJaHHOMU: a) GOpPMYJION y = i

[x2 +4,ecnu x <1

5,eciu x>1

6) ormucanmem: J () =[1;7] , f(7)=1,f(x)=x* npu 1< x< 2, y= f(X) yObBaer Ha

npoMexyTtke 2 < x <7

5. Ha PUCYHKEC KUPHBIMH TOYKAMH IIOKa3aHa I[I€HA OJIOBA HA MOMCHT 3aKPbITHUA 6I/Ip)KeBBIX

TOpProB Bo Bce padoune auu ¢ 14 no 28 utons 2008 roaa. [lo ropuzoHTaNIN yKa3bIBAIOTCS YMCIa

MeEcCi1a, 110 BEPTUKAJIN — IICHA TOHHBI 0JIOBA B A0JIJIapax CIIA. I[J'IH HarJBLIIHOCTH JKUPHBIC TOYKHU

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

3aKPbITHA TOPIOB ObllIa HAMMEHBIIIEH 3a JIaHHBII MNepuoa.




24300

24100
23900

23700 / \
23500 \

23200

23100

22900

22700 —"

22500

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

2 BapHAHT.

6) y=Vx* +4x-5

1. Haiitu oOmacte onpeaeneHuss pyHKOuu: a) V = 3
X—

X
2. Jlokasatk, 9to (pYHKIS mepromaecKas ¢ mepuogom T: »y=C€0s _, T = 4n
2

3. BbIsICHHUTS, SBIISETCS M JaHHAs QYHKIUSA YETHON WM HEYETHOU: y = X + Sin X
fl—xz, eciu x<1

4. Tloctpouts rpaduk GpyHKIMH, 3adaHHOM ; a) hopMyaon y =4
- 3, ecru x>1

0) ormucanuem: /] (f) =[-3; 3], E(f) : f(X) <0 , ¢dynkums uérnas, Bo3pacraeT rmpu X < 0, yObIBaeT
npu x > 0
5. Ha pucyHke >kMpHBIMHM TOUKaMH [TOKa3aHa [IeHa 0JIOBA HA MOMEHT 3aKpbITHsI OUP>KEBBIX TOPrOB
BO Bce paboune qau ¢ 3 o 18 centsops 2007 roqa. 1o ropu3oHTamM yKa3bIBarOTCS YKCIIa MECSIIa,
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 posutapax CIIIA 3a ToHHY).

15300

15200

15100 / \.

15000

14900 /
14800 /

14700 u_\_\_‘ /

14600

14500

14400




Ilpakmuueckasa paboma Ne6: Yenvt u ux usmepenus
enb: hopMupoBaHrEe HABBIKOB ONPEICICHUS MEPHI YTIIOB.

Teoperuyecknii MaTepuall

I'eoMeTprUYEeCKUA YIOJI — 3TO 9aCTh IIJIOCKOCTH, OTpaHUYCHHAA ABYMS JIy4aMH, BBIXOJAIINMU

W3 OJTHOM TOYKU — BEPIIMHBI yria (puc. 1).

o >

v/

1
B xadecTBe eIMHUIBI U3MEPEHUs N€OMETPUYECKUX YIVIOB NPHUHAT rpaagyc - —— 1acTh
180

pa3zBepHyTOTO yria. KOHKpeTHbIE yriibl U3MEPSIOT B rpagycax C MOMOIIBIO TPAHCTIOPTUPA. YTJIBI,

Puc. 1

MOJIyYaIOUIUeCs] MPU HEMPEepPHIBHOM BpAILEHUH, yAO0OHO H3MEpSTh C MOMOILIBIO TaKUX YHUCEIl,
KOTOpble oToOpa)kamu Obl caM TpoliecC MOCTPOEHUS yria, T. €. BpamieHue. Ha mpaktuke yriibl
IIOBOPOTA 3aBHUCAT OT BPpEMCHHU.

JomyctuM, 4To 3adMKCHPOBaHbI BEPUINHA yIila U OJIMH U3 00pa3yIolINX ero Jydei, a BTopoit
ayd Oyzaer BpamiaTbCsli BOKpYr BepiuHbI. [lomywarommecs yriel OyayT 3aBUCETh OT CKOPOCTH
BpalieHuss U BpeMeHU. [IoBOpoT OyneT ompeaensTbcsi MyTeM, KOTOPBIA MPOWIET Kakas — JU0O
¢bukcrpoBaHHas TOUKa MOABUKHOTO JIyya.

Ecnu paccTosiHre TOUKH OT BEPIIMHBI paBHO R, TO Mpu BpallleHuU TOYKa JBUKETCS 10 OKPYKHOCTH
paauyca R. OTHoIIeHHE MPOWIEHHOTO MYyTH K panuycy R He 3aBUCHT OT paauyca U MOXKET ObITb
B35TO 3a Mepy yriia. YHCIEHHO 3Ta Mepa paBHAa IMYTH, IPONHICHHOMY TOYKOH IO OKPYXKHOCTU

€AMHUYHOTO paauyca (puc. 2).

Puc. 2

Pa3BepHYTHIH yroa HU3MECPACTCA MOJIOBUHOM IJIMHEI CHHHHHHOﬁ OKPY’KHOCTH. OTO YHCIO

obo3Havaercs OykBoii . Yucno = 3, 14159265358 ...

1° — T ~0,017 u 1 pao. = ]ﬂ: 57,296°.

180 o

B reorpa(ppm, ACTPOHOMUHU U OPYTUX NPUKIIAJAHBIX HAayKaX HCIOJIB3YIOT HOJIM I'padyCOB —

1 1
MHHYTY U CEKyHIy. MuHyTa — 310 50 rpanyca, a CeKyH1a — m MUHYTBL.



(1) (1 ()

=] |P=00003 1'=] 7| = o = 0,000005
|60 ) |60 J 3600 )
1 pao.=57,296° = 57°17'45'
180
Ipumep 1. Bwipasum B  rpamycax 4,5 pax.  Tak xak 1 Pad.=___,
T
4,5 pao. = 4,5-18;O = 810° ~ 258°.
T T

Ilpumep 2. Haiinem pagmanHyro Mepy yrma 720, Tak kak 1°= % pao. ,

pao. =13 pao.

720=72. "
1

OO

Beipasum B paguannoii mepe yrasr 30°, 45°, 60°, 90°, 270°, 360°:

300= _" .300=" 60° = " .60°=" 270°= _* _-270°=""
180° 6 180° 3 180°
o T ° T
450 = T _-45°="_ 90°= * _-90°="_ 360° =~ .360° = 2
180° 4 180° 2 180°
Ynpaxaenust

1. Haiinure rpamycHy0 Mepy yria, pagdaHHas Mepa KOTOpOTO paBHa!

TO

TO

3n
2



Ne 1 BapuanTt 2 BapuaHT

1 T i3
9 5
2 5t T
12 4
3 T 3n
5 4
4 4 31
5 2
5 7T 7T
3 6
1. Haiinure paguaHHyio Mepy yria, rpaaycHas Mepa KOTOpOro paBHa:
Ne | 1 Bapuant 2 BApMAHT
1 135° 45°
2 36° 15°
3 150° 215°
4 240° 72°
3) 360° 330°

IIpakTuyeckas padora Ne7: TPUT'OHOMETPUYECKUE ®YHKIINU
Lenb: popmupoBaHne HaBBIKOB MCIOJIB30BAaHUSI CBOWCTB TPUTOHOMETPUYECKUX (YHKIUI
pH npeoOpa3oBaHUK BbIPAKEHUH.
TeopeTnyeckuii MaTepua
Tpuronomerpuueckue (YHKIUH ONPEAENSIOTCS C MOMOIIBI0 KOOPIMHAT Bpallaromeincs
TOYKH.
OTtmeTM Ha ocH X clpaBa OT Hauyajga KOOPAMHAT TOYKY A M MpOBEIEM uepe3 Hee

OKPYKHOCTH C IICHTPOM B TOUKE O . Pa,Z[I/ch OA Ha3bIBacTCA HAYAJIbLHBIM PAANYyCOM. HpI/I IIOBOPOTC

IIpOTHUB 4acoBOM CTPCJIKK CUUTAIOT YI'OJI HOJIOKHUTCJIbHBIM, IIPHU IMMOBOPOTC IIO JacoBO# CTPCIIKC —

OTPHIIATEILHEIM (pHuc. 3).

[Ipu moBopoTE Ha yro O HaYalbHBIN paguyc O4 TEPeXOoauT B paguyc OB .

B

3/\ 3\
(), i,
L ¥

Puc. 3 Puc. 4




Onpedenenue: CuHycOM yria O, Ha3bIBaeTCs OTHOUIEHUE OpJMHATA TOYKH B K JJIUHE
paauyca (puc. 4).

Onpeodenenue: KocunycoM yria O, Ha3bIBa€TCSl OTHOIICHUE aOCIMCCHI TOYKM B K JUTHHE
panuyca (puc. 4).

Onpeodenenue: TaHreHCOM yrja OL  Ha3bIBACTCS OTHOIICHUE OPJMHATHI TOYKH B K e€
abcuucce.

Onpeodenenue: KoTaHreHCOM yria Ol Ha3pIBae€TCsl OTHOIIEHWE aOCIUCCHI TOYKH B K e€
OpJAuHATE.

3HAaKH TPUTOHOMETPUYECKUX (DYHKIMHA OTMpEAEISIIOTCS B 3aBUCUMOCTH OT TOTO, B KaKOM
YeTBEPTH JIEKUT paccMaTpuBaeMblii yroi. | uetBepts — ot 0° A0 90°, |l yetBepTh — OT 90° 10 180°

, Il weTBepTh — OT 180° A0 270°, IV "eTBepTH - OT 270° 10 360°.

3Haku cuHyca 3HAKH KOCHHYCA 3Haku TaHreHca u
KOTaHIeHca
B y4 yA
90°
900 900
I ni |
00 00
180° Al »X 1800 - |+ ¢ >X g — | T »X
v 360° v 3600 i |1 360°
—| = _ |+ + | =
2700 2700 2700

HpI/I HU3MCHCHHH yI'Jla HA OEJI0€ YUCIIO 060pOTOB 3Ha4YCHUC CMHYCAa, KOCHMHYCA, TAHI'CHCA U

KOTaHTeHCa HE M3MEHUTCSL.
Ipumep 1: Haiimurte snauenne Sin(—810°).
Pewenne:  Sin(—810°)=—sin(720°+90°) = —sin 90° = 1,

Ilpumep 2: Onpenenute 3HaK cos52°. Pemenue: Yrom 52° - yroi nepBoil 4eTBEpTH, 3HAUUT

cos52° UMEET 3HaK +.

Ynpaxunenus
1. Omnpenenure, kakoii 3HaK UMEIOT sina , COSQL , tgo. H ctgol :
a) o =48°; B) o = 200°;
0) o =137°; r) o = 306°.
2. Omnpenenute, KaKO 3HaK UMEIOT TPUTOHOMETPUYECKUE (PYHKIIMH:

sin179° cos 280° tgl45°



ctg359° sin(—75°) sin109°
cos140° COS(— 116°) COS(— 26°)
tg500° cos315° tg(-10°)

Ornpenenure, yriom, Kakoi 4€TBEPTH SBIISETCS YTOJ Ol , €CIIH:

a) sino. >0 u cosa. >0

0) sina <0 ¥ cosa. > 0;

B) Ctga <0 u sina <0
Omnpenenure 3HaK BbIPAKEHUS:
a) sin100° - cos 300° ;

6) sin190°-tg200°;

Haitgure 3HaueHne BhIpaKeHUS:

r) tga <0 u coso > 0

B) C0S320°-ctgl7°;
r) tg170°- cos400° .

sin(— 30°) c0s 405°
tg(— 9000) Ctg1110°
MaremaTu4ecKuil JTMKTAHT
B-1 B-2
1. Cunyc —o70 ... 1. Kocumuyc — 310 ...
2. Tanrenc—9s1o ... 2. KoraHresc — 370 ...
3. VYroi 38° - yroi ... 4eTBEpPTH. 3. VYrom 189° - yroix ... 4eTBEPTH.
4. Yrom —179°- yroin ... 4eTBEPTH. 4. Yrom —79°- yroiu ... 4eTBEPTH.
5. ctg259° umeer 3Haxk ... 5. t9g239° umeer 3naxK ...
6. cosl14° UMeEeT 3HaK ... 6. sin89° MMeEET 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 TPUT'TOHOMETPUUYECKHUE
TOXIECTBA

Lenb: hopmMupoBaHUe HABBIKOB HCIIOJIb30BAaHHSI OCHOBHBIX TPUTOHOMETPUYECKHUX TOXKJIECTB
IpU IpeoOpa30BaHUM BHIPAKEHUH.

Teopernyecknii Mmarepuall

sin2x+cos?x =1

tg?x+1= —12—

SIn X C0S% X
(o). —
COS X Ctg2X+1: .,
COS X
ctgx = CB¥ SIN“ X
sin x tgx-ctgx =1



OTu paBeHCTBA Ha3bIBalOT OCHOBHBIMU TPUTOHOMETPUUYECKUMHU TOXKIECTBAMHU.

IIpumep 1. Yupocrute Boipakenne 1— COS? X.

Pewenue:  Wcnonmedyem s pemenus  dopmyry  SiNZX+Cos?x=1.
1-c0s? X =Sin? X+ C0S? X —C0S? X =Sin? X

. 4
IIpumep 2. Haiinute 3HaueHue tgo. , €CIM COSOL = —_, _ <O <T .
5

sin x

Pewenue: tgo, = , SiN2X+c0s2x=1=5iN2X=1-C0$’ X = sinx=+/1—cos? x

COS X

. 4Y \/ 16 \/25—16 9 3
5 25 25 25 g

_sinx _ 8§ 3( 4)_35_ 3

tga

wsx 4 505 524 3
5



HpaKTI/I‘leCKaﬂ 4acTb

B-1
1. sin? X+cos? X =...
2. ctgx=...
3. tgix+1l=..
4. sinx-ctgx=...
g5 l-sin?x _
COS X
6. HaiiguTe 3HaYEHHE tgo. , €CITH SiN Ol =—§, ei <o <21
5
B-2
1. gx-ctgx =...
2. tgx =..
3. ctg?x+1=..
4. tgx-cosx =...
5. tg(-x)-ctgx+sin? x =...
6. Haiigure 3HaYEeHHE ctgo , €CIIH sino = _T T <A< 3771:

KonTposbHbIEe BONIPOCHI
1. B kakom ciydae GyHKIUSI MEHSIETCS Ha KOPYHKIHIO?
2. B xakom cinydae QpyHKIMS HE U3MEHSTCS?

3. Kaxk onpenensiercs 3Hak GpyHKIIIHA?



Ilpakmuueckan paooma Ne8: ®OPMYJIbl IPUBEJEHUSA

Lenb: hopmMupoBaHre HABBIKOB MCIIOJIB30BaHMS (GOPMYIT IPUBEACHUS IIPH ITPEOOpPa30BaHUU

BBIPQKCHUN.

Teopernueckuii maTepuan

Ecnu B ckoOkax (90°i(x) WITH (270°i0c), TO (YHKIMS MEHSETCs Ha CXoAHyro. Ecmm

(180° ioc) Win (360° ioc), TO (QYHKIIMS HE MCHSCTCS. 3HAK pe3yJibTaTa ONPENEIISeTCs M0 3HAKY

JIEBOU YaCTH.

f(x) 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 —C0S X —sin x sin X
COS X sin X —sin x —COS X —COS X —sinx sin x Cos X C0sS X
tgx ctgx — Ctgx —-1gx tgx ctgx — Ctgx —1gx tgx
ctgx tgx - tgx — ctgx ctgx tgx - tgx — ctgx ctgx
Ilpumep 1. Haitgute 3HaueHue COS8_n :
3
8n
€S _ cos(—67t +27) = 003{6—7c + 2z \|: c03|(2n + 2% \|: cosﬁ =COs| _n\|: cos(s—n _I
3( - K 3 7J 1 (3 3) N 3) 3 L 3 ) 3 3
=C0S T—" =-C0S™ =-—
3 3 2
Ilpumep 2. Haiiqute 3HaueHue sin 300° .
Pemene: sin 300° =sin(90° + 210°) = c0s 210° = — V>
2
IIpakTnyeckasi 4acTb
1. HailiguTe 3HaYCHUE BBIPAKCHHUS:
Ne 1 Bapuant Ne 2 BapMaHT
1 sin 240° 1 sin315°
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.  YOpocTuTe BBIpaKEHUS:

1 BapuaHT 2 BapHaHT
cos(— x)-cos(180° — x) sin(m + x)~sin{(§ +2n )\
sin(- x)-sin(90° + x) tg(m — X)‘COS| ST+ X

2z )

Ilpakmuueckana paboma Nel (). Penienrie TPUTOHOMETPUYECKUX YPABHEHUN

[lenb: 3aKpennuTh YMEHHS M HABBIKM pELIECHHUs 3a7a4 1o TeMe: «Pemenue
TPUTOHOMETPUYECKUX YPABHEHHM BUIA COSX=a, Sinx=a, tgx=a, ctgx=ay.

MeTtoauueckune YKa3aHus:

YpaBHEHUE dopmyra 00IIeTo perieHus YacTtHbIe penieHus
a=0;1;-1
CoSX = a ae [-1;1] 1)cosx=0
T
X= * arccos a + 2zn , NeZ X= 5 + mn, neZ
2) cos x =-1

X= 7 +27n, neZ
3)cosx=1
X= 27N, neZ

ypaBHEHHUE ®opmyina o0mIero peneHus YacTHble penieHus

a=0;1;-1




sinx=a ae[-1;1] 1)sinx=0
x = (-1)narcsin a + zn, neZ X=7n, neZ
2)sinx=-1

X=——1II2 +2xnn, neZ
3)sinx=1

X=—1I12 +2nn, neZ

tg x =a a— J1roooe
X = arctg a + nn, neZ

3amaHus 1J151 NPAKTHYECKOH PadoThI:

I ypoBennb
Pemuts ypaBHeHus:
B-1 B-2
cosx =0 1]cosx=1
cosx=1 2 COS X = \/_3_
2 2
3
COSX:—A% 3 lcosx=—2
23 + 4cos x=0 41242 +4cosx=0
sinx =L, 5 | sinx=—¥3
2 2
tgx=—3 6 | tg X+ +/3=0.
3
IT ypoBensb
1 Pemmwutsh ypaBHEHHS:
a) cosx =0; 6) oS 2x = ¥3; B) cos (2x + L) =1;
6 B 2 3
r) cost = — ‘/_22, 1) cos 4x = 0.

2  Pemmth ypaBHECHHS:




a) cos(IT+ x) = sin (- %) 6) 2-cos§ +1=0; B) 2cos(%+ xX) =V7Z;
r) cos(IT+ x) = sin%; 1) 2-0052 — +3=0.

3 Haiiaure KOPHH ypaBHEHUs 2-COS X + V3=0, [IpUHAJIe)KALE
orpesky [0; 2IT].

4 Haiinmte KOpHY ypaBHEHHs 2-C0S X —1= 0, mpuHaIeKaIIHe
oTpesky [—; 2m].

Ilpakmuueckan paboma Nel 1. Penienrie TPUrOHOMETPUYECKUX HEPABEHCTB

Heab: 3akpenyieHue yMeHU 1 HaBBIKOB MPU PELICHUU 3a]1au.

Metoanyeckne peKOMeHIAUN

Omnp.

HepasenctBa, conepikaliye mepeMeHHYI0 110]] 3HAaKOM TPUTOHOMETpUUYECKON PyHKIUH,
Ha3bIBaIOTCA

TPUTOHOMETPUYECKUMU.

[Ipu pemenny TPUTOHOMETPUYECKUX HEPABEHCTB MCIOJIB3YIOT €IMHUYHYIO OKPY>KHOCTb.

3adaua  PemMTh HEPABEHCTBO COS X > o

yp
Mz
M
P(1;0)
0 1 x
2
MI

2 1
[To onpenenenuto cos X — 3710 abcuucca TOYKU €AMHUYHON OKPYKHOCTU. AGcLuccy, paBHYIO 2" UMEIOT

i 1
JIB€ TOUKH €JUHHUYHOI OKpy)kHOCTH M1 1 M . AGcuuccy, 60JbiIyto > UMEIOT BCE TOUKH M 1yru

€/IMHUYHOM OKPYKHOCTH, JIeKaliue npasee npsimoid M1M; . Takum oOpa3om, pelieHHsIMU HEpaBEHCTBA

| V.4 /4
cos X > 5 SIBJISIIOTCS BCE YMCIIA X U3 MPOMEKYTKAa — F <x< o

V4 V4
Bce penienusi JaHHOTO HEPABEHCTBA — MHOXKECTBO UHTEPBAJIOB  — 3 +2m<x< © +2mneZ

V4 V1
Omeem: —g +2m < x< g +2mne”Z



PemnTs HepaBeHCTBO Sin x 2 - %

» OpauHATY, He MEHLIIVIO —%, HMEIOT BCEe TOYKH AYrH

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

na X, NPUHAANEXKAUIME TPOMERYTKY —36‘- <x< :’6—"

Bce pemenusa ZaHHOIO HEPABEHCTBA — MHOMKECTBO OT-
Pe3KOB Puc.82

_6£+2nn<x<16’£+2nn, ne2. <

OTMeTHM, YTO BCe€ TOYKH OKPYXHOCTH, JexXaujHe
Huxe npamoit M, M,, iMelOT OPARHATY, MEHLIIYIO —-;—

(puc. 82). Ilosromy Bce umcaa x e(-—; -5) ABJIA-

6

IOTCH pelIeHUAMH HepaBeHCTBa sin x < -%. Bee peure-
HHSA 2TON0 HEPABEHCTBA — WHTEPBAJLI

(—§5 +2nn; —5+21m), neZ2.
6 6

IIpakTHyeckas padora
Tema: Pemienue TpUroHOMETPHYECKUX HEPABEHCTB.
Henas: [Ipumenenue 3HaHUI NpU PEILICHUU 3a/1a4.
1 Bapuamur.
Pemiuts HepaBeHcTBA:

1) cosx < 73 ¢ 2) costT2 ¢ 3) sinxsé; 4) sinx >—+/3 5) sin3x>—l

IIpakTHYeckas padoTa
Tema: Penienne TpUroHOMETPUUECKUX HEPABEHCTB.
Heas: [Ipumenenue 3HaHuii Ipy pelICHUH 3a/1ay.
2 BapHuaHT.
Pemuts HepaBeHcTBAa:

1) cosx > 73; 2) cosxsT2 :3)sinx>—; 4)sinx<—+3 5 sin3x<—%

N | —



Ilpaxkmuueckasa paooma Nel2: ®OPMYJIbI CJIOKEHUSA

Hesnb: popMupoBaHMe HABBIKOB HCII0JIL30BaHNA (DOPMY.JI CJI0KEHHS IIPU NTPe0dpPa30BaAHUHU
BbIpaKeHUI.

Teoperuyecknii MaTepuall
KocuHyc CyMMBI NIByX VIJIOB PaBeH IPOU3BEICHUIO KOCHHYCOB 3THX YIJIOB MUHYC
[POM3BEICHUE CHHYCOB ATHX YIJIOB:
cos(X +y)=cosx-cosy —sin x-sin y
Kocuryc pa3HOCTH [BYX YIJIOB PaBeH MPOU3BEICHUIO KOCHHYCOB 3THX YIJIOB ILTIOC
IMPOU3BCICHUC CUHYCOB 3THUX YIJIOB:
cos(x —y) = Cosx-cosy +sin x-sin y
CHHYC CYMMBI JIByX YIJIOB PABEH MPOM3BEICHHUIO CHHYCA TIEPBOTO yIiia Ha KOCHHYC BTOPOTO
IUTIOC TIPOM3BEICHUE KOCHHYCA TIEPBOTO yIiia Ha CHHYC BTOPOTO:
sin(x + y)=sin x-cos y +cos x -sin y
CuHyC pasHOCTH JIBYX YIJIOB PaBEeH NMPOM3BEIECHUIO CHHYCA IEPBOIO YIjla Ha KOCHHYC
BTOPOTIO yriia MUHYC IIPOU3BEACHNUEC KOCUHYCa IICPBOT'O yrijia Ha CHHYC BTOPOTI'O yrjia:
sin(x - y)=sin x-cos y —cosx-sin y .
Hcnons3ys (opMysIbl CIIOKEHHUS TSI CHHYCa U KOCHHYCA TOJyJaroTCss (POPMYITbI CITOKEHUS

JJI1 TAaHT'€HCAa U KOTaHI'CHCA.

tgx + t ctgx-ctgy—1
tgx+y)= 2 ctg(x +y) = S CY ~2
1-1gx-tgy ctgx + ctgy
tgx — tgy _ ctgx-ctgy +1
tgx—-y)= —"— ctgx-y)= —"——=__ =
=) 1+tgx-tgy ctgx — ctgy
Ilpumep 1. Beraucnure cosl1s®.
Perenne: IIpeACTaBUM 15° B BUJIC pa3sHoCcTH 45° — 30°. Torna

c0s15° = c0s(45° — 30°) = cos 45° - ¢os 30° + sin 45°-sin 30° = V2 V3 +£.1 _V6+y2
2 2 2 2 4
IIpumep 2. YIpoCTUTE BBIPAKEHUE COS(X + y)+ COS(X - y).
Pemenue:

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



YnpaxHenus

1. % noMqfkgo g)QpMyn CJIOXKEHUS TpeoOpa3yiiTe BhIpaKECHHUE:
COoS
|

|
\4 )

2) sin(j—t Bj
3) cos(n+B)
4) sin(ﬂ +B]
3
2. YIpoCTUTE BBIPAKESHHUS:

1) sm?owﬁ)\ sino-cos P

2) sin L cosar

6 2
sin(o + B )— cosa -sin f
sin(o. — B )+ cosa. -sin p

3)

cos(o = B )= 2sina sin B

4)

2sina. -cos B —sin(a - B)

3. Haiinure 3Ha4YeHHME BHIPAKCHUS:
1) co0s107°-cosl7° +sin107°-sin17°
2) c0s36°-cos24° —sin 36° -sin 24°
3) sin 63°.cos 27° + cos 63° -sin 27°

4) sin51°-cos21° — cos51° -sin 21°

KonTposbHbIe BONIPOCHI
1. Uemy paBeH KOCHHYC Pa3HOCTHU JBYX YIJIOB?
2. YUeMy paBeH KOCHUHYC CYMMBbI JBYX yIJIOB?
3. UeMy paBeH CHHYC CYMMBI JIByX yIi0B?

4. Yemy paBeH CHHYC Pa3HOCTH JBYX YIJI0B?



Ilpakmuueckasa paboma Nel2: ®OPMYJIbI CYMMBbI U PABHOCTH
TPUTOHOMETPUYECKHNX ®YHKIIUIA

Henb: ¢dopmMupoBaHHe HABBIKOB HCIOJIB30BAaHUA (POPMYT CYMMBI W DPa3HOCTH TPH

peoOpa30BaHUN BBIPAKECHUIA.

Teoperuyecknii MaTepuall
CymMa CHHYCOB JIBYX YIJIOB paBHA yJIBOCHHOMY IMPOU3BEACHUIO CHHYCA MOJTYCYMMBI 3THX

YTJIOB Ha KOCHMHYC X IMOJTYPa3HOCTH

o+pB oa—pB
-C0S

2 2

sina +sin B = 2sin

Pa3HocTh CHHYCOB IBYX YyI'JIOB paBHa YIBOCHHOMY IIPOU3BCACHUIO CUHYCA ITOJTYCYMMBI OTUX

YTJI0B Ha KOCHMHYC HX ITOJTYPa3sHOCTH

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

2 2

CyMMa KOCHMHYCOB JABYX YIJIOB paBHa YJIBOCHHOMY MPOU3BEICHUIO KOCUHYCA MTOITYCYMMBI

ATUX YIJI0B Ha KOCUHYC UX MOJIYPa3HOCTH

o+ B oa—pB
-C0S

2 2

cosa. + CosP = 2cos

Pa3zHOCTh KOCHMHYCOB JBYX YIJIOB paBHa B3SITOMY CO 3HAaKOM «MHUHYC» YIABOECHHOMY
IIPOU3BEACHUIO CUHYCA ITI0JYCYMMBI 3THUX YIJIOB HA CUHYC HUX ITOJIyPa3HOCTH
a+B . a—B
-sin )
2 2
sin(x+Y)

cosa. —Ccos B =—2sin

CyMma Ta . gx+tgy = )
YM HI'€HCOB JIBYyX yriioB: g aqgy COSX-COS Y

sin(x—y)

Pa3HOCTb TaHT€HCOB ABYX YIJIOB: tgx—tgy =
COSX-COs Yy

Ilpumep 1. Beraucnure sin10°+ sin 50°.

Pemmenue:

1074507 1s10° 50" _ ogin30° -cos(—20°) =2 _l .c0520° = c0s20°
2 2 2

sin10° +sin 50° = 2sin

Ilpumep 2. Beraucnure cos90° —cos30°.

Pemmenue:

€0590° — c0s30° = —2sin 90°+30 -sin 90°-30 =-2sin60°-sin30°=-2- £

2 2 2

_»

2

N



1)
2)
3)
4)
5)
6)

7)

8)

9)

10)tg" —tg "

YnpaxHenus

1. IlpencraBbTe B BUJIE IPOU3BEACHUS:

sin 40° +sinl16°
sin 20° —sin 40°
Cc0s46° —cos 74°
€c0s15° + cos 45°
. 2n . T
Sin +SIn
5 5
11z 3
COoS + COS
12 4
T )
COS — +o. +Coso
3

. (T .
SIn — +o —SIn

()

6 6
tg25° +1935°
T

5 10

[[OKa)KI/ITC TOXICCTBO.

sin 2x +sin 6x
1) cos2xcostx =194x

2)  sin87°—sin59° —sin 93° +sin 61° = sinl°

3)  c0s115°—c0s35°+c0s65° +cos25° = sin 5°

KonTposbHbIe BONPOCHI
Yemy paBHa CyMMa CUHYCOB?
Uemy paBHa cymMMa KOCUHYCOB?
Uemy paBHa pa3HOCTh CUHYCOB?
Uemy paBHa pa3HOCTb KOCUHYCOB?

Uemy paBHa CyMMa TaHT€HCOB?

o gk~ w bdPF

Yemy paBHaA pa3HOCTb TAHTE€HCOB?



Ipakmuueckas pavoma Nel4: ®OPMYJbI IBOUHOIO YIJIA

Hemns: ¢opMupoBaHHE HABBIKOB  HCIIOJB30BaHUS  (OpPMYN  JBOMHOTO  yriaa Ipu
peoOpa30BaHUN BBIPAYKEHHIA.

Teopernueckuii maTepuan

. 2tgx
sin 2x = 2sin x -Cos X C0S 2X = C0S? X —Sin? X tg2x = 92
1-tg“x
Ilpumep 1. YrpocTute BbIpaXKeHHE sin 2x .
COS X
Pemenne: SN 2X _ 2sin X -COS X — 2sin x
COS X COS X
C0S2X
11 2. Yupocture @KEeHNEe —————— .
Ipumep IIPOCTUTE BBIPAKECHU SN X+ COSX
c0s2x_ cos?x—sin2x _ (cosx—sin x)-(cosx+sinx) ~
Pemntenne: . .—_ . B COS X Sin X.
SIN X + COS X SIN X+ COS X SIN X+ COS X
Yupaxxaenust
1. Ynpocture BblpaxxkeHus:
1) sin 2x 4 __COS2%X_
SimTx ) cosx +sinx —COSX
2) C0S2X+sin?x ; 2€08% X
sin2x . i
3) —sinx sin 2x
coSX 6) (1—tgzx)-cos2 X

2. JIokaXuTe TOXKAeCTBa:
1) 1-(sinx—cosx)* = sin 2x
2) ctgx —sin 2x = ctgx - cos 2X
3) (sinx+cosx)’ —sin2x=1
4) 4sin x -cos x -c0OS 2x = sin 4x
5) sin 2x —tgx = c0s 2X - tgx
6) (ctgx —tgx)-sin 2x = 2c0s 2x



IIpakTuyeckas padora

B-1
sin x LT n 1-c0S2x +sin 2x
Yrpocture BbIpaXeHHUS: , sin_ -cos :
sin 2x 8 8 14 c0s2x +sin 2x
_ tg75°
Beraucnure: 2sin15° -cosl5e , 1—tg—275° .
B-2
. X X i
Vrpocrute BeipaxeHus: COS> X —C0S2x, sin ~-cos ~, COSX—sInX
2 2 COS2X
. tg ™
Brruncnure: Sinlo07 , —8n
2c0s50°  1-tg?~
8

Ilpakmuueckasn paboma Nel5: « AkcoMbI CTEPEOMETPHH ¥ CIIEACTBHS U3 HUX». «[lapasienbHOCTh
MPSAMBIX U IUNIOCKOCTEN B MPOCTPAHCTBE”

[{enn: o0oO0IIeHre U cucTeMaTH3alus 3HaHUH yJaluxcs, HOJyYeHHbIX TPU U3yYEHUH TEMBI.

Xoxa paGoThl.
1) Kakue ¢purypsl B CTEpEOMETPHH SIBJISTFOTCS OCHOBHBIMH?

2) 1. Kakue TOUKH MpUHAIekKAT IIOCKOCTH? | OTBETHI:
2. Kakue TOYKyu He MpUHAAJIeKAT

TJIOCKOCTH? 1. Toukn

MpUHA]UIeKAIIIE IOCKOCTH

>< 2. Toukn
/ \ HE MPUHAJICKAIINE TUTIOCKOCTH

3) OOBsACHHTE, TOYEMY IIITATUB KMEET BCETO TPU TOUYKH OMOPHI?

4) YeThIpe TOYKH HE JIEXKAT B OHOH MIOCKOCTH. CKOJIBKO MIOCKOCTEH MOKHO TIPOBECTH Yepe3 TPOUKH
aTux Touek? CrenaiTe pUCyHOK.
Pemenue:




5) JlokakuTe, 9YTO BCE BEPIIMHBI YETHIPEXYTOJbHUKA IPUHAICKAT OTHOM IJIOCKOCTH, CCIIH
BBITIOJTHSIETCS OJIHO U3 CIACAYIOUIUX YCIOBUM:
1. tnaroHanM YeTHIPEXyroJIbHUKA ITEPECEKAIOTCS;
2. MEPCCCKANOTCA MPOJOJIZKCHUA IBYX €I'0 HCCMEKHBIX CTOPOH.
Jloka3zarenbCcTBo:
1.

6) Ctomsip mpoBepsieT, JIekKAT JIM KOHIIBI HOJKEK CTyJIa B OJHO# IJIOCKOCTH, TP MOMOIIH JIBYX HUTEH.
OOBsICHHATE, KaK OH ATO JeJiaet?
Pemenmne:

7) Ha mutockoctu OL oTMeueHb! TpH Touku A, B, C, He nexarue Ha ogHOM npsimoii. Touka D He

MIPUHAVICKUT TIIOCKOCTH Ol Ompenenute, siBAsSETCS M 4eThipexyroiabHuk ABCD Tpanernuei.
Penrtenue:

[TapannensHOCTh NPSAMBIX, MPSIMOU U MIIOCKOCTH

1) ChopmymnpyiiTe onpenerneHie napaiieabHEIX IPAMBIX B IPOCTPAHCTBE

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

Uepes 1Be mapauienbHBIX IPAMBIe MOXKHO
HIPOBECTII IJIOCKOCTH I IPITOM TOJIBKO OJIHY.

Ok

4) IIo o6pa3uy 3agauun No2 onmmure TPU BO3MOXKHBIX CIIy4das B3AUMHOTI'O PAaCIIOJIOKCHUS HpHMOﬁ n
IIJIOCKOCTH B IIPOCTPAHCTBE U claenanTte PUCYHKHU.



[/

5) Chopmynupyiite mpu3HaK MapauIeIbHOCTH TIIOCKOCTEH B MPOCTPAHCTRE.

6) Jlaus! ABE mapasutebHbIe IUIOCKOCTH. Yepes Touku A u B 01HOM TITOCKOCTH MPOBEACHBI
napajuieJbHbIE TPSIMbIe, TIEPECEKAIOIINE PYTYIO TUIOCKOCTh B Toukax A1u Bi. Haligute nimuHy oTpeska
A1B1, ecmu AB=a. Caenaiite pucyHOK.

Pemrenmue:

7) YKaXuTe 10 PUCYHKY CIIy4ail B3AMMHOTO PACIIOJIOKEHUS MPSIMBIX B IIPOCTPAHCTBE.

1. A. CKpenIMBaroImuecs mpsmbie.

2. B. Ilepecekatomuecs npsimbie.

/

C. IlapaiienbHbI€ MPSIMBIE.

Otser: 1 , 2 , 3

OrneHka:



Ilpakmuueckana paooma Nel6: «B3auMHOe PacojioKeHue AByX IPAMBIX B

NPOCTPAHCTBE.
Ilesb: 0TpaboTaTh HABBIKH PACIIO3HABATH HA YEPTEKAX PA3JIMUYHBIC CITydau B3aUMHOTO PACTIOIOKEHHS
NPSIMBIX, UCTIOJIB3YS (DOPMYIUPOBKY ONPEACTCHUN , TPU3HAKOB U CBOMCTB PACIIOJIOKEHHUE MPSIMBIX U
PUMEHEHHE IPU3HAKOB M CBOMCTB NPU PEIICHUH 3a/1a4.

IIpakTHyeckas yacTb
|.Conep:xxanue padboThbl:
OTBETUTH HA BONIPOC ¥ BHITIOJIHUTH PHCYHOK.
1.IIpsitmble M ¥ N J€XaT B OAHOM MJIOCKOCTU. MOTYT JIU 3TH NpsSIMbIE MEPECEKaThCsl, ObITH
napaieIbHBIMHA, MOTYT JI OHH CKPEIIUBATHCS?
2. TIpsimbie b u ¢ mepecekarorcs. Kak pacnosioskeHa npsivast b otHocuTenpHo nipsimoii d, ecnu c||d?
3. Jausl ckperuBatoruecs npsmbie C u d. Kak MoxeT ObITh pacrosioxeHa mpsiMasi ¢ OTHOCHTEIILHO M,
ecau m || d?
4. Tpsimbie b u d mepecekatorcst. Kak pacnonoxena npsimasi b oTHocutensHO ¢, ecu C 1 d
IepeceKaroTcs?
5. Jlausl ckpenuBaromuecs npsiMbie M u N. Kak MoxxeT ObITh pacmiosiokeHa mpsmMasi M OTHOCHTEIHHO
MIPSIMOM C, €CIIN C U N NEPECEKArTCS?
[I. BBIMOJHUTE pUCYHOK U 3aMIOJIHUTH TaOIUILy.
B xyoe ABCDA1B1C1D1 Touka M — cepemuna B1C1, F — cepemuna D1C1, K — cepemuna DC, O — touka
nepeceveHus auaronaneit keaapara ABCD.

HpSIMBIe Bzaumuoe PpacCIIOJI0KCHUE 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 n BBl
10 |A,DuAB
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 cymiecTByrOT OCHOBHBIE (UTYyphl B IPOCTPAHCTBE?

3. Kakue akcnoMmbl CyIIECTBYIOT B cTEpeoMeTpun?

4. Kakue cinecTBUs U3 aKCHOM CYLIECTBYIOT B CTEpeOMETpHUN?

5. Kakue npsimble B TPOCTPAHCTBE HA3bIBAIOTCS MAapalIeIbHBIMU?

6. Kakue npsiMble Ha3bIBalOTCS CKPELIMBAIOIIUMUCS?

7. Kakue npsimble B TPOCTPAHCTBE HA3bIBAIOTCS MEPIEHIUKYISIPHBIMU?



Ilpakmuueckaa paboma Nel7: llepneHAUKYISPHOCTh NPSMBIX M IUJIOCKOCTEH B
MIPOCTPAHCTBE
enn:
1) VYMeTb NpUMEHSATH ONPECICHNUS, IPU3HAKU U CBOMCTBA MEPICHIUKYIISPHBIX TPSMBIX U
IIJIOCKOCTEHN B IPOCTPAHCTBE IIPHU PEIIECHUU 3a/1a4.
2) CosznmaTh yCaOBHS /IS Pa3BUTHS YMEHUS YCTaHABIMBATh €AWHBIC OOIIKE TPU3HAKK U CBOMCTBA
EJI0Iro, COCTABJIATD IJIaH ACATCIIbHOCTU IIPU PCIHICHUH 3a1aY.
3) Bocnuranme TMYHOCTHBIX KAYSCTB MOCPCACTBOM PA3BUTHA NHAUBUAYAJIbHBIX ITO3HABATCIIBHBIX
MHTEPECOB U CIIOCOOHOCTEM.

Teoperndyeckuii MaTepuai:
1. Onpenenenue: [IBe npsiMble HA3BIBAIOTCS NEPICHINKYISPHBIME, €CJIM OHH MEPECEKAIOTCS 0T
IIPSIMBIM YIJIOM.

2. Omnpeneaenne: [Ipsimast, mepecekaromiasi MI0CKOCTb, HA3bIBACTCS MEPIICHINKYISIPHON ATOM
TIJIOCKOCTH, €CITM OHA MEePIEHINKYIISIPHA 0001 NMpsMOn, KOTOpast JICKHUT B JAHHOU IIIOCKOCTH U
MIPOXOJUT YEPE3 TOUKY MTEPECCUECHUS.

W (&

3. Ompenesienue: J[Be nepecexarommecs MiIOCKOCTH Ha3bIBAIOTCS NEPIIEHIUKYISIPHBIMU, €CIIU
TPEThsI MJIOCKOCTh MEPIEHAUKYISIPHAs IPIMOU TIepeCeueHUH ITUX MJIOCKOCTEN MepeceKaeT Ux 1o
MEPIEeHIUKYISIPHBIM MPSMBIM.

Teopema: (pu3HaK NepreHANKYIIPHOCTH NPAMBIX B IpocTpaHncTBe) Eciiu iBe nepecekawonmecs
Ipsivble NapajuieJdbHbl COOTBETCTBEHHO JIBYM NepPHeHAUKYISIPHBIM NPAMbIM, TO OHU TOKe

NEePHECHIMKYJIAPHDbI.

Teopema: ( mpu3HAK NEPIEHINKYISIPHOCTH MPSIMOI K INIOCKOCTH B IpocTpancTee) Eciau
[psivas neprueHHKYJIAPHA IBYM NlepeceKAIMCcs NPAMbIM, JIesKAIUM B IJ10CKOCTH,
TO OHA NMePHEeHIHKYIIPHA JAHHOM NJI0CKOCTH.

CBoJiCcTBA NePNEeHINKYJISAPHOCTH NPAMO¥ M IJIOCKOCTH.

l° Ecau mi10cKkoCcTh NePNEeHANKYJISIPHA 0JJHOH M3 JBYX NapaJIeJbHbIX IPIMBIX, TO OHA
NePNEeHINKYJISAPHA K JIPYI oM.




20 JIBe npsiMble, NeEPNEeHANKYJISIPHbIE 0JTHOI U TOM JKe IMJI0CKOCTH, NAPAJLIEIbHbI.

a B

Teopema: (Tpu3HAK MEPIECHIUKYIIPHOCTH TUIOCKOCTEHN B IpocTpaHcTBe)_EC/H IJI0CKOCTh
NPOXOIHUT Yepe3 NPSMYI0, ePHeHANKYJISAPHYIO IPYIOil MJOCKOCTH, TO 3TH IJIOCKOCTH

HNEePHECHINKVYJIAPDHBI.

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

1) PaccmotpuMm AABC
C AC =+/BC? —AB? =49 -9 =4/40

PaccmoTpum AACD

DC=+vAC2+AD? =./40+2,25 =+/42,25 =65

D B 2) AABD AB2=¢?—d?2
AABC AC?=a?-c?+d?

AACD DC =+/a? -¢? +2d?

3agaua: BepxHue KOHIIBI JBYX BEPTHUKAIBLHO CTOSIIIUX CTOJOOB, YAaJIEHHBIX HAa PACCTOSIHUH 3,4M
COCIMHEHBI NTepeKIaanHoi. BricoTa omqHoro crosba 5,8M., a apyroro 3,9M. HaliuTe JIMHY

D

MCPCKIIaIUHbI.
A
. B AC=AA; —CA; =5,8-3,9=1,9
2
AB =+BC? + AC? =./3,42 +19 =./1,56+3,61~3,9(M)
5,8 39

f




3agauya: 13 touek A u B, nexamux B AByX NEPHEHAUKYISIPHBIX IIIOCKOCTSAX, OMYIIEHbI
nepnenukyisipsl AC u BD Ha npsmyto nepeceuenus miockocreil. Haliqure uynny otpeska AB, ecinu
AD=BC=5m, CD=1Mm.

HMauno: oL AC LCD
BD1CD

Aca,Bep
AD=BC=bm

CD=1m

Haiitu: AB

Penienue:

1) pacem.2 ACD, ~c =90°
AC=125-1 =24 =26

2) pacem. /—\ACD, ZACD =90°
AB=1/25+24 =/49 = 7(x)

3apauya: Haiiqute paccTosiHME OT cepelnHbl OTpe3ka AB 10 II0OCKOCTH, HE NMEPECEKAIOIIEH 3TOT
OTPE30K, €CJIM pacCTOsIHUE OT TOUKU A U B 10 miiockoctu paBubl 7,4 cM u 6,1 cm.

Hano:AB¢o C AB, AC=CB,
AAI=6,1cm, BBI=7,4¢cMm.

Haiitu:CCl1=?
B
c—|
A_—"
Al Ci BI
(0]
Pemenne:

PaccmoTtpum AAIBBI-Tpanenus, T.K. AAILa, BBILo, To AA| || BBI
CCl- cpenssist TUHHS TPATICIHH

cei=AA ! 88 _ 6’1’; 4 132’5 = 6,75 (cm)




3agaua: Touka A HaXOIUTCS HA PACCTOSIHUU OT BEPIIMHBI PABHOCTOPOHHETO
TpEeyroJibHUKA CO CTOPOHOU a. HaliquTe paccrosiHue OT TOUKH A JI0 TUIOCKOCTH TPEYTOJIbHUKA.

Hano: A ABC
AB=BC=AC=a; SA=SB=SC=a
Haiitu: SO-?

A '-. B
@)
C
Pemenue:
a a’ 2
OB= _E PaccmoTpum A SOB <0=90° SO=+/SB? —-OB? = |a* - 5" a\/;
IIpakTHyeckas 4acrhb:
1 BapuanT \ 2 BApHAHT | 3 BapuaHT \ 4 BapuaHT
1. Tpsmeie AB,AC u AD nomapuo neprieHaukyiasipasl. Haiinure otpesox CD, ecnu:
AB=6cMm, BC=14cwMm,

BD=9¢cMm, BC=16¢cM,
AD=3cwm.

AD=5cm.

BC=8cm, AD=2,5¢cm,
BD=4,5cm.

BC=6,5¢cm. AB=1,5¢cmMm,

AC=3Mm,

AB=3cwm.
2. Yepes Touku A u B mpoBeneHbI npsiMbIe, IEPIICHAUKYIISPHBIC TNIOCKOCTH ¢, TIEPECEKAIOIINE €€ B
Toukax C u

D cooTtBercTBeHHO. HalimuTe paccrosiHue Mexx 1y ToukamMu A u B, u otpe3ok AB He nepecekaer
IJIOCKOCTh @, €CJIN:

BD=2Mm,CD=2,4Mm .

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

AC=10m,
BD=5m,CD=12m

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

MM;=4,5; NN1=55 |

3. Haiigute paccrosinue oT cepeauHbl oTpe3ka MN /10 III0CKOCTH, He TIEPECEKaIoel TOT OTPE30K,
eciu paccrosiHue oT To4ku M u N 10 TJIOCKOCTH PaBHBI:

MM:=7,4; NN;=5,6 |

MM;=2,8,NN1=6,8 | MM:=4,3; NN:=5,8

AC=3Mm,BD=4Mm, CD=12»

4. W3 Toyek A u B, nexamux B IByX NEPIEHIUKYISPHBIX MIOCKOCTSX, OMYIIEHbI MEPHIeHIUKYISPbI
AC u BD Ha npsamyro nepeceuenus miockocreid. Haiinure nuny orpeska AB, ecim:
AC=6Mm, BD=7Mm, CD=7wm

5.CTOpOHBI paBHOCTOPOHHETO TPEYTOJIbHUKA PAaBHBI

AD==4m, BC="M,

AD=13m, CD=CB=5m
CD=1m

a. Haiinute PaCCTOAHUC OO0 IIJIOCKOCTHU TPEYI'OJIbHUK

OT TOYKH, KOTOPAA HAXOJUTCS Ha PACCTOAHHUU B OT
Ka)XJ0H U3 €ro BCPIIIHH.

a=3M, B=2M.

5.PaccTosiHMsI OT TOUKH A 10 BEpIINH KBaJpara
paBHBbI a. HailiiuTte paccTosHUsA OT TOUYKH A 110

IJIOCKOCTH KBaJpara. Eciu CTOPOHA KBaJlpaTa paBHa
B.

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

a=10m, B=2/3m.

a=5M, B=2M.

KoHTpOJLHLIE BOIIPOCHI:

1. Kakue MPpsAMBIC B IPOCTPAHCTBC HA3BIBAKOTCA HCpHCHI[I/IKy.HSIpHBIMI/I?



N

Bepno 11 yrBepxkaeHue. UTo «1epneHIuKyIsspHbIE MPSIMBIE JIEXKAT B OJHOM IJIOCKOCTH»?

B xakux ycioBusx npsimMasi NEpHIEHANKYISIPHA K TNIOCKOCTH?

4. B oxpyxatolieil 00CTaHOBKE HaliUTe IPUMEPHI Ha CBOMCTBA MEPIECHUKYIIIPHOCTH MPSIMOU 1
IIJIOCKOCTH.

5. Kakue miockocT Ha3bIBalOTCS NEPIEHIUKYISAPHBIMU?

w

Ilpakmuueckan pavoma Nel8: 1Ipsmbie u MI0CKOCTH B npodeccun
I]ens: noka3aTh HEOOXOIMMOCTh 3HAHU O MAPAILIETBHOCTH ISl TEXHOJIOTA
Xon paboTsI:
1. TBopueckoe 3aganue. Co3gaTh NPE3EHTALMIO IO TEME

Ilpakmuueckan pavoma Ne 19,20: UucnoBslie mocie0BaTeIbHOCTA U UX CBOMCTBA.
[TonaTHE TIpenena YUCIOBOM MOCIeI0BATEILHOCTH

He.ﬂb: NPUMCHUTHb YMCHUA 110 BIIAACHUIO Hpe)ICTaBJ'IeHI/Iﬁ 00 OCHOBHBIX ITOHITUSIX MAaTEeMaTHYECKOTO
dHaJIM3a U ux CBOﬁCTBaX, BJIAICHUC YMCHUEM XapaKTCPU30BaATh MMOBCACHUC q)yHKHHfI, HCITIOJTB30BaHHUC
IMOJIYYCHHBIX 3HAaHUH AJIg OTMMMCaHUA U aHaJIn3a pC€aJIbHBIX 3aBHCHUMOCTEH

3ananue:
| BapuanTt Il Bapuant
1. [TocnemoBaTenbHOCTH 3a7aHa CIOBECHO. HanmummmuTe nmepBbpie ASCITh WICHOB MOCIEA0BATEIHHOCTH
a) HaTypaJIbHBIX YHCEN, KPaTHBIX 5 a) HaTypaJIbHBIX YUCEJI, KPATHBIX 3

0) crerneneii yncia 2 ¢ HaTypaJIbHBIMU TIOKa3aTesAMK  0) CTeleHel ynciia 3 ¢ HaTypaIbHbIMU TI0KA3aTEIAMK
2. ITocnenoBatenbHOCTH 3a1aHa (popMyioi o0Iero wieHa. Hamuiuye nepBeie IeCsITh YWICHOB

IMOCJIICA0BATCIbHOCTH
a)a,=2n—3 a)a,=3n—-4
5)a =(-1)"*! (1)

n 0) a,=

n
3. [pemnoxkute hopmyy 00IIEro YiieHa JUis KaKI0H U3 MOCe0BaTeIbHOCTEH. ECIn H3BECTHO HECKOITLKO
TIEPBHIX WICHOB

a) 4,8,12, 16,20,.. ; a) 2,5,8.11,14,...;
0)-1.1,-1,1,..; 0) 3,12,48,192....;
4. BerarcnuTe npeaesnsl IoCIeqoBaTeNFHOCTEN
1 1 n

a)x =1+_—__ a) X =

3 +n+7 4n’> +n—6
6) xl‘l - 6) xl’l -

5-n—n? 8—n—n?

IopAAOK BHIIOJIHEHNUS:

BHuMaTensHO NpoyuTaTh TEMY H L€ IPAKTUYECKONH PabOTHI.
N3yuuTh yaeOHbII MaTepual 1o Teme.

OTBeTUTH HAa BOIPOCHI.

BoInonHuTs 3a1aHUs.

IToaroToBUTH OTYET.

orwnpE

IlosicHeHust K padoTe (Y4eOHbIH MaTepHuaJ):




Onpenenenue: mHodCeCmeo uucei, Kaxcooe U3 KOmopvlx CHAOIHCEHO CEOUM HOMEPOM, HA3bIBAEMCS
YUCNI0801 NOCIE008AMENLHOCIBIO.

DJeMEeHTHI 3TOr0 YMUCIIOBOIO MHOKECTBA Ha3bIBAIOTCS YWIEHAMH TIOCIIEI0BATEIILHOCTH U 0003HAYAIOT:
TIEPBBIH WIEH - @ 1, BTOPOU - @ 2, N- i WieH - @ n ¥ T.4. Bes mocnenoBarenbHOCTh 0003HAYACTCS: @ 1, d 2, @
3y eseg dn WK (a n )

UmcroBas mocae10BaTeIbHOCTh IPEACTABIAECT OO0 HE YTO MHOE, KAK MHOYKECTBO HYMEPOBAaHHBIX
YHCeN, YIOPAIOYSHHBIX HAmoJ00Me HaTypajdbHOTO psiia, T.€. pacrojaraéMoe B IOPSIKE BO3PACTAHUS
HOMepoB. [locie0BaTenbHOCTE MOXKET COJIEPKATh KaK KOHEUYHOE, TaK U OECKOHEYHOE YHCIIO YJICHOB.

Ilocneoosamenvnocmes, cocmoawas u3 KOHEYHO20 HUCAA UEHO8, HA3bIBAEMCs KOHEYHOU, da
noC1e008amenbHOCMy,  cocmosiwias U3  OecKOHeuHo20  4ucia  4l1eHos, -  OecKOHe4YHOU
NOC1e0068amenbHOCMbIO.

WHuorma 6eCKOHEUHYIO YUCIIOBYIO TIOCIIE0BATEIHHOCT BBOIST, UCTIONB3YS MTOHATHE (DYHKITHH:

Onpenenenue: @ynxyuio y = f(x), x€ N Hazwiearom yukyuel HamypaibHO20 apeyMeHma uiu
YUCTI0B0T NOCAE008AMENbHOCIbIO U 0003HaYaom. y = f(n), uiu y1, y2, Va..., yn uiu y(n).

[TocnenoBaTeTbHOCTH MOXKHO 33JaBaTh Pa3IMYHBIMU CIOCOOaMH, HAIPUMEp, C/108€CHO, KOTna
MPaBHUJIO 33J]aBaHUs TIOCIIEOBATEIBHOCTH OINMCAHO CIIOBaMH, 0e3 ykazaHus ¢opmynbl. Tak, cloBeCHO
3aJ1aeTcsl TOCIIEeI0BATEIEHOCTD IPOCTHIX YHCEIL:

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

OCOOCHHO BOKHBI AHAIUMUYECKUI U PEKYyPPEeHMHbLI CTIOCOOBI 3aJaHHS TTOCIIEI0BATEIHHOCTH.

[oBopsT, 4TO MTOCTIEIOBATETLHOCT 3a/IaHa AHAIUMUYECKU, €CITY yKa3aHa popMyra ee N-TO YieHa.
Ilpuseoem mpu npumepa.

1)  yn=n% DTo aHATUTHYECKOE 3aaHHE MOCIEI0BATENEHOCTH
1,4,9,16,..., 1%, ...
VYka3zaB KOHKPETHOE 3HAUYEHHE N, HETPYIHO HAWTH UJieH MOCJIeI0BaTEIbHOCTH C COOTBETCTBYIOIIUM
HomepoM. Ecin. Harrpumep, n=9, To yo = 9% = 81, ecim

2)  yn = C. 3mech peub uger o mocaemoBarensHoctn C, C, C, ..., C, .... . Takymo
TIOCIIEI0BATEIFHOCTD HA3BIBAIOT MOCTOSTHHOM (VMM CTAI[MOHAPHON ).
3)  yn=2".DT0 aHANMTHUECKOE 3aJaHNE TOCIeoBaTeNnpHOCTH 2, 22, 23 ... 2" ..

Pexyppenmmuutii cnoco6 3a1anvsi Mocae10BaTeIbHOCTH COCTOUT B TOM, YTO YKAa3bIBAIOT MPABHJIO,

MO3BOJISIONIEE BBIYUCIIUTD N- i YiICH MOCIe0BATEIbHOCTH, €CJIH U3BECTHBI €€ MPEbIAYIIHE YICHBI.

Hanpumep, apudmeTrueckas mporpeccusi — 3T0 YHUCIOBasi MOCIEA0BATEIbHOCTh (an), 3aTaHHAs

PEKYPPEHTHO COOTHOIICHHUSIMHU:

ai,=a, an+1 = ant d
(a u d — 3a0anmnvie yucaa, d — pasnocms apugpmemuueckoil npozpeccuu)
['eomeTpuyeckasl MPOrpeccuss — 3TO YUCIOBas MocienoBaTeabHOCTh (Dn), 3amaHHas pekyppeHTHO
COOTHOIIICHUSIMU:
b1,=Db, bn1=bnq

(b u q — 3a0annvie uucna, b#0, q # 0; ( sHamenamensy 2ceomempuueckoil npospeccuu ).

IMpumep: BoinucaTh MepBbie MATh WICHOB MMOCIEI0BATSILHOCTH, 331aHHON peKyppeHTHO: Y1 =1; yo =
1; ¥Yn = Yn2 T ¥n1

Pemenrie. N —ii WieH MOCIEIOBATEIBHOCTH PABCH CyMME IBYX MPEIIICCTBYIONIMX €My YJICHOB.
3HAYHUT, TIOC/IEOBATEIBHO TTOTYIaeM:

yi=1l,y2=1; y3=1+1=2;y4=1+2=3; ys =2+3 =5; u 1.11.

OrpaHnyeHHbIe MOC/Ie0BATEILHOCTH.

o [MTocnenoBaTeabHOCTD (Xn) Ha3bIBACTCS OTPAHMYCHHOM, €CITH CYIIECTBYIOT TaKKe J[Ba Ynucia MU M,
91O /15 BceX NE N BBIMOIHACTCS HEPABEHCTBO M< Xpn <M.
o IMTocnenoBaTeabHOCTD (Xn) HA3BIBACTCS OTPAHUYCHHOMN CBEPXY, €CITH CYIIECTBYET TaKOE YHCIO0 M,
91O /T BceX NE N BBIMOJHACTCS HEPABEHCTBO Xn <M.
o [MocnenoBaTe bHOCTD (Xn) HA3BIBAETCS OTPAHUYEHHOMN CHU3Y, €CITH CYIIECTBYET TaKOe YMCII0 M,
910 Ju1s BceX NE N BBIMOIHACTCSA HEPABEHCTBO M Xn

Hamnpumep: mocne1oBaTenbHOCTD (Xn), 3a1aHHas (JOPMyIIOi 0OIIEro dieHa Xy = N, OrpaHuYeHa CHU3Y
(manpumep, yucio () U He orpaHUYEHA CBEPXY.



MoOHOTOHHBIE OCJIe0BATEILHOCTH.
[TocnenoBaTeabHOCTD (Xn) HA3bIBACTCS BO3PACTAIOIICH, €CITU KaK/bIi €€ YIeH, HaYrHasl CO BTOPOTO,
0O0JIBIIIE TIPEIBIAYILETO, T.€. €CJIH YIS JIF000T0 HATYpPaIbHOTO N BBITIOJHSETCS HEPABEHCTBO Xn+1 > Xn,
[TocnenoBaTeabHOCTH (Xn) Ha3bIBACTCS YOBIBAIOIICH, €CITH KX IbIH €€ YiIeH, HauuHasi CO BTOPOTO,
MEHBIIIE MPEABIAYIIETO, T.€. €CIH ISl JIF000T0 HATYPAIBHOTO N BBIMIOJIHIETCS HEPABEHCTBO Xn+1 < Xn,

[TocnenoBaTeabHOCTH (Xn) HA3bIBACTCSI HEBO3PACTAIOIICH, €CIIM KaXKAbIH €€ WiIeH, HauuHast CO
BTOpOTO, HEe 00JIee MPEABIAYIIETO, T.€. €CIU IS JF000TO HATYPaIbHOTO N BHIMOJIHSACTCS HEPABEHCTBO Xn+1
< Xn.

[MocnenoBaTenbHOCTD (Xn) HA3BIBACTCS HEYOBIBAIOILCH, €CITM KaXK/IbIH €¢ YIeH, HAYMHAs CO BTOPOTO,
HE MEHBIIIE MPEBIAYIIEro, T.€. €CIH IS JTF000T0 HATYPAIBHOTO N BBIMIOJIHSAETCS HEPABEHCTBO Xn+1 > Xn,

Bo3spacrarormiue, yosiBaroriie, HEBO3pacTarolie U HeyObIBAIOIINUE TTOCIIEI0BATEILHOCTH 00pa3yroT
KJIACC MOHOMOHHBIX TIOCIIEAOBATEILHOCTEH.

Ilpenen ync10Boii MOCI€10BATEILHOCTH.

PaccMOTpyM [UIst YMCIIOBBIC TIOCIIEAOBATENLHOCTH — (Vn) H (Xn).

(Om):1,3,5,7,9,...2n—-1, ..;

111 1

(x):1,2'3'24 n

N300pa3um uiieHbl 3THX MOCIeI0BATEIbHOCTEN TOUKaMy Ha KOOPAWHATHON MPSMOIL.
9T oo ¢ y

—0—0o—0— @ @ @
0 0,25 0,5 1
3ameuaeM, 4To YJIeHbI OCIeT0BATEIBHOCTH (Xn) KaK ObI «CT'YIIAIOTCS» OKOJIO TOYKH 0 — rOBOPSAT
MOCJIEI0BATEIBHOCTD CX00AMCA , 3 Y IOCIIE0BATEIBHOCTH (Vn) TAKOW TOYKHU CTYIIECHHS HET — M TOBOPAIT,
YTO MOCIEA0BATEIBHOCTD PACXO0OUmCA.

MatemaTuky He UCHOJIB3YIOT TEPMUH TOUYKA CTYLIECHUS, 2 OHU TOBOPSIT npeder
nocne008amenbHOCmU.

Onpeodenenue: Yucno b nasvisaemes npeoenom nocnedosamenvrnocmu (yn), eciu 6 10ooil 3apanee
8bIOPAHHOU OKpecmHocmu Mmo4ku b cooepaoicumcs 6ce wieHvl NOC1e008amMeNbHOCMU, HAYUHAS C
HEeKomopo20 Homepa.

\ 4

Huwym max: yn—b wiu im Y, = b uuraror Tak: npeies NoCieA0BaTEIbHOCTH Yn NPU CIPeMIeHUU
nN—o0

N k 6eckoneunocmu pasen b.

Ha npaxrtuke ucrons3yercs elie 0JHO UCTOJIKOBAaHUE PaBEHCTBA lim yn =b y CBAI3aHHOC C
n—oo

NpUOIMKCHHBIMU BBIYMCICHUSAMU: €CITH MMOCIeI0BATEIbHOCTD Yn = () cxomutes k uncny b, To
BBITOJIHSIETCS PHOIImKeHHOE paBeHCTBO f(h)=b, mpruem 510 npubIMKEeHHOE PABEHCTBO TEM TOYHEE, YEM
OoublIIE N.

Bonpocsl 1u1s 3aKpenJieHus TEOPEeTHYECKOIr0 MaTepruaJia K MPaAKTHYEeCKOMY 3aHATHIO!

1. JTaiiTe onpeneneHe YUCIOBOM MOCIEI0BATEIHHOCTH.

2. [lepeuncnure cnocoObl 3aJaHMsI TOCIIEA0BATEILHOCTEMH.

3. Kakue mocnenoBarensHOCTH HA3bIBAIOT OTPAaHHYEHHBIMU?

4. ChopmynupyiiTe onpenereHue mpeena YiuciIoBOM MoCIe0BaTeIbHOCTH.

Coaep:kaHue oTYeTA:

Ha3zBanue npaktuieckoii paboThl.

VYueOHas 1eb.

Pemenue 3aganuii mpakTUYECKON pabOTHI.

OTBeTHI Ha BOMPOCHI JIIsl 3aKPEILIEHUs TEOPETUUECKOT0 MaTepHraa.




Ilpakmuueckan paboma Ne 21: Onpenenenue npousBogHou. ['eomeTpruueckuii u
(U3HYECKUI CMBICT
Henv: nayuumocs:
- GepeHInpoBarh;
-IPUMEHSTh (PU3UYCCKUIT U TEOMETPUICCKUIT CMBICI ITPOM3BOIHOIA.
Ymemb: IpuMEHSATh METOIbI TP GEPEeHIINATHHOTO HCYHCITCHHS.
3namob: ocHOBBI MU HEepeHITNATEHOTO HCUNCIICHYS.
Bapuanr 1.

1. Haitnure mpon3BoAHbIE (PYHKITHIA:
a.y=2x*—x3+3x+4; 6).y=8/%x+05cosx; B).y=

sin x

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

ctgx.
2. CocTaBUTh YpaBHEHHUE KacaTeIbHOM K mapadose y = x2 — 6x + 5 B Touke ¢ abcruccoit xo = 4.

3. IlpssmosmHeHOE TBM)KEHUE TOUKU OTMCBHIBAETCS 3aKOHOM S = t* — t2. HaiiauTe e€ ckopocTh B
MOMEHT BpemeHu t =3C.

4. Berauciute f/ (%), ecnm f(x) = 2 cosx + x2 — -+ 5.
6 3

Bapuanr 2.
1. HaiimuTte mpon3BoAHbIE (QYHKITHIA:
a).y=—x54+2x3—-3x2—1; 6).y=sinx+¥X B).y=
2

Cos x

; 1).y=0Bx—4)% n).x-tgx.

X

2. CocTaBUTh ypaBHEHHUE KacaTelIbHOM K mapadoie y = 2x2 — 5x — 3 B Touke ¢ abcruccon xo =2.

3. [IpsimosMHEITHO© JBM)KCHHUE TOYKH OTIMCHIBASTCS 3aKOHOM S = t° — 4t4, Haiigure €€ ckopocTh B
MOMEHT BpeMenu t =2C.

4. Berancrmre f/ (%), €CH f (x) = 1,542 + 6 sinx — 1x + 4.

Ilpakmuueckan padoma Ne 22,23: Boeiuncnenue npou3BoanbiX. [IpaBuia
muddepentmpoBanus. Tabauia mpou3BoAHbIX. [Ipon3BoaHAS CIOKHBIX (QYHKIIHMA

Pemenne 3agau no teme: «IlpaBusia u popmy.sl nuddepeHunpoBanus, Tadauna
NMPOU3BOHBIX 3JIEMEHTAPHBIX PyHKIMII».

[lesb padoThI:

- IPUMCHUTH YMCHUA 110 BIIAACHUIO HpeﬂCTaBHeHI/Iﬁ 00 OCHOBHBIX IOHITUSIX MAaTEMaTUUECKOr0 aHaIu3a 1
Hux CBOﬁCTBaX, BJIAICHUC YMCHUCM XaPAKTCPU30BATH ITOBCACHUC (1)YHKI_II/II71, HCIIOJIb30BAHUC TTOJIYYCHHBIX
3HAHUM 71 ONMCAHUS U aHaIn3a pEajIbHbIX 3aBUCHUMOCTEH.

3aganme:
| Bapuant Il Bapuanr
[Monb3ysck hopMmynamu U paBmwiamMu quddepeHrpoBanys, HailIUTe TPOU3BOIHBIC
a) y=x>-9x%+x-1 a) y=56x*-3x%+5
X +1 5 = x2+1
x2+1 ) VT g,
B)y:x.sinx 8) Y = X-COS X

2) y=sin?3x 2) Yy =cos?3x



0)y=~X+5 0) Y= /1+X3

y=(2+5%)° e) y=(3+7x)
x) Y = logs 4x ac) Yy =109s10x
3) y=5% 3) y=6%

Ilopsi10K BHIIOJIHEHUS:

BHuMaTenpHO IpOYUTATh TEMY U LENb IPAKTUYECKOU paboTBhI.
N3yunTth yueOHBINA MaTepUa 1o TeMe.

OTBeTUTH Ha BOIPOCHI.

BeInonHuTs 3a1aHM5.

IloaroToBUTE OTYET.

SRR

TlosicHeHnus K padore (Y4eOHbIH MaTepua):

f(x+h)—f(x)
h

[Tpoussoanoit pynkiuu f(X) B Touke X Ha3pIBAETCS MPEJIE]T Pa3HOCTHOTO OTHOIICHHUS

npmu h — 0.

f(x+h)— f(x)
" .

f'(x) =lim
h—0
Oneparnys Hax0XKIeHUE MPOU3BOIHOM HazbIBaeTcs AU HepeHIPOBAHUEM.
OTO MPaBUIIO ABJISIETCS OCHOBHBIM, T.K. BBIBEJIEHO M3 CaMOro onpezeneHus. OnHako npu
¢ hepeHInpOBaHUH CIOXKHBIX QYHKIMH, CyMMbI, IPOU3BEICHHS, YACTHOTO IPUMEHEHNE OOIIIero

MpaBUJIa MpeCTaBIIgeT Oombinne TpyaHocTu. [ToaTtomy npumensioT npasuia auddepeHnpoBaHusl.

Ilpasuna:

[N

. (F70)+9(x)) = F'(x)+9'(X) - TIponseoanas cyMMbI paBHa CyMMe IIPOM3BOIHBIX.
. (c-f (X))' =C-f'(X) - TloCTOSAHHBI MHOKHTEIb MOJKHO BBIHECTH 32 3HAK TIPOM3BOIHOIA.

. (f(x)- g(X))l = £'(x)- g(x)+ f(x)-g'(x) - Mpomseomsas nponseencHs.
(f(X)P _ (- a(x)= £ (x)-9'(x)
kg(X) ) 9*(x)

Dopmynvl oudhdeperuuposanis

A W N

HpOI/ISBOI[Haﬂ qaCTHOI'O

1. C=0 11. (sinx) =cosx
2. (x)'=1 12. (cosx) =-sinx
3 2y1=7 13. (tgx) =
(x7) ) (t9) cos? X
4, (x3%)=3x2
5 Py = p-1 . T
(xP)'=px 14 (ctgx) Sin?x
6. (e*)'=e* 15. (ax) =a*-Inx

/_i '_ 1
7. ()= o 16. (log, x) = ——



!

o (1. % (O () 0

17. fgx" =fgx'-g X

N

\*) f
9. (kx+b) =k 18. f'(kx+b)=k- f'(kx+b)
10. (Inx) =

IIpu BbINOTHEHUH MPAKTHYECKOH PadoTHI paccCMOTPHUTE CileAyIolue MPUMepPbI:
IIpumepsnr:

[Mone3ysick hopmynamu 1 npaBmiamu auddepeHnnpoBanus, HAMIUTE TPOU3BOHBIC
1) y=3x* -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=
)Y 3x -2
[ +4] (P+2) 2P +HE—2) 37 Br-2)—(° +4)-3
¥=lg ol = B (ae oy = (3x—2)? =
\
C9x® —6x? —-3x®-12  6x® —6x% -12
(3x — 2)? (Bx - 2)?
3) y = x-tgx
y' = (X-tgx)" = X" -tgx + x - (tgx)" =1-tgx + X - 12 =tgx + XZ .
cos? x cos? x
4) y =tg24x
y' = (tg24x)" = 2tg4x - (tg4x)’ = 2tg4x - i - (4x)" = 2tg4x - 12 -4 =M.
cos? 4x cos? X cos? x

5) y=~6-x*

1
Y=6-x)=—"_-6-x")=
o= 2W( *)
6) y=(8-3x)°

v =((8-39°) =6(8-3x)° (8~3x)' = 6(8-30° -(-3) =18(8~3¢)".
7) y=1logs12x

(4x’) =-

1
26 = x° 6_x*

1 1
"=(log: 12x)’ = -(12x)' = 12 = .
y' = (logs ) 12xlna( ) 12xIna xIna
8) y =11*

3 = (11%) =11% - In11- (4x)' =11% - In11-4 = 41n11-11%

Bonpocs! 111 3aKkpenJieHnsi TEOPeTHYECKOro MaTepuaJia K NPAKTHYeCKOMY 3aHATHIO:
1. Yo Ha3bIBaeTCS NPOU3BOIHON QYHKIMN?
2. Kakas onepanus Ha3biBaetcs auddepeHurpoBanuem?

Coaep:kaHue oTYETA:

Ha3zBanue npaktuieckoil paboThl.
VYueOHas 1eb.

Pemenue 3aganuii mpakTUYeCKON pabOTHI.




OtBeThI HA BOITPOCHI I 3aKPCIJICHHUA TCOPETUICCKOTI'O MaTrcpuaa.

Ilpakmuueckan paboma Ne 24: YpaBHeHUe KacaTelbHOH K Tpaduky GyHKUUN

Tema: «KacareabHas k rpadpuky GpyHkuum»
Llesn: HayIUTHCS HAXOIUTh YIIIOBOM K03 uiimeHT KacaTenbHO! K rpaduKy QyHKINN B 33JaHHOU
TOYKE; COCTABJIATh YPAaBHEHUS KacaTEIbHBIX K TpaQuKy (GYHKIUH 10 33aHHBIM YCIOBUSIM.
Kpartkast Teoperuyeckasi cipaBka.

Crporoe onpeneneHne KacareabHOM:
KacarenpHas k rpaduky dyukium f, muddepeHupyemMoit B TOUKE Xo, - 3TO TpsAMasi, IPOXOIAIIAs uepe3
TOUKY (Xo; T(X0)) 1 MMeroImas yrinoBoii ko3hdunuent f '(Xo).

YraoBoit koshdurrent umeeT npsmas Buaa Y = kx + b. Koaddurment K u siBisercs yrioBsim
K03 PUIUEHTOM 3TON MPAMOM.
VYrioBo# ko3 GUIIMEHT paBeH TaHTEHCY OCTPOTO yTiia, 00pa3zyeMoro 3TOM MPsSMOH C 0ChIO adCIucc:

k=tga="f"(X,).

31ech yroi o — 3TO YroJl MeX Iy IpsAaMoi Y = KX + D 1 MOJI0KUTETbHBIM (TO €CTh MPOTHB YaCOBOM
CTpeJKH) HampaBieHreM ocH adciucc. OH Ha3bIBaeTCs YIJIOM HAKJI0HA MPSIMOM.

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

947 \ v=b
7 <3 o0
= - > ; > >
/ \ Ecau yron

HaKJIOHA TpsAMoit Y = KX + b ocTpslif, TO YriioBo#i KO3(DGHUIIUESHT SBISETCS MOI0KUTEIbHBIM YHUCIOM.
I'padux Bo3pacraert (puc.l).

Ecnu yron HakiioHa npsiMoit Y = KX + D Tymoii, To yrioBoii Ko3)(GHIUECHT SBISETCS OTPULIATEIBHBIM
guciaoM. I'paduk yOsiBaeT (puc.2).

Ecnu npsimast mapasienbHa 0cu abcuce, TO yrojl HakJIoHa IpsSMO paBeH HyJt0. B aToM citydae yrioBoii
KOA(QQUIIMEHT NPSAMOI TOXKE PaBEH HYIIO (TaK KaK TAHI'€HC HYJIS €CTh HOJIb). YpaBHEHHE NPsAMOii OyaeT
uMeTh BUua y = b (puc.3).

Ecnu yron nakioHna npsimoit paBes 90° (/2), To ecTh OHa NepreHANKYIspHA OcH a0cCIHce, TO mpsiMast
3aJ]aeTCsl PaBEHCTBOM X = C, TJie C — HEKOTOPO€E AEHCTBUTENIbHOE YHUCIO (pHcC.4).



YpaBHeHHe KacaTe/bHOI K rpaduky pynkmun y = f(X) B ToUke X,:

Y = f(Xo) + f'(X0) (X = X0)

AJITOPUTM pellleHNnsI YPaBHEHUs KacaTeJbHOI K rpadpuky ¢pynkuuu Yy = f(X):

1. Berauciuts f(Xo).
2. Borurcnuth nipoussoaubie f/(X) u f/(X,).
3. BHecTH HaliIeHHbIE Ynca Xo, f(X,), f'(Xo) B ypaBHEHME KacaTeabHOM M PEIIUTD ETO0.

Iopsinok BbINOJIHEHUsSI PadOThI.
1. BHUMaTENBHO U3YUYHTE TEOPETUUECKYIO CIIPABKY IO TEME.

2. Pemmre ciieayroniue 3aaHusl.

Ipumepl. Haiinem ypaBHeHHe KacaTenbHOM K rpaduky pynkmmn f(x) = x3 — 2x% + 1 B Touke ¢
abcrmccoi 2.

Pemenue.
CrenyeM anroputMmy.

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

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

2) Haxomum f '(X). Jlist aToro mpumensiem Gopmyiasl auddepeHnnpoBanus, H3I0KEHHbIE B IPEAbIIYIIIEM
pazzaene. CormacHo 3TUM popMmynam, x> = 2x, a x° = 3x°. 3HaUHT:

f/(x) =3x>—2 - 2x = 3x* — 4x.

Temneps, ucnonp3ys monyueHnoe 3HaueHue f '(X), Beramcamm f '(X,):
f'(x)=f'(2)=3-22-4-2=12-8=4.

3) Urak, y Hac ecTh Bce HEOOXOQMMBIC JaHHBIE: X, = 2, f(X,) = 1, f '(X,) = 4. [loacTraBisieM 3TH YuClia B
ypaBHEHHE KacaTeIbHOM M HAXOAUM OKOHYATEIILHOE PEIICHHUE:

y=f(Xo) +f'(Xo0) (X—Xo) =1+4-(x—-2)=1+4x-8=-T+4x=4x-T.

Otger. y=4x-17.

IIpumep 2. Ha pucynke n3obpaxensl rpadhuk pyHKImy y=1f(xX) u KacaTenpbHas K HEMY B TOUKE C
adcmuccoi Xo . Haiinure 3Ha4eHHe MPOU3BOIHON (PYHKIIMH B TOYKE X0 .
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3HaueHue Npou3BoAHON QyHKIMH y=f(X) B TOUKE X0 paBHO TAHT'€HCY YIja MEX]y KacaTeJIbHON
Y TIOJIOKUTENIbHBIM HarnpaBieHueM ocu OX. UToObl ero HailTH, BBIIEIUM MPSIMOYTOJIbHBIN TPEYrOJbHUK,
TUIIOTEHY3a KOTOPOTo JIEKUT Ha KacaTeJIbHOM, a KaTeThl apajuieabHbl OCSIM KoopauHaT. O003HaUUM
TOYKH C LIEJIBIMU KOOpAMHATaMU OykBaMH A U B - 3Tu TOUKM BbIIETICHBI HA KacaTeJIbHOM:

[IpoBenem yepe3 Touky A npsiMyro napasmuienbHo ocu OX, a yepe3 Touky B - nmapaimensHo ocn
OY. loxyanm mpsimoyroneHbIi TpeyroibHuk ABC. Yrom A tpeyronpanka ABC paBeH yriry MexmIy
KacaTeJIbHOW U MOJIOKUTEIbHBIM HampasiaeHueMm ocu OX.

Tanrenc octporo yriia npsiMOyroJIbHOTO TPEyroJIbHUKA PaBEH OTHOLIEHUIO IPOTHBOJIEKAILETO
KaTeTa K mpuiexanieMy. JJJIMHbI KaTETOB CUUTAEM IO KOJIMYECTBY KIETOYEK

OtBer. 0,25.

I'IpnMe[i 3. Haiitu yrinoBoit ko3¢ dUIIMEHT KacaTeIbHOW, IPOBEICHHOH K TpaduKy G yHKIIUH

U=

T
4 B TOuke ¢ abcuuccoit x0=1.

Pemenne. Haxommm npoun3BoaHy0 GyHKINN

A
o)== =4*
4
Toryia ipu Xo=1 3HaueHHe POU3BOTHON PABHO
F i . :3 .
) =18 =1

Otcroaa moytydaeM, 4To YriaoBoi kodhdUIIMEeHT KacaTeabHO# B ToOuke ¢ abcuuccoil Xxo=1 paBeH

k= f(1)=1
Ortser. 1.

Mpumep 4. TIpsamas y= 8x-5 napasiesnbHa KacaTelbHOi k rpaduky Gynkuun y=x> +7x +7. Haiiaure
abcryccy TOUKH KacaHHsL.
Pemenne. YciaoBueM napaiienbHOCTH JIBYX NMPSMBIX SIBJISIETCS] pABEHCTBO MX YTJIOBBIX KO PHUIIMEHTOB,
cnenoBaresnibHO K=8 . YriioBoit koaPuIeHT KacaTeabHON — 3TO €CTh 3HAYCHUE MMPOU3BOIHON QyHKIIUH
B Touke Xo. T~ (Xo) = 2Xo+7 =8, 2Xo = -1, Xo = -0,5.
Ortger. -0,5.

3. BrimonHMTE MpakTHUECKyO0 paboTy O BapuaHTaM.


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

IIpakTHyeckas padora

3aganme Nel. CoctaBbTe ypaBHEHHUE KacaTeabHOU K rpaduky pyHkuuu y=f(Xx) B

TOUKE Xo.

: y =X 35X =2 11 y =5x —x%,x0 = —2

2 y=2x—x2x0=1 12 y=6+2x—x3,x0

) =1

3 y =303 —dx+x%xo = —1 |13 y = 3at =4 ¥ 2%
e 2

4 y:xz—ZX—l,x0=3 14 y 6x x;l—:;':,,xo
= x2 _

5 y:—2x2 +x,x0:_2 15 y X +2x= E’Sxo
— _ 2 3

6 y=7x—5—2x3x0 =1 16 y=7 5x:12x,x0

7 y=2x—3x2+xtx =—-1 |17 y =2+ 3x? +1x4,x0

I

° y=§x3—3,x =2 18 y = 5x3 — 3x,x0 = 2

9 y = 0,5x2 — 5x,x0 = —2 19 y = 0,5x* _:536_2]3-6,36'0

10 y=ix4—3x,x =1 20 y=_x*—3,x =

4 0 5

3apanue Ne2. Haiitu yrioBoit ko3¢ uIIueHT KacaTeIbHOM, MPOBEICHHON K

rpaduKy QYHKIIUH B TOUKE Xo.

1 | y=x3+4x2-11, xo=3 11 | y=3-Xx-2tgx, %o=0

2 y=6Xx-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 ¥, xo=0
5 y=4Vx—3x+1,x =1 15 | y=6x-4cosx, Xo=L

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

7 |[y=2xkcigx x = E 17 |y =% = 7x2, Xo=-2
8 | y=3x-x?, xo=1 18 | y=6sinx-3x, Xo=0

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

3aganme Ne3. [Ipsimas mapajuiesbHa KacaTreabHOH K rpaduky Gyrakmun y=Ff(X).
Hatinmure abcnpiccy TOUKH KacaHUsI.

1 [y=4+8 y=x—5c+7 11 | y=5x+3, y = x%-7x+2

2 y=Tx+1l y = x+8c+6 12 | y=4-3x,y = 2x>-x-12

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

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




5 y=x+9 y =x+7x—5 15 | y=2-5X, y = X?-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 =2 x>-11x+2

Ilpakmuueckan paboma Ne 25: VccnenoBanue QyHKIIUNA HA MOHOTOHHOCTH M SKCTPEMYM

HGJ'[I/I BBITTIOJTHCHU S Da6OTI>I:
e HccnenoBaTe npaBUiIo0 NPUMEHEHHUS IPOU3BOAHOM K HCCIIEI0BaHUIO (YHKIIMM HAa MPOMEKYTKH
MOHOTOHHOCTH U BKCTpeMYMBI
e [IpumMeHUTH JaHHOE IPABUJIIO MIPH UCCIIEIOBAHNN KOHKPETHBIX (PYHKINI
e (Oco3Hartb ce0s1 B JaHHON TeEMeE

[IpuobperaeMbie YMEHUS:
o Jludpdepenuuponars GyHKIMH
e lcronp30BaTh MPOU3BOAHYIO [UTS U3YICHUSI CBOUCTB (DYHKIIHIA: TPOMEKYTKH
MOHOTOHHOCTH, 3KCTPEMYMBbI (PYHKITUN
e Pemate KOHKpPETHBIE 33]]aUH 110 UCCIICAOBAHUIO MPOMEKYTKOB MOHOTOHHOCTH U
AKCTPEMYMOB (DYHKITHIA.

Pa3BuBaeMble cIOCOOHOCTH:

e lccnenoBars Gpopmynsl 1 paBmia quddepeHIMpOBaAHIS

e lccnenoBath MpaBUIIO MPUMEHEHHS IPOU3BOTHON K UCCIIEAOBAaHUIO (PYHKIIMH HA
MPOMEXYTKH YOBIBaHUS, BO3PACTAHUS, SKCTPEMYMBI (DYHKITUH.

e [IpoexTHpoBaTh JaHHBIC 3HAHUS U YMEHUS HA UCCIIETOBAHNE KOHKPETHOU (DYHKITHH

e OueHuBaTh pe3yNIbTaThl IPUMEHECHHUS IAHHBIX MTPABUJI K UCCIICIOBAHUIO (DYHKIMI

e OreHUBaTh PE3yIbTATHI CBOCH JICATEIILHOCTH B IIEJIOM TI0 HCCIICIOBAHUIO CBOWCTB
byHKIM]

e Oco3HaBaTh YpOBEHb YCBOCHUS JTAHHOTO ITpoIiecca

HOPAAOK BBIITOJTHEHUSA PABOTDI:

1. BxoaHoit koHTpoJb: McciienoBaHre OCHOBHBIX MOHSTUN

1.1 OBIIASI CXEMA VICCJIEJJOBAHUSA ®YHKIIUM U IOCTPOEHU X T'PA®UKOB
Haiitu oGnacts onpeaenenus GyHKIUH

OmnpenenuTh 4eTHOCTh, HEYETHOCTh (PYHKIIUU

OnpenenuTs NEPUOTUYHOCTD PYHKIIMU

Haiitu npoMeXyTKd MOHOTOHHOCTH (DYHKIIMU

Haiitu sxcTpemymsbl GyHKIIU

OmnpenenuTts Ipyu HEOOXOUMOCTH JONOIHUTEIbHBIE TOUKH I'paduka GyHKIHN

Haiitu oGnacth 3HaueHust QyHKIUU

IToctpouTts rpaduk GyHKIUH

ONoOk~wWME

JTOCTATOYHBIN IPU3HAK BO3PACTAHUS ®YHKIIUN



Ecnu npousBoHast GyHKINH MOJIOKUTENBHA B KaXKI0H TOUKE HEKOTOPOTO MPOMEXKYTKA, TO (DYHKITHUS
BO3pacTacT Ha JAHHOM IIPOMEKYTKE

I[OCTATOHHBIFI NNPU3HAK YBBIBAHUS ®YHKIINA
Ecnu nponsBogHas GyHKIIMK OTPUIIATENIbHA B KQXKI0W TOYKE HEKOTOPOTO MPOMEKYTKA, TO (PYHKITUS
yOBIBaET Ha TAHHOM IPOMEKYTKE.

JOCTATOYHBIE YCJIOBHUS CYIHECTBOBAHUSA DKCTPEMYMA B TOUKE (TOUYKA
MAKCUMYMA U TOYKA MUHUMYMA)
Ecmu ¢yHKIms HenmpepsIBHA B HEKOTOPOI TOUYKE U ClIeBa OT He€ MPOU3BOAHAS (DYHKIIMK UMEET 3HAK
«+», a cripaBa OT He€ MPOU3BOIHAS IMEET 3HAK «-», TO JaHHAsI TOYKA SBIISETCS TOUYKOW MaKCUMyMa
(GYHKIMY Ha JAHHOM MTPOMEXYTKE.

Ecnu pyHxius HenpepbIBHA B HEKOTOPOM TOUKE U cjieBa OT HE€ MPOM3BOAHAS (PYHKIIMN UMEET 3HAK
«-», a CTIpaBa OT HEE MPOU3BOIHAS UMEET 3HAK «+», TO JaHHAs TOYKA SBJISETCS TOUKOH MUHUMyMa
(GYHKIMY Ha JAHHOM MTPOMEXYTKE.

2. OnpeaeanTh NPOMEKYTKH BO3pacTaHus (YObIBAHMS) TOUKM MUHUMYMa,
MaKCHMYyMa CJIeIyUHX (PyHKIUMA:

21, f(X)=3—;X

!

oo (5] 0

, 1
Tk f (X) = _E <0, To ynxIMsa yOsIBaeT Ha Beeit ocu OJ13.

2.2. f(x)=—x%+2x-3
()= (-t +20-3) =(=x2) +(2x) -(3) =-2x+2-3=-2x+2
f'(x)=0=-2x+2=0

—2X=-2
X = 1-KpUTHYECKas TOYKa.

D Sy
Lxy 77 e
f(0)=-2-0+2=2>0
f'(2)=-2-2+2=-2<0

@yHKIUA BO3PACTAET HA (— o0, l]

Oyukuus yobiBact Ha [ 1;+00)

XmaX = 1

Ymx = —(1)? +2-1-3=-1+2-3=-2
(1;-2)- Touxa maxcumyma.

2.3. f(x)=x® —3x2
£(x) = (x* —3x2), = (x3)’ —(SXZ), = 3% —3-2x = 3x* - 6x



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

x(x-2)=0
3x=0 UM x—2=0
x=0 X =2 - KpUTHYECKUE TOUKU
e Y
2.4, i(ﬂ /IHQX S S / .

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
DyHKIMS BO3pacTaeT Ha (— oo;O]u [2;+oo)
®yuxuus yobsaer Ha | 0;2]

Xmax =0 Xin = 2
Omax = 0* —3-0% =0 Yiin =2% ~3.22 =8-3-4=8-12 =4
(0;,0)- Touxa makcumyma (2;-4)- Touxa MunuMymMa

3. BINOJHUTD 3a/1aHKe ¢ JaJbHel el caMonpoBepKo.
3.1. UccnenoBath GyHKIMIO HA TIPOMEKYTKH MOHOTOHHOCTH M TOYKH SKCTPEMyMa.
f(x)=x3-27x
Ortser: dynxums Bospactaer Ha (—o0;-3 ] [3;+00)
GbyHKIMs yObIBacT Ha [— 3;3]
Touka mMakcumyma (— 3;54)
touka munnmyma (3;-54)
3.2. OnpenenuTh TPOMEKYTKH YOBIBAHUS M TOYKH MaKCUMyMa (DyHKIIUH.
f(x)=12x +3x2 - 2x°
OtBeT: QyHKIMS yOBIBACT HA (— oo;—l]u [2;+oo)
Touka makcumyma (2;20)
3.3. OnpeznenuTh NPOMEKYTKH BO3PACTAHHS M TOUKH MUHUMYMa (DYHKIIHH.
f(x)=x® —12x
Otger: gynxuus Bospacraer Ha (—o0;-2]U [ 2;+0)
Touka Muanmyma (2,-16)

4. BbIX01HOI KOHTPOIb.
1. Bapuanr
1. I/ICCJ'IeI[OBaTL (I)YHKI_II/IIO Ha TPpOMECKYTKH MOHOTOHHOCTHU U SKCTPEMYMBbI (1)YHKI_II/II/II

f(x)=5x2 -3x+1
2. OMNpENeNuTh MPOMEKYTKH BO3pacTaHus QYHKIIUK M TOYKY MUHUMYyMa:
f(x)=x*—3x2-9x+1

2. Bapuant
1. HccnenoBaTh PyHKIHIO HA TPOMEXYTKM MOHOTOHHOCTH U 3KCTPEMYMBI (DYHKIIHH:

f(x)=2+9x+3x% - x°
2. Omnpenenuts NPOMEKYTKH yOBIBAHHS M TOUYKY MAKCUMYyMa:
f(x)=2+9x+3x? - x°



3 Bapuanr
1. HUccnenoBarh (QYHKIHIO HA IPOMEKYTKA MOHOTOHHOCTH M DKCTPEMYMBI (DYHKIIUU:

f(x)=3x2 -2x+5
2. Onpenenurs NPOMEKYTKA BO3PACTAHMSA U TOUKM MUHUMYyMa:
f(x)=x"-3x+3

4 BapuaHT
1. HccnenoBaTh (pyHKIHIO HA TPOMEKYTKH MOHOTOHHOCTH M 9KCTPEMYMBI (DYHKITHH:

f (x) = 8x —5x2
2. OrmpesenuTh MPOMEKYTKH YOBIBAHUS M TOUKH MaKCHMYMa:

f(x)=—x*+3x2 -4

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

Ilpakmuueckas paboma Ne 25 VccnenoBanue BHITYKIOCTH U Tiepernda
Henu:
3Hamy:
 MOHSTHA BO3pacTarolleil 1 yobIBaroueil pyHkuuy;
o IIOHATHUS IPOMEKYTKOB MOHOTOHHOCTH;

e [IIOHATHUA TOUCK MHMHHMYMAd U MAKCHUMYyMda, 3KCTPpECMyMa q)YHKHI/II/I, KPUTHYCCKUX

TOYEK;
¢ ANTOPUTM HCCIIeOBaHUS (PYHKIUU HA DKCTPEMYM;
ymemy:

e HaXOIUTb KPHUTHUYCCKHC TOYKH, IIPOMCIKYTKHM MOHOTOHHOCTH, OKCTPCMYMBLI

byHKINH,
¢ C IIOMOIIBIO IPOU3BOIHON HCCIIEA0BATh (PYHKIIHNIO, 3aJaHHYIO (POPMYIIOH;

IIpononkuTebHOCTD 3aHATHSA: 2 Yaca
O01mme cBeieHMs M IPUMeEPbI BbINOJTHEHUSA 3aJaAHUI:

I'padux  dynkmun f(X) Ha3pIBaeTcs évinykavim Ha uHTEpBae (a; D), ecimm oH

pacroioKeH HHXKE KacaTeJIbHOM, MPOBEACHHOMN K JIFOOOM €ro TOuKe.

I'padux  dynkuu f(X) Ha3pIBaeTCs 6ocHymbim Ha wuHTepBaie (a; D), ecmu o

PacIoJioKeH BBIILIE KacaTeJIbHOW, TPOBEAEHHOM K JIFOOOMH €ro TOuKe.

gl

b X agia X

Teopema (10ocTaTOUYHOE YCJI0BHE BBINMYKJIOCTH, BOTHYTOCTH rpaduka GyHKUNH):



Ecmu ¢pynknus y = f(X) umeer Ha uHTEpBaie (a; b) BTopyro npousBoaHyto f'(x) 1 oHA
MOJIOKUTENIbHA, TO (YHKIIUS BOTHYTa Ha 9TOM uHTepBaie. Ecnu xe f''(x) orpuniarenpHa
Ha uHTepBaie (a; D), To pyHKIMS BRITyKIIa HA ’TOM WHTEpBAJIC.

7 !
flx) Touka rpaduxa ¢yuxiun M(xo; f(xg)), npu nepexome uepes
— MIx,ifx) KOTOPYI0  KpuUBas  MEHSCT HaIpaBJIEHHWE  BBITYKJIOCTH,
HA3BIBACTCS MOUKOU nepezuda.

X, X

b
Teopema (mocTaTouHoOe yCJIOBHE CYIIECTBOBAHUS TOUKH epernda):

Ecmu ¢pynknus y = f(X) umeer Ha uaTepBase (a; b) Bropyro npousBoauyio f'(x) u npu
nepexo/ie uepe3 Touky x =a, f(X) MeHseT 3HaK, TO TOYKa KPUBOU ¢ aOCIMCCOM

X =a, ABJISAETCS TOYKOW meperuoa.

KpwuBas,
BbINyKnas
Ha (a, b).

Kpusas,
BOrHyTas
Ha (a,b).

—

Kpusas pasmetieHa
Hwxe nio6oit
CBOEW KacaTtenbHoM.

Kpusas paameuieHa
sbiwe nioGoi
CBOeit KacaTenbHo.

OnopHBIN KOHCIIEKT.

n
Lo P Y

N ¥ BOTHYTOCTH

/1(x)>0
Ha (a,b).

—

Kpusas,
BOrHyTas
Ha (a, b).

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

=

Kpueas,
Bbinyknas
Ha (a, b).

[ns nocTpoexus rpacuka Lenecoobpa3sHo NpoaHanuavpoBaTb, kakon Bua umeet rpacduk
PyHKUUM Ha UHTepBane (a, b) B 3aBUCMMOCTY OT 3HAKOB NEPBOW U BTOPOI MPOU3BOAHBIX.
Peaynbrat yno6Ho ceectu B Tabnuuy:

|

b X loia

y'<0
V>0

N

b Xx |oa b X

y'>0
y"<0

1

|o a

B03pacTaer,
BLINyKNas.

y'>0
y'>0

y'<0
y'<0

o
x
o

<
- E——

ybbiBaeT,
BbINyKNas.

y6biBaer,
BOTHyTas.

Bo3pacraer,
BOTHYTas.

AJroputm HaXOXJICHUSA
BBINTYKJIOCTHU I'padrka QYHKIUU:
1° Haxonst BTOpYyIO IPOU3BOAHYIO (PYHKIIMU U TOYKH, B KOTOPBIX OHA PaBHA HYJIIO WU
HE CYILECTBYET.

2° OnpenenstoT UHTEPBaJIbl HA KOTOPbIE 00J1acTh onpeneneHus pyHKIuu pazouBaercs
HaWJIEHHBIMU TOYKAMH.

3° YTaHaBIMBAIOT 3HAKU BTOPOM MPOU3BOJHOM B KaXK/IOM M3 YKa3aHHBIX HHTEPBAJIOB.
Ecmu f"'(x) < 0, To B paccMaTpuBaeMOM WHTEpPBaJie KPUBas BHIMYKJIA;

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

WHTEPBAJIOB

1.UccnenoBath (GyHKIIMU Ha BBIMYKIOCTh, BOTHYTOCTh. HaiiTu Touku neperuoa.
y= x3—6x%2+9x — 3.

1°HaiiieM BTOpPYIO MPOU3BOHYIO: ¥ = 6x — 12; 6x —12=10, x = 2.

2°Touka x = 2 menuT 06JacTh onpeneneHns GYHKIUN Ha JBA MPOMEKYTKa —0 < x <
2n2<x<oo.

30



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

y(2)=-1

Takum 00pa3zom, MoyduM TOUKy meperuda (2;-1).

Kpurtepuu oueHuBanus padorni:

Ha «3»:

[lepBrie 3 mpumepa

Ha «4»:

[lepBrie 4 npumepa

Ha «5»:

Bce 3ananus

KonTposbHbIE BONIPOCHI:

1. Kakas kpuBasi Ha3bIBa€TCs BBITYKIION (BOTHYTOM);

2. Kak onpeniensitoTcs reOMETPUYECKU BBITYKIOCTh M BOTHYTOCTh KPUBOA?
3. [MonsaTus: Touka neperuoda.

4. JlocTaTo4HOE yCIOBUE CYLIECTBOBAHUS TOUKH reperuoa,

4. ANTOpuTM Hax0XXJICHUSI UHTEPBAJIOB BBIMYKJIOCTH rpaduka GyHKIUH.

Ilpaxmuueckan paboma Ne 26: ViccnenoBaHue BRITYKJIOCTH U TIeperu0a, IOCTpOeHUE
rpauKoB G yHKIIUU

Ileqb padoThI:

- IPUMCHUTH YMCHUA 110 BIIAACHUIO Hpe,Z[CTaBJ'IeHI/Iﬁ 00 OCHOBHBIX IOHITUSIX MAaTEMaTUUECKOr0 aHaIM3a 1
Hux CBOfICTBaX, BJIAICHUC YMCHUEM XapaKTCpPU30BaATh IIOBCIACHUEC (bYHKHHﬁ, HCIIOJIb30BAHUC ITOJTYYCHHBIX
3HAHHUH JJIs OIIMCAaHUsA U aHalIn3a pCaJIbHBIX 3aBHCHMOCTEH.

OobopynoBanue:

1. PaGouas TeTpaap B KICTKY

2. Pa3gaTrodHbie MaTepHasbl: KAPTOYKU-3aaHusl, MHCTPYKIMOHHBIE KapThl — 20 MITYK.
3. Kaspkynsarop nmpocToii.

4. Pyuxa.
3aganue:
1 Bapuant 2 Bapuant
1 1. Uccnenyiite GyHKIMIO HA SKCTPEMYM C IIOMOIIBIO IIEPBOM MPOU3BOAHOM.
fX)=—2x+"-x>+1 f(x)=x*—4x+4.
3 2
2. Halinute mpoMeXyTKH BBITYKJIOCTU U TOUKU Mepernda KpUBbIX:
y = x3 +3x? y =x3 —12x? +145 .
1 1 3. JlaH 3aKOH IPSIMOJIMHEHHOTO I[BI/I:)LKCHI/ISI TOUYKHU
s=—_t3+ t2+ t+1 s=—_t3+3t?+5t+3
6 2 2 3

(t— B cexynnax, S — B MeTpax).Haiimure MakcMManbHYIO CKOPOCTh JBMKEHHUS 3TOW TOYKH.



Ilopsi10K BHIIOJIHEHUS:

BHuMaTenpHO IpOUYUTATH TEMY U LENb IPAKTUYECKOU pabOoTBhI.
W3yuuTh y4eOHbII MaTepual 1o TeMe.

OTBeTUTH Ha BOIPOCHI.

BeInonHuTs 3a1aHus.

IloaroToBUTE OTYET.

agkrwdE

IosicHeHus1 k pabore (Y4eOHbBI MaTepua):
IIpaBuno HaxoxaeHus skcTpemymoB dpyukuuu Y = f(X) ¢ momommpio npoussoHoii:

1. Haittu npoussonnyio f'(X)
2. Haittu xputudeckue Touku pynkuuu, B kotopeix f'(X) =0.

3. Pa3genuth 4MCIOBYIO OCh HA MIPOMEKYTKH KPUTHIECKUMH TOUKAMH.
4. UccnenoBaTh 3HaK MPOU3BOJIHOM B KaXKJJOM MHTepBaje. Eciu npu 3ToM npou3BoiHAs OKaXeTCs
OTpHULATENbHOM, TO (QYHKIUS BO3PACTAET, MOJI0KUTEIbHON — YObIBaeT. Eciu 3HaK MeHsieTcd ¢ IiIoca Ha
MHHYC- 3TO TOYKa MaKCUMyMa, ¢ MAHYCa Ha IUIFOC- 3TO TOYKa MUHUMYyMA.
5. Beruncnuth 3HaueHUs QYHKIIMHM B TOUKaX IKCTpEMyMa.

HanpagJieHue BbINYKJI0CTH rpadpuka pyHKumu

Kpusas Y = f(X) naseiBaercs Beimykiblii BHU3 B ipomexxyTke (&;D), ecru oHa nexut Bointe
KacaTeJIbHOH B II000i Touke 3Toro npomeskyrtka. Kpusas Y = f (X) naseiBaeTcs BbIyKII0# BBEPX B
npomexytke (&;D), ecnu ona nexur Huxe KacaTenbHOM, B M060H TOUKE ITOrO IPOMEKYTKA.
BrInyKJI0CTh BHU3 WJIM BBEPX KPUBOM XapaKTepHU3yeTCs 3HAKOM BTOPOU MPOM3BOTHON (DYHKIIMH
y = f(X): ecnu B HexoTopom npomesxytke f''(X) > 0, To kpuBas BEIMyK/Ia BHU3 B 3TOM IPOMEKYTKE;
ecim ke T''(X) <O, To kxpuBas BBIMyKIa BBEPX B 9TOM IIPOMEXKYTKE.

IpaBuJ10 HAX0XKIeHHsI TOUeK mepern6a rpaduka pynxmun Y = f(X)
1. Haittu BTopyro npomssoaayio f''(X) .
2. Haiitn kputnueckue Touku ¢pyaxmun Y = T (X), B kotopsix f''(X) o6pasyercs B Hymb unm TeprnuT
PasphIB.
3. Uccnenoats 3Hak BTopoii poussoaHoii f''(X) B mpomeskyTkax, Ha KOTOPHIX HaiiIcHHEIE

KpUTUYECKHE TOUYKH JeNST 00nacth onpenenenus pynaxuuu Y = f(X). Ecim kputnueckas Touka

paszessieT IPOMEKYTKH BBITYKJIOCTH TPOTHBOTIOJIOXKHBIX HAIPABJICHHUH, TO OHA SBJISIETCS OOIMCCON
TOYKH Tieperuda rpaduka.
4. BoruncnuTh 3Ha4eHus QYHKIIUU B TOUKaX neperuoa.

IIpy BBLINOJHEHHH IPAKTHYECKOH padoThl PACCMOTPHTE CJIEAYIOIIHE IPHMEPDI:
IIpumep 1:
HccnenoBath QYHKIUIO HA SKCTPEMYM € HOMOLIBIO BTOPOM IPOM3BOAHON
f(x)=x2—9x% +24x-12.
1) Mpoussomuasa 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 - KpuTHYECKHe TOUKH.
3) Bropas npoussoanas f''(X)
f"(x) =6x-18.

4) VccrienoBaTh 3HaK BTOPOH MPOM3BOIHON B KaXKAOW KPUTHUECKON TOUKE:



f'(2)=6-2-18=12-18=-6 <0, 3Hauut, x = 2 ABIAETCA TOUKOH MAKCUMyMa
f'(4)=6-4-18=24-18=6>0, 3nauut, x = 4 ABIAETCA TOYKON MUHUMYMA.
5) Borunciaum 3Hauenust GyHKIMU B 9TUX TOYKAX:
fo. =f(2) =2%-90.224+24.2-12=8-36+48-12=8
fon = T(4) =43 =942 +24.4-12 = 64144 +96 —12 = 4
Orser: f,,,(2)=8; f.,(4)=4.

2. [Tpu BBEIIOJTHEHUH BTOPOTO 3aaHUSI PACCMOTPHUTE TIPUMED.

HaiiTn npoMexyTKH BBITYKIOCTH M TOYKH IIeperuda KpuBoi y = 6x2 — x°.

1)IIpoussoanas Y'

y'=12x —3x2.

2) Bropas npousBoanas Y
y'=12 - 6X.

3) Kputnueckue touku: Y '=0.
12-6x=0

—6x=-12

X = 2 - KpUTH4YECKasg TOYKa.

4) VccnenyeM 3Hak BTopoii npoussonnoil Y B mpomexytkax (—0;2) u (2;00).

y'(0)=12-6-0>0; y'(3)=12-6-3<0

X = 2 TOYKa neperuda

Haiiném Y(2)

y(2)=6.22 —23 —24-8-16.

Otser: Ha TpoMeskyTke (—00;2) kpuBas BBITYK/IA BHU3; HA MPOMexKyTKe (2;00) KpuBasi BBIIYKIIa BBEPX;
(2;16) - Touka meperu6a.

3. [Ipu BBINOJTHEHUH TPETHETO 3aJaHUSI PACCMOTPHUM MIPUMED.
Haiitn MmakcumanbHyt0 CKOPOCTh JBUKEHHS TOUKH, €CJIA 3aKOH MPSIMOJIMHEHHOTO IBHKEHUS 3a1aH

ypaBHenuem S(t) = —t% +9t2 — 2t —8 (S — B MeTpax, t —B ceKyHaax).
CKOpPOCTb JBMKEHHS TOUKH €CTh HepBast IPOM3BO/HAS IIyTH BO BPEMEHHU:
_ () — _2f2 _
u(t) = s'(t) = —3t% +18t — 24 (%)
Uccnemyem 3Ty QYHKIHIO HA MAKCHMYM M MHHHMYM C TIOMOIIbIO BTOPO¥ MPOU3BOIHOI:

v'(t) = " (t) = -6t +18

—6t+18=0
—6t=-18
t=3

v"(t) = (-6t +18)'=-6<0
Bropas npousBoHast OTpUIIaTENbHA, CIEI0BATEIbHO, CKOPOCTD ABJSETCS HauOOJIbIIEH NPy t = 3CEK.
Haiiném 3HaueHrEe CKOPOCTH B MOMEHT t = 3CEK:

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

Bonpocs! 111 3aKkpenJieHusi TEOPeTHYECKOro MaTepuaJia K NPAKTHYeCKOMY 3aHATHIO:
1. ITpaBm10 HaXOXKJICHHSI SKCTPEMYMOB (DYHKIIMHU C TOMOIIBIO TPOU3BOIHOM.

2. Kakue Touku (QyHKIMHU HA3BIBAIOTCS KPUTUUECKUMU?

3. Uto Ha3bIBaeTCs IKCTPEMyMOM (pyHKIUU?

4. B xakoM ciydae KpHuBas BBITYKJIasi BHU3, U B KAKOM Cllydae — BBepX?



5. IlpaBuna HaxoxaeHUs Touek neperu6a rpaduka Gynxmun Y = f(X).

CojaepikaHue oT4yera:

Ha3zBanue npaktuieckoit paboThl.

VYuebHas 1enb.

Pemenue 3a1anuii npakTuyeckoi paboThI.

OTBeThl Ha BOIIPOCHI /IS 3aKPEIICHUSI TEOPETUYECKOTO MaTepHasa.

Ilpakmuueckan paboma Ne 27 [IpumeHeHne Npou3BOAHON JIJIsi OTBICKAHUS HAMOOIBIIINX

1 HAUMEHBIIINX BEJIUYUH
I]ens: okazaTh MPUMEHEHHE MPOU3BOTHOM K PEIICHUIO TEKCTOBBIX 3a/1a4 Ha HAX0XICHUE HAMOOIBIINX
M HaMEHbBIINX 3HAUECHUHN.
UToOBI TOCTHYH 11€7T PAbOTHI, MOTPEOYETCS PEIIUTD CIEAYIOMINE 3a/1a4u:
U3YYUTHh HAYYHYIO U HAYYHO-METOAUYECKYIO JIUTEPATYPY IO TEME.
popaboTaTh TEOPETUUYECKYIO YACTh MaTepuaa.
1o00paTh M MpopeIaTh TEKCTOBBIE 3a7a4l Ha JAaHHYIO TEMY.

(pyHKuMU HA OTpe3Ke.

¥ ¥ ¥ ¥

f(x) f(x) f(x) f(x)

o T [ i

|
T A WB « 0la = x| b x a TR b x
| : - - I | 1

Puc.1 Puc.2 Puc.3 Pucd

KpaTkas TeopeTnueckasi YacThb (KOHCIIEKT BMECTE C pa300paHHBIMU NpuMepaMu). PaccMoTpuM, Kak
MIPOM3BO/IHAS UCTIOJIB3YETCS U1 HAX0XKACHUS HauOOJIBIIEr0 W HAMMEHBIIETo 3HaueHus QYyHKIMU Ha
otpeske. Hanbombiliee 1 HauMeHblIIee 3HaYeHUE HEMTPEPhIBHOM (PYHKIIMM HA OTPE3KE MOXKET OBITh KakK Ha
KOHIIaX OTPe3Ka, TaK U BHYTPHU HETo. ( B OTIMYHUE OT IKCTPEMYMOB (DYHKIIMH, KOTOPbIE Ha KOHIaX
MIPOMEXYTKa He MOTYT ObITh). Eciiu HanOoJibliee Wik HauMeHblIee 3HaU€HUE JI0CTUTaeTCsl BHYTPU
0Tpe3Ka, TO 3TO TOJILKO B CTAIMOHAPHBIX TOUKAX (20€ npouzsoo0nas paena 1ynio) Wil B KPUTHYECKUX
(20e npouseoonas ne cywecmseyem). bynem ux HaspiBath oJHUM ciioBoM «KpuTuueckue». PaccMotpum
PUCYHKHU.

Puc.1. Ha orpe3ok [a;b] momamatot nBe kpurnueckue Touku (X2 u X3). B Touke X2 Oymet HanboJbiiee
3HauYeHUE, B TOUKE X3 - HaUMeHblee. B JaHHOM ciiyyae HauOoJibllee 3HaYeHHe COBIAI0 C MAKCUMYMOM
GbYHKIMH, HAMMEHBIIIeE 3HAYSHUE COBMAIO ¢ MUHUMYMOM (QYHKIHH. Yuans (X2) ¥ Yiam (X3) .

Puc.2. Ha otpe3ok [a;b] monamaror tpu kputrueckue Touku (X1, X2 u X3). Haubounbliee 3naueHue
MOJIyYMIIOCH HA KOHIIE MPOMEXKYTKA B T. &  Yyans (@) , HAMMEHbIIIEE — B KpPUTUUECKOM TOUKe X3 :
yHaI/IM (X3) .
Puc.3. Ha otpesok [a;b] monmamarot nBe kputudueckue Touku (X1 u X2). B nanHOM ciy4ae HanbosbIiee
3Ha4YEeHHE COBIAIO C MAKCUMYMOM (YHKINH B TOYKE X2 :: Yiaus (X2), HanMeEHbIIIee 3HAYCHNUE MOJIYIHIIOCH
Ha KOHIIE MPOMEKYTKA B T. 0 1 Viauw (D).
Puc.4. Ha otpesok [a;b] momagator nBe kputndeckue Touku (X1 u X2). Hanbospiee u HauMeHblIee
3HAYCHUE OKA3bIBAIOTCS HA KOHIAX OTPe3Ka: Yyans (D), Yuamu ().

AJITOPHTM HAX HUA HANO0O0JbIICro U HANMMEHBIIICI0 3HAYCHUA HKIINN :f X) Ha OT K a'b

1. Haiamu npouseoduyio f “(X).
2. Haiitmu cmayuonapnvle u Kpumuueckue mouku (RpupasHamo npou3e00nyio K Hyjiio, mo ecnib

naumu f_(x)=0).




3. H3 nonyuennvix mouex eplopams me, KOmopule NORAOAON 6 3a0AHHBLI NO YCI06UI0 OMPE3OK.
4. Bouluucnume 3nayenue QYHKUUU 6 6blOPAHHBIX MOYKAX U HA KOHWAX NPOMENCYMKA.
5. M3 nonyuenmnvix uucen vlopamo camoe naubonvwiee Vy,qc u camoe naumensuiee V.
PaccmoTpuM nmpumepsl Ha JaHHYIO TEMY.
Ipumep 1. Haiitu nHauGoneiuee ¥ HauMeHbinee 3Hadenne Gynaxmun  f(X)= x* - 2x

—3 Ha otrpeske [ 0; 2]. B orBeT 3anucaTh HauMeHbIIee 3HAUCHUE.
Pemenue.

2

1. Haiimu npouzeoonyio f "(X).

fr(X)=(x*-2x*-3) =4x3-4x

2. Hatimu f “(x)=0.

4x3-4x=0 4x(x*-1)=0 4x=0 x*-1=0 x=0, x=1, x=-1

3. U3 momyuenHsix Touek X =0, x=1, x=- 1 BBIOpaTh Te, KOTOPHIC MMOTA/IAIOT B 33 JaHHBIN
oTpe3ok [ 0; 2].

0€[0; 2], 1e[0;2], -1ue €[0;2].

4. BeruuciuM 3HaueHHUE 3aJaHHON (QYHKIMH B BEIOpaHHBIX 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 wau6 (2) =5 T samm (1) =-4 OTBerT:

Mpumep 2. Haiitn HanGoubinee n HanMeHbIee 3HaYenne pyaxumn  F(X)= x3/

3-x2[2-2x+10 Ha orpe3ke [ -3; 3]. B oTBeT 3anmcaTh HanGoJIbIIEE

3HaA4YCHUE. (OTBeT OKPYTJIHUTH JI0 JECATHIX).
Pemienue.

()= (3 3-x2/2-2x+10) =x2—x -2
2. x2-x-2=0 D=(-1)%?-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
2€[-3;3], -1€[-3;3].

f2)=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)2 /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

=

P w

X 3] -1 2 3
f(x) 25 | 1117 | 67 8,5
fums(2) =11,17  fuamm (1) = 2,5 OtBer:

Ipumep 3. Haiitu HanOobIinee u HauMeHblee 3HaucHue ¢pyakmuu  f(X)=9 Cos X

+ 16X - 8 na otpeske [ -3n/2; 0]. B oTBeT 3amucaTh HauOOMbIIEE 3HAYCHIIE.
Peienue.

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



2. -9Sinx+16=0 -9Sinx=-16 Sinx=(-16)/(-9)=1,8 > 1 —ner
pemenus, Tak kak - 1 < SinX < 1. Kpurnueckux touek Her. Cpasy BHIIOIHIEM
IIYHKT 4.

3. Haiiziem 3HaueHue yHKIMU HA KOHIAX TIPOMEXKYTKA.
f(-3n/2)= 9 Cos (-3n/2 )+ 16 -( -3n/2) - 8 = 9Cos (n/2) - 247 -8 =
9:.0-24-3,14 —8=- 83,36
f(0)=9 Cos (0)+ 16 -(0)-8=9-1+0-8=1

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

f nane (0) =1 f wamv (-37/2) = - 83,36 OTBeT:
[pumep 4. Haiitn Hanbonpliee ¥ HanMeHbIee 3HadueHue ¢pyukmun f(X)=12tg
X — 12x+ 3n - 13 na orpeske [ -n/4; n/4]. B oTBeT 3amucaTh HaubomnbIIee

3HAYCHUC.
Penlenue.

1. (X)= (12tg X — 12x+ 3n—13)" =12/ Cos?x — 12+ 00
(Opumeuanue: npoussoanas ( 37)” = 0 Tak kak 5To NOCTOSHHAS BETMUMHA)

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

Cos?x=1 Cosx=1u CosX=-1. Honyunnu aBa npocreiimmx
TPUTOHOMETPUUECKUX YPABHEHHS, LISl KOTOPHIX UCIONB3yeM (pOPMYIIbI YACTHBIX CIIyYaeB.

Cos x =1 x=2nn, neZ. I[lpu n=0 x=21-0=0

Cosx=-1 x=mn+2mn, neZ Ilpu n=0 x=n+2n0=n
3. 0¢[ -n/4; n/4], n ue € [ -n/4; nl4].

f(0)=12tg0—-12-0+ 3w - 13 =12-0-12:0 +3-3,14 -13=-3,6

f(-n/4)= 12 tg (-n/4) — 12-(-n/4) +3m - 13 =12-(-1) + 3n +3n — 13=

-12 +6m -13 = -25 +6m = -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) | -616 | -36 1
f wane (7'5/4) =-1 f waum (-75/4) =- 6,16 OTBerT:

Penmites caMOCTOATENILHO.

1. Haiiti HauboblIee 1 HAMMEHBLIEE 3HAUEHUE (YHKIUH

f(x)= x3 +4x% - 3x - 12 na otpeske [ - 4; - 1]. B oTBeT 3anucaTh HauOOJIbIIEE
3HAYEHHE.

2. Haiiti HanGoblICe U HAUMEHBIIEE 3HAYCHHUE (YHKIMH

f(x)= x3 - 20x? + 100x + 23 na orpeske [ 9; 13]. B oTer 3anucars
Ha¥MeHbIlIee 3HAYCHHUE.

3. Haiitu HauGomnbliee U HAUMEHbIIEE 3HaUeHHE (DYHKIUHU



f(x)=27x- 13 Sinx +11 Ha otpeske [ -2m ; 0]. B oTBeT 3anucarh HauboObIICE
3HAYCHHUE.

4., Haiiti Han0oJIbIIEE ¥ HAMMEHBIIIEE 3HAUEHUE (PYHKIIUH

f(x)= 15tg x — 15x+ 4 Ha otpeske [ 0; n/4]. B oTBeT 3amucaTs HAaNMEHbIIES
3HAYCHHE.
OTBeTBI

l-fHaI/IM(_l) :'6 fHaH6('3):6 |§|
2. fuame (10) =23 f s (13) =140
3. fuanw (-27) =- 158,56  f yans (0) = 11

4. Fram (0) =4 Fraws (W/4) =7,2

Ilpakmuueckas paboma Ne 28: ViccnenoBanue u NocTpoeHue rpa@ukoB QyHKIIHIA ¢
MOMOIIBIO TIPOU3BOTHOM

[lenb— BbIpaOOTKa YMEHUI U HAaBBIKOB MPUMEHSTh MPOU3BOIHYIO JUIS UCCIIETOBAHUS CBOWCTB (DYHKIIUH,
noctpoeHus rpadukoB GyHkumii. PazBuTie yMeHuit paboTaTh CO CPaBOYHBIM MaTEpPUATIOM, YICOHHKOM.
3anauyn: 3aKOHCIEKTUPOBATH y4EOHBIN MaTepuai, UCCIeN0oBaTh (PYHKIHUU MPH MOMOIIM MPOU3BOJIHBIX,
MOCTPOUTH Irpapuk PyHKIUN, OTBETUTH HA KOHTPOJbHBIE BOIIPOCHIL.

Conepxxanue:

1. Teopernueckuii MaTepuall.

2. [IpakTryeckas 4acTb.

3. KoHTponbHbIE BOMPOCHI.

1. TeopeTnyeckuii MaTepuaJl

[TonsiTHEe MPOU3BOAHON — OJIHO U3 BaKHEHIINX B MaTeMaTtuke. C MOMOIIbIO IPOU3BOTHON, YUUTHIBAS
€€ MEXaHMYeCKHIl CMBICT (CKOPOCTh M3MEHEHHUs HEKOTOPOTrO Mpoliecca) U TeOMETPUUYECKU CMBbICH (YT-
T0BOM KOX(PUIIMEHT KacaTelbHOI), MOXHO pellaTh caMble Pa3HOOOpa3HbIE 3aJadd, OTHOCSIIUECS K
mo00i 00acTH YeNOBEUECKOH JesTeNbHOCTH. B 4YacTHOCTH, € TOMOINBIO MPOU3BOIHBIX CTaJIO
BO3MOXHBIM MOAPOOHOE HccleaoBaHne (QyHKIUI, Oojiee TOYHOE OCTPOCHUE UX TpaduKOB, HAXOXKICHHE
WX HauOOJBIINX U HANMEHBIIIUX 3HAYEHUH U T.1.

Hccaenopanue GyHKUMHA H NOCTpoeHNEe rpapuKoB pyHKIMH
IIpu noctpoenun rpadukoB (GyHKIUH ¢ TOMOIIBIO MPOU3BOJHBIX MOXKHO MPHUAEPKUBATHCS TaKOTO

TUIaHa:

Cxema uccieoBaHus QYHKIMHU:

1. HaxonaT o6nacth onpenaeneHust GyHKIUH.

2. BeisicHAIOT, gBnseTcs U (PyHKLUS YETHON WIIM HEYETHOM.

3. OnpenenstoT TOUKU nepecedyeHus rpaduka QyHKIHUH ¢ KOOPAUHATHBIMH OCSMH, €CITH 3TO BO3MOXKHO.
4. HaxoaT cTaloHapHble TOYKH (DYHKIIUH.

5. OnpenenstoT NPOMEKYTKH MOHOTOHHOCTH M IKCTPEMYMBI (DYHKIIHH.



6. Mcrionp3ys pe3yabTaThl UCCIIEAOBAHUS, COSIUHSAIOT TOTy4Y€HHbIE TOYKH TUIABHOW KPHUBOM.

OTOT 1UIaH UccieAoBaHus (PYHKIMK U MOCTPOEHUs ee rpaduka sBIsETCsS MPUMEPHBIM, €r0 HE BCEraa
HAaJ0 IPUAEPKUBATHCA IYHKTYaJIbHO: MOXKHO MEHSAThH NOPSAOK IIYHKTOB, HEKOTOPBIE COBCEM OITyCKaTh,
€CITM OHHU HE MOJXOAT K JaHHOW (PyHKIMHU. B 4acTHOCTH, €CITM HaX0XK/ICHHE TOUEK EPECCUCHHsI C OCSIMHU
KOOPAMHAT CBS3aHO C OOJBLIIMMH TPYAHOCTSMH, TO 3TOTO MOXHO HE AeJaTh; €cli (PYHKIUS YETHAs, TO
ee rpaduKk cHUMMeTpuyeH oOTHocuTenbHO ocu Oy, MO3TOMY JOCTAaTOYHO TIOCTPOUTH TpaduK s
MIOJIOKUTENBHBIX 3HAUCHUH apryMeHTa, NPUHAICKAIMUX OOJACTH OmpenesieHus (QyHKIUH, a 3aTeM
OTPA3UTh €r0 CUMMETPUYHO OTHOCUTENIBHO OCU OPAMHAT, U T.II.

3ananue Nel: UccaenyiiTe pyHKIMIO M IOCTPOJiTE ee rpadpuk,
f(x) =x? +2x - 3.

Pemenmue.
1. dynkIMs onpeseseHa Ha MPOMexyTKe (-00; +oo). Touek pa3pbiBa HET.

2. Umeem f(-x) = (-x)? + 2(-x) - 3 =x?- 2x - 3.
f(xX) = (x)? +2(X) —3=x> +2x- 3
OYHKIMS HE SIBIISECTCS HU YETHOM, HU HEYETHOM, TaK KaK
f(-x) # f(x) u f(-x) # -f(x).
3. Ecim x=0, y= 0%+2+0 —3= —3, (0;—3) Touka mepecedenus rpaduka ¢ ocbio opauHaT. Ecim y=0, To
x?+2x—3=0. (—3;0) u (1;0) — Toukn nepeceueHns rpaduKa ¢ 0ChI0 abCIHCC.
4, HaxomuM cranoHapHbie Touku QyHknun. Umeem y' = 2x + 2,

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

5. O6nacte onpeaeneHust GYHKIIUNA Pa3aeTUTCS Ha TPOMEXYTKH (-o0; -1) 1
(-1;+00). 3maku mpomsBogHON f(X) B KakIOM MPOMEKYTKE MOKHO HaWTH HENOCPEICTBEHHOM

HOI[CT&HOBKOIZ TOYKH U3 pacCMaTprUBa€MOI0o IIPOMEKYTKA.
Tak, f(-2) =-2<0, f(2)=6>0.

e

-1

»
Ll

CrnenoBatesbHO, B TPOMEKYTKE (-00; -1) pyHKIUS yObIBACT, a B IPOMEKYTKE
(-1;+00) — BO3pacraer.
IIpu x = — 1 ¢pyHKUMS UIMEET MUHUMYM, PaBHBIH

f(-1) = (-1)2 +2(-1) -3 =1-2-3 =-4,
6. OTMeuaeM HalilcHHbIE TOYKH B IPSIMOYTOJIBHOM crcTeMe KOOPAMHAT U COSANHIEM X TUIaBHOM
JIMHUEN.



3aganue Ne2: HcciaenoBarh pyHKINIO M NOCTPOUTH IPaduK:

Sx2+x+1

Y=

X
1. O6nacts onpenenenus: (—0,0) U (0,00).
2. OyHKIMs HA YeTHA, H HEYETHA, HETIEPHOIMIECKasl.
3. Touek mepeceueHus ¢ OCSIMHU KOOPANHAT HET.

5x2 -1
4. Tlpoussojnas: y'= -
X
5x2 -1
Haxoaum cranmoHapHble TOUKH QYHKIUU =
x
J5
0 x=+_—
XF X 5
V5 V5
+ ~F = =5 +
- o o
min

b
)

B

] 5
5. ®yHKIMs Bo3pacTaeT mpux € (—© ;_E) (? ;00) 1 yOBIBACT MpPH X € (_g :0) (0;

Makcumym GyHKIHU:(— g 1-24/5) MuHuMyM yHKIUH (? 1+2/5)

HafmeM MIPOMCIKYTKH BBIITYKIIOCTH U BOTHYTOCTH

3 3
10 — + 2x 2 2
v x 10x __‘ %20 x40
4 3 3
X X X

®ynxkius Borayra npu X € (0;0) u BbImykna npu X € (— 0 ;0)
6. [lns1 Goiee TOUHOTO MOCTPOCHUS rpaduka BO3bMEM KOHTpoubHbIe Toukd. Ecnu x=1, y=7 (1;7)
Ecmu x=—1, y=—5 (—1;-5)
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3ananme Ne3:
YueOnuk M.M.bammMakoB. Anrebpa u Hadajga MateMaTHYeCKOTro aHalin3a, reoMeTpusi. Mockaa.
«Axanemus» 2017. 3anste 6, ctp. 183-186. IlpouuTaiiTe U 3aKOHCIIEKTHPYHTE.

TpedoBanus Kk 0()OpMJIEHUIO IPAKTUYECKOI PadOThI
3aanue A1 BBITIOJHEHUS MPAKTHIECKOM PabOThI JOHKHO OBITh IEPEHECEHO B TETPaIb IS TPAKTHIECKUX

paboT.
B TeTpanyu 10oKHO OBITH OTpaXKEHO:
- Ha3BaHME MPAKTHYECKON pabOThI
- pellIeHME 3aJaHNi MPAKTUYECKON YaCTH.
- OTBETHI Ha KOHTPOJIbHBIE BOIIPOCHIL.
2. IlIpakTHyeckas yacTb

3ananue: UccaenoBarb QyHKIUIO M IOCTPOUTH ee rpaduk.

1 BapuanT 2 BapUaHT

1.y=x3-3x° +4 1L.y=x3 +3x% -4
2.y=x3—4x 2.y=x3 - 12x
3.y=x* -8 3.y=x* —2x

2 2

x +4 X

4.y= — 4.y=

X x+1

3. KoHTpobHBIE BONIPOCHI
1. Kakue mpoMeXyTKH Ha3bIBatOT MPOMEKYTKaMU MOHOTOHHOCTH (DyHKIUH?
. Korna ¢yHkuus Bo3pacraer Ha poMexyTKe?
. Korpa ¢ynkuus yosiBaeT Ha mpoMexyTke?
. Kakue Touku Ha3bIBaIOT TOUKAMHU SKCTpeMyMa (PyHKIMN?
. Kakue Touku Ha3bIBalOTCS CTALIMOHAPHBIMU?
. ChopmynupyiiTe 10CTaTOYHOE YCIOBHUE CYIIECTBOBAaHUS MUHMMYyMa B CTallMOHAPHOM TOUKe.
. ChopmynupyiiTe 10CTaTOYHOE YCIOBHUE CYIIECTBOBAaHUS MAaKCUMyMa B CTAllMOHAPHON TOUKE

~N o ok



Ilpakmuueckan paboma Ne 29: Haxoxaenue onTUMAIBLHOTO PE3YIIBTATA C TTIOMOIIBIO IIPOU3BOIHOM
B IIPAKTUYECKHX 3a/1a4ax. OU3N4ecKuil CMBICI IPOU3BOIHON B MPpOo(ecCHOHaNbHBIX 3a/1auax. Pemenne
3aja4 Ha (PU3HYECKHI CMBICT TPOU3BOIHON B IPO(PECCHOHANBHBIX 3a7a4ax

Heab: pemuTh 331249 Ha GU3HYECKUN CMBICT TPOU3BOIHOMN
Teopernyeckas 4acTb

®uznyeckuii CMbICT NPOU3BOAHOM 3aKIII0YAETCS B TOM, YTO IIPOU3BO/IHASL BBIPAXKAET CKOPOCTh
NPOTEKaHUsI POIIeCCa, ONMMChIBAEMOT0 3aBUCUMOCTHIO Y = f(X):
- €CJIM ATO JIBWKEHUE aBTOMOOMIIS, TO, TPUHMUMAs B KadecTBe (DyHKIIUU 3aBUCUMOCTD MTPOHAEHHOTO
paccTosiHUS OT BPEMEHH, C IIOMOILBIO TPOU3BOIHON MOJIy4aETCsl 3aBUCUMOCTh CKOPOCTH OT BPEMEHH;
- €CJIM K€ pacCMOTPETh B KaueCTBE (YHKLIMH MIHOBEHHYIO CKOPOCTh aBTOMOOWJIS, TO MTPOU3BOIHAS
3aJ1aeT U3MEHEHHUE €r0 YCKOPEHUS;
- €CJIM pacCMOTPETh (PYHKIHUIO, 33aJIAI0NIYI0 3aBUCUMOCTh 00beMa MPOU3BECHHON POAYKIIUU OT
BpEMEHH, TO NPOU3BO/IHAS MTO3BOJUT Y3HATh, KaK U3MEHsJIach CO BpPEMEHEM IPOU3BOIUTENBHOCTh TPY/Ia
Ha 3TOM TIPEIIPHSITUN;
- €CJIM pacCMaTPUBAIOTCS AIEKTPOMAarHUTHBIE BOJIHBI, TO MOTYT IOTPEOOBaThCS (DYHKIIMH,
XapaKTepHU3YIOIINe U3MEHEHUE CO BpEMEHEM 3JIEKTPUUECKOT0 M MAarHUTHOTO TOJIEH, a TaKKe UX
MIPOM3BO/IHBIE - CKOPOCTU U3MEHEHHS 3TUX I0JIEH, Be/lb BEJTMUYMHA MarHUTHOTO TOJISL IPONOPIUOHATIbHA
CKOPOCTH U3MEHEHHUSI 3JIEKTPUYECKOTO MO U T.11.
Pemas koHKpeTHbIE TEKCTOBBIE 3a]aul Ha CKOPOCTh MpoIiecca ¢ MPUMEHEHUEM ITPOU3BOIHOM, CleyeT 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
enuauiax [y/x].
CkopocTh MPSIMOJIMHEMHOTO JABMKEHUS MaTepUaIbHON TOYKH B MOMEHT BpeMeHH t eCTh MPOU3BOAHAS OT
MyTH S IO BPEMEHH t:

V() =S,

a YCKOpEHHE — MPOU3BOJIHASL CKOPOCTH 10 BPEMEHHU:
alt) =v'(t) = S”(1).
Ecnu dynkiust y = f (X) onucbiBaeT kKakoi-nm6o Gpundeckuii mpoiecce, To Mpou3BOAHAS )’ €CTh CKOPOCTh
MPOTEKAHUS ITOTO Ipoliecca. B 3ToM 3akioyaeTcs MEXaHUYECKUH CMBICT IIPOU3BOIHOM.
[Tpumepsr:
1. 3akoH mBMXeHMs Tena 3anaH popmymnoit S(1)=0,5t2 + 3t + 2 (S - B meTpax, t — B cexyHaax). Kaxoit
IyTh MpoiiJieH TesoM 3a 4 cekyHp1? KakoBa ckopoCTh IBUKEHHS B 3TOT MOMEHT BpeMEHU?
Pewenue:
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=7 (m/c
Omeem:7 m/c
2. IlycTh KOMYECTBO BEIIECTBA, BCTYIHUBIIETO B XUMHUCCKYIO PEAKIINIO, 331aETcs 3aBUCHMOCTRIO P(t) =
t2/2 + 3t -3 (monw). HaiiTu cKOpPOCTh XUMHYECKOH PeakIiu 4epe3 3 CeKyH/Ibl.
Pewienne:
v(t) =p’t) =t + 3 (moawv/c)
V(3) =3+ 3 =6 (monwv/c)
Omeem: 6monv/c
Xoa padoTbl
[lepepucyiiTe B TeTpaab U 3all0JIHUTE KIacTep-cXeMy (JaHHbIEe BOBBMUTE U3 TEOPETHUECKON YacTh):



—

CKOpPOCTb

BremomanTe MpCAJIOKCHHBIC 3a/IlaHH .

Bapuantl

dusuueckui
CMBICJT
MPOU3BOAHOMN

=>_ D

yCKOpeHue

Bapuant 2

Pemnts 3anauy

1.

3aKoH JBM)KEHUS Tela 3a/1aH popMyrnoi
S(t)=t3+3t-4(S-BmeTpax, t — B
cekyH1ax). Kakol mytb npoiiieH Teinom
3a 4 cexyHabl? KakoBa ckopocTh
JBYDKEHUS B 5TOT MOMEHT BpEMEHHU?

[Iycth momysmsiust 6akTepuil B MOMEHT t
(cex) HacumThiBaeT X(t) = 3000 + 100 t2
ocobeil. B kakoif MOMEHT BpeMeHU
CKOPOCTh pocTa MOMYJISIIUK OyJeT paBHa
600 ocoOeii B cexyHy?

O06bEM npoaykiuu V 1iexa B TEUCHHE
JTHS 3aBUCUT OT BPEMEHH I10 3aKOHY

V(t) = g 2+ %tz +50t + 70 (eo.).

Bbraucnute mpou3BoAUTENLHOCTD TPY/Ia
11 (t) B MoMeHT BpeMenu t = 2 gaca.

Mama ¢ JOYKO# TYJISUTH B MapKe.
JleBouka 3axoTesia MOKaTaThCs Ha
Kapycelsix, a MamMa peruia
choTorpadupoBath 109Ky. Bpamenue
Kapycelli COBEPILAeTCs 10 3aKOHY

g@)= % s — % t?. doTorpadus MOKeET

OBITH XOPOIIETO KauecTBa TOJIBKO MPH
yckopeHuu paBHOM 3 M/c?. B kakoit
MOMEHT BPEeMEHH HEOOX0IMMO CAENaTh
CHUMOK?

3aKoH JABM)KEHHUS Tela 3a/1aH popMynon
S(t)=t3-3t+4 (S-BM™erpax, t — B
cekyH1ax). Kakoil myTb npoiijieH Teiaom
3a 4 cexyHanl? KakoBa ckopocTh
JBYDKEHUS B 3TOT MOMEHT BPEMEHHU ?

[Tycts momysmsitst OakTepHii B MOMEHT t
(cex) HacunThBaet X(t) = 4000 + 200 t2
ocobeil. B kakoil MOMEHT BpeMeHHU
CKOPOCTh pocTa MOMYJISIUN OyIeT paBHa
800 ocobeii B cexyHay?

O06bEM npoaykiuu V 1iexa B TeUEHUE JTHS
3aBUCHUT OT BPEMEHH I10 3aKOHY

V() = g t3- 1_25t2 +50t + 70 (e0.).

BerauciuTe mpou3BoIUTEILHOCTD TPYy/Ia
11 (t) B MomeHT BpemeHnu t = 2 gaca.

Mama ¢ JOYKO# TYJISUTH B MapKe.
JleBouka 3axoTesa MoKaTaThCs Ha
Kapycelsix, a MaMa penruia
chortorpadupoBats 104Ky. Bpamenne
Kapycelld COBEPIACTCS 10 3aKOHY

g@)= 1_12 t3 -3 t2. dotorpadus Mosxker

OBITH XOPOIIETO Ka4eCTBA TOJIBKO MPH
yCKOpeHHH paBHOM 2 M/c2. B kaxoi
MOMEHT BPEMEHU He0OX0IUMO C/IeTIaTh
CHUMOK?

Ilpakmuueckan padoma Ne 30: 1lonsitue MHOTOrpaHHuKa. Bepiunsl, pédpa, rpaHu
MHOrorpanHuka. Pazséprka. MHororpanssie yrisl. Beinykiibie MHOrorpanHuku. Teopema
Diinepa.
3aganme 1: 3anucarh B TeTpaib MOHIATHUS MHOTOTPaHHUKA, BEPIIMHBL, peOpa, IpaHu; MPaBUILHOTO

MHOTI'OIrpaHHHUKA.

Mnozozpaunuk - TCOMCTPUYCCKOC  TCJIO, OI'PAHUYCHHOC CO BCCX CTOPOH
MHOT'OYT'OJIbBHUKaMH, HA3bIBACMBIMU SPAHAMU. CTOpOHBI rpaHeI71 Ha3bIBArOTCA peﬁpamu

IIJIOCKUMH



Brinmykipiii MHOTOTPAaHHUK HA3bIBACTCS HMPAGUIbHBIM, €CIIM BCE €ro IpaHu — IMpaBUIIbHBIC
0JIMHAKOBbIE MHOTOYTOJIbHUKU M BCE MHOTOTPAHHBIC YIJIbl MPU BepIIMHAX paBHbL. CyIIECTBYET 5 BUJIOB
MPaBUIILHBIX MHOTOIPAaHHHUKOB: TETPadp, Ky0, OKTa’ap, A0AEKadAP, UKOCAIP.

3aganue 2: 3anucarh B TETpaIb TeOpeMy Diliepa

Teopema 3itnepa 0 COOTHOUIEHHMM MEXJIy YMCIOM BEpIIMH, pedep M TpaHEil BBIIYKIOrO

MHOTOTpaHHUKa, 0Ka3aTeJIbCTBO KOTOPO Ditsiep omydnrukoBan B 1758 .
Bepwunwt + I'panu - Péopa = 2.

Bepwunwt + I'panu - Péopa = 2.

MHoOrorpanHuK BepummHbl I'panu | Péopa g/lc::MeTpnn g:;?;t:;;i
Terpasap 6 3 6

Ky6 12 9 9

Oxrayap 12 9 7
HMonexasap 20 12 30 15 15
Hxocarap 12 20 30 15 15

3ananmue 3. U300pa3ure TeTpa’ap, Kyd, OKTadAp U YKAKUTE I'PaHU, pedpa U BepPIINHBI.

3aganme 2: 3anucath B TETPalb HOHAMUE RPU3M, €€ ITIEMEHN 068

Ilpusma — 3mo MHO202PAHHUK, 08€ ZPAHU KOMOPO20 AGNAIOMCA PAGHLIMU MHOZ0Y20]IbHUKAMU,
HAXO0O0AWUMUCA 8 NAPAINEIbHBIX NI1OCKOCHAX, d OCHANIbHblE ZDAHU — RAPAIEN0ZDAMMAMU.
I'pann, KOTOpBIE HAXOIATCS B TMAapaJUICITBHBIX IUIOCKOCTSIX, HA3bIBAIOTCS OCHOBAHUSIMM TIPHU3MBI, a
OCTaJIbHBIC TPAaHH — GOKOBBIMH I'PAHSIMH TIPU3MBI

B 3aBucuMOCTH OT OCHOBaHHMS IPU3MBI OBIBAIOT:

Tpeyronpnas YeTbIpEXyroybHble [ectryronbHas

ITpu3ma ¢ GoKOBBIMH pEOpaMu, MEPIEHAUKYIIIPHBIMU €€ OCHOBAHUSIM, HAa3bIBAE€TCS MPSIMOI MPU3MOIA,
KaK B IPEJIbIIYIINX PUCYHKAX.



[IpsiMas mpu3Ma Ha3bpIBACTCS MPABUJIBHOM, €CJIM €€ OCHOBAHUS — IIPABWIbHBIC MHOTOYIOJIbHUKU.
[Ipusma, OokoBbie pEOpa KOTOPOM HE NEPHEHIUKYIISPHBI
OCHOBAHUSIM, Ha3bIBACTCS HAKJIOHHOM IPHU3MOM.

Paccrosinue MEXIY OCHOBAaHUSAMHU IIPU3MBI
HAa3bIBACTCS BbICOTOM IIPU3MBI.

e BpicoTa npsiMOIi MPU3MBI COBIIAJAET ¢ OOKOBBIM peOpOM.

e BpIcoTa HAaKIIOHHOW NPU3MBI — 3TO NEPIEHIAUKYJIAP,

IIPOBEACHHBIN MEK/ly OCHOBAaHUAMM IpU3Mbl. Hacto

NEPHEHANKYJIAP IPOBOJAT C OJJTHOM U3 BEPIINH BEPXHETO

OCHOBAHMH.

e be3 N0NoMHUTENBHBIX YCIOBUI HEBO3MOKHO ONPEIEIINTD, B
KAaKyl0 TOYKY IIPOEKTUPYETCS BbICOTA HAKIIOHHOM NPU3MBI.

Uro Takoe pa3BepTKa

) 10.31
>' 8 AN Pa3gepTKa MHOTOrpPaHHMKa — 3TO

durypa, coctaBneHHaa U3 MHOFOYro/ibHUKOB,

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

RO 1) IlepeuyepTuTe pasBepTKy Ha JHMCT KJIeTJaTO# Oymarw, yBeJIW4YWB TaK,
uT0OBI CTOPOHA KAMXA0ro Ksaapara Oewia passa 3 cm (doro I).
2) BrmipexxpTe GHUrypy #u3 OymMarm M CJOMKHTE, KaK IOKAa3aHO HAa
dororpadbuu 2. ¥V Bac nonyuurca Kybd (doro 3).

BbINOJIHUTE TECT IO TEMe:
Tect no reme «MHOrOrpaHHUKI
Bapuanr 1
1. MHOrorpanHuK — 3TO TeJO, TOBEPXHOCTh KOTOPOT'O COCTOUT U3:
a) mapasuiesorpaMMoB
0) MHOTOYTOJIBHUKOB U TPEYT'OJIbHUKOB
B) MHOTOYTOJIbHHUKOB
I') MHOTOYTOJBHHKOB U MapajuieIorpaMMoOB
2. Ecnu OoxoBble pebpa Npu3Mbl NEPIECHAUKYISIPHBI K OCHOBAaHUSM, TO TIpU3Ma
Ha3bIBACTCS
a) MpaBUIIBHOMN
0) mpstMoit



B) HAKJIOHHOMU

I) NEePHEHAUKYISIPHOU

. JlmaroHanb MHOrOrpaHHUKA — 3TO OTPE30K, COETUHSIOIMIMA

a) Jro0ble JBE BEPIIMHBI MHOTOI'PaHHUKA

0) /ABe BEPIIMHBI, HE IPUHAAJICKAIINE OJHON I'PaHU

B) JIB€ BEPIIMHBI, IPUHAAJIEKAIINE OJHOU rPaHU

I') JBE BEPILIHUHbI, OJJHOTO OCHOBaHUS

. KonnuecTBo pedep 1mecTuyroabHOM Npu3Mbl

a) 18

0) 6

B) 24

r) 12

. Haumensliee ynciio rpaneit mpu3Msl

a) 3

0) 4

B) 5

r) 6

BapuanT 2

. IToBepXHOCTH MPU3MBI COCTOUT U3

a) JBYX MHOTOYTOJIBHUKOB, PACIIOJIOKEHHBIX B IBYX PABHBIX IUIOCKOCTAX U KOHEUHOTO
yucia napauieJorpaMMOB

0) JABYX paBHBIX MHOTOYT'OJIbBHUKOB U KOHEUHOTO YHCIIa MapasuieorpaMMOB

B) JBYX PaBHBIX MHOTOYT'OJIbHUKOB, PAacIOJI0KEHHBIX B IBYX IJIOCKOCTSIX U KOHEYHOTO
yucia napauieJorpaMMoB

I) ABYX PaBHBIX MHOT'OYT'OJIBHUKOB, PACIIOJI0KEHHBIX B MAPAJIIENBHBIX IIOCKOCTIX U
KOHEYHOT'O YHCJia MapaiesiorpaMMoB

. IIpaBuiibHas mpu3Ma — 3T0

a) Mpu3Ma, OCHOBaHUEM KOTOPOM SIBIISETCS MPaBUIbHBIA MHOTOYTOJIbHUK

0) mpu3Ma, OCHOBaHHWEM KOTOPOH SIBISIETCS PABHOCTOPOHHHM TPEYTOIbHUK

B) IpsiMas Mpr3Ma, OCHOBAHUEM KOTOPOIl SIBJISIETCS MPABUIBHBIA MHOTOYTOJIbHHUK

I) npsMas Npu3Ma, OCHOBAaHUEM KOTOPOH SIBISETCS KBaapaT

. BBICOTOM NpU3MBI Ha3bIBACTCS:

a) OTPE30K, COCIHMHSIOIINI JIB€ BEpUIMHBI IPU3MBbI, HE IPUHAJIECKAIME OJTHON IrpaHu

0) OTpe30K, COeAMHSIONTNH JIBE BEPIIUHBI, TPUHAJICKAIINE OTHONU TPAHH

B) pacCTOSHUE MEXAY IUIOCKOCTSMH €€ OCHOBaHUM

I') PAacCTOSITHUE MEXKIY ABYMsI OOKOBBIMU I'PaHsIMHU

. KonnuecTBo rpaneil mieCcTuyroJibHOM NPU3MBbI

a) 6

6) 8

B) 10

r) 12

. Hanmensiee uncio pedep npu3Msl

a) 9

6) 8

B) /



r) 6

Kpurtepum ouenku: «5» 6aJijioB — 5 BEPHO BBINOIHEHHBIX 33 JaHUN
«4» Ganna — 4 BEpHO BBINOJHEHHBIX 33/IaHUS
«3» Oanya — 3 BEpHO BBIMIOJHEHHBIX 3aJIaHUS

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

Ilpakmuueckaa paooma Ne 31: Tlpusma. [Ipsimas u naknonnas npusma. [IpaBunbHas

npusma. [apannenenunen, Ky6. CoiicTBa napaienenunena
ens paboTsr:
1) [ToBTOPHUTH M 3aKPETTUTh BUJIbI IPU3M U HX CBOKCTBA.
2) BeipaboTath yMeHHUsI J€1aTh K 3aja4aM I'PaMOTHBIC YSPTEKH.
3) BeipaboTaTh yMeHHsI M HABBIKU TPH PEIICHUH TeOMETPHUYESCKUX 3a/1a4 1o Teme «[Ipu3may.
O6opynoBaHue: KapTa UHAUBHUIYATLHOTO 3aJaHUsI, MUKPOKAIBKYISITOP.
J11s1 BBITIOTHEHUS TIPAKTUYECKOHM pabOThI UCTIOJIB3YHUTE CIICAYIONINE CBEICHUS:
e Eciu 60koBble pedpa Mpu3Mbl MEPHEHAUKYISIPHBI OCHOBAaHUSM, TO NMPU3Ma Ha3bIBaeTcs MPSIMOMU, B
MIPOTUBHOM CJIy4ae HaKJIOHHOM.
e [[psimas mpu3Ma, B OCHOBAaHUH KOTOPOH JIEXKUT MPABUIIbHBI MHOTOYTOJIbHUK, HA3bIBAETCS MPABUIILHOM.
o [leprieH UKy, OMYIIEHHBIHN U3 TI000M TOUKH BEpXHETr0 OCHOBAHUSA HA IJIOCKOCTh HUKHETO OCHOBAHUS,
HA3bIBAETCS BBICOTOW MPU3MBL. Y NMPSAMO U MPaBUILHOMN MPU3MbI BBICOTA paBHA OOKOBOMY peOpy.
e JluaroHaipio mpHU3Mbl Ha3bIBaeTCA JII0OOOM OTPE30K, COCNMHSAIONIMN JIBE HE JIeXkKAalllue B OJHOW rpaHH
BEPLIMHBI [IPU3MBI.
e J/luaroHajqbHOE CEYEHHUE - 3TO CEYEHHUE, KOTOPOE MPOXOIUT Yepe3 OJHY U3 JAUArOHAJIeH OCHOBAHUS U
O00oKOBOE pedpo.
[Mapannenenunen. Hanbonee yacTo BCTpeyaromMMcsl BUJIOM IPU3MBI SBISETCS mapaienenumnesn. Omp.
[Tapannenenunenom Ha3bIBae€TCA IPU3Ma, B OCHOBAHUU KOTOPOU JIEXKUT MMApauIeIOTpaMM.
e Bce rpany napasuienenuriesia - napauienorpaMMsl.
e [lapannenenumnen, 60KOBbIE p&Opa KOTOPOTO MEPIEHIUKYISPHBI K INIOCKOCTSIM OCHOBaHHI, Ha3bIBAETCS
npsamMbeiM.  (OcHOBaHME TPSIMOTO Mapajiielenuiea — MapaierorpaMmMm, a OOKOBbIE€ TpaHU —
MPSIMOYTOJILHUKH ).
e [IpsaMoll mnapajuienenumnen, B OCHOBAaHMM KOTOPOTO JIEKUT NPSIMOYTOJIBHHUK, Ha3bIBAECTCSA MPSIMO-
YTOJIBHBIM Tapajulelienune oM. Bce rpaHu NpsMOYroJIbHOIO MNapajijiesienuIena - NpSAMOYTOJBHUKH.
JmuHbl TpEX pedep MpsAMOYroJIbHOTO Mapajliesienunea, BIXOAAINE U3 OJHOM BEpIIMHBI, HAa3bIBAIOTCS
€ro U3MEepPeHUIMHU (JUIMHOM, IUPUHOM, BBICOTOH).
KBazpar [MHBI AMaroHaau MNPSMOYTOJBHOTO NapajulelENUIeNa PaBeH CyMMeE KBaIpaToB 3-X €ro
u3Mepenuii: a? + b? + ¢ = d.

Bapuant 1
1. Cxounbko pé€dep y MeCTUYrOJAbHOM MPU3MBI?
2. Kakoe HauMeHbl1Iee YUCII0 paHeil MOKeT UMeTh npu3ma?
3. lan ky0 ABCDA1B1C1D1. KakoBo pacrionoskenne npsmbix BiD1u AC ?



4. TlepneHnuKyAsp, TPOBEACHHBIA M3 KaKOW-HUOYIb TOYKHA OJHOTO OCHOBAaHUS K IUIOCKOCTH JIPYrOTro
OCHOBAHMS, HA3bIBACTCH. ..

5. CTropoHa OCHOBaHMS MPABWIBHOW YETHIPEXYrOJbHON mpu3Mbl paBHa 12 cwm. [luaroHanb mpu3Mbl
oOpa3yer ¢ IIOCKOCTBhIO OCHOBaHms yroy 45°. Haiigure 60koBOe peOpo mpHU3MBbl.

6. B mpsaMoyronpHOM mapaiieNienune e CTOPOHbl OCHOBAHUS paBHBI / ¢cM W 24 cM, a JUaroHaib

napajuienenunesaa - 5v29 cM. Hailtu nioniaap 1uaroHajibHOIO CEUEHUs apauieenunesa.

7. B mpsiMmom napasuienenunesie ¢ BbicoToi 15 M croponsl ocHoBanust ABCD paBHbI 2 M 1 4 M, THaroHaib
AC paBHa 5 m Haiiaute miomanp TuaroHaJIbHOTO CEUEHUs MapajUieienumnesa, MpoXoIsiero 4epes
BepmuHbl B u D.

Bapuant 2
1. Ckonbko rpaHeil y 1eCTUyroJIbHON NMPU3MBbI?
2. Kakoe HanMeHbIIIee 9uciIo péoep MOKET UMETh pu3ma’?
3. Tpu pebpa mapaenenumnena paBael 6 M, 8 M u 10 M. Halinure cymmy e Beex ero péoep.
4. Tlpsimas mpu3Ma Ha3bIBAeTCs MPABUIILHON, €CJIM €€ OCHOBAHMUSI. ..
5. Haiinute IMHY IuaroHaiau OpsIMOYrOJIbHOTO MapajuleNienuiesia, U3MEpeHns KOTOPOro paBHbI 2 cM, 3
cM U 4 cM.
6. B mpssMom mapasenenuiee CTOpOHbl OCHOBAHHS PaBHBI 3 CM M 5 cM, a 0JIHA U3 TUAroHaie — 4 cMm.
MeHbITast TMaroHanb napajulelenuena ¢ II0CKOCThI0 OCHOBAaHHS cocTapiseT yroa B 60°. OnpenenuTs
JaroHaJIy napajuiesenunena.
7. B mpsimoM mapasuienenunene 6okoBoe pedpo 1 M, ctoponsl ocHoBaHus 23 1M u 11 nMm, a AuaroHamu
OCHOBAHHUS OTHOCATCA Kak 2:3. Hainnre mromany IuaroHaabHBIX CEUCHHI.

Ilpakmuueckan paboma Ne 32 DneMeHTHl TUPAMUJIBI, ITWIHHAPA, KOHYCa, chepbl U
mapa. Pemenue 3amau
Hean:
JupakTuyeckas - cnocoOCTBOBaTh POPMHUPOBAHUIO  YMEHHI U HABBIKOB IIPH PEIICHHUH
3a/1a4 10 BBIYMCIICHHIO TIIOIIAIN MTOBEPXHOCTH IHJIMHJIPA U KOHYCA.
BocnuTaTtenbHast - TOBBIIICHUE HHTEPECA K MPEMETY.
PasBuBaliuas - pa3BUTHE MPOCTPAHCTBEHHOTO BOOOPaKEHUSI.
Hean: popMupoBanre yMeHUH U HABBIKOB IIPU PEIICHUH 33/1a4 HAa BBIUYMCIICHUE TIOIIAIN
MOBEPXHOCTH MIJIMHAPA U KOHYCA.
3agaum:
1. YMeTb IpUMEHSTH ()OPMYJIbI BEIYMCIICHHS TUIOMIAIN TTOBEPXHOCTH IJIMHJIPA U KOHYCA.
2. YMeTh peniaTh 3a1a49M Ha BBIYMCIICHUE TIOIAIH ITOBEPXHOCTH IIMIMHIPA U KOHYCA.

®opmupyemblie komnerenmun: OK 1-5.

OcHameHne: METOIMYECKUE YKa3aHHUS 110 BBITTOJIHEHUIO TPAKTUYECKON pabOThI.
1. TIlpoBepka roTOBHOCTH BBIIIOJHEHUSI TPAKTUUYECKON paOOThI:
@ponmanvHwviu onpoc.
3aKOHYUTH MPEAJIOKEHHE:
1. HunuHapoM Ha3bIBAa€TCS TEJIO, KOTOPOE COCTOUT U3. ..
2. KonycoMm Ha3pIBaeTcs T€I0, KOTOPOE COCTOWT U3 ...
3. O0pa3yroriei MUIMHAPa Ha3bIBACTCS OTPE30K, COSTUHSIOIIHH ..
4. O6pa3yroleid KOHyca Ha3bIBA€TCsl OTPE30K, COCTMHSIONTUH ..
5. PaanycoMm nunuHapa U KOHyca Ha3bIBaeTcs ...



6. OcHOBaHMEM LWJIMHJIPA U KOHYCA SIBISETCA ...

/. BbICOTOM LIMJIMH]Ipa HA3bIBAETCS OTPE30K COSAMHSIONIH . . .

8. BbicOoTOl KOHYyCa Ha3bIBAETCS OTPE30K COCTUHSIONIUM ...

9. ITnomaab MOBEPXHOCTU HUJIMH/IPA BBIUUCISETCS.

10. I1nomaas NOBEPXHOCTH KOHYCA BEIUUCISAETCS ...

11. [lTapom Ha3bIBAETCS TEJIO KOTOPOE COCTOUT U3 ...

12. I1noma b TOBEPXHOCTH 11apa BBIYUCIISIETCA. ..
2. CooO1ieHue TeMbl 3aHATHSI, POPMYTUPOBKA 00YUAIOITUMCS 1IN 3aHITHSI.
3. OOyyaromuecs MOJYyYarOT TETpagud IJsl MPAaKTHUYECKOW padOThl W METOIUYECKHE
yKa3aHMsl 110 BBIMOJIHEHUIO MPAKTHYECKOW pabOThl, 3HAKOMSITCS C TIOPSIKOM BBIMOJIHEHUS
(npunoxenue 1).
4. ObOyyaromuecs BbIMOJHSIIOT TPAKTUUECKYIO paboTy.
5. CooO1ieHne JoOMaIIHero 3aJaHusl.

MeToauyeckue yKa3aHus M0 BHIMOJHEHHIO MPAKTHYECKO# padoThl Ne 32
Tema: Beruncnenue miomnaan MoBEpXHOCTH IWIMHAPA, KOHYCA, Iapa

ean ypoka: Crioco6cTBOBaTH (POPMUPOBAHUIO YMEHUH 1 HABBIKOB 110 BBIYMCIICHHUIO
TUTOIIA/IMA TIOBEPXHOCTH IIUJIMHAPA, KOHYCa, 11apa.

IIpomoxuTEeIbHOCTH: 2 Yaca.

Oo0yyarmuiicsi 10J15KeH 3HATD:

- OCHOBHBIE 3JIEMEHTHI IIWIIMH]Ipa, KOHYCA, 111apa;

- (hopMyIIBI BBIYMCIICHHUSI IIJIOIAIM TTOBEPXHOCTH LMIMHAPA, KOHYca, I1apa.
Oobyyarmuiicsi 10J1°KeH YMeTh:

- BBIYHUCIIATH IJI0MIA s OOKOBOM IMOBEPXHOCTH IMWJIMHJIPA U KOHYCA;

- BBIYHCIIATD IJIOMIAAh TOBEPXHOCTH IIapa.

- BBIYHCIIATH IJIOMIAb TOJHOW TOBEPXHOCTH MUIUHAPA U KOHYCA;
PexomMeHaanum 1o BoINMOJIHEHUIO MPAKTHYECKOH padoThI:

1. IIpouTuTe 3agaHue.

2. 3anuImTe yCIIOBHUE 3a/1a4H.

3. 3anumuTe KpaTKo JaHO

4. BpINOJHUTE PUCYHOK.

5. 3anuIuuTe pElIeHUE U OTBET.

Kpatkue Teopernuyeckue mosaoKeHHUs:

Hununap (puc. 1.18) Komnyc (puc. 1.19)
[Tnomanb OOKOBOM MOBEPXHOCTH: [Tomanbs 60KOBOM MOBEPXHOCTH:
Spoe = 2TRH . S = RL.
[Lnomaae mMogIHONM MOBEPXHOCTH: [momaas NOJTHOM IMTOBEPXHOCTH:

S0 = 27RH +27R", S e = TRL + 7R,



Puc. 1.18 Puwec: 119

Ilap
[Tnomaas moBepxHOCTH S 1 00béM V 11apa
pamuyca r ONpeneNstoTcss GopMyIaMu:

« S = 4?Tf
. S: ?Td
V= am®
. = 3?T’r
3aoaua 1.

[Tnomanb OOKOBOM MOBEPXHOCTH MWJIMHJIpA paBHA 21 7, a AUAMETp OCHOBAaHHS pPaBeH 7.
Haipgure BoicOTY UimmHApA.

Pemenue.

BricoTa nununapa p)aBHa

B — -Srﬁmc _ Sﬁnx _ 21w _q.
2R D T

OTrBerT: 3.

3aoaua 2.

ITnomaas OCHOBaHMS KOHyca 36w cM?, a ero oopasyromas 10 cum.
BrruncnuTh 60KOBYIO TOBEPXHOCTH KOHYCA.
Pemenue.
3Has TI0IIa b OCHOBAHUS, HAMJIEM €T0 paauyc.
S=nR?, 36x=nR?, R%?=36, R=6
[Tnomanbk 60KOBOM MOBEPXHOCTH KOHYCa HalIeM 110 hopmyJie:
S=nRl, rme R -paguyc ocHoBaHus , |- AnnHa obpa3sytowen,
oTKYAa

S=m-6-10 = 60m

OTBeT: 60 cM2.

3aoaua 3. O6bem mapa paBer 288 . Haiiaute muomaas 60KOBOM MOBEPXHOCTH KOHYCa
BIUCAaHHOTO B map. OCHOBAaHWEM KOHYCA SBISACTCS OOJBIIHAIA KPYT.

Penrenue.

4
V = _—nR®
OG6beM miapa paauyca I Berancisercs mo popmyie 3 , OTKYJla HAalJIEM paJInycC

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%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%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

3V [3.2887

= §2 =TT
R ‘l' by ‘lf 4w G_
[normans 6OKOBOM MOBEPXHOCTH KOHyca paBHa S =niRl, | = RV2. creoBatensHo S =
m6 - 6V2 = 36V2n Otset:36V2n

3aoaua 4. Okono mapa onucaH HWJIMHAP, MJIOMAb TOBEPXHOCTH KOTOPOIO paBHA
18. HaitauTe miomiaabr MOBEPXHOCTH IIapa.

@ Pewenue.
' [To mocTpoennto paanycel mapa U OCHOBaHUs LUIMHAPA paBHbl. [lnomans
MOBEPXHOCTH WJIMHJIPA, C PAJANYCOM OCHOBaHMS I ¥ BEICOTOM 2I paBHA
!‘ S = 25,04 + Sgox = 27r* + 2wrh = 2wr? 4 27r - 2r = 6w’
.1
TInoma b MOBEPXHOCTH MIApa paguyca r paBHa ~ — 47 1o ecTh B 1,5

pasa MEHbLIE TUIOIIAAN NOBEPXHOCTH HUIUHApa. Cle10BaTeNbHO, TUIOIIAb TOBEPXHOCTH
mapa pasHa 12.
OTtBeT: 12.

3amaHus 1151 NPAKTHYECKOI padoThI

1 BapuanT

1. IInomanb 0ceBOTO CEYEHHs MPSAMOro KpYTioro winHapa paBHa 24. Haiinurte muomanb
€ro OOKOBOI MOBEPXHOCTH.

2. Beicota nunuHapa 61M, paanyc ocHoBaHus 5am. Haiinure 60KOBYIO MOBEPXHOCTD
[WIHHIPA.

3. lnaroHasiab OCEBOTO CEYCHUS IIMIMHIPA HAKJIOHEHA K IMJIOCKOCTH OCHOBAHUS O] YTIIOM
60° u paBHa 20 cM. HaitauTe mutomiaas 60KOBOM MOBEPXHOCTH IMJIMHJIPA.

4. BricoTa KoHYyca paBHa 6, oOpa3yromias papHa 10. Halinqure momanb 60KoBOMH
MOBEPXHOCTH KOHYCA.
. 5. O6pazyromast koHyca paBHa 18 ¢cM 1 HaKJIOHEHa K

IJIOCKOCTH OCHOBaHUs 1o yriiom 60°. Halinure romranm
IIOJTHOM ITOBEPXHOCTH KOHYCA.

6. Bo ckoJIbKO pa3 yMEHBIIUTCS TUIOIIAIb OOKOBOM
MOBEPXHOCTH KOHYCA,

€CJIM paJInyC €ro OCHOBaHUS YMEHbIINUTH B 1,5 pa3a?

7. Bo CKOJIbKO pa3 yBEIMUUTCS 00BEM I1apa, €CIIU €T0 PaaNycC
YBEJIUYUTH B TpU paza?

8. Paguycel Tpex mapoB pasusl 6, 8 u 10. Haitaure pagmyc
mapa, 00beM KOTOpOTO paBeH CyMMe MX 00bEMOB.

9. [Mnomaae GobiIoro Kpyra mapa paBHa 3. HaiiauTe miomaab moOBEpXHOCTH MIapa.




10. O6bem mapa paBeH 972 . Haiinure miomaas €ro HoBepXHOCTH.
11. Oxouio mapa onuca UUIMHJP, IJI0IIA b TOBEPXHOCTH KOTOPOTO

paBHa 81. Halinure TUIOIIA/Ib
MTOBEPXHOCTH Iapa.
12. B xy0 ¢ pebpom 3 BIIMCAH I1Iap.
Haiinure mmomans [IOBEPXHOCTHU
ATOTO MIapa.
3a kax10e 3a/JaHue MPAKTUIECKOW paboTHI moiyyaeTe 2 6aioB.
Ommemxa Yucno bannos,
Heobx00umoe 05l NOJYYEeHUsL OMMEMKU
«3» (y008.) 8-12
«4» (xopowo) 13-20
«5» (omauuno) bonee 20
2 BApUaHT

1. ITnomaab oceBOro ce4eHus MPSIMOT0 KPyIJioro uinHApa paBHa 4. Halinure miomanb
OOKOBOU TOBEPXHOCTH IIJIMHJIPA.

2. JlnaroHayb oceBoro cedeHus nuauHapa 13 cM, BeicoTa ScM. Haitaure miomaas
OOKOBOU TOBEPXHOCTH IIJIMHJIPA.

3. JlMaroHaib OCEBOTO CEUYCHHMS IIMINHAPA paBHA 8V2 ¢M U 00pasyeT ¢ IIOCKOCTHIO
ocHOBaHMs yroJ 45°. Haliiute mioiaab MOJHON MOBEPXHOCTH UJIUHPA.

4. Pagnyc ocHOBaHMS KOHYcCa paBeH 3, BbicoTa paBHa 4. Halimure momans O0KOBOM
MMOBEPXHOCTH KOHYCA.

4 5. B konyc, BeicoTa kotoporo 20 cMm, BMCaHa MUpaMua.
OcHOBaHHUEM MTUPAMU/IBI SBJISETCS TPSAMOYTOJIBHUK CO CTOPOHAMHU
18 cm u 20 cm. Haitaure 0Opasyromiyto U painyc OCHOBaHHUs KOHYcCa,
IUIOIA]Ib IOBEPXHOCTH KOHYCA.

6. ITnomaape oceBoro ceyeHus konyca pasna 0,6 cm?. BeicoTa KoHyca
paBHa 1,2 cM. BeIUMCIUTH IJIONIA/b MOJHOW MOBEPXHOCTH KOHYCA.
7. Bo CKOJBKO pa3 yBEIUYUTCS TLIOMIAAb IOBEPXHOCTH IIapa, €CIu
€ro paJinyc YBEJIUYUTh B J[Ba pa3a?

8. Paguychl nByX mrapoB paBHbI 6, 8. Haiinure panuyc mapa,
IJI0IA/1b IOBEPXHOCTU KOTOPOTO paBHA CyMMeE IUIOIIAJEH X TOBEPXHOCTEH.

9. [Mnomaae Gonbiroro kpyra mapa pasHa 1. HaiiauTe miomaas moBEpXHOCTH MIapa.

10. O6wem mapa paBeH 36 =. HaliguTe miomaab ero moBepXHOCTH




11. OxkoJo mapa onucaH MWIKMHAP, IJI0IIAAb TOBEPXHOCTU KOTOPOTO

mapa.

12. Okono ky6a ¢ pebpom V'3 onmcan
map. Hannure mromanb MOBEPXHOCTH 3TOTO

3a kax0€ 3aJaHue MPaKTUYECKOW paboThI Moay4daere 2

paBHa 54. Halimure miomaabs NTOBEPXHOCTH 1Iapa.

OaJIoB.
Ommemxa Yucno 6annos, 0151 Noay4eHus ommemxu
«3» (y008.) 8-12
«4» (xopowo) 13-20
«5» (omauuno) bonee 20

Bonpocsl 1i1st caMOKOHTP OIS

1. Kak BBIUHCIISIETCS TIOMA b TOBEPXHOCTH ITUIHHApPA?
2. Kak BbIYMCIISIETCS TIJI01IA/1h ITOBEPXHOCTH KOHYyCa?
3. Kak BbruucsieTcs mioia b MOBEPXHOCTH I1apa?

Ilpakmuueckan paboma Ne 33: OnipeneneHre U GU3NIECKUNA CMBICT BEKTOpa
[lenb: 3aKpenuTh YMEHUS U HABBIKUA HAXO0KIACHUSA KOOPAMHAT BEKTOPA, IJIMHBI BEKTOPA, YIiia MEXIY

BEKTOpaMu

,HJ'I?I JaHHBIX ITap BEKTOPOB BBLIMTOJIHUTE ,Z[GﬁCTBI/I?IZ

1) maiizure KOOpAUHATEI BeKTOopa d + b,

2) HalizuTe KOOpAMHATHI Bektopa 2 a  — 3b™;

3) HaliauTe JUIMHBI BEKTOPOB

ub’

4) HaiiuTe CKAISPHOE NPOU3BEICHUE BEKTOPOB @ U b~ ;

5) maiinure Cosa MeXIy BEKTopamMu a_ U b~ .

1 Bapuanrt

2 BapuaHT

3 BapuaHT

a) a(1;1;2)ub"(5;4;3)
0) a’(1;0;,—=7)ub"(4;4;7)
B) a’(7;0; 1) ub"(7;—6;6)

a) a’(1;0;2)ub"(7;5;4)
0) a’(3;4;0)u b (7;1;0)
B) a'(2;7;-5)ub"(57;3)

a) a(57;2)ub(7;2;-5)
0) a’(=2;4;5)ub"(5;4;7)
B) a'(5;5;2)ub"(7;4;3)

4 BapuaHT

5 BapuaHT

6 BapuanT

a) a(1;0;—-1D)ub(1;1;4)
0) a’(=7;5;0)ub(6;0;1)
B) a'(2;7; 1) ub"(5;4;3)

a) a(=2;4;5)ub(7;5;4)
0) a’(-3;2;5)ub"(2;5;3)
B) a'(1;6;—-5)ub"(6;1;3)

a) a(=3;—4;5)ub(4;3;0)
6) a’(3;2;0)ub(0;5;1)
B) a'(1;3;—4)ub(57;2)

7 BapuaHT

8 BapuaHT

9 Bapuant

a) a(=3;1;4)ub"(1;4;6)
0) a’(=2;54)ub"(5;7;4)
B) a’(=3;54)ub(7;0;1)

a) a(1;1;0)0ub(1;2;2)
0) a’(2;7;5)ub"(=5;2;-7)
B) a'(3;1;2)ub(54;1)

a) a’(L,-1;2)ub”(7;-2;1)
0) a’(=3;4;,-5)ub(51;7)
B) a(5;7;2ub"(-7;4;3)




10 BapuanT

11 papuanT

12 BapuanT

a) a’(5;—-2;1) ub(4;0;3)| a) a’(5;—1;2) ub(6;—2;5)| a) a’(4;1;2) ub(—4;0;-5)

6) a’(=7;2;3)ub(2;2;0) | 0 a(=543)ub"(2;44) | 6 a(-3;40) ub"(5-1,7)

B) a’(8;0;1) ub(0;4;-2) | B a’(5;0;4) u b (3;4;-3) B) a’(5;0;2) ub”(6;4;—3)
13 BapuaHT 14 BapuanT 15 BapuanT

a) a(6;—-1;3)ub(0;-2;5 a) a(-2;-1;1)ub(6;2;-5 a) a(5—-4;2)ub(2;-3;5)

0) a’(=5;0;3)ub7(2;7;4)| 6) a(-3;4;,-3)ub (4;1;4)| 6) a(—4;4,-3)ub(1;—-1;4

B) a'(5;-1;4)ub(0;3;3) B) a(—=3;0;7)ub(5-4;2)| B) a(50;4)ub(2;4;-2)
16 BapuaHT 17 BapuanT 18 BapuanT

a) a’(5-1;2) ub(0;-7;9 a) a'(2;,-1;9ub(6;-2;1)| a) a’(1;—-1;2) ub ' (6;—2;4)

0) a’(=2;1;3)ub”(7;1;1) | 6) a (=540 ub"(-2;3;7)| 6) a’(=50;3)ub"(2;—1;4)

B) a'(=2;0;4)ub"(3;2;-5) B) a(7;0;1)ub(2;4;-2) B) a’(2;0;4)ub (5 —4;3)
19 BapuanT 20 BapuaHT 21 BapuaHTt

a) a’(4;1;-2) ub(-3;2;5 a) a’(5;—-2;0) ub(1;-2;4)| a) a’(7;—1;2) ub(2;2;-5)

0) a’(-1;0;3)u b7 (2;7;4)| 6) a’(—3;53)ub(2;0;—-4)| 6) a’(-3;1;3)ub(2;6;0)

B) a'(2;0;—4)ub"(1;-1;3 B) a(3;0;—4)ub"(4,—4;1)| B) a'(8;0;1)ub"(3;—4;1)
22 BapuaHT 23 BapMaHT 24 BapuaHT

a) a’(2;,-1;2) ub(5;-2;(0 a) a’(5;—1;2) ub(1;-3;5)| a) a’(9;—1;2) ub(1;-2;4)

0) a’(-1;1;3)ub"(2;—4;4 6) a’(—4;5;3)ub(6;0;4) 0) a’(—6;1;3)u b (2;7;3)

B) a'(2;0;—4)ub(7;2;-3) B) a(4,0;,-3)ub"(-2;-3;1 B) a'(4;,-1;3)ub"(3;4;-3)
25 BapuaHT 26 BapuaHT 27 BapuaHT

a) a(4;-1,1)ub"(2;-1;5 a) a(51;-5ub(—-1;2;1)| a) a(5-1;3)ub(2;-1;5)

0) a’(—4;1;3)ub7(2;3;4)| 6) a’(5;4;,-3)ub(2;0;4) 0) a’(=5;1;-3)ub"(2;7;0)

B) a(7;0;—1)ub"(3;—4;3) B) a(1;0;4)ub"(3;—4;4) B) a’(—4;0;4)ub"(-3;1;3)

Ilpakmuueckan paooma No34.:

CrnoxxeHne 1 yMHOKEHHUE BEKTOPA HA YHUCIIO

Lemns:

chopMUPOBATh y CTYJACHTOB YMEHHE HAXOJAUTh KOOPIUHATHI BEKTOPA;
MIPOU3BOIUTH ACUCTBUS HaJl BEKTOpaMU (CIOKEHUE, BHIYMTAHUE, YMHO)KEHHE BEKTOpa Ha YHCIIO),
BBIYHCIISATH CKaJSIPHOE MPOU3BECHIE; BBIYUCIATD YTOJI MEXKIY BEKTOPAMU; HAXOTUTH MPOEKIUIO

BCKTOpPa Ha OCb.

HpI/I BBIINNIOJIHCHHUH HpaKTquCKOﬁ pa6OTBI CTYACHT NOJI’KCH 3HATh:
® OIIPCACIICHUS: BEKTOPA, MOAYJIb BEKTOPA, pPaBHBIC BEKTOPA;

e paBuiia paboThI C BEKTOPaMU;

¢ yCJIOBUA IICPIICHAUKYIIIPHOCTHU U KOJINIMHECAPHOCTH BEKTOPOB,

¢ CKAJIAIPHOT'O ITPOU3BEACHHU A BEKTOPOB.

CTy,[[eHT HAOJIKCH YMCTh!:
® HaXOUTb KOOPAWHATBI BEKTOpa

® BbIYHCJIATH CKAIIPHOC ITPOU3BCACHHNC,

® HAXOOUTB YIOoJI MCKY BEKTOPaAMHU,

® HAXOOUTD MPOCKIUIO BEKTOPA HA OChb.

HOpH,Z[OK BBITIOJTHCHHUA pa60TBII

1.H3y‘II/ITB TeOpCTI/I‘{eCKI/II‘;I MaTepual 1o TeMC ((BCKTOpa B ITPOCTPAHCTBEY.

2.PaCCMOTpeTL MPUMEPBI PCIICHUS TUITIOBBIX 3aJlaHMH.

3. OTBeTHTH Ha KOHTPOJIbHBIC BOITPOCHI.

4. BBITIOJIHUTH CAMOCTOSITETTLHYIO PadoTYy.



5. CmaTth OTYET 1O MPOJICIAHHOM padoTe.

Teopernueckast 4acTh :

ARSI B W 2 RETRS AW AR,
ITycTh B TpEXMEpPHOM NPOCTPAHCTBE 3a/1aHbI BEKTOPSI vz by, e{niyizsg
CBOMMH KOOp/IHHATAMH.

1). Croxcenue 1BYX BEKTOPOB NPOM3BOHTCA MOMIEMEHTHO, To ecTh eci € — @ +b , TO B KOOP/IHHATHO}
(opme 3anuchiBaeTCs:

cfxy vz} =y sz Hxgs sz ={x x50, 0,52+ 2,)

2) YMHOKEHHE BEKTOPA HA YHCI0.

B ciydae n-MepHOTO NpoCTpaHCTBa NPOH3BEICHHE BEKTOpA @ = {a; ; @2; ... ; @) M 4Hcaa k MOXKHO HaiiTH
BOCMOJIb30BaBIIHCh ClIeyomei opMyIIoii:

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

ITpumep 1. Haiitu nponssenenne Bekropa p|= {1; 2} Ha 3.

Pemenne: 3 -E= 3+ 1:3+2¥=143;6}.

3). Koopauuars BekToOpa.

Bekrop AB 3anannbiii koopanHaramu Todek A(Ax ; Ay ; Az) u B(Bx ; By ; B2) MmoxkHo HaitTi
BOCIIOJIb30BaBIINCh clejtytomieit popmysoi

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}={2;-3; -4}.

4)/lmna BexTOpA.

Alxy o 2)) o B(xy 950 2)

Ecin naub! 1Be TOUKH npocTpaHCTBa 272/ 1o pammy otpeska A5 mokHO BErHCIMTH

i T and T
I — |4B|= \f(x, = x)" + (v = )" +(2,-2,)

Ipumep 3

s BT .
Jlaub! Touky A=33) y B0-3) | Hajirw jumny otpeska A5
Pemenne: no coorsercTBytomieit popmyse:

( U2 2 2 = (7 - o [
AB|= (1= (=3))" + (=3-5)" = (4 +(=8)" = [16+64 =/30 = 4./5

AB|: 4\.{"5 en 3,94 en

Orser:
5. CxansipHoe npou3Be/ieHHE BEKTOPOB

CkajasipHbIM NPOM3BEICHHEM BEKTOPOB HA3bIBACTCS NPOM3BEACHUE UIMH BEKTOPOB HA KOCHHYC Yriia
MEXK/Ty HHMH.

asb = |a|+|b|+coso .
a
@
b
6. U3 hopmyIibl U1s CKAISPHOTO NPOM3BEICHHS MOKHO HANTH YIOJI MEAAY BEKTOPAMH:
3eb LR R AAB
cos ¢ =

*=1alB1 W T
lale|b]| Xivys ® \’xb*}b



(7
6. U3 popmysbl u1s CKaIsSPHOTO NPOU3BEICHHS MOKHO HAHTH YroJl MeK1Y 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: HaﬁllCM CKaJBIpHOC IMMPOHU3BCICHHC BCKTOPOB:
ab=3-4+4-4+0-2=12+16+0=28.

Haiiiem Moy/iH BEeKTOpOB:

lal=V3?+4>+ 0>=V9 + 16 =V25=5

b =V4* + 4% +22=V16+ 16 +4=36=6

HaiiieMm yron Mexay BeKTopam:

ab 28 14

la|-b] 5-6 15

cos @ =

Ccos a =

HpaKm uueckasn uacmo.:

Bapuanr 1

Ne

it Ha3panue onepanun ®opmysi

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

4 Buruncants  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,
cepeauna orpeska AB. C(¥*c y.;z.) «x = i - i
y _N ¥ & + I,
¢ 2 Ve 2
Touka A (5:0:-3).  ToukaB (-1:4;-7) Haxoaum
5 | Haiitu koopunate: Bextopa | KOOPAMHATLI BEKTOpa AB | M3 koopamuar koHua
BBIYHC/IHTH KOOPAHHATHI HA4A/Ia BEKTOpPA
AB {x; — x4 :y, —¥1, 2, — 24}
a{3,-2.0
6 | HaiiTu aauny BekTopa (—
y P Ia‘l = |x2 ¢ yZ + z2
7 Buruncianrs ckaasipuoe | af-2;3;7), B{—9;0; 2}
NPOHM3BEIEHHE BEKTOPOB G- D=xXy "X +Y1 Vs +24 22
@2:0:1),  bf-3:1:2)
8 Haiitn kocuHyc yriaa mexay P X1 X +y1°Y2+24-25
BEKTOPAMH J xi+yi+z3 -\/x§ +y2 +22
g | Ilpn kakux sHadenmsx M u gfmz:;‘ln' 2, b{l;n:2)
n 9 =—==—=k
BEKTOPBI KOLTHHEAPHBI? | 3= 3= 7 -
IlposepbTe af-4:0: 1}, b{2;7;8)
10 NEPHEHAHKYIAPHOCTD X1 Xo+Y1"Va2+24-25 = 0 - yCJIoBHE
BEKTOPOB nepHeHIHKYJISIPHOCTH BEKTOPOB
Bapuant 2
Ne
iilii Hassauue onepanun Dopmyibi
@;-3:4),  bE1:2:0)
1 Haiitn cymmy BekTopos
d+bfx; +x; ¥ +yy: 2042, )
a@;-5:7),  b3:-1:2)
2 HaiiTu paznocts BeKTOpOB
E‘b[xx — X3 ¥1-Y2:21-25
3 Haiitn nponsseaenne | a{-2;4;0}, & —uucao é = -4
BEKTOPA HA YHCI0 dafé - x; 8y;62)
Touka A (=3:1:2)  ToukaB (2;-3;1) Touka C-
cepeauna orpeska AB. C(Xc,y .z,)
4 Boiuueants  KOOPAHHATHI
CEePECAHHBI 0TPE3KaA Xy +2x; Y1+ V2
X, = 2 ’ ¢-='—2 b _:l+:’
-(. e 2




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

—
5 Haiitn koopanuathl | Haxoaum koopaunats sextopaAB, M3 koopaunar
) BEKTOPA KOHIA BLIYHCIHTH KOOPAHHATHI HAYAIA BEKTOPA
—
AB {x; — x4 ¥y -¥4, 25 — 24}
a(0,2,-2}

6 HaiiTu iiny Bexkropa
) P | = ’x2+y2+22

a(-3:2:9), b{-7:0;3)

- Buiuncianrsb cKaasipHoe
NPOH3BEICHHE BEKTOPOB

- =
a-b=x;-x4+y1" V242423

a{4:1;0), b{-5:3;1)
8 Haiitn  kocunyc yriaa
MEALY BEKTOPAMH R .. .. tY1'y2+24°2;
VX2 +yi+22 -\ x3 +y: + 22
. =)
Ipu kakux 3mauennsx m | afm:5:3}, b{2;n;4)
9 H n BEKTOPBI | .  y 7,
KOJLUIHHeApHbI? Xy = I - zZ, =k
-’ —
"pOBepre a[O, ‘3; 2}. b(9'4l 6}
10 | nepnenankyasipHocTsh
e Xy*X3+Yyy zy-2,=0 a '
BEKTODOB 1 2 yl yZ % 1 2 .‘CJI()BHQ
NEePHeHNKYJISPHOCTH BEKTOPOB

Kpurepuii onenku: «5» - 9-10 3amanuit; «4» -7-8 3ananuii; «3» -5-6 3amannii

Ilpakmuueckan paboma Ne35:
Paznoxenue Bekropa. [loHsATHE KOMIUTIAHAPHOCTH

I_le.]IBI YMETh IMPUMCHATE OCHOBHBIC OIIPEACIICHUA U TCOPEMBI 110 TEME «PaznoxeHue BEKTOpa 110
TPEM HCKOMILIAHAPHBIM BEKTOpam» IIpu 00O0CHOBAHHM dTAIOB pe€UiCHuA 3aga4; YMCTh BBIIIOJTHATE YEPTCIKU
I10 YCJIOBHIO 3aaa4u, IOHUMATh YCPTCIKHU, HAXOAUTH HAa YECPTEKAX BEKTOPHI, YMCTh PaCKIaAblBaTh BEKTOP
II0 JaHHBIM BCKTOpPaM, UCIIOJb3Yys IMPABHUJIO IapaUICIICIIUIICAa, IIapajuiejiorpaMmMa, TpE€yrojlbHuKa, 3HaTb
OIIPCACIICHUC KOJUIMHCAPHBIX U KOMILIAHAPHBIX BEKTOPOB.

OOopynoBanme: TeTpaab A MPaKTUYECKHX paboOT, pydyka, MPOCTOM KapaHjall, JWHEHKa,
METOIUYECKUE PEKOMEHIAINH 0 BBIIIOJIHEHUIO Pa0OTHI.

MeToanyeckue peKOMEeHAMHU 10 BHINOJHEHHIO MPAKTHYECKOH padoThI:

3aganue Nel. [lan xy0 ABCDA; B, G Dy ¢ pebpom m. Touka K — cepeauna pedpa B1G. pasnomurs

= <+
BEKTOP AK o BEKTOpaM a=ABb=AD,c= M"l.

Pemenue: nocrpoum 3aaaHHbli Kyo (puc. 1).



\/

oJ

Puc. 1.

—+ - =
Bekropamu 2 u b 3anaercs mockocTs KBajpara ABCD Tpetnii BekTop © HeE JIEKUT B ITOM ILIOC-
- =
KOCTH, OTCIO/Ia 3aKJIFOYAEM, YTO TPH 3aIaHHBIX BEKTOpA 2, by,c HEKOMIUIAHAPHBI, U MBI MO’KEM BBIPA3UTh
— —

yepe3  HUX  HCKOMBIH  BEKTOP AR Haiinem BEKTOP AK 1o [paBWIy  MHOI'OYIOJIbHHU-
e e - e

ka. AK =AM + A4 B +BK Bexrop Ay o YCIOBHIO 0603HAYMIH KaK BEKTOP® . BCKTOpAi Bi co-

AB

TJIACHO CBOMCTBAM Ky0a paBeH BEKTOPY “*, 0603HAUCHHOMY 33 BEKTOp -
e —_—

Bexrop BtE cocrasmser monosuny Bextopa B1| tax kax touxa K — cepemmna peGpa Bt“t no
— 1——
B:LH. =7 Bicj_ B Cl 9 AD
YCJIOBHIO: = . BeKTOp 11+ coracHO CBOMCTBAM KY63, paBC€H BCKTOPY ) O603Ha‘-ICHHOMy
i = = 1
E M{=M1+A1B1+B1K=C+a+_b
Kak BekTop . Mmeem: :

Tak, 3a7aHHBII BEKTOpP BBIPAXKEH 4Ye€pe3 TPU HEKOMIUIAHAPHBIX BeKTOpa. OCTamoch HAWTH €ro
JUIAHY.

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

et = —_— — = —_—
MPOMU3BOJIbHAA TOYKA MPOCTPAHCTBA. Pa30XUTh BEKTOP OM o BekTOpaM 2 = GA, b=0B, c=0C
(puc. 1)
/£ B\
// \.\‘\
/ B‘ N\
//’ i \
Ay M N\
A . c
Puc. 2.

O
CornacHo IpaBuiLy TPEYrOJbHUKA OM=0A+AM=a+ AM

[Ipommum otpe3ok AM no mepecedenus co ctoponoit BC tpeyronpHuka (pUCyHOK 3), TOTYyYUM
TOYKY Ay CepeaHy 3TO¥ CTOPOHBI (Touka M MO yCIIOBHIO TOUYKA MEPECeUYCHUs MEAUaH TPEyroJIbHUKA).

KpOMe TOTO0, BCIIOMHHUM CBOMCTBO MCJIMaH TPECYroJIbHHUKA: MCIUAaHbI TPEYT'OJIbHUKA IICPECCKAOTCA B O,[[HOﬁ
e F—

AM =ZAA

TOYKEC, KOTOpasd paCcCCKACT UX B OTHOILICHHUU 2:1, cqrTas OT BEPUINHBI. TaK, HNMEECM: 3




Puc. 3. JlononHUTEIRHOE IOCTPOCHHUE K 3a/1a4€ 2

AA, = AB+BA, & AM == (AB + BA,)
CHOBa IpUMEHUM IIPABUIIO TPEYTOJIbHUKA! 3
— A

AB=b-—a

1 1

— 2 1 1

mi=2(5oz+le-n)) < li-Z+ L
3 2 3

— 1- 2 1 1 —

oM =E+§h—gﬁ+53=§(§+h+3}

3agaHus 119 caMoOCTOSITeIbHON padoThI:

Bapuanrt Nel Bapuant Ne2

3ananue Nel. Jlan ABCDA1B1C1D1 —
napatenenunen. Toukn K u T — cepenuHbl
pedep BC u D1C1 coorBeTcTBEeHHO. Paznoxure

BekTopel: a) A C; 6) ATKT; B)
1) C A0 DK ) BT )
A7 KT

no Bekropam C° B, C D™, CCT

3apanue Nel. Jlan ABCDA1B1C1D1 —
MapaJUICIETTATIE. [Tpruuem AK:KB=3:2,
AiT: TD1=1:4. Paznoxwure BexTopel: a) A~ K ;
0)
AT B)ACT ) DT ) DK
) AT CTT k) KT
no Bekropam A” B~ 7, AT DT, AT AT

Touka M
tpeyronsauka ABC, mpuuem D™ AT =a’,

B»

D”7CT=c”. Pa3noxure Rl

I e ]
o BeKTopam: a ,b ™, c .

© NN E

ol
N PO

3amanue Ne2. Jlan ABCD — Tetpasp.
Touka T — cepemuna pedbpa CB, H - Touka
nepeceueHuss MenuaH TpeyroiabHuka ABC.
Pa3noxxute BEKTOPHI:

QD" T, 6) AT T 7;B)CT H ™
no Bekropam: C~ A”,C B ,C D7,

3apanue Ne2. J/lan ABCD — terpasp.
TOUKAa TE€pPeceyeHus] MeIuaH

a) DM 6) AR
B)ATMT

KoHnTpoabHble Bonpockl (OTBETHTE MMCEMEHHO):
JaiiTe ornpenenieHue BEKTOpa.

JlaiiTe onpeniesieHne HyJIEBOIO BEKTOPA.

Jaiite onpenesieHue NJIUHBI BEKTOpA.

Jaiite onpezeneHue KOJUIMHEAPHBIX BEKTOPOB.

Cdopmynupyiite mpaBuiIO TPEYTrOJIbHUKA JUISI CII0’KEHUS! BEKTOPOB.
CohopmynupyiitTe npaBuiio napajieaorpamma Jjisi CJ0KeHHs BEKTOPOB.
JlaiiTe onpenenenyre pasHOCTH BEKTOPOB.

JlaiiTe onpeneneHue YMHOXKEHUU 1 BEKTOpa Ha YUCIIO.

JaiTe onpeneseHre KOMIUIAHAPHBIX BEKTOPOB.

Chopmynupyiite mpu3HaK KOMIUTAHAPHOCTH TPEX BEKTOPOB.

. Cchopmynupyiite mpaBuio napauienenunesaa.
. Chopmynupyiite TeopeMy O pa3ioKeHUH BEKTOPA 110 TPEM HEKOMILJIAHAPHBIM BEKTOPaM.



Ilpakmuueckasa paooma Ne36:
JlekapToBbl KOOPJAMHATHI B MPOCTpaHCTBE. KOOpAMHATEI BEKTOpPA, PACCTOSHUE MEKIY
TOYKAMH, KOOPAUHATHI CEPEANHBI OTPE3Ka

Lenb: 3akpenuTh NOHATHE AEKAPTOBBI KOOPIMHATHI B IPOCTPAHCTBE, OTPA00OTaTh HABBIKU PaOOTHI C
(bopMynaMu pacCTOSHUS MEKAY TOYKAMHU, KOOPIUHATAMH CEPEIMHBI OTPE3Ka

Teopernueckas 4acThb:

KoopaunaTs! Ha MJIOCKOCTH M B MIPOCTPAHCTBE MOYKHO BBOJUTH OECKOHEYHBIM YHCIIOM PA3TUYHBIX
CIIOCO0OOB.

Pemras reomerpuueckyro, QpU3NYECKYI0, XUMUYECKYIO 33/1a4y MOKHO HCIIOJIb30BaTh Pa3IMYHbIC
KOOPJIMHATHBIE CHCTEMBI: MPSAMOYTOJIbHYIO, MOJISIPHYIO, LUJIMHApPUYECKYlo, cdepuueckyro. (ITokas
MoJenel KpUCTAJUIMYECKOH peléTKY MOBapEeHHOM COJIH)

B 00611eo0pa3oBaTeibHOM Kypce U3ydaeTcsi IpsMOYIroJibHas CUCTEMa KOOPAMHAT Ha IJIOCKOCTH U B
npocTpancTBe. MHade e€ Ha3piBaroT JlekapToBOM CUCTEMOW KOOPAMHAT 110 UMEHHU (PPaHIly3CKOTO yIEHOTO
(bpmocoq)a Pene [lexapra (1596 — 1650) BiepBbie BBEAIIETO KOOPAUHATH B TEOMETPHUIO.

Pene JlexapT poawiics B 1596 . B ropoie Jlas Ha rore @paHimu, B JBOPSHCKOH
cembe. Orery xoten caenath u3 Pere odumepa. s atoro B 1613 r. on oTnpaBuin Pene
B [Tapux. MHuoro net npunuiocs JlekapTy npoObITh B apMHUH, Y4aCTBOBATh B BOGHHBIX
noxonax B l'omnanaum, ['epmanuu, Benrpumn, UYexnn, Mrtanuu, B ocaae Kpenoctu
ryrenoToB Jla-Pomranmu. Ho Pene untepecoBana dpunocodus, hpuznka u MmaTemMaTHKa.
Bckope mo mpuesne B Ilapuk OH MO3HAKOMWICS C y4eHUKOM Buera, BHIHBIM
MaTeMaTUKOM TOTO BpeMeHH — MepceHoMm, a 3aTeM U C APYTUMHU MaTeMaTuKaMu
Opanmuu. bynyan B apmum, Jlekapt Bce cBoe cBOOOJHOE BpeMs OTAaBaNI 3aHATHSIM
MaremMaTukol. OH wu3yumn anreOpy HEMEUKHX, MaTeMaThKy (QpaHIY3CKHX U
IPEYECKUX YUEHBIX.

[Tocne B3situs Jla-Pomamu B 1628 1. Jlekapt yxoaut u3 apmuun. OH BEJIET yeIMHEHHBIN 00pa3 KU3HH
C TeM, 4TOOBI peaTM30BaTh HAMEUEHHbIE OOIIMPHBIE TIIaHBI HAYYHBIX padoT.

Ounocodekre B3MIAnbl JlekapTa HE COOTBETCTBOBAIM TPEOOBAHMSAM KAaTOJIMYECKOH IIEPKBH.
[Tosromy on mepecenwics B ['osanauto, rae npoxuna 20 net, ¢ 1629 no 1649 r., HO uU3-3a TOHEHUH
NMpoTeCTaHTCKOM LepkBU B 1649 1. mepeexan B CrokronsM. Ho cypoBbeiii ceBepHbiii kiaumat llIBeruun
okazaiics s JlekapTta ryOUTeIbHBIM, M OH yMEp OT IpocTyabl B 1650 .

Hexapt Obl1 KpynHemuM ¢uiaocopoM U MaTeMaTHKOM CBOEro BpemMeHH. B ocHoBe ero
¢dbunocodum nexan marepuanusMm. CambiM H3BECTHBIM TpyaoM [lekapra sBisercs ero “I'eomerpus’.
JlekapT BBEN cHUCTEMYy KOOPIHMHAT, KOTOPOH MOJB3yIOTCA BCe M B Hacrosimiee Bpems. OH ycTaHOBUI
COOTBETCTBUE MEXJy YUCIAMHU M OTpPEe3KaMHU MPSMOW U TaKUM 0Opa3oM BBeEINl anreOpanyecKkuii MeTo.l B
reOMEeTpHI0. DTH OTKphITUA JlekapTa Jany OrpOMHBIN TOMYOK Pa3BUTUIO KaK T€OMETPHU, TaK U APYTUM
paszzmenaM MareMaTukd, onTuku. [losBUiIach BO3MOMKHOCTH H300pakaTh 3aBHCHUMOCTh BEIUYUH
rpaduyecKku Ha KOOPAMHATHON IJIOCKOCTH, YHCIIA - OTPE3KaMU U BBITIONHATH apupMeTHIEeCKUe NeHCTBUS
HaJ OTPE3KaMH U JAPYTMMH T€OMETPUYECKUMU BETMUMHAMU, a TAKXKE PA3THUYHBIMH QYHKIHUSIMH. ITO OBbLI
COBEPIICHHO HOBBIN METO/I, OTJINYABIINICA KPACOTOM, U3SIIECTBOM U MPOCTOTOM.

CeronHs Ha ypoKe Mbl MPOJAOIHKUM M3yYEHUE JEKAPTOBOM CUCTEMbI KOOPAMHAT, U TIOKAXEM, UTO
KOOPAMHATHI B MPOCTPAHCTBE BBOAATCS TaKK€ MPOCTO, KAK U KOOPAUHATHI HA MIIOCKOCTH.

B cBoé Bpems Pene [lexapt ckazan: ... OTOMKH OyqyT OGarofjapHsl MHE HE TOJIBKO 3a TO, 4TO 5
CKazajl, HO M 3a TO, YTO 51 HE CKa3aJl U TEM CaMbIM J1aJl UM BO3MOXHOCTb U YIOBOJIbCTBHE TOJAYMATHCS A0
3TOTO CaMOCTOATENbHO . S MpeoCTaBI0 BaM BO3MOXHOCTb M YAOBOJILCTBUE Pa300paThCs ¢ 1eKapTOBOH
CUCTEMON KOOPAMHAT CAMOCTOSITENIBHO.

Onpenenenne 1. Eciu yepe3 TOuKy MpoCTpaHCTBA MPOBEAEHBI 3 MONAPHO NEPIEHAMKYISIPHbIE
npsIMble, Ha KQKJI0M U3 HUX BBIOpAaHO HalpaBlieHUE U BbIOpaHa eIMHHIIa U3MEPEHHSI OTPE3KOB, TO TOBOPAIT,
4TO 3aJaHa MPsSMOYIOJIbHAsl CUCTEMAa KOOPAWHAT B IPOCTPAHCTBE.



Onpenenenue 2. [Ipsvbie ¢ BBIOpaHHBIMH Ha HUX HAIIPABJICHUSMU HA3bIBAIOTCS OCAMH KOOPIUHAT,
a ux obmias Touka — HagasioMm koopauHat. OHa o6o3Havaercs OykBoit O. Ocu KoopanHAT 0003HAYAIOTCS
tak: Ox, Oy. VX Ha3bpIBaIOT: OCh a0CIHCC, OCh OPJIMHAT, OCh alTuIMKaT. Best cucrema o6o3Havaercst Oxyz.
Onpenenenue 3. Tpu miockocTu, NPOXOASIIME COOTBETCTBEHHO Yepe3 ocu koopauHaT Ox u Oy,

Oy u Oz, Oz u Ox - koopauHaTHBIE TWOCKOCTH. MX 0603Havator Oxy, Oyz, Ozx.

Touka O paszzmensier KaKIyo U3 OCeH KOOpAWHAT Ha 2 Jy4a, OJWH U3 HUX — IOJIOKHTEIbHAS
MI0JIyOCh, PYrOi — OTpUIATEIbHAS TIOTYOCh.

Onpenenenue 4. B npsMoyrojibHON cucTteMe KOOpAMHAT KaKJOM Touke M mpocTpaHcTBa
COIIOCTAaBIISIETCS TPOMKA YHCEN, KOTOPHIE HA3hIBAIOTCA €€ KOOPIMHATAMH.

[IpoBenem vepe3 Touky M TpH IJIOCKOCTH, MIEPETIEHANKYIISIPHBIE K OCSIM KOOPAWHAT, U 0003HAYNM
yepe3 M1, M2 u M3, Touku nepeceyeHus 3TUX MIIOCKOCTENH COOTBETCTBEHHO C OCAMHU abcuuce, OpAUHAT
u anmukar. M1 — aGerucca, M2 — opnunara, M3 — anmuinkara Touku M. KoopaunaTs! Touku M
3anuceiBatoTesa: M (X; y; z), X — abciucca, y — opauHara.

[IpakTnueckas padora

1. Chopmynupyiite oTIn4Ke AEKapTOBOI CUCTEMBI KOOPJMHAT Ha IJIOCKOCTU U B TPOCTPAHCTBE

2. HazoBuTe ocu koopanHAT Ha IIockocTH? HazoBuTe ocn koopAuHAT B mpocTpancTBe? Ha3panwue,
KaKoi ocu Mbl He n3ydanu? (3HaKOMCTBO C HOBBIM CJIOBOM ‘‘alIijIinKaTa’)

4. Kakue miocKoCTH paccMaTpUBAIOTCS B INITAHUMETPUH (B IPOCTPAHCTBE)?

5. HazoBuTe KoopanHaTy Hauaiaa KOOpPAWHAT Ha IIOCKOCTH (B POCTPAHCTBE)?

6. Kakue ernie KOMIOHEHTHI IOJDKHA UIMETh CHCTEMa KOOPAWHAT Ha TNIOCKOCTH U B TPOCTPAHCTBE?
7. Kak 3amaercst KoopAuHaTa TOYKH Ha TJIOCKOCTH U B TIPOCTPAHCTBE?

Ha mnockoctu B npoctpanctse
2 ocu, 3 ocu,
OV- ock opauHar, OX - ocp abcuumce,
OX- ocp abcruce OY - ocw opauHar,
OZ - ocp aniumkar.
OX nepnenauxyisipaa OY OX nepnenaukyisipaa OV,
OX nepnenaukynsipa OZ ,
OY nepnenauxyinsipaa OZ.
(60 (0;0;0)
Hanpasnenue, eTMHUYHBIN OTPE30K Hanpasnenue, eIMHUYHBIA OTPE30K
PaccrosiHue Mexay TOUKaMH. Paccrosinne Mexay TOUKaMu.
d= J{Kz_xljz + (FE_FI )2 d:V(X2-X1)?+(y2-y1)?+(22—21)?
KoopauHatsl ceperHbl OTpesKa. Koopaunate!l ceperHbl OTpe3Ka
#l + == ¥l + 2
H= oo, F S o + + -
R _®tm  mim -z
2 2 2

1. Kakas u3 touex A(0,3,6), B(-1,5,0), C(-2,0,-7), K(0,0,6) nexut B mnockoctu Oxy?
2. Kakas u3 Touek A(0,3,6), B(-1,0,0), C(-2,0,-7), K(0,0,6) nexxur B miaockoct 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 3aJaHHBIMHU KoOpAuHaTaMu A (2; - 3).

5. ITocTpouTth TOUKY ¢ 3aaHHbIME KoopauHaTamu A (1; 2; 3 ).

6. Haiitu uinny oTpeska:
A (1;2;3;)u B (-1; 0; 5)



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

7. Haiiniure KOOpAMHATHI TOUKK M - cepeInHbI 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).

F 3
i 71
A A
E 1__'I"f
) N S S .'_|_..
1Y
Ay :
X i
i
8. Jlau xy6 ¢ pe6GpoM, paBHbIM 4. OnpeenuTe KOOPAUHATHI €r0 BEPIIKH.
z
231 C1 OTBeTHI:
A1 D1 A (4;,0;0) A1 (4;0;4)
B (0;0;0) B1 (0;0;4)
B e y C (0:4,0) C1 (0;4:4)
> D (4,4,0) D1 (4;4;4)
Al D

9. Jlan mpsIMOYTOJIbHBIN Mapaienenurie]]l, i3MepeHus: KOToporo paBHbI 6;4;4. OrnpeneanTe KOOPIAUHATHI
€ro BEepILUH.

B1 z A C A D1
OTBETHI:
A Dr
P A (2;-3,0) A1(2:-3:4)
B C B (-2;-3,0) B1 (-2;-3;0)
Al L - D Yy C (-2;3;0) Ci1 (-2;3;4)

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



Ilpakmuueckasa paooma Ne37: Yron Mexay BekropaMu. CKalsipHOE IPOU3BEACHUE
[lenb: HAYYHUTHCS HAXOJUTH KOOPJIUHATHI BEKTOPA, CKAJIIPHOE MPOU3BEACHUE BEKTOPOB,
YTOJI MEKY BEKTOPAMH.

Ha mutockoctu B npocrpancte

Yeprex

Ocu xoopuHaT

ITnockoctn

Hauano xoopaunar

JlononHuTeNbHBIE
KpUTEpHUU
KoopanHatsl Touku

Paccrosinne mexy
TOYKAMM.

Koopaunats! cepeuabl
OTpe3Ka.

Bekmopom Ha3biBaeTCs HaNpasICHHBI OTPE30K MPSIMOi.

5
BekTop ¢ Ha4anoM B Touke A ¥ KOHLOM B To4ke B obo3Havaercs AB. Jlns
0003Ha4YeHHUS BEKTOPOB YMOTPEONAOTCS TAKKE CTPOYHBIC JIATUHCKHE OYKBBI:

- = -

8D X

JIBa BeKTOpa HA3bIBAKOTCH KOLIUHEAPHBIMU, €CITH OHH JIeKAT HA OJHOM
MPAMOIi WM Ha napa/uie/ibHbIX NpsMbIX. KouiHeapHble BEKTOPbI, HANPaBIeHHbIE
B OJHY CTOPOHY, Ha3bIBAlOTCA conanpasieHuvimu. KolnimHeapHble BEKTOPBI,
HaNpaBJieHHbIE B  MPOTHBOMOJOKHBIE  CTOPOHBI, -  HPOMUGONOIOHCHO
HANPAGICHHBIMU.

JIBa BeKTOpa Ha3bIBAKOTCS PAGHBIMU, €CIIM OHW COHAIPABJICHBI H PABHBI MO
MOJYJIIO.

Cnoscenue eekmopog. Jlns 10ro  4TOOBI

>

5
MOCTPOMTH CYMMY JIBYX BEKTOPOB @ M b , HYXKHO
BbIOpaTh NMPOM3BOJILHYIO TOYKY A M OTJIOXKHTb OT Heé

—v -

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

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

KoopauHatel Bektopa ABc¢ HavaaoM B TOYKE A(X;,y,,Z;) U KOHLOM B TOYKE
B (x2,y223) paBHbl (X2 — X3 Y2— Y15 22— Z1).

Jlnnna Bekropa AB Beluucisercs no Gopmyse:

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




Cymmon BextopoB a(a,;a,;a;) u b(b;b,;b;) Ha3biBaeTcs BEKTOP ¢ C
KoopAuHaTamu (a, +b,;a, +b,;a, +b,).
—

Ilpousgedenuem Bextopa a(a,;a,;a,) Ha 4UCIO A Ha3bIBAaeTCd BEKTOP

L8
Aa(Aag;Aa,;ay).

CKanApHolM npouseedeHueM JIBYX HEHYJIEBbIX BEKTOPOB Ha3bIBAETCS
MPOM3BEICHUE TUH ITHX BEKTOPOB HA KOCHHYC yrja Mexay HuMu. Eciu xots Obl
OJIMH U3 BEKTOPOB HYIIEBOI, TO HX CKaJIAPHOE MPOU3BEEHNE PABHO HYJIIO.

—

a

- -

a-b=

-

b

-COSQ,

- -

rJie ¢ - yroi Mex/1y BeKtopamu au b.
CBoifcTBa CKaJIPHOTO NPON3BE/ICHHS BEKTOPOB:

> -

- IEPEMEeCTHTENIbHOE CBOHCTBO: a-b=b-a;

A - -
- coyerarenbHoe CBOCTBO: (ka)-b=k(b-a);
- = = - = = -
- pacnpeieuTeNIbHOE CBoiicTBO: a-(b+c)=a-b+a-c.
CkanspHoe npoM3BeJeHHE JIBYX BEKTOPOB PaBHO CyMMe MPOU3BE/ICHHI
O/THOMMEHHbIX KOOP/IMHAT ITHX BEKTOPOB:

-» -

a-b=xx,+yy,+22,.
dopMmyJia U1s BBIYHCIICHHS YIJIa MEXK/y BEKTOPaMH:

- -

a
COSP = ——

- 2]
a-b‘

Jra ke GopMya B KOOpMHATAX:
XX, + Wy, +z,z,
2 2 2 2 2 9
\/xl +) +3 ‘\/xz +), +2;

HpaKTI/I‘{CCKaSI 4acCTb

cosp =




Bapunanr 1
1. Jlan ABCDAB,C,D, — napatenenunen. Haiitu AB+ AD+ A4+ CD .
2. Haiitn koopaunarsl Bektopa 0,3 ;— 0.6 B+ 0,2 2—53 , €CITH Z(—l;2;4), 5(0;5;3).
¢(3:3:3), d(1:1:4).
3. Jlaubl TOYKH 4(1 3, 0), B(2; 3; -1) u C(I; 2; -1). Beruucaure yrona Mexay

BEKTOpaMu C4 7 CB

4. U3BecTHO, 4TO a c—b c 30,

> - o

=3 . Boiuuciure (a+b)c.

=)

b

=2,

Bapuanr 2
1. lana ABCA,B,C, — npusma. Haiitu .;B— .427,— Bb, .
2. Haiitu koopaunatel Bektopa 0,5 ;+ O,IZ+ 0,3 ;—6; , €ciH ;(5:—1;—1)
B(—l:l:l). 2(0;2;—2). J(—3;2;0).
3. Mauwr Touku A(5; 0; 0), B(1; 1; 1) v C(3; -1; 2). Boiaucnure yrojg Mexay
BEKTOPaMH AﬂB 7 AﬁC

A

4. U3BecTHO, 4TO @ C = b C 45°,

> -2 -

= 6. Beuuciure(a+b)c.

-

=3 Ibl=le

Ilpaxmuueckan paboma No38:
OTtoOpaskeHus MPOCTpaHCTBA HA ce0s1. Buabl nBM>KEeHUS

Heab padorel: chopMUpOBaTh YMEHHSI pEIIATh 33]ja4l Ha JIBUKEHUE

Teopernyeckue cBeleHUsI K IPAKTUYeCKOil padoTe:
[Ipu pemrennu 3a1a4 Ha IBUKEHHUE IPOCTPAHCTBA, HAJ0 3HATh BUbI JBWKEHHUS. DTO LEHTPAJIbHAS
CUMMETpHUs, OCEBAsE CHMMETPUS, 36pPKAJIbHASI CAMMETPHUSI U NTapaJuIesIbHbI IEPEHOC.
Llenmpanvnas cummempus.: Touku M 1 M1 Ha3bIBalOTCSI CHMMETPHYHBIME OTHOCUTENBHO T O (LIEHTP
cummeTpun), ecian O — cepeauna otpe3ka MMi. Touka O cunTaeTcsi CHMMETPUYHOM caMoil cele.
T. M u T.M1 cuMMeTpUUHbI OTHOCUTENBHO T.O.
M o M1 T. O — LEHTP CUMMETPHH
1.0 — cepenuna orpe3ka MMy
1.0 oToOpakaeTcs cama Ha ce0st
Ocesasn cummempus: Toukn A 1 A1 Ha3bIBAIOTCS CHUMMETPHYHBIMH OTHOCUTENBHO MPsIMOH @ ( OCh
CUMMETPHUH), €CIIH TMpsMasi @ IPOXOJIUT Yepe3 CEPeUHy oTpe3ka AA1 U
MEepHEeHIUKYISIPHA K 3TOMY 0Tpe3Ky. Kaxaas Touka npsiMol a cuuTaeTcs
CUMMETPHUYHON camoil cebe.

‘ a

3epkanvrasn cummempus: Toukn AA1 Ha3pIBarOTCSI CAMMETPUYHBIMU
OTHOCHTEJIBHO TIOCKOCTH 0 TIIOCKOCTh CUMMETPHH ), €CIIH TNIOCKOCTh 0. TIPOXOIUT
A1 4epe3 cepeuHy oTpe3ka AA1 U NEpIEeHIUKYIpHA K 3TOMY 0oTpe3Ky. Kaxaas Touka

IIJIOCKOCTH CHHUTACTCA CI/IMMCTpI/I‘IHOfI camMmoi cebe.




N

—
[TapannenbHBIM IEPEHOCOM HA BEKTOP p Ha3bIBaeTCs OTOOpakeHMeE IIPOCTPAHCTBA Ha cels, IpH

—_ —

KOTOpOM Jto0asi Touka M mepexoauT B ToUuky M1, 4To MM, = p

e

—

M

3aganus 1719 CaMOCTOSITEJILHOTO peleHust

1 BapuaHT.
1. TIpu 3epkanbHON CHMMETPHH TIPsIMasi @ OTOOPAKAETCS HA IPAMYIO a1 . JIOKaKHTE, YTO TIPSIMBIE d U a1
JIeKAT B OJTHOM TIOCKOCTH ( MIPSIMBIC a M @1 TApaJIeIbHBbI ).
2. Tlpu 3epKanbHOM CHMMETPHH OTHOCHUTENBHO TUIOCKOCTH O THIOCKOCTH [} 0TOOpaskaeTcs Ha MII0CKOCTh
B1. Hokaxwute, uto ecnu f3 || o, To P1 || a.
3. JlokaxxuTe, 4TO MpH NMapaJjIeIbHOM IIepeHoce Ha BEKTOp P, Tre p # 0, mpsimast , He mapaiiensHas
BEKTOPY P U HE COJIEPIKaIIasi TOT BEKTOP, OTOOpaKaeTCs Ha MapalIebHYIO €i MPsSMYIO.

2 BapuaHT.
1. TIpu 3epkanbHON CHMMETPHH TIpsiMasi @ OTOOPAKAETCS HA IPAMYIO a1 . JIOKaKHTE, YTO TPSIMBIE d U a1
JIekKAT B OJIHOW TIOCKOCTH ( MIPSIMBIE a M a1 TIEPECEKAIOTCSI ).
2. Tlpu 3epKanbHOM CHMMETPHH OTHOCHUTENBHO TUIOCKOCTH O TIOCKOCTH [} 0TOOpaskaeTcs Ha IMIIOCKOCTh
B1. JlokaxwuTe, yTO €ciiv [} MepreHIUKYIsIpHA o , TO 1 coBmamaer ¢ f.
3. JlokakuTe, 4TO MpH NMapaIjIeIbHOM IIepeHoce Ha BEKTOp P, Tre p # 0, mpsimast , mapayuienbHast
BEKTOPY p WJIH COJIepKaIias 3TOT BEKTOP, OTOOpakaeTcs Ha ceOsl.

KOHmpOJleble eonpocol:

Uto Takoe neHTpajibHAsi CAMMETPHs?
Uto Takoe oceBasi cuMMeTpus?
Uto Takoe 3epKajgbHas CAMMETpUs?

Ilpaxkmuueckasa paboma No39. KooparHaTHas JI0CKOCTh. BeIuucaeHne pacCTOSHUN 1
IJIOIIA/IEN HA TIIOCKOCTU. KoJIM4uecTBEHHBIE PacUEThI

HeJ’ILZ 3aKPCIUTb 3HAHUA U YMCHUS 110 TECMC <<KOOp,Z[I/IHaTHa$I IIJIOCKOCTB»

1) KoopauHAaTHI BEKTOPA ONpPE/ICIAIOTCS uepe3 KOOpAHMHATH Hauana i KOHIIA BEKTOpa
KoopauHaTsl Havyana BEKTOpa A(Xa; Va; -’_‘—'A}, KOOPJMHATHI KOHIA BEKTOPA B(xg;ys; Zs).

KoopauHaTsl BeKTOpa 'ﬁ{xs — Xa) ¥ — Yai2Zs — 2a)

. v g

2) Yroa mexiy BeKTopamMu (Xa; Ya; Za) u b (Xp; ¥o; Zb)

ONpPENENSIETCS C TTOMOIIBIO (GOPMYJIBI CKAISIPHOTO IIPOU3BEICHHS:

V1o Mexay NpsAMbIMH, COJIEPKAIMMU BEKTOPHI

3) MoJ10:keHNe MIOCKOCTH B IPOCTPAHCTBE XaPAKTEPU3YETCH BEKTOPOM-HOPMAJILIO n(A; B; C)
TJIOCKOCTH.

Eciu u3BECTHBI TPU TOUKH IIOCKOCTU K(x1;v1; 1), M(X2; ¥ Z2), N(x3; ya; 7—’3}, TO 110 HUM MOKHO
OIpeIeIUTh KOOPAMHATEI HOPMAIIH n(A; B; C)

JLy1st 5TOro HeOOXOAMMO PEUIUTH CHCTEMY YPABHEHUIA, TJIe BMECTO OJHOM M3 MepeMeHHbIX (00b4HO D)
Oepyt nroboe yrcio, He paBHoe 0.



YpaBHeHHeE IJI0CKOCTH 33a€TCS yPABHEHUEM Ax+By+Cz+D=0

4) PaccTosinne OT TOYKH /10 TJIOCKOCTH

Paccrosnue oT Touku ¢ koopauHatamu X0s Y05 £0 1o nnockoctu ¢ Hopmansio 11 (A;B; C)

h

|AXo+Byo+C2z +D|

ompeensercs o Gopmyie

VA2 + B2+ C2

5) YroJ MexIy MJI0CKOCTAMHI PAaBEH Yy MexX 1y HopMmaiasmu M, M2 x miockocTsm:

VYTo1 MeXIy IUIOCKOCTSAMH 10 otpeaeneHuio Menbine 90 rpamxycos, 3To obecrieunBaeTcs
MOJIOKUTEIFHBIM 3HaU€HHEM KOCHHYCa B (pOpMYyIIE.

6) YroJa Mexay npsiMoii U MJIOCKOCTHIO
IPAMOii ¥ HOPMANbIO f] K IIOCKOCTH:

 |na
Al ||

7) Ilomaas OpTOroHaJbHOM MPOEKIUU

sin

miIomaab MPOCKIUKU MHOTOYI'OJIbHUKA,

ONpCACIIACTCA C IOMOIIBIO BEKTOPA é, JIC)KaAIIECro Ha

MHOTOYTOJIbHUKA Snp=Su-€0S ¢ rgeSnp—
M — TIomaab MHOTOYIOJIBHHUKA,

0S __ xocuHyc yrima Mex Iy IIOCKOCTHE0 MHOTOYTOJTBHAKA M TIOCKOCTHIO MPOEKITUN.

IL1omaae MHOrOyroJibHUKA
8) YpaBHeHue npsiMoii B IPOCTPAHCTBE

HaXOJUTCA IO IUIOIIagn €ro IMpOCKINN

Snp
M B
cos

Eciu npsivast mapaiensna sextopy P (XP; ¥e; ZP) u poxomut wepes touxy M (X Vs Zu),

X=Xy Y—¥Yu Z—2n

TO ypaBHEHHE MPSIMOU 3a7aeTcst popMyIIon

Xp Ye Zp

BAPUAHT Nel

1.Haueptute ky0 ABCJIA1B1C1/11. Haitnure
yroa mexay npsmbivmu 1) AJL u BB

)11 m B1C; 3)B1C u [ICt

Haitaure paccrosinue mexy npsiMbiMu AA1
u CCy, ecnu pedpo Kyba paBHO a.

2.Yepes BepmuHy B paBHOOEApEHHOTO
TpeyrosibHuka ABC npoBenena npsimas a,
MepIeHIUKYIsApHas ero miockoctu. Halioure
paccrosiHue Mexay npsameiMu a u AC, ecnu
AB=AC=10cm, BC=12cm.

3.Uepes Touky A OKpY>KHOCTH ¢ 1ieHTpoMm O
U paguycoM 6¢M MpoBeieHa npsaMas 1,
MePIEeHIUKYIIpHAs III0CKOCTH OKPY>KHOCTH,
a yepe3 TOuKy B okpykHOCTH — IIpsimasi 6,
KacarelbHas K OKpyxHocTH. Haiinure
paccTosiHuE MEXIY IPSIMBIMU 6 U M, €CIU
yroin AOB =120°.

4. 1Inomans Tpaneuuu paBHa 483 cMm?, a ee
OpTOTOHANIbHAS TIPOEKIUS — paBHOOOKAs
Tpanenus ¢ ocHoBaHUsIMHU 4cM 1 20cM 1
60koBoii ctopoHoit 10cm. Haiinure yron
MEXY TIOCKOCTSIMH TPaTeIIHi.

BAPUAHT No2

1.Haueptute kyo ABC]A1B1C1/11. Haiinure
yroa mexay npsimeivu 1) AB u CCy

2)ACu B1Cy; 3)AC u 1AL

Haiinute paccrostnue mexay npsiMmbiMu BB1 u
JJ11 ecm peGpo Kyba paBHO a.

2.Yepes Bepmiuny A tpeyroiasauka ABC
IpoBeJIcHa MIpsiMasi 7, EPIeHIUKYIspHast ero
wiockocTu. HaliuTe paccTosiHue MexX Iy
npsmbeiMu m 1 BC, ecniu AB=13cM,
BC=14cm,AC=15¢cm..

3.Yepes Touky A OKPYKHOCTH TPOBEICHBI
xopasl AB u AC. Yepes Touky B npoBenena
npsiMasi m, TNEPHeHIUKYAsSIpHAs IIOCKOCTH
OKPYXXHOCTH, a uepe3 Touky C npsimas a-
KacarenbHas K oKpyxHocTu. Haiiaure
pacCTOsTHUE MEXIY IPSIMBIMU @ U M,eCIN
AB=6cMm, AC=8cm, yron BAC =60°.

4. OpTOroHAJIbHOM MPOEKIUEN Tpaneuu
SBIISIETCS PaBHOOOKAs Tpamerus ¢
OCHOBaHUSIMH 4CM U §CM , a IMAaroHaJH €€
B3aMMHO NeprneHauKyIspHbl. Haiinure
MJI0IAIb JAaHHOM Tpaneuuu, eciau yroi
MEXY €€ MIIOCKOCTBIO U MIOCKOCThIO
pOEKINK paBeH 60°.




Ilpakmuueckasa padoma Ne4(: Tousitue KopHsi N—ii cTeNeHN U3 IefiCTBUTEIHHOIO0 YHCIA

Ilean DaﬁoTbI: OBJIAICHUC IMMPAKTUYICCKUMU HABBIKAMU H 3aKPCIIJIICHHUEC TCOPCTUYCCKOTIO MaTCpHrajia 1o

BBIYHCJICHUIO KOpHCfI U3 YHCCJI U YHUCJIOBBIX U 6YKB€HHI)IX BI)Ipa)I(CHI/II;'I.

CTVYIAEHT J0JKEeH:

3Hamb:
- IOHATHE KOPHSA N-OM CTEICHH;
-TIOHATHE apU(PMETUIECKOTO KOPHS;
-OCHOBHBIE CBOMCTBA KOPHEH;
ymembp:
- BBIUUCIIATh KOPEHb N-OM CTETICHH;
-yIPOIIaTh JIF0ObIE BBIPAXKEHHUS UCTIOJIB3YsI CBOMCTBA KOPHEH;

IHoaroroska K pagore:

1. TloBTOpPHUTH, UTO TaKOE apUPMETHUECKUN KBaIpaTHBIN KOPEHb U3 YUCIIa.
2. CpoiicTBa apu(METHIECKOTO KBAIPATHOTO KOPHSL.

KoHTpoJLHLIE BOIPOCHI:

1. Yo Takoe KopeHb N-0if CTETICHU U3 YKCIia a?
2. UYto Takoe apudMeTUUECKU KOPEHb N-Oi CTENEHN U3 Yuca ?

3. OCHOBHBIEC CBOKCTBA KOPHEH?

4. Kak Ha3bIBaIOT 3HaK KOpHA V  ?

3ananue:
eapuanm
3aoanue
1 2
1)Beruncnure A)30,125 310,027
B)S\/__: -
32 ) 3
—-3-
8
Ax3+8=0 xt*—19 =0
2)Pemute ypaBHEeHUE 3
B)3\/x—5=—3 V7 —4x =4
3)Haiigute 3HaUYE€HNE YUCIOBOTO BBHIPAKEHUS a)3\/24 %9 A )3\/75 * 45
3 27a6
4 r6a%s8 b \/—
5)\/1 :12 ) 3283




A2V5 5v2
4)BHecuTe MHOXKUTENb 110 3HaK KOPHS _ 3
B)2%/3 32
5)I[IpeobpasyiiTe 3aJaHHOE BBIPAKEHHUE K BULY — —
n 4 3 3 3
VA Vi3 i V232
3 4 3 3 2 3
6)BbiHecuTe MHOXKUTENb U3 110 3HaKa KOPHS 37625 xSy6 5v—64n16

TEOPETHUYECKHWI MATEPHUAJI K TIPAKTHUYECKOM PABOTE:
Kopens N-ii cTeneHu u ero cBOMCTBAa.

6C3YCJ'IOBHO, BCC TaK WJIM MHAYC 3HAKOMBI C MHTYUTHBHBIM IOHATUCM KBAaAPATHOI'O KOPHS - 3TO TaKOC
9HCJI0, KBaApaT KOTOPOTO PaBEH d. aHAJJOTUYHO OMNPEIACIIACTCI KOPEHb N-¥1 CTEIICHU U3 YHCIIa a, raen-
TTOJIOXKHUTECIIBHOC YHUCJIIO.

OonpeacjacHmue. KOpHEM N-i1 CTEIIEHN M3 YKCJIa 8 Ha3hIBAeTCsA TaKOe 9uCiI0, N-s CTCIICHb KOTOPOTO paBHA a.

COTJIACHO JAaHHOMY OIIPCACIICHUIO KOPCHb N-¥ CTEIICHHU U3 YHCa a - 3TO penieHne ypaBHEHHS X = A.
YHCIIO0 KOpH@fI 9TOT'O YPaBHCHUA 3aBUCUT OT N1 U OT a.

apudgmMeTHYecKHii KOpeHb N-il cTeneHu. onpeeaeHne. apuPMETHICCKUM KOPHEM N-i CTETICHU U3
Yuclia @ Ha3bIBalOT HEOTPULIATEILHOE YHCIIO, N-5 CTENIEHb KOTOPOTO paBHa a.

apu(MeTHIECKUIi KOPeHb 0003HAYAI0T™/X. UMCII0 N HA3BIBAIOT MOKA3aTeleM KOPHS, a CaMo JHCIIO a -
T10IKOPEHHBIM BBIPAKEHHEM. 3HAK KOPHS \ HA3BIBAIOT PATHKAIOM.

OCHOBHbI€ CBOMCTBA KOPHEIi.

HJ’ISI J'IIO6OFO HaTypaJ'IBHOFO n, eJIoro k nu J'IIO6BIX HCOTpI/II_IaTeJ'H:HBIX yucejaa u b BBIITOJIHCHBI paBeHCTBai
1° 4/ab—=%/a-1/b.
o
2°, *\/i:s’% (b 0).
b 1%

8% Aa="4e (k>0).
4%, Rlg=—="/a* (F=0).
5% &/a*= (R/a)* (ecom k<0, 10 as0).

OTH AT CBOMCTB C JIETKOCTHIO JAOKAa3bIBAIOTCA U3 ONPCACIICHUA KOPHA U CTCIICHU. ITpU PCIICHUUA 3a/1a4,
CBA3aHHBIX C BBIYUCIICHUCM KOpHeﬁ CJICAYCT aKTHBHO IIOJIb30BATHCA 3TUMU CBOMCTBaMH - OHU COKpaliaroT
00BeM BH‘-II/ICJ'ICHI/II\/'I, MO3BOJIAIOT YIIPOUIATh BBIPAKCHUSA U OKA3bIBAOT APYTI'YIO ITIOMOIIbG.

Vo

i
Jns mo0bix yucen a u b, Takux, yto 0<a<b, BBINOJHSAETCS HEPABEHCTBO Va < MIPOBEIEM

i
A0Ka3aTCJIbCTBO METOJAOM OT IMPOTUBHOI'O. JOIYCTHM, YTO ":""I{E E Vh . Torjga 1o CBOﬁCTBy CTEIICHEH ¢

n :_} [ 1'.:.-"'{5_;]“

(]
HaTypaJIbHBIM MOKa3aTesieM (Va) , T.€. a>b. 3TO IPOTUBOPEUHT yCIOBUIO a<B.



Ilpakmuueckasa paboma No41: Cniocodbl ynpouieHusi BbIPAKEHH, COAEPKAINX PATHKAJIBI
Ienu:
ObpazosamenvHas: TPONOIKUTH (POPMUpPOBAHUE Yy CTYACHTOB YMEHUM NPUMEHSTH
CBOICTBA CTENEHEN U KOPHEW MPU NpeoOpa30BaHUM BbIPAKEHUH.
Bocnumamenvhas: BocmuTaHue CaMOCTOSATEIIBHOCTH, TBOPUYECKOTO MOX0/1a K PEIICHUIO
3ajay.
Pazeusarowas: pazBuTHe JOTHYECKOTO MBIIICHHS, HABHIKOB CPABHUTEIILHOTO aHAIN3A.
Oobopyooeanue: 10CKa, KOMIIBIOTEP, TPOEKTOP, IKPaH, 3alUCH HA JJOCKE, MJIAKATHI C
dbopmynamu o teme: «Crenenn» u «KopHu», UHIUBUAYaTbHbIE KAPTOYKHU-3aIaHMUS.
Hcnonvzoeanue 3nemenmos nedazo2uueckux mexHonouii:
1. cotpyaHuyecTna;
2. 310poBhecOeperaronux (uepeoBaHue BUJIOB ACSATEILHOCTH);
3. UH(POPMAIIMOHHO-KOMMYHUKAIIMOHHBIX;
4. pa3BUBAIOIINX;
5. TMYHOCTHO-OPHUEHTUPOBAHHBIX.
Pezynomamuenocmos:
dbopMupoBaHUE KOMIIETCHITUH: IIEHHOCTHO-CMBICIIOBOM, yueOHO-TT03HABATEILHOM,
KOMMYHHUKATUBHOM, JINUHOTO CAaMOCOBEPIIICHCTBOBAHMUSI.
Inan 3anamus.
1) IloaroroBUTEILHBINH 3TAIL.
1) I[IpoBepka ycBOEHUSI MIPOHACHHOTO MaTepraia GPOHTAIBHO (WIIM HHIUBHIYAJIBHO) 110
CJIEIYIOIIMM BOIpocaM (Ha 3KpaH MPOEKTUPYIOTCS BOMIPOCHI, HA KOTOPBIE CTYACHTHI
OTBEYAIOT YCTHO).
1. Yto 3HaUUT BO3BECTH YUCJIO B CTEIEHb N?
2. Kak nepeMHOXUTH JIBE CTENIEHU C OJJUHAKOBBIMU OCHOBAaHUSIMU ?
3. Kak pa3nenuts Be CTETIEHU C OJIMHAKOBBIMH OCHOBAHUSIMU?
4. Kak BO3BECTH CTEIEHb B CTEIICHb?
5. Kak u3Bieuyb KOpeHb U3 CTEIECHU?
6. UeMy paBHa HyJIeBas CTETICHb Yyncia?
/. Kak HaliTU CTENIEHb C OTPULIATEILHBIM ITOKa3aTeIeM?
9. Kak HaiiTi KOpeHb ¢ APOOHBIM MTOKa3aTeIeM?
10. ChopmynupyiTe OCHOBHOE CBOMCTBO KOPHSI.
11. Kak u3Biieub KOPEHb U3 IPOU3BEAECHUS?
12. Kak u3Bneub KOpeHb U3 npoou?
13. Kak u3Bieub KOpeHb U3 CTETICHU?
14. Kak npou3BOAUTCS YMHOKEHHE KOPHEHN OJJMHAKOBOM cTeeHU?
15. Kak npou3BOoAUTCS YMHOKEHUE KOPHEH pa3HbIX CTENECHEH?
16. Kak mpousBoauTCs AeeHne KOPHEH OJMHAKOBOM CTETICHHN ?
17. Kak npou3BOAUTCS BO3BEACHUE KOPHS B CTEIICHb?
2) TToBTOPUTH:
CBOMCTBa KOpPHEHN CBOMCTBA CTECNIEHEH

1. wa'h = "Vab 1 qm-gn = gmn

T\l/a i/a 2.am:qr = gmn
2. V =+/-
b b



3. (K/’G)V = “\/'dk 3. (am)n = qmn

4. Vg = ya 4. an- br = (ab)"
5. nm,?akm — n\/Ec 5. ‘;_: = (;)

2) TeopeTH4eckuii FTam.
IIprMeHenue 3HaHUM IIpY PELICHUU TUIIOBBIX 3a1aHUM.
3aoanue 1. llpuBecTu K 00LIEMY MOKA3aTEI0 KOPHHU:

3v2 u Vs

3aoanue 2. COkpaTuTh MOKA3aTEIN KOPHEH U TTOIKOPEHHBIX BBIPAKECHU:
/8 1x4y4

3aoanue 3. I3B1ieyb KOPEHbD:

7/0,01-81; 3v27-8

3aoanue 4. BuIiotHuTE NEUCTBUS:

Vas - \/E Vp-1. \/a_3

3aoanue 5.Berauciaure:
1

—0,23-0,272 + 646 + 53: 54 — 1,50

3) IlpakTHYeCKHIi ITaIL.

CamocTosITeIbHOE IPUMEHEHHE YMEHUN M 3HAHHIA.
[TpoBecTH caMOCTOSATENIbHYIO paboTy B 15 BapuaHTax.
[TpumepHOE coiepKaHue OJHOTO BapHAHTA.

1. TlpuBecTH K 00IIEMY TOKA3aTEII0 KOPHU:

V2ui3

2. CoKpaTUTh MOKa3aTeIM KOPHEH U MOJKOPEHHBIX BBIPAYKCHUIA:

4\/25x2y2

3. 3Bneub KOpeHb:

V25-64; a3 - (a—b)"

4. BeIOIHUTE ACHCTBUS:

a) 0,5v24 — 3v/40 — (v/150 + V54 — v/1000)
6) V7 —v33-V7+33

5. Beruuciure:

1
—0,52:0,53 - 2734+ 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: 1ToHaTHE CTEIIEHU C PallUOHAIBHBIM TTOKA3aTENIEM,
CBOMCTBA CTEICHEN

He.]'lb: O606H_[I/ITB H CUCTEMATU3UPOBATH 3HAHUSA 110 TEMC «CBoiicTBa KOpHeﬁ u CTGHCHGP’I)); 3aKpCIUTH
YMCHHA UCIIOJIb30BAThH IMOJIYUCHHBIC 3HAHUA IUIA npeo6pa30BaHH;1 aJ'IFe6paI/I‘leCKI/IX BBIpa)KeHI/Iﬁ

TeopeTnyeckne cBeieHUsI K MPaKTHYECKOi padoTe:

|3

r
Onpeueﬂe}me. Crenenbio uncia a>0 ¢ padOHAJIBHBIM IMOKA3aTCIIEM n o, ©Ae M- neigoe yucio, an -

o m
HatypanbHoe ( N>1), HasbIBaeTcs yucno 43 | T.e.

m I - T —
= =1, a3 "=

= M m . '
37 =4a" a0 a"




CBolicTBa CTENEHH C PAIUOHAJIBHBIM IMOKA3aTEC/ICM.
g b0, pe, g
faT=3"",;
EP
a‘:l'
(3" )T =3,
{ab JF=z" 5",

s(3) -5
b he
3aaHus U1 CAMOCTOSITEILHOTO PEIIeHHUS:

1 Bapuant
3aoanue 1. BeryucanTh

o) Y12+ 45 x V2 =475, Y5+ )+ (V5 +D);
V53 5

1 1
0)(6 +V27)2 x (6 —V27)%; 2) 7-4y3 n 7+4y3
7+4/3  7-43

_ ZFT .
=3 h

B T L

3adanue 2. YIpOCTUTH BBIPRKCHHUE U HAWNTH €r0 3HAUYCHUE
71 52 25

2 4 +ad a®c3+a3c?
: N
a npu a =2 q3c3

3adanue 3. 136aBUTbCS OT MPPAMOHAIILHOCTH B 3HAMEHATEIIE

a) 5, 6) 3 i B)S¥¥ip) & L
2v3 Ve+vb 5+v3 V64 Va
2 BapuaHT

3adarig 1. BEIyucanTs
i Bk o e o RV T W 8—4v/3 s 8+4v/3
1

1 2) \/_ \/_ .
6)(12 — V19)3 x (12 + \{19)3?; 8+4V3  8—4/3
JT — ) + (V7 =V ;
e

7
3adanue 2. YpOCTUTH BBIPAXKEHHUE U HAUTU €ro 3HAaYeHUE



-
b2 +b?

a) 3
b2 npu b=3
7 2 2 7
a’c®+a®c®
0) 77
a®c® npu a=9, c=2

3adanue 3. U30aBUTHCSA OT UPPALMOHAIIBHOCTUA B 3HAMEHATEIIE
)= 6 N 5) O /EPPatR] o
a ) )

l T A
53 Ve—vb  3+/5  Wgy &/a

KOHmPOJleble 60NpPOCHL:
1. Yto Ha3BIBAIOT CTENEHBIO C PALIMOHAIBHBIM [TOKa3aTesemM?
2. IlepeuncnuTh CBOWCTBA CTETICHHU C PAlMOHAIBHBIM TIOKA3aTEIIeM.

Ilpakmuueckan padoma Ne43: CBoucTBa cTeneHHbIX QYHKIUI U UX rpaduku

Heab: chopMupoBaTh HABBIKK HCCIICIOBAHUS CBOMCTB CTEMEHHBIX (PYHKIIUN U TIOCTPOCHUS UX
rpaduKoOB B 3aBUCUMOCTH OT Moka3zatess; popmupoBaTh komnoHeHTs! OK 2. OprannzoBbiBaTh
COOCTBEHHYIO JIESTENIbHOCTh, BEIOMPATh TUMIOBBIE METO/IBI M CLIOCOOBI BHITIOJITHEHUS
npodecCHOHANBHBIX 3aJ1a4, OIleHUBaTh X dh(HeKTUBHOCT 1 KauecTBO; OK 6. PaGoTaTh B
KOJIJIEKTHUBE U B KOMaH e, YQ(PEKTUBHO 00IIATHCS ¢ KOJIJIETaMH, PyKOBOJACTBOM,
notpedurenssmu; OKS. CaMOCTOSITEIBHO ONPEIeATh 3a1a4u TPO(PeCcCHOHAIBHOTO U
JUYHOCTHOTO Pa3BUTHS, 3aHUMATHCS CaMO00pa30BaHNEM, OCO3HAHHO IJITAHUPOBATH MOBBIIICHUE
KBTH(UKAITTU

Teopernyeckasi 4acThb:

Bbl yike 3HaKOMBI ¢ QyHKIMAME Y=X, Y=X2,y=x3,y=1/x. Bce 3TH (yHKIUN SBIAIOTCSA YACTHBIMU
cnyqasmu CTEIIEHHOM ®YHKIIUU, Te Gynkimun y = X P.

Ceoticmsea cmenenHou ¢)yHKyuu 3aBUCSIT OT CBOWCTB CTEIICHU C ICHCTBUTEIBHBIM ITOKa3aTeNeM, a
B YACTHOCTH OT TOTO, IPU KaKHX 3HAYEHUSIX X U [P UMEET CMBICII cTeneHb X P.

Jlasatime 6cnomuum onpeoenenue GyHKYuu, 0AOUM NOHAMUE CMEeNneHHOU @YHKyuu u
paccmompum ee ceoticmea uepes maoauy)y.

L4 (I)yHKHI/Iﬂ — OTO COOTBCTCTBHUC MCKAY [ABYMSA MHOXKCCTBAMHU TaKOC, YTO KaXXJIOMY
X .
QJICMCHTY OJHOI'0 MHOKCECTBA CTABUTCd B COOTBCTCTBUC CAWMHCTBCHHBIM J3JICMCHT IAPYIr'oro
¥
MHOXECTBA . HepBoe MHOKECTBO HAa3bIBAIOT 00J1aCTHIO onpeaecjIcHuss (l)yHK].[I/II/I, a BTOpPOC

(v} T T
— 00J1aCTHI0 3HAYEHHH (l)yHK].[I/II/I. O003Ha4aIoT: D [}:] u E[}] COOTBCTCTBCHHO.

Crenennasi pynkuus — 310 QyHKIMS Buga y = X P, roe p — 3agaHHOE IEHCTBUTENBHOE YUCIIO.
Heo0xoaumpble 0003HaAYEHUA:

X - oOmacte onpeeneHust QyHKIUHA

Y - oOnacth nu3MeHeHus QyHKIIUU

Xo- HyJH GYHKIIUN

X T - 00nacTh NOJIOKUTENBHBIX 3HAUCHUN QYHKIMN

X - o0macTh OTpUIIATENBHBIX 3HAYEHUH PYHKIIUN

Max - TOYKH MakCuMyMa (pyHKIIHH

MIn - TOYkx MUHUMYMa (QYHKITUU

X T - o6nacts BO3pacTaHus QyHKINH



X | - o6nacts yobiBaHUs (QyHKIIUK

Haszeanue(P)

I'pachux

Ceoiicmea

P=2n (uetHoe
HATYpaJIbHOE YK CJIO)

=zt

napabona

e 00nacTh onpeneneHust — Bce
JNeHCTBATEIILHBIC YHCIIA, T. €.
MHOXECTBO R;

®  MHOXECTBO 3HAYCHUN —
HEOTpHULIATEIIbHBIC YUCHIA, T. €. Y >
0;
(GyHKIMS YyeTHas,

e  (yHKuUSA ABISETCH
yOBIBaro1eil Ha mpomMexxkyTke X <0
Y BO3pacCTarolIed Ha TPOMEKYTKE
x> 0.

Ipumep ¢ynkyuu c nokazamenem
p =2n:

y = x4

P=2n-1 (He4yeTHOE
HATypaJIbHOE YHCJI0)

e 00yacTh ONpeeIICHHs —
MHOKEeCTBO R;

®  MHO>XECTBO 3HAYECHH —
MHOECTBO R;

e  (yHKIUS HEUETHAS;

e (dyHKUIUS SBISETCS
BO3pacTaloIIeil Ha BCeil
JNEUCTBUTEIHLHOM OCH.
Ilpumep ¢ynkyuu c noxazamenem
p=2n-1:

y =X,

P=-nrmen—
oTpUIATeJbHOe
HATypaJibHOE YU CJI0:

eunepbona

wvY

e 005acTb onpeAeIeHNus —
MHOkecTBO R, kpome x = 0;

®  MHOKECTBO 3HAYEHUH —
HOJIOKUTEbHbIE ynciaa 'y > 0;

e  (yHkuus yerHas;

e  (yHkuMs ABIAETCS
BO3pACTAlOILEH Ha IPOMEKYTKE X
< 0 u yObIBaro1Iel Ha MPOMEKYTKE
x> 0.

Tpumep 'y = 1I¥2.




P=-(2n-1),
rae n —
HEYETHOC
HaATypaJIbHOE
Yuciio:

eunepoona

e 00JacTh ONpeeIICHUS —
MHOXkeCTBO R, kpome x = 0;

¢  MHOXECTBO 3HAYCHUH —
MHOXecTBO R, kpome y = 0;

e  (pyHKUMS HEUYETHAs;

e  (yHKUUSA ABIAETCA
yOBIBaroUIeil Ha MPOMEXKyTKax X <
Oux>0.

Ipumep y = 1%

P — moJsIoKuTENbHAsA
IpoOb

y = x"(o >0, 0. — Henemxoe)
Uy

®  MHOXECTBO 3HAYECHUN —
HeoTpHIaTenbHbIe yrcha Y > 0;

e  (yHKUUSA ABISETCA
BO3PACTAOIIEH Ha TPOMEXKYTKE X
>0.

e 00yacThb ompeaeNeHNus —
HeoTpHIaTeNbHbIe yrcia X > 0;
Ipumep y = x*B,

p — oTpuIIaTeIbHAS
IpoOb

y=x"“(00 <0, 0. — Hemeygoe)
vi

rY

e 00JIacTb OTIpeIeTIeHUS —
[MOJIOKUTENBHBIE yncia X > 0;

e  MHOXECTBO 3HAYECHUN —
MOJIOKUTENbHBIE uncna y > 0;

e  (dyHKIHUS SABISETCS
yOBIBAIOIICH HA TPOMEKYTKE X >
0

Ipumep: y = x 1B,

ComnocraBbTe rpadguueckoMy H300paKEHHIO CTETICHHOW (DYHKIIUH €€ aHATMTUYECKOE BEIPAKECHHE.
Benute otBet B pexxume «T2» B hopme nudpa-0yksa




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 padoma Ned4,45:
Mertonb! penieHusl NoKa3aTeabHbIX YPaBHEHUN U HEPABEHCTB

Heanb padorbr: Onpenenenre TUIOB OKa3aTEIbHBIX YPAaBHEHUN U METOJ0B UX PELLIEHUS,
penieHue NpoCTeUINX MOKa3aTeIbHbIX HEPABEHCTB.

Onpenenenue. YpaBHenue Buga a* = b, rae a > 0,a # 1, Ha3pIBaCTCS NOKA3AMENbHBIM.
Ecmu b > 0, mo ypsuenue umeem eounmcseennuii kopenns, eciu b < 0, mo kopreti nem.

Crnoco0bl penieHusi NOKA3aTeJIbHBIX YPABHEHMIA.

1. IlpupaBHuBaHME IOKA3aTEIEH.

Cytb MeTOfa:
1. Venunuts cnaraemoe, cojepaaiiiee NepeMeHHYIo;
2. IlpuBecTH CTENEeHU K OJJHOMY OCHOBAHHIO;
3. IlpupaBHATH MOKa3aTeNH;
4. PemuTh NOJTy4eHHOE YpaBHEHHUE;
5. 3anucarb OTBET.
[Tpumep:
F-27=0
3 =27,
3?: — 33;
x=3
OtBer: X =3.

2. BriHeceHne 00I111ero MHOKHUTEIS 3a CKOOKH.

HpI/IMe‘IaHHeZ BBIHOCHM 33 CKOOKHM MHOKHTEIEL ¢ MEHBIITUM IOKa3aTEJIEM.

[Tpumep:

3¥ 3" =78
3{1-3)=-78
31— 27)=-78
3% (- 26) = 78,
3 =3

=1

OtBeT: X=1

3. BaeneHue HOBOI IIEpeEMEHHOM

Kaxk IIpaBuJIo0, ypaBHEHUA, p€UIa€MbIC 9TUM CHOCO6OM, CBOIATCA K KBaApaTHBIM.
HpHMep: 42?{ _5' 43’ +4 = U
HYCTB 4X = a Torga ypaBHCHHEC MOXXHO 3aIIuCaTh B BUIEC:

a®—Sa+4=0
D=25-16=9,
@, = E =4
2
5-3

=——=1
ﬂj 2
Cnenaem oOpaTHYIO 3aMEHY:
X =4ymd*=1;

x=1mwmx=0



Omer: x=1lmwmx=0

4. Hcroabp30BaHUE OJIHOPOIHOCTH

Flxy _ o Fix)
Onpedenenue TlokazaTenbHbIE ypaBHEHHS Buja 2 = & HA3bIBAIOTCS OJTHOPOAHBIMHU.

CYTI) Mmeroaa: Tak xak mmoka3areiabHas (1)YHKIII/I$I HC MOXCT NIPUHMUMATh 3HAYCHUC, paBHOC HYIIIO,

¥ 00€ YacTH ypaBHEHHUs MOXKHO JIeTUTh HAa OJHO M TO K€ HE PaBHOE HYJIIO UHCIIO, Pa3lenuM 0be
ACTH ypaBHeHws, HApHMEp, Ha &0 .
[Mpumep: 2 = 3

Pazzenim 06e 4acTy ypaBHeHus Ha 3 # U
2t 3

3 3T

3

x=10.
Ortser: X = 0.
Onpenenenune. [lokazamenbhbim HEPABEHCTBOM HA3bIBAETCA HEPABEHCTBO, B KOTOPOM
MepEeMEHHasl COJIEPKUTCS B MTOKA3ATEIIE CTEIICHHU.
Pemenne nmpocreiimx noka3arejbHbIX HEPABEHCTB.

E

IpocTelimmmMu cYMTalOTCS TOKa3aTeIbHBIE HEPABSHCTBA BUa: a*<aY, a*>aY. (a*<a¥, a*>aY).
Tak e, KaK ¥ [PH PEIIEHUH MPOCTEHIITNX MMOKA3aTeIbHBIX YPABHEHHH, OTMHAKOBBIE OCHOBAHHUS
CTEICHEH OIYCKAlOT, HO 3HAK HOBOTO HEPABCHCTBA COXPAHSIOT, ecJiM (pyHKIUS y=a* sBiseTcs
Bo3pacraroieii (a>1); eciiun xe nmokazaresiabHas GyHknus y=a* yosiBaet (0<a<l), to

3HAK HOBOT'O HEPABEHCTBA MEHSIOT HA MPOTHBOIOJIOKHBII:

a*<a’ — X<y, ecnm a>1; 3HaK COXpaHEH, TaK Kak (QYHKIUSA BO3PACTAET;

a*<a’ — x>y, ecam 0<a<l; ¢pyHKuus yObIBaeT — 3HaK MOMEHSIICS,

a*>a’ — x>y, ecnim a>1; 3HaK COXpaHEH, Tak Kak (yHKIIHs BO3pacTacT

a*>aY — x<y, eciu 0<a<l; ¢pyHKIMs yObIBaE€T — 3HAK MOMEHSIICS.

[Ipumepsl.
Pemmuth HepaBeHCTBO:

1) 452%<(,25.

IIpencTaBum npaByro dacTs B Buje: 0,25=(%/100)=(Y1)=4";

452<41y pynkuns y=4* ¢ ocHoBanueM 4>1 BozpacTaer Ha R, 1o3ToMy, OIycKas OCHOBAaHHUS
CTENeHeH, 3HaK HEPaBEHCTBA COXPAHUM:

5-2x<-1,

— 2x<-1-5;

— 2X<-6 |:(-2) npu neneHnn 0O0eux yacTell HepaBeHCTBA HA OTPHUIIATEIBHOE YHCIIO, 3HAK
HEpPaBEHCTBA MEHSIOT Ha POTUBOIIOJIOKHBIN:

xX>3.

S
43 >
OrtBert: (3; +o).
2) 0,42x*1>0,16.
[IpencraBum uncno 0,16 B Bune crenenu yncna 0,4. [Tomygaem:
0,4%*1>0,42; ocuoBanue creneneii — uncno 0,4 — yaosnerBopser ycnosuio: 0<0,4<1; mostomy,
OTyCKaeéM OCHOBAaHUs CTETICHEH, a 3HAK HEPABEHCTBA MEHSIEM Ha MPOTHUBOIOJIOKHBIH:
2x+1<2;


http://www.mathematics-repetition.com/wp-content/uploads/2012/06/pokaz-ner13.jpg

2x<2-1,;
2x<1 |:2
x<0,5.

Ortsert: (-o0; 0,5].

ATAEAARARRRRAL
0,5

BAPUAHT — |

-

. Peminre ypaBHeHus:

a. 7/*=49;

6. 82 =64";

B. > * =1

r. 25% = 7%

2. PemiuTe ypaBHeHue:

&)

9) 4

3. HaiiguTe cymmy KopHeii
yPaBHEHHS

5% 6.5 +5=0

4. PemiuTe HEPABEHCTBA:
a. 2 >4

0. 0,65 >0,6°

5. HaliauTe HanooJIb1IICE 11€J10€
pellieHre HepaBeHCTBA

2X + 22 <20

BAPUAHT — |1

1. Pemuute ypaBHeHHU:

a.2%=8;

0. 9°=1;

B. 6 2 =36

r. 27% =5%

2. Pemunte ypaBHeHHe:

(4Y? (5Y

=) )

3. Haiigure cymmMy KopHeii
YPaBHEHUS

2% 6.2¢+8=0

4. PeminTe HEPABEHCTBA:
a. 2 <8

0. 0,34 <0,3?

5. HaiianTe HauMeHbIIIee 1eJ10e
pellieHHe HEPABEHCTBA

34342+ 30
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APUAHT — 111

1. Pemuure ypaBHeHuUs:

a. 3> =81;
0. 4% =64* °;
B. 23x+6 :1
r. 3% =8%

2. Pemunte ypaBHeHue:

3 3-2x 49 -3
SRt
3. Haiinnte cymmMy KopHeii
YPaBHeHMUs

3%-6-3*-27=0
4. Pemiute HepaBeHCTBA:
a. 3¥<81

0. 0,57 >0,5"

5. HalinnTe HAaNOOJIBIIIEE 1IEJI0€
pellieHUe HepaBEeHCTBA

BAPUAHT — IV

1. Pemuure ypaBHeHHU:

a. 4 =64;
6 36—x — 33x—2 .
B. 3X2‘4X =1
r. 4 =9%

2. Pemunre ypaBHeHHe:

(5 [(4Y

2) =)

3. Haiiinre cymMmmMy KopHeii
YPaBHeHHA
2:2%-5.2%+2=0

4. Pemiure HepaBeHCTBA:
a, 5+ 125

0. 0,7¢% <0,7?

5. HaiignTe HanMeHbIIIee 1meJioe
pellleHHe HeEPABEHCTBA

4 1+ 4¥2 < 68 5% +5%2 > 650
BAPUAHT -V BAPUAHT - VI
1. Pemmnte ypaBHeHHS: 1. Pemmnte ypaBHeHHS:
a. 214—x=4: a. 3x*+11 =09:
6.8xt5 =1; 6.16** =1,

B. 625¢ 5% = 2512;
r. 73x=10 — 43x-10
2. Pemiute ypaBHeHue:
2-3x — L
5 T 25
3. HaiianTe cyMMy KOpHell ypaBHeHMs

10-32x —=7-3x =3 =0
4. PemmmTe HepaBeHCTBA:
a. 4* < 64
0.0,32x-1 < (0,3x+4
5. HaiinuTte HanboJib1ee 1ejioe penieHue
HEpPaBeHCTBA
6* + 6*+2 < 222

B. 7x2—9x+22 = 49:
r. 1741 = 224"_’1.
2. Peminte ypaBHeHue:
6273x — 1
36
3. Haliaute cyMMy KOpHell ypaBHeHHs

9* —6-3*r—-27=0
4. Pemmnte HepaBeHCTBA:
a. 3* > 27
6.0,92x < 0,94x3
5. HaiinuTe HanMeHb111ee 1eJ10e pelieHne
HEepPaBeHCTBA
8x + 8xt1 < 72




Ilpakmuueckan padboma Ned6:
[Tonsitue norapupma. OCHOBHOE JTOrapuPMUUYECKOE TOXKIECTBO

Henw:

3Hath onpeesieHue JIorapudma, OCHOBHOE JIOTapU(PMHUIESCKOE TOXKIIECTBO.

YMeTb BBIYUCIATH JIOTapu(pMBbl, IPUMEHSATH OCHOBHOE JIOTapH(PMHUUIECKOE TOKIAECTBO.

YMeTb BBIUUCIIATH 3HAYEHMSI BBIPAKEHUH COAEpKaLIUX JorapudMBbl, coieprKalue Jorapudmsl,
JorapuMUpPOBAThH U MOTCHIIMPOBATH BHIPAKEHUSI.

Jlozapugpmom uucna b no ocnosanus a Ha3pIBaeTCS TaKOW IIOKA3aTENb CTEIIEHH, B KOTOPYIO
HAJI0 BO3BECTH YHCJIO &, YTOOBI MOJYYUTh YHcIiio D.

loga b =x <=> a* = b, raeb>0; a>0; a#1l

Hpumepwr: log; 8 = 3; 1.x.2°=8
logs 625 = 4; 1.x.5*=625
logs 16 = 2; T.x.4*=16

log. ~=—-2;1T.x3%=1
379 9
log 1=—1;1.k5%=1
5 5 )5
10g4 7 = —3; T.K.‘}- :é

3= 1 3
]ogz \/2 = 5, T.K.23 = \/2_
1 1
logzs 5 = 5 T 257 = V25 =5

logas3 3 s
log77 =1, logel =0

HOJ'IB?)YSICB OIpCACIICHUEM MOKHO 3alcaTb OCHOBHOC JIOFapI/IQ)MI/ILIeCKOG TOXKACCTBO.

alogab =b
Ipumepur: 50853 = 3
810g85 =5
—2log35 — 10g5_2: —2_1
3 3 (3'°83°) 5 o

23+log27 — 23.2log27 = 8.7 = 56
IIpakTH4yeckast 4acThb:

Bapuant Nel
| yposens Bapuant Ne2
1. Bsruucmute: a) 109; 27 —109, 7, 6) | yposens
7 1. Beruncaure: a) 109,16 109, 9, 6)
21+Iog25 3
B) lg4+2lg5, T) 5loss S
o Haiiure x: log, X = 4log;a+7log,b 2. Haitnure x: logs x = 2logs a —3logs b




3. Ilponorapudmupyiite o OCHOBaHHIO S

Bepaxkerne: 125a% bt
Il yposens

[EEN

log,24—-"_log, 72

BoraucnuTs: a)

2
I09318—;Ioga72

6) 36I0955+101—Ig2 _8I0923
2. Haiigure x:

Iog2x= ilogza—glogzb—ilogzbﬁ»

2 3 3
3. Ilpomorapudmupyiite BRIpa)keHUE TI0
e?-3e-mt

OCHOBAHUIO €. —F————
4In2 . p3

4. YopocTtuTe BeIpaKeHHe:

3. [Iponmorapudmupyiite Mo OCHOBaHHIO 5:
25ab’

Il yposens
1. Beruuciure:

log, 14 —E log, 56

a)

Hw

0)

Iog6 30— I096150

N |

( l—llog 4 \
814 2 9 +25I091258 |‘49I0972
\ )

2. Haiinure x:

log x :B—Elog a—-8log b+2 Elog c
L 3 ot L L
3 3 3 3
3. IIponorapudmupyiite BeIpakeHne MO
c’./c
- I

OCHOBAHHUIO 3.

lob, 2 —log, b? 243(ab* )
lga log b 4. YupocTuTe BeIpaKeHHE:
2log,b b )2
a " —(log a
(log a°)
Bapuanrt Ne3 Bapuant Ne4
| yposens | yposens

1. Berumcnure: a) log, 16 + |09£5, 0)
5

122—|09124
8) 3lg2+3Ig5, )
logs /80 — logs V10

2 1
2. Haiimure x: log, x= —log, a— —log, b
. 3, 5,
3. IIpomorapudmupyiite Mo OCHOBaHUIO 2
48a+/a -b*
Il yposens

1. BeruuciuTe: a) log, 4+log, 10
log, 20 + 3log; 2

1
Iog2 3-3log 85

6) 16579945 1 42
2. Hatigure x:

log x:glog a—4+5log b—llog b
3 3 3 3 2 3
3. Ilponorapumupyiite BIpa)keHUE 110

0,04 -3/a’h
2

OCHOBAHHUIO 5:

ac
4. YpocTuTe BhIpaKEHHE:
log, a
—log a®— 9
log_b b log b

1. Beruucrnure: a) log, 64 + Iog;3 , 0)

3
1 1-logge18
)

1
B)Elg4+lg5, r) IogsﬁU—logsJIO

y 1 4
2. Haiigure x: |OgZX= |nga— |ngb
& 4 £ 7 &

3 3 3
3. [Iponorapudmupyiite mo ocHopauuto 10:

0,001b?

a3

Il yposens
1. Beryuciure:

3Iog72—1log764

a) 2 , 0)
I
4logs 2 + 3 logs 27
( 1Iog79—log76 4\
721 492 + 57100 )

2. Haiiqure x:

log x= %Iog a+ £—5Iog b+4log b
25 5 25 2 25 25
3. Ilponorapudmupyiite o ocHOBaHuUIO 4:

Jre

256 - (pzq)3




4. ympoctute Beipakenne: T0gp U =0, 7 7

Ilpakmuueckasn paboma Ned7,48:
CaoiicTBa norapupmMuyeckoi GyHKIUU U €€ rpapuk

Lleasn: 3HaTh cBO¥iCcTBA Jorapupma, GopMysIsl mepexoia K JpyroMmy OCHOBAaHUIO.
YMeTb npeoOpa3oBhIBaTh BEIPAKECHUS, COACPIKAIINE JIOTApU(DMBIL.

Hust a>0; a#1; x>0; y>0 cnpaBeanuBsl GOPMYIIBL:
loga1 =10

logsa =1

loga xy = loga x + loga y

logai = log, x —loga y

S o

logaxP =p 1oga x

log rx = ;

Ilpumeput: a) loge 18 + loge 2 = loge 18 - 2 = loge 36 = 2
0) logi248 +logi24 =log1248 ~+4 =logi212 =1
1 1

1 1
B) 10g3 34 = Zlog3 3 = Z

r) logs V3 =~ 108512 + logs 50 = logs /3 — logs /12 + logs50 =
V350
= logs25 = 2

= logs

Jlecamuunvie u HamypanvHble 102apughmol.
Jlecamuunvle n02apughm dvicia Ha3bIBaIOT JorapudM 3TOro yricia rno ocHoBanuto 10.

lgb =1 b
Ilpumepwr:  1g100 = 2, & 0810
1g1000 = 4,
1g0,00001 = -5,
1g0,01 = —2.
Hamypansnsim nocapughmom ducia Ha3pIBaCTCs JorapruM 3TOro Yrcia Mo OCHOBAHHUIO €, TJIC
e = 2,71828 Inb = log. b
e=1+_+_"+_' 4+ . +_ T 4+ .
1 1x2 1x2x1 1X2x3..n
Ilpumepor: In 132 =2,
In-= -1,
lne e
VeZ s

Jlist HaTypabHBIX U IECTUYHBIX JOrapu(MOB COCTABIIEHBI CIIELUAIbHBIE TAOIHIIBL.
JUist BBIYMCIICHUS APYTUX JIOTapu(PMOB UCHIOIB3YIOT hopmyny nepexoda K Opy2omy 0CHOBGAHUIO

log: b

logab = log. a

logab = log, a




ITpumep: 10852 + logs 3 _ log 2+ log 3=log 6=1
logs 6 logs 6 6 6 6

OyHKIUSA — 3TO OTOOpaKeHHE, MPH KOTOPOM KAXKAOMY 3HAYCHHIO OJHOTO MHOXKECTBA
CTaBUTCSI B COOTBETCTBUE €JMHCTBEHHOM 3HaU€HUE BTOPOro MHOXkecTBa. [Ipuuem oTtoOpakeHue
Ha3bIBAETCS OOPATUMBIM €CIH KaXKJIOMY 3JIEMEHTY
BTOPOI'O MHOKECTBA CTaBUTCS B COOTBETCTBUE
€IMHCTBEHHBII  3JIEMEHT IEPBOrO  MHOKECTBA.
I'padukn  oOpaTtHbIX  (QYHKIMH  CUMMETPUYHBIN
OTHOCHUTEILHO MPAMOU =X

v

Bcnomnume onpeodeneHue u ceoucmea
nokazamenvrou Gpynxyuu: y=a*, npu a>0, a# 1. 3ra
(yHKIIMS BO3pacTaeT Ha BCEM YMCIIOBOM MPSMOU MpHU y=logax
a>1 u yoemBaer npu 0<a<l. To ects npu TH0O6OM
SHAYeHHHM @ NOKasaTelbHas (yHKuus MonoromHa. [HC 1. I'paduku noxasarenbHOM
Jiis Hee cymiectByer oOpatHas ¢yHknus. MoxHo ee Y norapumIrecKoi QyHKIHA.
noctpoutb.  (Puc 1), @yukuusa,  oOpaTHas

MOKa3aTeIbHON HA3bIBAETCS JIOTapU(PMUIECKOM.

DYHKINIO, 33IaHHYIO (HOPMYIIOH
y=logax, 20e a>0, a+ 1

Ha3bIBAIOT Jlo2apuhmuueckoui hynKyueii c OCHOBaHUEM a.

Jna nokazamenvHoll yHkyuu cyuecmayem 08a ciyuds nogedeHus yukyuu: npu a>1 u npu
0<a<l. Jloeapugpmuueckyro pynxyuro paccmompum

y=logax, 20e a>1 y=logaX, 20e 0<a<l
I'paguk ¢pynkyuu I'pagux ¢pynkyuu
;k ;k
1 1
o /1 > 0 >
y=logax, a>1
y=log.Xx,
Ceoiicmea gpynkyuu Cesoiicmea pynkyuu
1. D(f)=(0;+). 1. D(f)=(0;+).
Obnacms onpedenenusi — 3mo ce
0onycmumvle 3Ha4eHUsl He3a8UCUMO20
nepeMeHHO20 X. 2. E(H=R.
2. E(H=R.




Obnacmov 3nayenus — 3mo 6ce donycmumvle
3HAYEHUs. 3A8UCUMO20 NEPEMEHHOZ0 ).
3. Bospacraer Ha Bceit obnactu
onpeeNeH s
Dyuxyusn Hazvlieaemcs eozpacmaiowjell, eciu
OoNbUEMY 3HAUEHUIO ap2yMeHma CIAasUumcs 8

3. YOsIBacT Ha Bcel 00yacTu
OTIPEICIICHHUS
Qynxyus  Hasvieaemcs yovlearoweu, eciu
OobUEMY SHAYEHUIO aPeSyMeHma CMAasumcst 8
coomeememaue 6obuLee 3Ha4eHuU QYHKYUU.
4. Tlpoxomut uepe3 Touky (1;0)

coomeemcmaue Oobulee 3HAUeHUU QYHKYUU.
4. Tlpoxomut yepe3 Touky (1;0)

ITpumep 1. TloctpouTts rpaduk ¢pynkimu y=logs(X-2). OnucaTh e CBOICTBA.
Pewenue. I'paduk nckomoii GyHKINH mosrydaeTcs u3 rpaduka Gy y=logsX.
X 1/3 3 9
y -1 1 2
I'paduk dpynkimm y=l0gs(X-2) mosy4daem U3 npeablIyIiero caBuromM mo ocu Ox Ha 2
eauHunbl Bupaso (Puc 11).

A A
y |
y=logsx  y=logs(x-2)
1 /
0 2 >

Puc 11. I'paduk ¢pynkuun y=logsz(x-2).

Ilpumep 2. Haiigute obnacts onpeaencuus Gyukiuu y=logs(6-2x).

Peuienue. OGnacThio OnpeaeseHust JorapuhMUIEeCKor PYHKIIMH SBISETCS MHOXKECTBO
MOJIOKUTEILHBIX JCUCTBUTEIBHBIX Yncel. [[oaToMy aprymeHT jorapuma q0DKeH
OBITH CTPOTO OOJIBINIE HYIS. 6-2x>0); -2x>-6; X<3.

Omeem Xe(—0; 3)

Ipumep 3. Haiinute o6nacts onpenenenus Gpyakuun y=logs(x?-3x-4).

Pewenue. x*-3x-4>0.
Pewwm nepagencmeo memodom unmepeanog. f(X)= x>-3x-4
x%-3x-4=0; x1=-1; xo=4 N ] N
x€e(—00; —1 U (4; +00) O

Omeem: xe(—o0; —1 U (4; +0) -1

=0
v

Ilpumep 3. Haiinute o0nacth onpeneneHus QyHKIUUN Y = log8 2x+6
5—-10x
Pewenue. 226 > 0
5-10x
Penmm HepaBeHCTBO MeTOI0M MHTEpBasoB: f(X)= _52’”;%
—1UXx
52_xl+06x = 0; [poOs paBna 0 xorza uncaurens paseH 0, a 3HameHarens He pased 0. T.O.
HOTYyYHM:
2x+6=0u5—-10x #0 ) N )
x =-3 X #* 0,5 G O >
xe(—=3;0,5) -3 0,5

Omeem: xe(—3;0,5)



IIpakTHyeckas 4acrb:

1 BapuanT

Ne 2 BAPDHAHT

1. Tocrpoiite rpaduxk GpyHKImM:

y = log3(x — 2)

a |y=log:(x+1)

y = —logix
2

b |y=Ilogix +2
3

1. BpImoJHure AecTBHUA:

Ceoiicmea nozapugpmos

Bapuanm 1

A) Bvibepume HoMep npasuibHo20 omeema

Al | Boranciure: log,,160+10g;,0,9 1)2;2)1;3)3;4) 0
A2 | yupocture: 57+109:° 1) 50; 2) 3; 3) 75; 4) 12
A3 | Beruncnure: 2log,12 - log,18 1)3;2)4;,3)1;4)2
A4 | Halinute 3HaYEHNE BHIPAKEHUS: 1) 1; 2) 2,25; 3) 3,75; 4) 4,5
logs (16¢), ecn logz ¢ =0,5
A5 logs144 4; 2) 6; -8 4) —
Haitaure 3HaueHne BhIpaKeHUSI: gs -8 2 2) 01 3) log;12-8; 4) -6
log;12
A6 | Beruucaure: log; (24m), econ log.3m=8,5 | 1) 11,5; 2) -5,5; 3) 19,5; 4) 20
A7 Haﬁz[gge 3HAUYECHUE BBIPAKCHUSA: 1)3;2)7;,3) 345
log _, ecnm log 5=0,2
5 C c
A8

«z/_ 2'090,5 5

1)5; 2) 5,2; 3) 4,8; 4) 45

Ceoiicmea no2apughmos

Bapuanm 2

A) Bvibepume nHomep npasuibHo2o omeema

Al | Beruucnure: log,;110 + log,,1,1 1)1;2)3;3)2; 4) 1
A2 | yupocrure: 627109 1) 18; 2) 15; 3) 75; 4) 25
A3 | Beruncnure: log,96 —5log, 2 1)3;2)1;3)-1;4) 2
A4 Haﬁzu/IGTe 3HAYCHHUC BBIPAKCHHMS: 1) -0,5; 2) 3,5; 3)1,5; 4) 2,5
log 1_, ecim log ¢=-0,5
4 C 4
A5 log7169 6;2)7, - 4) —
HaiiuTe 3HaYeHnE BBIPAKECHUS: 9% 15 1)6:2) 733) logr13+5; 4) -2
log,13
A6 | Byruncnure: 1) 6,5; 2) —4,5; 3) 9,5; 4) 10
logs (100m), ecmu logs 4m =7,5
A7 | Halinure 3Ha4Ye€HHUE BBIPAKECHHUS: 1)3;2)1;3)-24)2
216
log |, ecnu log 6=0,5
C c
A8 I 1) 6,5; 2) 5; 3) 6,2; 4) 7,5

logg, 2
5 Jo,2




Ceoiicmea nozapugpmos

Bapuanm 3

A) Bvibepume nomep npasuivbhoco omeema

Al | Bpruncmure: 1g125+1g8 1)1;2)2;,3)3;4) 4

A2 | Ynpocrure: 627109¢° 1) 4;2)6;3)9; 4)12

A3 | Beruuciure: 2log,;3+ log,; 25 1)3;,24,3)1;4) 2

A4 | Haiigute 3Ha4eHUE BBIPAXKECHUS: 1)1;2)1,75;3)0,75; 4) 1,5
logs (27¢), eciu logs ¢=0,5

A5 | Haiiinre 3HaueHEe BBIPAKEHHUS: 1) 11; 2) 6; 3) log,11+5; 4) 7
log,121
— "~ +5
log,11

A6 | Berancanre: 1)8,5; 2)6,5;3)9,5;4) 9
logs (50m), &fiée logs 2m=4,5

A7 HaﬁIiHTe 3HA4YECHHE BBIPAXKCHUS: 1) -8; 2) —6; 3) -3 4) 4
log :i,ecnnlog 4=0,1

4 C c

A8 e 1005 1) 5; 2) 25,2; 3) 15,1; 4) 4+

Beruncnure 64}0924g +3 )52 25,59 1515 4) 3

Ceoiicmea nozapugpmos

Bapuanm 4

A) Bvibepume HoMep npasuibHo20 omeema

Al | Beruucnure: log,810 —log,10 1)1;2)2; 3)3; 4 -1
A2 | yupocrure: 3%+09:? 1) 54; 2) 48; 3) 81; 4) 29
A3 | Borunciure: logs12,5 - log; 0,1 1)3;2)1;3)—2;4) 4
A4 | Haiigute 3HaueHUE BhIpaKCHUSI: 1)1,2; 2)1,5;3) 0,6; 4) 1,8
logss (6¢), ecom logsc=0,2
A5 | Haligute 3HaueHUE BhIpaKCHUSI: 1) 2; 2) 8; 3) 1; 4) logy4 -2
log,64
—=__-2
log,4
A6 | Beruunciure: 1)4,5;2) -2,5;3)1,5;4) 5
logs (54m), ecnu logs2m=1,5
A7 | HaliguTe 3Ha4eHUE BhIpaKCHUSI: 1) -3;2)1;3) 2 4) -2
49
log __, eciu log 7=0,25
7 C c
A8 s log; 5 1) 4,8; 2) -3; 3) 3,2; 4) 10,5
Brruncnure 2].6'096\/§ +7 7

2. OnpeaenuTe MHOKECTBO 3HAYECHMIT (PYHKIUM:

Al

Onpenenute MHOXKECTBO 3HAUCHUI
GbyHKIMH:
y =11-log, (x+5)

1) [5;+®); 2) (—o0;+x); 3) (—i11]; 4) (5;11)

A2

OHpCI[CJ'II/ITC MHO>KECTBO 3HAUECHUI

GbyHKIHH: 4
y =

Iogsix2+95

1) (1,9]; 2) (-=;2]; 3) (0;2]; 4) [2;+0)




A3

OmnpeaenuTe MHOKECTBO 3HAYCHUN
GbyHKIMH:
y=12+log, (4-x)

1) [12;+0); 2) (—0;12); 3) (—o0;+0); 4)
(4;12)

A4

Omnpeznennute MHOKECTBO 3HAYCHUI
byHKIMN:

y=1og, (xl+1)

1) (—oo;O); 2) (—oo;+oo); 3) [l;+oo); 4) (O;+oo)

A5

Omnpenenure MHOXKECTBO 3HAYECHUH
GbyHKIIH:

=log? (x+

y =log? (x+3)

1) [0;+0); 2) (~ooi+0); 3) (~=i3]; 4) (0:3)

A6

Omnpeznennte MHOKECTBO 3HAYCHUN
GyHKIUH:
y 3

Iogzix2+85

1) (0.1]; 2) (—oi1]; 3) (1:3]; 4) [3;+)

A8

Onpenennre MHOXKECTBO 3HAYEHU N
GbyHKIMH:
y =log 2(x2 +16)

1) (~o0;+0); 2) (=o0;4]; 3) [4:+0); 4) [16;+w0)

Ilpaxmuueckan paboma Ne49,50.

Mertosl perieHus JorapuMUIECKUX ypaBHEHUN
Llenv padomui: 3aKkpenuTh 3HAHUS U YMEHHS CTYACHTOB IIPU PELLICHUH JIOTapUPMHUUECKUX

YpaBHEHUN U HEPABEHCTB.

TeopTHUuecKast 4YacTh

JlorapudpmMuyeckoe ypaBHeHue

Omnpenesenue: Jlorapupmuueckoe ypaBHEHHE — 3TO YpaBHCHUE BUIA
loga b(X) = loga c(X), rmea>0,a# 1.
VYpaBHEHUS, CBOISIIHECS K STOMY BUJLY, TAK)KE HA3bIBAIOTCS JIOTAPU(PMUISCKUMH YPABHEHHSIMHU.
[Ipumep.

Pemnm ypaBHeHue

logs (x2 — 3x — 5) = logs (7 — 2X).
Pewienue.

1) IockoybKy OCHOBaHHSI B JICBOM U MPaABOl YacTsIX OAMHAKOBBIC (PaBHBI 3), TO MBI MOKEM
0CBOOOUTHCS OT 3HAKOB JIOTapu(MOB ¥ MPUATH K ypaBHeHHUI0 Buaa b(X) = c(X):

X2 —3x-5=7-2x
2) [IpupaBHHBaeM ypaBHEHHE K HYJIIO U [TOJy4aeM KBaJpaTHOE YpaBHEHHE:
X -3X-5-7+2x=0
X -x-12=0

PemnB kBagpaTHOE ypaBHEHHE, HAXOAUM €r0 KOPHH:
X1=4, Xo =-3.
3) [IpoBepum, IpH KaKOM U3 IBYX 3HAYCHHU X ypaBHEHHE HMEET CMBICIL.
MB&I ye 3HaeM, 4To JOTapu(pMUIECKOe ypaBHEHHE PaBHOCWIBHO ypaBHeHHI0 D(X) = ¢(X) Tobko

B TOM cirydae, eciu b(X) > 0 u ¢(X) > 0. CrenjoBaTennbHO, BBIBOIUM JIBa HEPABEHCTBA:
2
X*—3x—-5>0,

7_

2x > 0.

HpI/I x=4 HCPAaBCHCTBA HCBCPHELI. 3H211H/IT, 4 ne sBusAeTCS pPCHICHUCM YpaBHCHU .




[Tpu x = —3 HepaBeHCTBA BEPHBL. 3HAYUT, 3 SBJISICTCS €AMHCTBEHHBIM PEIICHUEM ypaBHCHUS.
JlorapupmMuyeckoe HepaBeHCTBO

Onpenenenue: Jlorapupmuueckoe HEPaBEHCTBO — 3TO HEPABEHCTBO BHJIA
loga b(x) > loga c(X), Tmea>0,a#1.
HepaBeHncTBa, CBOASIIKECS K STOMY BHITY, TAK)KE HAa3BIBAIOTCS JIOTaPU(PMHIECKIMH
HEPaBEHCTBAMHU.
Ecmu b(x) > 0 u ¢(x) > 0, To:
- ipu a > 1 orapudmuueckoe HepaBeHcTBO 10ga D(X) > l0ga C(X) paBHOCHIIBHO
HepaBeHcTBY b(X) > ¢(X);
- ipu 0 < a < 1 orapudmugeckoe HepaBeHCTBO 10ga b(X) > 10ga ¢(X) paBHOCHIBEHO
HEPaBEHCTBY C MPOTHUBOIIOJIOKHBIM cMbIciioM D(X) < ¢(X)
[Tpumep.
Pemnm HepaBencTBo 1093 (2x — 4) > logs (14 — X).
Pemienue.
1) B ocHOBaHUM 00eHX YacTel ypaBHEHHS — OJTHO U TO YK€ YUCIIO 3. 3HAUUT, MOXKEM yOpaTh
3Ha4kH JoraprupmoB. [Tockonbky 3 60bie 1, To, clemys MpaBHITy, COCTABIISIEM CIIETYIONTYIO
CHCTEMY HEPaBEHCTB:
2x—-4>0
14-x>0
2x—-4>14 —x.
Penraem HepaBeHCTBA U MOTy9daeM:
X>2
x <14
X>6
Mgl BUIUM, 4TO X O0JIbIIE HE TOJIBKO ABYX, HO U OOJIbIIE IECTH. 3HAYUT, HEPABEHCTBO X > 2 MBI
yKe B pacueT He OepeM: eciu x 0oJibiie 6, TO ecTecTBeHHO U Ooubie 2. Takum obpazom, s
Hac BaKHbBI TOJIBKO JIBA JPYTUX HEPABEHCTBA, COTNIACHO KOTOPHIM X Ooublie 6, HO MeHbIIe 14.
OTO U €CTh OTBET:
6 <x<14.

TekcT 3a1aHus:

Pemenne sorapudmMudecKux ypaBHeHU M1 HEPABEHCTB
Bapmuanr 1

A) Bvibepume Homep npasuibHo20 omeema

Al Ecnu X, - Kopenb ypaBHenwus log,, (6-2x)=-2, |1) 5;2)30;3)9; 46
TO 3HAYEHUE BBHIPAKEHUS x(z) +5 paBHO

A2 Haiinute nmpousBeacHre KOPHEH ypaBHEHHS 1) 1000; 2) 0,01; 3) 0,1; 4)100
lg? x-Igx*+2=0

A3 Haiigure cymmy KOpHEH ypaBHEHHS 1) -2; 2) 4,5; 3) 2,5; 4)3
Iogs(2x2 +3) ~1=log_x

A4 Haiinure Hanbouibllee Lenoe pelieHne 1) -1; 2) 4; 3) 5; 4) -3
nepasencrsa 100 1/3(X - 2) < Iog%(G — X)

A5 | Haiigute oGnacTh onpeseneHus QyHKIHU 1)[3;+x); 2) (—=;3]; 3)[3;4);

y = 4/10go2 (4-x) 4) (—o;4)

B) Hanuwume npasunvHoiii omeem




Bl1

Haitgure npousBeneHne KOpHEN ypaBHEHHUS |ng 2+ |092X 2= |Og4 2

B2 VYKa)KuTe KOJINYECTBO LENIBIX PELICHUN HEPABEHCTBA!
Iogy(3x ~1)-2>log, x
2
B3 [|x+2y =5,
Ecnu X, u Y, - pelieHne CucTeMbl ypaBHEHHI . TO 3HAYEHUE
0 | Llogla(y+x):0,5,
BBIPAXKEHUS 2X, + Y, paBHO
C) llpuseoume nodpobHoe peutenue 0aHH020 3A0AHUA.
C [Ipu KakuX 3HAYEHUSAX MapaMeTpa @ ypasHenue 10Q 3(2a — O ) = X HE UMEeT
KOpHEM
Pemenne jjorapupmMuyecknx ypaBHeHU 1 HEPABEHCTB
Bapuanr 2
A) Bvibepume HoMep npasuibHo20 omeema
Al Ecnu X, - KopeHb ypaBHeHwust log,,, (3x+1)=-2, |1) 45; 2) 20; 3) 4; 4)31
TO 3HAYCHHE BBIPAKCHUS xs —X_ paBHO
A2 Haitaure npon3BegeHne KOpHENW ypaBHEHUS 1) 1000; 2) 0,01; 3) 0,1 4)100
lg? x—lgx2-3=0
A3 Haiinnre cymmy KOpHEH ypaBHEHUS 1) 9; 2) 11; 3) -10; 4) 3
2 — =
Iog6(4x +32) 2 Iog6 X
A4 Haiinure Hanbosbiee 1enoe perneHue 1) 7; 2) 6; 3) —6; 4) -7
HepaBEHCTBA Iog?/(2x +13) < Iogy(S +3x)
I T
A5 | Haiigure oGmacTs onpeaeacHus QyHKITUH 1) (-1;0); 2)(-1;0]; 3)(-;0];
y = |/logos (x+1) 4) (-1;+00)
B) Hanuwume npasunvbHwiii omeem
B Haitaute HaMeHbIINI KOPEHb PAaBHEHUS |ng X+ |093 x=1
B2 VYKaxuTe KOJMYECTBO 1IEJIbIX PEeLICHUI HepaBEeHCTBA
log,, (x-05)-log, (x-1)>1
2
B3 [| 3X+2y =5,
E ) .
CIIH X, U Y,- pElIeHNe CUCTEMbI YPAaBHEHU |{ Llog 16(y N X) _ 0, 25: TO 3HAYEHUE
BBIPAXKEHHS 2X, + Y, paBHO
C) IIpuseoume noopobnoe peuiernue 0aHHO20 3A0AHUA.
C

IIpu kakuxX 3HAYEHUAX ITapaMeTpa & ypaBHEHHE log (a3 + 47 ) —X=0 wumeer
2

POBHO JBa KOPHs




Ilpaxkmuueckasa paboma Ne51: Ilepexo0 k HOBOMY OCHOBaHUIO 102apughma

Lenb: 3aKkpenuTh 3HAaHUS U YMEHUS CTYICHTOB [0 OCBOEHUIO JIOrapu(pMOB U
CBOICTB JlorapupmMuueckoil pyHKIUY.

Teopernyeckas 4acThb:

OcHoOBHBIE CBOMCTBA JIOTapU(pMOB

CioskeHne 1 BbIYMTAHHUE JIOI‘apI/I(l)MOB

1. loga x + loga y = loga (x - y);

2.loga X — loga y = loga (x : ).

BoiHeceHHe moka3arelisi CTeneHn U3 Jiorapugma

1.loga X" =n - loga X;

lo x==-log_x
2. gﬂk - FI: gﬂ

3. log xx™ = o log, x

log. x
log,x =
ITepexo/1 K HOBOMY OCHOBAHHUIO log. a
1
log.x =
B 4aCTHOCTH, €CJIH MOJOKATH C = X, NOJY4HM: log, a

OcHoBHOe JIoTapU(pMHUIECKOE TOKIECTBO

Yacro B nporuiecce petieHus Tpedyercs nNpecTaBuTh YUCIO0 KaK JJOTapudM 10 3aJaHHOMY
OCHOBaHUIO. B 3TOM citydyae HaM TOMOTYT (POPMYIIbI:

1.n=logas a"

2 q= blﬂgfn a

Jlorapudmudeckas eIMHUIA U JTOrapupMudecKnii HOJIb

1. loga @a = 1 — 510 nOrapupMuUecKas eIMHULA. 3AIOMHUTE pa3 ¥ HABCETa: Jorapudm 1o
TM000MY OCHOBAHUIO & OT CAMOT'0 3TOI'0 OCHOBAHUS PABEH €IUHUIIC.

2. loga 1 = 0 — 10 norapudmuueckuii HoJib. OCHOBaHUE & MOXKET OBITH KAKMM YrOJIHO, HO
eclu B apryMeHTe CTOUT euHHUIa — JorapudM pasen Hymo! [Toromy uto a° =1 — 310
MPSIMOE CIICJICTBUE U3 OTIPE/ICIICHUS.

Ilepexoa K HOBOMY OCHOBAHHIO log G — log. 6 , wacTHOCTH, ecu ¢ = b, 0 100 6 =1,

1
U TOTJA: log 6=

a log, a -

log 3-log 1,25=1I0g
0,8 3

0,8

@ log. a ¢
log,; 1,25 _ > _
3. 08442 =log 1,25=log ~=-1
log,s 3 08 24

JlorapugmMmupoBaHue — 3T0 HaX0KJICHHUE JIOTapu(PMOB 3alaHHBIX YHCEI WIN BBIPAKEHUI.



b
Ipumep: Haiinem norapudm X = a2 - — .
c
Pemenue.
[TocnenoBaTenbHO BOCHOIB3YyEMCS Cpa3y BCEMU TPeMsi OCHOBHBIMU CBOWCTBaMH JIOTapH(PMOB,
KOTOPBIE M3JI0’KEHBI BhIIIE (JIorapud™M mpou3BeieHus, JorapudM 4acTHOTO U Jorapudm
CTETCHH):
b
lgx=1Ig(@®-—)=Iga?+Ilgh—-Igc=2lga+Igb-Igc.
c
IMoTeHuupoBaHMe — 3TO HAXOXKICHUE YHCEN WIH BRIPAKEHHUH 10 JAHHOMY Jorapudmy Jyucia
(BBIpayKEHMUS).
[ToTeHpoBaTh — 3HAYUT OCBOOOKIATHCS OT 3HAYKOB JIOTapU(PMOB B IPOIIECCE PEIICHHUS
J0rapru(MUIECKOTO BBIPAKCHHUS.

Ipumep: L 1 )
X =3ai/7[5?, Inx = In3ai/16?lnx= In3+Ina+_(In4+2Inb),Inx=In3+Ina+ _In4+ "Inb,
3 3 3
OtBeT: InXx=In3+Ina+ Eln4+ 2_Inb.
3 3
BoIinosiHuTe aeiicTBus:
{ 160+ 0,9
Al BhIupciTe: 081> 081n'Y% 122)13)34)0
A2 2+logs3 1) 50 2) 3 3) 75 4) 12
Ynpocture:
A3 2log,12-log,18 1)32)43)14)2
Beruncnure:
Hatinute 3Hauenue
A4 | PPIPORCHITE 1)12)2,253) 3,75 4) 45
log, (16¢), ecim log,c=0,5
log144 2
log 12
A5 | Haiinure 3HaueHue BBIPAKEHUS: 1)42)63) log,12-8; 4) -6
Brruncnure:
A6 10g2 (24m), ecIId 10g2 Im = 8,5 1)11,52)-553)19,54) 20
Haiigute 3HaueHHne
BBIPKCHUS:
A7 25 1)32)73)-34)5

log, —, ecim log_5=0,2
c



4
A8 8110g3\/§ _ Zfogo,sS 1)52)5,23) 4,84) 4,5

Brrunciaure
2 BapuaHT
Al log,,110+log, 11 1)12)33)24) -1
Brrunciure:
2-logg2
A2 1HN182)1 754) 2
Ynpocture: )182)153) 154) 25
A3 log;,96—>5log,2 1)32)13)-14)2
Brranciure:
Hatigure 3Hauenue
BI)Ipa)KeHI/IﬂI
A4 16 1)-052)353)154)25
log, —, ecim log, c =—0,5
C
Haitaure 3HaueHne BhIpaKeHUSI:
log,13+5;
AS log 169 1)62)73)
L1245 42
log 13
Breraucimre:
A6 og, (100m), ecim log, 4m=17,5 1)652)-453)9,54) 10
Hatinure 3nauenue
A7 216 1)32)13)-24)2
log, —, ecim log_6=0,5 )39139)24
C
BBIPKEHUS:
3
A8 648 Y7 _ glogo2 1)652)53)6,24) 7,5
Brrunciaure

Ilpakmuueckan padoma Ne52: [lpaBuiia BBIYUCIEHUS IEPBOOOPA3HBIX

IEJIb : KoppektupoBaTh 3HaHUS, YMEHUS U HaBBIKK B TeMe: «BbhrurciieHne nepBooOpazHoi
GbyHKIMIY.
1. 3akpemnuTh U CHCTEMaTU3UPOBATh 3HAHUS IO TEME.
2. OmnpenenuTtb ypOBEHb YCBOCHUS 3HAHUM, OLICHUTH Pe3yJbTaT AeATeIbHOCTH YU-CHl.
HOPAJOK BBIITIOJIHEHUA PABOTDI:
1. OtBeTuTh Ha KOHTPOJIBHBIE BOMPOCHI:
a) Uto Ha3bpIBaeTcs nepBooOpa3sHOi GyHKIMHU?
0) ChopmynupyiiTe OCHOBHOE CBOWCTBO MEPBOOOPA3HOIA.
B) ChopmynupyiiTe Tpu mpaBuiia HAX0XKIEHUS IEPBOOOPAZHBIX.
N3yunTh 00pasiibl peleHHbIX TPUMEPOB.
BoinonHuTh 3a1aHus U151 CAMOKOHTPOJIA.
4. VI3yuuTh yCIOBHE 3a/laHUi JJIsl MPAKTUYECKON paboTHhI.

wmn



5. Odopmuts oTueT 0 padore. .
YKA3AHNMA K BBITTOJIHEHUTO HPAKTI/I‘-IECKOI/I PABOTEHI

[TPUMEP 1. Brrsicuurte, sIBiIsieTCs I F(X) X —3X +C0s X —1 neprooOpazHoi 11t QyHKIHMH

f(x):_2 x2 —3-sinX ya R?

PEH_IEH E HaXOILI/IM

g() \'_2' 2 +(_ ):Z 2 _
= .

x 3 cosxl 3x 31 sin x X 3 sinx f x.

) 9

2 .
CrnenoBaTenbHO, 1O omnpeaeneHuo F (x) :5 x> —3x+CosX—1 sBmsercs nepBooOpa3HoON st

2 .
GyHKIHH f(X):g X? ~3-siNX yaR.

ITIPUMEP 2. Jins dynkuwmn f(x)= ——-—

1
\/_ COS2 X

MIPOXOJUT Yepe3 ToOuKy M (E 1+2 0 J .
4

HaliiuTe nepBooOpasHyto, Tpaduk KOTOpPOH

PEIIEHUE. Tlo ocHoBHOMY CBOMCTBY NE€pBOOOpa3HbIX Jto0as mepBooOpasHas (QyHKIHUH

f(x)= % - % jamuchiBaetcs B Buge  F(x)=2- 27/x —tgx +C = 4+/x —tgx +C .
X COS X (
1Y

Koopaunars! Touku M k 1+2. J rpaduka UCKOMOM TepBOOOPA3HON TOJIKHBI YAOBIETBOPAThH
4

YPaBHEHHIO:
T

1+ =4/ -19_4cC.
Va 4

Orcrona HaxoauM, 4TO

1+ 2Jn =2Jn —1+C,

Cc=2.

CrnenoBaTenbHO, ypaBHEHHE HCKOMOM MTepBOOOPa3HOM UMEET BU/I: F(X) =4/x - togx + 2.

TECT JJIs1 CAMOKOHTPOJIA.

Bri6epute npaBuibHBINA BApUAHT OTBETA.

1. Oyukuus F (X) = 3X2 +0,5¢0s 2X +5 sBisiercs nepBooOpazHoii A4S PYHKIIH: a)
f(x)=6x—sin2x; 6) f(x)=3x>+0,5c0s2x; B) f(x)=9x> —2sin2x.
2. Jana QyHKuus g(x) =— 12 - % . IepBooOpa3nas mis dyukuu g(X), rpadux KoTOpoi
SIn™ X X

IPOXOJUT Yepe3 TOUKY (E 2. —1) , 9TO:
4

a) G(x)=—4/x —ctgx + 441 ; 6) G(x)=ctgx —4+/x +2; B) G(X)=—ctgx — 4+/x + 2.

BAPUAHTEI ITIPAKTUYECKOM PABOTHI.



Bapuanr 1.

1. SBnsercs nu QyHKIUSA F(x) = x% +3x +1 nepBooOpasHoii ans Gpynxiun (X) =2X+3 HaR?
x> 3

2. a) Haifnure oOmwmii BUJ mepBOOOpa3HBIX sl GyHKIUH  f (X) =3 X2

0) I[nfr fPYHKi]II/H/I f (X) = Sin 2X Haiimute nepBooOpasHyto, Tpaduk KOTOPO MPOXOUT Yepe3
Touky M |

K4 )
Bapuanr 2.

4

1. SBnsercs nu pynkuus F (x) =—— *+5x *2 nepBooOpa3zHO# I PYHKIUH f(x) =-x*+5

Ha R?

2. a) Haitnure oOmwii BUJT TEpBOOOPA3HBIX ISl PYHKITUU f (X) T =
x* 24/x
0) dnsa q)y}I(KIII/Ii/I\\ f(x):(4—5x)3 HaliiuTe nepBooOpa3Hylo, rpauk KOTOPOH MPOXOIUT
4yepe3 TOUKy .
M| 1; ’ZUl
L)
Bapwuanr 3.
1. SBnsercsa nu QyHKUUSA F(X) = x? — X 1mepBoobpasHoi 11 Gynkuun f (X) =2X—-1 na R?

7
2. a) Haiinure oOmumit Bu epBooOpas3HbIx st GyHKuu | (X) ————3x - X,

CoS” X
0) Z[nff gByHK]uHH f (X) = sin 3X HaiauTe mepBOOOpa3HyI0, TpaPuK KOTOPOI MPOXOINUT Yepes

TouKy M
i )
Bapuanr 4.
FO)=2 - ; () =— 1
1. SBnsercs nu GyHKIMS Z° SIn X mepBooOpa3Hoit It HYHKITUH 5 COS X
Ha R?

2. a) Haiinmure oOmuii Bux nepBooOpa3HbIX it GyHKnun — f (X) = X(X +1)(X + 2) .

1
0) s dpynkuum f(x)=— Torl HaliiuTe mepBoOOpa3Hylo, rpaduK KOTOPOH MPOXOJUT
X

yepe3 Touky M (0;3) .
Bapwuanr 3. x4

)= ()="+

1. SBnsercsa nu pynkuus F X X *1 nepBoooOpazHoit nis pynkuuu f X ” X na R?

XlO

0) Jdnsa dynkiun f (X) =X —10sin 2X HaiiguTe nepBoOOpa3Hyto, rpaguk KOTOPOil MPOXOAUT

2
1
2. a) Haitnure oOmwmii BUI nepBooOpa3HbIX A pyHkiuu f (x) = (Xlo - —) .

gepes Touxy M (0;-5).

BapuaHnr 6.
1. SBnsercs nu Gpynkuus F (X) = X+ CO0S X mepBo0Opasnoit st hyHkuun (X) =1-sinx naR?

2. a) Haitnure oOmwmii BUI nepBooOpa3HbIX A GyHKIuU | (X) =3e* +5c0s x — 7x*.



6) Hns pynxman f (x) = m HaiiuTe MepBOOOpasHyI0, TPadUK KOTOPOH MPOXOIUT
X —_

uepes Touxy M (1;2).
Bapuanr 7.

-
1. SBnsercs mm  QyHKIHA F(X): 2X +Z X" +35  nepBooGpaszHON I PYHKIHMH

f(x)=3(x+2)x? na R?
2. a) Haiinure oOmuii Bua mepBooOpa3HbIX st GyHKITUU f(x) = \/; + 75 +2x% .

0) Hns (1)YH(K7IEH/H/I \f (X):—G SiN 2X HaiiauTe mepBooOpasHyo, rpaduk KOTOPOW MPOXOIUT
yepe3 Touky M — ;-3 |.

\4 )
Bapwuanr 8.

1 1
1. SBnsercsa nmu pynkuus F (X) =X+ Pye) nepBooOpa3HOM Ui QYHKIMH f (X) =1 T— x>0?
X X

v i f(x)=2sinx+2*-__.
2. a) Haiinure oOmwii BUJT TEpBOOOPA3HBIX JIIs (PYHKITUU ( ) 3

0) Mt pysaximm  f (x) = . HanzuTe nepBooOpa3Hylo, TpaduK KOTOPOU MPOXOJAUT Yepe3

cos® ~
2

Touky M (\EZ \/?J .

Ilpaxmuueckan paboma Ne53: BeraucieHne HeonpeAeIEHHOrO HHTErpaja
Henb: OTpaboTaTh HABBIKK BBIYHMCIICHHUES HEONIPEACIEHHOTO HHTErpaja

BapuanT 1
1 J-de 12. j(x +4)? dx 21. JXdTX
2. | x%dx 13. [3(2x-3)%dlx 2 )%(/_
X
3. | xedx 14. [ X34 ox = Ly
% oo 15. [ 4/xdx 23. j%dx
5. [6xdx 16. ﬁ/x_zdx (2 4 o
— ———+3¥x° d
6. J%ﬁdt 17. JS_); * “XZ - ] X
7 j dx .[de
(3= ¥)dx 5 J._ 25. X2
AU ‘—
8. [(4x—x2)dx dx 26. | de
19. [—= Vx
9. j5(x—2)dx X 27 I4sin xdx
3dx '
. |(8x® +4x—T7)d 4l
10 I( X* +4X 7) X 20. J‘44\1/§ 28. IZCOSXdX

11. _[xz (1+ 3x)dx



29. J. 2dx
COS X

30. J.sinz X
3L j(l+cosx)dx

22 3sin x)dx
3x2 - 2¢0s x)dx

34.
J‘( 2 3 \dx
\coszx_sinsz
35. I3e“du

j 2a%do
37]@ 5ex)dx
¥

(2et —3cost)dt

[IpaxTueckas padota no teme «HTErpambD)

Bapwnanr 2

1. dex

N

Ix3dx
Ixedx
I3dx

j5xdx

w

o &

Ly
G_Itt

7. [ (4-xd

J (5x — x?)dx

9. [3(x-3)dx

10. I(4x3 +8x — 2)dx

oo

11. jx2(1+4x)dx
12. I(x - 2)%dx
13. [4(3x - 2)?dx
14. j X(5 - x)? dx
15. [ 24/xdx

16. [ dx

17. j%

18. j%

20 J- 3dx
xdx

21.]2&
22, j%dx

23, j;‘/i_}d

2, jl(% - % +3x2 jdx

23/x - 3x?
R

dx

27, J'4sin xdx

8. J. 2c0s xdx

2dx
I cos? X

2C0s2 v +1
43, j— dv
cos? v

sin“t—2
44, [ —sima— o

e +eXsinx
45. e*
46. |tg2xdx

x 2dx

47. 7 ¥2+1

dx

3dx

%0. sin? x

3

[y

_ I(1+ Cos x)dx

3

N

. [(2-3sin x)ax

33. J‘(3x2 —2¢0s x)dx
3. [_2 3 Vg4

| _
I\COSZX sinsz

35. f3e“ du
36. [ 2a°do
37. [ (x - 5e")dx

38. J‘(Zet — 3cost)dt

3dt
Fa

40. j E - xjdx
jﬂ

1+ x?
J‘ 3dx

41— x?
J- 2C0s2 v +1
cos? v

39.

41.

43, dv



sin?t—2

j—dx
44. ) §in?t

e +exsinx
I—dx
45, p*

46. jtg 2xdx

[TpakTudeckas padbora o teme «HTETpab)

B 3
BT o

no

jxsdx
: Ixzdx
: I4dx
I3xdx

o A~ W

6. J'it"’dt

| (5= x)d
(g1 2)

J‘L ; X )|dx
0. [2(x-2)dx
10. j (4x3 + 2x — 5)dx

~

o

11. sz (1+5x)dx

12. [(x - 3)%dx
13. J2(4x —1)2dx

-

14. Ix(3—x)2dx
15. ~ 4 xdx

[+
16. Wx3 dx
17. | %‘

o [

_ax_
0.

3/..2
X

3dx
20. | i

(2 4 3
X—z—ﬁ+3\/x_)|dx

26. _[ Jx
27. I4sin Xdx

28. _[ 2c0os xdx

29.J.ﬂ§$)6

3dx
Isin2 X

: .[(1+cosx)dx
.J.(2—3sin X)dx

30.

3
3

N -

33. j(3x2 — 2¢0s x)dx

IIpakTuyeckas pabota o Teme «MHTErpais

Bapuanr 4

1. dex
2. jxgdx

3. _[ x3dx
4, _[ 6dx

47

34.

35
36
37

38

39

40

41.

42

4

w

44,
45,

~

46

47

5.
6.

x2dx
' sz +1

(2 3 )

jkcoszx sin? x

. I3e“ du

. jZa‘Pd(p
. [(x - 5ex)dx

. J.(Zet — 3cost)dt
NE
¢
_ I |\;_XJdX
J. 6dx

1+ X3
3dx

' I4\/1—x2
2c0s% v +1

- I Cos? v
sin?t—2

dv

dx

I sin?t
e +eXsinx
dx
ex

, J'tgzxdx

X 2dx

.Ix2+1

I4xdx

Iltf‘dt
3

dx



2X — x2 )dx

! e

9. [3(x-5)d

10. j(2x3+2x 3)dx
jx (1+6x)dx
j(x+22dx
Jo

11.
12.

13. 2x —3)%dx

I X(2 - x)2dx
15. [ 24/xdx
16. J‘i/_?dx

27. I4sin xdx

28. IZcos xax

29. J‘ 2dx

cos? x
3dx

30. Isinz X
31 J'(1+ cos x)dx
32. [(2—3sin x)dx

33. |(3x%.-2cos x)dx
34. ,[?3 2 — % \dx

I|kcos2 X sin® xJ
35. IBe“du
36. | 2a°do
37. [ (x - 5eX)dx

38. I(Zet —3cost)dt

39. 132?'
40. I(%— x]dx

6dx
i J.1+ X2

3dx

ol

2¢0s% v +1

43. 0052
sin?t—2

dv

dx

44. I sin?t
e +eXsinx
dx

46. Itg 2 xdx

x2dx

47. J.XQ__FI



[TpakTraeckas padota o Teme «MHTErpambDy
Bapuant 0

1. j Xdx

2. j x“dx
3. j x"tdx
4. Ide
5. j 2xdx

6. J’itzdt

~

(2 - xdx
I (3% — x2)dx
[3(x - 2)dx
: J.(4x3 + 4x — 3)dx

o

©

1

o

11. Ix2(1+2x)dx
12. [ (x+3)7dx
13. J4(2x -1)%dx
14. j X(1- x)?dx
15. [/xdx

16. [/ dx

dx
17.]}7
dx

18, Iﬁ

1o,

20. I 44/x

21.

22.

23, jx—’—“ dx



(2 4 3
24, I|\x_2_ﬁ+3\/x_)|dx

3/X — 3x2
25. sz dx
X2

X —3/x?
26..[ NS dx

27. j4sin xdx
28. I2cosxdx

2dx
29. I cos? X

30 J- 3dx
“Jsin2x

31. I(1+ Cos X)dx
32. I(Z —3sin x)dx

I ?szz— Z(ios x%dx \dx
-ﬂcoszx sinsz

35. [3evdu
36. | 2a°do
37. I(x — 5eX)dx

38. [(2e' - 3cost)dt

39. f%‘{t

(2 j
40. J' — X ldx
41. Lé(dx

J‘1+ X2
3dx

4
Wbt X 41

33.
34.

42.

3. dv
I cos? v
sin?t—2

dx
44. I sin?t

e +exsinx
45, Ie—xdx



Ilpakmuueckasa paooma Ne54:Bviuucnenue onpeodenénnozo unmezpana

IEJIb: KoppekTupoBarh 3HaHUs, yMEHMS U HaBBbIKU B TeMe: «BbIuncieHue onpeaeseHHoro
UHTErpaa.

1. 3akpenuTh ¥ cUCTEMATU3UPOBATH 3HAHUS 110 TEME.

2. Ompenenuts ypoBEHb YCBOCHHS 3HAHUI, OLICHUTH PE3yIbTaT JEATEIbHOCTH yq-Csl.

HOPAAOK BBINIOJTHEHU S PABOTDI:
1. OTBeTUTH Ha KOHTPOJIbHBIE BOIIPOCHI:
a) Uro Ha3piBaeTcs NEpBOOOPA3HON PyHKLIUU?
6) ChopmynupyiiTe OCHOBHOE CBOWCTBO IEPBOOOPA3HOM.
B) Chopmynupyiite Tpu mpaBuiia HAX0XKICHHS IEPBOOOPA3HBIX.
r) 3anumure popmyny Herorona-JleitOHuna.
N3yunth 00pasiibl perieHHbIX TPUMEPOB.
BoInosHUTE 3a1aHUS U1 CAMOKOHTPOJIS.
N3yunts ycrnoBue 3ajaHui Ui IPaKTUUECKON pabOThI.
Odopmuts oTueT 0 padore.

gabrwn

YKA3AHMA K BBIIIOJIHEHUI) [TPAKTUYECKOM PABOTBI

I[TPUMEP 1. Berumcinre HHTETpa I(_ 4X + 4 + X2 )dx ,
2

PEIIEHMUE. Haiinem MHO€eCTBO Bcex MEpBOOOPA3HBIX sl PyHKINMN — 4X + 4 + x2:
X2 x3 + x3
F(X):_4.7+4'X+?+C=—2X2 4X+?+C.

[Jonw3ysce (bopMyJ}oﬁ HBIOTOHa-A@I\/'I6H 14, TOJIy4aeM: _,

A ) Loy
[(cax+aex?)ax=l -2 +ax+ | =l-2.2+4.2+" [-l-2.(-2) +4.(-2)+
2 8) (\ 8) 3 )p \ 3) [ 3
= -8+8+ - -8-8- '=21".

| y oo
{ 3) 3] 3

2"

OTBeT: 21&.
3

[TPUMEP 2. BeisicHute, Ipy KaKOM OTPUIIATEILHOM 3HAYE€HUU TIEPEMEHHOM a BEPHO PaBEHCTBO
a

JZXSdX =-757?
—Z2a

4
PEIIEHMUE. IlockonbKy st 2x3 OJIHOM U3 MEePBOOOPA3HBIX SBISICTCS X— ,
2

a

2 (x“} a* (-2a)' 15a*
J'2x3dx - = - =
-2a k 2 ) _2a 2 2
CJ'IC,[[OB&TCJ'ILHO, HY)KHO peH_II/ITL ypaBHeHHe:
4
3 15a _ 75
_15a* 15
2 R
a*=1,
a=+1.
OTpHL[aTeJ’ILHBIﬁ KOpeHL 9TOI'0 ypaBHeHI/IH — 9TO YHUCJIO —1.



OrBerT: -1

TECT JJII CAMOKOHTPOJIA.

Bribepute IPagHIIbHbI BAPHAHT OTBETA.

1. 3Hauenue j (— 6X + X2 + 9)dx PaBHO:

a
018°: 6)18%; ) 197

3 3 3
2a
2. PaBeHncTBO I x3dx = 375 (raea> 0) BepHO, €CTH @ paBHO:
a
a)l, 06)2; B)3.

BAPUAHTBI ITIPAKTUYECKOM PABOTHI.

Bapuanr 1.
2 12
1. Beoruncnute UHTErpajbl: a) J‘ X20x : 6) !z(l 4 COoS 2X)dX.
1

; () ()

JlokaxkuTe cripaBeIJIMBOCTh PABEHCTBA! .[ 2x+1dx = j x —ldx.
0 0

2.
Bapuanr 2.
2 2
1. Beruucnure uHTErpanbl @) | — 2 sin xdx | 6) | ——.

T
2 ¥
2. JlokaxuTe CrpaBelIMBOCTh PABEHCTBA: 1[ cos xdx = 1[ % 2dx .

Bapuanr 3.
*dx 2 dx
1. BerumcinuTe UHTETpaNbL: Q) (')[COSZ N ; 0) [ (X+—1)2
i dx

2. I[OK&)KI/ITC CIIpaBCAJIMBOCTL PABCHCTBA!

o'—b (J)FI

inxdx= | —.
sin xdx J;‘/;

16

Bapuanr 4.
1 g T
Berunciure uHTErpans:  a) J—dx; 0) J—{‘Zﬁ
1. 1 Vx cos?| |
4 \9)



T

o :Jldx.

2. JlokaXuTe CIpaBeTMBOCTh PABEHCTRA! TCUSZ_X
0

Bapuanr 5.
2 3 7 ( n
1. BerumcinuTe MHTETPABL Q) J.—X dx ; 0) I sin| — 3x ldx
-1 0 K
) dx 1 d
2. BepHO 1M HEPAaBEHCTBO: J- ——— < J‘—z‘ ?
sin®x X
2 2
Bapuanr 6.
* dx 2 4

1. Berunciure MHTErpabl: a)I— o
© Sin‘Xx

6

6) j(1+ 3x) dx.

1
3. B : -
€pHO I HEPABEHCTBO J- x4 ax < .[

Bapwuant 7.
2 T dx
1. Beruucinute uaTerpansl: a) | 2cos xdx ; 0)
jo -E X+2
if' dx T dx
> :
2. BepHo 111 HEPaBEHCTBO: Y ¢gs2x =
0 1 X2
Bapuanr 8.
2
1. Beluucnute UHTErpaibl: a) l‘ x4dx: 6) t[sin oxdlx

T

2 5
2. BepHo 11 HEPaBEHCTBO: jcos xdx > J- —?
Y

Ilpakmuueckasa pavoma Ne55. [IpumeHneHue onpeeeHHOTo HHTErpaia 1Jis
HaXOKJICHUS TUIOMAIN KPUBOJIUHEWHON Tpaneuu

Henab: HayunuThbest ompenensT ¢GopMy TMOIYYCHHOW QUTYpHl B CpPaBHCHHH C
KPUBOJIMHEMHOWN Tpamneuuneil, aHaJIUTHYEeCKU BbIpakaTh M BBIYUCIATH IUIOLIAJb
MOJIy4YE€HHOU (PUTYPHI.

Conep:kanue

Yactp 1. TeopeTnueckas

Mpumep.



Beuucante I1wUiomagbk  3€MEJILHOTO y4acCTKa, €CJIM Ha IIJIOCKOCTH OH

OTrpaHUYEH J'H/IHI/ISIMI/I y=-‘;x2 + 1; y 0; x= 2 X = 3

Pemenne.S = f (_X2 + 1)dx = (_X3 + x)| = (_ 33+ 3) — (i (=2)3 - 2) =

s 22 2 -2 6 6

10_.
6

A >
3

5
Takxum oOpazom, TIoMIaAb 3eMENBHOI0 yuacTka coctapisieT 10 _enuHul.
6
HMpumep.
Boeruncnute o0beM Tenma, oOpa3oBaHHOTO BpalieHHEeM BOKpyr ocu OX
burypsl, orpaHu4eHHON TUHUAMH V2 = 4X; y =0; x =0; x = 4.
4 = 2[* =
Pemenue.V = fo 4x dx = 27X |0 = 32m. B pemenun ucnons3oBaHa Gopmyna V

b
= | f(x) dx.
60
IIpumep.
BeIymcanTh Maccy CTEpKHS, pacrojiokeHHOro Ha otpeske [0; 6], eciu
IJIOTHOCTD 3a7aeTcs pyHKIuen p(x) = 2x2 + 3.

Pemienwe. I/IcnonbayeM (bopMyny m6 f p(x) dx, rae p(X) - IIOTHOCTh CTEPKHSI.
2

m= f(2x + 3)dx = (—x + 3x)| _T+36 162.

Yacrte 2. [IpakTuyeckas

3aganue 1. Bocronb30BaBIIUCH COOTBETCTBYIONTUM MPUIIOKEHUEM OIIPEACIICHHOTO
WHTETpaja K 3aJadaM TeOMETPUU, HAWTU IUIomaAb (UTYpPBI, OTpPaHUYECHHOU
JTUHUSIMU:

Ne | 3amanune o | 3amanue

y=x2y=7x-12 y=Inx, y=1y=4

N
6
y=x%y=1x° 7 |y=x2—2x+3,y=3x-1
8
9

y=2x, x=0,x=¢e y=-x3, y=-9%

1
2
3 |y=Inx, x=e 1, x=¢e y=x3— 3x, y=X
4
5

y=9-x% y=0 10 |y = x2, y=%x3

3ananue 2. Pemure 3agaqy.



1)2m/c. Haiimure myth S, IpoiiIeHHBII
TOYKOM 3a 3-10 CEKYyHIlY

Ne 3ananue Ne 3ananue
C CKOpOCTb IBIXKEHUS TOUKH
KOPOCTB JIBHKCHHSI TOYKH
_ OTIpe/IeISIETCS IO
ompenensercss Mo 3akoHy V=(2t -— _ ) .
1 ) N . . | 6 |3akomy v=(3t — 2)2m/c. Halimure myTh
1)2m/c. Haiigute mytb S, mpoiiaeHHbIN S
TOYKOM 32 3-10 CEKYHAY o . .
NPOIIEHHBIN TOUKOH 32 2-10 CEKYHIY
CKOpOCTh JABHKCHUS TOUKH
CKOpOCTh IBHIKEHHS TOUKH
ompenensercs 1o 3akony V=(3t + OTPEACIACTCA
2 ) N g . | 7 |mo3akony v=3t%+ 2t + 1m/c. Haiinure
2)?m/c. Haiiaure myth S, npoiiieHHbIN . . .
o nyTh S, IpONAEHHbBIN TOUKOM 3a 10-10
TOYKOH 32 4-10 CEKYHAY
CEKYHTY
CKOpOCTh JIBIKEHUS TOUKU
CKOpOCTh TBUIKEHHS TOUKH
oTpenieNnsercs 1o 3akony V=(2 — OTIPEICILICTEA TIO
3 5 y 8 |[3axomy v=(4t — 3)2M/c. Haiimure myTs
3t)2m/c. Haiimute myTh S, S
MIPOUICHHBINA TOYKOH - Lo . .
porie OUKOH 32 4-10 CeKyHILY MPONJIEHHBIN TOUKOM 3a 4-10 CEKYHLy
CKOpOCTh JIBIKEHUS TOUKH
CKOpOoCTh TBHIKEHHS TOUKH
oTpenensercs 1mo 3akony V=(3t — OTPCICIBIETCA 11O
4 ) N 4 . . | 9 |3axomy v=t(t — 2)2m/c. Haiimure myTsh
1)2m/c. Haiigute myTh S, IpOWICHHBIH S
TOYKOM 32 2-10 CEKYHAY Lo . .
MPONJEHHBIN TOUKOM 3a 4-10 CEKYHLy
CKOpOCTh JIBIKEHUS TOUKH
CKopOoCTh TBHIKEHHS TOUKH
oTpeneNnsercs 1mo 3akony V=(2t + OTPCICILICTCA O
5 10 |sakony v=9t% — 8t m/c. Haiinute myrh

S,

MIPOMICHHBIN TOYKOM 3a 4-10 CEKYHTY

3aganme 3. Haiinure oObem Tena, MOJYYEHHOTO IMPH BpalIeHUH BOKPYT OCH
abCIrcC KPUBOJIMHEHHON Tparennu, orpaHndeHHoN TuHusaMu. Caenaite 4epTex.

Ne 3amaHue Ne 3amaHue
1| y=+vX, y=0,x=9 6 | y=x+l1, 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=+X, y=0, x=1, x=4

4 | y=2-x,x=0, y=0 9 | y=2x,x=3,y=0

5| y=x,x=5, y=0 10 | y=vx, y=0, x=4

Bonpochl kK NPAKTHYECKOMY 3aHATHIO

1. Chopmynupyiite onpeeneHne KpuBOIMHEHHOMN TpaneIu.

2. Chopmynupyiite onpeeracHne mepBooOpa3HOM.

3. CKoJIbKO TTepBOOOPA3HBIX MOKET UMETh Kakast pyHKims?

4. KakoB ajropuT™M BBIYUCIIECHUS IJIOIIAAN KPUBOJIMHEHHOMN Tpaneuun?

5. Kakue u3BecTHbI IpaBUiia BEIYUCICHUS IEPBOOOPA3HBIX?

6. [To xako# hopmyse BEIYMUCIAETCS TIIOMATL KPUBOJIUHEHHON TPATICIIH ?
[lepeuuncauTe BUIbI 3a/1a4, pellIaeéMble C TOMOIIBIO OMPEIECIIEHHOTO HHTETP




Ilpakmuueckan padoma Ne56. DneMeHTHl IWINHAPA. DJIEMEHTBI KOHYCA.
OnemeHTsl cephl 1 mapa. [Inomaas moBepxXHOCTH

Meau ypoka:
JupakTuyeckass - criocoOCTBOBaTh (OPMHUPOBAHUIO YMEHHI M HABBIKOB MpPH
pElIeHNH 3a/1a4 MO BBIYUCIICHUIO TUIONIAU TOBEPXHOCTH IIUIMH]IpA U KOHYCA.
3apaum:
1. YMeTh NpUMEHSATh (POPMYIIbl BBIUUCICHUS TUIOMIAN TOBEPXHOCTH IIUIUMHAPA U
KOHYycA.
2. YMeTbh pemiath 3aJa4d Ha BBIYMCIEHUE TUIONIAJM MOBEPXHOCTH IIIMHAPA U
KOHYyca.
[IpoBepka rOTOBHOCTH BBITIOJIHEHUSI MPAKTUIECKON pabOTHI:
DpornmanvHwll onpoc.
3aKOHUYUTH MPEJIOKECHHE:
. lunuHapom Ha3bIBaeTCs TENIO0, KOTOPOE COCTOUT H3. ..
. Konycom Ha3biBaeTcs T€10, KOTOPOE COCTOUT U3 ...
. O6pazyronieit IUIUHAPA HA3BIBAETCS OTPE30K, COSAUHSIIONTUH ..
. O6pazyronieit KoHyca Ha3bIBAETCS OTPE30K, COCAUHSIOUTUH ..
. Panmuycom munuHapa v KOHyca Ha3bIBAeTCA ...
. OCHOBaHMEM ITUJIUHPA U KOHYCA SBJISIETCS ...
. BeICOTO# IMIIMHAPA HA3BIBAETCSA OTPE3OK COEAUHSIONINM ...
. BbICOTO#1 KOHYCa Ha3bIBAETCS OTPE30K COECTUHSIOIINN . ..
. [1nomanb MOBEpXHOCTU UUINHIAPA BEIYUCIIETCS.

10. ITnoma s MOBEPXHOCTH KOHYCA BRIYUCISETCS .

11. ITapom Ha3bIBAaETCS TEJIO KOTOPOE COCTOUT U3 ...

12. ITnomaap TOBEPXHOCTH IIapa BBIUYUCISIETCA. ..
Oobyuyarmmuiicsi 10/12KeH 3HATh:
- OCHOBHBIE 3JIEMEHTHI LIMJIMHIPA, KOHYCA, 11apa;
- (hopMyJIbI BEIYHMCIICHUS TIJIOMIAU TTOBEPXHOCTH IUJIIMHAPA, KOHYCa, I1apa.
Oobyyarwmuiicsi 10J12KeH YMeTh:
- BBIYHCIIATD TUIONIAAh OOKOBOM TMOBEPXHOCTH IIJIMHIPA U KOHYCA;
- BBIYUCJIATH IUIOMIA b  MOBEPXHOCTH IIapa.
- BBIYUCJIATH IJIOMIA/Ib MTOJHOW TMOBEPXHOCTH LIMJIMHIPA U KOHYCA;
PexoMeHIauM M0 BHINIOJTHEHUIO PAKTUYECKOH padoThI:
1. IIpoutute 3ananue.
2. 3anuIuTe yCIOBHUE 3a4a4H.
3. 3anumuTe KpaTKo TaHO
4. BbINOTHUTE PUCYHOK.
5. 3anuIluTe pElIeHUuEe U OTBET.
Kpatkue Teopernueckue mosaoKeHHUs:

OO ~NOoOUTLR,WN P

Hunaunap (puc. 1.18) Komnyc (puc. 1.19)
[Tnomaas 60KOBOI MOBEPXHOCTH: [Tnomaar 60KOBOM MOBEPXHOCTH:
Soon = 27H Sgon = TRL.

Fox Fox

[Lnomaae MoaIHONM MOBEPXHOCTH: [momans NOJTHOM IMTOBEPXHOCTH:



S0 = 27RH +27R". S e = TRL + 7R,

Puc 1.18 Puc. 1.19

Ilap
[Tnomaas moBepxHocTH S 1 00BEM V' mapa
panuyca r ONnpeaelsitoTes: POpMyITaMu:

.« S = dmr’

. S= irdz

. V= 5?7?"3
3aoaua 1.

[Tnomanpe 6G0KOBOM MOBEPXHOCTH HMIJIMHApPA paBHA 21 7, a THMaMETP OCHOBAHUS
paBeH 7. Halaure BBICOTY HWJIMHJPA.
Pemenue.
BricoTa nununpa pasHa
h— Sﬁ:m _ Sﬁ:m _ 21w _ 3
2m R D Fiky
OtBerT: 3.
3aoaua 2.
ITnomaas OCHOBaHMS KOHyca 36w cM? , a ero oopasyromas 10 cum.
BrruncnnTh 60KOBYIO TOBEPXHOCTHh KOHYCA.
Pemenue.
3Has IJI0Ia/lb OCHOBAHUS, HAIEM €ro pajJnyc.
S=nR?, 36n=nR?, R%?=36, R=6
[Tnomanb 60KOBOM MOBEPXHOCTH KOHYCa Hal1eM 110 hopmyJie:
S=nRl, rme R - paguyc ocHoBanmsi, |- AnnHa obpa3sytowen,
oTKyAa

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

3aoaua 3. O6bpem mapa paeH 288 =. HaliguTe muomaab 60KOBOM MTOBEPXHOCTH
KOHYca BMcaHHOTo B 1map. OCHOBaHUEM KOHYCA SIBISCTCS OOJIBIITUI KPYT.

Penrenue.

4
V=_=nR
O6beM mrapa paanyca It Beraucisercs mo popmyie 3 , OTKyZla HauJeM

paauyc 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%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%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

.[3V  [3.288x

= [ = | ——— =
B Vizs V iz 6
[nomans 60k0BOI MOBEPXHOCTH KOHyca paBHa S = nR1, | :_R\/ 2.
cleoBaTenbHo S = 76 - 612 = 36v/2m OTBeT:36V2m

3aoaua 4. Okono mapa OnucaH HWIMHAIP, MIIOMIAlb TOBEPXHOCTH KOTOPOTO
paBHa 18. Haitnute miomaas NIOBEPXHOCTH 1Iapa.

@1 Pewrenue.

[To mocTpoeHuto pagnychl apa U OCHOBAHUSI LIMJIUH]IPA PABHBI.

» [Tnomaae MOBEPXHOCTH UUIMH/IPA, C PAIMYCOM OCHOBAHUS I U
V BBICOTOM 2I paBHa
S = 2Sgen + Seox = 27" + 27rh = 2% + 277 - 21 = Bar?
S = 4mr?
[Inomaas moBepxXHOCTH LIapa paauyca r paBHa = — ™ 10 ecTb B 1,5 pa3za
MEHBIIE IJIONIAIA MOBEPXHOCTH HWINHAPA. Clie10BaTENbHO, IIONIAb
MOBEPXHOCTH I11apa paBHa 12.
OTtBeT: 12.

3amaHus 1151 NPAKTHYECKOI padoThI

1 BapuanT

1. Ilnomanb 0CEBOTO CEUEHHMSI MPSIMOTO KPYTIIOTO IMIINHIpa paBHa 24. HalinuTte

IUIOIIa/Ib €r0 OOKOBOM MOBEPXHOCTH.

2. BricoTa munuHApa 6;1M, paanyc ocHoBaHus SaM. Halimure 60KoBYIO

MOBEPXHOCTH IIMJIUHPA.

3. lnaroHasb 0CEBOTr0 CEYSHHS IMJIMH]Ipa HAKJIOHEHA K MJIOCKOCTH OCHOBaHUS

oz yriiom 60° u paBHa 20 cM. Haiinute muomaabs 60KOBOMH MTOBEPXHOCTH

UIUHIIPA.

4. BricoTa KOHYyca paBHa 6, oOpa3yromias papHa 10. Haliqure momanb 60KkoBoOM

MOBEPXHOCTH KOHYCA.
. 5. O6pa3yromias KoHyca paBHa 18 cMm 1 HakJIOHEHa K

IJIOCKOCTH OCHOBaHMS 1oj1 yriiom 60°. Haitaure

IJIOILA]Ib ITOJTHOW MOBEPXHOCTH KOHYCA.

6. Bo ckobKO pa3 yMEHBIIUTCS TUIOINIAIb OOKOBOM

MOBEPXHOCTH KOHYCA,

€CJIM paJInyC €ro OCHOBaHUS YMEHbBIINUTH B 1,5 pa3a?

7. Bo CKOJIBKO pa3 yBEJIMYHUTCS 00BEM I11apa, €CIIU €T

paauyc yBEJIMYHUTh B TpU pa3a?

8. Pammycsl Tpex mapoB paBusbl 6, 8 u 10. HatinquTte

paauyc mapa, 00beM KOTOPOro paBeH CyMMe UX OObEMOB.

9. [Mnomaae GombiIoro Kpyra mapa pasHa 3. HaliuTe muiomanb moBEpXHOCTH

mapa.




10. O6bem mapa paBeH 972 m . Haligute miiomanb
€ro IMOBEPXHOCTH.

11. Okono mapa onucad HUJIUHIP,
IUIOIIAIb IOBEPXHOCTH KOTOPOTO
paBHa 81. Halinure miomanb
NOBEPXHOCTH IIApA.

12. B xy6 ¢ pebpom 3 BrmcaH miap.
Haiinure miomans noBepXHOCTH

3TOTO IIapa.

3a KaXXa0€ 3aJaHuc Hp&KTH‘I@CKOﬁ pa6OTBI moJIyyacTe 2 6aJIoB.

Ommemxka Yucno bannos,
Heobx00umoe 05l NOJYYeHUsL OMMEMKU
«3» (y008.) 8-12
«4» (xopouwio) 13-20
«5» (omauuno) bonee 20
2 BApUAHT

1. IInomaab 0CEBOro CEUCHHS MPSIMOTO KPyTJioro nuinHapa pasHa 4. Haiinure
oMb 0OKOBOM MOBEPXHOCTH LIMIUHIPA.

2. Jluaronaib oceBOro ceueHus mumnapa 13 cm, BeicoTa ScMm. Haiiaure miomans
OOKOBOM MOBEPXHOCTHU IIMIHH]IPA.

3. JlMaroHaib OCEBOrO CEUCHHS IAIMNHIPA paBHa 8V2 cM 1 06pasyer ¢
TUIOCKOCTBIO OCHOBaHUs yroi 45°. HaliquTe miomaas moJHOM MOBEPXHOCTH
UUAJTUHAPA.

4, Pagmyc ocHOBaHMS KOHYyca paBeH 3, BbIcoTa paBHa 4. HalimuTe muiomasnb
OOKOBOI MTOBEPXHOCTH KOHYCA.

4 5. B konyc, BeicoTa koToporo 20 cMm, BMcaHa mupaMuja.
OcHOBaHMEM MTUPAMU/IBI SIBJIAETCS MIPSIMOYTOJIBHUK CO
croponamu 18 cm u 20 cm. Halimute 0oOpa3yromniyro u paanyc
OCHOBaHUS KOHYCA, MJIONIaJb TOBEPXHOCTH KOHYCA.

6. [Lmomaner oceBoro ceueHus: konyca pasHa 0,6 cM?. Bricora
KOHyca paBHa 1,2 cM. BbBYHCIUTH IUIOHIAJb IOJTHOM
MOBEPXHOCTH KOHYCA.

7. Bo CcKOJIBKO pa3 yBEIUUYUTCA MIOUIAb TOBEPXHOCTH
niapa, €cJiv €ero paJinyc yBeJIU4YUTh B JIBa pa3a’?

8. Pamuycel aByX mapoB paBHbI 6, 8. Haiinure paaunyc mapa, riomnaib
IMOBEPXHOCTH KOTOPOTO PaBHA CyMME IUIOIIAIEN UX NOBEPXHOCTEH.

9. [Mnomaas Gombiroro kpyra mapa pasxa 1. HaiiauTe miomaas moBepXHOCTH
mapa.

10. O6weM mapa paBeH 36 7. HaliguTe miomaab ero moBepXHOCTH




11. Oxoso mapa onmucaH HMUIUHAP, MJIOMIAlb MOBEPXHOCTHU
KoToporo pasHa 54. Haiiaute miomaab NOBEPXHOCTHU MIapa.

?

-

12. Oxono ky6a ¢ pebpom V'3
onucaH map. Haiiaure miomans
TIOBEPXHOCTH 3TOTO LIapa.

3a KaXx0€ 3a7aHue MPaKTUYECKOU paboThI
nosyyaere 2 6ajios.

Ommemka Yucno 6annos, 011 noayueHus ommemru
«3» (y008.) 8-12

«4» (xopouwio) 13-20

«5» (omauuno) bonee 20

Bomnpocsl 1i1st caMOKOHTPOISA

1. Kak BeIUHCIISIETCS TIIO0MA]Ib TOBEPXHOCTH ITUIHMHApPA?
2. Kak BbIYMCIISIETCS TIJI0IIA/Ih ITOBEPXHOCTH KOHYyCa?
3. Kak BbruucsieTcs mioia b MOBEPXHOCTH 11apa?

Ilpaxkmuueckasa paboma Ne57: 1Ilpasuiio cymmsl. [IpaBuino npousBeaeHus
Llenb: OrpaboTka HaBLIKOB peLIEHHs 3a1au

TGOpeTHqGCKaH qacCTb:

Komﬁunamopuka — 9TO pa3acii MaTCMAaTHUKH, HOCBHHléHHBII;'I PCUICHUIO 3a/ia4 BH60pa n
PACIIOJIOKCHHA JICMCHTOB HCKOTOPOI'O MHOKECTBA B COOTBCTCTBUHU C 3aJdHHBIMU IIPABUJIAMH.
KOM6I/IHaTOpI/IKa HU3y4acT KOM6I/IHaL[I/II/I H IICPECTAHOBKH IIPECAMETOB, PACIIOJIOKCHHUC 3JICMCHTOB,
06.]'[3,[[21}0]]_[66 3aJaHHBIMHU cBolictBaMHu. OOBIYHBIN BOIIPpOC B KOM6I/IHaTOpHBIX 3aJavdax:
CKOJILKMMH CIIOCOOaMH. . ..

K koMOuHATOpHBIM 3a7]auaM OTHOCSITCS TAKXKE 337a4H MMOCTPOCHHUSI Marn4ecKuX KBaJaparoB,
3a/1auM paciu(poBKU U KOJAUPOBAHHUSL.

PoxieHne KOMOMHATOPHKH KaK pasjielia MaTeMATHKH CBA3AHO C TPYJAaMH BEIUKHX
bpanmy3ckux marematiukoB 17 Beka biesa IMackans (1623-1662) u [Tsepa @epma (1601-1665)
10 TEOPUH a3aPTHBIX UTP. DTH TPYbI COAEPIKAIM IIPUHIMITEI OTPEISICHHUS YMCIa KOMOUHAIMIA
3JIEMEHTOB KOHEUHOTo MHOKecTBa. C 50-X rosoB 20 Beka HHTEpEC K KOMOMHATOPUKE
BO3POXK/IAETCS B CBA3U C OYPHBIM Pa3BUTHEM KHOEPHETHKH.

OcHOBHBIE MpaBUJIa KOMOMHATOPUKHU — 3TO MPABUJIO CYMMBbI 1 MIPABUJIO NIPOU3BEICHHUS.
o IIpaBuio cymmMmsl

Ecnu HeKoTOphIi 371eMEeHT A MOKHO BbIOpaTh N crioco0amu, a 31eMeHT B MoxxHO
BBIOpaTh M crioco6amu, To BEIOOD «11b0 A, mu6o B» MoxkHO caenats N + M criocobamu.

Hanpuwmep, Ecim Ha Tapenke nexat 5 s10;10k 1 6 rpy1, To OAMH IO MOKHO BbIOpaTh 5 + 6 =
11 cocobamu.



o IlpaBuio nponsseneHust
Ecnu snemeHT A MOXHO BbIOpaTh N cioco6amu, a aneMeHT B MokHO BBIOpaTs M criocobamu, TO
napy A u B MoxHO BBIOpaTh N * M crioco6amu.

Hanpumep, ecnu ecTh 2 pa3HbIX KOHBEPTA U 3 Pa3HbIE MapKH, TO BEIOPATh KOHBEPT M MapKy
MOXHO 6 criocoOamu (2 ¢ 3 = 6).

HpaBI/IJIO MMPOU3BCACHUA BEPHO U B TOM CJIy4dac, KOrJa paCCMaTpuBarOT 3JICMCHTLI HCCKOJIBKUX
MHOXKECTB.

Hanpuwmep, ecnu ecTh 2 pa3HbIX KOHBEPTA, 3 pa3HbIe MapKH U 4 pa3HbIe OTKPBITKHU, TO BEIOpATh
KOHBEPT, MapKy U OTKPBITKY MOXKHO 24 criocobamu (2 « 3 « 4 = 24).

IIpousBeneHue Bcex HATYPAJBHBIX YHCeJI 0T 1 10 N BKJIKYUTEIbLHO HAa3bIBaeTCs N —
¢akTopuasiomM u 0003HaAYAETCS CHMBOJIOM n!

Ni=1e¢2e¢3e4e on,
Hanpuwmep, 51 =123 +4+5=120.

IIpunsito cuurars 0! paBHbIM 1.
Yuci10 nepecTaHoBOK U3 N paBHa N!

Hampumep, eciiu ecth 3 mapuka — KpacHbIN, CHHUHN U 3€JIEHBIN, TO BBIIOKUTH UX B PSIJT MOYKHO 6
criocobamu (3 2+ 1=3!=06).

NHuorpa komOnHaTOpHAs 3a7a4a PEIIaeTcs ¢ MOMOIIBIO TIOCTPOCHUS /IepeBa BO3MOKHBIX
BAPHAHTOB.

Hanpumep, pemmm npenpiayiiyto 3agady o 3-X mapax nocTpoeHUEM JIepeBa.

ANANA

3 C 3 K C K
IIpakTH4yeckas 4acTh
3AZIAYM u pemenust
1. B Baze 6 s6m0k, 5 rpyu1 u 4 cnuBbl. CKOJIBKO BApHAHTOB BBIOOpA OJTHOTO I101a?
6+5+4=15

Omeem: 15 BapuaHTOB.
2. CKOJIBKO CYILECTBYET BapUaHTOB MOKYIIKH OJIHOM pO3bl, €CIIU MPOJatoT 3 ansle, 2 ajblie U 4
KENTBIE pO3bI?

3+2+4=9

Omeem: 9 BapuaHTOB.
3. 3 ropona A B ropoa B Benyt nsith nopor, a u3 ropoaa B B ropoa C BenyT Tpu goporu.
Ckonpko myTeil, npoxoaamux yepe3 B, senyr uz A B C?



A S/ \B L
= 7

53=15

Omeem: 15 nyreit.
4. CKOJIbKMMH CITIOCOOAMU MOYKHO COCTaBUTH TIapy U3 OJHOM IJIaCHOUM M OJTHOM COTIIaCHON OYKB
CJIOBA «ILJIATOK»?

rjacHele: a, 0 — 2 IIT.
corjlacHeI€: II, J1, T, K — 4 1T,

204=38

Omeem: 8 cniocobamu.
5. CKOJIBKO TaHIIEBAIBHBIX ITap MOKHO COCTaBUTH U3 8 FoHOIIEH 1 6 1eBymieK?

6°8=48

Omeem: 48 nap.
6. B crosoBoii ecth 4 mepBbIx O1ron1a 1 7 BTOpBIX. CKOJIBKO pa3MYHBIX BAPHAHTOB 00€/1a 13
IBYX OJIF0]T MOKHO 3aKa3aTh?

4.8=28
Omeem: 28 BapuaHTOB.

7. CKONBKO pa3JIMYHbIX IBY3HAUHBIX YHCET MOYKHO COCTaBUTh, UCTIONB3YS 1udpel 1, 4 u 7, eciiu
UQPBI MOTYT MOBTOPATHCS?

1 nmudpa — 3 cnocoba
2 mudpa — 3 crocoba
3 mudpa — 3 crocoba
3¢3=9

Omeem: 9 pa3TUUHBIX ABY3HAUHBIX YHCE.
8. CKOJIbKO Pa3NUYHBIX TPEX3ZHAYHBIX YHCET MOKHO COCTaBUTh, UCIOJIBb3YS HUGPHI 3 U 5, eciiu
uUdpbI MOTYT MOBTOPATHCS?

1 nudpa — 2 cnocoba
2 mudpa — 2 crocoba
3 mudpa — 2 crocoba
2022=8

Omeem: 8 pa3IMYHBIX YUCEIL.
9. CKONBKO Pa3NUYHBIX JIBY3HAUYHBIX YHCEN MOKHO cocTaBuTh U3 uudp 0, 1, 2, 3, ecu uudpsr
MOTYT TIOBTOPSATHCS?

1 nudpa — 3 cnocoba
2 nudpa — 4 crocoba
3.4=12

Omeem: 12 pa3nuyHbIX YHCEIL.
10. CkonbKo cyliecTByeT TPEX3HAYHbIX YUCell, Y KOTOPBIX Bce HU(PHI UETHBIE?

Yérnsie mudpst — 0, 2, 4, 6, 8.

1 mudpa — 4 cnocoba
2 mudpa — 5 cnocoboB
3 mudpa — 5 cnocobon
4+5+5=100



Omeem: cymectByet 100 umcen.
11. CkoubKo CymiecTByeT Y€THBIX TPEX3HAUHBIX YHCen?

1 mudpa — 9 cnocodos (1, 2, 3,4,5,6,7,8,9)

2 uudpa — 10 coco6os (0, 1, 2, 3,4,5, 6, 7, 8, 9)
3 nudpa — 5 cnocodos (0, 2, 4, 6, 8)
9+¢10°+5=450

Omeem: cymectByet 450 uncern.
12. CkoJIbKO pa3IHYHBIX TPEX3HAYHBIX YMCET MOXKHO COCTABUTh U3 TPEX Pa3IHUHBIX UQp 4, 5,
6?

1 mudpa — 3 cmocoba
2 mudpa — 2 cnocoba
3 mudpa — 1 cnocod
3¢2+1=6

Omeem: 6 pa3TUIHBIX YUCEIL.
13. CkoapkuM# cioco0amMu MOKHO 0003HAYUTh BEPIIHHBI TPEYTOJIbHUKA, UCTIONB3Ys OYKBBI A,
B, C, D?

1 BepmnHa — 4 crioco6a
2 BepmuHa — 3 criocoba

3 BepmuHa — 2 criocoba
4e3¢2=24

Omeem: 24 criocoba.
14. CkonbKO pa3nuyHBIX TPEX3HAYHBIX YHCEII MOXKHO COCTaBUTh U3 mudp 1, 2, 3, 4, 5,mpu
YCIIOBHH, YTO HU OJJHA IT(pa HE TOBTOPSETCS?

1 nmudpa — 5 cnoco6oB
2 mudpa — 4 crocoba
3 mudpa — 3 crocoba
54+3=60

Omeem: 60 pa3IUYHBIX YHCEIL.
15. CkosbKo pa3nuyHbIX TpEx3HAYHBIX yrcell, MeHbmux 400, MokHO cocTaBuTh U3 udp 1, 3, 5,
7, 9, ecnu mobast u3 ATUX HUGP MOXKET OBITh UCIIOJIb30BaHa TOJILKO OJHMH pa3?

1 nmudpa — 2 cnocoba
2 nudpa — 4 crocoba
3 mudpa — 3 crocoba
2043=24

Omeem: 24 pa3nuyuHBIX YHCTIA.
16. CkOJIBKUMH CTIOCOOAMH MOYKHO COCTaBHUTH (pJIar, COCTOSIINN U3 TPEX TOPU30HTAIBHBIX
M0JIOC PA3JIMYHBIX IIBETOB, €CIIM UMEETCSl MaTepPHal IECTH I[BETOB?

1 monoca — 6 cnoco6oB
2 mojoca — 5 cmoco6oB
3 mojoca — 4 criocoba
65+4=120

Omeem: 120 crioco6oB.
17. "3 xnacca BBIOMpAIOT 8 YeNoBeK, UMEIOIIUX JyUIINe pe3yabTaThl o Oery. CKOJIbKUMHU
croco0amMH MOKHO COCTAaBUTh U3 HUX KOMaH]y U3 TPEX YeI0BEK Ul ydacTus B sctagere?



1 genosek — 8 cioco6oB
2 4eIoBeK — 7 CrIoco00B
3 uenoBeK — 6 croco0oB
8e¢7+6=2336

Omeem: 336 crioco0oB.
18. B geTBepr B mepBOM KJIACCE AOJDKHO OBITh YETHIPE yPOKA: MUCHMO, YTCHHE, MATEMAaTHKA 1
¢uskynpTypa. CKOJBKO pa3IMYHbIX BAPUAHTOB PACIIUCAHUS MOKHO COCTAaBUThH HA 3TOT JICHb?

1 ypok — 4 criocoba
2 ypok — 3 crocoba
3 ypok — 2 ciocoba
4 ypox — 1 cnioco6
4e3e21=24

Omeem: 24 BapuanTa.

19. B marom kiacce usydarorcst 8 npeameroB. CKOJIBKO pa3UuHbIX BAPUAHTOB PACITUCAHUSI
MOYKHO COCTAaBUTh Ha TIOHEJCTbHUK, €CITH B 3TOT JICHb JTOJDKHO OBITh 5 YPOKOB M BCE YPOKH
pasHbie?

1 ypok — 8 BapnaHTOB
2 ypoK — 7 BapHaHTOB
3 ypok — 6 BapuaHTOB
4 ypox — 5 BapuaHTOB
5 ypok — 4 BapuaHTa

8eT7e654=06720

Omeem: 6720 BapuaHTOB.
20. [udp ms cetida cocraBnsgercs U3 MATH pa3IHIHbIX TUGP. CKOJIBKO Pa3IMYHBIX BAPHAHTOB
cocTaBjeHus mudpa?

1 nmudpa — 5 cnoco6oB
2 nudpa — 4 crocoba
3 mudpa — 3 crocoba
4 mudpa — 2 cocoba
5 mudpa — 1 crmocod
5¢43¢21=120

Omeem: 120 BapraHTOB.
21. CKOJBbKUMHU CIIOCOOaMU MOYKHO Pa3MECTUTh 6 UeJIOBEK 3a CTOJIOM, Ha KOTOPOM MOCTaBJICHO 6
puoopoB?

6e52432.1=720

Omeem: 720 cnoco0oB.
22. CKOJIbKO BapHAHTOB CEMH3HAYHBIX TeJIE(OHHBIX HOMEPOB MOKHO COCTaBHTb, €CIIU
UCKITIOYUTh U3 HUX HOMEepa, HauYMHAaroIuecs ¢ Hyms u 9?

1 nudpa — 8 cnocoboB

2 mudpa — 10 criocobos

3 mudpa — 10 ciocobos

4 nudpa — 10 cnocobos

5 mudpa — 10 criocobos

6 mudpa — 10 ciocodos

7 uudpa — 10 cmoco6oB
8101010101010 =28.000.000

Omeem: 8.000.000 BapuaHTOB.



23. Tenedonnas cranius o0CIyKHBaeT aDOHEHTOB, Y KOTOPHIX HOMEpa Tele(hOHOB COCTOST U3 7
udp n HaunHaTes ¢ 394. Ha ckoiapko aOOHEHTOB pacCYMTaHa 3Ta CTAHIUSA?

e ook

'l_v_."
Ne teneona 394 4yudpst
10+ 10«10«10 =10.000

Omeem: 10.000 aboHeHTOB.

24. Nmeetcs 6 map mepyaTok pa3IuvHbIX pazMepoB. CKONBKHMHU cioco0amMy MOYKHO BBIOPATh M3
HUX OJIHY MIepYaTKy Ha JIEBYIO PYKY U OJIHY I1I€pUaTKy Ha PaBYIO PYKY TakK, YTOObI 3TU NEpUaTKU
OBUTH Pa3IUYHBIX Pa3MepoB?

JleBbie iepuaTku — 6 crioco0oB

[MpaBsie nepuatku — 5 coco6oB (6 mepyatka TOro ke pazmepa, 4To U JieBas)
65=30

Omeem: 30 croco0oB.
25. Mz uudp 1, 2, 3, 4, 5 cocTaBsAIOT MATH3HAYHBIC YUCIIA, B KOTOPBIX BCE UG PHI pa3HEIE.
CKOJIBKO TaKUX YETHBIX UHcen’

5 mudpa — 2 crocoda (aBe YETHBIE THQPHI)
4 mmudpa — 4 cnocoba

3 nudpa — 3 crocoda

2 nugpa — 2 criocoda

1 uudpa — 1 criocob

204+321=48

Omeem:. 48 4ETHBIX YUCEIL.
26. CKOJIBKO CYIIIECTBYET YETHIPEX3HAYHBIX YHCEII, COCTABICHHBIX U3 HEYETHBIX IU(D U
nexsmuxcs Ha 5?

Heuérawpie mudp — 1, 3, 5, 7, 9.
W3 aux nenarcs ga 5 — 5.

4 nudpa — 1 croco6 (uudpa 5)
3 mudpa — 4 crocoba

2 mudpa — 3 crocoba

1 mudpa — 2 ciocoba
led4e32=24

Omeem: 24 yucna.
27. CKOJBKO CYIIECTBYET MATU3HAYHBIX UHCEN, Y KOTOPBIX TPeThs nudpa — 7, nocneanss uudpa
— yérHas?

1 mudpa — 9 cmoco6oB (Bce, kpome 0)
2 mudpa — 10 cnoco6oB

3 uudpa — 1 crocod (mudpa 7)

4 nudpa — 10 cnocobos

5 mudpa — 5 croco6os (0, 2, 4, 6, 8)
9¢10<1+10+5=4500

Omeem: 4500 uncern.
28. CKOJIBKO CYIIECTBYET IIECTU3HAUHBIX YUCEN, Y KOTOPBIX BTOpas uudpa — 2, uetBépras — 4,
nrecrast — 6, a Bce OCTallbHble — HEUETHBIE?

1 mudpa — 5 BapuanToB (u3 1, 3,5, 7, 9)
2 mudpa — 1 BapuanT (udpa 2)



3 nudpa — 5 BapuaHTOB

4 nudpa — 1 Bapuant (uudpa 4)
5 nudpa — 5 BapuaHTOB

6 mudpa — 1 Bapuant (1udpa 6)
5¢1¢5e¢151=125

Omeem: 125 uaucer.

29. CKOJTbKO pa3IMYHBIX YHCEI, MEHBIINX MHJUITMOHA, MOYKHO 3alyCcaTh ¢ MOMOMIbI0 nugp 8 u 97

OHO3HAYHBIX — 2
JIBy3HauHBIX —2 2 =4

Tpéx3HaunpIx —2 ¢ 2 ¢
YeTbIpEX3HAUHBIX — 2 ©

=8

2
2+2+2=16

[TaTn3HAYHBIX —2 ¢ 2222 =32
[lecTn3HaUHBIX —2 22222 =64
Bceco:2+4+8+ 16+ 32+ 64 =126
Omeem: 126 aucen.

30. B ¢pyr6onpHO# KOMaHae 11 yenosek. HyHO BBIOpaTh KarMTaHa U €ro 3aMeCTUTEIIS.

CKOJIBKMMH cIoco0aMu 3TO MOJKHO CaeiiaTh?

Kamran — 11 cmoco6oB
3amecturens — 10 cioco6oB
11«10=110

Omeem: 110 cniocoOoB.
31.B kiacce yuarcs 30 yenoBek. CKOJILKUMHU CIOCO0OAMU U3 HUX MOKHO BBIOpATh CTApOCTy U
OTBETCTBEHHOTO 3a MPOE3AHbIC OMIIETHI?

Crapocrta — 30 croco6oB
OrtBet. 3a OueThl — 29 crnoco6oB
30+29=2870

Omeem: 870 crioco0oB.
32. B moxone ygactBytoT 12 MmanbuukoB, 10 neBouek u 2 yuutens. CKOJIbKO BApHAHTOB TPYIIIT
JIeKYPHBIX U3 TPEX yenoBek (1 Manpuuk, 1 geBouka, 1 yduTesnb) MOKHO COCTAaBUTH?

12+10°2=240

Omeem: 240 cnioco0oB.

33. CkobKO KOMOMHAIMH 13 4eThIPEX OYKB pycckoro andasuTa (B andasute Bcero 33 OYKBbI)

MOKHO COCTaBUThH IIPpHU YCIIOBUH, YTO 2 COCCIHUC 6YKBI>I 6y,HYT pa3HBIMI/I?

1 6ykBa — 33 crocoba
2 6ykBa — 32 cniocoba
3 6ykBa — 32 cniocoba
4 oykBa — 32 cniocoba
3332+32+32=1.081.344

Omeem: 1.081.344 xomOuHAIMA.

CKHX
¢mIBMOB, 2 KOMeuH U 2 puinbMa
yXKacoB.

3anuim, CKOJIbKUMH PA3THUYHBIMU

Ne | 1 BapuanT Ne | 2 Bapuant
1 | Ilo TeneBu3opy B 1 | B rpynne 11 yenoBek UMEIOT «5» MO
cy000TYy MOKa3bIBAIOT 5 MPUKIIOUEHYE MaTeMaTHKe, 6 4emoBek — «5» Mo

dunocopun. B ceccum 2 sk3ameHa.
N3BectHO, uTO0 3 uYeNOBEKa CHaAlK
ceccuto OTIUYHO. CKOJIBKO YEJIOBEK
UMEIOT XOTs OBl OJHY WSATEPKY B
ceccuu?




crioco0amMy MOKHO BBIOpATh OJIUH U3
BCEX MPEATIOKEHHBIX (PUIEMOB?

OTMeTh, CKOJBKUMH Pa3InIHBIMH
Croco0aMu MOYHO TIOTIACTh U3
roposa A B ropon C, eci Ha TaHHOM
PUCYHKE CXEMaTHYECKU U300pasKeHbBI
BAapUaAHTHI yTei?

B knacce 26 yenoBek, u3

HUX 8 YeNOBEK N3y4aloT S3bIK
MpOorpaMMupoBaHus belcuk,

u 9 genosek nzyvarot [lackaisb.
CKOJIBKO Y€JIOBEK HE U3Y4aIOT SI3bIKU
IPOTPaMMUPOBAHUS, €CITH U3BECTHO,
YTO JIPYTHX S3BIKOB B 3TOM KJIacCe HE

M3YyYaroT U KX bl YeJIOBEK 3HACT HE
IS T (C 6oJiee OIHOTO A3bIKA
~_ IPOrPaMMHPOBAHUS?
Ha He POXKIEHUS Cepres CocuunTail, CKOJTBKAUMH PA3TUIHBIMHU
MIPUCYTCTBOBAIN 4 MaJbuMKa crocob6amMu MOKHO TOTIACTh U3
"1 4 IeBOYKH. Cepreit ropona A B ropon C, ecii Ha TaHHOM

CTaHIIeBaJl § MapHBIX TAHIIEB,
Urops — 10 mapHBIX TaHIEB, AHApEH

u Juma — 1o 8 TaHIIeB,
Csera — 8 TaHIIEB,

Wnona — 9 Tan1es, a
Upa — 7 TanmneB. CkonbKO TapHBIX

TaHIIEB cTaHIleBajia Hartama?

PUCYHKE CXeMaTHU4eCKU U300paeHbl
BAPUAHTHI MyTeN ?

B Maraszune npoaaroTcs cuHue,
KpacHbIE,

KENTHIC U KOPUYHEBBIC pyOaITKu
pazmepoB M, L u XL.

Omnpenenu, CKOJIbKO Pa3IMYHBIX
py0aliek MOXHO KyIHTb.

Haiimu, ckonbKo

Pa3TUYHBIX MISATH3HAYHBIX YHCEIT
MO>KHO COCTaBHTh U3

uudp 0;1;2;3;4;5, ecnu 3TH U PHI He
MOTYT ITOBTOPSITHCS.

JlaHbl

uudper 0,1,2,3,4,5,6,7,8. Beraucim,
CKOJIbKO Pa3IuYHBIX TPEX3HAYHBIX
qyucel, JSISAIUXCSI Ha 2, MOXKHO
COCTaBUTh U3 ATHX ITUDP, eCIu MUQPPbI
HE JIOJDKHBI TIOBTOPSATHCA.

VY ydenukoB 7 kiacca B

YeTBepr MOTYT ObITh TOJBKO
CIeyIoIINe PEAMETHI: TUTepaTypa,
reomMeTpusi, OnoJIorus, GU3NKa,
UCTOPHS U PU3HUECKAs

KynbTypa. Onpenenu, CKOIbKO
CYILIECTBYET BapHAHTOB

MOCTAaBUTH 6 PA3IUYHBIX YPOKOB B
YeTBEpr.




Ilpakmuueckas paboma Ne58 IlepectanoBku. IlepecranoBku 0e3 moBTopeHuii. Pazmerenus.
PasMmenenus ¢ IOBTOPEHUSIMH
Lean padoTsl:
® HayuuThCS pelaTh 3a7auu 0 KOMOWHATOPHKE;

® HAYYHUTHCS MPUMEHSTH (POPMYIIBI KOMOMHATOPHKH MTPH PEIICHUH 3a/1a4.

B pe3ynbTare BBITIOJHEHUS IPAKTHYECKON paObOTHI CTYACHT JOJDKEH:
3HAmMb!

e (dopmyiTbl KOMOMHATOPHKY;
ymMemb!

® PUMEHATH POPMYIBI KOMOMHATOPUKH MTPH PEILICHUU 3a/1a4.

KpaTtkue TeopeTnueckue cBeieHuUs1

1 a) IlepecranoBku P, =n! Tlo ompenenenuro, cunraiot, yro 01=1,11=1.
I

n
6) Mepecranosku ¢ nopropenusiva P (M, m ,...m )=
n 1 2 k
mm,!...-m,!
Ilpumep 1. CKOJIBKO CIIOB MOKHO TIOJIY4UTh, TIepecTaBisis OykBol B ciioBe [ OPA?

1) Ymo oenaem ¢ bykeamu (MeHsem Mecmami — 3HAYUm nepecmanosKiL)
2) Ilosmopsitomcs iu OYKebl (Hem — 3HAuUm nepecmanosKku 6e3 nosmopeHust)

Pewenue. P, =41=1-2-3-4=24
Ilpumep 2. CKOJIBKO CJIOB MOKHO TIOJIY4UTh, TiepecTaBisis OykBol B ciioBe MHCTUTYT?

1) Ymo Oenaem ¢ bykeamu (MeHsiem MeCmamu — 3HAYUM NepecmaHo8KU)
2) Ilosmopsiiomcest i 6yK6vl (0a — 3HAUUM NEPECMAHOBKU C NOBMOPEHUSAMIL)
Pewenue.

8!
O A T TTCETI
n!
2 a) Coweramma C()'=——"-—
m!-(n—m)!
6) Coueranus ¢ nopropennsivu = _ (N+M—1)!
" ml(n-1)!

I1pumep 1. CKOABKUMH cIIOCOOAMU U3 KOJIOABI B 36 KapT MOYKHO BBIOpaTh 3 KapThl?

1) 3uz36

2) Ilopsiook eadicen? (Hem — 3nauum couemarusi)



3) ITloemopsimbcsi mo2y? (nem — 3sHauum cowemarnusi 6e3 nosmMopeHuil)

n!

Pewenue. C"' = ————
" ml(n-m)!

Ipumep 2. B KOHIUTEPCKOM MarasuHe MpoaBaiuch 4 copTa MUPOXKHBIX: HAMTOJICOHBI, SKJIEPHI,
necoyHble U KapTomka. CKOJIbKUMHU CIIOCO0aMU MOYKHO KYITUTh 7 THPOKHBIX?
1) Tuzd

2) Ilopsiook eadicen? (nem — 3nauum couemanus)
3) [losmopsamuecs moey? (0a — 3Hauum covemanus ¢ NOBMOPEHUAMU)

Pewenue.

o7 (@+7-11_ 101
474 713!

n!

3 a) Pasmemenna A'=-————
(n—m)!

6) Pasmemenns c nopropenusimu A" =n"

Ipumep 1. CKOJBKO pa3TUYHBIX 3-X 3HAYHBIX ITUPP MOKHO COCTaBUTH U3 2,4,6,8, ecu mudpsr
HE MOBTOPSIOTCS?

1) 3us4
2) Ilopsiook eadicen? (Oa — 3snauum pasmeweniis)
3) Hugppwr nosmopsiomest (nem)

I I
Pewenue. A® = 4l = 4! =24

Y@4-3) 1
Ipumep 2. CKOJIBKO pa3IWyHBIX 3-X 3HAYHBIX IIU(P MOKHO COCTaBUTH U3 2,4,6,87

1) 3uz4
2) Tlopsoox eadxcen? (0a — 3Hauum pazmeweHus)
3) Lugpol nosmopsromest (0a — 3uauum pazmewerusi ¢ NOBMOPEHUIMU)

Pewenue. 243 =4° =64

Oo0pa3zen pemeHus 3a1a4

IlepecTanoBKH, cOYETAaHHUA U Pa3MeleHUs 0e3 MOBTOPEHHUS

1. Ckonbko IIEET]E:IpéXBHElLIHLIX YUCCJI MOKHO COCTaBHUTh U3 ‘leTBIpéX KapTO4CK C I_[I/I(I)paMI/I 1,

5,7,9? P,=41=24

2. CkonbKO TpEX3HAYHBIX YKCET MOKHO COCTaBUTh M3 UYETHIPEX KapTouek ¢ nudpamu 1, 5, 7,

9, ecmit U pBI HE TOBTOPSIFOTCS?



3
A; =24
3. CxoJbKUMU crioco0amMu U3 KOJIOAbI B 36 KapT MOXKHO BBIOpaTh 3 KapThi?
3 _
Cy =7140
4. CxOJBKUMU CII0CO0aMHU U3 KOJIOABI B 36 KapT MOKHO BBIOpaTh 1 mamy u 2 Ty3a?
1 2 __ —
C,-Cr=4-6=24

5. CKOJIBKMMHU CIIOCO0aMU MOKHO PaccaauTh 6 4eIoBeK 3a CToJIoM?

P =61=720

6. CKOJIBKUMU CITIOCOOAMHU MOXHO PAcCaauTh 3 MAIBYUKA M 3 JCBOYKH 32 CTOJIOM?
P,=6!=720

7. CKOJIBKUMHU CII0CO0aMHU MOXHO PaccauTh B 2 psijia 3 MaJIburuka U 3 JICBOYKH?
P =31.31=6-6=36

8. CryneHueckas rpymnma COCTOUT U3 23 4eNoBeK, cpear koTopbix 10 roHomel u 13 neByiex.

CKOJIBKUMH CITOCOOaMH MOYKHO BBIOpATh 2-X YEJIOBEK OJIHOTO IoJia?
2 2 _ _
C,+C;=45+78=123

9. V Bacu noma xuByT 4 KOTA.

a) CKOJILKMMH CII0COOaMHU MOKHO paccaiuTb KOTOB I10 yIjiaM KOMHAaThbl?
P,=4!=24

0) CKOJIbKMMH CITIOCO0aMHU MO>KHO OTITYCTUTh I'YJIATh KOTOB?

CI+Cl+C2+C2+Cl=1+4+6+4+1=16

B) CKOJILKMMH crioco6amu Bacst MoxeT B35Th Ha pyKU 2-X KOTOB (OJTHOTO
Ha JIEBYIO, IPYrOro — Ha MpaBylo)?
2 _
A; =12
10. I'pyny u3 20 cTyI€eHTOB HY)KHO Pa3JIeJIuTh Ha 3 Opuraipl, Ipu4yeM B IIEpBYIO Opurasy
JIOJKHBI BXOJUTH 3 4EJI0BEKa, BO BTOPYIO — 5 U B TpeThio — 12. CKOJIBKUMHU crioco0amu

9TO MOJXHO CACJIATh.

C3 .C5 .C*2 =1140-6188-1=7054320

20 17 12



11. ins ygacTusi B KOMaHie TpeHep otoupaer 5 manbunkoB u3 10. Ckonpkumu crioco6amu oH
MOKET cpopMUPOBATH KOMAH]Ty, €CITU 2 OTIPE/ICIEHHBIX MaJIbUUKa JI0JKHbI BOUTH B

KOMaHLy? (2 Manvbyuxa moyHo 8xo0sm, m.e. OCMaiocy éviopams 3 u3 §)

C3 =56

8
12. B miaxMaTHOM TYpHUpPE IPUHUMAIH ydacTre 15 maxmaTucToB, mpuyeM KaxIblid U3 HUX
CBITpaJl TOJBKO OJJHY MApTHUIO C KaXIbIM U3 OCTaJIbHBIX. CKOJIBKO BCErO NapTUil ObLIO

CBITPAHO B 3TOM TypHUpE?
2 _
C; =105
13. CkoJIbKO pa3IMuHBIX APoOEH MOXKHO COCTaBHTH W3 umcen 3, 5, 7, 11, 13, 17 tak, 4ToObI B

KKy Ipo0b BXOJMIN 2 pa3NyHbIX yncia?
42=30
14. Vimeercs 3 ppykra. CKOIBKIMH CIIOCOOAMH MOKHO B3SITh XOTS ObI OTUH (PPYKT?
Cl+C2+C}=3+3+1=7

HepeCTaHOBKI/I, CoUYeTaHudaA " pa3Me1ueHml C HOBTOpeHl/IﬂMl/I

15. Anekceit 3aHUMAETCs CIIOPTOM, IPUUYEM 4 TTHS B HEACIIO — JIETKOM aTJIETUKOM, 2 JTHS —
CUJIOBBIMH YIPOKHEHUSAMU U | 1eHb OoTAbIxaeT. CKOJBKUMU CIIOCOOaMU OH MOJKET
COCTaBUTh ce0e pacluCcaHue 3aHATHN Ha HEJEI0?

7!

P=—-=1
41.21
16. CKOJIBKUMHE CIIOCOOAMHU MOKHO PacCTaBHUTh Oejibie purypsl (2 maapu, 2 KOHS, 2 CIIOHA,

(dhep3b 1 KOpoJIh) HA MTEPBOM JIMHUH IIAXMaTHOM JTOCKH?

- 8!
P =——  =5040
21.21.21

17. B xomienbke HAXOAUTCS JOCTATOYHO OOJBIIOE KOJIUYECTBO pyOIieH, 2-X, 5-TH U
necsaTupy0aEBpIXx MOHET. CKOIBKUMU CIIOCOOAMU MOYKHO M3BJI€Ub TPU MOHETHI U3
KouIenpka?

., (3+3-1)! &I
C3 = = =
3121 3121

10

18.B Kopo61<e JICKAT MIAapbl TPEX UBETOB—KPACHOTO, CHHCTO U 3CJICHOTO. H_Iapbl OJHOI'0 OBETAa
CUHUTAIOTCA OJUHAKOBBIMH. BOHpOCZ CKOJIbKUMH CII0OCO0aMH MOKHO COCTaBUTH Ha60p n3

JBYX I1apoB?

~, (2+3-1) 4
(:3 = = =
21.21 21.21



19.

20.

Bosbmem Oyksbl b, A, P. Kakue pasmenienus u3 3Tux OyKB, B3ATBIX 110 IBE, MOKHO
nosry4uTh? CKOJIBKO TaKMX HAOOPOB MOJYYHUTHCS, eciau: 1) OyKBbI B HAOOpe HE

MOBTOPSIOTCS; 2) OYKBBI MOTYT TIOBTOPSATHCS?

1) 42=6
2) A2=32=9

CKOJIBKO CyILIECTBYET YETHIPEX3HAYHBIX MUH-KOJOB?

A4 =10% =10000

IIpakTHYeckas 4acTpb
B mikossHOM CTONIOBOM Ha IEPBOE MOXKHO 3aKa3aTh OOPIII, COJISIHKY, TPHOHOM CYII, HA BTOpPOE
- MSICO C MaKapoHaMmHu, ppI0y C KapTOIIKOH, KypHIly C pUCOM, a Ha TPEThE - Yail U KOMIIOT.

CKOJIBKO pa3JIMYHBIX 00€I0B MOKHO COCTABUTh U3 YKa3aHHBIX OJr01?

B mkossHO# CTOIOBOM Ha TTEPBOE MOXKHO 3aKa3aTh OOPIII, COISTHKY, TPUOHOM CYII, Ha BTOPOE
- MSICO C MaKapoHamHu, ppI0y C KapTOIIKOH, KypHIly C pUCOM, a Ha TPEThE - Yail U KOMIIOT.
CKOJIBKO pa3JIMUHBIX 00€/I0B IMepecTaBUTh OYKBHI B CJI0OBE abpakamadpa?

CKOJBKUMH CIOCOOAMU MOKHO Pa3MeCTUTh BOCEMb ACCA’KUPOB B TPU BaroHa?

N3 yuamuxcs nsatu 11 kiiaccoB Hy»KHO BBIOpaTh JBOMX ACKYPHBIX. CKOJIBKO IMap JeKYpPHBIX

MOXHO COCTaBUTDb (y‘IeHI/IKI/I B I1ap€ HEC IOJIKHEBI OBITH M3 OJHOI'O KJ'IaCC&)?

CKOJIBKO pa3JIMYHBIX JBY3HAYHBIX YHCEJ MOXKHO COCTaBUTH MU nomMoIw uudp 4, 7, 9?7

(ITudpsl B 3amucy yucia HE IIOBTOPSIOTCS).
CKOJIBKO pa3JIMYHBIX TPEX3HAYHBIX YHCETT MOKHO COCTaBUTH C TIOMoIIbto mudp 1, 3, 77

Carmna, Ilers, lenuc, Onsa, Hactst yacto xoaaT B kade. Kaxaplii pas, obemast Tam, oHU

pacCa)kuBarOTCA IO-PA3ZHOMY. CKOIIbKO JHEH APY3bd CMOTYT 3TO CACIATb oe3 HOBTOpeHI/I}I?

CereTHLIfI 3aMOK COCTOMT M3 3 6apa6aHOB, Ha KaXXJI0M U3 KOTOPBIX MOYKHO BBI6paTB

1u¢psl oT 0 10 9. CKOJIBKO pa3InYHbIX BapUAaHTOB BhIOOpa MM dpa CylecTByeT?



K 60-neturo [ToGenp! rpymma MKOJILHUKOB OTIIPABIIIACH IO MECTaM OOEBBIX JCHCTBHIA B
Cmounenckoi o6macti. OHH IJTAHUPOBAIN OCYLIECTBUTH MOXOJ [0 MaPIIPYTy JEPEBHU
CocHoBka-beikoBka- Macnoska- Bunoso. M3 C B b MOXHO NpOIUIBITE IO PEKE WU IPOUTH
nemkoM, u3 b B M- nemkom mwin Ha aBTo0yce, u3 M B B - 1o peke, nemkom uiam aBtTo0yce.
CKOJIbKO BapMaHTOB M0X0/Ia €CTh Y IIKOJIbHUKOB?

10. B Hauase urpbl KaXXJI0My UTPOKY pa3aaeTcs 6 KapT U3 KOJIOJIbI, B KOTOPOU 36 pa3IMuHBIX
kapT. CKOJIBKO CYIIECTBYET pa3IU4YHbIX KOMOMHAIMN KapT, KOTOPBIE UTPOK MOXKET MOJIYYUTh

B Hauaje Urpsi?

11. B 8 “a” kiacce nydiie Bcex MaTeMaTHKY 3HAIOT 5 yueHukoB: Bacs, luma, Oner, Kats u
Ans. Ha onmuMmnamy mo MaTeMaTHKe HYy)XHO OTIIPaBHUTh Tapy, COCTOSIYIO U3 1 Mambunka u

1 neBouku. CKOTBKUMH CIIOCOOAMH YUHTEIIBHHIIA MOXKET ATy Mapy BeIOpaTh?

12. Ha mpuBHMBKY B MEITYHKT OTIIPABWIINCK 7 Jipy3eil. CKOJBKUMU pa3HBIMHU CITIOCOOAMU OHU

MOTYT BCTaTh B 04Y€PE/Ib Y METUIIMHCKOTO KabuHeTa?

13. Ha Bribopax mobenunu 9 yenosek - Cadonos, Hukomnaes, [lerpos, Kynakos, Mumus, I'yces,
Bonoaun, Aponnn, TutoB. V3 HUX HY>)KHO BBIOpATh MpeECEAATENsS, 3aMECTUTENS U

npodopra. CKOTLKHMH CIIOCO0aMU 3TO MOYKHO CJIENaTh?

14. B mudt 12-3TaxkHoro gomMa cenu 3 naccaxupa. Kaxaplii He3aBUCUMO OT JAPYTHX C
OJINHAKOBOM BEPOSITHOCTHIO MOKET BBIUTH Ha JIIOOOM (HaunHas co 2-10) sTaxke. CKOJIbKUMU

crocodamu JIFOIU MOT'YT BBIATH Ha Pa3HbIX sTaxkax?

15. CKoJIbKO HEYETHBIX TPEX3HAYHBIX YUCEIT MOKHO COCTaBUTh U3 1udp 3, 4, 8, 6?7 (Lludps B

3aIlMCHU YUCJIa HEC MOT'yT HOBTOpHTBCH).

KoHTpoJibHBIE BONIPOCHI

1 q)OpMy.]'ILI KOM6I/IHaTOpI/IKI/IZ MEPECTAaHOBKHU, PA3MCHICHUSA U COUYCTAHUS C TIOBTOPCHUAMU U oe3.



Ilpakmuueckasa paboma Ne59: Couetanusi U1 UX CBOMCTBA
Iens: OTpaboTaTh HABBIKU PEIICHUS 3314

Teopernueckas yacTb
Coueranus (0e3 moBTOpeHMiA)
IIycte MHOKECTBO X COCTOMT M3 N IIEMEHTOB.
Onpeoenenue. Jl1o60e kK-aneMeHTHOE OAMHOKECTBO Y MHOXKECTBA X HAa3bIBACTCS COYEMAHUEM
U3 n 371eMenmos no k.

OueBHAHO, 4TO K 10JI2KHO OBITH He 00JIbIIe N.

Yucso BCeX CoUeTaHUM 13 N 3IEMEHTOB Mo K 0003HaYaeTcss CUMBOJIOM C'ﬁ] U BBIYHUCISIETCS IO

hopmyiie:
I (n=1)...-(n=k -
ceo M _n (n-1)-.-(n-k-1) @
ki(n—k) k!
n! n!
B wactHoctn, C?=—-=1C"=——=1 410 cornacyercs ¢ TeM, 4TO y JIOOOrO
Otn! n!-0!

MHOKeCTBAa X HMeEeTCS TOJBKO OJHO TIOJMHOXECTBO U3 HYJIS DJJIEMEHTOB (nycmoe
NOOMHOJICECmE0), U TOJBKO OJIHO TIOJMHOKECTBO M3 N 3JIEMEHTOB (COBHAJAIOIIEe C CaMHUM
MHOECTBOM X).
IIpu paccMOTpeHUM COYETAHUM OYeHb MOIIHO UCIOJIb3YeTCS TEOPHUs MHOKECTB!
Jokaxem dopmyiy (4).
IMycte Y kakoe-muOO MPOU3BOJBHOE TMOJAMHOXKECTBO MHOXecTBa X, cojepkainee K
3JIEMEHTOB (TO €CTh coYeTaHue u3 N 3MeMeHToB 1o K). Urciao Takux MOAMHOXKECTB 0003HAYMM

CHMBOJIOM CE . HeO6XOI[I/IMO BBISICHUTH, YEMY PaBHO 3TO YHUCJIO.

COCTaBJ'ISISI, BCCBO3MOXKHBIC MEPECTAHOBKU M3 3JIEMCHTOB 3TOI'0 MHOXCCTBA Y [MOJIy4uM k!

Pa3IUYHBIX CTPOK JrHOM K. Eciin yka3aHHYI0 omepaliio mpoiesarh ¢ KaXIbIM [10IMHOKECTBOM
Y conepramum K snementos, To mosyuum seero CX -k! pasmuunbix crpox, mmnoii K. C npyroit

CTOPOHBI, TAKUM 06pa30M JAOJDKHBI TIOJTYIUTBCS BCC 0e3 HCKIIOUEHUS CTPOKH, JJIMHOM k Oe3

HOBTOpCHI/Iﬁ, KOTOPBIC MOKHO COCTABHUTDb U3 3JICMCHTOB MHOXKCCTBA X. Uncno Takux CTPOK paBHO

AX | crienoBatensro, CX -kl= AX. Bripakas 13 3TOro paBeHCTBa Ck, MOJTyYUM:
n n n n

ck=A _n-(n-1)-..(n-k-1) . dopmyna (4) noxazana.
"okl ¢

UYucna C*  HasbiBaloT GMHOMHANBHBIME KOO(D(OUIMEHTAMH — OHH BXOJAT B (OpMYIY

OmHOMa HBIOTOHa, HU3YYCHHUEC KOTOPOI'0 TAKXKXC BXOAUT B HNpPOTrpaMMy II0 MATCMATHUKE [JId

PO(UIBHBIX KJIACCOB.

Ywucma Crlf O6J'Ia,ZLaIOT PAAOM 3aMCUATCIIBHBIX CBOICTB:



1. CX=C"* (nokassiBaercs HemocpencTBEHHO 1o opmyite (4));
n n

2. CO4Cl+..+CN" =2" (MOXHO J0Ka3aTh C MOMOIIBIO M3BECTHOW TEOPEMBI W3 TEOPUH
n n n
MHO’KECTB O TOM, YTO YKCJIO PAa3UYHBIX MMOJIMHOXKECTB N-3JIEMEHTHOTO MHOXECTBA paBHO 2",
Jpyroi crnocod JoKa3aTesnbCcTBa - KOMOMHATOPHBIH);
k — k k-1 .
3.C=Cf +C,; mmobsix Nuk, 1J kJ n (moxassiBaercs ¢ nomomisio popmynsi (4)); Ha

OCHOBE 3TOT'0 CBOMCTBA CTPOUTCS] 3HAMEHHUTBIN TpeyronbHuk [lackais.

Tabnuna 1. Tpeyronsuuk Ilackans

|0 G )6 ) 6] 6 )6

0 |1

11 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 |5 |7/0 |56 |28 |8 1

9 |1 9 36 |84 |126 (126 |84 |36 |9 1
101 10 |45 120 |210 (252 |210 (120 |45 |10 |1

3ametuMm, uto bine3 [lackanb Ha3blBal 4YKMCIOBOM TPEYroJIbHUK, HA4ajJO0 KOTOPOIO
conepxkutcs B Tabnuue 1, apugpmemuueckum. Ilackanb TOCBITHI CBOWCTBaM apu(METHIECKOTO
TpeyroibHUKa OCHOBomousaramomuii "Tpakrar 06 apupmernueckom TtpeyroiapHuke" (1654).
CripaBeATUBOCTH pajyl, CTOUT YIOMSIHYTh, YTO OMHOMHANbHBIE KO3()(PUIIMEHTHI OBUIH XOPOIIIO
M3BECTHBI B A3uK 3a MHOTO BEKOB A0 poxaeHus Ilackana. B Uranmum TpeyronpHuk [lackans

Ha3bIBAIOT TPEYroJbHUKOM TapTainbu.
U3 onpedenenus couemanus cnedyem, umo eciu crnpamunBaeTcst «CKOJIBKUMHU CIoco0amMu
0 k o6 ? - «Ck GoBx»!!!
MOKHO BbIOpaTh k 00beKTOB U3 n?», TO HyXHO 0TBe4aTh: « L unciaom croco6osy»!!!

Ilpumep. Bo B3BOJE 5 cepkanToB 1 50 conmar. CKOIBKUME CITOCOOAMH MOKHO COCTaBHTh Haps

U3 OJHOT'O CCPIKAHTA U TpéX coJjraar.



Pewenue. OgHoro cepkanta U3 MATH MOYKHO BBIOpaTh 5-10 pasHbIMU criocobamu. Jlis
M000T0 U3 3TUX cIIOCOO0B BBIOOpA cepxkaHTa TPEX coyaaT (MOPSIOK TPOUKU He BaxkeH) u3 50-Tu

50! _ 48-49-50
3471 123

3
MOXXHO BBIOpATh C,= =19600 wyucimom cnocoboB. Torma mo mpaBuUTy

HpOI/I?;BeIIeHI/I?I BECh Hap?[I[, TO €CTb OJHOI'O CepmaHTa /) TpéX cojigar, MOXXHO BI)I6paTI)
5.19600 = 98000 criocobamu.

[ToroOHBIE 3a1a4K OYEHB YaCTO BCTPEUYAIOTCS B KOMOMHATOPHKE U B TCOPUH
BeposTHOCTEN. [IoaTOMY paccMOTpUM MOJe/Ib ITOM 321a4M U €€ peleHue.

[Iycth nmeercs N 06bekToB | Tuna u m o6bexToB Il Tuna. CrkonbKkuMHU cioco0aMu MOKHO
BbIOpaTh U3 HUX K 00bekToB I THMa 1 S 00bekToB 11 THHA?
YcnoBue 3anaun pekoMeHIyeTcst 0popMuTh TabuIel, 9TOOBI HE 3aITyTaThCsl B UUCIaX MPU

COCTaBJIEHUHM YHMCJIa COUETAaHUH.

| T I i
Ecre: N 00OBEKTOB u m 0OBEKTOB
Heo06xoamnmo k 00BEKTOB nu S 00BEKTOB
BBIOpATH:

Torma K 00bekTOB | THIIA ©3 N MOXHO BHIOPATH Cr‘f YUCIIOM croco0oB. [[s kaxkoro u3

3TUX croco0o0B BeIOOpa 00bekTOB | THNA S 00BekTOB |l THIA M3 M WMEROIIMXCST MOKHO BHIOPATh

C* umcinom crioco6oB. ITpuMeHss TpaBHIIO MPon3BeIeH s, orydaem oTBetr: CK -CS |
m n m

AHaJIOTHYHO pelIaeTcs 3a1a4a it 00bEKTOB TPEX, YETHIPEX U T.JI. THIIOB.

K mogoOHo# 3a1aue cCBOAATCS 3a/1a4H, B KOTOPBIX U3BECTHO 00111e€ KOJIMYECTBO UMEIOIITUXCS
00BEKTOB | 00IIIee KOJIMUECTBO TEX, KOTOPHIC HY)KHO BBHIOPATH.
Ilpumep. B xnacce 36 4enoBek, U3 KOTOPbIX 6 — OTIIMYHUKU. CKOJIBKHMH CIOCOOAMU MOKHO
pa3OuTh Ki1acc Ha JBa Kjacca mo 18 4enmoBek Tak, 4TOObI OTIMYHUKOB B KaXKJOM Kjacce OBLIO
MIOPOBHY?

Pewenue. Pa3outh Kilacc Ha JBe 4acTH MO 18 yenoBek — 3TO BCE paBHO, YTO BBIOpaTh 18
yenoBek u3 36. OToOpaHHbIe 18 YemoBEK COCTaBISIOT OJWH KiacC, OCTaBIIMECS — IPYroil.

Odopmum ycinoBue 3a7auil B yKa3aHHOM BBILIE BUJIE.

| THII - Il tim —

OTJIMYHUKH HE OTIIMYHHUKHU

Ectb 36 yenoBexk: 60TIINYHUKOB n 27 He OTINYHUKOB




Heo0xomumo 3 OTIMYHUKA nu 15 He OTIINYHUKOB
BbIOpATh

18 yenoBek:

Otsert: C° -C™ cnioco0oB.
6 27

1. ®. Y necauka 3 cobaku: Actpa (A), Bera (B) u I'pud (I'). Ha oxoTy 1ecHHUK pemnit mOWTH ¢
nByMsi cobakamu. [lepeurcuTh BCce BapuaHThI BEIOOPA JICCHUKOM Taphl COOaK.

Pewrenne.
OTo0 3amaya 0 BBIOOpE JIBYX JIEMEHTOB U3 Tpex 0e3 ydera mopsiaka. IlepeunciuM BapraHTbI
BeIOOpa U3 A, b, B mo nBa: A, b; A, B; b, B. Ecniu ywamuecs 3HatoT GopMmyiy aisi gucia
C? = C;"Z = Cé _

COYETaHMI, TO KOJIMYECTBO BAPUAHTOB PABHO:  ° 3.

Otger: 3 BapuaHTa.
2. @. CKOJIBKO CYIIECTBYET CIIOCOOOB BBIOPATH TPOUX PEOST U3 YETBEPHIX KETAOIMNX JACKYPHTh
10 CTOJIOBOM?

Pemenmue.

KommuectBo coveranuit w3 4 mo 3 (NMOpAIOK BbIOOpa HE WMMEET 3HAYECHHS) PaBHO:

3 43 1
C=C"=C=4_ 4. Vlnadye MOXXHO pacCykaaTh Tak. BmecTto BeiOOpa TpoHWX ACKYPHBIX

BBIOEpPEM OJTHOTO, KOTOPBI HEe Oy/AeT NeKYpUTh, a TPEX OCTABIIMXCS OTIIPAaBUM Ha JEXKYpPCTBO.
KonnuecTBo cioco0oB BEIOpaTh OJTHOTO W3 YETBEPHIX PEOAT paBHO 4.

OtBer: 4 cnocoba.
3. T. B xiacce 7 4enoBeK yCIenHO 3aHUMAlOTCs MaTeMaTHKOW. CKOJBKMMH CIIOCO0aMU MOYKHO
BBIOpATh U3 HUX JABOMX JJISl y4acTHUs B MATEMaTHYECKON oummuazae?

Pemienue.
Bri6upaem 2 yuammuxcs u3 7, mopsiiok BbIOOpa HE UMeeT 3HaueHus (00a BEIOpAHHBIX OUIYT Ha

oJiMMIIMaly KakK ITIOJIHOCTBIO paBHOHpaBHLIe); KOJIMYECTBO CII0COOO0B BBI60pa paBHO 4YUCITY

7-6
C? = =21
o 7

coyeTaHu u3 7 mo 2: 1.2 coco0.

Otser: 21 croco0.
4. T. B marazune «®Punarenus» mpojaeTcst 8 pazmUYHbIX HAOOPOB MapoK, MOCBSIIEHHBIX
cropTuBHOM TeMaTuke. CKOJIBKUMU CIIOCOOaMH MOKHO BBIOpaTh U3 HUX 3 Habopa?

Pemenne.

;s 8-7-6
Cs =

Bri6op u3 8 no 3 6e3 yuera nopsiika: 1-2-3 = 56 cioco6oB.

OtBeT: 56 crioco0oB.



5. T. Yuamumes panu crnucok 3 10 KHHUT, KOTOpbIE PEKOMEHAYETCs MPOYUTATh BO BpPEMs
KaHuKyJ. CKOJBKAMU CIIOCOOaMU YYEHUK MOJKET BBIOpaTh U3 HUX 6 KHUT?

Pewrenne.

C140 _10-9-8-7 _ 210

Bri6op 6 u3 10 6e3 yuera mopsiika: 1.2-3-4 Croco0oB.

Otgert: 210 crioco6oB.
6. T. U3 naboparopuu, B KOTOpOoil paboTaroT 3aBeaytonuii u 10 coTpyTHUKOB, HA/IO OTIPABHTH 5
9eJIOBEK B KOMaHAUPOBKY. CKOJIBKUMH CIIOCOOAMU 3TO MOKHO CEJaTh, €CITH:

a) 3aBeYIONIHI TabopaTOpHel JOIKEH eXaTh B KOMaHANPOBKY;

0) 3aBemyromIMil TabopaTopueit J0HKEH 0CTAThCs?

Pemrenne.

N3 11 yenmoBek 5 JOKHBI MOEXaTh B KOMaHIUPOBKY.

4 _10-9-8-7 _ 210
a) 3aBeAyIOIIMI e1eT, Hy)KHO BeIOpath emie 4 w3 10 ocraBmmxcs: ©1.2-3-4
croco0oB.
B) 3aBeaylomuid  ocTaerc, HykHO  BeIOpath 5 w3 10  CcOTpyIHHKOB:

5 _10-9-8-7-6

C = 252 cnocoba.
10 1.2.3.4.5

Otser: a) 210 cnoco6oB; 6) 252 crocoba.
7. T. B OubnuoTeKke yuTaTeno MPEUIOKUIN Ha BBIOOP M3 HOBBIX moctymieHuid 10 kaur u 4
)ypHajia. CKOJBKUMHU CnocoOaMu OH MOXKET BbIOpaTh W3 HUX 3 KHUTH | 2 )KypHaya?

Pemrenue.

HyxHo crenats asa Beidopa: 3 xuauru u3 10 ( C3 cnoco6oB) u 2 xxyprana n3 4 ( C? crnoco6os) ;
10 4

18(0J0)201(0) 18 BLI60pa HEC UMCCT 3HA4YCHU. Ka;mmﬁ BBI60p KHHUI' MOKECT COUYCTAThCA C KaKIAbIM

BLI60pOM KYPHAJIOB, IIOSTOMY 06].].[66 YHCIJIO CIIOCOOO0B B5160pa IO IIpaBUITy IIPOU3BCACHUA PABHO:

oo o2 _10-9:8 4.3

0 4 1.2.3 1.2

Otsert: 720 crioco0oB.

=720 croco0OoB.

8. T. U3 12 conpat, B uncia0o KOTOphIX BXo AT MBaHoB u IleTpoB, HaJj0 OTIIPAaBUTE B HAPsIL TPeX
yenoBeK. CKOJIBKUMH CIIOCOOaMU 3TO MOKHO C/EJaTh, €CIIH:

a) MiBaHoB u [1eTpoB NOKHBEI HOWTH B Hapsa 00s3aTeNbHO;

6) lBanoB u [leTpoB 10JIKHBI OCTATHCS;

B) MIBaHOB 10JDKEH MOWTH B HapsAn, a [letpoB — ocraThcs?

Pemienne.



Bribupaem Tpu snementa u3 12; nopsaok BeIOOpa HE UMEET 3HaUeHHs (BCe TPOe HIIyT B HAPS).
a) MiBanoB u IleTpoB uayT B Hapsn, €€ OJHOTO HY)XHO BbIOpaTh u3 apyrux 10 comnart;

Komm4ecTBO crocodos: C1 = 10.

6) VBanoB u [leTpoB HE HIYT B HAPS; TPOUX WAYIIMX B HAPS HY)KHO BbIOpaTh u3 apyrux 10

_10-9-8 159 6
COJIIAT; KOJIMYECTBO crocobos: Cg = ———— =1£U Croco00B.
1.2-3
B) MBanoB uner B Hapsia, a [lerpoB octaercs. Enie aBoux, uaymux B Hapsia ¢ FIBaHOBBIM,

HYXHO BbIOpaTh U3 npyrux 10 congar ( iBanoBa u [leTpoBa He cunTaeM); KOJMYECTBO CIIOCOOOB:

ClO 1-2

Ortgert: a) 10cnoco6oB; 6) 120 cioco6oB; B) 45 crmoco6oB.

45,

9.T. B xacce yuarcst 16 manpunkoB u 12 neBouexk. s yOOpKu TEppUTOPUH TPEOYETCs BBIICTHTD
YeThIpeX MAJIbYUKOB U TpeX JAeBoueK. CKOJIbKUMHU CIIOCOOaMU 3TO MOKHO cJienaTh?

Pemienue:
HyxHo cienath nBa BeiGopa: 4 manbuukoB u3 16 ( Bcero C2 cnocoGoB); MOpsIoK BeIGOpa

3HadeHuss He mMeeT ( Bce waymue Ha yOOpKy paBHOMNpaBHBI). Kaxaplii BapuaHT BbIOOpa
MaJIBYKOB MOKET COUETAThCS C KaXKBIM BHIOOPOM JICBOYCK,
[TosTOoMy MO npaBmMITy TPOU3BENCHUS OOIIIEe YHCIIO CITOCOO0B BHIOOpA PABHO:
¢t oo 2O AZAI0 460400 crocosos.
% 1234 1.2-3

Otsert: 400 400 cnoco0oB.

10. B 9 «A» knacce yuarcs 25 yuamnuxcs, B 9 «b» -20 ygammuxcs, a B 9 «By» - 18 yuamuxcs. s
paboThl Ha MPUIIKOJILHOM Y4acTKE HAJI0 BBIICIUTH TpeX ydamuxcs u3 9 «A», nByx - uz 9 «b» u
onHoro - u3 9 «B». CkolbKO cCylIecTBYeT crnocoOoB BbIOOpa ydamuxcs Uisi paboOThl Ha
MPULIKOJIBHOM y4acTke?

Pewienne.

Brei6op u3 Tpex coBOKymHOcTeH 0Oe3 ydeTra MopsiiKa, KaKIblii BapuaHT BbIOOpa W3 IEpBOM

c3 3 2
COBOKYMHOCTH ( 2°) MOMKET COYeTaThCsi ¢ KaXIbIM BapuaHTOM BbiOOpa u3 BTopoi (C 2) u ¢

1
Ka)KIbIM BapraHTOM BbIOOpa u3 Tpetheit (C 18); mo mpaBuily MpOu3BeACHHs MOTydaeM:

ce.cz.cr =224 23 201918 Ja6000
s 220 18 1.2-3 1.2 1 Croco60B BbIOOpaA ydalIuxcs

Otsert: 1 866 000 crioco6oB.

11. T. CxonpKuMH criocob6aMu rpynmy u3 12 yenoBek MOXKHO pa30OUTh Ha JIBE IPYIIIBL: a) M0 4 U

8 uenoBek; 0) 1Mo 5 u 7 yenmoBek?



Perienue.

KomnuectBo cnoco0OoB pa3OuMeHHs MHOXKECTBA Ha JIBE YaCTH PABHO KOJHYECTBY CHOCOOOB
(dbopmupoBanus OJHON W3 yacTel (7Mr000i). [ToCKOIbKY MOPSIOK PACTIONOKECHHS JIEMEHTOB HE

YUUTBIBACTCSA, UMCCM:

a) 1.2-3-4 cnoco0oB pa3dueHus Ha 4 u 8 371eMEHTOB.
12-11-10-9-
Co =Ch = 12-11-10-9-8 _ 792
0) 1.2-3-4-5 Croco00B pa30reHust Ha S U 7 JIEMEHTOB.

Otger: a) 495 crioco6oB; 6) 792 criocoba.

3ameuanue. 3amaya  WUIIOCTPUPYET  CBOMCTBO  OMHOMHMHAIBHBIX  KOA(DPHUIMEHTOB:
cr=cr.
12. T. B otaene paboTaroT 5 BeAymux U § cTapIIuX HAyYHBIX COTPYAHUKOB. B KOMaHIMPOBKY
HAJIO TOCITIaTh JBYX BEAYIIUX W TPEX CTAPIIUX HAYYHBIX COTPYAHHKOB. CKOJBKHMHU CIIOCOOAMU
MOJKET OBITh ClIeJIaH BBIOOP COTPYJHHKOB, KOTOPBIX HAJO MOCIATh B KOMaHIUPOBKY?

Pemenue.
Br160p 13 ABYX pa3HBIX COBOKYITHOCTEH 0€3 ydeTa MopsaKa; Kax bl BApUAHT BHIOOPA U3 TIEPBOM

coBokynHoctu (ux C §) MOKET COYETaThCS C KaXIbIM BapHaHTOM BbIOOpa U3 BTOPOM

3
coBokymHoctd (ux C8), 1o mpaBmiIy MPOW3BEACHHs OOIIee YUCIO CHOCOOO0B BBIOpATh CO-

TPYIHUKOB, Ye3’KAIOIINX B KOMaHAUPOBKY, PaBHO:
5 8 1.2 1-2-3 - 560 crioco0oB.

Otger: 560 cnoco6oB.
13. M. Berperunuch 11 ¢pyTOOIUCTOB U 6 XOKKEHCTOB, M KaXK/bIN CTAJl IO OJTHOMY pa3y UTrpaTh C
Ka)KJIbIM B IIAIIKH.

a) Ckounbko BcTped OblIo Mexay pyrOonuctamu?

6) CkoJibKO BCTpeu ObLIO MEXy XOKKencTamu?

B) CKoJbKO BCTped ObLIO MeXx a1y GyTOOIMCTaMU U XOKKEUCTaMuU ?

r) Ckosbko BCTpeu ObLIO Beero?

Pemenne.



a) Beioupaem napet u3 11¢yr6omucToB 63 yueTa mopsiaka; KOJIUIeCTBO BO3MOKHBIX BCTPEY:

5 11-10
Cf, =——""=055,
11 2
6) BeiOupaem mapsl U3 6 XOKKEHCTOB 0e3 ydeTa MOpsIKa; KOJIMYECTBO BCTPEU PaBHO:
6-5
C?=""=15
6
2
B) KommuectBo nap «hyrbommct - XOKKEHCT» HalgeM 10 IIPaBUILY
MIPOU3BEJICHHUS: BbIOpAThH 1 ¢yrdommcra MO>KHO 11 crocobamu, noen
3TOrO BbIOpAThH OJIHOTO XOKKeHcTa MO>KHO 6 crocobamu; KOJINYECTBO

Pa3HBIX BEIOOPOB «()yTOOIUCT, 3aTEM XOKKEHCT» paBHO 11 -6 = 66.Komuectso BCTPEY MEXTY
¢yrOoscTaMU M XOKKEUCTaMU paBHO 66.

r) OO0mee KOJMYEeCTBO BCTPEY paBHO KomdecTBy map u3 11 + 6 = 17 snemeHnToB 6e3 ydera
cf7 = ﬂ =136.
Topsi/IKa: 2 [ToHATHO, YTO CyMMa MEPBBIX TPEX BEIUYHH JIOJDKHA PABHATHCS
nocnenneit: 55+ 15 + 66 = 136.

Otser: a) 55; 0) 15; B) 66; ) 136.
14. M. B npaBuibHOM 17-yroabHUKE MPOBEIH BCE AUATOHAIH.

a) CKOJIbKO BCEro MOJIY4HIIOCh OTPE3KOB?

06) CxoJbKO UMEETCS CTOPOH?

B) CKOJBKO IIPOBENIH JraroHaiei?

r) CkoybKO BCETO JaroHajien B BBIITYKJIOM N-yroJbHUKE?

Pewenue.
[IpaBuiabHBIE MHOTOYTOJIBHUK UMEET 17 BEplINH; HUKaKUE TPU U3 3TUX 17 TOUeK He JieKaT Ha
OJHOU MPSIMOH.

a) OOmiee 4KMCIO OTPE3KOB PABHO KOJIMYECTBY map u3 17 Touek Oe3 ydyera mopsaka :

, 17.16

C,=——= 136.
2
6) CTOpOHBI COEOUHSIOT TOJILKO COCEIHHE TOUYKU (TOUKH, PACCTOSHUE MEXAY KOTOPHIMH

HauMeHbIee). [l0aToMy KOTMYECTBO CTOPOH PABHO KOJIMYECTBY HHTEPBATIOB MeXay 18 Toukamu
Ha TpsAMOU (YTOOBI MONYYUTH 3aMKHYTYIO JIMHHIO, OyleM cuuTath, 4rto 1-s u 18- TOUKmM
coBnaiawT). KomnuecTBO MHTEPBATIOB MEXIY N TOYKAMHM HA MPSAMOM paBHO n - 1, moaTomy
KOJIMYECTBO CTOPOH 17-yronbHuKa paBHo 18 - 1==17.

MosxHo paccyxnare uHaue. IIpoHymepyeM BepmmHbl 17-yronpHuka. M3 kaxaoil BepIIMHBI,

Ha4yuyHasi C HepBOI\/'I, HCXOJUT CTOPOHA 17-YTOJIBHI/IK3, KOTOpPAas 3aKaHYHUBACTCA B CJ'ICIIyIOIJ.ICfI 18(0)



HoMmepy BepiiuHe. CtopoHa, ucxoismias u3 17-i BepHIuMHbI, 3aKaHYMBaeTcs B BepriuHe Ne 1.
[ToaTOMY KOJIMYECTBO CTOPOH PaBHO KOJIMYECTBY BEPIIUH, T. €. 17.

B) /naronanpio 17-yronpHuka OyIeT OTPE30K, COCTUHSIOMNN KaXAYI0 BEPIINHY C KX IO
13 BEPIINH, HE SBISIOMNXCS COCEAHUMU JIUIsl JAHHOM, T. €. ¢ 17 - 1 - 2 = 14 pa3HbIMH BepUIMHAMHA
(mbI BIwn 1 -BepiIMHy, U3 KOTOPOI UCXOJUT JUAaroHalb, U 2 - TBE COCETHIE BEPIINHBI). Takum
00pa3oM, U3 Kax 0l BepmuHbl 17-yronsauka ucxoaut 14 nuaronaneit. Ho npoussenenue 17 -14

OyZeT BKIIIOYATh KK/IYIO JUAarOHAb BB (CHaYalla KaK MCXOISIIYIO U3 i-i BepIIMHEI B K-f0,

MOTOM KaK UCXOJISIIYI0 13 K-1i BepiuHsI B i-10). [loaToMy 001I1ee KOJMUYECTBO AUaroHaieil paBHO

17-14 .
= 119. TloHATHO, YTO KOJHYECTBO CTOPOH IUTFOC KOJMYECTBO HATOHAJECH JOJDKHO

2
PaBHATHCS KOJIMYECTBY OTPE3KOB:
17 + 119= 136.
r) B BBITTyKIIOM N-YTOTBHUKE U3 KaXKJ0M BEPIITUHBI MOXKHO MTpoBecTH N - 1 - 2 =N -3 nuaronany;
oO11ee KOJIMYECTBO IMaroHanei paBHO @ (0OBsICHEHHE TaKOe e, KaK B IIYHKTE B).
Otsert: a) 136;6) 17; B) 119; 1) @

15. M. BeTpeTmiiich HECKOJIBKO YENIOBEK M CTAJIM 3J0POBAThCS APYr ¢ ApyroM. M3BecTHO, 4TO
pykonoxxatuit 66110 0T 60 10 70. CKOJTBKO YEIOBEK BCTPETHIIMCH, €CITH U3BECTHO, YTO:

a) KaxIbIi 3J0POBAJICS C KaXK]IbIM;

0) TOJBKO OJMH YEIOBEK HE 3/I0POBAJICS HU C KEM;

B) TOJBKO JBOE€ HE MO3J0POBAIUCH MEXKIY COOOI;

I') 4eTBepo MO3J0POBAIUCH TOJBKO MEXAY COOOM.

Pemienue.

a) Yucio pykomokaTHii paBHO YMCITy Pa3iIM4HBIX MAp W3 I1 SJIEMEHTOB 0Oe3 ydyera MmopsaKa
< n(n-1) <
BbIOOpa, o3TOMY: 60 < an <70; GO_T =70; 120 < p2 -n < 140;
MoXHO pemath ABOHHOE HEPAaBEHCTBO W BBHIOpATh HATypajbHOE I M3 IOJIYYECHHOTO
uHTepBana. OJTHaKO B 3TOM MPOCTEHIIEM ciydae JIETKo HaxoauTcs nojgoopom: N =12, [Mpun=11

n?-n=110, a npu n= 13 n?- n= 156.

6) Ecau ogun yenoBek He 3A0POBAJICA HU C KEM, TO ITAPhI O6p330BBIBaJ'II/ICB n3n-1 OJICMCHTA,

T. €. 60< an_l <70;120 < (n-1) (n-2) < 140; nockombky 12e 11 =132, To n = 13.



B) Ecnm nBoe He mo310poBaInCch MEXIy COOOW, TO KOJMYECTBO pyKOomoxartwuii Obuto Ha 1
MEHBIIIE: 60<C?-1<70; 61<C? <T71;
122 <n(n-1) < 142. Tockoabky 12 e 11 = 132, o n = 12.

Ortser: a) 12; 6) 13; B) 12; 1) 15.

HpaKanecxaﬂ 4acTb

Ne | 1 BapuaHT Ne | 2 papuanT
1 Boruncnu 3HaueHNEe BBIPaKEHUSL. 1 | Boluncinu 3HaueHME BBIPAKEHUS.
C3 C%
29 7
2 Pura nanucana 14 xaptun. s 2 | Mapuna nanucana 11 xaptun. J{ns
BBICTaBKHU HY)KHBI /IB€ KAPTUHBI OT BBICTaBKU HYKHBI JIB€ KAPTHUHBI OT
aBTopa. CKOJIBKO Pa3IN4HbIX [1ap aBTOopa. CKOJIBKO pa3INYHbIX Hap
KapTUH PuTa MOKET 0TOCnaTh Ha KapTHH MapuHa MOKeT 0TOCIaTh Ha
BBICTaBKY? BBICTABKY?
3 Ha nonke nexar 8 pazinu4HbIX 3 | Ha monke nexar 11 pa3nuysbix
KHUT. CKOJIbKMMH pa3IuYHbIMU KHUT. CKOJIbKUMH Pa3JInYHbIMU
crocob6amMu MOKHO crocobamMu MOXKHO BBIOpATh BE KHUTU?

BBIOpATh JBE KHUTHU?

4 Ha okpyxHOCTH OTMEYEHBI 4 | Ha okpyXHOCTH OTMEUYEHBI
touku A, B, C, D u E. Ckonsko touku A, B, C, D, E, Fu G. Ckonbko
Pa3IUYHBIX TPEYTOJIHHUKOB Pa3IMYHBIX TPEYTrOJIHLHIUKOB
C BEPIIMHAMH B 3TUX TOYKAX MOYKHO C BEPIIMHAMH B TUX TOYKAX MOMXKHO
COCTaBUTh? COCTaBUTB?
A G A
E F
B B
D C E ¢
D
5 CKOTBKUMH Pa3TUYHBIMU CIIOCOOAMHU 5 | CkoapbKUMU pa3IMYHBIMU CIOCOOaMuU
MO>KHO BBIOpATh JBYX JEKYPHBIX MO>KHO BBIOpaTh 4 KHUTH U3 § KHUT?

u3 24 yueHukoB?
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