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ITosicHuTeIbLHASA 3aNMUCKA

Meroauueckue PEKOMEHIAIMKA K BBIMOJHEHUIO MPAKTUYECKUX pPadOT MO JUCIUTIIMHE
«MaremaTuka» TpeaHa3HA4YCHbl i1 OOYYaIOIIMXCS IEPBOTO Kypca OYHOIO OTHCICHUS
crenuanbHocTH 35.02.05 ArpoHOMUS Ha YPOKE.

Y4eOHBIM IJIAaHOM Ha W3yYeHUE IUCHUIUIMHBI OTBoAMTC 298 dYacoB, B TOM YHCIE
npakThueckue 3aHaTus — 128 wyacoB. IlpakThueckue 3aHATHS SBISIOTCS BaKHOM (GopMoi
00pa3oBaTeNbHOIO TIpollecCa UM HANpaBJICHbl Ha OKCIECPUMEHTAIBHOE IOATBEPKICHUE
TEOPETUYECKHUX TOJIOKEHUH M (POopMHUpOBaHUE YUEOHBIX M MPOPECCHOHAIBHBIX MPAKTHICCKHX
YMEHUH, OHH COCTaBJISIIOT BXHYIO YaCTh TEOPETHUECKOW M MPO(PECCHOHATBHON MPaKTHYECKON
IMOJATOTOBKH.

[lepen BbIMOMHEHUEM MPAKTUYECKONW pabOTHI MperojaaBaTeieM MPOBOAUTCS HMHCTPYKTAK,
KOTOPBIY BKJIFOYAET 11€JIb 3a/IaHUsI, €T0 COJCP KaHUE, BPEMsI BBITIOJHEHHUS, OCHOBHBIC TPEOOBaHUS
K pe3yibTaTaM paOOThl, KPUTEPUHU OIICHKU BBITOJIHCHUS 3aJaHus. BBITTOIHEHHIO TPAKTUYECKUX
3aHATUN TPEALIECTBYET MPOBEPKAa 3HAHWN CTYAEHTOB - UX TEOPETUYECKOM TOTOBHOCTH K
BBIMIOJTHEHUIO 3afaHusl. [IpakTuyeckue 3aHATHS HOCIT PENpOIyKTHBHBIA xapakTep. PaboThl,
HOCSIIIIME PEMPOTYKTUBHBIA XapakTep, OTIMYAOTCS TEM, YTO MPU UX IMPOBEACHUH CTYACHTHI
MOJIB3YIOTCS TOAPOOHBIMU WHCTPYKIUSIMU, B KOTOPBIX YKa3aHbl: 1€JIb PaOOThl, MOSICHEHUS

(Teopusi, OCHOBHBIE XapaKTEPUCTUKN), TOPSIIOK BHIMOIHEHUS paOOTHI.

Kpurtepuu oneHnBaHus NpU BHINOJHEHUU NPAKTHYECKOH padoThI:

IIpouent
pPe3yJIbTaTHBHOCTH OuneHka ypoBHSI NOATOTOBKH Onenka
(%)
91 -100 OTIIMYHO 5
70-90 XOpOIIIO 4
50 - 69 YZIOBJIETBOPUTEIILHO 3
Menee 50 HEYJOBJIETBOPUTEIHHO 2

BpewMs BBITTOTHEHHS IPAKTUIECKON paboThl cocTaBisieT 90 MUHYT.
B mporiecce mHCTpyKTaXka mpenojaBaTens o0paiiaeT BHUMaHUe O0yJaroIIuXcs Ha
BO3MOYKHBIE BCTPEUAIOIINECS TUITMYHBIE ONTHOKH.




IIpakTuyeckas padora Nel
BxoaHo# KOHTPOJIb IO MaTeMaTHKe Ha 0a3e 9 KiaccoB

1 BapuanT
1 .Beraucnuts: 5 g *g -12;
A)7 b) -7 B) 17 I)-17
2.Haiitu 15% ot 48
A) 72 b) 7,2 B) 0,72 I)3,2
_ 2
3. Cokpatuthb 1po0b (;2 _bb)z ;
a+b a+b a-b a—-b
A B2 B) w DZ5
4.YmpocTuTh BhIpaxenue vV25-2v/16+3v/64;
A) 21 b) 27 B) 16 )10
7=10,~--8
5. Beruucoure: ———;
7
A) 49 B) 1. B) - 49 I) -7 1.
49’ 7’
6.Pemmth ypaBHEeHHE 2-3(x+2) =5-2x;
A) 10 b) 9 B) 10 I)-9

7.Haiitu nponsBenenne KopHeil ypaBaenus 2x%-9x+4=0;

A) 2

B)- 2

1
B)g

)8

8.Vka3zaTh HanbosblIee 1enoe pemrenue Hepapencrsa  3(3x-1)>2(5x-7);

AVl B) 10 B)- 11 I)-10

9.HaiiTi nomaaps OpsMOYToJIbHUKA, OJHA U3 CTOPOH KOTOPOTO 6 CM, a AMaroHajb
10 cm

A) 60cm?; B) 28cm?; B) 48cm?; ') 16cm?;

10.HaiiT cKalspHOE IPOM3BEAEHUE BEKTOPOB d (2; -3) u b (-1;4).

A)- 10

b)-3

B)2

T)-14




BxoaHo# KOHTPOJIb MO MaTeMaTHKe Ha 0a3e 9 KJIaccoB

2 BapHMaHT
1.Beruncmure: 5 g *g -10
A)5 b)-5 B) 12 I -12
2.Haiit 35% ot 12
A) 42 b) 8,2 B) 0,42 I 4,2
2
3.CokpaTuth 1po0Ob (bb;_CC)z
btc, bc, _be. ) 2(b+c);
) =, B)2 B) ~= ) 2(b+c)
4.YrpocTuts Beipaxkerue 3v16-4/81+1/64
A) -14 b) 2 B) -16 I 10
_5* -
5.BBIUNCINTD: ° _163 ’
6
A) 6 b)-6 B) 36 I) l;
6

7.Haiiti nponsBeneHue KopHel ypasHeHns 7x2-9x+2=0

2
A) -2

7
B)E

2
B);

)7

8.Yka3arh HauOoJIbIIee IeNI0e pelicHre HepaBeHeTBa  S(X+4) <2(4x-5);

A) 10 b) - 10 B) 11 )12

9.HaiiTu momaab NpsMOyroJibHUKA, OJJHA U3 CTOPOH KOTOPOTO 5 €M, a IMaroHaib
13 cm.

A) 60cu?; B) 65cm?; B) 18cm?; ') 34cm?;

10.Haiitu ckanspHoe npousBeeHre BEKTOpoB: d(2;3) u E(l; -4).

A) 10

B)- 2

B) 2

T)-10




BxoaHoii KOHTPOJIb O MaTeMaTHKe Ha 0a3e 9 KJIaccoB

3 BapuaHT
5, 9
1.Bpruncmure: 5=* — -14
9 10
A)-19 b) 19 B) 14 I -9
2.Haiitu 18% ot 15
A) 12 b) 2,7 B) 0,27 I 27
3.C 6b: X
.Cokpatutb IpoOBb: )
x7y. XTy. Xty Xty .
A)) x+y’ b)2 x+y’ B) xX—y ) 2(x-y)’
4.YupocTuts Beipaxerne 44v/36-5v/81+v16
A) -17 b) 17 B) -69 I 73
5.BBIUMCINTD: 9_52;10
9
A) - L B) L B) -81 I 81
81 81
6.Pemuth ypaBHCHHE 7-4(x+2) =10-3x
A) 11 b) -11 B)9 I -9

7.Haiitu nponsBeneHue KopHe ypaBHeHus . 2x 2-7X+3=0

A 15

B) 3,5

1
B) g;

T)-1,5

8.Vka3aTh HauOOJIbIICE 1IEJI0e pelIeHre HepaBeHeTBa  4(2X-3)>9x-11

A) 2

B)0

B) -2

)1

9.HaiiTu momanb npsMoyrojibHUKA, OJJHA U3 CTOPOH KOTOporo 12 cm, a

nuaro”Hais 20 cM

A) 192cm?;

B) 240cm?;

B) 64cm?;

I') 56cm?;

10.Haiitu ckanspHoe npousBeaeHre BEKTopoB d(-5;

2) u b(4: -3)

A) 26

B) -2

B)O0

T) -26

10



IIpakTnyeckas padora Ne2
IHoBTOpeHue: «/lelcTBUTEIbHbIE YHCIA»

HEJIb PABOTDI:
IToBTOpuTh M 3aKkpenuTh 3HaHHU oOydarouuxcs no teme: «lIpeoOpa3oBaHue 4YMCIOBBIX

OYKBEHHBIX BBIPDOKEHUI».

MNOPAAOK BBIITIOJIHEHUS PABOTDI:

1. C momomipro cripaBOYHBIX TOCOOUH 1O anredpe MOBTOPUTH:
a) MpaBWJIa JCHCTBHUI HAJl OOBIKHOBCHHBIMU JPOOSMHU;
0) hopMyIIbI COKpPAIIICHHOTO YMHOKCHHUS,
B) CITIOCOOBI Pa3JIOKEHUS BHIPAXKCHHS HA MHOKUTEIIH;
I') IpaBWJIO COKpAIEHUs IpOoOeii.

2. VI3yunThb ycioBUe 3aJaHUI ISl IPAKTHYECKON PaOOTHI.

3. Odopmuts otyer o padore.

IIpaBuna geiicTBUii HaJ 00BLIKHOBEHHBIMH JPOOSIMH:

c;r_l_l:_cm"iiic a c_ac a ¢ _ad
b d bd : b d bd: b d be

DopMyJIbl COKPALLCHHOT0 YMHOXKECHUA:
(ath) =a’ t2ab+b". a'—b'=(a+bla-b).

a®tb’ =(athla’ Fab+b?). (atbhf =a  £3a’b+3ab” £5°

BAPUAHTEHI ITIPAKTUYECKOM PABOTHI

Bapuanr 1.
Tnve +5) 2ae. el 20e 1c-] 8 i
215-1— | :335+5—--385-157 |- —+12,25
1. BblunMcIMTE 3HAYEHHUE BHIPAXKEHUS: - 16/ " J 1
" x+10 19 5 10
2. YrpocTture BeIpaKeHHE: WGx+dS xS x-5 2725
Bapuanrt 2.
[ 1 9 V.5 117
75:4--3_—-301—-+035-—|:1,4
1. Boluucnure 3HaU€HUE BBIPAKECHUA: - 6 3 U I8 13)
32 1 [ 2 1)
= + — —— |
et =1 v =1\ 2y—y 2-v]
2. YmpocTute BeIpaKeHHE: * - ST <

Bapuant 3.

1. BoluncnuTe 3HaYCHHUE BHIPAKEHUS:

11



- 3 - 3
2. YupocTHuTe BhIpaKEHHE:
2m 2 m+1 1
mi—-4 m—4 \2m-2 m-1)
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HEJIb PABOTDI:

IIpakTuyeckas padora Ne3
Tema: YpaBHenusi u HepaBeHcTBA. (IloBTOpEHUE)

- OOHOBHTE U 3aKpCIHUTh 3HAHUA IIKOJBHOI'O Kypca I10 TEME

Xoa padoThl;

1. TIoBTOpPHUTH TEOPETHUECKHUI MaTepHall

2. BEBINOJHUTE HA3HAYEHHEBIN BapUaHT

TeopeTuyeckuii MaTepua:
— 3TO PaBEHCTBO, COJIEpKAIee HEU3BECTHYIO BEIMUUHY (X).

YpaBHeHue

Pemurthb YPABHCHHUE — OTO 3HAYUT HalTH BCE €ro KOpHH, UJIK JO0Ka3aTb UX OTCYTCTBHC.

Kopens ypaBHeHHs — 5TO 3HaUYCHUE HEU3BECTHOM BEJIMYMHBI X, IIPU KOTOPOU ypaBHEHUE
oOparaercsi B BEpHOE PaBEHCTBO.

Tunwi ypasnenuii:
Tun .
O OO0mmii Bug IIpumeyanue IIpumepsl
ConepKUT HEU3BECTHYIO _
Jlnneiinoe ax=>b BeMYHUHY X B IIEPBOM X+2=3;
2(x+1)+3(2x-1)=0
CTETICHH.
, B Conepxur HEU3BECTHYIO 3%+ 2x —1=0:
KBaaparnoe ax‘+ bx +c=0 | Benmuuunay X BO BTOpOI x—1)(x+2)=3
CTETICHH. :
ConepKUT HEU3BECTHYIO 3 s x+1 -1
JpodHo - Q(x) -0 BEIUYMHY X B X ’ 2x ’
panmMoHajbLHOe R(x) 3HaMeHarese ApoOHOro 3 (xt s X 5
BBIPKEHHS. (x+2) oyt d
CollepKUT HEMZBECTHYIO 33r 42 =2
I/Ippa::(l)aé)nanb VQ(X) =R (X) | Benmmumny X 1o 3HAKOM i ’

KOpHS.

N2x-5=(x+1).




Cesoiicmea pagencme:

CBoiicTBO

IIpumeHeHNe K YPABHEHHUIO

Eciu,a=b, 10 b=12a

Yactu YpaBHCHHA MOXXHO IIOMCHATh MECTaMH, HEC U3MCHSA
3HaKH.

Ecau, a=b, m — x060e
yuCea0, T0 a +m=b £m

Crnaraemble MO>KHO IIEPEHOCUTh U3 OJJHOM YacTH ypaBHEHHUs B
JIPYT'YI0, IOMEHSB 3HAaK CJIaraéMoro Ha IpOTUBOIMOIOXKHBIM.

Ecim,a=b, m#0, To
a b
am=bm, — = —
m m

OO0e yactu YpaBHCHHA MOKHO YMHOKHWUTb, UJIX Pa3sACIUThL HaA
OJHO M TOXKE YKUCIIO, OTIIMYHOC OT HYJIA, paBEHCTBO IIPU 3TOM
HC U3MCHUTCA.

JIuHeiiHbIe ypaBHEeHUS

Cooeporcam HEH3BECTHYIO BeJINYMHY X B IIEPBOM CTEICHH;

Hwmerom e/IUHCTBEHHBbIN KOPEHb.

Obwuii 6uo: ax=Db,a*0.
Ilpumepor: 2x +3=15;

2(x+1)-302x-1)=5;  2(x+4)—5=3(x -4).

Aneopumm pewenus ypasnenus Q(X) = R(X):
1. TIpuBectu ypaBuenue Q(X) = R(X) k Buay ax = b:

a) pacKpbITh CKOOKH;

0) coOpathb cnaraemble ¢ X B JIEBOW YacTU ypaBHEHUs, CBOOOIHBIE cllaraeMble — B IPaBoOn

YacTH;
B) MPUBECTHU MOJOOHBIE CIIaraeMsbie;
b
2. Haiitu kopeHb ypaBHEHUS 110 GopmyIie: X = —.
a
llpumepwvl pewienust TUHEUNHbIX YPAGHEHULL:
X +3=0; 2x +1=0; 2(x+1)=5; 2(x+1)=3(x-1);
X =-3; 2x = -1; 2x+2=15; 2x+2=3x-3;
1 2x=5-2; 2x —3x=-3-2;
X=-—=; - G
’ 3 -x = -5;
2 X= E ; X =5;
x =1,5;

KBaaparHbie ypaBHeHus

Cooepoicam  Hen3BeCTHYIO BeJJMYUHY X BO BTOPO CTelleHH

O6wyuii 6uo: ax? + bx + ¢ = 0, Tae a — kodddumuent npu x%, b — kodpdunEenT Mpu X,

¢ — CBOOOAHBIN KO PUIIHEHT.

Tunvl K6AOpaAMHLIX YPABHEHULL.
nonmoe - ax’+bx+c=
HenoHoe - ax? + bx =0;

ax?+c=0:b=0;

0
c=0;

npugedennoe — X>+px+q=0;a=1;

Ipumepor: 3x* +2x -1 =0; (x + 1)(x —2) = 0; 3x2-1=0; 3x2+x=0.
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Aneopumm peutenus K6aOpamHo20 ypasHeHus. PUBECTH YpaBHEHHUE K BUIY:

ax?+bx+c=0, ax? + bx =0, ax?-c=0; | X2+ px+q=0;
c=0 B=0;
HauTH ecmma+b+c¢=0, BBIHECTH X ax? = C; o Teopeme
JTUCKPUMHUHAHT 3a CKOOKH: ,_ C Buera:
X2 = —;
D:b2_4ac; 0 X1=1, a
x2=- x=1% [—,
a a
-b++D 0
X1=—(——, x1=0; X1+ X2=-
2a ( . P
ectma=1, 10
i) U PEIUTH c
_-b-+D_ rae — >0
X2 = Z—a’ YpaBHECHHE a
x1=1, x2=c¢)
ecsim D=0, To x
ax+b=0;
_—b,
= b
2a X2 =- —
a

eciu D<O0, o

KOpHEH HeT

JIpo0HO — panMoOHAJIbHBIC YPABHEHHSA

Cooeporcam

Obwuii 6uo: Qx) =0, R(x) #0.
R(x

Ipumepni: 3 =5;

X

Aneopumm pewienus ypasHenusl

S(x) _B(X)
P(X) T(x)
| crioco0:

1. TlpuBecTtu ypaBHEHHE K OOIIEMY BUIY

a) mepeHecTu ApoOHOE BhIpaXKEHUE U3 MTPABOW YacTH B JIEBYIO;

I _x-2, 3x+6_0

x+1  x X '
M = 0 mi1s oTOTO:
R(x)

0) mpuBecTH ApoOu K 00IIeMy 3HaMEHATEIO;
2. Yucnurens IpoOu MPUPABHATH K HYJIIO, petuTh ypaBHenue: Q(X) =0;

3. Haiitu O13: R(x) *# 0.

Aneopumm pewenus

S(x) _B(X)
P(x) T(x)
Il crioco0

HECU3BECCTHYIO BCJIMINHY X B 3HaMeHAaTeJ1e )1p061-l01"0 BbIPaKC€HUS.
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ITo cBOMCTBY IPONIOPLIMH, IEPEMHOKUTE KPECT Ha KPECT:
YHUCIIUTENb JIEBOM IpoOM HA 3HAMEHATENb MPaBoil IpoOH, a 3HAMEHATENb JIEBOU TpoOu Ha
YHCIUTENb PaBOX ApoOH;
2. Pemnts ypaBaenue S(X) - T(X) = P(x) - B(x).
3. Haiitu O13: P(X) # 0. T(X) #0;
Ilpumepst pewenus ypagnenuii.

3 5 64 X _XF2 3 x=(x 1) (x4 2);
X x—2 x+1 X
5x=3 3x + 6 =0; 3x2=x*+2x +x +2;
x=§; 3x=-6; 3x2—-x?-3x-2=0;
Ol3: x #0. X =-2; 2x%2-3x-2=0;
Otger: x = 0,6. Ooa3:x—-2=*0. D=32-4-2-(-2)=9+16 =25;
3+5 3-5
X?EZ, X]_:E: 5 X2:7:'1.
Orser: X = -2. Oﬂ3{x+1¢0 {xi-l;
x *0. x * 0.

OtBeT: X = 2.

@0pMy]lbl COKpAauleHHOo20 yMHOQfC@Hu}l:

(a+b)?=a%+ 2ab + b (a+b)®=a+2a’b+2ab?>+b% |a*-b®=(a—b)@>+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 ypaBHeHHil

Metoa cji0:KeHue

ITpu pereHnu cucTeMsl IBYX JIMHEHHBIX YpPaBHEHUH € IByMsI IEPEMEHHBIMH CIIOCOOOM
CJIO’KEHUS MOCTYNAIOT CIEIYIOUIMM 00pa3oM:
- YMHOXAIOT IOWIEHHO YpaBHEHUS CUCTEMBI, TOI0MPasi MHOXKUTEH TaK, YTOOBI KO3 PUIIMEHTHI
P OJHOM U3 IEPEMEHHBIX CTAJU MPOTUBOIMOIOKHBIMU YHCIAMH, CKJIabIBAIOT MOYWIEHHO
JIEBBIE U TIPABbIE YAaCTH YPAaBHEHUI CUCTEMBI, PEIAIOT MTOJIYYHBIIEECS YPAaBHEHUE C OJTHON
MIEPEMEHHOMN

MeToa moaCTaHOBKH

CyTb MeTO/a TOICTAHOBKHU:
BrIpaszuTh 0HY IepeMEeHHYI0 Yepe3 APYTyIo U3 JTI000T0 YpaBHEHHS CUCTEMBI.
[TozcTaBUTE OTyYEHHOE BBIPAXKEHHUE B IPYrO€ YPABHEHNUE CUCTEMBI M PEIINTD, KaK OHO
YpaBHEHUE C OJTHOM HEU3BECTHOW IMEPEMEHHOM. 3Hasl OJJHY IEPEMEHHYIO, HAUTH IPYTYIO U3
HCXOJHOTO YpaBHEHUs. MeTo/ MO3BOJISET CBECTU PEIIEHUE CUCTEMBI K PELIEHUIO OJTHOTO

YpaBHCHUS C OAHHUM HCU3BCCTHDBIM.
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Pemienue HepaBeHCTB

HepaBeHCTBO — 3TO BBIpa)KEHUE, COIEPIKALLEE HEUZBECTHYIO BEMUUHY (X)
U 3HAaKW HEPABEHCTB >, <, <, 2.

Pemuth HEPaABCHCTBO — O5TO 3HAYUT HaWTH BCE €r0 pPEIICHUS, UM O0KAa3aTh UX OTCYTCTBHUC.

Pemenune HepaBeHCTBA — 3TO BCE 3HAUCHUSI HEM3BECTHOM BEJIMUUHBI X, IPU KOTOPHIX
HEPaBEHCTBO OOpaIiaeTcsi B BEpHOE HEPABEHCTRO.

Tunwt Hepaeencme:

Tun HepaBeHcTBA OO0mmii Bug IIpumeyanue IIpuMmepsl
ConepXuT HEeU3BECTHYIO | X +2 < 3;
Jluneiinoe ax>b BEIUYUHY X B IIEPBOU 2(x+1)+3(2x-1)>
CTECIICHU. 0
ConepKUT HEU3BECTHYIO 2
2 9 3xc+2x-120;
+bx+c<
KBagparnoe ax‘ + bx + ¢ <0 | Benuuuny X Bo BTOpOii (x—1) (x +2)>3.
CTEIICHH.
COep)KUT HEU3BECTHYIO | S <5 x+1 > 1
JpodHo - Q(x) <0 BEJIMYKMHY X B X ’ 2x ’
panmMoHajbHOe R(x) 3HaMeHarese ApoOHOro 3 (x-2) + x-5 <6
BBIPAKCHUS. 2% + 4

Ceoiicmea nepasencme:

CBoiicTBO IIpumeHeHMe K HEPABEHCTBY

Yactu HEPaBCHCTBA MOKXHO IMOMCHATH MECTaMH, U3MCHHUB

Eciu,a>b, 10 b<a.
3HaK.

EC.TII/I, a> b, m — a1000e CrnaraeMbIie MOXKHO NEPCHOCUTDH U3 OJIHOM YacTu HCPAaBCHCTBA

YyHCea0, T0 a = Mm>b + m. | B Apyryro, MOMEHSB 3HAK CIIaraeéMoTo Ha MPOTUBOIIOJIOKHBIH.
Ecau, a> b, Ecnu 06e yacTu HEpaBeHCTBA YMHOXKUTh, WU Pa3/IeIUTh Ha
a b OJTHO ¥ TOXeE IOJIOKUTEIBHOE YUCIIO, HEPABEHCTBO IIPU 3TOM
m>0,tToam>bm, — >—: | ye yzmennres.
m rg Ecnu 06e yacTu HepaBeHCTBA YMHOXKHUTh, UM Pa3/IeNIUTh Ha
m<0, Toam<b m, a <—; | OOHO U TOX€ OTpULATEILHOE YUCIIO, 3HAK HEPAaBEHCTBA IIPU
m m

O9TOM HU3MCHUTCAI Ha HpOTHBOHOJ’IO)KHBIﬁ.

JInHeliHbIe HEPABEHCTBA

Cooepoicam  HeN3BeCTHYIO BeJJMYUHY X B NIePBOii CTeNeHMU;

ax >b, ax<b, ax=>b,ax<b,a*0.

2(x+1)-3(2x-1)<5;
Aneopumm pewenus nepasencmsa Q(X) > R(X):

Obwuti 6uo:

Ipumepor: 2x +3 > 5; 2(x +4)—5>3(x -4).

3. TlpuBectu HepaBencTBO Q(X) > R(X) K BHIy ax > b:
a) PacCKpbITh CKOOKHU;
0) coOpath craraembie ¢ X B JIEBOW YaCTH HEPABEHCTBA, CBOOOIHBIC CllaraeMble — B MPABON
YacTu;
B) IPUBECTHU MOIO0HBIC ClIaracMbI¢;
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4.  pa3genuTh 00e 4aCTH HEpaBEHCTBA Ha KO (UIUEHT a,

eciu a > 0, TO 3HAaK HEpaBEHCTBA HE MEHSETCA: X > —,

a
ecnu a < 0, TO 3HaK HEpPAaBEHCTBA MEHSETCS: X< —.
a
b b
5.  3anummMTe OTBET B BHJE MHTEpBaa: X € (—; o), ik X € (-00; —).
a a
IIpumepul pewieHus TUHEIHbIX HEPABEHCME.
x+3<0; 1-2x<0; 2(x+1)>5; 2(x+1)<3 (x-
x <-3; -2x <-1; 2x +2>5; 1);
X € (-o0; -3). o> 1. 2x>5-2; 2x +2<3x - 3;
’ x>15; 2x —3x<-3-2;
x € (0,5; ). x € [1,5; ); -x < -5;
x>5; x e (5; ).

KBaIlpaTHble HEpaBC€HCTBA

Coleporcam  HeM3BeCTHYIO BeJIMYMHY X BO BTOPOii CTeneHH.

Obwuit 6uo: ax?+bx+c>0,
riie a — ko3 duuuent npu x%, b — kodpPUIEEHT Ipu X, ¢ — CBOOOIHBIIA
K03 (ppuIeHT.

noHoe - ax?+bx+c< 0;

Henoanoe - ax? +bx >0; ax? + ¢ <0;

npueedennoe — X>+px+q>0;
Ipumepor:  3x2+2x-1>0; (x+1)(x-2)>0; 3x2-1<0; 3x2+x<0.
Aneopumm peuwienus keadpamuoz2o Hepasercmea ax® + bx + ¢ > 0:

Pemmts kBagpatHOe HepasencTso ax? + bx + ¢ = 0;
2. OTMEeTHUTH Ha Jy4ye KOPHU KBAaJPATHOTO YPAaBHEHUS X1 > X2,

v

X2 X1
4. BeiOpaTh UHTEpBaJ, COOTBETCTBYIOIINM 3HAKY HEPABEHCTBA:

+ NC - W o+

... >0 - mHTEpBAJI CO 3HAKOM «+);
... <0 - HWHTEpBaJ CO 3HAKOM «-).

Ilpumepul pewtenus K6aOpAMHbIX HEPABEHCME:

3x2 +6Xx <0; 9-x2>0; 2x%+3x+2<0;
3x%+6x=0; 9-x%2=0; 2x2+3x+2=0;
3x (x + 2) =0; x?=9; D=b%-4ac=9 + 16 = 25;
x1=0; x+2=0; X =+3; ~b+J/D -3+5 1
= -/ = X1 = = :——’
X2 = -2, + -, ™ 2a -4 2
AV PR 3 3
i -b-vD -3-5
-2 0 Ortsert: x € (-3; 3); X1 = \/_= =2
Ortger: x € [-2; 0]; 2a -4
. - —
-0,5 2
OtBer: X € (- ; -0,5)U(2; ).
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IIpakTuyeckas padora Ne3

Pemenue pPalOHAJIbHBIX ypaBHeHHﬁ U HEPABCHCTB

1 2 4 5 5 6
Petirre Peuture E[pO6HO_ Pemuts npobHO-NMHEHHOE Pemmte npobHO-nMHENHHOE Pewute cucremy Pewute cucremy
KBaJapaTHOE JIMHEHUHOC o
YpaBHEHUE HEPABECHCTBO JIMHEWHBIX HEPABECHCTB HEPABECHCTB
ypaBHEHHE YpaBHEHHE
_x2 3x—2<0 2—-6x>4
X2+8x-33=0 X 2 x > _ 8 sox=x" ;
x=1 Xx+2 X—2 X+2 x° -4 3x—-2 x>1 X°—6x-5>0
2x<5 x? —2x-3>0
X2-11x+30=0 3 & x> _ 1 ARSI
x+1 x-1 x+3 3-x x -3 2X° + X X+3>0 5-x<1
2 _ 2 _ X—2<0 3-4x<5
2-6x.13520 11 4 1,1 x*-2 X -36 _ 2
X—4 x+4 X x+1 x2+x 2x+1 5x>1 X" —4x+3<0
3x-6 32X —x2 2x>7 x?-3x-2>0
x2-19x+88=0 3X =L = - 49)(—)(2
X—2 X+2 (x-1)x+2) x-1 x+2 4x—3 x-3>0 5<1-x
4x+2<0 3-4x>5
W2t A%-32=0 4x _ 5 26 2 _, x+4 1+x <0 2
X+3 3-Xx x“-=1 x-1 X+1 X“ + 3X X>-3 X —=7Xx+6>0
4 12 1 S 6x <2 x> -3x-5<0
5x2-16x+3=0 X _ 3 812 1 X —89x,
x—3 x+1 X+2 X—-2 4-x° 7 2Xx—3 Xx-5>0 5<3-X
2 _ 3 _ 2x-3>0 3-x<4
7324 0%4+2=0 3x 3 _2x-1_ 22x+1 X 9xSO 2
x-1 Xx+2 X+2 X+1 x°+3x+2 3x% — X x<1 X“+6x+4>0
2 4 - 5-X 4x <5 2-x<5
BX2-8X+3=0 = 2z x4 _ 1 720 )
x-3 x+1 X“—4 X“+2x X" -2x (x-7) Xx-1<0 X“+3x-4>0
4 3x 22X 3x—-6 2 _ 3x-2>0 X? +5x—-2<0
BXC-Tx+1=0 _ -2 X7=9 _
X+2 X-2 x-1 x+2 (x-1)x+2) 2% —11 x<1 5_x>1
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IIpakTnueckas padora Ned

Tema: [Tnomanu miockux Guryp.
eJb:

[ToBTOPUTH, U CHCTEMATHU3UPOBATh 3HAHUS W YMEHUS TNPUMEHATH (QOPMYJIbl HaXO0XKJIECHUS
iomaaen Guryp npu penieHu: MPakKTUKOOPUEHTUPOBAHHBIX 33724

Xona padoThI:

1. TloBTOpPUTH TEOPETHUECKHI MaTepHal

2. Pemwurts 3agaun
Teopernueckuii MaTepuaJI:

Yembipexy2onbHUKU.

S= '—”')

N

— 2
S=ah/ /488—”;b \ A& s = 1‘,.'.
a ‘. z !

IInowads mpeyzonbHUKa

Kpyr R — paamyc; =nR?

I — anuna okpyxnoctw. |l =27R
Kpyrosoe ;2— BHYTPEHHHA PAANYC; | § = x(R? - r?)
— HapyXHulfi paauyc,
4 d — BHYTPeHHWR amua- s=%(Dz—dz)
Merp; S = 2xpé
D — napyxuuii ana-
MeTp; IMaowans yacTw Koabua:
+R

e = T3~ — cpemmils = X&(R? - r?)
paanyc,

§ = R — r — wupuna
KOAbUA,

a — UeHTpaAbHLI# yroa
4acTH Koabua (B rpaay-

cax).

§=25(D?-d%

= Ta
S‘mo’“s
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OcHOBHbIe reomeTpu4ecKkme purypsl

MpAMOYTOMEHUK Ksaapar Kpyr Pomo

: 9 e
S =a°sinc

S: %a_h_“ S: —abSin’}’ S — (],h,a

-

[ S=

~ - ’rb N
S = absin 51 I

TpeyrontHukK Mapannenorpamm Tpaneumn

g opranuzanuu 3¢(peKTUBHOrO Mpoliecca TYIIEHUs MM0KapOB HEOOXOJUMO NMOHUMATh CTPYKTYpPY
nepefayn IwiamMeHd. OnpenenvB HaNpaBiIeHUs PaCIpPOCTPAHEHUS BO3TOpaHus, HUX (OpMY, MOXKHO
pa3paboTaTh CTPATETUIO €0 JOKATU3ALNHA U YHUUTOKECHHSL.

[Inomane mokapoB pPacCUUTHIBAETCS 110 IMPOEKIMH 30HBI OTHS HA TOPU30HTAJIBHYIO IIJIOCKOCTb.
CyliecTBylOT METOIMKHM pacyera A pasHbiX (opm. YacTo kapra moxapa HMeeT BHUJ CIOXKHOU
reomMeTpuueckoi (purypsl. B aTom ciyyae /i BEIYUCIEHUS TapaMeTpa BO3TOPAHUs BBILACISAIOTCS yYaCTKH
CTaHJIapTHON KOH(QUTYpallUU, PACCUUTHIBAETCS pa3Mep KaXA0ro, a 3aTeM pe3yJIbTaThl CYMMHUPYIOTCS.

Pacuem nnowaou noscapa

Jyist BEIUKCTICHUST pa3MEpOB TI0Kapa CHavaJ1a ciaeAyeT MOHATh KOHPHUTYpaIHio pacnpoCTPaHeHusl OTHSI.
DopMyJibl pacyera

Jlst ynoOcTBa cBeieM BCe MAaTEMAaTHUYECKHUE BBIPAKEHUS, TTO3BOJISIONINE BEIYUCIUTD TUIOIIA b
oTpeeNieHHOM KOH(UTYpaIiK, B TA0JIHUILY.

YcioBHBIE 0003HAYEHHUS

T — KOHCTaHTa, uMeronas 3Hauenue 3,1415926;

R — panuyc kpyra;

0 — YToJI MeX1y pauycaMH B Tpajiycax;

a, b — cTOpOHBI MPAMOYTOJLHHUKA, TTPH PACIIPOCTPAHEHUH OTHSI B J[Ba HAIIPABJICHHS 3aMEPSIETCS
MIPOMEKYTOK OT OHOM IpaHUIbl (PUTYPHI A0 APYTOM.
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Kondurypauus

Kpyrosas

Vriosas

[IpssMmoyronbHas

Metoa BLEIYMCJICHUSA

S=n*R2

S= (a*R2)/360

S=a*b
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IIpakTnyeckas padora NeS

Tema: «IIporieHTbI»

eas :

IoBTOPUTH 3HaHUA oOy4yaromuxcs B Teme: «IIpoueHTHD)

PaccmoTtpeTs anroputmbl penieHus 6a30BbIX 3a/1a4 HA IPOIICHTHI:

a)HaXO0XJCHHUE TIPOIIEHTOB OT 3aJaHHOTO YKCiia (BEITMYUHBI);

0)HaXOXKICHUE HEU3BECTHOTO YHCIA 110 €T0 MPOIICHTAM;

B)HaX0’KJICHHE MPOIICHTOB OJTHOTO YKCJIa OT IPYTroToO.

3akpenuTh YMEHUS U HABBIKU PEIICHUS 33/1a4 C MPOILEHTAMU.

OrnpenenuTh YpOBEHb YCBOCHUS 3HAHUH, OLICHUTH PE3YyJIbTaT ACATEIHHOCTH 00yUYaOIIUXCA.
IopsiioK BBITIOJIHEHMS:

O3HaKOMUTBCS C TEOPETUUECKUM MAaTEpPHAJIOM U peIlIeHUEeM 3a/1au .

CraenaTh KpaTKuii KOHCHEKT TEOPETUYECKOTO MaTepHaia B pabodmx TeTpaasx (olpeneneHue,
IIpaBUJIa PELLICHUS] OCHOBHBIX TUIIOB 3ajiay).

N3yunth 00pa3ibl pelieHHbIX 3a/1a4, 3aI1caTh UX B pabouyro TETpaib.

B Tetpansax uist mpakTUYECKUX PaOdOT BBIIOJHUTH NIPAKTUYECKYIO paloTy .

Teopernyeckue cBeIeHUA

Cn0BO « MPOLIEHT » MPOUCXOAUT OT JATUHCKHUX CJIOB Pro centum, 4To OyKBaJbHO O3HAYAET « CO CTa ».
[IpouieHT = oJ1HA cOTasi 4acTh YKCIA.

[TonnMaHue TMPOIIEHTOB W YMEHHE BBITIOJNHATH IPOIECHTHBIC  BBIYUCICHUS B HACTOSIIEE BpeMs
HEO0OXOIUMBI Kaxa0My denoBeky. OueHb BEJMKO MPUKIAAHOE 3HaueHue 3Toi Tembl. OHa 3aTparuBaet
(uHaHCOBYIO, 1eMOrpadUUECKyI0, SKOJIOTHYECKYI0, COLIMOJIOTMYECKYIO U Apyrue cepsl.

PaccMoTpuM Tpu OCHOBHBIX THIA 33/1a4 HA MPOLIEHTHI.

1)HaxoxaeHue mporeHTa oT yucia

UToOBl HAWTH MPOLIEHTHI OT YKCIIA, MOYKHO MPOIEHTHI MPEICTAaBUTh B BUAE ACCITUUYHON IPOOH U YHCIIO
YMHOKUTh Ha MOJYYEHHYIO AECATUYHYIO TPOOb.

3anayva:

[Ipenmpustie uroroBuiio 3a kBapran 500 HacocoB, U3 KOTOPBIX 60 % MMENTH BBICHIYIO KATETOPHUIO
kauyecTBa. CKOJIBKO HaCOCOB BbICIIEH KaTErOpHH KauecTBa U3rOTOBUIIO IpeanpusTrie?

Pemenwue: Haiinem 60 % ot 500 (oO1iee KOJIM4eCTBO HACOCOB).

60 % =0,6

500 « 0,6 = 300 HacocOB BBICIIEN KaTErOPUH KavyecTBa.

Otet: 300 HacocoB BhICIIEH KaTErOpHUH KauecTBa.

2)Haxodcoenue uucna no e2o npoyeHmy

Umobwi Hatimu 4Ucio no e20 NPOYEHMAM, MOICHO NPOYEHMbl NPeOCMAasUums 8 8uoe 0eCAMU4HoU Opoou u
O0aHHOe YUCTIO pa30eiumsb HA NOJYYEHHYI0 0eCAMUYHYI0 OpOOb.

3amaua: Yuenuk npountain 138 crpanuil, uto cocraBiseT 23 % uncna Bcex cTpanuil B KHUTE. CKOJTBKO
CTpaHMI] B KHUTE?

Pemenne:

WTak, HaM HEU3BECTHO CKOJIKO BCETO CTpaHMIl B KHUTe. Ho MBI 3HaeM, 4To 4acTh, KOTOPYIO MIPOUYUTAT
yueHuK (138 crpanuir) cocrapinsieT 23 % OT o011ero KoaudecTsa cTpanull B kuure. Tak kak 138 ctp. - 310
BCETO JIUIIb YaCTh, CAMO KOJIMYECTBO CTPAHUIL], €CTECTBEHHO, OyeT 6ombie 138. DTo MOMOXKET HaM MpU
IIPOBEPKE.

138 - 100

138:23 % =138 : 0,23 = =——— = 600 (cTp.)
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IIposepka: 600 > 138 (310 03HauaeT, uto 138 saBusiercs yactoio 600).
Otsert: 600 (cTp.) - o0I1IEE KOJIMYECTBO CTPAHUI] B KHHTE.

3)CKobKo npoyeHmos 00HO YUCIO COCMABIsem om 0py2o2o.

YroObl HAUTH CKOJBKO MPOIEHTOB OHO YUCIIO COCTABISAET OT APYrOro MOYKHO OJIHO YHCIIO Pa3AeinTh Ha
Jpyroe U MoJay4eHHOe Npou3BeeHue yMHOKUTh Ha 100.

3amava: M3 200 apOy3oB 16 okazamuch He3penbiMU. CKOJBKO TPOLEHTOB BCEX apOy30B COCTABHIIN
He3peble apOy3bl?

Pewenue:

16 nenum Ha ob1iee KoynyecTBO apOy30B 1 yMHOkaeM Ha 100 %.

200 %
=8%
25

(16 : 200) 100% = — - 100 % = — - 100 % =
200 25

Otget: 8 % - cocTaBiIsIOT He3pebie apOy3bl OT BceX apOy30B.

ITIpumepsl pemeHus 3aaa4

3amaua 1: [lnsa npurorosieHus ¢apiia B3suM TOBAINHY M CBUHUHY B oTHOIIeHUH 7:13. Kakoii mpoueHT B
(apiie cocraBiseT CBUHIHA?

Pemenue: Ilycts B3 Tx ¢ TOBSIIMHBI, TOTJa CBUHUHBI B3SLIU 13x . CnenmoBatenbHO, CBUHMHA COCTaB-

13x
. 100% = 65%.
nser B apme 7x + 13x OTBeT: 65% .

3amaua 2: KakoBa BelMMYMHA MOJOXOIHOTO HAJIOTa, KOTOPhIH cocTaBiseT 13% OT BeIMUYMHBI 3apabOTHOM
wiatel B 25000 pyOueii?
Pemenne: 25000 - 0,13 = 3250 pyo6neii. OtBeT: 3250 pyoOneii.
3amaua 3: S6moku npu cymike TepsaoT 84% cBoeit Macchl. CKOJNBKO CYIIEHBIX 010K moiayuutcs u3 300
KI' CBEKUX?
Pemenune: U3 ycnoBus cnenyet, uro npu cymke tepsercs 300-0,84 = 252 kr.
300-252=48kr OTBert: 48kr.
3amaua 4: B cnopTMBHOM Mara3uHe BeJlOcHIles MpojaeTcss co ckuakoi 15% 3a 4500 py6Guneit. Kakosa
NepBOHavalibHas 1ieHa Besocunena’?
Pewenue:
N3 ycnosus cnenyet, uro 4500-310 85% OT nmepBOHAYAIBHOM IICHBI.
4500 pyOmneit — 85%
X py6neii— 100%, X=~5294,12 pyOneil. OTBeT: 5294,12p.
3anaua 5: llena toBapa nonusunack Ha 40%, 3atem eute Ha 25%. Ha ckOIbKO MPOLIEHTOB MOHU3WIIACH
[IEHa TOBapa Mo CPABHEHHMIO C IEPBOHAYAIBHOM [IEHOMN?
Pemrenue:
O0603HauNM TIEPBOHAYATBHYIO IIeHY ToBapa 4yepe3 X. [locie mepBoro moHMWKEHUs 1I€Ha CTAaHET PaBHOU
x — 0, 4x = 0,6x.
Bropoe nonmxenue neHsl coctaBisieT 25% oT HOBoM 1eHbl 0,6X, TOTOMY MOCJIE€ BTOPOTO MOHMKEHUS
OyzneM UMETh IIeHy
0,6x - 0,25 * 0,6x = 0,45x;.
[Tocne nByX NOHMKEHHMI CYMMapHOE N3MEHEHHE LIEHBI COCTABIISIET:
X - 0,45x = 0,55x.
Tak xak BenuuuHa 0,55x; coctaBnsieT 55% OT BETWYUHBI X, TO 1I€HA TOBapa MOHU3MWIAch Ha 55%.
Otsert: 55%.
3amaua 6: B xommemke 260 oOywaromuxcs, u3 kotopeix 10% neycmeBarommx. [locie oTumcieHus
HEKOTOPOT0 YMCJIa HEYCIIEBAIOIINX, UX MPOLEHT CHU3UICS 10 6,4%. CKOJIBKO yyamxcsi OTYUCIEHO?
Pemrenne:
J1o OT4YHCIIEHHS] KOJIMYECTBO HEYCHEBAIOIIUX O OTYUCIICHUS COCTABIISIIO
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0,1 - 260 = 26.
[lycte oTumMcnunam x denoBek. Torga Bcero B juiee octanoch (260 — X) ydamuxcsi, U3 HHUX
HEYCIIEeBaIOMIMX cTano 26 - x. Umeem nmponopiiuio
260—x - 100%,
26 - X - 6,4%.
(260 — x)0,064=(26 - x)100,
Pemras nonyyennoe ypaBHeHue, HaxoauM X = 10.
Ortser: 10.

3amaua 7: IlepBoHaYambHass CTOMMOCTh €IWMHUIBI IPOIYKIIMKA paBHsIach 75 pyo. B Teduenue mepBoro
roja IPOU3BOJCTBA OHA NOBBICMJIACH HAa HEKOTOPOE, YUCIIO IPOLIEHTOB, @ B TEUEHUE BTOPOIO roja
CHU3MJIACh (IO OTHOIICHUIO K MOBBIIIEHHOW CTOMMOCTH) Ha TAKOE K€ YKCJIO IMPOIEHTOB, B pe3yibTare
4ero oHa cTaja paBHa 72 py0. Ompenenure MpOLEHTHI TOBBIICHHUS M TOHW)KEHUS! CTOUMOCTH €IMHUIIBI
MPOJIYKIIUH.
Pemenne:
IIyctb x% - 9TO MPOLEHTHI TOBBIIICHHS (M TMOHW)XEHHSA) CTOMMOCTH eAMHULBI mpoaykuuu. Ilo
onpeaeneHuto x% ot 75 a3to — 75" 0,01x. Toraa mocne nepBoro MOBHIIMICHUS [I€HA CTAHET PABHATHCS
75 + 0,75x.
B TedeHnue BTOporo roja 1eHa CHU3UTCS Ha BETUYUHY
0,01x(75+0,75x) = 0,75x + 0,0075x°.
Teneps MOKHO 3amKcaTh ypaBHEHUE AJIi OKOHYATENIbHOM 1IEHbI
(75 +0,75x) (0,75x +0,0075x?) = 72;
x%2=400; orctoma x1 = - 20, X2 = 20.
[ToxxoauT TONBKO OJMH KOPEHB 3TOTO ypaBHEeHHs: X2 = 20.

Otser: 20%.
3anava 8: Ha OankoBckuii cuet Obu10 nosnoxeHo 10 Toic. pyO. ITocne Toro, kak JeHbI'M MPOJIeKaIl OAUH
rog co cuera cHanM 1 Teic. py0. Eme yepe3 roa Ha cuery crano 11 Teic. py06. OmnpenennTs, Kakon
MIPOLIEHT TOI0BBIX HAUMUCISAET OaHK.
Pewenue:
ITycth 6ank HauucaseT p% IrofoBbIX.
1) Cymma B 10000 py6Guieii, nosokeHHast Ha OAaHKOBCKUN c4eT 1moJ p% TroJIOBBIX, Y€pe3 rojl BO3PACTET
710 BEJIMYMHBI
10000 + 0,01 *p * 10000 = 10000 + 100p py6.
Korga co cuera caumyt 1000 py6., Tam octanercs 9000 + 100p py©.
2) Eme uepe3 roa mocieHssi BEJIMYMHA 3a CUET HAUMCIIEHUS IPOLIEHTOB BO3pacTeT 10 BenuyuHbl 9000
+100p + 0,01p(9000 + 100p) = p? + 190p + 9000 pyo.
ITo ycnosuto sta BenmnuuHa pasHa 11000 py0, mosToMy uMeeM KBaJpaTHOE ypaBHEHUE.
p?+ 190p + 9000 = 11000;
p? +190p-2000=0 , permmM 3T0 KBaApaTHOE ypaBHerue, p1 = 10, p2 = -200.
OTpunaTenbHbId KOPEHb HE TOJAXO/MT. Otget: 10%.

3amaua 9: B ropoxe B Hacrosimiee Bpems 48400 »xureneil. M3BeCTHO, 4TO HaceleHUE 3TOTO ropojaa
yBenuuuBaeTcs exxeroqHo Ha 10%. CkoiabpKo xuTenel ObII0 B TOPOJE 1Ba roja Ha3aa?
Pemenne:
[Ipenmonoxum, 4TO J1Ba rojia HazaJ KOJHMYECTBO JKUTEJIEH ropoi ObUIO X YeNOBEK, TOTJa KOJIHYECTBO
YKUTEJICH B HACTOSIIIEE BPEMS BBIPAXKAETCS Yepe3 X 1Mo GOpMyJIe CIOKHBIX MTPOIICHTOB:
x(140,1)? = 1,21x.
U3 ycnoBus 3agaun:
1,21x = 48400;
x = 40000.
Ortser: 40000 yenoBeEK.
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BapuanTsl npakTHyeckoi padoTsI:
Bapwuant 1
3a aKTMBHYIO OOILECTBEHHYIO JAEATEIbHOCTh CTYACHTY YBEJIMYWIM CTUNEHAHMIO Ha «a»%. Benumunna
ctunenauu-1050 py6neit. Kakyro cTUnEHIuIO0 Temnepb MOJYYUT AKTUBHBIA CTyACHT? (3HaueHHE «a»
BbIOEpUTE CaMu).
3a OpOIYCKH 3aHATUH CTYIEHTY YMEHbIUWJIN CTUNEHIUI0 Ha 12%. CKONbKO €My IOCTaHETCs, €CIH
crunenaus 800 pyoueii?
Ha ckonpko pyOseit moBbICMTCS KBapTiuiata, cocrapisromias 3500 pyOneit, ecnmu ¢ 1 ceHTAOpst oHa
JIOJDKHA yBEJIMUUTHCS Ha 7 %7
B marasune mynpTuBapka npogaercsa co ckuakoit 20% 3a 4500 pyouneit. KakoBa nepBoHauyanbHas 1ieHa
MYJIBTUBApKU?
['pubs1 mpu cymike TepsitoT 78% cBoeii Macchl. CKOMBKO CyIIeHbIX rpuOoB nmoiayuutcs u3 100 kr cBexux?
KakoBa Benn4mMHa MOJOXOJHOTO Hajora, KOTOpbIi cocTtaBisieT 13% OT BenmuunHBI 3apabOTHOM IMJaThl B
21000 py©Oneit?
Cxoubko pyOJeit cocTaBiIsIeT CKUMIKAa Ha TOBAp OT ero 1eHsbl B 1250 pybnei, eciau pazmep ckuaku 30%?
B nexabpe mry0a ctomna 38 Teic. py0Oieil, B ce30H 1ieHy noBbicuan  Ha 20%, a B Mae cHU3WIM Ha 15%, B
utose Obuta pactpoaaxa co ckuakoit 30%. CkonbKo Tenepb CTOUT mryoa?

Bapuant 2

3a aKTUBHYIO OOIIECTBEHHYIO AEATENbHOCTb CTYACHTY YBEJIMYMIM CTUIECHAUIO Ha «a»%. Benuunna
crunienauu-1000 py6mei. Kakyro cTumeHamio Tenepb MOMYyYUT AaKTUBHBIA CTyAeHT? (3HA4YeHHE «a»
BBIOCPHUTE CaMH).

3a MpOMYyCKH 3aHATUN CTYIAEHTY YMEHBIIWIHM CTUlleHaut0 Ha 16%.CKONbKO eMy JIOCTaHEeTCs, €Clu
crunenaus 900 pyo6neii?

Ha ckonbko pyOneil moBbicuTcs KBapTiuiatra, coctamistomas 3500 pyoOunei, eciu ¢ 1 ceHTs0Ops oHa
JIOJIKHA yBENMUUTHCS Ha 7 %7

B marasune mponaercs Onmenmep co ckuakoit 10% 3a 2500 pyOneii. KakoBa mepBoHauanbHas IieHa
onengepa?

VYkpon nipu cyiike tepsieT 86% cBoelt Macchl. CKOJIBKO CYIIEHOTO YKpoma Moay4yuTcs u3 1 Kr cBexxero?
KakoBa Benn4MHa MOJOXOJHOIO Hajlora, KOTopbli cocTtaBisieT 13% OT BenuunHBI 3apab0OTHOM MaThl B
30000 pyOneir?

Cxoubko pyOmeit cocTaBiIsIeT CKMKA Ha TOBap OT ero 1eHsbl B 1280 pyOnelt, ecnu pazmep ckuaku 15%?

B nexabpe mry0a cromna 35 Teic. pyOineil, B ce30H 1eHy noBbicuian  Ha 15%, a B Mae cHu3wim Ha 10%, B
utoJie Obuta pacrpojaxa co ckuakoit 20%. CkosbKo Teneppb CTOUT 11yoa?

Ilpakmuueckasn paboma No6:

Tema: [Ipeobpazosanue ancedpauyecKux blpadceHull, payuoHAIbHbIX U UPPAYUOHATLHBIX 8bIPANCEHUL

IJeny: oTpaboTaTh YMEHMS M HaBBIKM [0 TNPeoOpa3OBaHHUIO aNreOpandeckux, pPalUOHANBHBIX U
MppaIMOHATLHBIX BBIPAKECHUH

Obopyoosanue: TeTpaab Uil MPAKTUYECKUX padOT, pydka, pa3fgaToOuyHbId MaTepuai, paboyas TeTpajb C
TEOPETHYECKIM MaTePUAIIOM, MUKPOKAIBKYJIISITOP.

Bapuanm -1
1.Pa3znoxute MHOTOWIEH HA MHOKUTEIIH:
a® —a?b + a®b? — b3

2.Coxkparute apoOh:
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x2-7x+12
6—2x

3.YopocTtute BbhIpakeHue:
ab+b? _ b®  a+b

a -+ —
) 3 3a b
x+10 1 5 10
o2
5x+25 x+5 x—-5 x2-25
)(2m+1 2m—1)_ 4m
2m-1  2m+1/) ~ 10m-5'

4.HaiiguTe 3HaU€HNE BbIPAKECHMUS:

2) ((2,15 - 11—56) +33,5+5-%3,58 - 15,7) x % +2,25;

V2,842
V0,24 '’

B)< 22— /163>+\/z.
3 3 27

5.M30aBbTECH OT HPPALIMOHAIIBHOCTH B 3HAMEHATEJIE:

6)

2
a) NN

V53 VB
) i Va3

Bapuanm — 2

1.Pa3noxxnute MHOTOWIEH Ha MHOKUTEIU:

35x% + 7x%y? + 5y + y3

2.Cokpartute J1po0b:
5x2-12x+4

6—15x

3.Y1pocTuTe BhIpaKeHHUE:
x—y 5y . x%—xy

x3 x2 S5y

2
y 1 [ 2 1)

O 2=t T( 2 )’
y ye-1 2y-y 2=y

x+3 xX+3 x—3
B) * ( + )
x24+9 x—3  x+3

4 Haiinute 3Ha4€HUE BbIPAKEHUS:

a)(75+4§—3%*3) x (11—58+0.35—§) + 1.4



V1.5%/1.8
03 '

5) /29— /65 |2
7 7 28

5.136aBbTECh OT UPPALIMOHATLHOCTH B 3HAMEHATEJIE:

6)

3
VT

o VTIHE VT~V
) o6 _ vio+ve

Ilpakmuueckan paboma Ne28,29:
Jeiicmeusn Ha0 KOMNIEKCHBIMU YUCIAMU 6 alizedpauuecKkoil ghopme
Boinonnenue pacuémos ¢ NOMOU b0 KOMNIAEKCHBIX YUCEL.

Llenb: HayYUThCS BBINOJHATH IeiiCTBUS HAJl KOMILJIEKCHBIMHU YHCJIAMH B ajiredpandeckoii
popme

Z=a+8 — 910 anrebpanyeckas (opMa KOMIUIEKCHOTO YHCIIA.

Croxenne KOMILIEKCHBIX YHCET

[Ipumep |

CI0KHTD JIBa KOMIUICKCHBIX upena -1~ + = “2 7 4-3

Jlist Toro 4ToObl COKHUTH /IBa KOMIUICKCHBIX YHCJIA HYKHO CJIOKHTH HX JICHCTBHTCIIbLHbBIC H
MHHMBIC YaCTH:

.*l.:;:lo:-;jo_l 5=5

BoiuuTanne KOMIUICKCHBIX YHCE
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CocTtaBHM 4acTHOE:

IICJICHHC HYHUCCJI OCYUICCTBIIACTCA METOAOM YMHOKCHHS 3HAMCHATEAH H YHHCIHTEIS Ha
CONPHKEHHOE 3HAMEHATEIH BbIPAKECHHE.

3HaMCHATCJIC YIKC€ CCTh

ABJIACTCA

N | ty
(R

[Mpumep 2
B s = =
7 Z,. - Z Z==2+1 Z.=A5+11
R R T e P Sl

HaiiTi pa3HOCTH KOMIUIEKCHBIX YHCen “1 .
JleiicTBHE aHANOTHYHO C/IOKEHHIO, €/IHHCTBEHHads OCOOCHHOCTb COCTOHT B TOM, HTO

BBIYMHTACMOC HYKHO B34ATh B CI{OGKH, d 3dTEM — CTAHJAPTHO PACKPBITE 3TH ck0OKH co cMeHOH
JHaKa:

Z,—2,==2+i- (3+5)=-2+i-H-5=-2-3-4%

PE'J}'.III:T&T HC JOJIGKCH CMYLaTb, Y [MOJIYHCHHOI0O 4HHCIa ABC, a HC TPH HacTH. HFICICTCI'

~ &
NelCTBHTE/NbHAS HacThk — cocTaBHaA: ~ <~ /7. Jlnd HarnsaHOCTH OTBET MOMKHO IeperHcaTh
ra- 21~ 22 =(-2- N3) -
PaccunTaem BTOpYIO pa3zHOCTb:
= , & Y ~ , ¢ " " = 4 4
2, =2y =3 +5i - (-24i) =3+ 5 +2-1=2+3+4

. 2y 2
3/1ech JciicTBHTEIbHAS YacTh TOKE COCTaBHas: < & M~

VMHOKEHHE KOMILIEKCHBIX HHCE
[Mpumep 3

HaiiTn nponsBe/icHHe KOMILICKCHBIX 9Hcen ~ 1~ 1-i ,Fa=14
OHEBH,[I,HO, HTO HPOH?.BEI[BHHE CJIB,I[)I'BT 3alHCaTh Tak:
Heobxo0umo nomuums, yumo ' =~ 1,
zyz=(1-D3+60)=1.3-1 - 3+1. -1 6i=3-F4+61+6 :9+3j,r,ue
. . = .Y - 2 " -
—i ti=—6i"=-6. (-1 =+6
Jlenenne KOMILIEKCHBIX YHCET
[Ipumep 4
o=13+1 z,=T7-6 - z,
JlaHbl KOMILIEKCHBIC YHCIIa 3O . Haiiti wactHoe “-.

Ry Y 2 12 R
-5 bl=a“ —-H s
Benomunaem dopmyny @=d)ato)=a"=b" g CMOTPHM Ha Halll 3HaMeHaTellb: 7-6: . B
@=a), MOITOMY COINPSKEHHBIM BBIDaXKCHHEM B JaHHOM ciy4ae
[L1+-_:.I’T0e:.n +61

CornacHo mpaBuiy, 3HaMeHaTedb HYKHO YMHOXKHTH Ha '+ | m, 4roGbl HHuero He
W3MEHWIOCh,  JOMHOXKHTb 4YHCIHTeIb Ha TO ke camoe umcio  / + 07

(134237 +62)

{(7—-60)(7+63)
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Jlanee B w4HcIHTelle HYKHO PacKkpelTh CKOOKH (MEpeMHOXKHTL JIBa HHCIA O IPaBHITY,
PacCMOTPEHHOMY B NpelbUIylleM NyHKTe). A B 3HaMeHaTele BOCIOJb30BaThCA

P IR o 3 2 2
s -2 bl=a =56~ A =

dopmymoii \¢ FNE TR =427 (oymmm, uto?” =~ 1 He myTaemcs B 3nakax!!!).
z, (I3+4)(7+6) 91+7+7%+6° 91+7i+7% -6
z; (I-6&)T+6i) 7 - (&) 49 - (=36)

85+8% 8548y
— — = - = ] +1

49+ 36 85
B psine cinyuaes nepen AeneHHeM ApoOb 11e/1ecoo0pazHo YIPOCTHTE, HAIIPHMEP, PACCMOTPHM

-7-1Z

wactHoe uncen: — 12+ 71 [lepen neneHnem n3baBasemMcs OT THIIHHX MHHYCOB: B YHCITHTENS
H B 3HAMCHATele  BBIHOCHM  MHHYCHI 33 CKOOKH W cOKpamiaeM  3TH
-7-128 -F+12) T7+1Z
=12+ -(2-Th) 12-T

MHHYCBI: . IPaBUIILHLII OTBET: ?
[Ipumep 5
1
z= 7
JlaHo KOMIUIEKCHOE HHCIIO ¥2 %1 Zanucath AaHHOE 4MCIO B anreOpamdeckoii dopme
(T.e. B hopme ¢ T51),
[Ipuém TOT 3Ke caMmblii — yMHOXKaeM 3HaMEHaTellb M YHCIHTEIb Ha CONpPAKECHHOE
a-Nia+b)i=a° -5
3HAMCHATENIO BEIpAKcHHC. CHOBAa CMOTpHM Ha dopmyny & 2@ +2)=d . B
i 3
3HaMeHaTene yke ecTh +b) , TIOITOMY 3HAaMEHaTellb W YHCIHTEIb HYKHO JIOMHOXKHTL Ha
(a-B) J3-i
CONPSKEHHOE BhIPaKEHHE /,ToecTbHa V7 T T:

1 A3 -1 NEES: Jd3-i 2= 31

= = = =———i

oGP 341 4 4 4

-

- Y R
J3+i (3+D(J3-1) (W3)
38}18“"“ JUIA CAMOCTOATEIBHOIO PCLUCHHSA

Haiitu cymmy, pa3HOCTb, NPOM3BEACHHE M HYacTHOEC JIBYX KOMIUICKCHBIX 4YHCEl B
anrebpanyeckoii popme.

l.zy =2 + 3i, z;=1+1. 19.2, =5+4i, 2z,=-=5+Ii.
2.2, =3+ 4i, Z;=1-1i. 20.2z, = 3+ 7i, Zy = =5—1.
3.2, =1-2i, z;=-1+1. 21,2, =2—4i, 2,=6+i.
4.2, =2+ 5i, z; ==1-1i. 22.2, = 3+ 5i, 2, =6-—1i.
5.Z1=3-8i. Zz=2+i. 23.21=6+5i. zz=—6+"_
6.2, =3-17i, Z;=2-1. 2.2, =7+2i, 2z,=-6-I.
7-ZI=2+6i. 22=—2+i. 25.21=8+3i. 22=7+i.
8.2, =4+ 2i, Z, ==2—1. 26.2, =9 - 2i, 2, =7—i.
9.2, =5+ 3i, z, =3 +I. 27.2, =5 + 6i, z, = =7 +1i.
10. 2z, = 6 = 2i, z,=3-1 28.2, ==-3+2i, z,=-7-1I.
1.2, =7 +9i, Z, = =3+ . 29.2, =6+ 2i, Z, =8+1.
12.2, =3 =7i, z, = =3 —I. 30.2, ==6+7i, z,=8-I.
13.2, = 4 + 3i, Z; =4+ 3.2y ==2+5i, z,=-8-1
14.z, = 8+ 3i, z, =4-1. 32.2z, =8+ 3i, 22=9+l:.
15.2, =8-2i, 2z,=-4+i. 3B.2y==7=2I, z=9-1
l6.21=9+2i, Zz=—4_i_ 34.21=5+8l.‘ 22=—-9+|._
17'21 =7+3i, Z =5+ 35. 2, =—2+4"' zz=-9—'l.
18.21=6—4i, 22=S-i. 36.21-_-—5—41. Zz=10+l.

Pemmths ypaBHeHuUs:
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x> —4x+13=0
x>+3x+4=0
25x2+x+1=0
4x> —20x +26 =0

APwbhE

Ilpakmuueckasn paooma Ne67: IlonsiTHe KOPHS N—ii CTeNeHU U3 IeHCTBUTEIBLHOT0 YN CJIA

Ilean padoThI: OBJIAACHUC MMPAKTUYCCKUMHU HaBbIKaMH U 3aKPCINNICHUE TCOPETHUICCKOI'0 MaT€purasia 110

BBIYMCIICHUIO KOpHeﬁ U3 YUCCJI U YUCJIOBLIX U 6YKB6HHBIX BBIpa)KeHHfI.

CTYaEHT J0JIKEeH:

3Hamy:
- IOHATHUE KOPHSA N-0i1 CTENEeHH;
-[IOHATHE apU(PMETHUECKOTO KOPHS;
-OCHOBHBIE CBOMCTBA KOPHEH;
ymemb:
- BBIYMCIIATH KOPEHBb N-0M CTEIEHU;
-YIPOILATh JHObIE BHIPAXKEHUS UCIIONb3YS CBONCTBA KOPHEH;

IloaroroBka Kk paoore:

1. TloBTOpPUTH, YTO TaKOE APUPMETUIECCKHUN KBAPATHBIN KOPEHb U3 YHCIIA.
2. CaoiicTBa apu(pMETHUECKOT0 KBaIPaTHOTO KOPHSI.

KoHTpoJLHLIE BOIPOCHI:

Uro Takoe KopeHb N-0if CTENEHH U3 uncia a?
Uro Takoe apupMeTHUECKH KOpeHb N-0i CTENEeHH U3 uucnia ?

1
2
3. OcHoBHBIE CBOICTBA KOpHEH?
4

Kak Ha3piBaroT 3HaK KOpHA V. ?
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3anaunme:

eapuanm
3aoanue
1 2
1)Bpruucnure A)3/0,125
5 1
b) [— =
Ax3+8=0 x*—=19=0
2)Pemute ypaBHEHHE ; ;
b)Vx —-5=-3 V7 —4x =4
3)HaiiuTe 3HaYCHHUE YUCIIOBOTO BBIPAKCHUS a)V24 * 9 A)V75 * 45
4 [16a*B8 5)3 — 27a°
0) iz 3283
5v2
4)BHecuTe MHOXKHTEIIb 10| 3HAK KOPHS ,
332
5)[IpeobpasyiiTe 3aaHHOE BBIpAKEHHE K BUAY
VA
6)BBIHCCI/ITC MHOXXMTEJIb U3 110/l 3HaKa KOPHsI 3, 1625x5 y6 5, | —64nl6

TEOPETUYECKHIA MATEPHAJI K TIPAKTUYECKOM PABOTE Ne 19:

Kopenb n-ii crenenu u ero cBoiicTaa.

663}’CJ'IOBHO, BCC TaK HJIM HHAYC 3HAKOMbBI C UHTYUTHBHBIM ITOHATUCM KBAAPATHOI'O KOPHS - 9TO TaKOC
YUCJIO0, KBaApaT KOTOPOI'O PAaBCH a. aHAJIOTUYHO ONPCACTIACTCIA KOPCHB n-¥ CTeNeHU U3 Yuciia a, racn -
ITOJIOKUTECIBHOC YHCIIO.

OonpeacjJeHue. KOpHEM N-¥ CTEIICHU M3 YHMCIIa @ Ha3bIBAETCS TAKOE YHrCI0, N-41 CTCIICHb KOTOPOT'O paBHA a.

COTJIaCHO JaHHOMY OIIPECACIICHNUIO KOPCHb N-# CTEIIEHN M3 YHCIIa a - OTO PEHICHUC YPABHCHUA x™" = a.
YHCII0 KOpHefI OTOr0 YpaBHCHHA 3aBUCUT OT N1 U OT a.

apudMeTHYeCKHIl KOpPeHb N-ii cTeNeHH. onpeeaeHHe. apu(pMETUYECKIM KOPHEM N-i CTENeHH U3
YHCJIA a Ha3bIBAKOT HEOTPULIATEILHOE YHUCIIO, N- CTEIIEHb KOTOPOr'0 paBHa a.

apu(MeTHIECKUI KOpeHb 0003HAYAIOT v/ X. YHCIIO N HA3BIBAIOT TTOKA3aTeIeM KOPHS, a CaMO YHCIIO a -
I10KOPCHHBIM BEIPRKCHHEM. 3HAK KOPHs \ HAa3HIBAIOT PaHKAIIOM.

OCHOBHbIE CBOMCTBA KOPHEIH.
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Jlist mo60T0 HAaTYpaTbHOTO N, EJIOT0 K ¥ TI0OBIX HEOTPHUIATEIHHBIX YHCEI a U b BHIOTHEHBI PABEHCTBA:
1% 4/ab=4/a-1/b.
n-
P E=ﬁ b ==0).
A/ =iz (b0
3% AMfa ="t/ (k= 0).
4% Klg=—="R/a* (k=0
5° 4/a*= (Ya)* (ecim k<0, 10 a==0).
OTH TSTh CBOWCTB C JIETKOCTBIO JOKA3bIBAIOTCS U3 ONPEACICHHUS KOPHS U CTCIICHU. TIPY PEIICHUH 3a/1a4,

CBA3AHHBIX C BBIYMCICHHEM KOPHEW CIIEyeT aKTUBHO II0Jb30BAaTbCsl ITUMH CBOWCTBAMM - OHHU
COKpalIatoT 00bEM BBIYMCIEHUH, TO3BOJISIOT YIIPOLIATh BHIPAKEHUS U OKAa3bIBAIOT JIPYTYIO IOMOILIb.

Vo

Vi
Jlnst moObIx uucen a W b, Takmx, 4to 0<a<b, BBHINOJHSAETCS HEPABEHCTBO ‘s"ﬁ -
Va = Vi

IIpOBCACM

A0Ka3aTCJIbCTBO METOAOM OT IMPOTHUBHOI'O. AOIIYCTUM, YTO . Torga 1mo CBOI\/JICTBy CTEIICHEH C

T 2 [ 1'.:.-"'{5_;]“

¥
L
HaTypaJIbHbIM ITIOKa3aTCJICM { s :I , T.C. a>b. ato MMPOTUBOPECYHUT YCIIOBHUIO a<B.

Ilpakmuueckasn paboma NeGT:
CaoiicTBa KOpHs n-ii crenenu. IIpeoopazoBanue MPPaNMOHAJbHBIX BbIPAKEHU I

He.]'lb DaﬁoTbl: OBJIAACHUC MPAKTUICCKUMHU HABBIKAMHA U 3aKPCINNICHUEC TCOPETUICCKOTO MaTCpHralia 1o

BBIYUCJICHUIO CTCIICHU C pallMOHAJIbHBIM U I[CI\/'ICTBI/ITCJ'H)HI)IM II0Ka3aTcICM.

CTYaeHT J0/IKeH:

3Hamb:
- OmpeneneHue CTENEHU C HATYPAJIbHBIM OKa3aTENIEM;
- OmpezeneHue CTENEHU YKCIa C pallMOHAIbHBIM [TOKA3aTEeNIEM;
- (CBoiicTBa CTENEHH YKCIIA C PALIMOHATIHBIM MTOKa3aTelleM;
ymemup:
- IIpeoOpa3oBbIBaTh BEIpAKEHUS COJIEPKAIIHIE CTETICHB C ICUCTBUTEIHHBIM ITOKA3aTEIEM;
- IlepeBoauTh CTENEHB C PAllMOHAIBHBIM IMOKA3aTEIEM B KOPEHB;
- IlepeBoauTh KOpEHBb B CTENEHD C PALIMOHATIBHBIM [10KA3aTEIIEM;

IloaroroBka Kk paoore:

1. TloBTOpUTH OMpeneneHrne CTENEHN YHICIIa C IEIbIM ITOKa3aTesIeM.
2. TIoBTOPHTH CBOKMCTBA CTEMEHU C IIEIBIM ITOKA3aTEIIeM.

KoHTpoJLHLIE BOIPOCHI:

1. Yro Takoe creneHs 4yncia ¢ pallMOHAIBHBIM IOKa3aTeieM?
2. CBOIiCTBa CTETICHHU YHCJIA C PAIIMOHAIILHBIM TTOKa3areneM?

3. Kak nepeBectu cTeneHb ¢ pallMOHAIbHBIM MIOKa3aTelleM B KOPEHb?
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4. Kak nepeBecTd KOPeHb B CTEINIEHb C PallMOHAILHBIM MTOKa3aTenaem?

3ananmne:
Bapuanm
1. 3aoanue
1 2
1 3
1) TlpencraBbTe CTENEHD C APOOHBIM 2a3 5as
2 3
MIOKa3aTesieM B BHJE KOPHS c3 68
5
2) [pescraBbTe 3aaHHOE BBIPAKEHUE B BUJIE 2 Va
CTENEHHU C PalMOHAILHBIM MTOKa3aTeNIeM
1 1
492 273
3) Beruucnure . )
472 873
= 4 . 5[aC 1 1
4) Haiiqure 3HaUCHUE BBIPAKCHHS 3 %904+ {/3-1 873163 =~ /2
11 1 1
c2 * C3 dz * d4
5) YopocTuTte BbIpakeHuE 2 22
2 _3\9
6 [ _1\? _2\7*
V7 * (y 2> (c 3)
6)YnpocTute BelpakeHUE T T T
(}77) C6 * C2

TEOPETUYECKHUU MATEPUAJI K IPAKTUUYECKOM PABOTE Ne 67:
Omnpenenenne
CTeHeHLIO qupcia a > O C paHI/IOHaJ'II)HI)IM noKas3arejieM, ric r = % ,m — II€JI0€ YncCjo, a n — HaTypaJ'II)HOC

(n > 1), Ha3eIBaeTcs gmcao va™.

CreneHs ¢ ,Z[pO6HLIM IMoKa3aTcJIEM, €€ CBOMCTBaA
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m 1eJ10e YHeJ1o, n HaTypaJlILHOe¢ YHCII0.

- " m e a U — ,‘[(’ii("l'l!”'l'(‘.’ll.llH(' YHCI10, 1
« v -

" m :

on 0, ecau N

|

n

Crenens ¢ ApOOHBIM |C

STENCHDB ¢ PALMOHAIBHBIM !
[nmoxKaaareJjiem | rnoxKaasaresiem

CeoiicrTaa.
[Iycrs a >0, | | — IEMCTBHUTENLHBIC YHCIIA;
 — PAIMOHAJILHBIC YHCJIA.

——cd

(a) a
[ |

|
| 1. a”a%=a”™™ I 4. (ab) a” -b”
|
! 3. | 5
| \ b ) b’

4.(ab)" =a" *b"

Ilpakmuueckaa paooma No68:
Cnoco0bl yNpoleHus BbIPAsKEHU, COTEePKAIMX PATUKAIbI

Henu:

Obpa3zosamenvrasn: TPOAOIKUTh (POPMUPOBAHUE Yy CTYICHTOB YMEHUW NPUMEHSTh
CBOMCTBA CTeNeHel U KOpHEH npu mpeoOpa30BaHUU BHIPAKECHHM.

Bocnumamenvnas: BOCIUTaHUE CAMOCTOSITEILHOCTH, TBOPUYECKOTO MOJX0/1a K PEIICHUIO
3ajad.

Pa3zsusarowas: pazButue JOrHYECKOTO MBIILJICHUSI, HABBIKOB CPAaBHUTEIBLHOIO aHAJIN3A.
Obopyoosanue: 10CKa, KOMIBIOTEP, IPOEKTOP, IKPaH, 3alIMCHU HA JOCKE, TJIAKATHI C
dbopmynamu o Teme: «Crenenn» u «KopHU», THANBUIyaIbHbIE KAPTOUKU-3aJaHHUS.
Hcnonvzoeanue 31emeHmo8 nedazo2uiecKux mexHoaozuil:

1. corpynanuecTBa;

2. 310poBhecOEperaronux (YepeoBaHle BUIOB JACATEIbHOCTH);

3. uHPOPMAITMOHHO-KOMMYHHUKAITMOHHBIX;

4. pa3BUBAIOIINX;

5. IMYHOCTHO-OPUEHTUPOBAHHBIX.

Pe3ynomamuenocmas:

(dhopMHUpOBaHNE KOMITETCHIIHI: IICHHOCTHO-CMBICIIOBOH, Y4eOHO-TT03HABATEIILHOM,
KOMMYHUKATUBHOM, TMYHOTO CAMOCOBEPIICHCTBOBAHUSI.

IInan 3anamus.

1) lToaroroBUTENBbHBIN ITAII.

1) IlpoBepka ycBOEHUS MPONUIEHHOTO MaTepraia GPOHTAIBHO (MU WHIWBUAYAIBHO) 1O
CJIEIYIOLIMM BOIpOcaM (Ha SKpaH MPOEKTUPYIOTCS BOIPOCHI, HA KOTOPBIE CTYACHTHI
OTBEYAIOT YCTHO).

1. YTo 3HaYUT BO3BECTH YKCIIO B CTENIEHb N?
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2. Kak nepeMHOXUTh JBE CTENEHU C OJITMHAKOBHIMH OCHOBAHUSIMU?
3. Kak pa3genuTs ABE CTENEHU C OJJMHAKOBBIMUA OCHOBAHUSIMU?

4. Kak BO3BECTHU CTEIICHb B CTEIICHb?

5. Kak u3Bieub KOpeHb U3 CTEIECHU?

6. UeMy paBHa Hys€eBas CTENEHb yncia’?

7. Kak HaliTU CTENEHb C OTPULATEIbHBIM ITOKA3aTENEM?

9. Kak HaliTu KOpeHb ¢ IPOOHBIM MOKa3aTeseM?

10. ChopmymupyiiTe OCHOBHOE CBOMCTBO KOPHSI.

11. Kak u3Biieub KOpeHb U3 IPOU3BEACHUSA?

12. Kak u3Bieub KOpeHb U3 1poou?

13. Kak u3Biieub KOpEHb U3 CTENEHU?

14. Kak mpou3BOAUTCS YMHOKEHNE KOPHEW OJMHAKOBOM CTEIIEHU?
15. Kak npon3BoAUTCS YMHOKEHNE KOPHEU Pa3HBIX CTETICHEN?

16. Kak npousBoauTCs AeNeHUE KOPHENH OAMHAKOBOU CTETIEHU?

17. Kak nmpou3BOANTCS BO3BEAECHNUE KOPHS B CTEIIEHb?

2) I[loBTOPUTH:

CBOMCTBA KOPHEH CBOMCTBA CTEIICHEN
1. Ya"/b = Vab 1.a™-qm = q™*t"
5 Ra_nla 2.a™:a" =am "

TN
3. (Va)" = VaF 3. (@™ = a™
4.\ %a ="%a 4.a™-b" = (ab)™
5. "Nakm = Yqk 5 2" _ (E)n

b b

2) Teoperuyeckuii Tai.
[IprmeHeHne 3HaHu IPU PELICHUH TUIIOBBIX 3aJaHUM.
3aoanue 1. TlpuBectu K 00IIEMY MTOKA3aTEIIO KOPHHU:

V2uvs

3aoanue 2. COKpaTUTh MOKA3aTEIN KOPHEW U TTOJKOPEHHBIX BHIPAKCHUI:

V/81lxty4
3aoanue 3. I3BneYb KOPEHb:
V0,01-81; V27-8

3aoanue 4. BeIoaHUTE IEWCTBU:

\/a3 -\/E:\/b‘l -\/g

3aoanue 5.Beraucnure:

1
—0,23-0,27%2 + 646 + 53:5* — 1,5°

3) IlpakTu4yeckuii ITam.

CamocTosTeNnbHOE IPUMEHEHNE YMEHUI U 3HAHU.
IIpoBectu camocTosTeNnpHY0 padoTy B 15 BapuaHTax.
IIpumepHOE coaeprkaHne OJHOIO BApUAHTA.
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1. [IpuBecTu Kk 00IIEMY TTOKA3aTENIO KOPHH:

V2ui3

2. COKpaTuTh MoKa3aTesd KOpHEN U TTOJIKOPEHHBIX BBIPAKEHUIA:

\/25x2y2

3. 13Bie4b KOPEHB:

V25 - 64; ’i/a3" -(a—b)"
4. BBITIOJIHUTE NENUCTBUL:

a) 0,5v24 — 3v/40 — (V150 + v54 — v/1000)
6) V7 —V33-V7++33

5. Beruucnure:

1
—0,5%:0,5% — 273+ 4%-472 - 0,20

@k W

Bapuanr 1

. BEITYHCIMTE;

a) 40,0625 — ¥-243;
6) 428 . 35 . 425 . 77,

. PacnonosuTe uncaa B nopAaKe voeBaEwA: 3/31: JE; %/666.
. IToerpoiire rpadux dyskoumn: y = —vx -1 + 3.

Breriuucanre: \,’40@ — 4475,

Pemrute vpasuenue: 3x? — x — 131 = —5.

o

Haligure sHadeHHe BEIPAYKEHNHA
Job? — ¥8p* — 25661 + 42401 mpu b = T - 3.

. Pemnure ypaenenne ¥81x + ¥Y243x2 = 6.
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BapranTt 2
1. Briuucaure:
a) §-0,343 + ¢729;
6) Y27 - 118 - g28 . 117,
2. PacnonoskETe YHCcaa B NOPAZKE BO3PACTAHUA: o, 3, Y1l
3. Ilocrpoiite rpadur dyHROUM: ¥ = ~4x +3 - 5.

4, Berancnnre: 6% - 21527,

9. Peuinte ypaBHeHMe: ¥x? _ x — 44 = -9,

6. Haiigure 3HAUEHNE BHIPAMNKEHNA
V25a° + ¥64a® ~ {16a* ~ 676 mpu a = Y26 - 3.

7. Pemnure ypaprnenne 31928x2 = 24 + ¥64x.

Ilpakmuueckan padoma No69:
IMonsiTHe CTeNeHH ¢ PAIIHOHAJIBLHBIM MOKAa3aTeJieM, CBOHCTBA CTeneHei

].le.]]b: O606H_II/ITB H CUCTCMATU3UPOBATb 3HAHUA IO TCMC «CBoiicTBa KOpHGfI n CT@HCHGﬁ)); 3aKpPCIINTDh
YMCHUA UCIIOJIB30BAaTh MOJTYYCHHBIC 3HAHUSA JJIA Hp€06pa30BaHI/I$I anre6pa1/1qec1<1/1x BBIpa)KeHI/II\/'I

Teoperuyeckue cBeeHus K MPaAKTUYeCKOi padoTe:

|3

r
Onpenene}me. Crenenpto uncna a>0 c palrOHAJIbHBIM ITOKA3aTCJICM n, TAe M - 1eixoe yucio, an -

n i
HatypanbHoe ( n>1), Ha3bIBaeTCs YUCIO 43, T.e.
1
m o__ -T

— =1, aT= —,
" =153a" a0 ! "
CBoiicTBa CTeNneHH ¢ PAllMOHAIbHBIM MOKa3aTeJIieM.
x>0, b0, pel), g}
afa7=3"",;

E‘P
Eil
(3" ) =3,
{ab _.:IP: aP.bP;

s.(3) -5
! he
3aanust 1JIsi CAMOCTOSITEILHOTO PeIleH s :

1 BapuaHT
3adanue 1. Berauciuts

@) V12 + 45 x V12 ~ 475; 8)(@+%)+(‘/§+\E);

1
6)(6 +/27)* X (6 —4/27)%; 7-4V3 | 7+4V3
2) +
7+4v3  7-443

_ FT .
=3 )

£ W PO
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3adanue 2. YIpOCTUTD BhIpa)KEHUE U HAMTH €ro 3HaYCHHE
7 1

4 +al a®c® +asc?
9 0) 5
a’® npu a=2 a’c? npu a=7, ¢=3
3adanue 3. VI30aBUTHCS OT UPPAIIMOHATHHOCTH B 3HAMEHATEIIE
5. : 5-V3 2
a)z\/ga )\/E+\/E’ )5+\/—:)7\/— 'H)Q\/E
2 BapUAaHT
3adanue 1. Berauciurh
)10 + 2V17 7% V10 - 2\/ , 8—4v3 = 8+43
8+4vV3  8-4v3'
0)(12 — ,/19 3 x (12 + ,/19 5 V3 V3

e)(ﬁ—ﬁ)ﬂﬁ—ﬁ);

3adanue 2. YIpoCcTUTH BBIPAXKEHHUE U HAUTH €0 3HAUYCHUE
5 1

b2 +h?
a) —5
b npu b=3
T2 27
a®cs +a5c®
0) =77
a°c® npu a=9, c=2

3aoanue 3. VI36aBUTHCS OT I/IppaI_II/IOHaJ'IBHOCTI/I B 3HaMEHAaTee
7 c 3-/5
a)S\/E’ 6)\/;_\/57]3)3_'_\/—9)7\/—:11)6{/—

Koumpwwubze 60NnpoCHL.
1. YTo Ha3BIBAIOT CTENEHBIO C PALlMOHAIBHBIM I10Ka3aTeIeM?
2. IlepeunciuTh CBOMCTBA CTETIEHU C PAlMOHAIBLHBIM ITOKA3aTENIEM.

Ilpakmuueckasn paboma Ne/0: CBoiicTBa cTeneHHBIX (PYHKIMA ¥ UX rpadpuku

eab: copMupoBaTh HABBIKM HCCIEIOBAHNS CBOUCTB CTENEHHBIX (DYHKIIMN U TOCTPOEHUS UX
rpauKoB B 3aBUCUMOCTH OT IMoKazareis; popmupoBaTs koMrnoHeHThl OK 2. OpraHn3oBbIBaTh
COOCTBEHHYIO JESTEIbHOCTh, BEIOMPATH TUIIOBBIE METOJIBI U CIIOCOOBI BHITOTHEHUS
poeCCHOHANIBHBIX 3aJ1a4, OIIEeHUBATh UX A (HEeKTUBHOCTH U KauecTBO; OK 6. PaGotats B
KOJIJICKTHBE U B KOMaHe, 2P PEeKTUBHO 001IAThCs C KOJUIETaMHU, pyKOBOJICTBOM,
norpedurensimu; OK8. CamocToSTeIbHO ONPEaensTh 3a1a4k NPOPECCUOHAIBHOTO U
JMYHOCTHOTO PAa3BUTHUS, 3aHUMAThCSI cCaMO0Opa30BaHNEM, OCO3HAHHO TUIAHUPOBAThH MOBHIIIEHUE
KBaTH(UKAITTH

Teopernyeckas 4acThb:

BBl yxxe 3HaKOMBI ¢ QyHKIHSIME =X, y=x2,y=x°,y=1/X. Bce 3TH GYHKIHUH ABIAIOTCS YACTHEIMH
cinyuassmu CTEITEHHOW ®YHKIINU, Te pyHkuuy = X P.



Csoticmsea cmenenHou @yHKyuu 3aBUCIT OT CBOICTB CTENEHH C JACHCTBUTEIBLHBIM ITOKA3aTeleM,
a B YaCTHOCTHU OT TOTO, IIPH KAKUX 3HAYEHUAX X U [P UMEET CMBICI CTeneHb X P.

Hasavime 6cnomHum onpeoenenue @yukyuu,  0AOUM NOHAMUE CMENeHHOU QYHKYuU U
paccmompum ee ceolicmea yepe3 madbauyy.

o DYHKIUA — 3TO COOTBETCTBUE MEXKAY JBYMS MHOXECTBAMU TaKOE€, YTO KaXIOMY
X .

3JIEMEHTY OJHOTO MHOKECTBA ~ CTaBUTCS B COOTBETCTBHE E€AMHCTBEHHBIN 3JIEMEHT IPYroro

MHOkecTBa - . [lepBoe MHOXKECTBO Ha3bIBAIOT 00/1aCThI0 omnpe/ejieHus: GyHKIMHU, a BTOPOE —

. .D(y)  E(¥)
o0sacThi0 3HaYeHni pynkuun. O603Ha4a0T: ~ ~“ U~ ¢ COOTBETCTBEHHO.

Crenennas pyHkuus — 310 QpyHKIus Buga y = X P, riae p — 3aanHoe IEHCTBUTEIBHOE YHCIIO.
Heo0xoquMblie 0003HAYEHHUS:

X - obnmacts onpeaeseHus pyHKIUN

Y - oOnactp u3MeHeHus PyHKIHH

Xo- HYTH QYHKIUU

X T - 006macTp MONTOKNTENBHBIX 3HAYCHNH YHKIIUH
X - o0OsacTh OTpUIIATEIBHBIX 3HAYCHUH (PYHKIIUU
max - TOYKH MakcuMyma (pyHKIIHH

mMin - TOYkK MUHUMYMa (QYHKITHH

X T - o6macts BO3pacTanus GpyHKUIUU

X | - o6nacts yObIBaHUS (PYHKIHH
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Ha3zeanue(P) I'paghux Ceoticmea
e o0yacTh ompeaeneHus — BCE
JICHCTBUTEILHBIC YUCIIA, T. €.
sl b ] MHOKECTBO R;
®  MHOXXECTBO 3HAYCHUU —
HEOTpHULIATEIIFHBIC YUCIIa, T. €.y > 0;
(GyHKIUS YeTHas;
P=2n (uernoe e  (pyHKIMSA ABIAETCS yOBIBAOILCH
HATYpPAaJIbHOE YK CJI0) " Ha poMesyTKe X < 0 1
° L BO3paCTaroIIeH Ha TIPOMEXKYTKE X >
0.
napabona Ipumep ¢ynxyuu c nokasamenem p

=2n:
y = x4

P=2n-1 (neuyeTHOE
HATypaJIbHOE YHCJI0)

e 00JyacTh ompeneacHus —
MHOeCTBO R;

® MHOKECTBO 3HAYCHHI —
MHOECTBO R;

e  (yHKUMS HEUYETHAS,

e  (yHKUMS SABISETCS
BO3pACTAIOLLIEH Ha BCEU
IENUCTBUTEIHLHOMN OCH.
Ilpumep gpynxyuu c noxazamenem p
=2n-1:

y =X,

P=-nrmen—
oTpHIATe/ILHOE
HATYPAJIbHOE YHCJI0:

wY

[o

eunepbona

e 00jacTh OnpeaeseHuss —
MHOXecTBO R, kpome X = 0;

®  MHOXECTBO 3HAYCHUN —
MOJIOKUTEIbHBIC uncia y > 0;

e  (QyHKIMS YeTHas;

e  (GYHKIUS SBISIETCS
BO3pAacCTAaroIlel Ha MPOMEKYTKE X <
0 u yObIBaromiei Ha IPOMEXYTKE X >
0.

IIpumep y = 1/x°,

P=-(2n-1),
rae n —
HEYECTHOC
HATypaJbHOE
YucJjao:

eunepbona

e o0sacTh onpezeneHus —
MHOkeCTBO R, kpome x = 0;

®  MHOXECTBO 3HaUEHHH —
MHOX€eCTBO R, kpome y = 0;

e  (pyHKUMS HEUYETHAs,

e (yHKUMS sBIISETCS yObIBAIOIIEH
Ha MpoMexyTkax X <0 m x> 0.
Ilpumep y = 1/x3,
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P — MOJOXUTENbHAs
JIpo0b

y = x" (o >0, ¢ — Heneaoe)
y vl

0<o<1

® MHOXECTBO 3HAYEHUN —
HEOTpHIIaTeNIbHBIC Yncia y > 0;

e  (yHKIMA ABNISETCS
BO3PACTAOIIEH Ha IPOMEKYTKE X >
0.

e 00JacTh OIpeneIeHUs] —
HEOTpHIIATENIbHBIC Yncia X > 0;
Ipumep y = x*3.

p — oTpuIareabHas
JIpo0b

y=x"(oe <0, o — mernemaoe)
Yi

e o0macth onpezeneHus —
MOJIOKUTETIbHBIE yKcia X > 0;
®  MHO>ECTBO 3HAUECHUN —
MOJIOKUTEIbHBIC yncia y > 0;

e  (yHKUMS SIBISETCS yObIBAIOIICH

Ha IpoMexyTKe X > 0.
IIpumep: y = X153,

ConoctaBpTe rpaduuecKOMy U300pKCHHUIO CTETICHHOW (PYHKIIMU €€ aHATTUTHIECKOE BRIPAKCHHE.
Beenute otBet B pexxume «T2» B hopme nudpa-Oyksa
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AHaIMTHYECKOE BBIPAKEHHE ['padmueckoe n3oOpakenne creneHHbIX GyHKimii

y=x A \j

y=x* A
________ A A—
_1 b
Y =3
y:x‘]‘s K
y=-x L

Ne sananus 1 2 3 4 5 6 7 8

OTMeTKa 0 BLINOJTHEHHH

«+» - MPaBHJILHBIH OTBET

«-)» - HEBEPHBIH OTBET




Ilpaxmuueckas paboma Ne70: IlokazarenbHas GyHKIHUS, €€ CBOWCTBA U rpaduK

Iesb: 06001MTE M 3aKPENUTh 3HAHUS 110 TAaHHOH TeMe. DOPMUPOBATH YMEHHS: BBIYUCIIATh
3Ha4YeHUs PYHKIIMH 110 3HAUCHUIO apTYMEHTA; ONPEICIISATh IMOJIOKEHUE TOUYKU Ha TpaduKe Mo
ee KOOpAMHATaM U Ha00OPOT; MCIIOIB30BaTh CBOMCTBA (PYHKIMUH /17151 CPABHEHUS 3HAUCHUIA
CTerneHel; CTpOuTh TpaduKu (PYHKITUI; BBITIOIHATH peoOpa3oBaHue rpadukoB PyHKITUH.
TpeOoBaHus K 3HAHUSIM M YMEHHMAM: YMETh N300pakaTh CXeMaTUUECKU TpapuKu PyHKIUH,
3HATh CBOMCTBA MOKA3aTEeIbHON (PYHKITUH.

TeopeTnueckas 4acTh:
[TokazarenbHas hyHKIMS, €€ cBOMCTBA U rpaduk

Onpenenenne: Oyukumio y=a', rae a>0, a#l, Ha3BIBAIOT M0Ka3aTE/IbLHOI
(yHKLHEH.

Ceoiicro 1: OOCGnacth onpejaeneHus rMoka3areabHOi (QyHKUMH y=a' —
MHOKeCTBO R Bcex JeiiCTBUTENbHBIX YNCEIL.

CaoiictBo 2: MHOXKECTBO 3HA4YEHWil ToOKa3aTejbHON (QyHKUMM y=a' -
MHOKECTBO MMOJIOKHUTEIbHBIX YHCEIL.

CaoiicrBo 3: IlokaszarenbHas QyHKuMs y=a' sBIs€TCS BO3pacrarouieil, eciu
a>1, n yosiBaromeit, ecnu 0<a<l.

YA y=a* y A
b=a€ a>1 al=b
y=a*
-
0 c X c 0 X
Puc. 1 Pue. 2
Tect nmo Teme «IlokasarenbHass QyHKIUD)
Bapuanr 1.
1. U3 npuBeneHHBIX HUKE PYHKIMHA YKaXKHUTE MMOKA3aTEIbHYIO:
1
a) y=x° 6) y=A7" B y=—  1y=¢
X
1) a) u B) 2)a)ub) 3)B)ur) 4)6)ur)

2. U3 nmpuBeIeHHBIX HIKE YTBEPIKJICHUI BEPHBIMH SBIISIOTCS:
a) GyHKIMST Y =@ TpUHUMAET B HEKOTOPO Touke 3HaueHwue 0,
0) byHKIIUA y =a” SBJIAETCSA HEYCTHOM;
B) GyHkius y =a” nepecekaet och Oy B Touke (0; 1);

r) YHKIHS ¥ =a’ NPUHUMAET TOJBKO IOJIOKUTEIbHBIC 3HAYCHUSI.
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1)a)uB) 2)a)u0) 3)B)ur) 4)0)ur)
3. Ilpu xakux 3HAYCHUSAX X BbIpaXKeHUH 4° Oonbiie 1?7

1) x>0 2) x<0 3) x>1 4) x<1
4. OOnacTpio 3HaYCHUH QYHKIUU y =—3" SBJISCTCS MHOXKECTBO

1) (0;+0) 2) (~o0,0) 3) [0:+) 4) (~o0;0]

5. U3 npuBeneHHBIX HUKE YTBEPIKICHUN BEPHBIMU SIBIISIOTCS:

1
a) rpaduku GyHKUUH y=7"u y = - CUMMETPUYHBI OTHOCUTENIHO OCU OPAMHAT;
y » 1
0) rpaduku QyHKkIMd y=7" 1 y = - nepecekatoT ocbk Oy B Touke (0; 1);
y . 1
B) rpaduku QyHKIMH y=7"u y= - CUMMETPHUYHBI OTHOCUTEIIBHO OCH a0CIIHCC;

1
r) rpaduku QyHKIUH y=7"u y = - nepecekaroT ocbk Ox B Touke (1; 0).

1)a)uB) 2)a)u0) 3)B)ur) 4)0)ur)

6. U3 npuBeneHHbBIX HIDKE PYHKIUI YKaXKUTE BO3PACTAIOLIHE:

2 -(3) 0 r=[3) 0=l n-(5)

1) a) u B) 2)a)ub) 3)B)ur) 4)6)ur)

7. Kopens ypaBHEeHUS \/? \/? = 36 paBeH

1)1 2) 2 3)3 4) 4
‘19 x+1 4 9

8. BrelpaxeHue 2a, rzie a - KOpeHb ypaBHEHUs (Ej = (7j , pPaBHO

19 2)11 3)-11 4) -9

9 x“=-21 23 19x-3

9. TIpousBeneHne KOpHEH ypaBHEHHUS [Ej = [?j paBHO

1) 19 2)-19 3) -24 4)-18
10. Bwipaxenwue 0,2+a, T1e a - KOpeHb YpaBHEHUS 32 =gz paBHO

1)1 2)0,2 3)-1 4) -0,2

2x-3
11. Pemenuem Hepapenctpa (0,2)x-2 > 5 sBiseTcss MHOKECTBO

1) (—wiaU(Z;“@) 2) (giZJ 3) E:Zj 4) [—w;g}U[Zﬁoo)
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x%+4x+6

1)x*-4x+3
12. Pemennem HepaBeHCTBA (g > O IBIISIETCS MHOYKECTBO

1) (o0, 1)U(3;+ ) 2) (1,3) 3) (—~o0;—3)U(~1L+0) 4) (-3-1)
2x
13. Hauboublee enoe 3Ha4CHHE X, YIOBIETBOpsolee HepaBeHcTBy 107 < 0,1, paBHO

1)-3 2) -4 3)0 4) HE CyIIECTBYET
14. Hawmmenslnee meioe 3Ha4eHUe X, YAOBICTBOPSIONIEE HEPABEHCTBY 2 < J2 , PaBHO

10 2) -1 3)1 4) HE CyIIECTBYET

X
15. HaumeHnblee mesnoe 3HaueHKE X, yIOBIETBOPSIOIIee HepaBeHCTBY 4 2 <8, paBHO

1) -4 2) -3 3) -2 4) He CyIIECTBYET

Tect nmo Teme «IlokasarenbHass QyHKIUMD)

Bapmuanr 2.

1. U3 npuBeaeHHBIX HUXe QYHKIMNA YKa)KUTE [TOKA3aTeIbHYIO:

a) y=x' 6) y=15" B = r)y=—%
X
1) a) u B) 2)a)ub) 3)B)ur) 4)06)ur)

2. U3 MMPUBCACHHBIX HUKEC YTBep)KI[eHI/Iﬁ BCPHBIMU SABJISIFOTCA:

a) yHKIMS ¥ =a’ He mpuHUMaeT 3HadeHue 0;

0) byHKIMSA y =a’ SBIAETCS YETHOMH;

B) pyHkIus y =a” nepecekaet ock Oy B Touke (0; 1);

r) yHKIHS y =a’ NPUHUMAET TOJIBKO HEOTPHLATEIbHbIC 3HAYCHUSI.

1) a) u B) 2)a)ub) 3)B)uT) 4)6)ur)
3. Ilpm Kakux 3HAYCHUSX X BBIPAKEHUU S° MeHbIIe 17

1) x>0 2) x<0 3) x>1 4) x<1
4. OO6nacTbio 3HaYeHUNH QYHKIUU Y = —5% ABJISIETCSI MHOKECTBO

1) (0;+0) 2) (—o0;0) 3) [0;+x) 4) (- o0;0]

5. U3 npuBeneHHBIX HUXKE YTBEPKIEHUN BEPHBIMU SIBIISIOTCS:

¢ ox _ .
a) rpaduku QyHKIMH y=7" " y = 7 CUMMETPUYHBI OTHOCUTEIIBHO OCH OpPJUHAT;

1
0) rpaduku QyHkIUit y=7"u y= = He nepecekaroT ock Ox;



v X .
B) rpaduku GpyHKIMHA y=—7"u y = - CUMMETPHUYHBI OTHOCUTENIFHO OCH abcIuce;

1
r) rpaduku GyHKIMH y=7" 1 y = = nepecekaroT ocb Oy B pa3HbIX TOUKaX.

1) a) u B) 2)a)u 0) 3)B)ur) 4)0)ur)

6. U3 npuBeneHHBIX HIDKE QYHKIMH YKOKHUTE YOBIBAIOIITHUE:

2) yz(gj 6) yz[gj nr=(-7]" yz@
1)a)uB) 2)a)u0) 3)B)ur) 4)0)ur)
7. KopeHns ypaBHeHUs \/5_x \/3_x = 225 paBeH
1)1 2) 2 3)3 4) 4
8. TlpousBenenue KopHeii ypaBHeHus 36" —4-6" —12 =0 paBna
1) 4 2)-12 31 4) -2

4 21
1) -37 2) 37 3) 1 4) -1

29x2-8x 8x2-29x
. 4
9. CyMMa KOpHEH ypaBHCHMUS (—j = ( j paBHO

10. Cymma kopueit ypaBuenust 4 —10-2° +16 =0 paBHa
1) -10 2) 10 3)-4 4)4

4
11. Beipaxenue 0,3+a, T a - KOpeHb ypaBHeHns 14" = % , paBHO

1) 0,7 2)1 3) 2,7 4)5
12. HamGombllee 1enoe 3HAYEHNE X, YIOBIETBOPAIONIEE HepaBeHCTBY 2°° 2 < 2% | paBHO
1)2 2) 3 3)0 4) He CyIIecTByeT
13. KonunuecTBO HaTypalbHbIX PELICHUN HEpaBEeHCTBA (0,2)2)62_3"+3 > 0,04 paBHO
N1 2)2 3)3 4) Het oTBeTa
14. HauMeHblIIee 1eoe 3HAUEHHE X, YI0BIETBOpsIolIee HepaBeHcTBy 3-9° —12-3" -1<0,
paBHO
1) -2 2)0 3)2 4)-1
15. HamGonblee IeIoe 3Ha4eHHE X, yIOBIETBOpSIONIee HepaBeHeTBY 4-3" +37 < 7,
paBHO

11 2)0 3)-1 4) HE cyIIecTByeT
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Ilpakmuueckaa paboma Ne(2:
MeTobI pelieHus ToKa3aTeNbHBIX YPAaBHEHUN U HEPABEHCTB

Heanb padotbi: OnpeencHne TUTIOB MOKA3aTeIbHBIX YPABHEHUI U METO/I0B UX PEIICHUS,
pelleHre NpOoCTeNIINX MOKa3aTeIbHbIX HEPABEHCTB.

Onpenenenue. YpaBHenue Buga a* = b, rae a > 0,a # 1, Ha3bIBACTCS NOKA3AMENbHBIM.
Ecmu b > 0, mo ypsnenue umeem eounmceennwiil koperw, eciu b < 0, mo kopreti nem.

Crioco0bl penieHHs IOKa3aTeIbHbIX YPABHEHMH.

1. IIpupaBHHBaHMeE IIOKa3aTEIEH.

Cytb MeTOza:
1. Yenunuts ciaraemoe, coaeprkaliee NepeMeHHYIO;
2. IlpuBecTH CTETEHH K OJTHOMY OCHOBAHUIO;
3. [IpupaBHATH MOKA3aTENH;
4. PemnTh MOJy4€HHOE YPABHEHHUE;
5. 3anucaTh OTBET.
IIpumep:
3F=27=0
3 =27
3:&’ — 33;
=73
Otger: X = 3.

2. BriHecenue 00LIero MHOXHUTENS 32 CKOOKH.

HpI/IMeLIaHI/ICI BBIHOCUM 33 CKOOKH MHOXKUTEIIh ¢ MEHBIIINM ITOKa3aTelIeM.

ITpumep:

3" -3 =78,

3{1-3)=-78
3 {1-27)=-78
3" (- 26)= 78,

=3

xr=

OtBeT: X =1

3. Baenenue HOBOM nepeMEHHOU

Kak nmpaBuiio, ypaBHeHUs, pelaeMble 3TUM CII0OCOO0M, CBOJIATCS K KBAIPATHBIM.
HpI/IMep: 42:‘( _5 43’ +4 = U
[Tycts 4 = a TOorna ypaBHEHHE MOYKHO 3aIKCcaTh B BUJIC:

al—Sa+4=0;
D=25-16=9,
a, = E =4
2
5-3

=——=1
CnenaeM oOpaTHYIO 3aMEHY:
A=4um4* =1,

x=1 wmx=0



Omer: x=1wmx=0

4. Hcnoab30BaHUE OAHOPOAHOCTHU

Flxy _ p Fix)
OnpedeﬂeHue IlokazaTennHBIC YpaBHCHUA BUJa a =b Ha3bIBAXOTCA OAHOPOAHBIMHU.

Cytb Metoza: Tak kak nokaszareiabHas (yHKIHA HE MOKET IPUHUMAThH 3HaUY€HHE, PABHOE HYJIIO,
1 00€ 4acTu ypaBHEHUS MOXKHO JICIUTh HA OJIHO U TO K€ HE PABHOE HYJIIO YUCIIO, pa3Aeanum ooe

b.i”(*]'
YaCTH YpaBHEHHUS, HAIIPHMep, Ha .
[Tpumep: 2% = 3*
Pasgennm 06e 4acTu ypaBHeHns Ha 3 # U
23’ 33’

33

E

x=0
Ortset: X = 0.
Onpenenenue. [loxazamenbhbim HEPABCHCTBOM HAa3bIBACTCS HEPABESHCTBO, B KOTOPOM
NepeMeHHas COICPIKUTCS B IOKa3aTesIe CTCIICHH.
Pelienne npocreiux noka3areJJbHbIX HEPABEHCTB.

IIpocTeifiMMu CYUTAIOTCS [TOKa3aTelIbHBIE HEPABEHCTBA BHa: a*<aY, a*>aY. (a*<a¥, a*>aY).
Tak ke, KaK 1 IPH PEIICHUU [TPOCTEHUIIINX TOKA3aTEeIbHBIX YPABHCHUI, OIMHAKOBBIC OCHOBAHUSI
CTEIeHEeH OIMYCKAlOT, HO 3HAK HOBOTO HEPABEHCTBA COXPAHSIOT, ec/iM QYHKIHS y=a* SIBISCTCSI
BO3pacTaroleii (a>1); ecym xe nmokaszarenbHas GyHkims y=a* yosiBaer (0<a<l), to

3HAK HOBOTO HEPABCHCTBA MEHMIOT HA MPOTHBOMOIOKHBII:

a*<a¥ — x<y, ecnu @>1; 3HaK COXpaHEH, TaK Kak ()YHKIIUS BO3pacTaeT;

a*<a¥ — x>y, ecnu 0<a<l; ¢pyHKiws yObIBaeT — 3HAK IOMEHSIJICS;

a*>a¥ — x>y, ecnin @>1; 3HaK COXpaHEeH, Tak Kak (yHKIHs BO3pacTaeT

a*>a¥ — x<y, ecnu 0<a<l; pyHKuuMs yObIBaeT — 3HAK MOMEHSIICSI.

IIpumepsbl.
PeminTe HepaBeHCTBO:

1) 45-2<0,25.
IIpencraBum mpaByto yacth B Buje: 0,25=(2/100)=(}1)=4"1;
452<4L; pynxims y=4* ¢ ocHoBaHHeM 4>1 Bo3pacTaeT Ha R, H03TOMy, OMycKas OCHOBAHHUS
CTCTICHEH, 3HaK HePaBEHCTBA COXPAHUM:
5-2x<-1,;
— 2x<-1-5;
— 2X<-6 |:(-2) npu neneHun oOeHMx YacTel HEpPAaBEHCTBA HA OTPHUIATEIHLHOE YUCIIO, 3HAK
HEPABEHCTBA MEHSIOT HA TIPOTUBOIIOIOKHBIMN:
X>3.
ST
3 S
OtBer: (3; +o0).
2) 0,4%%1>0,16.
[IpeacraBum uucino 0,16 B Buge crenenu uucna 0,4. [lonydaem:
0,4**"1>0,4?; ocnoBanue creneneii — uncio 0,4 — yaosnerBopsieT ycnouto: 0<0,4<1; mosTomy,
OITyCKaeM OCHOBAHUs CTETICHEH, a 3HAK HEPABCHCTBA MEHSIEM Ha MPOTHBOIIOIOKHBIN:
2x+1<2;
2x2-1;
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2x<1 |2
x<0,5.

Ortser: (-o0; 0,5].

BAPUAHT — |

1. Peminre ypaBHeHMs:

a. 7" =49;

0. 8% =64";
B. 57" =1

. 25% = 7%

r
2. Peminre ypaBHeHue:

SR

9) 4

3. Haiigute cymMmMy KopHeii
YPaBHEHUS

5 -6-5+5=0

4. Peminre HepaBeHCTBA:
a.2'>4

6. 0,6 >0,6°

5. HaliguTe HAnOoJbIIIECE 1IEJI0€

peICHUE HEPaABECHCTBA

2 +2"% <20

BAPUAHT — 11

1. Pemunte ypaBHeHMS:

27* = 5%
. Pemunre ypaBHeHue:

S

3. Haiigute cymMmmy KopHeid
yYPaBHEHUsI

NDOR e
(o]
IS
=
)
w
(op]

22 -6-2+8=0

4. Peluure HepaBeHCTBA:
a. 2" <8

6. 0,3 <0,3

5. HajliguTe HAaNMeHbIIIee 1eJi0e

pelicHue HEPaABCHCTBA

3*+32 =30
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BAPUAHT — 111

1. Pemure ypaBHeHuUs:

a. 3 =81;

6. 4% =64" °;

B. 23x+6 =1

r. 3" =8>

2. Pemiure ypaBHeHue:

(§j32x ~ (ﬂjs

7 9

3. Haiinure cyMmmy KOpHeH
YpaBHeHMS

3> -6-3-27=0

4. Peliure HepaBeHCTBA:
a. 3" <81

6. 05 >0,5""

5. HajliguTe HanooJab1Iee 1ejioe
pellieHre HEPAaBEHCTBA

4% + 4% <68

BAPUAHT - IV

1. Pemiure ypaBHeHHs:

a. 4 =64;
6 36—X — 33X—2 .
B. 3 =1
r. 4% =9%

2. Pemiure ypaBHeHHe:

)

3. Haiiaure cymMmmMy KOpHeil ypaBHeHHs
2.2 -5.24+2=0

4. Peliure HepaBeHCTBA:
a. 5*>125

0. 0,7° <0,7°

5. HaiiguTe HauMeHbIIIee 1eJi0e
pellieHHe HepaBeHCTBA

5* + 5% > 650

BAPUAHT -V
1. Peminte ypaBHeHHsA:
a. 21 = 4;
6.8%%5 = 1;

B. 625 ~%% = 2512,
I. 73x—10 — 43x—10'

2. Pemiute ypaBHeHue:

52-3x — 1

25
3. Haiinute cyMMy KOpHeil ypaBHeHUs!

10-32*—7-3*-3=0
4. Pemunte HepaBeHCTBA:
a. 4* < 64
6.0,32*71 < 0,3%+*
5. Haiinure HanOoJIb1Iee 1es10€ pelieHne
HEepaBeHCTBA
6% + 6712 < 222

BAPHUAHT - VI
1. Peminte ypaBHeHHsA:
a. 3x+11 — 9’
6.16* =1;
B, 7X°-9x+22 — 49;
r. 174%71 = 2241,

2. Pemuure ypaBHeHue:
62-3x = L
36
3. Haiinure cyMMy KOpHeil ypaBHEeHHUS
9% —-6-3*-27=0
4. PeminTe HepaBEeHCTBA:
a. 3% > 27
6.0,9%* < 0,93
5. Haiiiure HaMMeHb1Iee 1eJI0e peleHue
HEPABEHCTBA

8* +8*t1 < 72
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Ilpakmuueckasn paooma Ne73:
[Tonsitue norapudma. OcHOBHOE JTOTapuhMUUECKOE TOXKIECTBO

Iens:

3HaTh omnpe/eseHue Joraprudma, OCHOBHOE Jorapu(pMuuecKoe TOXIeCTBO.

YMeTh BBIYUCISTH JIOTapU(PMBI, TPUMEHATH OCHOBHOE JIOTApU(PMHUIECKOE TOKIAECCTBO.

YMeThb BBIUUCISTH 3HAUCHUS BRIPAXKCHHUN COACPIKAMINX JIOTapUPMBI, COJIEpKaIIue Jorapudmel,
norapu(MHUpPOBATh U MTOTCHITUPOBATH BBIPAYKEHUS.

Jlozapugpmom uucna b no ocnosanusa a Ha3pIBaeTCS TAKOW IOKA3aTENb CTCIICHHU, B KOTOPYIO
HaJI0 BO3BECTH YHCIIO &, YTOOBI OIYYUTh YHCIIO D.

log,b =x <=> a* = b, raeb>0; a>0; a#1l

Hpumepur: log, 8 = 3; 1.x.2°=8
logs 625 = 4; 1.x.5=625
log, 16 = 2; T.k.4°=16

log3% = -2; T.K.3'2:%
logsg = —1; T.K.S'lzé
log, i = —3; 1‘.1(.4'3:6—14

1
log, V2 = é; T.K23 =32
1
log,s 5 = %; TK252 = V25=75

1
logy433 = s
log;7=1; loggl=0

HOJ'IB3y}ICI> OMPECACIICHUEM MOXKHO 3aIllUCATb OCHOBHOC JIOFapI/I(I)MI/I‘IeCKOC TOXACCTBO:

alogab =p

Ipumepo: 5'°853 = 3
8log85 =5
3-2logs5 — (310g35)_2 —g2_1
25
23+log27 — 23 . 210g27 =8-7=56
IIpakTnyeckasi 4acThb:

Bapuant Nel
| yposens Bapuant Ne2
1. Beruuncnure: a) log, 27 —log, 7, 0) | yposens
7 1. Berunciute: a) log,16—log, 9, 6) 5%%°*
21+Iog2 5 3
B) Ig4+2Ig5, 1) B) log,9+2log, 2, r) Ig+/30 —Ig+/3
logs +/10 — log, v'2 2. Haiinure x: log, x =2log, a—3log. b
2. Haiigure x: log; x=4log,a+7log,b 3. H}ZO;‘IOF&pH(i)MprﬁTG T10 OCHOBAHHIO 5
3. IIponorapudmupyiiTe Mo OCHOBAHUIO 5 25a’h
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BEIpaXkeHue: 125a° :b*.
Il yposens

log, 24 —;Iog2 72

1. BeraucnuTs: a) 1
log,18 3 log, 72

6) 36Ioge 5 + 101—Ig 2 8Iog2 3
2. Haiinure x:

1 2 1
Iogzx:zlogza—glogzb—élogzb+5

3. [Iponorapudmupyiite BEIpaXKEHHE I10
e?-3e-m’

4¢n2 A p3

4. YrpocTuTe BhIpaXXeHUE:

OCHOBAHUIO €.

a)

Il yposens

1. Brruucnure:

log, 14 — :1)) log, 56

1 0)
log, 30 ) log, 150

1—ilog 4
814 2 o + 251091258 | 4glog7 2

2. Haiinure x:

log, x=3—glogl a—8log, b+2llog1 ¢
3 3 3 s 33
3. IIponorapudmupyiite BeIpaskeHUE IO

c2Je
243(ab”

OCHOBaHUIO 3:

lgb 2 )

Tna ¥ —log, b 2log, b b
lga log,b 4. YupocTture BeIpaXKeHHe: a - o° —(IOga a )2
Bapuant Ne3 Bapuant Ne4

| yposens | yposens

1. Bemwucnure: a) log,16+log, 5, 6)
5

122409124
B) 3lg2+3Ig5, )

log, /80 — log, +/10

2. Haiigure x: log, X :Elogl a—llog1 b
2 3 2 5 3
3. TlposorapupmMupyiite Mo OCHOBaHUIO 2

48av/a b’
Il yposens
log, 4 +log, J10
log, 20 +3log, 2

1. Beruucnure: a)

1 log, 3-3logg 5

6) 16" 7945 4 42
2. Hatiqure x:

Ioggx:glogga—4+5log3b—%logsb

3. Ilponorapupmupyiite BelpaskeHHE IO

0,04-3a’h
OCHOBAHMIO 5, ———————
ac

4. Yupocture BbIpaXxeHHe:
“log, & - log, a
log, b log, b

1-logy18
1. Beruncnute: a) log, 64+ log, 3, 6) (§J

3

B) %Ig4+lg5, r) log, ~/90 — log, ~/10

2. Haiigure x: log, X :llog2 a—ﬂlog2 b
ER S T A
3. [Ipomorapudmupyiite mo ocHoBanuto 10:
0,001b?
a3
Il yposens
1. Beraucnure:

3log, 2 —% log, 64

a) . 0)

4log, 2+ % log, 27

i 5—Iog£ 4]

l0g,s X = g log,sa+ % —5log,;b +4log, b

1Iog7 9-log, 6

72 -[492

2. Haiinure x:

3. Ilponorapudmupyiire mo ocHOBaHMIO 4:
JF
256 - (p2q

4. Yupocrute Beipaxkenue: log, b* — p2loss Va
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Ilpakmuueckasa paboma Ne'4:
CgoiicTBa morapudpmMuueckoit GyHKIMHU U €€ rpaduk

Heanb: 3HaTh cBOMCTBA JIorapudMa, GOpMyJIbl Iepexoaa K APYroMy OCHOBAHUIO.
YMerthb mpeoOpa3oBhIBaTh BEIPAKEHUS, COACPIKAIINE JIOTapU(PMBI.

Hnsa a>0; a#1; x>0; y>0 cnpaBeanuBsl GOpMyIIbL:
log, 1 =0

logoa=1

log, xy = log, x + log, y

loga§ = log, x —log, y

log, xP = plog, x

I

lo X !
4 = -
8a »

Ilpumepur: a) logg 18 + logg 2 = log, 18 - 2 = logg 36 = 2
6) log,,48 +log;, 4 =log,48 +4 =log,;, 12 =1
1

B) log; 34 = ilog3 3 = i
r) logs V3 — %log512 +logs50 = logs v/3 — logsV12 + logs50 =
= logs v3-50
V12

Jecamuunvie u namypanvnule 102apughmol.
Jlecamuunsie nozapughm dricia Ha3bIBAIOT JIOTapr(M ITOTO YKcia Mo ocHoBaHuio 10.

= logs25 =2

lgh =1 b
Ipumepvr: 1g100 = 2, & 810
121000 =4,
1g0,00001 = -5,
1g0,01 = —2.
Hamypanbnsim nozapughmom drcina Ha3pIBaeTCs JOrapu(m 3TOro Ynciia o OCHOBAHHUIO €, TJIe
e =2,71828 Inb = loge b
e=14 4 —+ ——+ .. !
1 1x2  1x2x1 1X2X3..n
Hpumepwi: Ine? = 2,
1
In-= -1,
e
ne— = -2
Vez 5

Jl1s HaTypanbHBIX U JECITUUHBIX JIOrapu(MOB COCTaBJIEHbI CHIEIMATbHBIE TAOIUIIbI.

JIyist BBIYMCTIEHUS IPYTUX Jorapu(MOB UCTIONB3YIOT (hopmyny nepexooa K Opy2omy 0CHOGAHUIO

log. b
1 =
08a b log. a
1 b = !
08a? = log, a
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logs2 , logs3
Hpumep:%+ %=log62+log63=log66=1

OyHKIUS — 3TO OTOOpaKeHHWE, MPH KOTOPOM KaKJOMYy 3HAUEHHIO OJHOTO MHOXKECTBA
CTaBHUTCS B COOTBETCTBHE €IMHCTBEHHOM 3HAU€HHE BTOPOT0 MHOXKeCTBa. [IpuueM oToOpakeHue

Ha3blBAETCsI OOPAaTUMBIM  €CIIM  KAXKAOMY  3JEMEHTY
BTOPOIO  MHOXKECTBA  CTaBUTCA B  COOTBETCTBHUE
€IMHCTBEHHBIM 3J€MEHT IepBOro MHoXecTBa. ['paduku
o0paTHBIX  (YHKUMH CHMMETPUYHBI  OTHOCHUTEIHHO
NpAMON y=x

Bcnomuume  onpedenenue u ceolicmea noxkazameibHOL
Gynxyuu: y= a*, npu a>0, a# 1. Dta QyHKIUSI BO3pacTaeT
Ha BceW YMCIIOBOHM mpsiMoil mpu a>/ u yObIBaeT mpu
O<a<l. To ecth mpu MHOOOM 3HAYCHHUU @ TIOKA3aTeNbHAs
dbyHks MoHOTOHHa. /[ Hee cymiecTByeT oOpaTHas
¢yuknus. Moxno ee mnocrpouts. (Puc 1). ®ynknus,
oOpaTHasi MoKa3aTeIbHON HA3bIBACTCS IOTapU(PMUUECKOH.

y

y=logax

Puc 1. I'paduku nokaszarenbHOI
1 JTorapu(pMUIecKOi PyHKIHIA.

DYHKINIO, 3aJaHHYI0 GOPMYI0H

v=loaax, 20e a>0, a# 1

Ha3bIBAIOT J102APUPMUYECKOIl (h)yHKyuell C OCHOBAHUEM a.

s noxkazamenvHou ynkyuu cywecmseyem 08a ciyuas nogedeHus QyHkyuu: npu a>1 u npu

O<a<l. Jloeapugmuueckyro ¢pynkyuio paccmompum

v

y=logaX, 20e a>1 y=l0ogaX, 20e 0<a<l
I'pagpuk ¢ynxyuu I'pajpux ¢ynxyuu
A A
y y
1 1
of /1 - 0 X
y=logax, a>1
y=log.x,
Ceoticmea pynkyuu Ceoticmea pynkyuu
1. D(f)=(0;+o0). 1. D(f)=(0;+o0).
Obaacmob onpedenenus — 3mo 6ce
00NYCMUMble 3HAYEHUsL HE3ABUCUMO20
NnepemMeHHO20 X. 2. E(H=R.
2. E(H=R.
Obnacmv 3HaueHus — 3mMo 6ce OONycmumvle
3HAYEHUsL 3ABUCUMO20 NEPEMEHHO2O ). 3. YObiBaer Ha Bcell 00sacTu
3. Bospacraer Ha Bceii o01actu onpeeeHus
OTIpeNIeIICHUS Dynxyusi  Hazvieaemcs  yovigaoujel, ecau
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DynKyus Hazvleaemcs eo3pacmaroujeli, eciu | 6oabuleMy 3HAYeHUr apeyMeHma Cmasumcs 8
Oonvblemy 3HAUEeHU0 apeymMeHma cmaeumcs 8 | coomseemcmeue Ooavbulee 3HAYeHUU QYHKYUU.
coomeemcmaue 6ovulee 3Ha4eHUU HYHKYUU. 4. Tlpoxoaut uepe3 Touky (1;0)

4. Ilpoxoaut yepe3 Touky (1;0)

IIpumep 1. TloctpouTts rpaduk ¢pyukuun Yy=logs(x-2). Omucars ec cBOMCTBA.
Pewenue. I'paduk nckomoii GyHKIMH noaydaercs u3 rpapuka Gpynkuuu y=logsx.

X 1/3 3 9

y -1 1 2

I'paduk dpynknun y=10g3(X-2) momaydaem u3 mpeablIyIero cABUroM mo ocu Ox Ha 2
enuHHIBI Bipaso (Puc 11).

A
y

y=logsx y=logs(x-2)

v

__.______'\_)._._______.»

Puc 11. I'paduk dynkuun y=logs(x-2).

Ilpumep 2. Haiinute obnacts onpenenenus pyukimu y=logs(6-2x).

Pewenue. O0nacTbio onpeneneHus aorapu@mMuueckoit GyHKINH SBISETCS MHOKECTBO
MOJIOKUTEITBHBIX JIEHCTBUTEIBHBIX Yrcel. [[oaToMy aprymMeHT Jorapudma JT0JDKeH
OBITH CTpOTO OobIIe HYTS. 6-2x>0; -2x>-6; X<3.

Omeem Xe(—0; 3)

Hpumep 3. Haiinute o6nacts onpenencans Gpynxmun y=l0gs(x>-3x-4).

Pewenue. x*-3x-4>0.
Pewum Hepagencmeo memooom unmepsanos: f(x)= x?-3x-4
x2-3x-4=0; x1=-1; Xo=4

+ - +
x€(—00; —1 U (4; +) O . >
Omeem: xe(—o0; —1 U (4; +00) -1 4

. 2x+6
Ilpumep 3. Haiinute obnacte onpenenenus yHkuuu y = logg 5—x1+0x
2x+6
Pewenue. == > 0
5-10x
2x+6
Pemmm HepaBeHCTBO MeTo10M MHTEpBaNOB: f(X)= = Tox
2x+6
5_xl+0x = 0; Apo6s paHa 0 korga uncnurens paseH 0, a 3HameHatenb He paBeH 0. T.O.
MOy YHIM:
2x+6=0u5—-10x #0 i + i
x=-3 x # 0,5 O O >
xe(—=3;0,5) -3 0,5

Omeem: xe(—3;0,5)
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HpaKTI/I‘leCKaH 4acCTb:

Ne 1 Bapuant

Ne 2 BapuaHT

1. Tocrpoiite rpaduk GyHKIMY:

a |y=logs(x—2)

a |y=log(x+1)

b | y=—logwx

b |y=logix+?2
3

1. BroimoJsiHuTeE JelCTBHA:

Ceoticmea nozapughmos

Bapuanm 1

A) Bvibepume Homep npasuibHo2o omeema

Al | Beraucmure: log,,160+log,,0,9 1)2,2)13)3,4)0
A2 Vipoctute: 52+l0gs3 1) 50; 2) 3; 3) 75; 4) 12
A3 | Boruncnure: 2log,12-1o0g,18 1)3;,2) 4,31 4) 2
A4 Haiinute 3HaYeHUE BBIPAKCHUS: 1) 1, 2) 2,25; 3) 3,75; 4) 4,5
log, (16c), eciu log,c=0,5
A5 log. 144 : , -8; 4) -
HaiinuTe 3HaueHne BbIpakeHUS: 9 -8 1) 4, 2) 6 3) log;12-8; 4) -6
log 12
A6 | Berancnure: log, (24m), ecim log,3m=38,5 1) 11,5; 2) -5,5; 3) 19,5; 4) 20
A7 | Haiigure 3HaYCHUE BBIPKCHHUS: 1)3,2)7,3)-34)5
log, §, ecmm log, 5=0,2
C
A8 log, % loge 55 1) 5; 2) 5,2; 3) 4,8; 4) 4,5
Breraucnute 81093\]g -2 o5 ) ) ) )
Ceoticmea nozapugpmos Bapuanm 2
A) Bvibepume HoMmep npasuivbHo20 omeema
Al Boraucnure: log,;110+log,,1,1 1123 3)2 4) -1
A2 [y oenme: 627052 1) 18; 2) 15; 3) 75; 4) 25
A3 | Beaucnure: 109,96 —5log,2 1)32)13) -1 4)2
A4 | Halinute 3HaYCHUE BHIPAXKCHHUS: 1) -0,5; 2) 3,5; 3) 1,5; 4) 2,5
Iog4%, ecou log, c=-0,5
A5 log,169 . , 4) —
Haiinute 3HaueHue BbIpakKEeHUS: 9r +5 1) 62) 7: 3) log,13+5; 4) -2
log,13
A6 | Boruncnure: log, (100m), econ log;4m=7,5 1) 6,5 2) -4,5; 3) 9,5, 4) 10
A7 | Haiinure 3HaueHUE BBIPAXKEHHUS: 1)3,2)13)-24)2
IogGﬁ, ecmn log, 6=0,5
C
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A8 log, 3 logg , 2 1) 6,5, 2) 5; 3) 6,2; 4) 7,5
Boraucmre 04 0947 . ) ) ) )

Ceoticmea nozapughmos Bapuanm 3

A) Bvibepume nomep npasunbHo2o omeema

Al Berauciure: 19g125+198 1)1,2)2 3) 3 4)4

A2 Vipocrare: 6210969 1) 4, 2) 6, 3) 9; 4) 12

A3 | Beauciure: 2log, 3+ 109,25 1)3;,2) 4, 3)1 4)2

A4 Haitngure 3HaueHME BBIPAKEHHUS: 1) 1; 2) 1,75; 3) 0,75; 4) 1,5
log, (27c), ecnu log,c=0,5

A5 log,121 1) 11, 2) 6; 3) log,11+5; 4) 7
Haiinute 3HaueHue BeIpaKeHUS: 9 +5 )11 2) 6 3) log;11+5; 4)

log,11

A6 | Boruucnure: log, (50m), &née log, 2m=4,5 1) 8,5; 2) 6,5; 3) 9,5; 4) 9

A7 | Halingute 3HaYeHUE BBIPAKECHUS: 1) -8; 2) -6; 3) -34) 4
Iog4E, eciu log.4=0,1

C
A8 log, 5 1
3 : . . . -

BrrmeTe 64long§ 13 3 1) 5; 2) 25,2; 3) 15,1; 4) 43

Ceonicmea nozapugpmos

Bapuanm 4

A) Bvibepume HoMmep npasuibHo20 omeema

Al | Borunciure: log,810-1log,10 1)1,2)2,3)3 4 -1
A2 Vipocrare: 33+l0g;2 1) 54; 2) 48; 3) 81; 4) 29
A3 | Berauciure: 10og;12,5—-10g,0,1 1)3,2)13)-24)4
A4 HaiinuTe 3HaYCHHE BBIpAOXKEHUS: 1)12; 2)1,5; 3) 0,6; 4) 1,8
log,s (6¢), ecam logg ¢ =0,2
A5 log,64 1) 2; 2) §; ; 4) log,4—2
Haiinure 3HaUeHNE BBIpAXKEHUS: 9 -2 ) 2.2) 8 3) 1. 4) log,
log, 4
A6 | Berancmure: log, (54m), ecnu log, 2m=1,5 1) 4,5, 2) -2,5; 3) 1,5; 4) 5
A7 | Haiinure 3HaYeHUE BBIPAKEHUS: 1) -3, 2)1 3)24) -2
49
log, —, ecim log, 7=0,25
C
A8 . log, 5 1) 4,8; 2) -3; 3) 3,2; 4) 10,5
Berunciure 216|096\/§ +7 7
2. Onpenenure MHOKECTBO 3HAYeHUH PyHKINU:
Al Ornpenenute MHOXECTBO 3HaUYECHUN (DYHKIIHH: 1) [5; +oo); 2) (_oo;+oo); 3) (_00;11]; 4) (5;11)
y =11-log, (x+5)
A2 | OnpenenuTe MHOXKECTBO 3HaUeHHH QyHKIMA: | 1) (1,9]; 2) (—0;2]; 3) (0;2]; 4) [2;+)
4
Y=T"—"775—=
log, (x* +9)
A3 Onpenenute MHOXKECTBO 3HAUCHUH QyHKIUU:

1) [12;+0); 2) (—0;12); 3) (—o0;+0); 4) (412)
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y =12+log, (4—x)

A4 Onpenenure MHOKECTBO 3HAYCHUH QyHKIMM: | 1) (—oo;O); 2) (_oo;+oo); 3) [1; +oo); 4) (0;+oo)
y =log, (|x|+1)

A5 Onpenenute MHOXKECTBO 3HAYCHUH QYHKIUU: 1) [0;+oo); 2) (_oo;+oo); 3) (_00;3]; 4) (0;3)
y =log; (x+3)

A6 Onpeﬂeﬂnge MHOX€ECTBO 3HAYeHUH QyHKIMH: | 1) (0;1]; 2) (_00;1]; 3) (1; 3]; 4) [3; +oo)
Y= log, (x* +8)

A8

Omnpenenure MHOKECTBO 3HA4YCHUH GyHKIMK: | 1) (_oo;+oo); 2) (_00;4]; 3) [4; +oo); 4) [16;+oo)
y =log, (x* +16)

Ilpakmuueckasn paboma NeT7,78:

MeTtonpl penienus aorapupMUIECKUX YpaBHEHUI
Ilens paﬁombt: 3aKpCIHUTb 3HAHUA U YMCHU CTYACHTOB IIPU PCIHICHUN J'IOFapI/I(I)MI/I‘IeCKI/IX

YpaBHEHUHN U HEPABEHCTB.

TeopTHUecKasi YaACTh

Jozapugpmuueckoe ypasnenue

Onpenesenue: Jlorapudmuueckoe ypaBHEHHE — 3TO YpaBHEHHUE BUA
loga b(x) =10ga c(X), Tmea>0,a+#1.
YpaBHeHUsI, CBOJIAIIMECS K 9TOMY BUY, TAK)KE HA3BIBAIOTCS JOTapU(IMUUECKUMHU YPAaBHCHUSIMHU.

IIpumep.
Pemnm ypaBHeHue

logs (X% — 3x — 5) = logs (7 — 2x).

Pemenue.

1) ITockonbKy OCHOBaHUS B JIEBOM U MTPABOM YaCTSIX OJJMHAKOBBIE (paBHBI 3), TO MBI MOXKEM
0CBOOOIMTHCS OT 3HAKOB JOrapu()MOB U MPUATH K ypaBHeHHIO Buaa b(x) = c(x):

X2 —3x-5=7-2x

2) [IpupaBHHBaeM ypaBHEHHUE K HYJIIO U TIOJy4yaeM KBaJpaTHOE ypaBHEHHE:

X2 —-3Xx-5-7+2x=0

X2 -x-12=0

PemuB xBajpaTHOE ypaBHEHUE, HAXOJUM €T0 KOPHHU:

X1 =4, Xo =-3.

3) IlpoBepum, Ipu KaKOM M3 IBYX 3HAUEHUH X YpaBHEHHE UMEET CMBICII.

MB&I yke 3HaeM, 9To JiorapupMUUIecKoe ypaBHEHHE paBHOCHIIbHO ypaBHeHHO b(X) = C(X) TombKO
B TOM ciydae, eciu b(X) > 0 u ¢(X) > 0. CneoBatenbHO, BHIBOJUM JIBa HEPABEHCTBA!

x> —3x-5>0,

7—2x>0.

IIpu x = 4 HepaBeHCTBa HEBEPHBI. 3HAYUT, 4 HE SIBJISAETCS PEIICHUEM YPaBHEHHS.

ITpu x = —3 HepaBeHCTBA BEPHBL. 3HAUUT, 3 SBJISIETCS €AUHCTBEHHBIM PELIEHUEM YPABHEHHS.

Jozapugpmuueckoe nepaserncmeo

59




Onpenenenue: JlorapupmMuaeckoe HEPABEHCTBO — 3TO HEPABEHCTBO BHJIA

loga b(x) > loga c(X), rmea>0,a#1.

HepaBeHcTBa, CBOASIIMECS K STOMY BHITY, TAK)KE HA3bIBAIOTCS JIOTApU(DMHUUECKAMH
HEepPaBEHCTBAMH.

Ecmu b(x) > 0 u ¢(x) > 0, To:
- ipu a > | porapudmuueckoe HepaBeHCTBO loga b(X) > 10ga €(X) paBHOCHIIBHO
HepaBeHCTBY b(X) > ¢(X);
- mpu 0 < a < | norapudmuueckoe HepaBeHCTBO loga b(X) > 10ga C(X) paBHOCHIBEHO HEPABEHCTBY
C MPOTUBOIOIOKHBIM cMbICIIOM D(X) < C(X)
[Ipumep.

Pemnm HepaBencTBo logs (2x — 4) > logs (14 — x).
Pemenue.

1) B ocHOBaHuu 00enx yacTeil ypaBHEHUS — OJTHO U TO e YUCIO 3. 3HAYUT, MOKEM yOpaTh
3Hauku JjorapumoB. [Tockonbky 3 6osbiire 1, To, Clieyst MPaBUITy, COCTABIISIEM CIICTYIOIIYIO
CHCTEMY HEPaBEHCTB:

2Xx—4>0
14—-x>0
2X—4>14 —Xx.

Pemraem HCPaBCHCTBA U IMOJIy4acM:

X>2
Xx<14
X>6

MpbI BHIUM, 9TO X OOJIBIIE HE TOJIBKO JBYX, HO M OOJIBIIIE IECTH. 3HAYUT, HEPABEHCTBO X > 2 MBI
y)Ke B pacueT He OepeM: eciu x OoJiblie 6, TO ecTecTBeHHO U Oobiie 2. Takum oOpazom, st
HAC Ba)KHbI TOJIBKO JIBa APYTUX HEPABEHCTBA, COITIACHO KOTOPBIM X OoJiblie 6, HO MeHbIe 14.
OTO U eCTh OTBET.
6<x<14.

Tekcr 3axanug:

Pemenue JiorapupMuyecKuX ypaBHEHU U HEPABEHCTB

Bapmuanr 1

A) Bvibepume nomep npasunono2o omeema

Al | Ecin X, - kopeHb ypahenus 10g, ¢ (6—2x)=-2, 10 3HaueHne 1) 5 2) 30; 3) 9; 4)6
BBIpA’KEHHs X, +5 paBHO
A2 Haiingure npousBeneHue KOpHER ypaBHEHUs |92 x—Ig x*+2=0 1) 1000; 2) 0,01; 3)
0,1 4)100
A3 Haiizure cymmy KopHeii ypasrenus 100, (2X2 +3) —1=log; x 33 ;2; 2) 4,5; 3) 2,5
A4 | Haiinute HanGomnbIiee 1ieoe penieHne HepaBeHCTBa 1) -1 2) 4, 3)5; 4)
lo Xx—-2)<log,, (6—x -3
9y (x—2)<log % (6-x)
A5 | Haitmurre o6macts onpenenenns dynxmn Y = /109, , (4—X) 1)[3;+e0); 2)(—o0;3];
3)[34);4) (—=;4)
B) Hanuwume npasunvhwiii omeem
BI | Haiinure npomsseaenne kopHeit ypasuenns 109, 2+109,, 2 =1log, 2
B2

YKaXHTe KOMTHYECTBO LEMbIX PelIeH il HepaBercTpa: 100 % (3X —1) —2>log, x
2
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B3 X+2y =5,

log,; (y+x)=0,5;

Eciu X, 1 Y, - pelieHre CUCTEMbl ypaBHEHUN { TO 3HAYEHUE BBIPAKECHUS

2X, + Y, paBHO

C) Ilpuseoume noopodHOoe peuterue OaHH020 3A0aAHUSL.

¢ [Ipu kakuX 3HAYEHUSIX MapaMeTpa & ypaBHEHUE I0g3 (2a - 9X) = X HE UMEeT KOpHEeH
Pemenne Jiorapupmmuyecknx ypaBHeHHid 1 HEPABEHCTB Bapuant 2
A) Bvibepume Homep npasuibHo20 omeema
Al | Ecin X, - kopeHb ypasHenus 109, (3X+1) =—2, To 3HaueHne 1) 45; 2) 20; 3) 4; 4)
2 31
BBIPAXKEHUS X; — X, PaBHO
A2 | Hajinnre nponssenenne kopueii ypasernns 19> X—1gx* —3=0 1) 1000; 2) 0,01; 3)
0,1 4)100
A3 Haiizure cymmy kopaeii ypasaenus 100, (4X2 + 32) —2=log, x é) 9 2) 1% 3) -10; 4)
A4 | Haiigure Hauboubllee LENI0e pellieHHe HEPABEHCTBA 1) 7; 2) 6; 3) —6; 4)
Iog%(2x+13)<log% (5+3x) ~7
A5 Hatingure obmacts onpeneacHus (byHKuI/H/I Y=, / |090,5 (X +l) 1) (_1; 0); 2) (_1; O]; 3)
(—o0;0]; 4) (1 +o0)

B) Hanuwume npasunvhbviii omeem

Bl | Haitnure nanmersumit xopenb pasrerns 109, X+10g, X =1
B2 | yxawure xommectso LeMBIX pelienyii nepasercrea  10g % (X -0, 5) —log, (X —1) =1
B3 3x+2y =5,

Eciu X, 1 Y, - pelieHre CHCTEMbI ypaBHEHHUH TO 3HAUCHHUE BBIPAKCHHUS

log,s (Y +X)=0,25;
2X, + Y, paBHO
C) IIpusedume nodpobroe peuiernue 0aHHO20 3A0AHUA.

C

[Ipy KakuMX 3HaYeHHUsX mapameTpa & ypasHenue 100, (a3 +47 ) —X=0 umeer poBHO 1Ba

KOpHS

Ilpaxmuueckasn paooma Ne81:
[lepexon Kk HOBOMY OCHOBAHHIO JioTapupma
[{eb: 3aKpenuTh 3HAHUS U YMEHHS CTYJICHTOB IO OCBOSHUIO JIOTapU(MOB 1

CBOMCTB JIorapupmMuieckoil GyHKIUH.
TeopeTuyeckas 4acTh:

OcHoBHbIE cBOlicTBA JJ0orapu(pmMoB

Cio:xkeHue U BbIYHTAHHUE JIOrapudpmoB

1.loga x + logay = loga (X - Y);

2.10ga X —logay =10ga (X : ).

BbiHeceHne moka3areJisi cTeneHu us jJorapugma

1.10oga X" =n - loga X;
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lo x—i-lo X
2- gﬂk _FC gﬂ

log xx™ = E log, x

3
log. x
log,x =——
I[Tepexo1 K HOBOMY OCHOBAHHIO log. a
1
log, x = —
B 4acTHOCTH, €CJIH MOJIOKUTE C = X, MOJYUHM: log, a

OcHoBHOe JIoTapu(pMHUYECKOe TOKIECTBO

Yacto B nporecce pemeHus Tpedyercs NpeAcTaBUTh YUCIO KaK Jorapudm 1o 3alaHHOMY
OCHOBaHUIO0. B 3TOM cityyae HaM OMOTYT (POPMYJIBI:

1.n=logaa"
2.a = blosse
.JIorapm])aneCRaﬂ C¢AMHULIA U norapn(])anecmlﬁ HOJIb

1. loga @ = 1 — 370 NOTapUdMHUUEcKas equHUIA. 3aOMHHUTE pa3 U HaBceraa: Jorapudm mo
J000MY OCHOBAHHIO & OT CAMOI'0 3TOI'0 OCHOBAHUS PABEH E€AMHMUIIE.

2. 10ga 1 = 0 — 310 norapupmuueckuii HOJIb. OCHOBaHHE & MOXKET ObITh KAKMM YT'OJIHO, HO
ecili B apryMeHTe CTOUT euHuUIA — Jorapudm pasen Hymo! [Totromy uto a° =1 — 310
IpSIMOE CIIEICTBUE U3 ONPEJICIICHHUS.

log
— C
Ilepexoa kK HOBOMY OCHOBAHHMIO |Og a8~ Iog , YaCTHOCTH, €CJIU € = b, TO |098 6=1 ,
C
log 1
6=——
U TOT1a: a
log, a -
log, 1,25 5
0,8 _ _ _
0,8 5 4
JlorapugmupoBanmne — 3TO HaX0XJACHUE JOTapu(hMOB 33JAHHBIX YUCEI WA BHIPAKESHUH.
b
Hpumep: Haiinem norapudpm x =a? - — .
C

Pemenue.

[TocnenoBarenbHO BOCTIONB3YEMCSI Cpa3y BCEMH TPEeMsi OCHOBHBIMHU CBOMCTBAaMH JIOTapr(MOB,
KOTOPBIE U3II0KEHBI BhIIIE (JIorapudM Mpou3BeIeHus, JIOTapudM 4acTHOTO U Jorapudm
CTETeHN):

b
lgx=1Ig(@®-—)=Iga’+Igh-Ilgc=2lga+Igb—Igc.

c
IMoTeHUMPOBaHUE — YTO HAXOXKICHNUE YMCEN WM BBIPAKCHUM 110 JAHHOMY JIoTapudMy drciia
(BBIpaXKeHU).

[ToTeHMpoBaTh — 3HAYUT OCBOOOKIATHCS OT 3HAUYKOB JIOTapU(PMOB B IIPOLIECCE PELICHUS
norapu(pMHUIECKOTO BBIPAKCHHS.

IIpumep:
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x = 3al/4b?, MX=m3£MbQMX=m3+Ma+%Un4+mnMJnx:m3+Ma+%m4+§mh

Onmnlnw:m3+ma+%M4+§km.

Beinmosinurte geficteus:

Al

A2

A3

A4

A5

A6

A7

A8

Al

A2

log ,160+l0g,,0,9

Bbluncnure:
YnpocTtuTe:

2log,12—-log,18

Bbluncnure:

Hangute 3HaueHune
BblpaXkeHus:

log, (16¢), ecnm log,c=0,5

log 144 8
log,12
Hanaute 3HadyeHune
BblpaX>XeHUs:
Bbluncnure:

log, (24m), ecim log,3m =8,5

Hangute 3HayeHune
BbIpa>eHn4A:

log, é, ecxd log, 5=0,2
c

Slh&yg__zhﬁjs
Bbluncnute
2 BapmaHT

log, 110+log, 1,1

Bbluncnure:

(SZ—quSZ
YnpocTtuTe:

1)22)13)34)0

1) 50 2) 3 3) 75 4) 12

1)32)43)14)2

1) 1 2) 2,25 3) 3,75 4) 4
5

log.12—8:
1)42)63) 5575

4) -6

1) 11,5 2) -
5,5 3) 19,5 4) 20

1)32)73)-34)5

1)52)5,23)4,84)4,5

1)12)33)24)-1

1) 18 2) 15 3) 75 4) 25
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A3 10g396—510g32 1)32)13)-14)2

Bbluncnure:

Hangute 3HaueHune
BblpaXXeHUs:

1) -
A4

10g4E’ ecid log, c =—0,5 0,52)3,53)1,54) 2,5

c
HaianTe 3HayeHne BblpaXeHus:
log,13+5;
A5 log7169+5 1)62)73)
log 13 4) -2

Bbluncnure: 16,5 2)

A6 log, (100m), ecxm log,4m=1,5 453)9,54) 10

Hangute 3HaueHune

A7 e 1)32)13)-24)2
log, —, ecim log, 6=10,5
C
A8 6410z ¥7 _ 5loz0.2 1) 6,52) 5 3) 6,2 4) 7,5

Bbluncnute

Ilpakmuueckas padoma Ne7: YucnoBas OKpy>KHOCTh Ha KOOPAUHATHOH MJIOCKOCTH
Hean:
— BBCICHHC ITOHATHUA TpHFOHOMGTpH‘lGCKOfI OKPY)KHOCTI/I nu HOBOpOTa TOYKHU BOprr Haydajia
KOOpAUWHAT,
3agaun:
= YMCTB OIIPECACIIATE KOOPAUHATHI TOYKH, nemameﬁ Ha TpHFOHOMGTpH‘IGCKOfI OKPYKHOCTH;
- O6T)$ICH$ITB 3aBUCHUMOCTH yrna OT IIOJOKCHHUA TOYKHU HaA TpPIFOHOMCTpH‘-IGCKOﬁ OKPY)KHOCTI/I;

Teopernueckast 4acTh:

i Zl.)'[ﬂ OMHMCaHHUA MHOTHUX Cl)I/IBI/ILIeCKI/IX npouneccoB 0OBIYHBIX
1

alirebpanyecKMx BbIpa)KeHUW ObIBAaeT HeJI0CTaTO4yHoO. B
0COGEHHOCTH 3TO KacaeTcs KoJie6aHUMN U
pacnpocTpaHeHUs1 BOJIH. 3/leCb Ha MOMOIIb ¢(uU3UKaM
NPUXOJUT TPUTOHOMeTpHUsl. CeroJHsI Mbl MO3HAKOMHUMCS C

0a30BbIM IMOHATHEM TPUTOHOMETPpHUHU - C e,E[HHHqHOﬁ
OKPYHOCTBIO.

CooTHo1IEHNE YUCTI0BON OKPYKHOCTH M KOOPANHATHON MJIOCKOCTH
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Kaxknast Touka 4nucioBOi OKPYKHOCTH UMEET B KOOPAMHATHOMN IUIOCKOCTH CBOM KOOPJHMHATHI.
Haiiném cHavana KoopAUMHATHI TEX TOYEK KOOPAMHATHON INIOCKOCTH, KOTOPBIE MTOIy4EHBI HA
MaKeTax YMCIOBOM OKPYKHOCTH.

Touka M(g) — cepeluHa I YeTBepTu.

OnyctuM nepnedankynap MP Ha npamMyo OA u
paccMoTpuM TpeyronbHUK OMP,

Tak Kak ayra AM coctaBnsaeT nonosuHy ayru AB,
To 4MOP=45°,

3HauuT, TpeyronbHuK OMP — paBHobeapeHHbI
NPAMOYrosibHbIA TpeyronbHuK 1 OP=MP, T. e. y
Toukn M abcuwcca u opavHaTa paBHbI: x = V.

Tak KaK KoopaAWHaTbl TOUKW M (x; v) YOOBNETBOPSIOT
YpPaBHEHWHO YMCNOBOIM OKPYXHOCTU X2 + y2 =1,

TO ANS UX HAXOXAEHUS HYXHO pelvTb CUCTeMy
YpaBHEHMIA:

[x2 +y? =1,
X =y.

IToncraBuB X BMecTo V B MEpBOC YPAaBHCHUC CUCTCMBI, IMOJIYIHUM CIICAYIOIICC PCILICHUC!
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[Ipu pemennn yuutbiBaeM, 4to adcuucca Touku M MonoKUTeNbHa.

K3
[Toryunnu, 4TO KOOPAMHATHI TOYKU M, COOTBETCTBYIOIIEH YUCTY 4 , OyayT

V2 W2

M(§j=M{2 "2

AHaJOrM4YHO MOYHO ITOJIyYUTh KOOPAUHATHI M IPYTUX TOYEK IEPBOIO MAKETa YUCIOBOM
OKPYKHOCTH, YYUTHIBAs TOJbKO 3HAKH KOOPJAUHAT B Ka)KJOU YETBEPTH.

[TomyyeHHble pe3yabTaThl 3aMULIEM B TaOIHILY.

Touka OKpYXHOCTH
0 I - 3—” i 5—” 3—H 7—H 2m
4 2 4 4 2 4
Y 'Y Y Y
Abcumcca x 1 E 0 _E -1 _E 0 ﬂ i
2 2 2 2
e Y e Y
OpauvHaTa y 0 v2 1 _y2 0 _y2 -1 V2 0
2 2 2 ?

Paccyxgaem aHanorudyHo ana To4ku M, ecnm Tenepb OHa COOTBETCTBYET YvCny TE[.

TpeyronsHnk MOP npsMoyronbHbld. Tak kak gyra AM cocraenser
TPETLIO YacTb Ayru AB, To AMOP = 30°.

Kater MP nexwut npotuB yrna 30 rpagycos B NpAMOYro/ibHOM
TPeYroNbHUKE, 3Ha4uT, PaBeH NONOBUHE TMNOTEHY3bI, T. €.
opavHaTa Touku M paBHa

+yi=1
12
-}
X 2
_ 1 3_\5
x= I PR

MpW pelleHn YUUTEIBaEM, UTo abcuncca Toukn M NONOXKUTENbHA.

Monyynnu, 4To KOOPAWHATbLI TOUKWU M, COOTBETCTBYIOLLER Yncny %, byayT M{E) =M (”"2—3;5).

AHaJOTrMYHO MOXHO MOJy4YUTh KOOPAUHATHI U JPYTUX TOYEK BTOPOTO MaKeTa YMCIOBOM
OKPY>KHOCTH, YYUTBIBAsI TOJIBKO 3HAKH KOOPAMHAT B KaXKJOM YETBEPTH.
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[TomyyeHHbIe pe3yabTaThI 3aMUIIEM B TAOJIHUILY.

TouKa OKpPY>XXHOCTUH
T T 2T 5w 7T 41T 5 11w
6 3 3 6 6 3 3 3
1 1 1 1
Abcuucca x E — —= _E _E —- Z E
2 2 2 2 2 2 2 2
1 1 1 1
OpauHaTa y — E E — _Z _ E _ E _=
2 2 2 2 2 2 2 2
[Tpumepl:

~ " 451
HalTu KoopAWHAaTY TOYKKW YACIOBOW OKPYXHOCTH: P(T].

PelweHwne:
T.K. uncnam t U t + 2m = k,re k — uenoe 4HUCI0, COOTBETCTBYET OHA W Ta e TOYKa YWCNOBOW

OKPYXHOCTH TO:

T 10+2 pom+ 2 2 anas
= —) = = _—= H
g~ Q0P =10+ o=+ 2n

45 " 5
3HauuT, yncny Tﬂ COOTBETCTBYET Ta Xe TOYKa YUNCNOBOW OKPYXHOCTK, YTO U YKUCny TH .

S 457 \.‘E \.‘E
[MocMOTpEB 3HayYeHue TOYKH ~ B Tabnuue, nonydyaem: P(T) = P(—?;—?
MpumMep 2.
\. . —-37
HaiTu koopaMHaTy TOUKKM YMCNIOBOW OKPYXKHOCTU: P(— ).

PelweHwne:

T.K. uMcnam tu t + 2m = k, re k-Lenoe Y1cno, COOTBETCTBYET OfHA W Ta e ToYKa YMCNOBOI
OKPYXHOCTH TO:

—37m 1241 1P L 6
= — —) & = — _—= — [ — .
3 (12+3)=m m-3 =3 T2rx(=6)

—-37 - -
3HauuT, Ymucny Tﬂ COOTBETCTBYET Ta e TOUKa YMCNOBOI OKPYXXHOCTY, YTO U YUCTY ?”, a uvcny —
5
g COOTBETCTBYET Ta Xe ToUKa, UTo 1 ?’I

5
nDCMDTPEB 3HAYEHWE TOYKK ?ﬁ B Tabnuue, nonydyaem.

) )

[Ipumep 3.

1
Haiitu Ha 4nciaoBOi OKPY’KHOCTH TOYKH C OpI[PIHB.TOﬁ y 2 ¥ 3amucarh, KaKuM 4uciiam t OHU

COOTBETCTBYIOT.
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PeweHue:
MpAMasn 4ucI0BYI0 OKPYXKHOCTL B ToUKax M u P. Touka M

COOTBETCTBYET YnUCny g (M3 aaHHbIX Tabnuubl). 3HaumT, U

nobomy uncny Buaa: §+ 2m = k. Touka P cooTBeTCTBYET
5 5

YMCny —, @ 3HauuT, U NioboMy uncny BUAa — + 2 * k.

Monyunnu, Kak 4acTo roBOPAT B TaKux Cryyaax, ABe Cepuu
3HaYEeHWA:

E+2n*kn 5?“+2H*k.

OTBET:E=E+2H*F€HE=%+2H*R.

[Ipumep 4.

71
. B
—y=i r,"‘" ™
P
A
e x
N V4
\.,}ﬁ-‘//
|

V2
2 WU 3amnmcarb, KakuM 4duciaMm f

. . o X =
Haiiti Ha 4nCIIOBON OKPYXHOCTH TOYKH C aOCIIHCCOM
OHU COOTBETCTBYIOT.

PelueHKe:
fz
MNpamMasa x = — "? nepecekaeT YMCNOBYIO OKPYXXHOCTL B TO4YKax M u P. HepaBeHcTBy x =
! V2
TTTI 7] — -, COOTBETCTBYIOT TOUKM AYr PM. Touka M COOTBETCTBYET
™t 3w
uncny — (M3 aaHHbIX Tabnuuel). 3HauMT, U NboMy yucn
X = 4
3 -3
o S E BMAa —— + 2 « k. TouKka P COOTBETCTBYET UMCNy — =, @
3
3HauuT, 1 nobomy uucny Buaa —Tﬂ + 2m = k.
< 7 | = ? 3 am
),_ Torga nony4uM -t 2wk st=——+ 2k,
} B 4 2 2
3 7 OtBeT: ——+ 2w+ k <t <=+ 2mk.
- __ég ] 4 4
D)
[IpakTrueckas 4acTb:
| BapuaHT 2 BapuaHT
1 Haittn koopauHaTy TOUYKH YMCITOBOM 1 Haiitn xooparHATYy TOYKH YUCIOBOM
p [Elﬂ'J p [ 521-1-)
OKPYXHOCTH: 6 OKPYKHOCTH: 3
2 Haliti Ha 4KCIIOBOI OKPYKHOCTH 2 Haiit Ha 4YKCIIOBO# OKPYKHOCTH
Pyx Py’
__1 . V2
LY =3 TOYKH C OPJIUHATON Y = — U
TOYKHU C OpJAUHATOM £ 2
3aITHCaTh, KAKMM YHCAM T OHM 3anucaTh, KaKUM 4uciaM f OHU
COOTBETCTBYIOT. COOTBETCTBYIOT.
Haiitn Ha yncnoBOi OKPY>KHOCTH HaiiTi Ha YuCI0BON OKPYKHOCTH
1 V2
V= —- Hy > —
TOYKHU C OpAUHATOU y z2u TOUKI € OpZMHATON Y = == U
3aMMcarhb, KAKUM YUCiiaM T OHM 3aMucaTh, KAKUM 9HuCiiaM  OHM
COOTBETCTBYIOT. COOTBCTCTBYIOT.
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HaiiTi Ha ynuca0BOM OKPYKHOCTH

V3

LX=——
TOYKH C a0CIIHCCOH 2 u
3alMcarb, KAKUM 4ucliaM T OHU

COOTBCTCTBYIOT.

Haiitu Ha yncaoBON OKpPYKHOCTH

. V2
TOYKH ¢ adCLUCCONX = - H

3ammcaTh, KAKUM 4KciaaM t OHH
COOTBETCTBYIOT.

O0603HaubTe Ha YUCIIOBOM OKPYKHOCTU
TOUKY, KOTOpasi COOTBETCTBYET
JJAaHHOMY YUCIly, U HAUJUTE €€
JIeKapTOBbI KOOPUHATHI:

1)2 2)2 3)3_7T 4) n
2 3 4 6

O003HaYBTE HA YUCIIOBOUN OKPYKHOCTHU
TOYKY, KOTOpasi COOTBETCTBYET
JTAaHHOMY YHCIly, U HalJIUTe €€
JIEKapTOBBI KOOPINHATHI:

D 2Z 3= 4=
4 6 )4-

Ilpakmuueckan paboma Ne8: Pannannas u TpaaycHast Mepa yria

Lesnb pabotel: [I0BTOPUTH TPUTOHOMETPHIO TPEYTOJIbHUKA, BBECTU IIOHATHE yTJIa IOBOPOTA,
II0Ka3aTh CBA3b MEXAY PaJMAHHOW U I'PalyCHOM MEpPOH yIia, HAy4UThCS IEPEBOANTH PaUaHbI B
rpajaycbl 1 HA0OOPOT.

CryneHT 10/KeH

e 3HATH:

o [loHsATHE O pagaHHOM U3MEPEHUH YIJIOB

e Uemy paBeH 1 panuan

o @opMyIIBI TIEpEX0/Ia U3 paguaHHON MEPHI B TPATyCHYIO K HA000POT
YMETB:

e [IepeBoauTH Yroi U3 rpagyCHON MEpPHI B paJMaHHYIO

o BrInoJIHUTE TIEpexo OT paJuaHHOW MEPBI YIJIOB K IPaJgyCHOU

o BrInoJIHUTE TIEpexo OT rpaJyCHOW MEPBI YIVIOB K pauaHHOU

e BeIunciATh JUIMHY 1yTU € UCIIOJIB30BAHUEM 3HAUYCHUH YIJIOB B paJnaHax

e BrrunciaTe momans cekropa

e CTpouTh yIJIbl HA OKPY>KHOCTH

TeopeTuyeckas 4acTh:

LlenTpadbHBI yroj, ONMHUPAIOIIUACS HA YTy OKPYXHOCTH, JUIMHA KOTOPOW paBHA
paarycy 3TOH OKPYKHOCTH, Ha3bIBACTCS paOUaHOM, TOUHEE — YTJIIOBBIM paJMaHOM, a 3Ta Jyra
— 0Y208bIM PAOUAHOM.

JImMHa OKPY»KHOCTH paBHA 27T, TIe 7™ — JUIMHA Paguyca, HO3TOMY OKPY’KHOCTB J1H000T0

ST — 2

£
paauyca COACPXKUT OJHO U TO IKC YHUCIO AYrOBBIX paluaH, a HWMCHHO ¥
CJIC[[OBaTeJILHO, 2n YIJIOBBIX  paduaH COACPKHUT OKPYKHOCTb HIO6OFO paanyca, 3HAYUT,
BCJIIMYMHA YTJIOBOT'O pairaHa HEC U3MCHACTCA IPU NU3MCHCHHU NJIMHBI paanyca OKPY>KHOCTHU:

0 L =
| panman  2x - " J
Ecnu yron conepxuT (v paguaH, TO €ro rpajaycHoe u3Mepenue (1) MO>KHO HaluTu 1o Gpopmyiie:
180"
(1 = (k.

il
PemmB 3TO ypaBHEHHME OTHOCHUTENBHO (¥, HOaydaeM (OopMyny Uil HaxOXIEHUS paguaHHOU
MepblI ((¥) yriia 1o U3BECTHOM ero rpaxycHoi mepe (11):

¥ = 1!'-“-1]”'
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[na nepesoga yrna us paguaH B rpagycbl
ucnonbayetca dopmyna:
oz * 180
T

OQrpaz. =

[na nepesoga yrna U3 rpagycos B
paguaHbl ucnonbayetca dopmyna:

O °T

%1 = 180

3,D,er apaA_ — 3TO BE€/IMYUHaA YI/la B
pagunaHax, a a,paA_ — B€J/IM4YUNHa YyIa B

rpagycax.

[IpumepsI ¢ pemIeHUsIMU:

[Tpumep 1. BoImomHUTE epexo/] OT paJuaHHONW MEpPHI YTIIOB K TPagyCHOM
Penienue

Bripasuts B rpagycax 4,5 pan.

1pao = 180 4,5pad =4,5- 180 = 810 = 258°
Taxk xak T . TO T T
[Ipumep 2.
BrinonHuThe nEpexos OT rpalyCHONM MEpHhI YIJIOB K paJuaHHON
Pemcnne

Haiitu pagunannyto mepy yriaa 72 °©

T V4 27
1°=—— paod 72°=72.—— pad = — paod = 1,3pad
Tak kax 180 , TO 180 5
[Tpu 3anucu paaraHHOM Mephl yriia, 0003HAYEHHE «paj» YacTO OMYCKAOT U 3alMCHIBAIOT
72° — 2_ﬂ-
5

Im

Ipumep 3. HaiiTi IMHY XyTu OKPY/KHOCTH pajuyca 6 M, ecii e pajuaHHas Mepa 4 .
Pewenue: Vcnonb3ys popmyny ! = aR |
3
!l = aR= 6— =45 (cM)
MOJTyYHUM: 4
Otser: 457 (cr),

[Ipumep 4. Haiitu nnomaas cekropa, eciiv paanyc okpyxkHoctu 10 M, a paguanHas mepa
O

IEHTPATBHOrO yriua 10.

Pemennue:
5 R? 10% 9
R- S5 =—-a= +— = 45 7(M)

5 =—uo 2 2 10
ITo popmyne 2 BBIYUCISEM
OtseT: 45 ™ M2
3ananne:

1 BapuanT 2 BapuaHT

1 Bripasuts B paauanax |1 BrIpa3uTe B paguaHax BEJIWYHHBI
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BCJIMYMHBI YI'JIOB:

30°; 45°% 270% 360°% 36 °; 135 °;
-810°;20°; - 150 °; 2160°% 210°

YTJIOB:

60°; 90°; 540°;150°; 240°;225°;
1200 800°; 44°; 156°; 625°.

2 Haiitu rpagycnyro Mepy yria, 2 Haiitu rpagycHyro Mepy yria,
paanaHHas Mepa KOTOpOro paBHA paaraHHasg Mepa KOTOpOro paBHA
I osm o _7m o sm Ao 7w Tm 2m 8w 5w _ o
5, e, 10; 18;9; 7; S 12;5,9; 5;3,; 15,
Ne | Buipazure B paauannoit | Beipasute B rpaaychoit | Onpenenure, YoM
MEpe BETHYHHBI YTJIOB: MEpe BEJIHYHHBI YTIIOB: KAKOi 4YeTBEPTH ABISECTCH
yroi o, eClii:
L. 1';165; 1800 _2r 3r Sm -216; 103; -10.
6 8 12
2. 10°;145; 8000, wm_g:wTrr —4; -125%; -1,
3. 157;175°; 2100, x, Iz 257 -318; 91; -7
12 6 4
4. 20°; 210°; 3000, an —”—”.3;1'. -415°; 102°; -8
3 6
3. 2573 225°; 2700°. ?n.._zf'_ff S -208"; 104°; -9
38
6. 50752355 7200°. _ 25z Sz llx -214"; 512°; -12°.
4 12 6
7. 557, 180°; 5007, 103;_1%-’1’:% -200°; 613°; —13".
8. 60°;270'; 800", &, _3m 3n ~117°; 814°; - 14",
361018
9. 657; 300°; 9000°. Tr, 3z 57 -1137; 800°; —15".
6 4 12
10. 70751357 9100, A St 25w -101"; 902°; -16.
Sreiarat

Ilpaxkmuueckan paboma Ne9:

Haxoxnenue 3HaueHnil CHHyCa U KOCHHYCA, TAHT'€HCA U KOTAaHI'€HCA

Hem:: 3aKpCIUTh HABBIKU HAXOKACHUA 3HAYCHUH CHHYCa U KOCUHYCA, TAHI'CHCA U KOTAHI'CHCA
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PaccmoTpuM nepByro 4eTBEPTh KOOPAUHATHOW MIIOCKOCTH € IyTOM €AMHUYHON OKPYXKHOCTH.
BosbMem npousBosbHYIO TouKy Ha ayre M(t). Haitnem aOciucey u opaunary Touku M(t)=M(X;

B y).

Kocunycom uncna t HaspiBatoT abcuuccy

i) ToukH t u 0003HaYaroT COS t.

Cunycom uncia t Ha3pIBalOT OPAUHATY TOYKU

t u 0603HauaroT Sin t.

50

sin t

ecin M(t)=M(X; y), To

X =CO0S i,

y =sint.

cost Puc. 1

3aganne 1. Ilo pucynky 1 ¢ mnomonibio

U300paKEHHON JMHEWKH ONpedeIuTh NPHONMKEHHO 3HadeHMs COSt =, sint=

P€3y.HBTaT 3alMMIIUTE B TCTpAdH.

DT0 Ke mpoenaiTe mo pucyHky 2 mist touek M1, Mz, Mz, Ma.

11

12

h4

Puc. 2
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3amanwue 2. [To pucynky 3 onpenenure yemy paBHbl (1BapuaHT -HEeYeTHAS HyMepanusi, 2i-

. . T T T . T /. .
y&THast) Sin 7 cosz, cosg, sin g,cosa,sm 0, sin1, cosO, cosl.

g7
175 B
B 3
2 kil
A2 4
2
o
1 6
5
Ju]
T
0 1 A2 B 1x
z 2 2
Puc. 3

Cnpaska. Hayano y4eHHI0 O TPUTOHOMETPUYECKMX BEIMYMHAX OBLIO MOJOXKeHO B MHauw,
HauuHas ¢ IV — VI BB. Unauniickue ydyeHble BIIEpBbIE B HAyKe CTAIN yIOTPEOIATh JMHUIO CUHYCA
KaK TIOJOBHHY XOpJAbI, M COCTaBHJHM TI€pBbIE TPHUTOHOMETPHUECKHE TAOIHIBI CHHYCOB
(momyxopn).

ITo npumepy MHIUNCKMX MaTEMAaTHKOB PAaCCMOTPHUTE HAa PUCYHKE 4 JYK C
HaTSHYTOH cTpenoi. I'peueckoe CIIOBO xopode, OT KOTOPOTO MPOUCXOAUT
TEPMUH «XOpJa», OYKBaIbHO O3HAYaeT «TETHBA JIyKa», «CTpyHay».
WNHpuniickue yyeHsle BIEPBBIC

Puc. 4 MPEUIOKUIIM PAacCMaTpUBaTh BEJIMYMHY MOJYXOPAbl, KOTOPYIO Ha3BaIH 0J/CUEA.
ApaOckue MareMaThkH, KoTopble mozxke (HaumHas c VIII B.) ocBaumBanmu HakKoOIJICHHbIE
MaTeMaTUYeCKHe 3HAaHMs, THUCATH CJIOBO OXcu6éa B apaOCKOW TPAHCKPHUIIMH KakK O0owcauid,
KOTOpOE JIOCIIOBHO O3Ha4aeT «Ia3zyxa». BMecTe ¢ BOCHHBIMH 3aBOEBAaHUSMH apaboOB CIIOBO
«razyxay Ui 0003HaYeHHs MOJIYXOpasl B TpUroHomerpun nomnaio B EBpomny (X — Xl BB.), rae
€BpOINeiiCKHe yueHbIe MEPEeBEIM €ro Ha JAaTblHb KaK «CHHYC». DTOT TEPMHUH COXPAHHJICS IO
HACTOSIIETO BPEMEHH, HO OH TPUMEHSETCS HE TOJBKO B MaTeMaTHKe: ceiiuac B MEIHWIINHE
3a0osieBaHME MMa3yX HOCA HA3bIBAIOT CHHYCHTOM. CIIOBO «KOCHHYC» — 3TO COKpalIeHHE
JaTUHCKOTO BBIpaKEeHUs complementy sinus, T. e. «IONMOJHUTENBHBI CHHYC» WIIM, HHaue,

«CHUHYC I[OHOJIHPITGJIBHOP'I Ayrun» BCIb B TPUTOHOMCETpUU [[GP'ICTBHTGJIBHO PaBCHCTBO

cost = sin(%—t).
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3amanwme 3. Tecr (3anummTe B TETpaasiX OTBETHI B BUjE la, 2a,...)

BBILII/ICJ'II/ITG nu YKa)KI/ITe a 6 B T | e K |3
OTBET 013|111 51213
212 |4 4
1 ]
P lsin2Z 4 cos? X
6 3
2
P lsin2Z 4 cos? X
4 4
1 ]
P lsin2Z 4 cos? X
3 3
2B

. T
2~sm25+coszo

3amanue 4. Ha okpyxnoctu nana touka M(t). M3BecTHbl cMHYC M KOCUHYC 3TOil Touku. K
OKPY>KHOCTH 4Yepe3 TOYKYy A TPOBENIM KacaTelbHYyl0, KOTopas mneprneHaukyisipaa Ox (puc. S).

Beipazu AK 4epes sint u Cost (ucmosib30Bath mog00Me TPEYroJIbHUKOB).

Puc. 5
A
K
Tanrencom qucia t Ha3bIBaIOT 4uCIIo,
B gos ! - 3 COOTBETCTBYIOLIEE JUIMHE OTPE3Ka IPABOM KacaTEIbHOU,
3aKioUeHHOro Mexxay Ox u mydom OM u 0603HavaroT tg
sint
L.
Kaxkoii BEIBOI THI MOXKEIIb CHEIaTh U3 3amaHud 4 u
S T omnpeneneHus TaHreHca?

3apanue 5. Ha okpyxHocTu naHa Touka M(t). MI3BecTHBI
CHHYC M KOCUHYC 3TOM TOukH. K OKpykHOCTH yepe3 TOuKy B mpoBenu kacarenbHyr0, KOTOpas

neprenaukysipaa Oy (puc. 6). Beipasu BK uepes sint u cost.  Puc 6

Wit}

sint

£os t

Koranrencom uyucna t Ha3bIBalOT YHMCIO, COOTBETCTBYIONIEE JJIMHE OTpe3Ka BepxXHEH

KacaTeJIbHOH, 3aKmoueHHoro mexay Oy u mydom OM u o6o3Havaror ctg t.
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Kaxkoii BBIBOJ ThI MOKEIIb CIIENIATh U3 3aJaHUA 5 U ONpeAesieHus KoTaHreHca?

T Cnpasxa. TIOHATHS «TaHTEHC» U «KOTAHTEHC», KaK U MEPBbIC
TaOJIUIIBI 3HAYCHUA 3TUX HOBBIX TPUTOHOMETPUUYECKUX BEIHYMH,
pONMJIMCh HE W3  PACCMOTPEHHS  TPUTOHOMETPUUYECKOU
OKPY)KHOCTH, & W3 YYEHHsI O COJHEYHBIX YacaX — THOMOHHUKH.
Tepmun tangens (ot Jiat. Kacaroluics [0TPE30K KacaTeabHOM])
e OBL1 BBEJEH TOJBKO B 1583 1. marckuM MarematukoM Tomacom
DOHUHKOM.

3aganue 6. Onpenenure YUco.

04

T
0a

1 BapuaHT 2 BapuaHT
1 |tg0=_, 1|gMs=_,
B T2 [tgMi=_, 2
£ |9V < g %z _

Kak n3meHseTcs 3HauCHHE TaHTeHCa qucia, rmpu yBCJINYCHHUU gucia?

3aganue 7. Onpenenure Yucio

1 1 BapuaHT 2 BapuaHT
e log Z=_ ctgMs=_,
A 2 T
2 |ctgMi=__ ctg0=__

05 .

Kak n3meHseTcs 3HaueHNE KOTaHTeHCca qucia, rmpu yBEJINYCHHUN yycia?

3agaHI/Ie 8. I/1306pa31/1Te B TCTpaau LNCINKOM CIWMHUYHYIKO OKPYKHOCTD, paCHOHOX(CHHOﬁ Ha

KOOPJAMHATHOM IIOCKOCTH

1 BapuaHT 2 BapuaHT
1 OTIpeIeTTUTE YUCIIa Ha ITOW OKPYKHOCTH, | 1 | ompeAenuTe 4uciaa Ha 3TOW OKPYKHOCTH,
1 1.
CHUHYC KOTOPBIX PaBEH E ; KOCHUHYC KOTOPBIX PaBEH — — ;
2 OTIpE/ICITUTE YUCIIA Ha ITOW OKPY)KHOCTH, | 2 | ONPEACITUTe YHCIa Ha dTOW OKPYKHOCTH,
TaHI'€HC KOTOPBIX PaBEH E ; KOTaHT'€HC KOTOPBIX PABEH — E ;
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Ilpakmuueckasn paboma NelO:
UuciioBoi apryMeHT TPUTOHOMETPUUECKUX QYHKIIUN

o Ileanp: 3aKpericHUE KIIHOUYEBBIX MOHSTHIM:

CHHYCa, KOCMHYCAa, TAHTCHCA U KOTAaHI'CHCA YHUCJIOBOI'O apryMCHTa,

3HaKU byHKIUH B YETBEPTSIX; OCHOBHBIE CBOMCTBA KaXI0U byHKIIUN
(4eTHOCTB/HEUETHOCTD, IEPHOTUIHOCTb );

L4 BBIDa6OTKa IPAKTUYCCKHUX HABBIKOB:

B Hp606pa3OBaHI/II/I TPUTOHOMETPUUCCKUX BBIpa)KeHI/Iﬁ C IPUMEHCHUEM TCOPEM CIIOKCHHA N

CIIEACTBUM U3 HHX;

TeopeTuyeckas 4acTh:

9 ] -
- “r=1 . sint Ccos !

. sin“f+cos =1 2. 1gt= 3. ctgt=—r
OCHOBHOE cosft smnf
TPHIOHOMETPHYECKOE
TOHIECTBO

4. 1gt-clet =1 I I
gl-clg 5. l+cg’t=—s 6. 1g°t+1=—

sin- ¢ cos” |
Haiiti
sin t cos 1 gt cigt

Jlano

sin ¢ e __smr ++/1-sin’ ¢
++/1-sin : —_—
++/1-sin’¢

sinf
cos i +l—cos 1 —_— N
cost ++/1—=cos“ ¢t
1 1 1
gt + l—,— ] -
gt +1 1gr+1 gt

crgt +

-
2
g
-~ =
+
H

ctg’t +1 cigt

O0pa3ubl pemienus 3agav:
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g : 1 =
1. Haittv sina -2, ecru cosa=7:a-ll yem

pelienue:

sina = l—cos a,mx. a—1V,sina - IV, 3HaK OTp HuaTenbHbIi, TTOr

F P

Orger: SiN& = ‘T.

2
3‘- HaﬁTH Iga _'?: ecnu Ctga‘ 2-5; o — I_{qem

Pemenne:
rq=——
s clga
| 3 1
feag=—=-—=-1—
S
3

|
Otser: !ga:—lE_

|
4. Haiitu: cga =7, ecu tga = E; a — ITuem

Pemenne:
1
clga = —
lga
1
clga = 1 =5
5
OTBET: Ctga = 5
5. VYnpoctutsb BelpakeHue:
a
) cos’ a

. s
6) l-cos’a+ig’a-cos’a=sin’a+

Haiitn:

= 2

COS™

5 Vs s T

—1g’a-sin"a=1+1g’a—-1g’a—sin" a=1-sin" @ =cos’ & .

2 - 2 - 2 - 2
-COS @ =sIn" @ +sin” & =2sIn" &

Ynpoctuthb Haiitu;
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1. ) 2 e = ‘o= 1
sine — 7, ecau cosz:z:E;a-Ht:em S a+oos a+iga lea -7, eciu ctga=—§;a-ﬂq
2. : 2 2 ctga -7, ecnu tgar =2, a0 — [l ue
cosa — 7, eciu sina =—; o — Tuem ———clg'a=
5 sin” &
3. ) 2 a-Ccos@+singa = toa =7, ecu ctea =-5; a— [Ty
sma—immcma=?ubJme '8 g & ’ )
4. . 6 - i 2=\ cea-", ecm tga=-3 a— My
sina — 7, eciu cosa =——: a — IV uem cigia+sin” @+cos’a=| g & )
5. . ciga-sina —cosa = 2
cosa =7, ecu sing =—; a — ITuem fea -7, eciu ctga = 5; a — Il ye
6. ) 1 1 2
sina —?, eciu cosa =—; a— Hluem — 1= clga -7, ecnu tga =—; a— I u
6 Ccos” & 5
7. . 3 in’ z = tea -7, eciu ctga =3; a — I qe
cosax — 7, eciu sma=—1;a-ll"qem sin” a +cos” a +1 g ’ £ ’
8. ) 2 clga-sing +cosa = ctea—", ec tga =-2; a— Iy
sina =7, eciu cosc:z:E;a-qum & 8 ’ & ’
0. . 3 3 tea—"?, ecu ctga =5; a — [l ue
cosa —?, eciu sina == a — [Tuem — —fgTa= g ’ & ’ 1
7 cos” @
10. | . 4 a-cosa—sina = 3
sina —?, eciu cosa=?;a—fﬂuem g clga -7, eciu tga=?;a—ﬂm

Ilpakmuueckasn paoboma Nell:
TpuronomeTpudeckue GyHKIMH YTIIOBOIO apryMEHTA

Heab: BCNOMHUTH ONPEEIICHUs TPUTOHOMETPUUYECKUX (PYHKIIHIA YTIIOBOTO apryMeHTa,
OCHOBHBIE MPaBUJIA HAXOXKJIEHUSI HEU3BECTHBIX AJIEMEHTOB MPSIMOYTOJILHOTO TPEYTOJIbHUKA C
HCIIOJIb30BaHNEM TPUTOHOMETPUYECKUX (DYHKIIUMN, UCTIOIB30BAIN UX MPHU PEIICHUH KOHKPETHBIX

TCOMETPHUICCKUX 3aad.

TeOpeTI/I‘IeCKaﬂ 4acCThb: 33,[[8.‘13.

Ha6bnopatento HY)XXHO U3MEpPUTb BbICOTY AiepeBa, He 3ane3as Ha Hero (puc. 1).

B

Aepeso

Qa

A
Habnwopatens

Puc. 1

Haéniopatens MOXET U3MEPUTb Yron @ U pacCTOSHUE A0 NOAHOXMUS AepeBa

(AC = b).

SDTUX AaHHbIX 4OCTAaTOYHO, YTO6bI onpeaennTb BCe HEU3BECTHbIE BE/TUYUHDI.

BCNOMHUM, 4TO TpUroHoMeTpUuyeckme GyHKLUUN B NPAMOYTONbHOM TPeyrofibHUKe
— 3TO OTHOLWUEHUA CTOPOH TPEYro/bHUKA:
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) a b
sina = —; cosa=—; tga=
c c

; ctga =

ol R
IS IS o

a = ¢ -sina = c - cospf;

a=b-tga=>b-ctgp.

Bap.aqa 1.B NPAMOYTroJsibHOM TPEYroNbHUKE U3BECTHA NTMNOTEHY3a cn OCprlﬁ yron
a. Hantum KaTeTbl, NNowaib TPEYroJibHWKa 1 pagnyc ONUCaHHOM OKPYXHOCTH, eCnK
c=12, a= 60"

Pemenne: Jlano: 3aman AABC

I LN

C b A

Puc. 2

Mbl MOXEM BbIYUCAUTL NKOOBOIN 3NeMEHT TpeyronbHUKa:
a = ¢ sina;

a=12-5in60° = 6V3;

b= c- cosa;

b= c- cos60° = 6;

1
=Ea-b=18\{§;

Ecnu Mb1 3206118 popMyITy pasnyca ONMCaHHON OKPYKHOCTH, MOXHO JIOCTPOUTh

TPEYTrOJILHUK 10 NPAMOYTOJbHUKA, OIMMCATh OKPYKHOCTH U Cpa3y CTAaHCT SICHO, UTO LCHTP

ONMCAaHHOM OKPY>KHOCTH HAXOJMUTCS B CEPEIMHE TUIIOTEHY3bI U PAANYC ONIMCAHHON OKPYXHOCTH

paBeH MOJOBUHE THIOTEHY3HI (puc. 3).
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OTteeT:a=6V3; b=6; S=18V3; R=6.

3apauva 2. Xopaa A€ okpyHOCTU obpa3syeT ¢ auameTpom 4B yron @ Hanante
AnvHy xopabl AC, ecnm paanyc OKpy>KHOCTH paeeH R-

HaHo: AB = 2R;

DBAC = a.

HanTn: AC-

PeweHue:

PaccmoTpum AABC. DACE onupaeTca Ha AMameTp, 3HauuT OH NpamMon (no Teopeme
O BnucaHHom yrne). DACE =90° (ppc. 4).

C

Puc. 4
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Mmeem NpaMOyronbHbIN TPeyroNbHUK C U3BECTHbLIM YINOM & U N3BECTHOMU
rMNOTEeHY30M.

AC = AB - cosa = 2Rcosa.

OTBeT: AC = 2Rcosa.

3apada 3. lokaXkuTe, 4TO NAoLaab BbiMYyKIOro YeTbIPEXYro/ibHUKa paBHa
NONOBUHE NPOU3BEAEHUA ero AuaroHanen Ha CUHYC yrna Mexay HUMU.

DNaHo: ABCD — ghinyKnblit YETbIPEXYTONbHUK.

JokasaTtb: 5§ = %AC -BD - sina.

JloKa3aTenbCTBO:

BcnomMmHMUM, 4TO TaKoe BbiNyKIbl YETbIPEXYrofibHUK. 3TO YeTblpEXYTONbHMUK,
KOTOPbLIN NEXWUT B OAHOW NONYNNOCKOCTU OTHOCUTENbHO KaXA0W NPAMON,
cofepxallen ero CTopony (puc. 5).
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ABCD — gpinyknbin veTbipéxyronbHuk; AC. BD —ero guaroHanu; 44, — BbicoTa B
AABD; CC, — gpicoTa B ABCD.

Sasco = Sasp t Scapi
1 1
Boluncnum hy 1 h; yepes a-
AAA,0: hy = AOQ - sina;
ACC,0: h, = CO - sina;
1 1 1
§S= EBD “(hy + hy) = EBD- (A0 + CO)sina = EBD - AC - sina.

ToxaecTBoO AOKa3aHo.

3apava 4. Ana yrna @ = 90° gplymcnntp Sina, cosa, tga, ctga.

PeweHue:

B(0;1)

Lk

=W

Puc. 7

c0s90° = 0;

5in90° = 1;

tg90° - He cywecTByerT;

ctg90° = 0.
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3apava 5. PacnonoxuTte B nopsaKe BO3pacTaHUs Yucna
sin40°; sin80° sin120°; sinl160°.

Pewwenue:

PeluMm faHHYO 3a4a4y C MOMOLLBIO YNC/IOBOM OKPYXXHOCTU NyTeM CpaBHEHUS C
3TaNnoOHHbIMK yrnamu (puc. 8).

1200 | 80°

160° s5in160°

Puc. 8
OTBeT: 5in160° < 5in40° < 5in120° < sin80°.

1 BapuanT
1. Ompenenute 3HaK 4yucia:
11

1) sin285°  2)cos(-16°) 3)tg119° 4)sin=-  B)cos == 6)tg (-~
)

2. Bemaucinure:

1) cost, tgt, ctgt, ecnnsint:-2—75, nsts%
2) cost,sint, ctgt, ecnI/Itgt:-z—l, ggtSn
2 BapuaHT
1. Ompenenute 3HaK yucia:
1) sin275°  2)cos(-76°)  3)tg139° 4)sin=-  5)cos —  6)cig (-
13w
)
2. Brrumcnure:
. 24 3w
1) cost, tgt, ctgt, ecmsint=-—, wst<—
2) cost,sint tgt ecmctgt= =, 0<t<>
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Ilpakmuueckan paboma Nel?2: OcHOBHBIE TPUTOHOMETPUUYECKUE TOXKIECTBA.

Pemienue 3a1a49 Ha OCHOBHBIC TPUI'OHOMCTPHYCCKHUC TOXKIACCTBA.
Hean padoTrbi: OTpadoTaTh M 3aKPEeNUTh HABBIKM MPUMEHEHHUS 0CHOBHBIX

TPUTIOHOMETPUIECCKUX TOXKICCTB

OO01ue cBeleHUs U IPUMeEPbI BbINIOJHEHUS 3 JaHUI:
[Ipu BBINONTHEHNUH 33/IaHUM 110 JAHHOW TEME HY’KHO IOMHUTD:

OcHOBHBIC TPUTOHOMCTPHUYICCKHC
TOXICCTBaA

1) sina + cos?a =1

2) tga = 5

3 cega = 2

4) tga - ctga =1

5) Co;a =tg?a+1
6) sirjza = ctgla+1

YeTHOCTh, HEYETHOCTh TPUTOHOMETPH-
YeCKUX (PYHKIIHMA

sin(—a) = —sina

cos(—a) = cosa

tg(—a) =—tga

ctg(—a) = —ctga

3HAaKN TPUTOHOMETPUUECKHUX (QYHKIUI 110 YETBEPTIM
7h Y Y ¥
+ + - + - + - +
0 % 0 x 0 X 0 By
—_ — _ + + — + —
CHHYC KOCHHYC TaHreHc KOTaHreHc

Tabnuiia 3HaueHU TPUTOHOMETPUUECKUX (DYHKIINI, HEKOTOPBIX YTJIOB.
Yroas 0° 30° | 45 | 60° | 90° |180° | 270° | 360°
rpajycax
¥ron B 0 7 x b3 b x in in
pammpax 6 4 3 2 2
sin 0 l L ﬁ 1 0 -1 0

2 | V2|72
cos & 1 ﬁ 111 0 1 0 1
2 | V2|2
iga 1] 1|1 J3 |me 0 He 0
ﬁ CYLL. CYLL.
cga He R 1 |0 He 0 He
CyLL. «ﬁ CyLi, CYLL,
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PaccMoTpuM npuMepsbl BbINOJIHEHUS 3aJaHU .

1. Yopocture

(sina + cos a)? + (sina — cos a)? =
= sin*a + 2sina - cosa + cos?a +

[IpumeHsieMble paBuIIa

(a + b)? = a? + 2ab + b?

+sin*a — 2sina - cos a + cos’a = sinfa + cos?a =1
= 2sin*a + 2cos?a = 2(sina + cos?*a) =
=2-1=2
b) HaiiTu HEen3BecTHBIE U3 TPUTOHOMETPUUYECKUX (PYHKIIMIA:
. . V3 3

sina,cosa,tga,ctga, ecnu sina = ——,a € (m;—).
JaHo: Pemienue:

V3 .
sing = — — N3 popmyisr :

3T sin?a + cos?a = 1, BBIpa3suM cOSQ, yYUTHIBAS, YTO

«€ (m)

Hatitu: cosa,

tg a,ctg a.

a € Ill werBeptu=> cosa < 0, =>

cosa = V1 = sin2a

cosa = — 1— —— 1—- \/::_l’
4 2

sina

®opmyne (2): tga =

cosa

1
Tk. tga-ctga =1, o ctga = tod

1
ctga = =

1 1
OtBeT: cosa = 5 tga = \/§, ctga = &

2. Jlano tga = %

Kakoe 3HaueHme HMEIOT OCTaJILHBIC TPUTOHOMCTPHUUCCKHUC

¢yHKIMM 3TOrO0 yria. B orBere qpobu He coKkpauiaire.

JlaHo:

. 1
ga_z’

E<_3n>
a n,z

Haiitn: sin a, cosa,

ctga.

Pemienue:
N3 popmysr :

S = tgza + 1, BBIpa3uM COSQ, yYUTHIBAS, YTO
cos“a

a € Il vetBepTu=> cosa < 0, =>

: =(1) +1,<=>

cos?a 2

5
= —, PCIIIUM IIPOIIO 15010}
cosza 4’ p p pa
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2 4 4
cos“a =, =>cosa = — [-=——F=

ITo popmyne (1): sin?a + cos?a = 1, BeIpasum sin a,
YUHTHIBAS, UTO

a € Il yvetBepT=> sina < 0, =

1
sina = — 1—(—— _——= = -
575
Tk tga-ctga = 1,10 ctga—;
ctga = 2
OTBeT: cosa——T, sina = — \F’ ctga = 2.

3. Jloka3aTenbCTBO TPUTOHOMETPHUICCKHUX TOXKICCTB

[Ipu mokazaTenbCTBE JMIOOBIX TOXKIECTB, M B YaCTHOCTH TPUTOHOMETPUUYECKHX,
OOBIYHO HCHOJIB3YIOT CIAEAYIOIIUE CIIOCOOBI:

1) BBIpaKeHUE, CTOSAIICEC M OJHON YaCTH PAaBEHCTBA, C TTIOMOIIBIO TOXKICCTBCHHBIX
npeoOpa3oBaHUl TMPUBOJAT K BBIPAXKEHUIO, CTOAIIEMY B  JPYroidl  4acTu

pPaBEHCTBA;

2) BBIPOKEHHsI, CTOSIIIUE B JICBOW M MPABOM YaCTAX TOXJIECTBA, C TOMOIIBIO
TOXJIECTBEHHBIX MPE0Opa30BaHUI MPUBOAAT K OJHOMY U TOMY K€ BUIY;

3) [I0OKa3bIBAIOT,

YTO PA3HOCTb MEXKIY JIEBOM M IPAaBOM YACTAMH JAHHOTO

TOXKJIECTBA paBHA HYIJIIO.
Paccmorpum npumep:
JlokasaTb ToxkaecTBO: sin‘*a — cos*a = sin’a — cos?a.
Hcnonb3yst hopMyIty Jisi pa3HOCTH KBaIPATOB ABYX YHCEIN, MOJTydaeM:
sin*a — cos*a = (sin*a + cos?a) (sin*a — cos?a).
Ho sina + cos?a = 1. Tlostomy
sin*a — cos*a = sin*a — cos?a, uTo U TPe6OBATOCH JOKA3ATh.
KoHTpoJibHBIE BONIPOCHI:
1. 3HaYeHUS TPUTOHOMETPUIECCKUX (DYHKITUH OCHOBHBIX YTJIOB.
2. 3HaKU TPUTOHOMETPUUECKUX (PYHKITUH TIO YETBEPTSIM.
3. CBoiicTBa TPUTOHOMETPUUIECKUX (HYHKIIUA.
4. TlepeynciiMTe CBOMCTBA, OCHOBHBIC TPUTOHOMETPHUSCKHE TOXKICCTRA.
5. ®opMyJIbl COKPALIEHHOTO YMHOKEHMUS.

3aaHus ISl CAMOCTOSITEILHOM MOJATOTOBKHM K MPAKTHYECKOMY 3aHATHIO:

3aganmne 1

a) YIpoCTHTe BbIpaXKeHUE;

b) HaiiTu Heu3BecTHbIE U3 TPUTOHOMETPUUYECKUX (PYHKIIMIA:
sina,cosa,tga,ctga



1 Bapuant a)l — sina — cos’a

b) Ecnmu sina = %,O <a<90°
2 BapuaHT 1 —sin‘a
¢ ctga

b) Ecnncosa=§,0 < a<90°

3aganue 2
Jan TaHrenc (koranreHc) yria. Kakoe 3HaUY€HHME HUMEIOT OCTaJIbHBIC
TPUTOHOMETpHYECKHUE (PYHKIIMK 3TOTr0 yriia. B oTBeTe 1pobu HEe cokpalaiTe.

1 BapuaHT Laa 20 L ( 37‘[)
=-—,a€|m—
9%~ 21 2
2 BapUaHT . 6 c (7T )
ctga = ——,a € (=;m
I 8 2
3aganue 3
JIoKakHTe, 4TO PAaBEHCTBO, SBIISCTCS TOXKIECTBOM
1 BapuanT sinfa + cos*a — 1 == —2sin’a - cos’a
1 —sina cosa
2 BapuaHT = :
cosa 1+ sina

Ilpaxkmuueckaa padoma Ne42: Gopmyiibl ipuBeeHus. Peenue 3a1a4 Ha
dbopMyIIbI IPUBEICHUS

Ilesnb: 3aKperieHne 3HaHUH, 0TPabOTKa HABBIKOB paboThI ¢ (hOpMyIaMH MTPUBEICHHUSL.
dopmynamMu MIPUBEIECHUS Ha3bIBAIOTCS dbopmyIbl, MO3BOJISIONINE

: : .3
Tpuronomerpudeckue Qpynkinuu yrinos 0+t a; B ta, rta; 57 tau2rta

BBIpaXKaTh Y€pe3 TPUTOHOMETpUYECKUEe PyHKIMK yriaa O .

MHeMoHnYECKHUE MpaBuUIa;

1. Ecnmu yron & oOTCUMTHIBAETCS OT KOHIIOB TOPU30OHTAIBHOrO auamerpa (; + m,+
27, TO HAaMMEHOBaHWE (PYHKIIUM HE MEHSIETCS; eclu yroj (X OTCUUTHIBACTCS OT

T
KOHIIOB BEPTHKAIBHOIO JMamerpa =+ o igﬂ
MeHsieTes: Ha Ko yHKITHEO (SiN Ha COS, COS Ha Sin, tg Ha Ctg u ctg Ha tg).
2. 3HaK MpaBO¥ YaCTH OMPEEISETCS MO 3HAKy MPUBOAUMON (DYHKIIMH, CTOSIIEH
CJIEBA.
[Ipu pemieHUn TPUMEPOB TPUMEHSIOTCS MHEMOHHMYECKHE TMpaBmiia (HOpMys
MPUBEACHUS, CBOWCTBA UYETHOCTM W  HEYETHOCTH W  NEPUOAUYHOCTHU

TPUTOHOMETPUUECKUX (PYHKITUH.

, TO HauMEHOBaHUE (YHKIHH

87



Ceoticmea uemHoCMU U HEYEMHOCHIU: COS(— 05) =CO0S«c; sin(— a) =-sina;
tg(~a)=-tga ; ctg(—a)=—ctga .

Ceoticmea  nepuoouunocmu: C0S(a +2zx)=cosa ;. sin(a +2zx)=sina:
tg(ar + 7x) = tgar ; ctg(a + 7Z'K) =Clya | rue K €Z.

3Hauenus mpueoHomempuieckux QYHKYull OCHOBHbLIX Y208

VYron 0° 30° 45° 60° | 90° 120° 135° 150° 180°
DyHKIus 0 n T i i 27 3 5_7r T
6 4 3 2 3 4 6
sina 0 1 J2 J3 1 J3 i 1 0
2 | 2 | 2 2 J2 2
cosa 1 J3 J2 1 0 1 B i J3 -1
2 | 2 | 2 2 J2 | T2
tga 0 1 1 \/§ — —J3 -1 1 0
J3 J3
ctgar _ J3 1 1 0 1 -1 —3 -
J3 V3
Taoauya Nel. @opmyast npuseoenun
Dyuk- | 7 V4 3z 37 +a
——a —+a T—-a T+a ——-a 2 2r-a
LIS 2 2 2
—Coscx
sin cosa cosa sina —sina —cosax —sina
) . —COSX . )
cos Sina —Sina —cosa =Sina sina cos
tg clga —clga ~t1ga e crga —ctga —tga
ctg tga —lga —clga clga g —iga —clga
cosect| —coseca —cosecal| coseca
sec —seca | —seca seca
coseca| —coseca —coseca
cosec seca seca —seca | —seca

TMpumep 1. Borunciure C0S840°.

Pewenue: mpumeHsis CBOWCTBO TEPHOIUYHOCTH U (HOPMYJIBI TPUBEACHHUS,
MOTYYUM:

c0s840° = cos(360° - 2+120° ) = cos120° = cos(180° — 60" )= —cos60" = —%.
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. 19
IIpumep 2. Berauciaure Sm(— Eﬂ) :

Pewenue: BOCIIOJIB3YCMCA CBOMCTBOM HCYCTHOCTH, IICPUOANYIHOCTHU U q)OpMy.HaMI/I
IMPUBCACHUS, IIOJIYYHUM!

i 19 .19 .1 . V4 . /4 T 1
sinf——xz |=-SiNn—rz=-sSiN3—z7=-SIN| 27+ 7+— |=-SIN|7+— |=-SIN —=——.
( 6 j 6 6 ( 6) ( 6) 6 2

3 22
Mpumep 3. Beruucnure ClY I J3 COS? T,
Pewenue:
ctg 23—” - \/_COS—ﬂ' Ctg(MTﬂ - %) E ﬁcos(mTﬂ - %Tj -

I R ERE )

_ctg%—\/ﬁcos%r:—ﬁ_\@.(_%_i_\/g__g

. (37 T

SiIN| — -« |-Clg| -+«

(2 j (2 ) -
=SIN .

IIpumep 4. JlokaxxuTe TOXKIECTBO 3 T
-5 JolrL

2
Pewenue:
ctg[ﬂ—gﬁjz—ctg( = ﬁjz—tgﬁ
in| > d 7= 7 = sina
T _alctgl tg| f-= |=—tg| = - |=—ct
sm(2 aj ctg(2+aJ_ g(ﬁ 2) 9(2 ﬂj 9p cosa-(-tga) % e sina
3 - =—— == e T
Ctg(ﬂ—ﬂ)tg(ﬂ—”j Sin(?)—ﬂ—aj:—cos(x tg,B( ctg,H) tgp - ctgp 1
2 2 2
_ctg(% + aj =-tga
=sina.
Sina =sSina .
ITpumep 5.

tg(180° — ) cos(180° — a)tg(90° — )
sin(90° + &)ctg (90° + a)tg (90° + )

(sin(z + a) +sin(z - a)}z -1

° tg(z - a) —sin(z+a)-cos(r —a)

VYpocTute BhIpakeHue: a)
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Pewenue: a) ucnonn3ys GopMyiibl IPUBEACHUS, TOTyUYUM

tg(180° — @) cos(180° —a)tg(90° — )  (~tgar)(—cosa)ctgar .
sin(90° + a)ctg (90° + a)tg(90° + @)  cosa(—tga)(—Ctgea)

6)

2
sin(+a)+sin(7r—a) -1 oy , _ -
2 (cosa+sina)’—1  cos® o +2cosa -sine +sin’ a -1

tg(;z-—aj—Sin(ﬂ'-i-Cl)'COS(ﬂ'—O{) :

" ctga - (—sin@)- (- cosa) ctga —sina - cosa

_ 2cosa-sina 2cosa-sina 2cosa-sina _Zsinzoz_‘2t 2,
-~ cosa .  cosa —sina-cosa COSa(l—Sinza) © costa 9
—sina-cosa

sina sina sina
3amaHus 1)1 CAMOCTOSATEILHOTO PelIeHU s
Nel. Vopoctute Beipakenue. Ne2. Beruncnure. No3. Jlokax)uTe TOXKIECTBO.

B-t | 3aoanus

Nl sina —37”) -cos(7z — a) + sin(a — ) -sin(z + @)

Ne2 87 37\ . 3«7
1 4cos| —— |-Ctg| —— |-SIN —
3 4 2

Ned sin(a —z)+tg(a —7)+ cos(?’?” + aj = tga

Nel sin(x — ) + cos(ax — 3;)

Ctg(a—;r)—tg(ﬂ+a)

No2 17 357 . 3
2 2cos| ——m |-Ctlg —-SIn| ——
6 6 2

Ne3
COSa-tg(3ﬂ+a)-tg(5”—aj
2
=1
. 7T
sinf =~ —«a
2
Nel sin(;r —a)+cos(127 — ) - cos(3: + )
3 cos(g’zﬂ +a) +Sin(3z —a)sin(4x + f)

No2
5tg 3(— Eﬂ'] + ctg(— —19”j
3 6
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Ne3
tg(57r—a)-tg(37ﬂ+aj+sin(a—Zn)-cos(%—aj+cosz(%—aj=1
Nel cos(a—;r)-ctg(a+Z)-sin(47z—a)
sin(77r+a)-ctg(3;—a)
No2
SCOSZ(—gﬂ]—3sin2(—zﬂj—2tgz(—13—ﬂj
4 4 4
Ne3 [sin(2+aj+sin(ﬂ—a)j -1
=2tg°x
tg[z—aj—sin(;z+a)-cos(7r—a)
Nel 1-— cos(?’; — ) +cos(6x — f)
1+sin(87z+ﬂ)—sin(3;’+ﬁ)
Ne2 .3( 97[) 2( 57rj
sin®| — = |+cos®| - =
4 2
B 0 ) € i )
CoS| —+a |'lg| ——a |-SIn| ——a |+Clg| ——«a | =10«
2 2 2 2
Nel
sin(z - a} +cos(a —127)- cos(?’; + ﬁj
cos(?’;Z + a} —sin(37 —a)-sin(— g —4r)
No2
23in3(—16—ﬂj+5c052(—§7zJ
6 3
Ne3 003(377[+aj+sin(a—ﬂ)—tg(a—%j—tg(%z—aj=O
Nel
sin(%+a}-cos(Z;wa)—cos(%[—a -sin(37 — )
No2
4cos’ —En —2¢0s —Zyz +3sin®| -2
4 3 6
)] ez
sina +SIn| ——« +| COSa —COS| ——« =2
2 2
Nel

sin(27 — a)- tg(z + aj : ctg[?’;Z - aj

cos(2z + a)-tg(7 + «)
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No2
1sin?’(—gﬂ)—2tg3(—z7zj+3cosz(—£J
3 4 4 4
Ne3
Sin(Zﬂ—a)-tg(Z+aj-ctg(3;—aj
=1
cos(27z + a)-tg(7 + )
Nel tg[a—Zj—ctg(ﬁ—a)+cos(a+3;)
sin(z —a)
9 ez 50052(—g7rj—38in2(—z7z)—ZtQZ(—B—”)
4 4 4
N93 T ) 3 )
Ctg(a—zj' Sln(a—zﬂ'j—sm(ﬂ'+a)
=1
tg(z + a)-[cos(a + 27) +sin(a — 27 )]
Nel
c0s3[a—3;)-sin(27r—a)
ctg3(a—ﬂj-sin(?’7z+a)
2 2
10 | S|n(—5—”j+cos[—S—”ng(——”}rct [__”j
3 4 6
Ne3 T 3
tg(z + aj . cos[zyz — aj -cos(— )
3 =Sin«x
Ctg(ﬂ—a)-sin[;+a)
NQI 3(7[ j . (372- j
cos®| Z+a |-sin| = +a
2 2
ctgg(a—Zj-sin(Zn—a)
11 | N2 | sin?(-330°)-cos?(~120°)—tg?(- 240° )+ ctg?(~330°)
Ne3 3
sin(z + ) tg(2+aj
3 - +tg(7r—a):0
sin(”—aj ctg(r - a)
2
Nel T
cos(z —a)+ cos(zj
12

sin(2z —a)— sin[?zr — aj
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No2
sin[%—aj—cos(fz—a)+tg(7z—a)—ctg(g7z+aj
Ne3 ] (372' j
sin| /" + «
tg (72' — a) 2 _ ta?
- — g Vo4
COS(7Z' —+ oc) [372' j
gl — + o«
2
Nel
sinz(z—a)+sin2(7;—aj
-g\7r -«
sin(z — «a) 9l )
No2
13 cos(—97)+ 23in(— 49%) = ctg[— szﬁj
Ne3 ot (7[ j
sin(z —a) N2 ¢ cos(2z —a) .
: L2 =sin
tg(z + ) tg[72Z+aj sin(— «)
Nel Sin(72'+a)-sin(272'+a)
tg(z + o )- 005[3: + aj
14 | N2 | tg1800° —sin 495° + cos945°
Ne3 cosz(ﬂ—a)+sin2[ﬂ—aj+cos(7z+a)-cos(27z—a)
2 =cos’ «
tgz(a—”j-ctgz(%+aj
2 2
Nel ] (372' j
sin| —— +«
tg(z — ) . 2
cos(z + ) tg(gﬂ N aj
2
No2
coS _>7 tg5—”-sin5—”
6 6 3 4 27
15 11 — + CoSs| — ctg
cos -7 cos 3 3
Ne3

sin?| o _3z -cos(2z — )
2

tgz(a—”j-cosz[a—sﬂj
2 2

= COS«x
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Nel _ Vs . T
sin(z — a)cos(a - Ej - sm(a + Ej cos(z - a)
Ne2 )
sm(—77r)+2cos3—1ﬁ—tngz
3 4
16 33 .
) sin(” —,Bj - ctg[” + ,Bj
2 2 i
37 37 =-sing
ctg| °F - p|-tg| p-7
g( 2 " j g[ﬂ 2)
Nel | sin(z + a)-sin(a + 27)
3
tg(z +a)- cos(: + aj
No2 . 2[37[ j
sin?l ==+« L
17 2 sin®(-a)
(-2 )+ 37
Ctg (04 7T Ctgz(a—zj
Ne3 | sin(a —)-sin(2z —a)- cos(a — 27) _sin? g
. (7 3z
S|n(—aj-ctg(+aj-ctg(7z—a)
2 2
Nel (37[ j
cos| — +a
ctg(ﬂ—a). 2
sin(z + ) ctg(3;+aj
18 Ne2 \/Esin(— 5—”) -6 cos(— 22—”) + 2tg 1or _ 3ctg 237
4 3 4 6
Ne3 2(37[ J
cos | ——«&
2 cos’(~a)
t 2(05—27[) " 3 :
g tgz(a_ j
Nel | cos(z+a)-cos(27 + )
Ctg(ﬂ+a)-sin(3;+aj
19 |2 sin(—l?’—”)+cosl7—”+t 227 g 377
6 3 J 3 J 4
Ne3 | sin(z+a) tgla—x) cos2r-a)

=Sin

Ctg(z - aj Ctg(ﬂ - a) COS(?’Z - aj
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Nel
cos® (7 — o)+ cos? (” —~ aj
-Ct -
cos(z — a) 9z ~)
2 Ne2 | 5in 9135° + cos(—585° )+ tg1395° + ctg(—630° )
No3 ) 37 T
l-ctg’| a—— tgl o ——
2 2
n .1—Ctgz(a—27z)=_1
Ctg(a + )
2
Nel ) (r
Sln(ﬂ—a)+SIn{2—aj
3
cos(27 —a)- cos( - aj
21 2
No2 ( 4772') 217 [ 2371') 197
sin| — =2 | —tg =X +tg| - 2225 | - ctg =%
3 4 4 6
03
N cos(%[+a +sin(a—n)—tg(a——j—tg(?’?ﬂ—aj:O
Nel e 37
sin®l = +a |-cos| — +a
2 2
tgs(a - 72[ .cos(27 — )
22 | Ne2 | ctg225°— ctg675° — c0s495°+c0s765°
Ne3
sin(z —a)- ctg(z -~ aj .cos(27 — )
=sina
tg(7z + a)-tg(z + aj -sin(- )
Nel
sin 3(0: - 3:) -cos(27 — a)
tgg(a - 7[} - cos(?ﬂ + aj
23 2 2
Ne2 | sin(-810°)+cos(—900°)+tg(—395°)ctg575°
Ne3

sin(a —37”) .cos(27 —a)—sin(z —a)-sin(z +a)=1
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Nel

cos(2z —a)- ctg[;r + a) : tg[sz — aj

sin(2z + a)-ctg(z + )

24 | Ne2 | 5in 2010° + 4tg(—855° )+ +/3 cos(—1590°)
Ne3
tg[a —~ Zj —ctg(z —a)+ cos(a + 3;]
_ -1
sin(z — )
Nel
c:os(;Z - aj +sin(a —127z)-sin(3; + ﬂj
sin(gﬁ + aj —cos(37 —a)-cos(— f—4r)
25 2
N2 1 (sin(00° — )+ sin(180° — & )’ + (cos(270° — )+ cos(360° — )’
B 0 A 0 i i (),
cos| —+a |-tg| ——a |-SIn| ——a |+Clg| — —a |—ctg| ——a |=0
2 2 2 2 2
Nel
sin(g’; + a] —cos(57 — a)- cos(3 + 67)
T : . (37
cos(2 - aj +sin(a +127)- sm(2 + ,Bj
26 | Ne2
sin(z + a)- cos(% + aj —cos(27 + a)- sin(%[ - aj
Ne3
sin(27z — 0:)-tg(72Z + aj : Ctg(?’; — aj
=1
cos(27z + a)-tg(7 + )
Nel
0082(272'—0()+Sin2(3;—05j
w0 * cta? 3
27 g E +a |- Clg 7 +a
Ne2 | sin(90° — a)+c0s(180°+a)+tg(270°+a)+ctg(360°+a)
Nes3 sin(a —27)- 003(377[ —~ aj —tg(7 - a)-tg(%[ —~ aj + cosz(% —~ aj =1
Nel
sin 3(0{ - ?’;j cos(27 — )
28

tg?’(a —ﬂ]cos?’(a —3”)
2 2
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No2 3z /4
1-ctg?| a— tgl a — =
g(“ 2j g(“ 2)

' 2
Ctg(a+§j 1-ctg®(a - 27)

B 0 e - 3¢
sin| >z +a |-cg| = —a |+sin(r—a)+ctg| =7 —a | =tga
2 2 2
Nel
sin(a—%j—cos(a—7r)+tg(a—37ﬂj+ctg(27z+a)
No2
tg(a—”j—ctg(n—a)+cos(a+3ﬂj
2 2
29 5
sin(z —a)
Ne3 ) T 1 1
ctg’(2z —a)—sin| a — = |- =
9° (27 ~a) (a 2) ( 7Z'j sin® o
sin| o + =
2
Nel

cosz(a—%[j-ctg(a —7r)

30 | Ne2 |c0s6302sin1470°—ctgl125°

Ne3
sin(%—a} —cos(z —a)+tg(z —a)—ctg(gﬂ+aj = 2cosa

Ilpakmuueckan paboma Neld 1516: Oynkus y = sin X, e€ CBOHCTBA U rpaduK.
OyHKIMS Y = COS X, €€ cBoiicTBa U rpaduk. DyHKIUM y = tg X, y = ctg X, UX CBOWCTBA U
rpaduxu
Llenv pabomwl: 3aKpeNNTh 3HAHUS U YMEHUS CTYJJEHTOB 10 OCBOEHHIO CBOWCTB

TPUTOHOMETPUUYECKUX (YHKLUH.

Teopurnueckoe 000CHOBAHME:

@DyHkuuMn y = sin x, y = cos x, y = mf(x), y = f(kx), y =tg x, y = ctg x

@yHkmus y = Sin X

['padukoM GyHKINY SIBISETCS CUHYCOHIA.

[TosHy10 HEMOBTOPSAIOIIYIOCS YaCTh CUHYCOUIbI HAa3bIBAIOT BOJHOW CHUHYCOUBI.
[TosioBUHY BOJIHBI CHHYCOM/IbI Ha3bIBAIOT MOJIYBOJHOM CHHYCOUIBI (MM apKOM).
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— i T=2n
y=sinx 1 F .
/\ i x
ru I I l . >
-im _im -1 _I 0 I s 3n AT
Z LI I B

CaoiicTBa GpyHKIHH Y = SiN X:

1) OGnacte onpeneneHust GyHKIUN — MHOXKECTBO ACHCTBUTENIbHBIX YHCEI.

2) O6nacthb 3HaueHUN QYHKIMU — 0Tpe3oK [—1; 1]

3) Oto HeueTHAs PyHKLIHUA.

4) Orto HenpepbIBHAs QyHKIHUS.

5) KoopauHatel Touek nepecedeHus rpauka:

- ¢ ocbro abcrucc: (mn; 0),

- ¢ ocwto opauHar: (0; 0).

6) Ha otpeske [-n/2; n/2] dyHKIIMS BO3pacTaeT, Ha oTpe3ke [1/2; 3n/2] — yObIBaerT.
7) Ha npomexxyTtkax [27n; m + 2nn] GyHKIUS IPUHUMAET MTOJIOKUTEIbHbIC 3HAUCHHSL.
Ha mpomexytkax [-m + 271tn; 27tn] pyHKIIUS TPUHUMAET OTPUIIATEIbHBIC 3HAYCHHUS.
8) [IpomexxyTku Bo3pactanus GyHKuuu: [-m/2 + 2nn; n/2 + 2nn].

[TpomexxyTku yObiBanust pyHkuuu: [m/2 + 2nn; 3m/2 + 2nn].

9) Touku MmuauMyMa GyHKIUU: -1/2 + 27n.

Touku Makcumyma QyHKIMH: /2 + 271tn

10) ®yHkuus orpaHuYeHa cBepxy U cHu3y. Haumenbiee 3Hauenne pynkuuu —1,
HauOoJbIIee 3HaYeHHE 1.

11) Oro nepuoanyeckas pynkuus ¢ nepuogom 2z (T = 27)

Jnst moctpoenus rpaduka QyHKIUHU Y = SiN X y100HO MPHUMEHSTH CIICIYIONIHE MACIITA0bI:

- Ha JIUCTE B KJIETKY 3a €IMHUILY OTpe3Ka MPUMEM JIJIMHY B JIBE KIETKH.

- Ha ocu X oT™MepuM JUIHHY 7. [Tpu aTom st yno6ersa 3,14 npeacrasum B Bujae 3 — To ecTh 0€3
npo6u. Toraa Ha TMCTE B KIJIETKY T COCTaBUT 6 KJIETOK (TPHOKJIBI IO 2 KJIETKH). A KakJas KJIeTKa
MOJIYYUT CBOE 3aKOHOMEPHOE UMsI (OT TIEPBOM 110 miecToi): /6, n/3, n/2, 2n/3, Sn/6, . 10
3HAa4YeHHUS X.

- Ha OCH Y OTMETUM |, BKITFOUAIOIIH JIBE KIIETKH.

CoctaBuM TabnuIly 3Ha4eHUN HYHKLINHU, TPUMEHSS HALLIM 3HAYCHUS X:

0 i i T 21 Sn
X — — — — — T
6 3 2 3 6
1 V3 V3 1
y 0 — — 1 — — 0
2 2 2 2

Hanee cocraBum rpaduk. [Tomyunrces nomayBosiHa, HauBbICIIas TOUKa KOTOpoit (1/2; 1). Dto
rpaduk ¢pyHknun Y = Sin X Ha otpeske [0; nt]. JlodaBuM K mOCTpoeHHOMY rpaduKy
CUMMETPUYHYIO MOJYBOJIHY (CHMMETPUYHYIO OTHOCUTEIHFHO Havyasia KOOPAUHAT, TO €CTh Ha
oTpeske -m). ['pedeHb 3Toi MoTyBOJHBI — MO OCBIO X ¢ KoopauHatamu (-1; -1). B pesynbrare
HOJYYUTCS BOJHA. DTO rpaduk QyHKIMH Y = SiN X Ha oTpe3Ke [-T; m).
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MokHO POAOIKUTH BOJIHY, IOCTPOUB €€ U Ha oTpe3ke [n; 3n], [x; Sx], [n; 7n] u T.0. Ha Bcex
ATUX OTpe3Kax rpaduk GyHKIIUU OyJIEeT BHITISAIET TaK ke, KaK Ha oTpeske [-m; «t]. [lomyunres
HENPEePBhIBHAS] BOJTHUCTAS JIMHHSI C OJIMHAKOBBIMHU BOJTHAMH.

DyHKIUA Y = COS X.

['paduxomM pyHKINU SBIAETCS CHHYCOH 1A (€€ MHOTJa HAa3bIBAIOT KOCUHYCOUION).

yP=CosX

CaoiicTBa QyHKIMH Y = COS X:

1) OGnacte onpeneneHus GyHKIUH — MHOXKECTBO JAEHCTBUTENIbHBIX YHCEI.

2) O6nacth 3HaueHUN QYHKIMU — 0Tpe3ok [—1; 1]

3) Oto yeTHast PyHKIHS.

4) Orto HenpepbIBHAs QyHKIHUS.

5) KoopauHatel Touek nepecedeHus rpauka:

- ¢ ocbro abcrucc: (/2 + mn; 0),

- ¢ ocbto opauHar: (0;1).

6) Ha otpeske [0; m] dbyHKIHS yOBIBAET, HA OTpE3Ke [m; 27| — BO3pacTaer.

7) Ha mpomesxyTkax [-n/2 + 2mn; /2 + 21tn] GyHKIMS TPUHUMAET MOJIOKUTEIbHBIE 3HAUCHUSI.
Ha npomexytkax [n/2 + 2nn; 3n/2 + 2nn] GyHKIUS NPUHUMAET OTPULIATEIbHBIC 3HAYECHMUS.
8) [IpomexxyTku Bo3pacTanus: [-n + 2mn; 2nn].

[TpomexyTku yobIBaHus: [2mn; w + 2wn];

9) Toukn MuUHUMYMa QYHKIMM: TT + 27n.

Toukn MakcuMyma QYHKIMH: 27n.

10) ®dynxius orpanuyeHa cBepxy U cHu3y. HaumeHnsblee 3Hauenue QyHkuu —1,
HauOoJbIIee 3HaYeHHE 1.

11) O1o nepuoanyeckas pynkuus ¢ nepuogom 2z (T = 27)

®yukmus y = mf(x).

Boszbmem npenpinynryto GpyHkiuio y = cos X. Kak Bbl yxe 3HaeTe, ee rpagukoM sBiseTcs
cuHycomnaa. Eciu Mbl yMHOXKUM KOCHHYC 3TOM (YHKIIMH Ha ONpeAeNIeHHOE YHCI0 m, TO BOJIHA
pacTsiHeTcs 0T ocH X (1100 COKMETCs, B 3aBUCUMOCTH OT BEJIMYMHBI M).

Ota HOBasl BoJHa U OyneT rpadukom ¢pyHkuuu y = mf(x), rae m — moboe neiicTBUTENbHOE
YHCIIO.

Takum oOpazom, pyHkus y = mf(x) — 370 npuBblyHas HaM GyHKIUA y = f(X), yMHOKEHHas Ha
m.

Eciu m <1, To cuHyconaa c;kuMaercs K ocd X Ha ko3¢ puuuent m. Ecau m > 1, To
CHHYCOM/1a PACTATUBAETCH OT OCH X HA KOO(P(PHUUHMEHT m.

BrimomnHss pacTskeHre Ui CkaTue, MOXKHO CHayvaja MOCTPOUThH JIMIIb OAHY MOTYBOIHY
CHHYCOUJIBI, a 3aTeM YK€ JOCTPOUTH BECh IrpauK.

dyukmus y = f(kx).

Ecnu ¢pynkius y = mf(X) npuBoauT K pacTs)KEHUIO CHHYCOU/IBI OT OCH X JIN0O CKATHUIO K OCH X,
to ¢yHKIUS Y = f(kX) MpUBOIUT K PACTSIKEHUIO OT OCH Y JTUOO CIKATUIO K OCH Y.

[Tpuyem k — mo60e 1eHCTBUTEIBHOE YUCIIO.

99



IIpu 0 <k <1 cunyconaa pacrsaruBaercsi oT oc Y Ha ko3¢ puuuent k. Ecoim k > 1, To
CHMHYCOM/IA CKUMAeTCs K ocH Y HA Kod(pPunuenr k.

CocraBmsis rpaduk 3Tol GyHKINHU, MOKHO CHadaia MOCTPOUTH OJIHY MOJYBOJIHY CHHYCOH/IBL, &
10 HEeHl TOCTPOUTH 3aTEM BECh I'paduK.

®yuknua y = tg X.
['padukom dyHkIMM Y = tg X SABJISETCA TAHT€HCOMIA.

JlocTaTouHO MOCTPOUTH YaCTh rpaduka Ha mMpoMexkyTke oT 0 10 7/2, a 3aTeM MOXKHO
CHUMMETPUYHO MPOJOKUTH €€ Ha MpomMexyTke ot 0 1o 3m/2.

~ A
I o | |
| | Ten |
: : « ; > :
| | | L ox
} } f } >
3m | 1T _nm 1] s T 3!
R 2 e 2!

CpoiicTBa pyHKIUM Y = tg X:

1) ObnacTh onpeneneHust PyHKIIMHU — MHOXKECTBO BCEX JIEHCTBUTENBHBIX YHCEI, KPOME YHUCET
BUJA

x = w/2 + nk, roe k — nro60e 1eaoe 4ncio.

JTO 03HAYAET, YTO Ha rpaduke PyHKIMHM HET TOUKHU, IPUHAIekKAIEeH MpsMoit X = /2,
6o npsamon X = 31/2, nubo npsamoit X = Sm/2, mubo npsiMoit X = —n/2 u T.x1.

2) O6nactp 3Ha4eHU PyHKIINUU (—00; +00)

3) Oto HeueTHas PyHKLUS.

4) Oto HenpepbIBHas QyHKIUSA Ha UHTEpBase (—m/2; m/2).

5) Orto nepuoauveckas GyHKIMs ¢ OCHOBHBIM nepuojioM 1t (T =)

6) dyHK1Ms Bo3pacTaeT Ha uHTepBaje (—m/2; w/2).

7) @yHKLMS HE OTpaHUuYeHa HU CBEPXY, HU cHU3Y. He nMeeT Hu HauMeHbIIero, HU
HanOOJIBIIEr0 3HAYEHUH.

DyHkuua y = ctg X

['padukom ¢pyHKIMM Y = Ctg X TakKe ABJISETCS TAHTEHCOU/ A (€€ MHOT/Ia Ha3bIBAIOT
KOTAHT€HCOUIOM ).
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R ¥

I
E y=ctgx
T=m
< »
x
-T & 0 T T AT 2T
2 2 2

R R R ]

CBOII"JCTBa ¢pyuxkuum y = ctg X:

A4

1) Oo0acTe OIIPpCACIICHUS (1)YHKI_II/II/I — MHOXXCECTBO BCEX ﬂeﬁCTBHTeHLHBIX YHCCJI, KPpOME YHCCII

BUA

x = 7k, rae k — 1r000€ 11e710€ 9ncIIo.

2) O6nactp 3Ha4eHUH QyHKINU (—00; +00)
3) D10 HeueTHas QYHKIMA.

4) Oto HenpepbIBHAS QYHKLUS.

5) D10 nepuoarueckas GyHKIUsA ¢ OCHOBHBIM nepuozoM 1t (T = m)
6) ®ynkuus yobiBaeT B npomexyTtke (nk; m + nk), rae k — nro6oe nienoe yuco.
7) dyHKIMS HE OrpaHUuYeHa HU CBEpXY, HU CHU3Y. He MeeT HM HauMEHBIIEeT0, HU

HanOOJIBIIIETO 3HAYCHUM.

TekcT 3axanuga:

Mnuooicecmeo 3nauenuii

Al Ornpenenrure MHOKECTBO 3HaYEHUN (HYHKIIUH: 1) [_2;5]; 2) [_7;3]; 3) [2;5]; 4) [2; 7]
y=5c0sx—2

A2 | Haiigute cyMMy LENbIX 3HAU€HUH QyHKIMH 1) 10; 2) 6; 3) 15; 4) 9
y =4-3sin’ x

A3 | Ykaxute Haubonbliee 1enoe 3Hadenne pynkuuun | 1) 3; 2) 9; 3) 2; 4) 8
y =+/21sinx+2cosx—3

A4 Omnpenenure MHOKECTBO 3HAYCHUN QYHKITUU: 1) [1; 4]; 2) [3; 5]; 3) [_3; 5]; 4) [0; 2]
y=4cosx+1

A5 | Haiigure cymmy 1eNbIX 3HaUYe€HUH yHKITIH 1) -10; 2) -15; 3) -5; 4) -22
y=2sin>x—6

A6 | YxkaxuTe HauMeHblIee 1enoe 3Hauenue Gpynkuun | 1) 3; 2) -1, 3) 2; 4) -2
y =~/Bsinx—2cosx+1

A7 | Onpenenure MHOXXECTBO 3HAYCHUN (PYHKLINU:

y=7cosx+1

1) [57]; 2) [-5:9]; 3) [-7:7]; 4) [-6:8]
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A8 Haiigute cymmy nienbix 3HaueHUN QyHKIMH 1) 5; 2) -3; 3) -5; 4) 2

y =2-5sin®x
A9 | Yxaxute HauOobLIee 1enoe 3HaueHne Gpynkuun | 1) —4; 2) -2; 3) 2; 4) 8

y =sin X++/3cosx—4

Al10 | OnpenenuTe MHOXKECTBO 3HAYCHUH (PYHKIIUU: 1) [1; 4]; 2) [_4; _2] . 3) [—6; _2] 2 4) [(); 4]
y=2c0sx—4

All | Haiigute cymmy LenbIX 3HaU€HUN (HYyHKIIUU 1)1, 2) -5; 3) -6; 4) -1
y =4sin® x—3

AI2 | YkaxuTe HauMEHbIIee 1iesioe 3HadyeHne Gpynkuun | 1) —6; 2) —14; 3) 2; 4) 4

y =6sinx—8cosx+4

Heab: ucnonsiys npeobpazoBanus rpadukoB PyHKINU, TOCTPOUTH 3aJaHHYIO (QYHKIIHIO.

Ilpaxmuueckaa paboma Nel7:
[IpeoOpazoBanus rpaukoB TPUTOHOMETPUUECKUX (PYHKITUH

y=-2sin(x+;)-l

y=25in(x+;)+l

| BapHaHT 2 BapuaHT 3 BapuaHT
[TocTpoiite rpaduk [loctpoiite rpaduk [loctpoiite rpaduk
byHKIMH byHKIIMH (GyHKIMH

y=2¢os(x+%)-l

4 BapuaHt

SBapHaHT

6 BapHaHT

. [loctpoiite rpaduk
byHkuuH

y=-2cos (x+3)-1

[locrpoiite rpaduk
byHKIH

y=-2c05(x+%)-1

[loctpoiite rpaduk
GyHKIHH

y=-2sin(x+§)-l

7 BapHaHT

8BapuaHT

9 BapuaHT

. lloctpoiite rpaduk
byHkuuH

y=2cos(x+§)+l

Ilocrpoiite rpaduk
byHKIHH

y=-2sin(x+=)+l

[loctpoiite rpadux
byHKIHH

y=2sin(x+§}-l
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Ilpakmuueckasn paooma Nel8:

Hean:

® 3aKPEINICHUE KIIIOUEBLIX NOHITHH:

apKCHHYCa, apKKOCHHYCa, apKTaHIeHCa U apKKOTAHT€HCA YHCIOBOTO apTyMEHTa;

L4 BbIDa6OTKa IPAKTUYCCKUX HABBIKOB:

B BBIUMCIICHUH OOPATHBIX TPUTOHOMETPUUECKUX (DYHKIIMIA;
B PEIICHUU IPOCTEHUIINX TPUTOHOMETPUYECKUX YPAaBHECHHU;

AKTyajM3auus ONOPHBIX 3HAHMM

1. Yro Has3wiBaeTcs arcsin a? arccosa?  arctg a? arcctg a?
2. Kaxue 3HaueHus MOI'YT HIpUHUMAaTh XU Y g Q)yHKL(HI“d:
y = arcsin X y = arccos x
y = arctgx y = arcctgx
3.

&

Kaxk BeIYmcIINTG arcsin u arctg ot OTpuIaTebHOro apryMmeHTa?
Kax Bbramcinuth arcCos u arcctg ot oTpuiaTeaIbHOro aprymeHTa?

3agaHus 1J151 IPAKTHYECKOi padoThl

1.Beruuncaure:

OO6parnbie TpuroHomerpudeckue Gynkuu. Mx cBoiicTBa u rpaduxu

a)arcsin a, ecu a=%: 10; —%;-1 6) arctg a, ecn a=01;4/3; —ﬁ; -1
B) arccos ., ecim a=%: Lo; —g;-l ryarcctg a, ecmn a=01;/3; —?;—1

2.HaiinnTe 3HaYeHHE KAMKIOT0 BHIPAKEHHUS

a) 3arcsin (— ?j +5arctg0 - arccos[— %)

6) sin(arcctg (— \/§)+ 2arcsin %J

( \/ﬂ S
B) tg| arccos| —— |+arctg —
2 3
. 1)
arcsin —
2
\/5]
arccos —
2
! ( \/EJ
arcsin 5

r) 3tg

) sin

e) ctg

X) Ctg arccos(—%}
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Onpeaesienne 00paTHLIX TPHIOHOMETPHYECKHUX PYHKIHIL.

[Tockonbky TpuroHomerpuyeckue (GYHKUMM MEPHOAWYHBI, TO OOpaTHbIE K HHUM
(yHKIMKM He 0HO3HA4HbI. Tak, ypaBHeHHe Y = sinx, TMpH 3aJlaHHOM , HWMEET
OeckoHEeYHO MHOro KoOpHeii. JlelicTBUTENbHO, B CHJy MEPHOJAMYHOCTH CHHYCA,
€CIIM X TakKoil KOpeHb, TO MU x + 2an (rae n uenoe) Toxke OyaeT KOpHEM
ypaBHeHusA. Takum oOpa3om, oOpaTHbIe TPHrOHOMETPHYeCKHe (YHKUHH
MHOro3uaunbl. YtoObl ¢ HuUMHM ObUIO mpoiie padoTarb, BBOIASAT MOHATHE HX

rIaBHbIX 3Ha4yeHuid. Paccmotpum, Hanpumep, cuHyc: y =sinx. Eciu
OrPaHHYMTH aPryMEHT X HHTEPBAJIOM , TO HAa HEM (DYHKLMA p = SINX MOHOTOHHO
Bospacraer. [loatomy oHa umeer 07HO3HAuHYI0 0OpaTHYI0 (YHKLMIO, KOTOPYIO
Ha3bIBAKOT AQDKCHHYCOM: X = arcsin ).
Ecim  oco6o He oroBopeHo, TO 104 OOpaTHeIMH TPUTOHOMETPUYECKUMH
(GyHKUMAMH MMEIOT B BHAY HX IJIABHbIC 3HAYEHHS, KOTOPbIC ONpeensiorcs
CJIEAYIOLMUMH OTIpeIC/ICHUSMH.
Apkcunye (y =arcesin x )— 910 (yHkuns, obpartHas K CHHYCy (x =siny),
HMeroLas 001acTb Onpe/ie/ieHus U MHOKECTBO 3HAYCHHI .
Apkkocunyc (y = arccos X ) — 310 GyHkuus, oOpaTHas K KOCHHYCY (X = cos y ),
HMeroLas 001acTb onpeie/eHus U MHOKECTBO 3HAYCHHI .
Apkranrenc (y =arctg x - 910 QyHkuus, oOparHas K TaHreHcy (x =tgy),
MMeroLas 00J1acTh ONpeAeIeHNUs W MHOXKECTBO 3HAYCHMIA .
Apkkoranrenc (y =arcetg X - 310 (yHkums, obparHas K KOTaHreucy (x
= ctg y ), uMeroas 06/1acTb ONpeieeH!s ¥ MHOKECTBO 3HAUYCHHIA .
I'padpukn oOpaTHBIX TPHrOHOMETPHYECKHX PYHKIMI.

['papuku oOpatHbIX TpUrOHOMETpHYECKHX (YHKUMIT nonydaiorcs u3 rpadukos
TPUTOHOMETPHYECKUX (PYHKLMIT 3epKaTbHBIM OTPAKEHHEM OTHOCHTENIBHO MPAMOi

y = x. Cm. pazznenst CuHyc, KOCHHYC, TaHreHe, KOTaHIeHC.
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3ananue 3. [locTpoiiTe rpaduku ¢ TOMOIIBIO MPEOOPA3OBAHMIA.

1) y=cosx—1.
2) y:%sinx;
3) y=[2cos;
4) y=ms{x+%J;

3) y:ﬂg[x_g]-

w|n

o N

ol®

w|§

N1

'
-+

—
T

¥ = arccos x

25| e
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Ilpakmuueckasn paooma Nel9:
VYpaBHeHue cos X = a. YpaBHEHHUE Sin X = a. YpaBHEHHE tg X = a, ctg X = a.
Pemmenne TpuroHOMeTpHUECKUX YPaBHEHUH OCHOBHBIX THUIIOB: TIPOCTECHUIIINE
TPUTOHOMETPHUUYECKUE YPaBHEHUS, CBOJIAIINECS K KBAJAPAaTHBIM, PEIIaeMbIe

Pa3Jd0KCHUCM Ha MHOXHUTCIINU, OOHOPOIHBIC.
Leab: : HAyYUTHCS peniaTh NPOCTEUIINE TPUTOHOMETPUUECKHE YPAaBHEHUS U HEPABEHCTBA.

AKTyaju3anusi ONOPHBIX 3HAHUM

e Kakue ypaBHEHHs Ha3bIBAIOTCS IPOCTEUITMMU TPUTOHOMETPUYECKUMHU?

o Kaxkue 3HaYCHUsI MOKET IPUHUMATH YHCIIO & B YpaBHEHHsX SiN X=a u COSX = a?

e Kaxkue 3HauCHHSI MOKET MPUHUMATh YUCIIO & B ypaBHEHMsX tgx=a u ctgx=a?

e Kakue ciayyan B TPUTOHOMETPUUECKUX YPaBHEHUSAX Ha3bIBAIOTCSA YaCTHBIMU?
CKOJIBKO pelIeHU UMeeT TPUTOHOMETPUYECKOE ypaBHEHUE?

e (OCHOBHBIE THUIIBI TPUTOHOMETPUYECKUX YPABHEHUH.

e AITrOpUTM pelIeHus] YpaBHEHUH, CBOAALIMXCS K KBaJPATHBIM.

e Kakue ypaBHEHHs Ha3bIBAIOTCS OJTHOPOJHBIMU? AJITOPUTM pEILIEHHs OHOPOIHBIX

YpaBHEHUH.

Pemenne npocreiillinx TPHrOHOMETPHYECKHX YPABHEHHIi

Tabaunual
Ypaenenue Obwee pewerue Yacmuuwie cayuau
a=-1 a=0 a=1
smx=a =(=1)" arcsi xX=m P
5 x=(-1) arcsma+m .’(Z—E—i-zfm e am
la| <1 2 2
CoOsx=da, x =*arccosa+ 2/m x=m+2m T x=2m
X=—+m
la| <1
= x= ; X =7m 7
tg x a x =arciga +/m e Fo x_ghm
a € (-o0;x)
[ = — iz 7
ctg x a X =arcctga +m x="Tm =T m . }mi
ae(—om;w) 2

3agaHus N8 NPaAKTHYEeCKOH padoThI

1.PemuTe npocreiilme ypaBHeHUs!:

J2

a) sin2x =-1; r) coslx:__;
3 2

0) cos(x+%j:0; ) tg(XJr%j:(_\/g);
B) ctg(Zx—%j:o; e) sin 3x :g

2.PemmnTh ypaBHeHHUSI:
a) 6sin®x—5sinx+1=0
6) 11-16sin”* x+16cos’ x =0
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B) SinX—cosx =0

r) 2¢0s” X —3sin Xcos X +sin’x =0
1) C0S3X—Ccosx =0

e) sin2x—cosx=0

BapuanT Nel

1. Pelunte ypaBHenue: 2cosx = 32@

1)(—1)"%+1m,n€2 2)&:%+1rn,n€Z
m,Tn n
3)4+2,n€Z 4):!:4+27m,n€Z
2. Pewmre ypasHenue: tg(m — z) + V3=0.
1)%+7rn,nez 2)%+7m,n€2
3)-135+21m,neZ 4)%+27m,neZ

3. Pewmnre ypaBHeHHe: sin(—g-) .z % =0.
1):!:%+21rn,n€Z 2):t%+21rn,n€Z
3) (—1)“% +mm,ne€Z 4) (—1)"?—;- +2mn,neZ
4. Pewnte ypaBHenHe: 2008(% = :c) —-V2=0.

1) (—1)"%+21m, nez 2)%+21rn, nez

3)iir- +2mn,ne€Z 4),(—1)"% +7mn,n€Z

107



5. Haiinure pelnenns ypasHenns: 2tg? z =

1)-752’-1,1162

3)3mn,ne Z

1
T

2)%+7rn,nEZ

4)m, neZ

6. Hafinure peuienust ypaBHeHHS: ctg(-"ix - 7r) =2,

1)%+2n,n€Z

3)—%+n, nez

7. YKaXXuTe HaHMEHbILIHH MTOJIOXKHTEJIbHBIA KOPeHb YPaBHEHHS

in & pl—g) = =t
sin 3 tg(—z) 7

1)§ 2)%

8. Tpn Kakux 3HayeHHsiX T 3HaveHue QyHKuMH f(z) = 4sin

pasHo 0?

l)mn, n€ Z

2

2):!:—;—+n, nez

4)%+%,nez

3) "{T"'

2) (—1)"% +7mn,ne€Z

3):h%+1m, neZz 4)(—1)"%+21m, nez

Bapuant Ne2

1. Pewmnre ypasnenue: 3tgz = /3.

1)-76-r-+21m,n€Z
3)%+1m,nGZ

2. Pewnre ypaBHeHue: cos

V|8

l):!:ggzr- +4m,n€Z

3):!:%+27m, nezZ

2)&% +mm,n€Z

4)%+1m,n€Z

N

2):h%+21rn, nez

4) (—1)"% +7mn,n€Z

e e

-cosg—l
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3. Pewmre ypastenue: 1 + sin(r — z) = 0.

1)—-72£+27rn,n€Z 2)%+27rn,n€?
3):!:-121+21rn,n€Z 4)%+1rn,n€Z

4. Hafinute peluenus ypaBHenus: ctg?z = 1 — Ei—nl"’;'
1)%+21m,-n€Z 2)Zr2—+1rn,n€Z
3)?,1&62 4)m™m, n€ Z

5. Haiinute pelienus ypaBHeHus: 4cos§-sin(12"- = a:) = —/3.
)L+, nez 2)ﬂ:-561+21m,n€Z
3):t§ér-+1rn,n€Z 4):!:%+21rn,n§Z

-~ -~

6. YKaxKuTe HaHMMEHbIUHH TMOJIOXKHTENbHHIN KOpPeHb YPaBHEHHs
cos T ctg(—x) = —/3.

D § 2% 93 a5
7. TIpH Kakux 3HaueHusX = 3Havenue pyHkumn f(z) = 8sin % cos % - 2V/2
paBHo 0?

1)£3T +3mn, n e 2 | 2) (-3 4. 30 n ez

3)(-1)"E + 1’:-,:1‘- nez 4(-1r¥im,nez

8. Ykaxckure abcuuccsl Toyek nepeceyens rpadHkoB GyHKUHHA
f(z) =2tg?z +sin’z, g(z) =1+ tg?z — cos? z.

1)4mn, n€ 2 2)12’-‘,nez
), ne Z 4)/2rmn, ne Z
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Ilpakmuueckasn paooma Ne20:

[Ipocreiiire TPUTOHOMETPUUECKIE HEPABEHCTBA
Heﬂb.' Ompaﬁomamb HAGLIKU U YMERUA 6 peuleHuUu mpuZoOHomempu4eCKux Hepasencmae

1. Pemenne TpMroHOMeTPHYECKHX HEPABEHCTB

3amaua 1.

PemmnTn HepaBeHCTBO COS X > 1/2.

Pewenue.

[To ompeneneHuio KOCHHYcCa COS X — A3TO alcHucca TOYKH EAMHHUYHON OKPYXKHOCTH. UTOOBI
pELIUTh HEPABEHCTBO COS X > 1/2, HY)KHO BBIICHHTH, KaKh€ TOYKM €AWHUYHOW OKPYKHOCTHU
uMerT abcuuccy, 6ombiryro 1/2.

AOGcmuccy, paBHyIO 1/2, IMEIOT IB€ TOUKH €UHIUYHON OKpyKHOCTH M1 11 Mo.

Touka M1 nony4aercs moBopotom Touku P (0; 1) Ha yron -n/3, a Takke Ha yrisl -n/3 + 27nn, T1e
n=+/-1, +/-2, ...; Touka M2 — mOBOpOTOM Ha yroi n/3, a Takke Ha yriibl /3 + 27n, rae n = +/-1,
+-2, ...

Abcuuccy, 6onparyio 1/2, IMEIOT Bce TOYKHM M IyTH eTMHIUYHON OKPY>KHOCTH, JIS)KAIIHE ITpaBee
npsimord M1Ma. Takum o6pa3om, pelieHusIMU HEpaBEHCTBA COS X > 1/2 SBISIOTCS BCE YMCTA X U3
npoMexyTka -m/3 <x < /3.

Omeem. Bce peuwienus 0aHH020 HEPABEHCM A — MHOMCECME0 UHmMepeanos /3 + 2xn < x < n/3
+27n, N €Z.

3anaua 2.

Pemuth HepaBeHCTBO COS X < 1/2.

Pewenue.

Ablcmuccy, He Oosbiryto 1/2, umeroT Bce Toukd aAyrd MiMM2 eaMHUYHON OKPYKHOCTH.
[TosTOMy pemieHusIMH HepaBeHCTBAa cos X < 1/2 sBisAOTCA 4Hchaa X, KOTOpbIE MPHUHAIJIEXKAT
NpOMEXYTKY 1/3 < x < 5m/3.

Omeem. Bce pewenua oannozo nepagencmea — mHoxcecmeo ompesxkog n/3 + 2an < x < 5a/3
+27n, N € Z.

3anaua 3.

Pemuth HepaBeHCTBO Sin X > -1/2.

Pewenue.

OpauHaty, He MeHblIyl0 -1/2, uMmeoT Bce TOUKM Iyru MiMM: eIMHUYHON OKpYKHOCTH.
[TosToMy pemieHusIMM HepaBeHCTBA sin X > -1/2 sABIAIOTCS uucla X, MpUHAIJIEXKAIINEe
NPOMEXYTKY -1/6 < X < 7m/6. Bce penienns JaHHOTO HEpaBeHCTBa — MHOKECTBO OTPE3KOB -1/6 +
2in <x <7m/6 + 2nn, n € Z.

OTMeTnM, 4TO BCE TOYKM OKPYKHOCTH, JEXKAIIHE HIKE NpaMod MiMpz, nMmeroT opauHary,
MeHbIyIo -1/2. TloaTomy Bee uncna x € (-51/6; -/6) ABIAIOTCS pEIICHUIMUA HEPaBEHCTBA Sin X <
-1/2.

Omeem. Bce pewenus 3mozo nepasencmea — unmepeanst (-57/6 + 2zn; -n/6 + 2an), N € Z.

3agaua 4.

PewnTh HepaBencTBo COS (X/4 — 1) < -(V2/2).

Pewenue.

OGosmaumm x/4 — 1 = y. Pemas mHepaBenctBO cos y < -(V2/2), Haxomum
3n/4+ 2 <y<5n/4+2nn,n€ Z.

3amensis 'y = x/4 — 1, momywaem 3m/4 + 2nn < x/4 — 1 < 5n/4 + 2mn, oTkynma

1+3n/4+2mn<x/4<1+51/4+2mn, 4 +3n+8mn<x<4+5x+8nn,n€Z
Omeem. 4+ 3x+8man<x<4+5x+8an,n €.
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1. Pewmume mpuzoHomempuuecKue Hepasencmea

1) sin2x < %;
?T
¥ : *  _r < .
2) 2sin (d .'r) < V'E,
3) cos’ x> %;
4) -2 <tgx < 1;
5) 2sin?x - 5sinx + 2 > 0;
sinz + costz > ﬁ

6) 2’

7) ctg?x - ctgx - 2 < 0;

8) sin2r — 3 oos 2 > /2

2tgx + 1 > 2
9)l+tgr tgr

10) 4sinxcosx(cos®x - sin?X) < sin6x;
11) sinxsin3x > sin5xsin7x;

12) sinx + sin2x + sin3x > 0.

Ilpakmuueckasn paboma Ne 21
@opMyJibl CHHYCA CYMMBI U Pa3HOCTH, KOCHHYCAa CYMMbI U Pa3HOCTH

Iesn: 0TpaboTKa yMEHUI U HABBIKOB PEIICHUS YIPAXHEHUH Ha IPUMEHEHHE (POPMYIL.

Dopmynel
1) sina+sinﬂ:251na+ﬂ,cosa;ﬂ
2) Sina—sinﬁ:2c05a+ﬂ.sina;ﬂ
3) cosa+cosﬁ:2cosa;5,cosa;ﬂ
4) cosa—cosﬁ:_zsina+ﬂ,sin0’;3
sin(o +
5) tgatrgf= (2£5)
cosa -cos
sin( B+ a
6) ctgaictgﬂ:L
sine -sin S
Bapuanr 1

1. Beruuciaurs:

sitn T0° + sanl 0°

1) cas 0% - cosll”
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2y 1% 18

2. Berunciure TOUHOE 3HAUYCHHE Pa3HOCTH CUHYCOB 165 1 75 rpamaycos.

3. JlokasaTh TOXKIECTBO:
sina + sin3a

=tg2a
cosa + cos3a g

Bapuanr 2

1. Berauciaurs:

sl 0% + sin =0

1) cosil® — cosl0®

1y 0w
S —— — 8t —
36 36
INEy T
008 —— — 08—

2y 36 36

2. Beraucnure TouHOE 3HaUYeHUE cyMMbI KocuHycoB 105 u 75 rpamycos.

3. Jloxa3ath TOXIACCTBO:
sinZ2a + sinda

= ctga
cos2a — cosda g

Ilpakmuueckasa paboma Ne 22
TaHreHc cymMMbI U pa3HOCTH

Lenp: U3yunth popMyiel TaHT€HCa CyMMBI U Pa3HOCTH apryMeHToB. PaccMoTpeTh
MPAKTHYECKOE MPUMEHEHHUE TaHHBIX (GOpMYIL.

TeopeTnyeckast 4acCTh:

IToBTOpHM.

1) Yro Takoe TaHreHc?

2)Kak oH cBs3aH C CHHYCOM U KOCUHYCOM?

3)Mo>kHO JTu BBIBECTH (DOPMYJIBI TAHTEC CYMMBI U Pa3HOCTU apTyMEHTOB, 3Hasi POPMYJIIbI CYMMBI
Y Pa3HOCTH apryMEHTOB CHHYCa U KOcuHyca?
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_ tgx+tgy
 1—tgxtgy
) lox—tgy
 1+tgxtgy

tg(x+y)

tg(x -

IIpumep 1.
tg75°

Brrauciautb

tg75° = tg(45° +30°)=

tg45° +tg30° 1, V3 3+3

= 3 _
1—tg45°tg30° o= 3-8
1-1.Y°
3
MNpnwmep 2. Buumcnmte: g1 5
PelweHue. o o
19150 = (glas" —300)= &4 ~1&30
1+17g45 1g30
|3
3 343
IRIRCRRERRE
3
Mpumep 3. BbIY4MCNUTE: fg270 +1g1 8’
1-1g27°tg18°
PelueHue.
tg27° + 1218’
= 1g|27° +18% )=
1-1g27" 118" gl +18')
=1g45° =1
Ne 1 Bapuant Ne 2 BapuaHT
1. Boraucaurs: tg(a + f)
1 fog = 1 Lol = 2 1 fog = 1 Lol = 2
ecJau ga—s,g[)’—3 ecJu ga—g,g[f—3
2. Boruucmuts: tg(a + ), unn tg(a — B)
2 | Borancmnts tg75° 2 | Berancomrs £g15° .

3. YmpocTturts
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3 | tg9,04°-tg2,02° 3 tg9,2° —tg0,12°
1+t99,040-tg2,020 1+4+tg99,2°-tg0,12°

4 | tg12° +¢tg33° 4 | tg5° +tg25°
1—tg129-tg330° 1—tg5°-tg25°

5 | tg11°+tg19° tg65° — tg5°
1—tg11°-tg199 14 tg659-tg5°

Ilpakmuueckasn paboma Ne 23:
dopmyIbl cHHYCa, KOCHHYCa, TAHTEHCA IBOMHOTO yTiia

Llens:
TeopeTnueckas 4acCTh: ) o _
sin 200 =2 sin & COs o; .
cos 20.=cos* o.—sin® a; 2
2tga n ® nk
tg20=——s—, aF-+nk, AF—-+—,
g —tg'n #* 5 + # 2t 3
ctg?a—1 nk
ctg 200 = ———, oFE—.
8 2ctg o * 2
N3 dpopmysl (2)

cos2a=2cos? a—1;
cos 20.=1—2sin?a,
[Tpumep: 1

BeiuucauTs cos 20, ecau cos o = 0,3.

Ucnonsays dopmyny (2) ¥ OCHOBHOE TPUTIOHOMETpHUYE-
CKOe TOXXJAECTBO, MoJjiydaeM

cos 2a = cos? o — sin? o = cos® o — (1 — cos® @) =
=2cos’aa-1=2-(0,30°-1=-0,82. -
[Tpumep:2 Ucnonwiys hopmyny (1), momyuaem
o o o o 1
2sin15 - cos15 =sin(2-15) =sin30 = 3
2. Ucnonw3ys Gopmyiy (2), nosyyaem
o o o o 3
cos?15 — sin?15 = cos(2-15") = cos30 = -

3. Ucnonw3ys dopmyny (3), momydaem
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2tg15°
1—tg?15°

4. BbIYUCIUTE:

=tg(2-15) =tg30" = —

1 BaApUAHT R ' \‘\\\\\‘\\\\\\‘

2sin 30° cos 30° ? 2sin 45° cos 45° i
cos? 45° - sin? 45° 0 cos? 30° - sin2 30° =
[ 2cos?30°-1 = 2 cos*15° - ]
2
/ 2sin= cos< vz Zsm— cos—— 1
) 8 8 2 12 >
/ cos? = _sin2 = V3 cos?— - sin E V2
/ 12 12 2 “ 2
/7779772001111111111171 . “IHW

Ilpakmuueckan paboma Ne24.
dopMyITbl TOHMKEHHSI CTETICHH, WK (DOPMYJIBI IOJIOBUHHOTO YTJIa

Ilenb: oTpaboTka YMEHHMH W HABBIKOB peUICHUs YNPaKHCHUIN
npuMeHeHue HopMYyII.

Dopmynbl
.20 1—cosa
1) sin® —= -
2 2
, o  l+cosa
2) cos® —= -
2 2
s ,a l—cosa
3) tig°—=
2 licosa

a sinag 1-cosa

2 l+4cosa sina

, o l1+cosa
5) ctg’ = =
2 l-cosa
o sin@ | +cose
6) ctg — = =

2 l-cosa  sina

Bapuanr 1
o i
1. HaiiTi uMCII0BOE 3HAYEHHE BHIPAKEHHS: 2C0S> P 1
s a
2. ITycth COSa. = 0,6 n 0<a<5. Boraucnuts: tg >

3. YOpoCTUTh BBIpaKEHUE:
) 1—cosa

sina

) 1-cos2a+sin2a

1+cos2a+sin2a

Ha

115



Bapuanr 2
) . s
1. HaiiTu 4ncioBoe 3HaueHue BhIpaxeHus: 1 — 2sin? o
s a
2. ITyctb COSa = 0,6 u 0<a<5. Beruuciauts: ctg 3

3. YHpOCTI/ITL BBIPAXCHUC!
) sina

1+cosa

1+cos2a+sin2a
2)

sina+cosa

Ilpaxmuueckasn paboma Ne25:.
®opMyJIbl CyMM TPUTOHOMETPUYECKUX (PYHKIUI
Ileny: oTpaboTKa YMEHMII W HaBBIKOB pELICHUS YHNPaXKHEHUH Ha
npuMeHeHue Gopmyil.

Hns HaxoXHeHWs TPHrOHOMETPHYECKHX (YHKIHHA CyMMBI H PasHOCTH /1BYX
APryMEHTOB TPHMEHSAIOTCA CleAyIouMe (QOPMYIIBL:

sin (o + B)=sin acos  +cos asin f; (9.34)
sin (o— B)=sinacos p—cosasin f; (9.35)
cos (et + B)=cosacos B—sin asin B; (9.36)
cos (e — B)=cos cos B+ sinasin B; (9.37)
+ n n
te(o +B)——§-—-—f-% ats(k+1) P52k +1) teatghrl; (038
tga—t |
tg(u—B):-l—g_*j?%, a¢§(2k+l), ﬁ¢§(2k+1), tgatgf#—1;
(9.39)
ol
ctg(a-&-ﬂ):%?;;——%——w, a#nk, B#Enk, a# —B+nk; " (9.40)
t 1
ctg(a—ﬁ)=£cttg;~—-§:%%, asnk, Bk, akp+uk. (9.41)
Bapuanr 1
YpoBens A

1. Beruucnure:
1. cos98° cos 53° + sin 98° sin 53°;

2. sin56° cos 26° — cos 56° sin 26°;
. 8m 61 . 61 81
3. sin—cos— + sin—cos —;
7 7 7 7
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4. cos3acos2a — sin 2a sin 3a.

Yposens b

o T 3 3T
2.Hatigure cos (a =+ Z)’ €CM COSa = —_UT <a< -

Bapuaurt 2

Yposens A

1. Beruucnure:

cos 529 cos 22° + sin 22° sin 52°;

sin 134° cos 44° — cos 1349 sin 449°;

107,

101 81 . 8m .
COS—COS— — SsIn—sSsIn——,
6 6 6 6

> W e

sina cos 3a — sin 3 cos c.

Yposens b

o T 15 m
1. Hatimute cos (a - g), ecI cosa = — — U~ <a<Tm.

Ilpakmuueckasn paboma Ne26:

®opMyIibl TPOU3BEACHUN TPUTOHOMETPUUYECKUX QYHKUIUN

IPEOGPA3OBAHUE NPOU3BEAEHUA
TPUTOHOMETPUYECKUX ®YHKUNIA B ANTEGPAUYECKYIO CYMMY

sin o cos B = %[Sin (0. + B) + sin (o — P)I;
cosacos f} = % [cos (o + B) + cos (o — B)];

sinasin = % [cos (o — B) — cos (o + B)]-

1 BapuaHT

BcraBp HenocTatomue 4actTi GopMyIibl:
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| | cos(z| - |y)| - |cos(z+y)
S T - 81N Yy — ;
2
2 OHpeI[eHI/ITe, HNCTUHHO WUJIM JIOKHO JaHHOC PABCHCTBO!
28in 37" -cos 16° = sin 53" + sin 21"
3 [IpeoGpasyii IPOU3BEIEHHE B CYMMY:
sin 145 - cos 48.
4 | TpeoGpasyii mponssezenne B cymmy: Sin2a-cos15a
5 | [IpeoGpasyii nponssenenne B cymmy: SING4°-sin31°.
2 BapuaHT
1 BcTaBb HEIOCTAMOIME YaCTH (POPMYJIBI:
cos(x+y)+cos(x—y).
COSX-COSy =
o | OmpenenuTe, HCTUHHO HIIX JIOXKHO JaHHOC PAaBCHCTBO:
25in46°-c0s18°=sin64°+sin28°
3 | [Ipeobpasyii npousBeieHHE B CyMMY SiHZOB'COSSB
4 | TlpeoGpasyii npoussenenue B cymmy SinZa-cos13a.
5 | [IpeoGpasyit mpoussesieHne B Cymmy sin56°-sin33°.

Ilpaxmuueckasn paboma Ne27.

Onucanue npou3BOACTBEHHBIX MPOLIECCOB ¢ MOMOIIBIO rpadMKOB (PYHKIUH.
Hcnonb3oBaHne CBOMCTB TPUTOHOMETPUUECKUX (PYHKIIMI B Ipo(hecCHOHATbHBIX

3aJgadax

HeJ’IBI BBISIBUTH CBSI3b TPUT'OHOMCTPHUYCCKUX (byHKI_II/Iﬁ C SBJICHUSMU OKPYIKAKOIICTO MHUpa
n HpaKTquCKOﬁ JACATCIIBHOCTBIO YC€JIOBEKA, IT0Ka3aTh, YTO JAaHHBIC (i)YHKHI/II/I HaxoJuT HIUPOKOEC
MMPUMCHCHHUC B )KU3HMU.

TeopeTnueckas 4acCThb:
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PeanbHble mpoliecchl OKpYXaromiero Mupa OObIYHO CBSI3aHBI C OOJBIIMM KOJIMYECTBOM
IIEPEMEHHBIX U 3aBUCHMOCTEH Mexay HMUMH. OnucaTh 3TH 3aBHCHUMOCTH MOXHO C IOMOILBIO
byukuuii. [lonsitne «(hyHKUMS» CHITPAIO W TOHBIHE HrpaeT OOJBIIYI0 POJb B MO3HAHUH
peaabHOro MHpa. 3HAaHWE CBOWCTB (DYHKIUH TO3BOJISET HOHATH CYTh MIPOUCXOASIINX IPOIIECCOB,
npelcka3aTb XOJ HX pa3BUTHA, YIOPaBIsATh UMU. B  nmaHHO#l pabore paccmarpuBaercs
NPaKTUYECKOEe MPUMEHEHUE TPUTOHOMETPHUECKUX (DYHKIIUH.

Tpuronomerpust — pasfesl MaT€eMaTUKU, B KOTOPOM H3Yy4YarOTCsl TPUTOHOMETPUYECKHE
(GYHKIMU ¥ UX TPUIOKEHUs K TeoMeTpur. CIOBO TPUTOHOMETPHUSI COCTOUT U3 JABYX I'PEUECKUX
CJIOB: trigwnon - TPEYrojlbHUK W Mmetrew - U3MepsATh U B OYKBAaJILHOM IIE€PEBOJIE O3HAYAET
U3MEpeHUe TpeyroibHUKOB. Kak W Bcskas jpyras Hayka, TPUTOHOMETPHsI BO3HHUKIIA B
pe3ynbTaTe YeJI0BEYECKON IPAKTUKH B MPOLECCE PEIICHUS] KOHKPETHBIX IPAKTUYECKUX 3a]1a4.

2) O003HaYbTE TOYKY MEPECCUCHUS MPSAMBIX U TOUKH TEPECCUEHUS OTBeTHI:
MPSIMBIX U TIJIOCKOCTH.
1. Toukn
>< MIPUHAICIKALINC
INIOCKOCTH
2. Toukn

HC IIPpUHAJIC)KAIIUC
IIJIOCKOCTH

[Tpuctynast K HalMCaHUIO JaHHON pabOThl, Mbl CTOJKHYJIUCH C IPOTHUBOPEUUEM MEXKIY
UMEIOIIMMUCS TEOPETUYECKUMH 3HAHUSAMH 110 JJAHHOW TeME M OTCYTCTBHEM ITOHMMAaHHUS TOTO,
I71€ B PEaJbHOM U3HU MOXHO BCTPETUTHCA C (PYHKIMOHAIBHOM MOJENbI0, U KaK 4YeJOBEK
UCTIOJNIB3YET CBOMCTBA TPUTOHOMETPHUYECKUX (DYHKIIMI B CBOCH MPAKTUUECKON ESTETBHOCTH.

OObeKT Halero HUCCIIEOBAHUS - TPUTOHOMETPUYECKHE GyHKIMY; TIpeaMeT
UCCIIEJOBAaHHS - 00JIACTH UX MPAKTHYECKOTO MPUMEHEHHSL.

B pazpadorke!!!

Ilpakmuueckasn paooma Ne30:
AKCHOMBI CTEPEOMETPUH U UX MPOCTEUIINE CIICICTBUS

Ieap padorpi: 3akpenuTh 3HAHUE AKCHOM CTepeoMeTpuH. [loka3aTh CIEACTBHS U3 aKCHOM
crepeomerpun.  [lpomomxuts  GopmupoBanue  rpaduyeckod  KyJAbTyphl — ydalluxcs,
oopmiieHne KpaTKo# 3amucu TeopeM. Pa3BuBaTh MpOCTpaHCTBEHHOE MBIIIICHHE yYaluXcs

ﬂeﬂb: O606H_ICHI/IC U CHCTeMaTHU3allusl 3HaHUM yHamuxcs, NOJTYUYCHHBIX ITPU U3YYCHHUU TCMBI.

XoJ1 paboTBHL.
1) Kakue gurypsl B crepeoMeTpiH SIBISIOTCS OCHOBHBIMU?

3) OObsicHUTE, TOYEMY IITATUB UMEET BCETO TPU TOUKH OTOPHI?
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4) YeThIpe TOUKH HE JIeXkKAT B OJTHON TIIOCKOCTH. CKOJIBKO TUIOCKOCTEH MOKHO IMPOBECTH Yepe3
TpOMKHU 3THX Touek? CrenaiiTe pUCYHOK.
Pewenue:

5) JlokaxxuTe, 4TO BCE BEPILUHBI YETHIPEXYTOJIbHUKA MPUHAJICKAT OJHOM IMIIOCKOCTH, €CIIN
BBITOJIHAETCS OHO U3 CIEIYIOIINUX YCIOBHM:
1. AMaroHanyu 4eThIpeXyrojibHUKa MEPeceKaroTCs;
2. mepeceKaroTcsl POI0JKEHUS ABYX €r0 HECMEXHBIX CTOPOH.
Jloka3aTenbCTBO:
1.

6) Ctomnsip mpoBepsieT, JIEKAT JIM KOHITBI HOXKEK CTyJIa B OJHOM IIOCKOCTH, MPU MTOMOIIH JIBYX
HUTEM.
O0BACHUTE, KaK OH 3TO Jenaer?

Pemenue:

7) Ha niiockoctu 0L otMeuens! Tpu Touku A, B, C, He nexarue Ha ogHol npssmoid. Touka D He

NPUHAIICKUT IIOCKOCTH OL. Otipenenute, siBhsercs i 4eTbipexyrodsHIK ABCD Tpanenneii.
Pemenue:

BelimmonauTe TecCT:
AKcHoMbI cTepeomeTpuu. Pemenne 3agauy.
1. OcHOBHBIMM (PMTYpPaMH B IPOCTPAHCTBE ABJISIIOTCH
A) TpeyroJIbHUKH
b) miiockoctu
B) Touku, npsimble ¥ IJIOCKOCTH
I') MHOTOTrpaHHUKH
2.11pensio:xkeHue, KOTOPoe NpUHUMAaeTCs 0e3 10Ka3aTeJbCTBA.
A) Teopema
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b) nemma

B) akcnoma

I') cnencrBue

3.Kakue u3 1aHHBIX YTBEP:KIeHU He BepHbI? 3anuumuTe UX HOMepa.

1. yepe3 Tpu TOUKH, HE JIEXKAIIUE HA OJHOM MPSMON, MOKHO IPOBECTHU IJIOCKOCTh, U IPUTOM
TOJIBKO OJIHY.

2. yepe3 TpU TOUKH, JISKALIUE HA OJHOMN NPSAMOI, MOKHO IIPOBECTH INIOCKOCTh, U IIPUTOM
TOJIBKO OJIHY.

3.ecnu 1Be pa3InyHbIE IPSIMbIE UMEIOT OOIIYI0 TOUKY, TO YEPE3 HUX HEJb35 IPOBECTU
IJIOCKOCTh

4.IIpsiMble KOTOpPbIE He JIeKAT B OIHOM IJIOCKOCTH M He IepeceKalTcsl Ha3bIBAKOTCH.
A) CKpeluBaIUMUCS.

b) [lapannenbHbIMHU.

B) nepecekaromumucs.

I') nepnen UK yISIpHBIMU

5.Pa3jaes1 reomeTpuM, B KOTOPOM (PUIYpPbI H3y4aKOTCH B IPOCTPaHCTBeE.

A) miiaHumeTpus

b) crepeomerpus

B) Tpuronomerpus

I') reomerpus EBkimma

6. Kaxkue u3 1aHHBIX yTBep K/IeHU BepHbI? 3anummTe X HOMepa.

1.Yepes aBe m00ble TOUKH MOXKHO MTPOBECTU MPSIMYIO U TOJIBKO OJHY.

2)Uepes npsMyI0 U He JIeXkKalllylo Ha HEW TOUKY MOKHO IPOBECTH IIJIOCKOCTD , U IPUTOM
TOJIBKO OJIHY.

3) IlnockocTh U He JeXxalas Ha Hell mpsiMasi IepeceKaroTcst 1o NpSIMOi.

T)IIpsiMble KOTOPBIE J1€KAT B OHOM IVIOCKOCTH M He NEePeceKalTCs Ha3bIBAKOTCS.
A) cKpelmuBarOIIMMHUCS.

b) IapamienbHbIMU.

B) nepecekaronmmucs.

I') neprieH IuKyIIpHBIMU

8) IIpsiMast ¥ IJIOCKOCTH HA3BIBAIOTCH Napa/IeJIbHbIMH

A) eciii OHU HE TIEPECEKAIOTCS, TO €CTh HE UMEIOT OOIINX TOYEK

b) ecnu onu nepecekaroTcs

B) ecnu o umeroT 001IME TOUKH

I') ecmu oHM HE UMEIOT OOIITUX TOYEK.

9) li1a1 Ka:ka0ro 0003HaAYeHUs Haliiu HA3BaHHe

O06o3HaueHne Ha3BaHHE

A)alls 1) nepneHIuKyIsIpHOCTD MPSMBIX
B)a Ns 2) napajuieabHOCTb MPSMBIX
B)a=8 3) nepecedyeHue MPsIMbIX

INa+s 4) paBE€HCTBO MPSMBIX

5) ckpelrBaroIuecs IpsMbie
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Ilpakmuueckasn paooma Ne31:

OHpC,ZIeJICHI/IG 1 CBOMCTBA IMapaJuICIIbHOCTHU IIPAMBIX, HpHMOﬁ H IINTOCKOCTH

HCJILZ IIOJIYYNTH HABBIKU PCIICHUSA 3a4a4 Ha MapalJICJIbHOCTD IIPAMBIX B IIPOCTPAHCTBE
Teopernueckuii Marepuaj:

I[Be MMpAMBIC B IPOCTPAHCTBC HA3BIBAIOTCA MapaJdJe/JIbHbBIMHU, CCJIN JICKAT B OI[HOﬁ IIJIOCKOCTH U

HE ICPECCKAIOTCA.

[MapannensHocTs npsaMeix @ u b 0603HauaeTcs Tak: albumbll.
Teopema 1. Uepes nBe napaiebHbIe MIPSMbIE MOKHO HPOBECTH IIIOCKOCTh, U IIPU TOM TOIBKO

OJIHY.

Teopema 2. UYepe3 mo0yi0 TOUKY MPOCTPAHCTBA BHE JAHHOW MPSMOM MOXHO TPOBECTH
NPSMYIO, APAUICIBHYIO JAHHOW MPSIMOU, M TIPU TOM TOJIBKO OJTHY.

Teopema 3. Eciu onHa U3 JBYX NapajUIeNbHBIX MPSIMBIX IEPECEKAET JaHHYIO IIIOCKOCTb, TO
U JIpyras npsMas nepecekaer 3Ty MJI0CKOCTb.

a
“b

Bcé MHOXKECTBO MpsAMBIX B MPOCTPAHCTBE, KOTOPBIE IMApaJUICIbHbl JaHHOW MIPSIMOM,
Ha3bIBACTCS MYYKOM NMApPaJIeIbHBIX NPAMBIX.

BoiBoabI:

1) JIroOble 1BE MpsIMBIE TTyYKa MapauICIbHBIX MPSIMBIX MapaJIeIbHBI MEKIY COOOH.

2) [TapanienbHOCTH NPSMBIX B IPOCTPAHCTBE NMPUCYIA TPAH3UTUBHOCTD: €CIIN albubliC, o @

le.
IIpuBenem npumMep pelieHus 3a1a4u:
Hano: M - cepenuna BD; N - cepenuna CD; Q - cepequna AC; P -
cepenuna AB; AD =12 cm; BC = 14 cM (puc. 5).
Hatitu: PMNQP - ?

Pentenue:
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1. MN || BC o coctaBy cpeaneit muaun = MN || PQ; PQ || BC.
2. PM || AD 1o cocraBy cpeaneii muauun = PM || QN; NQ || DA.
3. ITo onpenenennto MNQP - mapamtenorpamm.
4.PQ="7,PM =6 = PMNQP = 2(7 + 6) = 26.

OrtBeT: 26 cm

Iopsiaok BbInOIHEHHS Pa0OThI:

1. IIpounTaiite 3anaqy.

2. 3anumuTe yCIoBUE 3aa9u

3. [Tpucrynaiite k pacueram

4, CnenaiiTe BEIBOJ O TIPOJICTIaHHOW pabOTe U OIEHUTE ceOst

3ananme 1. Yka3aHbl yclIOBUE M PHCYHOK K 3ajjaue. 3aluIInTe pemeHue. (1 6ann)

c
Oauo:
,«‘/\ A ABC,
‘/?/,‘/ /‘/ ABea,Cea,
—~f AM = MC,
CN = NB.
A e,
) e [okasats: MN || a.

3apanme 2. Cropona AC tpeyronbHuka ABC mapasienbHa miockoctu a , a ctoponsl AB u BC
NepEeCeKaroTCsl ¢ 3TOM MmiIockocThio B Toukax M u N. [lokaxure, uro tpeyroipHuku ABC u
MBN nono6usl. (1 6ann)

3aganue 3. Ha croponax AB u AC tpeyronsHuka ABC B3sTbl cooTBeTcTBeHHO TOUkM D n E
tak, 4yto OE = 5 cm u BD = 2/3. IInockocts a npoxoaut yepe3 Touku B n C u mapamiensHa
otpesky OE. Haitnure nimuny otpeska BC. (1 6ann)

3aganue 4. Haiinute AAi,ecnu BB1=12cm, MM1=8cm. Uepes koHer A oTpe3ka AB mposenena
miockocTh o. Yepes Touky M (cepeauny AB) u Touky B mpoBeneHbl mapanienbHble MpsIMbIE,
nepecekarolue MIOCKocTh o B Toukax Miu Bi coorBerctBenHo. 1) JlokaxuTte, 4TO TOYKU
A,B1,M1 nexxar Ha OHOM NMPSMOH.

2) Haitgure BB1,ecnu MMi=4cwm. (2 6anna)

Ilpaxmuueckasn paboma Ne32.
Omnpe/eneHre U CBOWCTBA CKPEIIMBAIOIIMXCS MPSIMBIX. YTOJI MEXIY IPSIMBIMU

Henb: ¢ TOMOLIBIO ONPEAEIICHNS YIVIOB MEXKY NPAMBIMA HAYYUTHCS HAXOIUTh JAHHBIE YIJIBI U
UX TPAyCHYIO MEpPY B IIPOCTPAHCTBE.
Teoperuuecknii MmarepuaJ:

YrioM B NpOCTpaHCTBE Has3bIBaeTcs (urypa, obpa3oBaHHas JBYyMs JydamMud C oOImIen
BEPUIMHOM M OJHOM U3 YaCTEH MJIOCKOCTH, OTPAHUYEHHON ITUMHU JIy4aMH.

YrinoM Mexay JAByMs IEPECEKAlOIUMHUCA NPSIMBIMU B IIPOCTPAHCTBE HAa3bIBACTCS
HAaUMEHBIINKA M3 YIJIOB, OOpa30BaHHBIX Jy4aMH O3THUX HPSIMBIX C BEPIIMHOM B TOYKE HX
[IEPECCUCHHS.
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VYIioM MeX1y CKPEIMBAIOIUMHUCS IPSIMBIMA HA3bIBACTCS YIOJ MEXKIY NEPECEKAOIUMUCS
IPSAMBIMH, COOTBETCTBEHHO IapajlIeIbHBIMU JAHHBIM.
JIBe mpsiMble Ha3bIBAIOTCS MEPIICHAUKYIISIPHBIMU, €CIIU YTOJI MEKY HUMU IIPSIMOA.

IIpumep pemenus 3agaum:

B npaBunbHO# 6-i1 ipusme A...F1, pebpa koTopoii paBHbI 1, HARIUTE KOCUHYC yTila MEXIY
PSIMBIMU AB;1 u BC..

E, D, ,ZI ano: A...F1_ NpaBHIIbHAs [ECTHYTOJbHAS Ipu3Ma, AAL = 1.

Haiitu: KOCUHYC YTJ1a MEX/y IPSMbIMU AB;1 u BC;.
'\ B, Pemenne: [lycts O1 —11enTp npaBunbHOro 6-Ka Az...F1.
Torma AO; mapamnensaa BC1, 1 HICKOMBIH yroi paBeH
I yriay B1AO1. B paBHO-6enpernnoM Tpeyronbauke BiAO;

-7 . 0:1B1=1; AB1=A0:= \/E . [Tpumensist TeopeMy

CoSQ = §.
A B KOCUHYCOB, IIOJy4UM 4

3
Cosp = —.
OTBeT: 4

HOpﬂ)IOK BbINNIOJIHCHU A paﬁOTBI:
1. IlpouuTaiite 3agauy.
2. 3anummre yCIOBHE 3a/1a4U
3. Ilpucrymnaiite k pacueram
4. CpenaiiTe BBIBOJ O IPOAEIaHHON paboTe U OlleHUTE ceOs
3amanusa:

3agaua 1. B npaBunbHol 6-i mpusme A...Fi1, pedpa koTopoii paBHBbI 1, HAHAUTE YTroJl MEXIY
npsimeiMu AB1 u DEs. (1 6ann)

3agaua 2. B npaBunbHol 6-i mpusme A...Fi1, pedpa koTopoii paBHBI 1, HAHAUTE YroJl MEXIY
npsimeiMu: AA1 u DEs. (1 6ann)

3anaua 3. B npaBunsHO# TpeyronpHoil mpuzme ABCA1B1C1, Bce pebpa koTopoii paBHHI 1,
HaiiuTe yron mexxay npsmeiMu: AB1 u BC1.(2 6as1a)

3anaua 4. CocTaBUTh CBOIO 33/1a4y 1O TeMe U pemuTh ee. (1 6amr)

Ilpakxmuueckasn paooma Ne31:
Ornpenenenue, MpyU3HaK U CBOMCTBA MapajuIeIbHOCTH MIOCKOCTEH

Heas padorbl: HayunTscs pemars 3aqa4n Ha MPU3HAK NAPAJLIEIBHOCTH JIBYX INIOCKOCTEH.

Teopernuecknii MaTepuai:
Onpeneﬂe}me: HBe IIIOCKOCTH HA3bIBAIOTCA Mapa/lVI€JdbHBIMHU, €CJIM OHU HE IICPECCKAKOTCA.

o

[TapannensHOCTH TUIOCKOCTEH 0003HavaeTcs Tak: o |I3
PaccmoTpuM npu3HaK NapauieJIbHOCTH ABYX IUIOCKOCTEN.
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Teopema: Eciin 1Be epeceKaromuecs npsMble OJJHOM IIIOCKOCTH COOTBETCTBEHHO
NapajuieabHbl IBYM IIEPECEKAOIIMMCS IPSIMBIM IPYTrOi INIOCKOCTH, TO 3TH IIJIOCKOCTH
HapaJljIeIbHBI.

Ecmu allay u bllby, To allp.
CpoiicTBa napajuieIbHbBIX IVI0CKOCTE
1° Ecnu 1iBe mapasiienbHble IIOCKOCTH MepecedeHbl TpeTheil, TO TMHUH UX TIepecedeHHus
NapajuleIbHBI.

Ecau all, aNy, BNy, To allb.
2° Otpesku mapannenbHBIX IPSAMBIX, 3aKITFOUEHHbIE MEK/TY TTapalIedbHBIMU IIIOCKOCTAMH,
PaBHBI.

Ecnu allf u ABJICD, To AB =CD.
IIpumep pemenus 3agaun:
Yepes Touky O, Iexalryro MeXIy MapajielbHBIMU IIOCKOCTAMH 0. ¥ 3, IPOBEACHBI MpsiMble | 1

m. [Ipsimas 1 mepecekaet mmockocTs A 1 B B Toukax Alu A2 COOTBETCTBEHHO, IIpsiMasi m - B
toukax B1 u B2. Haittu jymmny otpeska A2B2, ecnmu A1B1 = 12cm, B10:OB2 = 3:4

Jauo: o u  — mapamtensHble iockoctu, A1B1 = 12cm, B10:OB2 =3:4

Haiitu: A2B2

Pemenne. Yepes npsimbie A1A2 u B1B2 MoHO MOBeCTH IIIOCKOCTh, KOTOpasi IepecedéT napauiesbE
1o napajuiesbHbiM npsiMbiM A1B1 u A2B2.

Y obpazoasmuxcs TpeyroiabHukoB OA1B1 u OA2B2 cooTBeTCTBYIONINE YIIIbI PABHBI. YTJIBI IPU BEP
KaK BEPTUKAJIbHBIE, @ OCTAJIbHBIE - KAK BHYTPEHHHME HAKPECT JISXKALME Y NAapAJUIEIbHBIX IPSIMBbIX.
CrnenoBatenpHo TpeyroibHuk OA1B1 1 OA2B2 nogoOHEI.

Y nog00HBIX TPEyroJbHUKOB COOTBETCTBYIOIIME CTOPOHBI COOTHOCTATCS Yepe3 K03 duuneHt
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Oa0o0OUss.

Ortkyna:
OB1:0B2 = A1B1:A2B2,
CrenoBaTeabHO:

A2B2=4*12/3=16
Oteert: 16 cm.
Iopsiaok BbINOIHEHHS pa0OThI:
1. IlpouwmTaiite 3anauy.
2. 3anumure ycIoBHE 3a/1a4u
3. Ilpucrymaiite k pacueram
4., CpenaiiTe BBIBOJ O IIPOJICTaHHON paboTe U OIEHUTE ceOs

3amanuda:
3ananue 1. Uepes Touky K, He nexanryro Mexay napajuieIbHIMU TJIOCKOCTSIMH alib(a u Oera,
npoBeieHBI mpsiMbie a U b. [Ipsmas a mepecekaeT MmiockocTh anb(ha B Touke Al a TIOCKOCTH
Oera B Touke A2, U mpsiMasi b mepecekaeT 3TU IIOCKOCTH B Toukax Bl um B2 cooTBercTBEHHO.
Hatitu KB2 eciu A2B2 orHocutcs k A1B1 kak 4:3, a KB1 =14 cm. (2 6anna).
3aganue 2. JIya KM nepecekaer mapauienbHble MIIOCKOCTH o U B B Toukax M1 u Mz, a myuy KP-
B Toukax Pi1u P2 coorBerctBenHo. Brrumcnure mnuHy orpeska MiMz, ecniu KMi= 8cwm, a
M1 P1:M2P2=4:9 (2 6anna)
3ananue 3. Croponsl AN mepecekarT napajuieiabHble TIockocTd o B 3 B Toukax A,B u C,D.
Brraucnu nnuny otpeska AB, eciun NA=13 cm, NC=20 cm u CD=56 cm. (2 6anna)

Ilpakmuueckan paboma Ne32:
Onpenenenue U CBOWCTBA NEPIIEHANKYJIIPHOCTH NMPSAMOU U INTIOCKOCTH

Ienn: HayunThCS pemaTh 3a1a4u Ha NEPIEHANKYISIPHOCTD NPSAMOU U INIOCKOCTH.
Teopernyeckuiit marepuaJ:
/IBe mpsAMBIE B IPOCTPAHCTBE HA3BIBAIOTCS MEPIEHANKYISPHBIMU, €CIIU YIOJl MEKY HUMU PaBEH
90°.
_ ———  llepnenmukynsapHele NpsAMbIE MOTYT IIEPECEKATLCA U MOTYT OBITh
CKpCHIMBAOIIUMUCH.

‘/
ﬁ Jlemma. Eciin o1Ha U3 ABYX NapaJuIeNbHBIX MPSMBIX IEPIEHANKYIIIPHA K

TPEThEN IIPSIMOM, TO U Apyras NpsiMast EPIICHIUKYIIAPHA K 9TOU IMPSIMOM.
Omnpeneaenue. [Ipsmas HazpIBaeTCs MEPIEHIUKYIIPHON K IUIOCKOCTH,
€CIT OHa MEePIEeHANKYISIpHA K JII000H MpsSMOH, JIexaIiel B IIIOCKOCTH.
['oBOpsAT Takke, 4TO MIOCKOCTH o MEPIEHAUKYISIPHA K TIPSIMOM a.

Ecnu npsimast a nepneHauKyisipHa K IJI0CKOCTH &, TO OHA, OYEBU]IHO,
IepeceKaeT 3Ty IIOCKOCTh. B camoM nene, eciu Obl IpsiMas a He
E nepeceKaa MmIoCKOCTh &, TO OHa Jie)Kasa Obl B 3TON TNIOCKOCTH WM ObLIa
Obl mapasieiabHa eu.

Ho B TOM 1 B Ipyrom ciydae B IIIOCKOCTH &MMEIUCh Obl IPsSIMBbIE, HE
MEpIEHUKYISIPHBIE K IIPSIMOM a, HAIIPUMeEp MPsMBIE, TapaJulelIbHbIE €M,
YTO HEBO3MOKHO. 3HAUUT, NpsAMasi a EPECceKaeT IIOCKOCTb .

CBs13b MeX 1y MApaIIEIbHOCTHIO MPSIMBIX U UX MEPIEHAUKYIISIPHOCTHIO K TUIOCKOCTH.
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1. Ecnu oxHa u3 AByX napajuleIbHBIX NPSAMBIX EPIEHIUKYISIPHA K IUIOCKOCTH,
TO U ApyTras HpsimMas NepHeHINKYIIPHA K 3TOU IIJIOCKOCTH.
2. Ecnu nBe npsiMble IEpHIEHAUKYIISIPHBI K TNIOCKOCTH, TO OHU MapaJUIeTIbHbI.

IIpu3Hak nepneHANKYJISIPHOCTH NPAMON U IVIOCKOCTH.

a

Teopema. Ecnu npsiMas neprneHIuKyyIspHa K ABYM MEPECEKAOIIUMCS IPSMBIM,

W JIeXKAIMM B OJTHOM IUIOCKOCTH, TO OHA MEPIEHAUKYISPHA K 3TOU TIIOCKOCTH.

3amedyaHus.
1. Yepes mr00yr0 TOUKY MPOCTPAHCTBA POXOIUT IJIOCKOCTh, IEPIICHANKYISPHAS K TaHHOM
MPSMOM, U IPUTOM €IMHCTBEHHAS.
2. Uepes m100yr0 TOYKY IPOCTPAHCTBA MIPOXOIUT MPsIMasi, IEPIICHINKYIIAPHAS K JAHHON
MIJIOCKOCTH, U IIPUTOM TOJIBKO OJTHA.
3. Ecnu 1Be mI0CKOCTH MEePISHANKYISPHBI K IPSIMOM, TO OHH MapaUIeIbHBI.
IIpumep penrenus 3agaqm:
UYepes Bepimnbl 4 u B pomba ABCD npoBeznens! napasienbHble npsimbie AAr u BB1, ne
Jexanue B riockocty pomoa. M3sectrno, uto BB L BC, BB: LAB. Haiigure AiA,
ecau A1C =13 cm, BD = 16 cm, AB= 10 cm.
Pemenue:
1) BBy L AB, BB; L BC, a AB N BC =B = BB; N (ABC) (10
1 MPU3HAKY MEPIEHAUKYIISIPHOCTH MPSIMOM U TUIOCKOCTH), @

T.k. BB1 || AA1, To AA; L (ABC) = AA1L AC;
A . 2) Ucmonb3ys cBOHCTBO muaroHanei pomoa, mveeM B AAOB:

A ————B £2AOB =90°, BO =}, BD = 8 cm. I1o Teopeme [udaropa:
/J""(;j‘:x\ AO =.f1n* -g* =6 cMm,

| C AO=%AC=AC=12cMm;
3) A A1AC — mpsimoyronbHEid. [1o Teopeme [Tudaropa:

AAL= 138 122 =5 oM

OTBeT: 5 cM.

A B

3ananus (3a KaxAblii NPaBWIbHBINA 0TBET TecTa naercs 0,5 6a/u1a U 3a NPaBUJILHO
PelIeHHYI0 3a1a4y aaeTcd 2 0ayia):
PemmTe TecT

1.Ecaim yroa mexay AByMsl IpsiMbIMH paBeH 90°, To 3TH npsAMbIe:
a) rmepeceKaroTcs, 0) mapauIeNIbHbI, B) CKPEIIUBAIOTCS, T') IEPIIEHANKYISAPHEI, 1) COBIIAJAOT.
2. Kakoe u3 clieylOLIUX YyTBeP:KIeHUil HeBepHO:

a) eciM mpsAMas NepHeHIUKYIApHA K IBYM HPSMBIM, JIEXKAIIUM B IJIOCKOCTH, TO OHA MEPHEHANKYJISIPHA W K 3TOH
TUTOCKOCTH, ©) ecim mpsMasl MEepreHANKYJIIpHa K IJIOCKOCTH, TO OHA €€ IEePEeCceKaeT, B) €CIH ABE IUIOCKOCTH
MEePIEHANKYISPHBI K MPSIMOH, TO OHM TapauIeIbHbI, T) €CIIN B MPSAMBIE MEPIEeHINKYIISIPHBI K IUIOCKOCTH, TO OHU
MapajieNbHBl, 1) €CIIM OJHA U3 JIBYX MapajuIeNIbHBIX IPSAMBIX HEPHICHIUKYIIPHA K IIIOCKOCTH, TO U IpyTas MmpsMast
HNEepHEHIUKYIISIPHA K 3TOH MIOCKOCTH.

3.Ecaiu omHa M3 JABYX CKPEUIMBAWIIHUXCS MPIMBIX NePHEeHANKYJsIpHA K IUIOCKOCTH, TO OyaeT JmM
NepNeHIUKYISIPHA K ITOi MJIOCKOCTH BTOpasi npsiMas?

a) 1a, 0) 1a, HO NPY OIPEJIENICHHBIX YCIOBHSX, B) ONPEICIUTh HENb3s, T') HET, 1) APYTOi OTBET.
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A

4. Ilpamas gL epPHEeHINKYISIPHA K MPSIMBIM C H 6, JIEXKAIIUM B IUIOCKOCTH “* , MPAMAasi @ MePHeHANKYISIPHA K

mjaockoctn . KakoBo B3anMHoe pacnoJioskeHUe NPSIMBIX € U 67
a) mapajuieNbHBI, 0) mepecekaroTcs, B) MapalIeIbHbI HIIH ITEPECEKAI0TCs, T) COBIIAAAIOT, ) ONPEACTHTh HEeMb3s.
5.0aHa U3 ABYX NapajulebHbIX IVIOCKOCTEl NMepuneHAuKYJIsIpHA NIPSIMOM, TOrAa:

a) Jpyras IJIOCKOCTb IapajulelibHa HpsMOH, 0) mpsAmas JeXUT B JIPyroil IVIOCKOCTH, B) Ipyras IUIOCKOCTh
NEPIEHANKYISIpHA TIPSIMOM, T) TpsMas HE MEpPeceKacT IPYrylo IUIOCKOCTh, J) BBINONHSIOTCA BCE CIydaw,
yKa3aHHbBIE B IIyHKTaX a - T.

6.Touka E He mpuHAJIE:KUT IUIOCKOCTH mpsimoyroiabHuka ABCD, BE J—AB, BE J—BC. Toraa npsimasi u
miockocts BCE:

a) MapaieIbHbl, 0) MEePICHANKYJISPHBI, B) CKPEIIUBAIOTCS, T) IPsAMasi JEKHUT B IUIOCKOCTH, M) NEPHCHANKYIISPHBI,
HO HE TIEpPECEKaroTCsl.

7.Kakoe 13 ciieayomux yrBep kIeHnii HeBepHO?

a) MEePIEeHANKYJSIp U HaKJIOHHAs, BBIXOJSIIIME M3 OJHOM TOYKH, UIMEIOT PaBHBIC JUIMHBI, 0) MpPOEKIMel MpsMoi Ha
IUIOCKOCTh SIBIISIETCS TOYKA WIIM NIPsSIMasi, B) HAKJIOHHBIC Pa3HOW JJIMHBI, TPOBEJICHHBIC K IUIOCKOCTU U3 OJTHOH TOUKH,
MUMEIOT MPOCKIMH pa3HBIX MJIMH, T) IIpsAMas, INPOBEACHHAs B IUIOCKOCTH Yepe3 OCHOBAaHME HAaKJIOHHOH
MEPIEHANKYISIPHO K HEl, MepIEeHANKYISIpHA K €€ MPOEKIUH, J1) PACCTOSHHE OT MPOW3BOJIBHOM TOYKM OIHOW U3
HapaelbHbIX INIOCKOCTEN N0 APYroi MIOCKOCTH Ha3bIBAETCS PACCTOSIHUEM MEXKy MapasuleNbHbIMU MIIOCKOCTSMH.

8.PaccTrossHust oT TOUYKH M 10 CTOPOH NMPsIMOYTroJbHOro TpeyroibHuka ABC (yroa C pasen 90°) paBHBI.
Kakoe u3 ciieayomux yrBepkieHuil BepHo?

a) mwiockoctd MAB u ABC nepnenauxymsipasl, 0) miockoctu MBC u ABC mnepneHANuKYISpHBI, B) IIOCKOCTH
MAC n ABC nepnenaukynsapssl, T) miockoctdi MAC u MBC nepneHIuKyISIpHBI, 7)) YCIOBUS B IMYHKTax a - T
HEBEPHBI.

9.¥YroJ Mexny AByMms miiockoctTsaMu paBeH 80°. Kakoe u3 ciieayommx yTBep:KaeHuil HeBepHO?

a) TUIOCKOCTH TIepeceKaroTcsi, 0) B OJHOM M3 INIOCKOCTEH HaiaeTcs psiMasi, IePIIeHUKYIJISIpHAs IPYTrol INIOCKOCTH,
B) B OJHOH M3 IJIOCKOCTEH BCE€ TpsAMBIC HE MEPNEHAMKYIAPHBI APYrof INIOCKOCTH, T) B OJHOH M3 IUIOCKOCTEH
HalieTcs npsiMasi, mapajuieiabHas APYroi IIOCKOCTH, 1) MJIOCKOCTH HE MEePIeHANKYIISIPHEIL.

10.Kaxkoe u3 cieayomux yreep:kieHuii BepHo?

a) TpaJycHasi Mepa JIBYTPaHHOTO yIiia He mpeBocxoauT 90°, 0) ABYrpaHHBIM YIJIOM Ha3bIBAaeTCs IJIOCKHH YTod,
00pa30BaHHbIA NPSIMOW @ M IBYMS HOJYIIOCKOCTSIMU ¢ 0OIIei TpaHunedl a, B) ecin ojHa M3 ABYX IUIOCKOCTEH
MPOXOAUT 4Yepe3 MPSMYIO, IEPIEHIUKYISIPHYIO K JIPYrod INIOCKOCTH, TO TaKHE IUIOCKOCTH HEPIEHANKYIISPHBI, I')
YroJ MEXAY IUIOCKOCTSMH BCETAA TYIOH, [) BCE IMHEHHBIE YIJIbl JBYTPAHHOTO YIiIa Pa3IMYHBI.

11.Kakoe u3 cjleqy0mux yrBep:kaeHuii Bepuo?

a) B IPSIMOYTOJIFHOM TIapalIeJIeTHIIe/Ie BCe MIEeCTh IPaHeil - MPON3BOJIbHBIE MTapajIeIoTpaMMEl, 0) Bce ABYTPaHHBIE
yIJBl IPSMOYTOJIBHOTO Mapajulesienunesa - ocTpble, B) MPsIMOYrOJbHBIM Mapajuienenunes]i, y KOTOporo BCE TpH
M3MEpEHUs PaBHBI, Ha3bIBAETCS KyOOM, I') KBaJpaT AMArOHAIN MPSMOYrOJBHOTO MapajulesIenuIle/la paBeH CyMMe
TpeX €ero W3MEpeHHH, [) NapajUleJieluIe]] Ha3blBaeTCs MpPSIMOYTOJbHBIM, €CJIM €ro OOKOBbIE pebpa
HNEPHEHUKYIISPHBI K OCHOBAHHUIO.

12./lauHbI TpeX pedep, UMEIOINX O0IIYI0 BEePIIHHY, HA3BIBAIOTCS:

a) BBICOTAMH TIPSMOYTOJBHOTO TapajuieNenuiiesa, 0) JUaroHasIMH TPSIMOYTOJBLHOTO Tapajulesienuieia, B)
M3MEPEHUSIMH ~ OPSMOYTOJILHOTO  Tapajuielienunena, )  JAWArOHAISIMH — OCHOBAHUS  MPSIMOYTOJBHOTO
napajuieNieuiea, ) CMeXKHBIMU peOpaMu MPSMOYTOJIBFHOTO apaJlUICICIHIICAA.
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13. Pemure 3a1auy:

Uepes Bepunnbl A u B npsMmoyronbauka ABCD nipoBeneHsl napaiienbubie npsMbie AA; u BB1, He nexamue B
TUTIOCKOCTH TpsMOyroibHUKa. M3BectHo, uto AA; L AB, AAiL AD. Haiimute B1B, ecimm BiD = 25 cm, AB= 12
cm, AD =16 cm.

Ilpakmuueckasn paboma Ne32:
Onpenenenue NeprneHANKYIIApa, HAKIOHHONU. TeopeMa o TpEX NepneHauKysIpax

Iesb: HAyYUTHCSA HA OCHOBAHHUHU TEMBI COCTABJISTh TECTHl U KPOCCBOP/BI.
Teopeanecmlﬁ MarepuaJ:
[lepnenouxynsapnule npsmvie

Omnpenesienue. /[Be npsiMble HA3bIBAIOTCS NEPIICHANKYIIIPHBIMU, €CJIA OHU IIEPECEKAIOTCS O
IIPSIMBIM YIJIOM.

[NeprneHUKYIAPHOCTD MPSIMBIX 0003HayaeTcs 3HakoM L 3amuck a L b unraercs:
[psiMast @ nepreHUKYIIIpHA IPSIMOi b.

Teopema. Uepes Ka1yr0 TOUKY IPAMON MOKHO ITPOBECTH NEPIEHAUKYIISIPHYIO €1 IPSMYIO, U
TOJIBKO OJIHY.

T

HaxkJioHHas npsiMasi — 3TO IUIOCKAast [IOBEPXHOCTh, YCTAHOBJICHHAS IO YIJIOM, OTJIUYHBIM OT
MIPSIMOTO MJIM HYJIEBOTO, K TOPU30HTAIBHON TOBEPXHOCTH.

V

N

t1-1--
-

1

N

IlepnieHAUKYyAAPOM, OIYILEHHBIM U3 JAHHOW TOYKHU JAHHYIO IUIOCKOCTh, HAa3bIBAECTCS OTPE30K,
COEIMHSIOIINI JaHHYIO TOUKY C TOUYKOMW IIJIOCKOCTH M JIEKAITUN Ha NPSIMOU, EPIEHAUKYIISIPHON
iockocTH. KoHer 3Toro orpeska, jekamuii B IJI0CKOCTH, Ha3bIBAETCS OCHOBAHUEM
NEPIECHIUKYIIAPA.

HaxkJionHo#, TpoBeICHHON M3 TaHHOW TOYKH K JAHHOM IJIOCKOCTH, Ha3bIBACTCS JTI000H
OTPE30K, COCTUHSIONINI JaHHYIO TOYKY C TOYKON IJTIOCKOCTH, HE SIBJISIOLIUNCS
NEepPHEHANKYISIPOM K IIOCKOCTH. KoHel oTpe3ka, Jiekaluii B MI0CKOCTH, Ha3bIBAETCS
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OCHOBaHUEM HaKJIOHHOU. OTpE30K, COEANHSIOMNN OCHOBAaHUS NEPIIEHINKYJIIIpa HAKJIIOHHOM,
MPOBEJICHHBIX W3 OJHOU U TOW K€ TOUKH, HA3bIBACTCS MTPOEKIIMEN HAKIOHHOM.

[l
AB — nepnieHIUKYIISp K TUIOCKOCTH Q.

AC — naknonnas, CB — npoekuus Hak1oHHONH AC Ha IIOCKOCTH 0.
C — ocHOBaHME HAKJIOHHOH, B - ocHOBaHME MEpHIEHUKYIISPA.

3aganus
3aoaua Nel (3 6anna).
1. Kak Ha3piBaeTcs TUHUS, COEIUHAIONIAs OCHOBAHUS NIEPIIEHIUKYJIIpA U HAKIIOHHON ?
a) OTPE30K;
0) yrou;
B) IIPOCKITHS;
I') paccTOsIHUE.
2. Ilpsimas npoBesieHHast B IUIOCKOCTHU M MEPIEHAUKYIIApHAs IPOSKIIUN HAaKJIOHHON Ha
3TY IUIOCKOCTb, IEPIEHIUKYIISPHA ...
a) camoii cebe;
0) camMoli HaKJIOHHOM;
B) caMOi ITPOEKINH;
') caMOMy NEPIEHIUKYIISPY.
3. PaccTosiHue OT TOUKHM 710 IPSMON PABHO JUIMHE...
a) HaKJIOHHOW;
0) MEeIMaHBI;
B) MPOEKIUY; T)[IEPIECHIUKYIIApa
4. W3 nByX HAaKJIOHHBIX, UCXOSIINX U3 OJJHOM TOUKH, HE JIeKallel Ha TaHHOH
MIJIOCKOCTH, OOJIBIIIE T, Y KOTOPOH. ..
a)IepIeHUKYIsp Ooble;
0) MpOEKIIMsI MEHBIIIE;
B) NMpOEKLUs O0JbIIE;
T') IEPIEHIUKYIISIP MEHBIIIE.
5. Touka A He NEXHUT B INIOCKOCTH, a Touka E - npuHamiexxut stoit mockoct. AE =
13, mpoeknus 3TOro oTpe3ka Ha INIOCKOCTh paBHa 5. KakoBo paccTossHHE OT TOUKH A
J10 TaHHOMW IIIIOCKOCTH?
a) 144;
0) 8;
B) 18;
r) 12.

[Ipsamas, gexamasi B IVIOCKOCTH, NMePHeHAUKY/JISIPHA HAKJIOHHOW TOrJa M TOJbKO TOI/AA,
KOI/Ia OHA NMEePHNEeHANKYJISIPHA IPOEKIMH ITOH HAKJIOHHOM HA JaHHYIO IVIOCKOCTb.
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me ol

a - HAKNOHHHaA

a1 - NPOEKUMA HAKNOHHON a
Ha NNOCKOCTb ol

mla<=> mla

Ha PUCYHKCE IIOKa3aHbl BCC TPpHU ICPIICHAUKYIIAPA.

Ecan npsamadg m, JiCKaliad B IJIOCKOCTHU, MNCPICHAUKYJIApHA HNPOCKIUN HaKJIOHHOfI, TO OHa
NEPNCHAUKYIIApHA U caMOM HaKJIOHHOM.

CnoBa «Torga M TOJBKO TOorga» B q)OpMyJII/IpOBKe TCOPCMbI O3HAYAKOT, 4YTO HpsAMad
M NeprneHIUKYJIsIpHa OJHOBPEMCHHO U HaKHOHHOﬁ, " €€ IIPOCKIUH. Ecaiu m NEPHNECHAUKYIIApHA
HaKHOHHOﬁ, SHAYUT, NICPIICHAUKYJIApHA U €€ IIPOCKIUN, 1 HaO60p0T.

IIpumep pemienus 3axaum:

Yepes LEHTp BIMCAaHHOM B TPEYrOJIbHUK OKPYXHOCTU IIPOBEIEHA NpsAMas, NEPHEHAUKYISIpHAs
IJIOCKOCTH TPEYrojbpHUKA. J[OKaKWTe, 4TO KaKJIas TOYKAa JTOM IPSAMOM paBHOYJAJ€Ha OT CTOPOH
TPEYrOJIbHUKA.

Pemenue: [lycts A, B, C - TOYKM KacaHWsi CTOPOH TpPEYroJbHHKA C
OKPYKHOCTBIO, O - IIEHTP OKPYKHOCTH M S - TOYKA Ha IEPIEHIUKYIIAPE.
Tak kak paguyc OA nepneHAuKyJISIpeH CTOPOHE TPEYrOJbHHUKA, TO
110 TeopeMe 0 TPeX MEPIEHAUKYIAPAX OTPE3OK SA €CTh NMEPNEHIUKYISAP K
5TOH CTOPOHE, a €ro JUIMHa - pAcCTOSHHUE OT TOYKH S 10 CTOPOHBI
TpeyronbHuKa. 1o Teopeme Iluparopa SA2=0A2+S0?=r?+S0O?, ruer -
pamuyc BIIMCAHHOM OKPY/KHOCTH. AHaJIOrUYHO
nony4aem SB2=r?+S0? u SC?=r>+S0?, T.e. Bce pacCTOSAHUS OT TOUKH S JI0
CTOpPOH TPEYTrOJbHHKA paBHBL. Y.T.1.

3ananus:
3agaua Nel: JlokaxkuTe, 4yTO uepe3 JOOYIO TOUKY MPSIMON B IMPOCTPAHCTBE MOKHO IMPOBECTU
NepIeHAUKYISpHYO it mpsmyto. (1 6ann)
3agaua Ne2: Jlokaxure, 4Tro uepe3 JOOyl0 TOYKY A MOXKHO MPOBECTH MPSIMYIO,
NEePIEeHIUKYISAPHYIO TaHHOM mockocTu. (1 oann)
3agaya Ne3: JlokakuTe, 4TO €CiM MpsiMas napajulieiabHa INIOCKOCTH, TO BCE €€ TOYKN HaXOIATCS
Ha OJIMHAKOBOM PACCTOSIHUM OT TUIOCKOCTH. (1 6an)
3agaya Ned: Jlanel npsmas ¥ IulockocTh. IIpoBenuTe dYepe3 mnpsiMyr0 a IIJIOCKOCTD,
NEePIEeHIUKYISIPHYIO IIIOCKOCTHU. (1 bann)
3agaya Ne 5. Yepes neHTp BIUMCAaHHOW B TPEYTOJbHUK OKPYKHOCTH IPOBEACHA NpsAMas, Kaxaast
TOYKa 3TOM NPSIMOM paBHOYJAJ€Ha OT CTOPOH TPEYroJIbHMKA. /[oKakuTe, 4TO JaHHAs MpsMas
NepHeHINKYIIpHA TUIOCKOCTH TPEYTroibHUKA. (I 6an)
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Ilpakmuueckan paboma Ne32:
[Tonstue nByrpanHoro yria. [Ipu3Hak neprneH Ky IIpHOCTH TIOCKOCTEH

Ieab: 3HaTh onpenenenus AByrpaHHoro yria. [loHsaTre TMHERHOTO yIia, OIPeaeIeHe IPayCHON MEPEI

JIBYTPAHHOTO yIjla, yMETh HAXOAUTh IBYTPAHHBIE YTIIbL.

Teoperndeckas 4acTb:

JAByrpanHbIiii yroj — 3T0 4acTh NPOCTPAHCTBA, 3aKJIKYEHHAS MEXKIY ABYMS
NOJIYIJIOCKOCTSIMU, HMEIOLIUMH O/ITHY OOLIYI0 TPAHUILY.

Puc. 2. I[Be IepeceKarommecs MmiIOCKOCTH.

Ecnu B ipocTpaHCTBE NEPECEKAIOTCS ABE IIOCKOCTH, IIOJIYYarOTCs YETBIPE ABYTPAHHBIX yria
(aHaJOrMYHO KakK IPH MEPECEUEHUH JIBYX MPSAMBIX IOJIy4YaroTCs YeThIpe yria). Paccmorpum
OJIVH U3 HUX.

a

- Puc. 3. JIByrpanHsIii yrodi.

[Torymockoctu o u B, 0Opa3yroliue ABYIpaHHbIN yTroJl, Ha3bIBAIOTCS €r0 TPaHsIMHU.
OO01was npsimas & 3TUX IpaHel Ha3bIBaeTCs peGpoM JBYTPaHHOTO yTIJa.

Bribepem Ha peOpe a ABYIpaHHOTO yrila Mpou3BoJbHYIO TouKy C U mpoBeném e
nepecekatomuecs npssmsle ACLa u BCLa, a uepes 3tu npsiMble —
IUIOCKOCTB Y MEPIEHAUKYISIPHO pedpy a.
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Puc. 4. JluneiiHbIii yron AByrpaHHOTO YIJIa.

JImanu nepeceuenus AC u BC nonymiockocreii oL u B ¢ mrockocTsio Y 06pasyroT HekoTOpHIit
yron ZACB. 31or yron Ha3sBaeTcs AMHEHHBIM yIJI0M JIBYTPAaHHOTO yria. Bemmuuna

JIMHEIHOTO yria He 3aBUcHT oT Beibopa Touky C Ha pebpe a.

Benmuuna neyrpansoro yria 0° <2ACB <180°.

Ecny nnockocTy napaiesibHbl, TO YIoJl MeXly HUMH paBeH 0° 110 OIpeIeNeHuIO.

Ecnu npu nepecedeHnu MiocKoCTel OJUH U3 ABYIPAaHHBIX YIIIOB cocTasisieT 90°, To Tpu
OCTaJIbHBIX yrila — ToXke 90°. DTU IIOCKOCTU HA3bIBAIOT NEPIIEHIUKYISIPHBIMU.

Crnenyrolye TeopeMbl, KOTOpPbIE 3€Ch MPUBEAEM 0€3 J0Ka3aTeNIbCTB, MOTYT IPUTOAUTHCS MIPU
pelLIeHnH 3ajay.

1. Ecnin o1Ha U3 ABYX IUIOCKOCTEN MPOXOIUT Yepe3 NpsAMYI0, IEPHEeHANKYISIPHYIO K IpYyroi
IUIOCKOCTH, TO TaKUeE MJIOCKOCTH NEePIEHIUKYIISPHBI.

2. ITnockocTh, NepneHaUKYIsIpHas MPSIMOH, 110 KOTOPOU MepeceKaroTcst BE MIOCKOCTH,
NEePIEeHIUKYIIIpHA KX I0M U3 3TUX IJIOCKOCTEH.

3. Ecnu 1Be mII0CKOCTH NEPIEHANKYIISIPHBI, U B OJTHOM U3 HUX IpsiMasi IPOBEACHA
NEPHEHAUKYIIAPHO JIMHUU IIEPECEUEHUs IIIIOCKOCTEN, TO ITa IpsMasi NEPIEHAUKYIIIPHA BTOPOU
IJIOCKOCTH.

MHororpasssie yrJjbl

OOBsSICHUM MOHSATHE MHOTOTPAaHHBIX YIJIOB.

[IpencraBuM HECKOJIBKO JIydeil B IPOCTPAHCTBE ¢ OOIIKUM HayasioM. X MOKHO IpeIcTaBUTh
TO’KE KaK 4acTh JIMHUN NepeceueHtsl I0CKOCTeN — TPEX, YeThIPEX UM OOJIbIle — U Ha3BaTh
pEOpamMu MHOTOI'PaHHOTO YIJIa.

Puc. 5. Tpéxrpannsriii yroi.

Ka}KJIBIe JABa Jiyda 06p33y1-0T yrou, KOTOpBIﬁ HAa3bIBAOT IJIOCKHUM YIJIOM MHOI'OI'PAHHOI'O yrijia.

133




Kaxxapiii miiockuii yroyl TpEXrpaHHOTO yrila MEHbILIE CYMMBI JIBYX JIPYTUX IJIOCKUX YTJIOB.

CyMMa IJI0CKHMX YIJIOB MHOTOTPAHHOTO yriia MeHbIe 360°.

1 BapmuaHT
JIByrpaHHbIi yroJi, pacCTOsiHUe OT TOYKH 10 TPAHHU

/] . o
/| 1. JIByrpanusiii yron pasen 60°. Ha oxHoit rpanu AByrpaHHOro
/ |
ya yria nana Touka B, paccrosuue ot kotopoii 10 pebpa pasuo 4 cm.
4 | o
<z | YeMy paBHO paccTosiHME OT Touky B 10 BTOpoii rpann
. I’ JIBYI'PaHHOIO yria?
\\
N

2. isyrpannslii yroa pasen 120° rpagycos. BHyTpu ero gana Touka A, KOTOpas HAXOAUTCS Ha
paccrosinuu 18 cm ot o0eux rpaneii yriia. Uemy paBHO paccTosiHUue OT Touku A 110 pedpa

JIBYIpaHHOro yria?

3 B, c,
Aq ! D, JlaH Ky0 ¢ HEKOTOPBIMH TJIOCKOCTSIMU CEYEHHUI.
Bo - | L ___lc
s b

1. Ompeneny BENUYUHY YI1a MEKIY

mnockoctsavu: (A1B1C1) u (ABC) —
1. 0
2. 90
3. 45

4. HEBO3MOXKHO OINPEACIUTh
2. Onpeneny BeIHUUHY ABYIpaHHOro yria Mexay miockoctsmu: (ACCL) u (BDD1) —

1. 0
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2. 90
3. 45

4. HEBO3MOXHO OIPEICIUTh
3. Onpeneny BeIMUUHY JABYIpaHHOro yria Mexay miockoctsmu: (ACC1) u (CDD1) —

2 BapuaHT
JIByrpaHHbIN YyroJi, paccTOsiHMEe OT TOYKH 10 IPAHU

. JIByrpannbiii yron paseHn 60°. Ha omHo# rpaHu IBYTrpaHHOTO
yria naHa Touka B, paccrosiHue ot KoTopoit 10 pedpa

o paBHo 14 cM. YUeMy paBHO paccTosinue OT Touku B 10 BTOpo#t rpanu

/ . JIBYTpaHHOro yria?

2. Z[ByrpaHHbeI YroJi paBCH 600 rpaaycos. BHYTpI/I €ro gaHa To4ka A, KOTOpasa HaXOJHUTCA Ha

paccrosann 24 cM ot o6eux rpaneii yrioa. Uemy paBHo paccrosHue ot Touku A 10 pebpa
JBYTpaHHOro yria?

Jlan Ky0 ¢ HEKOTOPBIMH TUIOCKOCTSIMHA CEUEHUH.

1. Onpenenu BenuvuHy yria Mexay miockoctsmu: (A1B1C1) u (ABC) —

1. 0
2. 90
3. 45
4

HCBO3MOXXHO OIIPCACIINTD

2. Onpenaeny BeIHUUHY ABYTpaHHOro yria Mexay miockoctsmu: (ACCL) u (BDD1) —
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1. 0
2. 90
3. 45
4

. HCBO3MOXHO OIIPEACIUTD

3. Onpenenu BeMMUYUHY IBYTPAHHOTO yriia Mexy miockoctsamu: (BDD1) u (ADD1) —

1. 0
2. 90
3. 45

4. HEBO3MOXXHO OIpCACIINTh

Ilpakmuueckasn paooma Ne34,35:

OHpCI[CJIGHI/Ie n Q)HBHHGCKI/II\/JI CMBICJI BCKTOPA B IIPOCTPAHCTBC
Lenp: 3aKkpenUTh YMEHMS U HABBIKU HAXOXKAEHUS KOOPAMHAT BEKTOPA, JIMHBI BEKTOPA, yria
MEXIy BEKTOpPaMHU

I[J'ISI JAAaHHBIX I1ap BEKTOPOB BBITIOJIHUTEC IIGIZCTBPISII

1)
2)
3)
4)
5)

HallIuTe KOOPAMHATHI BEKTOpa d + b:

HalIUTE KOOPAMHATHI BEKTOpa 2a —3b :

HallIuTe JJIMHBI BEKTOPOB d U b ;

HallIuTe CKATSAPHOE MIPOU3BEIECHHE BEKTOPOB d b ;

Haiiure Cosa MeXIy BEKTOpaMu d U b.

1 BapuaHT

2 BapuaHT

3 BapuaHT

a) d(1;1;2) u b(5;4;3) a) d(1;0;2)ub(7;5;4) a) d(5;7;2) ub(7;2;-5)
6) a(1;0;=7)ub(44;7) | 6) d(3;4;0)ub(7;1;0) 6) d(—2;4;5) ub(5;4;7)
B) d(7;0; 1) ub(7;—6;6) | B) @(2;7;=5)ub(57;3) |B) d(5;5;2)ub(7;4;3)
4 BapuaHT 5 Bapuanr 6 BapuanT
a) d(1;0;—-1)ub(1;1;4) | a) d(—2;4;5) ub(7;5;4) a) d(—3;—4;5)ub(4;3;0)
6) a(-7;50nb(6;0;1) | 6) (=325 nb(253) | 6) d(3;20)ub(0;51)
B) d(2;7;1) ub(5;4;3) B) d(1;6;—5)ub(6;1;3) B) d(1;3;—4) I/IE(S; 7:2)
7 BapuaHT 8 Bapuant 9 BapuaHT
a) a(=3;1;4)ub(1;4;6) | a) d@(1;1;0)ub(1;2;2) a) d(1;-1;2)ub(7;,-2;1)
6) d(—=2;54) ub(5;7;4) | 6) d(2;7;5) u §(—5; 2;=7) | 6) d(-3;4; —5_? u b(5;1;7)
B) C_l)(—3; 5; 4_) u 6(7; 0; 1) B) (_1)(3, 1; 2) )4 b(5, 4, 1) B) &(5, 7; Z)I/I b(—7; 4; 3)
10 BapuaHt 11 BapuaHnrt 12 BapuaHnT
a) a(5;—-2;1) I/IB(4; 0;3) | a) a(5;—-1;2) 1/11_5(6; -2;5) | a) a(4;1;2) I/IE(—4; 0; —5)
6) d(=7;2;3)ub(2;2;0) | 0) d(=54; 3)35(2:4; 4) 6) d(—3;4;0) 1113(5;—1; 7)
B) @(8;0;1) nb(0;4;—2) B) d(5;0;4)u b(3;4;-3) B) d(5;0;2) ub(6;4;—3)
13 Bapuanrt 14 Bapuant 15 Bapuant
a) d(6;—1;3)m a) d(-2;-1;Dmu a) d(5;—4;2) ub(2;—3;5)
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E(O;—Z; 5) 5(6; 2;—5) 0) 5:1:(—4} 4;-3)u
6) a(=5;0;3)ub(2;7;4) | 6) d(=3;4;—3)ub(4;1;4) b(1;-1;4) .
B) 6:1(52 —1;4)n B) d(—3;0;7)ub(5;—4;2) | B) a(5:0;4) ub(2;4;-2)
b(0; 3; —3)
16 BapuaHr 17 Bapuaunr 18 Bapuanr
a) 6:1(52—1: 2) n a) a(2;—1; 9)HB(6;—2; 1) | a) d(1;,-1;2) ub(6;—2; 4)
b(0;-=7;5) N 0) a(—>5;4; O)HB(—Z; 3;7) | 6) a(—5;0; 3)145(2;—1;4)
6) d(—=2;1;3)ub(7;1;1) | B) G(7;0;1) ub(2;4;—2) B) d(2;0;4)ub(5;—4;3)
B) d(—2;0;4)u
b(3;2;—5)
19 Bapuaunrt 20 BapuaHT 21 BapuaHT
a) %(4; ,-2) un a) d(5—2;0) ub(1;-2;4) | a) d(7;—1;2) ub(2;2;-5)
b(=3;2;5) 6) d(—3;53)ub(2;0;—4) | 6) d(—3;1;3) ub(2;6;0)
6) d(—=1;0;3)ub(2;7;4) B) d(3;0;—4) I/IE(4; —-4;1) | B) a(g;0;1) I/IE(?); —4;1)
B) d(2;0;—4)u
b(1; —1;3)
22 BapHaHT 23 BapuaHT 24 BapuaHT
a) d(2;-1;2) u a) d(5—1;2) ub(1;-3;5) | a) d(9—1;2) ub(1;-2;4)
b(5;—2;0) 6) d(—4;5;3) ub(6;0;4) 6) d(—6;1;3)ub(2;7;3)
0) a(=L1;3)u B) d(40;-3)u B) @(4;—1;3) ub(3;4; -3)
b(2;—4; 4) b(—2;-3;1)
B) d(2;0;—4)u
b(7;2;—3)
25 BapuaHT 26 BapuaHT 27 BapuaHT
a) §(4;—1i Du a) a(5;1;,-5)ub(-1;2;1) | a) d(5;—1;3) ub(2;—1;5)
b(2;-1;5) . 6) a(5;4;—3) ub(2;0;4) 6) d(—5;1;—3) ub(2;7;0)
6) d(—41;3)ub(2;3;4) | B) d(1;0;4) ub(3;—4;4) B) d(—4;0;4)ub(—3;1;3)
B) A(7;0;—1wu
b(3; —4;3)

Ilpakmuueckan paboma Ne36:
JlekapTOBBI KOOPJMHATHI B TPOCTpaHCTBE. KOOpIMHATEI BEKTOPA, pacCTOSHUE

MEK]ly TOUKaMU, KOOPJAUHATHI CEPEANHBI OTPE3Ka

L[CJ'IBI HAaYYUTBCA HAXOAUTh KOOPAUHATBHI CEPCANHBI OTPE3Ka; KOOPANHATBHI BEKTOPA IO

KoOpJuHaTaM HavdalJla 1 KOHIIA; BBIIIOJIHATH }IGI)’ICTBHSI Haa BEKTOpaMHu, 3aJaHHBIMH CBOUMU

KOOPJMHATAMMU;

MMOPAAOK BBIIIOJTHEHUSA PABOTbI:

1.IToBTOpUTH MaTepuan B yueOHUKE.

2. OTBETUTH Ha KOHTPOJIbHBIE BOIPOCHI:
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-CBsI3b KOOPIMHAT BEKTOpPA ¢ KOOPJAMHATAMH Hadaja U KOHIIA.

-Brruncnenne JJIMHBI BEKTOPA.

-dopmyiia pacCTOAHUSA MEXAY ABYMS TOUKAMMU.

-CkansipHoe npou3BeIcHIUE BEKTOPOB.

-dopmyna uid HaXOXKACHUSI KOOPAMHAT CEPENNHBI OTPE3Ka.

- Ycnosue KOJUIMHEAPHOCTHU ABYX BEKTOPOB

Conep:xaHue NpaKTHYECKOH padoThI

| Bapuanrt

1. Touka A — cepenuna orpeska MN.

Hatitu KOOpAWHATBI TOYKH Anu AJIMHY OTpE3Ka

MN, eciu N (5; 2; -3);
M (3;-2; 1)
(1 6amn

2. Toukmn A (-2; -4; 1) m B (-5; -

BepLIMHBI napamienorpamma ABCD,

6; -1) u

Touka O

(1; 3; 2) — Touka mepeceveHusl JUaroHaICH.

Haiitu xoopaunats! Bepivs C u D.

(2 6anna)

3. Mansl Touku A (-2; 1; 3), B(3; -2; -1),
C(-3;4;2).

Haiitu:

1) KoopauHatbl BEKTOPOB AB u AC

(0,5 6amna)
2) Moy BEKTOpOB E uA—C
(0.5 6anna)

3) Koopaunats!

MN =2A4B —3A4C
(1 6amn)

BEKTOPOB

Il BapuanT
1. Touka P — cepenuna otpeska AB.
Haiitu koopauHatel TOYKM A U UIMHY
orpeska AB, eciiu B (-6; 5; -3);
M (3;-2; 1)

1 Oasn

2. Touku A (2; -4; 1), B (-6; 2; 3) u D (-4; 0;
-1) Bepmmubl mnapamienorpamma ABCD,
touka O (1; 3; 2) — Touka mepeceyeHus
UaroHalieH.

Haiitu koopannats! Bepms C u D.

(2 oamwma)

3.lanbl Touku A (-2; 1; 3), B(3; -2; -1),
C(-3;4; 2).

Haintu:

1) KoopauHatbl BEKTOPOB AB u AC

(0,5 6anna)
2) Monynu BEKTOPOB AB u AC
(0,5 6amna)
3) KoopauHaTs BEKTOPOB

MN = 24B —34C
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1 Oamn

4.]1aHBl BEKTOPHI

;(—2; 8;—4); ;(1; 4 —4;2).Ilpu kakom 4.Jlanbl  BEKTOPBI
3HAYeHuUuUu 7 8eKmopac u ; xonnuneapuur? M (=2, 8,-4);n (L, 4—4,2).IIpu xaxom
(2 Gamna) 3HayeHuuy I eexmopa M u N KOLIuHeapH vl ?
(2 6anna)
5. Beruucnuth ckajasipHOE MPOU3BEICHNE
- - — 5. BBUUCIUTh CKAIIPHOE MTPOU3BEICHUE
(20( + 6)- a,
BEKTOPOB - - (_’_ *)._’
ecu a(1;0;3), 6(2;—1;1) BEKTOPOB ’ 261 “ .
1,0;4 12
30aju1a ecu a( ’0’ )’ 6(01 d )
(36anna)
Ilpakmuueckan paboma Ne37.
CrnoxeHre U YMHOKEHHE BEKTOPa Ha YUCIIO
[ens:

chopMHpOBATh y CTYJACHTOB YMEHHE HAXOAUTh KOOPAUHATHI BEKTOPA;
IIPOU3BOJIUTH JIEHCTBUS HaJl BEKTOPaMH (CJI0KEHHE, BBIUUTAHUE, YMHOKEHUE BEKTOpa Ha
YHCJI0), BEIUUCIIATE CKAJIIPHOE MPOU3BEICHHUE; BEIUUCIIATE YTOJI MEXy BEKTOpPAaMH; HAXOAUTh
IIPOEKIMIO BEKTOPA HA OCh.
[Tpu BBIONHEHNH PAKTUYECKOM pabOTHI CTYIEHT JOJDKEH 3HATh:
e OIpe/IeTIeHHs: BEKTOpa, MOYJIb BEKTOPa, paBHbIE BEKTOPA;
e npaBujia paboThl C BEKTOPAMH;
® YCJIOBHS NEPIEHIUKYIISIPHOCTH U KOJUJIMHEAPHOCTHA BEKTOPOB;
® CKaJISIPHOTO NPOU3BEICHMS BEKTOPOB.
CTyneHT AOKEH YMETh:
® HAXOJUTb KOOPAMHATHI BEKTOpa
® BRIUUCIIATH CKAJSIPHOE IIPOU3BE/ICHUE;
® HAXOJIUTh YroJl MEXy BEKTOpaMH;
® HAXOJUTh IIPOEKIHIO BEKTOPA Ha OCh.
[Topsinok BeIoHEHHS pabOTHI:
1.M3yunTth TeopeTHueCcKui MaTepual 1o teme «Bekropa B mpocTpaHCTBEY.
2.PaccMoTpeTs IpUMEpHI PELLICHUS TUTIOBBIX 3a/1aHUM.
3. OTBETUTH HA KOHTPOJIbHBIE BOIIPOCHI.
4. BBINONHUTH CAMOCTOSITETILHYIO paboTYy.
5. Cmath OTYET MO MpoIeTTaHHOM padoTe.

TeopeTnyeckas 4acTh :
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IlycTh B TpEXMEpPHOM NPOCTPAHCTBE 33/1aHbI BEKTOPSI a{%3¥13213: 08523232, 1, 8 {533 95:23}

CBOHMH KOOpJIHHATaMH.

1). Crovcenue 1ByX BEKTOPOB MPOH3BO/IMTCA TIOMIEMEHTHO, TO CTh eCin & — a+b , TO B KOOP/IHHATHOH
(opme 3anuckIBaeTCA:

efxsi ¥z} = My 2 H G 2 = F XY 02 20

2) VMHOKEHHE BEKTOPA HA YHCIO.

B ciyuae n-MepHOTo MPOCTPAHCTBA IIPOH3BEICHHE BEKTOPA @ = {a; ; @2} ... ; @) M 4Hcaa k MOXKHO HaiiTH
BOCIOIIB30BABIINCH CIEAYIONIEH PopMyIoii:

k-a={k-apk-ay;..;k-a,)

ITpumep 1. Haiith npon3sseaenue BekTopa H= {1;2} na 3.

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

3). Koopannarsl BeKTOpA.

Bextop AB 3anannblii koopauHatamu Todek A(Ax 3 Ay ; Az) n B(Bx ; By ; Bz) MmoxkHO HaliTh
BOCIOJIb30BABIINCE Clie/yiomiei popmytoi

AB= {Bx-Ax:By-Ay:B:- Az}

Ipumep 2. Haiitn xoopannarsl Bektopa AB, ecin A(1; 4; 5), B(3; 1; 1).

Pemenne: AB={3-1;1-4;1-5}=12;-3:-4}.

4)/launa BexkTOpa.

J L Za ) '
EC.T]H JAaHBI JBC TOYKH HpOCTpaHCTBa ;S L L 3y , TO Iu]ll“y UTPESKH. A‘E MOKHO BBIYHCIIHTE

:1.5‘—\ft_“.2—x1,| +(n =0 +(zy-2z)

1o dopmyrne
Hpumep 3
AE5 0 B =3 Y AB
Jlausl Toukn 7" ' m /. Haittn jymny orpe3ka 5.
Pemenne: o coorsercreytoeit Gopmyse:
AB= - (3 +(-3-5)" = 4 +(-8) = 16464 = B0 = 4.5

T :
;1.-5": A5 en = 3,9 en.

Orser:
5. CxkansipHoe npon3Be/ieHHE BEKTOPOB

CKIU“I[]HI:IM NPOH3BEAEHHEM BEKTOPOB HAa3bIBACTCHA IIPOHM3IBC/CHHUC JJIHH BCKTOpPOB Ha KOCHHYC VyIia
MEKAY HUMH.

asb = |al«|b|scoso N
a
o
b
6. U3 hopMyJibi U1si CKASPHOTO POM3BE/ICHAS MOKHO HAITH YIOJ MEAILY BEKTOPAMH:
75 ARt NN,
cos Q= — =

al+lh 2. y2 .
lalelb]| \fxa+_1a . \be Y
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6. U3 dopmynsl 111 CKaIspHOTO NMPOU3BE/ICHHS MOJKHO HAHTH YroJl MeK1y BeKTOPAMH:

deb Yt X T VY

— - i -
| a I ® I b | J.‘(;é—}"; . \’ xl;-}'b-

cos @ =

Ipumep 4. Haititu yron mexay Bekropamu a = {3:4; 0} u b= {4; 4; 2}.

Pemenne: Haiinem CKaJIpHOC ITPOHU3BC/ICHUC BCKTOPOB:
ab=3-4+4-4+0-2=12+16+0=28.

HaiiieM Mo/1y/1H BEeKTOpOB:

la| =32+ 42+ 0°=V9 + 16 =V25=5

Ib| =V4* + 4% +22=V16+16+4=V36=6

Haiinem yros Mex 1y BeKTopamu:

ab 28 14

jal-b] 5-6 15

cos o=

Hpakmultecmm uacms:

Bapuanr 1

Ne

~lii Ha3sanne onepauun ®opmybi

a(1;-2;3),  b{4:0;-1)

1 HaiiTi cymmy BeKkTOpOB oy
a+b{x; +%; y1+Y7: 2,425 }

d4:1;-3),  b{0;-5:2)

2 | HaiiTu pa3HOCTb BEKTOPOB |,
a-blx,—xy; y,-y:2,-2,}

CepeIHHBI 0TPE3KA

3 | Haiiru nponssenenne | a{-1:3;1} & —uncao § = -3
BEKTOPA HA YHCJI0 dadfs - x; 6y;6z)
4 | Berameants  xoopaumathr | Touka A(L:2Z:-3), Touka B (-3:;4;-1) .Touxa C-
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X, +X,
cepeauna orpeska AB. C(%*c y.:z) «x, = i 5 i
y (s N (o
¢ 2 e 2
Touka A (5:0:-3).  ToukaB (-1;4;-7) Haxoaum
5 | Haiitu koopumaTs: Bexropa | KCOPAHHATH BeKTOpa AB | M3 koopamuar KoHua
BBIMHC/IHTH KOOPAHHATHI HAYAJIA BEKTOPA
AB {x; —xy:y, —¥y, 25 — 24}
a{3,-2,0}
6 | Haiitn qamny BexkTopa
. P a| = f.vc2+y2+z2
7 Boruucianrs CKAJSIpHOE al-2:3;7}), 3{-9;0; 2}
NpOU3BEIEHHE BEKTOPOB G- D=xy X+ Yy V24212,
a(2:0:1),  b-3:1:2)
8 Haiitn kocunyce yraa memay | . *1°'%2 +tY1'Y2124-2;
BEKTOpPAMH J xi+y:+z3 .V!xg +y2 +22
o | Ilpn kakux suauenmsx ™ u gfm‘:;‘ln' z, b{l;n:2)
9 =——=—=k
' BEKTOPHI KOLHHEAPHBI? | 3= 3= 7 g
IlposepbTe af-4:0: 1), b{2;7;8)
10 | nepneHAHKYISPHOCTD Xy*X2+Y1 Y2 +21-2,=0 - yciioBue
BEKTOPOB NePHeHInKYJISIPHOCTH BEKTOPOB
Bapuant 2
Ne
ihi Hassauue onepauun Dopmybt
a2;-3:4),  b{-1:2:0)
1 Haiitu cymmy BekTopos
A+blxy +xy; ¥, +Y2:2, 427 )
a4;-5:7),  bE3:-1:2)
2 HaiiTu pasnocts BeKTOpOB
E_b[xl — X3 ¥1-Y2:21-2 }
3 HaiiTn npoussenenne | a{-2;4;0} 6 —uucao & = -4
BEKTOPA HA YHC/I0 5a(5 - x; 8y;62)
Touka A (=3:1:2)  ToukaB (2:-3;1) Touka C-
cepeanna orpeska AB. C(Xe,y,.z,)
4 BbIMHCAHTL  KOOPAHHATHI
CepPEeAHHBbI 0TPE3Ka Xy +x; Yi+ Y2
Xe = ’ L A TR 5 +5
2 2 z, = 5 "
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Touka A(6;-3:4). TouxaB (1;-4;7) .

.
5 Haiitn koopaunatel | Haxomum koopamuarsl sexropa 2B, M3 koopaumar
; BEKTOpA KOHIA BHIYHCIHTH KOOPIAHHATBI HAYAIA BEKTOPA

—

AB {x; — xy :y; —yy, 2 — 24}

al0.2,-2}

6 Haiitu 1auny BexkTopa
: P [a] = ’:r?+y3+zz

4(-3:2:9),  b{-7:0;3)

7 Beiunciants CKaasgpHoe
NPOHIBEACHHE BEKTOPORB

-
a-b=xy-x4y;-y:+21-25

- e
a{4;1;0}, b{-5;3;1})
8 Haiith  kocunye yria
MEA/LY BEKTOPAMH I ... tY1'Y2+24°25
VX2 +yi+22 -\ x3 +y: + 22
-3 —
Ipn kakux 3nauennsx m | afm:5:3}, b(2;n:4)
9 n :
" BEKTOPBI |y y, 7, i
KOJLIHHEAPHbI? % N R
- .
[posepuTe a{0; -3:2), b{9:4:6)
10 | nepnenanKyasipHocTs
e X1 X2 4YV1"V2+2,-2,=0 - e
BEKTOPOB 1 X2+Y1"Y2+24°2; ycj10BHe
NePHeHNKY IS PHOCTH BEKTOPOB

Kpurepwii orierku: «5» - 9-10 3amanmii; «4» -7-8 3amanuid; «3» -5-6 3a1anuii

Ilpakmuueckan paboma Ne36:
Paznoxenue Bexropa. [loHsTHE KOMILUTAHAPHOCTH

Leab: yMeTh MPUMEHATH OCHOBHBIC OIpPEACIICHUs] U Teopembl Mo Teme «Paznoxenue
BEKTOpa MO TPEM HEKOMIUIAaHAPHBIM BEKTOpaM» IMpU OOOCHOBAHWHU ITAIlOB pEUICHHs 3a/ad,
YMETH BBIMOJHATH YEPTEKH IO YCIOBUIO 337a4M, TTOHUMATh YEPTEKU, HAXOJUTh HA YepTexKax
BEKTOpPbI, YMETh paCKJIaJbIBaTh BEKTOp IO JaHHbIM BEKTOpaM, UCIOJIb3Ys IPABUIIO
napajuleJienunena, napajuenorpaMmma, TPeyrojJbHHKa, 3HAaTh OMNpPENENeHHE KOJUIMHEApHBIX W
KOMILJIAHAPHBIX BEKTOPOB.

OOGopynoBanue: TeTpaab s TPaKTUYECKHX paboOT, pydka, MPOCTONM KapaHJall,
JTUHEKa, METOAMYECKHEe PEKOMEHIAINH 110 BHIMOJHEHUIO PAOOTHI.

MeToanyecKue peKOMeHIAUMH M0 BbINOJHEHUIO PAKTHYECKO padoThl:
ABCDA, B,C, D, B, C,
3aganue Nel. lan xy0 ¢ peopom m. Touka K — cepeauna pebpa .
[ = — = e —_—
Pasnosxuts sekrop 4K 110 Bexropam 2 = 4B/ D = AD,C = Ady
Pemrenue: moctpoum 3aaanubiil Kyo (puc. 1).
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Ay

o9

b Puc. 1.

—

Bekropamu 2 u

-

3a4ac€TCsd INIOCKOCTh KBaJpara ABCD. TpCTI/Iﬁ BCKTOP CHe JIC)KHUT B

o =
3TOH IIJIOCKOCTH, OTCIOAA 3aKJIF04acM, 4TO TPHU 3aﬂaHHI)IX BEKTOpa El b I/I € HEKOMIIIAHAPHBI, U

MBI MOXKEM BI)Ipa31/ITI) 4cpe3 HUX MCKOMBIH BGKTOp AH' HaI/II[eM BCKTOpD M{' 110 IMpaBuly MHOFO-

JTOIbHIKA, AK = AA, + A B, +B,

E—

b

-

K, Bexkrop "!"Al MBI TI0 yCIIOBHIO 0003HaYMIIN KaK BeKTop

Bexktop A1B1 cormacho coiicteam Ky0a paBeH BEKTOPY *’J"B,
—

—_—

B, K

0603HaYeHHOMY 32 BEKTOp =

BeKTOp COCTaBJ'IFICT IIOJIOBUHY BCKTOpa Blcl Tak Kak Touka K — cepcarHa

1—.'
BK=- “BiG B.C,
- Bexrop 1™’ cornacHo cBoiicTBam Ky6a PaBet BEKTO-

M{. IJE.A1+!%.1B1+B1K—C+H+ ]:l'

pebpa BiG o YCIIOBHIO:
—
AD 45 I/I .
py “*~, 0003HaueHHOMY Kak BeKTop . Mmeem:
Tak, 3aaHHBIA BEKTOP BBIPAXKEH 4€pe3 TPU HEKOMIUIAHAPHBIX BEKTOPA. OCTaJIOCI) HaWUTH
€ro JJIUHY.

_..

3apanme Ne2. 3anan tpeyroibHUK ABC. Touka M — Touka nepeceuenus Meauad. Touka

or s~ 04 b= OF
0- ~ IPOH3BOBHA TOUKA MPOCTPAHCTBA. Pa3ioxuTh BEKTOP OM o BeKTOpam 2 = 0A b=
€= oc . (puc. 1)
O
/N
/ \
/ NN
/ Biv \
/ i
/ & <\
/ -\
e M\
AT .
C

Puc. 2.

—_— —_— e - e
CornacHo mpaBWly TpEyroJibHUKa OM=0A+AM=a+AM
[Mpommum otpe3ok AM no nepecedenus: co cropoHoid BC TpeyronpHuKa (pPHCYHOK 3),

MOJIYYUM TOYKY A ceperHy ATOM CTOpPOHBI (TOYkKa M MO YCIOBHUIO TOYKa TEPECEUCHUS

MeauaH TpeyroibHuka). KpoMe Toro, BCIOMHUM CBOWMCTBO MEAHMAH TPEYTOJbHHUKA: MEIHAHbBI
TPEYroIbHUKA NEPECEKAIOTCA B O,Z[HOI/I TOYKE, KOTOpasi pacCeKaeT UxX B OTHOLIEHUU 2:1, cunrtas

AM =2 A.f-'al
oT BepunHbL. Tak, umeem:
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Puc. 3. JlonosHuTENEHOE TOCTPOSHUE K 3a/1a4e 2

AA; = AB +BA; = AM = 2 (AB + BA;)
CHoOBa NPUMEHUM MPABUIIO TPEYTOJIbHUKA! 3
AB=b-3a
BA, =-BC==(c—h)
— 2= 4 1. 1- 25 1.4
AM —E(b— El+§ C—E:}) —Eb—§a+§c
OM=3a+-b—-a+-c=-(GA+b+
d+3b-3it3e=3G 2
3aanus AJ151 CaMOCTOATEILHON padoThI:
Bapuant Nel Bapuant Ne2

3apnanme Nel. Jlan ABCDA{B,C1D; —
napamienenunen. Toukn K u T — cepenunsl
pedep BC u D, C; cootBeTcTBeHHO. Pazmoxure

BEKTOPHI: a) AC; 0) AK; B) CT; r) C_AI;
1) DK; e) BT; x) A;K
no Bextopam CB,CD, CC; .

3aganue Ne2. Jlan ABCD — Tetpasap.
Touka M — Touka mepecedeHUs MeIuaH

TpeyroiabHuka ABC, npuuem DA=d, DB=b,
DC=¢. Pasnoxure BEKTOPBI:

a) DM; 6) AB; B) AM
10 BEKTOpaM: d, b,C.

3apanme Nel. /lan ABCDA,B.CiD; —
napajuieIenumnes. IIpuuem  AK:KB=3:2,

A;T: TD;=1:4. PaznoxxuTte BEKTOPHI: a) AK; 0)
AT; B) A_Cz; r) DT; ) DK; e) A—Cl); x) KT
0 BEKTOpam AB,AD, E

3apanme Ne2. Jlan ABCD — tetpasip.
Touka T — cepenuna pebpa CB, H - Touka
nepeceueHuss MeauaH TpeyroapHuka ABC.
Pasnoxure BEKTOpHI:

a) DT; 6) AT; ) CH
110 BEKTOpaMm: CA,CB,CD.

KOHTpOHLHLIe BOIIPOCHI (OTBCTLTG HI/ICBMCHHO):

JlaiiTe onpenesneHyre BEKTopa.

JlaiiTe onpeeneHue IJIMHbI BEKTOPA.

N bk wdE

[laiiTe onpeneneHne HyJIeBOro BEKTOpa.

JaiiTe onpeneneHrne KOJUIMHEAPHBIX BEKTOPOB.

Cdopmynupyiite npaBUIO TPEYrOJILHUKA AJIS CIIOKEHHSI BEKTOPOB.
Cdhopmynupyiite mpaBuiIo napauiesorpamMmma Juis CI0KeHUsI BEKTOPOB.
JlaiiTe onpeneneHue pasHoCTH BEKTOPOB.

JlaiiTe onpeneneHre yMHOKEHUU 51 BEKTOpa Ha YKCIIO.
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9. [aiiTe onpeneneHue KOMIJIaHAPHBIX BEKTOPOB.
10. Cdopmynupyiite npru3HAK KOMIUIAHAPHOCTH TPEX BEKTOPOB.
11. Cdopmynupyiite npaBuiIo nmapauieIenumeaa.
12. Cdopmynupyiite TeopeMy 0 pa3IokKEeHUH BEKTOpa M0 TPEM HEKOMILJIAaHAPHBIM
BEKTOpaM.

Ilpakmuueckasn paboma Ne37 :
JlexapToBBI KOOPAMHATHI B ITpocTpaHcTBE. KoopinHaThl BEKTOpa, pacCTOsTHUE
MEXAYy TOUKaMH, KOOPJUHATHI CepeANHbI OTPE3Ka

Lenb: 3akpenuTh MOHATHE IEKAPTOBBI KOOPAUHATHI B IPOCTPAHCTBE, OTPA0OTATh HABBIKU
paboThI ¢ OpMYyJIaMU PACCTOSTHUS MKy TOUKAMH, KOOPIUHATAMH CEPEIUHBI OTPE3Ka

TeopeTnueckas 4acTh:

KoopauHaTsl Ha TJIOCKOCTH U B MPOCTPAHCTBE MOYKHO BBOAHUTH OCCKOHEYHBIM UYHCIOM
pa3IMYHBIX CIIOCOOOB.

Pemas reomerpuueckyto, (pU3MUECKyl0, XHMHUYECKYIO 3a7adyy MOKHO HCIOJIb30BaTh
pa3snuYHBIE KOOPAUHATHBIE CHUCTEMBL: IIPAMOYTOJIBHYIO, IOJSAPHYIO, UMIMHIPUYECKYIO,
cepuueckyto. (IToka3 Moaeneit KpUCTAIITMYECKON PEIIETKH TOBAPEHHOW COJIN)

B o0meoOpa3oBaTenbHOM Kypce H3y4yaeTcsi MPsSIMOYrojibHas CHUCTeMa KOOpAMHAT Ha
IUIOCKOCTH U B pocTpaHcTBe. MHave e€ Ha3biBatoT [lekapToBoil ccTeMOoil KOOpAUHAT IO UMEHU
¢panimysckoro ydenoro ¢uinocopa Pene Jlekapra (1596 — 1650) BmepBbie BBEANIETO

Pene [exapt pomuics B 1596 r. B ropone Jla» Ha rore @paniuu, B
IBOpsiHCKOU cembe. OTteny xoTen caenatb u3 Pene odunepa. s storo B
1613 r. on ornpaBun Pene B Ilapmk. MHoro ner npumioch Jlexapty
npoObITh B apMHUM, y4yacTBOBaTb B BOEHHBIX MoXxoAax B ['oyanguw,
I'epmanun, Benrpun, Yexuun, Mtanuu, B ocane Kpemnoctu ryreHoToB Jla-
Pomanu. Ho Pene wunTepecoBana ¢unocodus, ¢usznka M MaremaTuka.
Bckope mo mpuesne B Ilapmx OH moO3HakKoMWiCcs C y4yeHUKOM Buera,
BHUJIHBIM MaTEMaTHUKOM TOTO0 BpeMEeHH — MepceHoM, a 3aTeEM U C JPYTHMMHU
Matematukamu ®@panuuu. bynyun B apmuu, JlekapT Bce cBoe cBOOOAHOE
BpeMs OT/aBajl 3aHATUAM MaTeMaTuKoi. OH u3yums anredpy HeMeIKux,
MaTeMaTUKy (PPaHIy3CKUX U IPEYECKUX YUEHBIX.

ITocne B3sTus Jla-Pomamu B 1628 r. JlekapT yxoaut u3 apmMuu. OH BEAET yeIUHEHHBIN
00pa3 )KM3HU C T€M, UTOObI pean30BaTh HAMEUEHHbIE OOIIUPHBIE TUTAHBI HAYYHBIX PadoT.

@dunocodekue B3rIAAb Jlekapra HE COOTBETCTBOBAJIM TPEOOBAHMSAM KaTOJIMYECKOMH
uepkBu. [Toatomy oH nepecenuiics B ['omtanauto, rae npoxua 20 net, ¢ 1629 no 1649 r., Ho u3-
3a TOHEHUH NMPOTECTAHTCKOM LepkBU B 1649 r. nepeexan B CrokronsM. Ho cypoBbliil ceBepHBbIi
kinumat [lIBerun okaszancs ans Jlexkapta ryOUTeNbHBIM, U OH YMep OT IpocTy sl B 1650 r.

JlekapT ObL1 KpynHeHmuM GpuiocopoM U MaTEMaTUKOM CBOETO BpeMeHH. B ocHoBe ero
bunocopun nexan wmarepuanusM. CaMbIM HU3BECTHBIM TpyaoMm Jlekapra sBisieTcs €ro
“I'eometpus”. [lekapT BBEN CHUCTEMY KOOPIMHAT, KOTOPOH IOJIb3YIOTCS BCE M B HACTOSLIEE
Bpemsi. OH yCTaHOBHWJI COOTBETCTBHE MEXAY YHMCIIaMU U OTpe3KaMH MpsIMOM U TaKUM 00pa3oM
BBEJ anreOpanyeckuii METojl B T€OMETpHI0. DTU OTKpbITUA JlekapTa Aaau OrpOMHBINA TOJYOK
pa3BUTHIO KaK TE€OMETpUM, TaK M JAPYyrUM pasjenaM MaTeMaTuku, ontuku. I[losBuiack
BO3MOXHOCTh M300pa)kaTh 3aBUCUMOCTh BEIHYMH TpapHUuecKd HAa KOOPAWHATHOM IIOCKOCTH,
yyciaa - OTPE3KaMU U BBINOJHATH apu(pMETHUYECKHe JAEHCTBMsI HaJl OTpEe3KaMH U JPYTUMHU
TeOMETPUYECKUMHU BEIIMYMHAMH, a TaKXKe Pa3IMYHBIMH (YHKIUAMH. OTO ObUI COBEPIIEHHO
HOBBIA METO/I, OTJIMYABLIMICS KPacCOTOM, U3SIIIECTBOM M MPOCTOTOM.
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CerogHss Ha ypoke Mbl NPOJOJDKUM HM3YyYEHHUE J€KaPTOBOM CHCTEMbl KOOpAMHAT, U
[OKa)KeM, YTO KOOPJIMHATHI B IPOCTPAHCTBE BBOAATCS TAKXKE IPOCTO, KAK U KOOPAMHATHI HA
IUIOCKOCTH.

B cBoé& Bpems Pene Jlexapt ckazan: ““... MOTOMKH OyayT OJlaroJJapHBI MHE HE TOJIBKO 32
TO, YTO 5 CKa3aj, HO W 3a TO, YTO s HE CKa3aJl U TeM CaMbIM Jal UM BO3MOYKHOCTb M
YZI0BOJIbCTBUE JOAYMAThCS /10 3TOIO CaMOCTOSATENBHO . Sl IMpenocTaBill0 BaM BO3MOYKHOCTb U
yJIOBOJIBCTBHE pa300paTbes C IEKapTOBON CHCTEMON KOOPAUHAT CaMOCTOSATENIBHO.

Onpenenenne 1. FEciu uepe3 TOUKy MpOCTpaHCTBAa IPOBEAEHBI 3  MOINAPHO
NEepHEHINKYIIApHbIE NPsAMble, Ha KaKIOW M3 HUX BBIOpAHO HAIIPaBICHHME U BHIOpAaHA €JUHMIIA
U3MEpPEHUS] OTPE3KOB, TO TOBOPAT, 4YTO 33JaHa IPSIMOYTOJIbHAs CUCTEMa KOOpAMHAT B
IPOCTPAHCTBE.

Onpenenenune 2. [Ipsimble ¢ BBIOpaHHBIMU Ha HUX HAIIPaBICHUSAMM Ha3bIBAIOTCS OCSIMHU
KOOpJMHAT, a X o0Iuas Touka — HayajoM KoopauHaT. OHa oGo3Hauaercs OykBoit O. Ocu
KoopauHat obOo3Hauarorcs Tak: Ox, Oy. VX Ha3pBaloT: OCh a0OCIHUCC, OCh OpAHWHAT, OCh
anmukat. Bes cucrema o6o3navaercs Oxyz.

Onpenenenne 3. Tpu IIOCKOCTH, MPOXOJASAIIUE COOTBETCTBEHHO Y€PE3 OCH KOOPAMHAT
Ox u Oy, Oy u Oz, Oz u Ox - koopAMHaTHBIE MII0CKOCTU. X 0603HauatoT Oxy, Oyz, OzX.

Touka O pazgenser KaxAyld U3 OCed KOOpAMHAT Ha 2 Jyda, OAWH M3 HUX —
HOJIOKUTENbHAS IOJIYOCh, APYIOi — OTPHUILIATENIbHAS TTOIYOCh.

Onpenenenne 4. B 1npsaMOyroibHOH CHUCTEME KOOpAMHAT Kaxaod Touke M
IPOCTPAHCTBA COIOCTABIISIETCS] TPOMKA YHCEIN, KOTOPbIE HAa3bIBAIOTCA €€ KOOPUHATAMMU.

[IpoBenem uepe3 Touky M Tpu MIIOCKOCTH, IEPENEHANKYIISPHBIE K OCSIM KOOPJUHAT, U
00o03HauuM yepe3 M1, M2 u M3, ToukH nepecedeHus 3TUX MIOCKOCTEH COOTBETCTBEHHO C
ocsiMu abcIuce, opAuHAT U anmukaT. M1 — abcuucca, M2 — opnunara, M3 — anmiinkara TOYKA
M. Koopaunats! Touku M 3anuceiBatotes: M (X; y; z), X — abcuuccea, y — OpJMHaTa.

IIpakTryeckas pabora

1. Chopmynupyiite OTIIMYHE AEKAPTOBOI CUCTEMBI KOOPJMHAT Ha IIOCKOCTH U B IPOCTPAHCTBE
2. HazoBute ocu koopauHat Ha miockoctu? Ha3oBurte ocu KoopauHAT B IPOCTpaHCTBE?
Ha3Banue, kakoil ocu Mbl He U3y4anu? (3HaKOMCTBO C HOBBIM CJIOBOM ‘“‘aniuivkara’)

4. Kakue mIocKOCTH paccMaTpUBAIOTCA B INIAHUMETPUH (B IPOCTPAHCTBE)?

5. Ha3oBuTe KOOpJMHATY Hayaja KOOPAWHAT Ha INIOCKOCTH (B POCTpaHCTBE)?

6. Kakue erje KOMIIOHEHTHI 10JKHA UMETh CUCTEMa KOOPAMHAT Ha INIOCKOCTH U B
IIPOCTpaHCTBE?

7. Kak 3aaercst KOOpArHaTa TOYKHA Ha TNIOCKOCTH U B MPOCTPAHCTBE?

Ha mockoctn B npoctpancTse
2 ocH, 3 ocw,
OVY- och opauHAar, OX - ocw abcryucc,
OX- ocp abcenucc OY — ocb opauHar,
OZ - och anruivKar.
OX nepnenaukyisipaa OY OX nepnenauxyisapHa OV,
OX nepnenauxynspaa OZ ,
OV nepnenaukymnsipaa OZ.
(0:0) (0;0;0)
HamnpaBnenue, eTMHUYHBIN OTPE30K HamnpaBnenue, eIMHUYHBINA OTPE30K
PaccTosiHue Mex 1y TouKkamu. PaccrosHue Mexny TOUKamu.
d= {(Kz -zl )2 + (y2-vl ¥ d=vx2-x1)?+(y2-yl)?+(z2-121)?
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KoopanHaTel cepennHbI OTpe3Ka. KoopanHaTsl cepennHbl 0Tpe3Ka

#l + =22 vl + w2

®l + =2 vl + w2
2 2 H= ____________', 5;" = ___________;

2 2

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

4. ITocTpouTh TOUKY C 3aJJaHHBIMU KoopanHaTamu A (2; - 3).

5. ITocTpouThb TOYKY ¢ 3aAaHHBIMH KoopauHaTamu A (1; 2; 3 ).

6. Haiitu iy otpeska:

A (1;2;3;)uB (-1; 0; 5)

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

7. Haiiqute KoopaAMHATBl TOYKU M - cepeluHbI OTpe3Ka

A(2;3;2), B (0;2;4) u C (4;1;0)

AC, AB

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

f
A Z
Af——AT
E 1__"|"f
ATy

o 11 1

A :

X

8. Jlan ky6 c pe6pom, paBHEIM 4. OnpeienTe KOOPAHHATH €r0 BEPILIKH.

z
B Ci OTBeTHI:
A D, A (4:0:0) A1 (4:0:4)
B (0;0:0) B1 (0;0;4)
B d y C (0:4:0) C1 (0:4:4)
> D (4;4,0) D1 (4:4:4)
A D
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9. Jlan npsAMOYroJibHbIM MapajijieienuIe, U3MEpEeHus: KOTOporo paBHbl 6;4;4. Onpenenute
KOOPJIMHATHI €r0 BEPIIHH.

B1 z CA; D1
: OTBETHI:
Aq : D1
i , A (2:-3,0) A1(2;-3;4)
‘B C B (-2;-3;0) B (-2;-3;0)
A |l Dy, C (-2;3;0) C1 (-2;3;4)
// D (2;3:0) D: (2;3:4)
Ha miockoctn B npocrpancTtse
Yeprex

Ocu xoopauHar

[Tinockoctu

Hauaso koopaunar

JlononHuTenbHbIE
KpUTEpUHU
Koopaunats! Toukn

PaccrosiHre Mmexy
TOYKaMMU.

KoopauHaThl cepenHb
OTpe3Ka.

Ilpakmuueckan paboma Ne38: Yron Mmexay Bekropamu. CKasipHOE
MPOU3BEICHUE

HAy4YUTHCS HAXOJUTh KOOPAUHATHI BEKTOPA, CKaJISIPHOE MPOU3BE/ICHHE BEKTOPOB,
yToJ MEX]ly BEKTOpaMH.
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Bexmopom Ha3biBaeTCs HANpPaBJICHHbIH 0TPE30K NPSMOii.

5
Bekrop ¢ HayasioMm B TO4ke 4 U KOHLOM B Touke B obo3Havaercs AB. Jlns
0003Ha4YeHHs BEKTOPOB YNOTPEOIAIOTCS TaKKEe CTPOYHBIC JIATHHCKHE OYKBBI:

iy
ahix

JlBa BekTOpa Ha3bIBAIOTCS KONIMHEAPHHIMU, €CTM OHM JIeKaT Ha OJIHOl
MPSMOIi WK HA Napa/uie/ibHBIX NpsAMbIX. KoinHeapHsie BEKTOPbI, HANPaB/IeHHbIE
B OJIHy CTOPOHY, Ha3bIBAOTCS coHanpaeaenuvimu. KolinHeapHbie BEKTOPSI,
HANpaBlICHHbIE B  MPOTHBOMOJOKHBIE CTOPOHBI, -  HPOMUBONONONCHO
HANPABICHHBIMU.

JIBa BeKTOpa Ha3bIBAIOTCS PAGHBIMU, €CJIM OHU COHAINPABJICHBI H PABHBI 110
MOJTYJTIO.

Cnoxcenue eekmopos. Jlns TOro uTo0bI

5

-5

MOCTPOUTH CYMMY JIBYX BEKTOPOB @ W b , HYKHO
BbIOpaTh MPOU3BOJILHYIO TOYKY A M OTJIOKHTb OT Heé

-

"t
BEKTOp AB =a, a 3ateM OT TO4KH B OTJIOKHTH BEKTOP

B?f‘=; . Torma BektoOp AﬂC ABISICTCA  UCKOMOI
CYMMOIi: AﬂB+ BﬂC = AﬁC A

ﬂ
Koop/mHatel Bektopa ABc¢ HauanoM B Touke A(x;;V,;Z;) U KOHIOM B TOUKE
B (x2,y2,2;) paBHbl (X2 — X715 Y2— V13 22— 21).
-

Jlnuna Bekropa AB Bbumcasercs no Gopmyne:

A?J{:x/(x2 —x) (0 -2) +(z-2,)

Cymmon BextopoB a(a,;a,;a;) u b(b;b,;b;) Ha3eBaeTCA BEKTOpP € €
KoopauHatamu (a, +b;a, +b,;a, +b,).
—

IIpoussedenuem Bextopa a(a,;a,.a;) Ha 4YMCIO A Ha3bIBAETCS BEKTOP

—*
Aa(Za;;Aay;Aay).
CKanApHbIM  npou3eedeHueM JIBYX HEHYIEBBIX BEKTOPOB Ha3bIBACTCS
IIPOM3BE/ICHUE UTHH 3THX BEKTOPOB HAa KOCHHYC yria Mex 1y HuMH. Ecin xots Obl
OJIMH U3 BEKTOPOB HYJIEBOIi, TO HX CKaJIIPHOE IIPOH3BE/IEHHE PABHO HYIII.
- =
a-b=

—3

a

—5

b

-COSQ,
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- -+

rJie ¢ - Yrojl MeX/y BeKTopamMu a u b.
CBolicTBa CKaISPHOTO NPON3BE/ICHHS BEKTOPOB:

e T

- NlepeMeCTHTEbHOE CBOICTBO: a-b =b-a;

- = —
- couerarejibHoe CBOiicTBO: (ka)-b =k(b-a);
- = = e B

- pacnpeiennTelbHoe CBoiCTBO: a-(b+c)=a-b+a-c.

CkanspHoe NpOM3BEJCHHE JBYX BEKTOPOB PABHO CYMMe MpOM3BEIeHHil
OJHOMMEHHBIX KOOPAHHAT 3THX BEKTOPOB:

- =

a-b=xx,+yy, +z.z,.
Mopmyiia Juisl BBIYHCIICHHUS YIJIa Meﬁc,uy BEKTOPAMH:

ab

COSP = ———.
P

a .

Jra ke hopmysa B KOOp/AMHATAX:

T
'Jxl '+'.V1 +-"1 \/xa +Jfa +2;
[IpakTnueckas 4acTb
Bapuanr 1

1. lan ABCDAB,C\D, — napannenemmen. Haittu AB+ AD+ A4+ CD.

Cosp =

2. Haiitu koopaunarsl Bekropa 0,3 E— U,63+ 0,2 2—53 ,ecima(—1;2:4), b(0;5;3),

c(3:33), d(1;1:4).
3. JlaHel TO4KH A(I 3:0), B2; 3; -1) w C(1; 2; -1). Beraucnure yrona Mexay

BEKTOpaMH CA u CB

=3. Beruuciure (a+b)c.

e T T

4. U3BectHo,uto a ¢=b ¢ =30,

—

al=2,

- -

b|=|c

Bapunaur 2
1. Jlana ABCA,B,C, — npusma. Haiitu AB— AC — BB, .

2. Haiitn koopmunatel Bektopa 0,5a+01b+03¢c—6d , ecm a(5;—1;—-1) ,

B(=L:1:1), ¢(0;2:—2), d(~3;2:0).
3. lauwr Touku A(S5; 0; 0), B(l; 1; 1) v C(3; -1; 2). BelMucaure yroja Mexuy
BEKTOpaMH A_)BH AﬁC .

e T

4. U3BectHo,uto a ¢ =b ¢ =45,

- = —

= 6. Beruuciure (a+b) c.

—

bl =

—

N
al=3,

Ilpakmuueckan paboma Ne39:
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OTtoOpaxkeHust IpocTpaHCTBa Ha ceOst. Buapl ABkeHUs
Heanb padoThl: chopMupoBaTH YMEHUS PEIIaTh 3aa4d Ha JIBIIKECHUE

TeopeTnueckne cBeleHHs K NPAKTHYEeCKOH padoTe:

[Tpu pemiennu 3aqa4 Ha ABMKEHUE IPOCTPAHCTBA, HAJIO 3HATH BUJIbI IBIXKEHUS. DTO
LIEHTpaJbHasi CUMMETPHS, OCEBAsi CUMMETPUS, 3€PKaJIbHAsI CHMMETPHSI U NTapaJUIeIbHBIN
MIEPEHOC.

Lenumpanvhas cummempus: Touku M u M1 Ha3bIBalOTCS CUMMETPUYHBIMU OTHOCUTENBHO T O
(menTp cummerpun), eciim O — cepenuna orpeska MMi. Touka O cunTaeTcsi CAMMETPHUIHON
camotii cebe.

T. M u T.M1 CUMMETPUYHBI
M o M OTHOCHTENBHO T.0.

T. O — IGHTp CUMMETPUU

1.0 — cepeauna orpesxka MMy

1.0 oroOpakaercs cama Ha ce0st
Ocesas cummempus: Toukn A 1 A1 Ha3bIBAIOTCS CHMMETPHYHBIMH OTHOCUTEIBHO NPMOH a (
0Cb CUMMETPUH), €CIIU TPSIMast @ MPOXOAUT YEPE3 CEPENHY OTpe3Ka
A a Ay AA1 ¥ ICpHCHIMKYISPHA K 9TOMY 0TpesKy. Kaskaas Touka npsmoit
’ a CUATAETCS CUMMETPUYHOM camoii cebe.

3epranvras cummempus. Touku AA1 Ha3pIBaIOTCA
CUMMETPUYHBIMU OTHOCUTENILHO IJIOCKOCTHU 0 IIOCKOCTh
1 CUMMETPHH), €CJIN TUIOCKOCTh 0 MPOXOJUT Yepe3 CepeluHy
) oTpe3ka AA1 U nepreHAUKYIsIpHa K 3ToMy oTpe3Ky. Kaxnas
TOYKa TIOCKOCTH CYMTAETCSI CHMMETPHYHON camoit cebe.

—
[TapanienpHBIM IEPEHOCOM Ha BEKTOP p Ha3bIBAaeTCsl 0TOOpaKeHHE IPOCTPAHCTBA Ha ced,

_ —

IpU KOTOPOM Jro0ast Touka M nepexoaut B Touky M1, uto MM, = p

o

-

M

3agaHus 17151 CAaMOCTOSITEIBHOIO PelIeHus!

1 BapuaHT.
1. Ilpu 3epkanbHOIl CHMMETPHUH NpsiMast @ OTOOpaskaeTcs Ha MpsAMyro ai . Jlokaxkurte, 4To
NpsIMBIE @ U @1 JIeKaT B OJHOU TUIOCKOCTH ( IPSIMBIE a U a1 MapajliebHbI ).
2. Ilpu 3epKajgbHON CUMMETPUHU OTHOCUTEIBHO MIIOCKOCTH 0. MJIOCKOCTH 3 0TOOpaskaeTcs Ha
I0CcKOCTh PB1 . Jlokakure, uto ecnu 3 || o, To P1 || a.
3. JlokaxuTe, 4TO IpH NapajuIeIbHOM IIEPEHOCE Ha BEKTOpP P, rae p # 0, nmpsiMas , He
napajuiesibHasi BEKTOPY p U He cojieprkaliiasi 3TOT BEKTOp, 0TOOpa)xkaeTcs Ha NapauiebHyo el
IPSIMYIO.

2 BapHaHT.
1. Ilpu 3epkanbHOIl CHMMETPHH NpsiMast @ OTOOpakaeTcs Ha MpsAMyto ai . JlokaxkuTte, 4To
NpsIMBIE @ U @1 JIeKaT B OJHOU TUIOCKOCTH ( IPSIMBIE a U a1 TIEPECceKaroTcs ).
2. Ilpu 3epKajgbHON CUMMETPUH OTHOCHTEIBHO IJIOCKOCTH 0. MJIOCKOCTD B 0TOOpaXkaeTcs Ha
MJI0CKOCTh P1 . JlokakuTe, 9TO ecinu B mepneHauKyIsipHa o, TO 1 coBmamaer ¢ .
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N

3. JlokaxuTe, 4TO IpH NapajuIeIbHOM IIEPEHOCE HA BEKTOpP P, rae p # 0, mpsmas ,
napajuiesibHasi BEKTOPY p WM COZIeprKalliasi 3TOT BEKTOp, 0TOOpaxkaeTcs Ha ceOs.

KOHmpOJleble eonpocol:

Uto Takoe leHTpaJibHasi CHMMETpUs?
Uto Takoe oceBas CUMMETpHUsI?
UTto Takoe 3epkajgbHasi CAMMETPHUS?

Ilpakmuueckasa paooma Ne4d0: KoopauHaTHas TUIOCKOCTh. BbIYMCIeHHE pacCTOSHUN 1
IJIOMIAJeH Ha IUIOCKOCTH. Konn4yecTBEHHbIE pacyEThI
B paspabotke

IIpakTuyeckas padora Ne52: [lonarue MmHOrOrpaHHuka. Bepumnsl, péopa, rpanu
MHOTOrpaHHuka. Pa3séprka.

Ilens:

TeopeTnueckas 4acThb
IIpaBuabHas npu3ma.

3aganue 1: 3anucars B TeTpaJ b NOHATHS MHOTOTPaHHUKA, BEPUIMHBI, peOpa, TpaHH;
IIPABWJIBHOTO MHOTOT'PAHHUKA.

Mmnozozpannuk - T€OMETPUYECKOE TEJIO, OTPAHUYEHHOE CO BCEX CTOPOH IUIOCKHMH
MHOT'OYI'OJIbHUKaMH, Ha3bIBa€MbIMU 2panamu. CTOPOHBI TPaHEN Ha3bIBAIOTCS pedpamu

BBINTykiblii MHOTOTpAaHHUK HAa3bIBACTCS MPAGUAbHbIM, €CIA BCE €ro TIpaHd —
IIPABWIBHBIE OJAMHAKOBBIE MHOTOYTOJIBHUKM U BCE MHOTOTPaHHBIE YIJIBI IIPU BEPIIMHAX PaBHBI.
CymectByeT 5 BHUJOB MNMpaBWJIbHBIX MHOTOTPaHHUKOB: TETpa’Ap, KyO, OKTa’lp, AOJAEKa’ap,
UKOCadP.

3ananmue 2: 3anucath B TETpaab TeOpemMy Ditnepa

Teopema Jiinepa 0 COOTHOLIEHUU MEKIY YHUCIOM BEpILUH, pedep U rpaHell BBIMYKIIOTO
MHOT'OTpaHHMKa, JOKa3aTeJIbCTBO KOTOPO# Ditnep omyOiaukoBan B 1758 1.
Bepuwiunwot + I'panu - Péopa = 2.

MHoOrorpaHHuK Bepmmnbr  |[I'panm  Péopa ?ncnl:MeTpnn ggf;ﬁ:;i?d
Terpadap 4 4 6 3 6

Kyo 8 6 12 9 9

OxTasip 6 8 12 9 7
Joaexadap 20 12 30 15 15
Hxocarap 12 20 30 15 15

3aganue 3. U300pa3uTe TeTpa’ap, Ky0, OKTadAp M YKAKUTe IPaHH, pedpa U BepIIMHBDI.
3ananue 2: 3anucaTh B TETPAJlb HOHAMUE RPU3M, €€ ITIEMEHM 08

Ilpuzma —Imo  MHO202pAHHUK, 08€  2PDAHU  KOMOPO20  AGNAWMCA  PAGHbIMU
MHO20Y20/IbHUKAMU, HAXOOAWUMUCA 8 NAPAINEAbHBIX NI0CKOCHAX, A OCHAIbHblE CPDAHU —
napannenozpammamu.
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FpaHH, KOTOPBIC HAXOOATCA B IMapaJlJICIIBHBIX IIJIOCKOCTAX, HA3bIBAIOTCA OCHOBAHUAMM ITPU3MBEI,
a OCTAJIBHBIC I'PaHU — 00KOBBIMH IrpaHsAMMHU IIPU3MBIL
B 3aBucuMocTH OT OCHOBaHUS IMPU3MBI OBIBAIOT:

)

i

TpeyronpHas YeTsIpéXyroyibHbIE [ITectnyrospHas

[Tpu3zma ¢ GokoBBIMH PEOPaMU, MEPIEHIUKYISIPHBIMU €€ OCHOBaHUSM, Ha3bIBaeTCs MPAMOii
NPU3MOii, KaK B IPEIbIIYIINX PUCYHKAX.

[Ipsimas mpr3ma Ha3bIBaeTCs NMPABUIIbHOM, €ClTU €€ OCHOBAHUS — IMPaBUJIbHbIE
MHOT'OYT'OJIbHUKH.

[Ipusma, OOKOBBIE pédpa KOTOpOM HE
NECPNCHANKYIIAPHBI OCHOBAHUSIM, Ha3bIBACTCA

HAKJIOHHOH MPHU3MOH.
Paccrosinue MEXIY OCHOBaHUSIMU IIPU3MBI
Ha3bIBACTCS] BBICOTOM ITPU3MBI.

e BeicoTa npsMoil pu3Mbl COBNAJAET ¢ OOKOBBIM
pedpom.

e BpicoTa HaKIIOHHOW NPU3MBI — JTO
MIEPIEHIUKYIISIP, TPOBEAECHHBIN MEX1y OCHOBAHHUSIMHU
pu3Mbl. HacTo NEpHeHauKyIIssp IPOBOJAT C OJHOHU U3
BEpIINH BEPXHETO OCHOBAHMSL.
e be3 IONOIIHUTENBHBIX YCIOBUI HEBO3MOXKHO OIPEACIINUTD, B KAKYI0 TOUKY
IIPOCKTUPYETCS BBICOTA HAKIIOHHOW ITPU3MBI.
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IMapanaeaenunen. Kyo. [Tupamupna. IlpaBunbaas nupamMuaa. YcedeHHasi NMpamMuia.

Terpasap.

3aganue 1: 3anucarp B TETpaJb ONpPEAEICHUS
1. Tlapamnenenunen. Kyo6.

MNapannenenunes

NpyvzMa, B OCHOBaHWH KDTOPOﬁ NexuT napannenorpamMm,
HazblEaeTCA NapannenenvunenomM.

v napannenenkunena BCe rpaHy — napannenorpaMmMol.

MpaHK napannenenunenta, He uMewnlwMe oblWWx BepLIMH,
H3ZbIEAKITCA NPOTHECNEXILWWMHK.

¥ napannenenynena npoTyuBonexallwe rpaHy napannenbHbel
W paBHbI.

AWaroHanbi nNapannenenvnefa, K3k W MHOMOrPaHHWKA
BoobLUe, Ha3bIBAaeTCA OTPE30K, COeAWHAWLWA BeplUWHbI
Napannenennnens, He Nexallve E O4HOH ero rpaxHn.

AuaroHanu napannenennnega nepecekaloTcHd B OAHOW TOoYkKe
M TOYKOH nepeceyeHWAa genAaTCca nononamM.

Touka nepecedyeHns AWaroHansi napannenanynega ABNAETCA
Ero UeHTpoM CMMMETDKM.

HPHMO}I'FOJ'II::HIJIM napannenenyunegom HazblBaeTCcA  Tawon
I'IFIHMDI?'I napanneneninen, B OCHOBaHWKH KOTOPOro nNexmuT
NpAMOYTONbHKK.

Bce rpaHn npAMOyronbHoOro napannenenvneda  ABNAKTCA
NpAMOYroNbHHUKaMH.

AnuHbI pébep NMPAMOYIONbHOrO napannenenunena,
d BbIXOOAWMX W2 OOHOM  BeplWWHbl, Ha3bIEAKTCA  ero
-'1 HMzMepeHHUAMK MK NMHERHBIMK pazmMepamMi.
b ) ¥ NpAMOYroNbHOrO Napannenenunena TP MEMEepPeHKA.
e R B npAMoyroneHoM napannenenwnege  Keagpat  nwboi
o K OW3rOH2NK PaBEeH CYMMe KE3LPaTOE TPEX ero MEMepeHMit:
o \ i =+ B el
/ b
I s
B NpAMOYroneHOM Napannensnyunege BepHO:
o
i MpAMOYronbHEIA  Napannenenwned, Yy KOTopore Bce TpM
| WZMEPEHMA PaBHbI, H3ZBIE3RTCA KyGoM.
| * , ;
| OuaroHans Kyba B KB3JpaTHbli KopeHb W2 Tpéx paz bonbwe
: £ro CTOpPOHbI:
4
I =
: \ g d=avy3.
I
a | B kybe eepHo:

|

v ANA NNowWagn NoaHoM NOEEpPXHOCTH.

2. Tlupamupa. IlpaBuiibHas nupamua. Y ceueHHas MUPaMUIA.
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[Tupamiga

Mupamuaoi (Hanpumep, SABCDE) HaZblBA&TCA MHOMOMPaHHKK,
KOTOpbIA  COCTOMT M3 TOCKOrO  MHOTOYTONbHWKA
(nATMyronoHWK ABCDE) - OCHOBaHMA NMpaMuabl, Toukwk (5],
HE NeXalei B NNOCKOCTH OCHOB3HWA,~ BEPLUMHEI MMPaMiabl
W BCEX OTPe3ZKOB, COEOWHAKLWMWX BEpPWWHY NWUpaMugbl
C TOYK3MW OCHOBAHWA.

Otpezkm (84, 8B, 8C, 8D, SE), COSOWHAKLIME BEpLUMHY
NUPaMUabl C BEPLIMHAMW OCHOBAHKMR, HA3bIBAKITCR GOKOBBIMKM
pedpamu.

MoBEPXHOCTD  MMPaMuAnl  COCTOMT W2 OCHOBaHMR
(naTWyronsHWK ABCDE) v GoKoBelx rpaHei. Kaxanas Dokoeas
rpaHb — TPeyronbHUK. OJHOA M3 ero BeplUWMH RABNAETCR
BEPLWMHA MWPaMWabl, a MNPOTWBONEXALleR CTOPOHOA -
CTOPOH3 OCHOBAHWA NMPaMWabI:

ASAE, ASBC, ASCD, ASDE, ASEA - DOKDBbIE MpaHM.

BOKOBOW NOBEPXHOCTbH NMPaMUIbl HA3bIBAETCA CYMMA
nnowagen ee OOKOBLIX rpaHen.

BoicoToit  nupamugbl  (SO) HasbIBAETCR  MepneHgukynsp,
NPOBEAEHHBIA W3  BEPLWMHbI  NWPaMWObl K NAOCKOCTH
OCHOBAHWA.

MWpaMuaa HazblBaeTcA H'YFDJ’IbHDF‘I, ecny ee OCHOBaHWEM
ABNASTCA H-yronbHWK. TpeyronbHas NMWpaMWaa HasblBaeTca
TAK¥Ke TETPasapoM,

o - yron HaknoHa GokoBoro pebpa SA nupamuabl K
NNOCKOCTW &8 OCHOBAHWA,

£ - yron Haknowa Gokoeoi rpann (SED) nupamugbl K
NNOCKOCTW €& OCHOBAHMA.

OCHOBaHWe BblCOTbI MApamMKiabl HABNAGTCA LUEHTPOM
OKPYHHOCTH, OMWCAHHOW OKONO OCHOBAHWA nupamMmuanl, TOr44
W TONMbKO TOMda, KOrdd BbINONHAETCA OOHO M3 ‘y’CJ’IDBHﬁ:
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¥ Bce Gokoeble pefpa paBHbI;

¥ GokoBble pefpa oBpazyloT C NNOCKOCTBI OCHOBAHWA
pPaBHbBIE YIbI;

¥ Gokoeble pebpa obpazytoT paBHbIE YIMbl C BbICOTOF
nUpamMugbl.

OcHoBaHWe EblCOThI nipaMdgbl ABNASTCA UeHTPpOM
OKDYHHOCTH, EMNMCAHHON B OCHOB3HWE MM pamMmMgbl, TOrga M4
TONBKOD TOrAOa, KOraa BeIMOAHASTCA OOHO M3 YCJ'IOEIHI‘;I:

¥ GOKOBbIE MPaHK HAKNOHEHbI K MAOCKOCTH OCHOBAHWA
nod ogHWM YrnomMm;
¥ BbICOThI GOKOBBIX rpPaHeil paBHb;

¥ BokoBble rpaHK 06pasyoT PaEHBIE YIMbl C BbICOTOM
nUupamugsl.

O0b&M MWpaMKMabl paseH TPeTW MNPOMIBS0sHWA NNOWagW
OCHOBAaHWA Ha BbICOTY NWUpaMWIbl:

V= 1/3-8,h.

Mnowanb MNONHOHW MNOoBEpxXHOCTH Mobold NWpamMmwasl paeHa
CyMMe nnowansil 6oKoBOH NOBEPXHOCTM M OCHOBAHMWA!

Sp= S5+ 8

CeueHMA NWpaMuabl NACCKOCTAMM, MNPoXOOALWMMKM 4Yepes ee
BEPLWWHY, NPeOCcT3ENAKT cobol TpeyronbHUMKK, B 4acTHoCTH,
TPeyroNbHWKaMKM  ABMAKTCA AWMArcHanbHbIE CEUYEHWMA., 2To
CEeYEHWA MNNOCKOCTAMM, MPOXOAAWKMMK YEpEes B3 HECOCEAHMX
BokoBbix pebpa NKMpamMuKabl.

MNocKocTb, KOTOP3A NepecekasT NUpaMuay M napannensHa
e& OCHOBaHWID, OA8NWT €& Ha ABE 4acTu:

nupamugy, nogodHyw gadHHol (SA;B1Cq) v
MHOMOFP3HHWK, Ha3blBAas&Mbld  YCEUEHHOW NMpaMWOon
(ABCA|B|C,).

MPaHK YCEUSHHOM NWpaMuabl, NeXalMe B NapannenbHblx
nnockocTax (AABC v AAB,C;), HazblBaKOTCA OCHOBaHWAMM,
OCTafnbHbIE rpaHm (AA BB, AACC, BE;C,C)
HazblEaloTCcA DOKOBLIMW FPaHAMM,

OCHOBAHWA YCEUEHHOW nWMpamMuabl nNpeacTaenAwT  coboil
noacbHbBlE MHOMOYroNbHWKMW, GOKOBbIE FPaHK — TpaneuMm.

BbicoTa yceuyeHHOW nupamugbl (00;) - 3To paccTofAHWe
MeX Ay MNOCKOCTAMK 8 OCHOB3HWA,

Ecnwu 5 U 53 — nNnowagn OCHOBaHWA YCeyEHHOW NUpaMuabl W
h - e& sbicoTa, To AnA 06bé&Ma yCeUEHHON NWMPaMKabl BEPHO!

V= %h(sl + /5.5 + 5;)-
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3. Terpasmp

OnpeAeneHue. TeTpasap — 3TO MHOTOrpaHHUK, COCTOFlLLLMﬁ U3 NNOCKOCTU TPEYIro/ibHMKa U TOYHKU HEe
ne)«aw,uﬁ B 3TOW NJIOCKOCTH, TPEX OTPE3KOB COEANHARLNX 3TY TOHKY C BEPLWLUIMHaAMMN OCHOBaHuUA
TpeyrosibHUKa.

FoBopAT, uTo pébpa AD 1 BC, AB u CD, 1 T.4.- NPOTUBONOSIOXHbIE.

Cuutaetca » ABC -ocHOBaHUe, ocTallbHbIe FPaHun - GOKOBbIE.

WN3o6paxaeTca TeTpasap obbiuHo Tak (puc. 1).

PucyHok 1 — usobpaxeHue TeTpasgpa.

MaTemaTuka, B YaCTHOCTU reOMeTPUs, ABNAETCA MOWHENLINUM MHCTPYMEHTOM B MO3HaHUKU MUpa.
Pa3nuyHbie reomeTpuyeckme GopMbl HAXOAAT CBOE NPaKTUYECKOe NPUCNOCOBNEHUE B PA3NIUYHbBIX
obnacTax 3HaHWA: apXUTEKTYPE, CKYNbNTYPE, )Kusonucu. U TeTpasap ToMy AOKa3aTeNbCTBO. TakK e Mbl
MoXem HabnoaaTh TeTpPasap B NOBCEAHEBHOM XU3HU (puc. 2).

<1>opMa naketTa MOJIOKa

ConHeyHble naHenun

T4

APXUTEKTYPHbIE PELLUEHUSA

PUCYHOK 2 - TeTpa3Ap B NMOBCEeAHEBHOW XU3HU

IIpakTH4eckas 4acThb:
IMocTpoeHue reomeTpuyecKkux Tesa
ITocTpouTh MPaBUIBHYIO TPEYTOJbHYIO MUPaAMHLY € arnopeMoi.
[TocTpouTh NATUYTOIBHYIO TUPAMUTY C BBICOTOM.
ITocTpouTh TPEYroNabHYIO IPU3MY C BHICOTOM.
[TocTpouTh npaBUILHBIN Tapayienenunes (2 yeprexa).

el N

CI/IMMeTpI/II/I B KY6C, B IMapaJuICienuneac, B Ipu3smMe U nmupamMuic.

Ceuenus Ky0a, IPU3MBI M TUPAMUJIBI.

CummeTpus — 3TO 3aKOHOMEPHAS TIOBTOPSEMOCTh JIEMEHTOB (UK YacTei) PUrypsl Uil Kakoro-
1100 Tena, Mpu KOTOPOol (pUTypa COBMEIAETCS cama ¢ OO0 IpU HEKOTOPBIX MPeoOpa3oBaHMIX
(BpaiieHue BOKPYT OCH, OTPaKEHUE B TIJIOCKOCTH).
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ITonsTHe CUMMCTpPUHA BKIIIOYACT B ce0s1 TaKue MOHATHA, KaK: OCb CUMMCTPUHU, HICHTP CUMMCTPUUA
H IINIOCKOCTb CUMMCTpPHH.

1) Ocb cummeTpun - BooOpaxkaeMasi 0Ch, IIPU MIOBOPOTE BOKPYT KOTOPO HA HEKOTOPBIH yroJ,
¢durypa coBmeraercs cama ¢ co00i B MpoCTpaHCTBE (o)

2) LleHTp CHMMETPHH - 3TO TOYKa BHYTPU MHOTOTPaHHUKA, B KOTOPOH MEPECEKAOTCS U JIEISATCS
TIOTI0JIaM TIPSIMbIE, COCTUHSIOIINE OJMHAKOBBIE JIEMEHThI MHOTOTpaHHUKA (IpaHu, pEOpa, yriibl)
©).

3) Il;nockocTh CHMMETPHHM JIEIUT MHOTOTPAHHUK Ha 2 3epKabHO paBHbIE yacTH (P).

Cummertpus B KyoOe.
KyOy cBOiiCTBEHHBI BCE BU/IbI CHMMETPHH.
a) Llentp cummeTpuu (LeHTp KyOa) - TOUKa MpecedyeHus AuaroHaneit kyoa.
0) I[Lmockoctu cummerpuu (9):
1) 3 MIOCKOCTH CUMMETPUH, MPOXOIAIIUE YePE3 CEPEANHBI TapaUICTBHBIX pedep;
2) 6 IOCKOCTEH CUMMETPHH, IPOXOIAIINE Yepe3 POTUBOJIEKAIIHE pedpa.
B) Ocu cummerpuu (13):
1) 3 ocu, npoxosiue yepe3 HEeHTPbl IPOTUBOJIEKAILUX I'PaHEH;
2) 4 ocu CUMMETpPHH, IPOXOJIALINE YEPE3 IPOTUBOJIEIKAIINE BEPIINHBI;
3) 6 oceil, mpoxoasIe Yepe3 CepeAUHbI IPOTUBOIEKAILUX PEOED.

CuMMmeTpus B napaJjuiesienuimnesne.

a) LleHTp cuMMeTpHH - TOUKA IEPECEUEHUS] IMaroHaiel npsMoyroiabHOro napajuielenuneaa.
6) ILnockocTh cUMMETpPUH. 3 MIOCKOCTH CUMMETPUH, IIPOXOJAIINE Yepe3 CePEqUHbI
napajuieIbHbIX pEdep.

B) Ocu cuMMeTpuu. 3 OCH CUMMETPUH, TPOXOSIINE Yepe3 TOUKH MepecedeHns AuaroHanei
IIPOTHUBOJIEKALIUX IPAHEN

CumMeTpus B Ipu3Me.

1) Cummetpust npsimoit mpu3Msbl. O1Ha MIIOCKOCTh CUMMETPHH, IPOXOALIas dyepe3
cepennHbl OOKOBBIX PEOED.

2) CummeTpHst IpaBUIILHON TPU3MBI.
a) Lleatp cummetpun. [Ipr 4€THOM YHCIIe CTOPOH OCHOBAHHS [IEHTP CHMMETPHUH - 3TO TOYKA
nepeceyeHus! JuaroHanaei mpaBUiIbHON PU3MBI.
6) [1nockocTu cumMmeTpuu:

1) mIocKoCTh, MPOXOAdLIas Yepe3 cepeinHbl OOKOBBIX pEdep;

2) ipu 9ETHOM YHKCIIE CTOPOH OCHOBAHHUSI - TUIOCKOCTH, TIPOXOJISAIIHE Yepe3
mpoTUBOJIeKAIIue pEdpa.
B) Och cuMMeTpHH:
a) pU YETHOM YHCJIe CTOPOH OCHOBAHUS - OCb CHMMETPHH MTPOXOAUT Yepe3 LIEHTPbl OCHOBAHMIA;
0) ocu CHMMETpUH, MPOXOISIINE Yepe3 TOUKHU MPECCUSHHS JHaroHaNel POTHBOJICKAIITIX
OOKOBBIX IpaHeH.
CummeTpusi B nMpamuje.
a) IlmockocTH cHMMETPHUU: IPH YETHOM YHUCIIE CTOPOH OCHOBaHUS —

1) MI0CKOCTH, MPOXOIAIINE Yepe3 MPOTHUBOJICKAIINE OOKOBBIE pedpa,

2) TIOCKOCTH, IPOXOAAIINE Yepe3 MEeIUaHbI, TPOBEJACHHBIE K OCHOBAHUIO
MIPOTHBOJIEKAIIUX OOKOBBIX TPAHEH.
6) Ocb cUMMETPHH: MTPH YETHOM YHCJIE CTOPOH OCHOBAHUS — OCh CHMMETPUU MPOXOIUT Yepe3
BEPLINHY NPaBUIbHOW MUPAMH/IbI U LIEHTP OCHOBAHMSL.
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IlocTpoenune ceuennii Ky0a, NpU3MbI U IMPAMH/bI.

1. B terpasape SABC npoBenute ceueHus yepes cepeauny peopa AB nmapaiiensHo
pebpam:
1) ACu AS;
2) BCuCS.
2. [TocTpotiTe ceyeHue Kyda MmIOCKOCTh TakK, YTOOBI OHO OBLIO:
1) Pombowm;
2) TIpaBUIIbHBIM MIECTUYTOJILHUKOM.
3. B npaBwiIbHON TPEYroJbHON MPU3ME IIOCTPOUTH CEYEHUE, IIPOXOAILEE Yepes

pedpo BEpXHETO OCHOBAHUS U CEPEUHY CKPEIIUBAIOIIErocs ¢ HUIM OOKOBOTO pedpa.

IIpencraBiieHue 0 NPaBUIbHBIX MHOTOTPAHHUKAX:
TeTpa’ap, Ky0, OKTadAp, A0AEKAIAP U MKOCAIAP.
3aganue: HauepTuth B TeTpaau QUTYyphl U pa3BepTKU

IIpasunvHblii S I PasuUNbHbLIL Ilpasunvhutii
mempaaop oKxmaaop 2excaadp
paeuﬂbubtﬂ IIpasunvHrulil

uKocaaop ; i % 0odexa3adp

IIpakTuyeckas padora Ne53: [Ipusma. [Ipsmas u HaknonHas npusma. [IpaBunbHas npusma.
[Tapannenenunen. Ky6. CpoiicTBa napasienenunesna.

[lens paGoTsr:

1) IToBTOpUTH U 3aKpENNUTH BUIBI IPU3M U UX CBOMCTBA.

2) BeipaboTtath yMeHHMs J1e1aTh K 3a/1a4aM IPpaMOTHBIE YEPTExKH.

3) BripaGoTaTh yMEHHS U HAaBBIKU IPU PELICHUH T€OMETPUUECKUX 3a/1a4 1o Teme «[Ipu3zmay.
O6opynoBaHue: KapTa UHAUBUAYAJIBHOTO 33JaHHsI, MUKPOKAIbKYJISTOP.

JUJ1s BBITOJTHEHUSI TPAKTUYECKON paOOThI UCTIONB3YITE CIIEYIONINe CBEACHUS:

e Eciu OGokoBble peOpa INpHU3MBbl MEPNEHIUKYISPHBl OCHOBAaHMSAM, TO IpPHU3Ma Ha3bIBAETCS
IIPSIMOH, B IPOTUBHOM CJIy4ae HAaKJIOHHOM.

e [Ipsamass mpusMa, B OCHOBaHMM KOTOPOW JIEKHUT IPABWIBHBIM MHOTOYIOJBHUK, HAa3bIBACTCS
MPaBUIbHO.
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e [leprieHAUKYISAp, OMYIIEHHBIA U3 000 TOUYKM BEPXHEr0 OCHOBAHUS HA TIOCKOCTh HUYKHETO
OCHOBAaHUs, Ha3bIBACTCS BBICOTOM NPU3MBL. Y NPAMON M NPAaBUIBLHOW IPU3MBI BBICOTA paBHA
00KOBOMY pedpy.

e /lnaroHasnbio MpU3Mbl Ha3bIBaeTCA J1I0O00HM OTPE30K, COSAMHSAIONIMI 1BE HE JIeXKallUe B OJHON
I'PaHU BEPIUUHBI IPU3MBI.

e J[MaroHaJIbHOE CEYEHHUE - ITO CEYECHHUE, KOTOPOE IPOXOAMUT 4Yepe3 OAHY M3 JuaroHajed
OCHOBaHUS U OOKOBOE pedpo.

[Tapamnenenunen.  HauOonee  wacTto — BeTpedarollMMcs — BUAOM — NPU3MBIL  SABIISETCS
napayuienenunen. Onp. Ilapannenenunenom Ha3bIBaeTCs MPU3MaA, B OCHOBAaHUM KOTOPOM JIEKUT
IapajuIeIorpaMM.

e Bce rpanu napasuielsienuie1a - napajiesorpaMmsl.

e [lapamenenunesn, O0KOBble pedpa KOTOPOTO MEPHEHIUKYISPHBI K IIOCKOCTSIM OCHOBaHMH,
Ha3plBaeTcs NpsAMbIM. (OcHOBaHME MPSIMOTO Napajelenunesa — napauienorpamm, a 60KoBble
IPaHu — NPSMOYTOJIbHUKH).

e [Ipsamoli mapaienenunen, B OCHOBAaHUM KOTOPOIO JIEKHUT IPSAMOYIOJbHHUK, Ha3bIBAcTCS
IIPSIMO- YrOJIBHBIM IapajulesienuienomM. Bcee rpaHu NpsMOyrosbHOro napajuienenunena -
OpSAMOYTOJIbHUKM. J[MHBI TpeX pébep MpsIMOYroJbHOIO MapajuleeNuIeia, BBIXOAIUE U3
OJIHOI BEpLINHBI, HA3bIBAIOTCS €70 U3MEPEHUSMU (JITTMHOMN, IIMPUHOMN, BBICOTON).

KBaznpar muMHBI JuaroHaau NpsMOYIOJBHOIO NapajuleeNuIela paBeH CyMMe KBaapaTroB 3-X
ero m3mepenuit: a2 + b? + ¢? = d2.

BapuanTt 1
1. CkonbKko pébep y MEeCTHYrOabHOU MPU3MBbI?
2. Kakoe HauMeHbllIee YUCIIO TPaHed MOXKET UMETh ITpu3mMa’?
3. lan xy6 ABCDA1B1C1D1. KakoBo pacnonoxenune npsimeix BiD1 u AC ?
4. TlepnieHAUKYsp, MPOBEACHHBIN U3 KaKOM-HMOYIb TOYKH OJTHOTO OCHOBaHHUS K IUIOCKOCTH
JPYrOro OCHOBaHUS, Ha3bIBAETCA. . .
5. CropoHa OCHOBaHHUSI TPaBWJIBHOW YETHIPEXYTOJbHOM Mpu3Mbl paBHa 12 cM. Jluaronanb
npu3Mbl 00pa3yeT ¢ IJIOCKOCThIO OcHOBaHMsA yron 45°. Haiinute 60koBO€ pedpo MpU3MBIL.
6. B npsiMoyronsHOM napajiiesenune/ie CTOpOHbl OCHOBAaHUS paBHBI 7 ¢cM M 24 cM, a TUaroHalb
napatesnenumnena - 5v29 cm. Haiitu mioma s 1MaroHaabHOrO CeUeHHUs MapalieIeuIesa.
7. B mpsimoM napaiuienenumnene ¢ BbiIcotor 15 M ctoponsl ocHoBaHust ABCD paBHbI 2 M U 4 M,
nuaroHanib AC paBHa 5 M Haiiaute miomans AWaroHajdbHOTO CEUEHHUs Tapajliesenunesa,
IIPOXOJSIIEro yepe3 BepmuHbl B u D.

Bapuanr 2
1. CkoapKo rpaHeil y HeCTHYTOIbHOM MPU3MBbI?
2. Kakoe HanMeHbI1iee 9uciio pédep MoKeT UMETh pru3ma?
3. Tpu pebpa napasuienenumena pasusl 6 M, 8 M u 10 M. Haiinute cymmy s Beex ero péoep.
4. IIpsimas mpu3Ma Ha3bIBAECTCS MPABUIIBHOW, €CIIM €€ OCHOBAHUA. . .
5. Haiigute niuHy AuaroHaau mpsiMOYroJIbHOTO Mapajuliesenuneia, U3MepeHHsl KOTOPOro paBHBI
2cM,3cMu 4 cM.
6. B npssMom napasuienenunene CTopoHbl OCHOBAHMS PaBHBI 3 CM U 5 €M, a OJIHA U3 AMaroHajeu
— 4 cm. MeHblllasg [uaroHanb Hapajuieienurnea ¢ MIOCKOCThI0 OCHOBAHMS COCTAaBIISIET Yrojl B
60°. OnpenenuTh qUaroHaJId apajuielienune/ia.
7. B npsamom mapamnenenurnene 6okoBoe pedpo 1 M, cropoHsl ocHoBanus 23 am u 11 1M, a
JMaroHaId OCHOBAHHMS OTHOCATCS Kak 2:3. HalinuTe miomaan InaroHaJbHBIX CEUSHUMH.
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Ilpakmuueckaa padoma NeS4: dneMeHThl nUpaMuibl. Buasl nupamu.
Pemenne 3anau

Heap : 3akperuieHUe MOHATHI: MUpaMuIa, 00bEeM, IO, OOKOBON W IMOJIHON MOBEPXHOCTH
MUPAMHU/IBI.
O6opynoBanme: mMojenu mupamunx , Tadnuma ¢ GopMynamMu Sen, Snn, V,  JHHEUKH,
KapaHJallly, KaJbKYJISATOp, KapTOYKU BOMPOC - OTBET (M3 HUCTOPUHM MUpaMH]), IUIaKaT ¢
M300paXCHUEM ETUIETCKUX MUPAMHU/I, TUCK « DHITUKIIONEIUS», TECTHI MPUTIOKEHUE
IIpoxo/kuTEIbHOCTD: 2 Yaca
[Topsimok BeIMONHEHUS PaOOTHI !
1. O3HaKOMHUTHCS C YKa3aHUSIMU K BBITIOJTHCHHIO MMPAKTUYECKON PabOThI
2. Chenarh KpaTKWil KOHCIEKT TEOPETUYECKOTO MaTepuaia B pabouux TETPAIIX
(OCHOBHBIE TTOHATHS, OTIPEICIICHHS, (POPMYJIIBI, TPUMEPHI)
3.M3yunts ycrnoBue 3aAaHui U1l IPAKTUYECKON PabOTHI.
4. Oopmuts oTuet o0 pabdore.
Teopernuyeckuii MmaTepuall
IMupamiaga — MHOTOTPaAaHHUK, OCHOBAaHUE KOTOPOI'O0 — MHOTOYTOJIBHHK, & OCTAIbHBIE TPAaHU —
TPEYroJIbHUKHU, UMEIOIIHE 0011yI0 BepiuHy. [1o unciay yrjioB ocHOBaHUS pa3iuyaroT MHPaMUIbI
TPEYTrOJIbHBIC, YETHIPEXYTOJIBHBIC U T. 1.

HAKJIOHHAsI npsimast

DIeMEeHThI NMUpaMHuabl
A A — BODUVHE NVDBNMOLL

AB, AC, AD AE — poSpa
PDANMILL

ADE, L AEB, ABC, ACD -
GONOENE rPEsie NDAaNMOLT
BCDE « ocnooasrse nvpanNm
AG — esicoTas

AF — ancchema:

AEC — AnaroHanbHos O otHHe

D C

arodeMa — BbICOTa OOKOBOM I'PaHM MPABHIILHOW MTUPaMUIbI, TPOBEICHHAS U3 €€ BEPIIHHBI [L];
OOKOBBIE TPAHH — TPEYTOJIBHUKHU, CXOASIIUECS B BEPIITNHE MUPAMUJIBI;

OOKOBBIE peOpa — OOIIHME CTOPOHBI OOKOBBIX TPAHEH;

BEpIIMHA MHPAaMUABl — TOYKA, COSAHMHSIONIAas OOKOBBIE pEOpa WM HE Jexalias B IUIOCKOCTH
OCHOBaHUS;
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BBICOTA — OTPE30K MEPIEHANKYJIIAPA, IPOBEAEHHOTO YEPE3 BEPLUIMHY NUPAMMIBI K INIOCKOCTH €€
OCHOBaHMA (KOHLIAaMH HTOrO OTpe3Ka SBIAIOTCA BepIIMHA MHPaMUIbl U OCHOBAaHHE
nepnenaukyispa) (H);

JIMaroHajlbHOE CEYEHHE MHMPaMMJIbl — CEUeHHE NMUPaMUbI, MPOXOAdIlee 4epe3 BEpUIMHY U
JMaroHaJlb OCHOBAHMS;

OCHOBAHHME — MHOT'OYT'OJIbHUK, KOTOPOMY HE IPUHAAJICKUT BEPIINHA TUPAMU/IBL.

HpaBnana?fl nupamMmuIa

B IInpamua Ha3pIBacTCs NPABWIBHOM, €CIM OCHOBAaHUEM €€ SBICTCA
[IPaBUJIBHBIM MHOIOYIOJIbHUK, @ BEpLIMHA IIPOCLUPYETCS B LEHTP OCHOBaHMsA. Torma oHa
o0ajaeT TaKUMH CBOMCTBaMHU: OOKOBBIE peOpa NMPaBUIBHON MUPaMUIBl PaBHBL, B MPABUIHHON
nupampsie Bce OOKOBbIE TI'paHH — paBHbIE DPABHOOEPEHHBIE TPEYroJbHUKH; B JHOOYIO
IIPABWJIbHYIO TUPAMUy MOKHO KaK BIIMCATh, TAK U ONIMCATh OKOJIO HEE cdepy;
IIpsimoyroJibHas nupamMujaa

F

A D

[MTupamuna Ha3bIBaeTCsl MNPSMOYTOJIBHOW, €CIM OJHO U3 OOKOBBIX pEOep mHpamMuibl
MEePIEHANKYIISIPHO OCHOBaHUIO. B maHHOM citydae, 3T0 peOpo U SBISIETCS BBICOTOM MTUPaMUJIBIL.
Yceuénnasa nupammujaa

VYceu€HHOM NHpPaMUION HaA3bIBAETCSI MHOTIOTPAHHUK, 3aKJIFOUYEHHBIM MEXKJIYy OCHOBaHUEM
MApaMUBl U CEKYLIEN IIOCKOCTBIO, apAJIJIEIIbHON €€ OCHOBAHUIO.

BoxoBasi mOBepXHOCTH — ATO CyMMa IIJIOIIa/Iel OOKOBBIX TpaHEH.

Jnis HaxoxJaeHHs OOKOBOM IMOBEPXHOCTH B MPaBUIBHOW NHUpPaMHUIE MOXHO HCHOJIb30BATh
dbopmymy:

Se.n=1/2P+L

ITosiHas1 MOBEPXHOCTH — 3TO CyMMa IUIOIIA I OOKOBOM MOBEPXHOCTH U IUIOIIA U OCHOBAHUSI.
J11 HaxOoXAEHMS MOJHOM IOBEPXHOCTH B TNPABUIBHOW NUPAMMUJE MOXKHO HCIOIb30BaTh
dbopmymy:

Sun = 1/2Pel+Socu.

O0BbeM nupaMubl (JIT000H) MOKET OBITH BBIYHCIEH 10 popmyne : V = 1/3+Soc *H

CeueHusi nUPaMH/bI:
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JHUaroHaJlbHOC€ CCUCHUC CCUCHUEC ITIIIOCKOCTHIO, CCUCHUEC ITIIIOCKOCTBIO HpOXOI[fH.HCfI
Hapanneanoﬁ noxa yrjiom K OCHOBAaHHUIO
OCHOBAHHIO

2. Ucropuueckas crpaBka:
becena «A 3naere nu BbI?» (MOXKHO HMCHONB30BATh IUCK «DHIMKIONEAMS), BOCBMOE UyJ0 CBETA,
Wi « QHUUKIIoNneuo uid aeteit» Mocksa 1998r., Buneo «Cekpersl EruneTckux nupamumny»)
Bompocsr: 1. B kakom MecTe 3eMHOTO I1apa HaXOASTCS STU MHPaMUIIbI?

Otser: Eruner-rocyaapctso B CeBepo-Bocrounot Adpuxe. 98% Teppuropun — 310
nycTtele paionbl, 3% - nenbta W gonuHa peku Hun. Hacenenuwe 60,9 muH. yenoek; 98%-
ETUNTIHE; OPUIUATBHBINA S3bIK-apaOCKHA.

2. JIyist 4ero CTpOWIIM MUpaMuibl?

Otger: [IupamMuapl CTPOMIIN IS TOTO, YTOOBI OXPAHSThH Tela yMepHx (hapaoHOB U

UX COKpPOBHIIIA.
3.IloueMy npaBuTens Ha3bIBAIU «DapaoH»?

OtBer: Eruntsane cuuranu, 4To MX MpaBUTENb NPOUCXOAUT OT 6ora ConHIa, U JUIs
OOBIYHOTO YEJIOBEKa CUMTAJIOCh HEYBAXKUTEJIbHBIM Ha3bIBaTh €ro 1mo uMeHu. OHM Ha3bIBaJld €r0
«(hapaoH», UTO 3HAYMUJIIO «OOJIBIION TOM.

4. Kakast mupaMuia caMmasi BbICOKasi?

Otser: Ilupamuna, nocrpoeHHas ans (apaoHa Xydy, ee BbICOTa NEpPBOHAYAIBHO
nocrurana 143m. Ee cTopoHbl OCHOBaHHS TOUHO OPUEHTHPOBAHbBI Ha CEBEP, FOT, BOCTOK U 3araj.
s moctpoiiku norpedoBanock 2MiH.300 ThIC. KAMEHHBIX OJIOKOB, KaKAbIH M3 KOTOPBIX BECUII
2tonnbl. Ha ee crpoutenscTBe 0611 3aHTHI 100 000 mroaeit B Teuenun 20 ner.

5. Kakas nupamua camasi qpeBHsisA?

Otger: [Tupamuna JIxocepa sBiseTcs MepBOM MOCTPONKON B MHUpE U3 KaMEHHBIX
6moxoB. Ee Bo3pact 4600:erT.

3. IlpakTuueckass 4acTh: BbINOJHSIOT MNPAKTUYECKYIO paboTy B Mapax: Ha KaXAYK MapTy
BBIJIACTCSA MOJIENIb MUPAMU/IbI (TPEyrobHasl, YeThIPEXyrobHast).
1.3amanne kK mpakTUYecKoi padoTe: Mo JTaHHBIM BaM MOJIENSAM HaWTH IO b OOKOBOM, MOIHOM

IIOBCPXHOCTH, 00BeM nupaMuabl. BEIIOTHUTE TECTHI.

[Tpumep: Haiitu mtomaas 60KOBOM, TTOJIHON MTOBEPXHOCTH, O0BEM TUPAMUIBI.

Xo1 paboTshl:
1.[lns HaxoXIAeHHsI TUIOMAAN OOKOBOWM MOBEPXHOCTU MUPAMHIBI HY)KHO U3MEPUTH JIMHEHKOM

CIIEyIOIINE DIIEMEHTHI: anodeMy, CTOPOHBI OCHOBaHWs, BbICOTy. I[lojcTaBUTh 3HA4YEHUS B
dbopMyITy IS HAXO0XKACHUS MOIIAIU (ecu MupaMu/a npaBuibHas). Ecnu nupamMuia HakJIOHHAS,
TO OOKOBYIO MOBEPXHOCTh HAXOUM M3 CYMMBI IIJIOMIAeH rpaHel.

2. JIns HaXOXIEHHS IUIOMIAAN IOJHOM TMOBEPXHOCTH MUPAMHUABI HYKHO HAWTH IUJIOIIA[b
OCHOBaHUS MUPaMUJIBI (TUIOMAL TPEYTOJIbHUKA, PSIMOYTOJIBLHUKA, pOMOa)

3.Ilmomank MONMHOW TMOBEPXHOCTH MHUPAMHUILI HAXOJWUTHCS KakK CymMMma IUIOINIaAe OOKOBOM
MOBEPXHOCTU U OCHOBAHMSI.

4. J1nst HaxoKIeHHsI 00beMa HY>KHO 3HATh BBICOTY MUPAMUIBI U TIOIIAh OCHOBAHHUSI.
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Od¢opmiienue padoThI:

S

Jlano: SABCJl — mwmpamuma, AB=3cm, BC= 6c¢cmM,
anupamuga HenpaswibHas, H=10cm, £1=10,5¢cm., £2=10,2cm

Haiitu: Se.n. ; Sun. ; V

Pemenue: T.K. mUpaMua HENPAaBHIbHAS, TO Sgn. HAXOJMIST
KaK CyMMY IUTOIIAICH ee OOKOBBIX TpaHEH, T.€. IJIomaaeh
TPEYrOJIbHUKOB.

S; = 1/2 -01'AB=1/2-10,5-3=15,75(cM?) - »To mIomank
OJIHOM TpaHH, a X JBE OAMHAKOBBIX, T.€

S12=15,75-2=31,5(cm?)

Ss=1/2"0'BC= 1/210,2:6=30,6 (cm?), S34=2-30,6=61,2(cm?)

Son.= 31,5+61,2 =92,7(cm?)

Soen.= AB"BC=3-6=18(cM?), Sun= Sou+ Soen.= 92,7+18=110,7 (cm?)

(ecnm mupaMuaa IpaBUIbHAS, TO TOJIB3yeMCs POPMYIIaMu)

V=1/3* Soes’H = 1/3-18:10 = 60(cm>) — popmymna 06beMa cripaBeInBa s 1000

[IUpaMHUIbl.

5. BBIIOJHSAIOT TCCThI, COCTOAIIUC U3 IBYX BOIIPOCOB U ABYX 3a/1a4.

IIpakTnyeckas 4yactb
Bapmnanr 1

1. Cxoipko pedep y MIeCTUYTOIbHON MUPaMHU/IBI:

OtgeT: 2)6; 0)12; B)1S; 1)24; m)8

2. Kakoe HauMeHbl1Iee YUCIIO TPAaHEN MOKET UMETh MUpaMHIa:

OtgeT: a)5; 0)12); B)10; 1)6; m)4

3.Bribepute BepHOE YTBEpPKICHUE:!

a) MHOTOrpaHHHK, COCTaBICHHBIN U3 N-TPEYTOJIbHUKOB, Ha3bIBACTCS MUPAMUIION;

0) nupaMu/ia Ha3bIBaeTCs MPaBUIIbHOM, €CIIM €€ OCHOBaHHE — MPABUIIbHBIH MHOTOYT OJIbHUK;

B) BBICOTa OOKOBOM rpanu HpaBHHBHOﬁ nupaMubl, IPOBCACHHAA U3 €€ BECPIINHBI, HA3bIBACTCS

anodeMoit;

4. B HpaBHHLHOﬁ quLIpexyTOHBHOﬁ nupaMu€ BbICOTA paBHaA 4CM, a JJInHa JuaroHajin

OCHOBaHHUS - 6 \/E cM. Haiiaure miomaab MOJHOW MOBEPXHOCTH MUPAMU/IBI.
OtBer: 2)96cM?; 6)156¢cm?; B)36eM?; 1)60cm?; 1)150cM?

Bapmuanr 2

1. CkonbKo rpaHeil y mecTHYT0JIbHOM MUpaMU/IbL:
Ortger: a)6; 0)7; B)S; 1)10; m)12
2. Kakoe HauMeHblIee Yuciao pedep MOXKET UMETh MUpaMu/a:

OtBert: 2)6; 0)5; B)4; 1)7; 1)8

3.BbIGepure BepHOE yTBEPKACHUE:
a) BricoTa nupamuibl Ha3bIBAE€TCS BHICOTOM IPaHU;
6) myomia s 60KOBOM MOBEPXHOCTH MUPAMH/IbI paBHA MIPOU3BEICHUIO MIEPUMETPAa OCHOBAHUS Ha

BBICOTY;

B) MMpaMujia Ha3bIBAETCS IPABUIIBHOM, €CIIM €6 OCHOBAaHUE — IIPaBUJIbHBIN MHOTOYT OJIbHHUK;
4. BricoTa npaBWIbHOM TPEYTrOJIbHONW MUpaMUibl paBHa 12¢cM, ctopoHa ocHoBaHus 15cm. Haiitu
mIomanb MOJIHOU NOBCPXHOCTHU IMUPAMUIBI.

165



Ilpakmuueckan paboma Ne56: Dnementsl nunuHapa. [Inomaas moBepXHOCTH
Ilesb: 3aKkpenuTh HABBIKK PELICHUs IPAKTUYECKUX 3a/1a4 Ha BBIYMCIICHHUE TUIOIAAN
IIOBEPXHOCTU U 00beMa LIMINH/IPA.
TEOPETUYECKHWI MATEPUAJI
Onpenenenue: [Jununopom Ha3bIBAETCs TEJIO, OTPAHUUYEHHOE LIMJIUHAPUYECKON
IIOBEPXHOCTBIO U IBYMs Kpyramu ¢ rpaHunamu L u L.

OcHoOBHBIE DJIEMEHTEI:

bOKOBaA

~ NOBEPXHOCTE

OCHOBaHMA

LUAMHADA

|
J
%4

Puc. 1.

Y

OCh UMNMHAPA

OcHoBaHMS IMJIMHAPA — PABHBIE KPYTH, PACIOJI0KEHHbBIE B NTAPAJUIEIbHBIX INIOCKOCTAX

Oopa3yomas UMJIMHAPA - 3TO OTPE30K COCAUHSIONINN TOUKY OKPYKHOCTH BEPXHETO
OCHOBaHHS C COOTBETCTBEHHON TOYKOM OKPY>KHOCTU HUKHETO OCHOBaHMs. Bece oOpasyrorue
napannem,m,l ocHu BpaHIGHI/IS{ U UMCHOT O)II/IHaKOBYIO AJINHY, paBHYIO BBICOTEC HI/IJ'II/IHI[pa.

BoxoBasi noBepxHOCTH — 00pazoBaHHas 00Pa3yIOIIMMHU UIHH]IPA YaCTh
III/IJII/IH)IPI/I‘ICCKOﬁ HOBerHOCTI/I.

Och HMJIMHAPA — 3TO MpsAMast, MPOXOAsIas Yepe3 EHTPhI OCHOBaHUS LIMIUHAPA (OCh
IUAJTUHAPA SIBJISIETCS] OCBIO BpAIICHHS! IIMJIMH]IPA).

BbicoTa nuamHapa — aynmMHa o0pas3yromei.

BbicoTa HWIMHAPA - OTPE30K, COSAUHSIONINN LIEHTPhl OCHOBAHU M.

Paguyc uuaunapa - oTpe3ok, COeIMHSIOMUN [EHTP cephl ¢ TH000H e€ TOUKOM.

Lununop moorcem 6vims nOIYUeH 8pawjeHuemM NPAMOY20NbHUKA 60KPY2 OOHOU U3 CIOPOH.

8 c
A,—‘
F
Y A D
\ LR o
Puc. 2.

Ha pucynke 2 n3o00pakeH HIWIMHIP, MOITy4YEeHHBIN BpalieHueM npsimoyroiabHuka ABCD
BOKpYT ctopoHbl AB. [Ipu 3ToM 60KOBasi MOBEpXHOCTh MIJIMHIPA 00pa3yeTcsl BpallleHHEM
croponbl CD, a ocHOBaHms - BpamieHueM ctopon BC u AD.
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/ Ceuyenne mMUIMHAPA \

Ocesoe IInockocmuio a, nepneHOUuKyIApHOIL K ocuU
Onpeodenenue: ' Onpeoenenue:
Ecnu cexyias miockocTh IPOXOAMT Yepe3 oCcb  Eciu cekylas miIoCKOCTh NEPIEHANKYISIPHA K
UWIMH]IPA, TO CEYCHHE MPEICTaBIsIeT COO00M OCH LIUJIMH/IPA, TO CEYCHUE SIBJIIETCS KPYTOM.

NMPSIMOYTOJBLHUK, JIBE€ CTOPOHBI KOTOPOTO —
oOpasyromue, a ABe APyrue — JTuaMeTphbl
OCHOBAaHUU LUUJIMH]IPA.

v

~

3a nuomaab 60KOBOI MOBEPXHOCTH UJINHAPA NPUHUMAaETCS IJIOIAAb ee
Pa3BepPTKH.

Pa3BepTkoii UIMHIpa HAa3bIBAETCs MEPEHOC 0€3 UCKAaXKEHHS pa3MEPOB BCEX €ro rpaHeil B
OJIHY IIJIOCKOCTh. PazBepTka HUIMHpA IPEACTaBIEHA HA PUCYHKE 3.

R

2R

Puc. 3.

Teopema: Ilnouiads 60K0601 nosepxHocmu YUIUHOPA PAGHA NPOU3BEOEHUIO OJIUHDL
OKDYI)CHOCMU OCHOBAHUA HA 6bICOMKY UUIAUHOPA.

Ssox. = 2mrh,

T71€ S50, — TUIONIAAL OOKOBOM MOBEPXHOCTHU ITUITHH/PA;
T — pajnyc OCHOBaHUs LUIUHIPA;
h — BrIcOTa TMITHH IPA;
TT — NIOCTOsIHHAsA, paBHas 3,14.

Onpenenenune: Ilnowadvio nonnoit noeepxuocmu YUIUHOPA HA3BIEACHCA CYyMMA
njaowiaeii 00K060I NOBEPXHOCMU U 08YX OCHOBAHUIL.
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Tak kak mI0maas KaKI0r0 OCHOBaHHS paBHA T2, TO /IS BBIYKMCIICHUS TUIOIIATH S .
MOJTHOM MOBEPXHOCTH IIMJIMHJIPA MOTydaeM (HopMyIry.

Sun = Sson + 2S,en. = 2nrh + 277?

Syn=2nr(h+r)

Omnpenenenne: Oovem yuauHOpa pasen npou3eedeHus naouiadu 0CHOBAHUA HA
evicomy.

V= Socu. h
V = nr’h
Ynpaxuenus:
1. Pannyc ocHoBanus nunuHapa paseH 15 cm, a Beicota paBHa 10 cm. Haligure

IUIOLIA b [TOJIHOM MOBEPXHOCTU U 00BEM LIMJIUHAPA.

2. Haiinure momaas 60KOBOM MOBEPXHOCTU LUIUHAPA, €CIU PATNyC OCHOBAHUS
HUIMHIpa paBeH 46 1M, a BeicoTa 50 M.

3. Uemy Oyzaet paBeH 00beM LUIUHAPA, €CIU paguyc paBeH 4 1M, a BeicoTa 12 nm.

4, Panuyc ocHOBaHus HUIMHIpa paBeH 4 cM, a BHICOTA PaBHA 4+/5 cm. Haitnure
JUTMHY THarOHAIN OCEBOTO CEYCHHUS IIMITUHIPA.

S. JlnaroHasib 0CeBOro CEYEHMsI LIMIMHpA paBHa 25 MM, a BbICOTA LIWJIMHIPA PaBHA
24 mm. HaiinuTe paguyc OCHOBaHUS IMIIMHAPA.

6. JlnaroHanpe OCEBOT0 CEHYEHMS LMIMHPA paBHa 15 cM, a paauyc OCHOBaHUS
LWIMH]pa paBeH 6 cm. HaliquTe BeICOTY IMIMHApA.

OBPA3EIl BBINOJHEHUS YIIPAYKHEHU

1. Pagnyc ocHOBaHMS IMJIMHIPA PaBeH S ¢M, a BbicoTa paBHa 7 cMm. Haliaure
IUIOIIA/Ib TOJIHOM MOBEPXHOCTH U 00beM IMJIHHAPA.
Jlano: Pewenue:

p
uuaap Sy =2nr(h +71) ©
r=5cm Spn =215+ (7 +5) = 1207 cm?

h =7 cm V =nar?h h
— V=n-5%-7=175wcM® .
Sn.n. —=? C:E
V-7

Omeem: S, , = 120w cm?; V = 1751 cm®

168



2.

Jlano:
Hunuaap
r=1,5cMm
h=4cm
d-?

Paguyc ocHoBaHus1 nuJIMHAPa paBeH 1,5 cm, a BbicoTa paBHa 4 cM. Haliagure
JAJIMHY JHATOHAJH 0CEBOI0 CeYeHHsl UJIMHAPA.

Pewenue:
Pacemorpum AACD — ipssMOYTOJIBHBI.
ITo Teopeme IMudaropa: AC? = CD? + AD?
CD=h,AD=2r,AC=d
d? = h? + (2r)?
d =+ h%+ 4r2

d=+42+4-152=V16+9=V25=5cm

Omegem: d =5 cm

o= ———

HajignTe miomaab 00KOBOH MOBEPXHOCTH HUJINHAPA, €CJIM PATHYC
OCHOBaHMS UMJIHHAPA paBeH 18 1M, a BbIcoTa 26 M.

Pewenue:
Seor. = 2mrh
Seo. = 211826 = 936 am?

3.
Iano:
Hummaap
h =26 om
r =18 om
S6OI<. =?

Omeem: S;,. = 936 Om>

4. Yemy Oyner paBeH 00beM HUJIMHAPA, ecId paanyc paBeH 12 1M, a BbicoTa 27 aM.

Pewenue:
V =mnr?h
V=mn-12%-27 = 3888m gm3

Jlano:
Humaap
h =27 mm
r=12 mm
V=2

Omeem: V = 3888 om°

5.
Jlano:
Humaap
d =15MMm
h =12 Mm
r—2

!

JlnaronaJjp 0ceBOro ceyeHusi MWJIMHAPa paBHa 15 MM, a BbICOTA HMJIMHAPA
paBHa 12 mMm. Hajigure paanyc 0CHOBaHUS UJINH/APA.

Pewenue:
Paccmotpum AACD — npsiIMOYTOJTbHBIH.
ITo Teopeme IMudaropa: AC? = CD? + AD?
CD=h,AD =2r,AC=d
d? = h? + (2r)?

2r =+ d? — h?

2r =4/152 — 122 = V225 - 144 =V81 = 9 MM A

9
T=E=4,5MM

Omeem: v = 4,5 um

- P
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6.

Jlano:
Hunuaap
r =3cM
d =10cm
h -7

JlnaroHaJjb 0ceBOro ceyeHusi HWJINHAPa paBHa 10 cm, a paguyc 0OCHOBaHHS
mwiIMHApa paBed 3 cMm. Haiiure BoICOTY LMJIMHAPA.

Pewenue:
Pacemorpum AACD — ipssMOYTOJIBHBI.
Io teopeme Iudaropa: AC? = CD? + AD?
CD=h,AD =2r,AC=d
d? = h? + (2r)?
h =+d?—4r?
h=+102—-4-32=+4100—-36 =V64 =8cmMm

Omeem: h =8 cm

7. OceBoe cevyeHne MUIMHAPA — KBAAPAT, JHATOHAJIL KOTOPOro pasHa 20 cMm.
Haiigure:
a) BbicoTy nmimHapa; 0)
Jlano: Pewenue:
Humuuap Paccmorpum AACD — npsiMOYTOJIBHBIH.
AC =20cm | Tlo Teopeme Iudaropa: AC? = CD? + AD?
ABCD — AC? = 2CD?, max kax AACD — npamoyzonsubiil,
0CEBOE PasHObeOpeH b MPey2OTIbHUK (U3 YCILOBUS, YMO
CeUYCHHUE ABCD - xeaopam) AD=CD.
UWIMHIPA AC?
0% ="
h =? AC _ 20 V2 _ 20V2
SOCH— CDZEZE'\/—E:T:].O\/?CM
- SOCH. = T[r27
paauyc r = 1/2 *AD = 1/2 +10V2 = 5v2 cm
Soen. = 1+ (5V2)% = 501 cm?

Omesem: CD = 10v2 cm, Syoy. = 507 c?

8.

Hano:
Mumuanp AD

AD =15um
h=3wm

N =?

——————

Il1omaab OCHOBAHUS IUJIHHAPA.

______
- -

CKO0JIbKO MOHAT00UTCS KPACKH, YTOOBI MOKPACUTH 0aK IUJIUHIPUYECKOT
¢opmbl ¢ TMameTpoM ocHoBaHus 1,5 M 1 BbICOTOM 3 M, €CJIM HA OIMH KBAJIPaTHBIH MeTp
pacxoayercst 200 r kpacku?

Pewenue:
Seaxa = 2Syen. + Spor » TAK KaKk 02K UMEET TOJIBKO OJHO
OCHOBAHHUE, TO S50 = Socn. T Seox

2
o, o AD AD
Seaa =Tr°+2nrh=m > +2r - h

1,5 1,5
Sﬁaka =Tm- (7)2 +2-m- (T) -3 = 5,0625 CM
N =0,2-5,0625 =1,0125 e

Omeem: 1,0125 kr kpacka MOHAA00UTCS, YTOOBI MOKPACUTH OaK
UIHHIPHYECKON POopMBI ¢ AramMeTpoM 1,5 M 1 BBICOTOH 3 M.
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9. Bbicora nuamHapa Ha 12 ¢cM 0oJiblIe ero paguyca, a NJIOIAAb OJHOH
noBepxHocTH paBHa 2881 cvm”. HaiixnTe paguyc 0CHOBAHHSI M BHICOTY HMIHHAPA.
Jlano: Pewenue:
Humasap Syn =2nr(h+1r) =288n
S,, = 288w cm? | ¥ =x,h =x+ 12 (10 yci0BuUIO 3a1a4H)

288w = 2mx((x + 12) + x).

h =? [IpeoOpa3oBaB BbIpakeHUE, TOIYIUM: /D
r—2? 288 = 4x? + 24x. N~——

4x% + 24x — 288 =0
x2+6x—72=0 h
a=1;b=6;c=-72
—b +VbZ—4ac —6+./62—4-1-(—288) (‘_;B

X5 =
12 2a 2-1
—-6++v324 —-6+18
6+18 1: 2 6_18 2 24
X1 = :—:6;x2: =—=-12
2 2 2 2
OueBugHO, uTo Oepem r > 0, Tormar = 6 cu
h=6+4+12=18cm
Omeem:r =6 cm, h =18 cu
Bapuant 1
Yacrp A:
1. Haiigure nmiomaas OCHOBaHUS MUIMHIIPA, €CIIH PAINyC OCHOBAHMS LIMITUHAPA
paBeH 4 cM, a BeIcOTa 6 cM.
a) 16mcm? 6) 321 cm? B) 48t cm? r) 241 cm®
2. Haiigure niomaabs 60KOBOM MOBEPXHOCTH IUIUHAPA, €CIH PAINyC OCHOBAHUS
LHUJIUHAPA PAaBEH 5 1M, a BBICOTA 7 M.
a) 35m I[MZ 0) 40m M2 B) 12m M2 r) 70m am>
3. Uemy OyzaeT paBHa ILTOMIAh TOJHON MOBEPXHOCTH IIMHAPA, €CITU AUAMETP
LWIMH]Ipa paBeH 6 cM, a BHICOTa 5 CM.
a) 65T cMm° 0) 24T cm? B) 48mcm? r) 36mcm?
4, Uemy Oyzaet paBeH 00beM HUIUHPA, €CIU PaANyC paBeH § 1M, a BeicoTa 13 oM.
a) 256m am3 6) 512m am3 B) 832m am3 r) 624t am3
5. Panuyc ocHoBaHus uiMHpa paBeH 15 cM, a BeicoTa nuiauHApa paBHa 20 cM.
HaiinuTe auaroHanb 0CEBOTO CEYECHHS TUIMHIIPA.
a) 25cm 0) 36cm B) 65 cMm r) 48 cm
6. JlnaroHanb 0ceBOTO CEUeHUS LMIMHIPA paBHA 5 MM, a BRICOTA IWJIMH]Ipa paBHa 4
MM. Halimure pagnyc ocHOBaHUS TMIMHAPA.
a) 5wmm 0) 9 mm B) 3 MM r) 7 mm
7. JlnaroHasb 0CeBOTO CEUCHHS IUIMH/IPA paBHa 15 cM, a AmaMeTp OCHOBaHUS
HWIMHApPA paBeH 24 cM. HaiiauTe BBICOTY HUIMHIpA.
a) 15cm 6) 9cm B) 3cMm r) 7cMm
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Yacts B:
YcTaHoBUTE COOTBETCTBHE:
1. Hununap A. IIpssMoyroiabsHHK

2. Obpasyromias B. OTpe3ok, cCoeNMHSIOMNN TOYKY OKPY>KHOCTH
BEPXHEr0 OCHOBAHMUS C COOTBETCTBEHHOM TOYKOM
OKPY>KHOCTH HI)KHETO OCHOBAHHS

3. BokoBast mOBEpXHOCTh B. OTpe3ok, coenMHsAIONMN HEHTPbl OCHOBAHMI

4. Ocp BpaleHus I'. Kpyr

5. BricoTa . TToBepxHOCTB, 0Opa3oBaHHAs OOPA3YIOITUMHU
HUAJIUHIPA YaCTh HUIMHAPUYECKON MTOBEPXHOCTHU

6. OceBoe ceueHue MUIMHAPA E. Teno, orpannyeHHOE TUTUHIPUYECKON
MMOBEPXHOCTHIO M IByMsI KpyramMu ¢ rpanunamu L v L,

7. CeyeHue HMIMH/IPA IIIOCKOCTHIO K. Ocp nunusgpa

a, HepHeHﬂHKynﬂpHOﬁ K OCH

Yactre C:
2
1. [Tnomane oceBoro ceueHus muinHApa pasHa 10 M, a Tuiomaas OCHOBaHMS paBHA
2 "
5 M”. Haiinurte BbICOTY UMIMH/pA.

Bapuant 2
Yacrtp A:
1. Haiinure momaas OCHOBaHUS UIMHAPA, €CJIM PAANYC OCHOBAHUS IIUIUHIPA
paBeH 5 cM, a BBICOTa 7/ CM.
a) 16 mem? 6) 257mcm? B) 48 1 cm® r) 24 1 cm?
2. Haiigure nmiomaas 60KOBOM MOBEPXHOCTH IUIUHAPA, €CIH PAINyC OCHOBAHUS
LWIMH]Ipa paBeH 3 AM, a BbICOTa 5 M.
a) 35 1t on? 6) 40 1t on? B) 30 11 O r) 70 11 OM?
3. Uewmy Oyner paBHa IJIOIIA b TOJTHON MOBEPXHOCTH LIWJIMHIPA, €CITU JUAMETP
LHUJIUHAPA PaBeH § CM, a BBICOTA 6 CM.
a) 80m cm? 6) 24w cm? B) 48m cm? r) 36m cu?
4, Uemy Oyzmet paBeH 00beM IWIMH/IPA, €CJIA PAANyC paBeH 7 aM, a BeicoTa 11 am.
a) 2971 om> 6) 7621 om> B) 5397 om’ r) 6391 om’
5. Pagnyc ocHoBanusa nuuHApa paBeH 60 cM, a BpIcOoTa UIMHApa paBHa 80cM.
Haiinure nuaronanb 0CEBOTO CEUEHUS LUIMH/PA.
a) 46cm 0) 57 cm B) 150 cm r) 100 cm
6. JlnaroHanab OCEBOTO CEUCHHS IIMIMHAPA paBHA 25 MM, a BBICOTA IIMJIMH/Ipa paBHA
24 mm. Halinure paanyc oCHOBaHUS HUJIMHAPA.
a) 3,5mum 0) 3 mm B) 7 mm r) 10,5 mm
7. Jnaronanap 0CEBOro ceYeHUs MIIMHAPA paBHa 13 cM, a TuameTp OCHOBaHHUS
uunuHApa paseH 10 cm. HaliquTe BbicOTy unHApa
a) 4cm 0) 12cm B) 9cm r) 10cm
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Yacrs B:
YcraHoBHTE COOTBETCTBHE:
1. Ocpb uununapa A. CymmMma muioniazieit 60KOBOM IOBEPXHOCTH U
JIByX OCHOBaHHIA.
b. Ilpsamas, npoxondias yepes3 UEHTPbI
OCHOBaHUS UUIMHAPA
B. IIpousBeneHus miomaad OCHOBAHUS HA

2. Hwmusmp

3. Ilmomaab 60KOBOW MOBEPXHOCTH

HUAJIUHAPA BBICOTY.
4. Tlnomanpio MOJHON MOBEPXHOCTH I'. PaBHbIE KpyTH, pacnoJIO)KEHHBIE B
HUJIUHAPA MapajuIeIbHbIX MIJIOCKOCTSIX.

5. BeicoTta nuinHapa . 1IpousBeneHuro IIMHBI OKPYKHOCTH
OCHOBaHUs Ha BBICOTKY LIMJIMHAPA.

E. Teno, orpannueHHOE NUIMHAPUYECKON
IIOBEPXHOCTBIO U ABYMs KPyT'aMH C TpaHULIaMU
Lul,

K. Inuna oOpa3zyroiei.

6. OObeM muIHMHIPA

7. OcHoBaHUA

Yacrs C:
1. IT101mans 0ceBOro cedeHus IUIMHAPA paBHa 16 M2, a Iomaas OCHOBaHHs paBHA
12,56 m”. Haiigute BBICOTY LMJIMHIPA.

PacyeTHoe BpemMsi BHINIOJTHEHHUS PAKTHYECKOI padoThl: 45 MUHYT

KonTponbHas padbota onieHuBaetcs no 17 — GanbHOM cucTeMe.
MaxkcumanabHOe KOJTMYECTBO OAJUIOB 110 3a/1aHUSIM:

[Ikana nepeBoaa 6ayIoB B OTMETKHU 10 5 — OalibHOM crucTemMe

Yacts A

3amanue 1 - 1 6amn
Bamanue 2 - 1 6amn
3amanue 3 - 1 Oamn
Bamanue 4 - 1 6amn
3amanue 5 — 1 OGamn
3amanue 6 - 1 Oamn

22 — 24 6annoB — 5
15— 21 6amnos — 4
9-14 Gammos -3
8 1 MeHbIIIe 6aUIOB — 2

3aganue 7 — 1 OGan

Yactp B

3amanue 1 - 2 Oayuta
3amanue 2 - 2 6amia
3amganue 3 - 2 Oamia
3amanue 4 - 2 6amia

OTBeThl M KPUTEPHH OLICHKH 3HAHUIA.

3agadue 5 - 2 O0ayuia
3agadue 6 - 2 Oamia
3agadue 7 - 2 Oayuia

Yacts C
3aganue 1 - 3 Oama

\ Bapmuanr 1 \ Bapuanr 2
Yacts A
1 A b
2 r B
3 B A
4 B B
5 A r
6 B A
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7 | b b
Yactr B

1 E b

2 3 E

3 | A

4 XK A

5 B K

6 A B

7 r r
Yacts C

1] 3,96 u | 8 cu

B 3aBHCHMOCTH OT HOJHOTHI M IPABHUJIBHOCTH OTBETA 3a BBIMOJIHEHUE 33aJaHUI BhICTABIsCTCS OT 0
110 3 0a10B MaKCHUMAJIBLHO.

Peurenue 3amaun cunraercs 6€3ynpedHbIM, €CJIM IPABUIBHO BBIOPAH CIIOCOO PEUICHHUS, CAMO
pemeHHe COHpOBO)KIIaeTCﬂ HGO6XOILI/IMLIMI/I 06”I)$ICHGHI/I$IMI/I, BepHO BBITIOJTHCHBI Hy‘)KHI)Ie BBIYHUCIICHUA U
npeoOpa3oBaHusl, MOJIyYeH MPABHIBLHBIA OTBET, MOCICIOBATEIBHO U aKKYPATHO 3allUCAHO PEIlICHUE.

Ilpakmuueckasn paboma Ne56: DneMeHTH KoHYca. [1m0mans moBepXHOCTH

Heab: 3akpemieHUE MOHATUNA: KOHYC, IUIONIAJb IOJHOM IOBEPXHOCTH KOHYCA, BOCIUTAHHE
[I03HABATEIIbHOM AaKTHBHOCTH, I10Ka3aTh IMPUMEHEHHE KOHyCca B pa3M4HbIX 0O0JacTsIX, pa3BUTHE
JIOTUYECKOTO MBbIIIIeHHs, (OPMUPOBAHUE YMEHHUI W HABBIKOB MPHU PEHICHUM 3a/lady Ha BBIYHCICHUE
IUIOUIA/IM TOBEPXHOCTH KOHYCA.

Meroan4yeckue yKasaHusl.

Konycom Ha3biBaeTcsi Teo, KOTOPOE COCTOMT M3 Kpyra - OCHOBAaHHME KOHYcCa, TOUKH, HE JIeKallel B
IJIOCKOCTH 3TOTO Kpyra - BEpIIMHBI KOHYCa, U BCEX OTPE3KOB, COCAUHSAIONIMX BEPIIMHY KOHyca C
TOYKAMH OCHOBAHMSI.
OTpe30K, COECOUHAIONIMK BEpPIIMHY M TpaHUIy OCHOBAHMS, Ha3bIBACTCS
o0pa3symomeii konyca (0).
OTpe30k, ONyIIEHHBbIA NEPHEHAMKYISIPHO W3 BEPUIMHBI Ha IUIOCKOCTh
OCHOBaHUS (a TaKk)Ke JUIMHA TAKOTO OTPE3Ka), Ha3bIBAETCSI BHICOTOM KOHYCa
H).
R — paguyc ocHoBaHus.
KpyroBoii KOHyC — KOHYC, OCHOBaHHE KOTOPOTO SBJIETCS KPYTOM.
IIpsimMoii KpPYroBoii KOHyc (4acTO €ro Ha3bIBalOT IPOCTO KOHYCOM) MOKHO
MOJYYUTh BpALIEHUEM IMPSMOYTrOJIbHOTO TPEYroJbHUKA BOKPYT MPAMOM,
coJiepKaliei kaTeT (3Ta mpsMas mpeacTaBiseT co00i 0Ch KOHYyCA)

Yacth KOHyca, Jexalias MeXAy OCHOBAaHMEM U IUIOCKOCThIO, MapajuleIbHOW OCHOBAaHUIO U
HAXOJAIIEHUCS MEXY BEPIIMHON U OCHOBAHHEM, HA3bIBAETCSA YCEYEHHBIM KOHYCOM.

]

[Tnomaas 60KOBOM MOBEPXHOCTH YCEYEHHOTO KOHYCa —
Seox =1 L (1 1+ 12).
rje I 1 — panyc BEpXHEro OCHOBaHUS ,
ro - paanyC HUXXKHETO OCHOBAHUA.

174



Buabl KOHYCOB:

HAKJIOHHBIN npsAMoit
BoxoBasi noOBepXHOCTH KOHYCA MOXKHO BBIYUCITUTH 110 popmyrie: Se.n=7RL, roe R — paanyc
ocHoOBaHUs, { — JuIMHA 00pa3yIomeH.
ITosiHasi MOBEPXHOCTH KOHYCA paBHA CyMMeE IUIOIIaeii 00KOBOM MOBEPXHOCTHU U TUIOIIAIU OCHOBAHUS:
Sin.=nRE+ 7TR2 .

CeueHusi KoHyca:
CeueHue KOHYyca IIOCKOCThIO, IPOXOAILEH YEPE3 €r0 OChb, HA3BIBAIOT 0CEBBIM

CeYyeHHUeM.
(ceueHmneM SIBIIIETCS PAaBHOOEAPEHHBIN TPEYTOJIbHHUK)

9

CedeHne MmI0CKOCTHIO MEPIEHANKYISIPHON OCH
KOHYyca:
(ceuennem SIBJIIETCS KPYT).
IIpumenenune KOHYCOB.
3HaHUs O KOHYCE IIMPOKO TPUMEHSFOTCS B OBITY, TPOU3BOICTBE M HAYKE.

Mbl. Harpumep, Mbl HCTIOIb3yeM Besipa, UMeroIue GopMy YCEUeHHOr0 KOHYCa; KPBILIH CTAapUHHBIX
3aMKOB ITOXO0XH Ha KOHYCBI; JIJIs TIEpeIBaHUs )KUKOCTEN Mbl OepeM BOPOHKY, KOTOpasi TAK)Ke UMEET
¢bopMy yceueHHOro KoHyca. Bo BpeMsi CHOPTUBHBIX COPEBHOBAHUMN, OIpakICHUS IS ABHXKEHHS B
aBTOLLIKOJIAX IPUMEHSIOT CIIOPTUBHBIE (PUILIKH.

3aganue: Mo JaHHLIM BAM MOAEJAM HAWTH IJIONIAAL 00KOBOM MOBEPXHOCTH, IOJHON MOBEPXHOCTH.
Xoa padoThL:

1.a) yist Hax 0 ACHUS TUTOITA I OOKOBOM MTOBEPXHOCTH KOHYCA HY)KHO U3MEPUTH JTMHEHKOHN CIIeTyIoe

SJIIEMEHTHI:

® JuaMeTp,
® BBICOTY.
B xadecTBe Momen MOKHO B3ATh (TEPKY, JIEHKY, TUPAMUIKY):

A
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[ToncTaBuTh 3HaUEHUS B POPMYITY I HAXO0XKICHHS IO OOKOBOM MOBEPXHOCTH KOHYCA .

0) Jl1st Hax O IeHU s MJIOIIA I TTOJIHOM TOBEPXHOCTH KOHYCA HYXKHO HalTH IUIONIAb OCHOBaHUS KOHYCa
mwiomanp kpyra w'R?). IlojacTaButh naHHbIE B (hOPMyYITY IUIONIAAM OTHOM MOBEPXHOCTH

[Tnomans 60KOBOM MOBEPXHOCTH KOHYCA:

S = RRL.
[Inomaap mMoyiHOM MOBEPXHOCTH KOHYCA:
s 2
Sy = TRL + 7R
L

IIpumepl: Haiiti mnomaas OOKOBOMA, MOTHOM MOBEPXHOCTH. Od¢opmiienue
paboThI:

Mano: konyc, H=10cm, R=6¢cm, = 11,6cm

HaﬁTH: 86,1'[, Sn,r[,

" Pemenne: S, = TR{=71611,6 = 69,61 (cM?)

Sin=nRL + R? = we6211,6 + 162 = 105,67 (cMm?)
ITpumep 2:
3agaua.
[Inomans OCHOBaHMSA KOHyca 36T cM2, a ero obpasyromas 10 cM. BeUHCIHTE GOKOBYIO TTOBEPXHOCT
KOHYca.
Pemenue.
3Has TI0Ia b OCHOBAHUS, HAIEM €ro paanyc.

S=nR?
36n=nR?
R? =36 =>R=6

[Tnomaae 60KOBOI MOBEPXHOCTH KOHYCa Hal1eM 1o ¢hopmyie:
S=nRl, rne R - paauyc ocHoBaHwusi, |- ayuHA 0Opa3yromiei,

OTKYyJ1a
S=mm-6-10 = 60m

Otset: 607 cM?.

3anaHus 1J1s1 CaMOCTOAITEIbHOM padoThI:

1. BoiOepuTe BepHOe yTBep:KIeHHE!

a) KOHYC MOXeT OBITh MOJIyU€H B Pe3yJIbTaTe BPAIleHHUsI pABHOCTOPOHHETO TPEYTOJbHUKA BOKPYT €r0
CTOPOHBI;

0) mpsiMasi, MPOXOoIAIIas Yepe3 BEPUINHY KOHYCa U IEHTP €ro OCHOBAHUS, Ha3bIBAETCS OChIO KOHYCA;
B) pa3BepTKO OOKOBOH MOBEPXHOCTH YCEUCHHOTO KOHYCA SIBISETCS KPYT;

2.3apaua. Bricota koHyca paBHal5 cm, a oOpa3zyromas 16 cm. Haliqute panuyc KoHyca.
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3.3apaua. CKoIbKO KBaIpaTHBIX METPOB Ope3eHTa MOTpeOyeTcs Al COOPYKEHHS MalaTKU KOHUIECKON
dhopmbel? BeicoToit 1,5M u paguycom 2 m?
[Tnomaae 60KOBOM TOBEPXHOCTH KOHYCA:

Seo = ARL.

FON
3aganus 1J151 NPAKTUYECKO padoThI

1 BapuanT

1. Beicota koHyca paBHa 6 M, oOpasyrmias paBHa 10 m. Haitgure muomans GOKOBOM MOBEPXHOCTH
KOHYyca.

2. OOpasyromas KoOHyca paBHa 18 cM M HakJIOHEHa K IUIOCKOCTH OCHOBaHHs mmoxa yriiom 60°. Haiaure
IJI0LIA b MTOJIHOM MOBEPXHOCTH KOHYCA.

3. Bo ckonbko pa3 yMEHBIIUTCS MJI0MAb OOKOBOW MOBEPXHOCTH KOHYCA,

€CJIM PaJInyC €ro OCHOBAaHUs YMEHbIIUTH B 1,5 paza?

3a KaKJ0€ 3a7aHue MPAaKTHYECKON pabOThl NOITy4aeTe MAKCUMAIbHOE KOJIMYECTBO OAJLIOB: 5.

OtmeTka KonuuectBo 6a110B,
HEO0OXO0UMOE JIJIsl TOJIYYCHHUSI OTMETKHU

«3» (yIOBIETBOPUTEIHHO) 8-10
«4» (xopor11o) 11-13
«5» (OTIMYHO) 14

2 BapuaHT

1. Paguyc ocHOBaHUS KOHYyca paBeH 3 M, BblcoTa paBHa 4 M. Haiinure miomans 60KOBOI MOBEpXHOCTH
KOHYyCa.

2. Tnomans oceBoro ceuenus kKonyca papaa 0,6 cM?. Bricota konyca paBHa 1,2 cM. Beraucnuts miomais
ITOJIHOW ITOBEPXHOCTH KOHYCA.

3. Bo ckonpKo pa3 yMEHbLIUTCA IUIOMIAAb OOKOBOW MOBEPXHOCTH KOHYCA, €CIH pajnyc ero OCHOBaHMS
YMEHBILUTSH B 2,5 paza?

3a KaxJ0€ 3aJaHue MPAKTUYECKON pabOThI MOJIydyaeTe MaKCUMaJIbHOE KOJIMYECTBO OAJIOB: 5.

OtmeTka KomuuectBo 6aios,
HEO0OXO0UMOE JIJIsl TTOJTYYCHHUSI OTMETKHU

«3» (YAOBJIETBOPUTEIILHO) 8-10
«4» (xopouio) 11-13
«5» (OTAMYHO) 14

Ilpakmuueckasn padoma Ne57: DieMeHTHI cepsl U mapa. YpaBHeHue chepnl. CeueHue

miapa miIoCKOCTbIO
Heab: 3akperuieHne U cucTeMaTH3aus TEOPETHUECKUX 3HAaHUHN M0 TeMe U MPUOOPETEHNE MPAKTHIECKUX
HaBBIKOB BBIYUCIEHUS IUIomanell U 0O0bEMOB, chOPMHUPOBATH MpPEACTABICHHE O Telax BpPALICHHUS,
c(opMHpOBATh IPEACTaBIECHUE O Iape U chepe.

IMopsinok BbINOJIHEHUSI PA0OTHI:
1. Ucnoaib3ys TeopeTnyeckue CBeleHUsl U IPUMepPbl, OTBETUTH HA BONPOCHI

2. Ucnoab3ysi pa3iaTouHblii MaTepuaJ ( pa3bEMHYIO MOJIENb 11apa ), BHIMOJHUTH HE00X0AUMbIe
H3MepeHNs JIMHEIHbIX pa3MepoB.
3. BbINOJIHUTH YepPTesKH MPSIMOro KPYroBoro HMJIMHAPA M €ro ceYeHmi.

4. Boinucatb HeoOXxoaumble ¢GopmyJibl miomaau cepol, 00béMa mapa
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5. Ilo moJiy4eHHBIM JAHHBIM BBIYHCJINTD IVIOAABL c(epsbl, 00béMa mapa
6.Pemienne M pa3dop pewieHus 3aJaHUH TPEHUPOBOYHOI0 MOIY IS
7.BBINOJHUTD 3a1aHUA 1JIS1 CAMOCTOSATEIBHOIO pPelleHUs

8. OTBeTHTH HA KOHTPOJIbHBIE BONIPOCHI:

Kpurtepuu onieHKH NpakKTH4YeCKUX padoT

Oyenka «5» - paboTa BBIIIOJHEHA B IOJHOM 00beMe U 0e3 3aMedaHuil.

Oyenxa «4» - paboTa BBITIOJIHEHA MPABUILHO C y4ETOM 2-3 HECYIIECTBEHHBIX OMIMOOK, HCTIPABICHHBIX
CaMOCTOSITENTFHO IO TPEOOBAHUIO MPEOJaBaTEs.

Oyenka «3» - paboTa BBINIOJIHEHA ITPABUILHO HE MEHEE YeM Ha MOJIOBUHY WJIH JIOMYIIEeHA CYIIECTBCHHAS
omuoKa.

Oyenka «2» - nonyuieHsl 18e (1 6oiee) CyIeCTBEeHHbIE OIMOKH B X01€ Pa0OThI, KOTOpbIe 00yJaronmecs
HE MOXKET MCIIPABHUTH JaXKe 10 TPEOOBAHMIO MTPETIOIaBaTels MM paboTa HE BBHIITOIHEHA.

Teopernueckuii matepuan OKpysrcHOCMb — MHOKECTBO TOUEK IJIOCKOCTH, PABHOYAAJIEHHBIX OT JaHHOM
Toukd. JlaHHAs TOYKa HA3BIBACTCS YEHMPOM OKPYKHOCTH, PACCTOSIHME OT IIEHTpa 0 JI000H TOYKH
OKpPY>KHOCTH Ha3bIBAaCTCS paouycom OKPYXKHOCTH. Kpye — 5TO 4YacTh IJIOCKOCTH, OTpaHUYEHHAs
OKpYXHOCTbI0. Cghepa — 3TO MOBEPXHOCTb, COCTOALIASI U3 BCEX TOUEK IIPOCTPAHCTBA, PACHOJIOKEHHBIX Ha
3aJ]aHHOM PacCTOSHUH OT TAHHOM TOYKH, KOTOPYIO HAa3bIBAIOT YEHMPOM.

Teno, orpannueHHoe cepoii, Ha3bIBACTCS ULAPOM.

Vpasnenue cgepwr — ypaBaenue chepst paauyca R u nentpom C(xo; Yo; Zo).
(x = x0)? + (y — y0)? + (z — 2)* = R?

[TnockocTh, uMeromas co chepoit TOIBKO OJHY OOIIYI0 TOUKY, Ha3bIBACTCS KACAMENbHOU NIOCKOCbIO K
cghepe, a ux 00IIASA TOUKA — MOUKOU KACAHUS.

CooTHOIIEHNE MEXKIy PaguycoM cdepsl, paInycoM CEUeHHS W PACCTOSIHHEM OT IeHTpa cdepbl 10

IUIOCKOCTH CEYCHHUS:
R? = h? +r?

dopmyna 1715 BBIYUCICHUS TUIOIAAN TOBEPXHOCTHU C(Pephl U €€ HIIEMEHTOB:
S = 4mR? — nnomane cdepsl.
S = 2mRh — uiomaabr MOBEPXHOCTH cerMeHTa cdepsl paauyca R ¢ BeicoToi h.
S = nmRh(2h + V2hR — h? — myomais MOBEPXHOCTH CEKTOPa € BbICOTOM h. 3. Bzaummnoe pacnonodxcenue
cghepwvi u nrockocmu
B3anmMHuoe pacnonoxeHue cepsl U MIIOCKOCTH 3aBUCUT OT COOTHOLICHUSI MEXAY paauycoMm chepsl R u
paccTostHUs OT HeHTpa cephl 10 TIockocTH d.
1. Ilycte d < R. Ecnu pacctosiHME OT LIeHTpa chephl 10 ITIOCKOCTH MEHbIIE pamuyca cdepsl, TOoTaa
cdepa 1 IIOCKOCTh IEPECEKAIOTCS, U CEYCHUE CPEephI TNIOCKOCTHIO €CTh OKPY)KHOCTb.
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2. Ilycts d = R. Ecnu pacctosiHHEE OT 1IeHTpa cepbl 10 MIIOCKOCTH paBHO paanycy cdepsl Toraa chepa
U IUIOCKOCTh MMEIOT TOJBKO OJHY OOIIYIO TOYKY, M B 3TOM CJIy4ae TOBOPST, YTO IIOCKOCTh Kacaercs
cdepsl.

3. Ilyctb d > R. Eciiu paccrosinue oT 1ieHTpa chephl A0 MIIOCKOCTH OoJibie paauyca chepsl, To chepa u
TUIOCKOCTh HE UMEIOT OOIIMX TOYEK.

PaccmoTpum ciyyaii kacanus 6osee mopooHo.

1. Ucnob3ysi TeopeTHYeCcKHe CBeIeHHsI H MPUMEPbI, OTBETUTH HA BONPOCHI:
410 Takoe cepa, Kakue y He€ ecTh 3JIEeMEHTHI (LICHTp, paiuyc,

auameTp chepsl);

YTO TAaKOE MIap U €ro JJICMCHTHI,

ypaBHEHHUE ChephI;

dbopMmyna st HaXO0XKICHUS TUIOIIAIA TIOBEPXHOCTHU cephl; 00bEMa mapa.
B3aMMHOE PACIOJIOXKEHHUE CPEePhI U TIOCKOCTH;

2. Ucnoab3ys pa3aaTouHbli MaTepuad ( pa3bEMHYIO MOJIEIb 111apa ), BBIMOJHUTH HE00X0AMMbIe
U3MepeHHs JIMHEHBIX pa3MepoB.

3. BBINOJIHUTH YepTesKH MPSIMOr0 KPYroBoro HUJIMHAPA U ero ce4eHHuii.
4. Beinucatb HeoOXxoauMble (popmyJibl II0manau cepol, 00béMa mapa
5. Ilo moJiy4eHHBIM JAaHHBIM BbIYUCIMTD IUIOAAbL c(epbl, 00béMa mapa

6.Pemenue 3a1a4 u pa3dop pemieHus 3aJaHUI TPEHHPOBOYHOTO MOXYJIs

3apaua Nel. [Tnomanp cedenus mapa, MpoXOAAIIeTo Yepe3 ero neHTp, paBHa 9 kB. M. Haiinure mmomans
MMOBEPXHOCTH LIApa.

Pemienne:
. — 2
[Tnomane kpyra BeIUUCISETCS 110 GopMyIe: SKp =nR

[Tnomma s MOBEPXHOCTH IIApa BBIYKUCIIAETCSA MO hopmyIie: Seq = 4mR?. Panuyc mapa ¥ pafnyca CeueHus,

MIPOXOIAIIETO Yepe3 LIEHTP I1apa, oJuHaKoBbIie. [[oaToMy TUIOIIab MOBEPXHOCTH I11apa B 4 pa3a OombIie
TIJIOIIAIN €r0 JUAMETPAIbHOTO ceueHus. To eCTh MIIONIaab MOBEPXHOCTH I1apa paBHa 36.

Otser: 36

3apauya Ne2. Beraucnure paanyc Kpyra, IJIo1aas KOTOPoro paBHa miomiaau chepsl paguyca 5.

Pemenue:

Ilnomtazne cdepsl paBHa Sey, = 4mR?. To ecth Scyp=100m.

[To ycnoBuro miomaap Kpyra HEKOTOpOro paanyca r takxe pasna 100z, 3uaunr,
r? =100, To ectb r=10.

Otser: 10.

3agaua Ne3. Bce croponsl Tpeyronbauka ABC kacatorcs cdepsl paguyca 5. Haiitu paccrostHue ot
1eHTpa chepsl A0 TNIOCKOCTH TpeyroiabHuka, eciu AB=13, BC=14, CA=15

Pemenue:

OKpy>KHOCTb, BIIUCAHHAS B TPEYTOJIbHUK, SIBJISIETCS CEUeHUEM CepBhl.

Haiinem ee paguyc.

[Tnomans TpeyroiabHUKa C U3BECTHBIMUA CTOPOHAMU MOKHO BBIYUCIUTH 0 (popmysie ['epona:

S=ype—a)p—-b)p—c)
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p = 0.5(AB + BC + AC) = 21
S=421(21-13)(21 —14)(21 — 15) =21 %8+ 7 x 6 = 84

S=84.
C npyroii CTOpOHBI, S = p * T
Otcrona r=4.
Tenepp HailieM PacCTOSTHUE OT LIEHTPA LIapa J0 CEKYIIEH INIOCKOCTH.
Hcnons3zyeM COOTHOLIEHUE:

R? = h? +r?

h2 = R2 — 12
h?=25-16=9 h =3 Ortser:3.

3agaua Ned. BepmuHbl npsiMOyToJibHUKA JiexkaT Ha chepe pamumyca 10. Hailitu paccrosiHue oT 1eHTpa
cepsl 0 TIOCKOCTH MPSIMOYTOJIbHHUKA, €CIIU €T0 JHUaroHalb paBHa 16.

Pemenue:

Tak kak BepIIMHBI MPSIMOYrOJbHHKA JIE)KAaT Ha cdepe, TO OKPYKHOCTb, OIKMCAaHHAs OKOJIO
MPSIMOYTOJIBHHKA, SIBJIIETCSI CEUCHUEM CEPEHI.

Paaunyc okpy>XKHOCTH, OITUCAHHOM OKOJIO MPSIMOYTOJIbHHUKA, PaBEH IMOJIOBUHE €0 IMaroHaliu, TO eCTh 1=8.

ITo ycnosuto 3anaun R=10.

Hcnonb3yemM COOTHOIICHHE:

R? = h? +r?
h2 = R2 — 2
h? =100 - 64 =36 h=6.
OtBeT: 6.
3amaua Nes.
HaiinuTe KOOpAMHATHI IICHTPA U paauyc chepbl, 3alaHHONH YpaBHEHUEM
(Xx—2)%+(y+3)*+22=25 ((x+3)2+y?+ (z—1)*=16).

Hamuimre ypaBaenue chepsl paanyca R ¢ meHTpoM
touke A, ecmu A (2;0;-1),R=7 (A (- 2; 1; 0), R=6).
ITpoBepbTe, ASKUT Ji TOUKa A Ha cdepe, 3a1aHHON YpaBHEHHEM

(X+22+(y-1)+(@z-3)*=1,ecm A (-2;1;4) (x—3)* + (y+ 1) + (z—4)* =4, ecu A (5; — 1;
4)).

JlokaxxuTe, 9TO TAaHHOE YpaBHEHUE SBISCTCS YpaBHEHHEM c(ephl:
XY+ 72+ 2x—2y =2
(C+y2+72-2x+22=T).

3agauaNe6

JIBa cedyenus mapa paauyca 10 cM mapasieTbHbIMH TUIOCKOCTSAMH UMEIOT PaNyChl, PaBHbIE 6 CM U
8 cm. Haiitu paccrosiHre MeXAY CEKYIIUMU TUIOCKOCTSIMHU.

Pemenue:

HAXOJM PACCTOSIHUE KXKIO0W U3 MapaUIeTbHBIX MIIOCKOCTEH J0 IIEHTpa IIapa U3 MPSIMOYTOIbHBIX
TPEYroJIbHUKOB 110 Teopeme [Tudaropa:

d, =v100 -36 =8 cm
WIH
d, =+100-64 =6 cm.

B 3aBHCHMOCTH OT TOTO, JIEXKUT JIH LIEHTP [Iapa MEKIY IUIOCKOCTAMU MJIH HET, TOJIy4aeM JBa
Pa3IMYHBLIX OTBETA K 3aa4Ye:
d=14 cm

3amagaNe7
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Uepes cepenuny paauyca Iapa nmpoBejieHa MepreHIuKysipHas eMy miockocTh. Kak oTHOcHUTCS
IUIOLIA/Ib MTOJIYYEHHOTO CeYEHHS K IUIOMIa M 00ab1Ioro kpyra (puc. 69)?

Pemenmne:
3 2
7| R |—
4 3
OTHOLLIEHUE TUIOLIAAN KPyra K IJIOIIa 1 MOJIYyYeHHOTO CEUEHUs pAaBHO T = Z

3aganus 1J151 CAaMOCTOSITEILHOTO PellIeH s

Pemmure 3amaun:

1) [ap, panuyc kotoporo paseH 41 qm, nepeceueH IIOCKOCTbIO Ha pacCTOSHUU 9 M OT 1IeHTpa.
BbruucnuTe niomna s Noxy4ruBLIETOCs CEUEHHS.

2) Uepes cepeaunHy paanyca Iapa MpoBeeHa MepIeHINKYIsIpHas K HeMy IIOCKOCTh. Kak oTHOcHTCS
IUIOINA/b MTOJIyYEHHOT'O CEYeHHUs K IUIOIaA 00JbIIoro Kpyra?

3) Panuyc mapa paBen 63cM. Touka HaXOIUTCS HA KacaTeIbHOM TUIOCKOCTH HA PAacCTOSHHUM 16 cM OT
TOuKU KacaHus. Haiitu ee kparuaiiiee paccTosiHiE OT ITOBEPXHOCTH 11apa.

4) Pagnyc mapa R. Uepes KoHel pajgyyca IpoBeIeHa MIockocTs moj yrioM B 60° k nemy. Haiitu
IUIOINA/b CEYEHUS.

5) Ha noBepxHOCTH 11apa qaHbl Tpyu ToUkH. [IpssmMonuHeiiHble paccTOSIHUS MEeXAYy HUMU: 6 cM, 8 cM u 10
cM. Pagnyc mapa pasen 13cMm. Paguyc mapa pasen 13cm. Haiftu paccTosiHue oT neHTpa mapa a0
TUTOCKOCTH, MPOXOSIIEH Yepe3 3TH TPU TOUKH.

KoHnTpoJsibHbBIE BONIPOCHI:

HaiiTe onpenenenue mapa, chepsl.

3anummre GopMyIibl Ioanu chepsl, ooObema mapa.

[TpuBenrTe MPUMEPHI B3aMMHOTO PACTIONIOKEHUS c(hephl U MIIOCKOCTH.

IIpakTnyeckas padora Ne 77: Ilpumepsl cumMMeTpuii B npodeccun
B pazpabotke
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