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IHosicHuTe IbHAS 3aNIMCKA

MeTtoauueckie pPEKOMEHJAIMK K BBINOJIHEHUIO MPAKTUYECKUX PAdOT MO IUCHUIUIMHE
«MareMaTuka» MNpeJHa3HAYECHbI JJI OpraHU3alMd CaMOCTOSTEIbHOW paboThl 00YyYarOIIUXCS
IepBOro Kypca ogHoro oraenenus cnennansHoctu 40.02.04 [IpaBooxpaHuTenbHas 1€AT€IbHOCTD
Ha YpOKe.

Y4eOHBIM IIJJAHOM Ha H3y4YeHHE IUCHUIUIMHBI OTBOAUTCA 232 YacoB, B TOM 4YHUCIE
npakThueckue 3aHsATus — 232 dyaca. [IpakThdeckue 3aHATHS SBISIIOTCA BaXHOH ¢dopMoi
00pa30BaTeNbHOTO IIpolLlecca W  HaIpaBJIEHbl HA OSKCIIEPUMEHTAIBHOE IOJATBEPXKICHUE
TEOPETUYECKHUX TOJIOKEHUH U (POPMHpPOBAHUE YYEOHBIX U MPO(ECCHOHAIBHBIX MPAKTHYECKUX
YMEHHH, OHU COCTABIISIIOT BaXKHYIO 4acTh TEOPETUUYECKON U MPO(heCCHOHATHHON MPaKTHYEeCKON
MOJITOTOBKHU.

[lepen BBITOTHEHHEM MPAKTHYECKOW pabOTHI MpenojaBaTeieM MPOBOAUTCS HHCTPYKTAX,
KOTOpPBIN BKJIFOUAET 11€JIb 33aJJaHUsl, €T0 COEP KaHHUE, BPEMsI BBIIIOJIHEHNUS, OCHOBHBIE TPeOOBaHUS
K pe3ynpTaTaM paboThl, KPUTEPUU OLICHKH BBIMOJHEHUS 3aJaHusl. BHIMOTHEHUIO PAKTUYECKUX
3aHATUN TPEALIECTBYET MPOBEPKAa 3HAHWN CTYAEHTOB - UX TEOPETUYECKOM TOTOBHOCTH K
BBINOJHEHUIO 3ajaHus. [IpakTuyeckue 3aHATUS HOCIT PENpOAYKTUBHBIN Xapakrep. PaOoTshl,
HOCSIIIIME PENpPOAYKTUBHBIN XapakTep, OTIUYAIOTCS TEM, YTO NPH UX MPOBEACHUU CTYACHTHI
MOJIB3YIOTCS MOJAPOOHBIMU HMHCTPYKLIMSIMH, B KOTOPBIX YKa3aHbl: 1elb paOOThl, MOSCHEHUS

(Teopm[, OCHOBHBIC XapaKTepI/ICTI/IKI/I), TIOPAIOK BbIITIOJTHCHU pa6OTLI.

KpnTepnu Ol¢HUBAHUS ITPU BBITNIOJJHCHUHA HpaKTI/I‘IeCKOﬁ paﬁoTLI:

IIpouent
pe3yJIbTATUBHOCTH Ouenka ypoBHSI NOATOTOBKH Ouenka
91 -100 OTJIMYHO
XOpOIIO
YIOBJIETBOPUTEIHHO
Menee 50 HEYJOBJIETBOPUTEIIBHO

BpeMs BBITTOTHEHUS IPAKTUIECKOM paboThl cocTaBisieT 90 MUHYT.
B mporiecce nHCTpyKTaXka mpenojaBaTens o0paiiaeT BHUMaHUe O0yJaroIIuXcs Ha
BO3MOJKHBI€ BCTPEYAIONIHECS TUITUYHBIC OIIUOKH.
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[ToBTOPUTH M 3aKpPEeNuTh 3HAHHUS OOYYAIOUIMXCS IO TEMeE:

OYKBEHHBIX BBIPDKEHUI».
MNOPAAOK BBIITOJTHEHUSA PABOTDI:
1. C nmomol11pi0 CIIpaBOYHBIX MOCOOUH 1O anredpe MOBTOPUTH:
a) MpaBwJIa JEHCTBUM HaJl OOBIKHOBEHHBIMH JIPOOSMH;
0) popMyJIBI COKPAIIEHHOTO YMHOKCHHUS;
B) CIIOCOOBI Pa3iio’KEHUs BHIPAKEHUS HA MHOXKHUTEIH;
T') MPAaBHJIO COKPAIICHUSI TPOOECH.
2. 3yunTh ycnoBue 3a0aHui Il MPAKTHYECKON pabOoTHI.
3. Odopmuts otuet o padoTe.
IIpaBuniia neiicTBUii HAJ 00BIKHOBEHHBIMHM JIPOOAMMU:
qa ¢ _aa
b'd bc

(I)OpMy.]'[I)I COKPAINEHHOI'0 YMHOKCHUS

(FE)

(axb) =a® £3a’b+3ab® £b
BAPUAHTHI [TIPAKTUYECKOU PABOTBI

Bapuasnr 1.

Bapuanr 2.

Bapuanr 3.

BIYUCJINTC 3HAUYCHUC BBIPAXKCHUA:
13

prOCTI/ITe BBIPAKCHUC!

«IIpeoOpa3oBanue 4YUCIOBBIX






HEJIb PABOTDI:

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

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

Xoa padoThl;

OBTOPHUTH TCOP eTUYCCKUHI Marepuai

BITIOJTHUTEH Ha3HAYEHHBIN BapuaHT

TeopeTuyeckuii MaTepua:
— 3TO PaBEHCTBO, COJIepKAIee HEM3BECTHYIO BEIMUUHY (X).

YpaBHeHue

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

Kopens ypaBHeHHsl — 5TO 3HaYCHUE HEU3BECTHOW BEJIMUMHBI X, IPU KOTOPOW ypaBHEHUE
oOparaercsi B BEpHOE PaBEHCTBO.

Tunwi ypasnenuii:
Trn OO01wuii BU IMpumeyanue IMpumepsbi
YPaBHEHUA m A P pumep
Conep uT HEU3BECTHYIO _
JIuneiinoe ax=b BeJIMUMHY X B IEPBOM x+2=3
y p 2(x+1)+3(2x-1)=0
CTEIEHU.
CoJep>XKUT HEU3BECTHYIO 32+ 2% — 1 = 0:
Ksaaparnoe ax’>+bx +c=0 | Bennuuny X BO BTOPOi =’
x-1)(x+2)=3.
CTEIEHU.
ConepXuT HEU3BECTHYIO
Jipo6Ho - Q(x) _ 0 BeNM4MHY X B
paumMoHaIbHOE R(x) 3HaMeHaTese TPOoOHOTO B
BBIPKEHUS. M
8
E
ColepKUT HEU3BECTHYIO 37
I/Ippallll(l;l:Haﬂb n /Q(X) BEJIMUYMHY X O]l 3HAKOM 3); té —(x+1)
R (x) KOPHSI.




Cesoiicmea pagencme:

= A Sl

Cvom oo O R

CBoiicTBO IIpuMeHeHne K YpaBHEHHIO
Yactu ypaBHEHHUSI MOYKHO IIOMEHSTh MECTaMU, HE U3MEHSIS
Ecim,a=b, 10 b=12a
3HAKU.
Ecan, a =b, m — s1000e CrnaraemMble MOKHO IIEPEHOCUTD U3 OJJHOM YaCTH ypaBHEHUS
4 B IPYI'yI0, [IOMEHSB 3HAK CJIAraéMoro Ha MPOTUBOIOJIOKHBIN.
Eciu, a=b, m=0, To O06e yacTi ypaBHEHUS] MO)KHO YMHOXXHTb, HJTU pa3IeUuTh Ha
a OJIHO Y TOE€ YUCJO, OTJIINYHOE OT HYJIsA, PABEHCTBO IIPU 3TOM
m HE U3MEHUTCA.
JIuHeiiHbIe ypaBHEeHUS
Cooeporcam HEH3BECTHYIO BeJINYMHY X B IIEPBOM CTEICHH;
Hwmerom e/IUHCTBEHHbIN KOPEHb.

Obwuii suo: ax="b,a # 0.
Ipumepuor: 2x+3=5;, 2x+D-32x-1)=5; 2(x+4)-5=3(x-4).
Aneopumm pewenus ypasuenus Q(x) = R(x):

puBectu ypaBHeHue Q(x) = R(X) k Buxy ax = b:

a) pacKpbITh CKOOKH;

0) coOpaTh cinaraemple ¢ X B JIEBOW YaCTH YpaBHEHUS, CBOOOIHBIC ClIaraeéMble — B ITPABOM
4acTH;

B) PUBECTHU NOJI0OOHBIE CIaraeMsie;

llpumepwvl pewienuss TUHEUNHbIX YPAGHEHULL:

x+3=0; 2x+1=0; 2x+1)=5; 2x+1)=3(x-1);
X =-3; 2x =-1; 2x+2=15; 2x +2=3x-3;
X 2x=5-2; 2x —3x=-3-2;
1 X -X =-5;
E 3=1,5; X=35;
2

KBanparnble ypaBHeHus

y
pooepoicam  HeM3BECTHYIO BeJH4uHY X BO BTOPOii cTeneHu

];bmquﬁ 6u0: ax* + bx + ¢ = 0, rje a — ko> PUIUEHT TPH X

2. b — k02 PULIEHT IpH X,

£ CBOOOTHBIN KOADDHUITHESHT.

Funvi K6aOpamuwvixX ypasHeHui:

Hoanoe - ax’+bx+c=0

Henonnoe - ax?+bx=0; ¢ =0;

A a
X

npueedennoe — x*+px+q=0;a=1;c

(0)

b

Ipumepor: 3x> +2x -1 =0; (x + 1)(x —2) = 0; 3x2-1=0; 3x*2+x=0.
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Aneopumm peutenus K6aopamHno20 ypaseHeHus. TIPUBECTH YPaBHEHHUE K BULY:

a a a X
X cx0 B x0; p
HaWTH ecmua+b+c=0, BBIHECTH X ax? =c; 1o TeopemMe
JTUCKPUMHHAHT 3a CKOOKH: X Buera:
D 0O X1=1, x
ecim D H0, To x (ax +b) = 0; - X1-x2=4q,
i —_
—4ac; a
(ecma=1, 1o x1=0; X1+tx2=-p
~-b*JD a
N pCUIUTH e

¢ _p2a/D

x1i=1, X2=¢) | ypapnenne

ecii D<@, To c
ROpHEH HET a
ax+b=0;
" ’ >0
b
X X2=- —
a
c
a

Jpo0HO — panHOHAIbHBbIEC YPABHEHHUSA

Codeporcam  HeM3BeCTHYIO BeJIMUUMHY X B 3HAMeHaTeJie APOOHOI0 BbIPAsKeHM .
0

7 6
Aneopumm pewienus ppasHens.
| 500 _ B
I cioco6: P(x)  T(X)
p e

6 .
a) N@peHecTy APOOHO@BBIPAXKEHNE U3 NTPABOW YacTHU B JIEBYIO;
0) npuBecTH Ipodu K gﬁmeMy 3HAMEHATENIO;

2. Wucnurens npodu B%/(IgaBHﬂTB K HYJI0, pemuTh ypaBHeHue: Q(x) =0;
3. Haittu OJ13: R(x)
T ) 2
Aﬂeﬁ)pumM pewenus _X
x+1l x S(x)  B(x)
Ly 3036 _ P(x)_ T(X)
Io’cBONCTBY MPOIOPLIHY, nép%MHmKHTL KpEeCT Ha KpecT:
an aﬂﬂﬁrenb JIeBOM ApOoOM Ha 3HAMEHATEeNb MIPaBoil 1podu, a 3SHAMEeHaTeINb JIEBOW ApOoOH Ha
HUCTIHTEND npaBoil 1podu;
2HP6HH/ITI> ypaBHeHue S(x) - T(x) = P(x) - B(x).
3. Haittu O/13: P(x) # 0. T(x) # 0;
Ilpumepwvl pewienus ypaguenuil:

51
e 3.
5x=3 X 3x+6=0; 3x2=x>+2x +x +2;
x=K§; 3x+6:0 3x =-6; 3x2—x%-3x-2=0;
5 x—2
3x x+2
x+1 X

&S Xx=x+1)-(x+2);

2 0 F Q0



O[3:x #0. =-2; 2x2-3x—-2=0;
Otser: x = 0,6. O3:x-2#0. D=32-4-2-(-2)=9+16=25;

x # 0. x # 0.
OtBeT: X =2.

Dopmynvl COKPAUWEHHO20 YMHONCEHUSL:

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

2 2.
peiéint culirem ypasnenmii
MeTtoa cj10:KeHHue

[Tpu pemieHnn CUCTEMBI IBYX JUHEHHBIX YPAaBHEHUH € ABYMs [IEPEMEHHBIMU CIIOCOOOM
CJIO’KEHUS MOCTYMAIOT CISAYIOIIUM 00pa3oM:
YMHOXAIOT MOWICHHO YPaBHEHHS CUCTEMBI, TOI0MPast MHOKUTEIH TaK, YTOObI KO (HUIIUEHTHI
MIpY OJHOM M3 MEPEMEHHBIX CTaJIU MPOTUBOIOIOKHBIMHU YHCIIAMH, CKJIQIbIBAIOT MOYJICHHO
JIEBBIE U MPABbIC YACTH YPABHEHUM CUCTEMBI, PEIIAIOT IIOJYYHUBIIEECS YPABHEHHUE C OJHOU
MEPEMEHHOMN

MeToa mOACTAHOBKH

CyTb MeTO/a MOJCTAaHOBKH:
Bripazuth o0y nepeMeHHyIo 4epe3 APYTyro U3 JJI000r0 YpaBHEHUS CUCTEMBI.
IToacTaBUTh MOIY4EHHOE BBIPA)KEHHUE B IPYTO€ YPABHEHUE CUCTEMBI U PEIIUTh, KaK OJHO
YpaBHEHHUE C OJIHOM HEM3BECTHOM NMEpEMEHHOM. 3Hasi OJJHY MEPEMEHHYI0, HAUTH IPYTyIO U3
HCXOJHOTO ypaBHEHUA. MeTo/ TO3BOJISIET CBECTH PELICHUE CUCTEMBI K PELLIEHUIO OJJTHOTO
ypaBHeHI/IH C OIHUM HCU3BCCTHBIM.

0w H O H X



Pemienue HepaBeHCTB

HepaBeHCTBO — 3TO BBIpa)KEHUE, COIEPIKALLEE HEUZBECTHYIO BEMUUHY (X)

U 3HAaKW HEPABEHCTB >, <, <, 2.
Pemuth HepaBeHCTBO — 3TO 3HAYUT HAWTH BCE €r0 PEIICHUS, WU JJOKa3aTh UX OTCYTCTBUE.
Pemenune HepaBeHCTBA — 3TO BCE 3HAUCHUSI HEM3BECTHOM BEJIMUUHBI X, IPU KOTOPHIX

HCPABCHCTBO 06pa1uaeTc;1 B BEPpHOC HEPABCHCTBO.
Tunwt Hepaeencme:

Tun HepaBeHcTBa OO0mmii Bug IIpumeyanue IIpumepsl
Conepxut Hen3BecTHyrO | X +2 <3;
JluHeiiHoe ax>b BeIMYUHY X B IEpPBOU 2x+1H)+3(2x—-1)>
CTEMEHH.
ConepKUT HEN3BECTHYIO ) )
2 g 3x+2x-120;
Ksaaparnoe ax“ + bx + ¢ < (0 | Benmuunnay X BO BTOpOit x—1)(x+2)> 3.
CTCIICHHU.
ConepKUT HEU3BECTHYIO
J{pooHo - M <0 BeIMYUHY X B
paumnoHajIbHOE R(X) 3HaMEHaTeJe JPOOHOTO B
BBIPAKECHUS. M

Ceoiicmea nepagencme:

CBoiicTBO IIpuMeHeHNe K HEPABEHCTBY

YacTu HepaBeHCTBA MOKHO TOMEHATh MECTAMH, U3MEHUB
3HAaK.

CraraeMble MOYKHO TIEPEHOCUTD U3 OJTHOM YacTu
HEpPABEHCTBA B JAPYIyIO, IOMEHAB 3HAK CIaraéMoro Ha
MIPOTUBOIIOJI0KHBII.

Ecnu 06e yacTu HEpaBeHCTBA YMHOXKUTh, WU Pa3/IeIUTh Ha
OJIHO U TOK€ IOJIOKUTEIBHOE YNCII0, HEPABEHCTBO IIPH 3TOM
HE U3MEHUTCH.

Ecim,a>b, 10 b<a.

Ecan, a > b, m — a1060e
q

Ecau, a> b,

m
n Ecnu 00e yactu HEpaBeHCTBA YMHOXKUTh, TN Pa3/IeUTh Ha
0 OJIHO Y TOK€ OTPULIATEIILHOE YKCIIO, 3HAK HEPABEHCTBA IIPU

O9TOM HU3MCHUTCI Ha HpOTHBOHOJ’IO)KHBIﬁ.

JInHelHbIEe HEPABEHCTBA
Cooepoicam  HeN3BeCTHYIO BeJJMYUHY X B NIePBOM CTeNeHMU;

Obwuii suo: ax >b, ax<b, ax>b,ax<b,a#0.
Ilpumepwor: 2x +3>5; 2x+1)-3(2x-1)<5; 2(x+4)-5>3(x-4).
Aneopumm pewenus Hepasencmea Q(x) > R(x):

puBecTH HepaBeHCTBO Q(X) > R(X) k Buay ax > b:
a) PaCKpbITh CKOOKHU;
0) coOpath craraemsbie ¢ X B JIEBOM YaCTH HEPABEHCTBA, CBOOOIHBIC cllaraeMble — B MPABON
9acTu;
B) IPUBECTHU MOIO0HBIC ClIaracMbI¢;
a3ZIenuTh 00€ YacTH HepaBEeHCTBA Ha K03 duiueHT a,
e

C
JI
u
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IIpumepyl pewienus 1uHeliHbIX HEPABEHCMSE.!

x+3<0; 1-2x<0; 2(x+1)=5; 2(x+1)<3(x-
X <-3; -2x<-1; 2x+2>5;
X € (-00; -3). 2x>5-2; 2x +2<3x - 3;
x € (0,5; o). X 2x —3x<-3-2;
x € [15; o) x<5;
? x>5; x e (5; o).
15

KBaaparHble HepaBeHCTBA

Cooleporcam  HeM3BECTHYIO BeJIMYUHY X BO BTOPOii CTeneHu.
Ob6wuii 6u0: ax?+bx+¢>0,
2 v
rae a — KodhGUIKMEeHT npu X-, b — KodDPUIUMEHT npu X, ¢ — CBOOOTHBIHN
KOX(QPHUIIHIEHT.
noamoe - ax’+bx+c¢< 0;
Henonoe - ax? + bx > 0; ax? +c¢<0;
npueedennoe — x> +px+q>0;
Ipumepv:  3x*+2x-1>0; (x+1)(x-2)>0; 3x*-1<0; 3x*+x<0.
Anzopumm pewienus kéadpammoz2o nepasencmea ax’ + bx + ¢ > 0:
Pemmuts kBagpaTtHoe Hepasenctso ax? + bx + ¢ = 0;
2. OTMETUTH Ha JIyue KOPHHU KBAJIPATHOTO YPAaBHEHHS X1 > X2, < = >
2 I
4. BeiOpath UHTEpBaJ, COOTBETCTBYIOIIMIA 3HAKY HEPABCHCTBA!
_N\C i Sl

...>0 - uUHTepBaJ CO 3HAKOM «T»;
... <0 - WHTEpBaJ CO 3HAKOM «-».

IIpumepyl peutenus K6aOpamHuIX HEPABEHCMS.

3x2+6x<0; 9-x%>0; 2x2+3x +2<0;

3x% + 6x =0; 9-x2=0; 2x2+3x+2=0;

X x?=09; D

X X =43; k

. i + T, cHedg s 1

N V. VA - - Ty
> -3 3 X 2a -4 2

OtBert: x € [-2; 0];

Otser: X € (-3; 3);

b-VD_-3-5_,
— 2'& — _Zl\ /"’ _“

OtBeT: X € (- ; -0,5)U(2; ).




IIpakTnyeckas padora Ne3

Pemenue pPalOHAJIbHBIX ypaBHeHHﬁ U HEPABCHCTB

Pemmre Pemmre npo6HO- P . .
. SIIUTh APOOHO-THHEHHOE Pemure npoOHO-THHEHHOE Pewmute cucremy Pewute cucremy
KBagpaTHOE JIMHEHUHOC o
YpaBHEHUE HEPABECHCTBO JIMHEVHBIX HEPABCHCTB HEPABCHCTB
YpaBHEHHE YpaBHEHHE
3 2 —x2 3x—-2<0 2-6x>4
¥2+8x-33=0 XL X + S = 28 36X_X < )
x-1 x+2 X—2 X+2 x°—-4 3x—2 x>1 X°—6x-5>0
2 4 1 2x<5 x* —2x-3>0
2-11x+30=0 S = X _ 5 1 3tx
x+1 x-1 Xx+3 3-x x -3 2X° + X Xx+3>0 5-xx<1
11 4 2 _ 2 _ Xx-2<0 3-4x<5
P-6x-135=0 - X 1,1 _x-2 X" =36 _ 2
X—4 xX+4 X X+1 x?>+x 2X+1 ox>1 X°—4x+3<0
3x—6 3x  2X — X2 2x>7 x?-3x-22>0
-19x+88=0  __S - = 49X =X
X—2 X+2 (x-1)x+2) x-1 x+2 4% —3 Xx-3>0 5<1-x
4x+2<0 3-4x>5
2 4dx-32=0 4x _ 5 26 _izz_x+4 1+x <0 2
X+3 3-X x“-1 x-1 x+1 X% + 3% X>-3 X =7x+6>0
5 5 4 3 12 1 3 6x<2 x? —3x-5<0
52163430 X 2 L - X 4%,
x-3 x+1 X+2 x-2 4-x° 7 2X -3 X-5>0 5<3-X
3 2 3 2x-1 2x+1 8 _ 2x—-32>0 3—-x<4
T2 +9x+2=0 X2 Bl B Lk X9 g )
x—1 x+2 X+2 x+1 x°+3x+2 3x2 =X x<1 X°+6x+4>0
2 4 2 —4 1 5-X 4x <5 2—-X<5
5:2-8x-+3=0 L TS S 720 )
x=3 x+1 X“—4 X“+2x X" -2x (x-7) x-1<0 X°+3x-4>0
4 3 3x 2 3x—-6 2 _ 3x-220 X? +5x—-2<0
6x2-7x+1=0 o X - = x“-9 <0
X+2 X—2 x-1 x+2 (x-1)fx+2) 2% _11 x<1 5-x>1




IIpakTnueckas padora Ne4
Tema: [Inomanu miockux Guryp.
eJib:
[ToBTOPUTH U CUCTEMATU3UPOBATH 3HAHUS U YMEHUS IPUMEHSATH (POPMYIIbI HAXOXKICHUS TIoLIaAen
¢buryp npu peneHuu NpaKTHKOOPUEHTHPOBAHHBIX 3a/1a4
Xona padoThI:
OBTOPUTH TEOPETHUECKUN MaTepHall
SIINUTh 3aJ1a4U
Teopernyeckunii MaTepuaJi:

Yembipexy2onbHUKU.

al S=ab 2 / \

S= Enb IInowyads mpeyz01bHUKa
é s=°"; /‘43'—"? A 11\ S=gan [\ S=an
El : L a : a N

Kpyr R — paanyc; ==R?
| — nnuna okpyxHoctw. |l = 27R

T — BHYTPeHHHRA PAAHYC; | § — x(R? - r?)
R — napyxuuit paauyc,
d — BHyTpeHHWA aMa- S=§(Dz—¢p)

METP: S = 2xpd

D — nuapyxuuit aua-

meTp. MAowAnL YacTH KoAbUA:
+R

e = 5 — cpemmh|s = X&(R? - r?)

paamnyc;

§ = R—r— wmpnna|S = %g-(p"_d*)

KOAbUA;

Q — UEHTPaALHLIA yroa|S = "T‘Bps
4acTH Kosbua (B rpaay- 1
cax).




OcHOBHbIE reomeTpu4eckmne d)VIprbI

MpAMOYTonEHUK Keaapar Kpyr Pomb

S = a?sina
.
ab §5'=a |
S =ah

S’: lah ~— l ] “. \
7 ah, §= 5 absiny S =ah, / D
~ - / a0
S = absin S=—-h \

TpeyronbHWK Mapannenorpamm Tpaneunn

U
|

g opranuzanuu 3¢ (peKTUBHOrO mpoliecca TYIIEHUs MM0KapoB HEOOXOJUMO MOHUMATh CTPYKTYPY
nepefayn 1iaMeHd. OnpenenyB HampaBiIeHUs PACHpPOCTPAHEHUS BO3TOpaHUs, HUX (HOpMY, MOXKHO
pa3paboTaTh CTPATETUIO €0 JOKATU3ANY U YHUUTOKEHHUSL.

[Inomane mokapoB pPacCUUTHIBAETCS 110 IMPOEKIMH 30HBI OTHS HA TOPU30HTAJIBHYIO IIJIOCKOCTb.
Cy1ecTBylOT METOAMKHM pacyera A pasHbiXx (opm. Yacto kapra moxkapa HUMeeT BUJ CIOXHOU
reoMeTpuueckoi (purypsl. B 3ToM ciryuyae [uis BBIUMCIIEHUS TapaMeTpa BO3TOPaHUs BBIACISIOTCS YyUYaCTKU
CTaHJIapTHON KOH(QUTYpallUH, PACCUUTHIBAETCS pa3Mep KaXA0ro, a 3aTeEM pe3yJIbTaThl CYMMHUPYIOTCS.

Pacuem nnowaou noscapa

JI71st BEIUKCTIEHUST pa3MepOB TOXKapa CHavaIa CiaeAyeT MOHATh KOHPUTYpaIHio pacnpoCcTPaHeHusl OTHSI.
DopMyJibl pacyera

Jlnst ynoOcTBa cBeieM BCe MaTEMaTUUYECKHUE BBIPAKEHUS, TTO3BOJISIONINE BEIYUCIUTD TUIOIIA b
oTpeAeNeHHOM KOH(UTYpaIiy, B TAOJIHUILY.

YciaoBHBIE 0003HAYEHHUA:

T — KOHCTaHTa, uMeromas 3Hauenue 3,1415926;

R — pamnyc xpyra;

0 — YToJI MeX1y paguycaMH B Tpajiycax;

a, b — CTOpOHBI IPAMOYTOJIBHUKA, TIPH PACIIPOCTPAHCHUH OTHS B JIBA HAIIPABJICHUS 3aMEPSCTCS
MIPOMEXKYTOK OT OJTHOM TpaHUIIBI (PUTYPHI 10 IPYTOM.



Kondurypauus MeToa BbIYHMCIEHUS

Kpyrosas S=n*R2

(a*R2)/360

YrinoBas

[IpssMmoyronbHas



IIpakTnueckas padora NeS

Tema: «IIporieHTbI»

Mean :

OBTOPHUTH 3HAHUA o0yuyarommxcs B Teme: «IIpoueHTH»

ACCMOTPETh aJITOPUTMEBI pElICHHs 0a30BbIX 33a7a4 HA TMPOICHTHI:

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

0)HaxXOXKICHUE HEU3BECTHOTO YHCIA 110 €T0 MPOIICHTAM;

B)HaX0’KJICHHE MPOIICHTOB OJTHOTO YKCJIa OT IPYroro.

aKpeIuTh YMEHUS U HABBIKH PELICHUS 3a/1a4 C MPOILEHTAMU.

MPEACIIUTh YPOBEHb YCBOCHHUSI 3HAHUM, OIICHUTH PE3yJIbTaT ACATEIHHOCTH 00YUYaOIINUXCH.
ITopsimoxk BBLIMOJTHEHMSI:

3HAKOMUTBCS ¢ TEOPETUYECKUM MAaTEPHUAIIOM U PEIICHHUEM 3a/ad .

JIeNaTh KPaTKUil KOHCIIEKT TEOPETUYECKOro MaTepuana B pabounx TeTpajsix (ompeaeneHue, mpaBuia
pelIeHNs OCHOBHBIX TUIIOB 3a/1a4).

3Y4YHUTh 00pa3libl pEHICHHBIX 3a/1a4, 3aicaTh UX B pabOuyio TeTPajb.

TETPaJAX JJIsl IPAKTUYECKUX PaOOT BBINOJIHUTH IPAKTUUECKYIO PadoTYy .

Teopernyeckue cBeieHUs!

CnoBO « MPOLIEHT » MPOUCXOAUT OT JATHMHCKHUX CJIOB Pro centum, 4To OYKBAJIbHO O3HAUYAET « CO CTa ».
[IpoueHT = oj1Ha coTas 4acTh YKCa.

[lonnMaHue MPOLIEHTOB W YMEHHME BBIMIOJNHATH IPOLIEHTHBIE  BBIYMCICHUS B HACTOSIIEE BpeMs
HEOOXOUMBbI KaX/10My ueioBeKy. OueHb BEJMKO MPHUKJIAJHOE 3HayeHue 3ToM TeMbl. OHa 3aTparuBaer
(buHaHCOBYIO, IeMOTrpadUUECKYI0, SKOJOTHIECKYI0, COIIMOIOTHYECKYIO U Apyrue cepshl.

PaccMoTpuM TpU OCHOBHBIX THIIA 33/1a4 HA TIPOIICHTHI.

1)HaxoxeHue npoleHTa oT yucia

YroObl HAalTH TPOIEHTHI OT YHCIA, MOXHO TPOLEHTHI MPEICTABUTh B BUJIE JACCATUYHOW APOOU M YHCIO
YMHOKUTb Ha MOJYYEHHYIO IECITUYHYIO APOOb.

3anayva:

[Ipennpusitie n3roroBuiio 3a keaprai 500 HacocoB, U3 KOTOpbIX 60 % MMENIH BHICIIYIO KaTErOpUI0
kauyecTBa. CKOJIBKO HACOCOB BhICIIEH KaTErOpHH KauecTBa U3rOTOBUIIO IpeanpusTrue?

Pemenwue: Haiinem 60 % ot 500 (oOmiee KOTU4YECTBO HACOCOB).

60 % = 0,6

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

Otset: 300 HacOCOB BBICIIEN KaTErOPUU Ka4eCTBA.

2)Haxodcoenue yucna no e2o npoyeHmy

Umobwi Hatimu 4ucio no e20 NPOYEHMAM, MOICHO NPOYEHMblL NPeOCMAasums 8 8uoe 0eCAMU4HoU Opoou u
O0aHHOe YUCI0 pa30erums Ha NOJYYEHHYIO 0eCAMUYHYI0 Opo0b.

3amaua: Yuenuk npountan 138 cTpanwil, uto cocrapiser 23 % uncna Bcex cTpaHuil B KHUTE. CKOJIBKO
CTpaHMI] B KHUTE?

Pemenne:

WTak, HaM HEU3BECTHO CKOJIBKO BCETO CTpaHMIl B KHUTe. Ho MBI 3HaeM, 4To 4acTh, KOTOPYIO MIPOYMUTAT
yueHuk (138 crpanuir) cocrapiusier 23 % OT o011ero KoJu4yecTa CTpaHull B kHure. Tak kak 138 ctp. - 310
BCETO JIMIIIb YaCTh, CAMO KOJIMYECTBO CTPAHUIL], €CTECTBEHHO, OyzeT Ooibiie 138. DTo moMokeT HaM Tpu
IIPOBEPKE.
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https://yandex.ru/an/count/WeKejI_zOoVX2Lcb0hqJ09DZXoOQbKgbKga4mGHzFfSxUxRVkVDTNpjVl-FrXZlSt6dRDeyCAz8IqWWh4dK63gCZ8vuWf2IU9AEZ73cc-0rzJftu4shpL8MeENAd_NJQKVk6ybI5P52JgafMf1nEw2sTFgLGdghGKGxdrCvlvtJwTDhE7ndMf9-YdolI3n9GzQTwusZ924d6Y28Z8QKWwWYxhbAHP1WX0HbLetR0bCq9CLP81x0glOOGjOqj0XXq7BtE608iLLvQ6ib-eEbiPRo0XRb55i-cS9wexRITqma4iDtdSCvt29o89ILwCSAD54OOQC2JeeRG30xMWZb28dfVi9OKkV6oKVaRGyHoFjymsNWzMlWvfWUkibXcTKMhOM-MMLtHQjWweEkwNgDls0lY1SKgIncHXci7LPpRFTXDskGKmBR2MoBOsXTHaaaQ1gs8gBJ6h2HDPa6OcB3O6R898LckRrTPCUJc1dSEl7K1W8OGC5qHDN9CGY0q2TBKgpQ_7YtSv7gqS7E7WHBrnKv5_OSzM8VP1sy0RFpV3O2Dtxi1iF5pSTYO_Ds37NjVsoD7zxCUxDXZce-OPHAqkgxhMDgCG9YFCjt8ON7iZDvnlCZAwErDPtqTOPL5R_QAlkpXiBHnFTdJbPaC-Z7jmGOeKGpozLyHyXhlzhBaDTxjUMs7xbMUprBWFc7nkkz1PrLap8SKIUu5T7EvKgbKMbKyCUsb4EKdOMV85I-Z1XqS_D6ALMpRlsAlYCrx8k186isScmzkOD42qbMfPAza3xpDEb0-Qwxpxay7gj0TVwIE0yTRWkwBqJiO8uD_pfprHj6AUBH-IAnhD1YPqOPMTupPgmmX6380~2?stat-id=51&test-tag=541509476679729&banner-sizes=eyI3MjA1NzYwOTI3ODg1MzI4NSI6IjI0MHgzMDAifQ%3D%3D&actual-format=14&pcodever=902105&banner-test-tags=eyI3MjA1NzYwOTI3ODg1MzI4NSI6IjI4MTQ3NDk3Njg5OTEyMSJ9&constructor-rendered-assets=eyI3MjA1NzYwOTI3ODg1MzI4NSI6MjAxfQ&pcode-active-testids=892183%2C0%2C40%3B899487%2C0%2C80&width=730&height=329
https://yandex.ru/an/count/WeKejI_zOoVX2Lcb0hqJ09DZXoOQbKgbKga4mGHzFfSxUxRVkVDTNpjVl-FrXZlSt6dRDeyCAz8IqWWh4dK63gCZ8vuWf2IU9AEZ73cc-0rzJftu4shpL8MeENAd_NJQKVk6ybI5P52JgafMf1nEw2sTFgLGdghGKGxdrCvlvtJwTDhE7ndMf9-YdolI3n9GzQTwusZ924d6Y28Z8QKWwWYxhbAHP1WX0HbLetR0bCq9CLP81x0glOOGjOqj0XXq7BtE608iLLvQ6ib-eEbiPRo0XRb55i-cS9wexRITqma4iDtdSCvt29o89ILwCSAD54OOQC2JeeRG30xMWZb28dfVi9OKkV6oKVaRGyHoFjymsNWzMlWvfWUkibXcTKMhOM-MMLtHQjWweEkwNgDls0lY1SKgIncHXci7LPpRFTXDskGKmBR2MoBOsXTHaaaQ1gs8gBJ6h2HDPa6OcB3O6R898LckRrTPCUJc1dSEl7K1W8OGC5qHDN9CGY0q2TBKgpQ_7YtSv7gqS7E7WHBrnKv5_OSzM8VP1sy0RFpV3O2Dtxi1iF5pSTYO_Ds37NjVsoD7zxCUxDXZce-OPHAqkgxhMDgCG9YFCjt8ON7iZDvnlCZAwErDPtqTOPL5R_QAlkpXiBHnFTdJbPaC-Z7jmGOeKGpozLyHyXhlzhBaDTxjUMs7xbMUprBWFc7nkkz1PrLap8SKIUu5T7EvKgbKMbKyCUsb4EKdOMV85I-Z1XqS_D6ALMpRlsAlYCrx8k186isScmzkOD42qbMfPAza3xpDEb0-Qwxpxay7gj0TVwIE0yTRWkwBqJiO8uD_pfprHj6AUBH-IAnhD1YPqOPMTupPgmmX6380~2?stat-id=51&test-tag=541509476679729&banner-sizes=eyI3MjA1NzYwOTI3ODg1MzI4NSI6IjI0MHgzMDAifQ%3D%3D&actual-format=14&pcodever=902105&banner-test-tags=eyI3MjA1NzYwOTI3ODg1MzI4NSI6IjI4MTQ3NDk3Njg5OTEyMSJ9&constructor-rendered-assets=eyI3MjA1NzYwOTI3ODg1MzI4NSI6MjAxfQ&pcode-active-testids=892183%2C0%2C40%3B899487%2C0%2C80&width=730&height=329

IIposepka: 600 > 138 (310 03HauaeT, uto 138 saBisiercs yactbro 600).
Otsert: 600 (cTp.) - o0I1IEE KOJIMYECTBO CTPAHUI] B KHHTE.

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

YroObl HAUTH CKOJBKO MPOIEHTOB OJHO YHCIIO COCTABIISAET OT APYrOro MOXKHO OJIHO YHCIIO Pa3AeiuTh Ha
JIpyroe U MoJay4eHHOe Npou3BeieHue yMHOKUTh Ha 100.

3amaua: M3 200 apOy3zoB 16 okaszamuch He3penbiMu. CKOJBKO TMPOLEHTOB BCEX apOy30B COCTABHIIN
He3peble apOy3bl?

Pewenue:

16 nenum Ha ob1iee KoyMyecTBO apOy30B U yMHOkaeM Ha 100 %.

— — e e = E: - =
VE XX 30T s— A3E=—-IX&m=—=f%
— — =

Otget: 8 % - cocTaBisIOT He3pelbie apOy3bl OT BceX apOy30B.

IIpumepsl pereHust 3a1a4

3amaua 1: [lng npuroroBieHus ¢apiia B3suM TOBSIMHY M CBUHUHY B oTHOIIeHUH 7:13. Kakoii mpoueHT B
¢apuie cocTaBiseT CBUHUHA?

P

3anaya 2: KakoBa BeaMunMHa NOJOXOJHOTO HAJIOra, KOTOPbIM cocTaBisgeT 13% OT BeIM4MHbI 3apabOTHOM
monatsl B 25000 py6Guneii?

Pemrenue: 25000 - 0,13 = 3250 pyoOuneii. OtBeT: 3250 py6uneit.

3anaua 3: SI610ku rpu cyuike TepstoT 84% cBoeit Macchl. CKOIBKO CyIIEHBIX 510710k noiyuurces u3 300 kr
UBexux?

Remenue: U3 ycnosus cienyer, uro npu cymke Tepsiercs 300- 0,84 = 252 kr.

E48kr OTBeT: 48kr.

Bhnaua 4: B cnoprusHOM marasume Benmocumen mpomaercs co ckuakoit 15% 3a 4500 py6neii. Kakopa
MepBoHauanbHas 1IeHa Bejocumeaa?

Pemenue:

W3 ycnoBus cinenyer, uto 4500-510 85% OT mepBOHAYATBLHOM IIEHBI.

B500 pyOGneit — 85%

X pyoneii— 100%, X~5294,12 pyoOnei. OTBeT: 5294,12p.

Banaua 5: Ilena ToBapa nonusuiack Ha 40%, 3arem emie Ha 25%. Ha CKOJIBKO MPOLIEHTOB MOHU3UIIACH
fiena ToBapa 1o CPaBHEHHIO C TIEPBOHAYATIBLHOM IIEHON?

Pemenue:

O6o03HauNM ITEpBOHAYANIbHYIO IIeHY ToBapa uepe3 X. [lociie mepBoro moHmwKeHus 1eHa CTaHeT paBHOMN
¥—0,4x =0,6x.

Bropoe nonumxenue neHsl coctaisier 25% ot HOBoOM 1eHb! 0,6X, MOTOMY IOCJI€ BTOPOTO MOHUKEHUS
Oy/neM UMETh IIeHy

0

TTocne nByx moHM>XeHUI CyMMapHOe N3MEHEHHE [IEHbI COCTABIISET:

& - 0,45x = 0,55x.

Tak kak Benuumnna 0,55X; cocraBnseT 55% OT BETUYHHBI X, TO [[eHA TOBapa MoHu3miIach Ha 55%.

N OtseT: 55%.

3amaua 6: B komnemxe 260 oOywaromuxcs, u3 KoTopbix 10% neycneBatomux. Ilocie orumcnenus
BexoToporo uncia HEYCIeBaIoUUX, UX MPOIEHT CHU3UICS 10 6,4%. CKOIBKO yJaluxcsi OTYUCICHO?
Pemenue:

J1o OTUMCIIEHNs KOJIMYECTBO HEYCIEBAIOUINX O OTYUCIIEHUS COCTABIISIO

pi

Mycte oTumcnmmu x dvemoek. Torma Bcero B jwmiee ocTtanoch (260 — X) yyammxcs, U3 HHUX

HEYCIEeBAIOMIMX cTaio 26 - x. Umeem nmponopiiuio
H

bl

2



260—x - 100%,

(260 — x)0,064=(26 - x)100,
Pemras nonyyennoe ypaBueHue, HaxoauM X = 10.

Otser: 10.
3amaua 7: [lepBoHauaabHas CTOUMOCTb €IMHHIIBI POAYKIIMH paBHsIachk 75 py0. B Teuenue nepBoro roma
MIPOU3BOJICTBA OHA MOBBICKJIACH HA HEKOTOPOE, YHCIIO MPOLIEHTOB, a B TEYEHUE BTOPOI0 rojia CHU3UIIACh
(0 OTHOLIEHHIO K MOBBIIIEHHON CTOMMOCTH) Ha TaKOE K€ YMCJIO MPOILIEHTOB, B pe3y/lbTaTe YEro OHa
ctama paBHa 72 py0. Onpenenute TPOUEHTHI TOBBIIICHUS W TIOHWKCHHS CTOMMOCTH €IUHUIIBI
MPOYKLIHUH.
Pemenue:
Ilyctb x% - 9TO MPOLEHTHI MNOBBINICHHS (U TMOHM)KEHHSA) CTOMMOCTH eIMHULBI npoaykuuu. Ilo
onpeaeneHuto x% ot 75 ato — 75 * 0,01x. Toraa nmocine nepBoro NOBBIMICHUS 1I€HA CTAaHET PaBHITHCA 75

B Tedenue BTOporo roja 1eHa CHU3UTCS Ha BETUYUHY
0,01x(75+0,75x) = 0,75x + 0,0075x>.
Teneps MOKHO 3amKcaTh ypaBHEHUE AJI1 OKOHUATEIIbHOM 1IEHbI
(75 +0,75x) (0,75x + 0,0075x%) = 72;
x%=400; orcrona x1 = - 20, x2 = 20.
[ToaxoauT TOMBKO OJMH KOPEHBb 3TOTO ypaBHEeHHUs: X2 = 20.
Otser: 20%.
3amaua 8: Ha GankoBckwmii cuet 06110 mostoxkeHo 10 Teic. py0. Ilocie Toro, Kak AEHbI'H MPOJIeKATH OJUH
roJ co cuera cHsiiu 1 Toic. py6. Eite uepes rojg Ha cuety ctano 11 teic. py6. Onpenenuts, Kakoil mporeHT
TOOBBIX HAYKUCIISIET OaHK.
Pemenue:
ITycth 6ank HauucaseT p% roJoBbIX.
1) Cymma B 10000 py6ueii, monoskeHHast Ha 0aHKOBCKHIA c4eT 1o p% TOAO0BHIX, Yepe3 I'oJl BO3PACTET 10
BEITUYIHHBI

Kohi@th =400 PO0.py6., Tam octanercs 9000 + 100p pyo.

2) Eme yepe3 roj nocieHsAs BeIUUMHA 3a CYET HAYMCIEHHSI TPOLIEHTOB Bo3pacTeT 10 BenuuuHbl 9000 +
100p + 0,01p(9000 + 100p) = p* + 190p + 9000 py6.

ITo ycnouto sta BenmnuuHa pasHa 11000 py0, mosToMy uMeeM KBaJpaTHOE ypaBHEHHUE.

p* + 190p + 9000 = 11000;

p* +190p-2000=0 , pemum 3T0 KBajgipaTHOE ypaBHeHue, p1 = 10, p2 = -200.

OTpunaTenbHbId KOPEHb HE TOJAXO/MT. Otget: 10%.

3agaya 9: B ropone B Hactosimiee Bpemsi 48400 sxkutenei. M3BeCTHO, UTO HACEJIEHHUE ITOTO ropojia
yBenuuuBaeTcs exxeroqHo Ha 10%. CkoabpKo xuTenel 0110 B TOPOJE 1Ba roja Ha3aa?

Pemenne:

[Ipenmonoxum, 4TO J1Ba rojia HaszaJ KOJHMYECTBO JKUTEIEH ropoja ObLIO X YelTOBEK, TOT/la KOJMYECTBO
YKUTEJICH B HACTOSIIIEE BPEMSI BBIPAXKAETCS Yepe3 X 1Mo (GopMyIie CIIOKHBIX ITPOIIEHTOB:

N3 ycnoBus 3amaun:

1,21x = 48400;
x =40000.
Otget: 40000 uenoBex.
BapuaHTbl npakTUu4eckoii padoTbli:
Bapuanr 1

a aKTUBHYIO OOIIECTBEHHYIO NEATEIbHOCTh CTYACHTY YBEIMUWIM CTUIEHAWIO Ha «@»%. Bennumna



crunenauu-1050 py6nei. Kakyio cTumeHauio Tenepp MOJYYUT AaKTUBHBIA CTyACHT? (3HaueHHe «a»
BBIOCPUTE CaMH).

a TPOIYCKH 3aHATHH CTYIEHTY yMEHbIIMIM cruneHauto Ha 12%. CkombKo eMy JOCTaHeTCs, €CIH
crunienus 800 pyosieit?

a CKOJIbKO pyOuieli MOBBICHTCS KBapTILiaTa, coctanisomas 3500 pybieii, eciu ¢ 1 ceHTS0ps oHA HODKHA
yBEIUYUTHCA HA 7 %7

MarasvHe MyJIbTUBapka mpojaercs co ckuakou 20% 3a 4500 pyOneii. KakoBa nmepBoHauanbHasi 1eHa
MYJIbTUBApPKU?

puOBI 1ipu cymike TepstoT 78% cBoelt Macchl. CKOIBKO CyleHbIX TpruOoB moyuutcs u3 100 kr cBexux?
aKoBa BEJIMYMHA IMOJO0XOHOr0 Hayora, KOTopblii coctaBisier 13% OT BenuuuHBI 3apaOOTHOM IJIaThl B
21000 pybneit?

KOJIbKO pyOJiei cocTaBiiseT CKUKa Ha TOBAp OT ero 1eHsl B 1250 pybneil, eciau pazmep ckuaku 30%?
nekabpe 1ryoa crouna 38 Teic. pyOieid, B ce30H 1eHy moBbickin  Ha 20%, a B Mae cHu3wim Ha 15%, B
utonie Obuta pacmpojaxa co ckuakoit 30%. Ckonbko Teneps CTOUT Iryoa?

Bapuant 2

a aKTUBHYIO OOIIECTBEHHYIO JEATEIbHOCTh CTYACHTY YBEIMUWIM CTUIEHAHUIO Ha «a»%. Bennuuna
cruneHauu-1000 py6selt. Kakyro cruneHauio Tenepp NOJYYMT AaKTUBHBIM cTyneHT? (3HaueHue «a»
BbIOEpUTE CaMu).

a TPOIYCKH 3aHATUH CTYJIEHTY YMEHBIUWIM CTHNEHIUI0O Ha 16%.CKOIbKO €My JOCTaHeTcs, €CiH
crunienust 900 pyosieit?

a CKOJIbKO pyOuieil moBBICUTCS KBapTILiaTa, cocranistomas 3500 pyOueid, eciu ¢ 1 ceHTS0pst oHa AOJDKHA
yBeNU4UTHCS HA 7 %7

MarasuHe mpopaercs Onenmep co ckuakoir 10% 3a 2500 py6neit. KakoBa nepBoHauanbHasl IieHa
Onennepa?

Kpor Ipu cyuike TepseT 86% cBoel Macchl. CKOJIBKO CYHIEHOIO yKpona MOJy4YuTcs U3 1 Kr cBexxero?
aKoBa BEJIMYMHA IMOJ0XOHOr0 Hajuora, KOTopblii coctaisieT 13% OT BelnuyuHBI 3apaOOTHON IUIATHI B
30000 py6neii?

KOJIBKO pyOJiel cocTaBseT CKHMJIKa Ha ToBap oT ero LeHsl B 1280 py6ieit, ecnu pasmep ckuaku 15%?
nekabpe myda cromna 35 Teic. pyOieil, B ce30H 1ieHy noBbicuin  Ha 15%, a B mae cau3uiu Ha 10%, B
utose Obu1a pacnpoaaxa co ckuakoit 20%. Ckoybko Tenepb CTOUT mryoa?

Ilpakmuueckasn paboma Ne6:

Tema: Ilpeobpazosanue ancebpaudeckux blpaxiceHuil, payuoHAIbHbIX U UPPAYUOHATILHBIX 8bIPANCEHULL

Ileny: oTpaboTaTh yMEHHUS W HABBIKM TI0 TPEOOPA30BaHUIO aNTeOPaWdYECKUX, PpalUOHATBHBIX |
HPPALIMOHATIbHBIX BBIPAXKEHUN

Oobopyooeanue: TeTpaab IJs MPAKTUUECKUX padOT, pydyka, pa3aTOYHBIA MaTepuai, padodas TeTpaab C
TEOPETUUECKUM MaTEPUAIOM, MUKPOKAIBKYJISTOP.

Bapuanm — 1
1.Pa3noxuTe MHOTO4JIEH HA MHOKUTEIIH:

a® —a?b + a3bh? — b3

2.Cokparure 1po0b:
x2—7x+12

6—2x



3.¥YmpocTute BelpakeHHUE:
a

ab+bH623+H33a+a+o0,

3]
X+105x+25—1x+5+x5x—5—10x2—-25;
B
m+12m—1—2m—12m+1-+4m10m—>5.
4 Haiiiute 3Ha4€HUE BbIPaKEHUS:

a

2,15—1516+335+517%3,58—15,7%811+2,25;
0

*4,20,24,

B

—1623+227.

5.136aBbTECH OT HPppaUOHAJIbHOCTHU B 3HAMCHATCJIC:
a

-3
0
—35+3—-5+35-3.

Bapuanm - 2

1.Pa3nokure MHOTOWICH HA MHOKHUTEIIN:

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

2.Cokparute 1poOb:
5x2-12x+4

6—15x

3.YmpocTute BelpakeHHUE:

a

X—yax3=5yx2*x2—xy5y,

0
v2y2—1+1y2—1=+22y—y2—12—y,
B

X+3x2+9*x+3x—3+x—3x+3.
4 Haiinute 3Ha4€HUE BBIPAKEHUS:
a

—3923%3%x1518+0.35—-1115+1.4,

0

*1.80,3,

B

—637+528.

5.130aBbTeCh OT HPPALMOHATILHOCTH B 3HAMEHATEJE:
a

—2.
0
Ilpakmuueckasn paboma Ne7:



Haxoorcoenue npudauicéHHbIX 3HAUEHUN GeIUYUH U NOZPEUHOCI eIl 6bIYUCTIEHUTL (ADCOIOMHOU U
OMHOCUMENbHOIL)

Heab pabotbl: chopMHUpOBaTH y CTYACHTOB 3HAHHMsS, YMEHUS H HaBBIKM paboOThl ¢
OpUOJIMKEHHBIMH ~ 4YUCIaMM B NpPUMEHEHMM  (OpMyJ  IOIpEIIHOCTEH  3JIEMEHTapHbIX
neictBuii ¥ (QYHKUMH, HAXOXKACHUS 3HAYCHWH  BbIpaXEHUH 1O cnoco0y TrpaHull |
METO/IOM CTPOroro y4yera aOCOJIOTHBIX OTPELUIHOCTEN TIOCIe KaX /101 onepanuu

MeToanuyeckne peKOMeHIalum.
Ecan x - TouHOE 3HAUCHNE YHCIIA,
a — npuOMMKEHHOE 3HAUCHHUE, TO X = d.

OI1P.

Pa3HoCTh X — @ MeXly TOYHBIM | NPUOIMKEHHBIM 3HAYCHUEM YHCIIa Ha3bIBACTCS MTOTPEIIHOCTHIO
MPUOITMKCHHUS.

OIIP.

Monyib pa3HOCTH MEX/1y TOUHBIM U NPUOJIMKEHHBIM 3HAYCHUEM YUCIIa HA3bIBACTCS A0COIIOTHOMN
MOrPEITHOCTBIO pubmKenus Aa = |x —-a | .
OIIP.
Hexotopas mudpa npubamkEHHOT0 YMCIa CUNTACTCS BEPHOM, €CITH €0 a0COIIOTHAS TOTPEITHOCTh
Aa He npeBbIIACT SIUHUIBI TOTO Pa3psia, B KOTOPOM CTOMT 3Ta nudpa. B mpoTuBHOM ciydae nudpa
Ha3bIBAETCS] COMHUTENILHOM.
ITpumep.
a=945,673 + 0,03
6 — mudpa necateix goneit, Aa = 0,03
ITposepsem: 0,03 < 0,1 — BepHOE HEPABEHCTBO, 3HAYUT 6 — BepHas uudpa. Lludpsl, crosmue nepen 6
TO>KE BEpPHBIE.
7 — uugpa coThIX n0yIeH
[Tposepsiem: 0,03 < 0,01 — HeT, 3HAUUT 7 — COMHUTENbHAS 1TUdpa.
OIIP.
3HavyamuMu nudpamMu IeCITHUHON APOOH HA3bIBAIOT BCe €€ MUQPHI, KpOMe HYJIEH, pacroI0KeHHbBIX
JieBee NepBOi, OTIMYHON OT HYISI LU P
OI1P.
3Havyanmmu U paMu 1eJ0ro YUCiaa Ha3bIBaloT BCe ero HUGPhI, KpoMe HyJel, pacloI0KEeHHBIX B KOHIIE
YHUCJIa, €CJIU OHM CTOSIT B3aMEH HEU3BECTHBIX MJIM OTOPOIIECHHBIX 1TUP.
- 3 3Hayvame nUuQpsl.
— 4 3navamue nupsl
0,0016 - 2 3nauamue nudpsl
OIIP.
OTHOCHUTENBHON MOTPENTHOCTHIO MPUOIMKEHHOTO 3HAUEHUS YUCIIA @ HA3bIBAETCS] OTHOIIEHUE
a0COJTIOTHOM TOTPEIIHOCTH 3TOTO YHKCIIa K MOAYITI0 puOmmkénnoro 3nadenns. © = Aa - 100%
|a|
Ilpasuna noocuéma yugp:

pH CIIOKECHHUHN U BBIYUTAHUU HpI/I6J'II/I)KéHHI)IX YHUCCII B PE3YJIbTATC COXPAHAIOT CTOJIBKO ACCATUYHBIX
3HaKOB, CKOJIBKO UX B HAUMCHCC TOYHOM YHCIJIC.

PpHU YMHOXCHUHA U JCIICHUN HpI/I6J'II/I)KéHHLIX YUCCJI B pC3YJIbTATC COXPAHAIOT CTOJIBKO 3HaYaAIlIUX I_[I/I(I)p,
CKOJIBKO UX B YHCJI€ C HAUMCHBIIUM KOJIHYECCTBOM 3HadYalux HI/I(l)p

PU BO3BCJACHUU B CTCIICHD B PE3YJIBTATC COXPAHAIOT CTOJIBKO 3HAYAIINX HI/I(bp, CKOJIBKO UX B OCHOBaHHH

CTCIICHU.



PH U3BJICYEHUH KOPHSI COXPAHAIOT CTOJIBKO 3HAYaIMX LHU(P, CKOJIBKO MX B OAKOPEHHOM BBIPAXKEHUU.
PH BBITIOJTHEHUH NMPOMEKYTOUYHBIX ACUCTBUI OCTABISIOT HA OJIMH 3HAK OOJIbINE, YeM TpeOyIOT paBuia, a
B pE3yJbTAaTE 3alIaCHOM 3HAK OKPYIJIAIOT.

CJIA B BBIYHCJICHUSIX TOUYHOCTD 3a/1aHa 3apaHee, TO BEIYUCICHMS BEAYT C 3alIaCHBIM 3HAKOM, KOTOPBIN B
pe3yJIbTaTe OKPYTIISAIOT

BAPHAHT.

3ajlaHue. YCTaHOBWTH YHMCIIO 3HAUammXx nuudp B uucine: a) 649 ; 6) 0,01405; B) 347|51=; r) 24321~
2 3apanue. OnpenenuTb BEPHbIC U COMHUTENbHBIE IU(PBI Ynce

a)a=285,263 +0,0084 0)x=7293+1

3 3aganue. BoruncianTh 3HaU€HUE BBIPAXKEHU € OLIEHKOW NOTPELIHOCTEN, €CIIU BCE YMCIa JaHbl C
BEPHBIMU

nudpamu.

a) 645,27 + 102,234 + 715,645 + 10,2 0) 96,891 — 4.25

3agaanue. OKpYTIaUTh YUCIIO A0 €IWHUI] U HAWTH aOCOTIOTHYIO M OTHOCHTEIBHYIO TIOIPEITHOCTH

npuommkenus : 23,263

BapHUAHT.

3ajlaHue. YCTaHOBHTH YHMCIIO 3Havammx uudp B uucie: a) 43,08; 6) 0,0298 ; B) 353|617~ ;

r) 25213 =

2 3aganue. OrnpenenuTh BEPHBIC H COMHUTEIbHBIC TU(PHI YHCET

a) x= 14,28 £0,05 0) a= 7493+ 1

3 3aganue. BoranucianTh 3HaU€HHE BBIPAXKEHUI C OLIEHKOW MOTPEITHOCTE!, €CITU BCE UMCia JaHbl C
BEPHBIMU IH(PPAMHU.

a) 12030 + 645,29 + 748,5 + 1625,375 0) (0,17 +0,2445) - 0, 56

3aJaHue. OprrJ'II/ITB YHCIO0 A0 SAMHUIL U HAUTH a6COHIOTHy'IO U OTHOCHUTCJIbHYIO IMOTPCIIHOCTH

[Tpubnuxenus: 0,892

BapHUAaHT.

1 3amanme. YCTaHOBUTH YMCIO 3HaYamumX udp B uucne: a) 0,39 ; 6) 5,0300; B) 347|51=; 1)

2 3aganue. OrnpenenuTh BEpPHbIE U COMHHUTEIbHBIE HUGPHI YHCET

a)x=729,5+1 6)a=679,3 +0,06



3 3aanue. Borunciuth 3HaueHUE BBIPAKEHUN C OIICHKON MOTPEIIHOCTEH, €CIIM BCE YMCIIa JaHbl ¢
BEPHBIMU

nudpamu.
a) 26,35 + 1400 + 729,3 + 745,68 0) 37.2 +458.67

=

< o

—

Ilpakmuueckaa paboma Ne8,9:
/Jeiicmeus Had KOMNIEKCHbIMU YUCIAMU 6 allcedpauiecKoil hopme
Bovinonnenue pacuémog ¢ nomouipio KOMNIEKCHBIX Yucel.

u ILleny: HAYYNTHCS BBINOJIHATD IefiCTBUA HA/l KOMILUIEKCHBIMHM YHCJIaAMH B aJiredpanyeckoi
c dopme

Z=a+8 — 910 anrebpanyeckas (opMa KOMIUICKCHOTO YHCIA.

Crioxenne KOMIJIEKCHBIX YHCEJI

[Ipumep |

CIOKHTD 1Ba KOMILIEKCHBIX 4mcna <1~ T 22 = 4-

Jlnst Toro 4ToObl CIOKHUTH /IBa KOMIUICKCHBIX YHCJIA HYKHO CJIIOKHTH HX JICHCTBHTCIILHbBIC H
MHHMBbIC YaCTH:

21 +z,=1+31+4-51=5-24

BoiunTanne KOMIUICKCHBIX YHCE



CocraBHM 4YacTHOE:

[pumep 2
241 Z,=af

HaiiTi pa3HoCTH KOMILUIEKCHBIX umcen <1~ “2m “2 7 “1 ecnm “17 <77 “2
JlelicTBHe aHAIIOHYHO CJIOKEHHIO, €JHHCTBEHHas OCODEHHOCTE COCTOMT B TOM, 4TO
BEIMHTAEMOE HYXKHO B3STh B CKOOKH, a 3aTeM — CTAH/JaPTHO PACKpPLITh 3TH CKOOKH €O CMEHOI
3HAKa:

z=zy==2+i- 3+ =-2+i-3-%=-2-3-4

)

+

I_H

17

z,

Pezynb'rar HC JO/IKCH CMYWAaTk, Y IMOAYHCHHOI0O HHCIa ABEC, a4 HC TPH HacTH. HPDCTO

=
NelicTBHTE/NbHAS 4acThk — cocTaBHaa: ~ <~ /7. Jlnd HarnsaHOCTH OTBET MOJKHO NepernHcarhb

- r =D 2y R
Zy— L4 =l—a—~D)—
TaK: “1 <17 % V3)-4
PaccuuTaem BTOpYIO pa3sHOCTb:
7 45 Y= BG4 21 {212
Z, =z =~340-(-2+1)=~3+T+2-1=24+J3+%

=

. Ly
3/1ech eiicCTBHTE/ILHAS YACTh TOYKE COCTaBHas: ~ T V-~
VMHOKEHHE KOMILIEKCHBIX HHCE
[Mpumep 3

HaiiTi npou3Be/icHHe KOMILICKCHBIX 9HCen ~1 7~ 1-i ,Fa=T0
OueBHAHO, 4TO NPOU3BEICHHE ClICAYeT 3allHcaTh TakK:
Heoboxooumo nomnums, umo '\~ =~ 1,
2, z,=(1-9)(3+6i)=13-1 3+1 -1 6i =3-3i+6i+6 :9+3:-',me
> - . - 2 " -
—itr=—61"=-6. (-1 =46
Jle1eHne KOMILIEKCHBIX YHCE
[Ipumep 4
=13+1 z,=7-6 - z,
JlaHbl KOMILIEKCHBIC YHCIIa 37 . Haiiti yactHoe - .
Z _ 1341
z, 71-61

ﬂCJICHHC HYHUCCI OCYHICCTBIIACTCA METOAOM YMHOKCHHS 3HAMCHATEIHA H HHCIHTEIS Ha
CONPHKCHHOEC 3HAMCHATEII0 BbIPAKEHHE.

2y 2 22
Dla+b)=a" -5

Benomunaem dopmyny ka:= M CMOTPHM Ha Hall 3HaMeHaTellb: 1-6 B

3HAMEHaTelle yXKe eCTh @=e). MO3TOMY COMNPSUKEHHBIM BLIPaXKCHHEM B JaHHOM cClilydae
(a+5) 74+ 6i

ssasercs ‘¢ T%) toecrs /+01.

CornacHo mnpaBHiIy, 3HaMeHaTelb HYXHO YMHOXHTb Ha 746 | u, urobel HHuero He

H3MCHHJIIOCH, JOMHOXHTD YHUCIIMTCIb Ha TO KC caMoc HHCIIO0 7+6:

[ 9] | Ny
" e

(134:)(7+61)




Jlanee B uMcnMTENEe HYXKHO PacKphITh CKOOKH (NEpeMHOXKHTBL JBAa HHC/IAa [0 NpaBHIY,
paccMOTPEHHOMY B MpelblOyllleM MyHKTe). A B 3HaMeHaTele BOCHOIb30BaThCH

P IR o 3 2 "
.~ -2 Bl=g —§&8" ==

dopmymoii ¢ T #NEFEI =472 (oymmm, uto?” =~ 1 e myTaemcs B 3nakax!!!).
z, (13+)(7+6) 91+7i+7%+61° 91+7i+78% -6
z; (7-6&)(T+6i) 7 - (&) 49— (-36)

85+8% 85+85
— — = - = ] +1

49+ 36 85
B psaze ciyqaee nepej aeneHHeM Apo0b 11e1eco00pazHo yIpOCTHTh, HAIIPHMEP, PacCMOTPHM

-7-1Z

wacthoe uncen: — 12+ 71 [lepen nenenuem H36aBasemMcs OT THITHHX MHHYCOB: B YHCITHTENS
H B 3HAMCHAaTele BBIHOCHM MHHYCHl 33 CKOOKH W  cOKpamiaeM  3TH
-7-128 -7+12) 7+1%
=12+ -{2-hW) 12-Th

MHHYCBI: . IPaBHUIIbHBII OTBET: }
Ilpumep 5
1
z= 7
Jlano KOMIUIEKCHOE HHCIIO ¥2 %1 Zanucath AaHHOE 4HCIO B anreOpamdeckoii dopme
(T.e. B hopme & T51),
Ilpuém TOT 3Ke caMmblii — YMHOXKaeM 3HAMEHAaTelb H YHCAMTENb HA CONpPSAKCHHOE
(a-b)a+b)=a® -3
3HAMCHATENIO BEIpaKcHHe. CHOBAa CMOTpHM Ha dQopmyny & 2@ +2)=d . B
i 3
3HaMeHaTelle ykKe ecTh (a+5) , TIOITOMY 3HaMeHaTellb H YHCIHTEIb HYKHO JOMHOXKHTL Ha
(a—5) J3-1.
CONPSKEHHOE BhIPaXKEHHE , TO €CThb Ha ¥ :

1 43-i NEES: A

= = = = = ——1

= - P R oy = P | B
M3+ (J3+D(J3-1) [.\;_)_lll—l.g.‘l 34+1 - 4 4

-

3ajanus 1S CAMOCTOATENBLHOTO PeIIeHHNs:
Haiith cymmy, pa3sHOCTb, TNpPOHM3BEJACHHE M HYAaCTHOC JIBYX KOMIUICKCHBIX 4YHCENl B
anrebpanyeckoii popme.

1.z, = 2 + 3i, Z,=1+1. 19.2, = 5 + 4i, 2z = =5 +1i.
2.2, =3+ 4i, z;=1-1. 20.2z, = 3+ 7i, 2y = =5=i.
3.2, =1-2i, z;==1+1. 2.2, =2—4i, 2,=6+i.
4.2, = 2 +5i, z;=-1-1. 22.2, = 3 + 5i, 2, =6-1i.
5.z, =3-8i, Z; =2+I. 23. 2, = 6 + 5i, Z, = =6 +1.
6.2z, =3-17i, Z,=2-1. 24.2, =7 + 2i, 7= —6—1i.
7.2y =2 +6i, z; = =2 +1. 25.2, =8+3i, 2z,=7+i.
8.2, =4 +2i, z; ==2~-I. 26.2z, =9 - 2i, 2 =T7=I.
9.2, =5+ 3i, 2, =3+ 27.2, =5 + 6i, 2, = =7 +1i.
10. 2z, = 6 — 2i, z, =31 28.2,=-3+2i, z=-7-1.
ll.z,=7+9i. Zz=—3+i, 29.Z|=6+2i. Zz=8+i.
12.2, =3 =7i, Z, = =3 —1I. 30.2, ==6+7i, z,=8-I.
13.2, = 4 + 3i, Z, =4 +1. 3.z, ==-2+5i, z,=-8-1.
14.z, = 8+ 3i, z,=4-1 32.2,=8+43i, z,=9+1
15.2, = 8- 2i, Z, = =4 +1. 33.21=—7—?i‘ zz=9_",'
16.z, =9 + 2i, Zy = =4 — . 34-21=5+81.. z3=-9+1.
|7.Zl =7+ 3i, Z, =541 35-21 =—2+4l‘, ZZ=_9_.L
18.2, = 6 — 4i, Z,=5-1. 36.2zy ==5-4i, z,=10+1.

Pemmte ypaBHeHus:



X2—4x+13=0
X2+3x+4=0
S5x2+x+1=0
x>—-20x+26=0

Ilpakmuueckasa paooma Ne 10,11:
Pewienue nuneiinvlx, K6aOpamHuuvix, OPOOHO-TUHEUHBIX YPAGHEHUU
Lenb: mOBTOpUTH, 0OOOIIUTH U CUCTEMATU3UPOBATH 3HAHUS O0YUAIOIINXCS IO PEIICHUIO TMHEHHBIX U
KBaJPaTHBIX YPABHECHUN:

OOyyJarommiicst TOJKCH 3HATh:

- IOHATUS «ypaBHEHUE», «KOPEHb YPABHEHUS», - BU/Ibl YPAaBHEHUIH,

- OCHOBHBIE METO/Ibl PELLIEHUS yUaIllUNCs JOHKEH YMETh:

- pa3nn4aTh BUJAbI YpaBHEHUI,

- pemarh ypaBHEHHS, IPUBOJAUMBIX K JIMHEWHBIM U KBAIPATHBIM, B PE3YJIbTATEe HECIOKHBIX
npeoOpa3oBaHUi,

- pelath 1eNble YpaBHEHUSI Ha OCHOBE YCJIOBHS paBEHCTBA HYJIIO IPOU3BEACHNUS,

- BBIOUPATh ¥ BEPHO 3alMCHIBATh OTBET; 00yUYarOIIUICS TOJIKEH BJIaJIeTh: aHAIU30M MU CAMOKOHTPOJIEM,
croco0amMu pelieHnus ypaBHEHHS, METOIaMH HCCIIEIOBAHUS CUTYallui, B KOTOPBIX PEe3yIbTaT MPUHIMAET
T€ WU UHbIE (DOPMBI.

1) JIuneitnoe ypaBHeHHE - ypaBHeHUE BUIa Y = kx + b, r1ie X- mepemenHast, kK 1 b - HEKOTOpBIE YUCIa.
2) KBajipaTHOE ypaBHEHHE - ypaBHEHHE BUa y = ax’ + bx + ¢, Il X - epeMeHHast, a,b,c - HeKOTopble
qucia.



AJITOpHTMBI pellieHHsl YpaBHeHHii (00s13aTe/IbHBIIH YPOBEHb)

1) 3(2-3x)-4=5-11x

8) (I-x) +2x=2

Pewenue Pemienne
6;9I1¢=55—16lx;4 (.gy—.lb}2 =a’ -2ab+b*,
Exi; T x*=d; X2 =+J/d.
x=3:2: 1-2x+x* +2x=2:
x=L5. x* =1;
Otser: 15. X, =%l.
Oteer: *+1
2) 3x*+x-2=0 2
Pemenne ?) r—3 X
5 —b+D Pemenne.
D=b"—dac. x,= 2a O.13. ypasuenus: x—3#0;x#3.
a=3b=Lc=-2; YMuOkUM 00€ 4acTH ypaBHEHHS Ha (x—3),
D= 1_4.3(_2):25, MOTY4HM:
125 145 1 %o(x—3)=—x{x—3):>2=—x2 +3x;
1: — — = X—
_12_'2 6 3 x* —3x+2=0;
xzzT:—l x, =kx,=2.
1 Otser: ;2.
Oteer: —L—.
3
3) 1-x—2x"=0 10) x 3+x—]:5
Pemenne
2x? +x-1=0 Pemenue
a=2b=lc=-1; YMHOXKHM 00¢ HacTH ypaBHEHHS Ha
D=1-4-2(-1)=9; HOK (2:3) =6.
o3 2 10 13 a3 cacl g
4 4 20 T 4 2 3
o .1 3(x—3)+2(x—1)=30;
et mhy 3x—9+2x 2 =30;
S5x=30+9+2;
5x=41;
x=82.
Orser: 8,2.
4) 2x* —8=0 11) (5x-4)-(x+8)=0
Pewmenne Pemenue
2x* =8; 5x-4=0 HITH x+8=0
x*=4; Sx=4,; X = -8.
xlj:ivq:ﬁ. x=4:5=0.18;
Orger: +2. Orser: —8:0.8.




Crnocofbl pemieHHe KBaAPATHBIX YPABHEHHIl Pa3IHYHbBIX BH/I0B.

1. PewnTe HenoaHoe Kpaj|

PATHOC YPABHCHMEC!

1) 3x*-27=0 6) x’—6x=0 11) 4x*-9=0 16) x> —19=0
2) x*-16=0 7) x> +2x=0 12) —x*+3=0 17) x*—19x=0
3) 2x* =8 8) x’—8x=0 13) 6)° +24=0 18) x> +19=0
4) 4x*+1=0 9) x*-7x=0 14) 6x*-30=0 19) x> +19¢=0
5) x*+1=0 10) x> +3x=0 15) 3x’ —6x=0 20) 3m’ -1=0
2. Pemmnre kBajgpaTHOE YpaBHEHHE, UCNONBL3Ys Teopemy Buera:

X, +x, =-bxx, =c
1) x*=9x+20=0 6) x> —15x+56=0 11) x> =5x4+6=0 16) x> +7x+10=0
2) ¥*+1lx—12=0 7) x*—8x+15=0 12) x> +5x+6=0 17) x* +4x+3=0
3) x*—x-12=0 8) x’+16x+63=0 13) x* —8x+12=0 18) x* —4x+3=0
4) x*=Tx+12=0 9) x*+2x—-48=0 14) x* —9x+18=0 19) x* —9x+18=0
5) x*+x-56=0 10) x* —19x+88=0 15) x* =7x+10=0 20) x> —6x+8=0

3. Pemnre kBajsipaTHOE ypaBHEHHE, HCTIONB3YS (POPMYITY

a’ +2ab+b’ =(a+b)’:
1) x*—4x+4=0 6) x*+12x+36=0 11) x* +2x+1=0 16) n’ —2n+1=0
2) x*—6x+9=0 7) x> +10x+25=0 12) x* —2x+1=0 17) m* —4m+4=0
3) x*+8x+16=0 8) x*—14x+49=0 13) x> +6x+9=0 18) n’ +8n+16=0
4) x*—1x+25=0 9) x*+16x+64=0 14) x* 18 +81=0 19) y> =14y+49=0
5) x*—12x+36=0 10) x* —16x+64=0 15) > =12p+36=0 |20) y* —10y+25=0

4. HaitanTe AHCKPUMHHAHT KBAJAPAaTHOTO YPABHEHNA 110 (popMyIie
b’ —4ac:
1) x*-3x+4=0 6) x*—2x+1=0 11) x*—5x-7=0 16) x> —9x+1=0
2) x'—5x+6=0 7) x*—6x+9=0 12) x> +6x+10=0 17) x> —x+9=0
3) x*—8x+12=0 8) x*+2x+8=0 13) x*—4x+7=0 18) x*—6x—4=0
4) x'—6x+8=0 9) x’-2x—-8=0 14) x* —10x+25=0 19) x> —14x+49=0
5) x*+6x+8=0 10) x* —3x—40=0 15) x> —8x+2=0 20) x* —4x+4=0
. CKONBKO KOpHEii MMeeT KBaJIpaTHOE YPaBHCHHE,

ecin b* —4ac pasuo:
1y -36 6) 40 11) 225 16) 121
2) 49 7) 54 12) 196 17) 169
3) 0 8) -8l 13) -16 18) 225
4) —-49 9) 100 14) 36 19) -256
5) —64 10) -25 15) 69 200 -9

6. Pewmre KBaapaTHOE YpaBHEHHE:

) 3x*-7x+4=0 6) 2x*-5x-3=0 1) x> +6x-19=0 16) »*—5y+6=0
2) 5x*—8x+3=0 7) 3x*—8x+5=0 12) x> —22x—23=0 [17) X’ +2x+2=0
3) 2y*=9y+10=0 8) Sx*+9x+4=0 13) x> =7x+12=0 18) 2x* +8x+32=0
4) 50" —6y+1=0 9) 36y =12p+1=0 [14) ¥’ =1x+25=0 [19) x’ —12x=36=0
5) 3x* —14x+16=0 | 10) y* ~10y—-24=0 15) 16¢° —8x+1=0 20) x* —9x+8=0

3aaHus K MpakTUIeCKon pabore




2) 2-3(x+2)=5-2x
3)  10x*+5x=0

4) 4-36x*=0

5 2x*+3x-5=0

K. N1 OV Pewure ypaBHeHus:
) X+ L= 15
3 12 4

K.Ne2 OV Pemure

ypaBHEHHS:
H I+
4 8
2) 3-5(x+1)=6-4x
3) x’-10x=0
4 2x*-10=0

3
2

5) 3x’+2x-5=0
6) 3x*+9=12x-x
7 (5x—-4)(x+8) =0
gy =t

-Xx 6—x

6) 12-x*=11 5) 2x*+3x-2=0
7)) (10x—-4)3x+2)=0 6) x +3=3-x
g 2 =T 7)) (Bx+1)(6-4x)=0
x-3 x+1 8) 6 _ 4
x+5 3-x
K.Ne3 OV Pewure ypaBHeHus: K.Ne 4 OV Pewnre
x ,ox—1_ ABHEHMA:
LA S e ypl) x=1 _ 4+2x
2)  02-2(x+1)=04x 2 3
3) x+6x=0 2)  04x=04-2x+2)
4) 2x*-8=0 3)  4x*+20x=0

IloBbIlICHHBIH YPOBEHb

3ajauus.
Pewnre ypagHeHus:

| .bukBaipaTHbie ypaBHEHUS

2)x* =7x* +12=0;
4)3x* —13x* +4=0.

1)x*+2x* -8=0;
3)2x* —19x* +9=0:

2.Meroj pa3nokeHusi Ha MHOYKHTEJIN

2) x*+2x* —4x-8=0;
4) x* -3x —4x+12=0

l) y" -{-y2 —y—l:O;
3) x* -2x?-3x+6=0;

3.Metoj 3aMeHbl NepeMEHHOM

1) (x* +4x)(x* +4x—-17)+60=0; 2) (x* =5x)(x* =5x+10)+24=0.
3) (x* —3x)? -2(x* -3x)=8; 4) (x> +x)* -1Kx* +x)=12

4. JlpoOHble pauMoHaabHbIe YPaBHEHHS

1) *__ 7 8 | 2) X +x+5_ 50
x-2 x+2 x*-4’ x+5 x-5 x*-25
X  x+2 8 - 16 X 2
0 = - 4)

12 x-2 xX—4 216 x4 x—4




IIpakmuueckaa paboma Nel2: Pewwenue ypasuenuit c mooynem
eab padoThI:
aCCMOTPETh Pa3INYHbIC METO/bI PEUICHHS YPABHEHHM ¢ MOTIyJIEM.

ay4UTHCS pelIaTh YpaBHEHHUS, COJIEPIKaIIe 3HAK a0COFOTHON BEIMYMHBI, PA3IMYHBIMUA METOJIaMHU
Teopemuueckuit mamepuan:

Onpeoenenuel: Monynem (aOCONIOTHOW BETHUNHOW) ICUCTBUTEIHHOTO YHCIIA d HA3BIBACTCS CaMO

3TO YUCII0, €ciu @ >0, WK MPOTUBOIOJIO0KHOE YUCIIO — @, €ClIi a<(; MOYJIb HYJI PaBEH HYIIIO.

[Ipu penieHun ypaBHEHUH C MOZYJIEM, y/IOOHO UCIIOJIB30BAaTh CBOMCTBA MOIYJIA.

3 la=lles| 72"
a —
1) |a-b|=|al|j a=-b
b=0
2) |d|=p| = a* =b* 4) ld=b<={[a=b
=-b
5) |a+b|:‘a|+}b|<:>ab20
6) |a—b|:|a|+|b|<:>ab30
az=0
9) ‘a‘—‘b‘:a—kb@ b<0
7) Ia‘+|b‘:a+b<:>
b=0 a+b=0
) la|+[p|=a—b e a=0
b<0|[10) |a|-|p|=a-b<| |50
a-b=0
PaccmoTrpum gokazarenscta 5,6, 7 CBOMCTB.
Yr1Bep:kaenue 5. PaBeHcTBO | ate | = | a | + | 8 | ABIIIETCS BEPHBIM, eciu ag > 0.

Jloxazamenvcmeo. JIeRCTBUTENBHO, TOCTE BO3BEACHHUS OOEWX YacTe JaHHOTO PaBEHCTBA B KBaJpart,
MIOJIY4UM, | ate |2=|a|2+2|a6|+|6|2,
a’+2as+e’=a’+2 | as | +6?, OTKynma | as | =as

A mocneiHee paBEHCTBO OYIET BEPHBIM Mpu a6>0.
Yr1Bepxkaenue 6. PapeHcTBO | a-6 | = | a | + | 8 | SIBJSIETCSL BEPHBIM TIpH a68<0.
Jloxazamenvcmeo. JInst noka3zaTenbCTBA JOCTATOYHO B PABEHCTBE
| ate | = | a | + | 8 | 3aMEHUTH 6 Ha -6, Toraa a-(-8) >0, orkyna as<0.

YrBep:xaenue 7.PaBeHcTBO |a |+ | 8 | = a+e6 BbIMoOaHAETCS IpU a >0 u 6 >0.
Jlokazamenvcmeo. PaccmotpeB yeThipe cinydads a >0 u 6 >0; a >0 u 6<0; a<0 u 6 >0; a<0 m 6<0,
HEMOCPEACTBEHHO YOeAUMCSI B TOM , YTO PaBEHCTBO BBIMIOJIHSIETCST TOJBbKO Tipu a >0 u 6 >0.
a-6) 6 >0.

I'eomeTpuyeckasi HHTepIpeTANHUs



|a| - 3TO paccTosiHME HA KOOPAMHATHON MPSMON OT TOYKU C KOOPJUHATOM a, 10 HadaJla KOOpUHAT.

-a 2|

A
A 4

P
<«

A 4

-a 0 a X

['eomeTprueckoe ToJKOBaHUE CMBICIIA |a| HATJISIHO IMOATBEPKIACT, UTO |-a|=|a|
Ecnn a# 0, To Ha KOOPAMHATHOM NIPSIMOM CYIIECTBYET IBE TOUKH a U —a, PABHOYAAJIEHHBIE OT HYJI,
MOJ1YJI KOTOPBIX PABHBI.
Ecim a=0, To Ha KoOpAMHATHOM MpAMOi |a| n300paxaeTcst Toukoi 0.
Onpeodenenue 2: YpaBHeHue C MOAYJIEM — 3TO YpaBHEHHE, COJIeprKallee MEPEMEHHYIO M0/1 3HAKOM
a0COIOTHON BeNMYMHBI (TI0]] 3HaKOM Moxyis). Hampumep: [x +3|=1
Onpeoenenue 3: Peminth ypaBHEHNE-3TO 3HAUNUT HANTHU BCE €r0 KOPHHU, WK J0Ka3aTh, YTO KOPHEN
HeT.
MeTtoabl pemeHust
W3 omnpeneneHuss U CBOWCTB MOJYyJsl BBITEKAlOT OCHOBHBIE METOJbl DPELIECHUS YpaBHEHHUH ¢
MOJIYJIEM:
PackpeiTre» Moayss (T.€. HCTIONIb30BAaHHUE OMPEICIICHNU);
CMOJIb30BAHNE T€OMETPUYECKOT0 CMbLIIa MOAYJIS (CBOMCTBO 2);
paduyueckuii METOJ pEeIICHHUS;
CIIOJIb30BaHNE PABHOCUIIBHBIX NpeoOpa3oBaHuii (cBoiicTBa 4,6);
aMeHa NIepeMEHHOH (IIpU 3TOM HUCHOJIB3YETCs] CBOMCTBO 5).

€TOd UHTCPBAJIOB.

PEIIEHUE YPABHEHUM | f(x)| =a

PaccmoTpum ypaBuenue | f(x)| =a, a R

YpaBHEHUE JaHHOTO BHJIa MOXKET OBITh PELICHO MO ONPEACICHUIO MOITYJIS:

Ecim a<0, To ypaBHeHHE KOpPHEN HE UMEET.

Ecnu a=0, To ypaBHeHHe paBHOCHIBHO f(x)=0.

[fx)=a

fx)=-a’

Ecnu a>0, To ypaBHEHHE paBHOCUIILHO COBOKYITHOCTH
Ilpumep. Pewiums ypasnenue |3x+2|=4.

Pemenmne.
|3x+2|=4, Torna | 3x+2=4,
3x+2=-4;

X=-2,
x=2/3

OrBerT: -2;2/3.



PEIIEHUE YPABHEHHMU ¢ UCITIOJIb30BAHUEM T'EOMETPUUYECKOI'O CBOMCTBA
MOAYJIs.
IIpumep 1. Pewsums ypaguenue /x-1/+/x-3/=6.

Permrenue.

Pemnte nanHOE ypaBHEHHE 3HAYUT HAWTH BCE TaKHE TOYKU HA YUCIOBON ocu OX, Ui KaxI0H u3
KOTOPBIX CyMMa PacCTOSIHUI OT Hee 10 TOUEK ¢ KoopAuHaTtaMmu 1 u 3 paBHa 6.

Hu onna Touka u3 0Tpe31<a[1;3] HE YJIOBJIETBOPSIET 3TOMY YCIOBHIO, T.K. CyMMa YyKa3aHHBIX

pacctosHui paBHa 2. BHe 3TOro oTpeska ecThb JIB€ TOUKHU 3TO S U -1.

A

&/ L/ 3( q
| S—— ~ »
Ortser: -1;5

Ipumep 2. Peutums ypasnenue |x’+x-5|+x?+x-9|=10.
Pemrenue.
O603HaYnM X>+x-5=a, Toraa /a/+/a-4/=10. Haiinem Touku Ha ocu OX Takue, 4To Ui KaXKIOH U3

HUX CyMMa pacCTOSHHUM 10 Touek ¢ koopauHatamu 0 u 4 paBHa 10. OTOMy yCJIOBHUIO YAOBIETBOPSAIOT -4 U

yaul \ S [
%_J h—__r-‘| »
3HAUNT X>+X-5=4 x2+x-5=7
x2+x-2=0 x2+x-12=0
X1=1, Xp=-2 X1=-4, X2=3 OrtBert:-4;-2; 1; 3.

PELIEHUE YPABHEHMUI [f(x)| = [g(x)|.

Tak xak | a|=[B |, ecmu a= 6, To ypaBHeHue Bua |f{(x)| = |g(x)| paBHOCHIEHO COBOKYITHOCTH
[}ﬁf) =glx).
Jix) =-gk).

)| paBHOCHIIBHO Fx) —gi(x) =0 (fx) +g(x)) () —g(x)) =0.

IIpumepl.
Pemmnth ypaBHenme |x 2| = |3 — x|.
Pemenmue.
JlanHOE ypaBHEHHE PAaBHOCUIIBLHO JIBYM YPaBHEHHSIM:
x=2=3-x (1) n x—-2=-3+x (2)
x=5 —2 =—3 — HEBEPHO
x=25 YpaBHEHHUE HE UMEET PEIICHUH.



OTBeT: 2,5.
IIpumep 2.
Pewiums ypasnenue |x’+3x-20|= |x*-3x+2|.

Pemenue.
Tak kak o0e dYacTH ypaBHEHHS HEOTPHIIATEIIbHBI, TO BO3BEJCHHWE B KBAJAPAT SBISICTCS

PaBHOCHIILHBIM Ipe00pa3oBaHUEM:
(x?+3x-20)*= (x2-3x+2)?
(x*43x-20)? - (x2-3x+2)* =0,
(x*4+3x-20-x>+3x-2) (x*+3x-20+x3-3x+2)=0,
(6x-22)(2x2-18)=0,
6x-22=0 wmm 2x>-18=0;
x=22/6, x=3, x=-3.
x=11/3

Otsert: -3; 3; 11/3.

PEIIEHUE YPABHEHHUI BUJIA [f(x)| = g(x).

Otnuuue naHHBIX ypaBHeHHH OT | f(X)| =a B TOM, YTO B paBoOil 4acTH TOKE NEPEMEHHAasA. A OHa MOXKET
OBITh KaK MOJIOKUTEIBHOM, TaK ¥ OTpHIaTeNbHON. [I0aTOMY B €€ HeOTpUIIATETbHOCTH HYKHO CIIEUAIBHO
yOeIUThCs, BEJIb MOAYJIb HE MOXKET PAaBHATHCS OTPHULIATEIbHOMY UnCiy (cBoicTBO Nel)

1 cmoco6
f(x)=g(x)
f(x)=-gx) 4,

Pemenue ypaBHeHus [f(x)| = g(x) CBOAUTCSA K COBOKYIHOCTH pPELICHUs ypaBHEHUH [
MPOBEPKE CMPABEIIIMBOCTU HEpaBEeHCTBA g(x)>0 1isi HalJIEHHBIX 3HAYEHU HEU3BECTHOM.

2 cnnoco® ( mo onpeaeIeHNUI0 MOIYJIA)

Tak kax [f{x)| = g(x), ecau f{x) = 0; [f(x)| = -f(x), ecnu f(x)<0, TO ypaBHEHHE pABHOCUJIHHO COBOKYITHOCTH

IIpumep.
Pemmts ypaBaenue |3x —10| =x — 2.
Pemenue.

I[aHHOC YPaBHCHUC PABHOCUJIBHO COBOKYITHOCTU ABYX CHCTCM!

x=4,
{xZZ;
x=3,
{xZZ;

OTBerT: 3;4.



PEIIEHUE YPABHEHUI BUIA [fi(x)[+|f2(X)|+...+|fa(x)|=g(x)

Pemenne ypaBHeHMII TaHHOTO BHJAa OCHOBAaHO Ha ompeaereHud Moayis. s xaxnon QyHKum

f
X
f
X), ..., fn(X) HEOOXOAMMO HAWTH OOJACTH OMPECIICHUS, €€ HYJIH U TOUYKH pa3pbiBa, pa30uBaromuye o0y
00J1aCTh ONpEAENCHHUS Ha POMEXKYTKH, B KaXKJIOM U3 KOTOpbIX ¢pyHKuuu f1(X), f2(x), ..., fa(X) coxpanstor

ceoii Ipmmvidprice ucnonp3ys ompeneaeHue MOIYJISA, IS KaKJIOW M3 HaWJIEHHBIX O00JacTedl MOJIyYrM
ypaBHPeuey motgpusreaaesa2viixpeljsilts Ha JaHHOM NpoMeKyTKe. JlaHHBII METOX MOJIy4usl Ha3BaHHE
Pemenmne.
Haiinem Touku, B KOTOPBIX MOAMOY/IbHBIE BBIPAXKEHHS paBHbI HYJIO
x-2=0, x+4=0,
X=2; x=-4.
Paz00beM 4nCIoBYIO MIPSIMYIO Ha TPOMEKYTKH X<-4, -4<x< 2, x>2.

Pemenne YpaBHCHHA CBOAUTCA K PCIICHUIO TPEX CUCTEM:

x <-4,
—2X+4+3x+12=1;

ak<AL 2, s
% 2% 48— 3% [JRCYb NCXOHOIO ypaBHEHHS.

X2 < 2, g
R3%=+-4.83x 12  KPPCHE HCXORHOTO ypaBHCHHA.

X >2,
4‘5‘(36 557- 1S uckéva ne nmeer pemenmuii.
TPA®UYECKHUI CTIOCOB PENIEHUS YPABHEHWH, COAEPXKAIIINX 3HAK MOIYJIA.
I'pauueckuii criocod peleHus ypaBHeHH ABIseTCS MPUOIMKEHHBIM, TaK Ka TOYHOCTh 3aBUCHT
oT BBI6paHHOF0 CANMHUYHPOTO OTPE3Ka, TOJIIMWHBI KapaHJallla, YIJI0OB ITOA KOTOPEIMHU ITEPECCKAKOTCA JIMHUN

u T.1. Ho 3TOT MeToa mo3BOJISIET OLIEHUBATh CKOJIBKO peI_HCHI/Iﬁ HUMECT TO UJIM UHOC YPpABHCHHC.
11

Pemenne. I[locTpouM B 0HOM cucTeMe KOOpAUHAT rpaduku QyHKIMN
wx -2+ x-3|+2x-8 u y=9.
M Jlng noctpoenust rpaduka HEOOXOAUMO PACCMOTPETh AJAHHYIO QYHKIIUIO HA KaXJI0M IMPOMEXYTKE (-

©;2); [2;3); [3:4); [4; +oo).

p

H [Ipu x € [2;3) momyunm GyHKIHIO y=-2X+9.
p IIpu x € [3;4) monyunm QyHKIHIO y=3.

w

[Tpu x € [4; +o0) monmyunm pyHKIIHIO y=4X-13.

S



Kaxnas u3 stux QyHKUuM - AMHEWHas, KOTOPYIO MOXKHO MOCTPOUTH MO JBYM TOYKaM Ha yKa3aHHOM

IIPOMEXKYTKE.

‘T'paduxom pyHKMH y=9 gBnsercsa npsiMas napamienbHas ocd OX W mpoxonsiias yepe3 TOUKY

(0;9) na ocu Oy.

Th =[x 2|+ -3 |28

¥=F

el |

[Tomyunny 1OBE TOYKH MpECeUeHUs, WX aOCIMCCHI PaBHBI
x1=1, x2=5,5.

Otser: 1; 5,5.

METO/ BBEJJEHUSI HOBO IEPEMEHHOM

CaoiicTso 5 (/a/*=a) 1enecooO6pa3HO UCIIONIB30BATH IPH PEIIEHHU YpaBHEHHUIT BUIA

af2(x)+b/f(x)/+c=0.

Ipumep 1. Pewwums ypasnenue x>-5|x|+6=0.

Pemenue.

x%-5|x[+6=0. Tak xak /a/>=a ( cBOHCTBO 5), TO

x[>-5[x|+6=0
O603HaunM y=|x|, Toraa
y*-5y+6=0,
JI= B*-4ac
= (-5)%-4%1%6=25-24=1.

JI>1, 3HaunT ypaBHEHHE UMEET 2 PEILICHU:

_ otJi
y1,2 - 2a
541
V2=
5+1 5—1
=7 v Y2 =
yI1=3 y2=2

BeimotHrM 00paTHYIO 3aMeHy [X|=y,
[x[=3, x| =2

x=3; x=-3 X=2; X=-2



Ortser: 3; -3; 2; -2.
Ipumep 2. Peuwums ypasnenue x*+x-2|=2(2x-1).
Pemenue.
xX*H/x-2/=2(2x-1),

x2-2(2x-1)+/x-2/=0,

x2-4x+2 +/x-2/=0,

(x-2)*+/x-2/ -2=0,

Tak xak /a/*=a (CBOWCTBO 5) IepenuieM ypaBHEeHHE B BUJIE

/x-2/2+/x-2/=0,

O603HaunM t=/X-2/, TOT/1a ypaBHEHUE IPUMET BUJI
t
t

t HO Tak Kak t > 0, To t=1, oTKyzna

/x-2/=1,
x-2=1, -(x-2)=1,
x=3; x=1.

Ortser: 1; 3.
METO/]I PABHOCHJIBHBIX IIPEOEPA3OBAHUM

IIpumep 1. Pemuts ypaBuenue /2x-3/+/3x-4/=/5x-7/.
Pemenne. U3 cBoiicTBa ypaBHEHHE MOXHO 3aMEHUTH HEPABEHCTBOM
(2x-3)(3x-4) >0.
(2x-3)(3x-4) =0.
Benem dynkuuto y=(2x-3)(3x-4). KBagpatuunas pynkuus, rpapuk napadosia, BETBU HallpaBIeHbI
BBEPX.
Haiinem nynu ¢pyHkuun

6x>-17x+12=0,
J1=1, JI>0, ypaBHeHHE UMEET 2 KOPHSI.

X1=3/2,
X, =4/3

YOtBet: (-0;4/3] [3/2; o)

Kleton paBHOCUIBLHEIX IPe0OPa30BaHUil MbI MCIIONL30BAIM U TP PELIEHUH ypaBHeHui [f{x)| = |g(x).

0
Hpaxmuuecxaﬂ yacms:

I



Pewiums ypaeuenusn

1 BapuaHT

BAPUAHT

Pemnts ypaBHEHHE METOAOM
nocneaoBaTenbHOroO PackpbITUS

Pemmits ypaBHEHHE MeTOOOM
rnocnenoBaTenbHOIrO packpbITUS

moayns. moayns.
x-5|=4 x-7|=6
|12x-1|-4|=6 x-1|-8=10

Pemuts MeTo10M
WHTEPBAJIOB
|x+3|+x-1|=6

Pemute MeToioM
WHTEPBAJIOB
|x+2|+x-1|=5

Peuute rpaduueckum

Pemute rpaduueckum

METOJIOM METOJIOM

|2-x|=2x+1. -X|=x+1.

Pemuth rpaduueckum Pemuts rpaduueckum
METOIOM METOJIOM

x+1|=2 |x+2|=4

Ilpakmuueckaa paooma Nel3: Pewienue nepagencme c mooynem

Pemenue JTMHEHHbBIX ypaBHe}mﬁ H HEPABCHCTB ¢ MOAYJIEM

Hean: 3HaTh METONBI PELICHUs JTUHEHHBIX YpaBHEHHH M HEpaBEHCTB ¢ MojyieM. IIpumeHsTs ux mnpu
pELIEeHNN yIIpa>KHEHUH.

I.KpaTKne TCOPETUYECCKHUE CBCACHUA

OtBer

1)AHanuTUYECKOE OMpEIeTICHIE MOYIIS Mopaynem unciia a Ha3bIBaeTCs CaMo YHCIIO a,
ecnu a >0, yncno (-a), ecnu a<0, 1 Hynb, eciu a=0,
T.€.

a,ecm a>0,
|a| =40, ecm a =0,

—a,ecmu a<0.

a—-b,ecma>Db
|a—b|= O,eciua=Db
b—a,ecmua<b

2) 'eomeTpuyeckast MHTEpIIpETalus MOAyI A | a) MoaynemM uyucia a Ha3blBacTCs PacCTOSHUE OT

Hayaja OTC4€Ta J0 TOYKHU C KOOPAHHATOM a.




0) Moaynb pa3HOCTH YHCET a U b €CTh pacCcTOsSTHUE

MEXy TOYKaMH a u b YUCIIOBOH OcH, T. €.

|a — b| = p(a,b)

3) [lepeunciute cBOMCTBA MOYJIsS

|a|20

%J_za

b n
a=|d
] ljal

4) Ilpuémsbl penieHUil ypaBHeHUH U

HCPAaBCHCTB C MOAYJICM.

W&)ﬁl u:LJ’J[yqaeB C IPUMEHEHUEM AHAIIMTUYECKOTO
Mpenenemm MOJTYJIs, MIPUMEHEHHUE
F€OMETPUYECKON MHTEPIPETALIMU MOJYJISI, METO/I
WHTEPBAJIOB  JIISI  HETNPEPBIBHBIX  (DYHKIUH,
GbyHKIIMOHATbHO-TpaUUECKU  METOJ,  METOJ

3aMCHBI MHOH(HTCHCﬁ, HUCIIOJB30BaHHUC YaCTHBIX

CXEM.

Knaccndmxaunﬂ ypaBHeHI/Iﬁ U HEPABCHCTB ¢ MOAYJIEM

Ypasnenua

Hepasencmea

|f ()| = a,
a=>0,a— const

f=a

= —a

f2=qa?, [

If()] < a

fZSaz,—an(x)Sa,{

f<a

f=-a

f=a

If ()] = a, f? Zaz,[fs_a,a

> 0,a — const

If ()| = g(x),

f=9
fi=g%, {f=—g
9=0

lfGIl < g(), f2<g?

—9=/=g {ff;—gg
If ()| = g(x),

>
2> 2 fzyg




V@N+g=p S +gv=>p
v
(=0
{f +9 ¢
v 0
f<0 .
{—f +9
v - (0]
JBa Mmonyns JBa monyns
If (0] =g, If (Ol = g,
;e=gyjf=g /2292 (f~9)(f+9)=20
=-g

Heckoubko Mmoay.Jieii.
Meton npomexxyTkoB. Haxonum kopau

MOJMOAYJBbHBIX BhIpaskeHUd. Onpenaenum

3HAK KaXXJ0ro noAMOAYJIIbHOT'O BBIPAXKCHUS.

CocraBuM COBOKYITHOCTb HCCKOJIBKUX

CUCTEM.

3ameHa nepeMeHHOM.
O6osznaunm |f(x)| =t,t = 0.

[Tone3usl hopmyisl

<

aslf@ish [y Z1=°

—a

a
a a = 0,a — const

Felza [/2

-_— )




2. IIpumepsl BbINOJHEHU S 3aJaHUI

Ne5 Pemnth HEpaBEeHCTBO ‘XZ —3‘ <-2

2 o
Tax xak -2<0 a‘X - 3‘ > 0 mpu BceX 3HAYCHUSIX X, TO HCXOHOE HEPABCHCTBO HE UMEET PEIICHHUI

OTBeT: HeT penIeHui

Ne6 Pemuts HepaseHcTBO:. |[5X — 3| < 4, Tak kak 4>0 TO 110 FeOMETPUYECKOMY IPEICTABICHHIO
MOJIyJIsl, JAHHOE HEPABEHCTBO 3aMEHAEM JBOMHBIM

Pemenne.—4 < 5x —3 <4, —1<5x<4, —-02<x<14

Ortser [—0,2;1,4]

Ne7 Pewnts HepasencTo [1+3x| > x* +3

Pemenne. 3amernm, uto X* + 3> 0 npu 1060M X.

1+3x>0

DITpu 1+3x >0 umeem 1+3X > X* +3. Pemmnm cucTeMy HepaBeHCTB )
1+3x>x"+3

1 | — Dy

X>—= x>—= -1
3 = 3 3 OtBer:1<x<?2

x2—-3x+2<0 [|1<x<2

2)IIpu 1+3x < Oumeem —(1+3X) > X* +3 Perunm cucTeMy HEpaBEHCTB

1
1+3x<0 X<—= .
2 = 3 Tak kak BTOpOC HepaBeHCTBO CUCTCMBI HC UMCECT peI_I_IeHI/II/I, TO U
—(1+3x)>x"+3

x?+3x+4<0

BCS CUCTEMa HE UMEET PeIICHHIA.
OtBer: 1<x<?2

Ne9 Pemnth HEpaBEHCTBO |3— X| > |2X +1|

Pemenue. Tak kak 00e yacTu HCpaBCHCTBA IpH JI000M X — HCEOTPULATCIIbHBIC Y1 CJId, BOCIIOJIB3yCMCH

CBOWCTBOM BO3BE/ICHUS 00CHX YacTel TAaKMX HEPABEHCTB B HATYPAIbHYIO CTEIICHb (

a>b>0,07_a">b"idé neN). Obe yacTi HCXOIHOTO HEPABEHCTBA BO3BEAEM B KBAIpaT

|3 - X|2 > |2X +1|2 OTKyJa



2 J—
9—-6X+X2>4x*+4x+1 3x°+10x-8=0
HanJeM KOpHHU YpaBHCHHA 2 Takum 06pa30M PEHICHUEM

3x*+10x-8<0 x1:—4,x2:§

MCXOJ/IHOTO HEPABEHCTBA SIBIISETCSA MPOMEKYTOK —4 < X < 3

3aganus 1J19 BHINOJHEHHU:

Bapuanrt 1 Bapuanr 2
13x —1| < -2 1.12x =5| < -3
2.13x —1] <2 2.]12x — 5| <3
3.12—-5x] <3 3.13—-2x| <1
4.6 —2x|=2x—1 4,16 —3x| = 2x+1
5.12 = 3x| > |x — 2| 5.13 —4x| < |x + 3]

KonTpoJsbHbIE BONIPOCHI:
1.MaiiTe onpenenenne MoLys

2.FCOMCTpI/I‘IeCKa${ HUHTCpHpeTaliusa MOAYJIL
3.Hepe‘{I/ICHI/ITC OCHOBHBIE CBOMCTBA MOAYJIA
4.Ha30BUTE OCHOBHBIC METOJbI pCHICHUA ypaBHeHI/Iﬁ " HEPABCHCTB C MOAYJICM.

Ilpakmuueckasa paooma Nel4,15: Pewuenue ypaenenuit ¢ napamempom. Pewienue nepasencme c
napamempom

enb: OTpaboTaTh HABBIKK PEIICHUS YPAaBHEHUN C TApaMETPOM

Teopemultecmm uacms:

f[x,a:] =0 f(x,a] =0

Pewnts 3anauy, HanpuMep ypaBHEHUE UJIM HEPABEHCTBO C IapaMeTpoM a —
O3HayaeT «1epedpaTh)» BCe 3HAUEHUS MapaMeTpa U JUIsl KaKI0ro U3 HUX yKa3aTh OTBET.

Pewenue ypasuenuii c napamempom

Ilpumep 1 — peminTh ypaBHEHHE C IAPAMETPOM:

ax=1



a=2 . o
[Tycth , TOrJIa UMEEM IIPOCTENIIIEE IMHENHOE YpaBHEHUE:

1
2x=1e=x=—
2

B O6H_ICM cj1ydyac€ B 1aHHOM YpPaBHCHHUH BO3MOXKHBI IBa BapHaHTa PCIICHUA — KOI'Ia MOKHO ACJIUTh Ha

K

a==0
PaccmoTpum nBa ciyyas. [Ipu MBI HE IMEEM TIpaBa Pa3Ae/IuTh €IUHUAIY Ha KO PHUITUEHT a,
MO3TOMY TOJICTABJISIEM 3HAYCHHE HOJIb B 33JJaHHOE ypaBHEHUE U u3ydaeMm ero. [Ipu mo0six apyrux

3HAYCHHUAX a4 UMCEM IIPAaBO BLIITIOJIHUTDL ACJICHUC!

a=~0 a==>0 a==0 {EIZU
v=1 {D*x=1 {D=1 xED
0
1

© a0 “|@a+0"|ax0

e
mm
o

1
a

1
w = W= — = —

a

1
2=0 . azF0x=-
OtBeT: nipu pELIEHUN HET, IPU =

PaccmoTpuM perieHue npocTeninero HepaBeHCTBa ¢ IapaMeTPOM.

Hpumep 2-— PCHINUTL HEPABECHCTBO C IMAPaMCTPOM:

ax =1

Ecimm a — KOHKPETHOC YKUCJIO, Mbl MOXKEM JICTKO PCHINTDL 3aIaHHOC HCPABCHCTBO, HAIIPUMEDP:

1 1
a=2:2x:=1-:—>x::—§;a=—2: —Zx}iex{—i

y Hac ke ecTb KoadduuueHT a B 0d1ieM Buje. PaccMoTpum Tpu citydas:

[ a=~n0 {a: a=
{ 0=1 EQ
ax>=1
{aac‘:l](—r aﬁ:ge afig
x>=1 }::‘:5 X‘:‘:E
{::‘;D'l a=~>0 a=0
Llax
{x:‘:l {x}l
L a L a
1 1
— - K= -
OtBer: npna_ DpemeHI/Iﬁ HET; npna{‘ 0 a;npna} 0 &
[0}

0
X
0



Ilpumep 3 — pemiuTh ypaBHEHHUE C TAPaAMETPOM:

Xx—a

x—5

I[pOGB paBHa HYJIIO TOr'/ia U TOJIBKO TOraa, Korja 4YucCJIMTC/Ib €€ PABCH HYJIIO, A 3HAMCHATCJIb HC PaBCH

HYJIIO:
{x—a=DH{x=a
x—5%0 x+#5

3HaueHue napameTpa MoKeT ObITh JItoObIM. PaccMoTpuM ABa ciyyasi:

a=>5
Xx—5
x—E_D

a#+5s
X—a_

—5

0

. X=a .
IIpu 3TOM IOTy4YaeM B IIEPBOM CIIy4ae: X C OAHOW CTOPOHBI PABEH IIATH, T. K. , 4 C IPYro CTOPOHBI

HE PaBeH IIATH, T. K. 3HAMEHATEJIb IPOOH HE MOKET OBITh PaBEH HYJIIO, KPOME TOTO IMOTyJdacM

L

BBIPAKCHUC 0 , 4 TAKOT'O BBIPAXKCHU HC CYIICCTBYCT.

az=5bx=—a

Korga , IPOTUBOPEUYNI HE BOZHUKAET

= o X=a
Orger: pn 2 > peluenuit Her, mpu 2 7 >
HPUMep 4 - PEeIMINTL YpaBHEHUE C TapaMETPOM!

JE=a

3HavYeHNE a MOXKET OBITh JTIOOBIM, HO KBaJIPATHBIN KOPEHB — 3TO CTPOTO HEOTPUIIATEIILHOE YHCIIO.

CJ'ICI[OB&TCJ'IBHO, paccMaTpuBacM JiBa Ciiydas:

{EIEU {a 0
\.E=a(_> x= a’

[

{aa‘:ﬂ {aﬂﬂ
ﬁ:a XE@

—_ ol
OTBeTZHpI/IaEDx_a ;HpHa::DxEEI

Pemmm nppannroHaibHOE HEPABEHCTBO € TAPaMETPOM.



Ilpumep 5 — pemINThL HEPABEHCTBO C APAMETPOM:
\.E = a

I/ICCJICI[yeM AaHHOC HCPABCHCTBO.

X CTOMUT ITIOA 3HAKOM KBAaApaTHOI'O KOPHA, 3HAYUT AOIIYCTHUMBIC 3HAYCHUS 110 X - BCEC HCOTPULATCIILHBIC

3HAYCHHS. 4 MOKET IPUHHMAT JI00bIC 3HAYCHHS. PACCMOTPUM TpH ci1ydast. Ecim @ MenbIte Hyns i

a:

KOpPEHb CYILIECTBYET, TO HEPABEHCTBO BhINOJIHAETCA. Ecin D’ JTH000M HEOTPUIATEIBHBIN X

a
YAOBJICTBOPACT HEPABCHCTBY. Ecnu ke = Oonplire HYJIs1, UMCEEM IIpaBO BO3BECTU B KBaapart:

_’3"::0 '{Eldiﬂ

;\:’EEEI x=0

(a=10 a=0

s =

n.Eza f:?_ﬂﬂ

a=0 a;lj
Lyx=a | 1% = a2
0 . a=0x=0 a=0x=a’
TBET: IIpU ; IpuU

PaCCMOTpI/IM pCHICHUC NAHHOT'O HEPABCHCTBA Fpaq)quCKI/IM MCTOA0M. I[J'IH 9TOro CHa4vaJia CTpOuM

rpaduk QYHKIHH, CTOSIIEH B JICBOIT yacTH: I "'E, 0611aCTh OIpe/IeICH s JAHHOH (YHKIIHH =0
Paccekaem MOJIYUYCHHYIO KPUBYIO CEMENCTBOM IMPAMBIX y=a " HaXOJAUM TOYKH IICPECCUCHU.
-1 0 1 2 3 4 5 6 7 3 9 10
g 1Y 101
9 9
3 8
5 5
5 5
4 4
3 3
2 2
1 1
0 0
-1 — 1]
-1 0 1 2 3 4 5 6 7 3 9 10
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=0

=1 o
[To pucyHKy oueBUHO, YTO KOTJa , KpYBasi HAXOIUTCS HAJl IPSIMOM MPU BCEX TOMYCTUMBIX X, TO

€CTb IIPU BCEX AOIIYCTUMBIX X HCPABCHCTBO BBIIIOJTHACTCS.

Ecnu a IMOJIOKUTECIIBHO, KpUBasd UMCCT CAMHCTBCHHYIO TOUKY IIEPECCUCHUA C HpHMOﬁ 1 KpHBas

o X=a
HaXOJUTCH BBILIC IIPSIMOU IIpaBee TOYKHU IIepeceUCHNs, a0bcrucca TOYKy repeceueHus , IO3TOMY
2
X=a

PCHICHUECM HCPABCHCTBA SABJISACTCA

OLIGBI/I,I[HO, 4TO OTBET COBIAAACT C OTBETOM IIPU PCIICHUHN aHAJITUTUYCCKUM CII0co00OM.

Ilpumep 6 — pemiuTh ypaBHEHHUE C MAPAMETPOM:
ax=0

HpOI/ISBe,I[eHI/IC ABYX MHOKHTEIICH PaBHO HYJIFO TOT'ZIa U TOJIBKO TOI'Ia, KOT'Z1a XOT: OBl OIHH H3

MHOXUTEJICH paBeH HYIIO, @ BTOPOM IIPHU 3TOM CYIIIECTBYET.

=0

a=2~>0 X =
, HO KOpPEHb IIPU OTOM JOJDKEH CYIIECTBOBATh, §105(0)0) ,B

PaccmarpuBaem jiBa BapuaHTa — JINOO
TaKOM cClIydae a — JII00e YUCIO0:

a=~0
=0

Cer
ER

OTBeT,HpHa=DxE[D;+DDj, a#0x=0

; TIpH



ITpumep 2. Ilpwu Bcex a pemmure HEpABEHCTBO

<0.

==
r—a—1

Pemenmne. llpu mobom pukcnposannom 3nadeHnn a 3TO 0OLIYHOE pa-
HOHAJIbHOE HepaBeHCTBO. [I03ToMy K HeMy MOYKHO NPHUMEHUTH MeTO/l HH-
TepBasIoB. HamoMHNM, 9TO 77151 3TOTO CjleyeT paclojIOKHTh Ha YHCJIOBOM
ocH 4ncia a U a + 1, B KOTOpPBIX 00pamaloTcs B HYJIb YUCIUTEb U 3Ha-
MeHaTeJIb COOTBETCTBeHHO. flcHO, 4TO mpu Bcex a 4mciao a + 1 Gosbmie
geM a. [loaTomy mosygaem Takoe pacrojiozKeHHe TOYeK, KaK IOKa3aHO Ha
puc. 1.1.

2 (
=]
+
8

Puc. 1.1

Orser. = € [a;a + 1) npu a060M a.
ITpumep 3. Ilpu Bcex a peumre HepaBeHCTBO

r—1

> 0.
r—a
Pemenne. Kak u Bbime, Oy/ieM TPUMEHSTH MeTOJ] HHTepBaJoB. OJ1-
HAKO 3/IeCh BOZHHUKaeT HeDOJIbINAs TPY/IHOCTb — MbI HE 3HAEM, KaK PAacIo-
JoxeHbl yncyia 1 u a. Beap a moxker ObITH Kak MeHbIIe 1, Tak U DoJIbIIe
wm paBHo 1. Ho 3To o3mauaer, 4To HaMm cje/yeT paccCMOTPeTh 3TH TPHU
crydJasi.

L. Ilycrs a < 1. Torpa nosydaem Takoe pacloOJIOXKEHHE TOYEK, KakK
nokasaHo Ha puc. 1.2.

+ — +

a 1 T
Puc. 1.2

Metrox naTepBanoB aaér yactsb orsera: ecom a < 1, To x € (—oo;a) U
U (1; +00).



II. Ilycts a = 1. Torma nosiydaem HEepaBeHCTBO % > 0, npu x # 1

paBHOCHILHOE BepHOMY HepaseHcTBY 1 > (. Ero pemenust — Best obsactb
olpeJiesIeHnsi HepaBeHCcTBa, T.e. (—oo; 1) U (1; +00).

III. [TIyctb a > 1. Torna Touk# pacrosiozKeHbl, Kak Mmoka3aHo Ha puc. 1.3.

¢
Sh¢
S

Puc. 1.3

MeTo/; MHTEPBAJIOB IPUBOIUT K YACTUYHOMY OTBETY: ecJu a > 1, To
z € (—oo;1) U (a;+0).

OO6beMHIM YACTH OTBETOB M IIOJIyYUM OKOHYATE/ILHBLINA Pe3ysibTar.

OtrBer. Ecim a < 1, o x € (—o0ja) U (1;+00); eciin a = 1, 1O
z € (—oo; 1)U (1;400); ectm a > 1, To z € (—o0;1) U (a; +00).

Hpaxmuttecxa;l yacmo

No 3agaHue

Pemmmre ypaBHeHust 2B 2x2—-5x+3a=0;
éﬁ 3x=a+6; In —x2—2ax+3=0;
2X+ZX+96=0;3 0 28 | (@a—1)x2—-4x+5=0;
1B X+ 20X—04d +>5 =0, [§:] ax2_4x+5_a=0;
2B | (@a2-4)x=a+2.

s | (a—2)axz—4(a-2)x+5(a2—-4)=0.

x+2—a_

1B .
x+3 =0;
x+3

2B le;
X~a
2a

Is x+1=0;

2B X+2G‘_ )
X—a =0;
ax+b+6_0

I8¢ x+2a




1 BapunanT:

8. Pemure HepaBeHcTBO 5X — 2a + 3 < 0 ¢ mapameTpom a.

9. Pemmute HepaBeHcTBO 3x 2 — 2ax + 3 < 0 ¢ mapameTpom a.

BAPUAHT:

8. Jlyist KaXK/10T0 a pemnmTe HepaBeHCTBo 2ax + X — 52> 0

[Tpu Bcex 3HAYEHUAX MapaMeTpa a pelnTe HepaBeHCTBo (a —2)x 2 +2x — 52> 0.

Ilpakmuueckasn paboma Nel6: Pemenue TEKCTOBBIX 3a7a4 MPOPECCUOHATBHOTO COACPIKAHUS

Ne ‘ 1 BapuaHT ‘ Ne ‘ 2 BapuaHT

Tema: Llesble, pauoHaJbHbIE U JPOOHBbIE YHCJIA

1 nutp 6enzuna AU-92 crout 33 pydns
62 korm. Ha 3anpaBouyHoil cTaHIINN
BOJIUTEJIb 3aJIHJI B 0aK 25 JTUTPOB.
Ckouibko pyOmeit caauu OH JOJIKEH
nonyduts ¢ 1000 pyoneit?

Ha aBTo3ampaBke KIMEHT 0TIl KaCCUPY
1000 py6uteit u 3anm 32 utpa OeH3UHA
no uene 30 py0.50 kom. 3a JTUTp.
CKOJIBKO cl1auM JIOJIKEH MOITYYHUTh
kinueHT? OTBeT Jaiite B pyoIisax

ITo coobiieHnto pykoBOJUTENSA
HanmonaneHOro 11ieHTpa ynpaBicHUs B
Kpu3HcHbIX cutyanusax MUC, no
COCTOSIHUIO Ha 2 aBrycta B Poccun
BbIsBJIEHO IpuMepHO 7 000 ouaros
noxapoB Ha 1romaau 500 000 ra.

CKOJIBKO TEKTapoB
3aHMMAaeT OJIUH oyar noxapa? Pesynbrar
OKPYIJIUTH 10 €IMHHULL

4 aBrycra HayaJcsi 6J1arOTBOPUTEIbHBIN
cOop Beliel A noropensies. Beero 3a
nBe Henenu npunecnu Beuw 7 000
yelloBekK, okojo 2 000 genosek
Y4acTBOBAJIO B COPTHUPOBKE U OTIPABKE
BeIlleH MTOCTPAIaBIIUM OT OTHSI JIFOJISIM.

CKOJIBKO JI0JIeH
MIPUXOAUIIO B IeHb? Pe3ynbTaT
OKPYTJIUTh A0 €IUHUILL.

ITo nanHBIM YIIpaBieHus HaA30PHOU
nesTeNbHOCTH ['J1aBHOTO yIipaBieHus
MYC Poccun no CmoneHckoit obnactu
3a npomeamui rox Ha CMOJIeHIITHE
3apeructpupoBano 1 306 noxapos. 13
Hux 253 npousonuio B CMOJIEHCKeE.
Kaxoii mpoLeHT noxapoB NpUIIENcs Ha
CmoneHnck? Pe3ynbrar OKpyrinTh 10
€IMHHLL.

ITo nanaeiM MYC Poccun o
CMmoneHckoi 00acTH yaile BCero ot
OTHEHHOW CTUXMHU CTPaJaroT 3JaHHs
JKUAJIOTO CeKTOpa. B *KuibIx nomax
npousonuio 539 noxapos. Capau, Oanu,
rapaxu ropenu 255 pas. [Ipoune
HaJBOpHBIE OCTPOUKH — 64 pa3a. Ha
TYILLIEHUE CaJIOBBIX JOMUKOB U /1a4 B
2012 roxy no>kapHsle pacueTsl
BbIE3KaM 88 pa3. Becero B xKuon cekTop
OoiiriamMu oXkapHOU OXpaHbl ObLIO
COBEPIICHO 943 onepaTuBHBIX BHIE3/A.
C nmomo11pI0 COCTaBIEHUS NPONOPLUI
HaWJINTe MPOLIEHTHOE COOTHOUIEHUE
BO3TOpPaHUM JKUJIBIX IOMOB, Capacs,
CaJIOBBIX JOMUKOB M ITPOYHUX HAJBOPHBIX
MIOCTPOEK?

[TocTpouts rpadmk CTAaTUCTUKHU TTOKAPOB
Ha Cmonenmuue 3a 2010 — 2013 roxa,

[TocTponTs rpadMK CTAaTHCTHKH TOXKAPOB
B [lepmckom kpae 3a 2020 — 2023 rog,




eciu u3BecTHo, uTo B 2010 romy €cJu U3BeCTHO, 4To B 2020 roxy

3apeructTpupoBaHo 1638 Bozropanui, 3apeructpupoBano 4193 noxapa, 2021 —
2011 —1580,2012 —1075,2013 — 1222 BO3TOpaHUs.
BO3TOpaHUsI.

Ilpakmuueckasa paooma Nel7: Pewenue cucmem ypagnenuii

Heas:
MCTeMaTH3aIus U 0000IIeHNe 3HAHUN U YMEHUH CTyICHTOB.
03HaKOMHUThCA ¢ popmynamu Kpamepa
Ha KOHKpETHBIX IpuMepax HAyYUThCS PelIaTh CUCTEMBI ypaBHeHHS MeToaoM Kpamepa

Teopernueckas 4acThb:

CucreMpl JNMHEMHBIX ypaBHEHUH M UX MeTonbl UX peunieHus. Cucrema ypaBHEHMH — 3TO YCIIOBHE,
COCTOSIIIEE B OJHOBPEMEHHOM BBIIIOJIHEHUU HECKOJIBKMX YPaBHEHUH OTHOCHUTEIBHO HECKOJBKHX
IIEPEMEHHBIX.

Pemienuem cucteMsl ypaBHEHUI Ha3bIBa€TCsl YHOPSA0UEHHBINH HAOOP yKce (3HAUCHUH IEPEMEHHBIX ), IPU
[10/ICTAHOBKE KOTOPBIX BMECTO IIEPEMEHHBIX KaXK10€ U3 YpaBHEHUIN 00paIaeTCsl B BEPHOE PABEHCTBO.
CucteMbl ypaBHEHUH ObUTM U3BECTHBI B APEBHOCTH. B 1peBHEBABUIIOHCKUX TEKCTaX, HanucaHHbIX B 11 —
II TeICAYENneTHsAX O H.3., COAEPKUTCSI HEMAJIO 3aJad, PEIIaeMbIX C IMOMOLIBIO COCTABJIEHUS CUCTEM
YPaBHEHUM.

I padmueckuii cnocod pemeHns CUCTEM ypaBHeHMIl
x+y=0,

4x+yv=06

1. Brmmonuure paBHOCHIBHBIE
npeo0pa3oBaHus B CHCTEME TaK 4TOOLI
y100HO ObUI0 MOCTPOHTL rpaduk

2. [locTpouTs B 01HO# CHCTEME KOOPAMHAT
rpaMK Kajmaoro ypaBHeHHs

Pemmmrs CHCTEMY [

“’>.<




3. | Haittu Touky nepecedenns rpapukon Touka A
YpaBHeHHii
4. Haiitn koOpaMHATEl TOYKHM Nepece¥eHHs Al=2; =2)
p | rpadukoB dynkumii
5. | 3anucars orser Oreer: (= 2; = 2).

p
ILIATh CHCTemy ypaBHeHHil rpapuyeckuM crnocodom:

y—x=
{Bx y = 4
Pemienue cucTeM ypaBHEHHIT METOJOM IOJICTAHOBKH
Pemmnts cucTemy {x ty=1
2x —y =2
1. W3 o1HOrO ypaBHEHHs BLIPA3UTh {x +y=1, > { y=1-x,
OJHY nepeMeHHyw uepe3 apyryiw |(2x —y = 2. 2x—y=2.
U M3BECTHBIC BEJIMYMHBL
2. Haiinennoe 3HaueHue nepeMeHHOI {y = { y=1-x,
NMOJCTaBUTL BO BTOpPOE 2x — 2. 2x—(1—-x) =
ypaBHEHHE
3. | Pemmts BTOpOE ypaBHEHHE { =1- = { y=1-x,
2x—=14x= 2 3x — % :X
— y=1-Xx — y=1-Xx
== {Bx —3 =~ { x =1
4. Haiinensoe 3HaueHue y=1-x __J (¥y= 1-1,
IepeMEeHHOH MOJCTaBUThL B x =1. x =1
NepBOe YPaBHEHHE M BBIYHCIHTL | <— { y=0,
3HaYeHHEe BTOPOIi nepeMeHHO x =1
5. |3anucare oTBET Otser: (1; 0).
Ynpaxuenune Ne 3 Pemnts cucremy ypaBHEHMid {2§Ii§; g’ﬂ
Pewmienue cucrem ypaBHEHMIl METOJIOM  CJIOKEHUs

6x + 5y = 2,

Pewnts cucremy [Sx — 4y = 46

1. | VpaBuats k0dDpULMEHTH 1PH 6x + 5y = 2,
ommolt mepensesEol myméas {Bx — 4y = 46, (KaX/blil YWIeH NEepBOro ypaBHEHMS
MOYWICHHOTO YMHOXKEHHs Ha YMHOKHTH Ha 4, a KaXAblii 4iIeH BTOPOro Ha 5)
CreuMaJbHO 1o 00paHHbIe
MHOKHTEJIN (6-4x+5 -4y=2- 4, <=>
(3 -5x—4 -5y =46 -5.
( 24x + 20y =8,
(15x — 20y = 230.
2. | Cnoxuth (BbIYECTb) MOYJIEHHO ([ 39x = 238,
ypaBHeHHs cHCTeMbl, uckmodas | (3x — 4y = 46.
OJHY M3 TepPeMEeHHBIX




3. | PemuB nepBoe ypaBHEHHE, _ i

HallIéM OJIHO M3 HEHM3BECTHBIX % =H3g
3x — 4y = 46.

4. | HaiinenHoe 3HaueHue R g B
NMEepeMEHHOIl MOJICTABISAEM BO E 39’ = 4 39’
BTOPOE YypaBHEHHE 3-6 = 4y = 46 181—3 — 4y = 46.

5. | PeminB BTOpOE ypaBHEHHE R e % =6
Haxo/JIMM BTOPOE HEU3BECTHOE " 39’ <=> 39’ "

18— — 4y = 46. —4y =46 — 18—
13 13
X =6—
<=> "
y =46 - 18—: (—4).
13
¥ —Ea PPN
T e,
y=46— 18T§.(—4). y =50 e
6. | 3anucate OTBeT. Otser: (6—; 50 =).
39 26
Pemuth cuctemy ypaBHEHHI METOJIOM IMOJICTAHOBKHU
Ne | 1 BapuanT Ne | 2 BapuaHT
{y—2x=1 {2x+y:12
bx—-y=7 7x—2y =31
{“\”5 {4x-y=11
3x=3y=2 6x—2y = 13
Pemmuth cuctemy METOAOM CIIOKEHHUS
Ne | 1 Bapuant Ne | 2 BapuanT
3x—5y=2, [5x+2y =6,
2x+3y=-5; 13x+7_v =-8;
ng_3y:4l’ J2x+4y=—l.
17x+5y=l3, 19x+7y=1.

Pewenne cucreM nuHENHBIX ypaBHEHUN MeTonoM ['aycca




eab padoThbI
1. Pa3oOpatp metox ["aycca ams pemeHus: CHCTEeMbl JIMHEHHBIX ypaBHEHUH.

Conep:kaHnue U NOPSIIOK BbINOJHEHHUS PadOTHI (ONMCAHUE X01a PadoOThI)
Cnpasounbiii Mmamepuan

ax+by=c
iﬂa}%efﬁ)lqyél; a&zlcca: 1) YMHOXUTB 1-10 CTPOKY MaTpHIIbl HA a2/a;; 2) BeIYeCTh U3 2-i cTpoku 1-10; 3)
AyunM CucTéMy ypaBHEHHIA, U3 KOTOPOil BCe HEM3BECTHBIE ONPE/EIIIOTCS 6e3 Tpy/Ia.
ax+by+cz=d;
a%em%agffg d’zaCCMOTpI/IM Ha MpUMepeE.
Cooeporcanue pabomul
a3X+b3y+C3Z :{qs(_'_sy =28

e CHUCTE
§ IIUTh CUCTEMY 3x—5y=21

fi
g

meroqioM ["aycca.

2x+3y+z=14
Wernrs cucreMy < 3X—Yy+2z=>5 meronom ['aycca.
X+2y—-2=7

2 SO R S 2D TR SR RO

QJ'[§3V$I pa(]:cnlo]r%e}mme [IPUMEPBI, BEIIOIHUTD CIACAYIOUINE 3a/1aHHUS:
" pja@g UTh CIEAYIOLME CUCTEMbI YPaBHEHUI U CIENIaTh IIPOBEPKY:
2

d) UTb CJICAYIOIIUC CUCTCMBI ypaBHCHI/Iﬁ U CACJIaThb IIPOBCPKY:
3

Y3x -5y

=7
Nbero2pM 4'2¥cgd PeIUTh CIICAYIOLIYIO CHCTEMY YPaBHCHHUI 1 ClIENaTh MPOBEPKY:

P e 2

=71
ot it i i
I o2keHMs (110 JaHHOI NMPaKTH4YeCKoil padoTe)
CTO J2yEeq, 0CHOBAH Ha TOCIENI0BATENBHOM NCKITIOUEHIH HEH3BECTHBIX H COCTONT H3 TPAMOTO
Xloa (depes Mar u% u 00patHoTro X0Aa. Onummmre cyTh MeToaa ['aycca s n-ypaBHEHHI ¢ m-
(o ~05-1

L 3 2-if .2 1 L
) ﬁ%ﬂ?ﬂ@%&%féfﬂﬂﬁ'ﬂ% > BBIUTEM €€ U3 2-I CTPOKH; 2) 3aTeM YMHOKUM 1-10 CTPOKY Ha > u
1. B gyem 3akmtouaercs meron ['aycca? 2 3 1|14

Hi2F @6 LRFGE e AN PRI ATSIRPEK QTS ST HEUSER THEI N nMeér THEQGIIR PRIOcHNE?
y=3 0 05 -15/0

z=1 05 1 .
HOXUM 2-10 CTPOKY Ha — I = 11 Y BBIUTEM €€ UX 3-i cTpoku. Toraa moaydum:

H

)



3. Moxer M cucrtemMa ABYX JMHEWHBIX YpPaBHEHUU C JBYMsSI HEM3BECTHBIMH HMMETh TOJIBKO JBa

peieHus?

Ilpakmuueckas pavoma Nel8: Peuienue cucmem nepasencmae

eab padoTsbI
1. OcBouTh rpaduyeckuii METO pelICHHsI CUCTEM HEPAaBEHCTB C IByMsI HEU3BECTHBIMHU.

Conep:xaHue ¥ NOPSII0K BBINOJIHEHUSI padoThl (OnucaHue Xo0aa padoThl)
Cnpasounbiii mamepua

Uwucno a Ha3bIBACTCS peuienuem cucmemvl HePaseHCmea ¢ OOHUM HEU38ECMHbIM, €CITA OHO SBIISICTCS
pElIeHrnEeM Ka)XXI0ro HEPaBEHCTBA CUCTEMBI. PelIUTh CUCTEMY HEPABEHCTB — 3HAYHUT — HAMTHU MHOKECTBO
PELIEHUI CUCTEMBI.

JIBe cucTeMbl HEPABEHCTB HA3BIBAKOTCS PABHOCUNbHBIMU, €CITA OHU UMEIOT OJTHO U TO JKe
MHOXECTBO pemieHuid. Takum 00pa3om, perieHue CUCTEMbI HEPABEHCTB OCHOBAHO Ha BHITIOJIHEHUH
PaBHOCHJILHBIX MPE0Opa30BAHMIA.

Pemmth cucreMy HEpaBEHCTB C IBYMSI HCH3BECTHBIMU MOKHO IPa)iueCKHM METOJIOM.

Cooepoicanue pabomol

Pemntes cucremy HEpaBEHCTB:
3X<X+2

x+1<1x+2
2

P
e O
Hcrionn3ys paccMOTpEHHBIE IPUMEDEI, BBIIIOIHUTE CIEAYIONINE 33/ IaHHS
Permre cuCcTEMbl HEPABEHCTB:

a 3
m [ X+2>2x+3 3x-5>23-4x _ |A2X=3<Sx—7 ~3x+220
Dx+3>3x+5 7x+3<9x-1 15x-8 X—x2+2>0
X<X+2 B8x-5<
KLATE 11.’111@;@@/[},1 HEPaBEHCTB rpauyYECKU:
2
X{y>x+3 65 X+y<1 ) x+y<1 ) ys-3x+4 )1
B T a
T <—X+3 x>0 y>0 y2§x+4 -3<y<
Pemmte cucteMsbl HCPAaBCHCTB Tpa(bI/I‘-ICCKI/I:
x>0 Xx-1>0 2X—-y+2>0
X+y—-22>0 y-1>0 X—y>-2
X—y+1<0 X+y-3>0 x<1
X<2 —-6Xx—-7y+42>0 2x—-y-3>0

BoiBoabl u npenJio:keHust (M0 JAHHOM NMPaKTUYecKoil padore)
PemtenueMm cucreMnl HCPABCHCTB C ABYMS HCU3BCCTHBIMU SBJIACTCA YaCTh IMJIOCKOCTH, a pCHICHUCM
CUCTEMbI HEPABEHCTB C TPEMsl HEM3BECTHBIMH Oy/I€T 4acTh MIPOCTPAHCTBA.



Bomnpocskl 111 caMOKOHTPOJIS
TO ABJIACTCA pCHICHUCM HEPABCHCTBA C OJJHUM HEN3BECTHBIM?
KaKOM CJIy4ae OJIHO HEPABEHCTBO SIBIISIETCS CIEACTBUEM JPYroro?
aKoe HepaBEHCTBO HA3bIBACTCS JIMHEHHBIM, a KAKO€ KBaJIPATHHIM?

[IpuBeauTte npuMep KBaIpaTHOIO HEPABEHCTBA, KOTOPOE HE UMEET PELLICHUIN

Ilpaxmuueckas paooma Nel9: IlonsiTue KOPHSI N—ii CTeNeHN U3 JeHCTBUTEILHOI0 YN CJIa

Ilean DaﬁoTbI: OBJIAACHUC MPAKTUICCKUMHU HABBIKAMHA U 3aKPCINNICHUC TCOPCTUICCKOTO MaTCpHraJia 1o

BBIYUCIICHUIO KOpHCﬁ M3 YUCCJI U YUCJIOBBIX U 6y1(BeHHI)IX Bblpa)KCHHﬁ.

CTYaEHT J0/IKeH:

3HaAmMb:
- IOHATHE KOPHA N-Oi CTEIEHH;
-TIOHATHE apU(PMETHIECKOTO KOPHSI;
-OCHOBHBIE CBOMCTBA KOPHEH;
ymemp:
- BBIYUCJIATh KOPEHb N-OM CTENEHU;
-YIpOIAaTh JIF0ObIE BRIPAXKEHUS UCTIOIB3YSl CBOMCTBA KOPHEH;

Ioaroroska Kk paoore:

OBTOpPHUTB, YTO TAKOC apI/I(l)MeTI/I‘leCKI/II‘/JI KBa)IpaTHBIﬁ KOpPCHb U3 YHCJia.
BOMCTBa apI/Iq)MeTI/I‘leCKOFO KBaJApaTHOI'O0 KOPHS.

KoHTpoJibHBbIE BONIPOCHI:

TO TaKO€ KOPEHb N-Oi CTETEeHU U3 YKcia a?

TO Takoe apu(PMeTHYeCKuil KOpeHb N-0il cTerneHu u3 uucia ?
CHOBHBIE CBOMCTBA KOPHEM?

a

K



3anaunmue:

eapuanm
3aoanue
1)Bpraucnure A)3/0,125
s| 1
B) |— =
Ax3+8=0 x*—19=0
2)Perute ypaBHEHHE , ;
B)¥x—5=-3 V7 —4x =4
3)HaiimuTe 3HaYCHHUE YUCIIOBOTO BhIPA)KECHUS a)V/24 % 9 A)VT5 * 45
4 [16a*B8 5)3 — 27a°
0) 2 3283
V2
4)BHecuTe MHOYKHUTEND IO 3HAK KOPHS \
332
5)IIpeobpasyiite 3a1aHHOE BHIPAKEHUE K BHILY
VA
6)BbIHECHTE MHOXKHTEITb M3 MOJ] 3HAKA KOPHSI 1/ 625x5y6

TEOPETUYECKHI MATEPUAJI K TIPAKTUYECKOM PABOTE Ne 19:

Kopenb n-ii crenenu u ero cBoiicTpa.

663}’CJ'IOBHO, BCC TaK HJIM HHAYC 3HAKOMBI C UHTYUTHUBHBIM ITOHATUCM KBAAPATHOI'O KOPHSA - 9TO TaKOC
YHUCJIO0, KBaApaT KOTOPOT'O PABCH d. aHAJIOTUYHO OMIPECACITIACTCA KOPCHb n-¥ CTeNeHU U3 YKciia a, rac n -
ITOJIOXKUTECIIBHOC YHCJIIO.

OnpeacjJeHue. KOpHEM N-M CTEIICHU M3 YKCJIa a Ha3bIBaeTCSA TaKOe YHUCII0, Nn-41 CTCIICHb KOTOPOT'O paBHA a.

COTJIaCHO JaHHOMY OIIPECACIICHUIO KOPCHb N-¥ CTEIICHU U3 YMCIIA a - 3TO PEHICHUC YPABHCHUA x™" =a.
YHCIIO0 KOpHeI\/’I OTOr'0 YpaBHCHHS 3aBUCUT OT N M OT a.

apudMeTHYeCKHIl KOpPeHb N-ii cTeNeHU. onpeeaeHHe. apu(pMETUYECKIM KOPHEM N-i CTENeHH U3
YHCJIAa a Ha3bIBalOT HEOTPULIATEIBHOE YHUCIIO, N-1 CTEIIEHb KOTOPOr'o paBHa a.

apu(MeTHIECKUIi KOpeHb 0003HAYAIOT v/ X. YHCIIO N HA3BIBAIOT TOKA3aTeeM KOPHS, a CAMO YHCIIO a -
I10KOPCHHBIM BBIPRKCHHEM. 3HAK KOPHs \ HAa3HIBAIOT PaIHKAIIOM.

OCHOBHbIE CBOMCTBA KOPHEH.



Jlst m060T0 HAaTYpaJIbHOTO N, TIEJIOTO K ¥ JTIF0OBIX HEOTPHUIATEIHHBIX YHCEIT a U b BBIMOJIHEHBI PAaBEHCTBA:
1% 4ab—="4/a-1/b.
ni-
2 E= N (ET))
V=15 b0

8%, AXfa="4/a (k>0).
4%, Klg=—="R/a* (k=0
5% qv.r&?z (IIIIII'E}* {Ef_l'[H k=0, 10 -ﬂ?ﬁﬂ},

OTH NIATh CBOMCTB C JIETKOCTHIO JA0Ka3bIBAOTCA U3 OIPCACIICHUS KOPHA W CTCIICHU. IIPHU PCIICHUU 3aaa4,
CBA3aHHBIX C BBIYHMCICHUEM KOpHefI CJICAYCT aKTUBHO IMOJIb30BATHCA 3TUMU CBOMCTBAMH - OHH COKpamaroT
00BeEM BI)ILII/ICJIGHI/If/'I, IMMO3BOJIAIOT YIIPOIIATh BBIPAKCHUSA U OKa3bIBAOT APYT'YIO IOMOIIb.

Tl I L
Z[J'IH JIFOOBIX 4YHMCEI a | b, TaKHuX, 4YTO 0§a<b, BBITIOJIHACTCA HCEPABCHCTBO 1.-"'{(_1- < Vb . IIPOBEAECM

Va = Vb

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

1 E [ 1'.:.,.-"?}:'?1

¥ T
L
HaTypaJIbHbIM I1OKa3aTCJICM { s :I , T.C. a>b. ato MMPOTUBOPCUYHUT YCIIOBHUIO a<B.

Ilpakmuueckana paboma Ne20:
CaoiicTBa KOpHA n-ii crenenn. Ilpeodpa3oBanne HPPANMOHAIBHBIX BbIPAKEHHU I

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

BBIYUCJICHUIO CTCIICHU C pallMOHAJIbHBIM U I[GI\/JICTBI/ITCJ'IBHBIM IIOKa3aTcICM.

CTYaEHT J0/IKeH:

3Hamp:
IIPEACIICHUE CTEIIEHN C HaTyPAJIbHBIM I10Ka3aTeleM;
IIPEACIICHUE CTEIIEHN YUCIIa C pallMOHAIBHBIM I10KA3aTENEM;
BOWCTBA CTEIIEHU YUCJa C PALMOHATIBHBIM [10KA3aTeNIEM;
ymemp:
peoOpa3oBBIBATh BRIPAKEHUS COACPIKAIIUE CTETIEHB C JICUCTBUTEIHHBIM ITOKA3aTEIEeM;
€pPEBOJUTH CTETNEHD C PAIMOHAIIBHBIM MTOKA3aTEJIEM B KOPEHb;
€pPEBOJUTH KOPEHB B CTENEHD C PALIMOHAJIBHBIM IOKA3aTENEM;

IloaroroBka Kk paoore:

OBTOPUTH OIIPCACICHUE CTCIICHN YUCJIa C HCJIBIM ITOKA3aTCIIEM.
OBTOPHUTH CBOICTBA CTEIICHU C T CJIBIM ITOKA3aTCIIEM.

KoHTpoJLHLIE BOIPOCHI:

TO TaKOE CTETEeHb YKCIIa C PALIMOHATILHBIM MTOKa3areneM?
BOICTBA CTETEHU YUCJIa C pAllMOHATIBLHBIM ITOKa3aTeseM?

aK IIEPEBECTU CTCIICHb C pallMOHAJIbHBIM ITOKA3aTCJIEM B KOpeHB?



aK IIEPEBECTU KOPEHBb B CTCIICHL C pallMOHAJIBHBIM rmoxkasareiiemMm?

3ananue:

6)Y1npocTuTe BhIpaXXKEHUE

Bapuanm
1. 3aoanue
1 3
DIIpencraBpre cTeneHb ¢ APOOHBIM MOKA3aTeIEM B 2as3 5as
BUJIC KOPHS 2 3
53 68
5
2)[IpescraBbTe 3a/laHHOE BBIPAKEHHE B BUIIE 2 Va
CTETEeHHU C PAllMOHAIBHBIM ITOKa3aTeIeM
1 1
492 273
3) Beruucaure L L
472 83
1 1
v 0’4 5 _
4)Haiinute 3HaYCHUE BBIPAKESHUS 3x9%% + /371 873x163 = 32
11 1 1
c2 x C3 dz x d4
5) Ympoctute BeIpakeHUE 1 2
“I\2 _3\9
6 (1 2\
Y7 * (y 2) (c 3)




TEOPETUYECKHI MATEPUAJI K TIPAKTUYECKOM PABOTE Ne 20:

Onpenesienne

m
Crenenbio yncia a > () ¢ pallMOHAIBHBIM MOKA3aTeeM, TJIe 7 = — »M — TEJIOe YHCII0, & N — HATYPATBbHOE

(

n
S Crenens ¢ 1poOHBIM MTOKa3aTeJIeM, €€ CBOMCTBA
i.I,I ni _m roge a = U— _.‘ll'luli."i'ﬁll'['i".'[I:}[{][' HFCIT0,
il I 3
T — 1IeJI0e YHCIIO, 1 HATYPAJIEHOE YHCIIO.

f m
0 =0, ecnH = [)
n

‘I Creneus ¢ qpodusm | _ Lﬂwumu. ¢ PAIHOHAJTBHEIM
|
|

1
|

|

MOKaIATEIEM MmoKasaTesemM |

CroiicTBA.
[Myvere a =0, b > () — JeHCTEHTENLHEIE YHCJIA;
."-'~ g— EJHII.}'Il]I-L'I.'II;I-II:llE HHCJIA.

| . a”-a” =a™" 4. [HH}” a® -bh*
i P o
| F ol - |H | 4
[ o kY o .
| 1{- I.. il | a | F;- |I I|l:l:.-

Ilpakmuueckaa paooma No21:
Crnoco0blI ynpoueHusi BbIpasKeHUH, COJepKAIMNX PaJHKAIbI
Henu:
Obpazosamenvras: TPOAOIKUTh (POPMUPOBAHHE Y CTYJACHTOB YMEHHUM NPUMEHSTH
CBOMCTBA CTEMEHEHW M KOPHEH IpH MpeoOpa3oBaHUU BhIpaKEHUH.



Bocnumamenvuas: Bociutanue caMOCTOSITEIbHOCTH, TBOPUYECKOTO MOJX0/1a K PEHICHUIO
3aaad.

Pa3zsuearowas: pazBuTHE JTOTUYECKOTO MBIILJICHUS, HABBIKOB CPABHUTEIBHOIO aHAJIN3A.
Oobopyoosanue: 10CKa, KOMIIBIOTED, IPOEKTOP, IKPAH, 3aAMUCU HA JOCKE, IIJIAKATHI C
dbopmynamu no teme: «Crenenn» u «KopHu», UHANBUIYaTbHBIE KAPTOUKHU-3adaHUsl.
Hcnonvzosanue 31emMenmos nedazo2uiecKux mexHoaocuii:

1. corpynauuecTBa;

2. 310poBbhecOEperaroux (YepeloBaHle BUOB JEATEIbHOCTH);

3. nHpOPMAITMOHHO-KOMMYHHUKAITUOHHBIX;

4. pa3BUBAIOIIIHKX;

5. IMYHOCTHO-OPUEHTUPOBAHHBIX.

Pezynomamuenocmo:

dbopMupoBaHrE KOMIETEHIIUI: [IEHHOCTHO-CMBICIIOBOM, y4eOHO-TT03HABATEIHHOM,
KOMMYHHUKAaTHUBHOM, JINYHOTO CAMOCOBEPIIIEHCTBOBAHMUSI.

IInan 3anamus.

1) IloaroroBUTEIbHBIM ITAIL

1) [IpoBepka ycBoeHMs MPOHAECHHOTO MaTepuaina GPOHTAIBHO (UM UHAUBUIYAIBHO) 110
CJIEIYIOLIUM BOIIpocaM (Ha SKpaH MPOEKTUPYIOTCSA BOIPOCHI, HA KOTOPBIE CTYECHTHI
OTBEYAIOT YCTHO).

. UTO 3HAYUT BO3BECTU YUCJIO B CTENEHB N?

. Kak nepeMHOXXUTH IBE CTENEHU C OJJMHAKOBBIMU OCHOBAHUSIMU?

. Kak paznenuts 1Be CTENeHH ¢ OJJMHAKOBBIMU OCHOBAaHUSIMU ?

. Kak BO3BeCTH CTENEHD B CTENEHB?

. Kak n3Bieup KOpeHb U3 CTENEeHN?

. Uemy paBHa HyJieBas CTENIEHb Yucia?

. Kak HaiiTu cTeneHp ¢ OTpUIATEIbHBIM ITOKa3aTeIeM?

9. Kak HaiiTu KOpeHb ¢ IPpOOHBIM TOKa3zaTenem?

10. ChopmynupyiTe OCHOBHOE CBOWCTBO KOPHSI.

11. Kak u3Bieub KOpeHb U3 MPOU3BEACHUSA?

12. Kak u3Bneyb KOpeHb U3 Jpoou?

13. Kak u3Bieub KOpEHb U3 CTECIICHU?

14. Kak npou3BOAUTCS YMHOKEHUE KOPHEWU OJMHAKOBOU CTENEHU?

15. Kak npou3BOAUTCS yMHOKEHUE KOPHEW pa3HbIX CTETICHEMN?

16. Kak mpou3BoauTCs A€IEHNE KOPHENW OJJMHAKOBOU CTEIIEHU?

17. Kak mpou3BOaUTCS BO3BEICHUE KOPHS B CTEIICHb?

2) IloBTOPUTH:

<N DN B~ W

CBOMCTBa KOpHEU CBOMCTBA CTEICHEN
%%=W am,an:am+n
na nb=nab am™:a® =am ™"
(%)k _ W (am)n = q™mn

m = "/ a® - b" = (ab)"
= Nk @ _ (o)



2) Teoperu4ecKkuii ITail.
[IpumeHeHne 3HaHUM TIPU PELLICHUU TUIIOBBIX 33aJaHU.
3aoanue 1. IlpuBecTu K 001IEMY [TOKA3ATEI0 KOPHHU:

V2uvs

3aoanue 2. COKpaTUTh NMOKA3aTENN KOPHEN U OJKOPEHHBIX BBIPAXKEHUI:

1/ 81x%y4

3aoanue 3. I3Bne4b KOPEHbD:
001-81, 327-8

3aoanue 4. BoIoaHUTE IEHCTBUL:

\/a3 -\/E:\/b‘1 Va3

3aoanue 5.Beruncnure:

1
—0,23-0,272 + 646 + 53:5* — 1,5°

3) IIpakTu4eckui 3TaI.

CamocTosTeENnbHOE NPUMEHEHUE YMEHUM U 3HAHUM.
[IpoBectu camocTosiTeNnbHy0 padoTy B 15 BapuaHTax.
IIpumepHOE conepkaHue OJJTHOIO BapUaHTA.

1. I[IpuBecTH K 001IEMY [TOKA3aTEI0 KOPHHU:

V2u i3

CokpaTuTh OKAa3aTeNN KOPHEN U MOJKOPEHHBIX BBIPAXKECHUM:

\/25x2y?2

3. N3B1ieUb KOPEHB:
25-64; na3n-a—bn

4. BeImoJIHUTE OEUCTBUS:

a) 0,5v24 — 3v/40 — (V150 + V54 — v/1000)
6)V7 —V33-V7++33

5. Beruucnure:

1
—0,5%:0,5% — 273+ 4%-472-0,2°




Bapuanr 1

1. Breryucanre:
a) 40,0625 — ¥-243;
6) 2% . 35 . 425 . 77,
2, Pacronomure 4ncJa B HOPAAKe VOLIBAHMA: #31: J10; %/666.
3. Ilocrpoiite rpaduk QyHROHM: Y = ~Yr -1 +3.
4. Beramemwre: 40712 — 4475,

5. Pemute ypaBHenue: ¥x? — x — 131 = —5.

6. Haiinure sHadeHue BEIPAKEHIH
Job? — ¥8b% - #256b% + 32401 mpu b= T - 3.

7. PemmuTe ypapnenune ¥81x + ¥248x2 = 6.

Bapwanr 2
1. Briurcaoure:
a) ¥-0,343 + §729;
6) ¥27 - 118 - /28 . 117,
2. Pacnonoskute Yucaa B NOPAZKe BO3PACTAHMA: %‘,@, ?{/E, §11.
3. Ilocrpoitte rpadur byHROUN: I = ~Yx +3 - 5.

4, Boiunenure: 6% - 21527,

8. Pentnte ypapHenne: §x2 — x — 44 = -2,

6. HaitouTe 3EaveHIe BOIPDAKEERA
V25a? + Y644 - ¥16a* - Y676 npm a = ¥26 - 3.

7. PemuTe ypaBuenne 3128x2 = 24 + ¥Y64x.

Ilpakmuueckana paboma Ne22:
IlonsiTHE CTENEHU ¢ PAMOHAJIBHBIM I0Ka3aTeJIeM, CBOMCTBA CTENeHeH

]_[em,: O606H_II/ITL U CUCTCMATHU3UPOBATL 3HAHUSA T10 TCMC «CBolicTBa KOpHCfI )51 CTCHCHCﬁ)); 3aKpCIIUTDh
YMCHUA UCII0JIb30BaTh MOJTYYCHHBIC 3HAHUSA I npe06pasoBaHI/Is[ anre6pa1/me01<1/1x BBIpa)KeHI/Iﬁ

Teopernyeckue cBeieHHsI K NPAKTUYECKON padore:

|3

r
Onpenenenue. Crenenpto uncna a>0 ¢ palMOHAIBHBIM TOKa3aTeNeM = #, TIE m - [eJN0oe YHUCIo, an -

Al m
HatypanbHoe ( n>1), HasbIBaeTCA YKMCIO 43 | T.€.
1

o =3, o™=



CBolicTBa CTeNeHH ¢ PAIMOHAJIBHBIM MOKa3aTeJIeM.
g0, b0, pel), Je i)

— +T,
1, 3F37=5",
" -
=Rl
2 =
2. (a" ) =a™;
2, {ab}iﬁ:aﬁbﬁ;
a3 3"
s (1) -2
2] 2]
3anaﬂvm AJIA CAMOCTOATEIBHOI'O PCILICHUSA
BapuaHT

3adanue 1. Berauciute

a 2) 7—4+/3 n 7+4+/3
& 7+4V3  7-43
&2—45;

€6—27)12,

3adanue 2. YIpoCTUTH BhIPAXKEHHUE U HAITH €Tro 3HAUYCHUE

71 52 25
a®+a’ a%c® +adc?
9 A
a® ypu a=2 asc? npu a=7, c=3
3adanue 3. I36aBUTHCS OT UPPAIIMOHATILHOCTH B 3HAMEHATEIIE
5, 6 c 5-V3 a®
a)z\/gs )\/E+\/E’ )5+\/—5)7\/— I[)‘B\/a
2 BapUAaHT
3adanue I. Beraucnuth
a —173)=(7—-17);
X 0 K
gggﬂ%@f%ﬂ&’ﬂi@ ﬁé{aameHne v Haiit ero snauennd —438+43+8E+438—453 .
5 1
b2 +b?
a) —5
b npu b=3
1z 27
a’c® +a°c®
0) 771
a®c® npu a=9, c=2

3adanue 3. I36aBUTHCS OT I/IppaHI/IOHaJ'IBHOCTI/I B 3HAMEHATEJe
7 . 5vVc 3—5
)55 O Tee VNG )T’I‘)V

Koumponwnwie eonpocwi:
1. YTo Ha3bIBAIOT CTENEHBIO C PAlMOHAIBLHBIM MTOKa3aTeIeM?
IlepeuncinTh CBOKWCTBA CTENEHU C PALlMOHAIBHBIM ITI0KA3aTEIIEM.



Ilpakmuueckasa padoma Ne23: CBoiicTBa CTeNEeHHbIX PYHKIMIA U UX rpadukn

ean: copMupoBaTh HABBIKM HCCIETOBAHNS CBOUCTB CTENEHHBIX (DYHKIIUN M TOCTPOCHUS UX
rpaduKoB B 3aBUCUMOCTH OT IOKazareis; popmupoBaTs komrnoHeHTbl OK 2. OpraHn3oBbIBaTh
COOCTBEHHYIO JESTEIHHOCTD, BEIOMPATH THUIIOBBIE METOJIBI U CIIOCOOBI BHITOTHEHUS
npodeccuoHaNbHBIX 3aj1a4, OLleHNBaTh uX 3 dexTuBHOCT U KauecTBO; OK 6. PaGorats B
KOJIJICKTHBE U B KOMaHe, 23(pPEeKTUBHO 00IIATHCS C KOJUIETaMHU, PyKOBOJICTBOM,
notpedurensimu; OKS. CamocTosTenbHO ONPEaeNaTh 3a/1a4 NPOPECCUOHAIBHOTO U
JMYHOCTHOTO PAa3BHUTHUs, 3aHUMATHCSI CaMO0Opa30BaHNEM, OCO3HAHHO TUIAHUPOBATH MOBHIIICHUE
KBTI (pUKAITIH

Teopernueckasi 4acThb:
Bbl yike 3HAKOMBI ¢ QYHKIMAMU y=X, y=x2,y=x>,y=1/x. Bce 9TH (yHKLHUY ABIAIOTCS YACTHBIMU
cyuasmu CTEIIEHHOW ®YHKIWY, Te hyHKIMu y =X P.
Ceoticmea cmenenHou (hyHKyuu 3aBUCAT OT CBOMCTB CTENEHU C JCHCTBUTEIbHBIM MTOKA3aTENIEM, a
B YaCTHOCTH OT TOTO, IPY KAKUX 3HAYCHUSAX X U P UMEET CMBICH CTENeHb X P.

Hasaiime ecnomuum onpeodenenue @yHKyuu,  0AOUM NOHAMUE CMENeHHOU @YHKyuu u
PAcCMOmMpUM ee C80lCcmea yepe3 mabauyy.
o @DYHKIMSA — 3TO COOTBETCTBUE MEXIY JBYMsS MHOXECTBAMH TaKOE€, 4YTO KaXIOMY

X .
9JIEMEHTY OJHOTO MHOKECTBA *~ CTaBUTCS B COOTBETCTBHE E€AMHCTBEHHBIN 3JIEMEHT IPYroro
e
MHOXkeCTBa ~ . llepBoe MHOXECTBO Ha3bIBAIOT 00JIACTHIO ompenejeHusi (PyHKIUH, a BTOPOE

. .D(y) , E(y)
— 00J1acTh10 3HAYeHuil pyHkuun. O603Ha4alOT: ~ = U ~ ¥ COOTBETCTBEHHO.

CrenenHnast pyHKuMsA — 3T0 PyHKIMS BUJA y = X P, r/1e p — 3a/1aHHOE JIEHCTBUTEIBHOE YHCIIO.
Heo0xoanmbie 0003HaAYCHHA:

X - obmactp onpesenieHnst GyHKIHH

Y - obnacth u3mMeHeHusT QPyHKIIUH

Xo- HyIU QyHKITUU

X T - 001acTh MOJOKUTENBHBIX 3HAUEHUH QYHKIIMN

X - o0macTp oTpHLIATEIBHBIX 3HAYCHUH (QYHKIIUH

max - TOYKd MakCUMyMa (QyHKIIUU

min - TOYKW MUHUMYMa QYHKIIUU

X T - obnacts BO3pacTaHus (QyHKIUU

X | - o6nacts yObIBaHUS QYHKLIUU

Haszeanue(P) I'pagpux Ceoticmea
e o0yacTh ompeseneHus — BCe
by NeHCTBUTENBHBIC YHCIA, T. €.

=[xt

MHOECTBO R;
¢  MHOYKECTBO 3HAYECHHUU —
HEOTPHULIATENbHBIE YNUCHA, T. €. Y =

P
n (4eTHoe 2N (dbyHKIMS YeTHas,
HaTypaJjbHOE YHCJIO) ° e  (yHKUUSA ABISIETCSA
yOBIBaroIIeH Ha MpoMexyTKe X < 0
napatona Y BO3pAcCTAONIeH Ha MPOMEXKYTKE

x> 0.




Ipumep ¢hynxyuu c nokasamenem

P
n-1 (HeyeTHOE
HATYpaJIbHOE YHUCJI0)

KybOuueckas napabona

e 00nacTh ornpeaeneHus —
MHO>ECTBO R

®  MHOXECTBO 3HAYEHUN —
MHOKeCTBO R;

e  (yHKIMS HEeUeTHas;

e  (yHKIMA ABNIAETCA
BO3pacCTaroIIe Ha BCEM
JNEUCTBUTEIHLHOM OCH.

Ipumep ¢ynxkyuu c nokasamenem

s 1

L4 0051aCcTh OIIPCACIICHUA —

y ] MHOXecTBO R, kpome x = 0;
®  MHOXECTBO 3HAYEHUN —
MOJIOKUTENIbHBIC yucia y > 0;
P e  (yHKIMS YeTHas;
nrien — e  (yHKIMA ABNISETCS
OTpHIATEIbHOE [0 x BO3pacTarollell Ha MPOMEXKYTKE X
HATYpaJIbHOE YHCJI0: < 0 u yObIBaroIIeH Ha TPOMEKYTKE
eunepboona IIpumep y = 1/x2.
y v . e 00jacTh OnpeaeseHuss —
\/"= MHOKeCTBO R, kpome x = 0;
P e  MHOXKECTBO 3HA4YCHUI —
,raen — i [ MHOeCTBO R, kpome y = 0;
HeqeTHoe o lJ . — e  (yHKIMS HeueTHas,
HaTypaJlbHoe N e  (yHKIMA ABIAETCA
U0 \ yOBIBaroIIEH Ha MPOMEXKYTKAX X <
\‘ Oux>0.
cunepbona IIpumep y = 1/x3.
y=x"(o >0, 0 — Henemxoe)
y Y| ®  MHOXECTBO 3HAUEHUN —
HEOTpHULATENIbHbIE uncna y > 0;
0<a<1 e  (dyHKIMS SBISETCS
— IOJIOXKUTENbHAS BO3pacTarollel Ha IPOMEXYTKE X
JIpo0b > 0.

e o0sacTh onpezeneHus —
HEOTpHIaTeNbHbIE yKcia X = 0;
TIpumep 'y = x*3,




e 00yacTh ompeneacHus —

y=x"(o <0, o0 — Hemesoe) MOJIOKUTEIIBHEIC Uncia X > 0;

vy e MHOXECTBO 3HAYCHUN —

— OTpHUIIaTeTbHAS MOJIOKUTENbHBIC uncaa y > 0;
IpoOb e  (yHKUMS SABISETCS

yOBbIBaIOLIei Ha MTPOMEKYTKE X >

Ilpumep.: y = x13,

ConocrtaBbTe rpaduuecKkoMy H300paKeHHUIO CTEIIEHHON (PYHKIINU €€ aHATTUTHYECKOE BhIPAKEHHUE.
Beemure otBet B peskume «T2» B popme nudpa-oyksa

AHAINTHYECKOE BBIPAKECHHE ['padmueckoe n3obpakenne creneHHuIX GyHKumit

9 y=(x-1)>° K




Ne sananus 1 2

OrMmeTKa 0 BbIIIOJTHEHHH

«+» - IPaBHIILHBIH OTBET

«-)» - HEBEPHBIil OTBET




Ilpakxmuueckas paboma Ne24: I1oka3arenbHas 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 GpyHkIMs, €€ cBoicTBa ¥ rpadmk

Onpenenenne: Oyuxkumio y=a', rae a>0, a#l, Ha3BIBAlOT NOKa3aTeIbHOI
(yHKUHEH.

Csoiicro 1: OOGnacth onpejaeneHus rnokasarenbHOi (yHKUMH y=a' —
MHOKeCTBO R BCex JeHCTBUTEIbHBIX YHCEL.

CaoiictBo 2: MHOXKECTBO 3HA4YeHWil TOKa3aTeiabHON (QyHKUMM y=a' -
MHOKECTBO MMOJIOKUTEIbHBIX YHCEI.

CaoiicrBo 3: IlokaszarenbHas yHKUMs y=a' SBJSETCS BO3pacTaowlieii, ecim
a>1, n yosiBaroweit, ecnu 0<a<l.

YA yma YA
b=a€ a>1 at=b
y=a*
_/ d J \0<\d<l
0 c x c 0 x
Puc. 1 Pue. 2

Tect mo Teme «IlokasarenbHas QpyHKIHUA»

Bapuanr 1.

3 MIPUBEJCHHBIX HUKE QYHKIMM YKaXHUTe MOKa3aTeIbHYIO:

1

a) y=x’ 6) y=~7" B) y=—5 r) y=e'
X

1)a) uB) 2)a)ub) 3)B)ur) 4)6)ur)
3 IPUBEJICHHBIX HI)KE YTBEPKACHUN BEpHBIMU SIBIISIOTCS:

a) GyHKIMST y =a" TPHUHUMAET B HEKOTOPOH Touke 3HaueHwue 0,
0) byHKIHSA y =@ SBISAETCS HEYECTHOM,
B) pyHKIus y =a” nepecekaet och Oy B Touke (0; 1);

r) GyHKIMS Y =@  TPUHUMAET TOJIBKO MOJO0KHUTEIbHbIC 3HAYCHHUS.



1)a)uB) 2)a)u6) 3)B)ur) 4)06)ur)
PH KaKuX 3HAYCHUSIX X BhIpaKeHUHU 4" Oonbie 1?7

x>0 x<0 x>1 x<1
0s1aCThIO 3HaYCHUH QYHKIMU Y =—3" SABISAETCA MHOXKECTBO
(0;+0) (—o0;0) [0;+0) (—o0;0]

3 IPUBEICHHBIX HUXKEC YTBep}KI[eHI/Iﬁ BCPHBIMU ABJIAKOTCA:

1
a) rpaduku GyHKUUH y=7"u y = - CUMMETPUYHBI OTHOCUTENIHO OCU OPAMHAT;
y . 1
0) rpaduku QyHKuit y=7"u y = - nepecekatoT ocbk Oy B Touke (0; 1);

. 1
B) rpaduku GyHKIMHA y=7"u y = - CUMMETPUYHBI OTHOCUTENEHO OCH a0CIUCC;
y . 1
r) rpaduku QyHKUu y=7"n y= - nepecekaroT ock Ox B Touke (1; 0).
1)a) uB) 2)a)u0) 3)B)ur) 4)0)ur)

3 MIPUBEJICHHBIX HIDKE QYHKIUN YKaXHUTE BO3PACTAIOIIHNE!

a) y=(%jx 0) y=8jx B) y=(4—\/7)x r) y=(§jx

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

OpEHb YpaBHEHUS \/; \/3—)“ =36 paBeH

x+1 9
BIPAKCHUC 261, TAC a - KOPCHb YPaBHCHUA (Ej = (;j , PaBHO

9 x“-21 23 19x-3
pOI/ISBeHeHHe KOpHeﬁ ypaBHeHHfI [E] = [3) paBHO

x—2 —
Beipaxenue 0,2+a, rie a - KOpeHb ypaBHEHHUSI A =g ! paBHO

2x-3
Pemennem HepaBeHCTBa (0,2) x-2 > 5 BIIAETCS MHOKECTBO

e ([

(_ o



2 +4x+6
1 x2—4x+3
PeH.[eHI/IeM HepaBeHCTBa § > 9 ABJISICTCSI MHOXKECTBO

(—o0; 1)U (3;+ o) (1,3) (—o0;—3)U (=L +0) (-3,-1)
2x
HanGoubIiee 1eoe 3HaYeHHE X, yI0BIeTBOpsiomee HepaBencTBy 107 < 0,1, paBHo

4) HE CYIIECTBYET

Hauwmensiiee niemnoe 3Ha4eHHe X, YA0BICTBOPSIOLIEE HEPABEHCTBY 2 < J2, paBHO

4) HE CYIIECTBYET

X

Hanmenblee 1ienoe 3HaueHUS X, YAOBJICTBOPAKOIICC HEPABCHCTBY 42<8 , PaBHO

4) He cyliecTByeT

Tect mo Teme «IlokasarenbHas QpyHKIUA»

Bapmuanr 2.

3 IIPUBCACHHBIX HHUKC (1)YHKI_II/II‘/'I YKaKUTC MMOKAa3aTCIIbHYIO:

1
a) y=x 6) y=115' My=s  Dy=-g
X
1) a) u B) 2)a)ub) 3)B)ur) 6)ur)
3 IPUBE/ICHHBIX HIKE YTBEPKICHUH BEPHBIMHU SIBIISIOTCSL:

a) GyHKIMS y =a" He NpUHUMAaeT 3HayeHue 0;
0) byHKIMA y =@ SBIAETCS YETHOMH;
B) pyHkius y =a” nepecekaet ock Oy B Touke (0; 1);
r) GyHKIMS Y =@  TPUHUMAET TOJIBKO HEOTPULIATEIbHbIC 3HAUCHHUSL.
1)a) uB) 2)a)u ) B)UT) 4)0)ur)
PH KaKuX 3HAUCHHSX X BBIPKEHUH 5 MeHbIue 17

x>0 x<0 x>1 x<1
0JIaCTBIO 3HAYCHUN PYHKIMH ) = —§ SIBJIIETCSA MHOXKECTBO

(0;+0) (—o0;0) [0;+0) (—o0;0]

3 IPUBEJICHHBIX HI)KE YTBEPKICHHUI BEPHBIMHU SBIISIFOTCS:

v X _ .
a) rpaduxu GyHKIM y=7"u y= T CUMMETPUYHBI OTHOCUTEIILHO OCH OpAMHAT;

1
0) rpaduku QyHKIMil y=7"u y= - He nepecekaroT och Ox;



B) rpaduku GpyHKIMA y=—7"1 y = - CUMMETPHUYHBI OTHOCUTENIFHO OCH abcIucc;
y . 1
r) rpaduku QyHKIUH y=7"u y= o nepecekaroT ocb Oy B pa3HbIX TOUKaX.
1)a)uB) 2)a)u0) 3)B)ur) 4)6)ur)

3 IPUBEACHHBIX HUKE (PYHKIUN yKaKUTE yObIBAIOIIHE:

Yo (%j 0= Gj B y=[4-V7)" r)y= (gj

1)a)uB) 2)a)u6) 3)B)ur) 4)06)ur)

OpCHb YPaBHCHHS \/5T \/3_)C = 225paBeH

pousBeneHue KopHel ypaBuenuss 36 —4-6" —12=0 paBna

29x%-8x 4 8x2-29x
ymMMa KopHeﬁ YpaBHCHUS (Z) = [zj paBHO

Cymma kopaeit ypaBaenus: 4 —10-2" +16=0 paBna

4
Bripakenue 0,3+a, Tae a - KOpeHb ypaBHeHus 347 = % , PaBHO

HanbonpInee 1eoe 3HaYEHNE X, yIOBIETBOPSIOIIee HepaBeHCTBY 2°° 2 < 2°*° | paBHO
4) HE CyIIECTBYET
KonnuecTBo HaTypanbHbIX PEIEHUH HEPABEHCTBA (0,2)2"2"3“3 > 0,04 paBHo
4) HeT oTBETA

1
Haumensliiee 1emnoe 3HaueHUE X, YAOBIETBOpsolIee HepaBeHcTBy 3-97" —12.3"-1<0,

paBHO

HauGonkIee 1eoe 3Ha4eHNE X, YAOBIETBOpsIolIee HepapeHCTBY 4-3° +37 <7
5 2
paBHO

4) HE CYIIECTBYET



Ilpakmuueckaa paboma Ne25,26:
MeTtoabl pelieHrs MoKa3aTebHbIX YPABHEHU U HEPABEHCTB

Heawb padotbi: OnpeencHne TUTIOB MOKA3aTeNbHBIX YPAaBHEHUHN M METO/IOB UX PEIICHUS,
pelleHre NpOoCTeNIINX MOKa3aTeIbHbIX HEPABEHCTB.

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

Crioco0bl penieHHs IOKa3aTeIbHbIX YPABHEHMIA.

pHpaBHUBAHHE ITOKA3aTEICH.

Cytb MeTOza:
1. Yenunuts ciaraemoe, coaeprkaliee NepeMeHHYIO;
2. IlpuBecTH CTETIEHH K OJTHOMY OCHOBAHUIO;
3. [IpupaBHATH OKa3aTENH;
4. PemnTh MOJy4€HHOE YPABHEHHUE;
5. 3anucaTh OTBET.
IIpumep:
3-27=0
3 =27
3?{ — 33;
xr=73
OtBer: x = 3.

BriHeceHne 061_1_161"0 MHOKHTEIS 32 CKOOKH.

[TpumeuaHue: BBIHOCUM 32 CKOOKM MHOXXMTEJb C MEHBILINM I1OKa3aTeeM.
ITpumep:
3?6' _ 3?6'+3 — _?8
"f1-3)=-78,
(1

x =
OtBer: x =1

BeJIEHHE HOBOU MepeMEHHOMI

Kak nmpaBuiio, ypaBHeHUs, pelaeMble 3TUM CII0OCOO0M, CBOJIATCS K KBAIPATHBIM.
HpI/IMep: 42?{ _5 4?‘. +4 = D
Ilycts 4* = a Torna ypaBHEHHE MOXKHO 3alMCaTh B BUJIE:

a®—Sa+4=0
D=25-16=9,
@, = 2t =4,
2
5-3

= =1
CnenaeM oOpaTHYIO 3aMEHY:
=4mwm4 =1,

x=1 mmx=0



Omer: x=1umx=0

CITIOJI30BAHHMEC OJHOPOJHOCTH

Flxy _ p Filx)
OnpedeﬂeHue IlokazaTennHBIC YpaBHCHUA BUJa o =5 Ha3bIBAXOTCA OAHOPOAHBIMHU.

Cytb MeTona: Tak kak noka3aTtenbHas QyHKIMS HE MOXKET MPUHUMATh 3HAYCHHE, PABHOE HYIIIO,
1 00€ YacTH ypaBHEHHS MOXHO JIJIUTh HA OJHO U TO )K€ HE paBHOE HYJIIO YHUCIIO, Pa3aeauM 00e
q

hlpumep: 2% = 3"

x .
Paznennm o6e yactu ypapuerus na > * U

br g
—=—:

33

x

2

1 =1

3
a
F= 0
QTBeT: x=0.
aneue.nelme. TloxazamenvbHbim HEPABEHCTBOM HA3bIBACTCSl HEPABEHCTBO, B KOTOPOM

HepeMeHHaﬂ COACPIKUTCA B ITOKA3ATCJIC CTCIICHU.
Pemenue l'[pOCTﬁﬁIlIHX MOKa3aTEeJbHbIX HEPABECHCTB.

2

u
11
Pak ke, Kak ¥ IPU PELICHUU NPOCTEHIINX [T0Ka3aTeIbHbIX YPaBHEHUH, OJJMHAKOBbIE OCHOBAHUS
OTEIICHEH OIYCKAIOT, HO 3HAK HOBOTO HEPABCHCTBA COXPAHSIIOT, ec/iM (QyHKIUS y=a* ABIIeTCs
IélospaCTa}omeﬁ (a>1); ecaim xe noka3zarenbHas QyHKuusA y=a* yosiBaeT (0<a<l), To
%Hal( HOBOT'O HEPaBEHCTBA MEHSIIOT HA MPOTHBOIOJIOKHBIN:

x<y, ecii a>1; 3HaK cOXpaHeH, Tak Kak (DyHKIIMs BO3pACTAET;
i x>y, ecin 0<a<1; pyHKIMs yObIBaeT — 3HAK IIOMEHSLICS,
P X>Y, ecii a>1; 3HaK COXpaHEeH, Tak KaK (PyHKIHs BO3pacTaeT
# X<y, ecnu 0<a<l; pyHKUUS yOBIBAaeT — 3HAK MOMEHSIICS.

E PUMCPEIL.

Remursh HepaBeHCTBO:

HlpencraBum npaByro uacTs B Buae: 0,25=(*/100)=('/2)=4"";

#pynxuusa y=4* ¢ ocHoBanueM 4>1 Bo3pacTaer Ha R, mo3TOMY, OMycKas OCHOBAaHHS CTeTeHei,
BHAK HEPABEHCTBA COXPAHHM:

T

a— 2x<-1-5;

10- 2x<-6 |:(-2) IpH JeneHun 06erX yacTeil HepaBeHCTBA Ha OTPHIIATEIBHOE YHCIIO0, 3HAK
HEPABEHCTBA MEHSIOT HA POTHUBOIIONOKHBIIL:

c

UL
% >
OtBer: (3; +o0).
&+1>(),16.
Kpencrasum uncno 0,16 B Bune crenenu yncna 0,4. [Tomydaem:
&+1>0, 42; ocHoBanue creneneii — uncno 0,4 — ynosneTBopseT yciaosuio: 0<0,4<1; mostomy,

SIycKaeM OCHOBAHHS CTCIIEHEH, a 3HAK HEPABEHCTBA MEHSAEM Ha MTPOTHBOIIOIOKHBIH:
2x+1<L2;

= e o 4

T


http://www.mathematics-repetition.com/wp-content/uploads/2012/06/pokaz-ner13.jpg

2x<2-1;

ANAEARRRARARAL

2x<1 |:2
x<0,5.

Otgert: (-; 0,5].

0,5

BAPUAHT -1

1. Pemunte ypaBHeHUS:
a

0" =49

BX L g

r. 25* =7%

2. Peminre ypaBHeHue:

geo!
9 4
Hajiigure cyMMy KOpHel YpaBHEHUs

5% —6-5"+5=0

4. Peiure HepaBeHCTBA:
a. 2" >4

6. 0,6 >0,6°

Haiinnre HanoOoIbIICE LIEJTI0€
pellieHue HepaBeHCTBA

2" +22 <20

BAPUAHT — 11

1. Pemiure ypaBHeHHs:
a

@ =8

B 52T =36

r. 27° =5%
2. Peminre ypaBHeHue:

i X+2 ~ § 6
25 2
Haiigure cyMMy KOpHell ypaBHeHUs

2% ~-6-2"+8=0

4. Pemiure HepaBeHCTBA:
a. 2" <8

6. 0,3 <03

HajiguTe HauMeHbIIIee 1eJi0e
pellieHue HEPABEHCTBA

3 4+32 30



http://www.mathematics-repetition.com/wp-content/uploads/2012/06/pokaz-ner2.jpg

BAPUAHT — 111

1. Pemunte ypaBHeHUS:

a
6 =81

B2 p=T
I. 36X — 86X

2. Pemiure ypaBHeHMe:

RG]

7 9

3. Haiinute cymmy KOpHei
YPABHEHUS

3% -6-3-27=0

4. Peminte HepaBeHCTBA:
a. 3" <81

0. 0,52 >0,5"*

5. Hajigute HanOoJILIIICE 1IEJI0€
pellieHre HePaBeHCTBA

4% + 42 <68

BAPUAHT - IV

1. Pemiure ypaBHeHHs:

a
@ =64

B 35321

r. 4 =9*

2. Pemuure ypaBHeHue:

)

2 25

3. Haiinute cymmy KOpHeH
YPaBHeHMUsI

2.2 -5.2+2=0

4. Peminre HepaBeHCTBA:
a. 5" >125

0. 0,7 <0,7°

HajiguTe HauMeHbIIIee 1eJi0e
pellieHre HEPABEHCTBA

5* +5%% > 650

BAPUAHT -V
1. Pemnre ypaBHeHHs:
a
d4—r=4,
B+5=1,
w2—5xr=2512,
2 PrémridrypA@Henne:
2-3xr=125
3. Haiinure cyMMy KOpHeil ypaBHeHUs!
10-32*—-7-3*-3=0
4. Peinte HEPaBeHCTBA:
a. 4* < 64
6.0,32*"1 < 0,3%*+*
5. Haiigute HauboJib111ee 1eJI0e pelieHne
HepaBeHCTBa
6% + 612 < 222

BAPHUAHT - VI
1. Peminte ypaBHeHHsA:
a
a+11=9,
p—4=1,;
nwl—9x+22=49,
2 PeuvciérypABHeHNE:
2-3x=136
3. Haiinure cyMMy KOpHeil ypaBHEHHUS
9% —-6-3*-27=0
Pemnre HepaBeHCTBA:
a. 3% > 27
6.0,9%* < 0,93
5. Haiiiute HaMMeHbI1Iee 1[eJIoe peleHne
HEepaBeHCTBa
8% +8**1 < 72

Ilpakmuueckasa padoma Ne27:




[Tonsitue norapudma. OcHOBHOE NTOTapUPMUIECKOE TOKIECTBO

Iens:

3HaTh ompeeneHue Jorapudma, OCHOBHOE JIorapu(hMUIECKOE TOKIECTBO.

YMeTb BBIUUCIATH JIorapu(Mbl, IPUMEHITh OCHOBHOE JIOTapu(hMUIECKOE TOKIECTBO.

YMeTh BBHIUUCIIATH 3HAUEHUS BBIPAKCHUN COIEPIKALINX JIOTapu(Mbl, coaepxaliie Jorapupmesl,
J0rapu(pMHpPOBATh U OTEHLIUPOBATh BBIPAKECHUS.

JIOZﬂpMd)MOM uucna b no ocnoeanus a Ha3pIBacTCI TaKOU IOKa3aTelb CTCIICHU, B KOTOPYIO
Haa0 BO3BCCTH 4YHUCIIO a, YTOOKI MOJIYYUTDb YUCIIO b.

log,b=x <=> a* = Db, rneb>0; a>0; a*+1

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

log3% =-2; T.K.3_2:%
log5§ =-1; T.K.S‘lzg
log, i = —3; T.K.4'3=6—14

1
log, V2 = g; T.K.23 =32

log,s 5 =%; TK 252 = V25=75

1
log;s3 3 = s

1

ldgyeByc® orpeneneHreM MOXKHO 3alICaTh OCHOBHOE JIOrapu(MUUECKOE TOXKIECTBO:

alogab = b

Hpumepui: 5'°853 = 3

810g85 =5

3-2logs5 — (310g3 5)‘2 —g2_1
25

23+log27 — 23 . 210g27 =8-7=56

IIpakTH4yeckas yacThb:

Bapuant Nel
I yposenw
Berancrnure: a) log, 27—1og, 7, 0)
7
21+Iog2 5

B) Ig4+2Ig5, )
IogS\/ﬁ—long/E

Haitme x: log, x=4log,a+7log, b

IT
1 yposero

Bapuant Ne2
1 yposenw

prauciure: a) 1og,16-10g, 9, 6) 5/09; 9-1

3
B) log,9+2log, 2, r) 1g+/30—1g+/3
aiimure x: log, X=2log. a—3log, b

p

1bypoeens
JBIYUCITUTE:




log, 24— ; log, 72

1. Beruucnauts: a) 1
Iogsl8—§ log, 72

6) 36|0965 +101—|92 _8|ng3
2. Haiigure x:
1 2 1
log, x:zlog2 a—glog2 b—glog2 b+5

3. [Iponorapudmupyiite BEIpOXKEHHE 10
e?.3fe.m

4. YrpocTuTe BhIpakeHUE:

OCHOBAQHHIO €.

Iog714—llog756
) 2 )
IogBSO—EIOQGISO

11
(814_2“)99 4 + 25'091258J : 49'097 ’

amuTe x: log, X _3-2 log, a—8log, b+ leog1 c
e 3 3 3 3
posorapuMUpPyNUTE BEIPAKEHHUE TI0

c2Je
243ab’

OCHOBAHUIO 3:

Igb + 2__ log, b? poCTHTE BhIpaKkeHue: a” %’ — (loga ab)2
lga log,b

Bapuant Ne3 Bapuant Ne4
I yposenw I yposenw

prauciure: a) 1og,16+10g,; 5, 6)
5

122—Ioglz4
B) 3lg2+3Ig5, r)

log, +/80 — log, +/10

. 2 1
aiure x: log, x=—log, a—=log, b
2 3 2 2 3
poJiorapugMupynTe 1Mo OCHOBAHHIO 2

48a/a -b*
II yposenw

log, 4+ log, /10
log, 20+3log, 2

BIYUCIIUTE: )

1Iog2 3-3logg 5

6) 16"'°%° + 42
aiaure x: log, x = %Iog3 a—4+5log,b —%Iog3 b
3. Ilponorapudmupyiite BoIpaKeHHE 10

0,04-3a%
2

OCHOBAHHIO J:

ac

MMPOCTUTC BBIPAKCHHUC:
log; a

_ |Ogb a2 _ gS
log, b log,b

1-logy 18
prunciute: a) 10g, 64+10g, 3, 6) [gj

3

B) %Ig4+|gS, r) log, /90 — log, ~10

. 1 4
aiiaure x: log, x=~log,a——log, b
s 4 5 173
posiorapudmMupyiTe 1mo ocHoBanuto 10:
0,001b?

3

a
11 yposens
BIYUCIIUTE:
1
3log, 2—-=1log, 64
a) g7 2 g7 , 6)
4log. 2+ % log, 27
1
72. (492'“’79'“’76 + 5'09&4}

alINTe X! |og,, X = glog25 a+ % —5log,;b +4log,s b

3. IIponorapudmupyiite Mo OCHOBAHHIO 4:
e
256-(p2q)

21
npoctute Boipakenue: log, b* —b o0y Va

Ilpakmuueckaa paooma Ne28,29:
CgoiicTBa morapudpmuueckoit GpyHKIHMHU U €€ Tpaduk




Less: 3HaTh cBoOiicTBA JIorapudma, GopMyIibl mepexoaa K IpyroMmy OCHOBAHUIO.
YMmeTh npeoOpa3oBbIBATh BHIPAKEHUS, COAEpIKAIINE JIOrapu(pMBbI.

Hnst a>0; a#l; x>0, y>0 cnpaBenauBbl (HOPMYJIbI:
al=0
aa=1
axy=logax+ogay
axy=logax—logay
axp=plogax
apx=1p

Ilpumepur: a) logg 18 + logg 2 = logg 18- 2 = logg 36 = 2
6) log,,48 +log;, 4 =log,48 +4 =log,;, 12 =1
8) logs 3+ = Tlogs3 =2
r) logs V3 — %log512 +logs50 = logs v/3 — logsV12 + logs50 =
= logs ¥3:50
V12

Jecamuunvie u HamypanvHule 102apughmol.
Jlecamuunsie nozapughm dricia Ha3bIBAIOT JIOTapr(M 3TOTO YKcia no ocHoBanuto 10.

= logs25 =2

ik lgb == loglob

D

u 1g0,00001 = -5,

0,01 =-2

Elamypanvnvim n0o2apughmom drciia Ha3bIBAETCS JOTAPU(PM 3TOrO YKCIIA 10 OCHOBAHUIO €, TJIE
P =2,71828

bl

E

Hpumepbrs ARB2. 242,

In-= -1,
e

Inb = log, b

hﬂﬂ HaTypaJIbHBIX U JCCATUYHBIX J'IOl"apI/I(bMOB COCTAaBJICHHI CIICIINAJIbHBIC Ta6J'II/IIII)I.
EBRAFICIICHUS IPYTUX JTOTapU(PMOB UCTIONB3YIOT hopmyy nepexooa K 0pyzomy 0CHOBAHUIO

)

log. b
1 —
08a b log. a
1 b = !
08a b = log, a

I s 23T X

[EnN



OyHKIUSA — 3TO OTOOpaKeHHE, MPHU KOTOPOM KaKJOMY 3HAUEHHUIO OJHOTO MHOXKECTBA
CTaBUTCS B COOTBETCTBHE €IMHCTBEHHOM 3HaUeHUE BTOPOro MHOXKecTBa. IIpuueM oToOpaxkeHue
Ha3bIBAETCSI 0OPATUMBIM €CJIM KaXKIOMY 3JIEMEHTY BTOPOTO MHO>KECTBA CTABUTCSI B COOTBETCTBUE
€IMHCTBEHHBII 3J€MEHT IepBOro MHoOXecTBa. ['paduku .
0o0paTHBIX  (YHKUMH CHMMETPUYHBI  OTHOCHUTEIHHO y
NpAMON y=x

Bcnomnume  onpedenenue u ceoiicmea nokazamenvHol y

y

K y=log.x

y ,

u Puc 1. I'paduku nmokazarenpHOM
u u siorapubmMudeckoin GyHKIUH.
y OyHKIHIO, 3aIaHHYI0 HOPMYIIOH

f v=log.x, 20e a>0, a+ 1

, Ha3bIBAIOT J102APUPMUYECKOTl h)yHKYUell C OCHOBAHUEM d.

s noxazamenvHol yHKyuu cyujecmsyem 08a Ciyyas nogedeHuss Qyukyuu: npu a>1 wu npu

p
u

a y=log.x, 20e a>1 y=log.x, 20e 0<a<l
al pagpuk ynkyuu I'pajpux ¢ynxyuu

- 4
1 y y

Ota (pyHKIMA Bo3pacTaeT Ha B VCJIOBOM IPSIMOM TP
@>1 u yowsiBaet npu Ofa<I X0 ecThb npu 11000M 3HAYCHUH
@ ToKazareinbHas  (QyHKIMS  MOHOTOHHA. |[[lns Hee

v

CylecTByeT oOpaTHasy (JyHKITHSI. MOoXkHO e ITOCTPOUTb. X
Puc 1). ®ynkius, oOpaTHas MoOKa3aTeNbHON HA3BIBAETCS
morapupMUIECKO.
Ceoticmea ¢pynkyuu Ceoilicmea pynkyuu
( (
Obnacnto onpedenenus — 3mo 8ce f
oonycmymole 3HA4eHUs. He3A8UCUMO20 )
nepemerHozo X. t€)=R
(H=R. (
Obnacrb 3Hauenuss — 5mo 6ce 0onycmumovle 0
3HAYEHUs 3a68UCUMO20 NEPEMEHHO20 ). ObIBaeT Ha BCceil 00IacTu
é3pacTaeT Ha Bcell 00IacTH oTIpeneIeHus
osIpeIeTIeHUs Qyukyusd Hazvlgaemcs yovigarowell, eciu

Dynukyusl Hazvieaemcs eospacmarowiell, eciu | OOnbUIeMY 3HAYEHUIO ap2yMeHma CIMA8Umcs 8
OonbUeMy 3HAUEHUIO ap2YyMeHma CMABUMCcs 8 | COomeemcmaue OoIvuLee 3Ha4eHul QYHKYUU.
coomeemcmaue 6obulee 3Ha4eHuu QyHKYuu. poxoauT uepes Touky (1;0)

poxoaut uepe3 Touky (1;0)




Ilpumep 1. Iloctpouts rpaduk Gynkiuu y=Ilogs(x-2). Onucarh e CBOMCTBA.
Pewenue. I'padux rickomolt GyHKITMM monydaercs u3 rpaduka GyHkuun y=[ogsx.
X /3 3 9
y -1 1 2
I'padux pynkuuum y=Ilogs(x-2) momyyaem u3 NpeabIAyIIEro cABUroM 1o ocu OX Ha 2
equHuUIEl Bparo (Puc 11).

A
y

e S T R

Puc 11. I'padux bynkuu y=logs(x-2).

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

Pewenue. O0nacTeo onpeneneHus JorapuGMuaeckoil GyHKINH SBIISICTCS MHOKECTBO
MOJIOKHUTEIIBHBIX JCUCTBUTEIbHBIX Yrcel. [loaToMy apryMeHT jJorapudma T0HKEeH
OBITH cTporo Oombie HYJS. 6-2x>0; -2x>-6; x<3.

Omeem xe(—0; 3)

Hpumep 3. Haitnure o6nacts onpenenenus QyHKIuy y=logs(x’-3x-4).

Pewenue. x°-3x-4>0.
Pewum nepagencmeo mMemooom uHmepeanos: f(x)= x’-3x-4
X°-3x-4=0; x;=-1; x2=4

x€(—o0; =1 U (4; +) O O >
Omeem: xe(—o0; —1 U (4; +0) -1 4
Ilpumep 3. Haiinute obnacte onpenenenus GyHkuuu y = logg szxfoic
Pewenue. 22> > 0
5-10x
2x+6
Pemnm HepaBEeHCTBO METOJIOM HHTEPBANIOB. f(X)= = Tox
x+65—10x=0; [Ipo6s paBHa 0 korja yucnutens paseH 0, a 3HaMeHaTenb He paBeH 0.
T.O. nonyunm:
= O O >
3e(—3;0,5)
Omeem: x¢(#*B;D,5)
+*
0
IIpakTHUyeckast 4acTh:
Ne 1 Bapuant Ne 2 BapuaHT

ocTpoiite rpaduK GyHKINU:




a |[= a |y=log,(x+1)
[na3(r—2)
b |= b |y=Ilogix+2
—log12x 3
BLINOJIHUTE AeliCTBHA:
Ceoticmea nocapughmos Bapuanm 1
A) Bvibepume nHomep npasuibHo2o omeema
Al | Beuucnure: log,,160+log,,0,9 2;
A2 Yupocrure: 5210953 %0;
A3 | Beruucnure: 2log,12—log,18 S
A4 Haitnure 3HaueHne BbIpaXEHUS: ﬂi
log, (16c), ecim log,c=0,5 2,25;
A5 y log. 144 375,
Haiigute 3HaueHue BeIpaXKeHUS: -8 .
log 12 6;
A6 | Bpruuciure: log, (24m), eciu log,3m=38,5 lagsiZ -8,
A7 Haitnure 3HaueHne BbIpaXEHUS: 3’;5_’5’
log; §, ecn log, 5=0,2 7
C -3
A8 4 logy 55 5;
Beruuciure 81|0g3£ — 2% c o

Ceoiticmea nozapughmos Bapuanm 2

A) Bvibepume nomep npasunvno2o omeema

Al | Boraucnure: log;,110+log,,1,1 L
A2 Yupocrure: 6 10%2 :38;
A3 | Beruucnure: 1og,96 —5log,2 3,5’
A4 Haiinure 3HaueHne BbIpaKeHUS: ]-'rO, 5;
16 3,5
log, —, ecmu log, ¢ =-0,5
c 15
A5 . log,169 6;
Haiinure 3HaueHHE BRIpaKEHHUS: ————— +5 i
log,13 7
A6 | Bpruucmure: log, (lOOm), ecmu log.4m=7,5 ©g;13+5;
A7 Haitnure 3HaueHue BoIpaXeHus: 3;4’ 5
216 1
log; —, eciu log, 6=0,5 ’
Cc -2
A8 log, 3 logy 52 6,5
Boruucnure 64 09,37 -5 Ho2 c.
Ceoticmea nozapugpmos Bapuanm 3
A) Bvibepume Homep npasuibHo2o omeema
Al Beruncnue: 1g125+1g8 1

A2 Vupocrure: 6> 1%

-

3
A3 | Beraucnure: 2log,;3+ 109,525 8
7




A4 Haitaure 3HaueHue BbIpaXeHUs: 1
log, (27¢), eciu log,c=0,5 1,75;
A5 y log,121 P175;
Haiinyure 3HaYeHNE BBIpAKCHUS: +5 )
log,11 6;
A6 Bsrauciure: 109, (50m), aneeé log, 2m=4,5 bg,11+5;
A7 Haitaure 3HaueHue BbIpaxeHUs: QSF?’
16 _6:
log, i~ ecmn log. 4=0,1 3
A8 log, 5 5;
3 2z
Beranciaute 64‘092\/§ +3 3 25,2;

Ceoiicmea nozapughmos

Bapuanm 4

A) Bvibepume nomep npasunbHo2o omeema

Al | Boraucnure: log,810—1log,10 L
A2 Yupocrure: 331002 @f
A3 Boruncnure: log,12,5—-10g.0,1 kil
A4 Halinute 3HaueHWe BBIPAXKEHUS: 1; 2
109, (60), eciu log,c=0,2 15;
A5 y log, 64 5,6,
Haiinure 3HaueHue BbIpakeHus: -2 i
log, 4 8,
A6 | Bpraucnure: log, (54m), ecaun log,2m=1,5 k5
A7 Haiinure 3HaueHNe BBIpaXKCHU: -5 S
4 .
log, —9, ecmn log, 7=0,25 L
c 2
A8 . log, 5 4,8;
Beruucnure 216'096\@ +7 7 -3
Omnpeaesnre MHOKECTBO 3HAYeHUH QyHKIMU:
Al Onpenenure MHOKECTBO 3HAUEHUN (QYHKIUU: [5; +oo);
y =11—log, (x+5) (—o0: +0):
A2 Omnpenenure MHOKECTBO 3HAUEHUN QYHKIUU: (1; 9];
4
y— (~i2];
log, (x* +
A3 Omnpenennte MHOXKECTBO 3HAUYCHUN (YHKIINU: [12; +oo);
y =12+log, (4-x) (—o:12):
A4 Omnpenennre MHOKECTBO 3HAYCHUN (DYHKITUU: (_oo; 0);
y =log, (|X|+1) (—o00;+00);
A5 Omnpenenute MHOKECTBO 3HAUEHUN QYHKIUU: [0; +oo);
y = log; (x+3) (<o 400).
A6 Omnpenenute MHOXKECTBO 3HAUYCHUN (DYHKLINU: (0;1];
yﬁ i)
9 (13];




Omnpeznennte MHOXKECTBO 3HAUYCHUN (DYHKIIUU: (_oo; +oo);

y= Iogz(x2 +16) (~o0;4];

Ilpakmuueckaa paooma Ne30,31:

MeTtonb! pelieHus JorapuMUUECKIX YpaBHEHUN
Llens padomoi: 3aKpenuTh 3HAHUA U YMEHHUS CTYICHTOB IIPH PEILICHUH JOTapH(PMHUUECKIX

YpaBHEHUM U HEPABEHCTB.

TeopTHueckas 4acTh

Jozapugpmuueckoe ypasnenue
Onpenenenue: Jlorapupmudeckoe ypaBHEHHE — 3TO YpaBHEHUE BUA

YPaBHeHI/IH, CBOAMIIHUECA K 3TOMY BUAY, TAKIKC HA3bIBAKOTCA JIOFapI/I(I)MI/I‘IeCKI/IMI/I YPpaBHCHUSAMH.

[Tpumep.
PewnMm ypaBHeHue

Pemenue.

1) ITockonpKy OCHOBaHMS B JIEBOM U MPABOM YacTSIX OJMHAKOBbIE (paBHBI 3), TO Mbl MOXKEM
0CBOOOJNTHCS OT 3HAKOB JIOrapu(pMOB U MPUITH K ypaBHEHHUIO Bua b(x) = c(x):
—3x-5=7-2x

2) IlpupaBHUBaeM ypaBHEHHE K HYJIIO U [10JIy4aeM KBaJIpaTHOE ypaBHEHHUE:
—-3x-5-7+2x=0

-x—12=0

PemmB kBazmpatHOE ypaBHEHHE, HAXOIMM €TI0 KOPHH:

3) IlpoBepum, pu KaKOM M3 IBYX 3HAUEHUI X ypaBHEHHE UMEET CMBICII.

Ms1 yxe 3HaeM, 4To JiorapuMuyeckoe ypaBHEHHE paBHOCHIIBHO YpaBHEHHIO H(X) = c(x) TOJIBKO
B TOM ciy4ae, ecinu b(x) > 0 u c(x) > 0. CnenoBaTenbHO, BHIBOJAUM JIBa HEPABEHCTBA!
—-3x-5>0,

7—-2x>0.

ITpu x = 4 HepaBeHCTBa HEBEPHBI. 3HAUUT, 4 HE SIBISIETCS PELIEHUEM YPaBHEHUS.

IIpu x = -3 HepaBEeHCTBA BEPHBI. 3HAYUT, 3 ABJISIETCS €IMHCTBEHHBIM PEIICHUEM YPABHEHUS.

Jozapugpmuueckoe nepaserncmeo
Onpenesenue: Jlorapudpmuueckoe HEpaBEHCTBO — 3TO HEPABEHCTBO BUJIA

HepaBeHcTBa, CBOASIINECS K STOMY BHTY, TAK)KE HA3BIBAIOTCS JIOTapU(YMUICCKUMHU
HEPaBEHCTBAMU.

Ecmu b(x) > 0 u c(x) > 0, TO:

- ipu a > 1 norapudpmMmuueckoe HepaBeHCTBO loga h(x) > loga c(x) paBHOCHIIBLHO

HEpaBEeHCTBY b(x) > c(x);

- ipu 0 < a < 1 norapudmMuyeckoe HepaBeHCTBO loga b(x) > loga c(x) paBHOCHIHBHO HEPABEHCTBY
C TIPOTHBOIIOJIOKHBIM CMBICTIOM b(x) < ¢(x)

[Tpumep.
Pemum HepaBencTBo logs (2x — 4) > logs (14 —x).




Pemenue.

1) B ocHoBaHMM 00euX yacTell ypaBHEHHS — OJHO U TO )K€ YKCII0 3. 3HAYUT, MOKEM yOpaTh
3Hauku Jorapudmos. [lockonbky 3 Gombime 1, To, caemys mpaBUIy, COCTABISEM CISAYIONIYIO
CUCTEMY HEpaBEHCTB:

2x—-4>0

14-x>0

2x—4>14—x.

Pemraem HepaBeHCTBA U MOTy4YaeM:

x>2

x<14

x>6

Mps1 BUuM, 4TO X OOJIbIIIE HE TOJBKO JIBYX, HO U OOJIbIlE MIECTU. 3HAYUT, HEPABEHCTBO X > 2 MbI
y’Ke B pacueT He OepeMm: eciu x Oosibliie 6, TO ectecTBeHHO U Oonbiie 2. Takum oOpazom, s
HAC Ba)KHBI TOJIBKO JIBa APYTUX HEPABEHCTBA, COITIACHO KOTOPHIM X OoJblie 6, HO MeHbIe 14.
OTO0 U €CTh OTBET:

TekcT 3axanuga:

Pemenue JiorapupmMuyecKuX ypaBHeHU U HEPABEHCTB Bapuanr 1
A) Bvibepume nomep npasunvnoz2o omeema
Al | Ecin X, - kopensb ypasnenus 10g, (6 —2x)=-2, 1o 3Hauenne 5
BBIDKEHHUS X, +5 PaBHO 2_0;
A2 | Hajinnre nponssenenne kopreii ypasrernns 197 X—lgx®+2=0 {099;
A3 Haiizute cymmy kopueii ypasrerns 100 (2X2 + 3) —1=log; X :1_) él’
A4 Haiinute Haubosnpliee 1esioe peleHre HepaBeHCTBa -1
Iog%(x—z)slog%(G—x) i
AS Haiinure o6nacts onpeaeICHUs q)yHKuI/II/I Y=, /|Og(l2 (4 - X) [3 +°°)’
B) Hanuwume npasunvhbviii omeem (—o0; 3[;

BI Haiinnre npousBeneHne KOpHEN ypaBHEHMS |ng 2+ Iong 2=1log 22
B2 | yxawure xommaectso LeNbIX pelicHuii HepapercTea: 100 % (3)( —1) —2>log, x
B3 . _ | x+2y=5,
CIH X, ¥ Y, - PCLICHUE CHCTEMbI YpPaBHEHHI TO 3HAYCHHE BBHIPAKCHUS
% # Yoo P P log, (y+X)=0,5; P
2%, + Y, paBHO
C) Ilpuseoume noopobHoe peutenue 0aHH020 3A0AHUSL.
¢ [Ipyu Kakux 3HAYEHHAX MapameTpa & ypasHenue 100, (2a - 9X) = X He UMeeT KOpHE#
Pemienue JiorapupmMmuyecKux ypaBHeHU 1 HEPABEHCTB Bapuanr 2
A) Bvibepume Homep npasuivHo2o omeema
Al | Ecin X, - xopensb ypasHenus 109, ,¢ (3x+1) = -2, To 3nauenne 45;
BBIDAKEHHUS X, — X, PaBHO 30
A2 Haiinure npousseneHne KOpHEN ypaBHEHUS |92 X— Ig x*-3=0 ];090
UL,
A3 Haiture cymmy kopueii ypasaenus 100, (4X2 + 32) —2=log, x ) ;




A4 Haiinute Hanbosplee 11e1oe pelieHne HepaBeHCTRA T

Iogy (2x+13) < Iogy (5+3x) 6;

71' r _6:
A5 Haiimure o6nacts onpenenesus GyHKIun Y =/ |Og0'5 (X +1) (_1; O);
B) Hanuwume npasunvviii omeem (=L07;
BI | Hainure nanvensumit xopens pasrenns 109, X410, X =1
B2 | yiaure kommuectso nensix pewenuii nepasencrea 109 % (X -0, 5) —log, (X —1) >1
B3 Ecnu X, 1 Y, - pelieHne CHCTeMbI ypaBHEHHI {SX rey=s TO 3HAUECHHUE BBHIPAKEHHS
0 log, (y+x)=0,25;
2%, + Y, PaBHO
C) Ilpuseoume noopobHoe peuienue 0aHHO20 3A0AHUSL.

C

IIpu Kakux 3HAYEHMSAX mapameTpa & ypasHenue 109, (a3 + 4" ) —X=0 wumeer posHo 18Ba

KOPHSI

Ilpaxkmuueckaa paooma Ne32:
[lepexon Kk HOBOMY OCHOBaHUIO Jlorapugpma

HCJ’IBZ 3aKPCIINTh 3HAHUA U YMCHUA CTYACHTOB I10 OCBOCHUIO J'IOFapI/ICI)MOB u

CBOMCTB JIorapu(PpMuUUecKoil GyHKIHUU.
TeopeTuyeckas 4acTh:

OcHoBHbBIE cBOliCTBA JJ0orapu(pmMoB
Cio:xeHHe U BIYMTAHUE Jorapugmos
1. logs x + log, y =loga (x - y);

2. logs x —loga y =loga (x : y).

BoiHeceHHe noka3arTelisi CTeneHn U3 Jorapugma

log xx = % log, x

log x x™ = L—l log, x

log. x
log,x =
ITepexon K HOBOMY OCHOBAHHUIO log. a
1
log,x =
B 4aCcTHOCTH, €CJIH MOJIOKUTD C = X, MOJY4HM: log, a

OcHoBHOe JIoTapu(MHYECKOe TOKIECTBO

YacTo B nporiecce pemeHus Tpedyercst mpeACTaBUTh YUCIIO KaK JOrapugM 1o 3aJaHHOMY
OCHOBaHHIO. B 3TOM citydyae HaM IOMOTyT (hOPMYJIBL:




a= blﬂgh a

Jlorapudpmuyeckasi eIMHULA U JIOTaPUPMHUUYECKHH HOJIb

= 1 — 310 norapupmMuveckas eIuHUIA. 3aMIOMHUTE pa3 ¥ HaBceraa: Joraprudm 1o 1odomy

OCHOgaHI/II-O a 0T CaMoOro 3Toro QCHOB&I—%H dBCH CAUMHUIIC.
I'=0—>5T0 JIOTrapu(PMUYICCKHUU HOJIb. UCHOBAHHUC d MOXKCT OBITH KAKUM YroaHo, HO €CJid B

apryMeHTe CTOUT efuHuIa — jorapudm pasen nymo! Iloromy uro a’ = 1 — 310 npsimoe
CJIEJICTBUE U3 OIIPEACICHUS.

log, s
Ilepexo K HOBOMY OCHOBAHHIO IOga 6= W , YACTHOCTH, €CIIH C = b, TO Ioge =1,
c
n
log, 1,25 5
log, s 3-109,1,25=log, 3. 298520 log,,1,25=log, —=-1
| ' log, ¢ ' o4

I “
JlorapugmupoBanmne — 3To HaXOXACHUE JOrapu(MOB 33JaHHBIX YUCEI UIH BHIPAKECHUH.
A

a

1

Tlgugcmge._ log a
HocneL[OBaTemgfo BOCTIOJNIB3YEMCSI Cpa3y BCEMU TPEMsi OCHOBHBIMH CBONCTBaMH JIOTapr(pMOB,
KOTOPBIE U3JI0’KEHBI BBIIE (JIorapu(M MPOU3BEICHUS, JOrapru(M YaCTHOTO U Jiorapudm
CTEIEHN):

b
1
g
IMoTeHMpoBaHUe — 3TO HAXOKICHUE YUCEIT JIM BBIPAXKEHUI 10 JAaHHOMY Jiorapudmy 4ucia
{BBIpaXKEHUS).
[ToreHMpoBaTh — 3HAYUT OCBOOOKIATHCS OT 3HAUKOB JIOTapU(PMOB B MPOLIECCE PELICHUS
horapudmmueckoro BeipaxxeHus.

EQI/IMGE:
a 53[0 _
X=3aih 1 1 Jpx 7

32 _ 1 _ 1 2
%3 iéba Lm%(b__lrigwcr_lna+5(In4+2Inb),|nx_ In3+|na+gln4+§lnb,
OtBet: InXx = In3+|na+%|n4+§lnb.

BoInosanure neicTBUA:

Al log,,160+/0g,0,9

Bbluncnure:

2+log:3
A2 5 +iogs
YnpocTture:

A3 2log,12-log,18

Bbluncnure:



A4

A5

A6

A7

A8

Al

A2

A3

A4

A5

Hangute 3HaueHue
Bblpa)eHus:

log, (16¢), ecnm log,c=0,5

log,144 g
log 12
Hanaute 3HadeHune
Bblpa>XeHUs:
Bbluncnure:

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

Hangute 3HaueHue
BblpaXXeHUS:

25
log, —, ecxm log, 5=0,2
c

fﬂ%ﬂg__zﬁﬁus
Bbluncnure
2 BapuaHT

log,, 110+log, 1,1
Bbluncnure:
2-log,2
YnpoctuTre: (;
log,96—5log,2
Bbluncnure:

Hangute 3HaueHune
BblpaXkeHus:

log, E, ecim log, c =-0,5
c

Hanante 3HaYeHne BblpaXXeHus:

/
qg5169_+5
log 13



Bbluncnure:

A6 logs (100m), ecmm logs 4m=17,5
Hangute 3HavyeHne

BbIpa>eHn4A:

A7
216
log, —, ecim log, 6=10,5
c
A8 6 410g4%5 . 5‘1080,22

Bbluncnure

Ilpakmuueckasn paboma Ne33:
CucreMbl TOKa3aTeNbHbBIX U JOTapU(IMUUYECKUX YPABHCHHIM

Henan: chopMupoBaTh yMEHHE PEIIaTh CUCTEMbI TOKA3aTEIbHBIX U JIOTAPUPMUIECKUX
YpaBHEHUI U HEPABEHCTB

TCOpCTH‘ICCKaH 4acCThb:

[Tpu pemeHUM CUCTEMBI, KOTOpPasi COACPKHUT MOKA3aTeNbHbIE U JIOTapU(PMUUECKHE ypaBHEHUS,
UCTOJB3YIOT NPUEMBI pEIIEHUs] CUCTEM (CIOco0 MOJCTAHOBKH, CIOCOO CIIOKEHHs, 3aMEHY
MEPEMEHHBIX) U METO/bl PELICHMSI I0KA3aTENbHBIX U JIOTAPU(PMUUECKUX yPaBHEHUH.

32\/;7& — 81,

Ig\/x_y=1+IgS.

Pewenue. J1ns nepBoro ypaBHeHHsI IPUMEHSIEM CBONMCTBA IIOKA3aTEIbHON
(GyHKLIHH, 2 BTOPOE

Ilpumep 1. PeuiuMm cucteMy ypaBHEHUIA:

BBGI[GM HOBBIC IICPCMCHHBIC!

E

M umu x =25uy = 36.

B

E BriBoa: mapa uucen (25;36) 1eiiCTBUTENBHO SIBISIETCS PEIIEHUEM CUCTEMBI.
b

®1BeT: (25;36).

g

Camble poCThIe CUCTEMBI JIOTAPU(PMUUECKUX YPAaBHEHUHN — 3TO cucmeMyl, 8 KOMOpblixX 00a
YypasHeHus ceo0amcs K npocmetiwium. B nanpHeleM noiaydaercss OObIYHAs CHCTEMa U3 IBYX

YPaBHEHUU C ABYMs HEU3BECTHBIMU, KOTOPYIO MBI YK€ YMEEM peLIaTh.

2 = T 4



Emé onuu Tun cucreM norapuMUyYecKuX YpaBHEHUN — 3TO cucmemsbl, KOmopbvie c800AMCcs K

0
IMpumep 2

Kax BUIHUM, 00a YpaBHCHHUA SABJIAIOTCA HpOCTeI;'IIHI/IMI/I, IIO3TOMY HMCIIOJIB3YEM OIIPCACICHUC

jorapudMa U MmoydaeM CUCTEMY JIMHEWHBIX YPaBHCHUMN:
2
2y —x = (\E)

=l

_{E}F—x:.'i

y—x=4
y=1
—x=4

(2

x = —3

Ilposepxa: (=31) _ HOJIXO/IUT.

IIpumep 3

logzy =b

(22,

{ a=b+ 2
4b+8—-5b=7

P=3

b=1

b=

=3
Ilposepxa:

E& 3)_ MMOJIXOJINT.

p
e

M



IIpakTH4yeckas 4acTh

eIINUTE CUCTEMBI JIOTapu(PMUUYECKUX YPaBHEHHM:
1 BapuaHT

| =2+ 2
09 (Xy) 10834, Omeem (6;3); (3;6)

log,(x+y)=2;
2 BapuaHT
logs (x-y) _
3 =1 Omeem : (2;1).
log,(2x—1)+log, y =1;
1 BapuaHTt
3% -2 =576,
Omeem : (2;6)

Nlog ,(y—x) - 4

2 BapuaHT
101+Ig(x+y) =50,

pes
lg(x — y)+lg(x + y)= 2 - 1g5.
Ilpakmuueckasa paooma Ne34:

Omeem ' (4,5;0,5)

Cucremsl J'IOFapI/I(l)MI/IIICCKI/IX 1 ITOKAa3aTCJIbHBIX HCPABCHCTB

Iesn: 3akpenuTh 1 0TPabOTATh HABBIKK PELICHUsI CUCTEM JIOTapU(MUUECKUX U
MOKa3aTeIbHbIX HEPABEHCTB
TeopeTuyeckas 4acTh:

VYcnoBue, Korja cTaBUTCA 3a/1a4a HAWTH MHOYKECTBO OOILIUX PEIICHUH ABYX WU
HECKOJIbKUX HEPABEHCTB C ABYMs WUJIHM 00Jiee IEpeMEHHBIMU, HAa3bIBAIOT CHCTEMON HEpPaBEeHCTB

PemmTh ccTeMy HepaBeHCTB — 3TO 3HAYUT HAWNTH MHOXKECTBO BCeX OOIIMX JUIsl 000MX
HEPABEHCTB

peLICHU.

Pemiennem cuctemMbl HEPABEHCTB HA3bIBAIOT 3HAUEHUE NIEPEMEHHON, KOTOPOE KAXKI0E U3
HEPAaBEHCTB CUCTEMBI 00paIlaeT B BEPHOE YHCIOBOE HEPABEHCTRO.

YToObl HAlTH pelleHne CUCTEMbl HEPAaBEHCTB, HAJl0 HAWNTH NEpecedeHre MHOKECTB
BXOJIALINX B HEE HEPABEHCTB

ITpumep 1



pPewume cucmemMy HepaseHcme.

{725‘:4—] ~ 49

20 —4 >3
PeweHue:
npedcmasum 49 e sude cmeneHu ¢ ocHosaHUeM T 8 NepeoM HepageHCmMee.

{ﬁﬁ4>7?j{m+1>2
2r—4>3 2r —4 >3
T.xy =T (7 > 1) eospacmaroujas GyHKyus, 3HaK HEPABEHCMEA He MeHsemcs.
{2:1:}2—1 {2:l:>1|:2 {m>0,5
= =
2z > 3+4 2z > T|: 2 z > 35

X

— QTG
0,5 3,5

Omeem: = < (3,5; +o0).
[Ipumep2

pewumes cucmemy HepaeeHcms.

{lag_l (5z—1)>0
3

20 +4 > 3
PeweHue:

1. 8 nepeom HepaeeHcmee npedcmasum () 8 sude nozapupma ¢ 0CHoBAHUEM 3"

{logl(5a:l)>logll {5:3_]{1
3 3 = -

2¢+4 > 3 2z+4>3

1
T.ky = log, t y6eiearowas (0 < 3 < 1), 3Hak HepaseHcmea MeHsemcs.
3

{mg1+1 {M§2M5 {m§m4
= =
2z >3-4 22> =11:2 z > —0,5

-0,5 0,4

z € (—0,5; 0,4].



2. O/3. BeipaxceHue nod 3HaKOM 102apuPMa A0NXHO 6bIMb NOAOKUMENbHbIM:
5z—1>0;

5z > 1|: 5;
z>02
z € (0,2; +00).
3. [lposepumM npuHAOAEXHOCMb MHOX(eCmea peweHull cucmemsl O43.
z € (—0,5; 4]
z € (0,2; +00)
05 02 4
Omeem: x < (0,2; 4],
HpaKTI/l‘leCKaﬂ YacThb:
1 BapuaHT 2 BapuaHT
Pemmnts cucremsl
52z+1 5 95 522+1 > 25
15221z _ 5222 17" -3 = 17220
log, :1322509_1 36 —log, 4 {'{09_1 4’3225091 32 —log, 2
3 3 3 1 4 4
log11(4z—1) >0 logg(5z — 1) > 0
{ logy 5(22 +3) > logy 5(z —2) logy 5(2z +4) > logs o(z — 3)
l 3z—1) <l 8z + 4 _
996,6(32 —1) < logg (82 + 4) logg(dz — 1) < logg(8x + 4)




Pewwn CNCTEMY HEPABEHCTB:
9 .
51‘“—3.1’—?0 < 25

log; (2 +6) > log, 5z
3 3

Bbibepwn NpaBU/IbHbLIA OTBET:

O (—00; —4) U (7; +o0)
O Apyroii oTeeT

O12; 3]

O(47)

O (—o0; 2] U [3; +00)

Pewwin CNCTEMY HEPABEHCTB!
& g
7E 4z—3 49

log (z2 + 3) > log 1 4z

Bbibepu NpaBUNbHbIA OTBET:
O (-1; 5)

O (—o0; —1) U (5; +00)
O (—o0; 1] U [3;+00)
O (1;3)

O apyroii otset

O 1 3]

O (—1;1]U[3; 5)

Pewm cncremy:

”21 2 . ll.l‘2 lz

1 2z+1 . 1
10 100

Bbi6epu NpaBuNbHbIA OTBET:

@)

Oz € (0,5; 1] U [2; +00)
Oz € (—o0; 0,5)

O apyroii otset

Oz et

Oz e (1;2)

Pewum cucremy:
921‘**12 9.1‘276.1‘

(—]:> 2.[’*1 ¥ i
9 - 81

Bbibepu NpaBu/ibHbIA OTBET:

O apyroii oteet
Oz € [2; 6]

Oz € (—o0; 0,5)
OO0

Oz e (2;6)

O z € (0,5; 2] U [6; +00)

Ilpakmuueckasa paooma Ne36: UnucnoBasi OKpy>KHOCTh Ha KOOPAMHATHOM IJIOCKOCTH

Hean:

BBEJICHUE MOHATUS TPUTOHOMETPUUYECKOM OKPYKHOCTH U TOBOPOTA TOYKU BOKPYT Hauaia

KOOpJAUHAT,

3agaun:

YMETb ONPEENSITh KOOPAUHATHI TOUKH, JIeXKAIlIel Ha TPUTOHOMETPUYECKONW OKPYKHOCTH;
- 00BSICHATH 3aBUCHMOCTh YTJIa OT MOJIOXKEHUS TOUYKH Ha TPUTOHOMETPUUYECKOU OKPYKHOCTH;

Teopernveckasi 4acTh:



JlJis1 onrMcaHus MHOTUX PU3UUYECKUX MPOIECCOB 0ObIYHBIX
aJrebpanyecKux BbIpaXKeHUH ObIBaeT HeJOCTAaTO4YHO. B
0COGEHHOCTH 3To KacaeTcs KoJlebaHUHU U
pacnpocTpaHeHUs1 BOJIH. 3/eCb Ha MoMollb ¢$U3UKaAM
NPUXOAUT TpUroHoMeTpus. CeroHsA Mbl IO3HAKOMUMCS C

6a30BbIM MOHSITHEM TPUTOHOMETPUU - C €JUHHUYHOU
OKPY>KHOCTbBIO.

COOTHOIIEHHE YUCIOBOW OKPYKHOCTU U KOOPJAMHATHOM MJIOCKOCTH

Kaxnas Touka 4nciioBoi OKPYKHOCTH UMEET B KOOPIMHATHOM MJIIOCKOCTH CBOM KOOPIHHATHI.
Haiiném cHauana KOOpAMHATHI TEX TOUYEK KOOPAMHATHOU IJIOCKOCTH, KOTOPBIE MOTYYEHBI HA
MAaKE€Tax YUCJIOBON OKPY>KHOCTH.

Touka M(E) — cepeaunHa I yetsepTw.

OnyctuM nepneHguikynsap MP Ha npaMyio OA u
paccMoTpuM TpeyronbHUK OMP.

Tak Kak gyra AM cocTaBnAeT NonoBuHY Oyru AB,
TO AMOP=45°,

3HauuT, TpeyronbHMKk OMP — paBHoGeapeHHbIi
NPAMOYrONbHbLIA TpeyronbHUK n OP=MP, T. e, y
Toukun M abcuwcca U opavHaTa paBHbI: x = y.

Tak Kak KoopAWHaTbl TOUKW M (x; y) YOOBNETBOPSAIOT
YpaBHEHWIO YMCIOBOW OKPYXXHOCTU x? + y? =1,

TO ANSA UX HAXOXKAEHUA HYXKHO PelnTb CUCTeMyY
YPaBHEHWIA:

[xz +yi=1,
X =Y.

[ToncraBuB X BMecTo V B IIEPBOE YPaBHEHHUE CUCTEMBI, MOJIYYUM CIEAYIOIIEE PELICHHE:
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2x? =1

1

2 _
=
1 \E
X=—=—
v2 2
V2
y=x=-

HpI/I PEIICHUH YYUTBIBACM, YTO a6cuHcca TOYKH M II0JIOKUTENIBHA.

F
[Tosryunnu, 4TO KOOPAMHATHI TOUKU M, COOTBETCTBYIOIIEH YUCTY 4 , OyayT

T 2 2.
MG =m(F: 2

AHAJIOrMYHO MOXKHO MMOJIYYHUTb KOOPAWHATBI U APYTHUX TOUYCK IIEPBOTO MAKETA YHICIOBOM
OKPY’KHOCTH, YUUTBIBAA TOJIBKO 3HAKU KOOPJAUHAT B Ka)K,Z[Oﬁ YCTBCPTHU.

HOJ'Iy‘IeHHBIG PE3yJbTAaThI 3aIIUIICM B Ta6n1/1uy.

TouKa OKpYXHOCTU
0 T T S—H I 5—” 3—” 7—H 2m
4 2 4 4 2 4
Y 'Y 'Y Y
Abcumcea x 1 E 0 _E -1 _E 0 ﬂ 1
2 7 2 2
Y Y Y Y
OpauHata y 0 v2 1 _y2 0 _y2 -1 v2 0
2 2 2 7
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PECCY)KLIEIEM aHanoru4yHo ana Touku M, ecnu TENEPb OHa COOTBETCTBYET 4YKCny E

TpeyronbHuk MOP npsimoyronbHbiid. Tak kak ayra AM coctasnset
TPETLIO YacTb Ayru AB, To AMOP = 30°.

KateT MP nexuT npoTuB yrna 30 rpadycoB B NPAMOYrofibHOM
TPeyrofibHUKE, 3HaUUT, paBeH NoNoOBUHE TUMNOTEHY3bI, T. €.
opAMHaTa Touku M paBHa

Mp = -
-2
1
Y=3

Abcumccy X Toukn M Haitaém, pels ypaBHeHKE:

P+yi=1
12
-}
* 2
1 3 43
= 1-2= |Z2=12
* 4= JaT 2

lMpw pelleHn YUUTEIBaeM, UTo abcuncca Toukn M nonoXxuTenbHa.

Monyynnu, 4To KOOPAWHATbLI TOUKKU M, COOTBETCTBYIOLER uncny %, byayT M{E) =M (”"2—3%).

AHAJIOrMYHO MOXKHO MOJIYYHUTb KOOPAWHATBI U APYTHUX TOUYCK BTOPOI0 MAKETa YHICIOBOH
OKPY’KHOCTH, YUIUTBIBAA TOJIBKO 3HAKU KOOPJAUHAT B Ka)KJIOI‘/’I YCTBCPTH.

[TonydeHHble pe3ynbTaThl 3aMUIlIeM B TaOIUILY.

TouKka OKpYXHOCTH

T n 2T 5n 7 41 5m 11w

6 3 3 6 6 3 3 6
Abcuucca x E - —— _ ﬂ _ ﬂ _Z Z "_3

2 2 2 9 9 2 2 2
OpauHaTa y - V3 V3 - —— _v3 _v3 ——

2 2 2 2 2 72 2 2

[Ipumepl:
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“ " 457
HalTK KoopaAWHaTY TOUKKW YACOBOW OKPYXHOCTH: P(T].

PeweHwue:
T.K. uncnam t U t + 2m = k,rae k — uenoe 4icio, COOTBETCTBYET OfHa M Ta Xe ToUKa YMCIOBON
OKPYXHOCTH TO:

tom 10+5 10 +5H 5TI+ 2 5
—_— = — & = _— = — H
g~ 0+ Ty T e

45 = s
3HauuT, ymcny T’r COOTBETCTBYET Ta XK€ TOUKa YAC/IOBOW OKPYXKHOCTK, YTO WU yMcny TH .
51T 457 vz 2
[TocMOTpEB 3HAYEHWE TOYKHK < B Tabnuue, nonyyaem: P(T] = P(—?;—?)

Mpumep 2.
HalWTh KOOpAWHaTY TOYKM YMCNOBOW OKPYXKHOCTU: P(

).

—-37m
2

PeweHune:

T.K. yncnam tu t + 2 = k, rae k-uenoe 4yucno, COOTBETCTBYET OQHG WU Ta XeE TOYKa YMCNOBOIA

OKPY>HOCTH TO:
—37m 1241 1P DL 6
= — —) & = — _— = — [ — .

3 (12+3)=m m-3 =3 T 21 (=6)

—-37 . -
3HauurT, yucny Tﬂ COOTBETCTBYET Ta & TOYKa YMCNOBOW OKPYXHOCTW, 4YTO WU YKuCny ?E, a yucny —

5
g COOTBETCTBYET Ta e TouKa, YTO U1 f

5
HOCMOTPEB 3Ha@4YEHWE TOYKH ?ﬁ B Tabnuue, nony4yaem.

) )

[Ipumep 3.
1

HaiiTu Ha ynCIOBOI OKPY>KHOCTH TOUKH C OpJIUHATON y 2 W 3amMcaTh, KAKUM YHciaaM T OHHU
COOTBETCTBYIOT.

Y
PeweHue: 4
MpsiMan ducnoByl OKPYXXHOCTb B TOUKax M u P. Touka M - __,-B

B / M
COOTBETCTBYET YMCNy g (13 AaHHbIX Tabnuubl). 3Ha4uT, U —V'i 7 M
nobomy yncny Buaa: §+ 2m = k. Toyka P cooTBETCTBYET P %
5 5
yucny ?ﬁ, a 3HauyuT, 1 noboMy yucny suaa ?ﬁ + 2m = k. c A >
Monyynnu, KaK YyacTo roBopAT B TaKUX Clydasnx, ABe cepuu /'
3HAYEHWIA: N\
£+2?Imk1~15—ﬂ+2nmk \"‘
& & . Mﬁnii—df*
5

DTBET:I=E+2E*I{HI=§+2H*J{.. |

[pumep 4.
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Haiit Ha 4nCII0BON OKPYXHOCTH TOUKH C aOCIIHCCOM

quciaaM t OHH COOTBETCTBYIOT.

V2
2 W 3amnmcarh, KAKUM

PeweHue:
Fl
Mpsamas x = — ”? nepeceKkaeT YACNIOBYIO OKPYXKHOCTb B TOWKax M u P. HepaBeHCTBY x =
F
TTT (7] - ”? COOTBETCTBYIOT TOYKM Ayri PM. Touka M cooTBeTcTBYeT
™t am
e :!E B wmcny —- (w3 paHHbIX Tabnuubl). 3HaunT, K nbomMy yucny
i - 2 -3
M \‘\ BUAa — =~ + 21 » k. TouKa P COOTBETCTBYET uMciy ——, a
3
3HauuT, u nbomMy uucny euga —T'" + 21 = k.
c 4 E am 3
). Toraa nonyyum -t 2mxk =< t=—+ 2rk.
A y
/ y. an am
- OmBeT: ——+2m+k =<t <—+ 2rmk.
2 D|
[IpakTrueckas 4acTs:
1 BapuaHT 2 BapuaHT
Haiitu kooparHaTy TOUKH YUCIOBOM Haiitu koopAMHATY TOUKH YUCIOBOI
p (Elﬂ') P( 521-1-)
OKPYKHOCTH: 6 OKPYKHOCTH: 3

Haittu Ha yncnoBOM OKPY>KHOCTH
1

Haiiti Ha yncnoBOM OKPYKHOCTH

_ . V2
L ¥Y=—z TOYKH C OPJUHATON Y = — U
TOYKH C OpAUHATOHN S 2
3anmcaTh, KAKUM 4HACIaM T OHHU 3amnmncarh, KakuM 4uciaMm f OHH
COOTBETCTBYIOT. COOTBETCTBYIOT.
Haiitn Ha 4nCI0BON OKPYKHOCTH Haiitn Ha ynCI0BON OKPYKHOCTH
1 . V2
y=—2 TOYKH C OPIMHATOH Y = — U

TOYKHU C OpAUHATOU 2|
3amucaTh, KAKUM 4KClIaM { OHH

3amnucarh, KakuM 4uciaMm  OHU

COOTBETCTBYIOT. COOTBCTCTBYIOT.
Haiiti Ha 4nCI0BOM OKPYKHOCTH Haliti Ha YnCIOBOM OKPY>KHOCTH
\-'E v V2
Lx=—= TOYKH C a0CIUCCOoiix = — U
TOYKHU C a0CIIMCCON 2 u 2 .
3anucaTh, KaKUM 4uciaaM f OHU 3afucath, KakiM JHCIaM T oHH
COOTBETCTBYIOT. COOTBETCTBYIOT.

O0603HaubTe Ha YUCIOBOM OKPYKHOCTU
TOUYKY, KOTOpasi COOTBETCTBYET
JTAHHOMY 4YHUCIy, U HauauTe eé
JEKapTOBbI KOOPINHATBI:

w2 )3 3) 3md 4)- 76

O0603HaYbTE HA YUCIOBOMI
OKPYXKHOCTH TOYKY, KOTOpast
COOTBCTCTByeT }IaHHOMy '-II/ICJ'Iy, nu
HalauTe €€ JeKapTOBBI KOOPIUHATHI:

774 3) 576  4)- 14

Ilpakmuueckasa padoma Ne37: PagnaHHas u TpajycHasi Mepa yria
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Lenb paboTel: [IOBTOPUTH TPUTOHOMETPHUIO TPEYTOJIbHUKA, BBECTH IMOHSATHUE YIJIa IOBOPOTA,
MOKa3aTh CBS3b MEXKAY PAaJUaHHON U IPaJyCHON MEpOM yria, HayYUuThCA NEPEBOAUTD PaUaHbI B
rpagychl U HA00OPOT.

CTyaeHT 10J17KeH

e 3HATH:

o [IoHATHE O paMaHHOM U3MEPEHUH YIJIOB

e Uemy paBeH 1 panuan

o @opMyIIBI IEPEX0/1a U3 PAIMaHHON MEPHI B TPAIYCHYIO B HA000POT
YMETb:

e [lepeBoaUTH Yroi U3 rpagyCHON MEpPHI B paMaHHYIO

 BBINIONTHUTB NIEpexo/ OT paluaHHON MEphI YIIIOB K IPajyCHOM

 BBINIONTHUTE NIepexo OT IpagyCHON MEpHhI YIJIOB K paJuaHHON

e BoIUHCIIATE JUIMHY IYTH C UCIIOJIB30BAHUEM 3HAUYCHUH YIJIOB B paJlaHax

e BrrunciiaTe momans cekropa

o CTpouTh yIiibl HA OKPY>KHOCTH

TeopeTuyeckas 4acThb:

LlenTpajdbHbIi YroJ, ONMPAIOUIMKCS HAa JAYry OKPY)KHOCTH, JUIMHA KOTOPOW paBHA
paznycy 3ToW OKpPY>KHOCTH, Ha3bIBAETCS paOUaHoM, TOUHEE — YTIIOBBIM PaJMaHOM, a dTa Iyra
— 0Y208bIM pAOUAHOM.

JlmnHa OKPYXKHOCTH PaBHA 27771, TIe 7" — JUIMHA Paguyca, HO3TOMY OKPY>KHOCTh T000T0

=T — 27

£
panuyca COJIEpXHUT OAHO W TO K€ YHCIO MAYTOBBIX paguaH, a HMEHHO r
CnenoBarenbHO, 27 YIJIOBBIX paJMaH  COAEPKUT OKPY)KHOCTh JII000ro paadyca, 3HAUMT,
BCJIMYMHA YTJIOBOT'O pairaHa HEC U3MCHACTCS IIPU NU3MCHCHHHU NJIMHBI paanyca OKPY>KHOCTHU!

Ja0" etllar TV
| paguan 2z ~ ol
Eciu yron coAepsKut (¥ pajuaH, TO €ro rpagycHoe u3MepeHue (1) MOKHO HaiiTu o opmye:
150
(I = ‘y.

Ik

Pemms 3To YPaBHECHHUEC OTHOCHUTEIBHO (¥, TI0JIy4acM (I)OpMy.Hy JJI HAXOXIACHU A paﬂHaHHOﬁ MCPBI

= —il.
150

[na nepesoga yrna U3 paauaH B rpaaychbi
nucnonbsyetca dopmyna:

oz * 180
e =T

[na nepesoaa yrna us rpagycos B
pagnaHbl ucnonbsyetca dopmyna:
A Hepaz * %

o 180
3pechb a,,, —3TO BEAUYMHA YA B
pagvaHax,a a,,,, — BEIU4uHa yrna B

rpagycax.

Hpumeps! ¢ pemieHusIMu:
Ilpumepl. BoImogHUTE MIEPEX0/T OT pajiMaHHON MEpPBI YIIIOB K IPajlyCHOM

0
17}



Pemenue
Bripazuts B rpagycax 4,5 pan.

1pao = 180 4,5pao =4,5- 1807 _ 8107 258°
Taxk xak 7T . TO T T
[Tpumep 2.
BrInonHuTe Epexos OT rpayCHON MEphI YIUIOB K paJuaHHON
Pemenue

Haiitu paguannyro mepy yrna 72 °

1° = . pad 72°=72. z pao = 27 pao =1,3pad
Tak xak 180 , TO 180 5

[Tpu 3anucu paaraHHON Mephl yriia, 0003HaYEHHUE «Pajl» YacTO OMYCKAIOT U 3alUChIBAIOT

72° = 2z
5
I
P
3m
|l = aR= 6 — =457 (cM)
[IOJIy4YUM: 4
O

[Tpumep 4. Haiitu miomaab cekTopa, eciu paanyc okpyxknoctu 10 M, a paauanHas Mepa
10

Pemenue:
g R? 10? 9
R- §=—-a= «— = 45 (M)
S =—ua 2 2 10
[To popmyne 2 BBIYHUCISAEM
Otger: 45 T Mm?
0
Baganme:
¥ 1 BapuanT 2 BapMaHT
y Bripasuts B pagraHax BEIMYUHBI Bripasuts B paqraHax BeJIMYUHbI
r YIJIOB: YIJIOB:
T
A
Hairtu rpagycnyto mepy yria, Haittu rpagycnyto mepy yria,
paauaHHas Mepa KOTOpOro paava”Has Mmepa KOToporo
paBHA paBHA
y
[

= 3 C

O O E N T



Ne | Bolpazure B paauansoii | Beipazure B rpaaychoii | Onpenennre, YIII0M
MEpPE BCTHYHMHBI YTTI0B: MEPE BCITHYHHBI YTIIOB! KaKoii HYCTBCPTH ABJIACTCH
Yyrodi @, eCN:
L. 1';165"; 1800'. _2x 3z 5% -216°; 103 -10°.
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Ilpaxmuueckaa paboma Ne38:

Haxoxnenue 3HaueHHi CHHyCa U KOCUHYCA, TAHT€HCA U KOTAaHT€HCA

He.m): 3aKpCIUTh HABBIKU HAXOKACHUA 3HAYCHUH CHHYCa U KOCHUHYCA, TAHI'CHCA U KOTAHI'CHCA




PaccmoTpuM nepByro 4eTBEPTh KOOPAUHATHOW MIIOCKOCTH € IyTOM €AMHUYHON OKPYXKHOCTH.

BossMeM npousBosibHyI0 TOUKy Ha ayre M(t). Halinem abciuccy u opaunaty Touku M(t)=M(x;

—
- Kocunycom wumcna t Ha3pIBalOT aOCIUCCY
ML) TOYKH t 1 0003HAYAIOT COS t.
] Cunycom uncia t Ha3pIBatOT OpJAUHATY TOUKH t
; 1 0003HAYaIOT Sin t.
= -
in
= 1
om
l ecmn M(t)=M(x; y), TO
X =cost,
= y=sint.
0 05 1 X
cos t Puc. 1
3aganne 1. Ilo pucynky 1 ¢ mnomonibio
M300paXeHHOM JIMHEHKHU ONpeIeIUTh MPUOIMKEHHO 3HaUeHus: cost=__ , sint=__ . Pe3ynprar

3aIlIMIIUTE B TETPAOH.

DTO Ke MpoeNaifTe 1Mo pUCyHKY 2 1iyist Touek M1, M, M3, Ma.

M1

12

h4

Puc. 2



3amanwe 2. [To pucynky 3 onpenenure yemy paBHbl (1BapuaHT -HeYeTHAS HyMepanusi, 2i-

. . T T T /4 T . .
‘ICTHaSI)San, cosz, cosg, smg,cos?smo,sml, cos0, cosl.

ig
1735 B
B 3
2 7
A2 4
2
J-‘_T
1 6
5
u]
T
0 1 A2 B 1x
Z 2 2
Puc. 3

Cnpaska. Hayano y4eHUI0 O TPUTOHOMETPUYECKHX BEIMYMHAX OBLIO MOJoXkeHOo B MHauw,
HaunHadg ¢ [V — VI BB. Unaniickue ydeHble BIEpBbIE B HAYKe CTAIN YIOTPEOIATh TMHUIO CUHYCA
KaK [TOJIOBUHY XOP/Ibl, U COCTaBWJIN IIEPBbIE TPUTOHOMETPUYECKUE TAOIUIBI CHHYCOB (TIOIYXOpP/).

[To mpumepy MHAMMCKUX MaTeMaTUKOB paCCMOTPUTE Ha PUCYHKE 4 JIyK C
HATSHYTOH cTpenoi. I'peueckoe CIIOBO xopode, OT KOTOPOTO NPOUCXOAUT
TEPMUH «XOpJa», OyKBaJlbHO O3HA4YaeT «TETHBA JyKa», «CTpYyHa».
WNHpuniickue yyeHsle BIEPBBIC

Puc. 4 IIPEUIOKUIN PACCMATPUBATh BEIMYUHY IOJIYyXOP/bl, KOTOPYIO Ha3BalIH 0JCUBA.
ApaOckue MareMaTWkH, KOoTopble mo3xke (HaunHas c VIII B.) ocBamBanu HaKOIJICHHbIE
MaTeMaTHYeCKue 3HaHUs, MMCAJIU CIIOBO 0Xxcua B apaOCKON TPAHCKPUITLUH KaK 0o/catih, KOTOpoe
JIOCIIOBHO O3HAYaeT «I1a3yxa». Bmecte ¢ BOEHHBIMU 3aBOEBaHHUAMHU apaboOB CIIOBO «I1a3yxa» JUis
0003Ha4YeHHsI MOITYXOpabl B Tpuronometpuu nomnaino B EBpony (X — XI BB.), rae eBpomneiickue
YUEHBIE IIEPEBENIN €r0 Ha JaTblHb KaK «CHHYC». JTOT TEPMHUH COXPAHMJIICS 10 HACTOSILErO
BpPEMEHH, HO OH NPUMEHSETCS HEe TOJIBKO B MaTEeMaTHKE: ceifiuyac B MEAULIMHE 3a00JIeBaHUE Ma3yX

HOCa Ha3bIBaAlOT CUHYCHUTOM. CroBo «KOCHHYC» — OTO COKpallCHUC JIATUHCKOI'O BBIPpAXXCHUA

B
€

Baganue 3. TecT (3anummTe B TETPAAX OTBETHI B BUE 1a, 2a,...)

b




Bbruuciure u yKaxuTe 03|11 )
OTBET 2 4
1B .
sin? X ycos? X
6 3
2B . o T ) T
SIN® —+C0S™ —
4 4
1B .
sin? X ycos? &
3 3
2B .
2-sm2%+coszo

3amanue 4. Ha okpyxHoctu nana touka M(t). M3BecTHbI cMHYC M KOCUHYC 3TOil Touku. K
OKPY>KHOCTH 4Yepe3 TOYKYy A TPOBENIM KacaTelbHYyl0, KOTopas mneprneHaukyisipaa Ox (puc. S).
Bripazu AK depes sint u cost (MCIIOIB30BaTh 01001 TPEYTrOJILHUKOB).

Puc. 5

—
Tanrencom qHcaa t HAa3bIBAIOT YHCIIOo,

B cost COOTBCTCTBYIOIIICC NIIMHE OTPE3Ka HpaBOﬁ KaCaTeHLHOﬁ,

3aKIII0YeHHOro Mex 1y Ox u xydom OM u 0603HavaroT tg

sint

Kaxkoii BEIBOI THI MOXKEIIb CHEIaTh U3 3amaHud 4 u

ONIpCACIICHUA TaHreHca?

3aganue 5. Ha okpyxHOCTH naHa Touka M(t). MI3BecTHBI
CHHYC M KOCUHYC 3TOM TOYkH. K OKpyXHOCTH depe3 TOuKy B mpoBenu kacareibHyr0, KOTOpas

nepnenaukyispHa Oy (puc. 6). Beipazu BK uepes sint u cost.  Puc 6

Koranrencom uymncia t Ha3bpIBaIOT YHWCIO, COOTBETCTBYIOIIEE JTMHE OTpe3Ka BepxXHEH
KacaTeNbHOH, 3akioueHHoro Mexay Oy u myaom OM u 0603HauaoT ctgt.

Kaxoil BbIBO/I ThI MOKEIIb CAENATh U3 33JJaHUs 5 U ONpeieNIeHUs] KOTaHTeHca?

Cnpaska. TIOHSITHS «TAaHTEHC» U «KOTAHTEHCY, KaK ¥ MEePBhIE TAOIUIbI 3HAYCHHU I 3TUX HOBBIX

TPUTOHOMECTPHUYCCKUX BCJIMYUH, POJUINCH HE H3 PACCMOTPCHUA TpI/Il"OHOMeTpI/I‘IeCKOI\/'I



05

dunkoM.

M3

T
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T OKPYXHOCTH, @ M3 YYCHHUS O COJHCYHBIX YacaX — THOMOHHKH.
Tepmun tangens (0T JiaT. KacarolUics [OTPE30K KacaTeabHOM])

OBLI BBEAEH TOJBKO B 1583 r. marckuM mareMaTukoM Tomacom

3aganue 6. Onpenenure Yuco.

1 BapuaHT

2 BapuaHT

t

t

t

t

Kak n3meHseTcs 3HauCHNE TaHTeHCa qucia, rmpu yBCJINYCHHUU gucia?

by

hi2
M3

05

; 3aganue 7. Onpenenure 4nucio

| BapuaHT 2 BapHaHT
Cc ctgMz =,
ctgM;= ctg0=__

Kak n3meHseTcs 3HaueHNEe KOTaHTeHca qucia, rmpu yBCJINYCHHUN qucaa’?

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

KOOPAMHATHOW INIOCKOCTH

1 BapuaHt

2 BapuaHT

OIIpEAEINTE YUCIIA HAa 3TOU OKPY>KHOCTH,

ONpEAENINTE YUCa HA 3TOH OKPYKHOCTH,




OTpe/ieNITEe YMCa Ha 3TOM OKPY>KHOCTH,

OTIpeIeNTUTE YKUCIIa Ha 3TOU OKPYKHOCTH,

T K

0

a

Ilpakmuueckasa paooma Ne39:
UucnoBoi apryMeHT TPUTOHOMETPUUECKUX (PYHKITHIA

o Ileab: 3aKpeIICHUE KJIIHOYEBBIX IMOHSTHM:

CHHYCa, KOCMHYCAa, TAHTCHCA U KOTAaHI'€HCA YHUCJIOBOI'O apryMmcHTa,

3HaKu Q)YHKLII/II\/'I B YCTBEPTAX; OCHOBHBIC CBOIICTBa Ka)KHOﬁ Q)YHKI_II/II/I (‘ICTHOCTB/ HCYCTHOCTD,

HepI/IO,I[I/I‘-IHOCTL);

L4 BBID3,6OTK8. NPAKTUYCCKHUX HABBIKOB!
B Hp606pa3OBaHI/II/I TPUTOHOMCTPUICCKUX BBIpa)KeHI/Iﬁ C IPUMCHCHUCM TCOPEM CJIIOKCHUA U

CIIEACTBUM U3 HHX;

TeopeTuyeckas 4acTh:

9 ] -
2 2,1 . sint cos/

. sin“t+cos =1 2. 1gt= 3. cgt=—
OCHOBHOE cosft smnf
TPUIOHOMETPHYECKOE
TOXIECTBO

4. 1gt-clgt =1 2 I

gtdsg 5. l+cg’t=—s 6. 1g°t+1=—:
sin” ¢ cos” f
Haiitn
sin t cos I gt cigt

Jlano
__sint___ ++/1-sin’ ¢t
sin t +v1l=sin" ¢ - =
Al =sin~¢ sinf

++/1—cos’ 1 cost

cos 1 ++/1-cos’t
cost ++1-cos” ¢
| 1 1
fg.!' + 1—1— + f— —
gt +1 gt +1 gt

cigt = —_—
& cig“t+1 cigt

-
2
g
+
4+
|

OO0Opa3ubl penieHus 3a1a4:




o : | =
1. Haiitu sina - ?, eciu cosa =7;a—ll yem

pemelme'
sina = l—cos a,mx. a—1V,sina - IV, 3HaK 0Tp HuaTenbHbIi, TTOr
J f ,16
sing =~ l— -—= -—=
49 49 49 49
Orger: SIN& =——=

7

2
3‘- HaﬁTH Iga_')’ eciu Ctga‘ = -5; v _]Iq-em

Pemenne:
g =——
& clga
| 3 1
leag=—=-"=-]1—
S R R
3

1
Orser: Ba=-17.

1
4. Haiirn: c8@ =7, ecu tga =3 a — ITuem

Pewenne:
1
clga = —
lga
1
ciga = 1= 5
5
Otser: €18 =35
5. YnpocTHTh BhIpaKeHHE:
a) —1g’a-sin"a=1+1g’a—-1g’a—-sin’a=1-sin"a=cos’ « .
cos” a

= 2

: sin” & : : :
6) l—cos’a+ig’a-cos’ @ =sin’ @ +——-cos’ @ =sin’ @ +sin’ @ = 2sin’ &
cos” @

Haiitu: Ynpoctuthb Haiitu;



sin“ @ +cos” @ +1g a=

) 2 1
sing — 7, ecni cosa = E; a— [Tyem fga -7, eciu ctga = —g; a—1y
2. : 2 2 ctga "7, ecnu tga =2, a— Il ue
cosa — 7, echu sina =—; o — Tuem ———clg a =
5 sin” a@
3. ) 2 a-cosg+sing = tea =", eciu ctga =-5; a — [l ye
sing — 7, ecnu cosa'=?;af—h’!uem g 8 &
4. . 6 z sin? o= clea-"7, e tga =-3; a—Iye
sina — 7, ecm cosa =——; a — IV uem cg a+sm a+cos” a g &
5. . clga-sina —cosa = 2
cosa =7, ecu sing =—; a —[Tuem fea -7, eciu ctga = 5; a — 1T ye
6. ) 1 1 2
smma —7, eciu cosa =—; a — Illvem — 1= clga -7, ecnu tga =—; a — Il u
6 cos” a 5
7. . 3 in? : = tea—?, eciu ctga =3; a— [ ye
cosax — 7, ecnu smt:r:—z;a-ﬂ"qem sin” a +cos” a +1 g ’ £ ’
8. ) 2 clga-sing +cosa = clea—", ec tgar=-2 a— Il
sing =7, eciu cosc:z:E;cz—Ht.rem & 8 i & i
0. . 3 5 tear =7, eciu ctea =5; a =l ue
cosa — 7, ecnu sma =—; a — llvem — g a= g & ’ 1
7 cos” @
10. | . 4 a-cos@—singa = 3
sina — 7, eciu cosa'=?;a—lﬂuem g clga -7, ecnu tga=?;a—ﬂm

Ilpakmuueckasa paooma Ne40:

Tpuronomerpudeckue QyHKIIMH YTIOBOTO apTyMEHTA

Heab: BCNOMHUTH ONPEEICHUS TPUTOHOMETPUUYECKUX (PYHKIIH YTIIOBOTO apryMeHTa,
OCHOBHBIE MPaBUJIA HAXOXKJIEHUSI HEU3BECTHBIX AJIEMEHTOB MPSIMOYTOJILHOTO TPEYTOJIbHUKA C
HCIIOJIb30BaHNEM TPUTOHOMETPUYECKUX (DYHKIIUMN, UCTIOIB30BAIN UX MPHU PEIICHUH KOHKPETHBIX
TEOMETPUUYECKHX 3a/1au.

TeOpeTI/I‘IeCKaﬂ 4acCThb: 33,[[8.‘13.

Ha6bniopatento HY)XXHO U3MEpPUTb BbICOTY AepeBa, He 3ane3as Ha Hero (puc. 1).

B

Aepeso

Q

A

Habnwopatens

Puc. 1

Haéniopatens MOXET U3MEPUTb Yron @ u pacCTOSHUE A0 NOAHOXUS AepeBa
(AC = b).

STUX AaHHbIX 4OCTAaTOYHO, YTO6bI onpenennTb BCe HEU3BECTHbIE BETUYUHDI.

BCNOMHUM, 4TO TpUroHoMeTpuyeckme GyHKUUN B NPAMOYTONbHOM TPEeYrofibHUKe
— 3TO OTHOLWIEHUSA CTOPOH TPEYro/bHUKA:



) a b
sina = —; cosa=—; tga=
c c

; ctga =

ol R
IS S o

a = ¢ - sina = c - cospf;

a=b-tga=>b-ctgp.

Bap.aqa 1.B NPAMOYTroJ/ibHOM TPEYroIbHUKE U3BECTHA NTMNOTEHY3a cn OCprlﬁ yron
a. Hantum KaTeTbl, NNowWwaib TPEYroJibHWKa 1 pagnyc ONUCaHHOM OKPYXHOCTH, €CNK
c=12, a= 60"

Pemenne: Jlano: 3aman AABC

I LN

C b A

Puc. 2

Mbl MOXEM BbIMUCAUTDL NIO6ON SNEeMEHT TPeyrofibHUKa:
a = ¢ * sina;

a=12-5in60° = 6V3;

b= c- cosa;

b= c- cos60° = 6;

1
=lab=18v3,

Ecnu Mb1 3206118 popMyITy pasnyca ONMCaHHON OKPYKHOCTH, MOXHO JIOCTPOUTh
TPEYTrOJIbHUK J0 MPSIMOYTOJIbHUKA, OMHCATh OKPYKHOCTh U Cpa3y CTAHET SICHO, YTO LIEHTP
ONMCAHHOM OKPY>KHOCTH HAXOJUTCS B CEPEeIMHE TUIOTEHY3bl U palyC OMMMCAHHON OKPYKHOCTH

paBeH MOJOBUHE THIOTEHY3HI (puc. 3).



OTteeT:a=6V3; b=6; S=18V3; R =6.

3apauva 2. Xopaa A€ okpyHOCTU obpasyeT ¢ avameTtpom AB yron @ Hanaute
AnvHy xopabl AC, ecnm paanyc OKpy>XHOCTH paeeH R-

HaHo: AB = 2R;

DBAC = a.

HawTn: AC.

PewweHwe:

PaccmoTpum 8ABC. DACE onupaeTca Ha AgMameTp, 3HaYUT OH Npamon (No Teopeme
O BNWCaAHHOM yrne). DACB =90° (puc. 4).

c

Puc.4



Mmeem NpaMoyronbHbIN TPeyroNbHUK C U3BECTHbLIM YINOM @ U N3BECTHOMU
rMNOTEeHY30M.

AC = AB - cosa = 2Rcosa.

OTBeT: AC = 2Rcosa.

3apada 3. lokaXkuTe, 4TO NNoLaab BbiMYKAOro YeTbIPpEXYroibHUKa paBHa
NONOBUHE NPOU3BEAEHUA ero AuaroHanen Ha CUHYC yrna Mexay HUMU.

DNaHo: ABCD — ghinyKnbiih YETbIPEXYrONbHUK.

JokasaTtb: 5§ = %AC -BD - sina.

JloKa3aTenbCTBO:

BcnomMHMM, 4TO TaKoe BbiNyKbl YETbIPEXYrofibHUK. 3TO YeTbIPEXYTONbHMUK,
KOTOPbLIN NEXWUT B OAHOW NONYNNOCKOCTU OTHOCUTENbHO KaXA0W NpsMon,
cofepxallen ero CTopony (puc. 5).




ABCD — binykblit yeTbipéxyronbHuk; A€ BD —ero guaroHanu; 44; — BbicoTa B
AABD; C'Cl — BbBICOTa B ABCD.

Sasco = Sasp t Scsp;

Sap = %BD- hy; Segp = %BD “h,.
Bbiumcnum by 1 h; yepes a-
AAA,0: hy = AOQ - sina;

ACC,0: h, = CO - sina;

1 1 1
§=5BD(hy+ h;) ==BD- (A0 + CO)sina =>BD - AC - sina.

ToxaecTBoO AOKa3aHo.

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

PeweHue:

B(0;1)

Lk

=W

Puc. 7
= E; ZAOB = E
2 2
€0s90° = 0;
s5in90° = 1;

tg90° — e cywecTsyerT;

ctg90° = 0.



3apaya 5. PacnonoxuTte B NopsaKe BO3pacTaHUs yucna
sin40°; sin80°; sin120° sin160°.

Pelwienue:

Pelumm aaHHYO 3a4a4y C MOMOLLBIO YUCIOBOM OKPYXHOCTU NyTEM CPaBHEHUS C
3TanoHHbIMK yrnamu (puc. 8).

120° 80°

160° sin160°

Puc. 8
OTBeT: 5in160° < sin40° < 5in120° < sin80°.

1 BapuanT

MIpeaACINTE 3HAK YUCiia:
11m

1) sin285°  2)cos(-16°)  3)tgl19° 4)sin=  S)cos =  6)tg (-~
)

BIYUCIINUTC:
0

wyg o ow

2 BapuaHT
fipenenure 3nak umcna:

1) §in275°  2)cos(-76°)  3)tg139° 4)sin=  S)cos —  6)ctg(-

&)

E,ancnme:

IA
w
3

N
IN =
=+ A
|AN|
a

O ER OIS ST R O G OO0

=S O S HE 05 00 O



Ilpakmuueckan padoma Ne41: OCHOBHbIE TPUTOHOMETPHUUECKHUE 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 BBINOJTHEHNH 33/IAHUH 10 IAHHOM TEME HY>KHO ITOMHHUTB:

OCHOBHBIE TPUTOHOMETPUUECKHE
TOXIECTBA
sin?a + cos?a =1

sina

cosa

tga

cosa

ctga =

sina

tga - ctga =1

cos?a

6)

tgla +1

= ctg’a +1

sin?a

YeTHOCTh, HEYETHOCTh TPUTOHOMETPH-
YeCKUX (PYHKIIHMA

sin(—a) = —sina

cos(—a) = cosa

tg(—a) =—tga

ctg(—a) = —ctga

3HaKU TPUTOHOMETPUUYECKHUX (DYHKIIMI O YETBEPTIM

b Y

TaHreHc KOTaHreHc

Tabnuiia 3HaueHU TPUTOHOMETPUUECKUX (DYHKITNI, HEKOTOPBIX YTJIOB.
Yroams | g° | 30° | 45° | 60° | 90° |180° | 270° | 360°
rpagycax
¥rox B 0 T x z T b4 in 2r
pammHax 6 4 3 2 2
sin & 0 l L ﬁ 1 1} 1 0

2 |2 |72
cosa 1 ﬁ L l 0 1 0 1
2 | V2|2
iga 0 1 |1 J3 |me 0 He 0
\5 CYIII. CYIIL.
ciga He N 1 |0 He 0 He
CYLL. xﬁ CyLL. CYLLL.




PaccMoTpuM npuMepsbl BbINOJIHEHUS 3aJaHU .

1. Yopocture

(sina + cosa)? + (sina — cos a)? =

= sin*a + 2sina - cos a + cos*a +
+sin’a — 2sina - cos a + cos’a =

= 2sin’a + 2cos?a = 2(sina + cos?’a)

[TpuMeHsIeMBble TIpaBUIa
(a £ b)? = a? + 2ab + b?

sin‘a + cos?a =1

=2-1=2
b) HaiiTu HEN3BECTHBIE U3 TPUTOHOMETPHYECKHX (YHKIIHIA:
. . V3 3
sina,cosa,tga,ctga, ecnu sina = ——,a € (1;—).
Jlano: Pemrenmue:
V3 :
sina = — 7; N3 dbopmyist :
37 sin*a + cos?a = 1, BBIpa3suM COSQ, yYUTHIBAL, UTO
a € (n; —)
2 c
Haitu: cosa,
E
tga, ctya.
F-sinla,

oy gt = 2012

cosa

~= |0

R2UAGETEGE LPBo10 ctga = —

tga’

os)

O 9

1

2.JTano tga = . Kaxkoe

3HAQUYCHUEC MMCIOT OCTAJIbHBIC TPUTOHOMETPHYCCKHC

(¢yHKIMM 3TOrO0 yria. B orBere qpodu He cokpamanre.

JlaHo:

. 1
ga_z’

E(_3n>
a n,z

Hanitu: sin a, cosa,

clga.

Pemenue:

N3 popmysr :

e tg”a + 1, BBIpasuM COSA, yIUTBIBAS, YTO

€
Fos2a=122+1, <=>1cos2a=>54, pemuM NpONOPIHIO
cos2a=45, =>cosa=—45=—25




ITo popmyne (1): sina + cos?*a = 1, BeIpasum sin a,

YUHUTBIBas, 4YTO

€
I 2
) 1 ( 2) 1 4 1 1
sina = — - —— = — _—— e e | = —_——
V5 5 5 V5
q

1
E.K. tga - ctga = 1, 10 ctga = tod

ftga =2
P

Jloka3arenbCcTBO TPUTOHOMETPUYECKHUX TOKIECTB

[Ipn JIOKa3aTEIbCTBE JOOBIX TOXIECTB, 51 B YaCTHOCTH
TPUTOHOMETPUUECKUX, OOBIUHO HCHOJB3YIOT CIAEAYIOIIHNE CIIOCOOBI:

1) BeIpaxkeHHe, CTOSIEE U OJTHOM YaCTH PABEHCTBA, C MOMOILBIO TOXIECTBEHHBIX
npeoOpazoBaHui IPUBOJST K BBIPAJKEHHUIO, CTOSIILIEMY
B JpYroil 4YacTM paBEHCTBA;

2)  BbIpaKEeHHs, CTOSIIME B JIEBOM W TMpPaBOM 4YacTAX TOXKIECTBA, C
MNOMOUIBIO TOXIECTBEHHBIX MPEOOpa30oBaHUN MNPUBOJAT K OJAHOMY U TOMY K€
BUILY;

3) [0Ka3bIBAlOT, YTO PA3HOCTh MEXKIY JIEBOM W MpPaBOM YacCTAMH JaHHOTO
TOXJI€CTBA paBHA HYJIIO.

Paccmotpum npumep:

A

blcnonb3ys hopMyiy st pa3sHOCTH KBaJPAaTOB JABYX UMCEI, OTydaeM:

K sinda—cosda = (sin2a+cos2a) (sin2a—cosa).

#o sina + cos?a = 1. Tlooromy

3 sin*a — cos*a = sin*a — cos?a, uTo U TPE6OBATIOCH JOKA3ATh.
KOHTpPOJIbHBIEC BONIPOCHI:

T. 3HaueHus1 TPUTOHOMETPUUYECKUX (PYHKIIMIA OCHOBHBIX YTJIOB.

B. 3HaKkM TPUTOHOMETPUUECKUX (PYHKITUH TIO YETBEPTSIM.

3. CBoiicTBa TPUTOHOMETPUUIECKUX (HYHKIIUA.

Tlepeuncnnre cBOKCTBA, OCHOBHBIE TPUTOHOMETPHUUECKHUE TOKIECTBA.

8. ®opMyJIbl COKPALIEHHOTO YMHOXEHHUS.
K

3ajaHus ISl CAMOCTOSITE/ILHOM MOATOTOBKH K MPAKTHYECKOMY 3aAHATHIO:
Saganmue 1

e

b) HaiiTn HEM3BECTHBIC U3 TPUTOHOMETPUYCCKUX (DYHKITHIA:
Bina,cosa,tga,ctg a

01 BapuaHT a)l — sin*a — cos*a

sinda—cosda=sinZa—cosla.




b)EanSina=%,0 < a<90°

2 BapuaHT 1 —sin’a
a —————————————

ctga
b) Ecnu cos a =§,0 < a<90°

3ananme 2
Han Tanrenc (koranreHc) yria. Kakoe 3HaueHHEe WMEIOT OCTaJbHBIC
TPUTOHOMETpHUUYECKHEe (HYHKIIUHU 3TOTO yria. B oTBeTe 1pobu He cokpaiaiTe.

1 BapuaHT Laa 20 L ( 37‘[)
=7, T —
9~ o1 2
2 BapuaHT . 6 c (ﬂ n)
ctga = ——=,a € (=;
g 8 2
3ananue 3
JIoKa)kKHTE, YTO PABEHCTBO, SBJSIETCS TOXKICCTBOM
1 BapuanT sina + cos*a — 1 == —2sin’a - cos?*a
1 —sina cosa
2 BapuaHT = :
cosa 1+ sina

Ilpakmuueckaa padoma Ne42: Oopmyiibl ipuBeeHus. Pemenue 3a1a4 Ha
dbopMyIIbl IPUBEICHUS

Heab: 3akpenieHne 3HaHUM, 0TpabOTKa HaBBIKOB pabOThI ¢ (hOpMYyIaMU MIPUBEACHHUS.
dopmynamu IIPUBEIECHHUS Ha3bIBAIOTCS dbopmybl, ITO3BOJIAIOIIME
T

MuemoHnYECKHE TpaBUIIa:

. Eciin yronn & OTCUMTBHIBAETCS OT KOHIIOB TOPU30HTAIBHOTO AuameTpa 0, + x,+
P, TO HAUMEHOBaHHE (DYHKIIUM HE MEHSIETCS; €Clu yroj (X OTCUUTHIBAETCS OT
3y

g

¥ 3nak mpaBoit yacTH ompeenseTcs Mo 3HaKy MPHBOIUMON (DYHKIMH, CTOSIIEN
Enesa.

Blpu pemennn npuMepoB NPUMEHSIOTCS MHEMOHMYECKHE IIpaBHiaa (BopMyII
RpuBenenus, cBolicTBA YETHOCTM M  HEYETHOCTH U IEPUOAMYHOCTH
PpuronomeTprueckux QyHKIMIA.

&
&g (a + mc) =Clga K
5 SHaueHus: mpucoHOMempudeckKux OYHKyull OCHOBHbIX Y2ll08
‘gron 0 6] o o o o o o (o]
é?yHKuI/IH T

NS



T Z | Z | E | 28 | 3 7
6 4 3 2 3 4 6
sina l \/E \/§ J3 i 1
2 2 2 2 V2 2
cosa \/§ \/5 1 B 1 B i \/§ —1
2 | 2 | 2 2 V2| T2
e 1 B BT L
J3 J3
S e IR R U O U N R
V3 V3
Taoauua Nel. @opmyast npusedenus
Oyuk- | 7 T 3T 3 +a
——a —+a T—a T+a —-a 2 2r—-a
st 2 2 2
—cosa
sin cosa cosa sina —sina —cosa —sina
—cosa
cos sina —sina —cosa —sina sina cosa
tg clga —clga —1ga Iga clga —~clga —Iga
ctg tga —iga —ctga ciga tga —iga —ctga
coseca| —coseca —coseca| coseca
sec —seca | —seca seca
coseca| —coseco —coseca
cosec seca seca —seca | —seca

I

Pewienue: TpUMEHSST CBOMCTBO NEPUOJUYHOCTH U (HOpPMYJIBI MPUBEACHHUS,
HOJIY4MM:

M 0 1
£05840° = c0s(360° - 2+120° )= c0s120° = cos(180° — 60" )= —c0s60° = -

eulerue. BOCTIONB3YEMCSI CBOMCTBOM HEYETHOCTH, MIEPUOIUYHOCTH U (hopMyIaMu

e

HPHUBCACHU, ITIOJTYIUM:

‘131(19) 19 1 ( ﬂj ( ﬂj 1

BN ——7 [=-SIN—7r=-SIN3—7=-SIN 27+ 7+ — |=-SIN| 7+ — |=—SIN—=——.

€ 6 6 6 6 6 6 2
23 22

gpnMep 3. Berauciure Ct9 5 J3 COS? T

bl

ewenrnue.

= = 0 ooy




) (37[ J (7[ j
SINf| ——a |-ctg| -+«
2 2

Ipumep 4. JIokaxute TOXAECTBO 3 T =sina.

cg| f— 7 |9 BT

2 2
Pewenue:
IIpumep S.
%4
a
Peuwenue: a) ucnoib3ys GOpMyJibl IPUBEICHUS, TOTYIUM
0
6)
T 2
sin(+a)+sin(7r—a) -1 oy , _ .

1 2 _ (cosa+sina)’ -1 cos’a+2cosa-sina +sin’a -1
T N —_—— i . —_ N —_ i .
ég[;z—aj—sin(;wa)-cos(;z—a) ctga — (~sina)- (- cosa) ctga —sina - cosa
B . . . .
o 2C0Ssa-Sing 2cosa-sine 2cC0Sa-sina _ 2sin a—Ztgza
, COSa . - —sina. - a2 ) cad?
p - _sing - cosa COSox Sl-n a-COSax COSO((].. SIn 0!) COS™ o
a Siha SINx SN
xK 3agaHus 119 CaMOCTOSITEIbHOIO pelleHust

Nol. YVopocturte Beipakenue. Ne2. Beruncnure. No3.JlokaxuTe TOXIECTBO.

BiT 3aoanusn

u Nel

o Sin(a—%r)-COS(ﬂ—a)+Sin(a—7z)-sin(7z+a)

No2 87z 37\ . 3r
4cos| —— |-ctg| —— [-SIN—
3 4 2

Ned sin(a — 7)+tg(a —7) + cos(%r + aj =tga

Nl sin(er — ) + cos(a — 3;)

ctg(a—’;)—tg(n+a)

No2 ( 17 j 357 . ( 37[)
2cos| ——m |-Ctg — -sin| ——
6 6 2




Ne3
COSOl-tg(37Z'+Ol)-tg[5ﬂ—0{j
2
=1
. T
sin| = —«
54
Nel sin(;z —a)+cos(127 — ) - cos(3; + )
cos(:z’ + @) +sin@r —a)sin(dx + f)
No2 10 197
5tg°| — — 7 |+ctg| - ——
g( 3”) g( 6j
03
N tg(57z—a)-tg(37ﬂ+aj+sin(a—27z)-cos(37ﬂ—aj+cosz(%—a]:1
Nel cos(a—;r)-ctg(a+Z)-sin(47z—a)
sin(77z+a)-ctg(3;—a)
02
e ) o ]
4 4 4
Ne3 [sin[g+aj+sin(ﬂ—a)) —1
=2tg’a
tg[z—aj—sin(ﬂ+a)-ccs(7z—a)
Nel 1-— cos(B; — ) +cos(6x — )
1+sin(87z+,8)—sin(3;+,8)
Ne2 .3( 97;) 2( 5%}
sin®| — == |+ cos?| - ==
4 2
Ne3 144 T . (r 3
coj —+a |-'tg| ——a |-SIn| ——a |+l — —a | =10
2 2 2 2
Nel
sin(z - aj +cosla —127)- cos[:z[ + ,Bj
co{?’;+aj—sin(37r—a)-sin(—,8—47r)
Ne2
23in3(—16—”j+5c032(—§7rj
6 3
Ne3

2 2

003(37”+ aj+sin(a —ﬁ)—tg(a —zj —tg(g—ﬂ —a] =0




Nel
sin(%+aj-cos(27z+a)—cos(37ﬁ—a)-sin(37z—a)
No2
4cos” —Eﬂ'j—ZCO L]+ 3sin® _Zj
4 3 6
Ne3 ju 2 - 2
(sina+sin(——aD +(005a—cos(——aD =2
2 2
Nel
sin(27r—a)-tg(72[+aj-ctg(3;—aj
cos(2z +a)-tg(7z + «)
No2
lsin3(—g7rj—2tg3(—zyz)+3cosz(—£)
3 4 4 4
Ne3
sin(Zn—a)-tg(Z+a]-ctg(?’;—aj
=1
cos(2z + a)-tg(z + )
Nel tg[a—ﬂ)—ctg(n—a)+cos[a+3”j
2 2
sin(z —a)
Ne2 SCOSZ(—gﬂ')—3Sin2(—Z7Z')—2tgz(—&)
4 4 4
Neo3 T . 3 )
ctg(a—zj- Sln[a—zﬂ'j—SIH(ﬂ'-l-O()
=1
tg(7 + o )- [cos(a + 27) + sin(a — 27)]
Nel
coss(a—?;[J-sin(Zﬁ—a)
ctg3£a—”j-sin(?’7r+aj
2 2
No2 ( 572') { 5%) ( j [ 47[)
SInf —— |+ CO _T +tg| —— |+ctg| ——
%3 t9[+aj-cos{2ﬂ—a] cos(— )
3 =Sinx
ctg(;z—a)-sin(;+a)
Nel

N4 . (37
cos’| —+a |-Sin| — +a
2 2

ctg{a —Zj-sin(ZE ~a)




Ne2 | sin?(-330° )—cos?(~120° )—tg?(— 240° )+ ctg(~ 330°)
Ne3 tg(3ﬂ+ J
. e 24
Sln(7Z'+0[) _ 2 +tg(7z—a)=0
Sln(Bﬂ a) ctg(7 —a)
2
ol
N cos(m —a)+ COS(Z)
i . (37
sm(27z—a)—sm(2—aj
Ne2
sin[%—aj cos(z —a)+tg(7 —a)— ctg(37z+aj
Ne3 37
sin| =" + &
tg(z — ) [ j
cos(z + ) tg( . aj
Nel
sinz(n—a)+sin2(7;—aj
-t _
sin(z —a) 97 - a)
Ne2
cos(—97)+ Zsin(— 49—”) —ctg (— 2—17[}
6 4
Ne3 ot [71' j
sin(z — ) N2 “ cos(2z —a) .
: (SRR —sina
tg(z + ) tg[72t+aj sin(—a)
Nel | sin(z + a)-sin(27z + )
tg(yz+a)-cos[3;+aj
N2 | tg1800° —sin495° + cos945°
Ne3

cos® (7 — oz)+sin2(72Z — aj +cos(z + a)-cos(27 — )

37
tg?| a — = |-ctg?| °%
g[a chg(2+aj

= cos? «




Nel

tg(z — @) ,“”@*“]

cos(z + ) tg[?ﬂl’ N aj
2

Ne2 S 57 57
cCo§ ——— " . ein 22—
[ 5 j tg g SN

S . cos(— 4;jctg 27

cos1” cosx 3

Ne3

sinz[a — 3;) .cos(27z — a)

355 = cosa
tg?| « —”j-cosz[a —ﬂ)
2 2

Nel ) T : T

sm(zz—a)cos(a—Ej—sm(a+5jcos(7z—a)
No2 7

i 31z
-7 2C0S—— —tg —
sin(—7x)+ 2cos 3 10,7

e sin(?’;Z —,Bj-ctg(;Z +,8j

)l

=—sinfg

Nel | sin(z +«)-sin(a + 27)

tg(z +a)- cos(gg + aj

No2

sinz[sﬂ+aj
2 N sin?(— )

Ctgz(a—Zﬂ') Ctgz(a—&[j
2

Ne3 | sin(a —7)-sin(27 — a)-cos(a — 2r)

sin(z —aj-ctg(Szﬂ + aj-ctg(;r—a)

=sin‘«

2]
CoO§ —+«
cz‘g(ﬂ—a). 2

sin(z +a) Ctg(fb’?f .\ aj
2

Ne2 \/Esin[— 5%) -6 cos(— —Zéﬁj + 2tg 1577[ — J§ctg —22”




Ned cosz(gﬂ— )
2 cos®(—a) 1
tgz((x—Zﬂ') tgz(a_s;j
Nel | cos(z +a)-cos(27z + )
ctg(7z+a)-sin(3§+a)
Ne2 i ( 137[) Vs 227 377
sin| — —— |+ cos—— +tg —— —ctg ——
6 3 4
Ne3 | sin(z+a) tgla-x) cos2r-a) _sing
[7[ ) ctg(7 + o) {37? )
ctg| = —a cos — —a
2 2
Nel
cos’(z — )+ cos® (72[ - aj
-Cct —
cos(z — ) 9(z - a)
Ne2 | 5in9135° + cos(—585° )+ tg1395° + ctg(—630° )
Ne3
1-ctg® o tgl "
2 2
7T .1—Ctgz(a—27r):_1
Ctg(aJr)
2
Nel ) . (7
5|n(7z—a)+sm(2—a)
cos(2z —a)— cos(—a)
No2 sm( 477[)_,[ 21z t[— 237[)_ ot 197
3 J J 4 J 6
Ned 003[377[ +sin(a—n)—tg[a—%)—tg(%{—aj:O
Nel | (7« (3% )
sin®l = +a |-cod —+a
2 2
tg3(a—72[ .co8(27 — ax)
No2 | ctg225°— ctg675° — cos495°+cos765°




Ne3

sin(z —a)-ctg (72[ - aj -cos(27 —a)

tg(”+a)'tg(z+a}sin(_a) =sina

o]

X sin{a—ggj-cos(%—a)

tgs(a - ﬂj . Co{gw + aj

2 2

No2 | sin(—=810°)+cos(—900°)+tg(—395°)ctg575°
Ne3

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

cos(27z — a)-ctg [72[ + 05) : tg[gg - aj

sin(2z + a)-ctg(7 + )

N2 15in2010° + 4tg(—855° )+ +/3 cos(—1590° )
Ne3

tg(a - Zj —ctg(zr — o)+ cos(a + 3;)

=1
sin(z — a)

Nel

cos(g - aj +sin(a —127r)-sin(3; + ﬂj

sin[gg + a] —cos(37 —a)-cos(— g —4x)
N2 1 (sin(90° — )+ sin(180° — &)’ + (cos(270° — )+ cos(360° — )’
Ne3 cos(g—ﬂJraj-tg(z—aj—sin(z—aj+ctg(3—”—a]—ctg(£—aj =0

2 2 2 2 2

Nel

sin(gz + aj —cos(57 —a)-cos(f + 67)

cos(;Z - a) +sin(a +127z)-sin(3; + /3’)
Ne2

sin(z + a)- cos(% + aj —cos(27 + oz)-sin(?%Z —aj




Ne3
sin(zn—a)-tg[z+aj-ctg(3;—aj

=1
cos(2z + a)-tg(7 + )

Nel
cosz(27z—a)+sin2(3;—aj
tgz(”+aj-ctg2(3ﬂ+aj

2 2

No2 |'s

Ne3 sin(a—27;)-003(37”—aj—tg(ﬂ—a)-tg(gg—a)+cosz(%—aj=1

Nel
sinB(a—?jcos(Zn—a)
tg{a—”)cos{a—gﬂj

2 2
No2 3r V1
1-ctg?| a— tgl a— =
g(“ 2), g(“ zj
2
Ctg(ﬁﬁ} 1-ctg?(a —27)
2

B e i U )

sinl| 2z +a |-cg] = —a |+sin(z—a)+ctg| =7 —a |=tga
2 2 2

Nel
sin(a—%)—cos(a—7r)+tg(a—37ﬂj+ctg(27r+a)

No2
tg[a—”)—ctg(z—a)+cos{a+?’”j

2 2
sin(z —a)

Ne3 . T 1 1
ctg® (27 —a)—sin| a — = |- =
g(7z' a) [a 2) [ 72') sin® a

sin| o +
2

Nel
cosz(a—%[j-dg(a—ﬂ)

No2 | ¢

Ne3
sin(%—aj—cos(z—a)+tg(7z—a)—ctg(gyz+aj=Zcosa

Ilpakmuueckasn paboma Ne43,44,45: Oynkius y = sin X, €€ CBOCTBa U Tpaduk.
OyHKIMA Y = cos X, e€ cBoiicTBa U rpadpuk. DyHKIMK y = tg X, y = ctg X, UX CBOICTBa U




rpaduxu
Llenv padompl: 3aKkpennTb 3HAHUS U YMEHUS CTYJCHTOB 110 OCBOGHHIO CBOHCTB

TPUTOHOMETPUUECKUX (PYHKIIMA.

Teopurnueckoe 000CHOBAHME:

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

®yHKIMA y = sin x

I'paduxoM (pyHKIMHU ABISAETCS CUHYCOMA.

[TosiHy10 HEMOBTOPSIOILYIOCS YaCTh CUHYCOM/IbI Ha3bIBAOT BOJIHOW CUHYCOU/IBI.
[TonoBHHY BOJIHBI CHHYCOM/IbI HA3bIBAIOT MOJTYBOJHON CUHYCOU/IbI (MJIM apKOK).

A
— i ¥ T=2n
y=sinx 1 < >
/‘\ i -
-+ : : ! : >
—2m _3m -1 _I 0 s T am 2T
2 2z N S 2

CpoiicTBa QpyHKIUHM y = sin x:

1) O6nactp onpeneneHust PyHKIMH — MHOYKECTBO JEHCTBUTENbHBIX YHCET.

2) ObnacTh 3HaYeHUH QYHKUIUHU — OTpe3ok [—1; 1]

3) Oto HeueTHast PYHKIMS.

4) Oto HenpepbIBHAST QYHKIHSL.

5) Koopaunats! Touek nepecedyenus rpaduka:

- ¢ ocbio abcrucc: (mn; 0),

- ¢ ocwto opauHart: (0; 0).

6) Ha otpeske [-n/2; m/2] pyHKkuusa Bo3pacTaer, Ha oTpe3ke [n/2; 3m/2] — yObIBaerT.
7) Ha mpomexxyTkax [27n; 7t + 27tn] GyHKIIMS IPUHUMAET TTOJIOKUTEIHHBIC 3HAUCHHUS.
Ha npomexyTkax [-m + 271tn; 27n] pyHKIUS IPUHUMAET OTpULIATEIbHbIC 3HAYCHMUS.
8) IlpomexxyTku Bozpactanus pyHkuuu: [-m/2 + 2nn; n/2 + 2nn].

[TpomexxyTku yObiBanus ¢pyHKkuuu: [n/2 + 2nn; 3n/2 + 2xn].

9) Touku MunuMyMa GyHKUUU: -1/2 + 27n.

Touku Mmakcumyma GpyHkuuu: /2 + 2nn

10) dynkuus orpanuueHa cBepxy u cHu3y. Haumensiiee 3HaueHue GyHkiuu —1,
HauOosbIIee 3HaueHue 1.

11) Ot1o nepuoanueckas pynkuus ¢ nepuoaoM 2 (T = 2x)

s moctpoenus rpaduka GyHKIUHN Y = sin X yJOOHO IPUMEHSTD CIIEIYIOLIHEe MacIITaOb:

- Ha JTUCTE B KJIIETKY 3a CIUHHILY OTpe3Ka MPUMEM JIJTMHY B JIBE KIICTKH.

- Ha OCH X OTMepuM AnuHY 7. [Ipu aTom st yno6ersa 3,14 npeacraBuM B BHJIE 3 — TO €CTh 0e3
npo6u. Toraa Ha JAKUCTe B KJIETKY T COCTaBUT 6 KJIETOK (TPMXK/BI 1O 2 KIETKH). A Kakaas KiIeTka
MOJYYUT CBOE 3aKOHOMEPHOE UM (OT MepBoii 10 miectoi): n/6, n/3, n/2, 2n/3, 5n/6, m. 10
3HAYEHUS X.

- Ha OCH Y OTMETUM |, BKITFOUAIOLIH JIBE KJICTKH.

CocraBuM Tabnuily 3Ha4eHUH QYHKINU, IPUMEHSS HALY 3HAYCHUS X:



T T T 2n 5w

Hanee coctaBum rpaduk. [lomyunrtces monyBosHa, HaUBBICIIAs TOYKA KOTOpoi (7/2; 1). DTo
rpaduk ¢pyHkuuu y = sin x Ha otpeske [0; «t]. lo6baBuM K mocTpoeHHOMY rpaduKy
CUMMETPUYHYIO MOJIYBOJIHY (CHMMETPUYHYIO OTHOCUTEIHHO Havyajla KOOPAUHAT, TO €CTh Ha
oTpeske -1). 'pebeHb 3TOoM 1MoJIyBOJIHBI — O] OCBIO X ¢ KoopauHaTami (-1; -1). B pesynbrare
MOJIYYUTCS BOJIHA. DTO rpaduK PyHKIMH Y = Sin X HA OTpe3Ke [-T; m].

Mo:KHO MPOAOIKUTH BOJIHY, IIOCTPOUB €€ U Ha oTpe3ke [m; 3n], [r; Sx], [m; 7n] u 1.1. Ha Bcex
3TUX OTpe3kax rpaduk QyHKIUU OYJEeT BBIIAIETh TaK ke, Kak Ha oTpeske [-m; m]. [Tomyunrcs
HETpepbIBHAS BOJIHUCTAS JIMHUS C OJIMHAKOBBIMHU BOJIHAMHU.

DYHKIUA ) = COS X.
['paduxomM GpyHKINU SBIAETCS CHHYCOH 1A (€€ MHOTJa HAa3bIBAIOT KOCHHYCOUION ).

y=cCosX >4

/
/

CBoiicTBa (yHKUIHH ) = COS X:

1) Obnacte onpeneneHust yHKIUN — MHOXKECTBO JIEHCTBUTENIBHBIX YUCE].

2) O6nacTh 3HaYeHUN QPYHKIMU — OTpe30ok [—1; 1]

3) D10 yeTHast QyHKIMSL.

4) Oto HenpepbIBHAS (YHKLIHUS.

5) Koopaunatel Touek nepecedeHus rpadpuka:

- ¢ ocwlo abcnucce: (/2 + mn; 0),

- ¢ ocbto opauHar: (0;1).

6) Ha otpeske [0; m] ynkius yObIBaeT, Ha OTpe3Ke [T; 27| — BO3pacTaer.

7) Ha mpomesxxyTkax [-m/2 + 2mn; /2 + 2nn] GyHKIUS TPUHAMAET MOJIOXKUTEIbHbBIE 3HAUCHUSI.
Ha npomexytkax [m/2 + 2nn; 31/2 + 2nn] GyHKIUS NPUHUMAET OTpUILIATEIbHbIE 3HAYECHHUS.
8) IIpomexxyTku Bo3pacTtanus: [-n + 2mn; 2mn].

[TpomexyTku yobiBanus: [2mn;  + 2wn];

9) Touku MuHUMyMa QyHKIUU: T + 27N,

Touku MmakcuMyma QyHKIMH: 27tn.

10) ®yHkuus orpaHudeHa cBepxy u cHusy. Hanmensbiuee 3Hauenue GyHkuuu —1,
HauOosblIee 3HaUeHue 1.

11) Oro nepuoanyeckas pynkuus ¢ nepuogom 2n (T = 2)

®ynkuus y = mfi(x).
Bosbpmem npensiaymryto ¢GyHKIHMIO y = cos x. Kak BbI yxe 3HaeTe, ee rpapuKkom sBIsIeTCs
cuHycouaa. Eciu Mbl yMHOKMM KOCHHYC 3TOH ()YHKIIMHU HA ONPEeJIEHHOE YHCIIO M, TO BOJIHA



pacTsiHeTCs OT OCH X (JTMOO COXKMETCS, B 3aBUCUMOCTH OT BEJIMYUHBI M).

Dta HOBas BoJiHA U OyeT rpadukom dyHKIuK y = mf(X), rae m — ar000e 1elCTBUTEIIBHOE
YHCIIO.

Takum o6pazom, pyHKIusa y = mf(x) — 3T0 npuBbIYHas HaM GyHKIHS y = f(X), yMHOKEHHAsI Ha

Eciam m <1, To cunycouaa cxxkumMaercs K ocu X Ha ko3gpuumnent m. Eciiu m > 1, To
CHHYCOH/Ia PACTSATMBAETCHA OT OCH X Ha KO3 PUIIHEeHT m.

BrimomnHsis pacTskeHre WU CKaTue, MOXKHO CHayvaja MOCTPOUTH JIMIIb OAHY MOJIYBOIHY
CHHYCOUJIBI, a 3aTeM YK€ JOCTPOUTH BECh IrpauK.

Oyukuus y = flkx).

Ecnu QyHkius y = mf{(x) IpUBOANT K PaCTSHKEHUIO CHHYCOHUIBI OT OCH X JINOO CHKATHIO K OCH X,
to ¢yHKIUs Y = f(kX) IpUBOAUT K pACTSHIKEHUIO OT OCH ) INOO CIKATHUIO K OCH ).

[Tpuyem k — mo60e 1eHCTBUTEIBHOE YUCIIO.

IIpu 0 <k <1 cunycomnaa pacraruBaercs otr ocu y Ha ko3¢ Ppuuuent k. Eciu k > 1, To
CHHYCOM/Ia CKMMAETCH K OcH y Ha Ko ¢unuent k.

Cocrasisist rpaduk 3TOH GYHKIIMH, MOXKHO CHauaia MOCTPOUTh OAHY MOJIYBOJIHY CHHYCOH/IBI, a
10 HEW JOCTPOUTH 3aTEM BECh IPaUK.

DyHKuui y = tg x.
['paduxom GpyHKINHU y = tg X ABISETCSA TAHTCHCOMIA.

JloCTaTO4YHO MOCTPOUTH YacTh rpaduka Ha MpoMexxyTke oT 0 10 /2, a 3aTeM MOKHO
CUMMETPHUYHO TPOJIOJDKHTE €€ Ha mpoMexyTke ot 0 1o 3m/2.

1 y=tgx 1 'y |} 1
| | T=n |
: : « ; > :
| | | X
} } I } >
3m | T _I 1] o T 3
T 2 2 2!

CpoiicTBa QyHKIUH y = tg X:

1) Obnacte onpeneneHus: GyHKIIUN — MHOKECTBO BCEX JIEMCTBUTENBHBIX YMCEN, KPOME YnCell
BUJIA

X = /2 + 7k, rae k — mo0oe 1e1o0e 4ucio.

JTO 03HAYaeT, YTo Ha rpaduke QyHKIUU HET TOUKH, TPUHAJIeKAIIEH MpAMon x = /2,

6o npsiMoit x = 31/2, mubo npaMoit x = 5n/2, nubo npsmMon x = —m/2 u T.x.

2) O6nacTh 3HaUYeHUM PyHKIUHU (—00; +00)

3) D10 HeueTHas: QYHKIHUS.

4) DTo HenpepbiBHAs GYHKIMS Ha HHTEpBaJe (—m/2; 1/2).

5) D10 nepuoauueckas GyHKIUS ¢ OCHOBHBIM nepuojoM 7 (T = 7)

6) OyHKIIMS BO3pacTaeT Ha UHTepBaje (—m/2; m/2).



7) OyHKIMS HE OTpaHWYEHA HU CBEpPXY, HU CHU3Y. He mMeeT HU HauMeHbIero, HU
HauOOJBIIETO 3HAYCHU .

DyHKIUA y = ctg x

['padmkoM GyHKIUH ) = ctg X TaKKe ABISETCS TAHTEHCOU A (€€ MHOT/Ia Ha3bIBAIOT
KOTaHT'€HCOMJION ).

1 1
_x . y=ctgx
i T=m
i -+ >
E X
t
-, I 0 T T am 2T
i 2 ) 2

v

CpoiicTBa QyHKIUH y = Ctg X:

1) Obnacte onpeneneHust GyHKIIUN — MHOKECTBO BCEX JIEMCTBUTENBHBIX YMCEN, KPOME YnCell
BUJIA

X = 71k, rae k — mo0oe 1enoe 4yuco.

2) O6nactp 3HaYeHUH QyHKIMHU (—00; +00)

3) D10 HeueTHas QYHKIMUS.

4) Oto HenpepbIBHAs (QYHKLINUS.

5) D10 nepuoauyueckas GyHKLIUSA ¢ OCHOBHBIM nepuojoM 7 (T = 7)

6) ®ynkuus yooiBaeT B npomexyTke (nk; m + nk), roe k — mo6oe nenoe uuncio.

7) OyHKIMS HE OTrpaHUYEHa HU CBEpXY, HU CHU3Y. He nMeeT HM HauMEHBIIero, HU
HauOOJIbIIETO 3HAUYECHUH.

TekcT 3axanuga:

Mmnooicecmeo 3nauenuil

Omnpenenure MHOKECTBO 3HAUEHUN (QYHKIUU: [_2; 5]
y =5C0sX—2 [ 7]
Haiinute cymmy 1enbix 3HaYeHUN QyHKIUN io; "
y =4-3sin’ x 6;
VKaknTe HAHOONbIIIee EN0e 3HAUCHHEe (GYHKIUN | 89;
y =+/21sinx+2cosx—3 9;
Omnpenennte MHOXKECTBO 3HAYCHHUN (DYHKITUU: . 4]
y=4cosx+1 [2-

3




A5 Haiigute cymmy nienbix 3HaueHUN QyHKIMH -10;
y=2sin’ x—6 ~15;
A6 VKaKnTe HaNMEHbIIIee 1eI0e 3HaueHne GYyHKIINH | 39
y =/55in X—2cos X +1 -1
A7 | Onpenenure MHOXECTBO 3HAYCHUN (DYHKIINU: Fli; 7]
y=7Cc0SX+1 [ gl
A8 Haiigure cymmy 1nienbix 3HaueHU GyHKIMH 5
y =2-5sin® x -3;
A9 | YkaxuTe HanbombIIEE TIeI0€ 3HAUCHNE QYHKIMK | =2
y:sinx+\/§cosx—4 -2,
AI0 | Onpenenute MHOXKECTBO 3HAYCHHUH (PYHKIINU: ;; 4]
y=2cosx—4 [_4-_9]
All | Haiigute cymMMy LeNbIX 3HAYEHUN (QYHKIMU .
y =4sin’ x-3 -5,
AI2 | YkaxuTe HaMEHbIIIee 1IeJI0€ 3HaUeHUE (PYHKIIHH =§i
y =6sinx—8cosx+4 ~14;

Ilpaxmuueckaa paboma Ne46:
[IpeoOpazoBanus rpauKOB TPUTOHOMETPUUECKUX PYHKITUH

Heab: ucnons3ys npeodpazoBanus rpadukoB PyHKINU, TOCTPOUTH 3aJaHHYIO (QYHKIIUIO.




y=-2sin(x+§)-l

y=2sin(x+§)+l

| BapuaHT 2 BapuaHT 3 BapuaHT
[loctpoiite rpaduk [locrpoiite rpaduk [loctpoiite rpaduk
byHKUMH (GyHKIHH (GyHKIMH

y=2cos(x+§)-l

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

y=-2c03(x+;)-1

4 BapuaHT SBapHaHT 6 BapuaHT
. [loctpoiite rpaduk [locrpoiite rpaduk [loctpoiite rpaduk
hyHKUMH (GyHKIMH (GyHKIMH

y=-23in(x+;)-l

7 BapHaHT

8BapuaHT

0 BapuaHT

. [loctpoiite rpaduk
byHKIMH

y=2cos(x+;)+l

[locrpoiite rpaduk
byHKIMH

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

[loctpoiite rpaduk
(GyHKIMH

y=25in(x+;}-l

Ilpaxkmuueckaa paooma Ned7:
OO6parnbie TpuroHomerpudeckue Gpyukmuu. Mx cBoiicTBa u rpaduku

Hean:
® 3aKpEIUIEHNE KJIIOUEBLIX NOHITHH:

ApPKCHUHYCA, AapKKOCUHYCA, APKTAHI'CHCA 1 APKKOTAHI'CHCA YU CJIOBOI'0 apryMEHTa,
L BI)IDa6OTKa IIPAKTUYCCKNX HABBIKOB:

B BBIUHCJICHUH OOpaTHBIX TPUTOHOMETPUYECKUX (DYHKIUH;

B pCHICHUUA HpOCTCﬁH.IPIX TPUTOHOMCTPHUYICCKUX ypaBHeHHﬁ;

AKTyanu3auusi ONOPHBIX 3HAHU M

1. Yro HasbiBaeTcs arcsin a? arccos a?  arctg a? arcctg a?
aKye 3HAYeHHs MOTYT IPUHUMAaTh X M) s QyHKIMi:
y =arcsinx
y = aistoRx
y = arcctgx



aK BBIYMCIIUTH arcsin u arctg oT OTPHUILIATEIILHOTO apryMeHTa?
aK BBIYMCIIUTH arccos M arcctg OT OTPUIATENBHOTO apryMeHTa’?

3aganus 1J151 NPAKTUYECKO padoThI

Beruunciaure:

a

b o &= W
PO S 8 O

HajiguTe 3HaYeHHE KAXKA0T0 BHIPAKEHUS

a) 3arcsin — g +5arctg0— arcco{— %)
0) sin arcctg(— \/§)+ 2arcsing

J3 J3
B) tg| arcco > +arctg?

r) 3tg arcsin%)

V3

) sin arcc037

e) ctg arcsin(—%} K) ctg arcco{—?]

Onpeaenenne 00paTHLIX TPHTOHOMETPHYECKHX PYHKIHI.

[lockonbky TpUroHoMeTpuueckue (QYHKIHU MEepHOJUYHBI, TO OOpaTHbIE K HUM
(yHkuuu He onHO3HAYHbL. Tak, ypaBHeHHe y = sinX, MpPH 3aJ]dAHHOM , HMeEeT
OeckoHEeYHO MHOTrO KOpHeil. JlelCTBUTENBHO, B CHIY MEPHOJAMYHOCTH CHHYCA,
€CIIM X TaKoW KopeHb, TO M x + 2zn (rae n uenoe) Toxe OyaeT KOpHEM
ypaBHeHusi. Takum o00pas3oMm, odpaTHbie TPHIOHOMETpPHYeCKHEe (YHKIHH
MHOro3Ha4Hbl. YtoObl ¢ HuMH ObUIO mpomie paboTaTh, BBOJAT TMOHATHE HX



rIaBHbIX 3HayeHuid. Paccmotpum, Hanpumep, cuHyc: y =sinx. Eciu
OTPAHUYHUTDL APrYMEHT X HHTEPBAJIOM , TO HAa HeM (DYHKLMS y = SINX MOHOTOHHO
Bo3pacraer. [loatomy oHa umeer 0HO3HauHYI0 00paTHYI0 (YHKLMIO, KOTOPYIO
HA3bIBAIOT APKCHHYCOM: X = arcsin y.

Ecin oco6o ©He oroBopeHo, TO 104 OOpaTHeIMH TPUTOHOMETPUYECKUMH
(GyHKUMSAMH MMEIOT B BHMAY HX IJIaBHbIE 3HAYEHHS, KOTOPbIC ONpeaesioTcs
CIIC/LYIOLIMUMH ONpPe/IEICHHAMM.
Apkcunye (y =arcesin x )— 910 (yHkuns, obpartHas K CHHyCy (x =siny),
MMeroLas 00J1acTh ONpeaeeHns U MHOKECTBO 3HAYCHMIT .
Apkkocunyc (y = arccos X ) — 910 QyHkuus, oOpaTHas K KOCHHYCY (X = cos y ),
MMeroLas 00J1acTh ONpeeIeHus W MHOXKECTBO 3HAYCHMIT .
Apkranrenc (y =arctg X - 910 (yHkuus, obpaTHas K TaHreHcy (x =tgy),
MMeroLas 00J1acTh ONpeaeIeHUs W MHOXKECTBO 3HAYCHMIA .
Apkkoranrenc (y =arcetg X - 310 (yHkums, obparHas K KoTaHreucy (x
= ctg y ), umerowas 061acTb ONpeeIeHHs U MHOKECTBO 3HAYCHHH .

I'paduxn 06paTHLIX TPHrOHOMETPHYECKHX PYHKUMIL.

['papuku oOparHbIX TpUroHOMETpHYECKHX (YHKUMIT nonydaiorcs u3 rpadukos
TPUTOHOMETPHYECKUX (PYHKLMIT 3epKaIbHBIM OTPAKEHHEM OTHOCHTENIBHO MPAMO

y = x. Cm. pazzaenst CuHyc, KOCHHYC, TaHreHe, KOTaHIeHC.
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y =arctgx
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y = arccos x y = arectgx

3amanue 3. [ToctpoiiTe rpaduku ¢ MOMOIIBIO TPeoOpa30BaHUIA.



1) y=cosx—1,
2) v =lsin_r;

3) y=|2cosx];
4} ¥ .=

5) y=celx-Z]-

Ilpaxmuueckasa paboma Ne48:
VYpaBHeHue cos X = a. YpaBHEHHUE Sin X = a. YpaBHEHHE tg X = a, ctg X = a.
Pelienre TpUroHOMETPUYECKUX YPABHEHU OCHOBHBIX THUIIOB: MTPOCTEHIIINE
TPUTOHOMETPUUECKHE YPaBHEHHUS, CBOJISAIIUECS K KBAJPATHBIM, pelllaeMble

Pa3Jd0KCHUCM HAa MHOXHUTCIIN, OTHOPOIHLBIC.
eJIb: : HAy4YNUTbCS PellaTh POCTEUIINE TPUTOHOMETPUUECKUE YPABHEHHS U HEPABEHCTBA.
y4 p p Y P yp Y

AKTyanu3auusi ONOPHBIX 3HAHU M

Kakue ypaBHEHHsI Ha3bIBAIOTCA MTPOCTENUIIIMMHA TPUTOHOMETPUYECKUMHU?

Kakue 3HaueHuss MOKET MPUHUMATh YUCJIO @ B YPaBHEHUSAX Sin X=a M cosX = a?
Kaxue 3naueHns MOXKET IPUHUMATh YHCIIO @ B ypaBHEHUSX tgx=a U ctgx=a?
Kaxue ciyyan B TpUTOHOMETPUYECKUX YPABHEHUSAX HA3bIBAIOTCS YACTHBIMU?
CKOJIBKO pelIeHn UMeeT TPUTOHOMETPUYECKOE ypaBHEHUE?

OcCHOBHBIE TUIIBI TPUTOHOMETPUYECKUX YPABHEHUM.

e AJrOpUTM pEUICHMs YPABHEHHUM, CBOASIINXCS K KBaAPATHBIM.

e Kakue ypaBHEHHUs Ha3bIBAIOTCS OJHOPOAHBIMU? AJITOPUTM pEIIEHUS OAHOPOIHBIX
YPaBHEHUM.

Pemenne npocreiilinx TPHroHOMETPHYECKHX YPABHEHHIi

Tabnuual

Ypaenenue Obwee pewenue Yacmuuvie cayuau

a=-1 a=0 a=1
smx=a —(=1Y arcsi xX=m P

’ x=(-1) arcsm a+m .\’:—E—I-zfm x=% +2m
la| <1 2
cosx=a. x = *arccosa + 2/m X=m+2m s x=2m
X=—+m
la| <1
= x= 7 X =7m

tgx a x =arctga +/m o Fo x_%mi
ae(-om;m)
ctgx=a1 X =arcctga +m v o =% m ‘_%Hﬂ
a €(—oo;,)




3aganus 1J151 NPaAKTUYECKO padoThI
PemnTe npocTeiime ypaBHeHHsI :

6|n2x =-1

199‘{@‘( }9 ; e)sin3x=

PeHIHTb ypaBHeHHS:

a) 6sin®x—5sinx+1=0

6) 11-16sin® x+16c0s* x =0

B) SiInX—cosx =0

r) 2c0s” X—3sinXcosx+sinx=0
n) cos3x—cosx=0

¢) sin2x—cosx =0

Bapnant Nel

1. Peunte ypaBHeHue: 2cosz = 32@

'1)(—1)"%+1rn,n€Z 2):!:'-:1r-+1rn,n€Z
3)z +2,n€Z 4):!:%+27m,n€Z
2. Pewnre ypasHenue: tg(m — z) + v/3 = 0.
1)%+7m,neZ 2)13:-+1m,n€Z
3)%+21rn,neZ 4)%+27m,n€Z

3. Pewnre ypaBHeHue: sin (—-2-) + % = 0.

1):!:%+21rn,n€Z 2):t§+21rn,nez

3) (—1)"% 4+, n€Z 4) (-1)“% +2mn,neZ
4. Pelliute ypaBHeHHe: 2008(% ~ :r:) —v2=0.

1)(—1)"%+21m,n62 | 2)%+21rn,nEZ

3):t%+21rn,neZ 4) (- 1)"—+1m,n€Z



5. Haiiaure pelnenns ypasHenns: 2tg? z = a%; - 1.

1)-’%’—‘,nez 2)%+7rn,n€Z
3)3mn,ne Z 4)mn, n€ Z
6. Haiinure pelieHns ypaBHeHHs: ctg(%x - 1r) = 1.
1)%+2n,neZ 2)i%+n,n§'z
3)—l+n,n€Z 4)l+ﬁ,nez
2 2 2

7. YKaxxuTe HAaHMEHbLLIHH MHOJIOKHTENbHBIA KOPeHb YpaBHEHHS

in T . tg(—z) = ——
sin o tg(—z) 7

T R
8. Tpu KaKHX 3HaYeHHRX Z 3HaYeHHe GyHKMH f(z) = 4sm5;- - cos% ]
pasHo 0?

1), neZ 2)(—1)"%+1rn, nez

3):!:%+1m, nez 4)(—-1)"%+27m, nez

BapuanT Ne2
1. Pewmnre ypaBuenue: 3tgz = /3.
1)%+21m,nGZ 2):&%+1m,n€Z
3)%+1rn,neZ 4)§+1rn,n€Z
2. Pewnre ypaBHeHHe: ooe% = %
1):!:2375+41rn,nez 2):!:§+21rn,neZ

3):&%+21m, neEzZ 4) (-1)"%+1rn, nezZ



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

1)—%+27rn,n€Z 2)%+21m,n€?
3)¢g+27m,nez 4)§+1m,nez

4. Halinure pewenus ypaBHenus: ctg?z = 1 — Ei_x_ll"r;'
1)%+21m,.neZ 2)%+1m,n€Z
3)%,1&62 4)mn, n€ Z

5. Hafinute pelienus ypaBHeHus: 4cos-7353in(12"~ - a:) = —/3.
)T+, nez 2):1:%7i+27m,nez
3)i§-67—r+1m,n€Z 4)+Z +2mn, ne Z

-~ -~

6. YkaxuTre HaHMEHbIUHH MOJIOXKHTEJNbHHIH KOpPeHb YpPaBHEHHS
cos 7 ctg(—z) = —/3.

D § 2§ 33 Ay
7. TlpH Kakux 3HaueHusiX = 3HaveHue QyHKUHH f(z) = 8sin % cos % - 2V/2
pasHo 0?

1):!:—38£+37m,n€Z | 2)(—1)"%’5,+%Tn,nez

3) (—1)"%+2—gﬂ, nez 4)(—1)"%”+7rn, nez

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

1)dmn, n€ Z 2)1273,1162
)™, ne€Z 4)/2rn, n€ Z



Ilpaxkmuueckaa pavoma Ne49:

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

ellleHHe TPUTOHOMETPHYECKUX HEPABEHCTB

3amaua 1.

Pemuts HepaBeHCTBO c0Ss X > 1/2.

Pewenue.

[To onpeneneHuno KOCUHYCa COS X —3TO abclKcca TOUKU AMHUYHOM OKPY>KHOCTH. UTOOBI pelInTh
HEpaBEHCTBO €OS X > 1/2, HY)XHO BBIICHUTbH, KaKW€ TOUYKH EIUHHUYHOW OKPYKHOCTH HMEIOT
aocruccy, 6onpryro 1/2.

AOlcruccy, paBHYIO 1/2, IMEIOT IB€ TOYKH €TUHUYHON OKpy:KHOCTH M1 1 Mo,

Touka M nony4aercs noBopotom Touku P (0; 1) Ha yron -m/3, a Takke Ha yrisl -n/3 + 27n, T11e
+/-2, ...

Abcuuccy, 6onparyio 1/2, IMEIOT Bce TOYKHM M IyTH eTMHIUYHON OKPY>KHOCTH, JIS)KAIIHE ITpaBee
npsimord MMz, Takum oOpa3om, pelieHUsIMU HEpaBEHCTBA COS X > 1/2 SBISAIOTCS BCE YMCTA X U3
npoMexyTka -m/3 <x < /3.

Omeem. Bce peuwienus 0aHH020 HEPABEHCMEA — MHOMCECME0 UHmMEPB8anos /3 + 2xn <x < m/3
+ 27n, n € Z.

3agaua 2.

Pemuth HepaBeHcTBO cos X < 1/2.

Pewenue.

AbGcmuccy, He 6onbinyto 1/2, umerot Bee Touku 1yru MiMM; eauanyHoM okpyxHOCTH. [ToaTOMy
pEeLICHUSIMU HEPABEHCTBA cOS X < 1/2 ABNAIOTCS YKCIa X, KOTOPbIE IPUHAATIEKAT IPOMEKYTKY /3
<x < 5m/3.

Omeem. Bce pewienus 0anno20 HepageHcmea — MHOYcecmeo ompe3koe /3 + 2rxn <x < 5n/3 +
2nn, n € Z.

3agaua 3.

Pemuth HepaBeHcTBO sin x > -1/2.

Pewenue.

OpauHaty, He MeHblIyl0 -1/2, umeoT Bce TOUkH Iyru MiMM; eIMHUYHON OKpYXHOCTH.
[TosTOMY perieHus MU HEpaBEHCTBA Sin X > -1/2 ABNAIOTCA YKcia X, IPUHAAISKAIINE TPOMEKYTKY
-1/6 <x <7m/6. Bce peleHus JaHHOTO HEPABEHCTBA — MHOYKECTBO OTPE3KOB -1/6 + 21mtn < x < 77/6
+2nn, n € Z.

OTMeTnM, 4TO BCE TOYKM OKPYKHOCTH, JEXKAIIHE HMKE NpaMod MMz, MMerT opauHary,
MeHbIyIo -1/2. TloaTomy Bee uncna x € (-51/6; -1/6) ABIAIOTCS pEIICHUSIMHA HEPaBEHCTBA sin X <

Omeem. Bce pewienus 3mozo nepasencmea — unmepeanwl (-5n/6 + 2an; -n/6 + 2zn), n € Z.

3amaua 4.

Pemmnth HepaBeHCTBO cos (x/4 — 1) < -(\/2/2).

Pewenue.

OGosmaunm x/4 — 1 = y. Pemas HepaBenctBO cos y < -(\2/2), Haxomum
3n/4+2nn <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+57+8mn,n€Z
Omeem. 4 +3n+8an<x<4+ 57+ 8 rnn,n€~Z.



ewiume mpuzoHomempuuecKue nepasencmea

. 1
sin 2r < E;

2sin (% - .'r) < v’ﬁ;

N~ N.
sin 2z — /3 cos 2 > /2;
2tgx 1
8T +
l+tgx

1
cost @ > —:

Z 7 =1

tgr
4

> sinSxsin7x;

/3

. 3
sinz +cos'z > =

Ilpaxkmuueckaa paooma Ne 50:
@opMyJibl CHHYCA CYMMBI U Pa3HOCTH, KOCHHYCAa CYMMbI U Pa3HOCTH

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

Dopmynvl
) sina+sinﬂ:25ina+ﬂ.cosa;ﬂ
2) sina—sinﬂzzcosa+ﬁ,sina;ﬂ
3) cosa+cosﬁ:2cosa;ﬂ,cosa;ﬁ
4) Cosa_cosﬁ=—2sina+ﬂ-5ina;ﬁ
sin(a +
5) tga +1g B = (2£5)
cosa -cos S
sin(B+a
6) ctgafictgﬂ:L
sine -sin S
Bapuanr 1

Beruuciaurs:

s T0% 4+ snl0°

cos 0% - cosl0®



https://www.yaklass.ru/p/algebra/10-klass/formuly-preobrazovaniia-trigonometricheskikh-vyrazhenii-9146/formuly-sinusa-summy-i-raznosti-kosinusa-summy-i-raznosti-9136

1% 1%

b

008§ — — 008 —
a 1%

Briuncnure To4HOE 3HaUYE€HHE Pa3HOCTU CUHYCOB 165 u 75 rpaaycos.

JlokazaTh TOXIECTBO:
sina + sin3a

=tgla
cosa + cos3a g

Bapuant 2

BoeruucianTs:

sinl 0% + sin 20"

cosal® —cosl0®

AT S
S —— — S —

36 26

T T
C0f—— — CO5—
36 3

Brruncnure TouHOE 3HaUeHUE CyMMBbI KOCUHYCOB 105 1 75 rpagycos.

Jloka3aTh TOXJIECTBO:
sin2a + sinda

= ctga
cos2a — cosda g

Ilpakmuueckasa paooma Ne 51:
TaHreHc cymMMbI U pa3HOCTH

Lenb: U3yunth popMyiel TaHT€HCa CyMMBI U Pa3HOCTH apryMeHToB. PaccMoTpeThb
MPAKTHYECKOEe MPUMEHEHHUE TaHHBIX GOpMYIL.

TeopeTnyeckast 4acCTh:

IToBTOpHM.

Uto Takoe TaHreHc?

2)Kak oH cBs3aH C CHHYCOM U KOCUHYCOM?

3)Mo>kHO 11 BBIBECTH (DOPMYJIBI TAHTEC CYMMBI U Pa3HOCTU apTyMEHTOB, 3Hasi (OPMYJIIbI CYMMBI
Y Pa3HOCTH apryMEHTOB CUHYCa U KOcUHYyca?



_ tgx+tgy
1-tgxtgy

tgx—tgy
gX—=y)=—""
9(x-y) 1+tgx tgy
[Tpumep 1.

tg(x+y)

tg75°

Brruncnuts

0 0 \/é
g75° = tg(45°+30°)= 1945 +1g30° g8 304

= 3 i
1-tg45°tg30° B 3-V3
3
MNpumep 2. Bulumcnute: g1 5°
PeuweHue. o o
1g15° = 145" —30°)= 842 ~1&30__
1+1g45 1g30
3
3343
Y3 3443
3
Mpumep 3. BbIYUCIIUTE: tg27° +1g1 8’
1-1g27°1g18"
PelueHue.
(g27° +1g18’
= 1g|27° +18" )=
1-1927°1g18" g7 +18')
=1g45° =1
Ne 1 BapuanT Ne 2 BapuaHT
sranciuts: tg(a + )
o 1 Lol — 2 o 1 Laf = 2
ec/u ga—S,gﬁ—3 ecau ga—g,gﬂ_S

BIYUCIIUTD: tg(a + ), unun tg(a —p)

Boruuciats £g75 0 B
bl

IIPOCTUTh




£99040—tg2,0201+¢ tg9,2° —tg0,12°
0. 0
g9040.¢92,020 1+1t99,2°tg0,12
4| tg12° +1g33° 4 | tg5°+tg25°
1—1tg12°-tg330° 1—tg5° - tg25°
5| tg11° +1tg19° tg65° — tg5°
1—1tg11°-tg199° 1+ tg659-tg59

Ilpakmuueckaa paooma Ne 52:
@DopMyJIbl CHHYCA, KOCHHYCA, TAHT'€HCA JBOMHOTO yria

Llens:
TeopeTnueckas 4acTh:

sin 200=2sin & Cos &;

cos 20.=cos’ o —sin? &

2tga 4 r 7wk
ctg?a—1 nk
ct B e | —_
8 2a 2ctga G#Z :
N3 dpopmysl (2)

cos20=2cos? a—1;

cos 20=1~—2sin? a.
[Ipumep: 1

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

Ucnonsays dopmyny (2) ¥ OCHOBHOE TPUTIOHOMETpHUYE-
CKO€ TOXXJIeCcTBO, NnoJjiydyaem

cos 2a = cos? o — sin? o = cos® o — (1 — cos® @) =
=2cos?a-1=2-(0,3)2-1=-0,82. -

[Tpumep:2 Ucnonwiys hopmyny (1), momyuaem
o] o] o o 1
2sin15 - cos15 =sin(2-15) =sin30 = 3
Ucnoneiys popmyiy (2), moydaem
o o o o 3
cos?15 — sin?15 = cos(2-15") = cos30 = -

3
Ucnions3ys dopmymy (3), momydaem



=tg(2-15) =tg30" = —

BIYUCJINTH:

1Y BapuaHT 2 R L \\\\\\\\\\\\‘

12

Illulllllllllllllllll ...... Jhmmuuum_

Ilpaxkmuueckan paooma Ne53:
dopMyITbl TOHMKEHHSI CTETICHH, HITA (DOPMYJIBI IIOJIOBUHHOTO YTJIa

N

2sin 30° cos 30° ? 2sin 45° cos 45° 1
cos? 45° - sin? 45° i) cos? 30° - sin2 20" =
/ 2 cos*30° = 1 = 2 cos?15° - g
; 2sin— cosg g 251n— COSE %
’ cos?—= - sin? = ? cas®= =sin?= VZ

[enb: oTpaboTKa yMEHUH 1 HABBIKOB PEIICHUS YIIPAXKHEHUH Ha IPUMEHEHHE
dbopmy.

Dopmynbl
.20 1—cosa
1) sin" —= -
2 2
s O l+cosa
7) cos <
i 2
w 2@ l-cosa
3) tg°—=
2 l+cosa
a sina 1-cosa
4)8g = s
2 l+cosa sina
, & l+cosa
5) ctg” —=
2 l-cosa
174 sina l+cosa
6) ctg — = =—
1-cosa sina

Bapuanr 1
o i
HaiiTu 4icoBoe 3Ha9eHUE BBIPAKEHHUS: 2C0S > 5 1
s a
ITycts cosa = 0,6 n 0<a<5. Beruucnurs: tg >

YIIpOCTUTH BBIPAKEHHUE:
1-cosa

sina

1-cos2a+sin2a

1+cos2a+sin2a



Bapuanr 2
o . s
Haiity uncnioBoe 3HaYeHue BoIpaxkeHus: 1 — 2sin? o
s a
ITycth cosa = 0,6 n 0<0c<§. Beruucnuts: ctg S

YHPOCTI/ITI) BBIPAXKCHHUC!
sina

1+cosa

1+cos2a+sin2a

sina+cosa

Ilpaxmuueckasa paooma Ne54.
®opMyJIbl CyMM TPUTOHOMETPUYECKUX (PYHKIUI
Ienw: 0TpaboTKa YMEHHI M HABBIKOB PELIECHUS YIIPAXKHEHUN HA TPUMEHEHUE

dbopmy.

Hns HaxoXHeHWs TPHrOHOMETPHYECKHX (YHKIHA CyMMBI H PasHOCTH J1BYX
APryMEHTOB TIPHMEHSAIOTCA CIEAYIOUe (GOpMYJIBI:

sin (o + B)=sin acos p +cos asin f; (9.34)
sin (— B)=sinacos p—cosasin f; (9.35)
cos (et + B)=cosacos B—sin asin B; (9.36)
cos (a— B)=cos acos B+ sinasin f; (9.37)
o n n
t (o +5)_-§—f’-% a#s(2k+1) B3k +1) tgatghrl; (038
_pyotga-t8f %ok e1) s
tg(a—B)= PO u¢2(2k+1), ﬂ¢2(2k+1), tgatgf#—1;
(9.39)
_ctgactgﬁ—l L . .
mg(u+ﬂ)———ctga+ctgﬂ , a#Enk, B#nk, a# —p+nk; (5.40)
_ctgactgﬂ+l
ctg(a—B)————ctgﬂ_ctga , aFEnk, B#nk, a#p+nk. (9.41)
Bapuanr 1
YpoBens A
1. Beruucaure:
—c0s560sin 260,

777C0Ss 6717 4sin67z7cos8r7,



acosZa—sinZasin 3a.
Yposens b
2

Bapudar 2
¥poBeHb A
I. Berancnmre:

pi |
H-c0S 1340sin440,

Tr6C0Ss 816 —sin 8776sin 10776;

@ros3a—sin3acosa.
yposémcBu cosa=—35n 7<a<3rZ.

a

141
i Ilpaxkmuueckaa padoma Ne55:
" dopMyIibl TPOU3BEACHUN TPUTOHOMETPUIECKUX (PYHKITUN

NMIPEOBPA30OBAHUE NPOU3BEAERUA
TPUTOHOMETPUYECKUX OYHKUNI B AATEBPAUYECKYIO CYMMY

sin o cos B = ;[sin (o + B) + sin (o — P)I;
coscacos = % [cos (o + B) + cos (o — B)];

sinosinp = % [cos (o — B) — cos (o + B)].

1 BapuanT

Bcrapb HenocTaromme yactu GopMyIibl:

| cos (z +y)

cos(z( - |y)]
2

$IN T - $IN Y =




Ol'[pe,Z[CJ'II/ITe, HCTHUHHO HJIM JIOKHO JaHHOC PAaBCHCTBO!:

28in 37° -cos 16° = sin 53" + sin 21°

[Ipeo6pa3yit npousBeeHUE B CYMMY:

'8in 1453 - cos 48.

IIpeo6Gpa3yii npoussenenue B cymmy: Sin20-cos15a

I[IpeoGpa3yii npousseneHue B cymmy: Sin64°-sin31°.

2 BapuaHT

Bcrasp Hepocraromue yactu GopmMyIis:
cos(x+y)+cos(x—y).

COSX-COSy =

OHpGI[CJ'II/ITC, HCTHUHHO HWJIH JIOKHO JaHHOC PAaBCHCTBO!

001 R%°=cinAA°+cinIRC
ITpeoOpasyit npou3Bei€HUE B CYMMY SIHZOB'COSSB

[Ipeobpa3syii mpoussenenue B cymmy Sin2a-cos13a.

I[Ipeo6pasyit npoussenenue B cymmy Sin56°-sin33°.

Ilpaxmuueckaa paboma Ne56:
Onucanue npou3BOACTBEHHBIX MPOLIECCOB ¢ MOMOIIBIO rpadMKOB (PYHKIUH.
Hcnonp3oBaHne CBONCTB TPUTOHOMETPpUUYECKUX (DYHKIHHN B POoheCCHuOHATBHBIX
3a/1ayax

HCJ'IBI BBISIBUTBH CBA3b TPUT'OHOMETPHUYCCKUX (bYHKI_II/Iﬁ C ABJICHUAMH OKPYXKAKOUICTO MHUPpa U
HpaKTquCKOﬁ JCATCIIBHOCTBIO YCJIIOBCKA, ITIOKa3aTh, 4YTO JaHHBIC (bYHKHI/II/I HaxXoauT IIHPOKOC
MMPUMCHCHHUC B )KU3HH.

TeopeTnueckast 4acTh:

PeanbHble mpoliecchl OKpYXaromiero Mupa OObIYHO CBSI3aHbI C OOJBIIMM KOJIMYECTBOM
NIEPEMEHHBIX M 3aBUCUMOCTEH Mexay HMMH. OnucaTh 3TH 3aBUCHUMOCTH MOXHO C IOMOILBIO
¢bynkuuii. Ilonstne «yHKOMS» CBHIIpAJIO M IHOHBIHE HUrpaeT OOJBLIYI0 POJb B IO3HAHUU
peanabHOro MHpa. 3HaHUE CBOWCTB ()YHKLUN TO3BOJISET MOHATH CYTh IMIPOUCXOASAIINX IPOIECCOB,
npefcKa3aTb XOJ HUX pa3BUTHs, YNpaBiATh UMH. B nanHOW pabore paccmarpuBaercs
NPaKTUYECKOEe MPUMEHEHUE TPUTOHOMETPHUECKUX (DYHKIIUH.



Tpuronomerpust — pasgesn MaTeMaTWKH, B KOTOPOM H3Yy4YarOTCs TPUTOHOMETPUUECKHE
(GYHKIMU ¥ UX TPUIOKEHUs K TeoMeTpur. CIOBO TPUTOHOMETPHUSI COCTOUT U3 JABYX I'PEUECKUX
CJIOB: trigwnon - TPEyrojbHUK M metrew - U3MepsiTb U B OyKBaJbHOM IEpEBOJIE O3HAYAET
U3MEPEHUE TPEYroJIbHUKOB. Kak M Beskas Apyras Hayka, TPUTOHOMETPHS BO3HUKIIA B PE3YyJIbTATE
YeJI0BEUYECKON IIPAKTUKY B IPOLIECCE PEIIEHUS KOHKPETHBIX ITPAKTUYECKHUX 3a]ad.

[Tpuctynass K HalMCaHUIO JaHHOM pabOThl, Mbl CTOJKHYJIUCH C IPOTHBOPEUYUEM MEXKIY
MMEIOLIIUMUCS TEOPETUYECKUMU 3HAHUSMHU 110 JAHHOM TeME U OTCYTCTBHUEM IIOHUMAaHMs TOT0, I'ie
B peaJIbHOM KU3HU MOXHO BCTPETUTHCA C (PYHKIIMOHAIBHOM MOETIBIO, M KaK YEJIOBEK UCTIOIb3yeT
CBOWCTBA TPUTOHOMETPUUECKUX (DYHKIIMI B CBOEH NPAKTUYECKOH eSTEIbHOCTH.

OOBbeKT Halero HCCIIEA0BaHUS —  TPUIOHOMETPHUYECKHUE GyHKIMY; TPEeAMET
UCCIIEIOBaHMS - 00JIaCTH UX MPAKTUYECKOTO IPUMEHEHHUSL.

2) O603HaubTe TOYKY MEepPECeUCHUs MPSIMBIX U TOUKH [IePECCUCHUS OTBETHI:
MPSIMBIX U IJIOCKOCTH.
1. Toukn
>< MpUHAJICKALITIE
INIOCKOCTH
2. Toukn

HC IMPUHAJIC)KAIINC
IIJIOCKOCTH

B pa3patorke!!!

Ilpakmuueckasa paooma Ne57:
AKCHOMBI CTEPEOMETPUH U UX MPOCTEUIINE CIICICTBUS

Ieap padorbi: 3akpenuTh 3HAHUE AKCHOM CTepeoMeTpuH. [loka3aTh CIEACTBHS U3 aKCHOM
crepeomerpun.  [Ipomomxuts  (opmupoBaHue  rpaduyeckod  KyJAbTypbl — ydalluxcs,
odopmieHre KpaTKo# 3amucu TeopeM. Pa3BuBaTh MpOCTPaHCTBEHHOE MBIIICHUE yJalluXcs

ﬂeﬂbl O606H_IGHI/IG U CHCTEeMaTHU3allusl 3HaHUM yqamuxcs, NOJTYUYCHHBIX ITPU U3YYCHHUU TCMBI.

Xona paboTEL
1) Kakue urypsl B crepeoMeTpun SBISIOTCS OCHOBHBIMU?

3) O0bsAcHUTE, TOYEMY IITAaTUB UMEET BCETO TPH TOUYKHU OMOPHI?

YeTblpe TOYKH HE JIeKAT B OJTHOM TIIOCKOCTU. CKOJIBKO MIIOCKOCTEN MOKHO ITPOBECTH UEpe3
TPOMKH ATHX To4eK? CrenaiiTe pUCYHOK.
Pemenue:

5) JokaxxuTe, 4TO BCE BEPILIMHBI YETHIPEXYTOJIbHUKA MPUHAJIEKAT OJHOM MIIOCKOCTH, €CIIN
BBITIOJTHSIETCS] OJTHO M3 CIICAYIOIIUX YCIOBUM:

1. nuaroHany 4eThIPEXyroJbHUKA IEPECEKAOTCS;

2. mepeceKaroTCs MPOIOKEHHS IBYX €r0 HECMEKHBIX CTOPOH.
JlokazaTenbCcTBO:



6) Ctomsip mpoBepsIeT, JIKAT JIM KOHITBI HOXKEK CTyJIa B OJHOM IUIOCKOCTH, MPU IMTOMOIIH JIBYX
HUTEH.
OOBsICHUTE, KaK OH 3TO AenaeT?

Pemienue:

7) Ha mnockoctu 0L otmeueHsl Tpu Touku A, B, C, He nexaiue Ha ogHou npsimoit. Touka D ne

MPUHAJICKUT III0CKOCTH Ol Onpenenute, siBisieTcs i1 yeTblpexyroibHuk ABCD tpanenunei.
Pemenue:

Brimomnnute Tect:
AxcuoMsbl crepeoMerpuu. Pemenue 3agay.
1. OcHoBHBIMH (UTypaMH B IPOCTPAHCTBE ABJISIIOTCS
A) TpeyroJibHUKH
b) mnockocTu
B) Touku, npsiMble U MJIOCKOCTH
') MHOTOrpaHHUKH
2.IIpeano:xkenue, KOTOpoe NpUHUMAaeTcs 0e3 10Ka3aTebCTBA.
A) Teopema
b) nemma
B) akcroma
I') cnencrBue
3.Kakue n3 J1aHHBIX YTBepKIeHUI He BepHbI? 3anuumnTe HX HOMepa.
1. yepe3 Tpu TOYKH, HE JIeKaIME HA OJJTHOM IIPSIMOM, MOXKHO IPOBECTH IIJIOCKOCTh, H IPUTOM
TOJIBKO OJIHY.
2. yepe3 TpH TOUKH, JIS)KALIUE HA OJHON NPAMOIl, MO)KHO IIPOBECTH INIOCKOCTh, U IIPUTOM
TOJIBKO OJIHY.
3.ecnu 1Be pa3inyHbIE IPSIMbIE UMEIOT OOIIYI0 TOUKY, TO Y€pe3 HUX HENb3sl IPOBECTH
IJIOCKOCTh
4.I1psiMble KOTOpPbIE He JIeKaT B O/IHOH MJIOCKOCTH M He MepeceKalTcs Ha3bIBalOTCSl.
A) cKpeImuBarOIIMMUCS.
b) IMapamienbHbpIMU.
B) nepecekaronmmucs.
I') neprnieH IuKyIIpHBIMU
5.Pa3aeJ reoMeTpun, B KOTOPOM (PMIyphI H3y4alOTCH B IPOCTPAHCTBE.
A) niaHuMeTpus
B) crepeomerpus
B) Tpuronomerpus
I') reometpus EBknnaa
6. Kakue U3 JaHHBIX YyTBEP:KICHUHN BepHbI? 3anMiuuTe X HOMepa.
1.Yepe3 nBe m00bI€ TOUKH MOKHO MTPOBECTH MPSIMYIO U TOJIBKO OJIHY.
2)Uepes npsMyI0 U HE JIeXkalllylo Ha Hel TOUKY MOKHO NPOBECTHU MIOCKOCTh , U TPUTOM
TOJIBKO OJIHY.
3) IlnockocTh U He Jexalas Ha Hell mpsiMasi IepeceKaroTCsl Mo MPSIMOi.

T)IIpsiMble KOTOPBIE J1eKAT B OHOM MJIOCKOCTH U He MePeCceKalTcs Ha3bIBAKTCS.
A) CKpenuBarIMMHUCS.

b) [lapannenbHbIMHU.

B) mepecekarommmmucs.

I') nepnen quKyIsIpHBIMU



8) IIpsiMast ¥ MJIOCKOCTH HA3BIBAKOTCH Napa/IeJIbHbIMH

A) eciiu OHHU He TepeceKaloTcs, TO eCTh He UMEIOT OOIIUX TOUYEK
b) ecnu onu nepecekarorcs

B) eciu oHM ©MErOT 00IIIME TOYKH

I') ecin OHM HE HMEIOT OOIIUX TOYEK.

9) Jlns ka:ka0ro 06003HAYeHUs HAMIU HA3BaAHUE

O6o3HaueHue Ha3BaHUE

A) alls 1) nepneHIuKyIspHOCTD MPSMBIX
b)a N» 2) mapajuieIbHOCTh TPSMBIX
B)a=8 3) nepeceyeHue MpsIMbIX

INa+s 4) paBEHCTBO MPSMBIX

5) CKpeuIMBaroIrecs IpsiMbie

Ilpaxmuueckaa paboma Ne58:
Onpenenenue u CBOKWCTBA MAPAJUIEIIBHOCTH MPSMBIX, IPAMOU U INTIOCKOCTH

Henab: mony4nTh HaBBIKU PEIICHMS 33]a4 HA [MapaJuIeIbHOCTh IPSMBIX B IPOCTPAHCTBE
TeopeTnueckuii Marepuas:

JIBe mpsiMble B MPOCTPAHCTBE HA3bIBAIOTCS MAPAJIJIEIbHBIMH, €CITU JIEXKAT B OJTHON MJIOCKOCTH U

HE MEePECEKAIOTCS.

I1

Teopema 1. YUepes aBe napajuieabHbIE MPSIMbIE MOXKHO MPOBECTH MJIOCKOCTh, U IPU TOM TOJBKO

OJTHY.

Teopema 2. Uepes m00yro TOUKY IPOCTPAHCTBA BHE JAHHOM MPSIMOI MOKHO IPOBECTHU MPSAMYIO,
MapaJuIeIbHYI0 JaHHOW MPSAMOMN, U IIPH TOM TOJIBKO OJIHY.

Teopema 3. Ecnm onHa U3 ABYX NapajuIeNbHBIX MPSMBIX MEPECEKAET JAHHYIO IMJIOCKOCThb, TO
U ipyrasi nIpsMas epeceKkaeT 3Ty MI0CKOCTb.

a
b

Teopema 4. J[Be npsimbie, napajuiebHbIE TPEThEH MPSMOM, MTapasIeIbHBI.

o O



Bcé MHOXECTBO MpsMBIX B IPOCTPAHCTBE, KOTOPBIE IIAPAJUICIbHBI JAHHOW IIPSIMO,
Ha3bIBACTCS IyYKOM NAPAJLIeJbHBIX MPAMBIX.

BeiBoabI:

JIroOble nBe MpsiMble MyyYKa MapauIesIbHbIX NPSAMBIX MapajuleIbHbI MEXIY COOO.

IIpuBenem npuMep peuieHus 3a1a4u:

Hano: M - cepenuna BD; N - cepenuna CD; Q - cepenuna AC; P -
cepenura AB; AD =12 cm; BC = 14 cM (puc. 5).
Haiitu: PMNQP - ?

Pemenne:

2. PM || AD no cocraBy cpenneii tuaun = PM || QN; NQ || DA.
3. [1o onpenenennto MNQP - mapamienorpamm.

PQ=7; PM =6 = PMNQP =2(7 + 6) = 26.

OtBert: 26 cMm

[opsaok BbInoIHEHUS PadOThI:

pouuTaiiTe 3a1auy.

AIUIIATE YCIIOBHE 3a/1a9U

pUCTynaiTe K pacueTaM

penaiite BBIBOJI O TIPOJICNIAHHOM paboTe U OlleHUTE CeOst

s
M
3ananme 1. YkazaHbl yci0BUE M PUCYHOK K 3ajjaue. 3aluIInTe pemieHue. (1 6ann)
\ [Hawo:
,//\ A ABC,
ML /‘/ ABea,Ceaq,
3 AM = MC,
CN = NB.
) 3
= o™ [okasate: MN || a.

Bamanme 2. Cropona AC tpeyronsauka ABC mapaiensHa miockocTH a , a ctopousl AB u BC
MIEPECEKAIOTCSI € ATOM TUIOCKOCTHIO B Toukax M u N. Jlokaxkute, uto TpeyroinbHuku ABC u MBN
noao0HkI. (1 6ann)

Bananme 3. Ha croponax AB u AC tpeyroasauka ABC B3s1hI cooTBeTCTBEHHO ToukH D 1 E Taxk,
yto OE =5 cm u BD = 2/3. [InockocTs a mpoxoauT yepe3 Touku B u C u mapaienbsHa OTpe3Ky
OE. Haiinute unny orpeska BC. (1 6ann)

B

Sananme 4. Haiiure AA,ecim BBi=12cm, MM =8cm. Yepes konen A otpeska AB nposenena
I0CKOCTh 0. Yepes Touky M (cepeauny AB) u Touky B mpoBeneHbl mapasiebHbIe MPSMEBIE,
Hepecekaromue mnockocts o B Toukax Miu Bi coorBercTBeHHO. 1) JIOKaXMTE, 9TO TOYKH

R ,Bi,M; nexaT Ha OHOM IPSAMOIA.
u

c
y
1
a



2) Haiinure BB1,ecmiu MM 1=4cwm. (2 6anna)

Ilpaxkmuueckaa paboma Ne59:
OrnpeneneHue U CBOMCTBA CKPEIIMBAIOIIMXCS NPSIMBIX. YTOJI MEXIY MPSIMBIMU

eJsb: ¢ NOMOIBIO ONPEAETEHUS YTII0B MEXKIY IPAMBIMHA HAYYHUTHCS HAXOAUThH JaHHBIC YIJIbI U
HUX TPALyCHYIO MEPY B IIPOCTPAHCTBE.
Teopernuecknii MarepuaJ:

YT70M B IPOCTPaHCTBE Ha3bIBACTCA (PUrypa, 00pazoBaHHas ABYMs JTydaMu ¢ 00IIel BEpIINHON
Y OJIHOH M3 yacTel MII0CKOCTH, OTPaHUYEHHON 3TUMU JTyYaMH.
VYoM MeXly AByMs IEPECEKAIOLIUMUCS MPSIMBIMU B IPOCTPAHCTBE HA3bIBAETCSI HAMMEHbBILIN I
U3 yIJI0B, 00Pa30BaHHBIX JIyYaMH 3THX MPSAMBIX C BEPLIMHON B TOUKE UX IEpeceueHUs..
b

VYIioM MeX1y CKPEIMBAIOIKUMHUCS IPSIMBbIMA HA3bIBACTCS YIOJ MEXKIY IEPECEKAIOIIUMMUCS
IIPSAMBIMH, COOTBETCTBEHHO IapaJUICIbHBIMU JaHHBIM.
JIBe npsiMble HA3bIBAIOTCS MEPIICHIUKYIISIPHBIMU, €CIIN YTOJI MEKY HUMU IIPSIMOA.

IIpumep penreHust 3agaqu:
B npaBunbHOl 6-i ipusme A...F1, pedpa KOTOpoi paBHbI 1, HallAUTE KOCUHYC yTIiia MEXAY
MPSIMBIMU AB1n BCh.

E, D, ﬂ ano: A...F1 - HpaBUIbHAS IIECTHYTONbHAS ipu3Ma, AAL = 1.
F ) | Haiitu: KOCHHYC YIJIa MKy NPSAMBIMU AB1n BCh.
1 A, '\ 1 Pewenne: [lycts O1 —11eHTp IpaBUILHOTO 6-Ka
:,I ' paBeH yriny B1AO:. B paBHO-0e/lpeHHOM TPEyrojibHUKE
i 1 B
v _1__/ D
F _ ,I“f ~ g’.
Z C g9se = 2
4 B B cos@ = é.
QrBeT: 4

HOpﬂI[OK BbBITNIOJTHCHUSA paﬁOTbI:
poUMTaNTe 3a7auy.
ANUIINTE YCIOBHE 3a/1a4U
pHUCTYIANTE K pacyeTam
JenaiiTe BBIBOJ O MPOJIeIaHHON paboTe U OLleHUTe cels
3aganus:

3anaua 1. B npaBunbsHOl 6-if mpusme A...F1, pedpa KOTOpoii paBHbI 1, HAlAUTE YTOJI MEXITY
npsmeiMu AB1 u DE1. (1 6ann)

3anaua 2. B npaBunsHOM 6-if mpusme A...F1, pedpa KOTOpoii paBHbI 1, HAlAUTE YTOJI MEXITY
npsimbiMu: AA1 u DE\. (1 6ann)

3anaua 3. B npaBunbsHO# TpeyronbHoil npusme ABCA1B1C1, Bce pebpa KOTOpoi paBHHI 1,
HaiiauTe yroj Mexay npsMeiMu: AB1 u BC1.(2 6anana)

3anaua 4. CocTaBUTb CBOIO 3a/1a4y 110 TeMe U pemuTh ee. (1 6armr)

Ilpakmuueckasa padoma Ne60:



Omnpenenenue, NpU3HAK U CBOMCTBA MapaslIeIbHOCTH MIIOCKOCTEM

Heap padotbl: HayunThcs pemarh 3a1a4u Ha IPU3HAK APAJLJIEIBHOCTH IBYX IUIOCKOCTEH.

Teopernyecknii MarepuaJ:
Onpezle.ﬂe}me: HBC IIJIOCKOCTH HA3bIBAIOTCA Napa/lJI€JIbHBIMHU, €CJIM OHU HE IICPECCKAKOTCA.

@y,
[TapaensHOCTH TUIOCKOCTEH 0003HaYaeTcs Tak: o |I3
PaccmoTpuM npusHak napasieJibHOCTH JABYX IUIOCKOCTEH.
Teopema: Ecnu 1Be nepecekaromuecs npsiMble 0JHOHN MITOCKOCTA COOTBETCTBEHHO
napajuieIbHbl IBYM MEPECEKAIOIIMMCS TIPSIMBIM JIPYTO# TIIOCKOCTH, TO 3TU MJIOCKOCTH
napauieNbHBI.

Ecnu allai u bl1b1, TO allp.
CpoiicTBa mapa/u1eIbHbIX II0CKOCTEl
Ecnu nBe mapaienbHble TUIOCKOCTH MTEPECEUCHBI TPEThEH, TO JIMHUH X ITePECeUCHUs
napauIeIbHBI.

Ecnu allp, aNy, BNy, To allb.
OTpe3ku mapaieNbHBIX MPSMBIX, 3aKII0YEHHBIC MEXKIY TapaUIeIbHBIMU IJIOCKOCTSIMHU, PABHBI.

Ecmu allfp u ABIICD, To AB = CD.

IIpumep penreHus 3agaqu:

Yepes Touky O, Jiexanryro Mexay napauieIbHbBIMU TUIOCKOCTSMHU 0, ¥ 3, TPOBEICHBI IpsiMbIC | 1
m. ITpsmas 1 nepecekaer maockocth A 1 B B Toukax Alu A2 COOTBETCTBEHHO, IpsMas m - B
toukax B1 u B2. Haittu nnuny orpeska A2B2, ecniu A1B1 = 12cm, B10:OB2 = 3:4



Hano: o u  — napayuiensHbie miockoctd, A1B1 = 12cm, B10:OB2 = 3:4

Haiitu: A2B2

Pemenune. Yepes npsimbie A1A2 u B1B2 M0XHO OBECTH MIOCKOCTh, KOTOPasi IEPECEUET MapalieibE
10 napasuiebHbIM IpsiMbiM A1B1 u A2B2.

VY o6pazoBaBmmxcst TpeyroibHUKOB OA1B1 1 OA2B2 cOOTBETCTBYIOIIUE YTIIBI PABHBI. YTIIBI IPU BEP
KaK BEPTUKAIIbHBIE, @ OCTAIbHBIC - KAK BHYTPEHHHE HAKPECT JIeKAIUe Y TapaUIeIbHbIX IPSIMbIX.
CnenoparensHo TpeyroabHukd OA1B1 u OA2B2 nogoOHBL.

Y no100HBIX TPEYTOJIbHUKOB COOTBETCTBYIOIINE CTOPOHBI COOTHOCTATCA Yepe3 Ko HULIHEHT
moA00uss.

Ortkyna:
OB1:0B2 = A1B1:A2B2,
CrnenoBarenbHo:

A2B2=4*12/3=16

Otser: 16 cm.
Hopsaok BbInoHEHHs padOThI:

pouuTanTe 3a1auy.
anuIIuTe YCIOBUE 33a1a4U
PHUCTYIATE K pacuyeTam
JienaiiTe BBIBOJ O MPOJIeIaHHON paboTe U oLleHUTe cels
3aganus:

3ananme 1. Yepes Touky K, He nexaniyro Mexay napauielbHbIMU IIIOCKOCTSMHU anbga u OeTa,
poBeJeHBI IpsiMble a U b. [Ipsimas a nepecekaeT miockocThb anbda B Touke Al a mimockocTs 6eTa
B Touke A2, u npsMasi b mepecekaer 3TH MII0CKOCTH B Toukax Bl u B2 coorBercTBenHo. Haiitu
KB2 ecou A2B2 otHocutcs k A1B1 kxak 4:3, a KB1 = 14 cMm. (2 banna).
3aganue 2. JIya KM nepecekaer mapauienbHble MIIOCKOCTH o U B B Toukax M u My, a myuy KP-
B Toukax Py u P> cooTBeTcTBeHHO. Bhruncnute niuny otpeska MiM; , eciu KM = 8cm, a M Py :
Mz P>=4:9 (2 6anna)
3ananme 3. CtopoHsl AN nepecekaroT napajieNnbHble MI0cKocTH o U B B Toukax A,B u C,D.
Boruncnu anuny otpeska AB, eciiu NA=13 cm, NC=20 cm u CD=56 cwm. (2 6arra)

Ilpakmuueckasn pavoma Ne6 1.
Omnpenenenne u CBOMCTBA MEPICHAUKYISIPHOCTH MPSIMON U TIIIOCKOCTH

Henb: HayunThCA pemaTh 3aJa4l Ha NEPICHINKYIAPHOCTD NPSIMON U IIOCKOCTH.
Teopernyeckuit maTepual:
HBG MMPAMBIC B ITPOCTPAHCTBE HA3BIBAKOTCA MEPIICHANKYIAPHBIMU, €CJIIN YT'OJI MCXKIY HUMH PaBCH



_ IlepnenaukynspHble NPsIMblE MOT'YT IIEPECEKATHCS U MOT'YT OBbITh

/ CKpC€HIMBAOIIUMUCH.

Jlemma. Eciin oiHa U3 ABYX NapaJuIeNIbHbBIX NPSMBIX NEPIECHINKYIIIPHA K TPEThER
IIPSIMOM, TO U Apyras npsmasi NEpIEeHIUKYIIIPHA K 3TON IPSIMOM.

Onpenenenue. [Ipsmas Ha3pIBaeTCsA NEPIEHIUKYISIPHOM K INIOCKOCTH, €CJIA OHA
NEPIIEHANKYIISIPHA K JTF000H MPsIMOH, JIe)KaIiel B TNIOCKOCTH.

I'oBOpAT Takke, YTO MIOCKOCTS & MEPIECHIUKYIIPHA K IPSIMOH a.

Ecnu npsiMast a nepneHanKyIsipHa K IUIOCKOCTH ., TO OHA, OYEBHUIHO, IIEPECEKALT 3Ty
— IUIOCKOCTh. B camom nierne, eciiu ObI IpsiMast a He TepeceKala IIOCKOCTb o, TO OHa
i/, nexana Obl B 9TOW TUIOCKOCTH WM ObLIa OBl MapauiesbHa eil.

Ho B TOM 1 B Ipyrom citydae B INIOCKOCTH c.AMEIIHCH OBl TIPSIMBIC, HE
NEepIEHIUKYISIPHBIE K IPSMOM a, HalIpUMep MpsIMbIE, TapaJulesibHbIE €H, 4TO
H

CBs13b MCKAY NapaJlICJIbHOCTBIO MMPAMBIX U UX NCPHCHIAUKYIIIPHOCTBIO K INIOCKOCTH.

CJIM OJHA U3 JABYX MapaJlJICJIbHBIX IMPAMBIX NCPICHAUKYIIAPHA K IIJIOCKOCTU, TO U
Apyrag rnmpamast NEepreHAuKyJIsgdpHa K 3TOU IJIOCKOCTH.
CJIM IBC NPAMBIC IICPHCHANKYJISIPHBI K IIJIOCKOCTH, TO OHU ITapalJICIIbHBI.

IIpu3Hak nepneHANKYJSIPHOCTH NPAMON U IJIOCKOCTH.

a

Teopema. Eciu npsiMas nepneHIuKyIsspHa K ABYM IIEPECEKAOIINUMCS

TPSIMBIM, JIEXKAIIUM B OJTHOM IIOCKOCTH, TO OHA MEPIIECHANKYIIIPHA K 3TOM
A. [UIOCKOCTH.

3amevyanus.
epe3 JI00yIo TOUYKY POCTPAHCTBA MPOXOAUT TIOCKOCTb, EPIEHIUKYIISIpHas K JaHHON
IPSIMOM, ¥ IPUTOM €JUHCTBEHHAS.
epe3 M00yIo TOUKY IPOCTPaHCTBA MPOXOAUT MpsAMasi, NepIEeHANKYIsApHas K JaHHON
IIJIOCKOCTH, U IIPUTOM TOJIBKO OJIHA.
CJIM JIBE IUIOCKOCTH NMEPIEHANKYIISIPHBI K IIPSIMOM, TO OHU NapaJIICIIbHBI.

IIpumep pelieHus 3aga4un:
Yepes Bepiinnbl 4 u B pomba ABCD npoBeeHbl NapaienabHble npsiMble A4 u BB, He
Jexarue B rockocty pomba. MzsectHo, uto BB L BC, BB1 LAB. Haiinute A14,
ecmu A1C =13 em, BD = 16 cm, AB= 10 cwm.

Pemenue:

.
=

1 AB, BB L BC,aAB N\ BC =B = BB N (ABC) (110 npu3HaKy NepreHuKyISPHOCTH MPSIMON 1
TUIOCKOCTH), a T.K. BB || A41, T0 A41 L (ABC) = AA11 AC;

, 2) Mcrionb3ys cBOKCTBO quaroHaieir pomoOa, nmeeM B AAOB: £AOB =90°, BO ="' BD = 8 cwm. [lo

_ teopewme Iudaropa:

= AC=12cm;

3) A A1AC — npsimoyronsHBId. [To Teopeme [Tudaropa: er

L



Ortser: 5 cm.

3ananus (3a KaxKIblii NPABUJIbHBIN 0TBET TecTa Aaercs 0,5 0asia v 3a NnpaBUJIbLHO
PeLIeHHYI0 3a/1a4y JaeTcs 2 0aa):
Pemmrte TecT

1.Ecom yroa mexxay AByMs NpsiMbIMH paBeH 90°, To 3T npsiMble:
a) IepeceKaroTcs, 0) napauieNIbHbL, B) CKPEIINBAIOTCS, I') IEPIIEHANKYJIISIPHBIL, 1) COBIAAAIOT.
2. Kakoe u3 ciaenyomux yrBepkIeHHii HeBepHO:

a) ecIi INpsAMasl MePHeHINKYJISIPHA K IBYM TIPSIMBIM, JISKAIIUM B IUIOCKOCTH, TO OHA NMEPHEHAMKYJSIPHA U K 3TOH
IUIOCKOCTH, 0) ecny mpsiMasi NMEpHeHAMKYJSIPHA K IJIOCKOCTH, TO OHA €€ INEPEeceKaeT, B) €CIH JBE IUIOCKOCTH
MEPIEHANKYISIPHBI K IPSIMOH, TO OHU HapaJUIeNIbHbL, T) €CIH JIBE IPsIMbIC MEPICHIUKYISPHBI K INIOCKOCTH, TO OHH
HapaJuleNIbHBI, 1) €CIH OJIHA M3 JIBYX NapajIeIbHBIX MPSMbIX NEPICHANKYISIPHA K TNIOCKOCTH, TO U ApYyTas mpsmas
MEepHEHANKYIISIpPHA K 3TOH MIOCKOCTH.

3.Eciu oaHa M3 ABYX CKPeUIMBAIOIIMXCS MNPSIMBIX NePHeHIUKYJSIpHA K IUIOCKOCTH, TO Oyaer Ju
NnepneHAUKYJISIPHA K 3TOil JIOCKOCTH BTOpasi npsiMasi?

a) aa, 0) 1a, HO NPU ONPEJIENICHHBIX YCIOBHSX, B) ONPEICIUTh HENb3s, T') HET, 1) APYTOil OTBET.

4. HpﬂMaﬂ a NEePpnEeHAUKYJsIpHA K IPAMBIM C U 6, JICKAIIIUM B INIOCKOCTH 0 , IpsiMasi a NEPNCHAUKYJISAPHA K

o)

miockocTu -~ . KakoBo B3auMHOe pacnoJio:keHue NpsiMbIX ¢ U 67

a) apaJuIeNIbHbI, 0) TIepeceKaroTCs, B) MapauleIbHbl HIIH EPECEKAI0TCs, I') COBIAJAIOT, [I) ONIPEAEINTh HEelb3sl.
5.0aHa u3 ABYX napajulebHbIX IVIOCKOCTeN nepneHAuKy/JIsIpHA NPSIMOM, TOrAa:

a) Jpyras IJIOCKOCTh MapajuielibHa TpsMOW, O) mpsiMas JIEKUT B APYrodl IJIOCKOCTH, B) Apyras IUIOCKOCTb
MePIICHINKYIISIPHA TIPSMOH, T) IIpsiMasi He TIepeceKaeT APYTYIo IUNIOCKOCTh, 1) BHIITONHSIOTCS BCE CITydan, yKa3aHHBIC
B IIyHKTax a - T.

6.Touka E He nmpuHaaiexuT miockocTu npsMmoyrojsunka ABCD, BE J—AB, BE J—BC. Toraa npsimasi u
miockocts BCE:

a) Mapaie]bHbl, 0) MEePIEHIUKYJISIPHBI, B) CKPEIIUBAIOTCS, T) IPsAMasi JIEKHUT B IUIOCKOCTH, M) NEPHEHAMKYIISPHBI,
HO HE NEPECEKa0TCs.

7.Kakoe u3 cjieqyomux yrBep:KieHuii HeBepHo?

a) MePIeHANKYISIP U HAKJIOHHAS, BBIXOASAIINE W3 OJHOW TOYKH, UMEIOT PaBHBIE IIMHBI, 0) MPOEKIHel MpsIMOi Ha
TUTOCKOCTH SIBIISIETCS TOYKA FUTH MPsIMast, B) HAKJIOHHBIE PA3HOW JTMHBI, IPOBEACHHBIE K TNIOCKOCTH U3 OJTHOHM TOYKH,
UMEIOT MPOEKIMHM pPAa3HbIX JJIMH, T) TMpsMas, NPOBEIACHHAs B IUIOCKOCTH Yepe3 OCHOBAaHWE HAKIOHHOW
HNEPHEHIUKYISIPHO K HEH, MepHeHIUKYIsIpHa K €€ MPOEKIUH, ) PacCTOSHUE OT MPOU3BOIBHON TOUKM OAHOM U3
HapaielbHbIX IIOCKOCTEH 10 ApYyroi MIOCKOCTH Ha3bIBAETCS PACCTOSIHUEM MEXy MapasulebHbIMU MIIOCKOCTSIMH.

8.PaccTosiHust oT ToukH M 10 CTOPOH NpsiMoyroJibHoro Tpeyrojsuuka ABC (yroa C pasen 90°) paBubl. Kakoe
U3 CJIEAYIOIINX YyTBeP:KAeHU BepHO?

a) miockoctd MAB n ABC neprienaukynsipasl, 60) mumockoctn MBC u ABC nepneHauKyIspHEI, B) Tuiockoctn MAC
n ABC nepneHnukysspHsl, T) mockoctd MAC 1 MBC neprnieHIUKyISIpHBI, J) YCIOBHUS B IIYHKTaX a - T HEBEPHBI.

9.¥YroJ Mexny AByMs miiockoctsaMu paBeH 80°. Kakoe u3 cienyomux yrBep:kaeHuii HeBepHo?



a) IUIOCKOCTH IIepeceKaroTcsi, 0) B 0OJHOM M3 IUIOCKOCTEH HaiaeTcs npsiMasi, IepIeHIUKYIISIpHAs IPYrol INIOCKOCTH,
B) B OJHOH W3 IUIOCKOCTEH BCE TpsAMBIC HE MEPIEHAWKYISAPHBI APYTOd INIOCKOCTH, T) B OTHOH M3 IUIOCKOCTEH
HaWJeTcst mpsMast, TapajuiebHas IpyTroH IOCKOCTH, /1) INIOCKOCTH HE TIEPICHIUKYISIPHEL.

10.Kakoe u3 ciieqyomux yrBep:kieHuii BepHo?

a) TpaJycHas Mepa JIBYTpPaHHOTO yriia He mpeBocxoaut 90°, 0) IBYrpaHHBIM YIIIOM Ha3bIBACTCS IUIOCKHH yrod,
00pa30BaHHbBIN MPSIMOW @ M JBYMS MOJYIJIOCKOCTSIMHU C OOIIei rpaHMIeii ¢, B) eClid OJHA W3 JBYX IUIOCKOCTCH
MIPOXOIUT YePe3 MPSAMYI0, MEPIIEHAUKYISIPHYIO K APYTO# INIOCKOCTH, TO TAKUE TNIOCKOCTH MEPIIEHAUKYIISIPHEIL, T') YTOJ
MEX1y TUIOCKOCTSIMH BCET/a TYNOM, 1) BCE JIMHEHHBIE YIIIbl ABYTPAHHOTO YIJIa PA3JIUYHbL.

11.Kakoe u3 cjieqy0Imux yrBep:kieHuii BepHo?

a) B PSIMOYTOJIGHOM TapajlIeNIeTIMIE e BCE IECTh TPAHEH - MPON3BOJIBHBIC APAUICIIOTPAMMBI, 0) BCE IBYTPaHHbBIC
YIJIBI IPSAMOYTOJIBHOTO IMapajyiesienunesa - oCTpble, B) MPSIMOYTOJbHBIM MapajuleNenunesl, y KOTOporo Bce TpH
HU3MEPEHUs PaBHBI, HA3bIBa€TCS KyOOM, I') KBaApaT JUaroHaIy NpsIMOYToJIbHOTO apajelenuneaa paBeH CyMMe Tpex
€ro U3MEpEHUiA, 1) mapajulelienuIe]] Ha3bIBAeTCsl MPSIMOYTOJIbHBIM, €CIIH ero OOKOBBIE pedpa MeprneHIuKYIPHBI K
OCHOBAHHUIO.

12.JsimHbI TPEX pedep, UMEIOIMX 001IYI0 BEPIIMHY, HA3LIBAIOTCS:

a) BBICOTAMH TPSIMOYTOJBHOTO TNapajuiesenuiena, O0) OUaroHaIsIMH IPSIMOYTOJBHOTO TMapajuleNienuIea, B)
MU3MEPEHUSIMHU NTPSAMOYTOIBHOTO MapajIeseiIesa, T) JHaroHaIsIMI OCHOBAHHMS MPSMOYTOIBHOTO MTapaieeueaa,
II) CMEXHBIMH peOpaMy IPSIMOYTOJIFHOTO MapaJulesIeHIIe/1a.

13. Pemnre 3a1auy:

UYepes BepmmHbl 4 U B nipsimoyroiabHUKa ABCD mpoBeieHbl MapajieNbHele IpsiMble A4 1 BB, He jexamue B
TUIOCKOCTH TmpsiMoyroibHUKa. M3BectHO, uTOo AA| L AB, AA1L AD. Haitnute B\B, ecnu BiD= 25 cm,AB= 12
cM, AD =16 cm.

Ilpakmuueckan paboma Ne62:
Onpenenenve NepneHANKYIIApa, HAKJIOHHOW. TeopeMa o TpEX nepneHauKyJsapax

He.]'lbl HAaY4YUTBCA HAa OCHOBAHUHU TEMBbI COCTABJIATD TCCThI U KPOCCBOPADI.
Teopernuecknii MarepuaJ:
[lepnenouxynapHule npsmvie

Onpenenenue. /[Be npsiMble Ha3bIBAIOTCS NEPIEHINKYISIPHBIMU, €CJIM OHH IEPECEKAIOTCS MO
MPSIMBIM YTJIOM.

[lepnieHqUKyYIApHOCTD MPSAMBIX 0003HauaeTcs 3HakoM L 3anuch a L b unraercs:
[Tpsamas a nepneHAuKyIspHA IPSIMOii b.

Teopema. Uepes kaxx1yr0 TOUKY NPSIMOM MOXKHO IIPOBECTH MEPIEHIUKYISAPHYIO €l IPSIMYIO, U
TOJIBKO OJIHY.


http://school.xvatit.com/index.php?title=%D0%A4%D0%B0%D0%B9%D0%BB:8052011_3.png
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HaxknonHasi mpsiMasi — 3TO IUIOCKAasl TOBEPXHOCTh, YCTAHOBJICHHAS O] YIJIOM, OTJIMYHBIM OT
IIPSIMOTO MJIM HYJIEBOTO, K TOPU30HTAIBHON ITIOBEPXHOCTH.
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IlepnieHAUKYAAPOM, OIYILIEHHBIM U3 JAHHOW TOYKH JAHHYIO INIOCKOCTh, HA3bIBAECTCS OTPE3OK,
COCIMHSIOIMUHN JaHHYIO TOYKY C TOYKOM IIJIOCKOCTH U JIEXKAIIUI Ha NPAMOU, NEPIEHANKYIIIPHON
wiockocTd. KoHer 3Toro orpeska, jekaui B IJIOCKOCTH, Ha3bIBAETCS OCHOBAHUEM
NEePIEHAUKYIIAPA.

HaxJ10HHO#, TPOBEICHHON U3 TaHHOH TOYKH K JAHHOW TUIOCKOCTH, HAa3bIBAETCS JIFOOOU
OTPE30K, COCIMHAIONINI TaHHYIO TOUKY C TOUKOM IJIOCKOCTHU, HE SBJISIOIIMICS
MEPIECHANKYIISIPOM K IUTOCKOCTH. KOHel[ oTpe3ka, Jie)Kaluid B IIOCKOCTH, Ha3bIBAE€TCS
OCHOBaHHUEM HAKJIOHHOMW. OTpe30K, COeANHAIOIINNA OCHOBAHUS NTEPIEHANKYJISIpa HAKIIOHHOM,
MPOBEJICHHBIX U3 OJHOM U TOW K€ TOYKH, HA3bIBAETCS MPOEKIMEN HAKIIOHHOM.

u
AB — nepnieHAUKYISAp K TIOCKOCTH Q.

AC — naknonHas, CB — npoexnust Haki1oHHOM AC Ha MJIO0CKOCTS 0.
C — ocHOBaHME HaKJIOHHOH, B - ocHOBaHUE NepneHUKYIIspa.

3amanusa
3aoaua Nel (3 b6anna).
1. Kak Ha3bpiBaeTCs JUHUS, COSIUHSAIONIAsS OCHOBAHUS TIEPIICHIUKYIISPA U HAKIIOHHON?
a) OTPE30K;
0) yrom;
B) MPOEKIUS;
I') pacCTOSHUE.
2. Tlpsmas mpoBeJeHHAS B IUNTIOCKOCTH W TICPIICHANKY/IIPHAS POCKITUN HAKIIOHHOW Ha
9Ty TUIOCKOCTb, IEPICHINKYISIPHA H...
a) camoii ceoe;
0) camMoli HaKJIOHHOM;
B) CaMO# TIPOEKIINH;
') caMOMy TIEPIICHIUKYIISPY.
3. PaccrosiHue OT TOYKH 10 MPSIMOM PaBHO JJIUHE...
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a) HaKJIOHHOW;
0) MEeIMaHBbI;
B) IPOEKLUY; T)IEPIEHIUKYIIApa
4. W3 nByX HaKJOHHBIX, UCXOSIIMX U3 OJTHOW TOUYKHU, HE JISKAIEH HA JaHHOU
TJIOCKOCTH, OOJIBIIE T, Y KOTOPOW...
a)IEPIICHANKYJIAP OOJIBIIIE;
0) IPOEKILIMsI MEHBIIIE;
B) IIPOEKITUS OOJIBIIIE;
T') IEPIICHIUKYJISIP MEHBIIIE.
5. Touka A HE JIEKUT B IJIOCKOCTH, a TOUKa E - mpuHauiexxut 3toit iiockoctu. AE =
13, mpoekiusi TOro OTpe3ka Ha MIOCKOCTh paBHa 5. KakoBo paccrosinue oT ToOuku A
0 TaHHOM IIJIOCKOCTH?
a) 144;
0) 8;
B) 18;
r) 12.

IIpsimas, gexkamasi B IJIOCKOCTH, NMEPNEHAUKYJISAPHA HAKJIOHHOW TOI/a M TOJbKO TOI/AAa,
KOI/Ia OHA NMePHeHIUKYJISIPHA MPOeKUMHU ITOH HAKJIOHHOH HA JaHHYIO IIOCKOCTb.

me ol

a - HAKNOHHHaA
a1 - NPOEKUMA HAKNOHHON a
Ha NNOCKOCTb ol

mla <= mla

Ha PUCYHKC IIOKa3aHbl BCC TpHU NICPIICHAUKYJISAPA.

Ecan mnpsamasd m, JieKalias B IJDIOCKOCTHU, MNEPICHAUKYIIApHA HNPOCKIUHA H&KJ‘IOHHOfI, TO OHa
MNEPpNCHAUKYJIApHA U caMoOl HaKJIOHHOM.

Cnosa «Toraga M TOJBKO Torjaa» B q)OpM}’J'II/IpOBKe TECOpPEMBbI O3HAYAKOT, 4YTO HpsAMas
m MNEPpNEeHAUKYJIIpHa OAHOBPEMCHHO U HaKHOHHOﬁ, " €€ IIPOCKINH. Ecau m MNEPNCHAUKYJIApHA
H&KJ‘IOHHOIZ, SHAYUT, ICPIICHAUKYJIApHA U €€ IIPOCKIUH, 1 HaO60p0T.

IIpumep penrenust 3aga4n:
UIepez LOCHTP BIIMCAHHON B TPECYIrOJIbHUK OKPYKHOCTU MPOBCACHA IIpdAMast, MNCPIICHAUKYIIIpHAaA

IJIOCKOCTH TPEYTrOJbHUKA. J[OKaXUTE, 4TO KakAas TOYKA ATOM MPSAMOUW paBHOyAAIEHA OT CTOPOH
TPEYTOJbHUKA.

Pemenne: [Iycts A, B, C- TOUYKM KacaHusi CTOPOH TPEYroJIbHUKA C
OKPYKHOCTBIO, O - [IEHTP OKPY>KHOCTH H S - TOUKa Ha nepreHaukyispe. Tak
Kak paanyc OA nepreHIuKyIsspeH CTOPOHE TPEYTOIbHUKA, TO 110 Teopeme 0
TpeX TEPIEHUKYIISAPAX OTPE30K SA eCTh NEPHEHIUKYIIAP K 3TOM CTOPOHE, a
€ro JUIMHA - PACCTOSHUE OT TOYKH S 10 CTOPOHBI TPEYTOJIBLHHKA. TI0 TEOPEME
[MTudaropa SAZ=0A2+SO*=r*+S0?, 1€ r - paguyc BIUCAHHONW OKPYKHOCTH.
Ananornuno noiydaeM SB?=r2+S0? u SC*=r*+S0?, 1.¢. Bce pacCTOSHHSA OT
TOYKH S JI0 CTOPOH TPEYTOJILHUKA PaBHbL. Y.T.11.

3amanuda:
3apaua Nel: JlokaxkuTe, 9TO 4epe3 JOOYIO0 TOUYKY MPSMOW B MPOCTPAHCTBE MOXKHO MPOBECTH
NepIeHINKYISIPHYIO eif ipsimyto. (1 6ann)


http://schools.keldysh.ru/sch1905/Geom_perpendikularnost/nakl.htm#te4

3agauya Ne2: Jlokaxure, 4Yro uepe3 MOOyl0 TOYKY A MOXHO HPOBECTH MPSAMYIO,
MEePIEHANKYIISIPHYIO TaHHOM TUIOCKOCTH. (1 6ann)

3agauya Ne3: Jlokaxkure, 4TO €CJIM MpsIMast MapajuieibHa IUIOCKOCTH, TO BCE €€ TOUYKU HaXOAATCS
Ha OJIMHAKOBOM PACCTOSIHUM OT TUIOCKOCTH. (1 6an)

3agaua Ned: Jlawel npsimas U IulockocTh. IIpoBenuTte dYepe3 mnpsiMyl0 a IIJIOCKOCTb,
MEePIEHANKYIISIPHYIO IIJIOCKOCTH. (1 bann)

3agaua Ne 5. Yepes neHTp BIUMCAaHHOW B TPEYrOJbHUK OKPYKHOCTH IPOBEACHA NpsAMasi, Kaxaast
TOYKa 3TOW MpPsAMON paBHOYyJaJIeHa OT CTOPOH TpeyrojbHMKA. JloKakuTe, 4TO JaHHas NpsMas
NEepIEHINKYIISPHA TUIOCKOCTU TPEYTONbHUKA. (I Oan)

Ilpakmuueckasn padoma Ne63:
[Tonsitue aAByrpanHoro yria. [IpusHak nepneHauKyIIpHOCTH IIOCKOCTEH

Henb: 3HaTh onpenenenust JByrpaHHoro yria. [IoHsTHE TUHEHHOTO yIiia, OlpeelieHHe IPayCHON Mepbl
JIBYTPaHHOTO YIja, yMETh HAXOAUTh JABYIPaHHBIE YIIIBI.

TeopeTnueckas 4acTb:

JABYIrpaHHbIH YroJ — 3T0 4aCTh MPOCTPAHCTBA, 3AKJIIOYEHHAS MEXKIY ABYMS
MOJIYIUIOCKOCTAMHU, MMEKIIMMHU OHY 00LLYI0 IPAHMILY.

Ecnu B mpocTpaHCTBE NEPECEKAIOTCS IBE IIOCKOCTH, IOJIYYAarOTCS YETBIPE ABYTPAHHBIX yria
(aHaJOTMYHO KakK IPH MEPECEUEHUH IBYX MPSAMBIX MOJIy4YaroTCs YeThIpe yria). Paccmorpum
OJIVH U3 HUX.

[Toymockoctu o u B, 0Opa3yroliue ABYIpaHHbIM yTroJl, Ha3bIBAIOTCS €r0 TPaHsIMU.
OOwas npsimas & 3TUX IpaHel Ha3bIBaeTCsl peGpoM JBYTPAaHHOTO yTIJa.

Bribepem Ha peOpe a ABYIpaHHOTO yrila Mpou3BOJIbHYIO TouKy C U mpoBeném aBe
nepecekarommuecs npsmele ACLa u BCLa, a uepes 3Tu npsiMble —
IUIOCKOCTB Y MEPIEHAUKYISIPHO pedpy a.

JInnnu nepeceuenns AC u BC nonynnockocreii o u B ¢ mnockocTio Y 06pasyroT HEKOTOPKIH
yron ZACB. Dtot yroxn nasbiBaeTcs IMHEHBIM YIJIOM ABYIPAaHHOTO YIia. Benmunna

JNIMHEHOro yria He 3aBucKT oT Beibopa Touku C Ha pe6pe a.

Bennuuna asyrpannoro yria 0° <2ACB <180°.
Ecnu nmockoctr mapajiienbHbl, TO YroJl MeXAy HUMU paBeH 0° 1o onpeaesieHuto.

Puc. 4. Jluneiiuslii yron ABYrpaHHOTO yria.




Ecnu npu nepeceyeHnu mIOCKOCTEN OJMH U3 ABYTPaHHBIX YrioB coctasiseT 90°, To Tpu
OCTJIBHBIX yriia — Toxe 90°. DTH MII0CKOCTH HA3bIBAIOT NEPIEHANKYIISIPHBIMU.

Crnenyrolye TeopeMbl, KOTOpPbIE 37eCh MPUBEAEM 03 J0Ka3aTeNIbCTB, MOTYT IIPUTOAUTHCS MIPH
pelIeHu  3aj1a4.

1. Ecnu oiHa U3 ABYX IUIOCKOCTEW MPOXOIUT Uepe3 NpsAMYI0, epHEeHANKYISIPHYIO K IpYyroi
MJIOCKOCTH, TO TAKUE MJIOCKOCTH MEPIICHIUKYIISPHBI.

2. I11nockocTh, NepneHANKYIIsIpHAs PSIMOM, IO KOTOPOI MepeceKaroTcs ABE MIIOCKOCTH,
NEPIEHIUKYIIAPHA KaXKI0M U3 3TUX IIOCKOCTEH.

3. Ecnu 1Be mi1ocKoCTH NEpHeHANKYIISIPHBI, U B OJTHOM U3 HUX IpsiMasi IpOBEACHA
MEPIECHANKYIISIPHO JIMHUU MIEPECEUEHHUS TIIIOCKOCTEN, TO ATa MpsAMas NEPIECHIUKYIISIPHA BTOPOM
IIJIOCKOCTH.

MHoOrorpaHsbie yribl

OOBSICHUM MOHSTHE MHOI'OI'PaHHBbIX YIJIOB.

[IpeacraBuM HECKOIBKO JTy4Yei B MIPOCTPAHCTBE ¢ 0OIMM HauyajaoM. X MOXHO MpeACcTaBUTh
TOK€ KaK 4acTh JIMHUU MepeCCUCHU MJIOCKOCTEH — TpéX, IIeTpréX nin 0OJIbIlle — W Ha3BaTh
pEOpaMu MHOTOTPAHHOTO yTJIa.

Puc. 5. Tpéxrpannsiii yroi.

Kaxnpie aBa myda 00pa3yroT yroi, KOTOPbIM Ha3bIBAIOT MJIOCKHM YIJIOM MHOTOTPAHHOIO yIJIa.

Kaxx1p1i1 II10CKUi yrodl TpEXTPaHHOTO YIUIa MEHBIIIE CYMMBI IBYX APYIHX INTIOCKHUX YIJIOB.

CyMMa IJIOCKUX yIJII0B MHOTOTPAHHOTO yriia MeHbIe 360°.

1 BapuanT
J{ByrpaHHBIN YroJi, pacCTOAHUE OT TOYKHU 10 I'PAHU

1. dyrpannsrii yron pasen 60°. Ha onmoii rpanu aByrpanHoro
yria gana Touka B, paccrosuue ot kotopoii 1o pe6pa pasuo 4 cm.

UYemy paBHO paccTosHUE 0T Touku B 10 BTopoii rpanu
JIByTpaHHOro yria?




2. isyrpannslii yrosa pasen 120° rpaaycoB. BHyTpu ero gana Touka A, KOTOpas HAXOAUTCS Ha
pacctostHuu 18 cM oT 006eux rpaHelt yria. Yemy paBHO paccTOsiHHE OT TOUKH A 10 pedpa

JBYTpaHHOIo yria?
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Jla" Ky0 ¢ HEKOTOPBIMH TUIOCKOCTSIMH CEUCHHIA.

1. Onpenenu BeNMUUHY yIia MEXIY

mnockoctsavu: (A1B1C1) u (ABC) —

1. 0
2. 90
3. 45

4. HEBO3MOXXHO OMPEACIUTH
2. Onpeneny BEIMUUHY ABYTpaHHOro yria Mexay miockoctsimu: (ACC1) u (BDDI1) —

1. 0
2. 90
3. 45

4. HEBO3MOXHO OIPEJIEIUTh
Omnpenenu BeMUYUHY JABYIpaHHOTOo yria mexay miockoctamu: (ACCI) u (CDDI1) —

2 BapuaHT
JIByrpaHHbIil YyroJi, pacCTOSIHUE OT TOYKHU 10 IPAHU

JByrpannslii yron paseH 60°. Ha o1HOM rpaHu IBYTpaHHOIO

/] .
/| yria naHa Touka B, paccrosiHue oT KOTOpoit 10 pedpa
/] paBHO 14 cM. Uemy paBHO paccTosiHHE OT TOYKH B 710 BTOpOii rpanu
/
(/ |' JIBYT'pPaHHOTO yriia?
< \
\ N f



JiByrpaunsiii yron pasen 60° rpagycos. BayTpu ero nana touxa A, KoTopas HaAXOIUTCS HA

paccrosaun 24 cm ot 06eux rpaneii yrioa. Uemy paBHO paccTosHue oT Touku A 1o pebpa
JBYTpaHHOrO yria?
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1. Onpenenu BenuuuHy yria Mexay miockoctsamu: (A1B1C1) u (ABC) —

1. 0

2. 90

3. 45

4. HEBO3MOXHO OIPEJIEIUTh

2. Onpeneny BEIMUUHY ABYTpaHHOro yria Mexay miockoctsimu: (ACC1) u (BDDI1) —

1. 0

2. 90

3. 45

4. HEBO3MOXXHO ONpCACIINTDb

3. Onpenenu BETUUYMHY IBYTPaHHOTO yria Mexay miockoctamu: (BDD1) u (ADDI1) —

1. 0
2. 90
3. 45
4

HCBO3MOXXHO OIIPCACIINTD

Ilpakmuueckas paooma Ne64:

Onpenenenue u GU3NUECKUI CMBICI BEKTOpPA B IPOCTPAHCTBE
HCJ'IB: 3aKpCIUTh YMCHHA U HABBIKU HAXOXKACHHA KOOPpAUHAT BCKTOPA, AJIMHBI BEKTOpPA, yIjia



MEXy BEKTOpaMu

JI1s1 naHHBIX Hap BEKTOPOB BBIIIOJIHUTE JEHCTBHUSL:

a
: |
i
i
|
#
g 1 BapuaHr 2 BApHAHT apHaHT
a) dfl;1;2) u b(5;4;3) a(1;0;2)n b(7;5:4) ab;7:2n b7:2;—5
6) d€1;0,~7)ub(447) | 0 dB40)nb(7:1,0) |6) A(-245) ub(5;47)
B) d€7;0;1)ub(7;—6;6) | B d(2,7,-5ub(573) |8) d(552)ub(743)
P BapuaHT S BapuaHT 6 BapHaHT
a) afl;0;—1)ub(1;1;4) a—24:5n 5754 a) d(=3;-4;5)u
6) d-7;50)ub(6;0;1) | ©) d(=3;2;5)ub(2;5;3) b(4;3;0)
B) dB2;7;1)ub(5:4;3) B) A(L;6;=5)ub(6;1;3) | §) 4(3;2;0)ub(0;5;1)
* B) @(1;3;—4) ub(5;7;2)
R 7 BApHAHT 8 BapuanT 9 BapuaHT
a) a§—3; 1;4)ub(1;4;6) | a) d(1;1;0)ub(1;2;2) a(L,—1;2)n b7,—21
6) dg—2;54)u b(5;7;4) 6) §(2; 7;5)u 0 g(_& 4 =5)u
B) G6-3:5;4) ub(7;0;1) b(=5;2;=7) b(5L7)
Y o B) d(3;1;2)ub(5;4;1) B) d(5;7;2)ub(—7;4;3)
P70 BapHAHT 11 Bapuanr 12 Bapuanrt
a) a5 -2;1) ub(40;3) | @ d(;-1;2) u a) d(41;2) u
a7:.2:3u b2;2;0 b(6; —2;5) b(~4;0; —5)
B) d(8;0; 1) u b(0; 4; —2) @543 6244 0) a(=3;4,0) u
B) a(5;0;4) ub(3;4;—-3) b(5;—-1;7)
w0, B) @(5;0;2) nb(6;4;—3)
ﬂj‘éﬁéapnaHT 14 Bapuanrt 15 Bapuanrt
a) aleH-41;3) n a) a(-2;—-1;1)m a) a(5;—4;2)m
B@O; -2;5) 1_5(6; 2;-5) B(Z; -3;5)
6) at-5;0;3)ub(2;7;4) | 0 @(—3;4; —3)u 0) f(—4; 4;-3)u
B) ab5;—1;4)u b(4;1;4) b(1;-1;4)
1_7)60;3;—3) B) @(_32 0;7)m B) d(5;0; 4)141;(2; 4; —-2)
b(5;—4;2)
B 16 Bapuanrt 17 Bapuanrt 18 Bapuanr
a) ae5;—1;2) n a) a(2;-1;9mu a) a(1;,-1;2) n
b(0; —7; 5) b(6;—2;1) b(6;—2;4)
6) df—2;1;3)ub(7;1;1) 0) é(—Si 4,0)n 0) é(—si 0;3)m
B) a(—2;0;4)u b(—2;3;7) b(2;—1;4)
b63; 2; —5) B) d(7;0; D ub(2;4,-2) | B) d(2;0;4) ub(5;—4;3)
o 19 BapuanT 20 BapuaHT 21 BapuaHT
a) §g4;1;—2) u a) @(5;—2; 0) u a) §(7;—1; 2) u
b(5372:5) b(1;-2;4) b(2;2;-5)
6) d(—1;0;3) ub(2;7;4) 6) d(=3;1;3) u b(2;6;0)




B) d(2;0;—4)u 6) d(=3;53)u B) d(8;0;1) ub(3;—41)
b(1;-1;3) b(2;0;—4)
B) d(3;0;—4)u
b(4;—4;1)
22 BapHaHT 23 BapuaHT 24 BapuaHT
a) a(2;-1;2) n a) da(5;—-1;2) n a) a(9;-1;2) u
5(5; —2;0) 5(1; -3;5) 5(1; -2;4)
6) d(-1,1;3)u 6) d(—4;53)ub(6;0;4) | 6) d(—6;1;3)ub(2;7;3)
b(2; —4;4) B) d(4;0;-3)u B) d(4—-1;3)u
B) d(20,—4u b(—2;-3;1) b(3;4; —3)
b(7;2; —3)
25 BapuaHT 26 BapuaHT 27 BapuaHT
a) d(4;,—1;1Dmu a) d(5;1;,-5)u a) da(5;—-1;3)u
b(2;—1;5) b(-1;2;1) b(2;—1;5)
6) a(—41;3)nb(2:3;4) | 6) d54-3)nb(2;0;4) | 6 d(=51-3)n
B) d(7;0;—Dm B) d(1;0;4)u 5(3; —4;4) b(2;7;0)
b(3;—4;3) B) d(—4;0;4)m
b(—3;1;3)

Ilpakmuueckasa padoma Ne67:

HCKapTOBLI KOOpOIWHATLI B IIPOCTPAHCTBC. KOOpIII/IHaTBI BCKTOpPA, paCCTOAHHUC
MCXKIY TOYKaMM, KOOPANHATBI CEPEANHBI OTPC3Ka

HCJ'II)I HAYYUTHCA HAXOAUTb KOOPAWHATBI CEPCANMHBI OTPE3KA, KOOPANHATEI BEKTOPA IO

KoOpJuHaTaM HavdalJla 1 KOHIIA; BBIIIOJIHATH I[GﬁCTBI/IfI Haa BEKTOpaMHu, 3aJaHHBIMHA CBOUMU

KOOpAWHATaAMU,

HHOPAJOK BBIIIOJIHEHUSA PABOTDI:

1.IToBTOpUTH MaTepuan B yueOHUKE.

2. OTBETUTH Ha KOHTPOJbHBIE BOMPOCHI:

-CBs13p KOOpAHWHAT BEKTOpA C KOOpAWHATAMH Hadajla U KOHIIA.

-Brruncnenue ajauHbI BCKTOpA.

-dopmyia pacCTOSAHUSA MEXIY ABYMS TOUKAMH.

-CkansipHOe NpOU3BEJEHUE BEKTOPOB.

-dopmyna Ui HaXOXKACHUSI KOOPIUHAT CePeIUHbI OTPEe3Ka.

- YciioBre KOJUIMHEAPHOCTH JBYX BEKTOPOB

Conep:kaHue NpakTHYECKON padoThI




I BapuanT
. Touka A — cepeauna orpeska MN.
Haiitu koopiMHaThl TOUKU A U JJIMHY OTpe3Ka
MN, ecimu N (5; 2; -3);
M(@3;-2;1)

1 6ann

. Toukm A (-2; -4; 1) uw B (-5; -6; -1) n
BepuinHbI napaiienorpamma ABCD, touka O
(1; 3; 2) — Touka nepeceyeHus 1UaroHaiei.

Haiitu xoopaunate! BepiuH C u D.

(2 6ana)

JHans Touku A (-2; 1; 3), B(3; -2; -1),
C(-3;4;2).

Haintu:

_—

OOpPJIMHATHI BEKTOPOB E u AC
(0,5 Gamna)

OyJI1 BEKTOPOB A_é MTC:

(0,5 6amna)

OOpAWHATHI BCKTOPOB

MN =2A4B -34C
(1 6amn)

.JlaHbI BEKTOPBI

;(—2; 8;—4); ;(1; 4 —4;7).Ilpu kaxom

II Bapuanrt
. Touka P — cepennna otpe3ka AB.
HaiiTn koopinHATBHI TOUKK A U IJIMHY OTpE3Ka
AB, eciu B (-6; 5; -3);
M@3;-2;1)
(1 6amm)

. Touku A (2;-4;1),B (-6;2;3)uD (-4; 0; -1)
BepunHbl napamienorpamma ABCD, touka O
(1; 3; 2) — Touka nepecedeHus 1uaroHaie.
Haiitn xoopaunatel BepiuH C u D.

ajljia

Jaunbr Toukn A (-2; 1; 3), B(3; -2; -1),
C(-3;4;2).

Hariitu:

_—

OOPAUHATHI BEKTOPOB Ié u AC
(0,5 6anna)

OJ1yJI BEKTOPOB AB u AC

(0.5 6amna)

OOpAUHATHI BCKTOPOB

MN =24B -34C
(1 6amn)

.JlaHbl BEKTOpBI

H(—Z; 8;-4); F(l; 4 —4;7).Ilpu xakom

SHAUeHUUU 7 6eKMOPAC U 6 KouHeapHy? SHAUeHUUl 7 ekmopa M u N KOIIUHeAPHDL ?

(2 Ganna)

(2 6amna)

. BBIYHCIINTE CKaIIpHOE MIPOM3BEICHHE
(a - 26)- 8,

ecu a(L,0;4), 6(0:1;2)

BEKTOPOB



. BeuncinuTh cKaJisipHOE MPOU3BEICHUE 36anna

(25 + ;) Z

BEKTOPOB ~ .
eciu a(l;O;B), 6(2;—1;1)
30anna
Ilpakmuueckasa padoma Ne65:
CroxeHne 1 yMHOXKEHHUE BEKTOPA Ha YUCIIO
Lens:

chopMHpOBATh y CTYACHTOB YMEHHE HAXOJUTh KOOPAMHATHI BEKTOPA;
HPOM3BOIUTH EHCTBUS HaJl BEKTOpaMH (ClI0’KEHHE, BBIYUTAHUE, YMHO)KEHUE BEKTOPA Ha
YHCJIO), BBIUUCIATH CKAJISIPHOE ITPOU3BEACHUE; BBIUUCIIAT YTOJI MEXKIY BEKTOPAMU; HAXOIUTh
IIPOEKIIMIO BEKTOpA Ha OCh.
[Ipu BEIMONTHEHUH TPAKTUYECKON paOOTHI CTYICHT JIOJKECH 3HATh:
® OIIpPENIEIICHNS: BEKTOPa, MOJYJIb BEKTOPA, PABHBIE BEKTOPA;
e npaBuIia paboOTHI C BEKTOPAMHU;
® YCIIOBUS NEPIEHIUKYIISIPHOCTH U KOJUIMHEAPHOCTH BEKTOPOB;
® CKaJISIPHOT'O NPOU3BEICHMS BEKTOPOB.
CTyneHT NOKEH yMETh:
® HAaXOJUTh KOOPAUHATHI BEKTOpA
® BRIUUCIIATH CKAJSIPHOE IIPOU3BE/ICHUE;
® HAXOJAUTb YroJl MEX]y BEKTOpaMH;
® HaXOJUTh ITPOEKIMIO BEKTOPA HA OCh.
[Topsiiok BeIMOIHEHUS paOOTHI:
1.M3yunts TeopeTndyeckuii Mmarepuai o reMe «Bekropa B IpOCTpaHCTBEY.
2.PaccMoTpeTs mpUMeEpHI pellieHus] TUIIOBBIX 3a/laHuH.
3. OTBETUTH Ha KOHTPOJIbHBIE BOIPOCHI.
4. BBIMOTHUTD CaMOCTOSITENILHYIO padoTy.
5. CnaTh OTYeT 1Mo MpoJIeTaHHOM padoTe.

TeopeTquCKaﬂ qacCTb
afx;: vz, ). 04x,1 5,12, }.0{x: 55125}

[lycTe B TpexMepHOM NPOCTPaHCTBE 3a/1aHbl BEKTOPLI
CBOHMH KOOP/IHHATAMH.

1). Caoxcenue IBYX BEKTOPOB NPOH3BOHTCS NIOWIEMEHTHO, TO ecTh eci C — O +b , TO B KOOP/IHHATHO}H
(opme 3anuckIBacTCA:

clxsi vz b= 0y i+ 2 =+ X0  +0h32, 12, )

1) YMHOKEHHE BEKTOPA HA YHCI0.

B cnyuae n-MepHOro npocTpaHCTBa NPOH3BE/ICHHE BEKTOPa a = {a) ; @ ... ; anj H 4McIa k MOXKHO HaiiTH
BOCTIO/IB30BABIIKCH cleytomeii gopmynoii:

k-a={k-apk-ax;..;k-ay

IIpumep 1. Haiiti npon3Be/icHHe BeKTOpa H— {1;2} na 3.



Pewenue: 3 'H= {3-1;3-2}=13;6}.

3). Koopanuarsl BeKTOpA.

Bexrop AB 3anannblii koopauHatamu Todek A(Ax 3 Ay ; Az) n B(Bx ; By ; Bz) MmoxkHO HaliTh
BOCMOJIL30BABIINCE cleyiowei GpopMyoii

AB= {Bx-Ax:By-Ay;B:- Az}

Hpumep 2. Haittn xoopannarel Bektopa AB, ecimn A(1; 4; 5), B(3: 1; 1).

Pemenne: AB={3-1;1-4;1-5}=12;-3:-4}.

4)/liuna BeKTOpA.
.o up o D ns -
Ecxnu naHe 1Be ToukH npocTpaHcTBa Alx. i 2) ARSI ) 10 JUTHHY OTpe3Ka AZ MoxkHO BHIUHCIHTH
| = Il'r_v'j [ — r':'l (= — = ':{

1o hopmyste ‘4‘1.5‘— (X = x) + O - )" +(z-2)

Hpumep 3
it A35) 5 2= 3) Han AB

aHpl TOUKH 7 W /. Haiitn jumny orpeska .
Pewmenne: no coorserctByiomeii opmyne:

AB= (1 (-3 4 (-3-5) = 4" +(-8) = 16464 = B0 = 4.5

= 405 en 90

Orger: ;1.5|_ dof5en = 8,9 en.

5. Cxansipuoe npou3Be/IeHHe BEKTOPOB
CKMSI[]]-[I:IM NPOH3IBEACHHEM BEKTOPOB Ha3bIBaACTCA IIPOHM3BCJCHHUC JJIHH BCKTOPOB Ha KOCHHYC Vyria
MECHKAY HUMH.

E-E-|5|~|3|-Cosg} N
a
Q

e

b
6. U3 opMynbl /115 CKISAPHOTO NPOM3BE/ICHHA MOXKHO HAHTH YT/ MEKIY BEKTOPAMH:
asb Yt X T VeV

cos ¢ =

alelb 1r 2, y2 v 2s vl
| | | | xa+_la * lb -I’b
14

6. V3 hopmyIibl 17151 CKaTAPHOTO MPOU3BE/ICHHS MOYKHO HANTH YroJ MEAIY BEKTOPAMH:
as<b g W T Ya® N

|(7|'|b| VX‘;+.1";OW

IMpumep 4. Haiitu yron mexay Bekropamu a = {3:4; 0} u b= {4; 4; 2}.
Pemenne: Haiinem ckansipHoe npousBesieHHE BEKTOPOB:
ab=3-4+4-4+0-2=12+16+0=28.

Haiinem Mmoaynu BeKTopos:

la| = V32 + 42+ 0°=V9 + 16 =V25=5

b=V +4*>+22=V16+ 16 +4=36=6

Haiinem yrosn Mex1y BeKTopaMu:

a-b 28 14

la|-b] 5-6 15

cos Q =

cos a =

Ilpakmuueckan wacmep:



Bapuanr 1

J:;"" Ha3ssanue onepauun ®opmybl
1 HaiiTu cymmy BeKTOpOB f’,u;j 2:3), k-1
a+b{x; +x; yi+y,: 2,425 }
2 | HaiiTi pa3sHOCTb BEKTOPOB 2{4:} 3 e
g—b[xl Xy V1 -Y2:21-2}
3 HaiiTu npoussenenne | a{-1;3;1} 6 —uncao 6§ =-3
BEKTOPA HA YHCJI0 dafs - x; 6y;6z)
4 Boiuncantes  koopaunatel | Touxa A(1:2:-3). Touka B (-3:4:-1) .Touxa C-
CepeaHHbI 0TPE3KA
X, + X,
cepennna orpeska AB. C(%c y.iz)) x = 5 =
y N i & + I,
¢ 2 2:5te 2
Touka A (5:0:-3).  ToukaB (-1;4;-7) Haxoaum
5 | Haiitn koopaunaTh! BekTOpa koopauHatel Bektopa 4B . M3 koopammar xomna
BBIMHC/IHTH KOOPAHHATHI HAYAJIA BEKTOPA
AB {x; —xy ;¥ —yy, 2, — 24}
a{3,-2,0}
6 | Haiitu qanny BekTopa !—
7 Boiuncanrs CKAJsIpHOE a{-2:3;7}), B{-9: 0;2})
NPOM3BEIEHHE BEKTOPOB G-D=xy X +Yy V24242,
a2:0:1),  b{-3:1:2)
8 Haiitu kocunyc yraa mexay | oo X1°%2 tY1'Y2124-2
BEKTOPAMH \fxi +y2+22 X2+ Y2 +22
o | Ilpn kakux suauenmsx ™M u gf’"’i’ln' z, b{l:n:2)
n 9 |—=—=—= k
BEKTOPbI KOLIHHEAPHBI? | 3= 3= 7 Z
IlposepnTe a{-4;0;1), b{2;7:8)
10 | nepneHauKYISIPHOCTH Xy "X+ Y1-YV2+2,-2,=0 - yc10BHE
BEKTOPOB NepHeHAnKYJISIPHOCTH BEKTOPOB




Bapuant 2

.:;-’n Hassauue onepauun Gopmy.ibl
a(2;-3:4), b{-1;2;0)
1 Haiitu cymmy BekTopos
A+blxy +%y; ¥ +y2:2, 42 )
a4;-5:7),  b(3;-1:2)
2 HaiiTi pasnocts BeKTopoB
E':‘ blxy —x3; y1-y2:2-2, }
3 Haiitn npoussegenne | a{-2;4;0} & —uncno § = -4
BEKTOPA HA YHCJI0 8a{s - x; 8y;éz)
Touka A (=3:1:2)  ToukaB (2:-3;1) Touka C-
cepeauna orpeska AB. C(Xc,y, .z,)
4 BbIMHCAHTL  KOOPAHHATDI
CepefHHbl 0TPE3Ka
P p x,=x1;x2. yc=¥’ :=:|+:2
' 2
Touka A(6;-3:4). TouxkaB (1:-4:7) .
g | Haiiru koopaunatel | Haxoaum koopamuatst sextopaAB, M3 koopannar
BEKTOpA KOHIA BLIMHCAHTL KOOPAHHATHI HAYAIA BEKTOpA
AB [x; — xy :y; =¥y, 2 - 24}
al0,2,-2}
6 Hai eKTOpa
HTH [I/IHHY BEKTOp EI=W
- Buiaucanthb CKAJISIPHOE at-3:2:9) bE7:0:3)
NpoH3BeIeHNHE BEKTOPOB -
a-b=x-x+y,"y2+2,°2;
d4:1:0),  bE5:3:1)
8 Haiitn  kocunyc yria
MEK/1y BEKTOPAMH RO . .. tY1:Y2+24°2;
]
VX +yi 422 xi+yi + 23
lpu Kakux 3mavennsix M dfm;5;3), b(2;n;4)
9 H n BEKTOPHI | x y. 7z,
KOJLIHHEAPHBI? o k
Lo d(0; -3:2),  b(%:4:6)
0 ::z:::(z::xynﬂpuonb XX+ Y1 Y2+21°2,=0 . yeaosue
NepPHeHANKYISIPHOCTH BEKTOPOB

Kpurepuii onenku: «5» - 9-10 3aganuit; «4» -7-8 3aganuii; «3» -5-6 3ananuit




Ilpakmuueckasa paooma Ne66:
Paznoxenue BekTopa. [loHsITHE KOMILTAaHAPHOCTH

Heab: ymMeTb NpUMEHATH OCHOBHBIE ONpENENICHUS M Teopembl Mo Teme «PasznoxeHue
BEKTOPA 10 TPEM HEKOMILTAHAPHBIM BEKTOpam» Ipu 000CHOBAHUH 3TAIOB PEIICHUS 3a1a4; yMETh
BBITOJHATH YEPTEKHU MO YCIOBUIO 3a/1a4M, IOHUMATh YEePTEkKHU, HAXOAUTh Ha YepPTeKaxX BEKTOPHI,
YMETh PACKJIA/IbIBATh BEKTOpP MO JAHHBIM BEKTOpaM, WCIIONb3YS MPABWIO Napaliesienueaa,
napajuieJiorpaMma, TpPEyroJibHHKa, 3HaTh ONpeAeNieHuE KOJUIMHEAPHBIX M KOMIUIAHAPHBIX
BEKTOPOB.

OO0opyaoBanme: TeTpab sl MPAKTUUYECKUX padoT, pyyka, IPOCTON KapaHall, JINHEHKa,
METOJIUYECKIE PEKOMEH/IAIUHY TI0 BBITIOJHEHHUIO paOOTHI.

MeTtoauyeckue peKOMEHIAINH 10 BHIMOJTHEHUI) MPAKTHYECKOH padoThI:
ABCDA, B,C, D, B,C,
3aganue Nel. Jlan xy0 ¢ peopom m. Touka K — cepenuna pedpa .

P
a Pemenue: noctpoum 3aganubiil KyO (puc. 1).
3 B K C1
1
o Ayl
>
XK ¢ 5 AC
u 8- ./
T 3
A > D
b b Puc. 1.
B -
a_ b ABCD y c
e Bekropamu “u - 3amaercs IUIOCKOCTh KBajJpaTa . Tperuii BexkTOp ~ HE JIEKUT B
— —
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AR AR = AA +AB; + BiK AA
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p eKTOop COCTABJISIET TOJIOBUHY BEKTOpPa , Tak Kak ToYKa cepenuHa
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Redpa BiG o YCIIOBHIO: Z . Bektop B1C1» cormacho cBoiictBam Ky0a, paBeH BEKTO-
i + = 1~

o AD b AK = AA) + 4B, +BiK=c+a+-b
gy , 0003HaUEHHOMY Kak BekTop . Meem: z

Tak, 3aJaHHBIN BEKTOP BBIPAYKEH Yepe3 TPU HEKOMILJIaHAPHBIX BeKTopa. OcTalioch HAUTH
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C
0 [Iponnum otpe3ok AM no nepecedyenus: co ctopoHoit BC TpeyronpHuka (pucyHok 3),

honyunm Touxy A cepeMHy 3TOH CTOPOHBI (TOYKa M 10 yCIIOBHUIO TOUKA [TepeceueHus: MeuaH
fpeyronsuuka). Kpome TOro, BCIHOMHHUM CBOMCTBO MeIMaH TPEYrOJAbHUKA: MEIUAHBI
#peyrosbHUKa EPECEKAOTCS B OJHOM TOUKE, KOTOPas PACCEKAET MX B OTHOLIECHUH 2: 1, cumTas OT
c — 7

2 b
AM = - AA,
BepUIMHBL. Tak, UMeeM: 3
0 A
/N
0| LN
// \‘\
a / \
/ WA
B ¥ AN . M e \\
1 A;fz-' N/
i) C
y Puc. 3. lonoiHUTEIRHOE TOCTPOCHUE K 3a/1aue 2

AA, = AB+BA, & AM = > (AB + BA,)
CHOBa MPUMEHUM IPABHIIO TPEYTOJIbHUKA! 3

T e — -
p AB=b-—a .
—
e BA, =-BC==(c—h)
y 2 2
r m=2(b-3+2( b) g P
0 BELREE A —3°73%73°
1 2 1 1
JI;I ﬁ=§+gﬁ—§?ﬁ+§3=§(§+ﬁ+fﬁ
H
U
K 3agaHusA 1J151 CAMOCTOAITE/ILHOM padoThI:
a
Bapuant Nel

3
a
i
a
H 3
: | a
WM, 6) AL, B) AM
8
e

KonTpoabHbie Bonpockl (OTBEThTE MUCHbMEHHO):
aliTe onpeeeHue BEKTOPA.

aiiTe onpeeneHrne HyJeBOro BEKTopa.

aiiTe onpeeneHre JJIMHbI BEKTOpa.

aiiTe onpeeneHne KOUIMHEApPHbIX BEKTOPOB.

dbopMynupyiTe IpaBUIO TPEYTOIbHUKA JJIS CII0KEHHS BEKTOPOB.
dbopMynupyiTe IPaBUIIO MapaljieiorpaMma Jijisl CII0KEHUS BEKTOPOB.
aliTe onpeeNeHne Pa3HOCTU BEKTOPOB.

aliTe onpeeneHue YMHOKEHUHU S BEKTOPA Ha YUCIIO.



aiiTe onpeeneHre KOMIUITaHapHBIX BEKTOPOB.
dbopMyITUpyHTEe MPU3HAK KOMIUIAHAPHOCTH TPEX BEKTOPOB.
bopmynupyiiTe MPaBUIIO NMapaieIenues1a.
bopMyITUpyHTE TEOPEMY O Pa3I0KEHUH BEKTOPA IO TPEM HEKOMIUTAHAPHBIM
BEKTOpaM.

Ilpakmuueckasa padoma Ne67:
JlexapToBbI KOOpJIMHATHI B IpocTpaHcTBe. KoopAMHATHI BEKTOpa, pacCTOSIHUE
MEXly TOUKaMH, KOOPJIMHAThI CEPEIUHBI OTpE3Ka

Lenb: 3akpenuTh MOHATHE IEKAPTOBBI KOOPAUHATHI B IPOCTPAHCTBE, OTPA0OTATh HABBIKU
paboThI ¢ OpMYyJIaMU PACCTOSTHUS MKy TOUKAMH, KOOPIUHATAMH CEPEIUHBI OTPE3Ka

TeopeTnueckas 4acTh:

KoopauHaThl Ha MJIOCKOCTH M B MPOCTPAHCTBE MOXXHO BBOJHUTH OCCKOHEYHBIM YHCIIOM
pa3IMYHBIX CIIOCOOOB.

Pemrasi reomerpuueckyro, (U3NYECKY0, XMMHUYECKYIO 3a7adyy MOXHO HCIIOJIb30BaTh
pa3iuYHbIC KOOPAUHATHBIE CHUCTEMBI: IIPAMOYIOJBHYIO, IOJSAPHYIO, LHIUHIPUYECKYIO,
chepuueckyto. (ITokas Mozeneit KpUCTAIUIMYECKON PEIIETKYA TOBAPSHHOM COJIH )

B o0mieoOpazoBarenbHOM Kypce HW3y4aercsl NMPSMOYroJibHAs CHCTEMa KOOpAMHAT Ha
IUIOCKOCTH | B IpocTpaHcTBe. MHave e€ Ha3biBatoT JleKapTOBOM CUCTEMOI KOOPAMHAT 110 IMEHU
dpaniy3ckoro yaeHoro ¢punocoda Pene Jlekapra (1596 — 1650) BriepBbie BBEIIIETO KOOPAMHATHI
B T€OMETPHIO.

Pene [exapt pomuics B 1596 r. B ropone Jla» Ha rore @paniuu, B
JBOpsiHCKOH cembe. Otent xoTten cienats u3 Pene odunepa. s storo B 1613
r. oH otnpasui Pene B Ilapux. MHuoro ner npunuiocsk Jlekapty npoObITh B
apMHH, Y4YacTBOBaTh B BOCHHBIX moxojgax B ['ommanguu, I'epmanun,
Benrpun, Yexun, Utanuu, B ocage kpenoctu ryreHotoB Jla-Pomanu. Ho
Pene untepecoBana punocodust, pusuka u Mmarematruka. Bckope no npuesne
B [Tapu>k oH no3HaKOMMJIICS ¢ yueHUKOM Buera, BUHBIM MaTEMaTHKOM TOT'O
BpeMeHM — MepceHoM, a 3aTeM M ¢ ApPYTMMH MaTeMarhukamu PpaHuuu.
Byayun B apmum, [lekapt Bce cBoe CBOOOJHOE BpeMsl OTAAaBaJl 3aHATHUAM
MaTeMaTUKoi. OH u3y4yui1 anreOpy HEMELKHX, MaTeMaTUKy (paHIly3CKHX U
IPEYECKUX YUEHBIX.

ITocne B3sTus Jla-Powmamu 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
uepksu. [loatomy on nepecenuinca B ['ommanauro, rae npoxuia 20 aet, ¢ 1629 no 1649 r., Ho u3-
3a TOHEHUH NMPOTECTAHTCKOM LepkBU B 1649 r. nepeexan B CrokronsM. Ho cypoBblil ceBepHbIi
knumar llIBernun okazancs mis Jlexkapra ryOUTenbHBIM, U OH YMEDP OT TPoCTyAsl B 1650 1.

JlekapT ObL1 KpynHeHmuM GpuiocopoM U MaTEMaTUKOM CBOETO BpeMeHH. B ocHoBe ero
¢unocopun nexan wmarepuanusM. CaMbIM U3BECTHBIM TpyaoM JlekapTta sBisieTcs €ro
“I'eometpus”. [lekapT BBEI CUCTEMY KOOPANHAT, KOTOPOU MOJIB3YKOTCS BCE M B HACTOSIILIEE BPEMSI.
OH ycTaHOBWJI COOTBETCTBHE MEXAY YHMCIAMU U OTpEe3KaMM MPSIMOM M TakUM 00pa3oM BBeN
anreOpanyecKuii METOJ B TEOMETPHUI0. DTU OTKPBITUs [lexapTa Aaau OrpOMHBIM TOTUOK Pa3BUTHIO
KaK TeOMETpHH, TaK U JPYrUM paszjesnaM MaTeMaTukd, onThku. [losBuiach BO3MOXKHOCTh
n300pakaTh 3aBUCHMOCTb BEJIMYMH TpapHUuecKd Ha KOOPJMHATHOW IUIOCKOCTH, YHCIA -
OTpe3KaMH M  BBINOJHATH apU(pMeTHdYecKHe JeMCcTBUSA HaJl OTpe3KaMH U JAPYrHMMHU
TeOMETPUYECKUMHU BEIIMYMHAMH, a TaKXKe Pa3IMYHBIMH (YHKIUAMH. OTO ObUI COBEPIIEHHO
HOBBIA METO/I, OTJIMYABLIMICS KPacCOTOM, U3SIIIECTBOM M MPOCTOTOM.



CerogHss Ha ypoke Mbl NPOJOJDKUM HM3YyYEHHUE J€KaPTOBOM CHCTEMbl KOOpAMHAT, U
IOKa)KeM, YTO KOOPJMHATHI B MPOCTPAHCTBE BBOAATCS TAKXKE IPOCTO, KAK U KOOPAMHATHI HA
IUIOCKOCTH.

B cBoé€ Bpems Pene Jlexapt ckazan: ““... MOTOMKHU OyayT OJiaroJjapHbI MHE HE TOJIBKO 32
TO, 4TO s CKa3aJl, HO U 3a TO, UTO sl HE CKa3aj U TeM CaMbIM JaJl UM BO3MOKHOCTh U YIOBOJILCTBUE
JOJlyMaTbcs 70 ATOIO CaMOCTOSITENIbHO . S MpenocTaBiIi0 BaM BO3MOXKHOCTh M YZIOBOJIbCTBUE
pa3o0paThCs ¢ JEKapTOBOIM CHCTEMOI KOOPAUHAT CAMOCTOATEIBHO.

Onpenenenne 1. FEciu uepe3 TOUKy MpOCTpaHCTBAa IPOBEAEHBI 3  MOINAPHO
NEePIEeHIUKYIApHbIe MPsAMbIE, HA KaKI0M M3 HUX BBIOpAHO HAaNpaBJjeHHE U BbIOpaHA €IWHUIA
U3MEpPEHUS] OTPE3KOB, TO TOBOPAT, YTO 3aJaHa NPSIMOYroJIbHasg CUCTEMa KOOpJIMHAT B
MIPOCTPAHCTBE.

Onpenenenune 2. [Ipsimble ¢ BBIOpaHHBIMU Ha HUX HAIIPaBICHUSAMM Ha3bIBAIOTCS OCSIMHU
KOOpJMHAT, a UX o0Imas Toyka — HadaioM koopauHat. OHa obosHayaercs OykBoit O. Ocu
KoopauHat o60o3HavaroTcs Tak: Ox, Oy. VX Ha3bIBarOT: OCh a0CIIUCC, OCh OPJIMHAT, OCh alIUIAKAT.
Bes cuctema o6o3nauaetcs Oxyz.

Omnpenenaenne 3. Tpu IIOCKOCTH, MPOXOIALINE COOTBETCTBEHHO Yepe3 ocu koopAauHaT Ox
u Oy, Oy u Oz, Oz u Ox - koopAMHAaTHbIE MI0CKOCTU. MIX 0603HayaroT Oxy, Oyz, OzX.

Touka O pazfensieT KaxIyro U3 0Ceil KOOPIUHAT Ha 2 JTy4da, OUH U3 HUX — IOJIOKHUTEIIbHAs
MOJIyOCh, IPYTOi — OTpUILIATEIbHAS MOIYOCh.

Onpenenenue 4. B npsMoyroibHON CUCTEME KOOPAUHAT KaXk10i Touke M npocTpaHcTBa
COTIOCTABJISIETCS TPOMKA YHCEIl, KOTOPbIE HA3bIBAIOTCS €€ KOOPAUHATAMH.

[IpoBenem uepe3 Touky M Tpu MIIOCKOCTH, IEPENEHANKYIISPHBIE K OCSIM KOOPJUHAT, U
00o3HaunM uepe3 M1, M2 u M3, Touku nepecedeHus THX IIOCKOCTEH COOTBETCTBEHHO C
ocsiMu abcIuce, opAuHAT U anmumkaT. M1 — abcumcca, M2 — opaunara, M3 — anmiinkara TOYKA
M. Koopaunats! Touku M 3anuceiBatotes: M (X; y; z), X — abcuuccea, y — OpJHHaTa.

IIpakTryeckas pabora

1. Chopmynupyiite OTIIMYHE AEKAPTOBOI CUCTEMBI KOOPJMHAT Ha IIOCKOCTH U B IPOCTPAHCTBE
2. HazoBuTe ocu koopauHaT Ha muiockoctu? Ha3oBuTe ocu KOOpAMHAT B MPOCTPAHCTBE?
Hazpanue, kakoii ocu Mbl He U3y4anu? (3HaKOMCTBO C HOBBIM CJIOBOM ‘‘alIuiukara’)

4. Kakue m10CKOCTH pacCMaTpPUBAIOTCS B INTAHUMETPHHU (B IPOCTPAHCTBE)?

5. Ha3oBuTe KOOpJMHATY Hayaja KOOPAWHAT Ha INIOCKOCTH (B POCTpaHCTBE)?

6. Kakue emje KOMIIOHEHTHI JOKHA UMETh CCTEMa KOOpAMHAT Ha IUIOCKOCTH U B
IIPOCTpaHCTBE?

7. Kak 3aaercst KOOpArHaTa TOYKHA Ha TNIOCKOCTH U B MPOCTPAHCTBE?

Ha miiockoctu B npoctpancTse
2 ocw, 3 ocw,
OV- och opauHAar, OX - och abcruce,
OX- ocp abcruce OV — och opauHar,
OZ - ocp anmukar.
OX nepnengukymnspaa OY OX nepnenaukyisipaa OY,
OX nepnenauxynsipia OZ ,
OY nepnenaukynsipaa OZ.
(0:0) (0;0;0)
Hanpasnenue, eTMHUYHBIN OTPE30K Hanpasnenue, eTMHUYHBIN OTPE30K
Paccrosinre Mexny TOUKaMu. Paccrosinrie Mex a1y TOUKaMHu.
d= "JI:XE Sxl )2 4 (y2—yl P2 d=v(x2-x1)?+(y2-y1)?+(z2-21)?




Koopaunatsl cepeuHbl OTpe3Ka.
#l + = vl + vz

. ¥
2 2

KoopauHaTsl cepeinHbI 0Tpe3Ka

o+ ¥l + ¥2

2 2 2

7l - Z2

. Kakas u3 Touek A(0,3,6), B(-1,5,0), C(-2,0,-7), K(0,0,6) nexxut B muockoctu Oxy?
2. Kaxkas u3 Touek A(0,3,6), B(-1,0,0), C(-2,0,-7), K(0,0,6) nexut B muiockoctu Oyz?
3. Kaxkas 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 KoopauHaTtaMu A (2; - 3).

5. IlocTpouTh TOUKY C 3alaHHbIMH KoopauHaTamu A (1; 2; 3 ).

6. Haiitu niuny otpeska:
A (1;2;3;)u B (-1; 0; 5)
A (1;2;3)u B (x; 2 ;-3)

7. Haliinre KOOpAMHATHI TOUKU M - cepelMHBI OTpe3Ka

A(2;3;2), B (0;2;4) u C (4;1;0)
AC, AB

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

A, z
ATAL
i 1__‘;"
T T Y
i
Aj :
X

JlaH ky0 ¢ peOpoM, paBHBIM 4.

B Ci

A D,

v

OHpCI[CHI/ITe KOOpAWHATHI €TO BEPIINH.

OTBETHI:
A (4;0;0) A1 (4;0;4)
B (0;0;0) B1 (0;0;4)
C (0;4;0) C1(0;4:4)



9. Jlan npsAMOYTOJBHBIM MapajieNenuIe], U3MEpeHus KoTtoporo pasHbl 6;4;4. Omnpenenurte
KOOPJIMHATBI €r0 BEPILIUH.

B z CA DI
A
: OTBeTHI:
Ay E b1
! . A (2;-3;0) A1 (2;-3:4)
S R e AR
A Y -
%) /
y C (-2:3;0) Ci(-2:3:4)
D Ha miiockoctu B npoctpancTse
Yeprex
D Ocwu xoopauHaT
[Inockoctn

Hauano xoopaunar

JlononHuTENbHBIE
KpHUTEpUU

KOOp,I[I/IHaTBI TOYKHU

Paccrosnue MCXKIY

TOYKaAMU.
KoopauHaTsl cepenuHbl
OTpe3Ka.

C

B (-2;-3;0) Bi1 (-2;-3;0)

Ilpaxkmuueckaa paboma Ne68: Yron mexny Bekropamu. CKkajsipHOE



IIPOU3BECHUE
HAy4YNUTHCSI HAXOAUTH KOOPAMHATBI BEKTOPA, CKAJISIPHOE NTPOU3BEICHNE BEKTOPOB,

YIoJI MEXJy BEKTOpaMHU.
Bexkmopom na3biBaeTcs HanpasJIeHHbIH OTPE30K MPSAMOIL.

5
Bekrop ¢ Havasiom B TO4ke 4 U KOHLOM B Touke B obo3Ha4aercs AB. [lns
0003Ha4eHNs BEKTOPOB YMOTPEOAIOTCS TaKKe CTPOYHbIC JIATHHCKHE OYKBBI:

e

a.bix...

JIBa BeKTOpa Ha3bIBAIOTCH KOIUHEAPHLIMU, €CIIH OHU JIeKAT HAa OJHOI
MPAMOi WK Ha napajuiebHbIX NpsAMbIX. KoHeapHbie BEKTOPbI, HaNpaBlieHHbIE
B OJHY CTOPOHY, Ha3blBAKTCA coHanpagieHnvimu. KolMHeapHble BEKTOpSI,
HanpaBJ€HHbIE B  MPOTHBONOJOXKHBIE  CTOPOHbI, -  MPOMUBONONONCHO
HANPABICHHBIMU.

JIBa BEeKTOpa HA3LIBAKOTCS PAGHBIMU, €CIIH OHH COHATPABJICHBI H PABHBI M0
MOJYJIIO.

Cnoxcenue eexkmopos. Jlns t1oro 4ro0sbl

-

-

MOCTPOUTH CYMMY JIBYX BEKTOPOB @ M b , HYKHO
BbIOpaTh NMPOU3BOJILHYK TOYKY A U OT/JIOKHTb OT Heé

-

S
BEeKTOp AB =a, a 3ateM oT TO4YKH B 0TJI0KHTH BEKTOP

BﬁC =b . Torpa Bekrop AC sBIseTCA HCKOMOI
CYMMOIi: AﬁB+ BﬂC = AﬂC .

"
Koopaunnatel BekTopa ABc¢ HayaioM B TO4Ke A(X;,y,,Z;) N KOHLIOM B TOYKE
B (x2,y2,z2) paBHbl (X2 — X1 y2— Y13 22— 21)-

Jlnuna Bektopa AB BbuMcaseTcs 1o Gopmyne:

Ai?‘: Vo =x) +(0,-2) +(2,-2) .

d

Cymmon BextopoB a(a;a,;a;) n b(b;b,;b;) Ha3bBaeTCA BEKTOpP € C
KoopauHatamu (a, +b;a, +b,;a; +b,).

—

Ilpousgedenuem Bexropa a(a,;d,;a,) Ha 4YUCIO A HA3BIBACTCA BEKTOP

—
Aa(Zag;Aa,;a;).
CKanapuolM npousgedeHuem JBYX HEHYIEBBRIX BEKTOPOB HAa3bIBAETCH
NpoOU3Be/IeHHe UTHH ITHX BEKTOPOB Ha KOCUHYC yriia Mexay HuMH. Eciu xots Obl
OJIMH U3 BEKTOPOB HYJIEBOIA, TO HX CKaJIIPHOE TPOH3BE/IEHHE PABHO HYIIIO.
- =
a-b=

—3

a

—5

b

-CosQ,




—5

IJie @ - Yroj Mex/y BektopamMu au b.
CBoiicTBa CKaNSPHOTO NPOM3BE/ICHHS BEKTOPOB:

-+ =+ 3

- IepeMecTHTe/IbHOE CBOHCTBO: a-b=b-a;

- = - —
- coueTaresibHoe CBOIiCTBO: (ka)-b =k(b-a);
e T e e e .
- pacnipesienuTensHoe cBoiicTso: a-(b+c)=a-b+a-c.
CkanspHoe TpoM3BEAEHHE JBYX BEKTOPOB PaBHO CyMMe MPOM3BEIEHHI
0/IHOMMEHHBIX KOOP/JMHAT 3THX BEKTOPOB:

-+ =

a-b=xx,+yy, +z:z,.
dopmyia JUTs BBIYHCIIEHHS YIJIa MEXK/TY BEKTOPaMH:

-+ =
ab

cosp =

-+ |

al-|b

Jta ke GopMmysa B KOOpAHHATAX:
XX, VY, +2,5,

2, .2, .2 2, .2, .2
\/xl Ytz ‘\/xz Tt
[IpakTnueckas 4acTb
Bapuanr 1

1. Jlan ABCDA B,C,D, — napannenenunen. Haiitu AB+ AD+ A4+ CD .

cosp =

2. Haittu koopauHatsl BekTopa 0,3 ;— 0,6 E+ 0,2 Z— 5 E ,ecmia(—1:2:4), b(0;5;3),

¢(3;3;3). d(1;1:4).
3. Jlausl Touxku A(l; 3; 0), B(2; 3; -1) w C(1; 2; -1). Berauciure yroi Mexay

Bektopamu CA u CB.

A

" o
4. U3BectHo,uto @ c¢=b ¢ =30,

M e

=3 . Beuucnure (a+b)c.

—

a

—3

b

—3,

=2, c

Bapuanr 2
1. Jlana ABCA,B,C, — npusma. Haiitu AB— AC,— BB, .

2. Haiitu xoopnunatel Bexkropa 05a+0,156+03¢—6d , ecomm a(5;—1;-1)

b(=1:1:1), ¢(0:2:—2), d(~3:2:0).
3. Mauwl Touku A(S; 0; 0), B(l; I; 1) v C(3; -1; 2). Berauciaure yrona mexay

BekTopamu ABu AC.

= 6. Beruuciure (a+b)c.

S T

_)
4. UssectHo,uto @ ¢=b ¢ =45,

—

b

—»|

c

N
al=3,




Ilpakmuueckana paboma Ne69:
OTOoOpakeHus: NPOCTPAaHCTBA Ha ce0s1. Buabl nBMKeHUs

Heanb padoTbl: chopMUpoOBaTH YMEHUS pEIIaTh 3aa4d Ha JIBIKEHUE

TeopeTnueckue cBeleHHs K NPAKTHYeCKOH padoTe:

[Tpu pemiennu 3aqa4 Ha ABHKEHUE IPOCTPAHCTBA, HAJIO 3HATHh BUJIbI IBIXKEHUS. DTO
LIEHTpaJbHasi CUMMETPHS, OCEBAsi CAMMETPUS, 3€pPKaJIbHAsI CHMMETPHSI U NTapaJUIeIbHBIN
MEPEHOC.

Leumpanvnas cummempus: Touku M u M| Ha3bIBalOTCS CUMMETPUYHBIMUA OTHOCUTENBHO T O
(menTp cummerpun), eciim O — cepenuna orpeska MM . Touka O cunTaeTcsi CAMMETPHUYIHON
camotii cebe.

T.M u T.M| CUMMETPHUYHBI
M o M OTHOCHTENBHO T.0.

T. O — LIEHTp CUMMETPUU

T.0 — cepeauna orpeska MM,

1.0 oroOpakaercs cama Ha ce0st
Ocesas cummempus: Touku A 1 A1 Ha3bIBalOTCS CUMMETPUYHBIMUA OTHOCUTENIBHO MPSAMOH a (
0Cb CUMMETPHH), €CIIU IpAMasi @ IPOXOAUT Yepe3 CepeUHy OTpe3Ka
a AA| ¥ nepneHauKyisipHa K 3ToMy oTpe3ky. Kaxknas Touka npsamoi
@ CUMTAeTCs CUMMETPHUYHON camoii cebe.

3epkanvHas cummempus: Touku AA| Ha3bIBaIOTCS CUMMETPUYHBIMU
OTHOCHUTEJIBHO IJIOCKOCTH 0 TNIOCKOCTh CHMMETPHH ), €CITH MJIOCKOCTh O
o A1 IIPOXOAUT YEpe3 CepeuHy OTpe3ka AA| U NEepIEeHANKYIIPHA K 9TOMY OTPE3KY.

Kaxxnas Touka miiocKoCTH CYMTAETCS CUMMETPUYHON camMoii cebe.

—
[TapanienbHbIM IEPEHOCOM Ha BEKTOP p Ha3bIBAaeTCs 0TOOpakeHue

— —
IPOCTPAaHCTBA Ha ce0sl, IpU KOTOPOM Iro0ast Touka M nepexoaut B Touky My, uto MM, = p

e

—

M

3agaHus 17151 CAaMOCTOSITEIBHOTO PelIeHus!

1 BapuaHT.
1. Ilpu 3epkanbHOI CHMMETPHUH MpsiMast @ OTOOpaskaeTcs Ha MpsAMyto a; . Jlokaxkurte, 4To
NpsIMBIE @ U @; JeKaT B OJHOU IUIOCKOCTH ( IPSIMBIE a U a; TapajIebHbI ).
2. Ilpu 3epKagbHON CUMMETPUHM OTHOCHTEIBHO IJIOCKOCTH 0. MJIOCKOCTD 3 0TOOpakaeTcs Ha
I0cKOCTh P . Jlokakure, 9to ecnu 3 || o,To Pi || a.
3. JlokaxuTe, 4TO U NapajuIeIbHOM IIEPEHOCE Ha BEKTOP P, rae p # 0, nmpsiMas , He
napajuiesibHasi BEKTOPY p U He cojieprkaliiasi 3TOT BEKTOp, 0TOOpakaeTcs Ha MapajuiebHYIO e
IPSIMYIO.

2 BapHaHT.
1. Ilpu 3epkanbHOIl CHMMETPHUH NpsiMast @ OTOOpaskaeTcs Ha MpsAMYIo a; . JlokaxkuTte, 4To
IpsIMBIE @ U @; JIeKaT B OJHOU TUIOCKOCTH ( IPSIMBIE a U a; TIEPECeKaroTcs ).
2. Ilpu 3epKajgbHON CUMMETPUH OTHOCHTEIBHO IJIOCKOCTH 0. MJIOCKOCTD 3 0TOOpaXkaeTcs Ha
MI0CKOCTh P . JlokakuTe, 4TO ecinu B mepneHauKyisipHa o, To 1 coBmamaer ¢ .



3. JlokaxuTe, 4TO IpU NapajuIeIbHOM IIEPEHOCE Ha BEKTOpP P, rae p # 0, npsmas ,
napajuiesibHasi BEKTOPY p WM COZIeprKallasi 3TOT BEKTOp, 0ToOpakaeTcsi Ha ceOsl.

KOHmPOJleble eonpocol:

TO TAKOE€ LIEHTPaJIbHAsi CHMMETpUS?
TO TaKO€ 0CEBas CUMMETpPHUSI?
TO TAKOE€ 3€pPKaJIbHAsi CUMMETpUs?

Ilpakmuueckan padoma Ne70. KoopauHaTHas JIOCKOCTh. BriunciieHre pacCTOSHUM 1
IJIOMIAJeH Ha IUIOCKOCTH. Konn4yecTBEHHbIE pacyEThI
B paspabotke

IIpakTuyeckas padora Ne71: [lonsrue mHOrorpannuka. Bepmmnsl, péopa, rpanu
MHOrOorpaHHuka. Pa3séprka.

Lens:

Teopernyeckas 4acTb
IIpaBunbHas npusma.

3ananme 1: 3anucaTh B TeTpajb NOHATUS MHOTOTPAHHUKA, BEPIINHBL, pedpa, rpaHu;
IIPaBUJILHOTO MHOTOIPAHHHKA.

Mnozozpannuk - T€OMETPUYECKOE TEJIO, OIPAHUYEHHOE CO BCEX CTOPOH IUIOCKUMHU
MHOTOYTI'OJIbHUKaMH, Ha3bIBaeMbIMU 2panamu. CTOPOHBI TpaHel Ha3bIBAIOTCS pedpamu

BBrIITyKI1bIii MHOIOIpaHHUK HA3bIBAETCS PAGUIbHBIM, €CIIA BCE €0 TPAaHU — IIPABUIIbHbIE
OJIMHAKOBBIE MHOTOYT'OJIBHUKH ¥ BCE MHOTOI'PAHHBIE YTJIbl IPY BepIIMHAX paBHbL. CyniecTByeT 5
BU/JIOB MPABUJIBLHBIX MHOTOI'PAaHHUKOB: TETPadAp, KyO, OKTa3ap, J0AEKa’Ap, HKOCASIP.

3aganue 2: 3anucarb B TETpaJp TEOpEMY Dijepa

Teopema Jiinepa 0 COOTHOIICHUU MEXKIY YHUCIOM BEpPIIUH, pedep U rpaHel BBIMYKIOTO
MHOTOT'PaHHHUKA, JOKA3aTeILCTBO KOTOPOH Diiniep onmyodarukoBai B 1758 1.
Bepuwiunwot + I'panu - Péopa = 2.

IlnockocTH

Bepmmnnbi I'pann Péopa Ocu cummeTpun CHMMeTpHH

- -
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3aganue 3. U300pa3ure TeTpa’ap, Ky0, OKTadAp M YKAKUTe IPaHH, pedpa U BepIIMHBDI.
3ananue 2: 3anucath B TETpaab HOHAMUE RPU3M, €€ ITIEMEHM 08

Ilpusma —Imo  MHO202pAHHUK, 08€  2PDAHU  KOMOPO20  AGNAWMCA  PAGHBIMU
MHO20Y20/IbHUKAMU, HAXOOAWUMUCA 8 NAPAINEAbHBIX NI0CKOCHAX, A OCHAIbHblE 2PDAHU —
napannenozpammamu.

I'panm, KOTOpBIE HAXOATCS B MAPATIICIBHBIX TJIOCKOCTSIX, HA3bIBAIOTCS OCHOBAHUSIMH TIPU3MBI,
a OCTaJIbHBIE TPAaHH — OOKOBBIMHU TPAHSIMU TIPU3MBI

B 3aBucHMOCTH OT OCHOBaHMS IPU3MBI OBIBAIOT:



TpeyronpHas YeTsIpEXyroyibHbIE [ITectuyrosnbHas

[Tpusma ¢ GokoBBIMU PEOpPaMHU, IEPIICHIUKYIIPHBIMU €€ OCHOBAaHUSAM, Ha3bIBAETCS MPAMOM
NMPU3MOIi, KaK B PEJbIIYIINX PUCYHKAX.

[Ipsimast mpr3ma Ha3bIBaeTCA NPABUIIBHOM, €CIIU €€ OCHOBAHMS — IIPABUJIbHBIC
MHOTOYTI'OJIbHUKH.

[Ipuzma, OOKOBBIC péOpa KOTOpOH HE
MIEePIICHIUKYIISIPHBI OCHOBaHUSIM, HA3BIBACTCSI
HAKJIOHHOM MPU3MOW.

Paccrosnue MCXKIY OCHOBAaHUIMH IIPHU3MBbI
Ha3bIBACTCS BBICOTOI IIPpU3MBI.

e Bricota npsMoi IpyU3Mbl COBMAIAET ¢ OOKOBBIM
pedpom.

e BricoTa HaKJIOHHOUW TTPU3MBI — 3TO
MIEPIICHIUKYJISIP, IPOBEICHHBIN MEXK/ly OCHOBAaHUSIMU
npu3Mbl. YacTo neprneHIuKysip MpoOBOJAT C OJJHOM U3

BEPIINH BEPXHETO OCHOBAHMSI.
e be3 HOmONHUTENBHBIX YCIOBUN HEBO3MOXKHO OMPEENIUTh, B KAKYIO TOUKY
MPOEKTUPYETCS BHICOTA HAKIIOHHOM MPU3MBI.

IMapanueaenunen. Kyo. [Tupamupna. IlpaBunbnas nupamuaa. YcedeHHasi NMpamMuia.
Terpasap.
3ananme 1: 3anucate B TeTpaab ONPEACICHUS
apaimenenunen. Kyo.



lNapannenenunen

|-||:)H3MEI, B OCHOB3HKWMH KOTOPOIT'I NexuT napannenorpamMmM,
HazblEaeTCA NapannensnyunenomM.

by napannenenyunena BCe rpaHyi — napannenorpaMmMbl.

MpaHWM napannenenuneta, He uMewlWe obWux BepLIMH,
H3ZblEAKITCA NPOTUECNEXKILMMA,

¥ napannenenunea npotTyueonexalinwe rpaHy napannenbHbl
W paBHbl.

AwarcHanok nNapannenenwneda, Kak W
Boo0Lle, H3ZbIEAETCA OTPEZOK, COEdWMHAKLLMA
Napannenenyneis, He Nexallve E 0AHOHW ero rpaHm.

MHOrorpaHHWKEa
BEpLWHHDI

AduaroHanu napannenenknena nepeCeKakTCA B CI,EI,HOﬁ TOYKE
W TOYKOH nepece4YeHUA OenATCA NononamM.

Touka nepeceyeHKA ,u,marouanelﬁ napannenenvnena ABNAETCA
ero ueHTpoM CHMMETPKMK.

anMO'frOJ'IbeIM HazblEaETCA TakoW

I'I[.'.IHMOI'-J’I napannenennunen,

NapannenenyunegoMm
E OCHOBaHWKW KOTOpPOrQ MexHT

B kyOe BepHO:

r.
|
|
[ NpPAMOYTeNBHMK,
[
| ) Bce rpaHd npAMoOyronbHoroe napannenenvnena  ABNAKTCA
: v NPAMOYTONBHWUKAMK.
: % OnMHbBI p&bep NPAMOYToNBHOMD napannenenunenzs,
| ‘-\d BLIXOOAWMX W3 OOHOM  BeplWMHbl, H3ZbIEAKTCA  &ro
: 3 MZMEpPEHWUAMK MNK NMHHERHBIMK pazMepaMi.
L5
b : ' Y NpAMOYroNsHOro Napannenenyunena TpW M3MepeHuaA.
eee—- T B  nNpAMOyYronbHOM napannenendnene Keagpat nwboil
i K OW3rOHaNKW PABEeH CYMMEe KE3LPaTOE TPEX ero MEMepeHHi:
r ,
Pl b & =a*+ b + %
/ 4,
I %
B NpaAMOYroneHOM Napannenenkunege BepHO;
[}

" MpAMOYronsHLld Napannenenwned, Y KoTopore Bce TpM
| WEMEPEHWA PaBHbl, H33bIB3ETCA KyDoM.

| b - ;

| OuaroHans Kyba B KE3OPaTHbIA KOpeHs W2 Tpéx paz Gonbwe
: \ £ro CTOpOHbI:

b

| 1

| bt d d= ﬂ-'\.@.

|

|

|

|

v ana nnowagw MoNHOR NOEEPXHOCTH.

S,=6a, S,=2d",

o

upamMmaa. HpaBI/IJ'ILHa}I nupamMujaa. YcedeHHas nupamMmujaa.




[Tupamiga

Mupamuaoi (Hanpumep, SABCDE) HazblBA&TCA MHOTOMPAHHKK,
KOTOPbIA ~ COCTOMT W3 MNOCKOrO  MHOMOYToNbHWKA
(naTWyronoHWK ABCDE) - OCHOBaHMA NMpaMuabl, TOukK (8],
HE Nexallel B NNOCKOCTW OCHOBaHWA,— BEPLUMHEI MMPaMiUabl
W BCeX OTPe3K0B, COSOWHAKWMWX BeplWWHy nNupaMugbl
C TOYK3MW OCHOBAHMA.

OTtpezku (S84, 8B, 8C, 8D, SE), COROWHAKLUME BEpLUMHY
NUPaMWUabl C BEPWMKHAMK OCHOBAHWR, HA3bIB3HTCA DOKOBBIMK
pebpamu.

MoBepxHOCTE  MMPaMugnl  COCTOMT W32 OCHOBaHMR
(naTWyronsHWK ABCDE) u Dokoeelx rpaHed. Kaxnas Dokoeas
rpaHb — TpeyronbHMK. OOHOA M3 €ro BeplWH RABNASTCR
BEpWMHA MWPaMugbl, a MNPOTWBONEXAWERA CTOPOHOR -
CTOPOH3 OCHOBAHWA NMPaMKabl:

ASAB, ASBC, ASCD, ASDE, ASEA - OOKOBbIe FpaHu.

BOKOBOW NOBEPXHOCTbH NMPAMUIbI HA3bIBAETCA CYMMA
nnowagei ee DOKOBLIX rpaHei.

BoicoToR  nupamugsl  (SO) HazblBaETCR  NepneHaukynsp,
NPOBEAEHHBIA W3 BEPWMHBI NUPaMMObl K MNOCKOCTM
OCHOBAHMA.

HHPHHH,D,EI Ha3kIBaETCA H'YFDJ’IbHDH, eCny ee OCHOBaHWEM
ABNABTCH H-YIONbHMK, TpE‘_fFDJ'IbHEH NUpaMWia HazblB3eTCA
TaK¥Ke TETPasapoM,

o - yron Hawknoda Ookosoro pebpa SA nupaMugbl K
NNOCKOCTH 88 OCHOBAHMR;

£ - yron Waknowa Gokosoit rpanu (SED) mupamugsl K
NNOCKOCTH 88 OCHOBAHMR.

OCHOBaHWe BbICOTbI nupaMKabl ABENAETCA LEHTPOM
OKPYHHOCTH, OMWUC3HHOM OKONO OCHOBaHWA nupamMmnabl, TOraa
W TONBKO TOrda, Korda BeiNONHAETCA OOHO M2 1:.-’CJ'IC'BIr'ﬁ;'II




v Bce BoKoBble pebpa paBHbl;

v Bowkoeble pefpa 0OpasyloT C NACCKOCTbIO OCHOBAHMWS
pPaBHbBIE YIbI;

v Gokoeble pefpa o6pazyioT paBHbIE YIMbl C BbICOTOF
MyYpaMuabl.

QOCHOBaHKME EbICOThI nyvpaMiobl ABNAeTCA LeHTPpOM
OKPYHHOCTH, BMNMCAHHOA B OCHOB3HWME MK pamuMaobl, TOrga 4
TONBKO TOrOa, KOrda BeINOAHAESTCA OOHO M3 ‘g"CJ'IDEIHﬁI

¥ BOKOEbBIE TPaHK HAKMNOHEHBI K MNOCKOCTH OCHOBaHWUA
noj oOHWM YIrnoM;
" BbICOThl GOKOBBIX FpaHeil paBHbI;

¥ GoKoBble rpaHy oGpazyoT PaEHbIE YTkl C BEICOTOM
nUpamMuabl.

OO0b&M nWpaMKMabl paseH TPETW MNPOMIBS0sHWA NAOWagwW
OCHOBaHWA Ha BbICOTY NUPaMWIbI:

V = 1/3-8 b

MNnowanb MNoNHOW nNoeepxHocTH Mobold NupaMmwasl paedHa
CyMMe nnowansi 6oKoBOK NOBEPXHOCTM M OCHOBAHMWA!

8,= 8;+ 8 .-

CeuyeHMA NWpaMuabl NACCKOCTAMM, MNPoXOOALWMMKM 4Yepes ee
BEPLWWHY, NPEOCTAENAKT coboR TpeyronbHUMKK, B Y4acTHOCTH,
TRPeYyroNbHWMKaAMKM  ABMAKTCA AOMArcHanbHbIE CEUYEHWMA. 2To
CEeYEHWA MMOCKOCTAMM, MPOXOAAWMMK YEpEs B3 HECOCEAHMX
BokoBbIx pebpa NKMpamMuKabl.

MNoCKOCTb, KOTOP3A NepecekasT NUpaMuay M napannensHa
e& OCHOBaHMWI, ASNWT 28 Ha ABS YacTu:

nupamMmugy, nogodHyw gadHol (SA;BCq) v
MHOMOMP3HHWK, HaZblBAasMbld  YCEUEHHOW NUMpaMWoon
(ABCA;B|C,).

MpaHW YCeUYSHHOH MNWMpaMWibl, NeXallWe B NapanienbHblx
nnockocTax (AABC v AAB,C,), HazblBAKOTCA OCHOBaHWAMM,
OCTafNbHbIE rpaHm (AA BB, AACC, BE;C,C)
H3zblEaKTCA DOKOBLIMM FPIHAMM.

OCHOBAHWA YCEUYEHHOW nNupaMuabl npeacTaEnAleT  coboi
noAaobHbBlIE MHOMOYTONbHMKK, BOKOBBIE FPaHK — TpaneuMK.
BbicoTa YyCeYeHHOA nupamugol (00;) — 3TC0 paccToAHWeE
Mexay NNoCKOCTAMKM €& OCHOEaHWA.

Ecnwn §; n 55 — nnowagw OCHOB3aHWA YCeY4EHHOW NMpamugbl v
h - eé ebicoTa, To gnA o0bEMa YCEUEHHOH NKMpaMKabl BEpHO!

V= %h(sl + /5.5 +5;).




eTpasip

Onpepenenue. TeTpasgp — 3TO MHOTOTPaHHUK, COCTOALLMIA U3 NAOCKOCTU TPEYroNbHMUKAa U TOYKU He
NeXawmm B 3TON NJIOCKOCTH, TPEX OTPE3KOB COEANHAROLLMX 3TY TOYKY C BEPLUMHAMWU OCHOBaHUSA
TpeyronbHUKa.

loBopAT, uTo pébpa AD n BC, AB u CD, 1 T.4.- NPOTUBONOOXHbIE.

Cuntaetca » ABC -ocHOBaHue, ocTallbHble rPaHun - GOKOBbIE.

N3o6pakaeTtca TeTpasap obbiuHo Tak (puc. 1).

PucyHok 1 — usobpaxeHue TeTpasagpa.

MaTemaTuKa, B YaCTHOCTU rEOMETPUS, ABNAETCA MOLWHENLINUM MHCTPYMEHTOM B MO3HaHWKU MUpa.
PasnuyHbie reomeTpu4eckme hopMbl HAXOAAT CBOE NPaKTUYECKOE NPUCNOCOBNEHUE B Pa3IMUHbIX
obnacTax 3HaHWA: apXUTEKTYPE, CKYNbNTYPE, XKusonucu. U TeTpasgp ToMy A0Ka3aTeNbCTBO. TakK e Mbl
MOXKeM HabnrogaTb TETpasap B NOBCEAHEBHOMN XXU3Hu (puc. 2).

<DopMa nakeTa MOoJsioKa

ConHeyHble naHenu

B

APXUTEKTYPHbIE PELLUEHUSA

PUCyHOK 2 - TeTpasap B MOBCEAHEBHOW XXU3HU

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 e

CI/IMMeTpI/II/I B KY6C, B IMapaJuICienuneac, B Ipu3smMe U nmupamMuic.

Ceuenus Ky0a, MPU3MBI M THPAMUJIBI.

CummeTpus — 3TO 3aKOHOMEPHAS TIOBTOPSEMOCTh JIEMEHTOB (UK YacTei) PUrypsl UiIM KaKoro-
1100 Tena, Mpu KOTOPOol (pUTypa COBMEIAETCS cama ¢ OO0 IpU HEKOTOPBIX MPeoOpa3oBaHMIX
(BpaiieHue BOKPYT OCH, OTPaKEHUE B TIJIOCKOCTH).



ITonsTHe CUMMCTpPUHA BKIIIOYACT B ce0s1 TaKue MOHATHA, KaK: OCb CUMMCTPUHU, HICHTP CUMMCTPUUA
H IINIOCKOCTb CUMMCTpPHH.

1) Ocb cummeTpun - BooOpaxkaeMasi 0Ch, IIPU MIOBOPOTE BOKPYT KOTOPOI HA HEKOTOPBIH yroJ,
¢durypa coBmeraercs cama ¢ coooi B mpocTpaHCcTBeE (0

2) LleHTp CHMMETPHH - 3TO TOYKA BHYTPU MHOTOTPaHHUKA, B KOTOPOH MEPECEKAOTCS U JISISATCS
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] IMaroHaiei NpsMOyroibHOro napajieenuneaa.
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 UHCIIe 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.



IlocTpoenune ceuennii Ky0a, NpU3MbI U IMPAMH/bI.

1. B terpasape SABC npoBenute cedeHus yepes cepennny peopa AB nmapamiensHo
pebpam:
1) ACu AS;
2) BCuCS.
2. [Toctpoiite ceuenue Kyda MI0CKOCTh TaK, YTOOBI OHO OBLIO:
1) Pombowm;
2) IIpaBHJIBHBIM HMIECTHYTOJIHHUKOM.
3. B npaBwiIbHON TPEYroJbHON MPU3ME IIOCTPOUTH CEYEHUE, IIPOXOAILEE Yepes

pedpo BEpXHETO OCHOBAHUS U CEPEUHY CKPEIIUBAIOIIErocs ¢ HUIM OOKOBOTO pedpa.

IIpencraBiieHue 0 NPaBUIbHBIX MHOTOTPAHHUKAX:
TeTpadap, Ky, OKTad AP, 101eKadIP U HKOCAIP.
3aganue: HauepTuth B TeTpaau GUTypbl U pa3BepTKU

rd
Fe
IIpasunvHulii IlpasunvrbtLii Ilpasunvhuiii
mempaaop 0Kmaaop zexcaaop
paeuﬂbubta ITpasunvhblii

urocaaop ; i % dodexaadp

IIpakTyeckas padora Ne72: [Ipusma. [Ipsmas u HakinoHHas npusma. [IpaBunbHas npusma.
[Tapamnenenunesn. Ky6. CroiicTBa napaienenumnesaa.

[{enb paboThI:

1) I[ToBTOPHUTH U 3aKPENUTH BUBI TPU3M U UX CBOMCTBA.

2) BeipaGoTare yMeHUs Jie/1aTh K 3a/1a4aM I'PaMOTHBIE YEPTEXKH.

3) BeipaboTaTh yMeHUS U HAaBBIKU MPU PEILIEHUN T€OMETPUUECKHX 3a1a4 1o teme «lIpuzmar.
Ob6opynoBaHue: KapTa UHAWBUAYAIBHOTO 33JJaHUS, MUKPOKAJIbKYIIATOP.

JI71s1 BBIMOSTHEHUS TPAKTUYECKOW paOOTHI UCTIOJIB3YUTE CIEAYIOIINE CBEACHUS:

e Eciiit 60k0BBIE peOpa MPU3MBI IEPIICHIUKYISIPHBI OCHOBAHUSAM, TO IIPU3Ma Ha3bIBACTCA MPSIMOH,
B IIPOTUBHOM CJIy4ae HAKJIOHHOM.



e [Ipsmas mpusma, B OCHOBAHMHM KOTOPOMW JIEKUT MPABWIbHBIA MHOTOYTOJILHUK, HA3bIBACTCS
MPaBUJIbHOM.

o [lepneHAUKYISAp, OMYIICHHBIN U3 TO0OW TOYKM BEPXHETO OCHOBAHUS HA TJIOCKOCTh HHYKHETO
OCHOBaHMS, Ha3bIBAETCSI BBICOTOM NPHU3MBL. Y OPSIMOM M NPABUIBHOW NMPU3MBI BBICOTA PaBHA
O0KOBOMY pedpy.

¢ J/lnaroHasnpio MPU3MBbI HAa3bIBACTCA JII0O00H OTPE30K, COSAMHSIONINI JIBE HE JIS)KAINE B OJHOMN
rPaHU BEPIIUHBI IPU3MBI.

e J[MaroHaJIbHOE CEYEHHUE - ITO CEYEHHUE, KOTOPOE IPOXOAMUT 4Yepe3 OAHY M3 JuaroHajed
OCHOBaHUs U OOKOBOE pedpo.

[Tapannenenunen. Hanbonee yacto BCTpeyaromMMcs BUJIOM MPU3MBI SIBJISETCS apasuieenumel.
Ormp. [TapannenenuneaoM Ha3bIBa€TCsl IPU3Ma, B OCHOBAHUU KOTOPOH JIEKUT MapaljIeIorpaMM.
e Bce rpanu napasuiesienumneia - napajjieorpaMmsl.

e [lapamnenenunen, 60koBble peOpa KOTOPOTO MEPHEHAUKYISPHBI K IMJIOCKOCTSM OCHOBaHUH,
HazbIBaeTcs NpsaMbIM. (OCHOBaHUE MPSMOTro Mapajuielenuresa — napauieaorpaMm, a OOKOBBIE
IpaHu — NPSMOYTOJIbHHUKH ).

e [Ipsimoii mapasuienenuiiesl, B OCHOBAaHUM KOTOPOTO JIEKUT NPSMOYTOJIbHUK, Ha3bIBACTCS MPSAMO-
YIOJABHBIM  NapajuleienuneaoM. Bce TIpaHM  nOpsAMOYronbHOrO — napajuienenunena -
IPSIMOYTOJILHUKH. J[TTUHBI TpEX pedep MPpsSMOYTOIBHOTO MapaljiesienuIea, BBIXOAAIIUE U3 OJHON
BEPILMHBI, HA3bIBAIOTCA €r0 U3MEPEHUSIMU (JUIMHOM, IIUPUHOI, BHICOTOI).

KBagpar ayivHbl 1uaroHany npsMoyroiabHOTO [MapajuieeNuIiela paBeH CyMME KBaJpaToB 3-X ero
usMmepenuit: a> + b? + ¢2=d%.

Bapuanr 1
1. Cxonbko pé€bep y MECTUYTOIbHOM MPU3MBI?
2. Kakoe HauMeHbIIee YHCIIO IPaHeN MOKET UMETh Npu3Ma?
. Han xy0 ABCDAB:1C:D;. KakoBo pacnonoxenue npssmeix BiDi u AC ?
4. TlepneHAUKYJsIp, MPOBEIEHHBIH U3 KaKOH-HMOYJb TOYKH OJHOIO OCHOBAHMS K IIOCKOCTH
JPYrOro OCHOBaHUS, Ha3bIBAETCA. . .
5. CtopoHa OCHOBaHUsI MPAaBWIBHOW YETHIPEXYTrOJbHOM Mpu3Mbl paBHa 12 cMm. J(uaroHanb
Mpu3Mbl 00pa3yeT ¢ IJIOCKOCThIO OcHOBaHuUsi yrou 45°. Haiigute 60koBO€ peOpo MpU3MBI.
6. B npssMoyronsHOM napajuienenunese CTOpOHbl OCHOBaHUS paBHbI 7 ¢cM M 24 cM, a TuaroHalb
napamienenunena - 5v29 cm. HaiiTu mioma/ps 1MaroHansHOro CeYeHns mapasilesenIesa.
7. B mpsimom napaiuienenunene ¢ BbiIcotor 15 M ctoponsl ocHoBaHust ABCD paBHbl 2 M 1 4 M,
nuaronanib AC paBHa 5 M Haiiaute miomans AWaroHajdbHOTO CEUEHHUs Tapajliesenunesa,
MIPOXOIALLEro Yepe3 BepnHbl B u D.

Bapuanr 2
CKOJIBKO rpaHel y HIECTUYTOJIbHOM MPU3MBbI?
2. Kakoe HauMeHblIee Yicao pédep MOKET UMETh Ipu3ma’?
3.Tpu pebpa napamnenenunena pasusl 6 M, 8 M u 10 M. Haiinure cymmy 1uH Beex ero péoep.
4. Ilpsimas mpu3Ma Ha3bIBAETCS IPABUIIBHOM, €CIIM €€ OCHOBAHUS. ..
5. Haiigute niuHy AuaroHaau mpsiMOYroJIbHOTO Mapajuliesenuneia, U3MepeHHsl KOTOPOro paBHBI
2cMm,3cmMmu 4 cM.
6. B npssMom napasuienenunene CTopoHbl OCHOBAHMS PaBHBI 3 CM U 5 €M, a OJIHA U3 AMaroHajeu
— 4 cM. MeHbIast JuaroHajb napajuiesenurea ¢ II0CKOCThIO OCHOBAaHHS cocTaBiseT yroi B 60°.
Onpenenuts quaroHalIy napajuiesenunenaa.
B npsimom mapamnenenunene O0oxoBoe pedbpo 1 M, cTtoponsl ocHoBanust 23 am u 11 am, a
IUaroHajyd OCHOBAHHUS OTHOCATCSA Kak 2:3. Haligure miomaan JUaroHajJbHBIX CEYSHUMN.

Ilpakmuueckaa padboma Ne73: IneMeHTHl IMpaMubl. BUabl nupamu.



Pemenue 3anau

Heap : 3akperuieHUe MOHATHI: MUpaMuIa, 00bEeM, IO, OOKOBON M IMOJIHON MOBEPXHOCTHU
MUPAMHU/IBI.
O6opynoBanue: Moy HpaMu, Tabmuna c popMmynaMu Se., Sun, V, JTHHEHKH, KapaHIAIIIH,
KaJbKYJIATOP, KapTOUYKH BOMPOC - OTBET (M3 MCTOPUU MHUPaAMHI), IUIaKaT ¢ H300pakeHueM
ETUIEeTCKUX MUPAMU]I, TUCK « DHITUKIIONEUS», TECTHI IPUI0KEHUE
IIpoxo/kuTEIBbHOCTD: 2 Yaca
[Topsimok BeIMONHEHUS PaOOTHI !
1. O3HaKOMHUTHCS C YKa3aHUSMU K BBITIOJTHCHHIO MMPAKTUIECKOM paboThI
2. Cnenath KpaTKUi KOHCIIEKT TEOPETHUECKOTO MaTepuaia B pabounx TeTpaasx (OCHOBHBIE
MOHSITHSI, OTIPEICIICHUsI, POPMYIIBI, TPUMEPHI)
3.M3yunts ycrnoBue 3aAaHui U1l IPAKTUYECKON PabOTHI.
4. Oopmuts otuet o0 padore.
Teopernuyeckuii MmaTepuaJl
IMupamiga — MHOTOTPAaHHUK, OCHOBAaHUE KOTOPOI'O0 — MHOTOYTOJIBHHK, @ OCTAIbHBIE TPAaHU —
TPEYroJIbHUKHU, UMEIOIIHE 0011yI0 BepiuHy. [1o unciay yrjioB oCHOBaHUS pa3IuyaroT MHPaMUIbI
TPEYrojibHbIe, YeThIPEXYTOJIbHBIC U T. 1.

HAKJIOHHAs npsimast

3J16M6HTI)I NnMUpaMHuabl
A A — BODUMHE NVMDBNMILL

AB, AC, AD AE — poSpa
PDANMWILL

ADE, AEB, ABC, ACD -
GONOEN rPEsine NMDAaNMILT
BCDE « ocnooarne nepaNms
AG — 8iCoTa

AF - ancchema:

AEC — AnaroHanbHos O etHHe

D C

armogeMa — BbICOTa OOKOBOM I'PaHM MPABIIILHON MTUPaMUJIbI, TPOBEACHHAS U3 €€ BepIuHbI [{];
OOKOBBIE TPAaHH — TPEYTOJIBHUKHU, CXOASIIUECS B BEPITNHE MUPAMUJIBI;

OOKOBBIE peOpa — OOIIHE CTOPOHBI OOKOBBIX TPAHEH;

BEpIlIMHA MHPAMUABl — TOYKA, COSAHMHSIIONIas OOKOBBIE pEOpa WM HE Jekalias B IUIOCKOCTH
OCHOBaHUS;

BBICOTA — OTPE30K MEPIEHANKYJIIAPA, IPOBEAEHHOTO YEPE3 BEPLUIMHY NUPAMMIBI K INIOCKOCTH €€
OCHOBaHHUS (KOHIIAMH JTOrO0 OTpe3Ka SIBJISIOTCS BEpIIMHA MHUpPaMHIbl ¥ OCHOBaHUE
nepnenaukyispa) (H);



AUaroHajJjbHOC CCUCHUC THPAMHJblI — CCUHCHHUC NHUPAMHUABI, MPOXOAAIICC 4YCPC3 BCPUIMHY U
JMaroHalb OCHOBAHUS,

OCHOBAHHE — MHOT'OYT'OJIBHUK, KOTOPOMY HE IIPUHAJICIKAT BEPIINHA MUPAMUJIBL.

HpaBI/IJILHaSﬂ nupamMmaa

B [Mupamuna Ha3bIBaeTCSl MPaBUIIBHOM, €CIM OCHOBAaHHEM €€ SIBIISITCS
IIPABWIbHBI MHOIOYTOJIbHUK, @ BEpIIMHA MPOELUPYETCSl B LIEHTP OCHOBaHMs. Torga oHa
o0JasaeT TakuMU CBOMCTBaMH: OOKOBbIE pedpa MPaBHIIbHON MUpaMUIbl PaBHbBI; B MPABUIbHON
nupaMujie Bce OOKOBblE TpaHM — paBHbIE pPaBHOOEAPEHHBIE TPEYrOJIbHUKH; B JIIOOYIO
MPABWJIbHYIO TUPAMUy MOXKHO KaK BIIMCATh, TAK M OMUCATh OKOJIO Heé cdepy;
IIpsiMoyroJsibHasi nMpamMuga

F

A D

[Tupamuya Ha3pIBaeTcsl MNPSAMOYTOJIbHOW, €CIM OJHO M3 OOKOBbIX pEOep mnHpamMuibl
MEPIeHIUKYIIPHO OCHOBAHUIO. B maHHOM ciiydae, 3To peOpo U SBISETCS BBICOTON MHUPAMUJIBI.
YceuéHnas nupamuaa

Yceu€HHOM NHMpamMUI0N Ha3bIBAETCS MHOTOTPAaHHMK, 3aKIIOUYEHHBIM MEXKIY OCHOBAaHUEM
MAPAMUIBI U CEKYIIEH MIOCKOCTHIO, MAPAIETbHON €€ OCHOBAHUIO.

BoxoBasi noBepXHOCTh — 3TO CyMMa IUIOIIAAeH OOKOBBIX TpaHeH.

Jns HaxoxJeHuss OOKOBOW TOBEPXHOCTH B TPABWJIBHOW MHPAMHJIE MOXKHO HCIIOIh30BaTh
bopmyimy:

S6.n=1/2¢P+L

ITosiHAs1 MOBEPXHOCTH — 3TO CyMMa TUIOIIATU OOKOBOM MOBEPXHOCTH U TUIOIIA I OCHOBAHUSI.
Jnsi HaxoXJeHUs MOJIHOW TMOBEPXHOCTH B MPABWIBHOM NUpPaMHUIE MOKHO HCIOJb30BATh
bopmyimy:

St = 1/2'P'E+SOCH,

O0bem nmupamMuabl (J1000i) MOXKET OBITH BeIYHCIEH 10 hopmyiie : V = 1/3¢Sqcu *H

CeyeHusi NUPaAMH/IBI:
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JuaroHaJbHOC€ CCUCHHUC CEUCHUC ITJIIOCKOCTBIO, CECUCHUC ITIIOCKOCTBIO HpOXO,Z[HIHeﬁ
HapaJ]J’IeHBHOI‘/Jl moa  yrjiom K OCHOBAaHUIO

OCHOBAHHIO

2. Ucropuueckas crpaBka:
becena «A 3naere nu BbI?» (MOKHO MCHOJIB30BATh IUCK «DHIMKIIONEINI», BOCBMOE YyI0 CBETA,
Wi «QHUuKIonenuo uia nereit» Mocksa 1998r., Buneo «Cekpersl Erunerckux nupamua)
Bompocsr: 1. B kakom MecTe 3eMHOTO I1apa HaXOASTCS STU MHPaMUIIbI?

Otser: Eruner-rocyngapctso B CeBepo-Bocrounoit Adpuxe. 98% Teppuropun — 310
nycTble pailonsl, 3% - genbra u gonuHa peku Hun. Hacenenue 60,9 M. yenosek; 98%-eruntsue;
oAb HBIN S3bIK-apaOCKHIA.

2. JIsig yero cTpoOuJIvd MUPaMUIbI?

Otger: [IupamMuapl CTPOMIIN IS TOTO, YTOOBI OXPAHSThH Tela yMepHx (hapaoHOB U

UX COKpPOBHIIIA.
3.ITouemy mpaBuTens Ha3bIBAIN «papaoH»?

OtBet: Eruntsse cuntanu, 4To WX MPaBUTENb NpoucxoauT oT Oora ComHIa, U JUIs
OOBIYHOTO YEJIOBEKa CUMTAJIOCh HEYBAXKUTEJIbHBIM Ha3bIBaTh €ro 1mo uMeHu. OHM Ha3bIBaJld €r0
«hapaony, 4TO 3HAUUIIO «OONBIION TOM.

4. Kakast mupaMuia caMmasi BbICOKasi?

Oter: [lupamupaa, noctpoeHHas ans ¢apaoHa Xydy, ee BbICOTa MEPBOHAYAILHO
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. [IpakTHyeckast 4acTh: BBIIOJHSIOT MPAKTUYECKYIO PaOOTY B Mapax: Ha KaX/Iyl0 HapTy BblIaeTCs
MOJIeTTb MTUPaMUIBI (TPEYTOJIbHAS, YETHIPEXYroabHas).
1.3amanne kK mpakTUYecKoi padoTe: Mo JTaHHBIM BaM MOJIENSAM HaWTH IUIONIA b OOKOBOM, MOITHOM

IIOBCPXHOCTH, 00BeM nupaMuabl. BEIIOTHUTE TECTHI.

[Tpumep: Haiitu mtomaas 60KOBOM, TTOJIHON MTOBEPXHOCTH, O0BEM TUPAMUIBI.

Xo 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. Jlns HaXOXIEHUS IUIOMIAAM MOJHOM IMOBEPXHOCTH NHUPAMHAbl HYKHO HAWTH IUIOMIAJIb
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.



Od¢opmiienue padoThI:
aHo: SABCJl - mmpamupna, AB=3cMm, BC= 6cwm,
anupamuaa HenpasmibHast, H=10cMm, £1=10,5¢cm., £,=10,2cm

Havitu: S ; Sun. 3 V
PGH_IGHI/IGI T.K. anaMI/ma HeraBI/IJILHaSI, TO S6.n. HaxogsiaT

KaK CyMMY IUIOIIQ/IeH ee OOKOBBIX TpaHeH, T.€. IIOMaaei
IPEYTrOJbHUKOB.

~

h)
=1/2 *£1"AB=1/210,5:3=15,75(cM?) - 3T0 II0IIab OIHOI
paHu, a UuX JIBC OAUMHAKOBLIX, T.C
S
S3=1/2"02'BC=1/2-10,2:6=30,6 (cM?), S3.4=2"30,6=61,2(cM?)

Se.n=31,5+61,2 =92,7(cm?)
Socn.= AB‘BC=3"6=18(cM?), Sin= Se.ut Socu=92,7+18=110,7 (cm?)
(ecau nupamuja npaBuibHasl, TO MOJIb3yeMcs (popmyaamu)

V=1/3" Soew'H = 1/318°10 = 60(cm>) — hopMya 06bema cripaBe/InBa s Jr000it
IMpPaMUIbI.
5. BBIMOJTHSIOT TECTHI, COCTOSIIINE M3 IBYX BOIPOCOB M JABYX 3a]1a4.

IIpakTHYeckasi 4acTh
Bapmnanr 1

1. Cxonpko pedep y HIEeCTUYTOIbHOM MUPAMU/IBI:
OtgeT: 2)6; 0)12; B)1S; 1)24; m)8
2. Kakoe HanMeHbIIIee YUCIIO TPaHe MOXET UMETh TUpaMua;
OtgeT: a)5; 0)12); B)10; 1)6; m)4
3.BoibepuTe BepHOE yTBEpKICHUE:!
a) MHOrOrpaHHHK, COCTaBICHHBIN U3 N-TPEYTOJIbHUKOB, Ha3bIBACTCS MHUPAMUIION;
0) mupaMu/ia Ha3bIBAETCS MPABWIIBHOM, €CJIM €€ OCHOBAHUE — MPABWIHHBIM MHOTOYTOJILHUK;
B) BbICOTa OOKOBOI I'paHU MPABWIBHOMN MUPAMUIbI, POBEICHHAS U3 €€ BEPIIUHBI, HA3bIBACTCS
anodeMoit;
4. B npaBuIbHON YETHIPEXYrOJbHOM MUpPaMUJIE BEICOTA paBHA 4CcM, a JITMHA JUArOHATN

OCHOBaHHUS - 6+/2 cM. HaiinuTe nomans NOJIHOW MOBEPXHOCTH MUPAMU/IBI.
OtBer: 2)96¢cMm?; 6)156em%; B)36eM%; 1)60cM?; 1)150cMm?
Bapmuanr 2
1. CxonbKo rpaHeil y eCcTUYTroabHON MUpaMUIbL:
OtBert: 2)6; 6)7; B)S; 1)10; m)12
2. Kakoe HauMmeHbIIee 9ucio pedbep MOKET UMETh MUPaMHIa;
OtBert: 2)6; 0)5; B)4; 1)7; 0)8
3.Beibepute BepHOE YTBEpKICHHUE:!
a) BricoTa nupamuibl Ha3bIBA€TCS BHICOTOM IPaHU;
0) mromaas OOKOBOW MOBEPXHOCTH MUPAMHUJIBI paBHA MPOU3BEIECHUIO IIEPUMETPA OCHOBAHUS Ha
BBICOTY;
B) MUpamMuja Ha3bIBAETCs MIPABUIILHOM, €CJIM €€ OCHOBaHUE — MPABUIIbHBI MHOTOYTOJIbHUK;
4. BricoTa mpaBWIbHOM TPEYTrOJIbHONW MUpaMUibl paBHa 12¢M, ctopoHa ocHoBaHus 15cm. Haiitu
TJIOIA/Ib TTOJIHOM TOBEPXHOCTU MTUPAMUIBI.



Ilpakmuueckana padoma Ne74: dnemenTsl riHapa. [lmomane moBepxXHOCTH
Llenb: 3aKpenuTh HaBBIKK PEIICHHUS MPAKTHYECKUX 33/]a4d Ha BHIYHUCICHHE TUIOLIA TH
IOBEPXHOCTU M 00BEMa LMIMH/PA.
TEOPETUYECKHWI MATEPUAJI
Onpenenenue: [Jununopom Ha3bIBAETCs TEJIO, OTPAHUUYEHHOE LIMJIUHAPUYECKON
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g OcHoBaHMS IMJIMHAPA — PaBHBIE KPYTH, PACIIOI0KEHHBIE B MTAPAJUIEIbHBIX INTIOCKOCTAX

OO0pa3syomasi TMJIHHAPA - 3TO OTPE30K COSAUHSIOMINNA TOUKY OKPY>KHOCTH BEPXHETO
QCHOBAHMsI C COOTBETCTBEHHO TOYKON OKPY)KHOCTH HIDKHErO OCHOBaHus. Bee oOpasyromue
JapaliesbHb! OCH BPAIECHUS M HMEIOT OTHHAKOBYIO JUTHHY, PABHYIO BLICOTE LIMTHHJPA.

BokoBasi noBepxHocTh — 00pa3oBaHHas 00pa3yrOIUMHU IUIMHIPA YaCTh
JMIMHIpAYECKO TOBEPXHOCTH.

a Ochb HWIMHAPA — 3TO NpsAMast, TPOXoAsIas yepe3 HEeHTPbl OCHOBAHUS IIMIMHPA (0Ch
JUTHHIIPA SIBISIETCSL OCBIO BPAIICHHUSI LIAIMHAPA).
BbicoTa nuimHApa — 1yuHa 00pa3yrouiei.

1 BbicoTa HWIMHAPA - OTPE30K, COSAUHSIONINN LIEHTPhl OCHOBAHUM.

c Paguyc uuiamnapa - oTpe3ok, COeIUHSIOMUN eHTp cdepshl ¢ 000 e€ TOUKOMH.
r Lununop mooicem Oblme NONYYeH 8paujeHuem NPImMoy20ibHUKA 8OKPY2 OOHOU U3 CMOPOH.
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Ha pucynke 2 n3o0pakeH UIWIMHIP, TOTY4EeHHBIN BpallleHueM npsmoyroasHuka ABCD
BOKPYT cTOpOHHI AB. [Ipu 3TOM 00KOBasi MOBEPXHOCTh IMIJIMHJIPA 00pa3yeTcsl BpallleHHEM
croponbl CD, a oCHOBaHUS - BpauieHuem cTopoH BC u AD.



4/Ceqe}me HWJIHHAPA \

Ocesoe IInockocmuio a, nepneHOUKyIAPHOI K OCU

v

Onpeodenenue: Onpeoenenue:

Ecnu cekymas IiIocKOCTh MPOXOJHUT Yepe3 Ecnu cexymas miockocTh NepreHuKYIsIpHa
OCh IIMIIMH/IPA, TO CEUYCHHUE MPEIICTABIISAET K OCH IIWJIMHJIPA, TO CEUCHHE SBISCTCS
co00i1 MPSIMOYTOJILHUK, TBE CTOPOHBI KPYrom.

KOTOpOTro — 00pa3ymoliue, a 1Be APyrue —
JUaMeTpbl OCHOBAaHUM LUIMHAPA.

\

3a nuomaab 60KOBOI MOBEPXHOCTH UJINHAPA NPUHUMAaETCS IJIOIAAb ee
Pa3BepPTKH.

Pa3BepTkoii HuIMHIpa HAa3bIBAETCs MEPEHOC 0€3 UCKAXKEHHS pa3MEPOB BCEX €ro rpaHeil B
OJIHY IIJIOCKOCTh. PazBepTka HUIMHpA IPEACTaBIEHA HA PUCYHKE 3.
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Puc. 3.

Teopema: Ilnouiads 60K0601 nosepxHocmu YUIUHOPA PAGHA NPOU3BEOEHUIO OJIUHDL
OKDYI)CHOCMU OCHOBAHUA HA 6bICOMKY UUIAUHOPA.

Sbox.=27rh,

A
paanyc OCHOBEUS LUIMHIPA;
S00K. — TUIOIA/IBRIOROB GHIBBAPREOCTH [IUIIHH]IPA;
IIOCTOsIHHAs, paBHas 3,14.
Onpenenenne: I1nouwadvto noanoi nosepxHocmu YWUIUHOPA HA3bIBACHICA CYMMA

niaowadeii 60K0B0IN NOGEPXHOCMU U O8YX OCHOBAHUIL.
T



Sn.n. = S60K, + ZSUCH. = anh + 271'1"2

Spn=2nr(h+r)

Omnpenenenne: Oovem yuauHOpa pasen npou3eedeHus naouiaou 0CHOBAHUA HA
ebicomy.
V=Sou " h

V = nr’h

Ynpaxkaenus:

aJnyc OCHOBaHUA LIWJIMHIpPA paBeH 15 cMm, a BeicoTa paBHa 10 cm. Haitaute miomanb moaHoM

MMOBCPXHOCTHU U 00BeM OUJIMHAPA.

aiiaure romaab 60KOBOM MOBEPXHOCTH LIMIUHAPA, €CIM PAANYC OCHOBAHUS IIWIMHIPA PaBEeH

46 nm, a Beicota 50 aM.

eMy OyAeT paBeH 00beM UIMHAPA, ECIIH paauyC paBeH 4 AM, a BeicoTa 12 am.

aJInyCc OCHOBAHUS LIMJIMHJPA PaBeH 4 CM, a BBICOTA paBHA 4+/5 cm. Haiinute JUIAHY TRArOHaJIn

OCCBOI'0 CCUCHUA HUJIMHIPA.

HaroHaJib 0CEBOro CCYCHUA NUINHAPA paBHA 25 MM, a BbICOTA NUJIMHAPA paBHA 24 MM. Haitnure

paaryc OCHOBaHUS IWIMHAPA.

MaroHajb OCEBOT0 CEYEHMs IMJIMHApA paBHa 15 cM, a paznyc OCHOBaHMSI LIWJIMH/IPA PaBEH 6 CM.

Haiinure BICOTY IMIIMHAPA.

OBPA3EIl BBINOJHEHUS YIIPAYKHEHU

aJMyc OCHOBAHUSA UMJIMH/PA PaBeH S cM, a BbIcoTa paBHa 7 cM. HaiiiuTe miomaab moJHoi

NMOBEPXHOCTH M 00beM HWJINHIPA.
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Hunuaap Snn.
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aJuyCc OCHOBaHMS UMJIMHAPA paBeH 1,5 cm, a BbicoTa paBHa 4 cm. Haiinure pimny
JAUATOHAJIM 0CEBOI0 ceYeHHsl UJINHPA.

Hunuuap
r=1,5cm
h =4 cm
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Omeem: d =5 cm

aiiguTe MJIOMIAAL 00KOBOI MOBEPXHOCTH HMJIMHAPA, €CJIM PAAUYC OCHOBAHMS HWJINHAPA
paBeH 18 1M, a BbIcoTa 26 M.

Hano: Pewenue: /—D
Hunuuap Seor. = 2mrh ~——
h

h =26 nm Seo. = 21+ 18- 26 = 936 am?
r =18 om

Soox.—? U

Omeem: S;,. = 936 Om*

eMy OyaeT paBeH 00beM HMJIMHAPA, €CJIU paauyc paBeH 12 1M, a BbicoTa 27 1m.

Hano: Pewenue: /D
Hunuaap V = nr2h N——
h

h =27 mm V=m-12%-27 = 3888m gm3
r =12 oM

Omeem: V = 3888 on’

HAroHAaJb 0CEBOr0 cevyeHHus HUJIUHAPA paBHa 15 MM, a BbICOTa WJINH/APA paBHa 12 MMm.
Hajiigure paanyc oCHOBaHUS LMJIMHAPA.
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h =12 Mmm TpU

2

npst
MOY
roj

BHBI

IIo
TEO
pem

IIn
dbar

opa
AC? -



1|l
I o
= 0

A NTO S
ur ||

=
=

Omeem: r = 4,5 mum

HATOHAJIb 0CEBOI0 CeYeHHs HUJIMHAPA paBHa 10 cm, a paanyc OCHOBAHMA UJINHIPA PaBeH

Hano: Pe
wen B 6
ue:

Hunuaap Pac
— CMO
a&v=10 cm TpH




Omeem: h = 8 cm
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CE€BOC ceUeHUEC NWINHIAPA — KBaJipaT, IMaroHajJb KOTOpPOro paBHa 20 cm. Hajigure:

a) BebicoTy nmimHapa;

Jano:

Humsap
AC =20 cm

ABCD — oceBQe ceueHue HUINHApa

Socn.—?

Omesem: CD = 102 cm, Syey, = 501 cm?

0) Iliomaas ocHOBaHMSA HMJIMHAPA.
Pewenue:

Paccmorpum A4ACD — npsIMOYTOJIBHBII.
ITo Teopeme IMudaropa: AC? = CD? +
AD?
AC2=2CPD2 mak kak AACD —
NPAMOY20JIbHbLU, PABHOOEOPEHHDI
mpey2oabHuK (u3 ycarosus, umo ABCD -
xeaopam) AD=CD.

AC?

CD?
2

HCE—==202222=2022=102 cMm
p
8. =1+ (5V2)% = 50m cm?

KOJIbKO MOHAA00MTCSH KPACKH, YTOOBI MOKPACUTH 0aK HUJIHMHAPUYECKOH PopMbI €
AUAMETPOM OCHOBaHHA 1,5 M M BbICOTOI 3 M, €C/IM HA OJUH KBA/APATHBII MeTp

pacxoayercst 200 r kpacku?

Jlano:

Pewenue:




Hunuuap AD  Sbaxka=2Socn.+Sbok , Tak Kak 0aK IMEET TOJIbKO OIHO

AD =1,5m 0 B - G
h=3m c , ADA 2 AD -
_— §5al<a =nurc+2nrh=1" (7) + 21 (7) h //, A
- 0 15, 15 3
§5al<a =mn: (T) +2-m- (T) -3 =5,0625cu 7
T e =~
N =0,2-50625=1,0125 ke A 4 o™ D

H

Omeem: 1,0125 xr kpacka MOHa00UTCS, YTOOBI ITOKPACUTh Oak
IUIUHIpUYECKOU PopMbI ¢ tuaMeTpoMm 1,5 M 1 BBICOTO# 3 M.

BICOTA HUJIKMH/APA HA 12 cM (oJiblIe ero paguyca, a IJI0IA/Ab OJTHOH MOBEPXHOCTH PaBHA
2881 cm?. Haiigure paanyc oCHOBaHMS U BBICOTY IWJIMHAPA.
Hano: Pewenue:
Hunmuanap S, =2nr(h+r) =288n
S,. =288mcm? | =

- Bipca®pazoBaB BbIpaKEHHE, TIOTYIUM: /D
€F0 YCIIOBHIO 33/1a4H) N—

42U RPAX — 288 = 0
x2+6x—72=0 h
a=1;b=6;c=-72

—b+Vb? —4ac  —6+./62—4-1-(-288) C__;:S
2a _ 2-1
_ —6++v324 -6118
- 2 -2
X1=—6+182=122=6;, x2=—6—182=—242=—12
OueBuaHoO, yto 6epem r > 0, Tornar = 6 cm

X12 =

Omegem: 1 = 6cm, h = 18 cm

Bapmuanr 1
Yacrs A:

aliiuTe TUIoaab OCHOBAHUS LIMJIMH]IPA, €CJIM PaJnyC OCHOBaHUS HUIMHAPA paBeH 4 cM, a
BbICOTA 6 CM.

a) 16mcm? 6) 321 cm? B) 481 cm? r) 24mcm®

alauTe TUIonaasr O0KOBOM MOBEPXHOCTH IIWJIMHAPA, €CIIH PAINyC OCHOBAHUS IIHJIMH]IpA PaBEeH 5
JIM, a BBICOTA 7 JIM.

a) 35 am” 6) 40m am’ B) 12m am® r) 70T mm>

eMy OyZeT paBHA IUIOIIAIb MOTHOW MOBEPXHOCTH MWJIMHIPA, €CIU AUAMETP MJIMHpA paBeH 6
CM, a BBICOTA 5 CM.



a) 65T cMm° 6) 241 cm? B) 481 cm? r) 36mcm?

eMy OyJeT paBeH 00beM LUIUHAPA, ECIIM PAJUyC paBeH 8 1M, a BbicoTa 13 M.
a) 256m am3 6) 512m gm3 B) 832m am3 r) 624w am3

aIuyc OCHOBaHMS LWJIMHIIpa paBeH 15 cM, a BeicoTa nminHApa paBHa 20 cM. Haitogure
JIMaroHallb OCEBOTO CEUCHUS IUIUHPA.
a) 25cm 0) 36cm B) 65cMm r) 48 cm

MaroHajbh OCEBOI0 CEUCHHS [MIIMHAPA paBHA 5 MM, a BRICOTa HWJIMH/pa paBHa 4 MM. Haiinure
panuyc OCHOBAaHUS IMIIMH/IPA.
a) 5Mm 0) 9 MM B) 3 MM r) 7 mMm

MaroHaljib OCEBOT0 CEYEHUS NWIMHAPA paBHa 15 cM, a AMaMeTp OCHOBaHUS LUIMHApPA paBeH 24
cM. Haitaure BBICOTY MIIMHIpA.

a) I5cm 0) 9cm B) 3cMm r) 7cm
Yacrs B:
YcranoBure COOTBETCTBHE:
UIIAH]IP A. IIpsaMoyronpHUK
Opasyromas B. OTpe3ok, coemuHSIOMNI TOUKY

OKPY>KHOCTH BEPXHETO OCHOBAHMS C
COOTBETCTBEHHOM TOYKON OKPYKHOCTH
HW)KHETO OCHOBAHHUS

OKOBasi IIOBEPXHOCTh B. Otpe3ok, coeAMHSIOMNNA IEHTPbI
OCHOBAaHUI

Cb BpalLlCHUSA I'. Kpyr

BICOTA JL. IToBepxHOCTB, 0OOpa3oBaHHas

00pa3yromuMH IIKH]pA YacTh
LUIUHAPUYECKON TOBEPXHOCTU

CEBOE CEUCHUE LIUIINHIpA E. Teno, orpaHnYeHHOE [IWINHAPUIECKON
I

€4EeHME IWIMH]IPA IUIOCKOCTHIO O, K. Ocp muHapa

MEPIEHIUKYIISIPHOU K OCU

Yacts C:

2 o
Jiomiaab OCEBOro CCUCHUA NUJIIMHAPA paBHA 10 MZ, a Iiomaab OCHOBAHHUA paBHA 5m°. Haiigure
BBICOTY NUWJIMHIPA.

Bapmuanr 2

Yactb A:
aliiuTe TIoaAb OCHOBAHUS LIMJIMH]IPA, €CIIM PaJInyC OCHOBAHUS LUJIMHAPA PaBeH 5 CM, a
BEICOTA 7 CM.
2 2 2 2
T CM Tem TCem T CcM

alauTe TUIonaak O0KOBOM MOBEPXHOCTH ITMIMHAPA, €CIIH PAINyC OCHOBAHHUS IIHJIMH]IpA PaBEH 3
JIM, a BBICOTA 5 M.

mom’ mom’

2 2

T OM T OM



eMy OyJeT paBHa IUIOIIA/Ib MTOJIHOW MOBEPXHOCTH LUJIMH/IPA, €CIH TUaMETP IIUIHH]IpA paBeH 8
CM, a BBICOTa 6 CM.
a) 80m cm? 6) 241 cm? B) 48m cm? r) 36m cu?

emMy OyJeT paBeH 00beM IWIIMHIPA, €CIIA Painyc paBeH 7 1M, a Beicota 11 am.
a) 297w om® 6) 7621 om’ B) 5397 on’ r) 6397 on®

aJnyc OCHOBaHUA IWJIMHIpa paBeH 60 cM, a BbicoTa mnHpa paBHa 80cm. Haiiaure
JIMaroHa b OCEBOTO CEYCHHUS IIMIIMH/IPA.
a) 46 cu 0) 57 cm B) 150 cm r) 100 cm

MaroHajlb OCEBOr0 CEYEHMsI IMJIMHAPA paBHA 25 MM, a BbICOTA LWIMHJpa paBHa 24 mM. Halinure
paxuyc OCHOBAaHHUS LIWIIMH/IPA.
MM 06) 3.mm MM MM

MaroHajib OCEBOTO CEYCHUS IMIMH/Apa paBHa 13 cM, a AMaMeTp OCHOBaHUS MUIUHApPa paBeH 10
cM. Haitaure BbICOTY UIMHIpa
a) 4cm 06) 12cm B) 9cm r) 10cm

Yacts B:
YcraHoBUTE COOTBETCTBHE:
Chb LIMJIMHAPA A.
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Jo1aab OOKOBOM MOBEPXHOCTH IIMIIMHPA B.
pous
BeJIC
HUS



JJOIIaJbrO MTOJTHOH IMOBEPXHOCTU HUIMHAPA

bICOTA NUJIMHAPA

ObeM IIIHH]IpA
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amam
OCHO
BaHH
I Ha
BBICO
Ty.
I.
aBHBI

KpyT

pacr
OJIOXK
CHHBI
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BbHBIX
TI0C
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501041
HJpAa.
E.
10,
orpa
HUYE
HHOE
LWIA
HIPHA
YecK
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CTBIO

JIBYM
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Yacrts C:
2
JIOIIAJIb OCEBOTO CEYeHHs LIIMHAPa paBHa 16 M2, a moma s ocHOBaHus paBHa 12,56 M”.

Haiinure BeICOTY IUIIMHApA.
PacueTrHOe BpeMsi BBINIOJIHEHHUS PAKTHYECKOI padoThl: 45 MUHYT

KonTponbHas pabota otienuBaetcs o 17 — GanbpHOM cucTeMe.
MaxkcruMaabHOE KOJIMUYECTBO OaJIOB MO 3aJaHUSM:

Yactb A

Bamanue 1 - 1 6amn
3amanue 2 - 1 6amn
Bamanue 3 - 1 Oamn
3amanue 4 - 1 6amn
Bamanue 5 — 1 Oamn
3amanue 6 - 1 6amn

3aganue 7 — 1 OGamn

Yactr B

3amanue 1 - 2 6ama
3aganue 2 - 2 Oamia
3amanue 3 - 2 O0amia
3aganue 4 - 2 Oamia

3aganue 5 - 2 Oamia
3agadue 6 - 2 Oajuia
3aganue 7 - 2 Oamia

Yacte C
3agadue 1 - 3 Oauia

[IIkana nepeBoaa 6aIoB B OTMETKH O 5 — OallbHOM cucTeMe

— 24 0amnoB — 5
— 21 6amos — 4
— 14 6amnos — 3

& 1 MeHbI1IE 0AIIOB — 2

OTBeThl M KPUTEPHUH OLICHKH 3HAHUIA.

B | B
ap | ap
Ha | ua
HT | HT

Yacts A

A| Db

I B
B | A
B | B
A|T
B | A
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Yactn B

= | > || 3 e | o1 |
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Yacts C

3,9 8ci

B 3aBHCHMOCTH OT HOJHOTHI M IPABHUJIBHOCTH OTBETA 3a BBIMOJIHEHUE 3aJaHUI BhICTABIsICTCS OT 0
10 3 0a10B MaKCHUMAJILHO.

Peurenue 3amaun cunraercs 6€3ynpedHbIM, €CJIM IPABUIBHO BBIOPAH CIIOCOO PEUICHHUS, CAMO
pemeHHe COHpOBO)KZIaeTCﬂ H€O6XOI[I/IMI>IMI/I O6T)$ICH€HI/I$[MI/I, BepHO BBITIOJTHCHBI Hy‘)KHI)Ie BBIYUCJIICHUA U
peoOpa3oBaHusl, MOJIyYEH MPABIIBLHBIA OTBET, MOCIICIOBATEIIFHO U AKKYPATHO 3allUCAHO PEIICHUE.

Ilpaxkmuueckaa padoma Ne75: DiemeHThl KOHYca. [1momaae moBepxHOCTH

Henp: 3akpenieHue IMOHATHI: KOHYC, IUIOLIAJb IIOJIHOM IOBEPXHOCTH KOHYCA, BOCIIMTAHHE
[I03HABATEIbHOM AaKTHUBHOCTH, I10Ka3aTh IPUMEHEHUE KOHyCa B pa3JIMYHBIX O0OJACTIX, pa3BUTHE
JIOTHYECKOTO MBIIUIEHHs, (OPMHPOBAHWE YMEHMH M HABBIKOB MpPU DPELICHWU 3a/ad Ha BBIYHMCICHHE
IJIOUIA/IA TOBEPXHOCTH KOHYCA.

Meroan4yeckue yKasaHusl.

Konycom Ha3biBaeTcsi Teno, KOTOPOE COCTOMT M3 Kpyra - OCHOBAaHHME KOHYcCa, TOUKH, HE JIeKallel B
IJIOCKOCTH 3TOT0 KpyTa - BEpLUIMHBI KOHYCa, U BCEX OTPE3KOB, COEAUHSIOIINX BEPUIMHY KOHYCA C TOUKaMH
OCHOBaHUSI.
OTpe30K, COEAVHSIOUIMM BEPIIMHY M TPAHUIy OCHOBAaHMS, Ha3bIBAcTCS
o0pa3syromeii konyca ().
OTpe30K, OMNyIIEHHBIM NEPHEHANKYISIPHO W3 BEPIIMHBI Ha IUIOCKOCTb
OCHOBaHUS (a TaKk)Ke JUIMHA TAKOTO OTPE3Ka), Ha3bIBAETCSI BHICOTOM KOHYCa
(H).
R — paanyc ocHoBaHusI.
KpyroBoii KOHyC — KOHYC, OCHOBaHHE KOTOPOTO SBJIETCS KPYTOM.
IIpsimMoii KpPYroBoii KOHyc (4acTO €ro Ha3bIBalOT IPOCTO KOHYCOM) MOKHO
MIOJIYYNUTh BpAIIEHUEM IMPSAMOYTOJIBHOIO TPEYrOJbHUKA BOKPYI MPSIMOH,
coJiepKaliei kaTeT (3Ta nmpsMas mpecTaBisieT co00i 0Ch KOHYyCA)

YacTte KOHyca, Jexallas MeEXIy OCHOBAHMEM M IUIOCKOCTBIO, IApaJUIENbHON OCHOBAaHUIO H
HaxOJSIIENCs MKy BEPIIMHONM U OCHOBAHUEM, HA3BIBAETCS YCEYEHHBIM KOHYCOM.

]

[Tnomaas 60KOBOM MOBEPXHOCTH YCEYEHHOTO KOHYCa —
ook =T L (I‘ 1+ rz).

IJIe I | — paJnyC BEPXHEro OCHOBaHUS ,
- paanyC HUXKHETO OCHOBAaHUS.




Buabl KOHYCOB:

HAKJIOHHBIN npsAMoit

BoxoBasi noOBepXHOCTH KOHYCA MOXKHO BBIYUCITUTH 110 popmyiie: Se.n=7RL, rne R — paamnyc
ocHoBaHUs, { — JuIMHA 00pa3yIomIeH.

IlosiHasi MOBEPXHOCTH KOHYCA paBHA CyMMeE IUIOIIaeii 00KOBOM MOBEPXHOCTHU U TUIOIIAU OCHOBAHUSI:
.= TRE + 7'ITR2 .

CeueHusi KoHyca:
CeueHue KOHYyca IIOCKOCThIO, IPOXOAILEH YEPE3 €r0 OChb, HA3BIBAIOT 0CEBBIM

ceyeHHneM.
(ceueHmneM SIBIIIETCS PAaBHOOEAPEHHBIN TPEYTOJIbHHUK)

CeueHue MI0CKOCTBIO MEPIEHIUKYIIPHON OCH KOHYCa:
(ceueHueM sIBIIETCS KPYT).

IIpumeHeHne KOHYCOB.

3HaHMS 0 KOHYCE MHUPOKO MPUMEHSIOTCS B OBITY, MPOU3BOACTBE U HAYKE. MBI.
Hamnpumep, MbI ucrionb3zyem Beapa, UMeronue GopMy yCEUeHHOTO KOHYCA;
KPBIIIN CTAPUHHBIX 3aMKOB TTOXO0KU HA KOHYCBI; TSI IEPEIUBAHUS KUAKOCTEH MBI O€peM BOPOHKY,
KOTOpas Takxke uMeeT (opMy YCEUEHHOTO KOHYca. Bo BpeMst CIOPTHUBHBIX COPEBHOBAHUM, OTPAKICHHS
JUISL IBUKEHHS B aBTOIIKOJIAX MPUMEHSIOT CLIOPTUBHBIE (DUIIIKH.

3aganue: MO JAHHBIM BAM MOJAEJSM HAWTH IJIOIIAJAb 00KOBOI NOBEPXHOCTH, IOJIHOI MMOBEPXHOCTH.

Xo1 padoThl:
1.a) JIns HaXOXKIeHUS TUIOIIA U OOKOBOI MOBEPXHOCTH KOHYCA HY)KHO U3MEPUTH TUHEHKOW CIeTyIOIIHe

JJIEMEHTHI:
® JMamerp,
® BBHICOTY.
B kauecTBe MOJ€IHM MOXKHO B3SITh (TEPKY, JIEUKY, TUPAMUIKY):

£

[ToncraBuTh 3HaYEHUS B POPMYITY JUIS HAXOXKICHHS IUTOIIAA OOKOBOM MOBEPXHOCTH KOHYCA .
6) Jlu1st Hax 0 IeHU MJIOIIAIH TTOJIHOW MOBEPXHOCTH KOHYCA HYKHO HAWTH TUIONIA/Ib OCHOBaHUS KOHYCa
mwiomans kpyra w'R?).  TloacTaButh faHHbIe B (HOPMYITy IIIOIIAIH TIOTHOM TOBEPXHOCTH



[Tnomaas 60KOBOM TOBEPXHOCTH KOHYCA!

Sgo = ARL.

FoxN

[lmomaae MoaIHOM NOBEPXHOCTU KOHYCA:
8 e = TRL + 7R,

Ipumepl: Haiitu nomaas 60KOBOM, MOJTHOM MOBEPXHOCTH. Odopmienue
padoThI:

Mano: xonyc, H=10cMm, R=6¢cm, = 11,6cm

Haiitu: Se.n. Snn

Pemenne: S, = nR{=m+6°11,6 = 69,6 (cM?)

nn=TRE + TR? = we6211,6 + 6> = 105,67 (cM?)

IIpumep 2:
3anava.
[Tnomanas ocHOBaHUS KOHyca 367 cM?, a ero obpasytomas 10 cM. BbruuCINTH G0KOBYIO TOBEPXHOCTh
KOHYyca.
Pemenue.
3Has oAb OCHOBaHUs, HalJIeM ero pajnyc.
S=nR?
36n=nR*

[Tnomaas 60k0BOYM MOBEPXHOCTH KOHYCA HaiiieM 1o hopmye:
OTKyJa

S=m-6-10 = 60m

3agaHus AJ1s1 CaMOCTOATEIbHOM padoThI:

o ®H QO

1. Bei0epurte BepHOe yTBepiKIeHHE:

aM20HyC MOXET OBITh MOJIyYEH B Pe3yJIbTaTe BpALleHHUs] PABHOCTOPOHHET0 TPEYTOJIbHUKA BOKPYT €ro
CTOPOHBI;

0) mpsimasi, MPOXOoAAIIas Yepe3 BEPLUINHY KOHYCA U IEHTP €ro OCHOBAHUS, Ha3bIBAETCS OChbIO KOHYCA;

B) pa3BepTKOi OOKOBOI MOBEPXHOCTH YCEUEHHOTO KOHYCa SIBISETCS KPYT;

2.3apauya. BricoTta xoHyca paBHal5 cwm, a o6pa3yromas 16 cm. Halinute paanyc koHyca.

3.3amauya. CKoIBbKO KBaIpaTHBIX METPOB Ope3eHTa MOTPeOyeTCs sk COOPYKESHHS MaaTKh KOHUYEeCKOH
dhopmel? BeicoToit 1,5M u paguycom 2 m?

[Tnomaas 60KOBOM TOBEPXHOCTH KOHYCA!

Se=ARL

Fox



3aganus 1J151 NPaAKTUYECKO padoThI

1 BapuanT

BricoTa konyca paBHa 6 M, oOpa3ytomiast pasaa 10 m. Haiinure miomiaas 60K0BOI MOBEPXHOCTH KOHYCA.
OO6pa3yromnias KoHyca paBHa 18 ¢cM M HakJIOHEHa K IJIOCKOCTH OCHOBaHMS moxa yriom 60°. Haiinure
IJIOLIA/1b [TOJIHOM MOBEPXHOCTH KOHYCA.

Bo ckonbko pa3 yMEHBIIUTCS IJI0MAAb OOKOBOW MOBEPXHOCTH KOHYCA,
€CJIN PaJiInyc €ro OCHOBaHUs YMEHbIINUTH B 1,5 paza?

3a KaxJ0€ 3aJaHue MPAKTUYECKOW pabOThI MOJIydaeTe MAKCUMAIBHOE KOJIMYECTBO OAJIOB: 5.
OTMmeTKa KoauuectBo 6aiios,
HEO0OXOMMOE JIJISl TOJIYYCHHS] OTMETKHU

«3» (yIIOBIETBOPHUTEIHHO)
«4» (xopouio)
«5» (OTIMYHO)

2 BapuMaHT

Panunyc ocHoBaHusi koHyca paBeH 3 M, BbicoTa paBHa 4 M. Haiinure muiomaas OOKOBOM MOBEPXHOCTH
KOHYCa.

[Tnomaas oceBoro ceuenus konyca pasna 0,6 cm?. BeicoTa koHyca paBHa 1,2 cM. BeMUCIHTD IIOIIA/Ib
IIOJTHOM MOBEPXHOCTH KOHYCA.

Bo ckombko pa3 yMEHBUIMTCS IUIONIAlb OOKOBOM MOBEPXHOCTH KOHYCA, €CIIM paJlyC €ro OCHOBAHUS
YMEHBLIUTS B 2,5 pa3a?

3a KaxJ0€ 3aJaHue MPAKTUYECKON pabOThI MOJydyaeTe MaKCUMAIbHOE KOJIMYECTBO OAIOB: 5.
OtmeTka KonugectBo 6aiios,
HE00XO0IMMOE IS TTOJTYYeHUS OTMETKHU

«3» (yIOBIETBOPHUTEIHHO)
«4» (xopor1io)
«5» (OTIUYHO)

Ilpakmuueckasn paboma Ne76: DnemeHThI chepsl U mapa. YpaBHeHue chepnl. CeueHue

miapa 1miIoCKOCTBIO
Ieasn: 3akpernieHne U cUCTEMaTH3aIMsl TEOPETHUECKUX 3HAHUH 10 TEME U MPUOOpEeTeHNE MPAKTUUECKUX
HAaBbIKOB BBIUMCIICHMS IUIOIMIAnel M 00BEMOB, chopMHpoBaTh NPEACTABICHHE O TejaxX BpalleHUS,
copMHpOBaTh MpEACTaBICHUE O Iape u chepe.

Ilopsinok BbINOJHEHHS PadOTHI:
1. Ucnosib3ysi TeopeTHYeCKHE CBEACHHS U IIPUMEPHI, 0TBETHTh Ha BONPOCHI

2. Ucnoab3yst pa3aaTouHblii MaTepuaJ ( pa3bEMHYIO MOJIENb 1Iapa ), BHIMOJHUTH HE00X0AUMbIe
H3MepeHHs JMHEeHHBIX Pa3MepoB.

3. BBINOJHUTB YepPTesKH MPAMOro KPyroBoro HUJIHHAPA U €ro ce4eHui.

4. Beinmucatb Heo0XxoauMbIe (pOPMYJIbI IJIOMIAAH cepbl, 00bEMa HmIapa

5. Ilo moJry4eHHBbIM JaHHBIM BBIYHCJIMTD INIOAAbL c(epsbl, 00béMa mapa

6.Pemienne M pa3dop pelieHus 3aJaHUH TPEHUPOBOYHOI0 MOIY IS



7.BbINOJHHATD 3aJaHUS JJIsI CAMOCTOATEIbHOI0 pelICHUuA
8. OTBeTHTH Ha KOHTPOJIbHBIC BOIIPOCHI:

Kpurtepuu onieHKH NpakTH4ecKUX padoT

Oyenka «5» - paboTa BBIIIOJIHEHA B IOJHOM 00beMe 1 0e3 3aMedaHuil.

Oyenxa «4» - paboTa BBITIOJIHEHA MPABUIIBLHO C y4ETOM 2-3 HECYIIECTBEHHBIX OMIMOOK, HCTIPABICHHBIX
CaMOCTOSITENTLHO MO TPEOOBAHUIO MPENOJaBaTEsl.

Oyenxka «3» - paboTa BBINIOJIHEHA ITPABUILHO HE MEHEE YeM Ha MOJIOBUHY HWJIHM JIONYIIEHA CYIIeCTBeHHAS
omunoKa.

Oyenka «2» - nonyuieHsl 18e (1 60ee) CyleCTBEeHHbIE OIIUOKH B X0€ PadOoThl, KOTOPbIe 00yUaronmecs
HE MOXKET MCIIPABHUTh JAaXKe 10 TPeOOBAHUIO MPETIoIaBaTeNsl Wi paboTa HEe BBHIIIOTHEHA.

Teopernueckuii matepuan OKpysrcHOCmMb — MHOKECTBO TOUEK IIJIOCKOCTH, PABHOYAAJIEHHBIX OT JaHHOM
Toukd. JlaHHas TOYKa HA3bIBACTCS YEHMPOM OKPYKHOCTH, PACCTOSIHME OT IIEHTpa 0 JI000H TOYKH
OKPY)KHOCTH Ha3bIBAaCTCSI paouycom OKPYXKHOCTH. Kpye — 5TO 4YacTh IJIOCKOCTH, OTpaHUYEHHAs
OKpYyXHOCTbI0. Cghepa — 3TO MOBEPXHOCTD, COCTOALIASI U3 BCEX TOUEK IIPOCTPAHCTBA, PACIOJIO0KEHHBIX Ha
3aJ]aHHOM PacCTOSHUH OT IaHHOI TOYKH, KOTOPYIO HAa3bIBAIOT YEHMPOM.

Teno, orpannueHHoe cepoii, Ha3bIBACTCS ULAPOM.

y
(x —x0)* + (¥ —y0)* + (z — 29)* = R?

[TnockocTh, uMeroas co chepoit TOIBKO OJHY OOIIYI0 TOUKY, Ha3bIBACTCS KACAMENbHOU NIOCKOCbIO K
cghepe, a UX 00IIASA TOUKA — MOUKOU KACAHUS.

CooTHOILIEHHE MEXKIY paiuycoM cdepbl, PaguycoM CEYeHHMs M PACCTOSHHEM OT IIeHTpa cdepbl 10
IJIOCKOCTH CEYEHHUS:
R? = h? + r?
dopmyna IS BRIYKCIICHUS TIIOMIAAN TOBEPXHOCTH c(hephl U €€ HIEMEHTOB:
S = 4mR? — nnomans cdepsl.

S = nRh(2h + V2hR — h? — miommaap MOBEPXHOCTH CEKTOPa ¢ BeIcOoTOM h. 3. Bzaumnoe pacnonosicenue
cgpepwbi u nrockocmu

B3anMHoe pacronoxxeHne cepbl U TIOCKOCTH 3aBHCUT OT COOTHOUICHHUSI MEXAY paanycoMm chepsl R u
paccTosiHUA OT IeHTpa chepbl 10 MIOCKOCTH d.

1. Ilycts d < R. Ecnu paccTosiHue OT IIeHTpa cepsl 10 MI0CKOCTH MeHbIIe paauyca chepsl, Torna chepa
U TIOCKOCTbH MEPECEKAIOTCS, U CEYeHHE Cephl INIOCKOCTHIO €CTh OKPYKHOCTb.

2. Ilycts d = R. Ecnu paccTosiHue OT LIeHTpa c(hepbl 10 IUIOCKOCTH PaBHO paauycy cdepsl Toraa chepa u
IUIOCKOCTh UMEIOT TOJIBKO OJIHY OOIIYIO TOUYKY, M B 3TOM CJIy4ae FOBOPAT, YTO IJIOCKOCTh KacaeTcs cepsl.
3. ITycts d > R. Ecnu paccrosiHue OT HeHTpa chepsl A0 IIOCKOCTH Ooblie panuyca cdepsl, To chepa u
TUIOCKOCTh HE UMEIOT OOIINX TOYEK.

PaccmoTtpum cimyuait kacanus 60see moipoOHo.



1. Ucnosb3ys TeopeTHYecKHe CBeeHUsI U IPUMepPbl, 0TBETUTH HA BONPOCHI:
410 Takoe chepa, Kakue y He€ ecTh JIeMEHTHI (LIEHTP, Paauyc,

nuametp cdepsl);

YTO TAKOE IIap M €ro JIEMEHTHI;

ypaBHEHHUE Cephl;

dopmyna U1 HaX0KISHHUS TUIOIAN HOBEPXHOCTH cepbl; 00bEMa mapa.
B3aUMHOE PACIOJIOKEHHE Cepbl U IIOCKOCTH;

2. Ucnonb3ys pa3naTouHbii MaTepuall ( pa3bEMHYIO MOJEIND LIapa ), BBINOJHUTH HE00X0AMMbIe
U3MepeHusl JHHEeHbIX Pa3MepoB.

3. BbINOJIHUTH YepPTesKH MPSIMOr0 KPYroBoro HMJIMHAPA M €ro cevYeHui.
4. Beinucatb Heo0XxoauMbIe (pOpMY bl IJIOMAAH cepbl, 00bEMa mapa
5. I1o moJ1y4eHHBIM JAHHBIM BBIYUCJIUTH ILUIOAAL c(epbl, 00bEMa mapa

6.Pemenne 3a1a4 1 pa30op peunieHus 3aIaHUI TPEHHUPOBOYHOI0 MOAYJIA

3apaua Nel. [Inomanp cedeHus 1mapa, MPOXOAAIIEro Yepe3 ero eHTp, paBHa 9 kB. M. Haiinure momaas
MMOBEPXHOCTH IIapa.

Pemenne:

[Tnomanpe kpyra BEIYUCISAETCS 110 GopMyIIe: Sxp = R?

[Tnomma s MOBEPXHOCTH IIApa BBIYKUCIIAETCA 110 hopmyIie: Scq = 4mR?. Pamyyc 1apa U paguyca ceueHus,
MIPOXOJSIIETO Yepe3 EeHTP apa, oJuHakoBsie. [loaTomMy TuIoNaas MOBEPXHOCTH 1Iapa B 4 pasza Oosibiie
IJIOIIAIU €r0 JUaMEeTPaIbHOrO ceueHus. To ecTh IUIONIa/lb MOBEPXHOCTH 1Iapa paBHa 36.

OtBeT: 36

3agaua Ne2. Beruucnure paanyc Kpyra, mioliaas KOTOPOro paBHa IIomaa cepsl pagamyca S.

Pemenue:

[Tnowans cheprl paBHa Seg, = 4R 2 To ecthb Scy=100m.

[To ycnoButo miomanp Kpyra HEKOTOpOro paauyca r rakxe pasHa 100w, 3nauur,
=100, To ectb r=10.

Otser: 10.

3agaua Ne3. Bece croponsl Tpeyronsuuka ABC kacatorces cdepsl paauyca 5. Haiitu paccTosiHEe OT IIEHTpa
cdepsl 10 TNIOCKOCTH Tpeyroibauka, eciiu AB=13, BC=14, CA=15

Pemenne:

OKpy>KHOCTb, BIIUCAHHAS B TPEYTOJILHUK, SBIISCTCS CEUeHUEM CEpHI.

Haitnem ee paguyc.

[Tnomaap TpeyroabHUKA C H3BECTHBIMUA CTOPOHAMH MOKHO BBIYUCIUTH 110 (popmyse ['epona:
S=\pp—-a)p-b)p-o)
p = 0.5(AB + BC + AC) =21

S=421(21-13)(21 — 14)(21 — 15) =21 %8+ 7 x 6 = 84

C npyroii CTOpOHBI, S = p * T

Otcrona r=4.

Teneps HailieM pacCcTOsIHUE OT LIEHTPA 1Iapa 10 CEKYILUEH IIIOCKOCTH.
Hcnonb3yeM COOTHOIIEHUE:



R? = h? 4 r?
h?2 = R2 — 12
n2=25—-16=9 /=3 Ortser: 3.

3apaua Ne4. Bepmmabl npsaMoyrojibHHKa JiexxaT Ha cdepe paauyca 10. Haiitu paccTositHue oT meHTpa
cdepbl 10 TIOCKOCTH MPSIMOYTOJIBHHUKA, €CITH €T0 JUaroHasb paBHa 16.

Pemenue:

Tak kak BepIIMHBI MPSAMOYTOJBHHKA JIeKaT Ha cdepe, TO OKPYKHOCTb, OIHMCAHHAS OKOJIO
MPSIMOYTOJIbHUKA, SIBJIIETCS CEUeHUEM Cepbl.

Panuyc okpy’HOCTH, ONTIMCAHHON OKOJIO TPSIMOYT'OJIbHUKA, PABEH MOJOBUHE €TI0 JUaroHajiu, TO eCTh 1=8.
[To ycnoButo 3amaun R=10.

HcnonszyeM COOTHOLIEHUE:

R? = h? + 12

h2 = R2 — y2
/72=100—64=36 h=6.
OtBeT: 6.
3agaua Nos.
Haiinute KoOpMHATHI ISHTpa U paguyc chepbl, 3alaHHON YpaBHEHUEM
—2P+(y+3P+2=25 (x+3)*+)*+(z— 1) =16).

Hanummure ypaBHeHue cepsl paguyca R ¢ LIEHTpoOM
Touke A, eciu A (2;0;—1),R=T7 (4 (- 2; 1;0), R=16).
[IpoBepbTe, NEKUT U TOUKA A Ha cdepe, 3aJaHHOH ypaBHEHHUEM
(x+2+@-1)P?+E-3)P2=1l,ecud (—2;1;4) (x -3+ + 1)’ +(E—-4)>=4,eciu 4 (5; - 1;
4)).
JlokakuTe, 4TO JaHHOE YpaBHEHUE SBISETCS ypaBHEHHEM c(hephl:
W+ 2+ 2x-2y=2
P+ +22-2x+2z=17).
3agauaNe6
JIBa ceuenus mapa paauyca 10 cM napaiienbHbIMU INIOCKOCTSMHM UMEIOT PaJInyChl, paBHbIE 6 CM U
8 cm. Haiitu paccrosiHre MEXAY CEKYILIUMHU IUIOCKOCTSIMH.
Pewrenne:
HaXOJUM PacCTOSHHUE KaKIOW U3 MapaJUIeIbHbIX TNIOCKOCTEN IO LIEHTPa I1apa U3 MPsIMOYTOJIbHBIX
TPEyroJibHUKOB 110 TeopeMe [Tudaropa:

d, =v/100-36 =8 cm
I
d, =v100-64 =6 cwm.

B 3aBHCHMOCTH OT TOTO, JIEKHUT JIM LEHTP IIapa MEKIY TUTOCKOCTSIMH UM HET, IOJydaeM JBa
pa3IMYHBIX OTBETA K 3a/1a4e:
d=14 cm

3apaualNe7
UYepes cepenuny paanyca mapa npoBeieHa NeprieHANKYIsIpHas eMy MIOCKOocTh. Kak oTHOocHUTCs
TIJIOIIATh TTOTYYEHHOTO CEUCHHUS K TUIoaan 60mbiroro kpyra (puc. 69)?




Pemenmne:

3
7l R,|—
4 3
OTHOIIICHHE TUTOMIAJIA KPyTa K IUIOIIAIU MOJYyYCHHOTO CEYCHHS PaBHO T = Z

3aganus 1J1sl CAMOCTOSITEIbHOTO PelIeH s :

Pemure 3amaun:

1) [ap, panuyc koToporo paseH 41 qm, nepeceueH IIOCKOCTbIO Ha pacCTOSHUU 9 M OT 1ieHTpa.
BoruncnuTe miuomaab moxy4uBIIErOCs CEYSHHUS.

2) Yepes cepeanHy paanyca Iapa MpoBeAeHa NepIeHIuKYIsIpHas K HeMy IIockocTh. Kak oTHOCHTCS
IJIOLIA/Ib MTOJIYY€HHOTO CEYEHHS K TUIOIIA U O0IbIIOro Kpyra?

3) Panuyc mapa paBen 63cM. Touka HAXOUTCS HA KacaTeIbHOM MJIOCKOCTU HA pacCTOsIHUU 16 cM oT
TOYKM KacaHus. HaliTu ee kparyaiiiiee pacCTOsIHHE OT MOBEPXHOCTH LIapa.

4) Papuyc mapa R. Uepes KoHell pajuyca IpoBeeHa MIockocTh 1o yrioM B 60° k nemy. Haiitu
IUIOIA/Ib CEYCHHS.

5) Ha noBepxHocTH 1m1apa gaHbl Tpu Touku. [IpsimonuHeiinble paccTosHus Mexay HUMH: 6 cm, 8 cm u 10
cM. Panuyc mapa pasen 13cm. Paguyc mapa pasen 13cm. Haiitu paccrosinue ot nieHTpa mapa g0
TUTOCKOCTH, MIPOXOASIIEH Yepe3 3T TPU TOUKH.

KoHTpoJibHbIE BOIPOCHI:

Haiite onpesenenue mapa, cheps.

3anuimute Gopmysbl Iomanu chepsl, o0beMa mapa.

[TpuBenuTe MpUMEpPHI B3aMMHOTO PACIIOIOKEHUS c(hephl U IMIIOCKOCTH.

IIpakTuyeckast padora Ne 77: Ilpumepsl cumMeTpuii B npogeccun
B paszpabotke









