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HosicHuTe IbHASA 3aIIMCKA
MeTtonudeckue peKOMEHIAINHU K BHIMOJTHEHUIO MTPAKTHYECKUX PA0OT MO JUCIUILTHHE
«MareMaTukay» npeHa3HaueHbl JJIsl OpPraHu3aluy CaMOCTOSITeNIbHON paboThl 00Y4aIOIIUXCS
MIePBOTO Kypca OYHOTO oTaeieHus crnenuansaoctd 35.01.19 Mactep caoBo-napkoBoro u
JaHamadTHOTO CTPOUTENIBCTBA MPOU3BOJICTBA HA YPOKE.

Y4eOHBIM IIJJAHOM Ha M3y4eHue AUCHUIUIMHBI oTBoAuTcs 306 vacoB, B TOM 4wHcCIe
npaktudeckue 3aHATHs — 306 uacoB. [IpakThyeckuwe 3aHATHS SBIAIOTCA BaXHOH (opmoii
00pa30BaTeNbHOTO TMpOLIECCa M HANpaBlIeHbl HA HKCIHCPUMEHTAJIBHOE MOJATBEPKICHHUE
TEOPETUYECKUX MOJIOKEHUH M (OopMUpOBaHUE YUEOHBIX U MPO(GECCHOHATIbHBIX MPAKTUYECKUX
YMEHHH, OHH COCTABIISIIOT BaXKHYIO YacTh TEOPETUUYECKOW U MPOo(ecCHOHATBLHOM MPaKTUYEeCKON
MOJTOTOBKH.

[lepen BBITOTHEHHEM IMPAKTHUECKOW pabOTHI MperojaBaTelieM MPOBOJUTCS HHCTPYKTAK,
KOTOPBI BKJIFOUAET IIeJIb 3aJIaHusl, €T0 COAEpKaHKE, BPEMS BBIIIOIHEHUS, OCHOBHBIE TPEOOBaHUs
K pe3ylbTaTaM paboThl, KPUTEPUU OLICHKHU BBINIOJIHEHUS 3aJaHKs. BBITOIHEHUIO MPAKTHYECKUX
3aHATUI TPEAIIECTBYET MPOBEPKA 3HAHWM CTYJEHTOB - KX TEOPETHYECKOM TOTOBHOCTH K
BBITIOJTHCHUIO 3aMaHus. [IpakThueckue 3aHSATHS HOCSAT PENPOIyKTHUBHBIA XapakTtep. Pa0oThl,
HOCSIIIME PENpPOAYKTUBHBINA XapakTep, OTIWYAIOTCS TEM, YTO MPU UX MPOBEICHUH CTYICHTHI
MOJIB3YIOTCS TOJAPOOHBIMU HMHCTPYKIHMSIMH, B KOTOPBIX YKa3aHbI: IIeNb pa0OThI, MOSICHEHUS

(Teopusi, OCHOBHBIE XapaKTEPUCTHKN), TOPSIIOK BBIMOIHEHHS paOOTHI.

Kpurtepuu oneHMBaHus NPH BHINOJTHEHUH NPAKTHYECKOH padoThI:

IIpouent
pe3yJIbTATHBHOCTH OuneHka ypoBHs OATOTOBKH Ounenka
(%)
91-100 OTJINYHO 5
70-90 XOpOIIIO 4
50 - 69 YZIOBJIETBOPUTEIILHO 3
Menee 50 HEYJI0OBJIETBOPUTEIBHO 2

Bpems BeimonHeHus npakTadeckoi padoTel coctasisieT 90 — 180 MunHyT.
B nponecce mHCTpYyKTaXka mpenogaBaTesb oOpaniaeT BHUMaHUE OOYJaroIUXcsi Ha BOZMOYKHBIC
BCTPEUAIOIIUECS THITUYHBIC OITHOKH.



IIpakTnueckas padora Nel

BxoaHo# KOHTPOJIb 0 MaTeMaTHKe Ha 6a3e 9 Kj1accoB

1 BapuanT
1. BEIMUCINTE: 555 *% -12;
A)7 b) -7 B) 17 I)-17
2.Hatitn 15% ot 48
A) 72 b)7.2 B) 0,72 I 3,2
3. Cokpatuth 1po0p (4—D) ;
a2—p2
a+b a+b a—b a—b
A)ap b) 22 B)z D) 24
4. YTIPOCTHTD BBIpAKCHHE V| 25-2V16+3V. 64;
A) 21 b)27 B) 16 I 10
5. Boraucauts: 7
7—20
1- - -7 1
A) 49 5)4_9, B) - 49 I 77,
6.Pemuth ypaBHEeHHE 2-3(x+2) =5-2x;
A) 10 b) 9 B) 10 I -9

7.Haiiti mpoun3BeneHne KopHer ypaBHeHus 2x2-9x+4=0;

A) 2

B)- 2

B)

L
8

)8

8.Yka3arph HauOoJbIlee 1eao0e perenne Hepapencrsa  3(3x-1)>2(5x-7);

A1l B) 10 B) - 11 T)-10

9.HaiiTu nomaab OpsiMOYroJibHUKA, OJTHA U3 CTOPOH KOTOPOTo 6 cM, a
nuaro”ains 10 cm
A) 60cm?;

b) 28cm?;

B) 48cmz;

I') 16cm?;

10. Haiitu ckaisipHOE MpOU3BeaeHKEe BEKTOPOB d (2; -3) u b (-1;4).

A)-10

B)- 3

B)2

T)-14




BxoaHoi KOHTPOJIb IO MaTeMaTHKe Ha 0a3e 9 Ki1accoB

2 BapuMaHT
1.Beruuciute: 53* 8 -10
6 7
A)5 b)-5 B) 12 I -12
2.Haiit 35% ot 12
A) 42 b) 8,2 B) 0,42 4,2
2
3.Cokparuth apodp b+
b2—c2
b+c, b+c- bc - 2 b+C .
A) 2= B) 2.big; B) Le; ) 2(b*c);
4.Y1pocTuth Bhlpaxerue 3v 16-4v/81+V64
A) -14 b) 2 B) -16 I 10
_5*6_7
5.BeruncauTs: 8
6—13
A) 6 b)-6 B) 36 F)_é;

7.HaiiTu mpousBenenne KopHen ypaBHenus 7x2-9x+2=0

A) -2

B)Z

B)_g

)7

8. Yka3aTh HanOoJIbIIICE 1IEJI0¢ pelicHre HepaBeHCTBa 5(X+4) <2(4X-5);

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

9.Haiitu nmomaap nNpssMOYroJabHUKA, OJIHA U3 CTOPOH KOTOPOIOo 5 cM,

a quarosHaib 13

CM.

A) 60cm?;

b) 65cm?;

B) 18cm?;

I') 34cm?;

10. Haiity ckaasipHOE IPOU3BEICHUE BEKTOPOB: d(2;3) u B(l; -4).

A) 10

B)- 2

B)2

T)-10




BxoaHoi KOHTPOJIb IO MaTeMaTHKe Ha 0a3e 9 Ki1accoB

3 BapuaHT
1.Beramciure: 52* 2 -14
9 10
A) -19 b) 19 B) 14 -9
2.Haiiti 18% ot 15
A) 1.2 b) 2,7 B) 0,27 I 27
2_y2
3.CokpaTuTth Ipo0h: *
(x=y)?
A) )x=y; B) 2x=; Xty Y
x+y x+y x—y 2(x—y)’
4.Y1pocTuTh BhIpaxeHue 44+/ 36-5V81+V16
A) -17 b) 17 B) -69 I 73
—5*9—10
5.BprauciuTs: 2
9—17
-1 1 -
A) = B)ﬁ B) -81 )81
6. PemuTh ypaBHCHHE 7-4(x+2) =10-3x
A) 11 b) -11 B)9 I -9

7.Haiitu mpon3Benenne KopHen ypaBHeHus: 2x2-7X+3=0

A) 1,5

B) 3,5

B) &

)-15

8.Yka3arh HauOoJIbIIIee [IeJI0e pelieHne HepaBeneTa  4(2x-3)>9x-11

A) 2 )0 B) -2 )1

9.HaiiTn mmomans npsiMOyroJibHUKA, OJITHA U3 CTOPOH KOTOporo 12 cMm, a
nuaro”ains 20 cm

A) 192cm?; b) 240cm?; B) 64cm?; I') 56cm?;
10. HaiiTu cKanspHOE IPOU3BeacHUE BEKTOPOB d(-5;2) u 3(4; -3)

A) 26

B) -2 B)0

T)-26




IIpakTHuyeckas padbora Ne2
IToBTOpeHue: «/IeHCTBUTEIBHBIE YACIIAY»

HEJIb PABOTbBI:

IToBTOPUTH M 3aKpenuTh 3HaHUS oOydaronuxcs 1no reme: «lIpeodpa3oBaHue YUCIOBBIX
1 OyKBEHHBIX BBIPAKECHUII».

MOPAJOK BbIITIOJIHEHUSA PABOTBI:
1. C nomo1ipio CripaBOYHBIX TOCOOUH 10 anredpe MOBTOPHUTH:
a) MpaBwWJIa ACHCTBUN HaJl OOBIKHOBEHHBIMU JIPOOSMH;
0) hopMyJIbI COKpPAIIIEHHOTO YMHOXKCHHSI;
B) CIIOCOOBI Pa3JI0KCHHUS BHIPAKECHUS HA MHOXHTEIIH;
T') IPABUIIO COKPAIICHUS JPOOCH.
2. VI3yuuTh ycroBue 3aaHui ISl TPAKTUYCCKON pabOThI.
3. Odopmuts otyer o padore.

IIpaBuiia geiicTBUII HaJ 00LIKHOBEHHBIMH IPOOSAMM:
¢ adtbc a ¢ ac a ¢ ad

_+_=— . =" .=

b d bd : b d bd: b d b

(I)OpMyJH)I COKPAIIEHHOI'0 YMHOKCHUS
(atd) =a’+2ab+b*. a’—b'=(a+bla-b).

- -

a®tb’ =(athlla® Fab+b). (azbhf =a’ t3a’b+3ab’ b

HpaKTI/I‘leCKaﬂ 4acTb

Bapuant 1.1. Beruucnure 3HaueHHE
; 5

(01512 3355t 3e5-157 ). 8 1008
16 7 11

BBIPAKEHHS: " 4 : J .
‘x40 1) 3 10

| Sx+28 x+5)
2. VYmpocrure BelpakeHue; --X T =3 XT3 X

BapHaHT 2.1. BLIchnHTe 3HAaYCHUE BBIPAKCHUS:

.'5.—11—3i3 1—+03_, 11 :1,4

X 6 23 ) 18 15)
32 1 [ 2 1)
TS T3 T I

2. YOpocTHTe BRIpaKeHHe: - - \

Bapwuanr 3.

1. BprumcnuTe 3Ha4€HUE BHIPAKCHHUS:

F11 17 1
4500:15—2-.4-_-25.2_1:4_
32 2) 4
2. YupocTuTe BhIpaskeHHeE:
Im 2 m+1 17

m-—4 m -4 \2m-21 m-1)



IIpakTuyeckasi padbora Ne3

Tema: YpaBHenusi u HepaBeHcTBA. (IloBTOpEHUE)

HEJIb PABOTDI:

- OOHOBHTH ¥ 3aKPEMUTh 3HAHUS IIKOJIFHOTO Kypca 110 TeMe

Xoa padoThi;

1. TloBTOpUTH TEOPETUUECKHI MaTepHal

2. BBINOIHUTH Ha3HAYEHHEBIN BapuaHT

TeopeTuveckuii MaTepuaI:
— 3TO PAaBEHCTBO, COJIEPIKALIEE HEU3BECTHYIO BEIUUUHY (X).

YpaBHeHue

Pemuth YPaABHE€HHUE — OTO 3HAUUT HaWTH BCE €ro KOPHH, UJIN J0Ka3aTb UX OTCYTCTBHUC.

Kopens ypaBHeHUs1 — 3TO 3HaU€HHE HEM3BECTHOW BEJTMYUHBI X, IPU KOTOPOI ypaBHEHHE
oOpariiaercsi B BEpHOE PaBEHCTBO.

Tunw ypasnenuii:
Tun .

ypaBHeHEs OO0mmii B Ilpumeyanue IIpumepsl
ConepKHUT HEN3BECTHYIO _

Jluneii =b BeNM4nHy X B IEPBOM x+2=3;

HHeiliHoe ax = y p 2(x+1)43 (2x—1)=0

CTEMEHHU.
ConepKUT HEM3BECTHYIO 32+ 9% — 1= 0:

KBagparnoe | ax®+bx+c=0 | Beruuuny X Bo BTOpOii (x—1)(x +2) =3
CTCIICHHU. ’
C 3 _r. x+1_ ..

OJIEPIKUT HEU3BECTHYIO =5: =1;
JpobHo - Q(x) -0 BenMYuHy X B X 2%
palMoHAIBHOE R(X) 3HaMeHaTene APoOHOro 3 (x+2) + x=5 _ 6
BBIPAKEHUS. v + 4
Coaep>KUT HEM3BECTHYIO 33c 12 =2
Hppaunonais JQ(x) =R (X) | Benmnmumny X mox 3HaKOM X '
HOC KODHSL. v2x-5=(x +1).
Ceoiicmea pagencme:
CpoiicTBO IIpuMeHeHMe K YPABHEHUIO

Ecm,a=b, 10 b=2a

Yactu YpaBHCHHA MOKHO ITOMCHATH MECTaMU, HC U3MCHAA
3HAaKH.

10



Ecaun, a =b, m — 11060e Crnaraembie MOYKHO TIEPEHOCHUTH U3 OJJHOW YacTH YPaBHECHHS
YHCI0, TO a tM=Db £ m | BIpyryro, NOMEHsB 3HAK CJIaraeMoOro Ha MPOTHUBOIIOIOKHBIM.

Ecim, a=b, m# 0, To O06e yactu ypaBHEHHS MOKHO YMHOXKUTbh, MJIM Pa3IelIuTh Ha
am=bm, a _ b OJIHO U TOK€ YHUCIIO, OTIIMYHOE OT HYJIA, PABEHCTBO IIPU 3TOM
m m HE U3MEHUTCSL.

JIuHeliHbIe ypaBHeHHU S

Cooepoicam HEU3BECTHYIO BeJIMYMHY X B MIEPBOil CTENEeHH;

Hmerom € IHHCTBEHHDbI KOPEHb.

Obwuii 6uo: ax=b,a# 0.

Ipumepoi: 2x+3=5;, 2(x+1)-3(2x-1)=5; 2(x +4)—5=3(x -4).
Aneopumm pewenust ypasuenus Q(X) = R(X):

1. TlpuBectu ypaBuenue Q(X) = R(X) k Buay ax = b:
a) pacKpbITh CKOOKH;
0) coOpath crnaraeMble ¢ X B JICBOW YaCcTH ypaBHEHUs, CBOOOIHBIC cllaraeMble — B TIPaBOH
4acTu;
B) IPUBECTH NOJOOHBIE CllaraeMble;

2. Haiiti kopeHb ypaBHEHUs 10 popMyIIe: X = E
a
Tlpumepwl pewernus 1uHetiHbIX YPABHEHULL:
x+3=0; 2x+1=0; 2(x+1)=5; 2(x+1)=3(x-1);
X =-3; 2x =-1; 2x+2=5; 2x+2=3x-3;
.1 2x=5-2; 2x - 3x=-3-2;
X=-_
’ 3. -X = -5;
2 X=_ '
2 x=35;
x =1,5;

KBanparnbie ypaBHeHus

Cooepoicam  HeN3BeCTHYIO BeJJMYUHY X BO BTOPOii cTeleHu

O6wuii 6uo: ax? + bx + ¢ = 0, rae a — kodddurment npu x2, b — koddduIEeHT NpH X,
¢ — cBOOOAHBIN KO HUIMEHT.

Tunvi K6AOPAMHBIX YPASHEHUIL:
nonnoe - ax?+bx+c=0
Henonanoe - ax?2+bx=0;¢=0;
ax?+c=0;b=0;

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

Aneopumm pewrenus K6aOpamHo2o ypasHenus: IPUBECTU ypaBHEHUE K BUY:

X2+ px + q =0;

ax?+bx+c=0, ax?+bx =0, ax?-c=0;
c=0 B=0;

11



HaliTH ectma+b+e=0, BBIHECTH X
JTUCKPUMHHAHT 3a CKOOKH:
D = b2 — 4ac: TO X1=1,
eciu D > 0, T0 x2=°. x (ax + b) = 0;
a
-b+ /D
X1=——; x1 =0;
2a _1
L (ecrma=1,t0 |, perTh
—b—JD
X2 ——— ypaBHECHHE
2a x1=1, x2=¢)
eciim D =0, To X
—b ax+b=0;
2a X2 =- =

ecimn D<0, To

KOpHEHN HET

JIpoOHO — pauMoHAaJIbHbIE YPABHEHUSI

1o Teopeme

Buera:

X1°*X2=0Q,

X1+x2=-p

Cooepoicam  HeU3BECTHYIO BeJIMYUHY X B 3HAMEHAaTeJe JPOOHOr0 BhIPasKeHUsI.

Q(x)

Oobwuii 6uo: ——— =0, R(X) #0.
wuil 8u R(Y) (x)
S_5. 3 x-2. 3x+6
Ipumepvr: — =9 ; = ; =0.
X x+1  x X
Aneopumm pewienus ypasHerus
S(x) _ B(x)
P(X)  T(x)
| criocoO:
Q(x)
1. TIpuectu ypaBHeHHE K 001meMy BULy —— = 0 s 3TOrO:

R(x)

a) IepeHecTu IpoOHOe BBIPAKEHHUE U3 MIPABOW YaCTH B JIEBYIO;
0) mpuBecTH IpodH K 0011IeMy 3HAMEHATENIO;

2. Uucnurens 1poOu MPUPABHATH K HYIIO, peuTh ypaBaeHue: Q(X) =0;

3. Haittu O/13: R(x) # 0.
Aneopumm pewenus
S() _ B(®)
P(X)  T(x)
Il cioco6
1o cBoiiCTBY IpONOPIIMH, IEPEMHOKUTH KPECT HA KPECT:

YHUCIUTEIb JIEBOM ,[[pO6I/I Ha 3HaMCHAaTCJIb npaBoﬁ I[p06I/I, a 3HaMeHaTeIb JIEBOM IlpO6I/I Ha

YUCIIUTEIb MPAaBON ApOOH;
2. Pemuth ypaBuenue S(X) - T(X) = P(X) - B(X).

3. Haiitu OJ13: P(x) # 0. T(x) #O0;

12



Ilpumepol pewienus ypasreHuii:
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325 Mzo_ 3x :x+2;® 3x-x=(x+1) (x+2),;
x x=2 x+1 X
5x=3 3x+6=0; 32 =x%2+2x +x + 2;
x=§; 3x =-6; 3x2—x%-3x-2=0;
5
O/l13: x # 0. X =-2; 2x°—3x-2=0;
Ortser: x =0,6. O3:x—-2#0 D:32—4-2-(-2):9+16:25;
3+5 3-5
2; = =2: = Y =_
x# T o0 2T 22
OTBeT: X = -2. Om3:(x+1#0 X #-1;
x #0. x #0.

OtBer: X = 2.

CDOpMy]lbl COKpAW€eHHO20 YMHOINCEHUA

a®—b®=(a—b)(a+ab + b?;
a’+b*=(a+b)(@®-ab+b?;

(a+b)?>=a%+ 2ab + b?;
(a-b)? =a?- 2ab + b?;
(a+b)(a—b)=a?-b?

(a+Db)®=a%+2a’b + 2ab? + b°;
(a-Db)®=a- 2a%b + 2ab? - b3,

Pemienue cucrem ypaBHeHUH
Metoj ciio:xenue

[Ipu periennn cucTeMbI ABYX JIMHEHHBIX YPABHEHUH C IBYMS IEPEMEHHBIMU CITIOCOOOM
CJIOKEHHSI IOCTYMAIOT CIEIYIOIINM 00pazoM:
- YMHOXAIOT OWIEHHO YPaBHEHHS CUCTEMBI, TOI0MPast MHOKUTEIH TaK, YTOOBI KO (HUIIUEHTHI
IIPU OJTHOM M3 NMEPEMEHHBIX CTAJM MPOTUBOIIOIOKHBIMU YUCIIAMH, CKIIA/IBIBAIOT MOYJIEHHO
JIEBBIE U TPaBbIe YACTH YPABHEHHI CHCTEMBI, PEIIAIOT MOJYUYUBIIEECS YPAaBHEHHUE C OJHOU
IIEPEMEHHOMN

MeToa MOACTAHOBKH

CyTp MeTO/1a TOACTAaHOBKH:
Bripaszuth oHy mepeMeHHYIO Yepe3 APYTYIo U3 JIF0OOT0 YPaBHEHUSI CUCTEMBI.
[ToacTaBUTh MOY4E€HHOE BHIPAXKEHHUE B IPYTO€ YPABHEHUE CUCTEMBI U PEIIUTh, KaK OHO
ypaBHEHHUE C OJHON HEM3BECTHOM NEPEMEHHOM. 3Hast OJIHY IEPEMEHHYIO, HAUTU JPYTYIO U3
HCXOJIHOTO ypaBHEHUs. MeTO/1 O3BOJISIET CBECTU PEIICHUE CUCTEMBI K PELIEHUIO OJJHOTO

YPaBHEHUS C OTHUM HEU3BECTHBIM.
Pemienue HepaBeHCTB

HepaBeHCTBO — 3TO BEIpaXXEHHE, COJIEpIKaIlee HEU3BECTHYIO BETHUUHY (X)
M 3HAKW HEPABEHCTB >, <, <, 2.

Pemurthb HEPaBE€HCTBO — 3TO 3HAYUT HaWTH BCE €ro peliCHUs, HJIN N0KA3aTh UX OTCYTCTBHUC.

Pemenue HEepPaBE€HCTBA — 5TO BCC 3HAYCHUA HEU3BECTHOM BEJIMYHHBI X, IIpU KOTOPBIX
HEPaBCHCTBO o6pa111aeTCH B BCPHOC HEPABCHCTBO.

14



Tunwt HépaeeHcme:

Tun HepaBeHCTBA O06mmii BUg Mpumeyanue IIpumepnl
CollepKUT HEU3BECTHYIO | X + 2 < 3;
Jluneiinoe ax>b BeIM4KHY X B [IEPBOA 2(x+1)+3(2x-1)>
CTETCHH.
ConepKuUT HEU3BECTHYIO ?
2 . 3x°+2x-1>0;
KBaaparnoe axc + bx + ¢ <0 | Benmuuuny X BO BTOpOIi (x—1) (x+2)>3.
CTEIEHHU.
ConepXuUT HEM3BECTHYIO 3 <5: x+l >1:
JApodHo - Qx) <0 BenU4YMHY X B X 2x
panuoHaIbLHOE R(x) 3HaMeHaTese IPoOHOTo 3(x+2)+ x—-5 <6
BBIPKCHHUSI. v + 4

Ceoiicmea nepagencme:

CBoiicTBO IIpuMeHeHNEe K HEPABEHCTBY

Yactu HCPABCHCTBA MOXHO IIOMCHATH MCCTaAMH, N3MCHHUB

Ecim,a>b, 1o b<a.
3HAK.

CrnaraeMple MOKHO MNEPCHOCHUTD U3 OJIHOM YacTu

Ecan, a > b, m — 11000e
HEPaBEHCTBA B JIPYT'yI0, TOMEHSB 3HAK CJIaraéMoro Ha

qyuea0, T0 a +m>b +m.

POTHUBOIOIOMKHEIH.
Ecau, a> b,

a _ b | Ecou 0obe wacTi HepaBeHCTBA YMHOXHTD, WM Pa3IeuTh HA
m>0,Toam>bm,— >~ OJTHO M TOKE IOJIOKUTEILHOE YUCIIO, HEPABEHCTBO IIPH 9TOM

M M | e usmenures.

’ a b | Ecimo0eyacTn HepaBeHCTBA YMHOXKHTD, HIIH PA3/CINTh Ha

m<0,Toam<bm, — <~ | onuo u Toxke OTpHUIATEIbHOE YHCIT0, 3HAK HEPABEHCTBA MPH

m m

9TOM HM3MCHHUTCA HaA HpOTHBOHOJ’IO)KHI:Iﬁ.

JInHeliHbIe HEPABEHCTBA
Codepoicam ~ HEM3BECTHYIO BeJIMYHHY X B IIePBOH CTENEHH;

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

3. Ilpusectu HepaBeHcTBO Q(X) > R(X) k BUay ax > b:
a) pacKphITh CKOOKH;

0) coOpath cnaraeMble ¢ X B JIEBOW 4acTH HEPABEHCTBA, CBOOOAHBIE CllaraeéMble — B IIPaBOM
4acTH,

B) MPUBECTH MOJJOOHBIE CIaraeMbIe;
4.  pasnmenuth 00€ YaCTH HEPABEHCTBA Ha KOX(P(UIIMEHT a,

ecim a > 0, TO 3HaK HEpaBEHCTBA HE MEHSACTCS: X > _;

ecnu a < 0, TO 3HAK HCPABCHCTBA MCHSCTCA: x<

o | oo

b b
5. sanuumTe OTBET B BHJE HHTEPBANA: X € (_; o0), yim x € (-00; —)-

Ilpumepol peutenus TuHeUHbIX HEPAGEHCME:
15



Xx+3<0; 1-2x<0; 2x+1)=5; 2(x+1)<3(x-
X <-3; -2x <-1; 2x+2>5; 1);
x € (-o0; -3). X>E; 2x>5-2; 2x +2<3x - 3;
2 x>15; 2x —3x<-3-2;
x € (0,5; ). x € [1,5; o); -x < -5;
x>5; x e (5;x).

KBa)IpaTHLIe HEpaBC€HCTBA

Cooepoicam  HeM3BECTHYIO BeJIMYUHY X BO BTOPOii CTeNeHH.

Obwuii 6u0: ax?+bx+c>0,
r7ie a — KO3 OHUIMEHT IpH X2, b — K03 DUIHEHT TIPH X, ¢ — CBOOOTHBIH
KO3 PHULIHEHT.

noaHoe - ax?+bx+c< 0;

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

npueedennoe — X>+px+q>0;

Ipumepvr:  3x?+2x-1>0; (x+1)(x-2)>0; 3x°-1<0; 3x*+x<0.
Anzopumm pewienus k6adpammoz2o nepagencmea ax> + bx + ¢ >0:

Penmts kBagpatHoe Hepasenctso ax? + bx + ¢ =0;

2. OTMETUTP Ha JIy4e KOPHU KBAJPATHOTO YPABHEHHUS X1 > X2, . N

4. BeiOpaTh uHTEpBaJ, COOTBETCTBYIOLINI 3HAKY HEPABEHCTBA:

+ N - Y+

...>0 - u“HTEpBaJ CO 3HAKOM «1»;
... <0 - wHTEpBAT CO 3HAKOM «-».

IIpumepvl pewienus K6aOpammvix HEPABEHCME:

3x2+6x <0; 9-x°>0; 2x%+3x+2<0;
3x2+6x =0; 9-x2=0; 2x2+3x +2=0;
3% (x + 2) =0; x?=9; D=b?-4ac=9+ 16 = 25;
x1=0; x+2=0; X = =£3; -b+ /D -3+5 1
e BV e i PR S
+ £ -3 3 —b-/D -3-5
-2 0 Otser: x € (-3; 3); X1 = vo= =2,
Ortger: x € [-2; 0]; 2a -4
] Y Y "~ |-
-0,5 2 "
OtBeT: X € (- 0; -0,5)U(2; ).
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IIpakTuyeckas padora Ne3

Pemenue PAUIUOHAJIBbHBLIX ypaBHe}mﬁ U HEPABECHCTB

1 2 4 5 5 6
Pemmnre . §p06H0_ Pemmuts ApoGHO-THHEHHOE Pemmte 1poGHO-THHEHHOE Pemmre cuctemy Pemmte cucremy
I;?:;Tg:;: ;I]Ijl)/la}]lge]{y::{?/lee ypaBHeHI/Ie HepaBeHCTBO JIMHENHBIX HepaBeHCTB HepaBeHCTB
—x?2 3x—-2<0 2—-6x=>4
x2+8x-33=0 X2 g > __8 %X—XSO Jx>1 X? —6x—-5>0
x-1 x+2 X—2 Xx+2 x2-4 3X -2 | L
2X<5 X2 —2x—-3>0
X2-11x+30=0 3 & na S U S 3TX 50 ! /
x+1 x-1 X+3 3-x x -3 2X° + X [X+3>0 [5-x<1
11 4 2 _ 2 _ JX—ZSO 3-4x<5
X2-6x-135=0 A & 1,1 _x-2 X“-36 _ !
X—4 XxX+4 X X+1 Xx%2+x 2x+1 |5x >1 X —4x+3<0
3X-6 3X 2X —y2 2x>7 X2 -3x—-2>0
x?-19x+88=0 i=i = = —49X X >0 {x—3>0 s(<1—X
X—2 X+2 (x-1)(x+2) x-1 x+2 A% -3 | 15
4x 5 6 2 X+4 1+ X {4X+250 3-4x=5
2 _ ) SN _2 ., x+4 _1+x
X+4x-32=0 = — =2- <0 _ 2 _
X+3 3-x x2 -1 x-1 X+1 x2 +3x X 3 & 7x+6>0
5 5 4 12 1 X3 — 49X JGXSZ JX2—3X—5£0
5x2-16x+3=0 X > ~ 312 1 X -49%
x—=3 x+1 X+2 X-2 4-X 7 2X -3 [Xx-5>0 5<3-x
x 2 3 -1 2+l X3 — 9x [2x-3=0 3-x<4
7x2+9x+2=0 — = - = < 2
1 X+2 X+2 X+1 X2 +3x+2 22y 0 LX<1 LX +6x+4>0
> ax 2 x—4 1 - aX=D Z=X<5
5x2-8x+3=0 < - + - —5=x- _ 2 _
Xx—-3 x+1 X -4 x2+2x  xP-2x (X_7)220 LX 1<0 LX +3x-4>0
4 - 2 _ 3X=2=20 X +5x—-2<0
B2 Tx41=0 _ 3 33X  2X _ 3x-6 X 9§ 0 4X<1 ] N
X+2 x-2 x-1 x+2  (x-1)(x+2) 2x -11 l 5
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IpakTnyeckas padora Ned

Tema: «Ilnomann miaockux puryp»
Heusb: [IpuMeHUTH 3HAHKS, YMEHUS U HaBBIKA 00YyJarouxcsi, chOpMUPOBAHHbIE IPU U3YUEHUHN TEM

TUTAHUMETPHH.
H3yuums meopemuueckuti mamepuai.

IMopsiok BbINOJHEHHS:
O3HaKOMUTHCSI C TECOPETUICCKUM MaTEPUAIIOM M PEIICHUEM 3aj1ad .
U3yuuth 00pasiel penieHHBIX 33/a4.
BBINOTHUTE MTPaKTHYECKYHO paboTy.
CraenaTth BBIBOJI.
OTBETHUTH HA KOHTPOJIBHBIE BOITPOCHI

akrwbdE

Teoperuyeckas 4acThb

OcHOBHBIC BHUABI TCOMCTPHUUYCCKHUX (1)I/Il"yp2
a

a
a a
a a
a
_ a
P=3a Risa P=6a
a
b
b a
Cc

ITnomaas, o603HaueHue: S. EQMHULIBI M3MEPEHUs: MM?, cM2, M2, M2, ...

@opMyJIbl TIIOIAAEH MHOTOYTOJIbHUKOB:

Yemebipexy201bHUKU.

h S =ah ; %
a
A e

ITnrowyadob mpeyzonbHUKa

' 1
' h S=;a-h

j=
2
©n
I
N
8
-




Kpyr R — paamyc; S =nR?
| — anuna okpyxHocth. |l =27R
Kpyrosoe T — BHYTPeHHHH PaIMYC; | § = x(R? — r?)
R — HapyXHbiit paauyc;
KOJIbLIO d — BHyTpeHHWA AMa- S = _;E(Dz _ Jz)
i S = 2npd

D — HapyXHbi#t aua-
MeTp;

IMaowans yacTv Koapua:

_r+R __
e = —5— — cpemnii(S = ;-G%(R’ - r?)
paamyc;
6 = R—r — wupHna|S = %%(D’—d")
KOAbUA;
Q@ — UEHTpajbHbifi yron|§ = T&
YacTH Koabla (B rpagy- 180
cax).
IIpakTHyeckas 4acTb.
1 BapuaHT 2 BapuaHT
1. Hatinmure mmommanb GUrypbl 1. Hatinure mommanb Gurypsl
2cm 3em 3cm
5cm
56
™ 1CM
4cm
1cm 10cm
8 cm 2cm
2cm
2cm 3cm
8cm 10cm

2. Ha xieruaToit Oymare HapHCOBAaHO [IBa
kpyra. [lmomane BHyTpeHHEro Kpyra paBHa 1.
Haiinure momaas 3amTpuXxoBaHHON (DUTYPHI.

| el

T

|

2. Ha xknetuaroit Oymare HapucOBaHO JIBa KpyTa.
[Tnomane BHyTpeHHEro Kpyra pasHa 9. Haiinu-
T€ TUIOIIA/Ib 3AITPUXOBAHHON QUTYPHI.

3. OcHOBaHHUE Cag0OBOr0 JOMHUKA —

3. OcHoOBaHUE CagOBOr0 JOMUKA —

npsAMOyroyibHUK 6x8 (M). Kpbliia HakJI0HeHa oA
yriioMm 45° k ocHOBaHW10. HalimuTe Turommanp
KphIIN. B oTBeTE yKaXkuTe NpHOIIKEeHHOS

npsaMoyrossHUK 8x10 (M). Kpbliia HakiioHeHa moJ
yriom 45° k ocHoBanuto. Halimure mromans
KphIIK. B oTBeTE yKaXkuTe NpuOIIKEHHOE




3HAYCHUC, paBHOC LCIIOMY YUCITY KBapaTHBIX 3HA4YCHUC, PABHOC LICJTIOMY YUCITY KBaJPAaTHBIX

METPOB. METPOB.

4. Haiinure 1iomanp JIECHOTO MaccuBa (B M2), 4. Haitnure miomais JISCHOTO MaccuBa (B M2),
n300paKEHHOTO Ha IJIaHe ¢ KBaJpaTHOM CETKON n300paKEHHOTO Ha IUTaHe ¢ KBaJApaTHOM CETKON
1x1 (cm) B MaciuTabe 1 cm — 200 m. 1x1 (cm) B macmtabe 1 cm — 200 M.

lom

leom

CnenaiiTe BLIBO.

KoHTpoJibHbIe BONPOCHI (OTBETUTH MUCEMEHHO).
1. Kak o6o3Hauaercs miomanb?

2. C moMoIpio Kakoi GopMyITbl BEIYUCIUTH TUIONIas Kpyra?
3. Kakue BbI 3HaeTe €AUHUIBI U3MEPEHUS TUIOINAIN?

Ilpakmuueckan paboma Ne5: Uucnosast QyHKIms

Tema: YucnoBast GpyHKIms, €€ cBOiicTBa U rpauKu.
Heuas: [Ipumenenue u 3akpernsieHne 3HaHUH 1 YMEHUH K PeIIeHUI0 3a/1a4.

1 BapuanT.
6) y=4x -Tx+10

1. Haiitu obnacTs onpesneneHus GpyHkuuu: a) V= 5
X+

2. Jloka3zatre, 4To QyHKIHS epuondeckas ¢ nepuogom T: y=sin2x, T==x

3. BBISCHUTS, SBJISETCS M AaHHAsk PYHKIMS YETHOM MM HEYETHOM: y = X Sin X
(x2 + 4, ectu x <1

4. Tloctpouts rpaduk GpyHKIMH, 3a1aHHON: a) popMysIoi y = i

5, eciu x>1
6) omucaruem: J (f) = [1; 7], f(7) = 1, f(x) = x? mpu 1< x < 2 , y = f(X) yObiBaeT Ha
npomexytke 2 < x <7
5. Ha pucyHke >XMpHBIMH TOYKaMH ITOKa3aHa 1I€Ha 0JIOBa HA MOMEHT 3aKpBITHsI OUPIKEBBIX
TOpProB Bo Bce paboune auu ¢ 14 no 28 urons 2008 roxa. [To ropuzoHTaIN yKa3bIBatOTCs Yyncia
Mecs1a, 0 BepTUKAIM — IIeHa TOHHBI o0jioBa B nosapax CLIA. Jlns HariasaAHOCTH KUPHBIE TOYKU

Ha PUCYHKC COCANHCHBI JIMHHUEH. OHpCI[CJ'II/ITC 10 PUCYHKY, KaKOI'0 YuCJjia ICHAa OJIOBA HAa MOMCHT

3aKPBITHA TOPTOB OblIa HAUMEHBIIIEH 3a JaHHBIN Mepuoa.



24300

24100
23900

23700 \
23500 \

23300

23100

22900

22700 —
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BapHuaHT.

6) y=4x>+4x-5

1. Haiitu obGnacTs onpeaenenust pyHKIu: a) V= 3
x J—

X —
2. Jlokasatb, 4To (YHKIUS IepromYecKas ¢ mepuogom T: ¥ =C0s _, T = 4n
2

3. BbIsicHUTS, siBIsieTcs M JaHHAs QYHKIUS YETHOM WM HEYETHOM: y = X + Sin X

Jl—xz, eciu x <1

4. Tloctpouts rpaduk QpyHKINHU, 3aJaHHOHN : a) hopMyloil y =
- 3, eciu x>1

0) ormucanuem: /] (f) =[-3; 3], E(f): f(X) <0 , dbyukuus uétHasi, Bo3pacraet npu X < 0, yObiBaeT
npu x > 0
5. Ha pucyHke »KUpHBIMH TOYKaMU TIOKa3aHa IICHA 0JIOBAa HA MOMEHT 3aKPBITUSI OUPIKEBBIX TOPTOB
BO Bce pabouue auu ¢ 3 o 18 centsops 2007 roga. Ilo ropu3oHTanm yKa3bpIBarOTCS YMCIIa MecsIIa,
M0 BEpTUKAIN — II€Ha TOHHBI oj10Ba B fojutapax CIIIA. [Ing HarnsagHOCTH KUPHBIE TOUKH Ha
PUCYHKE COeIMHEHBI TuHUEH. OnpenenuTe Mo pucyHKy HauOOJIBIIYIO IIEHY 0JIOBA HA MOMEHT

3aKpBITHS TOProB B YKa3aHHbIN niepuos (B goutapax CIIIA 3a ToHHYy).

15300

15200

15100

™
15000 jz
142900
14800 /
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14600
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Ilpaxmuueckasa padoma Neb: Yanuvl u ux uzmepenus
Lenb: popMupoBaHNE HABBIKOB ONPEIEICHUS MEPHI YTIIOB.

TeopeTnyeckuii MaTepuaJl

I'eomeTpuyeckuil yroa — 3TO 4acTh IIJIOCKOCTH, OI'paHUYCHHAas ABYMA JIydaMU, BEIXOAAIIUMU

U3 OJIHOM TOYKH — BEPILIMHBI yriia (puc. 1).

o >

\V/

B kauecTBe eauHMIIBI U3MEPEHMS] T€OMETPUUECKUX YIJIOB NMPUHAT rpagyc - —— 1acCTh
180

Puc. 1

pa3BepHyTOro yria. KoHKpeTHbIE yIibl U3MEPSIOT B Ipalycax ¢ IOMOIIbI TPAHCHIOPTUPA. YTIIbI,
MOJTy4aroIUecsl MPU HENpPEepbIBHOM BpAIlEHUH, YJOOHO HM3MEpATh C IOMOIIBI0 TAaKUX YHCEI,
KOTOpbIE OTOOpakajin Obl caM INPOLECC IOCTPOECHUs yIna, T. €. BpamieHue. Ha npaxTtuke yrisl
IIOBOPOTA 3aBUCAT OT BPEMEHH.

Jomyctum, 4to 3auKCHpOBaHbI BEPIIMHA YIJIa U OJMH U3 00pa3yoluX ero Jy4ei, a BTOpoil
ayd OyneTr BpaliaThCsi BOKpYr BepiuMHbl. [lomydaromruecst yriasl OyayT 3aBUCETh OT CKOPOCTH
BpameHuss 1 BpeMeHH. [1oBOpoT OyaeT ompeaensiThCs IyTeM, KOTOPBIH MPOWIET Kakas — JU0o
(¢buKcUpoBaHHAs TOYKA MOABMXKHOTO JIyya.

Ecnu paccTosiHMe TOUKM OT BEPLIMHBI paBHO R, TO IpU BpallleHUH TOYKA JABHXKETCS MO OKPY>KHOCTH
panuyca R. OTHolIeHHe MPOiIeHHOrO MyTH K paauycy R He 3aBUCHT OT pajuyca U MOXET ObITh
B3ATO 3a Mepy ymia. UHMCIEeHHO 3Ta Mepa paBHAa IyTH, IPOWJIEHHOMY TOYKOM IO OKPYKHOCTH

eAMHUYHOTO paauyca (puc. 2).

A 4

Puc. 2

Pa3BepHYTHIN YroJl U3MEPSIETCSA MOJOBUHOW JUIMHBI €IMHUYHON OKPYKHOCTH. DTO YHUCIIO

obo3Havaercs OykBoii . Yucno mt = 3, 14159265358 ...

10— ~0,017 u 1 pao. = @ =57,296°.

180 T

B reorpadun, actpoHOMHM U APYTrUX NPUKIATHBIX HAYKaX HCIOJIB3YIOT JIOJIU IPATyCcoOB —

1
MHHYTY U CEKyHy. MUHYyTa — 3TO m rpaayca, a CeKyHaa — m MUHYTBI.



(1) , (1]
1'=]  [°=0,0003, 1 =] \| = °=0,000005
\ 60 ) \60/) 3600 )
1 pao. = 57,296° = 57°17'45'
180
Ilpumep 1. Bepasum B rpagycax 4,5 pagx. Tak kak 1pad.=___, TO
T
4,5 pao. = 4,5-@ = 810 ~ 258°.
T T

Ilpumep 2. Haitnem pamuannyro wmepy yraa 72°. Tak kak 1°= ;;—Opaa., TO

T

[}

72°=72- 1 pao. =13 pao.

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

30°0= " «30°=£ 60°= " -60°=Ti 2700 = .2700:31
180° 6 180° 3 180° 2
o_ T ° T
450 I _-45°="_ 90°= * _-90°="_ 360° = —— -360° = 21
180° 4 180° 2 180°
Yupaxuenus

1. Haiinute rpagycHyto Mepy yriia, pajuaHHas Mepa KOTOpOro paBHa:



No 1 BapuaHT 2 BApHAHT
1 s s
9 5
2 51 n
12 4
3 T 37
5 4
4 41 37
5 2
5 7T 7T
3 6

1. Haiigute paauanHyro Mepy yria, rpaJycHasl Mepa KOTOPOro paBHa:

Ne | 1 BapuanTt 2 BApUAHT
1 135° 45°

2 36° 15°

3 150° 215°

4 240° 12°

5 360° 330°

IIpakTnyeckas padora Ne7: TPUTOHOMETPUYECKHUE ® YHKIIUN
Ienb: dopmMHpoBaHHE HABBIKOB MCIOJIb30BAHUS CBOMCTB TPUTOHOMETPUYECKUX (YHKLUH
pH peoOpa3oBaHUM BHIPAKEHUH.
Teopernuyeckuit MaTrepuas
Tpuronomerpuueckue (yHKIMU OMNPEAESAIOTCS C MOMOIIBIO KOOpPAMHAT Bpallarolieics
TOYKH.
OTMeTM Ha ocHM X clpaBa OT Hayaja KOOPJAWHAT TOUYKY A M TMPOBEAEM UYepe3 Hee

OKPYXHOCTh C LICHTPOM B TOYKE O . Pa,Z[I/ch OA HA3bIBACTCS HAYAJIbHBIM PAANYCOM. HpI/I IIOBOPOTEC

IIPOTUB YaCOBOM CTPEJIKM CUUTAIOT YroJl MOJOKHUTEJIbHBIM, IPU IMOBOPOTE MO YACOBOM CTPENIKE —

OTpHUIATENLHBIM (pHC. 3).

[Ipu moBopoTE Ha yrojl O HAaYaJIbHBIN paanyC O4 MEPEXOIUT B paauyc OB .

\ N
A B

() N
N NI

Puc. 3 Puc. 4




Onpeodenenue: CUHYCOM yria O Ha3bIBa€TCS OTHOILICHHE OPJMHATA TOYKH B K JJIHHE
paauyca (puc. 4).

Onpeodenenue: KocuHycoM yria OU  Ha3bIBaeTCS OTHOIIEHHE aOCLUCCHI TOYKU B K JUIMHE
panuyca (puc. 4).

Onpeodenenue: TanreHcoMm yriia O.  Ha3bIBa€TCS OTHOIICHHE OPAMHATHI TOYKH B K e
a0crucce.

Onpeodenenue: KOoTaHreHCOM yria O Ha3blBae€TCsl OTHOIIEHHE aOCLUCCHI TOYKM B K €€
OpAMHATE.

3HaKU TPUTOHOMETPUYECKUX (YHKUUI ONpPEIeNsoTCs B 3aBUCUMOCTH OT TOrO, B KaKOM
YETBEPTH JIEKUT paccMaTpuBaeMblil yroiu. | uerBepTh — OoT 0° A0 90°, Il uerBepTh — OT 90° 10 180°

, I geTBepTh — OT 180° M0 270°, IV 4yeTBepTh - OT 270° M0 360°.

3HaKkH cuHyca 3HaKu KocHHyca 3HAKH TaHTeHca U
KOTAHI'€HCa
v y4 yA
90°
900 900
11 n|n |
0 0
g A A SO AR I S L wof — |7\
il v 360° i {1v 360° "l v 360°
| = _ |+ + | —
270° 270° 270°

HpI/I HN3MCHCHHUH YyTJia Ha LCJI0€ YHCIIO 060p0TOB 3HAYCHHUE CHMHYCA, KOCUHYCA, TAHI'CHCA U

KOTAQHICHCA HE H3MCHHTCS.
Ipumep 1: Haiigure 3nauenne sin(—810°).

Pemrenme:  sin(—810°) = —sin(720°+90°) = —sin 90° = 1.

Ipumep 2: Onpenenute 3HaK cos52°. Pemenue: Yros 52° - yroi nepBoil YeTBepTH, 3HAYUT

Cc0s52° MMEET 3HaK +.

YnpaxHeHus
1. Omnpenenute, Kakol 3HaK UMEIOT sina. , COSQL , tga. M ctga :
a) o =48°; B) oo = 200°;
0) o =137°; r) a = 306°.

2. Ompepenure, KaKOW 3HAK UMCIOT TPUTOHOMETPHUYCCKUE (DYHKIIUU:

sin179° cos 280° tgl45°



ctg359° sin(- 75°) sin109°

cos140° COS(_116O) COS(_ 260)
tg500° c0s315° tg(~10°)
Ornpenenure, yriaiom, KaKOil 4€TBEPTH SABISAETCA YTod O , €CIH:
a) sino. >0 U cosa. > 0; r) tga <0 u cosa >0
0) sina. <0 ¥ cosa >0
B) Ctgal <0 u sina <0;
Onpenenure 3HaK BbIPAKEHUS:
a) sin100° - cos300° ; B) €0S 320°- ctgl7°;
6) sin190°-tg200°; r) tg170°- cos 400° .
Haiinure 3HaueHue BoIpaKeHU:
sin(- 30°) cos 405°
tg(~ 900°) ctgl110°
MaremaTu4ecKuii TUKTAHT
B-1 B-2

1. Cunyc -»9710 ... 1. Kocunyc — ato ...

2. Taurenc — o710 ... 2. KoraHreHnc — 9710 ...

3. Yro 38° - yroi ... 4eTBEPTH. 3. Yrom 189° - yron ... 4eTBEPTH.
4. VYrom -179° - yroi ... 4eTBEPTH. 4. Vrom - 79° - yroi ... 4YeTBEPTH.
5. ¢ctg259° umeer 3HaK ... 5. 19239° umeer 3Hak ...

6. cosl14° MMEET 3HAK ... 6. sin89° MMeeT 3HaK ...

7. sin390°=... 7. sin290° = ...

8. cos(—lSOo) =.. 8. cos(- 300) =..

9. 1g480° =.... 9. 12390° =....

10. ctg(-660°) = ... 10. ctg(~765°) = ...

IIpakTuyeckas padora Ne§: OCHOBHBIE TPUTTOHOMETPUYECKHUE
TOXIECTBA

Lenb: hopMupoBaHre HaBBIKOB UCIIOJIBb30BAHUS OCHOBHBIX TPUTOHOMETPHUUECKUX TOXKIIECTB
pH peoOpa30BaHUU BHIPAKEHUH.

Teopernuyeckuit MaTrepuas

sin?x+cos?x =1 2 _
Sin X t9 X+1_coszx
[(0) i — sin x
COS X
_ COSX

ctgx =



ctg?x +1

=

X NS —=W»;

tgx - ctgx
=1



OTH paBEHCTBA HA3bIBAIOT OCHOBHBIMH TPUTOHOMETPUYECKUMHU TOK/IE€CTBAMH.

IIpumep 1. Ynpocrtute Boipakenue 1— Cos? X.

Pewenue: WcmombsyeM  mms  pemenus  dopmymy  SinZ X+cos? X =1.
1-cos? x =sin? X + €0s? X — c0s? X =sin?2 X

o 4 1
Ilpumep 2. Halinute 3Ha4eHUE tgo. , €CIM COSOL =—_, _ <O < T .
5

VJ1-cos? x

) sin x — ) - )
Pewenue: tgoo=___, sin?x+cos?x=1=sin2x=1-c082X = sinx=
COS X

1_(_4 2 \|1_16 \|25—16 P 3
= sinx= 5) =0 22=1 25 =U25=_
5

3(4) 35 3

S R
cosx 4 5\ 5) 54 4
5

tga:smx— 5



IIpakTHYecKast 4acThb

B-1
Sin2 X +cos2 X =...
ctgx = ...

tg2x+1=...

A wo b Pe

sin x - ctgx = ...
1-sin?x

o. COS X

o : 3 3m
6. Haiigure 3sHa4eHue tgo , €CIM SiNQL =~ _, o < 277 ;

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

tgx-cosx =...

o & W N PE

tg(— x)-ctgx +sin? x =....

. 3n
6. Haiigure 3Hayenue ctga , ecmm SINOL = — —, T <O <__.

7 2

KoHTpoJibHBIE BOIPOCHI
1. B kaxom ciydae QpyHKIHS MeHsieTCS Ha KOQYHKLIHIO?
2. B xakom ciydae pyHKIUS HE U3MEHATCS?

3. Kak onpenensiercs 3Hak GyHKINAN?



IIpakmuueckasn paboma Ne8: ®OPMYJIbl IPUBEJIEHUS

Lenb: popMupoBaHre HaBBIKOB HUCIOIb30BaHUS (OPMYJIT IPUBEACHUS IIPH MpeoOpa3oBaHUU
BBIPAYKECHHUIA.
TeopeTuyeckuii MaTepuaJl

Ecmu B ckoOkax (90°i0t) WIn (270°i0t), TO (QYHKIMS MeHseTcs Ha cxoiHyro. Ecmm

(lSOOiOL) WK (360°iot), TO (YHKIHUS HEe MEHSETCA. 3HAaK pe3ysbTaTa OMPEACIsAeTCs MO 3HAKY

JIEBOU YacCTH.

FX) | x
E—X E+X T —X T+ X 3_7'E_X 3_7t+x 21T — X 27 + X
2 2 2 2
sin x COS X COS X sin x —sin x —COS X —COS X —sin x sin x
CoS X sin x —sin x —COS X —COS X —sin x sin x COS X Cos X
tgx ctgx —ctgx - {gx tgx ctgx = ctgx —{gx tgx
ctgx tgx — tgx —  ctgx ctgx tgx — tgx — ctgx ctgx
Ilpumep 1. Halinure 3HaueHue COSS_7T :
3
8 6 +2 6 2 2 2
cos =cos( T n\zcos(—n +—n\=cos(2n +—n\=cos—n _ (3n-m)  (3n m)
= C0S = C0S -
| I | L J |
3 L 3 J (3 3) | 3 3 3 L3
1
= COS(TE - I \ =—C0S™ =
3 J 3 2
Ilpumep 2. Haiigute 3HaueHue sin 300° .
Pemmermre: sin 300° = sin(90° + 210°) = cos 210° = — ¥°
2
IIpakTH4eckas 4yacTb
1. HaiiguTe 3HaYCHUE BBIPAXKEHUS:
Ne 1 Bapuant Ne 2 BapHaHT
1 sin 240° 1 sin 315°
2 sin 330° 2 cos120°
3 cos ! T 3 sin am
6 3
4 tg300° 4 ctg(-225°)
5 cos(-210°) 5 sin(~150°)




2.  YHOpocTuTe BBIPaXKECHUS:

1 BapuanTt 2 BapuaHT
cos(= x)-cos(180° — x) sin(_+ x)-sin(x + 2 )
] ] [3 )
sin(~ x)-sin(90° + x) tg(m - x)-coS T +X
2

Ilpakmuueckaa paooma Nel(): PerieHre TPUrOHOMETPUYECKUX YPABHEHUM

[{esib: 3aKpENUTh YMEHUS U HABBIKUA PEUICHUS 3a7a4 1o Teme: «PemeHue
TPUTOHOMETPHUYECKUX YpaBHCHHMIA BUa COSX=a, SINX=4a, tgX=a, ctgx=a».

MeToauueckue YKa3daHus:

YpPaBHEHHE dopmyna o0IIero peneHus YacTHbl€ pelIeHus
a=0; 1;-1
cosX =a ae [-1;1] 1)cosx= 0
s
x=+ arccos a + 2zn , NeZ X= + mn, neZ
2) cos x =-1

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

YpaBHEHHUE dopmyna o01Iero peneHus YacTtHble pemieHus

a=0; 1;-1




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

x=—— [12 +2xn, neZ
3)sinx=1

x=— [12 +2xnn, neZ

tgx =a a— ro0oe
X = arctg a + «n, neZ

3ajanus 1JI NIPAKTHYECKON padoThI:

I YPOBEHb
Pemute ypaBHEeHus:
B-1 B-2
1 jcosx=0 1jcosx=1
2 |cosx=1 2 COSX:_E
2 2
3 COSX:—lzé 3 COSX:—lzL2
2-v/3 + 4c0s x=0 4122 + 4cos x=0
sinx =1, 5 |sinx = — 33
2 2
6 [tgx=—13 6 | tg X+ +/3=0.
3
II YPOBeHb
1 Pemuts ypaBHEHUS:
a) cosx =0; 6) cos 2x = ¥3; B) COS (2x + 1) =1;
6 2 3
T) COS% =— %; 1) cos 4x = 0.

2  PemmTh ypaBHEHUS:



a) cos(IT+ x) = sin (- %) 6) 2-cos; +1=0; B) 2cos(% +x) =VZ;
r) cos([T+ x) = sing; 1) 2-cos§L —+/3=0.

3 Haitnute kopHu ypaBHEHUS 2-COS X + V3= 0, npuHaaIexKaIme
otpesky [0; 2IT].

4 Haiimure KOpPHU ypaBHEeHHUs 2-C0S x —1= 0, npuHaaiexarime
oTpe3ky [—; 2m].

Ilpakmuueckaa padoma Nel 1. PenieHre TPUTOHOMETPUUYECKUX HEPABEHCTB

Hean: 3akpemieHne yMEHUN U HaBBIKOB IIPU PELLICHUH 3a]1a4.

MeTtoauueckue peKOMeHAAUN

Omp.

HepasenctBa, comeprkamiue epeMeHHYIO M0 3HAKOM TPUTOHOMETPUIECKON (yHKITHH,
Ha3bIBAKOTCA

TPUTOHOMETPUUYECKHUMH.

[Ipu pemieHur TPUrOHOMETPUUYECKUX HEPABEHCTB HCIIOIB3YIOT €AMHUYHYIO OKPYKHOCTb.

1
3adaua  PemuTh HEPABEHCTBO COS X > o

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

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

i 1
JIB€ TOUKH €AMHUYHOIN OKpykHOCTH M1 u M> . AGcuumcey, 60ib1yto 5 UMEIOT Bce TOYKU M nyru
€IMHUYHOM OKPYXKHOCTH, Jiexaliue npasee npsimoit M1M; . Takum o0pa3om, pelieHus MU HEPaBEHCTBA

| T T
COS X > — SBISIIOTCS BCE YMCIA X M3 IPOMEXKYTKa —— < X < —.
2 3 3
T T
Bce penienusi JaHHOTO HEPABEHCTBAa — MHOYKECTBO MHTEPBAJIOB — ; +2m<x< ? +2mne”Z

T /4
Omeem: —g +2m<x< g +2m,ne”Z



PeminTs HepaBeHCTBO Sin x & - %

» OpauHAaTY, HEe MEHBLIIVIO —%, HMET BCe TOYKH AYTrH

M MM, exnanunoit okpyxuoctn (puc. 82). Iloaromy
pelIeHHAMY HepaseHCTBA sin x 2 —% ABNAIOTCA YMC-

na X, NPUHAANEXKAUIME TPOMERYTKY -g <x< Zé‘—

Bee pemeHusa ZaHHONO HEPABEHCTBA — MHOMKECTBO OT-
PE3KOB Puc.82

_16‘.+2nn<x<%’5+21m. nez <

OTMeTHM, YTO BCe€ TOYKH OKPYXHOCTH, JexXauiHe
HuKe npamoit M, M,, iMeOT OPARHATY, MEHLIIYIO -%

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

6

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

HHSA 2TOrN0O HepaBeHCTBA — WHTEPBaAJBI

(-5—“ +2nn; -5+21m), neZ.
6 6

IIpakTH4eckas padora
Tema: Pemienue TpHroHOMETPHUECKUX HEPABEHCTB.
Henas: [Ipumenenune 3HaHui NpU PEILICHUU 3a1a4.
1 BapuaHur.
Pemiuts HepaBeHcTBA:

3 2 : | . y 1
1) cosx < 7 i 2) cosx27 ;0 3) smxSE; 4) smx>—\/§ 5) sm3x>—5

IIpakTHyeckas padora
Tema: Pemienue TpUroHOMETPHUECKUX HEPABEHCTB.
Heas: [IpumeHenue 3HaHuii IpU peLLICHUH 3a/ad.
2 BapHaHT.
Pemiuts HepaBeHcTBA:

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



Ilpaxkmuueckasa paboma Nel2: ®OPMYJIbI CJIOKEHUS

Heab: ¢popMupoBaHne HABLIKOB UCNIOJIb30BAHUS (POPMYJI CJI0KEHUsI IPH NPeoOPa30BaAHUM
BbIPaKEHH .

TeOpeTHqCCKHﬁ mMarTrepuaJl
KocuHyc cyMMBI [BYX YIJIOB PaBEH IMPOM3BEICHHIO KOCHHYCOB 3THX YIJIOB MHHYC
IMPOU3BCACHUC CHUHYCOB 3THX YIJIOB!:
cos(x + y) = cos x-cos y —sin x-sin y
KocuHyc pa3HOCTH JIByX YIJIOB PaBEH MPOU3BEICHHIO KOCHHYCOB 3THX YIJIOB ILTIOC
MPOU3BCACHUC CUHYCOB 3THUX YIJIOB!:
cos(x —y) =cosx-cos y +sin x-sin y
CI/IHyC CYMMEI JIBYX YIUJIOB PaBCH IIPOU3BCACHUIO CUHYCA IIEPBOI'0 yIjla Ha KOCUHYC BTOPOTO
IUTFOC MPOU3BCACHUE KOCUHYCA IICPBOI'O YIjla Ha CHHYC BTOPOI'O:
sin(x + y) =sin x-cos y +cos X -sin y
CI/IHyC Pa3HOCTU ABYX YIJIOB PABCH IIPOU3BCACHUIO CUHYCA IICPBOI'O yIjia Ha KOCUHYC
BTOPOTI'O yriia MUHYC ITPOU3BECACHNUC KOCHHYCA IICPBOTO yIJla HA CUHYC BTOPOT'O yIjia:
sin(x - y) = sin x-cos y —cos x-sin y .
Hcnionb3yst GOpMYIIbI CIIOKEHHS JUISE CHHYCA M KOCHHYCA MOTyYatoTcss (POPMYIIBI CIIOKEHUS

JJIs1 TAaHT'€HCA U KOTaHI'CHCA.

tg(x + y) = tgx + tgy ctg(x + y) = ctgx - ctgy -1
1-tgx-tgy ctgx + ctgy
tgx — t ctgx - ctgy +1
tg(x—y)= u Ctg(x_ y) = w
1+tgx-tgy ctgx — ctgy
IIpumep 1. Beruncaure cosl5°.
Pewenue: MpeICTaBUM 15° B BUJIC pasHoctu 45° —30°. Torna

€0s15° = cos(45° —30°) = cos 45°- c0s 30° + sin 45°-sin 30° = f f f 1_
2 2 E 4
Ilpumep 2. YIpoCcTUTE BBIpaKEHHE COS(X + y)+ COS(X - y).

Pewenue:

cos(x + y)+ cos(x — y) = cos X - COS y —Sin X -Sin y + COS X - COS y +8in X-Sin y = 2c08 X - COS Y



Ynpaxnenus

1. C nom@misio Gopmyi croxeHus npeodpasyiite BrIpakeHHUe:
1) cos — +f

\4 )
2) sin(ﬂz—ﬁj

3) cos(n +B)

(n

4) sinL3 +B]

2. YIpoCTUTE BBIPAKEHUS:
1) singoc + B)\— sino. - cos P
2) sin Tt —1cosa
6 2
sin(a + B )— coso. -sin B
sin(o. — B )+ cosa. -sin B

3)

cos(a — B )- 2sina. -sin B

4 2sina -cos B —sin(a. — B )

3. HaiinuTe 3HaYeHNE BBIPAKCHHS:
1) co0s107°-cos17° +5sin107°-sinl17°
2) cos36°-cos 24° —sin 36° -sin 24°
3) sin63°.cos27° + cos63°-sin 27°

4) sin51°-c0s21° —cos51°-sin 21°

KoHnTposabHbIe Bonpockl
1. Yemy paBeH KOCHHYC Pa3HOCTH ABYX YIJIOB?
2. Uemy paBeH KOCHHYC CYMMEI IBYX yTJIOB?
3. Uemy paBeH CUHYC CYMMBI IBYX YTJ0B?

4. Yemy paBeH CUHYC PAa3HOCTH JIBYX YIJIOB?



Ilpakmuueckaa paboma Nel2: ®OPMYJIbl CYMMBI U PABHOCTH
TPUTOHOMETPUYECKHNX ®YHKIIUA

Lenb: dopMupoBaHHe HaBBIKOB HCIOIB30BaHUS (OPMYJI CYMMBI M Pa3HOCTH MpU

peoOpa30BaHUU BbIPAKECHHI.

Teopernuecknii Mmarepuan
CyMmMa CHHYCOB JIBYX YIJIOB paBHa yJBOCHHOMY IPOU3BEACHUIO CHHYCA MOJYCYMMBI 3TUX

YI'JIOB Ha KOCHUHYC UX ITOJIYPAa3HOCTH

o+p o—fB
-COS

2 2

sino +sin B = 2sin

Paznocts CHHYCOB IBYX YyIJIOB paBHA YIBOCHHOMY IIPOU3BCACHUIO CHHYCA ITIOJTYCYMMBbI OTUX

YIJIOB Ha KOCUHYC UX ITOJYPA3HOCTU

-B a+f

sino. —sin 3 = 2sin > -COS
2 2

CyMMa KOCHHYCOB JIBYX YIJIOB PaBHA YABOCHHOMY MTPOU3BEICHUIO KOCUHYCA MOTYCYMMBbI

3TUX YIJIOB HA KOCUHYC HUX MOJIYpPa3HOCTH

+ a-—f3

(o}
cosa + Cosf3 = 2cos -COS
2 2

Paznocth KOCHMHYCOB ABYX YIJIOB paBHA B34TOMY CO 3HAKOM «MHHYC)» YABOCHHOMY

HpOI/I3B€I[eHI/IIO CI/IHyca HOHYCYMMBI ATUX yFJIOB Ha CI/IHyc Hux HOJ'IypaBHOCTI/I

a+B . a—-p

-sin .
2 2

sin(x +y)

cosa. — Cosf3 = —2sin

CymMa TaHTeHCO os: tgx-+1gy = '
YMMa TaHTEHCOB JBYX yros: tX+1gy =" o

sin(x — )

Pa3HOCTb TaHTe€HCOB JBYX yrioB: 1gX—1gy =
COS X-COS 'y

IIpumep 1. Berauciute sinl10° +sin 50°.

Pemenue:

10°+50° 10°-50°
-COS
2 2

sin10° +sin 50° = 2sin

= 2sin 30°-cos(—20°) = 2 1 cos20° = cos20°
2

Ilpumep 2. Beraucaure cos90° — cos30°.

Pewenue:

c0s90° — c0s 30° = —2sin 90°+30 .sin 90730

= -2sin60°-sin30°=-2. 3 1__ 3
22 2

N |

2 2



YnpaxHenus

1. IlpencraBbpTe B BUJI€ IPOU3BEICHUS:

1) sin40°+sin16°
2) sin20°—sin 40°
3) co0s46° —cos 74°

4) cos15° + cos45°

5) sin 2n +sin®
5 5
3

6) cos11 +C0s™
12 \ 4
7) cos —+oc +Cosoc
0|
}_ \
8) sm +a —sm =

|
KG ) \6 )
9) tg25°+1g35°

10)tg " —tg
5 10
2. JloKaxuTe TOXKIACCTBO:

sin 2x + sin 6x
1) cos2x=—coséx = tg4x

2) sin87°—sin 59° —sin 93° + sin 61° = sin1°

3) co0s115°—cos35° + cos65° + cos 25° = sin 5°

KonTposabHbie Bonpocsl

Yemy paBHa CymMMa CUHYCOB?
Yemy paBHAa CyMMa KOCHYCOB?
Yemy paBHa pa3HOCTb CHHYCOB?
Yemy paBHa pa3HOCTb KOCHHYCOB?

Yemy paBHAa CyMMa TaHT€HCOB?

2 A

Yemy paBHa pa3HOCTh TAHTE€HCOB?



Ilpakmuueckas paboma Nel4: ®OPMYJIbI IBOMHOI'O YTJIA

Llens: ¢dopmupOBaHHE HABBIKOB KCIIOJIb30BaHHS (GOpMYJ JBOWHOrO yrjia Mpu
peoOpa30BaHUN BBIPAKCHHUIA.
Teopernuyeckuii MaTepua
2tgx

1-tg2x

sin 2x = 2sin x -cos x C0S 2X = c0s? X —sin? X tg2x =

sin 2x
Ilpumep 1. YpocTuTe BhIpaKeHHE .
COS X

Pemenne: SIN 2X _ 2sin X -cos X _ 2sin x

COS X COS X
C0S2X
Sin X +COoSX

cos2x  cos? x—sin?x _ (cosx—sin x)-(cos x +sin x)

Ipumep 2. YIIPOCTHUTE BBIPAKCHHE

Pemenue: = cosxsinX.

sin X + €os X sin X + CoS X Sin X +CoS X

YupaxHenus
1. Yaopoctute BblpaxeHHs:

si_n 2X

1) —Simx— —COSX

C0S2X +sin? x

2) sin 2x

3)
4)

—sin X

0S2X COS X
+sin x

2C0s2 X

5) sin 2x

COSX 6) (1-tg2x)-cos? x

2. JIOKaXUTE TOXK/IECTRA!

1) 1—(sinx—cosx)* =sin2x
2) ctgx —sin 2x = ctgx - cos 2X
3) (sinx+cosx)’ —sin2x =1
4) 4sin x-cos X -C0S 2X = sin 4x
5) sin 2x —tgx = c0s 2x - tgx

6) (ctgx —tgx)-sin 2x = 2c0s 2x



IIpakTyeckas padora

B-1
H . T T :
sinx  sin” .cos, 1-—c0S2X+sin 2x

YHIpOoCTUTE BBIPAXKEHUS:

sin 2x 8 8 1+ cos2x + sin 2x
tg75°
Beraucnnre: 2sinl5°-cosl5°, —————.
1-tg?75°
B-2
2 oo X X cosx—sinx
Yupocture BeIpaxenus: COS” X —C0S2X, sin_-cos _, COSX—siNiXx.

2 2 C0S2X
g™
sin100° 8

Brmaucnure: y T -
2cos50°  1-tg2~

Ilpakmuueckaa padoma Nel5: «AxkcuoMbl CTEPEOMETPUM U CIIEACTBHSA U3 HUX». «[lapajiensHOCTh
MPSIMBIX U IJIOCKOCTEH B MPOCTpaHCTBE”

geJ’IL: 0606H_ICHI/IG Y CUCTEMaTHU3allusl 3HaHUN yqaluxcs, MOJIYYCHHBIX NP U3YUCHUH TCMBI.

XoJ1 paboTBhL.
1) Kakue purypsl B CTepeOMETPHH SIBIISIOTCS OCHOBHBIMU?

2) 1. Kakue TOYKH MpUHAICKAT MII0CKOCTH? | OTBETHI:
2. Kakue TOukM He MpUHAJIEXKAT
IJIOCKOCTH? >< 1. Touku

MIPUHAITIEKAIUE TIIIOCKOCTH
2. Touku
HE MPUHAJIeKAIINE TUIOCKOCTH

3) OObscHUTE, TOYEMY HITATHB UMEET BCETO TPU TOUKHU OMOPHI?

4) YeThIpe TOYKHU HE JIeXKAT B OJHOH MI0CKOCTH. CKOJIBKO MJIOCKOCTEH MOXHO IMPOBECTH Uepe3 TPOHKH
aTux Touek? Caenaite pUCyHOK.
Pewenue:




5) JlokaxuTe, 4TO BCE BEPIIMHBI YETHIPEXYTOJbHUKA MPUHAICKAT OJHON TIOCKOCTH, €CITH
BBITIOJIHAETCS OJHO U3 CIEAYIOIINX YCIOBHI:

1. nuaroHanaM YeThIPEXYTOJIbHHUKA IEPECEKAIOTCS;

2. IepeceKaroTCs MPOIOJIKEHHS IBYX €0 HECMEXKHBIX CTOPOH.

JlokazaTenbCcTBO:
1.

6) Crouisip IpoBEpSIET, JIEKAT JIK KOHIIBI HOXKEK CTYJIa B OJIHOU TJIOCKOCTH, TIPH MTOMOIIH JIBYX HUTEH.
OOBbsicHHUTE, KaK OH 3TO IeIaeT?
Pemenne:

7) Ha rutockoctu 0L otmedensl Tpu Touku A, B, C, He nexarue Ha ogHo# mpsimoii. Touka D He

MPUHAJICKUT TUIocKocTH OL. Onpenenure, siBisiercs i 4etbipexyroisHuk ABCD Tpanenueii.
Perrenue:

HapaJ'IJ'IeJ'ILHOCTB MMpsAMBIX, HpﬂMOfI " IIJIIOCKOCTHU

1) Chopmynnpyiite onpeeneHie napayrieIbHbIX IPAMBIX B IPOCTPAHCTBE

2) ITo JaHHOMY oGpaauy OINIILIITE BCE BO3MOYKHBIE CIIOCOOB IOCTPOECHIIA IUIOCKOCTII IT caenaiire
PHCYHKII.

‘Iepe3 AB€ napallIe/IbHBIX IPAMBIE MOKHO
TIIPOBECTII IIJIOCKOCTH II IIPIITOM TOJIBKO OJIHY.

lk

4) ITo o6pasiy 3amaun Ne2 ONMUIIATE TPH BO3ZMOKHBIX CIydasi B3aUMHOTO PACIIOIOKEHHS MPSIMOH 1
IJIOCKOCTH B IPOCTPAHCTBE U C/IENIaliTe PUCYHKHU.



[/

5) ChopmynupyiiTe NpU3HAK MapaLICIbHOCTH IJIOCKOCTEH B IPOCTPAHCTBE.

6) Jlaus! 1Be mapayieabHbie IockocTH. Yepes Touku A 1 B 01HOM MII0CKOCTH IPOBEICHBI
napajuieJbHbIe MpAMbIE, IEPECEKAOIINE IPYTYIO INIOCKOCTh B Toukax A1 u Bi. Haligure nnuny otpeska
A1B1, ecnu AB=a. Cnenaiite pucyHOK.

Pemenue:

7) YkaxuTe M0 PUCYHKY CIydail B3aMMHOT'O PACIIONIOKEHHS MPSIMBIX B POCTPAHCTBE.

1. A. CKpelUBarOLUECs NPSIMBIE.

2. B. Ilepecekaromuecs npsiMble.

S/

C. IlapamienbHble IpsSMBbIE.

Otgert: 1 , 2 .3

OrueHka:



Ilpakmuueckaa pavoma Nel6: «B3anMHoe pacnosiosKeHne IBYX NPSAMBIX B

MPOCTPAHCTBE.
Iesb: 0TpaboTaTh HABBIKKM PACcIIO3HABATh HA YEPTEKAX pa3IMYHbIC CIydad B3aUMHOTO PACIIOIOKCHHS
IPSIMBIX, UCIIOJIB3YsI (YOPMYIUPOBKY ONPEAEICHUHN , IPU3HAKOB U CBOMCTB PAacIlOJIOKEHHUE MPSIMbIX U
PUMEHEHHE IPU3HAKOB U CBOWCTB MPH PEIICHUH 3a/1a4.

IIpakTHyeckas 4acTb
I.Conepxkanue padoTbi:
OTBETUTH HA BOIIPOC U BBINOJIHUTH PHCYHOK.
1.IlpsMbie M © N JIeXKaT B OJHOU TUNIOCKOCTH. MOTYT JIU 3T MpsIMBIE TIEPECEKATHCS, OBITH
napajieIbHbIMU, MOTYT JIM OHU CKPELIMBATHCS?
2. IIpsimbie b u € nepecekaroresi. Kak pacnonoskena npsimast b orHocuresnbsHo npsimoii d, eciu cfld?
3. lansbl ckpenuBatomuecs npsmsle ¢ u d. Kak Moxer ObITh paciioyioskeHa npsiMast ¢ OTHOCUTENIBHO m,
ecau m || d?
4. Tlpsimblie b u d nepecekarorcsi. Kak pacnonosxena mpsiMasi b OTHOCUTENBHO ¢, eciti ¢ 1 d
nepeceKkaroTcs?
5. Jlanbl ckpenuBaromuecs npsimpie m 1 n. Kak Mo>xeT ObITh pacnosioxeHa npsiMasi M OTHOCUTEIBHO
IpSIMON C, €CJIM C U h IIepeceKaroTcs?
I1. BEINOTHUTH PUCYHOK U 3aOJIHUTH TaOJIHUILY.
B ky6e ABCDA1B1C1D1 Touka M — cepenuna B1C1, F — cepeauna D1C1, K — cepenuna DC, O — Touka
nepeceveHus auaroxaiei ksajapara ABCD.

HpHMBIC Bzaunmnoe PACIIOJIOKCHUC IIPAMBIX

1 [AA,uCC

2 A1C1 H B1D1
3 A1C1 u C1D1
4 AlM 141 CC1
5 A1D 141 DCl
6 A1C1 u BD
8 AlB 141 D1C
9 A1C u BB1
10 |A,DuAB
11 |A;MuBC
12 | AMuBK
13 ClK 151 BlF
14 C10 u ABl
15 AlO u BlD

KoHTpoJibHBIE BONIPOCHI

1.Y1o0 usyuaer crepeomerpus?

2. Kakue cymniecTBylOT OCHOBHBIE (PUTYphI B IPOCTpaHCTBE?

3. Kakne akcHOMBI CYIIECTBYIOT B CTEPEOMETPHH?

4. Kakue ciieficTBUS U3 aKCHOM CYILIECTBYIOT B CTEPEOMETPHUU?

5. Kakue npsiMble B IpOCTpaHCTBE HA3bIBAIOTCS MapaslieIbHbIMU?

6. Kakue npsiMble Ha3bIBaIOTCS CKPEIUBAIOIIUMUCS?

7. Kakue npsimble B IPOCTPAHCTBE HA3BIBAIOTCS MEPIEHIUKYISIPHBIMU?



Ilpakmuueckaa paooma Nel7: llepnieHAUKYJISIPHOCTh MOPSMBIX M IIJIOCKOCTEH B

MIPOCTPAHCTBE
Hean:
1) VYMeTb NpUMEHSTH ONpEIe/ICHHs, IPU3HAKU M CBOMCTBA NEPICHAMKYIISPHBIX MPSIMbIX H
IUIOCKOCTEH B IPOCTPAHCTBE IPU PELICHUH 3a]1ay.
2) Co3znaTh yCIOBHUS ISl PA3BUTHS YMEHHSI YCTaHABJIMBATH CIMHBIC OOIIME MPU3HAKU M CBOMCTBA
LI€JIOT0, COCTABJIATH IUIAH JEATEIbHOCTH TP PELLICHUHU 3a7ad.
3) Bocnuranne TMYHOCTHBIX KA4SCTB MMOCpCACTBOM pa3BUTUA HHAUBHUAYAJIbHBIX ITO3HABATCIIbHBIX
HUHTEPECOB U CIIOCOOHOCTEH.

Teopernyeckuii MaTepuaJ:
1. Onpenesenue: [[Be npsiMble Ha3bIBAIOTCS MEPICHAUKYISIPHBIMU, €CJIM OHU NIEPECEKAIOTCS 0T

MPSIMBIM YTJIOM.

2. Omnpenenenue: [Ipsvasi, mepecekaromas MI0CKOCTh, HA3bIBACTCS MEPICHINKYISIPHON ITON
IUIOCKOCTH, €CJIM OHA NIEPIEHIUKYIISIPHA JIF000H IPSAMOM, KOTOpast JIEKHUT B JAHHOM INIOCKOCTH U
MIPOXOJUT Yepe3 TOUKY IIEPECEUCHMUSL.

a
B

C
o A

3. Omnpenesienne: J[Be nepeceKaronmecs mIOCKOCTH Ha3bIBAIOTCS MEPIEHAUKYIIPHBIMU, €CIIN
TPEThS MJIOCKOCTH NEPIIEHIUKYIIAPHAS IPSIMOM MEPECEYEHUN ITUX IUIOCKOCTEN NIEPECEKAET UX 10
MEPIEHIUKYIISIPHBIM IIPSIMBIM.

Teopema: (Mpu3HAK NEPIEHANKYIIPHOCTH MPSIMBIX B ITpocTpaHcTBe) Ecau IBe nepecekalommecs
IpsiMble MapaJielbHbl COOTBETCTBEHHO IBYM MEePIEHINMKYISPHBIM NPAMbIM, TO OHH TOKe

HNEPIECHINKVJISADHDLI,

Teopema: ( mpu3HAK NEPICHAUKYISIPHOCTH MPSIMON K TUIOCKOCTHU B MpocTpaHcTse) Ecan
IPAMASA MEPHEHINKYISPHA IBVM MEePeCceKaAIUMCH MPAMbIM, JEKANUM B IIJIOCKOCTH

TO OHA NEPHECHTUKYJISAPHA gaHHOﬁ IIJIOCKOCTH.

CBolicTBA NePNEeHINKYISIPHOCTH NPSIMOI ¥ MJI0CKOCTH.

l° Eciiv nJ0CKOCTh NeprneHInKYJIsipHA O/THOM M3 JIBYX NApaJuieJbHbBIX NPAMBIX. TO OHA
IEePIEeHINKYISIPHA K IPYIOil.




ZO ﬂBe NPAMBIE, NEPHECHTUKYIAPHBIC OEHOﬁ M TOM ke IJIOCKOCTH, NApAJJEIAbHbI.

a B

B

Teopema: (Mpu3HaK NEPHEHIUKYISIPHOCTHU IJIOCKOCTEH B MpocTpaHCcTBe)_Ecau M10CKoCTh
IPOXO/INT Yepe3 NPSAMVIO. NePHeHIHKYISIPHYIO roii MJI0CKOCTH, TO 3TH IJIOCKOCTH

HNEPHECHINKYVJIAPHDbI.

3apaua: [Ipsmeie AB,AC u AD nonapuo nepnenaukyisipusl. Haiigure otpesok CD, ecinu 1)
AB=3cm., BC=7cm.,AD=1,5cm. 2) BD=c., BC=a., AD=d.

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

Paccmotpum AACD

DC=+vAC? + AD? = J40+225 =./42,25=6,5

2) AABD AB?2 =¢2-(d?
AABC AC? =a?-c? +d?

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

3anaua: BepxHue KOHIIBI IBYX BEPTUKAIHHO CTOSIIUX CTOJIOOB, yIaJeHHBIX Ha PACCTOSIHUU 3,4M
COeIMHEHBI TIepeKIaquHoN. BricoTa ogHOrO0 cTonba 5,8M., a pyroro 3,9M. HailnuTe AMTUHY

MepeKIauHBI.

A
C B AC=AA1-CA1=5,8-39=19
2
AB =+yBC* + AC? =/342 +1,9 =.1156+3,61~3,9(M)
5.8 3,9




3aiaua: 113 Touek A u B, nexanux B IByX NEPIEHIUKYIISIPHBIX NTIOCKOCTSIX, OMYIIEHBI
nepnenukyisapel AC u BD Ha npsimyro nepeceuenus miockocteil. Haliqure ymmny otpeska AB, ecin

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

HMano: ol AC LCD
BD.1CD

Aea,Bep
AD=BC=bm

CD=1m

Haijitu: AB

Pemennue:
1) pacem2 ACD, ~c=90°

AC=.25-1=+24 =26
2)paceMm. AACD, ZACD =90
AB=.25+24 = /49 = 7(u)

3apaua: Haliqure pacctosiHue OT cepelnHbl oTpe3ka AB 10 mIIOCKOCTH, HE IEPECEKAOIIEe STOT
OTPE30K, €CIIA PacCTOsTHUE OT ToUuku A u B 10 mmockoctu paBubl 7,4 ¢cM u 6,1 cm.

Jano:AB¢a C AB, AC=CB,
AA|I=6,1cm, BBI=7,4cMm.

Haittu:CC|=?
B
c—|
A /
Al Ci B
(0]
Pemrenue:

Paccmotpum AAIBBI-tpanenus, T.x. AAl-La, BBILo, To AA| || BBI
CClI- cpenHss TUHUS TpaNCIUH
CCl= AA1 + BB _ 6,1; 74 _135

=6,75 (cm)




3agaua: Touka A HaXOAUTCS HA PACCTOSTHUU OT BEPIIMHBI PABHOCTOPOHHETO

TpPEyroJibHUKA CO CTOpOHOM a. HaiiguTe paccTosiHhe OT TOYKHU A J10 TIIOCKOCTH TPEYTOJIbHUKA.
Hano: A ABC

AB=BC=AC=3; SA=SB=SC=a

Haiitu: SO-?

Ul

C

B
[
Pemenne:

2
a 2
Paccmotpum A SOB <0=90° SO=+/SB? —OB? = 1Ia2 -3 = a‘IE

a

3

OB=R=

IlpakTryecKasi 4YacThb:

1 BapuanT | 2 BapHaHT | 3 BapuaHT | 4 BapuaHT

1. Ipsmeie AB,AC u AD nonapno neprnenaukynspasl. Haiiaure otpe3ok CD, eciu:

AB=6¢cMm, BC=14cmMm, BD=9cMm, BC=16¢cMm, BC=8cm, AD=2,5¢cm, BC=6.5cm. AB=1,5¢cm,

AD=3cm. AD=5cM. BD=4,5¢cmM. AB=3cmMm.
2. Yepes Touku A u B nmpoBeneHbI npsMble, IEPIEHINKYISPHBIE MIIOCKOCTH &, IEPECEeKAroIINe e B
toukax Cu

D cootBercTBeHHO. Halinure paccrosinue mexay Toukamu A u B, u otpe3ok AB He nepecekaer
IIJIOCKOCTh &, €CJIU:

AC=3Mm,
BD=2Mm,CD=24M .

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

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

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

3. Haiinure paccrosiHue oT cepeiHbl oTpe3ka MN 110 MIIOCKOCTH, HE MepeceKaroIIeld ITOT OTPE30K,
€CJM paccTosiHue oT TOYKU M 1 N 710 IIJIOCKOCTH PaBHBI:

MM:=45,NN;=55 |

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

MM:=2.8; NNi=6,8 |

MM:1=4,3; NN1=5,8

4. U3 touek A u B, nexxamux B IBYX NEPHEHANKYISPHBIX MIIOCKOCTSX, OMYIIEHbI HEPIIECHANKYIIAPHI
AC u BD na npsamyro nepecedenuns miockocrei. Haitnure nnuny otpeska AB, ecnu:

AC=6m, BD=7m, CD="7Mm

AC=3m,BD=4m, CD=121

AD==4m, BC=7wm,
CD=1m

AD=13Mm, CD=CB=5m

KaXKJI0i1 U3 ero BCPIIINH.

5.CTOpOHBI PABHOCTOPOHHETO TPEYTOJIbHUKA PABHBI
a. Haiinure paccTossHUE 10 TNIOCKOCTH TPEYTOJIBHUK
OT TOYKH, KOTOPAA HAXOJUTCA HA PACCTOSIHHUH B OT

5.PaccrosiHust OT TOUKM A 10 BEpIIMH KBajipaTa
paBHbI a. HaiiauTe paccTosiHus OT TOYKH A 10

MJIOCKOCTH KBajipaTta. Ecnu cTopoHa KkBajgpaTa paBHA
B.

a=3M, B=2M.

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

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

a=5M, B=2M.

KoHTpoJIbHEBIE BOIPOCKIL:

1. Kaxkue npsiMble B IPOCTPAHCTBE HA3bIBAIOTCS MEPIEHANKYIAPHBIMU ?



N

Bepno nu yrBepxkaeHue. Uto «mmepneHIuKyasapHbIe MPSAMbIC JIEKAT B OJHOM MIOCKOCTH»?

B kakux ycnoBusx npsiMasi nepneHANKYJISIpHA K TNIOCKOCTH?

4. B okpyxaromieit 00CTaHOBKE HalAMTE MPUMEPhI Ha CBOMCTBA MEPIICHIUKYISIPHOCTH MPSIMOU 1
IIJIOCKOCTH.

5. Kaxkue miockocTy Ha3bIBatOTCS MEPIEHAUKYISIPHBIMU?

w

Ilpakmuueckan paboma Nel8: I1psimble v TIIIOCKOCTH B podeccruu
Ienw: nokazaTh HEOOXOUMOCTh 3HAHUI O NAPAJIIEIIBHOCTH I TEXHOJIOTa
Xoxa paboTht:
1. TBopueckoe 3aaanue. Co3aaTh MPE3EHTALIUIO IO TEME

Ilpaxmuueckasa pavoma Ne 19,20: UncnoBsie MOCIEI0BATEIBHOCTH U UX CBOMCTBA.
[TonsaTHe npenena YUCI0BOM MOCIEN0BATENBHOCTH

He.]'lb: MNPUMCHUTHL YMCHUA 110 BIIAACHUIO HpGZICTaBJIeHI/If/'I 00 OCHOBHEIX ITOHATHSX MaTeMaTHIECKOTO
aHaJIn3a U UuX CBOﬁCTBaX, BJIaICHUC YMCHHUEM XapPAKTCPU30BATh ITIOBCACHUC (1)YHKI_II/II‘/'I, HCIIOJIB30BaHHUC
IMMOJIYYCHHBIX 3HAHUM AJI O CaHUA U aHaJin3a pCajiIbHbIX 3aBHCHUMOCTECH

i’iag!aﬂne:
| Bapuant Il Bapnant
1. IlocnenoBaTenbHOCT 3a/1aHa ClI0BecHO. Hanumure nepsble 1eCATh YWIEHOB I10CJIE0BATEIbHOCTH
a) HaTypaJIbHBIX YHCEI, KPAaTHBIX 5 a) HaTypaJIbHBIX YHCEIN, KPATHBIX 3

0) cTemeHel Uncia 2 ¢ HaTypaJbHBIMU IMOKa3aTeIs MU 0) CTeneHel uncia 3 ¢ HaTypalbHBIMU TIOKa3aTesIMU
2. [TocnenoBarenbHOCTH 3a/1aHa (OopMyIIoit ob1iero wieHa. Hanumwure nepBble JecsATh YICHOB

IOCICAOBATCIbPHOCTH
a)a,=2n—3 a)a,=3n—4
5a = (_1)n+1 (_1)n

n 6) a,=

n
3. [Ipennoxure hopmyiy obIIero uiaeHa Iyl Kax 101 U3 Mocie[0BaTeIbHOCTe. Eciin n3BecTHO HECKOIBKO
TNEPBLIX YJICHOB

a) 4,8,12, 16,20,...; a)2,5,8.11,14,...;
0)-1.1,-1,1,...; 0) 3,12,48,192...;
4. Berauciute mpeesnsl ociea0BaTeIbHOCTe !
1 n
a)x =1+_—__ a) X =
& n 2" " n+l
5 3n?+n+7 6 4n® +n—6
X =_ X =_—
" B5-n-n? " 8-n-n?

Iopsi/IOK BBHITIOJIHEHHS:
BaumaTenpHO MpoYnTaTh TEMY U 1IETh TPAKTHYECKON pabOTHI.

N3yuuth yueOHBINH MaTepual 1o TeMe.
OTBETUTH HA BOIIPOCHI.

BrmoaHUTE 3agaHUS.

IlogroroBuTh OTYET.

abrwdE

Ilosicnenus Kk padore (V4eOHBI MaTepuan):



OnpeneneHue: MHOXMCECMEO YUCET, KAHCOOE U3 KOMOPBIX CHAOICEHO CBOUM HOMEPOM, HA3bI8ACMC S
YUCOB0LL NOCIE008AMENLHOCMBIO.

OJeMEHTBI TOTr0 YMCI0BOI0 MHOXKECTBA HAa3bIBAKOTCS YJIEHAMH [10CIIE10BATEIbHOCTH U 0003HAYAIOT:
NIEPBBIN YIEH - @ 1, BTOPOU - @ 2, N- i WwieH - @ n ¥ T.4. Bes mocnenoBarenbHOCTh 0003HAYACTCS: @ 1,4 2,
3, eees @n WK (@n ).

YucnoBas nociae10BaTeNbHOCTD MPEICTaBIIAET COOON HE YTO MHOE, KaK MHOYKECTBO HYMEPOBAaHHBIX
qucen, YNOpsAJOYEHHbIX Hanojo0ue HaTypajdbHOIO psja, T.€. pacloyiaraéMoe B IMOPsIKE BO3PACTAHUSA
HoMepoB. [locrenoBaTenbHOCTh MOXKET COAEPIKATh KaK KOHEYHOE, TaK M OECKOHEYHOE YHCIIO YJICHOB.

Ilocnedosamenvrnocms, cocmoswas u3 KOHEUHO20 YUCIA YJNEHO8, HA3bIBACMCS KOHEYHOU, a
noCne008amenbHOCmb,  COCMoAwas U3  0OecKoHeuHo20 — uucia  4YleHos, -  0OecKOHeuHOU
nocneo08amenbHOCmbio.

MHorna 0eCKOHEYHYIO YHCIOBYIO NOCIEI0BATEIBHOCTD BBOAAT, HCIIONB3YsI MOHATHE (DYHKITUH:

Onpenenenne: @yuxyuro y = f(X), X€ N nazvieaiom @ynxyuei namypanrpro2o apeymenma uiu
YUCT0B80LL NOCIe008amMeNbHOCMbIO U 0603nauaiom: y = f(N), wiu y1, y2, y3..., yn wau y(n).

[TocnenoBarenbHOCTH MOXHO 3a/laBaTh PA3JIMYHBIMU CIIOCOOAMHU, HAalpUMeEp, C106ecHO, KOria
[IpaBWIO 33JaBaHMsI IOCJIEIOBATEIbHOCTH OMMCAHO ClloBaMH, 0e3 ykazaHus (opmynsl. Tak, cioBecHO
3aJ1a€TCsl MOCIIEI0BATEIbHOCTD POCTHIX YUCEIL:

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

OCOOEHHO BayKHBI AHATUMUYECKUT U PEKYPPEHNHbLI CTIOCOOBI 3aJaHUsI [T0CIIeI0BATEIbHOCTH.

[oBOpPSAT, 4TO MOCTIEIOBATEIBHOCTD 33/JaHa AHANUMUYECKHU, €CITH yKa3aHa (GopMyria ee N-To wieHa.
Ilpugedem mpu npumepa.

1)  yn=n? DTO aHANTMTHYECKOE 3a[aHHE MOCIEI0BATEILHOCTH
1,49,16,....n% ...

VYka3aB KOHKPETHOE 3HaYCHHE N, HETPYAHO HAWTHU WIEH IOCIEA0BATEIBHOCTH ¢ COOTBETCTBYIOIINM

nomepom. Ecmi. Hanpumep, n= 9, To yo = 9% = 81, ecin

2) yn= C. 3aech peus uzaet o nocienosateabuoctu C, C, C, ...., C, .... . Takyio
MOCIIE0BATEIHLHOCTh HA3bIBAIOT MOCTOSTHHOM (MJIH CTAIlMOHAPHOM).
3)  yn=2".DT0 aHaNMTHYECKOE 3a]aHNE MocueaoBaTensHocTn 2, 22,23 ... 2" .

Pexyppenmmuutit cnocoé 3aj1anus NOCIEJOBATEIBHOCTH COCTOUT B TOM, YTO YKa3bIBAIOT MPaBUIIO,

MO3BOJISIOIIEE BBIYMCIUTD N- i YIeH MOCIe10BaTeIbHOCTH, €CIIM U3BECTHBI €€ MPeIbITyIIe YWICHBI.

Hanpumep, apudmernueckas mporpeccusi — 3T0 YUCIOBast MOCIeI0BATENbHOCTD (an), 3a1aHHAs

PEKYPPEHTHO COOTHOILICHUSIMHU:

ai,=a, anv1 = ant d
(a u d — 3a0annvle uucaa, d — paznocms apugpmemuueckoil npozpeccuu)
[eomeTpuyeckasi IPOrpeccrs — 3TO YHCIIOBas MocieaoBarTelbHOCTh (Dn), 3amaHHass peKyppeHTHO
COOTHOIIEHUSIMU:
bl, = b, bn+1 = bnq

(b 1 q — 3a0annvie uucna, b#0, q # 0; q 3Hamenamenb 2eomempuyecKoll nPoepeccuu ).

IIpumep: Boimucats nepBble MATh YWIEHOB MOCIEI0BATEILHOCTH, 33JaHHON peKyppeHTHO:y1 =1; y2 =
1; Yn = ¥Yn2 + ¥n1

Pemenue. N —if wieH mocienoBaTENbHOCTH PaBEH CyMME JBYX MPEIIIECTBYIOUIMX €My YJICHOB.
3HAUUT, OCJIEOBATEIHHO MOyYaeM:

yi=1;,y2=1;y3=141=2; y4 =1+ 2 =3; y5=2+3 =5; u T.11.

OrpaHuyeHHbIE MOCJIEI0BATEIbHOCTH.

o [MocnenoBaTeIbHOCTD (Xn) Ha3bIBACTCS OTPAHUICHHOM, €CITU CYIIECTBYIOT TaKHe JIBa Ykciaa M u M,
410 JUIst BceX NE N BBINOIHIETCS HEPABEHCTBO M= Xn <M.
o [MocnenoBaTebHOCTD (Xn) HA3bIBACTCSl OTPAHUYCHHON CBEPXY, €CIIM CYHIECTBYET TaKOe YUCIo M,
910 A7 BceX NE N BBIMOTHSAETCS HEPABEHCTBO Xn <M.
o [MocnenoBaTebHOCTh (Xn) HA3bIBAETCS OTPAHUYCHHON CHHU3Y, €CIH CYHIECTBYET TAKOe YHCIO M,
91O A1 BceX NE N BBINOIHAETCS HEPAaBEHCTBO M= Xn

Hampumep: mocienoBareabHOCTh (Xn), 3aaHHast GopMyIIoit 00IIero uieHa Xnp = N, OrpaHnYeHa CHU3Y
(manpumep, yucio () ¥ He orpaHUYEHA CBEPXY.



MOHOTOHHBIE TOCIET0BATEIHLHOCTH.
[TocnenoBaTeabHOCTH (Xn) HA3BIBAETCS BO3PACTAOIICH, €CITH KK/BIN €€ YIeH, HAauhHasi CO BTOPOTo,
00JIbIIe TPEIBITYILEro, T.€. €CIIU AJIs JTI0O0ro HATYPaJbHOTO N BBIMOIHSAETCS HEPABEHCTBO Xn+1 > Xn,
[TocnenoBaTenbHOCTH (Xn) Ha3bIBACTCS YOBIBAIOIICH, €CITM KXK/IBIN €€ YICH, HAYHHASI CO BTOPOTO,
MEHBIIIE MPEAbIAYIIETro, T.€. €CIH I JIF000Tr0 HaTypaIbHOTO N BBHIMTOIHAETCS HEPABEHCTBO Xn+1 < Xn,

[TocemoBaTenbHOCTD (Xn) HA3bIBACTCS HEBO3PACTAIOIICH, €CITM KaXK/bIN €€ YICH, HaunHasl CO
BTOPOTO, HE O0JIee MPEABIIYIIETO, T.€. €CIU ISl TF0OOTr0 HATYpPaIbHOTO N BBITIOIHIETCS HEPABEHCTBO Xn+1
< Xn.

[TocnemoBaTenbHOCTD (Xn) HA3bIBACTCSI HEYOBIBAIOIIICH, €CIIA KX Iblii €€ WICH, HAYMHAsI CO BTOPOTO,
HE MEHBIIIE TPEABIYILEro, T.€. €CIIH AJIS JII0OOT0 HATYPAIBHOTO N BBIMOIHICTCS HEPABEHCTBO Xn+1 > Xn,

Bospacrarommue, yobIBaromiye, HEBO3pacTAIINE H HEyOBIBAIOIINE MTOCIEA0BATEIFHOCTH 00Pa3yoT
KIIaCC MOHOMOHHBIX TIOCIIEIOBATEILHOCTEH.

Ilpesien YncJOBOM NOCIEI0BATEILHOCTH.
PaccMOTpUM ISl YHCIIOBBIC ITOCIEA0BATEALHOCTH — (Vn) U (Xn).

Omn):1,35,7,9,...2n—1, ...;
111 1
(Xn) 1' 21 lZ’ H,

N300pa3um wieHbl 3THX MOCIEI0BATEIILHOCTEN TOUKaMH Ha KOOPAUHATHOM MPSAMOIA.
90O @ v

—0—0o—0—0 @ @ @
0 0,25 0,5 1
3ameuaem, YTO WICHBI MOCIE0BATENEHOCTH (Xn) KaK ObI «CTYIIAIOTCS» OKOJIO TOUYKU (0 — TOBOPSAT
MOCIIEI0BATEIBHOCTh CX00AMCA , 2 'y TIOCTIE0BATENHHOCTH ()n) TAKOM TOUKH CTYIICHHS HET — U TOBOPSIT,
YTO MOCTIE0BATEIBHOCTh PACXO0OUMICA.

MateMaTHKH He HCIIOJIb3YIOT TEPMHH TOYKA CTYIIICHHS, & OHH TOBOPST npeoei
nocned08amenrbHOCHU.

Onpeodenenue: Yucno b nazvieaemcs npedenom nociedogamenvHocmu (yn), eciu 8 1000t 3apanee
8bIOPAHHOLU OKpeCcmHOCmU MOYKU b codepacumcs 6ce unienvl nOC1e008amenrbHOCU, HAYUHASA C
HEeKOmopo2o Homepa.

v

Tuwym max: yn—b unu 1im yn =b YUTAOT TaK: IPEIEI OCIEN0BATENLHOCTH yn NPU CIPEeMIeHUU
N—o0

N k 6eckoneunocmu pasen b.

Ha nmpakTtuke ucnonbs3yercs eme 0JHO UCTOIKOBAHUE PAaBEHCTBA lim yn =D, cessannoe ¢
nN—o0

NPUOIMKCHHBIMU BBIYMCICHUSIMHE: €CITU MOCIIeI0BaTeIbHOCTh yn = f(n) cxoaures k uucny b, To
BBITIOJTHSAETCS MPUOIIMKEHHOE paBeHCTBO f(n)<b, mpuuem 370 npubInKEHHOE PABEHCTBO TEM TOUYHEE, YEM
Oosb11IE N.

Bonpocs! 111 3akpensieHds TEOPETHYECKOT0 MATepPHaia K NPAKTHYECKOMY 3aHATHIO:

1. JlaiiTe onpenenenue 4MCIOBOM MOCIEA0BATEILHOCTH.

2. Ilepeuncnute crocoObl 3a/1aHMs TOCIEI0BATEILHOCTEH.

3. Kakue mociie1oBaTeTbHOCTH Ha3bIBAIOT OTPAHUICHHBIMHA?

4. ChopmynupyiiTe onpeneneHne npeaena YucioBoi mociae10BaTeIbHOCTH.

Coaepxxanue oryera:

HasBanue mpaktuueckoii paboTHI.

VYuebHas 1enb.

Pemenue 3amanuii mpakTHYecKoi paboTHI.

OTBeThI Ha BOIIPOCHI ISl 3aKPETIIEHUS TEOPETUYECKOT0 MaTepHara.



Ilpakmuueckaa padoma Ne 21: OnpeneneHue Npou3BoAHON. ['eomeTpruueckuii u

(bU3UYECKUI CMBICIT
Henwv: nayuumsca:
- dhepeHITupoOBaTh;
-IPUMEHATH (PU3UUECKUIN U TEOMETPUYECKHI CMBICI IPOU3BOIHOM.
Ymemw: npuMeHATh MeTO bl UG HepeHIIMaTEHOTO HCYUCICHUS.
3namob: ocHOBBI U PepeHITUATEHOTO UCUNCIICHHUS.

Bapuanr 1.

1. Haiinure mpon3BOAHbIE (PYHKIIHIA:
ay=2x*—x34+3x+4; 6).y=8/x+05cosx; B).y=

sin x

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

ctgx.
2. CocTaBUTh YpaBHEHHUE KacaTeIIbHOM K mapadosie y = x2 — 6x + 5 B Touke ¢ abcuuccoit xo = 4.

3. IlpssiMonuHeiiHOe TBM)KEHUE TOUKH OIMCHIBACTCS 3aKOHOM S = t4 — t2. Haiinute e€ ckopocTh B
MOMEHT Bpemenu t =3C.

4. Berauciare f/ (), ecan f(x) = 2cosx + x2 — "~ + 5.
6 3

Bapuanr 2.
1. Haitnure npon3BoaHbIe (DYHKIIHAN:
Cos X i

a.y=—x5+2x3—3x2—1; 6).y=sinx+7 B.y=""" p.y=Bx—4)% ). x-tgx
2

X

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

3. IlpssMonHeiiHOE TBM)KEHUE TOUKH OIHMCHIBACTCS 3aKOHOM S = t® — 4t Haiinure e€ ckopocTh B
MOMEHT BpeMeHH t =2C.

4. Beruncmure f/ (%) ,ecl f(x) = 1,5x2 + 6sinx — mx + 4.

Ilpakmuueckaa paooma Ne 22,23: Beruncinenne npons3BoAubix. [IpaBuna
mudepenunpoBanus. Tabmuua npous3BoaHbIX. [Ipon3BogHAS CIIOKHBIX GYHKUINNA

Pemenne 3aga4 no teme: «IlIpaBuiaa n popmyasl nuddepeHunpoBanns, Tadauna
NPOM3BOAHBIX JJIEMEHTAPHBIX (PYHKLHUI».

eJb PA0OTLL:

- MPUMEHHUTHh YMEHHUSI 110 BIAJACHUIO MPEACTABICHUI 00 OCHOBHBIX MOHSTHIX MaTEeMAaTHUYECKOTO aHAIIN3a U
WX CBOICTBaX, BJIaJICHHE YMEHHUEM XapaKTepu30BaTh MOBeAeHUE (DYHKIIMH, UCIIOIB30BaHUE MMOTYISHHBIX
3HAHUM [ ONIMCAHUS U aHAJIM3a PEabHbBIX 3aBUCUMOCTEM.

3aganue:
| Bapuant Il Bapuant
[Tonp3ysick hopmynamu u npaBuiamMu 1udepeHInpoBans, HaWIUTE TPOU3BOTHBIC
a) y=x"-9? +x-1 a) y=>5x*-3x2+5
x*+1 5 v= x%+1
x2+1 )y 3x
B) y = X -Sin X 8) Yy = X-COSX

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



y = (2+5x)° e) y=(3+7x)
x) Yy = logs 4x ac) Y =109510x
3) y =54 3)y = 6%

Iopsi/IOK BHINIOJIHEHHS:
. BHHMaTenbpHO MPOYNTATH TEMY U 1IEJTh MPAKTHIECKON PabOTHI.

1

2. N3yuuTh y4eOHBIN MaTEpHAIl IO TEME.
3. OTBeTUTH HA BOTIPOCHI.

4. BBIOIHUTD 33JaHHUS.

5. IloaroroBuTh OTUET.

Ilosicnenusi K padore (V4eOHBIN MaTepHa):

[TpousBoanoii GpyHkiwu f(X) B TOUKE X Ha3bIBACTCS MPEE PA3HOCTHOTO OTHOIICHHS

f(x+h)— f(x)
h

npu h — 0.

oy .mf(x+h)— f (x)
f (x)_lhl_)0 ] :

Omnepanys HaXOXJCHNUE MPOU3BOAHON Ha3bIBaeTCs MU HEPEHIINPOBAHNIEM.

OTO0 NpaBUIIO ABIAETCS OCHOBHBIM, T.K. BBIBEJICHO U3 caMoro onpeneneHus. OqHako npu

Qg epeHIIMPOBAHUH CIOKHBIX (DYHKIIHIA, CYMMBI, IPOU3BEIEHUS, YACTHOTO IPUMEHEHHE O0IIIEro
IpaBujIa OpeacTaBiseT 6onblne TpyaHocTd. [loaTroMy mpuMeHsoT npasuiia 1udhepeHupoBaHus.

Ilpasuna:

1. (f '(X)+ g(X)) = f '(X)+ g '(X) - TIpow3BojHAas CyMMBI paBHA CyMME TIPOU3BOIHBIX.

!
2. (C- f (X)) =c-f '(X) - TToCTOSAHHBIN MHOXKHUTEND MOXKHO BBIHECTH 3a 3HAK MPOM3BOIHOM.

3. (f (X) g(x))' = f '(X)- g(x)+ f (X) g’(x) - [powu3BoIHAs TIPOM3BEICHHSI.

() £(x)-a(x) - f(x)-a'(x)

4" X': 2(x
Kg()) 9%(x)

Dopmyavl ouchdepenyuposarus

HpOI/I3BOI[Ha}I YaCTHOI'oO

1. C=0 11. (sinx) =cosx
2. (x)'=1 12. (cosx) =-sin x
3' 2)’ = 2 13 t ' =

(x7) * (1) cos? x

4, (x3)'=3x2

Py /= p-1 T
5. (xP)'=px 14. (ctgx) = Sn7x
6. (e*) ' =e* 15. (ax) =a*-Inx
1 '
7. (Jx) == 16. (I _



: (() 'Oy 'O

1y 1
) 17. fgx =fgx -g x
8 ka o x’
9. (kx+b) =k 18. f'(kx+b)=k- f'(kx+b)
10. (Inx) = =
X

IIpu BbINOJIHEHNH PAKTHYECKO padoThl pACCMOTPUTE CJIeAYIOIIUe IPUMepPbI:
IIpumepnbr:

[Tonp3ysich hopmynamu U npaBuiIamMu AuQPepeHIUPOBaHUS, HAHANTE TPOU3BOIHbIC
1) y=3x® —7x* —x? +5x -7

Y =@x® —7x® —x2 +5x-7)=3-6x° -7-3x? —2x +5=18x" — 21x? - 2x + 5.

x®+4
2) y=
) V=3
(P44 (P+ ) —2)-(C+4@Br-2) 32 (Bx-2)— (> +4)-3
r_ | — 4 (3x
y—' | 5 = 2 =
K3x -2 BZx=2) (3x-2)
_ 9x% —6x2 —3x° —-12 _ 6x° —6x2 —12
(3x —2)? )
3) y — x- tgx (3x-2)
y' = (X-tgx)' = x"-tgx + X - (tgx)" =1-tgx + X - 12 =tgx+ X2 .
cos? X cos? X
4) y =tg?4x
y' = (tg24x)" = 2tg4x - (tg4x)’ = 2tg4x - L - (4x)" = 2tg4x - ! _4:8tg4x_
cos? 4x cos? X cos? x
5) y=+v6-x*
Y =(H6-x*""= S R '
) —— 6 x) — ( 4x) .
26— x* 26— x* 6 x
6) y=(8-3x)

y'= ((8—3x)6 ) = 6(8—3x)° - (8—3x)' = 6(8—3x)° - (-3) = —18(8 — 3x)°.
7)y =logs 12x

1 1 1
"= (log; 12x) = ——(12X)' = 12= :
y' = (log; 12%) 12x|na( ) 12xIna xIna

8) y =11%
3 = (11%) =11% . In11- (4x)’ = 11 - In11- 4 = 4In11-11%

Bonpocsl 1/141 3aKpensieHnsi TEOPeTHYECKOTr0 MATEPHAJIa K MPAKTHYECKOMY 3aHATHIO:
1. Yto Ha3pIBaeTCS MPOU3BOAHON PyHKIIMH?



2. Kaxkas onepamus HazbiBaeTcs auddepeHnupoBanieM?

Coaepsxanue oryera:
HazBanue nmpaktuueckoi paboThl.

YyeOuHas 1elsb.
Pemienue 3amanuii npakTH4ecKoil paboTHI.



OTBeTHI Ha BOIIPOCHI JIsI 3aKPETICHUS] TEOPETUYECKOT0 MaTepHarna.

Ilpakmuueckan paboma Ne 24: YpaBHeHUE KacaTeIbHOU K rpaduky GyHKIUU

Tema: «KacareabHas Kk rpagpuky GyHKIUN»
Henu: HayuuThCS HAXOUTH YITIOBOW KOA((UIIMEHT KacaTeabHOU K rpaduKy QYHKIIMH B 3aJaHHOM
TOYKE; COCTABJIATh YPABHEHUS KacaTeIbHBIX K TpaQuKy QYHKIUH 110 33IlaHHBIM YCIOBHUSIM.
KpaTkas Teopernyeckasi cnpaBka.

Cr1poroe onpeenenne KAcaTeIbHON:
KacarenbHast k rpaduxy Gpynkuun f, nuddepeHippyemoii B TOUKE Xo, - 3TO MPsiMasi, IPOXOIAILIAs Yepe3
TOYKY (Xo; f(Xo)) ¥ uMeromas yriioBoit koadduiuent f'(Xo).

VrioBoii koadduieHt umeet npsiMasi Buzaa y = kx + b. Koaddunuenr K u sBisercs yriaoBsim
K03(puuueHToM 3TON IPAMON.
VYr10Bo# K03 GUIMEHT paBeH TaHT€HCY OCTPOro yIia, 00pa3yeMoro 3Toi mpsiMoil ¢ ockio abciuce:

k=tgoa="1"(X).

3/1eCh yToJl 0. — 3TO YroJl MeKAY IpsmMoit Y = KX + b 1 mosI0KUTEIbHBIM (TO €CTh TPOTHB YaCOBOM
CTpeJKH) HampaBjieHreM ocH adciucc. OH Ha3bIBaeTCs YIJIOM HAKJIOHA MPAMOIi.

A Fric.1 A Frc.2 A Fric 3 A Fic.d
¥ ¥ ¥ ¥

97 \ v=h
o}
f//% . > \\; X" . Q0P x"

HaKJIOHA MPsiMOit Y = kX + b ocTphIii, TO yrioBoit KO3 OUIIHEHT SBISETCS MOJOKHUTEILHBIM YHCIIOM.
I'paduk Bo3pactaer (puc.1).

Ecnu yron naxiona npsmoit Y = kx + b Tynoit, To yrinoBoit k03 huIMeHT sBisieTcsi OTpUiaTeIbHbIM
guciaoM. ['papuk yosiBaet (puc.2).

Ecnm npsimast mapasmienbHa ocu abCIuce, TO yroJl HaKJIOHA TPSIMOM paBeH HYI0. B 3ToM ciiydae yrioBoit
KO3 PHUIMEHT MPsIMOI TOXKE paBEH HYIIO (TaK KaK TAHT€HC HYJS €CTh HOJIb). Y paBHEHHE NMPSIMOM OyeT
uMeTh BuA Y = b (puc.3).

Ecnu yron

Ecnu yron HakinoHa npsimoit paBed 90° (n/2), To ecTh OHa NMEPIEHANKYIIIpHA OCH a0CLUCC, TO IpsMast
3a/1aeTCs PAaBEHCTBOM X = C, rie C — HEKOTOpOe ACHUCTBUTEIBHOE YnCio (puc.4).



YpaBHeHHe KacaTebHOI K rpaduky ¢pynkmun y = f(X) B Touke X,:

y = f(Xo) + T '(Xo) (X —Xo)

AJITOPUTM pellieHUs YPaBHEHHsI KacaTeJIbHOi K rpaduky pynkmun y = f(X):

1. Berarcauts f(X,).
2. Beraucnute mpoussoansie f'(X) u f'(X,).
3. BHecTu HaiineHHbIe yncaa X,, f(X,), f'(X,) B ypaBHEHHE KacaTeIbHON M PEIIHUTD €ro.

IHopsinok BbINOJIHEHNSI PA0OTHI.
1. BraumarensHO HN3YUUTC TCOPCTUUCCKYIO CIIPABKY I10 TEMEC.

2. Pemmre cnenyromue 3agaHusl.

IMpumep1. Haiinem ypaBHenue kacarenbHol K rpaduxy Gpyukiun f(X) = x3 — 2x? + 1 B TOUKE ¢
abcruccoii 2.

Pelenue.
Crnenyem anroputMmy.

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

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

2) Haxomum f '(X). Jlns sToro npumensieM Gopmyitsl 1udhepeHIMpoBaHus, N3I0KEHHBIE B TIPEIBIIYIIEM
paszene. CornacHo >TuM dopmynam, x> = 2x, a x°> = 3x°. 3Hauur:

f/(x) =3x% — 2 - 2x = 3x* — 4u.

Teneps, ncnonb3yst noiay4deHHoe 3Hauenue f '(X), Berarcaum f '(X,):
f'(xo)=f'(2)=3:22-4-2=12-8=4.

3) Utak, y Hac ecTh BCe HEOOXOIMMBIE TaHHBIE: X, = 2, f(Xo) = 1, f '(X,) = 4. TloacTaBnsieM 3TH Yucia B
ypaBHEHHE KacaTebHOW M HaXOJAMM OKOHYATEIbHOE PEIICHHE:

y=f(Xo) +F'(Xo) (X—Xo) =1+4-(x—-2)=1+4x-8=-T+4x=4x -7,

OtBer. y=4x-7.

Ipumep 2. Ha pucynke n3obpaxensl rpaduk Gpynkiuu Y=f(X) u kacatenbHas K HEMY B TOUYKE C
abcuuccoil xo . Haligure 3HaueHne npon3BoAHON QYHKIIMU B TOUKE X0 .
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3HavyeHre MPOU3BOIHON QYHKIMHU Y=f(X) B TOUKE X0 PAaBHO TAaHTEHCY yIJia MEXIY KacaTeJIbHON
U TIOJIOKUTENbHBIM HanpaieHueM ocl OX. YUToObl ero HaliTH, BBIEIUM MIPSIMOYTOJIBHBIN TPEYTOJIbHUK,
TUIOTEHY3a KOTOPOTro JIEKUT Ha KacaTeIbHOM, a KaTeThl apajliedbHbl 0csIM KoopauHaT. O003HauUM
TOYKH C LEIbIMU KOOpAUHAaTaMu OyKkBaMU A U B - 3Tu TOuku BbIIETIEHBI HA KacaTEeIbHOM:

ITpoBenem uepes Touky A npsimyro napajiensHo ocu OX, a yepes Touky B - napaiiensHo ocu
OY. Honyuum npsimoyronbubsiil TpeyroasHuk ABC. Yron A tpeyronbauka ABC paBeH yriy Mexay
KacaTeJIbHOW U TOJIOKHUTENIbHBIM HarpaBieHueM ocu OX.

Tanrenc octTporo yria npsiMOyrojIbHOro TpEeyrojbHUKa PaBEH OTHOIIECHUIO IIPOTUBOJIEKALIETO
KaTeTa K nmpuiexaiieMy. JJJIMHbl KaTETOB CUUTAEM IO KOJMYECTBY KIETOUEK

OrTtser. 0,25.

IIpumep 3. Haiitu yrinoBoit ko3¢ (uIMeHT KacaTenbHOM, IpoBeIeHHOH K rpaduKy GyHKIUN
1

U=

T
4 B TOUKe c abcuuccoi x0=1.

Pemenne. Haxonum npousBoaHyto GyHKINN

Y
flle)==—) =+
1
Tor/a ipu Xo=1 3HaueHHe IPOM3BOIHON PABHO
INER . 3 .
) = 1% =1

Ortcroza mosyyaem, 4To yrioBoit ko3¢ uIMeHT KacaTelbHOl B Touke ¢ abcuuccoit Xo=1 paBen

,I,_‘ = f‘j I:J.:I - J.
OtBer. 1.

Hpumep 4. [Ipsamas y= 8x-5 mapanenbha kacaTenbHoi k rpaduky GyHKuuu y=x2 +7x +7. Haitaure
abcIuccy TOUKH KacaHMs.
Pemenne. YcnoBruem napajijieIbHOCTH JIBYX MPSIMBIX SIBJISIETCSI PABEHCTBO UX YIIIOBBIX KOA(P(UIIMEHTOB,
cnenoBarenibHO K=8 . YTioBoii k03¢ uImeHT kacarenbHON — 3TO €CTh 3HaYE€HHE POU3BOIHON (DYHKITUH
B TOUKe Xo. f '(X()) = 2Xo+7 =8, 2Xg = -1, Xo = -0,5.
Otser. -0,5.

3. BrImosHATE paKTHYECKYI0 paboTy MO BapUaHTaM.


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

IIpakTHyeckas padora

3apanue Nel. CocraBbTe ypaBHEHUE KacaTelbHOU K rpaduky dhyHkiuu y=f(X) B

TOYKE Xo.

1 y:x_SXZ,XOZZ 11 y:SX—x2,x0=_2

2 y=2x—x%%x0=1 12 y=6+2x;x3,x0

3 y =3x3 —4x + x2,x0 = —1 |13 y = 3x* — 4_+ Zicz,xo
= 2 —

4 y=x2—2x—1,x0=3 14 y = 6bx x:-I-35,xo
= x2 _

5 y =—2x2+x,x0 = —2 15 y=Xx +2x= _1:3x0
—_ _ 2 3

6 y=7x—-5-2x3,x0 =1 16 y=7 5x=12x,x0

7 y =2x —3x2 4+ xtxo=—-1 |17 y=2+3x2_+1x4,x0

I
8 y=§x3—3,x0=2 18 y=5x3_3x,x0=2
9 y=05x2 —5x,x =—2 |19 y = 05t = 55, %o
! y=lx4—3x =1
10 y =% = 3xx5 1 20 - X

3apnanmne Ne2. Haiitu yrioBoi kod(pPuImeHT KacaTeabHOM, TPOBEICHHON K

rpa@uky QyHKIUU B TOUKE Xo.

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

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

3 | y=3eX+2,5x, xo=0 13 | y=9-3x2-2x3, Xo=-1

4 | y=2x+7Inx, Xo=14 14 | y=5x+4x2+3e X, xo=0

5 y=4/x—-3x+1,x =1 15 | y=6x-4cosx, Xo=1

6 y= —; x3 —7x +1, Xo=6 16 | Y=4x-3Inx, Xo=6

7 |y=2x+cigr x ='_2° 17 |y =23 = 7% X=-2
8 | y=3x-x? xo=1 18 | y=6sinx-3X, Xo=0

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

Baganne Ne3. [Ipsimas mapanienbHa KacatenbHOM K rpaduky GyHkiun Y=Ff(X).

Haiimute abcmpiccy TOUKM KacaHUs.

1 |y=4dx+8,y=x—5x+7 11

y=5X+3, y = X?-7x+2

= Tx+ 11,y = x +8x+6 12

y=4-3X, y = 2x?-x-12

y=x+1,y = x?-5x+3

2 y
3 y = 3x—|—5,}-‘=x1—|—?x—5 13
4 |y= —dx—11,y = x —5x+7 14

y=-5x+2,y = 3x>+7x+1




5 |y==x+9y=x+T7x=5 15 | y=2-bX, y = X?-6x+2

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

7 |y=3x-2, y=-x2-12x+5 17 | y=5x,y = 2x?-8x-3

8 |y=-x+5 y=x2-7x-1 18 | y=4-x,y = x*+2

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

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

Ilpakmuueckan paboma Ne 25: ViccnenoBanve (yHKIINI HA MOHOTOHHOCTD U 9KCTPEMYM

HGJII/I BBIIIOJIHCHU S DaGOTBII
e HccienoBaTh MpaBUjIo IPUMEHEHHUS IPOU3BOAHOMN K HCCIICIOBAHUIO (YHKIIUH HA IPOMEKYTKH
MOHOTOHHOCTH U DKCTPEMYMBI
e [IpuMeHHUTH JaHHOE MPABUIIO MPH UCCIICAOBAHIUH KOHKPETHBIX ()YHKIIMI
e (Oco3Hath ce0s1 B JaHHOH TEME

[IproOperaeMbie YMCHUS:
o Jludpdepenunponarb GyHKIIUU
e lcnonp30BaTh MPOU3BOIHYIO ISl U3YUEHHS CBOMCTB (DYHKIIUN: IIPOMEKYTKH
MOHOTOHHOCTH, SKCTPEMYMBI () yHKIIHH
e Pemiath KOHKPETHBIC 32J1a4H TI0 UCCIICIOBAHHIO TPOMEKYTKOB MOHOTOHHOCTH U
IKCTPEMYMOB (DYHKITHIA.

PasBrBaeMbIe CITOCOOHOCTH:

e HccnenoBats popmynsl U ipaBuiia nuddepeHIpoBaHus

e liccrnenoBarh mpaBUIIO MPUMEHEHHSI POU3BOIHOM K MCCIIETOBAHUIO (PYHKIIMH Ha
MIPOMEXYTKH YOBIBaHU S, BO3PACTAHUS, IKCTPEMYMBbI (DYHKITUH.

e [IpoekTrpoBaTh TaHHBIC 3HAHUS ¥ YMEHHS HA UCCIICIOBAHIE KOHKPETHON (DyHKITHH

e OreHUBATH PE3yabTAThI MPUMEHEHHS JAHHBIX MTPABIIT K UCCIICOBAHUIO (DyHKIINN

e OreHUBATh PE3yJIBTATHI CBOCH JCITETLHOCTH B I[EJIOM TI0 UCCIICIOBAHHIO CBOWCTB
byHKIUH

e (Oco3HaBaTh YPOBEHb YCBOCHHS JAHHOTO ITpoIecca

MMOPAAOK BBIIIOJIHEHUSA PABOTDI:

1. Bxomnoit koHTpoJib: MccnenoBanrue OCHOBHBIX TMOHSATHM

1.1 OBIIIASI CXEMA UCCJIEJOBAHUS ®YHKIIMA U ITIOCTPOEHU UX T'PA®HUKOB
Haiitu o6mnacte onpeneneHuss yHKIUN

Onpenenutb Y4eTHOCTh, HEYETHOCTh (PYHKLINU

OnpenenuTs NEPUOTUUHOCTD PYHKIIUU

Haiiti npomexyTku MOHOTOHHOCTH (DYHKIIUU

Haiitu sxcTpeMmymbl GyHKIMN

Onpenenuts npu HEOOXOTUMOCTHU AOMOIHUTENbHbBIE TOUKH Irpaduka pyHKINH

Haiitu oGnacth 3HaueHus GyHKIUN

[TocTpouTts rpaduk GyHKIUU

ONoga~LONE

JIOCTATOYHBIN IPU3HAK BO3PACTAHUS ®YHKIIUA



Ecnu mpousBogHas GyHKIMY MOJIOXKUTENbHA B KaXKA0N TOUKE HEKOTOPOT'O MPOMEXKYTKA, TO (PYHKITHS
BO3pACTaeT Ha JaHHOM MPOMEKYTKE

JTOCTATOYHBINA NPU3HAK YBBIBAHUSI ®YHKIIUN
Ecnu npousBoHast GyHKIMK OTpHIIATENIbHA B KAKIOH TOYKE HEKOTOPOTO MPOMEXKYTKA, TO () yHKIIHS
yOBIBaET Ha JTAHHOM MTPOMEKYTKE.

JOCTATOYHBIE YCJIOBUA CYIHECTBOBAHUSA DKCTPEMYMA B TOUYKE (TOYKA
MAKCUMYMA U TOYKA MUHUMYMA)
Ecnu ¢yHkius HenpepblBHA B HEKOTOPOM TOYKE U cjieBa OT He€ MPOU3BOIHAS (PYHKIIMY UMEET 3HAK
«+», a cripaBa OT He€ MPOU3BO/IHAS UMEET 3HAK «-», TO JaHHAsl TOYKA SBJISIETCA TOUKON MaKCUMyMa
(GYHKIIMM Ha TAHHOM ITPOMEXKYTKE.

Ecan q)YHKI_II/ISI HCIIPCPbIBHA B HCKOTOpOﬁ TOYKE U CJIeBa OT Heé IMIPpOU3BOJHAA (bYHKI_[I/II/I HMCCT 3HaK
«-», a CIipaBa OT Heé IMpOn3BOAHAA UMCCT 3HAK «+t», TO JaHHAA TOYKA SBJIACTCSA TOYKOM MHUHUMYMa
(bYHKI_[I/II/I Ha JAHHOM ITPOMECIKYTKC.

2. OnpeneauTs NPOMeXKYTKH Bo3pacTanus (YObIBAHUA) TOUKH MUHUMYMA,
MaKCHMMYMa CJIeAYIOIIMX (PYHKIUI:

21, f(X)=3—;X

2 2

1y B
f’(x)=[3— (| =@ (1) -0,
2 ) 2
, 1
rk F'(X)= _E <0, To pynxuus yosBaer Ha Beeit ocu OJ13.

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

—2Xx=-2
X = 1-KpUTHYECKasd TOYKa.

£7%) —'4—\\///"//;31
Loy 77 e
f'(0)=-2-0+2=2>0
f'(2)=-2-2+2=-2<0

®yHKIMs BO3pacTaeT Ha (— oo;l]

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

(1;—2)- TOYKa MaKCUMyMa.

2.3. f(x) = x® - 3x?
F(x)=(x —3X2)l = (x3), —(3x2)’ =3x% —3.2x = 3x% - 6x



f'(xX)=0=3x?> -6x=0
3x(x-2)=0

3X=0MuWmM x—2=0

x=0 X = 2 - KpUTHYECKHE TOUKH
o
2.4, i(ﬂ /naax TN Tin / .

f'(-1)=3-(-1)° -6-(-1)=3+6=9>0
f'1)=3-(1)’ -6-1=3-6=-3<0
f'(3)=3-(3° -6-3=27-18=9>0
@OyHKIMs BO3pacTaeT Ha (— oo;O]u [2;+oo)
®yuxuus yossaer na [0;2]

Xmax = 0 Xmin =2
Omax = 0* =302 = 0 Ymin =2%-3.22 =8-3-4=8-12=—4
(0;0)- Touxa makcumyma (2;-4)- Touxa MuHEMYMa

3. BoInotHUTH 3a1aHKe ¢ JajibHelilIeil cCaMOoNnpoOBePKO.
3.1. UccnenoBaTh (hyHKIHIO HA TPOMEKYTKH MOHOTOHHOCTH M TOYKH SKCTPEMyMa.

f(x)=x®-27x
Ortser: (yuxuus Bospactaer na (— w0;-3]u [3;+oo)
(yHKIUs yObIBaeT Ha [— 3;3]
TOYKa MaKCHMyMa (— 3;54)
TOYKA MUHUMyMa (3;—54)
3.2. OnpenenuTh MPOMEKYTKH YOBIBAHUS 1 TOUKA MaKCUMyMa () YHKITHH.
f(x)=12x +3x? - 2x°
OrtBet: hyHKIUS YyObIBacT Ha (— oo;—l]u [2;+oo)
Touka makcumyma (2;20)
3.3. Onpenenuth MPOMEKYTKH BO3PACTAHUS U TOYKH MUHUMYMa ()YHKIIUH.
f(x)=x® —12x
OrtBet: QyHKIHUS BO3pacTaeT Ha (— oo;—2]u [2;+oo)

TOYKa MUHUMyMa (2;—16)

4. BbIX0HOI1 KOHTPOJIb.
1. Bapuanr

1. HUccnenoBaTh GyHKIMIO HA TPOMEKYTKH MOHOTOHHOCTH U SKCTPEMYMBI (QYHKIIUU:
f(x)=5x? -3x+1

2. ONpeAerauTb NPOMEXYTKH BO3paCTaHUs (YHKIIMU U TOUKY MUHUMYyMa:
f(x)=x* —3x2 -9x +1

2. Bapuaunt
1. HccnenoBaTh QyHKIHIO HA TPOMEKYTKH MOHOTOHHOCTHU M SKCTPEMYMBI (DYHKIIHU:

f(x)=2+9x+3x2 - x°
2. OnpenenuTh NPOMEXYTKH YObIBAaHUS U TOUKY MaKCUMyMa:
f(x)=2+9x+3x2 -3



3 BapuanTt
1. HccnenoBaTh PyHKIHMIO HA TPOMEKYTKH MOHOTOHHOCTHU M SKCTPEMYMBI ()yHKIIHU:

f(x)=3x? -2x+5
2. OnpenenuTh MPOMEKYTKH BO3PACTAHUS U TOUKH MUHUMYMA:
f(x)=x*-3x+3

4 BapuaHT
1. HccnenoBaTh QyHKIHIO HA TPOMEKYTKH MOHOTOHHOCTHU M SKCTPEMYMBI (DyHKIIHU:

f (x) = 8x — 5x?
2. OnpenenuTh NPOMEXKYTKH YObIBAHKS M TOYKH MAKCUMYyMa:

f(x)=—x* +3x* -4

Ouenka: «3» - 3amanue 1
«4 u 5» - 3ananue 1,2

Ilpakmuueckan paboma Ne 25: ViccnenoBanure BRIITYKIOCTH U TTepernda
Henn:
3Hamb:
o TOHATHA BO3pPACTAOIIEH U yObIBaKOIIEH (DYHKIINH;
o TOHATHUA IPOMEKYTKOB MOHOTOHHOCTH;
o TMOHATHA TOYEK MUHMMYMa U MAKCUMyMa, IKCTpeMyMa (QyHKLUU, KPUTUYECKUX

TOYEK;

e ANTOPUTM UCCIIENOBAaHUS (DYHKIIUU HA IKCTPEMYM;
ymemy:

e HAXOJWTh KPUTUYECKHE TOYKH, TPOMEKYTKH MOHOTOHHOCTH, 3KCTPEMYMBI
byHKIMY;

¢ C IIOMOILBIO MPOU3BOJHOMN HCCIEN0BATh PYHKIHUIO, 3aIaHHYIO (DOPMYIIOi;

IIpogoKNTEeILHOCTD 3aHATHA: 2 yaca

OO01me cBeleHUS U MIPUMeEPHI BHINOJTHECHUSA 3a1aAHUI:
I'paduk ¢ynkuuu f(X) HaseiBacTcs ebtnykavim Ha wuHTEpBaiae (@; b), ecau oH
PacCIoJIOKEH HUKE KacaTeIbHOM, MPOBEACHHOM K 10001 ero Touke.
I'padbuk  ¢dynxuuu f(X) HaspiBaeTcs 6ocHymbim Ha wHTepBasie (a; D), ecom  on
PACIIOJIOKEH BBIIIE KacaTeIbHOM, MPOBEACHHOM K JIFOOOM €ro TOYKe.

y‘ N
y=flx) £<0

0 sf(x)

ao L B A dla x, » x

Teopema (1ocTaTOYHOE YCJIOBHE BHIMYKJIOCTH, BOTHYTOCTH rpaduka (pyHKIIUNU):



Ecmu gynkuus y = f(X) umeer Ha unTepBaie (a; b) BTopyro nmpousBoaHyo f(x) 1 oHA
MOJIOXKUTENbHA, TO (DYHKIIMS BOTHYTa Ha 3TOM uHTepBaie. Ecnu xe f"'(x) oTpuniatenbHa
Ha uHTepBaie (a; b), To pyHKIMs BITyKTa HA 3TOM HHTEpBAJIE.

7] ’
fix) Touka rpaduxa pyukiuu M(xg; f(xp)), npu mepexozae uepes
—AMixifiny KOTOPYI0  KpWBas  MEHSET  HaMpaBJICHUE  BBIMYKJIOCTH,
Ha3bIBACTCS MOUKOI nepecuoa.

X X

0 b
Teopema (mocTaTo4HOE YCJI0BHE CYLIECTBOBAHUA TOYKH Neperunda):

Ecmu gynkuus y = f(X) umeeT Ha unTepBane (a; b) Bropyro npousBogHyto f'(x) ¥ npu
nepexoie 4yepe3 Touky x =a, f(X) MeHsieT 3HaK, TO TOYKa KPHUBOU C a0CIHCCOi

X =a, SIBJSIETCS TOUKOM meperuoa.

KpwBas,
Bbifyknas
Ha (a, b).

Kpusas,
BOTHyTas
Ha (a,b).

—

Kpusas pasmelyeHa
Huxe nioboi
CBOEeW KacaTenbHOM.

Kpusas pasMeuieHa
Bblwe niobon
cBOeit KacaTenbHo.

Lo

P Y

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

—

Kpusas,
BOTHyTas
Ha (a, b).

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

OnopHbI KOHCTIEKT.

W W BOTHYTOCTH

=

Kpueas,
Bbinyknas
Ha (a, b).

[ins nocTpoeHus rpachuka Lenecoobpa3Ho NpoaHanU3npoBaTh, Kakon Bug umeeT rpaduk

pyHKUUM Ha UHTepBane (a, b) B 3aBUCUMOCTY OT 3HaKOB NEPBOV U BTOPOiA NPOU3BOAHBIX.
K
|
i
|
i
|
i

Peaynbrat yno6Ho ceectu B Tabnuuy:
y]
H

yl
IO ‘0:3 b X

BO3pacraer,
BbINyKNas.

y'<0
Y0

y'>0
y'<0

s

)
1
'
'
i
b x

y'>0
y'>0

y'<0
y'<0

S|
o
o
x
o
o
X

<
<
=

y6biBaeT,
Bbinyknas.

ybGbiBaer,
BOTHyTas.

BO3pacTaer,
BOTHYTas.

AJIrOpuT™M HAaXO0XJICHUS
BBINYKJIOCTH rpaduka PyHKIUU:
1° HaxoasT BTOpYy10 TPOU3BOAHYIO (DYHKIIUH U TOUYKH, B KOTOPHIX OHA paBHA HYJIIO WU
HE CYLIECTBYET.

2° OnpenensitoT UHTEPBAJIbI HA KOTOPbIE 001acTh onpeeneHuss PyHKIUN pa3OuBaeTcs
HaWJIEHHBIMU TOYKAMH.

3° YTaHaBIMBAKOT 3HAKW BTOPOU MPOU3BOAHOMN B KAXJIOM M3 YKa3aHHBIX MHTEPBAJIOB.
Ecmu f'(x) < 0, TO B paccMaTpuBaeMOM WHTEpBaJie KpUBas BBITYKJIA;

eciu f"'(x) > 0, To B paccMaTpuBaeMOM MHTEpBaje KpUBasi BOTHYTA.

WHTEPBAJIOB

1.UccnenoBaTh GyHKUMU HA BBITYKIOCTh, BOTHYTOCTh. HaliTu Touku neperuoa.
y = x3—6x2+9x — 3.

1°Haiinem BTOpYIO pOoM3BOAHYI0: Y = 6x — 12; 6x — 12 =0, x = 2.

2°Touka x = 2 nenut 00JIacTh onpeaeeHus GyHKIIMU Ha JBa TPOMEKYTKA —00 < X <
2n2<x<oo.

30



b -0 <x<2 2 2<x <™
y'(x) + -1 -
y(x) N Touka nepecuba U

y(2) = -1

Takum oOpa3om, OJyuuM TOUKY reperubda (2;-1).

Kpurepuu ouenuBanusi padboThi:

Ha «3»:

ITepBsie 3 mpumepa

Ha «4»:

IlepBbie 4 mpumepa

Ha «5»:

Bce 3amanus

KonTpoJsibHbIE BONPOCHI:

1. Kakas kpuBasi Ha3bIBaeTCs BBIMYKJION (BOTHYTOM);

2. Kak onpenensiroTcsi TeOMETPUYECKH BBITYKJIOCTh U BOTHYTOCTh KPHUBOM?
3. IlonsTus: Touka reperuoa.

4. JlocTaToyHOE YCIIOBUE CYILIECTBOBAHUS TOUKH Meperuoa,

4. AITOpUTM HaXO0XIEHUS HHTEPBAJIOB BHITYKIOCTH Tpadrka QyHKIIHH.

Ilpakmuueckasa paooma Ne 26: ViccnenoBaHue BRIMYKIOCTH U Mieperuda, mocTpoeHUe
rpagukoB QyHKINH

eJb PA0OTLI:

- IPUMCHUTH YMCHUS 110 BIIAACHUIO HpeI[CTaBJ'ICHI/Iﬁ 00 OCHOBHBIX ITOHATHSAX MAaTeMaTHYCCKOr0 aHAIN3a U
nux CBOI\/JICTBaX, BJIAACHUC YMCHUCM XapPaKTCPU30BATh ITOBCACHUC (1)yHKIIPII7[, HCIIOJIb30BAHHUE TTOJTYUCHHBIX
3HAHUU AJI ONMMCAHUSA U aHaJIn3a pCaJIbHbIX 3aBHCHUMOCTEM.

Qoopyiosanmue:
1. Pabouast TeTpanp B KIETKY

2. PaznaTounble MaTepuaibl: KapTOYKU-3aJaHHs], MHCTPYKIIUOHHBIE KapThl — 20 MTYK.
3. KampkynsiTop mpocToii.

4. Pyuxa.
3ajnanue:
1 Bapuanrt 2 Bapuant
1 1. Uccnenyiite GyHKIMIO HA SKCTPEMYM C IMTOMOIIBIO TEPBOM MPOU3BOTHOM.
f)=-"x3+"-x2+1 f(X)=x*—4x+4.
3 2

2. Haiinmute mpOMEKyTKH BBITYKJIOCTH U TOYKH NIEpernda KPUBBIX:
y=x3+3x2 y =x3 —12x?% +145 .
3. JlaH 3aKOH TIPSIMOJIMHEHHOTO IBFOKEHUS TOYKH
s:—_t3+it2+_t+1 s=—_t3+3t% +5t+3
6 2 2 3
(t— B cexynmax, S — B MeTpax).Haiigure MaKCUMaIbHYIO CKOPOCTh JIBHIKCHHS 3TON TOUKH.



IIopsi/IOK BBHINOJHEHHS:
BaumaTenpHO MpOYNUTaTh TEMY U LIETh TPAKTUYECKON PabOTHI.

N3yunTh yaeOHBIN MaTEpHaIl IO TEME.
OTBETUTH HAa BOIPOCHI.

BrinonauTs 3ananusl.

IloaroroBuTh OTYET.

SR

Iosicnenusi K padore (vyeOHBINH MaTepuan):

IIpaBuno HaxoxaeHus skcTpemymoB Gpynkuun Y = f(X) ¢ nomousro mpoussoaHoii:
1. Haiitu npoussoanyio f'(X)

2. Haiitu xputnueckue Touku GpyHkmuu, B kotopeix f'(X) =0.

3. PaznenuTh 4MCIOBYIO OCh Ha IPOMEXYTKHA KPUTUIECKUMHU TOYKAMH.
4. UccnenoBaTh 3HaK MPOU3BOJHON B KaXKJIOM MUHTEpBaJie. Eciu npu 3TOM IPOU3BOHAS OKAXKETCS
OTPULIATENILHOM, TO (QYHKIMS BO3PACTAET, [1OJIOKUTENbHON — yObIBaeT. Eciu 3Hak MeHsieTcs ¢ mitoca Ha
MHHYC- 3TO TOYKAa MAKCHUMYMa, C MUHYCa Ha ILIIOC- 3TO TOYKA MUHUMYMA.
5. Beruncnuth 3HaueHus QyHKIHUU B TOUKAX S3KCTPEMyMa.

HanpagJienue BbINyKJIOCTH rpaduka GyHKuHMU

Kpusas Y = f (X) nasbiBaeTcs BbImykibli BHM3 B npoMesxyTke (8;0), ecnm oma nesxut Bbime
KacaTelbHOIl B IF060# Touke 3Toro npomexyrka. Kpusas Y = f(X) nasbiaercs Beinykiioii BBEpX B

npomexyTke (a;D) , ecru oHa nexkUT HIKe KacaTelbHOH, B IFOOO0H TOYKE ITOTO MPOMEKYTKA.
BoInyki1ocTh BHU3 WJIM BBEPX KPUBOM XapaKTepU3yeTcs 3HAKOM BTOPOM MPOU3BOIHON (pyHKINN
y = f(X): ecmu B Hexoropom mpomesxyTke T ''(X) > 0, To KpuBas BBINyKIa BHU3 B 3TOM IIPOMEKYTKE;

ecm ke f'"(X) < 0, To kpuBas BeITyKIa BBEPX B 3TOM MPOMEKYTKE.

TpaBuJI0 HAX0Xk/IeHHUs ToYeK neperuda rpadguka pynxuun Y = f(X)
1. Haiitu BTOpyto npoussognyto f''(X).

2. Haiitu xputnueckue Touku Gynkuun Y = f(X), B koropeix f''(X) o6pasyercs B Hynb nmu Tepnur
pasphIB.

3. UccnemoBats 3Hak BTopoi mpoussoanoi f''(X) B mpomexkyTkax, Ha KOTOPBIX HaiileHHbIE

KPMTUYECKHE TOUKH JENAT 06nacTh onpeaeienus Gpynkuun Y = f (X). Ecim xputvueckas Touka

paszensieT IPOMEKYTKH BBITYKIOCTH ITPOTUBOIIONIOKHBIX HAIIPABICHUN, TO OHA SBIsETCS 00LMCCON
TOUYKHM Nepernbda rpaguka.
4. BeraucnuTh 3HaueHUs (QYHKIMH B TOYKAX Ieperuoa.

IIpu BHINOJTHEHHH NPAKTHYECKOI Pad0ThI PACCMOTPHUTE CJeAYIOIIHe IPUMeEpPbI:
Ipumep 1:

UccnenoBath GyHKINIO HA SKCTPEMYM C TIOMOIIIBI0 BTOPOM MPOU3BOTHOM
f(x)=x3-9x? +24x -12.

1) IMpomssognas f'(X)

f'(x) =3x2 —18x + 24. 3x2 -18x+24=0
2) Kputuueckue TOYKu X2 —6x+8=0



f'(x)=0:
X1 =2, X2 =4 - KpUTUYECKHE TOUKH.

3) Bropas npomssoanas f''(X)
f"(x) =6x-18.

4) HccnemnoBaTh 3HaK BTOPOM ITPOM3BOIHON B Ka)KI0W KPUTHYECKON TOUKE:



f"(2)=6-2-18 =12 -18 = -6 < 0, 3Hauur X =2 gBIsgeTCcs TOYKOU MaKCUMyMa
f"(4)=6-4-18=24-18 =6 >0 ,3Haqm "X =4 sBnsercs ToUKoil MUHUMYMa.

5) Beruucnum 3HaueHHus QYHKIMH B THX TOYKaX:

f o =f(2)=23-9-224+24.2-12=8-36+48-12=8
fo=f4)=43-9.42124.4-12 =64-144+96-12 =4

Orser: f,,(2)=8; f.,(4)=4.

2. [Tpu BBITIOTHEHUHW BTOPOTO 3a/IaHUSI PACCMOTPHUTE TIPUMED.

HaiiTi IpoMeXyTKM BBINYKJIOCTH M TOYKH Iepernda Kpupoi y = 6x2 — X3,

1)Ipoussonnas Y'

y'=12x — 3x2.

2) Bropas npoussoguas Y
y'"=12 - 6x.

3) Kputnueckue Touku: y'=0.
12-6x=0

—6x=-12

X = 2 - KpUTHYCCKas TOYKa.
4) Vccnenyem 3HaK BTOPOM MPOU3BOIHOM y"' B MPOMEKYTKax (—00;2) " (2; oo).

y'(0)=12-6-0>0; Vy'(3)=12-6-3<0
X = 2 TO4Ka neperuda
Haiiném Y(2)

y(2)=6-22 -23 =24 -8 =16.
OrtBeT: Ha npoMexkyTKe (—00;2) KpuBas BBITYKJIa BHH3; Ha MpOMekyTKe (2;00) KpuBas BBITYKIa BBEPX;

(2;16) - Touka meperunda.
3. IIpu BBINOIHEHUHU TPETHETO 3a/IaHKsl PACCMOTPUM HPHMED.

HaliTh MaKCHMaJIbHYIO CKOPOCTH JIBHKEHHUSI TOUKH, €CIIM 3aKOH NPSIMOJMHEHHOTO IBUKEHHS 3a1aH
ypaBHeHueM S(t) = —t3 +9t? — 2t —8 (S — B MeTpax, t —B ceKyHIax).

CKOpOCTB OIBUXXCHHUA TOUYKHU €CTh HepBaH HpOI/ISBOJIHaSI HyTI/I BO BpeMeHI/I:
o(t) = $() = -3t? +18t - 24{n )

Hccnenyem 3Ty QyHKIIUIO HA MAKCUMYM U MHHUMYM C IIOMOIIbIO BTOPO TPOU3BOIHOM:

V'(t) = $"(t) = —6t +18

—6t+18=0
— 6t =-18
t=3

V"(t) = (-6t +18)'= -6 < 0
Bropas npousBojHas oTpHLIaTENbHA, CIEI0BATENbHO, CKOPOCTD SBISETCA HAaMOOJbILEH MPH t = 3 CEK.
Haiiném 3HaueHrE CKOPOCTH B MOMEHT t = 3CeK:

v(3)=-3-3 +18-3-24=-27+54-24=3(n |)

OrtBer: BMC .



Bonpocs! 1151 3aKpenJieHUsi TEOPeTHYECKOr0 MaTepHaJia K MPAKTHYECKOMY 3aHATHIO:
1. [IpaBuI0 HAXOXKAECHHSI SIKCTPEMYMOB (DYHKIIUH C TOMOIIBIO TTPONU3BOIHOM.

2. Kakue Touku (yHKIIMU HA3BIBAIOTCS KPUTHUECKUMHU?

3. Uto Ha3pIBaeTCsA SKCTPEMYMOM (QYHKIHH?

4. B xakoM ciy4ae KpuBast BBITYKJIasi BHU3, U B KAKOM clly4dae — BBepX?



5. TIpaBuiia HaXOKIEHUS TOUEK meperunda rpaduka GyHKIuu y=f().

Cojep:xxanue oryera:
HazBanue nmpaktuueckoii paboTHI.

VYyeOHas 1eb.
Pemenue 3amanuii mpakTHYecKoi paboThI.
OTBeTHI Ha BONPOCHI ISl 3aKPEIJICHUSI TEOPETUUECKOTO MaTepHraa.

Ilpakmuueckan paboma Ne 27: [IpuMeHeHne Mpou3BOAHON SISl OTHICKaHUS HAUOOJIBIINX

1N HAMMCHBIINX BCIINYUH
Ilenw: mokazaTh NPUMEHEHHUE MPOU3BOIHON K PEIICHUIO TEKCTOBBIX 3aj1a4 Ha HaX0XKJICHHE HauOOJIBIIINX
¥ HaUMCHBIIINX 3HAYCHMH.
Uto0bl JOCTHYB 1IeH paboThl, MOTPeOyeTCs PEUIUTh CIEAYIONINE 3a0auu:
M3YYUTh HAYYHYIO U HAYYHO-METOJUYECKYIO JTUTEPATYPY 10 TEME.
npopaboTaTh TEOPETUUECKYIO YACTh MaTepHaa.
noAaoOpaTh M MPOpEIIaTh TEKCTOBBIE 33]]a4H HAa TAHHYIO TEMY.

(pyHKUIUM HA OTpE3Ke.

Y ¥ Y ¥

f(x) f(x) f(x) f(x)
' |

I
|
! | | | | |
! ﬂ [ | | i :
T ! T " s L .
lxl 0/a Xz\\iy Jh_)x 0a xu g Wb X 0laxn = k:b X a'l 0 xl W b %

Puc.1 Puc.2 Puc.4

Kpartkas Teopernyeckas 4acThk (KOHCIEKT BMECTe ¢ pa300paHHBIMH puMepaMu). PaccMoTpum, Kak
MPOM3BOIHAS MCTIOIB3YETCS IS HAXOXKICHHUST HAMOOJIBIIIET0 M HAMMEHBIIETO 3HAUCHUST (PYHKIMH Ha
otpeske. HanbomnpIiee 1 HauMeHbIIee 3HaYEHNE HETPEPHIBHON (PYHKIIMU Ha OTPE3Ke MOXKET OBITh KaK Ha
KOHIIaX OTPe3Ka, TaK U BHYTPU HETO. ( B OTJIMYUE OT IKCTPEMYMOB (DYHKIINHU, KOTOPbIC Ha KOHIIAX
POMEXYTKa He MOTYT ObITh). Eciin HanOoubIIee niin HauMeHbIIee 3HaYeHNE IOCTUTAeTCsl BHYTPH
OTpe3Ka, TO ATO TOJILKO B CTAIIMOHAPHBIX TOUKAX (20e npou3600HAs pagHa Hy1i0) VI B KPUTHYECKUX
( 20e npouseoonas ne cywecmsgyem). bynem nx HazpiBaTh 0HUM cioBoM «Kpurnueckue». Paccmorpum
PHCYHKH.

Puc.1. Ha orpe3ok [a;b] momagatot nBe kputnyeckue Touku (X2 u X3). B Touke X2 Oynet Hanbosbiiee
3HAYeHHE, B TOUKE X3 - HAMMEHbIIIee. B 1aHHOM cirydae HauOomblliee 3HaYeHHE COBIAJIO C MAKCHMYMOM
GYHKIMH, HAMMEHbBIIIeE 3HAYCHUE COBIAI0 C MUHUMYMOM QYHKIUH. ¥Yraus (X2) U Yianw (X3) .

Puc.2. Ha otpe3ok [a;b] momanatot Tpu kputudeckue Touku (X1, X2 u X3). Haubospiiee 3HaueHne
HOJTY4MJIOCh HA KOHIIE IIPOMEKYTKA B T. @ © Yyano () , HAUMEHbBIIIEE — B KDUTUYECKOH TOUKe X3 :

VY saum (X3) .

Puc.3. Ha orpe3ok [a;b] monanarot nBe kpurndeckue Touku (X1 u X2). B nanHOM ciiyyae HanOoJibIee
3Ha4YEeHHE COBIAIO C MAKCUMYMOM (YHKIIHH B TOUKE X2 :: ¥ians (X2), HAMMEHbBIIIEE 3HAUCHHE MTOTYIHIOCH
Ha KOHIIE IPOMEKYTKA B T. D 1 Vg (0).

Puc.4. Ha orpe3ok [a;b] momagator nBe kputnueckue Touku (X1 u X2). Hanbosnpiee 1 HanMeHbIIee

3HAUEHHUE OKA3BIBAIOTCS HA KOHIAX OTPe3Ka: Yyaus (b), Yuamu (2).
AJropurmM Hax HUA HAU bIIECIro U HAUMECHbIIECT HAYCHUSA HKIUU :fXH T K

1. Haiimu npouzeoduyio f '(x).
2. Haiimu cmayuonapnvle u Kpumuueckue mouku (RpupasHamo RPoU3600HYI0 K Hy10, MO eChb

naumu f _(x)=0).




3. H3 nonyuennvix mouex evlopams me, KOmopwvie nOnaoaOm é 3a0aHHblil O YC108UI0 OMPE3OK.
4. Bwtuucnumps 3nauenue GYHKUUU 6 6bIOPAHHBIX MOUKAX U HA KOHUAX NPOMENCYMKA.
5. H3 nonyuennvix uucen eplopamo camoe Haudonvuiee Y, .6 u camoe Haumenouiee V.
PaccMmoTpuM npumeps! Ha JaHHYIO TEMY.
IIpumep 1. Haiitu Hanbosbluee ¥ HauMeHblIee 3HadeHne GyHkimun  f(X)= x* - 2x2
—3 mnaotpeske [ 0; 2]. B orBer 3anmcaTh HAaMMEHbIIIEE 3HAUCHHE.
Pemenue.
1. Hatimu npouzeoouyro f '(x).
frx)=(x*-2x2-3) =4x3-4x
2. Hatimu f "(x)=0.
4x3-4x=0 4x(x°-1)=0 4x=0 x*-1=0 x=0, x=1,x=-1
3. M3 monyuennsix Touek X = 0, x= 1, x= - 1 BEIOpaTh Te, KOTOPHIE MMOMAJAIOT B 33 JaHHBIH
orpesok [ 0; 2].
0€[0;2], 1e[0; 2], -lue €[0;2].
4. Bpruucium 3HaYCHHE 33JaHHONM (DYHKIIMH B BBIOpAaHHBIX TOUKaxX X = 0, X= 1 1 Ha KOHIax
orpeska[ 0; 2].
f(0)=0-2-02-3=-3
f(1)=14-2-12-3=-4
f(2)=2*-2-22-3=5

X 0 1 2
f(X) -3 -4 5
f Hauob (2) =5 f HauM (1) =-4 OTBerT:

Ipumep 2. Hajiitu HauboJibIee 1 HAUMeHbIIIee 3HaYeHne pynkuuun  f(x)= x3/

3-x2/2-2x+10 wna orpe3ske [ -3; 3]. B orBeT 3anmucaTh HanGoJIbIIEE

SJHAYCHUE. (OTBeT OKPYTIHTB JO IECATHIX).
Penienue.

f'(x)= (x3/3-x2[2-2x+10) =x?—x -2

2. x2-x-2=0 D=(-12-4-1-(-2)=1+8=9 =32

X1=(14+\9) /2= (1+3) [ 2 =2 X;=(1-V9)/2=(1-3)[2=-2/2=-1
2€[-3;3], -1l€[-3;3].
f(2)=23/3-22/2-2-2+10=8/3-2-4+10=6,7

f(- 1)= (-1)3/ 3— (-1)2/2-2-(-1) +10 =(-1)/3-1/2+2 +10 = 11,17

f(-3)= (-3)3/ 3 - (-3)2/2 - 2(-3) +10 =- 9 -4,5 + 6+ 10 =2,5

f(3)=3%3-32/2-23+10 = 9-45-6+10=85

=

> w

X 3] -1 2 3
f(X) 25 | 1117 | 6,7 8,5
fuans (2) =11,17  fuam(l) =2,5 OtBeT:

IIpumep 3. Haiitu HanGonbiiee n HanMeHbinee 3HaueHne Gyakun  f(X)=9 Cos X

+ 16X - 8 Ha otpeske [ -3n/2; 0]. B oTBeT 3amucaTh HauGOJIbIIEE 3HAYCHHUE.
Pemienue.

1. f (X)=(9 Cos x + 16X - 8)" =-9 Sinx +16



2. -9Sinx+16=0 -9Sinx=-16 Sinx=(-16)/(-9)=1,8 >1 — ner
pemenus, Tak kak - 1 < SINX < 1. Kputuueckux touex ner. Cpasy BHINOIHIEM
MyHKT 4.

3. Haiinem 3HaueHre QyHKLIMU HA KOHLIAX IPOMEXKYTKA.
f(-3n/2)= 9 Cos (-3n/2 )+ 16 ( -3n/2) - 8 =9Cos (n/2) - 24w -8 =
9-0-24-3,14—-8=-83,36
f(0)=9Cos(0)+16-(0)-8=9-1+0-8=1

X -37/2 0
f) | -8336 | 1

fuas(0) =1 fuann (-37/2) =- 83,36 OrtBer:
[Ipumep 4. Haiitn HanOobliee 1 HauMeHbInee 3HadyeHue pynkmun  f(X)= 12 tg
X — 12x+ 3n - 13 Ha orpeske [ -n/4; n/4]. B oTBeT 3anucaTh HaubObIIEE

3HA4YCHUC.
Pemienne.

f'(x)=(12tgx—12x+3n—-13)" =12/ Cos?x-12+0-0
(Opumeuanue: npoussoanas ( 371)" = 0 Tak kak 570 NOCTOSHHAS BETMYMHA)

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

[EEN

Cos?x =1 Cos X =1 m Cos X =- 1. onyuunu nsa npocTeifimx
TPUTOHOMCTPUYCCKUX YPABHCHUA, TJII KOTOPBIX UCIIOJIB3YyEM (I)OpMy.]'IBI YaCTHBIX CIIYyYacB.
Cos x =1 x=2nn, neZ. Ilpu n=0 x=27x-0=0

Cosx=-1 x=mn+2m, neZ Ilpu n=0 x=n+2n0=n

3. 0¢[-n/4; nl4], T we €[ -n/4; nl4] .

f(0)=12tg0—-12-0+ 3w - 13 =12-0-12-0+3-3,14 -13=-3,6
f(-n/4)=12 tg (-n/4) — 12-(-n/4) +3n - 13=12-( -1) + 3n +3n— 13=
-12 +6m -13 =-25 +6m = -25 +18,84 = - 6,16
f(n/4)=12 tg (n/4) — 12-(n/4) +3n - 13 =12-(1)-3n +3n - 13=-1

X -n/4 0 nl4
) | -616 | -36 1

f wano (7'5/4) =-1 T wanwm (-7'5/4) =- 6,16 OTtBeT:

Pemmmth caMOCTOSTENBHO.

1. Haiitu nanGonbliee U HaMMEHbIIEE 3HAUECHNE DYHKIINU

f(x)= x® +4x? - 3x - 12 na otpeske [ - 4; - 1]. B orBer 3anmcars HaubobIIEe
3HAuCHHUE.

2. Haiiti HanGoublee U HAUMEHBILEE 3HAUEHHE (DYHKIIUK

f(x)=x3-20x? + 100x + 23 Ha orpeske [ 9; 13]. B oTBeT 3anucarh
Ha¥MEHBIIIEE 3HAYCHHE.

3. Haiitu Hanbosnbllee U HaMMEHbIIEE 3HAUYEHUE (PyHKINH



f(X)=27x- 13 Sinx +11 Ha otpeske [ -2n ; 0]. B oTBeT 3anmucath HanOOJIbIIICE
3HAYCHHE.

4, Haiitu Haubosbllee U HAaUMEHbIIIEE 3HAUEHUE (QYHKIMH

f(x)= 15 tg X — 15x+ 4 ma orpeske [ 0; ©/4]. B oTBeT 3amucarh HaUMEHbIIIEE
3HauYCHUE.
OTBETBHL

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

4. fHaHM(O) =4 fHaI/I6 (7[/4) :712

Ilpakmuueckasn paooma Ne 28: ccrenoBanre u mocTpoeHue rpadukoB QyHKITUN ¢
TTOMOIIIBIO MPOU3BOTHOM

Iesnb— BbIpaOOTKAa YMEHHMH M HAaBBIKOB IPUMEHSATh MPOM3BOJIHYIO AJIS UCCIEIOBAHUS CBOMCTB (DYHKIMH,
noctpoeHus rpadukoB ¢pyHkuuid. PazButie ymenuii pabotars CO CIIpaBOYHBIM MAaTEPUATIOM, YICOHHKOM.
3anaun: 3aKOHCIEKTUPOBATh y4yeOHBIN MaTepua, UcCleoBaTh (PYHKLIMU IPU MOMOUIM MPOU3BOJHBIX,
MIOCTPOUTD IrpapUKU PYHKIMIA, OTBETUTH HA KOHTPOJIbHBIE BOIIPOCHI.

Conepxanue:

1. TeopeTnueckuii MaTepuail.

2. IlpakTudeckast 9acTb.

3. KoHTpOabHBIE BOIPOCHI.

Teopernuyeckuii maTepuall

[TonsiTHE POU3BOAHON — OJTHO M3 BaKHEHIINX B MaTeMaTuke. C MOMOIIbIO TPOU3BOJHON, YUUTHIBAS
€€ MEXaHWYECKHUIl CMBICT (CKOPOCTh M3MEHEHHs HEKOTOpPOro Mpollecca) U FeOMeTpUYECKUi cMbIc (Y-
JOBOM KOA(PPUIIMEHT KacaTeabHOI), MOKHO peIIaTh caMble Pa3HOOOpa3HbIC 3aadd, OTHOCSIIHECS K
mo00i 00MacTH YeNOBEUECKOM JeATEIbHOCTH. B YacTHOCTH, C TMOMOIIBI0 TPOW3BOJIHBIX CTAJIO
BO3MOXXHBIM TIOJIPOOHOE HCCieIoBaHUe (QYHKITHH, 00JIee TOUHOE MMOCTPOSHUE X TPa(GHKOB, HAXOKICHHE
WX HAaOONBIITNX U HAUMEHBIIINX 3HAYCHUH U T.1.

Hccaenopanue GpyHKumuii M mnocrpoeHue rpapukoB GpyHKuu
[Tpu noctpoennu rpadukoB PyHKIUNA C TOMOUIBIO MPOU3BOIHBIX MOYKHO MPUIEPKUBATHCS TAKOTO

T1aHa:

Cxema uccinenoBanust (PyHKIUH:

1. HaxoasT o6sacth onpeneneHus: GyHKITUU.

2. BeisicHAIOT, siBNsieTCs MM (YHKIHMS Y€THON WIIM HEYETHOM.

3. Onpenensior TOUKU nepecedeHus rpaduka GyHKINUN ¢ KOOPJUHATHBIMU OCSMH, €CJIA 3TO BO3MOXHO.
4. Haxonmat cTanmoHapHbIe TOYKHA (YHKIIHH.

5. OnpenensioT NPOMEXYTKH MOHOTOHHOCTH U 3KCTPEMYMBI (DYHKITUH.



6. Mcrionb3ys pe3ynbTaThl UCCIEAOBAHUS, COSIUHSIOT MOTYYEeHHbIC TOUKU TJIABHOW KPUBOIA.

OTOT miaH UcciaeAoBaHus (PYHKIIMHM U MOCTPOSHUs ee rpaduka SBISEeTCS MPUMEPHBIM, €ro He BCEraa
HaJ0 MPUIEPKUBATHCA IIYHKTYaJbHO: MOKHO MEHSATH MOPSAOK IIYHKTOB, HEKOTOPHIE COBCEM OIIYCKAaTh,
€CIIM OHU HE MOJXOMAT K JaHHOW (YHKIMHU. B yacTHOCTH, eclii HaX0Xk/IEHHE TOYEK MePECEUCHHS C OCIMHU
KOOpJIMHAT CBSI3aHO C OOJNBIIMMHU TPYAHOCTSIMH, TO 3TOI'O MOXKHO HE JIeJiaTh; eclu (YHKIIUS YeTHasi, TO
ee rpaguKk CHUMMETpUYeH OTHOcUTeNbHO ocu Oy, MOITOMY AOCTATOYHO MOCTPOUTH Tpaduk At
MOJIOKUTEIBHBIX 3HAYEHUH aprymeHTta, NpUHaANeKalmux oOjacTu omnpeaencHus (QyHKUIHUU, a 3aTeM
OTPa3UTh €ro CAMMETPUYHO OTHOCUTEJIBHO OCU OpJMHAT, U T.II.

3aganue Nel: UccaenyiiTe GyHKIMIO U NIOCTPONiTE ee rpaduk,
f(x) = x° +2x - 3.

Pemenue.
1. dyHkus onpeesicHa Ha IPOMEXKYTKe (-00; +00). Touek pa3phiBa HET.

2. Unmeem f(-x) = (-x)? + 2(-x) - 3 =x%-2x - 3.
f(x) = (X)? +2(X) —3=x2 +2x - 3
DyHKIUSA HE ABJIAETCA HU YETHOM, HU HEYETHOM, TaK KaK
f(-x) # f(x) u f(-x) # -f(x).
3. Ecm x=0, y= 0%42+0 —3= —3, (0;—3) Touka nmepeceueHns rpaduka ¢ ochio opauHaT. Ecim y=0, To
x4+2x—3=0. (—3;0) u (1;0) — Toukn nepeceueHns rpaduKa ¢ 0chio adCIHCC.
4 Haxoaum cranuoHapHble Toukd GpyHkuuu. Umeem y' = 2x + 2,

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

5. O0nacth onpesencHust GYHKIUHN pa3IeTUTCs HA MPOMEKYTKH (-00; -1) u
(-1;+00). 3Haku npousBoHOM {'(X) B KOKIOM MPOMEKYTKE MOXKHO HAWTH HEIOCPEICTBCHHON

MOJICTAHOBKOM TOYKHM U3 pacCMaTpUBAEMOI0 MPOMEKYTKA.
Tak, f'(-2) =-2<0, f(2)=6 > 0.

e

-1

»
»

CrenoBatesbHO, B POMEKYTKE (-00; -1) GyHKIHS yOBIBACT, @ B IPOMEKYTKE
(-1;+00) — BO3pacraer.
IMpu x = — 1 pyHKUMSA UMEET MUHUMYM, PaBHBIN

f(-1) = (-1)? + 2(-1) -3 = 1-2-3 =-4.
6. OTMeuaeM HaiJIeHHBIE TOYKH B MPSIMOYTOJIBHON CHCTEME KOOPIMHAT M COSIUHSIEM UX TUIABHOU
JIMHUEH.



3ananme Ne2: UccienoBaTth PyHKUMIO H NOCTPOUTH rpauk:

5x2 +x+1

Y=

X
1. O6macte onpexnenenus: (—0,0) U (0,00).
2. OyHKIMS HU YETHA, HU HEUETHA, HETICPUOINICCKASI.
3. Touek mepeceyeHus C OCIMU KOOPAUHAT HET.

L % -1
4. IlpousBoaHas: y = 7
5x2 -1
HaxoauMm cranuoHapHble TOUKH (QyHKLIHUN —=0
X
5
0 x=t_—
XF# X 5
V5 V5
+ ~F w ) =5
- o -
min

5. ®yHKIMA BO3pAcTaeT Npux € (—00;—

P IS;OO)I/I}/&:IB&GT pu X € (—‘/5. : P
Y 500 %)
PR s

Makcumym dpyakmuu:(— _ ;1—2 ) Muaumym pyakmumu ( 5 142 )

Haiinem MMPOMECIKYTKHU BBIITYKJIOCTH U BOTHYTOCTU

3 3
- +2 2 2
y's 10x 10x X _ % 20 x40
7 3 3
X X X

Oynkius BorayTa pu X € (0; 0) 1 BBIIyKIa IIpH X € (— 0 ;0)
6. [lys Gosiee TOYHOTO MOCTPOCHUS rpadrKa BO3bMEM KOHTpoJbHbIC ToukH. Ecim x=1, y=7 (1;7)
Ecmu x=—1, y=—5 (—1;-5)
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3amanme Ne3:
VYyeOnuk M.M.bammakoB. AnreOpa n Hayana MaTeMaTUYECKOTo aHaiu3a, reomeTpus. Mockaa.
«Axkanemus» 2017. 3anstue 6, crp. 183-186. [IpounTaiite 1 3aKOHCIIEKTUPYHUTE.

Tpe6oBanus k 0(popMIeHHIO MPAKTUYECKOH PadOThI
3aanue A7 BBIMOIHEHUS PAKTUYECKOM pabOThI TOJKHO OBITh IEPEHECEHO B TETPAIb IS MPAKTUYECKUX

pabor.
B Terpaan 10MKHO OBITH OTPAXKEHO:
- Ha3BaHME MPAKTUYECKOH paboThI
- pelIeHue 3aJJaHui NPaKTHYeCKOM JacTu.
- OTBETHl HA KOHTPOJIBbHBIE BOIPOCHI.
2. IlpakTHyeckas 4acTh

3aganue: UcciaenoBars QyHKIUIO H NOCTPOUTH ee rpaduk.

1 BapuanT 2 BapHaHT

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

2 2

x +4 x

4.y= — 4.y= —

X x+1

3. KoHTpoJibHbIE BONPOCHI
1. Kakue mpoMeXyTKH Ha3bIBAIOT MPOMEKYTKAMU MOHOTOHHOCTH (DYHKITHH?
. Korna gynkuus Bo3pactaer Ha IPOMEKYTKe?
. Korna pynkuus yobiBaeT Ha mpoMexyTke?
. Kakue Toukn Ha3bIBatOT TOUKaMH SKCTpeMyMa (DyHKITUN?
. Kakue Touku Ha3bpIBatOTCS CTAllMOHAPHBIMU?
. ChopmynmupyiiTe 10CTATOUHOE YCIOBHE CYIIECTBOBAHUS MUHUMYMa B CTAIlMOHAPHON TOYKE.
. ChopmynmupyiiTe 1O0CTATOYHOE yCIOBHE CYIIECTBOBAHUS MAaKCHMyMa B CTAIIHOHAPHOMN TOUYKE

~N o o wN



Ilpaxkmuueckasa padoma Ne 29: HaxoxieHue ONTUMATBHOTO PE3YIIBTATA C TIOMOIIBIO IPOU3BOIHON
B MMPaKTHYECKHUX 3aaadax. Ou3nyueckuii CMBIC MPOU3BOIHON B TPO(ECCHOHATBHBIX 3a7adax. Perenue
3a/1a4 Ha (PU3HYECKUN CMBICI MPOU3BOJIHON B MPOPECCHOHANTBHBIX 3a/1a9ax

Henab: pemnts 33124 Ha GU3UYECKUN CMBICI IPOU3BOIHOM
TeopeTuyeckas 4acThb

®u3nyeckHii CMbIC] NPOU3BOJIHOM 3aKJII0OYAETCS B TOM, YTO IPOU3BOJHAS BEIPAXKAET CKOPOCTh
POTEKaHMs MPOIlecca, OMMCHIBAEMOTO 3aBHCUMOCThIO Y = f(X):

- €CJIM 3TO JIBUXKEHUE aBTOMOOMIIA, TO, IPUHUMAs! B KauecTBe (yHKIIMU 3aBUCUMOCTb ITPOHAEHHOTO
paccTosiHUS OT BPEMEHH, C IIOMOILBIO ITPOU3BOIHON M1OJIY4aeTCsl 3aBUCUMOCTh CKOPOCTU OT BPEMEHH;

- €CJIM 7K€ PaCCMOTPETh B Ka4eCTBE (DYHKIIMU MTHOBEHHYIO CKOPOCTh aBTOMOOMIIS, TO IIPOU3BOIHAS
3aJ1a€T U3MEHEHHE €r0 YCKOPEHUS;

- €CJIM PacCMOTPETh (PYHKIINIO, 33/IAI0IIYI0 3aBUCHMOCTh 00beMa MPOU3BEICHHON MPOTYKIIUH OT
BPEMEHMU, TO MPOU3BO/IHAS [TO3BOJIUT y3HATh, KAK U3MEHSIACh CO BPEMEHEM IIPOU3BOJUTENBLHOCTD TPyAa
Ha 3TOM IPEANPHUITHH;

- €CJIM PaCCMATPHUBAIOTCS JIEKTPOMArHUTHBIE BOJIHBI, TO MOTYT MOTPEOOBATHCS (PYHKIUH,
XapaKTepU3YIOIUEe U3MEHEHUE CO BPEMEHEM 3JICKTPUYECKOI'0 U MArHUTHOTO MOJICH, a TaKkKe UX
IIPOU3BOJIHBIE - CKOPOCTH M3MEHEHUS ATUX I0JIeH, Be/lb BEJIMUMHA MAarHUTHOTO T1OJISI TPONIOPLIMOHAIbHA
CKOPOCTH U3MEHEHUS 3JIEKTPUUECKOro MoJIs U T.I1.

Pemast KOHKpeTHbIE TEKCTOBBIE 337]a4l HAa CKOPOCTh IIpoliecca ¢ IPUMEHEHUEM IPOU3BOAHOM, CIEAYET HE
3a0bIBaTh O pa3MEpHOCTSIX BenuuuH. Ecin nepemenHas Y, 3ananHas Gpyunkuueii f(X) usmepsercs B
HEKOTOpPBIX eInHuLaxX [Y], a e€ apryMeHT B eIMHULaX [X], TO IpOu3BOAHAs (CKOPOCTh) U3MEPSETCS B
enunurnax [y/x].

CKOpOCTh MPSIMOJIMHEHHOTO IBUKEHUSI MAaTEPHAIbHON TOYKH B MOMEHT BpeMeHH t €CTh IPOM3BOIHAS OT

IyTH S 10 BpeMEHU t:
V(D) =S,

a YCKOpPEHHE — IPOM3BOIHASI CKOPOCTH IO BPEMEHHU:
a(t) =v'() =8"(1).
Ecnu ¢pynkius y = f (X) onuceiBaeT kakoi-In00 GU3NIECKHUil MPOIIece, TO MPOU3BOIHAS ¥’ €CTh CKOPOCTh
IPOTEKaHMs ITOTO Mpoliecca. B 3ToM 3akimtouaeTcs MEXaHUUYECKUH CMbICT IPOU3BOJHOM.
[Ipumepsr:
1. 3akoH ABUKeHHUs Tena 3a1aH dopmymnoit S(t)=0,5t% + 3t + 2 (S - B meTpax, t — B cexynaax). Kakoit
MyTh TPOWJIEH TeJoM 3a 4 cekyHbI? KakoBa CKOpOCTh JABMKEHHSI B STOT MOMEHT BpEMEHH?
Pewenue:
S(4)=0,5-4% + 3-4 + 2 = 8+12+2=22 (m)
v(t)=(0,5t> + 3t + 2)'=t+3(m/c)
V(4)=4+3=7 (m/c)
Omeem:7 m/c
2. ITycTh KOJIMYECTBO BEIIECTBA, BCTYITUBIIETO B XUMHUECKYIO PEAKIIHIO, 331aéTCs 3aBUCUMOCTHIO P(t) =
t2/2 + 3t -3 (moaw). HaifTi cKOpPOCTH XMMUYECKOH PEaKINy depe3 3 CeKyHIbI.
Pemenne:
v(t) =p’(t) =t + 3 (monv/c)
v(3) =3+ 3 =6 (morv/c)
Omeem: 6monv/c
Xoxa padoTsbl
[epepucyiite B TeTpab U 3aMOJHUTE KIACTEP-CXEMY (JJaHHBIC BO3bMHUTE U3 TEOPETHUECKON YaCTH):



—

CKOPOCTb

BrimonauTe MNpCAIOKCHHDBIC 3aIaHU.

Bapuanrl

dusundeckuit
CMBICJT
NPOU3BOJHOU

—

yCKOpeHUe

Bapuanrt 2

Pemmts 3amauy

1.

3aKoH JABMKEHUS Tella 3a/1aH (HopMyIIoi
S(t)=t3+3t-4 (S - B Mmerpax, t—B
cekyHaax). Kakoit myTh nmpoiaeH Tenom
3a 4 cexyHpl? KakoBa ckopocTh
JBUKEHHS B 9TOT MOMEHT BpEeMEHU?

[Tycth momyssiius OakTepuii B MOMEHT t
(cex) HacumThiBaet X(t) = 3000 + 100 t?
ocobeil. B kakoil MOMEHT BpeMeH!
CKOpPOCTb POCTa NOMYJISALUH OyJeT paBHA
600 ocobeii B cexyHy?

O06béM mpoaykuuu V 11exa B TeUeHHe
JTHS 3aBUCUT OT BPEMEHH 10 3aKOHY

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

Beruncnure mpou3BOUTEILHOCTD TPy
I1 (t) B MOMeHT BpeMeHH t = 2 Jaca.

MamMa ¢ 10YKOM T'yJIsiau B ITapKe.
JleBouka 3axoTena moKaTaThCs Ha
Kapycemsix, a Mama permia
chororpadupoBaTs 10uKy. Bpamienue
KapyCceJH COBEPILAETCS 10 3aKOHY

g)= % t— % t2. dortorpadus MoxKeT

OBITH XOPOIIETO KAaU4eCTBA TOIBKO MPU
yCKOpeHHH paBHOM 3 M/c2. B kakoii
MOMEHT BPEeMEHH HEOOX0TUMO CAeNaTh
CHUMOK?

3aKoH JBUKEHHUS Tea 3aJaH GopMyIIoit
S(t)=t3- 3t + 4 (S - B MmeTpax, t— B
cekyHnax). Kakoit myTe npoiizeH Tenom
3a 4 cexynapl? KakoBa ckopocTh
JBUKEHHS B 9TOT MOMEHT BPEMEHH?

ITycth momysmsiius 6akTepuii B MOMEHT t
(cex) HacumThIBaet X(t) = 4000 + 200 t?
ocobeil. B kakoit MOMEHT BpeMeHU
CKOPOCTh poCTa MOMYJISIUU Oy/eT paBHA
800 ocobeii B cexyH1y?

O6béM mpoaykuuu V 11exa B TeUeHUE JTHS
3aBUCHUT OT BPEMEHH I10 3aKOHY

V(t) = 5§t3 - 157t2 +50t + 70 (eo.).

Beruncinte npou3BOAUTEILHOCTD TPY/Ia
I1 (t) B MOMeHT BpeMeHH t = 2 gaca.

MamMa ¢ JOYKOU TI'yJIsau B IapKe.
JleBouka 3axoTena mokKaTaThCcs Ha
Kapycensix, a Mama pelnia
chororpadupoBats q0uUKy. Bpamnienue
Kapyceu COBEPIIAETCS MO 3aKOHY

g = ﬁt?’ -3 t2. doTtorpadus MoxKeT

OBITH XOPOIIETO KaueCTBa TOIBKO MPU
yCKOpeHHH paBHOM 2 M/c?. B kakoif
MOMEHT BPEMEHH HEOOXOIUMO CHCIIATh
CHUMOK?

Ilpakmuueckan paboma Ne 30: 1lonsatue MHOrorpanHuka. Bepmunsl, péopa, rpanu
MHOTrorpaHHuka. Pa3séprka. MHororpanHselie yribl. Beinykiibie MHOrorpanHuku. Teopema
Diinepa.
3anganme 1: 3anucaTh B TETpaab MOHATUS MHOTOTPAaHHUKA, BEPIINHBI, peOpa, rpaHu; MPaBUILHOTO

MHOI'OrpaHHHUKa.

MmnozoepanHuk - TE€OMETPUYECKOE TEJNO, OrPaHUYEHHOE CO BCEX CTOPOH
MHOTOYT'OJIbHUKAaMU, Ha3bIBaeMbIMU 2panamu. CTOPOHBI TpaHel Ha3bIBAIOTCS pedpamu

IIJIOCKUMHU



Boinykiblii MHOTOIpaHHUK Ha3bIBAETCS MPAGUIbHBIM, €CIA BCE €ro IpaHM — IPaBHIIbHBIC
OJINHAKOBBIE MHOTOYT'OJIbHUKH M BCE MHOTOTPaHHBIE YTJIbI NMPU BepIIHaxX paBHbI. CyIIeCTBYET 5 BHUIOB
MIPaBWJIbHBIX MHOTOTPAHHUKOB: TETPa’ip, KyO, OKTadAp, 10AEKadIp, UKOCAIP.

3aganue 2: 3anucarh B TETpaab TeOpeMy Diliepa
Teopema 3diinepa O COOTHOIICHHHM MEXAY YHCIOM BEpIIMH, pedep M TpaHeW BBIIYKIOTO
MHOTOTpaHHHKA, I0Ka3aTelbCTBO KOTOpoit Ditnep onyonukosan B 1758 .

Bepwunwt + I'panu - Péopa = 2.

Bepwunut + I'panu - Péopa = 2.

MHororpaHHuk BepumHbl I'pann | Péopa glcl\I:MeTpnn g;i;’;ﬁ:;:;
Terpadap 6 3 6

Kyo 12 9 9

OxTasap 12 9 7
Hoaexadap 20 12 30 15 15
Hxocarap 12 20 30 15 15

3ananue 3. U300pa3ute TeTpa’ap, Ky0, OKTadAp U YKAKUTE TPaHU, pedpa U BepIUIUHbBI.
3anganmue 2: 3anucaTh B TETPAAb HOHAMUE HPU3M, €€ ITNEeMEHM 08

Ilpusma — 3mo MHO202PAHHUK, 06e 2PAHU KOMOPO20 AGNAIOMCA PAGHLIMU MHO20Y201bHUKAMU,
HAXO00AWUMUCA 8 NAPAJIIEIbHBIX NIOCKOCMAX, A OCMAIbHbIE ZPAHU — RAPATIEN0ZPAMMAMU.
['panu, KOTOpBIE HAXOIATCS B MapajlIeIbHBIX MIOCKOCTSX, HA3BIBAIOTCS OCHOBAHMSAMM TPU3MEI, a
OCTaJbHBIC TPAaHU — OGOKOBBIMHU IPAHSIMHU TTPU3MBI

B 3aBHCHMOCTH OT OCHOBaHUS MPU3MBI ObIBAIOT:

TpeyroibHas YeTsIpEXyroibHbIE [ITectnyronpHas

[Tpuzma ¢ GoxoBbIMH pEOpPaMu, MEPICHIUKYIAPHBIMU €€ OCHOBAHHSIM, Ha3bIBAETCsI MPSAMON MPU3MOH,
KaK B IIPEIBIYIINX PUCYHKAX.



[IpsiMast mpu3Ma Ha3bIBACTCS MPABUJIBHOM, €CJIM €€ OCHOBaHMS — MPABUIHHBIE MHOTOYTOJIBHUKH.
[Ipu3zma, OokoBbie pEOpa KOTOpPOH HE TNEPHEHAUKYISPHBI
OCHOBAHMSIM, Ha3bIBACTCSI HAKJIOHHOM NMPU3MOI.

Paccrosuue MEXIY OCHOBAHUSIMHU IIPU3MBI
Ha3bIBACTCS BBICOTOM ITPU3MBI.

e BricoTa npsMoii Mpu3Mbl COBNAAACT ¢ OOKOBBIM peOpoM.

e BricoTa HaKJIOHHOM MPU3MBI — 3TO NEPHEHAUKYJIIAP,

IIPOBEACHHBIN MEKly OCHOBaHHUAMU IpU3MbL. HacTo

MEPIEHIUKYIISIP MPOBOASAT C OJHOM U3 BEPIIMH BEPXHETO

OCHOBaHHUSI.

e be3 10NOIHUTENBHBIX YCIOBUM HEBO3MOXKHO OIPEAEIUTh, B
KaKyl TOUKY IPOEKTUPYETCS BbICOTA HAKJIOHHOW MPU3MBI.

UYro Takoe pasBepTKka

10.31
§' & L PasgepTKa MHOTOrPaHHUKA — 3TO

burypa, coctaBneHHas U3 MHOroyrosbHUKOB,

ABNAIOLLMXCA €ro rpaHAMM U PacnoNOXKeHHbIX onpeaeneHHbIM
obpasom. Ha pucyHke 10.31 n3obparkeHa HekoTopasa durypa. 310
[passepTKa Kyba.

1) IlepeuepTnTe pPasBepTKy Ha JHCT KJeTdaToi Oymarw, yBeJIWdYHB Tak,
uT0OBI CTOPOHA KAMA0ro Keaapara 6ewia passa 3 cm (doro I).

2) BrlpexbTe GHrypy u3 OymMard H CJIOXKHTEe, KaKk NIOKazaHO Ha
dororpabuu 2. ¥V Bac nonyuurca xKyb (doro 3).

BbINOJHHUTD TECT 1O TEMe:
Tect o Teme «MHOTOrpaHHUKN
Bapmuanr 1
1. MHOrorpaHHUK — 3TO T€JO, TOBEPXHOCTh KOTOPOTO COCTOUT U3:
a) mapajyieJorpaMMOB
0) MHOTOYTOJILHUKOB U TPEYTOJILHUKOB
B) MHOTOYTOJIbHUKOB
I') MHOTOYT'OJIbHUKOB U MapajieJorpaMMoB
2. Eciu OokoBeie pebpa Tpu3MBbl TMEPHCHAUKYISAPHBI K OCHOBaHHSIM, TO TIpU3Ma
Ha3bIBAETCS
a) MpaBWJIbHOM
0) mpsimMoit



B) HAKJIOHHOM

I') MEePIEHIUKYISIPHON

. [lnaroHaib MHOTOTpaHHHUKA — 3TO OTPE30K, COETUHSIOIIUI

a) Jro0ble JIB€ BEPIIMHBI MHOIOIPaHHUKA

0) JBE BEPIUUHBI, HE IPUHAIEKALUE OJHOU IPaHU

B) JIB€ BEPLIMHBI, IPUHAAJICKAILUE OJHONU I'paHU

I') JIB€ BEpLIMHBI, OJTHOI'O OCHOBaHUS

. KonnuectBo pebep mecTuyroiabHONU IpU3Mbl

a) 18

0)6

B) 24

r) 12

. HamMeHnb11ee 4nciio rpanei mpu3Msl

a) 3

0) 4

B) 5

r) 6

Bapuant 2

. IIoBepXHOCTb MPU3MBI COCTOUT U3

a) IByX MHOTOYT'OJIbHUKOB, PAaCIIOJ0KEHHBIX B IBYX PAaBHBIX INTIOCKOCTSX U KOHEUHOTO
YucIia napauieJorpaMmmMoB

0) IBYX paBHBIX MHOTOYT'OJbHHKOB U KOHEYHOT'O YKCIa apajljeIorpaMMOB

B) JIBYX PaBHBIX MHOTOYTOJIbHHUKOB, PACIOJIOKEHHBIX B IBYX INIOCKOCTSX M KOHEYHOTO
quclia mapauienorpaMMoB

') ABYX PaBHBIX MHOTOYTOJIbHUKOB, PACHOJIO0KEHHBIX B MAapaIENbHbBIX MJIOCKOCTAX U
KOHEYHOT0 YKCiia apajijIeIorpaMMOB

. IIpaBunpHas npusma — 3710

a) TpU3Ma, OCHOBAHHEM KOTOPOMU ABJISIETCS MPABUIIbHBIN MHOTOYT'OJIbHUK

0) mpu3Ma, OCHOBAaHHEM KOTOPOM SABJISIETCSI PABHOCTOPOHHUM TPEYTrOJbHUK

B) IpsiMasi IpU3Ma, OCHOBAHHEM KOTOPOM SIBJISIETCS MPABUIIbHBI MHOTOYTOJIbHUK

') npsMas pu3Ma, OCHOBAaHUEM KOTOPOH SIBIISIETCA KBAJpaT

. BbICOTO MpHU3MBI HA3BIBAETCS:

a) OTPE30K, COETUHSIONINI IBE BEPILIMHBI IPU3MBbI, HE PUHAJICKALIUE OJTHON IT'paHu

0) OTpe30K, COCTUHSIONINM JIBE BEPIIMHBI, IPUHAJIJICKAIUE OJTHOU IPaHu

B) PACCTOSIHUE MEXKY INTIOCKOCTSIMU €€ OCHOBAHMIA

') PacCTOSIHUE MEXIY ABYMsI OOKOBBIMU I'PaHsIMU

. KonnuecTBo rpaHeil mecTuyroapHON MPU3MBI

a) 6

0) 8

B) 10

r) 12

. Haumenspuiee uncio pedep npu3Mbl

a) 9

0) 8

B) 7



r) 6

Kputepun onenkn: «5» 6aJioB — 5 BEPHO BBIMOJHEHHBIX 3aJlaHUN
«4» 6amna — 4 BEpHO BHITIOJIHEHHBIX 3aaHUS
«3» 0aymta — 3 BEpHO BHIOJHEHHBIX 3aJaHUs

OTBeThI:
Bapuant 2
1 0
2 B

Ilpaxkmuueckaa paooma Ne 31: [Tpusma. [Ipamas u HakiioHHas npusMa. [IpaBuibHas

npusma. [lapamnenenunen, Ky6. CBolicTBa mapaiesnenumneia
[enb paboThI:
1) IToBTOPUTH ¥ 3aKPENUTH BU/IbI IPU3M U UX CBOICTBA.
2) BeipabotaTh yMeHUs JenaTh K 3a/ila4aM IPaMOTHBIC YEPTEKH.
3) BeipaboTaTh yMEHHUS M HABBIKU [IPU PEIICHUH T'€OMETPUYECKHX 3a1a4 1o Teme «[Ipr3may.
Ob6opynoBanue: KapTa MHINBUAYATILHOTO 33JaHHS, MUKPOKAIBKYIATOP.
JUi1s BBIIOJIHEHU S IPAKTUUECKOW PabOThl UCTIONB3YITE CIIEAYIOLIE CBEACHU:
e Ecnu OokoBble peOpa NMpU3MBbI NMEPIEHAUKYISIPHBl OCHOBAaHMSAM, TO IpPU3Ma Ha3bIBaeTCs NMPSAMOHU, B
IIPOTUBHOM Ciy4ae HaKIOHHOH.
e [IpsimMas mpu3Ma, B OCHOBAaHUYU KOTOPOH JIEKUT IIPABHIIBHBIA MHOTOYTOJIbHUK, HA3bIBAETCS IIPABUIIBHOM.
o [lepnieHUKYIIsIp, OMYIIEHHBIN U3 JIIOO0H TOYKH BEPXHETO OCHOBAHMS Ha IMJIOCKOCTh HUYKHETO OCHOBAHMUS,
Ha3bIBAETCS BHICOTOM MPU3MBI. Y NMPSAMON M MPaBUIBHOM MPU3MBI BEICOTA paBHAa OOKOBOMY pedpy.
e JIMaroHaJplo MPHU3MBblI HA3bIBAeTCs JIHOOOH OTPE30K, COSAMHSAIONIMM /BE HE JeKallue B OAHOH IpaHH
BEPLIUHBI IPU3MBI.
¢ J[maroHaipHOE CEYEHHUE - ITO CEYCHHE, KOTOPOE MPOXOAUT Yepe3 OJHY M3 AUaroHaneil OCHOBAaHHS U
60K0oBOE pedpo.
[Tapannenenunen. Haubosee yacto BCTpedaroUIMMcs BUIOM IPU3MBI SBIsSeTCs napamienenunen. Omp.
[Napannenenunenom Ha3pIBaeTCs MPU3Ma, B OCHOBAHUU KOTOPOH JIEKHUT MapajlIeIOrpaMM.
¢ Bce rpanu napasuienenumnesa - napauieaorpaMmsl.
e [lapamuienenumen, 60KOBbIe peOpa KOTOPOrO NEPIIEHANKYIISPHBI K TUIOCKOCTSIM OCHOBAaHUH, Ha3bIBaeTCS
npsMbIM.  (OcHOBaHME TPSMOro MapajulefienuIeaa — mapajyieorpaMM, a OOKOBble TpaHd —
MPSIMOYTOJIbHUKH).
o [Ipsmoii mapanienenunes, B OCHOBAaHUU KOTOPOTO JISKUT NPSMOYTOJIBHUK, HA3bIBAETCS IPSAMO-
YrOJbHBIM TapajuiesnenuneaoM. Bece rpaHd NpsMOYToJIbHOTO Napaiiesienunesa - MNPsSMOYTOJbHUKH.
JlnHbl TpeX pedep MpsIMOYTOJIBHOTO MapauieNienuIea, BIXOAAIIME U3 OJHOW BEpUIMHBI, HA3bIBAIOTCS
€ro U3MEPEeHUsIMU (JUIMHOM, IIUPHUHOM, BEICOTOM).
KBazpar [mHBI IuaroHany MpsIMOYTOJBHOTO MapayUleienuIena paBeH CyMMe KBaapaToB 3-X €ro
usMepenuit: a? + b? + ¢?=d?%

Bapmuanr 1
1. Ckonbko pédep y meCTUYT0IbHOM MPU3MBbI?
2. Kakoe HanMeHbIIIee YMCII0 TPAaHEeH MOXKET UMETh Tpu3Ma’?
3. Han xy0 ABCDA1B1C1D1. Kakoo pacnonoxenue npsimbix BiD1 u AC ?



4. TlepnieHAUKYISAP, TPOBEACHHBIA U3 KAaKOW-HUOYIb TOYKH OJHOTO OCHOBAHUS K IUIOCKOCTH JPYroro
OCHOBAHUS, Ha3bIBACTCH. ..

5. CTopoHa OCHOBaHUS MPaBUILHON YETHIPEXYroJbHONW NMpU3Mbl paBHa 12 cMm. JlnaroHanbs mpU3MBI
o0Opa3yeT ¢ IUIOCKOCThI0 OCHOBaHUs yroi 45°. Haitnure 60xKoBOE peOpo MPU3MBI.

6. B mpsimoyronsHOM mapaluienenumnesie CTOpOHbl OCHOBAaHMS PaBHBI 7 cM U 24 cM, a JUaroHaib

napatenenunena - 5v29 cm. Haiitu 1miomas 1aroHanbHOr0 CeYeHH s NapauieIenue/a.
7. B mpsimom napasuiesnenumnesie ¢ BbIcoToi 15 M cropons! ocaoBanust ABCD paBHbl 2 M 1 4 M, TuaroHaib
AC paBHa 5 M Haiigure miomane AMaroHaJbHOTO CEUYEHUS MapajuleenuIeaa, NPOXOoIAIlero yepes
BepuinHbl B u D.

Bapuanr 2
1. Ckonbko rpaHei y meCTUYroJIbHOM MPU3MBbI?
2. Kakoe HanMeHbIee 9uciio péoep MOKeT UMETh Ipu3Ma?
3.Tpu pebpa napayuenenumnena pasusl 6 M, 8 M u 10 M. Haiinute cymmy uinH Bcex ero péoep.
4. Ilpsimast npu3Ma Ha3bIBAaCTCs IPABUIIBHOM, €CJIN €€ OCHOBAHHS. . .
5. Haiinure MHY [uaroHaau OpsIMOYTOJIbHOTO MapalljiesienuIeaa, U3MEepeHHsi KOTOPOro paBHbI 2 cM, 3
cM U 4 cM.
6. B npssMoM mapasuienenumesie CTOPOHbI OCHOBaHMS PaBHBI 3 ¢M U 5 cM, a 0/1Ha U3 AuaroHaned — 4 cMm.
MeHbIuas guaroHanab Hapaienenunea ¢ MIOCKOCThIO OCHOBAaHHS cocTaBiseT yron B 60°. Onpenenuts
JMaroHaIX napaelienunesa.
7. B npsimoM napasuienenumnee 6okoBoe pedpo 1 M, cTopoHsl ocHoBaHus 23 M u 11 am, a nuaronanu
OCHOBaHUS OTHOCATCS Kak 2:3. Haiinure muiomany 1uaroHaibHbIX CEUEHUH.

Ilpakmuueckan paboma Ne 32: DneMeHTb TUPAMUbL, IWIMHIPA, KOHYCa, CHEephl U
mapa. Pemenue 3amgau
Hean:
JAupakTudeckasi - CrmocoOCTBOBaTh (POPMUPOBAHUIO YMEHUW U HABBIKOB MPHU PEIICHUH
3a/1a4 110 BBIYMCIIEHUIO IUIOMAAN TOBEPXHOCTH LIWIMHAPA U KOHYCA.
BocnuTaTtesibHas - IOBBILLIEHUE UHTEPECA K TPEAMETY.
PazBuBalomas - pa3BuTHe MPOCTPAHCTBEHHOTO BOOOPAKEHHUSI.
Hean: popMupoBaHue yMEHHI U HABBIKOB MPY PEIICHUHU 3a]1a4 HA BBIUYMUCICHUE TUIOIIATU
MMOBEPXHOCTH IUJIMH/Ipa U KOHYCA.
3axauu:
1. YMeTh NpUMEHSITh POPMYJIbI BEIUMCIICHUS TUIOIIA A TOBEPXHOCTH IIUIMHIpPA U KOHYCA.
2. YMeTh peliath 3aJja4u Ha BEIYUCIICHUE TIJI0IAId MOBEPXHOCTHU IIUJIMHIpa U KOHYCa.

®opmupyembie komnerennun: OK 1-5.

OcHalenue: METOIMYECKUE YKa3aHUS TI0 BBHITTOJTHEHHUIO TIPAKTUIECKON pabOTHI.
1. TIpoBepka rOTOBHOCTH BBITOJTHEHUS MPAKTUIECKON paOOTHI:
Dponmanvublii onpoc.
3aKOHYHUTH MPEJJI0KECHUE!
1. unuHIpOM HaA3BIBAETCS TEIO0, KOTOPOE COCTOUT U3...
2. KoHycom Ha3bIBaeTCs TEJNO, KOTOPOE COCTOUT U3 ...
3. O0pazyroliei MUIMHIpa HAa3bIBACTCS OTPE30K, COSAUHSIOIINN ..
4. O0pa3yroleil KOHyca Ha3bIBACTCS OTPE30K, COCTUHSIOITHH .
5. Paanycom nuiinHapa v KOHyca Ha3bIBaeTes ...



6. OcHOBaHMEM LIMJIMHJpPA U KOHYCA SIBISETCS ...

7. BICOTOI HMIMHAPA HA3BIBAETCS OTPE3OK COCTUHSIOIIHI . . .

8. BricoToii KOHYCa Ha3bIBa€TCA OTPE30K COCTUHSIONINM . . .

9. [1nomaae NTOBEPXHOCTH LHJIMH/PA BBIUYUCISETCS. .

10. Iinomaab MOBEPXHOCTH KOHYCA BBIUUCISETCS ...

11. Illapom Ha3bIBaETCA TEJIO KOTOPOE COCTOUT U3 ...

12. Tlnomaab MOBEPXHOCTH IIapa BHIYUCIIAETCH. ...
2. CooOmieHue TeMbl 3aHATHS, POPMYITHPOBKA O0yUAIOIIMMCS TISJTN 3aHITHS.
3. OOyuaromuecs MOMy4YalOT TETPAAW UId NPAKTHUECKOM pabOThl M METOAMYECKUE
YKa3aHHUs 110 BBITIOJIHEHUIO MPAKTUYECKON pabOThI, 3HAKOMSITCS C MOPSAIKOM BBITIOJTHEHHUS
(mpunoxenue 1).
4. OOy4aromnrecs BHIMOTHSIIOT TPAKTUUYECKYIO PaboTy.
5. Coo01Ienne JoOMaIHero 3aaatus.

MeToanuyecKue YKa3aHus 10 BHINIOJHECHUIO PAKTHYECKON padoThl Ne 32
Tema: BerunciieHre miomaan NOBEpXHOCTH IWIIMHAPA, KOHYCA, I1apa

Hean ypoka: CriocoOCTBOBaTh (OPMUPOBAHUIO YMEHHUI U HABBIKOB IO BEIYUCIICHUIO
IJIOIIAM TIOBEPXHOCTH LIWJIMHAPA, KOHYCA, I1apa.

IIpoxo/KnTENBHOCTD: 2 Yaca.

OO0yuaromuiics 10JI2KeH 3HATh:

- OCHOBHBIE 3JIEMEHTHI IWJIMHIPA, KOHYCA, 111apa;

- opMyJIbI BBIYHMCIIECHUS TUIOIIAAN OBEPXHOCTH IUIUHAPA, KOHYyCa, apa.
Oo0yuarouuiicsi 10J15KeH yMeThb:

- BBIYMCIIATH IUIOIIA b OOKOBOM TMOBEPXHOCTH LMJIMHJpPA U KOHYCA;

- BBIYUCIIATH IUIONIA/Ib  [TOBEPXHOCTH I1apa.

- BBIUMCJIIATH IUIONIA/Ib MTOJIHOM MOBEPXHOCTH LIWJIMHIpPA U KOHYCA;
PexoMeHnaalum 1o BbINOJHEHUIO IPAKTHYECKON padoThI:

1. [IpouTuTe 3ananue.

2. 3anumuTe yCIOBHE 3aa4H.

3. 3anummTe KpaTKo JaHO

4. BbINOIHUTE PUCYHOK.

5. 3anummTe pelieHre U OTBET.

Kpatkue Teopermyeckue moJioKeHus:

Huaunap (puc. 1.18) Konyc (puc. 1.19)
[Tnomane 60KOBOM MOBEPXHOCTH: [1nomiane 60KOBOM MOBEPXHOCTH:
S, = 27RH. S,,. = 7RL.
IImomans MOJIHON MOBEPXHOCTH: [1omans MOJIHON MOBEPXHOCTHU:

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



Puc 1.18 Puc 1.19

Hlap
[Lromaaps moBepxHOCTH Su 00béM Vmapa
paauyca " onpenesstorcs GopMyiaMu:

« S = 4:?;“2
. S: Ef
V= L
. = 3?1'?"
3aoaua 1.

[Tmomans GOKOBOM MOBEPXHOCTH MIIMHAPA paBHA 21 5 a AMaMeTp OCHOBAaHHS paBeH /.
Harinure BpicOTY IMIIMHIIpA.
Penienue.

BricoTa nunuHapa paBHa
) _ Soox _ Seox _ 21T _ o
2R mD T
OTtBerT: 3.
3aoaua 2.
ITnomanas ocHOBaHMS KOHyca 367 cM?, a ero oopasyromas 10 cm.
Boruuciuth 00KOBYIO TOBEPXHOCTH KOHYCA.
Pemenue.
3Has Iomaab OCHOBaHUs, HAIEM €Tro paaunyc.
S=nR?, 36n=nR?, R?=36, R=6
[Tnomaas 60KOBOM MOBEPXHOCTHU KOHYCA HaiieM 1o Gpopmyie:
S=nRl, rae R -pamunyc ocHoBanus, |- anvHa obpasytowen,
oTKyAa

S=m-6-10 = 60w

OTtBeT: 601 cM2.

3aoaua 3. O6beM mapa paBeH 288 =. Halinure miomnaas O0KOBOM MOBEPXHOCTH KOHYCa
BIHCAHHOTO B map. OCHOBaHWEM KOHYCA SBJISICTCS OOJIBIIUN KPYT.
Pemennue.

V= 2nR
O6beM miapa paauyca I Bpramcsercs mo Gopmyie 3, OTKyza HaiigeM paguyc
mapa


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

[3V /3. Ebb
E=Vm=V—== ¢
[Tommans 6OKOBOIT MOBEPXHOCTH KOHyca paBHa S = 7Rl , | = Ry 2. ClIe/0BATENBHO S =
m6 - 6v2 = 36V2m OTBeT: 36V2m

3aoaua 4. OxoIlo 1mapa ONHUCAH UWIMHAP, TUION[a]b IOBEPXHOCTH KOTOPOrO paBHA
18. Haiiaure miomaab HOBEPXHOCTH IIapa.

@ Pemenue.

' ‘ IIo IMOCTPOCHUIO PAANYCHI IIapa 1 OCHOBAHUWA TUJIMHAPA PABHBIL. HJIOH_IaI[B
MMOBCPXHOCTHU NUJIMHAPA, C PaINyCOM OCHOBAHUA I' 1 BBICOTOM 2r paBHaA

v S = 25,cu + Spox = 27r° + 27rh = 27r? 4+ 277 - 21 = BAr?,

L J 2

Ioma s MOBEPXHOCTH IITapa pajnyca r paBHa = — 477 1o ecTb B 1,5

pasa MeHbIIE TUIOIIAM TOBEPXHOCTH HHAPA. Clie10BaTeNIbHO, IJIOIIA/lb IOBEPXHOCTU
mapa pasHa 12.
OrBer: 12.

3amaHus I NPAaKTUHYECKON padoThI

1 Bapuant

1. ITnomaaes 0ceBoro ceyeHus npsMOro Kpyriaoro MuMHapa paBHa 24. Haiinure miomais
ero OOKOBOM MOBEPXHOCTH.

2. Beicota nunuuapa 6aM, paanyc ocHoBanus Sam. Haiinure 60KOBYIO MOBEPXHOCTh
HUAJTUHAPA.

3. AnaroHanb 0CEBOTO CEUCHHS IIJIMH/pA HAKJIOHEHA K TUIOCKOCTH OCHOBAHHUS TIOJT yTIIOM
60° u paBHa 20 cM. HaiinuTe miomanb O0KOBOI MOBEPXHOCTH IIMJIMHIPA.

4. BricoTa KOHYca paBHa 6, oOopasyromas paBHa 10. Haiinure momaas 60KoBoOH
MOBEPXHOCTH KOHYCA.
' 5. Obpa3yromas koHyca paBHa 18 ¢cM 1 HaKJIOHEHa K

IJIOCKOCTH OCHOBaHUA noj yriom 60°. Haiiqure miomanb
IIOJIHOW IMOBEPXHOCTH KOHYCA.

6. Bo ckonbKO pa3 yMEeHBIIUTCS TUIOLaAb OOKOBOM
MOBEPXHOCTH KOHYCA,

€CJIM paInyC €ro OCHOBaHUsl YMEHbIINTH B 1,5 pa3a?

7. Bo CKOJIBKO pa3 yBeNMUUTCA 00BbEM I1apa, €CIIU €ro pajnyc
YBEJIMYUTH B TpHU paza?

8. Panuycwr Tpex mapos paBubl 6, 8 u 10. Haligute paguyc
mrapa, 00beM KOTOPOro paBeH CyMME UX 00bEMOB.

9. Inomaae GoJbIIOrO Kpyra Iapa paBHa 3. Haliurte miomnaas NOBEPXHOCTH IIapa.




10. O6beM miapa paBeH 972 w . HaliauTe miomaab €ro moBEpXHOCTH.
11. OxkoJi0 1mapa onucaH UUIUHIP, IIIOMAAb TOBEPXHOCTH KOTOPOTO

paBHa 81. Haiinure IUIOIIAb
MMOBEPXHOCTH TI1apa.
12. B ky0 ¢ pebpom 3 BITMCaH II1ap.
Hainure nimomane TMOBEPXHOCTH
ATOrO IIapa.
3a kaxkoe 3aJaHue MPaKTUUeCKol paboThl moayyaere 2 0auioB.
Ommemxa Yucno bannos,
Heobxo0umoe 0Jisl NOIY4eHUss OMMEMKU
«3» (y008.) 8-12
«4» (xopowo) 13-20
«5» (omauuro) bonee 20
2 BapUaHT

1. [Tnomaasr 0OCEBOTO CeYEHUS MPSIMOTO KPYTJIOro MWINHApaA paBHa 4. Halinure miomanb
OOKOBOM MOBEPXHOCTH IIMIMHAPA.
2. Jlnaronaib oceBoro ceueHus nuinuuapa 13 cm, BeicoTa ScM. HaliquTe mutommanb
OOKOBOI MOBEPXHOCTH ITMIIHH]IPA.
3. JlmaroHaib 0CEBOTO CeUEHUS ITUITUHAPA pPaBHA 8\2 cm o0pa3yeT C MIOCKOCTHIO
ocHOBaHus yroi 45°. Haliiure mioniaab NOJHOW MOBEPXHOCTHU LIUINHAPA.
4. Pagnyc ocHOBaHMS KOHYCa paBeH 3, BeicoTa paBHa 4. Haiinure miomaas 60KOBOM
IIOBEPXHOCTH KOHYCA.
2 5. B xonyc, BbicoTa koTOporo 20 cMm, BOUcaHa MUPAMU/IA.
ﬁ\ OcHOBaHMEM NUPAMUJIBI SBJISIETCS MIPSAMOYTOJIBHUK CO CTOPOHAMM
o 18 cm u 20 cM. Haiinute oOpa3yroilyro 1 paJnyc OCHOBaHUS KOHYCA,
i MJIOIAaJb IMTIOBEPXHOCTH KOHYCA.
6. Ilnomaas oceBoro ceueHus konyca pasaa 0,6 cm2. BeicoTa KoHyca
paBHa 1,2 cM. BeraucnuTh miomaas moJHOM MOBEPXHOCTH KOHYCA.
/. Bo ckoibKO pa3 yBeIUUYUTCS MIOMAAb TOBEPXHOCTH 1Iapa, eCiu
€ro paJuyc yBEJIUYHUTH B JIBa pa3za?
8. Pamuycer nByx mapoB paBHbl 6, 8. Haiiaure paguyc mapa,
IJIONIA/b IIOBEPXHOCTU KOTOPOTO paBHA CyMME IUIOMIAIEH UX HOBEPXHOCTEM.
9. Inomaae Gosbioro Kpyra mapa pasia 1. Haliure miomaas MOBEPXHOCTH I1apa.
10. O6bem mapa paBen 36 = Haiinure miomaas ero moBEpXHOCTH




11. Oxoso mapa onucaH MUIMHAP, IUIONIAAb TOBEPXHOCTH KOTOPOTO
paBHa 54. Haiinure momaas HOBEPXHOCTH IIapa.

12. Oxomno ky6a ¢ pedbpom V'3 onmcan
map. Halgure nomans MoBEpXHOCTH 3TOTO

mrapa.

3a KaxkJ0€ 3a/1aHre MPAaKTUUECKON paboThI moy4aere 2

0aoB.
Ommemxka Yucno 6annos, 0is noayyenus Ommemxu
«3» (y008.) 8-12
«4» (xopowto) 13-20
«3» (omauuno) bonee 20

Bomnpocs! 1j1s1i cCAaMOKOHTPOJISA

1. Kak BbIuncnseTcs miomaas NOBEPXHOCTH HWIHHApPA?
2. Kaxk Bprumcigercs mioiajib» TOBEPXHOCTH KOHyca?
3. Kak Bbrumcnsercs rmiomaas TOBEPXHOCTH mapa?

Ilpakmuueckasa paooma Ne 33. Onpenenenue U PU3NUESCKUN CMBICT BEKTOpa
HCJ'IBI 3aKpCIUTh YMCHUA U HABBIKU HAXOKACHWA KOOPAWHAT BEKTOPA, AJIMHBI BEKTOPA, yIijla MCKAY
BCKTOpaMu

Z[J'IH JAHHBIX TTap BEKTOPOB BBITIOJIHUTE JIENCTBUS:

1) HailauTe KOOPAMHATHI BeKTOpa @ + b;
2) HailIuTe KOOPAMHATHI BeKTOpa 2d — 3b;
3) HaiiguTe UTMHBI BEKTOPOB @ 1 b;
4) HaiiuTe CKaNAPHOE MPOM3BEICHHAE BEKTOPOB 4 U b
5) Haiigute CoS@ MesKIy BEKTOpaMu d 1 b.
1 BapuanT 2 BapuaHT 3 BapuasTt
a) a(1;1;2)u 3(5; 4;3) a) d(1;0;2)u 3(7; 5;4) a) a(5;7;2)m 3(7; 2;—=5)
6) d(1;0;—7)ub(4;4;7) 6) d(3;4;0) ub(7;1;0) 6) d(—2;4;5) ub(5;4;7)
B) d(7;0;1) ub(7;—6;6) B) d(2;7;-5)ub(5;7;3) B) d(5;5;2) ub(7;4;3)
4 BapuaHT 5 BApUAHT 6 BapuaHT
a) d(1;0;—1) nb(1;1;4) a) d(—2;4;5)ub(7;5;4) a) d(—3;—4;5) u b(4;3;0)
6) a(=7;5;0) I11)27)(6: 0;1) 6) a(—=3;2;5)u E(Z; 5;3) 0) d(3;2;0)u b(0;5;1)
B) d(2;7;1) ub(5;4;3) B) d(1;6;—5)ub(6;1;3) B) d(1;3;—4) HZ;(S; 7:2)
7 BapUAHT 8 Bapuant 9 Bapuant
a) d(—=3;1;4)ub(1;4;6) a) d(1;1;0) u b(1;2;2) a) d(1;—1;2)ub(7;-2;1)
6) a(—2;5;4) ub(5;7;4) 6) d(2;7;5) ub(-5;2;-7) 6) d(—3;4;,-5) ub(5;1;7)
B) d(—3;5;4)u 5(7; 0; 1) B) d(3;1;2)m B(S; 4;1) B) a(5;7;2)mn I;)(—7; 4;3)




10 BapuanT 11 Bapuaunt 12 papuanTt

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

6) d(—7;2;3)ub(2;2;0) 6) d(—5;4; 3)35(2;4; 4) 6) d(—3;4;0) 13)75(5;—1; 7)

B) d(8;0;1) u B(O; 4;-2) B) d(5;0;4)ub(3;4;-3) B) a(5;0;2) ub(6;4;—3)
13 BapuanT 14 Bapuanrt 15 BapuanTt

a) a(6;—1;3)u E(O; -2;5) a) a(-2;-1;1)n 3(6; 2;=5) | a) a(5;—4;2)n 5(2; -3;5)

6) d(—5;0;3)ub(2;7;4) 6) d(—3;4;—3)ub(4;1;4) 6) d(—4;4;—3)ub(1;—1;4)

B) d(5;—1;4)ub(0;3;-3) | B) d(—3;0;7)ub(5;—4;2) B) d(5;0;4)ub(2;4;—2)
16 BapuanTt 17 Bapuaunt 18 Bapuant

a) d(5;—1;2) ub(0;-7;5) | a) a(2;—1; 9)1/13(6; -2;1) a) d(1;—1;2) ub(6;—2;4)

6) d(—=2;1;3)ub(7;1;1) 6) d(—5;4;0)ub(—2;3;7) 0) da(-5;0;3) ub(2;—1; 4)

B) d(—2;0;4)ub(3;2;,—5) | B) d(7;0;1)ub(2;4;-2) B) d(2;0;4)ub(5;—4;3)
19 Bapuant 20 BapuaHT 21 BapuanT

a) d(4;1;-2) nb(=3;2;5) | a) d(5;—2;0) nb(1;-2;4) a) d(7;—1;2) nb(2;2;-5)

6) d(—1;0;3)u b(2;7;4) 6) d(—3;5;3) ub(2;0;—4) 6) d(—3;1;3) ub(2;6;0)

B) d(2;0;—4)ub(1;—-1;3) | B) d(3;0;—4)ub(4;—4;1) B) d(8;0;1) ub(3;—4;1)
22 BapuHaHT 23 BapHaHT 24 BapuaHT

a) d(2;—1;2) ub(5-2;0) | a) d(5;—1;2) nb(1;-3;5) a) d(9;—1;2) nb(1;-2;4)

6) d(—1;1;3)ub(2;—4;4) | 6) d(—4;5;3) ub(6;0;4) 6) d(—6;1;3)ub(2;7;3)

B) d(2;0;—-4)ub(7;2;-3) | B) d(4;0;-3)ub(-2;-3;1) | B) d(4;—1;3)ub(3;4;-3)
25 BapHaHT 26 BapuaHT 27 BapuaHT

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

6) d(—4;1;3)u b(2;3;4) 6) d(5;4;—3)ub(2;0;4) 6) d(—5;1;—3) ub(2;7;0)

B) d(7;0;—-1)ub(3;—4;3) | B) d(1;0;4)ub(3;—4;4) B) d(—4;0;4)ub(—3;1;3)

Ilpakmuueckaa paboma Ne34.

CroxeHne 1 yMHOXKEHNE BEKTOPA Ha YHUCIIO
Iens:

c(OpMHUPOBATH y CTYJIEHTOB YMEHUE HAXOAUTh KOOPAUHATHI BEKTOPA;

MIPOU3BOIUTH JICHCTBUS Ha/l BEKTOpaMH (ClI0’KEHHE, BBIYUTAHUE, YMHO)KEHUE BEKTOPA Ha YUCIIO),
BBIUUCIIATH CKAISIPHOE MPOU3BEIACHHE; BBIYUCIIATH YTOJl MEXy BEKTOPAMU; HAaXOJUTh MPOEKIUIO
BEKTOpA Ha OCb.

[Ipu BBIMOTHEHUU MPAKTUYECKONW pabOThI CTYACHT JOJKEH 3HATh:

® OINpEJIETICHUS: BEKTOPa, MO1yJIb BEKTOPA, PAaBHBIE BEKTOPA;

e rpaBujia paboThl C BEKTOPAMU;

® YCIIOBHS NMEPIEHIUKYISIPHOCTH U KOJUIMHEAPHOCTH BEKTOPOB;

® CKaJIIPHOT'O MPOU3BEACHUS BEKTOPOB.

CTyIeHT NOJKEH YMETh:

® HaXOAUTb KOOPANHATHI BEKTOpa

® BEIUUCIISITH CKAJIIPHOE TIPOU3BE/ICHUE;

® HaXOJUTh YTOJI MEKy BEKTOPAMH;

® HaXOJUTh ITPOEKIMIO BEKTOPA HA OCh.

[Topsiok BbIMOIHEHHS pabOThI:

1.3yunTh TeopeTUUeCcKrid MaTepua 1o teMe «BekTopa B MpOCTpaHCTBEY.

2.PaccMOTpeTh IpUMEpPHI PELLIEHUS TUIIOBBIX 3a/1aHUH.

3. OTBETUTH Ha KOHTPOJIbHBIE BOIIPOCHI.
4. BBINOJHUTH CAMOCTOSITETILHYIO paboTy.



5. CoaTh oTueT 1o NMpoesIaHHoMN padoTe.

TeopeTnueckas 4acTs :

L T————— a{x;:y,:2,3:.6{x,:3,:2,}.0{x53 35325}

CBOHMH KOOp/IHHaTaMH.

1). Crodcenue 1BYX BeKTOPOB POH3BOIMTCA TONIEMEHTHO, To ecTh ecnit € — @ +b , TO B KOOP/IHHATHOIH
(opme 3anuchIBacTCA:

c{xs; vz} =iy sz vz b= {n + x5 +0h:2,+2,)

2) VMHOKEHHE BEKTOPA HA YHCIO.

B ciyuae n-MepHOro npocTpaHCTBa NIPOH3BE/ICHHE BEKTOpA @ = {aj ; @2; ... ; ax) H 4Hcaa k MOXKHO HaiiTh
BOCTIO/IB30BABILIHCH CleAyIomIeH hopMyoii:

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

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

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

3). Koopaunars BekTopa.

Bekrop AB 3anannbiii koopanHatamu Touek A(Ax ; Ay ; Az) u B(Bx ; By ; Bz) moxHo HaiiTn
BOCITIOJIb30BaBIINCH clietytomieit popmysoii

AB = {Bx'Ax;By-Ay;Bz'Az}

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

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

4)/Lmna BexTopa.
Alxy i 2y) y B(xy i 7))

Ecimm naub! 1Be TOUKH npocTpaHCTBa 272 %) 10 pammy otpeska AF moskno BeUMCHTL

g § 4 5 2 2
AB|= (%= 3)" + (1= ) +(2,-2,)

1o (opmysne

Ipumep 3

1

_hn

’—7: l. ID| 4 - -y‘. v Y
ﬂaHbl TOYKH Al % 9) A~ (L j". Haiiru JUIHHY OTpEC3Ka AB .

Pemenne: no coorsercTByiomeit opmyse:

1

( i3 PR 2 2 - DR . o
AB|= (1= (=3)) 4 (=3=5)" = 4 +(=8)" = [16+64 = /30 = 4

_h

AB|= 45 en =8 94 e

Orser:
5. CxansipHoe npou3Be/ieHHE BEKTOPOB

CransipHpiM NPOH3BEJCHHEM BEKTOPOB HAa3bIBACTCS MPOM3BE/ICHHE JUIMH BEKTOPOB Ha KOCHHYC yria
MEK/TY HHMH.

asb = |a|+|b|+coso .
a
@
b
6. U3 hopmysibl 11t CKaISPHOTO PON3BE/ICHHS MOKHO HAHTH YIoJl MEALY BEKTOPAMM:
h’.—b’ '\a."bT -“a.-“b
cos ¢ =

lale|b| d,ra"-#.\’j . \’x’;¢y£



(7
6. U3 popmysbl u1s CKaIspHOTO NPOH3BEICHHS MOKHO HAHTH YroJl MeK1Y BEeKTOPAMH:

—(701) '\a."b*-‘a.-‘b

P = - .
| a I ® | b | 'J_\‘;i-.]'(; . \l;-}b-

ITpumep 4. Haititu yron mexay Bekropamu a = {3:4; 0} ub= {4; 4; 2}.
Pemenne: Haiinem ckansipHoe npou3Be/iecHHE BEKTOPOB:
ab=3-4+4-4+0-2=12+16+0=28.

Haiinem Moy/in BeKTOpOB:

la|=V32+ 4>+ 0>*=V9+ 16 =V25=5

b=V +4*>+22=V16+16+4=36=6

Haiizem yrosn Mexay BeKTOpamu:

a-b 28 14

laj-b] S5-6 15

cos @ =

cos a =

Hpakmuqecmm uacmo:

Bapuanr 1

Ne

ik Ha3sanue onepanun Dopmy.bl

a1;-2:3),  b{4:0;-1)
3+3{x1 +X3; Yi4Y2:21425 )
d4:1:-3),  b{0;-5:2)
E“B[xx —X2; V1 -Y2:21-27)
3 | Haiitu npoussenenne | a{-1;3;1} & —uucno § =-3
BEKTOPA HA YHIO0 éadls - x; 6y;é6z)

Buuneants  koopaunarel | Touka A(1:2:-3). Touka B (-3:4;-1) .Touka C-
CepeHHBI 0TPe3Ka

1 | Haiitu cymmy BeKTOpOB

2 | HaiiTa pa3HocTh BEeKTOpPOB




+X,
cepennna orpeska AB. C(Xc y,;z,) «x = . 5 az
y _N P TR s
¢ 2 Ve 2
Touka A (5:0:-3).  ToukaB (-1;4;-7) Haxoaum
5 | Haiit koopauHaTh! BekTOpA koopauuathl Bektopa 2B . M3  koopmumar komma
BBIYHCIHTH KOOPAHHATHI HAYA/Ia BEKTOpA
AB {x; — x4y, —¥1, 2, — 24}
a{3,-2.0
6 | Haiitn qamny BekTOpa
. ; [a] = ’xz+yz+z2
7 Beruucanrs CKaJsIpHOE a{-2:3;7}), B{-9: 0;2}
NPOU3BEIEHHE BEKTOPOB G-D=xy X+ Y1 V2 +24-2,
@2:0:1),  bf-3:1:2)
8 HaiiTu kocunyc yriaa mexay P Xy X2 +Yy1'Y2+24°2
BEKTOPAMH J x2+y:+22 ) X2+y:+22
9 [lpn kakux 3Ha4eHusix M u :{’"‘3’1}' b{1;n;2}
n g 2Nt By
BEKTOPBI KOJLTHHEAPHbI? | 30 = 3= 7 .
IlposepbTe af-4:0; 1)}, b{2;7:8)
10 | nepneHaANKYJISPHOCTH Xy "X +YV1"V2+21-2,=0 . yCI0BHE
BEKTOPOB nepHneHIHKYJISIPHOCTH BEKTOPOB
Bapuant 2
Ne
Ha3sauune onepanun Dopmyiisbl
n/n
a@;-3:4),  bE1:2;0)
1 Haiiti cymmy BekTopos
d+bfx; +x; ¥ +yy: 2,42, )
af4;-5:7), b(3;-1:2}
2 HaiiTu pasnocts BeKTOpOB
E‘b[xx — X3 ¥1-Y2:21-25}
3 HaiiTn npoussenenne | a{-2;4;0} 6 —uncao § = -4
BEKTOPA HA YHCJI0 dafs - x; 8y;6z)
Touka A (=3:1:2)  ToukaB (2;-3;:1) Touxa C-
cepeauna orpeska AB. C(Xc,y .z,)
4 BuIMHCAHTL  KOOPAHHATHI
cepennHbl 0TPe3Ka Xq + %, Vi + Vs
X, = —5—, N R
2 2 2=




Touka A(6;-3:4). ToukaB (1;-4;7) .
5 Haiitn koopanuathl | Haxoqum koopamuarsl sexropa 2B, M3 koopaunar
) BEKTOpa KOHUA BLIMHCIHTL KOOPAHHATHI HAYAJIA BEKTOpA
AB {x; — x4 1yy -¥y, 2, — 24}
a{0,2,-2}
6 Haiitu jamny Bektopa
g P @] = ’.\'2-!~)'2+z2
af-3:2;9), b{-7:0;
- Boruncants CKaJsipHOe -G Be=liNe)
NPOH3BEICHHE BEKTOPOB - =
a-b=x -4y, -¥2+24-23

NEPHEHAHKY/ISIPHOCTH BEKTOPOB

a{4:1;0), b{-5:3;1}
8 Haiitn  kocunyc yriaa
MEK/LY BEKTOPAMH R . .. tY1'Y2+24°25
Vxi +;§ +22 . xi+yi+23
—
Mpn kakux 3nauennsx m | afm:5:3}, b{2;:n: 4)
9 n '
H BEKTOPBI |y y, 7z, "
KOJLIHHEAPHbI? T
[posepsre a{0; -3;2), b{9:4; 6}
10 | nepnenaukyaspuocTs
B Xe°X . Le° 2y = 0 - '
BEKTOPOB 1°X2+Y1°Y2+24°2; ycjaoBue

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

Ilpaxmuueckasa paooma Ne35:

Paznoxenue Bekropa. [lonsTHE KOMIUTAaHAPHOCTH

Leab: ymMeTh NPUMEHITh OCHOBHBIE ONPEJEIICHUS U TEOpeMBbI 1o TeMe «Pa3nokeHue BeKTopa 1o
TpeM HEKOMILJIaHAPHBIM BEKTOPaM» IIPU 0OOCHOBAHUY ITAINOB PEIICHHS 33/1a4; YMETh BBIIOJIHATD YEPTEXKH
10 YCJIOBMIO 33J]aui, IOHUMATh YE€PTEKU, HAXOJUTh Ha YEPTEKaxX BEKTOPHI, YMETh PACKJa/bIBaTh BEKTOP
10 JJAHHBIM BEKTOpaM, UCHOJb3Yys MPaBWIO MapajuleNenunesa, napauienorpaMma, TpeyrojibHuKa, 3HaTh

OMMPECACIICHUC KOJJIMHCAPHBIX U KOMIIJIAHAPHBIX BEKTOPOB.

OO6opynoBanme: TeTpaap Ui MPAKTUYECKHX padoOT, pydyka, MPOCTOM KapaHJall, JIMHEWKa,

MCTOAUYCCKUC PCKOMCHAAINHU 10 BBIITOJIHCHHUIO pa6OTLI.

MeToanyeckue peKOMeHIAIUH 110 BHINOJTHEHUIO PAKTHYECKOil padoThI:
3aganue Nel. [lan ky6 ABCDA; B, G Dy pedpom m. Touka K — cepenuna pebpa BiG | Pasnosurs
AK a=AB b=AD,C = AA,

BCKTOD 10 BEKTOpaM

Peurenue: moctpoum 3aganubiii kyo (puc. 1).




o

Puc. 1.

-+ - -
Bekropamu 2 u D sanaeres miockocTs KBa;[paTa ABCD TpeTI/Iﬁ BEKTOp © He JIKUT B 3TOM ILI0C-

KOCTH, OTCrO/J1a 3aKJIr04acM, 4TO TpU 3aI[aHHBIX BCKTOpa El h u HCKOMHHaHapHBI 1 MbI MOJXEM BBIPA3UTH

AK AK

qepes3 HHUX HCKOMBIH BCKTOp . Haﬁ,ueM BCKTOp 10 [paBuily MHOFOYTOJ'IBHI/I' Ka.
—_— —_—
M{=AA1 +J'!!|.1B1 +B1

K. Bexrop A’}MLI 0 YCIIOBHIO 0003HAYIIIN KaK BEKTOP BeCKTOp cofrRacro

CBOMCTBaM KY6a paBEH BEKTOPY , 0603H3%IQHHOMY 3a BCKTOp . El
e

K * cocTaBiseT HOJIOBI/IHy BEKTOpa B1Gi | rak xak touka K — cepenuHa pebpa BiGi o

B,K=1 B An
YCIOBHIO: 1C1 BeKTop Blcl! COIJIaCHO CBOI/ICTBaM Ky0a, paBeH Bekropy D

b ARAA+AB+BK_++]3
KaK BEKTOpP ® Pveem: 1 151 1 c+a

Tak, 3aaHHBIA BEKTOp BBIPAXKEH 4epe3 TPU HEKOMIUIAHAPHBIX BekTopa. Ocrajoch HAMTH €ro
IUTUHY.

BeKTop

, 0003HaUEHHOMY

3apanme Ne2. 3anan tpeyronbHuk ABC. Touka M — Touka nepecequI/Iﬂ Me/IMaH. | Tqu O-

MIPOM3BOJIbHAS TOYKA MPOCTPAHCTBA. Pa3I0XKHTh BEKTOP oM 0 BEKTOpam a= G*""* b= GB = 0c,
(puc. 1)
O
£
/N
A AR
1/ “( \\
/ SN
/ B:v \
/ SRR
// .
. //. " - N1 \\
A =
C
Puc. 2.

S
CornacHo npaBuily TPEYrojbHHUKA OM=0A+AM=a+ AM
[Mpoanum otpe3ok AM no mepecedenus co ctoponoit BC tpeyronbHuka (pUCYHOK 3), MOTYyYHM

TOYKY Al — CCpCAuny 3TOM CTOPOHBI (TO‘-IKa M no YCJIOBHUIO TOYKA MEPECCUCHUA MCIUAH TprTOJ'IBHI/IKa)
KpOMC TOT'0, BCIIOMHUM CBOIMCTBO MeAuaH TPCYroJIbHUKA: MCIUAHBI TPCYT'OJIbHUKA HepeCCKaIOTCﬂ B OJTHOH

AM = —;-mi
TOYKCE, KOTOpaSI pacceKaeT X B OTHOIIICHUN 2:1, cyurTada oT BepHH/IHBI. TaK, UMECCM.




Puc. 3. JlonosHUTENBHOE TOCTPOCHUE K 3aa4e 2

AA, = AB+BA, & AM = > (AB + BA,;)

CHoOBa NMPUMEHUM MTPABUIIO TPEYTOJIbHUKA: 3
AB=b-2a

1 1. =
BA, =—BC==(c—b

155 2":‘3 )

2 1 1
mi-2(5-345@-9))=15- 22+

3 2 3

1- 2, 1, 1

ﬁ=§+§+—§§+53=§(§+_ﬁ+3}

33}13]—[1/151 JUIS1 CAMOCTOATEIbHOM paﬁoTbl:

Bapunant Nel

3apanme Nel. Jlan ABCDA1B1C1D1 —
napaenenunen. Touku K u T — cepenunbl
pedep BC u D1C1 cootBeTcTBeHHO. Paznoxure

BEKTOPBL: Q) ;1»6; 0) Z}?; B) Z'»T);r) m;
n) DK; e) BT; %) 41K
10 BEKTOPaM CB,CD, f»f';

3apnanme Ne2. Jlan ABCD — Tetpasnp.
Touka M TOYKAa T[EepeceueHus MeauaH

tpeyromsunka ABC, mpuuem DA=d, DB=b,

Bapuant Ne2

3aganme Nel. Jlan ABCDA1B1C1D1 —
napamenenunen. Ilpuuem AK:KB=3:2, A1T:

TD1=1:4. Pa3noxxute BEKTOPHI: a) AK; 0)
AT; 8) AC; 1) DT; 1) DK; e) AC{; x) KT
1o Bexktopam AB, AD, AA; .

3apanue Ne2. Jlan ABCD — Tetpasp.
Touka T — cepenuna pebpa CB, H - Touka
nepeceueHus: menuaH TpeyroiabHuka ABC.
Paznoxure BEKTOPHI:

DC=¢

> P o
o BeKTopam: a, b, C.

©CooN R DR

[ S T
N 2o

a) DT; 6) AT; ) CH

. Paznoxwnre BEKTOpHI:
e sccandie ccccadiecccad
no Bekropam: CA, CB,CD.

a) DM; 6) AB; ) AM

KouTtpoJibHble BONPOCHI (OTBETHTE MUCEMEHHO):
JlaliTe onpeneneHyue BEKTopa.

[aiiTe onpeneneHye HylI€BOro BEKTOpa.

[aiiTe onpeneneHue IIUHbBI BEKTOPA.

[aiiTe onpeneneHne KOJITMHEAPHBIX BEKTOPOB.

ChopmynupyiiTe TpaBUIO TPEYTOIbHUKA JIJISI CIIOKEHUS BEKTOPOB.

CdopmynupyiiTe npaBuiio napauienorpaMMa Jjis CI0KEeHHsI BEKTOPOB.

[aiite onpenenenne pasHOCTH BEKTOPOB.

[laiiTe onpeneneHre yMHOKEHUU 51 BEKTOPa Ha YHCIIO.

JlaiiTe onpeneneHne KOMILUIAHAPHBIX BEKTOPOB.

Chopmynupyiite npu3HaK KOMIITIAHAPHOCTH TPEX BEKTOPOB.

. Cchopmynupyiite mpaBuiio napasiesnenunesa.

Cdopmynupyiite TeopeMy 0 pa3ioKEHUH BEKTOPA 110 TPEM HEKOMITJIAaHAPHBIM BEKTOPaM.



Ilpaxkmuueckaa padoma Ne36:
JlexapToBBI KOOPAMHATHI B IpocTpaHCTBE. KOOpIMHATHI BEKTOPA, PACCTOSIHHE MEXTY
TOYKaMH, KOOPJMHATHI CEPEAUHBI OTPE3Ka

Lenb: 3akpenuTh MOHATHE JEKAPTOBBI KOOPIMHATHI B TPOCTPAHCTBE, OTPAOOTATh HABBIKK PAOOTHI C
dbopMynaMu paccTOSTHUS MKy TOUKaMU, KOOPIMHATAMU CEPEIMHBI OTpe3Ka

TeopeTtnueckas 4acTb:

KoopanHaTsl Ha MIIOCKOCTH M B IPOCTPAHCTBE MOKHO BBOAMTH OECKOHEYHBIM YHCIIOM Pa3IHYHBIX
CHoco00B.

Pemras reomerpuueckyto, GU3NYECKYI0, XUMHUYECKYIO 3a7]ady MOKHO HCIIOJIb30BaTh pa3iIMyHbIE
KOOpJIMHATHBIE CHUCTEMBI: MPSIMOYTOJIbHYIO, MOJSPHYIO, LUIUHApUYeckyro, cdepuueckyro. (Ilokas
MO/IeJIel KPUCTAITMYECKOMN PelETKY MOBAPEHHOM COJIN)

B 00mieo6pa3oBarenbHOM Kypce U3ydaercs IpsMOYTroJibHas CUCTEMa KOOPAMHAT Ha IJIOCKOCTH U B
npoctpancTBe. MHade e€ Ha3bIBarOT J{ekapToBOW CUCTEMON KOOPJMHAT 110 UMEHHU (PPAHITY3CKOTO YICHOTO
(blzmoco@a Pene Jlexapra (1596 — 1650) BriepBbic BBEAIIET0 KOOPAUHATHI B TEOMETPHIO.

Pene [lexapt poamiics B 1596 r. B ropoe JIas Ha rore @paHiuu, B IBOPSTHCKOM
cembe. Oter xoTen caenarh u3 Pene odurepa. s atoro B 1613 r. on ornipaBwit Pene
B [Taprx. MHoro et npunuiocs JlekapTy IpoObITh B apMUH, Y4aCTBOBATh B BOGHHBIX
noxojax B l'omnanguu, ['epmanuu, Benrpuu, Yexum, Utanuu, B ocajie KpenocTu
ryrenotoB Jla-Pomanu. Ho Pene nntepecoBana gumocodus, pusrka 1 MaTeMaTHKa.
Bcekope mo mpuesge B I[lapmk OH mO3HaKOMWICS € Y4eHHMKOM Buera, BUIHBIM
MaTeMaTHUKOM TOrO0 BpeMEHHM — MepceHoM, a 3aTeM U ¢ JIPYyruMH MaTeMaTHKaMu
Opannuu. bynyun B apmun, [lexkapt Bce cBoe CBOOOJHOE BpeMsl OT/AaBall 3aHATUSM
matemaTukoi. OH u3ydmsn anreOpy HEMEIKUX, MaTeMaTuKy (QpaHIy3CKUX H
I'PEYECKUX YUEHBIX.

[Tocne B3sTus Jla-Pomanu B 1628 r. Jlexapt yxonut u3 apmuu. OH BeIeT yeIMHEHHBIH 00pa3 )Ku3HU
C T€M, 4TOObI peaan30BaTh HAMEUEHHbIE OOIIMPHBIE IUIAHBI HAYYHBIX padoT.

dunocodcekue B3rIAAbl Jlekapra He COOTBETCTBOBANIM TPEOOBAHUSAM KATOJIMUYECKOW LEPKBH.
[TosTomy on mepecenwics B ['ommanauto, rae npoxuia 20 net, ¢ 1629 mo 1649 r., HO u3-3a TOHEHUH
npoTtectaHTckoi 1epkBu B 1649 r. mepeexan B CrokronsM. Ho cypoBelii ceBepHblii knumar IIBeruu
okazaics s [lexapra ryOuTensHBIM, H OH yMep OT mpocTyasl B 1650 r.

Jexapt Obln1 KpynmHeHmuM ¢uiocopoM M MaTeMaTHKOM CBOEro BpeMeHH. B ocHoBe ero
¢unocopun nexan marepuanu3Mm. CambIM H3BECTHBIM TpyaoM Jlekapra siBusiercst ero “I'eometpus’.
JlekapT BBeJN CHCTEMY KOOPJIMHAT, KOTOPOW IOJIb3YIOTCSI BCe M B Hacrosuiee Bpemsa. OH yCTaHOBUII
COOTBETCTBHE MEX]Y YMCIAaMHM M OTpPEe3KaMHU NMPSMOM M TakKUM oO0pa3oM BBEJ anreOpanyeckuil METoJ B
reOMeTpHIO. DTU OTKPBITUS JlekapTa Jaau OrpOMHBIA TOJTYOK PAa3BUTHIO KaK T€OMETPHM, TaK U JPYTUM
paszenaM MareMaTHKH, oONTUKH. [losBUiach BO3MOXKHOCTh H300pa)kaTh 3aBHUCHUMOCTh BEIHYUH
rpaduuecKy Ha KOOPAWHATHOM IIIOCKOCTH, YUCIA - OTPE3KaMH M BBIIOJIHATH apupMeTHdecKue eicTBUs
Ha/T OTPE3KaMHU U APYTUMH T€OMETPUIECKUMHU BETHUYNHAMH, a TAKKE PA3IMIHBIMHA QYHKIIUSAMH. ITO OBLT
COBEPILLIECHHO HOBBIA METO/, OTIMUYABIIUNACS KPACOTOM, U3SAIIECTBOM U MPOCTOTOM.

CeroaHs Ha ypoKe MBI IIPOJOKUM U3YYEHHUE JIEKapTOBOM CUCTEMBbI KOOPJAMHAT, U TIOKaXeM, YTO
KOOP/IMHATHI B POCTPAHCTBE BBOAATCS TAKXKe MPOCTO, KAK X KOOPAMHATHI HA TIIOCKOCTH.

B cBoé Bpems Pene [lekapt ckazan: “... moToMku OyayT OiarojjapHbl MHE HE TOJBKO 3a TO, 4TO 5
CKazall, HO U 3a TO, YTO sl HE CKa3ajJl U TEM CaMbIM J1aJl UM BO3MOXKHOCTb U yJIOBOJILCTBUE JJOJyMAaThCs 10
3TOT0 CaMOCTOATENBHO”. S MPe1oCTaBII0 BaM BO3MOXHOCTb M YAOBOJIBCTBUE pa3o0paTbes ¢ JEKapTOBOU
CUCTEMOM KOOPAMHAT CaMOCTOSITENIBHO.

Omnpenenenne 1. Ecin yepe3 ToOUKy IPOCTpaHCTBA MPOBEACHBI 3 MONAPHO MEPHNEHAUKYIISPHbBIE
IpsIMble, Ha KaKI0M U3 HUX BBIOPAHO HAIIPaBICHHUE U BBIOpaHa €IMHUIA U3MEPEHUS OTPE3KOB, TO TOBOPAT,
4TO 3aJaHa NPsAMOYTojIbHasi CHCTEMa KOOPAMHAT B IPOCTPAHCTBE.



Omnpenenenue 2. [Ipsimble ¢ BEIOpAaHHBIMU Ha HUX HAIIPABJICHUSIMU Ha3bIBAIOTCS OCSIMU KOOPJIUHAT,
a ux o0mas Toyka — HayauoM koopauHat. OHa o6o3Havaercst 6ykBoit O. Ocu koopauHAT 0003HAYAIOTCS
tak: Ox, Oy. Mx Ha3bIBalOT: OCh alcIuce, OCh OpIMHAT, OCh anIIMKaT. Bes cucrema o6o3navaercst Oxyz.

Omnpenenenue 3. Tpu IOCKOCTH, MPOXOIAIINE COOTBETCTBEHHO Yepe3 ocu koopauHat Ox u Oy,
Oy u Oz, Oz u Ox - koopauHaTHbIE TUI0CKOCTH. X 0603HayatoT Oxy, Oyz, Ozx.

Touka O pa3zzmenser KaXIyI0 U3 OCe KOOpIWHAT Ha 2 Jyda, OJUH U3 HUX — IOJIOKHUTEIhHAS
[0JIyOCh, APYroi — OTpHUIIATEIbHAs IOIYOCh.

Onpenenenue 4. B npsMoyroabHO cUCTEME KOOPAMHAT Kax10il Touke M mpocTpaHCTBa
COIIOCTABIISIETCS] TPOMKA YHCEIl, KOTOPbIE HAa3bIBAOTCA €€ KOOPAMHATAMH.

[TpoBenem uepe3 ToUuKy M TpH IIIOCKOCTH, MEPENICHANKYIISPHBIE K OCSIM KOOPAMHAT, U 0003HAYNM
yepe3 M1, M2 u M3, Touku repecedeHus 3TUX TIOCKOCTEH COOTBETCTBEHHO C OCSIMH aOCIHCC, OPAMHAT
u anmmkar. M1 — abenucca, M2 — opaunata, M3 — anmmukaTa Touku M. Koopaunats! Touku M
3anuceiBatoTCsA: M (X; y; z), X — abciucca, y — opArHaTa.

[IpakTuueckas pabota

1. Copmynupyiite oTnudre qeKapTOBOM CUCTEMbI KOOPIMHAT HA IIOCKOCTH U B IPOCTPAHCTBE

2. HazoBuTe ocu xoopauHAT Ha tuiockoctu? HazoBute ocn koopauHat B mpoctpancTse? Hazpanwue,
KaKoii ocu MbI He n3y4anu? (3HaKOMCTBO C HOBBIM CJIOBOM ‘‘amIiiukara’)

4. Kakue mIoCKOCTH pacCMaTpUBAIOTCA B IJIAHUMETPHUH (B MPOCTPAHCTBE)?

5. HazoBuTe KoopauHaTy Havaia KOOpAMHAT Ha MNIOCKOCTH (B POCTPaHCTBE)?

6. Kakue emnie KOMITOHEHTHI JIOJDKHA IMETh CHCTEMa KOOPIMHAT Ha IJIOCKOCTH M B IPOCTPAHCTBE?
7. Kak 3aaercst KoopArHATa TOYKU HA MNIOCKOCTU U B POCTPAHCTBE?

Ha mnockoctn B npocrtpanctse

2 ocw, 3 ocw,

OV- ocb opauHar, OX - ock abcnuce,
OX- ocpb abcruce OV — ocp opauHar,
OZ - ochb anmiukar.

OX nepnenauxynsipa OY OX nepnenauxyinspaa OV,
OX nepnenaukynspaa OZ ,
OV nepnennukynsipHa OZ.
(0;0) (0;0,0)

Hanpasnenue, equHUYHBIA OTPE30K

Hanpasnenue, eqtuHUYHBIA OTPE30K

Paccrosnaue MCKAY TOUKaAMHU.

d= izl -x1312 + (y2-y1

PaccrosiHue MeXay TOUKaMH.
d=v(x2-x1)?+(y2-yl)?+(z2-21)?

Koopaunatsl cepennnbl oTpe3Ka.
# + == ¥l + 2

X: ____________', Y: —_—————— e

2 2

KOOpIII/IHaTLI CCPCANHBI OTPE3Ka

¥l + = ¥l + 2 I - =

= ____________', 3;" o e

E

2 2 2

1. Kaxkas u3 touek A(0,3,6), B(-1,5,0), C(-2,0,-7), K(0,0,6) nexwur B miockocta Oxy?
2. Kaxkas u3 Touek A(0,3,6), B(-1,0,0), C(-2,0,-7), K(0,0,6) nexwur B mmockoctr Oyz?
3. Kakas u3 touek A(0,3,6), B(-1,0,0), C(-2,0,-7), K(0,0,6) nexwur Ha ocu z?

4. TTocTpouTh TOUKY C 3aIaHHBIMU KOOpauHaTamMu A (2; - 3).

5. [ToctpouTth TOUKY ¢ 3amaHHBIMU KoopauHaTtamu A (1; 2; 3).

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




A (1;2;3)uB (x; 2 ;-3)

7. Haiinute koopaArHATBI TOUKU M - cepeiMHbI OTpe3Ka
A(2;3;2), B (0;2;4) u C (4;1;0)

AC, AB

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

F
i .
A : 1y ;: "_‘;.-
E 1__'I"f
N VU S S L|_..
1Y
Ay i
X i
i
8. Jlan ky6 c peGpom, paBHbIM 4. OnpeaenuTe KOOPAMHATHI €r0 BEPIIHH.
z
B C1 OTBeTHI:
A1 D; A (4;0;0) A1 (4;0;4)
B (0;0;0) B1 (0;0;4)
B g y C (0;4;0) C1(0;4;4)
> D (4;4;0) D1 (4;4;4)
Al D

9. Jlan npsMOYTOJIbHBIN MapauleNenuIes, U3MepeHHst KOTOporo pasHel 6;4;4. OnpeaenuTe KOOPIUHATHI
€ro BEepIUIMH.

B:1 z CA D1
A
OTBeThI:
A1 D1
. A (2;-3;0) A1 (2;-3;4)
B e B (-2;-3,0) B1 (-2;-3,0)
A |« ; D vV C (-2;3;0) C1 (-2;3;4)

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



Ilpakmuueckasa padboma Ne37: Yron Mexy BekTopamu. CKaJIIpHOE MPOU3BEINECHUE
[{enb: HAYYNUTHCS HAXOAUTh KOOPIUHATHI BEKTOPA, CKAIIIPHOE MTPOU3BEAECHUE BEKTOPOB,
YTOJI MEKIy BEKTOPAMH.

Ha nimockoctu B npoctpancTBe

Yeptex

Ocwu xoopauHar

Ilnockoctu

Hauano xoopaunar

JlomonHUTEIbHEIS
KpUTEpUU
Koopaunarsl Touku

Paccrosiaue mMexy
TOYKaMMH.

Koopaunatel cepennHb
OTpe3Ka.

Bexkmopom Ha3biBaeTCs HaNpaBICHHBI OTPE30K MPSIMOi.

5
BekTop ¢ Ha4anoM B Touke A M KOHLOM B To4ke B o0o3Havaercs AB. [lns
0003HaYeHHs1 BEKTOPOB YMOTPeOJAIOTCS TAKKE CTPOYHBIC JIATHHCKHE OYKBBI:

e

a,b,x....

JIBa BeKTOpa HA3BIBAKOTCH KOMIUHEAPHBIMU, €CITH OHH JIeKAT HA OJHOI
MPAMOI WM Ha napa/uie/ibHbIX NpsmbiX. KomiHeapHbie BEKTOPbI, HANPaBIeHHbIE
B OJHY CTOPOHY, Ha3bIBAIOTCA conanpasienuwvimu. KolnimHeapHble BEKTOPBI,
HaMpaBJeHHbIE B MPOTUBOMOJOKHBIE  CTOPOHBI, -  HPOMUBONONONCHO
HANPAGICHHBIMU.

JIBa BeKTOpa HA3bIBAIOTCH PAGHBIMU, €CIIH OHU COHATPABJICHBI H PaBHBI 110
MOJYJIIO.

Cnoscenue eekmopog. Jlns 10oro  4ro0bl

-

5
MOCTPOUTH CYMMY JIByX BEKTOPOB @ M b , HYXKHO
BbIOpaTh MPOM3BOJILHYIO TOYKY A M OTJIOKHTb OT Heé

- -

BeKTOp AB=a, a3areM OT TO4YkH B OT/IOXKHTH BEKTOP

BﬁC =B . Torpa Bextop AﬂC ABJISCTCA  MCKOMOIH
cymmoii: AB+BC = AﬁC :

KoopmuHatsl Bektopa ABc HayalioM B To4Ke A(X;;V;,Z;) U KOHLIOM B TOYKE
B (x2;y2,z2) pasHbl (X2 — X5 Y2— Y15 22— 21).

N
Jlnuna Bexkropa AB Beiuucisercs no Gopmye:

AﬁB’ = \/(x2 -x) +(, =) +(z,-2).




Cymmonr BextopoB a(a,;a,;a;) u b(b;b,;b;) Ha3biBaeTcs BEKTOP ¢ C
KoopaAuHaTamu (a, +b;a, +b,;a, +b,).

-

Ilpouseedenuem Bextopa a(a,:a,;a,) Ha 4YHUCIO A Ha3bIBACTCHA BEKTOP

=
Aa(Aa;Aa,;Aay).

Cranapusim npouszeedenuem JIBYX HEHYIIEBbIX BEKTOPOB Ha3bIBAeTCS
MPOM3BEICHHE TUH ITHX BEKTOPOB HA KOCHHYC yria Mexay HuMH. Eciu xots Obl
OJIMH U3 BEKTOPOB HYIIEBOI, TO UX CKaJIAPHOE MPOU3BEEHNE PABHO HYIIIO.

- >

a-b=

—

a

-

b

-COSQ,

- -

IJe ¢ - Yrojl MeK/y BeKTopaMu au b.
CaoiicTBa CKaJSPHOTO MPON3BE/ICHHS BEKTOPOB:

> =

- IePEMECTUTENIbHOE CBOICTBO: a-b=b-a;

- = - -
- couerare/ibHoe cBoitcTBO: (ka)-b=k(b-a);
-» = - > -

- pacnpezennTe/bHoe CBoiicTBo: a-(b+c)=a-b+a-c.

CkanspHoe NpoM3BeICHHE JBYX BEKTOPOB PABHO CyMME MPOM3BE/CHHIi
OJIHOMMEHHBIX KOOP/IMHAT ITHX BEKTOPOB:

- -

a-b=xx, +yy, +22,.
Dopmyna 1St BBIYHCICHHS YIJla MEXK/y BEKTOPaMH:

- -

a
COS(/)=T.
a-b‘

Ira ke GopMyJia B KOOPAMHATAX:
XX, + Wy, +z,z,

2 2 2 2 2 9.
\/xl +) t+3 ‘\/xz +) +2I;
[IpakTrueckas yacTth

cosp =




Bapuanr 1

1. Jlan ABCDAB,C,D, — napatenenunen. Haiitu AB+ AD+ A4+ CD.
2. Haiitu xoopaunars! Bektopa 0,3 ;— 0,6 E+ 0,2 Z— 5 c? ,ecma(—1;2:4), b(0;5;3),

c(3:3:3), d(1:1:4).
3. Maubl Touku A(1; 3; 0), B(2; 3; -1) w C(1; 2; -1). Beruucaure yron Mexay
BEKTOpamu 54 7 C?B.

>N SN

4. U3BectHo,uto a ¢c=b c¢=30",

- - -

=3 . Boiuuciure (a+b)c.

="

a

-

b

22

=|C

=20

Bapuanr 2

1. lana ABCA,B,C, — npusma. Haiitu .;B— .427,— B?S, .

2. Haittu koopaunatel Bektopa 0,5a+0,16+03c¢c—-6d , ecom a(5;—-1;-1)

b(-LL1), c(0:2-2), d(-32;0).
3. Mauwr Touku A(5; 0; 0), B(l; 1; 1) n C(3; -1; 2). Boluucnure yrojg Mexay
BEKTOpaMH /TB H AﬂC.

SN SN

4. U3BectHo,uT0o @ ¢=b ¢ =45,

> - -

= 6. Beruuciure(a+ b)c.

-

b

£
c

al=3.

Ilpakmuueckasa paooma Ne38:
OToOpakeHust TPOCTpaHCTBA HA ceOs1. Buabl ABHKeHUS

Hean padoThbl: chopMHUPOBATH YMEHUS PENIATh 3a7a41 Ha JBUKEHUE

Teopernyeckne cBeieHUs1 K NPaKTHYeCKOi padore:
IIpu pemennu 3a1a4 Ha ABM>KEHNE IPOCTPAHCTBA, HA/IO0 3HATh BU/IBI IBW)KEHUSA. DTO LIEHTPAJIbHAS
CUMMETpHS, 0CEBasi CHMMETPHUSI, 3epKaJibHAsi CAMMETPUS U MapaljieIbHbIN epeHoC.
Llenmpanvnasa cummempus: Touku M 1 M1 Ha3bIBalOTCSl CHMMETPUYHBIMUA OTHOCUTENBHO T O (LeHTp
cummertpun), eciau O — cepennna orpeska MM1. Touka O cunTaeTcsi CUMMETPUYHOM camoii cebe.
T. M 1 T.M1 CUMMETpPUYHBI OTHOCUTENBHO T.O.
M © M T. O — IEHTp CUMMETPUH
1.0 — cepeauna otpeska MMy
1.0 oToOpakaeTcsi cama Ha ce0st
Ocesas cummempus: Touku A 1 A1 Ha3bIBAIOTCSI CHMMETPUYHBIMH OTHOCUTEIBHO PSIMOH a ( 0Ch
CUMMETPHUH), €CJIM TpsAMas a IPOXOAUT Uepe3 CepeHy oTpe3ka AA1u
MEPIEHIUKYIIApHA K 3TOMY 0Tpe3Ky. Kaxkaas Touka npsiMoii a cuuraercs
CUMMETPUYHON camMoii cebe.

‘ a

3epkanvhas cummempus. Toukn AA1 Ha3bIBalOTCA CUMMETPUYHBIMU
OTHOCHUTEJIBHO MJIOCKOCTH 0 TNIOCKOCTh CHMMETPHH ), €CITH IJIOCKOCTD 0L IPOXOIUT
A1 Yepe3 CepelnHy oTpe3Ka AA1 M NEepHNeHAUKYJISIpHA K 3TOMY oTpe3Ky. Kaxas Touka

TJIOCKOCTH CUUTAETCS CHMMETPUYHOMN caMoii cebe.




P e

=N

N

> Ha3bIBAETCSl OTOOPaKEHHE MPOCTPAHCTBA HA ce0s1, IPH
[TapannensHbIM IEPEHOCOM Ha BeKTOp P

—_s —

KOTOpOM Jit00ast Touka M nepexoaut B Touky M1, uto MM, = p

e

—

M

3aganus 1J19 CaMOCTOSATEIbLHOIO pelleHust
BapHaHT.
[Tpu 3epkanbHON CHMMETpPUU TpsMasi @ 0TOOpakaeTcst Ha MpsAMYI0 a1 . JIOKaXXuTe, 4To MpsIMbIE a U a1
JICKAT B OJTHOM TUIOCKOCTH ( IPSIMbIE a M a1 TApaJICIIbHBI ).
2. Tlpu 3epKaIbHON CHMMETPHHU OTHOCHTENBHO IIOCKOCTH 0. TJIOCKOCTH B 0TOOPaKaeTcst Ha IIIOCKOCTh
B1. Jlokaxwure, uto ecnu B || o, 0 B1| o
3. JIoKaKHTE, YTO HPH apaLIE]ILHOM IIEPEHOCE Ha BEKTOP P, T p # 0 , IpsAMas , He napajieibHas
BEKTOPY p U HE COJiepKaIasi 3TOT BEKTOP, OTOOpakaeTcs Ha MapauIeTIbHYIO €i MPsIMYIO.
BapHUaHT.
[Tpu 3epkanpHON CHMMETpPUU TpsIMasi @ OTOOpakaeTcs Ha MpsAMYI0 a1 . JIOKaXuTe, 9To MpsSIMbIE a U d1
JIe)kKaT B OJIHOU TUTOCKOCTH ( MPSIMBIE a M @1 TIEPECEKaroTCs ).
2. Tlpu 3epKalbHOW CUMMETPHH OTHOCHTEIHLHO IIOCKOCTH 0L IIOCKOCTH [3 0TOOpasKaeTcst Ha IIIOCKOCTh
B1. Jdokaxwure, 4to ecnu B nmepneHAUKYIsipHA o, TO 1 coBMmagaer ¢ .
3. JIoKaKuTE, YTO MPH IapalLIEIbHOM IIEPEHOCE HA BEKTOP P, Tae p # 0 , npsAMas , napasuiebHas
BEKTOPY p WIH COJIEeprKalllasi ITOT BEKTOp, 0TOOpakaeTcs Ha ceOsl.

KOHmpOﬂbele 80npocol:

Urto Takoe 1eHTpaibHasi CAMMETPHSI?
Urto Takoe oceBasi CAMMETpUs?
Yro Takoe 3epKajabHas CHMMETPHS?

Ilpakmuueckaa padboma Ne39. KooparHaTHas MII0CKOCTh. BhlunclieHUE pacCTOSHUMN 1
IJIOIIAJEH Ha TIOCKOCTH. KonnuecTBEeHHbIE pacUEThI

HeJ’ILZ 3aKpCIUTh 3HAHUA U YMCHHUA 110 TCME «KOOp,Z[I/IHaTHaSI IJIOCKOCTB»

1) Koop/iuHaThI BEKTOPa ONPe/ENIIOTCS uepe3 KOOPANHATHI Hauaja i KOHIa BEKTOpa
KoopauHaTh! Havyana BEKTopa A(Xa; Va; ZA}, KOOPJMHATHI KOHIIA BEKTOPa B(xs; ys; Zs).

KoopauHatsl BeKTOpa E{XE — Xa} ¥ — YaiZs — Za)

v v oo

2) YroJ MesK1y BEKTOPaMH (Xa: Yai Za) u b (Xp; ¥b; Zb)

OIPEENSETCS C TIOMOIIBI0 (POPMYJIBI CKAISPHOTO IPOM3BEICHHUS:

V1ol Mexay NpSAMBIMH, COIEPKAIMMU BEKTOPEI

3) MoJ10KkeHHe MIIOCKOCTH B IPOCTPAHCTBE XAPAKTEPHU3YETCA BEKTOPOM-HOPMAJIBIO n(A; B, C)x
TJIOCKOCTH.

Ecii M3BECTHBI TPU TOYKH TLIOCKOCTH K(x1;y1; 21), M(X2; ¥z Z2), N(X3; ¥3; Z3), 10 110 v Moo
onpenenuts koopmunars sopmamn 11(A; B; C)

JI71st 5TOr0 HEOOXOJMMO PEIIUTh CUCTEMY YPAaBHEHUH, TJIe BMECTO OJJHOM M3 TIepeMeHHbIX (00br4HO D)
OepyT sro60oe umncio, He pasHoe 0.



YpaBHeHue ILI0CKOCTH 33/1a€TCs ypaBHEHHEM Ax+By+Cz+D=0

4) PaccTosiHUE OT TOYKH /10 TJIOCKOCTH

PaccTosiHuE OT TOUKH ¢ KoopauHaTamu X0: Y0 £0 10 m10CKOCTH ¢ HOpMAIbIO n(A; B; C)

h

_|AX+Bys+C2z +D|

omnpeaensiercs no popmyiie

VA2 + B2+ C2

5) YroJ Me:xny MJI0CKOCTSIMH PaBeH yriay Mexay Hopmaisimu M, M2 k mmockocTsm:

YT01 MeXay IITOCKOCTIMH 10 onpeneneHuto Menbine 90 rpaaycoB, 3T0 oOecreuynBaeTcs
MOJIOKUTEIILHBIM 3HAUCHHEM KOCHHYca B hopmysie.

6) Yrou Mexny npsiMmoii ¥ NJI0CKOCTHIO

HpHMOﬁ U HOpMAJIbIO ﬁ K IINIOCKOCTH:
GE

| ||

7) Ilomaas OpTOroHANbHOIM NPOEeKINU

sin p =

miomaab MpOoCKINU MHOTOYT'OJIbHUKA,

OIPCACIIACTCA C IOMOLIBIO BCKTOPa é, JCKaIEro Ha

MHOI'OYI'OJIbHUKa SI‘IP = SM - COS ¥ roe SI‘IP—
M — 1uI0IAaabh MHOTOYTOJIbHHUKA,

COS P KOCHUHYC yI'JIa MCKAY INIOCKOCTBIO MHOT'OYT'OJIbHUKA U IIJIOCKOCTHIO ITPOCKIIHUU.

Ii1omaas MHOTOYroJIbHUKA
8) YpaBHeHue nNpsAMOii B IPOCTPAHCTBE

HaxOJUTCH 110 I1omaau €ro NpoCKuumn

Snp
M E
coS

Eciu npsivas napaiiensia sexkropy P (XP; ¥P; ZP) i npoxomut depes Touxy M(xus; Yas Zm),

X=Xy Y—Yu Z—2Zn

TO ypaBHEHHE MPSIMOii 3a1aeTcst HopMyIoit

Xp

e Zp

BAPUAHT Nel

1.Haueptute ky6 ABCIA1B1C1/11. Haitaure
yrois Mmexay npsimeiMu 1) A/l u BB

)11 u B1C; 3)B1C u 1C1

Haiigure paccrosinue Mexxay npsameiMu AA1
u CCy, eciu pebpo Kyba paBHO a.

2.Yepes BepuinHy B paBHOOe1peHHOTO
tpeyroiabHuka ABC nposeneHa npsimas a,
MEepIEeHANKYISIpHas ero miockoctu. Haitgure
paccrosinue Mexay npsmeivu a U AC, eciu
AB=AC=10cMm, BC=12cM.

3.Uepes Touky A OKpyKHOCTH ¢ LieHTpoM O
U paguycoMm 6¢cM IIpoBezieHa npsimas m,
NIEPIEHIUKYJIIpHAs INIOCKOCTU OKPY>KHOCTH,
a yepe3 TOUKy B okpyXHOCTH — npsAmasi g,
KacarenbHas K OKpy>kHocTH. Halinure
paccTosiHue MEXy MPSMBIMU 6 U M, €CIIN
yroa AOB =120°.

4.TInomane Tpanenuy pasHa 48v/3 cm?, a ee
OpPTOrOHaJIbHAs! MPOEKLUS — PAaBHOOOKAs
Tpamnenus ¢ OCHOBaHUsAMH 4cM U 20cM 1
6okoBoii croponoit 10cm. Haiiaure yron
MEXy MIJIOCKOCTSIMU TPaIelnui.

BAPUAHT Ne2

1.Haueptute ky6 ABCJIA1B1C1/11. Haiiaure
yron mexay npsmeivu 1) AB u CCy

2)ACu B1Cy; 3)AC u 1AL

Haiingure paccrossHue Mexay npssMbeiMu BB1 u
JJ11 eciu peGpo kyba paBHO a.

2.Yepes BepiinHy A tpeyroiapHuka ABC
IIPOBEJIEHA ITpsiMast m, NEPIIEHUKYIIIPHAs €To
m10ckocT. Halinure paccTostHue Mexmy
npssmeiMu m ¥ BC, eciiu AB=13cwm,
BC=14cMm,AC=15cMm..

3.Uepes TouKy A OKpY>KHOCTH IPOBEIECHBI
xopasl AB u AC. Yepes Touky B nposenena
npsiMasi m, NEpIEeHIUKYISIpHas III0CKOCTH
OKPYXHOCTH, a yepe3 Touky C nmpsimas a-
KacaTeNnbHasl K OKpyKHOCTH. Haliaure
paccTosiHuEe MEXy MPSMBIMU a U M,eCIN
AB=6cM, AC=8cM, yron BAC =60°.

4. OpTOrOHaJIBbHON NPOEKIMEN Tparennu
SBIISIETCSA PAaBHOOOKAs Tpamenus ¢
OCHOBaHUAMHU 4CM U &CM , a TUArOHAIIU €€
B3alMHO NepNeHIUKYIsApHbl. Haiinure
II0UIa/1b JAaHHOU Tpareuuu, €Ciu yroi
MEXy €€ IIIOCKOCTBIO U TUNIOCKOCTBIO
MPOEKITUU paBeH 60°.




Ilpakmuueckasa paooma Ne4(): Nlousitre KOPHSI N—il CTeNeHH U3 AEHCTBUTENLHOIO YHCIA

Ilenb padoThI: OBaIcHUE NIPAKTUUECKUMHU HAaBbIKAMU U 3aKPEINIEHUE TEOPETUYECKOr0 MaTepHaa 1o
BBIUMCIICHUIO KOPHEH U3 YMCEIl U YUCIOBBIX U OYKBEHHBIX BBIPAXKECHUH.
CTy/IeHT 10/IKeH:
3Hamy:
- IOHATHE KOPHS N-OM CTEIIEHU;
-TIOHATHE apU(PMETHUYECKOTO KOPHS;
-OCHOBHBIE CBOMCTBA KOPHEN;
ymemb:
- BBIYHCIIATH KOPEHb N-0H CTEIIEHU;
-YIPOIIaTh JHO0BIC BRIPAKCHHSI HCIIOJIb3Ys CBOMCTBA KOPHEH;
IloaroroBka Kk padore:
1. TloBTOpUTSH, UTO TakOE apU(PMETHUECKHI KBaAPATHBIA KOPEHDb U3 YHCIA.
2. CaoiicTBa apu()METHUECKOro KBaJIpaTHOTO KOPHSI.
KoHTpOJbLHbIE BOIPOCKL:
1. UYro Takoe KOpeHb N-0i CTeneHu U3 yucia a?
2. Yro Takoe apupmMeTnyeckuil KopeHb N-0il cTeneHu u3 yucna ?
3

OCHOBHBIE CBOMCTBA KOPHEH?

4. Kak Ha3bIBaIOT 3HAK KOpHA V. ?

3ajanue:
eapuanm
3aoanue
1 2
1)Bbrunciure A)3V0,125 310,027
5 —+
b) Nalli i R
32 V-32
8
Ax3+8=0 x4*—19=0
2)Pemute ypaBHeHHe - 3
BpWx—5=-3 | V7—dx=4
3)Haiigute 3HaueHNE YUCIIOBOTO BBHIPAKEHUS a)3\/24 %9 A )3\/7 5 % 45
37 27a°
oV BV=




NS 5v2
4)BHecuTe MHOXKHTEIb O] 3HaK KOPHS ; 5
B)23/3 32

5)IIpeobpasyiite 3a1aHHOE BHIPAXKEHHUE K BULY

. 4 4 3 3 3 4 -

VA ZV2NE NZNENL:

3 4 3 3 2 3

6)BriHecuTe MHOXKUTENb U3 MOJ] 3HAKa KOPHS 3v625 x5y6 57— 64716

TEOPETUUYECKHUHA MATEPHAJI K TIPAKTUYECKOM PABOTE:
Kopens N-ii creneHu u ero cBoicTBa.

663}’CJIOBHO, BCC TaK HJIM HHAYC 3HAKOMbBI C UHTYUTHBHBIM ITOHATUCM KBAaAPATHOI'O KOPHS - 9TO TAKOC
YUCJIO, KBaApPaT KOTOPOI'O paBC€H d. aHAJIOTHYHO OIIPCACIIICTCSA KOPCHDb n-# CTEIIeHN U3 Yuciia a, racn -
ITOJOXXHUTCIBHOC YHCJIIO.

omnmpeaecjJaeHue. KOpHEM N-i1 cTeneHN 13 YKciia @ Ha3hIBAeTCS TaKOS YHCJI0, N-g1 CTCIICHb KOTOPOI'O paBHA d.

COTJIaCHO JAHHOMY OIIPCACIICHUIO KOPCHb Nn-¥ CTEIICHU U3 YHCIIa a - 3TO penieHue ypaBHCHUS X™ = A.
YHCJIO0 KOpHeﬁ 9TOI'0 YpaBHCHUS 3aBUCUT OT NN U OT a.

apudmernyecknii KOpeHb N-i cTeneHH. onpeaeaeHne. apuhMETHIECKIUM KOPHEM N-i CTETIEHU U3
Yuclia @ Ha3bIBalOT HEOTPULIATEIBHOE YNCIIO, N-5 CTENEHb KOTOPOT'0 paBHa a.

apudMeTHIECKUH KOpeHb 0003HAYAI0T™/X. YMCII0 N HA3BIBAKOT MOKA3aTETEM KOPHS, a CAaMO YUCIIO a -
TT0JKOPEHHBIM BEIPDKEHAEM. 3HAK KOPHs \ HA3BIBAIOT PATHKAIIOM.

OCHOBHBbIE CBOIICTBA KOPHEI.

Jlnst 1000r0 HATYpaIbHOTO N, 11e10ro K 1 JTF00BIX HEOTPHUIATEIBHBIX YHCET @ U D BBIMOIHEHBI paBEHCTBA:
1° 4fab—=4%/a-1/b.
ne
2 /—Z= A2 (b 5£0).
J'\ b 1% (

8% APa="4a (k>0).
4%, tlg=="/a* (k=0).
5% &/a*= (R/a)* (ecam k<0, 10 a0).

OTH MATh CBOMCTB C JIETKOCTHIO JI0KA3bIBAKOTCS U3 OMPENEICHHS KOPHS M CTENEHU. IIPU PELICHUH 3a/ady,
CBSI3aHHBIX C BBIYMCIEHUEM KOPHEU CIIEyET aKTUBHO M0JIb30BAThCS A TUMH CBOWCTBAMHU - OHU COKPAILAIOT
00bEM BBIYHCIICHHUH, TIO3BOJIIOT YIPOIIATh BRIPAXKEHUS U OKAa3bIBAIOT APYTYIO TIOMOIIIb.

W < ‘Ju"'%

Jnst nro0bix umcen a u b, takmx, urto 0<a<b, BBIMOJNHSACTCS HEPABEHCTBO . IpPOBEJIEM

- iy o o
A0Ka3aTCJIbCTBO METOAOM OT IMPOTHBHOTO. JOIMMYCTUM, YTO \"'II{E_L E Vb . TOrAa Mo CBOUCTBY CTCIICHCHU C

{.-"IIH]” E |: { h)rl

HaTypaJIbHBIM ITOKa3aTeIeM ( , T.€. a=b. 3TO MPOTUBOPEUHUT YCIOBHIO a<B.



Ilpakmuueckaa padboma Ne41: Crioco6bl ynpouieHust BbIPAKEHHI, COMEPKAINX PATUKAIIBI
Henu:
Obpaszosamenvrasn: TPOAOIKUTL (OPMHPOBAHWE Yy CTYACHTOB YMEHUW TPHUMCHSTH
CBOMCTBA CTENEHEH M KOPHEH NpH MpeoOpa3oBaHUU BhIPAKEHUH.
Bocnumamenvuas.: BoCIUTaHHE CaMOCTOSITEIBHOCTH, TBOPUYECKOTO MOAXO0a K PEIICHUIO
3ajay.
Pa3zeusarowas: pa3BuTHE JOrMYECKOTO MBIIUJICHUS, HABBIKOB CPABHUTEIHLHOTO aHAIIN3A.
Oobopyoosanue: n10cka, KOMIBIOTEP, MPOEKTOP, IKPaH, 3alKUCH HA JOCKE, MJIaKaThl C
dbopmynamu no teme: «Crenenn» u «KopHu», HHAUBUAYAIbHbIE KAPTOUKU-3a1aHUS.
Hcnonvzosanue ynemeHmoe nedazocuieckKux mexHonozuil:
1. corpyanuuecTna;
2. 370poBbecOeperarnmx (4epeoBaHrue BUJIOB JEATCIbHOCTH);
3. nH(pOPMAITMOHHO-KOMMYHHUKAITMOHHBIX;
4. pa3BUBAIOIIINX;
5. IMYHOCTHO-OPUEHTUPOBAHHBIX.
Pezynomamuenocmo:
(dhopMUpOBaHNE KOMIIETEHIINI: IIEHHOCTHO-CMBICIIOBOM, Y4eOHO-TI03HABATEILHOM,
KOMMYHUKATUBHOM, TUYHOTO CAMOCOBEPIIICHCTBOBAHUSI.
IInan 3anamus.
1) IToaroToBUTENbHBII ITAIL.
1) [IpoBepka yCcBOCHUS MPOUCHHOTO MaTepraia GpOHTATBHO (MM UHIANBUIYAIBHO) TIO
CJIEAYIOIIUM BOIpocaM (Ha SKpaH MPOESKTUPYIOTCS BOMPOCHI, HA KOTOPHIE CTYACHTHI
OTBEYAIOT YCTHO).
. UTo 3HAYUT BO3BECTH YUCIIO B CTEIIEHB N?
. Kak nepeMHOXXUTH JIBE CTENEHU ¢ OJJMHAKOBBIMU OCHOBAHUSIMHU?
. Kak pa3znenuts 1Be cTeneHu ¢ OJIMHAKOBBIMA OCHOBAHUSIMU?
. Kak Bo3BecTH cT€NEHb B CTETIEHB?
. Kak n3Bneub KopeHb U3 cTeneHu?
. Uemy paBHa HyJieBasi CTEIIEHb YK CIIa?
. Kak HaliTu cTeneHp ¢ OTpUIaTEIbHBIM ITOKa3aTeaeM?
. Kak HaiiTu KopeHb ¢ ApOOHBIM MOKa3aTenem?
10. ChopmynupyiiTe OCHOBHOE CBOMCTBO KOPHSI.
11. Kak u3Bjie4Yb KOpeHb U3 MPOU3BEICHUS?
12. Kak u3Bne4s KOpeHb U3 1poou?
13. Kak u3Bne4sr KOPEHb U3 CTCTICHH?
14. Kaxk npou3BOIUTCSI YMHOKEHHE KOPHEN OJJTUHAKOBOM CTENEHU?
15. Kak npou3BOgUTCS YMHOXKEHUE KOPHEHN pa3HbIX CTEIEeHEeN?
16. Kak mpou3BoauTCs IeJIeHHE KOPHEW OJMHAKOBOM CTETIeH! ?
17. Kak mpou3BOUTCS BO3BEICHUE KOPHS B CTEIICHb?
2) TToBTOPUTH:

OO OTPh~WwWwpN Pk

CBOMCTBA KOPHEH CBOMCTBA CTEICHEN
1. #/a"b = Vab 1l.am-aqn = agmtn
n_ ne 2. amar = gmn

a

2.V =~/ _
_"\717\/19



3. (”\/'&)w = '{/a“ 3. (am)n = qmn

4. n\/k_\/a = nk/g 4.am- b = (ab)"
5. /g = i/ak 5.0 ="
2) TeopeTnyeckuii ITam.

[IprmeHenne 3HaHUM IIPU PELLIEHUU TUIIOBBIX 3aJaHUM.
3aoanue 1. IlpuBectu K 00IIEMY IOKA3aTENI0 KOPHU:

V2 uv5

3adanue 2. CokpaTUTh MOKA3aTeIN KOPHEH U MOIKOPEHHBIX BBHIPAKECHUI:
8/81x4y4

3adanue 3. 3Bneub KOPEHB:

v0,01-81; 3V27-8

3aoanue 4. BolmoaHuTe IeCTBUL:

Va3 vhEVp-1 Vi3
3aoanue 5.Beraucaure:

1
—0,23-0,272 + 646 + 53:54 — 1,50
3) IlpakTHyeckuii yTam.
CamocTosTeNbHOE NPUMEHEHUE YMEHHI U 3HAHUIA.
[IpoBecTu camocTosTenbHYIO paboTy B 15 BapuaHTax.
[IpumepHOE conep>kaHue OJTHOTO BapUAHTA.
1. [IpuBecTu K 001IEMY MMOKA3ATEIIO KOPHU:
VZui3
2. COoKpaTuTh MOKA3aTENN KOPHEN U MOJKOPEHHBIX BBIPAKECHUIA:
4/25x2y2
3. U3Bneus KOpeHs:
V25-64; m/a3n-(a—b)"
4. Boiosnaure AeiicTBus: L
a) 0,5v24 — 3v/40 — (v/150 + V54 — v/1000)
6) V7 —v33-V7+33

5. Beruucnure:

1
—0,52: 0,53 — 273 + 44 - 4-2 — 0,20




Bapuanr 1
1. Beryucaure;
a) 40,0625 — ¥-243;
6) 428 . 35 . 425 . 7,
2. PacnonoxuTe uncaa B nopsaake vOLIBAHHA: ﬁfﬁ: JE; m
3. ITocTpoirte rpadgux hyHROEM: I = ~“Yx -1 +8.
4. Berauenmre: 40412 — 4375,

5. Pemnre ypasaenue: ¥x? — v — 131 = —5.

6. Hafigure sHadedue BHIPAKEHIH
Job? — ¥8b° - #2566 + Y2401 mpm b = T - 3.

7. Pemmure ypasunenue Y81y + ¥243x2 = 6.

BapwanTt 2
1. Briuucaure:
a) ¥-0,343 + §729;
6) Y27 - 118 - g28 . 117,
2. PacnonoskuTe YBCaA B NOPAZKEe BO3PACTAHHA: 42, ¥3, 11
3. Iloerpolite rpaduK DyHEROIMM: i = —{x +3 - 5.

4, Bruncsure: 6475 - 2«.,‘15@ .

9. PeunTe ypasHenve: ¥y2 _ x — 44 - -9,

6. HafiauTe 3HAYEHNE BLIPAKEHNA
V2502 + ¥64a® ~ Y164t —~ Y676 nmpu a = ¥26 - 3.

7. Peinure ypapaenne 3128x2 = 24 + Y64x.

Ilpakmuueckaa padoma Ne42: TloHsTHE CTEIICHU C PAllUOHAIBHBIM ITOKa3aTEIEM,
CBOMCTBA CTEICHEN

Heab: O600UMTL U CHCTEMaTU3UPOBATh 3HAHUS MO TeMe «CBOoMCTBa KOpHEH U CTENeHel»; 3aKpenuTh
YMEHUS MCIIOJIb30BaTh MOJyYSHHbIE 3HAHUS /IS TpeoOpa3oBaHus are0pandeckux BhIpasKeHHH

Teopernyeckue cBeieHUs1 K MPAKTHYECKOi padoTe:

m
=
Onpenenenue. Crenenpto yucna a>0 ¢ pallMmOHANBHBIM MTOKa3aTelleM = 1

rae m - mgeiaoe 4ucio, an -

ni=m
HarypaibHoe ( N>1), HasbIBaeTCs ynucao 43, T.c.
1

L - -7
- =7, a2 T= .
a7 =043" 50 - E




CaoiicTBa CTeNeHN ¢ PAMOHAJBHBIM MOKA3aTeJIeM.
g b0 pe@, g
FF57=5";
EP
aﬂ'
l:“aPJ]q =3 P‘CI';
{ah F=g7 b,

s.(3) -5
L he
3aganus A9 caMOCTOSITEILHOIO PelleHUs!:

1 Bapuant
3adanue 1. Berunciauts

@) V12 ¥ 4y5 x V12 — 445,

— FT
=3 h

JsH+ 1)+ (5+V);

B T L

1 1 V53 5
0)(6 +V27)2 x (6 —V27)2; 7—4yJ3 . 7+43
2) + =
7+4V3  7-443

3adanue 2. YpoCTUTh BBIPAXKCHNUE U HAUTH €T0 3HAYCHUE
7 1 5 2 25

a§+a§ agcg_l_agcg
a) —
; Z
4 _ 55
npu @ =2 a’c® npu a=7, ¢=3
3adanue 3. 136aBUTbCS OT MPPAMOHAIILHOCTH B 3HAMEHATEIE
)5, 6)_¥ _; B335 n 2
- T v Va
2v3 Vet+vb 5+vV3 764 ?
2 BADMAHT
3adame 1. Berupcants
—a)'V%G_—l—Z‘vﬁﬁé x V1o—241Z; 8—4v3 8+4V3
1 1 2) + .
8+4V/3  8-4v3

6)(12 — V19)3 x (12 + V19)? ;

1 . _ 1 .
e)(w?—ﬁ)f(w @),

3adanue 2. YpocTUTh BBIpAXKEHUE U HAUTH €T0 3HAYCHUE



asc? npu a=9, c=2

3adanue 3. U30aBUThCS OT HPPALMOHATIBHOCTH B 3HAMEHATEIIE

)= oy Sy L

5v3  e—vb  3+v5 Wi ©
Va

I(oumpwzbubte 60NnpocCol.
1. Uro Ha3bIBAIOT CTENEHBIO C pallMOHAILHBIM IT0Ka3aTesieM?
2. IlepeunciuTh CBOMCTBA CTETIEHU C PAIlMOHAIBHBIM TIOKA3aTEIIEM.

Ilpakmuueckaa paooma Ne43: CBOMCTBA CTENEHHBIX (PYHKUUN U UX IPAPUKHU

Hesb: chopMrpoBaTh HABBIKK MCCIEIOBAHUS CBOWCTB CTEIICHHBIX ()YHKIIUH M IIOCTPOCHUS HX
rpadMKOB B 3aBHCUMOCTH OT TOKa3artess; hopmupoBath komnoHeHTs OK 2. Oprann3oBbIBaTh
COOCTBEHHYIO JI€ATEIbHOCTD, BEIOMPATH TUIIOBBIE METOJIBI U CIIOCOOBI BHIITOJHEHUS
npodeccuoHaNbHBIX 3aj1a4, OLleHUBaTh UX 3¢ dexTuBHOCT U KauecTBO; OK 6. PaGorats B
KOJIJIEKTHBE U B KOMaH/e, 3P PEeKTUBHO 00IIATHCS C KOJUIETaMHU, pyKOBO/ICTBOM,
norpedurensimu; OK8. CamocToSTENbHO ONPEeNTh 3a/1a4k NPOPECCUOHAIBHOTO U
JMYHOCTHOTO Pa3BUTHUS, 3aHUMAThCSI cCaMO0Opa30BaHNEM, OCO3HAHHO TIAHUPOBAThH MOBBIIIEHUE
KBaTH(UKAITTT

Teopernyeckas 4acThb:

B yoke 3HaKOMBI ¢ GyHKIMAME Y=X, Y=X2,y=x3y=1/X. Bce 7TH GyHKINN ABIAIOTCSA YACTHBIMU
cyqasmu CTEIIEHHOUW ®YHKIWM, Te pynkmum y = X P

Csoticmea cmenenHoul (hyHKyuy 3aBUCAT OT CBOMCTB CTENEHHU C JeHCTBUTENIbHBIM MIOKA3aTeNIeM, a
B YaCTHOCTH OT TOTO, IIPU KAKUX 3HAYEHUSAX X U [P UMEET CMBICI CTeneHb X P.

Jasatime ecnomuum onpeodenenue @QyHKYuu, 0aouM NOHAMUE CMENeHHOU QYHKYuu u
PaccmMompum ee ceolicmea uepe3 maobauyy.

. DyHKIUSA — 3TO COOTBETCTBUE MEXJY JABYMS MHOXECTBAMU TAaKOE€, YTO KaXKIAOMY
AIIEMEHTY OJHOIO MHOKECTBA 'CTABHTCS B COOTBETCTBHE €AMHCTBEHHBIN AJIEMEHT JApPYTroro
MHOECTBA i.zl'lepBoe MHOKECTBO Ha3bIBAIOT 00JIaCTHIO ompeeseHUsi GyHKIUHM, a BTOPOE

(V) T T
— 00J1aCTBI0 3HAYEHHIT (l)yHK].[I/II/I. O003HaYaOT: D (}] n E[}j COOTBCTCTBCHHO.

Crenennas pyHkuusi — 370 QyHKIUS BuAa 'y = X P, rae p — 3aiaHHoe JEHCTBUTENLHOE YUCIIO.
Heo0xonnmble 0003HaYeHHS:

X - obnacth onpeseneHus GQyHKIUH

Y - oGmacTh u3meneHust QyHKITHH

Xop- HyJIU QYHKIIUU

X T - 00macTk MONOKUTENBHBIX 3HAYCHUH QYHKIIMN

X - obnmacTh OTpHULIATETBHBIX 3HAUEHUN (YHKIIII

Max - TOYKu MaKCUMyMa (pyHKITUU

Min - TOYKK MUHUMYMa QYHKITUH

X T - o6nacts BO3pacTaHus QyHKIUN



X | - o6nacte yObiBaHMs QYHKIMH

Haszeanue(P)

I'pagux

Ceonicmea

P=2n (ueTHoe€
HATypaJIbHOE YK CJI0)

=

napabona

e 00macTh onpeaeIeHus — BCE
JIEHCTBUTEIIbHBIC YHUCIIA, T. €.
MHOXECTBO R;

®  MHOXECTBO 3HAYEHHI —
HEOTPULIATEIIBHBIC YUCIIA, T. €. Y >
0;
(GyHKIHS YeTHAas;

e  (ynkuus sBuseTcs
yObIBatoleil Ha mpoMexyTke X < 0
Y BO3pACTAIOIIEH Ha TPOMEKYTKE
X=>0.

IIpumep gpynryuu c nokasamenem
p =2n:

y = x4

P=2n-1 (HeuyeTHOE
HATYpaJbHOE YHCJIO)

Kybuueckas napaboia

e o0mnacTb onpeeseHus —
MHOECTBO R;

e  MHOKECTBO 3HAYCHUM —
MHOECTBO R;

e  (yHKIIMS HEYETHAS,

e  (yHKIUS SBISETCA
BO3pacTaroIIei Ha BCEU
JIEUCTBUTEILHOMN OCH.
Ilpumep ¢pynxyuu c noxasamenem
p=2n-1:

y = x5

P=-ntmen—
oTpuuAaTebHOE
HATYpaJIbHOE YU CJIO0:

, 1

2

y=x
.

=
®

eunepbona

e 00yacTh ompeneneHus —
MHOXecTBO R, kpome X = 0;

®  MHOXECTBO 3HAYEHUU —
MOJIOKHUTETbHBIC gncia Y > 0;

e  (yHKIMA yeTHAaS;

e  (QyHKIUSA SABISIETCA
BO3pAaCTAOIIEN Ha IPOMEKYTKE X
< 0 1 yOBIBaroIIeH Ha TPOMEKYTKE
x> 0.

Ipumep 'y = 1/X2.




' e 00JacTh ONpE/IeICHHS] —

P=-(2n-1), \\”:x'ﬂ MHOXkecTBO R, kpome X = 0;
rien — \ ®  MHOXECTBO 3HAYEHUU —
HEYETHOe i il [ : MHOXeCTBO R, kpome y = 0;
HATypaJibHOe \\\ll " T e  (yHKIMS HeUeTHas,
YHCJI0: ] e  (byHKIUS SIBIACTCS

\ yOBIBAOIIEH HA MPOMEKYTKAX X <

\ Oux>0.

cunepbona Ipumep 'y = 1/X5.

y=x"(o >0, . — Henenoe)
®  MHOXECTBO 3HAYEHUIN —
HeoTpuLaTenbHbIe yucna y > 0;

e  (yHxuus sBIAETCS
BO3paCTAOIIEH Ha IPOMEKYTKE X
> 0.

e o0mnacThb onpeeseHus —
HEOTpHULATENIbHbIE uncia X > 0;
IIpumep 'y = x*3,

ya

P — TIOJIOKHUTECIBbHASA
IpoOb L

e 00yacTh ompeneneHus —
y=x*(a <0, 0 — nenexnoe) MOJIOKUTEIbHBIE uncia X > 0;

“ ®  MHOXXCCTBO 3HAYCHHI —
P — oTpHLE@TENbHAS HOJIOKHUTENbHBIE yncna 'y > 0;

1po0b e  (YHKIWUS SIBISCTCS
yOBbIBaroIIEeil Ha MPOMEXKYTKE X >

0.
Ipumep: y = x5,

=
rY

ConoctaBbTe TpadudecKoMy H300paKEHUIO CTETIEHHON (YHKIINH €€ aHATUTHYECKOE BhIpaXKEHHUE.
Breaute otBet B pexume «T2» B popme nudpa-oyksa



AHaIHTHYECKOE BBIPAKEHHE ['papuueckoe n3obpakenne cTeneHHbIX (yHKLHIi
R "

S LNV

y=x° b

y=x° B

y=x7* r

y=x* A
"

y =x% K

y=-x "

Ne 3azanus 1 2 3 4 5 6 7 8

OrmeTka O BbIMOJIHEHHH

«+» - NPaBUIIbHbIH OTBET

«-» - HEBEPHbIH OTBET




Ilpaxkmuueckaa pavoma Ne44,45:

Mertoapb! pereHunst MoKa3aTeNbHbIX YPABHEHUN U HEPABEHCTB

Heanb padotbi: OnpeneneHne TUIIOB MOKAa3aTeIbHBIX YPAaBHEHUHM U METOJIOB HX PELleHUS,

pemiCHUC HpOCTCfIH.IHX MOKAa3aTCIIbHBIX HCPABCHCTB.

Omnpenenenue. YpaBHenue Buia a* = b, rae a > 0,a # 1, Ha3bIBaCTCs NOKA3AMENbHBIM.
Ecnmu b > 0, mo ypenenue umeem edunmceenusiii kopeunv, eciu b < 0, mo xopueu nem.

Croco0bl penieHusi NOKA3aTeJbHbIX yPABHEHHUI.

1. IIpupaBHHBaHHeE IIOKa3aTEIEH.

CyTtb MeToza:
1. YeaunuTts ciiaraeMoe, coiepikaiiee nepeMeHHYO;
2. [lpuBecTu CTENICHH K OHOMY OCHOBaHUIO;
3. [IpupaBHATH MOKa3aTEH;
4. PemuTh MOJIy4€HHOE YPAaBHEHMUE;
5. 3amucaTh OTBET.
IIpumep:
F_2i=0
3 =27
3:&' — 33;

r=3
Ortser: X = 3.

2. DBblHecenue 00LIEro MHOXKUTENS 32 CKOOKH.

HpI/IMeLIaHI/IeZ BBIHOCHUM 34 CKO6KI/I MHO>XHUTCJIb C MCHBIITUM IIOKA34aTCJIICM.
ITpumep:

3 3 = —?8

3*(1-3)=-78,

31— } 78,

37 (- 26)=-

=3
=1
OtBer: X=1

3. Baenenue HOBOU EpeMEHHOU

Kaxk mpaBuiio, ypaBHeHUS, peliaeMble 3THM CIIOCOOOM, CBOJIATCS K KBaJIpaTHBIM.

Tpumep: 47 —5-4" +4=10,
HyCTL 4x — a Torga YpaBHCHUC MOYKHO 3aIllUCaTh B BUJC:

—Sa+4=10,
D=25-16=9,
@) = ERa =4,
2
-3
=——=1
i, 5
CnenaeM oOpaTHYIO 3aMEHY:
4 =4 yumm 4* = 1;

x=1wuwmx=0



Omer: x=1mwmx=0

4. Hcooip30BaHME OTHOPOIHOCTH

Flxd _ g fix)
OnpedeﬂeHue IlokazaTennHBIC YpaBHCHUA BU A ct =k Ha3bIBAXOTCA OAHOPOAHBIMMU.

CyTb MeToaa: Tak xak mokazarenbHas (bYHKI_[I/IH HE MOXCET IPpUHUMATDh 3HAYCHUEC, PaBHOC HYIIIO,

1 00€ 4acTH ypaBHEHUS MOXKHO JICJIUTh HA OJHO M TO K€ HE PaBHOE HYJIIO YHCJIO, pa3ieliuM 00e

4acTH ypaBHEHHUS, HAIpUMeEp, Ha B

[pumep: 2* = 3*

Pastenim 06 YacTH ypaBHeHus Ha 5 * U
2% 37

33

g

xr=0
Ortser: X =0.
Omnpenenenue. [loxazamenvHbim HEPABEHCTBOM HA3bIBACTCS HEPABEHCTBO, B KOTOPOM
MIepPEeMEHHast COJICPKUTCS B TIOKA3aTeJIe CTCTICHH.
Penienne mpocTeiux NoKa3aTeJbHbIX HEPABEHCTB.

E

IIpocTelmMMH CYMTAIOTCS MOKa3aTe/IbHbIE HEPABEHCTBA BUIa: a¥<ay, a*>aY . (a*<a’, a*>aY).
Tak e, KaK ¥ IPH PEIICHUH POCTEHIIINX MOKa3aTeIbHBIX YPAaBHCHUH, OJIMHAKOBBIC OCHOBAHUS
CTEIMEHEN OIyCKaloT, HO 3HAK HOBOI'O HEPABEHCTBA COXPAHSIOT, ecyIn QYyHKIUS y=a* ABIsAETCS
Bo3pacraroieii (a>1); ecsm xxe mokaszarenbHas GyHkims y=a* yobiBaer (0<a<l), to

3HaK HOBOT'O HEPABEHCTBAa MEHAIOT HA MPOTHBOMOJIOKHBII:

a¥*<a¥ — x<y, ecnu a>1; 3HaK COXpaHeH, TaK Kak (QyHKIIHs BO3PACTACT;

a*<a¥ — x>y, ecnu 0<a<l; pyHkuus yObIBaeT — 3HAK TTOMEHSLICS,

a*>a¥ — x>y, ecnu 8>1; 3HaK COXpaHEH, TaK Kak (QYHKIIMs BO3pacTaer

a*>a¥ — x<y, eciu 0<a<l; ¢pyHKIius yObIBaeT — 3HAK TOMEHSLICS.

[Tpumepsbl.
PeminTh HEpaBeHCTBO:

1) 452%<(,25.

IIpencraBum mpaByro gacTs B Buje: 0,25=(%/100)=(4)=47;

452<4t; hynxims y=4* ¢ ocHoBaHMeM 4>1 Bo3pacraer Ha R, mo3ToMy, Omyckas OCHOBAaHHS
CTETEHEH, 3HaK HEPAaBEHCTBA COXPAHUM:

5-2x<-1;

— 2X<-1-5;

— 2X<-6 |:(-2) npu neneHnn 00eUX YaCTel HEPABEHCTBA HA OTPUIIATEIBHOE YUCIIO, 3HAK
HEPABEHCTBA MEHSAIOT HA IPOTUBOIIOIOKHBIN:

X>3.

S
3 =
Otger: (3; +o).
2) 0,42x*1>0,16.
[TpencraBum yucio 0,16 B Bune crenenu uucna 0,4. [Tonyyaem:
0,4%%1>0,42; ocHoBaHMe cTemneHeii — uncno 0,4 — ymosnerBopser yciosuio: 0<0,4<1; mosromy,
OIlyCKaeM OCHOBAHHMS CTCIICHEH, a 3HaK HEPABEHCTBA MCHSIEM Ha MIPOTHBOIOIOXKHBIN:
2x+1<2;



2x2-1;
2x<1 |:2
x<0,5.

Ortger: (-o0; 0,5].

AN
0,5

BAPUAHT — |

[HE

. Pemuure ypaBHeHus:

a, 7*=49;

6. 87 =64";

B. 5 =1

r. 258 =7%

2. Pemiute ypaBHeHHe:

-6

9 J 4

3. Haiigute cymMMy KOpHei
YPaBHEHUS

5% —6-5 +5=0

4. Peminte HEpaBeHCTBA:
a. 2* >4

0. 0,6 >0,6°

5. HaliguTe HAnOoOJbIIIECE 1EJ10€
pellleHUe HepaBeHCTBA

2 + 242 <20

BAPUAHT — |1

1. Pemiute ypaBHeHMSsI:

a. 2% =8;
0. 9°° =1,
B. 672 =36
r. 27% = 53x
2. Peminte ypaBHeHMe:

(4" _(5\6

=) )

3. Haiigute cymmMy KopHeid
yYPaBHEHUsI

2% _6.2+8=0

4. Pemute HepaBeHCTBA:
a. 2 <8

0. 0,3+ <0,3?

5. HajliguTe HANMeEHbIIIEe 1eJ10e
pellieHue HepaBeHCTBA

3 +392 30




APUAHT — 111
1. Peminte ypaBHeHM:

a. 3% =81;

0. 4% —64" °;

B. 23x+6 =1

r. 3% =g¥

2. Pemiure ypaBHeHue:

()

3. Haiigute cyMMy KOpHei
YPaBHEHUS

3% -6-3-27=0

4. Peminte HEepaBeHCTBA:
a, <81

6. 0,57*>0,5"

5. HaliguTe HAanooJbIIIECE 1EJ10€
pellleHUe HepaBEeHCTBA

4+ 42 < 68

BAPUAHT — 1V

1. Pemiute ypaBHeHHSsI:

a. 4 =64;

6. 36—)(: 33X—2 .

B. 3*241X =1

I. 4 = 92x

2. Pemure YPaBHCHHE:

(5Y (4Y
z) ~\z)

3. Haiigute cymMmMy KopHei
yYPaBHEHUsI
2:2%-5.22+2=0

4. Pemmute HepaBeHCTBA:
a. 5"+ 125

0. 0,78 < 0,72

5. HajliguTe HANMeEHbIIIee 1eJ10e
pellieHue HepaBeHCTBA

5 + 52 > 650

BAPUAHT — V
1. Pemiute ypaBHeHHSI:
a. 2M—x = 4.
0.8xt5 =1;

B. 625+ 5% = 2512;
I. 73x=10 — 43x-10
2. Pemute ypaBHeHUe:
52-3x — 1

25
3. Hailiante cymMmMy KOpHei#i ypaBHeHUs1

10-32x—-7-3*r -3 =0
4. Pemnte HepaBeHCTBA:
a.4* < 64
6. 0,32x-1 < 0,3x+4
5. Haiigute HanboJib1ee 1eJioe pelieHue
HepaBeHCTBa
6% + 6%+2 < 222

BAPUAHT _VI
1. Pemnre YPABHCHHA:
a. 3x+11 e 91
0.16x % = 1;

. 7x2—9x+22 = 49;

1741 = 2241,

. Peminte ypaBHeHue:
1

36
3. Haiiante cymMMy KOpHeii ypaBHeHHUs1

9x —6-3x—-27=0
4. PemiuTe HEepaBeHCTBA:
a. 3x > 27
6.0,92x < 0,94x3
5. HaiinuTe HauMeHbIIIee 11eJIoe peleHue
HEPaBeHCTBA
8x + 8x+1 < 72

N H W

62—3x =




Ilpakmuueckana padoma Ned6:
[Tonsitue norapudma. OCHOBHOE TOTapUPMHUUECKOE TOKIESCTBO

Ienwv:

3HATh ompeeNieHre JIoraprudma, OCHOBHOE JIOTapU(PMUIECKOE TOKIECTBO.

YMeTb BEIYUCIATH JIOTapu(MBbl, IPUMEHATH OCHOBHOE JIOTapH(PMHUYECKOE TOXIECTBO.

YMeTh BBIYUCIISITh 3HAYEHHUS BRIPAKCHHUH COJIEPIKAIINX JIorapr(MBbl, COACpIKaITUe JOTrapu(MBbI,
norapuMUpPOBaATh U MOTCHIIUPOBATH BHIPAKEHUSI.

Jozapughmom uucna b no ocnosanus a Ha3pIBaeTCS TaKOH MMOKA3aTeIb CTEIICHHU, B KOTOPYIO
HaJI0 BO3BECTH YKCJIO @, YTOOBI MOJTYUUTh YHCIIO .

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

Hpumepwi: log2 8 = 3; T.x.2°=8
logs 625 = 4; T.K.5=625
logs 16 = 2; T.K.4°=16

log ~ = —2;1k3%=1
39 9
log 1=—1; rx.5%=1
5 5 5
]0g46_4 = —3; T.k4 :61_4-

3 1

logz V2 = ;; T.K.23 = i/?

logzs 5 = %; T.K 252 = V25=5
logzz 3 = %

log77 =1, logel=0

HOJ’II)SYHCB OMmpeaACIICHUEM MOXKHO 3allCaTb OCHOBHOC J'IOl"apI/I(i)MI/ILIGCKOC TOXKIACCTBO:

alog«b = p
Ipumepor: 50853 = 3
8log35 =5
—2logz5 — (2logz5y 2 — -2 — 1
378> = (31083°) T =572 = —

23+log27 = 23.2log27 = 8.7 = 56
IIpakTH4yeckas 4acThb:

Bapuant Nel
| yposens Bapuant Ne2
1. Bsmuucure: a) 109; 27 —1og; 7, 6) | yposens
7 1. Berancimre: a) 109,16 —10g; 9, 6)
1+log, 5 5
2 \/_ \/— 5Iog5 9-1 \/_ \/_
B) 194+21g5, 1)
Haf;mHTe ” |0g3x =4 |093 a+7 |093 b 2. HaﬁﬂHTe X. |Og5 X=2 |0g5 a— 3|0g5 b




3. IIponorapudpmMupyiiTe mo OCHOBaHUIO 5
Boipaxcerne: 125a% 1%,
Il yposens
log 24 — L log 72
1. Boruucnuts: a) 2

Iog318—; Iog372

6) 36|0955+101—|92 _ 8logz3
2. Haiinure x:
1 2 1
log x="1log a- log b—"log b+5
2 2 2 3 2 3 2
3. [Iponorapudmupyiite BeIpakeHUE 110

ez.i/'e.mAf

4. YrpocTuTe BhIpaKeHHUE:

Igb

OCHOBAHHUIO €.

3. [Iponorapudmupyiite mo OCHOBaHHIO 5:
25a°h’

Il yposens
1. Bemauciure:

1
log, 14 s log_56

a) 0)

log 30 - ~ log 150

Nl

l—llog 4
(814 2 + 25I091258).49I0972
\ )

2. Haiinure x:
log x=3- 2 log a—8log b+21 log ¢
L 3 ot Tt
3 3 3 3
3. [Iponorapudmupyiite BelpakeHHE IO

Cz\/C_

ocHOBaHmio 3: ¥V

+ —log b? 243(ab? P
lga |Ogab é 4. YupocTHuTe BhIpaKEHHE:
2log, b b
a~™*" —\log a
(log af
Bapuant Ne3 Bapuant Ned
| yposens | yposens

1. Bsruuciure: a) 109,16 + |091§, 0)
5
122—'09124
) 3lg2+3lg5, r)

logs .80 —logs L0
2 1

2. Haiigure x: log, x= —log,a— -og, b
72 3 72 5 72
3. Tlponorapudmupyiite no OCHOBaHHIO 2
48a fa-b’

Il yposens

1. Beiuucnure: al)—l()gz—4 * Iogzﬂﬁa
logz 20 + 3log: 2

1
6) 1614094 c N 42 Iogz3—3log 85
2. Hatinure x:

Iogsx = ZIog 3a—4+5|og 3b— 1 log 3b
3 2

3. [lpomorapudmMupyiite BeIpakeHUE 10

0,04-3ra’h
OCHOBAHUIO 5:
ac?

4. YIpocTHTE BBIpaKEHHE:
, _log;a

—log a*—_ 7%
Tog_b b log, b

1. Beruncimre: a) 100 64 + |0g173 , 0)

3
1 1-logy 18
)
1
B)_2Ig4+I95, r) Iogsﬁe—logsﬁe

1 4
2. Haiinure x: log x=" log a- log 2b
£ 4 & 7 &

3 3 3
3. IIponorapudmupyiite no ocnoBanuo 10:

0,001b?
PE
Il yposens
1. Beruucaure:
3Iog72— . Iog764
2

a) , 6)

4logs 2+ _logs 27

w

! log 9-log 6

72-(49ﬁ2 T +5"°9ﬁ4)
\ )

2. Haiinure x: .
log x:3log a+ -b5log b+4log b
25 25 .2 25 25

3. [Iponorapudmupyiire no ocHoBaHuUIO 4:

s

256 {p7a)




4. ympocTute BeIpakenue: 10gb U =10,

Ilpakmuueckasa paooma No47,48:
CaoiicTBa norapupmuueckoid GyHkiuu u e€ rpadux

Heab: 3uarh cBoicTBA JiorapudMa, GopMyJbl IEpexoaa K IpyroMy OCHOBAHHIO.
YMmeTb npeoOpa3oBbIBaTh BHIPAKEHUS, COAEpIKAILINE JIOrapu(MBbI.

Hns a>0; a#1; x>0; y>0 cnpaBennauBsl GOPMYIbI:
1. lOga 1=0

2. logaa=1
3. loga xy = loga x + loga y
4. log, i =log, x —log.y

5. logaxr = pl{)gax
6. logrx = "
Ilpumepur: a) loge 18 + loge 2 = loge 18 - 2 = logs 36 = 2
0) log1248 + logi124 = log1248 ~ 4 =logi1212 =1
L | 1

1 — —
r) logs V3 - 510g512 + 1logs 50 = logs /3 — logs V12 + logs50 =
V3-50

V12

= logs = logs25 = 2

Jecamuunsie u namypansHsle n02apugmol.
Jlecamuunvle nozapughm unciia Ha3pIBAIOT Jorapu(M 3TOro Yrcia mo ocHoBanuto 10.

1 =1

Hpumepsr:  1g100 = 2, gh = logib

1g1000 = 4,

lg0,00001 = —5,

1g0,01 = —2.
Hamypanvnsim nozapugpmom uucia HazpIBa€TCs JOrapum 3TOr0 YKCIIa [0 OCHOBAHUIO €, TJIE
e = 2,71828 lnb — loge b
e=1+'+_+_' + . +_ T 4+ .

1 1x2 1x2x1 1x2x%x3..n

Ilpumepur: In el2 = 2,

In-=-1,
Il = _2
ez 5

21.]'[5[ HaTypaJIbHBIX U JECATUIHBIX J'IOFapI/I(i)MOB COCTABJICHBI CIICIINAJIBHBIC Ta6J'II/IIII)I.
JIJist BEIYUCICHHSI IPYTHX JOTapru(MOB UCTIONB3YIOT (hopMyJiy nepexooa K 0py2omy 0CHOBAHUIO







10g43

Ilpumep: 0852 + = log 2+ log 3=log 6=1
logs 6 log4 6 6 6 6

OyHKIHS — 3TO OTOOpakeHHE, MPH KOTOPOM KaxJOMy 3HAYCHHIO OJHOTO MHOXECTBA
CTaBUTCS B COOTBETCTBHE €AMHCTBEHHON 3HaUE€HUE BTOPOro MHOXecTBa. [Ipuuem oTobpakeHue
HA3BIBACTCSI OOPATUMBIM €CITH KaXKIIOMY JIEMEHTY A
BTOPOTO MHOKECTBAa CTaBUTCS B COOTBETCTBHUE Y
€IMHCTBCHHBI  JJIEMEHT TEpPBOTO  MHOXECTBA.
I'paduku  oOpaTHBIX GYHKIUA  CHMMETPUYHBIN

OTHOCHTEJIBHO MPSIMOH =X y= .
of /1 -~

Bcnomnume onpeoeneHue u ceoticmea

nokazamenvrou gynxkyuu: y= a*, npu a>0, a# 1. Dta

(GyHKIMS BO3pacTaeT Ha BCEH YMCIOBOW MPSAMON IpH y=logax

a>1 u yosBaer npu 0<a<l. To ectb mpu IoOOM !

SHAYCHWH a TOKasaTelbHas (YHKIMS MOHOTOHHa. LHC L. I'paduxu nokasaresnbHok
s Hee cymectByeT oOpatHas ¢yHkius. Moxuo ee 4 norapuPMUIECKOi HyHKIHIA.
noctpoutb. (Puc  1). @Dyskumsa, oOparHas

HOKa3aTeabHOI Ha3bIBaeTCs JIOrapu(pMUUIECKOH.

OyHKINIO, 3aJaHHYI0 (HOopMYyITOi

y=logax, 20e a>0, a+ 1

Ha3bIBAIOT J102ApUPMUYECKOll h)yHKyuell C OCHOBAaHUEM a.

s nokazamenvhol QyHKyuu cywecmsayem 08a Ciyias nogederus yukyuu: npu a>1 u npu
O<a<l. Jloeapugmuueckyro ¢yukyuro paccmompum

y=l0gax, 20e a>1 y=l0gax, 2de 0<a<l
TI'pagpux pynxyuu I'pagpuk pynxkyuu
4 \
i i
1 1
o /1 > 0 >
y=logax, a>1
y=log.Xx,
Ceoticmea pynkyuu Ceoiicmea ¢pynkyuu
1. D(f)=(0;+c0). 1. D(f)=(0;+c0).
Obnacmo onpedeneHus — 3mo 6ce
00nyCmuMmble 3HA4eHUs He3A8UCUMO20
nepemennozo X. 2. E(f)=R.
2. E(f)=R.




Obnacmov 3HaueHus — Mo 6ce OONYCMuMble 3. YOwIBaeT Ha Bceit o0nacTu

3HAYEHUs 3A8UCUMO20 NEPEMEHHO2O ). olpeaeIeHus
3. Bo3spacraer Ha Bceii oOmactu Dyukyus Hazvleaemcs yowvleaiowell, eciu
olnpeeneHus OonbeMy 3HAYEHUIO apeyMeHmMa CIABUMCs 8
Dyukyus Hazwvieaemcs gozpacmarouell, eciu | coomsemcmaue 0onvliee 3HaUeHUU QYHKYUU.
Oonvulemy 3Ha4eHUuIo apeymenma Cmagumcsi 8 4. Tlpoxomut yepe3 Touky (1;0)

coomeemcmaue 6obulee 3HAUeHUU QYHKYUL.
4. Tlpoxomut yepe3 Touky (1;0)

ITpumep 1. Tloctpouts rpaduk ¢pynkimu y=l0gs(X-2). OnucaTh ee CBONUCTBA.
Pewenue. I'paduk uckomoii pyHkimu noyyaercs us rpaduka Gpynkuun y=logsx.
X 1/3 3 9
y -1 1 2
I'paduk dpynkun y=10g3(X-2) momaydaem u3 mpeablIyIIEero cABUroM mo ocu Ox Ha 2
enuHuipl Brpaso (Puc 11).

A A
gy :

y=logsx y=logz(x-2)

1 //

2 X

v

Puc 11. I'paduk pyukumu y=l0gz(x-2).

Ipumep 2. Haiinute 061acth onpenencuus pyukimu y=l0gs(6-2x).
Pewienue. OGnacTbio onpeeneHus JorapupmMuueckoi GyHKIMU SBISETCS MHOXKECTBO
MIOJIOKHUTEIBHBIX AEHCTBUTEIBHBIX Yrcel. [loaToMy aprymeHT jorapugma T0HKeH
OBITH CTpOTO OobIIe HYIS. 6-2x>0; -2x>-6; X<3.
Omeem Xe(—0; 3)
Hpumep 3. Haiinure o6macts onpeneneuns Gpynkumn y=l0gs(x>-3x-4).
Pewenue. x*-3x-4>0.
Pewum Hepagencmeo memodom unmepsanos: f(X)= x2-3x-4
x2-3x-4=0; x1=-1; Xo=4 N ) N
x€(—o0; —1 U (4; +0) O
Omeem: xe(—o0; —1 U (4; +0) -1

B0
v

Ilpumep 3. Haiinure obnacth onpenenenus GyHKmn y = log 2x+6

85_10x

Pewenue. 2xt6 > ()
5—10x

PernM HepaBeHCTBO MeTOI0M HHTEepBaIOB: f(X)= _52’6;;
- X

% = 0; dpoOs paBHa 0 xorna unciautens paBeH 0, a 3HameHarenb He paBeH 0. T.O.
[IOIY4YUM:

2x+6=0u5—-10x#0 ) + i

x=-3 x # 0,5 O O >

xe(—3;0,5) -3 0,5

Omegem: xe(—3;0,5)



IIpakTH4eckas 4yacrb:

Ne 1 BapuanTt Ne 2 BapuaHT
1. Tocrpoiire rpadux pyHKIMH:
a |y=logsx—2) a |y=logzx+1)

b | y=—-logix
2

b |y=Ilogix+2
3

1. BrbimoJsiHuTeE AeHCTBHA:

Ceoiicmea nozapugpmos

Bapuanm 1

A) Bvibepume nomep npasuibHo2o omeema

Al | Beraucnure: log,,160+log,,0,9 1)2;2)1;3)3; 40
A2 | yupocrure: 52+logs3 1) 50; 2) 3; 3) 75; 4) 12
A3 | Beruncaure: 2log,12 —log,18 1)3;,2)4;3)1; 4) 2
A4 | HalinnTe 3HaueHWE BBIPAKECHUS: 1) 1; 2) 2,25; 3) 3,75; 4) 4,5
logs (16¢), ecnu logz ¢ =0,5
A5 logs144 4: : -8 _
Haiimure 3Ha4eHne BLIPAKEHUS: g -8 1) 4 2) 6; 3) log;12-8; 4) 6
log.12
A6 | Beruuciure: logz (24m), ecimu log23m=8,5 | 1) 11,5; 2) -5,5; 3) 19,5; 4) 20
A7 HaﬁzéHSTe 3HAYEHUE BBIPAXKECHUSA: 1)3;2)7;3)-34)5
log , ecnmu log 5=0,2
5 c c
A8 1) 5; 2) 5,2; 3) 4,8; 4) 4,5

log, 4 log, 55
Briauciaure 81 9P _ 2 0%

Ceonicmea nozapughmos

Bapuanm 2

A) Bvibepume Homep npasuibho2o omeema

Al | Beruucaure: log,,110 + log,;1,1 1)1;2)3;3)2; 4) 1
A2 | yupocrure: 6271092 1) 18; 2) 15; 3) 75; 4) 25
A3 | Beraucnumre: log,96 —5log, 2 1)3;2)1;3)-1; 4) 2
A4 Haﬁzinre 3HAYEHUE BBIPAKECHMS: 1) -0,5; 2) 3,5;3) 1,5; 4) 2,5
log , ecm log ¢=-0,5
4? 4
AS log7169 : : - 4) —
HaiiauTe 3Ha4eHNE BBHIPAKEHHUS: 9129° 15 1) 6:2) 7; 3) logr13+5; 4) -2
log,13
A6 | Borunciure: 1) 6,5; 2) —-4,5; 3) 9,5; 4) 10
logs (100m), ecau logs 4m =7,5
A7 | Haliiute 3Ha4YE€HHE BBIPAKCHUS: 1)3;2)1;3)24)2
216
log , ecm log 6=0,5
GT c
A8 1) 6,5; 2) 5; 3) 6,2; 4) 7,5

|0943/7 . 5'090,2 2

Brrauciaure 64




Ceoiicmea nozapugpmos

Bapuanm 3

A) Bvibepume nomep npasunvrozo omseema

Al | Bpraucnure: 19125+ 198 1)1;2)2;3)3;4) 4

A2 | ynpocrure: 627109° 1) 4;2)6;3)9; 4)12

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

A4 | Haiinute 3Ha4Y€HHE BBIPAKECHUS: 1) 1; 2) 1,75; 3) 0,75; 4) 1,5
logo (270), ecim logsc=0,5

A5 | Haliiute 3HaYEHUE BBIPAKCHUS: 1) 11; 2) 6; 3) log,11+5; 4) 7
log,121

+5

log,11

A6 | Beruucnure: 1) 8,5; 2) 6,5; 3) 9,5; 4) 9
logs (50m), driée logs 2m = 4,5

A7 Haﬁﬁl-IéITe 3HAUEHUE BBIPAKECHUS: 1) -8; 2) —6; 3) -3 4) 4
log ™, ecim log 4=0,1

4 c c

A8 005 1) 5; 2) 25,2; 3) 15,1; 4) 42

Berauciure 640%:° 43 = ) ) ) ) 3

Ceoticmea nozapugmos

Bapuanm 4

A) Bvibepume nomep npasuibHo2o omeema

Al | Berauciure: log,810 —log,10 1)1,2)2;3)3;4) -1
A2 | ynpocrure: 3310922 1) 54; 2) 48; 3) 81; 4) 29
A3 | Berunciure: logg12,5-1log,0,1 1)3;2)1;3)-2; 4) 4
A4 | Haliiure 3HaYeHNE BBIPAKECHUSA: 1)1,2; 2)1,5; 3) 0,6; 4) 1,8
logss (6¢), ecmu loge ¢ = 0,2
AS5 | Haiinute 3Ha4Y€HHE BBIPAKCHUS: 1) 2; 2) 8; 3)1; 4) loged—-2
log, 64
-2
log, 4
A6 | Boruuciure: 1) 4,5; 2) -2,5; 3) 1,5; 4) 5
logs (54m), ecam logs 2m=1,5
A7 | Haiinute 3HaY€HHUE BBIPAXKECHUS: 1) -3;2)1;3) 24) -2
49
log __, ecnu log 7=0,25
7 C c
A8 ; log, 5 1) 48; 2) -3; 3) 3,2; 4) 10,5
Beruyuciure 2:|.6|096Jé +7 7

2. Onpeaenure MHOKECTBO 3HAYEHUI PYHKIMM:

Al

Ompenenute MHOKECTBO 3HAYCHUH
byHKIMU:
y =11-log; (x+5)

1) [5;+%); 2) (—o0;+x); 3) (—=;11]; 4) (5:11)

A2

Omnpexnennte MHOXECTBO 3HAUCHHUH
byHKIMH:
y 4

mgjx2+9i

1) (1,9]; 2) (—=;2]; 3) (0;2]; 4) [2;+x)




A3

Ornpenennure MHOKECTBO 3HAUEHU I
¢byHKIMU:
y =12+log, (4 -x)

1) [12;+4%); 2) (=o0;12); 3) (—o0;+0); 4)
(4,12)

A4

Onpenenure MHOKECTBO 3HAYCHUN
byHKIMH:

y =log, (|x|+1)

1) (=0;0); 2) (—o0;+x); 3) [1;+40); 4) (0;+x)

A5

Omnpenenute MHOXKECTBO 3HAUCHHHA
byHKIMH:

— 2
y =log® (x+3)

1) [0;+0); 2) (—w0;+0); 3) (—=;3]; 4) (0;3)

A6

Ornpenenure MHOKECTBO 3HAUEHU I
byHKIMH:
y 3

Iogzix2+8i

1) (0:1]:2) (~ord]; 3) (13]; 4) [3:+)

A8

Omnpenenure MHOKECTBO 3HAUECHUH
¢byHKINN:
y =log 2( X2 +16)

1) (—oo;+0); 2) (—»;4]; 3) [4;+0); 4) [16;+)

Ilpaxmuueckasa paooma Ne49,50:

MeTtonbl penieHus JorapuMUIeCKux ypaBHEHUN
Llens padomol: 3aKpenuTh 3HAHUSA M YMEHUS CTYACHTOB IPH PEILICHUH JTOTapH(PMHUIECKIX

ypaBHCHI/Iﬁ 1 HCPAaBCHCTB.

Teo DTHYECKASA YaCTh

Jlorapudpmuyeckoe ypapHenue

Omnpenesienue: Jlorapupmuyueckoe ypaBHEHHE — 3TO YpaBHEHHUE BUIA
loga b(x) = loga c(X), Tae a >0, a # 1.
VYpaBHEHUS, CBOJSIIIMECS K 3TOMY BHY, TAK)K€ HAa3bIBAIOTCS JOTapu()MUUCCKIMU YPABHCHUSMH.
IIpumep.

Pemnm ypaBHeHue

logs (x* — 3x — 5) = logs (7 — 2x).
Pewenue.

1) [MockosbKy OCHOBAHHMS B JICBOH U MPaBOil YacTsIX OJJMHAKOBBIC (PaBHBI 3), TO MBI MOXKEM
0CBOOOUTHCS OT 3HAKOB JIOTapu()MOB M IPUNTH K ypaBHEeHHUIO Buaa b(X) = C(X):

X2 —3x—-5=7-2x
2) [IpupaBHUBaeM ypaBHEHHE K HYJIIO U ITOJy4aeM KBapaTHOE ypaBHEHHE:
X2 -3x-5-7+2x=0
X-x-12=0

Pemue kBapaTHOE ypaBHEHHE, HAXOIUM €ro KOPHHU:
X1 =4, Xo =-3.
3) IIpoBepum, pu KaKOM U3 IBYX 3HAYCHUH X YpaBHEHNUE UMEET CMBICIL.

MBsI yxe 3HaeM, 4To JorapudMuieckoe ypaBHeHHE paBHOCHIBHO ypaBHeHUIo b(X) = ¢(X) Tombko

B TOM city4ae, eciu b(X) > 0 u ¢(x) > 0. CiiezioBaTenbHO, BBIBOJIUM J[Ba HEPABEHCTBA:
2
X=—3x-5>0,

7_

2x> 0.

ITpu x = 4 HEpaBeHCTBA HEBEPHBI. 3HAUUT, 4 HE SABJISAETCS PEIIEHUEM YPaBHEHUS.




[Tpu x = —3 HepaBeHCTBA BEPHBI. 3HAUUT, 3 SABJISAETCS €AUHCTBEHHBIM PELICHUEM YPABHEHHS.
Jlorapudmuyeckoe HepaBeHCTBO

Onpenesenue: Jlorapupmuueckoe HEPABEHCTBO — 3TO HEPABEHCTBO BUIA
loga b(x) > loga c(X), rne a >0, a# 1.
HepaBeHcTBa, CBOAIINECS K 3TOMY BUY, TAKXKE HA3BIBAIOTCS JIOTapU(PMUICCKUMU
HEpPaBEHCTBAMHU.
Ecmu b(x) > 0 u ¢(x) > 0, To:
- mpu a > 1 norapudmudeckoe HepaBeHCTBO loga b(X) > 10ga C(X) paBHOCHIBHO
HepaseHcTBy b(X) > ¢(X);
- mpu 0 < a < 1 norapudmuyeckoe HepaBeHCTBO loga b(X) > 10ga C(X) paBHOCHIBHO
HEPABEHCTBY € IPOTHBOIOIOXKHBIM cMbIciIoM D(X) < ¢(X)
[Tpumep.
Pemum HepaBeHcTBO logs (2x — 4) > logs (14 — X).
Pemenue.
1) B ocHOBaHMM 00eHX YacTeil ypaBHEHHS — OJTHO M TO )K€ YUCIIO 3. 3HAYUT, MOXKEM yOpaTh
3Hauku JjorapumoB. [Tockonbky 3 Gosbliie 1, To, ciieayst MpaBuiTy, COCTABIISIEM CIICTYIOIIYFO
CHUCTEMY HEPABEHCTB:
2x—4>0
14-x>0
2x—4>14 —x.
Perraem HepaBeHCTBA U TIOJyYaeM:
X>2
x<14
X>6
Mp&1 BUuM, 4TO X OOJIBIIE HE TOIBKO ABYX, HO U OOJIBIIIE IIECTH. 3HAYUT, HEPABEHCTBO X > 2 MBI
y)Ke B pacueT He OepeM: eciu x 0oJiblie 6, TO ecTecTBEHHO U Oobiie 2. Takum oOpazom, st
HAC BaXKHBI TOJIBKO JIBa IPYTMX HEPABEHCTBA, COTJIACHO KOTOPBIM X OoJibiie 6, HO MeHbIie 14.
OTO U €CTh OTBET:
6<x<14.

TekcT 3a1aHnA:

Pemenne siorapugMmnyecknx ypaBHeHHil 1 HEPABEHCTB
Bapmuanr 1

A) Bvibepume nomep npasunbHo20 omeema
Al Ecnn X, - kopenb ypaBreHust log,, (6-2x) =-2, | 1) 5, 2)30; 3)9; 4)6
TO 3HAYEHHE BHIPAKEHUS x§ +5 paBHO

A2 | Haiiaure npou3sBeeHUe KOPHEH ypaBHEHUsI 1) 1000; 2) 0,01; 3) 0,1; 4)100
lg? x-lgx*+2=0

A3 Haiaure cymmy KOpHEH ypaBHEHUS 1) -2; 2) 4,5; 3) 2,5; 4)3

2 —11 =

Iogs(2x +3) 1=Ilog X

A4 Haiinute HanbospIiee 1enoe pernieHmne 1) -1; 2) 4: 3) 5: 4) -3
HEpaBeHCTBA Iogl (:f( - 2) < Iogl (@_ X)

A5 | Haiigute oGnacTth onpezaeneHus GyHKIUN 1) [3;+%); 2) (-=:3]; 3)[3:4);

y =./10go2 (4 - x) 4) (—o0;4)

B) Hanuwume npasuivHulii omeem




B1

Haiinute npousBeneHne KOpHE ypaBHEHUS |09X 2+ |092X 2= |094 2

B2 VYKaxXuTe KOJMYECTBO LIEIIbIX PELICHUI HEPABEHCTBA!
log 1£(3X ~1)-2>log, X
B3 X+2y =5,
Ecmu X, u Y, - pelieHne CucTeMbl ypaBHEHHI LIOglﬁ ( v+ X) 0,5 TO 3HAYCHHE
BBIpAXEHUS 2X, + Y, PABHO
C) Ilpusedume noopobnoe peuternue OaHHO20 3A0AHUSL.
c Ipyu KaKkuX 3HAYEHHAX Mapamerpa & ypasHenue 10 (’Za - 9") = X He UMeeT
KOpHEM
Peumenue jorapupmMuyeckux ypaBHeHuii 1 HEPABEHCTB
Bapuanr 2
A) Bvibepume Homep npasuibHo20 omeema
Al | Ecin x,- xopenb ypasmenust log,,, (3x+1) = -2, | 1) 45; 2) 20; 3) 4; 4)a1

TO 3HAUYCHUEC BbBIPAKCHUS X2 — X paBHO
0 0

A2 | Haiigure npousseieHre KOPHEN ypaBHEHUS 1) 1000; 2) 0,01; 3) 0,1; 4)100
lg? x-1lgx®-3=0
A3 Haiigure cymMmy KOpHEH ypaBHEHUS 1) 9; 2) 11; 3) -10; 4) 3
2 — =
log 6(4x + 32) 2=Ilog X
A4 Haiinure Hanbobiee 1e1oe pereHne 1) 7; 2) 6; 3) —6; 4) —7
nepasercrsa 100, (%x +13) < log, (5 I 3x)
A5 Haiinure o61acth onpenencHus GyHKIIMN 1) (-1;0); 2) (-1;0]; 3) (—o0;0];
y = /logos (X +1) 4) (~1;+0)
B) Hanuwume npagunvHulil omeem
Bl Haiinnte HanMeHbIINN KOPEHb PaBHEHHS |092 X+ |093 x=1
B2 YKaxuTe KOJMYECTBO LIEIIbIX PELICHUI HEPAaBEHCTBA
Ioglj(x—O,S)—Iogz (x-1)>1
B3 3x+2y=5,
Ecnu x, u y,- peuieHue CUCTEMbI ypaBHEHUI LIOgls ( y+ X) _ 0,25 TO 3HaYEHUE
BBIpaXKEHUA 2X, + Y, pAaBHO
C) Ilpuseoume noopobnoe peuternue 0aHHO20 3A0AHUSL.
C

[Ipy xakux 3HAUYEHMSIX MTapamMeTpa & ypaBHEHHE log ) (a3 + 47 ) —X=0 wumeer

POBHO ABa KOPHA




Ilpakmuueckasa paooma Ne51: Ilepexoo Kk nosomy ocnosanuto nozapupma

[enb: 3aKpenuTh 3HaHUS U YMEHUS CTYACHTOB IO OCBOEHUIO JOrapru(MOB U

CBOMCTB Jiorapu(pMUIecKoil HyHKIUH.
TeopeaneCRaﬂ qacCThb:

OcHoBHbIE cBOlicTBA JJorapu(pmMoB

Caoxenue n BbIYMTaAHME JIOTapugMoB

1.loga x + loga y = loga (X - y);

2.10ga X —10gay = 10ga (X : ).

BbiHeceHne moka3artesisi CTeNeHu U3 Jjorapugpma

1.10ga X" =n - loga X;

log xx = z. log, x

2 k

3. log_x x™ = o log, x

log. x
log,x = ——
ITepexos K HOBOMY OCHOBAHHIO log.a
1
log,x = —
B 4acTHOCTH, €CJIM NOJIOKUTE C = X, HOJIy4UM: log, a

OcHoBHOe JIoTapu(PMHYECKOe TOKIECTBO

Yacto B nporecce pemeHus Tpedyercs NpeAcTaBUTh YUCIIO KAK JOrapu@M o 3alaHHOMY
OCHOBaHUIO0. B 3TOM cityyae HaM OMOTYT (POPMYJIBI:

1.n=loga a"
2.a = b°er A

Jlorapugmnyeckas eJMHULA U JOrapH(PMUYECKHH HOJIb

1. loga @ = 1 — a10 norapudmuueckas eaAuHUIA. 3AIIOMHUTE pa3 U HABCEerAa: Jorapudm mo

J'IIO6OMy OCHOBAHHIO d OT CaMOT0 3TOTO OCHOBAHH: PaBEH CAMHUIIC.

2.10ga 1 = 0 — a10 norapupmuueckuii HOb. OCHOBaHHE & MOXKET OBITh KAKMM YT'OJIHO, HO

ecili B apryMeHTe CTOUT eMHHUIA — JorapudM pasen Hymo! ITotomy uto a° =1 — 310
IPSIMOE CIIEJCTBUE U3 ONIPECIICHHUS.

Ilepexox K HOBOMY OCHOBAHHIO log 6 = log. 6 , YaCTHOCTH, €clii C = b, To Iog 6=1

@ log, a ¢
U TOT/A: log 6=
@ log a -
5
log 3-log 1,25=log 3. 10g51,25 _1og 1,25=log ~ =-1
0,8 3 0,8 |09018 3 0,8 % 4

JlorapugMupoBaHue — 3T0 HAXOXKCHHUE JIOTapU()MOB 3aJaHHBIX YHCEN WIN BBIPAKEHUI.



b
Hpumep: Haiinem norapupm X = a? - —.
c
Pewenue.
[TocenoBaTenbHO BOCHOIB3YEMCS Cpa3y BCEMU TPEMsI OCHOBHBIMH CBOWMCTBaMH JIOTapU(MOB,
KOTOpBIE U3JI0KEHBI BBINIE (JIorapu(M Mpou3BeIeHUs, JOrapu(m 4aCTHOTO U Jiorapuhm
CTETEHN):
b
lgx=Ig (@ -—)=Iga?+Igb—-Ilgc=2lga+Igh—Igc.
C
IMoTeHUMpPOBaHMe — 3TO HAXOXKJICHNUE YHCEN WM BRIPAKEHHUH 10 JTaHHOMY Jiorapudmy uncnia
(BBIpaXKEHUS).
[ToTeHIMPOBATh — 3HAYUT OCBOOOKIATHCS OT 3HAYKOB JIOTAPH(PMOB B POLIECCE PEIICHHS
JOTapu(PMHUECKOTO BBIPAKECHUSI.

Ilpumep: L N 5
x:3a3\/7ﬂ?, Inx = InBaW,Inx: In3+Ina+ " (In4+2Inb),Inx=In3+Ina+ _In4+ "Inb,
3 3 3
OtBet: InXx=In3+1In a+i|n4+ Eln b.
3 3
Beinosinurte neicTBUs:
Al B cmTe: log,160+10g,0,9 1)22)13)34)0
A2 g2+logs3 1) 50 2) 33) 75 4) 12
Yupocrure:
A3 o emre: 2og,12-1og,18 1)32)43)14)2

Haitigure 3Hauenue
BBIPAYKECHHUS:

A4 1)12)2,253)3,754) 4,5
log, (160), eciu log,c=0,5
log;144 g
log 12
A5  Haitnure 3HaueHue BBIPAYKECHUSL: 1)42)63) log 12—8; 4)-6
Beruucnure:
A6 10g2 (24m)) eIl 10g2 3m=85 1)11,52)-553) 19,54) 20
Haitnure 3Hauenue
BBIP)KEHUS:
A7 25 1)32)73)-34)5

log, —, ecxm log_ 5=0,2
c



A8 g1V _ 5logosS 1)52)5,23) 4,84) 4,5

Brrunciure
2 BapUAHT
Al 1)12)33)24)-1
Boraucnure: lOg 1 11 10+ logl 1 1’ 1 )12)33)24)
2-log.2
A2 yipocrre: 62788 1) 18 2) 153) 75 4) 25
A3 porncnre: 108,96 —5log,2 1)32)13)-14)2
Haitigure 3Hauenue
BBIPXKCHHUS:
A4 16 1)-0,52)3,53)1,54)25
log, —, ecom log, ¢ =-0,5
C
Haiigure 3HaueHNE BBIPAKEHUA:
A5 log. 169 1)62)73) log,13+5;
g7— +5 4) 2 g’]
log 13
Brerunciure:
A6 log, (100m), ec log, Am=17,5 1)6,52) -4,53) 9,5 4) 10
Hatinute 3naueHne
A7 216 1)32)13)-24)2
log, —, ecmu log_6=0,5 )32)13)-24)
c
BBIPKCHHUS:
3 i 2
A8 64loE Y7 _ 5lo80 1)6,52)53)6.24) 7,5
Beruucnure

Ilpakmuueckan paboma Ne52: [lpaBuina BIYUCICHUS TIEPBOOOPAZHBIX

HEJIb : KoppekTHpoBaTh 3HaHUs, YMEHUS U HAaBBIKH B TeMe: «Bbruncienne nepBoodpaszHoii
GYHKITII.
1. 3akpenuTh U CUCTEMAaTU3UPOBATH 3HAHUS 110 TEME.
2. OnpenenuTh YpOBEHb YCBOSHHSI 3HAHUI, OLIEHUTH PE3YNIbTAT NeSTETLHOCTH YU-Csl.
MMOPAAOK BBIITIOJIHEHUSA PABOTDI:
1. OTBeTuTH Ha KOHTPOJIbHBIE BOTIPOCHL:
a) Uro Ha3pIBaeTCs NepBOOOpa3HON QyHKIIMH?
0) ChopmynupyiiTe OCHOBHOE CBOMCTBO MEPBOOOPA3HOIA.
B) ChopmynupyiiTe Tpu IpaBuiIa HaX0XKJCHUS IEPBOOOPA3HBIX.

2. W3yunTh 00pa3iisl penieHHBIX TPAMEPOB.
3. Brimoaauth 3alaHusA OJ1d CAMOKOHTPOJIA.
4. W3y4uuTh yCIIOBUE 3aJaHUM JIJISl IPAKTUICCKON pabOTHI.



5. OdopmuTts otuet o padore. 5
YKA3AHUS K BBITTOJIHEHUIO ITPAKTUYECKOUW PABOThI

2 .
[IPUIMEP 1. BeisicHuTe, siBisiercsi it F (X) =“x® —3x+cosx -1 epBOOOPasHON 171 QYHKIHH

f(x):gx2 ~3-sinX ya R?

3
PEINTEHUWE. Haxonum
(N2 3 V_2 2 2
()=""- + =5 - )= - = ()
Fx | x 3x cosx| 3 31 sinx X 3 sinx fx.
L9 ) 9 3

2 .
CrieoBaTenbHO, IO ONPEICICHUIO F(X) = 9 X3 — 3X +CosX —1 sBiseTcs mepBOOOpa3HON ISt

2 .
GyHKIMH f(x):gxz —3-sinX paR.

IIPUMEP 2. Jina dynkuun f ()= 2t HaiiuTe MepBOOOPa3HyI0, rpaduK KOTOPOid
\/; CC)S2 X

MIPOXOJUT Yepe3 Touky M (E 1+ 2 \/E j _
4

PEIIEHMUE. ITo ocHOBHOMY CBOMCTBY IepBOOOpa3HbIX J100asg MepBoOOpa3Has (QYHKIMU

f(x):i— 12 3aMHUCHIBAETCA B  BHUJE F(X):Z-Z\/;—th+C :4\/;—tgx+C.
\/; COoS ™ X
(m y y
Koopaunarei Toukn M|~ ;1+ 2 [ | rpadmka nckomoii mepBooOpa3HOii TOKHEI yIOBIETBOPSATE
4
YPaBHEHUIO: Jr

T
1+2 =4F—tg—+c.
4 4

1+2Jn =2Jn -1+C,

Cc=2.
CrnenoBarenbHO, ypaBHEHHE HCKOMOM MepBo0OpazHoit umeeT Bua: F (x) =4/x —tgx+ 2.

OTcroga HaX0guUM, YTO

TECT JJIA CAMOKOHTPOJIA.

Bri6epute npaBuibHBINA BapUaHT OTBETA.

1. ®ynxnusa F (X) =3x% + 0,5C0s 2X + 5 saBnsieTcs MepBOOOpa3HON I PYHKLUU: a)
f(x)=6x—sin2x; 6) f(x)=3x +05cos2x; B) f(x)=9x> - 2sin 2x.

1

sin2 X

2. Jana ¢pyHKUUs g(x): _ 2 . [lepBooOpaznas mis ¢pynkuuun g(X), rpaguk KOTOpOH



Jx
(n _2\/5—1) , 9TO:

MPOXOAUT Yepe3 TOUKY L ;

‘i e e

a) G(x)=—-4+x —ctgx+4 ; 6) G(X)=ctgx-4 +2; B) G(X)=—ctgx—-4  +2.

BAPUAHTBI [IPAKTUYECKOU PABOTEI.



Bapuanr 1. f(x)=2x+3 naR?
1. SBnsercs nmu ynkuus F (X) = X% +3x +1 nepBoobpasHoii 11 GyHKLIHH

2
X 3
2. a) Haitnure oOmmit Bug nepBooOpa3HbIX aiist pyHKuu f (X) =3
X2
0) I[nfr 7(l)yHm‘n/n/I f (x) = sin 2X HaiiauTe nepBoolOpasHyto, rpaguK KOTOPOM MPOXOAUT Yepe3
TOouky M =2 .

)

Bapuanr 2.
4
X

1. SBnsercs mu GpyHkuus F (x)= _7 +5x +2 nepsooGpasuoii ans Gpynkumn  f (x)=-x° +5

Ha R?

3 _ 1
2. a) Haiinure oOmumii BU 1epBOOOPA3HBIX 1715 PYHKIIMH f (X) =—"

x* 2x
6) dusa ¢pyHxuum f(x): (4—5x)3 HaliuTe MepBooOpa3Hylo, rpaduK KOTOPOH IPOXOIUT

qepe3 TOUKY M (1 1 J ]

20
Bapwuant 3.

1. SBnsercs nmu QyHKIMSA F(x) = x? — x TepBooOpasHol s GyHkiuu  f (X) =2X-1 na R?

. . 7
2. a) Haiinure oOmmii BUJ mepBo0Opa3HbIX sl pyHkmn | (x) = osZx 3x — X3,

0) dnst pynkumm | (X) = Sin 3X HaiiauTe MEepBOOOPa3HYIO, TPAPUK KOTOPOM MPOXOIHUT Yepes3

Touky M : ;0\ .
L12 J
Bapuanr 4.

1 1
1. SBnsiercs au GyHKIMS F (X) = 7 sin X mepBooOpa3HOi At HYHKIMH f (X) =" - COS X

Ha R?

2. a) Haifnure oOmmii Bu nepBooOpa3HbIX s pyHkuuu f (X) = X(X +1)(X + 2) .

6) nst ynximu  f(x) = -

1
HaliiuTe MEePBOOOPA3HYI0, rpaPuK KOTOPOH MPOXOTUT
VX +1
uepes Touxy M (0;3) .
Bapuanr 5. ¥4

()= * (="

1. Ssnsercs mu ynkuusa F x X 1 mepsooGpasHoii s Gpynkmun X : X Ha R?

2
2. a) Haiinure o6mumii BUa nepBooOpa3HbIX s pyHkuuu f (x) = (Xlo - x_}o) :



0) nsa dynkuum f(x) = X —10sin 2x HaiiauTe NEepBOOOpa3Hyl0, TpaduK KOTOPOH MPOXOAUT
yepe3 Touky M (0;—5).
Bapuasnr 6.
1. SBnserca mu ¢pynkmus F (X) = X + COS X nepBoobpasHoii s Gynkuun (X) =1-sinx naR?

2. a) Haiinure oOmmii BUI TepBOOOPa3HBIX s PyHKImH | (x) = 3e* +5c0s X — 7x*.



f(x)— 1 HaluTe MepBooOpa3Hyto, rpaduK KOTOPOH MPOXOJUT
0) s pyHKImm 3

Y (2x-1)°

yepe3 Touky M (1;2).

Bapuanr 7.

1. Sensercs m  QyHKIMA F(x)=2¢ + ZX4 +5  nepBooGpasHoit  ams  QYHKUHH

f(x)=3(x +2)x? na R?
2. a) Haiigurte oOummii Bua nepBooOpasHbix st GpyHkmun  f (x) = UYx+7"+ 2x° .

0) Jns (by}I(K’ICII/II/I \f (X) = —65in2X wHaiigure MEpBOOOpasHyI0, TpapMK KOTOPOH MPOXOMUT
yepes TOUKY M| ) |

\4 )
Bapwuanr 8.
1
1. Sensercs mu pynkims F(X) = X + 2% epBOOOPa3HOH Ui PYyHKIUU f()=1- —' x>0?
X X

2. a) Haiigure o6umumii BUI 1€pBOOOPA3HBIX 1S (PYHKIIUK f (X) =2sinx+2* - ?

1 . .
w HaiIUTe IepBO0OPasHyI0, rpaduK KOTOPOii MPOXOAUT Yepes

0) dns pyaxmum  f (x) =
cos?

2
(

Touky M

1a

ﬁ]

N

Ilpakmuueckasa padoma Ne53: BoluncieHrue HEONPEAEIEHHOIO HHTETpasa
[ens: OTpaboTaTh HABBIKK BBHIYHMCIICHUES HEONPEIEIEHHOTO HHTETpaia

Bapmuanr 1
1. | xdx 12. |(x +4)%dx 21 Xxdx.
J ] I -
2. | xx 13. [3(2x - 3)2dx 2 S&d
3. IXSdX 14, Ix(3—x)2dx 22. IE X
4. Ide 15. j4«/§dx 23 jﬂzdx
5. | 6xdx 16. [*/xEdx g/; \
Ji2 _a
24. 7| 3% 2
6. Iéﬁdt 17 d>§ x &+ X )|dx
|- v
N
7. j(3—X)dX 18.J.dx 25 ‘[2 XXz X dx
2




8. j(4x—x )dx ‘/i 26. I dx
19. |3fz
9. [5(x-2)dx Jahe
3dx 27. j4sin xdx
10. j(8x3 +4x —T7)dx 0. [~ -
44/x 28. J 2 oS xdx

11. J'x2 (1+3x)dx



[ 30« - 3)ax

10. _[(4x3 +8x — 2)dx

11. J'x2 (1+ 4x)dx
12. |(x - 2)dx

(2 4

24, jlkx—z—ﬁwi'/x_2

2 _y2
25. jde

)
ldx
)

2dx 2c0s? v +1
29.29. | i x 36. [ 2avdo PP [\
3dx 37. | (x - 5¢* )dx - cos?y
. sin?t-2
30. Ismz X 38. I(Zet — 3cost)dt 44, J.—gi'n-z—l—dx
31. J'(1+ cos x)dx 34t 62X 4 e¥sin x
. 30. [T 45, [ X
32. [(2-3sin x)dx 2t - =
2
33. j(3X2 — 2¢0s X)dx 40. J.(‘ — x\dx 6. Itgzxdx
| |
2 3 \x )
34. I( \dX 41.  6dx % 2dx
| 2 2 |
\cos x sin x) -[1+x2 47 J.Xz i1
35. [3e*du 42, Iﬂ%
[TpakTideckas pabota mo Teme «HTETpaTbI»
BapuanT 2
dx _3dx_
1 J.de 18. I “Jsin? x
Jx
3
2. jx dx dx 31 j(1+ cos x)dx
3 jxedx o I -
' e 32. I(Z—Bsm X)dx
3dx
4. IBdX 20. j44 » 33. J‘(3x2 — 2.¢0s X)dx
5. J5xdx i 0. (2 3\,
6. jlt3dt 2l. jz I cos2x sin?x
3 5
7. [ (4-xdx 22. 'f%gdx 5. (36
2
8. [(5x - x)dk 23, X2 g, 36. [ 2ado
; e

37. [ (x —5e*)dx

38. J‘(Zet — 3cos t)dt

39.]3—Olt
2



13. J.4(3x —2)%dx

14, j x(5 - x)%dx

15. 2 xdx

16. I{xz dx

17.}3—’2‘

X
26._[X—3\’/X_2dx
Jx

4sin xdx
21. |

28. I 2c0s xdx

29 2dx

I cos? x

42'j4ﬁ

2C0s2 Vv +1

———dv
43. j cos2 v



sin2t -2

dx
44. I sin?t

e +eXsinx
g5, [E TESINK
eX

46. Itg 2xdx

[TpakTudeckas pabota mo Teme «HTErpabI»

Bapgr] g
2. J.xsdx
3. J'xzdx

SN

. I4dx

ol

. j 3xdx

6. Iiﬁdt

| 5-xx

~

©

[ 2(x - 2)x
10. j(4x3 +2x —5)dx

1
12. [(x -3)2dx
2

[N

- [ (1+5%)dx

13. [2(4x 1) dx

14. I X(3 - X)? dx

15. 4 xdx

[V

16. jix3dx

17.]%%

18.jf%§

19J'dX

3dx
ZO'JZﬁﬁZ

xdx

21.j'£;g§

dx

26.IX_;;f

27. J.4sin xdx

28. j 2 c0s xdx

29. I 2dx

3dx
30. Isin2 X

31. I(1+ cos x)dx

32. [ (2 - 3sin x)dx

x2dx
47.]X2+1

(2—3\dx

34. |
-[\cos‘x _
sin? x

35. [3e* du
36. [ 2a0do

37. J(x —5e*)dx

38. [(2e' - 3cost)dt

39. 3dt
2t
(2 )
20 [ —XPX
X
6dx
41.
J.1+ X
3dx
42.

J.4\/‘—962
2cos2v+1oI
v

43'I cos?v
sin2t -2

dx
44. -[ sin?t

2% X of
+ In X
45, € e’s dx
.[ ex

46. Itg 2xdx

x2dx

33. J‘(Sx2 — 2cos x)dx



47.])(2+1

[TpakTnyeckas pabora no teme «VHTErpasIb»
Bapuant 4

1. dex 3. J.x3dx 5. I4xdx

2. | x%dx 4. | 6dx 6. IitSdt



7. [(6-xdx
.f(2x — x%)dx
9. [3(x-5)dx
10. J.(2x3 + 2% — 3)dx

11. sz (1+ 6x)dx
12. [(x +2)2dx

15. 2‘/;dx
16. E;/Y?dx
dx

17. .[7[
dx
18. | ~
=
dx
19. | T
3dx
20. |
44/x
_xdx
21.
ZJ_
. —d
22 j 4, 0%
XA/ X
24, I|( 2 +3§/x—2\dx
Jx
KX )

23/x - 3x*
25. IX—Z

X_3

dx
Jx

26. |

29. _[ 2dx

cos? X
3dx

30. J.sinz X
3L J'(1+ C0S X)dx

32. _[(2 —3sin x)dx
J‘(3x2 — 2.¢0s X)dx

34. ( 2 3 \dx
\cos X sin? xJ

35. j3e“du

36. [2a%do

37. I(x —5e*)dx
38. .[ (2e' — 3cost)dt

39. 3dt
2t

40. J{%— xjdx
41. |89
1+ x?

12, J‘ 3dx

4127

2¢0s2 v +1

3 |[———v
I Cos?V
sin?t-2

dx
44. I sin?t

e +eXsin x

X

dx
e

46. Itgzxdx

X 2dx
47. j—x2+1



27.I4sh1xdx

28.j2cosxdx



[TpakTrueckas padota mo Teme «MHTErpambI»
Bapuant 0

1. dex

2. Ix“dx

3. jx”*ldx

4. Ide

5. IZxdx
1

6. J';tzdt

~

(2 - xdx

8. |(3x-x2)dx
[3(x - 2)x

10. I(4x3 +4x —3)dx

©

11. sz (1+ 2x)dx
12, [ (x +3) dx
13. j4(2x -1)%dx
14. jx(l— X)? dx
15. [ /xdx

16. [{/x%dx

17. jg_f
dx




2

( 4 2\
24. ﬂ\ —$+3\/x_)|dx

x°
23/X — 3x?
25, J.\/_—de
X

dx
Jx

26. |

27. I4sin xdx

28. J.2 cos xdx

2dx
c0s? X

2929.j

3dx
30.30.jSinZX

3L j(1+ Cos X)dx
32. {(2 - 3sin x)dx

. | (Bx2+~ 2cos x)dx
”8 2 - X}) \dx
) )

sin© x

3
34

w

ﬂ\ €0s? X
35. j3e” du
36. [2a°do

37. | (x - 5 )d

38. [(2e' - 3cost)dt

39. (3dt
2t

40.4 2 x]dx
.fymédx
41.4

v

42. 3dx
Ja —
2¥hs2 ¥ +1
3 | ————av
I cos?v
sin?t-2

44'-[ sin?t dx

e2X +eXsin x



Ilpakmuueckasn padoma Ne54:Bviuucienue onpeoenénnozo unmezpaia

HEJIb: KoppekTrpoBaTh 3HaHUS, YMEHHS U HaBBbIKU B TeMe: «BbIUUCIEHHE ONIPEACICHHOTO
HHTETpaiar.

1. 3aerHI/ITI> N CUCTEMATU3UPOBATH 3HAHUA 110 TCME.

2. Ompenenuth ypoBEHb YCBOCHUS 3HAHHM, OLICHUTH PE3YJbTaT ACATEIbHOCTU yU-CSl.

MNOPAAOK BBIIIOJTHEHUSA PABOTDI:
1. OTBeTUTH HA KOHTPOJILHBIE BOIPOCHI:
a) Uto Ha3pIBaeTCs mepBooOpa3HON PyHKITUN?
0) ChopmynupyiiTe OCHOBHOE CBOWCTBO MIEPBOOOPA3HOM.
B) Chopmynupyiite Tpu npaBuia HaXOXKACHUS [IEPBOOOPAZHBIX.
r) 3anumute Gpopmyny Hetorona-Jleiibuuna.
N3yunts 00pa3iibl pelieHHbIX TPUMEPOB.
BbIOTHUTS 3a1aHUS U1 CAMOKOHTPOJIS.
W3yuuThb ycioBue 3aJaHUN U1 IPAKTUUECKON pabOThI.
Odopmuts otuet o padore.

agblrwm

YKA3AHNMA K BbIIIOJTHEHUK) [IPAKTUYECKOM PABOTBHI

I[TPUMEP 1. Beruuciure nHTErpaj J(_ Ax + 4 + X2 )dx )
-2

PEHIEHUE. Haitnem MHOeCTBO BCceX EPBOOOPA3HBIX st PyHKIMU — 4X + 4 + X2

X2 X3 5 X3
F()==4 —+4 X+ __j1Cc=—2x°+8&+__4C,
2 3 3

[Jonp3ysce (popMyJ?oﬁ HL}OTOH&;(—A@?@HFua, HonyqaeM:2 3\ ( - 2)3 \
j(—4x+4+x2)dx:|— 2X? + 44X + o | =l-2.2244.2+ o || - 2.(_2)2 +4.(-2)+ | =
)
» \ 37, \ 3) h 3 4
= —8+8+8\—(—8—8—8\:21l
J 1 5 s
OTBeT: 21E .
3
[TPUMEP 2. BeisicauTe, py KakoM OTPHUIATSILHOM 3HAYCHUH ITIEPEMEHHON ¢ BEPHO PAaBEHCTBO
a
£2x3dx =-75?
—zZa
X 4
PEILEHUE. TTocKoBKY [uIst 2x3 onHOI U3 MepBOOOPA3HBIX SBISETCS 7 ,
8 (x*Y  a* (-2a)'  15a°
I2x3dx:|_| =_ - -
—-2a K 2 ) —2a 2 2 2

CrneoBaTeIbHO, HY)KHO PEIIUTh YPAaBHCHHE:
15a*

= _7151



OTtpunareiabHbI KOPEHb 3TOr0 ypaBHEHUS — 3TO yncio —1.



OrBerT: -1

TECT JJIs1 CAMOKOHTPOJIA.

BeiOepuTe MpaguIIbHbLl BAPHAHT OTBETA.

1. 3HaueHme j (— X + X% + 9)dx PaBHO:
]

2
a)lSE; 6) 18 _; B) 191_.

3 3 3

2a
2. PaBenctBo J‘ x3dx = 3,75 (rmea> 0) BepHO, eclii @ paBHO:
a

a)l; 6)2; B)3.

BAPUAHTHI [TIPAKTUYECKOU PABOTEI.

Bapuanr 1.
T
2 12
1. BeruucnuTe UHTETPAIBL: ) J‘ x2dx: 6) l(l + c0s 2X)dX .
o1
1 2

() (*)

2. JIoKaxHTe CIIpaBeIMBOCTh PABEHCTBA! _!; 2x +1dx= I x —ldx.
0

Bapwuanrt 2.
T
2

1. BeoluncnuTe UHTETpajbl: a) '[_ 2 sin xdx ; 6) I dx )
9 SV2X+5

T
2 3
2. JlokaxxuTe CIpaBeJIMBOCTh PABEHCTBA! I[COS xdx = l %2dx .

BapwuanT 3.
+ 2 gx
1. BbIYHCINTE HHTETPANBL: ) I cos2 X ! 2 -[ (x +1)? '
0 1
3 2 dx

2. JloKkaxwuTe CrpaBeUIMBOCTh PaBEHCTBA: ISin xdx = _[ T .
X
0 1

16
Bapuanr 4.
) T &

1. BeruucnuTe UHTErPAIIBL: a)J. dx ; 0) .[ —f2xXV"



N

=



dx =jdx.

2. Jlokaxute CIpaBeAIMBOCTh PABEHCTBA! ]SCOSZ—X

0 0
Bapuanr 5.
2 z (n W
1. BelumciauTe HHTErpaibl: a) I —x dx; 0) l‘ sin| g — 3x |dx
o \ )
= dx  ldx
. <[ 2
2. BepHO 11 HEPaBEHCTBO: _[ sin? x '[xz
2 2
Bapuanr 6.
= dx 2 4
1. BbIUKCIIATE UHTETPAIBL: a)_[— — 6) J(1+ 3x) dx.
SIn™ X
T 0
6

1 4
3. BepHo 11 HepaBEeHCTBO: JX4 dx < I% ?
1 1

Bapwuanr 7.
dx
1. BebluncnuTe UHTErpajbl: a) £2 cos xdx ; 0)
-2[ X+2

Y oax o %k

I > ?
2. BepHo 1 HEpPaBEHCTBO: ¥ ¢os? x

. . 3[.2
Bapwuanr 8.

5 7

1. Bbl4MCIIATE HHTETPATBL: &) { x4dx 6) lsin 2xdX.

7 5 dx

2. BepHo 11 HEepaBEHCTBO: J.COS Xdx > J. —?
X
b 2

Ilpakmuueckaa padoma Ne55: [IpuMmeHeHre onpeeIeHHOT0 HHTErpaia 1Jis
HaXOXJICHUS TUIOAAM KPUBOJIMHENHOW Tpaneuuu

Heab: HayuuThcs ompeAensaTh (GopMy MOTydeHHOM GUTYyphl B CpaBHEHUU C
KPUBOJIMHEHHOM Tparenued, aHaIUTUYECKU BbIpaXKaThb W BBIYMCIIATH IUIOMIAb
MOJTY4Y€HHOU (PUTYPBHI.

Conep:xanue



Yacrtb 1. Teopernueckasn

ITpumep.



Berauciauth miomaab 3CMCJIIBHOI'O Yy4acTKa, €CJIM Ha IINIOCKOCTH OH

orpaHuyeH JUHEIMA: y =1x2 + 1;y=0;x=-3; x = 3.

PeII)J_IeHI/Ie.S = flé 1(\/£X2y+ Pdx = (YX3 + x)| 3 = (§ 3+3)-((=2)-2)=

— 23 2 2 s ”

10_.
6

55

A

i >
3

5
Takum 06pa30M, miomaab 3€MCJIbHOT'O Y4aCTKa COCTAaBJIACT 10 —CANHHUII.
6

Mpumep.

Brruucnuth 00beM Tella, 00pa3oBaHHOIO BpallleHueM BOKpyr ocu OX
burypsl, orpaHndeHHON uHUAMHE y2 = 4x;y = 0; x = 0; x = 4.
Pemenne.V =1 f04 Axdx = 2nx2|0 = 32m. B pemennn ucnonb3oBana Gopmyna V

b
=1 fa f(x) dx.
Mpumep.
BBIMHCIIATE Maccy CTEPIKHS, PACIIOIOKEHHOro Ha otpeske [0; 6], ecim

IUTOTHOCTD 3ajaeTcs pynkuueit p(X) = 2x2 + 3.

Pemenue. Ucnonssyem popmyry m = [ b
2 2

s 3 6 "%
[o2x T 3)dx=(x + 39| =" "+36=162.

p(x) dx, rie p(x) - MIOTHOCTH CTEPIKHS.
.63

Yacts 2. [IpakTuyeckas

3aganue 1. Bocnonab30BaBIINCh COOTBETCTBYIOLIUM MPUIIOKEHUEM ONIPEAECIEHHOTO
UHTETpajla K 3ajJadyaM TeOMETpUHM, HAWTHU IUiouiaab (Urypel, OTpaHUYEHHOM
JVUHUSIMH:

Ne | 3amanue Ne | 3aganme

1 |y=x2,y=7x-12 6 |y=Inx, y=1y=14

2 |y=xty=3x° 7 |y=x2—-2x+3,y=3x-1
3 |y=Inx,x=el,x=¢e 8 |y=x3—-3x, y=x

4 y=2x, x=0,x=¢e 9 |y=-x3,y=-9%

5 |y=9-x2 y=0 10 | y=x% y=1xd

3ananmue 2. Pemute 3a1auy.



No 3amanue

3amanue

CKkopocTb JIBYDKCHUS TOYKH
1 | OUPEACIAETCA 1O 3aKOHY v=(2t —

CKOpOCTh JBUKEHUS TOUKU
OTIpEIENISETCS 110

1)2m/c. HaiimuTe myTh S, IpoiiieHHBII
TOYKOH 3a 3-10 CEKYHy

. . . 3akoHy V=(3t — 2)2M/c. Haiigure 1
1)2m/c. Haiigure myth S, mpoiiieHHbINH 6 S y v=( )m/ A yre
TOYKOMH 3a 3-F0 CEKYHITY o . .

MPONJICHHBIN TOYKOI 32 2-10 CEKYHY
C CKOpOCTh JBUKEHUS TOUKU
KOPOCTh JABM)KCHUS TOUKH
ompezensercs no 3akony V=(3t + ONpeACIACTCA
2 5 N - . | [ |nos3akony v=3t2 + 2t + 1M/c. Haiimure
2)2Mm/c. Haitnute myTh S, MpoiiACHHBINA . . .
N MyTh S, NPOMECHHBIN TOUKOM 3a 10-10
TOYKOM 32 4-10 CeKyHLY
CEKYHIY
C CKopocTh IBUKEHHS TOUKH
KOPOCTh ABM)KCHUS TOUKH
OTIpeeIIIeTCs 0 3aKoHy V=(2 — OTPCICIACTCA 1O
3 y - 8 |3akomy v=(4t — 3)2m/c. Haiigure nyts
3t)2m/c. Haligure myTh S, S y v=( )ym/ g yr
MPONICHHBIN TOYKOM 3a 4-10 ceK T N .
poHA yRay IIPOMJCHHBIN TOYKOM 3a 4-10 CEKYHY
C CKopoCTh IBUKEHHS TOUKU
KOPOCTh ABM)KEHUS TOUKH
_ OTIpEIeNIACTCS 110
ompezensercs no 3akony V=(3t — - 5 .
4 5 N - . | 9 |3akomy v=t(t — 2)2m/c. Haiimure myTh
1)2m/c. HaiimuTe myTh S, mpoiiieHHBII
TOYKOM 32 2-10 CeK " . .
YAy IIPOMJICHHBIN TOYKOM 3a 4-10 CEKYHY
C CKOpOCTh BUKCHHS TOUKH
KOPOCTh JABM)KCHUS TOUKH
OIpeaensaeTcs Mo 3aKOHY V=(2t + OHPEACIACTCA TIO
5 10 |3akony v=9t2 — 8t m/c. Haiiaute nyTsb

S,
MPONJICHHBIN TOYKOM 3a 4-10 CEKYHY

3aganue 3. Haiimute 06beM Tena, MOTydEeHHOTO MPH BPAIIEHUH BOKPYT OCH
abciuce KpUBOJIMHEIHOM Tpaneuu, orpaHiuyeHHON JTuHuaAMEU. ChaenaiTe 4epTex.

No 3aganue No 3amanue
1| y=+vx y=0,x=9 6 | y=x+1,x=0,x=2, y=0

2 | y=2+x, x=1,x=2, y=0 7 | y=3x,x=2,y=0

3 | y=2x, x=1, x=4, y=0 8 | y=+vX, y=0, x=1, x=4

4 | y=2-x,x=0, y=0 9 | y=2x,x=3,y=0

51| y=x,x=5,y=0 10 | y=vx, y=0, x=4

Bonpocsl k npakTHYECKOMY 3aHSITHIO
1. Cpopmynupyiite onpeneneHne KpUBOJIMHEMHON TpareiyH.
2. ChopmynupyiTe onpeienieHre mepBooOpa3Ho.
3. CKoIbKO MEpBOOOPA3HBIX MOXKET UMETh KaK1ast (QyHKITHS?
4. KakoB aJirOpUTM BBIYUCIIECHUS TJIOIIAIA KPUBOJIMHEHHOMN Tpanenuu?
5. Kakue u3zBecTHBI TpaBUIa BHIYUCIICHHS IEPBOOOPA3HBIX ?
6. Ilo xakoif popmysie BEIYUCIAETCS TUIONIAh KPUBOJIUHEHHOM Tpaneuun?
[lepeuncnuTte BUABI 33/1a4, pelIacMbI€ C TOMOIIBIO ONPEICTIEHHOTO0 UHTETP




Ilpaxkmuueckaa padoma Ne56: DneMeHThI HUIUHPA. DJIEMEHTBI KOHYCA.
DnemenTsl ceprl U mapa. [momans moBepXHOCTH

eau ypoka:
JupakTuyeckas - CrmocoOCTBOBaTh (POPMUPOBAHUIO YMEHUI W HABBIKOB MPHU
pEIICHNUH 33724 110 BRIYUCICHUIO TIIOMIAIN TTOBEPXHOCTH IIIMH/PA W KOHYCA.
3agaum.
1.YMeTh NpUMEHATHh (POPMYJIBI BBIYMCIICHUSI TUIOIIAN MTOBEPXHOCTH IMIJIMHIPA H
KOHYCa.
2. YMeTh pemath 3ajavyd Ha BBIYHCIICHHUE TUIOIIANNA TOBEPXHOCTH IMIIMHIpA U
KOHYCa.
[IpoBepka rOTOBHOCTH BBITIOJTHCHHSI TPAKTUUECKON PAOOTHI:
@ponmanvbusli Onpoc.
3aKOHYHUTH MPEIOKCHHE:
. lumuHIpoM Ha3BIBaETCs TEJI0, KOTOPOE COCTOUT H3...
. KonycoM Ha3zbIBaeTCs T€JI0, KOTOPOE COCTOUT U3 ...
. OGpa3yromieit uInHAPa Ha3bIBACTCS OTPE30K, COCTUHSIONINHT ..
. OGpa3yrorieit KoHyca Ha3bIBAETCSA OTPE30K, COSTUHSIONINH ..
. PannycoM nunvHIpa u KoHyca Ha3bIBaeTCs .. .
. OcHOBaHUEM LIWJIMH]IPA U KOHYCA SIBJISIETCS ...
. BeicoToM nunrHapa Ha3bIBAETCS OTPE30K COCAUHSIONINN . ..
. BeicoTo# KOHYyCa Ha3bIBAe€TCS OTPE30K COCTUHSIONIUN . ..
. I[Imomaas MOBEPXHOCTH LIMJIMHIPA BBIYUCIISCTCS. .

10. ITnomanp MOBEPXHOCTH KOHYCA BBIUUCIISICTCS .

11. Illapom Ha3bIBaETCS TEO KOTOPOE COCTOUT U3 ...

12. T1nomanp MOBEPXHOCTH I1apa BEIYUCIISICTCH. ..
O0yyaromuiicst 10JI2KeH 3HATh:
- OCHOBHBIE 3JIEMCHTHI ITUJIMH/Ipa, KOHYCa, I1apa;
- (hopMyITBI BRIYHCIICHUS TUTOMIAAN MTOBEPXHOCTH IUJIMHIPA, KOHYyCa, IMapa.
Oo0yuaromuiicst 10J15KeH yMeTh:
- BRIYMCIIATH TUIONIAs OOKOBOM IMOBEPXHOCTH IUIIMH/pA U KOHYCA;
- BBIYUCJIATH TUIOIIAAb TTOBEPXHOCTH IIIapa.
- BBIYUCJIATH TUIONIAIh TTOJIHOW TTOBEPXHOCTH IMJIMHJIpPA U KOHYCA;
PexoMeHIa1IMu M0 BbHINOJHEHUIO TPAKTUYECKOH PadoThI:
1. IIpourtuTe 3aganue.
2. 3anuimTe yCIOBUE 3a4a4u.
3. 3anummTe KpaTko JaHO
4. BbINOJHUTE PUCYHOK.
5. 3anummMTe pelieHue U OTBET.
KpaTtkue Teopernmuyeckue moJiosKeHHs :

OO ~NO UL WN -

Huauaap (puc. 1.18) Komnyc (puc. 1.19)
[Tnomans 60KOBOM MOBEPXHOCTH: [Tnomanp 60K0BOM MOBEPXHOCTH:
Sopx = 2TRH . Seox = RL.

FoxN FoN

[1itomaib MOJIHOW MOBEPXHOCTH: [Lnomanp NOJIHOM MOBEPXHOCTH:



S0 = 27RH + 27R". S g = TRL + R,

Puc 1.18 Puc 1.19

Hlap
[Lnormiaap moBepxHOCTH SHU 00bEM V1rapa
pamuyca " onpenessitorest Gopmyiamu:

. S = 4dmr’

. S= irdz

L V= g?r’ra
3aoaua 1.

[Tnomans GOKOBOW MOBEPXHOCTH IMIMHApPA paBHA 21 7 a quamMeTp OCHOBAHHS
paseH 7. Haiiaure BbICOTY HIMIIMHAPA.
Pemenue.
BricoTa nunuaapa paBHa
p _ Soox _ Seox _ 21T _ o

2T R mD T
OtBerT: 3.
3aoaua 2.
I[Tnomaas ocHOBaHUA KoHyca 367 cM?, a ero oopasyromas 10 cm.
Boraucinth 00KOBYIO TOBEPXHOCTH KOHYCA.
Pemenue.
3Has 1IoIIa b OCHOBAHUS, HAWJIEM €ro pajnyc.
S=nR?, 36n=nR?, R?=36, R=6
[Tomans 60KOBOM MOBEPXHOCTH KOHYCA HaiieM 1o popmyie:
S=nRl, rae R -paauyc ocHoBanusi, |- annHa obpasytowlen,
oTKyAa

S=m-6-10 = 607

OTtBeT: 601 cMm2.

3aoaua 3. O6bem mapa paBeH 288 =. Halinure momaas O0KOBOM MOBEPXHOCTH
KOHYyCa BIIUCAHHOTO B Iap. OCHOBaHHWEM KOHYCa SIBJISETCS OOJIBIITNI KPYT.

Pemmenue.

4
V=_=nR
O6beM 1mapa paaunyca ¥ Bpramcisercs mo Gopmyiie 3 , OTKYJ1a HaliJeM

pamuyc mapa


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

3V /3. 2887

=V V= ¢
ITowaas GOKOBOI MOBEPXHOCTH KOHyca paBHa S = 7RI, 1 = Rv/2.
ClIe/IoBATENBHO S = 16 + 6v2 = 3621 OTBeT: 36V2m

3aoaua 4. OxoJi0 mapa ONMHMCAH UUIMHJP, IUIOMAAb TOBEPXHOCTH KOTOPOrO
paBHa 18. Haiigute ruiomasr MoBEpXHOCTH IIapa.

o~ Pemenue.
m I1o MOCTPOEHHUIO PajlyChl IIAPa U OCHOBAHHS [IUITMH/PA PABHBL.

HHOHI&,HI) IMOBCPXHOCTH MUIINHAPA, C PaINyCOM OCHOBAHUA ru
v BBICOTOM 2I' paBHA
S = 25,0 + Sgox = 2ar* + 2wrh = 27?4 27r - 2r = 6w,
]
TToma s MOBEPXHOCTH IITapa pajnyca r paBHa > — 477 1o ecTh B 1,5 pasa
MCHBIIC INIOIIaAX ITIOBCPXHOCTHU HMUJIMHAPA. CHCIIOB&TCJIBHO, miomaab

MMOBEPXHOCTH 11apa paBHa 12.
OrBert: 12.

3amaHud I NPAKTHYECKOI padoThI

1 BapuanT

1. I1nomans 0OCEBOro cedeHus MpSIMOTo KPyTJIoro HWIMHApa paBHa 24. Halinute

IJIOIIA/Ib €70 OOKOBOM MOBEPXHOCTH.

2. BeicoTa nunuuapa 6aM, paaunyc ocHoBaHus SaM. Haiinure 60xoByr0

MOBEPXHOCTH IIWJIMH]IPA.

3. JlnaroHasab OCEBOTO CEUCHUS UIMHPA HAKIOHEHA K IJTIOCKOCTH OCHOBAaHUS

noA yriiom 60° u paBHa 20 cM. Haitaute muiomiaas 60KOBOM MOBEPXHOCTH

HUAJTMHpA.

4. BricoTa KoHYca paBHa 6, oOpa3zytoias papHa 10. Haiinute miomans 60koBon

MOBEPXHOCTHU KOHYCA.
; 5. OOpa3yromias KoHyca paBHa 18 ¢cM 1 HaKJIOHEHA K

IJIOCKOCTH OCHOBaHUsA noj yriom 60°. Haitoqure

TJIOIA b TTOJTHOM MOBEPXHOCTH KOHYCA.

6. Bo ckonbKO pa3 yMEHBIIHUTCS TUIOMIAIb OOKOBOM

MOBEPXHOCTH KOHYCA,

€CIIA paJinyC €ro OCHOBaHUS YMEHBIINTH B 1,5 pa3za?

7. Bo cKONBKO pa3 yBeNMUUTCS 00BEM II1apa, €CJIA €ro

paauyc yBEIUYHTh B TPU pa3a’?

8. Paguycer Tpex mapoB paBsbl 6, 8 u 10. Haitnure

paauyc mapa, 00beM KOTOPOro paBeH CyMMeE UX 00BEMOB.

9. Imomaae GosbiIoro kpyra mapa passa 3. Haiiaure niomiaab moBEpXHOCTH

miapa.




10. O6bem miapa paBedH 972 = . Halinmurte miomnaab
€ro MOBEPXHOCTH.

11. OxkoJio mapa onucad MUIHHAD,
IJIOIIAb IOBEPXHOCTH KOTOPOIO
paBHa §81. Haiinure momniaas
MIOBEPXHOCTH 11apa.

12. B ky6 ¢ peGpom 3 Brucas map.
Hannure mmomans moBEpXHOCTH

9TOI0 mapa.

3a kaxa0€e 3aJaHue MPaKTUYECKOW paboThl moryyaere 2 0aioB.

Ommemxa Yucno bannos,
HeoOx00uMoe 0Jis1 NOLYHUeHUsL OMMEMKU
«3» (y008.) 8-12
«4» (xopouwto) 13-20
«5» (omauuro) bonee 20
2 BapUaHT

1. I1nomaasr 0CEBOro ceYeHus MPSIMOTO KPYTJIOro HMwInHApa paBHa 4. Haiinure
I01a/1b O0KOBOM MOBEPXHOCTH LIUJIUH/IPA.
2. JlnaroHajb OCeBOro ceueHus nuiuuapa 13 cm, BeicoTa ScM. HaliuTe miomanb
OOKOBOM MOBEPXHOCTH IIJIMHAPA.
3. JluaroHaib OCEBOTO CEUSHHMS IUIMHApPA paBHA 8V2 eM u o0Opa3yeT ¢
MJIOCKOCTBIO OCHOBaHMs yroi 45°. HaitauTe mioiaab MoJIHOM MOBEPXHOCTH
UUJIUHAPA.
4. Panuyc ocHOBaHMs KOHYca paBeH 3, BbicoTa paBHa 4. HaliquTe miiomanb
OOKOBOI MTOBEPXHOCTU KOHYCA.
2 5. B xonyc, BbicoTa koToporo 20 cMm, BOUcaHa MUPAMH/IA.
ﬂ\ OcHoBaHUEM MUPaMU/IbI ABISIETCS MPSIMOYTOIBHUK CO
£ 5 cropoHamu 18 cm u 20 cm. Halinute 06pa3yroliyto u paauyc
4 OCHOBaHMS KOHYCA, IJIOMIAb IOBEPXHOCTH KOHYCA.
6. [Inomans oceBoro cedenus konyca pasna 0,6 cm?. BeicoTa
KoHyca paBHa 1,2 cM. BeruucauTts miomanas MOJHON
NOBEPXHOCTH KOHYCA.
/. Bo ckoibKO pa3 yBEIUUYUTCS MIIOMIAb TOBEPXHOCTH
miapa, €clid ero paJinyc yBeJIMYuTh B JiBa pa3a’
8. Panumycel 1ByX mapoB paBHbl 6, 8. Haiiaure paguyc mapa, miomaib
IIOBEPXHOCTH KOTOPOI'O paBHA CyMME IIJIOIIAJEH UX ITOBEPXHOCTEH.
9. Imomaae GosbiIoro kpyra mapa passa 1. Haitagure ntomaab moBepXHOCTH
niapa.
10. O6mem mapa paBeH 36 = Haitnure miomniaas €ro moBepxXHOCTH




11. Oxkono mapa onucaH UUIMHAP, MIIOMAAL TOBEPXHOCTH
KoTOoporo paBHa 54. Haiinure miomaas NOBEPXHOCTH Iapa.

12. Oxo10 Kyba ¢ peGpom V'3
omucan map. Haliaute miomans
IIOBEPXHOCTHU HTOTO IApA.

3a KaxJ0e 3a/1aHie IPAKTHYECKON paboThI
nosrydaete 2 6aios.

Ommemxa Yucno bannos, 05 nowyuenuss Ommemxu
«3» (y008.) 8-12

«4» (xopowio) 13-20

«5» (omauyno) bonee 20

Bonpocs! 1151 CAMOKOHTPOJIA

1. Kak BbryucisieTcs mioniaab NOBEPXHOCTU LWJIUH Ipa?
2. Kax Bbruucrsiercs miomajs NOBEPXHOCTH KOHYyca?
3. Kak Bbrumcnsercs miomaas TOBEPXHOCTH miapa?

Ilpakmuueckaa padoma Ne57: 1lpauiio cymmsl. [IpaBuiio npousseneHus
Lleab: OrpaboTka HaBBIKOB pEIIEHUS 3a1a4

Teopernueckas 4acThb:

Kombunamopuka — 370 pazen MaTeMaTHKH, TIOCBSIIEHHBIN PEILICHUIO 3a/1a4 BEIOOpA U
PAacIOJIOKEHUS 2JIEMEHTOB HEKOTOPOTO MHOKECTBA B COOTBETCTBUU C 3alaHHBIMU IIPaBHIIAMH.
KomOuHnaTopuka n3yyaer KOMOMHAIMH U IEPECTAaHOBKH IIPEMETOB, PACIIONOKEHHE IIEMEHTOB,
oOnanaroniee 3aJaHHbBIMU CBOMcTBaMU. OOBIYHBIN BONPOC B KOMOMHATOPHBIX 3a/1a4ax:
CKOJIbKMMU CIIOCOOAMH. ...

K xoMOMHATOPHBIM 3a71a4aM OTHOCSITCSI TAKXKE 3a/1a4d MMOCTPOSHUSI MaTMUECKUX KBaJpaToOB,
3a/1auu paciuPppoOBKU U KOAUPOBAHHS.

PoxxneHrne koMOMHATOPUKHN KaK pa3Jienia MaTEMaTHKH CBSI3aHO C TPY/AaMH BEJTUKUX
¢paniy3ckux matemaTikoB 17 Beka biesa Iackains (1623—-1662) u [Tsepa @epma (1601-1665)
110 TEOPHUHU A3aPTHBIX UTP. DTH TPYAbI COAEPKAIN MPUHLIUIIBI ONIPEIeIICHHUS Yicia KOMOMHAUH
3J7IeMEeHTOB KOoHeuHoro MHoXkecTBa. C 50-x rogoB 20 Beka nHTEpeCc K KOMOMHATOPHKE
BO3POXKJAETCS B CBSI3U C OYPHBIM Pa3BUTHEM KUOEPHETUKH.

OcHoBHbI€ MpaBujIa KOMOMHATOPUKHU — 3TO MPABUJI0 CYMMBbI U IPABUJIO NPOU3BeIeHUS.
o IIpaBuiio cymmbl

Ecnu HekoTophIii 2eMeHT A MOXHO BbIOpaTh N ciocobamu, a ajaemMeHT B MoxHO
BbIOpaTh M criocobamu, To BeIOOp «11b0 A, 160 B» MoxkHO cenath N + M cnocobamu.

Hanpumep, Eciu Ha Tapenke nexat 5 56110k 1 6 rpy1il, TO OJIMH IUIOA MOXHO BbIOpaTh 5 + 6 =
11 cnocoGamu.



o IIpaBuio npousBeaeHus
Ecnu anemeHT A MOKHO BbIOpaTh N criocodamu, a 3neMeHT B MokHO BbIOpaTh M cioco6amu, TO
napy A u B MoxHO BBIOpaTh N * M cioco6amu.

Hanpumep, eciu ecTh 2 pa3HbIX KOHBEPTA U 3 pa3HbIe MapKH, TO BBIOPATh KOHBEPT U MAPKY
MOKHO 6 criocobamu (2 * 3 = 6).

HpaBI/IJIO IMMPOU3BCACHUSA BEPHO U B TOM CJIydac, KOraa pacCMaTpuBarOT 3JICMCHTBEI HCCKOJIbKUX
MHOXKECTB.

Hanpumep, eciu ecth 2 pa3HbIX KOHBEPTA, 3 pa3HbIe MapKU U 4 pa3HbIC OTKPBITKH, TO BHIOPATH
KOHBEPT, MAPKy M OTKPBITKY MOKHO 24 criocobamu (2 « 3 « 4 = 24).

IIpou3BeeHne Bcex HATYPAJIBHBIX YHCe OT 1 10 N BKIKOYNTEIbHO HA3bIBAETCS N —
(paxTopuasom u 0603HaAYAETCHA CUMBOJIOM N!

NI=1e¢2¢3¢4e on.
Hampumep, 51 =12 ¢34 «5=120.

IpunsTo cuurath 0! paBHbiM 1.
Yucs10 nepecTaHOBOK U3 N paBHa N!

Hanpumep, eciu ecThb 3 maprka — KpaCHbIN, CHHUI U 3€JIEHBIH, TO BBIJIOKUTH MX B PAI MOKHO 6
crocobamu (3 2+ 1=3!=6).

HHuorna KOM6I/IHaTOpHaH 3a1a4a peiacTcs ¢ IOMOILIBIO ITIOCTPOCHUA J€PE€BAa BO3MOKHBIX
BapHaHTOB.

Hanpumep, pemum npeapiayiyro 3agaqy o 3-X mapax HoCTpOeHUEM JIepeBa.

ANANA

3 C a K C K

IIpakTHyeckas yacThb

3AJTAYH u pemienust
1. B Baze 6 510710k, 5 rpym u 4 ciuBbl. CKOJNIBKO BApHAHTOB BEIOOpA OAHOTO IioAa?
6+5+4=15

Omeem: 15 BapuaHTOB.
2. CKOJIBKO CYIIECTBYET BapUaHTOB MOKYIKH OJAHOM PO3bl, €CIIM MPOAAI0T 3 anble, 2 anble u 4
KENTBIE PO3bI7

3+2+4=9

Omeem: 9 BapuaHTOB.
3. U3 ropona A B ropoa B BeayT mate nopor, a u3 ropoga B B ropoa C BenyT Tpu 10poru.
Cxonpko mytei, npoxoasmux yepe3 B, Beayr uz A B C?
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5+3=15

Omeem: 15 nyTeid.
4. CKOJIBKMMH CITIOCOOaMH MOKHO COCTaBUTh APy U3 OJHOMN TTIACHOW M OJHOM COTJIACHOM OYKB
CJIOBa «ILJIATOK»?

rjlacHbl€e: a, 0 — 2 IIT.
COIJIACHBIE: 11, J1, T, K — 4 IIT.
24=8

Omeem: 8 criocobamu.
5. CKOJIBKO TaHIEBAIBHBIX Map MOKHO COCTaBUTH U3 8 10HOMIEH 1 6 neBymek?

6+8=48

Omeem: 48 nap.
6. B cTomnoBoii ecth 4 nepBbIx 01012 U 7 BTOphIX. CKOJIBKO pa3jInYHbIX BApUAHTOB 00e/1a 13
JIBYX OJTIOI MOYKHO 3aKa3atrh?

4.8=28
Omeem: 28 BapuaHTOB.

7. CKONBKO pa3UYHbIX JIBY3HAYHBIX YUCENI MOKHO COCTaBUTh, UCTIONB3Ys uGpsl 1,4 u 7, ecnu
U(GpbI MOTYT MOBTOPATHCS?

1 nudpa — 3 crocoba
2 mudpa — 3 cnocoba
3 nudpa — 3 cnocoba
33=9

Omeem: 9 pa3IMYHBIX JBY3HAYHBIX YHCEIN.
8. CKOJIBKO pa3IMYHBIX TPEX3HAYHBIX YHCENI MOYKHO COCTaBHTh, UCTIONB3Ys mudpsl 3 U 5, eciu
u(pbl MOTYT MOBTOPATHCS?

1 mudpa — 2 cnocoba
2 mudpa — 2 cnocoba
3 mugpa — 2 criocoba
2022=8

Omeem: 8 pa3IUYHBIX YHCEN.
9. CKOJIBKO pa3IMyYHBIX JIBY3HAUHBIX YHCET MOKHO cocTaBuTh U3 nudp 0, 1, 2, 3, ecnu uudps
MOTYT IOBTOPATHCA?

1 mudpa — 3 cnocoba
2 uugpa — 4 cnocoba
3¢4=12

Omeem: 12 pa3IMIHBIX YHACEI.
10. CKOJIBKO CYIIECTBYET TPEXZHAYHBIX YHCET, Y KOTOPHIX BCe MUPPHI YETHBIC?

Yérueie nudpsr — 0, 2, 4, 6, 8.

1 mudpa — 4 cnocoda
2 uugpa — 5 cnocobos
3 uudpa — 5 cnocodboB
4+5+5=100



Omeem: cymectByet 100 uncer.
11. CkosbKO CynecTBYeT YETHBIX TPEX3HAYHBIX YUCEN?

1 mudpa — 9 coco6os (1, 2, 3,4,5,6, 7, 8, 9)

2 mudpa — 10 crmoco6os (0, 1, 2, 3, 4,5, 6,7, 8,9)
3 nudpa — 5 crocodos (0, 2, 4, 6, 8)
9¢105=450

Omeem: cymectByeT 450 uucern.
12.CKoJIbKO pa3IUUHBIX TPEX3HAUYHBIX YHCENI MOKHO COCTABUTH U3 TPEX pazau4HbIX mudp 4, 5,
6?

1 nmudpa — 3 crocoba
2 nudpa — 2 crocoba
3 mudpa — 1 cmocod
3¢2+1=6

Omeem:. 6 pa3IUYHBIX YHCEIN.
13. CkonpkuMH crioco0aMu MOKHO 0003HAYNTh BEPIIUHBI TPEYTOJIbHHUKA, UCTIOIB3YsI OYKBHI A,
B, C,D?

1 BepuinHa — 4 criocoba
2 BepmmHa — 3 cocoba
3 BepmmHa — 2 criocoba
4e32=24

Omeem: 24 cnoco0a.
14. CxoJIBKO pa3IMYHbIX TPEX3HAYHBIX YUCEII MOKHO COCTaBUTH U3 D 1, 2, 3, 4, 5,npu
YCIIOBUH, YTO HU OJIHA IIU(pa HE OBTOPSIETCS?

1 mudpa — 5 cnocoboB
2 uugpa — 4 cnocoba
3 mudpa — 3 crocoba
54+3=60

Omeem: 60 pa3MUUHBIX YUCEI.
15. CxonbKo pa3nuuHbIX TPEX3HAUYHBIX yKcel, MeHbInX 400, MOkHO cocTaBUTh U3 udp 1, 3, 5,
7,9, ecnu nr06ast u3 3TUX HUDP MOKET OBITH UCIIOIB30BaHA TOIBKO OJUH paz?

1 mudpa — 2 cnocoba
2 mudpa — 4 cnocoba
3 mudpa — 3 crocoba
2043=24

Omeem: 24 pa3nMUYHBIX YUCIIA.
16. CxonbkuMH crioco0aMu MOKHO COCTaBUTH (1ar, COCTOSALINI U3 TPEX TOPU3OHTATIBLHBIX
M0JIOC Pa3JIMYHBIX [[BETOB, €CJIM UMEETCSl MaTepuall IECTH 1IBETOB?

1 monoca — 6 ctoco6oB
2 monoca — 5 cnoco6oB
3 moaoca — 4 crrocoba
6¢5+4=120

Omeem: 120 crioco0oB.
17. U3 kmacca BRIOUPAIOT 8 YeoBeK, MMEIONUX JTYUIIIHe Pe3yabTaThl 0 Oery. CKOIBKHUMHE
CIoco0aMu MOKHO COCTaBUTh U3 HUX KOMaHIY U3 TPEX YEIIOBEK IS yJacTus B actadere?



1 gyenoBek — 8 crmocoOoB
2 4enoBeK — / croco0oB
3 yenoBek — 6 crroco0oB
8e7+6=2336

Omeem: 336 cr10co00B.
18. B yeTBepr B mepBOM Ki1acce JOHKHO OBITh YEThIPE YPOKA: MUCHMO, YTEHUE, MaTEMATHKa U
¢uskynpTypa. CKOIBKO pa3InIHBIX BAPUAHTOB PACIICAHUS MOKHO COCTaBUTH HA ATOT JCHB?

1 ypok — 4 criocoba
2 ypok — 3 criocoba
3 ypok — 2 criocoba
4 ypok — 1 cnoco6
4e32+1=24

Omeem: 24 BapuaHTa.

19. B msarom kiacce uzydarotcs 8 mpeameToB. CKOJIBKO Pa3IMUHbIX BAPHAHTOB PaCIUCaHUS
MO>KHO COCTaBUTh Ha TTOHEEIIBHUK, €CITU B ATOT JCHB JIOJDKHO OBITh 5 YPOKOB U BCE YPOKHU
pazHbie?

1 ypok — 8 BapraHnTOB
2 ypOK — 7 BapUaHTOB
3 ypok — 6 BapuaHTOB
4 ypok — 5 BapuaHTOB
5 ypok — 4 BapuaHTa

8eT7e654=6720

Omeem: 6720 BapuaHTOB.
20. ludp nns ceitda cocrapisercs U3 MATH Pa3TUUHbIX H(pP. CKOIBKO pa3InYHbIX BapUAHTOB
cocTaBiieHus mudpa’?

1 mudpa — 5 cnoco6oB
2 mudpa — 4 cnocoba
3 nudpa — 3 cnocoba
4 mudpa — 2 cocodba
5 mudpa — 1 cnocod
5¢43¢21=120

Omeem: 120 BapuaHTOB.
21. CKOTBKUMH CITOCOOaMHU MOKHO Pa3MECTUTH 6 YeJIOBEK 33 CTOJIOM, Ha KOTOPOM ITOCTaBJICHO 6
puoopoB?

6524321=720

Omeem: 720 cr10co00B.
22. CKOJBbKO BapUAHTOB CEMU3HAYHBIX TEIE(POHHBIX HOMEPOB MOKHO COCTABUTH, €CITU
UCKJTIOYUTH U3 HUX HOMEpa, HAUMHAIOIINUECS C HyJIS U 97?

1 mudpa — 8 cnocoboB

2 mudpa — 10 cnocoboB

3 nudpa — 10 cnocoboB

4 mudpa — 10 cmoco6oB

5 mudpa — 10 cmoco6oB

6 nmudpa — 10 cmoco6oB

7 uugpa — 10 cmoco6oB
81010101010+ 10=28.000.000

Omeem: 8.000.000 BapuaHTOB.



23. Tenedonnas cranius o0CITyKHUBaeT aODOHEHTOB, Y KOTOPHIX HOMEpPa Tele(h)OHOB COCTOAT U3 7
nndp u HaunHaroTes ¢ 394. Ha ckobko a0OHEHTOB paccunTaHa Ta CTAHITUSA?

e ook

'lﬂ_,"
No renepona 394 4yt
10+ 10+ 10« 10 = 10.000

Omeem: 10.000 aOOHEHTOB.

24. Vimeetcst 6 map mepyaTok pa3jiuyHbIX pazMepoB. CKOJBKUMH CIIOCO0aMU MOKHO BbIOpATh M3
HUX OJIHY NI€pYaTKy Ha JIEBYIO PYKY U OJIHY [I€pUaTKy Ha IIPaBYyIO pyKy TakK, YTOObI 3TU NepYaTKH
OBLIM Pa3IUYHBIX pa3MepoB?

JleBbie mepyaTku — 6 crmocoOoB
[IpaBbie nepuaTku — 5 cmoco6oB (6 mepyaTka TOro *e pazMepa, uto U JieBasi)
6+5=30

Omeem: 30 cioco6oB.
25 . U3 umdp 1, 2, 3, 4, 5 coCTaBIAIOT NMATH3HAYHBIC YUCIIA, B KOTOPBIX BCE U(PHI pa3HBIE.
CKOJIBKO TaKuX YETHBIX yucen?

5 mudpa — 2 crocoda (aBe 4ETHBIC ITUPPHI)
4 mudpa — 4 cnocodba

3 mudpa — 3 cmocoda

2 mudpa — 2 cnocoba

1 nmudpa — 1 coco6

204321 =48

Omeem:. 48 YETHBIX YHCEII.
26. CKOJIBKO CYIIIECTBYET YETHIPEX3HAUHBIX YHCETI, COCTABIICHHBIX U3 HEYETHBIX U U
nenAmuxcs Ha 5?

Heuérnpie mudp — 1, 3, 5, 7, 9.
U3 nux pnenarca Ha 5 — 5.

4 udpa — 1 ciocod (rudpa 5)
3 mudpa — 4 cnocoba

2 mudpa — 3 cnocoba

1 mudpa — 2 cnocoda
1e432=24

Omeem: 24 yncna.
27. CKOJIBKO CYIIECTBYET NATH3HAYHBIX YHCEN, Y KOTOPBIX TPeThs nudpa — 7, mocuenusis mudpa
—yérHas?

1 mudpa — 9 cmoco60B (Bce, kpome 0)
2 mugpa — 10 crocoboB

3 mudpa — 1 cnocob (1mdpa 7)

4 mupa — 10 cnoco6oB

5 mudpa — 5 cnoco6os (0, 2, 4, 6, 8)
9¢101°10+5=4500

Omeem: 4500 uncen.
28. CKOJIBbKO CYILIECTBYET MIECTU3HAYHBIX YUCEII, Y KOTOPBIX BTOpas 1udpa — 2, uerBépTtas — 4,
mrectast — 6, a Bce OCTalIbHbIE — HEUETHBRIC?

1 unc¢pa — 5 BapuanrtoB (u3 1, 3, 5, 7, 9)
2 mudpa — 1 BapuanT (1udpa 2)



3 mudpa — 5 BapuaHTOB

4 nudpa — 1 BapuanT (udpa 4)
5 mudpa — 5 BapuaHTOB

6 mudpa — 1 BapuanT (1udpa 6)
S5e1e5e¢15+1=125

Omeem: 125 gucein.

29.CKOJBKO pa3IUYHBIX YHCEN, MEHBITNX MUJUIMOHA, MOKHO 3amucarh ¢ moMotbio mudp 8 u 9?7

OIHO3HAYHBIX — 2
JIBy3HayHbIX — 22 =4

Tpéx3HauHbIX —2 ¢ 2 ®
YeThIpEX3HAYHBIX — 2

2=8
242

+2=16

[TaTu3HAYHBIX —2 2 222 =32
[ecTn3HayHbIX —2 22222 =64
Bceeo:2+4+8+ 16 +32+64=126
Omeem: 126 uucern.

30. B ¢yrOonbHoit komanse 11 yenoBek. HyxHO BbIOpaTh KanuTaHa U €ro 3aMeCTUTEIIS.

CKOJIBKMMH CIIOCOOaMH 3TO MOYKHO C,I[eJ'IaTL?

Kamuran — 11 cnoco6oB

3amecturens — 10 crroco6oB
11-10=110

Omeem: 110 crioco0oB.
31.B xnacce yuarcsa 30 uenoBek. CKONBKUMH CIIOCOOAMU M3 HUX MOKHO BBIOPATh CTApOCTy U
OTBETCTBEHHOTO 32 MPOE3IHbIC OMUIIETHI?

Crapocra — 30 cnoco6oB

OtBer. 3a OmieTsl — 29 crmoco0oB
30+ 29=2870

Omeem: 870 cr10co00B.
32. B noxone ydactByroT 12 manbunkoB, 10 neBouek u 2 yunurens. CKOJIbKO BapHAHTOB TPYIII
JISKYPHBIX U3 TPEX denoBek (1 mampunk, 1 meBouka, 1 yauTesb) MOXKHO COCTABUTh?

12+10+2=240

Omeem: 240 crioco0OB.

33. CkoabKO KOMOMHAIHA U3 YeTHIPEX OYKB pycckoro andasura (B andasure Bcero 33 OyKBBI)

MO3KHO COCTaBUTh NP YCIOBUH, YTO 2 cOCeHHUE OYKBBI OYAYyT pa3HbIMU?

1 6yxBa — 33 crocoba
2 6ykBa — 32 criocoba
3 OykBa — 32 criocoba
4 6ykBa — 32 cniocoba
3332+32+32=1.081.344

Omeem: 1.081.344 xomMOMHALIUI.

CKHX

¢buIbMOB, 2 KOMETUH U 2 QuiibMa
y’KacoB.

3anumy, CKOJIbKUMH Pa3IndHbIMU

Ne | 1 Bapuant Ne | 2 BapmanT
1 | Ilo TeneBu3opy B 1 | B rpynme 11 genoBek UMEOT «5» 10
Ccy000Ty MOKa3bIBAIOT 5 MPUKIIIOUYEHYE MaTeMaTHKe, 6 4denoBek — «5» 1o

¢unocopun. B ceccun 2 sx3ameHa.
HzBecTHO, uTO 3 4eJIOBEKa CIaliv
ceccuro oTIIMYHO. CKOJIBKO YeJIOBEK
UMEIOT XOTs Obl OJHY MATEPKY B
ceccuu?




croco0aMu MOXHO BBIOpaTh OJIUH U3
BCEX MPEIOKEHHBIX (PUITHBMOB?

OTMeTh, CKOJIBKUMH Pa3InYHBIMU
crocob6aMu MOXKHO TIOTIACTh U3
ropoaa A B ropoj C, eciu Ha JTaHHOM
PUCYHKE CXEeMaTUYeCKU N300paxeHbI
BapHaHThI MyTei?

B knacce 26 uennosek, u3

HUX 8§ UeIOBEK U3y4aroT SI3bIK
MporpaMMupoBaHus bencuk,

u 9 yenoek n3ydarot [lackans.
CKOJIBPKO Y€JI0BEK HE U3YYaloT SI3bIKU
IPOrpaMMHUPOBAHUS, €CIIA U3BECTHO,
YTO JIPYTUX SI3bIKOB B 3TOM KJIacce He

/’_ B ./__“:\\ M3Yy4YaloT U KKIbIA YEIOBEK 3HAET HE
Ae— > (C 6oJiee OJJHOTO SI3bIKa
~_ IpOrpaMMHUPOBAHHS?
Ha HE POXKICHHS Cepres CocuuTtaii, CKOJNBKUMH Pa3IHYHBIMHU
IPUCYTCTBOBAIU 4 MaJbuMKa Croco0aMy MOKHO TOIACTh U3
1 4 1eBOYKH. Cepreii ropoja A B ropoa C, eciu Ha JaHHOM

CTaHLIEBaJ 8 MapHBIX TAHIIEB,
Urops — 10 nmapHbIX TaHueB, AHIpei

u Huma — 10 8 TaHIIEB,
Cera — & TaHIIEB,

Wnona — 9 ranues, a
Npa — 7 tanueB. CKOJBKO NapHBIX

TaHeB crauiesaia Haramma?

PUCYHKE CXEMaTHUYECKU N300paXeHbl
BAapUAHTHI MyTen?

B marasune npoaroTcs CUHHE,
KpacHBIE,

KENThIE U KOPUYHEBBIE PyOAIIKH
pazmepoB M, L u XL.

Omnpenenu, CKOIbKO pa3aMyuHbIX
py0alex MOXXHO KYIHUTb.

Haiigu, cKoIbpko

Pa3TUYHBIX MATU3HAYHBIX YHCEI
MOYKHO COCTaBHUTh U3

uudp 0;1;2;3;4;5, ecnu 5tu UpHI He
MOTYT TIOBTOPSITHCS.

JaHbl

uudper 0,1,2,3,4,5,6,7,8. Beraucnu,
CKOJIBKO Pa3JIUYHbIX TPEX3HAYHBIX
YHCeN, ASIAIINXCSI Ha 2, MOKHO
COCTaBUTh U3 ATUX LUGP, ecit HUdpsI
HE JOJIKHBI TIOBTOPSTHCHL.

VY ydeHukoB 7 Kiacca B

YeTBEepPT MOTYT OBITH TOJIBKO
CJIETYFOIINE TIPEAMETHI: JINTEPATYPa,
reoMeTpusi, Ononorusi, Gu3nKa,
ucTopus u Gpusndeckas

KynbTypa. Onpenenu, CKOJIbKO
CYIIECTBYET BapUaHTOB

MOCTAaBHUThH 6 PA3TMYHBIX YPOKOB B
YEeTBEPT.




Ilpakmuueckasa paboma Ne58 TlepecranoBku. [lepecranoBku 6e3 moBTOpeHuid. Pa3menienus.
Pa3M€H_I€HI/I$I C MOBTOPCHUSAMU
esan padoThi:
® HAYYUTHCA pCUIATH 3aAa4U 110 KOM6I/IHaTOpI/IKe;

® HAy4YUTHCSA NPUMEHSATH (POPMYIIBI KOMOMHATOPUKU IIPU PELLICHUH 3a/1a4.

B pe3ynbraTe BBIMOIHEHUS MPAKTHUECKOW PA0OThI CTYACHT JOJIKCH:
3HAMb:

e (popmynsl KOMOMHATOPHKH;
ymemn.:

® [pUMEHATH POPMYJIbl KOMOMHATOPUKH MIPU PELICHUH 33]1a4.

KpaTKne TCOPETHYECCKUEC CBCACHUSA

1 a) Iepecranoku P, =n! Tlo onpenenenuto, cumurarot, yro 01=1,11=1.
n!
0) IepecranoBku ¢ nopropennsimu (m,m,..m)=

n 1 2
m!m,!...m.!

IIpumep 1. CKOIBKO CIIOB MOKHO TOJYYUTh, ITepecTaBiisisd OykBol B ciioBe ' OPA?

1) Ymo denaem c bykeamu (MeHsem MeCmamu — 3Ha4um nepecmanosKiL)
2) Tloemopsiromest iu OYKewl (Hem — 3HAYUM NepecmanoKu 6e3 no8MopeHUst)

Pewenue. P, =41=1-2-3-4=24

Ipumep 2. CKOIBKO CIIOB MOXKHO TIOJTyYHUTh, IepecTaBiisis OykBwl B ciioBe MHCTUTYT?

1) YUmo oenaem ¢ byksamu (MeHsiem mecmamu — 3HAYUM NepecmanosKiL)
2) Ilosmopsiiomcsi iu O6yKabl (0a — 3HAUUM NePeCMAHOBKU C NOBMOPEHUSIMIUL)
Pewenue.

8l

Pn(21,1,31)= ———— =33
21-11-11.31-1!

n nt

2 a) Coueramms C" = (- m)

6) Coueranusi c nosropenusivu n _ (N+mM-1)!
" ml(n-1)!

Ilpumep 1. Ckoapkumu criocobamMu U3 KoioAb! B 36 KapT MOXKHO BBIOpaTh 3 KapThl?

1) 3usz 36



2) Tlopsiook eadicen? (nem — 3nauum couemanust)



3) ITlosmopsimbcsi mo2y? (Hem — 3Hauum couemanus 6e3 nOSMopPeHulL)

n!
Pewenue. C? = —
m!-(n—m)!

Ilpumep 2. B KOHIUTEPCKOM Mara3uHe MpoJ1aBajuch 4 copTa MUPOKHBIX: HAIIOJIEOHBI, SKIIEPHI,

necovHble U Kapromka. CKOIBKUMH CIIOCOOAMU MOKHO KYIUTH 7 TTUPOKHBIX?

1) 7uz4
2) [Ilopsiook adicen? (nem — 3nauum couemanust)
3) Ilosmopsimvcs moecy? (0a — 3Hauum couemarnusi ¢ NOGMOPEHUAMU)

Pewenue.

& +7-D1_ 100 _199

4 7L(4-11 713!

n!

3 a) Pasmemenns A = (!

6) Pasmemenus ¢ nopropenusimu A" =n"

n
Ilpumep 1. CKONBKO Pa3IMYHBIX 3-X 3HAYHBIX ITU(P MOKHO COCTaBUTH U3 2,4,6,8, eciau udpsI
HE MOBTOPSIOTCS?

1) 3uz4
2) Ilopsiook sadicen? (0a — sHauum pazmeujeHus)
3) Hugpwur noemopsiromest (nem)

Pewenue. A3=_ 4 - ﬂ: 24

f@4-3)0 1
Ipumep 2. CKOIBKO pa3IUIHBIX 3-X 3HAYHBIX [U(P MOXKHO cOcTaBUTh U3 2,4,6,87

1) 3uz4
2) Topsook sadicen? (0a — 3navyum pazmeweHus)
3) Lugpor nosmopsiromes (0a — 3nauum pazmewjerus ¢ NOBMOPEHUIMU)

Pewenue. /]f =43 =64
Oo0pa3en pemeHus 3agay4

IlepecTaHoBKH, cOYeTaAHUS U pa3MelleHUs 0e3 TOBTOPEHUs

1. CxonbKO 4eThIpEX3HAYHBIX YHCEN MOKHO COCTaBUTh U3 YETHIPEX KapTouek ¢ mudpamu 1,

5,7,9? P, =41=24

2. CKOJBKO TPEX3HAUHBIX YMCET MOKHO COCTaBUTh M3 UETHIPEX KapToyek ¢ uudpamu 1, 5, 7,

9, ecu UpBI HE TTIOBTOPSIFOTCS?



AR =24
3. CKOIBKHUMHU cItocob6aMu U3 KOJOABI B 36 KapT MOXKHO BBIOpaTh 3 KapThl?
3 _
C,;;=7140
4. CKoJIBKMMH cIIoco0aMu 13 KOJIOABI B 36 KapT MOXKHO BBIOpaTh 1 mamy u 2 ty3a?
1 2 _ —
Cl.C2=4.6=24

5. CKOJIBKHUMH CITIOCOOaMU MOYKHO paccainuTb 6 yenoBeK 3a CTOIOM?

P, =61=720

6. CKOJBKHUMH CITIOCOOAMU MOYKHO pacCcaJiiTh 3 MaJbuMKa U 3 IEBOYKHU 32 CTOJIOM?
P,=6!=720

7. CKOJIBKMMH CIIOCOOaMU MOYKHO PacCcaJiuTh B 2 psAaa 3 MaIbUUKa U 3 JICBOYKHU?
P.=31.31=6-6=36

8. CryneHueckas rpymnmna cOCTOHUT U3 23 4eloBeK, cpeau KoTopsix 10 roHomei u 13 neByuex.

CKOJILKHMH CITIOCOOaMH MOKHO BBIOPATh 2-X YEIIOBEK OJTHOTO 1moja?
Cfo + (:123 =45+78=123

9. V Bacu noma xuByT 4 KOTa.

a) CKOJIBKHMH CITOCO0aMU MOKHO paccaguTb KOTOB IIO yrijlaM KOMHATBbI?
P,=41=24

6) CKOJIBKHMH CITOCO0aMHU MOKHO OTIIYCTUTD T'YJIATH KOTOB?

C2+Cl+C2+C3+Cl=1+4+6+4+1=16

B) CKOJIBKMMH crioco0amu Bacst MOXeT B3STh Ha pyKH 2-X KOTOB (OJHOTO
Ha JIEBYIO, IPYyroro — Ha MpaByio)?
2 _
A =12
10. I'pynmy u3 20 CTYAEHTOB HY>KHO pa3/IeluTh Ha 3 OpHUrajsl, MpUYeM B IEPBYIO OpUramy

JOJIKHBI BXOJUTH 3 4eJ0BeKa, BO BTOPYI0 — 5 U B TpeThto — 12. CKoJIbKUMU criocobaMu

9TO MOXXHO CACJIAaTh.

C3.C% -C!? =1140-6188-1= 7054320
2

0 17 12



11. JIns ygacTust B KoMaHe TpeHep otoupaer 5 manbunkoB u3 10. CkonpkuMu crioco6amu oH
MOXeT c(hOpMHPOBATH KOMAH/Y, €CIIH 2 ONPE/IEIEHHBIX MaJbUlKa JOJDKHBI BOMTH B

koMaHay? (2 manbuuxa mouno 6xoosm, m.e. 0Cmanocy evitopams 3 uz 8)

3 _
C? =56
12. B mlaxMaTHOM TypHUpE NPUHUMAIIK yyacThe 15 maxMaTucToB, MPUUEM Kax bl U3 HUX

CBITPaJI TOJBKO OJIHY MAPTHUIO C KAKIBIM U3 OCTaIbHBIX. CKOJBKO BCEro mapTuii ObLI10

CBITPAHO B 3TOM TypHUpE?
2 _
C: =105
13. CkoabKO pa3audHbIX APOOEH MOKHO COCTaBUTh U3 uucen 3, 5, 7, 11, 13, 17 tak, 4To0sI B

KaXIYIO IpoOb BXOIWIN 2 pa3INYHBIX dyuciia?
42=30
14. Nmeetcs 3 ppykra. CKOIBKUMU CIOCOOAMU MOKHO B35ITh XOTS1 Ob1 OAUH PPYKT?
Cl+C2+C3=3+3+1=7

IlepecTaHOBKH, COYETAHUS M Pa3MelleHHUsI C TIOBTOPEHUSIMU

15. Anekceit 3aHMMAaeTCsi CLIOPTOM, PUUYEM 4 JTHA B HEJIEIIO — JIETKOW aTICTHUKOM, 2 JTHS —
CUJIOBBIMH YIPaKHEHUSMU U 1 1eHb oT/bIXxaeT. CKONBKUMH CIIOCO0aMU OH MOKET
COCTaBUTH ceOe paclrCaHNe 3aHITUI HA HEJIETI0?

7!
,=——=105
41.21
16. CKOJIEKMMH CITOCOOAMHU MOXHO PacCcTaBUTh Oelbie purypsl (2 maapw, 2 KOHS, 2 CJIOHA,

dep3b U KOpoJib) Ha TIEPBOM JTMHUU TAXMATHOU JTOCKHU?

s 8
P,=——— =5040
21-21-2!

17. B xomenbke HAXOAUTCS AOCTATOYHO OOJIBIIOE KOJIMYECTBO pyoOiieH, 2-X, 5-Tu u
necaTupyoneéBbix MOHET. CKOJIBKUMH CITIOCOOaMHU MOXKHO U3BJI€Ub TPU MOHETHI U3

KorenapKa?

~ _(3+3-1)1 5!

o5 =10

31,21 3121
18 B KOpO6KC JICXKaT mapm Tpex I_[BCTOB—KpaCHOI‘O, CHHECI'O U 3CJICHOIO. H_[apbl OJHOT'O IIBE€Ta
CUHHUTAKTCA OAUHAKOBBIMU. BOHpOC: CKOJIBKUMHU CHOCO6aMI/I MOXHO COCTAaBUTH Ha60p n3

JBYX I1apOB?

< (243-1) a4
&= 2121 2121



19.

20.

Bo3zbmem OykBel b, A, P. Kakue pazmernienus u3 3Tux OyKB, B3STBIX 110 JIBE, MOKHO
1oiay4uTh? CKOJIBKO TaKMX HAOOPOB MOJYYUThCS, eciau: 1) OyKBbI B HAOOpe HE

MOBTOPSIIOTCS; 2) OyKBBI MOTYT IIOBTOPSTHCS?
1) A2=6
2) A?=3=9
CKOJIBKO CYIIECTBYET YEThIPEX3HAUYHBIX TUH-KOI0B?

A% =10* =10000

IlpakTH4yeckas 4acTb
B mixosibHOM CTOJI0BOI Ha IEpPBOE MOXKHO 3aKa3aTh OOPILL, COISHKY, TPUOHOM CyIl, Ha BTOPOE
- MSICO C MaKapoHaMH, ppI0y ¢ KapTOLIKOM, KypHILy C pUCOM, a Ha TPEThE - Yail U KOMIIOT.

CKOJIbKO pa3/InYHbIX 00€10B MOYKHO COCTaBUTh U3 YKa3aHHbBIX Or0A?

B mixosibHO# cTOJ10BOI Ha IIEpBOE MOXKHO 3aKa3aTh OOPIL, CONSIHKY, TPUOHOM CYII, Ha BTOPOE
- MSICO C MaKapoHaMH, pbl0y ¢ KapTOLIKOM, KypHIly C pUCOM, @ Ha TPEThE - Yail U KOMIIOT.
CKOIBKO pa3IMYHbIX 00€/10B IepecTaBUTh OYKBBI B ClIOBE abpakagadpa?

CKOJIBKMMHU CTTOCO0aMU MOKHO Pa3MECTUTh BOCEMb MACCAXKUPOB B TPU BaroHa?

N3 yyamuxes natu 11 kiaaccoB HY>KHO BBIOpaTh ABOUX AEKYPHBIX. CKOIBKO Map eKYpPHBIX

MO’KHO COCTaBUTh (YUEHUKH B Iape HE JOJKHBI ObITh U3 OJJHOTO Kilacca)?

CKOJIBKO Pa3IMYHBIX JIBY3HAYHBIX YMCENl MOXKHO COCTaBUTH TpH oMo mudp 4, 7, 9?

(Indps! B 3anuicu yucia He MTOBTOPSIOTCS).
CKOJIBKO Pa3IMIHBIX TPEX3HAUHBIX YHCET MOXKHO COCTABUTH ¢ TIOMOIbo mudp 1, 3, 77

Carna, I1ets, leauc, Ons, Hactsa yacto xoasat B kade. Kaxapiit pa3, odenas Tam, OHH

pacCaxnBarOTCA MO-pa3HOMY. CKOJIBKO JHeH APY3biA CMOTYT 3TO CACIIATH 0e3 HOBTOpeHI/IH?

CekpeTHbIi 3aMOK cOCTOUT U3 3 6apabaHOB, HA KaX/I0M M3 KOTOPBIX MOYKHO BBIOpaTh

udpst ot 0 10 9. CkoJIbKO pa3IMyYHBIX BAPHAHTOB BbIOOpA MIU(pPa CYIIeCTBYET?



10.

11.

12.

13.

14.

15.

K 60-neturo [ToOeap! rpynmna HIKOJI-HUKOB OTIIPABUIIACH IO MECTaM OOEBBIX JIEHCTBUI B
CMmoneHnckoi o6nacti. OHY JIAHUPOBAIM OCYILIECTBUTH ITOXO/ 110 MAPIIPYTY AEPEBHU
CocHoBka-beikoBka- Macnoska- Bunoso. 113 C B b MOKHO NpOIIIBITH 110 pEKE WK IPOUTH
nemkom, u3 b B M- nemkom wim Ha aBToOyce, u3 M B B - 1o peke, menikom uitu aBrodyce.
CKOJIBKO BapHaHTOB I10X0Ja €CTh Y HIKOJIBHUKOB?

B Hauane urpsl Kaxxa0oMy UrpoKy pazgaercs 6 KapT U3 KOJIO/Ibl, B KOTOPOM 36 pa3iMuHbIX
KapT. CKOJIBKO CYIIECTBYET pa3IMyHbIX KOMOMHAIMHA KapT, KOTOPhIE UTPOK MOXKET MOJTYYHTh

B HayaJie urpbi?

B 8 “a” ximacce nmyunie Bcex MaTeMaTUKY 3HAIOT 5 yueHUkoB: Bacs, luma, Oner, Kats u
Amns. Ha onummnuany mo MareMaTuke HY)KHO OTIIPABHTh Hapy, COCTOSNIYIO U3 | MaJlbuuKa U

1 JCBOYKH. CKOJIBKMMH CIIOCO0aMH YUYUTCIIbHUIA MOXKET 3TY I1apy BbI6paTL?

Ha npuBuBKy B MEAIIYHKT OTIIpaBMIIUCh 7 apy3el. CKOJIBKUMU Pa3HBIMU CIIOCOOAMU OHU

MOT'YT BCTaThb B OUCPCb Y MCIAUIITUHCKOTO KabuHera?

Ha Bri6opax no6enunu 9 yenosek - Cadonon, Huxonaes, [lerpos, Kynakos, Mumun, 'yces,
Bonoaun, Adonun, Turos. M3 HUX HYXHO BBIOpaTh MpeJCce1aTeNsl, 3aMECTUTENS U

npodopra. CKOIBKHUMH CIIOCOOaMH 3TO MOXKHO CZENaTh?

B mudt 12-s3Taxknoro noma cenu 3 naccakupa. Kaxxaplii He3aBUCHUMO OT JPYTUX €
OJIMHAKOBOH BEPOSTHOCTHIO MOXKET BBIMTH Ha J1I000M (HauuHasi co 2-10) 3Taxke. CKOIbKUMU

Croco0aMH JHOM MOTYT BBIMTH Ha pa3HbIX dTaxax?

CKOJIbKO HEUETHBIX TPEX3HAUYHBIX YHCENl MOKHO COCTaBUTh U3 udp 3, 4, 8, 6? (Lludps! B

3alKCH YHCIIa HE MOTYT TIOBTOPSITHCS).

KoHnTpoJsbHbIe BOPOCHI

1 CDOpMy.TILI KOM6I/IHaT0pI/IKI/IZ NEPCCTaHOBKH, PasMCIICHUA U COUCTAHU C TIOBTOPCHUAMHA U 0es3.



Ilpakmuueckasn paboma Ne59: CodeTanusi 1 UX CBOMCTBA
I[ens: OTpaboTaTh HABBIKU PEIICHUS 3a/1a4

TeopeTnueckasi 4acTh
Coueranus (0e3 MOBTOPEHUIT)
ITycts MHOXECTBO X COCTOUT U3 N DJIEMEHTOB.
Onpeoenenue. JTto60e K-3meMeHTHOE TTOAMHOKECTBO Y MHOXKECTBA X HA3bIBACTCS COUCHIAHUEM
u3 n s1emenmos no K.

OueBnaHO, 4TO K 10/I2KHO OBITH HE 00JbIIIE N.

Yuciio Bcex coYeTaHui U3 N 2JIEMEHTOB 110 K 0003HaYaeTcss CHMBOJIOM CE " BBIYUCIIACTCA 110

dbopmye:
I (n=1).-(n-k—
cko M _n (n-1)-...(n-k -1) @
k!(h—k)
k!

n! n!

B wactaoctn, C° = 0 I:1,C2 :'—Olzl, YTO COIJIACYeTCs C TeM, 4YTO Yy JIF0OOro
otn! n!-0!

n

MHOXKecTBa X HMMEETCs TOJNBKO OJHO IIOJMHOXKECTBO U3 HYIs 3JeMeHTOB (mycmoe
NOOMHOIICECME0), W TOJBKO OJHO MOAMHOXECTBO M3 N 3JIEMEHTOB (COBIAJAIOLICE C CaMUM
MHOXXECTBOM X).
ITpu paccMOTpeHHH COYETAHUI 0YeHb MOLIHO MCIOJIB3YeTCsl TEOPHSI MHOMKECTB!
Hoxaxem dopmyiy (4).
[Tycts Y kakoe-miu0OO MPOHM3BOJIBHOEC IMOJMHOXKECTBO MHOXecTBa X, copepxkariee K
3IIEMEHTOB (TO €CTh COYeTaHHe u3 N dneMeHToB 1o K). UKo Takux MOAMHOXKECTB 0003HAYUM

CHMBOJIOM Crlf . HCO6XO,I[I/IMO BBISICHHUTDB, YEMY PABHO 3TO YHUCIIO.

CocraBisisi, BCCBO3MOXHBIC TIEPECTAHOBKH U3 3JIEMEHTOB 3TOr0 MHOXeCTBa Y monydnm K!

pasMYHbBIX CTPOK JAiHO#M K. Eciin yka3aHHYI0 omeparuio mpo/IesaTh ¢ Kax IbIM TOJIMHOKECTBOM

Y comepramum K s1emMenTOB, To moTydauM Beero CX - k! pasmuambix ctpok, mmuHoit k. C apyroit

CTOPOHBI, TAKMM 00pa30M [OJDKHBI TMOJYYUTHCS BCe 0€3 MCKIIOYEHHs CTPOKH, JUIMHOW K Oe3

HOBTOpCHHfI, KOTOPBIC MOKHO COCTABUTH U3 3JICMCHTOB MHOXKCCTBA X. Yucno takux CTPOK PaBHO

A cnenoBarensro, CX - kl= AX. Bripakas u3 storo paBenctsa CX, momyumm:
n n n n

ck=A_n{-1). (n-k-1), ®opmyna (4) mokasana.

"okl k!
k
Yucna C, Ha3bpIBAIOT OMHOMHUAIBHEIMM KOS(Q(HUIMEHTaMH — OHU BXOIAT B (OpMYIy

6unoma HpioTOHA, M3yUYeHHE KOTOPOTO TAaKXKe BXOJHUT B MPOrpaMMy [0 MaTeMaTUKE s

PO UIHHBIX KJIACCOB.



Yucna C: 001a1at0T PSIIOM 3aMedaTeTbHBIX CBOWCTB!



1. Ck =k (Toxa3bIBaeTCSl HEMOCPEACTBEHHO 10 opmyie (4));

n n

2. CO4Cl+..+Ch=2n (MOKHO [10Ka3aTh C IOMOIIBI0 H3BECTHOH TEOPEMBI M3 TECOPUHU

n n n
MHOX>XECTB O TOM, YTO YHCJIO PA3JIMYHBIX IIOJAMHOXKECTB N-3JICMCHTHOI'O MHOX>KECTBA PaBHO 2”,

JIPYTo# croco0 T0Ka3aTeNbCTBA - KOMOMHATOPHBIN ),

3.Ck=Ck + Crf_'ll st 006X N u k, 1J kJ n (nokassiBaercs ¢ momMortbto hopmyisl (4)); Ha

OCHOBE 3TOT'0 CBOMCTBA CTPOUTCSA 3HAMEHUTBIN TpeyroybHUK [lackais.

Tabnuna 1. Tpeyronsuuk [Tackans

WO EEEEEC)EE

0 1

1 1 1

2 1 2 1

3 1 3 3 1

4 1 4 6 4 1

5 1 5 10 10 5 1

6 1 6 15 20 15 6 1

7 1 7 21 3% 3 21 7 1

8 1 8 28 5 70 56 28 8 1

9 1 9 36 84 126 126 84 36 9 1
10 1 10 45 120 210 252 210 120 45 10 1

3ameruM, uto bne3 Ilackanp Ha3biBag YHCIOBOM TpPEYTrOJIBHMK, HA4ajo0 KOTOPOIO
comepxutcs B Tabmune 1, apugpmemuyeckum. Ilackanb MOCBITHII CBOWCTBaM apu(PMETHIECKOTO
TpeyroJibHUKa OCHOBomojaramonmii "Tpakrar 00 apupmerndeckom Tpeyronbuuke" (1654).
CripaBeUIMBOCTH pajid, CTOUT YHOMSIHYTh, YTO OMHOMHAJIbHBIE KOI(D(UIUEHTHI ObLTH XOPOILIO
U3BECTHBI B A3MM 3a MHOTO BEKOB 110 poxkaeHus [lackana. B Uranmun tpeyronsnuk I[lackans

Ha3bIBAIOT TPEYTOJIBHUKOM TapTasbu.

U3 onpedenenus couemanus cnedyem, ymo eciu crupammbaercs: «CKOJIbKUMHU CIOcO0aMu

MOHO BbIOpaTh K 00BEKTOB M3 N?», TO HY)KHO OTBEYATh: «CE YHUCIJIOM CIIOCO00B»!!!

Ilpumep. Bo B3Boe 5 cepxanToB u 50 connat. CKOTBKHMH CIIOCOOAMU MOYKHO COCTABUTh HAPSIT

U3 OJIHOTO CeprKaHTa U TPEX COJIJIaT.



Pewenue. OmHoOro cep)aHTa W3 MATH MOXHO BBIOpaTh 5-10 pazHbiMu crocobamu. s
J000T0 M3 ATUX CIIOCOOOB BHIOOpA ceprkaHTa TPEX conaat (MOPSIOK TPOMKK He BaxkeH) u3 50-Tu

! .49.
MOXHO BBIOpaTh C:0:3|52%|: 481 29 350 =19600 wumciom crnoco6os. Torga 1o mpaBuiIy

IMPOU3BCACHUA BECh Hapsgaa, TO €CTb OJHOI'0 CEpKaHTa U TpéX coj1gaTr, MOXHO BBI6paTI)

519600 =98000 cmocobamu.

[TomoOHbIE 3a1a4u OYEHB YACTO BCTPEUAIOTCS B KOMOMHATOPHKE U B TEOPUU
BeposATHOCTEH. [l0o3TOMY paccMOTprM MoOAeIb 3TOH 32/1a4M U €€ peleHue.

[Iyctb umeercs N o6bexToB | THIA 1 M 00bekTOB || TUNa. CkoIBbKUMU CcIOCOOaMU MOMKHO
BBIOpaTh U3 HUX K 00bekToB | THNA U S 00BekTOB || THITA?
VYcnoBue 3a1aun pekoMeHayeTcs opopMuTh TabIuIEH, 4TOOBI HE 3aITyTaThCsl B UUCIIAX MIPU

COCTaBJIEHUM YHUCJIa COUETAHUH.

| Tun Il Tun
EcTb: N 0OBEKTOB u M 0OBEKTOB
Heo0xomxumo k 00BexTOB n S 00BEKTOB
BBIOPATH:

Torma K o6bexToB | THIIA H3 N MOXHO BBHIOpAThH CK umciom croco6os. Jnsa kaxmaoro u3

n

3THUX CcIIOCOO0B BbIOOpa 00bekTOB | THMa S 00bekTOB |l THIIA U3 M UMErOIMXCS MOXKHO BBIOPATh

C® umcioM croco6oB. IIpuMeHss MpaBuIo Npou3BeeHNs, TTomydaeM oTeet: CX -C* |
m n m

AHaJOrM4YHO perraercs 3a1ava 1jig 00beKTOB TPEX, YETHIPEX U T.[I. TUIIOB.

K nono6Hoii 3a1aue cBoaATCS 3a1a4M, B KOTOPBIX M3BECTHO 00I11€€ KOJIMYECTBO UMEIOIIUXCS
00BEKTOB M 0011Iee KOJINYECTBO TEX, KOTOPhIE HYKHO BHIOPATH.
Ilpumep. B xiacce 36 denoBek, U3 KOTOPHIX 6 — OTMIMYHUKU. CKOJIBKUMHU CIIOCOOAMU MOYKHO
pa3duTh Ki1acc Ha JBa Kiacca 1Mo 18 yenoBek Tak, YTOOBI OTIIMYHUKOB B KaXJI0M Kilacce ObLIO
OpPOBHY?

Pewenue. Pa3dutp kiacc Ha qBe yacTu no 18 yenoBek — 3T0 BCE paBHO, 4TO BbIOpaTh 18
yenoBek u3 36. OtoOpaHHbIe 18 YenmoBEeK COCTaBISIOT OJWH KIIACC, OCTaBIIMECS — JPYTOu.

OdopmuM ycioBHe 3a71a4l B yKa3aHHOM BBILIE BUJIE.

| THUII - Il Tiam —

OTJIMYHUKHU HE OTIIMYHHUKH

Ecte 36 uenoBek: 60TIINYHIKOB nu 27 He OTJINYHUKOB




HeobOxomumo 3 OTIIMYHUKA " 15 He OTIIMYHUKOB
BbIOpATh

18 yesosex:

OtBetr: C° - C* ctoco0o0B.
6 27

1. ®.V necnuka 3 cobaku: Actpa (A), Bera (B) u I'pud (I'). Ha oxoTy J€CHUK peniui Moty ¢
nByMs cobakamu. [lepeuncianTh Bce BapuaHThl BEIOOpA JIGCCHUKOM Taphl COOAK.

Pemenue.
OT1o0 3amaya o BeIOOpE ABYX DJIEMEHTOB U3 Tpex 0e3 yuera mopsnka. IlepeuncivM BapHaHTbI
BEIOOpa U3 A, b, B mo aBa: A, b; A, B; b, B. Ecniu yganuecst 3HaroT dopmyiy uisi ducia

Cl=C¥?=C, _

COquaHHﬁ, TO KOJIMYCCTBO BAPHUAHTOB PABHO! 3 3.

Otger: 3 BapHuaHTa.

2. @. CKOJIBKO CYIIECTBYET CIIOCOOOB BHIOPATH TPOUX PEOSAT U3 YETBEPHIX JKEIAIONNX JIEKYPUTh
10 CTOJIOBOM?
Pewenue.

KomnuectBo coveranuit u3 4 mo 3 (MOpAAOK BBIOOpa HE MMEET 3HAYCHHUS) PAaBHO:

3 43 1
Ci=C=C=42 4 Ynaue moxuo paccyxaaTh Tak. BMmecTo BBIOOpa TpOMX I€XKYpPHBIX

BbIOEpEM OJIHOT0, KOTOPBI He OylIeT JeKypHUTh, a TPEX OCTABIIUXCS OTIPABUM Ha JI€KYPCTBO.
KonngecTBo crioco0oB BEIOpaTh OJHOTO U3 YETBEPBIX PeOST paBHO 4.

Ortser: 4 cnocoba.
3. T. B kimacce 7 4enoBeK yCIEUIHO 3aHUMAaroTCsl MareMaTukoi. CKOJIBKMMHU CIIOCO0aMU MOYKHO
BBIOPATh U3 HUX JIBOMX JJISl YUaCTUS B MaTeMaTUYEeCKON oaumMIuaae?

Pemenue.
Bribupaem 2 yganmxcst u3 7, mopsaoK BHIOOpa HE UMeET 3Ha4eHus (00a BRIOpAHHBIX MOWIYT Ha
OJIUMITMAJTy KaK MOJHOCTBbIO PAaBHOIIPABHBIE); KOJIUYECTBO CIIOCOOOB BHIOOpA PAaBHO YHCIY

c2="%_9
=

coyeTaHud u3 7 mo 2: 1.2 croco0.

Ortser: 21 crioco0.

4. T. B marazune «@unarenus» npoaaeTcst 8 pa3InIHbIX HA0OPOB MAapOK, TOCBSIICHHBIX
CHOPTUBHOM TemaTrke. CKOJIBKUMH CIIOCOOaMU MOXHO BBIOpaTh U3 HUX 3 Habopa?
Pemennue.
8-7-6
Cga =

Bri6op u3 8 mo 3 6e3 yuera nopsiaka: 1-2-3 = 56 criocoGos.

Ortset: 56 crtoco0oB.



5. T. Yyamumes nanu cnucok u3 10 KHUT, KOTOpBIE pEKOMEHIYeTCs IPOYUTATh BO BPeMs
KaHuKyJ. CKOJIBKUMH CIIOCOOaMU YYEHHUK MOKET BBHIOpaTh U3 HUX 6 KHUT?
Pemenue.
10-9-8-7
Ch=""""=210
Bri6op 6 u3 10 6e3 yuera nopsiaka: 1.2-3-4 CIIOCO0OB.

Ortsert: 210 cnoco0oB.

6. T. U3 naboparopun, B KOTOpOii paboTaroT 3aBeayromuii 1 10 cOTpyIHUKOB, HAZO OTIIPABUTH 5
YeJIOBEK B KOMaHAUPOBKY. CKOJIBKUMH CIIOCO0AMU 3TO MOYKHO CJIENIATh, CITH:

a) 3aBeYIOINUI JJabopaTOpUEH TOJDKEH €XaTh B KOMaHIUPOBKY;

0) 3aBenyromuii 1abopaTopueit JOIKEH 0CTaThCs?

Pemenue.

U3 11 yenoBek 5 AOKHBI MOEXaTh B KOMaHIUPOBKY.

4 10-9-8-7 _ 210
a) 3aBenymoomui ener, Hy>)kHO BbIOpaTh eme 4 u3z 10 ocraBmmxcs: 0 1.2.3.4
CcHoco0O0B.
B) 3aBeqyromuit ocraercs, HY>KHO BBIOpATH 5 u3 10 COTPYJIHHUKOB:
5 10-9-8-7-6

C = 252 cnocoba.
10 1.2.3.4.5

Ortgert: a) 210 crioco60oB; 6) 252 crocoba.
7. T. B 6ubimoTreke UnTaTeNro MPEUIOKUIN Ha BBIOOP M3 HOBBIX moctyruieHuil 10 xaur u 4
xypHaia. CKOJTBKUMH CnOCOOaMH OH MOJKET BBIOpAaTh M3 HUX 3 KHUTH U 2 )KypHaya?

Pemenue.

HysxHo caenats asa Beibopa: 3 xkuuru u3 10 ( C3 cnoco6oB) u 2 xypHana u3 4 ( C? coco6oB) ;
10 4

MOopAA0K BBI60pa HC HMMCCT 3HAUCHU. Ka)KI[BIﬁ BI>I60p KHUT MOXKET COUYCTAThCA C KaXIbIM
BLI60p0M JKYPHAJIOB, TIO3TOMY 06]1_[66 YHUCJIO CIIOCO00B BBI60pa 110 IMMpaBUJTy IPOU3BCACHUS PABHO!

10-9-8 4-3

Cc?®.C%= =720 croco6oB.

04 1.2.3 1.2
Otser: 720 cioco6oB.
8. T. 3 12 comnmat, B unciio KOTopbix BxomsaT MBanoB u [leTpoB, Hafmo OTIIPaBUThH B HAPSIT TPEX
yenoBeK. CKOJIBKUMHU CIOCOOAMU 3TO MOXKHO CJlIeaTh, €CIIH:
a) ViBanoB u IleTpoB JOKHBI HOWTH B HapsJT 00S3aTEIBHO;
6) lBanoB u [leTpoB 10JIKHBI OCTAThCS;
B) MIBaHOB 10JDKEH TTOMTH B Hapsi, a [lerpoB — octatbes?

Pemrenue.



Bribupaem Tpu snemenTa u3 12; mopsaok BeIOOpa He UMEET 3HaueHUs (BCce TPOe UAYT B Haps).
a) MBanoB u IletpoB mayT B Hapsn, e€Iie OJHOTO HYXHO BeIOpath u3 apyrux 10 compgar;

KomuuecTBo croco6os: C1 = 10.

0) MBanoB u [leTpoB He uAyT B HAPSA; TPOUX UAYIIMX B HAPS HY)KHO BBIOpaTh U3 Apyrux 10

10-9-8
COJIJIAT; KOJIMYECTBO criocobos: C fo = m =120 cioco6os.

B) MBaHoB unet B Hapsa, a IletpoB ocraercs. Eme nBoux, uaynmx B Hapsa ¢ VIBaHOBBIM,

HY’XHO BbIOpath u3 npyrux 10 connar ( MBanosa u [lerpoBa He cuuTaem); KOJIMYECTBO CIIOCOOOB:
» 10-9

C10 1-2

Otgert: a) 10cnioco60B; 6) 120 cioco6oB; B) 45 crmocoOoB.

45.

9. T. B kiacce yuarcs 16 manpunkoB u 12 neBouexk. [1iist yOopku TeppuTOpHn TPeOYETCs BBIICINTh
YeThIpeX MaJIbYMKOB U TpeX JieBoueK. CKOJBKUMH CIIOCOOAMHU 3TO MOKHO cIenaTh?
Pewenne:

HyxHo cpenath nBa Beibopa: 4 manbunkoB u3 16 ( Bcero C3 croco6GoB); MOpsIOK BbIGOpa
3Ha4YCHUs He MMeeT ( Bce MaylHe Ha yOOpKy paBHompaBHbl). Kaxaplii BapuaHT BhIOOpa
MaJIbYMKOB MOYKET COUYETATHCS C KaXKIABIM BEIOOPOM JICBOYEK,
[ToaTomy o mpaBuily MPOU3BEACHUS 001Iee YUCIIO CI0co00B BEIOOpa paBHO:
c4.c?® _16-15-14.13 12-11-10

vor 1234 123

= 400400 crioco00B.

Otser: 400 400 crioco6oB.
10. B 9 «A» knacce yuarcs 25 yqanmuxces, B 9 «b» -20 ydammxcs, a B 9 «By» - 18 yuammxcs. s
paboThl HAa MPUILIKOJIFHOM y4acTKe HaJ0 BBLACIUTH TPeX ydamuxcs U3 9 «Ax», 1Byx - u3 9 «b» u
omHoro - w3 9 «By». Ckompko cymiecTByeT cnoco0OOB BbIOOpa ydamiuxcsi sl paboThl Ha
MIPUIIKOJIBHOM y4acTKe?

Pemenne.

Bri6op n3 Tpex coBokymHOcTeil 0e3 yuyera mopsjaka; KakIblid BapHaHT BblIOOpa M3 INepBOH

C3 . 2
COBOKYITHOCTH ( 25) MOKET COYCTATHCA C KaXJbIM BAPpHUAHTOM BBIGOpa H3 BTOpOU (C 20) uc

1
Ka)XJ[bIM BapuaHTOM BbIOOpa U3 Tpetheii (C 18); mo mpaBuity pOU3BEICHUS MOTydaeM:

cd.c? .t _ 25‘24.23-20.19-@:7866000

Lo " 1.2-3 1.2 1 crmoco0O0B BBIOOpA yUaIuxcst

Otger: 1 866 000 cioco6oB.
11. T. Cxonbkumu criocobamu Tpymmy U3 12 yenoBek MOXHO pa30WTh Ha JBE TPYIIIBL: a) 0 4 u

8 uenoBek; 0) Mo 5 u 7 yenmoBek?



Pewenue.
KonmyecTtBo cmoco06oB pa3OueHHs MHOKECTBA Ha JBE YaCTH PABHO KOJMYECTBY CIIOCOOOB
dopmupoBanus ogHON U3 yacTel (J1t000ii). [TocKOIBKY MOPSAAOK PACIIONOKEHHS 3JIEMEHTOB HE

YUUTBIBACTCSA, UMCCM:

Ch = (8 = 12-11-10-9 _ 495
a) 1.2-3-4 croco0oB pa3OueHus Ha 4 u 8 371eMEeHTOB.
Cs —Cl, = 12-11-10-9-8 _ 792
0) 1.2-3-4-5 croco00B pa3dueHus Ha S U 7 HIEMEHTOB.

Ortgert: a) 495 crioco6oB; 0) 792 cnocoba.

3ameuanue. 3ajaya  WUIOCTPUPYET  CBOWCTBO  OMHOMHMHAJIBHBIX  KO3((PHUIIHMEHTOB:
cr=co.
12. T. B otaene paboTaroT 5 BeAymuX U 8 CTapIIMX HAYYHBIX COTPYAHUKOB. B KOMaHIMPOBKY
HAJI0 MOCaTh JABYX BEAYIIHMX U TPEX CTApIIUX HAYYHBIX COTPYIHHKOB. CKOJIBKHUMH CHOCOOaAMU
MOYET OBITh CIIEJIaH BBIOOP COTPYAHHUKOB, KOTOPBIX HAJIO MOCTIATh B KOMAaHIHPOBKY?

Pemenne.
Bo160p 13 BYX pa3HBIX COBOKYITHOCTEN 0€3 yueTa MopsaKa; KaK Iblii BApHaHT BbIOOpa U3 NEPBOi

coBokyrHOCTH (ux C 2 ) MOXKET COYeTaThCs ¢ KaXKIbIM BApPUAHTOM BHIOOpA U3 BTOPOM

3
coBokynHocTH (ux C 8), Mo mpaBuIly NPOU3BEICHUs 00IIee YHCIIO CIIOCOOOB BBIOPATH CO-

TPYAHUKOB, YC3KAOINX B KOMAHAUPOBKY, paBHO:
c2.c3 54 8-7-6

5 8

1.2 1-2-3 =560 crioco6os.

Otser: 560 cioco6oB.
13. M. Berpetmnuch 11 ¢pyTO0mucTOB U 6 XOKKEUCTOB, U KXK/IBI CTal [0 OJJHOMY pa3y UrpaTh C
Ka)X/IbIM B TIIAIIKH.

a) Ckonpko BcTped Obut1o Mexay hyroomuctamMu?

6) CKOJIBbKO BCTped OBLIO MEXKAY XOKKEHUCTaMu?

B) CKOJIBKO BCTped ObUI0 MeXay (yTOOIMCTaMU U XOKKeHcTaMu?

r) Ckonbko BcTped ObL10 Bcero?

Pemenue.



a) BeiOupaem mapst u3 11¢yrdonucToB 6e3 ydera mopsika; KOJIMIECTBO BO3ZMOXKHBIX BCTPEY:

11-10
c2 -1tV g
11 2
0) BriOupaeM mapel u3 6 XOKKEHCTOB 0€3 ydera MOpsaKa; KOJMYECTBO BCTPEY PaBHO:
6-5
C?=""=15.
6
2
B) KommyectBo  map  «pyrOommct - XOKKEHCT»  HaiaeM 1O MPaBHITY
MIPOM3BEICHUS BBIOPATH 1 dbyrdoamucTa MOYHO 11 croco0amu, oel
3TOTO BBIOpATh OJTHOTO XOKKEHCTa  MOXHO 6 crocobamu; KOJINYECTBO

pa3HbIX BBIOOPOB «(yTOOIUCT, 3aTEM XOKKEHUCT» PaBHO 11-6 = 66.Konmuectso BCTPEY MEXIY

¢dbyTOomucTaMu U XOKKEUCTaMH paBHO 66.

r) OG1iee KOIUYECTBO BCTPEY paBHO KoiuuecTBYy map u3 11 + 6 = 17 snemenToB 6e3 yuera

, 1716
cl = =136.

nopsijaka: 2 HOHSITHO, 4YTO CyMMa ICPBBIX TPEX BCIMYHUH OOJDKHA PABHATBHCA

nocienneit: 55+ 15 + 66 = 136.
Ortgert: a) 55; 0) 15; B) 66; 1) 136.
14.M. B npaBusibHOM 17-yrosibHUKE MPOBETU BCE AUATOHAIIH.
a) CKOJBKO BCEro MOIyYHIOCh OTPE3KOB?
6) CxonbKO UMeeTCs CTOPOH?
B) CKOJIBKO NMPOBENH JUaroHayei?
r) Ckosbko BCETO JaroHajen B BBIITYKJIOM N-yronbHuKe?
Pemenne.
[TpaBuIIbHBIN MHOTOYTOJIBHUK MMeeT 17 BepIIMH; HUKaKue TpU U3 3TUX 17 Touek He JiexaT Ha
OJIHOU IIPSIMOIA.
a) OOmee YuCIIO OTPE3KOB paBHO KOJMYecTBY map w3 17 Touek Oe3 yyera mopsjaka :

, 17-16
C,= ——
17 2

6) CTOpOHBI COCOAUHAIOT TOJIBKO COCCOHUEC TOYKH (TO‘-IKI/I, pacCTodHruC MCKAY KOTOPBIMU

=136.

HanMeHbl1ee). [103ToMy KOJTMYeCTBO CTOPOH PaBHO KOJIMYECTBY UHTEPBAIOB MEXIY 18 Toukamu
Ha TIPSMOW (YTOOBI TMONYYUTHh 3aMKHYTYIO JHHHIO, OyaeM cuutarh, 4ro 1-s m 18-1 Toukm
coBmagarT). Komn4ecTBO MHTEPBAJIOB MEXIY N TOYKAMH HA MPSIMON paBHO n - 1, mostomy
KOJINYECTBO CTOPOH 17-yronpHuka paBro 18 -1 ==17,

MosxxHo paccyxnaars nHade. IIponymepyem BepmmHbl 17-yronbHuka. M3 Kakaoil BepILNHBI,

HA4YMHAs C MEePBOM, UCXOAUT CTOPOHA 17-yrojapbHuKa, KOTOpas 3aKaHUYMBAETCS B CIEAYIOLIEH 1O



HoMepy BepinHe. CTopoHa, ucxopsmas u3 17-i1 BepumIMHbBI, 3aKaHYMBaeTcs B BepiinHe Ne 1.
[ToaTOMY KOJIMUECTBO CTOPOH PAaBHO KOJIMYECTBY BEPIIUH, T. €. 17.

B) Jlmaronanpto 17-yronpbHuka OyJIeT OTPE30K, COSAMHSIONNN KaXIyI0 BEPIINHY ¢ KaKI0H
W3 BEPIIWH, HE SBJSIIONTUXCS COCSTHUMU TSI TAaHHOM, T. €. ¢ 17 - 1 - 2 = 14 pa3HbIMU BepIIMHAMHA
(MBI BBIWIH 1 -BepiIMHY, U3 KOTOPOU UCXOAUT AMArOHaNb, U 2 - IB€ COCEHUE BEPIIMHBI). Takum
00pa3oM, U3 KaxJI0i BepIKHbI 17-yronsauka ucxoqut 14 muaronaneii. Ho npoussenenue 17-14
OyZIeT BKJII0YATh KaXIyI0 AUaroHalb JBaX/bl (CHaYasa KaK UCXOSIYIO U3 i-il BepIIHHbI B k-10,

MIOTOM KaK UCXOIAINYI0 U3 K-if BepiiuHbI B I-10). [I03TOMY 001116€ KOJUYECTBO AMaroHaIeid paBHO

17-14 .
= 119. TIoHATHO, YTO KOJIMYECTBO CTOPOH IUIIOC KOJIMYECTBO JUAroHaje IOJKHO

2
PaBHATHCS KOJMYECTBY OTPE3KOB:
17 + 119=136.
r) B BRITYKIIOM N-yroJbHUKE M3 KaXKI0W BEPIIMHBI MOKHO MpoBecTH N - 1 - 2 =n -3 nuaronanw;
oO11ee KOJIMYECTBO JUaroHajiel paBHO @ (0OBsICHEHHE TaKOe Ke, KaK B ITYHKTE B).
Ortser: a) 136; 6) 17; B) 119; 1) @

15. M. Berperunuch HECKOJIBKO YENOBEK M CTallu 370pOBaThCs APYT C JIpyrom. M3BecTHo, 4TO
pyxomnoxatuii 661510 0T 60 10 70. CKOIBKO YEIOBEK BCTPETHIINCH, €CIIU U3BECTHO, YTO:

a) KaXIbl{ 370pOBANICS C KaXKIbIM;

0) TOJIBKO O/IMH YEJIOBEK HE 3/I0POBAJICSA HU C KEM;B)

TOJIBKO JBO€ HE IMO3JJ0POBAUCH MEXKIY c000ii; I)

YEeTBEpPO IO3/0POBATHMCH TOJIBKO MEXIy COOOM.

Pemenue.

a) Yucno pyKomo)XaTUi paBHO YMCTY PA3IMYHBIX TAp W3 I 3JIEMEHTOB 0€3 ydera MmopsKa

n(n-1)
BBIGOpA, TI03TOMY: 60 < C2 <70; 60 _T =70; 120 <p2 < 140;
MoHO pemiaTh J1BOMHOE HEPABEHCTBO M BBHIOpATh HATYpAJIbHOE I U3 IOJY4YEHHOTO
uHTepBasa. OHAKO B TOM MPOCTEHINEM CITydae JIETKO HaxoauTes mogoopom: N = 12. Tlpu n = 11
n?-n =110, ampu n= 13 n?- n= 156.

6) Ecnu oguH yenoBek He 3J0pOBaJICA HA C KEM, TO IMApPbI 06pa30BBIBaJ'II/ICL u3n-1 9JICMCHTA,

T. €. 60< C% 1 <70;120 < (n-1) (n-2) < 140; mockomnsky 1211 =132, Ton = 13.



B) Ecmu nBoe He mo3M0poBamich MEXIY cOOOH, TO KOJIMYECTBO PYKOMOXaTHil ObuTo Ha 1

MCHBIIC:

60<C2-1<70:

61<C2 <71

122 <n(m-1) < 142. ITockonbky 12 11 =132, To n = 12,
Otsert: a) 12;6) 13; B) 12; 1) 15.

HpaKTI/I‘leCKaﬂ 4acTb

Ne | 1 BapuaHT Ne | 2 BapuaHT

1 Bplunciy 3HaueHue BBIPAKEHUS. 1 | Bpiuuciiu 3Ha4CHUE BBIPAKEHUS.

2 Pura nanucana 14 xaprun. s 2 | Mapuna nanucana 11 xaprun. lns
BBICTABKU HYHBI JIB€ KAPTUHBI OT BBICTABKU HYXHBbI JIB€ KAPTUHBI OT
aBTopa. CKOJIBKO pa3aMyHbIX Hap aBTopa. CKOJIbKO pa3IMyHBIX Hap
KapTuH Puta MoXer oTocnaTh Ha KapTUH MapHuHa MOXeT 0TocIaTh Ha
BBICTaBKY? BBICTaBKY?

3 Ha nonke nexar 8 pa3nuuHbIx 3 | Ha nonke nexat 11 paznuuHbIx
KHUT. CKOJIbKUMH Pa3JINYHBbIMU KHUT. CKOJIBKUMU pa3IMyHbIMU
crocob6amMu MO>KHO crocob6amMu MO>KHO BbIOpATh 1BE KHUTH?
BBIOPATh /1B€ KHUTU?

4 Ha oxpy>KHOCTH OTMEUEHBI 4 | Ha okpy>KHOCTH OTMEYEHBI
touku A, B, C, D u E. Cxoibko touku A, B, C, D, E, F u G. Ckonpko
pa3IMYHBIX TPEYTOJIBHUKOB Pa3IMYHbIX TPEYTOJIbHUKOB
C BEpILIMHAMH B 3TUX TOUYKAX MOXKHO C BEPIIMHAMH B 3TUX TOYKAX MOXKHO
COCTaBUTH? COCTaBUTH?

A G A
E F
B B
D c E ¢
D

5 CKONBbKUMH pa3InYHBIMU crioco0aMu 5 | CKOTBKUMH Pa3IMYHBIMU CIIOCOOAMU
MOYKHO BBIOpATh JIBYX JI€KYPHBIX MOYKHO BBIOpaTh 4 KHUTU U3 8 KHUT?
u3 24 yaeHuKoB?




