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TIPEIACJIOBUE

JlaHHas KHUTA IPECTaBIAET cO00i MOBTOPEHHUE MeCTOTO H3AaHust « COOpHHUKa
3aa4 1Mo MaTeMaTuke IS MOCTYHaromuX Bo BTy3b» (M.: Beicmas mkoma, 1992;
Cronetue, 1997-1999) ¢ nononHuTENEHON KOPPEKTUPOBKON YCIOBUI BCEX 3a/1a4 U
OTBETOB K HUM, a TAaKXK€ C HCIPABIEHHEM 3aMeUeHHBIX HeTouHOCTel. Kpome Toro,
CYIIECTBEHHO PACIIUPEH CIPAaBOYHBIN MaTepuan B 1. 5, 9 u 13. [Ipu 3TOM, yuuTHI-
Basi, YTO JaHHOE n31aHne «COOPHHUKa» HCTONB3yeTCs yJaluMHUCS U IIPENoJaBaTes-
MH B TEYEHHE MHOTHUX JIET, aBTOPBI IPAKTUUECKH MOTHOCTHIO COXPAHUIIH BECh MACCHB
€ro 3a/1a4 U UX HyMEpaIHuio.

«COOpHUK» HAITMCAH B COOTBETCTBUH C MPOTPAMMOI 110 MaTEMaTHKE AJIS MO-
CTYHAIOMIMX BO BTy3bl. B Kak0# TI1aBe MPUBEICHBI TEOPETUIECKNE CBEIECHUS CIIpa-
BOYHOTO XapaKkTepa 1 MPUMEPHI PEIIeHHs 33124 ¢ 00bICHEHUEM IPHUMEHSIEMbIX Me-
Toz0B. [Ipn 3TOM Havaso 1 KOHEI peeH s TPUMePa OTMEUAIOTCSI COOTBETCTBEHHO
spakamu O u M.

«COOpHHUK» COCTOUT U3 JIBYX HacTel: «Apu¢pmeTnka, anredpa, reoMeTpus»
(dacts 1); «Anrebpa, reomeTpus (IOMOIHUTEIBHBIC 331a4n ). Hauana ananuza. Koop-
JIUHATHI U BEKTOPBD» (4acts II).

3anaun yactu | pa3aenensl Ha Tpu rpynimsl (A, b, B) mo ux mapacraromeii cox-
HOCTH. XOTs TaKOe JeNIeHNe UMeeT Oonee MM MeHee yCIOBHBIM XapaKkTep, aBTOPBI
MOJTaraoT, YTO yMEHHE PEeMIaTh 3aa4d U3 IPYNHbl A TOMKHO ONMPEAETsITh MUHH-
MaJIbHO He0OXOJUMBIH YPOBEHB MTOATOTOBKHU YYAIIUXCS K BCTYIMHTENbHBIM 9K3aMe-
HaM B By3bl. YCIIEIIHOE pEIIeHne 3a7a4 u3 rpynnsl b onpenenser Gonee BrIcOKOE
KaueCTBO yCBOGHHS IIKONBbHOW mporpaMmmbl. K rpynmne B oTHeceHs! 3aa4n moBbI-
MIeHHOH TpyaHocTH. OHAKO MPAKTHKA PEHICHHS TAKUX 3a1a4 MOJI€3Ha IS Pa3BUTHS
U yKPETICHNSI CIOCOOHOCTH K CAMOCTOSTEIbHOMY JIOTHUECKOMY MBIIUIEHHIO, IS
00orameHust MaTeMaTHIECKON KyTbTYPbI 1 MOKET OBITH HCIONB30BaHa B IIKOJIE U HA
(haKyTbTaTUBHBIX 3aHATHSAX.

B uactu Il nomeriens! He pa3/ieneHHbIe Ha FPYIIBI [10 CTENEHU TPYAHOCTH 10101~
HHUTEIbHBIE 33/1a4M 110 anredpe ¥ reOMeTPUH, 334auH 10 HadagaM MaTeMaTHIECKOTO
QHAIIN3a, 3371891 Ha IPIMEHEHNE KOOPUHAT U BEKTOPOB, a TAKXKE 3a1a4H 110 Teme «Kom-
IUIEKCHBIE Ynciay (1. 18). DTa TeMa He BXOIUT B HBIHE JEHCTBYIOLIYIO IPOrpaMMy ISt
MOCTYTAIONIUX BO BTY3bl, HO ABMISETCS BECbMA MONE3HOH IS yUaIlUXCs KO, TUIEEB
Y TUMHA31H, N3y9al0MKX MaTEMATHKY 110 PAaCIIUPEHHOM IpOorpaMMe U TOTOBSMINX-
Cs K BCTYIHUTEIBHBIM 9K3aMEeHaM BO BTY3bL. [lo 3TuM ke cooOpaskeHusMm K gactu 11
cienoBaiio Obl oTHECTH M TeMy «KomOnnaropuka n 6naom HeroToHa», OTHAKO ee mpu-
[IJIOCH OCTaBUTH B 4acTH [ (11. 5), 4TOOBI COXpaHUTH HYMEPAIHIO BCEX IIaB U 3a7a4
«COopHUKa» 1715 yIoOCTBa TeX, KTO HCIONb3YET B CBOEH paboTe MMEHHO IIecToe
€ro U3aHue.

BwmecTe ¢ TeM B nHTEpECax yyalxcs 1 penojaBaTelieil, HCIob3yIOIUX B CBOEH
paboTe Kak IecToe, Tak U jaecsaroe u3nanue «COOpHUKa», B KOHIIE KHUTH yKa3aHBI



IIpeauciaoBue

HOMEpa BCeX 3a/1ad HACTOSIIETO U3/IaHNUs, I KOTOPBIX 3TH K€ 3a1a4H (IO IPyTHMHI
HOMEPAMH) PELICHBI B IECSITOM H3JaHHUM.

B cooTBeTcTBHH CO MIKOJBHON MPOTPaMMOil 00y4eHHUsI MaTeMaTUKe BCIOAY
(3a uckroyeHneM 1. 18) paccMaTpuBarOTCst TOJIBKO 00TACTH ICHCTBUTEIBHBIX YUCE:
JeCTBUTENbHBIC KOPHH (PYyHKIUH, ypaBHEHHI, CHCTEM ypaBHEHHUIH.

Haunnas ¢ Tpetbero n3ganus padora Hajx « COOPHUKOMY BBITIONHSIIACH KOJIICK-
THBOM aBTOPOB 0€3 yJacTHsl CaMOTO aKTUBHOTO COABTOPA M HAyYHOTO PEIAKTOPA €ro
nepBoro u Broporo m3ganuii M. U. Cxanasu, ymepiuero B 1972 r. CrienimansHoe pe-
JTAKTHPOBAHKE TPETHETO U MOCIEIYIONNX U3AaHui ocymecTsisil b. A. Kopaemckwuii.
On npojenan 0obIIyo paboTy U B POIecce NOATOTOBKU HACTOSIIETO H3AaHUs, HO,
K COKaJICHHIO, KHUTA BBIIIIA B CBET yKe 0e3 Hero. Mbl COXpaHHM CBETIYIO MaMsTh
0 HEM U 0 JPYTUX HAIIMX KOJJIETaX, YIIEANINX U3 KHU3HH 3a TMOCIEJHUE TOAbI, —
. ®@. Opnosckoii, P. 1. ITozotickom, B. K. Erepese, B. B. 3aiinese.

ABTOpBI CepAeUHO OIarogapsAT yJaluxcs ¥ IpenoaaBaTenei Ko, TOAT0To-
BHUTENBHBIX KypcOB U (aKyIbTETOB By30B, pelieH3eHTOB «COOpHHUKa», BEICKA3aB-
IIMX KPUTUIECKNE 3aMEIaHUsI I JOOPBIE COBETHI, TPENIOKUBIINX MOTIPABKH. B oco-
O6erHocTH aBTOphI Mpu3HatensHe! P. . bopkoBckomy (1. UensOuHCK), mpuciaBme-
My HanOObIIee KOMNIECTBO MOXKENaHUH 1 3aMeYaHNH, yYTEeHHBIX Ipu paboTe Hax
KHUTOH.

Asmopui



YACTDBH 1

APUDPMETHUKA, AJITEBPA,
I'EOMETPUA

IFr'TABA 1

APUOMETUYECKHUE JEHCTBUS

Ipumep. Beruncnuts
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YACTb I. Apudmerunka, aaredpa, reoMeTpus

B 3amauax 3Toil m1aBBl HAJO BBIMONHHUTH YKa3aHHBIE JEHCTBHSA, HE MONB3YACH
MHKPOKAJIbKYIATOPOM, HE [eJIasi OKPYTICHUH U IPUONMKEHHBIX BBIYMCICHHH, TaK KaK
MIPE/NONAraeTCs, YTO BCE 3a1aHHBIC YHCIIA SBISIOTCS TOYHBIMH.

Berancnuts (1.001-1.040):
(7-6,35):6,5+9,9

1.001. SR
12:36412:025-1>-
16) 24
1002, [[ 227125+ | 0358 0108)16—2.
9 72 40 25
(05 125+7 13—%} 3
1.003.
1L5+— :187
( J ;
1
(2,7-08)-2—~ 1
1.004. —33+0,125 2= 40,43
(52-14):— 2
70

23;1,14_31 5 [2%+4,5j~0,375
1.005. —% 3.2

250431 7 275-11
3 2
[13,75+9%j-1,2 (6,8—3%)-5% 1
1.006. Tt e
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o,4+8(5—0,8-§]—5:2l
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8 3 5



T'JTIABA 1. Apupmerndyeckue JeicTBHsA
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YACTb I. Apudmernka, ajredpa, reomeTpus
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T'JTIABA 1. Apupmerndyeckue JeicTBHsA
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YACTb I. Apudmerunka, aaredpa, reoMeTpus

Haiitu X u3 mponopruu (1.041-1.045):

[4—3,5~[21—11D:0,16 32 3.1
75 __7 14’6

1.041. - ,
X n2 402
84 60
Logy, 1210375202 0016:012+07
62i:15g+0,8 X
128 170 07
0125X | 63 21
1.043. (19 213 (7 0,675:24-0,02°
24 40) 16 1
9[1---0,945:0,9
X 20
1.044. 10,5-0,24—15,15:7,5 13 43,
40 '8

15,2-0,25—48,51:14,7_(H 11 66 2
X

13 2 5 ,21)11
5

1.045. 1
32+08 [55 - 3,25]

Brruncnuts Haubosee pauoHanbHBIM criocoooMm (1.046—1.048):

,—6,3-1,7 63 |17
1,7 6,3

\/(6,3+1,7)2 ~4-63-1,7

2 2
V5617 —459 4m %m

1047 | — 5 55+
42015442 20
7 773

2
2
1.048. (ﬁ_%j Sa=d2) |

Boraucauts (1.049-1.050):

2—2 0
1.049. i 4,75,

(052 —5(=2)2 + @j

1.046.

0,6)° (0,1
-1
3:2571.1,5)° +(— %)

1.050.



IF'ITABA 2

TOXKIAECTBEHHBIE IIPEOBPA3OBAHUS
AJITEBPAMYECKNX BBIPAYKEHUI

OCHOBHBIE ®OPMYJIbI

Ceolicmea cmeneneit

I[.HS{ JIFOOBIX X nyun JIFOOBIX MOJIOKHUTENILHBIX d U b BEPHBI CJICAYIOIIUE PAaBCHCTBA!

a¥=1;

aa’ _ax+y’
a*:a¥ =a"7;
(ab)* =a’b";

X X

a) _a

(bJ b*

_ 1
a * :_r'

o

Dopmynsl npeodpaz0eanus MHO2041EH08
Jluist 100BIX @, b ¥ ¢ BEPHBI CIIEAYIOIHE PABCHCTBA!

a*—b*=(a-b)(a+b);
(a+ b)*=d? + 2ab + b
(a— b)Y =a?—-2ab+b%

(a+ b)Y =a3+3a%b + 3ab?+ b3
win (a + b)3 =a®+ b3+ 3ab (a + b);
(a—b)3=a’-3a2b+ 3ab?— b3
wm (a—b)? =a® — b3 —3ab (a - b);
a}+b3=(a+b)(d®—ab + b,

@ - b =(a-b)(a®+ab + b?);
ax2+bx+c:a(x—x1) (x —x,),

TJIC X| U X, — KOPHH KBAJIPaTHOTO TPEXWICHA ax*+ bx+c.

@.1)
2.2)
2.3)

24

2.5)

(2.6)

2.7)

(2.8)
(2.9)
(2.10)

2.11)
(2.12)
(2.13)

(2.14)
(2.15)

11



YACTbH I. Apudmernka, aaredpa, reomerpus

Ceoiicmea apugmemuueckux Kopneii

Jns 1r00BIX HaTYpaIbHbIX 72 ¥ k, OONbIINX |, 1 TFOOBIX HEOTPULIATENBHBIX a U b
BEPHBI CIIEIYIOIINE PABCHCTBA:

2ab =%a b (2.16)

\/;:%(bio% 2.17)

Wayk =k 2.18)
Wifa =fa (2.19)
W ="4at (2.20)

&la)' =a (a>0); 221
Ya <b, ecnm 0<a<b; (2.22)
2 . ] ampna=0,
\/a_—|a|—{_a npw @< 0; (2.23)
2
Va?" =|a} (2.24)
" d = *"a (a2 0). (2.25)

[pumep 1. YIpocTuTh BeIpakeHHE

4 2
X -;2x f3x+l+2(6/27x3 _%)

X +4/3x +1

O O6o3Haumm 1podb uepes A, a BhIpaKeHHe B CKOOKax — yepe3 B; Tor/a 3a[aHHoe

BBIpasKeHHE IpUMeT BU A + 2B. 3aMeTuM, 4To U 4/3x u U27+3 JIOITyCTUMBIMH SIBJIS-

OTCS1 TOJIBKO 3Ha4eHHs X > (), IPH KOTOPBIX 3HAMEHaTelb Apoou 4 He paBeH Hyitto. [ToaTo-

My M JUISl 3JIaHHOTO BBIPKEHHUS JOITYCTHMBIMH SIBIISIOTCS TOJBKO 3HaYeHHs X > 0.
Hcnonssys hopmyny (2.9), Beigensem B yuciuTene 1podu A MONHBINA KBaapaT:

202+ 1-3x=(x2+1)>-3x,

Tax kak x >0, To B cuiy paBeHcTBa (2.21) umeem 3x = (+/ 3x)2. Torna nonyueHnoe

BBIp@KEHHE ¢ OMOIIBI0 (HOpMyITbI (2.8) MOXKHO Pa3IoKUTh HA MHOXKHTENN KakK pa3-
HOCTB KBaJ[paToB:

(2 +1)% —(3x)? = (62 +1-4Bx) (x? +1+3x).

Clie1oBaTeNbHO,

12



TJIABA 2. ToxaecTBeHHBbIe MPeodpa3oBaHus aJrefpanyecKuX BbIPaKeHHH

2 2
PE: 7\/3_xz+1)(x +\/§+1):x2_\/3—x+1'
x“+4/3x +1

Jlanee Ha ocHOBaHWU (Gopmyinsl (2.20) numMeem 6\]27x3 :6\,(3)()3 =+/3x, oTKkyzna

Bzﬁf%. Urak, A+2B=x2—\3x +142\3x —1=x> +3x. |

IIpumep 2. YopocTuTs BeIpaXkeHHEe

Va? —4ab + 4b* 8ab 2b

- 5+ ,0<a<?2b.
Ja® +dab+ap? @’ —4b> a-2b

O HNmeem \/a2 —dab+4b° = \/(a - 2b)2 = |a - 2b| =2b —a, aHAIOTHYHO,
Va® +4ab+4b* = |a + 2b| =a+2b; 31ech ObUTM UCTIONB30BaHBI (HopMyIsl (2.9),
[ 2 2 _
(2.10) m (2.23). Criesopatensio, Y4_—4ab+4b” _2b-a

Va2 +4ab+ap?  2b+a

2b-a __8ab b _(2b-a)(a-2b)-8ab+2b(a+2b) __a
2b+a g% —4p> a-2b a2 —4p? 2b-a

IIpumep 3. YopocTuTs BeIpaxkeHHe

x2+4x—5+(x—5)\/x2—1 .

x? —4x—5-4—(x+5)\/x2 -1

. Tenepp HaxogUM

>1.

fx)=

O MUcnonbsys Gpopmyny (2.15), pa3noxuM Ha MHOKHUTEIH KBaJpaTHbIE
TpPEXJICHBI B YUCIIUTENE U 3HAMEHATEJE JPOOH:

_ ) -D+E-5)Vx’ -1

(x=5)(x+D)+(x+ 5V -1

S ()

Tak kak x > 1, To B cuiy cooTHowenus (2.21) umeem x—1=4 (xfl)2 u

x+1= \l (x+ l)2 . 3Hauwur,

_ Vx—=1((x+5Vx—-1+(x=54x+1)
Vit l((x=5Vx+1+(x+5)Vx=1)

S ()

x—1
OTKyZa [I0CJIE COKPALICHUS OLy4uM [ (X) = T u
X+
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YACTbH I. Apudmernka, aaredpa, reomerpus

pumep 4. He npuberas k npuOIMKeHHBIM BEIYUCICHUSIM, YIPOCTHTh YUCIIOBOE

BBIpaXKEHHE
A=@14243 13+ 443) 3‘/#.

O Hcnonesyst popmyisl (2.16), (2.8), (2.20) u (2.10), Haxomum:

) 431 +2\/§3,/ 2‘/151_1 = 43,/ 121;1 =4;

2
2)§13+443 6(%/151_1} _6\/(13+4\/3_)12_141¢_

. 6\/(13+4\/3_)(13—4\/5 _ 1048 _

112 112

OxoHuarenbHo noayuumM 4 =4 —-1=3. 1

Ipumep S. [IpoBepuTh cipaBeAIMBOCTb PABEHCTBA
%/38 ++/1445 + %/38 —+/1445 =4.

U Honosxkum %/ 38+4/1445 + %/ 38 —4/1445 = x. BosBenem B Ky0 0be acTH 3T10-

ro paBeHcTBa. Mcnone3ys popmyy (2.11), momydaem

38++/1445 +38 —+/1445 +3%/(38+\/1445)(38—\/1445) x=x,

wim x3 + 3x — 76 = 0. TToxcranoBkoii x = 4 yOexxaaeMes B TOM, UTO X = 4 SIBJISIETCSI OJJTHUM
13 KOPHEH NOJIy4eHHOro KyOrdeckoro ypaBHeHus: 64 + 12 — 76 = 0.
[Ipeobpazyem 310 KyOnueckoe ypaBHEHHE:
—64=3@-x);(x—4) (2 +4x+16)+3 (x—4)=0; (x—4) (x> + 4x + 19) =0.
Ho muO)uTEND X2 + 4x + 19 He UMeeT IeHCTBATEIbHBIX KopHeil. 3Hauut, 4 — eauH-
CTBEHHOEC BO3MOJKHOE JICHCTBUTEIIFHOE 3HAYCHHUE JIUISL X, YEM H JIOKa3aHO Tpedyemoe

paBEHCTBO (HOCKOJILKy OYEBUIHO, YTO {/ 38 +4/1445 + %/ 38 — /1445 — NCUCTBUTEIb-

Hoe uuncio). |

[pumep 6. [IpoBepuTsh cipaBeUINBOCTH PABEHCTBA

V74443 19-843
4-43

3=2.
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TJIABA 2. ToxaecTBeHHBbIe MPeodpa3oBaHus aJrefpanyecKuX BbIPaKeHHH

O PaccMOTpUM paBeHCTBO

J7+443 1983
=2+x/§-
4-43
Ou4eBHUAHO, YTO €CJIM OHO BEPHO, TO BEPHO H 3aJaHHOE paBeHCTBO. IIycTh
443 /19—
az\/7+ \/E \/ 0 8\/§,b=2+x/§. Jlerko yctaHoBuTh, 4to @ > 0 u b > 0. Ecnu

4-43

IIpH 5TOM BBIIIOJIHACTCSA PABEHCTBO a2 = bz, T0a=bh. HaXOZ[I/IM

2 (T+443) (19-8y3)  (7T+443) (19-8Y3)
— = =T7+44/3;
‘ (4—+/3)? 1983 43

B2 =(2++3)> =7+443.

Tak kax (12 = bz, TO a = b, T.C. 3aJaHHOC PABCHCTBO CIIPAaBEAJINBO.
10T TMpUMEP MOXKHO PCIIUTH 61;10Tpee, €CJIM foraaarbCs, 4YTo 00a TIOAKOPEHHBIX
BBIpAXKCHUA B YCJIOBUU SABJIAIOTCSA KBaJgpaTaMHU IMOJIOKHUTEIBHBIX YUCEI, a UMCHHO!

7+ 4\/5 =2+ ﬁ)z nl9- 8\/5 =(4- \/5)2. Torga neBast yacTh 3alaHHOTO PABEH-

CTBa €CTh M—\E—Z+\/§—\E—ZHZ—Z. |

4-

Mpumep 7. Uemy paBHa cymma BoIpaxkeHuid 24 — 2 u\8—12 , €CIIM U3BECTHO,

YTO MX Pa3HOCTb paBHA 2 (3HAYCHUE IEPEMEHHOM # HAXOUTh HE HY>KHO)?

O CormacHo ycnoBHIO, \/24—[2 —\/8—12 =2. Hcnonw3ys dopmyny

2 42 _
a+b=a l[j , TIONYYHM v24—t2+ 8—¢2 =—242 8=8. L
a—

I'pymma A

VYIpoCTUTH BBIPAXKEHHS U BEIYHCIUTD UX, €CITH IaHbI YHCIIOBbIC 3HAYCHUSI TTapa-
MeTpoB (2.001-2.124):

Jx +1 1

2.001. : .
X x+x+\/; xz—\/;

2002 ({fp Yo+ +%)‘2):%-

RS el R el :[ﬁﬂﬁ_z}pwo.
Wah bole

2.003.
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