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NMEPEAMOBA

IIpononoBaHa KHUTa HanucaHa Ha OCHOBi 6araTopiuyHOTro AOCBiTy BU-
KJaTaHHA MaTeMaTHUKH y Qisuko-MaTeMaTHuHoMy Jirei Ne 27 m. Xap-
kKoBa. IToci6HUK, MicTUTL MaTepiaa, AKUIN AOIIOMOJKe BUNTEJIO B IiAro-
TOBIi Ta IMpoBeleHHI (PaKYJILTATHBHUX BaHAThL, CHEIKYpPCiB, T'YPTKiB
3 MaTeMaTuKU A YUHIB 5—7 Kiaacis. Kuura ckjaagaeTbcd i3 YOTHPLOX
posginiB: «JliHifini piBHAHHA 3 OfHIi€I0 3MiHHOW0O», «®DYHKIII Ta r'pa-
Qiru», «CucreMu IBOX JiHIHHUX PiBHAHL 3 ITBOMAa 3MiHHUMH» , «OCHOBHU
Teopil MOAIMBLHOCTI» Ta MiCTATH OCHOBHI TeOpeTHUUHIi BiIOMOCTI i3 3a3Ha-
YEeHWX TeM, IPUKJIAIN PO3BR’ A3aHHS TUTIOBUX 3aBlaHb, 3aBIaHHSA [IJIs ca-
MOCTifiHOTO pPO3B’sI3yBaHHSA, 3aBIaHHA s CcaMOIEpPeBipKU, TEKCTH
KOHTPOJBHUX PobiT.

Jlo mocibHMKa BKJIIOUEHO MaTepiajl, NPUCBAYEHUINI pO3B’A3aHHIO
JiHIAHUX PiBHAHL Ta CHCTeM JiHIiHMX PiBHAHL 3 ITapaMeTpaMu, mo6y-
IoBi rpadikriB GYyHKIN, 1110 MicTATE MOIyJi. PO3TIAHYTO O3HAUeHHS,
BJIACTHBOCTI Ta rpadiku 1ijoi it ApoboBoi yacTuH uncaa. KopucHUM Ta
I[iKaBUM € pO3/Iij, MpUcBAYeHUI Teopii momgiAbHOCTI. ¥ HHOMY PO3TIALA-
IOTbCA OCHOBHI TeOpeTHUHi ITOJIOXKeHHSA Npo MOTIMBHICTEH Ymcesd, IMoJa-
€THhCS O3HAUEHHSI KOHTPYEHI[l 3a MOMAYJeM, TOBOASATLCS TEOPeMH, II0
BHPasKAIOTh BJIACTHUBOCTI KOHTPYEHITili.

ABTOp crofiBaeThCs, M0 MPOTMOHOBAHUM MOCIOHUK cTaHe y MPUTOIL
BUMTEJISIM Iifi Yac MpPOBeJeHHA YPOKiB, (PaKyJIbTATUBHUX B3aHATEH Ta
TYPTKiB, CIpUATHIMe (pOPMYBAHHIO B YUHIB HABUYOK PO3YMOBOIL IIparri.



Posain I. JIIHINHI PIBHAHHS
3 OAHIEIO SMIHHOIO

§ 1. JIIHIAHI PIBHAHHSA 3 OAHIEIO 3MIHHOIO

1. HalinpocrTiwi piBHSAHHS 3 MoayneM

Posp’sa3yBaHHA 6araTbox 3ajad MPaKTHUYHOrO 3MiCTy IMPUBOIUTH IO
CKJaJaHHA PiBHAHD, SAKi MICJS CIPOIIeHHS MaloTh BUTJIAL: ax =b, tea ib
Ieski umena, x — sMinHa. Taki piBHAHHA Ha3WBAIOThLCS JiHIHHUMU.

3ajada. 3a oxiBellh i 30mUT 3amaaTwiIn 90 K. SoIUT OPOKUNI 3a
oiiBerib Ha 40 K. CKRiNBKHU KOIITYE 30ITUT?

Pozé’sazanns

Hexaii 30ITAT KOIITYE X K., TOMi OJiBellb KOIITY€E (x—40) K. 3a yMo-
BOIO 3ajJavui CKJIaTaeMO pPiBHAHHSA:
x+(x-40)=90, 2x-40=90, 2x =130, x =65.
Bidnosidv. 65 k.

PosB’asyBaHHS piBHAHD BUAY a -|x| =b, ne a i b — geaxi uncia, a # 0
ITpuragaeMo o3HaAUeHHA MOAYJIA UHUCA Ta HOT0 TreOMeTpUUHUI 3MicT.

MomyJieM HeBi’eMHOTO Umcya € Ile caMe UHCJIo, MOIYJieM Bi’eMHO-
T0 YmcIa € IPOTHJIeKHE 0 HBEOTO UHCIO:

|x|= x,x 20,
-x, x <0.

Momyan urciia — Iie BifcTaHb BiJf MoUaTKy BiAJIiKY M0 TOUKH, 1110 300-
paskye umca0 Ha KoOpAUHATHIN npamiii. Hampukiaanm, —3| =3, OCKiMbKRU
BijficTaHb Bif TOUKHU A, 1110 300paskye 4ucio (—3) Ha KOOPAUHATHIN TIps-
Miii, ;o mouaTKy BiJJIiKy mopiBHIoe 3 (puc. 1).

.
s
=
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Mopgyab 6yab-sikoro urcaa HabyBae TIJILKK HeBil eMHUX 3HAUEHb:
I5|=5, |-7| =7, |0] =O0.
Bigcranp Midk ToukamMm A(a) i B(b) Ha KOOpAWHATHiN mpamiii — 11e
MOAYMb pisHuNi uncen a i b: AB=|a-b|.
Ipuxaaau. Po3p’d3aTu piBHAHHSA:
a) | =-2.

Posé’azanna

OCKiTbKU MOIYJIb OYAL-IKOTO UHMCJIa € UMCJIO HeBix eMHe, a —2 <0,
TO piBHAHHS KOpPEHiB He Mae.

Bidnosidv. KopeHiB HeMae.

6) |x| =5.

Pos3é’azannsa

I cnoci6. 3rifHO 3 TeOMETPUYHUM 3MiCTOM MOZYJIA UmMcia, Ha KOOp-
IWHATHIN TpAMiii 3HaX0IMMO TOUKH, BiICTaHb Bil AKUX M0 IIOYATKY Bi-
Jiky mopisHioe 5. Ile Touku 3 KoopauHaTaMu —5 i 5 (puc. 2).

Puc. 2

II cnoci6 (anarimuuHudl ). 3a 03HAUeHHAM MOIYJsa: x =5 abo —x =5,
TOOTO umMcia 5 i —5 —KopeHi piBHAHHA.

Bidnosids. —5; 5.

B) 2|x| =3.

Posé’azanna

Posginnmo o0uABi YacTMHU PiBHAHHA Ha 2: |x| =15.

Ha roopaunaTHi# pAMiii 3HaX0AMMO TOUKH, BifICTaHbL BiJl AKUX A0
nmoyuaTky Bimairy gopisaioe 1,5. Ile Toukn 3 koopauHaramu —1,51 1,5.

Bidnosios. —1,5; 1,5.

r) || =0.

Pozé’azanns

€InHOIO TOUKOIO Ha KOOPAMHATHIN MpaMiii, dka BigganeHa Bijg mouar-

Ky BiUTIKy Ha BiJicTaHb, 1110 JOPiBHIOE HYJIIO, € TOUKA 3 KoopAuHaToio 0.
Bidnosiodwv. 0.

Po3p’AsyBanHd piBHAHE BHAY |x—a|=bi|ax-b|=c,
ae a, b, ¢c — nedaki unciaa, a # 0
PosB’ aKeMo piBHAHHA |x —a|=b.
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Hexait >0 (Mu BxKe 3HaeMo, Ifo Ipu b <0 piBHAHHA |x—a|=b KO-
peHiB He Mae). Tomi mayd posB’s3yBaHHS PiBHAHHSA |x—a|=b moTpibHO
3HANTH TaKi TOUKYW Ha KOODAMHATHIN MpAMii, AKi BiJ TOUKHU 3 KOOpPAU-
HaToIO g 3HAXOMATHLCS Ha BificTaHi, 110 TOpiBHIOE b.

b +b
a-—b a a+b
Puc. 3

PiBHaHHA |x —a| =b MOKHa po3B’dA3aTH i aHANITHUYHUM crocoboM. 3a
OBHAYEHHAM MOAYJS: |x—a| = x—a a6o |x—a| =—(x—a). Tobro x—a =b abo
—(x—a)=b. Orsxe, x=a+b abo x =a—b — KopeHi piBHAHHA |x —a|=b.

Bidnosiov. a—b; a+b.

Ipuxaaau. Po3p’d3aTu piBHAHHS:

a) |x—2|=3.

Poszé’asannsa

3HalieMo Ha KOOPIUHATHIN MpAMiil TOUKH, 1110 3HAXOAATHCA Ha Bij-
cTaHi 3 Bif Touku 3 KoopauHaTHOIO 2 (puc. 4).

Y=

Puc. 4

Takux TOUOK ABi, ixHi KoopamHaTu: —1 i 5.

Bidnosiov. —1 1 5.

6) |x+ 2| =5

Pozé’sazanns

3anunieMo JaHe piBHAHHS Y BUTVIAIL |x—(—2)| =5. 3HaligeMo Ha KO-

OpPAVHATHIN MPAMill TOUKH, N0 3HAXOMATHCA Ha BificTaHi 5 Big TOUKHU
3 KoopauHaToio (—2) (puc. 5). Ile Toukn 3 KoopauHaramu —7 i 3.

Y=

5 -2 B
Puc. 5

Posp’s:xeMo Ile piBHIHHA aHATITHUYHUM CIIOCO0OM. 3a O3HAUEHHIM
Mopya: x+2=5abo —(x+2)=5. 3Bigku x=3 a6o x =—7.

Bidnosidv. —7; 3.

PosB’st3keMO piBHAHHSA |ax—b|=c.

PiBHAHHSA |ax—b|=c MoxHA 8BecTH K0 BHMIALY |x—a, |=b, . [lificHo,
IIePeTBOPUMO PiBHAHHSA |ax—b|=c TaKuM UmHOM:
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-

OCKiTbKU MOAYJIEL AOOYTKY MOpiBHIOE TOOYTKY MOIYJIIB, TO

=c (@ #0).

b b
a| x—= | =|a|-|x—=| =c.
a a
. . b c
Armo a#0, To i |a|¢0, MaeMo piBHAHHA: |[x——|=—. IlosHauusIn
al |d
b c ; ; ;
=a,, ﬂ=b1, TicraHeMo piBHAHHA |x—a1|=b1, AKe BXKe BMIieMO
a a

po3B’A3yBaTH.

Ipuxaaau. Po3p’d3aTu piBHAHHSA:

a) [2x-5|=3.

Pozé’azanns
=1,5.
3HaligeMo Ha KOOpAWMHATHIN MpAMift TOUKHU, ITI0 3HAXOMATHLCSA Ha Bil-
crani 1,5 Bixg Touku 3 KoopauHaTow 2,5 (puc. 6).

I cnoci6. Posginumo o0UABI YacTHHU PiBHAHHA Ha 2: |x—2,5

-1,5 +1,5

1 2,5 4
Puc. 6

y=

II cnoci6. Po3B’a:xeMo Iie piBHAHHA, BUKOPHUCTOBYIOUN O3HAUEHHS
Mogyns: [2x—5|=2x-5 abo [2x-5|=—(2x-5). Tomy 2x-5=3 abo
—(2x—5) =3, sBigKH x=4 a60 x=1.

Bidnosios. 1; 4.

6) |—2x—3| =5.

Posé’asanna

IlepeTBopuMO daHe PiBHAHHSA TaKUM UYWHOM:

|-2(x+1,5)| =5 |-2|-|x + 15| =5; 2}x+ 15| =5 |x+15

=25 |x—(-15)| =2)5.

3HailieM0o Ha KOOpAMHATHIN IpAMill TOUKH, IO 3HAXOJATHLCSA Ha
BigcraHi 2,5 Bix Touku 3 KoopguHaroio (—1,5) (puc. 7).

-2,5 +2,5

y=
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Posp’sikeMo pIiBHAHHS aHANITHYHHUM cIIocoboM. 3a O3HAUeHHIM
MOJTYJS:

|-2x-3|=-2x-3 abo |-2x-3|=—(-2x-3) =2x+3.
-2x-3=5a60 2x+3=5,

3BigKM x =—4 abo x=1.
Bidnosiov. —4; 1.

Po3B’13yBaHud piBHAHD BUAY |ax+b|=cx+d,

ae a,b,c,d— neakiuncaaia#0,c#0

Ilix wac posB’As3yBaHHA pPIiBHAHB |ax+b| =cx+d ckopucTaeMocs
O3HAUEHHAM MOMIYJsA, MaeMo: ax+b=cx+d abo —(ax+b)=cx+d. Pos-
B’A3aBINN 3M00yTi JiHiliHI piBHAHHA, TicTaHeMo iX KopeHi. Uu MokHa
BBaJsKaTH, 1110 MU 3aBepINUJIN PO3B’sI3yBaHHA BUXiTHOTO PiBHAHHA?

Jlaa TmoImyRy BiANOBiAI Ha Ile 3allUTaHHSA IMMPOaHATIiIZyeMO BUXimTHe
piBagHHA. Voro jiBa yacTuHA |ax+b| (8rigHO 3 O3HAUEHHAM MOMIYJIS) Ha-
OyBae TiTbKHU HEBi'eMHMX 3HaUeHb, a MpaBa — 0yab—aKkux. OTike, KOPiHb
BUXiJHOTO PiBHAHHA IIOBHHEH 33JOBOJIbHATH TaKy YMOBY: X, Moxke GyTH
KOpeHeM BHXIJHOI'O DiBHAHHSA, AKINO 3HAaUeHHS BHUpPasy cx,+d — He-
Bim’emHe. To6T0, po3B’A3aBNIN PiBHAHHA Ax+b =cx+d i —(ax+b) =cx+d,
HeoOXiTHO MepeBipuTH 3A00YTi KOpeHi, Ui 3a0BOJILHAIOTHL BOHI BUIINE3a-
3HAUEHY YMOBY.

Ipuxaaau. Po3p’d3aTu piBHAHHSA:

a) [2x—5|=0,5x+2,5.

Posé’asanna

3a osHaueHHAM MoxayJA: 2x—5=0,5x+2,5 abo —(2x—5) =0,5x+2,5.
Tomi 1,5x="7,5a6o 2,56x=2,5; x=5a6o x=1.

3a I0IoMOT0I0 IIepeBipKU ITepeKOHYEMOCS, 1110 00KUABa KOpeHi 3a10-
BOJIBHAIOTEH PiBHAHHS.

Bidnosiov. 1; 5.

6) [5—2x|=—2x+7.

Poszé’asanna

3a 03HAUEHHAM MOMYJS, MAEMO:

5—2x=—2x+7 abo —(5—2x) =—2x+7.

Tomi 0:-x=2 abo 4x =12. PiBuanusa 0. x =2 KopeHiB He Mae. KopeHem
piBHAHHA 4x =12 € yncyao 3. 3a JOIIOMOTOIO IePeBipKHU MepeKOHyEMOCH,
110 e YUCJIO € KOopeHeM pPiBHAHHS |5—2x| =—2x+7.

Bionosidv. 3.
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B) [p—2x|=—2x+3.
Posé’azanna

3a o3HAUCHHAM MOIYJIA, MaeMo: 5—2x =—2x +3abo —(5—2x) =—2x+3.
Tomi 0-x=-2 abo 4x =8. PiBHauaa 0-x =-2 ropeHiB He Mae. KopeHem
piBHAHHA 4x =8 € uncio 2. 3a AOMOMOI0I0 MepeBipKu IepeKOHyeMOocs, M0
1le YNCJIO He 3aJ0BOJBHSIE PiBHSIHHSA

|5—2x| =—2x+3 (|5—2-2| =1; -2:24+43=-1; 1= -1).
Bidnosidv. KopeHiB HeMae.

3aBIaHHA AJd CaAMOCTiiiHOTO po3B’d3yBaHHA
1.1. Po3B’AxKiTh PiBHAHHS:

a) 5(x—1)-3(x+2)=7-2(2-x); 6)0,72-1,2(5-0,3x) =0,09;

8—x 4x-5 x+6 x=1 b5x+2 b5H+3«x
B) —— - == nD—t = ;
6 3 2 3 12 4
. &L, e) 8(1,3x+0,25)—6,6x =38x+2;
1,7 068
4x-3 5-2x 3x-4
QR) — = .
2 3 3

1.2. CraamiTh 3a YMOBOIO PiBHAHHSA i po3B’sKiTEH fioro:
a) AKII0 cyMy umcel x i 2 sMeHIUTH Ha 26% , To 3100yTe UHUCIIO
IopiBHIOBaTHME 7,4;
6) AKIIO pisHUIO uKces 7 i x 36iapinutu Ha 20% , To 3106y Te YHCIIO
nopiBHioBaTuMe 9,6;
B) cymaumncen 2,4 i3xy 5 pagiB 6inbima Bijg pisuuili uucen 3,6 10,5x.
1.3. Po3B’AxKiTh PiBHAHHS:

a) || =75 6) 2|x|=0;
B) x| =27; r) 3| =17.1;
e) 4x|=—
1.4. Po3B’AKiTh piBHAHHSA, BUKOPUCTOBYIOUHN BJIACTHUBOCTI MPOIOPIIii:

I+ _1s, [px| 007,

V15 1,5 0 3 2T 18 70,09 09’
38 _1,08 08 10 4
76 D38 3,8 T 185 85

1.5. Po3B’AxKiTh pPiBHAHHS:

a) 5(]x|-8) —2(|x|-7) +7(2[x|+6) =7;
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6) 8|x| -9 —(4-|x|-5) =12Jx|-(4+5|x

);

B) 10(3[x|-2) -3(5]x|+2) +5(11-4[]) =25,

11 2-|x 3lx| 6+|x
057 - w212
e)M.,.M:g; m)m+m=14;
3 5 3 4
3) 0,18]x|~7,4=0,05x-571;  m) 0,36)x|-0,6 =0,4|x|-1.2.
1.6. Po3B’soRiTH piBHAHHA:
a) [x-1|=7; 6) |2—x|=35;
B) [x+1]=3; r) [x+2/=-3;
n) [x=35|=4 e) |x+2,5|=7;
x) 34-x|=2,8; 8) |-x-2.8|=39.

1.7. CkJaamiTh 3a YMOBOIO PiBHSHHA i po3B’sAKiTE HoTO:
a) 3HAHAITH Ha KOOPAWHATHII IpAMili TOUKH, AKi BiAgaaeHi Big ToU-
KN 3 KOOpPAMWHATOI 7 Ha Bimcrams 10;
6) 3HANIITL Ha KOOPAMHATHI I NMpaAMiii TOUKHY, BicTaHb Bif AKUX IO
TOUYKH 3 KOOpAUHATOIO (—5) BTpuui 6inbIlla HisK BifcTaHb A0 TOUKHU
3 KOOPAMHATOIO 2;
B) 3HANTITHL Ha KOOPANHATHIN OTpAMiil TOUKHU, AKIIO cyMa BigcTaHelt
BiJ HMX 10 TOUKH 3 KoopauHaTroio 0 mopiBHioe 7.

1.8. Po3B’soKiTH piBHAHHA:

a) 2x—-8|=3; 6) [6—3x|=5;
B) Bx+5|=7; r) [5x -6 =0;
1) [8 -8 =0; e) [4x+8|=3;

x) [2,1x-4,2|=84; 3) [34x+6,8|=17;
u) 2[1,6 -3,2x| = 56; k) 3[2,4x+36|="7;
x x 2

J) Z—l‘=5; M) |—-2 =§.

1.9. CraagiTh 3a yMOBOIO PiBHAHHA i po3B’sMKiTEL fioro:
a) 3HANIITL Ha KOOPAMHATHIM NpaMiii TOUKHY, BiAcTaHb Bif AKUX IO
TOUKH 3 KoopAuHaToio 3,5 mopiBHIioe 4,5;
6) 3HANIITL Ha KOOPAMHATHI I MpaAMiii TOUKH, BicTaHb Bif AKUX 10
TOUKH 3 KoopAauHaToio (—4,5) mopiBHioe 3,5.
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1.10. Po3B’s:kiTh piBHAHHA:

a) Ex_1‘=2; 06) §x+E =3,
3 5 5
3
B) Z—Ex =48; r) ——x—1‘=5,3
1.11. Po3B’s:kiTh piBHAHHA:
a) 2x—-3|=x+7; 6) 3—2x| =5-2x;
B) 2x-3|=2x-1; r) |x—1|=2x-3;
) 2x—3|=x+5 e) [7+2x]=7+2x.
PoboTa a1 camonepeBipku
Bapianr 1 ‘ BapianT 2
Posp’sxiTh piBHAHHA:
a) |x| =5; a) |x| =3;
6) |x-3|=1,7; 6) |x -2/ =2,8;
B) |2 + 4| =8,6; B) [3x + 6] =4,2;
r) 2(|x]-3) = |x| - 10; r) 3(Jx] +2) = 2|+ 4;
ox-1 72 [Bxl-1_36,
35 T36 P es 72
e)[L-dx|=x+2 e) 3+ 5x]=x+2

2. PiBHAHHA, 9Ki MicTaTb cymMy MoAyniBe

PoarisiHeMo piBHAHHA BULY |x—a|+ |x —b|=c 8a ymoBn, moc >0ia#b
(mpu ¢ <0 piBHAHHA KOpeHiB He Mae, IpU a =b BOHO 3BOAUTLCA 10
piBHAHHS 2|x —a| =c a60 |x—a|=0,5¢c, cmoco6H POSB’ABYBAHHS SKOTO PO3-
TVIAHYTO B HOIlepeAHLOMY ITYHKTI).

Axuii reoMeTpUUHNM| 3MicT Mae Ie PiBHAHHA?

Ha xoopaunarHiii nipAMiii moTpi6Ho 3HANTH Taki TOUKHU, 111006 cyMa
BiflcTaHi Big HUX A0 TOUYOK 3 KOOpAMHATAMH a i b TopiBHIOBaJA C.

Ipuxaaau. Po3p’d3aTu piBHAHHS:

a) |x—2|+|x-5|=1

Posé’asanna

IosHAYMMO Ha KOOpAMHATHif mpamiii Toukn A(2) i B(5). Bixcraus
Misk HuME AB =[2-5|=3 (puc. 8).
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Ure by
=

Puc. 8

PosrigneMo Tpu BUMIAIKU.
1) Tourka C — goBinbHaA Touka BiApiska AB (puc. 9).

C

\CR Sh
Ure by
=

Puc. 9

Cywma Bigcrani Big C mo A i Bix C mo B mopiBHIOE BificTaHi Big A 1o B:
CA+CB=AB, To6to CA+CB=3.
2) Tourka D — moBibHA TOUKA KOOPAUHATHOL MPsAMOI, AKA JIEKUTH JIiBO-
py4 Bix Touru A (puc. 10).
D A
2

vre by
=

Puc. 10
Cywma Bigcrani Bix D mo A i Bim D mo B: DA+ DB=2DA+AB>AB,
To6T0 DA+ DB > 3.

3) Touka E — 1oBiIbHA TOUKA KOOPAUHATHOL IPSAMOI, AKa JIESKUTH IIpa-
BopyY Bix Touxku B (puc. 11).

LR SN
vre by
=

Puc. 11

Cywma Bigcraneit Bigx E mo A iBig E no B: EA+EB=2EB+AB>AB,
To6T0 EA+ EB >3.

Takum uunHOM, Te 6 He Oyja posTallioBaHa TOUKA Ha KOOPAWHATHIN
psaAMiii, cyMa BificTaHell Big Hei 10 TouoK 3 KoopauHaramu 2 i 5 Gisbiie
abo mopiBHIOe 3, TOOTO BOHA He MOKe TOpiBHIOBATH 1, 1110 BUMAraeThCs
B YMOBIi piBHSAHHS.

Bionosids. KopeHiB HeMae.

6) |x—2|+|x—5|=7.

Pozé’sazanns

3azHaunMo, IT0 e piBHAHHA BiApi3HSAETHCS BiJ MOIepeAHLOTO Tib-
KU YHCJIOM, AAKe CTOITh B #oro mpasiii yacTHHi.
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1) Mu Bske 3HAEMO, 1110 TOUKH, AKi € KOPEHAMU IILOT0 PIBHAHHS, He MO-
KYTh HAJIeIKATH BifipisKy AB, e A(2), B(5), ockinbku cyma Bifcra-
Hell Big 6yaAb-AK0I TOUKH IIHOTO Biipiska 10 TouoK A i B mopiBHIioE 3,
3# 7 (auB. Bunagok 1) monepeJHLOTO PiBHIHHSA.

2) Toura D — moBijibHA TOUKA KOOPANMHATHOL IPSMOi, AKA JIEKUTH JiBO-
py4 Big Toukn A (puc. 10). Tobro, DA + DB =2DA + AB. BpaxoByio-
yu, mo DA + DB =7 (3aymoBoi0), a AB =3, Mmaemo: 7 =2DA +3, DA =2.
Ile o3nauae, 1o Touka D 3HaXOUTHCA HA KOOPAMHATHIN IpaAMiit Ha 2
OMUHUIIL JiBopyY Bif Touku A i koopauHara Touku D mopiBHioe 0.

3) Touka E — moBiJibHA TOYKa KOOpPAMHATHOI HNpAMOi, AKA JEKHUTH
npaBopy4 Bifg Touku B (puc. 11). To6to, EA+ EB=2EB+ AB. Bpa-
XOBYyIOuH, 1110 EA + EB =7 (3aymMoBo10), a AB =3, maemo: 7=2EB+3,
EB=2.

ITe osmauae, n1o Touka K 3HaXOAUTHCA Ha KOOPAWHATHIN MpAMiit Ha

2 omVHUII MpaBoOpYY Big Touknu BikoopanHaTa Touku E mopiBHIOE 7.

Bidnosidv. 0; 7.

B) |x—2|+|x-5|=3.

Pos3é’azannsa

TMosHAYMMO HA KOOPAMHATHIN mpamiii touxkm A(2) i B(5). Cyma
Bimcrameii Bif 6yab-aroi Touku C Bifpiska AB m0 Touok A i B m1opiBHIOE
CA+CB=3(puc. 9). OckinbKu B IpaBiil YacTHHI PiBHAHHS CTOIThH YHCJIO
3, To Ile o3HAyUae, I1I0 KOpPeHAMHU PiBHAHHSA € BCi TOUKM Bimpiska AB.

Bidnosiov. [2;5].

YzaraapHIOIOUM pe3yJabTaTH, 3M00yTi Iif 4Yac po3B’dA3yBaHHS piB-
HAHHA |x —a|+|x—b| =c¢ (¢ 20, ¢ #b), MOKHa 3pOOUTH BHCHOBOK:

* akmpo c <|b-a

, TO PiBHAHHA KOpPeHiB He Mae;
* SKIIO C =|b—a|, TO KOpeHAMHU PiBHAHHS € BCi TOUKH Bifpiska [a;b],

ToOTO PiBHAHHSA Mae HeCKiHUeHHY MHOKHMHY KODeHiB;
* AKIIO C >|b—a, TO piBHAHHA Mae JBa KOpeHi:

Posrasaemo Iiie AeKiJbka IPUKJIAIIB.

Posp’sasaru piBHAHHS:

a) | +2|+|x—6|=10.

Pozé’azanns

IMosHAYMMO Ha KOOPAMHATHIN mpamiit Toukn A(-2) i B(6). Kopeni
PiBHSHHSA — Iie YHCJIa, IO BiAIOBiJaI0TE TOUKAM KOOPIMHATHOL IPsMoi,
cyMa BificTaHell Bifi AKUX 10 Touok A i B, mopiBuioe 10.
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AB=|6-(-2)| =8 <10,

OTiKe TOUKH, AKi MU IITYKaeMO 3HAXOAATHCA HA KOOPAUHATHIN mpamiii
JiBopydY Bif Toukm A abo mpaBopyd Bifg Touku B (puc. 12).

y=

o O
Liqom
[=2F Wes]

[ Yw)

Puc. 12

Hexaii C — moBiibHaA ToUYKa KOOPAWHATHOI IPpAMOI, SKa po3TaIlloBa-
Ha aiBopyu Big Touku A. Tomi CA+CB =2CA+ AB. BpaxoByiouu, 1o
CA+CB=10 (3a ymoBoio), a AB =8, micraemo: 10 =2CA +8, CA =1. Tob-
To Touka C Mae KoopAuHATy (—3).

Hexaii D — moBinbHa ToOUKa KOOPAWHATHOI MPAMOi, AKa po3TaIroBa-
Ha npasopyd Touku B. Tomi DA+DB=2DB+ AB. Bpaxosymooun, mio
DA + DB =10 (3a ymoBo10), a AB =8, micraemo: 10 =2DB +8, DB =1. To6-
To Touka C Mae KoOOpAWHATY 7.

Bidnosidv. —3; 7.

6) |x+3,8 + |4—x| =6,5.

Posé’azanna

OcCKinbRT |4 — x| = |x —4

, TO PO3B’A3yBATUMEMO PiBHAHHA

| +338|+|x—4=65.

TosHAYMMO Ha KOOpAMHATHIlH mpsamiit rouru A(-3,8) 1 B(4) (puc. 13).
A
-3,8
Puc. 13

V=

e v

KopeHi piBHAHHA — Ie 4yucia, 10 BiATIOBiZalOTh TOUKAM KOOPIHU-
HaTHOI MpsMoi, cyMa BificTaHell Big AKHUX Mo Touok A i B mopiBHIOE 6,5.
AB=|4—(—3,8) =7,8. Ockinbku 6,5<7,8, To Ha KoopIUHATHill mpamiit

HeMae TOUOK, CyMa Bijcrameii Bif axux go Towor A(-38) i B(4) mopis-
HIoBajya 6 6,5.

Bionosidv. KopeniB HeMae.

B) |x+35|+|x+0,5|=3.

Pozé’sazanns

IosHaunMo Ha KOOpAMHATHifi mpsamiii Toukm A(-35) i B(-0,5)
(puc. 14).
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V=

—8,5 —0,5
Puc. 14

KopeHi piBEHSHHA — IIe KOOPAMHATHA TOUOK KOOPAUHATHOI IIPAMOi,
cyMa BificTaHel Bifi AKUX M0 TOUOK A i B mopiBHIoe 3.

AB=|-35-(-05)| =3.

OckinpKkHU B mpaBiii yacTuHi piBHAHHA CTOITH UMCI0 3, TO Ile O3HA-
Yae, M0 cyMa BimcraHeil Bif 6yab-aKOI TOUKH KOOPAUHATHOI MHpsMOI,
fAKa HATEKHUTH BLIPisKy AB, 1o Took A(-35) i B(-0,5) mopisuioe 3.

Bidnosidv. [-3,5;-0,5].

3aBIaHHA AJId CAMOCTiiiHOTO po3B’d3yBaHHA

1.12. dxi 3 umcen: -2; 0; 1; 2,5; 3,75; 4; 5; 5,5; 6; 7,5 ¢ KopeHAMH
pPiBHAHHSA:

a) [x—1|+|xc-4|=3; 6) |x-1|+|4—x| =5
B) [1-x|+|x—4|=7?
1.13. Po3B’s:kiTh piBHAHHSA:
a) [x—1|+|x-4|=2; 6) [x—1|+|4—x=3;
B) [1-x|+|x—4|=5; r) [1-x|+}- x| =10.
1.14. ki3 uncen; —5; —-4; —4,5; -3;-3,5; -2;-2,5;0; 1,75; 2,8; 3; 3,5;
4; 4,5 ¢ KOpeHAMU pPiBHAHHSA:

a) |x+3|+|x-3|=6; 6) |x+3|+[3—x| =82

1.15. Po3B’s:kiTh piBHAHHA:

a) |x+3|+[5—x|=6; 6) |-x—3|+[x—5|=8;

B) |-x—3|+[5—x|=10; r) | +3|+|x-5|=13.
1.16. Po3B’s:kiTH piBHAHHSA:

a) [x—3|+|7-x|=8; 6) |x+3|+[x—7|=10;

B) 3—x|+|x+7|=10; r) |c+3|+|7-x|=14;

1) | —3|+|x+7| =16; e) |x+2,5|+[2,5-x=4;

&) [x+4|+|x—6|=86; 8) [2,4—x|+|x—8,2| =58;

m) [x—2,4|+[8,2 -2 =10.2.
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Pob6oTa a1 camonepeBipku

Bapianr 1 ‘ BapianT 2

1. dxi 3 ymcen: —7; —4,5; —-3; —-2,5; 0; 3,5; 5; 7,5; 8; 10 ¢ KopeHAMHU
piBHAHHS:

a) [x+3+|3-x|=6; a) |x +3|+|3- x| =20;
&) [2- x|+ |x—5|=72 6) [x+ 2|+ [-x —5| =72

2. Po3B’aKiTh piBHAHHA:

a) |x +6|+|-x -2/ =4; a) [2— x| +|x—6| = 4;
6) [-x —6]+|x +2| =3; 6) |x —2|+[6 - x| =3;
B) [x+6|+|x+2=7 B) [2-x|+[6-x| =7

3. PiBHAHHSA, 9Ki MicTaTb pisHULUIO MoayniB

PosrisaneMo PiBHAHHSA BULY |x—a|—|x—b|=c, me a #b.

3 reoMeTpPHUYHOI TOUKHU 30pY PO3B’A3aTH Ile piBHAHHSA 03HAUaE 3HANTH
Ha KOOpAMHATHiN mpaAMili Taki ToOUKHU, IJiA AKUX PiBHUILS BificTaHei 0
TOUKH 3 KOOPAMHATOIO A i IO TOUKH 3 KOOPAUHATOIO b TOPiBHIOE UHUCIY C.

Ipuxaaau. Po3p’d3aTu piBHAHHS:

a) Jx—2|-|x-5|=3.

Pos3é’sazannsa

ITozHaumMo Ha KOOpAWHATHIN MpsaMili TOuKK A(2) i B(5). Bigcrann
Mixk HuMHE JopiBHIOE AB =[5-2|=3 (puc. 15).

\CR Sh
ore by
=

Puc. 15

Posriaaemo TpHU BHUIIagKH.

1) Toura C(x) — JOBiMbHA TOUKA KOOPAMHATHOI IpAMOI, AKa JIeKUTh
JiBopydu Bif Touku A (puc. 16).

c
x

LR S
ore by
=

Puc. 16
Bigcrami Big Touru C(x) xo Towor A(2)i B(5) BiamosisHo KopiBHIo-
oorb: CA=[x-2|, CB=|x-5| Ba ymosowo |x-2|-|x-5|=3, mobro
CA-CB=3 (1o BiATIOBiZae reoMeTpHYHOMY 3MiCTy pPiBHAHH:A). Ale
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CB=CA+ AB, Tromy CA-CB =CA—(CA+AB) =—AB — Bif’¢eMHe UHCJIO
i BoHO He MosKke mopiBHIoBaTH 3. Ile o3Hauae, 1110 JiBOPYY Bil Touku A
HeMae TOYOK, KOOPAWHATH AKUX € KOPeHAMH PiBHAHHSA.
2) Tourka D — noBiJibHa TOUKa KOOPAMHATHOI MPAMOI, IKa JIeKUATH MisK
ToukamMu A i B (puc. 17).

Puc. 17

\CF Sh
[ B

Ute by
¥=

3rifHOo 3 reOMETPUUYHUM 3MiCTOM DiBHSAHHSA, PiBHUIA BimcTaHel Bif
roukn D po roukm A(2) i go moukm B(5) mMae gmopiBHIoBaTH 3, TOGTO
DA -DB=3. Ane DA—-DB <DA + DB. Bpaxosyiouu, 110
DA+DB=AB=3,

maeMo: DA —DB <3. Ile o3Hauae, 1o I ycepequHi Biipiska AB HeMae
TOUOK, KOOPAWHATH SIKUX € KOPEHAMU PiBHSIHHSA.
3) Touka E — moBiJibHA TOYKa KOOpPAMHATHOI HNpAMOi, AKA JEKHUTH

mmpaBopy4 Bif Touku B (puc. 18).

y=

Puc. 18

\CE S
Ute by

Pisannga sigcrameii Bim Toukm E mo Toukm A(Z) i mo Toukmu B(5):
EA-EB=(AB+BE)-EB=AB=3. TakuM YuHOM, [/ GyAb-sKOi TOU-
K E(x), AKa JeXKUTh Ha KOOpAUHATHIN NpAMili mpaBopyY Bif Touku B,
BHKOHYeThCA PiBHICTS |x—2|—|x—5|=3. Ie osHadae, 1o Bei ToUKH, AKi
JeRaTh Ha KOOpAMHATHIN mpsaMiil mpaBopy4 Bif TOUKH B(5), MaloTh KO-
OPIMHATH, fKi € KOPeHAMH PiBHAHHA |x—2|—|x-5|=3.

3’dcyeMo, UM 3aT0BOJBHAIOTH PiBHAHHA KOOpAUHATH TOUOK A i B.

x=2: 2-2|-2-5|#3;

x=5 |5—2|—|5—5|=3.

Tob6To uncio 5 € KOpeHeM PiBHAHHA.

TakuM YMHOM, KOpeHi PiBHAHHA — yci uncaa IPOMisKKY [5; +oo).

Bidnosidv. [5; + ).

6) |x—2|-p—x|=2.

Poszé’asanna

Ockinbrn [5— x| =|x—5|, To posB’asyBaTHMEMO PiBHAHH

|x—2|—|x—5|=2.
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3azHauuMo, M0 JaHe PiBHAHHA BigpisHAETbCcA Big mHoIlepeIHLOTO
TiMTBKY UYUCJIOM, AKe CTOITh y mpagiii uactTuHi. ToMy MosKHa cKopucTaTH-
csl BUCHOBKAaMHU, 3pOOJEHMMHU IIiJl Yac PO3B’A3YBAaHHS IOTEpeIHbOTO
PiBHAHHA.

1) Insa xoopAUHAT yCiX TOUOK KOOPAMHATHOI MpAMOI, AKi JieskaTh Ji-
BOpYY Bif Tourn A(2), BUKOHyeThCA piBHiCTH |[x—-2|—|x—5|=-3.

2) 1151 koopAUHAT YCiX TOUOK KOOPAUHATHOI IPAMOi, AKi JekaTh mpa-
BopyY Bif Tourn B(5), BUKOHyeThCA piBHiCTE |x —2|—|x—5|=3.
TakuM YHHOM, KOPeHAMH DiBHAHHA |x—2|-|x—5|=2 momyrs GyTu

TITBKN KOOPIWHATH TOUOK Bimpiskxa AB (puc. 17).
Hos:xkunua Bigpiska AB=3. Hexait DA=y, Toxi DB=3-y. 3rigsHo
3 TEOMETPUYHUM 3MiCTOM PiBHSIHHS, MaeMo:

DA-DB =2 a6o y—(3-y)=2,

3Bigxu y=2,5. Toxi xoopguuara Touku D: 2+2,5=4,5.
Orske, unciio 4,5 — KOpPiHL JaHOTO PiBHAHHS.
Bidnosiobv. 4,5.
YzaraapHIOIOUM pe3yJabTaTH, 3M00yTi Iif Yac po3B’dA3yBaHHS piB-
HAHHA |[x—a|—|x—b|=c (@ #b), MOKHA BPOGHTH BHCHOBOK:
* AKIoc <-maboc >m, fem — Bigcrans Mixk Touramu A(a)i B(b), To

JTaHe piBHAHHSA KOpPeHiB He Mae;
* SAKRIOC =-m aboc =m, TO piBHAHHA Ma€ HeCKiHUeHHY MHOYKUHY KO-
pemiB: (—w;a] abo [b; + o) BigmOBigHO;
m+c

* AKRIIO0 —M <C <M, TO PiBHAHHA Mae €IMHUH KOpPiHb: x=a+

Mpuknan. Poss’asarn piBHAHHA [x—2,1|—|x—4,5|=-24.

Pozé’sazanns

Bigcrans mixk Touramu A(2,1) i B(4,5) mopisrioe AB=[2,1-4,5|=24.
3riffHO 3 HAIIMMHU MMO3HAYEHHAMN, ¥ JaHOMY BUIIAAKY: m =24; ¢ =—24.
Tobro ¢ =—m i, gk OyJio IIOKa3aHO BUIlle, PiBHAHHA Mae HeCKiHUeHHY
MHOXKHHY KOpeHiB: (—; 2,1].

Bidnosids. (—o; 2,1].

3aBIaHHA AJdI CAMOCTIiHHOTO PO3B’A3yBaHHSA
1.17. dAxi 8 umcen: —-2; —1,5; 0; 0,5; 1; 2; 3,5; 4; 5,5; 7 ¢ KopeHAMH
piBHAHHSA:
a) [x+1|—|x—2|=-3; 6) |x+1|-[2 -+ =3;
B) |-x—1|-|x-2|=0?
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1.18. Po3B’s:kiTh piBHAHHA:
a) |x+1|—|x-2|=-3;
B) |-x—1|—|x-2|=-2;
m) |x-1|-2-x| =25

1.19. ki 3 uncen: —7; —5,5; —4,

pPiBHAHHSA:
a) |x—5|-|x-1|=—4;
B) p—x|-|x-1|=2;

1.20. Po3B’s:iTh piBHAHHA:
a) [x+14|—|x+0,2|=-1,2;
B) [x+14|—|x+02|=0;

1.21. PosB’s:iTh piBHAHHSA:

6) Je+1|-[2-x=8
1) |c+1|-]x-2|=1;
e) Je+1|-|x-2|=-15.

25;0; 1,25; 2; 4; 4,5; 5; 7 € xopeHaMu

6) |x—5|—[1-2 =4
r) [5—x|—[1—x| =-2?

6) [x+14|-|x+02|=-1;
r) |+ 14|-|x+0.2|=12.

a) 23— x|-|x+14|=2; 6) |x—2,3|-|x+14|=-37;
B) [x-2,3-|-x-14|=37; r) [2,3— x| —|-x-1,4|=0.
1.22. Po3B’s:kiTH piBHAHHA:

a) x—g‘—x+1 =-1; 6) ‘g—x —lx+=[=1;

3 3 3
B) x—g‘——x—l‘ =0.

3 3
PoboTa a1 camonepeBipku

Bapianr 1 BapianT 2

1. fxi 3 umces: —2; —1; 0; 1; 2; 3

€ KOpeHAMU DiBHAHHA:

a) |x+1|—|1—x|=—2;

6) [2— x| -|x+3[=1?

a) |x+1|—|1—x|:2;
6) [2— x|+ |x-38|=-1?

2. Po3B’sa:KkiTh piBHAHHSA:

a) |3—x|—|x+5|=—8;
6) |x —3|—|x+ 5| =8;
B) |3—x|—|x+5|:—2;
r) |x 3| —|x+5| =2

a) |x+3|—|5—x| =-8;
6) |x +3|-|x -5 =8;
B) |x+3|—|x—5|:—2;
1) |x+8-|[5-x=2
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Kontpoarsna po6ora 3 TeMHu « PiBHAHHA 3 MOAyJeM»
Bapianm 1
1. CraamiTh 3a YMOBOIO PiBHAHHSA Ta po3B’KiTH iforo.

Ha xoopauHaTHi# npAMiit HalAITL TOUKY, AKi BiggameHi Bif Touku
3 KoopauHaroio 2,7 Ha Bigcramb 5,4.

2. fxi 3 umcen: —4%; -3; —2; 1; 2; 5 ¢ KOpeHAMU PiBHAHHA:

a) 2x-3|=7; 6) [3x+5|=8?
3. Po3B’sKiTH piBHAHHA:
2) |2x|—5=1,4; 5) ‘2_2 _E;
7.2 0,7 3| 3
B) |x+2|+|x-6|=10; r) | +2|—|x-6|=4;

1) [2.5—x+|x+2,5|=5.

Bapianm 2

1. CraamiTh 3a YMOBOIO PiBHAHHA Ta po3B’AKiTH Iforo.
Ha koopauHaTHil IpaMiii 3HAWIITE TOUKH, K1 BifgaleHi Big TouKkn
3 KoopauHaroio 3,6 Ha Bigcramp 7,2.

2. fIki 3 uncen: —5; —4; —3,5; —1 € KopeHAMHU PiBHAHHS:
a) 2x+3=5 6) 4x+3/=17?

3. Po3B’sKiTH piBHAHHA:

3
3,6 0,9 4| 4
B) | +3+[x~5]=9; 1) o+ 3—|x-5|=4;

1) |35+ x| +[35—|="7.

§ 2. NNIHINHI PIBHSHHS 3 NTAPAMETPAMMU

Haijinmpocrimi xiniiidi piBHIHHA 3 HTapaMeTpaMu

3azHauuMmo, 110 OyIb-sdKe JiHiliHe piBHAHHA MOYKHA 3aIllCATH Y BUT-
aamiax=>b, nea ib — meari umcnaa, x — 3MiHHa. 3’sACyeMO CKiILKHU Kope-
HiB Mae JIiHiliHe PiBHAHHA ax =b 3aJIeKHO BiJl 3HaUeHDb Koe(illieHTIB a i b.
JJI8 boro posIIsiHEeMO HMPUKJIATHA PO3B’sA3YBaHHA JIHIHHAX DiBHAHL.

Ipuxaaau. Po3p’d3aTu piBHAHHSA:

a) 2x-3)-3(5-x)=x+4.
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Posé’azanna

BukopucToByI0oUHM OCHOBHI BJACTHBOCTI piBHSHDL, 3BeJeMO BUXigHe
PiBHAHHSA T0 HANIIPOCTIIIIOr0 BUTVIALY ax =b:

2x-6-15+3x=x+4, 2x+3x—x=6+15+4, (2+3-1)x =25, 4x =25.
3Bigru a =4, b =25. PiBHAHHA Mae ¢ TUHUH KOPiHb:
= b = 25 =6,25.
a 4
Bidnosidv. 6,25.
6) 2(x—3)—3(4—x) =4+5x.
Pos3é’azannsa
BuropucToByoun 0OCHOBHI BJACTUBOCTI piBHAHL, 3aIIUINIEMO PiBHIH-
HA Y BUTJIAIL ax =b:
2x-6-15+3x=4+5x, 2x+3x—-5x=6+15+4, (2 +3—5)x =25, 0x=25.

3Bigru a =0, b =25. PiBHAHHA KOpPeHiB He Mae€, OCKiIbKYU IIpU OyIb-
AKOMY 3HaueHHi 3MiHHOI x, JliBa YacTWHA PiBHAHHA IOPiBHIOE HYJIIO,
a MpaBa YacTHHaA — YHUCIY, SIKe HYJIIO He JOPiBHIOE.

Bionosidv. KopeHiB HeMae.

B) 2(x-3)-3(5-x) =5x-21.

Pos3é’azannsa

BukopucToBy0ouHd OCHOBHI BJIACTUBOCTI PiBHSAHB, 3BeIeMO PiBHAHHSI
0 HAMIIPOCTIIioro BUTMIALY ax =b:

2x—6-15+3x=5x-21, 2x+3x—5x=6+15-21, (2+3-5)x =0, 0x=0.
3Bigru a =0, b =0. Kopeunamu piBHAHHA € Bci umcia (6es3iiu Kope-
HiB), OCKiJILKU IIpu OyIb-AKOMY 3HaUeHHA 3MiHHOI X, piBHicTE Ox =0
TIpaBUJIbHA.
Bionosidv. Yci uncaa.

YzaraapHIOIOUN pe3yJabTaTh, 3700yTi MHif Yac pos3B’sABYBaHHA IUX
PiBHSIHB, MOKHA 3pOGUTH BUCHOBOK:
e gakmioa # 0, To Ipu 6yAb-AKOMY 3HaUeHHi b piBHAHHA ax =bMae eu-
HUN KOpPiHb x=2;
a
e grmio a =0, b#0, To piBHAHHA ax =b KOpeHiB He Mae;
e garmio a =0, b=0, To piBHAHHA ax =b Mae 6e3Jiu KOpeHiB.
ITeit BUCHOBOK MOKHa MPOLIIOCTPYBATH 34 HOIIOMOTOIO OJOK-CXeMHU
(puc. 19).
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ITouaTor

Y
b .
x=— Hi Tak
a
Y \
Pipnanna PiBaanna mae
KOpeHiB He Mae 6esyiu KOpeHiB
Puc. 19

ITapamerp — 11e 3MiHHa afo IMOCTiliHa BeJWUYNHA B PiBHAHHI, AKa He
posTasagaeTheA AK Taka, Io Tpeba 3HAWTH, a HAaBMaKU, KOPeHi piBHAHHSA
3HAXOJATH 3aJIe3KHO BiJ Iiei BenrnumHu.

Posp’a3aTu piBHAHHS 3 ITapaMeTpaMHi o3Hauae 3’ ACyBaTH, IpHU AKUX
3HAUEHHAX IIapaMeTpiB PiBHAHHS Mae KopeHi i 3HaiiTH ix (4K mpaBuio,
3aJIe’KHO BiJ MapaMeTpiB, ToOTO pPO3B’sABYBaHHA PiBHAHHS ITOBUHHO
CYIIPOBO/XKYBATHUCE JTOCIiIIKEHHIM).

Hampugnan y piBHAHHI ax—5="7, x — 3MiHHA BeJIMuWHA, AKY Tpeba
3HANTH 3aJIesKHO Bif mapamMerpa a. IlepeTBOpUBIIH Ile piBHAHHSA, TicTaHe-

12 ; :
Mo: ax =12. Orike, ipua # 0 x =—; npu a =0 piBHAHHA KOPEHiB He Mae.
a

PosrasaeMo medki IpUKIaAUA AOCHiIKeHHA JiHIHHUX piBHAHL.

Ipuxaan 1. Po3p’a3aTu piBHAHHSA ax —3 =b 3aJIesKHO BiJ mapaMeTpiB
aib.

Pozé’sazanns

BuroHaBIu y piBHAHHI ax—3=> TOTOKHI HepeTBOpeHHs, AicTaHe-
Mo: ax=b+3.

e dArmoa#0, To x =bi3 npu 6yab-aKoMy b;
a

e garmio a =0, To npu b =—-3 piBHAHHA HabyBae Buraany 0x =0, Toéro
KOpeHAMHU PiBHAHHA € BCi UmcIa;

« grmio a=0 i b# -3, micranmemo Ox=b+3, npuuomy b+3#0, Taka
pPiBHiCTH HeMOKJINBaA, TOMY PiBHAHHS KOpPeHiB He Mae.
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Bionosidv. Ilpu a #0 i 6yab-axroMy b x =%; npua=01ib=-3 ko-

peHi piBHAHHA — Bci uncia; mpu a =0 i b #—3 KopeHiB HeMae.

Ipuxaan 2. Pos3B’sizaTu piBHAHHA:
a) (a - 1)(a + l)x —a—1=0 zane:xHO Bif a.

Posé’asannsa
3anunieMo piBHAHHA Yy BUTVIAII:

(e-DYa+Dx=a+1

Jo6yToK (a —1)(a + 1) JIopiBHIOE HYJIIO IIpu a =1 abo a
TJISTHEMO TaKi BUIAIKU:
1) npu a =1 piBHAHHA HalyBae BUIIALY Ox =2, AKe KOpDeHiB He Mae;

2) npu a =—1 gicranemo piBHAHHA Ox =0, KopeHi AKOTO € BCci umMcia;
a+1 1

3) mpu |a| # 1 (a—1)(a+1) #0, Tomy x=(a—1)(a+1), x=a_1.

=—1, ToMy po3-

Bionosidv. Ilpu |a| #1 x=i1; npu a =-1 KopeHi piBHAHHA — Bci

ymucaa; npu a =1 KopeHiB HeMae.
6) (a +4)x-2,5x =(a—2)a+3)+3,5x.

Posé’azanna
IlepeTBOpPUMO mTaHe piBHSAHHSA, CKOPUCTABIINCL OCHOBHUMHU BJIACTH-

BOCTAMU PiBHAHB:
(a+4)x-25x-35x=(a-2)a+3), (a+4-2,5-35)x=(a-2)a+3),
(a-2)x=(a-2)(a+3).
Axmio a # 2, To piBHAHHA Mae eINHUN KOPiHb
x =7(a—i)_((;+3), x=a+3.
Axiio a =2, To piBuauHA HabyBae Buriaany 0x =0, fioro KopeHAMU

€ BCi umcia.
Bionosiodv. llpu a #2 x=a+3; npu a =2 KopeHi — Bci uuciaa.

B) 7,5x—2ax—a® =55x—3ax 4.

Posé’azanna
CKOpHCTaBIIINUCEH BIACTHBOCTSIMH PiBHSIHL, BUKOHAEMO B HLOMY IIe-

PETBOPEHHS:
75x—2ax-55x+3ax=a’ -4, (a+2)x =a’ -4, (a+2)x =(a-2)(a +2).
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Aximio a =—2, To piBHAHHA HabyBae Buraany 0x =0 i fioro kopeHAMH
€ Bci umcna.
Axmio a # -2, To piBHAHHA Mae eIMHUN KOpiHb

a-2)a+2
%= w, x=a-2.
a+2
Bionosidv, Ilpu a =—2 ropeHi — Bci uncna; npua # -2 x=a—2.
r) jox—1| =|xc+3].
Posé’asanna
PigHicTs |ax—1| =|x -3 BuKonyersCa, AKIIO:
Dax-1=x+3;
2)ax—1=—x+3).
PosrigneMo KOKHUIT BUTIALOK OKPEMO.
Dax-1=x+3,
ax—x=4, (a-1)x=4
Axmio a =1, To piBusaHHa HabyBae Burasany 0-x=4. PiBHAHHS Ko-
peHiB He Mae.

B

Armoa#1, To x=

—

a_
2)ax—1=~(x+3),
ax-1=-x-38, ax+x=-2, (a+1)x=-2.
Axiio a =—1, To piBHAHHA Ha0yBae BUMIALY 0-x =—2. PiBHAHHA KO-
peHiB He Mae.

Axio a # -1, To 3c=——2 .
a+1
Bidnosids. Ipu fo| #1 x, =i, x, =_i; mpra=—1x= 4 . mpu
a-1 a+1 a-1
a=1x=—i,
a+1

3aBIaHHA AJI CAMOCTIHHHOTO PO3B’A3yBaHHSA

1.23. Po3B’sAKiTh piBHAHHSA 3aJIe;KHO BiJl mapaMeTpiB a i b:

a) 4+bx =a; 6) b =a(x-3);

B) 4=a—(bx—1); r) 25— =3

) 1—bx=1; e) ax—26=a—7(3+§xj.
a 7
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1.24. Ilix6epiTs 3HAUEHHS IapaMeTpa @ Tak, N[00 piBHAHHSA Masao Ko-

peHi:
a) bx—7=5bx—a;
a x 1

B) > =§x—(x—8);
m) ax—3(1+x)="7.

0) x—(2—x)=2x—a;
x a 2
r) g+g —(x+15)—§x,

1.25. locigiTh piBHAHHA 3 TapaMeTpoOM a:

a) 2x-3(x—-a)=3+a;
ax—-2 3-ax
B) = ;
2 4

) ax—3(1+x)=>5;

®)a’x-1=x+a;

6) a+6(x-1)=2a+x;
S—ax _T-ax

r 5

) 3 6

e) 7—ax=2(3+x);
dax+27 x-1 4

3)

= + .
a’-9 a+38 a-3

1.26. Ilpu axux 3HaUeHHSAX MTapaMeTpa ¢ PiBHAHHSA |x| =a:

a) He Mae KOpeHiB;
B) Mae JIBa KOpeHi;
1.27. Posp’A:xiTL piBHAHHSA:
a) lax—1|=3;
B) [x+2|=ax-1;

1.28. 3nalifiTy yci 3HaueHHA IapaMeTpa @, IpHU AKUX pPiBHAHHA

6) Mae TiTbKU OAWH KOPiHb;
T) Mae 6es3Jiu KopeHiB?

6) [2x—1|=jpx-1
r) B—ax|=x+2.

bd

|c+1|+|x—a| =3 mae Gesmiu Kopenis.

PoGoTa 114 camonepeBipku

Bapianr 1

BapianT 2

1. Po3B’axiTh piBHAHESA 3aJIe)KHO Bijg mapameTpis a i b:

2+ ax =b—3(x—gj
3

15a+2x = —a(x — 1,5) +b

2. Po3B’a:kiTh piBHAHHA Bane)XHO BiJ mapaMmeTpa a:

a)(a-2fa+2)x=a-2
6) |x+2|=ax-3

a)(a+3)(a-3)x=a+3;
6) |x—2|=5-ax

3. IligbepiTh BHAUEHHA ITapaMeTpa a

Tak, 1100 PiBHAHHA MaJo KOpeHi:

a x _x
a)—+—=—+——;
2 3 2 6

6) [2x+5=a

X a ax
a)—+—=——

3 5 15
6) [3-2x|=a
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KonTpoarHna po6ora 3 TemMu «PiBHAHHA 3 mapaMeTpaMu»
Bapianm 1
. Po3B’s:kiTH piBHAHHSA 3aJiesKHO Bif mapaMeTrpa a:
a) a(x—1)+3(5-x) =5(3+2x)+3-16x;
6)%+g Y ra B) [x+1|=ax-4.
3 3

. ITlixbepiTh 3HaUEeHHA ITapaMeTpaa Tak, o0 piBHAHHA MaJio KOpeHi:
a) (a-1a+)x=a+1; 6) [3+4x|=a-2;
B) 0,5—-3x =ax —3,5(2 —4x).
Bapianm 2
. Po3B’sA:kiTH piBHAHHSA 3aJie;KHO BiJ mapaMeTrpa a:
a) 2a(x—1)+4(3-x) =3(2x-1)+21-16x;

x,a_ax 1

6) = —+= B) [x—2|=ax-1
3 2 2 3
. ITlixbepiTh 3HaUeHHA TapaMeTpaa Tak, o0 piBHAHHA MaJio KOpeHi:
a) (a-2)(a+2)x=a-2; 6) 4—2x=a+1;

B) 2,5—-2x =ax +3(1-2x).



Posain Il. DYHKUII TA TPADIKU

§ 1. DYHKLUIT TATX BJIACTUBOCTI

1. NoHAaTTa DYHKUIT

YV HaBKOJWMINHLOMY CepeOBUIII MU ITOBCIOIU CIIOCTEPIraEMo SABUIIA,
OB’ A3aHi Mixk co6010. 3B sIBKHU, AKi CYIPOBOMKYIOTH ITi ABUIIA MOJsTa-
OTH ¥ TOMY, II[0 OJHA BeJIMYWHA TIeBHUM YWHOM (32 TI€BHUM 3aKOHOM)
3aJIeXKUTH Bif iHIITOL.

Ipuxaan 1. Bigcrans S, AKy mogoJiae MOTAT 3a ¢ TOI, 1110 PyXaeThes
3i mBHUAKicTIO v =80 KM/TO/ 3aJIeKUTH BiJ uacy ¢:

S=5(t), S=80t.
IIpukaan 2. Ilnoma kpyra S 3ajIesKUTh Bif pafiycar I[oTo Kpyra:
S=5(r), S(r)=mr?.

Ipuxaaag 3. Cuia cTpyMy, IM0 MPOXOIUTH Uepes MPOBITHUK MpHU

crajiil Hanpysi U, 3ajIe’KUTh BiJl eJIEKTPUYHOTO ONIOPY IPOBiTHUKA R:
I=I(R), I(R) = Y,
R

VY zaranbHOMY BHTIAKY, KOJHW BeJIWUYHNHA Yy 3aJeKUThH Bil BEIMYNHA
X, KaKyTh, IO 3aJaHO PYHKIO Y= f(x) IIpu oMy y HA3WBAIOTE 3a-
JeKHOI0 BeJIMUYMHOIO abo (PYHKIIieI0, X — HesaJdesKHOI0 3MiHHOIO abo
aprymeHToM (QYHKII.

Y mpukaagi 1 HesasleskHa 3MiHHa — Ile 4ac, a PYHKIiA yacy — Iie
BifcTaHb; vV TPHUKJIaIi 2 HesaleKHa 3MiHHa — paliyc Kpyra, a (QpyHK-
1id — mJIolla Kpyra; y IpuKJIami 3 HesaleskHa 3MiHHA — Ile BeJIUUYHUHA
onopy, a YHKIiA — BeJIWYNHA CUJIU CTPYMY.

Y npukiagax 1-3 saleskHiCTh OJHiel BeJMUNHU Bif iHIOi 6yJI0 3a-
JAaHO 3a MOTOMOTOI0 (POpMYJIH. SaNeKHICTh MisK BeIMUMHAMHU MOYKHA
BCTAHOBJIIOBATH TAaKOYK 3a JOTIOMOTOIO BiIOBigHOCTI.

Ipukaan 4. Po3rigHeMo MHOMKMHY YUACHHUKIB IMKiJIBHOI MaTeMa-
THYHOI oJiMIOiagu cepel VUHIB MIOCTUX KJaaciB. KoxKHOMY ejieMeHTY ITiel
MHOXKHWHHU ITOCTABUMO V BiIIOBIIHiCTE HATypaJibHe UNCIO0, SKe € MOPS/I-
KOBUM HOMEPOM IIPi3BHUINA YUYHS B PEECTPAIiiHOMY CIIHCKY.
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AbGpamos
Bepesina
Bonyiiko
Hanbko
Kynix
Mixos
Hazaposa

IIponenko

© 00 9 O Ot k= W N

Canpuxrin

lepbina

J
(o]

N N N N R 2/

Ipukxanx 5. PosrisgsHeMo MHOMKWHY YYaCHMKIB ITKLTBLHOI MareMa-
THYHOI oJiMmiaau cepel YUHIB ITOCTHX KJaciB. Ko:kHOMY eleMeHTY ITiel
MHOYKVHY TIOCTABUMO Y BiIIIOBiIHICT: HATYpANbHE YHCIIO, AKe € TOPALI-
KOBUM HOMEpPOM MicIls, AKe YUeHb IIOCiB Ha oJliMITiami.

AbGpamosn

NI

Bepesina

—
<

Bonyiiko
Hanbko
Kynix
Mixos
Hazaposa
IIponenko
Canpuxrin

Tepbina

R 20K 200 20 20 2N R

W 0 O N Ot = ©

Amnanisyiloun BifIIOBigZHOCTI y mpukJagax 4—5, MU IIoMiuaeMo, IO
OTHOMY I TOMY K caMOMY YUHIO BiITIOBiTaloTh PisHi HATYpaJbHi Umcia.
ITe osuauae, 1110 Ii BiATIOBiAHOCTI 3a7al0Th pisHi QYHKILII.

CopmyiioeMo o3HAUeHHA (PYHKILII.

Osnavenns. Hexaii sagano aBi MmHokuHU X i Y. SAKIO KOKHOMY
eJeMeHTY X MHOKUHU X IOCTaBJIeHO V BiIOBiAHICTEL AesdKkuil eje-
MeHT Yy MHOMKHHH Y, TO TakKa BiANOBiAHiCTE Ha3WBAEThHCS
pyHRITiETO.
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ITpu oMy MHOKUHY X Ha3WMBaIOThH 06JIACTIO BU3HAUEHHS (PYHKIT,
a MHOKHUHY Y — o6JacTio 3HaueHb (PYHKITIi.

Sk npaBuio, objacTh BHU3HAUYeHHA (QPYHKHII y= f(x) TI03HAYAIOTh
D(f), a obnacrs suauens — E(f).

OsHauenna. I'padikom PyHKINII f HazuBaeThcs MHOMKHHA BCiX TO-
90k (x;y) KoopAMHATHOL IIOIMMEH, Je y = f(x), a x «Ipobirae» Beio
obJacTb BU3HAUeHHA QPYyHKILI f.

3aBIaHHA AJd CAMOCTiiiHOTO po3B’d3yBaHHA

2.1. Hexaii N — MHOKUHa HaTypaJbHUX UHCeJ, S(n) — cyMa nudp
HaTypaJbHOTO Unciaan. Y e S(n) ¢dyHEKIieI0, AKa 3agaHa Ha MHO-
sKuHI N?

2.2. Yu npaBuJbHe TBepIKeHHS:

a) TIoIIA IMoBepXHi Kyba € (PYHKITieo Bifl HOBKUHU HoTo pedpa;
6) 06’eM Kyba € (PyHKIielo Big TOB:KUHHU iioro pedpa?

2.3. HaBemiTh npurJIagu QpyHKIi f(x), AKi 3a0BOJBbHAIOTH YMOBY:
a) f(x) BHU3HaUeHAa IIPHU BCiX TOAATHUX X;

6) f(x) BUBHaAUeHa TibKU MPU HATYPAJbHUX X;

B) fgxg BH3HAUeHA HA MHOMKHMHI BCiX YOTUPUKYTHUKIB.

2.4. ®dyHKII0O 3a1aH0 (POPMYJIOI Y = f(x) YrakiTs o6aacTh BUBHAUEH-
HA QYHRITII:

1 g
a)y=—; 6) y=——;
% x-2
B) y=——; 1) y=2x-3;
x+2
x_
) y=—"; e)y=x".
x+1

2.5. dyuKNio 3agado dopmyson y=2x—5 O0UYUCHITE:

0 o of 3} o 2} 0

2.6. dyukiio zagano GopMyIon0 y=é. O6UUCHITE:
%

(-1 UL u(=5): «B): U0)-

2.7. 3aloBHITE TabIUIIO:

x -5 -3,5 -2 -1 0 1 2 3,5 5
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2.8. ®dyukiio 3agano Gopmyaoio y=3-2x". Un mpaBuabHO, II0:
1
a) y() =1 6) y(EJ =2;

B) y(-2) =-5; r) y(3)=15?
2.9. ®dyukilito 3agano GpopmMyaomn f(x)=—2x+3. 3’sdcyiiTe, un Haje-
JKHUTH Tpadikry 1miei pyHKRII Touka:

a) A(L;1); 6) B(-1;1);
B) C(0; 3); r) D(-2; -1);
m F(=2;7); e) DG; 2).

2.10. ®dyukKiio 3agaHo QOpMYJIOI0 f(x)=x3 +1. 3’dcyiiTe, un Haje-
JKHUTH Tpadikry 1iei pyHKRIIi Touka:
a) A(0; 1); 6) B(-1;0);
B) G(2;9); r) D(-2;9).

2.11. HoB:kuHa ofHiel CTOpOHU IPAMOKYTHHKA TOPiBHIOE X CM, a IpYy-

roi — Ha 2 cM MeHIIIe. BupagsiTh uepes x mepumeTrp Pi oIy S1soro
MPAMOKYTHUKA.

Pob6oTa aaa camonepeBipku

Bapianr 1 ‘ BapianTt 2
1. ®yHKIi0 3agaH0 GOPMYIIOIO
y=2x-1. y=2x+1.
a) Bmatimite: y(-4,5); y(10); y(18); | a) Bmadnits: y(-5,5); y(5); y¥(10);
0) 3HalifiTh 3HAUEHHA X, IPHU 0) 3HAITE 3HAUEHHA X, IpHU
aromy y =-19 arkomy y =19
2. YraxiTh o6ysacTh BUBHAUCHHA (PYHKILII:
a)y=3—x; a)y= 5x;
2-x x+3
6)y=3+x" 6)y=3-x°

3. ®dyHKIi0 3aaH0 GOPMYIOI0

y=2x2—3 y=3—2x

Yu manexuTb rpadiry QyHKIIl Toukra:
a) M(1;-1); a) N(1;1);
0) N(Z; 1)? 6) P(—l; 4)?
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2. Cnoco6u 3apaHHa PYHKLINA

I3 o3HaueHHsa (PYHKIII BUILTUBaE, 110 14 il 3aJaHHa HeoOXiTHO BKa-
3aTH [ABI MHOKHWHHI YHCE] X(D(f)) i Y(E(f)) i BigmoBimHicTL MixK

Humu. Ile MoxkHa 3poOHUTH 3a JOTIOMOT'0I0 YOTHPHOX CIIOCO0iB: TabGIUUHO-
To, aHAJITUYHOTO, TPadiuHOTO Ta CIOBECHOTO.

Ta6anmunuii cmociod

3a TabJaUUHOTO cIloco0y 3afaHHA PYHKIIII B IeBHOMY MOPAAKY 3amiu-
CYIOTh 3HAUeHHHA apIyMeHTY: X, , X,, X,,..., X, , 4 IOTiM BifNOBigHI 3Ha-
ueHHA QYHRUIL: Y, , Yy, Ussoos Y,y -

Tak, HampukJaam, mobyaoBaHi TabiAWIli KBaJpaTiB umces, 3HAUEHD
TPUTOHOMETPUUYHUX (PYHKITIN TOIIO.

TabauuyHUil cIocié YacTo BUKOPHCTOBYIOTH Y IIPUPOIO3HABCTBI Ta
TeXHiIli, e pe3yJbTaTh eKCIepUMeHTIB 3a3BUYall 3allMCYIOTh 3a IOTO-
MOT'0I0 TaGJINIIb.

Ipuxaaa 1. Pesyabratu ZOCTiAKeHHS 3aJIeKHOCTI BEJIMUWUHU IIO-
critiHoro crpymy I Big BeauumHu Hanpyru U 3a YMOBH, IO 3arajbHU
omip R BenwumHa MocTiliHa, MoJaHi y BUIVIALL mabauui 1.

Tabruys 1
U, BOJBT 3 6 9 12 15 18 21
I, ammep 1 2 3 4 5 6 7

Iieto Tabauiieio BcTanoBJIeHa (QPYHKITIOHATBHA 3aesKHICTh [ = 1| (U)

ITepeBara TabauuHOro crioco0y 3aJaHHsa QYHKIII moasrae B IpoOCTOTI
3HAXO/}KeHHA 3HAUEHb (PYHKITil 3a 3HAUEHHSIMHN apryMeHTy.

Ane TabauIA He Tae IMTOBHOTO YABJIEHHS PO 3MiHY (PYHKIIIT 3a1e:KHO
Bix aprymenty. Kpim Toro, njs 3HaxoIKeHHA 3HAUeHDb (PYHKIIII 3a 3Ha-
YeHHAMH apTyMeHTY, 1110 He BKasaHi B TaONuIli, JOBOAUTLCA BUKOHYBA-
TH moJaTkoBi obumciaenHsa. HemonikoM 1mporo crmocoby € i BigcyTHicTb
JOCTaTHROI HAOUHOCTI.

AHaJiTHYHMIi cIocio

Ieii crioci6 mossirae B TOMY, IO 3aJaeThesA GopMya, 3a JOIIOMOT0I0
AKOI 3a 3alaHUMHU 3HAUEeHHAMH apryMeHTy MOKHA 3HaMTH BigmoBimHi
3HaUYeHHS (PYHKITIi.

Ipukaaa 2. @yHKIioHATbHA 3aJ€KHICTL, BCTaHOBJIeHA TalJIHUITEIO

1, Mmoske OyTH 3agaHa popmyJaoio [ =% (saron Oma).
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Ipuxaaa 3. KinbRicTh yKPY, HeOOXiMHOTO AJIs1 BUTOTOBJAEHHSA AiKe-
MY, BAJIEKUTD Bifl KIJILKOCTI ATiA: YuM 6iJIbIIe MU TiATOTYEMO ATIT, THM
6inbille HAM 3HAAOOUTHCS IYKDY.

Iro sanexkHicTh 3agae QopMmyna y==Fkx, fe B — KkoedillieHT Ipo-
noptifiHocri, y (y faHOMY BHIAQAKY) — Maca IIyKpy, X — Maca ATif.

3okpeMa, AR k=1,5 To MOMHa JIeTKO IIifpaxyBaTd KiJbKicTh
YKPY, AKa 3HAZOOUTHLCSA JJIA BUTOTOBJEHHS IyKeMY i3 ATiT y KiabKoCTi
3 Kr, 4 KT, 5 KM i T. A.

SaleskHICTh Y =kx HazuBaeThCcA IPSAMOIO NMPOMOpPIiHHiCcTIO.

YacTro 3ycTpidaeThes Taka 3aJIeXKHICTh Y Bif x, 1[0 OpHu 30ijbIIeHH]
(BMeHITIeHHi) apTyMeHTy B [OeKijJibKa pasiB, 3HaueHHA (PYHKII 3MeH-
nryeTbes (36iIbIMYyeThCA) V CTIABKU K pasiB.

Taka 3ajlesKHiCTH HA3UBAEThCS 00epHEeHOI0 MPOIOPIifiHicTIO i Bupa-

k
JKaeThesA (PopMyNIo0 y=—.
x

Ipuxaan 4. ITig yac piBHOMipHOTO PyXy Ha OAHY ¥ Ty caMy BiJicTaHb
. - S s
MIBUAKICTE 00epHEHO IpomopIiiiiHa yacy: v =—2, e S, — mocriiina Be-
i

JIUYAHA.
IIpukaanx 5. I'ycTuHa pevoBWHM TIPHU TOCTiHHIN Maci oGepHeHO Tpo-

‘o m ‘o
nopIiiiHa il 06’emy: p =7°, Je m, — TocTiliHa BeJIWYMHA.

IIpukaan 6. O6’eM KRyl 3anesKUTh Bif pagiyca kyai. g zanexHicTs

e (pyHKIIiero, Ky MOKHA 3agaTu opmyioio V =i;nR3.

IIpuxaan 7. Ilnoia moBepXHi cepu 3ale:KUTH Bif pamiyca chepu.
115 3aieskHiCTh € yHKIIEI0, IKY MOKHA 3ajaTu dopMyaoio S =4nR>.

ITepeBarn aHaJiTHUHOTO CIOCOOY IIOJATAIOTL Y IPOCTOTI 3aJaHHS
(pyHKII, MOMKINBOCTI 00UNCIeHHS 3HaUeHHA (PYHKIII 3a 3afaHuM 3HAa-
YeHHSMHU apTyMeHTY, MOKJINBOCTI BCeGIiUHOTO TOCTi3KeHHA BIACTHBOC-
Teil PyHKITII.

HegocTaTHsa HaouHiCTL Ta MOMKJINBA TPYAOMICTKICTL OOGUMCIEHHSA
3HaUYeHb (PYHKIII — HeZOJIKM aHATITUUHOTO cIlocoby 3afaHHd (PYHKITII.

I'padiunmii coiocid

Mu Bke 3HaeMo, 1o rpadikoM QPYHKII y= f(x) HA3UBAETHCSI MHO-
’KIHA TOYOK KOODJMHATHOI IIOIUHH 8 KoopauHarami (x;y), xe y = f(x).
PiBHicTh y = f(x) Ha3MBAEThHCS PiBHAHHAM IBOTO Tpadika.

dyukIio 3agaHo rpadiuHo, AKINO 300paskeHo ii rpadik.
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IIpukaan 8. I'padikom PyHKIIOHATBHOI 3aNesKHOCTL | =% 3 ypaxy-

BaHHAM 3HaueHb HaBeleHUX B Tabiuili 1, e¢ miBopsaMa, 3obpaskeHa Ha
pucyrry 1.

Ik

A T T T T R = |

e R R I R I

i Mt ekt s oo s

4 [roereem e S e

R R M A R

2 [ e

e T e S R

0 ! ‘ ‘ ! ‘ ‘ L
3 6 9 12 15 18 21 U

Puc. 1

DyukIii, 1o 3agaHo aHATITHYHO, MOXKYTH OYTH 3aJaHi i rpagiuno.

Ho rpagikra, ak i 70 Tabauili HeMoxkHa 6e3MocepeIHBO 3aCTOCYBATH
MeTOIM TOCTifKkeHHA PYHKITiH, ajie rpadik Mae Ge3zanepeuHy nepeBary
nepen iHIMIUMHA ciiocobaMu 3aJaHHA (PYHKITIH — HaOUHIiCTE.

CaoBecHHUIi cmmocio

DyukrIia Moxke 6yTH 3a7aHa CJI0BeCHO ab0o OIHMCOBO.

Hpuxnax 9. V Bumiiit MaTeMaruni BuBuaeThes yHKIiA [lipixme’,
sAKa 3aJaeThCSI TAKUM YHHOM:

y=1 nn4d Bcix paljioHaJbLHUX UYHCE;

y=0 [J1a pellITH uucen .

Taka pyHKITS He Moske OyTH 3afaHa TabINuHO, TOMY 10 BU3HAUYEHA
mpu Bcix uuceinax (a ix 6Gesnmiu); BoHa TaKOK He MosKke OyTH 3amaHa
rpagiuto. AHaMITUUHUNE BUpas A Ifiei GpyHKINI 6yiio 3HaligeHo, ajie
BiH Takuil ckiIagHUIi, 110 He Mae IPAKTHYHOTO 3acToCyBaHHA. | TilbKHU
cJIoBecHHU cmoci® KOpoTko i uiTko 3amae QyuKIio Hipixie.

3aBIaHHA AJd CAMOCTiiiHOTO po3B’d3yBaHHA
2.12. 3a fronmoMoroo HaBeeHOI TabANIi 3aTaHO feAKY (PYHKIIi0 Yy = f(x)

x -5 —4 -3 -2 -1 0 1 2 3 4 5
f(x) 24 15 8 3 0 -1 0 3 8 15 24

*  Iipixue Ietep I'ycras (1805-1859) — HiMenbpKuii MaTeMaTHK.

**  TlomATTA ippamioHaNIbHOIO YKCJa BBOLUThCA y 8 KJjaci.
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SHaANTITE:
a) o06JacTh BU3HAUEHHA (PYHKIIII;
6) MHOKHHY 3HaueHb (PyHKITIl;
B) 7(=3); 1(0); (4); 7(5);
T') 3HAUEeHHA apT'yMeHTY X, IpU AKWX 3HaUeHHA PYHKIII fopiBHIOE
3; 8; 0.
Yu MoskHA ITI0 3aJIesKHIiCTh 3aJaTH aHAJIITHYHO (3a JomoMoTolo (op-
myaun)? AKIio MoKHA, TO BHARHAITE 1110 (DOPMYJIIY.
2.13. Jledary 3anekHicTh 3aaHO 3a gomoMorom rpadika (dus. puc.).

Ff‘yllffffrfff'rfffj

1 1

0 1/2 ix
-1

Yu e 114d 3adesKHiCTL pyHKITie0? BigmoBiak o6rpyHTyiTE.
2.14. Bajano Qynrmio y=f(x):
y=1 Aad Bcix JoJaTHUX UHCeT;

f(x)={y=0 mma x=0,
y=-1 [iada BcixX BiJ’eMHHX YHCeJl.

1) Buaiigits: f(-4,3), f/(-1000), 7(0), 7(59), 7(100.2);
2) moGyayiiTe rpadik 1iei pyHKIII.

3. MapHi Ta HenapHi yHKLUIT

Osnavenns. OyHKIIA [ HazuBaeThcs IMapHOIO, AKIIO ii obJjacTh
BHU3HAUEeHHS CHUMeTpHMUYHA BiTHOCHO HYJIA i AJdA Bcix x i3 obmacTi
BHSHAUEHHS BUKOHYeThCA piBHicTE: f(—x)=f(x).

Ipurnagu napEux QyHROif: y, =x%; y, =|«, y, =1+x".

Bei i ¢pyuKIii BusHaUeHi OpH BCiX X i BUKOHYIOThCSA PiBHOCTI:
5 (=) =(2)" =" =y, (x)
Yo(=) =} =[] = o (=);
Y () =1+(=0)" =1+x* =y, (x).
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Osnavenna. OyHKIiA [ HazuBaeThed HellapHOIo, AKINO ii o6JacThb
BHU3HAUEHHS CHMeTPHUUYHA BiTHOCHO HYJA i mjas Bcix x i3 obiacti
BH3HAUCHHS BHKOHY€TheA PiBHicTH: f(—x)=—f(x).

Ipuraagu HemapHUX QYHKITi:

1
b Yy =
X

5 — 43, —
Y =% Y =X 5 Y; _x'|x

KosxHa 3 QyHKNIN Yy, , Y,, Y, BU3HaUYeHa IIPU BCiX X i BUKOHYIOThCSA
piBHOCTI:

1 ()=~ =-y, (2 ,(-) =(-2) =" =5 ()
() ==l = o= ()
DyHKIiA y, BU3HaUeHa IIPU BCix x, KpiM x =0 (o61acTh BU3HAUEHHSA
TaKoK CUMeTPHUUYHA BiTHOCHO HYJA) i BUKOHYEThCA PiBHICTEH:

b2 ===, (x).

I3 osHaueHHs MmapHoi (pYHKIII BuUIIMBae, mio ii rpagirk cuMeTpuu-
Huii BigHOCHO oci OY (puc. 2), a i3 o3HaUeHHA HellapHOI (PYHKIII BUILIN-
Bae, 1110 ii rpadik CUMeTPUYHNHI BiTHOCHO MOYATKY KoopAZuHar (puc. 3).

®y

—X Xo

Puc. 2 Puc. 3

O3sHauenna. SIkiio obnacTk BU3HAUeHHA (PYHKIiI He cuMeTpHUYHA
BiJ[HOCHO HYJIA i He BUKOHYEThCA 0Ha 3 piBHOCTell: f(—x) = f(x),
f(=x) =—f(x), To QyHKIiA He ¢ mapHOIO, Hi HEMAPHOIO; TAKi QyHK-
il HasuBalOThCA PYHKIIAMHE 3araabHOTO BHIY.

Ipurmagu QyHKIiH 3araJbHOr0 BUIY:

y, =x" -1y, =2x" +x, y, =1
x-2
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DyHKII y, Ta y, BUsHAUEHi IIpK BCiX x, aje

n (—x) =(—ac)3 —1=—x*-1= —(x3 + 1),

TOOTO ¥, (—x) Y (x) iy (—x) =Y (x)
Amnajoriuto

Y, (—%) =2(=x)" +(~x) =22 -,

Yy (—) = 1, (%) 1 g, (—x) = -, (%)
dyHKLiA y, BUBHAUYeHa IIPU BCiX x, KpiM x =2, oTe, ii 006gacTh BU3-

HaueHHd He € CHMETPHUYHOIO Bi/IHOCHO HYyJd.

3aBIaHHA AJd CAMOCTiifHOTO PO3B’A3yBaHHSA

2.15. HoBeniTh, 1110 QYHKIIIA € MapHOIO:

a) y=5+27; 6) y=3,7—x%;
B)y%‘xz; r) y=24" —x';
) y=-57-x"; e) y="Tx".
2.16. HoBeniTh, 1110 (PYHKIIIA € HeNMAapHOIO:
a) y=-5x; 6) y=2,3x;
B) y=—2x+x"; I‘)y=—g;
%
3,5 1
BDy=—>: e) y=x+—.
% %
2.17. HoBemiTh, 1110 gaHa (PYHKIiA 3araJbHOr0 BUIY:
a) y=2x-3; 6) y=1+2x—x%;
B)y=1+x"; P)y=1+g;
x
2 1
1) y=x" —5x; e) y=?x+1.

2.18. Busnaure, sKi 3 HaBeleHUX (PYHKITii € TapHUMHU, HeTITapHUMH, 3a-
TraJbHOTO BUAY (BiAMOBiAL OOIPYHTYIiTE):

a) y=4-0,5x"; 6) y=4x—-0,5x";

2
B) y=4x—0,5x"; ry== x‘l;

I) y=>5x".
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PoboTa aaa camonepeBipku

Bapianr 1 BapianT 2

Busnaure, AKi 3 HaBeJeHUX PYHKII € mapHUMU, HeTapHUMU,
3arajbHOTO BULY (BiLmOBiZL OGI'PYHTYIiTE):

a)y=5x-71; a) y=1,5-3x%
0) y=0,5x" -2; 6) y="7-2x;
B)y=x—g; B)y=2x+1;
x x
r) y =4x' -3x° r) y =4x" —5x"

4. 3pocTaHHA i cnapaHHAa OYHKUI

Posraamemo GyHKmilo y=2x-5. Hma miei Qysrmii y1)=-3;
y(2) =-1; y(3) =1. Tobro GinbINIOMY 3HAUEHHIO apryMeHTy BiAIIOBigae
GisplTe 3HAUEHHA (PYHKITII.

Osnauenns. OyHKIA y=f(x) HA3WBAETLCSI 3POCTAIOUOI0 Ha Je-

AKifl MHOXKKHI P, AKIMO GiJLINTOMY 3HAUEeHHIO apTyMeHTy BiiIo-
Bifjae Ginplre 3HaYeHHs QYHRIHI (akmio x, <x,, 1o f(x,)<f(x,)
01 OyAb-AKUX X, , X, 13 MHOKHHH P).

Otoke, PyHKIIA y=2x—5 € 3pocTaOU0I0 IIPH BCiX X.

Posriaamemo GyHKIio y=-3x+5. Hma miei ¢ymrnii y(1)=2;
W2)=-1; y(8)=—4. Tobro GinbIIOMY BHAYEHHIO ApIyMeHTY BiJIOBiTae
MeHIIle 3HAUEHHS (DYHKILIi.

Osnavenna. OyHRITIA y=f(x) Ha3HBaeThCA CIAJHOIO Ha JTedKii

MHOKUHI P, AKII0 OiAbIIoMy 3HAYeHHIO apT'yMeHTY BiAmmoBimae
MeHIIe 3HaueHHs (yHKNil (Ko X, <Xx,, To f(x)>f(x,) mna
OyAb-AKUX X, , X, i3 MHo:kuHH P).

Otoke, QYyHKIIA y=—3x+5 e cagHOIO IIpH BCiX X.
I'pagir spocrarouoi GyHROII «iige Bropy» (puc. 4), a cuagHoi —
«CIIyCKAETHCA BHUB» (puc. 5).

OsHnauvenna. Ilpomikku, Ha aKUX (QYHKIA abo TiABKHU 3pocTae,
abo TiNBKHU cllafae, Ha3WBAIOThCA MPOMisKKaMM MOHOTOHHOCTI.

Ilpuxkaan. Ha pucyury 6 zobpaskeHo rpadik QyHKIII y= f(x), AKa

3aJaHa Ha MHOMKITHI [—2; 5]. Kopucryiounch rpagikom, 3HalgiTL, Mpu
AKUX 3HAUCHHSX X QYHKITiS:
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a) spocrae;
6) cnajgae;
B) HabyBae HaMOIILIIOTO 3HAUEHHS,
I) Ha0yBae HallMeHINIOr0 3HAUEHHS.

S PR A I . 2T B SUSEER. i " S NI N
N : PON L :

dol i/ e N |

Ryan BAVEE 2L 3

| y=3z45 | | N\ | |

y o 1 x

Puc. 4 Puc. 5
Posé’asannsa

3a pUCYHKOM BHUAHO, IO IPH X e(—2; 2) rpadik GyHKIII «iige Bro-

py», ToO6TO (PYHKIIiA 3pocTae; AKIIO xe(2; 5), rpadir (QyHKIII «ciyc-
KaeThes BHUB», ToOTO (PYHKILS cHagae.

Haii6inbiiie 3HaueHHA QYyHKINII JopiBHIOE 4 i HocATaeThEA MPHU X =2;

HaliMeHIlle 3HaUeHHA (QYHKINI TopiBHIOE —1 i mocATraeThcd mpu x =—2.

Bionogidv. ®yHKIlSA 3pocTae Opu xe(—2; 2); cnajgae IMpu xe(Z; 5);

npu x =2 HabyBae HalbiIBIIOr0 3HAUEHHS, 1110 AOpiBHIoE 4; mpu x =—2
HabyBae HaliMeHIIIOT0 3HaUeHHs, 1110 AopiBHIOE —1.

PosriissaemMo TOHATTS HMIBUIKOCTI 3MiHIOBaHHSA (3pocTaHHA abo cra-

JaHHA) diHiiHoi PyHKIN] — QyHKIII, 1110 3agaeThed (opMyaoo y =kx +b.

Osnavennsa. Hexail x,, x, — OyIb-AKi apryMeHTH OYHKIIIL, ¥, , Y, —
BigmoBigHi sHaueHHd Itiei QyHrmii. [IIBuakicTiO 3MiHIOBaHHA
minitinoi (yHKIII]I HasMBaeThcAd BeIWUNHA B, AKa ITOKA3YeE Y CKiJb-
KU pasiB pisHUIA Y, —Y, , Olablna BiJ pisHuni x, —x, . Ilpu nromy,
AKIOo k >0, To QYHKITiA 3pocTae, AKINO k <0, — QyHKIIid criagae.

Ipukaaa. 3HalTH MIBUAKICTE 3MiHIOBaHHA (DYHKITII:
a) y=2x->.

Poszé’asanna

Hexaii x, =1, x, =2. Togi y, =-3, y, =-1.
w1,

25— 2-1

Bionosidv, @yHKIiA 3pocTae 3i MBUAKICTIO 2.
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6) y=—3x+5.

Posé’azanna
Hexait x, =1, x, =2. Togi y, =2, y, =—1.
k= yZ _yl __1_2 —

x,—x, 2-1

Bionosidv. OyHKIliA ciiafiae 3i NIBUAKICTIO 3.

3ayeascenna. 13 poTIAHYTUX NPHUKJIALIB MOYKHA 3pDOOUTH BHUCHO-
BOK, II10 IIBUAKIiCTH 3MiHIOBaHHA JiHifiHOI QYHKII y=kx+b qopiBHIOE
kKoedinienty k. Ilpu £ >0 QyuKIia spocrae 3i MBUAKICTIO k; Tipu k <0,
dysrnia cnagae si mBuakicrio |k

3BepHiTh yBary! Tinbku y BUNAARY JiHifiHOI (PYHKII BenumumHa k
€ IOCTiHOIO, TOOTO He 3MIHIOETBCA 3aJIHKHO Bil 00OpaHUX 3HAYEHD X, 1 X,.

3aBIaHHA AJd CAMOCTiiiHOTO po3B’d3yBaHHA

2.19. 3’qacyiiTe, 3pocTae uu cnagae QpyHKILiA:

a) y=2x; 6) y=2x-3;
B) y=—2x+3; r) y=%x;
1 1

Dy=—x-3 e)y=—x+3.

)y 2 )y 2

2.20. 3HaligiTey MIBUAKICTL 3pocTaHHA abo cOoafaHHA QPYHKILII:

a)y=x+3; 6) y=x-2;
B) y=—x+3; ) y=—x-2;
o) y=2x-3; e) y=—%x—2.

2.21. Kopuctymounucsh rpadikom (pyHKIII, 110 300paskeHN Ha pucyH-
Ky 7, 3BHAWAITh IPOMIKKHN 3pOCTAaHHA i cnafaHHA PYHKIIII.

T”TMLTWTWTT” TWT”Ty‘\LTWT”T'
| | | | | | | | | [ | | |
[ R [ T A A
| | | | | | | | | | | | |
X T’ o
| | | | | | | | |
| | | | | | I | I
e T sz N
L LA AN L
T 1 AT T NG
I | | I | I I I I
_l_ | | i | | »

1 o T, ! Lo\

1 O | | 1 | X _2 | O I 2\
T N it A R S A N
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Pob6oTa 114 camonepeBipku

Bapianr 1 BapianTt 2
1. VraxiTh OpoMikKHU 3pocTaHHSa GQYHKILIT
Y =23 y= leio
2
2. HocnaigiTh Ha MOHOTOHHICTDL (PYHKITiIO:
1 1
aA)y=3-—x; a)y=——x+5;
)y 2 Yy=—
6) y =-3+2x; 6) y=6+3x;
B)y=5 B)y=—6

KouTpoanHa poGoras TeMu «PyHKIIIT Ta iX BIacTHBOCTI»

Bapianm 1

1. BHaﬁ/:[iTL 06JIaCTB BHUBHAUEeHHSA (PYHKITII:

W (=g O F(D =5

2. BHAHIITE MHOKUHY BHAUEHD q)yHIcuii (%) =3|x—2|+5.

3. I'padik pyHKIii y= k MMPOXOMUTEH Uepes TOUKY A(—4; 2). 3HaAUTITE k.
%

4. Ha pucyxry 3o6paskeHnii rpa-
ik pynrmii y = f(x), axa Bus-
HadeHa Ha MHOMKHHL [-4;3].
Kopucryounch rpadikomM,
3HAWTITL, TpU AKUX 3HAUeH-
HAX X QYHKIiA:

a) spocrae;

6) cuajgae;

B) HabyBae HaNOGiaBITOTO 3HA-
YeHHS;

r) HabyBae HalMeHINIOTO 3HAa-
YeHHS.

I I I I I I I I I I
B R i A
I oL
i \ 14 N
I I i) I I I I I I (i
- bt —— =
I I I I
- I P itk s i
I i I I
I I =\
4 N0 3
-1
. ‘ N -
I I I I I I I I I I
I I Ui I I I I I I I
I I I I I I I I I I

5. HocaimiTe Ha mapHicTh (PYHKITiIIO:

) ()=

B) f(x)= i

6) f(x)=|x|+1;
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Bapianm 2
1. 3HaiigiTe obsiacTh BUBHAUEHHSA (PYHKITII:

&) 7(x)= |3’|‘ — 0 f(9)==*.

2x+4
2. BHAlIiTh MHOKHHY 8HAUYeHb QYHRIIL f(x) =1+%|x+2|.

3. I'padik pyuHK1il y =kx + 2 TIPOXOAUTEH Uepe3 TOUKY B(—l; 3) SHalgiTh k.
4. Hapucyury 300pakeHnuti rpa-
ik pynrmii y = f(x), axa Bus-
HaueHa Ha MHOKHHI [-3;4].
Kopucryounch rpadikom,
3HAWTITL, IpU AKUX 3HAUEH-

HAX X QYHKITiA:
a) spocrae;
6) cmajgae;
B) Ha0yBae HaliMeHIIIOT0 3HAa-
YeHHS;
r) HaOyBae HaWbiJLIIIOrO 3HA-
YeHHS.
5. HocaimiTs Ha mapHicTh PYHKITiIO:
a) f(x) = M%, 6) f(x)=x" +x;

1
B) /(%) =T

§ 2. NOBYA0BA IPA®IKIB dYHKLIA,
WO MICTATb MOAVII

1. Fpadiku dyHKuUiit y =|x|, y = |kx + b]|

Mu 3Haemo, 110 rpadikaMu QyHKIIN y =kx (IpsIMa IPOIOPIilHICTE)
i y=kx+b (miHiliHa DYHKIIA) € IpaMa.

ITpuragaemo, 1o rpadikom pyHKIil y=x € Gicekrpuca I i III koop-
IUHATHUX KYTiB, a rpadikoMm GyHKII iy =—x € bicekrpuca Il i IV koop-
IUHATHUX KYTiB (puc. 8).

ITo6ynyemo rpagik GyHKITiT y=|x| ITpuragaeMo o3HaueHHA MOIYJIA
ymeaa:
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| | x, AKIio x 20,
X| =
—x, Ao x <0.

N Ny
=N | fimx N
1 1
e -
1 x 01 | %

Puc. 8 Puc. 9

Kopucryiounch pucyHKkoM 8 i o3HaUeHHAM MOJYJIA UMCIIa, AicTamHe-
Mo rpadik GyHELi y=|x| (puc. 9).

Takum ynHOM, rpadik QYHKIN iy = |x| — Ile JTJaMaHa, SKa CKIAaeThCA
3 IBOX MiBOPSAMUX, OJHA 3 HUX — OiceKTpHca IepIoro, a Ipyra — bice-
KTpuca Ipyroro KOOPAWHATHUX KYTiB.

PosrasHemo Iile AeKinbka MpuKJIaAiB rpadgikiB QyHKIIiH, M0 Mic-
TATH MOJIYJb.

Ipuxaaau. Ilo6yaysaTu rpagik QyHKILI:

a) y=|x-2|.

Poszé’azannsa Jr,,ju,Jr,ylk,,,i,,,:r,,j:,,

BeefeMo JONOMiHY (DYHKIIiIO e e e T
Y, =x—2 1 mobyayemo ii rpadik. ,‘,,,J,,,;L,,,,,j,,,;_, :"
®yurnia y, =x—-2 — mnigifiga, ii ; 0 1/§/ %x
rpadgix — mpaMa, 10 TPOXOAUTH AT
qepesToqRH(Z;O)i(O;—2)(puc.10). TN iy ) e

3a o3HAUEeHHAM MOJYJd YHcia, 7 1
MaeMo: Puec. 10

x—2, ario x -2 >0,
|x—2| =
—(x-2), sixmo x—2 <0.

3a gomomoroio pucyHka 10 BcTaHOBIIOEMO, 110 Xx—2 >0, AKIIO X > 2;
x—2<0, gkmoro x<2.

Tob6To
(*)

Yo, AKIO X 22, x—2, ARII0 X 22,
= abo y=
—x+ 2, ARIIO0 X < 2.

Yo, AKIIO X < 2



—x+2 i mobygyemo ii

lx—2| (puc. 12).

b It i

N

e
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3icraBasaioun rpadiku QyHKIiH Ha pucynkax 10 i 11 i BpaxoByroun

BBegemo 1ie ofHY ZOIOMIXHY (QYHKILIO Y,

rpadik (puc. 11).

yMoBY (¥), gicranemo rpadik GyHKIIl y

44

Puc. 14
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3icraBasaioun rpadiku QyHKIiN Ha pucyHkax 13 i 14 i BpaxoByooun
yMOBY (¥), micranemo rpadik QyHKmii y=|x+2| (puc. 15).

Puc. 15

Baspamns. Ilopisuaiite rpadikn Qpyuknii y=|x—2|i y=|x+2| (pu-
cyurm 12 i 15) 3 rpadixom QyHKmii y = x| (puc. 9).

3pobiTh BUCHOBOK.

B) y=[2x-5|

Poszé’asanna

Beegmemo pomomikHy (yHKIiO Yy, =2x—5 1 mobymyemo ii rpadik
(puc. 16).

3a 03HAUEHHAM MOMYJSA UWCJIA, MAeMO:

2x—5, armio 2x—5 20,
2x-5|=
—(2x—5), armfo 2x -5<0.
3a momomoroio pucyHka 16 BcraHoBatoeMo, 1o 2x—52>0, R0

x 22,5, 2x—-5<0, akio x <2.5.
Tob6To

Yo AKIO X 22,5, 2x -5, axkmio x > 2,5,
= abo y= (*)

—y,, AKIIO X <2,5 —(2x—5), Ao x <2,5.
7 E—— e
EENERYS TN
i 0o 1 8 «x i
T —1] T
i / i \
| | | yyow—lx_5 i | | | \ly1\=—2x+5
-+ | | 4 ; -+ | ; 1 | T |
G I
S X G oL 2R %

Puc. 16 Puc. 17

BBegmemo mie ofHy monmoMiskHY yHENi0O Yy, =—2x+5 1 moGyayemo il
rpadik (puc. 17).
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Bicrasnasioun rpadiku QyHKINH Ha pucyHkax 16 1 17 i BpaxoByoun
yMOBY (*) micranemo rpadik dyukmii y=[2x-5| (puc. 18).

r) y=[2x+5|
Beememo momomikHy (yHKIiI y, =2x+5 1 nmobyayemo ii rpadik
(puc. 19).
3a 03HAUEHHAM MOMYJSA UMCIA, MAEMO:
2x+5, akmio 2x+ 520,

|2 +5|=
—(2x+5), Ao 2x +5 <0.

3a gomomoroio pucyHka 19 BcraHoBIIoeMO, 10 2x+520, Ao
x2-2,5; 2x+5<0, armo x <-2,5.
To6To
Yo» AKINO X 22,5, 2x+ 5, axImo x >-2.,5,
S i
y —(2x+ 5), ARIO X <—2,5.

(*)

—Yo» AKIMO X < — 25

NI /S 7/ W
IREL/ SRR NENMEEE
G fol= AR5 SRS L LE N
SR A S N S S N D
0 T 3 Lol N =S
2 O e N I L AU - .
Puc. 19 Puec. 20 Puc. 21

BBegemo 1mie ogHy gomoMizkHy QyHKLi y, =—2x—51 nobyayemo ii
rpadix (puc. 20).

3icraBasioun rpadiku QpyHKIiH Ha pucyHkax 18 i 19 Ta BpaxoByio-
un yMoBY (¥), micTaHeMo rpadik GyHKII y=|2x+ 5| (puc. 21).
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3apnannd. [lo6yayiite rpadik GyHKIIT y=|2x| i mopiBHAlTE 3 HUM

rpadirm GyHKIiH y=[2x—-5|i y=|2x+5]| (pue. 18 i 21).

3aBIaHHA AJd CAMOCTIiifHOTO PO3B’A3yBaHHSA
2.22. TloGynayiiTe rpadgik QpyHKILII:

a) y=2x; 6) y=2x-3;

B) y=—-2x+3; T) y=%x;

) y=%x—3; e) y=—%x+3.
2.23. IloGyxayiiTe rpadgik PyHKILII:

a) y=[2x} 6) y=2x-3|;

B) y=[2x+3|.

IMopiBusafiTe rpadgiku 1Mux (QyHKILIH i 3po6iTh BUCHOBOK.

2.24. TloGyxayiiTe rpadgik PyHKILII:

1 1
a) y=|—x; 6) y=|—x-3|;
)y L )y 5
1
B) y=|=x+3|
)y 5

IMopiBusafiTe rpagiky Mux (QyHKILiH i 3po6iTh BUCHOBOK.

2.25. TloGyxayiiTe rpadgik PpyHKILII:

a) y=|c+3; 6) y=|x-3};

B) y=—|x+3| r) y=—|x-3|;
n) y=—[3x-5}; e) y=—[3x+5|;
x) y=—[5-x]; 8) y=—|p+x].

2.26. IToGyxayiiTe rpadgik PpyHKILII:

a) y=[3x-5|; 6) y=[3x+5|;
B) y=‘4—%x; P)y=4+%x;
) y=—[3x—5; e) y=—PRx+5;
) y=—‘4—%x{; 3) y=—4+%x.
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PoboTa aaa camonepeBipku

Bapianr 1 ‘ BapianT 2
ITo6yayiiTe rpadir GyHRIIL:
a)y:|x—4|; a)y:|x—5|;
6) y =4+ xl; 6) y =5+
B) y =5~ xf; B) y =|-4-2x];
T) y=|4—2x|; T) y=|6—2x|;
n) y =4+ 2x) n) y =6+ 2x];
e)y:‘5—éx e)y:‘4—éx

2. MoGypnoea rpacdikis GpyHKUiit BUAY y =|ax +b|+|cx +d|
Posrasaemo anroputm nobymoBu rpadikis pyHKIIH Takoro BUAY Ha
TIpUKJIAgaX.

Ipuxaagu. [TobyaysaTu rpadgik QyHKILI:
a) y=|x+3|+|x-2|
Poszé’asanna

1) Beegemo momomiskni dymkmii y, =|x+3| ra y, =|x—2| i mobyayemo
ixHi rpadgiku Ha oxHIN KoOpAMHATHIN naoniuHi (puc. 22).

T e
M L e =]
y=lxrdS T AEN T
s e e -
N . PO * 4 .
0 O L0 0 S 2
Puc. 22

2) HazBeMO TOUKH, B AKUX AOIMOMIiXKHI (PYHKIIiI ZOPiBHIOIOTH HYJIIO,
KOHTPOJIBHUMH.
y, =0, akmo x =-3; y, =0, akmo x =2. CkIageMo TabINII0 3HAUeHb
(pyHELIA Y, , Y,, Y Y KOHTPOJBHUX TOUKAX.

Tabruys 1
X Y, Y, Y=Y + Y
-3 0 5 -5

2 5 0 5
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3) KouTposibHi Touku po3buBaioTh 006JacTh BU3HAUeHHS PYHKILI Ha
Tpu npoMixkku. PosriasHeMo noBefiHKY QYyHKIIN Yy, , Y,, Y=Y, + Y,
Ha KOJKHOMY 3 HUX.

Skmo x £-3, To PyHKIIA Y, =|x+3| =—x—3 cnagae (IMBUAKICTL cHa-
JaHHA AopiBHIOE 1), GYHKNIA Y, = |x—2| =2 —x TaKOK cHAJac 3 TAKOIO K
mBugkicrio. lIIBugkicTe cnagaHHA QyHKLIL y=y, +y, =—2x—1 gopis-
HIoe 2. OTke, rpadikoMm ¢yHKOI y=y, +y, € NPOMiHb 3 IOYATKOM
y roumi (-3;0).

Srmo -3 <x <2, To QyHKNIA Y, =|x+3 = x+3 spocTae 3 MocTiitHoIO
MIBUAKICTIO, IO JOPiBHIOE 1, QyHKIIA Y, = x—2| =2 —x coagae 31 IIIBUJ-
kicrio 1. Omke, dyHKIOIA Yy =y, + Yy, He 3pocTae i He cuajae, a HabyBae
TmocTifiHoOTO 3HAUEHHHA, IO AOPiBHIOE 5.

Srmo x 22, To pyHKOiA Yy, 3pocTac (IUBHAKICTH JopiBHIOE 1), y, Ta-
ko spocrae. Orske, QyHKLIA y=y, +y, Ha IbOMY IPOMiKKY 3pPOCTaE
3 TOCTiliHOIO MIBHAKICTIO, 1110 ZopiBHIOE 2. Ilpu x >2 rpadikoM pyHKITI
Y=y, +y, € IPOMIHE 3 mouaTKOM y Toumi (2;0).

4) Ons mobymoBu rpadika dyHKOil y =y, + Y, Ipu x £-31 x 22 (Bigmo-
BiIHUX IIPOMEeHiB) BisbMeMO M0 OAHIl TOUIIi 3 KOKHOTO 3 ITUX iHTep-
BaniB. Hexaii 1ie 6yayTh TOUKH x =—41 x =3 (HasBeMo Taki TOUKH T0-
JatrkouMu). CriaageMo TabanII0 TOJATKOBUX 3HaUeHb (BDYHKIIL y:

Tabruysa 2
x y=4+t4
-4 7
3 7

5) IloGyayemo rpadik GyHRIL y=|x+3|+|x-2| (puc. 23).

S el

AN

L\L 1 R 47 A

R\ N YA

TR T

TR

| = g
y =+ 2 b=l
el LTI LT

N LN T

IR I
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Bucnopok. I'padik QyHrmii BuAY y=|ox+b|+|cx +d| — mamana.
6) y=[2x—3|+|x—4.
Posé’asanna

1) Beegemo pomomizkmi dymkmii y, =[2x—3| ra y, =|x—4| i mobyayemo
ixHi rpadiky Ha ofHIN KoopAMHATHIN NaoNINHI (Ha pucyrnry 24 ui
rpadiku 306paskeHo MYHKTUPOM).

NN T T
NN
NN LA L
i Ay [ A
BEREEY: e AW A L o
A N
LML N
10 15 4B &
Puc. 24

2) y, =0, akmo x=1,5;
Y, =0, AKII0 x =4 — KOHTPOJIbHI TOUKH.
CruaamemMo TabaUINIO 3HAUeHb (PYHKIII B KOHTPOJLHUX TOUKAX.

Tabruys 1
x Y, Y, Y=Y + Y
1,5 0 2,5 2,5
4 5 0 5

3) Bubepemo gomaTkoBi Touku: x =01 x =5. CraagemMo TabauIfio foaaT-
KOBUX BHaUYeHb QYHKILIT y.

Tabruuysa 2

Y=y +y
74
8

4) 3a rapumu Tabauisb 11i 2 i 3 ypaxyBaHHAM TOTO, 1110 rpadik PyHKIiL
y=[2x-3|+|x—4|— namana, 6ysyemo rpacik wiei hyHRUii (puc. 24).
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3ayeéasncenna. 3aMicTh Tabaunb 1 i 2 MoyKHa CKJIACTH OHY Tabau-
1[0, 3a JOTIOMOTOI0 AKOi MOXKHA 3HAXOAUTH 3HaueHHSA (PYHKIL i B KoH-

TPONLHUX, i B JOJATKOBUX TOUKAX.

x—2|.

1
2

|x+4|+

B) y

Posé’azanna

(ixHi rpagiku Ha pu-

x-2

1
2

Ta Yy, =

|+4]

1) HomomiskHi pyHKLI: y,

CyHKY 25 300pakeHO TYHKTHUPOM).

4.
5.

4) Tabauiis 3HaueHb QYHKIINA Y KOHTPOJbLHUX Ta JOAATKOBUX TOUKAX:

2) KouTposbHi Touku: x=—4; x

3) HomarkoBi Toukm: x=-51i x

Y=y +y
5,5

9,5

Yo

4,5

0,5

Y

Ha pucyHKY 25 zobparkeHuii cy-

135—2
2

e +4|+

5) I'padir pyrKIii y

IiJBHOIO JIiHi€TO0.
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|
=
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Jr\L.\\L,\\\r\\L\\L\\\r\\L\\\r—_rL,\\L,\\\:xL,.\
. I )
! !
R s i i
AN
I I
N
I
I
|
i i Ei Al R
\ L
I
SUCIIOR S YRR, 0 A PP
i
T =
L1 A [N SN S
I I I I I I
I I I v I I
S R O I . OO . W . 1
I I _ I I I I
EIEEES. 0,
I I I I I I
o] -l oo L
I I I I I I
T e LA
I I I I 1 l} I I } I I
T “ﬁ“«m‘¢“‘ﬁ‘“4o‘4“‘ e
EIUBANETEF ST O T U S D
o R 2N !
A IR \L\\\f\\L\\A\\\#\\\\\\T\\F\\L\\\ S S
AT T T !
A A
~f
+
kS
I
=

Puc. 25



52 Martepiann 451s aky/ibTaTUBHNX 3aHATb, CHELKYPCIB, rypTkiB. Matematvika 5-7

T) y=|x+2|+|x—2|+|4—x|.
Posé’asanna
1) Domomiskni QyHRmii: y, =|x+2|, y, =|x-2
2) KoutposbHi Touku: x =—2; x=2; x=4.
3) HomaTkoBi Touku: x=—3; x=>5.
4) Tabauiis 3HaueHb QYHKIINA Y KOHTPOJbLHUX Ta JOTATKOBUX TOUKAX:

, ¥, =4—2.

x Y Ys Ys Y=4+4%+y;
-3 1 5 7 13
-2 0 4 6 10

4 0 2

6 2 0

7 3 1 11

5) Tpadir QyHRIL y =[x +2|+|x—2|+ 4] (puc. 26).

s S A
I I I I I I I I I I I I
A E s Ry A e A R A A B B
} I I I I I } I I I I I
N N T NN N N N N
I I
| |
S I A AN PR A N (N I S SN N
| |
IO N S 1 TN S-S
T e I A N A A
S R M R R U A A R ._’;
Pl =8-210 1 121 4Bl
Puc. 26

3aBIaHHA AJd cCaMOCTiiiHOTO po3B’d3yBaHHA
2.27. Ilob6ynyiiTe rpadik PpyHKITII:
a) y=|c+2|+[x-2

: 6) y=|x+3+|x—4

bd

B) y=|—x+2|+|3—x|; r) y=|x|+|5—x|.
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2.28. TToGyxmyiiTe rpadgik QyHKILII:
a) y=|2—x|+|3x|; 6) y=|x+3|+|2x—5

ks

B) y=|x+1|+|3x—2

: ) y=|x|+|5—2x|.
2.29. Ilo6yxayiiTe rpadgik QyHKILII:

a)y=|2—x|+‘%x‘; 6)y=|x+3|+%x—1;
1 1
B) y=|x+1|+2-=x|; 1) y=|o+[-1-—x|.
3 2
Pob6oTa a4 camonepeBipku
BapianT 1 ‘ BapianTt 2
ITo6yayiiTe rpadik GyHRIIi:
a)y:|x+4|+|x—4|; a)y:|x—2|+|x+2|;
6) y =[2x+3|+|x-2; 6) y =|x+2|+|2x-3|;
9=l ]2 B y=|trst|+e-1]
r)*y=|x+2|+|x|+|x—1| r)*y=|x—2|+|x|+|x+1|

3. MoGynosa rpacdikis GpyHKUil BUAY y =|ax + b|—|cx +d|
IoGyxoBa rpadika GyHKii BUAY y = |ax +b|—|cx +d| Moske GyTu sBe-
IeHa mo moGymoBu rpadika QyHKII y=|ax+b|+(—|cx+d|).

Ipuxaaau. IlobyaysaTu rpagik QyHKILI:
a) y=|x+3—|x-4|
Poszé’asanna

1) Domomiskui dpyrKmii: y, =|x+3|ray, =—|x—4|(ix rpadikn Ha pucyH-
Ky 27 300pakeHO MYHKTHUPOM).

2) KoHTpoabHi Touku: x =—3, x =4.

3) BubepeMo momaTKoOBi Touku: x=—4, x=>5.

4) Tabaunsg 3HaueHb PYHKIIN B KOHTPOJILHUX Ta TOTATKOBUX TOUKAX:

x Y Y Yy=v +,
-4 1 -8 -7
-3 0 -7 -7

7 0

8 -1
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5) I'padix GyHRIIL y =|x +3|—|x—4| Ha pucyHKRY 27 306parkeHO CYIIiTb-
HOIO JIiHi€lo.

y =le+3 N
R
bbb NMim=—le-d
7\ I I I I I 77\777 \7;-7 777\777%777\777 \7777\777\777 \777\7
T it o e e e S i e R e N A
Puc. 27

6) y= |2x—3|—|x+ 1|.
Posé’azanna

1) Domomiskmi pymkmii: y, =[2x—3|ray, =-{x+1|(ix rpadixu na pucyn-
Ky 28 300paskeHi TyHKTHPOM).

2) KouTpoasHi Touku: x =15 x=-1.

3) HomaTkoBi Tourmu: x=-2, x=2.

4) Tabaunis 3HaueHb QYHKIINA Y KOHTPOJbLHUX Ta JOTATKOBUX TOUKAX:

x Y Y Y=+
-2 7 -1 6

-1 5 0 5
1,5 0 -2,5 -2,5

2 1 -3 -2

5) I'padix pyukmii y = |2 —3 —|x+ 1| na pucynky 28 s06paskeHo cymis-

HOIO JIiHi€I0.
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—|x+2|+|x—1|.

B) y

Posé’azanna

=|x—1|(ix rpadirn na pucyn-

—|x+2|ray,

1) HomomiskHi PyHKIII: ¥y,

Ky 29 300paskeHi TYHKTUPOM).

—

|

kS

+
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=

Puc. 29

2) KourposbHi Touku: x=-21i x=1.

3) HomarkoBi Toukn: x=-31i x=2.
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4) Tabaunis 3HaueHb QYHKIINA Y KOHTPOJbLHUX Ta JOTATKOBUX TOUKAX:

x % Y% Y=v+y
5 —1 4 3
-2 0 3 3

1 -3 0 -3

2 —4 1 -3

5) padix GyHERii y=—|x+2|+|x-1| ma pucynry 29 soGpaseno cy-
IiJBHOIO JiHicIo.

r)y= —|c—4].

1x—l
2

Posé’azanna

1) HomomixkHi QyHENii: ¥, =

1
5x—]{ Ta y, =—|x—4|.

2) KoHTposabHi Touku: x =21 x=4.
3) HomarkoBi Tourku: x=01i x=6.
4) Tabauiisg 3HaueHb QYHKIINA Y KOHTPOJbBHUX Ta JOAATKOBUX TOUKAX:

x % Yo Y=+
0 1 4 -3

2 0 -2 -2

4 1 0

6 2 -2 0
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5) 'padir pyHEIII y=

%x—l‘—|x—4| Ha pucynky 30 300pakeHO Cy-

IiJgBHOIO JIiHi€TO.
0 y=fe+ 4|2}

Posé’azanna

1) Domomiskni QyHRIi: y, =|c+4]|, y, =—|«], y, =—|x-2]
2) KourposabHi Touknu: x=-4, x=0, x=2.
3) HomarkoBi Touku: x=-51 x=3.

4) Tabauiis 3HaueHb QYHKIINA Y KOHTPOJbLHUX Ta JOAATKOBUX TOUKAX:

x Y Yo Ys Y=t +y;
-5 1 -5 -7 -11
-4 0 -4 -6 -10
0 4 0 -2
6 -2 0
3 7 -3 ~1

724 e L 0 A
e
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3aBIaHHA AJ9 CAMOCTIHHHOTO PO3B’A3yBaHHSA

2.30. IlobyayiiTe rpadgik PpyHKITII:

a) y=|c+3|-|x-2

bd

B) y=|x+2|-|x-3

b

2.31. IlobynyiiTe rpadgik pyHKITII:

a) y=[2x—5|-|x+1

>

B) y=[2x+5|-|x-1;

2.32. TlobynyiiTe rpadgik pyHKITII:

b

a)y= %x—Z —|e+2

>

B) y= %x+2 —|e—2

2.33. TlobyayiiTe rpadgik PyHKITII:

>

a)y= %x—Z -|ex-3

B) y= %x—Z -l2x+3|;
1

) y=[57+2 —|2x+3);
1

m)y=§x+2—px—a;

2.34. TlobyayiiTe rpadgik PpyHKITII:

a) y=|c+3|-|x+1|-|x-2f;
B) y=[2x—5|-|x+1|—|x-1

b

Pob6oTa 114 camonepeBipku

6) y=|x—2|+|x+3

3

r) y=|x-3|-|]x+2|

6) y=|x+1|-2x-5;
r) y=|x-1|-2x+5|

6) y=|x+2|—%x—2 :
1
r) y=|x—2|—§x+2 .

6) y=2x-3|- %x—Z

r) y=|2x+3|—%x—2

e) y=|2x+3|—%x+2 ;

3) y=|2x—3|— %x+2 ;

6) y=|x+3|+|x+1—|x-2

3

1) y=[2x+5[+|x+1|—|x-1|

Bapianr 1

BapianT 2

ITo6yayiiTe rpadir GyHRIIL:

a) y=|x+4|—|x—4|;
6) y =[2x+3|-|x-2;

1x—l

B)y=|x+1|— 5

’

r)* y =|ac+2 x| -[x-1|

a) y=|x—4|—|x+4|;
6) y =|x+2/—[2x+3];

—|x—1|;

1x+1
2

B)y=

r)* y =l + 1] - -Jx-2|
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§ 3. TPA®IYHUN CNOCIB PO3B’A3YBAHHSA
PIBHAHb

1. PosB’a3yBaHHA piBHSAHb BUAY |ax +b|=c, |ax + b|=cx +d

Posp’sisaru rpadiuno piBHAHHA |ax +b|=c abo |ax+b|=cx+d — me
Oo3Hauae 3HAWTH abCIiich TOUOK IepeTHHY rpadikiB QyHKIIR y=|ax+b|
Ta y=c abo y =cx+d. I'pacdiunnii crioci6é po3B’aA3yBaHHA PiBHAH J0OCTAT-
HbO HAOUHUI, BiH M03BOJIsAe 3HANTHM KOpeHi pPiBHAHHA, BKa3aTH ix
KinpKicTs.

Ipuxaaau. Po3p’d3aTu piBHAHHS:

a) |x—2|=3.

Poszé’asanna

3HaiigemMo abciiucH TOUOK TepeTuHy rpadikiB QyHKITil y=|x—2| Ta
y=3 (puc. 32).

Bidnosidv. —1; 5.

6) |2x+5| =3.
Poszé’asanna
3HalieMo abcliyicu TOUOK IepeTuHY I'padikiB GyHRIIHN y= |2x+ 5| Ta
y=3 (puc. 33).
| Y e
F\\HF“yF 5]
| | 3! | | =3
L qfen |k
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B) |2x—5|=0,5x+2,5.
Posé’azanna

3HaiifeMo abclyicu TOUOK MepeTHHY rpadikis GpyHKIiH y =|2x—5| Ta
y=0,5x+2,5 (puc. 34).

Bidnosids. 1; 5.
r) 2x—5|=-2x+7.
Posé’azanna

3HaiifeMo abcIiicu TOUOK NepeTuHy rpadikiB GyHKIiHN y = |2x—5| Ta
y=—2x+7 (puc. 35).

Zy=|2x-5|

Puc. 35

I'padirku pyHKIIH y=|2x—5| Ta y=—2x+7 MepeTUHAIOTHCA B OTHIH
TOUIli, OT:Ke PiBHAHHA |2x—5| =—-2x+7 Mae oIUH KOpiHb: x =3.

Bidnosidv. 3.

1) [2x—5|=-2x+3.

Pozé’azanns

3HaiifeMo abclyicu TOUOK NepeTHHy rpadikis GpyHKIiH y =|2x—5| Ta
y=-2x+3 (puc. 36).
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I'padirkn pyHKRIIH y=|2x—5| Ta y=-2x+3 He IepeTHHaroTbcA. Ile
Oo3Hauae, 110 PiBHAHHA |2x—5| =-2x+3 KOpeHiB He Mae.

Bionosidv. KopeHiB HeMae.

2. Po3B’AI3yBaHHS PiBHAHbL BUAY |x —a|t|x -b|=c

Ipuxaaau. Po3p’d3aTu piBHAHHSA:

a) |+ 2|+|x—4|=8.

Poszé’asanna

BHaiiieMo a6CIUCH TOYOK IepeTHHy rpadikis GyHKIj y =[x+ 2|+ |x —4|
Ta y=8 (puc. 37).

N T
SNy
TN el T
i yi=|x+2+|x-4]
i ; i
-3 -2 01 4 51
L B
Puc. 37

Bidnosidv. —3; 5.

6) |x+2|+|x—4|=6.

Poszé’asanna

BHaiiieMo a6CIUCH TOYOK ITepeTHHy Ipadikis QyHKIj y = |x+ 2|+ |x —4|
Ta y=6 (puc. 38).
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Mu Sauumo, 1o npu —2 < x <4 rpadiku 1ux GyHKIiH ciBIagaoTh.
Ile osHauae, o PiBHAHHS |x+2|+|x—4|=6 Mae Geaxiu KopeHis.

T B 5 T T
N s y=|e+2|+|x-4]
N
y=6
. e ,1,,,, N I S
BRI W A A O O - N .4
Puc. 38

Bidnosiov. [-2;4].

B) |x+2|+|x—4

Posé’azanna

=2.

SHatifeMo abCcICh TOUOK MepeTHHy I'padikiB MyHKIIN y= |x+ 2| + |x —4|

Ta y =2 (puc. 39).

y V.
y=x+2[+]|x-4]
— [ -
|
I
_ __ L
I
|
_ L
I
|
- fosrie_ L E
I
|
- 777T7717771’77T777\777‘T7
| | | | | |
:
Pt ty=2
oo
| | | | | |
— G R RS B LS S S e
| | | | | |
N S N
01 | 4 x
-
Puc. 39

Tpadirn QysRif y=|c+2|+|x—4| ra y=2 He MaKOTH CILIBPHUX TO-

90K, OTXKe, PiBHAHHA |x+2|+|x—4|=2 Kopenis He Mac.

Bidnosidv. KopeHiB HeMae.
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Ilpukaagu piBHAHB, AKI MaioTh 0e3JiU KOpeHiB:

a) |e—1|—|x+2|

=-3

6) |x—1|—|xc+2]

=§i

Jx+2

"

R

X

|

3

d___L

—3

B e e o St

3

J‘Lt’+ 2|

|

"

| s

—— -
|

X

|

v

S I P SR

AL

Y

Posp’azaHHd X PiBHSAHL IIOKa3aHo Ha pucyHry 40.

B et T O at ot

0)

a)

Puc. 40

Bionosidv. [1;+ ).

Bionogide. (—w; -2].

=4

6) |x—1|—|xc+2]

5;

Ilpukaagu piBHAHD, sAKi He MalOTh KOpPeHiB:

a) |e—1|—|x+2|

|

|

|
———1-

|

|
e s

+2|

X

I

I

I,

[}

|

o
xrl-

L

i
|
I
I
|
|

S e e
J

Posp’a3aHHA IUX piBHAHB IIOKa3aHO Ha pucyrkry 41.

0)

a)

Puc. 41

1

Bionosidv. KopeHiB HeMae.

TlpuKIaj piBHAHHA, fKe Mae OZMH KOpiHb: |x—1|—|x+2)
Pozp’a3aHHA IIbOT0 PiBHAHHSA MOKAa3aHO Ha pucyHky 42.

Bionosidv. KopeniB HeMae.
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S X T e
e

I I I I I I I I I I
SN TR NN N > 1 N S N SO IO O
| 1 I 1 | 1
I I I I i I I I I i
N
1 —
=2 -=1\|0 1 o
VTN T T
I I I I I I I I I
PR SURFRTIN PPN SV S 5 NP .
A \\y=ﬁ—ﬂ—ﬁ+ﬂ
I A e | S R A
S AU S o NS S S N T S T
I I I I il I I I I il
Puc. 42

Bionosids. —1.

3aBIaHHA AJ9 CAMOCTIiifHOTO PO3B’A3yBaHHSA

Po3B’sa:KkiTh piBHAHHA, BUKOPUCTOBYIOUHN rpadiunnii crocid:

2.35. a) |[x-1|=7;
B) [x—0,5|=45;

) [x—4|=-5;
2.36. a) 2x-3|=5;
B) 2x-3|=-5.
2.37. a) 1x—l‘ =2
2
B) 1ac+1 =-1.
2
1
2.38. a) —x—l‘ =x-2;
2
B) 1x—l‘ =1x—1;
2 2

2.39. a) |x+2|+|x-1| =5

B) [x+2|+|x-1|=1;
2.40. a) |x+2|-|x-1|=5;

B) [x+2|-|x-1|=-3;

1) | +2|—|x-1|=1;
2.41. a) |x—4|+|x|-|x+4=0;

B) |x—4|+|x|—|x+4|=—2;

6) |2+ x| =5;
r) |x-3|=0;
e) [p—x=1
6) |2x+3|=5;

0) =3

1x+1
2

1

—x-1 1
2

6) %

e
%x—l‘

6) |x+2|+|x-1|=3;

r) | +2|+|x 1| =0.

6) |x+2|-|x-1|=3;

r) |c+2|-|x-1|=-4

e) |x+2|—|x-1|=0.

6) |x—4|+|x|—|x+4 =6;
) |x—4|+|x|—|x+4|=—4.

1
=——x.
2

r)
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PobGoTa aaa camonepeBipKu

) |x+3|+|x+1|=6;
) |x+3|—|x—3|=6;
e)* |x+1|+|x|+|x—1|=0

Bapianr 1 BapianTt 2
Posp’saxiTh rpadiuno piBHAHHA:
a) |x+4| =6 a)|x—4|=6;
6) [2x -5 =7; 6) [2x + 5 =7;
1 1
B)[-x—-1l=x-2; B)-x+1=x+2;
2 2

) |x—1|+|x—3|=6;
z) |z =8| ~|x +3 = -6;
e)* |x+2|+|x|+|x—2|=0

KouTpoanHna po6ora 3 Temu «IloGynoBa rpagikie pyukiiii,

O MiCTATH MOAYdi»
Bapianm 1

1. ITo6yxayiiTe rpadik QpyHKILII:
a) y=[3x—6

3

b

B) y=[2x+1|+[2x-1

2. Po3B’siokiTh rpadiuHo piBHAHHA:

a) px—3|=8;
B) [x—2|=[1-x
1) |c—3|+|x+2| =5
K |x]—|c—2| =4-
Bapianm 2

1. Ilo6yxmyiiTe rpadik PyHKIIII:

>

x+2|.

a) y=[2x+4f;

B) y=[3x+6|+[3x—6

]

6) y=—}-x
T)y= %x—l —%x+1.
6) Rx—4|=x+1;

r) |x—3|+|x+2|=6;
e) |x—3|+|x+2|=1;

2. PosB’siokiTh rpadiuHo piBHAHHA:

a) fx—1| =5

B) |x+3|=|x+1];
n) |xc+3|+|x-2|=4;

HY* |oc+3|—|x—3|=6—|«].

6) y=—[3-x}
T) y=éx+1 —éx—l‘.
6) 2x+4|=1-x;

r) |+ 3|+|x—2| =5
e) |x+3|+|x-2|=86;
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§ 4. ®YHKUITy =[x] TAy ={x}

1. Uina i ppo6oBa yacTuHa Yyncna

KoxxHe mpo6oBe UmMCIIO MOKHA IMOAATH YV BUIVIANL CYMH ABOX HOJAH-
KiB, OIMH i3 AKUX — Iijle YU CJIO, a APYTUil — HeBix eMHUI NMpaBUIbHIH
Ipi6, ToOTO AJA KOXKHOTO ApobGOBOTO UMCJa MOMKHA BKazaTH HoTo Iy
i Ipo6oBY YaCTHUHY.

Hamnpurnaan, aiasa uyucaa 5,605 uuciao 5 € 11iJ1010 YaCTHHOIO, a YHCI0
0,605 — npo6oBoOI0 YaCTHHOIO. 3aIUCYIOTh ITe TaK:

[5,605]: 5, {5,60 5} =0,605.
Yuciao 5,605 sHaxoauThesd Misk uneaaMu 5 i 6, AKi € HAaHOIMKIN MU
mimMu uucjaaMu go 5,605. 5<5,605<6.

Kpim Toro, unciao 5 — Halibau:Kue Iijie YUCIO0, AKe He IePeBUIITYE
yuicio 5,605, 3azgaunmo, 1o {5,605}=5,605—5=0,605.

OsHauenna. linoo yvacTuHOIO UKcia a (Io3HAUeHHA [a]) HaROIMIR-

Ye [0 @ Iijle UHCJIO, AKe He IIePeBUIIYE a.
Ipuraagn:

1)[7,31]=7, ockinbkm 7<7,31<S8;

2) [0,51]=0, ockinpxrm 0 <0,561<1;

3) [-5:31]=-6, ockinbku —6 <—531 <5 (puc. 43).

y=

OsHauenna. [Ipob6oBOIO YACTHHOIO UKca @ (I03HAUeHHSA {a}) Hazu-
BaeThCA Pi3HUIA MisK caMHUM UYHCJIOM a i #ioro Iijioo 4acTHHOIO:
{a}=a-[a]
Ipurmaan:

1) {7,31}:7,31—7 =0,31;

2) {0,51}=0,51-0=0,51;

3) {531} =-531-(-6)=0,69;

4) {5} =5-5=0.
I3 ozHauenHs MPoGOBOI YaCTMHU YWCJIAa BUILTUBAE ii BIACTUBICTE:

0<{a}<1
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3aBIaHHA AJd CAMOCTiHHHOTO PO3B’A3yBaHHSA
2.42. YraxiTh 1miay it Apo6oBy YacTHUHHU YHCJIA:

a) 1,571; 6) 10,25;
B) 0,051; )7,
) —7; e) —8,35;
xx) —10,001; 3) —0,05.
2.43. 3HaligiTh 3HAUEeHHS BUPAa3y Ta BKaKiTh ioro 11y i po6oBy uac-
TUHUA:
a) 3-1,7-2; 6) -3-2,3+2;
B) 3,7-2,1+3,5; T) (—2,4)-(—5,5) +10;

) (-1,7)-(-34)-53.

2. dyHKuia y =[x]Ta pedkiiiBnacTuBocTi

ITina yacTuHa 4Ymcaa BuU3HAUeHa AJIS BCiX 4dmcel, OCKiAbKH OYIb-
AKOMY UHCJIY MOJKHA IIOCTABUTH Y BiATIOBi IHiCTE ioro 1iay yacTuny. Ta-
KUM YUHOM, Y = [x] — (YHKIIis, 06JIacTIO BUSHAUEHHSA KO € BCi umena:
D( [x]) =(—oo; + oo).

Posrianemo sHaueHHsT QYHKINL y = [x] I KOHKPETHUX 3HAUEHD ap-
TYMEHTY.

3a 03HAUYEeHHAM ITiJI0l YACTHHHU UMCTIA:

armio 0 <x <1, 1o [x]=0;

armo 1<x <2, 1o [x]=11 rak gami.

Axmo -1<x <0, 1o [x]=-1;

armo -2 <x <-1, 10 [x]=-2 i Tak gami.

Y zaraabHOMY BUIJIALI, MaeMo: AKIMo m <x <m+1, To [x]:m, Ie
m — 1ine uncao. OTxe, o6JacTh 3HAUEHbL (PYHKITiL y=[x] € Bei mismi
yueia.

BpaxoBytoun 11i BimomocTi mo-

6ysyemo rpadik dyHRmi y=[x] e e R
(ue. 42 e
Ipuxaaam. ITo6ymyBaTu f’ﬁ”f"""*‘_‘?"f"r
rpadik QPyHKRIi: 3-2-190 112 3K
L el
Poszé’szannsa o T ERRE SRR

OpauHara KOMKHOI i3 TOUOK
rpadixa dymrmii y=2[x] Basiui Puc. 44
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OinbIlla 3a BiAIOBIZHY opauHaTy Tpadika GyHKIII y=[x] I'padir
dyHrii y =2[x] so6paxkennii Ha pucynry 45.

e St I e
IR I A U
I T S
L T
34241100 1112 '3 Ix ~g—2-1 o 112 I8 =
T T TR T
ot
- e

Puc. 45 Puc. 46

6) y=2[x]-1.

Posé’azanna

OpauHara KoKHOI ToukM rpadika (PyHKITIL y=2[x]—1 Ha OJUHHUITIO
MeHINIa 3a BiANOBIAHY oOpAMHATY TOUYKH Tpadika (PYHKIIIL y=2[x].
I'padir Gysrmii y=2[x]-1 sobpaskennii Ha pucynry 46.

3. dyHkuia y = {x} Ta il BnacTUBOCTI
JpoboBa yacTrHa Uucaa BU3HaAUeHa JAJIS BCiX UmMces, OCKIIbKHA KOMK-

HOMY YMCJIY MOYKHA IOCTABUTH Y BiAIIOBiAHICTL #oTo Ap0oBOBY UACTHHY.
TaxkuM YWHOM, Y = {x} — (yHRITid, 06JacTio BU3HAUEHHA AKOI € Bei unc-

sa: D( {x}) =(—0; + 0).

Axr 6ys0 sazHaueHo paHilile IJd Apo6oBoi YacTHHU OYAb-AKOTO UHC-
7, BUKOHyeThes HepiBHicTh: 0 < {x} <1
OTsxke, 061aCTh 3HAUEHD Iiel (PYHKILII: E( {x}) =[0;1).
Poarinanemo mie ogHY BIACTHBiCTh QYHKIIL Y= {x}
Hexaii aprymeHT x Ha0yBae TaKux 3HaueHn: 5,7; 4,7; 3,7; 2,7; 1,7;
0,7, -0,3; -1,3; —2,3; —3,3; —4,3.
O6uncanMo ApoGOBY UYACTHUHY KOMKHOTO 3 ITUX UHCeJI.
{57}=5,7-[5,7]=5,7-5=0,7;
{47} =47-[4,7]=47-4=07;

{1L7}=1,7-[1,7]=1,7-1=0,7;
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{0,7}=0,7-]0,7]=0,7-0=0,7;
{-0,3}=-0,3-[-03]=-0,3-(-1)=0,7;
{-1.3}=-1,3-[-13]=-13-(-2) =0,7;

{43} =-43- [—4,;]'= ~43—(~5)=0,7.

ITomiTuMmo, 1110 ApOGOBi YacCTUHM BCiX ITMX YKCeJ PiBHI.

MosxkHa 3po0HUTH BUCHOBOK, IO UHCAa, AKi BiIpisHAIOTHCA OofHe Bif
OTHOTO Ha ITiJle UHCJIO, MaloTh piBHI mApoboBi yactuHu. TobTO, AKIIO
X, —x, =m, e m — Iijle UUCJIO, TO

{x,}={x,} abo {x+m}={x}. (*)
I3 posrmsiHyTOrO BUIlle MPUKJIALY BUILINBAE, 10 HAWMeHIIIe JolaTHe
YHCJ0, IJd SIKOT0 IIPH BCiX X BUKOHYETHCS piBHicTE (¥), mopiBHioe 1.
KaxyTts, 1m0 sHaueHHS (QYHKII y={x} TIOBTOPIOIOTECA 3 Iepiogom
T=1.

OsHadeHHA nepioguaHol QyHKIIT

Axrmto pua pyHKIii y=f(x) icHye Take momaTHe umcio T, 110 I
BCix x i3 obJiacTi BusHauUeHHd Iiei QPyHKIII BUKOHYeThCA pPiBHICTH
f(x-T)=F(x+T)=7(x), To pyrknia y=[(x) HasmBaeTLCA mepio-
INYHOIO, a unciao T HasmBaeThed il mepiomoM.

Caim s3ayBasKHUTH, N0 B NPHUPOIi icHye 6araro MepioAMYHUX IPO-
IeciB: 3MiHa THA i HOUi, 3MiHa mip poRYy, pyX HebecHUX TiJa 3a opOUTAMHU
TOIIIO.

Y maTemaTuili GiMLIMiCTE IePiOAUUHUX TPOIECiB OMMCYETHCA 3a 0-
TIOMOTOI0 TPUTOHOMETPUUHUX (PYHKITIH.

IToBepraemoch M0 (PYHKITII y={x} Bona mepioguuHa 3 Iiepiogom
T =1. Tomy mocTaTHBO AOCTHIAWUTH ii MOBEMiHKY TiMBKM IJiA X i3 IIpo-
MIKKY [0; 1). Bimomo, 1110 TIpHu X € [0; 1) 1[ija YacTHUHA X JOpiBHIOE HYJIIO,
Tomy {x}=x.

TakuM YMHOM, MU [JiCTaldH MOBHe TOCTiMKeHHA PYHKII y= {x}

1) D(y) =(—oo; + oo). L
2) E(y) = [0; 1). *3“*43
L

3) dyuKIiga nOepioguyuHa, _ 1
T-1. S :
4) Ilpu x €[0;1) y=x. Tg,jg,iﬁ,g,ﬂ,,ﬁ,lﬁ,ff‘
ITobymyemo rpadik ¢pyH-
KIii y = {x} (puc. 47). Puc. 47
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IIpukaagu. Ilo6yaysatu rpadik pyHKITIi:

a) y=2{x}.

Posé’asanna

OpauHaTu BCix TOUOK rpadika (QyHKIIII y=2{x} BABiui GinbImmi 3a
BifOBiAHI opAuHaTH rpadika dyukmii y = {x}. [padix Gysrnii y=2{x}
300paskeHNUN Ha pucynry 48.

a YT VYY) =
3-2-10 1122 3« O . N O I
| | Puc 4‘8 | | | | i?]{(} 4é | |
6) y=2{x}-1.
Posé’asanna

OpauHara KoyKHOI TOUKH Ipadika QYHKIII y =2{x}—1 Ha OTUHUILIO
MeHIIIa 3a BiATIOBiAHY OpAMHATY TOUKH Ipadikra y =2{x}.
I'pagir pyHKIIi ¥y =2{x}—1 3o0paskeHnil Ha pucyHry 49.

3aBIaHHA AJ9 CAMOCTIiifHOTO PO3B’A3yBaHHSA

2.44. x=1, e n — HaTypajJbHe UHcjio. SHAUIITh [x]l {x}
n

2.45. x=l, Ke m — 1ine uncro. 3uaigirs [x]i {x}.
m

2.46. Po3B’AKiThH piBHAHHSA:
a) [x]=3; 6) {x}=0.2;

HERS o[-
o5 o[i]-

2.47. Po3B’s:KiThH cuCTeMY PiBHSAHD:
a) {[x]+ {u}=23, g {[x]+ {y}=23,
[y]+{x}=11 [y]+{x} =11
2.48. ToBediTh, 1110

a) [x+m]=[x]+m, ze m — uine unco;

x
6) {%l} =|:§i|, Ie n — HaTypajbHe YHCJO.
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Pob6oTa aaa camonepeBipKu

of5)e
1) [g] -1

Bapianr 1 BapianTt 2

1. 3uaigiTh niny #i Ipo6oBy YACTHMHU YUCIIA:
a) —7; a) —-11;
6) 99,9; 6) 101,99;
B) —51,33; B) —47,28;

1 1
) —32§ ) —3041
2. IlobynpyiiTe rpadik GyHKIiI:
a)y=[x]-2% a)y=[x]+1;
6) y={x}+1; 6) y = {x}-2;
B) y =3{x}-1; B) y =3{x}+1;
o =[] o1 oy 1
3. PosB’skiTh piBHAHHA:
a) [x]=-2 a) [x]=13;
6) {x} =0,1; 0) {x} =0,3;

o[}
) [g] -1

§ 5. NEPETBOPEHHS FPA®IKIB ®YHKLIN

I'padiku geaxux QyHKIIiH MoykHa OyAyBaTH, BUKOPHUCTOBYIOUH I'pa-
ix GyHKIII y= f(x) Poarimanemo criocobu mobyxoBu rpadikiB Jedrux

PYHKITIH.

1. No6ynoBa rpadika dyHkuil BUAY y =f(x)+ A
Mu BMmiemo O6yayBatu rpadik (pyHKITIL y=|x| (ma pucynkax 50-57

iforo 300paskeHo TyYHKTUPOM).

Posrasaemo cmocobu BUKOPHCTAHHSA IbOTo rpadika A mobyIoBU

rpadikiB AedKUX iHIUX PYHKITIN.

Ipuxaagu. IlobyaysaTu rpagik QyHKILI:

a) y=|«/+3.
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Posé’azanna

CrIafeMo TaG/IHIO BHAYEHb BYHKINH y=|x| i y=|x|+3.

X -3 -2 -1

1

2

—x|+3

6) y=|«|-2.

Posé’azanna

ITomiuaemo, 1110 opAMHATA KOYKHOIL
ToukH rpadika QyHRNii y=|x|+3 Ha 3
oAuMHUII 6iNbNIa 3a BiAMOBIAHY OpIu-
y =l HaTy TOUKH rpadika GYHRHII y=|x
Tomy rpadik GyHELI y=|x|+3 MoxH
3000yTH 3a JOTIOMOTOI0 MapaJelbHOTO
mepeHeceHHs1 rpadika QyHRi y=|x]
B3HOBK oci OY ma 3 oguHUI Bropy
(puc. 50).

CrIaeMo TaGIHIO BHAYEHb BDYHKINH y=|x| i y=|x|-2.

% -3 -2 -1 1 2
y=|x] 3 2 1 1
y=|x|-2 1 0 —1 -2 -1 0
ITomiuaemo, 110 opauHATA
KOKHOI TouKHU rpadika PyHKIIII
Y U A i

y=|x|—2 Ha 2 opuEuIi MeHmIa 3a
BiITIOBiIHY OpAUHATY TOUKH I'pa-
dira GyHKIII y=|x, TOMYy Ipa-
dix  Pysrmii y=|x|-2 mommna
3000yTH 3a [TOIOMOTOIO Iapa-
JIeTBHOTO TIepeHeceHHsT rpadika
dynrmii y=|x| BagoBx oci OY Ha
2 oguuuii BuU’3 (puc. 51).
BucHoBoK, AKHUI MOKHA 3pO-
OUTH, POIIVIAHYBIIH IIi NPUKJIA-
In, BimobpaskeHo B mabauui 1.
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Tabnruysa 1

y = 1(x) y=f(x)+4
A>0 A<0

Wy=f(x)+A 17
y=1(x)
(N / K

—~ | R

y=f(x)+4

7

)

ya

ALA

o |

IlapanenbHe mepeHe- IlapanenbHe TepeHe-
CeHHSA B3J0BXK oci OY CeHHS B3JOBXK oci OY
BrOpy BHU3

2. NoGynosa rpadika pyHKUITBUAY y =f(X +a)

Ipukaaau. IlobyaysaTu rpagik QyHKILII:

a) y=|x-2|.

Poszé’asanna

CKOpHCTAaEMOCEH Pe3yJIbTaTOM BUKO- L] | L
HaHHA 3aBAaHHA MoOyAoBU Tpadika
dysrmii y=|x-2| Bo6pasumo B oxmiii 7\3\”7‘7”
cucTeMi KoopAMHAT rpadikm PYHKIIE | N 1N
y=|x| ra y=|x-2| (puc. 52). 43”7377\% N\ Y =lxc-2|

ITomiuaemo, 1o rpadik QyHKILI
y =|x—2| mosxna sx06yTH 82 FOIOMOrOK0
HapajlelbHOTO IepeHeceHHsA rpadika
dyuruii y = |x| BagoBK 0Ci OX Ha 2 ofu-
HUIIi IpaBopyy.

6) y=|x+2|

| A Posé’asanns

/ KOHAHHSA 3aBAaHHs Mo0ya0BU rpadika

|
|
3\3 | / CropucTaeMoch pes3yJabTaTOM BH-
AN ]
|
|
|
|

2 Pysrmii y=|x+2|.

/| 1 3o06pasuMo B OfHii cucTeMi KoOp-
—2-1 o | | | x nuwHar rpadikm QyHEROE y=|x Ta
v A y=|x+2| (puc. 53).
Puc. 53
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ITomiuaemo, 110 rpadik GYHKII y= |x+2| MOKHAa 3400yTH 3a JOIIOMO-
TOI0 IIapajelIbHOTO IIepeHeceHHd rpadika pyHKITII y=|x| B3IOBXK oci OX
Ha 2 OAMHUIIL JiBOpYyU.

BucHoBOK, AKHWI MoOMKHa 3pOOUTH, PO3IVISHYBIIN IIi TPUKJIALHA,
BimobparkeHOo B mab.ruuyi 2.

Tabruuysa 2
y = (%) y=f(x+a)
a>0 a<0
y = \ y /
+ \ Py
= =
y=1() | = e
I \ /
EN =
P / P
‘ 0 x -a ‘0 x
ITapanenbue ITapanenbue
mepeHeceHHA B3JTOBXK mepeHeCeHHA B3TOBIK
oci OX niBopyu oci OX mpaBopydu

3. MoGynoea rpacdika $pyHkuiii Buay y =kf(x) (k >0)
Ipuxaagu. [To6yayBaTu rpadgik QyHKILI:

a) y=2|x.

Pos3é’azannsa

Cr.IaeMo TaG/IHIO BHAYEHD (DYHKIH y = |x| Ta y=2|].

x -3 -2 -1 0 1 2
y =« 3 2 1 0 1 2
y=2x| 6 4 2 0 2 4

ITomiuaemo, 1110 opAMHATA KOYKHOL
Toukn rpadika QyHKuii y=2|x| yasiui
GinbIma 3a OpAUHATY BiAIOBiTHOI TOUKHI
rpagira pyHRITII y=|x, TOMy Tpadik
dynrmii y=2|x| mosxna sxoGyTH 32 MK0-
TIOMOTOIO PORTATYBAHHS rpadika PyHK-
mii y=|x| Begomx oci OY yasiui
(puc. 54).
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6) y= %|x|

Pozé’sazanns
3a aHaJjorielo i3 mollepeAHIiM MPUKJAIOM, OpAUHATA KOKHOI TOUKH

rpadika QyHKINI y= 5|oc| yIBiui MeHIIIa 3a OpAWHATY BilTIOBiTHOI TOUKHT

rpadika QYHKI Yy =|x, TOMY g-h--1--+
rpadik GyHKII y=1|x| MOKHA ”g””;‘”‘;"};*y = |

2 s
3106yTH 3a HOTIOMOT0I0 CTHCKaHHS N gl Y= §|x|
rpadira GyHKii y =|x| B3KOBRK OCi C
OY yasidi (puc. 55). 2 10 2

BucHoBOK, AKUII MOYKHAa 3po- o

. Puc. 55
OUTH, POSTIITHYBIINN ITi TPUKJIAIH,
BimoOpaxkeHo B mabauyi 3.

Tabruys 3
y= f(x) y =kf(x)
k>1 O<k<1

y y
Nt N =

NGNS =

y = (%) \ /] I

= =

0 3 0 3 0 3

Posrarysanusa B3gosx | CTHUCKAHHA B3IOBMK Oci
oci OY B k pasis

OY B % pasiB

4. NoGypnoea rpacdika ¢yHKUITBUAY y =—F(X)
Ipuxaan. ITo6ygyBatu rpadik QyHK-
i y=—|.

LSRN/ S

> | | 13 | | |
Posé’asaunns AN L7 Lo
Jlerko moMiTuTH, 110 OpAWHATA KOMKHOL ,1451:‘161&1,1,,,,%4,,,3,,
TouKH rpadika QYHKI y=—|x| mpormres- L INz L
Ha M0 BiANOBiZHOI OpAMHATH TOUKM I'padika ,4:,1},2,,: ,,,,,, ‘ ,,4:,,,}9‘,
dynrmii y = x|, romy rpadix GpyHrmii y=—|x| R -
cuMerpuuHmil Tpadiky GyHEmii y=|x| Bix- L ylEAAN

HocHO oci OX (puc. 56). Puc. 56
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BucHoBOK, AKUIT MOKHA 3pOOHUTH, POSIVIAHYBINU TAaHUN TMPUKJIAL,
BimoGpaskeHo B mabauui 4.

Tabruuysa 4
y =1() y=—1(x)
y=1(x) V1=
A\
- \ -
‘ 0 x —a/ |0 x
y=-1(x)
CumeTtpis BigHocHO oci OX

5. 3acTocyBaHHA AeKiNbKOX NepeTBOpPeHb
no rpadika GyHkuiTy =f(x)
Mpuxaan. [loGyaysaru rpadik GyHKMi y=3—|x+2|.

Pozé’azanns
PosrinaremMo gomoMizkHI GQyHEOIT Yy, =|x, Y =|x+2, Yo =Y,
Y, =34y, Ta ixHi rpadgiku, 110 300paskeHi Ha pucyHry 57.
y
*FL T \/ T T
L/ e =l
12000
AT
* L
01\2 3 | x
e i
e .
N ETUNL L
Lo L INF =345

1) T'padir pyHKIii Yy, = |x+2| 3400yTO 3a JOIIOMOTO0 ITapaieIbHOTO Iie-
peHeceHHd rpadika pyHKIIT y=|x| B3IoBXK oci OX Ha 2 ogmHuIi
JiBopyY;
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2) rpadik QpyHROIl Y, = —|x+2| 3100yTO 3a TOTIOMOT'0I0 OCLOBOI cuMeTpii
BigHOCHO oci OX rpadika QyHrmii y, =|x+2|;

3) rpadik pyHKIII y =3—|x+2| 3100yTO 3a JOIIOMOTOIO ITapajieIbHOTO

IlepeHeceHHA Irpadika QyHKIII y,

HHUIIi BTOpY.

= —|x + 2| B310Bk oci OY ma 2 oxu-

3aBIaHHA AJdI CAMOCTIHHHOTO PO3B’A3yBaHHSA

2.49. TToGyxmyiiTe rpadgiku QyHKITIHA:

Da)y=x
B) y=x-3.
2)a)y=x;

B) y=éx.
3)a) y=2x-3;
B) y=%x+2;
4) a) y =|«]
B) y=3x-1|
5) a) y=|«|-3;
B) y=3x|-4;

b

%) y=—[+/-6.
6) a) y=[x+2];
B) y={x+0,5}
7 a) y=-x];
B) y=15[x];
8) a) y=0,5[x]+1;
B) y=2,5{x}—1;
9) a) y=[2[x]-1

B) Yy =|—0,5[x]+ ]l;

¥

6) y=x+3;

6) y=3x;

6) y=—2x-3;
1
Ny=——x-2.
)y 3

6) y=3|x

¥

6) y=|x|+5;
r) y=15x+2,5;

6) y=[x-2];

r) y={x-04}.
6) y=—{x};

r) y=3{x}.

6) y=3[x]-2;
r) y=—2{x}+3.
6) y =[2{x}-1;
r) y=|3{x}—4|

2.50. TTo6yayiiTe MHOKRUHY TOUOK HA KOODAMHATHIN TJIOIMMHI:

2 y=[{]
B) y=[x+1]-{x}

6) y={[=]};
0 [y]=[x]
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Pob6oTa aaa camonepeBipku

BapianT 1 ‘ BapianT 2
1. IlobynyiiTe rpadik GyHKOIL:
a)y=|x+1|-5; a)y=|xc-1]+5;
6) y =5-2x| 6) y =3-2x|
B) y =3[x]-2 B) y =3{x}-2;
Dy =pfx}-2| r) v =[3[x]-2|
2. Po3B’sokiTh piBHAHHA:
a)[x+1]=2; 8) [x-1]=3;
6) {x—0,5}=1 6) {x+0,5}=2

KonTpoabHa po6oTa 3 Temu «DyHknii y =[x]Ta y = {x}»

Bapianm 1
1. ITo6yayiiTe rpadik QpyHKILII:
a) y=2—|c-1

B) y= —%[x];
2. Po3B’sKiTH piBHAHHA:
a) 3[x+1]=2[x];

6) y=2{x}-2;

r) y=[x+1]-1.

6) 3{x+1}=2{x}.

3. PosB’smxiTh rpadiuno piBHAHES |x|=[x].
4.%* YraiTh yci 3HaUeHHsA MapaMeTpa a, IpU AKUX PiBHAHHA Mae Ko-

peHi:
a) [x+3]=a;
Bapianm 2
1. Ilo6yayiiTe rpadik PyHKIII:
a) y=3-|x+2
B) y=-2[x];
2. Po3B’sRiTH piBHAHHA:
a) 2[x—2]=3[x];

b

6) {x}=a-1.

6) y=3{x}+3;
r) y=[x-2]+2.

6) 2{x—-2}=3{x}.

3. Posp’smxiTh rpadiuno piBuauEa {x}=|x—1|.
4.%* YraKiTh yci 3HaUeHHsA MapaMeTpa a, IpU AKUX PiBHAHHA Mae Ko-

peHi:
a) [x-2]=a-0,5;

6) {x-0.2}=a.




Pospain lll. CUCTEMU ABOX
JIIHINHUX PIBHAHb
3 ABOMA SMIHHUMU

§ 1. CTAHOAPTHI METOAU PO3B’A3YBAHHHA
CUCTEMM ABOX NIHIWHUX PIBHSHb
3 ABOMA SMIHHUMU

1. SaranbHi BipomMocTi

JIBa JiHIHUX piBHAHHA 3 TBOMA 3MiHHUMHU, IJI1 AKUX Tpeba 3HANTH
POBB’A3KH, IO 3aJ0BOJIBHAIOTE OTHOYACHO OOWMABA PiBHAHHS, HA3WBa-
IOThECS CHCTEMOIO ABOX JiHIMHUX piBHAHL 3 IBOMA 3MiHHUMH.

3amnuncyioTh CUCTeMY PiBHAHL, 06’ ¢THYIOUH iX (DirypHOIO TYIKKOIO:

{anx+a12y=b1 ,
Ay X+a5Y=b,,

nea,, , .,y , ay, b, b, — BagaHi uncia, xi y — aminHi. Hanpukaan,

L. 2x -3y =5,
y cucTeMi piBHAHB
—x+b5y=1.

a, =2,a,=-3, b =5,
ay, =-1, a,, =5, b, =1.

Po3B’sa3K0M cHCTeMU IBOX PiBHSAHL 3 IBOMAa 3MiHHUMHU HAa3WUBAEThCS
BIIOPSAIKOBAHA IIapa Ymuces, sIKa I yac miJICTAHOBKU B CHUCTeMy Ilepe-
TBOPIOE KOKHe PiBHSHHSA B IMPaBUJILHY UHCJIOBY PiBHICTE.

Hamnpuraan, mapa uymncena (4; 1) € PO3B’A3KOM CHCTeMHU PiBHAHL

2x-3y=5,
—x+5y=1

HiiicHo,

2x-3y=2-4-3-1=8-3=5 —x+by=—-4+5-1=1
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abo ImoKasaTu, 1o ixX He icHye.

CucreMu piBHSHB, SIKi He MaloTh PO3B’sA3KiB, HA3WMBAIOTLCA HeECY-
MiCHUMH.

Hamnpuraan, cucreMa piBHSAHB
x+2y=>5,
2x+4y="7

€ HecyMicHoIo (4oMy?).

Cucremu piBHAHb HA3WBAIOTHCS PiBHOCUJIBLHUMU, SKIO BOHU MalOTh
omHi B Ti cami posB’saAsku. Ilepexin Bif piBHAHHA MO0 PiBHOCHJIBLHOTO
oMy piBHSAHHSA IIO3HAYAETHCSA 3HAKOM PiBHOCHJIBHOCTL «<&».

Hamnpuraan, cucteMu piBHAHD

x—y=5,i x=y+5,
x+y=7 |2x+2y=14

piBHOCHMJIBbHI, OCKiJIBKM MaloTh OAUH i TOI caMuii po3B’AB0K: (6; 1).
HecymicHi cucreMu piBHAHL € PiBHOCUJILHUMH.

2. Cnoci6 nipctaHoBKKU

ANTopuTM po3B’sI3aHHA CHUCTeMU PiBHSAHL CIIOCOOOM ITiICTAHOBKM:
1) BUpa3uUTH 3 OMHOTO 3 piBHAHL CCTeMH OAHY 3MiHHY Uepes Ipyry;
2) 3100yTHii BUpa3 MiJCTaBUTH B iHIlle piBHAHHSA CUCTeMH 3aMicTh I1Tiel
3MIiHHOI;
3) posB’A3aTu 3M00yTe PiBHAHHA 3 OJHi€l0 3MiHHOIO;
4) sHaliTH BiAIIOBigHe 3HAUEHHA APYyroi sMiHHOI.

. x+2y=>5 .
IIpukaan. Posp’sAzaru cucreMy piBHAHB Y=o cmocoboM Mijf-
2x+y=4
CTAHOBKH.
Posé’azanna

x+2y=5, x=5-2y,
fe—g fe—g
2x+y=4 2(5-2y)+y=4

x=5-2y, x=5-2y, w=1,
2= &
—-3y=-6 y=2 y=2.

Bidnosidv. (1; 2).
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3. Cnoci6 nopnaBaHHA
a,,x+a,y=>b
= 12 I’ cioco6om

AJropuTM po3B’sI3aHHA CHCTeMU PiBHAHD
Ay X +0ay,y =b,,

JOTaBAHHS:
1) MOMHOXKHUTH KOKHe 3 piBHAHL CUCTEeMHU Ha TaKi umcaa, 1mob roedi-
IieHTHU IpHU 3MiHHIN y cTadi OIpOTHJIEKRHUMH UHCIAMU;
2) BUKOHATHU TOoYJieHHe AoJaBaHHSA 3M00yTHUX PiBHAHbD;
3) 3HaliTH 3HaUeHHA 3MiHHOI X;
4) TOMHOKUTH KOKHe 3 PiBHAHL CUCTeMH Ha Taki umcia, o6 koedi-
IieHTHU IPHU 3MiHHIN X CTANN NPOTUJIEKHUMH UHCIAMU;
5) BUKOHATH TOUJIeHHe M0JaBaHHSA YTBOPEHUX PiBHSAHE;
6) sHaliTH 3HaYeHHA 3MiHHOI y.
Ipukaaa. Posp’ssaTu cucreMy piBHSIHL CIIOcOOOM TOTaBaHHS:
4x-3y =14,
2) {x +2y=-2.

Poszé’asanna
Yuciaa, Ha AKi Tpeba MOMHOXKUTH PiBHAHHA, 6YAeMO 3allCYyBaTH IMO-
PyY 3 PiBHAHHAMMY, BiIOKPEMJIIOIOUN iX BEPTUKATLHIUME PUCKAMU.

4x-3y=14,2| 1 11x=22, x=2,
< <~
x+2y=-2 |3|-4 -11y=22 y=-2.

Bidnosios. (2; -2).

Xty . *"Y ¢

6) 2 3
Xty _*"Y_g
4 3
Posé’azanna
*ry oY _
2 ia 3 6, {3(x+y)+2(x—y)=36,
L
Yy 2y _o  (x+y)-4x-y)=72
4 3
5x+y=36, | 7|1 36x=36-5, x=>5,
= b= o
—x+7y=72|-1|5 36y=36-11 y=11

Bidnosiov. (5;11).
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ITpumimra. 1o cucTeMy MOYKHA pO3B’dA3aTH 3a ZOIOMOTOIO 3aMiHH.

Hexaii x*y =a, % =b, Tofi cucTeMa piBHAHL HabyBae BUTVIALY:
2a+b =6,
a—-b=6.
3100yTy cucTeMy piBHAHL MOYKHA PO3B’A3aTH MeTOIOM MOTaBaHHS.
-8y =7,
—2|x|+ 5y =1.
Pos3é’azannsa
5||-3ly| =7, 5‘2 19=38, [|d=2, {x=2 55 de=3,
(=4 (=
—2|x|+ 5[y =1/3|5 19|y =19 |y =1 y=1a6o y=-1

st Toro, 1106 gicTaTH BCi po3B’A3KHM Iliel cUCTeMU pPiBHAHL, HeoO0-
XiZHO BpaxoBYyBaTu, IO KOMKHOMY 3 ABOX B3HaueHb OXHiei sMiHHOI,
BiIIOBigar0Th 00UIBa 3HAUEHHA APYTroi sMiHHOI.

Bidnoside. (2;1), (2;-1), (-2;1), (-2;-1).

3aBIaHHA AJ9 CAMOCTIHHHOTO PO3B’A3yBaHHSA

3.1. Yu cymicHa cucTeMa piBHAHB:

=2, 2x-3y=
2) x+y 5) x—3y =4,
x+y=-2; 3x—4,5y =5?
3.2. 3a momoMoroio migdopy 3HANAITH IBa pO3B’ A3KM CUCTeMU PiBHAHL:
=5, =-10,
2) x+y 5) x+y
xy =6; xy=21
3.3. Po3B’siKiTH cucTeMy PiBHAHB CIIOCOOOM MiJCTAHOBKHU:
x Y
—+<=3
-3 =5, ’
a Y 6) < 2 3
Sx+2y=23; f_'_g_g
(3 2 3
(x+y x-y
(y-29)-(x+2)=H1-9), |5 g >
B) T) <
7-6(x+y)=2(3-2x)+y; 2x6—y_3x;2y=20'




Poagin lll. Cuctemn 4BOX NiHIHWX PIBHSHL 3 IBOMAa 3MIHHUMU 83

3.4. Po3B’s1:KiTH cucTeMy PiBHAHBL c0COOOM MOTaBaHHS:

x+3 y—2_2
x—-3y-40, 5l 2z 3
5x+2y—-37=0; o=l gl _ .
4 3
x+y 2y 5
e e [ ate-pioas
B r
3_2x+2y=6’ 6(x—-10y)-13(x—y)=52.
3.5. Po3B’s1:RiTH cucTeMy PiBHAHB:
[, Il _
{2|x|+|y|=47 6)<3+§_7,
6(x{—2|y|=10;
[od—2]y| =10; M+M=8;
3 2
A+l _y el
9 3 T) < 9
Bel-ld Sl | 1S,
6 3 . 11

3.6. Posp’sskiTh 3agauy. CecTpa crapiiia Bijg 6para Ha 6 poKiB, a uepes
pik BoHa 6yme crapiiioio BiJ O6paTa B ABa pasu. CKinbKH POKiB KO-
HOMY 3 HHUX?

4. l'padiyHmii cnocid

AJITopuTM pPO3B’A3yBaHHS ABOX JiHIHHWX PiBHAHL 3 BOMAa 3MiHHU-
MU rpaiuHUM cIIoco6oM:

1) mobyayBaTu Ha OAHINI KOOpAWHATHIN IJIONIHHI rpadiku KOKHOTO

3 PiBHAHBL CHCTEMU;

2) 3HalTH KOOPAUHATH TOUKY IIepeTUHY Mo6yA0BaHUX IPAMUX (SAKIIO

BOHU TIEPETHUHAIOTHCH).

ITepeBaroio rpadgiuHoro crmoco0y po3B’sA3yBaHHS CHCTeM PiBHAHD
€ fforo HaoUHicTh. AJle, IK TIPaBUJIO, 3a JOIIOMOT0I0 I'papiuHOro CIIOCcOby
3100yBaloTh HabAMKeHi po3B’ asku. [ 3HaXOIKeHHI TOUHOTO 3HAUeH-
HA BMIiHHHX BapTO KOpPHCTYBAaTHCA OJHUM i3 aHANITHUYHUX CcH0CcoOiB
poO3B’s3yBaHHSA cuUCTeM PiBHSHB.
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Ipuxaan. Poss’sasaTtu cucreMy piBHAHB I'padiuHUM crrocoboM:

) x-y=-1,
2x+y=4.

Posé’azanna
x—y=—1,<::> y=x+1,
2x+y=4 y=—2x+4

ITo6yayemo rpadiku KOMKHOI
3 IpAMHUX Ha OAHIN KOoOpAMHATHIH
ILTOIIUHI i 3HaliieMo KoopAUHATH
TOUKH iX IepeTuny (puc. 1).
I'pagiky mepernHAIOTLCS B TOU-
i 3 Koopuraramu (1; 2).
Bidnosidv. (1; 2).

SN ¥l e e
3 R
&
R AN
&3 4
BN N WSE
"
E)
b0 4y X
B A R R R R R T
Puc. 2

L\ ! | I | |

IR AV
N A
-+ 9 -~
y=—2x+d |
L AG AN
Puc. 1
+2y =6,
6 T
2x+4y=8.
Pozé’azanns
x+2y=6, o y=-0,5x+3,
2x+4y=8 y=—0,5x+2.

ITo6yayemo rpadiku KoKHOI
3 MPSAMUX Ha OXHIN KoopAMHATHI
IJIONTHHI i 3HaliTeMo KoopAuHATH
TOUKU iX TMepeTuHy (AKINO Iii
paMi NepeTHHaOTHCA) (puc. 2).

I'padiku piBHAHL JaHOI cUCTeMU ITapajedbHi, To6TO BOHU He MaloTh
Touku nepetuHy. Ile osHadae, mo cucremMa piBHAHL HecyMicHA.

Bidnosidv. CuucTeMa HecyMicHa.

5) x-2y=2,
3x—-6y=6.

Posé’azanna

ITo6yayemo rpadiku KOMKHOI
3 MPSAMUX Ha OXHii KoopAuHATHIH
mwoluHi (puc. 3).

I'pagiku piBHSIHB HaHOI cucTe-
Mu criBnagaoTh. Ile osHauae, 110
cucteMu Mae 0esJliu po3B’A3KiB.

f I e e

I

iy Q) ~

: xS

L 1 ‘l\‘) 4

] B % z=

| /(3‘3

! 0 PR x

L N

| -1

,}, J

I I I I I I I I I

| 1 | | | | | | | |

N I /R A D T A
Puc. 3
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Koopaunatu Gyap-akol TOUKHM NpAMOI x—2y=2 € po3B’dA3KaMH JaHOI
CHUCTeMHU PiBHAHB.

Hexaii y=¢, ¢ — mOBiNBHe UmMCIO0, TOAL X =2¢+2.

Bidnosids. (2t +2;t), Ke t — KOBiIbHE YHCITIO.

3aBIaHHA AJI CAMOCTIHHOTO PO3B’A3yBaHHSA
3.7. Po3B’s:KiTh cucTeMy pPiBHAHB rpadiuHuM cIocoGoMm:

x+2y_4, 6) 3x+y=4,
x+y=2; x+§=1;
f+2y=1,

B) 3
—+6y=1.
3 y

§ 2. METOA4 KPAMEPA". AOCNIAXEHHA
PO3B’A3KIB CUCTEM PIBHAHb

1. MeTop Kpamepa

3anuIieMo B 3araJbHOMY BHUIVISII PO3B’A3aHHSA CHCTEMHU [IBOX
JiHIRHUX piBHAHL 3 IBOMAa 3MiHHUMM CIIOCOGOM T0JaBaHHSI.
a;, X+a,y=b,, a, |-a, (anazz _a12a21)'x=b1a22 —ba,,,

1)

Ay Xty Y =by [—ayy| ay, (_a12a21 +a22a11)-y=—bla21 +b,a,,
Baumnwmo, 110 koeillieHTH NpU 3MIiHHUX X i y piBHI:
A1 Qg —Q15Qy) =050y T0y0a,, .
Yucno a,,a,, —a,,a,, HA3UBAECTHCA MOJIOBHUM BU3HAYHHKOM CHCTEMHU
piBHaAHb. Woro mosHavamoTs TaK:

a. a
1 g
A= :
gy Ay

Yuciao ba,, —b,a,, HasUBaeThCA MepIINM TOIOMIKHMM BH3HAUHU-
KOM cHucTeMH piBHAHL. BiH mosHauaeThcsd TaK:

A = b, a,

X

b2 a’22

*  Kpamep Ta6piens (1704—1752) — mBefinapchbkuii MaTeMaTUK.
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Yucno a,, b, —b,a,, HasuBaeThCA JPYTUM JOIOMIKHUM BUSHAYHUKOM
CHCTeMU PiBHAHL. BiH mosHauyaeThCsA Tak:

A = a’ll bl

v .
a’21 b2

Y HoBHX Mo3HaueHHAX cucTeMa (1) AiHiiHUX piBHAHD 3 [BOMA 3MiH-
HUMU Ha0yBae BUTIAIY:
Ax=A_,
A-y=A,.

Meronx Kpamepa mosArae B HAaCTyIHOMY:

X

; " A
* AKIIO A#O, TO CHCTeMa PIBHAHbL Ma€ €THHNH pOBB’HBOKZ X = A .

y=X’

* armo A=0,A, =0, Ay =0, To xiy — 6yAb-AKi uyncia, Mo 3aT0BOJIb-
HSAIOTh OfHe 3 PiBHAHDL CHUCTEMU;
* AarmoA=0,A, #0, To piBHAHHA A-x =A_, He Ma€ po3B’A3KiB, cucTe-
Ma piBHAHBL HecyMicHa;
* gakio A=0, Ay #0, To piBHAHHA A-y=Ay He Mae po3B’A3KiB, cHCTe-
Ma piBHAHL HecyMicHa.
Ipuxaan. Pospe’ssaru cucreMy piBHAHBL MeTomoM Kpamepa:
x+2y=>5,
2x+y=4.

Posé’azanna
3HalieMo T'oJIOBHUM BUBHAUHWK CHCTEMHU PiBHSHB:
12
A= =1-1-2-2=1-4=-3.
21

3HalgeM0 TOIOMIiKHI BU3HAUYHUKHN:

52

A, = =51-2-4=5-8=-3,
41
15

A, = =1-4-5-2=4-10=-6.

Y124
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OcKinbKU TOJIOBHUI BHBHAUHWK He MOPiBHIOE HYJIO, TO cHCTeMa

. . , A, -3 A, -6
PiBHAHL Mae eTWHUH PO3B’AB0K: X = =—=1,y= =——=2,
A -3 A -3
Bidnosiobv. (1; 2).
2x-2y =4,
6){ i
x-y=3.
Posé’azanna

A=‘21 _i‘ =2.(-1)-(-2)-1=-2+2=0;

A, =‘: _21‘ =4-(-1)—(-2)-3=-4+6 =2.

Ockinbku A=0, A, #0, To piBHAHHA A-x=A_  He Mae DPO3B’ABKiB,
cucTeMa piBHAHL HecyMicHa.

Bionosidv. CicTeMa piBHAHL HeCcyMicHA.

5) {2x—3y=6,
3x—4,5y=9.
Posé’azanna
A=l 3|22 (-45)-(-3)-3=-9+9 =0;
T13—45| B -
6 -3
= =6-(-4,5)—(-3)-9=-27+27=0;
o e can-o=-ers

A = a’s =2-9-6-3=18-18=0.
Y189

Ockinprun A=0, A, =0, Ay =0, cucreMa piBHAHL Mae 6e3Jiu pos-
B’ABKiB.

o . . 3
Hexait y=¢, ¢ — 6yAb-aKe unca0, ToAi 2x—3t =6, 3BigKU x =—¢+3.

OTske, BCi pO3B’A3KH CHCTeMHU PiBHAHL MOMKHA 3alUCATH Y BUTVIAIL
3 ;
(§t+3;t , e ¢ — MOBiJIbHE YMCIIO.

3 .
Bidnosiobv. (§t+3; t], e f — TOBLJIbHE YHCJIO.
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AnTropuTM po3B’A3yBaHHS CHCTeM PiBHAHL MeToloM KpaMepa MoK-
Ha IIPOLTIOCTPYBATH 3a HOIOMOTroIo G6aok-cxeMu (puc. 4).

ITouaTor

Ob6uncauTH
A ALA,
Hi Tak
Y
A, A, Hi Takr
ATA
- Hi A, =0 Tak
Y /
Cucrema Besniu pos-
HecyMicHa B’AskiB, x iy —

6yab-AKi yncia,
AKi 3aT0BOJIBHSA-
I0TH OJfHe i3
piBHAHB
CHCTeMH

Puc. 4

3aBIaHHA AJ9 CAMOCTIiifHOTO PO3B’A3yBaHHSA
3.8. Po3B’siKkiThH cucTeMy piBHAHBL MeTogoM Kpamepa

a) bx+y=4, 5) 2x-3y=0,
x-2y=3; 3x-2y=>5
2_x_@__3 Xty _*-Y_g

5l 3 4 ’ ni 2 3
@.FQ:(;; _x+y+_x—y=11;
6 8 3 4
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z:) {2 -5(0,2y—2x) =3(3x+2) +2y, o {3(y—2x)—(5y+2) =5(1-x),
Ax-2y)-(2x+y)=2-2Q2x+y); ~ |7-6(x+y)=2(8-2x)+y;

%) {(x + 3)(y+ 5) =(x + 1)(y+8),
(2x-3)(5y+7)=2(5x-6)(y+1).

3.9. loBemiTh, 110 cucTeMa PiBHSIHL HecyMicHa:

3x—y =0, =6,
o |35V 5 x+y
6x—-2y=3; 2x=1-2y;
B r
10x+5y=10; x+2§y=5;
x+y y-x _
2(x+y)-3(x-y) =4, ) 5 g —ordla
e
5(x+y)-T(x-y)=2+2y; Xty x-2y

—-y—1.
4 3
3.10. TlorasxiTh, 110 cucTeMa PiBHAHL Mae 0e3Jiu pos3B’s3KiB Ta 3a-
MUIIITE BUPas [IJd 3HAXOMKeHHS ITUX PO3B’SI3KiB:

x+y=0, x—y:&
a) 0)
2x=2-2(y+1); 2x—2y=6;
x=5-y, 2x+3y=13,
B) r) 13-2x
y=5—x; y= >
3
X+y y-x _
{2(x+y)—3(x—y)=4, ) & 5 =x+386,
e
5(x+y)-T(x-y)=8+2y; Xty x-29__. g
4 3
Pob6oTa aaa camonepeBipKu
Bapianr 1 ‘ BapianTt 2
1. Po3B’akiTh KOXKHY 13 cHcTeM PiBHAHDL TphoMa cliocobaMH (cIocoboM
nifcTaHOBKH, CIIOcOOOM LoJaBaHHS, MeTogoM Kpamepa):
4x +3y =4, 5x+6y =0,
a) a
6x+5y=-7; 3x+4y=4;
f + g = 2, f - g = 1,
6) 4 4 ) 2 z
6 3 4 3
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Bapianr 1 BapianT 2
2. PoaB’sa:KkiTh cucTeMy piBHAHDL rpadiyHUM CIIOCOOOM:

2x+y=8, 3x+y=2,

{2x—y=1 {x+2y=—6

3. HoBenmits, 110 cucTeMa piBHAHL HecyMicHa:

{x+2y:6, {y—3=3(x—1),

2(x-y)=—4y 6x-2y=3

HomarroBe 3aBganHA. Pos3B’sukiTh samauy.

Barbko crapmiuii Big oHbKM Ha 26 pokis, uepes 4 poku Bim O6yme
cTapIuii Bif TOHLKY B 3 pasu. CKiIBKY poKiB 6aThKOBI i JoHBII?

2. PosB’a3yBaHHd cUMCcTeM pPiBHAHbL 3 NapamMeTpaMu
st mocutiiyKeHHs po3B’A3KiB cucTeM piBHAHD 3 IapaMeTpaMu 3pyu-
HO KopucryBaruca MerogoM Kpamepa (1uB. 6710K-cXeMy Ha PUCYHKY 4).
IIpuxaaa. Pose’ssaTu cucreMy piBHAHDL 3a/Ie’KHO Bif MapaMeTpa a:
ax+6y=1
a) B
x+3y=2.

Posé’azanna
3HaiieMo T'oJIOBHUY BUBHAUHWK CHCTEMU PiBHSHB:

ab

A=|] ]|=a-3-6-1=3(a-2).

Axrmo a=2, To A=0, akio a #2, To A=0.
3HalgeMo TOIOMIiKHI BU3HAUYHUKHN:

16
23

A =

X

=1.3-6-2=3-12=-9.

A, #0 npu Oyab-IKUX 3HauYeHHAX @, TOMY NIpU g =2 cHCTeMa He-
cyMicHa.

al
A =
12

Y

=2a-1.

OToke, OpHU a # 2 cucTeMa PiBHAHL Mae €IWHUIN pO3B’A30K:

A -9 3 A, 2a-1

X
3

A 3(a-2) a-2

6= )
A a-2
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Bionosidv. Ilpu a =2 cucreMa piBHAHb HeCyMicHa;

( 3 2a—1j
mpua#2 | ——; .
a-2 a-2
5 6x—ay=a+4,
3x+y=1.
Pozé’sazanns

3HaiieMo T'oJIOBHUN BUBHAUYHUK CHCTEeMHU PiBHAHB:
6 —a
3 1

A

=6-1—(—a)~3=3(a+2).

Axrmo a=-2, to A=0, akio a #-2, To A#0.

3HalgeM0 TOIOMIiKHI BU3HAUHNKHA.

a+4 —-a
1 1

A =

X

=(a+4)-1-(-a)-1=a+4+a =2(a+2).

Armoa=-2, to A, =0, arkmo a = -2, To A, #0.
6 a+4

5 1 =6-1-(a+4)-3=6-3a-12=-3(a+2).

5,

Axrmo a =-2, To Ay, AKINO a # —2, TO Ay #0.
TaguM ynHOM, SKIIO 4 # —2, TO

A, _2(a+2)_2. A _—3(a+2)_ ;

=% — =2 =YY= “Z_
TA T3(a+2) 3 YA 3(a+2)

SArmoa=-2, To A=0, A, =0, Ay =0. Ile osHauae, 1110 cUcTeMa PiB-
HAHDL Mae 6e3J1iu po3B’sA3KiB (x; y), e x 1y — KOpeHi ofHOTO 3 PiBHAHB
cucremu. Hexait y=t¢, ¢ — Gyab-sIKe UKUCIO, TOAL 3 APYroro piBHAHHSA
CHCTEMH TicTaHeMO:

Sx+¢=1, 3x=1-t, x=1—;t.

1-¢ ;
To6To mapa uncesn (?, t), e t — MOBLILHEe YHMCJIO, € PO3B’A3KOM Ja-
HOI cHCTeMHU PiBHAHB.
2
Bionosidv. Ilpu a # -2 (g, —1);

1-¢ .
mpu a =-2 (?;t} Ie { — JTOBiJILHE UMCIIO.
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{ax—y:a,
B)
x+ay=1.

Pozé’azanns
3HaiieMo T'oJIOBHUY BUBHAUHWK CHCTEMU PiBHSHB:
a-1
1 a

A= =a-a—(—1)-1=a2+1.

A#0 mpu Bcix milficHHX 3HAUeHHSX 4, TOMY CHCTeMa PiBHAHL Mae
€INHUN PO3B’A30K.
3HaligeMo Horo.

-1 2
AT B ol s = Ty
1 a A a’+1
A
A =|*%|za1-a-1=0,y="r =% _g.
Y11 A a’+1

Bionosidv. IIpu Bcix 3HaUEeHHAX @ (1; O).
’ ax+y=a,
x+ay=1.
Posé’asanna

TosoBHUI BU3HAUHWK CHUCTEeMHU PiBHAHDL TOPiBHIOE:
al
la

A= =a® -1

Axrmro a=+1, To A=0, akio a #+1, To Az0.
3HalAeMO TOIOMIiKHI BU3HAYHUKHN:

al
1la

aa
11

A = =a-a=0.

X

2 _1. _
=a° -1, Ay =

Arxmoa=1,To A=0iA, =0, Ay =0, oToke, cucreMa Mae 6esJiu pos-
B’askiB. Hexail y =¢, Tofi i3 gpyroro piBHAHHA CUCTEMU, MaeMo x =1—¢.
TakuMm YMHOM, Hapa umncesa (1 —t; t), Iet — Oyab-dKe UHNCJIO € PO3B’ABKOM
cucteMu mnpu a =1.

Armo a=-1, To A=0, A, =0, Ay =0.

Or:xe, cucTeMa Mae 6e3Jiu po3B’s3KiB (1+t;t).

Arxmo a#+1, To A0, A, #0, Ay =0,
1 A, 0
A YA

X

Oroxe, x =
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(1,0) — posB’asok cucremu mpu a # +1.
Bidnoseidv. llpuna =1 (1 —t; t), t — OyIb-siKe UMCyo; Ipu a =—1 (1 +1; t),
¢t — Gymp-sike wmeno, mpu a # 1 (1;0).
ax+y=1,
{x +ay=2a+1.

Posé’azanna
O6uncanMo IoJIOBHUIT BU3HAYHUK CHCTEMH:

Axrmro a=+1, To A=0, axmpo a #+1, To Az0.
O6UnCcanMo JOIOMIMKHI BU3HAUYHUKHA:

1 1
. = =a—(2a+1)=—a—1;
2a+1la
a 2 2. 2
y = =2a° +a-1=a" +a+a” -1=
12a+1

=a(a+1)+(a-1)(a+1)=(a+1)(2a-1).
Armo a=1, To A=0, A, =-2, Ay =2, OTiKe, CHCTeMa pPO3B’SABKiB
He Mae.
Armoa=-1,T0 A=0, A, =0, Ay =0, oTike, cucTeMa Mae 6e3Jiu pos-
B’s8KiB (¢ —1;t), Ke t — GyIb-Ke YHCIIO.
Srmo a#+£1, To A#0, A, #0, Toxi

A, 1 y_i_Za—l
A 1-a7 A a-1
Bidnosids. Ipu |a| =1 [L, 2a—1);
a-1 a-1

mpu a =1 po3B’A3KiB HeMae;
npua=-1 (t -1 t), Ie t — OyAb-sIKe YUCJIIO.

3aBIaHHA AJI CAMOCTIHHOTO PO3B’A3yBaHHSA
3.10. Po3B’AkiThH cucTeMy PiBHAHD 3aJle;KHO Bif ITapaMeTpa a:

2x+ay=3,
a
3x—ay=2; x
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3.11. IIpu axux 3HaUeHHAX TapaMeTpa m cucTeMa piBHAHb Mae e THHUH

PO3B’SI30K:
6 = 1, _2 = 3a
o mx+6y 5) x-2my
x+3y=2; x+3y=37
3.12.Ilpu axux 3HAUeHHSX TapaMeTpac CucTeMa piBHAHb HecyMicHa:
6y=2, 2y =6,
a cx+6y 5) x+2y
x-2y=3; 2x—cy=8?

3.13. Ilpu AKuUX B3HaUeHHAX IlapaMeTpa a CcHCTeMa pPiBHAHbL Mae
HeCKiHUeHHY MHOMKHUHY PO3B’S3KiB? SamUIIiTL BUpas IJIsI 3HAXOI-
JKeHHS X PO3B’ABKIB.

5 x—-2y=a, 5) x—ay=3,
3x—3ay =6; 2x+2y=6;
5 ax+y=2,
9a+ay =6.

3.14. Po3B’sAKiTH cucTeMy PiBHSAHL 3aJIe;KHO BiJ mapaMeTrpa m:
2 = x+(m+1)y=1,
. {m x+y=1, ) { (m+1)y

8x+2y=m; mx+2y=m;

mx+y=1, mx+y=1,
B) r)

x+my=-1; x+my=L1

Pob6oTa aaqa camonepeBipku

Bapianr 1 ‘ BapianT 2
Posp’sxiTh cucTemMy piBHAHD Bale)XHO Bif mapaMmeTpa a:
2x+y:2, x+ay:4,
a a
6x—ay=1; 2x-3y=3;

5 {a(x—1)+2y=1, ) {x+2a(y—1)=2,

2x-3y=5 2x—y=1




Po3ain V. OCHOBMU
TEOPII NOAIJIbHOCTI

§ 1. NOAINIbHICTb LIJTUX HUCEJ1. OCHOBHI
BJZIACTUBOCTI NOAINTIbHOCTI

1. Uini yucna Tta pgit Hag HUMK

MHokuHa inux uncen (£) ckIagaeThed i3 HaTypaJabHUX uncen 1, 2,
3, ..., uncaa O Ta yKces, MPOTUIEeKHNX HaTypaabHum: —1, —2, —3,...

Y minifi MHOMKHHI 3aBKIM MOKHA BHUKOHATH il ZoZaBaHHSI Ta
BilHIMaHHA, TOOTO: AKIMO M i n — IIiJi yncia, To cyma m+n (pisHUIA
m—n) TaKOXK € IIIUM YHCIOM.

Osnavenns. PizHUIEI0 ABOX IIJINX UHCEJ m i n Ha3WBAETLCA TaKe
YHUCIO0 X, IO X+ =m.

Teopema. [Iya 6yaAb-IKUX ABOX IIIINX UHceJ m i n icHye, i 10 ToTO
TITBLKU OXHE, UNCJIO X, SKe 3aJ0BOJIBHAE YMOBY: X +71 =m.

Hoeedenna. Posrnanemo piBHAHHA x+n =m. Hogamo mo o6ox ioro
YACTHUH YHCIO (—n), JicTaHeMO: x+7 +(—n) =m-n; x+(n +(—n)) =m-n;

x=m-—n. TobTo piBHUIA ABOX IIIUX UHce] icHye i € MiJTUM YKCIOM.

JoBemeMo, 110 YHCHAO X, siKe 3aJ0BOJbHSE PiBHAHHA X + 1 =m, eIUHe.
Hexaii icHye uncio x, # x, Take 1o x, +n =m. Togi, sk GyJjo goBefeHo,
x, =m-n i x, =x, U0 cyllepeunTs OpunyieHHio. TeopeMy ZoBefeHO.

YV MHOMWHI IiTNX YKceN 3aBKIM MOXKHA BHKOHATH TaKOXK i MHO-
sKkeHHA. SKIMO m i n — 1ijdi uucaa, To ZOGYTOK m-n TaKOMXK € ILIUM
YHCJIOM.

IIpore mienna — mito, obepHeHY A0 MHOXKEHHS, He 3aBXKIU MOYKHA
BUKOHATH ¥ MHOKHHI IIAUX UMCed.

Osnavennsn. YacTKoIO BiJ AiJIeHHSA I[iJT0TO YKCIa m HA IijJe YUCI0 n
(n #0) HaBuUBaeThCcA TaKe UHUCIO X, 1[0 X-N =M.

Yuciao x He 060B’A3K0Bo ITijie. Hampukian, yactku 5:2; 2:5; (—30):7;
30:(—7) He € IiINMH YHCJIAMH.
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3ycTpiuaioThes, 3BUUaiiHo, i Taki BUMIAAKU, KOJHU YACTKA ABOX ILINX
amce € inum yneroMm. Hampuknax, 14:(-2)=-7; 35:7=5; (-7):7=-1.

Osnavenna. kIO a i m — miai uncnaa, npuuyomy m #0, Taki 1o
YacTKa @:m € IiJINM YHCJIOM, TO KaKyTh, 110 4 TiIuThcsa Ha m a6o
€ KpaTHUM m.

Bammc a:m o3Havae: a ALIUTHEA HA m (abo @ KpaTHe m).
MoskHa chopMyTIOBATH O03HAUEHHS, PiBHOCUJIbHE TOTEPEeTHBOMY.

OsHauenna. line uncio a HinuThbed Ha nixe uncio m (m # 0), AKI0
icHye Take IIiJie YHCJO 1, 110 @ =m-n.

3azHauuMo, III0 YacTKa a:m icHye Tinbku y Bunagky m # 0.

Axiio a =0, yacTka BusHaueHa i JopiBHioe HyJai0. TobTo unciao 0 —
VHiBepcasibHe KpaTHe.

2. TeopeMu Nnpo NoAiNnbHICTb

3ayeascenna. Hagaii, Skmio creniaJbHO Ie He 00TrOBOPIOETHCA, MU
OymeMo po3TVIAAATH TiMBKHU ITiJi Uucia.

Teopema 1. Axiio unciaaa i b ginsaTbecd Ham, To cyMa @ +b i pisHuIA
a—b TakoX TiIATheA Ha m.

Hoeedenns. SIkio unciio a IiINTLCA Ha m, To Ile o3Hayae, 110 icHye
Take IiJie UYKUCJ0 1, 110 @ =m-n. KNI Yncao b JiAuThcd Ha m, TO icHye
Take Ifije uucio I, mo b=m-L.

Tomia+b=mn+ml= m(n +l), Ien+I[ — mine unucio. Ile osHauae, 1110
(a+b)'m. Ananoriuro goBomuTses, mpo (a—b)im.

ITpumimrxa. MoykHa [oBecTH, 1110 cyMa TphoX (abo B3araui 6yab-akoi
CKiHUeHHOI KiJILKOCTi) TOAaHKiB, KOKHUM 3 AKUX TiIIUTLCA HA M, TAKOK
TiMATBCA Ha Mm.

Hacanidox. SIknio cyma IekiJIbKOX TOAAHKIB TiMUTHCS Ha m i Bimomo,
1110 BCi, KpiM OJHOTO, TOJAAHKHU TiMATHCSI HA M, TO i JOJaHOK, AKUH 3aH-
IIMBCA, TAKOMK TiMUTHLCA Ha m.

Jloeedenns. [loBemeMo Iie TBepI:KeHH A TphoxX AoAaHkiB. Hexaii
a+b+c=sia,b, s— ginarncsa Ham, TodTo s=mn,a=ml, b=mp, gen,l,
p — nHeaki mini umcaa. Toxi c =s—a—-b=mn—-ml-mp =m(n -1 —p), e
n—1l-p e ninum uuciaoM. Ile osHauae, 1110 ¢ AIIUTHCS Ha m, 1110 i Tpeda
O6ymL0 TOBECTH.

Teopema 2. SIKIio xoua 6 OTUH i3 MHOMKHUKIB MiJIUTHCA Ha m, TO
it moGYTOK TiMUTHCA Ha m.
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M oeedenns. Hexali a misuTbea Ha m, a ¢ — OyAb-sKe Ilijie UHCIO.
Toxi a =mn, ge n — 1ijJe uuciao i ac =m(cn), Ie cn — 1iye uucio. Ile
O3HAyaE, II0 ac:m, 1o i Tpeba Gya0 LOBECTH.

Teopema 3. SIkitio a AiMUTHCA Ha m, a m TiIIUTHCSI HA N, TO @ TiIIUTHCS
Ha n (BJACTHUBiCTL TPAH3UTUBHOCTI).

Hloeedenns. Hexail a =mp, m =nk, ge a, m, p, k — 1iji uucna. Tomi
a=mp=nkp =n(kp), ne kp — e umcno. To6ro a:n, 1o i Tpe6a GyJIo mo-
BeCTH.

Teopema 4. AKI0 a AiIUTHCA Ha M, ab TIINTLCA HA 12, TO ab TiIIUTHCA
Ha mn.

Hloeedenns. Hexaii a =mp, b=nl, ge a, b, p, | — nini uuncaa. Tomi
ab=mpnl =mn(pl), xe pl — nine gncio. Lle osnavae, o (ab):(mn), mpo
i Tpeba 6yJ0 MOBECTH.

Hacanidox. SIkio a ginutbed Ha m, a n 0yIb-AKe HATypaJbHe UHCJIO,
TOo @" miauThca HAmM".

Ipuxaaa 1. [MoBecTu, n1o 106yTOK ABOX MOCHiTOBHUX HATYPAJTbHUX
yuces, SUINThHCA Ha 2.

Hoeedenna. Hexaii n in+1— gBa mOCHiTOBHUX HATYPaJbHUX UNC-
Jaa. Toxi ogHe 3 HUX 000B’sI3KOBO IIapHe, TOMY T00yTOK n(n + 1) IiINThCSA
Ha 2, 10 i Tpeba 6yJI0 TOBECTH.

Ipukaaa 2. Bigomo, 1110 ab+cd giauthess Ha a+c. HoBecTu, Imo
ad +be ginuThed HA a+c.

Hoeedenns. Ockinbku ab+cd IiaUTheSI Haa+c¢, To ab+cd =k(a + c).

BukonaeMo IepeTBOpPeHHS BHpasy ad +bc:
ad +bc =(a+c)(b+d)—(ab+cd)=
= (a +c)(b + d) —k(a +c) = (a +c)(b +d —k),

fie b+d—k — nine uncio. Lle osHauae, mio (ad +bc)i(a+c), mo i Tpeda
06yJio TOBECTH.
Ipurxan 3. Hosecrn, mo 1° +2° +3°+.. +9° mHe mimuThea Ha 10.
Joeedenna. Tlosnaunmo Bupas 1° +2° +3°+.. +9° uepes s. ITogamo
BUpAa3 Y BUTJIAMLIL:
s=(1+9°)+(2° +8°)+(8°+7°)+(4’ +6°)+5° =10n+125.

3Bijficu BUILIUBAE, 1110 § He AiauThbed Ha 10, 1110 i Tpeba 6yJ10 HOBECTH.

Ipuxaan 4. B kaaci HaBuaeThesa 31 yueHb. Uu MosKke KOMKeH i3 HUX
IPYKUTH PiBHO 3 AeB’AThMa OTHOKJIACHUKAMU?
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Posé’sazannsa. Ilpunycrumo, 1o Iie MOKJIUBO. Tomi KimbKicTh map

VUHIB, SAKi Ipy:KaTh OTUH 3 OAHUM, AOPiBHIOE

i mae 6yTHu LIiTUM

ymucyioM. Ale 1e He Tak. OTiKe, MPUIYINIeHHS HellpaBUJIbHeE.

Bidnosiov. Hi, He MoxKe.

IIpuxaan 5. JopecTu, Mo TpUILppPoBe UNCI0, SKe 3alKUcaHe OTHA-
KOBUMU IudpaMu, TiTuThcAd Ha 37.

Hoeedenns. Posrnauemo TpunudpoBe UKUCI0, AKe 3alHcaHe OIHA-
KOBUMH ITU(PpaMu: aaa=100a+10a+a=11la = 3-37a, axe TiIUTHCA Ha
37, mro i Tpeba G6yno mJOBeCTH.

. 1 . 1
Ipuxaan 6. Hexaii uncao a +— — mine. Hoectu, mio a? +—5 TaKOX
a a

IIijie YICJIOo.
Joeedenns. PosragHemo

2
1 1 1 1
a+=| =a’+2a-—+—=a" +2+—.
a a a a
2
s 1 1 . .
Tomy a” +—=| a+—| —2 — mine 4ucio, 1o i Tpeba 6yJI0 TOBECTH.
a a
Ipuxaan 7. loBectn, 1110 pisHUIS OYIb-AKOTO TPUIUGPOBOTO UHCIIA
i TpUIEGPOBOTO UNCIA, 3aTTNCAHOTO TUMU K MudpamMu, ajie B 3BOPOTHO-
MY HMOPAAKY, TiIUThCA Ha 9.
Joeedenns. Posraanemo

abc —cba =100a+10b+c—-100c -10b—a =99a—99c =9(11a-11c)

IinuThea Ha 9, 110 i Tpeba 6yJI0 TOBECTH.
Ipumimra. 3go6yTa pisHuIA giintbed i Ha 11, i Ha 99.

3aBIaHHA AJ9 CAMOCTIiifHOTO PO3B’A3yBaHHSA

4.1. Yu ginmrbed umcetio a Ha —a? Yu ginuThes umeao —a Ha a?

4.2. B axoMy BUIIAJAKY IBa IiJNX Uyncaaa i b MaloTh Taky BJAACTUBICTE,
10 @ AiauThed Ha b i b ginuThed Ha a?

4.3. Yucna a i b raki, mjo 0 <a <b. Uu moxxe a ginuruca Ha b?

4.4. HoBemiTh, 1110 T00YTOK TPHOX MOCHiZOBHUX HATYPAJbHUX UHCENT
ITiInThed Ha 3.

4.5. lloBediTh, 10 AKIN0ab +cd TinuTheda Haa —c (@ # ¢), Toad +bc Takoxk
IIINTHCA Ha a@—cC.

4.6. IloBexits, mo umcio mn(m+n) — mapHe.

4.7. Bimomo, moa kpaTtHe 3,bkparHe 2. [loBemiTs, 1o 2a + 3b kpaTHe 6.
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4.8. Jpi6 a croporHuit. Uu cKopoTHUil npib a_—b?
b a+b
4.9. Moexaits, mo 1° +2% +3°+.. +99° minurbca ma 100.
4.10. HoBeniTs, 110 O0yAb-sike HaTypaJibHe UHMCJIO0, TeCATKOBUH 3amuc
AKOTO CKJIATAEThCA 1330 (n € N) ofHAKOBUX ITUDP, IiauThcsa HA 37.
4.11. HoBeniTsb, 110:
a) ab—ba KparHe 9; 0) abe —cba KpaTHe 99;
B) ab+ba minnTheda Ha 11; T) abed +dcba ginurbed Ha 11.

. 1 . 3 1 .
4.12. JloBexmiTh, 1110 AKINIO @ +— —IIiJie YHUCJO, TO 4 +—- TAKOX IIiTe
a a

YWCIIO.

4.13. ToBemiTh, 1110 AKINO B TPUIU(PPOBOMY UHCIi ABi ocTaHHi mudpu
OTHAKOBI, a cyMa Horo Iudp IiauTbed Ha 7, TO i caMe YMCJI0 TiTUTh-
caHa 7.

4.14. fAxux uncen Ginblile cepel Ieplliol THCAYI HATYPAJIbHUX UHCEN:
THX, AKi Jindareca Ha 3 a6o Ha 5, UM THX AKi He Jinarbed Hi Ha 3, Hi
Ha 57

4.15. Yu icHye Take HaATypaJbHe YUCIO 11, 11106 cyMa 1+ 2+ 3+...+7n 1opiB-
HIOBAJIA TPUIU(PPOBOMY UHNCTY, SKe CKIafaIocs 6 3 oTHAKOBUX 1Tuchp?

4.16. HoBeniTs, 1110:

a) (a2 -b” )E(a—b), (a#b); 6) (a2 -b” )E(a+b), (a+b#0);

B) (a3 -b° )E(a -b), (@ #b); r) (a3 +b° )E(a +b), (@+b=0).

Pob6oTa aaa camonepeBipKu
Bapianm 1
. Bimomo, 1110 @ kpatHe 3, b kKparHe 8. JloBeiTh, 110 ab KpaTHe 24.
. Yncio a xpaTtHe 6. IloBexmiTh, mo a’® —12a kparHe 36.
. DoBemiTs, mon” + 3n ginnThca Ha 2 IpHU 6y Ab-AKOMY HATYPATLHOMY 1.
. DoBemiTs, mon® + 5n JinnThCA Ha 8 IpH 6y Ab-AKOMY HATYPAILHOMY 1.
. JloBeiTh, 1110 cyMa Ky0iB TPhOX IOCTiIMOBHUX HATYPaJIbHUX UHCE
minmnTbed Ha 9.
6. ToBemiTh, mo 2008* —42* minutbca Ha 2050.

OU i W DN =

Bapianm 2
1. Bigomo, 110 a mgiautheda Ha 5, b miautbea Ha 6. IloBemiTs, 110 ab
minmntbed Ha 30.
2. Qucao b kpatae 7. IloBemiTs, 1110 b® +14b ginurbes ma 49.
. DoBemiTs, mon” +4n JinnThcA Ha 2 IpH 6y Ab-AKOMY HATYPAILHOMY 7.
4. MoBefiTh, mon® +8n AiMUTLCA Ha 8 IpK 6y Ib-IKOMY HATYPATLHOMY 7.

w
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5. MoBemiTh, 1110 cyMa KBaJIpaTiB I’ ATH OCHiIJOBHUX HATYPATbHUX UH-
ceJl TiIATHCA Ha 5.
6. HosenitTs, mo 2007* —23* minurses Ha 2030.

3. AineHHq 3 ocTa4elo

Hawm y:xe Bimomo, 1110 He 3aB:K U YacTKa JBOX IJINX UHCe] € IITUM
yucaom. Hanpukaan, mpu gijienHi 49 Ha 3 gmicranemo yacTKy 16 i ocrauy
1, To6T0 49=3-16+1.

Osnauennsn. Hexait a i m — ninai uncna, m >0. drimgo a moxkHa 3a-
nucaTh y BUTIAAIL a=mq+r, ne 0 <r <m, TO TOBOpPSATH, IO NIPHU
TijleHHI YKcaa @ Ha YHCI0 m 3400yTO YacTKY ¢ i ocrauy r.

VY 3B’S3Ky 3 UM O03HAUEHHAM BUHWKAIOTH [[Ba 3alUTAHHS:
1) uu 3aBKAM iCHYIOTH TaKi umcia ¢ i r, 110 BUKOHYETHCA PiBHICTH
a=mq+r?
2) Crinbru icHye cnocobiB MogaHH Uncia a Ipu AiJeHHi iioro Ha dmc-
a0 m?
Bigmosigi ma 11i 3anuTaHHA Jae TeopeMa icHyBaHHA Ta €IHWHOCTI.
Teopema. Hexait a — 11isie unciio, m — HaTypaibHe. Toli icHYIOTE
upenaa g i r, Taki mo 0 <r<m i a=mq+r. Yncna ¢ i r BU3HaUaIOTHCA
VMU YMOBAMY OHOZHAYHO.
Jloeedenns. BubepeMo Take HaTypajJbHe UHCJO ¢, IO |a| <c i posras-

HeMO umca:
—m, (—c+m, (- +2)m,..., =2m, -m, 0, m, 2m, ..., cm.

KoxxHe uncao, mounHAalOUn 3 Ipyroro piBHO Ha m 6iJbIle Bif molle-
penHbOTO, TOOTO TOCIITOBHICTH 3pocTae. Ilpu IboMy IIeplile UYHCIO
MeHIIle HijK @, a ocTaHHe — OiabIlle HiXK a, OCKiIbKHI |a| <c<cm (m21),
OT:Ke, BUKOHYETbCA HEPiBHICTL —cm <a <cm.

3HalimeMo B IIiif mociigoBHOCTI HalbiabIlle Unca0, AKe He TepeBU-
mye a, o3HAUYNMO Iforo depes mgq.

HacrymnHe unciao m(q + 1) Oyme Bike OiabIlle HiK a:

mq <a <mfg +1). (1)

OTire, unciio ¢ o6pano. [TosHaummMo uepes r YUCIO @ —mq; r =a —Mq;
a=mq+r.

IligcraBuMo @ =mgq +r y HepiBHicTh (1): mg <mq+r <mq +m, 3Biacu
0<r<m.

Taxkum uWHOM, UHcIa ¢ i r 3HaligeHi, ToOTO TOBeAeHO, IO AileHHSA
3 OCTAuelo 3aBXKAN MOJKJIMBE.
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HoBemeMo, IO YHCI0 @ MOMKHA IOJATH V BUIMIALL @ =mq +r €IUHO
MOXKIUBUM crnocoboM. IlpumycTumo, M0 YHCIO @ Y TaHOMY BUTJISII
MOJKHA IOJATH JIBOMA CHOCOGAMIE:

a=mq, +r,, 0<r, <m; a=mq, +r,, 0 <r, <m.

Buaiifemo pisumiio nux pissocreii: 0=(g, —q,)m+(r, —r,). BsigcH
7, =T =m(q1 —qz), TOOTO UUCIO r, —F, AlauTbesa Ham. Hexallir, # 71, 1, pua
BHU3HAYeHoCTi, 1, >71,. Tomi r, —r, >0 ir, —r, <r, <m. 3BiAcU BUILIUBAE,
mo 0 <r; —r, <m. lle cynlepeunTs TOMY, IO I} —F, AiAUThbcA Ha m. OTixe,
IPHUIYIeHHsA, 10 1, #7, HellpaBWJIbHe i1, =7,.

Toni (q1 _(I2)m =0 (n21),q, -9, =0, q, =q,.

Teopemy moBemeHO.

3 1iel TeopeMu BUILIHUBaE, M0 OyIb-AKe Iijie UYHUCIO @ MOe OyTH
MOJAaHO B OJHOMY i3 BUIVIAMIB:

a=mgq,
a=mq+1,

a=mq+2,

a=mq+(m-1).

Taxum uiHOM, IIPY TiTeHHI Ha YKcio m icHye m ocrau: 0, 1, 2, ..., (m —1).

3oKkpeMa, NpHU TiJeHHI Ha 2 MHOMKHHA BCiX IiJIMX 4Yuces posbuBa-
€ThCA Ha JBa KJACH: UHCJaa, AKi MOMKYTL OYTHU 3alUcaHi y BUTVIALL 2k —
TapHi Ta yncia, aKi MOXKYTEH OYTH 3aliicaHi y BUTJIALL 2k + 1 — HemnapHi.

Ilpu minenni Ha 3 MaeMo Tpu KJacu umcen: 3k, 3k+1, 3k + 2. I1i mip-
KYBaHHS YacTO BUKOPUMCTOBYIOTHCSA IIiJ Yac po3B’A3yBaHHSA 3a/1ad4.

Ipuxxan 1. Ioeectn, 1Mo NpH 6yAb-SKOMY ILJIOMY n YHCIO n° —n
IianuThesa Ha 6.

Posé’azanna. Poskiagemo Bupas n’ —n Ha MHOMXHUKH:

n®—n= n(n2 —1) =(n-Dn(n+1).
Yucsno n Moxke 6YTH IIOJAAHO B TAKUX BUIVISIAX:
6k, 6k +1, 6k+2, 6k + 3, 6k +4, 6k + 5.
Posraanemo Bci mIicTh BUOAIKIB.
1) n =6k, roxi (n—D)n(n +1) = (6k —1)6k(6k + 1):6;
2) n =6k +1, Toxi (n—1)n(n +1) =6k(6k + 1)(6k + 2):6;
3)n=6k+2, roxi (n—Dn(n +1) =(6k + 1)(6k +2)(6k +3) =
=6(6k + 1)(3k + 1)(2k +1):6;
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4)n =6k +3, Tomi
(n - l)n(n + 1) = (6k + 2)(6k + 3)(6k + 4) =1 2(3k + 1)(2k + 1)(3k + 2)56;
5)n =6k +4, Toxi
(n - l)n(n + 1) = (6k + 3)(6k + 4)(6k + 5) = 6(2k + 1)(3k + 2)(6k + 5)56;
6) n =6k +5, Tomi
(n-D)n(n +1) =(6k +4)(6k + 5)(6k +6) = 12(3k +2)(6k + 5)(k +1):6.
TakuM YXHOM, IPH GYAb-IKOMY HATYPAJIbHOMY 1 UHCIO n’ —n mi-
JuTbcd Ha 6, 110 i Tpeba 6ya0 TOBECTH.
IMpuknan 2. oBecTu, 1o OpH KOTHOMY ILIiloMy n umcio n” +1 He
mianTheda Ha 3.
Posé’azannsa. PosrigHeMo Kiacu IOTILHOCTI Ha 3.
1)n =3k, Tomi n? +1 =(3k)2 +1=9%% +1. IIpu xinenni Ha 3 micraHeMo
octauy 1, orsxe, n? +1 He ginuTbea Ha 3.
2)n=3k+1, Toxi n® +1=(3k+1)" +1=0k" +6k+2=3(3k" +2)+2.

IIpu ginmenHi Ha 3 micTaHeMo ocTauy 2, OT:Ke, n? +1 He ginuThCS Ha 3.
3)n =3k+2, Tomi

n® +1=(3+2)" +1=9%" +12k +4+1=3(3" +4k+1)+2.

IIpu gismenHi Ha 3 micTraHeMo ocTauy 2, oT:Ke, n? +1 ue ginuThes HA 3.

Bucnosok. Ilpu :x0oTHOMY HiJOMY 12 UHCJO n? +1 Ha 3 He mintuThCA,
110 i Tpeba 6ya0 TOBECTH.

IIpukaan 3. [oBecTH, 110 Ipu AiTeHHI CyMU KBaApaTiB JBOX MOCJi-
JOBHUX ITiNX uuceld Ha 4 micranemo ocrauy 1.

Posé’azanns. PosrisHeMo ©DocaigoBHI mini uwmena n i n+1,
TIOMITHMO, ITI0 iX HOoOYTOK — MapHe uucio (auB. npukiaxg 1 m. 2). Cyma
KBaJpaTiB X YHCe:

n? +(n+1)2 =n®+n?+2n+1=2n2+2n+1=
=2n(n+1)+1=2-2k+1=4k+1
TakuM YMHOM, TpM [OiJIeHHI CyMH KBaApaTiB IBOX ITOCJiTOBHHUX

Iignx umcesa Ha 4, B ocTaui micraemo 1.

Ipuxaan 4. Ilpu gineHHi mapHoro yncia @ Ha 3 ocTaua qTopiBHIoe 1.
Yomy mopiBHIOE ocTava Bif AiNeHHA uncia @ Ha 67

Poszé’szanns. Ilpu ginenHi umcnaa a Ha 3 ocTaua AopiBHIoe 1, ToMy
YHCJIO @ MOJKHA ToJaTh Vv BUIMVIALL a =3n +1. YUnciao @ — mapHe, oTike,
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piBHiCTE @ =3n+1 MOKJIMBA TiJIBbKKW y BUIAAKY HeEIapHOTO n, TOOTO
n=2m+1. Togia=3n+1=3(2m+1)+1=6m+4.

Bionosidv. 4.

Ipuxxan 5. dosectn, mo uuciao n’ +n+9 He € kparHuM 49 mpu
JKOTHOMY HATYPATLHOMY 7.

Posé’azannsa. IleperBopumo Bupas n° +n+9:

n?+n+9 =(n+4)(n—3)+21.

Axmo n+4 e xparHuM 7, 1o n—3 Tarox € kparauM 7 i(n +4)(n —3)'49,
ajse 21 me minuthed Ha 49, TomMy n? +n+9 He ginmThea Ha 49.

Skimo n +4 He ginmuThes Ha 7, To i n -3 He AinuThea Ha 7; (n +4)(n —3)
He IiTUThCA Ha 7, TOMY (n +4)(n —3) +21 He gianTLed Ha 7, a THM GijbIIe
He minuThesd Ha 49.

Orske, n® +n+9 He € KpaTHUM 49 IpH KOZHOMY HATYPaJIBHOMY 7,
1o i Tpeba 6yJ0 HOBECTH.

Ipuxaan 6. Bigomo, 1o npu miJeHHi ynciaa g Ha 5 ocTadua JOpiBHIOE
1, a mpu misieHHi Ha 3 — ocTaua AopiBHIOE 2.

3HallTu ocTauy Bij miJieHHS umcaa a Ha 15.

Po3zé’azanna. 3 yMOBU BUILINBaE, 1o a =5k +1 a6o a =3n +2. Jlom-
HOKUMO Ieplily piBHicTEL Ha 6, Apyry — Ha 5 i 3HalileMo iXHIO Pi3HUITIO:

6a =30k +6
50 =15n+10
=a=30k-15n-4=30k-15n+1)-4+15=152k-n-1)+11

Bidnosiov. 11.

ITIpuxaan 7. JoBectu, 110 3 M’ ATH OYAL-IKUX IIIIHX YHCE 3aBXKIN
MO:KHa BUOpATH TPHU, cyMa AKUX TiIUTHCA Ha 3.

Posé’azannsa. PosrigHeMo MOMKJINBI BUIIATKI.

1) Cepen m’ATH AaHUX 4YKcesJ 3HAHAeThCA TPHU UHMCJIA 3 OTHAKOBUMU
ocTauaMH Bij mineHHs Ha 3; iXHA cyMa TiIuUThcA Ha 3.

2) SIx1mio cepef I’ ATH JaHUX YKCeJ HeMae TPhOX UHcel] 3 OTHAKOBUMH
ocTauaMu BiJ AiJleHHA Ha 3, TO 3HAlIeThCA TpHU UKca, IpHU TijleHHi
AKHUX Ha 3, ocraui 6yayThs gopiBHioBaTHu 0; 1; 2. Ixus cyMa TaKkoxK
IinuThed Ha 3, 110 i Tpeba 6yJI0 TOBECTH.

3aBIaHHA AJd caMOCTiliHOTO po3B’A3yBaHHA
4.17. 3HaigiTL YacTKY i ocTauy Ipu AiJTeHHi Yncsaa Ha YHCIo m, SKIIo:
a)a=305 m=43; 6)a=-305 m=43,
B) a =305 m=-43; 1) a=-305 m=-43;
ma=-1, m=—4; e)a=-2,m="T7,
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#®)a=0, m=-3.
4.18. Yucnaoa — nmapHe, uncaob — HenapHe. Axum (mapHuM abo Helap-
HUM) MOKe OYTH UUCJIO:

a)a+b; 6) a-b;
B) ab; r) 3a+b;
I) a® +b; e) a+b?;
K) a+2b?
4.19. Yncaoa giinThesa Ha 3, uicyo b He giinThed Ha 3. Yu ginuThbed Ha
3 umceio:
a)a+b; 6) a—-b;
B) ab?

4.20. Yucnao a — mapHe. U MosKke ocTava Bif MiJieHHA 4uciia @ Ha 6
nopisuioBatu 1?7 37

4.21. Ilpu ginenni uncia a Ha 12 ocTaua gopisuioe 7. YoMy gopiBHIOE
ocTaua Bifm mijleHHA 4mcia a Ha 2; 3; 4; 67

4.22. HenapHe uncio a kpatHe 3. YoMy mopiBHIOE ocTaua Bif TieHHA
yucaa a Ha 67

4.23. {Ixi HaTypaJbHi uKcia MOXKHA 3allMcaTH y BUTVIAIL CyMHU YOTH-
PbOX TOCIIiTOBHUX UUCea?

4.24. KoxxHe 3 TapHUX unceaaib e giaurbes Ha 6. OcTaui Big gineHHa
nux ynuced Ha 6 — pisHi. [loBediTh, 110 cyMa a +b TiauThcesa Ha 6.

4.25. Yucioa He IinuThedA Hi Ha 2, Hi Ha 3. 3HAWAITE ocTauy BiJ TieHHA
yncaa a® Ha 6.

4.26. Yucna a i b — HemnmapHi, ocTaui Bif TiJieHHA MUX 4yuced HaA 4 —
pisai. osemits, mo a® —b®> kparHe 8.

4.27. TlapHe umcio @ He miauTbed Ha 6. YoMy HOpiBHIOE ocTaua Bifm
mimenns umena a® na 122

4.28. 3HaiigiTh yci uncia, Ipu gineHHi SKuUX Ha 3 ocTaua gJopiBHIOE 1,
a MpHU TiJeHHiI Ha 5 ocTauda mopiBHIOE 3.

4.29. Bigomo, 1110 IIpH AiJleHHi UYKciIa g Ha 5 ocTadya JOpiBHIOE 2, a IpH
IineHHi Ha 3 — ocraua gopiBHIoe 1. 3HaAHAITEL ocTauy BiJ mAineHHS
uyucaa a Ha 15.

4.30. Bigomo, 1110 IIpH AiJeHHi UKciaa g Ha 3 ocTadya JopiBHIOE 1, a mpu
IineHHi Ha 4 — ocTaua mAopiBHIoe 3. 3HAHAITEL ocTauy BiJ mAineHHS
yurcia a Ha: a) 12; 6) 6.

4.31. Yu icuye 1ije uncao, Ipu IiJeHHi AKoro Ha 12 ocraua fOpiBHIOE
11, a opu ginenHi Ha 18 — ocraua gopiBHIoe 1?

4.32. lloBemiTy, 110 IIpHU TiJieHHI KBaJpaTa HellapHOI'o Uncjaa Ha 8 ocTa-
ya gopiBHioe 1.

4.33. 3uaiigiTh ocTauy Big minenns umcia 10!+49 Ha 4.
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HoBemiTs, 110 mpu GyAb-IKOMY HATYypaJbHOMY 1 CIIpaBe/[JINBe TBEp-
IoxenHd (4.34—4.37).

4.34. a) (n® +3n)'2; 6) n(3n +1):2.

4.35. a) n(2n -1)2n+1):3; 6) n(2n* +1):3; B) (n* +51):3,

4.36. a) n(n +1)°(3n+2):4; 6) n*(n* ~1)4.

4.37. a) n(n +1)(2n+1)6; 6) (n* +11n):6; B) n(n* +6n+5)6.

4.38. ToBemiTh, 10 AKIIO YKCJIO @ He KpaTHe 5, To ado a® +1 ginutses
Ha 5, a6o a® —1 ginuTthes Ha 5.

4.39. [loBeiTh, ITI0 IpH 6y Ab-IKOMY IILIOMY 72 YHCIOn® —n TLTATHCA HA 5.

4.40. [ToBe iTh, 110 IpH Gy Ab-IKOMY IIIIOMY 12 YucIon —n HiUTheA Ha 7.

4.41. Bizomo, moa® +b? ginuThesa Ha 3. HoBemiTs, moa ib ginuThes Ha 3.

4.42. [ToBexdiTh, 1110 AKIIO Xoua 6 0He 3 Uncea, bHe fiauTbcss Ha 7, To i
yncino a® +b? He ginureca Ha 7.

4.43. IToeniTs, o AKINoa® +b” gimutbca Ha 7, Toa® +b° qinurbesa Ha 49,

4.44. loBexiTs, 1110 IpHU 6y,IIB-HKI/IX(Iib‘{I/IC.TIO(1b(a4 -b* )/IiJII/ITBCH Hab.

4.45. MoBexmiTh, 10 AKUMHU 6 He OyJaW Iijdi umciaa a, b, ¢, UYUCIO
a® +b? +¢? +1 Be minuTHCA Ha 8.

4.46. [ToBemiTh, 110 AKIIO cyMa TPbOX IIIKUX UHcel] TiAUThHCS Ha 6, TO
i cyma ry6iB IUX UmceJ AiAUTHCS Ha 6.

4.47. Kogue 3 1BOX TpUIU(GPOBUX UMCe] He TiMUThCA Ha 37, a iXHa
cyMa ZinuThes Ha 37. [IpunucasInm ogHe 3 UMceN 10 IPYToro, JicTa-
HeMo miecTuIudpoBe unciao. I[oBemiTs, 1110 BOHO TiMuThed Ha 37.

4.48. Ocraui, 3m06yTi Bif mineHHA ABoX TpuiudpoBUX UHce] Ha 7,
piBHi. IIpunucaBim ogHe 3 UMcea A0 APYroro, AicTaHeMO IeCTH-
nmudpose uncao. JoBediTh, 110 BOHO TiIUTHCST Ha 7.

4.49. [ToBemdiTs, 1110 pH 0y Ab-AKOMY HATYPAJTILHOMY 12 UHCJIO BULY: a) 3n —1;
6) 4n —1 He € KBaJIpaTOM IIiJIOTO UHCIA.

4.50. TIpu mineuni uucen 2146, 1991, 1805 ma n mictanu piBHi ocTaui.
SHAUTITE n.

4.51. JloBeniTs, 110 OpH KOTZHOMY HATYpaJIbHOMY An:
a) n? +3n +5 He giauThCA Ha 121;
6) n? +5n+16 He minuThea Ha 169,

4.52. JloBexmiTh, 110 cepen 2008 HaTypalbHUX Uuce] 3HalileThcA IBa
ymesa, pisHUIA AKUX Tiautbed Ha 2007.
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Pob6oTa aaa camonepeBipku

Bapianm 1

1. Yucio a kpatHe 3. Uu MoxKe ocTava BiJ ijleHHA 4ucaa a Ha 12
TopiBHiOBaTH 27

2. Ilpu ginenni uncesiaibuamicraau ogHakoBi ocTaui. JloBediTs, 1110
pisHuIA a —b ginuthea Ha m. ChopmyiaioiiTe i ToBediTsL obepHeHe
TBEPIKEeHHS.

3. ITapHe uncJio a He AiAUTHCS Ha 4. [loBediTh, 1110 ocTavya Bif mijieHHA
a’® Ha 32 mopiBHIoE 4.

4. ToBemiTh, 1110 AKIIO M in — HellapHi Yucia, To m? —n? ginurbes Ha 8.

5. IloBe iTs, 110 IpH 6y Ab-AKOMY HAaTypaJbHOMY 1 uncio n® +3n” +2n
KpaTHe 6.

6. IloBediTh, 1o uncio n” +n+9 He KpaTHe 25 IIpHU KOZHOMY HATY-
paJbLHOMY 7.

Bapianm 2

1. Yucio a kpatHe 4. Uu MoxKe ocTava Bif ijleHHA uucaa a Ha 12
TopiBHIOBaTH 27

2. Ilpu ginenni uncesiaibHamicraau ogHakKoBi ocTaui. [loBeiTs, 1110
pisHuIA 2a —2b TiAUTHCSI Ha m.

3. HoBeniTh, 1110 KBaJpaT HeIlapHOTO UKcJia IIpHU TijieHHi Ha 8 Tae ocTa-
uy 1.

4. Hexaltaib — 1imi uncia. JloBemiTh, 10 AKIIO a® +9ab+b? ginurnea
Ha 11, To it a® —b® minuTbes ma 11.

5. IloBeIiTh, 1[0 IPH 6yIb-IKOMY HATypaJbHOMY 1 uncio n’ —3n’ +2n
KpaTHe 6.

6. IloBefiTh, IO UKCcIO n° +2 He JiMUThCA Ha 9 IPH JKOJHOMY HATY-
paJbLHOMY 7.

4. BsaeMHO npocTi Ynucna

AxIio umenao @ SiNUTheA Ha m, TO YHCJO0 M HABHBAIOTEL TiMLHUKOM
yncaaa. Hanpukaan, uncia 2 i —5 e ginbaukamu uuciaa 20; uncaa —6i 8
€ TiTLHHUKAMHI yuciaa —24.

Osnavenna. [IBa uncia Ha3WBAIOTLCA B3a€MHO IPOCTHUMHU, AKIIO
BOHU He MAlOTh CIIJIbHUX HATYPAJbHUX TINbHUKIB, KPiM OMUHHAIII.

Hamnpuraan, uncia 8 i 15 BzaemHo mpocri. IHificHo, uncao 8 He MoKe
JiTATHCA Ha Yucaa, 6iJbIi, Hisk BoHo came. OTiKe, HATypadbHi TiITBHUKHT
ymcaa 8 MOXKYTh 38HAXOTUTHUCH TiMbKH cepen uncend: 1, 2, 3,4, 5,6, 7, 8.
Ha 3, 5, 6, 7 uncio 8 He ginmurhed. Sanuiiatorsed 1, 2, 4, 8 — BoHH
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i € HaTypalbHUMHU TidbHUKaMHU uucia 8. Aje uucio 15 Ha 2, 4 i 8 He
JimmTheda. Yucaa 8 i 15 MaloTh TILKY OAWH CIHUILHUN TiMTLHUK cepef Ha-
TypaJbHuX uncesa — Me uuciao 1. Ile ozHauae, 110 unciaa 8 i 15 BzaeMHO
IpocTi.

Yucaa 24 i 28 He € B3aeMHO IIPOCTUMH, TOMY III0 MalOTh CHiJIbHI Ha-
TypajbHi TiIMbHUKH, KpiM OAWMHUIN (HAIIPUKJIIAL, YHUCIO 2).

Teopema 1. fIk1io uncia a i b B3aeMHO IIPOCTi, TO iCHYIOTH TaKi uuc-
aa x, i y,, mo ax, +by, =1

Jloeedenns. PosrasHemo Bei 1iji uncia, AKi MOMKHA 3allcaTh y BU-
TSIl

ax+by, (1)

Ie X, y — [Hdedri mimi uymcaa. Hanpuknan, cepel HUX O6yAyTh 4HCIA
a+0b, a—-2b, 3a+5b i 1. 1. Cepen unceis Buny (1) 6yayTh HaTypaJbHi.
HificHo, AKII0 @ Bix’eMHe, TO —a =(—1)a+0b — noxaTHe (i 1ije), ToOTO
HaTypaiabHe. PoariidHeMo HaliMeHIle HATypaJIbHe YMCIO0, AKe MOKHA
nojatu y Buriaani ax+by. Hexail ne 6yze ¢ =ax, +by,. [Josememo, 1o
¢ =1, Tobro ax, +by, =1 (mum camuM i 6yJe LoBeleHa TeopeMa).

IIpoBememMo TOBeleHHS METOAOM Bill CYIIPOTHBHOTO.

IIpunyctumo, 110 ¢ >1 i po3AiuMO @ Ha ¢ 3 ocTauvelo: a =cq +r, Je
0<r<ec. Armo r #0 (ToOTo r — HaTypaJdbHe UHCJIO0), TO

r=a-cq=a —(ax0 + byo)q =a(1 —xoq) +b(—y0q).

Takum YMHOM, YHUCJIO ', AKe MeHIIIe Bif ¢, BAAJIOCS TOAATH ¥ BUTVIAML
r=ax+by. Ale Ile HEMOXKJINUBO, TOMY HI0 ¢ — HaliMeHIIle HaTypaJbHe
YHCJ0 TAKOT0 BHULIY.

Ot:xe, r =0 i a =cq, 70010 a ginuTsca Ha c. ToOTo uncnaa a i b MawoTh
CHiMLHUM AILHUK ¢, Oiabnruii Big 1. Ile cymepeuuTs ToMy, 1110 Unuciaaib
B3aeMHO mpocTi. Ils cymnepeuHicTs AOBOTUTH, 10 ¢ =1. Teopemy mo-
BeJIeHO.

3ayeasncennsa. Teopema 1 maec HeoOGXiZHY YMOBY TOro, III0 UyncaAa aib
B3a€MHO IIPOCTi.

Teopema 2. SIKIIo UKc0 @ TIMUTHCA Ha KOKHe i3 TBOX B3a€MHO Mpo-
CTHUX YHCeJ M i n, To BOHO TiJINThCA i HA TOOYTOK m-n.

Hoeedenns. Uncio a DimnuThes Ha m, oTiKe icHYe ITiJie uncio k Take,
o a =mk (1).

Amnanoriuno a =nl (2), 1e | — gesAke Ilijie YKCIO.

Yucnam in B3aeMHO IPOCTi, TOOTO iCHYIOTH Taki ITiji uncia x i y, 1o
mx+ny=1. IloMHO:KUMO OOGMBI YaCTHHH Ifiel piBHOCTI Ha a:

a=amx+any.
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IligzcraBuMO B mpaBy YacTHHY DPiBHOCTiI 3aMicTh g Iioro 3HauYeHHSA
3 popmya (2) i (1):
a =nlmx+mkny =mn(lx +ky).

Yucao lx+ky — nine. OTike, a IiIuTheda Ha mn, 1o i Tpeba 6yio xo-
BECTH.

IIpointocTpyeMo 110 TeopeMy Ha MPHUKJIATaX.

Ipuxaaa 1. Yucao 24 ginutbea Ha 3 i Ha 4. Yucaa 3 i 4 B3aeMHO
TPOCTi, OTKe, Unciao 24 MOBUHHO AiJUThCSA Ha H00yTOoK 3:-4=12.

HiiicHo, 24 minutbed Ha 12.

Ipuxaaa 2. Yucsno 24 ginuTbed Ha 8 i Ha 12, mpore Ha T06YTOK
8:12 =96 He minuTbcd, ocKiabkM uncaa 8 i 12 He € B3a€MHO IIPOCTUMMU.
B mpoMy BUIAmKy TeopeMy 2 3aCTOCOBYBATH He MOXKHA.

IIpuxxan 3. JloBecTH, IIo IpH GyAb-SKOMY ILJIOMY n YHCIO n° —n
mianTheda Ha 6.

Posé’szannsa. Mu BiKe posTisagaim Imeil mpuraan B m. 3. Cropuc-
TAEMOCh PO3KJIATAHHSAM HAa MHOMKHUKH:

n® —n=(n-Dn(n+1).

ITe mo6yTok TPHLOX IOCHITOBHMX UMCeJ, TOMY BiH AiJAuUThcA i Ha 2,
i Ha 3. Yncna 2 i 3 B3aeMHO IIpocTi, ToMy n° —n IiIUThCA Ha JO6YTOK
2.3=6. TobTo (n2 —n)§6, o i Tpeba 6yJI0 HOBECTH.

Ipuxaan 4. IfoBecTu, U0 AKINO 1 He TiINTheA Ha 3 i Ha 2, 1e n >3,
To mpu mivenHi n’® Ha 24 ocraua mopiBHIOE 1.

Posé’sazanns. Yucno n He KparHe 2, Tomy n =2k +1.

Posrasuemo n? —-1= (n —1)(n + 1) = 2k(2k + 2) = 4k(k + 1) — OiIuThCA

Ha 8.
Yuciao n He KpaTHe 3, Tomy abo n—1, abo n+1 ginurbea Ha 3. Tomi
(n*-1)
n’-1)3

Ockinpru 3 i 8 — B3aeMHO MPOCTi Umcaa, TO
(n* -1)(3-8), (n* ~1)24in® =24k +1,

1o i Tpeba 6yJio TOBECTH.

Teopema 3. fk1io 106yTOK ac AiMUTHCA Ha m i uncia ¢ i m B3aeMHO
MPOCTi, TO @ AiITUTHCSI HA M.

Joeedenns. Ynucia ¢ i m BsaeMHO IIPOCTi, TOMY iCHYIOTH TaKi ITiji
yncaa x i y, mo cx+my=1. IloMHO:KUMO 110 piBHIiCTH Ha @, AicTaHEMO:
a=acx+amy.
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HobyToK ac 3a yMOBOIO HiUThCA Ha m, TOMY (acx+amy)§m, OT3Ke,
a TinuTbesA Ha m, 1o i Tpeba 6yJa0 TOBECTH.

IIpukaan 5. Yu icHye umceio, IJIs 3alKCy AKOTO BUKOPUCTOBYIOThCS
Tinpku ommuuIi (1; 11; 111; ...; 11...1), axke ginurbca na 20097?

Posé’azannsa. Hexall B 1ill HecKiHUeHHill MHOMKHHI uHcesl HeMae
JKOIHOIO, AKe mianiaocsa 6 Ha 2009. Toxi posragHeMo kjaacu ocrau: 1; 2;
3; ..., 2008. ITux riaciB 2008, a uncea — 6Giabiie. ToMy 3a MPUHITUIIOM
Hipixje sHaligyThCA ABa Uncaa, SKi MaloTh OMHAKOBI ocTaui Mpu TijleHHi
Ha 2009. Orixre, pisHuilg nux uucela AiauTtbes Ha 2009. 3posymino, 1o
pisHuIg 1nux uyucea Mae Buraaa: 11...10...0. 3anuniemMo Ie YHCaO
y Buraami pooyrry 11...1 - 10...0. Yucaa 10...0 i 2009 BzaeMHO poCTi,
Tomy umeso 11...1 ginurhea Ha 2009.

Bionosidv. Taxe uncio icHye.

3aBIaHHA AJI CAMOCTiHHOTO PO3B’A3yBaHHA
4.53. Yu npaBuiIbHe TBEP/yKEeHHS, 110 UKcIanin + 183aeMHO IIpocTi?
4.54. MoBeniTs, 1o Ipu OyIb-AKOMY I[iJIOMY 1 YHCJIO n(n+1)2 (n+2)2
minmnTbed Ha 12.

4.55. JloBemiTs, 1o Opu GyIb-AKOMY HATYpaJIbHOMY 1 umcio 2" +2"
IinThed Ha 6.

4.56. [ToBefiTh, 1[0 IpH 6y Ib-AKOMY HellapHOMY 1 UHCA0 n° —n JiinuThb-
cd Ha 24.

4.57. JloBeiTh, 1110 IIpH Gy Ab-AKOMY LIiJIOMY i 9rcaon’® —n qinmuThes Ha 30.

4.58. JloBeiTs, 1o mpu 6y Ab-AKOMY IiJIOMY n duciao n® —bn® +4n kpart-
He 120.

4.59. Ilpu AKMX HATypaJbHUX 3HAaYeHHAX n umciao n’ +2n° —n® —2n
minmntbea Ha 1207
4.60. HoBeniTs, 1o mpu O6yIb-AKOMY I[iIJIOMY 72 BUpa3
n® n' 0t 50’ Ln
120 12 24 12 5
€ HIiJIuM YMCJIOM.
4.61. HoBeniTh, 1o mpu OyAb-AKUX IiAUX a i b unciao

ab(a2 —v? )(4112 —bz)
minmntbed Ha 15.

4.62. lIpi6 a—_z cropoTHuit. Yu cKopoTHHU npib %?
a—+
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4.63. Bigomo, 110 uyucaa n i 6 BzaeMHO mpocti. [loBemiTh, IO IpH
ginenni n? Ha 24 ocraua gopiBHIoe 1.

4.64. MoexiTs, mo uncao BuAy 9" +1 He MoKe 3aKiHUyBaTHCA JBOMA
a0o OiJibIlle HYJIAMHA.

4.65. 3uaiigiTer HaliMeHIIle HATYpaJdbHe UYHUCa0, TP TiJIeHHi sKoTo Ha 2
ocTaua gopiBHIoe 1, IIpu AiJeHHiI Ha 3 — ocTaua JopiBHIOE 2, IpHU
IinewHi Ha 4 — ocTaua gopiBHIOe 3, IpHU AiJeHHI Ha 5 — ocraua
IopiBHIOE 4, TIpU AiJeHHI HAa 6 — ocTaua AopiBHIOE 5.

Pob6oTa aa4a camonepeBipku
Bapianm 1

1. JoBexiTs, 110 IpH 6yIb-AKOMY LIiTOMY 1 YHCJIO i’ (n2 —1) JiMATHCA
Ha 12.

2. IloBeiTh, 1o IpH GyAb-AKOMY HATYPAIBHOMY 12 9mcyao 22 +2"+ 427
minuTeea Ha 14.

3. oBexiTs, mo aximon® —1ginnreca Ha 2, Ton? —1gituTsesaina 8.

4. 3HalIiTE HAMiMeHIIle HaTypaJIbHe YNCI0, AKe TiIUTHCSI Ha 7, a IpHu
ninewuni Ha 2, 3, 4, 5, 6 ocraua gopiBHIOE 1.
Bapianm 2

1. loBemiTs, 1o mpu OYAb-AKOMY IiIJIOMY £ YHCJIO nz(n2 +3n+2)
minnThbed Ha 12.

2. JIoBefiTh, 0 IpH 6YAb-AKOMY HAaTypaJlbHOMY 1 iciIo 8" 4+ 8"+ 43"
minnThbes Ha 14.

3. HoBemiTh, 1110 AKIIO n? —1ginuTscaua 2, ron® —1 ginurbesina 8.

4. 3uHaligiTs, HaliMeHIIle HATYpajdbHe YHUCII0, AKe TINThCA Ha 6, a TIpu
ninewni Ha 2, 3, 4, 5, ocraua gopiBHIoe 1.

5. ®opmynn ckopo4yeHOro MHOXeHH4 i NoAinbHicTb

Mu BKe 3HAEMO Iy HHUBKY KOPUCHUX TOTOXKHOCTeH, AKi HasuBa-
I0TH (pOpMYyJIaMHU CKOPOUEHOT'0 MHOMKECHHS:

(a—b)a+b)=a® -b;
a-b)(a? +ab+b?)=a® -b*;
(a-0)( )
a+b)(a? —ab+b® Y=a® +b°.
(a+0)( )

I1i dopmynn MoKHA BUKOPUCTOBYBATH [JIs1 PO3KJIAJAHHS MHOTOY-
JeHiB HA MHOJKHUKH, 3BiIKM BUIIWBAIOTE KOPHUCHI (aKTH:



Posagin IV. OcHoBu Teopii noginbHOCTI 111

(a2 —b? )E(a -b); (a2 —b? )E(a +b); (a3 -b* )E(a -b); (a3 +b° )E(a +b).

MoskHa ToBeCTH, IO JIA 6YIb-IKOTO HATYPaJbHOI'O YHCJIA 7 CIIpa-
BeJINBI TaKi TBepA:KeHHA:

(a” -b" )E(a—b); (az” —b*" )E(a+b); (az”"1 +2! )E(a+b).
PosrigneMo mpuKIagy BUKOPUCTAHHSA X TBEPIKEHb.
Ipuxaan 1. oBectu, 110 npu 6yIb-AKOMY HATYPAJILHOMY 72 UHCJO
2'" —1 kparme 15.
Pozé’azanns. 2'" -1 =(24 )n -1=16" -1 — ginurbes Ha 16 -1=15.

IITo i Tpeba 6ys0 MOBECTH.

IMpukxanx 2. loBecTu, 110 TpW HAPHOMY HATYypaJbHOMY I UHCIIO
7" —5" minurteea Ha 24.

Posé’sazanns. 3a ymMoBOIO n — IapHe, oT:ke n =2k.

7h 5P =7 Rk =(72)k —(52)“ —49" —25"

IinuThed Ha 49-25=24, n1o i Tpeba 6yJ0 TOBECTH.

Hpuxaan 3. Tosectu, mo 9" +4"*' kparHe 5 mpu 6yIb-AKOMY HATY-
paJbHOMY 7.

Posé’asannsa. IlepeTBopuMo Bupas 9" +4"*! TakuM 4mHOM:

9" +4"" =9" 4" +4" +4-4" =(9" —4" ) +5-4".

Yucmo 9" —4" pminmteesa mHa 9-4=5 i 5-4":5, tomy 9" —4" +5.4"
Iinmrbea Ha 5, 8BiAKM 9" +4™*! mimuThed Ha 5, 1m0 i Tpeba 6yJ0 TOBECTH.

Ipuxaan 4. oBecTu, 110 Ipu 6yAb-AKOMY HATYpPaJIbHOMY B UHCJO
7-5°" +12.6" ginmrhcd Ha 19.

Posé’azannsa. Tlepersopumo Bupas 7-5°" +12-6".

7.5 +12.6" =7-25" -7-6" +7-6" +12-6" =7(25" —6”)+19-6”.

Yncno 25" —6" mimareesa HA25-6=19119.6":19, Tomy 7-5*" +12-6"
JimuThed Ha 19, 110 i Tpeba 6yJI0 OBECTH.

IIpuxaan 5. JoeecTH, 110 IpH OyIb-AKOMY HATYPAJILHOMY 1 UHCJO
1" +3" +5" +7" kparne 4.

Poszé’azanns

7% 1B 4 3% 1 1P =(7" —3")+(5" —1")+2-3" +2=
=(7" —3")+(5" —1")+2(3" +1).

Ilepmuit gogamox 7" —3" minuTbesa Ha 7-3=4;
Ipyruii gomaHok 5" —1" minurhes Ha 5—1=4;
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TpeTiili JoJaHOK 2(3” +1) IimuThea Ha 4, ockiabku 3" +1 — mapHe

yKrcao (cyMa ABOX HeMapHUX UHCEN).
Taxum uumHOM, 7" +5" +3" +1" minurbed Ha 4, 1110 i Tpeba 6yJ10 KO-
BECTH.

3aBIaHHA AJI9 CAMOCTIiifHOTO PO3B’A3yBaHHSA

4.66. HoBemiTh, 1110 HellapHU HATYypaJbHUIH cTeniHb unucaa 23, 36iab-
miedny Ha 1, giauThea Ha 12.

4.67. JoBediTh, 1110 MapHUH HATYPAJLHUI CTEIliHb UMcIa 7, 3MeHIIIe-
Hui Ha 1, giamThea Ha 48.

4.68. oBediTh, 1o Ipu O6yIb-AKOMY HeIapHOMY HATYpPaJIbHOMY 7t

a) (5" 27 )27; 6) (5" +11" +2)z6.

4.69. MoBeniTs, 1110 TpHu OyAL-IKOMY ITapHOMY HaTypaJbHOMY 7:
a) (5" -3" )216; 6) (4" +14)z15.

4.70. JoBediTs, 110 Mpu 6YIL-AKOMY IapHOMY HATYPAJLHOMY 7.
a) (21" +4" 173 6) (15" +7"):8;
B) (13" +3m+2 )210; r) (5" +T g™ )24;
) (7"+2 gRRH )257; e) (5" + 8% gt )23;
xK) (3 + 5" 47" +9")z4; 3) (5" +7" +9" +11")£4.

4.71. [loBediTs, 1o npu 6y AL-AKOMY HaTypaJbHOMY nnunuciaos5” —3" +2n
IiMnThed Ha 4.

6. Hait6inbwuii cninbHuii ainbHuK. Anroputm Eeknipa’

KosxHe 11ie uncio, sike He TOPiBHIOE HYJII0, Mae CKiHUeHHY KiJTbKicTh
TMEHUKIB. AKINO m € OITBHUKOM UHCIa @, TO —M TaKOMX € TiJIbHHKOM
yncia a. Mu 6ygeMo posIJsgaTd TUILKK HATYpaibHI AIMLHUKK YHUCIIa a.
HafiMeHITIUM HaTypaJbHUM IIJIBHUKOM UMcia @ € uuciao 1, Haibiib-
M — 9uero fof

Yucnaaib, xoua 6 ogHe i3 AKUX He AOPiBHIOE HYJIIO, MAIOTh CKiHUeH-
HY KiJbKicTh cOinbHUX AiApHUKIB. HaliMeHITUM CIIIBLHUM TiAbHUKOM
yucea a i b ¢ ogunaNng. HalGinpmini coiisHENi TIIBHUK Ymcea a i b mo-
sHavaoTs HCJJ (a;b) a6o d(a;b). Hamnpurmgan, unciaa 36 i 24 maiors 6
cuispuux ginpHUKIB: 1, 2, 3, 4, 6, 12. Haii6iapminM cIiJIbHUM TiJILHI-
koM € 12, To6ro d(36;24) =12.

Posrignemo medKi BIAcTHBOCTI HAOIIBIIOTO CILIBHOTO TiILHHUKA.

*  Epruix (61. 365 — 6. 300 10 H. .) — IaBHLOIPEILK Uil MaTeMaTHK.
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Teopema 1. Hexaii g i b — 1ini uncia, xoua 6 ogHe i3 AKUX He TOPiB-
HIOE HYJII0, d =d(a;b) — ixmiil Hal6iIbINUHA CHINbHUNA TiIILHUK.

Tomi icHyIOTH ITiJIi umMcsa m i n, Taki mo ma+nb=d.

Joeedennsn. Ockinbku d € TiIJIBHUKOM umcaa a, 7o a =kd (1), aHa-
Jaoriuno b =ld (2). Yucaa k il — Bsaemuo mpocri. HilicHo, sknio 6 uncia
k il manu cuinbHUH AiABHUK ¢ (¢ >1), To R=cx il=cy, ToMy a=cdx i
b =cdy, oT:ke, uncao cd — CIiMbHUMN TiNbHUK unceaaib, npudomy cd >d
(c >1). Ane 1e cynepeuuTh TOMY, N10 d — HAWOIJILINUAN CHiTBHUNH Aidb-
HUK uncenaaib. Orike, kil — B3aeMHO IpocTi uncaa. 3a Teopemoio 1 1. 4
icHYIOTH Taki 1iai uncnamin, mo km+nl =1. IIoMHOKHUMO 110 PiBHiCTH
Ha d i BpaxoByeMo (1) i (2): kdm+Idn =d; am+bn =d, 1o i Tpeba 6yio
JTOBECTH.

Teopema 2. Hexail a i b — 11i7i uncia, xoua 6 ofiHe 3 SKUX He TOPiB-
HIOE HYJIO, d =d(a;b) — iXHi HARGINBIINH cUOLMLHUN AiMbHUK. Yucio ¢
€ CHLJIbHUM JiJIBHMKOM uMceJ a i & Tomi, i TiIBKHM TOHi, KOJHM BOHO
€ DiTBPHUKOM umcia d.

Hoeedenns

1) Hexaii ¢ — coiipunii ZidbHUK uncea a i b, Tofi a JinuThea Ha ¢, b

OiInTheA Ha c. d =am+bn, oT:Ke, d TAaKOK IIINTHCA HAa C.

2) fIximio d ginuThes Hac, TO 3 TOTO, IMoa =kd i b =ld BuniuBae, moaib

IinuThed Ha ¢. TeopeMy moBemeHO.

Icuye mocuTs mpocTHii cmocib, AKUIM T03BOJAE 3HAXOAUTH HaMGiIb-
UM CHiJIBHUN TiIBHUK ABOX HATYpaJdbHUX uucel. BiH HasuBaeThcA aj-
roputmMoM EBKJIima.

AunropurMm EBKJAifa TPYHTYETHCA Ha JeMi.

Jlema. Hexali a i b — HaTypaabHi uncia, ¥ — ocTaya Bij TijeHHsI a i b.
Tomi HafiGiNBININI CIIMBHTN AINBHUK Ulces a i b TopiBHIOE HANOIIBIIIOMY
CIIBHOMY ALTBHEKY umcen b i r. Tooro HCII(a;0) =HCH (b;r).

Hoeedenna. OckinbKu r — ocTada Bif gieHHA a Ha b, Toa =bg +r,

Ie ¢ — mine uncao. Hexail ¢ — medakuil crinbHWil TiNFHUK dncen a ib.
Bpaxosytoun, 1o r =a —bq, r ZiIUTHCA Ha ¢, OT:Ke, ¢ — CIIIBHUH Tilb-
HUK Iapu (b;r).

Hapnaku, K10 ¢ — COIMIBHUN AiIMBHUK Uncen bir, To uncaoa =bqg +r
TaKkoK MiJINThCA Ha ¢, TOMY ¢ — CIIILHUN TiJILHUK uncea a i b.

Takum unzOM, umMcaa @ i b MalOTh Ti 3K caMi CHLILHI FITBPHUKHI, IO
1 umerna b i r. Orske, HAHOLIBLIIINY CIIILHUY TiMTLHUK YKcea a i b coiBna-
Jae 3 HAROLILIIINM CHiIIBHUM TiBHUKOM uuces b i r, 110 i Tpeba 6ynao
TOBECTH.

IIpomemoHCTpyeMO 3acToCyBaHHSA ITiel JieMu Ha TPUKJIAI.
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Ipucaan 1. 3uaiiTu Ha#GiALITNI CIITBHUI TITBHUK Yncen 6451 381.

Posé’asanna

1) IToxinumo 3 ocraueio 645 ma 381: 645=381-1+264.
Brigo 3 memoro HCJI(645;381) =HC]I(381;264).

2) IToginumo 381 Ha 264: 381=264-1+117;

HCJI(381;264) =HCJI(117;30).
3) IMominumo 117 ma 30; 117=30-3+27;
HCJI(117;30) =HCII(30;27).
5) IMominumo 30 ma 27: 30=27-1+3;
HCJI(30;27) =HCII(27;3).
6) oginumo 27 Ha 3: 27 =3-9+0; HCI(27;3) =3. Mlicramu:
HCJ1(645;381) =HC]1(381;264) = HC]I(264;117) =HCJI(117;30) =
=HC]I(30,27) =HCJI(27:3) =3.
Bidnosios. HIC(645;381) =3

3araabHUil BUTAA] aaroputma EBkaiga

1. IToginusiu a Ha b 3 ocraver r,, AicTaHeMo: a =bq, +r,.

DN

. Iloginusmu b Ha r; 3 ocTauelo Ha 1,, AicTaHeMoO: b=r,q, +71;.
3. IloginuBIIn r, HAY, 3 0OCTAUEIOT,, JiCTAHEMO: I, =T,q, +7I, iTak gai.

B pesyabrari Mmu mgicTameMo cIagHy MOCHiTOBHICTh HATYPATBHUX UHU-

cem:a>b>r, >r, >r, >... HarypalbHuX unces, MeHIINX HiXK @, CKiHUeH-

Ha KigbkicTh. ToMy, Ha AKOMYCh KPOIIi IS IOCHiTOBHICTL 0GipBeThed,

TOOTO r,_, Po3AinuThCA Ha r, Ges ocraui. Toxi HC,I[(}"k_1 ;rk)=rk, TOOTO

OCTaHHS, BiIMiHHA Bif HyJd, ocTaua i € HARGIIBININUM CHiIBHUM AiJbHU-

KOM umcen a ib.

ITpumimra. Axmo HCI (a;b) =1, To uncnaa ib € B3aeMHO IIPOCTUMH.

Bpaxosytoun aaroputMm EBKIiga i Teopemy 1 1. 6, micTaHeMo 03HAKY
B3aEMHO IIPOCTUX UYHCEI.

Harypanshi uncia a i b € B3aeMHO NPOCTHUMHU TOMi i TiLKHU TOXI,
KOJIM icHYIOTH Taki uuciam i n, mto am+bn =1.

Ipukaan 2. Hosectu, 110 uucaa n i n+1 — B3aeMHO IIPOCTI.

Posé’sazanns. 3acrocyeMo ajgroputm EBriiga.

HCJI(n+1;n) =HCII(n;1) =1,

ToOTO uncnaa n i n+1 — B3aeMHO IpocTi, 110 i Tpeba 6yI0 ZOBECTH.
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IIpukaan 3. Hosectu, 1o Apid 128+1
30n +2

HECKOPOTHUH.

Poszé’azanna. I cnocié. PosrngHeMo
HCI(30n +2;12n + 1) =HCI(12n + 1;6n) =HCI(6n;1) =1.
12n+1

Ot:xe, uncna 12n+11i 30n + 2 B3aeMHO npocTi, ToMy Apib
30n +2

He-

CKOPOTHHUI, 1110 i Tpeba 6yJa0 TOBECTH.

II cnocio. Hoegemo, 1o uucia 30n +2 i 12n +1 B3aeMHO 1IpocTi, 3a-
cToCyBaBIIN 03HaKy. [ad mboro migbepeMo Taki Iiii ymena x i y, 1106
BHKOHyBanach piBHicTs: (301 +2) + y(12n +1) = 1. Ilic/ia mepeTBOpeHHs
JicTaHeMO: (30x +12 y)n +2x+y=1. 3BiAcu BUILIABae ccTeMa PiBHAHB:

30x+12y=0,
2x+y=1.

Posp’axemo ii:
Sx+2y=0]1 x=-2,
L=l
2x+y=1 -2 y=>5.

Hiiicro, —2(30n +2) +5(12n + 1) =1, orsxe, uncna30n +2112n +1 Bsa-

€MHO TIpocTi i apib HEeCKOPOTHUI, 1110 i Tpeba 6yJI0 TOBECTH.

3aBIaHHA AJd CAMOCTIHHHOTO PO3B’A3yBaHHSA

4.72. 3uaiigiTe 3a momoMoromwo airopurMma EBxmima HC,I[(a;b), ARIIO:

a) a =846, b =246; 6) a=1960, b =588;
B)a=15283 6=10013; ra=2747,b=2173;
o) a=6499, b=2077, e)a=12763,b=7571,
&) a=2001, b=1947; 3) a=3503, b=2231.

4.73. 3HaligiTe HAHOIABIINE CHiIBLHUE TiIIBLHUEK 4YKCcel:
a)2n+21i2n; 6)6n+3i3n4d
B)30n+251i20n+15; r)2n+3in+7.

4.74. oBeniTs, 110:

a) HCJI(a;b) =HCII(a;a +b); 6) HCIT(a;0) =HCJI(a;a —b).

4.75. osexirs, mo HCII(13a+8b;5a + 30) =HCTI (a;b).
4.76. JloBemiTh, 110 AKIIO YKUCJIA @ i b B3aeMHO IIPOCTi, TO

HCII(11a+2b;18a +5b)

IopiBHIoe a6o 1, abo 19.
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4.77. Jlosepits, mo sxmo HCJI(a;b) =1, To:
a) HCIl(ab;a+b)=1; 6) HCIl(ab;a-b)=1.

) n(n+1)
4.78. oBediTh, 1110 IpH OYAL-IKOMY HATYPATLHOMY 71 UHCJIA —5

i 2n+1 B3aeMHO MIpPOCTi.

. .. n+1 . .

4.79. HoBemiTh, 1110 Apib el HeCKOPOTHHUH IIpH BCiX HATYpAJbHUX 1T,
n

7. HaiAimeHWe cninbHe KpaTHe

Kparue umncio a, sike He TOPiBHIOE HYJI0, Mae 6e3Jiu KpaTHUX; BCi
yucia..., —ba, —4a, —3a, —2a, —a, 0, a, 2a, 3a, 4a, 5a,... € KPATHUMHU YHCJIA 4.

Hami mu 6ygeMo posTysagaTH TLILKH HaTypaabHi uncia. aa 6yab-
AKUX HATYPAJbHUX UHcesa @ i b MokHa 3HAHTH HaTypaJbHe UHMCI0, SKe
¢ ixHiMm cninbHUM KpaTHUM. Hanmpukaam, ciabHUM KpaTHUM Yncea a ib
€ To0yTOK ab: BiH minuThesa Ha a i Ha b. Tpamnderkes, 1o uncaaa i b ma-
IOTh CIIiJIbHe KpaTHe, MeHIle Bif moO0yTKy ab. Hanmpuknanm, 1o6yTor uu-
cex 18 i 24 popiBHioe 432, ane umncaa 18 i 24 maloTh CIJILHI KpaTHi,
MeHITi Hixk 432, — me uncaa 72, 144, 216, 288, 360.

Osnavenna. HaliMeHIlle HaTypaJIbHe YMCIO cepell CIITBHUX KPaTHUX

ynces a i b, Ha3uBaeThcsA HARMEHIIIUM CIIIJIBHUM KPaTHUM Uncea a ib.
Hosuauaersea HCK (a;b). s umcen 18 i 24: HCK (18;24) =72.

Teopema. [lng 6yAb-AKUX HATYPAJTbHUX YHcel] a i b 1o6yTOK iXHLOTO
HaNOIMBIITOT0 CHiMBHOTO MLHUKA I HallMEHINIOro CIIJILHOTO KpaTHOTO
nopisHIoe KoGyTRY uncen ab. HCJI(a;0)-HCK (a;b) =ab.

Hosedenns. Tosnaunmo HCII(a;0) =d; HCK(a;0) =n. Toxi a=kd,

b=Ild, ne k i | — B3aeMHO mpocTi uucaa (guB. Teopemy 1 1. 6); n =xa,
n=yb, fe x i y — Hedaki HaTypaJbHi UmcIa.

Taxkum unHoOM, 1 = xkd i n =yld, 3BigKnu E =xki E =yl. Bauumo, 110

E — HaTypajJbHe UHCJO, AKe AiMUTheA i Ha k, i Hal. OckinbKu uncna kil
. n e

B3aeMHO IIPOCTi, TO 5 JiINTheA Ha ixHill 1o6yTok (TeopeMa 2 1I. 4), To6TO

n F
E =Ckl, ne c — gedKe HaTypaJibHe YHCJIO, AKe € CIILJIbHUM KPpaTHHM Y-

cell a i b, mae BUrAAnL n =ckld, ge ¢ — HesKke HaTypajbHe UMCJIO.
Ockinbku ¢ — HaTypajJbHe YHCJIO, TO ¢ 21, ToMy n 2kld.
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Posraanemo umeno kid. kld =1-kd =la, To6TO kld minutbesa Ha a;
kld =k-ld =kb, T0o6TO Rld minuThca Ha b.

3Bicu BUILIHUBAE, 1110 kld € HAMeHIIINM CIILIBHUM KPaTHUM UK Ce a
i b: HCK(a;b) =kld.

IToMHOMKMMO I[}0 PIiBHICTHL Ha YHCJIO HC,I[(a;b) =d, pgicramemo
HC/I(a;0)-HCK(a;b) =kld -d =kd-ld =ab, mpo i TpeGa Gy10 KoBeCTH.

Hacnidox 1. HalimewIiie ciiibHe KpaTHe ABOX HATYPaJbHUX UHCeN a

ab
HCII(a;0)

Hacnidox 2. SIkio umcenaa a i b B3aeMHO TIPOCTi, To iXHe HaliMeHIIe
CIIiJIbHe KpaTHe AopiBHIOE TOGYTKY ab.

Ipuxaan 1. 3HaliTu HaliMeHIIe ciJbHe KpaTHe uncea 645 i 381.

Pos¢’azanns. HCI|(645;381) =3 (qus. mpuknax 1 m. 6)

i b MosKHA 3HAXOAUTH 3a (POopPMYJIOIO: HCK(a;b) =

HCK(645;381) =81915.
Bidnosiov. HCK(645,381) =81915.

Ipuxaan 2. [IBi moapyru KyIWin o ogHill ogHakoBiit KHu3i. OgHa
3 HUX 3aIJIaTUJIa B Kacy KyImiopaMu 1o 2 TpUBHI, a Apyra — 1o 5 rpu-
BeHb; BCLOT'O B Kacy BOHU JaJjiu MeHIne HixK 10 kymiop. CKiTbKH KOIITYE
KOYKHa KHHUTAa?

Posé’szanns. BapricTs KHUTH TiIUThCSI Ha 2 i Ha 5, oTike, BOHa
kpaTtHa 10. 3a KoskHi 10 rpuBeHb Nepllia Moapyra IOBUHHA TaTH B Kacy
5 KyIIiop, a Apyra — 2 KyIiopHu, ToOTo 3arajbHa KiJbKicTh KyIIop Kpar-
Ha 7. 3a yMOBoOIO Iie ymcyo MeHIe 10, ToMy B Kacy MOAPYTH faiu 7 Ky-
miop. 3Bijficu BUILINBAE, 110 BapTicTh KoxKHOI KHUTHU 10 IpuBeHL.

Bionosidv. 10 rpuBeHb.

3aBIaHHA AJd CAMOCTifHOTO PO3B’A3yBaHHA
4.80. [To6yToK ABOX B3A€MHO IIPOCTUX UHces fopiBHIoe 1328. Yomy m0-
piBHIOE HaliMeHIIle cIIiJIbHe KpaTHe UX YKucea? SHANIITE ITi uncaa.
4.81. 3HalifiTs HaliMeHIIle cIiIbHe KpaTHe uncel a i b, ARIIO:

a) a =846, b =246; 6) a =1960, b =588;

B)a=2173, b=2747, r)a=6499, b=2077,

m)a=12769,b=7571; e) a=3503, b=2231.

Brasierxa. CropucraiiTecd feIKUMU pesyiabraTamMu Bupasu 4.17.
111 . 1237

4.82. 3Benits apobu IO CIIIJILHOTO 3HAMEHHHKA.

] —
21120 30270

7 187
4.83. Bukonaiite rogaBaHHa JpobiB — i ———.
ARR AB 192 1620
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4.84. loBediTh, 10 AKIIO YNCJO C TIMUTHCA HA KOMKHe 3 TBOX HATYpaJb-
HUX 4YHceJ a i b, To BOHO AiauThca Ha iXHe HalMeHIIe CHiJIbHe
KpaTHe.

4.85. 3HaigiTh ABa HATYpPAIbHUX UYKCJIa, CyMa AKUX TopiBHIOE 35, a Ha-
fiMeHIIle cIliTbHe KpaTHe AopiBHIoE 12.

8. MpocrTi yncna

OsHauvenna. HatypanbHe umciao p>1 HaszWBaeThbcd MPOCTUM, AK-
1o, ¥piMm 1 i p, BoHO He Mae iHNINX HATYPaJbHUX AiTLHUKIB.

OsHauyenna. HaTtypanbHe uncio p >1Ha3uBaeThCI CKIAATEHUM, AK-
110 BoHO Mae Oijbllle HisK IBa HATypaJbHUX TiIbHUKA.

OCKiTbKY OMUHUIIA Ma€e TiJIbKU OIUH HATypaJbHUMN AIMLHUK, TO BO-
Ha He € MPOCTHUM, aHi CKJIAAeHUM YHCJIOM.

Cepen nepmiux 20 HaTypaJbHUX UHCe] € BiciM IIPOCTHUX — Ie UHucaa
2,3,5,7,11,13, 17, 19. Vci ignn (KpiM oZMHHUI) — CKJATEH].

Jas 6yAL-sKOT0 Bifpiska HaTypaJdbHOTO pAfa UKces, TOUNHAIOUH i3
2, MOKHa «BifcisiTH» cKJafeHi umcia, KOPUCTYIOUHUCH CIOCOO0OM, KM
HasuBaeThes «peliieTo EpaTocdenas. ITokaskemo et coci6 Ha BiIpisKy
yuces Big 2 mo 20.

Bunmmiemo Bei 11i unesa B TabanIfo:

2 3 4 56 78 9106

11121314 15 16 17 18 19 20.

Burpecaumo Bei uncia, 6iabIi Big 2 i kpatHi 2.

HacrymnHe HezakpecieHe UHMCJIO 3 € MpocTuM. Bukpecanmo Bei umce-
Jaa, 6imbimi Bix 3 i kparHi 3. HacTynmHe HezakpeciieHe UHCIO 5 € IPO-
cTuUM. AJle cepell He3aKpecJeHUX Uucesl HeMae KpaTHuX 5 (KpiMm 5).

Yucna, SKi sanummuanes Hesakpeciaenumu: 2, 3, 5, 7, 11, 13, 17,
19 — mpocri.

Teopema 1. SIkiio HaTypadbHe umcio p>1 He AIMUTHCA Ha KOTHE
3 MPOCTHUX YWces, KBAIpaTH AKUX He TepeBUINYIOTH p, TO YHUCIO p —
mpocre.

s moBemeHHS Iiei TeopeMu CKOPUCTAEMOCS JIEMOIO.

Jlema. Byab-sike HaTypajJbHe UHCJIO, GiIbINe Bi OMMHUIN, Mae Xoua
6 OAWH IIPOCTHUH TiMBHUK.

Hoeedenna. Hexaii a, — maHe HaTypaabHe 4nciao. fIkmo a, — npo-

cTe, TO @, 1 € IPOCTUM JLIBPHHKOM 4HKcia a,. SIKI0 a, — cKiIajeHe, TO
3HalifleTbcs AIIBHUK @, 4UCIa @, , AKNH He JopiBHIOE 1 ia,.



Posagin IV. OcHoBu Teopii noginibHOCTI 119

Skmio g, — mpocre YMCIIO, TO @, € IPOCTUM JIMEHUKOM YHCIA @, .
B inmomy BMHIagKy MOMKHa 3HAWTH a4, — [IUIBHUK 4,, 4, #1, a, #a,.
Orsxe, MaeMo a, >a, >a, >.... OCKLIBKN HaTypaJbHUX 4YKCe], MEHIINX
Bif a,, CKiHUeHHa KiJBKicTh, TO BpeINTi-peINT 3HalifleThCA IIPOCTUIA
OiIBHUK YKCIa a, .

Hoeedenna meopemu 1. SIkmio uncao p He € IPOCTHUM, TO 3HAUAETH-
cd YWCa0 @ — JAIMBHUK p, npuuomy a # 1, a # p. Takum uuHOM, p =ab.
Hexait a <b. Togia® <ab, Todro a® < p. 3rigHo 3 JeMolo 3HaiifeThcA MIPo-
CcTHUi AiMBPHUK ¢ UYncia . 3po3yMino, 110 ¢ € JiITbHUK unciaa p. OcKinbKu
g <a, 10 q* < p. OTxKe, AKIIO YHCIO p He € IPOCTHM, TO 3HAIeThCA Mpo-
cTuil TiNLHUK ¢ UKCIa p, KBaApaT AKOT0 He IIEpeBUINYE p. 3BifcH i BUI-
JNMBAaE CIPaBelINBICTh TeOpeMH.

Ipuxaan 1. IlepeBiputu, un ¢ npoctum uucio 2003.

Posé’sazanns. 3rigHo 3 TeopeMoio 1 TOoCUTH ITepeBipUTH, UM TiIUTHCA
2003 ma Taki mpocri unciua: 2, 3, 5, 7,11, 13,17, 19, 23, 29, 31, 37, 41,
43. HacrymHe mpocre umciao 47 mepeBipATH He BapTo, OCKLILKH
477 =2009, a 2009 >2003. OueBnzHo, mo 2003 He ginuTHCA Hi Ha 2, HI
Ha 3, i Ha 5. Kpim Toro, 2003=2002+1=2-1001+1, a umcio
1001=7-11-13, romy mpu ginenni unciaa 2003 Ha 7; Ha 11; ma 13 ocraua
IopiBHIoe 1.

s mpocTux umcel, sIKi 3aMUIININCA, MAEMO:

2003=17-117+14; 2003=19-105+8; 2003=23-87+2;
2003=31-64+19; 2003=41-48+35; 2003=29-69+2;
2003=37-54+5; 2003=43-46 +25.
BucHosok. 2003 — mpocTe uncCIo0.
Ipuraan 2. [loBecTH, 10 IpHU HATypajJbHOMY n >1 umcio n' +4 —

CKJIajIeHe.
Posé’asannsa. IlepeTBopuMo B ZoGyTOK Bupas n' +4:

n' +4=(n4 +4n? +4)—4n2 =
=(n2 +2)2 —(2n)2 =(n2 —2n+2)(n2 +2n+2).

IIpu n >1 uucio n?-2n+2>1, TOMY n' +4 Mae minpHUKM, 9Ki He
IZopiBHIOIOTE 1 in' +4, orske uncaon’ +4 e ckaageHnM, 1o i Tpeba 6yJI0
JTOBECTH.

IIpukaan 3. HoBecTH, m10 AKINO p IPOCTe YUCAO i p >3, To Hioro Moxk-
Ha mojaTu y BUrAmi p=6k—1abo p=6k+1.
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Poszé’sazanns. Ilpu ginenni Ha 6 icHye IricTh KJaaciB octau: 0, 1, 2,
3, 4, 5. Bunagku p=6k, p=6k+2, p=6k+3, p=6k+4 HeMOXKJIUBI,
OCKIJILKA p — IMpoOCTe UHca0. SalunialoThbesd BuUNagku p=6k+1 abo
p=6k+5. Ane p=6k+5=6(k+1)-1, omxe p=6m+1abo p=6m-1, mio
i Tpeba 6yJI0 TOBECTH.

Ipuxaan 4. Bigowmo, 1o unciaa p, p+10 i p+14 npocri. 3uaitu p.

Posé’sazanns. OueBUIHO, IO IpU p=2 yMOBa He BUKOHYETHCS,

ockinbku p+10=2+10=12 — He € IPOCTUM UUCIOM.

Ilpu p=3uucraa p, p+101i p+14 e npoctumu: 3+10=13, 3+14=17,
OTKe, p =3 3aI0BOJILHAE YMOBY.

Ilpu p>3 p=6k—1iTomi p+10=6k—-1+10=6k+9 — ckaaxene abo
p=6k+1imomi p+14=6k+1+14=6k+15 — ckiameHe.

Orire, iHNIAX p, AKi 6 3a0BOJBHANIN YMOBY, HeMae.

Bidnosidv. p=3.

IToBepHeMocs mo «periiera Eparocgenas. Mu 6aunmo, 110 Ha KOMKHO-
MY BifipisKy HaATypaJbHOTO PANY KiABKiCTh IPOCTHX UMceJa CKiHUeHHA.
Bunukae sannuTaHHs: UM He BiI0OYBAETHCA TaK, 110 TOUMHAIOUH 3 JeIKO-
ro uuciaa P, He icHye JKOTHOTO MPOCTOro uucaa?

HacrtymnHa TeopeMa, AKY noBiB EBKJiI, Hae 3allepeuHy BiAMoBiAL Ha
Ile 3aMuUTaHHA.

Teopema 2. MHOKHHa IIPOCTUX UHCeJ HeCKiHUeHHA.

Hoeedenns. Ilpunyctumo, M0 KiJbKiCTh MPOCTUX UMCes CKiHUeHHA.
Tomi ix Mo:kHa mepeniuunTu: 2, 3, 5, 7,..., P, 1e P — HaiibinbIe mpocTe
ymucao. Hexait uncno N =2-3-5-7-...- P+1. 3rigHo 3 JIeMoIo, AKY TOBefe-
HO B I[bOMY NOYHKTi, Ileé UMCJIO IIOBUHHO MATH IPOCTHUH TiMLHUK. AJe
ymucao N He TiIUThCA Ha $KOTHe 3 uucen 2, 3, 5, 7, ..., P, 60 Mmae ocrauy 1
TpU TiJleHHI Ha KosKHe 3 HuUX. Ild cymepeuHicTh MOKasye, 110 MpUMy-
IIeHHSI TPO CKIiHYEeHHiCTh MHOMKHUHW TPOCTHX YMCeJ HelpaBUJILHe.
Otske, MHOKMHA IIPOCTUX YK cel HeCKiHUeHHa, 1110 i Tpeba 6yJio JOBECTH.

3 nemu, ARy OyJ0 MOBEIEHO B IIbOMY IYHKTi, BUIJIMUBAE Ille OMWH
Ba)KJIUBUH (paKrT.

Teopema 3. Ko:kHe HaTypajibHe UHMCJIO, OiJbIIe Bl OMUHUIIL, MOXKe
OGyTH POBKJIAJeHO Ha IMPOCTi MHOKHUKH.

Byab-axi nBa poskJagu OTHOTO i TOro caMoOro umcJa Ha IIPOCTi
MHOKHUKH MOKYTDH BiIpiBHATHCA TIMBKU MOPATKOM MHOXKHHUKIB.

Kanomiunuii BUTJIAL PO3KJIAAy HATYpaJbHOTO UYHCJa Ha IPOCTi
MHOMKHUKH: n=p*' -p*~..p/'* , 1€ p;, Py, -.., P, — PisHi mpocti uncia,
m,, My, ..., m, — JesdKi HaTypaJbHi uYncJia.

Ipuxnanx 5. PoskaacTtu Ha mpocTi MHOXKHUKN yncyio 28 350.
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Posé’szannsa. BygeMo mocaigoBHo TianuTu umcao 28 350 Ha mpocTi
ypeaa 2, 3, 5iT. &

28350=2-14175=2-3-4725=2-3-3-1575=2-3-3-3-525 =

=2.3.3-3.3:175=2.3.3.3.8.5.85=2-3.83-3.8.5.5.7=2.83" .5* .7
— KaHOHIUHHUH poskjad uucia 28 350 Ha MpocTi MHOMKHUKHA.

3aBIaHHA AJd CAMOCTIHHOTO PO3B’A3yBaHHSA

4.86. 3’sacyiiTe, uu € Uyncio 353 IPOCTUM.

4.87. fxi 3 uncen, posramoBanux Mixk umciaamu 2320 i 2350, ¢ mpo-
cTuM?

4.88. JloBeiTh, 110 IKIITO YHCJIO 1 — CKJIaleHe, Toi2" —1— cKJIajgeHe.

4.89. JToBefiTh, 110 AKIIO p — IpOCTe YHUCJIo, p > 8,70 p° —1 AimmuTeca Ha 24.

4.90. CraagiTe TabAMIIO BCiX MPOCTUX uumcesa, MeHiux Big 1000.

4.91. 3HafigiTs yci mpocti uncia p, Tpu AKX 8 p° + 1€ IPOCTHM YHCIOM.

4.92. Yucaa pi2p+1 — npocti (p>3). oBeniTs, 1o uncao 4p+1 —
CcKJafeHe.

4.93. 3HailigiTs yci HaTypaJdbHi uuciaa n, Taki mo uucia n—2, n+ 24,
n+26 — mpocrTi.

4.94. Hosexits, mo guciao 2'° +5'% — criagene.

4.95. 3HaitaiTe yei 1ponudpoBi uncaa, Taki 1o ab+ba € TOUHAM KBam-
paTom.

4.96*. JloBemiTh, 110 SAKIIO (m—l)!+1 TiaIuThcAd Ha m, TO YHUCJIO M —
mpocrTe.

4.97*, [loBemiTh, IO AKIIIO 71 — IIPOCTe YHCJIO, TO (m —1)!+ 1 ginuTeca mam.

4.98%*. JloBemiTh, 1110 icHye 6e3JIiu NpOoCTUX Uncel, IpHu AiJeHHi AKAX Ha
3 ocraua mgopiBHIOE 2.

4.99%. JloBeniTe, mo unciaon =p"' -p,"* -...- p,'*, sanucaHe B KAaHOHIuHO-

my Burasani, mae(m, +1)(m, +1)-...-(m, + 1) HaTypaIbHuX JiTbHEKIB.

Pob6oTa aaa camonepeBipKu
Bapianm 1

1. SuaiigiTs HaWOIABMINKA CHUIBPHMI iALHUK i HalMeHIIe CIiJIbHe
KpaTHe uncen 2736 i 1140.

2. loBemiTh, 110 Ipu 6yAb-IKOMY HATypaJdbHOMY 1 Apib 7 ; HeCcKo-
n+
pOTHHUIA.
3. Bigomo, mio uuciaa p, p+4, p+14 — mpocri. 3HalIITE p.

4. IToBefiTh, IO AKIIO p— IPOCTe YUCIO0, p >3, To p° —1aimnThcara 12.
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5. 3HaNIITE KidbKicTs HinbHUKIB uneaa 2700.
6. loBediTh, 1110 B pAAY HaTypadbHUX uncel icuyioTs 2003 craageHUX
yucea, AKi HAYTH MOCIiJb.

Bapianm 2
1. SuafigiTs HaWOGiALMINKA CHINBHWI TiALHUK i HalMeHIe CIiJIbHe

KparHe uncen 1020 i 1224.
12n+1

2. HoBemiTh, 1110 Ipu 6YAbL-AKOMY HATYpPaJIbHOMY 1 Api6 ———— HeCcKo-
30n +2

pOTHMIA.

3. Bigomo, 110 uucaa p, p+10, p+20 — mpocti. 3HaARAITE p.

4. NoBexiTh, U0 AKIO p, ¢ — NpOCTi unuciaa, p>3, q >3, TO P’ —q2 IIi-
JUThCA Ha 24.

5. 3HaiIiTL KinbKicTs AinbHUKIB umeaa 3600.

6. JloBediTh, 1110 B pAAY HaTypadbHUX uncel icuyioTs 2008 craageHuX
yucea, AKi HAYTH MOCIiJE.

9. KoHrpyeHuii 3a MmogynemM. Mana teopema ®epma’

Osnavenna. SIKIo nBa Yuciaa i b npu AideHHI Ha m MalOTh OgHA-
KOBi ocTaui, To TOBOPATE, 110 @ i b KOHTPYEHTHi 3a MOAYJIeM .

Ilosnauenusa: a Eb(modm) a6o a=b.

Teopema 1 (kpuTepiii KOHTPYEHTHOCTI)
JIBa unciaa KOHTPYeHTHI 3a MOZyJieM m, TOAi I TiJIbKHU TOAi, KOJU
pisHUIA a —b TiAUTHCS HaA M, TOOTO

(a”;bJ & (a-b)m.

Hoeedenns.

1) Hexaﬁa”;b, T0o6TO Uncjaaaib MaloThs 0JHAKOBI ocTaui mpu IieHHi Ha
m. Togia=mq+r, b=mq, +r, e q iq, — Jedki niui unucia.
Posraanemo pisummio a—b=mq+r—(mq, +r)=m{q—q,), 8BiIKH

BHUILINBAE, IO (a—b)Em.

2) HaBnaku, Hexail (a—b)Em. Tomi a—b=mk, e kK — 1ine uucno.
Poszginumo b Ha m 3 ocraueto: b=mq+r, ge 0 <r <m.

3 piBHOCTL a —b =mk Bupaszumo a: a =b+mk. Ockinsku b =mq +r, TO
a=mq+r+mk=m(q+k)+r, fe 0 <r <m.

*  epma IT’ep (1601-1665) — QpaHIy3LCLKUI IOPUCT i MaTeMaTHK.
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OT:sxe, 4NC/IO @ Mae Ty caMy ocTauy IpH AijeHHi Ha m, 110 i uucio b,

m
T06TO a =b, 1110 i Tpeba O6yI0 TOBECTH.
Teopema 2. Kourpyeniiii MoskHa mgofaBaTH i BiIHiMaTH IOUJIeHHO,

m . m m m
TOOTO AKINO a=bic=d, Toa+c=b+d; a—c=b-d.

Hosedenns. SIkimo a;b, TO (a —b)im, Tobroa —b=mk (1), 1e k — 1ije
yucao. AHanoriudo ¢ —d =ml (2), ge I — 1ine uucao. Homamo (1) i (2),
picranemo: (a—b)+(c—-d)=m(k+1l) abo (a+c)—(b+d)=mk+I). Orsxe,

(a+c)—(b+d) minursesa Ta m, T06TO A +Cc=b+d.

m
AmnajioriuyHo JOBOAUTRLCA, 1110 @ —C =b—d.
Teopema 3. KoHrpyeHIil MoKHa MOUYJIEHHO MepeMHOKATH, TOOTO,

AKIo a=b ic=d, To ac=bd.
Hoeedenns. drnio a=b, To a—-b=mk, 1e k — 1ijge uucio. AKIo

m
c=d, To c—d =ml, ge l — 1ine uncIio.
Posriaaemo

ac -bd =ac —ad +ad —bd =a(c —d) + d(a —b) =aml+dmk = m(al +dk).

ITe osnauae, 110 pidHUIA ac —bd giauThesa Ha m i ac”;bd, To i Tpeba
6yJi0o TOBECTH.

3aysancenns. Teopemu 2 i 3 cipaBeIIuBi i 114 6yIb-IKO0I CKiHUeH-
HoI KinbKocTi JoganKiB a6o MHOKHUKIB. Ile MosKkHa TOBECTH 3a JOIIOMO-
roio MPUHITUITY MaTeMaTHYHOI iHIYKITii.

Hacnidox 1. KoHrpyeHilito MOKHa IIiJHOCUTH IO CTeleHs, ToOTO,

m

m
AKINO a=b i n — HaTypaJbHe 4ncio, To a” =b".
Hacanidox 2. Hexaii P(x) — MHOTOUJIeH 3 IiJIUMHU KoedillieHTaMu.

fxmpo a=b, o P(a)=P(b).
Ipuxxan 1. JosecTn, mo n® —n ZigIUThCA Ha 6 IpH GYIb-AKOMY Ha-
TYPaJIbHOMY 71.

Posé’sazanns. Mu Bike 3HaEMO, 1110 IPH TiJleHHI Ha 6 MOYKJINBI NIicTh
KJaciB ocrau: 0, 1, 2, 3, 4, 5.

6 6 6
1)n=0, Toxi n® —-n=0° -0=0;

6 6 6
2)n=1, roxi n® -n=1°*-1=0;

6 6 6
3)n=2, roxi n®* -n=2°-2=0;
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6 6 6 6
4)n=3, togi n® -n=3* -3=24=0;

6 6 6 3 6 6
5) n=4 a6o n=(-2), rogi n* —n=(-2)" —(-2)=-6=0;

6 6 3 6 3 6
6) n=5a6o n=-1, rogi n* —n=(-1)" —(-1)=0.
Ortixe, pu 6yAb-AKOMY HATYPAILHOMY 7 (n3 —n)§6, 1o i Tpeba 6yso

JOBECTH.

Ipuxaaa 2. MoBecTu, 110 Ipu 6yAb-AKOMY HATYpPaJILHOMY B UHCJO
122**! +11™*? ginurses ma 133.

Posé’sazanns. Po3riigdHeMo KOMKHUN TOTAHOK OKPEMO:

133
122+ =12.12% =12.144"; 144 = 11,
133 133
omxe 144" = 11" i 144> = 12.11" (1).

133
11" =117 11" =121-11"; 121 = -12,

33 33

1 1
omske 121-11" = -12-11" i 11" =-12-11" (2).
133 133
Homxamo (1) i (2), micramemo: 12%**' +11"*% = 12.11" -12-11" =0,
3BiJIKM BUILIHBAE, 110 (1 2%+ 1112 )51 33 mpu BCixX HATYpaJBHAX 71, IO

i Tpeba 6yJI0 TOBECTH.
Ipuxxan 3. 3HaiiTH ocravy Bif miteHHA umcra 222°°° mHa 7.

7 7
Posé’azanns. Ockinbru 222 =7-31+5, To 222=51 222°5% =555,

Terep MOAMBAMOCE, SIK IIOBTOPIOIOTHCA OCTaYi BiJ TiJIeHHS CTeleHiB
ymena 5 Ha 7:

L ln. 52 g 56 50 5P =3 50—
5'=5;5°=4; 5°=6; 5" =2; 5°=3; 5°=1.

IMurn samrHyBCcsA. MokHA CTBEDAKYBATH, 110 AJA Oy AL-AKOTO HATY-
paJyibHOTO F:

56k ;1, 56k+1 ;5, 56k+2 ;4, 56k+3 ;6, 56k+4 ;2, 56k+5 ;3
Temep 3’sicyeMo, YoMy TOPiBHIOE ocTaua NMpHU TiJieHHi uncaa 555 Ha
T
6. Ockinpku 555=6-92+3, Tomy 5 =5 =6,

Bidnosidv. 6.
Ipuraag 4. Yu ginutses uueno 222°%° +555%2 ga 77

7
Posé’azannsa. Mu B:xe 3HaeMo, 1o 222° =6 (1).
Poarianemo 5557,
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7 7
555=2 (ockimbKE 555=7-79+2), omre 5552 =2°%, Iocaizumo
ocTadi Bif mijNeHHd cTeleHiB umcaa 2 Ha 7:

2!i2; 2224; 292 1.
HMuka saMrHyBeA. OTiKe, A1 OYAb-AKOT0 HATYPAJIBHOTO B MaeMo:
23 1 9o+ Lo, g2 Ly
Posrigaemo umcio 222. Bomo ginurbes Ha 3: 222 =3.74, oTike,
222111 555221 (2).

7 7 7
oxatoun (1) i (2), micranemo: + =6+1=7=0. Ile o3Ha-
il 1) i(2), mi 2227 15552 26+1=7=0. II
vae, 1o yueio 222%° +555%%2 ginurbes Ha 7.
Bidnosids. (222555 +555%22 )27.

Mpuxaan 5. koo mudpoio sakiHuyeThed uncao 7777772
Posé’sazanns. Ilna toro, 106 AisHaTHCA, AKOI0 IMUQPPOIO 3aKkiHUy-
eThCA YHCI0, Tpeba 3HAWTH ocTauy Big mideHHsA mMboro umciaa Ha 10.

10 10
T77="7, omsre 777777 =777,
Hocmimxytoun ocraui Bif TieHHs cTelleHiB uncia 7 Ha 10, micraHemo:
1 10 9 10 3 10 4 10
7 =7,7"=9,7=38"7T"=1
ITuxn 3aMKHYBCSI, OTKe, I OYIb-AKOr0 HATYPATILHOTO B MAeMo:
10 10 10 10
74k = 1 74k+1 = 7 74k+2 =9, 74k+3 = 3
- L - ¥ - b - =4
3HaliieMo ocTauy Bim mineHms uwmcaa 777 Ha 4: T77=4-194+1,
10 10 10
omxke, 777 T =741 =7 17777 =7,
Bidnosids. Yncao 777777 sakinuyerses nudpoio 7.
Ipumimra. IllomuBUMOCE, K 3MiHUTHLCS BiAMOBiTb, AKMIO 3allUTAH-
HA chOpMYJIIOBATH TaK: «SIK0I0 MI(pPOIo 3aKiHUYeTheS Tucio 7777°% 2,

OueBHUIHO, 110 3MiHHU CTOCYIOThCA TIMBKU KiHIIeBOI YACTHMHU MipKy-
BaHb: Tpeba OyJio 6 IMTykraTH ocTady Bim aimennda uucia 2008 Ha 4.
10 10
2008 =4-502+40. Toxi 7***® =11 777*%® =1.
OTrsxe, uncio 777%°® zakinuyerbcsa nudpomo 1.

72006

Mpuxaan 6. koo Mudpoio sakiHuyeThed uneao 2008%°°7 2

10 2006 10 2006
Posé’azanna. 2008 =8, romy 200827 =827,

Hocaigumo ocraui Bif mijieHHs cTelleHiB uucia 8 Ha 10:
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1 10 9 10 3 10 1 10 5 10
8 =8,8=48"=2; 8 =6, 8 =8.
Iukn saMKHYBCA, TOMY [IJId OyAb-IKOTO HATYPAJIbHOTO B MaeMO:
10 10 10 10
84k =6, 84k+1 =8, 84k+2 =4, 84k+3 =2
- b - b - > - M
Temep Tpeba 3’sicyBaTH, YOMY JOPiBHIOE ocTaua Bij MiJeHHA UMcIa

4 4
2007%°°° ma 4. 2007=3, Tomy 20072°% =320%,

IIpu mineHHi creleHiB uuciaa 3 Ha 4 MaeMo:
1. . 2 4 3 .
3 =3;3 =1, 3’=3.

4
Omske, Iaa 6Gyob-sIKOTO HaTypajibHoro k 32" =1. Taxkum umHOM,

72006 72006

4 4 10 4
320% =1 § 20072 =1. Temep 827" =8 i 20082°""" =8.

Bidnoside. Yueno 20082 zarinuyerbes mudpomo 8.
Teopema 3. (Mayna Teopema @epma)
JloBemiTh, 1110 IpH OYAL-IKOMY HATYPAJIbHOMY YHCJi 1 i IPOCTOMY P
n? —n giaurbed Ha p.
Joeedennsa. 1) Hexaii n ginursea "a p. Togin?® —n =n(np‘1 —1) Ta-
KOXK JiMUThCA Ha p, 010 i Tpeba 6yJaI0 JOBECTH.
2) SIk1mo n He OiJIUTHCA Ha p, TO JOBeIeMO, 110 n?™ —1 gimuTbes Ha P

P
ro6To ¥ =1.

Mu sHaemo, 1110 MIPHU TiJeHHI Ha p MoskJauBi ocraui 0, 1, 2, ..., p—1.
Ocrauy 0 MU BUKJIOUaEMO, 60 Iieli BUTIAJOK YiKe PO3TJIAHYTO.

PosrasHemMo Taki KOHTpYeHITii.

14 P 14 P
n=ry; 2-n=ry; 3-n=ry; ... (p—l)-n =r,,,

Je mis 6yab-sskoro B 1<k<p-1)0<r, <p-1.
HosemeMo, o 1}, 1y, 135 +ov» r,., — TOLapHO pisHi umcha.
Toxi MHOKIHA {r1 ,rz,...,rp_l} cIIiBmagae 3 MHOKHHOIO {1,2,..., p—l},

TOOTO UUCHA Y, , Iy, Fys +ees 7t BifpisHsioTheA Big Habopy uucea l, 2, ...,
Pp—2 TiMTLKY TOPAIKOM POSTAIITYBAHHA.

P P
MiiicHo, ARIIO icHyIOTE Taki kil (kR #1), mo kn=r,, In=r, ir, =[,, TO

(kn—1n) =(k ~L)n=0.
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Ane k—[ He ginuTheca Ha p, ockinbku 1<k <p-11i1</<p-1. Tomy
(k —l)n He MOXKe AIMUTHCS Ha p. 3H00yTa CcylepeuHicTh TOBOAUTDH, IO
k£lr, #r,.
ITepeMHOKTMO POSIJISAHYTI BUIle KOHTPYEHITii.
p
1-2'3-...-(p—1)-np'1 =1 Ty Ty .7

p-L
TOGyTOK 1, -1y 1y, =1-2:3-...-(p-1) =(p-1)!
TakuM UYMHOM, (p—l)!np"1 ;(p—l)!, BBiIKH BUILIMBae, o n’" ;1,

1o i Tpeba 6yJI0 AOBECTH.
Ipuxxan 7. losectn, mo n’ —n giTuThes Ha 42 Ipu 6y Ab-IKOMY Ha-
TYpPaJIbHOMY 1.
Posé’asannsa. Yncno n” —n minmursbea Ha 7 (Maya Teopema Pepma).
3 iumroro 6oky

n’ -n =n(n6 —1)=n(n2 —1)(n4 +n? +1)=

=(n—1)-n-(n+1)(n4 +n® +1).

JIoGYTOK TPHOX ITOCHiTOBHMX HATYpaJbHUX UHCel] AIIUThCA i Ha 2,
i Ha 3, Tomy minuThcd Ha 6 (mpuraan 3, m. 4).

Yucsa 6 i 7 BsaeMHo mpocTi, ToMy n° —n IinuThed Ha ixHil 106yTOK,
TOOTO (n7 —n)§42, 1o i Tpeba 6yJI0 HOBECTH.

3aBIaHHA AJI CAMOCTIHHHOTO PO3B’A3yBaHHSA

4.100. IIpu axux n guciao n® —1 ginuThcd Ha 3?

4.101. JoBexiTh, 1110 AKIIO YKcaa a i b He TiaATbeA Ha 3, ale KOHTPY-
eHTHIi 3a MomyJieM 3, To uncyao ab—1 ginurbesa Ha 3. Uu npaBuUibHe
obepHeHe TBepI:KeHHA?

4.102. HosenitTh, 1o mpu OYAb-IKUX IIJUX YHciIaxX a i b uwmcio
ab(a4 —b4) mimuTees Ha 5.

4.103. JoBeiTh, 1o IpU 6YIL-AKOMY ILIOMY YHCIi 1 4neso n? (n2 —1)

IinnThed Ha 4.

4.104. JoBemiTh, 1110 IPH KOTHOMY HaTypaJbHOMY n uncio 3n—1 He €
TOUYHUM KBaJPaTOM.

4.105. BHaiigiTe ocTauy Bif mimeHHA uuciaa 62 ma 11.

4.106. 3HaiigiTs ocTauy Bix mimenHs umcxa 7'%° +11'° ma 13.

4.107. HomemiTh, 110 mOpu OYAL-IKOMY HATYPaJIbHOMY 7 UHCJIO
pEntl . gn+Z | gn+2 92n+l mmmThed Ha 19.

4.108. SIxomwo muppoo 3aKiHuyeTHeA Ym0 2727 2
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4.109. Yu ginuThes 4mCIO 77 277 Ha 107
4.110. osexmiTs, mo uncxo 11'° -1 ginureca Ha 100.
4.111. IoseniTs, mo uncio 2222°% + 5555 piguThea Ha 7.
4.112. 3maiigiTe ocTauy Bif AiNMeHHA Ha 7 UHcAa:
a) 2'%5; 6) 2003'%; B) 143% —16.24%; 1) 13" —18"°,
4.113. 3HaligiTe ocTauy Bij AiJeHHA Ha 5 4yucJIa:
a) 2!*9; 6) 2003'%%*; B) 74*° -9.36%'; r) 13'* —-19"°.

Pob6oTa aa4a camonepeBipku

1. fIxoto nudpoio sakiHuyeThCA unmco: a) 22°°7; 6) 32°°7; ) 720979
2. BHalgiTh ocTauy Bix mimenHsa uncia 5'°° +7'% ma 11.
3. IlosexiTs, mo 4°°° —4'°! ginnTeca ma 10.
4. [ToBeIiTh, 1110 MpHU 6YAL-IKOMY HATypaJIbHOMY 11 umcjo 7-5" +12-6"
minmnTbed Ha 19.
Bapianm 2
1. koo mudporo 3akiHUyeThea uneino: a) 3°%; 6) 47°%; ) 72°°%7
55
2. 3HalmiTH ocTauy Big AiJTeHHS YHCIa (320 +11) Ha 13.
3. IosexiTs, mo 27° +3" ginuThca Ha 13.
4. [ToBefiTh, 10 TIpH Oy Ib-AKOMY HATYpalbHOMY n umco 7% 48"+

minuTeed Ha 57.

10. O3Haku noginbHocTiHa 3,9, 11,7

Teopema 1. Ilis Toro, 1106 4KMcI0 Aiaujiocsa Ha 3, HeoOXigHo i moc-
TaTHLO, NT00 cyMa Iudp IIHOTO UMcaa Tiuiaacdad Ha 3.
Jloeedenns. 3asHauuMo, II0:
3 3 3
10'=1;10%°=1; ... 10" =1.
Posrasuemo 11ijie uncio (Hexaii BoHO 6ye MIeCTUI(PPOBUM):

- 3
abedef =a-10°4+5-10*+ ¢-10°+d-10°+e-10+ f=a-1+b-1+c-1+d-1+e-1 47,

3
T06TO abcdef=a+b+c+d +e+f.
Mu poBesu, 110 HATypaJdbHe UMCJO IPHU TiJeHHI Ha 3 Mae Tary K
caMy ocrauy, 1o i cyma itoro mudp. Teopemy moBemeHo.
Teopema 2. Ilns Toro, 106 4ucJo Aiauigocsa Ha 9, HeoOXigHO i moc-
TaTHLO, NT00 cyMa Iudp IIHOTO Uncaa Aiaujacsa Ha 9.

9 9 9
Joseedennsa. Ockinprm 10' =1; 10°=1; ... 10" =1, To
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- 9
abedef =a-10° +5-10" +¢-10° +d-10% +¢-10+f=

9
=a-1+b-1+c-1+d-1+e-1+f.

P
Otske, abedef =a+b+c+d+e+ [, ToOTO HATypaJibHE UUCIIO TiTUTHCS

Ha 9, Tomi i TiMILKU TOMi, KOJMMW cyMa Mudp IHOTO UHncaa TiIUThCSI Ha 9.
TeopeMy moBemeHO.

Posrasinmemo osHary mofinbHocTi Ha 11.

Teopema 3. Ilsa Toro, 11100 unco giaugocd Ha 11, Heo6xigHO i moc-
TaTHLO, 11100 PIBHUIA cyMHU ioro Mudp, 110 CTOATEL Ha HellapHUX MiclfX,
i cymu itoro mudp, M0 CTOATH Ha MApHUX MicIifAX, Aijguiaachk Ha 11.

HoGedennsa
11 11 11 11 11
10'=-1;10°=1;10°=-1; ... 10" =1, 10° =-1.
Tonmi
P 11
abedef =a-10°+5-10"+¢-10°+d - 10%+e-10+f =
141, 11
=a-(-1)+b-1+c-(-D)+d-1+e-(-1)+7=(b+d+7)—(a +c+e).

3Bijfcu BUILIMBae o3HaKa moaiibHocTi Ha 11. TeopemMy moBeaeHO.
B rakuii ;e cmoci6é MosKHa TicTaTH O3HAKY IIOTIMLHOCTI Ha 7.
3amnuIlneMo CIIiBBiTHOIIIEHHS:

7 7 7 7 7 7 7 7
10'1=3;,10%=2; 10°=6=-1;10"=4=-3,10°=-2; 10°=1.

IMuka 3aMKHYBCS.

Posrignemo aBa psjgka umces, B IepIIoOMY 3 SIKMX — CTelleHi uncia
10, a B IpyroMmy — IiJ KOXKHHM cTelleHeM umcaa 10 salmcaHe UHCIO
KOHTPYEHTHe 3 HUM 3a MOJyJeM 7:

...10'" 10° 10® 107 10° 10° 10* 10° 10 10 1
.. 3 -1 2 3 1 -2 -3-1 2 31
Tonmi

abedef =a-10° +b-10* +¢-10° +d-10° +e-10+f;
a-(-2)+b-(=3) +c-(-1)+d -2+e -3+ 1.

Teopema 4. J171s1 Toro, 11106 3HAWTH ocTauy BiJ TiJeHHSI HATYPAJILHOTO
ymeaa Ha 7, HeoOXimgmo copaBa HaJIiBO IiANMcaTH IA mudpaMu ILOTO
ymueaa koedirmienrn: ...—1, 2, 3,1, -2, -3, -1, 2, 3, 1. IToTiM TOMHOKUTH
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KOXKHY TPy Ha BiAmoBiAHNIH KoedillieHT i 3HAWTH cCyMy ITMX T00YTKIiB;
3mobyTa cyMa NpHu TiJieHHI Ha 7 MaTHMe Ty caMy ocTauy, II0 i zagame
YHCIO.
IIpukaan 1. SuaiiTu ocrauy Binx minenHd umcaa 4136 ma 7.
Posé’sazanns. CKopucTacMoCh TeoOpeMoio 4:

4 136
-1231

7
Posrasauemo cymy: 4-(-1)+1-2+3-3+6-1=13=6.

Bidnosidv. 6.
IIpukaan 2. 3’sacysatu, UM TiIUThCA uncao 8546216 uHa 7.
Posé’szanns. 3rinHo 3 TeopeMoio 4:

854 6 216
1-2-3-1231
PosrmsmeMo cymy:
8-1+5-(-2)+4-(-3)+6-(-1)+2-2+1-3+6-1=

7
=8-10-12-6+4+3+6=-7=0.

Bionosidv. Yncno 8546216 minurbea Ha 7.
Iukonu mysa Toro, Io06 3HAWTH BiAMOBIAHY O3HAKY IOTiJILHOCTI,
3PYYHO PO3GHUTH UMCJIO Ha rpymu mudp.
Jlasi BUBOLY IIle OfHiel 0O3HAKM TOMiJIbHOCTI Ha 11 ckopucTaeMoch
11 11 11
i, mo 100 =1; 100% =1; 100° =11 Tax mai.

Orire, Aia uncia abedef clipaBeJINBi TBepIyKeHHS:

1 11 11

ab- 1002_ab cd-100= cd; ef =ef; abcdef = ab+cd+ef

Teopema 5. J114 Toro, 11106 3HAWTH OCTauyy Bif AijleHHA HATYpaJIbHO-
ro uncia Ha 11, HeoOxigHo MU(PHU UK cIa po30UTH Ha Ipynu (MMOUYNHAIOUHT
IIpaBopyY) 1o ABi MU(PPHU B KOXKHIil; cyMa 3M00yTHUX ABOIU(PPOBUX UNCEN
MaTHMe Ty caMy ocTauy Bif mineHHA Ha 11, 1Mo i 3agaHe umcIIo.

Ipukaaa 3. 3HaiiTu ocTauy Bifg mijleHHsa umucia 268513 ma 11.

Posé’azanna
11 11 11 11 11
268513=26+85+13=124=1+24=25=3.

Bidnosidv. 3.
IIpukaan 4. 3’sacysatu, U IiIUTBCA unciao 3785485 uma 11.
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Posé’azanna
11 11 11 11 11
3785485=3+78+54+85=220=2+20=22=0.

Bidnosidv. Yncmo 3785485 miauThes Ha 11.

OzHaku, 110 OB’ A3aHi 3 pO3OUTTAM UKciIa Ha Ipynu Iudp, Hasusa-
IOThCS MO3UITIHHUMH.

PosrinsameMo MO3UITIAHY 03HAKY IOALMILHOCTI Ha 7.
7 7 7
BasHaunmo, mo 1000=-1; 1000°=1; 1000°=-1i 1. 1.

OTsKe, UKCcJio Tpeba posdUBATH Ha T'PYIHU IO TPU IU(PU B KOKHIN.
Teopema 6. [Isia Toro, 11106 3HAITH ocTauy Bif AijleHHA HATYpPAIbHO-
ro uyuciaa 7 HeoOXimHO:
1) nudgpu uyncaa posdbUTH Ha Tpynu (MOUYMHAIOUHU IPaBOpPYY) IO TPHU
nudpu B KOMKHIN;
2) sHaliTH cymy S, TpUOU(DPOBUX UHCe], AKi CTOATh Ha HeNapHUX
MicIsax;
3) 3HAWTH cyMy S, TPUIU(DPOBUX UKCeJ, AKi CTOATh Ha IapHUX MicCIfAX;
4) sHaliTu pisaummp S, —S,.
3mobyTa pisHHUIE MaTUMe TY caMy OCTauy Bif TiJleHHS Ha 7, 1110 i 3a-
JaHe Ymcyo.
IIpuxaan 5. 3’sgcysatu, Uu IiaUTbCA uncao 5385489 ua 7.
Poszé’asanna
1) 5385 489;
2) S, =5+489 =494,

3) S, =385;
4) S, -5, =109.
7
Toxi 109=4.

7 7 7
AGo 5385489=(5+489)—385=109=4.

Bidnoeiov. He ginutbcsa. Yuenao 5385489 Big mineumnsa ma 7 Mmae
ocrauy 4.

IIpuxaan 6. osectu, 110 uucao 8546216 minmuThea Ha 7.

Posé’azanna
7 Z 7
85462165(8 +216)—5465 -322=0.

OrTsxe, mpu minenHi umcia 8546216 Ha 7 ocraua mopiBHioe 0, To6TO
ymeo 8546216 minuThea Ha 7, mio i Tpeba 6yJIo TOBECTH.
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3aBJIaHHA IJd caMOCTiliHOTO po3B’A3yBaHHA
4.114. Y uncni 475896 7* HAIUIITITEL 3aMicTh 3ipOUKHK TaKy IMTUPPY, 1106
3100yTe UHCJIO TiJnjaocsA Ha:
a)2;6)5;,8B)3;1)9; m)4; e) 7; x) 11.
4.115. Hosenits, mo unciao 49'%° —14°° kparne 5.
4.116. HoBemiTs, 110 3aJaHi UKcia € CKIATEHUMMU:
a) 55...53; 6) 1000'°” —1.
2004 P
4.117. Buxopucrosyioun Toii ¢akr, o 1001=7-11-13, moBexmiTs mosu-
1iiiHi o3Haku mogisibHOocTi HalliHa 13 (aHasmoriuHo 10 TeopeMu 6).
4.118. Y ginurbes umcao a Ha 11?7 ma 13?7
a)a=3785485; 6) a =8546216.
4.119. 3maiigite ocrauy Bix minenusa umciaa 53012869745013811 ma:
a) 7; 6) 11; B) 13.

§ 2. PIBH4HHSA B LUJIUX HUCNAX

IcuyioTh 3afaui, ki MOTPeOYIOTH BiATIOBii B ITiinxX unciaax. Po3s’s-
3yBaHHA PiBHAHD ¥ IIJINX UMCJIAX € OfHi€I0 3 HalicTapOJXABHIININX MaTe-
MaTuuHuX 3amad. HaiiGiapIoro po3kBiTy Ieil po3gisl MaTeMaTHKH [TO-
carayB v CrapopaBhiii I'pertii. OcHOBHUM [I:KepesioM, AKe TIiHIIIO IO
HaIIoro uacy € <«Apugmerukra» iodanTa .

I xoua BiH posTyIsiTaB HeBH3HAUeHi PiBHAHHA i cHCTeMH pPiBHAHD
(TobTO TaKi, B AKUX 3MiHHUX OiJibIlle, HisK piBHAHL) TiAbKU 2 i 3 cTene-
HA, BCi HeBU3HaUeHi PiBHAHHS i cHCTeMH pPiBHAHL Ha3WBAIOThCA Mdio-
(paHTOBUMMU.

IMpuxaaa 1. Yu Mo:KIUBO AecAThMa MoHeTaMu 1o 2, 5 i 50 K. ckiaac-
TH cyMy B 1 'puBHIO?

Posé’aszanna. Hexaii € x MoHeT 1o 2 K., y MOHET II0 5 K. i 2 MOHeT 110
x+y+2=10,
2x+5y+502=100.

Burmounmo 3 1iei crcTeMu piBHAHB 3MIiHHY X, gicTaHeMo: 3y +48z =80.
JliBa yacTrHA IILOT0 PiBHAHHA TiJINTHCA Ha 3, a IpaBa — He ALIUTHCA Ha
3. Tomy npu :KOTHUX LINNX Yy i 2 TaKka PiBHICTH He MOXKINBA.

50 k. CriagaeMo cucTeMy PiBHSHB: {

Bionosids. He MoxxanBO.

*  Iiodant (imosipuo III ¢T.) — ZaBHLOIPeNbKUI MaTeMATHUK.
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Ax 6aunmo, piBHAHHA 3y+482 =80 BUABHJIOCA TAKUM, gKe HEMOK-
JIWBO PO3B’sA3aTH B MiIUX UHCIAX.

Haiinipocritre mioganToBe piBHAHHA BiKe 6yJI0 HAMHU PO3IVIAHYTO i 11. 4.

Teopema 1. PiBHaAHHA ax+by =1, 1e a i b — B3aeMHO IpoCTi Ynucia,
3aBKIM Mae PO3B’A3KM i 10 TOro K ix Gesid.

Jloeedenns. 1) IcnyBanHA po3B’A3KiB BUILIHBae i3 Teopemu 1 1. 4.
HiiicHo, AKINO @ i b — B3aeMHO IIPOCTi Umcia, To iCHYIOThH Taki Iiai uumce-
aa x, i y,, mo ax, +by, =1 (*).

2) PoarngHeMo mapy umcen (x;y), Je x=x,+bn, y=y, —an (n — 0yab-
AKe IiJle YMCJI0) i MoBedeMO, M0 BOHA € PO3B’A3KOM PiBHAHHS
ax+by=1.

Poariaremo

ax+by=a(x, +bn)+b(y, —an) =ax, +abn +by, —abn =ax, +by, =1

(srizHO 3 (¥)).

Otsxe, A1 6yAb-AKOTO IILIOTO YMcaa n Iapa 4uces (xo +bny, —an)
€ PO3B’A3KOM PiBHAHHA ax+by =1, To6TO faHe piBHAHHSA Mae 6e3.J1iu pos-
B’A3KiB. TeopeMy moBeIeHO.

Ipukaan 2. ¥V MOKYIIA i IPOAABIA € MOHETH BapTicTIO TIIBKHU 110 a K.
i b k. Ilokynenp MOBUHEH 3aIIaTUTH ¢ K. B AKOMY BHUIIQAKY BiH 3MOKe
e 3pobutu?

3amavua MaTHMe PO3B’ABKH, AKINO 3HAUAYThCA Taki midi unena x i y,
o ax+by=c.

TakuM YHMHOM, MH MMAiHMIIAM g0 miodaHTOBA pPiBHAHHA BUILY
ax+by=c.

Teopema 2. Pisaguua ax+by=c, fea, b, c — 3ajgaHi 1ini uncaa, Mae
MiJi po3B’sABKHU TOMI ¥ TiJIBKHU TOMi, KOJHU ¢ TiIUThCA Ha HaWOiMbIINi
CIILIPHUH TiMBbHUK umceaa ib.

JloBeeHHA BUILIHUBacE i3 Teopemu 1 1. 4.
Hacnidox 1. Skmo ¢ He ginuthesa mHa HCII (a;b), TO PiBHAHHSA
ax+by=c He Mae IiIuUX po3B’dA3KiB (IUB. IpuUKIaL 1).

Hacnidox 2. fkimio a i b — B3aeMHO IMPOCTi umcia, TO PiBHAHHA
ax+by=c 3aBXKIU Mae IiTi po3B’ABKH.

IToBepHeMocCh M0 TpUKJIaLy 2.

Posé’szanna. Ilokymellh 3MoKe 3aIJIATUTH CYMY ¢ K. MOHETaMH TiJb-
KH 10 @ K. i b K. TLIBKHU B TOMY BUIIAAKY, AKITO ¢ TiauThed Ha HCJT (a;b).

Bidnoeide. Ixmo c: HCI (a;b).
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Ilpuxaan 3. Posp’s3aTu B IigNX YuciIaxX piBHAHHA 3x+2y="7.

Posé’sazanns. 3a HacaigroM 2 1ie piBHAHHA Mae ITiJ1i pos3B’sa3ku. Ile-
penuIlieMo Horo y BUTJIAMI: 2(x+ y) =7-x. Toxmi sposywmino, mo 7—x
mianTeea Ha 2, To6To 7—x =2n, e n — Iije YHUCJIO.

Toni x=7-2n; y=1 7-3x =1 7-21+6n)=-7+3n.
2 2

Otoke, mapa umcen (7—2n;—7+3n) TIpU KOXKHOMY IIiIJIOMY 1 € po3-
B’SI3KOM JaHOTO PiBHAHHA.

Bidnosidv. (7—2n; —7+3n), neZ.

IHITMM OpHUKIaZoM AiodaHTOBa PiBHAHHSA € piBHAHHA x° +1° =a°,
AKe sragyBajyocsa B «Apudpmeruiii» Hiodanra (K zamzaua Ne 8).

3roJoM Iie PiBHAHHA CTaJ0 TPUUYWHOIO ToABU Benmkoi Teopemu
®depmMa Ipo HEMOKJINBICTE pO3B’SI3aHHA B KX i pallioHAILHAX YHCIAX
piBusHHA X" +y" =2", eneZin >3

Ha Bigminy Big piBusiHEA x" +y" =2", ne n € Z i n 23, piBHAHHA
X’ +y’ =2 mae mimi poss’ssku. JoJATHUME IIAMH DO3B’SI3KaMU
piBHaHHES x* +y° =2° ¢ JOBKUHM KaTeTis (x i y) i rimoTenysn (z) psMO-
KYTHOTO TPUKYTHHKA. Taki uncia Ha3uBaloTh MiharopoBUMu TpiikaMu.

Bei Tpifiku micgaropoBux umces MOKHA HicTaTu 3a GopMyJaaMu:
x=m®-n?, y=2mn, z=m® +n”, femin — uini B3acMHO HmpocTi UKcIa
im>n>0.

PosrasHemMo TpuKJIaAW pPo3B’sA3YBaHHA HeNiHIMHUX mTiodaHTOBHX
PiBHAHE.

IIpuxxan 4. Posp’ssarn B IiInx umciax pisHAHAS x° —y” =2009.

Pos¢’azanns. Sanumemo piBHAHEA ¥ Buraami (x—y)(x+y) =2009.

Posraamemo umcao 2009 ma muokHUEKN: 2009 =72 -41.
Ockinpku uuciio 2009 MoskHa HoJaTH y BUMIALL AOOYTKY ABOX
MiINX MHOMKHUKIB, TAKMM YHHOM:

2009=1-2009= (—1)(—2009) =7.287 = (—7)-(—287) =49-41= (—49) -(—41),

To micTaHemo 6-2=12 cucTeM piBHAHL:

1 x-y=1, 9 x-y=2009,
x+y=2009; x+y=1;
—y=-1, —-y=-2009,

3) 7Y 4y 7Y
x+y=-2009; x+y=-1;

x—y=7, x—y=287,
5) 6)
x+y=287, x+y="7;
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—y=-1, -y=-287,
7){x d 8){x d
x+y=-287; x+y=-7;
— =49, - =41a
9){x # 10){x ¥
x+y=41,; x+y=49;
-y=-49, —y=-41,
1> 12y4*7Y
x+y=-41; x+y=—49.

Posp’as3aBiim KoKHY i3 cucrTeM (IIaM’ATaeMoO, IO PO3B’SA3KH IIO-
BUHHI OyTH HiTUMH), AicTaHeMO BiAMOBiAEL.

Bionoside. (1005; 1004), (1005; —1004), (—-1005; —-1004),

(—1005; 1004), (147; 140); (147; —140), (-147; —140), (-147; 140),
(45; —4), (45; 4), (-45; 4), (-45; —4).

Ilpuxkaan 5. 3HaliTm Bci mapw IiAMX YHces, AJId SKHX CcyMa
JIOpiBHIOE TOOYTKY ITUX YHCE.

Poszé’aszanns. Hexail x i y — HmIykaHi IIiji 4ncaa, ToIi x+ y=xy. 3a-
MHIIEeMO ITe PiBHAHHA V¥ BUIVIALL xy—x—y+1=11 poskiageMo JiBy dac-
TUHY PiBHAHHA Ha MHOMKHUKH: (x—l)(y—1)=1. Hicranemo cucTeMu
piBHAHE:

x-1=1, x=2, x-1=-1, x=0,
1) = 2) =
y-1=1 y=2; y-1=-1; y=0.

Bionosidv. (2; 2); (0; 0).

5 ; ; ; 1 10
IIpukaan 6. 3HalTH HATYpaJbHI pO3B’I3KH PiBHAHHSA x+—1 = -
y+—
z
Po3zé’aszanna. 3a yMOBOIO Yy i 2 — HaTypaJabHi umcia, oTiKe, y2>1,
1 . . 1
z21. Toxi T paBUJILHUM Apil i x — Iijia yacTHHA, a 1 Ipo-
y+— y+—
z z

S : .- 10 ;
6oBa UacTHHA JiBOI YaCTHUHU P1IBHAHHA. HepeTBOpI/IMO ,Z[p16 7, BHALINB-

R 10 .3 3 .
ITH Iy i IpoGOBY YACTHUHY: - =1? =1+?. 3Bigcu
1 3 1 7
x=1; — =?; y+—=§.
y+- ®
z

; 1
Temep y — 1iza yacTuHa, a — — Apo6oBa yacTwHA. BpaxoByooun, 1110
z
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MaeMo: y=2; 2=3.
Bidnosidv. (1; 2; 3).
Mpuknan 7. 3uaiiTy HATYpaJIbHi PO3B’SI3KN PIBHAHHA X + Y + 2 = XY2.
Posé’aszanna. Hexail x <y <z, Tomi xyz=x+y+2 <32, oTike, xy <3.
Ajte x? < xy, TOOTO x? <8, 3Bigku x =1. BpaxoByioun, 1[0 xy<3ix=1,
MaeMo, y<3. MoxkauBi Taki BUDagKu:
1) y=1. Toxi nmoyaTkoBe piBHAHHA HabyBae BUIIALY 2+ 2 =2, II[O He-
MOIKJINBO.
2) y=2. Toxi 3+2z =22, 3BigKU 2=3.
3) y=3. Toxi 4+ 2 =3z, 3BiAKYU 2 =2, II[0 CYIEPEUNUTh YMOBi y < 2.
Otoxe, y=2, 2=3. Maemo posB’a3ok piBHAHHA (1; 2; 3). Ockinbku
TIOYATKOBe PiBHAHHA € CUMETPUYHUM (TAKWUM, 1[0 He MIiHSEThCS TIpU
3aMiHi x Ha y, y Ha 2, 2 Ha x), To OyAb-dKa IlepecTaHOBKa TPifiKU Uucesn
(1; 2; 3) TakoK € po3B’S3KOM ILOT0 PiBHAHHA.
Bionosidv. (1; 2; 3), (1; 3; 2), (2; 1; 3), (2; 3; 1), (3; 15 2), (3; 2; 1).

3aBIaHHA AJ9 CAMOCTIiHHOTO PO3B’A3yBaHHSA
4.120. Hexaiia i b — B3aeMHO IIpOCTi HaTypaabHi unciaa. [loBediTs, m10
piBHSHHA ax+by=ab He Mae po3B’A3KiB y HATYpPANTbHUX YHUCIAX.
4.121. 3HaigiTs 11iJgi po3B’A3KHU PiBHAHHS:
a)3y=2x+8; 6) 6x+8y="7; B) 6x-8y=1.
4.122. IBonugpoBe UKCIO0 B IIiCTh pasiB 6ijbIle Big cymMu ioro mudp.
SHaAUIITEL Ile YmCcIIo.
4.123. ToBemiTh, 1110 He icHY€ IBOIIU(MPOBOTO UKNCcaa, AKe 6 JTOPiBHIOBAJIO
I0oOyTRY mudp, 3 AKUX CKIATAETHCSI HOTO AeCATKOBUH 3alluc.
4.124. Po3B’s®iTh ¥ IMiNIKUX YKcIaX PiBHAHHS:
a) (x—2)(xy+4)=1; 6) y—x—xy=2; B) 2x° + xy=x+7;
r) 3xy+2x+3y=0; m) x* —xy-21° =1; ) x> + xy—2y° —x+y=3.
4.125. loBediTh, 10 PiBHAHHSA He Mae PO3B’A8KIB y IiMIKUX UHciIax:
a) x> =8y =17; 6) 3x* -4y =13.

4.126. Po3B’sRiTh ¥ HATYpPaJbHUX YHUCIAX PiBHAHHA:

a) 11 +2!1+3! +. +x! =y*; 6) x! +y! =42 +3; B) 1+1+1 =1
x y =z
4.127. Po3B’ssRiTh V WiMUX UWCIAX PiBHAHHA:

a) 6x° +5y° =74; 6) 19x° +91y° =1991.
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4.128. Po3B’sAXKITH ¥ IPOCTUX UHCIAX PiBHAHHS:
a) X —4y® =9; 6) x' +1=2.

4.129. Yu MOKJINBO 3 IBAAIATH MOHeT BapTicTio 5, 20, 50 meHTiB cKJa-
CTH CYyMYy B 5 mojapiB?

Pobora gaa camonepeBipku
Bapianm 1
1. PosB’asKiTh PiBHAHHA B IIJINX YHCIAX:
a) 27x+42y=2003; 6) 2x+3y =8; B) dx+y+2xy=0.
2. JloBeiTh, 1110 piBHAHHSA x° —3y =17 He Mae pO3B’A3KIB Y IIINX UMCIAX.

Bapianm 2
1. PosB’asKiTh PiBHAHHA B IIJINX YHCIAX:
a) 257x+18y=175; 6) 5x+8y=29; B) y—x—xy=2.
2. MoBemiTe, mo piBHAHHA 3x° —4y” =13 He Mae PO3B’A3KIB y IiIMX

quciaax.

§ 3. NOAUJIbHICTb MHOIO4JIEHIB

Mwu B:Ke 3HaeMo, IO HaA MHOTOWIeHaMH, Taka caMo, AK 1 Haf
MiTUMHU YMcJAaMU MOYKHA BUKOHYBAaTH apu@MeTnuHi mii. B mboMy MHO-
TOUJIeHH CXOJKi B8 Iinumu uncaamMu. CyMma, pi3HUI, T0OYTOK Oy Ib-IKUX
MHOTOUJIeHIB € MHOrouJieHOM. IiJTeHHA MHOTOUJIEHIB MOKJINWBE § TOMY
BUIIATKY, KOJU CTeliHb MHOTOWIEHA-TiJIeHOTO BUIII a60 TOpPiBHIOE CTe-
MMeHI0 MHOTOWIeHA-IiIbHUKA. PO3TJISHEMO aJITOPUTMHU diJleHHSI MHOT0Y-
JeHiB. 3a aHajorielo i3 miJieHHAM OaraToliu(poBUX UHCeN, TiJIeHHS
MHOT'OUJIEHIB YacTO BUKOHYEMO «KYTOUKOM>».

IIpuxaan 1. Ioginutu 8a® +8a—b* —4b+3 Ha 2a —b.

Posé’sazanns. BukoHaeMo TijIeHHSA «KYTOUKOM».

8a” +8a-b” —4b+3[2a-b

8a® —4a%b |4a® +2ab+b? +4
40a°b+8a—b* —4b+3
4a’b —2ab”

2a(b2 +4)—b3 —4b+3
_Za(b2 +4)—b3 —4b
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v ObOMY BUIIAIKY ,Z[i.TIeHHH BHKOHaHe 3 oCTa4velo.
Bidnosids. 8a" +8a—b" —4b =(2a-b)(4a” +2ab+b* +4)+3.

Ipumimrxa. Hagani Mmu O6ymeMo pO3IVIAZATA MHOTOUJEH 3 OAHi€IO
3MiHHOIO.

Ipuraan 2. Hoginutu x* -8 Ha x—2.

Posé’asannsa. Bpaxopytoun, mo x° —8=(x—2)(oc2 +2x+4), MaeMOo

(x3 —8):(x—2) =x? +2x+4.

Ieit ke pesyabpTarT MU JicTaHEMO, AKIIO BUKOHAEMO TiJIeHHA «KYy-

TOUKOM» :
x* +0x% +0x-8|x-2
x° —2x° X2 +2x+4

_2x° +0x

2x* —4x
4x -8
4x-8

0

Orixe, y IBOMY BUIIAAKY MiJIeHHA BUKOHAaHe HaIlijio (To6To ocTaya
nopiBHioe 0).

Bidnosids. x* -8 =(x—2)(oc2 +2x+4).

Ipuxxan 3. Hoginntu 16x° +28x* +24x® +12x+4 Ha 2x° +x* +3.

Posé’szannsa. BukoHaeMo TiIeHHSA «KYTOUKOM».

16x° +28x* +24x® +0x? +12x+4|2x% + x2 +0x+3
16x° + 8x* + 0x° +24x° 8x% +10x+7

20x" +24x° —24x% +12x
20x* +10x* + 0x? +30x

14x* —24x* —-18x+4
145® + 7x? + 0x+21

—31x% -18x-17

Or:xe, TIpollec MiJIeHHS 3aBepHInBesd, ale 3106yTo ocTauyy — MHOT'0Y-
JIeH ApyToro creiield, HKI/Iﬁ He MOJKHAa HO,Z[i.TII/ITI/I Ha MHOI'OYJIEH TPeThOoT'0
CTeIleHd.

Bidnoeidv. 16x° +28x* +24x® +12x+4=
=(2x3 + +3)-(8x2 +10x+7)+(—31x2 —18x—17).
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Ipukaang 4. 3HaiiTu yacTRy i ocTauy Bif [giJieHHS MHOTOUJIeHa
P(x)=x"+2x* -2x" —4x+1 Ha MHorounen S(x)=x" +3x+2.

Posé’szanns. BukoHaeMo TijIeHHS «KYTOUKOM».
4 3 2 2
x* +2x° -2x° —4x+1 |x° +3x+2
x' +3x% +24° X —x-1
—x* —4x” —4x

—x® —8x% —2x

_—x2 —2x+1
—x* —8x-2
x+3

Om:xe, MU JicTaan dacTky: x° —x—11i ocrauy: x+3. 3azHauMMO, III0
MHOTOUJIeH X + 3, 3100y THi B ocTaui,— Ile MHOTOUJIeH IIepPIIoro CTeneHs,
a JiTBHUK x° +3x+2 — MHOIOWJIEH JAPYIroro CTeHeHs.

Bidnosids. P(x) = S(x)~(x2 —x—1)+ x+3.

TakuM YMHOM, HpHU [TiJIeHHI MHOTOUJIeHa HAa MHOTOUJIEH iCTaeMo
YacTKy i ocrauy (AK i v BUIIAKY IIJINX YHCeT), MPUIOMY CTelliHb ocTaui
MEHIINH, HijK CTelliHb TiJIbLHIKA.

Teopema 1. Jlna Gymp-sixmx muorounenis P(x) i S(x) (S(x) # 0)
icHye, i 1o TOTO K TiMILKHU OJHA, ITapa MHOTOUJIEeHIB Q(x) i R(x), AKa 3a70-
BOJIbHSAE YMOBH:

1) P(x) = S(x)-Q(x)+R(x);
2) a6o Cm. R(x) <Cm. S(x), a6o R(x)=0.

Jloeedenns. IcHyBaHHA Takoi Mapu MHOTOUJIEeHIB BUILJINBAE i3 ayro-
puTMa TiJTeHHS «KYTOUKOM> .

JoBememMo c1iocoboM BiJf CYIIPOTHBHOTO, IO Taka Ilapa MHOTOWIEHIB
TibKY ogHa. Hexaif icHye I1le ofHa IIapa iHINWX MHOT'OYJIEHIB @), (x) iR, (x)
Takux, mo P(x)=S(x)-Q, (x)+R, (x) i Cm.R, (x) <Cm. S(x).

ITpupiBHABIIN pisHi BUpasu IJid P(x), MaeMo:

S(x)-@(x)+R(x) = S(x)Q, (x)+R, (x).
Toni R(x) -R, (x) = S(ac)(Q1 (x) —Q(x)), 10 HEMOMKJIUBO, OCKiILKH
Cm.(R(x)-R, (x)) <Cm. 8(x) <Cm.(Q, (x)-Q(x))-

Omxe, R(x) =R, (x). Toxi i (x) =@, (x), mo cymepeunTs npuIyIeH-
mi0. TeopeMy IoBegeHO.
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ITpuxmaa 5. S3HaAHTH ocTauy BiI AiTeHHS MHOTOUJIEHA
P(x)=2x -3x +Tx-1

Ha gBOouJIeH x—1.
Posé’sazannsa. BukoHaTu TijleHHS «KYTOUKOM» .

_2x3 —8x% +7x-1| x-1
2x* —24° 2x%* —x+6

—x? +7x

P 4x
6x-1
6x-6

5

Bidnosidv. 5.

Y npuraami 5 ocraua Big mineHHA MHOTOUJIEHIB € UMCJIOM, TOOTO
MHOT'OUJIEHOM HYJIBOBOTO cremens. Ile He tuBHO, 60 TiTLHUK — MHOTOY-
JIeH IIepIIOoTO CTeleHs.

3HalieMo 3HaUeHHS MHOTOUJeHAa P(x) mpu x=1:

p(1)=2.13 -3.1247.1-1=2-3+7-1=5.

Omxe, P(1)=5i R=5. Lleil haKT He ¢ BUIATKOBHM.

Teopema 2 (TeopeMa Besy'). OcTaua Bif HileHHS GYIb-IKOI0 MHO-
rounena P(x) ma gounen (x—a) gopisuioe P(a).

Joeedenns. OCKiNbKY TIMBHUK X —a — Ile MHOTOUJIeH TepIIoTo cTe-
meHs, 1o ocrada — umcno. Toxi P(x)=(x-a)@Q(x)+R.

Ilpu x=a gicramemo P(a)=(a —a)-Q(a)+R, 3BigKm R =P(a), 10
i Tpeba 6yJI0 TOBECTH.

Terep MU MOKeMO TOBECTH MeAKi TBepIKeHHA, AKi O0yau cpopMyJIb-
OBaHi B 1. 5.

Hacanidox 1. Ilpu 6yap-AKOMY HaTypajJbHOMY 1 (x” -a” )E(x—a).

Hoeedenna. P(x) =x"-a", S(x) =x—a. 3a TeopeMoio Besy ocraua

Bijg mineHHs P(x) Ha S(x) JTOPiBHIOE P(a), To6TO R =P(a) =aq" —a" =0.
Ile osmauae, mo P(x) gizursesa Ha S(x), mwio i Tpeba GyI0 KOBECTH.
Hacanidox 2. Ilpu 6yab-AKOMY HATYpaaibHOMY 7 (xz” —a™ )E(x+a).

JloBemeHHA aHAJIOTiUHe AO0BeleHHIO HACHigKa 3.

*  Besy Erpen (1730-1783) — QpannysbKkuil MaTeMaTHK.
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Hacnidox 3. IIpu 6yab-saKoMy HATypaIbHOMY 11 (xz”” +a*"*! )(x +a)

Hosedenns. P(x)=x"*" +a**'; §(x) = x+a =x—(-a). Ba Teopemoro
Besy ocraua Bif ginenns P(x) ma S(x) nopismioe P(—a):

2n+1
P(—a) =(_a) +a2n+1 =_a2n+1 +a2n+1 =0'
Omxe, P(x) pinurses Ha S(x), mo i Tpeba Gyro KoBecTH
151 MHOTOUJIEeHiB, Tak caMo, AK i IJd MiJAUX Yuces, icHye MOHATTA

HaiibinbIoro cmiibHOrO AinbHMKa. A sHaxomskeHHs HCJI mHorou
JeHiB TAKOXK MOJKHA 3aCTOCYyBaTH aiaropuTM EBKTiga

Ipuxaana 6. 3HaiiTu HARGIILINNI CIIILHUN TiTPHUK MHOTOUJIEHIB
P(x)=x"'+2x* -2x° —~4x+11 S(x)=x" +3x+2.

Posé’szanna. HR OyJ0 TIOKasaHo BHUMle (AWMB. TpUKJIam 4) Ipu
JTineHH]

x) Ha S x ocTaya R x) =x+3. 3a arropurmom Eprmaiza HCIJ
(P(2)S()) = HO (S(=):R()).

Toginumo S(x) Ha R(x) _x +3x+2|x+3

x?+3x |x

2
Ocraua R, =

2 — KOHCTaHTa, IIe 03HaYae, 1[0 MHOTMOUJIeHNT P(x) i S(x)
B3a€MHO IIPOCTi.
Bionosids. HCIL ( P(x);S(x)) =2.
IIpuxaan 7. Buatitu HCII (P(x),S(x)), ARIIT0
P(x)=6oc4 —2x7 +5x% —x+1; S(ac)=6x3 —2x% +3x-1
Pos¢’azanns. Hogimamo P(x) ma S(x):
6x!

—2x% +5x% —x+1 ‘6x3 —2x% +3x+1
6x* —2x% +3x% —x

| x

2x° +1

R(x)=2x" +1. Omsre, HCIL (P(x);S(x)) = HCI (S(x):R(x))-

Ioginumo S(x) Ha R(x): _6x3 —2x% +8x-1|2x% +1
6x° +0x* +3x |3x-1

_—2x2 +0x-1
—2x% +0x-1
0
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Bidnoeiov. HCIL (P(x);S(x)) =2x" +1.

3aBIaHHA AJI9 CAMOCTIiifHOTO PO3B’A3yBaHHSA
4.130. HoBesiTs, 1[0 (x4 +5x% + 5’ —1)§(x+1).
4.131. Buaiinite ocrauy Bif gitenns P(x) ma S(x), aximo
a) P(x)=3x° +2x' -7, §(x) =x* -Tx" +3x” + x;
6) P(x)=6x" +5x° +15x% + x—10, S(x) =2x° +3x” + Tx 5.
4.132. Tlpu AKUX 3HAYEHHAX m MHoTouwleH x° +x° +m minnThcsa Ha
o +20
4.133. Ilpu SKkuX 3HAUEHHAX a i b MHOrouwIeH x° +2x” +ax+b ginuTsca

Ha x° + x+ab?
4.134. Buaitnits yacTky i ocrauy Big gimenns P(x) =2x" +3x* —5x” —-7x+2

Ha S(x)=x-3.
4.135. BHaiiaiTe ocrauy Bif gimenHs P(x)=x"-3x" +7x+2 Ha
S(x)=x+2.
4.136. P(x)=x’ +ax’ +bx+ab. BHaliiTs BHAUCHHSA a i b, AKIO IPH

pinenni P(x) Ha (x—2) ocraua gopismioe 15, a Ha (x+1) — ocraua
IOpiBHIOE HYJIO.

4.137. Tlpu ginenni maorounena P(x) na(x—3) ocraua gopismioe 5, a Ha
x—l) — ocTaua gopiBHioe 7. YoMy mopiBHIOE ocTaua Bif mieHHS

P(x) ma (x-3)(x-1)?

4.138. Jlosexirs, o Muorounen P(x) =(oc—2)100 +(oc—1)50 —1 ginuTbes
Ha S(x)=x" —3x+2.

4.139. 3maiiziTe HCI (P(x),S(x)), SAKIIO
a) P(x)=3x" +6x" —x-2, S(x)=x" +3x+2;
6) P(x) =2x" —5x” —8x+20, S(x) =x* + x* —4x—4.

Pob6oTa a1 camonepeBipku
Bapianm 1
1. BuaiigiTs gacrky i ocrauy Bix ginenns P(x) ma S(x), axmpo:
a) P(x)=2x" + x* -2, S(x)=x+4;
6) P(x)=3x" —3x’ +2x+5, S(x) =x" +x-2.
2. 3a Teopemoro Beay a3HalifiTE ocTauy Bif gineHHA x° —2x° —3x+6 Ha
x-3.
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Bapianm 2
1. BuafigiTs uacTky i ocrauy Bix minenns P(x)na S(x), axmo:
a) P(x)=x" +5x" +6, S(x) =x+2;
6) P(x)=2x" —x* —3x” -8, §(x)=2x" —x+2.
2. BaTeopeMoio Besy 3HaiimiTh ocrauy Bij ginennsa 3x® —x® —4x—-2Ha
x+1

Konrpoarsna po6ora 3 TemMu «IlogiabHicTs yHcena
i MHOTOUTEHIiB»
Bapianm 1
1. oBexiTs, 1Mo npu 6yIAb-AKOMY HiJoMy n uncion’ +6n° +11n® +6n
minnThbed Ha 24.
2. IloBemiTh, 110 IpH 6y Ib-AKOMY Ha'rypaJILHOMyn(33”+2 +5.2%7+1 )519.

3. Ynucaa pi8p® +1 mpocri. YoMy mopiBHIOE p?

. o |
4. [ToBediTh, 1110 Ipu 6yAL-AKOMY HATypaJbHOMY 11 Ipib
21n+4

pOTHHUIA.

5. 3HaligiTh 4YacTKy Ta ocTauy Bif TieHHA P(x) Ha S(x), AKIIO
P(x)=x"-3x* -3x* +16x-12, S(x) =x-2.
ITepeBipTe npaBUILHOCTI 3M00YTUX pe3yJIbTaTiB 3a TOIMOMOT0IO Teo-

pemu bBesy.

Bapianm 2

1. oBexiTs, mo mpu GyAb-AKOMY IisoMy n umcio n' +2n° —n® -2n
minnTbed Ha 24.

2. NoBexiTs, 1110 IIpu 6y Ab-AKOMY HATYPAJIbHOMY n(7-52” +12-6" )519.

3. Ynucna p, 4p° +11i6p® +1 — npocri. Yomy mopiBHIOE p?

. . 16n+1
4. [loBediTh, 1110 IIpH OV Ib-AKOMY HATYpaJIbHOMY 72 IPib HeCcKo-

POTHHUIA.
5. 3HaligiTh 4YacTKy Ta ocTaudy Bif TileHHA P(x) Ha S(x), AKIIO
P(x)=x"+5x+6, S(x)=x+2.
ITepeBipTe npaBUILHOCTI 3M00YTUX pe3yJabTaTiB 3a TOIMOMOT0IO Teo-
pemu Besy.
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