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- Muxanao .3
[IHAHAOBAY,
- KpABS

*MOS AIORRR <
YKOASA ¥ MATeEmaT S > ©

«Mos nwbos — Yrpaina i mamemamurxa». I1i ciosa Mnu-
xaya ITununosuua Kpasuyka (1892-1942) suxkapboBano HaA
IPaHITHOMY IIOCTAMEHTI nam’ATHUKA HayKOBIIEBi.

Mu cnioziiBaemMocs, 110 Ie HTaTPiOTHYHEe BUCJIOBIIOBAHHS BA-
JATHOIO VKPAlHCBKOI'O MaTeMAaTHKa CTaHe IJs BAC HAAIMHUM
JOPOroBKa3oM Ha WIAAXY A0 npodecionaniamy.



dDopmynu

(a + b +e)f= a*+ b*+ =+ 2ab+2bc + 2ae

(a + b)® = a® + 3a?b + 3ab? + b

(a — b)® = a® — 3a?b + 3ab? — b?

g" = bt ={(a~b)(a* "t ar bt .t @b A4,
ne n — HaTypaJbHE YHCJIO
at+ bP=(a+ o) (a="—a" 2+ a0 — ...
st = QD 2 h Y
e n — HaTypajJbHE HeIapHe YHCJIO

BnacTtuBOCTI cTeneHs 3 Winum noKkasHUKoOMm

aman:am+n (ab)nzanbn
P a\"_a"
(@a™)*=a (b) P (b#0)
atiar=a™ " (a#x0)

BnactuBocTi apumMeTUHHOro KBafpaTHOro KopeHs

fAxmo a > 0, To (Va)® =a
Ilns 6yab-AKOTO AiMCHOTO @ Ja? = la |
| SIxkmo a > 01ib > 0, o Jab = Javb

Axmoa 20i b > 0, T0 \/§=%

PopmMyna KopeHiB KBaApaTHOro piBHAHHSA
ax’>+bx+c=0

Fole —b +b® —4ac

2a
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Bin asTopis

NOBI BOCbMUKNACHUKW!

B 3pobusin cepio3HUM KUTTEBUN KPOK: BUPLIIUJINA IIPOLOBKUATHA
oenlry B Kiaci 3 morauOJieHUM BUBYEHHAM MaremMaTuku. Mu BiTaeMo
e o M BHOOPOM 1 cmofiBaeMocs, IO BU HE pPO3YapyeTecs B CBOE-
My plineHHi.

[laguaTucsa B MaTeMaTUYHOMY KJaci He mpocrto. Ilorpiouo 6yTm
HOTOJICTJIMBUM 1 3aB3SITUM, YBaXKHUM 1 aKypaTHUM, OPHA I[bOMY Haii-
rosopHime — He OyTH 6alAy)KHUM 0 MaTeMaTHKH, a JIIOOUTH IO
nwpneuBy HayKy.

[IporsiroM HaBYaJIBHOTIO POKY BH IIPOJAOBXKYBATHMETEe BHBUYATHU
nanrebpy. CnoxpiBaemocs, 110 Bu 3 iHTepecoM OyeTe 3acBOIOBATH HOBIi
annnng. Mu MmaemMo Hajgio, 0 HBOMY CIPUATHME MIAPDYYHUK, AKUMN
i TpuMacTe.

OusnaitomTecs, 6yab JlacKa, 3 HOro CTPYKTYPOIO.

IligpyuyHUK moAiJieHO Ha ciM nmaparpadiB, KOKHHUNA 3 AKHX CKJIa-
ANCTLCS 3 TYHKTIB. ¥ NYHKTAX BUKJAAEHO TEOPETUYHHUN MaTepia.
OcobsuBy yBary 3sepraiTe Ha TeKCT, BUALICHUN JKHPHUM wpugmom.
Ho sasnmaiiTe TAKOYK 10328 yBarow CJI0Ba, HAAPYKOBaHI KYpCuGoM.

JdasBuyall BHUKJAJ TEOPETHYHOI'0 Marepiajy 3aBepIIyeETbCA IIPH-
IinjlaMu po3B’sisyBaHHA 3ajad. 1li 3amucu MOYKHA PO3TISAAATH AK
OJMH 3 MOYKJIMBHUX 3pasKiB o(hopMIeHHsA PO3B A3aHHA.

J1lo KoKHOrO NYHKTY NmiiibpaHo 3agadi J1si CAMOCTiHOTO PO3B’A3Y-
WS, TPUCTYIATH 0 AKUX PaguMO JIMIIE IIiCJIs 3aCBOEHHS Teope-
Tuunoro marepiany. Cepen 3aBjlaHb € K IIPOCTI M cepefHi 3a CKJIa-
iierio BIIpaBu, Tak 1 ckJaagHi 3agadi (ocoOsimBO Ti, K1 IMO3HAYEHO
suipoukomo» (*)). :

Takox y mipydyHHUKY BH 3MOJKeTe IIPOYMTATH OMNOBiIaHHA TIPO
moKJINBL MaTeMaTuyHi 00’€KTH, iCTOPiIO IX BUHUKHEHHSA i PO3BUTKY.
Ilnspn nUX ONMOBiZAHB HAAPYKOBAHO 3€J€HUM KOJLOPOM.

Ba)xaemo yemixy!

LUAHOBHI KOJErA!

Mwn sHaemMoO, 0 IMIArOTOBKA A0 YPOKY B KJjaci 3 moraubieHuM
NMBUCHHAM MaTeMaTHKH — pobora Henerka. Opragisamis Taxoro
HABYAJIBHOTO MPOLECY BUMAra€e BeJIMKMUX 3YCHJIb YUYUTENd, AKUHA (op-
My¢ HABYAJBbHUUN MaTepiajs o Kpuxrtam, 30mMparouu iHoro B 6araTbox
nocibnukax. Mu cnogiBaemocsi, o med NiAPYyYHUK CTaHe HaAIHHUM



Big aeTopiB

IIOMIYHMKOM y Ballliil HeJIerKi# i muiaxeTHid npari, i 6yaemo mupo
paji, AKIIO BiH BaM CIIOA00AETHCHA.

Y kHHU3i Ai6paHO YMCIEHHUH i pisHOMaHITHUN AUAAKTUYHUN Ma-
repian. IIpore 3a oguH HaBYAJBLHHM PiK yci 3amavi po3B’sA3aTH He-
MOJKJIMBO, Ta B IbOMY H HeMae morpebu. Pazom 3 Tum mabarato
3py4YHiIIe MpaimmoBaT, KOJU € 3HAYHUY 3amac 3agad. Ille nae mMox-
JIMBiCTH peaJjiidyBaTH NPUHIMOM piBHeBOI audepeHniamii Ta iHAUBI-
AyaJbHOTO IIiAXOAY B HAaBYAHHI.

YepBOHMM KOJIHOPOM IIO3HAYEHO HOMEPHM 3aJay, AKi peKOMeH/y-
IOTBCA AJIS AOMAIIHLOI PoOOTH, CHHIM KOJIBOPOM — HOMEpH 3ajad,
K1 3 ypaxyBaHHAM IHAUBIAyaJIbHUAX OCOOJIMBOCTEH YYHIB KJacy Ha
PO3CYZl VUUTENA MOKHA PO3B’SIZYBATHU YCHO.

OnoBizaHHsA, HA3BU AKMUX HAAPYKOBAHO 3€JEHHM KOJBOPOM, MO-
KyTh OyTH BUKOPHUCTAHI Ay poOOTH MaTeMaTUYHOIroO ryprka i da-
KYJIbTAaTUBHUX 3aHATH.

Baxaemo TBOpPUOro HaTXHEHHs ¥ TepPIiHHA.

.

I YMOBHI NO3HAYEHHS

o

n 3aB/IaHHA, 1110 BiANIOBIAAIOTH IOYATKOBOMY 1 CepeIHbOMY PiBHAM
HaBYAJIbHUX HOCATHEHB;

n’ 3aBaHHA, [0 BiIOBiZAIOTH JOCTATHHOMY PiBHIO HaBYAJIbHUX
JIOCATHEHb;

n”  3aBIaHHSA, IO BiJNOBial0TH BUCOKOMY DPiBHIO HaBUYAJIbHUX
JOCATHEHbD;

n 3ajayi AJig MaTeMaTUYHUX T'YPTKIB i (paKkyIbTaTUBIB;

O=—= 3ajaui, y AKUX OTPUMAHO pe3yJbTaT, IO MOYXe OYTH BHKO-
PHUCTAHUM IIPU PO3B’sI3yBaHHI IHIIMX 3a/ad4; ;
3aKiHYEeHHsA NOBENEHHS TEOPEeMU.

>



NininHe piBHAHHA 3 oAHIE0 3MiHHOI0. Llini Bupa3n

MNoHOBITL y Nam'aTi 3MICT NYHKTIB 1-7 Ha ¢, 325-328.

NPUKNAL 1 Poss’sxiTs piBEaEHEA (@ — 3) x = a — 3.
Poss'sazanns. llpu a = 3 piBHaHHA HabyBae Buraaay O0x = 0.
¥ unoMy BUIAAKY MOro KOpeHeM € OyAb-AKe YHCJIO.

IHpu a # 3 Ma€eMo, 10 @ — 3 # 0. Toxi x = a—g, T06TO X = 1.

Hidnosios: akmo a = 3, To X — OyAb-AKe YMCI0; AKINO a # 3, TO
\ 14

NPUKNAR 2 Poss’sxirs pisasaus | 2x — 8 | = 5.
Pose’sazanns. YpaxoByouu, O[O0 MOAYIb JIMIIE Yucesa 5 i —5 mopis-
HIOC YuesIy 5, MaeMo:
2x — 3 =5 abo 2x — 3 = —5H;
2x = 8 abo 2x = —-2;
x =4 abo x = —1.
Bilonosios: 4; —1.

NPUKNAA 3 Tlopiusaiite sHayenHa Bupasis 1272 i 5138,
Pose’azanns. Maemo: 127 < 1282 = (27)*® = 219! < 2162 = (29)!8 =
512'% < 5137 =
Omxe, 1272 < 5138,

NPUKNAR 4 3maiizite 3HAYeHHA BUpa3y
2+1)2%+1) 2" +1) 22+ 1) (2" + 1) (2% + 1) — 2%,
Pos6’azanns. O4eBUAHO, IO JaHUM BUPAa3 JAOPiIBHIOE TAKOMY:
C2-1DE+1DEE+1D)E*+1)@B+1)@2%+1) (2% +1)- 2% =
-1+ +1DEEB+1)ERY+1) (2% +1)-2% =
2'-nDeE+neEed+nEc+1nEE+1y-24=.. =
2(M o 1 Lol 264 = _1.
Bionoside: —1.



§ 1. MNoBTOpeHHs 1 cncTemMaT3allis HaB4anbHOro Martepiany 3 kypcy anrebpu 7 knacy

NPUKNAA 5 osexits, mo npu 0yAb-AsKOMY HATYPAJIbHOMY 71 3HAa-
yenHa supasdy n (n + 1) (n + 2) (n + 3) + 1 € kBagpaToM HATYpATh-
HOTO YymcJia.

Poszé’szanns. Maemo: n(n +1)(n +2)(n +3) + 1 =
=nr+3)((n+1)(n+2)+1=R*+3n)(n*+3n+2)+1=
=m*+3n)?+2@* +3n)+1=7n*+3n+ 1),

NMPUKNAL 6 PoskiazitTe HA MHOXXHHKY MHOTOYJIEH
x*+ 2x = 9%+ 12y - 8.
Posé’asanna. Maemo:
X+ 2x -9+ 12y -3=x"+2x+1-9y*+ 12y — 4 =
=(x+1)-0Qy¥-12y+4)=(x+1) - By - 2)* =
=(x+1-3y+2)(x+1+3y—2)=(x—-3y+3)(x+3y—1).

NMPUKNAR 7 PoskiaziTe Ha MHOMKHUKY ABOYJIEH n' + 4.
Posé’szanns. Maemo: n* +4=n*+4n>+4 - 4n* =0’ + 2)* - 4n* =
=m*+2-2n)(n®*+ 2+ 2n)=(n*-2n + 2) (n® + 2n + 2).

O—wr 3anaua. [losefiTe TOTOMKHOCTI:

(a + b)® = a® + 3a°b + 3ab® + b*
(a — b)® = a® — 34’0 + 3ab® - b*

I1i dpopmynu HaA3UMBAIOTH BiANOBIAHO KyOOM cymMH i KyOoM pisHHMILI
JXBOX BHpAa3iB.
Po3ze’azanns. Maemo: (a + b)? = (a + b) (a + b)* =
(a+b)(a + 2ab + b%) = a® + 2a’ + ab® + ba® +2ab2+b3
= a® + 3a’b + 3ab® + b°.
Dopmyay Kyba pisHUII ZOBeAiTH CAMOCTITHO.

NPUKNAA 8 PosxianiTe Ha MHOKHUKH MHOTOUIEH
2x° + 8x* + 3x + 1.
Posa’szanns. Maemo: 2x° + 3x®> + 8x + 1 = 2 + 2* + 3x% + 3x +
+1l=24+@x+1P=@+x+1)E-x(x+1)+(x+ 17 =
=Qx+1)E-x*-x+22+2x+1)=Cx+ 1) (x*+ x + 1).

NMPUKNAA 9 PoskiagitTe Ha MHOYKHUKHY TpUYIeH a° + a + 1.

Poszé’sizanns
I cooci® ,
Maemo: @’ +a+1=a’+a*-a*+a®-ad*+a*-a’>+a+1=
=d+ad +ad-ad --d+df+a+1=a@+a+1) -
—d@+a+1)+at+a+1=@+a+1)@-a+1).

6



1. JNiHiNHe piBHAHHA 3 OAHIE 3MiHHOO. Llini BUupa3u

Il crioci6

Maemo: @° +a+1=a"-d*+a*+a+1=a°@-1)+
(' ta+l)=d’(@-1)(@+a+1)+@+a+1)=(@+a+1)x
«(a" - a* + 1).

1. 1." PosB’saokiTe pPIBHAHHA:

X . Sx ol 2=t A2
+ = 2 = = X.
'”) T T 8 ) 8 4
I 2, 3uaiigiTe KOpiHb PIBHAHHA: _
2x+3 ., BE=L" o 8x—5 4x+3 ,2-9x _ _
N e A S A

1.4, PosB’sokiTh pIBHAHHS:
D(Tx—-1)(x +5)=(3 + Tx) (x + 3);
2) (6x — 1) — (8 — 8x) (3 + 8x) = (10x + 1)%
Nx-1DEE+x+1)+x>=2%(x+ 1) - 2x.
1.4, Poss’sokiTh piBHAHHSA:
1) (bx + 1).(2x —38) = (10x =9)'(x + 2);
2) (4x + 1) — (1 — 8x) (1 + 3x) = (5x + 2)%
3) (x + 2) (x* - 2x + 4) + 3x* = x® (x + 3) — 2x.
1.5, Poss’sKiTh pIBHAHHS:
1) (0,6x—-3)(2x+1)=0; 5 x(x+ 2) (6x — 1) = 0;
2) x* - 16 = 0; 6) (3x — 1)* — 25x* = 0;
3) 3x* + 15x = 0 D 2x + 1) = (x + 2)%
1) 16x* — 8x + 1 = 0; 8)(x—1)P¥+(x—-2°=21—x)(x—2).
1.0, Po3B’s1oxiTh PIBHAHHSA:
1) (0,8x—2)Bx+1)=0; 5)x(x+ 4) (4x — 3) = 0;

2) x* — 25 = 0; 6) (2x + 8)* — 64x* = 0;
3) 18x® — 9x% = 0; 7 (3x — 2)> = (x — 3)%
1) 1 — 6x + 9x* = 0; 8)(x+3+4—-xP=2(x—-4)(x+3).
1.7." Poas’sokiTe piBHAHHSA:
1) | x|=38; 3)|x+ 2|+ 6=05;
2)|x—-1|=5; 4)3|x|-4=0.
1.8." Posp’sxiThs pIBHAHHSA:
1) | 8x—1|=2; 2)4|x|+8=0.
1.9." CnpocriTs BUpas:
: 2
1) (—a*b?)?. 7a’b?; 3) —chﬁd“ °(—%cd2) ;
6
2) (3m®n®)* -(—émsnz); 4) —(-3m*n?)’ -(—%mna) .
1.10." Cupocrits Bupas:
2
1) 1%a7b2-(—%a2b7) ; 2) (-0,2x%°2%)- 10y*2;



§ 1. [oBTOpPEHHS 1 cMCTeMaT3aLlia HaB4YanbHOro Matepiany 3 Kypcy anrebpu 7 krnacy

3) (—-;-ab*’)a - (~4a’b)%; 4) (—%xyz)z (—%xzy)s.

O—=r 1.11.° loBexiTe TOTOXKHICTH
(@+b+c)=a*+ b+ c*+ 2ab + 2bc + 2ac.
1.12.° Po3B’s13kiTh DiBHAHHS:

1) ax = 1; 2) bx = b.
1.13.° Po3B’saKiTh pPiBHAHHA:
1) bx = 2; 2)(a =) x=a—1.

1.14.° Tlpu gxux HaATYypPaAJIbHUX 3HAYEHHAX 4 KOPiHb DiBHSHHS € Ha-
TYPAJIbHUM YUCJIOM:
1) (a + 2) x = 5; 2)(a + 3) x = 6?7

1.15." Ilpu AxuxX niux 3HAYEHHAX @ KOpeHeM piBHAHHA (@ + 1) x =T
€ mijsie yucao?

1.16." Ilpu skux 3HaYeHHAX b 4ucia0 3 € KOpeHeM PiBHAHHSA

(b= 2) (=D =2x+b=:1)?

1.17." 3amigiTh 3ipOYKM TAKMMH OJHOUJEHAMH, 1100 BUKOHYBAJACh
PiBHICTE:
1) (*)?-(*)® = 72m"n""; 3) (*)°-(¥)° = —288a°p''c"?.
2) (*)3.(*)4 o —81x1°y17213;

1.18.° Bigomo, mo 4x*y = 3. BHaiigiTs 3HaYEHHSA BUPA3Y:

1) 6x%y; 2) 4x*y?; 3) —3x°°.

1.19." Bigomo, mo 2a°b® = —3. BuaiifiTs 3HaYEeHHA BUPA3Y:
1) -3a’b?; 2) —2a°b*; 3) —8a’®®.

1.20.° Bigomo, mpo 3x’y = 4 i x*2® = —3. BraiixiTe 3HAUEHHA BUpA3Y:
1) 4x°y2%; 2) %xsyzgs; 3) —x°2°y.

1.21." Bigomo, mo 2a'b = 3 i 5ac® = —2. BuaiiiTe 3HaYeHHA BUpAa3y:
1) 5a°bc?; 2) —4a°bc’; 3) 10a'’b*c".

1.22." [ToBexiTs, 1110 He iCHYe TaKUX 3HAYEHb X i Y, NPHU AKUX MHO-
rouwnenn —5x” + 3xy + 4y* i 6x* — 3xy — y® ogHOUACHO HaOyBaNM 6
Bii’€eMHUX 3HAYEHB.

1.23.° Cropocrits Bupas (n — HaTypaJbHE YHUCJO):

1) xn+1 (xn+6 P 1) o xn+2(xn+5 ) x3);
Dx@x" ' +2x" T -1 -T2 (4 + 2x° - xV).

1.24." CopocriTe Bupa3 (n — HaTypajbHe YHUCJIO):
1) x2" (" + 2x) + x (B8x" — ™" 3);
D228 -2 ("2 - 322 - 1).

1.25." ToBexits, mo koau a — 2b = 3, o 2ab® — a’b + 3ab = 0.

1.26." osexiTs, mo koau a + b = ¢, To a’b’c + a’b’c — a®b’c* = 0.

1.27." BuneciTs 3a AY)KKH CINJIBHUA MHOXXHHUK (7 — HaTypaJbHE
YHCJIIO): '

8




1. JliHiHe pIBHAHHA 3 OfHIEI0 3MiHHO. Llini Bupa3u

) x" "2+ 2% 4)5"** +2.5"*2 - 3.5"* 1,
.'e)”:"z__yn-—2’n>2; 5)49n+2_7n+3;
:” :.'tu__zn; 6) 27n+1+9n+1_3n+1.
1 UM, PoskiaZiTh Ha MHOXKHUKHU (n — HATypajbHE YMCJO0):
Y a"** —a® 2 n>5: 3)3""3-5.3""2 + 2.3"%
2) b*" + b 464172 — ok = M Lugnt e
1.29." PoskJafiTh HA MHOKHUKU BUpPas (n — HATypaJibHe YUCJIO):
) x" "2+ x" - x* - 1; 24yt + "+ 4y + .
1,.430." PosknaniTh Ha MHOXKHUKH TPUYJIEH:
1) x* — bx + 4; 4) b* + Tb + 12;
2) y* + 5y + 6; 5) 2x% — x — 1;
8)a*—-a-2; 6) 3x* + 4x + 1.
141, PoskiagiTh HA MHOMHUKY TPUUJIEH:
1) x* + x — 2; 3) 5y° — 6y + 1;
2) t2 — 9t + 18; 4) 62 — 5z + 1.

1,32, ToBexiTs, mi0 AaHWK BHpa3 HAOYBae AOAATHHUX 3HAYEHb NPHU
BCiX 3HAYEHHAX X; YKaXXiTh, SKOr0 HAMMEHIIIOr0 3HAUYeHHs HA0y-
BA€E el BUpa3 i Ipu AKOMY 3HA4YEeHHI X: i
1) x* —10x + 27; 2)9x*+12x+ 7; 38)2x°—x + 1.

1.33." lloBexiTs, 110 PIBHAHHA HE MA€ KOPEHIiB:

1) x> — 8x + 17 = 0; 2)x*—x+1=0.

1.34." ToBexiTsh, 10 AaHU# BUpa3 HaOyBae Bij’€MHUX 3HAYEHbL IPH
BCIX 3HAYEHHAX X; YKAXKITh, AKOro HauO1JIbIIOT0 3HAUYEHHS Haby-
Bae e BUpas3 i Ipu AKOMY 3HAYEHHI X:

1) —x* + 4x — 6; 2) 24x — 16x* — 25; 3) 8x — 8x* - 3.

1.35." HoseniTe, mo Bupas (a + 2b) (a + 2b + 4) + 4 mabyBae
HeBiJI’eMHUX 3HAYEHBb HNPH OYIb-AKUX 3HAUYECHHAX 3MIHHUX.

1.36." osexirs, mo Bupas (6 + 3x — 2y) (3x — 2y) + 9 uabysae
HeBiI’eMHUX 3HAYEHb NPHU OyAb-AKUX 3HAYEHHAX 3MIHHUX.

1.37." IlomaiiTe y BUIIAAL CYMU KBaJpaTiB ABOX BUPA3iB MHOI'OYJIEH:
1) 5a® — 2a + 1; 3) 2x* + 6xy + 9y* — 6x + 9;
2) 10x* + 2xy + y% 4) 2a® + 2b°.

1.38," Yu icuyioTs Taki 3HaYeHHS X i y, IPU AKUX AOPIiBHIOE HYJIIO
3HAYEeHHs MHOrouJjieHa (y BUIDAAKy IO3UTUBHOI BiIMOBi/I BKaXKiTh
11l 3BHAYEHHA):

1) x* + 4y® + 2x — 4y + 2; 2) 9x% + y* — 12x + 8y + 212
1.39." PoskaagiTh Ha MHOKHUKMN:

1) x* — 5x* + 4; 2) x* — 7x* — 18; 3) x* + 9x® + 18.
1.40." PoskaamiTe Ha MHOMKHHUKM: ;

1) x* + 4x° + 4x* - 9;

2) y® -y + 4y® - 4;
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3) xV+2¢ —~ 4y — 8; 4
4)(x+2y)(x+2y+2)-(y-1)(y+ 1) |
5) x'y® + 2x°%y — x* + 6x — 8; |
6) 8x% — 12x + 2xy — y* + 4. !
1.41." PoskaafiTh Ha MHOKHUKU: ’
1) x* + 8x® + 16x* — 25;
2) a® + 6a — b® + 4b + 5; 4
3)(a+ 3b)(a+ 3b—6)—(b+ 3) (- 3);
4) 3x* — 4xy + y° + 4x — 4.
1.42." ITocrasTe 3aMicTh 3ipOYOK TaKi OJHOUJIEHH, IOD CIpaBIKyBa-
JacA TOTOMKHICTh:
1) (Tk — p) (* + * + %) = 343K — p%
2) (* + %) (25a* — * + 36b%) = 125a° + 216b%;
3) (mn + *) (* — * + k%) = m®n® + &°.
O—wr 1.43.° JloBeziTh TOTOMKHICTH
(@a+b+c)@+b*+c®—ab—-bec—-ac)=a+ b+ c* - 3abe.
1.445” Bi;uomo, mo a + b =5, ab = 3. 3HalAiTE 3HAYEHHSA BUPAa3y
ai +b%
1.45.” Bigomo, mo a* + b* = 31, ab = 9. BHaliAiTs 3HAYEHHA BUPA3y
a+ b.

2
1.46." Bigomo, mo b® + %— =1 i ab = 3. 3HalijiTs 3HAYEHHA BUPAa3y
a + 2b.
1.47." Bigomo, mo a’ + b® = 37, ab = 6. 3HalAITH 3HAUEHHA BUPA3y
a b

1.48.” Bigomo, 1o x, —x, =4, xx, = —1. 3HaiijiTh 3HAYEHHS BU-
pasy:
1) %265 — x;%; 3) (x, + x,)’;
2) 28 il 4) x? - x3.

1.49.” Bingomo, mo a + b = 6, ab = 7. 3uaiifiTe 3HaUEHHS BHUPA3y:
1) a®b* + a®b?; 2) (a — b)% 3) a’ + b'.

1.50." Bigomo, mo gucna x i y Taki, mo x° + y* = 1. BnaiigiTs 3Ha-
yenHA BHpasy x° + 3x°y* + °.

1.51." Bigomo, mo uncaa x i y raki, mo x* — y* = 2. 3naiigiTe 3Ha-
gyenHs Bupasy x° — 6x°y* — y°.

1.52." Bigomo, mo a + 2b = 1. Hosexairts, mo a’® + 8b* = 1 — 6ab.

1.53." Iosexits, mo koum a + 3b = 2, To @’ + 27b* = 8 — 18ab.

1.54." PosknafiTe Ha MHOKHMKM MHorownen x° + 3x°y + 3xy*+ 2y°.

1.55.” PoskaanitTs Ha MHOKHUKY MBEOrowreH 28a® — 3a’b + 3ab® — b®.

1.56.” Bizomo, mo x* + y® = 9 i ¥’y + xy® = 6. BHaliAiTe 3HAUEHHSA
ABOYJIeHA X + Y.
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1. [liHivHe pIBHAHHSA 3 OAHIEI0 3MiHHOI0. Llini BUpasu

| 7. Bigomo, mo a® — b® = 4 i a’b — ab® = 1. 3BHaiixiTe 3HaAYeHHA
AnouseHa a — b.

I .B8." Bigomo, mo cyma 8 + 8 + 8 + ... + 8 mopieuioe 4*". BnaiixiTe
KiALKICTE TOKaHKIB.

160" 1opaiire uneno 171 y Burasaai apody, YUCEIBLHUK SAKOIO € JieB’ -
MM CTEIIEHEM HATypaJbHOIO 4YHCjIa, & 3HAMEHHHUK — JEeCATHM.

1,00, fixoo mudpoio 3akiHYyeThbcsi 3HAYEeHHA BUpady (n — HATY-
pasibHe YHCT0):
' ) 92!0(); 2) 7500; 3) 2n : 3n . l?

1 81." filkoro mudporo 3aKiHUYETHCA 3HAYEHHS BUpa3y (n — HaTy-
piJibHE YUCTIO0):

l ) 4 Ill(l; 2) 3300; 3) 3n + 2 . 7n? _
| 12." IlopiBasiiTe 3HAUEHHA BUpPAa3iB:
9 I Gl G 2) 126 i 24 8) 8114 17

108, Bigomo, mo x* + y® = 1. BmaiiziTe 3HayenHs Bupasy 2x° +
| 3x2y2 -+ y4 + A
| .04." Bigomo, mo a® — b® = 2. BuaiigiTs 3HauenHs Bupasy a’ — a'b’® —
20 — 8b°. _
|6, Yu icHye Take HarypajibHe YHCJIO 12, NPH AKOMY 3HAYCHHS
nupasy 2% + 2'"' + 2" e kBazpaTOM HaTypPaMbHOrO yucyaa?
1.06." JloBexiTh, mo 3HaueHHs BUpasy 999-1001-1003-1005 + 16
¢ KBAJPATOM HATYPAJIBHOTO YMCJIA.
1.07." JloBexiTs, mo 3HavexHs Bupasdy 1000 + 1000%-1001* + 1001°
(¢ KBAZPATOM HATYPAJBHOTO YMCJA.
1.8, Bizomo, mo a = b + 1. CnpocriTh Bupas
(a + b) (a® + b%) (a* + b) (a® + b°) (@' + b') (@™ + b™).
1.00." JloexiTs, mo
1-2+29)AQ-22+2HY1 -2 +2% (1 - 2% + 2'% x
% (1—2'6 +2%2) = 1—”—2—3-:L2ﬁ
1.70." PoskiagiTh Ha MHOMKHUKH:
1) a® + 2a® - 8; 3) x> — Tx — 6; 5) m* + m* + 1.
2) b* + b® + 4 4) a® - 2ab® - b%
1.71." PosknazgiTh Ha MHOKHUKHA:
1) x* — 3x + 2; 3) x® + x* + 18; 5) x® + x7 + 1.
2) x* — 322 + 2; 4) a® - 3ab® - 2b%;
1.72." PosknamiTes HA MHOMKHUKHU:
1) x' - 8x* + 4; 2)4x* —12x*+1; 3)a'+ a®+ 1.
1.74." PosknaniTe HA MHOKHUKM:
1) x' - 7x® + 9; 2) 9x* — 3x% + 1; 3) a' + 64.
1.74." Jlosexits, mo sHauenssa upasy 2'° + 5'% € cKIaieHIM YHCIIOM.
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§ 1. loBTOpPEHHS 1 CUCTEMaTU3aLls HaBYaNbHOro Matepiany 3 Kypcy anrebpu 7 knacy

1.75." Yucna a, b i ¢ Taki, mo a® + b*> + ¢* — ab — ac — be = 0. Yomy
JNIOPiBHIOE 3HAUEHHS BUpasy a + b — 2¢?

1.76." Bimomo, mo a* + b* + * =1, x* + y* + 22 =1liax + by + cz=1.
Hosexnits, mo a = x, b=y, ¢c = z.

W7 e i HoBeniTh, 10 PiBHAHHA xt—-x +% = 0 KopeHiB He Mae.

1.78." O6umciTs 3HaYeHHA BUpasy @’ + b + ¢*, akmoa +b+c =17
iab + be + ac = 5.
1.79." Bigomo, mo a* + b* + ¢* = 30ia — b — ¢ = 4. JloBexirs, mo
be — ab — ac = —T.
1.80." Bigomo, mpo a® + b* + ¢ = 26 i ab — ac — be = —11. BHaiigiTs
3HAYEeHHA BUpasy a + b — c.
1.81." PoskiaziTh Ha MHOMKHMKY BHPA3
a® + b®> + 3¢* + 2ab + 4ac + 4be.
1.82." PosknajiTh HA MHOKHUKHI BHpa3
a’ + 8b% + ¢* — 6ab — 6bc + 2ac.
1.83." Mosexits, mo ko a + b + ¢ = 0, To @’ + b* + ¢* = 3abe.
1.84." BuxopucroByiouu pesyabrar 3agayi 1.83, poskiragiTe Ha MHOMK-
suku Bupas (a — b)’ + (b — ¢)® + (¢ — a)®.

m DyHkuin, Fpadik pyHKWIT, NiHiAHa DyHKLIA

MoHoBITE Y Nam'aTi 3MicT NyHkTIB 8—11 Ha ¢. 328—330.

nPUKNAA @ Dyuknia f, obmacTio BUBHAYEHHA AKOI € BCi ymeiaa, Mae
TaKi BIacTUBOCTI:

1) ans 6yab-akoro x f (x) — mijie 4ucao;

2) nna oyae-axkoro x [ (x) < x;

3) nnsa 6yap-akoro x f(x) > x — 1.

3uauxirs [ (3,2), f (5), f (—3,2). 3uaiigiTs o61acTh 3HaYEeHb DYHK-
uii f. IToOyxyitre ii rpadik.

Posé’azanna. 3 BnactTusocreit 1-3 BunumBae, mo GyHKNig [ — 1e
NPaBWJIO, 3a AKUM KOXXHOMY YHCJIY X CTABUTHCA Y BIANOBIAHICTH
HaubiIbIIe IIiJie YUCjIo, AKe He NMepeBHIIye X. 3BijcH, HAIIPUKJIAK,
f (3,2) = 3, f (-3,2) = —4. 3posymino, mo f (5) = 5, f (-2) = -2,
f (0) = 0. VYzaraui, gna 6yab-saxoro mijoro uuciaa ¢ f (¢) = ¢. 3 upo-
ro BUILIUBAE, 0 obsacTio 3HaYeHb QYHKUII f € Bei misai guera.

ITo6yayemo rpadik hysrmii f.

Hexait 0 < x < 1, Tozi f (x) = 0.

12



2. OyHkuia. Mpadik dyHKUiT. NiHiHa dyHKUIA

Bz yA
B
1 e
ot = 5
0 1 x 0 x
o 2| -

Pnc. 2.1 Puc. 2.2

Hexait 1 < x < 2, Toxi f (x) = 1

Hexait 2 < x < 3, Toai f (x) =

Hexait =1 < x < 0, Toxi f (x) = —1.

Hexait —2 < x < -1, Tomi f (x) = —2.

Vaaraumi, akmo m < x < m + 1, ne m — 1inxe yucio, To f (x) = m

I'padik dysknii f 306pakeHo Ha pucyHKy 2.1.

s miel yHKIil BHUKOPUCTOBYIOTH No3HaYeHHA: [ (x) = [x]. Banuc
[x] auTaoOTH: «Iijia YaCTHHA YUCTIA X».

NPUKNAL 2 Bigomo, mo Touxa A (x,; y,) HanexuTHL rpadiry HyHK-
nii y = f (x). MDosexnirs, mo Touka B (x, — 5; y,) HalIeXKUTh rpadixky
(pyuruii y = f (x + 5).

Po3é’azanns. Ockinbku Touka A (x; y,) HaIeKUTh rpagiky QyHK-
uii y = f (x), To sHaueHHsa uiei QyHKUii npu x = X, AOPiBHIOE Y,
10670 f (X,) = Y, -

3uarizemo 3navenHs GyHkuii y = f (x + 5) npu x = x, — 5. Mae-
MO: f (x,= 0 +'8)= f(x,) =1,

3Bijfcu OoTpUMy€EMO, 1IN0 To4YKa B (x, — 5; y,) HanexuTh rpadixy
¢pysruii y = f (x + 5).

I'IPMKJ'IAA 3 Ha pucynxy 2.2 306pakeH0o rpadix (pymcn;n f(x)=
= ax + b. 3HalAiTE 3HAYEHHA BUpa3y b — a.

Posze’szanns. Maemo: [ (— 1) a:(-1) + b =10 — a. 3 pucynka
BuaHO, 110 f (-1) = 0. Orxxe, b —a = 0.

2.1.° Vuni mxKogu noixanu aBTo6ycoM Ha eKCKYpCilo i 3a OUH JeHb
BiAiBijasu ABa cTapoBMHHUX 3aMKu. Ha pucyHkry 2.3 300pakeHo
rpadik 3mMiHM BifcTaHi Bijf aBrobyca A0 IMKOJM 3aJIe’KHO Bijx dacy
(epaghix pyxy aemobyca). Kopucryouncs rpadikom, Bu3HaUTE:
1) AKy BicTaHb IpoixaB aBTOOYyC 3a NeplIy roguHy;
2) Ha gKi¥ BifgcraHi Bifg IIKOJIH 3HAXOMUTHCH nepmuil 3aMOK;
JAPYTHil 3aMOK;

13



§1 I'IosropeHHﬂ 1 cucTemMaTmn3allis HaB4anbHoro marepiany 3 kypcy anrebpu 7 knacy

ey

s N
_46 \

P

fe2]

0 2 3 | 4 6} 6 4 rox
Puc. 2.3

3) CKinBKM yacy TPHMBAB OIVIAJZ TEPIIOTO 3aMKY; APYIOro 3aMKY;
4) Ha sAKi# BizcraHi Bix mkoau Oy yuHi yepes 6 rox miciis BUI3AY;
9) 3 AKOIO0 MIBUAKICTIO pyXaBcs aBTOOYC OCTAHHI ITiBrOAUHMA.

2.2.° KosxHOMY UMC/Iy NOCTABUIN YV BiAMOBiAHICTE BicTaHb Bijl TOUKH,
mo 300pakae e YMea0 Ha KOOPAWHATHINA npaMii, 10 MOYaTKY
Bigaiky. IloacHITE, YoMy onucaHe npaBuJo € PyHKIi€0. 3HAUAITH
ii oOsracTh BU3HAYEHHA 1 00s1acTh 3HaYeHb. Ilo3HAUMBIIHT 110 (DYHK-
mito 6yksoiwo f, sgangits [ (2), f (=5), f (0). Axa 3 gasux hopmy.r
3aziae QyHKIi© f:
Dy=x% 2y=-x  3y=|x; 4)y=x2

2.3.° Po3ryigHeMO IIPaBUIIO, 3a SKAM KOXXHOMY HATYPAJIbHOMY YUCIY
CTAaBUTHCA Yy BiANOBiAHICTH Nepma mudpa Horo AeciTKOBOIO 3aliu-
cy. Yu € me npasuio ¢pyHKIico? ¥V pasi mosuTMBHOI Bifmosigi
BKaXKiTh 11 06Js1acTh 3HAYEHB.

2.4.° PosrisHeMO NPaBUiIo, 3a SKUM KOXKHOMY HATYPAIbHOMY YUCJLY
CTaBUTHCHA V BiANOBiAHICTE cymMa Iu(p HOro AecsaTKOBOIO 3alUCy
(ogHOUM(pPOBOMY YMCHY BifIoBiiae came me umeno). Yu € me mnpa-
BIJIO (pyHKIi€? ¥V BHNAAKY MO3WTHUBHOI BiAIOBixl BKaMmiTh ii
obsacTh 3HaYeHb. ]

2.5.° Bajgaiite hopmynow GYHKII0O, AKIIO 3HAYEHHS (QyHKIII:
1) npoTuyiekHi BiANOBIAHUM 3HAUEHHSAM APryMEHTY;
2) IOPiBHIOIOTH NMOABOEHUM BiIMOBiAHMM 3HAUYEHHAM APryMeHTY;
3) Ha 2 MeHUIi BiJi KBaAPATIB BiANOBiIHUX 3HA4YE€Hb ApryMEHTY.

2.6.° Tano dymkniio f (x) = x°. Bagaiite dopmynonw yHKIIL, yci
3HAYEHHSA SKOI IPU TUX CAMUX 3HAYEHHAX apryMeHTY:
1) va 7 6inbmri 3a sHaueHHA QyHKIIT f;
2) nopiBHIOIOTH Ky0y 3HaYeHHA QYyHKIT f.
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2. OyHkuis. Mpadik dyHkuii. JTiHIiHa DyHKUs

\ y v
o
: . 0l %

a 0 8
Puc. 2.4

I

0

2.7." Oyukiio sagaso popmysaoo f (x) = 3x — 8. Ilpu axomy 3Ha-
YeHHI X 3HaYeHHA (HyHKIII ZOPIBHIOE 3HAYEHHIO ApPI'YMEHTY?

2.8." ©ysknii sagaso gopmynamu y = 6x + 25 1 y = x + 24. Ilpu axkux
JHAYEHHAX aprymeHTty ui (GyHKnil HaOyBalOTh PiBHUX 3HAYEHbL?

2.9." [Ipuaymaiite ssky-He0yab GyHKILO f, 06/I1aCTI0O BH3BHAYEHHA AKOIL
¢ BCi HATypasIbHI Yucia, a 06IacTio 3HaYeHb — yoTupHy uuciaa: 0,
1, 2, 3. 3uaizgirs [ (9), f (18), f (39), f (1000).

2.10." fAxwnit 3 vaBegeHux rpagdikis (puc. 2.4) inocTpye 3anexHICTH
3MIHHOI y Biff 3MiHHOI X, HOJAaHY HUMKYE:

1) BapricTh mpoisay B aBTOOyCi 3pocrac Ha 1 rpH. 4yepes KOXKHi
10 xM maAxy (¥ — AOBXKUHA LLIAXY B KijJloMeTpax, y — Bap-
TiCTh IPOI3JYy B 'PUBHAX);

2) MeTaJieBy HNPYXUHY POSTArHYJIM H Bixnmyctuau (x — gac y ce-
KYHIaX, Y — JOBXKWHA NPYXUHU B CAHTUMETPaX);

3) miHa NOJMYHMUII HA PUHKY IPOTAIOM TPaBHA—4epPBHA (X — Kiab-
KicTh AHIB, Yy — IiHA MOJYHHUI B rpUBHAX)?

2.11." Bixg kBagpaTHOro aucta KaproHy poamipom 40x40 cm Bigpisa-
JIA CMYJKKY 3aBINUPIIKK X cM (prc. 2.5). 3anuuriTs opmyary, ska
3azae (DyHKIIOHAJNBHY 3aJIeKHICTh ILIOMIL S CMyru KapToHY, IO
3aJAIIMIAacHA, BiJf X. 3HAUAITH 00J1aCTh BUBHAYEHHA i€l (PyHKILII.

2.12." 3 KBaxpaTHOro JucTa »Kepceri poamipom 1 X 1 M y KyTrax Bupi-
3aJIM KBajpaTu 3i cTopoHOI0 X cM (puc. 2.6) i 3 orpumanoi 3aro-

40 cm
SE AR Y 4 :
g E i -
2 | i
|
| ]
| |
4 RS OATEIN S ) e T i
X CM | 3} 1O
4 B e il (. ks
X xcMm X CM
Puc. 2.5 Puc. 2.6
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§ 1. MoBTOpPEHHA 1 CUCTeMaTn3aLlis HaB4aNbHOro Matepiany 3 Kypcy anrebpm 7 knacy

TOBKU 3irHyJId KOpoOKy y (opMi IPSAMOKYTHOrO napajejeninesa.
3ammmriTs (GopMyy, AKa 3a/1a€ (DyHKIIOHAJIBHY 3aJIesKHICTb 00’emy V'
KOpoOKH® Bixm x. 3HauaiTe obsacTh BU3HAYEHHA niel QyHKIII.

2.13." Koskniit Touni rpagika ¢pysaruii f (x) = 3x + 1 craBursca
y BigmoBigHicTs cyMa KoopAmHAT Iiel Touku. UM € me IpaBMIO |
dbysrnien? ¥ BUnagKy IMoO3UTUBHOI BiAMOBiAil 3agaiTe 0 GyHKIIiIIO
thopmyroro. _

2.14." Koxriit Touni rpadika pyskmnii f (x) = x* + 1 craBuTsca y Bif-
nmoBigHicTh, AOOYTOK KoopauHAT Ii€el Touku. Um € 1me ImpaBHJIO
byarIicn? ¥V BUNAAKy MIO3UTHUBHOIL BiAIOBiAL 3azaiTe 1m0 QyHKIIO
¢hopmyn010.

2.15." Tano dyHKIi0 : :

—-2x + 3, AKIO X < — 2,

f)=1:x% = saxmo-2<x<4,
8, AKINO x = 4.
maigite: 1) f (=3); 2) f (=2); 3) f (2); 4) f (4); 5) [ (3,9);
6) 1 (8,1).
2.16." laso pyHKIiIO
%; -3 x<1],
[ (x)=12x—1, <% <2
x* -2, 2< x<8.

CruaniTh TabaUII0 3HaYeHb (DYHKI 1A TiIUX 3HaUeHb apryMeHTy.
2.17." Ha axomy 3 pucyHKiB (puc. 2.7) 3azgano GyHKI[IOHAJIbHY 3a-
JeYKHICTh: ~

a UK e Uk

i

Puc. 2.7
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2. OyHkuis. Mpadik dyHKuiT. JliHInHa QyHKLIN

1) smiHHOI ¥ Bix 3MiHHOI X; YA
o oo . . oo 4

) smiHHOI X BiJ 3MiHHOI1 V; * /* N\

4) smigHOI y Bix 3mMiHHOL \

x 1 3MiHHOI Xx Bij 3MiH-
noi y?
2.18." Ha pucynky 2.8 306pa- -3
meno rpadik GyHKmii. 0
3nanaiTe: \\ //,,
|) o6macTe BU3HaAYEHHSA e
(byHKIi1;

2) obnacTh 3HaYEHb (QYHK- Puc. 2.8
Iii;

3) 3HAYEeHHSA apryMeHTy, NIPU AKUX 3HA4YeHHA (PYHKIII OPiBHIOE
HYJIIO;

4) sHaAYEHHS apryMeHTy, IIp¥ AKUX (QyHKOisg HabOyBae AoJaTHUX
3HAYEHb;

H) 3HaYeHHsA ApryMeHTy, NpU AKHX (QyHKI(ig HaOyBae Bij’eMHUX
3HAYEHb.

2.19." He BUKOHYIOYH NOOYAOBH, 3HAKAITE KOOPDAMHATHA TOYOK IIepe-
TUHY 3 OCSAMM KOOpAMHAT rpadika QyHKIIii:

1) y =\Te"%% y=|x|+38;
2) y =|2l=8 4) y = x.

2.20." 3agaso (yHKOi0O y = 2 — x, 00JaCTI0O BUBHAYEHHA AKOI € BCi
onHoumpposi HaTypaabHi ynucaa. [lobyayiite rpadik miei pysrmii.

2.21." Tlo6ynyiiTe rpadik pyHKuii, 06acTI0O BUBHAYECHHA SKOI € BCi
HaTypaJbHI umucia i sxka HabyBae 3HaYeHHA —1 NpM mapHUX 3HA-
YeHHSIX apryMeHTy i 3Ha4eHHA 1 Ipu HeIapHUX 3HAYEeHHSAX apry-
MEHTY.

2.22." llo6ynyuire rpadik GpyHKIII, AKIIO BiIOMO, 110 AJIA BCIiX IIJIUX
3HAYEHb apryMeHTy 3HaueHHsA GyHKHOII fopiBHIOE 1, a Aia Heniaux
nopisaioe —1.

2.23." Bigomo, mo Touka A (x,; y,) HANMExuTh rpadiky QyHKmii
y = f (x). HoBexits, o Touxka B (x5 Yy, — 3) HameRUTHL rpadikKy
bysknii y = f (x) — 3

2.24." Bigomo, mpo Touka A (x;; y,) HajuexuTh rpadiky QyHxmii
y = [ (x). Hosexnits, mo Touka B (x; 2y, HajexuTh rpadixy
byuruii y = 2 f (x).

2. 25 " Bigomo, mo Touka A (x, Yy, HamexuTh rpadixy GyHKmii

= [ (x). Hosexith, mo Touka B (2x; yo) HAJIE)XKUTh rpadiky

1
B S

byEKOii Yy = f( )
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§ 1. loBTOpPEHHS 1 CUCTEMaTM3aLLIA HaB4anNbHOro Matepiany 3 Kypcy anrebpu 7 knacy

2.26." 3agaitTe hopMysI0i0 PYHKIII0, AKA € IPAMOIO IIPOIMOPLiHHICTIO, 1

AKIIo i1 rpadik npoxoanTs yepe3 Touky M (3; —2).

2.27." BuaiiniTe 3HaueHHd b, npu AKoMy rpadik pyHKmii y = — % x+b

IIPOXOAUTE Yepes Touky A (—15; 3).

2.28." IIpu sixomy 3HaueHHi k rpadik ¢yHKIil y = kx + 8 npoxoauTs

uyepe3 Touky B (2; —4)?

2.29." I'pacdix pysKIil y = kx + b nepeTHHAE OCi KOOPAUHAT ¥ TOYKAX
M (2; 0) i N (0; —3). 3uaiigiTs 3HayeHHs k i b.

2.30." Vei Touxku rpadika Gysknii y = kx + b MaoTh 0IHAKOBY Op-
AUHATY, AKa JAOpiBHIOE —5. 3HAUAITHL 3HAYeHHS K i b.

2.31." T'padik dysEKUii y = kx + b napanensHuit oci abcmuc i Tpoxo-
IUTE 4epes TOYKy A (—4; 3). 3naiaiTs 3HayeHHda k i b.

2.32.° IIpu sxomy 3HaYeHH1 3MiHHOI x QyHKLII f (x) =4x - 31 g (x) =
= 3x — 2 HabyBaoTh piBHUX 3HaueHb? [ToOyayiiTe Ha oxHil KOOD-
JUHATHIA momuHi rpadiku pysrmii i g. Ilpn axknx 3HaUeHHAX X!

1) f (%) > g (x); 2) f(x) < g (x)?

2.33." I'padikm bpysrOit y = 2x — 5, y = x — 91 y = kx neperuna-
IOThCA B OAHIN Toumi. 3HalAiTe 3HaueHHA k. [loOyayiiTe B onHiit
cucreMi KoopauHAT rpadikm nux QyHKIIiH.

2.34. Tlpu sixomy 3Ha4eHHi b rpadiku dysxmin y = 1,5x — 2, y = 2,5x +
+ 21y = 3x + b nepeTHHAIOTLCA B OAHiN TOUIi?

2.35." loBeniTs, 110 He iCHYE TAKOI'O 3HAUYEHHS @, IPU AKOMY IIpsiMa
Y = ax — 5 IpOoXOAUTH Yepes3 IMOYaTOK KOOPAUHAT.

2.36." IToGyayitre rpadik GyHKIII:

x -3, x 2 0,
LE Y= {

-2x — 3, x < 0;

-1, axkmo x # —1,

3)y={

1, saxmo x =-1.

4x — 2, AKIIO X < 2,

2)y={

3, AKINO X > 2;

2.37.” Ilobyayiire rpadik GyHKIII:

Dy=|x|; Yy=2x+|x|-1.
2)y = I X I - X5 vk
2.38.” ITo6yayitTe rpadik GyHKILI:
Dy=-|x|; Yy=8x-|x|+ 2.
20y =[x+ \
2.39.” Ha pucynky 2.9 306paskeHo rpadix GyHK- >
mii f (x) = ax + b. 3HaWAITE 3HAYEHHA BUPA3Y 0] 1 %
a + b.
2.40." T'padixu pynrmit y = —(2k+3)x— 1 — 2k
iy=+kx+ k+ 2, ge k > 0, nepernHaIOTH Bich Puc. 2.9

18
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A s HHR 3 ABOMA 3MIHHUMK. CUCTEMU NIHIMHUX PIBHAHD 3 ABOMA 3MIHHUMM

opanuar y Toukax A i B BignosBigHo. Touky nmepetuny nux rpadikis
ionnaueno 0yksow M. Yu moxHA, CTepInM OCi KOOPAMHAT i rpa-
iy, BIITHOBHTHU CHCTEMY KOOPAMHAT 3a ToukamMu A, B i M?
B4 I'padikn dyenit y =ax +biy=bx+a,pea>0ib> 0,
HepeTHHAIOTH Bich opauHAT y Toukax A i B BigmosigHo. Touky
nopernay nux rpadikis nosaayeno 6yxkBowo M. Yu MoxKHA, cTep-
i oci koopaueaT i rpadikm, BiTHOBUTU CHCTEMY KOODAHMHAT 3a
rouramu A, Bi M? :

PiBHAAIHHA 3 ABOMA 3MIHHMMM!, -
Cucremu NiHINHMX PiBHAHB 3 ABOMA 3MIHHUMMN

[MOHOBITE ¥ NaM'ATI 3MICT NyHKTIB 1215 Ha ¢. 330—332.

NPUKNAL 1 Ska dirypa e rpadikoM piBHAHHS:
D|x|+|y-2|=0; 2x*+y—-yx—x=0; 3) x> +y=y+ x*?
Posé’a3anna
I) Ockineru | x| 20i|y— 2| > 0, To niBa macTuHA PiBHAHHSA AOPiB-
HIOBATAME HYJIIO TIJIBKY IPUA OHOYACHOMY BUKOHAHHI yMOB: X = 0
Il y — 2= 0. 3Bigcu nmapa uucen (0; 2) — exuHUE po3B’A30K JAHO-
ro pisaaaaa. OTKe, HMIyKaHUM rpagikoM €

rouka 3 koopauaaramu (0; 2). y
1) PoskiaBmy Ha MHOMXHUKH JIIBY YacTUHY
plensaHaEA, orpuMaemo (x — y) (x — 1) = 0. 1
dnijen y = x abo x = 1. Omke, rpagikom >
JiHoro piBHAHHSA € napa npaMux (puc. 3.1). 33 Ol .
) Yposymino, mio 6yab-axka mapa (x; y) T
¢ po3B’sIBKOM JgaHoro piBHaAHHA. OTIKe, HOTO 2
I'pahikoM € BCA KOOpPAMHATHA ILIOIUHA. Puc. 3.1

NPUKNAL 2 T'padixom pisaaHHS € npama AB, ne A (1; 3), B (-1; =7).
Hunfiite opauEATY TOYKH i€l npsamMoi, AKmio ii abecnuca JopiBHIOE:
1) 1,2:2) —0;:6%

Pose’azanns. Ockinbkm abciuceu Touok A i B He piBHI, TO npaMa
Al e € BepTUKaJIBbHOK0, TOMY IIYVKATUMEMO i1 PIBHAHHA y BATJIAAL
i~ kx + b.
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§ 1. [loBTOpEeHH: 1 cucTemaTr3auin HaB4anbHOro Marepiany 3 Kypcy anrebpm 7 Knacy-]

1
l

KoopauraTu TouoK A i B € po3B’sisKaM¥ I[LOI'O PiBHAHHSA. 3BijicH
OTPUMYEMO CHCTEMY:
{3 =k+b,

~T=-k+b.

ITr0o cucremMy 3py4YyHO PO3B’A3yBaTH METOAOM JAoaaBaHHs. Maemo:
2b =-4; b= -2, 3Biacu k = 5.

Oroxe, piBHAHHA NpaAMOi AB Mae BUIIAL Y = dx — 2. 1

IIpu x = 1,2 maemo y = 5-1,2 — 2 = 4. ‘

IIpn x = —-0,6 maemo y = 5-(-0,6) — 2 = 5.

3.1.° T'padik piBasaEs 3x + 2y = 14 npoxoauTs yepes Touky A (a; 4).
Yomy 1opiBHIOE 3HAYEHHHA a?

3.2.° I'padik piBHAHHA 5x + y = 16 npoxoauTs yepes Touky B (b; 3b).
YoMy popiBHIOE 3HaYeHHA b?

3.3.” He Bukonyouu nodygoBu, 3HANAITh KOOPAMHATH TOUYOK Iepe-
THHY 3 OCAMM KOOpPAHMHAT rpadika piBHAHHA:
1)x+y=4; 3) x* + y* = 16;
2)x® -y =1; 4) | x| -y =86.

3.4.° IIlpu sixomy 3HadeHHi a mapa yucen (—4; 3) € po3s’A3KOM piB-
HAHHSA:
1) 3x + 5y = a; 2) ax + 5y = 19?

3.5.° Ilpu sixomy 3HaveHHi a rpagik piBHaHHA 1lx — 13y = a + 6
IIPOXOAUTH Yepe3 MOYaTOK KOOpAUHAT?

3.6.° Yu mamexars rpadiky piBaanas y° — x° = —8 Touxwu, mo MaoTh
Bix’eMmHy abciucy?

3.7.° IlobynyiiTe rpadik piBHAHHSA:

1) (x -4+ @+ 1)°=0; ) (x—2)(y—-1)=0;
2) |y |+ (x + 2)* = 0; 4) 83x — xy = 0.

3.8, Ilobynyiire rpadik piBHAHHS:
1) (x + 3)° + y* = 0; 3)|x-38|+|y-3]|=0;
2) xy = 0; 4) xy +y = 0.

3.9." 3HaiifiTe po3B’A30K piBHAHHA 5x + 3y = 24, AKUN € mapoio
PiBHHUX YHCEeJI.

3.10," 3uaiixiTe po3B’s30ok piBHAHHA —12x + 13y = —-100, axui
€ Mapoi0 NMPOTUIIEIKHUX YHCEJI.

3.11." TIpu sAKOMYy 3HAYEHHI @ TOYKA MEPEeTHHY NpAMUX 2x — 3y =
= —614x + y = a HasexkuTH oci abcuuc?

3.12." IIpu sakomy 3HauYeHHi b Touka nepeTuny nupaMux 9x + Ty = 35
i x + by = —20 HanexuTh oci opaguHAT?

3.13." Ilpu saxkuxX 3HaUYeHHAX a i b npama ax + by = 21 neperunae oci
KoopauHaT y Toukax A(3; 0) i B (0; —=7)?
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A PinHnHHg 3 ABOMa 3MIHHUMW. CUCTEMU NIHIMHWX PIBHAHL 3 ABOMa 3MIHHUMU

m ya Jla AY ym
h ' / n ]
[ - ] p
B S
1 o
0 o] 11} |
: TN
/ /
{
Puc. 3.2 Puc. 3.3

W14, Cxnazite piBHAHHA OPAMHX, AKi 300pakeHO HA PUCYH-
Ky 3.2. ]

W18 Crnagite piBHAHHA NPAMUX, AKi 300pakeHO HA DPHUCYH-
Ky 3.3.

W 16." BuaiigitTe 3HaueHHs a i b, npu axux napa uucen (6; 4) € pos-
n'A3KOM CHCTEMH PiBHSAHD:

[ax+2y=26, 5 5x + by = 6,
14x+by=14; ax +by = 0.
W17 Ilpu sikux 3HaueHHAX a i b napa unucen (—2; 3) € po3B’A3KOM

ax -2y =-12,
Tx+by=17
118" Jlo piBHaHHA 3x — Sy = 8 miabepitTs Apyre JiHiiiHE PiBHAHHA
TaK, mod OTpUMAaTH CHCTeMYy PiBHAHb, SAKAa:
|) mae egMHUN PO3B’A30K;
2) mae 6eayiu po3B’sI3KiB;
4) ne mae po3B’sA3KiB.
419" ITpu AKUX 3HAYEHHAX @ CUCTEMa PiBHAHB:
J5x -6y =17,
15x -6y =a

¢uecTeMu piBHAHB {

1) He Ma€ pPo3B’sA3KiB;

5 | 8X+ay =6,
4x -5y =3
#.20° HinﬁgpiTL Takl 3HaYeHHs a i b, NIpu AKUX CHCTEeMa PiBHAHB
[x -2y =5,
| ax +4y =b:
1) mae GesJriy po3B’A3KiB;

mae 6esjiiy po3B’A3KiB?
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1
§ 1. [OBTOPEHHA 1 CUCTEMATU3aLYiA HaB4aNIbHOrO MaTepiany 3 Kypcy anrebpu 7 Knacé

2) Ma€e oguH PO3B’A30K;
3) He Ma€ po3B’A3KiB.
3.21.° Posp’sakiTh rpadiyHo cucreMy pPiBHAHB:

-y =0, - =0, 2 _ 2 =0,
3 [*l-v o [l 3 (B~ 1" =0
x+3y=4; 2x-y=3; x+2y=3
3.22." Po3B’aKiTh cucTeMy PiBHAHBL METOAOM ITiJICTAHOBKH:
2o Yo 6y —5x =1,
1) 12 3 ( 2) {x-1 3y—-x _ 43
bx —y = 34; u FEBT

3.23." Poas’siskiTh cucTeMy PiBHAHB METOAOM IIiZICTAHOBKH:

'x+y+x—y_4
1) 6x +3 =5x -4 (by +4), 2) | 8 6
3(2x-3y)-6x=8-y; 3x+y__2x—5y=5
4 3 ?
3.24." Po3B’siTh cucTeMy pPiBHAHD MeTS,uOM JIO/IaBAHHS:
x+2_y-—3_L
1 2 (4x-5)-3 (83+4y) =5, 9 6 15
7 6y —1)—(4 +3x) = 21y — 86; x+25 y+3 _1
9 6 3°

3.25." Po3s’axiTh cucTeMy PiBHAHL METOAOM JOJABAHHSA:

15x—3y+3x+2y -3

0,2x-0,3 2y +1) =1,5, 4 g
3(x+1)+3y=2y-2; 3x+y_x—3y=6
3 2 i

[ 2 4 4’

c——

|
|
{
|
l

{
|

3.26." TIpu sikux 3HAYeHHAX @ i b rpadik piBHAHHA ax + by = 8

npoxoauTk yepes Touku A (1; 3) i B (2; —4)?

3.27.' BanumiiTh piBEAHHA NpAMOL y = kx + b, KA MPOXOJAUTH YEPEd

TOYKH:
1) N (2; 1) i D (—3; 3); 2)R(—4;6)1iS (4; -2).
3.28." Po3s’axiTh piBHAHHA:
1) (x + y)* + (x — 3)* = 0;
2) (x + 2y — 3)* + x* — 4xy + 4y* = 0;
3)| x-38y—6|+ (9x + 6y — 32)* = 0;
) x*+ 1y +10x — 12y + 61 =0;
5) 25x° + 10y* — 30xy + 8y + 16 = 0.
3.29." PosB’sKiTh DIBHAHHA:
1) (x - 2y)° + (y — 5)* = 0;
2) (4x + 2y - 5)* + |4x -6y + 7| = 0;
3) 50x® + 4y* — 28xy + 16x + 64 = 0.
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§ 2. MHOXWHM

TA OMEPALII HAQL HUMMU

MuoXxuHa Ta 11 enemenT!

M 1acTo roBOPpUMO: KOCAK pub; 3rpas nraxis; pii 01Kin; KoJek-
i Mapok; 3i0paHHsa KapTuH; HAOIp py4yokK; OyKeT KBiTiB; KOMIIaHiA

Apyoln; mapk MalIdH; OTapa OBellb.
Hicio B mux mapax ieperacyBaTH IIepLIi CJ0Ba, TO MOXKe BUUTH
tmiino. Hanpukiam, 6yker oBellb, KOCAK KapTUH, KOJEKIia Apy3iB

oo, BogHouac Taki CIOBOCIIONYYEHHA, AK KOJEKNia pud, KoneKmisa
WP, KOJIEKIIisA PYYOK, KOJEKI[iA MalluH TOIIO0, AOCTATHBO IIPUMA-
wninl, Cnpasa B TOMY, IO CJIOBO «KOJIEKI[ifi» JOCUTH YHiBepcajbHE.
Ounk y maremaTuili € OlJIbII BCeoCssKHE CJOBO, IKMM MOMHA 3aMi-
uurn Oyab-fiKe 3 MEepIIMX CJIB y HaBeAeHUX mapax. lle cioBo mHO-
Wann,

IHnpegemo mie KiibKa NPUKJIAAIB MHOMKHUH:

MHOKXHHA YYHIB BaIIoro KJjacy;

MHOYXWHA YYHIB BamIOl HNIKOJH, AKi € npusepammu Bceykpain-
ChHKOI oJiMIiaan IOHUX MaTeMaTHUKiB;

vMHoKnHA naaHer COHAYHOI cUCTEMU;

MHOXHMHA IBOIU(MPOBUX YHUCET;

MHOXKHUHA nap qucen (x; y), Aki € po3B’A3KaMM PiBHAHHA
Xt + y? = 1.

OxpeMi HAUBaXKJIUBIIIL MHOYKHHHA MalOTh 3araJlbHONPUAHATI Ha3BA
h HHodHAaYeHHA!

MHOXHMHA TOYOK IIJIOIINHA — reomMerpuuna dirypa;
MHOKMHA TOYOK, AKUM IPUTAMAHHA [I€BHA BJIACTUBICTh, — reo-
verpuuHe micie Touoxk (I'MT);

MHOXXUHA 3HAYEHBb apryMenTy GyHKIii f — o6JaacTs BU3HAYCH-
ust pysruii f, aky nossagaoTts D (f);

MHOYKMHA 3Ha4YeHb PYyHKIII / — obixacrs 3HayeHbs QyHKUIi f,
sry nosuavaoTs E (f);

MHOXXHWHA HATYPAJIbHUX YUCEJI, SIKY Mo3HauYamTh OykBOoiO N;
MHOKHWHA HiJIUX YHuces, AKY II03HAYal0Th OYKBOIO 7;
MHOYKMHA PalliOHAJBHUX YHCeN, AKY I03Ha4aTh OykBoio (.

¥l 1IpaBujI0, MHOXHWHHU IIO3HAYAKTH IIpOIIHCHHMH JATHUHCBbKHUMHA
Oywnamu: A, B, C, D Tomo.
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§ 2. MHOXWHM Ta onepauii Hag HUMK

O6’exTH, AKi CKIAZAIOTH JaHY MHOKUHY, HA3UBAIOTh €JIeMEeHTaAM!
i€l MHOKHHM. 3a3BUUYall eJeMeHTH I03HAYalOTh MAJTUMH JTaTHHCHS
KHUMHU JIiTepamu: a, b, ¢, d Tomio.

MHOKHHI A, TO IHIIYTh b ¢ A (YUTAIOTH: «b HE HAJIEKUTH MHOMHU~
Hi A»).

Hanpuxnan, 12 € N, -3 ¢ N, -g-e Q, -g-e Z.

SIKII0 MHOKUHA A CKJIALA€ThCH, HAIPHUKIAL, 3 TPHOX €JEeMEHTIR
a, b, ¢, To mumyTs A = {a, b, c}. '

Hanpuknan, akmo M — MHOMKWHA HATYPAJbHUX AiIbHUKIB YHC-
Jga 6, ro numyts M = {1, 2, 3, 6}. MHOKMHAa AiMbHUKIB yncaa 6, aKi
€ CKJIafAeHUMH YHCIaAMU, Mae Takui uriszg: {6). Ile npukiaax ogHo-
€JIEMEeHTHOI MHOKUHH,

[lozHaueHHA MHOMKHMHM 34 JOMOMOTO0 (hirypHUX AVIKOK, V AKUX
yKa3aHO CIIMCOK Ii eJIeMEeHTiB, € 3pYYHUM y THUX BHUIAJKaX, KOJH
MHOYKMHA CKJIQaceThCA 3 HEBEJIUWKOl KiibKocTi enemeHTiB. lle 3po-
symisno. Hanpukiaaz, cupobyiiTe mepeiduTy BCi eJIeMeHTH MHOKHUHU
HATypaJbHUX AiNLHUKIB yucaa 6'°%.

Osuavenusn JIBi muoxuan A i B Ha3MBAIOTh PiBHY MU, AKIO
BOHM CKJAZAIOTHCA 3 OMHHUX 1 THX CAMMX €JIEMEHTIB, TOOTO KOXHUMN
eJleMeHT MHOKMHHM A HaJeXUTh MHOXKHMHI B, i HaBaKu, KOKHUH
eJIieMeHT MHOXMHN B HanexuTs MHOKHUHI A.

Axmio mEOXKUHU A i B piBHI, TO numyTsh A = B.

3 03HAUYEHHA BUILIUBAE, 10 MHONCUHA 00HOZHAYHO 6UHALAEMb-
ca ceéoimu enemenmamu. Hanpukian, K0 MHOKHHY 3allUCYyIOTh
3a JONOMOroo (GirypHUX AYIKOK, TO IIOPALOK, ¥ AKOMY BUIHMCAHO 1i
eJIeMeHTH, He Mae€ 3HaueHHsd. Tak, MHOMXKHHA, AKAa CKJIAJAETHLCH
3 TPHOX eJIEMeHTiB a, b, ¢, IPUIIYCKAE LIiCTh BU/IB 3aIIUCY: .

{a, b, ¢} = {a, ¢, b} = {b, a, ¢} = {b, ¢, a} = {c, a, b} = {c, b, a}. ]

OcCKiJbKM 3 03HAYEHHS PiBHUX MHOXKHWH BUILJIMBAE, 1[0, HAIPH-
Knan, {a, b, ¢} = {a, a, b, ¢}, To Hagamxi 6yaEeMO PO3TIAAATH MHOMKU-
HU, SAKi CKJIAZaoTbCcs 3 pisHUX ejdeMeHTiB. Tak, MHOKUHA OYKB
cJIOBa «IIapoBapu» Mae Burasax {ui, a, p, 0, B, U}.

3ayBaxkumo, o {a} # {{a}}. CopaBzi, MHOKHHA {a} CKIagaETHCH
3 OJHOT'O eJIeMeHTa — a; MHOXKUHA {{a}} cKIagaeTbCca 3 OXHOTO eye-
MEeHTa — MHOXXHUHHU {a}. 1

|

MHBoOXHHA BBAYKAETHCA 3aJaHOI0, SKINO MOXHA BCTAHOBUTH, YN
HaJIEKUTh €JIEMEHT, L0 PO3IJIANAECTHCA, HaHiil MHOXXHHI.
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4. MHOXWHA Ta 11 efleMeHTH

Hanltuacrimme MHOMKUHY 3aal0Th OJHUM 13 ABOX TAKUX CIOCOOIB.
Hepluuit cnocib Ionsirae B ToMy, 1[0 MHOYKUHY 3aal0Th YKa3aHHAM

Lepesikom) yeix ii eremenTiB. Mu BXXKe BUKOPUCTOBYBAJIH IIeH CIIOCiO,
AUNCYIOM MHOMKHHY 3a AOIOMOrow (GirypHUX AYKOK, V AKHUX 3a-
AHAYIIN CITHCOK 11 eJTeMeHTiB. 3po3yMijio, 10 He OYAb-AKY MHOXUHY
M sagata B Takui croci6. Hanpukaan, MHOKIHY MapHUX YHUCEJT

TN naTH HEe MOJKHA.

Hpyeuit cnocié monAarae B ToMy, IO 3aJac€ThCA XapaKTepHMCTHYHA
BiANCTHBICTSD €JIEMEeHTIB MHOMHWHHM, TOOTO BJIACTUBICTH, AKa NpHUTAa-
MOl BCiM eJIieMeHTaM JaHOl MHOKHHM 1 TIJIBKH IM.

Himo x — HOBiNBHUM e€JIEMEHT MHOXKHUHHU A, AKY 3aJaHO 3a J0-
HUMOTI'0I0 XapaKTePUCTHUYHOI BJIACTHUBOCTI 11 €JeMEeHTiB, TO IMUIIYTh
A« (x| ..}. Tyr micis BepTUKANLHOI PUCH BKa3ylOTh YMOBY, AKii
MOE INJIOBONTBHATH €JIEMEHT X, 00 HajlexaTu MHOXKUHI A.

PouryisiHeMO KinbKa DPUKJIALIB.

* {x|x=3n, ne N} — MEHOXHMHA HATYPAJLHUX UMCEJ, KDATHUX 3.

* |x|x(x*-1)=0} — MHOKUHA KOpeHiB piBHAHHSA X (x* — 1) =

0. I1a mBOKMHA HopiBHIOE MHOXMHI {—1; 0; 1}, AKy, ¥ cBOIO
uepry, MOXKHA 3aaTH 3a JOIOMOrOI0 iHIIOI XapaKTepUuCTUYHOI
BJIACTHUBOCTI:

x|xeZ,|x]|<2}.
Maemo: {x |x (x*-1)=0}={x|x€ Z, | x| < 2}.

¢ {(x|[x] =0} — mMHOXkMHA uMcen Takux, mo 0 < x < 1. Tomy
{x | [x]=0}={x|0 < x'<1}

* IHexait (x; y) — KoopaumHATH TOYKH. TOJAl MHOXKUHA TOYOK
{(x; )|y =2x — 1, x — Oyab-siKe YHCIO} — IpAMa, AKA € rpa-
(pixom pyHKOii y = 2x — 1.

Yasarajni, AAS TOYOK KOOPAMHATHOI MJOIIMHM MHOKHWHA
{(x; ) |y = f (x), x € D (f)} — ne rpadix GyHKuii f.
Y reomerpii, 3a7jal04 MHOXXUHY TOYOK 3a JOIIOMOI'OI0 Xapak-
TePUCTUYHOI BIACTUBOCTI, TUM caMuM 3anaoTb I'MT.

* Sk A, B — 3azaHi TOYKH mionmiuau, X — JOBLIBHA TOYKA
niel mromuEM, To MHOKUHA {X | XA = XB} — cepeaumHHU
NepneHAuKynAp Biapisxka AB.

ko 3agaBaTH MHOMKHHY XapaKTEPUCTHYHOK BJIACTHBICTIO 11
WIeMOHTIB, TO MOYKE CTATHCH, IO KOAHUKM 00’€KT TaKOi BIACTHBOCTI
He Mac.,

" Jlun, npukaax 1 m. 2.
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§ 2. MHOXWVHM Ta onepauii Hag HUMK

PoarinaneMo npukaagu.
* MHOXUHA TPUKYTHUKIB, CTOPOHU AKMX IIPONOPIiiHI yucia:
1, 2, 5. 3 HepiBHOCTI TPUKYTHUKA BUILIUBAE, 110 I MHOMKA
HE MICTHUTB XOJHOTO eJIeMeHTa. ,
¢ Tlossaummo yepe3 A MHOKHHY YYHIB BaIIoro KJjacy, AKi € Mauc’
pamu copTy 3 maxis. Moxxe BUABUTHUCSH, 1110 MHOKUHA A TAKO:!
HE MICTUTH KOJHOTO €JIeMeHTa.
* Posrasagandyd MHOKWHY KOPEHIB JOBLIBHOTO PiBHAHHA, C
nependadyuTH CUTYyalilo, KOJU PIBHAHHA KOPEHIB He Mae.
HaBeneHi nmpukaazym BKa3yloTh Ha Te, IO 3PYYHO [0 CYKYITHOCTI
MHOMKHH BiZIHECTH IIe OAHY OCOOJMBY MHOKHHY, fAKa He MiCTHTh
JKOZHOTO eJIeMeHTA. |i HA3MBAIOTH MOPOKHBOI0 MHOMKHHOIO 1 TTO3HA-
4al0Th CHMBOJIOM O . |
Hampuxaan, {x |0x =2} ={x|xe N, x <1} =
3azHauumMo, 10 MHOKHMHA {J} He € MOPOXKHBOIO. Bona MlCTKTB.
OJIUH €JIEMEHT — IOPOXKHIO MHOXKUHY.

NMPUKNAL  TosexiTs, 110 MHOXKHMHA A BCiX MapHUX Ha'rypa.ummx
qyces ZIOPIBHIOE MHOKUHI B umces, fAKi MOXKHA MOAATH y BUIJIAAL
CYMH [IBOX HENAPHHUX HATYPAJbHUX YUCEJI. |

Poszé’azannsa. Hexant x € A. Toxai moxxHa 3anucaru, 1o x = 2m,
ne m — HarypaiabHe uncao. Maemo x = 2m = (2m — 1) + 1. Orxe,
x € B. §

Tenep npunycrumo, mo x € B. Toxi x = (2n — 1) + (2k — 1), ne ‘
n i k — HarypanpHi uncna. Maemo x = 2n -1+ 2k -1=2 (n +
+ k — 1). Orxxe, x € A. ]

Maemo: AKII0 x € A, To X € B, 1 HaBaku, SKmo x € B, To x € A.
3Bigcu A = B.

A e anliin

? 1. HaBeniTe DpuKIagyu MHOMUH.
2. Ik mo3HaYawTh MHOXKHUHY Ta Ii eemeHTH?

3. Ak mo3HAYAIOTH MHOKUHI HATYPAJIbHUX, IJINX i pallioHAJIBHUX ]
qucen?

4. fAx 3anucaTu, IO €JeMEeHT @ HAJIEKHUTh (He HaJIe)KUTh) MHOMKH-
Hi A? !

5. AKi MHOKMHU Ha3WBAIOTH PiBHUMU?

6. Axi icayoTH crIocO0M 3aJaHHA MHOMKUH? |

7. 51ky MHOXXUHY Ha3uUBAOTh NOPOXKHBLOIO? SK 11 mosHayaoTh?
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4. MHOXWHa Ta || eneMeHTn

4 1. M nasuBaOTh MHOKHUHY TOYOK KyTa, PIBHOBIAZATEHUX BiJ HOro

fropin?

4 8 M HasuBaAIOTh MHOYKHMHY BOBKIB, SIKi HMiIKOPIOIOTHCA OLHOMY
BATIOKKY?

4.0 HaagsiTh AKY-HEOYAb MHOMKHUHY 3allOPi3bKHAX KO3aKiB.

4.4 M pmasuBalTh MHOKMHY BYMUTENIB, AKi NpamiOOTh B OAHIN
Heoani?

4.0 llocraBre 3amicTes 3ipouku 3HaK € abo ¢ Tak, 100 OTpPUMATH
HpPABUIbHE TBEPAKEHHA:
1) 6 * N; 3) -5 *Q; 5) 3,14 * Q;
2) 0 * N; 4) —-;-*Z; 6) 1 * Q.

40" Jlano pyrxnio f (x) = x* + 1. ITocrasre 3aMicTh 3ipOYKHU 3HAK
¢ nbo ¢ rTak, Hod OTpUMATH IPABUJILHE TBEPAKEHHS:

1) 8 * D (f); 3) 0 * E (f); 5) 1,01 * E ().
10 %D (3 4) 3*E ()
4.7, Ykl 3 HacCTYIHUX TBEPAKE€Hb € IPaBUJILHUMMU:
1)1 e {1, 2, 38} 3) {1} € {1, 2};
41 ¢ {1} 4) {1} € {{1}}?
AN BanumiTe MHOKUHY KOPEHIB PiBHAHHS:
N x (x—=1)=0; 3) x = 2;
2) (x — 2) (x* - 4) = 0; 4) x* + 3 =0.

4.0, BajaiiTe mepeyiiKOM €JIEMEHTIB MHOXKHUHY:
|) npaBuasHEX ApPOOiB 31 3BHAMEHHUKOM 7;
J) npaBUIBHUX Ap0oOiB, 3HAMEHHUK SKUX HE IepeBuInye 4;
#4) MHOXKMHY OYKB Yy CJIOBL «MaTeMaTHKa»;
1) muoxuny nudp yucia 5555.
410" B3ajaiiTe mepesikKoM eJIEMEHTIB MHOMKUHY
DA ={x|xe N, 2*="1=0}
2) B ={x|'xe'Z;|'x]< 8}
HC={x|xeN,x<15, x="Tk, ke Z).
4.11," 3ajaiiTe mepesnikoM ejIeMeHTIB MHOYKUHY:
1)A ={x|xe'Z x@|x|~-1)=0}
2DB={x|xeN,-3<x<2}.
4.12." Hexait O — zagara Touka miaomunu. IIlo sBiase cob6o0 MHO-
nenna Touok M miel maommHM:
1) (M| OM ='3 cm}; 3) {M | OM < 5 cm}?
2) (M | OM > 5 cm};
4.13." Hexait A, B, C — Tpu 3amaHi Touku mromueau. Illo saBise
coho1o MEHOKUHA Toyok M miei niommen {M | MA = MB = MC}?
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§ 2. MHOXMHM Ta onepauii Hag HUMK

4,14, Yu pisui mEHOKUHU A i B:
1) A =11, 2}, B = {2, 1};
2) A= {1}, B = {{1}};
3) A ={(0; 1)}, B={(1; 0)};
4) A={x|x<8,x€ Z}),B={x|x<4, xe Z};
5) A={x|xe N, x xparae 21i 8}, B= {x | x € N, x xparue 6};
6) A={x|xe N, x<15,x=19k, ke Z}, B={x | x € N;

3 < x <4}

4.15." YxaxiTh piBHI MBOXXWHU:
A={x|xe N, x=6n-3,ne N}
B={x|xe N, x=23n,ne N}
C ={x|x e N, x xparue 3 i me kpaTHe 2};
D={x|xe N,x=6n+3,ne N}.

4.16," fIxi 3 HaBeAeHNX MHOYKHUH JOPiBHIOIOTH IMOPOKHINA MHOMKUHI:
DA ={x|x#xh 4) D = {x | 3x* + 52> + T = O}

2)B={x|er,%x—2=O}; B)E ={x|x>|x[}?

3)YC={x|xeZ |x|<1);
4,17 fIxi 3 HaBeleHUX MHOKHUH JOPiBHIOIOTH HOPOKHIA MHOMKHUHI!
1) MHO’KMHA TPUKYTHUKIB, CyMa KYTiB AKHUX HopiBHIOE 181°;
2) MHOKMHA ripcbKux BepmuH 3aBBumiku 8800 M;
3) MHO<UHA FOCTPOKYTHAX TPUKYTHUKIB, MeJiaHA AKUX JAOPIBHIOE
MOJIOBUHI CTOPOHH, A0 AKOI BOHA IIPOBEAEHA;
4) mHOXHMHA QYHKIiHM, rpadikoM SKUX € KOao?
4.18." Tlosexite, mo {x | x =8k -1, ke Z}={x|x=8n+2,ne Z}.
4.19." ITosenite, mo {x | x =4n — 1, ne€ Z} = {x | x = 4m + 8,
m e 7Z}.

Ty .

Miamuoxumna, Onepauil Hap MHOXUHAMW

PosrisreMo MBOMXHUHY IOHUQP AECATKOBOI CHUCTEMU YHUCIEHHH
A=1{0,1, 2, 3, 4,5,6,7 8, 9. Buokpemumo 3 MHOKuHU A Ti ii
eJleMeHTH, AKi € mapauMu nudpamu. Orpumaemo muoxuny B = {0,

2, 4, 6, 8}, yci ereMeHTH AKOI € eJIeMEHTAMU MHOKUHU A.

Oanauvennn Muaoxuay B Ha3WBaIOTH Ni/AMHO K M H O 0 MHOKH-
HH A, SKII0 KOKHUM eJIeMeHT MHOKHHM B € eleMeHTOM MHOXKHHHN A.

Ile sanucyroTs Tak: B C A a60 A D B (UUTaOTh: «MHOXXUHA B € mij-
MHOXXUHOI MHOXMXUHU A» abo «MHOXHUHaA B MicTHTBCAS B MHO-
KUHI A»).
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5. MigMHOXMHa. Onepauil Hag MHOXUHaMU

PonrasineMo IPUAKJIAAU:

® NcZ,ZcQ,Q@>oN;

- — — 2:1}-
(x| 2x 1. 0}C{x|x il

* {(a) c {a, b};

¥ MHOYKHWHA YYHIB BaIIOr0 KJAcCy € HiIAMHOYXHHOIO MHOYXUHHUA
VUHiB BaAIIol IIKOJIW;

* MHOXXHHA CCABIIB € IMiAMHOXHWHOIO MHOKHWHHA XpeOeTHUX;

* MHO>XHWHA TOYOK npomeHs CB € min-

MHOXUHOI0 MHOXXHUHH TOYOK IIPAMOIL i CL B
A({ (puc. 5:1). pR ; Puc. 5.1

JLi Lnoetpanii cniBBiIHOIIEHDb MiXK MHO-

WHIAMY BHUKODPHUCTOBYIOTH CXe€MHU, AKi HasuBaiOTh miarpamamu Eii-
Aupn,

Hn pucyrky 5.2 3o00pakeHo MHOKUHY A (0inpmuit Kpyr) i MHO-
wuny B (meHIIW# Kpyr, AKUNA MicTuThCA B Oinbmomy). Ilsa cxema
panhine, o B < A (abo A D B).

Hn pucyrky 5.3 3a gomomoroio aiarpam Eiijnepa mokasaHo CIiB-
slinomenas misk maoxusaMu N, Z i Q.

Hiuo B C A, To 3a IOIIOMOr0OI0 PUCYHKA 5.2 MOXXHA 3pOOUTH TaKi
MononKu:

I} Juist Toro o6 eeMeHT X HaJleKaB MHOMKHHI A, AOCTATHHO, 00

Wil HaJexxaB MHOXKWHI B;

) s roro mob eIeMEHT X HaJiedkaB MHOKUHI B, HeobxiaHo, 1100

nlin maje)xaB MHOMKHHL A.

Hanpukian, akoio A — MHOKWHA BCiX HATYpPaJbHUX YHCEJ, KpaT-
uux O, a B — MHOXHUHA BCiX HaTypaJdbHHX 4uces, kpatHux 10, To
wiennano, mo B ¢ A. Tomy anst Toro, o0 HaTypajabHe YUCao n 0yio
Wpnrnum 5 (n € A), nocraTHbo, 106 BoHO 6yiio kpatHuM 10 (n € B).

I roro o6 HatypanesHe yuciao n 6ymno kparaum 10 (n € B), HeoO-
wliano, 1mod BoHo 6yyio kpatHUM 5 (n € A).
Q
Z
A
Puc. 5.2 Puc. 5.3
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§ 2. MHOXU1HW Ta onepauii Hap HUMK

3 03HA4YEHb IIIIMHOKHUHHY i PIBHOCTI MHOKUH BUILIIUBAE, 110 KOJIH
AcBiBcA,A-=B. .

SAKmIo B MHOKHMHI B HeMae Takoro eleMeHTa, AKUN He HAJNEeKHUTh
MHOMKHWHI A, TO MHOXKMHA B € NiJIMHOKHUHOI0O MHOXXUHU A. ¥V CUIY
IUX MipKYBaHb INOPOYKHIO MHOKMHY BBaYKAIOTh MiJAMHOXXHUHOIO OVIb-
axol MHOKUHU. Cupasi, MOPOXKHA MHOKHHA HE MICTUTH KOJHOIO
eJleMeHTa, OTJKe, V Hill HeMae eJIeMeHTa, AKUU He HaJeXHUTh NaHil
mHOKUHI A. Tomy ansa Oyab-siKOl MHOXKUHM A crpaBeljiuBe TBep-
IKeHHdA: J C A. 1

Byas-ska MHOXKMHA A € MiIMHOXKUHOIO camoi cebe, To6To A C A. ;

Ozmavennn fAxmo Bc A i B # A, To MEHOKMHY B HasuBaoTh
BJUACHOI Ni{MHOMKHHOW MHOKXKHHH A.

Hanpukiaa, MHOXKHUHA 7 € BJIACHOI MiAMHOMXUHOK MHOXKHUHHA ().

NMPUKNAA 1 Bunwumirs yei nigmposxkuau maoxusu A = {a, b, ¢}.
Poszé’sazannsa. Maemo: {a}, {b}, {c}, {a, b}, {b, ¢}, {a, ¢}, {a, b, c},

@. Yeworo orpuManu 8 miaMHOMXKHH. ¥ 9 Kiaci Oyze noseneHo, IO

KiJIbKiCTh DiIMHOMXKHH n-eJ€MEeHTHOI MHOKHMHU JopiBHIOE 2",

Hexait A — MHO’KMHA PO3B’A3KiB PiBHAHHA X + y = 5, a B — MHO-
JKMHA PO3B’sA3KiB piBHAHHA X — Yy = 3. Toxi muOXUHaA C pO3B’A3KiB
CUCTeMHY PiBHAHB

x+y=29,
x—-y=3
CKJIAJIAETHCHA 3 YCiX eJIeMeHTIiB, AKi HaJexXaTh i MHOKUHI A, i1 MHOXKH-

Hi B. ¥V TakoMy BHUIAAKY KayTh, [0 MHOXHuUHA C € mepeTuHOM
MHOXXUH A i B.

Oapavenna [Ieperurom MHOKUH A i B Ha3uBaIOTh MHOKHHY,
KA CKJAJAEThCA 3 yCIX eJIeMeHTIB, HI0 HaJekKaTh i MHOMXHHI A,
i maoxuni B. '

IIeperur MHOKUH A i B no3HayaoTs Taxk: A N B.
3 O3HAYEHHA BUILJIUBAE, 110
ANB={x|xe Aix e B}.
Jlerko nepexkoHaTHuCH, 110 PO3B A3KOM CUCTEeMHM, AKa PO3rjszaa-
cdA, € napa uucen (4; 1). Lleir pakT Mo)kHa 3anucaTy Tak:
{(x;9) | x+y=5}0{(x; y) | x — y =3} = {(4; 1)}
Ario MmEHOXKUEU A i B He MAIOTh CHiJILHUX €JeMeHTiB, TO iX Ie-

PEeTHHOM € MOPOKHA MHOKMHA, ToOTO A N B = @, Takox 3a3HauYUMO,
moA N J = .
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5. MNiaMHoXMHa. Onepauii Hag MHOXUHaMU

Pue. 5.4

3 0o3HaYeHHSA NMEepeTUHY ABOX MHOXKHUH BHUILIMBAE, 110 Koau A C B,
1o AN B=A, 30kpema, Aaknio B=A, T0o AN B = A.

IlepeTH MHOMKMH 3PYYHO 1JIOCTPYBATH 3a AOMNOMOTIOI0 Aiarpam
llitnepa. Ha pucyHKy 5.4 samTpuxoBaHa ¢irypa sodpaxkae MHOKUHY
AN B.

Jlusa Toro mo6 poss’azaTy piBEAHHA (x° — x) (x* — 1) = 0, Tpeba
PO3B’A3aTH KOMKHe 3 piBHAHL x° —x =0ix*—1=0.

A = {0, 1} — MHOXHHA KOpeHiB nepuioro pisasauda, B = {1, 1} —
MHOKHWHA KOPEHiB APyroro piBHAHHA. 3p03yMiJo, mi0 MHOKHHA C =

(-1, 0, 1}, KOXKHUI eJIeMeHT AKO1 HaJeKUTh a0o0 MHOXKKHI A, abo
MHOXHUHI B, € MHOKHHOIO KOPeHiB 3a/laHoro piBHAHHA. MHOXHHY C
HA3UBAIOTH 00’€AHAHHAM MHOKHUH A i1 B.

Danavenna O60’eaxmanaam MHOKUH A i B Ha3uBawTh MHO-
MUHY, AKA CKJAXA€ThCH 3 YCiX eJleMeHTiB, 0 HaJeskaTh Xxoya O
O/(HIM 3 IUX MHOKHH: a00 MHOKHHI A, a00 mHOXKHHI B.

O6’enqnanaa MHOKUH A i B nossavaoTs Tak: A U B. 3 03Ha4YeHHSA

BUILIABAE, IO
AUB={x|xe Aabo x e B).

3ayBaxXmmo, 1mo A U @ = A.

3 o3HaAueHHs 00’ €ITHAHHSA ABOX MHOXHH BUILIABAE, 110 Koo A C B,
10 AU B = B, 30kpema, Akmo B = A, To A U B = B.

0O6’egHaHEA MHOYKHUH 3PYYHO 1JII0OCTPYBATH 3a JAOIIOMOTI0I0 Ziarpam
Kitrepa. Ha pucynky 5.5 samrpuxoBasHa ¢irypa 306pakae MHOKUHY
A U B.




§ 2. MHOXWHW Ta onepauii Hag HUMK

Puc. 5.6

YacTo I0BOAUTHCS PO3IJISANATH IIEPETHH i 00’efHAHHSA TPHOX i Oisb-
e MHOMKHWH.

Ileperun muOXuUH A, B i C — 1le MHOKHUHA BCiX eJIeMeHTiB, AKi

HaJiemxaTh 1 MHOXKUHL A, 1 mHOXUHI B, i mEHOXUHI C (puc. 5.6).
Hanpurian, 1mo0 po3B’a3aTu CUCTEMY PiBHAHB

x+y =39,
x-y=3,
2 4yt =17,

Tpeba 3HANTH TepeTHH TPHOX MHOMKHUH: {(x, ¥) | x + y = 5}, {(x, v) |
| x'—y=38}i{(x, y) | x* + y* = 17}.

O6’exnarHa MHOKUH A, B i C — 1me MHOXXHWHA BCiX €J€MEHTIB,
AKi HamexaTh xoua 0 OxHIA 3 MX MHOMKWH: ab0 MHOXUHLI A, abo
muOXKUHL B, abo mHOKUHIL C (puc. 5.7).

Hanpurian, 06’eqHaHEa MHOMKHAH FOCTPOKYTHHUX, TYIIOKYTHUX 1 Ipsi-
MOKYTHHUX TPUKYTHHUKIB — Il€ MHOXWHA BCiX TPUKYTHHUKIB.

NMPUKNAL 2 3HaijiTh NmepeTuH MHOXHUH A i B, AKIIO:
1)A={x|x=5k, ke N}, B={x|x=3n,ne N}
2) A — MHOKUHA BCiX pom0OiB, B — MHOKHHA BCiX IPAMOKYTHHKIB;
HA={x|x>8), B={x|x<4);
4) A={x|xe N, x=2m, m € N}, B— MHOXUHA TPOCTHX YHUCEJI.

Pose’azanns

1) A — MHOXXMHA BCiX HaATypaJbHUX YUCeJI, KpaTHHAX 5.
B — MHOXHMHAa BCiX HaTypaJbHUX YUCEJ, KPaTHUX 3.
Toxi muoKkMHaA A N B cKIafaeThess 3 yciX HATypaJdbHHUX YHUCeJ,
KpaTHUX 5 i 3 ofHOYACHO, TOOTO 3 yCiX HATYpPaJIbHUAX YHUCEJ, KpaT-
aux 15. Orxxe, A N B = {x | x = 15k, k € N}.

2) Muosxkuaa A N B cKIaJaeThedA 3 YCiX YOTHPUKYTHHKIB, AK1 OQHO-
JacHO € i pombamu, i npamoxkyTHuKamu. OT)Ke, NIYKAHA MHOMKU-

Ha — IIe MHOXKHHA BCiX KBaJpaTiB.
3) ANB={x|8<x<4}.
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5. MigMHOXMHa. Onepauil Hag MHOXUHaMM

) A — MHOYXWHA BCiX HapHUX HATypaabHUX uncesa. OCKiJIbKHU y MHO-
muHi IIPOCTUX YHWCEN € TiJIBKYU OAHEe mapHe duciyio (ducio 2), To
A N B = {2} :

NPUKNAL 3 3Bnainirs 00’exHaHHET MHOKUH A 1 B, axio:
DA={x|x=2k—1,ke N}, B={x|x=2n, ne N}
2)A={x|x=2k-1,ke N}, B={x|x=4n+1, n € N}
3) A ={X|0X:< 8}, B—{X|OX—3} me O i X — TouKHM miIO-

muEn, O — 3ajaHa TOYKa.
Po38’sa3anns

) A — MHOXHUHA BCiX HeMAPHUX HATYPAJIbHUX YHCes], B — MHOMKHU-
Ha BCiX mapHUX HaTypaabHux uucen. Toai A U B — me MHOKUHA
BCiX HaTypaJbHHUX yucesa, To6To A U B = N,

2) A — MHOXMHA BCiX HeIIapHUX HATypaJabHUX uucesa. Eremenramu
MHOXXHUHHU B € TinbKku HenapHi uncaa. Orike, BC A. Togi A U B =
=A={x|x=2k -1, ke N}.

3) OueBuzmno, mo A U B = {X | OX < 3}. Orxe, A U B — me Kpyr
3 mearpom O i paxiycom 3. |

[ -
? 1. ARy MHOXUHY HAa3MBAIOTh IIiAMHOMKHUHOIO JAHOI MHOMUHU?
2. fIx Ha0YHO LMIOCTPYIOTH CHiBBiIHOIIEHHS MiXX MHOXKWHaAMU?
3. fAAka MHOKWHA € IMiAMHOXHUHOIO 0YAb-AKOI MHOKUHA?
4. SIKy MHOKUHY HAa3MBalOTh BJIACHOIO IMiIMHOMKMHOIO JaHOI MHO-
KUHUT
5. I[Ilo HasuBaOTh NEPETUHOM JABOX MHOYKUH?
6. Illo HazuBaiOTh 00’€[HAHHAM JBOX MHOXHUH?
7. Ak 3a gonomoromw aiarpam Eiinepa iyxocTpyioTs nepetuH (06’ex-
HaHHSA) JIBOX MHOMXKHUH?
8. Ak sHaxogATH mepeTHuH (00’€AHAHHA) TPHOX 1 OlIbIIe MHOMKUH?

5.1." HasBiTh KinbKa NiIMHOKUH YUYHIB BAIIOro KJacy.
5.2." HasBiTs axi-HeOyab reoMeTpuyHi Girypu, aKi € miagMHOKIHEAMA
MHOKHMHHU TOYOK IPAMOI.

5.3." HasBiTh aki-Hebyap reoMmerpuusi Girypu, ki € migMHEOKIHEAMEI
MHOKUHI TOYOK KPyra. : :
5.4." Hexait A — MHOXHUHA GYKB y CJI0Bi «KoopauHATA». MHOMUHA

OYKB sIKOT'O CJIOBA € MiJIMHOKUHOIO MHOMKHUHU A:

1) xopa; 4) xpokonua; 7) TUH; 10) mopora;
2) mipka; 9) HUTKH; 8) kpunnn#a; 11) gap;
3) kaprusa; 6) HUPKH; 9) coxkupka; 12) xapausan?
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§ 2. MHOXWHW Ta onepauii Hag HUMU

5.5." Hexait A — mHOXuHA nudp yncaa 1958. Yu € maoxkuHa uudp
YHCIA X TMiAMHOMXHHOIO MHOMKUHENA A, AKIIO: -
1) x = 98; 3) x = 519; 5) x = 195 888;
2) x = 9510; 4) x = 5858; 6) x = 91 258?
5.6.° Hexait A # . fki aBi pi3Hi NiAMHOKMHYU 3aBKAU MAE MHOMKHU-
Ha A?
5.7.° Hosexits, mo komm A c Bi Bc C, to A c C.
5.8.° fike 3 HACTYIIHUX TBEPJAKEHb € IIPABUIbHUM:
1) {a} € {a, b}; 3) a c {a, b};
2) {a} c {a, b}; 4) {a, b} € {a, b}?
5.9.° PosmicTiTh faHl MHOKMHM y TaKi# IMOCHiIOBHOCTI, 00 KOMXKHA
HACTYIIHA MHOXXHHA 0yJyia NiIMHOXHUHOIO IIONepeSHbOI:
1) A — MHOXHHA BOCBMMKJIACHUKIB BamnIol IIKOJH;
B — MHOXXHHA BOCBMUKJACHUKIB Bamol HNIKOJAM, AKi HaB4Ya-
IOTbCA B MaTeMAaTUYHOMY KJiaci;
C — MHOXXHWHA YYHIiB BamIoi NIkoju, aki ge mosoxuri Big 10 po-
KiB;
D — MHOXKHMHA YYHIB 8-r0 MaTeMaTH4YHOrO KJIacy, AKi € mpu-
3epaMy pParOHHOI MaTeMaTHU4YHOI oJiMmiazu;
2) A — MHOXXUHA BCiX IPAMOKYTHUKIB;
B — MHOXWHA BCiX YOTHPUKYTHHUKIB;
C — MHOXUHA BCiX KBaJapaTis;
D — MHOMXKHHA BCiX mapaJjejorpamis;
3) A — MHOKMHA BCiX CCaBIIiB;
B — MHOKHHa BCiX cobfauymnx;
C — MHOXKHHAa BCiX XpebGeTHHuX;
D — MHOXHWHA BCiX BOBKIiB;
E — MHOXKHMHA BCiX XMXXHUX CCaBI[iB.
5.10." 300pasith 3a gomoMoroio giarpam Eijiepa criBBiJHOIIEHHA MiX

MHOMXHUHAMM:
1) A — MHOXHMHA BCiX HeBifl’€eMHHUX paIliOHAJBHUX YHCEJ;
B = {0};

N — MHOXHUHA HATYPaJIbHUX YHCEJ;
2) 7Z — MHOXKHMHA IIJIMX Yuce;
A — MHOXXWMHA HATYpPaJbHUX UYHCEJ, KpaTHuX 6;
B — MHOKMHA HaATypaJbHUX YHUCEJI, KPATHUX 3.
5.11." BanumriTes 3a JAOIOMOroR CHMBOJY C CIIBBilHOIMEHHS MiK

MHOKUHAMU:
A={x|x=2n,ne N} C={x|x=10n, ne N};
B={x|x=50n,ne N}; D={x|x=5n,ne N}

5.12." flka 3 MHOXKUH A a00 B € migMHOXKHUHOIO APYroi, AKIIO:
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© (D 06

8

Puc. 5.8

A={x|x=4n+ 2, n € N}; B={x|x=8n+2,ne N}?
5.13." lamo muoxuuu {7}, {11}, {19}, {7, 11}, {7, 19}, {11, 19}, O,
K1 € BciMa BJIACHUMHY HiJMHOMKWHaAMU HeAKO0l MHOKUHU A. 3a-
NULIITH MHOMKUHY A.
5 1407 BanumiTe yei migMHOXUHEM MHOMXKUHE {1, 2}.
5.15." OnunIiTe MOBOIO «HEOOXIiHO i JOCTATHHO» HAJNIEIKHICTH eJIeMeH-
Ta X MmEOKUHaM A, B i C (puc. 5.8).
2. 16, BamicTh KPamoK IOCTABTE CJIOBO «HEOOXiTHO» 200 «OCTATHBO»
1) gass Toro nmio6 TPpUKYTHUK OYB PiBHOCTOPOHHIM, ..., MO0 ABa
#oro Kytu OyJyix piBHI;

2) paa Toro mod YOTHUPUKYTHHK OYB mapaJjieyiorpamom, .., oo
IBi #ioro CTOPOHM OyJIM mapajesibHi;

3) mast Toro o6 YUCJIO AiMJIOCHA HAIiIo HA 3, .., 00 BOHO [i-
JIMJIOCSA HAaIliJio Ha 9;

4) nnsa Toro mob ocTaEHA nudpa JeCATKOBOrO 3alucy 4yucia oyJa
HYJIEM, ..., 100 YucJI0 OyJI0 KpaTHe 5.

5.17." Bigomo, mo aua O0yab-aKol MHOKUHK B MHOMKHHA A € 11 mij-
MHOKHAHOK. SHAUAITh MHOKUHY A.

5.18." fike 3 HACTYIHMX TBEPAKEHDb € IPABUIbHUM:

1) {a, b} N {a} = a; 3) {a, b} N {a} = {a};
2) {a, b} N {a} = {a, b}; 4) {a, b} N {a} = {b)?

5.19." BHaiAiTs MEepeTHH MHOKHUH HHU(PP, AKI BUKOPUCTOBYIOTHCSH
B 3aIIACy YHUCEeJI:

1) 555 288 i 82 223; 2) 470 713 i 400 007.

5.20. Hexait A — MHOXKuHA ABONU(GPOBUX uyucesg, B — MHOXKUHA
MIPOCTHUX YHces. Unm HaJNeKuTh MHOXuHI A N B yucno: 5, 7, 11,
31, 57, 96?7

5.21." 3HaiAITE MHOXKHUHY CHiJIBHUX AiLIbHUKIB uncesn 30 i 45.

5.22." 3HaiiTh IepeTuH MHOXKUH A i B, AKIIO:

1) A — MHOXHMHA BCiX piBHOOEApPEeHUX TPUKYTHUKiIB, B — MHO-
JKMHA BCiX PiBHOCTOPOHHIX TPUKYTHHKIB;

2) A — MHOXXMHA BCiX IPAMOKYTHUX TPHUKYTHUKIB, B — MHOMXMU-
Ha BCiX PiBHOCTOPOHHIX TPUKYTHUKIB;
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§ 2. MHOXWHM Ta onepauii Hag HUMK

3) A — MHOMKUHA ABOLU(DPOBUX Uucesa, B — MHOKHWHA HATYPAJb-
HUX yuces, KpaTHux 19;
4) A — MHOXXHWHA OJHOUU(PPOBUX YUCeT, B — MHOMKHUHA IIPOCTUX
YUCeJl.
5.23. 3uaipiTe nepeTuH MHOXKUH A i B, aKiio:
1y d={x]2< 19}, B={x|x.e N, 2> 11}
2 A={x|x=4n,ne N}, B={x|x=6n,n e N};
3)A={(x,y)|2x ~y =1}, B={(x, y) | x + y = 5}.
5.24." HakpecqiTh [Ba TPUKYTHHUKH Tak, 100 ix meperwmHOM Oyja
Taka reomerpuyHa (Qirypa: 1) Biapisok; 2) Touka; 3) TPUKYTHHK;
4) I’ ATUKYTHUK; 5) IIECTUKYTHUK.
5.25." fxi Qirypu MOoKyTh OyTH IIEPETHHOM ABOX IPOMEHIB, IO Jie-
JKaTh HAa OAHIA npaAMin?
5.26." Bigomo, 110 Ay OyAb-a9KOI MHOKUHYU B BUKOHYETHCA PIBHICTH
AN B =A. 3HaiiTh MHOKHHY A.
5.27." flxe 3 HACTYIIHUX TBEePKeHb € NPABUIbHUM:
1) {a, b} U {b} = {a, b}; 3) {a, b} U {a} = {a};
2) {a, b} U {b} = {b}; 4) {a, b} U {b} = {{b}}?
5.28." 3HaigiTey 00’€AHAHHSA MHOMXWUH UMD, AKI BUKOPUCTOBYIOTHCH
B 3aIIUCy YHUCEJI:
1) 27 288 i 56 383; 2) 55 8551 TTT7 T77.
5.29." 3uangiTe 00’cfHAHHA MHOXUH A 1 B, AKIIO:
1) A — MHOXXHMHA BCiX piBHOOEAPEHUX TPUKYTHUKIB, B — MHO-
KUHA BCiX PIBHOCTOPOHHIX TPUKYTHHUKIB;

2) A — MHOXXMHA IIPOCTHUX uYuces, B — MHOXHHA CKJIAJAeHUX
YUCeJT;

3) A — MHOXUHA IIPOCTHX uYuces, B — MHOXHHA HENApPHUX YU-
cel.

5.30." 3raiigite 06’eqHaHHA MHOXKUH A i B:
DA=lx|2~-1=0), B={x]|(x~-1)(x~2) =0}
D A={x|2¢+3=0},B={x|2*+3=2);

) A={x|xeN,x<5},,B={x|xe N, x<1T}.

5.31." HakpecniTs fBa TPUKYTHUKH TaK, 1100 iX 00’e¢aqHaHHAM OYB:
1) 4YOTUPUKYTHUK; 2) TPUKYTHHUK; 3) IIECTHKYTHUK. YU MOXKe
00’efHAHHA TPUKYTHUKIB OyTH Bijpiskom?

5.32. Axi @irypu MoxyTh OyTH 00 €IHAHHAM [ABOX IPOMEHiB, IO
JieKaTh Ha ONHIW nmpaMin?

5.33." Binomo, 1110 1A Oyib-AKO0I MHOKUHENA B BUKOHYETHCA PiBHICTH
A U B = B. 3HaliTh MHOXXUHY A. g

5.34." HaseniTe mpukjIajg TaKol OZHOENEMEHTHOI MHOMKHWHH, IO ii
€JIEeMEeHT € ONHOYACHO IIiAMHOKHNHOIO HaHOI MHOMKHHM.
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ﬂ CKiIHYeHHI MHOXWHM!.
B3zaeMHO oaHO3HAaYHa BiANOBIAHICTL

SIKII0 MHOKHMHA MICTHUTH CKiHUEHHY KIJIBKICThH €JIeMeHTiB, TO ii
IA3MBAIOTh CKIHUEHHOI0, a4 AKIINO B Hiifi HeCKiHUeHHO 0araTo ejeMeH-
1B — TO HecKiHYeHHO. [IOpOKHI0O MHOKHUHY BBa’sKalOTh CKiHUEH-
HOIO.

Hanpukaazx, MHOKUHA YYHIB BAIIOr0 KJacy — CKiHY€HHA MHO-
)KMHA, 4 MHOYKMHA HATYPAJIbHUX YUCEJ] — HEeCKiHYeHHa MHOMKHHA.

SAKmo A — cKiHYeHHAa MHOKWHA, TO KiJbKicTh Ii eleMeHTiB mo-
suagarumMeMo Tax: n (A).

Hanpurnanx, akmo A — e MHOXKMHA OHIB THXKHSA, TO n (A) = T;
AKImo B — 1e MHOXKMHA ABomudpoBux uucen, 1o n (B) = 90. 3po-
symimno, mo n (J) = 0.

Hexait A 1 B — TaKi CKiHYeHHI MHOMXH-

Hu, mo A N B = . Toxai oueBnaHO, IO

n(AUB)=n((A) + n (B). (1) %
Axmo A i B — CKiHUYeHHI MHOMKWUHWU, /
npuuomy A N B # @ (puc. 6.1), To 10 cymn /
n (A) + n (B) nBiui BXOAUTH KiIbKiCcTh eJe-
MEeHTiB IX mepeTHHY, TOOTO ABiUi Bpaxo-

ByeThea uucyo n (A N B). Orxe, y HboMy
BUIIAAKY

Puc. 6.1

n(AUB)=n((A)+n(B)—n (AN B). (2)

Ockinpkm gy Bunagky, komu A N B=J, n (A N B) = 0, To ¢op-
mynaa (2) € ysaranbHeHHAM (popmyau (1).

NMPUKNAL 1 YV maremaTnyHOMYy KJaci 25 y4uHiB, i Bci BoHM JM1001ATH
MmareMaTuKy. Bigomo, njo 23 yuHs a00adaTs anaredopy, a 21 — reo-
MeTrpito. CKinbKM YUYHIB IILOr0 KJacy J006JaTh i anrebpy, i reomer-
piro?

Pozé’szannsa. Hexait A — MHOXXHUHA YYHIB, AKi JI00JATH anredpy,
B — MHOKMHa y4HiB, AKi Jg00sars reomerpiro. Toxgi n (A) = 23,
n(B)=21,n(AU B)=25. AN B — MHOXXWHA YYHIB, AKi JI00JATH
i anrebpy, i reomerpiro. 3 opmynu (2) orpumyemo n (A N B) =n (A) +
+n(B)-n(AUB)=28 + 21 — 25 =19.

3’scyemMo, K 3HAWTH KinbKicTh eneMeHTiB MHOKMHU A U B U C,
ne A, BiC — cKiHYEHHI MHOXXUHU.
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§ 2. MHOXWHM Ta onepauii Hag HUMWK
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Puc. 6.2 Puc. 6.3

Axmo A N B N C = & (puc. 6.2), To 3po3ymino, mo
n(AUBUC)=nA)+nB)+n(C)—-n(ANB)-
= n (B NC)—n (C N A). (3)
Axmo A N B N C # @ (puc. 6.3), To npaBa yactTuHa hopmysu (3)
He BpaxoBy€ KIJIBbKICTh CIILJIBHUX eneMeHTiB MHOKUH A, B i C. Orxe,
y nsoMy BUNaakKy dopmysia HaOyBa€ BUTJISALY:
n(AUBUC)=nA)+n((B)+n(C)-
- n(ANB)-n(BNC)—-n(CNA)+n@ANBNCLC). (4)
Ananoriuny GopmMyay MOXKHA OTPUMATH A OyAb-AK0I KiabKoCTi
MHOKHUH. 1I Ha3UBAIOTh «(DOPMYJIOI0 BKIOUEHHA-BUKIIOYCHH» .

NMPUKNAL 2 VY mikouii € TpH CIOPTHUBHI ceKnii: akpobaruku, 6acker-
foay, Boseibosy. Bigomo, mjo mkoxny BiaBiayiors 200 mxossapis,
a KOXKHY i3 cexuiit — 80 mkossapis. [loBexaiTs, mo sHaiayThesa 14 mKo-
JNSIpiB, #AKIi BiABiAyIOTH OAHI ¥ Ti cami ABi cekiii.

Posé’szanna. 1lodHaYMMO MHOKMHM IIKOJIAPIB, AKi BiABIAYIOTH
ceknii akpobaruku, 6ackerbosy i Boseibosy, OykBamu A, B i B Bijg-
nosigHo. Toxi n (A U B U B) = 200, n (A) = n (B) = n (B) = 80.
IlincraBumo 1i 3HaueHHA y dopmyay (4):

200=80+80+80—-n(ANB)—n(BNB)-
-~-n(BNA)+n(ANBN B).
3Bijcu
n(ANB)+n(BNB)+n(BNA)=40+n (AN B N B) > 40.

Axmo npunycruTH, mo KoxkHe 3 uucen n (A N B), n (B N B),
n (B N A) e nepesuiye 13, To ix cyma He nepesumiye 39. Orpuma-
JIA CyIepeyHiCTh.

Hawm zmoBoJIi 4acTo JOBOAUTHCS MOPIBHIOBATU CKiHYEHHI MHOKHUHUA
3a KiJIBKICTIO IX eJIeMeHTiB.

Sk misHaTHCsA, YU BUCTAYUTH Y IIKIIBHIN 6i6aioTeni migpyynukis
3 anrebpu Aas BOCBMHUKJIACHHKIB? 3BHYAHO, MOYXHA NOpaxyBaTH
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6. CKiHYeHHI MHOXWHW. B3aEMHO OIHO3Ha4YHa BIANOBIAHICTL

OKpeMO Y4YHIiB i HMiApYYHUKH, 4 MOKHA BUJATH HMiAPYYHUKHA YUHAM.
SIkImo, HanpuUKIajA, yciM miJpyYHUKIB BUCTAYHUTH, a B Oi0mioTeni He
BAJIMIIUTHCHA YKOAHOTO MiAPYYHHUKA, TO e O3HAYaTHUMe, 1[0 BOChMH-
KJIACHUKIB 1 MiApYyYHHUKIB 3 anredOpu oAHAKOBA KiJIBKiCTB.

Tax camo, m106 gisHATHCA, YU BUCTAYUTH CTIJIBIIB V KJIaci, 30BCiM
He 000B’ABKOBO ix mepepaxoByBaTu. JlocTaTHHO 3aIPOCUTH YYHIB
cictu Ha crinpni. AKnio, Hanpukiaag, Micb BUCTAYUTh HE BCiM, TO
[le O3HAYATHUMeE, II0 KIJbKICTh YUHIB OijbIIa, HiXX KiJBKICTH CTiJb-
I11B.

Y nux npukKJjgazax, IOPiBHIOIOYM KiJIBKiCTh €JIeMeHTIB BOX MHO-
WUH, MU KONCHOMY enemenmy OOHIEL MHOMUHU NOCMABUIUL Y 6i0-
nogidnicme €Ouruil enemernm 0pyzoi muoxcuru. CKOpuCTaEMOCH IIE€I0
1/IeEI0 B HACTYITHOMY IPUKJIAJII.

NMPUKNIAL 3 IlopiBHsAiTe KiNBKICTE €JIeMEHTIB MHOXKUHU A IBOITH(D-
POBUX YMCeJa i MHOXXUHM B TpunudpoBUxX duces, JeCATKOBUMA 3aITHC
AKUX 3aKiHuyeThes nudporo 1.

Po3zé’azanns. IlloctaBumo y BiiTIOBiAHICTE KOKHOMY ABOIU(DPOBO-
My YUCJIYy Te TPHIM(POBE YUCI0, AKE OTPUMAEMO 3 HbOI'0, IPUIIACAB-
UM cnpasa oguHMANO. [icranemo:

10, 113 12, i3 98, 99
g g & 8 8

101, 111, 121, ey 981, 991

3azHa4YyuMo, IO 3a TAKO1 BiAAMOBIAHOCTI BCi eJIeMEeHTH MHOMKMHHU B
BUABMATHCA «3agigsaumMu». Crpasii, Ao B uucyi suay abl saxkpec-

JATH OCTAHHIO OU(PY, TO OTPEMAEMO ABONU(POBE Yuciao ab.
Ha migcrasi BignosigHoCTi MK eJleMeHTaMu MHOMKHUH A i B MOx-
Ha 3po0OUTH BHUCHOBOK, 110 n (A) = n (B).

Osnavennsn AKIO KOKHOMY eJIeMEHTY MHOKHHH A IOCTABJIECHO
y BiANOBiIHICTL €AMHUM €JIeMEeHT MHOKHHH B i npu oMy Oyab-aKui
eJIeMeHT MHOKHMHH B € BiInoBiTHHUM JeAKOMY €IHHOMY €JEeMEeHTY
MHOKHHH A, TO KamXyTh, HI0 MisK MHOKHHaAMH A i B BCTaHOBJIEHO
B34A€EMHO OJHO3HAYHY BIiANOBIZHICTS.

Y npukgagi 3 KoxHOMY ABonuGpPoOBOMy 4Yucay OyJ0 MOCTaBJIEHO
y BIANOBiAHICTE €nuHEe TpUIU(MPOBE YHUCJIO 3a3HAYEHOI'0O BHUIIAAY,
i HaBIaKM, KOKHe TaKe TPUIIM(PPOBE YHUCJIO € BIANOBIIHUM E€IUHOMY
asouudpoBomMy uncay. Orike, MiK MHOMKMHAMH, IO PO3IIALAIOTHCH,
OyJI0 BCTAHOBJIEHO B3a€EMHO OAHO3HAYHY BiIOBiAHICTE.
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§ 2. MHOXUMHM Ta onepauii Hag HUMK

3a3HauYnMO, 110 KOJHU B KJAacl BCi YUHI CUAATE i IpU ILOMY € BiJlb-
Hi CTiJIBIi, TO Mi’K MHOXHWHOIO YVUHIB i MHOKMHOIO CTiJIBI[IB B3AEMHO
OJTHO3HAYHOI BiJIMIOBIIHOCTI HE BCTAHOBJIEHO.

IlixaBo, 110 3 AUTHHCTBA KOXKHOMY 3 HaC HEOJHOPA30BO JOBOIAM-
JIOCA BCTAHOBJIOBATU B3a€EMHO OJHO3HA4YHI BigmoBizHocTti. InTuHa,
IIPOMOBJIAIOYNA «OJUH», «ABa», «TPU» 1 IIPU IIBOMY ITOCJIIJOBHO MOKA-
3YIOUA Ha MAIIWHKY, M S4YMK i KOHHKA, TUM CAMHM BCTAHOBIIOE
B3a€EMHO OJHO3HAYHY BiIMOBiAHICTh MiK MHOKMHOI CBOIX irpaimiox
i maoxkuHOW0 {1, 2, 3}. Paxyioun irpamku, AuTHHA HiON NpuB’aA3ye
10 KOYKHOI'0 3 IpeAMeTiB APJUKHU 3 HanucaMu «1», «2», «3». 3ayBa-
JKUMO, IO, NOKA3yo4Yd irpanikM B 1HIIOMY HOPAJAKY, HAIpUKJIAZI,
«M’AYAK», «KOHUK», «MAIIWHKA», OJIEPIKYEMO iHITY B3AEMHO OLHO-
3HAYHY BIINOBIZHICTH Mi’K IUMHU MHOKHUHAMM.

AKWo mid CKiHYeHHUMU MHOMCuHamu A i B scmano8eno 63aEM-
HO 00HO3Ha®HY 6idnosidnicmb, mo n. (A) = n (B). I nasnaku, aKu,o
n (A) = n (B), mo mix ckiHteHHuUMU MHOMuHamu A i B moxcna ecma-
HOBUMU 63AEMHO 00HO3HAYHY B8i0N0GIOHICMb.

Orxe, Mi’K CKIHUEHHUMM MHOKHHAMM 3 Pi3HOIO KiJBKIiCTIO eje-
MEHTIB HEMOJKJIMBO BCTAHOBUTHU B3aEMHO OJLHO3HAYHY Bi/IITIOBIAHICTE.
Ile no3Bosse chopMyTIOBATH TaKe NPAaBUIIO.

Axwo C ¢ Bi C # B, a mixn mnoxcunamu A i C ecmaro8ieHo
83a€MHO 00HO3HAYHY 8i0nosidHicmb, mo n (A) < n (B).

NMPUKNAL 4 Axux mectunudpoBUX Yuces1 Oiablne: HeMapHUX, cyMa
nudp Axkux popiBHioe 47, abo mapHHUX, cymMa mudp AKUX AOPiB-
HIOE 457

Po3zé’azanns. Ilo3HAYNMO MHOMKHHY YUCEJI, IIPO AKi UAEeThCSA B YMO-
Bi, OykBamu A i B BignosigHoO.

3ayBasKuMoO, 110 KOJIH B 3aluCcy IIecTHINGPOBOro Yuciaa € mud-
pa 0, 7o cyma #oro mudp He 6igbma 3a 9-5 = 45. Omxe, axkuo a € A,
TO B 3anmcy 4ducya a Hemae mudpu 0.

KoxxHOMY unmcny a € A nmocraBuMO y BifmoBigHicTs umcno b € B
3a TAaKUM IpPaBHJIOM: 3MeHIIMMO Ha 1 faBi ocraHHi mudpm uucna a
(e MoxHA 3pOOUTH, OCKIJIBKY B IECATKOBOMY 3alHMCy YHCJI& G HEMAE
HyJIiB). 3posyMisio, ImIo IpH Takiil BiAmOBiZHOCTI pisHMM umcIaM
MHOKUHU A BiANOBIAATHMYTH Pi3HiI 4uciIa MHOXXUHHK B, ToOTO KOX-
HOMY eJIEeMEHTY MHOXUHH A BiANOBi/Ia€ €IUHUU eJIeMEeHT MHOMKMU-
HUA B.

Tenep poarasiaemo uucao 999 990, sike HameKUTHL MHOMXKHUHI B.
3po3yMiJio, IO e YHCJIO He MOXKe OYTH OTPUMAHO 3 eJIeMeHTa MHO-
JKUHUA A 3a JOIOMOT0I0 3a3HAYEHOI'0 INpaBMJIa.
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6. CKiHYeHHI MHOXUHW. B3aEMHO OflHO3HA4YHa BIANOBIAHICTL

TakuM yMHOM, MM BCTAHOBUJIM B3aEMHO OAHO3HAYHY BiZINOBIAHICTH
Mi’K MHOMKWHOIO A 1 BJIACHOIO IiAMHOMUHOI MHOXUHU B. OtTxe,
n(B) > n (A).

«) —
o 1.5k 3HaWTH KIJIBKICTH eJeMeHTiB MHOKUHU A U B?
: 2. Ik 3HAUTH KiJABKICTH egeMeHTiB MHOXUHEN A U B U C?

1 3. VY AKHX BANAJKaxX KamyTh, IO MiK JBOMa MHOXKMHaAMHU BCTA-
HOBJIEHO B3a€EMHO OJHO3HAYHY BiANMOBiAHICTE?

6.1.° ¥V kunaci 32 yuni. 20 3 HUX BHMBYAIOTH AHIJIMCHKY MOBY i 18 —
(parnyssky. CKiJIbKY Y4HIB BUBUAIOTH 1 aHIVIHCHKY, 1 (hpaHIy3b-
Ky MOBH? '

6.2." Bigomo, mo 26 mMemkaHIiB OYAUHKY TPUMAaIOTL KOTiB i cobak,
16 3 HUX MalOTh KOTiB, a 15 — cobak. CKiNIbKHM MEIIKaHIliB MalOTh
i cobaky, i xora?

6.3.° 3 anmkeru, mposeseHol B KJaci, 3’scysaiyiocsi, mo 3 30 yuHiB
kyaacy 18 maroTs 6pata, 14 — cectpy, a 'y 10 € cecrpa i 6par. Uu
€ B IbOMY KJIaci y4Hi, y AKMX Hemae Hi cecTpu, Hi Gpara?

6.4.° Y rpyani 6yno 10 acHux i 3aTumHEUX AHIB, 15 aHiB 6yB BiTEp
i 12 guiB imoB cHir. CKifbKU AHIB y rpyAHi Oyaa XypToBuHA (CHIr
i BiTep)?

6.5." Yu BCTAaHOBJIEHO B3a€MHO OAHO3HAYHY BiAMOBifHICTH MiXK MHO-
skuaaMu A i B (puc. 6.4)? ToukamMu Ha PUCYHKY 300paskeHO eJie-
MEHTHU MHOMHH. :

6.6." OnuraguATs rpaBiiB GyTO0IbHOI KOMAHAM OTpUMAIN QyTOOSIKHT
3 gomepamu Bixg 1 zo 11. Mixk AKMMH MHOKUHAMH BCTAHOBJIEHO
B3aEMHO OJHO3HAYHY BiAmOBigHiCTH?

6.7." ¥ pesynsrari xepeOKyBanHsa KoxkHa 3 20 nap ¢irypuctis oTpu-
MaJjia mopAAKoBUM HOMep ii Buctyny. MiK AKMMH MHOKUHAMU
BCTAHOBJIEHO B3a€MHO OJIHO3HAYHY BifmoBigHIiCTH?

6.8.° KoxxHuii rasgay, SKUH IPURAIIOB 10 KIHOTEaTpy, KYIMUB KBUTOK
i3 3asHayeHUMH pAgoM i micuem. MiXK AKMMM MHOKWHaMM BCTAa-
HOBJIEHO B3a€MHO OZHO3HAYHY BiNOBiAHICTH?

A B B

| =
“ 7

Puc. 6.4
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§ 2. MHOXWHM Ta onepaLlii Hag HUMK

6.9.° Mixx nepmmMu 7 HATyPAJIbHUMHU YHUCAAMHU i IPABUILHUMHU JPO-
0aMu 31 3HAMEHHUKOM 7 BCTAHOBJICHO B3aEMHO OJHO3HAYHY Bij-
noBifHICTE. SHAWAITE Nn.

6.10. Koxxnomy enementy MHO«MEHU {n, n + 1, n + 2}, nen € N,

IIOCTABUJIA YV BiJIMOBIAHICTE OCTady BiJ AiJIeHHA ILOTO €JIeMeHTa

Ha 3. UM BCTAHOBIEHO TAKUM YWHOM B3aEMHO OOHO3HAYHY BiZ-

noBigHiCTE MiK MHOXUHaMu {n, n + 1, n + 2} i {0, 1, 2}?

6.11." Axux o’ arunudpoBux uyucesn Oinpire: yci nudpyu AKuUX mapHi
yy BCi mudpu AKUX HenmapHi?

6.12." B onykaomy n-kyTHUKy (n 2 4) )KomHi TpU AiaroHasi He mepe-
TUHAIOTHCA' B OfHIN Toumi. oBemiTh, IO KiJBKicTh yCiX TOYOK
IepeTUHY AiaroHajied AOPiBHIOE KiJBKOCTI YOTHUPHUKYTHHKIB, yci
BEPIIVHU AKUX € BEPUIMHAMMU JAHOTO N-KYTHHUKA.

6.13." PosrisgamoThca BCi NPAMOKYTHHKM, NOBXKHWHHU CTOPIiH AKUX
BUPAaYKEHO HATYPAJIbHUMM YUCIaMU. AKUX IPAMOKYTHUKIB Oiybie:
3 nepumerpom, sgxuil gopiBHioe 1000, yu 3 nepumerpom, SAKUI
popisaioe 10027

6.14." Muoxuna A micturs 101 exemenT. [loBeaiTs, mo KinbKicTs i1
NiAMHOYKHWH, K1 MICTATH MapHY KiJBKICTh €JIEMEHTIB, NJOPiBHIOE
KITBKOCTI MIAMHOMMH, AK1 MiCTATH HEIAPHY KiJIbKICTH €JIeMEeHTIB.

6.15." B onimmiazni Basnm yuacrs 46 yunis. Im 6yso sanpomoroBano
poaB’sizatu 3 s3anaui. Ilicns migBemeHHA mifcyMKiB 3’scyBaJjocs,
o Tepiy i Apyry sazadi poss’asanu 11 yyacHuUKIB, Apyry i Tpe-
TI0O — 8 y4YacHHKiB, mepmy i TpeTio — 5 y4YacHHKIiB, a BCi Tpu
3azadi pos3B’ssanm TinbKM 2 yuyacHuKHu. JloBexiTh, 110 OAHY i3
3aJlay PO3B’sA3aJIM HEe MEHIIe HilK ITOJIOBMHA YYACHHUKIB.

6.16." Axux Tpunudposux yncesa biapine: TUX, Y AKUX Apyra nudpa
B JIeCATKOBOMY 3amnucy OijbiIa 3a nepily i TpeTio, abo TUxX, y AKUX
apyra mugpa MeHma BiJg mepmoi i TpeTboi?

6.17." AprobycHi kBuTKH MaioTh HoMepu Biz 000 000 mo 999 999.
KBuTOK HABMBAIOTE «IIACTUBUM», AKIIO CyMa IepIIuX TPHOX Iudp
MOro HoMepa AOPiBHIOE cyMi ocTaHHIX TphoX nudp. loBeaiTs, mio:
1) KisBKiCcTh yCiX «IIACAMBUX» KBUTKIB IIapHAa;

2) cyma HOMEpiB yCiX «IacauBUX» KBHTKIB KpaTHa 999.

6.18." Posrisanaorbes TPUKYTHUKY, JOBMUHM CTOPiH SKUX BUpaXKe-
HO HATYPAJIBHUMHU yucjaaMu. AKUX TPUKYTHUKIB Oiinbmie: 3 mepu-
MEeTpOM, KM AopiBHIOE 997, yn 3 mepuMeTpOM, AKHUH JOPiBHIOE
10007

! Beaskaiorh, M0 AiaroHaxi OMYKJIOro MHOTOKYTHHKA HEPeTHHAIOTHCH,
AKIO BOHU MalOTh CIiJIbHY TOYKY, BiAMiHHY BiJ{ BEPIIUHNA MHOIOKYTHHKA.
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7. HeckiH4eHHI MHOXWUHW. 3ni4eHHI MHOXUHU

. 19, Ha xoxi mossaveno 100 Toyox: Av Az, veds Amo. Axux MHOrO-
KYTHUKIB 3 BePIIMHAMHU B IO3HAUEHUX TOYKAX OLIbIIe: TUX, V AKUX
TOYKA A, € BEPIIMHOK, UM TUX, Y AKUX TOYKa A He € Bepuiu-
HOIO?

6.20." Axux n’aTunudpoBUX Yuces Oiablme: THX, V AKHX KOMKHA
HacTymnHa nudpa 6issnia 3a nonepexHio (paxyodu 3JiiBa Hapaso),
94 THX, YV AKX KOXKHA HACcTyIHa nudpa He 6isbIna 3a monepeaHio
i Ko)kHa mudpa He Oinpma 3a 5?

6.21." [ToBexiTe, 0 KinbkicTh nap miaux uyucen (x; Y), AKi 3a/10BOJIb-
HAI0Th piBHAHHEA x° + y* = n (n € N), nKopiBHIOE KimbKocTi Tap
minux gucen (x; y), AKi 3a0BONBHAIOTH PIBHAHHA X~ + y° = 2n.

6.22." Muo)xuHa A Micturs 100 enementiB. J[oBeniTh, 0 KiTbKicThb
il miZAMHOXKUH, AK1 MiCTATH NapHY KiJIBKiCTh €JIeMEHTiB, IOPiBHIOE
KIJIBKOCTI IMiAMHOMKWH, AKI MICTATH HEIIAPHY KIJBKICTH €JIEMEHTIB.

n HeckiHyeHHi MHOXUHN. 3niYeHHI MHOXWHN

Y nonepeaHBOMY NYHKTI MU PO3TIAAANHM CKiHUEHHI MHOMUHU,
Mi’K AKMMU BCTAHOBJIEHO B3aEMHO OJHO3HAYHY BiAMOBIAHICTE, i 3’dACy-
BaJI¥, IO TaKi MHOMXHUHH MAaiOTh OAHAKOBY KIJBKICTh €JeMeHTiB.

Kepyounuchk OpUHIIMIIOM «YaCTHHA MEHIIIA BiJ HiJI0Oro», I0X0ANMO
BHCHOBKY, III0 KO B — BJjlacHA IiAMHOKMHA CKiHYEHHOI MHOMKU-
HA A, TO n (B) < n (A). Orxe, Mi’K CKiHYEHHOI0O MHOYKMHOIO Ta ii
BJIACHOIO MiIMHOKMHOIO HEMOKJIUBO BCTAHOBUTH B3aEMHO OJJHO3HAY-
HY BiITOBiAHICTE.

Ockinsku N C Z, To, 3gaBayocs 6, IPUPOAHO BBAYKATH, IO IMIJIAX
yuces Olabine, HiK HarypanabHuX. IIpoTe me He Tak.

HecriHueHHI MHOXXHWHHU B IIbOMY CEHCi IOBOAATHCS HE3BUUHO.

Posrnsaemo muoxuny N i miaMaoxnay M nmapHux uucen. MHo-
kuHa M € BracHOIO niagMHOKUHO MHOKHEY N, KoxxHOMY etemMeHTy
n € N mocraBuMO y BiAMOBiAHICTH equHu eneMeHT 2n € M:

TS P e R AT AN
g g 13 ¢ ¢
Gt ey N C IR Rl ot il

IIpn mpoMy KOKHE mapHe YHCJO BiAIOBiZaTuMe €JIUMHOMY HATY-
pansHOMY uymucany. Tum camum mixk mHOKUHaMu N i M BCcTaHOBJIEHO
B3a€EMHO OJHO3HAYHY BiJANOBiHICTH, & TOMY HE MOXHa BBAKaTH, 10
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§ 2. MHOXWHM Ta onepauii Hag HUMK

B MHOKHHI N MicTuThbCA Oilnbmnie eleMeHTiB, HisK B i1 BracHii mij-
MHOMKHHI — MHOXHHI TapHUX YHUCEI.
Ile#t mpukaaj 1moxkasye, 1o 3BUYHI A HAC YABJIEHHS PO CKiH-
YeHHI MHOKWHH He MOYKHA IIEPEHOCHTH HA HECKiHYEHHI MHOMXHUHH,
¥Yzaramni, mareMaTuUKaMu 0yJIO JOBEIEHO, 110 B OYAb-AKi HECKiH-
YeHHI## MHOXXWHI A MOXXHa BHOKDPEMHUTH BJIACHY MiIMHOMKHUHY A1

TAKAM YMHOM, IO MiK MHOKHHAMU A 1 A MOKHA BCTAHOBUTH B3aEM-

HO OZHO3HAUYHY BiamoBigHicTh. Ile mpuHNHUIIOBA BiAMiHHICTE HECKiH-
YeHHUX MHOXXHWH BiJIl CKIHUEHHHUX.

Ko MHOKUHN A 1 B € CKIHUEHHUMHM 1 Mi’K HUMH BCTAHOBJIEHO
B3a€EMHO OJHO3HAYHY BiANOBiAHICTE, TO n (A) = n (B). SAKuio X B3aeMm-
HO OJHO3HAYHY BiAINOBIAHICTE YCTAHOBJEHO MiXX HECKiHUEHHWMH
MHOXXUHaAMu A i B, To B MareMaTHUIll He MIPUNAHATO 'OBOPUTH, IO IIi
MHOXMHH MalOTh OJHAKOBY KiJBKICTH €JIeMeHTiB, a KayTh, IO
MHOXKUHU A i B MalOTh OJHAKOBY MOTYKHICTS.

Ospwauvennsn /JABI MHOKHHM HA3MBAIOTh PIBHOMOTY X HHM H,
SAKIO Mi’K HUMHM MOJKHA BCTAHOBHTH B3a€MHO OIHO3HAYHY BiINOBi/I-
HICTB.

151 HeCKiHYeHHUX MHOYKUH CJIOBO «IIOTYKHICTh» O3HAYAE Te came,
IO MJIsl CKIHYEHHUX MHOKUH «KiJIBKICTH €JIEMEHTIB» .

JloBememMo 1ie OAMH AUBOBMIKHUM (haKT: MHOMKUHA TOYOK MpPAMOI
PiBHOIOTY>XHA MHOKMHI TOYOK BIIKPHUTOrO BiApiska (Bigpiska, y AKo-
ro «BHKOJOTO» KiHIIi), TOOTO mIpaAMa MIiCTUTh CTIIBKH K TOUYOK,
CKiJIBKHY IX MICTHUTH BiIKPUTHUU BiJIpi30OK.

Ha pucyuky 7.1 306paxerno npamy MN, Axa JOTHKAETHCHA MiBKO-
Ja 3 nearpoM B Touni O i giamerpom AB, napaienbHuM npamiin MN.
Bunyuumo 3 miBkosa Touku A i B. Taxke miBKoJIO HasuUBAaWOThH Bia-
KPHTHM.

Kooxniit Touni X BiAKpUTOro miBKOJIA IIOCTABUMO V BiATIOBiAHICTE
Touky X, npsamoi MN, sika sexuTh Ha npomeni OX. 3posymino, mio
Touni X Bigmomizae egumHa Touka npsmoi MN, i HaBmakm, KOXKHa
ToyKa npaMol MN € BiAmoBiAHOIO €AWHIN TOYN BiIKPUTOro MiBKOJIA.
OTixe, yCTAaHOBJIEHO B3a€EMHO OJHO3HAYHY BiJIOBIAHICTE MiXK MHOKHU-
HOIO TOYOK IIPAMOI i MHOXKHMHOIO TOYOK BiIKPUTOTO ITiBKOJIA.

A 0 B A (X B
X
M XN X,
Puc. 7.1 Puc. 7.2
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7. HeckiH4YeHHI MHOXWUHW. 3Ni4eHHI MHOXUHU

Ha pucyHKy 7.2 1oxasaHo, SK BCTAHOBMTH B3a€EMHO OJHO3HAYHY
BiITOBIIHICTE MisK MHOXHHOIO TOYOK BiIKPUTOrO Bi/IpidKa i MHOXU-
HOI0 TOYOK BifIKpUTOro miBkosia. OTiKe, MHOMKHHA TOYOK BiIKPUTOTO
pijipiska AB piBHOIOTY’KHA MHOYXKWHI TOYOK npamoi MN.

Y posnosixi Ha c. 48 Bu AisdHaeTeCh IIe PO OAMH HECHOAiBaHUM
(haxkT, B AKUNA BAYKKO MOBIPUTH, KEPYIOUYHUCH JHUIIE 1HTYIIi€I0: MHO-
JKMHA TOYOK CTOPOHHY KBaJpaTa PiBHONOTYKHA MHOXKUHI TOUOK KBaj-
para.

Osmavennna MHOXHHY, PIBHONOTYKHY MHOKHHI HaTypaJbHHUX
uKceJl, HA3MBAIOTh 3JiYeHHOK MHO K HHO 0.

Buime Mu nmoxkasajiy, 10 MHOMKHUHA NapHUAX YUCEJI € 3JIIYeHHOIO.
3po3ymino, 110 YKOAHA CKiHYeHHA MHOYKMHA HE € 3JIiYeHHOIO.
HarypanbHe umncyao n, sxke BiATIOBifa€ eJJeMeHTy a 3JIiUYeHHOI MHO-
YKUHU A, Ha3UBAIOTh HOMEPOM Ub020 eemenma. SIKIo eJleMeHT @ Mae
HoMep 7, TO NUIIyTh: a . Kosu BCTaHOBIIIOIOTE B3AEMHO OAHO3HAYHY
BignmoBigHicTh MiK MHOKHHaAMHA A 1 N, KO)KHUH eJIeMEeHT MHOMXXUHNA A
OTPUMYE CBi¥l HOMED, 1 Ii eJeMeHTU MOXKHA PO3MICTHTHU NOCIiJOBHO:
Ays Qg Qs oees By sse s
Tak, AKIO eJeMeHTH MHOKUHU P IPOCTHX YMCes] PpO3MiCTHTH
B IIOPAAKY 3pocTaHHsa 2, 3, 5, 7, 11, ..., To BCi enreMeHTH 11i€l MHO-
JKUHHU MOYKHA IPOHYMEpYyBaTH:
2, 3, o, T 11,
8 g g g g
1 2 3 4 5 Fehs
TumM caMuM BCTAHOBJIEHO B3aEMHO OJHO3HAYHY BiANIOBIAHICTE MiK
vEOKUHaMu P i N,
Y rakmi cmoci®6 MoKHaA IOKasaTH, 10 OyAb-siKa HEeCKiHYeHHAa
nigMHOKUHEA MHOKUHE N € 371iueHHOI0 (3p00iTh I1e cCaMOCTiHHO).
Ha mepminii morJisj 3ZaeTbcs, 110 eJIeMeHTH MHOXXHUHH 7 IIPOHY-
MepyBaTH HEMOIKJIUBO: ajxe MHOKHHA N € BIACHOIO IIiIMHOKHUHOIO
MHOMUHHU Z, a 0OTKe, YUCesJ AJA HyMepallil He BUCTAYUTH: YCi BOHH
OyayTh «BUTpadeHi» HA MHOKHUHY N,
IIpoTe AKIIO eleMEHTH MHOXKUHHU Z PO3MICTUTH Y BUIIAAL IIOCJIi-

nosHoceri 0, 1, -1, 2, -2, 3, =3, ..., TO TUM CAMHUM MOKHA KOKXHOMY
[[IJIOMY YHCJIY HaJaTH CBili HOMeEp:
0, 1% =5 2y =2, 3,

-3,
g g g 8 g g g
| N & 3, 4, 9, 6, 3

'V 1. 43 6yze noBeZieHO, 1[0 MHOKMHA IIPOCTUX YHCEJ € HeCKiHYeHHOIO.
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§ 2. MHOXMHW Ta onepauii Hag HUMK

Hosenemo, o MEOKHUHA () € 3/iYeHHOIO.
KosxHe panioHajJbHEe 4UCJI0 MOYKHA TOAATH V BHUIVIAAI HECKOPOT-

HOTO Apoby %, ne m € Z, n € N. Hassemo uucio h = | m | + | n |
1 -1 3 -3}_
SR

MHOYKHMHA pPaliOHAJIBHAX YUCEeJ, BUCOTA AKMUX JAOPiBHIOE 4.
3po3yMiJio, [0 MHOMKMHA pPallOHANBHUX YUCes i3 3alaHOI0 BHCO-
TOIO h € CKIHYEeHHOIO.
Tenep OyzeMo MOCHIZOBHO HyMepyBaTH BCi HECKOPOTHiI apobu
(TobTo panioHasbHi yKca), 6epyuu crodyaTky apobu 3 Bucoroio A =1,
oTiM Apo6y 3 BUCOTOIO A = 2, BUCOTOIO A = 3 TOLIO:

h=1 h=2 h=38 h=4

o- Fuft ot 2B b AL o
e} g 8 $ ¢ ¢ 8 g8 ¢$8 ¢ ¢
1 2 3 4 9@ T 8 9 10 11

Mu nokasanu, 110 Bci ereMeHTH MHOKUHE () MOoKHA npoaymepy-
BaTH, OTYKE, I MHOKUHA € 3JIIYE€HHOIO,

BHCOTOIO IIBOT0 panioHaJIsHOro uucsiaa. Hanpukaan, {

He Oyabp-aka HeCKIHYEeHHA MHOKUHA € 3JIiYeHHOIO.

PosrnsineMo MHOKHMHY A, eJeMEeHTaMH SKOl € BCi HeCKiHYeHHI
IIOCJiIOBHOCTI, CKJaJieHl 3 HyJB i oguanib. Och KiJIbKa e€JIeMEHTiB
MHOKUHHN A:

’ . ’ ’ ’

15 5
0, ..
1

3 see

1
0
0

O =

1
1
1

-

O =
e

—_— O
-

’ ’ ’ ’ ’

IMoxaskemo, 1mo MHOKUHA A € He3riyeHHOW. IIpunycrumo, mo ne
He Tak. Toxi eneMeHTH IIiel MHOXKMHUA MOXKHA IIpOHyMepyBaTu. Po3-
MIiCTHMO eJIEMeHTH MHOXHWHM A B CTOBNYMK y HNOPAAKY 3POCTAHHSA
HomepiB. Hanpuknaz:

Nepumni eJeMeHT: o o Bl (R R
JAPYTH#A €JIeMEeHT: 055 OLIN e B T
TpeTii eJieMeHT: (375 00 AL O 1 s S ) e
YEeTBepPTHIl eJIEMEeHT: 1 (0 50 (R ) oI PR
’'ATHHA eJIEMEeHT: ¢ S VNSRS Rl ¢ 1Sy |

Ileit 3anmuc Mae MICTUTH BCi eJIeMeHTH MHOKHUHHN A. Ko BAacTs-
ca noOyAayBaTH MTOCJHIZOBHICTHL 3 HYJIB Ta OAWHHUIL, SKOI B IIOMY
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7. HeckiHYeHHI MHOXWUHW. 31i4eHHI MHOXUHU

januMcy HEeMae, TO TUM CaMHM CHPOCTYETHCA NPUIYINEHHS NpPo 3Jii-
ICHHICT, MHOMKHUHU A.

Bupinumo nubdpu, ki croaTs Ha «AiaroHasi». OrpumMaeMo moci-
JIOBHICTB:

050005 B i
3amMiHUMO B Ii#f ITOCJiZIOBHOCTI OAWHUIII HA HYJi, a HyJi — Ha
OJINHATL: /
0 odis 00 Otz

Iliei mocmizoBHOCTI B 3anucy Hemae. CripaBzi, BOHA BiZipi3HAECTHCS

BiJ mepuIol MOCJIiIOBHOCTI YMUCJIOM, SIK€ CTOITh Ha MepIIoOMYy MicIii,

BiJ APYroi IMOCJIZOBHOCTI — YHCJIOM, AK€ CTOITh Ha APYroMYy MicIi,
BiJI TPETBOI — YMCJIOM, AKe CTOITh Ha TPeTbOMY Micmi, i T. X.

? 1. AKi MHOXHHIA HA3WBAIOTh PiBHOIOTYXXHUMM?
| 2. fIky MHOKHHY HA3UBAaIOTh 3JIiYeHHOI0?

7.1.° YeTaHOBITH B3a€EMHO OJHO3HAYHY BiJIlTOBIAHICTE MK MHOMXUHOIO
HATYPAJBHUX YHUCEJ i MHOMKHHOIO HATYPAJNBHUX YHCEJ, KPATHUX 3.

7.2.7 YeTraHOBITH B3BAEMHO OJJHO3HAYHY BiINMOBIAHICTE MiXK MHOMKHAHOIO
HaTypaJbHUX YHUCE] 1 MHOXKMHOIO uuces Buay 4n + 1 (n € N).

7.3.° [ToBeiTh, [0 MHOKMHM HAPHUX 1 HEIAPHHUX YKCEJ PiBHOIO-
TYKHi.

7.4.° JloBeniTh, 1m0 MHOKuHA yucen Buay 2" (n € N) snxivenHa.

pod » O L « 1 .
/.5." HosexiTe, mo MHOXKUHA unces Buay — (n € N) smivenHa.
n

7.6.° YeraHOBITH B3AEMHO OHO3HAYHY BiJIIOBIAHICTS MijK MHOMKHHOIO
yuces Buay 2" (n € N) i MHOKHUHOIO TecATKOBUX ApodiB Buay 0,1;
0,01; 0,001; ... .

7.7.° IlokaxkiTh, 110 MHOKUHM TOYOK CTOPOHM i AiaroHayi KBajparta
PiBHOIIOTY K Hi.

7.8." TTokaxiTh, 10 MHOKWHU TOYOK OYAb-AKHX ABOX KOHIEHTPUUHUX
KiJ pIBHOIIOTY K Hi.

7.9.° Yxaxits cnocid, AKN 103BOJISE BCTAHOBUTHU B3a€EMHO OTHO3HAY-
HY BignosifgicTs Mixk MHOXHHOIO unces Buay 2" (n € N) i muo-
JKAHOIO HATYPAJBbHUX YHCEN, V NeCATKOBOMY 3alMCy AKHUX BHKO-
pucTOBYIOThCA Tibku muppu 11 0.

O—wr 7.10.” lloBeniTh, mo OVAL-AKa MiAMHOMKNHA 3JIYeHHOI MHOMKU-
HU € a00 CKiHYeHHO0H, ab0 3JiYeHHOI0.

7.11." PosrinsineMo MHOKMHY BiZ[pisKiB, AKi HaJiesKaTh KOOPAUHATHIN
NIpsAMiii, IONAPHO He MEePeTUHAITHCA 1 IOBKMWHY TX He MeHIml Bijg 1.
HoBeniTh, {0 A MHOXKKUHA € abd0 CKiHYeHHOI0, ab0 3J1iYeHHOIO.
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§ 2. MHOXWHM Ta onepauii Hag HUMK

7.12." IToxaskiTs, 110 MHOKMHA TOYOK MPAMOI i MHOXXHHA TOUOK KOJa
3 «BHKOJIOTOIO» TOUYKOIO PIBHOIIOTY KHi.

7.13." Ha xoopaunaTHi# npsamii nossaynau Touxku O (0), A(1), B (5).
HoBeniTh, mo:

1) mHOXUHA TOYOK Bifgpiska OA PIBHOIOTY)XKHA MHOYKHWHI TOYOK
Bigpiska OB;

2) MHOXMHA TOYOK Bigpiska OA 3 «BHUKOJIOTOIO» TOUKOK O piB-
HOTIOTY>XHA MHOXMHI TOYOK IIpoMeHs AB.

7.14." IloxkamiTh, 110 MHOXMHU TOYOK OyAL-AKHX IBOX BiZpisKiB
PiBHOIIOTYKHi.

7.15." VkaxiTs crmoci6, AKUNA FO3BOJIAE BCTAHOBUTH B3AEMHO OHO-
3HAYHY BIANOBIAHICTE Mi’K MHOXXWHOIO HATYPAJBHUX YHCEJI i MHO-
JKHUHOIO HATYpPaJbHUX YHUCEJI, V HECATKOBOMY 3alHUCy AKUX BUKO-
pucToBYyIOThCA TinmbKu muppu 11 0.

7.16." loBeziTh, 1110 MHOKHMHA TOYOK (X; y) KOODAMHATHOI IJIOIUHHI
TaKUX, IO 9Yucaa X i y — 1iji, € 3J1i4eHHoI0. .

7.17." Ha miomuHi € feAKa MHOXKHHA KBAAPATiB, CTOPOHA KOYXHOTO
3 Axux gopiBHOEe 10, mpuuyoMy KBajpaTu HE II€PETHHAIOTHCH.
JloBeniTh, 110 1A MHOKHWHA CKiHYeHHA abo 3jiueHHa.

7.18." Ha nnomuHi € gedxa MHOMKHWHA KiJ, AKi He mepeTHHAIOTHCH
i pagiycu axux nopiBHOOTH 1. [loBeniTh, IO A MHOMKUHA CKiH-
yeHHa 400 3JIiUueHHAa.

«31 6auy e, ane HigK He MOKY IbOMY HOBipHTH!»

I1i croBa HasexaTh BUAATHOMY MaTeMaTUKY, 3aCHOBHHUKY Teopii
mHokuH 'eopry KanTopy. BoHn cBifuaTh npo Te, IO HaBiTh reHii0
yacoM OyBa€ CKJIAQAHO IIPUMHUDPHUTHA CBOIO iHTYiNio 3 GopManbHUM
pPe3yJIbTaTOM.

MabyTh, i BU 3a3HaBaNIu IMOALIOHOIO AUCKOM-
dopTy, KoaH JIOTiKa MipKyBaHB BUMYIIIyBaJa
BacC TOTOAMATHUCH 3 THUM, IO Ha OyAb-IKOMY, Ha-
BIiTh AyXKe MaJIeHbKOMY, BiZIpi3Ky CTIJIBKH XK
TOYOK, CKiJILKM IX Ha BCi¥ IpaAMii.

A ym MOXXHA IOBIpHUTH B Te, IO MHOYKWHA
TOYOK KBaJpaTa PiBHOIIOTYXHA MHOKHUHI TOUOK
voro croporu? Madbyrs, Hi. IlboMy He Bipus
i cam Besnukuit KaaTop.

Y 1874 pomni B omHOMY 3i CBOIX JIMCTIB [0
' BugatHoro maremaruka P. Hexekimga (1831-
I'eopz Kanmop 1916) KanTop nucaB: «Yum MOKHa 3icTaBUTU
(1845-1918) IMOBEPXHIO (HAIPUKJIAJ, KBAAPATHY IJIOUIALKY,
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7. HeckiHYeHHI MHOXUHW. 3ni4eHHI MHOXWUHMN

BKJIIOUQIOYH Ii Meixi) 3 BiAPI3KOM IPAMOI TAKUM  y A

UMHOM, 100 KOXKHi TOUIl MOBEpPXHi BiimoBiga- B c
Jla OHA TOYKA& HA IIbOMY BiIpidKy i HaBIaKu? »
KanTop aymas, 110 BiimoBias Mae OyTu Hera- ¥ ————7M

TUBHOIO, i HaMaraBcs Iie JOBECTH IPpOTATroM

I

1
TproX pokiB. Ilpore B 1877 pomi BiH orpumye | D
HeCIIOA1IBAHUMN pes3yabTaT: OyAye B3A€EMHO OZHO- A[(Q X 1 x
3HAYHY BiJNOBIZHICTE MiX MHOXHUHOIO TOYOK
KBagpaTa i MHOYKHHOIO TOYOK IOTO CTODOHH. Puc. 7.3

Osmaiomumocs 3 ifeero gosenerHs KaaTopa.

PoarisreMo Ha KOOPAMHATHIN IUIOIIUHI KBajapaT 3 BepUIMHAMMU
A (0; 0), B(0;1),C (1; 1), D (1; 0) (puc. 7.3).

Hexait Touka M (x; y) HanexuTs KBagpary. Koopaunatu x i y
3a10BOJIBHAIOTE HepiBHOCTAM 0 < x < 110 < y < 1. Tomy uncna x
i Yy MOYKHA IIOJATHA Y BUIVIAJL HECKIHYEHHUX AECATKOBUX APOOiB:

X = O,alazas...,
y = 0,B8,B,.. .

3ayBaKuUMO, 0 Koau x = 1 abo y = 1, TO KOOpAUHATY MOXKHA.
ganmecaTy y BUTAAAL Apoby 0,999... 1.

3a AOTOMOTrOI0 IIMX 3alMUCiB CKOHCTPYIOEMO HOBUM AE€CATKOBUM
Ipi0, «mepeMilmIyioumM» HAECATKOBL 3HAKM B 3aIllMCy YMCEJ X i y yepes
OOVH:

2= 0,08 a,pB,0.pB.... .

Touni M (x; y) mocraBumo y BigmosizHicTs Touky K (z; 0). Oue-
BUHO, II0 IA TOYKA HAJIEXKHUTH CTOPoHI AD KBajpara.

3po3yMino, 110 pi3Hi TOYKM KBajparTa MaloTh PidHI KOOPAWHATH.
Tomy mpu 3a3HaveHidl BiAIIOBIZHOCTI Pi3HHMM TOYKaM KBajpaTa Bif-
moBiZatoTh pisHi TOYKHU #oro croporu AD’.

Ilicna BukJIameHoro Bu, MabyTh, yKe He AUBYyBaTHMeETeCh TOMY,
1110, HAIPUKJIA, MHOXKIHA TOYOK Ky6a PiBHOIOTYKHA MHOKUHI TOUOK
ioro pebpa.

MHOXKUHM, PIBHOODOTYXXHI MHOXXHWHI TOYOK BiJlpi3Ka, Ha3WMBaIOTh
MHOKMHAMH HOTYKHOCTI KOHTHHYYMY (BLA JJATUHCHKOTO continuum —
HellepepBHUIL).

' IIpo MoskIUBiCTH TAKOrO NMOJAHHS BHU JisHaeTech y 9 Kiaci.

? Nlesiki umcIa MOYKYTh MATHU JBa AEeCATKOBUX 3anucu. Hanpukiaz, Apo-
oam 0,7000... i 0,6999... BigmoBifae oxHe # Te came uucao. OCKiIbKH ines
nosenenHa KanTopa noB’A3aHa 3 JEeCATKOBAM 3aIIMCOM YHCJIA, TO B CTPOrOMY
JIOBeJIeHH1 Mae OyTH IIOKAa3aHO, AK BUPIMIYETHCA IIpodjeMa HeOAHO3HAYHOCTI
3anycy 4YMcja NpU BCTAHOBJIEHHI B3a€EMHO OJHO3HAYHOI BiJIOBi/IHOCTI.
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§ 3. PALIIOHAJIBHI BUPA3U

ﬂ @opmynu Ana po3KnapgaHHA Ha MHOXHUKY BUPa3iB
Buaya"-b"i a"+b"

Bam nmobpe 3Haitomi Taki aBi dopmynu:
a’—b®>=(a—b)(a+b), (1)
a® — b® = (a — b) (a® + ab + bd). (2)
PoskiazeMo Ha MHOKHUKY ABouieH a' — b'. Maewmo:
a'-b'=@-b) (@ +b)=(a-0b)(a+b)(a®+b)=
= (a — b) (@® + a’b + ab® + b®).
Orxe,
a' - b' = (a - b) (@’ + a’b + ab® + b°). (3)
Y crpykTypi hopmya (1)—(3) Mo’KkHA HOMITHUTH IIEBHY 3aKOHOMIp-
HICTh: AKIO CTEIeHl OAHOYJIEeHIB y JiBiil yacTuHi GopmMyan AOPiBHIO-
I0TH 11, TO IIpaBa yacTUHA — JO0OYTOK ABOYJIeHA @ — b HA MHOrOYJIeH,
IO CKJIANAETHCSA 3 YCiX OJHOUJIEHIB cTeneHa n — 1, KoediieHTH AKUX
JAOPiBHIOIOTH OJUHMUIILL. ¢
MokHa IPUNYCTHTH, 110 (hOPMYJIa POIKJIALAHHA ABOYIeHA a° — b°
Ma€ TAKUH BUTJIAML:
a® - b= (a-b)(a*+ a®b + a’b® + ab® + b*).
II1o6 moBecTH II0 TOTOKHICTH, AOCTATHBO MEPEMHOKUTH MHOTO-
YJIeHU, K1 3alIucaHi B IIpaBiil YacTHUHIi:
(a — b) (a* + a’b + a®b® + ab® + b') =
=a’ + a'b + a’b* + a’b® + ab’ -
—a'b — a’v® - a’b® — ab® - b° =
=q"— b
PoarnanyTi npukaagd migKasyoTs, mo hopMmysia 4asd posKJIagaH-
HA Ha MHOXXHUKH PIBHUIIL 7-X CTENEeHiB Ma€ TaKUUH BUTJISAN:

a"-b"=@-b)@ '+a" " b+a" "+ ..+ab" " +0"" Y @)

IlepekoHAaEMOCH y CIIPABEAJTUBOCTI I[i€1l TOTOMKHOCTI, IIEPEMHOMKUAB-
1Y MHOT'OYJIEHHM, K1 3anuMcaHi B IpaBiil YaCTUHI:
(@a-b)@ "+a" " +a W+ .. +ab" tP+b" Y=
=a"+a" " "b+a" " H+a" W+ .. +ab" ' -
—a""b-a"" W -a"" - ..—ab" " =" =
=.q%—b",
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8. DopMynv Ana po3knafaHHa Ha MHOXHUKY BUpasis Buay a’ — b"ia™" "'+ b ™!

Ao y dopmysi (2) 3amiautu b HAa —b, TO OTPUMAEMO BiZlOMY

(hopmyny naA po3KJIAZaHHA HA MHOKHUKHU CYMHU KyOiB:
a® + b® = (a + b) (@® — ab + b).

CxkopucraemMocs Li€0 ifee0 Aas PO3KJAZaHHA HA MHOXHUKH

nBousieHa a" + b", ge n — HemapHe HaTypaJbHe yucao. Maemo:
a"+b"=a" - (-b)' =
=@-E)@ '+a i) +a" P ra (b)) ) =
=@+b)@ '-a""+a "W - .. —ab""t+ "),

Orsxe, AKINO n — HEIApHE HaTypaJbHE YKUCJIO, TO CIpaBeAIuBa

Taka popmyJa:

a"+b=@+b@ '-a b+a " H-..—ab" " +b"" Y

NPAKNAL 1 Hosexnits, mo npu OyAp-AKOMY HaTypaJbHOMY 71 3HA-
yeHHA BHUpasy 32" 7" — 2°" kparse 31.
Posé’asannsa. Maemo: 3+ 7" — 2°" = (3%)"- 7" - (2°)" = 9" 7" - 32" =
=63"—-32"=(63—-32) (63" ' +63" %32+ ..+ 63-32""%2+32" 1.
IIepmruit MHOKHMK OTPUMAaHOro A00OYTKY nopiBHIOE 31, a npyruit
HaOyBae HaTypaabHUX 3HaueHb. OTiKe, 3HAYEHHS JAHOIO BHUPA3y
KpaTtHe 31.

MPAKNAR 2 Poss’sxirs piBHAHEA
A+x+.+x)VA+x+..+2)=0+2x+ .. + 2%

Pozé’asanns. 1lepeBipKO0 BCTAHOBIIOEMO, IO YUCJIO 1 HE € KO-
peHeM aaHOro piBHAHH#A. IloMHOMUMO 00MABI YacTUHU PIBHAHHSA Ha
supas (1 — x)* |

A-2)QA+x+.+2)A-2A+x+..+x)=
=(1-2)1+x+ .. +x%)%
(=2 1'= )= (1i=57%
1-2 - +x=1-2x"+ 2
x® - 2x" + x% = 0;
2X(x-1)7%=0;
x=0abox=1.

Ha noyarky po3B’szaHHA OyJI0O BCTAaHOBJIEHO, IO 4Yucjo 1 He €
KOPEHEeM 3aJaHOI'0 PiBHAHHA.

Bionosios: 0.

A

1. 3Banumits opmysy s PO3KJAZAHHSA HA MHOMXHHUKH DPi3HUIL
n-X CTeNeHiB JIBOX BUPAa3iB.

2. Banunrite GopMyay A PO3KIAZAaHHA HA MHOMHHUKH CYMH
HeIlapHUX 7-X CTEeIeHIB JBOX BUpPAa3iB.

PR NP RAT
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§ 3. PauioHanbHi Bupasu

8.1.° Po3kaaniTe Ha MHOMXKHHUKHU:

1)a" - b; 3)x’—1; 5) y° — 32; ) "y + 1;

2)a” + b 4) x* + 1; 6) m'® + n® 8) a’b’° + ¢,
8.2.° PoskmaniTe Ha MHOKHUKH:

1) @® + b 3) y" — 128;

2) a'! - 1; 4) m'n"E* + 1.

8.3.° lloBeniTh, 1m0 NpU OYAb-AKOMY HATYPAJIBHOMY N 3HAYEHHS BU-
pasy:
1) 7" — 1 xparue 6; 3) 16" — 11" kparsne 5.
2) 19" ! + 1 xparne 20;

8.4.° loBexiTh, 10 Ipu OyAL-IKOMY HATYPAJIbHOMY 7 3HAYEHHS BU-
pasy:
1) 17" — 1 xparHe 16; 3) 13> *! + 1 kpatne 14.
2) 23" *! + 1 xparHe 24;

8.5." llosexiTh, 110 npu OYAbL-AKOMY HATYPAJIBHOMY 71 3HAUYEHHS BU-

pasy:
1) 15" + 13 xpatre T; 3) 5-25" + 13-13*" xparue 9;
2) 9" + 5" — 2 kpaTHe 4; 4) 21" + 4" * % xpatne 17.

£.6." HoBexiTh, 110 nNpu O6yAbL-AKOMY HATYpaJbHOMY 71 3HAYEHHS BU-
pasy:

1) 27" + 12 kpartHre 13; 3) 8" + 15" — 2 xparue T7;

2) 17" + 15 xparue 16; 4) 3-9" + 7-7*" kparue 10.
8.7.° HoseniTs, 1110 Ipu OyAb-AKOMY HATYPANbHOMY 7. 3HAYEHHS BU-

pasy:

1) 2%".5" — 3*" xparnue 11; 2) 7".3%" — 2°" xparne 37.
8.8." JloBeniTh, 1[0 YHUCJIO € CKJIAJIEHUM:

1) 21 + 1; 2) 1000...01.

16
8.9." JloBeaiTh TOTOMKHICTS:
DX+ + 22+ +x+1=(x+1)EP+x+1)@x*-x+1);
D E+xP+ P+t + 1) -2 =
=Ql+x+22+2+xY QA +x+ 22+ 22+ 2+ x2° + 2.
8.10." CopocriTs Bupas:
1) 3% + 3%.2 + 8%7.2% + .. + 3.2% + 2% 4 21%;
2)4%° — 4.3 + 4'8.32 — || — 4.3 + 3%,
8.11.” Bigomo, mo n i a — "HarypaabHi uucnaa (n > 1), a 3HaYeHHA
Bupasy a" — 1 € mpocTuM yuciaoM. SHAUAITE a.
8.12.” Bigomo, mjo 3HaueHHAa Bupasy 2" + 1 € mpoctum guciaom, n € N,
Hosexnits, nio abo n = 1, abo n — creniub yucaa 2.
8.13." Po3B’sokiTh DIBHAHHA:
DA+x+2)QA+x+22+2+x)=010 +x + 2°+ x%)%
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9. PaujoHanbHi gpobu

A +x+x22+2A+x+x°+ .. +x)=
= +x+ 22+ 2+ x*+ %2
8.14.” JloBeniTh, M0 Opu OYAL-AKOMY HATYPaJbHOMY N 3HAYEHHS
BUDA3y: ,
1) 7-5* + 12-6" ginuThbesa Haniio Ha 19;
2) 7" "% + 8% * ! ninureca mHaumino Ha 57;
3)13"*2 + 14** ' ! ginmursca Hamiso Ha 183;
4) 3*"*2 + 25" *! minurecs mamiso Ha 11.

EPaLﬂOHaIIbHi Apobu

Y kypci anredbpmu 7 kisacy OyJsio po3rJIAHYTO Iiji BuUpasu, TOOTO
Taki, OI0 CKJIAJAIOTHCS 3 YMCeJl 1 3BMIHHUX 3a AOIIOMOIOI0 ¥ Jioaa-
BaHH#A, BiHIMAHHSA, MHOXXEHHS U [OiJIeHHA HA BiAMiHHe BiJg HYJIA

YUCJIO.
a+b

Och npuKIagy MiaTUX BUPa3iB: X — Y,
d
7’

Y 8 knaci Mu po3riisHeMO ApPoOOBi BHpa3u.

Jpo6oBi Bupasu BiApPiBHAIOTHCA BiJ HiJIUX THUM, 1[0 BOHU Micmsamb
dito dinenns Ha 6upa3 3i 3IMIHHUMU.

Hasepemo npukyiagm ApoboBUX BUPa3iB:

, m*+ 2m + n?, %—x—4,

x"—y",§+ X% 8y Yy Ta

a, . 5 y 5
2x+3, (=)l +.u); o

?

o jorle

O0’egHAaHHAM MHOMXHWH IiJauUX i ApoOOBUX BUpAa3iB € MHOXXUHA
paunioHaIBHUX BUPAa3iB.

JKImo B panioHaJBbHOMY BUpPas3i 3aMiHHUTH 3MiHHI YyucJIaM#, TO
OTPUMa€EMO uyucaoBui Bupas. Ilpore ysa 3amina moxcauea auute mooi,
KOJLU 60HA He npu3eodumbsb 00 OileHHA HA HYb.

Hanpuknays, Bupas 2+Z—+f npu a = 1 He mae 3micry, TOOTO

YHCJIOBOTO 3HAYEHHSI NBOro Bupasdy He icHye. Ilpu Beix immmux s3Ha-
YeHHAX @ Led BHUpas Ma€ 3MicT.

Osnavends OfnacTio BU3HAYE HH A BUDPA3y 3 OHICIO 3MiH-
HOX0 HAa3WBAIOTh MHOKMHY 3HAa4YeHb 3MIHHOI, NIPH AKHX el Bupas
mae 3mict. EnemMenTH i€l MHOKMHM HA3UBAIOTH JONMYCTUMM MU
3HAYEeHHSAMH 3MIiHHOIL
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§ 3. PaujoHanbHi BUpa3u

PanionayssHi BUpasu

Jpobosi
BHPa3y

i

BHpAasyu

Muorounenn

PanioransHi
Apobu

Puec. 9.1

Hanpukiaz, y po3rjagHyTOMY BUIIe NPAKJIAAl 00JIaCTIO BUBHAUEH-
HA BUpAasy € MHOXKUHA {a | a # 1}.

IliZMHOXHMHOIO MHOKHUHY pallioOHaJIbHUX BUPAa3iB € MHOYKUHA pa-
uioHaasHUX ApooiB. Ile npobu, uncensHUKAMU 1 BHAMEHHUKAMH AKUX
e MHOrouwreHn'. OCh IPUKJIAAN PALiOHANTBHUX APODiB:

x, 222y . 12, a+b
Nl g it R

3a3HauYMMOo, 1110 palioHaJbHUM Apib Moke OyTH AK IiJIMM BUPa3oM,
TaK i ApoboBUM.

3HAMEHHMKOM palioHaJBLHOro Apoby He MOKe OYyTH MHOIOYJIEH,
AKUHA TOTOMKHO HOPIBHIOE HYJIIO.

Cxema, 300paskeHa Ha pucyHKY 9.1, inmrocTpye 3B’S30K MiK mO-
HATTAMY, 10 POSTVIANAIOTHCA B IOMY ITYHKTI.

MPUKNAL = 3Bmaiigite 061acTh BUSHAYEHHS BAPA3y %4— L

x—-5"

Loty | s ; ¥
Posé’asannsa. Ipi6 — mae 3micT OpM BCiX 3HAYEHHAX X, Kpim
x

: 3 : : .
x =0, a xpi6 z Ma€ 3MiCT IIpH BCiX 3HAUEHHAX X, KpiM x = 5.

x p—
Orxe, 06J1aCTIO BUSHAUCHHSA BUPA3y € MHOKHHA {x | x # 01 x # 5},

1. Yuwm BigpisasoTeECSa ApoOOBI BUpasu Bij miamx?
2. IITo Ha3uBalOTh 00JIACTIO BUBHAYECHHSA BUPAa3y?
3. OnuuriTe, 1m0 ABJIAE 00010 MHOMKUHA PAIiOHAJIBHUX APO6iB.

! Haragaemo, 1mo 4mcna i OQHOYIeHN BBAKAIOTH OKPEMHMH BAAAMH MHO-
rouneHiB (guB. m. 5 Ha c. 327).
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9. PaujoHanbHi gpobun

4. fAxa MHOKWHA € 00’€IHAHHAM MHOKHH IiInX i ApoOOBUX BH-

% pasis?
; 5. fikuit MHOTrOYJIEH He MOXKe OyTH 3HAMEHHUKOM DPAaIliOHAJIBHOTI'O
Apoby?
2 2 2 RaTaCs
9.1.° Axi 3 BUDAa3iB _a_’ §£_+gc_’ 8 A 3a_b_ M
PASR s T B Y Tk
x—-2 1 _'3's s, 1 m®-3mn
’ i ’ Y 4 + STy Rl :
P b 1B e
1) minuMu BUpasamMu;
2) npob6oBUMH BUpa3aMu;
3) pauioHaabHUMU aApobamu?
2
9.2.° YoMy AOpPiBHIOE 3HAYEHHS APOOY Czc—+41€ , AKIIO:
1) ¢ = -3; 2)c =07
° o 2m —-n
9.3. s :
3HaWAITE 3HAUYEHHA BAPAa3y NPT SKIIO
1)m=-1,n=1; 2)m =4, n=-5.
9.4. Yomy mopiBHIOE 3HAYEHHS BUPA3Y:
2
1)< _51 npu a = —4;
A S ARy i =2
2) - P npu X 5, y =6?
9.5." BuaiigiTe 061aCTh BUBHAUEHHS BUPA3Y:
-5 5 x+4
1)Z 5 4 - 7)) ————;
) 9 )x2—4 )x(x—6)
9 5 x
2 : o T 5
s o) el &) ralet
5 KM 2 3x . 7
3) TS 6) x—2+x+1’ 9 x® —25x°
9.6." BuaiigiTe 06/1aCTH BUBHAUCHHS BUpAa3y:
9 m-1 4 1
1) =; 3 - +
)y )m2-9’ o Mty i
7 X 2x -3
DylaleiCe Ay 6 i
)x+9 )|x|—3 )(x+2)(x—10)
9.7." 3uaiigiTe o6siacTs BUBHAYEHHA (DYHKIIIL:
| 1 1
1) Y=g 2) Yys—r 3) y= B
G I ARk
x x e
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§ 3. PauioHanbHi BUpasun

9 2 2
4) y = s D) Y= : 6) y=
x#+1 x—2 x
9.8." IIpn AKUX 3HAYEHHAX 3MiHHOI Mae 3MicT BHpaa:
2 1
1) % B
) 9 ) |x|-2 x+1
x -— ceam
x
24— " 4
X X

9.9." Banumirte pamiosanebHUN Apid, 00JaCTI0 BU3HAYEHHS SAKOIO
€ MHOXXWHA:
1) x|z % 7); 8){a|a#2ia=*-2)
2){y |y #-1}; 4) ycix gucenn.

9.10." BanumiTe panioHaJdbHUHN Api6, 00JMacCTI0O BU3HAUYEHHA AKOI'O
€ MHOYKUHA:
1) {x |z #5); 3){x|x#3, x#-83ix#6);
2) {x|x#-21ix#0}; 4) ycix uwncedn.

9.11." IloexiTh, moO NpM BCiX JONYCTHMHUX 3HAYEHHAX 3MIHHOI X
3HauYeHHA Apoly:

2
1 . 1 S
e L) SIEGET ’eMHe; 3) —————— Big’emHe;
)6x—9—x2 e ) 2x — x% -2 o
2
2) 2; JoaTHe; 4) x_2+£x+_9 HeBia’eMHe.
x“+2x+2 x“+x+1

9.12° osexitTh, m0 IpM BCiX AONYCTUMHX 3HAYEHHAX BMIiHHOI X
3HAYeHHA Apody:

2 4 2
- 4x° + 4
1 X _ memo aTHe; g). i oJlaTHE;
)x2+5 Gk )x2—14x+49 i
2
2 _x2_+§:£_+_4 HeBix’ eMHe; 4) v S Bif’emMHe.
x = 2x+1 x-|x|
9.13." Bigomo, mo H5x — 15y = 1. 3HaiAiTs 3HAYEHHSA BUPA3Y:
e 18y — 6x |
1) x - 3y; 8) ==
7 1
2 2 4 t
) 2x - 6y ) x2—6.1nn:y+9y2

9.14." Bigomo, mo 4a + 8b = 10. 3HaiifiTs 3HAYEHHA BAPA3Y:

5 a® + 4ab + 4b®
okl / 2 3
)20+ a: ) S s ib¥h
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m OcHoBHa BnacTusicTb pauiosansHoro gpoby

PiBuicte 3a — 1 + 2a + 5 = 5a + 4 € ToTOXKHICTIO, OCKIIBEKH BOHA
BUKOHYETBHCHA IPH BCiX 3HAYEHHAX Q.
3a-1+2a+5 _ 5a+4
a+1l S
HicTIO. AJle BOHAa BUKOHYETHCS IIPH BCiX 3HAYEHHAX @, Kpim a = —1.
IIpu a = —1 panioHanbsHi Apobu, AKi YyTBOPIOIOTHL AAHY PiBHICTH, HE
MapTh 3micty. OToKe, Tpeba YyTOUHHUTY MPUHHATI B 7 KJaci o3HauYeH-
HA TOTOYKHO PiBHUX BHPAa3iB 1 TOTOKHOCTI.

PiBricTh TAKOK IPAPOAHO BBAYKATHA TOTOMK-

O3madvenHsn Bupasu, BiANOBiAHI 3HAYEHHA AKHX PiBHI npu Oyab-
SAKMX JONYCTHMHX 3HAYEHHAX 3MIiHHHX, HA3HBAIOTH TOTO K HO
PiBHHMH.

O3magveHHs PiBHicTh, AKa BUKOHYETHCHA NPH OyAb-AKHX HOMYCTH-
MHX 3HAYEHHAX 3MIHHHX, HA3HBAKOTH TOTO K HiC T 0.

Hanpukinazn, piBHiCTH 5 =1 € TOTOXHICTIO, OCKIJILKM BOHA

a —
BHKOHY€THCA IIPX BCiX JONYCTUMHUX 3HAYEHHAX @, TOOTO IIpH BCiX a,
Kpim a = 2.

Y 7 xnaci posryiaganucsa TOTOMKHI IIEPETBOPEHHA IIJINX BHpa3iB.
Tenep po3rasiHEMO TOTOXKHI epeTBOPEHHA APODOBUX BUPA3iB.

3riHo 3 OCHOBHOIO BJIACTHBICTIO BiJHONIEHHS BUKOHYETHCHA PiB-
HICTh:

a_am

b bm’
ne a, bim — peaki umeina, npudyomy b# 0im # 0.

PanionanpHi Apo6m MalOTh BJACTHUBICTH, AHAJIOTIYHY OCHOBHIM
BJIACTUBOCTI BiITHOIIEHHSA:

AKUWLO YUCENbHUK | BHAMEHHUK PAYIOHANLBHO20 OpObY noMHONCU-
mu Ha 00ur i Mol camull MHOZOUNEeH, AKUL MOMONCHO He JOPLEHIOE
HYNI0, MO ompumaemo 0pi6, momoxicHo pieHul danomy.

IIx0 BracTUBiCTh, HA3UBAIOTH OCHOBHOX) BJIACTHBICTIO pPalioOHAJIb-

HOro Apoly i 3anucymTh:
pooy y A_A-C

BT B0
ne A, B i C — mHOrousesu, npuaomy mMuorouwiesu B i C ToTOKHO He
JOPiBHIOIOTH HYJIO.

-

MOYXHAa 3aMiHATH HA

BiamosizHo 10 miel BracTUBOCTI BUpas3

- -~ . A
TOTOXKHO PiBHUM Api0 5 Take TOTOXHe IepPEeTBOPEHHS HA3HUBAIOTH

CKOpoYeHHAM Apo0y Ha MHOXHUK C.
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§ 3. PaujoHanbHi BUpasu

NPUKNAL 1 Ckoporits api6:
3,2 2
1) 6a£4; 2) 3x+15y; 3)y :4y+4
24a°b 3x Yy +2y
Po3zs’azanns
1) Oxuounenn 6a’b® i 24a°b* marors cninpamt MEHOKEUK 6a°b®. Toxi
MAa€EMO:

6a°p? a-6a’b®
24a%" 4b°-6a°D° 47
2) PoskynageMo YUCEJbHUK AAaHOro Apoby HAa MHOMKHUKU:
3x+15y _ 3 (x+ 5y)
T TR
Omxe, YHCEJILHUK i 3HAMEHHHUK JaHOro Apol0y MaioTh CHLIBHUUA
MHOXHUK 3, CKODOTHUBIIM HA AKHUH, OTPHUMYEMO:
3x+15y _3(x+5y) _x+5y
VA G R g B Tt
3) PoskiaBmu nomepeaHbo YUCEILHUAK 1 BHAMEHHUK JaHOrO Apody Ha
MHOKHHUKY i CKOPDOTHMBIIM HA CIJIBHUM MHOXHHK y + 2, MaeMo:
V4+dy+4 _ y+2)° _yt2
v +2y  yw+2 oy

3 OCHOBHOI BJIACTUBOCTi Apo0y BUILIMBAE, IO
A_-A . -A_A

TR e A

.. —A . A :
Koxen 3 npobis Al MO’KHA 3alWCaTH y BUIJIAJL BUpa3y

—%,' TOOTO

Ao AL A

B -B B’
NPUKNAA 2 - g da-20

Ckoporits apib 3 7
a—Qa

Po3zeé’sazannsa. Maemo:
4a — 20 it 4 (a - 5) z 4 (a -5) =__1£
5a —a2 a(B-a) -a(a->5) a

NMPAKNAQ 3 3BeliTh 0 CILJIBHOrO 3HAMEHHHUKAa Apoou:
e AL A
1 i 3 2 i . 3 i :
) 9a°°  6a'd? ) a+b  a-b’ ) a®*-36 a®+6a
Poszé’azanna
1) Jlo6yToK 3HAMEHHUKIB AaHUX ApobiB, Akmit nopiaioe 9a’h’ - 6a’h® =
= 544°°, moxxHa mpuitHATH 3a iX cmineHMIT 3HaMeHHUK. ITpore
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10. OcHOBHa BNacTuBICTL paLioHansHoro apodby

3py4YHille 3a CHiIbHUNA 3HAMEHHUK Y3ATH ONHOUYJIEH 18a’p®, xo-
edinieHT axoro 18 € HaMEHIINM CIIINTBHUM KPATHUM KoedimieH-
TiB 9 1 6 TaEUX 3HAMEHHMKIB, a KOKHY 31 aMiHHHX a i b B3ATO
y cTeneHi 3 HabiNBIIUM IIOKA3HUKOM CTEeleHsd, 3 AKUM BOHA Mic-
TUTHCA Y 3HAMEHHUKAX AaHUX ApPoOiB.

Ockinpku 18a*b® = 9ab°®-2a% To MOZATKOBMM MHOKHUKOM 10

Apo0y 9—22;)_6 € OTHOYIeH 2 A Vpaxosyioun, mo 18a*b® = 6a’p®- 3b°,
a

2

Ma€eMo, IO JOAATKOBUM MHOKHUKOM JI0 APOOY _65":

a

75 € ORHOWIEH
35", Orxe,

9

2m _ 2m-22° _ 4a’m
9a%°  9a%° .22 18a'p®’
5n2 _ 5n%.80°  15b°%n°
6a'b®  6a’p®- 3"  18a'p®’
2) CroinbHUHM 3HAMEHHUK JaHUX APOOiB HOPiBHIOE AOOYTKY X 3HAMEH-
HUKiB. Maemo:

1 s a-b Ll a-b
a+b (a+b)(@a-b a%-p2’
1 a+b _ a+bd

a-b (a-b)(a+b) a%-p2’

3) Insa 3HAXOMKEHHSA CILJIBHOIO 3HAMEHHHUKAa panioHaJbLHUX ApobiB
OyBa€ KOPUCHHUM IIOIEPEAHBO PO3KJIACTH IX 3HAMEHHUKHY Ha MHOMK-
HUKH:

a’* - 36 = (a + 6) (a — 6), a* + 6a = a (a + 6).
O1xe, 3a CIILIBHUYM 3HAMEHHUK MOXKHA B3ATH Bupa3s a (a + 6) (a — 6).
Toni

4a° i a/4a2 5% 44° <t 450
a®*-36 (a+6)(@-6) a(@+6)(a-6) a°®-36a’
20
6 oAy L al88. . B~36

a®+6a a(@+6) a(a+6)(@-6) a®>-36a"

NPUKNAL 4 Binomo, mpo 32‘::_? = 2. BHaiiziTe 3HaYeHHA APOOY
a® - 6a’b — ab® +12b°
186 + a® - 6a%
Poszé’aszanna. Axmo b = 0, To

3a+4b _3a _3
% b 25 5’ DO CYmepeduTh
ymoBi. Orke, b # 0. Iloxinumo YKuCeNbHUK 1 3HAMEHHHUK ApoOy, 3HAa-

YeHHA AKOI'0O MM IIYKaeMoO, Ha b3:
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§ 3. PauioHanbHi Bupasu

3 2
a a a
a® — 6a’b — ab® + 12b° =(E) '6(") i S

- b b
186°% + a® - 6a% (a)8 (a)2
18 + 3 -6 3
3 yMOBH 8a +tb = 2 BunauBae, mo 3a + 4b = 4a — 2b, a = 6b,

a—
a i i 62-6:80-264712 1
—_= 6 TO 1 HIVKaHe 3HAYEeHHSsI JOP1BHIOE ==
b ot bl i 18+6°-6-6> 3

x%-1
x-1"

NPUKNAL 5 Tlo6yayiire rpadik GyHKOii y =

T Tk V Posé’szanns. Ob6ymacTio BU3HAYEHHS HAaHOIL

i ——;r—— —f dyuknii € maosxkuna D (y) = {x | x # 1}. Maemo

pendl 1 g =

E 1 y=x 1=(x 1)(x+1)=x+1.

, e x-1 x-1

| 0 1 p <

h Omixe, mykasuM rpadikom e npama y = x + 1

4 3555 3a BUHSATKOM OJHi€l TOYKH, abcruca Kol JopiB-
Puc. 10.1 HI0€ 1 (puc. 10.1). :

MPUKNAL 6 [Ina xKoxKHOTO 3HAYEHHHA G PO3B’SXKITh PiBHAHHA
@-9x=a+3.
Po3é’s3anHsa. 3anumieMo JaHe piBHAHEA y Burasagi (a + 3)(a—3) x =
= @a + 3 1 po3rJIsHEMO TPHU BHIALKH.
1) a = 3.
Toxi orpumyemo piBaaaHA Ox = 6, AKe He Mae KOpPeHiB.
2) a = -3.
Y npomy BUNAAKy orpuMyemMo piBHAHHA Ox = 0, KOpeHEM AKOro
€ Oyab-sIKe 4UCJIO.
3)a#38ia+-3.
a+3 SR
(@+3)@-3 a-3°

Bionogiov: sikiio a = 3, TO piBHAHHSA HE Ma€ KOPEeHiB; AKIIO a = —3,

Toai x =

TO KOpEHeM € Oyab-sAKe Yucyjao; AKmo a # 3ia # -3, 1o x = 3
a p—

— . saga

1. fAki Bupa3u HA3WBAIOTH TOTOXKHO PiBHUMU?
2. lIlo Ha3uBaOTH TOTOKHICTIO?
3. CchopmynioiiTe OCHOBHY BJIACTHUBICTH PalliOHAJIBHOTO ApoOy.

|
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10. OcHOBHa BNacTMBICTb paLjioHanbHoro apoby

10.1.” Ckoporits api6:

144 4abe -10n"°
1 - 3) ——; 53 5
) 210 ) T6ab’ ) —nt
24x2y2 56m°n” 3p“q6
2) ’ 4 5 10; 6) g0 >
32xy 42m°n -9pq
10.2.° CroporiTs api6:
3x 5¢* 12a®
92X . 3) —; Q) s
21y’ ) 10¢° ) ~42a*
5’ 63x°y* -13a°°
2) —; 4) —*—; 6) ———.
) 6x ) 42x*y® ) 26a'h®
10.3.° CunpocrtiTs Bupas:
—a. s 5 ~G.. B
1) = 2) -2; 3) -2 1) =
10.4.° BigHOBiTH PiBHOCTI:
2.3
1) @A 4, L 4a°c .
3 a 9a3 15b
4_3
2) m _4m _ _= _3mmn
n 2n mnp
10.5.° 3BexniTs apib:
1) I;% 1o BHAMEHHHKA b’; 3) T2 no sHaMeHHHMKA 35x°y”;
x°y :
2) Qﬁn 1o sEamMeHHuKa 27n'; 4) 5555- IO 3BHAMEHHHKA 24p9c.
P
10.6.° 3BeniTe apib:
1) iz IO 3BHAMEHHUKAa ys; 3) 5— /0 3HAMEHHHMKAa 12m®n®;
y m°n
2) % 10 3HaAMeHHHMKa 6b°%; 4) 11;;6 no sHamMenanKa 30bd’.
10.7.° Cxoporits api6:
1) 2a +2b )7x—21y, 7 a’+4a+4
Ta+b)’ 5x—15y’ 9a +18 ’
2) Li)_; 5) -f;_5b; 8) "26;"“"9;
(a - 6) a® — 5ab c“-9
12a +18b y:-25 m® +1
gy =tie g 6y L= gy _m +1
) 12a )10+2y )mz—m+1
10.8.” CxoporiTs api6:
a-b 3x — 6y m?* — 5mn
T 2 5 3) o=
) 2 ((b-a) ) 4y - 2x ) 15n - 3m
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§ 3. PauioHanbHi BUpa3su

4) —Zf,‘—“_‘?%; 5) g";-zl_%; 6) v ;Glfyy: 36
0.0 Croporits api6:
L 2 _ 5 _ 34
D i Y Gie e
2) %; 5) %;aﬁ; 8) 7"‘2”;7_”;*7;
2 T S,
3) 4—"16—;% 6) &%; 9) 3?7:643‘.

10.10.° 3BexiTs api6:

1) eilLn Jo 3HaMeHHuKa 4a + 8;
a+2

2y il
m

3)

0 3HAMeHHuKa m> — 9n’;
n

10 3HaMeHHuKa Ty — 14x;
2x -y

5b 2 2
.
1) 52 + 3 0 3HaMeHHuKa 4a° + 12ab + 9b%;

5 x+1
) 2+x+1
10.11.° ITopaitre BUpa3 x — 5y y BUIVIAAL Apoby i3 3HAMEHHUKOM:
1) 2; 2) x; 3) 4y%; 4) x* — 25,
10,12 3BexiTs apibd —b—f—4 10 3BHAMEHHHKA:

1) 5b — 20; 2)112:—-8b; 3) b® — 4b; 4) b® — 16.
10.13.° ITopasite mani apobu y BUrAAAi ApoOiB 3 OZHAKOBUMHU 3HA-
MEHHUKAMH:

Z0 3HaMeHHUKa x° — 1.

s Ko GO X L VB
D ea o VST et
SX s dy a-b . a
2 . 6 3
) Tm?n® ; 3m?n! ) 3a + 3b : a® -p?

b . 2 I
3 a+ : 7 :
S o ey dlors
3d . 8p Ty c
4 . 8 .
) m-—n 1(m_n)2 )b—319_b2

3BeJIiTh 0 CIIJIBLHOIO 3HAMEHHUKA Ipo0u:

,1)

4 § oA 3) T Zicaus
15x%y%  10x%y’ y-5  y?-25’
d m+n . 2m-3n
2 ¢ 5 4 1 >
) 6a’p® 9ab* ) m? —mn m? - n?
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10. OcHOBHa BNacTMBICTb pauioHanbHoro gpody

Byay=1 1 e
Byl ek i : 7 i g
) -2y  xy-yt ) ¢?-16  4-¢
8@ 45 80 2m + 9 ey !
- 8 :
6)a—2b ‘a+b’ )m2+5m+25 Y m-5
10.15." CxoporiTts api6:
1) (3a + 3b)* . 3) xy+x-5y-5.
a+b ’ T
(6x —18y)* . a® —ab+2b-2a
2) SR 4) 2 .
x =9 a”—-4a+4
10.16." Cxoporits apib6:
2mi=72n® . 3) a® + 2a®b + ab®
(4m + 24n)*’ a’euht
3
-8
2 g s
) ab-a-2b+2
10.17." CxoporiTs api6 (n — HaTypaJbHE YHCJIO):
100" ) 22n+l .7n+l y 5n+l — 5"
Vamagei L2 Tene ¢ - M) Tetp
10.18.° Croporirts apib (n — HaTypaJibHE YHUCJIO0):
18k R 41-9"
) JEvz, gt 2) T gn

10.19." 3BexiTh 10 CHiNIBHOrO 3HAMEHHHUKA APOOH:
2p b 1
1 5
) 5p-15 | pP-a7
9a%-6a+1." 94 -1’
: ) 3
3 a i a+ :
) ai—Ta a® —14a + 49
2x 3x . 4
4 3 1 3
)x2-1 22 -2x+1 x*+2¢x+1
2
5) : a ; b i ab i
a*—-ab-ac+bc 2a-2b 4a-4c
10.20.° 3anumiTh y BAIMNIAAL APOOIB 3 OZHAKOBUMM 3HAMEHHHKAMMU
apobu:
3a a : a
1 ’ ;
) 3a-2" 9a+6 = 9a%b-4b
1 1 i 1
a-50" a®+Tac  a® +Tac—-5ab—-35bc
2xy — y2
3xy + x? i
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10.21." 3uaiigiTs 3HAYEHHS BUPA3y AKIIO i = 2.



§ 3. PaujioHanbHi Bupasu

als 4a* - ab a
29 * 3HAUITH 3HAYEHHA BUpPa3y ————, AKIO0 — = 5,
10.22. A pasy b+ 1462’ 1y b
10.23." Bigomo, 1o 2a — 6b = 1. 3HaigiTs 3HaYEHHS BUPA3Y:
2 2
1y e 8ir gy e Sl
a-—3b 0,5a + 1,5b
10.24.° 3HAUJITH 3HAYEeHHA BAPa3y Lz-l’éﬁg, Ao 4m + 3n = 8.
32m~° —-18n
10.25." 3uaiigiTs 3HaAYEHHS BUPAa3y:
2 2
—-3ab-b 3a + 2b
3 e , it
) T3 AKIIO 1a—b 1;
3 2
: 2m°n 5m—n
gy L el -9
) n® - mn® AR T 2n

x3—2x2+4x—8?
2
x°+4

10.26." SIxa ¢irypa € rpadikom GpyHKIiI y =

10.27." TloOyayiire rpadik dyHKii:

_x*-4 x*-10x +25  2x° —4x
Y=o o o e T
_x-8, WEERAN
AT At ina
10.28.° IloOyayitTe rpadik GyHKIii:
x> -8x+16 . x> -8x 2x*-2
1) y= S Y= ek
— — -£‘
2) y=x-73
10.29." IlodyayitTe rpadixk GpyHKIii:
e | x I . y'& x -1
l)y—x’ z)y—lxl_l'
10.30." Po3s’sikiTh piBHHHH.ﬁ'
% 3 - 25 x+6 _
1) T =1; ] —E =10 3) —|x|—6 0.
10.31.° PosB’axiTh piBHﬂHHa:
Rl RIS |2|-7 _
1).7c+4-8’ 2)x7_
10.32."" [1ns1 KOKHOr0 3HAUYEHHSA @ PO3B’sKiTH PIBHAHHA:
1) ax = 1; 3) (a — 6) x = a® — 12a + 36;
2) ax = a; 4) (a®> - 4) x =a — 2.
10.33." 1A KOXXHOro 3HAYEHHA d PO3B’AXKITHh DiBHAHHA:
1) (a+ 3)x=38; 2) (@®* — 9a) x = a® — 18a + 81.
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10. OcHOBHa BNacTUBICTb paLioHanbHoOro apody

10.34.” IloBexiTh, IO IpH BCiX

3HAYEeHHS Npooy:
1 a®<af~a+1
3 2
a"+a“+a+1
2x -4
x2-2x%4+x-2

2)

10.35." HosexiTs, 110 IPH BCiX

3HAYEHHSA Apody:

HeBix'eMHe;

IOATHE;

-1
| . noJaTHe;
) 23 -x2+2x-2 '
3 3
2) =2 HeBiJ’eMHe;

x2-2x2+x-2

O=wr 10.36.” Bigomo, 110 g

bl+b2+...+bn¢0,'ro
10.37.” CkoporiTs api6:

2x +4
1) ———;
)x2+x—2
2 ’
a“+2a-3
3) 26° + 362 +3b+1,
2 +1 7
3
4 i ;
)x3+6x2+12x+9
4
4
5 L,
)a2+2a+2

10.38.” CroporiTs api6:

’

3y+9
1)t =y
y " +y-6
9 x> +6x+5,
2 b
x“+3x+2
2x% —9x® + 27x - 27 .
3) 5
4x° -9
10.39." Bigomo, 110 =
2

JONMYCTUMMUX 3HAYEHHAX 3MiHHOL

=1)? ik
3) x HeBijx'eMHe;
x°-x%+4x -4
& Bin’eMHe
12+ x%2 —x*

JONYCTUMHUX 3HAUEHHAX 3MiHHOI

x5 =i

—————— Bix’emMHe.
.4 -8x% - xt

3)

s (5. 5

X X+ %,

X, +x3+x4
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a P

=-2= ., =-2 =k JloBexiTs, 110 KOJHA
b, b,

a, +a,+. +a"=k

byl itk by

6) n4+4n3+8n2;
n' + 64
7) y4+y2+1.
y -y+1’
8) rzzz+m2+3;
m-+5m°+9
b +b* % + ... +b+1,

9)
e O L TR SV
o Latt R gt g
10) 12 11 10 s
a“-a +a —-..-a+1

4 2
2" +72°+16

4) _22—;
2°+z2+4

y55+y54+...+y+1.

9) >
T il S TR |

6) Gea b= et a—1
e R Y e A |

x ) .
—3_ JloBexiTh, 10
x

3
i
X4



§ 3. PauioHanbHi Bupasu

10.40." Bigomo, mo a® + Ta — 9 = 0. BuaiiziTs 3HAYEHHA BUPA3Y:

2a® + 3a . 2a* +14a® ~17a+3
D fa-1s’ o 2a + 6

X +x+1
22 +x+1
10.42." PoskianiTh Ha MHOKHUKH MHOrowreH a° + a® + a* + a® + 1.

10.41." CxoporiTs api6

n JopaasaHHA | BigHIMaHHA pauioHanbHUX apobis
3 OfHAKOBUMW 3HAMEHHUKaMM

Bu 3HaeTe npaBmiia JOAABAHHA 1 BiIHIMAHHSA 3BUYAWHUX JPo0diB 3 Of1-
HAKOBUMM 3HAMEHHMKAMH. IX MOKHA BUPA3UTH TAKUMHU DiBHOCTSAMM:
a+b_a+b’ a_b_a-b

c e ¢ e ¢

3a MUMU cAMUMM ITPaBUJIAMHU JHOJAIOTH 1 BiIHIMAIOTH paIliOHAJIBHI
apobu 3 OJHAKOBUMU 3HAMEHHUKAMU.

IIlo6 dodamu payionanvui Opobu 3 00HAKOEUMU 3HAMEHHUKAMU,
mpeba dodamu ix YUCEeNLbHUKU, 4 3HAMEHHUK 3AnUWUmu mou ca-
muil. :

Illo6 eidnamu payionanvii dpobu 3 00HAKOGUMU 3HAMEHHUKA-
mu, mpeba 6i0 wucenvHUKa nepuiozo 0poby 6i0HAMU YUCENbHUK

0pyzo0z0 dpoby, a 3HAMEHHUK 3AAUUUMU MOU camMUL.

ﬂPMKJ'IAﬂ. 1 Buxonaiite BifHiMaHHS:
_/ +2y 12y 25 4 2a -3
1) 2) 7 .
=05 §5=25" 2a—1 "1-2
Posg’a3anns
1) y + 2y 12y 25 y +2y (12y — 25) y +2y 12y +25 _

y?-25 -25 y?-25 y®-25
y —10y+25 (y - 5)* _Y=9
y’-25  @+5@E-5 y+5’

2) 4 =3, 4l . 2a=8 =‘ 4 +2a—3=4+2a—3=
2a-1 1-2a 2a-1 -(2a-1) 2a-1 2a-1 2a -1
_2a+1

2a -1

NMPUKNAL 2 Bigomo, mo M — _3. BuaiigiTe 3HAYEHHS BUPAas3y
amn £
m .
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11. lonasaHHs i BigHIMaHHs pauioHanbHUX ApobiB 3 0IHAKOBUMW 3HAMEHHUKAMM

Po3zé’azanns. Ilogamo paauii api6 y BUIVIAAL cyMu IijJoro i apo-
6oBoro Bupasis:

2m+n=2m+l=2+£.
m m m m
Axmo —'Q=—3, TO l=—l.'0'rme, ane+n =2+ =
n m 3 m
1 2
=2-==1=.
3 3

NMPUKNAL 3 3BmaiixiTe yci HaTypasibHi 3HAYEHHA N, IPU AKUX BHA-

2n? +38n-15 ;
YEeHHs BUPa3y € 1M YHUCIIOM.
n

Poszé’sazannsa. Ilogamo gasuii api6 y BUriaai pisauni misoro it apo-
0oBOro BHUpasiB:

2 2
2n®+8n-15 20" 81 15 _, .o 15
n n n n n

Bupas 2n + 3 mabyBae HATYpaJbHOrO 3HAYEHHA HIPU OYVAL-AKOMY

HarypajasHOMY n. Tomy Bupas 2n + 3 — 25 HalyBae 1iJIOro 3HAYeHH,
n

15 :
AKIIO 3HAYEeHHA BUpPa3y — € IIJIHM YHCJIOM. Ile MOMJINBO JIUIile IIpn
n

TAaKMX HATYpPaJIbHUX 3HAUYeHHAX n: 1, 3, 5, 15.
Bidnosids: {1, 3, 5, 15}.

MPUKNAA 4 IIpu sKuX [iAWX 3HAYEHHAX N 3HAYEHHS APOGY

3n® +5n-13
n+2

€ nigum gucaom?

Poszeé’azanna. Maemo:
3n® +5n-13 _3n’+6n-n-2-11_3n(n+2)-(n+2)-11 _

n+2 n+2 n+2
—On(n+2) - Jog 31 ey o FEL
RE S 1 n+2 on n+2°

. 11 ; ; ] !
Opi6 = Ha0yBa€ LiJuX 3HAYEHb TiIBKH TOAl, KOJHU HOrO 3HA-
n

MEHHUK HaOyBa€ OAHOTO 3 YOTUPHLOX 3Havens: —1, 1, —11, 11. 3Biacu
n HabyBae TaKuX 3HA4YEeHb: —3, —1, —13, 9.
Bidnosgios: {—3, -1, —13, 9}.

BukonaHi B npukJazax 2—4 nepeTBOPEeHHA paIliOHAJIBHOTO APOOY
HA3WBAIOTh BUALJIEHHAM IOl YACTUHU 3 IPooy.
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§ 3. PauioHarnbHi Bupasu

1. Ak momaTu pamioHaNbHI APOOU 3 OJHAKOBUMU 3HAMEHHUKAMU?

2. Ik BimHATHA panioHaJIbHI Apo0OU 3 OJITHAKOBUMU 3HAMEHHUKAMMU 7

11.1.°

1)
2)

3)

11.2.°

1)

2)

11.3.°

1)
2)

11.4.°

1)

2)

119

1)

2)

11.6.°

1)

11.7.”

1)

2)

Buxkonaiire nii:

X Y

=+<; 4
6 6 )
a b

———=3 5
3 38 )
n-.n

ITonaiiTe y Burassai ngpoby Bupas:
a-b a
=& 3
2b 2b )
27a 27a
CropocriThk BUpas:
2
a 9
el AL 3
a+3 a+3 )
t 4
— 3 4
$2 =16 , t* =16 )
Cnopocrits Bupas:
2
c 81
£l : 3
c-9 ¢-9 )
o o8B 4)
(@-6)° (a-6)*"
Bukonanre nii:
a+b a
+ - 3
c="T" M =e )
2x—4y 4x-14y, 4)
x-8y 8y-x’
CrpocriTs BuUpas:
3¢ 3d
+ X 2
c—-d d-c )
3HalAiTL 3HAYEHHSA BHUpPa3y:
2
a® —-48 16
o = 32;
pmcair s npu a = 3
2
c“+3c+T7 , ¢c+3
- npu ¢ = —3.
=8 8 =g P
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m+n _m-2n,

6 6 3 ’

2a—3b+9b-2a_
6ab 6ab ’

8m + 3 2 2m + 3
10m? 10m? ’

10a +6b _6b—a.

114° 11a%
xz—xy+2xy—3x2
ny x2y 2
st s 20
(m-57% @m-5"*’
b? 206 + 100
b+10 b+10
Sx+5 2x+7-.
x*-4 x*-4’
y2 _4y-4
y-2 y-2°
81b> a® .
%-a a-9’
y>  1-2y
y-1 1-y°

b® 49

+ .
2b-14 14-2b



11. [lonaBaHHs i BiiHIMaHH$ pauioHanbHUX Apobis 3 0gHaKOBUMM 3HaMEHHNKaMM

11.8." 3uaiiiTe 3HAYEHHA BUPAa3Y:

1) 5x +3 6x —1
x2-16 16 - x?
11.9." CopocriTs Bupas:
5n-1 Th-8 8n+7 3k L 4k+1, K
- - : 3 s + .
) 20n 20n 20n ) 3 TR s 1 g Pl 1
ey ey I R
11,10, CopocriTs Bupas:
6a -1 4a-T7 | -2a -2
1 + + -
) 16a-8 16a-8 8 -16a
2a®+12a  8a-9 a®’+14a-16
2) 2 =t 2 T 2 .
a® -25 25—-a a®-25
11.11.° Bukonaiire mii:
1) 15-8a 14-Ta, ) m?® - 8n B dm e 8L
G@EDHY =a*: (m-2)(n-5 @2-m)G-n)’
2 2
®-2) (2-b) (x—-3) S - x)
11.12." Tlopaiire y Buragi gpody Bupas:
2 \ 2
l)x —16f+2x+4?; 3) y +y it y + 36 .
x-7*  (1-x) y-6)y+2) 6G-y2+y
3 3
8b
g) it o
(a — 2b) (2b — a)
11.13.° JloBexiTh TOTOKHICTH:
b)?>  (a-b)? (@a+b)?  (a-b)°
1 (a + S =5 2 + =2,
) 4ab 4ab L ) a® 5% et p?
11.14.° JosexiTh, [0 IPU BCiX AONYCTUMHUX 3HAYEHHAX 3MIHHOI X
12x — 25 4 8x+10
20x-15 20x-15

a®*+a Ta-9

npu a = 7.
a®-9 a%-9 P

npu x = —4,1; 2)

He 3aJIe)KUTh BiJ] 3HAYEH-

3HAYEHHA BUPA3Y

HA X.
11.15." HoBexitTs, mI0 IIpH BCiX JONYCTUMHX 3HAYEHHAX 3MIHHOI Y

17y +5 9-11y
2ly-3 21y-3
11.16." oseniTh, 110 IPH BCiX AOIYCTUMUX 3HAYEHHAX 3MiHHOI BUpas3
a®-6 Ta-4 , 3a+6
7 i 4

(a—2) (a-2) (a-2)
11.17." HoBeniTe, 110 IpHU BCiX AONYCTHMUX 3HAYCHHAX 3MIHHOI BUpa3
2-p%  1-8b  TH=20
B g T 6

®-5" @®-%5" (-9

3HaQUYEeHHs BHUpas3y He 3aJIe)KUTH BiJ 3BHAUEHHA Y.

HaGYBaG AOJaTHUX 3HAYEHb.

HabyBae Bii’eMHUX 3HAUYEHB.
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§ 3. PauioHanbHi Bupasu

11.18." Tlogaiire mamui Api6 y BuUrasxi cymu adbo pisHHIi mimgoro
i rpoGoBoro Bupasis: ;
3 a®-2a-5
) Bens Gy 8 52055
) ye=s
11.19.° IlomaiiTe manui api6 y Burasaai cymm abo pisHHUIl Ifigoro
i xpoboBOTO BHpAas3iB:

4a-b b® +Tb+3
| ; 2) ———.
) a ) b+7
11.20." Bigomo, 110 5 =4, 3HauAiTh 3HAYEHHA BUPA3Y:
2 2., .2
1) ¥, 2) 268y, gyl
x y Xy
11.21." Bizomo, 1o % = —2. 3HaiAiTs 3HAUYEHHA BUPA3Y:
2 2

7 b
a b ab
11.22." 3maiigiTe yci HaTypanbHi 3HAUYEHHS N, IPU AKUX € IIIUM
YUCJIOM 3HAYEHHS BUPA3Y:

6 3n® -4n-14 dn + 17
gyt 2 ; 3 ;
) n ) n ) 2n -3

11.23." 3HaigiTy yci HaTypasibHI 3HAYEHHA 71, IPA AKHUX € ILIAM

YUCJIOM 3HAQYEHHA BUPA3y:

8n -9 n®+2n-8 9n —4
1 s 2) ———; 3 3
) n ) n ) 3n—-5
11.24.”" Iosexith, mo npu OyAL-IKOMY HATYPaJbHOMY 3HAYEHHI n

3Ha4YeHHA Apo0y He € IIJIUM YHUCJIOM:

1) n* 4+l 2) n3—2n2+n—1.
BRI n®+1
11.25." Ilpu AKuX OiIUX 3HAYEHHAX 7 € MM YHCJIOM 3HAYEHHS
ApoOy:
1) 2n2+7n-4; 2) 4n2—11n+23?
n+3 n-2
11.26." ITosepniTs, o npu OyAb-AKOMY HATYpPaJIbHOMY 3HAYEHHI 71 € IIi-
JIUM YHCJIOM 3HAYEHHA APOOY:
1) n32-2n+1; 2) n32—4n—3.
n“+n-1 n“-n-3
11.27." Yucna a, b i ¢ Taki, mo 3HayeHHs BuUpasiB a + b + ¢
i ab + be + ac
a+b+c
a®+b% +c?
a+b+c

€ uismumu yucaamu. [{oBeaiTsh, 110 3HAYEHHS BUDPAa3y

TaKOMX € ILiJII/IM YHUCJIOM.
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ﬂ HAopaeaxHs i BigHiMaHHA pauioHanbHux apobis
3 Pi3HUMU 3HAMEHHUKaMWU

3aCTOCOBYIOYM OCHOBHY BJIACTUBICTH APO0OY, MOYKHA NOJABaHHSA i Bij-
HiMaHHSA APo0iB 3 PI3HUMHU 3HAMEHHUKAMU 3BECTHU [0 AOJAaBaHHA 1 Bij-
HiMaHHSA APoOiB 3 OJHAKOBUMM 3HAMEHHUKAMU.

Hexai Tpefa mozatu gBa pamioHaAJIbHUX ApoOu A i % Mosxna

B
3anucarTu:
_4=A-D, £=C-B
: X B BeD” P\ BB
Toni
A_ € _AsD. C:B L ADYC-B
B. B iBeD,. DB BioDl - .

Tyr 3a cmiibHUM 3HaMeHHHK 00paHO BHpa3, AKUN JOPiBHIOE JI0-
OyTKY 3HAMEHHUMKIB JJaHUX APODiB.

3as3HauYMMoO, IO AOOYTOK 3HAMEHHMKIB flaHMX Apo0OiB He 3aBKaH
€ HauOibII 3PDYYHHUM CHIJILHUM 3HAMEHHHUKOM.

Haragaemo, 1m0 npu 3HaXOM’KE€HHI CHiJIBHOIO 3HAMEHHUKA 3BU-
YyalHMX Apo0iB MU 3HAXOAWIM HAaWMEHINE CIIiJIbHE KpaTHe 3HAMEH-
HHUKiB, PO3KJIaJa04YM IX HaA MPOCTI MHOMKHHUKH. AHAJOTIYHO AJIs
3HAXO/PKEeHH#A CIILUILHOIO 3HAMEHHUKA pallioHAJBHUX APo0iB MOXKe
BHSIBUTHUCS 3PYYHHUM DPO3KJIQJIAHHA 3HAMEHHHUKIB HA MHOKHUKH.

3po3ymiso, 1Mo cyma i pisHHIA ABOX pallioHAJIBHUX ApobiB € pa-
IiOHAJIBHUMHU JApodaMu.

NPUKNAL 1 Copocrite Bupas:

b+1 1-a 2a 1
1 + ; 4 = .
) abe a’e )25—10a+a2 3a-15
) 1 RO ol £/ A A By 1% {20l

Tm+Tn Tm-Tn’ x—-4 x-2°

10n +14 6
3 + 3

) n>-49 T-n

Po3zé’azannsa
1) CoinpHUM 3HAMEHHUKOM JaHUX JAPO0iB € OJHOYJIEH azbc Omxe,

/b+1 /1 a_ab+a+b-ab _a+b
abc a’c 7 a’be " a%e’
2) PosknaBuiu momnepesHb0 3HAMEHHUKH JaHUX AP0o0iB HA MHOMKHH-
KH, OTPUMYEMO:

o s / _/

7m+7n—7m—7n T(m + n) 7(m n)
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§ 3. PaujoHanbHi BUpa3un

: e m? - 2mn — n*

_mm-n)-n(m+n) _ m® —mn-mn-n

7 (m + n) (m — n) T =a2) v =0
3) Maewmo: :
¥/
10n+14 6 _ 10n+14 ~76 _10n+14-6(@+7) _
n?2-49 7-n (-T(@n+7 n-7 n-7Mn+7)
(- IORETd = 6 A - An= 28 i LA E Dk N d
U S DmED =R EN L =D mED T
4) 2a A ey L CEG 2R N S &
25—10a+a263a-15 65-a)® 3(a-5)
_?,/Za _eyl _b6a-a+5_ ba+bd

“@-5?° 8@-5 38@-5° 3(@-5)?"
5) ¥ npoMy BUNAJKy CHiJIbHUNA 3HAMEHHUK JaHUX APOOiB JOPiBHIOE
no6yTKYy ix sHameHHHKiB. Toxui

x+2 _ x(x—=2)-(x+2)(x~-4) _

P S U (x —4) (x - 2)
=x"’—2x—3¢:2+4x—2x+8= 8
(x-4)(x-2) (x-4)(x-2)°

glires i
Te -2

Poszé’azannsn. llopaBmm Bupas 3¢ y Buraaai aApody 3i 3HaMeHHU-
KoM 1, oTpUMy€EMO:

NMPUKNAL 2 Ilopaitre y Burisai Apo0y Bupas

)
1c
et 21c* - 21¢* +6¢c _  6c

21t g HBlet
Te -2 Te -2 1 Te -2 Te-2°

® 1.5k BuKoHATH JofaBaHHA ¥ BilHIMAHHA panioHAJBLHUX ApPoOiB
3 pPi3HUMU 3HAMEHHUKaMM?
2. IIlo € cymo10 i pisHMIEIO ABOX palioHaJbHUX Apo0iB?

12.1.° CupocriTh Bupas:

2b—-Tc 3b+2c, a+b , a=c;
1) 6 5% i ab 5 ac ’

3x-2 3y-1 k+4 3k-4
2 = ; 5 - .
) ” =+ o
)5m—n_m—6n_ 6) x—y_y—xz.

14m Tm. ‘ x3 xzy B
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12. [lonasaHHs i BiHIMaHHA paujioHanbHUX 4pobiB 3 Pi3HUMU 3HAMEHHUKAMMU

2m —-3n . Tm —2n citid) o =8d
7 + : 8 £
) m®n mn® ) ed* cd?
12.2." BukonaiiTe BifniManHs ApO6GiB:
4d+7 d-6 c?-16 ¢=9
1 = ; 4 - -
) 7d 6d ) c8 P
- = 1 1+x°
9y m=-n _Pp n; Ey b :
) mn np ) x° x°
6a+2 2a+4 l1-ab 1-ad
3 = ; 6 - :
) ab a’b ) abe acd
12.3.° Bukonaiire nmii:
pnm__m ; AL !
) n m+n 8) 3c—-1 3c+1
3 X X
Pl : 4 - .
)a—3 a+3 )2y+1 3y—2
12.4." TlepeTBopiTs y Api6 BUpas:
4 bx+4 b 2
B 2) == - B)— =i :
)a—b b )x x+2 )b—2 b+ 2
12.5.° Bukonaiite fogaBasHsa abo BifiHIMaHHA ApO6iB:
1) 218 _g; 4) m—2n_m—3n;
b*+8 b 6m +6n 4m +4n
2 c-1 a®+2 a+4
)C+1 2 +e %) a’®+2a 2a+4
3) m+1 i L=m'., 6) 3x—4y+ x -3y

3m-15 2m-10’
12.6.” Cupocrits Bupas:

x? -2xy xy -2y2 y

2 16 a® + b? b
1) it 3 + :
)m m? +8m )2a2+2ab a+b
-2 a-1 b+4 a+4
) e 4 - .
)2a—6 3a-9’ )ab—b2 a’-ab
12.7.° Buxkonaiite xii:
3 x+4 3a+b 1
1 33 ; 4 + :
)x+3 x2—9 )(12—b2 a+b
2 2
9 a LB s L e, m .
)a2—64 a-8 )m+5 m? +10m + 25
6b 1 b b?
3 % ; 6 - ;
)9b2—4 3b-2 )a+b a® +b% + 2ab
12.8." CopocriTs Bupas:
4x -y 1 .l/2 Y
1 i 2 -,
)x2_y2 x__y )y2_81 y+9
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§ 3. PaujioHanbHi Bupasu

2

10a 1 n n
3 = ; 4 - .
) 25a° -9 bHa+3 ) a7 n® —14n + 49
12.9.° ITopaitTe y BUraAAi Apody BUpas:
3b+4
1) Z-x; 4 -3;
2
gy Wi B o 5) ﬁm_lz’"—*l;
n m 2m
904 206% + 5
- —-—+3; —=-100.
3) = 3 6) 9% 1 106
12.10.° Bukonaire mii:
4 2k°
1) @~=; 4 — ks
)4 a )k—5 :
2_.
2) %+x—~2; 5) 3n—9"3n 2.
QO BT gy 5-rag=l2,
n n y-2
12.11." CupocriThs Bupas:
2
1 a+l. a a+4
1 AT 3 $ 5 - :
)a2-2a+1 a-1 )a2—4a+4 a®-4
2 2 2
b2 a-b 2p 5 2p
gyl : 6 - + :
)az—bz a+b’ )p—5 p+5 25_p2
7 28¢ 1 y+8 2
) ; 1) =— - -
) eanihie )y 16-y> y-4
Sa +3 +6—3a, 8) 2b-1 4b 2b+1
2ats6a a°-9’ 4b+2 42 -1 3-6b°
12.12." CopoctiTh BHUpas:
2 2
m+n m°+n°, b-2 b
1) =ie—— 4)

m-n m"-n
2
x——
et .,
xX+y 2xy+x°+y
2a a+4
3 = >
)4a2—1 2d° +a

b2+6b+9 b2-9
-6 x x—3
5) — + - :
)x2+3x x+3 x
y+2 y-2 ‘16
y—2 y+2 y2—4.

6)

12.13." loBexaiTs, 110 IIPH BCiX JONYCTUMUX 3HAYEHHAX 3MiHHOI 3Ha-
YeHHSA JaHOT0 BUPA3y He 3aJIeKUTh Bij 11 3HaYeHHA:

1)

2x+1  2x-1 x+T .}

2x—-4 6-8x 6x-12°

24-2a a + 4

2 A
)a2—16 20-8 a+4

12.14." TTopaiite y Burasai apody Bupas:

a® -2
a+2’

1) 1-a+

2
2)a b

2—
3a+b -



12. [logaBaHHg | BigHIMaHHsA pauioHansHUx ApobiB 3 pi3HUMK 3HAMEHHUKaMU

(,‘2 +9 8m2
=Cl= 4 —-2m —1.
8) c-3 o )4m—3 4
12.15." CopocriTs BuUpas:
14b 10 - 29¢ + 10¢?
- - + 2.
1) b+ 7 L 2) 5¢ 5t 2
12.16." CopocriTs Bupas i 3HalAiTh HOT0 3HAYECHHS:
7 12 3

1) , SAKIIO a = 5;

00 ol at A a2
2c+ 3 2c -3 16¢

2 + - , axmo ¢ = —0,8;
)202—3c 2c% +8¢c 4c¢%-9 0

3) m® +16n®>  m+4n
m? -16n? 2m-8n

12.17." 3HaigiTs 3HAYEHHA BUpPa3y:

, Aakmo m = 3, n = 0,5.

6 x—-5
1 - , AKIO X = 3;
) 5x-20 x?-8x+16 o
2y -1 2y 3
2 - - , AKIO Yy =-2=.
S5 T e gl s L A

12.18." loBeaiTh TOTOXKHICTH:
a+b a b® a+3 a+1 6 2
U a _a—b+a2—ab_0; 2) a+1—a—1+a2-1 at -1
12.19.' ToBeAiTh TOTOMHICT:
1) S0 o e e S yate. U8 ILTTRE ! :
6a-4b 6a+4b 4p%>-9a°> 3a-2b
c+2 1 2

2 s dle s 2 5y
) c2+8 3¢c+9 3¢

12.20." 3uaigiTs pisHUNIO ApPoOiB:
1 1 1. b%—6b
B P s 2 - :
)a3—1 a®+a+1 )b+3 b® + 27
12.21." CopocTiTe Bupas:
1 9m® —3mn +n®> _9m® +3mn +n® 9y 1-—2-1 _ 2%
3m—-n 3m+n 4 4b%2 -2 +1 2b+1°

12.22.° lloBeaiTh TOTOMKHICTH
807 24 2 @l ST V2
a®+8 a’-2a+4 a+2 a+2°
12.23." CupocriTh BUpas:
4b a-b a+b

1) 7 B OV +ab+b2—ab’

1 & AR ©+4
x-2 x+2 x*-4 8x-2x°’
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§ 3. PauioHanbHi BMpa3su

1 2 1
3 = + :
) (@a-5b)% a®-25b% (a+5b)?
x*+9x+18 x+5
xy+3y-2x-6 y-2°
12.24." JloBeaiTs TOTOKHICTH:

+ = :
a*-3a 3a+9 9-4* 3a
gy DA b -B-gdy 2,
2a-1 2ab-4-b+8a 2a-1’
1 el il 1 144

a®+12a+36 36-a°> a?-12a+36 (a®-36)>"
12.25.” JloBeiTh TOTOXKHICTH:

1 1 1 3
)m—mw—o+w—ww-a+w—mw—m'&
2) a’ b* c?

@ hHE-0 B-D06-9 Cc-DEe-b
12.26." DoBeniTh TOTOXKHICTh:

be ac ab g
) (a—b)(a—-c)+(b—a)(b—c)+(c—-a)(c—b) =
) a’ b’ ¢’ =a+b+ec.

m—wm—d+w—mw—d+@—@@—m
12.27." JloBenitTh, 110 mpu OyAL-AKOMY HATYpPaJbHOMY 7 CIPAaB-
IKYETHCA PiBHICTH —52n—+—1—2 = —12— 2 2l -
n“(n+1) n (n+1)

PiBHiCTIO, 3HAUITH 3HAUYEHHSA CyMH

12 ?22 + 22?32 iy 32’.742 * 42?52 % 521'162 »
12.28." HosexniTs, 10 npu OyAb-AKOMY HATYpaJbHOMY N CIpasB-
JIPKYETHCSA PiBHICTH

. CkopucraBmIucs i€

Rt SR AR |
I-_2+§7_§+ +(n_1).n =] =
12.29.” CopocriTh BUpas:
' 1 1 1 :
) @ D6e-2 G-26-9  @a-Ha-b’
) 1 1 1 1

a(a+3)+(a+3)(a+6)+(a+6)(a+9)+(a+9)(a+12)'

12.30." CopocriTs Bupas:
1 1 1 ,
D e-De-9 Gi9@-5 @GN
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12. [lonasaHHA i BilHIMaHHA palioHanbHWX ApobiB 3 Pi3HUMU 3HAMEHHUKaMM

1 1 1 1
) x(x+1)+(x+1)(x+2)+(x+2)(x+3)+(x+3)(x+4)+
1
+(x+4)(x+5)'
12.31.” [loBeaiTs TOTOXKHICTH
2 4 6 8
+ + Es =
P A e, PO R T
i 1 1 1 1
_5((x—1)(x+4)+(x—2)(x+3)+(x—3)(x+2)+(x—4)(x+1))'
12.32.” JloBeaiTh TOTOXKHICTH
1+1+2+4+8+16_32

1—a 1+8 144> d+a% 1+a® d4a™® 1-g%"

12.33.” JloBemiTh TOTOKHICTH
3 - 3 I 6 v 12 4 24 48
l1-a

A T Ay P e T S IR A W

a—c+b—a+c—b

=1 7o
b+ec a+c a+b Z

12.34.” JloBeniTh, 10 KOJIHA

a+b+b+c+a+c=4.
b+c a+c a+bdb

12.35.” IloBeniTe, 110 KOJHA a+b+c=a—b+c, T0 b =0 abo ¢ = 0.
a+b-¢ a-b-c

12.36." Jlna pomaTHMX 4Yucen a, b i ¢ BUKOHyeThcA piBHicCTH
a b c

b+c a+c a+b

. S3HAUAITHL 3HAYEHHSA BUPA3y

@+b)’ @+’ G+o)’

c? b a’

12.37." Ina pomaTHUX Uucea a, b i ¢ BUKOHyeThCA pPiBHICTH
a b ¢ d S
= = = . SHAUAITHL 3HAUYEHHS BU-
b+c+d a+c+d a+b+d a+b+c

a+b+c  a+b+d a+c+d+b+c+d

as + +
pagy d c b a
12.38." Yucna a, b i ¢ Taki, mo z e + 2 + l. HosexniTe, 110
+b+c a b ¢
1 1 1 1
—_— =+ —+ .
atah e e Elatunpt s Vet
12.39." BmaiifiTe 3HAYEHHA BUPA3Y ; : + - AKIILO

+ ’
22 +1 yi+1 ay+1
1 1 2
2 +3 i
x+1 y*+1 =xy+1

ix#y.
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§ 3. PaujoHanbHi BUpa3u

a-b b-c¢c c-a :
= 0. HosexiTs, m10
a+b b+c c+a A A o

ONMH 3 NOAAaHKIB y JiBiM yacTuHi piBHOCTI nopiBHioe 0.
(@a-b)b-c)c-a) _ 1

12.40." Yucna a, b i ¢ raki, mo

12.41." Yucna a, b i ¢ raxi, mo — . BuHaligiTe
S B GG Dcea) 80
3HAYEHHSA BHUpa3y:
b c a a b c
1 + * 3 2 + :
)a+b b+c¢c c+a )a+b b+ec c+a
12.42." Yucna a, b i ¢ Taki, mo 1 + 1 + 1 =§. SHaANAITE
a-b b-¢ c¢c-a 2
1 1 1
3HAYEHHSA BUPa3y A i s
(a—-b) (b-rc) (c—a)
12.43." Yucna a, b i ¢ raki, mo ;11—+ % +—l— =0. Josexirs, mo
abls'be vieca
—~+—+—=38.
PR L
12.44." Yucna a, b i ¢ Taki, mo ey a+;—b = b“;—c. Axux
3HAYEeHb MOXKe HaOyBaTH BUpPa3 Ll (ba;cC) e+ a) ?

1 - 1 Y 1

12.45." BuaiiniTs 3HAYEHHS BUPAs3
% P y1+x+.7cy 1+y+yz 1+z+zx’

AKII0 xyz = 1.

MHOXeHHS | aineHHn pauioHanbHux apobis.
NigHeceHHn pauioHansHoro apody fo crenexHn

Bu 3HaeTe npaBuia MHOMKEHHS i JiJIeHHA 3BUYAHUX APOOiB. ix
MOYKHA BUPA3UTH TAKUMYU PiBHOCTAMMU:

a,c_@ac a,c_ad
bod bdib T d T be”

3a aHAJOTIYHUMH IPaBUJIAMHU BHKOHYIOTH MHOXKEHHS i JiJeHHA
pauioHaJbHUX Apo0iB.

Hobymrxom d6ox payionanvrnux 0pobié € dpib, WucenbHUK AK02Z0
dopisnioe 0obymry wucenvrukxie danux dpobie, a 3SHaMeHHUK — 00-
Oymxy ix 3HaMenHUKIE.

Yacmrowo d60x payionarvrux 0pobis € 0pib, LUCENbHUK AKO020
dopienroe 006ymKy wucenvhuka 0inenozo i 3SHameHHuKa JinbHuKa,
a 3HaMeHHUK — 006ymKky 3HamMeHHUKa O0ineH020 i YUCeNbHUKA

JinbHUKA.
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13. MHOXEHHS | fiNneHHsa paLjioHansHUxX Apobis

NMPUKNAL 1 Buxkonaiire gii:

4x 5¢% - 35¢
1) 2x-12)- : 8) e
) ( )x2—12x+36 ) c+2
2) a®+2ab . a® - 4b®

a+9"" 8a+27"

s(c=-1).

Poszeé’aszanns
1) ITopasmu MmHOTrOUWJIeH 2X — 12 y Buraaai apody 3i sHaMeHHUKOM 1,

OTPUMYEMO:

; 4x 2x —12 4x 2(x-6)-4x 8x
2x—-12)- — . - = Y
( ) x%-12x + 36 1 x? -12x + 36 (x - 6)* x—6
gy a°+2ab a*-4b" a(a+2) 3@+9 _ 3a

a+9  3a+27 a+9 (a-2b)(@a+2b) a-2b"

5¢2 — 35¢ 5¢2-85¢ _¢-T bBe(e-T) 1 5¢
3) XX .c-N= : = . = :

) e SR O 1 CHD . B=T ot

IIpaBuio MHOXXEHHsI ABOX APOOiB MOXKHA y3araJJbHUTH JJsd 3Ha-

XOMKeHHA No00yTRY Tphox abo Oinbine panionanbHUX Apobis. Hanpu-
KJIaJ, OJS TPhOX APoOiB Maemo:

5 2 2
NPUKNAL 2 CopocriTe Bupas N

Poszé’azannsa. Maemo:
2a° 10b® | 4a® _ 2a° 10b* 9bc® _ 2a° -10b% - 9bc® _
156 Te' T 9bc®  15b° Tc*  4a® 1563 -7ct-4a®
_2:10-9-4°%* _ 3a°
T 15:7-4.a%%*  Tc'

3acTOCOBYIOUYM NIPABHJIO MHOKEHHS ApPO0iB, MOKHA OTPUMAaTH

IIPaBUJIO TiHECEHHsA panioHaJbHUX ApobOiB 10 cremeHsa. [lns HaATY-
pajasHOTO 1, n > 1, MaemMo:

r-n——"———
(é)n—é.é. A_AA- A4
Bls o BuaE L B BB B Bl
n 6 n
1
% A A
n=1 (—) = —.
His OPUAHATO B 3
Orxe, i
el
B B

e n — HaTypaJbHe YHCJIO.



§ 3. PauioHanbHi Bupa3su

IIJo6 nidnecmu payionanvruil 0pi6 do cmenena, mpeba nidnec-
mu 00 Yb020 cMmenens YUCeNLbHUK i 3HAMECHHUK | nepuuil pe3yns-
mam 3anucamu AK YUCenvHUK, @ 0pyzul — AK 3HAMEHHUK Opoby.

2 3
NMPUKNAL 3 IlogaiiTe y Burasaai apody Bupas (— ;: s ) .
C

. 8a? K Dot (8a*)® e 3%+ (a®’® Al 27a°
2be* (2bc*)? P (o 8b%c!?

Poszé’azannus. (

@ 1. IIlo € nobyTKkOM ABOX pamioHaJBLHUX ApPoOiB?
2. Illo € yacTKOIO ABOX paliOHAJbHUX APOOiB?
3. Ak migHecTH pamioHaNIBHUU Apid 10 creneHs?

13.1.° BukoHaliTe MHOKEHHA:

2a b G T 21c* 39p
1) =—+—; 3) 14m” + —; 5 bk
) b 8a ) m?® )13p2 28¢®
4 4 6 2, 6
15a b 2oa°¢c TTh
2) £.L, g o . b, 6 Ll
)yz o5x ) b'*  10a* ) 64b* 10ac®
13.2.° CupocriTh BuUpas:
am® mk® 12 y2
1) . mE 15212 L,
) - ey 3) 15x 354
%® 2Tm®
2) 2..2q; 4 . .
% ) omp 564" p?
13.3.° CupocriTs Bupas:
2mn +n® 2m a
1 i 4 +4)- :
e 5 8 i B
9) Ta+Tb, b 5) 40’ -4a+1 a+l

3a + 3 a1
-2 m+7 a’-25 4q°
R 3 P AT ; 6 - ;
) m*-49 m-2 ) 4a a® -b5a
13.4." BukoHaiiTe MHOMKEHHSA:

po a+b;

b-b> 4a 6
12 . —3 3) ——————+(m—3n);
) 3 B )mz_gn2 ( )
- 3 —
2) 5x 65y’ x ; 4 23c 9 .3c+1.
x xX-y 9¢“ +6c+1 c—3
13.5.° Bukonaiite maijeHHs:
3b 6a . 3a’ 9a _ 18a*
1) —:b; 2) —: —; - :
) 8 5b ~ 20b° < By b
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13. MHOXEHHS | AineHHsA pauioHanbHUx Apobis

36a

161!:3y8 12x%
4) /ak L. 5 4a’c); 6 sf=
) b2e fam A ck ) 332° 552°
13.6.° 3HAHAITE YACTKY:
e ot " 88 6x 5
1) —— 2 P—s
) 8 " 48’ ) =% ms Mine
13.7.° CopocriTs BUpas:
2 2 2
- 6x + 6 a”—4a+4
) Bediirt g 4. e G
) x? x° 2 a+2 (@=2)
5 c—-95 p+4k
2) .——: : 5) (p? —16k%): 212E.
J R ) (p e
3)x—y'x2—y2_ 6) a®—ab . a® - 2ab+b*
xy . 3xy ’ a2 . ab .
13.8." Bukonaiire JiJIeHHA:
Sy L I 3) ¥=9. y’-81
p®-2p 4p-8’ Y-8 y—16y+64°
2_-16 .a+4 x-17
o e ) (" —49y7) 1 —
13.9.° BukoHnaiiTe nilHECEHHSA [0 CTEIEeHA:
¢\ 5a° ; 3m4 : 6a® :

13.10." Iloxaiite y Burnsaai apody Bupas:

6\!0" E 72 3429
(e . 9 (_ﬂ); 3) [ 10" |, 2m®n® |
)(b’*) ) 9n® ) 3d® 4) kp®

13.11.° Bupasits 3MiHHY X yepe3 3MiHHI a i b, AKIIO:

1 (g | b
L)eschei=ly 2) T+ =2,
) T =ua ) b 4 a
13.12.° BupasiTs 3MiHHY X yepes 3MiHHI m 1 n, AKIO:
1) 2x-2 =2 2)l_.l=_1_‘
n m X n
13.13." CupocriTs BHUpas:
33m® _88m* _21m® 2® ) [ 4a® 3,
1) B9 7 i 22 6 ’
34n 51n 16n y
36x° . 24x° 7x® . 2753 ) 8y3 :
2) 5 * i ’ e
49y° 25y° 30y 16y

13.14." CopocriTs BuUpas:
1) 3a'd® 4b'c® | Bb" | 2) 3a® _7¢® . 9ab |
10¢® 274" * 9a%c®’ 2b%c* * 6b°  14¢'2’
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§ 3. PauioHanbHi BUpasu

s at v AN i
)\ %% ) “50a® )F'—ys_'
13.15.° BamiHiTh 3MiHHY X TAKUM BUPA30M, 1100 YTBOPHUJIACH TOTOMXK-
HiCTH:
4a? Y 60 264\’ b8
1) | = | *x=—3 2 (——) =—,
)(b3)x b Ma e
13.16." BuxonaiiTe MHOKEHHA i HiJleHHs APo0iB:
1) 4c—d'2c2—2d2, 5) m+2n . m®+4mn +4n®
c2+ed 4c®-cd’ 2-3m°  3m?®-2m
2 3 3 2
2)b -6b+9 b +27, 6) a’+8 . a 2a+4;

16=8% . Fatyd
x*-12x+36 x*-49,
3x + 21 4x - 24’

3a +15b 4a + 20b

b2 -3b+9 5b-15"
a3~16a. 12ab® |
3a%p 4a+16’
a3+b3_ Ta —-Tb

3)

7

4 : 8 : ;
) a® =b°% . a°~ab+b” ) a® —81b* * a® —18ab + 81b*
13.17." CopocriTs BUpas:
4 2
a"-a l+a m° -8 6m —12
2 2 4
—8ab _8b° —ab a -1 a-1
2) : ; 5 : :
) 126 24a )az—a+1 a +1
2 2 2

m?+n® " 4m®+ 4n*’ 6x

13.18." CupocriTs Bupas i 3HaWAITE HOT0 3HAYEHHS:
% D 1

4x% —4y® * 6x + 6y

2) (32 -18a+27): 322

, AKImo x = 4,2, y = —2,8;

, axkmo a = 0,5;

) a’¥a’ ata
Ba-3)*  9a*-9a
13.19." 3HaiifiTs 3HAUEHHS BUPAa3Yy:

1 b
1) a’® - ab : b'-a
a® + 4ab + 4b> _3a + 6b
a®-9p> " 2a-6b
13.20." CupocTtiTs Bupas (n — HaTypaJbHE YHCJO):
an+4b3n+2 3 an+3b3n+l ! 2) (an +bn)2 —4a™p" : a2n _b2n

. ’ . .
cn+5 cn+8 a3n %2 ban (an % bn)2 5 4anbn

, Ak a = 0,8.

; RS 3
’ =2_’ =__;
5, AKINO a 3 b -

2) , AKmo a = 4, b = —5.

1)
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13. MHOXEHHS | AiNeHHA paLioHanbHWUxX Apobis

13.21."” CopocTtitTh Bupas (n — HaTypaJIbHE YUCJO):

1) xn+3y4n-1 : 22n+5 ;
zn+4 xn+ly3n-2
2) (xn 4y zyn)Z + 8xnyn y x2n 1 4y2n
x3n — 8y3n (xn + zyn)2 =, 8xnyn
13.22." Bigomo, 1mo x —i = 9. 3palifiTe 3HAUEHHA BUpPasy x> + iz
X
13.23." Bigomo, mo 3x +% =-4, 3HalgiTh 3HAYEHHA BUPA3y
9x? + iz
X

13.24." Mano: x* + H:— =41. 3HalAiTh 3HAYEHHS BUpa3y X + i—
¥

13.25." Mamo: x>+ % = 6. 3HaWAITL 3HAUEHHA BUPaA3y X — -31;
13.26." CropocriTs Bupas:
a® - 36 .a®+ab+6a+6b.

1) 2 2 2 2
a® + ab - 6a - 6b a®+2ab+b

2) az +a—-ab-b : aZ—a—ab+b.

a“+a+ab+b a"-a+ab->b

13.27." Bukonaiire mii:
25—-5a +5b—ab ab-5a—5b+25

I ;
) 25+5a—-5b—ab ab+5a+5b+25
2) a®-2ab+b* a®-ab+4a-4b
a’-ab-4a+4b az.—16 :
13.28." JloBemiTh TOTOKHICTD:
2 3
1) 8a ; 26a L% 3a e
a-3b g -9p° 4a+12b
2) a* -1000ab®  a®-b* | a®+10a’h +100ab* _a+b

a®-2ab+b> a’h-100> " - ab+10b° T a-b’
13.29." loBeaiTh TOTOXKHICTH
a’+a . 6a+6 | 9a® +18a® + 9a ok
20—12"2a+12 " 42-36 6
13.30.” CupocriTs Bupas:
a®+2ab+b*-2a-2b+1 _a+b-1,
a®-2ab+b®+2a-2b+1 a-b+1’
2) x:—4x—21:xz—14x+49.
x“+4x-21 x° +14x+49
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§ 3. PauioHanbHi Bupasu

13.31.” CopocriTs Bupas:
n%=9 . n°+4n 18 a>+1 Latioat a4l
D T ’ 2) =2 . 4 $
n“-1 n°-4n+3 a’+a”+a+1 a -1

m ToToXHI nepersopeHHn pauioHanbHMX Bupasis

IlpaBuna iy Haj pamioHAJBHUMH ApobaMu IAaOTh 3MOTY OYAb-
AKUNA panioHaNbHUHN BUPa3 IEPEeTBOPUTH B panioHAJIbHUMA Apib.
PoarnsaeMo 1e Ha NpUKJIagax.

NMPUKNALA 1 Copocrite Bupas
(3a 0 0 ),a—4_2a2+8a
a=-2 aP-da+d] a4 a—-2 °

Posé’azanna. SIk 1 o6uncieHHA 3HAYEHHS YHMCJIOBOI'O BUpPa3y, IO
MiCTUTH KinbKa apu(pMeTHUYHHX [Oil, CHOPOLIEHHA AAHOr0 BHPA3y
MOYXHa BUKOHATH IO AifAiX, BU3HAYAIOYKN HOPANOK BUKOHAHHS BiJ-
IOBiTHO 710 MOPAAKY BUKOHAHHS apu(PMEeTHUHUX Aii: CIIOYaTKY — BijI-
HiMaHHA BUpPAasiB, AKi CTOATH Y AYXKKaxX, IOTIM — JlJIeHHS 1 HaIpu-
KiHOl — BigHIMaHHA:

A
ga: ! 6a _% __6a _33a°-6a-6a _3a*-12a,

a—2. a?-dg+4 a-2 (a=9% . (a=2) (a-27 )
) 3¢°-12a , a-4 _8a°-12a a®-4 _

@-2¢ ‘a*-4 (@-2° a-4

_Ba(@-4) (@-2(@+2) _3a(a+2) _3a®+6a,

1)

(a -2)* a-4 a=2 @=2Ur
3) 3a® +6a _2a” +8a ___3a2+6a—2a2—8a =a2—2a 4
a—2 a-2 a-2 a-2
a(a-2)
= a.
a-2

Bidnoegidv: a.

IlepeTBOpeHHs palioOHAJIBLHOI'O BUpPa3y MOYKHA BUKOHYBATHU HE IIO
OKpEeMUX HifAX, a «JaHIIoKKoM». IIpoimocTpyeMo el npuiloM Ha
OPUKJIAi.

NPUKNAL 2 [oBexiTs, 110 OPH BCiX JONYCTUMHUX 3HAYEHHAX 3MiH-
3a a+5  54a ]

-+ He 3aJIe’KUTh BiJ 3HA-
a-3 18-6a 5q + a?

HOl 3HAYEeHHSA BUpPasy
4YeHHA d.
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14. TOTOXHI NepeTBOPEHHSA paLlioHanbHUX BUpPa3is

s 3a a+b 54a 3a a+b 54a
FoRoRaqun: o e T e fia® - 520 B @ atha)
.8 ("9 8 97 8a-9_ 8@=8_g

a-3 3-a a-3 a-3 a-3 a-3
OTmxe, IPU BCiX AONYCTUMKX 3HAUYEHHSAX @ 3HAYEHHS JAaHOTO BHU-
pasy nopiBHIOE 3.

NPUKNAZ | i : (a—7+a'_7)'3a-1 o
A 3 Nosexits ToToxHICTS SR i) S e

Posé’sazannsa. Y nboMy BUIIAAKY JAJIS IIEPETBOPEHHS JIIBOI YACTUHU
JaHOl PIBHOCTI ZOILLJILHO PO3KPUTH AYKKH, 3aCTOCOBYIOUM PO3MIOLLIb-
HY BJIACTUBICTh MHOYKEHHSA:

(a—7 +a—7). 8o -1 . a=T 8a-1 CocT a1

3a-1 a+1 a2—7a_3a—1 al-Ta a+1 a2-—7a_
A
X
E/l 3a~-1' ‘a+l48a-1_ 4da . _ 4
a a(a+1) a(a+1) a@+1) a+1’

ToToKHICTH TOBEHIEHO.

NMPUKNAL 4 Cupocrits Bupas

Po36’s3anns. 3anucaBIIA TaHUMA BUPa3 Y BUTJIAA] YaCTKHA YUCEJIb-
HAKA 1 3HaMEeHHUKAa, OTPUMYEMO:

Lobegd
g blle =(l 1 l)(i ¥ i l)=bc+ac+ab,c+a+b=
1 NS a b cl/ \ab be ac abe " abe
__+__._ i
ab be ac
=bc+ac+ab. abce =bc+ac+ab

abe c+a+b c+ra+b

3alaHu BUpa3 MOYKHAa CIIPOCTUTH IHIIAM CIIOCODOM, BHKOPHUCTO-
BYIOUM OCHOBHY BJIACTHBiCTE Apo0y, a came IMOMHOMKUTH MOr0 YMCEIb-
HHUK i 3HAMEeHHUK Ha ojHO4YJeH abc:

l+l+l (l.+l+l)abc l-abc+l-abc+l-abc
gilipriler o S \gl L. hrve g b c £
RN Hn T (L X L) S 1, L
ab+bc+ac ab+bc+ac abe = abc+bc abc+dc abce
=bc+ac+ab

ct+a+b

Bionosiow: betactab !
c+a+b
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§ 3. PauioHanbHi BUpasn

14.1." Buxkonauire mii:
1) N et IR
a®-2¢+1 3a-3 a-2’
b2 + 3b (b—3 b+3)

2 . +
)b3+9b 548 '5—38

’

( 1 = | ) Y
at ~4ab+4p% | A —a?l ot —4b* "

4)( a-8 R ) a-20 .

a?-10a+25 a®>-25/ (a-5)%’

5 2x +1 x-2 V. .x*+6

) | =2 =) s R
x“+6x+9 x“+3x/ x°-9x

14.2." Bukonaire nii:

b+4 b?-16 2 ( 2a -3
| s — .
)b2—6b+9 bS8 b4 3)

2) o 1 1 }
22—y |2 +2xy+y® PP -2° .
14.3." CuopocriTe Bupas:

15 7T—-x
1 ( —x—7)- >
) x-17 x% —16x + 64
Bhiv2r e ab 2
2) |[=+=+= :
)(a b bz) a’?-b> b-a

3 1 [ R _a’+1), d*+a .
a-1 a+1 l—a2 .(a—l)z’

4) x+ay x-2y ° 16y2 R e
x-2y x+2y x*-4y%| x+2y’

3a-8 1  4a-28) a®-4
5 ( 5 = ) . :
) a®-2a+4 a+2 4®>+8 4
14.4." CopocriTs BuUpas:

x2+14x+49_( 13

1 5
) x+6 x+6

—x+6%

2c-9). c*+3c , 24

2 ( = ): it
) \e c+8/ ¢c%2-64 ¢

3)( 36 _x-3_3+x), 6
x2 -9 x+8 8-=x

gy’

— 3 2—
4) 22y 1 +9g+6+ L ST (8 4.
y°+2y+4 y>’-8 y-2 18
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14. TOTOXHI NepeTBopeHHs pauioHanbHVX BUPa3is

14.5." [loBeiTh TOTOKHICTE:
b b 2b a-b
1 -t ) : = -
) at-p> 20-2a] a2 -p> 4
8a a-2)\.a+2 2
- : + ==1
4-a%> a+ 2) a a-2
2
( 32+2 1 ).(c 6)+3c st
36-c° c¢“-12c+36 2 c+6
14.6." [ToBexiTh TOTOXKHICTH:
1)( DU R s gt o ' ).az—bz= 47
a’>-ab a-b b*-ab) 4ab a+bd’
- b)2 a a 3a+b
g) (@ . £ + =
) a (@=b) B a? ) a+b
14.7." Yu zasie:XuTh 3HAYEHHS BUPA3y BijJ 3HAYEeHHS 3MiHHOI, sSKa

BXOAHUTHL NO HBOTO:
1)(a+3 1 ),3a+3,

2)

3)

-1 @d*+al a’-a’
2)( 1 ) Ta 2 o
a’?-49 Tang a’ +14a + 49 o

14.8." Nosexits, 110 3HAYEHHS BUPaA3y HE 3aJIEKUTH BiJl 3HAYEHHS
3MiHHOI, KA BXOAUTH 0 HHOT'O:
3x® - 217 .(6x+1 f 6x—1),
4x2+2 \x-8 x+3
2) 3 _8a3—18a.( 2a Ao )
2a-3 44*+9 \4a®-12a+9 4a®*-9
14.9." CpocriTs Bupas:

a
a_
1) —atl; gyl Lied oy
R )
a+1 Sl
a+l
a_6aa—9 2ab—b+1 3_%
2) ——2&—; 4 + :
) ] )2a+b_1 3a
B b b
14,10, CopocriTs Bupas:
i 1
1) 4+2 4 . ) e
) a _a-=b )1_ 1
a+b a 1- 1
a+1
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§ 3. PauioHanbHi Bupa3u

14.11." CopocTtiTs BHpas:
2 2
a a-b 1 a+b b-a 6a
+ -=: - + -
D(bs—abz b’ b) (b—a a+b az—bz)

2) @42 %—a 4nf r2a] ( 1 )2 8a.1 .
4a® "\1-2a

Uda* o 1—84° 2a° +a = —2a2+a’
2a°b + 2ab® Ta+b . a-b
3) (a% -b?)- . + =
) (¢ ) (7a3+a2b+7ab2+b3 a®-b® a’+ 2)

14.12." CupocriTs BUpas:
1 (18y2+3y__ 3y +1 )_(1_3y—1 Qi 5-6y)_

27 -1 9y +3y+1 y 3y-1)

(a + b)? (@a=b>Y a®=p’

2) | 3+—=|:| 3+ . .
)( (a—b)2) ( (a+b)2) a® + b’

14.13." loBeAiTh TOTOMKHICTH:

16 4 L AR | 1 - B s L
% (a—z)“'((a;—z)2 a2—4+(a+2)2) (a - 2)* L

2)a+11_(a+5+ a+17 ),(a+3)2=1,
a+9 \a®-81 a®-18a+81) \a-9 :

2 _ 2_4a2b—4ab2).( @ -V LRh R 2gh )_ —b)?
3) (a b a+b ‘\a+b b-a a%-p? Ll

14.14." oBeniTs, 0 IIPH BCiX AONYCTUMUX 3HAYEHHAX 3MiHHOI BUpas3
b2 +9 (b+3)2.( 1 6 3

) Haﬁynae AONaTHUX 3Ha-

+ 3
3> -b® \b-3 b-3 9-b> b*+3b
YeHb.
14.15."° IligcraBTe 3aMicTh X JaHWU BHPaA3 i BUKOHAWTE CIPOIIEHHS:
x—a ab
) x = ;
1) =% SAKIIO 5
- bx a->b
2) .2 , AKIIO X = 3
) b+ ax - a+b’
bx ab
Ay S , AKIIO X = .
) a+x b-x = a-b

14.16.” CopocTtiTs BUpas:

1) 1 +6a—4—a2_ 2-a .a3+4a2+8a+8.
2-a a® -8 a®+2a+4) 4-4a+a’-a*’

gy [ X-2 y 2yt 2y* :
) 3 3+ 8 -2 2 i 28 2+ 3 2 2 3
x +y X xX'y+xy X —Xy XX Yty +Y
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14. TOTOXHI NepeTBOpPeHHs paLioHanbHUX BUpasis

-

S
-]

3)

¢ .(1_b2+c2—a2):b—a—c.

A 2bc abe

4

a

1

a b-c

14.17.” [oBexniTs, 110 3HAYE€HHA BUpAa3y € JOAATHUM IIpH BCiX Aomyc-
THMUX 3HAYEHHAX 3MiHHUX:

2 S 1 : R |
1 : -(—+—)+ -(—+—);
)(a+b)3 a b/ a®+b®+2ab \a® b?
2)(a2 +g):( a l+3):(a—2b)2+8ab.

3 L
4b° a 2 b a 4JrZ?a
14.18.” Cupocrits BUpas
3(x+2) L ol 5o | Vi 8 U e SR T L
2 +x?+x+1) 2@ -x+x-1)) | x2+1 2(x+1) 2(x-1)/
3
(balsﬂ)(bfl'l)
14.19.” IToBexitTh TOTOXHICTH 2( et )2 5 =ik
. LG | . T |
e e

14.20.” CopocriTe Bupas
1 Han 1 3 P | 6 (1 1)
=+ |+ =+ |+ —+=].
(a +b)? (a3 b3) (a+b)“(a2 bz) (@a+b)?’\a b

14.21." CopocriTh BUpas

1 .(L_L)J,_Z_(L_L)J,_Z_(_l___l_)
@+b)> \Vat vt (@a+b)t\a® B @+u)>\a?® B2}

14.22." Yncna a, bicraki, moa+b+c=17, 1oyt o =0,17.
a+b b+c c+a
Ay b c
3HaUiTh 3HAUEHHS BUPAa3 - )
A Rasy b+ec c+a a+bd
14.23." Yncna a, bic raki, mo LA b e () Hoseaits, 110

b-¢ c¢c—a a-b
a b e
ks + =
b-¢ (c-a)? (a-b)’

14.24." Buaiigite cymy +
1+ 2+
1+ 3+
3+ —mm—— 4+
4+

+
I
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PisHOoCcUNbHI piBHAHHA. PiBHAHHA-HaCNIQOK.
PauioHanbHi piBHAHHA

Hexait sagano ¢pyskuii y = f (x) i y = g (x) Ta mocraBneHo 3agaqy
3HAWTH MHOJKUHY 3HAYEHb apryMeHTy X, IPH AKUX 3HAa4YeHHA QPYHK-
uiit f i g piBHi. ¥ TakoMy BHOAAKY KaXyTh, II0 Tpeba po3B’s3aTH
piBEAHHA [ (x) = g (x).

Ospauennsa O6nactio BU3BHAYeHHA PiBHAHHAS (x) =g (x)
HAa3WBAXOTh MHOKMHY 3HAYEHb 3MIHHOI X, IPH SAKMX MalTh 3MicT
00M/IBi YACTHHHM PiBHAHHA.

3 O3HAYEHHS BUILIUBAE, 110 001aCTIO BU3HAYEHHSA PiBHAHHA [ (x) =
= g (x) € maoxuHa D (f) N D (8).

PosriisseMo KibKa TPUKJIAAIB:
* obsacTioO BU3HAYEHHSA JIHIAHOIO piBHAHHA, TOOTO PiBHAHHA BUAY

ax = b, € MHOKHHA BCiX YuceJ;
2

X x“ -4
* o0nacTiO BUBHAUYEHHS PiBHAHHSA = 0 ¢ mEOXUHA {x | x # —2};
= ; x+3
obsacTiO BUBHAYEHHS DiBHAHHA I—— =0 e muOxMHa {x | x < 0}.
X =%
HesBajkaouu Ha Te IO PIBHAHHA X° = —2 He Ma€ KOPEeHiB, Horo

00JIaCTIO BUBHAYEHHA € MHOKUHA BCiX YHCEJI.

Hns Toro mio06 3HayeHHs 3MiHHOI x OyJ0 KOpeHeM pPiBHAHHSA
f (x) = g (x), HeoOxigHo BuKOoHaHHA YMOBH X € D (f) N D (g). Lleit
daxr ixocrpye piarpama Eitnepa (puc. 15.1). Hanpukinazg, Bu IOKHu
1[0 He BMIETe PO3B’A3YBATH PiBHAHHSA 4x% +12x + % + % =47. Ilpo-
Te B CMLJIMBO MOXKeTe CTBEp/»KyBaTH, 1m0 4yucio 0 He € 10ro KopeHeM.

PoarisiHeMo fBa piBHAHHA: x° =41 | x| = 2.

OueBHUHO, IO KOXKHE 3 HUX Ma€ OAHI ¥ Ti cami Kopeni: —2 i 2.

¥ Takux BUIIaJAKaX KaXyTh, 10 PIBHAHHSA
x*=41i|x|= 2 piBHocHaBHi.

Obnacrn

BHAHAYCHHSA ; 1
piBHAHAA Osmavenusn Pipnamma f, (x) = g, (x) i
//\ f, (x) = g, (x) HasuBaOTH PiBHOCHUJI b H H-
Mt M M, AKII0 MHOKHMHHM 1X KOpPEeHiB piBHi.

KOpeHiB

e avonys 3 O3HaYeHHSA BHUILJIUBAE, 110 KOJH OTPioO-
‘\ 1 5 10 A 3

HO JIOBECTH PiBHOCHJIBHICTH IBOX PiBHAHB, TO
Tpeba JoBecTH, 10 KOXKHUNA KOPiHb IIEePIIOro
Puc. 15.1 PiBHAHHS € KOPEHeM JIPyroro piBHAHHSA, i HaB-
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15. PiBHOCUNbHI PIBHAHHA. PIBHAHHA-HACNIQOK. PauioHanbHi piBHAHHA

MaKu, KOMKHUNH KOPiHL APYroro piBHAHHA € KOpPEeHeM Iepluoro pis-
HSHHS.
Hasenemo npukigaay map piBHOCUJIBHUX DiBHAHB:
-l—x =01 2x= 03
2
2x =4i4x — 8 = 0;
X=1i(x-1)(x+1)=0;
x—1=0i(x*+1)(x-1)=0;
x-1D)'"=0i(x-1)""=0.

MHOKUHA KOPeHiB KOKHOro 3 piBHAHB x° = —51i| x | = -3 € mo-
POXKHBOIO, TOOTO MHOKMHH KOpeHiB IuX piBHAHL piBHi. OTiKe, 3a
O3HAYEHHSAM Il PIBHAHHSA € PIBHOCUJIbBHUMHM.

PosB’si3youn piBHAHHS, BaXKJIMBO 3HATH, 32 AOINOMOTOI SAKHUX
IIEPEeTBOPEHb MOYKHA 3aMiHUTU JaHe PIiBHAHHSA Ha PiBHOCHJILHE.

Teopema 15.1. Axuyo 0o 060x wacmun 0anozo pienanns dodamu
(abo 6id o6ox wacmun éidnamu) o0He Il me came YUCLO, MO OMPU-
MAEMO PiI6HAHHA, DIGHOCUNLbHE OAHOMY.

Iogedennsn. JloBengeMmo, 1110 PiBHAHHS

f(x)=g(x) (1)

f(x)+c=g(x)+ c(c — npesike 4UCJIO) (2)
PiBHOCHJIBHI.

Hexaii nesske uncio a € kopenem piBHAHHA (1). Toxai cipaBmpxyeTsh-
cs uncJioBa piBHicTh f (a) = g (a). Orxe, npaBUJIbHOIO Oyje i Taka
yucJioBa piBHicTh: [ (a) + ¢ = g (a) + c. Ile o3Hauvae, 1m0 YHUCIO @
€ KxopeHeM piBHAHHA (2). Takum YMHOM, KOXKHUN KOPiHb piBHAHHA (1)
€ KopeHeM piBHAHHA (2).

3a AOMOMOIOK AHAJOTIYHUX MIpKyBaHb MOYKHA MOKasaTH, II0
KOXKHUM KOpiHb piBHAHHA (2) € KopeHeM piBHAHHA (1).

Omake, piBaauuda (1) i (2) piBHocunbHi. A

Teopema 15.2. Axwo axuili-nebydv dodarnokx nepenecmu 3 0OHIEL
YaACMUHU PI6HAHHA 6 0pY2Y, 3MIHUGUWLL NPU YbOMY U020 3HAK HA
NPOMUNEeHCHUL, MO OMPUMAEMO PIE6HAHHA, DIBHOCULbHE danoMmy.

Teopema 15.3. Axwo obudei wacmuHu Pi6HAHHA NOMHONCUMU
(nodinumu) na odne U me came 6i0MiHHe 6i0 HYAA HUCNLO, MO
OMPUMAEMO PI6HAHHA, DIEHOCULbHE OaHOMY.

IoBenenus Teopem 15.2 i 15.3 ananoriuni goBegeHHIO TeopeMu 15.1.
IIpoBeniTs nOBeAeHHSA CaAaMOCTiHHO.
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§ 3. PaujioHanbHi BUpasu

3ayBaeHHs. 3 Teopemu 15.1 He BUnIuBae, 1o Koau 10 060x
YACTUH PIiBHAHHSA AOAATH BUpa3 31 3MiHHOIO, TO AiCTaHEMO PiBHAHH,
piBHOCHMJIBHE JaHOMY.
. . 1| 1
Tak, AKIIO A0 000X YACTUH PiBHAHHA Tl +x2=25+ T JIO-
e S

1 g ;

5 , TO OTPUMAEMO PiBHAHHSA x? = 25, sKe He PiBHOCHJIb-
-x

HE 3a/IaHOMY.

matu apid

Osmawennsd fJrxmo MHOKHHA KopeHIiB piBHaHHA f, (x) = g, (x)
MICTHTh MHOKMHY KOpeHiB piBusamus f, (x) = g, (x), To piBEAHHA
[, (x) = g, (x) HasuBaroTh HacaifKOM piBHaHHA [, (x) = g, (x).
Hanpuknaz, piBHAHEA X~ = 25 € HACHiAKOM PiBHAHHSA
1 2 1
+x“ =25+ 2
x—-5 x—-5

Ha pucysky 15.2 o3HaueHHSA PiBHAHHA-HACIIAKY IIPOLIIOCTPOBAHO
3a gornomorow agiarpamu Eitnepa.

Ti kopeHi pPiBHAHHA-HACHIIKY, AKiI HEe € KOPEHAMHM 3aJaHOTO pPiB-
HAHHSA, HA3WBAIOTh CTOPOHHIMH KOPEHAMM JJIs 3aJaHOr0 PiBHAHHSA.

Hanpukiaan, piBHAHHSA (x - —:12—) (x+2)=0 € HaciaigkoM piBHAHHSA
2x — 1 = 0. PiBHAHHA-HACHIZJOK Mae JBa KOpeHi: x, = %, Xo = =y

a 3aJlaHe PiBHAHHA Ma€ OAUH KOPiHb X = é— Y npoMy BUIIQIKY KOPiHb

X = —2 € CTOPOHHIM KOpeHeM AJis 3agaHoro piBHaHHA 2x — 1 = 0.

OcCKiNnbKHM MOPOKHA MHOXKHHA € NIAMHOMXKHUHOIO OyIb-AKOI MHOMKHU-
HU, TO, HAIPUKJIAM, HACTIAKOM piBHAHHA x° = —5 € OyAb-AKe PiBHAH-
HA 3 OHi€I0 3MIHHOIO X.

3ayBayKHMO, IO KOJIM JABA PiBHAHHA PiBHOCHUJIbHI, TO KOXKHE 3 HUX
MOKHA BBaXKaTH HACJIIKOM iHIIOTO.

Po3B’a3youu piBHAHHA, Tpeba HaMaraTucs nodyayBaTH JAHIIOMKOK
PiBHOCUJIBHUX PiBHAHB, HI00 ypeluITi-pelIT OTpUMAaTH PiBHAHHA, AKe
PiBHOCUJIBHE JAaHOMY 1 KOpeHl1 SAKOro
Jerko 3HauTu. Hanpukiaazn, Tak BU po-
Ouu, po3B’A3yIOUYM PiBHAHHA 3 BIpPAB
1.3=1.0;

IIpoTe siKIIO iz Yac po3B’A3yBaHHA
PiBHAHHA PiBHOCHJIbHICTHL He OyJio 1o-
TPUMAHO i MepelieHo0 A0 PiBHAHHSA-HA-
CHiAKY, TO OTPUMAaHI OPHA IBOMY CTO-
POHHI KOpEeHi MOYKHAa BIAKMHYTH 34 JO-
Pirto. 16.9 IIOMOT'0X0 IE€pPeBipKHU.

2ps

Muoxuna ropenis
plaHgHEA-RACHIARY

MroxxuHa
KOpeHis
PiBHAHHA




15. PiBHOCUNbHI PIBHAHHSA. PIBHAHHA-HacNiAoK. PaLioHanbHI pIBHAHHS

x* -4
x+2
1Apo6y A0 HYJIsS, OTPEMAEMO PiBHAHHA x> — 4 = 0, KOPEHAMHU SAKOI'O
e yucya —2 i 2. Ilpore yncao —2 He HaJIE)KUTh 00JI1aCTi BU3HAYEHHSA
JIJAaHOTO PiBHSIHHSA, a YHMCJIO 2 3aJ0BOJIbHSAE 3aJlaHe PIBHSAHHA 1 € HOro
€IUHUM KOpPEeHeM.

Po3B’siokeM0 DiBHAHHSA =0. IIpupiBHABIIN YHUCEJIBHUK

2

+2
Hacaigky x> — 4 = 0, xopeHi gKoro 6ys0 nepeBipeHo.
ITpu po3B’s3yBaHHI PIBHAHHSA Ba)XJIMBO PO3YMiTH, HA AKOMY eTa-

i 6yJI0 MOPYIIeHO PIBHOCHJIBHICTSG 1 IO CIPUYMUHUIIO 1€ NOPYIIeHH .

x?-4

+2
0yJI0 po3IIKpPeHo 00JIaCTh BUBHAYEHHSA JAHOTO PiBHAHHA, TOOTO came
3HATTA 00MEXKEeHHsA X # —2 ¥ IIPU3BEJIO A0 IIOABU CTOPOHHLOI'O KOpe-
HA X = —2.

3a3HAYMMO, [0 PO3IIMPEHHs o0JacTi BUBHAUEHHS DIBHSHHA He

3aBXKJM IIPUBBOAUTH JI0 OABU CTOPOHHIX KopeHiB. Hanmpuknax, ne-
2

Po3r’a3youn piBHAHHA = (0, My mepedIiu O PiBHAHHS-

Tak, mpu nepexo/i BiJi piBHAHHA = 0 gmo piBHAHHA x° —4 =0

=0 pmo piBHAHHA x° — 4 = 0 € PiBHOCHJIB-

pexina Bl PIBHAHHSA

HUM, XO4Ya IIPU IbOMY PO3MIMPIOETHCA 00JIaCTH BUSHAYEHHA JAaHOI'O
PiBHAHHSA.

e | s el .
Po3rnanyri piBHAHHA =0 = (0 € piBHAHHAMU BUIY
; x+2 x+1
(x) 0 :
—= =0, pe f (x)1 g (x) — MHOro4JeHHU.
o f(®)ig @)

Bu 3naere, mo 0pi6 dopienioe Hyaio modi it miibku modi, Koau
YUCeNbHUK OOPIBHIOE HYNIO, @ 3HAMEHHUK I0MIHHUL 6i0 HYyas. Tomy
PO3B’A3yBaHHA PiBHAHHA BKA3aHOT'O BUY 3BOJAUTHLCA N0 PO3B’ A3yBaHHHA
piBasHHA [ (x) = 0 i nepeBipku ymoBu g (x) # 0. Inmmumu ciroBamu,
I(x)
g (x)
{x|f(x)=0}i{x]|g (x)# 0}. ¥ Takux BHDagKax KakyTh, 1[0 PiB-

f (=) f(x) =0,
g (x) g(x)#0.

MHOKMHA KOPEHIiB PiBHAHHSA = (0 [OpPiBHIOE MEPETUHY MHOKUH

HAHHSA = (0 piBHOCHJIBHE cHUCTEMi {

2

: -4 4 s
Hanpuxnan, piBHAHHA = (0 piBHOCHJIBHE CHUCTEMI

x2-4=0,
x+2#0.
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§ 3. PaujioHanbHi BMpa3u

Jlerko BCTaHOBUTH, 1110 PO3B’A3KOM Iii€l cucreMu € yuco 2. OcKiae-
KM CUCTeMa PiBHOCHJIbHA DIBHAHHIO, TO 0e3 Oyab-IKUX IepeBipok
MOXXHA CTBEPAKYBATH, IO YUCIO 2 — E€JUHUN KOPiHb JAHOTO piB-
HAHHSA.

Oaunavenun PiBEAHHA, JiBa i NIpaBa YaCTHHH AKOTO0 € PALiOHAB-
HMMH BHpPa3aMH, HA3MBAIOTh PANiOHAJbHHU M.

HAx Bimomo, OyAb-AKWI pamiOHAJIBHUN BUPa3 MOKHA ITOJATH V BU-
raapi apoby. Tomy Oyab-sike palioHaJbHE PIBHAHHS MOKHA 3BECTH

0 PiBHAHHSA BUAY i—((% =0, ge f (x) i g (x) — MHOroO4YJIEeHH.

NPUKNAAL 1 Poss’sxiTe piBEHAHHESA
3x+5 + 1 L
6x+3 4x2-1 22¢-1"
Posze’azanns. Maemo:
3x+5 1 L% i,
32x+1) (2Cx-1)2x+1) 2x-1
4x — 2 -0
32x-1)(2x+1)
OrpuMaHe piBHAHHS PIBHOCWJILHE CHCTEMi
4x -2 =0,
%.#.0,b;
x #-0,5.

3Bigcu
2=10,b,
x #£0,8,
x # -0,5.

Orixe, naHe piBHAHHS He Ma€ KOPEHiB.
Bidnogidv: KOpeHiB HeMae.

NMPUKNIALA 2 Poss’sxkiTh piBHAHHES
2x° —4x-16 _
x—-4
Po3zé’a3annsa. 3anniieMo JIiBy YaCTUHY PiBHAHHSA V BUIVISAL Apo0y:
2¢° -dx-16-2"+4x _ g
x -4 {

x=0.

3Bincu
2
x“ -16
=0
x—4
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15. PiBHOCUNBHI PIBHAHHSA. PIBHAHHA-HacNiAoK. PauioHanbHi PiIBHAHHA

Ile piBHaHﬁa PiBHOCHJIbHE CHCTEMi
x*-16 =0,
{x -4 #0.
Orxe,
x =4 abo x = -4,
{x # 4;

= —4,
Bidnosgiov: —4.

MPUKNAJL 3 TypucT npomius Ha YOBHI 3 KM 3a Tedieio piuku i 2 KM
npotu Teuii 3a 30 xB. 3HANAITL, MBHUAKICTH YOBHA B CTOAYiIH BOXI,
SAKINO INBUAKICTH Tedil OpiBHIOE 2 KM/TOJ.

Poszé’azanns. Hexaii mIBUAKICTS YOBHA B CTOAYIN BOJL JIOPiBHIOE
x Kkm/roa. Toxi #oro mBUAKiICTE 3a Teuieio piukm gopiBHIOE (x + 2)
KM/ToJ, a nmpotu Tedii — (x — 2) km/rox. Typucr nponaus 3 KM 3a

Te4Yi€io 3a

rof, a 2 KM INPOTH Tedil — 3a roj. Ockinbku

2
x—-2
3 2
+
x+2 x-2

", AR | T
BeCh nuIAX OyJio mpoiigeno 3a 30 xB = 3 rojx, TO 5
Po3B’siokeMo oTpUMaHe PiBHAHHA:
3 2
+
x+2 x-2

x = 0 abo x = 10,
Kopiap x = 0 He 3amoBoNbHAE 3MicTy 3amadi. OTike, MIBUAKICTH
YOBHA B CTOSA4i# Bozxi mopiBHIoe 10 KM /roj.
Bidnosios: 10 xm/ropx.
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§ 3. PaujioHanbHi Bupa3u

. g

2.
3.

4.
5.

6.

e

IIlo masuBaOTEL 06J1aCTIO BU3HAYEHHSA PiBHAHHA [ (x) = g (x)?
Axi nBa piBHAHHS HA3WBAIOTH PiBHOCUJILHUMU?

3a ZOMOMOro0 AKHUX IEPEeTBOPEHbL [JaHOTO0 PIiBHAHHS MOXKHA
OTPUMATHU PiBHAHHS, PiIBHOCUIBHE JAaHOMY?

AKe piBHAHHA HA3UBAIOTh HACJIIIKOM AaHOro?

Aki KopeHi Ha3WBAIOTHL CTOPOHHIMM KOPEHAMUY JaHOrO pPiB-
HAHHA?

OnuuriTe, AK po3B’A3YIOTH PiBHAHHA BHUAY L) 0, me f (x)
i g (x) — mBOrOYJIEHH. g (x)

fke piBHAHHSA HA3WBAIOTHh PAIliOHAJIBHUAM?

15.1." Y4 € piBHOCUMJIBHUMU PiBHAHHA:

1)
2)

3)
4)

5)

6)
7
8)
9)

x+2=101 3x = 24;
-2x=-6izx=1

x—95=0ix(x—-95)=0;
Bx-12)(x+2)=01i(0,4 - 0,1x) (7x + 14) = 0;

6 L0t = =4
X

x2 +1
T
- i o |
xX*=1i|x|=1;

100 — 1§ 1000 _ .

X .
—=1ix=x;
x

x+1=1+2x1

10) x*+2x+1=0ix+1=0;
1) (x+1)(x*+1)=0ix+1=0;

x2~1_ LN R RIRA
12) x+1—0 1x-=1=10;
ek

13)

=0ix*-9=0?
x+2

15.2.° Yu € piBHOCUJIBLHUMH PiBHAHHA:
1)x+6=10i2x-1~=T;

2)

XX=xix=1;

3) (x—%)(2x+1)=0 idx?—1=0;

4)

9)

X+1=0i3_=0
=7

x+1 R Rl - &
= g ) £
B+l x2+1 :
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15. PiBHOCUNbHI PIBHAHHA. PIBHAHHA-Hacnigok. PauioHanbHi piBHAHHA

6)x_2—012x +8=0;
NHx*+4x+4=01i xitd =0

R |

2
g) X _39=Oix+3=0;

x—
9) o 1 =0"1 2 _1 =107
15.3.° CkianiTh piBHAHHA, AKe PiBHOCUJIBHE JAHOMY:
1) 2x - 3=4; Br+6=x-2 5 I-1
2) | x|=1; 4) 5—1 = 0;

15.4.° O6r'pyHTyiiTe piBHOCHJIleCTL PiBHSAHB:
1)4x-8=x+3i4x—x=8 + 3;
2)x*-1=38ix*+5=09;

g) 2= 5-%:1 O T R DpsBs

4)(2x+1)(x2+1)=3(x2+1)i2x+1=3.
15.5." Yu Oyzne piBHAHHA, OTPUMAaHE B Pe3yJIbTATi BKA3aHOTO Iepe-
TBOPEHHS, PIBHOCUJIBLHUM HAaHOMY:
1) y piBasanHi 3 (2x — 1) — 5 (4x + 2) = 1 pO3KpUTH AY>KKH 1 3Bec-
TH MOAIOHI NOJAHKU;
1 1

3aMi-

] _1 —
o7 e 0 S et e

2) v piBHAHHI x” +

HUTH Ha HYJIb;
2
- +3x -5 =0 cxkoporuru apiod;

3) v piBHAHHI x

4) o6uABI YaCTUHM PIBHAHHA X° = X IOALIUTH HA X;

5) obuaBi uacturyu piBEAHHA (x + 1) (x* + 4) = x* + 4 moxinuTH
Ha x° + 4;

6) oOuABi YaCTHHU PIBHAHHSA x?z = 2 IOMHOXXHUTH Ha X;

7) o6buasi yacTuHu piBHAHHA 2x + 1 = 5 noMHOXUTH Ha X + 17
15.6.° fIxe 3 1BOX PiBHAHB € HACIIAKOM APYIroro:

2
Dat=xix=1; ByLE L 186 il 56
x-6 x-6
XL g Gial o A R S AL SR
Z)x 1i0x=0; 6) x 47 x s 4 i
3 3 2 x2—1 4 2
) x"=1ix"=1; 7) =0iilx: =1=07
x+1

4) |’ =t iet= 13
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§ 3. PaujoHanbHi Bupasu

15.7.° SIxe 3 ABOX PiBHAHB € HACHIIKOM APYroro:

2 2
1 E_ =gy 4 g : X i 64 T (3N 4;
)x 2 ¥ 3):c+8 x+81x b
2 : 2 1 .
+1=1 =1)=0; A e M =
2) x 1 b (x=1)=0; 4)x =75 9 x+31x 9?
15.8.° CxiaziTes mapy piBHOCUJIBHUX DiBHAHB, KOMKHE 3 AKUX:
1) mae oiuH KOpiHBb; 3) mae OesJriy KOpeHiB;
2) Mae aBa KOpPEeHi; 4) He Ma€ KOpEeHiB.

15.9." Ak morke amiEUTHCSH (POSIIMPUTUCHA UM 3BY3UTHUCH) MHOKHUHA
KOPEHiB 3a/1aHOT0 PiBHAHHA, AKIIO:
1) piBusanna (| x|+ 8) f(x) = 2 | x | + 6 saminuTn Ha piBHAHHSA

[ (x)=
2) piBHAHHA fz(—f)l =0 samiEWTH Ha piBHaAHHA [ (x) =
X :
3) piBHsHHA (x + 1) f (x) = x + 1 3amiauTH; Ha piBHAHHA [ (x) = 1;
4) piBHAHHA ! (er; g ix; daMiHuTH HaA piBHAHHA [ (x) = g (x);

5) piBasaHHA [ (x) = g (x) samisuTH Ha piBHAHHA (x + 1) f (x) =
=(x+1)g (x)?
15.10." PosB’axiTh piBHAHHSA:

5 2x
1) x2—4+x+2 2; 9)

2x-1_2x+1 L S
2x+1 2x-1 1-4x®’

2) 2 4 3 _30x+9, 6) /4 DURRIEL Serueb el 7= 1
6x+1 6x-1 36x2-1 x+2)(x-3) x-3° x+2?’
6x +14 7 6 2¢r -1 3x-1 _ 6x+64

3 + = AL - = + 4;

) x2-9 x2+3x x-3 ) x+4 4-x x*-16

4) 2y° +5+y+1 4 : 8) 22x—6 bl .;c-—3 Ry ;c—-l - 0.
1= oyl g+l x“-86 x°-6x x°+6x

15.11." Po3p’axKiTh piBHAHHA: .
—2. 5 x24T 2% -2, 6 _ x+2

1 X — = . 4 L i :

)x+1 =2 " gy ) ¥4 ox¥20 x=2

)3x+1_3x—1= @1 2 5) {4 4 bl vt dy,
3x—-1 38x+1 1-9x%’ 22 +2c x°-2¢ x°-4’

2
_1_= 5 ; 6) % —29x+50=x+1+x—5’
3 x x-2 x° -5x x-5 X

15.12.° Mo'ropHm‘fI YOBEH IPOILJIUB 8 KM 3a TEUi€l0 PiUYKM i IOBEPHYB-
cs Ha3aJ, BUTPATUBIIYM HA BeCh MIIAX 54 XB. 3HAUAITH IIBUAKICTH
Teuil, AKINO BJIACHA IIBUAKICTH YOBHA JOpPiBHIOE 18 KM/rof.

15.13." Temnoxix npoinioB 28 KM IpOTH Teuil piuKu i MOBEpHYBCH
Has3ajZl, BATPATHUBINIY Ha 3BOPOTHUM NLIAX HA 4 XB MeHIIe. SHAUAITH
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16. PauioHanbHi piBHAHHA 3 NapamMeTpaMu

IIBUAKICTH TEILIOXOJAa B CTOAYINM BOAlL, AKINO IIBUAKICTE Tedil
nopiBHIOE 1 KM/TOA.

15.14." 11106 manoBHUTH OaceiftH yepes ofAHY TpyOy, Tpeba B 1,5 pasa
Gisplme wacy, Hi’kK udepes ApPyry. SIKINO X BiIKPHUTH OJHOYACHO
0buBi TpybH, TO GaceitH HATOBHUTHCH 32 6 roj. 3a CKiNbKHA IOAUH
MOKHA HANOBHUATH OaceiiH yepe3 KOKHY TPyOy oKpeMo?

15.15." IIBa ekcKaBaTOpM BUKOIAJMA KOTJIOBaH 3a 8 rox. Ilepmmuit
€KCKaBaTOp MOJKe BHKOIIATH TaKHH KOTJIOBAH y 4 pasu mBuanie,
Hi)K ApPyruii. 3a CKJIBKM T'OAUH MOXKEe BUKONATH TAKUH KOTJIOBAH
KOYKHHUI eKCKaBaTop, IIPAIondu caMOCTiiHO?

15.16." Yosen npoitmos 6 kM nporu Teuii piuku i 12 KM 3a Teuiero,
BATPATHBINM HA& BeCh LLIAX 2 roj. 3HAWAITH HIBHAKICTH YOBHA
B CTOSIUiM BOJI, AKIIO HIBHAKICTH TeUil CTAHOBUTHL 3 KM/TOJ.

15.17." Po3B’sixkiTh piBHAHHSA:

{) R TERN a L x+25 |

) 2 2 R o 5
x“~-bx 2x°+10x 2x°-50

2) 20T 1 & 3 ’
x2-9 2x?>-12x+18 2x°+6x’

3) 94120 ) A 1

x®-64 x-4 x®+4x+16
15.18.” Po3s’skiTh piBHAHHA:

4y + 24 y+3 y—3

P H=0g e dh ’
S5y —-45 bHy° -15y y°“ +3y
1T AT ! A y+3

8y°+1 4y+2 8y -4y+2’

Wauiouanmi PiBHAHHA 3 NapameTpamMu

Posrasaaemo JiHiliHe piBEAHHEA ax = 1.
Axmo a = 0, To gaHe piBHAHHA KopeHiB He Mae. Akmo a # 0, To

- L d . 1
PIBHAHHS Ma€ €JUHUMU KOPIHb X = —.
a

Po3r’si3yioun 1e piBHAHHA, OyKBaM @ i X HaJaBaJId Pi3HOTrO 3Mic-
Ty: OYyKBa X BifirpasaJja poJjib HEBiIoMOro yucJya, a OykBa a — poJib
BioMOro uucia. ¥ TAKUX BHIIQAKAX KaXKyTh, IO a4 € HapaMeTpoM,
a caMe piBHAHHA HA3UBAIOTH PiBHAHHAM 3 MapaMeTpPOM.

ITifKpecauMo NOABIHHY IPUPOAY NapaMeTpa: 3 OZHOTO GOKY, MM
BBA’KAEMO napaMeTrp (hiKCOBAHMM YHCJIOM, 3 IHIIONO — IIe YHMCJIO
HeBizjome. CamMe me He JA03BOJIAE, PO3B’SA3YI0OYM PiBHAHHA ax = 1,
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§ 3. PauioHanbHi Bupasun

3 g 1 ; 3
IIPpoOCTO 3amuCaTé y BLANOBIABL X = —. Mn SMYIIIE€H1 POo3riaagaTH Bl

a
MoxxauBocTi: a =01ia #0.

Xoua TepMiH «IlapaMeTp» AJISA BaC HOBHM, IIPOTE BU BiyKe 3yCTPi-
yaJucsa 3 UM noHATTaAM. Hanpuknan, niHiHHAM DiBHAHHAM Ha3U-
BalOTh piBHAHHA BuUAy ax = b. Tyr a i b — napamerpu. Jliniiiny
dysKIi0 3anan0Ts hopmyno y = kx + b, ne ki b — mapamerpu.

BaMm Be pa3 ZoBOAMIOCH PO3B’SA3YBATH PiBHAHHSA 3 IIapaMeTpaMu
(Bamaui 1.12, 1.13, 10.32, 10.33). IIponec po3B’si3yBaHHS IIOJIATaB
y moOyZoBi ajlropuTmy, SIKMM JO3BOJIAB IJIsA OyAb-AKOTO0 3HAYEHHS
nmapaMeTpa 3HaXOAMUTH BiAIOBIIHY MHOKHUHY KOPEHIB.

2
NMPUKNAL 1 Poss’skiTh piBHAHHA x—:—c—?zl—z- =Xx-a.

Pozé’sazannsa. Maemo:
x* +ax-2-(x+2)(x—a) =0
x+2 ¢

x> +ax-2-x>+ax-2x+2a 0 2ax—2x+2a—2 -0
=0; =10
x+2 x+2

OrpumaHe piBHAHHSA PiBHOCHJIBHE CHCTEMi:

2ax -2x+2a-2=0, {x(a—l) =1-a,
{x # —2 X # —2.

Axmo a = 1, To maemo: Ox = 0, T06TO KOpeHeM PIBHAHHSA CHUCTe-
MH € Oyab-sake dmceyno. OcKinbKm x # —2, TO OpHU @ = 1 MHOMKHHOIO
KOpeHiB 3aaHOro piBHAHHA € {x | x # —2}.

Axmo a # 1, To oTpEMy€EMO:

g=lza {x=—1,

a-1’
x¢_2. x¢—2.

3Bigcu x = —1.
Bidnogidv: sakmo a = 1, To KopeHeM PiBHAHHA € Oy/b-fiKe YUCJIO,
Kpim —2; akmo a # 1, To x = —1.

NPUKNAL 2 Poss’sxiTh piBHAHHA 2 (xx+ 1)y :+i =D,
Po3zg’sazannsa. Maemo:
b(x+D)(x-D+x(b+1)-bx(x-1) L0
x(x-1) :
bx® —b+bx+x-bx’+bx _ g x(@+D)-b_,

x(x—-1) Z(x~1)
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16. PaujoHanbHi piBHAHHA 3 NapameTpamu

Ile piBHAHHSA PiBHOCUJIbEHE CHCTEMi
x(2b+1) =0,
{x (x-1)#0.
Axmo b = —?1)_‘-, TO PIBHAHHSA CUCTEMH, a OTKe, 1 3a/laHe PIBHAHHA
KOPEHiB He Mae.

Axmo b # —l, TO

2 b
ST
x(x-1)#0.

3HaligeMo Ti 3HaYeHHA napamMerpa b, Ipu AKUX 3HAYEHHS BUPAa3y

il nopisHIOE 0 abo 1.

2b+1
PiBHicTh T 0 BuKoHyeThbcs Tinbku npu b = 0, a piBHICTH
b .
=1 BMKOHYETBHCA TiJIbKM NIpu b = —1.
2b+1 Eh p
Orxe, npu b = 0 ab6o b = —1 uucio e He € KOpeHeM 3aJaHOro
PiBHAHHSA.
Bidnosgids: axkmo b = —%, abo b =0, abo b = —1, To piBHAHHA KOPEHiB
; 1 ; b
€; AK -—=,b#0ib#-1, = .
He Mae€; AKmo b # 5 0 TO X ]

1110 BiAnmOBiAL MOXKHA 3alMCaTH IIe ¥ TaK: AKMO b e {—%, 0, —1},

TO KOPeHiB HeMae, AKIIO b & {—%, 0, —1}, O X = Priey
NMPUKNAL 3 Tlpu AxuMX 3HAYEHHAX HNapaMeTpa @ PiBHAHHA
(x—a)(x+2)
x-=1
Pozé’azannsn. Tpeba 3HaWTH BCi 3HAUYEHHSA ITapaMeTpa @, IIpH AKUX
' MHOXHHA& KOPEHiB JAHOTO PiBHSHHA € OJHOEJIEMEHTHOIO.
Ilepexoaumo A0 PiBHOCHUJIBHOI CUCTEMH
(x-a)(x+2)=0,
{x -1#0.
x'=a,800 x:==2,
" Ak B oA
IIpn 6ynb-AkOoMy 3HA4YeHHI IlapaMeTpa a4 3ajjaHe PiBHAHHA Mae
Kopiap x = —2. [Insa Toro mob ueil KOpiHb 3aJMINaBCsA €IUHUM, IIO-
TpibHO, 11100 KOPiHE PIBHAHHA X = 4:
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§ 3. PauioHanbHi Bupasu

e abo AOpPiBHIOBAB TOMY CaMOMYy KOPEHIO, SKMil BiKe 3HaAWJEeHO,
e abo0 He 3aJI0BOJILHAB YMOBY X # 1. |
3Bizcu a = -2 abo a = 1.
Bidnogidv: a = —2 abo a = 1.

NMPUKNAL 4 Ilpu Axux 3HAYEHHSAX MapaMerpa /m PiBHAHHA
m(x—1)=0ix+ m®>+ m =1 e piBHoOCHABHAMEA?

Poze’sazannsa. Ilpu 6yab-sKkoMy 3HadYeHHI mapaMerpa m 4guciao 1
€ KOpeHeM Iepuioro piBHAHHA. 1A piBHOCHMIBLHOCTI PiBHAHL He0O-
xXigHO, mo6 uyucao 1 6yno xopesem i gpyroro piBHaaHA. [ligcTaBumo
1le 3Ha4YeHHsA 3MiHHOI 0 APYyroro piBHAHHS:

1+m+m?=1;
m(m+ 1) = 0;
m =0 abo m = —1.

Tenmep Mo)KHa 3pOOUTH BUCHOBOK: AKNIIO IIYKaHI 3HAYEHHS ITapa-
MeTpa m iCHYIOTBh, TO IX CJiJf IIYKaTH Cepejl eJeMEeHTIB MHOKHHU
{—1,<0%.

HAxmo m = —1, To 3anaHi piBHAHAA HabyBaoTh BUmAAY (—1) (x — 1) =
=0ix+1-1=1. IIi piBHIHHA € PiBHOCUJIbHUMU.

IIpu m = 0 maemo: 0 (x — 1) = 01i x = 1. OueBugHO, MO 1i piB-
HSAHHA He PiBHOCHUJIBLHI.

Bidnosidv: m = —1.

|

(ST AR
e 1.V yomy mondArae mojBiiHa npupona napamerpa?
2. IIpu BUBYEHHI AKUX MOHATH BU 3ycTpivanucs 3 nmapamerpamu?
3. Y YoMy monAra€ mpoiec po3B’sA3yBaHHS DiBHAHHS 3 mapamer-

pamu?

16.1." [Ins KOXKHOTrO 3HAYEHHS IapaMeTpa d po3B’syKiTh PDIBHAHHSA:

1) x—a=0; 3) a(x—l)zo; 5) x—2a:0;
x-1 x—-1 x+a
2) x+2 _ ; 4) a(x—a)=0; 6) a(x—4)=0.
xX—-a x—3 x'—a
16.2." IIna KOXXHOrO 3HAYeHHA napaMerpa b po3s’sKiTh pPiBHAHHA:
S DA x-8b _
) x—5_0’ #) PRy e
x+4 _ . G-Dx _
2) x-20 4) x+b &
16.3." [lns KOXKHOro 3HAUYEHHS HapaMeTpa @ po3B’siKiTh PIBHAHHA:
2
1) Z1-g 9) £za)_o 3 E-aE-D_,
xX—a x+2

x—-T7
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16. PauioHanbHi piBHAHHA 3 NapamMeTpamMmu

(x-4)(x+2) _ A DL (x-a)(x-2) _
o x—-a il x+4 =% &) x—-2a 79
x—-a 4 X:4a f o
) )(x—3a)(x+5)_0’

=0
(x-D(x+3)
16.4." Ins KOXKHOr0 3HAYEeHHA nmapamMerpa b pos3B’sKiTh piBHAHHSA:

-2)(x-3) x + 2b
1 - =03 3) ————=0;
) x+b )(x—b+1)x
b (x + 2b) (x — 3)
2 e =0; 4 = 0.
) (x+1)(x—-4) ) x—b
16.5.” JlJiga KOYKHOro 3HAUYEHHS ImapaMeTpa @ Po3B’sKiTh PiBHAHHA:
-2 3x +1 1 3
1) Z===a-1; 4 + =—;
)x—a ¢ )(x—l)(x+a) x+a x-1
ax—2 _ 1 a 3wl ade2a
2 g e 5) x+3 x+2 (*x+2(@x+3)’
Y 8L 3 _
3)a.:c2 3=a+2; )i Lwu'a x+10=4.
x“ -1 x-1 x-2 ((x+a)(x-2) x+a
16.6.” I KOXKHOTO 3HAYEHHsA napamMerpa b pos3B’sKiTh piBHAHHSA:
bx +3 1 1 2b — b* b
1 =b————; 3 + = :
)x+2 x-1 )x+1 x+1D)(x-20) 2b-x
bx® -2 1-x b>  3b*+b+39 9
2 =b+1+——; 4 -— = a
)x2—4 G x+2 )x+4 (x+4)(B-x) x-3

16.7.” Ilpu sAKuUX 3HAUEHHAX IapaMeTpa a PiBHAHHA Ma€ €IUHUMN
PO3B’SA30K:

Ll (AR (x-2)(x-a) _q.
1) == ) Sl
(x+1)(x-5) _ x-1D)(x+3) _ 4
2 x—-a e %) (x—a)(x+3a)—0’
(x—-a)(x+3a) _ A x? - a* Ly
%) 50 o (x+1)(x+2)"07

x—-3 2
16.8." Ilpn sKuX 3HAYEHHAX napamMerpa b pDiBHAHHSA Ma€ €JUHUA
PO3B’A30K:

(x+3)(x-8) _ (x-=2)(x+1) _ A
1} x+b =/0; 8) (x+b)(x-2b)"0’

(x + 2b) (x — 4b) _ (x +b) (x —5b) _ ’
4 x-2 i ‘ 4) (x—3)(x+5) Vil

16.9.” Ilpu sAKUX 3HAUYEHHAX MapaMeTpa ¢ JaHi PiBHAHHA € PiBHO-
CHUJIBHUMM:

) e R e oy EAERE) i 3 Sl

x—a x—2

103



§ 3. PaulioHanbHi Bupasu

(x-a)(x-3)

%) x—-2a

=0ix—-38=0;

g) Era&-49) _ ¢ ;o 44 = 0;
b s |

5) (x-a)(x—-2a+1) =Dl _x;a____o;
x-1 x -1
8lial - D x=g~1 1 2=t 1
x—a
N@-a)(x—1)=01i2ax + a* - 3a = 0;
8)a(x—1)=01iax + a*= 2a?
(6,10, 1lpn AkUX 3HaYeHHAX napamerpa b naHi piBHAHHA € pPiBHO-

CUJIBHUMM:
_4 A

| 3o =0 ix—4=0;

) x+b

(x-1D(x+d)

2) =0 12— 1~0;
x—-3
(x+b)(x-2b) _» . x+b o
8) x—3b ik x—-3b %
x—2 x -2

5> -4)(x+2)=0ibx + 2b=4 - b*?

m-C*renmb 3 WinuMm BiA'€EMHUM NOKa3HUKOM

Y Hayui Ta npakTHLi AJIsi KOPOTKOIO 3aIUCy 3HAYEeHb BEJHUYKUH
9acTO BUKOPHUCTOBYIOTH cTeniHb uucaa 10.

Hanpuknazn, Bigcradb Big 3emuti xo Iloasipoi 3opi mpubausHO
nopieHIOE 4 470 000 000 000 000 k™ ado 4,47+ 10" kM. Maca Conus
mopiBaoe 1 990 000 000 000 000 000 000 000 000 000 xr abGo
1,99-10% kr.

Ile Oynu mpuUKJaguM 3 MaxKpocCBiTy, TOOTO CBITY Ay’Ke BEIUKUX
¢isnurmnx BesmunH., HaBenemo npukaagu 3 MiKpocBiTy, TOOTO CBiTY
Ay2Ke MaJleHbKHUX (hi3BMYHUX BEeJIUYHUH.

Maca atoma I'igporeny nopiBHIOE

0,000000000000000000000000001661 xr.

Pagiyc aroma Oxcureny apopisaioe 0,0000000066 cm.

Haa 3anmucy IUX BeJUYMH TAK CaMO MOXKHA BUKOPHMCTOBYBATHU
creniep yucaa 10. Hanpuxnan: :
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17. CreniHb 3 WiNUM Bi'EMHUM NOKa3HWUKOM

0,000000000000000000000000001661 xr = 11’23} xr,

0,0000000066 cm = 19’0% oM.

pigmosigao 107%°

IIpore AKIIO JOMOBUTHCSA MO3HAYATH o7 i 75

i 107, To AiA POSIIAHYTHUX BEIHMYMH OTPUMAEMO «OJHOIIOBEPXOBY»

(dopmy s3anmcy: % =1,661-107, % =6,6-10"°.

2 1 5
AHaJIOriYHO MO’KHA JOMOBUTHCSH, [0, HAINDPHUKJIAJ, = =572,

55 =CV 5r =0T

Oznauennsn [aa Oyas-AKOro umesa a, sAKe He NOPIBHIOE HYJIIO,

inelN

3 03HAueHHs BHUILIMBAE, 110, HAOPUKIAL, 2° = = %,

-4

. 1 1 1 1 4 1

—-4)7% = =y =) = =16, (0,3)'=—-=

5% (-4)* 16 (2) (1)4 0. Tz
2

OTmKe, MOKHA NiITHOCUTH YUCJIO 0 OYyAb-AKOI'0 I[IJIOrO CTENeHsd,
KpiM HyJIs. 3aI0BHUMO I[I0 IPOTAJIIMHY.
Oszumavennn Jiua Oyap-AKOro 4ucjiaa a, AKe He JOPiBHIOE HYJIIO,

|5

a’ =1,

0
Hanpuknag, 5° = 1, (-17)° = 1, (—%) =1 n’=1.

3ayBaxeHnHsa. Bupas 0" upu uinux n, aki menmi abo KopiBHIO-
IOTh HYJIIO, HE Ma€ 3MicTy.

3 HaBeJleHMX O3HAY€Hb BHUILIMBAE, IO Ipu Oyas-axkomy a # 0
ine Zuucna a" i a " B3aemuO obepueHi. Tomy piBHiCTH

BUKOHYETHCSA IPHU OYAb-AKOMY LiJIOMY 7.

Hanpuxnan, npu n = —2 MaemMo a’ = 5
a
Y nmoBigkoBiit siTeparypi BH MOkeTe 3HAWTH TaKy iH(opmaiiiio:
«Maca Benepu gopiBHioe 4,9:10°' xr. Maca Mapca popiBHIOE
6,423 -10* kr. Ilnoma mosepxHi Micsansa ckaazae 3,8+107 xm®».
Hasepeni unciia 3anmMcaso B TAaK 3BAHOMY CTAHIAAPTHOMY BMIJISAII.

1
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§ 3. PauioHanbHi BUpasu

Ospmavenna CraggapTHHUM BHINISAOM YHCJIAa HA3WBAKOTh HOTO
3amuc .y Burasani nooyrey a-10", ne 1 <a <10in € Z.

Yuc1o n Ha3MBAIOTH NOPAAKOM YHCJIA, 3alIMCAHOIO B CTAHAAPTHO-
my Buraagi. Hanpukaazn, mopAaoK dyucia, sike Bupakae macy CoHIs
B Kinmorpamax, mopiBHioe 30, a MOpPAAOK 4Yucia, siKe BUpaXKae Macy
aroma I'izporeny B Kinorpamax, aAopiBHIoe —27.

¥V craHZapTHOMY BHIJIA[AI MOXKHa 3ammcaTtu Oyib-AKe HoJaTHE
gyucyio. Hanpukaaz, 171,25 = 1,7125-10% 0,00958 = 9,58-107%. Ha
MMPAKTUI[I CTAHZAPTHUMA BUIJISAJ YHUCJIa BUKOPHUCTOBYIOTH IJIA 3aIIUCY
BeJIMKUX 1 MaJeHbKUX uwuces. [Ipu nbOMy HDOPANOK YHCIA HAE YAB-
JIEHHS IIPO BEJIMYUHY YHCIA.

MPUKNAL 1 3maiigiTe 3HaueHHSA BUpAa3y:
-1
1) (;) ; 2) 1,2°% 3) 3215+ 67%8-/4,3

Pozs’szanns
-1
4 1 7
) 7 A5y

-1
VYaarami, akmo a # 01 b % 0, To (%) = %.

2) 1,22 = (.1:3)~2 o (ﬁ)'z B (§)2 25

-1

10 5 6/ 36
3) 3‘3-15+6‘2-8—4,3°=3l-15+55-8—1=
S RO TS
—5—7-15+—81991 2.

NPUKNAL 2 Ilogaiite Bupas (@ — b)° (a® — b'?) y Buraazni pamio-
HaJIBHOTO Apo0y.

Posé’szanna. (a-b)2(@?-b?) =

(a- b) (a‘ b*
L1t btegtl L D b—a)te)  bFa | ' Ubta
(a-b)? a?® (- a)* a’b? a’b*(b-a) a®-a*h*’

NMPUKNAL 3 Banumirs y cTaHZapTHOMY BHUIVISAAL YMCJIO:
1) 564 000 000; 2) 0,0036.
Poszé’szanna
1) 564 000 000 = 5,64-100 OOO 000 = 5, 64 10%.

9 -3
2) 0,0036 = 3,6-0,001 = 3,6 - 1000 =3,6+—=3,6-10
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17. CreniHb 3 WinuM Bifl'EMHUM NOKA3HUKOM

F

. YoMy mOpiBHIOE @ ", AKINO @ — OyIb-AKe YUCJIO, BiAMiHHE Bif
HyJad, i n € N?
2. YoMy nOpiBHIOE HYJLOBHUU CTENiHBL OYyAb-AKOIr0 BiAMiHHOI'O Bij
HyJasA aucaa?

. 3. IIIo HasMBaOTh CTAHAAPTHUM BUTJIAZOM Yyucaa?
! 4.V AKUX MerKax Mae 3HaXOAUTHCS YHCJIO a, o6 3anme a- 10",
! ne n € 7, 6yB cTaHZAPTHAM BUIVISAAOM 4ducja?
6 5. Ak HasuBaIOTHL YKUCJIO n y 3amuci a- 10" yucna B craHIaAPTHOMY
¢ BUTIAAL?

17.1.° fixomy 3 BUpasiB ZOPiBHIOE BUpa3 @ °:

1) —a’ 2) —5i 8) 5 45 0
17.2.° TlopaiiTe cTeniHp y BUTASAAL Apody:

1)3F; 3) a’’; 5)112°%; 7) (a:=b) 7%

2) 5°% 4) d® 6) m; 8) (2x — 3y)™.
17.3.° BaminiTs crenins gpobdom:

1) 1474 2) p-%% 3)(m+n)'; 4)(4c — bd)™.

17.4.° Tlogaiite npi6 y BUrAsAAl cTeneHs 3 MM Bif’€MHUM MOKAa3-
HUKOM a00 y BAIIAAL JOOYTKY CTENeHiB:

1 1 a (a + b)®
1) =3 8) =3 9) =3 Ty ——=;

T c b (c-ad)®
2) = 4y 22 6) o g) &=y’

x5’ nl’ TR x+y

17.5.° BaminiTe apib cTenmeHeM 3 I[iJIUM BiJi’€MHUM ITOKA3HUKOM abo
JOOYTKOM CTEeIeHiB:

1 1 x? m® 2x - y)°

1) —; 2) —; 3) —; 4) —; 5) ——=—,

) ;1 ) ) y ) 8 ) (x - 2y)°
o A ) BTN g o) | 1 1 1
17.6." Ilopaire unucina 1, 2, 4, 8, 16, 32, 64, 3’ 4’ 8’ 16’ 32° 84

V BHUIJISAL CTEeneHs 3 OCHOBOIO: 1) 2; 2) %

17.7.° TlomaiiTe y BHUIVIAAL CTeneHs OAHONM(MPOBOr0 HATYPAJIBLHOTO

qyucJa Apio:
1, i 1% i i1
D 29 %) 3167 3) 525’ 4 128
17.8.° Ilopaiire y BUrAsAAl creness 3 ocHoBoo 10 yucio:
1)0;1; 2) 0,01; 3) 0,0001; 4) 0,000001.
o & i 4 O 1 1 -
17.9." Tlonaiire unucna 1, 3, 9, 27, 81, 3’ 9’ 37’ 81 y BUISAAL

cTereHs 3 0OCHOBOW: 1) 3; 2) %
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§ 3. PaLioHanbHi BUpa3un

17.10.° O6uucaiTh:

-3
D& BHEHE HI% e o) (2
7 0 1 -2
2% 902% ey 9 (l); 10 (al).
17.11." 3gaiiTs 3HAYCHHSA BUPA3Y:
4\ e 11
D204 203% e 9 (2 5 (-1 e (sl).
17.12.° O6uucaiTh 3HAYEHHS BUPA3y:
1) 37 -4 4) 9-0,1°%;
2) 2% + 672 5) 0,5 %47
oy h
3) (%) +(-2,3)° -5% 6) (27 -8'-16)".
17.13." Yomy [OPIBHIOE 3HAYEHHS BUPA3Y: '
1)272 4+ 27 3) 0,03° + 0,7
2)32%-67; 4) (9-83°% 1212
17.14.° fike 3 gaHMX YHMCEJ 3aNMCAHO B CTAHAAPTHOMY BUIJIAMI:
1) 12-10% 2) 1;2+10% 3)0,12-10"?

17.15.° 3anumiTe YMCJI0 B CTAHAAPTHOMY BHIVIAAL TA BKaXKiTh IOpH-
IOK YMCJIAa:

1) 3400; 4) 0,000008; 7) 0,86 - 10%
2) 15; 5) 0,73; 8) 0,23-10%
3) 0,0046; 6) 250 10% 9) 9300-10°.

17.16. BUKOPHUCTOBYIOUM CTAHAAPTHUN BUIJIAJK YUCIA, 3ANUIITE:
1) mBuakicTs cBitia y Bakyymi gopisaioe 300 000 xkm/c;
2) Bucora I'oBepau, HaiBumoi ropu Ykpaiau, nopisaoe 2061 m;
3) nioma Ykpaimu cragosurs 603 700 xm;
4) cepenssa Bigcraus Bijg 3emui 1o Conus cranosuTsh 149,6 MuH KM;
5) armochepruii Tuck Ha Bucorti 100 x¥m cranosuts 0,032 Ila;
6) aiamerp mosexynau Boxau popisaioe 0,00000028 mm.
17.17. BanuniiTs YMCEJI0 B CTAHAAPTHOMY BHUIVIA/1L TA BKAMXiTh 1mops-
JIOK 4YucJa:
1) 45 000; 3) 0,00024; 5) 0,059 -10°%
2) 260; 4) 0,032; 6) 526-10".
17.18.° BanuiniTe y BUIIAAL HATYPAJIBLHOTO Yuca abo AecATKOBOIO
Apo0y YMCI0, 3anuCcaHe B CTAHAAPTHOMY BHUIJISALIL:
1) 1,6-10% 2) 5,7-10°% 3)2,1-107% 4) 1,1-107%,
17.19," 3anumiTs y BUMISAAL HATYPAJBHOIO 4ucjaa abo JecaTKOBOTO
Apo0y 4YHCiI0, 3allMCaHe B CTAHAAPTHOMY BHIVISIIi:
1) 2,4-10% 2) 4,8-10%; 3)1,4-10%  4)8,6-10™".

108



17. CreniHb 3 WNUM Bif'EMHUM NOKA3HUKOM

17.20.° ToBenits, 110 (%) = (%) .

17.21.° 3HaiiTh 3HAYCHHS BUPA3Y:

1) (—%)_l 107 +9° - (-2)° + (-3-) 1)

. 2\? L
2) (2,5) 2—-(85)°+(1§) +0;17L,

17.22.° PosramyiiTe B NOPAAKY CHajaHHA:
e A R e =0 L e
1)()’(-)’(_)a("); 2)4 ,4,4,4.

P RO e T 2
17.23. PoaramiyiiTe B IMOPALKY 3POCTAHHSA:
R = 3 vt Mg S AR v
1) Uil e 1 2 (3)> (3> (3) (3) -
17.24.° TlopiBHANTe 3HAYEHHA BUPAa3iB:
1) 12°i (-6)% 4y 3T 217
2)0,2%10,2°% 56— 712
: =1 -1 =1
st o
3)4°10,25; 6)(3) +(2 i 3+2 :

17.25." TlopiBHsAlTe 3HAYEHHS BUPA3iB:

2 0 e W 1
DL e
AR T o e B e

17.26.° TlopaiiTe v Buriasani apody Bupas:

1)ab? + a'b; 4)(a+b)y'-(a'+b)
2)3a! + ab’} By (€ ==d" ) 2i(c )
2 2\"!
3) mn®* (m™® - n®%; 6) (xy? +x7%y)- (f——%i) !
17.27. TlogaiiTe y BUrAsi Apody BUpas:
Da?+a? 3)(c'—-dYH(c-d)?E
2) mnt + min; 4) (x 2+ y )22+ )L

17.28." NosexniTs, 10 Ipu OYAL-AKOMY 1 € 7Z:
1) akmo a > 0, To a" > 0;
2) axmo a < 0, To a" > 0 npu nmapaomy n i a" < 0 npu HenmapHo-

MYy 1.
17.29." Yu € npaBuIbHOI HepiBHicTh a@" > a ", akmio:
1)a>1,ne N; 2)0<a<1l,ne N?

17.30.° TlopsaioK eAKOr0 HATYPAJIBHOrO Yncyaa aopisaoe 4. Crinpku
nudp MICTHATH JECATKOBUMA 3aIMC IBOTI0 Yucja?
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§ 3. PaujioHanbHi Bupasu

17.31.° lecATKOBMI 3aMuUC JAeAKOr0 HATYPAJIBHOT'O YHMCJIA CKJIANAETh-
ca i3 cemu nudp. YoMy HOpiBHIOE MOPALOK IIHOTO Uucaa?

17.32.° fIke yucao Ginpire:
1) 9,7-10" un 1,2-10%;
2) 3,6-10° un 4,8-10°%;

17.33.° fixe umcsno MeHIIe:
1) 6,1:10" uu 6,15-10"%; 2)1,5-10° um 0,9-107%?

17.34.° ¥V rabauui HaBeneHo cepeani Bizcrani Big CoHIA 10 miaaHeT
CoHAYHOL CUCTEMU:

3) 2,34 -10° wx 0,23-107;
4) 42,7-10°° um 0,072-10°7?

Ilnanera Bixcranb, KM
Benepa 1,082-10°
Bemus 1,495 - 10°
Mapc 2,280-10°
MepKypiit 5,790+ 10’
Hentyn 4,497-10°
Caryps 1,427-10°
Vpan 2,871-10°
FOnirtep 7,781-10°

1) Axa niaHera 3HAXOAUTHCA Ha HaiMeHINiu Bigcrani Bij CoHna,
a AKa — Ha HauoOiabIrii?
2) fAxa 3 nnaner, Mapc abo CarypH, sHaxoauTses xaui Big Conusa?
3) CxaaziTes TabaMI0, 3aIMCABIIHN B JIIBOMY CTOBII[I HA3BH ILJIAHET
y nopsaky 30inbirenHsa Biacrani Bix Hux o CoHusA, a B mnpa-
BOMY — BizacraHi Bix Hux no CoHIsI, BUpaKeHi B MJIH KM.
17.35.° ¥V Tabaumni HaBeeHO MacH aTOMIB JeAKUX XiMIiUHUX eJIeMeHTiB:

Enement - Maca aTroma, Kr EnemenT Maca aToma, Kr
Hirporen 2,32-107*° Aypym 3,27:107%
Amominii 4,48-107°° Kynpym 1,05-10*°
I'izporen 1,66-10% Harpii 3,81-10%°
Teiit 6,64-10* CranyM 1,97-10°*
depym 9,28-107* Ypan 3,95-107*

1) Maca aToma AKOro 3 HaBeJJeHUX €JIeMEHTiB HaliMeHIIa, a AKO-
ro — Haibinxbma?
2) Maca aTroma sixoro 3 eaxemeHnTiB, Kynpymy uu Harpiro, 6insma?
3) CxnaziTe TabnuUI0, YIOPAAKYBABIIU €JEMEHTH B INOPAAKY
BMEHIIEHHs MacH iX aTOMiB.
17.36." ¥V Tabnuni HaBeeHO 3aMacy AeAKUX PEYOBHH Y MiHEpPaJIbHUX
pecypcax cBiTy: '
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18. BnactmBOCTi cTeneHs 3 LiIMM NOKa3HUKOM

PeyoBuna 3amacu, T PeuoBuna 3anacu, T
AmoMiHi 1.1:167 Hixens 6,810
Boabshpam 1,3-10° 071080 4,76-10°

Banizo 8,8-10" PryTh 1,15-10°
30J10TO 1,15105 ®docharu 1,98-10"
Maprasens 6,35-10° Xpom 4,4.-10°
Mizs 2,8-10° uak 1,12-10°
1) Banacu sKol 3 HaBeJeHUX PEYOBUH HauUOLIbIIl, a AKOI — Hal-
MeHIi?

2) 3amacu sSIKOI 3 peYOBWH, HiKeJII0 YU IIUHKY, Oiabmri?
3) CruaziTh TabaUII0 MiHEpaJIbHUX PECYpCiB, PO3MICTHBIOHN pe-
YOBUHHU B MOPAAKY 3MEHIIEHHs IX 3amacis.

MBnacmaocri CTeneHs 3 Winum NnoKasHUKoMm

Y 7 Knaci BU BUBYAJIMA BJIACTHUBOCTI CTeNEHA 3 HATYPaJbHUM IIO-
KasHUKOM. BoHN 3a/INIIAI0OTHECA CIPABEAJIMBUMH i VIS CTENeHs 3 OyIb-
AKUM HiJIUM ITOKa3HUKOM.

Hnn 6yodv-axozo a # 0 i 6ydv-aKux yiiux m i n 6UKOHYIOMbCA
pienocmi:

a™-a* = a™ + u; (1)
(am)n = a™. (2)

HAna 6ydv-axux a #01i b+ 0 ma 6ydv-1K020 YiNoz0 n 6UKOHY EMb-

ca piéHicmb
(ab)" = a"b". (3)

PisricTh (1) Bupaskae 0CHOBHY BJacTuBicTh crenens. JloBeaemo ii.

[na saTypaJabHUX m i n 1o piBHiCTE yKe 0yJ10 AoBefieHo B 7 KJiaci.

PoarnsireMo Terep BHIIAN0K, KOJIW m i n — IiJi Big'eMHi dyucia.

Axmo m i n — ninai Bix’emui yucna, To —m i —n — HATYpaJbHIL
yncyaa. Toxai

a—m .a—n A a—m A=n) a-m -n
Maewmo:
a™-a" = 1 1 = 1 = ! = 1 = qmt"
a-m a-n a™m a—n a—m—n a-(m+n)

IInss Toro mob MOBEAEHHS OCHOBHOI BJIACTHBOCTI CTEIIEHS CTAJIO
[OBHUM, CJiJ PO3IVIAHYTU IMe TaKl BUMAAKU: OAWH 3 ITOKA3HUKIB
creneHsa m abo n Bix’eMHWI, a APpYyrui — HOAATHUM; oguH ab0 0OH-
JIBa NMOKAa3HUKW JOPiBHIOIOTH HYJ/I0. PO3riisiHbTe IIi BUODAZKH CAMO-
criitgo.

m



§ 3. PaujoHanbHi BUpasu

Pisrocti (2) i (3) moBoasAThL aHAJIOTIYHO.

3 OCHOBHOI BJIACTHBOCTi CTeIIeHs BUILJIMBAE TAKHUU Ba)KJIUBUK Ha-
CHifiok: 0aa 6ydv-axozo a # 0 i 6ydv-axux yirux m i n 6UKOHYEMb-
cA piénicmo

@ = (4)

3

Bl
:a” = pr

3 BrnactruBocTei (2) u (3) MOKHA OTPUMATH IIle OAHY BJIACTUBICTH
CTeNeHsA 3 HiJIMM NOKa3HUKOM: 0ns 6yde-axux a # 0i b # 0 i 6ydv-
AKO020 YiNo20 N 6UKOHYEMBCA PiBHICMb

FE ®)

m = am .a-n — am+(-n) = am-n.

Cupasnai, a

L n
CHpaBni, (%) = (a .b‘l)n =3 a'l _(b-—l)n = an .b—n = %.
Bnacrusocri (1)—(5) Ha3uBaIOTH BAACTHBOCTAMHM CTeNEHS 3 IIJIHM
NOKA3HUKOM.

NPUKNAL 1 Ioxaiire y Burnani crenens supas (@ *)*-a ™’ : a°.

Po3é’azannsa. 3acTocyBaBIIM IIOCHIZOBHO NpaBUja MNiHECEHHS
CTeIeHs JI0 cTeneHs (BaacTuBicTs (2)), MHOYKEHHS 1 [iIeHHSA CTeIeHiB
3 OHAKOBOIO 0CHOBOIO (Biractusocrti (1) i (4)), orpumyemo:

(@ e lia =gt Yo =d e e ma s A
NPUKNAL 2 3=maligiTh 3HAYEHHA BUPA3Y:
-3 -8 8\70
1 16‘9. 12; 2 _6 s ( .1_1_) . (é) i
) . ) 187° £ 25 6

Poze’sazannsa

1) Tlopasmmu uucna 16 i 8 y Burnsagi creneHiB 3 OCHOBOIO 2, OTPH-
MYEMO:
16—9_812 =0 (24)—9.(23)12 =t 2-35.236 = 20 et 1.
2) anopﬁc'ronyloqn MIpaBUJIO IifTHECEeHHs Apody Ao creneHsa (Biac-
- : 6°? 6\° BB 3
TUBiCTE (5)), MaeMo: e = (ig) = (5) = 3%'=27,

o ST ~ () -
o e et T
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18. BnactuBOCTi CTeneHs 3 LinrMmM nokasHUKoOM

NMPUKINAL 3 CuopocrtiTh BUpas:
1) 0,6m*n®. %m"“ns; @i +9)(@®-4)-(a?®+6)(a?-6).

Poszé’sazanns
1

1) 0,6m*n - Lmtn? = (0,6 : %)-(m2 m™) - (™ n®) = 0,2m%n""
2) (0% + 9@ - 4) — (@ +8) (0= 6)i=
=a*—-4a?+9a*-36—-a"*+ 36 =5a"

NMPUKNAL 4 Buxonaiite muoxenss (3,4 10')-(7-10°®) i pesyabrar
3aMMAIIITh Y CTAHAAPTHOMY BHUTJISAL.

Poszé’sazanns. (3,4-10").(7-10°% = (3,4:7)-(10"-.107%) =
= 23,8-10° = 2,38-10-10° = 2,38-10".

o CdhopmynoiTe BJACTUBOCTI CTEIIEHA 3 I[IJTMM ITOKA3HUKOM.

18.1.° 3ualiziTe 3HAYEHHS BUpPA3y:

-3
1) 9°.97; 4)i9 s 232 5194 6 '(%) H
2) 10°®-10%% 5) ATy.ary 8 Lo
-5 -3,4
3)871% : 3 e
) ) (6‘—7)2 % 6—3
18.2." 3naiiniTe 3HAYEHHA BUPA3Y:
-4
1) 57 : 5°%.5% 3) 0,8 (li) i
47 .47’ 8
2) ——————; 4 A
) Ty &y
18.3.° CnpocriTs Bupas:
1) 3a®-4a™ 7) (¢ °d*)
1067 1 3.6 6 174,
2) 15b_5v 8) 3a b 7ab,
3) (2¢ %% - 9) 0,2¢%d®-1,5¢2%d%;
4) m*n-mn? 10) 4x°- (j3x‘2y“)"2;
-10
5) abc ' -ab'c; 11) 13m_8 . 27n2;
12n 26m
kp® 18p%k* _ 15k72
s)kfd, Lyl e

13-



§ 3. PauioHanbHi BUupa3u

18.4.° CnpocriTs Bupas:

1) 2a°%b%- 3472 "; ' 4) 0,8a°%° - 5a'%%;
-2 -3 4
1 P 25x
b (i) o B
) 2’""; ) y~4 By 7
3) %; 6) 28¢°d >+ (2cd ™).
18.5.° BnaiifiTe 3HAYEHHS BUPa3y:
1) 8%.27% 5) 25 : (0,27%)7%;
-3 8
2) 272 : 9" e il
‘ ~ & 2167 - (-6)"°
-10
3) 1002 : 10007°-0,01°%; oy SR
) ) 517167
T 3\3 5 =T
1 2 ; 14%.2
4 (22) ((5) ) : ®) se7.
18.6.° BHaiiiTe 3HAYEHHA BUDPA3Y:
1) 97%.27% 4) 872 : 0,56%
6 -8
9) 327° : 6474, 3 e A IR
) ) 442110 "
-7 -3)° -2 -4
7 3 ; 102:15
3) (29) ((3) )’ 6) 30°%

18.7.° Bukonaiite aii i 3Be/jiTh OTPUMaHUI BUpPa3 A0 BUTIAAY, AKUH
‘HEe MICTHUTB CTEIeHHA 3 Bijl’€MHUM MOKA3HUKOM:

-3
1) -2,4a*p*- (-2a%c %)% 4) (_E a'3b'6) - (-6a’b°)%;
-3 -2
2) (—10x%yz"®) 2. (0,1yz ") % 5) ( S ) - 49m%n*;
-3 5\ 3
3) llm-ﬁn-(llm“'n") 3 6) (4x ZJ - (16xy*)>.
9 3 3y

18.8." Bukownaiite fii i 3BefiTs OTpUMaHUIl BUpPA3 [0 BUIIALY, KU
HEe MICTHTh CTENeHs 3 Bii’€MHMM INOKa3HUKOM:

=4 -3
1) 3,6a %" - (—3a*b") % 3) (6 1) -125m"°n?
1
9 3 a®tY:
2) 116 x 7%y’ (1 XLl ) : 4)( 2 ) -(a'b)".

18.9.°” BureciTs 3a [yKKH CTENiHb 3 OCHOBOIO @ i 3 HAUMEHIIIMM 3 Ja-
HUX MOKa3HUKIB:

1) a® - 2a’; 2)a® - 2a%; 3) a® — 2a™.
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18. BnactnBocTi cteneHs 3 Linvm NoKasHUKOM

18.10." BumeciTh 3a AyKKH CTemiHb 3 OCHOBOIO b i 3 HalMeHIIHMM
3 DaHMUX ITOKA3HUKIiB:

1) b* + 3b% 2)b% + 3672 3) b2 + 3b°%.
18.11.° ITomaiiTe y BUrAAAl JOOYTKY BUpAas3:
1)a?-4; )ad+b%
2)a'b’®-1; . 5)m* —6m?p '+ 9p
3) 25x %y "% — 2% 6) a ® — 49a>.
18.12.° Tlogaiite y BUraami nobyTKy BUpas:
1) x* - 25; 3)a +8a% + 167"
2)m®-8n% 4)a*t—a>

18.13.° BukonaiiTe 00UMCIeHHSA i pe3yJbTaT 3alUIIITh YV CTAHAAPT-
HOMY BHTIJISIZI:

b
1) (1,8-10%-(6- 10%): gy 22198
) (1,8:10%+(6-10°) ) 2L
-6
2) (3-10%-(5,2-107%); 4y =L200
) (3-10%)+( ) ) M1

18.14." BuxoHnaiiTe 00UMCIeHHA i pe3yJbTaT 3aNHUINITh YV CTAHAADT-
HOMY BUTJIAII:

-4
1) (1,6-10°%)-(4-107); gy LAl
) ( )+ (4-107) i
3
2) (5-10%)-(1,8-107); g4) $4°10°
) (5-10)( ) ) S48

18.15.° Cepenua Bigcrans Bix 3emui no Conna popisuoe 1,5+ 10° kM,
a mBUAKicTh cBiTia — 3+10° M/c. Ba CKiNBbKM XBUJIMH CBITIIO Bij
Couna givige no 3emui? BiamoBik OKPyriIiTh 40 OAMHHUIE.

18.16.° I'ycruna mizi gopisaioe 8,9 - 10° xr/m”. BuaiiniTs Macy MigHOI
ITUTH, AOBXKUHA sfKol 2,5:10 ' M, mmpuna — 12 cM, a BHCO-
Ta — 0,02 M.

18.17." Maca 3emui gopiBaioe 6-10** kr, a Micana — 7,4-10% xr.
VY ckinbxm pasiB maca Micana meHma Big macu 3emai? Bignosias
OKPYIJITh A0 OLUHUILH.

18.18." JloBeaiTh TOTOMXHICTE

al-bt=@'-bH@'+bH@2+b% @+ bM.

18.19." CupocriTs Bupas:

= = 5, 2x72 4+ y2 x7!
D@*+3)@*-3)-(a*+2?% 3 g :
) ( ) ( g=k ) ) P e S p——
9 m?2-n?, 4 a’+b® a®p+a
G e ) a’® X a™? :

18.20." Cupocrits Bupas:
-2 ~1;-1 -2
1) (x—2 X 1)2 L (x—2 . i 4) (x—2 - 4); 2) a”“-10a b + 25b =

a—55" ¢

115



§ 3. PaujoHanbHi BUpa3u

) Sm A n At S o 4) b +8c! ! be
am>3 +4m™*n? m2+n?’ ¢ % w33
18.21.° ITo6ynyiiTe rpadik GyHKIii:
0 -1
= - 0; =3 (-——x : 1) $ — . ( % ) >
Dy=(x+3) 3) y=|2H 5) y=x+| =
-1 -1 2 0
= —1 S = 2 2 by = (_x__—!'l_.
2) y_(x_2) ’ 4) Yy (x2*4) ’ 6) Y x_l ¥

18.22." Tlobynyitte rpadik GyHKIII:

Dy-@+e B y=(322),

i 3)y=(x—1)(£;—1-)_1.

18.23." HassiTs HOPAZOK YUCJIA X, AKIIO:

1) 100 < x < 1000; 3) 0,01 < x<0,1;

2) 10 000 < x < 100 000; 4) 0,0001 < x < 0,001.
18.24." HasBiTe nopanok 4mcaa x, AKINO:

1) 10 < x < 100; 2) 0,001 < x < 0,01.

18.25." ITopsigok yuciaa a nqopiBHOE —4. BusHa4yTe NOPALOK 4McIa:
1) 10a; - 2) 0,1a; 3) 100a; 4) 0,001a; 5) 10 000a; 6) 1 000 000a.
18.26." TTopanok uncna b gopiBEioe 3. BuzHauTe MOPANOK YHUCIA:
1) 10b; 2) 0,0105; 3) 0,000105; 4) 100006.
18.27." CuopocTiTh BUpPAas i 3alUIIITh PE3YJILTAT Y BUIVIALL palioHab-
HOT'O BHpasy, AKUH HE MICTHTH CTENeHsA 3 BiJi’€eMHUM NOKa3HHU-
KOM:

) e AT AR 1 .(L)".
DR a! a i

2) e A Mg SRR S
T b2 e B
I AT R
o il R R Y T
4 m™ 3m™* 16=m " 8mit
) = TEUCH = ¢ +
n- -4 m>—-8m " +16

3)

T o LTI
5) (@+b-D'+@-b+n"' (1 1 .
2 (a+b) a? -1
8.28." CrpocriTe BUpas i 3anunriTe pe3yasTaT y BUTJIALL PALliOHATE-
HOTO BUPa3y, AKUII He MiCTUTE CTeNeHd 3 Bil’eMHUM IOKa3HUKOM:

1) s TR B G
a ™t =6a? £0 g id a3 LR

o 1 \1
gy | BEER 80 | opt o A0 Y
b -7 b -7

116

’




19. OyHkuia y = % Ta i1 rpadik

- (x+)2-2x x*=D) +(x+1) (x-1)°
8x (x* -1 i
18.29." Ilopsagoxk uucia a AopiBHIOE —4, a TOPAAOK 4uucya b gopis-
Hio€ 3. fAkuM Morke OyTH NOPAJOK 3HAYEHHA BUPA3Y:
1) ab; 2) a + b; 3) a + 100b; 4) 10a + 0,162
15.20." Ilopsgok yncyia m AOPiBHIOE 2, a MOPAAOK YUCA 7. JOPIBHIOE 4.
Axum mMoyke OyTH DOPANOK 3HAYEHHS BUPAa3y:

3)

1) mn; 2) 0,01mn; 3) 100m + n; : 4) 0,01m + n?
18.31." JloBeaiTh TOTOMKHICTS:
1) (xy’1 +1)% ! x'gy“3 -1 2 xay"3 +1 =y,

xy'1 - x’ly x""y"2 + xy‘1 il xy™ + x‘ly R

2) a'l+(b+c)_l_(1+( 2be 2)_1]=(a+b+c)2.

al-b+e)’! b +c® -a 2be

n DyHKLiA y = -E Ta i rpagik

Y 6 Kiaci BM 0O3HAWOMUJINCS 3 TAKOIO 3aJICIKHICTIO OHIE] BeITUYH-
HU Big apyroi, Koy 30iJbllIeHHS (3MEHIIIEeHHS) OAHIE] BEJIMUYUHU
B KiJIbKa pasiB NpUBOAUTE A0 30inblHIeHHS (3MEHIIEHH:) APYroi Be-
JIMYAHYU B TAKY caMy KiJIbKiCTh pasiB.

V 7 knaci Bu AisHAIHCH, INO IS 3aJEIKHICTH € (DYHKI[IOHAIBHOIO
i Bu3Havae GyHKOino y = kx, ge k # 0, AKy Ha3UBaIOTH NPAMOIO TIPO-
MOPIiNHICTIO.

Icaye TakoX (QYHKIIOHAILHA 3aJIeKHICTD, IKA XapPaKTePU3YETHCH
TUM, IO i3 abinsennam (3Menmennsam) ONHIE] BEIMYNHN B KiTbKa
pasiB Apyra BeJMYMHA gmvemuyersesn (abinsmyerses) y CTLIBKE K
pasiB. Taky 3ayie;KHICTh HA3UBAIOTH 00EPHEHOI NPONOPLIHHICTIO.

MPUKNAL 1 Hexait € 100 rpa. Ilodgauumo yepes3 x rpH. midy 1 Kr
TOBapy, a 4epes y KI' — KiJbKiCTh IIHOI'0 TOBapy, AKY MOXKHA IIPHU-
nbaru 3a 100 rpH.

3po3yMiJjio, 110 3aJIe’KHICTh 3MiHHOI ¥ BiJi 3MiHHOI X € 00epHEHOIO
NPONOpPIifHiCcTIO: 30iJMBIIIeHHA IiHW X Y KiJbKa pasiB CIPUYUHIOE
3MEHIIEeHHSA KiJIBKOCTI TOBapy Yy y CTiJIbKY K pasiB, i HABIIaKu, 3MEH-
IIIeHHA IIHMA IPUBOAUATE A0 30iIbIIEHHSA KIJIBKOCTL KYILJIEHOTO TOBapy.

I1i#i pyEKUIioHANBHIN 3aJIe)XHOCTI Bignmosifae (GyHKIiA, AKa 3a-

nAaeTsca popmysionw Yy = %9

17



§ 3. PauioHanbHi BUpa3u

NMPUKNAL 2 PosrinsaneMo NPAMOKYTHHMK, ILIOIIA $IKOTO JOPiBHIOE
18 cM?, a cTOpoHM — X cM i y cm. Toni

18

Ui

30isblIeHHA (3MEHIIEHHS) 3HAMEHHINKA X Y KiJIbKa pasiB Befe 10
3MeHIIeHHA (30i/JbIIeHHA) BeJIUUYUHHU Y YV CTIJIBKH K pasiB, ToOTO
3aJIesKHICTh 3MIHHOI Y BiJi 3MiHHOI X € 00epHEHOI0 IPOIOPIiiiHiCTIO.

Y pO3rIsTHYTUX NPUKJIaLax MaTeMaTUYIHOI MOIEJIII0 pPealbHUX

cuTyanii € QyHKIis, AKY MOXKHA 3ajaTy (GOPMYJIOIO BUAY Y = l;l

Oznmavennsn PyHKUio, aKy MOoXHaA 3aaaTH (POPMYJIOI BHAY

y=%, ne k # 0, Ha3zuBaOTh 00EPHEHOW NpPOoMOpuUikHicCTIO.

3 k
OckinbKku 00/1aCTIO BUSHAUEHHSA BUpa3dy — € MHOKuHA {x | x # 0},
y < ¢

TO 00J1aCTIO BUBHAYEHHA PYHKIIL y = % € Taka caMa MHOXXUHa, T06-
o D (y) = {x | x # O}.

Posrnsaemo pysKIio y = % Y tabauni HaBeJeHO AeAKi 3HaYeH-
HS apryMeHTy i BifnoBigHi iM 3HaYeHHA (DYHKIIII.
pod =B A Gl=8i=2 |=E0 t=LE T e 142008 4 6
=it=l o =A== - —4 | —G'1"0 4 32 1o 1k

TTozHaUMMO HA KOOPAMWHATHIN IJIOIIUHI TOYKH, KOOPAUHATH AKUX
yKasaso B Tabauni (puc. 19.1).

L7 \ YA

R
-

ad
Ry ¢

13

-
L
)

L

L d
Puc. 19.1 Puc. 19.2
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19. OyHKuis y =§ Ta 11 rpagik

YumMm Oinple TOYOK, KOOPAMHATH AKUX 3aJ0BOJBHAIOTH PIBHAHHA
6 3
Yy =—, HaM yJacThCA HO3HAYHUTU, THM MeHIIe oTpuMaHa ¢Qirypa
x
(puc. 19.2) 6yzae BiapisaaTuca Big rpadika ¢pysHrUii y = §-~.
: x

Cepexn mosHa4YeHUX TOYOK He MoKe OyTm TOoukm, abcumuca aAKoOi
JIOPIBHIOE HYJIIO, OCKiNbKHY umco 0 He HaieXKuTh 006JacTi BUSHAYEH-

ua pgasoi ¢ysknii. Tomy rpadik ¢pyHKOii y =% He, Ma€ CHiIBHHUX

TOYOK 3 BiCCIO OpJAMHAT.
Kpim Toro, rpacdik He Mae CuiIbHUX TOYOK TAKOXK 1 3 Biccio abcuc.

3 v 6 :
CropaBpai, piBHsHEHa — =0 He mae posr’askiB. Orxke, yucao 0 He
X
HAJIEKUTH 00acTi 3HAYEHb MaHOI (PYHKILII.
6
Axmo x > 0, o — > 0, Tob6To y > 0; sivmo x < 0, To y < 0. Omxke,
X

TOYKH rpadika ganoi pyHKUil MOXKYyTh sHaxoauTucA Tinbku B I i 111
KOOPAWHATHUX UBEPTAX. A
3ayBajKMMo, 110 31 30inbrmenHAM Moayasa abcumucwu BifcTaHb Bij

3 6 a 5
TOYKH rpadika GpyHKUii y = — K0 oci abcuuc 3MEHIIYEThCA i MOXKe
X

CTaTH AK 3aBrOAHO MAJIOI0, aJie HiKOJW He JOPiBHIOBATUME HYJIIO.
CuopaBai, yum Oijbire MOAYJIb apryMeHTY, TUM MeEHIIe MOAYJb Bil-
MOBiHOIro 3HaUYeHHA (QyHKII.

AHaJOriYHO MO’KHA BCTAHOBUTH, IO 31 3MEHIIEHHAM MOJIYJIA
abcoucu BiZicTaHb Bifi TOUoK rpadika Ao oci opauHAT 3MEHIIYETHCSA
i MOKe cTaTH AK 3aBr'OJJHO MAaJiO, IPOTe HiKOJM HE JOpPiBHIOBATHME
HYJIIO. {

Ax6u MoskHA GyJI0 TO3HAYUTH YA
Ha KOOPAMHATHIN NJIOIIMHI BCi
TOYKH, KOODAMHATH SAKUX 3aJ0-

: 6
BOJBHAKTL PIBHAHHA Y = —, TO
X

mu orpumanu 6 ¢irypy, 3o06paxe-
HY Ha pucyHKY 19.3.
dirypy, AkKa € rpadikom byHK- ol &

mii y = %, ne k # 0, Ha3UBAIOThH

(e

all

rinep6oaoi. I'imepboJsia ckia-

JIAETHCA 3 ABOX YACTUH — BITOK \

rinep6oau. Ha pucyskry 19.3
6

300paskeno rinepbosy y = 5 S ol
uc. .
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§ 3. PauioHanbHi Bupa3n

yyl Axmo k£ > 0, To BiTKHM rimep-
oosn poaminteni B I i III useprax,
/ aakmo kB <0 — 1oy IIiIV uBep-
/ TAX.
Ha pucynry 19.4 zobGpaskeHo
B= A rpadik dyHKUil y = —%.
i %
o 3ayBaKuMo, 1110 06J1acTIO 3HA-
0| 1 ]
yeHb (pyHKUil y = %, ne k # 0,
e mEOokmHA {y | y # 0}.
{ ¥ rabusuni HaBeAEHO BJIACTUBO-
I cTi pyHKOI y = %, BUBYEHI Yy I[bO-
Puc. 19.4 My OYHKTI.
ObnacTs BUBHAYEHHA {x.| x # 0}
Ob6snacte 3Ha4YeHb y | y # 0}
I'padik I'imep6osa
Hysns GyHKIII (3HAYEeHHSA apryMeHTy, IIpu He icuye
AKOMY 3HaueHHA (QyHKUil gopiBHIOE 0)

; k /
IMoxkaxxemo, Ak rpadik QyHKIIl y = — MOMHA BUKOPHCTOBYBATH
x

Ipu po3B’A3yBaHHI PiBHAHB.

NMPUKNAL 3 Posp’axith piBHAHHA % =x+8.

YA
xn" X
y < \5
L >
~— 0 2
Puec. 19.5

Poszé’szannsa. PoaringaaeMo QyHKILIL
y= % iy=x+ 3. Ilobyayemo B ogHiN

cucTeMi KoopAUHAT rpadiky Hux (PyHK-
it (puc. 19.5). Bouu neperusamoTscs
yV ABOX TOYKax, abcmmcu sKUX JOpiB-
HIOIOTHh 1 i —4. ¥ TOUKax NnepeTuHy
rpadikiB pyHKIiNX cami GpyHKIII HAOy-
BalOTh PiBHUX 3HaveHb. OTike, npu
dHaeHux abcuucax 3HAYEeHHS BH-

pasis - i x + 3 piBHi, ToOTO unBcna 1
x

. : 4

i —4 € KOpeHAMHU PiBHAHHS s x +3.

ITepeBipka me miATBEpPIIKYE.
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19. OyHkuis y = % Ta Il rpadik

Onmcasuit MeTo/; po3B’A3YBAHHA PIBHAHL HA3UBAIOTH rpatiuaum.
Y 7 knaci Bu o3HafoMuyucsa 3 rpadivyHUM METOAOM PO3B’A3yBaHHS
CUCTEeM DiBHAHB 1 3Ha€Te, IO el MEeTOoJ] He 3aBXKJM Ja€ TOYHHIl pe-
sysnbTaT. TomMy nepeBipka 3HalJeHUX KOPEHIB € 000B’ A3KOBUM €TaloM
po3B’A3yBAHHA DiBHAHHA.

Y noxansmomy (. 36) Bu HaBuuTeCHA PO3B’A3yBATH 1€ PIBHAHHSA,
He 3aCTOCOBYIOUH rpadikis. 4

P

e 1.IloscHiTE, AKY 3aJie’KHICTh MisK BeJIMUMHAMYU HA3UBAOThL 00ep-
HEHOIO NPOMOPIiIMHICTIO.
2. Aky dyHKIiII0 HA3UBAKOTHL 00EPHEHOIO IIPOIOPIIAHICTIO?

3. fIka MHOKHMHA € 00J1aCTI0O BUBHAYEHHA (DYHKIIT y = %, ne k+#0?

4. fIx HasuBawTh Qirypy, sxa € rpadikom obepHEHOI NPONOPILiii-
HOCTi?
5. Sk Ha3UBAIOTH YACTUHH, 3 AKUX CKJIAJAEThCA rinepbosa?

6. fIka mHOKHMHA € 00sacTiO 3HAYEeHb (QYHKIIT y = %, ne k #0?

7.Y AKUX YBePTAX posTamoBaHui rpadik Gysxuil y =

k> 0? akmo k < 0?
8. IlosicHiTh, Y YoMy nojArae rpadidyHMi MeToJ pPO3B’SA3yBaHHA
PiBHAHB.

, AKIIO

R |z

19.1.° ABToMO0O6isb poikaKae nesaKy Bizcrans 3a 10 roxa. 3a sxuii
yac BiH mpoije HI0 caMy BiiCTaHb, AKMOIO MOI0 MIBUAKICTD:
1) 36inpmuTeCA v 2 pasu; 2) smenmuTthes B 1,2 pasza?
19.2.° loexuHa npaMoxyTHUKAa gopiBHioe 30 cMm. fKoro crane ioro
MOBX>KUHA, AKIIO IPH Ti# caMi¥l IJIOIIl IMUPUHY IPAMOKYTHUKA:
1) 36inpmuTu B 1,5 pasa; 2) ameHmuTH B 3,2 pasa?
19.3." 3a pesky cymy rpomeit kynunu 40 m rkaaguan. CKinbKH MeTpiB
TKaHUHM Kynuau 6 3a Ty camy cymy rpoiiaei, akou ii mina 3a 1 m:
1) smenmusace y 2,6 pasa; 2) s6inpmunaca B 1,6 pasza?
19.4.° IMimoxix npoimos 12 KM. 3amoBHITE TAGAHUIO, V NEPLIOMY
PAAKY AKOI BKa3aHO IIBHAKICTH, a B APYIOMY — 4Yac pyxy.

v, KM/TOJ 5 2,4

t, Tox 3 3

Co |

3azaiiTe hopMyI0I0 3aJMeKHICTS ¢ Bij v.
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§ 3. PauioHansHi Bupasu

19.5.° O6’em mpAMOKYTHOr0 mapaJjejelninesa AopiBHioe 48 cm’. 3a-
IIOBHITH TAOMUII0, ¥ MEPUIOMY PAAKY SKOI BKA3aHO IIOIIY HOro
OCHOBH, & B APYIrOMY — BHCOTY.

S, cM® 16 240
h, cm 8 4,8

3apmaiiTe opmMyJIo0 3ajie’kHIiCTh A Bix S.

19.6.° Bpuraza iz 7 poOiTHUKIB 3 OJHAKOBOIO NPOAYKTUBHICTIO Npari
MO’K€ BUKOHATH IIeBHe BUpOOHMUYe 3aBAaHHA 3a 12 aHiB. CKinbsKku
Tpeba pobiTHUKIB 3 TAKOIO CaMOI0 IIPOAVKTUBHICTIO mpaili, mob
BUKOHATH Ile 3aBaaHHsA 3a 4 nHi?

19.7.° 3aroToBieHUX KOPMiB BHCTAYUTH AJaa 24 KoHeil Ha 18 ngHiB.
Ha cKijlbKH AHIB BHCTAYUTH IUX KOPMIiB g 36 xKoHein?

19.8.° Cepex pasux GyHKIIA yKaXiTh oOepHEHI MPOMOpPIifHOCTI:

2 3 1

1) y = 2x; 3) y==: 5)y=—°x—8; 0 y=o;
i

’3';-

Dy=%  9y=-1; ey=-%; 8y-

3 ?
19.9.° Bagano pysKIino Y = % SHauITh:

1) 3HaveHHA QYHKIiI, AKIIO 3HAYEHHSA apryMeHTy AOPiBHIOE: —3;
6; 0,2;
2) 3HayeHHA apryMeHTy, IIpU AKOMY 3HaUYeHHA (PYHKIiI JOpiBHIOE:
123 —6; 100,
19.10.° 3agano dyHknio y = ——3x§. SHaAITh:

1) sHavenHsa QYHKIIT, AKIIO 3HAUEHHS apryMeHTY AOPiBHIOE: —4;
0,9; 18;
2) 3HayeHHA apryMeHTY, IIPpHU IKOMY 3Ha4eHHA GyHKIII fopiBHIOE:
6; _0y3; 8.
19.11.° Tlo6ynyiire rpadik GyHKIIl y = —%. Kopucryouucs rpadgi-

KOM, 3HAUNITH:
1) 3HaueHHA (PYHKIII, AKIOIO 3HAYEHHS apryMeHTY MIOPiBHIOE:

gonqis

2) 3HaAYEHHS apryMeHTY, IIPU IKOMY 3HaYeHHA (HyHKIII ZopiBHIOE:
25783 ;

3) 3HaAYeHHsA apryMeHTy, IIpH AKUX (QYHKIOiA HaOyBae JomaTHHX
3HAYECHbB.

19.12.° Ilobyayitre rpadik GyHKIil y = % . Kopueryrouucs rpadikom,
3HAUITh:
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19. OyHkuis ¥ =§ Ta i1 rpadik

1) sHaveHHs QYHKIII, AKINO 3HAUEHHA aprymMeHTy aopisaioe: 2; —10;

2) 3HAYEeHHS apryMeHTY, IPU AKOMY 3HaUYeHHs (QYHKIII JOPiBHIOE:
o3 =2;

3) 3HaYeHHSA apryMeHTy, IIpH AKUX QYHKIiA HabOyBae BiJ’eMHUX
3HAYEHbB.

19.13.° He Bukonyoouu nodynoBu rpadika GyHKIil y = %, ycra-
HOBIiTbH, Y¥ HNPOXOAUTH I'padik Uyepes TOUYKY:
1) ACds =T, 3) C (0,5; 14);
2) B '(14; -2); 4) D (0,2; 140).

19.14.° He Bukonyoumn nmodynosu rpadika GyHKOil y = —%, ycra-

HOBiTBH, YH IIPOXOAUTH Irpadik yepes TOUKY:
1) A (—6; —8); 3) C (0,3; —16);
2) B (12; —4); 4) D (0,4; —120). :
19.15.° Ha pucysky 19.6 3o0pakeHo rpagik 3anexHoOCTi yacy ¢ pyxy
3 IYHKTY A 10 nyHKTY B Bijg mBHAKocTi v pyxy. Kopucryouucsk
rpagikomM, YyCTaHOBITH:
1) 3a ssKMit yac MOXKHA JiicTaTHCA 3 MYHKTY A 10 IYHKTY B, AKIIO
pyxartucsa 3i mBuaKicTio 8 km/rox, 24 Km/roju;
2) 3 AKOI0 MBUAKiCTIO Tpeba pyxarucs, mod gicraTucsa 3 TyHKTY A
Io nyHkTy B 3a 3 roa; 4 rox;
3) YoMy AOPiBHIOE BigcTaHb MiXK nmyHKTamm A i B.
19.16.° [IpoTaHunii peocTar MigKJII049eHO0 10 610Ky sKuBJieHHA (puc. 19.7).
Omnip peocrara R 3aneXuTh BiJ IOJIOXKEHHA IMOB3YHKA 1 MOXKe

At ron [
—1— e e = - -
l2""-—1— e ———

T peocrar
104 4 I
=
\6 e
4
21 o g Y IIOB3YHOK
| L >
0] 4 8 1216 20 24 28 32 36 40 44 48

U, KM /T0O
Puc. 19.6 /TOK Puc. 19.7
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§ 3. PauioHanbHi Bupa3u

LA ‘

A

e 4

12 S I

1&”"* \ smmmn —-|——-<~—'—

e

!,__..-_» ) BT

64 |

% 5,

‘[.45-W|L_,.r._ ' : v

P B ss

- ~

-

!_O __‘?‘_J. 4 | 6 r’C’M

Puc. 19.8

3aMiHIOBaTHCcsa B Mexxax Big 0 mo 6 Om.

Kopucrywuuces rpadikoM 3ajIeKHOCTI

cunu crpymy I Bixg omopy R (puc. 19.8)

3a yMOBH, III0 HAIpyra Ha KiHOAX peoc-

TaTa 3aJUNIAETHCA HE3MiHHOIO, yCTa-

HOBITB:

1) YoMy [IOpPiIBHIOE CHJIA CTPYMY, SKIIO
onip mopiBHIOE 2 OM;

2) mIpu AKOMY 3HaAYeHHI omopy cuJa
CTPYMY AOPiBHIOE 3 A;

3) CKiJIBKM BOJIBT CTAHOBUTHL Hampyra
Ha KiHIAX peocTrarTa.

19.17.° 3maiigiTs 3HaAYEHHs Iapamer-
pa k, npu sikomy rpadik GyHKIii

Y= % IIPOXOJUTH Yepe3 TOUYKY:
1) A (—3; 4);

L S

st -2)

3) C (1,5; —8).

19.18.° I'padik dysKIil y =§ npoxoauTh 4yepes Tourky A (10; 1,6).

Yu npoxoxuts rpadik miel MyHKII] yepe3 TOUKY:

1) B (=15,—-16);

2) C (—2; 8)?

19.19.° ITo6yayiiTe B ofHil cucremi KoopauHAT rpadiku QYHKILH

4 . ‘ b
Yy=— 1Yy = X 1 BH3HAUTE KOOPDAHUHATH TOYOK 1X II€pEeTHUHY.
X

19.20.° Po3p’sxkiTh rpadiyso piBHAHHSA:

1) i=4—.1c;
X

2) x—2=—3-;
X

e
X

19.21.° Po3s’sikiTh rpadivyHO piBHAHHSA:
2) 2x =2, Bl i
X X

19.22.° Ha pucysry 19.9 zobpakeso rpadix ¢ysruii y = [ (x).
Po3B’sikiTe rpadivyHO piBHAHHSA:

1) %=6—x;

1) f(x)=0;
2) f(x)=1;

S)f (x) = x;
4) 1 (%)= =3

5) f (¥) =13
6) f(x) =2 - x.

19.23." Ha pucynky 19.10 306pakeno rpagik ¢yHKOil y = g (x).
PosB’sokiTs rpadivHO piBHAHHSA:

1) g (x) = 0;
2)g(x)=1;

8)g (%) ==1;
4) g (x) = x;

3) g (x) = —x;
6) g (x)= .
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19. OyHkujis ¥ =§ Ta i1 rpadik

- yA /T yA
E \
| \ /
\ / E
| P
;~ ‘i / —
| / |
1 J o] 1 ke ) ;
| i s |
| > sheeii
0 x
Puc. 19.9 Puc. 19.10
19.24.° Poss’skiTh rpadiuso cucremMy pPiBHAHDB:
xy =4, -y =1,
1 { y 2) {x y
4y = x; xy = 2.
C o - % 7 2 XYy = 5,
19.25. Posp’sakiTh rpadiuro cucreMy piBHAHB i
y—-x=4.
19.26.° YeranoBiTh rpadiuHo KiIbKiCTh pO3B’A3KiB CUCTEMH PDiBHAHD:
xy =-1, xy=-1, xy = 6,
x+3y =0; x-3y=0; 3x — 2y = 6.
19.27." YeranosiTh rpadivuHo KinbKicTh pO3B’A3KIB CHCTEMM PiBHAHD:
xy = -8, . |xy = -3,
) Y 2) y
2x + 3y = 6; x—2y—2=0.

19.28.° 3HaiiziTe KOOPAMHATH BCiX TOYOK rpadika pyHKnii y = 6x—4,

y AKuUX abcmuca i opauHaTa piBHI.

19.29." BuaiigiTe KOOPAMHATH BCiX TOUOK rpadika GyHKHl y = — %,

y AKHuX abcnuca i opAuHaATA — NPOTHUJIEIKHI YUCJIA.
. 2 s : ; L A k
19.30." HocnizgiTes KiNBKiCTh KOpeHiB piBHAHHA — = @, k # 0, 3amex-
X

HO BiJi 3Ha4YeHBb MapaMerpa a.
19.31.° ITo6yayiiTe rpadik GyHKIIi:
6 6 -1
1) y=—; 2) y=—1—3; Hy=-x|".
VS ¥ a Jy=-lxz|
19.32.° Tlob6yayiiTe rpadik GyHKILI:
—2x +10, axmo x < 2,

2
=T <—1, g
1) =inh X Tt e 2) y= l—xz, AKIO 2< x < 4,
+ ) > S
D - 3, AKIO X 2 4.
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§ 3. PauioHanbHi Bupa3mn

19.33." Ilo6ynyiiTe rpadik GyHKIii:

—%, AKIIO X < —2,

y=42, &axmo -2<x<2

%, AKIIO0 x > 2.

19.34.° TlobyayiTe rpadik GyHKIii:

9x - 18 5x® -5
1 = s 2 = :
)y x% -2« ) x—-x°
19.35." ITobyayuiTe rpadik QyHKIIi:
-3 10x* - 40
1) y=—3 Joi 2) y=——.
)Y x% - 3% )Y x® - 4x
19.36." IlobyayiiTe rpadik piBHAHHA:
1) (xy = 1) (x - 2) = 0; e
2) (xy + 1) (y — 1) = 0; 5) ’;-‘/_“‘yl ar
Ny-(x|-|lyh=0; |
19.37.” Ilobyayitre rpadik piBHAHHSA:
Dx@y-1)=0; 2 x%t-1=0; 3)"—;’-_‘71.-:0.
19.38." Hexaii f (x) = x. IloGynyiitre rpadik dysrmii y = —f (—%)

19.39.” Hexa#t f (x) = —%. ITo6yayitte rpadik GyHKIIL
e[

X

19.40.” ®dynknia f raka, mo f (x) = % HosexpiThb, 1110

fa+D-f @=D=-2f @+1D-f (x-D.
19.41." Buaiinite GyHKIio0 f, AKa 3aL0BOJbHAE YMOBL
3f (@)+2f (-x)=—2.

19.42." Buatixite QyHKIio f, AKA 3aJ0BOJBHAE YMOBi

2F (x) +f (-i)=,3x2‘6.

X
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§ 4. HEPIBHOCTI

m Yucnoei HepiBHOCTI Ta TX BNacTnBoCTI

Ha npaxTnmi 9yacTo JoBOAUTHCS MOPIBHIOBATH BenuduHu. Hanpu-
kran, mroma Ykpaiau (603,7 Tuc. kM) 6igbma 3a mromy Mpanmii
(551 Tue. xkm°), Bucora ropu Poman-Komr (1545 M) MeHIma Bij BHACO-
tu ropu I'oBepsra (2061 ™), Bizcrans Big Kuesa go Xapkosa (450 kM)
nopisHOE 0,011 HOBXKWHM eKBaTOpa.

Kosm MU OPiBHIOEMO BEJIMYWHU, HAM JOBOAMTHCS IIOPiBHIOBATH
uyucsia. Pe3ysibTaTé NUX IMOPiBHAHB 3alIMCYIOTh Y BUIJIAAI YUCJIOBUX
piBHOCTe# ab0 HepiBHOCTEH, BUKOPUCTOBYIOUHM 3HAKHU: =, >, <,

Armro yueso a 6iabpie 3a 9ucyao b, TO NUINYTH @ > b; AKIIO YUCJIO
a MeHIIe Bixg yucyaa b, To numyTs a < b.

OueBupgHoO, mo 12 > 7, -17 < 3, :13_;5’; > —;—:1): CropaBepnuBicTs IUX
HepiBHOCTe! BUIIJIMBAE 3 NPABMUJI MOPIBHAHHSA pPAIiOHAJBHUX YUCEJ,
K1 BM BUBYAJHU B IOIEpPeNHIX KJacax.

IIpore € ¥ iHmui cooci6, 6inbIn YHiBEpCAJIbHUM, 3aCHOBAHUIN HA
TAKUX OYEBUAHUX MIPKYBAHHAX: AKINO Pi3HUIA ABOX YHCEJI € YHUCJO
JlolaTHEe, TO 3MEHIIyBaHe Oijble 3a Biff’€eMHHUK, a SAKI0 Pi3HUAIA
BiJi’€MHA, TO 3MEHIIYBaHEe MEHIIIe Hi’K BiJl’€MHHUK.

I1i mipKkyBaHHA IMiAKa3yIOTh, 10 3PYYHO IPUUHATH TaKe O3HAYEHHA.

ODasnavenns Ydesno a BBAKAWOTh 01 A MM 3a 9YMCIO b, AKIIO
pi3HHIA a — b € JoATHEM YHCIOM. YHC/I0 ¢ BBAKAKTh MEHII U M
Bix yucaa b, AKMO PI3HUUA @ — b € BiA’€MHHUM YHCJIOM.

Ile o3HaueHHSA H03BOJIAE 3aJa4y NPO HOPIBHAHHA JABOX YHCE]
3BECTH A0 3a[advi IIpo MOPiBHAHHA 1X pisHHMIl 3 HyJNem. Haupukmaaz,
06 mopiBHATH 3HAYEHHA BUpas3iB 3 — 4n i 6 — 57, posriaaHeMo iX
Pi3HUIIO:

B-4n)-(6-5n)=8—-4n—-6 + bn=n — 8.

Ockinpgu t— 3 > 0, To 3 — 4 > 6 — 5.

3ayBajKMMO, IO PisHMIA yucea a i b morxe 6yru abo ZOZATHOIO,
abo Bix’emHOIO, a00 nOopiBHIOBATH HYNMIO. Toxi dnsa O6ydv-axux wucen
a i b cnpagedause o0ne i minvku 00He 3 maKux cnigsidHowens: a > b,
a<b,a=b.
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§ 4. HepisHocTi

a=>b Ao a > b, To TOYKa, AKa BiADOBiLAE YMCITY
b a G Ha KOOPAUHATHIN NpAMil, 3HAXOAUTHCA CIIPaBa
Biji TouKku, Aka Bignosigae umcay b (puc. 20.1).

Puc. 20.1 Jlnsi BUCJIOBY «He Gijbllle» BUKOPHUCTOBYIOTh

3HAK < (YUTAIOTh: «MeHIIIe abo JOPiBHIOEY ), a IJId

BUCJIOBY «HE MEHIIe» — 3HaAK > (YUTaTh: «OinbIine abo JOpPiBHIOE»).
Axmo a < b abo a = b, To HepiBHICTE @ < b € IPAaBUJIBHOIO.

fxmo a > b abo a = b, To HepiBHiCTH @ 2 b € IPaBUIBHOIO. ,

Hanpuknan, sHepiBaocTi 7 < 7, 7 < 15, -3 =2 —5 € npaBUJIbHUMH. :

3HaKM < 1 > HA3WBAIOTh 3HAKAMM CTPOroi HEpiBHOCTi, a 3HAKHU S

i 2 — 3HAKaMU HECTPOroi HepPiBHOCTI. |

PosrnisaemMo BJIACTUBOCTI YMCJIOBHX HEPIiBHOCTEH, AKi YACTO BUKO-
PHCTOBYIOTH IIDA PO3B’A3yBaHHI 3azad.

Teopewma 20.1. Akwoa >bib>c, moa>c.

Hoeedennsn. Ockinbku 3a ymosoo a > b i b > ¢, To pisHuni a — b
ib — ¢ € poparaumn uucaamu. Toxi noxaTHOoIO OyaAe ix cyma (a — b) +
+ (b — ¢). Maemo: (a — b) + (b — ¢) = a — ¢. Orke, pi3HULA a — C
€ JOJZATHHUM YHCJIOM, 4 TOMY Q@ > c. A

AHaJIOTIYHO JOBOAUTHCA BJIACTUBICTB: AKWo a < b i b < ¢, mo

a < c.
(o) B(b) A(a) Teopemy 20.1 moxua npoimoc'rRyBaTn
—o - o—» TI'€OMETPHUYHO: AKINO HAa KOOPAMHATHINA mps-
Puc. 20.2 Milt Touka A (a) IeKUTh IPaBOPyY BiJl TOUKU
; B (b), a Touka B (b) — nmpaBopyd BiJf TOUKH
C (c), To Touka A (a) nexuTrs npaBopyy Bixg Touku C (¢) (puc. 20.2).

Teopema 20.2. Axwo a > b i ¢ — 6ydv-axe wucno, mo a + ¢ >
>bi+ e

Ilosedenns. Posrnsinemo pisauiio (a + ¢) — (b + ¢). Maewmo: (a +
+¢) — (b-+ ¢) = a — b. OckinbKkM 3a YMOBOIO @ > b, To pisuunsa a — b
€ popatHuUM uuciaoMm. Otmke, a +¢c > b+ c. A

AnanoriyHo ZOBOJAATH BJIACTUBICTH: AKWO0 a < b i ¢ — 6y0dv-ake
yucno, moa + ¢ <b + c.

Ockinpky [i0 BifHIMaAHHS MOYKHAa 3aMiHMTH [i€l0 JO0JaBaHHS
(a — ¢ = a + (—¢)), T0o, ypaxosywunu Teopemy 20.2, MOKHA 3pOOUTH
TaAaKUA BUCHOBOK.

Arxuyo 0o 060x wacmun npasunvHol Hepiénocmi dodamu abo 6i0
06ox wacmun npasunvHoi Hepienocmi eidnamu o0He U me came
HUCLO, MO OMPUMAEMO NPABULLHY HEPiI6HICMb.
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20. Yuncnosi HepiBHOCTI Ta 1X BNACTUBOCTI

Hacnigox. Axwo 6ydv-axuii dodanox nepenecmu 3 oOHi€i wac-
MUHU NPABUNLHOL HepierHocmi 6 dpyzy, 3aminueuu 3nax 000anKa
Ha NPOMUNEHCHUL, MO OMPUMAEMO NPABUNLLHY HePiéHiCMb.

Jlosedenna. Hexaii HepiBHICTE a > b + ¢ € npaBuabHOK0. Bigaime-
MO Bizx o6ox ii wacTuH uucygo ¢. Orpumaemo: a — ¢ > b + ¢ — ¢, To6TO
a—-c>b. A

Teopema 20.3. Axwo a > b i ¢ — dodammue wucno, mo ac > bc.
Arxwo a > bic — 6id’emne wucno, mo ac < be.

Jlogedennsa. Poarnssaemo pisHumnio ac — be. Maemo: ac — be =
= ¢ (a — b).

3a ymMoOBOIO @ > b, oT)Ke, pidHMIA @ — b € JOZATHUM YMCIOM.

Axmo ¢ > 0, To gobyrok ¢ (¢ — b) nmoxaTHHUIi, a OTIKe, PIBHUIA
ac — be € poparHOI0, TOOTO ac > be.

Arxmpo ¢ < 0, To 1o6yTOoK ¢ (@ — b) Bix’emHMII, a OTIKe, Pi3HHUIA
ac — be € Big’eMHOI0, TOOTO ac < be. A

AHAJIOTIYHO JOBOAATH BJIACTUBICTL: AKW0 @ < b i ¢ — dodamue
wueno, mo ac < be; axuwo a <bic — 6id’emne wucno, mo ac > be.

Ockinbkm [Ail0 JiJIeHHA MOXKHA 3aMIHMTH Ji€l0 MHOMEHHSHA

1 3
(a sc=ae —), TO, ypaxoByiouu Teopemy 20.3, MOKHA 3poOUTH TaKUiA
C

BUCHOBOK.

Arxwo obudsi wacmunu npasunbHOl HepPi6HOCMI TOMHONCUMU
abo nodinumu na odne U me came dodamme LUCLO, MO OMPUMAEMO
npaeunLbry HepPiéHiCMb.

Axwo obudei wacmunu NpPaéuULbHOL HEPI6HOCMI NOMHONCUMU
@60 nodinumu Ha 00He U me came 6i0’€mHe YUCNO i NOMIHAMU 3HAK
HEePI6HOCMI HA TLPOMUNLEHCHUN, MO OMPUMAEMO NPAEUNLLHY Hepié-
Hicmb.

Hacnigox. Axwo ab > 0i a > b, mo -}(%.

Jlosedernnsa. Ilopginumo obuaBi yacTUHU HepiBHOCTI @ > b HaA Jo-

LA a b
narHe gucyao ab. OTpuMaeMo MpaBUJIbHY HEPiBHICTH —p > P T06TO
a a
I

; 1 1
—>=, 3Bigcy —<=. A
b a A a b

3BepHEMO yBary: BUMora, mob uucia a i b 6yim ofHaKOBOTO 3HA-
ka (ab > 0), € cyrreBoro. CripaBzi, HEepiBHICTE 5 > —3 € MPaBUIBHOIO,

Py 1 1
npoTe HeplBHICTH g 3 —g € HelIpaBUJIbHOIO.
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§ 4. HepigHocTi

Y TeopeMax, AKi po3rasAgaNUCAa B IbOMY NYHKTI, iILJIOCA IIPO CTPO-
ri HepiBHOCTI. AHAJIOriuHi BJIACTMBOCTI MAlOTh i HECTPOri HepPiBHOCTI.
Hanpuknan, skmo a 2 b i ¢ — Oyab-sike 4meyao, To a + ¢ 2 b + c.

NMPUKNAL Bigomo, mo -4 < a < —2. [losexiTs, 1110
7
=7< < -1.
3a+5
Poss’azanns. Maemo: —4 < a < —2. Toxi 3a Treopemoro 20.3 orpu-
myemo —12 < 3a < —6. 3acrocoByiouu Teopemy 20.2, omepKHMO
=7 < 3a + 5 < —1. Kopucryouucs Hacaigkom 3 Treopemu 20.3, MOXK-

1 1 1 1 )
5 -—=2 > -1, TobTo -1 < < - =,
Ha 3arucaTH, Io 7% a4k 1, To6TO Sk 7 3Bincu
7
-T< < -1,
3a+5

e 1. YV sxoMy BHUOAJKY YHCJIO @ BBAXKAIOTh OinbmuM 3a uuciio b?
2. ¥V axomMy BUOAAKY YUCJIO b BBaXKAIOTh MEHIIIMM Bix yuchaa a?
3. CkinbKM piBHMUX CHiBBIHOIIEHB i AKUX caMe MOKe OyTH IIpu

NMOpiBHAHHI yucen a i b?

4. fIx posTamoBaHa Ha KOOPAMHATHIN IpAMiN ToOuka, AKka 300pa-
KY€ YUCJIO @, BIIHOCHO TOYKHU, AKa 300parkye 4yucjo b, SKIo
a>b?

5. SKkuit cMMBOJI BUKOPUCTOBYIOTH JJISI BUCJIOBY «He Oinbiie» ?

6. Axuit CHMBOJI BUKOPHCTOBYIOTE JJISI BHCJIOBY «HE MEHIIIE» ?

7. VYV sskoMy BHIIAJAKY € MPaBUJILHOI HepiBHICTH a < b?

8. ¥V axoMy BUNAJAKy € IIPAaBUJILHOI HEpiBHICTH a = b?

9. IlosicHiTh, AK]I 3HAKU HA3WBAIOTH 3HAKAMY CTPOroi HEPiBHOCTI,
a AKi — HecTporoi.

10. fxe 3 unces a i ¢ 6inpie, gAKMo a > bi b > ¢?

11. ChopmymioiiTe TeopeMy Ipo AOAABAHHS OJHOTO B TOro camoro

yucsa g0 000X YaCTHH HEePiBHOCTI.
12. ChopmynioiiTe HACHILOK 3 TEOPeMH IIPO AOJAaBaHHA OJHOIO
1 TOTrO camMoro ymcia 10 060X JacTUH HEepPiBHOCTI.

13. ChopmyaroiiTe TeOpeMyY TIPO MHOYKEHHS 000X YaCTUH HEPiBHOCTI
Ha OJlHEe ¥ Te caMe YHCJIO.

14. ChopmynroiiTe HACHIIOK 3 TEOPEMH PO MHOMEHHs 000X vac-
THH HepiBHOCTI Ha ofxHe il Te caMe YMCIIO.

20.1.° TlopiBHuaAiiTe yncaa a i b, axumo: .
1)a—-b=0,4; 2)a—-b=-3; 3)a-b=0.
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20. Yncnosi HepiBHOCTI Ta X BNACTUBOCTI

20.2." Bigomo, mo m < n. Yu Moxke pisHUIA m — n AOPiBHIOBATH
qyucay: 1) 4,6; 2) —-5,2; 3) 0?

20.3." fke 3 yncen x i y Ginbire, AKIIO:
1) x —y=—-8; 2)y—x=10?

20.4." fIx posramioBaHa Ha RoopnnHaTHiﬁ npamii rouxka A (a) Bia-
HOCHO TouKu B (b), AKIIO:

1)a—-b=2; 2)a - b= -6; 3)a—-b=0?
20.5.° Y MOKYyTh OJJHOYACHO BUKOHYBATHUCH HEPiBHOCTI:
1)a>bia<b; 2)a=2bia<b?
20.6." Yu e¢ npaBUIBLHUM TBEP/AKEHH:
l)fucm;oa>b,'ro%>1; 3)axmoa<1,'ro§>2;
2)arcm;oa>1,'ro%<2; 4)axmo%>lib>0,'roa>b?
20.7.° Yu € npaBUIBLHUM TBEPKEHH:
1) akmo a > 1, To|a | > 1; 3) axmo a < -3, T0|a|> 8;
2)akmoa < 2,10 |a| < 2; 4) axmo -4 <a <4,10|a|<4?
20.8." Bigomo, mo a < 3. Ikuit 3HaK Mae 3HAUEHHS BUPA3y:
X APt a-3
1)2a:— 6; 2)'8 —a; 3) 4—a?
20.9." Bigomo, mo a > 2. kuii 3HaK Mac 3HAYEeHHSA BUPA3y:
1) 4a — 8; 2) 6 — 3a; 3) 3a — 3; 4) (a —2) (1 — a)?
20.10.° fAxwuit 3Hax Mae 3HayeHHA BUpasy (a + 3) (a — 2), axmo:
Lai<'=a3 2)a> 2; 3)-3<a<2; 4)a<-4?
20.11." Bigomo, mo @ < b i b < c. fIKke 3 TBepAKEHb € IPABUILHUM:
1a>e; 2) a =c; 3)c > a?
20.12." Bigomo, mo b > a, ¢ < a i d > b. IlopiBHsaiiTe yncaa:

1) aid; 2)bic.

20.13." PogramyiiTe B MOPAAKY 3POCTAHHA YHUCaa @, b, ¢ i 0, AKIIO
a>b,c<b,0<biO>c.

20.14.° Bigomo, mo a > 4. ITopiBaaAlTe 3 Hy/eM 3HAYeHHS BUDPA3y:

1) a — 3; 3) (e —3) (a - 2); 5) (1 — d®) (4 - a).
3 (a-4) (a-2).

2) 2 - a; 4y S
20.15." Bigomo, mo b > -2 i b < 1. IlopiBHsiTe 3 HyJIeM 3HAYCHHSA

BHpa3y:

1) b+ 2; 3)b - 2; 5) (b + 2) (b — 4)%

2y 1 —b; 4) (b - 1) (b - 3); 6) (b — 3) (b + 3) (b — 2)%
20.16.° Iaso: a > b. ITopiBusAiliTe 3HAYEHHA BUPAa3iB:

1)a+9ib+ 9; 3) 1,8a i 1,8b;

2)b.—61a~6: 4) —-a i —b;
131



§ 4. HepiBHoOCTI

5) —40b i —40a; 7) 2a —312b-3;

@i sisb & SRS |

6) 20120, 8)5—8aib — 8b.

20.17.° Bigomo, mo 1 < m < 2. fIki 3 HaBeJleHUX HEpPiBHOCTEeH € mpa-
BUJILHUMM:

1)-1< m < —2; Rl o
2)2<m=< —1; 4)-2>m 2 -1?
20.18." Dano: —3a > —3b. IlopiBHsAiiTe 3HaYEeHHA BUPAa3iB:

g M A
1)aib; 4) 9bl 9 %
2)%ai%b; 5)3a + 21 3b + 2;
3)b—4ia-4; 6) —5a + 101 -5b + 10.

20.19.° Bigomo, mo a > b. PoaramyiiTe B HOPAAKY CHafaHHA YHUCJA
@t T b - 8.4 i, b =250
20.20.° Mauo: a < b. IlopiBHaiiTe:

1Y a — 51.b; 2)aib+ 6; 3)a+31ib-2.
20.21." TopiBusiiTe uncaa a i b, AKIIO:
1)a>cic>b+ 3; 2a>cic—1>b+d?

ge ¢ i d — peski uucaa.
20.22.° TlopiBaakTe unchaa a i 0, AKIIO:

1) 7a < 8a; 3) —6a > —8a;

2) %< -g-; 4) -0,02a > —0,2a.
20.23.° Mano: a > —2. [losBexiTs, mio:

1) 7a + 10 > —4; 2) —6a — 3 <:10.
20.24." Tano: b < 10. JTosexiTs, mio:

1) 56 — 9 < 41; 2)1 - 2b> —21.

20.25." Yu € npaBUJIBHUM TBEPIKEHHS:
1) axmo a > b, To a > —b;
2) axmo a > b, To 2a > b;
3) akmo a > b, To 2a + 1 > 2b;

4) sk b > a, T0 -z->1;
5)mcm;o—‘;->1 ia>0, Toa > b;

6) akmoa>b+2ib—-3 >4, T0a>5;
7) sxugo a > b, To ab > b
8) ockinbku 5 > 3, To 5a® > 3a*?
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21. [lopaBaHHs | MHOXEHHS Y1CNOBUX HepiBHOCTEN. OUIHIOBAHHA 3HAYEHHA BUpasy

20.26." Yu € npaBUJIbHUM TBEPAKEHHSA:

1)5mmoa>1,'ro—1-<1; 4) axmpo 2 < a < 3, To_<l<l;
a 2 Y )

2) akmoio a > 3, TO %<1; 5) akmo -2 <a < -1, To —1<zll.<_%;
1 it b |

3)3Km;oa<l,'ro;>1; 6);1Rm;o—3<a<3,'ro——?:<;<§?

20.27." Bigomo, mo 1 < a < 2. [osexiTs, 110:

1 1 4
1)3<2a 1<1 2)1<3_2<4.
20,28, HoBeniTh, 110 KOJIH:
1)2<a<3,T0 1 s
a-2
1 1
-3 <a<-1, i
2)-3<a TO = 5

20.29." 3anuniiTe NIpaBUIbHY HEPiBHICTh, AKY AiCTaHEMO, AKIIO:
1) o6maBi yacTUHM HEPIiBHOCTI @ > 2 MOMHOKHUMO Ha a;
2) o6uaBi yacTruHU HepiBHOCTI b < —1 mOMHOXHUMO Ha b;
3) oOuABi YacTUHU HEPIBHOCTI m < —3 IMOMHOKHMO Ha —m.
20.30." BanuuriTe NpaBUJIBHY HEPiBHICTH, AKY AicTaHEeMO, AKIIO:
1) 06uaBi wacTuHHM HepiBHOCTI @ < —a® momiiuMo HA a;
2) oOuaBi yacTUHU HEpiBHOCTI a > a® mominumo Ha a;
3) o6uzBi yacTuHM HepiBHOCTI @’ > @ moxinuMo Ha —a.

n AonasaHHa | MHOXEHHA YNCNOBUX HEPIBHOCTEMN.
OuiHIOBaHHA 3HAYEHHA BUpa3y

PosrasiseMo npuxaagu.

1) fAxmoo 3 nepiroro noas 3i6panu He meHine Hixk 40 T :xuTa, a 3 Apy-
roro mnojs — He MeHuIe Hi’K 45 T, TO OYEeBUAHO, 10 3 JABOX IIOJIiB
pasoMm 3ibpanm He MeHIIe Hixk 85 T KuTa.

2) fAxnio foB)KHMHA NPAMOKYTHUKA He Oinbma 3a 70 cm, a mupu-
Ha — He Oinbira 3a 40 cM, TO OYeBUAHO, IO HOTO ILJIOIIA He 0iab-
ma 3a 2800 cm’.

BucHOBKHY 3 UX NPUKJIALIB € iHTYITHBHO oueBuauuMu. Cupasej-

JIUBICTH IX MiATBEPAXKYIOTH TaKi TeopeMu.

Teopema 21.1 (npo moyleHHe AOXaBaHHA Heplanoc'ren)
Axwoa>bic>d, moa+c>b+d.
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§ 4. HepisHocTi

Hoeedenns. Posrnsaemo pisaumo (a + ¢) — (b + d). Maemo:
(@+e)—-(b+d)=a+c—b-d=(a->b)+ (c —d).

Ockinekm @ > bic > d, To pisHuni a — b i ¢ — d € gomarHUMH
yucaamu. Orixe, pisHHIA, IO PO3IVIAAAETHCH, € AOAATHOIO, TOOTO
a+c>b+d. A

AHAJIONIYHO JOBOAUTHCH BJIACTUBICTH: akwo a <bic <d, mo
a+c<b+d.

HepiBrocTi @ > bic > d (abo a < b i ¢ < d) HasuBaIOTH HEPiBHO-
CTAMH OJHAKOBOrO 3HaKa, a HepiBHocTi @ > bic < d (aboa < b
ic > d) — HepiBHOCTAMM NPOTHJIEKHUX 3HAKIB.

Teopema 21.1 o3Hauae, 1110 npu nownreHHomy 000A6AHHI NPABULD-
HUX HepiéHocmel 00HAK068020 3HAKA Pe3ylLbmamom € nNPpasuibHa
HepiéHicmb Mo20 camoz0o 3HAKA.

3aszHauyumo, 1o Teopema 21.1 cupaBejuiuBa i y BUNAAKy MOYJIEH-
HOTI'O JOoJaBaHHS TPhoX 1 Oilnbine HepiBHOCTed. Hanpukaan, AKIIo
a,>b,a,>bia,>b,100a +a,+a,>b +b,+b,.

Teopema 21.2 (npo moYJeHHEe MHOXMEHHS HepiBHoOCTe#H).
Axwo a>b,c>dia,b, c,d — dodamni wucaa, mo ac > bd.

Hoeedennsn. Posrasinemo pisuumio ac — bd. Maemo:
ac —bd=ac—bec+bc—bd=c(a—->b)+b(c—d).
3aymoBowa—b>0,¢c—d>0,c>0,b>0.Omxe, pizauns, mo
PO3IJIALAETHCA, € AOJATHOIO. 3 IILOI'0 BUIJIMBAE, 10 ac > bd. A
ABaJIOriyHO [OBOAUTHCSA BJIACTUBICTH: AKWo a <b,c <dia,b,c,
d — dodamui wucna, mo ac < bd.

Teopema 21.2 o3Havae, 110 nNPU NOYLAECHHOMY MHONCEHHL NPAEULY-
HUX Hepiénocmell 00HAK06020 3HAKA, Y AKUX Ni6i ma npasi wacmu-
HU — dodamui Wwucaa, pe3ynbmamom € NpPaéuibHa HepieHicmb
mozo camozo 3HaAKa.

3BepHEMO yBary: BUMoOra, 1job oOuABiI 4yacTUHM HEpiBHOCTEH, AKi
MHOXKaTh, Oysd JojaTHUMHU, € cyTTeBo. Cupasai, po3riasgHeMo ABi
npaBUJIbHI HepiBHOCTI —2 > —3 1 4 > 1. IIoMHOXHBIIY ITOYJIEHHO IIi
HEpPiBHOCTi, OTPEMY€EMO HepiBHICTHE —8 > —3, AKa He € IPABHUJILHOIO.

3ayBajKuMO, IO TeopeMa 3aJIMIIAETHCS CIPaBeJAJINBOIO i V BUIAk-
Ky IOYJIEHHOT'O MHOYKeHHS TPhOoX i Oiyibiiie HepiBHOCTeM. Hanpukian,
AKINO a , a,, 4, b, b,, b, — nonaTHi uncia, npuuomy a, > bl, a,>b,,

a, > b3, TO @,a,a, > blbzba.

Hacnigoxk. Akwo a > bi a, b — dodamni wucara, mo a" > b", de
n — HAaMYypanvHe YUCLO.
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21. logaBaHH: | MHOXEHHSA YUCNOBUX HepiBHOCTEN. OUIHIOBaHHA 3Ha4YeHHA BUpasy

Hosedennsa. 3anuniemMo n NpaBUJIbHUX HepiBHOCTe# a > b:
1
a>b

a>b X 3
» N HepiBHOCTEH

a>b|

Ockinbky a 1 b — popaTHiI ymeaa, TO MOMXKEMO IMOMHOKHUTH IIO-
YJIEHHO n 3anucaHux HepiBHocreit. Orpumaemo a" > b". A

3a3HAa4YUMO, 1110 BCi PO3IJIAHYTI BJIACTUBOCTI HepiBHOCTEH € cIipa-
BeIJIMBMMU i B TOMY BUNAJIKy, KOJY HEPiBHOCTI € HECTPOIUMU:

akwoa>bic>d, moa+c=b+d;

akwyoa =2b,c>dia,b, c,d — dodamni wucara, mo ac > bd;

akwo a > bia, b — dodamui wucna, mo a" > b", de n — namy-
panvHe Yucno.

YacTo 3HAYEHHSA BEJUYHH, AKi € pesyIbTaTOM BUMIipIOBaHb, HE €
TOYHMMU. BuMipioBanbHI Opuiaagm, ik IpaBUIO, NO3BOJISIOTE JUIIIE
BCTAHOBHUTHU Me’Ki, Mi’K AKAMH 3HAXOJUTHCHA TOUHE 3HAUCHHSH.

Hexaii, Hanpukaaz, y pe3yiabTaTi BUMipIOBAHHA IIWPUHU X i IOB-
JKUHY Y OPAMOKYTHHKA OyJI0O BCTAHOBJIEHO, 110 2,5 ¢cM < x < 2,7 c™m
id4,1 cm <y < 4,3 cm. Toxi 3a gomomorow Teopemu 21.2 moxHa
OLIIHUTH IJIOIY IPAMOKYTHHKA. Maewmo:

2,0 eM < x < 2,7 c™m
4,1 cm < y < 4,3 cm
10,25 em® < xy < 11,61 cm®
V3zaraji, AKIIO BilOMO 3HAYEHHS ME)X BEJUYUH, TO, BHUKOPHUCTO-

BYIOYHM BJIACTHMBOCTI YHMCJIOBHX HEPIBHOCTEH, MOJKHA 3HAUTH Mexi,
TOOTO OLIHMUTH 3HAYEHHS BUPA3y, AKUUA MICTUTH Il BEeJIUUYNHHU.

X

NPUKNAL  Haso: 6 <a <81i10 < b < 12. OuiniTs 3HaYEeHHA BU-
pasy:
et (2 a—p 5 ayas g S ) 3a—%b.
Pozé’azanns
1) BacrocyBaBiIM TeopeMy HpPO IIOYJIEHHE [0JIaBaHHS HEPiBHOCTEMH,
OTPUMYEMO:
6 <ig.< 8 p
105<:0 /< 12
16 < a + b < 20
2) IToMHOXUBIIM KOXKHY 4YacTuHY HepiBHOcTi 10 < b < 12 mHa -1,
orpumyemo —10 > —b > —12 ab6o —12 < —-b < —10. YpaxoBywuu,
mo a — b = a + (-b), nani maemo:

e
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§ 4. HepisHocTi

6 <a< 8
=12 < =b. < =10
-6 <a-b< -2
3) Ockinekm a > 61 b > 10, To a i b HabyBawTh JOAATHUX 3HAYEHbD.

3acTOCYBaBIIM TEOPEMY NP0 MOYJEeHHEe MHOKE€HHsS HepiBHOCTEH,
OTPUMYEMO:

—+

gi<lqa. <8
ALA0=b.< 19

60 < ab < 96

4) Ockinekm 10 < b < 12, T0 i>l>—1— abo —1-<l<l

10: 0, 12 T A T o
, MaeEMo:

Ypaxo-

BYIOUH, [0 — =@ *

>R
| -

6.<ag <8
i iR ik

12 .00 -10

g4
205

5) IToMHOXMMO KOXKHY Y4acTUHY HepiBHOCTL 6 < a < 8 Ha 3, a KOXKHY

X

yacTuHy HepiBHOcTi 10 < b < 12 Ha -—l:

6<a<8|3 10<b<12L«%)
18 < 3a < 24 —5>—%b>—6
—6<—%b<—5

Jomamo oTpuMaHi HEepiBHOCTI:
18 < 3a < 24

—6<—%b<—5

12<3a—%b<19

Bidnogios: 1) 16 <a + b < 20; 2) -6 <a —b < -2; 3) 60 < ab < 96;
1Nat 4 bt
4)'§<3<g, 5) 12 < 3a 2b<19.

A

1. ChopmyioiiTe TeopeMH PO MOUYJIEHHE NOJaBaHHS HEpPiBHO-
cTeu.
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21. JlofaBaHHs | MHOXEHHS YUCNOBUX HEPIBHOCTEN. OLiHIOBAHHA 3HAYeHHA BUpPa3y

. 2.TIlosAcHiTH, AKi HEPIBHOCTI HA3WBAIOTH HEPIBHOCTAMM OTHAKOBO-

! ro 3HaKa, a AKi HEePiBHOCTI — HEPIBHOCTSAMH IPOTHJIEHKHUX
3HaKIiB.

3. II1o € pe3yabTaTOM IIOYJIEHHOTO AOAABAaHHA HEPIBHOCTEH OxHA-
KOBOI'0 3HaKa?

4. ChopmynoiTe TeopeMy PO IIOYJIEHHE MHOYKE€HHSI HepiBHO-
CTeH.

5. 1110 € pe3ynbTaToOM IIOYJIEHHOT'O MHOYXE€HHSA HEpPiBHOCTE ogHA-
KOBOI'0O 3HaKa?

6. ChopmynioiiTe HACHIIOK 3 TEOPEMH IPO MOYJIEHHE MHOYKEHHS
HEepiBHOCTEH.

21.1.° Jano: —3 < a < 4. OuiniTh 3HaYE€HHA BUPA3Y:
1) 2a; 3)a+ 2; 5) 3a + 1; 7) —4a;

2) %; 4)a-1; 6) —a; 8) —5a + 3.
21.2." Hano: 2 < b < 6. OuiniTs 3HAYEHHA BUPAa3Y:

1) —;—b; 2) b — 6; 3) 2b + 5; 4) 4 - b.
21.3.° ano: 2 < x < 4. OuiniTh 3HaYEeHHA BUPA3y —i; .

21.4.° OuiniTs cepeiHe apudMeTnuHe 3HAYEHb @ i b, akmo 2,5 <a < 2,6
181 <b<38.2
21.5.° OniniTe mepuMeTp piBHOOEAPEHOTO TPUKYTHUKA 3 OCHOBOIO
a cm i 6igyHOI0 cTOpOHOIO b cM, aAkmoO 10 <a <141 12 <b < 18.
21.6." OuiniTh mepuMeTp mapaJjiejiorpamMa 3i cropoHaMu a ¢m i b cMm,
Akmo 15<a<19i6 <b < 11.
21.7.° Yu € npaBUJIbHUM TBEDAKEHHA:
)akmoa>2 i b>T7, T0a+b>9;
2) axkmpo a > 2 b>T7,Toa+b>8;
3) Ao a > 2 b>T,roa+b>9,2;
4) axmo a > 2 b>"1, roa - b>=53
5) akmo a > 2 b>1T7,Tob-a>5;
6) axmo a > 2 b>17, toab> 13;
7) skmo a > 2 b> 17, to3a + 2b > 20;
8) sikmio a > 2 b <=7, 7200 —0>:9;:
9) sakmpo a < 2 b<1T, toab< 14;
10) sixmio a > 2, To a® > 4;
11) axmpo a < 2, To a® < 4?
21.8.° Hanwo: a > 2,4 i b > 1,6. ITopiBusiire:

1) a +%b i3,6; 2)(a+b)il6; 3)(a—-0,4)(b+1,4)i6.

Prde e fude  pude  fude  pude  fuie  jude
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§ 4. HepiBHocTi

21.9.° Bigomo, mo a > 3 i b > —2. Jlosexits, mpo 5a + 4b > 7.
21.10." Bigomo, mo a > 51i b < 2. [loBexits, mo 6a — 7b > 16.
21.11.° Tano: 5 <a <813 < b < 6. OuiniTs 3HAYEHHA BUDPA3Y:

1) 4a + 3b; 2) 3a — 6b; 3) &\ 7y b
b 3a
21.12.° Dano: % <x< % i % <y< i OniniTh 3HaYEeHHSA BUPA3Y:
1) 6x + 14y; 2) 28y — 12x; 3) %

21.13." JloBeniTs, 110 mepUMETDP YOTHPUKYTHUKA OLNBIIUN 3a cymy
MOoro JgiaroHajieu.

21.14." loBexiTh, 0 KOXKHA AiaroHaJ b ONYKJIOr0 YOTHPUKYTHHKA
MEHIIIA BiJi 0ro miBnmepumeTpa.

21.15." HoBexiTh, 10 cyMa JABOX NPOTHUJIEKHHX CTOPIH ONYKJOrO
YOTUPUKYTHUKA MEHINA BiJi CYMHA MOro giaroHaJjeu.

21.16." JloBeniTh TBEPAIKEHHA:
l)mcmoa<b<0,'roa2>b2;
2)smmoa>0,b>Oia2>b2,Toa>b.

21.17." OniniTes 3HAYEHHA @, AKIIO:

a-|b|=1; 2) a + b® = 2; 8)|al|+|b]|=1.
21.18." Bigomo, mo b > 0 i a > b. Yn 000B’A3KOBO € IIPaBUJIBHOIO

HEPiBHICTH:

1) a® + a > b* + b; 3)2-a®<2-b%

2)a®—a>b®~b; 4)a+%>b+%?

m HepisHoCTi 3 0aHI€EI0 3MIHHOIO

Posriisremo Taky 3amady. OmgHa i3 cTOpiH mapaJsesorpaMa AOpiB-
HI0€ 7 cM. SIkoi0 Mae OyTH ZOBKUHA APYroi CTOPOHH, 100 mepuMeTp
napaJiejorpamMa 0ys Oinerrmii 3a 44 cm?

Hexait miykasa cTopoHa aopiBHIoe x cM. Tozi mepumerp mapaJie-
Jgorpama gpopiBHioe (14 + 2x) cm. HepiBricTs 14 + 2x > 44 ¢ mare-
MAaTHYHOIO MOJEJIIIO 3a/jadi PO IepUMETP IapaJsiejiorpama.

SAKII0 B 130 HEPIBHICTH 3aMiCTh 3MIHHOL X IIiICTABUTH, HAIIPUKJIAJ,
yucsio 16, To oTpmMaeMo IpaBUJILHY YUCJIOBY HepiBHIicTh 14 + 32 > 44.
Kaxyrs, mo uucio 16 € po3s’saskom HepiBHOCTI 14 + 2x > 44,

Osuavenun Po3B’a3KoM HepiBHOCTI 3 OfHiI€ 3MiH-
H O 0 HA3UBAIOTH 3HAYEHHA 3MiHHOI, AKe IePeTBOPIOE I B MPaBUJIb-
HY YHMCJIOBY HEPiBHICTS.
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22. HepiBHOCTI 3 OAHIEI0 3MIHHOIO

Tark, koxue 3 ymcen 15,1; 20; 101 ¢ posB’s3koM HepiBHOCTI
14 + 2x > 44, a, sanpukaaj, yuciao 10 He € i1 po3B’A3K0OM.

3ayBaxeHHsda. O3HaueHHA PO3B’A3KY HEPIiBHOCTI aHaJIoriyHe
03HAYEHHIO KOpeHA piBHAHHA. [IpoTe He IPUITHATO F'OBOPUTH «KOPiHb
HEPiBHOCTi» .

Posé’azamu Hepiénicmb 03Havwa€ 3Haumu 6ci it po3é’aszxu abo
dosecmu, w0 po3eé’A3Ki6 HeMaE.

Yei po3B’A3KM HEPIBHOCTLI YyTBOPIOIOTH MHOKMHY PO3B’A3KiB He-
piBHOCTI. K0 HEepiBHiCTH PO3B’sA3KIB HE Ma€, TO KayTh, 1[0 MHO-
YKUHOIO 11 pO3B’A3KIB € mopoxxHsa MHOKUHA. OTIKe, po3é’azamu He-
Pi6éHiCMb 03HAYAE 3HAUMU MHONCUNRY i pO36°A3KiE.

Hanpukaaz, o 3afadi «poss’skiTs HepiBHiCTs X° > 0» BignmoBigsb
Oyze Takoo: «MHOXXHMHA BCiX yuces, Kpim uucaa 0».

OueBuzHO, 10 HepiBHIiCTS | X | < 0 po3p’a3KiB He Mae, TO6TO MHO-
JKUHOIO 11 pO3B’A3KIB € MOPOXKHA MHOKHUHA.

Oaunavenusn HepiBHOCTI HA3MBAXOTH PIBHOCHJ b HH M H, AKIIO
MHOKHWHH 1X po3B’sA3KiB piBHI.

HaBepeMo KiJibKa NPUKJIAAIB.

Hepisrocri x* < 0i | x | < 0 ¢ piBrocunsEuME. Crpasni, KoKHA
3 HAX Ma€ €uHUN po3B’a30ok x = 0.

Hepisrocri x* > —11i| x | > -2 e piBBOCHIBHUMHU, OCKITBKY MHO-
JKMHOIO PO3B’sI3KiB KOXKHOI 3 HMUX € MHOJKHMHA BCIX 4YHcCel.

Ockinbkm KokHA 3 HepiBHOcTeil | x | < —1 i Ox < —8 posp’aAskiB
He Ma€, TO BOHU TAKOXK € PiBHOCUJIbHUMH.

? 1. IIlo Ha3uBaOTH PO3B’A3KOM HEPIiBHOCTI 3 OJHI€I0 3MIHHOIO?
E 2. I1llo o3Hayae po3B’sI3aTH HEpPiBHiCTH?
% 3. lIlo yTBOPIOIOTE yCi pO3B’A3KHU HEpPiBHOCTI?
| 4. Koy MHOXHMHOIO PO3B’AA3KiB HEPIBHOCTI € MOPOXKHA MHOKHUHA?
| 5. fIki HepiBHOCTI HABUBAIOTH PIBHOCHIBHEMU?

22.1.° ki 3 uncen —4; —0,5; 0; %; 2 € po3B’sI3KaMM HEPiBHOCTI:

1) x < 5; 2)8x>x-1; 3)x*-9<0; 4)%>1?

22.2." flxke 3 HaBeleHUX YHCEJI € PO3B’AZKOM HEPiBHOCTI
(x — 2)° (x — 5) > O:

1) 3; 2) 2; 3) 6; 4) -1?
22.3." MHOXHUHOIO PO3B’s3KIiB AKOI 3 JaHUX HEPIBHOCTEH € MIOPOKHS
MHOKHHA:

D(x-3°>0; 2)(x-3)°>0; 3)(x—3)°<0; 4)(x—3)°<0?
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§ 4. HepisHocTi

22.4. filxa 3 HaBeleHMX HepiBHOCTEl He MAa€ PO3B’A3KiB:
1) 0x >'<8: 2) 0x < 3; 3) Ox < -3; 4) 0x > 3?
22.5." MHOXHUHOIO PO3B’A3KiB K01 3 HaBeJleHUX HEePiBHOCTE € MHO-
JKUHAa BCiX 4mces:
1) 02> 13 2) 0x > 0; 3) 0x > -1; 4) x+'1>'0?
22.6." MHOXUHOIO PO3B’A3KIB IKUX 3 HaBeleHUX HEePiBHOCTEH € MHO-
JKMHAa BCiX 4MCces:
1) 2% > 0; 2) x > —x; 3) —x* < 0; 4)| x| > 0?
22.7." Cepen HaBeIeHUX HEPIBHOCTEN YKaXKIiTh HEPiBHICTH, PO3B’ A3KOM
AKOI € OyAb-AKe YHCJIOo, 1 HepiBHiCTL, 110 He MAa€ pPO3B’A3KiB:

2 2

inEtlaig oy 2t g g S T > 0.

) x2 )x2+1 )x—l )x+1
22.8." Po3B’s1:kiTh HEPiBHICTE:

1):2 40710; 7| x|>-1; 13) | x| > x;

X
2) (x + 2)% > 0; 8)|x*-3x—-2|<-1; 14)| x| > —x;
3) (x + 2)°< 0; > —-2; 15)m>1;
X A R 1 |x|
4y 212, 2, 10) | x* — 4| < 0; 16)
2

5) (x g) > 0; 11) | x | > —«% 17) | x|+ x > —x%

6) (j‘c—jg) > 0; 12) | x | > —x% 18) | x | — x > —x°
22.9. 3HaUAITH MHOKUHY PO3B’sI3KiB HEPiBHOCTI:

1| x|>0; 5),1 gy L2l < 5.

x | x

2)| x| <0; 6)|x|>—-|x-4]; 10) | x | + x > —«%

3) ] <0 7)Ill>—|x|; 11) | x| + x < —x%

4) | x| > -2; 8)"“| 12) | x| - x < -~
22.10." Yn piBHOCHJIbHI HEPiBHOCTI:

1)l<1ix>1; 4 (x-52<0i|lx—4|<0;

2) % 2xdix>1; 5 |x|<0ix*<0;

3)(x-12>0i|x-1|>0; 6)(x—-2°<0i(x—1)P?<0?
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Po3Bs’'sizyBaHHA NiHINHUX HepiBHOCTEN
3 OAHI€I0 3MiIHHOI0, YuCnoBi NpoOMIDKKK

3a 10IIOMOTr0I0 BJIACTUBOCTEN YHCJIOBUX PiBHOCTE MU PO3B’A3yBaJIH
piBHAHHA. Tak caMO0 BUKOPUCTOBYIOUHX BJIACTHBOCTI YUCJIOBUX HEPiB-
HOCTe, MOKHA PO3B’A3yBaTHU HEPiBHOCTI.

Po3B’A3y0uM PiBHAHHA, MM 3aMIiHAJAM HOro iHmwuM, OiIBII IPO-
CTUM PiBHAHHAM, ajle PiBHOCHJIBHUM JaHOMY. 3a aHAJIOIIYHOIO CXe-
MOIO PO3B’A3YyIOTH i HEPiBHOCTI.

IIpu 3amiHi piBHAHHA HA PIBHOCUJIbHE NOMY PIBHAHHA BUKODPHUCTO-
BYIOTH TEOpPEeMHU ITPO IepeHeCeHH: JOMAHKIB 3 O/ Hi€l YaCTUHU B JPY-
Iy i mpo MHOXeHHA 000X YacTHH PiBHAHHSA HaA OJHE i Te caMe BiJ-
MiHHEe BiJi HYJISI YHCJO.

AHajoriuei TeopeMH 3aCTOCOBYIOTH i IpH pPO3B’A3yBaHHI HEPiBHO-
CcTeu.
¢ SAxmo axkui-He0yAb JO0JMAHOK IIEPEeHEeCTH 3 OJHiel YaCTHHU HepiB-

HOCTI B iHINY, 3aMiHMBIIX IIPH IIOMY MO0 3HAK Ha IPOTHJIEXKHUH,

TO OTPUMAEMO HEPiBHICTH, PIBHOCHJIbHY JaHiii.

* SIxknio o6maBi YaCTMHA HEPIBHOCTI MOMHOMKUATH (IOALIATH) HA ONHE
i Te came JoflaTHE YHUCJIO, TO OTPUMAEMO HEPiBHICTH, PIBHOCHUJILHY
naHii. '

*  SIkimo o6uBi YacTHHM HEPiBHOCTI MOMHOMKUTH (IIOALIUTH) HA OJHE
i Te caMe BiJi’€MHE YMCJIO, 3MiHUBIIU IIPU IIbOMY 3HAK HEPiBHOCTI
Ha IIPOTUJIEKHUM, TO OTPUMAEMO HEPiBHICTH, PIBHOCUJILHY JAaHIN.
I1li TeopeMu IOBOZATH TAK caMo, AK 1 Teopemu nyHKTy 15. Ilepe-

KOHaiTeCh y IbOMY CAMOCTiIHO.
3a I0IIOMOroI0 IIUX TeoOpeM PO3B’sKeMO HepiBHICTh, OTPUMAaHYy B 3a-

Jadi mpo mepumerp mapaJsaenorpaMa (aus. m. 22).

Maewmo: 14 + 2x > 44,

ITepenocumo nomanok 14 B mpaBy 4acTHHY HEPiBHOCTI:

2x > 44 —14.

3sincu 2x > 30.

IMoxinnmo obuABI yacTMHM HEpiBHOCTI Ha 2:

= A

3ayBakKuMO, IO OTPUMAaHa HEpiBHICTH PiBHOCHJIbHA 3a/laHiil He-
piBHOCTi. MHOXMHAa i1 po3B’A3KIB CKIAHAETHCA 3 YCiX UMces, AKi
Oinpmri 3a 15. 1110 MHOKUHY HAa3UBAIOTH YHCJIOBHM IPOMIKKOM i I10-
3Ha4awTh (15; +oo) (UMTAIOTH: «IPOMIKOK Bifg 15 0o miioc HeCKiH-
YEeHHOCT1» ).

Touku KOOPAMHATHOI NPAMOI, AKi 300paKy0Th PO3B’A3KH HEpiB-
HOCTi x > 15, po3mimieHi mpaBoOpydY BijJi TOUKU, KA 300pakye 4uc-
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§ 4. HepiBHocTi

A SER V757 P 2 v/———;
15 15

a Puc. 23.1 o

710 15, i yTBOPIOIOTH TPOMiHB, ¥ IKOTO «BUKOJIOTO» IoYaToK (puc. 23.1).
Tomy uucIoBUil TPoMizKOK (15; +o0) HABUBAIOTH BIAKPHTHM YHCJIOBHM
IIPOMEeHeM.

Bignmosige Moske OyTH 3anucaHa ogHUM i3 cnocobiB: (15; +e) abo
x> 19,

3ayBaKuMo, 110 JJIsi 300pakeHHs Ha PUCYHKY YHUCJIOBOI'O IPOMiK-
Ky BHKOPHCTOBYIOTH JBa cHocobu: 3a AOIIOMOT0I0 ab0 IITPUXOBKH
(puc. 23.1, a), abo ayxxu (puc. 23.1, 6). Mu BUKOPUCTOBYBATHUMEMO
Apyruu coocio.

NMPUKNAL 1 Poss’skiTh HepiBHicTh 3 +§ <T+x.

Po3zé’szanns. IlepereceMo JOZAHOK X 3 IIPaBOl YACTUHU HEPiBHOCTL
B JIiBY, & JIONAHOK 3 — 3 JIIBOI YaCTUHHU B IIpaBy i 3BeaeMo IOAioHi

YJICEHU:
o e+ < T8
— 2 ’
_8 3
Puc. 23.2 To it
[TomHOXMMO 00U/BI YaCTUHU HEpPiBHOCTI HA —2:
X2 =8,

MHOKUHOIO PO3B’A3KIB I[i€l HEPIBHOCTL € YMCJIOBHUA HPOMINKOK,
AKUHA MMO3HAYATh Tak: [—8; +eoo) (uMTaoTh: «IPOMiIKOK Bix —8 1m0
ILJIIOC HECKIHYEHHOCTI, BKJIIOYAIIN —8»).

Toukn KOOPAUHATHOI IPAMOI, AKiI 300paKyi0Th POo3B’I3KHN HEPiB-
HOCTi x 2 —8, yrBOpoOIOTH npoMius (puc. 23.2). Tomy uucioBuiA
IIPOMiKOK [—8; +e0) HABUBAIOTH YMCIOBHM IPOMEHEM.

BiznmoBias MOKHA 3alTUcATU OZHUM i3 ciocobiB: [—8; +w) abo x > —8.

NPUKNAL 2 Poss’skite HepiBHicTb 2 (2 — 3x) > 3 (x + 6) — 5.
Po3g’sa3anna. 3anumieMo JAHIIOXKOK PIBHOCHUJIBHUX HEPiBHO-
cTeu:
4=6x>3x +18—5;

B 4 - 6x>3x+ 13;
o > -3x — 6x > —4 + 13;
i —9x > 9;
Puc. 23.3 by
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23. Po3B’A3yBaHHA NiHIMHUX HEPIBHOCTEN 3 OAHIEI0 3MIHHOID. Y1CIOBI NPOMIDKKM

MHOKHMHOIO PO3B’A3KiB OCTAHHBOI HEPIiBHOCTI € YMCJIOBUI IIPOMi-
JKOK, SKMHA MO3HAYAIOTh TakK: (—oo; —1) (YMTAIOTH: «IIPOMIXKOK BiJ
MiHyC HeCKiHUYeHHOCTI 10 —1»).

Touku KOOPAMHATHOL IPAMOI, AKi 300paKyi0Th PO3B’I3KHU HEPiB-
HocTi x < —1, posmimieHi JgiBopyd Bix Toukm —1 (pue. 23.3) i yTBoO-
PIOIOTH NPOMiHB, Y SIKOI'O «BHKOJIOTO» MOYaTOK. TOMY YMCIOBUH
NPOMIKOK (—e0; —1) HA3UBAIOTH BiIKPUTUM YUCJIOBUM IPOMEHEM.
BigmoBizps MOXKHA 3amucaTé OOQHUM i3 criocobiB: (—eo; —1) abo x < —1.

MPUKNAL 3 Posp’sxkiTh HepiBHICTH 5%1 +—’3E < %

Po36’a3anHsa. 3aUIIeMOo JIAHIIOKOK PiBHOCHJIIBHUX HEPiBHOCTEH:

5.x_"_1+6.§ <61

2 6
8x— 3+ 2x < 1; \* Aot

4
5x < 4; 5
e Puc. 23.4

MHOXHMHOI0 PO3B’A3KiB OCTAHHBOI HEPIBHOCTI € YMUCJIOBUI IIPOMi-

. 4 5 ;
KOK, AKHHU IIO3HAYAKTH TakK: (—°°; g (‘IHT&IOTI:Z «IIPOMIXKOK BI1J

g : : 4 4
MiHYC HECKiHYEeHHOCTi Z10 5 BKJIIOYAIOYH =)
Touyku KOOPAMHATHOI MIPAMOi, AKi 300pa’KyIOTh PO3B’ABKH HEpPiB-

HOCTL x < %, YTBOPIOIOTH IPOMiHb (puc. 23.4). Tomy uuca0OBHM IIPO-

: 4
MIXXOK (—'°°; -5 Ha3uBalOTh YUCJIOBHUM IIPDOMEHEM.

' ] : X 4 4
Bigmosige MOKHA 3anMCATH OLHUM 13 CIIOCO0iB: (—oo; E:I abo x < o

NMPUKNAA 4 Poss’sxits HepiBHicTs 3 (2x — 1) + 7 > 2 (8x + 1).

Poszé’azannsa. Maemo: 6x — 3 + 7 2 6x + 2;

6x —6x 22— 4;
0x 2z 2.

OcTaHHA HEPIBHICTH NpH OYAb-IKOMY 3HAYEHHI X IIEPETBOPIOETHCS
B NPaBUAJBbHY 4YHMCIOBY HepiBHicTh 0 2 —2. OTiKe, IIyKaHA MHOMKHUHA
poO3B’A3KIB 36iracThCcsa 3 MHOKMHOKI BCiX YHCeJI.
Bidnogidv: x — Oyab-AKe YUCJO.

{10 BigmoBiABP MOJKHA 3amucaTH iHaAKMIe: (—oo; +o0) (YUTAIOTH:
«IIPOMI’KOK BiJi MiHYC HECKiHYEHHOCTI J0 MJIIOC HECKiIHYEeHHOCTi»).
[leit ymucaOBUY IPOMI’KOK HA3WBAIOTH YHCIOBOIO NPIMOIO.
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§ 4. HepiBHocTi

NMPUKNAL 5 Poss’sxite HepiBHicTh 4 (x — 2) — 1 < 2 (2x — 9).

Pozé’szannsa. Maemo:

4x — 8 -1 < 4x — 18;
dx gy < O 18;
0x < -9.

OrpuMaHa HepiBHICTH OPH OYAb-AKOMY 3HAYEHHI X IIEePETBOPIOETH-
cA B HEIIDaBUJIbHY YMCJIOBY HepiBHicTh 0 < —9.

Bigmosige MOXKHA 3amucaTé OAHUM i3 cIOCODIB: pO3B’A3KiB HeMae

abo .

Oazunavennn HepiBHocti BHAY ax > b i ax < b, ne x — 3miHHA,
a i b — nmapameTpH, Ha3UMBAXTh JiHIHHHMHU HEPIiBHOCTAMHU
3 OAHIEW 3MIiHHOIO.

Oznmavennqa JAKIo MHOKHHA PO3B’A3KIB NMepIIOl HEPIBHOCTI € ImijJ-
MHOKWHOI MHOKMHH PO3B’ A3KiB APyroi HepiBHOCTI, TO APYry Hepis-
HIiCTh HA3UBAIOTh HACJi/JKOM NepuIol HepiBHOCTI.

HanpukJjan, HepiBHiICTE X > 2 € HaCIiZKOM

/—————— HepiBHOCTI X > 5 (puc. 23.5).
R - OCKiNbKH MOPOXKHA MHOMKUHA € HiIMHOMKU-
2 ° HOIO Oy/b-AK0I MHOKHUHHU, TO OyAb-AKa HEpiB-
Puc. 23.5 HiCTh 3 OJIHi€I0 3MiHHOIO € HACHIZKOM HepiB-

HOCTi, AKa He Mae pO3B’A3KiB, HANPUKJIAJ
HepisHocTi | x | < 0.

APUKNAL 6 Ilpu Axkux 3HAYEHHAX ITapaMeTpa a HepiBHICTh
2x + a > 0 € Hacaigkom HepiBHOCTI x + 1 — 3a > 0?

Po3é’a3zanns. 3aMiHUMO JaHi HEPiBHOCTI Ha

ﬂ

A . a .
d » piBHOCUJBHI. Maemo: x>—§ L X N8 1
3a -1

I
DR ¢

; ¥ § p a
MHo>xnHa pO3B’sIBKiB HEPiBHOCTI x > —— Mae
Puc. 23.6 .

MiCTHTH MHOXXHHY pO3B’sI3KiB HepiBHOCTI
a
x > 3a — 1 (puc. 23.6), a ne BUKOHYEThLCS, AKIIO =g < 3a -1, TobTo

2
az—.
7

Bidnosgidv: a =

Do

Hasenemo TabauIi0 Mo3Ha4eHb i 300parKeHb BUBUYEHUX UMCIOBUX
IIPOMIKKIB.
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23. Po3B'A3yBaHHA NIHINHUX HEPIBHOCTEM 3 OAHIEID 3MIHHOIO. Y1CNOBI NPOMIKKHK

Hepisricte | IIpomiskox Hassa 3o06pakeHHA
. Biagxkpuruii /——‘_‘
x> (a; +o0) YMCJIOBUM o >
IIPOMiHb
Bigkpurui \
| % <.a (—=; a) YUCJIOBUMN . il
HPOMiHb
YucroBuit /’——
X 2 a [a; +eo) ; -
MIPOMiHb a
YucaoBuii —\5
x < a (—o=; a] ; >
IIPOMiHb a

£

e 1. ChopmymoiiTe TeopeMu, 3a AKUMHA MOYKHA OTPUMATH HEPiBHICTS,

PiBHOCHJIbHY HaHi. :

2. 5Ixi HepiBHOCTI HA3MBAIOTH JIIHIMHMMYU HEPIBHOCTAMH 3 OZHIE€IO
3MiHHOIO?

3. Sk 3anucyioTh, YATAIOTH, HA3WBAIOTH 1 300PaKYIOTH IIPOMiKOK,
SAKUM € MHOYXHHOIO PO3B’sA3KiB HEPIBHOCTI BUAY: X > a; X < a;
xZa;x<a?

4. Po3B’A3KOM HEpPiBHOCTI € OyAb-AKe YHUCI0. SIK y TaKOMY BUIIAJ-
Ky 3alMCyIOTh, YUTAIOTH i HA3UBAIOTH NPOMIKOK, AKUNA € MHO-
JKUHOIO0 pO3B’A3KIB HEepiBHOCTI?

23.1.° Vxaxirs HaiMenmIe nijse yucao, AKe HAJEKUTH IMPOMIKKY:
1) (6; +e0); 2) [6; +=); 3) (-3,4; +o); 4) [-0,9; +oo).
23.2.° Vxaxire Haitbinbme mise Yncso, AKe HAJEIHKUTh TPOMIKKY:
1) (—oo5 —4); = 2) (—e0; —6,2]; 38) (=<5 1]; 4) (—e; —1,8).
23.3." Po3B’saKiTh HEPiBHICTE:

1) —2x > 10; 4) Tx — 2 > 19; 7) 5x < 2x — 18;

2)—;;x<9; 5)4 — x < 5; 8) 36 — 2x < 4x;

3) —10x < 0; 6) 5 + 8x > 6; 9) ";2<2.
23.4." Poap’siTh HEpiBHICTE:

1) ~4x < ~16; 4) -3x < g; 7) 5 — 9x > 16;

2) §x<6; 5) 4x.+ 5> T gy sn8o g

3) —12x > 0; 6)9 — x > 2x;
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§ 4. HepiBHoCTI

23.5.° Po3B’s1:xiTh HepiBHICTH:
1) 0x > 10; 3) 0x > -8; 5) 0x > 1; 7) 0x < 0;
2) 0x < 15; 4) Ox < -3; 6) Ox < 2; 8) 0x > 0.
23.6.° 3naiigiTe HaUMeHIIUHA NiJni po3B’A30K HEPIBHOCTI:
1) 5x > 40; 2) 5x > 40; 8) —2x <33  4)—Tx <185.
23.7.° BuaigiTe HaUbOIABIINH iTHA PO3B’A30K HEPiBHOCTI:
1) 8x< =-16; 2)8x<-16; 3)3x<10; 4) —-6x > —25.
23.8.° Ilpu sikux 3HadYeHHAX a Bupas 6a + 1 mabOysae Bifx’eMHUX
3HAYEHB?
23.9." Ilpun sikux 3HaueHHAX b Bupas 7 — 2b HabyBae noAaTHUX 3HA-
YeHb?
23.10.° Po3B’s:xiTh HepiBHICTE: '
1) 8% + 2 <.9x — 8; 3)3-11y = -3y + 6;

2) 6y + 8 < 10y — 8; 4)3m - 1< 1,6m + 5.
23.11." PosB’skiTh HEPiBHICTH:

1) 4+ 112> T+ 12x; 3) 3x —10 < 6x + 2;

2) 35x — 28 < 32x + 2; 4) 6x — 3 2 2x.

23.12.° IIpu sKUX 3HAYEHHAX ¢ 3HAYCHHSA ABouIeHA 9¢ — 2 He Giabimi
3a BiANOBiAHI 3HAYeHHA ABOuYJeHa 4c¢ + 47

23.13." Ilpn aKkuX 3HAYEHHAX k 3HA4YeHHsA aABouaeHa 11k — 3 He mMeH-
mri Bij BiAMOBiAHUX 3HAYeHH ABoUYJeHa 15k — 13?7

23.14.° Po3B’akiTh HEepiBHICTH:

4x  x . Sx 0 13
1) 3+2<11, 3) o> 4;

2% 8% .1 AR |

o 80 L L
G eyt Haas?

23.15." Po3B’skiTh HEpPiBHICTH:

¥ _5Y 1. L

1)6 4<1, 2) 10 5> 2.

23.16." 3ualaiTe MHOXKUHY PO3B’A3KiB HEPIBHOCTI:
1):8'— (2% +:4). 2T+ 2%;
2yax=2 ¢ 1) 10+ 8 (x +4);
3).2:(2x:—8,0) =8 (2'='3x) <6 (1= x);
4) (4x - 3)* + (8x + 2)* > (5x + 1)%
5) 2x -1 > 3x—5;

4 5
6) (x —5)(x+1)< 3+ (x — 2)%
x+1' x-3 %
7) 5 3 >2+E,

8) (6x — 1) — 4x (9x — 3) < 1;
x-3 x+4_x-8
9) 5 4 =% 5
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23. Po3B's3yBaHHA NIHINHUX HEPIBHOCTEN 3 OAHIEID 3MIHHOIO. YNCNOBI NPOMIKKM

23.17." 3paifiTh MHOYKHUHY PO3B’sA3KIiB HEpiBHOCTI:
DE2-y)B+ty)<4+y)(6-y)
2)(y +3)(y - 5) - (y — 1) > -16;
3) 2_x_x-1_x+2<0;

y-1 2y+1
i v
23.18.° BmaiijgiTe HAROIABIINEN HiaUHA PO3B’A3B0K HEPIBHOCTI:
1) TifxH2) = 8 (x=8) <10;
2)(x—4) (x +4)-5x > (x — 1) - 17.
23.19.° 3uaigiTe HalMeHIIUH iU PO3B’A30K HEpPiBHOCTI:
4x+13 b65+2x 6-Tx
L [ T RN
2) (' D(xt1)-i(x —4)i(x+ 2)> 0
23.20.° Ckinpky miaux Bifi’€eMHUX PO3B’A3KiB Mae HepiBHICTH
_x+7 11x+30 X-54
4 12 3
23.21." CkinbKM HATypaJbHUX PO3B’S3KiB Ma€ HEpPiBHICTH
2-3x <1 5x+6
R el
23.22.° IIpu AKUX 3HAYEHHAX X € NPaBUJIbHOIO PiBHICThH:
1)|x-5|=x-5; 2) | 2x + 14 | = —2x — 14?
23.23." Ilpu AKUX 3HAYEHHAX Y € IPABUJIBHOIO PiBHICTH:
ly+7] LE
e y+ T ik it
23.24.° Typuct NpoIJIUB HA YOBHI JESAKY Blp;c'ranb 3a Tedi€w piuku,
a MOTiM NOBEpPHYBCS Has3aJi, BUTPATHBIINA HA BCI MOJOPOXX He
Oinpine n’satu roauH. lIBuakicTs yoBHA B CTOAYiN BOAL HOPiBHIOE
5 Km/roa, a mBuAKicTs Tewili — 1 KM/rox. Ky Halbinbimy Bin-
CTaHb MIr' IPOILIMCTH TYPHUCT 3a Tedieio piuxkm?
23.25.° V3ABIIM YOTUPH MOCHIJOBHUX IIiJINX YMCJIA, POITIAHYIN
pisHMII0 ZOOYTKIB KpalHiX 1 cepesHix 4uces. 3HAUJAITH YOTUDPHU
TAaKUX 4yucja, I SKAX A pisEung Oiabina 3a HYJIb.
23.26.° Y kopob11i MicTATHCA CHHI Ta 3KO0BTI KyabKu. KinbKicTs cHHIX
KYJBOK BiTHOCUTHCSA JI0 KIJIBKOCTI »KOBTHUX AK 3 : 4. Aka HaWOiIb-
mra KiJbKiCTh CHHIX KYJIBOK MOXKe O0yTH B KOpoOIli, SIKIIO BCHOTO
KYJbOK He Oinpmie Hixk 457
23.27.° CropoHHn TPUKYTHHKA HOPiBHIOTE 8 cM, 14 cm i a cMm, ze
a — HaTypaJbHe 4yucijao. SAKoro HaubiNbIIOro 3HAYEHHS MOXKe
HaOyBaTu a?

-y <2.
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§ 4. HepiBHocTi

23.28.° fki 3 HepiBHOCTEH € Hacaigkamu HepiBHOcTi 1 — 3x > 0:

1 1 2
—e A =3
1)x>3, ; 3) x 3 5)x<5
2)x<—;; 4)x<—i; 6) x <1?

23.29." fIxa 3 HepiBHOCTEH y mapi € HacaiAKOM iHIIOI:
1D2x+1>0i1-2x<0; 5)x+120i(x+1)(x*+1)>0
2)3x-5<0i6-5x>0; 6)x*+2x+1>0ix+1>0;
3)|x|>0ix*>0; 7)%>0ix>0?
4)|x+8|<0il17x—-19 > 0;

23.30." ITo6yayiiTe rpadik GyHKILI:

Dy=|x-2}; y=|x+3|-1; y=|x-1|+ x.
23.31. Tlo6yayitre rpadik GyHKIiL:
Dy=|x+4]; 2)y=|x-5|+2; y=|2x-6]|- x.

23.32." Ilpn sKuUX 3HAYEHHAX ITapaMeTpa @ PiBHAHHA:

1) 4x + a = 2 Mae AoJaTHUN KOPiHBb;
2) (a + 6) x = 3 mae Bix’€eMHHI KOpiHb;
3) (@ — 1) x = a® — 1 Mae efUHMI KOJATHUI KODiHB?

23.33. Ilpu axux 3HAUYEHHAX IapaMeTpa m pPiBHAHHSI:
1) 2 + 4x = m — 6 mae HeBix €eMHUIT KOPiHb;

2) mx = m® — Tm Mae exuHuit Bix’eMHUE KOpiHb?

23.34." Yu icHye Take 3HAYEHHs IIapaMeTpa @, IIpPpU AKOMY HE MAae€
PO3B’A3KIiB HEPiBHICTE (y BUIAAKY ITO3UTHUBHOIL BiAMOBiAl BKaXKIThH
e 3Ha4YeHHA):

1) ax > 3x + 4; 2) (@* + a) x < a?

23.35." Yu icHye Take 3HAUEHHS IapamMerpa @, Ipu AKOMY OyAb-siKe
YUCJIO € PO3B’A3KOM HepiBHOCTI (V BUIAAKy IO3UTUBHOI BiAOBiAl
BKAaXXIiTh 1l 3HAUEHHSA):

1) ax > -1 — Tx; 2)(@®* - 16) x < a + 47

23.36." lns KOKHOro 3HAYEHHSA IlapaMeTpa a po3B’ sSKiTh HepiB-
HiCTB:

1) ax > 0; 3) ax > a; 5)(a+3)x<a®-09;

2) ax < 1; 4) (a — 2)x > a® — 4; 6) 2 (x — a) < ax — 4.
23.37.7 JInsa K0HOTO 3HAYEHHA @ PO3B’AXKIiTh HEPiBHICTH:

1) a’x < 0; 2)(a+4)x>1; 3)a+x<2-ax.

23.38." Ilpu sikux 3HAYEHHAX IapaMeTrpa a Ieplia 3 HepiBHOCTEMH
[apu € HACHiAKOM APYroi HepiBHOCTI:
1)2x ~a>01l x4+ 26—-8>0; 4yaxr<lix=>]1:
2Y3x+a=<0i2x—-a+4<0; 9)x>0iax>12

mx+a—3>01§+w4>0;
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24. Cuctemu i CYKyNHOCTI AIHIMHUX HEPIBHOCTEN 3 OAHIEID 3MIHHOIO

22,39, Ilpu AKUX 3HAUYEHHSAX NMapaMeTpa @ HepiBHOCTI € PiBHOCHJIb-
HUMU:
1) 22— a>01ix+2a—3=> 05 4)3x=a=01ax=32>0;
2)3x+as<0i2x-a+4<0; 5ax=>11i2ax>3;
3)8x—a>0ix-a—-12>0; 6)a’x>1i2ax>3?

FE M CucTemMm i CyKynHOCTI NiHIMHNX HepiBHOCTeN
3 OfiHi€I0 3MiHHOI0

Posrassaemo HepiBHOCTI 2x — 1 2 01i 5 — x =2 0. ITocTaBumoO 3ana-
qy: 3HAUTH MHOXKHMHY CIIJIBHUX PO3B’A3KIB IIUX HEPIBHOCTEH.

Axmio Tpeba 3HaWTH CHIIBHUN PO3B’S30K ABOX ab0 KiJlbKOX He-
piBHOCTEH, KaXXyTh, 110 Tpeba po3B’sA3aTH CHCTEeMYy HEPiBHOCTEM.

Ax i cucremy piBHAHB, CUCTEMY HEPIBHOCTEH 3aIIUCYIOTH 3a JOIO-
MOT0I0 (hirypHOI AYKKH.

JJ1s 3BHAXOKEeHHA CHiJIbHUX PO3B’A3KiB 3aJlaHUX BUIIE HEPiBHOC-
Teil Tpeba po3B’A3aTH CHUCTEMY HepiBHOCTeI

{2x -12 0, )
5-x20.

Osunavennn Po3p’A3K0OM cHCTEeMHu HepiBHOCTEM 3 OJ-
Hi€0 3MIiHHO HA3UBaIOTh 3HAYEHHS 3MIHHOI, SIKe IIEPETBOPIOE
KOJKHY HEepiBHICTh CHCTEMH B NPABHJIBHY YMCJIOBY HEPiBHICTS.

Tak, uyucna 2, 3, 4, 5 € poss’askamu cucremu (*). A, HanpukJaaz,
qucao 7 He € il po3B’sI3KOM.

Po3sé’sazamu cucmemy nepiénocmell — ye 03HAYAE 3HAUMU MHO-
JHcuny ii po3e’a3xia.

Hanpuknan, mo s3axaui «Po3B’sAxKiTh cucTemMy HepiBHOCTeH

Ox >-1, ] 4
BiITTOBiAL Oy/le TAKOIO: «MHOKMHA BCIX YUCEJ».

|x| 2 0»
\ : x <5
OueBuIHO, IO MHOKUHA PO3B’A3KIB cuCcTEMU S CKJIA[[aETh-
X Z
cd 3 OJHOI'O YHucia b.

x > 5, e A

Cucrema 5 PO3B’A3KiB He Mae, TOOTO MHOYKHMHOIO i1 po3B’sA3KiB
X<

€ MOPOYKHA MHOXXHHA.
Poap’sixxemo cucremy (*). IlepeTBopiooun KOKHY HEPIBHICTH CHC-
T€eMH B PiBHOCHJIbHY 1, OTPUMYEMO:
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§ 4. HepisHocTi

{Zx
—X 2 =9 x < 5.
MHOKHMHA PO3B’A3KiB OCTAHHBOI CHCTEMU CKIAJAETHCA 3 YCiX UH-

1
I x 2=,
2

VvV V

ces, siKi He MeHIIi Bij 5 i He Oinbiai 3a 5, TOOTO 3 ycix uncesn, AKi

Tt 1
3aI0BOJIBHAIOTH HEPiBHICTH 3 S x < 5. A MHOXKHHA € YHUCIOBUM

. o 1 A
IIPOMIMKOM, AKHUM IIO3HAYAIOTH TaK: ['é', 5 (‘{I/IT&IOTBI «IIPOMIKOK

BiJI % IO D, BKJIIOYAIOYH % i5»).

Touku, AKi 300paKy0Th po3B’A3KM cucTemMu (*), poamimeni mix

ToukaMu A (%) i B (5), Braiouyaroun Touku A i B (puc. 24.1). Boru

AL " : 1
VYTBOPIOKTH B1/IP130K. Tomy YUCJIOBHM IMPOMLXXOK [-5, 5 | Ha3MBaIOTh

YHCJIOBMM BiApi3KOM.
BigmoBiap y 3azaui npo 3HaAXO[KEHHs CIIJIBHUX PO3B A3KiB He-
piBHOCTE# 2x — 1 2 0i 5 — x 2 0 moxke OyTH 3anmucaHa OJHHUM i3
: 1
criocobiB: [%, 5] abo ) < x < 5.
4 g : 3 g 1 -
3ayBayKMUMO, IO BCi CHiJIbHI TOYKHM MPOMIXKKIB [5; +oo) i (—eo; 5]

YTBOPIOIOTH IPOMIiKOK [%, 5:| (puc. 24.2). Tob6To yucaoBHM BiZipi3oKk
[%; 5} € MepeTMHOM YMCJIOBUX NPOMEHIB [%, +oo) i (—ee; 5]. 3anu-
CYIOTE: [l; +oo) N (—eo; 5]=[l; 5}.
2 : 2
IIpomirkKkm [é—, +o<>) i (—ee; 5] € po3B’A3KaMu BiANIOBIIHO HEpiB-

HocTer x 2 — ix < 5. Toxi MOoxHA crasaTH, 10 MHOMUHA PO38 A3Ki6

DO | -

1
X 2 = . A ’
cucmemu 2°e nepemuHoOM MHOMCUH PO36’ A3Ki6 KONHOL 3 Hepis-
<5
~~

Hocmell, AKi cxaadawms cucmemy.

& RO i

5 5

Do =
DO |t

Puc. 24.1 Puc. 24.2
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24. CucTtemu | CyKynHOCTI NIHINHWX HEPIBHOCTEN 3 OAHIEI0 3MIHHOIO

.

Orixe, wob posé’azamu cucmemy Hepienocmell, mpeba snaumu
nepemun MHOMCUH PO38° A3Kié HepieHocmell, AKi ckaadawoms Cuc-
memy.

_ 3x-1>-T7,
NPUKNAL 1 Poss’sixiTh cucremy HepiBHOCTEMH R
3—4x > -9.

Posé’sazannsa. Maemo:
{3x > -6, {x > -2, P
O O -
—4x > —12; % <38, -2 3 .
3a ZOIMOMOro0 KOOPAHUHATHOI MPAMOI 3HAM- Puc. 24.3
JIeMO IEepeTHH MHOYKHUH PO3B’sA3KiB HepiBHOC-
Ted JaHOl CHCTEeMH, TOOTO HMEPETHH MPOMINKKIB (—oo; 3) 1 (—2; +o)
(puc. 24.3). IllykaHuii mepeTUH CKIAAAEThCA 3 YCiX Yuces1, AKi 3a10-
BOJIBHAIOTH HEPiBHICTE —2 < x < 3. 114 MHOKHMHA € YHCJIOBUM ITPOMIiXK-
KOM, AKHUM IM03HA4YaIOTh (—2; 3) i YMTaloTh: «IPOMiXKOK Bifg —2 10 3».
Taxkuit TPOMiIKOK HA3UBAIOTH BIIKPHUTHM YMCJIOBHM Bipi3KoM.
BignoBige MOKHA 3anmcaTH OAHUM i3 criocodiB: (—2; 3) abo —2 < x < 3.

4x -3 <1,

NPUKNAL 2 Poss’sixiTs cucreMy HepiBHOCTeH {3 2l
S IS SURD )

4¥ <4, <l
Posze’sazanns. Maemo: { {

-x <2 |x=-2. ‘/' \v‘ L
3a ZOmOMOroX KOOPAMHATHOI NpPAMOl 3HAW- -9 )i
JIeMO TEepPeTHH MPOMIMKKIB (—oo; 1) 1 [-2; +o0), Pooc. 24 4

AKI € MHOXKUHAMY PO3B’A3KiB HEepiBHOCTEN HaHOI

cucremu (puc. 24.4). lllykanuii nepeTUH CKJIAJAETHCA 3 YCiX uuces,
SIK1 3aJI0BOJIBHSAIOTH HEPiBHICTE —2 < x < 1. Ila MHOXXMHA € YUCJIOBUM
IIPOMi’KKOM, AKHHM MO3HA4YaloTh [—2; 1) 1 4yMTAIOTh: «IPOMIMKOK Bij
-2 o 1, BKaouyawuyu —2». Takuil NpoMiKOK Ha3WBaKOTh YHCIOBHM
BiAPi3KOM, BiIKPUTHM cIpasBa.

BiamoBias MoKHA 3anucaT OAHUM i3 crrocobiB: [—2; 1) abo —2 < x < 1.

3 <A

x > -2.
MHOKUHOI PO3B’A3KIB JaHOI CHCTEeMH € IepPeTHH IPOMiXKKiB

(—e0; 1] i (—2; +eo). Ile#l mepeTUH € YHUCJIOBUM IIPOMiKKOM, AKUMA

nozHavyamoTsb (—2; 1] i yuTaoTh: «IPOMiKOK Bix —2 mo 1, BKJIIOUAIO-

yu 1». Takuit npoMi’>KOK Ha3UBAIOTH YMCJIOBMM BiIPi3KOM, BIIKPHTHM
3jiBa. '

NPUKNAL 3 Poss’ssxirs cucreMy HepiBHOCTE {
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§ 4. HepisHocTi

NPUKNAA @ Posp’sixits mepiBmiers —7 < 3x + 5 < 11. ,

Po3g’a3zannsa. Po3s’s3kamMu HepiBHOCTI OYAYTH Ti 3HAUEHHS 3MiH-
HOI, AK1 OTHOYACHO 3aJJ0BOJILHAIOTE KOXKHY 3 HepiBHOCcTe# 3x + 5 > —T
i3x + 5 <11, Tobro gaHa nojBiiiHA HEePiBHICTH PIBHOCUJIBHA CHCTEMi
{3x +5 > =T,

3x+5H<11.

’ {x > —4,
3Bigcn
x<2

Bidnosgidv: (—4; 2).

MPUKNAJL 8 Poss’soxits mepisricTs x* (x + 1) > 0.
Poszé’azannsa. [JoOyTOK ABOX MHOMKHUKIB HAOyBae JONATHUX 3HA-
YeHb, AKIIO IIi MHOXKHHKHU ofHOro sHaka. Ockinekm x = 0 He €
po3B’siskoM AaHol HepiBuocTi, To x° > 0,
N» TOMY CJiJi BUMaraTu, niod MHOXKHHUK x + 1
-1 0 OoyB pmopaTHMM. 3Bijgcu x > —1. IIpore mpo-
Puc. 24.5 MikKY (—1; +0) nanexnTs yncyao 0, axe He
€ po3B’A3KOM maHoi HepiBHOCTI. OTiKe, aHA HEPiBHICTH PIBHOCHJIbHA

Clx+1>0, ; A :
cucreMi Posp’siskoMm 1miel cucremMn € o0’eqHaAHHS IBOX

x#0.
npomiskkiB: (—1; 0) i (0; +ee) (pue. 24.5). BixgnoBigs MokHA 3amnuca-
T ofHHAM i3 cmocobiB: (—1; 0) U (0; +e) un —1 < x < 0 ado x > 0.

NPUKNAL B Poss’suxiTe vepismicts | x | (x — 1) 2> 0.
Poszé’szannsa. Ockinbku | x | > 0, To MoxKe 3zaBaTHcs, o0 AaHA
HepiBHiICTH piBHOcHJBHaA HepiBHocTi x — 1 2 0. IIpore nmpomizKkKy
[1; +e0) He HanekuTH yncyo 0, AKe € po3B’A3KOM 3aaHOI HEPIBHOCTI.
Omxe, mMyKaHa MHOYKHHA PO3B’SA3KIB CKJIAZAEThCA 3 00’€IHAHHSA
MHOKWHY PO3B’A3KiB piBHAHHS | x | = 0 i MHOKUHY pO3B’A3KiB HepiB-
Hocti x — 1 2 0.
Bionogioe: {0} U [1; +ee).

fAxio Tpeda sHaiTH 00’ € JHAHHA MHOYKUH PO3B’A3KiB HepiBHOCTEH
(piBHAHB), TO KaXKyTh, 110 Tpeba po3B’A3aTH CYKYIHICTH HEPIBHOCTEH
(piBaans). CykynHicTs HepiBHOCTEeU (piBHAHBL) 3alIHCYIOTH 34 HOIO-
MOT'0I0 KBaJPATHOL AYKKH.
Tax, mo6 poss’s3aTu HepiBHicTE | x | (x — 1) > 0, Tpeba poss’azaTn
CYKYIIHICTH : )
=0,
x-120.
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24. CucTeMu | CyKYNHOCTI NIHIMHWUX HEePIBHOCTEN 3 OAHIEID 3MIHHOIO

NPUKNAA 7 Posp’suxiTe HepiBHicTs (x + 2) (x — 1)* < 0.
Poszé’azannsn. 3agana HepiBHICTh PIBHOCHJIBHA CYKYIIHOCTI
x+2<0,
[x -1=0.
3Bigcu [x s
x=1.

Bidnosiodv: (—e=; —2] U {1}.

NMPUKNAL i st KOXKHOrO 3HAYEHHSA IapaMeTpa d PO3B’siXKiTh HepiB-
mieTs (x — a)® (x — 2) = 0.
Poze’azanna. 3agaHa HEepPiBHICTH PiBHOCHJIbHA CYKYIIHOCTI
x—220, - x 2 2,
3Biacu
x—a=0, x=a.

Axmo a < 2 (puc. 24.6), To MHOKUHOKIO PO3B’A3KiB 3a1aHOI HepiB-
HOCTI € MHOKUHA {a} U [2; +eo),

Armo a = 2 (puc. 24.7), TOo NpoMiKOK [2; +o) € MHOKWUHOIO
po3B’A3KIB JaHOI HEPiBHOCTI.

i ;/__. _g/’. i
a

Puc. 24.6 Puc. 24.7

Hanpukinni HaBezemo TabJINII0 MO3HAYEHE i 300pakeHsb YUCI0BUX
IIPOMIKKiB, BUBUEHHUX Y LbOMY IIYHKTI:

~ Hepisuicts | I[Ipomiskox Haazga 3obpaxeHHA
la<x<b [a; b] | YucnoBmit BiApisoK K__\b »
a
Bigxkpurnii h
a <3< (a; b) B , S>—»
YHCJOBHUU BiIPi3OK e b
Yucaosuii Bifpisok, _m
a<x<b (a; b] | ullp. -
BigKpuTHii 371iBa a b
YucaoBUii Bipizox _/_\A
asx'<b | ‘[a; ) ! AL . S
| BifKpuTHII cripaBa a b
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§ 4. HepiBHocTi

wl. Y AKUX BUNAAKaxX Ka)XyTh, 0 Tpeba po3B’sA3aTH CHUCTEMY He-

piBHOCTEH?

2. 3a JOmOMOro SIKOIr0 CMMBOJIY 3allUCYIOTh CUCTEMY HepiBHOC-
Tei?

.IIlo HasuBalOTh PO3B’A3KOM CHCTEMH HEPiBHOCTEH 3 OAHI€IO
3MiHHOIO?

. IITo o3Hauae po3B’sA3aTu cUCTEeMy HepiBHOCTE?

. [HoscHiTH, 1110 HABUBAIOTH IIEPETUHOM JBOX NPOMIKKIiB.

. OnumiTe anropuT™ po3B’s#A3yBaHHA CHUCTEMH HepiBHOCTE.

. Ak 3anuCyIoTh, YNTAIOTH, HA3UBAIOTH 1 300pPaKyIOTH IIPOMIKOK,
AKUH € MHOXXUHOIO PO3B’A3KiB HepiBHOCTI BHAY a < x < b;
a<x<bja<x<ba<x<b?

8.V aAKuX BHNAAKaX KaKyTh, 10 Tpeba po3B’sA3aTH CYKYUHICTH

HepiBHOCTe# (PiBHAHB)?

W

= O Ot

24.1." SIki 3 uucen —6; —5; 0; 2; 4 € po3B’A3ZKaAMM CHCTEMH HepiBHOCTEH
x—-2<0,
-2x <10?
24.2. Po3B’sI3KOM SIKMX i3 cuCTeM HEpPiBHOCTEH € 4ucjo —3:
x>-4 x <-4 x=2-3 x+1>-1
1) g 2) : 3) ’ 4) 4
x<8: x < & x 2 6; 1 —2<0?
24.3.° 306pasiTe HA KOOPAMHATHIN NpPAMiN i 3anumIiTh, MPOMIMKOK,
KW 3ala€ThCsA HEPiBHICTIO:

1)0<x<5; 3) 0,2 < x<102;
2)%<x<2%; 4) -2,4 < x < -1.

24.4.° 3anumriTe yei miai unena, AKi HaJdexKaTh NPOMIXKY:
1) [3; 7] 2) (2,9; 6]; 3) [-5,2; 1];  4) (-2; 2).

24.5.7 YraxiTe HaliMeHIIe i HaWbinbme 1mini umcna, AKi HajgeKaTh
MIPOMIKKY: '
1) [ =125=00 0 2) s 11 3) (-10,8; 1,6]; 4) [-7,8; —-2,9].

24.6.° 306pasiTe HA KOOPAUHATHIN IpAMIil i 3anumIiTs HEepeTus mpo-
MI1)KKiB:

1)[-1; 7] i [4; 9); 4) (—=; 2,6) i (2,8; +oo);

2)[3; 6] i (3;8); 9) [9; +=0) i [11,5; +eo);

3) (=05 3,4) i (2,55 +e0); 6) (—oo; —4,2] 1 (—=; —1,3).
24.7," Vxaxire Ha pucyHKy 24.8 306paskeHHA MHOKUHU PO3B’A3KiB

x> -1,

CHUCTEMH HepiBHOCTeH
x < 6.
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-1 6 -1 6
a 8
i S T LT
-1 6 -1 6
0 2
Puc. 24.8

24.8." YraxiTs Ha pucyHKY 24.9 300pa’keHHA MHOYXUHU PO3B’A3KiB
noaBiHOI HepiBHOCTI —4 < x < 2.

-4 2 -4 2
a 8
2/ A il il (it
51 ) —4 2
0 2
Puc. 24.9
24.9.° dxui 3 HaBeJEHMX IIPOMiJKKIB € MHOXKWHOIO PO3B’A3KiB cuc-

x> -1,
‘ x>2:
1) (-o0; -1);  2) (-1; 2); 3) (2; +o); 4) (-1; +o0)?
24.10.° Bigomo, mo a < b < ¢ < d. SIkuii 3 HaBeleHUX IPOMIKKIB
€ IIepeTHHOM IpoMikKiB (a; ¢) i (b; d):
1) (a; d); 2) (b; ¢); 3) (¢; d); 4) (a; b)?
24.11.° Bigomo, mo m < n < k < p. SIkuii 3 HaBeJJleHUX TPOMIiKKiB
€ MepeTHHOM IPOMIiMKKIB (m; p) i (n; k):
1) (m; n); 2) (k; p); 3) (n; k); 4) (m; p)?
24.12.° 300pa3iTh HA KOODAMHATHIN NpAMii i 3anumIiTe MHOXHUHY
poO3B’sIBKIB CUCTEMH HEPiBHOCTEM:

TEeMH HepiBHOCTeH {

< 2, 2 =2 2 2,
1) x 3) < 5) x 7) x
x< -1 x =2 -1 x=2-1 x5 2
< 2, < 2, 2, > 2
2) x 4 x 6) r> 8) x
x>-1; x<-1 x< -1 x <2
24.13.° Po3B’axkiTs cucTeMy HepiBHOCTei:
x-4<0, x-2>3, x+6>2,
1) 2) 3) 1«
2x 2 - 6; -3x < -12; % <2
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§ 4. HepisHocTi

4 6x+3 =20, 6) x—-2<1+3x, bx+14 > 18 — x,
7 - Sx-T<x+9; Lx+1<3x -2
5) 10x-1 > 3 3x -6 < x-1, 9 4x +19 < bx -1,
7T-38x 2 2x 3; 1lx+13 < x + 3; 10x < 3x + 21.

24.14." Po3B’skiTH cuCcTEMY HEpPiBHOCTEM:

{ —4x < -12, %) {2—3x<4x—12
x+2>6; 7T+3x 2 2x +10;
Bl x+3 28,
&) {x 1.5.2 2 [x+1<6;
3
3) {3x—3<5x, 6) {5x—2>2x+1,
Tx —-10 < dx; 2x +3 < 33 — 3x.
24.15.° 3uaiiTh MHOKWHY PO3B’s3KiB HepiBHOCTI:
1)-8<x—-4<T; 3)0,8<6-2x<1,4;
2) —2,4 < 8x + 0,6 < 8; 4)4<§—2<5.
24.16." Po3B’sikiTh HEPiBHICTE:
1)2 < x+10'< 14; 3) 1,8 < 1— Tx < 36;
2) 10 < 4x — 2 < 18; 4) 1< le <1,5.
24.17.° CkinbKHM MinuX po3B’s3KiB Mae cucTreMa HepiBHOCTeH
-2x =2 —-15,
{3x >-107?
24,18, 3maiigiTe cyMy LiJuX PO3B’SA3KiB cHCTeMU HepiBHOCTEMH
x+8 >4,
{5x +1< 9.

24.19.° CkinbKu ninux po3s’sa3KiB mae HepiBHicTs -3 < Tx — 5 < 16?
24.20.° 3uaiaiTe HAWMEHIINHA I PO3B’A30K CUCTEeMH HepiBHOCTeH

{x+8>17,

X
§>£&

24.21." 3uaigiTe HAUGINBLIINHN iKW PO3B’A30K CHCTEMU HEpPiBHOCTEH
2x+1< 4,
3x—-6 < -12.
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24. CuctemMu i CyKyNHOCTI NIHIMHUX HEPIBHOCTEN 3 OAHIEI0 3MIHHOIO

24.22.° Po3B’skiTh cUCTEeMy HepiBHOCTe:
1) 8(2-x)-2x>3, 1) 2(x+11) > 3 (6 —x),
-3 (6x-1)—x < 2x; (x-3)(x+6) =2 (x+5) (x—4);

Xkl 26 +3 _x+1<x+1
2) | 4 g 5% s R
6 Cx-1)<5(x-4)-T, (x+5) (x-3)+41 > (x - 6)%

3) 2(x-3)<3x+4 (x+1), 6) {5x+4<2x—8,
(x-3) (x+3) < (x-4)>°-1; (x+2) (x-1) > (x+3) (x-2);

'x+2<x+1
7l g A | 415

[(2—0) (x+2) +4x <(x=T)(x+T);

(6x +1 5x—1
8 {1 6 5 =50
(2 (x +8) =8 (x+2) < b—x:

24.23. 3HaliiTh MHOXKUHY PO3B’A3KiB CHCTEMU HEPiBHOCTEI:

2¢—3 4x-9 a2 g
175 =l S)Fx 6)? < (x-2)* -8,
5(x_1)+7(x+2)>3; 3(2x—1)—8<34—3(5x"’9),
x+1_x+2<x+12, 3x-2_4x+1<1’
2) 452 3 6 4){ 3 4
0,3x-19 < 1,7x — 5; -1 (x-2)>(x+4) (x-T).
24.24.° 3gaiaiTe migi po3B’A3KU CUCTEMU HEPiBHOCTEM:
g
1) {2x—1<1,7-—x, 2) g g J
S A 26— > 10.
24.25." CKinpKY IiJuX po3B’A3KIiB Mae cucreMa HEepiBHOCTE:
x+1 x-2
4x+3 > 6x-T, e liar i <2
3(x+8) >4 8-x); 2x—5>_3.,
3 ?
24.26.° Po3B’saKiTh HEPiBHICTH:
1)—3<”§5<4; m-4<1—x;2<—&
24.27." Po3B’axXiTh HEpiBHICTH:
n—2<62“<4; 2)L2<“fx<L¢
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§ 4. HepisHocTi

24.28.° Po3B’s:KiTh cCUCTEMY HEpPiBHOCTE:

x <4, 2x —6 < 8, 0,4 — 8x>3,6,
Iy a>2 2) 14-4x <10, 3) {1,5x-2<4,
x <3,06; 8x—-9>3; 41x+10 < 1,6x + 5.
24.29.° Po3s’axXKiTh cUCTEeMy HEPiBHOCTEIL:
—-x < 2, 3x—1<2x+2,
1) 12 2 7, 2) 12x+1 > 8 - 5z,
x < —4; 9x—-25 < 0.
24.30.° OxHa cTopoHa TPUKYTHHKA JOpiBHIOE 4 cM, a cyma ABOX iH-
mux — 8 cM. 3HAWAITHL HEeBiJOMI CTOPOHM TPUKYTHHUKA, AKIIO

JOBXKUHA KOYKHOI 3 HUX JOPiBHIOE I[IJIOMY YHCJIY CAHTHUMETPIiB.
24.31.° Po3B’sKiTh CYKYIIHICTH, HEPiBHOCTEW:

EEal [x <1, [>T, x> 1,
1) 2) 3) | * 4)
i > X <3 (x> 3; | x < 3.
24.32." Po3B’sKiTh CYKYIHICTh HEPIBHOCTEM:
[x <17, (2 <7, (x> 1, e S T
1 x 2) 2 3) x 4 2>
oAt 2T 20 s fx< s
24.33.° Po3B’AXiTh CYKYIIHICTh HEPiBHOCTEMH:
1<x<2 [1<x<2 [1<x<2 [1<x<2,
1) X 2) x 3) x 2 x
x 2z 2 [ x <1 |2k | x < 2.

X Ee

24.34." Po3B’s2KiTh CYKYIIHICTH [
X £

24.35." Po3B’siokiTh cucTemy:

N> 2 x <4, x> -3, <4
Sl =1 2) {x=1, 3) |x>1, 4) ¢[x>2,
Jx=d; xX.= 3 x <0 x <-2.

24.36." Po3B’sa:KiTh HepiBHiCTH:
1) % (x + 2) > 0; 3)x*(x—2) =0 5) x* (x + 2) < 0;
2) x* (x + 2) > 0; 4) x* (x — 2) < 0; 6) x* (x — 2) < 0.
24.37." Po3B’AXKiTh HEPiBHICTH:

1)|x—-1]|(x+ 3)> 0; 4)|x—1]|(x—-38)<0;
- 2)|x—1]|(x+8)>0; 5)| x—1|(x+38)<0;
3)|x—-1|(x—-38)>0; 6)|x—1|(x-38)<0.

24.38." Po3B’s1oKiTh HEpiBHICTE:

x : e s
1) >0, 2) >0 3) i< 4) 2 <0
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24. Cuctemu | CyKYNMHOCTI NIHIMHUX HEPIBHOCTEN 3 OAHIEI0 3MIHHOIO

24.39." Ilpu AKuX 3HAYEHHAX ITapaMeTpa a Mae xo4a 6 0uH po3B’A30K
cucTeMa HepiBHOCTEMH:

x 2 3, x <3,
1 2
){x<a; ){x>a?

1440, Ilpu aKuX 3HAYEHHAX IIapaMeTpa a He Ma€ po3B’A3KiB cucre-
Ma HEepiBHOCTEMN:

% >4, x <)
1 2
){x<m ){ Za?

24.41." Ilpu AKUX 3HAYEHHAX lTApaMeTpa d MHOYKUHOIO pPO3B’sA3KiB
; . [x>-1, i
CHCTEMH HepiBHOCTEH € TTPOMIKOK:
xZa
1) (—1; +oo); 2) [1; +e0)?
24.42." [Ins KOXKHOIO 3HAYEHHS IIApaMeTpa d PO3B’SKiTh CHCTEMY

J ol b AT
HepiBHOCTEH
X € a.

A A

24.43. HJI&'{ KOHOI'O 3HAYEHHdA IlapaMeTpa a p033 SIKITH cucremy

A SR =8,
HepiBHOCTEM
x> a.

24.44." Tlpu AKUX 3HAYEHHAX IMApaMeTpa 4 MHOMHHA PO3B’A3KiB

; L8 11l == i Sy )
CHUCTEeMH HepiBHOCTeH { " MicTHTH YOTHUPH HiNUX PO3B’A3KHU?
x<a

24457 Ilpu AKMX 3HAYEHHAX IlapamMerpa b MHOMKWHA PO3B’sI3KiB

X i B =Ll e .
CUCTEeMH HepiBHOCTEM { o I; MIiCTUTB TPH IIJINX PO3B’ AZKU?
x >
24.46.” Tlpu AKkuX 3HAYEHHAX llapaMeTrpa @ HaWMEHIIUM I[iJIAM

! - |2 6
PO3B’IBKOM CHCTEMH HEepiBHOCTEH { " € yueyno 9?
x>a

2447 Tlpu sAKMX 3HAYEHHAX HapaMerpa b HaNOLIBIIUM IiJuM
. : R S A
PO3B’A3KOM CHCTEMH HEpPiBHOCTEN € yucao —67
x<-2
24.48." Ilpu sKUX 3HAYEHHAX IlapaMeTpa 4 PO3B’A3KOM CHUCTEMU
as<x<a+s§8, et ;
Sl € Bi/IpiBOK, OBKHHA SKOr0 AOPiBHIOE 57
X Z

497 Ilpu AKMX 3HAUEHHAX HapaMeTpa a pPO3B’A3KOM CHCTEMU
-7T<x<a,
x <

3 € BiZpi3oK, JAOBXKHWHA AKOro JOpPiBHIOE 47
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§ 4. HepisHocTi

24.50." Jlns KOKHOTO 3HAUEHHS IapaMeTpa @ pO3B’fXKiTh Hepis-
HiCTH:

D(x—-a)(x-1)>0; 3)(x—a)(x—-1)°<0;

2)(x—a)’(x—1) > 0; 4) (x —a) (x — 1)*< 0.
24.51." JIna KOKHOTO 3HAUEHHS IlIapaMeTpa @ PO3B’sKiTh Hepis-

HICTh:

D]|x+al|l@x+1)>0; ) (x+a)|x+1|<0;

2)|x+al(x+1)=0; 4)(x+a)|x+1|<0.

m PiBHaHHA | HepiBHOCTI, AKI MICTATL 3HaK Moayns

HarajaeMo oCHOBHIi BifjomMocCTi IIpO0 MOAYJIb YHCJIA.

Ozuwavennn MoayiaemM uUHcJa a HAa3HBAKTh BiACTaHb BiJ
TOYKM, KA 300pakye YMCJIO ¢ Ha KOOPAMHATHIN NpaAMiNi, 10 noyar-
Ky Bifgjiry.

Mozynb Yncaa @ TI0O3HAYAIOTH TaK: | @ &

a, saxmo a = 0,
3 o3HAUEHHS MOIYJISA BUILIUBAE, IO |a|=
—a, axmo a < 0.

Omxe, 11100 3HANUTH MOAYAb yuchaa (abo, K IIe KaXXyThb, «PO3KPHU-
TH MOAYJb»), Tpeda 3HATH 3HAK YHCJA.

Hanpuknaz, |t — 8 | = n — 8, ockinbku m > 3.

|t — 4|=4 - m, ockinbku ©t < 4.

| x* + 1| =x*+ 1, ockinbkm x* + 1 > 0 npu OyAb-AKOMY 3HAUEH-
Hi X.

NMPUKNARA 1 Poskpuiite Mmogyas | 2x — 1.
P036’a3aHHs. 3 03HAYEHHA MOAYJIA UHMCJIA BUILIUBAE, IO
2x —1, aKmo x > %,
|2x -1| =

1-2x, akuio x<%.

BiacTHBOCTI MOXYNA, AKi BUILIMBAIOTH 3 O3HAYEHHS
1) |a| > 0;
2) |la|=|-al;
3) akmpo |a|=|b/|, To a =b abo a = —b;
4) sxmpo |a|=b,T0b > 01ia = b abo a = —b;
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25. PIBHAIHHA | HePIBHOCTI, AKi MICTATL 3HaK MOAYNA

A(,__L‘LH» B./,_l_a_H
a b b a
a<b a>b

Puc. 25.1

5) Bigmcranb Mixk Toukamu A (a) i B (b) koopauHATHOI IPAMOI IO-
piBrIOE | @ — b | (puc. 25.1).

PosrnssaeMo OCHOBHI IpuiloMu pO3B’sA3yBaHHA PiBHAHB, AKI Mic-
TATH 3HAK MOJYJIS.

NMPUKNALR 2 Poss’siskiTe piBassma | x — 1 | = 2.
Po38’s3anHs. 3 BIacTUBOCTI 4 BUNIMBAE, IO faHe DIiBHAHHS DiB-
HOCUJIbHE CYKYIIHOCTI PiBHAHB

[x-1=2,

20 =3 B
3Bigcu [ 1 1 3
==l Puc. 25.2

Bidnosgids: —1; 3.

Ile piBHAHHA MOXXHA PO3B’A3aTH iHAKIIEe, AKIO YMOBY 3axadi
«IIepeKJIaCTU IeOMEeTPUYHOI0 MOBOIO»: 3HAWIITH KOOPAMHATH BCIX
TOYOK KOOPAMHATHOI NpaMoi, sKi BignaneHi Bix Touxku A (1) va 2 onu-
HUYHUX Bigpisxu. OueBU7HO, 10 iCHYIOTH ABI Takux Togku: B (—1)
iC (3) (puc. 25.2).

NPUKNAL 3 Posp’soxite piBEanss | 2x — 1 | = 8x + 1.
Poszg’azannsa. AKII0 3aMiHUTHA JaHe PIBHAHHA Ha CYKYIHICTH

PiBHAHB
[236 -1=38x+1,

2x-1=-3x-1,
TO MU OTPUMAaeEMO JaBa 3HaueHHA 3MiHHOI Xx: —2 i 0. OueBUAHO, IO
yucsao —2 He € KOpeHeM 3aJJaHOr0 PiBHAHHS.

IleBHa piu, BUHUKAE 3aIUTAaHHA: « oMy 3aMiHa PiBHAHHA HA Cy-
KYIHICTH IPU3BeJa A0 IIOABH CTOPOHHBOI'O KOPEHs, TOOTO YOMY TaKUi
nepexix BiJy piBHAHHSA 0 CYKYIHOCTI He € PIBHOCUJILHUM? »

CopaBa B TOMy, IO JIiBa YacTWHA 3aJlaHOTO PIBHAHHS HaOyBae

s 3 1
TiTbKYU HeBi eMHUX 3Ha4YeHb. Tomy 3x + 1 = 0, T06T0 X =2 — 3 Omoxe,

- - - 1 o
NIyKaHi KOPeHi MaloTh HAJIEKATH IIPOMIKKY [—E; +oo|. ¥V sanmcaHiu

CYKYIIHOCTi TaKOi BUMOTH HEMAE.
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§ 4. HepisHocTi

Hacnpasai 3azaHe piBHAHHA PiBHOCHUJIBHE CUCTEMi

3x+120,
2x-1=3x+1,
2x-1=-3x -1,

fAAKa Ma€ equHUN po3B’saA30K x = 0.
Vaaraumi, pienanns eudy | f (x) | = g (x) pienocuavne cucmeni

g (x) 20,
[f (x) = g &),
f (x) =-g (x).

PiBHsSIHHA 3a3HAYEHOI'0 BUJAY MOKHaA PO3B’A3aTH # iHIIMM CHOCO-
oom: posrasaayTu asa Bunaaku f (x) 2 01i f (x) < 0, To6T0 po3kpuTH

mozys | f (x) |- |
Takum unHOM, piBHAHEA Buay | f (x) | = ¢ (x) piBHOCHIBHE CYKyTI-
HOCT1 IBOX CHUCTEM:

[ (f () >0,

{f (x) = g (x),
f(x)<0,

_{—f (x) = g (x).

Hanpuknazn, po3s’asanna pisaassda | 2x — 1 | = 8x + 1 moxHa
3allMCATH TaK:

[ (2x -1 > 0,
{2x—1=3x+1,
2x-1<0,

_{—2x+1=3x+1;

[ (

1
x>§,

—9

I

X
A

X

A

S DN

| X

3Bigcu x = 0.

NPUKNAL @ Poss’suxirs pismsmnsa |x + 1|+ |x - 2| =38.
Pozg’asanns. Posib’emo obyiacTh BU3HAYEHHSA PIBHAHHA HA Taki
npoMixkKu: (—oo; —1) (3HaueHHsa BupasiB x + 1 i x — 2 Ha oMY Ipo-
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25. PIBHAHHS | HEPIBHOCTI, AIKi MICTATb 3HaK MOAYNs

MiKKy Bix’emni), [—1; 2] (Bupa3 x + 1 HaOyBae Ha IbOMY IPOMIXKKY
HeBiJI’eMHUX 3HAUYEHb, & BUpa3 ¥ — 2 — HemogaTHux) i (2; +) (3Ha-
yeHHs BHpasiB ¥ + 1 1 x — 2 Ha NbOMY IPOMIKKY AozaTHi). 3a3Ha-
YUMO, II0 TOYKH, ¥ AKUX BUPA3U JOPiBHIOIOTH HYJIIO, MOXKHA BifHeC-
THA 10 OYAB-AKOro 3 IPOMIiKKiB, ajie TiIbKH 0 ogHOro 3 HUX. OTXKe,
3a/laHe PiBHAHHS PIBHOCMJIBHE CYKVIHOCTI TPHOX CHUCTEM.

x < -1, > x < -1,

3Bincm
—~(x+1)—-(x—2)=3.
[1s cucrema po3s’aA3KiB He Mae€.
-1<x<2 p -1< x <2
) 3Bincu

(x+1)-(x-2)=3. 0x =0.

Posp’a3kom 1i€l cucremu € npomixkok [—1; 2].

x=-1.

x> X2 .
I1s cucrema po3B’sI3KiB HE MaE.
x+1D)+(x-2)=3; |(x=2.

Bidnosids: [-1; 2].
Pos3B’sizaHHA 3aJaHOrO PiBHAHHA MOXHa O0GOPMHUTH B iHIIHKA
cnoci®, oapasy 3amMUcaBlIU CYKYIIHICTh:

[ [x < -1,
{—x—-l—x+2=3,
-1<x <2
{x+1—x+2=3,

X
x+1+x-2=3. A B
! i g —e *—>
Taxoxx 1e piIBHAHHA MOXXHA PO3B’A3aTH 3a -1 2
JOTIOMOTOI0 FeOMeTPUYHOI iHTepnpeTarii: ury- Puc. 25.3

KaHl KOpeHi — Ie KOOpAMHATH TOYOK KOOp-
AVMHATHOI MpAMOi, cyMa BificTaHel Bijg AKuX 20 Touok A (1) i B (2)
JopiBHIOE 3. 3pO3yMiso, II0 KOOPAWHATH BCiX TOYOK Bimpiska AB
(puc. 25.3) yTBOPIOIOTH IIYKAHY MHOXKUHY KOPEHiB.

PoariisineMo OCHOBHI MeTOAM pO3B’A3yBaHHSA HEpPiBHOCTEH, AKi
MiCTATH 3HAK MOJYJIA.

Teopewma 25.1. Hepienicmo 6udy | x | < a pienocunvna cucmemi

x < a,
x > —ac
HHoeedenns. Axmo a < 0, To AK 3agaHa HepiBHiCTH, TakK i 3ammuca-
Ha cucremMa po3B’A3KiB He MaioTh. OTiKe, BOHU € PIBHOCUJILHUMMU.
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§ 4. HepisHocTi

Axmo a > 0, To, POBKPUBIIN MOAYJIb, MOKHA 3allMCaTH, IO 3a-
JIaHa HEePiBHICTH PiBHOCHJIbHA CYKYIHOCTI JBOX CHCTEM:
{x >0,

¥ <a,
£ <0,
-x < a.

[O<x<a,

3Bijicu
TA S X < Q.
—a<x<0;
OueBHIHO, IO OTPUMAaHA HEPIBHICTH PIBHOCHJIbHA CHCTEMi
x < a,
x>-a. A
3ayBa)XKUMo, IO AJs BUIAAKY, Konu a > (0, 1oBeJleHHS TeopeMu
MOKHA IPOBECTH, BUKOPHCTOBYIOYM I'eOMETPUYHY IHTepIpeTalio: i He-

il 4 x<a
piBricTe | x | < @, i cucremy { " 3a/lOBOJIBHAIOTH KOOPAMHATH
x>-a

TUX 1 TIIBKKM THX TOYOK KOOPAMHATHOI MpsMoOi, AKi BiggaieHi Bij
IIOYATKY BiJIIKy Ha BiicCTaHb, MEHINY HiXK 4.

NMPUKNAL 5 Poss’suxirs HepisaicTs | 8x — 1| < 2.
Posé’szanna. 3agasa HEpiBHICTE PIBHOCHUJIBLHA CHCTEMi

3x-1<2,
33;—1 > -2,
» 3x <8, x <1,
3Biacu 1
3x > -1; x>—§.

Bidnosiowb: (—%; 1).

Yaaranpbaeaaam Teopemu 25.1 € Taka reopeMa.
Teopewma 25.2. Hepisnicms 6udy | f (x) | < g (x) piénocunvna
cucmemi ,
{f (x) < g (x)
J (x)>—-g (x).
HosenenHs 1iel TeopeMn aHAJIOTIYHE JOBEJeHHIO TeopemMu 25.1.

Teopewma 25.3. Hepisnicms 6udy | x | > a pienocunvna cyxynnocmi
Hepiénocmell ‘

x> a,

X< -a.
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25. PIBHAHHS | HEPIBHOCTI, AKi MICTATL 3HaK MOAYNA

Hosedernnsa. Sikmo a = 0, To MHO’)KMHOIO PO3B’A3KIB AK 3aJaHOl
HepiBHOCTI, Tak i cyKynHOCTI € MHOKHHA (—o0; 0) U (0; +e0). HArio
a < 0, To MHOXHUHOIO PO3B’SA3KiB HePiBHOCTI i CYKYITHOCTI € MHOMKH-
Ha (—o0; +o0). Tomy akmo a < 0, To 3afaHa HepiBHICTH i 3amuUcaHa
CYKYIHICTh HEPIBHOCTEH € PIBHOCUJILHUMM.

Axmo a > 0, To, POBKPUBIIN MOAYJb, MOKHA 3alucaTH, L0 3a-
JlaHa HEepPiBHICTH PiBHOCHJIBHA CYKYIHOCTI JIBOX CHUCTEM:

[ (x>0,
x >a;
x2.<0;
| |—x > a.
! x> a;
3Biacu
x<-—-a. A

3ayBajKuUMO, IO JJIsi BUIIAAKY, Koau a > 0, goBeZieHHSA T€OpeMH
MO’KHA IIPOBECTH, BUKOPUCTOBYIOUN I'eOMETPUYHY iHTepIIpeTalio: i He-

72 il g . X >a
piBHicTE | x | > @, i cykynHicTH " 3aZl0BOJIBHAIOTH KOOPAUHATH
x<-a
THX i TIIBKM THX TOYOK KOOPAHMHATHOI IPAMOi, AK1 BifgganeHi Bijg
IIoOYaTKy BiJUIiKy Ha BiAcTaHb, Olibmy 3a a.

NPUKNAL 6 Poss’sxits HepisricTs | 4x — 3 | > 5.
Po3é’azannsa. 3ajaHa HEPiBHICTh PIBHOCHJIBHA CYKYIIHOCTI HEpiB-
HOCTeH

4x -3 > 5,
4x — 3 < -H.

4x > 8, x>2

4x < -2 x<—%.

3Biacu [
Bidnogiodbv: (—oo; - %) U (2; + <0).
YzarajibHeHHAM TeopeMu 25.3 € Taka TeopeMa.

Teopema 25.4. Hepienicmov eudy | f (x) | > g (x) pisnocunvra
CYyKynHocmi nHepienocmeu

[f (x) > g (x),
f (x)<-g (%)

HoBeneHHs i€l TeopeMH aHAJIOTiIYHE JOBEJEHHIO TeopeMu 25.3.
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§ 4. HepiBHoCTI

NPUKNALA 7 Poss’sxite mepiBmicts |x — 1|+ |x— 2| > x + 3.
Poszé’szanns. 3aiana HEPIBHICTH PIBHOCHUJIbHA CYKYITHOCTI TPHOX
CHCTEM. ;

1) <l <k S5
l-x-x+2>x+3; |x<0;

* Ila cucTeMa po3B’A3KIB He Mac.

x < -2.

1€x<2 1<x<2
x-1-x+2>x+3;

3) x>2 x>2’x>6.
x—-1+x-2>x+3; |x>6;

Bidnogidv: (—=; 0) U (6; +<0).

“® 1. ChopmyioiiTe 03HAYEHHS MOAYJIS YUCIA.

2. [I1o moTpibHO 3HaATH, 100 POSKPUTH MOAYJIH YHucaa?

3. ChopmytioliTe BIACTUBOCTI, AKi BUNJIMBAIOTE 3 O3HAYEHHA MO-
AYJIst.

4. ChopmyaoiiTe TeopeMu PO PO3B’s3yBaHHS HepiBHOCTEMH, sKi
MIiCTATH 3HAK MOZAYJIA.

25.1.° PoskpuiiTe MOAYJIb:

L T i Tl
1)51', _ 3)‘23, 5)Ix =15
2) | m— 3,14 |; 4)| 22+ 1; 6) | 22+ 2x + 2.

25.2.° Poskpuiite MOAYIb:
1)‘%—0,7‘; 3)|n— 3,15 |; 5) x?+x+i|;
2) g-o,s; 4) | x* + 2|; 6)| x>+ 4x + 5|
O—= 25.3.° JloseniTs, m10:
D]ab|=|al-|b]; 4)|a-b|=|b-a|;
al_la| . = <ac<
2) b —lbl,b:&O, 5)—|a|<a<]|al

3)(al)?=]|a*|=a%
25.4.° Bigomo, mo a + b < 0, a > 0, b < 0. IlopisasiiTe 3 HyJIeM

3HaveHHA BUpasy |a|—|b|.
25.5." Bigomo, mo a + b > 0, a < 0, b > 0. IlopiBualiTe 3 HyJIeM
3HaveHHS BUpasy |a | —| b |.
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25. PiBHSAHHS# | HEPIBHOCTI, AKI MICTATbL 3HaK MOAyNA

25.6.° CrnpocriTh BHpas:

o ! |m|-|n|_|m|+|n
D@lx[-lyh@lx|[+]y]s 3)|m|+|n| o
2)(2|a|-3|b)*+@2|al+3]|b)%
25.7.° Po3s’aiTh piBHAHHA:

1)|x+38|=2; 2)|1-2x|=5; 3)|6x+5|=1.
25.8.° Poss’axiTh piBHAHHA:

1) x—-1]=4; 2)|1-3x|=17  3)|-4x-1|=8.

O—w 25.9.° JloBeaiTsh, m0:
1) mepiBuicts | f (x) | € g (x) pisHOCHIBHA cHcTeMi HepiBHOCTEI

{f (x) < g (%),
f(x)2 -8 (%)
2) mepisricTs | f (x) | Z g (x) piBHOCMJIBHA CYKYTTHOCTI HepiBHOCTEH
[f (%) = g (x),
[(x)<-g ().
25.10.° Po3B’s12kiTh HEPiBHICTEH:
1) | x+ 5| <4; 3)|8x+2|<1;
9)|2x-1]>3; 4)| 5x - 1> 4.
25.11.° Po3s’axKiTh HEpiBHICTE:
1)|x-8|<6; 3)|1-4x|< 2;
2)|8x— 2| > 8; 4) | 5x + 2| > 6.

O—wr 25.12.° [loBeaiTs, 110:
D]at+b|<|a|+|b];
2)|la-b|=|a|-|b];

3)|a+b|=|a|+|b|roxii rineku Toxi, komm ab = 0;

4)|a|+|b|=a+ broaii rineku Toai, ko a = 0ib 2 0;

5)|la-b|=|a|+|b|roaiirineku Toni, xomm ab < 0.
25.13.° losenirs, 110:

1)|x|+|x-8|> 8; 2)|x-1|+|x-8|>2.
25.14. 3naiiziTe HaiMeHIIe 3HAYEHHS BUPAa3y:

1)|x|+|x+4] 2)|x+2|+|x-3]

lx+y-4|=m

25.15." PoaB’sokiTe cucTeMy pPiBHAHB :
|x-3|+|y-1|=3.

25.16." Po3B’sxkiTh pDIBHAHHA:

D||x|-2]=2; 2)||x|+2]=1.
25.17." Posp’skiTh PiBHAHHSA:

)||x]|-8]|=1 2)il | %)+ | =1
25.18." Po3B’aAxiTh PiBHAHHA:

1)|2x-1|=|8x+2}|; 2)|8-4x|=|2x+ 1|
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§ 4. HepieHocTi

25.19." PosB’sKiTh piBHAHHA!
1)|x+2|=4x-1;
2)|8x+2|=2x-1;

25.20." Po3p’axiTh PIBHAHHA:
1)]|x+2]|=2(3 - x);
2)|8x—-1|=2x+1;

25.21." Poss’sxiTh HepiBHICTE:
1)|x+5]|<2x+ 83;
2)|1-2x|<x+ 1;

25.22. Po3B’3KiTh HEpiBHICTE:
D|x+2]|<2x-1;
2)5x+8=>|x+1};

25.23." PoaB’saxKiTh PiBHAHHA:
D]|x-2|+|x-4|=38;
2)|x-2|-8|8-x|+x=0;
3)|4-x|+|2x—-2|=5- 2x;

4)|x|-2|x+1|=5;

B)|x|+|8x+2|+]|2x—-1|=5;

25,24." Po3aB’ sKiTh PiBHAHHS:
D]jx+1[+]|x—-5|=20;
2)|x+8|—-|5—2x|=2-3x;

3)|x—-3|+2|x+1|=4;

)|x—1|+|x-2|=|x-3]|+4;

5)|x+5|+|x—8|=13;
25.25." Posp’skiTh HepiBHICTS!
D|x+1|+|x+2|>2x+ 3;
2)2|x-8|+|x+1|<3x+1;
25.26.” PoaB’siokiTh HEPiBHICTH:
D2|x+1]|-|x-1]|>38;

2|x-1|-2|x+8|>x+T;
25.27." IlobyayiTe rpadik pyHKIii:

Dy=|x+38|+|x-1;

3)|x—-1|=4x+ 3.
3)|8x+1|=4x-1.

3)|4x +5|>8x—1;
4)|2x-7|>x-2.

3)|8x - 2|2 2x +1;
4)|3x-5|>9x + 1.

6)|x|+]|x—6|=86;
D|x+2|-|x-38|=5;
8)|6x—2|~|7Tx—-8|+2x=1;
|z=2]

9 |x—1|—1’1’
|x-3|+|x—1|_1

LS iy

6)|x|-|x-2|=2;

| Tx-12|-|7x-11|=1;
[e=6] e

o) 3—|x-3l~1’

|x|+|x+1]|-1 _

Femalen

9)

H|x+1|+|x—1|<2;
4)|x|-2|x-2|+8|x+5]|>2x.

)|x-1|+|x+3|<4;
4)|x|-2|x+1|+3|x+2]|>4.

y=2|x-2|=]|x=1]|

25.28." TIo6ynyiiTe rpadik dysknii y = |x + 2|+ 2|x—-1]| - x.
25.29." Busnaure KinBKiCTh KOPEHIB PIBHAHHSA 3aJIE7KHO BiJl 3HAUYEH-

HS TIapameTpa a:
1)|8x—4|=a+ x;

168

2)2x - |x|+|x=1]|=a.



25. PiBHAHHS | HEPIBHOCTI, AKi MICTATL 3HaK MOAYNA

25.30."” Buznaure KiJbKicTh KOpeHIB PIBHAHHA 3a7€KHO Biji 3HAUEH-
HA IlapamMeTpa a:
D|x-1|+|x+1]|=a; 2)|x-2|-|x+2|=a.
25.31.” Ilpn AKHX 3HAYEHHAX IDapaMerpa d¢ MHOKWHA KOPEHIB pis-
HAHHSA
|lx-1|+|x-a|=1-a
MIiCTUTH TPH LinUX yucaa?
25.32." Tlpn AKuX 3HAYEHHAX TapaMeTpa d MHOMKHUHA KODEHiB piB-
HAHHSA
|x-8|+|x-a|=a~-3
MiCTHTH OZHE MapHe Ymcao?
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5. KBAZPATHI KOPEHI. [IMCHI YUCNIA

B
E;m ®dyHkuia y= x* Ta i1 rpadgik

TMosHaumMo uepes y MIONILy KBaapara 3i croponoo x. Toxi y = x%

SAximo sMiHIOBATH CTOPOHY X KBaapaTa, TO BilOBigAHO 3MiHIOBa-
TUMeThCA 1 ¥Oro mJjoina y.

3po3yMiJjio, M0 KOKHOMY 3HAYEHHIO 3MiHHOI X BiAIOBifae eguHe
3HaYeHHsA 3MiHHOI y. OTike, 3ajexHicTh 3MiHHOI y Bijg 3MiHHOI X
€ MyHKI10HANBHOI0, a opmyna y = x”* samae dbyukmio.

PoarasimeMo GyHKIi0 ¥y = x°, 06/1aCTI0 BUBHAYEHHA AKOI € MHO-
JKUHA BCiX umces. ¥ TabJMIl HaBeAeHO JAesfAKi 3HAYEHHS apryMeHTY
Ta BiANOBiAHI IM 3HAYEeHHA (PYHKILI:

x|-3[-2,5]-2]-1,5]-1]-05[0] 05] 1 [15]2] 25 |3
v 906,25/ 4 2,25/ 1 [0,25/0]0,25] 1 (2,25 4 |6,25] 9

TlosHAYIMO Ha KOOPAMHATHIN IJIOIIUHI TOUKY, KOOPAUHATH AKX
HaBezieHo B Tabnumni (puc. 26.1).

Yuwm Oinbnre TOY0K, KOOPAUHATH AKUX 38J0BOJIBHAIOTH PiBHAHHSA
y = x°, HO3HAYMMO, TUM MeHIIe oTpuMaHa (irypa (puc. 26.2) Bigpis-
HATUMETHCA Bifi rpadika GyrKmii y = x°

ITapa uucen (0; 0) € po3p’s3koM piBHAHHA y = x°. OmxKe, rpadik
manoi (pyHKIIT TPOXOAUTE Yepes HoUaToK KoopauHar. Ockinskn y = x°
ix*>0, 10y >0, T06TO Cepes MO3HAUEHUX TOYOK HE MOXKe OyTH
TAKHUX, AKI MAlOTh BiJI’eMHI OpJAUHATH.

T y yA
dec Ve 1 L. L] L
' ° f- o & ° °
i i
R yo A
1 Fe 8
e CEEE RS L o
S 3 °l 4 e
1 A I
° ° e ® L] >
0 X X% |0 %o x
Puc. 26.1 Puc. 26.2
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26. OyHKuis y = x* Ta i1 rpadik

b ERTTT

)

)
\ / \ /
1 1 X
- .
0 x ~1/0] 1 2 | 1%
Puc. 26.3 Puc. 26.4

O6sracTio 3HAYeHb PYHKIIL ¥ = x° € MHOKWHA BCiX HeBiJ’eMHHX
quCceI.

Ockinrpku x° = (—x)%, TO MOKHA 3pOGUTH BHCHOBOK: AKINO TOYKA
A (x,; y,) HamexuTh rpadgiky QyHKNii, T0 Touka B (—x; y,) Takomx
oMy HanexuTh (puc. 26.2). ;

Axbu moxHaA OyJI0 MO3HAYUTH HA KOOPAMHATHIN IJIOIUHI BCi
TOYKY, KOOPAMHATH AKUX 3a/[0BOJBHAIOTH PIBHAHHA I = X°, TO OTPH-
Mmasu 0 dirypy, AKy HasuBaioTh mapabomnox (puc. 26.3).

Touxka 3 xoopauaaramu (0; 0) mopinsie mapabony Ha ABI piBHI
YACTHUHU, KOXKHY 3 AKX Ha3WBAIOTh BiTKOIO mapaboam, a camMy TOY-
KY — BepUIMHOIO nmapadoim.

V Tabmii HaBeeHo BIACTHBOCTI (GYHKIT y = X°, POSIVIAHYTI B I[BO-
My IIYHKTI.

O6s1acTh BUBHAYEHHS MuoxuHa BCix ymcen

Ob6siacTh 3HAYEHDB MuOXHUHA HEBiZ €eMHUX
quceJ

I'padir ' ITapa6ona

Hyune pysKIil (3Ha4eHHA apryMeHTy, IpH | x =

AKOMY 3HaueHHA (GyHKIil nopiBHOE 0)

NMPUKNAL | Poss’soxits rpadiuso pisaHHA x° = x + 2.
Posg’azanns. B opHill cucremi KoopAmHAT MOOyAyeMO rpa@iku
byHKIiR y = x> 1y = x + 2 (puc. 26.4). I1i rpadiku mepeTHHAIOTHCA
y ABOX TOYKax, abcuumcu sAKuUX gopiBHIOOTE 2 i —1. IlepeBipka mijg-
TBEP/PKYE, IO 3HAUAEH] 3HAYEHHS € KOPEHAMMU AaHOTO PiBHAHHI.

1. flxa MHOKHMHA € 061acTIO BU3HAUYEHHA GYHKIIT y = x°?
2. flka MHOKMHA € 00JacTio 3HaueHb GyHKIT y = x°?
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§ 5. KBagpatHi kopeHi. [lincHi yucna

3. fIxa dirypa e rpadikom dyHKnii y = x°?

4.IIpu ssixoMy 3HAYEeHHI apryMeHTy 3Ha4YeHHA (GyHKOII y = x
JIOpiBHIOE HYJIIO?

5. IlopiBraiiTe 3HaueHHs GYHKHI] ¥ = X° IPH MPOTHIIEKHUX 3HA-
YeHHAX apryMeHTYy.

2

26.1," ®yrxnio sagano Gopmysnon y = x°. 3HAHAITH:
1) sHaueHHA QYHKIII, AKIIO 3HAUYEHHA apryMeHTYy HOPiBHIOE: —6;
0,8; =1,2;'150;
2) 3HaueHHS apryMeHTY, IPU SKOMY 3HAYeHHA (DYHKIIT fOpiBHIOE:
49; 0; 2500; 0,04.
26.2." He Buxonyoun mobyaoBu rpadika Gyrkuii y = x°, BusHauTe,
YU IPOXOAUTH el rpadik yepes TOUYKY:
1) A (-8; 64); 2) B (—9; —81); 3) C (0,5; 2,5); 4) D (0,1; 0,01).
26.3.° He BukoHyI0uM MOOYA0BH, 3HAKAITE KOOPAMHATHA TOUYOK Iepe-
tury rpadikis dyskmii y = x° i y = 4x — 4. Iobyayiire rpadiku
AaHuX (GyHKILIN 1 mo3HaYTe 3HAWAEHI TOYKH.
26.4.° Poap’sakiTh rpadiuHo piBHAHHA:

Dxl=x-1; 2) x> - 2x -3 =0; 3)3c2=%.
26.5." Poas’sakiTh rpadiuyHO piBHAHHA:
1)x=-42-8; 2)x'—8x+5=0; 3)x2+%=0.
26.6." YcerauoBiTh rpadiuHO KilbKiCTHh PO3B’A3KIB CHCTEMHU PiBHAHD:
1) y=x2’ 3) y—x2=0’
y=2 x-y+6=0;
2) y=x2’ 4) y_x2= ]
y=-2 2x + by = 10.
26.7." YeranosiTs rpadiuHo KinbKicTh po3B’A3KiB cMCTEeMU PDiBHAHB:
] = 2
1) y =X, 2) y X ’
3x + 2y = —6; x—3y = -3.
26.8." @yuknin f 3agaHo y Takui crocio:
4, AKIIO X < — 2,
f (x) = {x2, axkmo —2< x <1,

2x -1, axmo x 2 1.

1) Buaigits [ (-3), f (=2), f (1), f (1), f (3), 1 (0,5). .
2) IToGyayiire rpadik gaHol PyHKUII.
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26. OyHkuia y = x*1a i rpadik

2x+ 3, akmo x < —1,
26.9.° Dano dyskumio [ (x) = {x? AKmoO -1<x<2,
4, SAKINO X =2 2.

1) 3Haﬁ,ﬂ;iTh f("‘4), f(_0,3)9 f (1’9)1 f(3)9 f(_l)’ f(2).
2) IlobynyiiTe rpadik ganoi GyHKIi.

3 <
26.10." [lano dyurnio f (x) = i R
x+1, akmo x > 0.
1) Buaiiairs f (=7), f (0), [ (2).
2') Ilo6ynyire rpadik manol GyHKIII.
6
-=, < -1,
26.11." Nano dyuruio f (x) =4 =x ARk
x%, axkmo x >-1.
1) Bmaiigirs f (-12), f (-1), f (=0,9), f (3), [ (0).
2) ITobypyiire rpadik ganoi QyHKILII.
26.12." ITobyayiite rpadik GyHKIii:

_x3+x2, __x‘—4.7c2

B e 2) =2t
26.13." IlobyayiiTe rpadik GpyHKIL:

B x? A ot x> =2

Dbz s il eyl

26.14." 3uaitgiTe o6sacTh BU3HAYCHHSA, 00/IaCTh 3HAYEHD 1 HYJII PYHK-
nii y = —x%. Ilo6ynyitTe rpadik miei GyHKmii.

26.15." Ilpu saxomy 3Ha4YeHHi napamerpa k rpadiku GysHrmiit y = kx — 3
i y = x” meperuHalOTHCA B TOUIi, abcmuca AKoi HopiBHIOE —27?
26.16." Ilpn axomy 3Ha4YeHH] napamerpa b rpadiku byHKii y = 8x + b
i y = x” mepeTMHAIOTHCA B TOYIli, 1[0 HAJEXUTH OCi opauHAT?
26.17." Bagaitre hyHKIliI0, rpadik AK01 300pakeHo Ha pUCyHKY 26.5,

y cnocib, BUKopucTanui y sazaui 26.8.

\y 77\

\
\
\
\ \ /
1 1
- o
0 x 0 %
a Puc. 26.5 | 0
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§ 5. KBagpartHi kopeHi. [incHi ymucna

YA 26.18." 3apaitire pyHKIio, rpadik
| AKoi 300pa’keHO Ha PUCYHKY 26.6,
/ y crioci6, BUKopucTanuil y 3azaui 26.8.
/ 26.19.” ITobyayiiTe rpadik piBHAHHSA:
DNE-x)@y—x)=0;
Ll 2) y* — x* = 0;
/ 1y
3) Y =0;
r (x -1+ @y -1
Ll S A
S8 ER R 4 g lZ.-o.
| i y—x
Puc. 26.6 26.20." Ilobyayiite rpadik piBHAHHA:
1) (y + x°) (y + x) = 0;
x° -y i

(x+2%+@-4)>°
26.21." IlobyayitTe rpadik piBHAHHSA:
1)@y - ) + (y - £°° = 0; 2) (y — 2x)* + (y + x°)* = 0,

ﬂ?;npami KOpeHi. ‘
ApupMeTUYHMA KBaapaTHUA KOpiHb

PosruissHeMo KBajparT, IJIoma aKoro gopisHioe 49 cm®. Hexaii
IOBIKHUHA HOro cTOpoHU AopiBHIOE ¥ cM. Toxil piBHAHHA x% = 49 mox-
Ha BBaKaTH MATEeMaTHUYHOIO MOJEJII0 3aJadi Ipo 3HAXOJ/IKEeHHSA
CTOPOHM KBajpara, IJIoIa SKOro AOopiBHIOE 49 KBajgpaTHUM OJMHM-
LM,

Kopenamu nporo piBHAHHSA € yncyaa 7 i —7, KBagpaTu AKX J0DiB-
HI010Th 49. KaskyTh, 110 unciaa 7 1 —7 € KBaApATHUMHU KOPEHAMM 3 UHC-
na 49.

Oanavennn, KBagpaTHHM KOpeHEeM 3 YHCJIa @ HA3MBAIOTH
YNCI0, KBAAPAT AKOr0 JXOPiBHIOE @.

Hasenemo KijnbKa npnxnauis.‘
KBazpaTHUMH KOpeHAMU 3 uucya 9 € uucaa 3 i —3. Cnpaszi, 3° = 9,
(-3)* = 9.

KBazmpaTHUMU KOPEHAMH 3 YHUCJIA -24—5 € Juca g i —g. Cupasni,

(é)"’ _25 (_é)" _25
2 457 V2 4"
Ksazparaum koperHeMm 3 uucaa 0 € rinsxku uncio 0.
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27. KeagpatHi KopeHi. ApudMeTUiHUA KBaAPaTHUIA KOPIiHb

OckinpKu He iCHye 4McJia, KBaJipaT AKOI0 AOPiBHIOE Bix eMHOMY
YHUCJY, TO KBaJAPATHUIN KOPiHB 3 BijJi’€MHOro umcja He iCHYE.

HonatHuii KOpiEb piBHAHHA x° = 49, wmncio 7, € BigmoBimg0 10
3ajlaui mpo 3HAXOJKEHHS CTOPOHU KBazpara. Ile uuciio HasuBawOThH
apudMeTHYHHM KBaJApPaTHUM KopeHeMm 3 umcia 49.

Osunavenusa ApudpMeTHYHUM KBAJAPATHHUM KOpPEeHEM
3 YHCJIA @ HA3WBAKOTH HEBiJI'€MHe YHCJIO, KBAJAPAT SKOI'0 JOPIBHIOE d.

ApudmMeTuyHUN KBaApPaTHHN KOPiHB 3 YHMC/IA @ IMO3HAYAKTH Ja.

Buak v HA3UBAIOTH 3HAKOM KBaJPAaTHOro KOpeHsa ab0 paauKaiom
(Bix maTuHCHKOTO cIoBa radix — KOPiHb).

Bamue Va umrTamorh: KBaJipaTHUN KOPiHb 3 @», ONYCKAIOYU HPHU
YUATAHHI CJIOBO «apU(PMETHUHUAMN».
Bupas, akuil cToiTh IMiJi 3HAKOM pajuKalia, Ha3MBAIOTH MiAKOpe-

HeBMM BuMpasom. Hanpukian, y sanucy Vb —5 asowiex b — 5 € mij-
KOpEeHeBUM BHUpasOM. 3 O3HAYEHHS apU(PMeTUYHOro KBaJPATHOTO
KOPEeHs BUILIMBAE, M0 Ni0KOpeHe8Ull 6UPaA3 Moxe Habysamu miibKu

negid’emnux 3navenwv. Tak, o0sacTio BU3HAUEHHA BUpasy vb—5

€ YUCJIOBUM IPOMINKOK [5; +oo).

Jliro 3HAXOMKEeHHA apu(MeTUUHOTO KBaJpaAaTHOTO KOPeHA 3 Yucia
Ha3MUBAIOTH JOOYBAHHAM KBaJpPaTHOr0 KOPeHsH.

Posrasanemo KinbKa IpuUKIaziB:

\/§=3, ockinmeku 3 > 0i 3% =09;

2
25 x5 7 ) (5) 25
1 57 OCK1JIBKH 01 5 1

Jo =0, ockineku 0 > 01 0> = 0.

Ysaramni, axwo b =2 0 i b*=a, mo Ja =b.

\VARR RS

Takosx 3 oO3HAYEHHS apuPMETHUYHOrO KBaJApPATHOIO KOpPEeHHA
BUILJIUBAE, 110 01 6Ydb-2K020 He8i0 EMHOZ0 HYUCAA & CNLPABednuso,

wo \/;>0i(\/;)2=a.

Hanpuknan, (\/Z)Z =4, (\/-2_)2 =2 ( 5,2)2 =B

Iligkpecaumo, IO X0 MOHATTA KBaJAPATHOIO KOPEHs MU IPUHIILIN,
pO3B’A3yIouH PiBHAHHA BUAY X~ = a, e a > 0. Koperamu 1mporo pis-
HAHHS € 4ucja, KOJKHEe 3 AKAX € KBAJIpATHUM KOpPeHeM 3 YHucJia d.

3HaXOMKeHHS KOPEeHIB DIBHAHHA X° = @ IPOLIIOCTPYEMO, PO3-
B’sA3aBmy rpadivHo piBHAHHEA x° = 4.
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§ 5. KBagpartHi kopeHi. [lincHi Ynucna

yA } ke \‘ Y !
\ -
\ / ! .
/ i |
yl =4 I /1
N !
\ / yeal 1] N i 15
1 = O --\[- 0 1 -/; X
4 |0 %l | z;
ﬁ a <0
Puc. 27.1 Puc. 27.2

B onniit cucremi KoopauHAaT mobyayemo rpadiky GyHKNIN y = x°
iy =4 (puc. 27.1). Touxku neperuny mux rpadikis mawoTs adbcuucu
21 -2, AKi € KOPEeHAMH 3aJJaHOr0 PiBHAHHSA.

3posymino, 1mo piBHAHEA X° = @ NpH a < 0 He Mae KOpeHiB, 110
nigrBepakyoTh rpadgiuni mMipkyBamHA: rpadikm GyHKniE y = x°
iy =a upu a < 0 cniibHUX TOYOK He MawTh (puc. 27.2).

IIpu @ = 0 piBHAHHA X° = @ Mae €AUHMIA KOpiHb x = 0.

I'padiuamii MeTo/| JO3BOJISE 3POOUTH TAKUi BUCHOBOK: AKIIO @ > 0,
T0 piBHSIHEA X” = @ Mae jgBa KopeHi. [lilicHo, mapa6oua y = x” i npama
y = a, ne a > 0, marors ABi coijabHi Touku (puc. 27.2). Ilpu nsomy

KOpeHAMHA piBhaHHa x*=a ¢ uncna Ja i —Va. Cupannai, (\/; )2 =a,
2
(Va) =a.

Hanpuxnan, pimmmm.ac2 = D Mae€ aABa KOpEeHi: J5 i —/5.

‘ 2
NPUKNAL 1 3HalixiTh 3HAYEHHS BUPA3y (—8 J2 ) p
Po3é’s3anns. 3acTOCYBABIIM NPABUIO HiJHECEHHS NOOYTKY 10

2
CTeNeHs i TOTOXKHICTH (\/c; ) = a, OTPUMYEMO:
(-8 v2) = (-8)*-(v2) =64-2=128.

NMPUKNAL 2 Poss’saxiTh piBHAHHSA:
1) 3Vx-3=0; 2) Vi+Jx+2 =2.
Poszé’azannsa
1) Maemo: %\/; =3 Jx = 6. Toxni x = 6% x = 36.

2) Maemo: V1+vVx+2 =2 1+Jx+2=2% Jx+2=8 x+ 2 = 3%

x="1T.
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27. KBagpartHi KopeHi. ApudMeTUYHUN KBAAPATHUIA KOPIHb

NPUKNAL 3 Poss’sixirs piBrasHA (x — 5)° = 16.
Pozg’azanns. MHOXHUHA KOPEHIB JAaHOI'O PiBHAHHS AOPiBHIOE
00’eIHAHHI0O MHOXMH KOPEeHIB TaKUX ABOX piBHAHL: ¥ — b = 4

ix— 5= -4, To6To naHe piBHAHHS PIBHOCUJIbHE CYKYITHOCTI ABOX
PiBHAHEL:
x=5=4,
x—5=-4.
xz:=9
3Bimgcu ;
" et

Bidnoside: 1; 9.

NMPUKNAL 4 Posp’soxiTh piBHaams (3x — 1) = 2.
Posé’sazannsa. Jlane piBHAHHS PIBHOCUJIBHE CYKYIHOCTI JIBOX piB-

HAHB:
1-2
3x—-1=-/2, s Sx=TI 2 [*T e
3x—1=1/2. 3x=1+\/§; x=1+\/5
o
Bidnosios: 1_3\/5; 1+3J§.

NMPUKNAL 5 3maiixits 0671aCTh BU3HAYEHHS BUPasy:

1y lEh=Ls 2) J3—|x +J1_

x* -4 x+1
Poae’ﬂac‘muﬂ
1) Iavwmit BUpa3 Ma€ 3MiCT, AKIIO OJHOYACHO BUKOHYIOTHCA Bl YMO-
BU: HiKOpEHEeBHWIl BUpa3 HeBiJ’¢éMHHUHN i 3HaAMeHHUK Apoby He
mopisaioe Hymo, T06T0 | X | — 1 > 01 2* — 4 # 0. Orxe, obmacTs
BU3HAYEHHS JaHOTO BUPAa3y AOPIBHIOE MHOMKWHI pPO3B’ A3KIB

CHCTEMHU
[x>1,
i AP
=120, [x<‘1; B iy TR
] 3Bigcy -
x®—4#0. X # 2, Puc. 27.3
x #* —2. '

300pasuBIIM PO3B’A3KH IIi€l CHCTEMH HA KOOPAMHATHIN mpaAMii
(puc. 27.3), oTpUMYy€EMO BiITOBiIb.
Bidnogidv: (—eo; —2) U (=2; —1] U [1; 2) U (2; +=).
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§ 5. KsagpartHi kopeHi. [LiicHi Yucna

2) Jlnsa 3HaXOM»KeHHA 00J1acTi BUBHAUEHHSA aHOI0 BUPa3y AOCTATHLO
PO3B’3aTH CHCTEMY

3-|x| =0,
{x+1>0. _(i'/\; =
x| <8, [-8<x<3, Puc. 27.4

3Bijgcu
i {x> - 1x >i=1

3BepHEMOCsA J0 reoMeTpUYHOl iHTepuperanii (puc. 27.4).
Bidnosidws: (—1; 3].

NPUKNAJL 6 Pose’soxirts piBHanasa: 1) -z +Jx-2=2;
2) Vx?-2x+Jx -2 =0; 3) (x2-9) Vx -2 =0.

Posé’asanns
1) 3maiizemo obJsiacTh BUBHAYEHHA JAaHOTO piBHAHHA. [l1s 1bOoro pos-

, [—x > 0,
B AXEMO CUCTEMY
lx-2>o0.

He Mae€, a 0TiKe, He Ma€ po3B’sA3KiB i 3ajjaHe piBHAHHA.
Bidnogidv: KOpeHiB HEMaE.
2) JliBa yacTuHA JAHOI'O PIBHAHHSA € CYMOIO JBOX JAOJAaHKIiB, KOXKEH
3 AKX MOKe HaOyBaTH TiIbKM HeBij'eMHHUX 3HadeHb. Toai ix
cyMa JOPiBHIOE HYJIIO, AKINO KOXKEH 3 JOAaHKIB JOPIBHIOE HYJIIO.

OueBnaHO, 1110 I CUCTEMA PO3B’ A3KiB

Omxe, OMHOYACHO MAIOTh BUKOHYBATHCA ABI ymoBH: Vx’ —2x =0

i vx -2 =0. Ile osaauae, mo Tpeba 3HANTH CILIbHI KOPEHi OTpH-
MaHUX PiBHAHBL, TOOTO PO3B’A3aTU CUCTEMY PiBHAHB

Vx? - 2x =0,
Jx -2 =0.

=1
x?-2x =0, {x (x-2)=0, [

Maewmo: =2,
{x -2=0

=2
X =

Po3B’A3KOM OCTAHHBLOI CHUCTEMU € YHUCJIO 2.

Bidnogiows: 2.

3) ObnacTi0O BU3HAYEHHSA JAHOTO DIBHAHHA € NPOMiKOK [2; +oo).
YpaxoByio4H Iie i BAKOPUCTOBYIOYHA YMOBY PIBHOCT1 ZO0OYTKY HYJIIO,
MOKHA 3aIlMCATH, IO JAaHe PiBHAHHS PIBHOCHJILHE CYKYIIHOCTI:

Jx -2 =0,
x2-9=0,
x-220.
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27. KBagpartHi KopeHi. ApupMeTuiHUin KBagpaTHNIA KOPIHb

3Bizcu
x=2
xr=38 [x=2
x = -3, I:x=3.
| X 2 2

Biodnosidv: 2; 3.

] 2 2
NPUKNAL 7 Ilooyayiire rpadik GyHKmii y = (V) +(V1-x%)".
Pozeé’sazannsn. Ob6sacTs BH3HAYEHHSA JIaHOIL

(yHKIil — MHOXHHA PO3B’A3KiB CUCTEMH HEPiB- vA
x =20,
HOCTEH 3Bigcu D = [0; 1]. 1
{1 ). vl (y) [ ] 5 . g r
2 2 -

Maemo: y=(Vx) +(V1-x) =x+1-x=1. 0 1 x

Ilyxkanauit rpadik 300pa’xkeHO0 HA PUCYH-
Ky 27.5. :

Puc. 27.5

NPUKNAL 8 Ilpu Axux 3HAYEHHAX MapaMeTpa ¢ PiBHAHHA
(x —a) (Vx —=1) =0 mae €UHUN pPO3B’A30K?
Poszé’sazanna. O6a1acTiO BUSHAYEHHS ILOTO PiBHAHHSA € IIPOMiKOK
| Jxr-1=0,
[0; +e0). Tomy naHe piBHAHHA PIBHOCHJIBHE CYKYNHOCTL | (x —a =0,
{x 2 0.

IIpu Oyab-AKoMy 3HAUYEeHHI mapaMeTpa a 3aJaHe PIBHAHHA Mae
KopiHb x = 1. Jlnsa Toro mo6 meil KOpiHb 3aJMIIaBCsa €IUHUM, CHCTe-
Ma IoBHHHA ab0o MaTH Lell caMuil po3B’A30K, ab0 He MaTH PO3B’A3KiB,
TOOTO Mae BHKOHYBATHCH OJHA 3 ABOX yMOB: @ = 1 a6o a < 0.
Bidnoeidv: a = 1 abo a < 0.

=
L :

% 1. Illo HazuBaOTH KBaJpaTHUM KOpeHeM 3 yucja a?

2. ITlo mazuBaOTh apU(PMETUIHAM KBAJPATHUM KOPEHEM 3 Yucsa a?
3. AK nosHavyaoTh apuPMEeTUIHNI KBaAPATHUN KOPiHb 3 uncyaa a?

4. Ik HazuBamOTHL 3HAK «/— ?

5. Ik umraioTs samuc \a ?
6. fix masuBaoTHL BUpAa3, 1[0 CTOITh i 3HAKOM pajgukana?
7. AKkux 3HaUYeHb MOJKe HaOyBaTH MifKOpeHeBuil Bupas3?
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§ 5. KBagpatHi kopeHi. OincHi Ynucna

8. Ak HasMBaIOTH /i10 3HAXOMKEHHA apU(METUUHOTO KBaJAPaTHO-
ro KopeHsa 3 uucua? .

9. YoMy J0OpiBHIOE 3HAYEHHS BUPA3y (Va ) aas OyAb-AKOTO
HeBiJ’eMHOro 3HaYeHHA a?

10. CxinbKky KOpeHiB Mae piBHAHHS x° = ¢ npu a > 0? YoMy BoHH
JIOPiBHIOIOTH?

11. Yu mae xopewni piBesHHEA x° = @ npu a = 0? npu a < 0?

27.1.° Yu € npaBuIbHOI PiBHICTH (BiAOBiAL OOGIPYHTYITE):

1) V25 = 5; 3) /36 = —6; 5) 0,81 = 0,9;
2) o =0; 4)- /0,4 = 0,2; 6) V10 =1007?

27.2.° 3uaiijiTh 3HaYEHHA apu(PMEeTUIHOTrO KBAJPATHOI'O KOPEHS:

1) V225; 4) 1,21; 7) \/%;

2) /0,25: 5) v/3600; 8) ,/1%;
3) J0,01; 6) \f6i‘4; 9) /0,0004.

27.3.° 3uainiTs 3HAYEHHSA apu(METHYHOr0 KBAJPATHOTO KOPEHS:
1) V64; 4) /0,49; 7)
2) V144; 5) V2500; 8) /0,0009;
3) /0,04; 6) 112‘51-; 9) /0,0196.

27.4.° Yu mae 3micT BUpas:

DV 2z VB 2k 5 (VE2)2

27.5.° ApudMeTHIHAA KBaAPATHIHA KOleh 3 AKOI'0 YHcJja JOPiBHIOE:
1) 4; 2) 0; 3) 0,8; 4) 2— 5) 1,6; 6) —97

2) (V£2); 9 -0 . e (

27.7." ObuncuaiTe: )
1) (V6)’; 2) (v21);  3) (-4 V5); (%)
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27.6.° 3uaiijiTh 3HaYeHHA BUPA3Y:

1) (V7)’; 3) (=V11)’; iy 5) (—

m|§,
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27. KBagpatHi kopeHi. ApudmMeTniHUi KBagpaTHUN KOPiHb

27.8.° BuaiifiiTh 3HAYEHHs BUPA3Y:

1) V16 +9; 6) -2 \/0,16 +0,7;
2) V16 +9; 7 (Vi3)° -3-(¥8)’;

2
3) V36 -V49; 8) L.(vis) - (L v21);
4) /36 - J/49; 9) \4.5% - 62.

5) /0,81 ++/0,01;
27.9." O6uucyiTh 3HAYEHHA BUPA3y:

1) V72 -/64; 3) -Jgo +0,2 J1600;

2) V16 - \/225; 4) (2J—) -3 (V21)".
27.10.° Po3B’skiTh PiBHAHHA:

1) Vx = 9; 3) Vx -0,2=0;

2)\/§=%; 4) Vx +7=0.
27.11." PosB’siakiTh piBHAHHA:

1) Jx =20; 2) Jx = -16; 3) Jx - %
27.12.° Po3B’axkiTh PiBHAHHA:

1) x* = 25; 2) x*=0,49; 3)x°=3; 4) x* = -25.
27.13." PosB’ssKiTh piBHAHHS:

1)x*=100; 2)x*=0,81; 3)x*=17; 4) x* =3,6.
27.14.° 3uaiaiTe 3Haqennﬂ BHUpa3y:

1) -0,06-,/10 000 + - 2,5 1/3,24;

2) /64 - /6,25 + J23 +17;

3) ,/1% +3 1/7% ~ 0,6 V/3025;

2
4) (% J7—5) ++/262 - 24%;

5) (3 v8) +(8 v3) -2 (V24)";
6) V144 : /0,04 — /2,56 - /2500.

27.15." 3uaiifiTe 3HaUYeHHS BUPAa3y:

1) 0,15 /3600 — 0,18 400 + (10 /0,08)’;
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§ 5. KeagparHi kopeHi. JincHi Yyncna

95
2 1— + V8% +15%;
) J361 14

3) (—8 \E 3 —1‘/%42-\/'1_2,_25) : (0,1 v13)"

27.16.° 3naiigiTe 06/aCTh BU3HAUEHHS BUDPA3Y:

1) V=x; 3) V-x%; 5) \(x - 8);
2) Vx?; 4) Jx? +8; 6) ] x|.

27.17.° 3naiigiTe ob6JsacTh BUSHAYECHHS BUPAa3y:

1) V2y; 3) Jy’; 5) v-y*;

2) J=3y; 4 -7 6) %
Y
27.18.° 3naiiiTe 06acTh BUBHAYEHHA DYHKILIT:
Vx+1
1 =vJx+1; ) y= :
)y | ) ¥y e
2) y =V1-3x; 6) y=Vv2-x +V3x+1;
1 T
3) y= ; 7) y=vx—8+8—x;
i :
Jx -3

1
3 8 = —-/2x +1.
)Y V2 -3x

27.19.° 3naiaiTes 00acTh BU3HAYEHHA (DYHKILIT:

1
Dy= s 2)y=vJx+3+V3x+1; 3) y=
)y e )y y

27.20.° Po3B’skiTh piBHAHHSA:

1) Vbx -4 =0; 3) Vbx—4 = 6; By. =184, g

4) y=

i?-Z-Jx—4
2x -9 ;

Jx+3
2) Vbx -4 = 0; 4) 32 _ g, 6) Vx? - 36 = 8.
Jx

27.21.° PosB’skiTh piBHAHHA:

1) L/x-2=0; 3) ——— =6;

3 x-5

2) V2x+3 =11; 4) V130 -x% = 9.
27.22.° Po3B’AxKiTh piBHAHHA:

1) (x + 6)* = 0; 3) (x + 6)* = 3;

2) (x + 6)*=9; 4 4) (Tx + 6)* = 5.
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" 27. KBagpartHi KopeHi. ApudmernyHuin KBaapaTHUA KOPiHb

27.23." PosB’sxKiTh DiBHAHHA:
1)(2x-3)°=25; 2)(x-30°="T; 3)(2x —3)*="1.

27.24." 3uaiaiTe o6acTh BUBHAYEHHS BUPA3y:

1) JRpaadis b gyl b 7) = x; 10) V—x;

3 9’ Jx +3’

1 1
O WAt Solee By st T8y Lokl 11) v—V=x:
T R

1 1 1
g) ity 8) il By s A9) - [
o Yo o

27.25." 3uaiaiTe 061acTh BUBHAYEHHA BUPA3y:

D2t A 3 P-yrh 9 \/y—ﬁ—l.

Jy -1 Jy +1 4 4

27.26." 3uaiifits obsacTh BU3HAYCHHEA (DYHKILII:

1) y=yx|-2; 4) y=|x|-x;

\/ x|—4
2) y=yJ1-|x}; | 5) y= Yzl

x*-25"
3) y=yx-Ix| 6) y=\B-]x|+=—.

27.27. 3uaiigiTs obsacTs BU3HAYEHHA (DyHKIIL:

1) y = 7| x}; 2) y=x[-2-—=

x+3‘

27.28." Po3p’s12kiTh piBHAHHA:

1) \/_3+\/2+x =4; 2) \/2+\/3+JZ =3; 3) \/4— 10 +Jx =2.

27.29." Po3B’sxiTh piBHAHHS:

1) \/17+\/\/SE—6=5; 2) V1+v2++x =1.

27.30." Yu Mo)xHA CTBEPIKYBaTH, IO IpHA OyAb-AKOMY 3HAYEHHI X
Ma€ 3MicT BHpaas:

1) Vx? -4x +4; 2) Vx®-4x+5?

27.31." JIloBeniTh, 110 HE iCHYE TAKOrO 3HAYEHHSA X, IPU AKOMY Mae€

amicT Bupas vV-x? + 6x —12.
27.32" dAxuit 3 jaHUX BUpPa3iB Mae 3MicT npu OyAb-AKOMY 3HAYEH-
Hi x: ‘
1) Vx? +8x +15; 2) Vx?-10x+27?
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§ 5. KsagpartHi kopeHi. [incHi Ymucna

.

27.33." Po3B’a:KiTh piBHAHHA:

1) JVx = -x; 8) (x-1) Vx+1=0;
2) (x/;)z = 08 9) (x+1) \/;—_1=O;
3) Vx = —x% 10) Vx+3 Vx-2=0;
4) Jx +Jx-1=0; 11) (2 -4 JVx-1=0;
5) Vx—1++-x—3 =0; 12) (x-1) (V=x-1) =0
6) Va2 —x +yx—1=0; 13) (x+1) (V=x -1) = 0.

7) Vx? +2x +Vx? -4 = 0;
27.34. Po3B’sKiTh DIBHAHHA:

1) Vx + V-2 = 0; 6) (x—2) Vx-8 =

2) Jx =—|x|; Ty (2= 1)(J_+1) 0;
3) (Vx)' =|x|; 8) (x+1) (Vx-1)=0;
4) Jr+J=x =1 9) (x*-16) Vx -3 =0;

5) Va?—2x+1+vx2-1=0;  10) (x+2) (V-x-1) =
27.35." IIpu AKX 3HAYEHHSX @ PIBHAHHA X~ = a + 1:

1) mae gBa KOpeHi;

2) Mae OOUH KOPiHb;

3) He Mae KopeHiB?
27.36." Po3B’si2kiTh HEpiBHICTE:

1) 2r+l><2 3) V2x+1.<-2 5) vx > —Jx;
2) V2x+1 < 0 4) Jx > —Jx; 6) vx < —x.

27.37. Poss’s:kiTh HEpiBHICTB:
1) vx-1>-1; 2) Vx-1<-1; 3) vx -1 < -Jx-1.

27.38." Ilooypyiite rpadik GyHKII:

1)y=\/—?; 5)y=\/—_x-\/-_-;;

2) y=v-x2-4x-4+2 6) y=(x/i_—;)2+l;

3) y=(\/;)4; 7 y=(\/;c-)2+(\/:;)2+2;

4)y=\/—;-\/——;; 8)y=(\/3—_x)2+( x—1)2+x—1.
27.39. Tlooynyiire rpadik QyHKILI:

1)y=m—1; 2)y=(\/;)2+3—x;
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27. KeappatHi kopeHi. ApUdpMeTU4HUN KBaApaTHUM KOPiHb

3) y=(\/——x)2+1; 5) y=x(\/a_c)2;
4) sz;-\/;; 6) y=(\/x+2)2——1.

27.40." 3uaigite yci napm uucen (x; y), AKi 3a0BOJBHAKTL pPiB-

HAHHA:
1) Vx-2+fy+3=0 4) Ve +4 +y: -1=0;
2) V2x—1++Jy-2x+3 =0; 5) Vx? —25 +/y* —16 = 0.
3) JAx+y-5+Jx—2y+6 =0;
27.41." BuaigiTe yei mapu uuces (x; y), AKi 8a10BOJBHAIOTE PDiBHAHHA:
1) Vx+1+y-3=0; 3) Vxt -4 +\y+1=0.
2) Jx-y+Jx+y-2=0;
27.42." Ha xoopiauHATHIN IJIOIINHI IO3HAYTE BCi TOUKH 3 KOOPAHUHA-
raMu (X3 y), A8 AKUX BU3HAYEHO BUPA3:

) Vx+Jys 2 Vx+ym 3) Jaus 1) Jx%.

27.43." llpn sxux 3HadeHHAX a i b mae amicT BHMpas:
4) Va?b?; 5) v-a’b?

1) Jab:  2) J=ab;  3) Jab?;

27.44.” Po3B’s1kiTh HepiBHICTE:

1) JVx (x+1)>0  4) Jx (x+D) <0 7)\/_1
X+
X

2) JVx (x+1) = 0; 5)_\/2%_?0; 8)\/;+_l

3) Vx (x+1)<0;  6) Jx—l >0
o o

27.45.” Po3B’sKiTh HEPiBHICTE:

1) Vx (x-1)>0; 4) Vx (x-1) < 0; 7)\/_"_T<0,
=

2) JVx (x-1) > 0; 5)ﬁ>o; 1<
o 1B o ot

SYale i =1) 20 = 16) p - > 0;
i

2
27.46.” Tlobynyiite rpadik dyuknii y = x* - ( Jxk (x - 1)) .

2
27.47." Tlooynyiite rpadik QyHKOil y = (\/(x +1)° x) -x*-x*-x.
27.48." Ilpu sKUX 3HAYECHHAX [IapaMeTpa ¢ He MA€ KOPeHIB PiBHAHHA:

1) (x-a) Vx +1)=0; 2) (x—a) (V=x+1)=0?
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§ 5. KBagpatHi kopeHi. [LincHi yncna

27497 TIpu axux 3HAYEeHHAX ITapaMeTpa a He Ma€ KOPeHiB DiBHAHHSA:

x—-a g Ko
1) i 0; 2) Ty 0?
27.50."” Ilpu AKuX 3HAYEHHAX DapamMeTpa a piBHAHHSA
(x-a)(Vx-2)=0
Ma€ JBa pi3HUX KOpeHi?
27.51.7 TIpm AKUX 3HAYEHHAX TapaMeTpa d MAc €IUHHIl PO3B’SA30K
PiBHAHHS:

1) (x+a) Wz -3) = 0; 3) (1-%)@:0?
2) (1—1) (Vx -a)

X

05

27.52." Tpu sixwx 3HaveHHsX napaverpa a pisasaaa (Vx —4) (x—a) =0
Ma€ TiJIbKU OJMH KOPiHb?
27.53." Insa KOKHOrO 3HAYEHHS ITapaMeTpa @ POo3B’sKiTh DIBHAHHS:

1) aJvx-1=0; 4) Jx -2 = a;
2) J@-1) x =0; 5) (x—1) Vx - a = 0;

3) avx—-1=a 6) (2—a) Vx-2=0.

Yu pocryrs y roponi pagukanan?

¥ Crapoaasniit I'perii giro 100yBaHHSA KOPEHSA OTOTOMXHIOBAIU 3 T10-
IIYKOM CTOPOHM KBajpara 3a ioro mionielo, a caM KBaJpaTHUN KOPiHb
Ha3MBAaJIHN «CTOPOHOIO».

¥ CrapopasHiit IHAI1 cJI0BO «MyJia» O3HAYAJO «IIOYATOK», «OCHO-
Ba», «KOpiHb AepeBa». [le ci10BO moyasnm 3aCTOCOBYBATH i IO CTOPOHHU
KBaJpaTa, BUXOAAYM, MOXKJIUBO, 3 TAKOl acouiaii: i3 CTopoHu KBaj-
para, AK 3 KOpPEeHsl, BUPOCTAE caM KBajJpar.
MosxnuBo, TOMY B JIATUHCBKiIM MOBI HmOHATTA
«CTOPOHA» 1 «KOPiHb» BUPAKAIOTHCA OJAHUM 1 TUM
camMuM cJioBoM — radix. Bijg nporo ciaosa moxo-
OUTH TEPMiH «PaguKaI».

CrnoBo radix MOMXKHa TAKOMX MEpPeKJacTH K
«peauc», ToOTO KOpPeHeIlIi); — pocJuHa, ICTiB-
HOIO YACTUHOIO SIKOI € KOPiHb.

¥V XIII-XV cT. eBponeichbKi mMareMaTHKH,
CKOPOYYIOUM CJ0BO radix, 1mo3HavYaIu KBajaparT-
Uil KOpiEb 3HakamMu R, R, R?. Hanpuknag,

Pene Jlexapm
(1596%1—1655)0) 3amnuc ﬁ MaB TakwWil Buraan: R7.

186



28. MHOXWHa AINCHUX Yucen

V XVI cr. cranu BukopucroByBatu 3Hak V. IToXomKeHHA IBOTO
CHUMBOJY, MabyTh, IOB’A3aHO 3 PYKOMUCHOIO JIATUHCHKOI0 OYKBOIO 7.

Y XVII cr. BugaTHH# (paHny3bKui marematuk Pene [lexapr,
oeAHABINY 3HAK \ 3 TOPMBOHTAIBHOIO PUCKOIO, OTPUMAB CAMBOJI S
AKUA MU 1 BUKOPHUCTOBYEMO CHOT'OJIHI.

P2 B MHOXMHA RIACHUX Ynucen

Posrasstaremo mEHOKUHY () pamioHaNIbHUX YUCEJI.
KoxxHe panioHaJabHEe YMCJI0 MOKHA IMMOAATH YV BUIVIAAL BiJIHOIIEHHA
5

%, Je m — Iije 4mMcy0, a n — HarypainbHe. Hanpuwimag, 5 = I;
-3 1 0 53

-83=—; 0,2=2; 0=-; §3=—.

i A A Ak T

3 MOIKJIMBICTIO TAKOro HOJAHHS IIOB’A3aHA Ha3Ba <«paIllOHAJIbHE
YHCJIO»: OAHUM i3 3HAYEHb JJATUHCHKOTO CJIOBa ralio € «BiIHOIIEHHS».
Y 6 kjaci BM Ai3HaIMCHA, [0 KOXKHE pallilOHAJBHE YHCJI0 MOYKHA
MOJATH Yy BUIVISIIi CKIHYEHHOI0 AEeCATKOBOro apody abo y Buraaai

s . m
HECKIHYEHHOrO0 MePiognYHOro JecATKoBOro Apody. s npoby — iai.
n

IOJAHHSA MOYKHA OTPUMATH, BHKOHABIIHU JiJI€HHS YHC/IA 770 HA YHCI0 1
«KYTOYKOM» .

Hanpuxmnaz, % = 0,625 = = 0,454545.
Yucno % 3aIMCAHO Y BUIIALL CKIHUYEHHOTO JeCATKOBOI'0 Apody,

a 4YMCcJo 1—"1 — Y BUIVIAAL HECKIHYEHHOT'0 IEePiofUYHOI0 AeCATKOBOI'O

apooy. ¥ sanucy 0,454545... mudpu 4 i 5 nepiofUUHO NOBTOPIOIOTE-
ca. I'pyny uudp, AKa TOBTOPIOETLCS, HASUBAIOTH MEpPiogoM ApPOGY;
IIPH 3aIucy mepioy 6epyTh y KPYIJil AYKKHA. ¥ JaHOMY BUOAAKY Apib
% = 0,454545... 3anUCyIOTh Y BAIIALL 1—51 = 0,(45).

3ayBaKuMo, 0 OyAb-IKUI CKiHYeHHUN AecATKOBUIL Apib i Oyab-
sKe IijTe YMCJI0 MOYKHA IOJZATH Yy BUIIAAL HECKIHUEHHOro nepioguy-
HOTO AecsATKoBOro aApody. Hanpuknan,

0,625 = 0,6250000... = 0,625(0);

2 = 2,000... = 2,(0).

Orxe, KOJdHE pAYiOHANbHE WUCAO0 MOXMCHa nodamu Yy euznadi
HEeCKIHYeHHO020 Nepiodutinozo decamroeozo 0poby.
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§ 5. KsagparHi kopeHi. [incHi ymucna

CrpaBefInBUM € TAKOXK TBEP/KEHHS: KOWCHUIL HECKIHYeHHUIL
nepioduunui decamrxoguil 0pib € 3anucom 0eaK020 PaYioOHANLLHOZO
yucna. Y 9 Kiaci BH HaBUMUTECHd 3aNUCYBATH HECKIHUEHHUMN neplo-
OIUYHUMN NeCATKOBUU Api0 y BUrIALI 3BUYANHOTO ApoOy.

Cyma i 1o0OyTOK ABOX HATYPAJbHUX UYKCEJ € HATYPAJIbHUMH YUC-
gamu. [Ipore pisHHIA TaKy BJIaCTUBICTh Ma€ He 3aBKaAu. Hampukaan,
B-T7¢ N.

Cywma, pisEung, Jo0OyTOK ABOX HIiMUX UYMCEN € IIIUMH YUCIaMH.

; 5
Opsak yacTka Taky BjacTuBicTh He mae. Hanpukiaz, = & Z.

Cyma, pisauIA, A00YTOK i yacTKa (KpiM AijleHHA HA HYJb) ABOX
palioHAJBHUX YHCEeJI € PalioHAJbHUMY YHCJIAMU.

Oroke, fist BifHIMAHHA HATYPAJILHUX YHMCEJI MOYKEe BUBECTU Pe3yJib-
TaT 3a MexXi MHOMHUHEH N, nig miJeHHA OIJIHX 4YHCe) — 3a MeXi
MHOXUHU Z, IPOTe BUKOHAHHSA O0y/Ib-AKO0Il 3 HOTUPHOX api PMETUIHUX
Jifi 3 pamioHAJbHUMH YHCJIAaMU He BHUBOAUTH Pe3yJbTaT 3a MeXi
mHOKUHA (.

Bu mosHalloMHMINCA 3 HOBOKW [Ai€l0 — HOOYBAHHSAM KBaJpPaTHOTO
KopeHs. BHHUKAE NPUPOAHE 3aNMUTAHHS: YM 3aBXKAU KBaJpaTHUMN
KOPiHB 3 HEeBi’€MHOI'0 PaIiOHAJILHOTO YUCJIa € PALIOHATBHUM YHUCJIOM ?

Posranauemo piBEAHHSA x° = 2. Ockinxsku 2 > 0, TO PiBHAHHA Mae

nBa Kopeni: V2 i —/2 (puc. 28.1).
IIpunycrumo, o 4ucyIo J7 s paunionanbae. Toxi Moro MmoxHA

NOAATH Yy BUIJIAZL HECKOPOTHOro Apody —, e m i n — HaTypaJdbHI
n
yucJyga. Maemo:
m
2 =

2

n
2
Toni (\[2_)2 =(%l-) Y= L:? = 2n%

3 ocraHHBOI PiBHOCTI BHIJIMBAE, IO YUCJIO m° — mapHe. A Ie
O3HAYA€E, MO0 IIAPDHUM € i YHCJI0 m.
ke bt X 7] / Toxpi m = 2k, ne k — nesAKe HATYpaJb-
\ He yucgo. Maemo:
VA 2, Y. p et 2; Ve 2
(2k)° = 2n%; 4k" = 2n°; n° = 2k°.
3Bi,ZICPI BUIIJINBAE, IO YUCIO n°,

yl=12 1 J\ / a OTIKe, H YMCJIO N — IapHi.
A\t " TakuM YMHOM, YHCEJBHUK i 3Ha-
B 1A il m ]
5l0] s | MeHHUK npoby — — mapHi uwHcia,
—— n

T00TO ey Apib € ckoporHUM. OTpHUMAa-
Puc. 28.1 JIU CYIIePeYHiCTh.
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28. MHOXUHA AINCHUX Ymcen

TakuM YUHOM, He ICHYE PAYiOHANbHO2Z0 YUCIA, Keadpam K020

dopisHioe 2, ToOTO umMcaa V2 i -2 mee panioHaTbHUMH. IX Hazu-
BAIOTH ippanioHaJsHUMH (IIDUCTABKA «ip» O3HAYAE 3allepedyeHHs).

Mu nokasaJyiu, o Aisg 700yBaHHSA KOPeHA 3 PallioHAJBHOI'O YHCJIa
MOJKe BUBECTH Pe3yJabTaT 3a Mexi MHOXuHH (.

WHopgHe ippanioBaJibHe YUCJIO HE MOXKHA IIOAATHU Yy BUIVIAAL APOOY
—"r:—, neme Z, n € N, aorike, 1y BAIALL HECKIHUEHHOr0 nepioauny-
HOT'0 JEeCATKOBOI'0O Apo0y.

IppamniosajpHi uucaa MOXKYTh OYyTH IOJAaH] YV BUIIAAI HeCKiHYeH-
HHUX HeNepioguYHuX JecATKOBUX ApoOiB.

Hanpuknaz, 3a JOIIOMOT0IO CIIEIiaJIbHOI KOMII' I0TEPHOI IporpaMu
MOKHa BCTAHOBUTH, IO

V2 =1,4142135623730950488016887242097... .

Yuena V2 i —/2 — Ile He Nepuli ippanioHajabHi YUcaa, 3 AKUMHA
BH 3ycrpiuaerech. HYucio 7, sKe JOPIBHIOE BiJHOIIEHHIO JOBMKUHH
KOJia 0 MOoro aiamerpa, € ippanioHaJIbHUM:
n=3,14159265358979323846264338327950288419716939937... .

IppauionanbHi yMcia BUHHUKAIOTh He TIJIBKUA B pe3yabTaTi no0y-
BAHHS KBAJPATHUX KOPeHiB. IX MOKHAQ KOHCTDYIOBATH, OYAVIOUH
HEeCKiHYeHHI HemepioAWYHI AecATKOBiL apobu.

Hanpuknazn, duciao 0,10100100010000100000... (micas xomwu
3aMMUCYIOTH MMOCIi0BHO creneHi uucsaa 10) e ippanionansaum. Cupas-
i, AKIO IPUIIYCTUTH, IO IeH JeCATKOBUM Api6 Mae mepioj, AKUU
CKJIaa€Thesa 3 n udp, TO 3 AeAKOTr0 MiCIA BiH IMOBHICTIO CKJIaJaTH-
MeThCH 3 HYJIiB, TOOTO MOYMHAIOYH 3 IOBOTO MICIA B 3alMCy HE IIO-
BUHHO OyTH KOAHOI OAMHMII, L0 CYHEPEeYUTh KOHCTPYKIII dymcia.

06’egHaHESA MHOXKUH 1ppamoHaJILan i panioHaJIBLHUX YHUCEJ Ha-
3UBAIOTH MHOKMHOIO FifiCHUX umced. 11 mosHauaioTs 6ykBoio R (mep-
ma OyKBa JATHHCBKOTO cJ0oBa realis — peanbHUM, TAKUH, 110 iCHYE
B Ji#iCcHOCTI).

Tenep «manmoxok» N C Z C (Q MOKHA TPOAOBIKUTH:

NcZcQcR.

Y crapmux KJjacax BU Ji3HAETECH, 110 IEH JIAaHIIOMKOK TaKOX Mae
IIPOJOBIKEHHA.

3B’sA30K Mi)K YUCJIOBUMM MHOKHUHAMH, AKi PO3TIAHYTO B I[LOMY
NYVHKTI, iJocTpye cxema, 300pakeHa Ha pUCYHKY 28.2.

JoBXXUHY OyAb-AKOI0 BiZpi3Ka MO’KHA BUPA3UTHU JIMCHUM YHCJIOM.
Ileit haxT 103BOJIsIE BCTAHOBATH B3a€EMHO OJJHO3HAYHY BiANOBiAHICTH
MiKX MHOXHHOIO R 1 MHOXHMHOIO TOYOK KOoOpAMHATHOI npsamoi. Tou-
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§ 5. KBagpatHi kopeHi. LincHi Yncna

HAideni wucna

Panionansui
qyacaa

Ilini aucna

Harypansai
yuena

Puc. 28.2

i O, moyaTKy BiIiKy, mocTaBuMO y BignmoBigHicTs yucsio 0. Koxaiii
TOYNi A KOOPAMHATHOI NpaAMOl, BigMiHHOI Bix Touku O, mocTaBUMO
V BiAMOBIAHICTE €MMHE YMCJIO, AKe JOPiBHIOE NOBXWHI Bifpiska OA,
AKIIO TOYKa A posMmileHa npaBopyd Bix Touku O, i 4MciIO, IPOTHU-
JierkHe JoB:KUHI Biipiska OA, AKIIo Touka A posMinieHa JiBOpyY Bif
Touku O. Takox 3po3yMiyio, 10 KOXKHE AIMCHE YUCJIO0 € BiAOBITHUM
€IUHINA TOYNl KOOPAUHATHOI IPAMOI.

Hap piicHUMM yBcIaMU MOYKHA BUKOHYBATH HOTUPHU apudmerny-
Hi mii (KkpiM giJleHHA Ha HYJB), ¥ pPe3yJbTaTi OTPUMYyBaTUMEMO Aiic-
He gucao. IIi xii MarTh 3BUYHI /I Bac BJIACTUBOCTI:

a+b =b+a nepecTaBHa BJIACTHUBICTH J0JaBaHHA
ab = ba repecTaBHA BJIACTUBICTH MHOKEHHS
(@a+b)+c=a+ (b+c) |cHomydHa BIAaCTUBICTH JOJaBaHHSI
(ab) ¢ = a (bc) | cmosryyHa BJIACTUBICTH MHOMKEHHSA
ﬁ (b+c)=ab+ ac PO3IOALIbHA BJIACTHUBICTH MHOMKEHHS

IlificHi umcyia MOKHA NMOPIBHIOBATH, BUKODPHUCTOBYIOUHM IITPaBUJIA
NOPiBHIOBAHHSA JIECATKOBUX JpobiB, TOOTO MOpiBHIOWYU HU(PH V Bij-
noBigaux pospaxax. Hanpukmanx, 7,853126... < 7,853211... .

Byne-sake popatHe gilicHe 4uCIIO OibIe 3a HYJb 1 3a OyAb-AKe BiJ -
eMHe JiicHe yncso. Byas-sKke Biji’eMHe AifiCHe YMCI0 MEeHIIe BiJf HyJId.

SAKII0 MO3HAYUTH HA KOOPAMHATHINA mNpAMii ABa AIMCHUX 4YHCHA,
TO MeHIIe 3 HuX Oy/ie po3aMileHo JiBopyY Bij 6igbmioro.

3HaxXOoAAYM JOBXKHHY KOJIa i IJIOIy Kpyra, BM KOPHCTYBAJHUCH
HaOJIMIKEeHUM 3HadYeHHAM 4ucyaa 7 (n = 3,14). AHanorivyso npu pos-
B’A3yBaHHI NPAKTUYHMUX 3a7a4, Ae HeoOXiZHO BUKOHATH il 3 AicHU-
MU YHCIAMHU, [ YACHA 3aMiHAKTH iX HAOJIMIKEeHUMU SHAUYCHHSIMU.

Hanpuknapn, \/E =141,
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28. MHOXWHa OINCHUX Yucen

Hanpukinani migkpecaumo, mo 3 0yAb-sIKOr0 HEBiJ €MHOIO Hikc-

HOI'0 YUCJIa MOXKHA A0OYTH KBaJpaTHMUH KOpPiHB 1 B pe3yiabTaTi miel
Jiil oTpuMaTH AilicHe YMuCca0, TOOTO AiA noOyBaHHSA KBaApPaTHOTO KO-
peHs 3 HeBixn'eMHOro AiMiCHOTO UMce/ia He BUBOAUTE PE3YJIbTAT 3a MeXKi
MHOKHHA R.

P

1. ki ymena yTBOPIOIOTH MHOMKUHY palliOHATBHUX YUCE?

2. Y BUIIsAl AKOTO BifHOINEHHA MOYKHA ITOAATH KOXKHE PalliOHAb-
He Yucyio?

3. Ax mow’sizani mMixk cobo0 pamnioHaJdbBHI YHcaa 1 HeCKiHYeHHI
nmepiognYHI AecATKOBi apobu?

4. fIx masuBaiOThH UMCIaa, AKI He € palliOHAJBHUMHU?

5. O0’egHaHHA AKUX MHOJKHH YTBOPIOE MHOMKUHY HiMCHUX yHuces?

6. ko0 OYKBOIO 1MO3HAYANOTH MHOKHWHY HiMCHUX umncesa?

7. Ak B3aemosB’sizani muoxkuHu N, Z, Q i R?

28.1.° Yu € nmpaBUJIBHUM TBEPJKEeHH:

1)1e N; 5) 0 e N; 9)-2,3¢ R; 13) J9eQ;
21e Z: 6)0 ¢ Z; 10) —%e@; 14) V9 € Z;
3)1e Q; 7)0 e R; 11) —%eR; 15) V9 e R;
4)1e R; 8)-23eN; 12) V7eR  16) ZeR?

28.2.° HUu € npaBMJIbHAM TBEDPAKEHHS:

1) 6yab-AKe HATypaJIbHE YHCJIO0 € IiJIUM;

2) Oynb-AKe HATypaldbHE YHUCJIO € PALiOHAJIbHUAM;

3) 6yb-gdKe HaTypaJbHe YHCJIO € AINCHUM;

4) Oyan-sgxe pauioHanbHE YHMCJIO € IiJIuM;

9) Oyab-aKe J1IICHe YHUCJIO € palioOHAJIbHUM;

6) Oyab-aKe panioHaJbHE YHCIO € AINCHUM;

7) Oynp-aKe ippallioHaJIbHE YUCJIO € HiHCHUM;

8) Oynb-sike pilicHe YHCJIO € panioHaasHEUM abo ippanioHaabHUM?

28.3.° flki 3 jaHUX HECKiIHYEHHHUX ApPOOiB € 3amucaMy paliOHAJIBHUX

yucesn, a AKi — ippanioHajbLHUX:

1) 0,(3);

2) 0,4(32);

3) 9,25255255525... (KiabKicTh I’ ATIPOK MiK cycigHiMu ABiAKa-
MM TOCHiZOBHO 30iibmyeThesa Ha 1)?

28.4.° IlopiBuaiiTe:

1) 6,542... 1 6,452...; 2) —24,064... i —24,165... .
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§ 5. KBagpatHi kopeHi. [incHi Yncna

28.5.° IlopiBuaiire:
1) 0,234... 1 0,225...; 2) =1;,338...1'=1,845... .
28.6.° VraxiTh fKe-HeOy/Ab 3HAUEHHS @, IPU AKOMY DiBHSHHSA X~ = @
1) mae aBa panioHaJIbHUX KOPEHi;
2) mae aBa ippamioHAJBHUX KOPEHi.
28.7.° IlopiBasiiTe yncna:

1) 47—3 i 6,12: 4) -2,(36) i —2,36;
2) 3,(24) i 3,24, 9) 7,(18)i 7,(17).
3) ni3,(14);
28.8.° IlopiBualTe yncaa:
1) % 30528 2) % 110,77 3) —1,(645) i —1,(643).

28.9.° BanmumiTe y mopAAKy cragaHea uyuciaa 3,(16); w; —1,82...;
-0,08...; 2,(136).
7

28.10.° Banuniite y nmopAnky spocranHsa uuciaa 1,57; 1,571...; 2;

1,(56); 1,(572).
28.11.° JlosexiTe, 1m0 cyma, pisHHIis, JOOYTOK 1 yacTKa JBOX pallio-
HAJIbHUX YUCEJ € palioHAJbHUMM YHUCJIaMHU.
28.12." JloBexniThk, 0 cyMa PaIlioHAJIBHOTO Ta ippaliOHAIBHOTO YHCET
€ YHCJIO ippalnioHaJabHe.
28.13." Yu npaBuJIbHO, IHO:
1) cyma Oyab-aKUX ABOX ippalioHAJBHUX YHMCEJI € YHCJIO ippaiiio-
HaJIbHE;
2) nobyTok OyAb-SKUX ABOX ippalioHAJIBHUX YUCEJI € YUCJO0 ippa-
IioHAaJILHE;
3) mobyToK Oyab-sIKOro ippamioHaJabHOTO Yucia i Oyab-aKoro pa-
IIOHAJBHOTO YHCJa € YUCJIO ippanioHaabHe?
28.14." Bigomo, mo cyma i Z06YTOK ABOX YHMCEJ — pallioHAJbHI YuC-
na. Yu 000B’A3K0OBO 3aJlaHI YMCJIA € pamioHAJIBHUMA?

28.15." 3uaiigiTs yei pauionansHi yncsa a i b raki, oo uuciao a + b V2
€ pauioHaJIbHUM.
28.16." 3maigiTe Taki miai yucaa a i b, mio:

1) (3-v2)' =a+52; 9) (V8=2)"=a-b+3.

28.17." oBexnirs, 110 4MUCIO NEXS ippamioHaIBEHUM.

28.18." Jlosexits ippamionanpricTh uymcaa 0,12345... (Bunucauo
IMOCIILJIb yCi HaTypajbHiI yucia).

28.19.” Ym MmoKHaA IOJATH YUCJIO Y y BUIJIAAL apu(MeTUIHOTO
KBa/IDATHOTO KOPEHA 3 SKOroch pamioHaJIbHOro umucja?
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Konu TaEMHe CTa€ sBHUM

28.20." ITapa uuces (\/5 = J2 ) € PO3B’A3KOM PiBHAHHA aXx + by +
+ ¢ =0, ge a, b, c — panionansHi uncia. Jlosexits, mo a = b = c.

28.21." Yncao 1++2 e KopeHeM piBHAHHA x° + px + ¢ =0, ge p
i ¢ — pamionanpHI yucaa. 3HAUAITE p i q.

28.22." Yueno V2 -1 € xopenem piBHAHHEA x° + px+q=0, nep

i ¢ — pauionanbHi yucia. [loBeziTh, 0 YHCIIO /2 -1 Takox
€ KOpPeHeM IIbOI'0 PiBHAHHA.

28.23." Yucna a, b i \/Z +\/E -— pauioHanpHi. [HoBexiTh, 110 JE
i b, — palioHaJbHI YHUcIa.

28.24." IloBexiTe, Mo MiX OyAb-AKUMH IBOMA PAI[iOHAJIBHUMY YHC-
JIaM¥ 3HaAMAYThCA SAK pallioHAJbHE YHCJIO, TaK i ippamionaibHe
YUCIIO.

28.25." Yn icHye Take YHCIIO X, [0 3HAYCHHS BUPAa3iB x + J2ix®+2 —
pan*iona.nbni yucnaa?
28.26. Yy icHye Take YMCIO X, II[0 3HAYEHHA BUPAa3iB:

1)x+~/§i;1c——\/§; 2)x+\/§i%+\[§

€ MiIUMU YyucjiaMu?

28.27." IInomuHY DOKPUTO HECKIHUEHHOK KBAAPATHOIO CiTKOI0. Ym
MOXKHA Yyepes Oy/b-IKUM By30JI HPOBECTH IPAMY, AKa HEe IPOXOANTE
OisipIre yepes KOAHUM iHIMUK BY30J CiTKH?

Koim TaeMHe cTae AsBHAM

I'padpiune pos3s’AzanHHA piBHAHEA x° = 2 (puc. 28.1) mokasye, mo
icHYIOTH Bifpisku (y HaAIIOMy BUIAAKY Iie Bmplsrcn OA i OB), JIOB-
JKUHHU SAKHUX HE BHPAXKAIOTHCA PAIliOHAJIBHUMH =
qyucjaMu, ToOTO O0ns uMmipioéanHs 6i0pi3Kie
PAUIOHANbHUX YUCeN HeDOCmamHbo. |

Ile# daxT 6ysn0 BIAKPUTO B IIKOJII BEJIMKOIO
naBHbOrpenskoro Buenoro Iligaropa.

CoouarTky midaropiiiii BBaKayind, M0 s
Oyab-aKkuX BiapiskKiB AB i CD 3aBXIu MOXKHa
3HAUTU TaKUM BiApidok MN, AKHN Y KOKHOMY
3 HUX BKJIQJIAEThCA IIlJIe YHCJIO pasiB. 3Bigcu
BUILIMBAJIO, 1110 BiIHOIIEHHA JOBXKUH OyIb-AKUX

—
i

JABOX BiJIpi3KiB BUpa)XaeThCs BiHONIEHHAM Ha- : Hl;d;t-z.eoé)
TYyPaJbHUX YHces], ToOTO pamioHajJbHUM YHC- (61, 570 —
JIOM. o6x. 500 p. xo H. e.)
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§ 5. KsagpatHi kopeHi. [lincHi yucna

A B Hanpuxknazn, sa pucysky 28.3 AB = 5MN,
(4] D CD = 2MN i _CA% = g Binpisok MN HasuBa-
M o= N I0TH CIJILHOX Mipoxo Binpiskis AB i CD.

AKIIo ana neaKuXx BiIpi3KiB icHyE crijibHA
Mipa, TO IX Ha3WMBAaOTh CHiJHPHOMIPHHUMH.
Hanpuknan, Bigpisku AB i CD (puc. 28.3) € chiJbHOMIpHUMHA.

Omxe, naBHBOIpPENbKi BUEHI BBarkayu, 1o Oyab-AKl ABa BiApisKuU
€ cuninbHOMipHUMHU. A 1le HAJABaJI0O 3MOI'V IONATH HOBXKHUHY OV/Ib-
SIKOr'O BiZipidKa y BUIVIAAI pallioHAJBLHOTO YUCJIA.

Cuopaspai, Hexait neaxuil Bifipisoxk AB obpaHo 3a oguaunuHuit. Toxui
ansa Bixapiska AB i Oyab-axkoro iHmoro Bizpiska CD icHye Bigpisok
B3aBAOBXKKHU €, AKUM € 1X CcHinsbHOo Mipow. Orpumyemo AB = ne,

CD = me, ne m i n — jgesaKi HaTypaJbHi yucaa. 3Bijcu % =Re=T,

ne n
Ockinpru AB =1, to CD = %
IIpore cami & midparopiiini 3pobunm BuaaTHe Bigkpurrsa. BoHU
JOBeJH, IO JAiaroHajb i CTOpPOHA KBaApaTa HeCHiJIbHOMipHi, TOOTO
SIKINO CTOPOHY KBAApAaTa B3ATH 38 OAWHUILIO, TO AOBXKHUHY AiaroHai
KBaJpaTa BUPA3UTH PALiOHAJNBHHUM YHCJIOM HE MOJKHA.
s noBefeHHA PO3TJIAAHEMO IOBiJIbHUU
B C kBagpar ABCD i BisaeMeMO HOro CTOPOHY 3a
oauHUII0 noBKUHU. Toxl iforo mioma aopis-
HI0Oe AB? = 1. Ha pmiaronani AC moGyayemo
kBagapatr ACEF (puc. 28.4). 3posywmijo, 1o
miaomia xBaapara ACEF y 2 pasu Oinsmia sa
mnuomy kBazxpara ABCD. 3Biacm AC? = 2,

10010 AC = /2. OTixe, HOBXKHHA niaroHasi

F AC He BHpaXa€ThCA PAliOHATBHUM YHCJIOM.

Puc. 28.4 Ile BiAKpUTTA 3MiHUIO OAUH 3 QyHAAMEH-

TaJbHUX IIOCTYJIATIB JaBHBOI'PELBKUX VICHUX,

AKAN IOJAraB y TOMY, IO BiIHOINEHHA OYAb-AKHUX ABOX BEJIUYUH
BUPAXXAETHCA BIAHOIICHHAM I[LJIUX YHUCEJ.

Icaye nerenma npo Te, mo midaropiiini TpuManu BiAKPUATTA ippa-
IOHAJNBHUX YHUCEeJ y HaWCYyBOpiIIiil TaeMHHUI, a JIOJAUHY, AKA PO3-
rojocusia nei (baxkr, rmoxapanau 0Oru: BOHA 3arwHyJia IIijf yac Kopa-
0esbHOI KaTacTpohu.

Puc. 28.3

IIpo 3xiveHHICTh YHCAOBMX MHOMKHH

Bu snaere, mo maokuEu N, Z i Q — 3xivenHi.
BuHHKae npUpojHe 3aIUTAaHHA: « ¥ BCi YMCJIOBI MHOKUHH € 3JIi-
YeHHUMMU ? »
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Mpo 3nI4eHHICTb YNCNOBUX MHOXMUH

ITokaxxemo, 10, HAIIPUKJIAK, MHOKUHA duceJ npoMikky (0; 1)
€ He3JIIUeHHOIO.

Hexaif us MHOKUHA € 3JiiveHHOI0. Toxi BCi ymeaa 3 IbOro mIpo-
Mi’KKY MO’XHa IIPOHYMEpyBaTH:

Ay Qpy ooy Qs oen s

KokHe 3 nux ducesJ MOXKHA 3alUCATH Yy BUIVISAAI HECKIHUYEHHOI'O
JIECATKOBOro Apody (AKIIO HecATKOBUM Apid € CKiHYEeHHUM, TO BBa-
JKATUMEMO, 10 3 IIeBHOro Micusa Bei mudpu AecATKOBOrO 3amucy
JIOPiBHIOIOTH HYJIIO) TAKOTO BHUIJIAAY:

0,0,,01,0;...0 ,
Be Oliy Ol Oloy eeey O — Oyab-aki mudpu Big 0 xo 9.

Heaki 3 MUX YHCeJ MOXKYThH MaTH ABa 3anucu. Hanpukaaz, npodam
0,7000... 1 0,6999... Bisinmosinae oxue i Te came aiiicHe uyuciao. (Ileit,
Ha MepmIuid moryisj, HecnojgiBaHUM (hakT Oyae AOBEJEHO B CTApIIUX
KJjacax.) [liss yHUKHEHHS HEBU3HAYEHOCTI He OyZeMo TyT po3riasnia-
THA mepioAuYHi AecATKOBI Apobu 3 mepiogom 9.

3anuIIeMo BCi UMCHA @, Ay ooy G, ... y cropnuuk. Hanpuxiaz,
3aIMC MOJKe MAT! TAKUA BUTIIAM:

a, = 0,  JREE ALk i Rl i kel - A
ol el ST i FUSMNR oA B
a, = 0, 9 8 e Y A I A
o B e s S Al T ik s Sl

YV uii tabauni sugisero nudpH, AKi croATh Ha giaroHaxi. CKoH-
CTPYIOEMO HOBMM AE€CATKOBUM HECKiHUYeHHUH Apib (Ymcio a) 3a Takum
NPaBHJIOM: AKINO y YUCJIA @, HA «/[ilarOHaJbHOMY Micui» (Ha n-my
micoi micaa Komm) cToiTh mudpa 1, To y 4HMcaa @ Ha IbOMY MicIi
mocTaBuMo nudpy 2; v pemTi BUINAAKIB y UMcia a Ha n-my Micmi
‘moctaBumo nudpy 1. Tak, Aia HAUIOro NPHUKJIALY OTPUMYEMO:

a=0,1211... . :

OckinbKn y umesia @ Ha n-My Mmicui croits nudpa, BiAMiHHA Bif
n-i nudpu yucia @ , TO YUCJIO 4 He MICTUTHCS Cepel 3aluCaHuX Yu-
cen. Ilpore a € (0; 1). Orpumanu cynepeunicts. OTike, MHOXKHUHA
Touok npomikky (0; 1) € HeasriueHHOIO.

Ile noBenenua 6araTo B oMy aHAJIOTiYHEe JJOBEAEHHIO He3JI1UeHHOCT1
MHOYKHHH II0CJIIJOBHOCTEM, PO3IVIAHYTOMY B IIYHKTI 7. 3acTOCOBaHUM
MeTOJI HasMBAaIOTh AiaroHajdsHuM MetronoMm Kanrtopa.
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mnacmaoai apuPMETUYHOro KBaApPaTHOro KOpeHs

Jlerko mepeBiputu, mo V52 =5, 1,42 =1,4, J0? =0. Mosxe
sparucs, mo Bsarami va® =a. IIpore me He Tax. Hanpuxnanm, pis-
micte +/(-5)* = -5 e mempaBmIBHOIO, OcKimbKu —5 < 0. Hacnpasni,

\/(—5)2 =+/25 =5. Taxkoxk MOKHa IepPeKOHATUCSH, 10, HAIPUKJIAL,

VED? =17, {(-2,8)° =2,8. '

Yazaraji, € cupaBeIMBOIO TaKa TeopeMa.

Teopema 29.1. na 6yde-axozo 0ilic0z0 YUCIA @ 6UKOHYEMBCA

pienicms
Ja =|a|.

Hosedenns. Insa Toro 1mob JOBECTH PiBHICTH Ja = b, Tpeba nmoka-
garu, mo b > 01 b® = a.
Maemo: | @ | > 0 npu 6yae-aKoMy a.
2
3 osHaueHHA MOAYJA Takox Bumiusae, mo (|a|) =a® A
HacrynHa Teopema ysarajbHIOE HOBEIeHUM (PaKT.
Teopema 29.2 (apudMeTHYHUNA KBaApaTHUMN KOPiHB

iz creneHsa). Jaa 6ydv-akux 0illcHOZ0 YUCNA @ i HAMYPANLLHOZO
YUCAA L 6UKOHY E€EMBCA PiHICMb

\/-a?=|a"|.

HoBeneHHA IIi€l TeopeMu aHAJOriuHe HOBeAeHHIO Teopemu 29.1.
IIpoBeniTe 1e HOBEIEHHS CaMOCTIHHO.

Teopema 29.3 (apudpMeTHYHUN KBaJApaTHUHA KOPiHB
3 nob6yTrYy). Ana 6ydv-akux Oitichux 4ucen a i b maxux, wo
a=>0ib >0, sukonyemovca pienicmeo

Jab =a -\b.

Ilogedennsa. Maemo: Ja >0 ib>o0. Tonxi Ja -/b > 0. Kpim
TOTO, (Va - \/5)2 = (\/21_)2 . (\/5)2 = ab. Orxxe, Bupas Ja - b HabyBae

TIJIBKM HEBiJl’€eMHHUX 3HAYEHB i Oro KBajapaT AopiBHIOE ab. £
3a3HauYMMO, MIO I[I0 TeOpeMy MOYKHA y3araJbHHUTH IJs JOOYTKY
Oyab-aAKol KinbKocTi MHOXKHMKIB. Hanpuknan, skmo a = 0, b =2 0

ic=20, To :
Jabe =\/(ab)c=\/21—b-\/_=\/¢;~\/g-\/2.
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29. BnactBocTi apuPMETUYHOro KBaApaTHOro KopeHs

BayBaskuMo, 1o ko a < 0 i b < 0,.7o TeopemMa IIpo KOPiHb 3 0-
OYTKY BHPA’KaEThCA TAKOI0 PiBHICTIO:

Jab =-a -J-b.

Teopema 29.4 (apudMeTHYHUN KBaJpaTHUHN KOPiHB
3 n1po6y). Ana 6yde-axux ditichux wucen a i b maxux, wo a > 0
ib>0, euxonyemovcsa pieHicms

IMoBeneHHSA IIi€l TeopeMH aHAJIOTiUHE JOBeAeHHIO Teopemu 29.3.
3ayBakumo, mo koau a < 0i b < 0, To Teopema n1po KOpiHb 3 ApPO-
Oy BUpaKaeThCa TAKOI PiBHICTIO:

3po3yMmino, IO 3 ABOX KBajpaTiB, IJIONI ‘/S_z
akux S, i S, (puc. 29.1), Ginpury CTOPOHY Mae S,
TOM, Yy AKOro mjomnia Oijnbiuma, ToOTO AKIIO S,

S, >8,, T0 w/31 > ,/Sz. Ile oueBuIHE MipKyBaH-

: Puc. 29.1
Hf NIATBEPIXKYE Taka Teopema.

Teopema 29.5. Axwo a > b > 0, mo Ja > /b.

Hoeedernnsa. IlpunyctuMo, 110 HEpPiBHiCTH, AKa JOBOAUTHCH,

€ HeIpaBWJILHOI, TOOTO \/Z < Vb. Ockimpxu Va >0 i Vb > 0, To,
BUKOPHCTOBYIOUM BJIACTUBOCTI YMCJAOBUX HEPiBHOCTEH, OTPUMYEMO,

110 (\/; )2 < (xﬁ)— )2 , TOOTO @ < b, 0 CylepeuyuTh YMOBL. 4
Teopema 29.6. Axwo x/;> \/5, mo a > b.

Hoeedenna. OCKiIbKU Ja>0i Vo> 0, TO, BUKOPUCTOBYIOYU

. = = 2 2
BJIACTUBOCTL YMCJIOBUX HEPiBHOCTEH, OTPUMYEMO, III0 (Va) >(b) g
T00TO0 @ > b. A

MPUKNAL 1 3HalaiTh 3HAYEHHS BUPA3Y:
7,3% 2 J1,2% 3) J0,81-225; 4) ,/:11%.
Pozé’azanns
(-7,3)* = | -7,3 | =g,

2) 1,24 =1,22 = 1,44.
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§ 5. KBagpatHi kopeHi. [incHi umcna

3) V0,81-225 = /0,81 -/225 =0,9-15 = 13,5.

4 [16 V16 _4
490 4o T

MPUKNAL 2 3saiiziTe 3HaueHHA BUpasy: 1) J18 -\/5; 2) ié_i

V150
Po38’sa3anHsa

1) BaminuBmu H0OYTOK KOpPEHIB KOpeHeM 3 HOOYTKY, AiCTaHeMO:

V1842 =/18-2 = /36 = 6.

2) 3aMiHMBIIM YACTKY KOPEHIB KOpeHeM 3 yacTku (apoby), MaTumMeMo:
\24 i 24 L, 4 L 2
V150 V150 V25 5

NPUKNAL 3 IlopiBasiite yucna: 1) 6 i J31; 2) 347 i V65.
Posé’a3anns

1) Ockinbku 6 = /36 i 36 > 31, 1o /36 > V31, To6T0 6 > V/31.
2) Maemo (3 ﬁ)z =63, 63 < 65, Toxi V63 < /65. Oroxe,
3 \ﬁ < \/fg

NPUKNAL 4 Cupocrits Bupas: 1) va''; 2) V9a°®, axmo a < 0;
3) Vm?n®, axmo m > 0, n < 0; 4) va*; 5) Jy®+4y+4, axmo
y < —2; 6) /(x-3)°.

Posé’sazanns

1) 3a TeopeMoOi0 PO KOPiHE 3i CTENeHS MAEMO:

7
\/;‘17=|a7|= a’, akuo a = 0,
—-a", axmo a < 0.

2) Maemo +9a® =3-|a3 | Ockineku 3a ymosoio a < 0, To a® < 0.
Toni

\/b?=3-|a3|=—3a3.
3) W=|m|-|n|=m-(—n)=—mn.
4) \/c—z%=|a’8|. Ockinexu a'® > 0, T0 \/a_ﬁ=|a“‘ | =a'.
5) Ju® +4y +4 = |y + 2) =|y+2|. Ocxineku y < -2, Toy +2<0
ily+2|=-y-2.
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29. BnactusocTi apudMeTM4HOro KkBaapaTHoro KopeHs

e e ok ]
6) J(x-3)° =|x—3|“={(" 3)’, axmo x > 3,

(8 - x)?, axmo x < 3.

1
Jx+—+2—Jx+——2
NPUKNAL S Io6yayitte rpadik byrrmii y = = - SR

X
\/(x EH \j(x ~1)?
X X 1
J(x +1)? \/(x -1
X X

BusHaueHHA panoi ¢ysknii € muoxuua D (y) = (0; +e). 3Bigcm

|2+ 2 2 1]

o A e e 1)

_|x+1 x—-ll’ y_]x+1|+|x-1|’
il e e
x x

Ockinpku x >0, Tox +1 > 0, Tomi y =

Poszg’azanmns. Maemo y = Orxe, obsacTio

x+1-|x-1]|
x+1+|x-1]""

1+x-1
H <x<1, 0 _—_£+__—= 5
o o r+14t=z Yy
1-x+1 _ 1
Agmo x > 1, = X R LA
Gt G r+l+x=140i % 1
3 . \
Omxe, 0 PYHKIII0 MOKHA 3aJaTH TaK: v ——
x, akmo 0< x <1, o p x
o %, Ao x > 1.
Puc. 29.2

Mlyxkaaunii rpadik 300paxkeHo HA pUCYHKY 29.2.

NPUKNALA 6 Cxoporits api6 Jab +b :
Jab

Posé’sa3anHsa. 3 yMOBH 3ajadi BUILJINBAE, 1[0 YUCJIA @ i b ogHAKO-
BOIo 3HaKa. Po3rjasgHeMo Ba BUNIAIKHA.
Ilepmuit Bunagok: a > 01ib > 0. Maemo:

Vab+b _Ja-Jo 5o _ Jo(a+B) _Vaiie
Vab Va Vb Va - b Va
Opyruit sunagoxk: a <0ib < 0. Maemo:

e e AN i e W Wiy i i

Jab N S G R e i
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§ 5. KsagpatHi kopeHi. [incHi yucna

? 1. fixomy BUpasy TOTOKHO JOPiBHIOE BHUpas3 \/a—2 ?

2. ChopmynoiiTe TeopeMy Ipo apu(pMeTHUYHUN KBaJPATHUI KOPiHb
31 cTemneHs.

3. ChopmyoiiTe TeopeMy npo apudMeTHYHUNA KBaJpATHUI KOPiHb
3 K00YTKY.

4. ChopmyitioiiTe TeopeMy IIpo apudMeTHUYHUNA KBaJpAaTHUN KOPiHb
3 apo0y.

5. Bigomo, mo HeBix’emHui uucna a, i @, Taki, mo a, > a,. Ilopis-

HAliTe 3HAUEHHA BUPAsiB (@, i \/a,.

29.1.° Yomy nopiBHIOE 3HAYEHHS BHPA3Y:

1) 0,4%; 3) V6'; 5) 5/(-10)";
1,8); - 4) 2" 6) -4 {(-1)"?
29 2. 3HAUAITHL 3HAYEHHSA BUPA3Y:
1) Va?, axmo a = 4,6; -18,6; 3) 0,1 Jeb, sxmo ¢ = —2; 5.

2) \/b—“, Ak b = —-3; 1,2;
29.3.° O6uucnaiTh 3HAYEHHA BUPA3Y:

1) V16 -2500; 4y 72 28; 3 3BT ,/3— 225,

2) 400 -1,44; 5) 0,01-0,81-2500;  8) =150
/0.09 - 0.04: 49 121 - 256
e %) \256’ 9 V25100

29.4.° Yomy mopiBHIOE 3HAUEHHA BUpPA3Y:

1) J16-0,25; 3) 52 - 3°; 5) 13%;

2) v0,36-1,21; 4) \/2,25-0,04 -1600; 6) 1-— -2—5—?

29.5.° 3aiiiTe 3HAYEHHA BUPAa3Yy:

? ! . -0 o 1 8%

1) V12-3; 4) V200 - /0,18; 7 J; J8 \/;

2) /18 -/50; 5) V13-42-426;  8) V23-3.+/2°.83.
g XS

3)'\/0,009-\/1000, 6) V2,4 \/173
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29. BnactueocTi apuMeTU4HOro KBagpaTHOro KopeHs

29.6.° 3HalAiTH 3HAYEHHSI BUPAa3Yy:

1) 27 -/3; 3) V10 - /12,1; 5) 1%-\/2,_8;
2) V18 - /2; 4) /0,5 -\/50; 6) v5-2% - /53 . 28,

29.7.° 3naiiiTh 3HAUEHHA YACTKU:

J75 A8 Ty, J6:/3.
1t 3) g By A2
A3 J72 J5

- 4) ——; -
& ) Jo R

’9 8 3 aMAiTB 3Ha4YEeHHs BUPasy:
V6,3 /98 J6 /2
1) 2) —=—; 3) —; 4) ;
0,7 J242 V3

29.9.° IlopiBusiiTe uncaa:

1)\/712 3)\/511; 5) 3v2 i 2+/3;
2) 5 i v/26; 4) -7 i —/48; 6) V41 i 2+10.

29.10.° Hoplnnﬂn're qyueaa:

1) V33 i 6; 3) /30 i 2T;
2) 35 i V42; 4)7@1%%

29.11.° BanumiTh y NOpAAKY cliajasEa yucaa 8; V62; 7,9; V65; 8,2.

29.12.° BanunIiTe y DOpAAKY 3pocTaHHA uMcaa V38; 6,1; 6; V35;
5,9.

29.13.° Mix SKMMH ABOMA IIOCJiJOBHUMU IIIMMA YUCTIAMU 3HAXO-
JUTHCS HA KOOPAMHATHIN nNpsAMii 4ucio:

1) V2; 3) V5; 5) V183; 7)-Jﬁ;
2) V3; 4) \J7; 6) /0,98; 8) —V115?

20.14." Mixx AKUMH JBOMA IIOCJHIIOBHAMH I[IJIMMUA YHUCIaMH 3HAXO-
JOUTHCH HA KOOPAMHATHINA NpAMINA YHCJIO:
1) V6; 2) J19; 3) +/29; 4) /30,57
29.15.° Yxkasxirts yei mini uncna, aki pos'ramosam Ha KOOPAWHATHIN
IpAMINA MiXK YpcaaMu:
158 5 /B8 | “2) 1 fTT:  8) —/B1 i-2,8: 1) —/42 i2,8.
29.16.° Yraxirs yei misi yuena, sKi po3TaloBaHi Ha KOOPAUHATHIHN
OpAMINA MiXK YUCIaMU:

1) V3 i V13; 2) V10 i V/90; 3) —/145 i —/47.
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§ 5. KBagpatHi kopeHi. [incHi yncna

29.17.° Tlpn AKUX 3HAYEHHAX 4 BUKOHYETHCS PIBHICTH:
1) Va? = g; 2) Va? =-a?
29.18.° ITpu AKUX 3HAYCHHAX 3MiHHUX BUKOHYETHCH PiBHICTH:
1) Vab =a -\b;  2) Jab=+v-a-J-b; 3) J-ab=+a-J-b?

29.19.° 3saliziTe 3HAYEHHA BUPAa3y, IOAABIIN ITOIEPEAHBO MMiJKOpe-
HEBUU BHpa3 y BUINIAAL Z00yTKY KBaJpaTiB panioHAJbHUX YUCE:

1) /18-32; © 4) J75.48; 7 J2,7-1,2;
2) /8- 98; 5) V288 50; 8) /80 - 45;
3) /3,6-14,4; 6) 4,5-72; 9) v/33-297.

29.20.° 3maiiniTe 3HAYEHHS BUpPaA3Y:

1) Vv18-200; 3) J14,4-0,9; 5) V12,5-32;
2) /3,6-0,4; 4) J13-52; 6) V108 -27.

29.21.° 3mpaiifiTe 3HAYEHHA BUPA3Y:

2 2
1) V412 - 40%; 2) J21,8%-18,2%; 3) \/ 139° - 86

98,5% —45,5%"

29.22." BmaitgiTh 3HAYEHHS BUPA3Y:

1) 6,82 -3,2%;  2) /08,65°-97,5%  3) 98

228° - 164°
29.23.° 3amiHiTE BMpPa3 TOTOXKHO PiBHHM, SKHI He MICTHTh 3HaKa
KOpeHsd:

1) Vb2 9) -0,4¢%;  3) Vab; 4) m?®.

29.24. 3amiHiTE BUpa3 TOTOKHO PIBHUM, AKUI HE MICTUTH 3HAKA
KODEHS:

1) 1,2 Vx?; 2) Ju'; 3) Vn'.

29.25." CopocriTs Bupas:

1y Y1 -v2)%; 3) (25 -3)’;
2) V(6 —7)’; 1 VW3-2) +J3-B)

29.26." Copocrits Bupas: -

1) V(/5=4); 3) V(8 - 3)° —J(v2 - 3)°;
2y (VIO - i1)’; 1) J(z_ Jaf SHTs 5T

29.27." Posp’siaxiTh piBHAHHSA \/’;5‘ = —X.
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29. BnactueocTi apnMeTM4HOro KBagpaTHoro KopeHs

29.28." CpocriTs Bupas:
1) Vm?, sxmo m > 0; 7) 81x'y?, akmo y > 0;
2) \/r?‘;, akmo n < 0; 8) W, akmo a < 0, b = 0;
3) W, axmo p 2 0; 9) —-L2x\/_6—4F, akmpo x < 0;

4) /0,36k%, axmo k < 0; 10) 15,10
a‘b®e

3,3a* /b“ )
5) Ve'?; 11) 5\ TppgE KO ¢ < 0;
6) V0,25, akmo b < 0; 12) -0,5m® 1,96m°n®, axmo m < 0.

29.29.° CopoctiTh Bupas:

1) V9a'°; : 4) -0,11002"°, sxmo z > 0;

2) \/(W, akmo d 2 0; 5) /p°¢®, axmo p > 0;

3) -—5@, akmo x < 0; 6) \/m, akmo m < 0, n < 0;
7) ab® Ja'v®c¢?, axmo b > 0, ¢ < 0;

8m3p4 625k30p40
8) — , ARKmo m < 0, k > 0.
) k? V 144m® 0 )

29.30." CupocriTs BuUpas:

1) (a-4)%
2) (b -15)*, axmo b > 15;
3) J(c+1)?, axmo ¢ < -1;

400
(m -12)

;ﬁ-6n+9,m+3r :
) = (n_a)z,mcmon>3,
6) pz—l p2+4p+4 AKIIO p < —2

w22\ (D '

29.31.° CopocriTs Bupas:
/ Y
1) \J(a-b)*, axmo b > a; 3) — )
m° —-10m + 25
2) Ve? +6¢+9, axmo ¢ > —38;
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§ 5. KsagpatHi kopeHi. incHi Yucna

29.32." IIlpu AKUX 3HAYEHHAX @ BUKOHYETHCA PiBHICTH:

1) \/?a_2=a;

2) Ja* = a;
3) \/a_°=a3;
4) Ja® = a%;
5) Va® = —a?

6) J@-2)? =2-a;

) Ja+3)° =(a+3)>

8) J1-a)' =(a-1)%

9) Va-3-Va-3=a-3;
10) Ja(a-1) =va -Ja-1;
11) Ja(@a-1) =V-a -V1-a;

\/a—l =\/a—l‘,
V2-a 2-a

12)

20.55.° Ilpn AKKMX 3HAYEeHHAX @ BUKOHYETHCA PiBHICTH:

1) Va" = a

2) Va'° = -a

3) Va? = (Va)’;

1) Va? = (V=a)’;

5) V@ +1)? =-a-1;

29.34." IlobyayiiTe rpadgik QyHKII:
1) y=\/?—x, akmo x < 0 ;

6)
7

9)

2) y = 2x +Jx%;
29.95. ITobyayiire rpadik GyHKIii:
1) y=\/;;+x, Ao x = 0 ;
2) y =(x-3);
29.36." Po3B’sokiTh piBHAHHSA:
1) Vx? =x-4
2) \/3? =6-x;
29.37.' Poap’axiTe piBHAHHA:
1) Vx? = 6x-10;
2) Vx? =x+8

29.38." Po3B’s1oKiTh HEpiBHICTB:

1) Vx*+6x+9 <2

204

VA -a)" =(1-a)%
vat+2a*+1=a%+1;

8) \/(a—2)(a—3) =J2-a-vJ3-a;

Ja@+1) =va-Ja+1?

gl

3) y= \/—2
L
4) y=+J(x+3)* +x

3) y=(x-2?-x
4) y=+(x+4)° —x—4.

3) 2\/F=x+3;
4) Jx® —4x+4 =2x-5.

+ 3;

3) Vdx? —dx+1=x+1;

4) V9 —-6x +x? =2x—1.
2) Va2 =2x+1 > 8.



30. TOTOXHi NepeTBOpPeHHs BUPas3iB, AKi MICTATb KBaApaTHI KOPEHI

29.39. Pogp’skiTh HEPiBHICTE:

1) VOx? +6x+1 < 1; 2) Vx? —10x + 25 > 4.

29.40." 300pasiTe Ha KOOPAUHATHIN IUIONIMHI MHOMHAHY TOYOK (x; y),
KOOPAMHATH SAKWUX 3aJ0BOJbHAIOTH PIBHAHHA:

1) Jxy =x - \Jy; 3) Vxy =-x - \Jy;
2) Jxy =V-x - J-y; 1) Jxy =x - J.

29.41.” Cxoporits npio:

T a++ab
b +Jab

29.42." CupocriThs BUpas:

1) \/a2—2a+1+\/4a2—12a+9, AKIO @ < %;

. a%0; 2) @; 3) a+b+2~/c;

J-b J-a+v-b

2) Vb2 +9b+17T— b2 + 2+ 1, smmo b > —1;

3) Vb2 + 4b + Ob* + 60 + 1.

29.43.7 CupocriTh BHpas:

1) \/a2—11a+26+\/1—2a+a2, aKmo a > 1;

9) \/7b?% + 6b + Vb +4b? +1.

n ToroxHi nepersopeHHs Bupasis,
AKi MicTaTe KBaapaTHi KopeHi

Kopucrymounch TeopeMo Ipo KOpiHb 3 J00YTKY, HEepeTBOPUMO

BUpPa3s J/48:
48 =/16-3 =16 - /3 = 4 /3.

Orxxe, BUpas V48 Mu nojganu y BUTJIAAL J0OYTKY palioHAJIbHOTO

gucJia 4 Ta ippamioHaJIbHOrO Yucia J3. Taxke IIepeTBOPEeHHA Ha3uBa-
I0Th 6UHECCHHAM MHONCHUKA 3-ni0 3HAKA KOPpeHA. ¥ NaHOMY BUNIaJ-
Ky OyJI0 BUHECEeHO 3-IIiJ] KOPeHsA MHOMXHUK 4.

PoarnssHeMo BUKOHaHEe IEPETBOPEHHS Y 3BOPOTHOMY IOPAAKY:

43 =16 -+/3 =163 = /48.

Take nepeTBOPEHHA HABUBAIOTH 6HECEHHAM MHONCHUKA Ni0 3HAK
KOpEeHA.

205



§ 5. KsagpatHi kopeHi. [incHi ymucna

NMPUKNAL 1 Bunecits MHOKHHK 3-TiJ 3HAKA KODEHS:
1) V72a%; 2) Vb%®; 3) V-b*; 4) Va®®, axmpo a < 0; 5) Vap.
Po3zé’a3anns
1) V72a® = /36a® -2 = 6a* /2.
2) 3 ymoBu BumauBae, mo b = 0. Toxi
/ba /b34 —Ib” |\/" bl7J—
3) 3 ymoBu Bunsusae, mo b < 0. Toxi
V=b% = \b* + (-b) =|b'" |V=b = -b""V-b.
4) 3 ymoBm BUILIABaE, mo b = 0. Toxi
Va?® =Ja%% =|a|-|b|Jb = —ab Vb.
5) 3ayBaxkumo, 1o xoau a = 0, To 3HaYeHHA JaHOT'0 BUPAa3y AOPiBHIOE
0. Axmo a # 0, To 3 ymoBu BunuBae, mo b = 0. Maemo:

a®b =a®\Nb npu a > 0;
Vva®b = -a®\b npu a < 0.

NPUKNAA 2 BHeciTh MHOKHHUK IIiJi 3HAK KOPEHA:
1) -247; 2) aT; 3) 3b,/—§; 4) ee.

Poszé’a3arnsa
1) -2V7 =4 -7 = -/28.
2) Armo a =2 0, To aﬁ=\/-a_2-ﬁ=\/:171;; akmo a < 0, 1o
a 7=—\/-a_"’_'\/—=—\/’m._

3) 3 ymoBu BumiauBae, mo b < 0. Tozi

3b -—g— = —/9b® - J-Q = _ [op?. ._!Z) S T
4) 3 ymoBu Bumausae, mo ¢ = 0. Toxi ¢ \/_ \/— \/— Jeo.

NMPUKNAL 3 CopoctiTs BHpas:
1) V54a +/24a - /600a; 2) (7-3+2)" -(v10 +5) (v10 - 5).

Poszé’azanns

1) Maemo: :
V54a +V24a —/600a =9 -6a + 4 -6a — V100 -6a =
=38+6a +26a —-106a = V6a (3+2-10) = 6a - (-5) = -5 V6a.
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30. TOTOXHI NepeTBOPEHHs BUpasiB, ki MICTATb KBaApaTHi KOpeHi

2) 3acTocoByouu (GopMyJiu CKOPOYEHOr0 MHOXEeHHsA (KBazpaTr HBO-
yjieHa Ta JoOYTOK CyMM i pi3HMII ZBOX BUpas3iB), OTPUMYEMO:

(7-3v2)" ~(v10 +5) (V10 - v5) =7 =2.7-32 + (3+2)" -
((V10) = (V5)') =49 - 422 +18 - (10 - 5) = 62 - 42 2. °

NPUKNAA 4 Posknazite Ha MEOKHUKE Bupas: 1) a® — 2; 2) b —'4,

sxmo b > 0; 8) 9c~6-/5¢c +5; 4) a++Ja; 5) V3 +6.
Posé’azanns
1) IMopaBmu gaHwit BUpa3 y BUIVIAAL Pi3HUIl KBajparis, MaemMo:

a?-2=a?-(V2)" = (a-v2)(a+2).

2) Ockinbkm 3a ymoBow b = 0, 10

b-a=(b) —4=(b-2)(Vb+2).

3) 3acrocyemo GopmMyny KBaapaTa Pi3HUIL:
9c-6+Bc+5=(3ve) 2.3V -5 +(J5) = (3ve-5)".

4) Maewmo: a+\/_=(~/a_)2+~/_=\/;(\/;+1).

5) V3+6=+3+2-(v8) =B (1+243).

NMPUKNAL 5 Cxkoporits api6: 1) \75—_11-; 2) 2_\75‘/5.
+

Posaé’aszanns
1) PoskaaBoiu 4uceJbHUK JAHOTO Apo0y HAa MHOKHUKHU, OTPUMYEMO:

ped BRI TG S w1) L
\/I;+1_ \/E+1 K \/E+1 TR
2-3v2 (V2)'-3v2 2(2-3)_ 5
= N R o T ik

NMPUKNAL 6 3sinbHiTHCA Bif ippanionanbHOCTI B 3HAMEHHUKY J[PO-
15 14
oy: 1) 5 2) A
2+/3 542 -1
3BilabHHTHCA BiJ ippalioHAJIBHOCTI B 3HAMEHHUKY Apo0y 03HAUaE
nepeTBOpUTH Apid Tak, 1mod Horo 3HaMEHHUK He MICTUB KBaJApaTHO-
ro KOpeHsd.

. Pozé’azanus

1) IToMHOMXUBIIN YUCEJbHUK 1 3HAMEHHUK JAaHOro Apody Ha \/g,
OTPUMYEMO:
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§ 5. KBagpatHi kopeHi. [incHi yncna

15 _ 1543 _ 15V3 _ 1543 _53
2v3 24343 (Y3 2:83 2
2) TToMHOKUBIIYM YHCEJLHUK 1 3HAMEHHUK JaHOro Apody Ha BHUpas
52 + 1, oTpumyemo:

14 _  14(5v2+1) _14(5v2+1) _14(5V2+1)
5v2-1 (542-1)(5v2+1) (542) -1 50 -1

_14(5v2+1) _2(5V2+1) _10V2+2
- :

49 = 7

MPUKNALA 7 Iosexnits ToTOMXHICTE
( Gt i zm),(ﬁ_mw):%ﬁ.

R A P A o
Posé’azanna
( S _z@),(@_@b):
A T i Ja+ap
=\/;(J;—\/;)+JI;(\/;+\/E)+2\/¢E.(J;_\/I;(\/ZJr\/I;))
(Va ++b) (Na - Vb) Va ++/b |
=a—~/;;;+\/;zz+b+2x/£.(\/;_\/g)=(a+2\/a_b+b)(x/a_—x/;)=
a-b a-b
el (G s} =
Q5 0 b

NPUKNAJA 8 Copocrits Bupas: 1) J12+6+/3; 2) V2-+/3.

y Posé’a3annsa
1) IlopaBmu migKoOpeHeBUI BUpa3 y BUIVIAJAL KBajJpaTa CyMu, OTpPHU-
MY€EMO:

' \/12+6\/§=\/9+2.3\/§+(\/§)2=\/(3+J§)2=3+J§.
) mz\/4—§\/§=\/1—2;/§+3= (-4a)2

2
SlrevE] e
V2 V2

=

2 —_
NPUKNAL 9 Cupocrits Bupas \/5’ F2Vb 4 akmo b > 2.
b -4 +b+2
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30. TOTOXHi NepeTBOPeHHs BUPa3iB, fKi MiCTATb KBafApaTHI KOpeHI

Pozs’azanns. Ockinpku b 2 2, T0
2

g aJoen b= (Er2). poa=b=2)
Maemo:
\/2b+2\/b2—4 ¥ \/b—2+2\/b2-4+b+2 ¥

W -4+b+2 Jo-20+2 +Wor2)

\/(J ) s2uho2-Jorasloen) o W3 sdbiz)
Jb-2:-b+2+(b+2) ~Vor2(Wo-2+v5+2)

__ b-2+vb+2  _ 1
Vo+r2(Vo-2+vb+2) b+2

30.1.° BuHeciTh MHOXXHUK 3-IiJl 3HAKA KOPEHS:

1) /32; 3) 490; 5) V2175; 7) /0,48;
2) /54; 4) /500; 6) /0,72; 8) /450.

30.2.° Cnpoc'ri'rb BUpA3:

1) & «/'" 3 o «/W
2) %\/1_25; 4) -0,05 \/4400.
30.3." BuneciTh MHOKHUK 3-TIiJ] 3HAKA KOPEHA:
1) V27; 4) £96; 7) 2 98;
2) /20; 5) -24/0,18; 8) 10/0,03;
3) V/125; 6) %Jfﬁ; 9) 0,7+/1000.

30.4.° BHeciTh MHOKHUK IIiJi 3HAK KOPEHS:

1) 72; 3) 6a; 5) %\/12&1; 7) 3&;
2) -217; 4) ——J_4 6) —0,3V10b; 8) % 27

28
30.5." BHeciTh MHOKHUK IiJi 3HAK KOPEH:

1)-=11/3; 2) 12 b; 3) -7 /3c; 4) ——\/F
30.6.° CripocTiTs BHpas:

1) 4 Va +3+a -5+a; 3) V5 +75 -4+5.

2) 5/ +3d —e +3d;

209



§ 5. KBappatHi kopeHi. incHi Yncna

20.7." CopocriTs BHpa3s:

1) Ve +10 Ve -14 Je; 2) 96 -2+/3 +8/3 -3/6.

30.8.° 3aminHiTh BUpa3 Ha TOTOKHO PiBHUM HOMY:
1) V9a +V25a —49a;  2) 2./0,04c —0,3/16¢ + % Jo,81c.

40.9." CopocriTs BHpas:

1) 2/4x + 6 /16x —fzsx,
2) 30,09y - 0,6 \[144y + ,/13261

30.10.° CupocriTs Bupas:

1) 82 -+/32; 3) 2+/500 — 8 V/5;

2) 63 - V27; 4) 220 - /45 - 0,6 V125.
30.11.° PanioHaibHUM UM ippamioHAJIbHUM € 3HAYEHHS BHUPAa3y:

1) V48 -6-4+3; - 2) V162 -92 +27?
30.12." CuopocriTh BUpas:

1) V75 -6 3; 3) 372 -4 /2 +298;

2) 250 - 8/2; 4) 3 /108 +/363 -  J243.
30.13.° CopocriTs Bupas:

1) V2 (V50 +/8); ' 3) (8+/5-4+/3)-5;

2) (V8 -12)-3; 4)2~/§(3\/1——i\/§+\/3—2).
30.14." CnpocriTs Bupas:

1) V7 (V7 -/28); 3) (43 —\75 +4)-33;

2) (V18 +/72) -V/2; 4) (V600 + 6 —/24) - /6.

30.15.° BukoHaiiTe MHOYKEHHSA:

1) (V2 +5) (242 - B); ) (4v2-243) (243 +42);
2) (a+b)(a-Vb); 6) (\/E+\/§)2;

3) (Vb - Je) (Vb +e); 7) (Va -b)’;
) (4++3)(4-3); )y (2-343)".

30.16." BukoHaiiTe MHOMKEHHSA:

1) (42 -3)(2V2 +53); 4) (V19 +\17) (V19 -\17);

2) (Vp-a)({p+q); | 5) (m+n)';
3) (v6-x) (V5 +x); . 6) (3—2Jf5)2,
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30. TOTOXHi NepeTBoOpeHHs BUPa3iB, AKi MICTATb KBafipaTHI KOpeHi

30.17.° Yomy HOpPiBHIOE 3HAYEHHS BUPAa3y:

2
1) (24 V7)' -44T; 2) (V6 -+3)’ +627
30.18.° 3paiigiTe 3HAYEHHA BHPAa3y: P
1) (3++5) 6 +5; 2) (Viz2-2+2) +8+6.
30.19.° 3BinbHITHCA BiJ ippanioHAJIBLHOCTI B 3HAMEHHUKY JApo0y:
4 18 m 5 7 24
1) —=; 2)—=; 38) —F=; 4) ——; b)) —+=; 6) —.
- Rl L el

20.20." 3BinpHiTHCA Bij ippamioHaNbHOCTI B 3HAMEHHUKY APOOY:

D = 2) ?/'?_6; 3) —j%; 4) ﬁ—;
30.21.° PosknaziTh Ha MHOKHUKM BHDA3:
1) a® - 3; 9) b+6b+9;
2) 4b* — 2; 10) 3+ 2+/3c +¢;
3) 5 — 6¢% it 11) 2+2;
4) a - 9, sxmo a > 0; 12) 67 -T;
5) m — n, akmo m 2 0, n = 0; 13) a—s/;;
6) 16x — 25y, axmo x > 0, y > 0; 14) Vb + /3b;
7 a-2a +1; 15) V15 — /5.
8) 4m —28Jmn +49n, sxmo m >0, n > 0;
30.22." PosknajiTh Ha MHOKHUKH BUPA3:
1) 15 - x% 6) m+2Jmn+n, m=>0,n>
2) 49x° — 2; . T a-4a +4;
3)36p — 64q, p>0,¢>0; 8) 5++/5;
4) ¢ — 100, axmpo ¢ 2 0; 9) ﬁ;—p;
5) a —8b+a +16b% 10) V12 +/32.
30.23.° Croporits api6:
2
2)‘/5“5’; 5)5JZ—7J5; 8)J3—5 \/1—0,
3-p 25a — 49b J7 +/2
g) =9 6) 100a° ~9b . 9) V15 -6 |
Je-3 10a + 3 Vb 5 \/iB

2N

0;



§ 5. KBagpartHi kopeHi. JincHi yncna

13- 4/i8 a+2-Jab +b 4b% —4b e +¢
10); 2828 11) S .
Ji3 Ja +b e
40.24. Ckoporits gpi6: -
1) x"‘25. 4) ‘\/’E'*"\/g. 7) \/;_\/E -
Jx -5 g a-2ab+b’
2)JZ+2; 5) 23—\/5; g) b= 8J5+16
a-4 V23 Jb -4
3) a-3 k: ) ‘/—_ '\/—_
Ja ++/3 V54 -J63’
30.25.° BuHeciTh MHOKHUK 3-IiJl 3HAKA KOPEeH:
1) V3a?, axmo a > 0; 3) V12a*;
2) J 2 axmo b < 0; 4) Jeb.
30.26." BuHeciTh MHOXKHHUK 3-IIiJi 3HAKA KOPEH::
1) J18x”; 2) .

30.27.° CupocTiTh BUpas:

1) V98 — /50 + /32;
2) 348 +12 —1J162;

3) 0,7 +/300 -7 ,/ Jlo

4) J5a - 2/20a +3J80a;

5) JVa? —%\/a"’b, armo a.> 0, b > 0
6) Vo +4ce? —5e2e.

20.28. Cnpocrits Bupas:

1) 0,512 - 3+/27 + 0,4 V75;
2) 2,5 /28b + % J63b —10/0,070;
3) V81a” -5a3JZ+§«/?.

30.29.° osexniTs piBHICTH:

1) V11447 =7 +2 2) V14+8+/3 =8+ /6

30.30.° CopocTtiTs Bupas: ;
1) (243 -1) (V27 +2); 2) (V5-2)" - (3+5)';
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30. TOTOXHI nepeTBOpeHHs BUpasiB, fKi MiCTATb KBaApaTHI KOPEeHi

3) VY17 —4 - V1T +4; 5) (V6+2v5 —\6-25) .
4) (7+4+3)(2-V3);

10).41." 3HaugiTh 3HAYEHHA BUPA3Y:

1) (3v2+1) (V8 -2); 3) (10-46)(2+v6)";
2) (3-2v7)" +(3+27)"; 1) (Vo-4v2 +yo+42) .

30.32.° Cxoporits api6:

a* -5 " x2+6y—x\/24y’
\/ 2x/2_a 5) \/a_+\/1; !
R T ’ \/—3 J—a’
3) a+4\/£+4b,mcmoa>0,b>0; mJ— mm -27
a—4b \/—_ 3
40.44.° Croporits api6:
1) a"'b &
V116 —11a
2a + 10 2ab + 25b
> > 0
2) T , Aakmo a > 0, b > 0;
3) 9_’2_\/_;*‘_4.
a+8

30.34.° 3BinbHiTHCA Bif ippanioHANBHOCTI B 3HAMEHHHUKY ApO0Y:
e CluR o | IR MR LSRR |
1 25 -1 Ja - b b A
40,45, 3BinbHITECA Bifi ippanioHaBHOCTI B 3HAMEHHUKY ApoOy:
1) ___‘/g_; 2) L; 3) _9_; 4) M
V5 -2 J10 -2 Jx ++y 2++/2
30.36." loBexiThs piBHICTSH: ;

0: 3) \/§+1 ‘/5"1=4\/§;

1 1
1 =10;
)5—2JE+5+2J§ B 5 NS
2 2 V3 J3
2) i =g 4) 2 2ty
3V2+4 3v2-4 VVB+4+2 JVB+4-2

30,47, HoBexiTh, 1110 3HAYEHHAM BUPAa3y € palioOHAJILHE YHUCJO:

1) 6 it A \/—i+\/— \/—\/—
34348 . 8223’ \/_\/_ Vit ++/6
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§ 5. KBagpatHi kopeHi. incHi Yucna

30.38." CrpocriTs Bupas:

1) a __4\/;—4. 6)a+\/¢;‘ b .
Ja-2 Ja-2’ Vo 2va+2’
2) \/§+1 Jm+3, 7 Ve-5,c-25,
y+4 x -4 a
9 \/E-#-y x+\/E, (J_ \/_+1)°a—-1’
S e 9)(JZ+J' Vb ),JZ,
Ja+4 a-16’ Yo'l A’
a Vo 12Vx ). Jx+3
O by e 10)(J’+3 x- 9) T ol
30.29." CopoctiTh BUpas:
J_ 3 Ja-4, %) Jm (J— +3¥n . n )
s  oop et e oo o]
2) Ja +1 \/g+1 5) (\/:_c+1_4\/;).x+\/;,
a-ab ab-b’ We-1 2l -1
o) e 5 B 6 2=64,_ 1 Nai8
y-2Jy 3y-6 Ja+3 a+8Va a-3va
30.40." BuneciTh MHOKHHUK 3-IIiJ] 3HAKA KOPEHA:
1) J-m®;

2)m;

3) W, Ak a # 0;

4) \/A_le, armpo x < 0;

5) J(a@+1)® (@® +1)°, axmpo a < —1;
6)J_n, akmo m < 0, n < 0;

7) W, akmo y < 0;

8) m, axmo a > 0;

9) JW, Ao b < 0;

10) \/_W, akmo m > 0, n < 0;
11) m, AKmo y # 1;

12) \/—y"(x—+2)8, AKIO X # —2.
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30. TOTOXHIi NepeTBOpeHHs BUPa3iB, Aki MICTATbL KBaapaTHi KOpeHi

40,41 . BuHeciTh MHOXXHHK 3-IIiJI 3HaKa KOpPeHsA:

1) m;

2) 48 (x~1)';

3) W, axmo b # 0;
4) \/4?(12;, akmo a < 0;

6) Va’b’;

7) J27x"y®, axmpo y < 0;

8) W, akmo ¢ > 0, n > 0;
9) Ja’ (b +2)®, axmo b # —2;

5) J(b+3)"° @ +1)°, b< -3; 10) -x° (y—3)*?, axmo y # 3.

30.42." BHeciTh MHOKHUK IIiJ{ 3HAK KOPEHA:

1) a\/§;
2) b\/:g;

3) ch_5;

4) m \/;, akmo m = 0; 11) (2—C)‘/-.‘;T4;

e
x+y’

1
8 -1) | <l
) (x )‘/x2-2x+1 AKIIO X

5
9) (y+3)";2—6+_§’ AKIIO Y > —3;

+ 0y
1

9) xyZ\/x , akmo x < 0; 12) (—x-y)

6) 2p \lg;
7 2p ,/-g;

13) ab® %, akmo a = 0.

30,45 BHeciTh MHOKHUK IIiJIl 3HAK KOpPEHA:

1) m\ﬁ, akmo m = 0;

’ 2
6) (3—0) m, AKIIO a > 3;

2) 3n JE, akmo n < 0;
3) P\/_‘;;

4) x'yx°y, axmo y < 0;

5) Ta \/g;
a

12—3y;
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§ 5. KBagpatHi kopeHi. [lincHi Yncna

30.44." osenits, mo nmpu a > 0, b > 0 i a® — b > 0 BUKOHYIOTHCSH
TOTOYKHOCTI:

mz\/a+~f2¢ﬂ+\/a-€q;
J;_ﬁ:\/a+€m_\/a—J;zz——b.

30.45.” JloBexiTh TOTOXKHICTh:

1)(8\/; 15Va )8\/;+41 7Ja - 49 Y gy

Ja+7 a+14Ja+49| a-49 Ja+1

2) a+27( Ja-3 _ ab-9 Jzﬁ;

\/_ \/— a- 3\/—+9—a a+27

3)(\/32 3/_732] [\/’&[ fﬁf x{;) e

4) Jx -2 ( et Nt 2 )_ Jx

TR LT S PRI P RIS o ) WP () e
30.46." CopocriTs BUpas:

[f JB- r3 (Js_&)z].ﬁ_ﬁ.
a+Jab 8-b Ja+b ) a+ab '

e vo 1 [,

Va+\b ) \Va+vb a
3)[\/¢;+1 \/_b+~/_ IJ,(\/;+1 \/_b+s/— )
Vab+1  ab-1 \Vab+1  ab-1

4)a a+b~/_ 2\/5

e AR e
(«/_ Ja-b a+f/a+b) (H th)

o (-}l oofF) o000

30.47.“CIIpOCTiTI:BHpa3( e e SRR e [t ),/Z—l SAKIIO

9 —ag+N2=a: 2-ag- \/2 a
O<ag< 2

30.48 . CopocTiTh BUpa3 ———— 2a “1+x , AKINO X = —(J:—[) a>0,
b>0 x+ V1 + x?
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30. TOTOXHi NepeTBOPEHHS BUPA3iB, AKI MICTATL KBafpaTHI KOpPeHi

30.49.” CuopocriTs Bupas:

1) V3+22; 3) 11+ 230; 5) /37 — 5 /48;
2) 7+4+3; 4) J10-2+21; 6) v/28 — 108.

40.50." CuopocTiTh BUpas:

1) /8 +27; 3) {7 +2410; 5) \18 + 2 V45;
2) 15+ 6 V6; 4) /6 -25; 6) /01— 40 /3.

30.51.” CopocriTs Bupaas:
1 1

1 1 1
1 LR —;
S TR O i S T e T T
e 1 R LN 4 e
S L ey i

30,52, Hosexirs, mo

R S I (SN LRt T
V3+1 V5+y3 J1+5 Jo1 + /89 2

30.53." losexirs, 10:

1) \/E-\/2+~/§-\/2+\/2_+\/§ -J;—J2+J§ =2
2) V2+3 -\2+2++3 -\/2+\/2+J2+J§ X
X\/z—\/2+J2+J§ =1.

30.54.” CupocriTs BApas:

1) \/10+8\/2+\/9+4~/§; 3) V8- /28 — /8 ++/28;
2) |22+ 6 /3 + Y13+ Va8 4) V4+15 - J4-/15.

30.55." CopocriTs BHpas:

1) \/JE—Js-ng—12J3; 2) V3+/8 -3~

30.56." IosexiTs, IO € MPABUJILHOIO piBHich:
1 6+42 6-4v2  _, Jz:
J2 +6+42 i J6-42

2++/3 2- \/_ L5
A \/_ \/2+\/— J2- \/2
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§ 5. KBagparHi kopeHi. [incHi 4ucna

30.57.” Caopocrits Bupas:

1) Jar 9 a T 5) ‘/x+2J“x"z’2‘l;
oy

2y Jatl+44a—8; B) \xt+2+ 2t +1 -+ 222 £1;
3) ,/xz4+\/2;. 7) V2a+3-2Va? +82+2 +Ja+1.

4) V2x—2Jx*—1, axmo x > 1;
CnpocriTs BHupas:

1) \/a+4\/a—4;
2) Vx+2v2x - 4;
a+1 \/;,

+_’
4 2

4) \/2x+2\/x2-y2, AKIO x > y > 0;
5) \/2a+2\/a2—4b2 —a-2b .

Ja +2b
6) V2-v4-a®, akmo 0 < a < 2;

7) \/3a—1+2\/2a2—a, AKIO a > %

3)

mtbym(ulu y = Jx 1a i rpagik

Axmoro noma Ksazpara ZOPIBHIOE X, TO HOro CTOPOHY Y MOXKHA

3HauTH 3a (hopMynow y = Jx. Buina ILIOIII X KBajapaTa INPUBOAUTEH
i ;o 3MiHM HOro CTOPOHH Y.

3po3ymino, 1o KOMKHOMY 3HAUEHHIO 3MIHHOI X BifinOBizae eguHe
gHaueHHA 3MiHHOI y. OTiKe, 3ajie’KHICTh 3MiHHOI y Bif 3MiHHOI X
€ pyHKI1iOHAABHOIO, a opMmysaa Y = Jx 3a/ia€ PYHKILIO.

Ockinbry 0061aCcTIO BUBHAYEHHS BUPa3y Jx € MBOXUHA BCiX He-
Bifi’eMHMX Ymnces, TO 00JIaCTI0O BU3HAYEHHA (PYHKIIl y = \/; € MHO-
wuHa D (y) = [0; +o0).

Bupas Jx me moxe HabyBaTH Bifi’€MHHX 3Ha4YeHb, TOOTO KOJHE
Bifi’eMHEe UMCJIO HEe MOJKE HaJleKaTH o0JacTi 3HaUueHb PO3IJIAAyBaHOl
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31. DyHKUis y = Jx T1aii rpacpiKv

17\ , 77 \
- | b1
Pl [ opef !
iy B i 2 .ﬂ-‘-‘T
ol o
o] 1 x o] 1 %
Puc. 31.1 Puc. 31.2

byaxuii. ITokaxkemo, mo GyHKIIA Yy = Jx moske HabyBaTu OyAb-AKUX
HeBi'eMHUX 3HauYeHb. Hexaii b — moBinbHe HeBix’eMmue yucao. Toxai

\/EE = | b | = b, TOOTO iCHy€E TaKke 3HAYEHHS apIyMeHTy QYHKIIL Y = \/;_t_,

a came x = b%, mo Jx = b.
Omr:xe, obmacTio 3Ea4eHb (hyHKIIT y = Jx € muOskMHA E (y) =[0; +0).
Ypaxoywo4u 00acTh BUSHAYEHHsA Ta 006sacTh 3HAUEHb (PyHKIL

Y= \/;, MOJKHA 3pOOMTH BHUCHOBOK, II0 ii rpacgik posraiioBaHM
TIJIBKYA B IepIIiii KOOPAMHATHIN 4YBepTi.
Y mabauni HaBEeJEeHO AeAKi 3HAYEHHs apryMeHTy i BifmoBimHi im

3HaYeHHA GyHKIIl Yy = Ja:
x 0 10,25 1, 2,26} 4..16,25.| 9
Y 0 0,5 1 1,6 2 2,5 3

ITosraunMo Ha KOOPAMHATHIN IJIOIIUHI TOYKU, KOOPAUHATH AKUX
HasejeHo B Tabmumi (puc. 31.1).
YuMm GinbIre MO3HAYUTH TOUYOK, KOOPAUHATH AKUX 3a0BOJIBHAIOTH

PiBHAHHA Y = \/;, THUM MeHIIe oTpuMaHa (irypa Oyzae BifpisHATHCA

Big rpadika pyHKIil y = Jx (puc. 31.2).

AxOu moxkHa 6yJI0 HA KOOPAMHATHIN IJIOIUHI IIO3HAYATH BCI TAKI
TOYKH, TO orpumanu 6 (dirypy, sky sob6paxkeHo Ha pucyHky 31.3.
Y crapmux KJacax Oyae JI0OBeleHO, IO 77

rpadikom ¢GpyHKIII y = Jx e dirypa, saka
JOpiBHIOE BiTIIi nmapaboau y = 2.

Hexai X, i x, — JBa NOBLIBHUX 3HAa- %’
YeHHS apryMeHTy (OyHKLii y = Jx TaKi,
mo x, < x,. Toxi 3 BracTusocTi apudpme- 0
THUYHOTO KBaJpPAaTHOTO KOPEHs BUILIUBAE,

10 \/Z < ,/xz. Ile o3nauae, mo GibIIOMY Puc. 31.3
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§5 KBagpatHi kopeHi. [incHi yncna

\ F [ | | ; 3HAYEHHIO apryMeHTy (yHKIii y = \/;
3 e 2 R 1 B GSH 1
;_Q- 111 R .h_..Jf. BigmoBizae Oiypine 3HaYeHHA (QYHKIL.
| \/;2 ot ¥y .- VI’I _—— Cnpasepyiuse i1 o6epHeHe TBePAKEHHS:
——1 i [ 6inpnroMy 3HaYeHHIO MYyHKIIT BigmoBinae
\[;1 A —‘;-»I? ——— Oinpmre 3HaYeHHsA apryMeHTy, To0TO
lo ' {;15 | | X, | x AKIIO \/x—l < \/;‘;, 10 X, < X, (puC. 31.4).
30 [T S ) Y T VY rabnuIi HaBeJeHO BJIACTHBOCTI (PyHK-

Puc. 31.4 oii y = Jx, BuBueHi y IBOMY ITYHKTI:

06J1ac'r1, BU3HAYEHHSA

MHuOXUHA HEBil’EMHUX YHCEJI

‘ 061acTs 3HAYeHb

MHuOXHHA HEBiJl’€eMHUX YHCEJ

Tpadik Birka mapaGonn

x=0

'Hyxas QyHKIii (3HAYeHHA apryMeH-
Ty, IPU AKOMY 3HaYEeHHA (QYHKIii
popisHIOE 0)

nevknal 1 Posp’soxite rpadivHO piBHAHHA Jx =6 -x.
Posé’szanna. B opHii cucremi xoopamHaT modyayemo rpadikm

bysrUOii y = Jx i y = 6 — x (puc. 31.5). I1i rpadiku neperuHaIOTHCA
B TouIli, abcmuca sikoi mopiBHIoe 4. IlepeBipka miaTBepHIKYyE, IO
YUCIO0 4 € KOpeHeM JHAaHOI'0 PiBHAHHSA.

neuKnan 2 Posp’soxkiTe HepiBHICTE:

1) Jx <3 2) Jx-1>2

Poszé’azanns

3) Vx +2 >+/1-3x.

1) BanmmemMo AaHy HEpPiBHICTH TaK: Jx <+/9. Ockinexu OinpImomy

3HAUYeHHI0 (QyHKOil y = Jx BignmoBizae Oinblne 3HAYEHHS apry-
MEHTY, TO MOXXHa 3pOOHUTH BUCHOBOK,

A7 T ]
,_\_‘--t\_, r - mo x < 9. YpaxoByiouu, 110 BUpPas Jx
| ‘— _l e — Mae 3MmicT TineKu npu x = 0, orpumye-
R MO, 110 JaHa HEepiBHICTH PiBHOCUJIBHA
1 N
o —A——1 —_ . x<9’ .
; N cucremi 3sigcm 0 < x < 9.
=W P i T R x 2 0.
A B Ty Bidnosids: [0; 9).
| - .
of B | [ [ [ IN] |* 2 Maemo: Vx-1>V4; x - 1> 4;
[ -_x!_,J__, Ji__‘i e e 2 Y € > 5
Puc. 31.5 Bionogidv: (5; +eo).
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31. QyHkujs y = Jx T1a |_| rpaik

ey ) C[x+2>1-3x, .
3) JlaHa HepiBHICTHL PiIBHOCHJBHA CHCTEMi bl 3Bigcu
=X # U
1
{4x A | Lt
<L | o1
: 3
Bidnosiodv: (—%; %:l

NPUKNAL 3 Cupocrite Bupas A = \/x +24x -1+ \/x -2+x~1.
Po3zé’asanna. Maemo:

e P W e e e I T B e TR

ANWE-1+1) +y(r-1-1)° =| Ve =1 +1|+|VZ-1-1]|=
=\/x—1+1+|\/x-1—1|.

PosB’sizkemo HepiBHicTh Vx —1 < 1. Ila HepiBHiCTH pPiBHOCUIbHA

x-1<1,
cucremMi { 3Bigcu 1 < x < 2.

x-120.
Orxe, axmo 1 < x < 2,170 A=+vx-1+1-vJx-1+1=2.
PosB’ssxeMo HepiBHicTs Vx—1>1. Maemo: x — 1 > 1; x > 2.

Orxe, AKIO X > 2, TO A=Vx-1+1+VJx-1-1=2+Jx-1.

Bidnogiov: A = 2, sxmo 1 < x < 2; A=2+Jx-1, axkmo x > 2.

NPUKNAL 4 Posp’axiTe piBHAHHSA

Jx+2-2Vx+1+yx+5-4x+1=1.

Posé’azannsa. Maemo:

Je+1-2Vx+1+1+yx+1-4Vx+1+4=1;

JWz+1-1) +(Wzri-2) =1
VeF1-1]+| Y1 22| =1.
Ile piBHAHHA PIBHOCHUJIbHE CYKYIHOCTL TPhOX CHCTEM.
Jx+1<1, 0<x+l<l, [-1<x<0,
Vx+1+1-Jx+14+2=1; {Jﬁ:l; {

Ils cucrema po3B’A3KiB He Mae€.

1
) Xr=10%
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§ 5. KBagpartHi kopeHi. [iicHi Yncna

2){1<Jx+1<2, {1<x+1<4, {0<x<3,0<x<3.

Je+l-1-Jx+1+2=1; = 0; 0x = 0;

3){ e {x+1>4, {x>3, Po3g’sa3kiB HEMaE.
Je+1-1+Jx+1-2=1 |Vx+1=2; (x=3

Bidnosidv: [0; 3].

? 1. fAxka obsacTs BUsHAUEHHA QYHKIH] ¥y = Jx?
2. fixa obsacTs 3HaUYeHb QYHKIHL Y = Jx?
3.¥Y akiii xKoopauHATHIA yBepTi 3HaxXoAuUTHCA rpadik GyHKIIl
y= Jx?
4. flxa dirypa € rpadikom GysKOii y = Jx?
- 5. Yomy mopiBHIOE HYJb QYHKIHL Y = JVx?

31.1.° DyHKIi0 3a1aH0 (POPMYJIO Y = \/—
1) Yomy nopiBHIOE 3HAYEeHHA (PYHKILL, AKIIO 3HAYEHHSA aprymen-
Ty popiBHoe: 0,16; 64; 1,44; 36007
2) Tlpu sskoMy 3HAYEHHI ApryMeHTy 3HAYeHHA (DYHKIIII JOpiBHIOE:
0,2; 5; 120; —47? ‘ '
31.2.° He BHKOHYIOYM MOOYAOBU, BU3HAYTE, Yeped AKi 3 JaHUX TOYOK -
OPOXOAUTH rpadik yHKIil y= Jx: A (36; 6), B (4; —-2),
C(081 0,9), D (-1; 1), E (42,25; 6,5).
Yepes AKYy 3 JAHUX TOYOK NPOXoauTh rpadik GyHKUii y = Ja:
1) A(16; 4); 2)B(49;-7); 3)C(3,6; 0,6); 4) D (—36; 6)?
31.4.° He BuUKOHYIOUM MMOOYA0BU, 3HANUIITHE KOOPANMHATH TOYKH Tepe-
TaHY rpadika pyarmil y = Jx i IpAMOi:

Dy=1; 2) y = 0,8; 3) y ==6; 4) y = 500.
31.5.° Po3B’sokiTh HEepiBHICTE:

1) JVx > 2 ) Jx+228 - T x+l<Jx-5;

2) Jx < 4; 5) V1-2x <2; 8) Jlx|-1>2

3) 6<Vx<9; 6) Vx+3>V1-4x; 9) J|x|-2<1.

410, Ilpu AKUX 3HAUEHHAX X BUKOHYETHCA HEPiBHICTb:
1) Jx < 8 3) Vax-3 < 1; 5) J|x]-8>1
2) V2x +1>2 4) V8x—-1>VJx+2; 6) | x|+1<32
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31. OyHkujis y = Jx raii rpadik

31.7.° Po3p’axiTs rpadiuHo piBHAHHA:

1) Jx = x; 3) Vx =x+2

2) Jx = x% 4) Jx =1,5-0,5x.
31.8. Posp’sikiTe rpadiuHo piBHAHHSA:
1) fx =1 2) Vx =2-x; 3)\/§=%.
4
4 ) —, axkmo x <0,
31.9." lano ¢pyukuio f (x)={x

\/J—c, Armo x = 0.

1) Buaiigits f (—8), f (0), [ (9).
2) Ilo6ynyiiTe rpadik gaHol PYyHKILT.
s x?, axmo x <1,
31.10." Oawo ¢pysKIio f(x) =
\/;, Ao x > 1.

1) Bmaizire f (-2), f (0), f (1), [ (4).
2) Ilobynyiite rpadik manoi GyHKIII.
31.11." 3uaiigiTe 061acThs BU3HAYECHHSA, 00/IACTE 3HAYEHB 1 HYJI (PYHK-
nii y = v—x. ITobynyiite rpadik manoi pyHKIii.
31.12." Tlo6yayitTe rpadik GyHKIIL y = %
X
31.13." Ilob6yayiiTe rpadik piBHAHHA:

D=4 2) (x+y)(y-vx)=0.

31.14."”" CkinpKM KOpeHiB Ma€ piBHAHHSA Jx =a-x sanexmo Biz
3HAYEHHA a?

31.15.” CupocriTs Bupa3s \/(\/E + 1)2 -4a + \/(\/; - 2)2 +8+a.

41.16.7 CopocriTs BUpas3 \/(\/c; - 6)2 +24Ja - \/(\/; + 6)2 ~24/a.

31.17.” CupocriTh Bupa3s:

1 PR e eyl PR i ST 08 v

—4Jx—-4+2 \/a+1 a \/a+1 a
2y, NEC§ ; 4) L '
Nr+dNx—4 -2 4.2 4002

41,18, CopocriTs Bupas:
1 BT Vet s: S EET R EE N
2) V22 +2+2a? +2a —a;
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§ 5. KBagpatHi kopeHi. JincHi Yncna

31.19.” Po3B’siokiTh piBHAHHA:

1) \/x+6+2~/x+5 +\/x+6—2\/x+5 =.6;
2) Jx+2+2Vx+1+Vx+2-2JVx+1=2.

31.20." Po3B’sKiTh piBHAHHA

Vx—-2+2x—5 +x+2+3/2x -5 =72
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§ 6. KBALPATHI PIBHAHHS

KeagpaTtHi piBHAHHA.
Po3B'A3yBaHHA HENOBHUX KBaApaTHUX PiBHAHD

Bu BmieTe po3B’sA3yBaTH JiHINHI PIBHAHHSA, TOOTO PIBHAHHA BULY
ax = b, ne x — 3miHHA, a 1 b — nmapameTpH.

Axmo a # 0, To piBHAHHA ax = b Ha3UBAIOTH PiBHAHHAM IEPIIO-
ro CTemeHs.

Sueisles : 1
Hanpukian, KoKHe 3 JiHIAHUX piBHAHL 2X = 3, 3x = 0, gx = =T

€ PiBHAHHSAM IEpPIIOro cTeneHsd, a JiHikHi piBEaaHA Ox = 0, Ox = 2
He € PiBHAHHSIMMU I[EPIIOro CTENeH:.

Ilapamerpu a i b HasuBawOTH KoedimicHTaAMU PIBHAHHA MEPIIOro
crenenst ax = b.

PiBHAHHA NEpIIOro CTENEeHs 3aBXKAU Ma€ OAUH KOPiHb.

Te, 1110 PIBHAHHS NEPIIOrO CTENEHS € OKPEeMHAM BUIIAAKOM JIiHiN-
HOT'O PiBHAHHSA, 1JIIOCTPYE cXeMa, 300parkeHa Ha pUCYHKY 32.1.

Bu Tako)x ymieTe po3B’s3yBaTH AesAKl PiBHAHHSA, AKI MICTATH
3MiHHY B Apyromy cremneni. Hanpuknaz, Bu 6e3 3ycuiab po3B’siKeTe
KOoKHe 3 piBHAHL x> =0, x> -1 =0, x>+ 5x =0, x> = 2x + 1 = 0.
Vei BoHM MaioTh BUTAAL ax” + bx + ¢ = 0.

Osznavennsa KBagparTHumM pPIiBHSHHAM HA3UWBAKTh pPiB-
HAHHA BUIY ax’+bx + ¢ =0, ne x — 3minna, a, b, ¢ — napaMerpu,
npuyomy a # 0.

ITapameTpu a, b i ¢ HasuBaOTh KoediieHTaAMH KBAJPATHOTO PiB-
vaaHA. [Tapamerp ¢ HasuBaloTh nepmuM ad0 crapmum KoediniearoMm,
napamMeTp b — ApPyruM Koe(imi€HTOM, IapamMeTp ¢ — BLIBHUM 4JIe-
HOM.

Hanpuxiaz, kBagparHe piBHAHHA —2x° + 5x + 3 = 0 Mae Taki Ko-
ebiniea™a: a = -2, b = 5, ¢ = 3.

KBazparHe piBHAHHSA, MEePIINA
KoedimieHT sSIKOro JopiBHIOE 1,
HA3UBAIOTh 3BENEHUM.

Hanpuknax, x>++2x-1=0,
x*—4=0, x> + 3x = 0 — ue 3Be-
JleH1 KBaJpaTHiI pPiBHAHHS. Puc. 32.1

JIiniitni piBuanas

Pisuanuasa
NepUIOro CTeneHs
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§ 6. KsagparHi piBHAHHSA

OCKiJIBKY y KBaApaTHOMY piBHAHHI ax® + bx + ¢ = 0 crapmuii
Koe(dillieHT He HOPIBHIOE HYJIO, TO HE3BeJeHe KBaJpaTHe PiBHAHHSA
3aBXK/IM MOXKHA IIePEeTBOPUTH y 3BeJieHe, piBHOCUIBHE AaHoMy. Po3s-
ninuBImu o6MABI wacTwHM piBHAHHS ax” + bx + ¢ = 0 Ha uucio a,
OTPUMAEMO 3BeJieHe KBajpaTHe PiBHAHHA X~ + %x +§ =0

SIKImo y KBaZpaTHOMY piBHAHHI ax® + bx + ¢ = 0 xoua 6 ofuH
3 KoedinieHTiB b abo ¢ JOPIBHIOE HYJIIO, TO TAKe PIBHAHHA HA3UBAIOTH
HEMOBHUM KBAaJAPATHUM PiBHIHHIM.

IcHYIOTH TPU BUAM HENIOBHUX KBaJpPaTHUX PiBHAHL:

1) mpu b = ¢ = 0 maemo: ax® = 0;

2) opu ¢ = 0 i b # 0 maemo: ax® + bx = 0;
-3)upu b= 01ic # 0 maemo: ax® + ¢ = 0.

Po3B’sa:xeM0 HENOBHE KBaZipaTHE PiBHAHHA KOXKHOI'O BHAY.

Ockineku a # 0, To piBuaHHA ax’ = 0 Mae exuHUi KopiEb x = 0.
2. Pipaanaa ax® + bx = 0 momamo y Buraani x (ax + b) = 0. Ile

=10,
ax+b=0.

[u—y

PiBHSAHHA DiBHOCUJIbHE CYKYIIHOCTI JBOX PiBHAHBb [

2=

3Bincn p Omxe, posrisaAyBaHe PIBHAHHSA Ma€ /JBa KOPeHi:
xX=-=.
a

Y b
x. =01 x,=——.
1 2 a
A o C g
3. PiBusauusa ax’ + ¢ = 0 mogamo y Buriagi x° = —=. Ockinsru c # 0,
e .

: c ¢
TO MOXKJIMBI ABa Bunmagku: —— <0 a6o —— > 0. OueBmano, 110
a a

B IEPIIOMY BUIIQJKY PiBHAHHSA KOPEHIB He Mae. ¥ ApPyroMy BHU-

. . C s c
nNagKy p1BHAHHA Ma€ IBa KOPeHl: X, = "—— 1 X, = —1/——.
a a

OrpumaHi pe3yasTaTH MiZICYMOBYE Taka TAOIMUILA.

3HaueHHA KoedimieHTIB

e PiBaaArHSA Kopesni
b=c=0 ax? = 0 . ¥ =10
/ b
b#0,¢=0 Gk e 0 B O e S
b = 0, —§<O ax: +c¢c =0 KopeniB Hemae

e c
b =il = =0 ax’* + ¢ =0 x1=,’—£, x2=—,/—-§-




32. KBagpatHi piBHAHHSA. PO3B'A3yBaHHA HENOBHUX KBaiPaTHUX PIBHAHb

NPUKNAL | TIpu AkuX 3HAUEHHAX MapaMeTpa a piBHAHHA x° — (a +
+1) x + a®* — 1 = 0 Mae fBa KOpeHi, OAUH 3 AKUX JOPiBHIOE HYIIO?

Poszé’szanns. Yucno 0 € xopeHEM KBaApPaATHOI'O PiBHAHHA, AKIIO

BiJILHUI 4JIeH IbOr0 PiBHAHHA AOPiBHIOE HyJI0. 3Bigcm a® — 1 = 0;
a=1a6oa=-1.

Aximo a = —1, 1o piBHAHEA Mae exuHui KOopieb x = 0. [Ippa =1

piBHAHHA HabyBae BUraAALy: x° — 2x = 0. 3Bigcu x = 0 abo x = 2.
Biodnosiov: a = 1.

P

L I

1. ke piBHAHHA HA3WBAIOTH JiHIHHUM?

2. flxe piBHAHHS HA3UBAIOTH DIBHAHHAM NEPIIOTO CTENEH:A?

3. HaBexiTe npukiazg JiHiHHOTO PIBHAHHA, AKe € DIBHAHHAM IIep-
IIIOT0 CTeNeHs, 1 NMPUKJIAJ JIHIMHOTO PiBHAHHA, AKe HE € pPiB-
HAHHAM IIEPIIOr0 CTEeIeHsd.

4. flxe piBHAHHA HA3UBAIOTh KBaJpaTHUM?

5. Ak Ha3HBAIOTH KoedimieHTH KBaJpaTHOrO PiBHAHHA ax” + bx +
+c=0?

6. ke KBajgpaTHe PiBHAHHA HA3WBAIOTH 3BEJEHUM?

7. flxe KBajpaTHe PiBHAHHA HA3UBAIOTH HEIOBHUM?

8. AKi icHYIOTH BUAM HENMOBHMUX KBaApaTHUX piBHAHB? CKinbKmH
KOPEHIB MOKe MaTH PiBHAHHSA KOXHOTO BUAY?

32.1.° VxaxiTs cepes JaHNX PiBHAHB KBaJpaTHI i Ha3BiTH, YOMY J0-

PiBHIOIOTH cTapmiuii Koedimienr, apyruit xoedimieHT i BiabHMI
YJIeH KOJKHOro 3 HUX:

1) x =0; 5) x> — 4x + 2 = 0; 9) 6 — x>+ 4x = 0;
2) x? = 0; 6) 3x* — x> + 6 = 0; 10) x> - 2x + 3 = 0.
Nx*+x=0; T7)-2x>+ Tx—-8=0;

4)x*+1=0; 8)x*-x-9=0;

32.2.° CknazniTh KBafipaTHe PiBHAHHA, Y AKOMY:

1) crapmuit koedinieHT nopiBHIOE 6, Apyruil KoedinieHT AOpPiB-
HIOE 7, a BIIbHUHN 4JIeH AOPiBHIOE 2;
2) crapmmuii KoedimienT gopiBHOE 1, Apyruit KoedimieHT AOPiB-
; L ‘ 1
HIOE —8, a BiJIbHUI 4YJIeH HOPiBHIOE T
3) crapuinii KoedinieHT fopiBHIOE 7,2, Apyrui KoedimieHT AOPiB-
HIOE —2, a BiibHNHN yieH aopiBHIOE 0.

32.3.° CrkiaziTe KBafipaTHe PiBHAHHSA, y AKOMY:

1) crapmuit koedinieHT KopiBHIOE —1, Apyrui KoedimieHT AOpiB-
HIOE —2, a BiJIbHUH 4JieH AopiBHIOE 1,6;
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§ 6. KBagpaTtHi pIBHAHHA

2) crapumii Koe(imieHT i BiIbHUN YJIeH JOPiBHIOIOTH 2, & APyrui
KoediniesT popiBHIoe 0.
32.4.° Tlopaiite naHe piBHAHHA y BUrIaAni ax” + bx + ¢ = 0, yraxirts
3HaYeHHA Koedinienris a, b i c:
1) 6x (3 — x) = 7 — 2x% 2) (bx — 1) = (x + 4) (x — 2).
32.5.° IlonaiiTe faHe PiBHAHHS y BUDIAAL ax’ + bx + ¢ = 0, yKaxiTh
3HAYeHHA KoedinicHTiB @, b'i c:
1) x (x + 10) = 8x + 3; 2) (x + 2)* = 2x* + 4.
32.6.° YraxiTh, AKi 3 JaHUX PIBHAHL € 3BEJEHUMH, i IIEPETBOPITH
HEe3BeJleHi PIBHAHHSA y 3BeJleHi:

1) x* — 5x + 34 = 0; 4) 16 — 6x + x> = 0;

2) 2x* + 6x + 8 = 0; 5) —x*+8x—T=0;

3) %x2+x-5=0; 6) -0,2x° + 0,8x + 1 = 0.
32.7." IleperBopiTh JaHe KBaJpaTHe PIBHAHHSA y 3BeJeHE:

1) ¢2°-2x-3=0; 3)3x* +x +2=0.

2) —4x* + 20x — 16 = 0;
32.8.° Po3B’sikiTh DIBHAHHA:

1) 52> — 45 = 0; 3) 2x* — 10 = 0; 5) 64x* — 9 = 0;

2) x* + 8x = 0; 4) 2x*-10x=0; 6) x*+ 16 = 0.
32.9.° Po3s’axiTe piBHAHHA:

1) x + 7x = 0; 3) 8x* - 6 = 0;

2) 2% — 11x =0; 4) —8x* = 0.

32.10.° Po3B’sKiTh piBHAHHA:
1) (Bx — 1) (x + 4) = —4;
2) (2x — 1) - 6 (6 — x) = 2x;
) (x+2)(x—-3)—(x—5)(x+5)=x*—x.
32.11." Po3B’sikiTh PiBHAHHA:
1) (3x — 2) (3x + 2) + (4x — 5)* = 10x + 21;
2)i(2% = 1D)(z+ 8) = (x=1D)i(x+1)=10%.
32.12.° 3maiigiTe ABa MOCHIZOBHUX HATYPAJBHUX UYHUC]IA, NOOYTOK
AKX Ha 36 Olnpmuii 3a MeHIIe 3 HUX.
32.13." 3maiiziTe ABa MOCTIIOBHUX HATYpPAJbHUX 4YUCJIA, AOOYTOK
axnx Ha 80 Olapmnii 3a Oisbine 3 HUX.
32.14.° Po3B’si3kiTh PiBHAHHSA:

2 >2 2
— 8x ; =g xt=]
1) X = x; 2) = = 2.
6 53 2
32.15." Po3B’AxKiTh piBHAHHA:
e R A : 22+1 2242
1) = g 0; 2) 5 iR 1.
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32. KBagpaTHi piBHAHHA. PO3B'A3yBaHHS HENOBHWX KBAAPATHUX PIBHAHb

32.16.° CknaniTe KBaZipaTHe PiBHAHHSA, OJUH 3 KOPEHIB AKOr0 J0OpiB-
Hioe 1 i ake oyze: '
1) moBHEUM i He3BeEHUM; 3) HEeITOBHUM i HEe3BeJleHNM;
2) HIOBHUM i 3BeEHUM; 4) HEMOBHUM 1 3BEJIEHUM.

32.17.° Tlpn axomy 3HAYeHHI m: '
1) unecno 2 € KopeHeM piBHAHHA x° + mx — 6 = 0;
2) umcso —3 € KopeHeM piBHAHHA 2x° — Tx + m = 0;
3) umcio -;— € KopeHeM piBHAHHA m’x® + 14x — 3 = 0?

32.18.° JloBeniTh, 10 OAUH 3 KOPEHIB piBHAHHA mx” — (m + n) x +
+ n = 0 popiBHOE 1.

32.19.° Ilpu axomy 3HAYEHHI n:
1) umueno 6 € KopeHeM piBHAHHA x° — nx + 3 = 0;
2) yuciao 0,5 € KopeHeM piBHAHHA nx° — 8x + 10 = 0?

32.20.° Cyma kBazpaTiB JBOX IMOCHIJOBHUX IiauX duces Ha 17 6iab-
Ima 3a NoABOEHe OijblIe 3 HUX. SHAUAITH 1[I Yuca.

32.21.° 3maigiTs ABa IMOCHIMOBHUX IIJAX YHKCIa, CyMa KBajJpaTiB
SIKUX AopiBHIOE 1.

32.22." Ilpu sskoMy 3HAQUEHHI M He € KBaJpPAaTHUM PiBHAHHA:
D(m-4)x*+mx+7=0;
2) (m* + 8m) x* + (m + 8) x + 10 = 0;
3) (m® — 81) x* — 6x + m = 0?

32.23." dAxum umcioM, JOZATHUM 4YM Big’€éMHMUM, € BiAMiHHMH Bij
HYJIi KOPiHb HEIIOBHOTO KBAaJpaTHOro piBHAHHA ax’ + bx = 0,
AKIIO:

1)a>0,b>0; 3)a>0,b<0;
2)a<0,b>0; 4)a <0, b<0?

32.24." UYu Mae KOpeHi HeHmOBHe KBajpaTHe piBHAHHS ax” +.c¢ = 0,
SAKIIO:
) a=0,¢c>0; 3)a>0,c<0;
2a<0,¢>0 4)a<0,c<0?

32.25." SIkuM MHOrO4YJIEHOM MOJKHA 3aMiHUTU 3ipoOYKy B PiBHAHHI
3x* — 2x + 4 + * = 0, mo6 yTBOPHJIOCA HENOBHE KBajpaTHE PiB-
HAHHS, KOPEHAMHU SKOTI'0 € YHCJIa:
1)01i 4; 2) 1312

32.26. flxuM MHOTOYJIEHOM MOKHA 3aMIiHMTH 3ipOYKY B PiBHAHHI
x*+ Bbx — 1 + * = 0, mob yTBOPUJIOCA HEIOBHE KBajpaTHE piB-
HAHHSA, KOPEHSAMHU AKOI'0 € Yucia:

1) 0; —7; 2) —-4; 4?
32.27." Po3B’ayKiTh PiBHAHHS: y
1)x>*~-8| x| =0; 2)x®+|x |- 2x=0;
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§ 6. KBagpaTtHi pIBHAHHA

3)x2—%=0; 5)2x* +5|x|=0;
2 2
4) x2 -2 -, 6) x2+ 2% = 0.
| x| | x|
32.28.° Po3B’s1okiTh PiBHAHHSA:
2
1) % - 7| x|=0; 3)2x2—%=0;
2)&2—6|x|+x=0; 4)x2+9l—xx1=0.

32.29.° Ilpn sikoMy 3HAa4YeHHi mapamerpa @ piBHAHHA (@ — 2) x° + (2a —

-1)x+a*-4=0c¢€:

1) miHiiHUM;

2) 3BeIcHUM KBaJIpATHUM;

3) HENIOBHHUM HE3BEJIeHUM KBaJPATHUM;
4) HEIOBHUM 3BEJIEHUM KBaJPATHUM 7

32.30." YcraHoBiTh, IpU AKOMY 3HAUCHHI MapamMeTpa a OLUH 3 KOPEeHiB
KBaZpaTHOTO pPiBHSAHHA nopiBHIoE 0, i 3HAUAITH APYruil KOpiHb
PiBHAHHSA:

)x*+ax+a—-4=0; 3)ax*+ (a+3)x +a* - 3a
2)4x*+ (@ —-8)x+a*+a=0;

32.31." YcraHOBiTH, IPU AKOMY 3HAYEHHI IIapaMeTpa @ KOPeHi piB-
HAHHSA € NPOTUJIE)KHUMHU YUCIaAMH, i 3HAUAITH 1X:
Dx*+@-2)x+a-6=0; 3)x:+@—-1)x+a+8=0.
2)x*+(a+6)x+a+4=0;

| ﬂ DopmMmynu KOpeHis KBAAAPATHOrO. PiBHAHHA

3Haoumn KoedinieHTH a i b piBHAHHSA Hmepuioro crenexHsa ax = b,

0.

o O . b
MOJKHa 3HAUTH HOro KOpiHe 3a opmytion x = —.
a

Bugsegemo dopmyny, ska mae 3amory sa koedimienramm a, b i ¢
KBaJpaTHOI'O PiBHAHHSA
ax*+bx+c=0 (1)
3HAXOIUTH HOr0 KOpPeHi.
Ockinsku a # 0, TO, TIOMHBOXXUBIIXA OOUABI YaCTUHU I[HOI'O PiBHSH-
HA Ha 4a, OTPUMAEMO PiBHSAHHS, PIBHOCHJIbHE NaHOMY:
4a’x® + 4abx + 4ac = 0. |
Bupinumo B JriBi#i yacTUHI OHOro PiBHAHHSA KBaJApaT ABOYJIEHA:
4a’x? + 4abx + b® — b® + 4ac = 0;
(2ax + b)® = b® — 4ac. ! (2)
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33. Dopmynn KOpPEeHIiB KBaAPaTHOro PIBHAHHS

IcayBaHHA KOpeHIiB piBHAHHA (2) Ta 1X KiJBKICTH 3aJIEXKUTH BiJ
sHaxka Bupasy b’ — 4ac. Ileit BUpa3 Ha3WBAIOTH AMCKPHUMiHAHTOM
KBaJApaTHOTO PiBHAHHA ax” + bx + ¢ = 0 i mosHavyaoTh OyKBOIO D,
ro6To D = b® — 4ac. TepMiH «IUCKPUMIHAHT» IIOXOAUTH BiJ JaTUH-
CBKOTO cJIOBA discriminare, 110 O3HAYAE «PO3PIZHATHY, «POSTIIATH» .

Tenep piBHAHHA (2) MOKHA 3aMUCATH TAK:

(2ax + b)? = D. (3)

MooxkauBi Tpu Bunagku: D < 0, D =0, D > 0.

1. Axmo D < 0, To piBuanHA (3), a oTKe, i piBHAHHA (1), KOpeHiB
He mae. Crpasai, npu Oyab-AKOMy 3HadeHHI x Bupas (2ax + b)?
HaOyBa€ TiNIBKH HEBiJI'’€MHUX 3HAYEHbD.

BucunoBok: axwo D < 0, mo xeadpamne pi6HAHHA KOPEHiE

He Mmae.

2. flxkmo D = 0, To piBHaHHA (3) HaOyBae BUTIALY

(2ax + b)® = 0.
3Biacu 2ax + b = 0; x——%
BucuoBok: akuwo D = 0, mo keadpamne piéHAHHA MA€E 00UH
: b

KOPiHb X = —5 .
3. fAxmo D > 0, To piBHAHHSA (3) MOXXHA 3anUCATU Y BUTJISALL

(2ax + b)? = (\/5)2

-b—-+/D
——F— abo
2a

Beigcn 2ax+b=—/D abo 2ax+b=+/D. Toxi x=
e VD
Rl Gt Vs

BucuoBok: akuo D > 0, mo xeadpamne pienanns mae deéa

KOpEeHi:
S S _-b+D
B R g e
Taxo 3aCTOCOBYIOTH KOPOTKY (opMy 3amucy:

_-b+VD

2a

I];en 3aIuCc HA3UBAOTH (hOPMYJIOI0 KOPEHIB KBa/(PATHOTO pmnan-
o ax® + bx + ¢ = 0.
OrpuMaHy GOpMYIy MOKHA 3aCTOCOBYBATH i /I BUIALKY, KOJH

D = 0. Tonai
_-btNo _ b

D7 AR
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§ 6. KBagpaTtHi pIBHAHHA

IIpu posB’si3yBaHHI KBaJpPAaTHUX PiBHAHB 3PYYHO KEPyBATHUCH
TAKUM aJIFOPUTMOM:
¢ 3HAWUTU JUCKPUMiHAHT D KBaJgpaTHOrO PiBHAHHSA;

e sarkmo D < 0, To y BigmoBiji 3anucaTH, Ii0 KOPEHIB HEMAE;
e axkmo D =2 0, To ckopucratucsa (GopMyJio KOPeHiB KBaJApPaTHOTO

PiBHAHHSA.

Axmo apyruit xKoedilieHT KBaJApPaTHOrO PiBHAHHA IONATH Y BH-
rasiai 2k, To MOKHA KOpPHCTyBaTHUCs 1HINOKW (POopMyJiolo, AKa B Oara-
THOX BHNAJKaX MOJIErmye 00YMCIeHHS.

PosrisiHeMo KBajpaTHe PiBHAHHS ax” + 2kx + ¢ = 0.

3Haiizemo ioro auckpuminanT: D = 4k* — 4ac = 4 (k* — ac).

[Tosnaunmo Bupas k* — ac uepes D..

ko D, > 0, To 3a GOPMYJIOI0 KOPEHIB KBaJPATHOTO PiBHAHHA
OTPUMYEMO:

o _ "2kt 4D, _ -2+2./D, 2(-kx{D;) —ki\/B:'
2a 2a a 3

2a

oo k2D,
a

NPUKNAL 1 Poss’axirs piBHAHHA:
1) 3x° — 2x — 16 = 0; 4) x* — 6x + 11 = 0;
2) —0,5x* + 2x — 2 = 0; 5) 5x* — 16x + 3 = 0.
3) x>+ 5x — 3 =0;

TOOTO

, e D, = kK — ac.

Posa’ﬂ3aﬁuﬂ
1) ¥V zaganomy piBHsIHHiI @ = 3, b = -2, ¢ = —16.
IuckpuminasT piBaasEa D = b® — 4ac = (-2)° — 4:3:(-16) =

=4 + 192 = 196.
9106 2-14 W E B e
Orxe, x, = 6 P 2, x,= 6 —3-—23
Bidnosidv: —2; 2%.
2) Maewmo:

D=2%-4.(-0,5)-(-2)=4-4=0.
Or:xe, naHe PiBHAHHA Ma€ OJUH KOPiHb:

=:z_-f_f_9=2,

3ayBa)kMMo, IO AaHe PiBHAHHS MOXKHA PO3B’SI3aTH iHOIUM CIIO-
cobom. ITomHOKMBIIM O0MIBI YACTHHY PiBHAHHSA HA —2, OTPUMYEMO:
X*-4x+4=0;(x-2°=0;x—2=0; x = 2.
Bidnogidv: 2. :
3) D=5-4.1-(-3)=25+ 12 = 37.
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33. ®opMynu KOpEeHIiB KBagpPaTHOrO PIBHAHHS

-5-V37 _ _ -5+37
gAY

2 Poars

PiBHsAHHA Ma€ JBa KOpeHi: x, =

Bidnosiods: _s—iz‘/ﬁ
4) D=(-6)>-4-1-11 =36 —44 = -8 < 0.
Orixe, piBHAHHA He Ma€ KOPEHiB.
Bidnosidv: KOpeHiB HeMae.
5) Ilomamo naHe piBHAHHA y BHIJIAAL 5x° + 2:(-8) x + 3 = 0 i 3a-
crocyemo OpMyay A PiBHAHHS BUAY ax’ + 2kx + ¢ = 0:
D= (-8)* — 5-3 = 49;
BT 1 G

5 g, xz 5 3.

o=
Bidnosiobn: E],;-; 3.
MPUKNAJLl 2 Poss’skiTh piBHAHHA:
1) 22 +6x? —16 = 0; YW T P vl SOU (P R

. | 2 -1
2) x*-10(Vx) -24=0;
Posé’azanns
1) Maemo: x* + 6 | x| — 16 = 0.
Ile piBEHAHHSA PiBHOCHJIBHE CYKYIHOCTI JBOX CHCTEM.

x 20, y
a . PiBHsAHHA 1i€l cucTeMu Ma€ aABa KopeHi: -8 i 2.

x“+6x-16 =0.

: x 20,
Toni moxxkHa 3anucaru 4| x =2, 3Bigcu x = 2.
x =-8.
x <0,

x <0, L
0) i x = -2, 3Bigcu x = —2.

x*—-6x-16 =0; g

Bidnosgidv: —2; 2.
2) ObnacTio BUBHAUEHHSA JAHOI'O PIBHAHHA € MPoMiKoK [0; +eo). Toai
x 2 0,

JlaHe PiBHAHHSA PiBHOCHUJIBHE CHCTEMI A
x“-10x-24 =0.

x 20,
3Bifgcm | x=-2, x=12.
=12

Bionosiodv: 12.
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§ 6. KBagpaTtHi piBHAHHA

2 _ =
3) JlaHe piBHAHHA PiBHOCUJBHE cUCTEeMi §ra mpE=ds Maemo:
x—1#0,
9x* -8x-1=0,
x#1L
[x =1,
Sreek
x=-9»
7 o -l (3
x=-2
1 9’
Bidnogiow: ~9
NPUKNAL 3 Poss’sikiTe piBHAHHA:
1)|x*—x—8|=-x; 2)|x+1|=x"+38x + 1.
Pozé’azanns
1) 3azaHe piBHAHHSA PiBHOCHJIbHE CHCTEMi:
(x <0,
—x >0, x <0, [x =242,

A

[xz—x—8=—x, 3Bincu [x2—8=0, x=-242,

x*=-x-8=x. x*-2x-8=0; ||x=4,

L_x = —2.

OrpumMyeMo, o x = —2 J2 a6o x = -2.

Bidnogios: -2 ~/§; =2
2) 3azane piBHAHHA PiBHOCHJIbHE CYKYITHOCTI:

[(x+1> 0, [l i)
x+1=x%2+3x+1, . x24+2x =0,
3Bigcu
Jx+1<0, x < -1,
|~ —1=2%+8x+1. | |x? +4xc+2=0;
[ (x> -1,
x=0a8a002x=-2,. x:= (),
x=-2-42.

x<-1
i x=—2+J§a60x=—2—J—2_;

Bidnosgidws: 0; -2 — \/5
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33. QopMynu KOpeHiB KBaApaTHOro PIBHAHHA

NMPUKNAL ﬂ Ilpu axkomy 3HadYeHHI mapamerpa b Mae OgUH KOpPiHb

PIBHAHHSA:

1) 2x* — bx + 18 = 0; 2)b+6)x*—-(b-2)x+1=0?
Po3é’a3anns
1) Jlase piBHAHHA € KBaJpPATHMUM i Ma€ OAUH KOPiHb, SIKIIO MOT0 JuC-
KpUMiHaHT AOpiBHIOE HyJII0. Maemo:
D=0b>—4-2-18 = b* — 144;
b* — 144 = 0;
b=-12 abo b = 12.

Bionosgidv: b = —12 abo b = 12.

2) 3BepHEMO yBary Ha NOIINPEHY IOMUJIKY: BBAYKATH TaKe PiBHAHHA
kBazapaTHuM. HacripaBji e piBHAHHSA CTeIeHA He BUIIE APYToro.
Ilpu b = —6 orpumyemo JiniitHe piBHAHHA 8x + 1 = 0, AKe Mae
OJIH KOPiHB. '

Ilpu b # —6 nmame piBHAHHA € KBaJpaTHHUM i MAe OJAUH KOPiHB,
AKINO HOro JUCKPUMIHAHT JAOPiBHIOE HYJIO:
D=b-2-40b+6)=b*"—-4b+4—-4b—-24 =
= b — 8b — 20.
Maemo: b® — 86 — 20 = 0, sBigcu b = -2 a6o b = 10.
Biodnogiov: b = —2, a6o b = 10, abo b = —6.

NMPUKNAAL ;3 IIpn AkuX 3HaYEeHHAX IapaMeTpa @ PIBHAHHSA
a(@+3)x*+2a+6)x—3a-9=0
Mae OinbIue HidXK OAUH KOPiHB?

Posé’azannsa. Ilpu a = 0 orpumyemo JiHiiine piBHsaHHA 6x — 9 = 0,
AKe Ma€ €IUHUN KOPiHb.

[Ipu a = —3 orpumyemo Jriniitae piBaAaHA 0x = 0, AKe Mae Oe3yiu
KOpEeHiB.

Armo a # 01 a # —3, T0, DOALIMBIIN OOUABI YaCTUHU PiBHAHHSA
Ha a + 3, OTPUMAEMO KBaZpaTHe PIBHAHHA ax’ + 2x — 3 = 0. Jluc-
KPUMiHAHT IbOr0o piBHAHHSA mopiBHIOE 4 (1 + 3a). [Ina BUKOHAHHA
yMOBH 3ajaui BiH mae OyTu momarHuM, TooTO 4 (1 + 3a) > 0. 3Bigcu

a> —-;:. IIpore nmpomikokK (—%; +oo) MicTUTh 3HaUeHHA a = 0, npu

AKOMY 3ajjaHe PiBHAHHSA Ma€ €AWHUU KOpPiHb, IO HE 3aJOBOJBHHAE
ymoBYy 3azaui. Ilei pakT cinifg ypaxyBaTu OpH 3anucy Bigmosizi.

. Bidnosidv: a = —3, abo —% <a<0, abo a > 0.
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§ 6. KBagpaTtHi piBHAHHA

Kinska DOKOJiHB yYHUTENiB
MaTeMaTHKH Ta 1X y4HIiB Haly-
BaJIi HenaroriyHoro AOCBiAy
¥ morymOJI0Bany CBOI 3HAHHSA,
KOPHUCTYIOYUCH YYAOBOK KHUIK-
Koo «KBazaparHi piBHAHHSA»
OJIMCKYYOI'0 YKPaiHCBKOrO IIe-
garora ¥ marematuka MuUxoam
AnapifioBuuya YallKOBCHBKOTIO
(1887-1970).

M. A. HaliKOBCHKHH 3aJIUIIIAB
BEeJIMKY HAYKOBY M mejaroriuHy
cagmunay. Moro poboru Bigomi
JaJIeKo 3a MeKaMu Y KpaiHu.

KBATPATHI PIBHANHA

M. A. aitkosevruil

1. fIkmit BUpa3 Ha3WBAIOTH JUCKPUMIHAHTOM KBaJAPAaTHOIO PiBHAH-
HA?

2. Ak 3aneXuTh KiNbKICTh KOPEHIB KBaJApPaTHOI'0O PiBHAHHSA BiJ
3HaKa AuCKpumMiHanTa? :

3. 3anuuriTs (hopMysy KOPEHIB KBaJApPaTHOIO PiBHAHHSA.

4. lxuM aJIropUuTMOM 3PYYHO KOPHUCTYBATHCA IIPU PO3B’sA3yBaHHI
KBaZpaTHUX PiBHSHB?

33.1.° 3HalAiTs AUCKPUMIHAHT i BU3HAUTE KiJIBKICTh KOpEHIB piEB-

HAHHSA:

1) x* + 2x — 4 = 0; 3) 2x* — 6x — 3,5 = 0;

2)x*-38x+5=0; 4) 5x* — 2x + 0,2 = 0.
33.2.° fIxe 3 HaBe/leHUX PIBHAHb Ma€ JBa KOpeHi:

1) x* + 4x + 8 = 0; 3) 4x* — 12x + 9 = 0;

2)3x*—4x -1 =0; 4) 2x* — 9x + 15 = 0?
33.8." filxe 3 HaBe/leHUX PiBHAHb HEe Mae€ KOpPEHiB:

1) x*—6x +4=0; 3)3x*+4x -2 =0;

2) 5x°* — 10x + 6 = 0; 4) 0,04x* — 0,4x + 1 = 0?

33.4.° Po3B’aAiTh PiBHAHHA:

1) x*—4x +3=0; 2) x* +3x — 4 =0;
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33. Gopmynu KOpeHiB KBafpaTHOro PiBHAHHSA

3) x* — 4x — 21 = 0; 10) 10x* — 7x — 8 = 0;
4) x> + x — 56 = 0; 11) -5x% + Tx — 2 = 0;
5) x> — 8x + 12 = 0; 12) -3x* + Tx + 6 = 0;
6) x> + Tx + 6 = 0; 13) x> —4x + 1 = 0;
7) —x* + 6x + 55 = 0; 14) 2x* - x — 4 = 0;
8) 2ok — i G =0; 15) 2% ~ 8xc:+ 20:= 0.

9) 3x* — 4x — 20 = 0;
33.5." Posp’axiTh piBHSHHSA:

1) x> - 3x + 2 = 0; 7)4x*> - 3x -1 =0;
2) x> + 12x — 13 = 0; 8) 2x*+x+ 15 =0;
3) x* — Tx + 10 = 0; 9) 6x°> + Tx — 5 = 0;
4) x> —x—-T72=0; 10) 18x* — 9x — 5 = 0;
5) 2x% — 5x + 2 = 0; 11) x* — 6x + 11 = 0;
6) 2x* - Tx — 4 = 0; 12) —-x* - 8x + 12 = 0.

33.6.° Ilpu AKuxX 3HAUEHHAX 3MiHHOI 3HAUEHHSA:
1) muOrounenis 6x* — 2 i 5 — x piBmi;
2) nBounena y — 6 JopiBHIOE 3HAYEHHIO TpuYneHa Y- — 9y + 3;
3) tpuurenis 4m* + 4m + 2 i 2m® + 10m + 8 piBHi?
33.7." Ilpu aKuX 3HAUYEHHAX 3MIHHOI 3HAYEHHA:
1) nBousena 4x + 4 nOpiBHIOE 3HAYEHHIO TpudIeHA 3x° + Hx — 1
2) rpuurernis 10p® + 10p + 8 i 3p® — 10p + 11 pisni?
33.8.° 3naiigiTh KOpeHi piBHAHHSA:
1) 2x — 5) (x + 2) = 18;
2) (4x -3+ (8x-1)(8x + 1) = 9;
3) (x + 3)> - (2x — 1)* = 16;
4) (x — 6)> — 2x (x + 3) = 30 — 12x;
) (it Bitx—8) = x4+ 1)(x— 2)=~21x;
6) (2%~ 1)2x 4+ 1) =2 (A=%)=2x (x.+1).
33.9." PosB’sxkiTh piBHAHHA:
1) (x — 4)° = 4x - 11;
2 x+5)°+x—-T(x+ T =6x—-19;
3) Bx— 1) (x +4) =(2x + 3)(x + 3) — 17.
33.10.° Po3B’sskiTh PiBHAHHA:

2 2
1) 2x® + x5 -15=0; gy dx tx _x +17 bx-1,
3 9 6
2 2
2) x* -x(V6-1)-V6 = 0; 5) 2’3‘ -x2+2—x12=3.
f=d a8 L
diE T
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§ 6. KBagpaTHi piBHAHHA

33.11." Po3p’sxxiTh piBEHAHHSA:

2
1) x2+8x/2 +4 = 0; 3) 2x3+x_x:3=x_1;

2
9) x? —x (V3 +2)+2+3 =0; 4) 3"4“‘ 3"1317 257"

33.12.° TIpy sAKMX 3HAYEHHAX ITapaMeTpa a YHUCJIIO % € KOpeHeM piB-
HaHHA a’x + dax — 5 = 0?

33.13." IIpu sAxuX 3HAYEHHAX NMapaMeTpa @ YKUCJIO 2 € KOPeHeM piB-
HsaEHA x> — 0,5ax — 3a® = 07

33.14.° JlosexiTh, 10 KOJU cTapmuil KoedimieHT i BiAbHUI ujieH
'KBaJIPpATHOI'O PiBHAHHSA MAalOTh PI3HI 3HAKHU, TO PIBHAHHSA Ma€ ABa
Ropem.

33.15.° 3maiaiTe HaTypaane YUCJI0, KBAAPAT AKOro Ha 42 Oiabiini
3a JlaHe YUCJIO.

33.16.° 3naiifiTe nepuMeTp NPAMOKYTHUKA, IJIOIIA SAKOr0 AOPiBHIOE
70 cm®, a oxua 3i cropid Ha 9 cM GiibIma 3a ApyTy.

338.17.° HobyToK ABOX umces HopiBHIOE 84. 3HAWAITH Il Yncaa, AKIILO
OZlHE 3 HUX Ha 8 MeHmIe BiJ Apyroro.

33.18.° J1o6yTOK ABOX HOCHIOBHUX HATYpPaJbHUX uyucesn Ha 89 6inb-
IMUA 3a IX cyMy. SHalAITh 111 Yucaa.

33.19.° Cyma xBaZipaTiB AKUX JBOX ITOCJiJOBHUX HATYPAIbHUX YHCEJT
npopiBaIOE 3657

33.20.° Bix kBajpaTHOrO JIMCTA KAPTOHY BiZipizaiu cMY»XKY Vv (hopmi
IIPAMOKYTHHKA sasmnpmxn 3 cm. Ilnoma nucra, M0 3aJIUIIHBCH,
cranoBuTh 40 cm’. fkoio Oyna AOBMKHHA c'roporm KBaJIpaTHOT'O
JINCTA KapTOHY?

33.21." Big npaMOKYTHOIO JMCTa Manepy, JOBKUHA AKOTO AOPiBHIOE
18 cm, Bigpisanu KBagpar, CTOPOHA AKOI'0 AOPiBHIOE IIMPHHI JIKC-
ra. [1laoma yacTuHM NPAMOKYTHHUKA, 10 3aJIMIINJIACHA, JOPIBHIOE
72 em®. SIkoro Oyna mMpHHA JUCTA Tanepy?

33.22.° 3ualiiTh TPU MOCHIOBHUX HENAPHUX HATYPAJbHHUX YHUCIA,
AKIIO KBAaJApPAaT IEepPIIoro 3 HUX Ha 33 Olyblne, HijK MOABOEHA CyMa
APYroro i TpeTnoro. -

33.23.° 3HaiigiTh YOTUPH MOCHIJOBHUX MAPHUX HATYPAJbHUX YMCIA,
AKII0 CyMa IepIIoro ¥ TpeThoro YHMCesa y O pas3iB MeHIIa, HiX
JOOYTOK APYroro Ta 4eTBepTOro 4Yucell.

33.24.° (Cmapodasus indiitcoka 3adaya.)

Ha asi srpai po3giniuBIIucs,
PosBaskanuck B rai MaBIH.
Opxea BocbMa iX B KBajapari
I'yvuro pa3om 3abaBiasAnCE.
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33. ®opmynn KopeHiB KBaApPaTHOro PiBHAHHS

Kpukom pazicEuM aBaHaALUATH
Bce noBiTps KoJMXAaJH.
Pasom ckinbKH, TH HisHacs,
Magsu 6ysio y Tomy rai?
33.25.° ¥V TypHipi 3 pyrdory 6yiio sirpano 36 MmaTuis. CKiIbKM KOMaH/
6paJio yyacTs y TYPHipi, AKIIO KOKHA KOMaH/a 3irpajia mo ofHo-
My pas3y 3 KOYKHOIO 1HIIIOKH KOMaHI010?
33.26.° CKiIBbKHM CTOPIH MAa€ MHOIOKYTHUK, SKIO B HHOMY MOXKHA
nposectu 90 axiaronasneit?
33.27.° IIpu axuX 3HAYEHHAX napamMeTpa b Mae ofuH KOPiHb PIBHAHHSA:

1)2x* +4x - b= 0; 2) 3x* — bx + 12 = 0?
33.28.° Ilpu sKkuX 3HAYEHHAX [MapaMerpa b Mae oJuH KOpPiHb PiBHAHHA:

1) 6x* — 18x + b = 0; 2) 8x* + bx + 2 = 0?
33.29.° Po3B’siokiTh PiBHAHHA:

| x®+ Tx— 4| =4; Nx*+6|x|+8=0;

2)|x*-x-5|=1; 8)x*—|x-5|=5;

HxP-4|x|-21=0; 9Nx|2x+1|-3x—4=0;

4)5x2 -8 |x|+38=0; 10) x% -8+x? +15 = 0;

5)x | x|+ 6x—5=0; 11) x* +4x? -12 = 0;

2

6)x2+%-12=0; 12) || x*-6x +4|-8|=1.

33.30." Po3B’s1KiTh PiBHAHHS:
2

1) | %* + 10x — 4 | = 20; 7) 2x2—1|3Txl+6=0;

3
2)x>-T|x|+6=0; - 8)|—’;—|—14x—15=0;
|xP-x-1]|=1; 9) x*-8x? -9 =0;

4) x | x| + 12x — 45 = 0; 10) x2 +7x? +12 = 0;
5) x| x| - 16x + 15 = 0; 1) x>+ |x+ 4| =4
6)3x°+7|x|-6=0; 12) x| 2= 2| —-'6x+ 8=0.

33.31." Po3B’saxiTh pPiBHAHHSA:
1) 2+2x+-3 -3 .80, 4)22+9(Vx+1) —27=0;

x—8=x—8
2) x?+8(Vx) -33=0; s ot Jas VAR, §
N x-2
3) x2+(Vx-2) -5=0;
33.32." Po3B’s)KiTh DiBHAHHA:
1) 68 e bty diios eoyigsal g () 820
x+1 x+1
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§ 6. KBaaparHi piBHAHHA

3) x2-(Vx+3) -8=0; 5) x2+2x+3|i"—1|=o.

x-1
4) x*-4(Wx+2) -13=0;
33.33." PosB’sikiTh piBHAHHA:

1) Vx?+2x +|x* -8x-20|=0;
2) Vx?-9x+8 +x%-16x+64 =0.

33.34." Po3B’sKiTh PIBHAHHA:

1) Va2 +2x -3 +V8x2-Tx-1=0;
P +6x+9+|x*+x-6|=0;

3) V36— x% +|x*+5x—6|=0.
33.35." Po3B’si2kiTh PiBHAHHA:
1) (Vx-2)(x?+2x-24)=0;
2) (x%+2x)(Vx -5)(Bx% -11x - 4) = 0.
33.36." Poss’saxiTh piBHAHHSA (Vx -3) (x* +4x-21) = 0.
33.37." Hosenits, mo npu OyAb-AKOMY 3HA4YE€HHI ITapamMeTrpa p Mae€
JIBa KOpEeHi piBHAHHA:
1) 4x* — px — 8 = 0; 2)xX*+px+p-2=0.
33.38.° JlosexiTs, mio npu 6yas-AKOMY 3HAYEHHI mapamMeTpa m He Ma€
KOpEeHiB DiBHAHHA: k
Dx®+mx+m?+1=0; 2) x* - 2mx + 2m* + 9 = 0.
33.39." loBexits, mo npu OyAb-AKOMYy 3HadYeHHI mapamerpa b pis-
HAHHA X° + bx — T = 0 Mae [Ba KOpeHi.
33.40." Ilpu AKNX 3HAYEHHAX [IapaMeTpa @ Ma€ Ba KOPeHi piBHAHHA:

1) x> + 8x + a = 0; 2)x*+ 2ax+a*-3a+1=0?
33.41.” PosB’siokiTh DIBHAHHA:

1)|x*+x-8|=x; 3)|x—-2|=2x*-2x;

2)|x¥*+x-1|=2x-1; 4)|2x+1|=x*-x-1.
33.42." Po3B’sokiTh PiBHAHHSA:

1) | x* - 2x| =8 - 2x; 2)|x—8|=x*-6x+ 3.

33.43." [Insa KOXKHOro 3HAYEHHS IIapaMeTpa @ Po3B’AKiTh PIBHAHHA:
Dx*+@a+1)x+ 2a®>+a=0;
2) x* -~ (2a + 4) x + 8a = 0;
3) a’x* — 2dax — 25 = 0;
4)3R2a-1)x*-2@+1)x+1=0.

33.44." Jlns KOKHOrO 3HAYEHHA IapaMeTpa a po3B’AXKiTh PIBHAHHA:
Dx*-2a-5)x-3a*+5a=0; 3)ax*-(a+1)x+1=0.
2) x>+ (8a — 4) x — 12a = 0;
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33.45.” Tlpu AKMX 3HAYEHHSX HapaMerpa b mMae oAMH KOpPiHBL piB-
HAHHA:
1) bx* —6x — 7= 0;
2) (b + 5) x> — (b + 6) x + 3 =0;
3)(b-4)x*+(2b-8)x+ 15 =0;
) b+2)x*+B*+20)x+b+2=0?

33.46." Ilpm AKMX 3HAYEHHAX IapamMerpa b Mae OAWH KOpPiHbL pPiB-
HAHHA: )
1) bx* + x + b = 0;
2B+ +b+1)x—-2=0;
3)(6—2)x*+ (4-2b) x +3 =07

33.47." Tlpu AKUX 3HAUYEHHAX ITapaMeTpa a PiBHAHHA ax” + 4x + 3 =0
Mae€ aBa KOpeHi?

33.48." Tlpn AKkuxX 3HAYEHHAX NapamMerpa @ piBHAHHA a (2a + 4) x* —
—(a + 2) x — 5a — 10 = 0 mae OinpiIe HiXK OAUH PO3B’ A30K?

m-'re—opema Biera

Ppancya Biem (1540-1603) — dpauny-
3bKHI MaTeMaTHK, 3a axoMm wopuct. ¥ 1591 p.
ynpoBaauB OYKBeHI IO3HAYEHHS He JINIIe
JUISl HeBiJIOMMX BeJTMUMH, a i 11 KoedinieH-
TiB PiBHAHB, 3aBAAKHN IBOMY CTAJIO MOXKJIA-
BUM BUpaXaTH BJIACTHBOCTI PIBHAHBL Ta I1X
KopeHi 3aranbHumu (popmynavmu. Cepepn
CBOIX BiAKpuUTTiB caM BieT 0c00IHBO BUCOKO
I[IHUB YCTAHOBJIEHHSA 3aJ€KHOCTI MiX Kope-
HAMHU i KoediieHTaMU PiBHAHD.

e e )

Teopema3d4.l(reopema Biera). Axwo x, i x, — Kopeni xead-
pamnozo pienanna ax” + bx + ¢ = 0, mo

X X _—2' X, X =£
1 2 a’ 1°v2 a'

Iogedennsn. OueBUAHO, M0 AUCKpUMiHAHT D JaHOro piBHAHHA HE
Moske OyTm Bix'emruMm. Hexait D > 0. 3acTocoByouu (hopMyJIy KOpeHiB
KBaZpaTHOTO PiBHSAHHS, 3allUIIEMO:

_-b-VD _ _-b+JD

3 2a 4 2a
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§ 6. KBagpaTtHi piBHAHHA

—b—JB+—b+J5=—b—J5—b+J3= b

2a 2a 2a a

Maemo: x, +x, =

~b-VD -b+VD _(0y'-(yD)’ _52-D _b2-(*-4dac) _ ¢

2a 2a 4a? 4a* 4a’ a’

X Xy =

3aysaxeHnHsa. Teopema Biera € cnpaBeanuBOIO 1 TOAL, KOJH

D = 0. Ilpu npoMy BBa)amTh, M0 X; = X, = —%. Maemo:
b b
X, +x =2-(———)=——,
ey 2a a
2
xlxz =b__i‘£_£ A

Hacninox. Axwo x, i x, — Kopeni 36e0en020 K6adpamnozo pie-
nanna x° + bx + ¢ = 0, mo
x, +x,=-b,
X, %, = C,
TOOTO cyma KopeHis 38edeH020 K6adpammoz0 PiBHAHHA OOPiI6HIOE
Opyzomy KoepiyieHmy, Yy3amomy 3 nPomMuULeH HUM 3HAKOM, a 000YMmoK
KOpeHi6é JOPIBHIOE BIAbHOMY YICHY.

Teopema3d4.2(o6epuerna g0 Teopemu BierTa). Axuo wuc-
na o i B maxi, wo a+B=——£— i af =<, mo yi wuena € kopewamu

a -
keadpammnozo pienanna ax” + bx + ¢ = 0.

Jlosedenns. PosrasueMo KBajpaTHe piBHAHHA ax’ + bx + ¢ = 0.
IlepeTBOopuMO HOr0 y 3BEefeHe:
x2+8x+E =0,
a a

3rifHO 3 YMOBOIO TEOPEMM IIe PIBHAHHSA MOYXHA 3allMCaTH TaK:
x? = (ot + B) x + af = 0. (*)
IligcraBasioun y JIiBY 4aCTUHY IIHOI0 PIBHAHHSA 3aMiCTh X CIIOYaT-
Ky 4MCJO O, a MoTiM 9ucio B, oTpuMyemMo:
> —(@+B)a+af=0c-c®—ap + op =0;
BP-(a+B)B+of=p—-of-p*+af=0.
Takum yuHOM, umeaa o i B € Kopenamu piBHsHHSA (*), a oTXKe,
i KOpeHAMY KBaZpaTHOro PiBHAHHA ax” + bx + ¢ = 0. A

Hacnigox. Axwo wucna o i B maxi, wo oo + p=-biaP =c, mo
Yi LUCAA € KOPEeHAMU 36e0eH020 K6adPaAmMHO020 pienAnHA X~ + bx +
+c=0.
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34. Teopema Biera

3acTOCOBYIOUM e HaCJiIOK, MOXXHA PO3B’A3yBaTH JIeAKi KBaj-
paTHiI piBHAHHSA YCHO, HE BUKOPUCTOBYIOUH (hOPMYJIY KOpPEHiB.

NPUKNALA 1 Bmaiigite cymy it 706yTOK KOPeHIiB piBHAHHS
3x*—15x + 2 =0.
Pozé’azannsa. 3’sicyeMo, YU Ma€ JaHe PiBHAHHA KOPeHi.
Maemo: D = (-15)* —4-3-2 = 225 — 24 > 0. Oxe, piBHAHHA Ma€
/iBa KOpeHi X, 1 x,.
-15 2

Toxi sa Teopemoro Biera x, + x, = 2 5, x,x,= 5

NPUKNAL 2 3maiinits koedinienTn b i ¢ pipuanna x° + bx + ¢ = 0,
AKIIO MOro KOpeHaAMHU € yucsa —7 i 4.

Pozé’azannsa. 3a reopemoro Biera b = (-7 +4)=3,¢c=-T7+4 =
= —28.

NMPUKNAA 3 Ckiazits KBazpaTHe PIBHAHHSA 3 HiIUMU KoedimicHTa-

5. 9) 6—2\/? 3 6+2\/?.

MU, KOPEeHI AKOro JOpiBHIOIOTE: 1) 4 i —

7 2
Poszé’asanna
1) Hexat x, = 41 x =—§. Tomi x, + x =4—§=2—,
1 2 7 1 2 7 7
5 20
ww, = 4:(-F) ==,
3a Teopemolo, obepHeHOw Ao Teopemu Biera, umcna x, i x, € Ko-
peHAMHM DiBHAHHA x> — —27§x - 2779 = 0. ITomHOXUBIIN 00HBI Yac-

THHHM ObOr0 PiBHAHHA HA 7, OTPUMYEMO KBajparTHe PiBHAHHSA
3 iauMu KoediuieaTamu:
Tx? — 23x — 20 = 0.

2)Hexaﬁxl=6—2ﬁix2=6+2ﬁ.Top;ixl+x2=6_2ﬁ+6+2ﬁ:6’
_6-1 6+1 _36-7_29
TR TR

Orxe, x, 1 X, € KOPeHAMY DiBHAHHS x* —6x+g42 =0. 3sigcm

HIYKAHUM € PiBHAHHA 4x° — 24x + 29 = 0.

NPUKNAL 4 Bigomo, mo x, i x, — KopeHi piBHAHHA 2x*—3x—-9=0.
He po3B’asyioun piBHAHHS, 3HAWAITL 3HAYECHHS BUDPA3Y:
1) =+ 2) %2+ 2.
X2 X
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§ 6. KBagpatHi piBHAHHA

Poszé’asanna. 3a reopemoro Biera x, +x, = g, XX, = —%.
Toxi maemo:
1 | RS 3 9 1
1 ——+—=~—1——2-=—:(——)=-—;
) X, X X4 %y 2 2 3
: 9 4
2) x2+x2 = (x; +x,)° - 2x,x, =(—) _2.(—_)=Z+9=T'

: i9p: 1) L. o) 40
Bidnosgidv: 1) 3} 2) 1

NMPUKNAL 5 Yucno 4 € xopeHem piBHaHHA 3x° — 10x + n = 0.
3HaAUMITh APYruil KOPiHb PiBHAHHA 1 3HAYEHHSA 1.

Pozé’asanns. Hexaii x| i x, — KOpPEeHi AaHOI'O PiBHAHHSA, IPUIOMY
x, = 4. 3a Teopemolo Biera

10 10 2 8
?, x2 =——4=—§, n=xlx2 =—§.

3
n=-38
’ 3°

X, +x, =

Bidnosgidv: x, = —

WD

NPUKNAL 6 CxkrnaziTe KBajpaTHe piBHAHHS, KOpeHi skoro Ha 4
OiybIri 3a BiAUOBiAHI KOpeHi piBHAHHSA xX*+6x—-14=0.
Poszé’asannsa. Hexat x, 1 X, — KOpeHi JaHOrO DiBHAHHA, x;
i X, — KOpeHi IIyKaHOro piBHAHHSA.
3a ymoBOW X; =X, +4, X, =x,+4.
3a Teopemoio Biera I o -6, XX, = -14.
Toxi maemo:
Xj+x,=x,+4+x, +4=(x; +x,)+8=-6+8=2;
X2, = (%, +4) (x, +4) = x,x, +4 (%, + x,) +16 =
=-14 +4-(—6) + 16 = —-22.
Orixe, 3a TeopeMoi0, 0O0epHEHOIO 10 TeopeMu Biera, HIYKaHUM €
piBHAHHEA x° — 2x — 22 = 0.
Bidnosgiov: x* — 2x — 22 = 0.

NPUKNAJL 7 Tlpu Axux 3HAUEHHAX IapaMeTpa a cyMa KBaJpariB
KOpeHiB piBHAHHA Xx° + ax + a = 0 ngopiBHIOE 3?

Pozeé’szanns. Hexait x| i X, — KOpPeHi IaHOrO PiBHAHHA. 3a yMO- .
BOIO X; + X, =3, T06TO (X, + x,)* — 2x x, = 3. BacTocOBYI0UN TEODeE-
my Biera, mosxua sanucarm: (—a)’ — 2a = 3; a’ — 2a — 3 = 0. 3igcu
a =—1 a6o a = 3.

.3nasanocs 0, po3B’sa3yBaHHsa 3aBepiieHe. IIpore Teopema Biera
«Ipampe» JUIIe AJA TUX KBaJAPAaTHUX PIBHAHB, AKI MAlOTH KOpPEHi.
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34. Teopema Bieta

A 3ajaHe KBaJpaTHE DIBHAHHSA MAa€ KOPEHI He HNPHU BCiX 3HAUEHHAX
napaMeTpa a. IcCHyBaHHSA KOPeHiB BU3HAUYAE€ThCsA yMOBOIO D =2 0; nns
nasoro piBagEEA D = a® — 4a. Orxe, 3HaliNeni sHauerEa a =—-1ia =3
MAaIOTh 3aM0BOILHATH HepiBHICTE a” — 4a > 0. JIerko BCTAHOBUTH, 1[0
HiIXOOUTh TiNbKU a@ = —1.

Bionosgidv: a = —1.

o
s 1. ChopmymroiiTe Teopemy Biera.

2. ChopmysroitTe Hacaizgok 3 Teopemu Biera.

3. ChopmynioiiTe TeopeMy, o0epHeHy A0 Teopemu Biera.

4. ChopmyoiiTe HACTIIOK 3 TEOPeMH, 00epHEeHO1 1o Teopemu Biera.

J

34.1," He posB’sizyroun piBHAHHA, 3HAWAITH cymMy # H0OYyTOK HOro

KOPEeHiB:

1) x* + 6x — 32 = 0; 3) 2x* - 6x + 3 =0;

2) x2 - 10x +4 = 0; 4) 10x* + 42x + 25 = 0.
34.2." He posp’sidyi0oum piBHAHHSA, 3HAWAITHL cyMy # JOOYTOK HOro

KOPEHiB:

1) x* — 12x — 18 = 0; 3) 8x*+ Tx + 2 =0;

2) x>+ 2x -9 =0; 4) —4x* — 8x + 27 = 0.

34.3.° Kopucrymouuchk Teopemoo, obepHeHon x0 Teopemu Biera,
3’sAAcyiTe, YA € KOPeHAMU PiBHAHHSA:
1) x* — 8x + 12 = 0 yucna 2 i 6;
2) x* + x — 56 = 0 uncaa —7 i 8;
3) x* — 13x + 42 = 0 uncna 51 8;
4) x* — 20x — 99 = 0 unena 9 i 11.

34.4.° Buaiigite koedinientn b i ¢ piBasHHEA x° + bx + ¢ = 0, AKIO
MO0 KOPEeHAMHU € YHcJia:
1) 81 6; 2)41b.

34.5.° BuaiigiTe KoedimienTn b i ¢ piBEaAHHA x° + bx + ¢ = 0, AKIIO
MOro KOpeHAMHU € YHucJa: :
1)—210,5; 2):—10.1=20.

34.6.° CknazgiTe KBaZjpaTHe PiBHAHHA 3 HiJUMM KoedinieHTaMH, KO-
PEHi IKOTr0 JOPiBHIOIOTH:
1) 21i5; 3) 0,21 -10; 5) 01 6;

2) —liz- 4) 223 i 2++/3; 6) =T i 7.

34.7.° CRJIam'rb KBaJipaTHe PiBHAHHA 3 HiJIUMHA xoednmen'ramn KO-
PeHi AKOro JOPiBHIOIOTEH:

1)-7i-8; 2)5i-0,4; 3)%i§;' 4) 5-10 i 5++10.
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§ 6. KBagpaTtHi piBHAHHA

34.8.° Yncno —2 € xopeHeM piBHAHHA x° — 8x + ¢ = 0. 3maiigiTs
BHAUEHHS ¢ i Apyruil KOpiHb PiBHAHHA.

34.9.° Yucsno 7 € KopeHeM piBHAHHA x° + px — 42 = 0. BmaigiTe
3HAYEHHA p 1 APYyruil KOpiHb PiBHAHHA.

34.10.° Yucmno %— € KopeHeM piBHsAHHSA 6x° — bx + 4 = 0. BHaiaiTs

3Ha4YeHHA b 1 ApYyruil KOpiHb PiBHAHHA.

34.11.° Yucno —0,2 € xopeHem piBHaAHHA 4x” — 5,6x + m = 0. 3naii-
OiTh 3HAYEHHS M i APYruil KOPiHb PIBHAHHA.

34.12.° Bigomo, 110 X, 12X, — KOpeHi PiBHAHHS 2x% — Tx — 13 = 0.
He poss’sizyioum 1e piBHAHHSA, 3HAUAITH 3HAYEHHS BUpa3y
XX, —dx, —4x,,

34.13." Bigomo, mo x, i x, — KOpeHi pPiBHAHHA 5x* + 4x — 183 = 0.
He poss’sizyounm 1ie piBHAHHSA, 3HAWUJITH 3HAYEHHS BUPa3y
8x. %, — % =X

34.14.° Tlpu sixomy 3HaueHHi b KopeHi piBHaHHA x° + bx — 17 = 0
€ OPOTHJIEKHUMH ducjaaMu? SHAUAITH Il KOpeHi.

34.15.° BacrocoByoumn TeopeMy, obepHeHy a0 TeopemMu Biera, pos-
B’ SIKITH PIBHAHHA:

1) x> — 5x + 4 = 0; 4) x*+ 2x — 8 = 0;
2) x* + 5x + 4 = 0; 5) 2x* + bx + 83 = 0;
3) x* — 9x + 20 = 0; 6) —8x* — 19x + 27 = 0.

34.16." Kopucrymouuck TeopemMor, obepHeHOI a0 Teopemu Biera,
3HAWUJITh KOpPeHi PiBHAHHA:

1) x> -~ 4x -5 =0; 4)x*—x—-2=0;
2) x> +4x — 5= 0; 5) x* — 3x — 18 = 0;
3) 2x* — 5x + 3 = 0; 6) 16x® — 23x + 7 = 0.

34.17.° fIki 3 jaHuX PiBHAHB MAIOTh /IBA AOJATHUX KOPEHi, AKi — JBa
Bil’€eMHUX, a sIKi — KOPEeHi pPi3HUX 3HAKIiB:

1) x* - 12x + 14 = 0; 4) x> + 16x — 10 = 0;
2) x*+ 6x +2=0; 5) x* — 24x + 0,1 = 0;
3) x> — 7Tx — 30 = 0; 6) x> + 20x + 3 = 0?

34.18." OnuH 3 KopeHiB piBHAHEA x° — 10x + ¢ = 0 Ha 8 MeHmMiA Bij
Apyroro. 3HaUAITh 3HAUYEHHS ¢ 1 KOpeHi piBHAHHA.

34.19." Kopeni piBasuua x> + 20x + a = 0 BigHocaTsca ax 7 : 3.
3HAUAITh 3HAYEHHA @ 1 KOpeHi piBHAHHSA.

34.20." Kopeni x, i x, piBHAHHSA x° — 7Tx + m = 0 3aJOBOJABHAIOTH
yMOBY 2x, — 5x, = 28. 3HaiiJiTh KOPEHi PiBHAHHS i 3HAYEHHHA M.

34.21." Kopeni x, i x, piBHAHHA x* + 4x + n = 0 3aJJOBOJNILHAIOTH
yMoBy 3x, — x, = 8. 3HaUAITh KOPEHi PIBHAHHSA i 3HAYEHHA 1.
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34.22." Bifomo, mpo x, i x, — KopeHi piBHaHHA x° — 9x + 6 = 0. He
pPO3B’A3YI0UM PiBHAHHS, 3HAWAITH 3HAUEHHS BUPA3Y:

1 j 108 L ¢ 3 3
1) ;—l-+x—2, 3) (2, ='2.)" ) G e e
2) x2+x2 4) ‘i) + 0,2

44.23." Bigomo, mio X, 1 x, — KOpeHi PiBHAHHSA x>+ 5x — 16 = 0. He
PO3B’A3YI0UYM PIBHAHHSA, 3HAWAITH 3HAYEHHSA BUPA3y:
1) xix, +x0xs 2) % + %; )il e |

1 2

34.24." CkaaniTe KBaJpaTHe PiBHAHHA, KOPEHI SKOro Ha 2 MeHMIIi Bij
BiZimOBiIHMX KOpeHiB piBHAHHA x° + 8x — 3 = 0.

34.25." CkinaziTe KBaZpaTHe PiBHAHHA, KOPeH1 AKoro Ha 3 Oiibiii 3a
BiZimoBifHI Kopeni piBHaAHHA x* — 12x + 4 = 0.

34.26." CkinaziTe KBajipaTHe PiBHAHHSA, KOPEHI SKOro y 3 pa3u MeH-
mi Bijg BiAmoBiZHMX KopeHiB piBHsHHA 2x° — 14x + 9 = 0.

34.27. CrnazniTes KBajgpaTHe PIBHAHHSA, KOPeHi AKOro y 2)pasu 0ijib-
mri 3a BigmoBizHI KopeHi piBHaAHEA 2x° — 15x + 4 = 0. j

34.28." Cyma kBazpariB KopeHiB piBHanHA 3x* + ax — 7 = 0 popis-

46 g
HIOE 9" 3HaAWAITH, 3HAYEHHHA 4.

34.29.” Kopeni x, i x, piBHAHHA x* — ax + 8 = (0 3aHOBONBLHAIOTH
, Bana ok b Lo
YyMOBY —-+ —% = >, 3HalAiTh 3HAYECHHSA d.
Kg i
34.30.” Yu € nmpaBMILHUAM TBED/KEHHSA:
1) piBaanHa Tx° + 4x — a® — 1 = 0 Mae KopeHi pisHUX 3HAKIB IIpU
Oyab-AKOMY 3HAYEHHIi @;
2) akmo piBEAHHA x° + 6x + a® + 4 = 0 Mae KopeHi, TO BOHM

Big emui?
34.31." 3maiaits yei misi daHaveHHA b, Ipu AKUX Mae 1ijgi KopeHi
PiBHAHHSA:
1) x* + bx + 6 = 0; 2) x* + bx — 12 = 0.
34.32." BmakzgiTe yei mini 3HadYeHHs b, IpM AKUX Mae Iiji KopeHi
PiBHAHHA: v
1) x* + bx + 8 = 0; 2) x* + bx — 18 = 0.

34.33." Kopeni pipasanas x> + bx + ¢ = 0 gOpiBHIOIOTH HOro KO-
edpimierram b i ¢. 3HaigiTs b i c.

34.34."” Ilpu AKuUX 3HAYEHHAX ITapaMeTpa @ CyMa KOPeHiB PiBHAHHSA
x® + (a® + 2a — 3) x + a = 0 gopiBHIOE HyII0O?

34.35." Ilpu akux 3HAUEHHSAX IapaMeTpa a Ao0yTOK KOPeHiB PiBHIH-
HA x° + (a + 2) x + a®* — 4a = 0 popiBHIOE 57
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§ 6. KBagpaTtHi piBHAHHA

34.36." Ilpu AsKUX 3HAYEHHAX NIApaMeTpa d PisHUIlA KOPEeHIB PiBHAH-
Ha 2x° — (a + 1) x + a — 1 = 0 gopisHIOE iX KOGYTKY?

34.37.” IIpu AxuX 3HAYEHHAX TapaMeTpa @ KOpeHi piBHAHHESA x° — 5x +
+ a = 0 Ha 1 Menmi Bij KopeHiB piBHAHHEA x° — Tx + 3a — 6 = 0?

34.38." Ilpu AKuX 3HAYEHHAX MMapaMeTpa ¢ MOAYJib PI3HUII KOPEeHiB
piBHAHHA X° — ax + 2a = 0 gopiBHIoE 3?

34.39.” Ilpu AKUX 3HAUYEHHAX IapaMeTpa a cyMa KBaJpaTiB KOPEeHiB
piBHAHHA x° — 4x + a = 0 gopisHioe: 1) 12; 2) 62

34.40.” Ilpu AKX 3HAUEHHAX IapaMeTpa ¢ cyMa KBajpaTiB KOpPeHiB
piBasHEA x° + (a — 1) x — 2a = 0 gopiBHIOE 9?

34.41.” Ilpu AKuUX 3HAYEHHAX TapaMeTpa @ cyMa KBaJpaTiB KOpeHiB
piBEaHHEA x° + 2ax — 3 = 0 e HaiimeHIIOW0?

34.42." Tlpu Aaxux 3HAYEHHAX NapaMeTpa a cyMa KBaJpaTiB KOPeHiB
piBHaHEA X° + ax + a® — 2 = 0 e Haiibinpmo0?

u KsappatHui Tpuuner

Osznavennn KBagparTHHM TPpHYJIEHOM HA3UMBATh MHO-
TOWJIeH BHIY ax’* + bx + ¢, ne x — 3minnEa, a, bic — napaMeTpH,
npuuomy a # 0.

HaBepemMo npukjgazy MHOPOYJIEHIB, AKI € KBajpaTHUMMU TpUUJIe-
HaMH:
2x% — 8x + 5; x* + Tx; x* — 5; 3x%.
3a3HAYMMO, IO JiBa YACTHHA KBAAPATHOTO DIBHAHHA ax’ + bx +
+ ¢ = 0 € KBaAPATHUM TPUUJIECHOM.

Osnavennsa KopeHeM KBaJApaTHOIro TPpUYJEeHA HA3H-
BalOTh 3HAYEHHHA 3MiHHOI, IPH AKOMY 3HAYeHHS KBAJAPaTHOIO TpHUJe-
Ha JOPIiBHIOE HYJIIO.

Harnpuxiaz, 9ucyo 2 € KopeHeM KBaJpaTHOrO TpudieHa x° — 6x + 8.

II1o6 3HAWTH KOPeHi KBagpaTHOro TpUUJIeHa ax” + bx + ¢, Tpeba
pO3B’sA3aTH BiANOBiZHe KBazpaTHEe piBEHAHHA ax’ + bx + ¢ = 0.

Yueno D = b® — 4ac Ha3WBAOTH THCKPMMIHAHTOM KBAaJPATHOIO
Tpuunena ax® + bx + c.

Arxmio D < 0, To KBajgpaTHUU TPUUYJIEH KOpPeHIB He Mae. AKmio
D = 0, To XBaZipaTHUM TPUUJIEH MA€ OOUH KOPiHb, AKIo D > 0 — 10
JBa KOpEHi.

PoarjisEeMo KBajApaTHH TpuuieH x° — 3x + 2. PoskaageMo ioro
HA MHOXXHUKH METOJOM I'DYIIYBAHHS.
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35. KBagpatHu TpuyneH

Maemo:
¢ -3x+2=x*-x-2x+2=x(x-1D)-2@x-1)=(@x-1)(x - 2).
[Ipo Taxe TOTOKHE IIEPETBOPEHHA KAXKYTh, 110 KBaAPATHUHA TPUIJIEH
v“ — 3x + 2 poskjazeHo Ha JiHiHEI MHOxHMKE x — 1 i x — 2.
3B’A30K Mi’K KOpPeHAMH KBaJApPaTHOIO TPUYJIEHA Ta JIHIMHUMM
MHOXHHUKaMH, HA AKi BiH PO3KJIAJAEThCA, YCTAHOBIIIOE TAKA TEOpPeMa.

Teopema 35.1. Axwo duckpuminanm Keadpamnozo mpuirena
ax® + bx + ¢ dodamuuil, mo danuil MPULLEH MONCHA POIKAACMU
Ha NIHIEHL MHONCHUKW:

ax*+bx +c=a(x-x)(x—x,),
de x, i x, — KOpeHi K6a0pammnozo mpuinLenda.

Hosedernnsn. OcrinbKu Ymcsaa X, i X, € KOPeHAMH KBaJ(PaTHOTO

: : b
piBusEHA ax” + bx + ¢ = 0, 10 3a Teopemoiw Biera X5 X5t =
a

xX,x, = Togia (x — x)) (x — x,) =

b

L2
a
a (x* (xl+x2)x+x1x2)=a(x2+;

x+£)=ax2+bx+c. A
a

Teopewma 35.2. Axuo Ouckpuminanm Ke6adpammnozo mpuiiena
ax’ + bx + ¢ dopienioe YN0, MO 1020 POIKNAD HA MHONCHUKU MAE
6uznao:

b 2
ax2+bx+c=a(x+——) 3
2a :

Hosedennsn. Y naHoMy KBaJpaTHOMY TPHUYJIEHI BUAIIUMO KBajgpar

ABOYJIEHA!
. ; i
ax2+bx+c=a(x2+—x+£)=a ¥r-x+t—S+-—-—5|=

a a a 4a® a 4a

2 2 2
b) dac-b ( b) D
= +—| +——— +—] - |.
a((x 2a 4a2 ) ( * 2a 4a2}
b

g 2
Tenep 3poaymiJo, mo xoma D = 0, To ax2+bx+c=a(x+§-£) . A

Teopema 35.3. Axwo OJuckpuminanm Keadpamnozo mpuiiena
ax® + bx + ¢ 610’ emnuil, mo aHUL MPUUNEH He MONCHA POIKAACTU
HA NIHIUHL MHOWCHUKUW.

Jloeedenns. TlpunyctuMo, 1o KBaApaTHUI TpuuwieH ax’ + bx + ¢
MOKHA PO3KJIACTH HA JIHIHHI MHOKHUKH, To6TO ax’ + bx + ¢ = a (x —
—m) (x — n). Togi m i n — KOpeHi JaHOTrO KBaAPaTHOIO TPUUJIEHA.
Or:xe, HOro AMCKPUMIHAHT HeBijg’€MHMII, IO cymepeuuTsh yMoBi. A&
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§ 6. KBagparHi piBHAHHSA

Teopema 35.4. Axwo duckpuminanm Keadpamnozo mpuiiena
ax’ + bx + ¢ 6i0’emnuii, mo npu 6cix x 3HAYEHHA YbO20 MPUULNLEHA
mawoms mou camuil 3HaK, wo i wucno a, moébmo:

axwo a > 0, mo ax® + bx + ¢ > 0 npu écix x;

axwo a < 0, mo ax® + bx + ¢ < 0 npu écix x.

2
Hosedernna. Maemo: ax2+bx+c=a((x+i) —-——D—). Axrmgo

2a 4a’
D b D
D <0, 70 ~—=>0. Tom (x + ——) —— >0 npu Bcix x. Orxe, 3HAK
4a 2a 4a
B D
noOyTKY a [(x + 5‘-1-) - 4—2) 3aJIeXKUTH TLABKM BiJl 3HAKaA 4YHUCJIa a. A
a

MPUKNAL 1 PoskaaziTe Ha MHOMKHHUKYU KBaJApPATHUMN TPUYJIEH:
1) x* — 14x — 32; 2) —x®>+ 17x — 30; 3) 3x*> - Tx + 2.
Po3zé’szanns
1) 3HaiiieMo KOpeHi [aHOoro Tpu4jaeHa:
x*—-14x - 32 = 0;
Xy ==2; Xu=/16,
Omoxe, x> — 14x — 32 = (x + 2) (x — 16).
2) Maewmo:
~x2 4+ 17x — 30 = 0;
x*—17x + 30 = 0;
X7 2y %, = 19,
Omxe, —x° + 17x — 30 = —(x — 2) (x — 15).
3) Posp’axemo piBEarHA 3x° — Tx + 2 = 0. Maemo:

1
X = 3 x, = 2.
Tonai 3x2—7x+2=3(x—%)(x—2)=(3x—1)(x—2).

NMPUKNAL 2 Po3ss’skiTh HEPiBHICTH:

1) —2x* + 8x — 3 < 0; 2) Jx (x*-2x+3)>0.
Posé’aszanus

1) OckinbKM AUCKPUMIHAHT i cTapmui KoediumieHT KBaApaTHOIO
rpuastena —2x° + 3x — 3 Big’emnui, To maHWi TpuuieH HabyBae
Bi/i’éeMHUX 3HAYeHb HpH Bcix x. OTiKe, MHOXHMHOIO DPO3B’A3KiB
naHoi HepiBHOCTI € MHOKUHA R.

Bionogios: R.

2) OCKiJBKM AUCKPUMIHAHT KBAJPATHOTO TpHUYJeHA x° — 2x + 3
Big’emMHU, a crapmuil Koe(dimieHT fOZaTHUM, TO x*-2x+3>0
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35. KBagpatHum TpuyneH

npu Bcix x. Toai 3agaHa HepiBHICTHL PiIBHOCHUJIBbHA HEPiBHOCTI

Jx > 0. 3Biacu x > 0.
Bidnosidv: (0; +e0).

- . I LA |
NPUKNAL 3 Ckoporits apib S T T
: 7 T
Posé’sasanns. Po3KkaageMo HA MHOMKHUKM KBAJAPATHUN TPUUYJIEH,

JIKUI € YUCeJBHUKOM JaHOIr'o Apody:

6a°—a-1=0;
1 1
al——g; 02=§,
3 il 1 _l)= ( _1_). ( _1)= !
6a“-a-1 6(a+3)(a 5 3a+3 2la 3 Ba+1)(2a-1).

Toxai maemo:
6a’ —a-1_(@Ba+1)(2a-1) _2a-1
9a*-1 (Ba+1)(Ba-1) 3a-1" .

2a -1

Bio [0b: 1
idnoeidv T

NPUKNAA 4 Ilpu axomy 3HaYeHHi m PO3KJIAJ] HA MHOMKHUKH TPUUJIe-
na 2x* + 9x + m micTurh MHOXKHEK (x + 5)?

Pose’sa3annsa. OCKiIbKYA PO3KJIAJ JAHOTO TPUYJIEHA HA MHOYKHUKH
Ma€ MICTHTH MHOXKHHK (X + 5), TO OJAMH 3 KOPEHIB IbOr0 TpUYJIEHA
IOPiBHIOE —5H.

Toxi maemo: :

2:(-5)°+9:(-5) + m = 0;
m = —9.
Bidnogidv: m = —5.

NPUKNAL 5 PoskiaaitTe Ha MHOXKHUKH MHOTOYJIEH
2x* + xy — 6y°.
Poszé’azanns. PosriisHeMO JaHUP MHOTOYJEH AK KBaJApaTHUM
TPUWIEH 31 3MiHHOIO X, BBasKai4u y nmapaMerpom. 3HaijgeMo HOro
KOpeHi.

-y+ Ty
r=—2"-2yv 8>\
—y £y® +48y* 2 4 X ='§y,

2x° + xy —6y* =0; x = i ;

=—-———y—7y' x=-2y.
x 1.0 Y

3sigcn 2x* + xy — 6y* = 2 (x + 2y) (x - 229-) = (x + 2y) (2x — 3y).
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§ 6. KragpaTHi piBHAHHA |

NPUKNAL 6 Ilpu axux 3HaYeHHSAX ITapaMeTpa d HepiBHICTb ax®—2x +
+ 8 > 0 BUKOHYETHCHA IPH BCixX x?

Posé’szanns. Akmo a = 0, To 3agaHa HepiBHicTL HaOyBa€ BUIIIA-
ay —2x + 3 > 0. MHOXUHOIO PO3B’A3KiB Iliel HEPIBHOCTI He € MHO-
)xuHa R.

Axmoro a # 0, To niBa yacTHHA 3a/1aHOI HEPIBHOCTI — KBaJApaTHUMN
TpuuieH. I11o6 Bin HabyBaB JojaTHUX 3Ha4YEeHB IIPU BCiX X, HOTro AuC-
KpuMiHAHT Ma€ O0yTH Big 'eMHHM, a cTapiIni KoedinieHT — qogaTHUM.
Tomy miyxkaHi 3HAYeHHs IapaMeTpa @ € pPO3B’A3KaMH CHCTEMH

@20, Bpinen a > 1
AL pag ol he 3!
Bidnosgidv: a > %

? 1. Axuit MHOroO4JIeH HasuBalOTh KBaJAPATHUM TPUUJIEHOM ?

i IIlo HazuBawOTHh KOPEHEM KBaJpPaTHOrO TpUdJjeHa?

3. Illo Ha3uBaOTH AUCKPUMIHAHTOM KBaJAPATHOTO TpUUYIeHA?

4.V skxoMy BUIAQJKy KBaJpaTHUI TPUUJIEH HEe Mae KOpeHiB? mae
0JIUH KOpPiHb? Mae JBa KOpeHi?

5.V AxoMy BUNAAKy KBaJApPaTHUN TPUUJIEH MOKHA PO3KJACTH HA
JiHIAHI MHOMKHUKU?

6. 3a axow0 (hopmMyJiOI0 KBaJPaTHUN TPUYJIEH MOXKHaA DPO3KJIACTH
Ha JiHiHI MHOXKHUKHA?

7.Y AKOMY BHIAAKY KBaJAPATHUN TPUYJIEH HE MOYKHA PO3KJIACTHU
Ha JiHIMHI MHOKHUKHA?

8. flxux 3HaueHh HaOyBa€ KBaJpaTHUM TPUYJIEH 3 BiJi’€MHHUM JUC-
KpuMiHauTom?

35.1.° PosknaaiTe Ha JiHIAHI MHOMKHUKY KBAaJPATHUU TPUUJIEH:
)x2-Tx+12; 5)—x+x+2; 9) —é—bz-%b+l;

2) x* + 8x + 15; 6) 6x° — bx — 1; 10) -2x* - 0,5x + 1,5;
3) x* - 8x—10; 7)4x*+ 3x-22; 11)0,4x* - 2x + 2,5;
4) —x*-5x—-6; 8)-3a*+8a+3; 12)-1,2m*+ 2,6m — 1.
345.2.7 PosknazgiTe HA JIiHIMHI MHOXHUKY KBaJPATHUA TPUIJIEH:
1) x* —8x - 18; 4) 5x° + 8x — 4; 7 —-ixz—2x-—3;
2) x*+5x—-14; 5)2a*-8a+1; 8)0,8m®>-3m + 17,5;
8)—x*+8x+4; 6)4b*-11b-3; 9)-0,5x* + x + 1,5.
35.3.° Ckoporits Api6:
1) 3x-15 2) x2 - Tx+12, 3 x? +4x
x* 2x—20" x> -38x x> +2x -8’
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35. KBagpatHun TpuyneH

20 B s 2 _
4) 24a 9 ; 6 c; bc 6; 8) & 162;
2a° -9a -18 (e 4 S 32-4x-x

2 3 . 2
5) 2b2—7b+3; 7) 2m -1 : 9 4n -9n+§.
4b° - 4b + 1 m° +9m -10 2+9n-5n
35.4." Croporirts api6:
2 2
1 22:c+12 ; 3) 4x :x—3; 5) a2+5a+4;
x“+3x-18 x“ -1 a“—a-20
2) x®+9x+14, 4 2y° +3y -5 6)3+20b—7b2
2 4+7x R o h2 —6b—-1
35.5." Po3B’s3kiTh HepiBHICTS:
x*+x+1>0; 3) (2x — 1) (2x* — 3x + 5) < 0;
2) —x*+x—-1<0; 4) Jx -1 (-5x% +8x -5) > 0.
35.6." Po3B’aAKiTh HEpiBHICTB:
1) 7x* - 9x + 3 > 0;
2) -5y + 11y — 11 < 0;
3) (2x + 3) (3x* — 8x + 6) > 0;
4)|x+1|(4x*-5x+2)<0.
35.7." 3maiaiTe obsacTs BU3HAYEHHS (DYHKIIL:
1)y=\/x2—3x+4_ 2) y = 1
x+2 J5x? —dx +1

35.8.° Ilpu sxomy 3HaueHHI napamerpa b poskJiaj Ha JiHINHI MHOMX-
HUKH TPHYJICHA:
1) 2x* — 5x + b micTures MHOKHEUK (x — 3);
2) —4x® + bx + 2 micTuTe MHOXKHEK (x + 1);
3) 3x® — 4x + b micTuTh MHOKHUK (3x — 2)?
35.9.° IIpu sxoMy 3HAYEHHI mapamMeTpa @ pO3KJaj, Ha JiHIHHI MHOMK-
HUKH TpUYJIEHA:
1) 2x* — Tx + a micTuTe MHOKHUK (x — 4);
2) 4x* — ax + 6 micTure MEOKEHEUK (2x + 1)?
35.10." CupocriTs Bupas:
9a® - 4 ..a-2 X a-1 .
2> -5a+2 8a+2 1-2a’

B2 -b \22+30+1. b2-1)
3 c+2 2¢ Lt +3c .
) TRy S : 22
c“-c-6 ¢“-6¢c+9/ (2c-6)
3 2m 4m — 6 4m - 16
4 + + . :
)(m—4 m+1 m,2—3m—4) 2m -3
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§ 6. KBagpaTtHi piBHAHHA

35.11.° TosexniTh, 110 NPH BCIX AONMYCTUMHX 3HAYEHHAX @ 3HAYEHHS
BUPA3y He 34JIe’KUTh BiJi 3HAYEHHS 3MiHHOI:
1) 25;:2 36 .5a+6  9a-8,
10a* -9a+2 5a-2 1-2a
2a 1 4 2a +1
4l (a+3+a—1—a2+2a—3): a+38"’
35.12." Ilobyayitre rpadik GyHKII:

x> -6x+5. _3x%-10x+3 x%>-4
s Y 2)y5 x-3 ST
35.13. Tlobyayiire rpadik GyHKIiI:
x°-2x—-8. Cxt-x-2 x*-2-80
LRy -4 ’ A PR T
35.14." PoskiaziTh Ha MHOMKHUKHU MHOI'OYJIEH:
1) x* - 6xy + by% 3) 3m* — 8mn — 3n?
2) a® + bab — 36b%; 4) 4x* - bxy + y°.
35.15.7 PosknafiTh HAa MHOMKHUKY MHOTOYJIEH:
1) a® — 14ab + 40b% 2) 12b* + be — 6¢2.
35.16.” Cxoporits apib:
2a” + ab—-15b% | 2) 6x® —13xy - 5y°
~2a® + 9ab —10b°’ 12x% - 5xy — 3y?
35.17.7 Ckoporits apio:
3n® + mn — 4m* y 2) 12u® —4ut — 5t°

8m? +18mn + 9n®’ —5t% + 21ut — 184>

35.18." 306pas3iTe HAa KOOPAMHATHIN IJIONIMHI MHOKHUHY TOYOK, KO-
OpAMHATHA AKHUX (X; y) 3a/[0BOJIBHAIOTH PiBHICTE:
1)8x* —6xy + y*=0;- 2)4x* —4xy—-3y*—2x+ Ty—2=0.

35.19.” Jliis KOKHOI'0 3HAUEHHSA IapaMeTpa a po3B’sKiTh PIBHAHHA:
1)(@-a-6)x=a*>-9; 2)@-8a+ 7 x=2a"—-13a-T.

35.20.7 Ilna KoKHOTO 3HAUEHHA IIapaMeTpa ¢ po3B’sKiTh PIBHAHHA
(@®*+ Ta — 8) x = a® + 16a + 64.

35.21." Ilpu axux 3HaAYEeHHAX IIapaMeTpa d HepPiBHICTh BUKOHYETHCH
IIpu BCIX X:

)(@-1)x*-x+2>0; 2)ax*-2a-1)x+a+1<0?

35.22." Oaun 3 KopeHis piBHAHHA X' — abx + a® = 0 6inemnit, Hix 2.
Hosenits, mpo | b | > 64.

35.23." Poss’skirs pisasaas x° — (V2 +1) x? +2=0.
35.24." PosB’sikiTh piBHAHHEA x* — 2 V3x2+x+3-+3=0.
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EE Po3s'nzyBaHHs pPiBHAHD,
AKI 3BOAATHCA [0 KBAAPATHUX PIBHAHD

2
NMPUKNAL 1 Poss’sxkiTh piBHAHHS xx t (2;x = 5i iés :

Posé’a3zanns. Jlane piBHIHHA PIBHOCHJIbHE CHCTEMI
x% +2x = 5x +18,
x—6=0,

3Biacu
X% 6
x = -3;
x =6,
x #6:
x =-3.

{x2—3x—18=0,

Bionosios: —3.

; : 5 4 1
NPUKNAAL Po3B’sAKiTh PIiBHAHHA - = .
% B iy ) R RN I

Posé’sazannsa. Maemo:
i 4 I L e
x-2° (x-2(x+2) x+2
5(r+2)-4@-2)-@-2° _,
(x-2°%(x+2) i
Orixe, faHe PIBHAHH#A PiBHOCUJIbHE CUCTEMi
5(x+2)-4(x-2)-(x—-2)% =0,
x# 2,
x #—2.

5x+10-4x+8-x2+4x-4=0,

3Biacu X £
X # -2
x="T,
x2-5x-14=0, {lix=—2,
T-F 2, X ¥ 2,
x # =2 | x # —2;

Bidnosidw: 7.



§ 6. KBagpaTtHi piBHAHHA

NPUKNAA 3 [l1s KOKHOrO 3HaYeHHS NapamMeTpa a po3s’siTh pis-
HAHHA
3 5a

x+a-1 (x+a-1D(x+1)°

(x+a-1)(x+1)-3(x+1)—5a
(x+a-1)(x+1)

x+a-1)(x+1)-3(x+1)—-5a =0,
HOCHUJIBLHE cucremi {x #1—a, 3Bincm
x # —1.

Po3g’a3aHHs.

= (. Ile piBHAHHA PiB-

x*+x(@-3)-4a-4=0,
x#1-a,
ok N

KBapparHe piBHAHHSA CUCTEMHU Ma€ ABa KOPEHi: X 4, X, =<0= i ¢
I1i 3rauenHs 3MiHHOI OyAyTh KOPEHAMH 3aJaHOTO PIBHAHHSA TIIBKH
IpHU BUKOHAHHI TAKUX YyMOB: X, # 1 —a, x # -1, x, # 1=-a, X, # =1
OueBunHO, 110 yMOBH 4 # —1 1 —a — 1 # 1 — @ BUKOHYIOThCH 3aBKIH.

Axmpo x, = 1—-a, 06704 =1-a, Toa =-3. Orke, npu a = —3

KOpiHb X, € cTOpoHHIM. Pasom 3 TuM i @ = —3 OTPUMYEMO X, =
=-a—-1=2,ix,= 2 e KOpeHeM 3a/JaHOTO PiBHAHHS.
Ao e -1, 70610 —@ — 1 = -1, To a = 0. Orxe, npu a = 0

KOpiHb X, € CTOPOHHIM, a ;= 4 € KOpeHeM.

3amnireMo OTPUMaHI pe3yabTaTy Y BiAIIOBiAb.
Bionogios: axmo a =-3, Tox = 2; axkmo a =0, Tox = 4; sxmo a # 0
ia#-3,Tox=4abox=-a-—1.

NPUKNAL 4 Smaiixite yci 3HaueHHA nmapameTpa b, NpU AKUX- PiB-
x?=(8b-1) x +2b* -2
x*=3x-4
Poszé’a3annsa. 3ajane piBHAHHS PiBHOCUJIbHE CHCTEMi
x2-Bb-1)x+202-2=0,

x # 4,
x #-1.

HAHHSA = (0 mae oguH KOpiHb-

Po3B’A3aBIyM KBaApaTHE DIBHAHHSA CUCTEMHU, OTPUMYEMO X, = 2b — 2,
S

CnouaTKy posrJIsiHEeMO BUNANOK, KOJW KBaJpaTHE PiBHAHHSA CHUC-

TeMU Mae eAMHUN KopiHb. [lna nsoro tpeba, mob x, = x,, TOGTO

2
2b -2 =b+ 1. 3sigeu b = 3. Ilpore npu b =3 x, = x, = 4, T06TO
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36. Po3B'A3yBaHHsA PIBHAHb, fKi 3BOAATLCA A0 KBAAPATHUX PIBHAHb

KBaJpaTHEe PIiBHAHHA Ma€ €IUHHUNA KOPiHB, ajie BiH He HAJIEKHUTHL 00-
JIaCTi BUBHAUEHHS 3aJaHOTO DIBHAHHI.

Tenep po3rjissHEeMO BUMIAN0K, KOJU KOPEeHI KBaJApaTHOTO PiBHAHHS
cucreMHu € pisaumu. g roro mob x, i x, Oyau KOPeHAMU 3aaHOTO
PIBHAHHA, MAIOTh BUKOHYBATHUCSH Taki ymoBu: x, # 4, x, # —1, x, # 4,
x, # —1. Tomy, mo06 po3s’si30k OyB €AMHUM, 3HANAEMO BUMOIH, 3a
mmx 3aJMIIAETHCSA JIAIIE OJUH KOleb B oOJsiacTi BUBHAUEHHS 3aja-
HOr'O PiBHAHHS:

x, =4, ¥, =—1, x, = 4, Xy =—1,
1) 1x, # 4, 2) {x, # 4, 3) {x, #4, 4) {x, # 4,
x, # -1, E i x, #-1 x, #-1.

Jlerko BuneBHHUTHCA (IIepeKoHalTeCsd B IIbOMY CAMOCTIMHO), IO
repuia i TpeTs CHCTeMH PO3B’sI3KiB HEe MalOTh, a 3 APyroi i yerseproi

BiIMMOBiTHO OoTpUMy€EMO b = %, b=-2.

Bionogidv: b =% abo b = 2.

36.1.° Poan’fmci'rb pPiBHAHHSA:

x2+8x-4 x2-6x  15-2x
X Tox—a _ £ = 0;
1) x+1 0; 5) x—3 x-3 P
o iRt L 9 5x +18
2) ———M==0; = x;
) 1-x 6) x—-2
2
x“-14 5x 6
= 3 +1=—;
8) x+2 x+2 Ca x
2
o +4x_9x+50=0; 8) 5_%___l§
x—-5 x-5 x
36.2." PosB’sokiTh DiBHAHHA:
2 2
-b5x -6 x“+12x bx-12
1) £=%-8 - X Lio;
) x—6 - 0 %) x+4 x+4
dx* =x =2 x2—3x_ .
2) x—-2 =0; 9) x+6 __6’
2x°+6 _ 13x | 2-38y o
8) x+8 x+8° D y—4 =75
2
4dx 5x + 56
4) X + S : ___1
) x+7 x+7 8y Y G
36.3." Po3B’axiTh piBHAHHA:
2 2
x°-9 3x° +x
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§ 6. KBagpaTtHi piBHAHHA

2

x? —10x+25 x°+2x-38

36.4.° Po3B’s1okiTh DiBHAHHA:

QRS 2 2

1) X 29:)c 10=0; 2) x2+5x 1400
x° -1 x“—-6x+8
36.5.° Po3B’sokiTh piBHAHHA:

2y 3y +3 ox +2 _ 4x+13
1 = : 3 = 5
) y-3 Y ) x -1 x+T

S8x+4 _2x-9 2x° —8x +1
2 = s K Rl P e G > PN 1
) x-3 x+1 4) x-1 Swoa

36.6.° 3HaiigiTe KOpeHi PiBHAHHA:

2x-13 _x+6 3x% —4x - 20
1 o : 2 =
) x—6 X ) x+2 s

36.7.° 3uaiiiTh KOpeHi piBHAHHSA:

-1 x 8 6 3 x-12
D=4 = . oy (LB O 10T A o
Vs b gy T N ey

-1 x+1 2x+18 x x+T7 _63-5x
2 x + = ; = »
)x+3 *-8 x%lig 6) x+7+x—-7 x2-49°
PSR (e s 7 4 b - LH 1)

% 2 -Br x=8 x2-10x+25 x+56 x2-25

4x 4 x 291 5

¥ +4x +4 Yroxcx’

36.8.° PosB’sKiTh piBHaHHH:
x x+2 16
-+ —
b X+ 2 sea2 ) xtidg
2y+3 y+1 d
= + 0.
) Sy+2 2y-2 PP,
3x R g,
x®-10x+25 x°-b5x
x—20 10 5
1) 5 S o %
x“4+10x x°-100 x°-10x
36.9.° Ilpu sxoMy 3HAYeHHI 3MiHHOI:
24

1) cyma apobiB i L JIOpiBHIOE 3;
x—=2 x+2
36

2) 3HaYeHHA APOOY t—z Ha Z Oiybine 3a 3HAYEHHSA APOOY —20?

’

3)

1.
x’

36.10." Ilpu axomMy 3HaAYeHHI 3MiHHOI:

1) spauenHa Apoby % Ha % MeHIle BiJ{ 3HaYeHHs APOOy — 30

2) 3HaYeHHA APOOy 2x_0 Ha 9 Oinblie 3a 8HAYEHHHA APOOY P ?
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36. PO3B'A3yBaHHA PiBHAHb, AKi 3BOAATHCA [0 KBaAPATHNX PIBHSAHb

16.11." Po3B’s1okiTh piBHAHHSA:

I)2x—10_|_ 4 oo S 3) 4r-6 x - 14 d
P MR I SO e x+2 x+1 x%2+38x+2’
2) 6 +5—2x_ 3ili: 4) - R £ 2

x*-4x+3 x-1 x-3’ x>-4 x*+x-6 x’+5x+6
46.12." Posp’soxiTh piBHAHHA:
2
93x+2 +x3+39___ 5 ; 2) % +x+1___ : 8 ;
x“+2x+4 x°-8 x-2 x=1 x+8 x*+2x—38
36.13.” Poss’siokiTh piBHSIHHS:
2¢x-1  3x-1 _ x-T
1 L
) x+1+x+2 x-1

1)

+ 4;

2) x’+4x+4 2x+6 _x*+x+1_ 2x+9,
x+4 x+2 x+1 x+3’
3) x—1_x—2=x—4_x—5
x+2 x+3 x+5 x+6°
36.14.” Posp’saxiTh piBHAHHSA:
1) x+4+x—4=x+8+x—8;
*x-1 x+1 x-2 x+2
x-1 x-2 _ x-3 x-4,
24+1 "x+2 . 2+3 " x+4"
)x2+2x+2 x* +8x+20 _x"+4x+6  x*+6x+12

2)

x+1 cx+4 x+2 x+3
36.15." s KOKHOTO 3HAYEHHSA ITapaMeTpa @ Po3B’SKiTh PiBHAHHS:
ol 2l
1)x 8x+7=0; 3)x (3a+2)x+6a=0'
X¥—a £=6
2 .zx;a ='(p
x“-8x+7
36.16.” [lia KoKHOro 3HAYEHHS ITapaMeTpa @ PO3B’syKiTh PIBHAHHSA:
1y ot o)
l)i-i- 2 _ 3 2a; 4) x __a 2=4a2 2az;
2a x-2 2(x-2) x+a x-a x“—-a
x 2a 8a® 2a® + x* 2x 1
2) T T g ) Y e v S =0.
. X—-—a x+a x"-a QX ax+a t+x xX—-a
1 Ra=1"i e A

3) £ L
" x+2 x*-2¢x+4 x*+8’
36.17." [Insa koXHOTO 3HAYEHHA IapaMeTpa @ PO3B’sSKiTh PiBHAHHSA:

x+2 2x—-a-1, x2—(2a+1)x+a+a2_ $
1)a+1_ X2l %) x(x-2) i

x2+(3a+1)x+2a+2a2_ ! (a-2)x _a+2 2¢2 +a+1
2 (x-1)(x+2) Ee A a-1 l_a—l a=Dx '
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§ 6. KBagpaTtHi piBHAHHA

36.18.” Ilpu AKUX 3HAYEHHAX apaMeTpa @ Ma€ OfAUH KOPiHb PiBHAHHSA:

2 2
1) x ;(ixl+5=0; . 3) X —(a-l\-/4)x2+3a+3=0?
x_

% 2 2
2) x (3a+21)x+2a +3a -2 = 0;
X' =62 +6
36.19.” IIpu Aaxkux 3HAYEHHAX IAPAMETPA @ MA€ OJNH KOPiHb DiBHAHHS:

v 2 L
1 SRl R gyl argall e
x+3 Jx+1
2 — —_
2) x°+(3 22a)x+4a 10=0;
x"—4x+ 3

¥ B Po3B'A3yBaHHA PiBHAHD METOAOM 3aMiHW 3MIHHOT

MPUKNAA 1 Posp’sxiTe piBEARHEA x' — 18x% + 36 = 0.
Po36’azanns. osuauumo x* = t. Toxi x* = t*. OrpumyeMo KBaj-
paTHe PiBHAHHSA 31 3MIHHOIO f:
t* — 13t + 36 = 0.
Po3B’si3youm 1e piBHAHHA, 3HAXO0JAUMO: ti= 4, A 9. OckinpKu
t = x°, To po3B’sA3YBAHHA 3aJaHOTO PiBHAHHSA B3BOAUTHCH IO
PO3B’SI3yBAHHA CYKYITHOCTI:

x2 =4,
x2 =9,
3Bigcn x, = -2, x, = 2 Xy =TS 3
Bidnosidv: —2; 2; —3; 3.

Osunavennn Piusuna supy ax’ + bx®> + ¢ = 0, ge x — 3minna,
a, b i c — mapamerpu, npuaomy a # 0, HazuBawTE 0iKBaXpPaATHHUM
PiBHAHHAM.

Baminoio x° = t GikBazpaTHe PiBHAHHS 3BOAUTHCH A0 KBAJADPATHO-
ro piBaaEHEA at’ + bt + ¢ = 0. Taxwuii croci6 pos3s’A3yBaHHA PiBHAHB
Ha3UBaKOTh METOJAO0M 3aMiHM 3MIHHOI.

MeTron 3aMiHM 3MiHHOI MOKHa BUKOPHUCTOBYBATH HE TiJILKU IIPH
po3B’si3yBaHHI OiKBaJpaTHUX PiBHAHB. '

NMPUKNAL 2 Posp’axirTs piBEaaEa (2x — 1)* + (2 — 1)° — 2 = 0.
Po3é’szanns. 3podbumo saminy (2x — 1)* = t. Toxi faHe piBHAHHSA
3BOAUTHCA J0 KBAJAPATHOI'O DiBHAHHSA
t?+t—-2=0.
3pigcn t, = -2, ¢, = 1.
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37. Po3B’3yBaHH$A PIBHAHb METOAOM 3aMiHW 3MIHHOT

Tenep Tpeba po3B’A3aTH TaKy CYKYIHICTH

2x-1)°% =-2,
(2x -1 =1.
[lepine piBHAHHA CYKYIHOCTI KOPEHIiB He Ma€. 3 APyroro piBHAH-
1151 OTPEMYEMO:
2x-1=-1,
2x-1=1.

3Bigcu x, = 0, X i I
Bidnosiow: 0; 1.

NPUKNAL 3 Poss’saxire piBHaHHEA 6x + 5 Jx+1=0.

Posé’sazanns. Hexait Vx =t. Toxi x = t*. Maemo: 6¢* + 5t + 1 =0.
: 1 1

3Bigcn t, = -3 t, = i
OTpuMyeEMO TaKy CYKYIHICTE:

=t
Ve =-3,
Jx=-1,

2
OckinbKU \/; 2 0, TO A CYKYIHICTH PO3B’A3KIiB He Mae€, a OTKe,
i 3a1laHe PIBHSAHHSA KOPEHIB He Mae.
Bidnoeidb: KOpeHiB HEMaE.

2 - -
NMPUKNAL 4 Poss’sxire piBHAHES > 3x—6 _ : B T
x x“-3x-6
2 — —
Po3zs’szannsa. Hexai L il . e t. Toxi 8x WAg . . Orpi-

2 -3x-6 t
MY€EMO pPiBHAHHSA -—-?— = -2, siKe PiBHOCHJIbHE CHUCTeMi
£242%-8=0,
g
3Biacu b= 2

Tenep po3B’sisyBaHHA 3aJaHOT0 PIBHAHHS 3BOAUTHCH 0 PO3B’ -
3yBaHHS CYKYIHOCTI IBOX PiBHAHBL:

2

x —3x—6=_4’
x

x2-38x-6

- =2.
%

Po3B’AKiTh 1[I0 CYKYIIHICTh CAMOCTIHHO.
Bidnosidv: —3; —1; 2; 6.
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§ 6. KBagpaTtHi piBHAHHA

NPUKNAL § Pose’sxiTh piBHAHHS
(2x® + 3x — 1) - 10x* - 15x + 9 = 0.

Posé’sazanns. 3anuineMo e piBHAHHA TakK:
2x*+3x—-1)*—-10x* - 15x + 5+ 4 = 0;
2x*+3x-1-5@2x*+38x—-1)+4=0.

Hexait 2x* +3x —1=¢t. Togi t* — 5t + 4 = 0.

3Bigcu s 1,1, = 4.

- Orxe, 2x2 +3x -1 =1 a60o 2x* + 3x — 1 = 4.
PoaB’a3aBmu 11i ABa KBaJpaTHUX PiBHAHHSA, AiCTAHEMO BiITIOBiJb.

Bidnogidv: —2; %; 58 Ls

2 ’
NPUKNAAL ‘67.1 Posp’sikiTe piBHAHHA (x — 1) x (x + 1) (x + 2) = 24.

Pozé’szanns. Ilpu posB’sidyBaHHI piBHSIHB Takoro BuAy Tpeba
BHAWTH «BHUTIAHUI» CIIOCIO rpynyBaHHA MHOMKHHUKIB. ¥ IbOMY HPH-
Kaani Bin Oyze TakuMm: ((x — 1) (x + 2)) (x (x + 1)) = 24.

Maemo: (x° + x — 2) (x* + x) = 24. 3po6umo 3aminy: x> + x = t.
Tomi t (t — 2) = 24; t* — 2t — 24 = 0; t, = —4, t, = 6. OrpuMyemo:
l:xz +x = —4,

x%+x=6.
Bidnosgidv: —3; 2.

Y uspoMy INpHUKJIAAI BUKOPUCTOBYBAJIaCcA 3aMiHa 3MiHHOI, AKa 3a-
CTOCOBHA [0 PiBHAHBb BUAY

(x+a)(x+b)(x+e)(x+d)=TF,
pea+d=»b+c.
Ile piBHAHHA MOXKHA 3allMCATH TAK:

%+ (a+d) x+ad)(x*+ (b +c)x+be)=f
i gami spobuTH 3aminy x° + (a + d) x = t.

NPUKNAL 7 Poss’sxirts piBasamna x' — 8x® + 15x° + 4x — 2 = 0.
Poszé’szannsa. Buginumo B JIiBifi yacTUHi PIBHAHHSA KBaJApaT JBO-
qiIeHa:
x'—-8x*+16x2 - x>+ 4x -2 =0;
(x*-4x) - (x*-4x)-2=0.
3pobuBmu 3aMiny x> — 4x = t, OTPUMY€EMO PiBHAHHA t° — f — 2 = 0.

, t=2 |x*-4x=2,
3Bincu
t=-1 | x®—4x =-1.

Bidnosids: 2+/6; 2-6; 2+3;2-3.
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37. Po3B'si3yBaHHA PIBHAHb METOAOM 3aMiHW 3MiHHO]

NPUKNAL 8 PosB’skiTh piBHAHHSA
(2x* - 8x + 1) (2x* + 5x + 1) = 9x°,

Pos3é’a3anna. 3a ZOIOMOI0I0 IepeBipKU JIErKO IIepeKOHATHUCH, 10
uncsio 0 He € KopeHeM AaHOrO piBHAHHA. Toxai, moxinuBIIM 00MABI
YNCTHHY SAHOTO PIBHAHHSA Ha X°, MepeiffleMo A0 PiBHOCHJIBHOTO PiB-
O HHSA

2x® -3x+1 2x*+5x+1 _ g
x x :

3Bincu (2x -3+ l) (2x + 5+ l) =
X X

3pobumo 3aminy: 2x + % -3=t Tomit(t+8)=9,ssigknt =1,
t, =-9.
3 ypaxyBaHHAM 3aMiHH OTPUMYEMO ABa PiBHAHHA:
1) 2x+1-8=1; 2) 2x+1-8=-9.
x X

IIpormoryeMO po3B’A3aTH Ii PIBHAHHA CAMOCTIMHO.
242 22 ~3-AlT ) “8+:T
R e N AN
PosrisayTe piBHAHHA Ma€e BUJ
(ax® + bx + ¢) (ax® + dx + ¢) = kx’.
Axmo ¢ # 0, To BOHO piBHOCUJIbHE PiBHAHHIO

Bionogidb:

(ax oy b) (ax P d) =k, nna po3B’sA3YyBaHHA AKOT0 MOXXHa CKO-
x x

: c
pucTaTucda 3aM1HOKW ax +— = 1.
x

NPUKNALA 9 Posp’sxkirs piBEaHHEA T (x 0 %) -2 (x2 + -1—2) =9,
X
1 1\? 1
Posé’szanns. Hexait x + =5 Toni (x + ;) =t x*+2+ = =17
po o
x® + iz =t? - 2.
X
Maemo:

Tt—-2@*-2)=09;
22 - Tt +5=0.

i o 5
3Bigcu ¢, = 1, t2—§. .
Orixe, x+—1-=1 abo x+l=§.
’ x o

IIporioHyeMO pPO3B’sA3aTH IIi PIBHAHHA CaAMOCTiHO.
! g 1
Bidnosgiov: 57 2.
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§ 6. KBagpatHi piBHAHHA

Merox, 3a HOIMOMOTOI0 AKOrO PO3B’si3aHe Iie PiBHAHHSA, 3aCTO-
COBHUH 10 piBHAHB Buay ax' + bx® + cx* + bx + a = 0, a # 0.
V npomy piBHAHHI KoedimierTn ogHOouneHiB ax’ i a, bx® i bx piBHi.
Take piBHAHHA HA3UBAIOTH 3BOPOTHHM PiBHAHHAM 4YEeTBEPTOro CTe-

nensa. BoHO piBHOCHIIbHE PiBHAHHIO ax® +bx +c + L + % = 0. 3Bigcu
x ' %
a (x2 + iz) +b (x + ;lc-) + ¢ =0. Iaji 3acToCOBYEMO 3aMiHy X + % =t.
X

MPUKNAL 10 Poss’soxirs piBaannsa x' — 3x® — 8x* + 12x + 16 = 0.

Pose’azanns. OueBunno, mo gucao 0 He € KOpeHeM JaHOI'o piB-
usaasa. Toxi, posainuBmn 06UABI YaCTHHM PIBHAHHSA HA X°, OTPUMAaE-
MO PiBHSIHHS, PIBHOCHJIbHE 3aJaHOMY:

x?—3x-8+12 l(Zi=0;
X X
g (x—i"-)—8=o.
G X
Hexaii x—%=t. Tonix2+%=t2+8. Beigcn t* + 8 — 3t — 8 = 0;
x
4
t =0, et | Y TSR
t (t — 8) = 0; [ Hani | % ¥
. t=3. vo4_ o |2x*-3¢-4=0.
X

Bidnosgidv: —2; 2; —1; 4.

PiBHsAHHSA, po3B’AsaHe B npukiani 10, € piBHAHHEAM BUAY ax' +
+ bx® + ex® + kbx + k’a = 0. Vloro HasuBaoTh y3arajbHeHHM 3BO-
POTHHM PIiBHAHHAM YETBEpPTOro cremeHs. BoHO 3BOAUTHCA N0 KBaj-

» . k
paTHOro PIBHSAHHS 3a JOIIOMOIOI0 3aMlHM X + — = 1.
x

NMPUKNAL 11 Poss’saxiTe piBHAHHA
(x* — 2x + 2)® + 3x (x® — 2x + 2) = 10x°

Posg’asanns. BUKOHABIIN IIePEeBipKY, MOYKHA IIepeKOHATUCH, III0

gucJio 0 He € KopeHeM AaHOro piBHAHHA. ToAi piBHAHHA
(x* - 2 + 2"  8(*-2x+2) _
% x

OTpEMaHe B pe3yJabTaTi JAijeHHA 000X YaCTHH 3aJaHOI0 PiBHAHHA
Ha x°, piBHOCHJIbHE JaHOMY.

x2-2x+2
%

={ NPUBOAUTH A0 KBAAPATHOTO PiBHAHHSA

2 +3t—-10=0.

3amiga
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37. Po3B'A3yBaHHsA PiBHAHb METOAOM 3aMiHW 3MIHHOI

3aBepIIiTs pO3B’A3yBAHHA CAMOCTIWHO.
Bidnosgide: 2 - «/E; 2+ \/§; i (s

SIKIIO B POSTVIAHYTOMY PiBHSHHI 3pobuTu saminm x° — 2x + 2 = u,

X = v, TO OTPUMAEMO:
u® + 3uv — 10v* = 0.

Yci ogHOYIEHM B JIiBid YaCTHHI OO PiBHAHHA MAOTh OHAKOBHI
CTeliHb, a ¥oro mpaBa 4YacTHHAa AOPiBHIOE HYJ0. Take piBHAHHA Ha-
3UBAIOTH OMHOPIAHMM PIBHAHHSAM JPYroro CTeneHs BiJIHOCHO u i v.

Il #10oro po3B’A3aHHS CIIOYATKY Tpeba IepeBipuTH, AKi po3B’A3KHU
piBHAEHEA U = 0 € KOPEeHAMHU 3aJJaHOTO PiBHAHHA.

ITpu v # 0 3asaHe PiBHAHHSA PiBHOCUJILHE TAKOMY:

2
(ﬁ) —3-‘5—10 = 0.

(/)

. . u
I[aJIl 3aMlHa — =1 CTa€ OYEeBUAHOIO.
(4

NMPUKNAL 12 Posp’sxiTe piBHAHHEA (X + 1)* + (x + 5)* = 32.
=14 (=0)
2
x+1=t-2,x+ 5=1t+ 2, a 3agane piBHAHHA HaOyBae BUTIIALY
(t—-2)"+ (¢t + 2)* = 32.

ITicnsa migHEeceHHS 0 CTeNeHs 1 3BeAeHHSA IOAIOHUX HONaHKIB
orpuMyeMo piBHaAHHS t' + 24t = 0. 3Bigcu t = 0, a omxe, x = —3.
Bidnogids: —3.

Poszg’azanns. Hexait ¢t =x— , To0TOo ¥ = t — 3. Toxi

V pieusmHi Bugy (x — a)! + (x — b)' = ¢ samina ¢ =x - %" b sas-
JKAU IIPUBOAMTH A0 OIKBaZpaTHOrO PiBHAHHSA BiHOCHO .
2x 3x 5

NPUKN 13 Posp’asxiTh piBHAHHA + — =12
AR = ®-4x+2 xP+x+2 4

Po3zé’azanuna. Ockinbru uncyo 0 He € KOpeHeM JaHOIO PiBHAHHIA,
TO, MOAIJIMBIINA YMUCEJbHUK i 3HAMEHHHK KOXXKHOI0 3 ApobiB JiiBoi
YACTHHU PIBHAHHA HA X, OTPUMYEMOQ DiBHAHHS, PiBHOCUJIBLHE 3aja-
HOMY:

AR N SE
2 2 4

oA T = )
x x

3pobumMo 3aMiHy: X +% =. Toni

=12 o [P+2-12=0, [t=4,
4t-9e+1) 7 |¢-4)@¢+1)=#0; |t=3.

2 Ch ) Ry
t—4+t+1+4"0’

265



§ 6. KBagparHi piBHSIHHA

2

x+==-4 S
P lx“+4x+2=0,
Maewmo: e [2
x+%=3; x*-3x+2=0.

Bidnogidv: —2 + \/E; -2 - \/5; 12

glesliis
(x + 9)*
Po3sé’szannsa. Buginumo KBaipaT pi3HUIL B JIiBiil YaCTUHI PIBHAHHS:
2 2 2
2 18x Tk 81x ) 18x = 40:
X+ i+ 2+ 9

NPUKNAL 14 Poss’sxiTe piBHAHHA x° +

2 2
9x 18x° _ A,
(x x+9) +x+9_40’
x? )2 18x2 )
(x+9 +x+9—40°
2
Hexaii x’i 5 =1t Toni 2 4+ 18t — 40 = 0, 3Bigxu t = —20 a6o t = 2.
x2
Moeno: | 258 2 [#*+20x+180=0,
x? i x2-2x-18=0.
x+9 \

Bionosgiov: 1+ \/1_9; 1- \/E

Moske BUHUKHYTH 3allUTAHHA: YOMY B npukaagax 1-14 mpu pos-
B’sI3yBaHHI PiBHAHb MU He IIpoOYBaJU CIPOCTUTH 1X 3a JOIIOMOI'0I0
TOTOKHUX NEePEeTBOPEHb?

Cnpasa B TOMY, II[0 BUKOPUCTAHHS TOTOXKHUX II€PETBOPEHB IIPHU-
BeJo 6 70 HeoOXigHOCTI po3B’A3yBaTH PiBHAHHA BHAY ax' + bx® +
+ cx® + dx + e = 0 (Bu MOXKeTe IEPEeKOHATHCSH B IIbOMY CAMOCTIHO).
IIpu a # 0 Take piBHAHHA HA3UBAIOTH PIBHAHHAM YeTBEpPTOro creme-
HA, npru a = 01 b # 0 — piBHAHEEAM TpeThOoro crenens. OKpeMum
BUZOM Hboro piBHAHHA npu b = 0 i d = 0 € 6ikBagpaTHe PiBHAHHA.

¥ 3araJibHOMY BUNIAZKY JJIs PO3B’I3yBaHHA PiBHAHB TPETHOI'O i UeT-
BEPTOro CTeNneHiB HeoOXiZHO 3HATH (POPMYyIH 3HAXOMKEHHS IX KO-
peHiB. 3 icTopi€io BiAKPUTTA IUX (hOPMYJI BU MOKETe 03HAMOMUTHUCH
B ONOBiZIaHHI IMicaA IBOr0 MYHKTY.

37.1.° Po3B’aiTh PiBHAHHA:
1) x* - 5x>+ 4 =0; 3) x* —8x*-9=0;
2) x* — 5x* + 6 = 0; 4) x* + 14x* - 32 = 0;

266



37. Po3B'A3yBaHHA PIBHAHb METOAOM 3aMiHU 3MiHHO|

5) 4x* — 9x* + 2 = 0; 6) 3x* + 8x* — 3 = 0.
47.2.° Po3B’siokiTh DiBHAHHSA:

1) x* - 29x* + 100 = 0; 4) x* + 3x* - 70 = 0;

2) x* — 9x* + 20 = 0; 5) 9x* — 10x* + 1 = 0;

3) x* — 2x% — 24 = 0; 6) 2x* — 5x%* + 2 = 0.

37.3.° Po3B’s1aKiTh DIBHAHHA:
1) (x+3)-8(x+37°-4=0;
2) 2x + 1)' - 10 (2x + 1)* + 9 = 0;
3)(6x-T7)'+4(6x—-T7°+8=0;
4) (x—4)+2(x—-4*-8=0.
47.4.° Po3p’aAxiTh PIBHAHHA:
1) (8x — 1)* — 20 (8x — 1)’ + 64 = 0;
2) (2x + 3)* — 24 (2x + 3)* — 25 = 0.
37.5.° Po3B’siKiTh PiBHAHHSA:
1) x-3Jx+2=0; 3) 8Jx +x+T7=0;
2) x—VJx-12=0; 4) 8x-10Vx +3=0.
37.6." Po3B’sxKiTh piBHAHHA:
1) x-6Jx+8=0; 2) x-5Jx-50=0; 3) 2x-3Vx+1=0.
37.7.° Po3B’axiTh PiBHAHHSA, BUKOPUCTOBYIOUM METOJ 3aMiHU 3MiH-
HOI:
1) (x> -2 -8@x*-2)+ 7=0;
2) (x* + 5x)> — 2 (x* + 5x) — 24 = 0;
3)(x*-3x+1)(x*—-3x+3)=3;
4) (x* + 2x + 2) (x* + 2x — 4) = -5.
37.8.° Po3B’akiTh PiBHAHHSA, BAKOPUCTOBYIOYM METOJ 3aMiH¥ 3MiHHOI:
2y =1N Bi@r=1) s A L Wy BN |
1)( x ) WS il R & x+1+3x—1—3§'
37.9.° PosB’skiTh piBHAHHA:

1) (x% - 6x)* + (x* — 6x) — 56 = 0; 3) ' 4 -5=0
’ (x-27° x-2 ’

2 2 — @Q. x+4 x-3_3
2) (x° + 8x + 3) (x* + 8x + 5) = 63; 4)35_:3 PET R

37.10.° Po3B’siskiTh PIBHAHHA:

2 2 2

1y LX¥ %z -x+2___1; 4) 3" —9x _ 12 =8
)xz—x+1 x2-x-2 ) 2 x?-38x

2) x2+2x+1+x2+2x+2=1. 5) 1 Ay fader el
x> +2c+2 x*+2x+3 6’ x(x+2) (@x+1)? 12°
2

3)M=4+2x+x2;

x“+2x+3
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§ 6. KBagparHi piBHAIHHA

37.11." Poss’sokiTs piBHAHHA:

1 2 6
1 + = y
)x2—2x+2 x2-2x+83 x*-2x+4
24 15
2) — - =2
x“+2x-8 x“+2x-3
3 2
3) ——=3-x—x%
)1+x+x2 ]
2
) 2 2x%2 +2x-6
6 8
)

u+nu+m+u—nu+@'L

37.12.° Po3B’si>kiTh PiBHAHHA:

1) (8x® — 3x + 1)* = 32x° — 12x + 1;

2)(x*-bx+ T)(x—2)(x—3)=2.
37.18.° Po3B’saxiTh piBHAHHA:

)(x*+x+1)P%-3x>-8x—-1=0;

2) (x* - 5x) (x + 3) (x — 8) + 108 = 0.
37.14.° Po3B’siokiTh piBHAHHA:

1)(x—4)(x—5)(x —6) (x— T7) = 1680;

2) x (x + 3) (x + 5) (x + 8) = 100.
37.15." Po3s’skiTh DIBHAHHS:

1)(x—4)(x+ 2) (x + 8) (x + 14) = 1204;

2)(x+3)(x+ 1) (x + 5) (x + 7) =-16.
37.16.” PosB’skiTh piBHAHHSA!

1) x* + 8x® + 10x* — 24x + 5 = 0;

2) x* + 4x° — 10x* — 28x — 15 = 0;

3) 10x% (x — 2)* = 9 (2% + (x — 2)%).
37.17.” Poa3p’stskiTh pIBHAHHSA:

1) (2x* — 5x + 2) (2x* + Tx + 2) = —20x%

2) (x + 2) (x + 3) (x + 8) (x + 12) = 4%
37.18." Poss’siokiTh piBHAHHSA:

1) 4 (x + 5) (x + 6) (x + 10) (x + 12) — 3x* = 0;

2) (x — 4) (x + 5) (x + 10) (x — 2) = 18x°.
37.19.” Poss’sskiTh piBHAHHSA:

1) 4% +12x+ 124 24 —y7;
X x

3_£)=£ aid,

2)2(':: BT a8

3) 12x2+;—2+1o(2x+3ix)+11=o;
3x
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37. Po3B'A3yBaHHs PiBHAHb METOAOM 3aMiHW 3MiIHHOI

% (x=1% 2,
(2-x+1)> 9’
5) x* — 2x® — 18x* — 6x + 9 = 0.
47.20.” Po3B’axXiTh DIBHAHHA:

1) 3x2+5x+§+—35=16;

3) (x> +1)* _ 625,
x(x+1)? 112°

2) x2 +@_11—2(——§); 4) 4x* — 8% + 8% — 8x + 4 = 0.
X 5 2 X

37.21." Po3B’sKiTh PiBHAHHA:
1) 2 (x* + x + 1) —7(x—1)2—13(x3—1);

) —5(“2) +48% 1 -,

x-1

X =
37.22." Posp’axiTh piBHSHHS:
Dx*+5x2(x+1)=6(x + 1)%
(x?-38x+1P2+3@x—-1)(x*-38x+1)=4(x - 1)%
37.23." Po3B’sokiTh PIBHAHHA:

=

1) (x + 3)' + (x + 1) = 16; 2) x* + (x — 1) = 97.
37.24." Posp’skiTh piBHAHHA:
1)(x—-2)'+(x—-3)=1; 2) (x — 6)* + (x — 4)" = 82.
37.25." PoaB’sokiTh PiBHAHHA:
4x 3x : 22 —8x+1 2x g
2 4x2—8x+7+4x2-10x'+7—1’ 3) x +x2—2x+1-2'
2) x®-10x +15 _ 4x

®-6x+15 x*-12x+15"
37.26." Posp’sakiTh piBHAHHA:

1) 3x ¥ 22.:: =§; % +5x+4+x -—x+4 13 _
x“+1-4x x*+1+x 8 x2-Tx+4 =x*+x+4 3
2) 2x & 3x =Z;

x2-2x+5 x*+2x+5 8
37.27." Po3B’sXKiTh PIBHAHHS:

1 x2+(xfl)2=8; 3) (xfl)2+(xil)2=90;
2) x +( T 1)2 =2; 4) x2+(52+5;‘;2 =104
37.28." Posp’ H?Kl;TI: PiBHSHHA: )
1) x2+(xf»1) o 9 JC2+(x4:c2)2 F
2 2
y (2 +(553) - 9
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§ 6. KBagpatHi piBHAHHA

Taemua 36poa Cuumiona daxs ®eppo

Bu 1erko poss’sipkeTe KOXKHE 3 TAKUX PIBHAHB TPETHOI'O CTEIEeHS:
-8=0,x*+x>=0,2>-x=0.

Vei BOHE € OKpeMUMU BUAAMH PiBHAHHA ax’ + bx* + cx +d = 0,
ne x — 3MiHHA, a, b, ¢ i d — mapamerpu, npuuomy a # 0. Busectu
(hopmynry ioro KopeHiB — 3azaua ckjaagHa. Hemapma mosaBy 1iiel
(hopMysI BBasKaJjOTh 3HAYHUM MaTeMaTH4YHHM Biaxpurtam XVI cr.

Ilepmum BHHAWINIOB PO3B’sI3aHHSA PIBHAHHA BUILY x® + px = q, Be
p iq — popmatHi ymcaa, itamiiicbkuit Matematuk Counion ans @ep-
po (1465—-1526). 3uaitneny dopmy.Jiy BiH 36epiraB y cexperi. Ile 6yo
3YMOBJIEHO THM, II[O Kap’epa BYEHOTO TOTO Yacy 6araro B YOMY 3ajie-
JKaJia Bijy Oro BUCTYIIB y NyOJiYHUX MaTeMaTUYHUX TypHipax. ByJso
BUTiAHO 30epiraTé BiAKPUTTS B TAEMHUIII, pospaxonylotm BHUKOpUCTA-
TH IX AK «CeKpeTHY 30poio».

Ilicnsa cmepri dane Peppo #oro yuerb Piope, BOJIOAIIOUYN CEKPET-
HOIO (hopMYJI0I0, BUKJIMKAB HA MAaTEMATUUYHUNA ABOOIN TAJIAHOBUTOI'O
maremaTuka-camMmoyurky Hikkoso Tapranea (1499-1557). 3a kinbka
nHiB no TypHipy Tapranesa caM BHBIB (OpMyJly KOPEHIB PiBHSHHSA
TpeTboro crenens. Hucoyr, Ha sikomy Tapranbs 3700yB IepPEeKOHIH-
By nepemory, Bigoyscsa 20 mororo 1535 poky.

Yuepie cekperny ¢opmyary 0yJio ony0JiKoBaHO B KHHU3i BitoMmoro
iraniicexkoro BueHoro [»xeponamo Kapgano (1501-1576) «Benuke
MUCTEIITBO». ¥ Iilt poOOTI TAKOMK OIMMCAHO METOJ] PO3B’A3yBaHHSA PiB-
HAHHSA YEeTBEpPTOro cremneHs, Biakputuil Jlyaosiko Peppapi (1522-
1565).

Y XVII-XVIII cr. 3ycuyss 6ararbox MNPOBIIHAX MaTeMATHKIB
30CepeaUJINCS Ha MOIIYKY (hopMyIH [Jisd po3B’si3aHHA PiBHAHB I ATO-

- -

P T s

Hixxoxno _ Hrceponamo Hinve Xenpik
Tapmanvsa Kapdawno Aobeanb
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38. PaujioHanbHi PIBHAHHA K MaTeMaTUYHi MOAeni peanbHUX cuTyauin

10 crenens. OTPUMAHHIO Pe3yJIbTATY CIPUAIM PoOOTH iTamifichKoro
maremaTuka ITaomo Pyddini (1765—1822) i HOpBE3bKOro MaTeMaTH-
in Hinbca Xenpixka Abens (1802—-1829). Cam pesyssTaT BUSBUBCSH
iiyikom HecmomiBaHuM: OyJIO ZIOBEIEHO, IO He icHye (hopmynu, 3a
HIKOI0 MOYKHA BUPA3UTH KOPEeHi O0yb-AKOro piBHAHHA I’ ATOTO CTEIe-
I51 1 BUIE 4Yepe3d KoediieHTH PIBHAHHSA, BAUKOPHUCTOBYIOUH JIMIIIE
vorupu apudmernyHi Aii ra i foOyBaHHA KOpPEHH.

-

PauioHanbHi piBHAHHR
K MaTeMaTUYHi Moaieni peanbHUX CUTYaUin

Y nyHKTi 15 BM BiKe 03HAHOMUINCH 3 BUKOPUCTAHHAM palioHab-
HUX PIBHAHB AK MaTeMATUUYHUX MOJeJed peallbHHUX cuTyamii. Pos-
IVIAHEMO IIe KiJIbKa IIPUKJIALIB.

NPUKNAL 1 3 nyHKTY A BUiXaB BeJOCHUIIEAUCT, a Yyepesd 45 XB micas
IOT'O B TOMY cCaMOMYy HaIpAMKY BHiXaJjia BaHTa)KiBKa, AKa Ha3J[0T-
HaJia Bejocumegucra Ha Bigcrami 15 kM Big nyHxTy A. 3HAUAITH
IBUAKICTH BEJIOCUNECAUCTA 1 IMBUAKICTh BAHTAMKIBKY, AKIIO NIBUAKICTH
BaHTaXiBKM Ha 18 km/rox Oinbla 3a MIBUAKICTH BEJIOCHIIEIUCTA.
Poze’szanna. Hexa¥l mBUAKICTHL BeJIOCHUINEAUCTA HOPiBHIOE
X KM/TOJ, TOAL IMIBUAKICTH, BAHTAXXiBKHU cTaHOBUTE (x¥ + 18) KM/rox.

5 15 .
Besmocuneguer npoixkaykae 15 kM 3a — roji, a BaHTa)KiBka — 3a
x
15

rox. OckinbKy BaHTa)kiBKa mpoixasa 15 kM Ha 45 xB, TOOTO

x+18
Ha -3— roj, MIBAAINE, Hi’K BEJOCHUIIEIUCT, TO —lx—5 i 151 5 %
Maemo:
15_ 15 _3.
R K T
b5} 5 1

20x +360 — 20x - x* ~18x _ o

4x (x +18) i
x? +18x - 360 =0,
x # 0,
x £ —18;

x =12 abo x = —30.
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§ 6. KBagpaTtHi piBHAHHSA

Kopias —30 He 3a0BOJIbLHSE YMOBY 3aJadi.

Omxe, MBHAAKICTE BeJlocUneancTa AopiBHE 12 Km/rox, a mnnn-
KicTh BaHTaXiBKu ctaHOoBUTH 12 + 18 = 30 (xkm/roxn). :
Bionosidv: 12 xm/roa, 30 xm/rop.

NMPUKNAL 2 Opsa Gpuraza npamioBaja Ha peMOHTI goporu 7 ro,
IIicJis 4oro o Hei nmpuenHasacsa apyra 6purazga. Yepes 2 roj craissHol
poboTr peMOHT OyJI0 3aKiHYeHO. 32 CKiNTbKY NOJAUH MOKe BiIpeMOH-
TYBaTH AOPOry KOXKHA Opuraja, upaijioody cCaMOCTIHHO, AKIIO0 NepIii
1A OBOTO MOTpPiOHO Ha 4 rox Ginbimue, Hi) ApPyTrii?

Posze’sazanna. Hexai nepina Opurajsa Moke caMOCTiHHO BiIpeMOH-
TYBaTH AOPOTY 3a X I'OJ, TOAL APYrii Aas mboro nmorpibuo (x — 4) rox.

3a 1 rop mepma Opuraza peMOHTYE % YAaCTUHY JOPOTH, a Apyra —

= yactuHy jgoporu. Ilepmra 6puraza npamosana 9 roxg i Bigpe-

MOHTYBAaJa —z- Joporu, a apyra npaugioBana 2 roj i BiipeMoHTyBaJjia

BiAMOBiIHO 5 1 poporu. OcklIbKM B pesyabsTari Oyjia0 BiIpeMOHTO-
9 2
BaHO BCIO JIOpOTY, TO 5 + e d | B

Orpumane piBHAHHS Mae aBa KopeHi: x, = 12 i x, = 3. Jlpyrwuii
KOPiHb HEe 3aJI0BOJIbHAE YMOBY 3aJiaui, OCKiJIbKH TOAL Apyra Opurama
MaJsia 6 BigpemMoHTYyBaTH Aopory 3a 3 — 4 = —1 (rox), 1110 He Ma€ 3MicCTy.

Omxe, nepmra Opuraza Moske BipeMOHTyYBaTu gopory 3a 12 rop,
a apyra — 3a 8 roj.

Bidnosidv: 12 roa, 8 roa.

NMPUKNAL 3 Boxuwuii posund coui mictuB 120 r Bogu. Ilicas Toro
K 1o posunHy noxanu 10 r coui, ii KOHImeHTpaIia 30inpmnIacsa Ha
5 % . CKinbKM rpamiB coJii MiCTUB PO3YMH CHOYATKY?

Pozg’azanns. Hexait moyaTKoBHM po3uyuH MicTHB x T coui. Toxi

3 i d x
oro maca aopisaioBajga (x + 120) r, a maca coJii cTaHOBUJIA 2130
- x

YacTHUHY MacH BChoro posduuHy. Iliciig Toro AK A0 PO3YHHY AOAAJIH
10 r coui, ii maca B posumHi ckaana (x + 10) r, a maca po3unHy —

(x + 130) r. Tenep ciab CTAHOBUTH xthllé% YaCcTUHY PO3YUHY, IO
Ha 5 %, TOOTO Ha %, 6ispmre, HiX AT 3Bijcu MaemMo
x+10 x. 1

x+130 x+120 20°
2l



38. PauioHanbHi PIBHAHHA AK MaTeMaTuyHi MoAeni peanbHUX CUTyauin

Orpumane piBHAHHSA Mae ABa Koperi: x, = 30 i x, = —280, 3 axux
JIPYI'Mii KOPiHb He 3aJI0BOJILHSE YMOBY 3ajaui.

Orixe, po3duuH MicTuB criouaTky 30 r coui.
Bionosidwv: 30 r.

48.1." lepmmi 150 kM goporu 3 micra A 1o micra B aBToM06ijib 1Ipo-
iXxaB 3 MEeBHOI IMBUAKicTIO, a pemty 240 KM — i3 mBHAKICTIO HA
5 KM/roj 0inbmnIo0n. 3HaAUAITE NOYATKOBY HMIBUAKICTH aBTOMODINSA,
SIKIIO Ha BeCch ILIAX 3 micra A mo Mmicra B BiH BUTpPATHB 5 roj.

38.2." Ilepmumit moronukgictT mpoixkmxkae 90 kv Ha 18 XB mBuame
3a APyroro, OCKiJbKu ioro msBuakicrte Ha 10 KM/rox 6insma 3a
IIBUAKICTH APYroro MOTONUKJIiCTa. SHAHAITH INBUAKICTH KOMKHOTO
MOTOIMKJIICTA.

48.3." 3 oxHOrO MicTa B iHIIE, BiicTaHb MiXK AKuUMH JTopiBHIOE 240 KM,
BHIXaJau OZHOYAcHO aBTOOyc i aBTOMOOinNb. ABTOOYC pyxaBcs 3i
mBHAKiCcTIO HA 20 KM/Trof MEHINO, Hi’K aBTOMO0O1/Ib, i pubyB 10
IIYHKTY NpU3HaYeHHd Ha 1 roj nismime 3a aBToM00ijb. 3HAWAITH
INBUAKICTE aBTOMODINIA i MIBUAKICTE aBTOOyCA.

38.4." Iloisx samisHioBaBca Ha 10 xB. [I1o6 npubyTu Ha cTaHIliO IPU-
3HAYEeHHs BUYACHO, BiH 3a 80 kM Bij miel craHnii 301JbIIUB CBOIO
mBUAKiCTE HA 16 XM /rox. 3HaNAITH IOYATKOBY IIBUAKICTS I1013/14.

38.5." Is cena Bumnese B cesio SI6ryHeBe, BiAcTaHb MiXK AKUMH JOPiB-
HIOE 15 KM, BEpPIIHMK IIPOCKAKAaB 3 NEBHOIO HMIBUAKICTIO, a IOBEP-
TaBcA 31 MBHUAKICTIO HA 3 KM/rox OinbirIoio i BurpaTus Ha 15 xB
MeHIIe, HI’K Ha muisax 3 BumueBoro mno f6ayseBoro. 3HaiigiTh
II0YATKOBY IIBHAKICTH BepPIIHHUKA.

38.6." [lpykapka majyia 3a neBHUM uyac Haapykysatu 180 cTopiHOK.
IIpore BoHa BHKOHAaJIa I}0 pobOTYy Ha 5 roji paHime CTPOKy, OcC-
KiJIBKHY IpYKyBaJjia IIOrOAMHY Ha 3 CTOPiHKHM Oiyble, HiXK ILIaHy-
Basa. CKiJIBKM CTOPiHOK BOHA JAPYKYBAaJIa IMOTOAUHHU?

38.7.' Ilepmmit Hacoc mepexauye 90 m° Boam Ha 1 rox mBmame, HiXK
apyruit 100 M°. CKiJIbKY BOAY IIOTOJUHY IEPEKaYye KOKEH HACOC,
AKIO TepIInii ImepeKadye 3a OAUHY HA 5 M° BogM Gixbine, HiK
apyrui?

38.8. PobiTHUK MaB 3a meBHHU uyac BuroroButT:u 72 geraji. IIpore
LIOAHA BiH BUI'OTOBJIAB Ha 4 meraJi Oinblie, HidK IJaHyBaB, i 3a-
KiH4YMB poboTy Ha 3 aHiI paHime TepMmiHy. 3a CKiJIbKH JHIB BiH
BUKOHAB poboty?

38.9." Karep npoiimos 16 kM 3a Teuiewo piuku i 30 kM mporu Teuii,
BUTpaTUBINK Ha Bech miiAx 1 rox 30 xB. 3HAHAITE BJIACHY IIBU/J-
KiCTh KaTepa, IKII0 MIBUJAKICTE Tedii cTaHOBUTHL 1 KM/TOJ.
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§ 6. KBagpaTtHi piBHAHHA

38.10." YoBen npomsuB 15 KM 3a Teui€lo piuKM i MOBepHYBCA Ha3aj,
BUTPATUBIIKA Ha 3BOPOTHUM maax Ha 1 roxg Oinbire. 3HANUAITH
MIBUAKICTE YOBHA 34 TeUi€l0 PiUKH, AKIIO IIBUAKICTEL Tedil cTaHO-
BUTHb 2 KM/roJ.

38.11.° 3a Teuiecro piukm Bij mpucrani Bigilmros miiT. Yepes 4 rox Bif
i€l mpucraHi B TOMY caMOMYy HAIPSAMKY BiiMIIIOB YOBEH, AKUMA
Ha3/OrHaB ILIT Ha Bigcrani 15 kM Bijg npucrani. SHAUAITE IIBUI-
KicTh Teuil, AKIIO BJIaCHA INBUAKICTH YOBHA CTAHOBUTH 12 KM/roi.

38.12." Karep nmpomsiuB 45 KM 3a Teuvi€ro piuku i 28 KM npotu Teuii,
BUTPATUBIINA HA Bech HIAX 4 roj. 3HAUAITH INBUAKICTH Tedii,
SIKIIO BJIACHA IIBUAKICTH KaTepa CTaHOBUTH 18 KM/ropx.

38.13." Typuct nmpoixas % BCHOTO NIIAXY HA Karepi, a, pemTy — Ha
aBromob6imi. IIBuakicTes aBromMobina ma 20 Km/rox Oinbina 3a
mMBHUAKiCTE KaTepa. ABToMobiseM Bin ixas Ha 1 rox 30 xB meH1Ie,
Hix KaTepoM. S3HAUAITH MIBUAKICTE ABTOMOOLNISA ¥ IIBUAKICTE Ka-
Tepa, SKII0 BChOro TypucT nmojonas 160 xm.

38.14." Mixxmicekuit aBrodyc maB npoixaru 72 kM. Kosu BiH npoixas
24 kM, To OyB 3aTpuMaHuii 0isia 3aaisHUYHOrO nepeisay Ha 12 xB.
ITorim BiH 30inbIIuB mMBUAKICTE Ha 12 KM/rox 1 mpubyB y IyHKT
NIpU3HAYEHHA i3 3amidHeHHAM Ha 4 XB. 3HAUAITH NOYaTKOBY LIBU/-
KicTh aBTOOyCA.

38.15." 'pyna mkonApiB Buixaja Ha eKCKypciio 3 micra A fo micta B
aBTOOyCOM, a MOBEPHYyJacs A0 MicTa A 3aIi3HUIEI0, BUTPATUBIIIA
Ha 3BopoTHU# muaax Ha 30 xB Oinbmie, Hi’K Ha mWIAX A0 Micra B.
3HaWAITE IMBUAKICTL moi3aa, Ao BoHa Ha 20 KM/rojx MeHmIa,
Hi’X HIBUAKiCTH aBToOyca, NOBMKUHA Inoce MiK micramu A i B
craHoBuTh 160 KM, a gosxkuHa 3agisauii — 150 xm.

38.16." Typuct nporiuB Ha Oaigapui 4 KM IO 03epy 1 5 KM 3a TeUi€io
piuKM 3a TOM caMHil 4yac, 3a AKUH nponauB 6m 6 KM npoTu Teuii.
3 AKOIO MIBUAKICTIO TYPUCT ILJIUB 110 osepy, SAKIIO IIBUAKICTS Teuil
nopiBHIOE 2 KM/TOA? :

38.17." Tennoxix npoinioB 16 KM 1o o3epy, a MOTIiM 18 KM 10 piui,
siKa Oepe MMOYaTOK 3 I[LOr0 03epa, 3a 1 rox. 3HAUAITH HIBUAKICTH
TeNJIOX0/a B CTOAYIN BOJi, SAKINO HIBUAKICTE Tedil CTAHOBUTH
4 KM/ropn.

38.18." 3HaMeHHUK 3BUUANHOIO Apo0y Ha 3 OiNbIIMMA 3a MOT0 YUCEb-
HAK. K0 ynceJNbHUK IBOro Apoby 30igbmuTH Ha 4, a 3HaAMEH-

HUK — Ha 8, To orpuMaHui aApib Oyne Ha % OiIBIIMN 3a JaHWM.

3HaUAITE paHuil apiod.
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38. PauioHanbHi PIBHAHHA K MaTeMaTUYHI MOAeni peanbHUX CUTyaLlin

AH19) YncenbHHUK 3BHUYAWHOTO ApoOy Ha 5 MeHIIMM Bij Horo 3Ha-
MeHHHKA. KO0 YHCeJbHUK IHOT0 APo0y 3MEeHIIUTHA Ha 3, a 3HAa-

. e ; 1 o
MeHHHUK 30inbmuTHy Ha 4, TO OTPUMAaHHUR Api6 Oyae HA 3 MEeHIINHN

Bi maHoOro. 3HaAUAITH Lei Apib.

18.20." JIBa poOiTHUKY, IPAIIOI0YH PA30M, MOXKYThH BUKOHATH BUPOO-
uuge 3aBnaHHdg 3a 20 aHiB. 3a CKIJIBKU AHIB MOXKe BUKOHATHU e
3aBJAHHA KOKEH i3 HUX, INPaliolYd CaAaMOCTiHO, AKIIO OZHOMY
JUIA IOTO NmoTpioHO Ha 9 AHIB Oinbile, HiXK Apyromy?

38.21.° Ogaomy massapy Tpeba Ha 5 rox Oinbire, HiXK Apyromy, 1mod
nodapbysaru dacanx oyauaky. Koy nepruii Mansap nmponpaiioBaB
3 rom, a mMOTiM MOro 3MiHMB APYIruil, AKUH IIPOINpAIOBaB 2 roj, TO
BUSABMJIOCH, 110 modapboBano 40 % dacany. 3a CKinbKU rOAWH MO-
e rmodapbyBarn dacay KOKHANA Majaap, MPAIO0YU caMOCTiHHO?

48,22, Tlepmioro AHA TPAKTOPUCT IPAIIOBAB Ha OpaHIl mmoas 6 rox.
HacrynHOro s 0 HHOT'O NPUEAHABCA APYIUMA TPAKTOPHUCT, 1 de-
pe3 8 rox cribHOI poOOTHM BOHM 3aKiHUYMJIM OPAHKY. 34 CKLIBKHU
roguH MOYKe 30paTH Ie IoJe KOXXHUN TPAKTOPHUCT, NPaIIOIYH
OKpeMo, AKII0 MeplIioMy IJis IbOro HoTpi6bHO Ha 3 roj MeHIIe,
Hi)K apyromy?

38.23." Ilo posumny, sxkui mictutrs 20 r comi, goganmu 100 r Boxu,
IIiCcJIsI 90ro KOHIeHTpalisa coni ameHmmuiaaca Ha 10 % . Ckinpku
rpaMiB BOAYM MiCTHB PO3YHH CIIOYATKY?

48.24." Conas migi 1 muHKY, AKu#A mictTuB 10 Kr MUHKY, CILIABUJINA
i3 10 kr migi. Ogep)xkaHmii cmiaB MmicTuTs Ha 9 % wMigi Oinbine,
Hi’X mouaTkoBui. CKIIBKM KiJIOrpamMiB MiZli MICTHUB mOYaTKOBUM
crias?

38.25." Yepes 2 rog 40 xB micas BifgnmpasieHHs IJIOTY Big nmpuctrasi
A 3a Tediero piuyku Ha3ycTpiu oMy Bij npucraHi B BiLiAIIOB Ka-
Tep. 3HAUAITE HMIBUAKICTE Teyil piuyKuM, SKINO ILJIIT 1 KaTep 3ycTpi-
nucsa Ha BigcraHi 14 kM Big npucrasi A, mIBUAKICTE KaTepa B CTO-
A4ikt Boxi mopiBHIOE 12 KM/roj, a BiACcTaHb MiXK IpUcTaHAMH A
i B popiBHIOE 32 KM.

38.26." Ilo 6aceiiny migBeneHo aBi Tpyou. Yepes nepiry TpyOy OaceiH
HAIIOBHIOIOTH BOJOIO, 4 Yepe3 APYry CIOPOYKHIOITH, IPUYOMY IJIs
cnopoKHEeHHA OaceitHy Tpeba Ha 1 rox Oinbire, HiX Ha HOro Ha-
MMOBHEHHA. AKIIO X BigiKkpuTH 00uABL TpyOH OJHOYACHO, TO OaceiiH
HAIOBHHUTHCA BOHOIO 3a 30 rog. 3a CKiIBKY TOAMH MOYKHA HAIIOB-
HUTHU TOPOYKHIN 6aceifH BOJIOIO Uepes mepiry Tpyoy?

38.27.7 Ins HanioBHEHHA OaceilHy yepes mepily Tpyoy Tpeba cTinbKu
Jacy, fAK i JJis HAIOBHEHHSA 4epes3 APYIr'y U TpeTio Tpyou ogHOYAaC-

275



§ 6. KBagpaTtHi piBHAHHA

HO. Yepes nepiny Tpy0y 6aceilH HAIOBHIOETHCA Ha 2 I'OJl IIBHIIE,
HiK yepes Apyry, i Ha 8 roj mBuAIIe, HixK yepe3 TpeTio. CKinbKuU
yacy IoTpiOHO A HAMOBHEHHA OaceiHy 4yepes KOXKHY TpyoOy?

38.28.”" ABTo0yc MaB mpoixaTH BificTaHb Mi)K ABOMa MicTaMu, sSKa
nopiBaioe 400 KM, 3 gesaxoio mBuaKicrTio. IIpoixaBmu 2 rop i3
3aIJIaHOBAHOIO MIBUAKiCTIO, BiH 3ynuHuBCcA Ha 20 XB i, 11106 npu-
OyTH y OYHKT NPpU3HAYEHHA BYACHO, 301/IBIIMB IMIBUIKICTHL PYyXY
Ha 10 xM/roz. 3 AKOI0 HWIBHAKICTIO aBTOOYC MaB NIpoiXaTH BiICTaHb
MiK Micramu?

38.29." PobGiTHMK MaB 3a IeBHHWI CTPOK BuUroroButu 360 peraieii.
Ilepmri 5 gHIB BiH BUTOTOBJAB IIOJEHHO 3alJIAHOBAHY KIJBKICTh
JeTaJieil, a MOTIiM IIOAHS BUTOTOBJAB Ha 4 merasi Oinbime i yxxe
3a JIeHb JI0 CTPOKY BUTOTOBUB 372 gerani. CKibKY AeTasiel MOAHA
MaB BHUT'OTOBJIATH 34 ILJIAHOM POOITHHK?

38.30." 1106 BUKOHATH IeBHe BUPOOHMYe 3aBIAHHSA, OJHOMY pOOiT-
HUKOBI Tpeba Ha 12 rox MeHmIe, HiXK Apyromy, i Ha 4 rox Ginbire,
Hi’K 060M pobGiTHUKaM [Jis CIILJIBHOTO BUKOHAHHSA 3aBAaHHS. 3a
CKiJIBKM I'OAMH MOXKE€ BUKOHATH Iie 3aBAAHHA Nepumiui podiTHUK?
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§ 7. OCHOBW TEOPII MOANTBHOCT!

m MoainbHicTh HaWino Ta i1 BNacTUBOCTI

3 BJIACTUBOCTAMH HNOALIBHOCTI HAIIiJIO B O3HaoMuancs B 6 Kia-
ci. BuBuarouwm 1ei naparpad, BU He TiJIbKU HABUUTECHA IX JOBOJUTH,
ajie i 03HAMOMUTECH 3 HUBKOK HOBUX IIOHATH i TeopeM, OB’ A3aHUX
3 NOJLNIBHICTIO IIJIUX YUCEJI.

Osnavennsn Kaxyrs, mo mijle Yucjao a ZiauThca HaANiJdO
Ha uinxe umeao b, b # 0, aAkmo icHye Take mije umcao k, mo a = bk.

Axmio a pinmurses Hamigo Ha b, To nmumyTs: a : b. Hanpukaan,
12:-3,0: 1000, -2 : 1.

Axmo a : b, To yncgo b HAZUBAIOTH MIABHHKOM YHUCIA @, a YHUC-
Jio a — KpatEEM yncaa b. Takox KayTh, 1[0 YHUCJIO @ KPATHE YHC-
ny b.

Hanpuxknan, {—4, 4, -2, 2, —1, 1} — MHOXXUHA ALILHUKIB unca 4;
{8k | k € Z} — MHOXWHA yuCes, KPATHUX YUCITY 3.

PoariisHeMO OCHOBHi BJIACTMBOCTI HOAiLIBHOCTI Hanino (bykBamu
[IO3HAYEHO IILIiI yuca).

1. Axmo a # 0, To a : a.

2. Axmo a # 0, 100 : a.

3. Axkmo a : b, To ka : b.

4. Axkmoa :bib:c,T0a: C.

5. Axkmo a : mib :n, Toab: mn.

6. Axmo a:cib:c,T0o(atdh):ec.

I1i BIacTUBOCTI JOBOAATH 3a JOIOMOTI'OI0 O3HAYEHHA HiJIEHHA HAa-
uino. JloBegemMo, HampukJaaz, BJacTUBicTs 6 (pemiTy BiiacTUBOCTEH
JOBENITH CAMOCTIHHO).

Ockinpku @ : ¢ i b : ¢, To icHyIOTH Taki mini ymena m i n, mo
a=mcib=nc.

Maemo: a + b = me £ nc = (m + n) ¢. Ockineku (m £ n) € Z, T0
32 O3HAYEHHAM JiJeHHA Hamijgo (a £ b) : c.

NPUKNAA 1 Ilini yucna a, bicraki, mo (a +b) : ¢, ab : c. Hosexirs,
mo (a® — b%) : c.

Posg’azanns. Maemo: a® — b’ = (a — b) (a® + ab + b*) = (a — b) x
x ((@a + b)® — ab). Ockinexu (@ + b)* : ¢ iab : ¢, To 3a BracTusicTIO 6
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§ 7. OcHoBW Teopil NOAINLHOCTI

((@a + b)* — ab) : c. Toxi 3 BIacCTHBOCTI 3 BUIIMBAE CIIPABEJIUBICTH
TBEPJKEHHA, IO AOBOAUTHCH.

NMPUKNAL 2 Posp’sxiTh y UiIMX Yyuciaax PiBHAHHSA
¥+ xy—-x—-y=>5.

Po3é’aszanns. Po3s’sa3aTu piBHAHHA 3 ABOMAa 3MIHHMMH B IJIHX
YHCJIAX O3HAUAE 3HAWTH BCi mapy LiJIMX 4YMCeN, AKiI € po3B’sa3KaMu
IbOTO PiBHAHHA.

Posknagemo JiBy 4acTUHY PIBHAHHA HAa MHOKHUKH:

xi(xF+y)y—(x+g)="o;(x +g)e—=1)= 9.

3BiZicu OTPUMYEMO, 1110 3HAUEHHA BUpas3iB x + y i x —~ 1 € ginpHuU-

kKamMu gucyaa 5. ToAl MOMKIUBI YOTUPU BUIIAAKHA:

1 {x+y=5, {y=3,

2=ti=ds o lae=22

o+ =17 T |

2) x+y Y 5
x-1=5;, |x=6;
+ ="'59 ety

3) x+y Y 5)
21 =<1 . ¥=0:
:—1, =9,

1) x+y y=3
x-1=-5; |x=-4.

Bidnosios: (2; 3); (6; —5); (0; —5); (—4; 3).

MPUKNAL 3 Posp’skiTh y IiANX YmMCIaxX piBHAHHA X° — y° = 14.

Posé’azannsn. Maemo: (x + y) (x — y) = 14. Jlayni MokHaA CKOpPHUCTA-
THCA MeToiaoM, onucaHuM y npukriaazxi 2. IIpore vabararo 3pyuHime
KepyBaTUCA TAKUM OYEeBHJHUM MIDKYBAHHAM: 3HAYEeHHS BUPa3iB x + y
i x — y 3aBKgu MalTh OAHAKOBY mnapHicThk (abo obmuzasa mapHi, abo
obuaBa HemapHi), oTiKe, IX A00OYTOK € abo ymcJioM HemapHuUM, abo
YHCJIOM, SIKe KpaTHe 4.

Tenep 3posymiyio, 10 PiBHAHHA, SIKE PO3IIANAETHCA, HE MAa€E
PO3B’A3KIB y IiJIUX YHUCIAX.

MPUKNAL 4 Ilini yucna x i y raxi, mo (6x + 11y) : 31. Mosexits,
mo (x + Ty) : 31.

Posze’azannsa. Maemo: x + Ty = 31 (x + 2y) — & (6x + 11y).
Ockinskum 31 (x + 2y) : 31, a 3 yMOBH 1 BIaCTHBOCTI 3 BUILIMBAE, IO
5 (6x + 11y) : 31, To 3a BnacTusicTiO 6 Pi3HUIA, 10 POSIIIAXAETHCH,
KpaTHa 31. ‘
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39. MNoainbHICTb HaLino Ta i BNacTUBOCTI

NPUKNAL 5 Ioexits, 1mo Koau P (X) — MHOrOYJIEH 3 WiJTUMHE KO-
o(pitieETaMHM, TO 11 Oy Ab-AKMX HLTUX yucenpiq, p#q, (P (p)—P(q)):
(P = )

Poszé’azannsa. Hexai

P(E)=axl ¥ a. X Ha o8 hine Faket g
Tonmi
Pp)—P(@="a @ ~g)+a. (0 " —q D+ adra, @ a)

3 dopmynu posKIaZaHHSA HA MHOMKHHUKHW BuUpasis Buay a" — b"
puIIuBae, 1o pisaumo P (p) — P (¢) moskHa nogaty y BUrIsaAi (p — q) k,
ne k € Z.

C

? 1. Ko KakyTs, 110 I[iJie 9YUCJIO @ AIINUTHLCSA HAILJIO HA Ilije Yuc-
g0 b?

2. 1o osuauae 3anuc a : b?

3. flke uuca0 HA3UBAIOTH ALJILHUKOM Yucaa a?

4. fike yucJI0 HA3UBAKOTh KpaTHUM uuciya b?

5. ChopmyitioiiTe BIaCTUBOCTI MOAIIBHOCTI HAILIO.

39.1.° Yncno' a xparue 5. JloBexits, mo 8a : 40.

49.2." Yucno b kparae 7. HosexniTs, mo 6b : 42.

39.3.° Yucmo m xparue 6. loBexits, mo (m?* — 4m) : 12.

19.4." Yucno n xkparue 4. [losenits, 1o (n® + 8n) : 16.

39.5.° Yucna cid raki, mo ¢ : 4, d : 6. [loBexits, mpo (6¢ + 4d) : 24.

49.6." Yucna p i ¢ Taki, mo p : 5, ¢ : 8. Hosexits, mo (8p — 5¢) : 40.

O—wr 39.7.° loBeniTs, mo ko a : ci(a+b):c, T0b : c.

39.8.° Yucna a i b Taki, 1o KoxHe 3 uncen a + 3 i b + 29 kparue 13.
HoBenits, mo yucao a — b Trakox KpatHe 13.

19.9." Yucna m i n raki, mo xoxue 3 uucea m + 5 i 39 — n xkpar-
He 17. HoBexiTs, 110 Yuca0 m + n Takox KpatHe 17.

39.10.° TosexiTs, 1110 (ab+ba) : 11.
49.11." TosexniTs, 1110 (ab-ba) : 9.
39.12.° ToBexirs, 110 (abe + bea + cab) : 111.

39.13.° osenits, mo (abe - cba) * 99.

39.14.° IosexiTs, mo npu OyAb-AKUX 3HAYEHHAX a4 i b 3HaAUYeHHA
Bupasy a’b — b’a € mapHuUM yHCIOM.

39.15." Yucna a, b, m raki, mo am : (a + b). [losexnirs, mo bm : (a + b).

'V upomy nyHKTi 6yKBaMH mO3HAYeHO il umcaa. Bumagku, ko GyK-
BOIO IIO3HAYEHO HATYypaJIbHE YHUCJIO, OYyAYyTH 00YMOBJIEHI OKPEMO.

279



§ 7. OCHOBM Teopii NOAINLHOCTI

39.16." Yucna x, y, z Taki, mo xz : (z — y). Hosexnits, mo xy : (2 — y).

39.17.° Yucna m, n, k taxi, mo (m — n) : ki mn : k. osexits, 110
(m® + n®) k.

39.18.° Yucna a, b, m, n raki, mo (ab — mn) : (b — m). Hosexits, 1o
(am — bn) : (b — m).

39.19.° Yucna a, b, ¢, d Taxi, mo (ab + cd) : (a + ¢). Josexits, 110
(ad + be) : (a + c).

39.20.° Po3B’aAXiTh y LiIUX YKUCIAX PIBHAHHA:

1) 9x* - y*=6; 4) x* — 4xy + 3y = 3;

2) x* + 2xy = 2x + 9; 5) x* + xy — 6y° = 6;

3) x* + 2xy — x — 2y = 4; 6) x> — 2xy — 8y* + x + y = 14.
39.21. Po3p’aXiTh y IMIJKUX YKCIaX PiBHAHHA:

1) x* — 4y* = 5; 3) x* — 8xy + 3y — x = 10;

2) y¥* + 8xy = 15 + y; 4) 2y° — xy — x* = 2.
39.22.° Po3B’siokiTh y IiMX Yucaax piBHAHHSA:

1) xy = x + y; 2) xy — x — 2y = 5.

39.23. Posp’siokiTh y ninux yuciax piBHAHEA 2xy + 2x — 3y — 4 =0.

39.24." JloseniTs, 1m0 nmpu OyAb-AKUX HENAPDHUX HATYpaJbHUX 3HA-
yeHHAX N 3HaYeHHs Bupasy 1" + 2" + 3" + ... + 9™:

1) xpaTHe 5; 2) e kpatHe 10.

49.25. JlosexiTs, 110 mpH OyAbL-IKUX HEOApPHUX HATYPAJbHUX 3HA-
yeHHAX n > 1 3HaveHHs Bupasy 1" + 2" + 3" + ... + 99" kpar-
He 100.

39.26." Yu icuye mHorouseH P (X) 3 misiuMu KoedimieHTaMu TaKU#H,
mo P (1) = 17, P (9) = 53?7

39.27." 3maiigiTe yci aBonudpoBi uucaa ab Taki, Ojo 3HaUYEHHA BU-

pasy ab—ba € kBagpaToM HATYPAJILHOI'O YHCJIA.

49.28." Yu icuye Take Tpunudpose uuciao abe, 1m0 3HAYCHHS BUPA3Y
abc — cba € xkBazpaToM HaTypajabHOTO yucyaa?
39.29." Yu icHye Taxke TpunudpoBe yucao abe, 110 3HaYEHHA BUPA3y

abc + bea + cab € KBampaToM HATYPAJIbLHOTO yucyia?

39.30." Yucna x i y Taki, mo 3HayeHHa BUpa3y 3x + 8y kpaTHe 19.
HoseniTs, 1m0 3HauenHsa Bupasy 13x + 3y xkparse 19.

39.31." Yucna ¢ i d raxi, njo 3HauesHa Bupasy 2¢ + 5d kpatHe 17.
HoBexiTs, mo 3HayeHHa Bupasy llc + 2d kparse 17.

39.32." Yucna x i y raxi, mo (3x + 10y) : 13. Mosexits, mio
(8x + 10y) (3y + 10x) : 169.

39.33." HarypanbHi umena m i n raki, mo n° i (m + n). Josexirs,
mo m® : (m + n).
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40. [lineHHs 3 octavelo. KoHrpyeHLUii Ta ix BNactuBocTi

1.34." HarypanpHi uncna a i b Taki, mo a® ! (a® + b%). IHosexirs,
mo b* i (a®+ b%). -
39.35." Tpunubpose UuciIo abe KpaTHe yumeny 37. HosenitTs, 1o
cyMa 4uceJa bea i cab Takox KpaTHa gucay 37.

19267 Hudbpu a i b rpunudpoBoro uuciaa m =aba Taki, 110
(a + b) : 7. Hosexits, mo m : 7.

39.37." Cyma n’atu marypaiabHuX umuces popiBaoe 200. Yu moxke
ocTaHHA mudpa ix gobyTky 6yTH piBHOWO 77

1958, Ha axuil Ha#biapImuil cTelidp yucaa 2 MosKe JiJuTucs Ha-
niso 3HayeHHs Bupasy 32" "' + 1 mpu n € N?

O—wr 39.39.” loBexiTs, 110 KiAbKiCT AINBPHUKIB KBaZpaTa HATYPAJhb-
HOT'0 ymcjaa — uyucyo HenapHe. ChopmyoiTe i 1oBeaiTh obepHe-
HEe TBEPAKEHHI.

39.40." II’ arunudpose ancio A = abede xparue uucny 41. JloBexiTs,
mo yucao B = becdea Tarkox KpaTHe umciy 41.

19.41." Ilecrunudpose umeno A = abedef wparae umeny 37. Ilo-
BeJiTh, 110 uyucyio B = bedefa Takox kKparHe uunciy 37.

39.42." Tano 19-nudpose YMCIO0, AECATKOBHIL BaIIUC AKOTO HE MICTHTH
HyJaiB. [oBexiTh, HI0 B 3amMCy IOT0 YMCJIAa MOYKHA 3aKPECIUTH
Kinmbka mudp Tak, nyod 4yucio, OTpuMaHe B pe3yJsbTari, 0yJio KparT-
HuUM yucay 111.

39.43." lano muorouwrer P (x) 3 mimumu xoedinienramu. Piszui unc-
ga a, bic raki, mo P (a) = P (b) = P (c¢) = —1. oBeaiTs, 1110 HE
icHye Takoro x, € Z, mo P (x)) = 0.

m AinexHn 3 ocraveto. KonrpyeHuil Ta Ix snacrusocri

3 Kypcy MaTeMaTUKH MOJOAIINX KJAaciB BU 3HaAETe, IO KOJIU Ha-
TypaJIbHe YHCJIO @ He IIJIUTHCSA HAliJIo Ha HATypaJbHe uuciao bia > b,
TO MOXHA BUKOHATH ALJIEHHSA 3 OCTAYEIO.

Hanpuknazn, npu ginessi uucaa 47 va 5 y yacrtui orpumyemo 9,
a B ocrayi 2. [TumyTe: 47 : 5 =9 (oct 2) a60 47 = 59 + 2 i KaxKyTh,
o yucJio 47 npu gineHHI Ha 5 Jae B ocradi yuceso 2.

Posmupumo Temep MOHATTA «AIJIEHHS 3 OCTadel» Ha BUNAJIOK,
KOJIN [iJIeHe € I[1JIUM YHCJIOM.

Teopema 40.1. Jan 6y0v-2K020 yinozo wucna a i HAMYpPaAnLvLHOZO
yucna b icnye eduna napa yiaux wucen g i r maxkux, wo a =bq +r,
0de0<r<hb.
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§ 7. OcHoBM TeOpIl NOAQINLHOCTI

Axmio r # 0, To YUCI0 ¢ HABUBAIOTH HEIIOBHOXO YaCTKOX0. Yucio r

Ha3WBaIOTh OCTAYEIO.

Hacrynai npukaagy IIOCTPYIOTH IO TEOPEMY.

Hna uucen a = 2, b = 7 icaye mapa ¢ = 0 i r = 2, To0TO
2=17-0+ 2.

Ins uucen a = —2, b = 5 icaye mapa ¢ = -1 i r = 3, To6TO
-2 =58+(—1) + 3.

Hnss uncen a = —8, b = 4 icuye nmapa ¢ = -2 i r = 0, To6T0
-8=4-(-2) + 0.

Temnep noBeneMo Teopemy.
Hosedennsn. Axmo a : b, To icHye €quHEe IijJe YUCIO ¢ TaKe, IO
= bq. ¥ npromy Bunaary r = 0.
‘Hexait reniep a He ainuThea Hanigo Ha b. 300pasuMo Ha KOOPAU-
HATHINA npaMiii MEHOKUHY yuces, KpaTHux b (puc. 40.1):

=l < ® @ . @ & . 4 \ 2 *—

-5b —-4b -3b -2b b 0 b 2b 3b 4b 5b
Puc. 40.1

Yucyo a He 30iraeTbes 3 }KOAHOIO 3 MO3HAYEHUX TOYOK 1 HAJIEIKUTH
ogHOMY 3 mpomikkiB Buay (bg; bg + b), Tobro bg < a < bg + b
(puc. 40.2). 3Bigcun 0 < a — bg < b.

IToznauumo pisannio a — bg 6ykBoio r.

—e 3 o Bomi O <ip.<b.
bq bq + b Maemo: @ — bg =r, a = bq + r.
Ockinpkn npomikok (bq; bqg + b), Akomy
Puc. 40.2

HAJIe¥XUTh YUCIO 4, BU3HAYAETHBCA OJHO-

3HAYHO, TO OJHO3HAYHO BU3HAYAETHCA il mmapa amucesa q i r. A
3 0BeeHOI TeopeMM BUILJIUBAE, HAIPUKJIAMA, M0 OyAb-AKe Iije

uyMeJIO IpHU AijeHHL Ha 2 gae B ocraui a6o 0, a6o 1. Mu num gacto

KOPUCTYEMOCH, PO30MBAIOYM MHOMKHUHY IIJIMX YUCeJ HA ABI MiAMHO-
JKUHH, SIKi He MepeTHHAITHCA: MHOKUHY MapHuX uucen {2k | k € 7}
i MEHOKHUHY Henaprux uucen {2k +1 | k € Z}.

IIpn ginenHi uinmoro umcia Ha 3 MOXKHA OTPUMATH TiIBKM Taki
ocraui: 0, 1, 2. ToMmy MHOKHHY 7Z MOKHA po30UTH Ha 3 DiMHOMKUHH,
AKi He MepeTHHAIThCH:

Z={3k|kec Z})U{Bk+1|ke Z}U {8k +2|ke Z.

Yazaranai, nJjisg 3afaHOrO0 HATypaJbHOTO 4Mcjaa m, xe m > 1, MHO-
JKHUHY 7 MOXKHa po30UTH Ha m MiAMHOYKHH, IKi He IIepeTUHAIOTHCAH,
TAKUM YWHOM, IO IepHIiid mMiAMHOXKHHI HAJe)KaTUMYyTh yci yucia,
AKi nmpu gineHHi Ha m gamoTh B ocrayi 0, gpyriit — AKi AalOTH B OC-
raui 1, Tperiii — aAKi gamoTh B ocraui 2, i T. A., m-it — AKi 7a0Th
B ocraui m — 1:
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40. [lineHHs 3 octadelo. KoHrpyeHuii Ta ix BlacTUBOCTI

Z.={mk|ke ZYU{mk+1|ke Z}U..U{mk+m—-1|ke Z).

Teopema 40.2. Axwo yini wucna a i b npu dinenHi Ha HaMypars-
ne wueno m daromev od0nakosi ocmavi, mo (a — b) : m.

Josedennsn. Hexait a = mq, +r, b= mq, + r, ne 0<r<m. Toni
a—-b=m(q, —q,). 3sincu (@ —b) : m. A
CopasegnuBa ¥ obepHeHa TeopeMma.

Teopema 40.3. Axwo yini wucna a i b maxi, wo (a — b) : m, de
m € N, mo wucna a i b daromv o0nakxosi ocmavi npu dinenni Ha m.

CkopHuCTaBIINCE METO/OM JOBEJEHHS Bi/l CYIPOTUBHOIO, JOBEAIThH
(1[I0 TEOPEeMY CaMOCTiifHO.

Osumavennn Iimi yucna a i b Ha3MBAIOTh KOHTPYEHTHHUMH
3a moayyaem m (m € N), akmo ocradi npH AijJleHHI IX Ha YHCIO m
piBHi.

I[MumyTs a = b (mod m). Takuit 3anuc HA3UBAIOTH KOHI'PYEHIIEO.
"YuramTh: «a KOHrpyeHTHe b 3a mopyaeMm m».

Hanpuknan, 5 = 8 (mod 3), 7 = -1 (mod 4), 18 = 0 (mod 9),
25 = 35 (mod 5).

IToHATTA KOHIPYEHTHOCTI 3a MOAYJIEM BIPOBAJIUB Y MaTeMaATHUKY
BUAATHUM HiMenbkuit marematuxk Kapa @Ppigpix I'ayce.

Po6oru T'aycca cnpaBuiiu 3HAYHUKN
BIIJIUB Ha PO3BUTOK ajrebpu, Teopii
yuces, audeperniansbHol reomerpii,
Teopil eJIeKTPUKHU i MarHeTusaMy, Ieo-
Ziesii, TeOpeTUYHOI aCTPOHOMII.

(1777-1855)

Teopema 40.4. [Jna mozo wo6 yini wucna a i b 6yru Konzpyenm-
Humu 3a modynem m, de m € N, Heobxiono & docmamuvo, w00
pisnuyn a — b diarunaca Hayino Ha m.

CopaBepsuBicTs 1miel Teopemu BumiuBae 3 Teopem 40.2 i 40.3.
IlepekoHaliTecss B IbOMY CaMOCTIHHO.
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§ 7. OcHOBW Teopii NOAINLHOCT

PoarisseMo OCHOBHI BJIaCTHUBOCTI KOHrpyeHIiu (byksBamu a, b, ¢,
d MO3HAYEHO IiJi uuesa, m i n — HaATypaJibHi).
Axmo a = b (mod m), b = ¢ (mod m), To a = ¢ (mod m).
Axmo a = b (mod m), To a + ¢ = b + ¢ (mod m).
Arxmo a = b (mod m), To ac = bec (mod m).
Axmo a=b (mod m)ic=d (mod m), Toa +c=b+d (mod m).
. Axmo a = b (mod m) i ¢ =d (mod m), To ac = bd (mod m).
Axmio a = b (mod m), To a”" = b" (mod m).

IoBenemMo BIACTUBICTE 5.

3 yMOBH BUILINBAE, mo (a — b) : m, To6To @ = b + mt, net € Zi
Takox (¢ — d) : m, To6t0 ¢ = d + mt,, ne t, € Z.

Maemo:

ac — bd = (b + mt)) (d + mt,) — bd = bmt, + dmt, + m*t,t, =

= m (bt, + di, + mt.t,).

Omxe, (ac — bd) : m. Toxi ac = bd (mod m).

HosegemMo BiacTuBicTh 6.

Maewmo:

a'-b'=@-b)@ '+a" " %+..+ab" " +0" Y.

3 ymoBu BUILIUBaE, o (a — b) : m. Toxi (a" — b") : m.

PemTy BiacTuBoCcTEe# JHOBEAITH CAMOCTIMHO.

BnacruBocti 4 1 5 y3araJbHIOIOTBCA ¥ AJS THX BUIAAKIB, KOJIHA
KOHI'DYEHIiHd OinbIle JBOX.

fxkmo a, = b, (mod m), a, = b, (mod m), ..., a, =b (mod m), To

a +ta,+..+a=>b+b,+..+b (modm)i

aa,....a =bb,:...-b (mod m).

SR Oies Guche e

NPUKNAL 1 Henapue uncyio m ainutbesa Haniygo Ha 3. Yomy mopis-
HIOE ocTada IpHU AijJeHH] yucaa m Ha 67

Po3zé’szanns. Ilpu ginerHi nisoro yucna Ha 6 MOXKyTH OyTH OTpPH-
maHi ocraui 0, 1, 2, 3, 4, 5. Tomy Oyab-aKe IIijie YHUCJIIO MOYKHA IIO-
JaTHh B OAHOMY 3 TAKMX BUIJIALIB:

6k, 6k + 1,6k + 2,6k + 3,6k + 4, 6k + 5, ne k € Z.

3 nux yucea KpaTHi 3 TinbKM uucaa Bugny 6k i 6k + 3. Ockinbxu
YUCJIO M HemapHe, TO BOHO MOKe O0yTu Timepku Buay 6k + 3. Orxe,
YUCJIO M Opu AijneHHi Ha 6 gae B ocraui 3.

TNPUKNAL 2 osenith, 1Mo cepef I’ ATH TOCHiLOBHUX ILIUX YUCE
€ TiIBKM OJHE, AKe KpaTHe d.

Pozé’azannsa. PosriasHaeMo I'ATh IMOCHINOBHUX ILIMX 4YHCeN: 7,
n+1,n+2,n+ 3, n+ 4. OckiIbKH MOAYJIL Pi3HHUII OYAb-AKHUX
JIBOX TAKMX YHMCeJ MEHIIU# BiZx O 1 He JOPiBHIOE HYJIIO, TO BiH He Ji-
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40. [lineHHs 3 octayeto. KoHrpyeHuii Ta 1x BNacTuBoCTi

inrThea Hanino Ha 5. Orke, yci Ii m’ATh Yuces Aal0Th PisHI ocradi
pn ainenHi Ha 5. PisHUMX ocrau mpu mineHHi Ha 5 Takox 5. OTxe,
0JlHe 3 IMX YHces IpH AijeHH] Ha 5 gae B ocraui 0.
3ayBaxeHHsdA. MipKkyloyn aHaJIOTiYHO, MOYKHa AOBECTH, IO
cepes m IOCJHiLOBHUX IIJIUX YHCEJ € TiIBKU OJHEe, AKe KpaTHe m.

O—w MNPUKJIAL 3 Yomy MoOXe JOPIBHIOBATH OCTAYA IPHU AiJeHHI
aucaa n' va 5, e n € 7Z?
Posé’szanns. Mae micue oxHa 3 1’ aTu KOHrpyeunii: n = 0 (mod 5),
n=1(mod 5), n =2 (mod 5), n =3 (mod 5), n =4 (mod 5).
[IizreceMo 0OMABI YaCTHHU KOYKHOI 3 IIMX KOHIPYEHI[IA 0 4YeT-
BEPTOT'O CTEIeHd.
n* =0 (mod 5),
n* =1 (mod 5),
n' =16 (mod 5) = 1 (mod 5),
n' =81 (mod 5) = 1 (mod 5),
n* = 256 (mod 5) = 1 (mod 5).
Omxe, npu giseHHi uncaa n' Ha 5 B ocTaui MOKYTH OyTH OTpUMAHi
rineku yueaa 01 1.

NPUKNAL 4 JlosexiTs, 110 npu OyAL-AKOMY HATYpPaJbLHOMY 71 3Ha-
gyenHsa supasy 2" "% + 13.3%" kparne 7.
Posé’sazanns. Maemo:
24+% 1+13.3*" =8.16" + 13-9".,
OueBuguo, mo 16 = 9 (mod 7). 3acTocoByOUM MOCIiOBHO BJIac-
TuBoCTi 6, 3, 2 KOHrpyeHIIi#, 3aNUIIEeMO:
16" = 9" (mod 7),
8:16" =8-:9" (mod 7),
8:16" +13:9"=8-9" + 13:9" (mod 7),
8:16" + 13:9" = 219" (mod 7).
IIpaBa wacTuHa OCTAHHKLOI KOHrpyeHNil nmpu ainenHi Ha 7 mae B
octraui 0. OToxe, Taka BJIAaCTUBICTH IPpUTAMAHHA ¥ JiBi# YaCcTUHI KOH-
rpyeHiii.

NPUKNAL 5 3Bmaiigite ocrauy Bix minenss umcaa 7°° Ha 5.
Poseé’azannsa. 3agada 3BOOUTHCA [0 TOrO, 100 3HAWTH IiJie Yuc-
10 X, AKe 3amoBoabHAE ABi yMoBu: 0 < x < 5 i 7% = x (mod 5). Maewmo:
7% = -1 (mod 5);
7 = (-1)" (mod 5) = 1 (mod 5);
7% = 7 (mod 5) = 2 (mod 5).
Omke, IIYKAHOIO OCTAYEIO € YHCJO 2.
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§ 7. OcHoBM Teopii NOQINLHOCTI

Posp’si3anusa miel 3agavi npunyckae u iHmi cxemu. Hampuknazn,
7 = 2 (mod 5);
7* = 2* (mod 5) = 1 (mod 5);
7% = 17 (mod 5);
7% = 7 (mod 5) = 2 (mod 5).

NPUKJNIAL 6 [osexiTs, no 3 n + 1 HaATypaJbHUX YHCEJ 3aBXKIA
MOYKHA BHOpaTu JABa TAKUX, IO 1X PIBHUIOA AIJTATHCA HAIIJIO HA N, |

Pozé’szanns. Ilpu gijleHH] IiJIUX YUCes HA 12 MOYKHA OTPUMATH N |
pisEuUx ocrau: 0, 1, ..., n — 1. OckineKky 3azaHux yuceax n + 1, To
I[OHAMMEHIIIe IBAa 3 HUX JalOTh OJHAKOBI ocTadi Ipw AiJIeHHI Ha n.
Toni ix pisHung Oyae AiaIuUTHCA HAILIO HA 1.

? 1. ChopmymioiiTe TeopeMy Ipo AiJIEHHS 3 OCTa4delo.

2. Iky BnacTUBicTH Ma€ pisHUNA HiJuUX yuces a i b, Aki npu gi-
JIeHHI Ha HATypaJibHe YUCJIO M Aal0Th ONHAKOBi ocTaui?

3. AAky BjacTUBiCTHL MAIOThH OCTAYi MPU AiJIEHHI IIIUX Yuces a i b
Ha HaTypaJbHe 4UCIo m, AKmo (a — b) : m?

4. fiki yucna Ha3WBAIOTh KOHTPYEHTHUMH 3a MoayJaem m, ne m € N?

5. ChopmyaioiiTe HeoOXifHY ¥ AOCTATHIO YMOBY TOrO, IO IiJji
gpcya @ i b KoOHrpyeHTHi 3a mouyJsiem m, ge m € N.

6. ChopmyimoiiTe BIaCTHBOCTI KOHIDYEHITiH.

40.1.° BHaifiTH HEIOBHY YACTKY i ocrauyy mpu AijdeHH] umcaa' a Ha
qyucJgo b, aKmo:
1) a =253, b= 19; 3) a=-26, b= 3;
2)a=8,b=13; 4)a=-1,b="T.
A0.2." 3HaigiTh HEMOBHY YACTKY i ocrady mpH AiJeHHI duciaa m Ha
YHUCJIO N, AKIO:
1)m=9, n=15; 2)m=-31,n=10; 3) m = -6, n = 11.
40.3.° fki ocTaui MOKHa OTPUMATH IIPHU AiJeHH] misoro uyuciaa Ha 7?
40.4." BagaiiTe BCi MHOMKHMHHM, KOXKHA 3 SAKHX CKJIAJAcThCA 3 YCiX
IMIJIMX YHces, AK1 MalTh OAHAKOBI ocTaui mpu giyeHHi Ha 4.
40.5.° [Mano muoxkuau A, B, X, AKi momapHo He IEPETHHAIOTHCH,
iAUBUX =Z. Braiigite MmEOKUBY X, akmo A = {3k | k € Z},
B={8k+ 2| ke Z}.
40.6.° fIxy ocrauy npu miyieHHI Ha 3 nae umcao Buny 3k — 2, ne k € Z?
40.7." fIxy ocrauy npu aineHHi Ha 6 gae uucio Buxy 6n — 1, ne n € Z?

' Tyr i gani 6ykBaMu mosHavyeHo miji umcsa.
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40. [lineHHs 3 octaveto. KoHrpyeHuil Ta iIxX BnacTusoCTi

40.8.° Bigomo, mo npu aisensi yucna m Ha 18 ocraua mopissioe 11.
3uaugiTe ocrauy npu gineHHi yucaa m: 1) va 2; 2) va 3; 3) =a 6;
4) ma 9.

(1.9." Bigomo, mo npu xinesHi yucaa n Ha 16 ocraua mopiBaIOE 9.
SHaUAITE ocTavyy npH aineHHi uuchaa n: 1) va 2; 2) Ha 4; 3) Ha 8.

40.10.° Yucno m xparge 6. Yomy MoKe AOPIBHIOBATH OCTadya IIPU
nimenHi uncna m zHa 187

10.11." Yucno n kparae 4. Yomy Mo’Ke AOPIBHIOBATH OCTA4a TPH
nineHHi yucsa m #a 16?7

40.12.° Yucao a npu ginensi Ha 6 nae B ocraui 3, a npu AineHHi Ha 4
nae B ocraui 1. 3HalgiTh ocTauy npu AijeHHi yucyaa a Ha 12.

(().13." Yncno b upu pineHHi Ha 5 gae B ocradi 2, a npu AijneHH] Ha 3
nae B ocraui 1. 3HalaiTe ocrauy npu gijseHHi gyuciaa b Ha 15.

40.14.° Yucao m pae pisHi ocraui npu ginenHi Ha 3 i Ha 4. Yomy
MOJKe AOPiBHIOBATH OCTauya IpPHU AiJeHHI yucaa m Ha 127

40.15.° BamicTh 3HaAKAa * 3aNUMIITH TaKe HaliMeHIIEe HeBif eMHe umc-
J10, 1100 OTpMMaHAa KOHIPYeHIis OyJsia NpaBUJIbHOIO:

1) 56 =« (mod 8); 4) + = 3 (mod 15);
2) 23 = * (mod 7); 5) * = —2 (mod 18);
3) —43 = * (mod 5); 6) = = 6 (mod 2).

10.16." BamicTs 3HaKa * 3aIUNIITH TaKe HAlMeHIIe HeBiJ €eMHe 4uc-
J10, 1106 OTpUMAaHa KOHIPYeHIlis OyJja npaBuJIbHOI:
1) 84 = % (mod 9); 3) # = -3 (mod 11).
2) =26 = % (mod 6);

40.17.° Bigomo, mo a = —11 (mod 8), b = —2 (mod 8). 3aiaiTe oc-
Tady npu aineHHi Ha 8 yucya: 1) a + b; 2) a — b; 3) 2a — 3b; 4) ab;
5) a’; 6) b®. '
10.18." Bigomo, mo a = —4 (mod 6), b = -9 (mod 6). 3uaiigiTes ocra-
gy npu mizeHHi Ha 6 wmcna: 1) 3a + 4b; 2) a® — b; 3) b* + ba.
10.19." Yu icmye mijge umciio, AKe npu AijieHHI Ha 6 mae ocrauy 4,
a npu aiyedHi #Ha 9 ocrauy 57

O—wr 40.20.° loBeziTs, 1m0 ocraua npu AideHH] Ha 3 KBajgpara Hijo-
ro ymcja Moxke jpopiBHioBaTH Tinbku 0 abo 1.

O—wr 40.21.° loBexiTs, Mo ocrava mMpu AiJeHHI Ha 4 KBajapaTa IiI0-
ro 4ymcja MoxKe mopiBHIoBaTH TisibKku 0 abdo 1.

O=w 40.22." IoBexiTs, mo KBaZpaT HENapHOI'O YWCJA NPH AiJIeHHI
Ha 8 nae B ocraui 1.

O—w 40.23." Yomy Moske HOPiBHIOBATH OcTaya IIpH AlIeHHI yucaa m®
Ha T?

O—wr 1().24." Yomy Moske ZOPiBHIOBATH OcTada IpH AineHHI yucaa k°
Ha 9?
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§ 7. OcHoBM TeOpIi NOAINLHOCTI

40.25." Ymcna a i b raxi, mo a® + b*> = 0 (mod 3). osexits, 1o
a=0(mod 3)ib=0 (mod 3).

40.26. Yuena m i n raki, mo m> + n® = 0 (mod 7). Iosexits, 1m0
m=0(mod 7)in=0 (mod 7).

40.27." Bigomo, mo (a® + b%) : 3. Hosexits, mo (a® + b%) : 9.

40.28.° Bigomo, mo (m?* + n®) i 7. Hosexits, mo (m® + n?) : 49.

40.29." Po3s’sKiTh V IIJIMX yKucIaxX PiBHAHHS:

1) x* — 3y = 8; 3) m® — Tn? = 19;
2) x* - 4y® = 11; 4) 2 — 9t = 16.
40.30." PosB’sAxKiTh Y LiNUX YKUCIAX PIBHAHHA:
1) x* - 82 = 17; 3) 8x® + Ty’ = 38; ‘
2) 9x* — 28y = 15; 4) 16x* - 5y° = 18. ‘

40.31." BukopucTOBYIOUYM KOHI'PYEHIIii, ZOoBeAiTh, 110 IpH OyAb-AKO-
My HATYpPaJbHOMY 3HAYEHHI n 3HAUYEeHHSA BUPA3Y:
1) 11" + 146" xparHe 5; 5) 5> *1 4 2n*4 4 9"l gparme 23;
2) 3%" + 11-5" kparHe 4; 6) 3" *2 + 5.2 "1 kparre 19;
3) 21" + 2*" " * gkparne 17; 7) 5" + 8" — 2" ! kparne 3; :
4) 4-13" + 37" + 1 xpatne 6; 8) 2" *°.3" + 5°"*! xparne 37.
40.32." BUKOpUCTOBYIOUM KOHT'PYEHIIil, ZOBeAiTh, 10 NPU OyAb-AKO-
My HATypaJbHOMY 3HAYEHHi 77 3HAYEHHsS BUPA3Y:
1) 17" + 25+4" xparme 13; 4) 6> + 3"" % + 3" kparre 11; J
2) 16" + 4*"* ! xparne 5; 5)17-21*"*' + 9.43%"*! kparne 8;
3) 15" + 2" — 30 kparme 7; 6)2°"*3 + 5".3"* 2 kparne 17.
40.33." 3gaiiniTe ocrauy Bij AiJIeHHA YMcIa @ HA YUCJIO0 b, AKIIO:

1)a=5%,b=3; 3).a= 8%, b=1; |
2 Gi= T =45 4) a = 3" + 22, b = 5. ]
40.34." 3HaiAiTE OCTAYY BijJ AiJIEHHS YUcJia m HA YUCJIO 1, AKII0: <
1) =112, ni= T7; 3)m=3"%'n = 31, 1

2)im. =132 :n'= 17; _

40.35." Cyma ocrayu Bij AiJleHHA HATYpaJbHOI'O YHCJIA I HA YUcJIa 3,
6 i 9 nopisHIOE 15. 3HaMAITH i ocTayi.

40.36." Tosenits, nio cepexn uuces suny 4" + 4" (m i n — Harypajib-
Hi ypcJia) HeMae »KOAHOT0 KBajpaTa HaTypaJbHOTO YHUCA.

40.37." NoseniTs, mo cepexn uncen supy 5" + 5™ (m i n — Harypaisb-
Hi YHMcJia) HeMae KOJAHOr0 KBaJpaTa HATypPaJbHOrO 4HUCa.

40.38." TIpo uucna m, n, p, ¢, r, s Bigomo, mo m* + n* + p* + ¢* +
+ 7 = g, JloBeniTs, mo xoya 6 ofHe 3 MUX YHCeJ HapHe.

40.39.” Bigomo, mo p i ¢ — HenapHi yucyaa. [loBexiTs, Mo piBHAHHSA
x° + px + ¢ = 0 He Mae pamioOHAJPHUX KOPEHIB.

40.40.”" Yucxaa Xy Xy oeey X, HE JUIATHCA HALINO HA 5, a 3HAYEHHS ‘

BUpA3y X, + X, +...+x, Kparse 5. losexirs, mo k : 5. 5
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41. Hanbinblumi CninbHWUA AiNbHWUK | HAVMEHLLEe CnifbHe KpaTHe

40.41.” IloBexiTs, 110 IPH KOJAHOMY HATYPAJIbHOMY 7. 3HAUYEHHA BU-
pasy 1 + n + n® + n® He € crenenem umena 3.

40.42." Ocrava Bij gimeHHA TPUOU(MPOBOro YMUCIA N = aad Ha JesdKe
onHONM(POBE YHCIIO AOPiBHIOE 8. 3HAUIAITH YUCIIO M.

1. Ocraua Bixg pineHHs TpunudpoBoro uucya m = 2bb Ha neake
oxHOUM(MPOBE YHCJIO AOPiBHIOE 8. 3HAWAITE YUCIIO M.

40.44." fIxy HaH6iABIIY KiNbKiCTH HATYpPaJbHUX uucen Bix 1 zo 100
MOJKHA BUOpaTH Tak, mo0 cyma OyAb-AKUX ABOX 3 IIUX YHCEJ Mi-
aunacsa Hamijgo Ha 67

40.45." ITpu pineHHiI HaTypaJIbHOrO 4YuMcjga n Ha 9 ocraua JOPiBHIOE
HeNmoOBHIN YacTii, i npu giyeHHL n Ha 14 ocraua TeX AOPiBHIOE
HEIIOBHIN YacTi. 3HAUAITH YC1 MOXKJIMBI 3HAYEHHS 7.

‘48, Ilpm pinenHi HaTypaJabHOro ymeaa n Ha 26 ocraua JopiBHIOE
HEINOBHiN uyacTifi, 1 nmpm ginesHi n Ha 29 ocraua TeX HAOPiBHIOE
HEeIOBHIiN yacTni. 3HAWAITH YCi MOKJINBI 3HAUEHHSA 1. :

40.47." IToBexniTs, mo icHye Geaniu HATYPANTBHIX YMUCENT, AKi HE MOXK-
Ha MOJATH y BUIJIALL:

1) cymu Ky06iB ABOX HATYpPaJbHUX YHCEJI;
2) cymu Ky0OiB TPHOX HATypPaJbHUX YHCEJI.

40.48." [Toe/iTh, MO cepes HATYPAJBHUX CTEIEHIB uucia 2 iCHYIOTh
IBa TaKUX, 0 ix pisHuNA KpatHa wucay 2009.

40.49." IloBexiTs, mo s 6yAb-AKOT0 HATYPAJIHHOTO YMC/IA 71 3HAM-
JeThCsl HATYpaJIbHE YUCJIO, KPaTHE 1, Y 3allUCy SIKOI0 BUKOPHCTO-
BYIOThCA TibKU mucpu 1 i 0.

40.50." Bigomo, mo a + b + ¢ = (a — b) (b — ¢) (¢ — a). losexniTs, 1m0
3HAYeHHA BUpa3y a + b + ¢ € mapHUM i KpatHUM 27.

HanbGinbwuni cninbHUM AINbHUK | HANMEHLWe cninbHe
KpaTHe ABOX HaTypanbHUX Yucen.
B3aemHo npocri yncna

SAKIIo KoKHe 3 uncen’ @ i b AiIMTHCA HAILIO HA YUCyI0 d, TO YHC-
JI0 d HA3MBAIOTh CHIJIBHUM JIIBHUKOM Yuces a i b.

3posymiyio, mo d < a id < b. Omxe, MHOXKWHA CHLJIBHUX HiJIbHU-
KiB ynces a i b € ckiryesHO0. Bubepemo B I[il MHOKHHI HaUO1IbIINIA

' ¥V npoMy nyHEKTi 6yKBaMy IIO3HAYEHO HATYPAJILHI uncna. Bumagku, Kouau
OYKBOIO TIO3HAYEHO I[iJie Yuciio, OyaAyTsE 06YMOBIEHI OKpeMo.
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§ 7. OcHoBW Teopii NoAiNbHOCTI

eneMeHT. YIOro HA3WBAIOTH HAMOLIBIIMM CIIJBHUM XiAbHUKOM YHCE
a i b i noznauawotes HCII (a; b).
Hanpuxnan, HCII (18; 12) = 6, HCII (5; 6) = 1, HCII (7; 14) = 7.

Teopewma 41.1. Axwo a > b, mo HC/] (a; b) = HCA (a — b; b).

Hosedenns. Hexait a :dib : d, roni (a — b) : d. Hexait (a - b) : d,
ib: d,, roxni a : d,. Maemo, 1m0 OyAb-AKUI CHIIBHUYI ALTBHAK YUCE
a i b € cuinbHUM HinbHUKOM uuces a — b i b. I BaBnaku, Oyab-IKAN
COiIbHHUMN HiJMBbHUK yucesa a — b 1 b € cuiibHUM JITBHUKOM YHCEJ a4
i b. Oroke, MHOMKMHA CHIJIBHUX MiNBHUKIB uuces a i b 30iraerbcs
3 MHOXXWHOIO CIILTBHUX MiBHUKIB uuces a — b i b. 3sigcu HC/L (a; b) =
= HCII (a — b; b). A

NMPUKNAA 1 3Bmaiigite HCI (6n + 3; 3n).

Posé’azannsn. 3a reopemoro 41.1 mMoyxkHa 3anucaTu
HCH (6n + 3; 3n) = HCII (6n + 3 — 3n; 3n) = HCII (3n + 3; 3n) =
= HCI (3n + 3 — 3n; 3n) = HC]I (3; 3n) = 3.

Tenep Mu mozHaoMuMoOcCH 3 iHIIMM, OiJIBII 3araJbHUM METOIOM
3HAXOMKEeHHA HANOIJIbIIOro CIJIBHOTO AIJIBHUKA ABOX YUCEJI.

Axmio a : b, To oueBuaHo, mo HCII (a; b) = b.

PosrnssreMo BUNIIaZIOK, KOJIU @ He AinuThbeA Hanino Ha b. [laa Bu-
3HAYEHOCTi BBa)KaTHMeMO, 110 a > b.

Jema' 1. Axwo a = bqg + r, de 0 < r < b, mo HCJ[ (a; b) =
= HC/J (b; r).

IoBenenHd 1i€l jemu aHaoriuHe noBeeHHIO Teopemu 41.1. TIpo-
BeIiTh MOro caMOCTiHMHO.

3 nemu Buiiusae, mio 3Haxomxenasa HC]IL (a; b) sBoguTscsa [o
sHaxomxenusa HCII (b; r).

ITosrauumo yepes r, ocrady Bix pinennsa umceya b va gyucyao r. Toxi
3a siemoro HC/I (b; r) = HCI (r; r,). Haui mo3HauumMo yepes r, ocrady
Bi pinennsa uucna r Ha yucyo r,. Toxi HCI (r; r)) = HCI (r; r,) i T. 4.

Bunumemo BifmoBigHi piBHOCTI:

a=bqg+r,0<r<b;
b=rq, tr; 0<r, <r;
r=r1q2+r2,0<r2<rl;
Rt e a2 0< i

! JIeM010 HA3UBAIOTH JOIOMIXXHY TEOPEMY, AKY BHKOPHUCTOBYIOTH AJIA
JOBEIeHHS IHOIUX TeopeM.
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Maemo aHIIOKOK HepiBHOCTEU b > 1> 1 > 71, > 1, > ... 2 0. dxK
Haummo, octaui 3MeHmyoThea. OTiKe, HA AKOMYCH KpPOIi ocTaua
JlopiBHIOBaTHME Hy10. Hexall r — ocTaHHs HEHyJIbOBa ocTavya, TO6TO

rn—‘z g rn-lqn % rn;
rn—l i) rnqn-l- 1 B
I3 nemu BUNIMBAE, IO
HCJ (a; b) = HCI (b; ) =HCHO (r; )= ...=HCH (r,_;s 7))

Ockineku r, _ ir,mo HCHO (r,_; r)=r,. Orxe, HCH (a; b) =r,.
Onucanuit merox 3uaxomxenuna HC]Il (a; b) HasuBaoTh aaropur-
vmom EBkJiza.

NPUKNAA 2 3Bmaitaite HCI (525; 231).
Pozé’azannsa. 525 = 231-2 + 63;
231 = 63-3 + 42;
63 =42-1 + 21;
42 = 21-2 + 0.
Omxe, HCII (5625; 231) = 21.

NMPUKNAL 3 Opus maiicTep poOUTH HA AOBriidl CTpiuni MO3HAYKHU
CUHIM OJIiBIIEM uyepe3 KOMKHI 25 c¢M, a APYruifi — 4YEepBOHUM UYepes
KOoKHiI 36 cM, MOYMHAIOUYM 3 OLHOIO i TOro camoro micosa. Yu moxke
sAKa-HeOyIb CUHSA IMO3HAYKaA BUABUTHUCA Ha Bizcradi 1 cMm Bij AKOi-
HeOyab 4epBOHOI?

Poze’sazanna. Hexait x i y — KinbKicTh MO3HAYOK, 3p0OOJIEHHX
MepImuM i ApyruM mMaicTpaMu BifmoBigHO. BiAnoBigs Ha 3anuTaHHA
3azaui Oyze MOBUTHUBHOIO, AKIIO piBHAHHA 25x — 36y = 1 mae
pPO3B’SA30K Y HATYPAJBHUX YHUCJIAX.

3acrTocyemo anroputrm EBkiina mo uucesn 36 i 25:

36 =25-1 + 11;
25=11-2 + 3;
11=38-3 + 2;
3=2-1+1.

[Iepenumemo 1i piBHOCTI Tak:

11 =36 — 25-1;
3=25-11-2;
2=11—-3+3;
L=3="2+1,

3Bigcn1=3-2-1=3-(11-3:3)=4:3—-11=4(25-11-2)—-11 =
=4-.25—-9-11=4-25-9(36 —25-1) = 13-25 — 9-36.

Omxe, 13:25 — 9-36 = 1, To0To mapa (13; 9) € posB’si3KoM piB-
HAHHA 26x — 36y = 1.
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§ 7. OcHoBW Teopii NOAINbHOCTI

BuHuKae npuposHe 3anuTaHHA: « HOMY 3a AOIOMOTOIO AJITOPUATMY
EBkiiza HaM BHAjoCAd 3HAWTH il PO3B’A3KU PO3TJISAAYBAHOrO PiB-
HAHHA?» Piu y TiM, o copaBeijiuBe TaKe TBEPAKEHHSA: PIBHAHHSA
ax + by = HCJ] (a; b) 3aBxau Ma€e pO3B’A3KHU B IIJIMUX YHUCJIAX, IIPH-
4OMYy OJUH 3 PO3B’A3KiB (X ; Y,) MOXKHA 3HAWTH 3a JOIIOMOTOIO AJro-
purmy EBkiaiza. Binsmr Toro, yei misi po3B’sisKM IBOro piBHAHHS
sagaioTecs popmysamu x = x, — bt, y =y, + at, ne t € Z. llei paxT
BU 3MOYKETe JOBECTH HA 3aHATTAX MaTEeMAaTHYHOrO I'ypTKAa.

Axmio ymucsa a 1 b € ginbHEKaAMU 4ucjaa kB, TO YUCJIO kK Ha3UBAKOTh
CIILIBHUM KPAaTHUM 4uces a i b.

Cepej CIIiMIBHUX KPAaTHHUX uuces a i b € Haitmenme. Vioro Hagusa-
IOTh HAWMEHIIMM CHIJIBHMM KpPATHHM uuces ¢ i b i mosHaAuaoTh
HCEK (a; b).

Hanpuxnaz, HCK (8; 12) = 24, HCK (7; 8) = 56, HCK (64; 16) = 64.

Teopema 41.2. HCK (a; b) € dinvruxom 6ydv-2K020 Cninbhozo
Kpamnozo wucen a i b.

Hosedenns. Hexait HCK (a; b) =k i k, — cmisbHe KpaTHe duces
aib, k, > k.

ITpunycrumo, 110 k£, He ainurbea Hauino Ha k. Toxi k, = kq + r,
ne 0 < r < k. 3sigeu r = k, — kq. Koxne 3 uncen k, i k xparse i a,
ib, orske, r:air:b, T06TO r — cuinbHe KpaTHe yucesa a i b. IIpote
r < k. Orpumasiu cynepeuysicrs. A

Teopema 41.3. Akxwo a : ci b : ¢, mo %b— — CninbHe Kpamme

yucen a i b.

Hosederns. 3 yMOBM BUILIUBAE, IO iCHYIOTHL Taki ymciaa m i n,

ab _ cmen

moa=cmib=cn. Togi — =ecmn = an = bm. OTxe, YUCIO
(&

ab .
— KpaTHe unciaaMm a i b. A
C

Teopema 41.4. HCK (a; b)-HC/] (a; b) = ab.

Hosedennsn. Hexait HCK (a; b) = k, HCII (a; b) = d. OueBugno,
mo uuciyio ab € coibHEUM KpaTHUM uyucea a i b. Toxi 3a Teopemoro
41.2 maemo ab : k. OTxe, icHye Take 4HUCJIO €, IO

ab = ck.

Ockinpku k : a, TO icHye Take umcjao m, mo kB = ma. Maemo:
ab = ema. 3Bigcu b = em. Orxe, b : c.
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AHaNOriuyHO JOBOAUTHCH, 10 a : ¢. OTixe, ¢ — CHINBHUN AIABHUK
uncen a i b. Toni d =2 ¢. 3 piBrOCTI ab = ck maemo:

ab ab
=— 2 —,
k 5 7 (1)

; ab ]
3 immoro 60ry, 3a Teopemoio 41.3 ynucuao 7 € CIIIJIBHMM KPATHUM

umecea a i b. Orxe,

%” > k. (2)
3 mepiBHocrei (1) i (2) orpumyeMo, IO %b =k A

Oanavennsn Axmo HCH (a; b) = 1, To unuciaa a i b HazuBawoTh
B3A€MHO NMPOCTHM M.

Hanmpuxman, 91 25, 16 1 1, 28 i 29 — mapu B3a€EMHO IPOCTUX
qHCeI.

Teopewma 41.5. Axwo HCJ (a; b) = 1, mo HCK (a; b) = ab.
CnpaBemnBicTh IIBOT'0 TBEP/YKEHHSA BUILIUBAE 3 Teopemu 41.4.
Teopema 41.6. Axwo HCH (b;c)=1,a :bia:c, moa : be.

Hoeedenusa. Ockinsku HCII (b; ¢) = 1, To HCK (b; ¢) = be. 3 ymo-
BY BUILJIMBAE, IO @ — CIIiJibHEe KpaTHe uuces b i ¢. Toai 3a TeopeMoio
41.2 a : HCK (b; ¢), ToOTO @ : be. A

Teopema 41.7. Axwo HCH (a; b) =1iac:b, moc:b.

Hosedennsn. 3 ymoBu Bunausae, mo HCK (a; b) = ab. Takox 3po-
3ymMino, 10 ac — cninbHe KpaTtHe yucena a i b. Orxe, ac : ab. Toxi
icHye Take uucyo k, mo ac = kab. 3Bigcu ¢ = kb. Omxe, ¢ : b. A

NMPUKNAL 4 JlosexniTs, 110 3HAYEHHA BUPa3y n® — n ginurees HAi-
0 Ha 6 npu OyAB-AKOMY 3HAUYEHHI n.

Po3ze’azanns. Maemo: n® —n=(n— 1) n (n + 1). Ockineku 3 gBOX
MOCJIOBHMAX HATYPAJBHUX YHCEJ OJiHe KpaTHe 2, a 3 TPhOX IIOCJi-
JIOBHUX HATYPaJbHUX YMCEJI OJHEe KpaTHe 3, TO 3a Teopemoio 41.6
3HAYEeHHSA NAHOIO BUpPas3y KparTHe 2-3, To0TO 6.

NPUKNAJL S Poss’saxiTe y HaTypaJabHUX YUCIaX PiBHAHHEA X (Y — =
= 8y.

Poszg’szanns. OueBugHo, mo y # 1. OckinbKy JiBa yacTUHA pPiB-
HAHHA KpaTHa y — 1, TOo ¥ mmpaBa 4YacTHHA PiBHAHHA KpaTHa y — 1.
Yucna y i y — 1 B3aemHo npocti (zoBenits me camocriitao). Toxi 3a
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§ 7. OcHoBM Teopii NoAINLHOCTI

teopemoio 41.7 maemo, mo 8 : (y — 1)°. Bsigen (y — 1) = 1 a6o
(y — 1)* = 4. 3 ypaxysansam y € N orpumyemo y = 2 ado y = 3. Jlaxni
oTpUMYyEMO, 1o x = 16 abo x = 6.

Bidnosiows: (16; 2); (6; 3).

NPUKNAL 6 [osexits, mo xoau a = b (mod m), a : n, b : n,
HCIO (m; n) =1, 10 %E% (mod m).

Po3é’a3anns. 3 yMOBM BUILINBAE, 110 iCHYIOTH Taki uucia k, i k,,
mo a = nk, i b = nk,. Maemo: a — b =n (k, — k) : m. OcKinbKHI
HCH (m; n) = 1, To 3a reopemoro 41.7 (k, — k,) : m, T006TO k, =

=k, (mod m). 3sincu a_b (mod m).
n n

¥

® 1. ke yncao HA3UBAIOTH HAWOIJIBINUM CIILJIBHUAM JIJIBHAKOM YHCEeJ
aib?

2. Yomy nopisuoe HCII (a; b), axmo a : b?

3. OnuimiTe anropurM EBKiiza.

4. fIxe yncia0 HA3UBAIOTH HAWUMEHIIUM CIILJIBHUM KPATHHM YHCEJ
aib?

5. HYomy nopisuioe pobyrox HCK (a; b)- HCI (a; b)?

6. fAxi yncna Ha3MBAIOTH B3AEMHO IIPOCTUMMU ?

7. YoMy nOpiBHIOE HaWMEHINIE CHiJIbHE KpaTHE B3A€EMHO ITPOCTHX
yucea?

41.1.° 3uangite HCII uucesn:

1) 253 i 299; 2) 2491 i 2773.
41.2.° 3unaiigite HCJI yucesn:

1) 8991 1073; 2) 4757 i 5561.
41.3.° Nosexits, mo aas 6yas-axoro n € N:

1) HCO (n; n + 1) = 1; 2) HCII (2n; 2n + 2) = 2.
41.4." Hosexite, mo aasa 0yab-axoro n € N: -

1) HCO (n; 2n + 1) = 1; 2) HCII (8n + 4; 4n) = 4.
41.5.° Yomy moxxe popisaioBatu HC]I (a; b), axmio:

1)a=n,b=n+ 2; 2)a=n,b=4n + 3?
41.6." Yomy mosxe popisuioBatu HCJI (a; b), axmio:

1)a=2n+1,b=2n + 3; 2)a=2n+1,b=8n + 7?
41.7.° NosexiTs, mo npu 6yas-akomy n € N € HeCKOPOTHUM Jpi6:

4n+3 12n +1
b 20n + 23’ 2) 30n+2°
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(1.8, IosexniTs, mo npu 6yab-axomy n € N € HeCKOpOoTHUM Api6:
3n+1 16n +1
1) ———; 2 ;
) 15n + 14 ) 40n + 2
41.9.° Iline uucno n KpatHe 3 i kpatHe 4. Ym npaBuiIbHO, IIO N
KpatHe 127
41.10.° Iline umeso n xparHe 6 i kparHe 8. Ym npaBUIBHO, IO N

KpaTHe 487 :
41.11.° Iosenirs, 1110 npu OyAb-AKOMY N € 7 3HAYEHHS BUPAa3Y:
1) n* + n xparHe 2; 3) n* — n® kparue 12.

2) n® + 3n® + 2n xkparHe 6;

12" ToBeniTs, 1110 IpU OYyAb-AKOMY N € 7 3HAUYEHHS BUPAa3y:
1) n® — n xparne 2; 3) (n* — 1) (n® — 2n) xparHe 24.
2) n® + 11n xkparHe 6;

41.13." Yu icHyloTs Taki uingi uucna a, b, ¢, 11o:
1)a+b+c+a*+ b+ c=1001;
2a®+b*+c—a—-b-c=10047

41.14." JloBexiTs, 10 OpH OYAL-AKOMY N € 7Z € LUiJIUM YHCJIOM 3HAa-
YeHHs BUPAa3y:

n(n+1)(n+2)(n+3). n’=n, n® —5n® + 4n

1) 24 ¢ & 30 °’ %) 120 ;

11,15, HoBeniTh, 110 OpuA OYyAL-AKOMY N € 7Z € IiJIAM YHUCJIOM 3HA-
YeHHs BUPAa3y:

n® +5n . nn+1)°@m+2), (n? —1) (n® + 2n)
1) B 2 12 / e 24 E

41.16." 3maigiTe HaTypaJbHi yucaa m i n, AKMIO:
nE

1) TR HCI (m; n) = 5;

m 4

2) s HCK (m; n) = 88;

3) HCO (m; n) = 3, mn = 117;
4) HC (m; n) = 7, HCK (m; n) = 1001.
L1170 3HanziTes HaTypasibHi yucaa a i b, AKmo:

1) 2= HCR(a;0)=8  2) 2=1, HCK (s b) = 224.

41.18.” Big npsamoxyTHuUKa poamipamu 324 X 141 mm BigpisarmoTs
KBazpaTu 3i cropoHOO 141 MM, MOKM He 3aJUIIUATHECA IPAMOKYT-
HHUK, YV SIKOT'O JOB)XHHA OAHiel cropoHm meHma Hixk 141 mm. Big
OTPHMAHOTO IPAMOKYTHHKA 3HOBY BiIpi3aioTh KBaJpaTH, CTOPOHA
SAKHUX JOPiBHIOE AOBXKHHi Oro MEHIIOI CTOPOHM, i T. A. IKa H0OB-
JKMHA CTOPOHU OCTAHHBOrO KBaapara?
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§ 7. OcHoBM Teopii NoAINbHOCTI

41.19.7 I3 100 nocaigoBEUX HaTypaJdbHUX umces BuOpanu 51 uucio.
HoBexiTs, Mo cepej BUOpaHMX YuHcea € Taki yuena a i b, mpo
HCJ (a; b) = 1.

41.20. Halimenie crijJibHe KpaTHE AeAKUX ABOX HATYPAJIbHUX YHUCE
y 16 pasis 6isbmie 3a iX HAUOIIBIIUA CIIIIBEUNA AibHUK. [loBeaiTh,
110 OJIHE 3 IIUX YHCEeJl KpaTHe APYyromy.

41.21.” HalimeHIIIe cIlJIbHE KpaTHE JIEAKUX JIBOX HATYPAJIbHUX YHCEJ
y 27 pasiB 0iybine 3a 1X HAUOLIBIINYA cOiNbHAN AinbHUK. [loBeaiTh,
[0 OJHE 3 IUX YUCeJI KpaTHe JPyromy.

41.22." Po3B’sikiTh y HaTypaJbHHUX uyuciax piBHaHHA X (y + 1)° =
= 243y.

41.23." Harypanbai uncaa m i n raki, mo HCK (m; n) + HCII (m; n) =
= m + n. [loBexith, mo oxHe 3 uucesa (m abo n) AiAUTHCA HALLIO
Ha JApyre.

4 2
41.24." Nosexitsh, mo npu 6yas-axomy n € N api6 P—fié—ié € He-
n +6n°+8
CKOPOTHHUM.
41.25." HarypasipHe YHCIIO 1 TaKe, IO 3HAYECHHS BUPA3y
nn+1)(n+2)(n+3)(n+4)
kparae 2000. 3uaiigiTe HaliMeHIlle 3HAYECHHS .

41.26." Bmaiizite yci mapu HaTypaabHUX YUCEJ M 1 N TAKHUX, IO
HCK (m; n) — HCII (m; n) = %

41.27." Tpu aBTOMATH APYKYIOTh HA KAapTKAX IapH I[LJIAX YUCEJ.
KosxHu1ii aBTOMaT, MIPOYATABIIU JeSIKY KaPTKY, BUJAA€ HOBY KapT-
Ky. IIpounraBimm KapTKy 3 maporo yucesa (m; n), nepiuit aBToMar
BHJa€ KapTKy 3 uucjamu (m — n; n), APpyruif — KapTKy 3 YHcCIa-
mu (m + n; n), Tperiii — KapTry 3 uuciaamu (n; m). CnouaTky
€ KapTka 3 nmapoio yuces (46; 51). U MokHA, BUKOPUCTOBYIOUH
aBTOMATHU B JAEeAKOMY HOPAAKY, OTPUMATH KapTKy 3 Iapoi0 Yu-
cexa (15; 33)?

m O3naxku noginsHoCTi

Bu 3HaeTe, 1110 O3HAKU MOAIJIBHOCTI Ial0Th 3MOI'Yy 3a BJIACTUBOCTS-
MU JeCATKOBOI0O 3aIMCy ALJIEHOr0, He BUKOHYIOYH JiJIeHHS, BU3HAYA-
TH, YU € JeAKe YHUCJIO MOro HIIBHUKOM.

Bawm Bimomi osmakm nmoxinpHOCTI Ha 2, 5, 10, 3 1 9. Tenep 3a no-
IIOMOT'0X0 «MOBHM KOHI'DYEHIIi#i» y3araJbHHUMO IIi O3HAKU i AOBEAEMO
HOBI.
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42. O3HaKu NoainbHOCTI

Te =
leopema 42.1. a,a, ,a, ,...a,a,=a, +ta, , + .. ta, +a, (mod 9).

Jlosedenns. 3anuieMo O4YeBUIHI KOHI'DYEHIIil:
1 =1 (mod 9),
10 = 1 (mod 9),
10* = 1 (mod 9),

10" ' =1 (mod 9),
10" = 1 (mod 9).
IToMmHOXUMO 00HMABI YaCTHMHM NEpPLIO] KOHIPYeHIIl Ha a, APY-
roi — Ha a,, TPeTbol — Ha a, ir. g., (n + 1)-i — Ha a,. Maemo:
a, = a, (mod 9),
10a, = a, (mod 9),
10°-a,= a, (mod 9),

10" '-a . =a_ _, (mod?9),
10" - a = a  (mod 9).
JlomaBIuy 1i KOHIPYeHIIii, OTPUMAEMO:
10%-a, +10" 'sq .. +10a, + a =

='g. s gl R LS Foastag(mod (9);

Q0. 0. . s00 =a, +a, ,+... +a,+a, (mod 9). A

n-1
Hacanigoxk(osamaka noginsuoctTi Ha 9). Hamypaavie wuc-

no dinumevca nayino na 9 modi & minvku modi, Koruw cyma yudp
1Loz0 decamxo06020 3anucy dirumuvcsa Hayino na 9.

Teopema 42.2. a,a, ,a, ,...a,0,=a, +ta, , +.. +a, +a, (mod 3).
JloBeaiThk 1[I0 TeOpeMy CaMOCTiMHO.

Hacnigok(osHaka nogianprHOCTi Ha 3). Hamypanshne wuc-
10 dinumebca HAYino Ha 3 modi & minbku modi, KOnU cyma yupp
iozo decamio6020 3anucy dirumsbea HAYLLO HaA 3.

Teopema 42.3. a.@a, ;a, ,...aa,=a, —a, +a, —a; +... +
t(-1)"a, (mod 11).
Hosedenns. 3anuiieMo OUYeBULHI KOHIPYEHILil:
1=1 (mod 11),
10 = -1 (mod 11),
10* = 1 (mod 11),
10° = -1 (mod 11),

10" = (-1)" (mod 11).
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3Bigcu
a, = a, (mod 11),
10a, = —a, (mod 11),
10*-a,= a, (mod 11),
10*-a,= —a, (mod 11),

10"-a = (-1)"-a, (mod 11).
HonxaBmu 1i KOHIrpyeHIIii, OTpUMAaEMO:
10%-q 107 Eeq e 2 10a, F e =
=a,—a, +a,-a,+..+ (-1)"a, (mod 11);

G0 Q. 5 B0 = Gy~ O+ 8 G+ (51)"a. ((mod 11). A

Hacnigok (o3Haxa nogiasnoctTi Ha 11). IIponymepyemo
yugpu decamro6ozo 3anucy HAMYpPaibHOZ0 YUCLA CRPAEA HANIEO
yucnamu 0, 1, 2, ..., n. Hamypanvne wucno dirumvces nayino na 11
modi i minvku modi, KOLU PI3HUYA ML CYMOIO Yudp 3 napHuUmMU
HOMepamu i Cymoio Yyudp 3 HenapHumu Homepamu Oirumsbes Ha-
yino na 11.

Hanpuxknaxn, giasa yucna 2 387 605 maemo: (5 +6 +8 + 2) — (0 +
+ 7+ 3) = 11. OTxe, e uucyo Kpatue 11.

NMPUKNAL 1 Hosexits, myo yucsao 1 000 003 000 001 ue € kBagpaToM
HATYPAaJBHOI'O YHCJIA.

Pozé’sazannsa. Cyma nudp masoro umcija gopiBHioe 5. Ormke, ne
4ucsI0 npH aisieHHi Ha 3 gae B ocradyi 2. [Ipore KBagpaT HaTypaabHO-

ro 4mcJjia Npu JAijieHHI Ha 3 xae B ocraui ado 0, abo 1 (auB. 3azauy
40.20).

NPUKNIAL 2 Hosexnirs, 110 Pi3HULA YHCJIa, AKE MAa€ HENapHY Kijb-
KicTs nmudp, i yucaa, 3aIMCAHOIO TUMH caMUMHU udpaMu, aje y 3Bo-
POTHOMY HOPAAKY, AlAUThcA Hamijgo Ha 99.
Posé’sizannsa. Hexat ogHe 4uciIo AOPiBHIOE a, a Apyre, OTpuMaHe
IepecTaHoBKO0 Ludp yucaa a, AOPiBHIOE b.
ITosraunmo’ uepes S (n) cymy nudp HaTypaabHOro yucsaa n. Oue-
BUAHO, 1110 S (a) = S (b).
Maemo:
a =S (a) (mod 9);
b=S (b) (mod 9);

! Take mosHaueHHs Oyle BUKOPUCTAHO i JaJi B 3ajadax IbOro IMyHKTY.
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42. O3Haku NoAiNbHOCTI

a—>b=0 (mod9),

ro6To (@ — b) : 9.

[Tponymepyemo mudpu uucaa a cupasa HajaiBo uuciaamu 0, 1, 2,
vovy Dle

ITosraunmo yepesd P (n) pisHHIIO MiK cyMo0 nudp 3 NapHUMU
HoMepamu i cymo0 nudp 3 HemapHUMHU HOMepaMu yuchaa n. Tomi:
P(a)=(a;+a,F s +a, ,+a,)=(a,Fa +u +a,. +a...);
P (D)= vt @it ~Fresagairial (@, it ail thd sl g R a ).

OueBupgso, mo P (a) = P (b).

Maemo:

-3

a =P (a) (mod 11);
b= P (b) (mod 11);
a—b=0 (mod 11),
robTo (@ — b) : 11.
Ockinpru HCIT (9; 11) = 1, 1o (a — b) : 99.

e 1. CdopmynoiiTe 03HAKY HOAINBHOCTI Ha 3.
2. ChopmytioiiTe 03HaKy nojisbHOCTI Ha 9.
3. ChopmynoitTe o3Haky noaissaocTi Ha 11.

42.1.° sIki 3 uncen 485 761, 44 253, 1 757 217, 2 223 075 ginarscs
gamiygo: 1) va 3; 2) Ha 9; 3) Ha 117

O—wr 42.2.° losenits', mo a,a, ,...a,a, = a,a, (mod 4).

O—w 42.3." losexits, mo a,a, ;...a,a, = a,a, (mod 25).

O—w 42.4.° loBenits, mo a,a, ,...a,a,a, = a,a,a, (mod 8).

O—w 42.5." [loenits, mo a,a, ,...a,a,a, = a,a,a, (mod 125).

O—w 42.6.° [losenits, WO @,a, ,...a,a, ,...dy = A, @, ,...a, (mod 2").

O—w 42.7.° Ilosexirts, mo a,a, ,...a,a, ,...G, = @, ,a, ,...a, (mod 5%).

42.8.° 3anuniiTh, BUKOPUCTOBYIOUH 110 OHOMY pady KOXKHY 3 mudp
0; 1; 4; 7, waibinpme i HaliMennre YorupunudpoBi yucaa, AKi
KpatHi 15.

' V sagmauax 42.2-42.7, akmo nepma 3JiBa nmugpa 4ucaa, 3aIUCAHOTO
B IIpaBi¥l YaCTHMHI KOHI'PYeHIlil, OPiBHIOE HYJIO, TO 3allMC IBOTO YHCJAa I0-
TpiOHO YMTATH IIOYMHAIOYU 3 HACTYIHOI Hudpu.
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§ 7. OcHoBM Teopii NOAINbHOCTI

42.9.° 1o uucna 15 monummrite 37iBa i cmpasa mo oxmiit mudpi Tak,
o0 yTBOopeHe ymceiyo Oyso kpatHe 15. CkinbKM po3B’sA3KiB Mae

3anada?

42.10.° To uncaa 34 monuiriTe 3iiBa i cmpasa mo ojHi# mudpi Tax,
00 yTBOpeHe umcao 0ysno kpatHe 45. CKinbKU po3B’sA3KiB Mae
zamaua’?

42.11.° BamicTs 3ipouoK mocrasTe Taki mudpu, mobd ymenao *74% ni-
JUJIocsa Haiyio Ha 18. 3HalAITh yci MOXKJIMUBI pO3B’A3KH.

42.12.° 3amicTh 3ipouok mocTaBTe Taki mudpu, mobd aucao 3*¥4* mi-
JujocA Hanijgo Ha 9. 3HAUAITE yei MOMXKIUBI PO3B’IZKH.

42.13.° 3amicTh 3ipouKM mocrapTe Taky nudpy, mobd cemunuppose

aupcsao 1 876 74* ginumnocsa Hamino Ha 33.
42.14.° 3amicTh 3ipouok mocrasTe Taki mudpu, mobd cemuruppose
qucyio 2 83*% 64* pinuaocsa Hanisio Ha 595.

42.15.° BamicTh 3ipo4yoK mocrasTe Taki mmdpu, 1mod umcao 42 4%

migmnnoca Haigo Ha 72.
42.16.° 3amicTs 3ipoyoK mocrasTe Taki nudpu, mob yucao 6 2#% 427
minmaocsa Haiigo Ha 99.

42.17.° lllectuuudpose uncyao kparse 8. Ky Halbinbmy cyMmy mudp |

BOHO MOKe maTu?

42.18." 3uaigiTs HalMeHIIIe HATypaJibHe 4MciIo, KpaTtHe 36, y 3anu-
cy aKoro aycrpivaioTrbea Bci 10 mudp.

42.19." Ynu icuye HaTypaJbHE YHUCIO0, J00YTOK HUPP AKOr0 AOPiBHIOE
143 341 143?

42.20." JoBenits, mio AeCATKOBE YHUCJIO, y 3AlUCY SKOrO0 BUKOPUC-
TaHo oAuH pasd nudpy 1, xBa pasu — uuppy 2, Tpu pasu — nud-
py 3 i yorupm pasu — nudpy 4, He € KBaApPaTOM HATYPAJbHOI'O
qucia.

42.21." Yu mMoke HATypaJbHE YMCJO, V 3aIIMCY SKOr0 € TLIBKU Iud-
pu 0 i 6, 6yt KBaApPaTOM HATYpPaJbHOro ducsaa?:

42.22." CnouaTky ob6umcnamiu cymy nudp ducna, gAKke HOPiBHIOE JO-
oyrky 1:2:3-...-999-1000. ITorim obumcaunm cymy nudp OTpu-
MaHOTOo yucaa. Taxk pobmiam noTH, ZOKU HEe OTPUMAJIA OZHOIU(MPO-
Be uwucygo. 1o ne 3a gucio?

42.23." V necarkoBomy sanucy uucaa 28'°! mopaxysanu cymy mudp.
B orpumanomy umcii 3HOB mopaxyBasiu cymy uudp, i Tak goTwH,
JIOKY He oTpuManm ogHonudpose uuciao. ke me yucao?

42.24.” Po3’saxiTh PIBHAHHSA:

1) n + S (n) = 1000; 2) n* + (S (n))* = 1000.
42.25." Po3B’sxiTh PiBHAHHA:
1) n + S (n) = 1001; 2)n+ S (n)+ S (S (n)) = 2000.
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43. NpocTi | cknageHi Ymcna

42.26.”" HarypanbHe 4uca0 n Take, mo S (n) = S (5n). dosexnirs, 1o
n KpatHe 9.

42.27." HarypansHe 4uciI0 n Take, [0 YHUCJIO i T (e pecATunud-
pose. JloBeziTh, M0 B sanucy 4ucaa n° + 1 sHaigyThCA ABI OXHA-
KOB1 nudpu.

42.28." Yu morxHa, BUKOPHUCTOBYIOUU KOXXHY 3 mudp 1, 2, 3,4, 5, 6
10 OJJHOMY pasy, 3alucaTH IIeCTHIH(POBE UUCIO, AKEe AiIUTHCH
Hamijio Ha 117

42.29." Yucna 2000, 2001, ..., 2010 sanucanu ofHe 3a OGHUM y Je-
KoMy nmopaaky. loBemits, njo orpumMmane 44-nmugpoBe YMCIO Mae
NIPUHANMHI YOTHPH Pi3HUX HATYPAJbHUX AIIBHUKH.

42.30." Buaiinite yci n € N, 414 SKUX Mae Micle Taka BIACTHUBICTE:
SAKINO cyMa Iu(pp HATYPaJIbHOrO YHUCJA AIIATHCA HAILJIO HA 17, TO
M caMe YHCJO AIJTUTHCA HAILJIO HA n.

m Mpocri | cknageni yucna

Yucio 1 Mae TiIBKY OJMH HATYPAJbHUM AIIBHUK, a came 1. Byab-
siKe iHIIe HAaTypajbHe YHUCJIO I Ma€ IOHAWMEHIIe ABa HATYPaJbHUX
ninpEEKA: 11 n.

Yucno 5 mae TinbKy ABa HaTypaJbHUX HinbHUKHK: 11 5. Taky camy
BJIACTHUBICTH MAalOTh, HAUNPHUKJIaL, yuciaa 2, 7, 11, 13. Tari gucnaa
Ha3MBAaKOTH IIPOCTUMH.

Oamavenusn HarypansHe YHCI0 HA3UBAIOTh HPOCTHM, AKIO
BOHO MAa€ TIJIBKHU ABa Pi3HMX HATYPAJbHUX JIILHUKH: OUHHINO i came
e YHCJIO.

Yucno 4 mae Tpu HATYypPaJbHHUX HiabHHUKH: 1, 2, 4.
Yucno 6 mae yoTupm HaTypaJdbHUX AiibHHUKH: 1, 2, 3, 6.

Oszmavennn HarypansHe 4uciio, AKke Ma€ Oijablie HiXK ABa HATY-
paJbHUX JMiNbHUKH, HA3HBAIOTH CKJAJe H U M.

Yucna 4 i 6 — ckixageHi ymncia.

OckinbKy yucyio 1 Mae TiIbKW OAWH HATYPaJdbHUU ALIBHHUK, TO
A0ro He BBA’KAIOTh Hi MPOCTUM, Hi CKJIaJEeHUM.

SIKNIo mocjiIOBHO BHNHUCYBATH HATYpajJbHI 4McIa, TO JIETKO IIO-
MITHTH, IO IIPOCTi YUCJIa 3yCTPiYaThCcsa HabaraTo pizie, HiXK CKJa-
jgeni. Tak, mepiia TucaYa HaATypaJdbHUX yuces]a micturh 168 mpocTux

301



§ 7. OcHoBM TEOPIi NOQINLHOCTI

i
ymuces, apyra — 135, Tpera — 127. Binbm Toro, MoxHa BKasa'rm1

IPOMI’KKHM HATYPAJBHOI'O PAAY OVAb-AKOI JOBXKUHM, AKi HE MICTATH
YKOTHOT'O IIPOCTOI'0 YMcCJIa. i

Hanpuknazn, cepea n mocailoBHUX HAaTypaabHuUX yuces (n + 1) ! + 2,
n+1)!+8,...,(n+1)!+n+1, ge n > 1, HEMa€e KOJHOTO IIPO-
cToro yucsa’. Cuopaspai, mepie 4uCI0 AiMUTHCA HAIiJIO Ha 2 1 6igbiie '
3a 2, Ipyre 4mcao NiMUTHCA Hauijo Ha 3 i Oinpme 3a 3, i T. . ‘

Moske BUHHKHYTH riroresa, 10 B HATYPAJIBbHOMY PAJi, IOYUHAIO- |
Yy 3 IesAKOr0 MiCIisl, B3arajii HeMOXKJIMBO 3YCTPITH IIPOCTE YUCIO. AJe |
me He Tak. JlaBHbOrpenbKuii yueHni EBKIIiA y CBOIM 3HAMEHUTIN
KHu3i « Hauama» moBiB, 10 nmpocTux yuces 6es3iid.

e

Teopema 43.1. Muomuna npocmux wucen € HECKIH41EeHHOIO.

Hoeedennsa. Hexait MHOMKUHA IIPOCTUX YHUCEJ € CKIHUYEHHOIO 1 CKJIa-
AAETHCHA 3 IMPOCTUX YUCET Py Pyy weey P, -

Po3risiHeMo YuCIO p = p p,*...*p, + 1.

WHonue 3 uucen p,, p,, ..., p, He € AITBHUKOM YHCJIA P: YUCIO P
pu [IiIeHH]I Ha KOMKHE 3 IUX YHuces gae B ocradi 1.

Hexaii m — HaliMeHIUMH AiIbHUK YUCIa p, BiaMinEu# Big 1. Axoio
YHUCJIO M — CKJIaieHe, TO iCHY€ HIJIBHUK YHCJIA p, AKUM MEHIIHUM,
Hi)k m, BigMminau#i Big 1. OTiKe, 4HuCJIO M — IpPOCTE i HE MiCTHUTHCSH
cepej YHCeN P, Py, +.vy P, OTPUMANH CyIIEPEYHICTE. A

PosriisaemMo aesKi BJIACTUBOCTL IIPOCTUX YHUCEJI.

Teopema 43.2. Axuyo npocme wucno p, dirumosbcs HAYILO HA NPO-
cme wucno p,, mo p, = p,.

Hosedenns. Hucno p, mMae TUIBKMA ABA HATYPAIbHUX NIIbHUKH:
1ip,. Ockineku p, # 1, Top, = p,. A

Teopema 43.3. [aa 6y0v-aK020 HaMYypaivHozo WUcLa n i 0aAH020
npocmozo wucaa p cnpagediuse o0ne 3 060x meepdicensv: n : p
abo HCJ] (n; p) = 1.

Hosedenns. Yucno p mae TiIBKM JABa HATYPAJIbHUX JIIBHUKU:
1ip. Omxe, HCII (n; p) moxxe HaOyBaTH TiJIBKH JBOX 3Ha4YeHb: 1 i p.
Axmo HCI (n; p) = p, Ton : p. &

Teopema43.4. Axwo ab : p,dea € N,b € N, p — npocme wucno,
mo a6o a : p, a6o b : p.

! CumBostoM k! mosHauaoTs A06yTOK k MepIIMX HATYPAIbHHUX uuces (Ju-
TaOTh: «k dakropian»). Hanpuxknaxg, 3! = 1+-2-3; 5! =1-2-3-4-+5. [lomo-
puaucs BakatTu, mo 1! =110! = 1.
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43. MNpocrTi | cknageHi Yyucna

Jlosedenns. SIKmo a : p, To TeopeMy AOBeleHO. AKII0 YuCIo a He
KpaTHe YUCIy p, TO 3a TeopeMoio 43.3 maemo, mo HCII (a; p) = 1.
Toxi 3a Teopemoio 41.7 b : p. A

Hacninox. Axwo dobymox a.a,:...a HamyparvHux wucen 0i-
AUMbCa HAYINO0 HA npocme YUCLo P, mo xo4a 6 00uH 3 MHONCHUKIE
@, Qyy ooy @ OlAUMBCA HAYINO HA P.

JloBeiTe 110 TeOpeMy CaMOCTiHHO.

[aTYyiTUBHO 3pO3yMiJIO, IO OYAB-AKE CKJIAJeHe YHCJIO MOYKHA II0-
JIATHA Y BUTJIAAL JOOYTKY IIPOCTUX UHces] (PO3KJIACTHA HA IPOCTI MHOMK -
nnku). Ile#t paxT migxpeciaoe 0coOJMBY POJB IPOCTHUX YHCET AK
¢JIEMeHTIiB, 3 AKUX OyAyeThesa Oyab-siKe HaTypaJibHE YUCJTIO.

Tomy Teopemy, sgka OOI'DYHTOBYE iCHYBaHHS TAKOTO PO3KJIAAY,
HAa3UBAIOTh OCHOBHOIO Teopemoio apudmeruku. Ilepmum goBiB il
K. @. Taycec.

Teopema 43.5 (ocHOBHA TeopemMa apudbmeTuxu). Byds-
AKe HamypanvHe YUCno, 6idminne 6i0 1, a6o € npocmum, abo moice
6ymu nodano y euznadi dobymry npocmux wucen. J{éa posxradu
HAMYPANBLHOZO YUCLA HA NPOCMI MHONCHUKU MONYMb 6i0pi3HAMU-
¢ 00uH 6i0 001020 nuule nopadKom cni0y6aHHA MHONCHUKLE.

JTosedernns. PosriasaeMo ckIajeHe 9ucio n. Moro MokHa mogaTH
y BUIIAAL HOOYTKY HATypaJbHUX YHCEJ, BiAMIHHUX BiJ OAMHUIIL.
IcHYe Take HaTypaJbHe 4ucio k, mo 2 > n. Toxi kKimpkicTs MHOMXK-
HUKiB, Ha SKi PO3KJaJeHO 4YUCJO 7, He Oinbme, Hixk k. Copasai,
KOXKHHUH 3 IIMX MHOKHHKIB He MeHIIMH Bix 2. fAAKOm ix KijapKicTh
6ysa 6inpmoio 3a k, To ix mobyrok 6yB 6u OiapinuM 3a 2", mo cymepe-
yuTh HepiBHOCcTi 2F > n.

OcCKiNBKM KIJNBKICTh MHOXKHMKIB Y PO3KJIaAlI yucja n He O6inbmia
3a k, TO POBIJISHEMO TOM 3 PO3KJIAAIB, AKUHA MICTUTHL HaUOIIBIIY
KinbKicTh MHOXKHUKIB. 1le i € poskian uucia n Ha IPOCTL MHOYKHUKH.
CrpaBpi, AKINO AKAHUCH 13 MHOXKHUKIB € CKJIaJeHUM, TO, PO3KJIaBIIN
Oro HAa MHOXXHHMKH, OTPUMAEMO «JIOBIIMM» PO3KJAJ 4YHUCIa 1 HA
MHOXXHUKH.

HoBenemo, 110 Taxkuii pos3kjaan exuHui. Hexal umcio n MoxHA
IMOJaTH y BUIVIANL ZJOOYTKY IIPOCTHUX YMCEJI JBOMa criocobamu, TOoOTO
n=pp,..p in=qq, ...-q,nem=2,t22.

Maewmo:

PPy +e*P =q,q," e Qs

JliBa wacruna niei piBHOCTIL AlnuThes Hanino Ha p,. Toxi it nmpasa

YacTUHA AINMUTHCA HAILIO HA p,. 3a HacaifKoM 3 Teopemu 43.4 onuH
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§ 7. OcHoBW Teopii NOAINLHOCTI

3 MHOYXHHMKIB IpaBoi YaCTHUHM ALIUTHCA HAILJIO HA P, Ockinbku BC

MHOXHHUKH IIPaBOl YaCTUHHU PiBHOCTI € IPOCTHUMH YHCIaMHU, TO

TeopemMoio 43.2 OiIMH 3 HUX JOPiBHIOE p,- Hexaii, Hanpukaz, e

uucsio ¢,. Hoginusmii 06u/ Bl YaCTUHU PIBHOCTI HA P,, OTPUMAEMO:
| PPy e Py = Goy" " e

Mipkyiouu aHagOrivHO, MOY<HA OTPUMATH PIBHICTE PP, *...* P,
= ¢,q,*-+~*q, 1 T. 1. 3pO3yMiJIO, IO BPEMITi-DEIIT MPHUILEMO IO PiB-
HocTi 1 = 1.

Takum 9yuHOM, 3a3HAYEHI MHOKHUKU PO30MBAIOTHCSA HA IapH PiB-
HUX TPOCTHUX YHCeJ, a Ie AOBOAUTHL, IO PO3KJIaJ HATYpaJbHOTO
YUCJIA HA MPOCTI MHOKHUKHN — E€IUHUN. A '

AKIo B poskjaazl HaTypaJbHOTO YMCJa AeAKl MPOCTI MHOXKHUKU
OBTOPIOIOTHCH, TO IX NOOYTOK 3aNHCYIOTH Y BHUIJIAJ1L CTENeHA.

Hanpuxnag, 2940 = 2:2:3:5:7.7 = 22.3.5. 7,

Yzaramii, po3kjaag YMUCJIa HA OPOCTI MHOXKHHUKHM MOYKHA 3allUCATH
y BUTJIAL: )

O 0

.= peipste i, apek,
ie O, Oy, ..y O, — HATYPAJBHL YHUCHAA, P, P,s +++» P, — HNONAPHO Pi3-
Hi ImpocTi Yucia. {
Taxuii 3anuc HaA3UBAKIOTh KAHOHIYHMM PO3KJIAKOM na'rypa.nbnoro.f;
qHCaAa.
PosriisiHeMo 11e OfHY Ba)KJIUBY BJIACTHBICTH IIPOCTHUX YMCEJI.

'|

Teopema43.6 (mana Teopema Depwma). Ixwo namypanvue
wueno a we dinumeca nayino na npocme wucno p, mo @’ ' = 1 (mod p).

!

|
/loeedennsn. Posrnanemo p — 1 uumcno: a, 2a, 3a, ..., (p — 1) a.
OueBHUIHO, [0 KOKHE 3 IIUX YUCEJ He ALIUThcA Hanigo Ha p. Hexai

Ty Tax ovss T jy=— ix ocraui npu AineHHi Ha p BignoBixHo. [loBexemo,

IT’ep Pepma (1601-1665) — dpaH-
IIY3bKHUU MaTeMaTHK, 3a ()aXxoM IOPHUCT.
€ oxuum 3 (yHAATOPIB Teopil uuces.
ABTOD pAAY BHAATHHUX POoOIT y pisHHUX
rajayssx MaTeMaTHKH, AKi 3aidcHuIn
3HAYHUM BILJIUB HA IOAAJIBIIAHA PO3BU-
TOK MaTeMaTHUKM.
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43. [pocTi | cknageHi Yyucna

(110 KOJHIL Ba 3 PO3rAAAYBAHUX YHCE] He JAITh OAHAKOBHUX OCTAY
IIpu AiJeHH1 Ha p.

[Tpunycrumo, mo Taki gBa uucia 3HaugyThed. [losaauumo ix ma
ina, nel<m<p-1,1<n<p-1, m > n. Toxi (ma — na) : p,
1r06T0 (M — n) a : p. Ilpore HCI (a; p) = 1. Toxi (m — n) : p, mo
HEMOIKJIUBO, OCKiNBKH 0 < m — n < p.

OckinbKM IIpU AlJIeHHLI HA 9MCJIo p icHye p — 1 HeHyabOBa ocTava,
a yucnaa a, 2a, 3a, (p — 1) a narors pisHi ocrayi npu AijeHHL Ha p, TO

(s iawiness rp—-]} =81, 2P = 1% (*)

Maewmo:

a =r, (mod p),
2a = r, (mod p),
(p—-1)a= Fosss (mod p).

3Bifcu a-2a-3a-...c(p - 1) a=rr,-.. 3 e (mod p). ¥Ypaxosy-

04" piBHiCTE (¥), MOKHA 3alIMCATH:
1:2-...-(p—-1)a” '=1:2-...-(p — 1) (mod p);
@ '=1 (mod p). A

Hacnigoxk. Ana 6ydv-1K020 HamypanrbHozo Hucia a i npocmozo
wucna p maemo a’ = a (mod p).

JoBeniTh 10 TEOPEeMYy CaMOCTiHHO.

O—w 3agaua. Bigomo, mo Bei ginpHUKY yncaa n, Aki BiaMingi

Bix 1, 6inpori, HiXK JZ HoBexiTs, 110 YUCJIO 1 — MIPOCTE.
Pozé’azanns. Hexait yuciao n — craagene. Toxi n = kl-kz, ne
k,> 11k, > 1. 3a ymosoio £k >n i k2>\/——. 3Bigcu k -k, > n.
OTrpuManyn CynepeuyHicTh.
IloBeneHa BIaCTUBICTE Ja€ 3MOT'Y CKOPOTHTH TEeXHIUHY podoTy mpn
BU3HAYEHHI TOro, Y4 € JJaHe YHUCJIO N IIPOCTUM: JOCUTH 0OMexXuTucs
IepeBipKOI0 NOAINBHOCTI YMCIa N HAa IPOCTI Yuceaa, AKi He nepediyb-

IYVIOTH Jn.

NMPUKNAL 1 3raiigiTs yci Taki HaTypadbHi yucaa n, mo uucaa n + 1,
n+ 11, n + 27 € npocTuMu.

Po3é’aszannsa. OCKiNbKYU PIBHUIA KOMHUX 3 JABOX HAHUX YUCEJ He
JIJUTHCA HANIIJIO Ha 3, TO BCi BOHHW AalOTh Pi3HI ocrayi npu AiJeHH]
Ha 3. OT)Ke, OJlHE 3 LIUX YMUCEJ KpaTHE 3, & OCKIJILKY BOHO € IIPOCTHUM,
TO camMe BOHO JOpiBHIOE 3. 3po3yMijso, II0 Ie MOKe OyTH TiJIbKH
yucaon + 1. 3eigcu n = 2. Togi n + 11 = 13, n + 27 = 209.
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§ 7. OcHoBM Teopii NOAINLHOCTI

NPUKNAL 2 HarypansHe umcsno n take, mo 2n = p, + p,, Ae p,
i p, — mocaizoBHi npocri uuena, 6inbmri 3a 2. [foBenirTs, 10 YUCIO0
n — CKJIaJieHe.

Py + Py
2
p, <n < p,. OckinbKH p, i p, — MOCHIJOBHI IPOCTi YHCIa, TO TUCIO

n — CKJIafieHe.

Pozeé’azanna. Hexait p, < p,. Toxi p, < < p,, TOOTO

NMPUKNAL 3 Posp’sikiTh y IpOCTUX yucaax piBHAHHA x¥ + 1 = 2.

Pozé’sa3annsa. ko x # 2, To X — HenmapHe YUCJIo, i JIiBa yacTu-
Ha piBHAHHA Olibia 3a 2 i € HAapHUM YHUCIOM. ¥ IBOMY BHIAAKY
YHCJIO 2 IIPOCTUM OyTH HEe MOIKe.

Orixe, x = 2. Maemo 2 + 1 = 2. fAKkmo y — HemapHe YHMCJIO, TO
yucao 2 + 1 MOKHA PO3KJIACTH HA MHOMKHHUKHU, KOXKHUHA 3 AKUX
Oinpmuii 3a 1. 3HOB-TAKHU B I[bOMY BUMIAAKY YHUCJIO Z IIPOCTHM YUCJIOM
Oyt He MoOKe. 3BiJicM Yy — mapHe mIpocrte yuciao, Tooro y = 2. Toxi
z2=2*+1=5,

Bidnogioe: x = 2,y = 2, z = 5.

NPUKJIAL 4 Bmaiizits ocrauy Bix ainenns umcaa 3'° ma 101.
Poszé’szanns. Ockinbku 101 — mpocTe YymMca0, TO 3a MaJIOK TEO-
pemoio Pepma
3" =1 (mod 101).
3Bizicu
3' = 9 (mod 101).
Bidnoegids: 9.

NPUKNAL 5 [oBeznits, mo KOJU HATYPAJbHE YUCJIO N HE HiIATHCH
Hanino Ha 17, To a6o (n® — 1) : 17, a6o (n® + 1) : 17.

Poszé’azannsa. 3a manow TeopeMmoio Pepma

n'® =1 (mod 17).
3Bigcu
(n'*-1):17;
n®*=-1)@®+1):17.

Ockinbku 17 € IpoCTHUM YMCJIOM, TO TBEP/KEHHA 3a/1a4l BUILINBAE

3 Teopemu 43.4.

e 1. 5Ike uyucyo HA3UBAIOTH HPOCTHM?
2. SIke 4uCJIO HABMBAIOTH CKJIAJAEHUM ?
3. CKiHYEeHHOIO UM HECKiHYEHHOI0 € MHOKHWHA IPOCTUX YHCe?
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43. MpocTi i cknageHi Ymucna

4. ChopmyaroiiTe OCHOBHY TeopeMy apupMeTUKH.
5. IIlo Ba3uBawTh KAHOHIYHUM PO3KJIAJAOM HATYPAJBLHOrO 4muciaa?
6. ChopmynioiiTe many Teopemy Pepwma.

43.1.° Yu moke m0OYTOK ABOX HATYPAJbHHUX YHceNa OYTH IIPOCTUM
YyucaoM?

43.2.° Yu Moske cyma ZBOX IPOCTHX YHUCEJ OyTH mpocTUM YucIoM?

43.3.° Ym MoKe piSHMIA ABOX MPOCTHUX YHCeJ OYTH IPOCTHM YHC-
aom?

43.4.° 3HaiaiTh yci HaTypaJbHI 3HAYEHHSA 7N, UPH AKHX YHUCIA N
in + 1 e npocTumu.

43.5.° 3maiaiTes yci HarypaibHi 3HAYEHHS 7, NPU AKHUX YHCIa N
in + 3 e npocTummn,

43.6.° Bigomo, mo uncaa' a i b raki, mo ab : ¢. Yu € npaBUIBLHUM
TBEPAYKeHHs, 1o a : ¢ abo b : ¢, axmo: 1) ¢ = 13; 2) ¢ = 21?7

43.7.° Bigomo, 1o gucia m i n taki, mo mn : p. Yu € npaBUILHAM
TBePIKeHHdA, 1o m : p abo n : p, axkmo: 1) p = 29; 2) p = 39?

43.8.° JloseniTh, 1110 ocTava 1pu AijgeHH] npocToro uyncsa Ha 30 nopis-
Hi0€e 1 abo mpocToMy 4YHCIY.

O—w 43.9.° JloseziTs, 1m0 KOXKHE IpocTe yucyao p (p > 3) MokHA 3a-
nucatu y surusani 6k + 1 ado 6k — 1, B € N.

43.10.° BuaiigiTh yei HATYPAJIBHI 1, IPU AKUX 3HAYEHHA BUPA3y n° + n
€ IPOCTHUM YHCJIOM.

43.11.° BHaiAiTh yei HaTypasbHi 1, IPU AKUX 3HAYEHHS BUpasy n° — 1
€ IPOCTUM YMCJIOM.

43.12." 3ualijiTh yci HATypadbHi n, NPpU SKUX € NPOCTHM YHUCJIOM
3HAYEHHS BUPAa3y:
1) n® - 1; 2) 4n® + 5n — 21; 3) 3" —1.

43.13." 3uaigiTe yci HaTypanbHi n, Npu SAKUX € HPOCTUM YHUCJIOM
3HAYEHHA BHPAa3y: :
1) n®+1; 2) 3n® + 4n — 15; 3)8"-1.

43.14." [loBexiTh, 110 KOJIU p — IPOCTe uucyao i p > 3, To (p°— 1) : 24.

43.15." Ilpocti yucna p i ¢ Taki, mo p > 3, ¢ > 3. HoBexirs, 1o
(p* — ¢°) : 24.

43.16." 3uaiigiTs yeci npocti yMeaa p Taki, ogo yucaa p + 26 i p + 28
TaKOX MPOCTi.

43.17." 3raitaiTe yci npocTi yucsaa p Taki, mo umucaa 2p +1idp + 1
TaKO IPOCTi.

' Tyr i gani GyxkBaMm mosHAYeHO HATYpaJdbHI umcna. BHmagkm, KOJX
OYKBOIO MMO3HAYEHO I[iJIe YuCJio, OyAyThE 00yMOBJIEHI OKpeMo.
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§ 7. OcHoBM Teopil NOAINLHOCTI

43.18." Yucioa a i b Taki, mo 56a = 65b. IloBexite, mo yucao a + b
€ CKJIaJIeHUM.

43.19. Yucna m i n raki, o 37Tm = 55n. JoBeaiTs, 110 YUCJIO M — N
€ CKJIAIeHUM.

43.20." Ilini umcna @ i b Taki, mo 3HaveHHA BUpasy a” + 9ab + b’
kpatHe 11. JloBexiTs, 110 3HaAYeHHA BUpasy a — b kpartue 11.
43.21." Ilixi uucna m i n Taki, oo 3HAYEHHS BUpasdy m> — 15mn + n®
kpatrHe 17. [loBexniTs, 1110 3HAYEHHSI BUpasdy m + n Kparge 17.

43.22." Yucna p i 8p* + 1 € mpocrumu. 3HaigiTh p.

43.23." Yucna pip’ "' + 2 € mpocrumu. SHAHAITE P.

43.24.” Yucna p i p* + 2 e npocrumu. Moexnirs, mo uucao p® + 2
TEM IIPOCTE.

43.25.” Mosenitp, mio yucao 8 00 ... 027 € ckiageHnM.

—_—
10

43.26." Hosexirs, mo uuciao 999 999 973 € cknajeHuM.

43.27.” 3uaiaiTe yci npocri yucenaa p i ¢, AKi 3a[0BOJbHAIOTH PiBHAH-
Ha p® — 2¢° = 1.

43.28." 3uaiigiTs yci npocTi yucia p i ¢, AKi 3aJ0BOJIBHAIOTH PiBHAH-
HA ¢ — p° = 2.

43.29.” 3najigiTe yci mpocti gyucaa p rTaki, mo yuciao 4p + 1 € kBajg-
paToM HATYpPaJbHOTO YMCJA.

43.30.” HarypajbHe 4mMCJIO n Take, mio yucaa 2n — 1 i n + 12 gi-
JIATHCSA HAUIJIO HA IPOCTe YUCJO p. SHAWUAITH P.

43.31.” HarypanbHe 4ucJio n Take, mo yucaa d5n — 1 i n — 10 gi-
JIATHCSA HAILIO HA IIPOCTE YUCJIO p. SHAUIITH P.

43.32." 3HaiigiTe yci 3HaAUYEHHSA 71, IPU AKUX KOKHe 3 umcen 2" — 1
i 2" + 1 e npoctum.

43.33.” 3BmaiigiTe yci HaTypanbHi n, NpU AKUX 3HAUYEHHS BUPA3Y
n' + 4 € IpocTUM UMCTIOM.

43.34." 3uaigiTe yci HaTypasbHI m, OpU AKUX 3HAYEHHS BUPA3Y
m' + m* + 1 e mpocTum wmciIOM.

43.35.”" Harypanbui umcna m, n, k taki, mo gucna p = m + n,
g=n+k i r=m+ ke npocrumu. [loBeaiTs, M0 OgHE 3 YHUCEJ
P, q, I JOPiBHIOE 2.

43.36."" 3naixiTe yci npocTi uncia, AKi MOYKHA MOJATHA AK Y BATJIALL
CYyMH, Tak i y BUIVIAAL PIBHMII ABOX ITPOCTHX YHCEJI.

43.37." Harypanbui yucna a, b, ¢ Taxi, mqo (a + b + ¢) : 13. Hosexirs,

- o uumeao a'® + b + ¢'® rakox xparme 13.

43.38." BuxopucrToByruu Manay Teopemy Pepma, 3HAWAITH ocTauy

BiJI AlIeHHSA Ypciia @ Ha 9ucjao b, AKIo:

1) a =5, b=58; 2)a=2",b=41.
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Mpo npobnemun, Nos'a3aHi 3 NPOCTMU YUCammn

43.39.” oBexirs, mo umcno 24** — 1 xparue 35.
43.40." Harypanbae aucio a He ainmutsea Hamigo Ha 29. losexirts,
mo oxue 3 ymecen a't — 1 a6o a'* + 1 ginmmrecsa manino za 29.
43.41." BmaiigiTe yci mpoceri p Taki, mo wueno p° + 11 mae 6 pisaux
HATypPaJbHUX NiJIBHUKIB.

43.42." Posknazgite uncao 989-1001-1007 + 320 Ha upocTi MHOMXK-
HUKH.

43.43." ITosenith, mo 3HauenHs Bupasy 42'" + 47" ¢ cxmagenum
YUCTIOM.

43.44." Tlosexits, mo p? + ¢ = (p + ¢) (mod pq), ne p i ¢ — pisui
IIPOCTi "Ucia.

‘IIpo npo6aemu, nop’sA3adi 3 NPOCTHMH YHCIAMU

Ha ypokax iH(popMaTHKHU BA MOXKETe CTBOPUTH KOMII IOTE€PHI ITpo-

rpaMu, SKi Zal0Th 3MOTY CKJACTH TAOJHMIIO, IO MIiCcTHUTH Habararo
Oinpille IPOCTHUX YMCEJI, HIXK Ta, [0 po3MinieHa Ha dops3aui migpyd-
HHKA. »
Tabauii mpocTHX YUCEN CKJIaLav Ie cTapojaBHi BueHi. Po3s’s-
3aHH#A TaKol 3aaui 6e3 cydacHOl 0OUMCHIOBAIBHOL TEXHIKH — Ipansd
Heslerka. ToMy HOIDYK IPOCTHX YUCeS OYB HEPO3PHUBHO IIOB’A3aHUU
31 cnpo6aMy BUHANTHU 3PYUYHY POpMYyTy, KOPUCTYIOUHCH AKOI0 MOXKHA
Oys10 6 3HAXOAUTHU ITPOCTI YUCIIA.

BaraTo BujaTHUX MaTeMATHUKIB NOKJAJIMA UYUMAJIO 3YCHIlbL, 1100
3HAUTH «(DOPMYJY IPOCTUX YKUCEI». JacTo IM 37aBajiocsd, IO MeTy
JOCATHYTO, IIPOTe Mi3HiIIe BUABIAJIOCA, IO 3HaAAeHI (hopMysin He-
IpPaBUJIbHI.

Tak, II’ep ®Pepma BUCJIOBUB NPUNYILEHHSA, 1[0 BCi YuckIa BUAY

F (n)=2% +1 (1)
Ipu mijiomy HeBix’eMHomMy n € npocrumu. Cnopasapi, F (0) = 3,
F(1)=5,F (2)=17, F (3) = 257, F (4) = 65 537 — npocTi unucia.
Ilpore B 1732 p. Bugmaremii marematux JI. Eisiep ycraHosBuB, mio
qucyao F (5) — crianeHe:
F (5) =4 294 967 297 = 641-6 700 417.

Omxe, cepen ynces, OTPUMAHUX 3a gonoMorow Gopmynu (1), € A
npocTi, Tak i ckyaazeni. IIpore moci 3anumraeTbcs HEBIAOMUM, CKiH-
YEeHHOIO UM HECKIHUYEeHHOI0 € MHOXXHUHA npocTtux yuces Pepma (Tar
HA3WBAIOTh MPOCTi YMcaa, OTPUMAaH1 3a gonoMmoroi gopmyau (1)).

3 uncnamu Pepma nos’A3aHa e ogHAa 3HaMeHuTa pobiema. Ile
BueHi CrapoxaBuboi I'penii momiTunau, o AeAKi NpPaBUIbHI N-KyT-
HuKu (n = 3, 4, 5, 6, 8, 10, 12) nobyayBaTu 3a JOINOMOI'0I0 IIUPKY IS
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§ 7. OcHoBM Teopii NOAINbHOCTI

Jleonapd Etinep (17071783 ) — ma-
TeMaTUK, MexaHik i ¢isuk, unen Ile-
TepOyp3bKoi 1 Bepiincekol Axanemin
HAyK, aBTop Oinsimr Hik 850 HayrOoBUX
nmpanb, noHax 100 3 AKUX cToCcyOThCA
Teopil yuceJr.

i MiHIAKKA JOCUTHL MPOCTO, & IPH AeAKUX iHINUX 3HaYeHHAX n (n = 7,
9, 11, 13) e He BHAeThCA.

Y kinmi XVIII cr. Kapa @pigpix I'ayce noBiB, 110 3a OIIOMOIro0
MUPKYJISA 1 JiHINKKA MOYKHA OOYAYBaTHA PABUJIBHUN N-KYTHUK TOAL

i Tineku Toxi, Koo n = 2F, ne ke N, k> 1, abo n = 2"-p1p2- ooet D>
ne k — mine HeBif €MHE YHCIIO, Pis Py 'soiy Bo— pi3Hi mpocTi umesa
depma.

Y XVIII ct. Jleonapn Eitnep nosis, 110 He icaye MmHOrouaesa F (x)
3 miauMy KoedimieHTaMu, 3HAYEHHA AKOI'O IIPU BCiX HaTypPaJbHUX
3HAUYEHHAX X OyJix O IPOCTUMU YUCTAMH.

Pazom 3 Tum Eilsiep ykasaB TaKi MHOTOYJIEHH:

h(n)=n*-—n+17;
f(n)=n®-n+41;
g (n) =n*—-T9n + 1601.

IIikaBo, mio s3HaveHHa mHorounena A (n) npun =0, 1, 2, ..., 16
€ nmpoctumMu uucaamu. Ase h (17) € ckIaeHUM YUCJIOM.

3HaueHHAMU MHorouyeHiB f (n) i g (n) € nmpocri yuena npu n = 0,
1,2, ...,40 i n=0,1, 2, ..., 79 Bigmosig=Ho.

Ha xanp, MaTeMaTHK# IZOCI He 3HAWOIIH
3pyuyHO1 (hopmMyH, AKa Jasajga 6 3MOry OTpUMY-
BaTHU BCi IIPOCTi YHCJIA OfHE 3a OJHUM.

3 nmpobaemMow MOIMYKY (DOPMYyJaU HPOCTUX
YypceJl HEPO3PUBHO MOB’sA3aHa 3azada 3HAXO-
IJKeHHs 3aKOHOMIPDHOCTI PO3MOAIJNYy IPOCTHUX
YHCceJ B HATYPAJBLHOMY PAJIi.

Bupgatauit pagssHCBKHN MaTeMaTHUK, aBTOP
iyiol HU3KM PyHAaMeHTaJbHUX BiIKPUTTIB y ra-
ay3i reopii uucen FO. B. MarisiceBuu nucas:
«IIpocTi uncaa po3KkUAaHi B HATypaJIbHOMY PSAAi
Opii Mamisceéud pysxke TPUMXJIUBUM UHLHOM>».
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Mpo npobnemu, NOB'A3aHi 3 NPOCTUMM YUCNAMU

Copaspai, 1oCcUTh HaBiTH NOOIXKHOIO MOTNAAY Ha TAOJIUILIO IIPOCTUAX
quces, mob modaunT HePiBHOMIDHUI PO3MOALNI iX cepes HATYPAJIbHUX
quceJI. ‘

SIK BU3HAUUTU IPOMIMKKHU HATYPAJBHOI'O PAAY, AKI MICTATH IIO-
HaliMeHIe oxHe IpocTe Yucyio? K BUBHAYUMTU KiJNBKIiCTH IIPOCTHX
qUCceJ Ha 3aJJaHOMY IIPOMIXKKY HATYPaJbHOTO pAny? 30KpeMa, CKijb-
KU iCHY€ IIPOCTUX YHCeJ, AK1 He NepeBUINYIOTH 3aJaHOT0 HATYpaJib-
HOTO yucua n?

Bigmosizi Ha 1i 3anUTaHHA € KJIOYEM A0 PO3B’sA3aHHA IpobieMu
POBMOJiNAY IIPOCTUX UHUCEJI.

YKazaTu NPOMIKOK HATYPAJIbLHOTO PAAY, AKUNA MICTUTH IOHAM-
MEHIIIe OJJHe IPOCTe YHMCJIO, HOCUTH mpocTo. Ilokaxkemo, HAaIpUKIAL,
mo Oyab-sxkomy mpoMiskky [n; n! + 1], n € N, HamexuTsr mpocre
YHCJIO.

Axmo gucno n! + 1 — mpocTte, TO TBEPAKEeHHSA OUEBUIHE.

Hexait n! + 1 € cknageruM yucyiom i £ — #Oro npocTuil JiIbHUK.
OckinbKH x0nHE 3 uncera 2, 3, ..., n He € AiabHAKOM umeiya n! + 1,
ron<k<n!+1.

3 HOBEIEeHOTO TBEPJKEHHA BHUILJIWBa€E, mo vmcaa 2, 2! + 1,
(2! + 1! + 1, ... po3buBaOTh HATYPANbHANA DAL HA IMIPOMIKKHU, KOMXK-
HUM 3 AKUX MICTUTH II[OHaWMeHIe ofHe mpocte uucyao. Ileir daxrt
MOYKHA PO3IJIALATH AK IIe OfHE NOBeAeHHS HEeCKIHYeHHOCTI MHOMKHU-
HH IPOCTUX YHUCEJ.

Ockinpku xKoxHe 3 yucenx 2, 3, ..., p — 1 He € HINBHUKOM
-1)!+1, rToxomu (p—1)!+1):p, p> 1, To p — mpocre YUCJIO.
Ileit hakT € wacTuHOIO BimoMoi Teopemu BinscoHa (Kpurepia mepe-
BipKH TOro, 4M € 3aJlaHe HATYypaJibHEe YHCJIO IIPOCTHM).

HAnsa mozo uy06 namypanvre wucano n > 1 6yno npocmum, Heob-
xidno U docmamuvo, w06 wucno (n — 1)! + 1 diaunoca nayino
Ha Nn.

HocraTHio ymMoBYy Mu (hakTudHO moBesu. He-
00XiHY YMOBY BM 3MOJKETe IOBECTH HA 3aHATTAX
MaTeMaTHYHOI'O I'YPTKAa.

3po3yMiJjio, 1[0 3i 3POCTAHHAM 71 JOBXKHHA
Bigpiska [n; n! + 1] mBuako 36inemyersess. Tomy
Oyao0 60 NpUpPOAHUM IIYKATHU BiAPi30K sSAKOMOra
MEHIIIOL IOBXKUHM, AKUU TAaK CaMO MiCTHUTH IIPO-
cTe YHUCJIO.

Hocaimxyoun TabJauIi TpocTUX Yuces, (hpaH-
nys3skui marematuk sHozed Jlyi @panscya Bep- Hozegp Jlyi
tpad (1822-1900) BucyHYB nmpunyiieHHs, mo Ppancya Bepmpan
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§ 7. OcHoBM Teopil NOAINbHOCTI

ITagpnymiu Jlveosuuw Yebuwes
(1821-1894) — pociiicekuili marema-
THK 1 MEXaHiK, 3aCHOBHUK I1eTepOyp3b-
KO0l MaTeMaTU4YHOI IIKOJX, aBTOP MOHAJ
70 HayKOBHX IIpaub 3 Teopili uwucel,
Teopil MMoOBipHOCTel, Teopil GyHKIiH
Ta iHIIMX rajaysei MareMaTUKH, QyH-
faTop Teopii MamuH i MexaHi3MiB.

npu n 2 3 Mix uucgaMu n i 2n — 2 mictuThesa xouya 0 ofgHE IIpocTe
gucno. HoBecTu 10 rimoredy BiH He 3Mir i KOpPHUCTYBaBCA HEIO SAK
MOCTYJIATOM — TBepAKeHHAM, 0 IpUHMaeTbcA 0e3 JoBeJeHH.
Ilepmum noBiB rioctysiaT Beprpana BUAaTHUHN POCIUCHKUN MaTeMaTUK
I1. JI. Yebumien.

ITosraunmo depes 7 (7)) KiJBKIiCTh MIPOCTUX YHCEJ, AK1 He 0inbnri
3a ypcso n. g MaJIeHbKUX 7 JIeMKO BCTAaHOBMUTH, 110, HAIPUKJIAJ,
n(1)=0,n(2)=1,n(3)=2,n(4) =2, n (10) = 4, n (100) = 25.

Cryageauil po3moAlJl MPOCTHX YHUCEJ He JO03BOJISAE 3HAUTU TPOCTY
hopmyny ans sHaxopskeHHa T (n). Tomy mMareMaTuKu 30CepenuIv
CBOl 3yCHJLIA Ha HNOIIYKY HaOimyKeHOl (popmMyin.

Bignomenus () HA3MBAIOTh TYCTHHOK PO3MOJiJAY NPOCTHX
gHCe. 3
m (n)
n n (n) 5

10 4 0,4

100 25 0,25

1000 168 0,17

10 000 1229 0,12
100 000 9592 0,096
1 000 000 78 498 0,078
10 000 000 664 579 0,066
100 000 000 5 761 455 0,058
1 000 000 000 | 50 847 478 0,051

3 Tabauili BUAHO, IO I'YCTHHA 31 30ibIIIEHHAM 7. CTA€ BCe MEHIIIOIO
1 MeHIIIOIO.
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Mpo npobnemun, NOB'A3aHi 3 NPOCTUMU YUCNAMMN

- y =t n (n)
JI. Efinep noBiB, 110 3i 30i1bII€eHHAM 72 TYCTUHA OpAMY€E 10
n

nynas. I1. JI. HebumeBy BHasocda 3HAUTH Ol/IbII TOYHY OIL[IHKY BEJIH-
nt (n)
e

Posrasinemo nie ogHy npobaeMy, MoB’si3aHy 3 MPOCTAMY UUCIAMM.
CrapomaBHi MaTeMaTHKHU NPUALIAIN OCOOJMBY yBary ABOM YHCIAM:
6i28. Ix npuBabJI0OBajia JUBOBUYKHA BJIACTUBICTH IUX YHCEJ:

6=1+2+4 3,
28 =142+ 4 +. 7 +"14,
T06TO KOKHE 3 HUX JOPiBHIOE CYyMi CBOIX AiJIBHUKIB, BiIMiHHUX BiJ
camMoro uucja. Taki yucsa Ha3UBAKTH TOCKOHAJIMMU.

IIle EBkning noBiB, mo Oyab-AKe HaTypajbHE YHUCJIO, AKe MOMKHA
nogatu y Buraami 2" ' (2" — 1), ge 2" — 1 — npocTe YKUCI0, € JOCKO-
HAJIAM.

Ilepekonaemocs B upomy i mu. ITogaaunmo 2" — 1 = p i sanuimemo
CYyMy BCiX MiJIBHUKIB pPO3IMJIAAYBAHOI'O YHCJIA:

1+2+22+...+2" '+p+2p+2%p+..+2" " p=
=1l+pA+2+2%2+..+2" )=
=1+p2-1E@" '+2"*+...+2+1)=
=@ +p)(E ~-1)=2"(2" =1),

Ilo sanucaHoi cymMu BXoauTh came uueyo 2" ' (2" — 1). Toxi cyma

JIJIBHUKIB, BIAMIHHHUX BiJl caMOro Yucja, AOPiBHIOE
2"@2"-1)-2""'@2-1D=2"-1) (2" 2" H =
=gV Liear — 1),

ITigcraBuBmu y Bupasd 2" ' (2" — 1) umena n = 2 i n = 3, orpu-
MY€E€MO BiKe Bijomi pockoHaJsi guchaa 6 i 28.

3aBasAKY OOBeJeHiN BiaacTuBocTi EBKIIiN 3HAWIIIOB IIe IBa NOCKO-
Hagux umeaa. Ipu n = 5 maemo: 2° — 1 = 31 — mpocre yucio, IpH
n =17 maemo 2" — 1 = 127 — mpocre uucno. 3HAUYEHHA BUPAa3iB
2°°1(2°-1)i 2" ' (2" - 1) BigmomigHO nopisHIoIOTHL 496 i 8128. Ba
JIOBEJIEHOIO BUIIE BJIACTUBICTIO I[i YMCJIA € JOCKOHAJIMMMU,

Maiike miBTOpa THUCAYOJIITTS JIIOAUA 3HAJIU TiABKU YOTUPU IOCKO-
Haamux uucyaa 6, 28, 496 1 8128. Ilomyk HOBMX JOCKOHAJIHUX YUCEJ
OyB HEepPO3PUBHO NOB’A3aHUH 3 IMOMIYKOM IIpocTUX unces suny 2" — 1.
IIpocTi yncna Takoro BUAY HA3WMBAIOTh NPOCTHMHM uHciamu Mepcen-
Ha Ha JyecTh Mapena MepcenHa, (hpaHIy3bKOr0o MaTeMaTuKa, hisuka
1 My3uKaHTa, AKU y 1664 p., He HABOAAYM JOBEe/IeHb, IPOTOJIOCUB,
mo upu n = 17, 19, 31, 67, 127, 257 uucao 2" — 1 € npocrum.

JI. Eitnep ycranosus, mpo gyucaa 27 — 1, 2" — 1, 2*' — 1 e mpocru-
mu. ITisHime 3’sacyBanocs, mo yuciao 227 — 1 Takosk € IPoCTHM, a oCh

"TUHHT
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§ 7. OcHoBW Teopii NoAiNLHOCTI

qucaa 2°° — 1 i 2% — 1 e ckiageHUMHU, IPUYOMY BHUCHOBOK IIPO |
|

yucao 227 — 1 6ymxo orpumano gumre B 1932 p.

JI. Eiinep noBiB, 1mio Bci mapHi JOCKOHAJII 4McjIa MalOTh BUIJIAM,
ykazaauii EBkaigom. [loci He 3HAWIEHO KOJHOTO HEMAPHOT'O AOCKO-
HaJIoro ymceia. Takox 3aIuiacTbed BIAKPUTUM MUTAHHSA, CKIHYEeHHOIO
Yy HECKiHUEHHOI0 € MHOKHHAa IpocTux uyucen MepceHHa, a oTke,
HEeBiJIOMO, CKiHUE€HHOIO Y/ HECKIHUEHHOIO € MHOKHMHA IIaPHUX JI0CKO-
HaJIAX YHCEeJI.

ITomryx HOBMX JOCKOHAJMHUX YHMCEJ MOTpedye BeIUuKoro obcary oob-
qyucjaeHb. 1 TyT, 3BiCHO, HE3aMiHHY AOIIOMOTIY HAJa€ cydacHa o04Yuc-
JIIOBaJbHA TexXHika. 3a gasumu Ha jgotuid 2008 p. Bigzomo 44 mpocTux
yucaa MepceHHa, a OTKe, 44 mapHUX JOCKOHAJMUX yucia. Takox 3a
JIOIIOMOTOI0 CY4aCHUX KOMII I0OTEPiB YCTAHOBJIEHO: AKIIO iCHY€E Hemap-
He JOCKOHAJIe YUCJI0, TO BOHO Giisme 3a 10°%,

Y cBiTi mpocTHx ymces € 6araro ¥ iHIMIHWX HEepO3B’A3aHUX 3aJad.
Hanpuknaz, y Tabauii npoctux yuces (AuB. opsall) Y4epBOHUM KO-
JIbOPOM BHiJIEHO IIPOCTi YMcya, AKi BigpisaaTecsa Ha 2. e, 30Kpe-
Ma, 315,517,419 1 421. Taki mapu uyuces HA3UBAIOTh YHCJIAMH-
oau3HIOKaMu. CKiHYEHHOI0O YM HECKiHYEeHHOI0 € KiJabKicTh map
qucen-0JIM3HIOKIB, IIOKHU IO HEeBiJOMO.

m AineHHa MHOrounexHis

Bu BmieTe nomaBaTH, BilHIMATH 1 MHOKHUTHA MHOTOWIEHHU. ¥ IIOMY
DYHKTL MA IOMOBHMMOCSH IIPO AiI0 JiJIeHHSA MHOT'OYJIEHiB.

Bu 3Haere, mio mijie YMUCJI0 @ MIJIATHCSA HAIIJIO HA IiJie yucjao b
(b # 0), AKmIO iCHY€E TaKe Iijie YUCJO C, [0 @ = bc. 3aCHOBYIOYUCH
HA OUX MIPDKYBaHHAX, IPUIMEMO TaKe O3HAYEHHS.

Osnmavennn Kaxyrp, mo MmEOTOYNEeH A (x) xinuTheca Ha-
IiJI0 HA TOTOKHO He PiBHMH HyMI0 MHOrouwieH B (x), aAxkmo icHye

Takuii MHOrOwWIeH @ (x), mo aas OyAb-AKOro x € R BMKOHYETHCH
piBHicTs A (x) = B (x)-Q (x).

M=uorounes A (x) Ha3UBaIOTh AlIeHHM, MHOro4wieH B (x) — mias-
HHMKOM, MHOTOYJIeH @ (X) — 9acCTKOIO.

SAxnio mEOTOUJIEeH A (X) AinuThesa HALiJIO HAa MHOrodiaeH B (x), To
e mMo3HAYamTh Tak: A (x) : B (x).

PosrasiHeMo KiJibKa NPUKJIAAiB.
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44. [lineHHA MHOrO4YNEeHIB

Muorouses x° + 1 giiuThcs HANIIO HA MHOTOWIEH X + 1. Cupas-
mi, 2 +1=(x+ 1) (x*— x + 1). TyT posb YACTKH BHKOHYE MHOTOUJIEH
x*—x+ 1.

Muorounen 6x* — 5x® + 4x* — x ginwThbCca HAWINO HA MHOTOWIEH
2x® — x + 1. Cupasai, 6x* — 5x® + 4x* — x = (2x°* — x + 1) (8x* — x).

ITomyk yacTKM Bif AiNeHHA ABOX MHOIOYJIEHIB MOYKHAa 3JiHCHIO-
BATH 3a aJITOPUTMOM AIJIEHHA «KYTOYKOM», aHAJOTIYHO TOMY, AK Ie
pobJIATH IPU AiJEeHH] Yuces:

®+1 |x+1 6x' — 5x® +4x° —x |2x° —x + 1
T+ xP-x+1 "~ 6x' — 3x® + 3x* | 8x% — x
-x*+1 -2x% + x> — x
C—x?-x 22 + 2% —x
o | 0
Tx+1
0

Axmo A (x) : B(x)iA (x) = B (x)-Q (x), To 04eBHAHO, 1[0 CTEIiHE
MHOTrouJIeHa A (x) mopiBHIOE cyMi creneHiB MmHOrouneHiB B (x) i @ (x).
Tomy ansa fgileHHA HANIJIO MHOrOYJIEHIB HeoOXinHO, mob cTemiHb
JgineHoro O0yB He MEHIIUM BiJ creneHs AisbHuKa. Ilpore usa ymoBa He
€ pocraTuboio. Tak, MHOTOUWIeH X° + 1 He AiMUTHCS HAIIJIO HA MHO-
rouneH x — 1. Copasai, AKOM icCHyBaB MHOro4ieH @ (x) Takui, mo
nus 6yae-sikoro x € R BukonyBanaca piBgicTs x° + 1 = (x — 1) @ (%),
To pu x = 1 orpumanu 6 HenmpaBUIbHY piBHicTH 17 + 1 = 0.

Ao oxHe mijie YHUCJIO He AUIMTHCA HAMIJIO HA iHIIE, TO MOYKHA
pPO3IJISIZATH JiJIeHHA 3 ocTadeio. BBejneMo MOHATTS JMiJIEHHS MHOIO-
YJIEHIB 3 OCTaYero.

Teopema 44.1. [lna 6ydv-axozo muozounena A(x) i mrnozowne-
na B(x), axuil momoixno ne JOpi6HIOE HYNIO, iCHYE €duna napa
mnozounenié Q(x) i R(x) maxux, wo

A(x) = B(x):Q(x) + R(x),
de cmeninb muozounena R(x) menwui 6i0 cmenens MHOZOULEHA
B(x). '

¥ niit pieHOCTiI MHOro4eH @ (x) Ha3UBaIOTH HENOBHOI YaCTKOXO,
a mHOrousieH R (x) — ocrauero.

Bu 3MoskeTe ZOBeCTH I[I0 TEOpPEeMy Ha 3aHATTAX MaTeMATHYHOIO
rypTKa.

Posrusinemo maorowiern A(x) = 2x* — x> + x> -1 i B(x) = x* -
— 3x + 2. 3HauIemMo AJId IIUX MHOIOYJIEHIB HEIIOBHY YacTKY M ocTauy.
I1e MoxkHA 3poOUTH 3a JOIIOMOIOI0 HiJIEHHSA «KYTOYKOMY:
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§ 7. OcHoBM TeOpIT NOAINLHOCTI

2Pt at-1 | -8x+ 2
2x* — 6x° + 4x°

| 2% + 5x + 12 (memoBHa uacTKa)

L5 -8’ =~ 1
5x° — 15x% + 10x
12%* - 10x - 1

12x* — 36x + 24
26x — 25 (ocraua)

Temmep mo)xHa 3arrucaTu:
2 — x* + 2 — 1 = (2 - 3x + 2) (2x* + Bx + 12) + 26x — 25. (1)
2¢* —x? + 22 -1

PosrisgareMo pamioHaJIbHUM ApPi0 5
x“-3x+2

. 3a ZOmOMOTO00
piBHOCTI (1) MOXxXHa 3anucaTu:
4 3 2
-x" +x°-1 26x — 25
e =2x% +5x+12+ 22X =25
x“-3x+2 x“-3x+2
IlpaBa yacTuHa 1i€l piBHOCTI € CyMOI0 MHOTO4YJIeHA i Apody. ¥ 4u-
CeJIbHUKY po0y 3amucaHO MHOTOYJIEH, CTEIliHb SAKOTO0 MeHIIa BiJ
CTeIeHs MHOI'OYJIeHa, SIKUN 3amucaHo B 3HaMeHHHMKy. Taxkuii npid
HasuBaOTh npaeuasHuM. [loganaa pamioHaasHOTO APO0Y Y BUIVISALL

CyMHM MHOIO4YJIEHA i NpPaBUJIBHOrO Apo0y HA3UBAIOTH BHAIJIEHHAM
iJI0Il YaCTHUHH 3 PALiOHAJBHOTO APOOY.

ﬁ%’ 1. Y akomy BHUIIQAKY Ka)KyTh, 110 MHOTOYJIEH A (Xx) miuThCSA Ha-
I[iJI0 Ha MHOro4wieH B (x)?

2. Axa HeobXizHA yMOBa JiJIeHHS MHOTOYJIEHIB HAI1JIO?

3. ChopmyiioiiTe TeopeMy PO AieHHA MHOTOYJIEHIB 3 OCTAY€I0.

4. fIx HasuBawTh MHOTOuWJNeHM @Q(x) i R(x) B 3anucy A(x) =
= B (x):Q (x) + R (x), aknio creniab mEHOrowIieHa R (x) MeHIIuit
Big cremenss Mmaorousena B (x)?

9. [loganHAa B AKOMY BUIVIAJAL palioHAJbLHOT'O Apo0y HA3WBAIOTH
BHUIIJIEHHAM I[iJIO] YaCTUHH 3 PaliOHAJBHOro Apody?

44.1.° osenite, mo MHOrouwIieH A(x) AiJIuThCA HANIJIO HA MHOIO-
qieH B (x):
DAE)=x*-Tx+ 6, B(x)=x— 6;
A =x"-1,B(x)=x*+x>+x+1;
3)A(x)=3x"-Tx*+2x*+3x -1, B (x) = x> - 2x* + 1.
44.2." Tlosexnith, mo MHOrouwieH A(Xx) AiMUTHCH HAIJIO HA MHOTO-
wieH B(x):
NA@E)=x>-1,B(x)=x*+x+1;
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45. KopeHi MHoro4neHa. Teopema besy

2) A (x) = 4x® — 8x* + bx — 1, B (x) = 2x* — 3x + 1;
3)A(x)=2x"—x*+2x*+1, B(x)=x"—x + 1.

44.3.° TlopimuBIIN «KyTOYKOM» MHOTO4YeH A (x) Ha MHOro4seH B (x),
3HAUIITH HEIIOBHY YACTKYy 4 ocTavy:

1)A (x)=2x"+5x> + 6x— 7, B (x) = x° + x;
AR =x*+x+1,B((x)=x*+x+ 1;
3A(x)=x*+x*+1,B(x)=x + 5.

44.4." TlominuBuiu «KyTOYKOM» MHOro4IeH A (x) Ha MHOrouwieH B (x),
3HAUJITh HEIIOBHY YacTKy U OocTavy:
1)A(x)=x"—6x*+2x° -4, B(x)=x>-x+ 1;
NDAME)=x2"-1,Bx)=x>+x+1;

3)A (x) =x*+ 52> —6x — 6, B (x) =x — 2.

44.5.° [TosexniTh, 10 MHOTOUJIEH A (X) He AiJUTHCA HAIIJIO HA MHOTIO-
yjeH B (x):

DA@X)=x>+1,B(x)=x—1;
2)A(x)=x*+x-1,B(x)=x+1;
3)A (x)=2x"-8x’-x+1,B(x)=x*-8x + 2.

44.6." Mosexith, mpo (x" — a”) : (x* — a*), akmon : k,ne N, ke N.

44.7.° BuginiTe nijy 4acTHHY 3 PamioHAJIBLHOrO Apody:

1 2 —x+2, 3 xt —2x% +8x® +4x +1
i ey e ) g .
x°+1 x“+x-2

9 2x* —8x% + 42 +1.
) 5 ;
x* =1
44.8." Buginits 1miny yacTUHY 3 pamioHaAJIBHOIO Apoly:
2x* +x° -b5x° —~x +1 P —3x% +x® +2x-1
1) X X . X ; 3) X 5 !
W ATIX x +x—1
2) 5x4—3x5+3x—1.
x+1-x? /

SEH KopeHi mHorouneHa. Teopema besy

Oznavennsn Yuciao o HA3MBATh KOPEHEeM MHOTrO4YJeHa
A (x), axmo A (a) = 0.

3po3yMiJio, 110 KOPiHb MHOrO4YIeHa A (X) — 1e KOPiHb PiBHAHHA
A (x) = 0.
Jlerko 3HaAWTH MHOXHHY KODEHIB PIBHAHHA
Bx—-T7Bx+1)(2x-9)(x+1)=0.
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§ 7. OcHoBM Teopii NOAINLHOCTI

IIpore, AKI{O JiBY YACTUHY PiBHAHHS IOJATH Y BHUIVIAAL MHOIO-
qrena 30x' — 169x® + 75x* + 837x + 63, To 3amaua MOIIYKY HOro
KODEeHIiB CTae HermpocToio. '

Tomy npu pos3s’sasyBanHi piBHAHE BUAy A (x) = 0, ne A (x) — MHO-
ro4JjieH, Baj)KJIUBO HABYUTHUCA BUIAILIATH B MHOTOYJEHi JiHIAHUNA
MHOXHUK, TOOTO IMOJaBaTH MHOIOUJIEH Y BUIAAAL noOyTKy: A (x) =
= (x — o) B (x), ne B (x) — [eARuil MHOIOYJIeH, CTEeIIiHb SKOro Ha 1
MEHNIUM Bij cTeneHs MHoroujgeHa A (x).

- IIpoMy 3HAYHOIO MipOIO CHPHUATHME TaKa Teopema.

Teopema 45.1 (reopema Be3sy). Ocmaua 6i0 dinennsa muozo-
unena A(x) na déounen x — o dopisnioe A (o).

Hosedennsn. OCKinbKHU CTEIiHb AINBHUKA (ABOYIEHA X — O) AOpPiB-
HI0€ 1, TO cTemiHb ocTadi Mae AOPIBHIOBATH HYJIIO, TOOTO IIyKaHA
ocraua — I1e jgeske yucyao r. Ina Oyas-akoro x € R maemo

Ax)=(x—-a)Q (x)+r.
IToxknaBmmu B i piBHOCTL X = (L, OTPAMAEMO

A(@)=(oa—-0)Q (o) + r.
3Bigcu A (o) =r. A

Em’en Besy (1730-1783) — ¢pan-
Iy3bKUH MaTeMaTHUK, OCHOBHI poOoTH
AKOTr0 CTOCYIOTHCA BHINOI anredpu.
Buknagas MaTeMaTUKy B YUWJIUIIL rap-
nemapunis, KoposiBcsKoMy apTuiepii-
CbKOMY KoOpmyci. ABTOpP HIECTUTOMHOIL
npamni «Kypc maremaTugu».

Teopema 45.2. Jna mozo wo6 wucno o.6yno Kopenem mHozowue-
na A(x), Heobxidno i docmamubo, w06 mrnozounen A (x) dinuecsa
HAYiNOo Ha 0604NeH X — O.

Hoeedenns. Hexait A (o) = 0. [losenemo, 1mo A (x) : (x — w). |

3a Teopemoro Besy A (0) € ocravero Bijx AieHHs MHOrouneHa A (x)
Ha aBouiieH x — o. IIpore A (o) = 0, omixke, A (x) i (x — o).

Hexait reniep A (x) : (x — o). ITosegemo, mo A (¢) = 0. !

Ockinbru A (x) : (x — o), To ocTaua Bif mginenHsa mEorouwieHa A (x)
Ha JaBouJieH X — O mopiBHIOE 0, ToOTO A (00) = 0. A !
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45. KopeHi MHoro4neHa. Teopema be3sy

Hacanimox 1. Axwo {al, Oy woes an} — MHONCUHA KOPEHI8 MHO020-
unena A(x), axuill momodxHo He 00pieHIoe HYnIO, mo A(x) =
=@x—-a)x—0) .. (x —a) Q) de Q(x) — deaxuil mnozo-
WieH.

[osedennsa. SIKo O, — KOPiHb MHOTOWIEHA A (X), TO 3a TEOPEMOIO
45.2 maemo A (x) = (x — o) Q, (x). Iloknagemo B 11iil piBHOCTI X = Q.
Orpumaemo (o, — o,) @, (a,) = 0. Orxe, o, — KOPiHb MHOTOYJIEHA
@, (x). Toxi 3a Teopemoro 45.2 maemo @, (x) = (x — a,) Q, (x). Orpn-
MyeMo A (x) = (x — o) @, (x) = (x — ) (x — 0,) @, (¥).

3aCTOCOBYIOUM AHAJIOIIYHI EPETBOPEHHSA AJISA KOPEHIB Oy, O, ...,
(L, OTPUMYEMO, IO A (x) = (x — o) (x —ay) ... (x — ) Q (x). A

Hacaipgox 2. MHoON#UuNnG KOPEHIE MHOZOYLEHA CMEeNnens N micmumb
He Oinbule HINC N eeMeHmise.

Hosedenns. IIpanycTumMo, mo o, O,y «.uy O, O — KOPEHi MHO-
rousiesa A (x), creniap sKoro apopiBaioe n. Toxl 3rigHo 3 HacaigkoMm 1
MOXKHa 3aIlUCaTH:

Alx) =(x—0)(x—0)s ... (x—a  )*Q (x)

IIpoTe s piBHICTH HEMOXKJINBA, OCKINBKHU B JIIBI# yacTUHi 3amu-
CaHO MHOTOYJIEH CTelleHs 1, a B IpaBiii — BUpas, AKUA TOTOKHO
JIOPiBHIOE MHOT'OYJIEHY, CTEIliHb AKOro Oiibina 3a n. A

Hacniznox 3. Axuyo mnoxcuna kopenie mnozownenaa x"+a _ x"~ L4
+ ... + a,x + a, micmump Girvue vide N enemenmié, moa =a, _, =
= eEt@Eg = 0, mo6mo yeil mHozouNeH MOMOINCHO OOPIEHIOE

HY N0,

NMPUKNAL 1 Hosexits, mo Bupaz A (x) = (x — 2)'° + (x — 1) - 1
IiTuTHCA Hamizo HA MHOrowreH B (x) = x* — 3x + 2.

Po3ze’szanns. Maemo: B (x) =x" —3x + 2 = (x — 1) (x — 2). Ockinb-
ku A (1) = A (2) = 0, To 3a Teopemoro 45.2 mHOrOouNeH A (Xx) AinTUThH-
ca Haniuo Ha (x — 1) (x — 2), ToOTO AiIMTHCA HAIIJIO HA MHOTOYJIEH
x* — 8x + 2.

NMPUKNALA 2 Ocraui Big ainmenss mHOorouneHa P(x) Ha ABOYJIEHH
x — 21 x — 3 BigmoBigHO AOpPiBHIOIOTE & i 7. 3HalAiTE OocTauy Bif
ninenHa MHOorouwreHa P(x) Ha MHOrounxeH x> — 5x + 6.

Po36’s3anns. OCKiNbKY cTemiab MHOTOWICHA X- — bx + 6 IIOpiB-
HIOE 2, TO CTeIliHb IIyKaHol ocTradi He O6inpnia 3a 1. Tomy ocraua — 1me
MHOT'OYJIEH BUAY ax + b.
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§ 7. OcHoBu Teopil NOAINBHOCTI

- Maewo:
P (x) = (x* - 5x + 6) @ (x) + ax + b;
P(x)=(x—-2)(x—-3)Q (x) +ax + b.
IlizcraBumo 1o 4yepsi B 110 piBHICTE X = 2 i x = 3. OTpumyemo:
P(2)=2a+0b, P(3)=3a+b.
3acTocoByouu Teopemy Besy, maemo: P (2) =51 P (3) = 7. Toai
2a+b=29,

3a+b="1.

3Bincu a = 2, b = 1. Toxi mykaHO oCTad4eld € MHOTOYJEH
2%+ 1.
Bidnosgiov: 2x + 1.

OTPHUMYEMO CHCTEMY {

NPUKNAL 3 Ilpm axux HaTypaiabHUX n MHOrodwIeH f (x) = x" + a"
JiTATHCA HAIIJIO HA ABOYJIEH x + a?

Pozé’sazannsa. Maemo: x + a = x — (—a). 3’acyemo, npu AKUX HAa-
TYPAJIbLHUX I BUKOHYEThCA piBHiCTS f (—a) = 0, To6To (—a)" + a" = 0.
OueBHIHO, 1A PIBHICTH BUKOHYETHCA TLIBKY IPH BCiX HENADHUX 7.

NMPUKINAL 4 [oBeaiTh TOTOMHICTH
x-b)(x-0) " (x-¢) (x—a) b (x-a) (x-b)
(@a-b)(@a-¢c) (Gb-c)b-a) (c-a)(c-Db)
Posza’azanns. OueBUgHO, 1m0 a # b, b # ¢, ¢ # a. 3a3HAYUMO, IO
Bupas [ (x), sanmucaauil B JiBiiA yacTUHI piBHOCTI, AKY Tpeba JoBeCTH,
TOTOXKXHO JOPIBHIOE MHOTOYJIEHY, CTEIiHb AKOI'0 He OinbInuit 3a 2.
Jlerxko nepesiputu, mo f (a) = f (b) = f (¢) = 0. Orpumyemo, 110
MHOTOYJIEH CTEeIeHsA, He BUIOro 3a 2, Ma€ Tpu pidHuX KopeHi. OTxKe,
el MHOT'OYJIEH TOTOYKHO JAOPiBHIOE HYJIIO. :

1=0.

? 1. lIlo masmwBaOTh KOpeHeM MHOTOYJIeHa?

2. Chopmymiotite Teopemy Besy.

3. CchopmyirioiiTe HeOOXiHY i1 JOCTATHIO YMOBY, IIPU AKi# YHCJIO O
€ KopeHeM MHorouieHa A (x). |

4. fAxy HaAOiNbIYy KiTbKICTh €JIEMEHTIiB MOXKe MIiCTUTH MHOKWHA
KOpEeHiB MHOrouJieHa 1-I'o CTeneHsa?

9. IIlo moskHa cKasaTy NPO MHOT'OYJIEH CTENEeHs 11, AKII0 MHOXU-
Ha MOro KOpeHiB MicTUTh Oinbire HidXK n eeMeHTiB? ]'

45.1.° 3uaiigiTe ocTavy Bij AlieHHEA MEOrousIeHa A (x) Ha asodieH B (x):
DA =x*+2x*+3x+1,B(x)=x—-1; !
2)A(x)=2x"-4x*-x—-1,B(x)=x + 2.
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45. KopeHi mHoro4vneHa. Teopema besy

45.2.° 3maigiTe ocrauy Bij AiJeHHA MHOrousjgeHa A (x) Ha JBOYJIeH
B (x): :
DVA@E)=2x*-Tx*+x+ 3, B(x)=x — 4;

2) A (x) = 6x" — 5x® - 53x* + 45x - 9, B(x) = x + 1.

45.3.° JloseniTsh, 1m0 MHOTOWIEH A (X) ALMATHCA HANIIO HA ABOYJIEH
Bi(x):
DA@R) =22+ Tx*+Tx+2,B(x)=x+ 2;
2)A(x)=3x"-8x*+2x*+5x-2,B(x)=x-2; .
A(x)=5x"-6x"-x*+x+1,B(x)=x—-1;
4)A(x)=x°-38x"-x"+2x°+8x*+x-8,B(x)=x — 8.

45.4.° Ilosexits, mo Bupas (x + 1) — x** — 2x — 1 ginuTeCs HALLTO
Ha Bupasd x (x + 1) (2x + 1), ne n € N.

45.5.° IToBexiTk, mo Bupas (x° + x — 1)*" + (x* — x + 1)** — 2 ginuTs-
cs1 HAIILIO Ha MHOTOYJIEH x° — x, me n € N.

45.6." [losexiTs, 1m0 MHOro4YJIeH A (X) IiIUTHCH HAILJIO HA MHOTOUJIEH
B (x):

1) A (x) = x* — 8x* + 15x® + 4x — 20, B (x) = x* — x — 2;
DA =x"-9x>+9x+41x - 42, B(x) = x>+ x - 2;
3)A (x)=x"— 9x* + 26x° — 18x* — 27x + 27, B (x) = x* — 4x + 3.

45.7." Tlpu axoMy 3HAUYEHHI MapamMeTpa @ OocTaya BiJ AlJIEHHS MHOTO-
yJjieHa: '

1) x* + ax® — 2x* + x — 1 ua gBounen x — 1 gopiBHIOE 5;
2) 2x* — 3x® — ax® — x — 2 Ha xgBouseH x + 1 mopiBHIOE 3?

45.8." Ilpu axux 3HAUYEHHSX mnapaMerpa b MHorowreH x° + 3x° — bx + 6
JLIATHCSA HAILJIO Ha ABOYJIEH x + 27

45.9.° Ilpn sxuxX 3HaYEeHHAX IapaMeTpiB a i b mHOrouwneH A (x) xi-
JUTHCA HAILI0 HA MHOTO4YJIEeH B (x):

DA (x)=2x—-x*+ax + b, B(x)=x>-1;
2)A(x) =6x"-x*+ax*+bx +4, B((x)=x*-4?

45.10." Ilpn aKkuxX 3HAYEHHAX mapamMeTpiB a i b muorowrexn A (x) =
= 3x* + 5x® + ax® + bx + 10 ginuTbcsa HaMiO HA MHOTOYJIEH
B(x)=x*+x - 2?

45.11.° TIpu AKUX 3HAYEeHHSX mapaMeTpiB a, b i ¢ MHorounen x° +
+ ax® + bx + ¢ ginwrbes HaiIO HA ABOYJeHH ¥ — 1ix + 2, a npu
JijneHH1 Ha aABodyeH X + 1 mae B ocraui 107

45.12." TIpu AKuX 3HAUEHHAX mapaMeTpiB a i b MmHorounen x* + ax® +
+ bx + ab upu nineHHi Ha x — 2 gae B ocravi 15, a npu gineHHi
Ha x + 1 gae B ocraui 07

45.13." Ocraui Big agineHHsi MHOTOUYJMeHA A(X) Ha ABOWIEHH X — 3
i x — 1 BigmoBigHO HopiBHIOIOTE 6 1 4. 3HAUIITE OocTaYy Bij AlIeH-
HA MHOrouJeHa A (x) Ha MHOrouseH x> — 4x + 3.
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§ 7. OcHoBM Teopil NoAiNbHOCTI

-45.14." ToseniTs, mo Bupas a’ (b — ¢) + b® (¢ — a) + ¢® (a — b) gi-
JIUThCA Halllso Ha Bupas (a — b) (b — ¢) (¢ — a).
45.15.” HoBexniTp, 1mio:
1) Bupas (a + b + ¢) (ab + bec + ca) — abc pinurscsa Hamizo Ha
BUpas a + b;
2) Bupas x° + i’ + 2° — 8xyz pinureca vamino Ha BUpas x + y + 2.,
45.16.” JloBeaiTh TOTOKHICTD:
(x-b)(x-¢) ,(x-c)(x-a) (x-a)(x-b)
Do et 6 060 fC-de-n =
2(x-b)(x-c) ;2(x—-c)(x-a) s(x—a)(x-b) 2
+ + = g
B 7 g Sy Ry P
45.17." Yncna 1i 5 € kopersamu MHorounena P (x) = ax +Ha X 14
il O 8 S 2010, nme @, Q .5+ G — Oini uncaa. 9u icuye
Take Iijie 4yucio x,, mo P (x,) = 1000?

m Lline pauioHanbHe piBHAHHA

Osmauenna Pisasumasunya x"+a 2" '+..+ax+a =0,
ne a, @, ..., @ — DApaMeTpPH, HABHBAXOTH NiJAUM PanioHa I b-
HUM PIiBHSAHHSIM.

Yucao @, Ha3MBAIOThH BiIbHUM YJIEHOM I[HOT'O DiBHSHHS.

Teopema 46.1. Axwo yine payionanvie pi6HAHHA 3 Yiiumu KO-
eiyienmamu mae yinul KOpinb, mo 6iH € OiLbHUKOM 6ilbH0Z0
Yiena.

[osedenns. Hexait x, — Linuil KOPiHb PiBHAHHSA
ax"+a x""'+..+ax+a =0,
n ) Bpt ¢ 1 0
Be'Ayy @y ooy @ — i uuena. Toxi BUKOHYETHCA PiBHICTH
5 n n—1 ' ets
ax, +a _.x bl @y Ha =0,
3Bincu

gy Sa i sge il T R e
ke 50 ARSI TORSE G e T )

Orixe, 1mijie umciio a, JOPiBHIOE NOOYTKY ABOX ILIJIMX YHCEJI, OJIHE
3 axux nopisrioe x,. Toxi a, : x,. A

3ayBaeHHsd. 3 [OBEIeHOI TeOpeMU He BUILIUBAE, 110 ALIBHUK
BLIBHOI'O YWIeHAa II1JIOr0 panioHaJabHOTO PIBHAHHS 3 NUINMHU Koe(ilieH-
TaMu 000B’A3KOBO € KOpPEHEM DIBHAHHSA. ¥ TEOpeMi e MoBa JIHIIIEe
Ipo Te, IO Iiji KopeHi HiJoro pamioHaJAbHOrO PiBHAHHSA 3 OiJIUMK

KoediliieHTaMHU CJIiJ IIYKATH cepel AiNBHUKIB BIJIBHOTO YJeHA.
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46. Lline pauioHanbHe piBHAHHA

IHmuMu caoBaMu: JJIA TOTO 100 4ucjao OyJio
[ITUM KOpPEeHeM IiJIOro palioHaJbHOTO PiBHAHHSA
3 minuMu KoeginienTamu, HeoOXiZHO, 10O BOHO
OyJsio misibHUKOM BinbHOro wiena (puc. 46.1). Ox-
HaAK I YMOBa He € JOCTaTHLOIO.

Hanpuxian, uucia —2 i 2 € ZiNbHUKaAMU BiJb-
HOro uJeHa piBHAHHA 3x° — 5x — 2 = 0. IIpore
TLIBKHA OJHE 3 HUX € KOPeHEeM DPiBHAHHA. Puc. 46.1

Takok 3asHauUMO, 1110 Teopema 46.1 gomomarae
po3B’A3yBaTH Ti IiJIi panioHANbHI PIBHAHHSA 3 IIIUMHU Koe(iiieHTa-
MHu, iK1 MaooTh nijgi xopeHi. IlepexoHaemMocs B IbOMY Ha TaKOMY
IPUKJIAIL.

Hinsaukn
BinbHOrO

qJieHa

MPUKNAL = Poss’soxkits piBamas 2x' — 5x° — 24 — x — 6 = 0.

Poze’sazannsa. 11106 nepeBipuT HAABHICTH LIJIMX KOPEHIB y IIbOTO
pPiBHAHHSA, BUIINIIEMO BCl JiIIBHUKM ¥HOro BinpHOrOo uiena: 1; —1; 2;
~2; 83:—83.05 —6. :

IlepeBipKOI0 BCTAHOBJIEMO, M0 X = —1 € KOpeHeM JaHOoro piB-
aAaHHEA. OTKe, MHOTOUWIEH [ (X), AKUHA CTOITH y JiBi¥ YacTUHI PiBHSAH-
HA, ALIUTHCA HAILJIO Ha ABOWIEeH X + 1, To6To f (x) = (x + 1) g (x).

M=uorouwieH g (x) MOYKHA 3HAWTH, BUKOHABIIYU JIJIEHHA «KYTOYKOM»
vmuoroujsieHa [ (x) ma gBounen x + 1. Ilpore icuye mie @ ismmi
cmocio6.

Ockimpru [ (x) = (x + 1) g (x), To mHOrouseH f (x) MoXXkHA 3aI1TU-
caTé B TAKOMY BUTIJIS/II, 100 MOKHA OyJI0 BUHECTH 34 AYIKKH CILIb-
AU MHOXKHHUK X + 1. ITomamo mHOrouneH f (x) y BUraagi cymm
JBOYJIEHIB, KOXKHHUHA 3 AKUX AlauThca Ha X + 1. Maemo:

2x* —B5x® —2x% —x -6 =2x" +2x® —Tx® — Tx® +5x* +5x —6x —6 =
L= oa =S
=—5x?  — _9y2 =-X
=2 (x+1)-Tx*(x+1)+5x(x+1)-6(x+1)=
= (x + 1) 2x® - Tx® + bx — 6).

Otsxe, g (x) = 2x° — Tx* + 5x — 6.

3’sicyemo, uu Mae i KopeHi piBuaaEa 2x° — Tx® + 5x — 6 = 0.
Bunumemo aiisHUKY BijbHOro uieHa: 1; —1; 2; —2; 3; —3; 6; —6.

ITepeBipKoI0 BCTAHOBJIIOEMO, III0 X = 3 € KOPEHEM I[OT0 PiBHAHHA.
Toxi g (x) = (x — 3) h (x). 3naigemo mHOTOUWIEH A (x). na mporo
IMOZAMO MHOTOUJIEH g (X) Yy BUIVIAAL CYMH NBOYJIEHIB, KOXKHUM 3 AKUX
JiTATHCA HAILIO HA X — 3: 3

2x% —Tx2 +5x-6=2x2-6x2-x*+8x+2x -6 =
L

————
= _7x2 =X

=2x2(x—3)—x(x—3)+2(x——3)=(x—3)(2x2—x+2).
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§ 7. OcHoBM Teopil NOAINBHOCTI

Oroxe, h (x) = 2x° — x + 2. :
OueBumHO, (0 piBHAHHEA A (x) = 0 KopeHiB He Mae. TakuM yMHOM,

3aJlaHe PiBHAHHA Mae€ aBa Kopexi: —1 i 3.
Bidnosidv: —1; 3.

® 1. 5ke piBHAHHS HA3UBAIOTH UM pPallioHAIBHUM?

2. fAxy BilacTUBICTHP MAaIOTh IIiJIi KOPeHiI WHiJIOro pamioHaJIbHOIO
PiBHAHHA 3 HinuMHU KoehimieaTamu?

3. fike cniBBiHOIIEHHS MiX MHOKHHOIO JiJBbHUKIB BiIbHOTO Yle- |
Ha LJIOr0 palioHaNbHOTO PIiBHAHHA 3 UiMUMH Koe(dimieHTaMHA
1 MHOKHMHOIO MOT0 IIJIUX KOopeHiB?

46.1." Po3B’s12xiTh piBHAHHA: !
1) x* + 9x% + 23x + 15 = 0; -
2) 2x® — x* — 5bx — 2 = 0; |
3) 3x* + bx® — x> — bx — 2 = 0; ' |
4) 5x* + 9x® — 2x* — 4x — 8 = 0;

5) 2x* — 3x* - Tx* + 6x + 8 = 0;
6) x° + 8x* + 24x® + 35x* + 28x + 12 = 0.

46.2." Po3B’sKiTh PiBHAHHA:

D)+ x*-4x+2=0;

2) x* - x*—8x + 12 =0;
3)x*+4x>+5x+2=0;

4) x* + 4x* — 2x* —4x + 1 = 0;
5) x* + 2x° - 11x° + 4x + 4 = 0;
6) 3x* + 5x® — 9x* — 9x + 10 = 0.

46.3.” oBexiTh, 10 KOJIMA IIijie pamioHAJbHE PIiBHAHHA 3 LiJIUMU

KoedimieHTaMu
el IR R P S B
Ma€ panioHAJbHUM KOPiHB, TO BiH € IIJIUM YUCJIOM.
46.4.” IosexiTh, 1m0 KOJU I[ijie pamioHAJbHE PIBHAHHA 3 IIIUMU

KoedilnieHTaMu
ax"+a x""'+..+ax+a =0
n n—:1 1 0
Mae panioHaJbHUUN KOpPiHb X, = g, e g — HECKOPOTHHU npil,

TO p — JALIBHUK BLIBHOIO 4YieHA @ , ¢ — ALIBHUK CTApIIOro Koe-
dinienTa a,.
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- Binomocri 3 Kypcy anrebpwm 7 knacy

NininHe piBHsIHHA 3 oaHicl0 3MiHHO10. LLini BUpasu

1. JlimiiiHe piBHAHHA 3 OXHI€I0 3MiHHOIO

PiBusnua Bugy ax = b, ne x — 3miHHA, a 1 b — geaki uyucia,
1H1A3WUBAIOTH JIIHINHUM PIBHAHHAM 3 OJHIE€I0 3MiHHOIO.
Axmo a # 0, To, moxinuBIIK OOUABI YACTUHU DPiBHAHHA ax = b

b :
Ha a, orpumaemo x = —. Omxe, akmio a # 0, To piBHAHHEA ax = b Mae
: a

¢/IMHUN KOPiHb, IO HOPiBHIOE b,
a

Armo a = 0, To ginifiHe piBHAHHA HaOyBae TAKOI'o BUTJIALY:
Ox = b. Tyr moxxnusi aBa Bunagku: b = 0 a6o b = 0.

Y nepmomy BUnagaky orpumyemo piBHAHHA Ox = 0. 3Bigcu, AKII0

=01ib =0, To piBHAHHA ax = b mae 0es3iy KOpeHiB: OyAb-AKe
YHCJIO € FOTO KOPEHeM.

Y apyromy BUIaaky, Kouu b # 0, To npu O0yAb-IKOMY 3HAYEHHI X
maeMo XxubHY piBHicTE Ox = b. 3Bigcu, akmoio a = 01 b # 0, To pis-
HAHHA ax = b KOpeHiB He Mae€.

HageneHi MipKyBaHHA TiZICYMOBY€E TaKa TaOJIUILA.

- a.-+ 0 a=0,b=0 a=0,b#0
PiBHaHHESA

. L b :

| G2V b X Gy X — Oyap-iKe YHcJI0 | KOPeHIB Hemae

2. Toroxuo piBHi Bupasu. TorosxHoCTI

Bupasu, BiAnOBiiHI 3HAYEeHHA AKUX PiBHI Opu OyAb-IKUX 3HAUEH-
HAX 3MIHHHX, Ha3WBAIOTh TOTOXXHO PiBHUMH.
PiBHicTh, IpaBUNBHY NOpPHU OyAL-AKUX 3HAYEHHAX 3MIiHHUX, IO
BXOAATH A0 Hel, Ha3WBAIOTh TOTOXKHICTIO.
.3aMiHy OZHOrO BUPAa3y iHIINM, TOTOXXHO PIBHUM MOMY, HA3HBAIOTh
TOTOKHUM II€PETBOPEHHSIM.
[ foBeAeHHA TOTOKHOCTEH BUKOPHUCTOBYIOTh TaKi nmpuiiomu (Me-
TOAHU):
* TOTOXXHO IIEPETBOPIOIOTH OJHY 3 YACTUH JaHOI PiBHOCTi, OTPUMY-
04X 1HIIY YaCTHUHY;
* TOTOYKHO IIEPETBOPIOIOTH KOXKHY 3 YaCTUH p;aH01 piBHOCTi, OTpH-
MYIOYM OZUH i TOM caMuii BUpas; :
* IIOKa3yloTh, IO PidHMIA JiBOI i mpaBoi yacTHMH AaHOI PiBHOCTI
TOTOXHO JOPiBHIOE HYJIIO.
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BigomocTi 3 kypcy anrebpu 7 knacy

3. CreniHb 3 HATYPAJBLHHUM IOKA3HHKOM

CremmeneM 4ucia @ 3 HATYPaJIbHUM IIOKA3HUKOM 1, OinbmiuM 3a 1,
HA3WBAIOTh JOOYTOK 77 MHOXKHMKIB, KOXKHUAM 3 IKUX JOPiBHIOE a.
st OyAb-AKOro 4ucsa @ i OyAb-AKUX HATYPAJIbHUX YHUCEJS M i n
CIIPaB/»KYETHCA PIBHICTH
am an =) am + n’
TOOTO IIPA MHOYKEHHI CTENeHiB 3 OJJHAKOBUMU OCHOBAMHU NMOKA3HUKM
JOoAa0Th, & OCHOBY 3aJIMINAIOTH Ti€X0 CaMoIlo. |
Hasi OyAb-AKOro uMcja a, BiAMIHHOrO Bijf HyJdA, i OyAb-AKUX HAa-
TYypaJbHUX YHUCEJ M 1 n Takux, U0 Mm > n, COPaBIKYETHCHA PiB-
HICTH
am . an i am = n,
TOOTO NPU AiJeHH] CTENeHiB 8 OJ{HAKOBUMM OCHOBAMM BiJl IOKAa3HUKA
cTeneHd NIJIEHOro BilHIMAIOTHL MOKA3HUK CTENeHsA AiIBHUKA, a OCHO-
BY 3aJIMIIAIOTH Ti€I CaMOIo.
Iist Oyab-IKOro umneiaa a i 0yaAb-AKUX HATYPAJIbHUX YHCEd m i n
COPaB/XKVETHCA PiBHICTH
( a ) ik amn
TOOTO IPU IMiHECEHHI CTeleHsa A0 CTeleHA INOKA3HUKU nepeMHoxcy-
I0Th, 4 OCHOBY 3aJIMIIAIOTh Ti€I0 CaMOIO.
s 6yap-aKkux yucesa @ i b i Oyab-IKOro HATYPAJILHOTO YUCJIA 7
CIIPaB/AKYETHCH PiBHICTH
(ab)" = a"b"
TOOTO IpU HifHECeHHI NOOYTKY /IO CTENEeHS KOXXHHWH MHOMHUK ITifI-
HOCATH /IO CTeNeHsA 1 OTpUMaHi pe3yJIbTaTU IePEMHOMKYIOTh.

4. OgHounesu

Bupasu, saki € fodyrkamMmu umucen, 3aMiHHUX Ta 1X CTeleHiB, Ha3H-
BAIOTh OJHOYJICHAMH.

OpsOWIeH, AKMI MIiCTUTH TIJIBKU OJUH BiIMiHHUI BiJl HyJs 4Yuc-
JIOBUII MHOXXHHUK, 1110 CTOITh HA MEepIIOMYy MicIli, & BCi iHIIII MHOKHHU-
KU SIKOT'O — CTelleHl 3 Pi3HUMHM OCHOBaAMU, Ha3WBAIOTH CTAHAAPTHUM
BUTISAZOM opHOUWIeHa. [lo OlHOUIEHIB CTAHZAPTHOTO BUIVIAAY TAKOMXK
BifHOCATH UMCHa, BiAMIHHI BiJl Hy/Is, 3MiHHI Ta iX cTemneHi.

Yucisio 0, a TaK0K OAHOUWIEHU, AKI TOTOKHO JIOPiBHIOIOTH HYJIO,
HA3UBAIOTH HYIb-OJHOUJIEHAMHU. 1X He BifHOCATH IO OJHOYJIEHIB CTAH-
JapTHOT'O BHIJIALY.

YucnoBHM MHOKHHUK OJHOYJIEHA, 3aIMCAHOTO B CTAHAAPTHOMY
BUIJISI[Ii, HA3UBAIOTH KOe(il[iEeHTOM OAHOYJIEHA.

OxHOUNEeHU, AKI MaTh OAHAKOBI OYKBEHI CKJaoBi, HA3UBAIOTH
MOAiOHMMH.
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BinomocTi 3 kypcy anrebpu 7 knacy

CremeHeM OfHOYJIEHA HA3UBAIOTH CYMY IIOKA3HUKIB CTENeHiB yeix
3MIHHHX, IO BXOAATH 10 HbOr0. CTeniHb OlHOYIEeHA, SKUU € YUCJIOM,
BIAMIHHMM BiJi HyJs, BBAXKAIOTh TAKUM, IO JAOPiBHIOE HYJIIO.

BraxaioTsh, 110 HYJIb-OMHOYJIEH CTEIIEHS HEe MAE.

5. Muoroujiesu

Bupas, AKuii € cymMOI0 KiTbKOX OJHOYJIEHIB, HA3MBAIOTh MHOIO-
YJIEHOM.

OpHOUYUNEHN, 3 AKUX CKJIAJEHO MHOIOYJIECH, HA3UBAIOTH YJIEHAMU
MHOTOYJIeHA.

MHOroO4JIeH, SKAI CKJIANAEThCA 3 JABOX YJIeHiB, HA3WBAIOTh JBO-
YJIEHOM, a4 3 TPhOX UJieHiB — TpuuwieHoM. OZHOUNIEH € OKPEMUM BU-
ITaJIKOM MHOro4JieHa. BBaskaioTh, 10 TAKUH MHOTOYJIEH CKJIAJAEThCHA
3 OJTHOT'O 4JIeHa.

3B’A3KH Mi)K MHOT'OUJICHAMY, OIHOYJIE- Muorowienu
HaAMH Ta I1X OKPEMHM BHJIOM — YHUCJIAMU
LTIOCTPYE cxXeMma, 300parkeHa Ha pUCYHKY 1.

SxImo cepes OIHOUJIEHIB, 3 AKUX CKJIa-

JaEThCsd MHOTOUJIEH, € NmoxiOHi, To IX
Ha3WBaIOTh NOAIOHUMHA YJIeHaMU MHOTO-
yJIeHa. Pue. 1

106 MOMHOMXUTH OJHOUJIEH HA MHOTOYJIEH, Tpeba MOMHOMXKHUTH 1ei
OJTHOWJIEH HAa KOYKHUM YWIEH MHOTOUYJIeHa i OTpuMaHi J00YTKU JOAATH.

11106 TOMHOKUTHA MHOT'OYJICH HA MHOT'OYJIEH, MOXKHA KOKHUHN YieH
OZTHOT'O MHOTOUJIeHA IOMHOKHUTH Ha KOMKHHUU YIEeH APYyroro i orpumani
NOOYTKHM HOIAaTH.

6. ®opmyn CKOPOYEHOTO MHOKEHHS

HoOyTox pi3HHUII ABOX BUPA3iB Ta I1X CyMH HOPiBHIOE pi3HHUIL
KBaJpaTiB OIMAX BUPAa3iB:

(@ — b) (@ + b) = a® - b°.

PisEunga KBazparTiB ABOX BUPAa3iB JMOPiBHIOE A0OYTKY PisHHII LMUX
BHUpAa3iB Ta IX cyMmu:

a* - b*=(a—-b)(a+ b).

KBagpaT cymu ABOX BUPasiB JOPiIBHIOE KBAJAPATY IIEPIIOr0 BUPA3y
ILJTIOC IIOABOEHUM HOOYTOK IEPIOro i Apyroro BUpPasiB ILIIOC KBaApaT
JIpyroro BUpasy:

(a + b)® = a* + 2ab + b°.

KBaapat pisHuIli ABOX BUPA3iB JOPiBHIOE KBajpaTy IIEpPIIOr0 BH-

pasy MiHyC HDOABOEHUI HOOYTOK IEepHIOro ¥ APyroro BUpasiB ILIIOC

KBaJpaT Apyroro BUpasy: '
(a — b)* = a® — 2ab + b
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BiomocTi 3 kypcy anrebpu 7 knacy

Muorousnen a® — ab + b® HasUBAIOTh HEIOBHUM KBaApPaTOM pis-
uuni. Muorowrer a° + ab + b HA3MBAIOTH HENOBHUM KBaZpaToM
cyMu.

Cyma Ky06iB IBOX BHpPAa3iB HOPiBHIOE AOOYTKY CYMH IIUX BUPA3iB
1 HEIOBHOTO KBajpaTa 1X pi3HMILi:

a® + b® = (a + b) (a® — ab + b®).

Pisaunsa ky0iB ABOX BMPAa3iB JOPiBHIOE NOOYTKY Pi3HUIL IIUX BU-
pasiB i HEMOBHOI'O KBajipaTa ixX CyMu:

a® — b® = (a - b) (a® + ab + bY).

7 Posmlanamm MHOI'O4JieHa Ha MHOMKHHUKH

SAKi crocobm i B sAKi#A mocaioBHOCTI Tpeba 3aCTOCOBYBATH IIPH
POSKJIaIJaHHI MHOTOYJIEHA HA MHOKHUKH? YHiBepCAIbHUX PEKOMEH-
nariit He icHye, yce 3aJIeKUTh BiJl KOHKPEeTHOro MHOrouwieHa. I Bce 3
JaMo KiJbKa 3arajJbHUX IOpax:

1) AKIIO IIe MOXKJIWUBO, TO POSKJAJAaHHA Tpebda MOYMHATHA 3 BUHECEH-

HSA CIILJIBHOTO MHOXXHUKA 3a AYIKKU;

2) mepeBipUTH, UM MOYKHA 3acTocyBaTH (hOpMyJIM CKOPOYEHOI'0 MHO-

JKEeHHS;

3) SIKIO He BAACTBLCS 3acCTOCyBaTH (DOPMYJIM, TO CIIPOOYIiTE CKOpHUCTA-

TUCS METOAOM IPYIyBaHHA.

DyHKLiT

8. ®ynxnig. Ob6xacTs BU3HAYEeHHA 1 00acTh 3HAYEeHb (PYHKIIT

IIpaBuiio, 3a JOIOMOTOIO AKOTO 3a KOXKHUM 3HAYEHHAM He3aJIex-
HOI 3MiHHOI MOXXKHA 3HAWUTU €JMHe 3HAYECHHS 3aJIe)KHOI 3MiHHOI, HAa-
3UBaIOTh (DYHKIIi€I0, a BIANOBIAHY 3aJIe’KHICThH OJHiel 3MIHHOI Bif
JApyroi — (pyHKIIOHAIBHOIO.

3asBUuYail He3aJe)KHY 3MiHHY ITO3HAYAIOTH OYKBOKIO X, 3aJIeiK-
HYy — OykBOI0O Yy, QyHKLIi0 (npaBuio) — OykBoio f. AKIimo amiHHA Y
GYHKIIOHATBHO 3aJIeKUTh Bifl BMiHHOI X, TO el (hakT no3HA4YaOTh
Tak: y = [ (x) (4uTaoTh: «irpex nopiBHIOE ed Bix ikc»).

Heszase)xxny 3MiHHY IIle Ha3WBaOTh apryMeHTOM (PyHKIIii.

Hna pyarnii f KoskHOMY 3HaYEeHHIO apryMeHTy X BigmoBizae je-
siKe 3HAYEeHHA 3aJIeKHOI 3MiHHOI y. 3HaUeHH#A 3aJIe’XHOI 3MiHHOIL
HA3UBAIOTh TAKOXK 3HaUeHHAM (PYHKIIl Ta mosHauyaoTs [ (x).

Yci 3HaueHHs, AKUX HAOYBa€e apryMeHT, YTBOPIOIOTHL 00JIaCThL BU-
3HaYeHHA (PyHKHil. Yci 3HaueHHA, IKUX HaOyBae 3alie’kHa 3MiHHA,
YTBOPIOIOTH 00JIaCTh 3HAYEHb (PyHKILIIL.
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9. Crioco6u 3amanaa QyHKIIL

DyHKIisg BBAXKAETHCA 3aJaHOI0, AKIIO BKa3aHo 11 o6JiacTh BU3HA-
"YeHHS 1 MpaBUJIO, 3a HOIIOMOI0I0 SKOr0 MOYKHA 3a KOYKHUM 3HAYECHHAM
He3aJIe’KHOI 3MiHHOI 3HAUTU 3HAUEHHS 3aJIEKHOI 3MiHHOI.

Ockinbku QYyHKIIA — e IpaBMJIO, TO 11 MOXKHA 3aJaTH 3a JONO-
MOTOX0 peueHb. Takuii criocib 3aganHa MYHKILI]I HA3UBAIOTH 3aJaHHAM
byHKIII onucoM. ,

HaltmomupeHrimum criocoboM 3aganHaa QyHKIIL € 3agadea (QYyHKIN
3a JOIIOMOTO0X0 (POPMYJIH.

IIle ogauM cnocobom 3agaHHA GYHKIIL € Tabnuunuii. Yci gucaa,
3aITMCaHi B NepIioMy PAAKY TabIHIll, CKIAZA0Th 00JIaCcTh BU3HAYEH-
HA naHol yHKIl; y ApyromMmy paAKY 3alUCYIOTH BiJIIOBiHI 3HAYEH-
oA (pyHKIII.

10. padix dysxiii
I'padikom pyHKIII f/ Ha3UBaIOTh reoMeTpuYHy Girypy, Aka ckJa-

JIA€THCHA 3 YCIX TUX i1 TIJIBKH THX TOYOK KOOPAMHATHOI IJIOIIUHH,

abcrucy AKUX NOPIBHIOIOTH 3HAYEHHAM apryMeHTY, a OpAUHATH —

BiIMOBiHUM 3HaUYeHHAM QYHKIII f.

Konu sikace ¢irypa € rpadikom dyHKIiI f, TO BUKOHYIOTHCA ABI

YMOBH:

1) akmo x, — fAesKe 3HAYEHHA apryMeHTY, a f (x,) — Bignosinue
sHaueHHs (yHKNii, To Touka 3 KoopamHaTamu (X [ (x,)) 06o-
B’SIBKOBO HAJIEKUTH rpadiky;

2) axmo (x,; y,) — KOOPAUHATH [OBLIBHOL TOYKH rpadika, TO X,
iy, — BIAUOBiAHI 3HAYEHHsT HE3AJEKHOI 1 3aJIeIKHOI 3MIHHHUX
dysrOii f, To6To Y, = f (x,).
dirypa moxke OyTu rpadikom aesakoi QyHKIiI, AKIIo OyAb-ska

npsaMa, MepoeHAUKYAspHa A0 oci abcuuc, mMae 3 miew Girypoioo He

Oinpmre 3a OJHY CHIJIBHY TOYKY.

11. Jliniea ¢ysxnis, ii rpadik i BaacTuBocTi

DyukIio, AKy MOXHa 3afaTu (GopMyJow BUAY Yy = kx + b, ne k
i b — mesaAKi uucaa, X — He3aJe)KHA 3MiHHA, HA3WBAIOTH JIIHINHOIO.

I'padikom niniitHol (yHKIil, obsacTh BU3HAUYEHHA AKOI — yci
yucjya, € npava. OCKiJbKH npsAMa OZHO3HAYHO 3aJa€ThCA OyAb-AKU-
MH ABOMA CBOIMHM TOYKaMH, TO AJA MoOyxoBu rpadika giHiiHOI QyHK-
il gocTaTHRO 00paTH IBa HOBLIBHUX 3HAYEHHA apryMeHTY i CKJIAacTu
TabJUII0, SKa Ma€ JUIIe ABAa YHCJIOBUX CTOBIIILI.

Jlinitiny ¢ysKIi0, Ky 3agaioTb Gopmynow y = kx, ge k # 0,
HA3UBAIOTh IPAMOIO IIPONOPIIINHICTIO.
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IIpamMa mpomopuiliHICTE € OKPEeMHUM BH-
IMajKoM JiiHiitHOl (hyHKIII (Ie Bupaxae cxe-
Ma, 300pakeHa Ha pucyHKY 2). I'padixkom
IpAMOI NPONOPLIHHOCTI € nIpaAMa, AKa IIpo-
XOAMUTH Yepes MOYaTOK KOOPAHHAT.

Puc. 2 Axmo y dopmyui y = kx + b moknacTu
k = 0, To orpumaemo y = b. I'pachixom Takoi
¢dbyHEOiI € npaMa, mapaJjejgbHa oci abciuc.

Jliniai pynsrmii

IMpami
nponopuiftaocri

CucreMum NiHINHUX PIBHAHDL 3 ABOMA 3MIHHUMM

12. PiBHsHHA 3 ABOMA 3MiHHUMH

Pismocri 3x + 2y = 450, x* + y* = 100, x + y = 90, xy = 12,
5x + Ty = 19, ki micTaTs O ABi 3MiHHI X i Y, € IpUKJIagaMU PiBHAHD
3 ABOMA 3MiHHUMM.

[lapy sHaueHb 3MiHHUX, AKA [IEPETBOPIOE PiBHAHHA 3 IBOMA 3MiH-
HUMHU B IIpaBUJIbHY pPiBHICTH, HA3MBAIOTH PO3B’A3KOM PiBHAHHSA
3 aBoma smigHuMH. Toit ¢arT, 1110 mapa yucen x = a, y = b € pos-
B’SI3KOM DiBHAHHSA, IPUUHATO 3anmucyBaTu Tak: (a; b) € po3B’a3koM
PiBHAHHA. ¥ AVKKAaX Ha MepHIoMy MicIli DUINYTh 3HAYEHHSA 3MiHHOI X,
a Ha IpyroMy — 3Ha4YeHHS 3MiHHOI Y.

Posp’a3aTn piBHAHHA 3 JBOMAa 3MiHHUMH — € O3HA4Ya€ 3HAUTH
Bci #oro po3B’sa3ku abo mokasaTH, 10 BOHO HEe Mae€ po3B’a3KiB.

BrnacTuBocTi piBHSAHB 3 ABOMA 3MiHHUMMU:

e fxmo g0 06ox vacTuH JjaHOrO piBHAHHA AoxaTu (abo Bixg ob6ox
YACTUH BIJHATH) OJHE U Te caMe YHMCJIO, TO OTPUMAEMO PiBHAHHSA,
AKe Ma€ Ti cami po3B’si3KH, 1LI0 ¥ JIaHe.

¢ SfAxmo axkunii-Hebyab TOJaHOK MEepeHeCcTH 3 OJIHIEl YACTUHY PiBHAH-
HA B APYrYy, 3MIHUBIIHN IIPH I[OMY HMOro 3HaK Ha IIPOTHJEKHUM,
TO OTPUMAEMO PiBHAHHSA, AKe Ma€ Ti caMi po3B’A3KH, IO i JaHe.

¢ Sxio obuABi YaCTUHYU PIBHAHHSA IOMHOMKUTHU (IOXIIUTH) HA OfHE
it Te came BiAMiHHE BiJ{ HYJIA YMUCJIO, TO OTPUMAEMO PiBHAHHSA, AKe

Mae Ti cami pos3B’A3KH, O[O ¥ JaHe.

I'padpirom piBHAHHA 3 ZBOMA 3MiHHMMH Ha3WBAIOTh F€OMETPHUYHY
¢birypy, 1o ckJIagaeThed 3 yeiX THX 1 TINBKH THX TOYOK KOOPAHHAT-
HOI ILJIOIUHY, KOOPAMHATH AKUX (IIapy 4uces) € po3B’A3KaMu JaHO-
ro piBHAHHS. ‘

Koum sikace ¢irypa € rpadikoM piBHAHHS, TO BUKOHYIOTHCS IBi
YMOBH:

1) yeci po3B’sA3KKU PIBHAHHA € KOODAMHATAMHU TOYOK, SAKi HaJexaTbhb

rpadiky;
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2) xoopauHATH OYAb-AKOI TOYKH, 1[0 HAJEKUTH rpadiky, — e mapa
quces, AKa € PO3B’A3KOM JaHOT'O PiBHAHHA.

13. Jlimiiine piBHAHHA 3 BOMA 3MiIHHHMMH Ta HOro rpadix

JIiHifiHUM piBHAHHAM 3 JBOMAa 3MiHHUMHM HA3WBAIOTh DiBHAHHSA
Bupy ax + by = ¢, ge x i y — 3wminHi, a, b, ¢ — pesAki uuca.

PiBusiHHA Buavenss a, b, ¢ I'padik
i et HeBepTuxkaabpHa
ax + by =c¢ b¢0,a1(:' P
Oyab-sIKi npsama
b=0, a#0, ¢ —
+ by =c i % BeprukanerHa npsama
&% y Oyab-sIKe P P
Ycsa KoopauHATHA
ax + by = c a=b=c=0 i
ILJIOII{HA

ax + by =c a=b=0, c#0 —

14, CucremMu piBHAHL 3 JBOMA 3MIHHUMM

Axmo Tpeba 3HAUTH yci cnijibHI PO3B’A3KH KiNBKOX PiBHAHBb, TO
TrOBOPATH, 1110 Tpeba po3B’s3aTHU CHUCTEMY PiBHAHD.

Cucremy piBHAHBb 3alMCYIOTH 3a AOIMOMOT0I0 (DirypHOI AYIKKH.

Po3sB’aA3k0oM cucTeMu PiBHAHB 3 ABOMAa 3MiHHMMM HAa3WBAIOTh ITAPY
3HA4YEeHb 3MiHHUX, AKi IepPeTBOPIOIOTH KOKHE DIBHAHHA HA IPABUJIL-
HY PiBHICTb.

PosB’sizaTu cucreMy piBHAHBL — O3Ha4Ya€ 3HAUTH Bei 11 po3B’sa3ku
a6o moBecTH, IO PO3B’A3KIB HEMAE.

I'pacdiuamit MeTos po3B’sI3yBaHHA CUCTEMH PIBHAHB IIOJATAE B Ta-
KOMY:

e poOyayBaTw Ha OAHIN KOOpAMHATHIN miomuHi rpadikm piBHAHD,

III0 BXOAATH A0 CHCTEMMU;

* 3HAUTU KOOPJAMHATH BCiX TOUOK IepeTHHY MobynoBaHUX rpadikis;
¢ OTPHMAaHI mapu 4yuces i OyAyTh IIYKAHUMU PO3B’A3KaAMU.

I'padgiuauit meros € eeKTUBHUM TOAI, KoJu Tpeba BH3HAYNTH
KiJIBKiCTh PO3B’A3KiB cUCTEMH.

SAxmio rpacdikamMu piBHSAHB, IO BXOAATH B CUCTEMY JiHIMHUX pPiB-
HAHBb, € NIPAMi, TO KiJIbKiCTh PO3B’A3KIB Ii€l CHCTEMU 3aJ€KUTH Bij
B3a€EMHOT'0 PO3MillIeHHSA JABOX HIPAMUX HA IJIOIIHHI:

*  SAKIO NPAMI MepeTHHAIOTHCHA, TO CUCTEMA MA€ €AUHUN PO3B’ A30K;

* FAKIIO nNpsiMmi 30irarmThes, TO CHCTeMa Ma€ HeCKiHYeHHO DaraTo po-
3B’ A3KiB;

* FAKIIO NpPAMi mapaJjiesibHi, TO CHCTEeMa pO3B’A3KiB He Mae.
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15. Meroau po3B’si3yBaHHA CHCTEM JiHIHHHUX PiBHAHB

II1o6 posB’sizaTH cUCTEMY JIIHIHHUX PDiBHAHBL METOAOM IIi/ICTAHOB-

Ku, Tpeda:

1)
2)
3)
4)

5)
6)

BApPasuTU 3 OyAb-AKOrO PiBHAHHSA CHUCTEMHU OAHY 3MiHHY 4Yepes
APYTY;

iCTAaBUTH B Apyre PiBHAHHA CUCTEMH 3aMiCTh Ifiel 3MiHHOI BUpaa,
OTPUMAaHUN HA IEepuioMy KpOIii;

po3B’sA3aTHU PiBHAHHA 3 ONHICI 3MiHHOIO, OTPUMAaHEe Ha JPYIroMy
KPOILi;

niiIcTaBUTH 3HalJeHe 3HAYEeHHA 3MiHHOI y BHpa3, OTPUMaHUM HaA
eprIoMy Kpoiri;

00YMCJIUTH 3HAYEHHA APYroi 3sMiHHOI;

3anucaTu Bl,l[IIOBllIb.

11106 po3B’sizaTu cuCTEMY JiHIMHUX PiBHAHBL METOJOM JAONABAHHS,

Tpebda:

1)

2)
3)
4)

o)

ni0OpaBIiu «BUTigHI» MHOXHHMKHU, NIEPETBOPUTU oxHEe abo o6uaBa
PiBHAHHA CHUCTEMHU TaK, 100 KoedimieHTH Ipu OAHIN 31 3MiHHMX
CTaJIA MPOTHUJICXKHUMH YHUCIAMMU;

JOJATH MOYJIeHHO JIiBi i IpaBi 4YacTMHU PiBHAHB, OTPUMAHMUX HA
epuioMy KpoIii;

po3B’A3aTH DIBHAHHSA 3 OAHICI0 3MiHHOIO, OTPUMAaHe HA APYIOMY
KPOILi;

IMiACTAaBUTHU 3HAKIeHEe HA TPEeThOMY KPOIli 3HAaUYEeHHA 3MiHHOI y Oy /ib-
fAKe 3 PIBHAHBb BUXiTHOI CUCTEMU;

O0UYMCIUTH 3HAYEHHA APYIrol 3MiHHOI.
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. Bipnosigi Ta BKasiBku fo Brpae

1.2.1) 1; 2) %- 1.16. b — Gynp-axe umemo. 1.23. 1) 2" * 5 — x"* 1

2) Pt Eiinyl 124, 1) BTl 9y at Tt = TR 2P 1.87. 4)(a’+
+ b)Y+ (a—b)°. 1.38. 1) x = -1, y = 0,5; 2) TakuX 3HAYEHD HE iCHYE.
1.45. 7 a6o —7. 1.46. 4 a6o —4. 1.50. 1. Brasierxa. x° + 8x*y* + y° =
= (x* + ¥ (x* — %% + y*) + 3x%°. 1.51. 8. 1.54. Brasierxa. Ilogaiire
JaHUA MHOTOYJIEH Y BUrasaai cymu Kyo6iB. 1.56. Brasiexa. IToMHOXK-
171%)°
amy’
1.61. 1) 6; 2) 1; 3) 9. 1.62. 3) 31" < 17*. Brasisra. 31'"' < 32! =
= 2% < 2%, 1.63. 2. Brasiexa. 2x* + 3x%y* + y* + y® = 2x* + 2x%° +
+ 2% + yt + y? =247 (F + D) + P (2° + ¥P) + % 1.64. 8. 1.66. Bra-
siexa. Ilosmauumo 1002 = n. Toxi manuii BUpas HaOyBae BUIIALY
(n-3)(n—-1)(n + 1) (n + 3) + 16. ITokaxxiTh, 110 OTPUMAHUHA BU-
pas ToTokHO gopisHioe (n” — 5)°. 1.67. Brasiexa. [Tozaaunmo 1000 = n.
Toxi nanuit Bupas Habysae suruany n° + n® (n + 1) + (n + 1)° Io-
Ka)KiTh, 1[0 OTPUMAHMII BHpa3 TOTOKHO mopiBioe (n° + n + 1)%
1.69. Brasiexa. IlomHOMXTE 1 TIOALIITE BUpas, IO CTOITE y JIiBiil dac-
tuHi piBrOCTI, Ha 1 + 2 + 2%, 1.70. 5) Braziska. m® + m* + 1 =m® +
+m*+ m® - m?®+ 1. 1.71. 5) Brasiexa. x* + x' + 1 = x> + x" + x° -
—x - -+ P+ '+ 2 - x* + 1. 1.72. 1) Brasiexa. x* — 8x* +
+ 4 = x* — 4x* + 4 — 4x°. 1.75. 0. Brasiexa. Bagany piBHiCTH IO-
naitre y Burasani (@ — b)® + (b — ¢)® + (a — ¢)® = 0. 1.76. Brasiska.
Posrnsanbre Bupas (@ — x)° + (b — y)* + (¢ — 2)°. 1.77. Brasiexa.
x* —x +—;— =x'-x*+ i +x2-x+ i 1.78. 59. 1.80. 2 a6o —2. Bragsis-
ka. (@ +b—c)’ =a®>+ b>+ ¢ + 2ab — 2ac — 2bc. 1.81. Brasisxa.
a® + b® + 3¢® + 2ab + 4ac + 4bc = a® + b* + 4¢* + 2ab + 4ac + 4bc — c°.
1.83. Brasisrxa. Maemo a + b = —c¢, 3Bigku (a + b)® = —c®. 2.4. Tax.
¥Yei marypanshi uucna. 2.11. S (x) = 40 (40 — x). ObsnacTs BUBHAYEH-
Hs: yei Taki umena x, mo 0 < x < 40. 2.12. V (x) = (100 — 2x)*- x.
O6sacTes BU3HaAUeHHs: yci Taki ymena x, mo 0 < x < 50. 2.13. y =
=4x + 1. 2.14. y = x°* + x. 2.22. JIuB. pUCYHOK

o 3agaui 2.22. 2.40. Moxua. Brasierxa. Ilo- YA
KaXiTh, 10 Ipu Oyab-AKoMy k rpadiku nepe-

TuHAIOTECA B Toumi M (—1; 2). 3.9. (3; 3). o Yot
3.10. (4; —4). 3.11. -12. 3.12. -4. 3.13.a = 7, 0] |1 %
b=-3.3.16.1)a=3,b=-2,5;2)a=4,b= 1 [ 1
=-6.8.17.a=3,b=5.3.19. 1) lIpu a # 17;  pye. 1o sanaui 2.22

Te o6uBl wacTuHH Apyroi piBHOCTI Ha 3. 1.58. 2'™, 1.59. 171 =
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2) mpu a = —-10. 3.21. 1) (-2; 2); (1; 1); 2) (1; —1); (3; 3); 3) (1; 1);
(=3;. 3). 3.22. 1) (8; 6); 2) (—53 —4). 3:23. 1) (15 =1); 2) (14; 2).
3.24. 1) (-3; —4); 2) (2; —2). 3.25. 1) (-0,6; —3,2); 2) (1; 3). 3.26.a =
~5,6,b=0,8.3.27. 1) y = —0,4x + 1,8; 2) y = —x + 2. 3.28. 1) (3; —3);

2) (1,5; 0,75); 3) (4; -—%); 4) (—5; 6); 5) (—2,4; —4). 3.29. 1) (10; 5);

2) (0,5; 1,5); 3) (—8; —28). 4.13. Axmio Touxku A, B i C He JexaTh Ha
OAHLIM NpaAMii, TO IHyKaHa MHOKUHA CKJIANAETHCA 3 OJHIE] TOUKH —
nenaTpa onmcanoro xkoina A ABC. fximo Touku A, B i C nexars Ha
OAHiN npsAMii, TO IIyKana MHOKUHA mmoposkas. 4.15. A = C. 4.18. Bra-
3gieka.3k—1=38k—-1+3-3=38(k-1)+2;3n+2=3n+2-3+
+3=3(n + 1) — 1. 5.29. 2) MuOoXHHaA BCiX HaTypaJJbHUX YHUCeJI,
KpiM 1; 3) MHOXKUHA, AKA CKJIAJAETHCA 3 YCiX HEIIApHUX YHCEJI i Yuc-
na 2. 6.4. 6 puis. 6.11. Binsmre yuces, yci nudpu AKUX HemapHi.
6.13. OgrakoBa KinbKicTh. Bra3iska. YCTAHOBITH BBAEMHO OJHO3HAY-
HY BIAIOBiHICTE Mi’KX MHOMXWHOI0O MEHIIHUX CTOPiH NPAMOKYTHHKIB
OIHOTO BHUAY i MHOXXHMHOI0O MEHIIMX CTOPiH NPAMOKYTHHUKIB APyroro
Buny. 6.14. Brasiexa. Hexait B = A. MHO»XuHI B mocTaBuUMO y Bij-
noBigHicTh Taky MHOKUHY C, mo C N B=JiC U B = A. OueBngHoO,
o yuecnaa n (B) i n (C) marors pisay mapxicTs. 6.16. Binbme Tux
qHCce)l, Yy AKUX Apyra nmudpa MeHIina Bijg mepioi i TpeTsoi. Brasiska.
Yuena, y AKUX Apyra nudpa Haibiabina, Ha3BeMO YUCJIaMU IIepIIo-
ro BUAY, a Ti, y AKUX Apyra nudpa HaMeHIIa, — YUCJIAMU APYyroro
BHAY. 3PO3YMiJ0, 10 KOJHE 3 YHUCeJI IIePHIOT0 BUAY He IIOYNHAETHCH

3 nubdpu 9. KosxxHomy unciay abe mepmioro BUAY IOCTaABUMO y Bijamo-
BigHicTh uucao 999 — abe, sike € uucaom apyroro suny. 6.17. Brasis-

ka. «[IlacauBoMy» KBUTKY 3 HOMepoM abcdef mocraBTe y BiAmoBiz-

HicTh KBUTOK 3 HOMepoMm 999 999 — abedef. losexniTs, 1o BiH € TEX
«ugacauBaM». 6.18. OxsakoBa kKinbkicTs. Brasiexa. JloBexiTs, mIo
NOBXKHHY CTOPIH TPUKYTHUKIB, nmepumerp AKuxX aopiBaioe 1000,
6inpiai 3a 1. Toxl TpUKYyTHUKY 31 cTopoHamMu a, b, ¢ i nepuMeTpomM,
axuit gopisrioe 1000, BixnmoBifae TpuKyTHHK 3i cropoHamu a — 1,
b—1, ¢ — 1 3 nepumerpom, axuit gopisaioe 997. 6.19. MHOrOKyTHH-
KiB, AKl mMicTATH Bepuuuny A , 6inbute. Braszisxa. Koxxnomy n-xyr-
HUKY 3 BEPUINHOIO A TPU n > 4 MOXKHA NOCTABUTH y BiANOBIAHICTH
(n — 1)-KyTHUK, AKANA OTPUMAHO BIJIYYEHHSM TOUYKH A, 3 4ucja Bep-
muH., TakuM YMHOM MOYKHA OTPUMATH BCi MHOTOKYTHUKH, SIKI He
micTATh BepmuHy A . Ilpore a7 TPUKYTHUKIB 3 BepIIKHOW A Bij-
nmoBiguEuX nmap He icaye. 6.20. OprakoBa KinskicTs. Brasiska. Koax-

HOMY 4YHCJIY BUAY @,8,0,0,a; Takomy, 1o a, < a, < a, < a, < a,,
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nocraBTe y BigmosimaicTe umcno (a, —4) (a, —3) (a; - 2) (a, - 1) a,.
6.21. Brasierxa. ko napa uucen (x,; y,) € PO3B A3KOM DiBHAHHSA
x* + y* = n, To mapa (x, — y,; X, + ¥,) — DO3B’AB0K DiBHAHHA x’ +
+ y® = 2n. fxmo napa (x5 y,) — PO3B’A30K PiBHAHHS x® + y® = 2n,
X t4 . W _xl)
gk
€ posB’ABKOM piBHAHHA x> + y® = n. 6.22. Brasieia. Posrnaaemo
eaxeMeHT a € A. KoxxHil nigavMuokual B MEOXKHEN A Takii, mo a ¢ B,
mocTaBuMO y BigmoBiguicTs migmuoxuny C = B U {a}. 3posywmino,
o yucyaa n (B) i n (C) pisHoi nmapHocTi. 3a3Ha4YUMO, 110 Iie PO3B’ -
3aHHS He 3aJIe’KUTH BiJl TapHOCTI KiJBKOCTI eJleMeHTiB MHOMKUHA A.
Tomy samauy 6.14 Mo)xXHA po3B’s3aTu TaK0XK 1 nuM crocobom. 7.6. Ilo-
Ka3HUKY CTEeMeHs yuca 2" MOKHA MOCTABUTH Y BiAMOBiAHICTE KiJib-
KicTh HYJIiB, K1 BUKOPHCTAHO B 3alIUCY JeCATKOBOro Apody. 7.8. [{us.
pucyHok no 3azaui 7.8. 7.10. Brasiexa. IlpornymepyeMo eieMeHTH
3a/1aHol 3JiveHHOl MHOMKMUHHN. Hexall ejleMeHTU NAaHOI MiAMHOMKUHUA
MaloTh HOMepH i, < i, < i, < ... . MHO’KMHA UX HOMepiB € abo CKiH-
YeHHO0I0, a00 3niuenHo10. 7.11. KosxkHuii i3 3ajanux Biipi3KiB MiCTUTH
[IOHA¥MEeHIIIe OJHY TOUKY 3 I[iJIOI0 KOOPAHUHATOI0, 8 OCKLIBKHU Bijpis-
KU He IePeTHHAIOTHCA, TO BCi 11l TouKH pisHi. Tenep MoKHaA CKOpHUCTAa-
Tucsa pesdyabrarom 3azaui 7.10. 7.12. Jlus. pucyHoOk no sajgaui 7.12.
7.13. 1) Kosxuii Trouni M (x,) Bigpiska OA MOKXHA IIOCTABUTH Y BiA-
noBigHicTs TOUYKy N (5x,) Bigpiska OB; 2) wkoxHi# Touni M (x)
Bigpiska OA (kpiMm Touku O) MOKHA MMOCTABUTH Y BiAMOBiHICTEL TOU-

TO YMCHA X, 1 Yy, MaOTh OJHAKOBY IapHICTH i mapa

Ky N (xi) npomersa AB. 7.15. Brasiexa. MoxHa CKOpUCTATHUCS
0 4

JABiMKOBOIO CHCTEMOIO 3aIIMCy HaTypaabHuX yuces. 7.16. Cxemy HyM™me-
paiii eTeMeHTIiB JaHOI MHOYKWHY HABEJeHO Ha PUCYHKY 210 3azadi 7.16.
7.17. Brasieka. SIKII0 BBECTH CHCTEMY KOOPAUHAT, TO KOXKHUK i3
3a3HAYEHUX KBaApaTiB MICTUTHUME TOYKY 3 HUJIMMHU KOOPAUHATAMHU.
OckinpKM KBapaTH He NEePeTHHAIOTHhCHA, TO Ui Touku pisHi. [aui
cKOopHucTaiTecsa pesyyasraramMu 3axady 7.16 i 7.10. 8.5. 3) Brasiska.

@ O

Puc. no zagaui 7.8 Puc. no sagaui 7.12 Puc. no 3amaui 7.16
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525" +13-13*" =51+ 132’”.‘; 4) Brasieka. 21" + 4" "% = 21" — 4" +

+ 17-4". 8.8. 1) Brasisxa. 2'** + 1 = (2°°"" + 1. 8.9. 1) Brasisxa.

ITomHOKTe BUpasu, AKi 3anucaHi B 000X 4acTHHaAX PiBHOCTi, Ha BUpa3

x — 1. 8.10. 1) 3'®°. Brasiexa. ITomHOXTe nanuii Bupas3 Ha 3 — 2 = 1;
21 21

2) 4——;—?’— 811.a = 2. 8.13. 1) 0; 2) 0; —1. 8.14. 1) Bxra3sisxa.

7.5 +12-6"="7-25"+12:6"="7-25"—17- 6"+19 6".9.7. 6)D(y)—
={x|x#-1ix=0}.10.21. 0,3. 10.22. 5. 10.24. —-. 10.25. 1)—-—

2) -12,5. 10.30. 1) x — 6yap-axe 4ucyI0, Kpim —1; 2) KOpeHiB Hemae;
3) xopenis Hemae. 10.31. 1) Kopernis Hemae; 2) —7. 10.32. 1) fdAxmo

: 1
a = 0, To kopeHiB Hemae; AKmoO a # 0, To x = —; 2) akmo a = 0, T0
a

x — Oynp-sike uyucJio; Axkmo a # 0, ro x = 1; 3) akmo a = 6, To x —
OyaAb-SKe Y4uCJI0; AKIo a # 6, To x = a — 6; 4) axmo a = —2, TO Ko-
peHiB HeMae; AKIIO @ = 2, TO X — OyAb-AKe YUCJIO0; AKII0 @ # —2
1'a % 2,'10'%= ﬁ—z—. 10.33. 1) Axmo a = —3, TO KOpPeHiB HeMae;
AKIOI0 a4 # —3, TO X = 33—3; 2) axmo a = 0, To KOpeHiB HeMae€; AKII0
a=9, 10 x — Oyab-aKe uncao; Akmo a # 0ia # 9, To x = a;g'
10.37. 3) Brasiera. Ilonaiire unceasHukK gpody v Burasani b® + (b + 1)%;
5)a® — 2a + 2; 9) b** + 1. Brasierxa. TIOMHOKIMO YNCETHHUK i 3HAMEH-

G=DHO o Y bl O L s
HUK npoby Ha b — 1. Maemo: & =b"" + 15
¥ R )Y [l SRS R LR LT |

10.38. 4) z° — z + 4; 6) a"'° — a® + 1. 10.39. Brasiexa. Cxopucraii-
tTecs peayabraToM 3azadi 10.36. 10.40. 1) —1; 2) % Brasisia. 2a* +
+14a®> - 17a + 83 =2a (@®> + Ta — 9) + a + 3. 1041. x> — x* + 1.
Brkasisxa. Tlopaiire Bupas x° + x + 1 y Buraazi (x° — x°) + (x* + x +

a®-1_(a®-1) (@’ +1)
a2-1 " (@-)) (a+1) :

+1). 10.42. Brasiexa. a® +a® +a* +a®*+1=

11.9. 1)—— 2) 3)— 11.10. 1) e
3 a” +2ab+4b y+6

2 «.3 :4)1.11.12. 1 :

)b—2 )n—5 ) )(x—7)2 ) (a - 2b)* )y+2

11.20. 2) 5; 3) 4—‘11. 11.21. 2) -3; 3) —4,5. 11.22. 1) {1, 2, 3, 6};

2) {1,.2, 7, 14}:;: 8) {1, 2, 8}. 11.23. 1) {1,3, 9};:2) {1, 2, 4, 8}; 3) {2}
11.25. 1) {-10, -4, -2, 4}; 2) {-15, 1, 3, 19}. 11.26. 1) Bra3siska. n® —
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- 2n+1=m*+n®>-n)—- (n®+ n—1). 11.27. Brasieka. a* + b*> +

5 16
=(a+ b+ ¢) - 2ab — 2bc — 2ac. 12.11. 6 s :

% +1 £ 8 1 !
8) 15— 1212.5) 35 6) T, 12.15.2) 4. 12.16. 1) & 2) 2,5;
° 3
3)0,1.12.17. 1) 0,8; 2) --. 12.20. 2) -2—1— D0 gy s GAL
b® - 9m® —n

2-2b

2) 232 12.23. 1)t o

b3 +1 ab
3
(a-1) (a-4)

rasai pisauni aBox npobis. Hanpukaan,

¢ 35 1006* | 35
5z ) (a® - 25b%)’ o y- 2 R

Brasiexa. IlogaiiTe KOXKHUA 3 JOJAHKIB V BH-

1 o N AN
(@-1@-2 " a-2 a-1’
4 3 5 2
2) IR 12.30. 1) @G- @D’ 2) Tee: 12.34. Bra3sigka.
Jlo koxxHOTrO 3 ApobiB JIiBOI YaCTHHU piBHOCTI HoxaiiTe 1, a 1o mpaBoi
yactTuau ponaure 3. 12.35. Brasieéxa. PosrnssHbTe pi3HUIIO JiBOI
i mpaBoi yacTuH xasoi piBHOocTi. 12.36. 12. Brasiska. ITokaxiTs, 1110
3 mepmrol piBHOCTI BUmuBae, mo (a — b) (a + b + ¢) = 0. Takox t110
3ajladyy MO’KHA PO3B’s3aTH, CKOPHUCTABLINCH PE3yJbLTATOM 3aja-
ugi 10.36. 12.37. 12. Brasisrxa. CkopucraiiTecs pe3yabTaTOM 3azadi
10.36. 12.38. Brasiska. JloBeiTs, 110 BHKOHYETHCSA OfHA 3 piBHOCTEM
a+b=0,b+c=0aboc+a=0.12.39. 2. Bkasziexa. MoxxHa 3a-
21 S e e Sk 21 . 3Bigcu 2x(y—x) =
2041 g+l oyl Tl (x“+1) (xy+1)
_ SRy )
@' +1) ey +1)
xy = 1. 12.40. Brkasiexa. [loBexits, mio

12.29. 1)

nmucaTHu

yYpaxyBaHHAM X # I MOJMHa IOKas3aTu, II0

a-b b-c e=ay
a+b b+c c+a

_(@-bB-c)(c-a) 12.41. 1)_
(a+b)(b+c)(c+ a)’

gynsraToM 3agaui 12.40, mokaxiTs, 110

Brasieka. Crcopnc'ramnncr; pe-

a-b b-c
+ )
a+b b+c c+a ()

i BigHiMiTE Bi 000X yacTuH niei piBHocTi 3; 2) —0 Brasiexa. Jlo-

naiire 3 mo ob6ox wacTuH piBHOCTI (¥). 12.42. Z' Bkasiexa. Ckopuc-

; J b b
TaiTech pesyasraTom 3azaui 12.25. 12.43. Brasiska. j—z + a—;‘ i o2 =

abc bea |, cab
= g ey
¢ a b

mox’ + Yy +22 —Bxyz=(x+y+2)(*+y*+ 2" xy— xz - y2),

= abc (% + ;13- + —13~) Hani ckopucTaTeCch TOTOMKHIC-
a C
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IoBeneHoro B 3amaui 1.43. 12.44. —1 a6o 8. Brasisxa. Jlo KoxKHOI Jac-
TUHM IOABiiHOI piBHOCTI Hoxavite 2. 12.45. 1. Bra3siska. l—m

1 & 1 N 1 f x 4 xy :
l1+y+yz 1l+z+2zx 1+x+2xy x+x_/+xyz Xy + xXyz + x°yz

13.18. 1) 0,9; 2) —5; 3) —-3,2. 13.19. 1) 2 z) 2. 18.20. 1) ac®

M Sl BENERET T (TR RS P R *2" . 13.22,83.
a“" —a"b" +b*" 2" + 2x"y" + 4y*"

13.23. 10. 13.24. 7 abo —7. 13.25. 2 abo —2. 13.26. 1) 1; 2) 1.
1827.1) (@~ Z; 9)1.13.30,1) 40 =1, 9y ®+3*+7) 4g4; 1)(” 3)

—b T4 (x-3)(x-17) 1
% g : o AT
2) a® — 1. 14.1. 1) —, 2) 2 3 3 15 4 = 5) T2,
14.2. 1)— 2)x+y,3)a+2 14.3 1)“2 )%,

9)a—2.144.1) ;iz, 2)c—5;3)—2; 4) -‘/6L2 14.7. 1) He 3anexuTs;

2 2
2) sanesxuts. 14.9. 1) %; 2) a - 3; 3) “:1; 4) “;’b- 14.10.1) & b*;b :

a+b, ik Etl, a+b

2) ~a. 14.11. 1) -222; 2) 2 ) a + b, 1412, 1) 5 2) 222
1415.1) & 29)1;3)b+a.14.16.1) —2*2 .9y 1 . 305, +
SRRl ; S T SR VTR | R S :

= ? . 14.22. 1,9. Brasiska.

+c—b).14.18.";2.

a’b a

Posrnauasre 1oOYyTOK (a+b+c)( . + L + 1 ) 14.23. Bka3sis-
a+b b+c c+a

a b c )
+ + i
b-¢c c¢c—a a-b
1 1
+ %
1 2+a

l1+a
15.9. 3) Moske 3By3uTHCA Ha yucao —1, ToOTO Moxke OyTH 3ary0JeHo

Kopius x = —1. Axmo —1 ¢ D (f) abo f (—1) = 1, T0 MHO>KHA KOPEHiB
He 3miEuThECA. 4) Axmo -1 e D(f) N D (g)if (-1) = g (1), To 6yxe
OTPMMAaHO CTOPOHHIN Kopiak X = —1; akmo —1 ¢ D (f) N D (g) abo
13

4’

2) KOpeHiB HeMae; 3) 7; 4) 0; —2; 5) xopeniB vemae; 6) —17; 7) O;
8) kopeniB memae. 15.11. 1) 10; 2) —-0,5; 3) —3; 4) —4; 4; 5) KOpeHiB
memae; 6) —5. 15.12. 2 km/rox. 15.13. 29 xkm/rox. 15.14. 15 ropx,
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Ka. PosriisiHbTEe NOOYTOK ( 4 + L + 1 )(
b-¢ c¢c—-a a-b

14.24. 1. Brasieka. Illlykana cyma mMae BHUTJISAL

f (1) # g (-1), To MHOXMHA KOpeHiB He aMiHuTHCA. 15.10. 1) —




Bignosigi Ta BKa3iBkX [0 BNpas

10 rox. 15.15. 10 rox, 40 rox. 15.16. 9 xm/rox. 15.17. 1) Kopenis
nemae; 2) 9; 3) 0. 15.18. 1) 0,6; 2) 0. 16.1. 1) Axmio a = 1, To KOpeHiB
neMae; AKOIO @ # 1, To x = a; 2) AKI0 @ = —2, TO KOPEHiB HeMaE;
JKINO @ # —2, To X = =2; 4) axkmio a = 0, To x — OyAb-AKe YHUCJIO,
kpim 3; akmo a # 0ia # 3, To X = @; AKIIO @ = 3, TO KOPEHiB HeMAaE;
6) akmo a = 0, To x — OyAb-AKe uucao, Kpim 0; akmo a = 4, TO
po3B’A3KiB Hemae; Ao a # 0 i a # 4, to x = 4. 16.2. 3) Axmpo
b= -%, TO KOPEHiB HeMae€; AKIo b # —%, To X = 3b. 16.3. 1) Axuro
a=1, Tox=-1;armoa=-1, Tox=1; akmoa#1ia#-1, T0
x=1a6o x =—1; 2) akmo a # -2, To x = a abo x = 0; Ao a = —2,
o x=0; 3) akmo a # 7, To x =a abo x = 6; akmo a = 7, To x = 6;
4)askmoa#4ia#—-2,70x =4 ab6ox =-2; gaxkmo a = 4, 10 x = —2;
AKIIO @ = —2, To x = 4; 7) akuo a = 5 a6o a = 0, To KOpeHiB HEMAE;
Akmo a #5ia#0, Tox =—a; 8) akmoa =0, To x = 2; akmo a = 1,
rTox =1;akmoa#0ia#1, T0o0x =a abo x = 2. 16.4. 2) Axmoio
b= -4 abo b = 1, To KOpeHiB HeMae€; AKIO b # -4 i b # 1, To x = —b;
4) axmo b=0, 10 x = 3; akmo b =3, To x = —6; akmo b# 01i b # 3,
To X = 3 abo x = —2b. 16.5. 1) Axmo a = 2, ToO KOpeHeM € Oyab-AKe
YUCJIO, KPIM X = 2; gAKMo a # 2, To x = a + 1; 2) akmo a = 2 abo
a = 3, TO KOPEeHiB HeMae; AKIMo a # 2ia # 3, To x = 5_1:—;; 3) AKINO
a-»95,

2 ?
4) axkmo a =% abo a = 0, To KOpeHiB HeMae; AKIIO @ ¢% ia=0,
10 x = 3a; 5) akmo a = 0 a6o a = 1, To KOpeHiB HeMae; AKI0 a = —3,
TO KOpeHeM € Oyab-sKe YMCJIo, Kpim uncen —2 1 —3; akmo a # 0, a # 1
ia#-3, 10 x=a— 3; 6) aknio a = —2, To X — OyAb-AKe YHUCJIO,

a =3 abo a =T, To KOpeHiB HeMae; AKMo a #3ia# 7, T0 x =

{ 5 -
KpiM x = 2; AKImo a = 2, abo a = 3’ ato a = 1, To KOpeHiB HeMae;

AKIIO a # 2, a;tg, a¥1l,a#-2, T0 x=asz. 16.6. 2) fdAxuro b=%
abo b = —g, TO KOPEeHiB HeMae€; AKI0 b ;t% ib# -—g, 70 X = %;

3) axkmo b = 0, ado b = —3, abo b = —1, To KopeHiB Hemae; AKIIO b +# 0,

b2 =b, AR 128 _ 13
] ,.4)5mm;ob 3, abo b—3, abo b =

b#-81ibx—1,T0 x= 1’
TO KOpPeHiB HeMae; AKIo b = —3, 7o x — OyAb-AKe Yuciio, Kpim 3 i —4;
axmo b#3, b2 ib* 2, b#-8,10 x=21-.167.8)a=0, ao

a=3,ab60a=-1;4)a =1, abo a = 0, abo a = 2; 5) a = —3 abo
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yA Yy
3
e | e
) kil -3 Al
-1 0 1 X / 0 X
Puec. no 3amaui 18.21.3 Puc. go 3amaui 18.21.5
a=—%; 6)a=1, abo a = -1, abo a = 2, abo a = —2, abo a = 0.
16.8. 1) b=-8a60o b =3; 2) b = 0, a6o b = —1, a6o b=%; 3) b=——§-

860 b = —2; 4) b = 1, a6o b=§, 860 b =0, a6o'b =5, 860 b = —3.

16.9. 2) a=0aboa =2;3)a=0aboa=3;5)a=1;6)a=-1;
Na=0;8a=0a60a=1.16.10. 1) {b | b = —4}; 2) b = -1 abo
b=-3;3)b=0;4)b=2; 5) rakux 3nauens b He icuye. 17.21. 1) 2,7;

47 1o 4, 4 3
2) 9—12—5. 17.30. 5. 17.31. 6. 18.5. 6) e 7) 9’ 8) 7 18.6. 5) 16;

6) 144. 18.15. 8 xB. 18.16. 5,34 xr. 18.17. ¥V 81 pas. 18.21. 3) [us.
pucyHOoK no 3agaui 18.21.3; 5) IImB. pucyHOK g0 3amaui 18.21.5.
18.25. 1) =3; 2) —5; 3) —2; 4) —7;:5) 05'6) 2. 18.26. 1) 4; 2):1;

—1. ) R CAR2. 3 ; e a
3) —1; 4) 6. 18.27.1)a+b,2) 4b6°; 3) 15¢° + 5; 4) m4,5) P

2a° 1-6b 2241
18.28. 1) m; 2) 3 ; 3) e 18.29. 1) —1 a6o 0; 2) 3 ab6o

4; 3) 4 abo 5; 4) 2 a6o 3. 18.30. 1) 6 a6o 7; 2) 4 a6o 5; 3) 4 abo 5;
4) 4 a6o 5. 19.20. 1) 2; 2) —1; 3; 3) xkoperiB Hemae. 19.21. 1) 2; 4;
2) —1; 1; 3) xopeniB mHemae. 19.30. ko a = 0, To po3B’sA3KiB HEMAE;
akmo a # 0, To piBHAHHA Mae€ €guHUNA po3B’sa3ok. 19.36. 3) us.
pucyHOK 7o 3azaui 19.36.3. 19.37. 3) [lus. pucyHok 10 3azaui 19.37.3.
19.38. Brasiexa. Pyukuia f raka, mo f (—%) = —%. 1941. [ (x) L2

x.

v YA
j 1 e
‘ I
> f >
2 o [ | x
Puc. no 3azmaqi 19.36.3 Puc. no zamaui 19.37.3
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Braziexa. 3aMiHMBIIN B JaHii piBHOCTI X Ha —X, OTPUMYEMO
3fx)+2f (x)= %; X)) = % (%—2 f (x)). Tenmep mo)xHaA 3HAM-

neHui BUpa3 aa4 [ (—x) nifcTaBuTu B piBHICTB, 3a/laHy B yMOBi. 3po-
OiTe mepeBipkry. 19.42. f (x) = —%. 20.20. 3) IlopiBHATH HEMOKJINBO.
21.17. 1)a>1; 2)a< 2; 3) -1 < a < 1. 23.16. 2) (—o; —5]; 3) (—=; 1);
4) (——oo; 16—1}, 5) (—o0; 7,5]; 6) (—o0; +x); 7) &; 8) (—o0; +0); 9) (—0; 0).

23.17. 1) [-6; +»); 2) T; 3) (—o; +0); 4) (-3,5; +0). 23.18. 1) —8;
2) —1. 23.19. 1) —6; 2) —3. 23.20. 5 posB’a3kis. 23.21. 8 po3B’sa3KiB.
23.24. 12 xm. 23.25. Takux uucen He icmye. 23.26. 18 KynaboK.
23.27.21.23.32.3)IIpua>-1ia#1.23.33.2) IIpum < 7im#0.
23.34. 1) a =3; 2)a=-1.2335. 1)a =-7; 2)a=-41ia = 4.
23.36. 1) Axmo a > 0, To x > 0; axmo a < 0, To x < 0; axmo a = 0,

| 1
TO po3B’A3KiB Hemae; 2) akmo a > 0, To x <—; akmo a < 0, To
a

x> -(-ll—; akmo a = 0, To x — Oyab-sAke uucyao; 3) axkmo a > 0, To

"

x21;akmoa <0, To x < 1; akmo a = 0, T0 x — OyAb-AKe YNUCJIO;
4) akmoa > 2, Tox > a+ 2; Aakmo a < 2, To x < @ + 2; AKmo a = 2,
TO PO3B’SI3KiB HeMAae€; H) AKIO @ > —3, TO X < @ — 3; AKII0 a < —3,
TO X 2 a — 3; AKI0 @ = —3, TO X — OyAb-aAKe yuciao; 6) axmo a < 2,
TO X < —2; AKII0 @ > 2, TO X > —2; AKIIO a@ = 2, TO PO3B’A3KiB HEMAE.
23.37. 1) Axnio a # 0, To x < 0; akmo a = 0, To X — OyAb-sKe YNCJIO;

2) akmo a > —4, To x>—1—; AKIIO a < —4, To x<—1——; SAKINO a = —4,
a+4 a+4

: 2-a '
TO pO3B’sA3KiB Hemae; 3) AKmo a > —1, To x < Tl; AKmo a < -1,
a

TO X > %; AKIIO a = —1, To x — Oyab-saAKe gucao. 23.38. 1) a < g;

2) a<%; 3)a<-1;4)a<0;5)a>0.23.39. 1) a=§; 9) Takux

3HAYEHb a He icHye; 3) a =—g; 4)a=3;5)a=0;6)a=0ab6o a= g
1,13
7710
6) (—o0; —4]; 7) @; 8) B. 24.23. 1) (—%; —g); 2) [-10; +); 3) @;
4) (—oo; +0). 24.24. 1) —3; -2;-1;0; 2) 7; 8; 9; 10; 11. 24.25. 1) 4 pos-
B’aA3KH; 2) 6 poss’askiB. 24.26. 1) -0,5 < x < 6,5; 2) 14 < x < 17.
24.27.1)-1,6<x<2,5;2)0< x< % 24.28. 2) (1,5; 7); 3) (—o0; —2).

24.22. 1) ( ); 2) (—o; —4,2); 3) [-2; 3]; 4) [-0,8; +x); 5) g;
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TO /1Ba PO3B’A3KHU. Brasieéxa. BanumiTs piBHAHEA y BUraazni | 3x — 4 | —
— x = a i mobynyiite rpadik ¢yuknii y = | 8x — 4 | — x; 2) axkmo
a # 1, To oguH PO3B’A30K; AKIIO a = 1, TOo 0e3yiy po3B’A3KiB.
25.30. 1) fdxmo a < 2, To po3B’A3KiB HEMae; AKIIO a = 2, TO Oe3yiu
pO3B’A3KiB; AKIIO @ > 2, TO ABa Po3B’A3KM; 2) AKINO a < —4 ado a > 4,
TO PO3B’A3KiIB HeMae; AKIO a = *4, 7o 6e37id po3B’sI3KiB; AKIIO
-4 < a < 4, To oguH po3B’A30K. 25.31. -2 < a < —1. Bkasiska. Cxo-
pucralTech reOMeTPUYHOIO iHTepuperamieo. 25.32. 4 < a < 6.
26.4. 1) Kopenis memae; 2) —1; 3; 3) 2. 26.5. 1) —3; —1; 2) xopeHiB
Hemae; 3) —1. 26.15. & = —3,5. 26.21. 1) I'padik ckiragaeTbca 3 ABOX
rouok: (0; 0) i (1; 1); 2) rpadik ckaazaeTbea 3 aBoxX Touyok: (0; 0)
i(—2; —4). 27.14. 1) —-10; 2) 25; 3) —23,8; 4) 13; 5) 216; 6) —20.
27.15. 1) 13,4; 2) 21; 3) —20. 27.16. 1) (—; 0]; 2) (—o; +x); 3) {0};
6) (—o0; +o0). 27.17. 2) (—0; 0]; 3) [0; +x0); 4) (—o0; 0]; 5) {0}; 6) (0; +o0).

27.18. 4) [3; +x); 5) (i; +oo); 7) {3}. 27.19. 1) (1; +); 2) [-%; +°o);

3) [4; 4,5) U (4,5; +0). 27.20. 6) —10; 10. 27.21. 4) —7; 7. 27.24. 1) {%},

2) (—0;.8) U (8; +); 3) [0; 9) U (9; +x); 4) [0; +); 5) {0}; 6) &
7) {0}; 8) (—o0; 0) U (0; +); 11) {0}. 27.25. 1) [0; 1) U (1; +o0);
2) [0; +o0); 3) (—oo; +o0); 4) {2}. 27.26. 4) (—oo; +); 6) [-5; 2).
27.27. 1) [-7; Tk 2) (—3; —2] U [2; +x). 27.28. 1) 167; 2) 2116;
3) kopeHiB Hemae. 27.29. 1) 4900; 2) xopeniB nemae. 27.30. 2) Brasis-
ka. x> — 4x + 5 = (x — 2)* + 1. 27.31. Brasiexa. —x* + 6x — 12 =
= —(x — 3)® — 3. 27.32. Bupaz 2). 27.33. 1) 0; 2) [0; +x); 3) 0; 4) ko-
peHiB HeMae; 5) KopeHiB Hemae; 6) 1; 7) —2; 8) —1; 1; 9) 1; 10) 2;
11) 2; 1; 12) —1; 13) —-1. 27.34. 1) 0; 2) 0; 3) [0; +0); 4) KOpeHiB
HeMae; 5) 1; 6) 3; 7) 1; 8) 1; 9) 3; 4; 10) —2; —1. 27.35. 1) a > —1;
2)a=-1;3)a <-1. 27.36. 1) [-0,5; +x); 2) {~0,5}; 3) T; 4) (0; +x0);
5) [0; +<0); 6) {0}. 27.37. 1) [1; +x); 2) &; 3) {1}. 27.38. 3) Ius. puc.
o 3apaqi 27.38.3; 6) nuB. puc. no 3axaqi 27.38.6; 8) nuB. puc. 1o 3a-
maui 27.38.8. 27.40. 5) (5; 4); (5; —4); (—5; 4); (—5; —4). 27.42. 3) Ko-

yh YA )\ .
- 3
oy

1 ' P
o = 1
o 1,’,
s
x _1/’/ 1
s

0 1 3 x
Puc. no 3agaui 27.38.3 Puc. no zazaui 27.38.6 Puc. no sazaui 27.38.8

£

B,

- B (4 ] IS |
0] 1 x
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\ y / | o A /
/ /d

\ 1 Il \ 1
10 0 | x 10 £
Puc. no 3anaui 27.46 Puc. no samaui 27.47

OpAMHATHI oci Ta BCi TOYKHM mepmioi i TpeThol uBepTi; 4) KoopAUHAT-
Hi oci Ta Bci Touku nepuroi i apyroi usepti. 27.43. 1) dAxmo a # 0
ib#0, Toaib — uucna ogaoro 3Haka; akmio a = 0, To b — 6yab-
AKe 4nucio; Ao b = 0, To a — Oyae-axke yucao; 3) axkmo b # 0, To
a 2 0; akmo b = 0, To a — 6yap-axke uncyjo; 5) axmo a # 0, To b < 0;
axmo a = 0, To b — oyab-ake gucyo. 27.44. 1) (0; +«); 2) [0; +x);
3) O; 4) {0}; 5) (0; +x); 6) [0; +x); 7) (-1; 0); 8) (-1; O]
27.45. 1) (1; +w); 2) [1; +o0) U {0}; 3) (0; 1); 4) [0; 1]; 5) (1; +oo);
6) (1; +x); 7) O; 8) D. 27.46. [lus. puc. no 3anaui 27.46. Brasieka.
D (y) = {0} U [1; +w). 27.47. Tus. puc. no 3axayvi 27.47. 27.48. 1) a < 0;
2)a>0.2749.1)a<0aboa=1;2)a < 1. 27.50. 0 < a < 4 abo
a>4.2751.1)a=-9a6oa >0;2)a<0aboa=1; 3)a=0 abdo
a=>1. 2752. a <0 abo a = 16. 27.53. 1) Axmo a = 0, To x > 1;
akmo a # 0, To x = 1; 2) akmo a = 1, To x — OyAb-AKe YUCJIO; AKIIO
a#l, Tox=0;3)akmoa =0, 0 x 2 1; akmo a # 0, To x = 2;
4) axmo a < 0, To Hemae KopeHiB; AKkmo a = 0, To x = a® + 2; 5) axmo
a<l,Trox=1abox=a; akmoa 2 1, To x = a; 6) akmo a = 2, T0

x 2 2; axkmo a # 2, To x = 2. 28.11. Brasisxa. Hexai % i 5 — naHi

: ! 2R : mq + np
pamioraseHi yncna. Toai ix cyma fopiBHIOE ——, TOOTO € YUCIOM
nq

BUAY %, ne s € Z, t € N. 28.12. Brasziserxa. SIKI0o NpUIyCTATH, IO
JaHa cyMa € YMCJIO PalioHaJabHe, TO 3 IbOr0 BUILIMBAE, 10 AaHe ippa-
IioHAJBbHE YMCJIO MOYKHA IOJAATHA Y BUIVIAAL Pi3HUILL IBOX pallioHAJIb-
Hux guces. 28.13. 1) Hi, sanpukian, V3 +(—/3) = 0; 2) Hi, Hanpu-
2
KJag, V343 = (\/5) = 3; 3) Hi, HaIpUKJIaZ, J3:0=0.28.15.a ¢ Q,
b=0.28.16.1)a=11,b=-6; 2)a =17, b = 4. 28.20. Bra3siska.
IToxkaxiTe, 1110 BUKOHYETHCS PiBHICTH J2 (@a-b)=a-c. 28.21.p=-2,
q = —1. Brasisxa. IlokaxiTh, III0 BUKOHYETHCA PiBHICTH J2 @2+ p)=

= -p-q-3. 28.23. Brasiexa. Is pismocri Va — b = —2=° L
Va +b
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[JINBAE, M0 YHUCJIIO e sﬁ; — pamionasibHe. 28.24. Brasisxka. Hexaii
a+b b—-a
J2

Brasiexa. Hexait x ++/2 = a, a € Q. 3Bigcu x =a - N2 IToxkaxiTs,

ia

a<b,acQ,be Q. Posarnaabpre yucia

mo x° + /2 = a® + 6a — (3a® +1) V2, i ckopucraitrecs M, mo 3a* + 1 #
# 0. 28.26. 1) Icaye, HanpukIam, x = 2 — \/§; 2) ue icuye. Brasigka.

Hexai x4-~/§=n, %+x/§=‘m, neZ, me Z. Toni x=n-+3

i % =m— J§ 3Bincu (n - \/5) (m - \/5) =1. JMoBexiTs, mio Ipy LijInx

m i n orpuMaHa piBHicTE cynepeunuBa. 28.27. Brasziexa. Po3rinanb-
T€ CHCTEMY KOOPAMUHAT, NOYATKOM KOODAMHAT AKOIL € JOBINBHUI BY30J1
ciTKH, a KOOPAMHATHI OCci HampaBJIeHi 110 JiHiAX CiTKH. 3a ONUHUYHUY
BiPiBOK Bi3bMITH JOBIKUHY CTOPOHHM KBaapaTa ciTku. Tomi KOXHUA

BY30JI CITKM MaTHMe U,iJIi KOOpAuHATH. Posrnaabre IIpAMYy Y = \/513.

29.25. 4) 5-2v3. 29.26. 3) —/2. 29.27. 0; —1. Bxasiexa. Jisa
i mMpaBa 4YacTHHHU IBOr0 PiBHAHHA HAOYBAOTh TIJIBKM HEBiJl'€eMHHX
snaueHb. 29.36. 1) Kopernis memae; 2) 3; 3) —1; 3. 29.37. 1) 2; 2) —4.
29.40. 3) lllykana MHOXKHHA TOYOK — Iie 00 ¢AHAHHSA ABOX IPOMEHIB:
JgomaTHOI miBoci opauHAT i Bix’eMHOI miBoci abcmmc, BKJIIOYAIOYH

no4yaToK KoopauHar. 29.41. 1) \/%, akmoa > 0ib > 0; —\/%, SAKIIO

a<0ib<0;2) J-a-V-b. 2942.1)2—a;2)b+4;3)—2b—1,
mcm;ob<—— 2b+ 1, akmio b = .29.43.1)5—a,mcmol<a<5;

a — 5, gakmo a = 5; 2) -3b — 1, aAxmo b<—%; 3b +-1, axmo

b > -%. 30.27. 1) 6 V2; 2) 11 V2; 3) 10 v/3; 4) 9 V5a; 5) —a Jab;
6) 0. 30.28. 1) —6 \/3; 2) 6 /Tb; 3) 10a’Va. 30.30. 1) 16 +/3;
2) 10 /5 - 5; 3)1-4)1-5)4.3031 1) 10 -4 V2; 2) 74; 3) 4; 4) 32.
, 4J— . 5) Va +b . . 6) J_
\/— Vi i
Ja

3\/—
2 Ja s Jx. 1
L Jeits e b Ja b o AR

1 3 n 22 i e
9) =l e By LSl 4y [Ee B) «Jxr 6 . 30.40. 1) m* JV-m;
) N ) J; ) \’m ) ) o= )

30.38.1) Va - 2; 2)
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3) a®°®Vb; 4) -2x* Jy; 6) m*n®Vmn; 7) -3xy" /5x; 8) 8ab* Vb;
9) -11m°b°2m; 10) mnp” -p. 30.41. 1) -m°-m; 3) a''6**Ja;
4) ~Tab; 6) a'v*ab; 7) -3x"y'"\3x; 8) -2¢’n’p®.-2p.
30.42. 2) OckinbKky 3 YMOBHM BUIIIMBAE, 1o b < 0, To b J=b = —\/3; <

3) Ve'; 5) —x%%; 13) Va’h®. 30.43. 2) —/54n?; 3) \p°; 9) —/-5a%.

30.46.1) a{\/— 2) Va; 3) —ab; 4) "I’j‘/_ 5)‘/— 6)\[_‘/_—\/..

30.47. =>©. 30.48. a + b. 30.49. 1) V2+1; 2) V3+2 3) V6 ++/5;
4) T -3; 5) 5-2/3; 6) 3V3-1. 30.50. 1) V7 +1; 2) V6 +3;
3) V5 +2; 4) V5 -1; 5) V15 +/3; 6) 5 V3 - 4. 30.51.1) 9; 2) == ‘/—
30.54.1) 4++/2; 2) 33 +1; 3)-2.30.57.1) Va-1+1; 2)\/_?_+2,

3) -‘—g—c-i-l; 4) Jx+1-+x=1; 5)1;6)2; 7) Va + 2. 30.58. lj Ja-4+2;

2

92) Vx—2 ++/2; 3) ﬁ+l' 7) V2a—1++a. 31.7.1) 0; 1; 2) 0; 1;

2 3
3) KOpeHiB HeMae; 4) 1. 31.14. Axmo a = 0, To 0OIUH KOPiHb; AKIIO
a < 0, To kopenis Hemae. 31.15. 2 Ja +1 npua > 1;3npul<a<l.
31.16. 12 npu a > 36; 2 Ja npu 0 < a < 36.31.17.1) vx +1; 2) AKII0

4-Jx-4

4 <x<8,T0 ” ————; gakmo x = 8, 70 1; 3) akmpo 2 £ x < 4, TO
x—.

2\/__5 AKINO X > 4, 10 2\/_ 4) akmo 0 €< a < 1, To 1; akmo
a=1, 0 Ja. 31.18. DAkmo 3<a <7, To 2—~/——_3; Agmo a > T,
o Ja-3-2 3) axkmo 0 < x < 4, T0 2; aAKLO x > 4, TO Jx.
31.19. 1) 4; 2) [-1; 0]. 31.20. 15. 32. 12 6; 7. 32.13. 9; 10. 32.14. 1) 0;
14; 2) xoperiB Hemae. 32.15. 1) 0; —; 2) —2\/— 2J2..82.20. -8: =2

aoo 3; 4. 32.21. —1; 0 aoo 0; 1. 32.22. 1) '4; :2) 05 =83.8) =9; 95
32.27. 1) 0; —3; 3; 2) 0; 1; 3) 1; 4) —2; 2; 5) 0; 6) xopeHiB HeMaE.
32.28. 1) 0; 7; -7; 2) 0; 5; -7; 3) -1,5; 1,5; 4) —3. 32.29. 1) 2; 2) 3;
3) 0,5; —2; 4) rakoro snauenus He icaye. 32.30. 1) a = 4, x, = —4;

2)a=0,x,=2ab0oa=-1, x, =%; 3)a=3,x,=-2.3231.1)a=2
X, =2,%,=2;2)a=-6, x; = 2, X, = J2; 3) rakoro sHauenns
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3¢J—

. 387.1)2 -%; 2y-3; 1,

He icaye. 33.6. 1) 1; ——; 2)1; 9; 3)

-3

33.8.1) 4; -3,5; 2) 1; -——' 3) 2; é; 4) —3:*:\/1—5; 5) 3; 6; 6) 3iJ_-
21«/—

33.9.1) 3; 9; 2) 3) kopenis memae. 33.10. 1) v/5;

’

“’|®

2) -1; /6; 3) 6; - 4) “1; 3L 5y 6. 4.5, 33111, 1) —2; —2V3;

2) 2; v/3; 3) 1; ‘?;; 4) 1; ——3-. 33.12. -20: 4. 33.13. 1: -§. 33.15. 7.

33.16. 38 cm. 33.17. 6 i 14 a6o —14 i —6. 33.18. 10; 11. 33.19. 13;
14. 33.20. 8 cm. 33.21. 6 cm a6o 12 cm. 33.22. 9; 11; 13. 33.23. 4;
6; 8; 10. 33.24. 16 masnu ado 48 masm. 33.25. 9 xomanz. 33.26. 15 cro-
pia. 33.27. 1) b = -2; 2) b = —12 a6o b = 12. 33.28. 1) b = 13,5;

2) b= -8 a6o b = 8. 33.29. 1) -8; —7; 0; 1; 2) —2; 3; i;h_r{; 3) -1

T; 4y =13 1% 0,65 -0:65:5) -3 +/14; 6) —2; 2; 7) KopeHiB HeMaE;

8) -11_2\/5; 9) 2; 10) 3; 5; —3; —5; 11) 2; —2; 12) 0; 2; 4; 6; 3+ /T;
3++/3. 33.30. 1) -12; 2; —2; —8; 4) 3; 5) 1; 15; -8 —/79; 6) g —g;
7) —%; %; —6; 6; 8) 15; —7 +/34; 9) 9; —9; 10) Kopexis Hemae; 11) 0;
~1; 12) -2+2+/3; 4+2 2. 33.31. 1) -10; 2) 3; 4) 1,5; 5) -T; 1.
33.32. 1)— 2) 3; 4) 7. 33.33. 1) -2; 2) 8. 33.34. 1) 1; 2) -3; 3) —6.

33.35. 1) 4; 2) 0; 25; 4. 33.36. 9; 3. 33.41. 1) V3; 1; 2) 32*/—

1;3)-1; 2;: 4) 3+\/— —1. 33.42. 1) —\/— 1; 2) 0; 6. 33.43. 1) x =
=—2a—1a60x——a,2)x—2aa6ox-4 3) saxmo a # 0, 'rox—25

1 : 1
abo x =—-—; axkmo a = 0, To KopeHiB Hemae; 4) AKIO a4 ==, TO
; a

2
0 1 Sl L ) ety
x—3,axmoa¢2,'rox a60x S 3344.1) x =3a -5

abo x = —a; 2)x=—3aa60x—4, 3) akmmo a = 0, 7o x = 1; AKIIO
a¢0,'rox=1a60x=%.33.45. 1) b = 0 a6o b=-§; 9) b = -5, a6o

b=26,a60 b=-2V6; 3)b=19;4)b=2.33.46.1)b=0, abo b = 0,5,

abo b= 0,5;2) b=-3abob=-5; 3)b=5.33.47.a <0 abo 0<a<§.
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34.8. x, = 10, ¢ = —-20. 34.9. x, = -6, p = —1. 34.10. x, = 2, b = 14.
34.11. x, = 1,6, m = —1,28. 34.12. -20,5. 34.13. -7. 34.18. x =1,
X 9,¢c=9. 34.19. 2w =kl = -6, a = 84. 34.20. X, = 9, x, =—2,
m = —18. 34.21. xy=1,x = -5, n=-5. 34.22. 1) 1,5; 2) 69. Bra3sis-
Ka. x;+x; =(x; +x,)° —2x,x,; 3) 57; 4) 414; 5) 567. 34.23. 1) 80;

)———— 3) V89. Brasiexa. | x, - x, | = \(x, - x,)*. 34.24. x> + 12x +

+ 17 = 0. 34.25. x* — 18x + 49 = 0. 34.26. 6x* — 14x + 3 = 0.
34.27. x* — 15x + 8 = 0. 34.28. a = 2 a6o a = —2. 34.29. a = 6 abo
a=-6.3431.1) 7; -7; 5; =5;2) —11; 11; —1; 1; —4; 4. 34.32. 1) -9;
9; —6; 6; 2)—-17; 17; -7; 7; -3; 3. 34.33. b=c=0a6o b =1, c = 2.

34.34.a =-3.34.35.a=5.34.36.a=2.34.37.a =6.34.38.a=9
abo a = —1. 34.39. 1) a = 2; 2) Takoro 3HaAYeHHs a4 He iCHYE.
34.40. a = 2. 34.41. a = 0. 34.42. a = 8. By L8

2b -1
c+1, m®+m+1. sk 1-4n 4x 3 2y+5
6)c-—2’ ) m +10 8 x+8’ )5n+ 3543) i) -1’

AT R LRy 2 SR LS
5) £12; 6) ~—. 35.5. 3) ( ,2), 9 x = 1.357. 1) (-3 ~2) U

U (-2; +0); 2) R. 35.8. 1) -3; 2) -2; 3) % 35.9. 1) —4; 2) —
2b+1

35.10. 1) 1; 2) 2+1. 3 -%; 4) 4. 35.14. 1) (x — y) (x — 5y); 2) (a +

+ 9b) (a — 4b); 3) (3m +n)(m — 3n); 4) (4x — y) (x — y). 35.15. 1) (a —
—4b) (a — 10b); 2) (3b — 2¢) (4b + 3c¢). 35.16. 1) gir b . 35.17. 2) 4 ;t
35.18. 1) O6’eguannsa npaMux y = 2x iy = 4x, 2) oﬁ’ep;HaHHa nps-
Mux 2x — 3y +1=012x +y — 2 = 0. Brasiéxa. 3anuuiiTs piBHAH-
HaA y Burasani: 4x° — (4y + 2) x — 3y° + Ty — 2 = 0. 35.19. 1) Axmo
a =3, To x — OyAb-sIKe YHMCJIO0; AKIIO0 @ = —2, TO KOPEHIB HEeMae;
AKONoa #3ia#-2,T0 x= Z—:—g; 2) skmo a = 7, To x — OyAb-AKe
YHUCI0; AKINO @ = 1, TO KOpeHiB HeMae; AKIO a # 7 i a # 1, 10

:2a+1

. 35.20. Axmio a = —8, To x — OyAb-AKe YHCJIO; AKI0 @ = 1,

TO KOPeHiB HeMae; AKmo a # —8ia# 1,10 X = Z+8 356.21.1) a >-g—
2) Trakux a He icaye. 35.22. Brasieéxa. Po3risaHbTE JIIBY YaCTUHY

JaHOTO PIBHAHHSA K KBaJAPAaTHUH TPUYJIEH BiITHOCHO @; JUCKPUMIHAHT

NLOI0 KBAZAPATHOrO TpuuJieHa Mae Oyru HeBix' emHnM. 35.23. \/E;
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14V1+42 . Brasiexa. Maemo: (V2) - x?V2 +x* —x* =0. Pos-

2
IISAHBbTE JIIBY YACTUHY PiBHAHHSA SK KBaJAPATHUM TPUYJIEH BiJTHOCHO

J2. 35.24. 1t V42‘/§‘3; ‘1“12”‘/5. 36.1. 1) —4; 1; 2) —g; 3) 7:

4) -5; 10; 5) 5; 6) —2; 9; 7) —3; 2; 8) 4; —-0,4. 36.2. 1) —1; 2) —0,25;
3).0,5; 6; 4) 8; 5) —3; 6) —3; 12; 7) —1; %; 8) -3; 13. 36.3. 1) 6; 2) 5;
3) 7; 4) 6. 36.4. 1) 10; 2) —7. 36.5. 1) 3+3 /2; 2) —23; 1; 3) —2T;
-1; 4) 3. 36.6. 1) 4; 9; 2) 5. 36.7. 1) -1,5; 2) —-2; 3) —3; 4) 2; 5) 9;
6) 1; 7) 9. 36.8. 1) -3; 2) 2; 3) —20; 2; 4) 15. 36.9. 1) —%; 14;
2):=56; .60; 36.10. 1) =15; 12; 2).—20; 2. 36.11:/1) =5; 2) KOpPEHiB

Hemae; 3) 3— 4) 1. 36.12. 1) -15; 1; 2) 1,5. 36.13. 1) ——; 5; 2) 0;

“5*‘/_ : 8)—4; —L. 36.14.1)0; 2) -2; 0; 3)—%; 0. 36.15. 1) ko

a—l,'rox—7,mcmoa—7,'rox—1,axmoa¢lia¢7,'rox=1
abox=T;2)akmoa#1ia#7 Tox=a; akmoa =1 aboa =7,

TO KOPeHiB HeMae; 3) AKmo a # 2 i aa&%, T0 X = 3a ab0 X = 2; AKIIO
a = 2 abo a=§, T x = 2.36.16. 1) Akmo a#1ia =0, o x = 2a

abo x = a + 2; axmo a = 1, to x = 3; axmo a = 0, To piBHAHHA

HeBU3HaueHe; 2) AKmo a # 0, To x = 3a abo x = —2a; axkmo a = 0,
TO KOpeHiB Hemae; 3) akmo a # —1,5, To x = 0 abo x = 2a + 1; AKio
a=-1,5,Tox=0;4)akmoa #1, To x =a — 2; akmo a = 1, 10

. a .
KOpeHiB HeMae€; ) aAKmo a # 0, To x = 5; Akmo a = 0, To KopeHiB

HeMmae. 36.17. 1) Akmoa #3,a# -1, Tox =a +3 abox =a — 1;
AKIOo a = 3, To X = 6; AKmo a = —1, To piBHAHHA HeBU3HAYEHE;
2) akmo a # -2, a #—-0,5,a# 1, To x = —2a abo x = —a — 1; aAKIO
a=-2, 710 x = 4; akmo a = —-0,5, To x = —-0,5; akmo a = 1, T0 pos-
B’s3KiB Hemae; 3) akmo a # +tl,a#0,a# 2, Tox=aabox =a + 1;
AKMo a = —1, To x = —1; akmo a = 0 a6o a = 1, To x = 1; Ak
a+1
a
a=0aboa=-1,10 x=1; AKimo a = 1, To piBHAHHA HEBU3HAYELHE.

36.18. 1) a = 215, a6o a=—2J§ a6oa =6; 2)a=+1; 3) a = 2 abo
< 1.36.19. 1) a = +2, a———3— 2) a = 3, a6o d = 4, a6o a—%

a=2,trox=3;4)axkmoa#0,a+#=*1, 10 x = abo x = 1; Ao
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3)a < 0a6oa=2 37.7.1) —/3; V/3; —8; 3; 2) —6; —4; —1; 1; 3) 0;
3; 4) 1—313781)—— 1; 2) 0,5. 37.9. 1) —1; 7; 2; 4; 2) —6;

—-2; —4+2 \/g; 3) —2; 1; 4) —5; 10. 37:10. 1).0; 13 2) 0: —2:3)—13

4)-1; 1; 2; 4; 5) -3; 1. 37.11. 1) 1; 2) 0; —2; ‘212\/5-4; 3) -2; —1;

0: 1: 4) -3: —2: 1: 2: 5) —3; O; :3”-“2—\/% 37.12. 1) 0; 2; 3i1‘f§;
2) 5-*2‘/5. 37.13.1) -1; 0; -1i2\/'5'; 2) -1; 6; “f?- R

12; 2) -4++21. 87.15. 1) -5+95; 2) —4+5. 37.16. 1) —5;
-2+ «/5; 1; 2) —5; —1; 3; 3) —1; 3. Brasiekxa. 3pobiTh 3aMiHy x°—2x=

= t. 37.17. 1) -2; —%; 2) —6; —4; 15*‘“2 . 37.18. 1) -8;
————-‘3“4“265; 2) -4; 5; -5+3 5. 37.19. 1) %; 2; —”1“4*’105;

2) -3++/15; 3) -1; —%; 4) 2; %; 2+ /3: | B) ~1:~3; (6.

37.20. 1) 1; 1“‘/8_5 2) 5+35; 223159, gy 7 % 4)

b

’ b

k‘

1+ Do | =

37.21.1) 2; 4; -1; —-2—; 2) 3; -. 37.22. 1) —3i\/§; -2 +/2;
7.

—‘1i2‘/I§. 37.23. 1) —8; —1; 2),-2; 3.'87.24: 1) 2; 8::2) 3;

37.25.1) 1; 1; 2)3; 5; giJ(%; 3) 35 2 3%2 /2. 37.26. 1) 5i£/§i;

13V8. 4, V5. 311
2

3)_ P T

2)1; 5: 3) 1; 4. 37.27. 1) 2; —-1++/3; 2) 1;

37.28. 1) ‘/5, 92) -1; 3; “"‘/E’g, 3) -1; 2. 38.1. 75 xm/roz.

38.2. 50 RM/I‘OZ[, 60 xm/ron. 38 3. 80 RM/ro,u, 60 KM/I‘OJJ;
38.4. 80 km/rox. 38.5. 12 km/rox. 38.6. 12 cropinok. 38.7. 30 m°,
25 m°. 38.8. 6 guiB. 38.9. 31 kM/rozx. 38.10. 10 xm/rox.-38.11. 3 xm/rox.
38.12. 2 km/roxg ato 2,25 km/roxg. 38.13. 60 xm/rox, 40 xKm/roz.
38.14. 60 KM/TOJ. 38 15. 60 km/rox. 38.16. 8 km/rox. 38.17. 32 km/rox.

38.18. —. 38.19. —. 38.20. 45 nguis, 36 guis. 38.21. 15 rox, 10 rox.

38.22. 21 o, 24 rox. 38.23. 80 r. 38.24. 30 xr. 38.25. 3 km/rox.
38.26. 5 rox. 38.27. 4 rox, 6 rox, 12 rox. 38.28. 80 RM/rop;. 38.29. 24 ne-
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Tajyi. 38.30. 12 rox. 39.15. Brasiexa. CKkopucraitecs 3agauero 39.7.
39.18. Braasiagra. (ab — mn) — (am — bn) = (a + n) (b — m). 39.20. 1) Pos-
B’A3KiB Hemae; 2) (1; 8); (95 —3); (—1; —3); (-9; 5); (35 1); (=35 1);
3)(2; 1)5(0; —2); (0;.=2); (=85 1)54)(05 1305 =1)5(-4; —1); (4; 1).
Brasiexa. x* — 4xy + 3y° = (x — y) (x — 3y); 5) (4; —1); (—4; 1); (3; 1);
(—8; —1); 6) (4; —3); (—-11; —3); (3; —1); (—6; —1). Brasiexa. x* — 2xy —
-8 +txt+ty=@x+y(x-38Y+(x+y=(+y) (x-3y+1).
39.21. 1)'(3; 1); (335 —=1); (=35 1); (=35 ~1); 2) (65 1);:(1; 3); (15 —5);
(5; —15); 3) posr’askis Hemae; 4) (0; 1); (0; —1); (—1; 1); (1; —1).
39.22. 1) (0; 0); (2; 2). Brasisrxa. IlogaliTe piBHAHHA y BUIJIALI
(x—=1)(y— 1) =15 2) (95 2); (-5; 0); (35 8); (1; —6). 39.23. (2; 0);
(1; —=2). 39.24. Bkasisxa. 3anumiite gasui Bupas y surasagi (1" +
+9)+ 2"+ 8+ @B"+ 7))+ (4" + 6") + 5". 39.26. He icaye. Bra3sis-
ka. SIxkmo npunycrutu cynporusse, To (P (9) — P (1)) : (9 — 1) (aus.
npukigajn 5 nyHkty 39), a ue He Tak. 39.27. Yci aBonudposi uucia,
kpim 10 i 40, pna AKUX BUKOHYETHCA OfHA 3 YMOB: @ — b = 1 abo

a— b= 4. 39.28. He icuye. 39.29. He icuye. Bra3siska. abe + bea +

+cab=3-37 (a + b+ ¢). Jani ckopucrairecsa TUM, mo a + b + ¢ < 27.
39.30. Brasziexa. 19 (x +y) — 2 (3x + 8y) = 13x + 3y. 39.32. Brasis-
ka. (3x + 10y) + (3y + 10x) = 13 (x + y) : 13. 3Bigcu BUILIUBAE, IO

(8y + 10x) : 13. 39.35. Brasiska. (abe + bac + cab) * 37. 39.36. Bra-

sieka. aba =101a +10b =10 (a + b) + 91a. 39.37. He moxxe. Bra3siska.
Cyma HemapHOI KiJbKOCTI HEemMapHMUX MOJAHKIB — YHCJIIO HEmapHe.
39.38. 2°. Brasieka. 3" "' +1=438*"-38""1+...-3+1). Cuig
3ayBajsKUTH, 110 B AYKKAX MAaeMO CyMy HeIapHOI KiIbKOCTI HelmapHUX
IOJAaHKiB, AKa JOPiBHIOE HemapHoMy uyucnay. 39.39. Brasiexa. Yci
NiMBHUKYM gyuceaa n’, KpiM OZHOIO, MOKHA pPO30OUTH HA IIAPpU BULY

h 2 2
(d; %), ne d # Bd— 39.40. Brasiexa. 10A — B = 99 999a. Ilepexo-

Haurecs, mo 99 999 : 41. 39.42. Braszisrxa. [loseniTs, 1[0 B 3a1ucy
IaHOro yucja € Tpu omHaxkoBi mudpu. Toxi MoykHA 3aKpECIUTH pe-
mry 16 nudp. 39.43. Brasiera. llpunycrumo, mo x, € Z Take, 1o
Rifxs) = 0. Tomio P (x;) = Pli(a)= Bix) ~ Pib) =Pix) + Pilc)= 1.
3Bizcu 3 pi3HHUX YHUCIIA Xy~ Xy = b, Xy €€ miapHUKaMu ducaa 1.
40.10. 0, 6, 12. 40.12. 9. 40.14. 0, 1, 2. 40.19. He icuye. Brkasiska.
PoaruissabTe ocTavi npu AineHHi ganoro yucaa Ha 18. 40.22. Brasie-
ka. (2n + 1)>=4n (n + 1) + 1. ITokaxite, mo 4n (n + 1) = 0 (mod 8).
40.23. 0, 1, 6. 40.24. 0, 1, 8. 40.29. VYci piBHAHHA PO3B’A3KIB HE
maTh. Brasiserxa. Ckopucrairecs pesyasraramu 3agaq 40.20, 40.21,
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40.23, 40.24 sipnosiguo. 40.30. Brasisxa. CkopucraiTech pe3yb-
raramu 3azau 40.20, 40.21, 40.23 i npuknany 3 3 nyHKTy 40.
40.33. 1) 2. Brasiexa. 5* = 1 (mod 3); 2) 1; 3) 5; 4) 0. 40.34. 1) 4;
2) 1; 3) 1. 40.35. 2, 5, 8. Bkasieka. n = 3k, + r, n =6k, +r,
n=9k3+r3, mer, < 2 r,S 9,7, < 8. 3Bigcn PRt R A = 15. 3ypa-_
XyBaHHAM TOTO, Wo r, + r, + r, = 15, maemo r, = 2, r, = 5, r, = 8.
40.36. Brasisxa. 4" + 4" = 2 (mod 3). Jlaxi ckopucraiiTecs pe3yib-
raramu 3azxavi 40.20. 40.37. Brasiexa. Ckopucrairecs pesyabrara-
mu 3agaui 40.21. 40.38. Brasisxa. SAkimo npunycTuTH, IO BCi
YUCJIa € HellapHuMH, To i3 3agayqi 40.22 Bumrusae, mo m?®+ n®+ p2 +
+ ¢* + r* =5 (mod 8). 40.39. Brasierxa. Hexait p=2n+ 1, ¢ = 2k + 1.
" Toxi puckpuMiHaHT AaHoro piBHaAHHA 4n (n + 1) -8 (kE+ 1) + 5 =
= 5 (mod 8). 40.40. Brasisexa. CxopucraiiTecs npuxkjgagom 3 m. 40.
40.41. Brasziexa. 1 + n+n* +n®> =1 + n) (1 + n®), ane 1 + n® ne
minurbea Haniyo Ha 3. 40.42. 665. Brasiska. JlinbHUK HopiBHIOE 9.
40.43. 233. 40.44. 17. Brasiexa. 1le Bci HaTypaJIbHI ymcaa BUAY
6k + 3, saixi menwi Bixg 100. 40.45. 30; 60. Brasiexa. n = 9q, + q, =
=10q,, q, < 8, n = 14q, + q, = 15q,, q, < 13. 3Bigcu n < 80 i n : 30.
40.46. 270; 540. 40.47. 1) Brasiexa. Poarnsiubre, HAIPUKJIAL, YUC-
ga suny 7n + 3; 2) Brasiska. Po3risiHbTe, HAIPUKJIAJ, YUCJIA BUAY
9n + 5. 40.48. Brasiexa. Posrnsabre umcna 2, 2%, 2%, ..., 22,
40.49. Brasiexa. PosrasiaeTe uncaa 1, 11, 111, ..., 11...1 . HAkicse
BA 3 HUX Aa0Th npu ainenHi Ha n piBHi ocraui. 40.50. Brasiska.
Hosexnits, 110 yuecna a, b i ¢ 7ar0Th OJJHAKORBI ocTavi nIpH AiJIeHH] Ha 3.
41.1. 1) 23; 2) 47. 41.2. 1) 29; 2) 67. 41.5. 1) 1 a6o 2; 2) 1 a6o 3.
41.13. 2) He icnyiors. Brasiexa. (a® — a) : 6. 41.14. 3) Bkasiska.
ITopaitre uncenbHUK Apody vy BurasApi (n —2)(n—1)n(n + 1) (n + 2).
41.16. 1) m =35, n=15; 2) m =8, n = 22; 3) m = 3, n = 39 abo
m=39,n=3;4)m="T7,n=1001, abom =77, n =91, abom = 1001,
n="1T ab6om =91, n="77. 41.18. 3 mm. Bra3siexa. [loB:kuHA CTO-
poHM ocTaHHBOrO KBajapara gopisaioe HCII (324; 141). 41.19. Braasis-
rwa. Cepen Bubpanux uucen € jaBa mocaizoBHux. 41.20. Brasiska.
Ockinsxn HCK (a; b) = 2*-HCI (a; b), To a = 2"*-HCI (a; b),
b= 2"-HC] (a; b). 41.22. x = 54, y = 2 abo x = 24, y = 8. Bkasis-
ka. Ockineku HCH (y; (y + 1)») = 1, 10 2432
(y+1)
41.23. Brasiexa. Ockineku HCK (m; n)-HCI (m; n) = mn, 1O
HC]I (m; n) i HCK (m; n) — xopewsi piBaarHA x° — (m + n) x + mn = 0.

4 2 2 2
41.24. Brasiexa. > 4"2 AL (n2 =3 ("2 = HCI (n* + 1; n* + 2) =
n"+6n"+8 (n°+2) (n°+4)

352

— IiJile YucJao.







Bignosigi Ta BkasiBku 4o BNpas

Brasiexa. Axmo n = 2", B > 1, To uncno 2" — 1 ckuagene. AKII0
n # 2, 1o cknagenum € yucno 2" + 1. 43.33. 1. Brasiexa. n* + 4 =
= (n* + 2)° — (2n)°. 43.36. 5. Brasieérxa. Jlna IMYyKaHOTO YUCHA P
MOXKHA 3aIIMCATH B piBHOCTI: p = q, + 2,p= i 2, ne q, i ¢, — Tpo-
cri yuena. [lani moseAirs, mo ojxHe 3 4ucen p, ¢,, ¢, KpaTHe 3.

43.37. Brasiska. 3a manoio Teopemoio Pepma uucao (a'’ — a) + (b** —
— b) + (' - ¢) xpaTtue 13. 43.39. Braszisxa. 24** — 1 = (24%*' -1 =
= (24")° - 1. 43.41. 3. Brasisxa. p°* + 11 = (p° — 1) + 12. dxmpo
p >3, 10 ((p° — 1) + 12) : 12 (nus. 3amauy 43.14), a orxke, Mae Giab-
nie Hik 6 ginpaukis. 43.42. 991-:997-1009. Brasziexa. Hexan
997 = x. Toxi 989-1001-1007 + 320 = (x — 8) (x + 10) (x + 4) +
+ 320 = x® + 6x* — T2x. 43.43. Brasieérxa. 3HaAUEHHA KOIKHOTO 3 BU-
pazip 42'" + 11 47" — 1 xparue 43. 43.44. Brasiexa. Koxue 3 uucesn
p’—pi ¢ — q minurbes Hanino Ha pq. 45.6. 1) Brasiexa. x> — x — 2 =
= (x — 2) (x + 1). Hosexits, mo yucya 2 i —1 € KOpeHAMU MHOTOYJIe-
Ha A(x). 45.7. 1) a = 6. 45.8. b = 5. 45.9. 1) a = -2, b = 1;
2)a=-25,b=4.4510.a = -9, b =-9. 45.11. a = -3, b = —6,

= 8.45.12. a =1, b =1 a6oa = 3, b = —1. 45.13. x + 3.
45.14. Brasiexa. Po3riisHbTe JaHUM BUPa3 K MHOTOYJIEH BiJTHOCHO
a 3 napamerpamu b i ¢. ITokaxiTse, 110 b € KOpeHEM IIHOr0 MHOTOY.JIe-
Ha. 45.17. Hi. Brasiexa. [loBeaiTs, 0 IIPU BCiX MIJIMX 3HAYEHHAX X

3HAUEHHSA MHOroujJeHa KparHe 3. 46.1. 1) —1; -3; —5; 2) —1; 2; —-%;

) Ll —-52;; 4). 13 +25.8).2; =13 1J‘“/?E; 6) —2; —8. 46.2. 1) 1;
+\/— 5,

+/3-1; 2) 2; -3; 3) —1;: —2; 4) 1; —1; +V/5 -2 5) 1; 2;

6) 1; —2; —§.



- MpeaMeTHUIA NOKaX4MK

Agaroputm EBkaiza 291
ApudmeTuuHN! KBaAPATHUN KO-
piEb 175

Hepmuaa napabonu 171

BsaemMHO OopHO3HAYHA BiAMOBiN-
HicTs 39

Binkpurte niskoso 44

BiagxkpuTuii Bigpisox 44

— YHCJI0BUM Biapisox 151

— YUCJOBUIH NpoMiab 142

BinpHUI 4yieH KBaApaTHOIO piB-
HAHHA 225

Birkwn rinep6oanm 119

— mapabosu 171

Buginesnssa mijiol 4acTKu 3 paiio-
HaJIBHOTO Apody 316

BuHeceHHS MHOYKHUKA 3-111/1 3HA-
Ka kopens 205

BracrupocTi apudMeTudHOTO
KBaJipaTHOTrO KopeHsa 196

— CTeneHs 3 IMiJIUM TOKa3HUKOM
111 :

BrHeceHHs MHOMXHWKA MiJl 3HAK
Kopensa 205

l'imep6osa 119
I'pacdiuruii MmeTos po3B’I3yBaHHSA
piBHAHBL 121

[liarpamu Eitnepa 29

Hinene 314

Hinpauk 277, 314

JAucKpUMiHAHT KBaJApPATHOTO PiB-
HAHHA 231

— — TpuuieHa 248

JloOyBaHHA KBaAPATHOTO KOPEeHS
175

Honycrumi 3HAUEeHHSA 3MiHHUX
53

JpoboBuit Bupas 53

Hpyruii koedilieHT KBaApPaTHOTO
piBHAHHA 225

llJIeMeHT MHOKUHN 24

S BiILHEHHA BiJ ippamioHaJ BHO-
cri B 3HameHHURY 207
3HaK KBaJpaTHOro Kopesa 175

IppanionansHe yucio 189

IlaHOHIYHUN PO3KJaJ HATypaab-
Horo yucaa 304

Ksaapatauit xopias 174

KrazpaTanit Tpudsiern 248

KoedinierTn KBazpaTHOro piB-
HAHHA 225

— PpiBHAHHA NEPHIOTO CTENeHS
225

KopiEbk KBaApaTHOro TpUYJIEHA
248

— MHOroungeHa 317

Jliginigi MmHOMKHUKU 249

— HEPiBHOCTi 3 OJHi€I0 3MiHHOIO
144

Meron 3aminu aminaoi 260
MuoxuHa 23

— 3aivenna 45

— Heckinuenun 37
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— nopoxHsa 26

— po3B’A3KiB HepiBHOCTI 139
— ckinuyenHa 37

MuoxuHa piicaux yucea 189
— HaTypaJabHuX gucen 188
— panioHadbHUX uuces 187
— minux yucen 188
Muo)xunu piBHi 24

— piBHOIIOTY KHI 44

Moayns uucaa 160

Laiibinpmuil coinebHuM AITBHUK
290

Haijimenmie cuissae KpaTtHe 292

Henosna gacrka 282, 315

HepiBricTh-Hacaifmok 144

Hepisnaocti ograxoBoro snaxka 134

— piBHOCHUABHI 139

HeckinueHHNiT Henmepiogu4YHUMA
necsaTKoBui api6 189

— nepioguusuii — — 187

Hecrpora mepiBricTh 128

{6epuena mpomnopuiigicTs 117,
118

O6sacTs BUBHAUEHHSA BUpasy 53

— — piBaAHHA 90

O6’eqHaHHA MHOXXUH 31

OcHOBHA BJIACTHBICTH PAIliOHAIb-
HOTO Apoby 57

Ocraua 282, 315

lapa6oma 171

ITapameTp 99

Ilepernr muOXUH 30

IMepmit Koe(dilieHT KBapaTHO-
ro piBHaHHA 225

Ilepiox npoby 187

IligxkopeneBuit Bupas 175

IligmuOXKUHA 28

— BJyacHa 30

ITopineHuicTs Hamigo 277
ITopanox 106
IToryxuicTs 44

— KOHTHHYyYMY 49
IIpaBunbEU#M api6 316

Yapukan 175

PanionanbHi Bupasu 53

Pamiosansuauit api6 54

PiBHsauHA

— OixkBagpaTtHe 260

— 3 nmapamerpom 99

— 3BeJileHe KBajpaTHe 225

— B3BOPOTHE 4YE€TBEPTOrO CTENEeHA
264

— KBajapatHe 225

— JriHiyine 225

— -HacJaizoxk 92

— HeINoBHe KBajpaTHe 226

— OJHOPi/lHEe APYroro CTeleHsd
265

— IepmIoro cremneHs 225

— panionaibHe 94

— piBHOCHIBHI 90

— TpeThoro crenessa 266

— ys3arajJbHeHe 3BOPOTHE YeTBep-
TOro crenens 264

— uine panioHansHe 322

— yeTBepTOro creneHs 266

Po3Bp’A3aHHA PIBHAHHA B IIINX
yucaax 278

Po3B’s30K HepiBHOCTI 3 OfHi€IO
aMiHHOIO 138

— CHCTeMH HEepPiBHOCTEH 3 OIHIEI0
3migHOIO 149

‘xopouenHs Apoby 57
CuinpHa mipa 194
CninsHe kpaTHe 292
CoinpHui ginpHUK 289
— 3HaMeHHHK 71
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CuinpHOMIipHI Bigpisku 194

Craggapreuii Buraan guciaa 106

Crapmmnit KoehinieHT KBaJpaTHO-
ro piBEAHHEA 225

Cremigps 3 mMiJAUM Bi’€MHUM I10-
kasHEukom 105

CroponHi kopeHi 92

Crpora HepiBHicTs 128

Cyxkynsuicts 152

i eopema Bezy 318

— Biera 241

ToroxnicTs 57

ToroxHO piBHI Bupasu 57

() OopMyJNia KOPeHiB KBaJpaTHOI'O
piBEAHHA 231

¥ apakTepHCTHYHA BJIACTHBICTH
eJIeMeHTiB MHOMKHHU 25

|| ira yactuHa vucaa 13

7 acTka 314

Yucna B3aemHO npocti 293
—, KOHTPYeHTHi 3a moayaem 283
Yuciio npocre 301

— ckaagene 301

Yucnosa npava 143
Yucnosuit Bigpizox 150

— —, BigxkpHaTHi 3y1iBa 151
— —, BigxkpuTHii cnpasa 151
— mpomixkox 141

— npomiHb 142



| ,tnonmox 1

3micT nporpamm 3 anrebpm (8 knac)
AN Knacis 3 nornubneHnm BUBYEHHAM MaTeMaTUKW

3ameepdixcerno Minicmepemeom oceimu i Hayku YKpainu
(nucm Ne 1/11-2151 sid 30.05.2008 p.)

Crpyxrypa nmporpammu

IIporpama nomana y ¢dopmi Tabiauii, AKa MICTHTH ABI YaCTHHHU:
3MiCT HaABYAJIBHOIO MaTepiajgy i BUMOrHM 0 HiITOTOBKH YYHIB.

Y yacTuny «3MicT HaBYAJNBHOTO MaTepiany», Aka ohopmiieHa nps-
MUM IIpU@TOM, BKJIOYEHO 3MICT IporpaMu AJs 3araJbHOOCBITHIX
HaBYaAJBHUX 3akjaniB. Texcr, oopMIeHHA KypCUBOM, MiCTUThH HaB-
yaJbHUN Marepiall, AKUN BUBYAETHCA YV KJjacax 3 HOraubjIeHuM piB-
HEeM MaTeMATHKH.

IIporpama nmepenbadyae MOKJTUBICTE BUBUEHHS 3MICTY KYpCY 3 pis-
HUM CTelleHeM NMOBHOTHU. [lomaTKoBi muTaHHA 1 TeMHu, y3ATi B KBaj-
paTHi Zy»XKM, MOKHA He BUBYATH, IO JO3BOJIAE BUYMTEIEB] 3aI€3KHO
BiJl KOHKPETHMX YMOB BapioBaTu 006’em marepiany, SKUA BUBYAETH-
cdA, 1 BIADOBiAHO CcTYyIiHb NOraub/JIeHHA 1 PO3IIUPEHHS KypCy.

8-it xmac. Anreopa
(175 ron. I cemectp — 80 roa, 5 rog HA THIKIEHB,
II cemecTp — 95 roa, 5 roxg Ha THIKIEHD)

K-1b
roj

10 | Tema 1. IIOBTOPEHHS I CUCTE-
' MATHU3AIISA HABYAJIBHOTO
MATEPIAJIY 3 KYPCY 7 KJIA-
Ccy

Ilini eupasu. TomoixHi supa3su.
Tomodxcrnicms. Cmeninv 3 nHamy-
PanvHUM NOKA3HUKOM i {Lozo éaac-
mugocmi. OOHOYNeHU | MHO204UJIeHU
ma 0ii Had Humu. Lopmyau cropo-
YeH020 MHOMNCeHHA. Po3xiadanns
MHOZ0UNEHA HA MHONCHUKU.
Dynryis. O6racmo 6usHaeHHA i 06-
aacmsv 3navenv. Cnocobu 3a0anHA
pynryii. 'pagix pynryii. Jiniitna
ynkuyisa, it eracmusocmi i zpadik.
Cucmemu ninillHuX pi6HAHb 3 deoma
SMIHHUMU.

JepxxaBHi BUMOTH 0 PiBHA

3MicT HAaBYAJNBLHOIO MaTepiaJ . ‘
p y MATOTOBKHU YYHIB
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K-Th
rog

Jopatok 1

3MicT HABYANBHOrO MaTepiaxy

Jlep:xaBHI BUMOI'M J0 PiBHS
MiATOTOBKM YUHIB

10

Tema 2. MHOYKHHH 1 OITEPAIIIT
HAJI HUMH

Muoxwuna. Enemenm MHOMUHU.
IMopoxcnsa muoxmuna. Ilepepis
i o6’ ednanns mroxcumn. INidmnonmu-
na. Kpyzu Eunepa.

Yucaosi mroxcunu. Baaemro 0dHo-
SHAYHa 6i0nosioHicMb MINC eNeMeH-
mamu MmHoxMun. Pienonomymucri
MmHoNuHu. [Pienonomyxricmo
MHONCUH MOYOK 8i0pi3Ka i npamol.)
Heckinyenni MHOMCUHU. SNiveHHi
MHONCUHU. SNIYCHHICMb MHONCUHU
Yinux yucean.

Onucye NOHATTA MHOKHHA, eJie-
MEHT MHOXWHHM, MHOMXMHHM Ha-
TypaJbHUX, NJIUX i panioHanb-
HUX YuCeJl, B3AEMHO OJ{THO3HAYHA
BiAiMOBiAHICTH, PIBHOMOTY KHI
MHOYXHWHH, HECKIHYEHHA MHOKH-
HA, 3JliYeHHA MHOMKHMHA.
Dopmyinoe 0O3HAYECHHA: 1AMHO-
JKUHHU, TOPOKHBOI MHOXXWUHH,
ob’enHanus i nepepisy MHOMKMH;
TEOpeMy Npo KiJIbKICTh eJieMeH-
TiB MHOXKWHH, KA € 00’ € THAHHAM
IABOX CKIHUEHHMX MHOYKHUH.
3acTocoByE CHMBOJIIKY Teopii
MHOKWH, BHBYEHHH Teoperuy-
HUI MaTepian s po3s’g3yBaH-
HA 3a7ad4.

40

Tema 3. PAIIIOHAJIBHI BHPA3H
HApo6osi Bupasu. Pauionanbui BU-
pasu. Muoxuna donycmumux
3Havenb 3minnux. ToToXKHICTS.
OcHOBHa BJACTHBICTL ApoOy.
JonaBanHs, BiIHIMAHHA, MHOMKEH-
HA, OlJIeHHA 1 miJHEeCeHHs J0 CcTe-
NeHs pamnioHaJbHUX Apodis.
TorosxHi nepeTBOPeHHA PalliOHAb-
HUX BUpPa3iB. Popmyau posxradan-
HS HA MHONCHUKW pisHuyi x" — y"
icymu "'+ y*"* ' (n € N).
Panionansui pisasaas. Pisgocuib-
Hi piBHAHHA. PigHanHA-HacAi00K
danozo.

PosB’AsyBaHHA pauioHAJILHUX PiB-
HAHL. Po3g’a3ysanna payionanw-
HUX pieHAHb 3 napamempamiu.
I'pagivnuic memod pose’azyeanns
Pi6HAHD.

Cremifgs 3 IIIMM TTOKA3HUKOM i #oro
BJIACTHBOCTI.

CrangapTHUi BHIVIAL YHCIIA.

' A Ry iy c
dynknia y=-, ii BractuBocri
X

i rpagik.

Posniznae wiii i gpobosi paio-
HaJIbHI BUpasu.

Onueye anroputTMu: Aii Haj pa-
nioHanpHEuUMM Apobavu, rpadiv-
HOr0 MeTOAy po3B’A3yBaHHA
PiBHAHB.

DopmMyIrO€ 0O3HAUECHHS: CTEIEeHSA
3 Ii/IMM ITOKA3HUKOM, CTAHAAPT-
HOI'O BUIVISIAY YMCJIA, PIBHOCHIIBL-
HUX PiBHAHB, PIBHAHHA-HACIJ-
Ky JIQHOT'O; OCHOBHY BJIACTHBICTH
Apoby.

JoBOAMTH BIACTUBOCTI CTENEHSA
3 IiJIUM IIOKa3HUKOM, (hopMyIn
JUISl POSKJIAAHHSA HA MHOKHUKH
BupasiB x" — y" i ¥ ' 4 !
(n € N).

Poas’sa3ye BripaBu, aki nepeaba-
Yal0Th: TOTOXKHI MEepPEeTBOPEHHS
panioHaIbHUX BHUpasiB, pos-
B'SI3yBAHHSI PalioOHANBHHUX pPiB-
HAHb, AK1 3BOAATHCA JO JiH1M-
HUX, 3aNUc 4YuUcJia Y CTAHAApPT-
HOMY BUIJIAAL, noOy0BY rpadika

k
GyHKII Yy = 75
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Hopatok 1

K-TE
roxg

3MicT HaBYAJIBHOI'O MaTepiany

JepsxaBHl BUMOTH A0 P1BHA
IMiITOTOBKH YYHIB

20

Tema 4. HEPIBHOCTI

Yucnosi HepiBHOCTI Ta iX BiacTH-
Bocri. Yucnosi npomixkku. 06’ex-
HAQHHA Ta Nepepi3 YMUCJIOBHX IIPO-
mixkkiB. HepiBHocTi 3 oaHi€lO
3MiHHOI0. Po3B’sa3yBaHHsA NiHIHHUX
HepiBHOCTeH 3 OJAHI€ 3MiHHOIO.
Pienocunvrni nepienocmi. Hepis-
Hicmb-Hacaidok dawnoi. CucreMu
i cyxynnocmi NiHIAHMX HepiBHOC-
Tel 3 OAHIE€I 3MiIHHOIO.
Po36’azyeanmns ninilthux HepisHoc-
meil 3 napamempom.
Po36’a3yeanns pi6HAHb i HepieHOC-
meit 3 modynem.

Onmcye NMOHATTSA: YHUCJIOBA He-
piBHiCTH, HepiBHicTH 31 3MiH-
HOIO.

Dopmyar0€e O3HAYEHHSA NOHATH:
PO3B’sI30K HEPiBHOCTI 3 OAHi€IO
3MiHHOI0, PIiBHOCUJIbHI HepiB-
HOCTi, HEepiBHICTh-HACJIIJIOK Aa-
HOI, PO3B’S30K CHCTEMH i Cy-
KYITHOCTI KiJIBKOX HepiBHOCTeH
3 OJHi€I0 3MiHHOIO.

JLOBOAMTH BJIACTHBOCTI YMCJIO-
BMX HEpPiBHOCTEM.

3o00paxye Ha YHUCJIOBIN NpaMii
MHOJKHMHY, 3a/IaHi 3a JOIIOMOT'0IO
HepiBHOCTEH.

Po3s’a3ye niniiitHi HEpiBHOCTI,
a TAKOXX CHUCTEeMH i CYKYIHOCTI
JIHINHUX HepiBHOCTEH 3 OAHIEID
3MiHHOIO.

20

Tema 5. KBAJAPATHI KOPEHI.
JIVCHI YHCJIA

®dyuknig y = x° Ta ii rpadix.
KBazparauit kopiebs. Apudpmerny-
HUM KBaJpaTHUUN KOPiHb.
IppanionansHi umcna. MHOXuUHA
giicHUX umuces. BaaemHo 00Ho3HaY-
Ha 6i0noGiOHICMb MINC MHONCUHOWO
MOYOK NPAMOL Ma MHONCUHOW Oiil-
CHUX yucen. [3aivenHicmbs MHONMCU-
HU payionanrvrux wucen. Heanivew-
Hicmb MHONUHU MOYOK 8idpisdka.]
Eranu po3BUTKY 4YucJa.
ApudMeTHuyHUN KBaApPaTHUH KO-
piaEb 3 noOyTKy, Apoby i cremneHs.
HobyTok i1 yacTka KBagpaTHUX KO-
PeHiB.

ToTokHiI mepeTBOPeHHA BUPAa3iB,
10 MiCTATH KBaJpaTHiI KOpeHi.

DyHKIig Y =~/J_c, ii BiacTuBOCTI
i rpadik.

Onucye NMOHATTS: pamioHAJLHE
YHCJIO, ippainioHaJdbHE YHCJIO,
JAificHe YmCIIo.

HapoauTs NpHKJIaaH panioHab-
HUX Ta ippanioHanbHUX YUCEJ.
Dopmyso€e O3HAYEHHA: KBaj-
PaTHOTO KOPEeHA 3 yucsa, apud-
MEeTHYHOI'O KBaJIpAaTHOIO KOpPeHs
3 YmMcia; TeopeMH: IIpo 3JIiYeH-
HICTh MHOJKHMHM palliOHAJIBHHUX
YHCceJI, PO He3JIiYeHHICTh MHO-
JKUHHU TOYOK Bijpiska.
JdoBoauTe BIacTUBOCTI apudme-
THYHOTO KBAJPaTHOTO KOPeHH.
Poas’sazye Brnpasu, aki nepexnba-
4aloTh: COPOINEHHA BUPa3iB, AKi
MicTATH apudMETHYHUN KBaj-
paTHUH KOpiHb; NoOyAOBY rpadi-
KkiB dyHknin y = 21 y = Jx.
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Hopatok 1

K-TH : . Iep:xaBHl BUMOrM J[0 PIBHSA
rox 3MicT HABYAJIBHOI'O MaTepiany NiATOTOBKE YHIB
33 | Tema 6. KBAJIPATHI PIBHAHHS | HaBoguTs npuKJIaguM KBajpar-

Ksanparsi pisaaaasa. HenosHi kBaj-
paTHi piBHAHHA, IX PO3B’A3yBaHHA.
DopMmysia KOPeHiB KBajgpaTHOTO
piBEsaAHHEA. Teopema Biera. Teopema,
obGeprera 0o meopemu Biema.
Poseé’a3yeanna xeadpamuux pie-
HAHbL 3 napamempamu.
KBazparHuii TpUYIeH, HOro KOpeHi.
PosknafaHea KBAAPATHOTO TpUYJIe-
Ha Ha JiHidHI MHOXHMKH. Biac-
THUBIiCTHh KBAAPATHOIO TPHUYJIEHA
3 Bii’€eMHHUM AMCKPUMiHAHTOM.
PosB’A3yBaHHA pamioHAJbHUX piB-
HAHb, AK1 3BOAATHCA AO KBajpar-
HHX.

Memod 3aminu 3minHOL npu po3e’s-
3YBaHHI PAYIOHANLHUX DIBHAND.
Po3B’sa3yBaHHA TEKCTOBHUX 3a/a4 3a
JOIIOMOr'0X0 KBAJAPATHUX DPiBHAHBL
i piBHAHB, AKiI 3BOAATHCA A0 KBaj-
paTHUX.

HUX PiBHSAHB Pi3HUX BUAIB (IIOB-
HUX, HEMOBHUX, 3BEJeHHX, He-
3BEJIEHUX).

Onucye anropurMu: posB’s-
3yBAHHA HEMOBHUX i MOBHHX
KBaJApaATHUX piBHAHB, PO3KJIa-
JaHHSA KBaJApPATHOIO TpPHUYJIEHA
HAa MHOXXHHMKH, DPO3B’s3yBaHHA
OikBaJpaTHOrO piBHAHHA.
Popmynoe O3HAYEHHA: KBaj-
paTHoro piBHAHHA, OikBajapar-
HOTI'O PiBHAHHSA.

JdoBoauTs GopMyJsy KOpPEeHiB
KBAJPATHOIO PiBHAHHSA; Teope-
My Biera, TeopeMy mpo poskia-
JaHHS KBaJAPATHOIO TpPUYJIEHA
HA MHOYXHHUKH.

3acTocoBy€e BUBYEHHI MaTepian
i TeopeMHu AJA PO3B’SA3YBaAHHA
3azad.

28

Tema 7. OCHOBH TEOPII ITO/{1)Tb-
HOCTI

ITodinvricme yinux wucen. OcHo8HI
eaacmusocmi nodiavrocmi. Jlinew-
HA 3 ocmaver. Konzpyenyii 3a mo-
dynem. O3narxu nodirvHocmi Ha 3,
9, 11, 27, 5", n € N. Haubinrvwuii
cniavhuit dinonurx (HCH) i nair-
menuwe cniavie xkpamue (HCK).
Baaemmno npocmi yucaa. Anzopumm
Egxaida. ITpocmi it ckradeni wuc-
aa. Ocnosena meopema apupme-
muKu.

[Quena-6ausnioxku. Jockonanvhi
yucaa. Ilpocmi wucaa Mepcenna
i Pepma. Manra meopema Pepma.)
Hinennsa munozowarenie. Teopema
Beszy ma nacaidxu 3 mei.

Dopmyinoe O3HAYEHHA: ALIbHA-
ka i kparaoro, HCJI i HCK aBox
HATYpPaJbHUX YHCEJI, ABOX B3a-
€MHO TIPOCTUX YHCEeJ, IPOCTOTO
i ckyageHOro 4mces, KOpPeHHA
MHOT'OYJIEHA 3 OJIHI€I0 3MIHHOIO;
TeopeMy HpO AiJIeHHA 3 ocTa-
4yei, OCHOBHY TeopeMy apudme-
THKH, Teopemy Besy Ta nacaij-
KU 3 Hel,

Onmucye anroputrm EBkiiza.
JIOBOAMTH BJIACTHBOCTI MOJiJb-
HOCTi, O3HAKH nojijasHOCTI (Ha
2, 3, 5, 9, 11), Teopemy 1npo
HeCKiHYeHHICTh MHOXKMHHU IIPO-
CTHUX YHCeJ.

3acToCOBYy€E BUBYEHI O3HAYEHHA
i TeopeMu AJiA pPO3B’A3yBaHHA
3ajad.

14

Tema 8. IOBTOPEHHS I CHCTE-
MATHU3AIIISA HABYAJIBHOTO
MATEPIAJIY
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- LNOAATOK 2

OpicHrosHe kanenfapHe nnaHyBaHHA 3 anrebpu (8 knac)
ANnR Knads 3 nornubneHnMm BUBYSHHAM MaTeMaTUKn

| e | . : e
i 8/ ‘ 3MicT HaBYAJBLHOrO MaTepiany KicThb
ST SRR AR ITE : TOAUH
B e R 3
! I. IToBTOpeHH: i cHcTeMaTH3aliA HABYAJIBHOTO MaTepiaxy
!., AP 3 Kypcy aareopu 7 kaacy (10 ron)
L 1 | Jlinmi¥ine piBHAHHA 3 ofHielo 3amiHHO0. Ilini BHMpas3u 4
}___Z_W_q)ynxnia. JliniitHa QyHKOiA 3
3 | PiBHAHHSA 3 ABOMA 3MiHHUMH 2
L 4 | Temaruune oninoBaHHA Ne 1 1
s MR II. Muoxunu i onepauii mag xuvu (10 rox)
ll»—5— MuoxuHa Ta 1i eJeMeHTH 1
ir______inJIMHOJKHHa. Onepanii Hag MHOXKUHAMU 2
' 7 | Ckinuenni MEOuEY. B3aeMHO OJHO3HAYHA BiAnOBiAHICTE Mk | 2
;l | eNIeMeHTAMY MHOMIH :
L_ 8 | HeckinueHHI MHOMKHHM. 3JIiYeHHI MHOXXHWHHU 3
) Vr_l'ggg_o_'g@_rgg“ggjrema'mqnoro OIliHIOBAHHSA 1
' 10 | TemaTruuse oniHoBaHHA Ne 2 1
i III. Pauionansui Bupasu (40 rox)
11 | ®opmynu s poskIafaHHEa HA MHOKHUKY BUpasis suay a” — b"| 2
| lighttaptl pe N
12  PanmionauxeHi 1po6u 1
13 | OcHOBHA BJIACTHUBICTH pallioHAJIBLHOTO APO6Y 3
14 | lopaBaHHA i BifHIMaHHA pamioHaJbLHUX APOOiB 3 OAHAKOBUMH 2
| 3BHAMEHHUKaMH
15 | lomapanua i BigHiMaHHA pamioHalbHMX ApoGiB 3 pisEumu| 4
L 3HAMEHHUKaMu
16 MmuoxenHsa 1 gileHHs pamioHanbHAX ApobiB. IligHeceHHsA pa- 3
| miomampHOTO ApoOy N0 CTEmeHA
17 | ToTosKHi mepeTBOPeHHs palioHATLHAX BUPA3iB 6
18 | ITigroroBka 0 TeMaTUYHOI'O OLiHIOBAHHSA 1
19 Temaruusne ouiHoBaHHA N 3 <
20 | PiBHOCHMIBbHI piBHAHHA. PiBHAHHA-HacHigok. PamionansHi pi-| 4
HAHHA
-r_g 1 | PamioHanbHi piBHAHHA 3 mapaMeTpaMu 4
. 22 | CrenmiHs 3 UiJiMM Bi’€MHHM IIOKa3HHKOM 1
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[opatok 2

ITpodosirc. maba.

L. 2 3
| 23 |CraEzapTHUH BUIJIAL YHCIA 1
{r 24 | BJacTUBOCTI CTENeHdA 3 IIJINM IMOKA3HUKOM 2
i 25 DyHKIOIA y = —:- Ta ii rpadik. 2
T”26 ITizroToBKa A0 TeMATHYHOr'O OI[iHIOBAHHA 2
' 27 TemarnuHe omiHOBaHHA Ne 4 1
IV. HepiBnocri (20 rox)
28 |YucioBi HepiBHOCTI Ta IX BIacTUBOCTL 2
' 29 | JomaBaHHA i MHOXXE€HHS YMUCIOBUX HepiBHOcTei. OiHIOBaHHA 2
! 3HA4YEeHHA BUPasy _
30 | HepiBHOCTI 3 OfiHi€0 3MiHHOIO 1
31 | Poss’sizyBaHHsA HepiBHOCTEH 3 ofHi€O 3MinHOKW. Yuciosi nmpo-| 3 :
MIXKHI
' 32 |Cucremu i CYKYIHOCTI JiHiHHUX HepiBHOCTEH 3 OAHi€I0 3MiH-| 4
HOIO
33 |PipHsAHHA i HepiBHOCTI, AKi MiCTATH 3HAK MOAYJIA 5
34 |IligroroBKa 40 TEMATUYHOIO OIiHIOBAHHS 2
35 | TemarnuHe ouiHOBaHHA Ne 5 &
V. Ksagpartui xopeni. Hiicai uyucixa (20 rox)
36 | ®ynknisg y = x* ra ii rpadix ; 2
37 | KpagpaTrHuil Kopinb. ApudpMeTHUHUN KBaJApPATHUNA KOPiHB 4
38 | MuOKMHEA AiHICHUX Yucel 3
- 39 | BnacTuBocTi apugpMeTHuHOro KBaJ[PATHOTO KOPEHS 3
' 40 | Toroxmi IepeTBOPeHHA BHpa3iB, AKiI MicTATH KBajgparTHi Ko-| 4
peni
41 |PyuKLia y = Jx raii fpacbix 2
42 |IlizroroBka [0 TeMATHYHOI'O OI[iHIOBaAHHS ; 1
| 43 | Temarnune oninoBaaEa Ne 6 1
VI. KBagpaTsi piBusaaasa (33 rox)
44 |KBazpatHi piBHAHHSA. P0O3B’sA3yBaHHA HEIOBHUX KBaJpaTHUx | 2
pPiBHAHB
- 45 | @opmyna KOPeHiB KBaJpaTHOrO PiBHAHHSA 4
ir 46 | Teopema Biera 3
| 47 |TIigroToBKA [0 TEMATHYHOTO OI[iHIOBAHHS 1
| 48 | Temaruuse onimosanmsa No 7 i 1
49 | KpagpaTHU#l TpUUJIeH 3
50 | Pos3B’sisyBaHHA pPiBHSHB, AKI 3BOAATHCA O KBaJpaTHUX piB-| 4

HAHDb
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Honatok 2

ITpodosxc. maba.

1 : 2 3

51 Poss’sizyBaHHSA PiBHAHB METOJOM 3aMiHM 3MiHHOL 7

52 | Posp’A3yBaHHA 3aja4 3a AONOMOIOI pPAI[iOHAJBHUX DIBHAHBL D
(PanionansHi piBHAHHA AK MaTeMaTHYHI MOZEJi peaJbHUX CH-

Tyaii)

53 | IlizroroBka A0 TEMATUYHOr'O OIIHIOBAHHSA 2

54 | TemaTuuHe OIiHIOBAHHA Ne 8 1

VII. Ocuosu Teopii nopixsrocTi (28 rox)

55 | IlopinpHiCTH HAIJIO TA 11 BJACTHBOCTL 3

1SN

56 | [linerHs 3 ocraueio. KOHrpyeHIil Ta 1X BJIACTHBOCTI

(%)

o7 | Haubinpmu# coibHUM AIABHUK 1 HAaWMEHIIe CIIJIbHE KpaTHe
JBOX HATYPaJBHUX 4Yuces. BaaeMHO mpocTi yucia

58 | O3HaKU NOALIBHOCTL

59 | IlpocTi # cKJIajieHl yucaa

60 | JlinerHss MHOrOUYJIEH1B

61  Kopeni maorousnena. Teopema Beay

62  Iline pamioHaJibHE DIBHAHHSA

63 | IligroroBka 10 TeMATHYHOIO OIIHIOBAHHSA

=D D] W DN W W

64 | TemaTnure omiHIOBAHAA Ne 9

VIII. ITosTopenHa i cHCcTeMaTH3aUisd HaBYAJIbHOrO MaTepiaay (14 rox)

65  IloBTopeHHs i cucTeMaTH3alid HABYAJILHOIO MaTepiary 12

66 | IlincymMrKoBe TeMaTU4YHe OLIHIOBAHHA 2
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Y5773 Y27 Y0 A PO S ol By ot AECR SEARCESReE s R RPVIL i 8 oy

§1. MNMosTopeHHs U cUCTEeMaTU3ALIN HaBYanbHOro Marepiany

3 Kypcy anrebpm 7 knacy

1. Jligifine piBHAHHA 3 oAHiel0 3minHOIO. Ilini Bupasu . . . .
2. ®yuknia. 'padik dyekmii. Jigifina dyHKOia. . . . .

3. PiBHsgHHSA 3 ABOMAa 3MIHHUMH.

Cucremu NiHIMHUX PIiBHSAHB 3 ABOMA 3MiHHUMH . . . .

§2. MHOXuHMK Ta onepauii Hag HAMMK

4. MHOXVHA TA I1 €JIEMEHTH . « « « ¢ « o o o o s o s s s ¢ o &
9. IligmuoxkmnHaa. Onepanii Hag MHOKUHAMHA . . . . . . . .

6. CkiHYeHHI MHOXUHH.

BszaemMHO OfHO3HAYHA BiMOBIAHICTE . . ¢ v v v v v v v
7. HeckiBEueHHI MHOXXUHU. 3JIi4YeHHI MHOMXUHA . . . . . .
* «51 6auy me, aje HigK He MOXKY IOMY IOBipATH!». . .

§3. PauioHanbHi Bupasn
8. ®opmysn i PO3KJIAZAHHA HA MHOXKHUKU BUPa3iB

BARY. @ =8 A7 D] o e o e el s LIS it
9 'PRmiOHANBHL APOOM: i 5 v o haiw im sne a4 iotie ivi shs 36 ¢ @ @ue) o
10. OcHOBHA BJIACTHBICTH pPaIiOHAJBLHOTO APOOY . ... ..

11. lonaBanHs i BifHiMaHHA pamioHAJNbHUX APOOGiB

3 OJHAKOBHUMU SHAMEHHHUKAMMH . . « ¢ « ¢ + s o « o s s + =«

12. [lopaBanHsa i BigHiMaHHA panioHaJBHUX APoOiB

3 PiSHUMMU 3HAMEHHHUKAMHM ¢ ¢ « « « o s s o s s 6 6 0 0 s oo

13. MHOXXeHHA i AieHHa panioHAJIBLHUX APOOiB.

IlinsecenHsa paiioHaJNBHOro Apo0y A0 CTEneHd. . . . .
14. ToToxHi mepeTBOPEeHHS panioOHAJBLHUX BHApPA3iB . . . .

15. PiBHOCubHi piBHAHHA. PIBHAHHSA-HACIIIOK.

PAIIONANERL PIBEABE  « « s s bias s v siacy st ¢ o w oo
16. PanionanbHi piBHAHHA 3 HapaMeTPAMM . . . « « . . . .
17. Crenigp 3 MiIUM Bii’€MHUM MOKA3HUKOM . . . + . . . «
18. BracTuBocTi creneHs 3 IMiJIMM IIOKA3HUKOM. . . . . . .

19. ®ynKmia y = ;’i-'ra TLPPADIE <% & atvan srarod ns ke . oS A
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3MmicT

§4. HepisHocTi

20. YncoBi HEPiBHOCTI TA IX BJAACTUBOCTL . + + v v v v v v 4 W 127
21. logaBaHHSA i MHOKEHHS YUCJIOBUX HEPiBHOCTEM.

OmiHoOBaHHSA 3HAYEHHS BUPA3Y . « « « « « « & S AT T g 133
22. HepiBHOCTI 3 OFHIEIO BMIHHOIO + « « ¢ ¢ v ¢ o s o s s o o & & 138
23. Po3B’si3yBaHHA JIHIMHUX HEpiBHOCTEN

3 OAHIE€I0 3MIHHOIO. YMCJIOBL IPOMINKKHY . . . o v 2 v+ . . 141
24. Cucremu i CyKynHOCTI JIIHITHUX HepiBHOCTEN

3 ONMHICIO \BNVHIIOT0 ) o Reriwite o onlir o et le det) SIS ET tal sy e 10 o S S N 149
25. PiBHaAHHA 1 HepiBHOCTI, AKiI MicTATH 3HAK Monyasd . . . 160

§5. KsagpartHi kopeHi. [JincHi uncna

26. DyHRIHA 1= X TA 11 TPABI %13 o v/ o oo 5 s a's o o 170
27. KBagpaTHi KOpeHi.

ApudMeTHUHUNA KBAAPATHUHN KOPIHD . « v v v v v v v v 174

¢ Yu poCTYTh Y TOPOAIL PATMKAIM? . . v v v v v v v v ow 186
28. MHOKHHA HIMCHHUX YHCEIL « « o o « o o o o s ¢ o o ¢ o e o s« 187

@ KOJIM TAEMHE CTAE ABHUM . « « « o « s ¢ o ¢ o s o s ¢ s o s 193

¢ TIpo 3/1iYeHHICTh YHCTOBAX MHOMHUH . « + + « « « « + 4+ & 194
29. BractuBocTi apudMeTHYHOr0 KBaJpaTHOro Kopessa .. 196
30. ToTo)xHi IepeTBOPeHHA BUPA3iB,

SIK1I MICTATH KBAZPATHL KOPEHL « « « ¢ v v v v v v v v v o s 205
31. ®yrknia y =Vx Ta I rpadiK . . . oo e .. .. IR 1

§6. KeappaTHi piBHIHHSA
32. KBagparni piBHAHHA. Po3B’A3yBaHHSA HENIOBHUX

KBAADATERX DIBHSED, « v s ¢ v o, /505 o s &1 o s's v e & e o 225
33. ®opMyJi KOPEHIB KBAaZ[PATHOIO PIBHAHHA . . . . . . . . 230
34. Teopema Biera. . ....... AL, AR IRt Soa s Rt YL 241
39, NBANDATEUA TDMEIICH |\ s s s e i o 1e! 0174 61 5 10 6 4o s Bole & ¥ln 248
36. Po3B’sA3yBaHHA PiBHAHDb, AKi 3BOAATHCSA

JIO KBAZIPATHHAX PIBHAHD « « « ¢ o « o s s s s s s 0 s 000 s 255
37.Po3B’aA3yBaHHA PiBHAHB METOJOM 3aMiHM 3MiHHOI ... 260

* Taemua 306posa Cuuniona dans Peppo . . . . . . . ... 270
38. PanionanbHi piBHAHHA AK MaTeMaTUYHI MoJesi

PEANIBERR CRTYATTINE 2 S et sl Ul F o e Laon o0 yia e el dieky b 271

§7. OcHoBu Teopii noginbHoOCTI
39. IToxinbHicTh HALIIO TA i1 BJACTHBOCTL + « « + v « 4« + « « & 277
40. Oinenns 3 ocraueio. KoHrpyeHmii Ta ix BractuBocti. . 281
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3MicT

41. Ha#binpmui cuiibHUM AiIbHUK 1 HAlIMeHIe

CHiJbHEe KPaTHE JABOX HATYPAJBHUX YHCEJL.

BRaciHO NPOCTL SMCIR 1 o7 o5 st o506 ls 6o o 1aliwi sl o e
42.O3HAKH NMOMITBHOCTL « « « o s ¢ ¢ o s s ¢ s o « «
43.TIpoCTi # CKIIAKEHI YHMCHA . « ¢ o o o o s o 6 0 08 s s

» IIpo npobaemu, mMoB’s3aHi 3 TPOCTUMHU YHUCIaAMU
44. JTiTeHHEA MHOTOUYJICHIB. « « o o ¢ s s o « s o s o s s s « =

45. Kopeni muorouserna. Teopema Besy . .
46. Iline panionanbHe PiBHAHHA . . . . . .

BigomocTi 3 Kypey anrebpu 7 KIacy . . . . . . .
BigmoBizii Ta BKA3IBKM IO BIIPAB .+ « « + + « + & «

ITpeAMEeTHHM MOKAMTIHK « « « o o ¢+ o v o o o s o s s o s

Hodamox 1. 3micT nporpamu 3 anredpu (8 xiac)

IS KJaaciB 3 norjiubJIeHUM BUBUYEHHAM MaTeMaTHKH
Hodamokx 2. OpieHTOBHe KaJleHJapHe MJIaHyBaHHHA

3 aarebpn (8 xiac) aAnsa KaaciB 3 noryivbjaeHUM

.

BUBYECHHSAM MATEMATHKH. . « ¢ « ¢« ¢ + v « s s ¢ s v s o« s «

289
296
301
309
314
317
322

325
333
355

358
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Mpadik hyHKUIT Y= =
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Mpadik pyHkuiT y= x* Mpadik pyHKLUIT Y= Jx
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®dop3auy 4

Tabnuus npocrmnx yucen sig 1 a0 1000
2 79 191 311 489 5677 709 857

3 83 193 313 443 587 719 859

5 89 197 317 449 593 727 863

7 97 199 331 457 599 783 877 |
11 101 211 337 461 601 789 881
13 108 228 347 463 607 748 883
17 107 227 349 467 613 761 887
19 109 229 353 479 617 757 907 |
98 113 283 359 487 619 761 911 |
29 127 239 367 491 631 769 919
81 131 241 373 499 641 778 929
87 137 261 3879 bB08 643 787 937

41 139 257 383 509 647 797 941
43 149 268 389 521 653 809 947
47 151 269 397 523 659 811 953

03 157 271 401 541 H 661 821 967;
59 163 277 409 547 673 823 971

| 61 167 281 419 557 677 827 977 |
; 67 173 283 421 563 683 829 983

71 179 298 431 569 691 889 991
73 181 807 433 571 701 863 997 |




