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§ 1. YHKIHUU H TPAOUKHU

1.1. YncaoBble HepaBeHCTBA

HEFICTBVITGJIbeIe qpcjia TOAYHMHEHBI CJACAYIOUIAM TIpaBHJIaM:

IIpasusro 1. Naa 106biX NeACTBATEABHBIX YHCEa @ H b umeeT
MECTO TOJIBKO OAHO K3 COOTHOIUEHHIi

a=b, a>b, a<<b.

Hanpumep, nast uncen 6 u 10 Bepno nepaBeHcTBO 6<C 10, HO He
BepHbl paBeHCTBO 6=10 u HepaBencrso 6> 10.

3aMeTuM, 4YTO ecqaH a>b, To b<<a.

HepaBencTBa 0onHOTO 3HAKa Ha3bIBAOT OCHOUMEHHbLMU, HATIPH-
Mep HepaBenctBa —2<C5 u 3<CIl oaHouMenunie, —5> —10
u 10> —3 oxHouMeHHble.

llpasuso 2. Jas n06bIX AeHCTBHTENbHBIX 4HCcesd a W b, Ta-
KHX, 4T0 a< b, HaiiaeTcs TakKoe JeHCTBHUTENbHOE HHCIO €, 4TO
a<<c n ¢c<<b, nan, uto TOo XKe camoe, a<_c<b. ,

Hanpumep, nas uucesn 1,2 u 1,3 cywecrsyer uucao 1,22, ra-
Koe, yto 1,2<71,22<1,3.

Ilpasuaro 3. Aas 06X RelCTBHTEbHBIX YHCEN @, b H ¢ U3 He-
paeencts a<<b n b</c caepyer HepaBeHCTBO @< c (CBOWCTBO TPaH-
3UTHBHOCTH HEPaBEHCTRB).

8 4
Hanpumep, u3 HepaBeHcTB —§<l " 1<§ cJIeyeT, 4To %<—;—.

Ilpasunro 4. laa no6bix AEHCTBHTENBHBIX HHCEN @, b W ¢ K3 He-
paBencTBa a<<b cnepyer HepameHcTBO a-+c<<b-c.
DTO 03Ha4aeT, UTO 3HAK HEPABEHCTBA He H3MEHMTCSH, €CJH K Npa-
BOH M JIeBOA BacTSIM HepaBeHCTBA NPHOaBHTHL ONHO H TO XK€ HHCJIO.
Hanpumep, npu6aBuM Kk npaBoil ¥ J1eBOH 4acTAM BEepHOro Hepa-
BeHcTBa 6<C11 Mo —4, nosyudM BepHOe HepaBEHCTBO
6—4<<1l—4, unu 2<7.



a) Ipasusro 5. Aasn aw6bix aeHCTBHTENb-
<15 HbIX 4HCea a H b u 1106010 NOJOXKHTENbHO-
ro 4Yucjia ¢ M3 HepaBeHCTBA a<b caeayer

? cl<id |- HepaBeHCTBO ac < bc.
al+lc «<bl+ d 3To 03HauaeT, YTO 3HAK HepaBeHCTBa He

U3MEHHTCH, eCJIH NPAaBYH M JEBYID YacTH
HepaBeHCTBA YMHOXHWTb Ha OJHO U TO Xe
6) NOJIOXHUTENbHOE YHCJIO. - :
< b Hanpumep, yMHOXHUM NpaBylo U JeBY
4acTH BEpHOTO HepaBeHcTBa —6<C2 Ha 3,
MIOJIly4HM BepHoe HepaBeHCTBO — 6.3 <23,
a-c|<!b-d nin — 18 <<6.

M3 nepeuuciieHHbIX Bbllle HATH INPaBHJ
BLITEKAOT CJAeAYyUHe c8olicTéad Hepa-

Puc. 1 8eHCTE:
Csoiicteo 1. Ecan uncaa a, b, ¢ u d ra-
KOBbl, 4T0 a<<b u c<<d, To a+c<<b-d.

ITO 03HAuYaeT, YTO BEPHbIE OJHOMMEHHble HEPaBEHCTBa MOXHO
NOYJTEHHO CKJaajabiBaTh (pHc. 1,a).

JleficTBHTELHO, U3 YCJAOBHS a < b HAa OCHOBAHHH HpaBuJa 4 cie-
ayer, uTo @ +c<<b-+c, a U3 ycjaoBus ¢< d Ha OCHOBAHHUU TOrO Xe
npaBuia 4 caenyer, yto b+ c<<b--d. Tenepp, npumeHsiss NpaBuIO
3, nonyuaeM a—+c<<b-d. '

Csoiictgo 2. Ecan noJoxHTeJdbHbIE YHcaAa a, b, ¢ v d TakoBbI, 4TO
a<<b n c<d, 10 ac<<bd.

3To 03HayaeT, YTO BepHbie OJHOMMEHHbi€ HepaBEHCTBA, MpaBbie
 JieBble YAaCTH KOTOPbIX MOJIOXKHTEAbHBI, MOXXHO ITOYJIEHHO TE€PEMHO-
x®atb (puc. 1, 6). : ‘

JledCTBUTENBHO, AJA MOJOKUTENBHBIX Ydces a, b, ¢ U d Ha OCHO-
BaHUH [IpaBuiaa 5 U3 ycaoBus a << b nojydaem ac<<bc, a U3 ycjoBus
c<<d nonyyaeMm bc<< bd. Tenepb Ha OCHOBaHMM NpaBuia 3 noJyua-
eM ac<<bd.

Csoiicteo 3. Ecan uncaa a n b Takosbl, 410 a<<b, T0 —a> —b.

B camowm nene, npu6aBuB K JIeBOH U NpaBoi 4aCTAM HePaBEHCTBA

a<<b uncao (—b—a), Ha OCHOBAHHM NpaBHIa 4 MOJYYHM

at+(—b—a)<b+(—b—a)

OTKyla cienyer, 4To —b<< —a, uau —a> —b.

Csoticteo 4. Ecin ¢ — oTpHuaTeJbHOE YHCHO H UHCAa a ¥ b Ta-
KOBbi, 4TO0 a<<b, T0 ac > bc.

310 03HAuadeT, UTO 3HAK HepaBeHCTBAa H3MEHHUTCH. Ha IPOTUBOMNO-
JIOXKHBIH, ecyii 06€ 4aCcTH HePABEHCTBA YMHOXHTb Ha OJHO H TO XKe
OTpULLATENbHOE UHCIO.

JeficTBuTE/IbHO, H3 HepaBeHCTBa a << b cieayer, uto —a> —b.

YMHOXKHB 9TO HEPABEHCTBO HA MOJOXHUTEJIbHOE YUCJIO — C, NIOJY-
4uM

4

(—a)(—c)=>(—b)-(—o),
OTKyaa ac>bc.

Csoiicteo 5. EciM nosoXuTeqbHbE YHCAA a W b TaKoBbl, 4TO

a<<b, to l>—l—.
a b

B camom nene, yMHOXHB HepaBEHCTBO a << b HA MOMOXKHUTENbHOE
1
YHCI0 —o, TOJNYUHM Ha OCHOBAHHH MpaBHJIa 5 MOCJe COKpalueHuil
HY}XHO€ HepaBeHCTBO

1 1 1 1
5T MM >y

Csoiicteo 6. Ecan monoXureabHbie Yucaa a u b TaKOBbl, 4TO
a<<b, o < b ' ‘ ‘

DTo CBOHCTBO CJellyeT H3 CBOHCTBa 2 IIPH YCJIOBHH ¢=a U d=>b.

Bebrwe ynorpe6asanch sanaku pasencrsa (=) u CTPOroro Hepa-
BeHCTBA (<CH>>). UHorna Bo3HHMKaeT HeOGXONMMOCTb B HeCTPOTHX
HepaBeHCTBaX.

[Tpumep. B 31y 3umy Temneparypa B MOCKBe He OmycKasnach HH-
ke —30°C. Ecan temnepatypy 0603HaunTh GyKBOi f, To B J1060i
eHb 3uMbl an6o > —30 °C, au6o t= —30°C, 4TO 3aNnHUCLIBAIOT
Tak: t= —30°C.

IlpuBesem onpenesenus HecTporux HepaBeHCTB a<Cb M a>>b.

HucsoBoe HepaseHcTBO a<Cb BhIpaxaer, 4To JH60 a<< b, Ju6O
a=>b. HesepHo oHO siulib B cayyae a>>b.

3anuch a < b YHTAOT WK «a He Gosbllle b», WIH <4 MeHblIe MU
paBHO b». 4

L;H(:Jlosoe HepaBeHCTBO a>b Belpaxaer, uto JAH60 a>b, aubo
a=>b.

3anuch @ > b YNTAIOT «a He MeHblIe b» UM <& GOJblle HAH pas-
HO b».

Hanpumep, nepasencrsa 5<C6 u 4>2% 06a BepHbie, a HepaBeH-
ctBa 9<C7 u 3>4 o6a HeBepHble.

JlJIst HeCcTPOrux HepaBeHCTB CNpaBelJIMBbI NPHBEIEHHbIE BbIlIe
npasuna 3—>5 u cBoficTBa 1—6, ec/TH B HUX 3HAK €TPOrOro HepaBeH-
CTBA 3aMEHHTb Ha 3HAK HeCTPOroro HepaseHcTBa. CoopMmyaupyem
OlHO M3 CBOHCTB.

Csoiicteo 6*. Ecan noJioxKHuTedbHbIE uncaa a H b TaKoBbI, 4TO
a<b, to a®< b

Mbl yxe oTMedaJsn, uTo ecin a<<b u b<<c, To NHIWYT a<<b<<c.

[Mono6HbIM 0GpaszoM, ecaiu a<<b u b<<c, T0 NHWYT a<C b<c; ec-
M a<<bwu b<Cc, To mumyr a<<b<{c; ecin a<<b u b<c, 10 MUIIYT
ascb<c.

Hepasenctsa a<<b<<c, a<b<<c, a<b<c, a<<b<{c HasbiBa-
10T O8OUNbBIMU HepasencTaAMU. '



1°. Kakue HepaBeHCTBAa MOXHO!
a) cKJaablBaTh; 6) nepeMHOXKaTb?
2°, B kakoM ciyyae HepaBeHCTBO a == b:

a) BepHO; 6) HeBepHO?
_ 3. CpaBHure:
a)buy; 6) —5u —9 B) 2,5-4 u 10;
r) 1,2 u 1,(2) a) —6,7 u I e) —5,(4)u —54.

4. YKaXKuTe 4HUCIIO, 6oJgblilee OJHOTO U3 JAaHHBIX YHCEJ U MEHb-
uiee Apyroro. OTBeT 3anuilluTe B BHAE JABOHHOTO HepaBeH-

crBa:
a) 3 u 5 6) —25 n —29
B) 2,6 u 2,6; r) 2,4 u 2,(4)

a) —3,71 u —3,72; e) 0,5) u 0,(6).
5. Crenaiite BbIBOA Ha OCHOBAHHHM ABYX BEDHbIX HEPABEHCTB.
Hanpumep, 3<<15 u 15<<20, suasur, 3<<20.
a) —b<0u 02
6) —2<0u 0<<2
B) 2>1u 1>0;
r) 2,(1)>2 un 2>1,(6);
1) —3,(N>—4u —4>—T7;
e) 0, (5)<0 (6) 14 0 (6)<0 (61)

x) —<l H 1<

7 1
) 5<7 " 3<75

6. M3 naHHOro BepHOro HepaBeHCTBA MNOJNy4YHTe HOBOE BepHoe
HepaBeHCTBO, IPHOABHUB K 06euM uacTsM HepaBEHCTBA OLHO
H TO Xe HHCJIO0:

a) 15<C20; 6) 5>4; B) 2,56 <C3;
r) Li<1,2; n) ,3>=1,2 e) b6,

7. 3 naHHOro BepHOro HepaBeHCTBA IOJYYHTe HOBOE BepHOe
HEPaBEHCTBO, YMHOXHB 06€ YaCTH HepaBeHCTBA Ha ORHO H
TO e MOJOXKHUTEJNbHOE YHCJIO: '

a) 15<20; 6) 5>4; B) —2,5<3;
r) 1,1<1,2; o) 1,3>=1,2; e) —b<6.
8. CioxuTe BepHbie UHCJIOBbie HEPABEHCTBA:
a) 14>11 u 10>9; 6) —2> -3 u3>2
B) —6<C—5 u 2<3; r) —8<0 u 8<9.
9. IlepeMHOXbTe BepHble YHCJAOBblE HEPABEHCTBA:
a) 14>10 u 2>1; 6) 5>3 u 6>05;
B) 6<<7 u 2<3; r) 8<<9 u 1«2

10. U3 manHHOro BepHOro HepaBeHCTBA MOJYUHTE BepHOe Hepa-
BEHCTBO, B KOTOPOM KaXX/10€ YHCJIO 3aMEHEeHO Ha MPOTHBOIO-
goxHoe.. Hanpumep, tax kax 19>13, to —19<C —13.
a) 3>0; 6) 5> —1, B) —9< —1;

r) —h—1; 1) 9>—2 e) 0<3.

11.

12.

13.

14*,

15%,

16.
. BepHo s HepaBeHCTBO:

18*.

¥YMHOXbTe 06e 4aCcTH BEPHOr0 HEPABEHCTBA Ha OJHO H TO Xe
oTpULaTebHOE YHCJIO:

a) 1<<2; 6) 5>4.5;

r) 1,1<1,2; n) 1,3>=1,2;
BepHo /M mosyyeHHOE HEpPaBEHCTBO?
3anuumuTe HepaBeHCTBO, KOTOPOe MOJNYUYHMTCSH, €CJH YHCJAa B

JIEBOH M MpaBod 4yacTSIX HepaBeHCTBA 3aMEHHTb Ha o6part-
1 1
nble. Hanpumep, Taxk kaxk 5<<6, o —>

576"
a) Tak kak 6>3, 10 ...} 6) Tak kak 7<C10, 0 ..;
B) Tak Kak 2<74, 1o ..;

r) Tak kak 11<C12, 1o ..;
a) Tak Kak 13>=12, 10 ..; e) tak Kak 15<(26, 10 ....

BepHo Jim moJsiyueHHoe HepaBeHCTBO?

o w
—
(@2 Ne>]

CpaBHure:

a) 2 u 9% 6) 5 u 6%

B) 4> u 10% r) 1,32 u 1,5%

a) 7,28% u 837% e) 547 u 4,5%

x) (—2) n (—3)4 3) 4 u (—4),

u) (—4) u 1% K) (=17 u (—1,4)%

1) (—4,97% u (—7)% M) 42 u (—5)%
JokakHure, 4rto:

a) ecid a>b n ¢c>d, To a—d>b—c (puc. 2, a);
6) ecii a<<b H c<<d, TOo a—d<<b—-c.

a) 6)

a>b a>b

‘c)><d L)><d

a-d >b-c S b
4

ale

Puc. 2

Jdokaxure nag HOJIO)KPITe.HbeIX yucen a, b, ¢ u d, uro:
11
a) ecih a>b u c>d, T0 =>— (pnc 2, 6),

6) eciu a<<b u ¢<<d, 10 -‘7<%.

IlokaxuTe, 4To ecqH a<<b<<0, to a’> b

a) 6,7272<6,(72)< 6,7273;
6) —0,3131< —0,(3)<< —0,3132?

;COJIlIaT MOCTPOHJIH HE IO POCTY, HO C YETKHM pa3iejieHHeM

Ha psAAbl H KOJIOHKH. B KaxXaA0oM pany Bmépa.}m CaMOro Bbl-
COKOro, a M3 BCe€X BBICOKHMX — CaAMOro HH3Koro. B Kaxao#
KOJIOHKE BbIépaJIH CaMOro HH3KOro, a U3 BCex HH3KHX — Ca-

7



Moro sbicokoro. Kro e Bbillle pocTOM: cCaMblii HH3KHH H3
BLICOKHX MJIM CaMbil BBICOKHH M3 HH3KHX?
Y kazanune Paccmorpure cayuyau, Korpa Asa BbiGpaH-
HbIX coJijaTa CTOSAT: 1) B ONHOM psALY; 2) B 0AHOH KOJIOHKE;
3) B pasHbIX pAAax H KOJOHKaX.
19. CpasHHTe, 3anulIKTe Pe3yabTAT B BHAE HEDaBEHCTBA M yKa-

XHTe Ha KOOpAHHATHOH OCH uHcaa:
a) —b5 u 0,31; 6) 15,75 n 5,176;

2 1
B) —m W 1% r) —5§ u 4,01.
20. YKaxkuTe X0Ts1 Gbl TPH UHCJAA, HAXOASAIIHECS HA KOOPAWHAT-

HOH OCH MeXJy 4HUCJaMH:
a) 3,11 u 3,12 6) 2,082 u 2,081;
1 I 4
B)gug, r) 3,51435.
21. a) CKoAbKO 4YHCeJ HaXOANUTCA MeXIY J[ABYMsi HepaBHBIMH
YHCIAMH Ha KOOPAMHATHOH ocH?
6) Kaxpaofi 14 TOouKe KOOPAMHATHOH OCH [OCTABJIEHO B CO-

OTBETCTBHE YHUCAC?
B) KaxaoMy Ju upcay [ocraBjeHa B COOTBETCTBHE TOYKA

KOOPAMHATHON OCH?

1.2. MHoxXecTBa 4Hced

IycTh AaHbl KOOPAMHATHAS OCb X U ABA OEACTBHTEJbHbIX UHC/IA
a u b, yioBJerBopsitonlke HepaBeHCTBY a << b. Uucsa a v b MOXHO pac-
CMaTpHBaTb KaK KOOPAMHATHI ABYX Pa3J/IHUHBIX TOYEK OCH X, KOTO-
pble Mbl YCJAOBUJHCb TaK)Ke Ha3blBaTb TOYKaMH a M b (puc. 3).

MHO0XeCTBO TOUEK OCH X, COCTOsIee U3 TOUeK a U b ¥ BCeX TOYEK,
HaXOASIMXCS MEXAy HuMH (CM. pHC. 3), HA3BIBAIOT OTPE3KOM OT @
g0 b u oGosuauaiot [a; b].

777774

a b x

Puc. 3
TakuM ob6pasom, orpesok [a; b] — aro mHoxecTs0 acex deiicr-
BUTEAbHBLX 4lUCenr X, YOOBAETBOPAIOWUX OBOUHOMY HEPABEHCTSY

a<ix<b.

Touku a u b HazoarOT Koryamu oTpeska [a; b]. KoHusl oTpeska
[@; b] npunapnexar 3ToOMYy OTpe3Ky.

Ecau u3 orpeska [a; b] uckaouutb 06a e€ro KoHua, TO IOJY4YUM
MHOJKeCTBO TOY€K, KOTopoe 0603HavaloT (a; b) M Ha3LIBAIOT HHTEPBA-

JaoM ot a no b. )
Takum o6pasom, uurepBaa (a; b) — aro muoxmecrso ecex Oeil-
CTBUTEAbHbIX 4UCeA X, YO08AETBOPAIOUUX OB0UHOMY HEPABEHCTEY

a<x<b.

Ecau uz orpeska [a; b] UCKIIOUHTD TOUKY b, TO MOJAYYHM MHOXKe-
CTBO TOYEK, KOTOpoe 0603HaualoT [a; b) U HA3BIBAIOT MOJYHHTEPBa-
JOM OT a [0 b, BKalOuas a.

Takum o6Gpasom, nmoayunrepeaa [a; b) — a10 muoxecrso scex
OeiicTeuUTEAbHOLX 4UCeA, YOOBACTBOPAIOUWUX OBOLHOMY HEPABEHCTEY

a<x<b,

a noayuurepsaa (a; b] ecto muomcecrso ecex delicTéuTeAbHbIX YU~
cen, yoos8AETBOPAIOUUX OBOUHOMY HEPABEHCT8Y

a<<x<b.

ITpumep 1. Orpesok [ —1; 3] — 3T0 MHOXeCTBO Bcex HeifCTBUTE N b-
HbIX YHCEJI, YAOBJETBOPAIOUINX ABOHHOMY HepaBeHCTBY — 1<Cx<C3
(puc. 4, a).

a) 6)
 LLRLLBLRLLLY e — oLl
-1 0 1 2 3 X 0 1 x

Puc. 4

Tpumep 2. UnrepBau (0; 1) — 3To MHOXKeCTBO Beex AeHCTBUTEIb-
HbIX YHCEJ X, YAOBJETBOPAIIIHX ABOHHOMY HepaBeHcTBY 0<< x<<C |
(puc. 4,6). ‘

3ameuanue KoHub NpoMexyTKoB, BXOASILIHE B PaccMaTpH-
B4€MO€ MHOXECTBO, OTMEUYaloT YePHbIMH TOUKAMH, 8 He BXOAsiibe —
KPY>KKaMH.

Ilpumep 3. TTonyuntepsan [1; 2) — 310 MHOXKeCTBO Bcex AeHCTBH-
Te.nbutgx dHces, YA0OBACTBODAIOLHX JBOHHOMY HepaBeHCTBY |<Cx<<2
(puc. 5, a).

a) 6)
0 1 2 % -1 0 1 *

Puc. 5

Hpumep 4. Tlonyunrepsan (—1; 1] — 5T0 MHOKecTBO Bcex Aeil-
CTBUTE/IbHBIX YHCEJ, YIOBJETBOPAIOUIHX [BOMNHOMY HepaBeHCTBY
—l<<x<1 (puc. 5, 6). :

Ecan Touka x zBuKeTrcst 0 KOOPAMHATHON OCH X B IOJOXKUTE b-
HOM HamnpaBJ/IeHHH M [MPH 3TOM €€ KOOPAMHATAa MOXKeT NMPHHUMAaTb
CKOJIb yTOAHO GOJIbLiMe 3HAYEHHS, TO TOBOPSAT, UTO 3TA TOYKA CTpe-
murca k£ naroc beckonewnocru, 1 0603HaYaAT X — -+ oo.

AHaJIOrMYHO €C/IM TOUKA X ABHIXKETCA 10 KOOPJAHHATHOM OCH B OT-
pHLATEeNbHOM HANpaBJeHHH H [PH 5TOM ee KOOPAHHATA X TaKoBa,
4TO YHCIO0 | x| MOXKET GbiTb CKOJb YrOLHO GOJNBLLUIMM, TO FTOBOPAT, YTO
3Ta TOUKA CTPeMUTcsi K MUHYc OecKoHeuyHOocTu, B 0603HAYAKOT
X— — o0,



Brie cuutanoch, 4To @ 1 b — uncaa (WJIH TOUKH OCH X), HO Tep-
MHH <HHTEPBaJ» MOHUMAIOT TakxKe B 6oJiee IIHPOKOM CMBICJ/E, 3aMe-
HAA @ Ha — oo WM b Ha + oo.

Hurepsanr (a; + o), ede a — JAHHOE 4UCAO,— 3TO MHONECTBO
8cex OelicTBUTEeAbHbIX HUCEA X, YOOBAETBOPAIOUWUX HEPABEHCTEY
X>Q, UAU MHONCECTBO BCEX TOHEK OCU X, UMEWUux KOoOopOouHa-
Tol X>>a.

Hurepsar (— co; a), e0e a — OaHHOE HUCL0,— 3TO MHONCECTBO
scex OelicraurenbHblx 4ucenr X, YOOBAETBOPAIOULUX HEPABEHCTBY
X<, UAU MHONCECTBO BCEX TOHEK OCU X, UMEoUUX KOOpOUHQ-
ToL x<a. '

Haxoney, unrepsanr (— oo; + o0) — 370 MHOYcecTB80 8cex Oeli-
CTBUTEAbHBLX HUCEA UAU MHOMECTBO 8CeX TOHEK OCU X.

a) 6) B)
IDN////777/// R ///7/7//77 S / 1/ 7/ /77//4%%
-3 : x -2 x ' X

Puc. 6

Hanpumep, Ha pucysnke 6, a nokasan untepBan (—3; + oo ), Ha
pucyHke 6, 6 — unrepBaJg ( — oo; —2), Ha pUcyHKe 6, 8 — UHTepBaJ
(—oo0; +o00).

Takum o6pa3om, untepBaJ (a; b) MOxeT OGbiTb KOHEUHBIM, €CJH
a U b— naHHble yducyaa (MM TOUKH OCH X), HO MOXeT ObITb H 6ecKo-
HEUHBbIM, €CJH @ WJIH b COOTBETCTBEHHO — 00 HJH -+ oo.

Orpesok [a; b] Bcerna koHeunblii. OTpe3ok onpenenseTcss L1aHHbI-
MH YHCJaMH @ H b (MIH TOYKaMH OCH X).

[MonyunrepBansl [a; b) u (a; b] Takxke wmoryr ObiTh OGec-
KOHEYHbIMH.

[Toayunrepsaa [a; + oo)-— 3T0 MHOMCECTBO 8cex OelicTaurens-
HbLX HuCenr X, YOGOBAETBOPAIOUWUX HEPABEHCTEY X =a, UAU MHOXNCE-
CTBO 8CeX TOYEK OCU X, UMENWUX KOOPOUHATHL X=a.

Iloayunrepsaa (— oo; bl — 310 muOMecT8O 8cex OeiicTéuTens-
HbLX qUuces x, yoOBAETBOPAIOWUX HepasencTsYy x<b, uau mnomxce-
CTBO 8CeX TOHEK OCU X, uMmeroujux Koopdunars: x<b.

Hanpumep, Ha pucCyHKe 7, a NOKa3aH MoJyHHTepBaJa [D; -+ oo),
Ha pHCYHKe 7,6 — noayunrepsat ( — oo; — 3}

a) 6)
/77177777774 /7 /// 771/ 777/ 8
5 X -3 X
Puc. 7

Huorpa pas uucaoBbIX OTPE3KOB, HHTEPBAJIOB, NOJYHUHTEPBAJOB
HCIIOJB3YIOT obillee Ha3BaHHE — YHCJOBbBIE MPOMEIXKYTKH.
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Kpome oTpe3koB, HHTEPBAJIOB U MOJYHHTEPBAJIOB, PaCCMaTpHBa-
10T U APYrHue MHOXEeCTBA YHCeJ, MX 4acTo 0003HauaT GykBamu A,

, C, .... HekoTopble MHOXKeCTBa HMEIOT ClelHadbHble 0603HAUEHUS.
Hanpnmep, N — MHOXKECTBO HaATypaJibHbIX uHces, Z — MHOMKECTBC
1LeJIbIX 4uces1, @ — MHOXKEeCTBO palMOHaJ/bHBIX uuces, R — MHOXKe-
CTBO NEACTBUTEJbHbBIX YHCeN, R, — MHOXeCTBO IeHCTBHTEJbHbIX He-
OTPHUATEJNbHBIX YHCEJ.

Tor ¢akT, yTO YMCHO NMPUHAAAEKHUT WUIH HE NPUHALJNEKHUT MHO-
JKeCTBY YHCeJs, 3alMChiBAIOT € MOMOILLIO CHelHaJbHbIX 3HAKOB:

(npuHagsiexut) u ¢ (He MPUHEAJENKHT).

Hanpumep, —5€Z (uncno —5 NpUHAANERKHUT MHOXKECTBY IIE€/bIX
yncen), —S5¢N (4ucI0 — b He PHHAIJIENKHT MHOXKECTBY HATYpaJb-
HbIX YHCeJ).

22°. a) Kakoe MHOXeCTBO YMcesl Ha3biBAOT OTPE3KOM, MHTEPBa-
JIOM, TIOJIyHHTEpBaJoOM? ‘
6) Yro o3nauaer 3anucb x— + oo, x—> — oo ?

23°. HasoBuTe Bce ueJible UHCAA, NPUHAAJNEXKAUIHE MHOXECTBY
YyHCeJt:
a) [—3 1 6) (=3 1) B)[—3 1) 1)(—=3 1}
1) [—2;3F e (—=23); x)[—23); 3)(—2 3]}
Kak Ha3blBAIOT Ka)/0e H3 3THX MHOXECTB?

24°. Ha3oBuTe TpH Ue/BIX YMCAA, NPHHALJEKALIHE MHOXECTBY
qyHces:
a) [0; +o00), 6)(0; +00), B) (—oo; 1), r)(—o00; 1]

25°, TlpouuTaiiTe Ha3BaHHE UHCJIOBOIO NIPOMEKYTKA H n3obpasu-
T€ €r0 Ha KOOPAMHATHOH NpAMOIi:

a) [3; 5}, 6) (3; 5). ©B) [3 5)
r) (3; 5} 1) [—2 +o0)  e) (=2 +o0)
K) (— o0; —2); 3) (—oo; —2]

26. 3anuwuTte 0603HaueHHE:
a) orpeska or 2 gmo 4;
6) uHTepBaJsa or 2 1o 4;
B) noJiyuHTepBafsa oT 2 no 4, Brawuas 4;
r) nojgydHtepBaja ot 2 mo 4, BKjawouyas 2;
) uHTepBaJsa oTr 5 o —+ oo;
€) nojayuuTepBasa or 5 go - oo;
X) HHTepBaJsa ot — oo 10 0;
3) moayuHTepBasa or — oo a0 0.
N306pa3nure yKa3aHHOE MHOXKECTBO UHCEJN Ha KOOPAMHATHOH
ocH.
27. TlpuHanJexuT JH YUCJH0 — 2 MHOXKeCTBY uuces (caenaiite
3aMHCh C TOMOIUBI0 3HAKOB € U £):

a) [—=3;0F 6) (—23) B) (—o0; =2} 1) (—2 + oo
1) N; e) Z; x) @ 3) R?
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v \ o )
28. IpuHap e HT JH YHCIO 3 MHOXECTBY 4uces (cnenaiite 3a-

IHCh C NOMOLILI0 3HAKOB € H £): )
) (01 6)[L52 8 (-5 3k (G ook

1) N; e) Z; X) Q; 3) R? '
29. 3anuilkuTe YHCJOBOM NPOMEXYTOK, H306Da’K€HHbIH Ha pH-
cyHke 8. '

3 7 x 3 7 x 5 6 X
r) ) e
5 6 x 7 x g8 X

) 3) :
WN/77/77/777 5/ /7/////77/ 48
7 x 8 x
v Puc. 8 -

30°. KakoMy M3 UHCJIOBBIX IIPOMEXYTKOB, H300paKeHHbIX Ha PH-
CYHKe 8, COOTBETCTBYeT HepaBeHCTBO:

a) x=T, 6) x>17,; B) x<§;
r) x<<8§; - B) 3<x<T,; e) 3<<x<T,
K) D<Lx<C6; 3) b<<x{B?

31. 3anuiunTe yKasaHHOoe Ha PHCYHKe 9 YHCJIOBOE MHOXECTBO
C MOMOLIbI0 3HAKOB HepaBeHCTBA.

a) 6)
WD/ 77777777/ N/ /77778 N.
3 x -1 35 ¥

3

B) r) ‘
/7717777777 88 N/ / 7/ 777888
-05 * -7 -1 ¥

’

Puc. 9

32. YkaxuTe HAa KOOPAHHATHOH OCH UHCJa:
a) MeHblige 3; 6) Gonbliue —9;
B) He Gosbuine 2; r) He MmeHbuide 0;
1) 6oabiune 7, Ho MeHbluHe 10;
e) 6oabiuHe —5H, HO Medblide — .
O603HaubTe MOJYy4YeHHOE MHOMXKECTBO UHCeJ.
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33. ¥YkaxuTe Ha KOOpDAHHATHOH OCH:
a) orpesok [2; 5] 6) untepBaa (—2; 0).
3anuiuTe ero ¢ IOMOLLLI0 ABONHOTO HEepaBEHCTBA.

34, HU3o06pasuTe Ha KOOPAHHATHOH OCH YHCJOBbie MPOMEKYTKH.

a) [—2; 3] u [0; 2} 6) [% 3] W [—2 03]
B) (—4; 0,29) u (% 5);

13 3. 1)
F) (-—0,44, -‘—{6) H (—-7, '4->
HMeloT M OHH o6UIHEe TOYKH?

Ecinn na, to sanumute o6iylo uyacTh (nepeceuenue) 3THX
MHOECTB.

1.3. JlekapToBa cHCTeMa KOOPAMHAT Ha MJOCKOCTH

3anaiuM HA IJIOCKOCTH [BE B3aHMHO MePHeHAMKYJspHbE OCH
KOOpJAMHAT — OCb X K OCb ¥ — C TOUYKO#H nepeceuenus O, ABJAAOLICH-
CA HA4YaJbHOU TOYKOH KaXXJ0H H3 3THX Ocell, ¥ PaBHLIMH eJHHHYHEI-
MH OTpPE3KaMH. : :

['oBOpAT, YuTO 3THM Ha IJIOCKOCTH ONpenejeHa NpAMOY20AbHAA
cucrema Koopdunar xOy. Ee Ha3biBalOT euie AeKapTOBOH CHCTEMOI
KOOpAHHAT N0 MMEHH (PaHILy3CKOro MaTeMaTHka H ¢duaocopa [He-
KapTa, KOTOPbIH BBeJ B MaTEéMaTHKY 3TO BaXKHOe MOHSTHe.

Ocb x Ha3bIBaloT ocblo abcumce, a OCb ¥ — 0Cbl0 opauHaT. Touky
O nepeceueHns ocell KOOPAHHAT HA3bIBAIOT HAYAAOM CUCTEMbL KOOPOU-
nat. [1aockocTh, Ha KOTOPO# 3ajaHa JeKapToBa CUCTEMa KOOPAHHAT,
Ha3blBalOT KOOPAHHATHOH MJOCKOCTbHIO.

O6b14H0 ocbh abcunce H306paXkaloT B BHIE FOPHU3OHTANbHOM Npsi-
MOH, HaNpaB/eHHOH BIPaBo, a OCb OPAMHAT — B BHJE BePTHKAJbHOM
npAMOM, HanpaBjeHHoH BBepx (puc. 10).

'k

2+
1-.
} } } } + .
2 -1 O 1 2 3 4 x
-14

Puc. 10



A y‘
Ay 3 ?é
1T 1
i
$ T 10] 1 4 x
o 1 A x

Puc. 11 Puc. 12

[Tyctb A ecTb NpOH3BOJIbHAA TOYKA KOOPAWHATHOA MJOCKOCTH.
[TpoBeneM uepes Touky A TmpsiMble, NapaJJefbHble OCAM KOOPAHHAT
(puc. 11). IpsiMmas, napaJJjenbHas OCH y, Mepeceyer oCb X B TOUKE
A,, a npsAMas, napaJJe/bHas OCH X, epeceyeT ochb y B Touke A, Abc-
LHCCOi TOYKK A Ha3bIBAIOT KOOPAHHATY X TouKH A, Ha ocu x. Opau-
HaTOH TOYKH A Ha3bLIBAIOT KOOPAMHATY y TOYKH A, Ha ocH y. A6cuuc-
Cy X M OpPAMHATY y TOUKH A Ha3bIBAIOT KOOPJAHHATAMH ToukH A.

KoopaHHATE TOYKH 3aMHCHIBAIOT B CKOGKax psiioM ¢ GyKBOH,
obosHayvaomei 3Ty Touky: A (x; y), npuieM Ha f1epBOM MecTe MHWYT
a6ciccy, a Ha BTopoM — opauHaty. Hanpumep, Touka A, usobpa-
KeHHas Ha pHcyHKe 12, umeer aGcuuccy x=4 u opauHaTy y =3, no-
stomy muuyT A (4; 3). Ha pucynke 13 n3obpaxena npsiMoyrosibHas
cuctema koopaunat xOy u rouku O (0; 0), B(—1; 1), C(—3; —4),
D (4, —4), E(6; 0), F(0; 5).

y
-5

B 1
I_; E—-»
-3 |1 |O 4 6 |x
C# -4 *5
i’uc. 13

BakHo OTMeTHTB, UTO ecAU HA NAOCKOCTU 3a0AHA NPAMOY20Nb-
HAR CUCTEMA KOOPOUHAT, TO KawnOol Touke A nAoCKOCTU npusoour-
ca 8 cooTgeTcTsUe napa wucea (x;, y) — napa KoopouHAT To4Ku A,
U 8 TO e 8pems NPOU3BOAbRYIO napy wucen (X, y) MONCHO paccmar-
pusaTs Kak napy KOOpPOUHAT HeKoTopoi Touku A naockocru.

Hy»Ho uMeTb B BHAY, YTO €CJIH Mapa COCTOHT M3 Pa3HbIX UHCEN,
TO, IOMEHSIB 3TH UHCJa MECTaMH, NMOJNYYHM APYTYIo Oapy, onpenens-
IOULYI0 APYTYIO TOYKY IIOCKOCTH. [103TOMy uyacTo mapy KooOpaHHAT
(x; y) Toukn A Ha3pIBalOT YNOPAAOUEHHOH Mapoil uuces.

Hrak, ecin Ha NMJIOCKOCTH 3aiaHa MPsSMOYTroJbHasA CHCTeMa Ko-
opaunar xQOy, TO:

1) kaxooii Touke naoCKOCTU NOCTABAEHA 8 COOTBETCTBUE Ynops-
douennan napa 4ucea (napa KoopouHAT TOUKU);

2) pasHbiM TOYKAM NAOCKOCTU NOCTABAEHbL 8 COOTBETCTBUE PA3-
Hble YnopaooYeHHble NApvl Hucen;

3) kamodan ynopadoueHHas napa Huces COOTBETCTBYET HeKOTO-
POl TOYKe NAOCKOCTU. : :

C e ae ‘
IIpsiMmoyrosibHasi cucTeMa KOOPAH-

HaT xOy paszaeisieT NJOCKOCTb Ha ye- Y A

ThIpe 4aCTH, Ha3bIBaeMble KOOPRHHAT-

HbIMH YriaMH, UJH KOOPAHHATHLIMH I I

YeTBEPTAMH, WJIU [POCTO 4YeTBEpPTH-

mH. O603HauNM HX PHMCKUMH HHbpa-

mu I, I, III, IV (puc. 14). 0 ——
Ec/d HCKIIOYHTb TOYKH, JexalluHe x

Ha 0OCHX KOOpJAHHAT, TO MOXKHO CKa- I v

3aTb, UTO:

TOYkH | UeTBepTH UMET KOOPAH-
HaTHl (X; y), Takue, uro x>0, y>0;

Touk# Il yeTBepTH HMelOT KOOpAH- Puc. 14
HaTH (X; y), Takue, uto x<<0, y>0;

toukd Il uyerBepTH HMEWT KOOP-
auHatel (x; y), Takve, uro x<<0,
y<<0

TOYKH [V yeTBepTH HMeIOT KOOPAH- L— y L \
Hatet (x; y), Takue, uyro x>0, B —-* A !
y<<O0.

Hanpumep, touka B(—2; 5) Ha
pucynke 15 npuHaanexur Il uersep- g
TH, Touka D (4; —2) npusaniexur IV

YyeTBEPTH. 1__F+
Ecuou Touka JeXHUT Ha OCH Y, TO ee

abcuucca paBHa HYJI0; ecau abCUHC- ol 1

Ca TOYKH paBHa HYJIO, TO TOYKaA Jie-

XUT Ha ocH y. Eciu touka sexut na | &

OCH X, TO ee OpIHHATa paBHa HYJIO; TD

ecJid OpJHHAaTa TOUKH paBHA HYJIO, TO

TOYKA JIEXHT Ha OCH X. Puc. 15
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JBe Ttoukn A, (x,; y,) u Ay (X Y) CUMMETPUUHbL OTHOCUTEALHO
ocu opdunar (ocu y), ecid MX KOOPAHHATBl YyAOBJETBOPSAIOT PaBeH-

CTBaM — —
X)=—Xo B Y==Y.

IBe Touku A, (x;; y,) v Ay(xy Yy) cuMMETpULHOL OTHOCUTEALHO
ocu abcyucc (ocu x), eCIn HX KOOPAHHATHl yIOBJETBOPAIOT PaBEeH-

CTBaMm X=Xy U Y= — Y.

Ilse touku A, (x; y,) 1 Ag(Xe; Yg) CUMMETPUUHBL OTHOCUTEADHO
nauasa Koopduuar (Touku (), €M HX KOOPXMHATH yAOBJIETBOPAIOT

aBEHCTBAaM _ L
p X = —Xo U Y= —Ys.

Hanpumep, Ha pucyHke 15 Toukn A u B CHMMETPHUHDBI OTHOCH-
TeJIbHO OCH opauHAaT, ToukH C 1 D CHMMeTPHUHbI OTHOCHTEJBHO OCH
a6cuuce, ToukH E u F cHMMeTpHYHBl OTHOCHTEJbHO HauaJjsa Koop-
LHHAT.

35%. lns KaKMX ToueK KOODAMHATHOM MJOCKOCTH:
a) ab6cuucca paBHa Hyqaw; 06) opAHHAaTa paBHA HYJIIO;
B) aBcuMcca MOJOKHUTENbHA; I') OpPJAHHATA MOJOXHTe/NbHa?
36°. Kakumu cBoiicTBamMu 06JiafaloT:
a) koopauHate touek I, I, III, IV uerBepTeil;
6) KOOPAHHATHI TOYEK, CHMMETPHYHbIX OTHOCHTEJBLHO OCH X,
OCH Y, Hauajna KOOpIHHAT?
37°. HasoBute abcuuccy H OpPAHHATY TOYKH:
ay A(—2; 3); 6) B(3; —2);
B) C(6; b); r) D(—2; —6).
Kakolfi KOOpAMHATHOH 4YeTBEPTH NPUHAMJNEKHT 3Ta TOUKA?
38. Onpenenute No KOOPJHHATAM TOUYKH, B KaKO#H UeTBEPTH KO-
OpPIAMHATHOH MJAOCKOCTH OHA PacCIOJIOXKEHA:
a) (12; 5); 6) (—3; —4)
B) (7; —3) r) (—8; 13).
39. llocTpofiTe TOUKY, CHMMETPHUHYIO TOYKE:
a) A(1; 3) OTHOCHTEJBHO OCH Y,
6) B(—2; —1) OTHOCHTEJIbHO OCH X;
- B) C(3; —2) orHocureapro Touku O (0; 0).
40. TlocTpoiiTe 1aHHYIO TOYKY H TOYKH, CHMMeTPHUHbIE €H OTHO-
CHTEJbHO OCHM X, OCH Yy, Hauasaa koopauxat O (0; 0):
a) A(3; 5) 6) B(—4; 2),
B) C(—4; —3); r) D(3; —5).
Onpenesute KOOPAMHATHI MOCTPOEHHBIX TOYEK.
41. Kakum cBoilcTBOM 006/1agaloT TOYKH:
a) A(3; 2) un B(—3; 2);
6) C(2; 5) u D(2; —b);
B) M(—4; 3) u N(4, —3);
r) E(—3; ) uw F(—3; —1),
n) P(4 5) u Q(—4% —5),
e) X(—6; 7y u Y(6;, 7)?
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42, a) Iloctpoiite Touku ¢ KoopauHataMmu (1; 4), (2; 7), (3; 10).
ADTH TOUKM JexkaT Ha ogHod mnpsmoil. [Iposegure 3Ty
IPSAMYIO.

6) OTmMeTbTe Ha 3TOH NpsiMOll elie ABe TOYKH, 0603HAYbTE
ux 6ykBamu A W B W 3anuuINTe HX KOOPIHUHATHL.

B) Touka C(2,3; 7,9) Takxe JexxuT Ha 3Tod npamoi. [lo-
KaXHTe IIPHMEPHOE ee PaclojioXKeHHe.

r) ITocrpoiite Touky D (1,5; 5,5). Jlexxur n1m oHa Ha 3To#
npsiMoii?

1) Touka E(6; y) nexur Ha sto#i npsamodl. Haiinure y.
e) Touka K (x; 16) sexur Ha stoil npsamoi. Haiaure x.

43. a) Hocrpoiite npamoyronbHuk ABCD mno koopiuHaTaM ero

sepiut: A (0; 0), B (0; 8), C(5; 8), D (5; 0). Hafinure nepu-
MeTp H mjomanb npsamoyroabHuka ABCD.
6) [octpoiite kBaapar ABCD 1no KOOpAHHAaTaM Tpex €ro
pepuminn: A(—2; —1), B(—2; 2), C(1; 2). Hafinure Koop-
JHHAThl BepIHHbl [), mepuMeTp H IJOLIAAK ~KBaapara
ABCD.

44*, Noxkaxure, yto Touku A (m; n) u B (n; m) CHMMeTpHUHBI OT-
HocHTeabHO npsaMoii, nenasimedr [ u I1I koopauHaTHbie yrJbl
[ONO0JaM. ;

3ameuvanue Touku A u B Ha3bIBAaIOT CHMMETPHUHbI-
MH OTHOCHTEJILHO MPsiMOil a, ecjiu 3Ta NpAMas sBJAeTcs ce-
pPEeNHHHBIM nepneHIuKyasipoM kK orpesky AB. Touka npsamoi
a cYMTaeTcsl CHMMeTpHUYHOH caMmMa ce6e OTHOCHTENbLHO 3TOH
npsiMof.

1.4. NMousatne PyHKUHN

ITpumep 1. V13 reoMeTpuu HU3BeCTHO, YTO 06beM KyBa paBeH Ky-
6y AauHbl ero pe6pa. 3To yTBepXKAeHHe HOCUT OOIHH XapaKTep, OHO
OTHOCHTCSL K JiIO6oMYy KyOy. 3anuileM ero B BHAe paBeHCTBA B 00-
uieM Buge. [lyctb a — pnuua pebpa kyba, IV — ero o6wem. Toraa
yKa3aHHOe reoMeTpHYecKoe CBOMCTBO MOXHO 3alHCAThb CJAELYIOLIHM
obpasom:

V=ad*(a>0). (1)

"HepagenctBo, 3anMcaHHoe B CKOOKax, 03HAauaeT, YTO yKa3aHHoe
CBOMCTBO pacCMaTPHBAeTCsi TOJABKO JJIS IOJOXKHTEJAbHBIX 3Haue-
HHll @, MOTOMY 4TO JJiHHA pe6pa Ky6a eCTb HOJNOXKHMTENbHOE UHMCJIO.

PasenctBom (1) nosbaytorcs Kak ¢opMyJoH, TIpY MOMOLIH KOTO-
poil BbluHcasiercsi 00beM J1060T0 KOHKPeTHoro ky6a. Mbl BuauM,
4TO KaXXIOMY 3HaueHUIO NJHHBI pebpa a B CHJY 3aKOHA, Bhipaxae-
Moro Gopmydaoit (1), COOTBETCTByeT omnpelejeHHOe 3HaueHHEe OO0b-
ema V. B Takom ciyuae ropopst, uto V ecTb PYHKUHSA OT @, onpeje-
JeHHasl AJ5 MOJOXKHTeJNbHbIX 3HaueHud a. [oBopsT ewe, yto V ecTsb
GyHKUUA OT a, onpefeleHHas Ha MHOXECTBE IIOJ0XHTENbHbIX
qyucea a.
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H. H. Jlo6aueBckuit I1. Jupuxae

[Tpumep 2. V13 pu3UKH N3BECTHO, YTO MPH NPIAMOJHHEHHOM ABH-
JKeHHH TeJla C TOCTOSIHHOH cKopoctbio, Hanpumep 80 kM/4, myThb
S KM, NPOHJEHHbIH 3THM TeJIOM 3a BpeMs { 4, BHIYHC/AsieTCs 110 ¢op-
MyJie

s=380¢ (1 =0). (2)

31ech KaXIOMy HeOTPHLATENLHOMY 3HAUYEHHIO [ B CHJY 3aKoHa,
BbipaxkaeMoro ¢opmyaoit (2), cooTBeTCTByeT olpelesieHHOe 3Hauye-
Hue s. [lo3ToMy U B 3TOM cjydae roBOpsT, 4YTO S ecTb PYHKIHA oOT f,
olpeeJICHHAa AJS HEeOTPHUUATeNbHbIX 3HAUeHWH ! WM omnpejeJseH-
Hasi Ha MHOMECTBE HEOTPHILATEAbHBIX uyuCesa f.

[lpuBenem ofuiee onpeneneHue gyrkyuu.

Mlycth M ecTb HeKOTOpOe MHOMXECTBO YHCEJd H NMYCTh KaXAOMY
uyncay x 3 M B cHay HekoToporo (BROJHE ONpPeNe/eHHOro) 3aKoHa
NPHBEAEHO B COOTBETCTBHE (OJHO) HHCIO Y, TOrAa TOBOPHAT, UTO ¥
ecTb (PYHKLHA OT X, onpejeleHHass Ha MHoxecTBe M;

IPH 3TOM X Ha3blBAIOT HE3aBHCHMOH NMeEepeMeHHOH W/H aprymen-
TOM, & y — 3aBHCHMOH nepeMeHHoH WIH QyHKUMeR OT x, MHONCECT-
80 M — o6aactbio onpeaeneHus (PYHKILHH.

910 onpesesenve QYHKIHH NPEAJIOKEHO BEJHKHM PYCCKHM Ma-
tematukoM H. H. Jlo6aveBckum (1792—1856) v HeMeLlKHM MaTema-
tukoMm Il. Jdupuxne (1805—1859).

IIpuMepoM (YHKLHMH MOXKET CAYXKHTb 3aBHCHUMOCTb

y=23x.

B 3ToM nmpuMepe 3aKOH 3aBUCUMOCTH NEepeMeHHOlN y OT nepeMeH-
HOH x 3aKJI0OUAEeTCS B TOM, YTO KAXKAOMY UYHUCJY X NPHBOAHMTCH B CO-
OTBETCTBHE YHCJIO Y, paBHOoe 3x. ['oBopsT elne, 4yTo QYHKIHSA, Bbipa-
Kawuiasa 3Ty 3aBHCUMOCTb, 3adana ¢opmyroll

y=23x.
Bot eme npumepbl (pyHKuUH, 3amaHHbIX GHOpMyJaaMu
y=—2x, y=3x—4, y==x

Ykasannble QYHKUMH 3afaHbl (onpenesieHbl) AJaA JI06GbIX 3HAYe-
HUH x, T. €. 1Jis1 AI06bIX AeACTBUTEJIbHBIX YHCEJ X, HJiH, KaAK FOBOPAT,
Ha MHOXECTBe BCEX NEeHCTBHTEJIbHBIX 4HCeJ. :

BykBbl X U y HepelKO 3aMeHSIIOT APYrUMH OYKBaMH.

Hanpumep, nnomans S kBaapatra ecrtb QpyHKuHS

S=a’(a>0)
OT [JNUHbI €ro CTOPOHbI @, OMNpejeJeHHas HAa MHOXECTBE MOJ0KH-
TeJIbHBIX YHCEJI.
YUrobbL yKasars, 4TO Y ecTb PYHKYUS OT X, NUULYT

y=F(x),
ede Gyksa [ xapakrtepusyer TO nPAsUAO, N0 KOTOPOMY NOAYHAIOTCA
3HAYEHUS Y, COOTBETCTBYIOUWUE OOHHOIM X.

HMHoraa pas toro, 4ToGbl NMOAYEPKHYTb, YTO ¥ 3aBUCHT OT X, BMe-
cTo y nuwyT y(x).

Yucno, COOTBETCTBYIOLEE YHCAY X, JJs JaHHO# GYHKUUH Y (X),
Ha3bIBAIOT 3HayeHHeM 3TOll (YHKUMM B TOuKe X, ¥ 0003HAUAOT
Y (xp). Ecan dyHkuua 3anucaHa-B Bule y==f(x), T0 3T0 yucy0 06o-
anauant [(x,).

Hanpumep, nns oyHkUHH y=2x nuwyT

y(1)=2, y(2)=4, y(—3)=—6,
HJIH
[ipy 3TOM roBOpsT, HanpuMmep, YTO 3HAYeHHEe AaHHOH (PYHKUHUM B
Touke 1 paBHO 2 UK «urpek ot | paBeH 2», uan «3¢ ot | paBHo 2»,
T A

Y1066l 3a1aTh QPYHKUHIO, HYXKHO YKa3aTb croco6 (npaBuio, 3a-
KOH), C IIOMOLIbI0 KOTOPOro [Js KaXXAOro 3HAYEHHs apryMeHTa x
MOXXHO HalTH COOTBETCTBYIOIllee 3HaueHHe (YHKIHH Y.

Dynkyus moxcer 6oiTe 3adana Gpopmyaol. Brile paccMoTpeHb
TaKHe TpUMeEpHI.

Dynkyus moxcet b6oiTo 3a0ana Tabauyeld. Hanpumep, ecin usMe-
pPATh TEMNEPaTypy BO3AYXA Yepe3 KaxIblH 4ac, TO KarKJ0My MOMEH-
Ty Bpemenu f==0, 1, 2, ..., 24 6yneT COOTBETCTBOBATb Ollpee/ieHHOe
yucao 7. DTo COOTBETCTBHE MOXKHO 3aMHCaTh B BUAe TabaHIbL

t 0 1 2 3 14 24
T 16 16 15 15 25 17

Takum o6pasom, T ectb PyHKIUS OT £, onpejiesieHHAs HA MHOXe-
crBe ueabix uncen ot 0 no 24 u 3aganuas Tabauuell. 3aKoH, B CHJY
KOTOPOTO KaXKAOMY { U3 3TOr0 MHOXeECTBa CoOTBeTCTBYyeT T, onpejne-
JsieTcsl B JlaHHOM cJiyuae He ¢opMmyJioil, a TabGanuei.

Dynkyus moxer 6biTo 3a0ana u npu nomouwiu epaguxa. O6 3Tom
OyaeT paccKasaHO B CJENYIOWEM IYyHKTe.
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45.

46.

47.

48.
49.

50.

51.

52.
53.

Iycts nana ¢yHkuus y=7{(x). UTo Ha3bIBalOT:
a) He3aBUCHMOH nepemeﬂﬂoﬁ HAH apryMeHTOM;
6) 3aBUCHMOH MepeMEHHOH M byHKLHeH;

B) 06/1aCTbi0 ONpefeJeHnsi QYHKIHH?

a) ®ynkuus 3agasa ¢opmynaoi y=2x-7. HazoBure 3aBu-
CHMYIO M- He3aBHCHMYIO IepeMeHHble. Bbiuucaute: y(3),
y(—2), y(0). Pesy.anaTbl sanuumute B Tabnuuy. Hanpumep,
npu x=—5 y=2-(—5)4+7=—1047=—3.

X —5

y —3

6) 3anana hyukuua y=x. Boiuucaure: y (0), ¥ (2), y (—2),

y(—1), y(Q4L y(é). Pewenue odopmure B BuAe Tab-
JIMILBI.
dynkuus 3agana dopmynod y=3x— 1. BepHo nH paBeH-
CTBO:

a) y(2)=3 6) y(5)=17;
8) y(3)=0 D y(=hH=—3

ITpusenute TpH mpuMepa QYHKLHMH, 3aJaHHBIX GOPMY/IaMH.

Ha3soBuTe 3aBHCHMYI0 H He3aBHCHMYIO IiepEeMEHHBIE.

Oynkuua 3anaHa GopMmysoi y=1—4x.

a) Haure: 3 (6), 4 (—7), 4(05), (3)-

6) Bepuo au pasenctBo: y(5)=19, y(—2)=9, y(0)=1,
3

y(—05)=2, y(—7)=4

3apaiite pyHkuuo GopMyJioH, eCiM 3aKOH 3aBHCHMOCTH Yy

ot x aas x>0 3akjgiouaercs B TOM, UTO Ka)XIOMY X COOT-

BETCTBYET -y

a) B 2 pasa 6oJabilunii

B) Gombuiu# Ha b;
1) MeHbLWIHA B 7 pas;

6) MeHblIMi Ha 2;

r) B 4 pa3a GoJblIHi;

€) paBHBIA yJBOEHHOMY
KBajgpary x.

Bhiuncaute 3HAUYCHHS GyHKiUH y=3x, B35iB 3HaYeHHU: X
or —2 no 2 uepes 0,5. Pewenne opopMHTe B BHAEe Tab-
JIHILLBI.

BbiuncauTe 3HaueHHs (YHKUMH y= x°, B3fB 3HAYEHUS X
or — 1 no 1 uepes 0,2. Peurenne odhopMuTe B BUAe TaGMHILBL.
a) UenoBeK MIeT CO CKOPOCThbIO 4 KM/4. 3anHWIATe MYyTb S,
MpoAAEHHbIA YeNOBEKOM, KaK QYHKUHIO OT BPeMEHH f. Co-
cTaBbTe Tabuauuy, NMOKA3bIBAIOILYI0 MNPOHAEHHBIH NyTh 3a
Bpems oT0 10 3 4 uepe3 kaxable 20 MuH.

6) 3anuuinte niomans S KBaapaTa Kak ¢>yHKumo OT IJIH-
Hbl CTOPOHBI 3TOr0 KBajapara 4.

B) 3anUilliTe CTOUMOCTb § JOTepPeHHbIX OHIEeTOB Kak GyHK-
LHIO OT KOJtH4ecTBa & nponaHbex 6PIJIeTOB ecJi¥ OHH Ouner
CcTOMT 3 p-

r) 3anuuiuTe KOJIMYECTBO HU3TOTOBJAEHHBIX AeTaJqell d Kak
(QYHKUHIO OT BpeMeHH £, ecsid 3a 1 4. H3rOTaBJIUBAIOT 4 AeTay.

54. lana ¢yHKuHUA y=2x—5. Ilpn KakoM 3HaueHUH apryMmeH-
Ta x 3HayeHue Qyukuuu 6ymer pasuHo 5, —3, 0, —b?

55. Kakoii ¢dopmyaoii Moxer ObiTb 3ajaaHa (yHKLHSA, eC/u:
a) 3HayeHusIM x, paBHbiM 0, 1, 2, 3, 4, 5,c00TBEeTCTBYIOT 3Ha-
uyeHus y, pasunie 0, 5, 10, 15, 20, 25;

6) sHaueHusiM x, paBHbIM 1, 2, 3, 4, 5, 6,c00TBETCTBYIOT 3Ha-
uyeHusi y, paBHble 2,5; 5; 7,5; 10; 12,5; 15?7

56. Oyukuusa 3anana dopmysaol y=—:;.

a) Boiuncaure: y (1), y(2), y(5), 4 (0,5), y(%)

6) 3anaiite GyHKUHIO TaGJaHLEH 1/ YKA34HHBIX Bbillle 3Ha-
YeHUH x. A o
57. ®yHkuus 3amahia tabanuei:

a) Tx T 1 ] 21371 4211 57T 6
vy | 1 | 3 151 7 9 [11

&) x T o0 T 1t 1 2713 475
Y | =5 —4] =3] —2| =1] 0

Kakoil ¢opmyoii MOXHO 3agaTtb 3Ty (QYHKIHIO?

1.5. Nonatuie rpajpuka ¢GpyHKunu

Dynkuus Moxer ObITb 3ajaHa NpW noMolid rpaduka. Hanpu-
Mep, 4ToObl y3HATb, KaK H3MeHsieTCA TeMIepaTypa BO3JyXa, Ha Me-
TEOPOJIOTHUECKHX CTAaHLHUAX MNOJb3YIOTCA NpHOGOPOM, HasbiBaeMbiM
tepmorpagom. Tepmorpad cocrour u3 6GapabaHa, Bpawawuerocs
BOKPYI CBOeH OCH NpH IOMOIIH 4aCOBOTO MeXaHH3Ma, H JaTyHHOH
NPOrHyTo# KOPOOKH, YyBCTBHTEJbHOH K M3MEHEHMIO TeMOepaTyphl.
ITpu noBbllUeHNH TeMNepaTyphl OHa pa3rubaercs, a NpPHKPEIJEHHOe
K Hefi IPH NOMOIIH CHCTeMbl PblYaXKKOB CaMOIHILYllee Nepo MOAHHU-
maercst BBepX. [Ipu noHuxenuu temnepartypbl nepo onyckaercsa. Ha
OapabaH HaBepTbIBAeTCH COOTBETCTBYWLIMM 00pa3oM pasrpadiieH-
Hasd OyMa)kHas JeHTa, Ha KOTOPOH Mepo BbIYEPUUBAET HEIIPEPbIB-
HY10 JUHHIO — rpaduK (pyHKUHH, Bbipa)kawileil 3aBUCHMOCTh MeX-
Ay BpeMeHeM H TemnepaTypoﬁ so3nyxa. [1pu nomomu storo rpaduka
MOXHO 0e3 BBIYHCJEHNH ONpelesaTh 3HaUeHHs TemnepaTypr T nas
KaXJ0ro MOMEHTa BpeMeHHu f.

Kaxoaa ¢ynxyus, 3adannas npu nomowu Gopmyasl, umeer 8
dekaproeoil cucteme KOOPOUHAT €8O epad)urc O6 3T0M O6YyAeT HATH
peub BIepenH.
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Ha pucyske 16 uzo6paxeH rpaduk Temneparypbl BO3AyXa B CH-
creme koopauHat tOT, rae t — BpeMs, a T — temneparypa. C ero
NOMOUILI0 MOXHO 6e3 BBIYHUCJEHHH ONpele/UTh 3Ha4eHUs TeMIepa-
Typel T adsa Kaxjaoro MoMeHTa BpeMeHH {. Jas atoro Ha ocu abec-
LLUCC HA40 OTMETHUTb TOYKY ! M BOCCTABHTbL U3 Hee MepPIEHAMKYAAP
K ocu abciuce a0 nepecedeHust ¢ rpagpukomM. OpauHaTa TOYKHU nepe-
ceueHHs ecThb 3HaueHue ¢yHkumuu 7T (7).

g

5

s
2 AL

1 T
0]221%4 tltwltht

Puc. 16

MoxHo ewe ckasaTh, uto rpaduk dyukuuu 7 () B cucTeme Ko-
opaunat tOT ectb coBOKynHoOcTh Touyek Buna (¢ 7T (£)) nas Bcex f us
paccMaTpHBaeMOro NpoMeXyTKa BpPeMeHH.

Haw rpa¢uk ecTh HerpepbiBHAas JUHUSA, T. €. OHA NOJYydYeHa OX-
HUM HENpepHIBHLIM JBHKeHHeM nepa 6Ge3 oTphiBa ero octpus or Oy-
Maru, m03ToMy $yHKuuio 7 0T { Ha3bIBAlOT HENPePbIBHOH. DTO CBOH-
CTBO HenpepbIBHOCTH (QYHKIHH MOXHO 0XapakKTepHU30BaTh elle Tak:
MAAOMY USMEHEHUIO apeyMeHTa | COOTBETCTBYET MAAOE U3MEHEHUE
¢pynryuu T.

Ha pucynke 16 Ha ocu abGcuucc oTMeueHbl 3Ha4eHUS] BPEMEHH f
u t+h, KOTOPBIM COOTBETCTBYIOT 3HaueHHs Temnepatypbi I u T+ S.
Uuco b HA3bLIBAIOT NMpHpallEHHEM apryMeHnta £, a yucjio S — npu-
pameHneM ¢yHkuun 7.

Mbl BHIMM, YTO MaJjJoMy A COOTBEeTCTByeT MaJjoe S.

Temnepatypa T npu HenpepbiBHOM H3MeHEeHHH BpeMeHH ! H3Me-
HieTCH HenpepbiBHO, 0e3 CKayKoB.

Ho BO3MOXHBI U APYTHEe CHTYailHH.

Hanpuwmep, npeacraBum cefe, 4To MO IPAMON JAMHHH ABHXKETCS
apHKk co cKopocTblo v=>5 M/c. Uepe3 7 ¢ oH ynapsiercss o CTeHy H
3aTeM IBUXeTcs o6paTHO CO cKopocThio v=>5 wm/c.

MoHO cuuTaTh, YTO CKOpPOCTh U lIApHKa 3aBHCHT OT BpeMe-
HU ¢ caefyomum obpasom:

v=>0 maa (<7,
v=—>5 guaa t>7.
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Tpaduk 370l GyHKUHH H306paxieH Ha PHCYHKe 17.

v.
5 -
2 NN
0 7 t
|
1
1
|
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}

__5 O
M 1

Puc. 17

[Tosyuusiach JiHHUSL ¢ pa3pbiBoM Npu f=7. B MOMeHT BpeMeHH
t=7 ckopocTb paBHsaaach 5. Ho eciin Kk 7 106aBHTb MOJOKHTENbHOE
KaxK YrojHo maJgoe A, To B MOMeHT 7+ h ckopocTh yxke Oyaer paBHa
— 5. Ipupawmenve S paBio — 10. Tenepp yxe majnoMmy A He coOT-
BETCTBYeT maJjioe S.

B naHHoM cayyae GYHKUHS U OT ! He SIBJAAETCA HeIpPePbIBHOM,
OHA uMeeT pa3puis Npu =7,

T'pagukom gpynkyuy y= [ (x) HA36L6A10T MHONECTEO TOUEK KOOP-
Junarnoil naockocru xOy suda (x; f(x)), ede x — aroboe wucao u3
obaactu onpedenenus PYHKyUL.

Ecau rpaduk ¢pyHKilHH — HENpepPBIBHAA JHHHA, TO QYHKIHIO Ha-
3bIBAIOT HeNmpepbiBHOW. MOXHO cKa3aTh U Tak: @ynkyuw y=f(x)
HA3bL8AIOT HENPEPLIBHO, eCAl MAAOMY UBMEHEHUIO AP2YMEHTA X CO-
OTBETCTBYET MAAOE U3MEHEHUe (YHKyuu Y.

B nanbHefiiieM 6yayT HpuBedeHb MPHMepsl rpadHUKOB PYHKIUHUH,
3aaHHBIX KOHKPETHbIMH (OpMyJaMHu.

]

'58°. MoxHO JiH GYHKUHKIO 3a1aTh NPU NoMolud rpaduxa? [Ipuse-
JUTe TpHMep.

59°. a) Uro HasbiBawT rpadukoM yHKUHU?
6) Kakyio ¢yHKUMIO HA3bIBAOT HeNpepbiBHON?
B) CyulecTByIOT Jid pa3pbiBHble (QYHKIHH?

60. B 6 u yTpa u3 noceska Ha 03epo, Haxoxsuleecsi B 6 KM oT
noceJKa, oTnpaBu/anch pbi6auuTb orew H cbiH. Tyaa mau
Hemwkom, a oOpaTHO exaJd Ha TNONyTHOH MairuHe. Ha
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61.

24

pucyHke 18 uso6paxen rpadpHk ux nsuxenus. Onpenenure
¢ nomMoubio rpaduka:

a) B Kakoe BpeMsl pbi0oJioBbl NPHHLIN K O3€PY;

6) Kak [10JIro OHH MOTJH YIUTb phIOY;

B) CKOJBKO BPeMeHH 3aHsJ Y HHUX oOpaTHbIH NyTh;

r) C KaKOH CKOpPOCTbIO OHH LK MELIKOM;

J1) ¢ Kakoli CKOPOCTbIO exaja MalllHHa.

Syemh
7
\
1 \
1 ‘T
>
9

Qo
»
-3
(0]

Puc. 18
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Puc. 19

Ha pucyHke 19 npuBenen rpaduk H3MeHeHHs TeMIlepaTyphl
BO3JyXa B TeueHHe ofHOro Mmecsua. MamepeHus nposoau-
JUCb OAUH Pa3 B JeHb.

a) Kakas temnepatypa Gowia 4, 8, 12, 21, 27 uucaa?

6) B xakue auu Temneparypa Owiia Boiue 0° C?
B) B kakune guu remneparypa Oblsia Huxe 0° C?
r) CocraBbTe TaGJalLy TeMIlepaTyp 3a BTODYK HelesI0o Me-
cAua.

62. [To paHHBIM, NpUBEJEHHBIM B Ta6JHIe, MTOCTPONTE rpaduk Hame-
HEHH#l TeMIepaTypbl BO3AyXa B TeueHHe ABYX Henenb. ] —
TeMnepaTypa Bosayxa B rpapycax mno lleabcuio, t — QHH.

t |1 23145617819 ]110](11 |12]}13 |14
T —6/—5—5—2 0|1 |0]24}5[1]0]|—21

a) CkojabKo aHel Temmepartypa Onia He Bbie 0° C?
6) Ckogabko aHedl TeMmmneparypa Gbina He Huxe 0° C?

§ 2. OYHKLUHW y=x, y=1 y=—

X

2.1. ®yHKuHA y=Xx K ee rpaduk

3agaauM Ha NJOCKOCTH INPAMOYTOJibHYI0 CHCTEMY KOOpAMHAT
xOy v npsiMy10, JeJALLYI0 NepBblii U TPeTHH KOOPAHHATHRIE YIJIb] NO-
nosiam. [lycte A (x; y) ecTb npou3BObHAsA TOYKA 3TOH mpsMoOi.

y‘ y‘
A
Alx: 1
| (c; ) . IR
I |
il
. '
O 711 g'c Alx;y)
Puc. 20 Puc. 21

Ha pucynke 20 ormeueHa touka A AaHHOH NpsiMoH, MMemoILas
HoJoXKHUTeAbHYI0 a6cuucey x. [lycts npsmasi, mpoxoadiias uepes
Touky A W mapaJuenbnas ocu Oy, nepecekaer ocb Ox B Touke A;.
Torpa

OA,=x, AA=y.
Ha pucyHnke 21 otmMeuena Touka A naHHO#H npsAMoil, uMemWwas or-

puuarenbHyto abcuucey x. [lycts npsimasi, npoxoasiulasi uepes TOUKY
A v napannenbHas ocu Oy, nepecekaet ock Ox B Touke A,. Ho Teneps

OA, = —x, AA= —y.
25




B ka)kioM M3 3THX ciayuyaes TpeyroibHHk OA|A npaAMoOyrosbHbli
u ero octpblil yron A,OA pasen 45°. Ho torana tpeyronbuuk OA A
paBHoGeapennbit ©# OA,=A A, oTkyAa

y==x. (1)

Mbl nosnyunan paBeHcTBo (1), BeIpaxalolliee 3aBHCHMOCTb MeXIY
abcuyccoil X M OpAMHATON y NPOKU3BOJbHOMH TOUKH A KaHHOH NPAMOM.
BrpoueM, npH BbIBOJE 3TOr0 PaBEHCTBA Mbl HCKJIOUHJIHK CaydaH, KOr-
&a Touka A coBmajaet ¢ HayaJsoM koopauHat O. Ho B aTom cayuae
paBeHcTBo (1) Toxke BBLIMOJHAETCA, TaK KakK B 3TOM cCJyuae
x=0u y=0.

HUrak, Jwo6ast Touka A (x; y) paccMaTpuBaeMoii OGHCCEKTPHCHI
uMeeT KOOPAMHATHI, yioBJeTBopsitomue papencTBy (1). Ho Bepro u
o6paTHoe yTBepiKieHue: eciu Touka A (x; y) TakoBa, 4TO y=1x, TO
OHZ JEeXHUT Ha OHMCCEKTPHCE TNEPBOFO U TpPEeTbero KOOPAHHATHLIX
YTJIOB.

B camoM aeae, paccMOTpPHM cHauajga Touky A (x; y), Takyio,
yto x>0.

O6pamasch K pucyHky 20, noayuuM, uro OA,=x=y=AA.
3HauuT, NPAMOYro/bHbli Tpeyronbiuk OA A paBHOGenpeHHBIH, Clle-
J0BaTeJbHO, KaXK/blil H3 €r0 OCTPhIX yrioB pasen 45°. Ho Toraa tou-
Ka A (x; y) HaXOOUTCSI Ha GUCCEKTPHCE MepBOro KOOPAMHATHOTO yr-
ga. Ecan xe x<<0, 1o, o6pauiasice K puUcyHky 21, nosyuyum, urto
y<<0 1 uto Touka A (X; y) HAXOAUTCSA Ha OGHCCEKTPHUCE TPETbEro Ko-
OpIHHAaTHOTO YrJa.

Takum o6pa3om:

ec/id Toyka A (x; y) JieXKuT Ha GUCCEKTPHUCE NEepBOro H TPeTbero
KOOpAMHATHBIX YIJIOB, TO Y =X;

ec/id ke Touka A (x; y) TakoBa, 4TO y=x, TO OHa JeXHT Ha 6Hc-
CEKTPHCE MEepBOTO H TPeThero KOOPAUHATHBIX YIJIOB.

TFoBopsT, 4TO OuUcCCeKTpuca nepsozo u TPeTveed KOOPOUHATHLLX
yeaos ecrs epauk pyHkyuu y=x.

[oBopAT TakXe, UTO OuUcceKTpuca nepsozo U Tpersvezo Koopou-
HATHLLX Yea08 umeer 8 cucreme koopounar xOy ypasHenue y=x.

Urak, ¢pyuxkyua y=x onpedesesa 0aa awboix OdeiicTsurern-
HblX X, T. €. 00JIACTb onpeneseHHA 3TOH (DYHKIHH e€CThb MHOXEeCTBO
R. Tpadpuxom GyHKUHH y=x fABJseTcH npamas — OuccekTpuca [ un
II1 kxoopAMHATHBIX YTJOB.

—
63°. a) Uto sBasiercss rpadukoM GYHKLHH Y= x?
6) Kakoe ypaBHeHue umeer Ouccekrpuca I u IIl koopau-
HATHBIX YIJIOB?
64°. Tpunannexat sau rpadpuky QYHKUMHM y=X TOUKH:
a) A(5; 5), 6) C(5 —5) B) O (0; 0);
r) M(3; 10) 1) N (100; 100); e) K(—6; —6)?
65°. CKOIbKO TOY€K AOCTATOYHO OTMETHTb B CHCTEME KOOPAMHAT
xOy pasa noctpoeHuss rpaduka QyHKUHH y=x?
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66°.

67.

[Tocrpoiite rpaduk ¢yukuuu y=x. Onpenenure no rpa-
duKy:

a) 3HaveHud Y, COOTBETCTBYWOLLHe X, paBubim 0, 1, —2, 3, 4;
6) 3HaueHus] X, COOTBeTCTBYylouue y, paBHbiM 0, —1, 2,
—4, 5.

[Ipu Kakux 3HAYEHUSX X OJA TOYEK TpauKa y=Xx BhINOJ-
HSIeTCA HepaBeHCTBO:

a) y=>0; 6) y=0 B) y<<0; r) y<<0?
68°. Onpenenute no rpaduky QYHKILMM y = X, KaK H3MeHsieTcst (yBe-
JHYMBAETCH HAM YMEHBIIAETCS) § C YBEJHUEHHEM X.
69. Touku A (x;; ¥;) U B(xy y,) npuHaniexar rpapuky ¢GyHK-
uuu y=x. BepHo au, uro:
a) eciiu x; = Xy, TO Y => Yo 6) ecad X; << Xo, TO Y << Yo?
a) y 6) y
Ax;y) ‘
Al
4, o) ‘ F o) ! F
e L1 AGe;y)—
Puc. 22
70*. Ha 6uccektpuce [ u IV xoopAHHATHBIX YII0B OTMETHJIH TOY-
Ky A (x; y) (puc. 22). [lokaxuTe, uT0 AJA KOOPAHHAT 3TOM
TOYKH B KaXKAOM CJIydYde BbINOJHSIETCH PABEHCTBO == — X.
71%, Tlycth aasa koopauHat Touku A (x; y) BbINOJHAETCH paBeH-
cTBO y = — x. JloKaxuTe, 4TO 3Ta TOUKA JIEXKHT HA OHCCEKT-
puce 1l u IV KoopauHaTHBIX YFJO0B.
72, [lpunannexut au rpaduky (byHKLmu Y= — X TOYKa:
a) A(6; —6), 6) O (0; 0);
B) B(5; 5), r) C(5; —b),
1) D (100; —100); e) E(—20; —20),
xK) M(—3; 3) 3) N(7; —7)
73. Hoctpoiire rpaduk ¢yHkuuu y= — x. Onpeneaure 1no rpa-
duxy:
a) 3HayeHWs Yy, COOTBeTCTBYlOUHe x, paBubiM 0, 2, —3, 4;
6) 3HaueHust x, COOTBeTCTBylolHe y, paBHeiM 0, 1, —2,
3, —5;

B) NpH Kakux 3Hauenusx xy >0, y>=0, y<<0, y<<O0;
I) KaK M3MeHseTCs § C yBeJHYEHHEM X.
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74. Toukn A (x;; y,) u B (xy y,) npunapiexar rpapuky QyHkK-
uuu y= — x. BepHo JH, uro:
a) eCliH X, => Xy, TO Yy <Yy
6) eciu X, < Xy, TO Y, =>Y,? ,

75°. Kakomy u3 rpadHkoB QYHKUMH = X H iy = — ¥ IpHHAJJ/IeXKaT
touku A (n; n) u B(n; —n), ecnu n — jgi060e AeHCTBHTENb-
Hoe umciao? Ha3oBuTe KOOpPAMHATBI TaKUX TOUYEK.

'2.2. Gynkuns y=x*

bynkyua y=x* onpedesena 0 a106bix OelCTBUTENbHBIX X,
T. €. 06JacTb onpeaejeHus 3ToH QYHKUHM ecTb MHOXecTBO R.

Tax Kak KBaapar J060ro AeACTBHTEJNBHOr0 YHCJIA — HEOTPH-
aTeJbHOE YHCJO, TO Y TMPUHUMAEeT TOJbKO HeOTpHILLaTeJbHble 3Ha-
YeHHS. ‘ :

Chopmysinpyem u 060CHYeM HEKOTOpble c806cT8a GYHKUHH y= X°.

1) Ecau x=0, 1o y=0. o

3To0 CBOACTBO OUEBHIHO.

2) Ecau x>0, o y=>0.

B camom gaene, ecan x>0, To y=x"=x-X €CcTb NPOU3BEIEHHE
HOJIOXKHUTEebHBIX uuces. [loatomy y>0.

3) Jlas HeoTpHUATEJBHBLIX 3HauyeHHH x GyHKUMA y==x" Bo3pac-
TaeT, T. €. 60JAbLIEMY 3HAYEHHIO X COOTBETCTBYET OGojbliee 3Haue-
nue y. MHade rosopsi, ecium X, H X, — HEOTPHUATEJNbHbIE YHCJIA H
X, <Xy Yy=Xi, Yo=12, 10 ¥, <Y» ’

B camom pesne, ecan x,=0 U x; << %, To =0, a x5>0 no cBoii-
cTBy 2 HepaBeHCTB (cM. 1. 1.1), T. e. X} <<}, HIH Y, <<Ys.

Ecan xe x>0 u x,<x,, TO no csolictey 6 HepaBeHCTB
(cM. m. 1.1) s NMOMOKHMTENbHBIX YHCEN X; H X, H3 HepaBeHCTBA
X, << X, CJelyeT HepaBeHCTBO X;<C X3, HJIH Y; < Yo.

4) Ecau nojsoXuTesbHOE X, HEOrPaHHUYEHHO Bo3pacTas, CTPEMHT-
e K + o0, To U y=x* cTpemuTca K + oo, T. €.

y—-+ oo npn x -4 oo,

B caMom gese, nycTh x cTpeMHTCH K + oo, IPUHHMAsA HAaTypaJb-
Hble 3HaveHusi n=1, 2, 3,4, 5, .... Torna y= x* 6yaeT COOTBETCTBEH-
HO MPHHUMATb 3HAYEHHSA n*=1, 4,9, 16, 25, ... u, O4eBHAHO, TOXKe
CTPeMHTbCH K - 00.

Hast npoMeXKyTOUHBIX (He LesibiXx) 3HaYeHHH X TOXe CIpaBelJHBO
3TO CBOHCTBO.

5) lNpu H3IMEHEHHH 3HAKAa aAPryMEHTAa X HAa MPOTHBOMOJONKHDI
COOTBETCTBYIOLlEE €My 3HaueHHe (PYHKUHH y=Xx" He H3MeHseTcH,
T. . ¥ (—x)=y (x).

B camom gede, (— x)’ = x* ans 1106010 A1eHCTBHTENbHOTO X. DyHK-
IIHI0, 06/1aJlaI0NYI0 3THM CBOMCTBOM, Ha3biBAIOT YeTHoH (YHKUHeil.

TakuMm o6pa3oM, QyHKUHA y=x" — yeTHas QYHKUUS.

6) PyHKuHA y=x" HenpepblBHA, T. €. MAJIOMY H3MEHEHHIO X CO-
OTBETCTBYeT Majioe HU3MeHeHUe Y.
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AroT GaKT CTAHOBUTCH OYEBHAHBIM JIJISl MOJOXKHUTENbHbIX X, €CJIH,
HalpWMep, CUHTaTb, YTO Y — 3TO IJOU[A[b KBajapata CO CTOpPO-
HO¥ x. SIcHO, UTO MaJsioe H3MeHeHHe CTOPOHbI KBajpaTa BJedyeT Ma-
JIOE M3MEHEHHE ero MAOLLalH.

B KauecTBe CJeJCTBHA 3THX OCHOBHBIX CBOHCTB (PYyHKUHH y= X’
Jerko 060CHOBATh ‘U TaKHe ee CBOMCTBaA:

a) ecau x<<0, ro y>0;

6) ecau x—>— oo, TO y——+ o0,

B) 04 HENOAOMUTEAbHbLX SHA4eHuil X pynkyus y=x" ybogaer,
T. €. GOJbIIEMY HENOJOXHTEIbHOMY 3HAYEHHID X COOTBETCTBYET
MeHblilee 3HayeHHe Y.

A
76°. a) UTto 3HauMT, 4TO PYHKUMS y=x" BO3PACTAET AJIA HEOTPHIIA-
TeJbHbIX 3HAYEHUH X?
6) Uto 3HauMT, 4TO QYHKUHA y=X yeTHas?
B) ChopmynupyiiTe OCHOBHBIE CBOACTBA YHKUHHM Y= X’
77. TTokaxuTe, 4To M3 CBOUCTB 2 U b QYHKLUH y= X" c/JeayeT,
yro y >0 naa Bcex xz=0.
78. Tlokaxute, 4To M3 CBOMCTB 3 MU 5 QYHKUHMH y=x° caeayer
4TO JJI HEMOJOXXHTeAbHbIX 3HaueHU# x QyHKUUS y=xé
.. yOuiBaer, T,.e. eciu X, <% <<O H y, =14, Yp= 15, TO Y>>y
'79. Ilnowanb KBajipara .S BbIUHCASIETCH N0 U3BECTHOH dopMyJe
S=.a? rae a— cTopoHa KBajapata. Beiuncsaute S npu 3a-
INaHHBIX 3HaueHHsX a. Peumenre opopMuTe B Buae TabaHUILbI.

a 1 2 [25] 38 [ 31 ] 4 | 43
— :

80. 3anuwute TabauLy 3HAa4YeHHH QYHKUMH y=x° NpPU U3MEHe-
HHH X .
a) uepe3 | Ha orpeske [0; 15];
6) uepe3 1 Ha otpeske [—15; 0];
B) uepe3 0,1 Ha orpeske [0; 1];
r) yepe3 0,1 Ha orpe3ke [—1; 0];
o) uepes 0,01 na orpeske [0; 0,1];
e) uepes 0,01 na orpeske [—0,1; O]

3amMeuaHdue. [Ipu BolyuCIeHUN 3HAYEHHH QYHKLMH MOX-
HO HCIOJIb30BaTh (PopMyJsy KBajparta cyMMmbl. Hanpumep,

3,12=(340,12=9+0,6+0,01 =9,61.

81. CpaBHHUTe 3HAYEHUH YHCJOBLIX BbIpa’KeHHH:
a) 1,172 u 1,18% 6) 1,18 u 1,19%
B) 2,31 u 2,32% r) 2,71% u 2,722

82. CpaBnuTe y, H Y, AN QYHKUHH y=X°, €CJIH:
ca) x=0,5, x,=0,6; "6) x;=17,1, x,==6,3;
B) x,=0,9, x,=1; r) x, =102, x,=9,8.
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83. BbluHC/HTE 3HAYEHUS (DYHKUHH y=x° NpPH:
a) x, papiom —20, —15, —10, —35, 0;
1 1 1 1

6) x, paBHOM —%, ~3» "% TF TH’
B) x, pasiom —0,1; —0,2; —0,3; —0,4; —0,5.

84. 3agnana ¢pynkuus y=x". Onpeneante y(x), 3anucas peie-
HHe caenyomum obpasom: y (—0,8)=(—0,8)=0,8=0,64.

850. Oﬂpellef[l/lTe 3HaK 3Ha4YeHus q)yHKU,HP[ y=x2 npH CJeaYyIoUInX

3HAYEHHAX X:

a)y 0,2; 1,5; —3; —0,2; 6) —8,1; —100; 0,31; 100.
86. SIBasiercst JM GyHKuHs y=x’ Bo3pacTaloledl Ha OTpes-

Ke [a; b], ecan:

ay a= —3; b=3;

B) a=1, b=4;

J—I) a= _27 b= '_1;

6) a=—1, b=1;
r) a=0; b==0,5;
e) a= —3, b=0?

2.3. T'padux pynkunn y=x°

Fpadukom GyHKUHH y = x° ABAAETCA MHOXKECTBO TOYEK KOOPAH-
HaTHOH naockocth xOy ¢ KoopauHatamn (x; x°), rae x — aw6oe
AeHCTBHTEJNbHOE YHCJO.

Yro6nl MOCTPOUTb TpapHK GYHKUHH

y=x, (1)

HaM0 AJA KaxAOro AedCTBUTENbHOrO YHCAA X BHIYHCJIKUTD COOTBETCT-
Bylolllee 3HayeHHe y no dopmyae (1) W nosyuenHbie TOUKH (X; ¥) CT-
METHTb Ha IJIOCKOCTH B 3aJaHHOH JeKapTOBOH CHCTEME KOOPIAHHAT.
COBOKYIIHOCTb BCEX 3THX TOUEK M 06pasyeT rpaduk GyHKUHH y=x’.

OnHako 3Ty pa6GoTy A0 KOHLA BBIIOJHHTh HEBO3MOXHO, MOTOMY
4TO yKa3aHHbIX ToueK GecKoHeuHo MHoro. Bece xe rpaguk ¢pyHkiuu
y=x" MOXHO IIOCTPOHTb NPHGIHKEHHO.

3aganuM nofoJbile OTAEJbHBIX MOJOMKHTENbHBIX 3HAYEHHH X H
BBIYMCIHM COOTBETCTBYOIIHE UM 10 ¢popmyJie (1) 3HaueHus y. Huxke
npuseneHa Tabauua AJsi HEKOTOPhIX 3HaueHn# x u3 orpeska [0; 3]

x 0 03 | 0,5 1 | 1,56 2 2,5 3
y 0 009025 I 225 4 |6256] 9

Touku, cooTBeTcTBYyWIUHe mapam (x; y) TabJHIbi, OTMETHM Ha
MJOCKOCTH B 3aJaHHOH mnpsMoyroibHOH cHcteMe kKoopAuHaT xOy.
[Monyuunack ToueyHast JHHUS, paclosioxeHHas Hanx otpe3koM [0; 3]
ocu x (puc. 23). CoelHHHM 3TH TOYKH TIIJIaBHOH HeNpPEPLIBHOH
JIUHUEH, TaKo#H, YTO OpPAHHATA Yy ee MOABHXKHOH TOUKH BO3pacTaer
BMecTe ¢ abcuuccoit (puc. 23). IloayueHHyl0 HenpepbIBHYIO JHHHIO
MOXKHO pacCMaTPUBATb KAaK NPHOJHKEHHbIH rpaduk GyHKUuHN y= x°
Ha orpe3ke [0; 3] u3MeHeHHUs x.
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9 9
8 8
T T
6 e 6 ‘
5 5
4 4
3 3
2 . 2 l
1 1

(J

T —

ol 1 2 T x Ol 12 3«

Puc. 23 Puc. 24

OrTMeTHM, 4TO H306paxKeHHbI# Ha pUcyHKe 24 rpadHK oTpa)kaeT
cBofictsa 1, 2, 3, 6 GyHkuuy y= x°, chOPMYAHPOBAHHBIE B NIPebILY-
1leM NYHKTe.

CeoiicTBo 6 ykasbiBaeT Ha TO, YTO rpad¥K GYHKUHH y=x 00J-
JKEeH [peACTaBJsATh co00# HenpepbiBHYIO JUHUIO. [T03TOMY MBI M CO-
€1HHUJIM TOYKH Halled TOYEeUuHOH JIHHHU HeIpepLIBHOH JHHHER.

Jlerko mpejcTaBuTh cebe, KaK BhITJSAAAT TPadUK QYHKLHH y=x°
st GOIbINHX NOJOXKHTeNbHBIX Xx. Eciin abcuucca ToukH 3Toro rpa-
($pHuKa CTpeMHTCA K —+ oo, TO ee OpAHMHATa y MO CBOHCTBY 4 TOXe
crpeMutrcs K 4 oco. Ilps 3ToM Hano UMeTh B BUAY, UTO 4 CTPEMUTCH
K -+ oo ropasao ObicTpee, yueM x. Eciii, Hanpumep, x MpHHUMaeT 3Ha-
yeHus 1, 2, 3, 4, 5, 6, ..., TO y COOTBETCTBEHHO PaBeH KBAApaTaM 3THX
uypceda: 1, 4, 9, 16, 25, 36, ....

B cuay csoiicTBa 5 GpyHKUMH y= x* TOuKM rpaduka y=x’ ¢ abc-
L{HCCAMH X H — X UMeIOT paBHble OPAH- :

l

HaTbl, H03TOMY TpaduK (PyHKUHH Y=
CHMMETPHYEH OTHOCHTeJbHO ocH y. Ta-
KHM 00pa3oM, 0Cb y A8ARETCS OCbIO CHM-
METPHH epadura y=x.

Ipaduk ¢pynkuun y= x> nzobpaxen

Ha pHUCYHKe 25, \ I
Junuro, asarsowyyocas epagukom

pynkyuu y=x>, nazeiearor napabooi. 1

YHacTo Mbl 6y/leM rOBOPUTH KOPOTKO «Ia-

paboaa y=x’». 1ol T

B nasabseiiiiem Mbl y3Haewm, 4TO Tpa-
GbHKH QYHKUHH BHAa

y=ax*+bx+c,

Puc. 25
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rae a, b, ¢ — nannble yHcaa W az=0, TakXe HasbiBawT napabo-
JaMH.

Touky nepeceuenusn napaboavl ¢ ee 0CbIO CUMMETPUL HA3bLBAIOT
BepwinHo#i napa6oam. B cayuae y=x* 310 Touka O (0; 0).

PaccmatpuBas napaGosy y=x’, MOKHO HeNOCPeICTBEHHO YBH-
NeTh Psi CBOHCTB QYHKIHH y=x°.

B camoM pene, napa6osia y = x* N1poXoduT Yepe3 Hayaj0 KOOpPLH-
HatT. 10 cBoicTBO | yHkuMH y=x .

Touku napa6osibl y=x°, KpOMe ee BepLIHHbI, HAXOASATCH Bbllle
ocH x. Jaa touek ¢ abcuuccoit x>0 310 cBoiicTBO 2.

Ecan Touka A (x; y) napaGosbl ABHXKeTCS MO HEl Tak, 4To ee ab-
CHHCCA X MOJIOXKHTEJNbHA H BO3PacTaeT, TO ee OPAMHATA Y TOXKE BO3-
pacTtaeT. DT0 CBOACTBO 3. ’

[Tapa6onia y=1x" ecTb HenpepbiBHAs JAMHHSA (CBOHCTBO 6), CHM-

MeTPHYHAsA OTHOCHTENbHO OCH y (CcBOHCTBO 5). Ho Mbl BHOHM Takxe
13 rpaduka, 4To ecJqH aGCIHCCHl X TOYEK Mapa6oJibl OTPHIATENbHbI
H BO3PAacCTaloT, TO OPAHHATHI ¥ yOLIBAIOT, T. €. GOJBUINM OTPHILATE b-
HbIM 3HAYEHHSIM X COOTBETCTBYIOT MEHbILHE 3HAYEHHUS Y. DTO CAedy-
€T Takxe H3 CBOHCTB 3 H 5.

L]
87°. a) Urto Ha3bBalOT rpapHKOM GYHKUHH y= x2?
6) Kak nocTpouts rpaduk QyHKuuH y= x°?
B) Kak HasepiBaloT JIHHHIO, ABASIOWYIOCH TpaduKOM (YHK-

LHH y=x°?
r) B uem 3aknouaercsi CBOACTBO HENPEPHIBHOCTH 3TOFO rpa-
¢duka?

n) Kakylo Touky HasbiBaloT BepuiMHOH napaboabl y= x2?
e) Kxa2;(aﬂ npsiMmasi ABJAETCST OCbl0 CHMMETPHH mMapaboJibl
y=x7?

88. 3anana ¢ynkuus y= x>
a) Ilpu Kakux 3HaueHHsX X onpejeseHa JAaHHAsA QYHKUMA?
6) BrruncsinTe 3HaueHus y, B3sIB 3HaYEHHS X OT — 3 10 3 ue-
pe3 eauHuuy. Pewenuve opopmute B Buje TaGJIHLLI.
) [locrpoiiTe cucreMy KoopaunHaT xOy, B3fiB 32 eIMHHMIY
macwtaba 1 cm. [TocTpoliTe TOUKH C BBIYHCJEHHBIMH KOOP-
NHHAaTAMH H COEJMHHTe MOJyyeHHble TOYKH HenpephiBHOM
JHHHEH.
r) B kakux ueTBepTsix pacmoJaraercsi rpaguk (yHKUHH
y=1x"? Kakue 3HaueHHs npuHUMaeT QYHKUHS y= x°?

89. 3anosHuTe TabAHLY 3HAYEHHI QYHKUMH y=x° ¥ TOCTPONTe
ee rpaduk.

H

£ 242+ 3+ 31 44

x| —
N —
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90. OnpeneauTte C MOMOIbI0 rpaduka QYHKLUHH y= x*
1
a) 3HauYeHHS Y, eCJH X paBeH T 0,3; 1,3;

6) 3HaueHus x, ecau y paBed 1; 1,2; 3,5;

B) ¥(0), y(3), y(1,6), y(4,7),
r) 3HadeHus x, ecau y(x)=3, y(x)=¥6;
1) 3HaueHus y, ecid x>0, x>3, x<< —2;

€) 3HaueHHs Y, ecan — 1 <<x<<l, —2<Cx<5, -—%<x<7.
91. Tpruanaexur au Touka A (x; y) rpapuky OYHKUHH y= 17,

ecJIu:

a) x=1, y=3>5;

B). x=1,5, y=2%;

6) x=3, y=9;
r) x==—2, y=4;
1) x=—04, y=16; e) x=1, y=45?

92. Nana ¢yukuus y=x". [Ipu Kakux 3Ha4eHHSX X:
a) y=>0; 6) y=0; B) y<<0;
r) ¢yHKLHA Bo3pacTaeT; A) QyHKUHUS yObiBaer?

2.4. dyukuns y =1

x

o .
dyukuua y=- onpedenena Ol A0ObLx OelicTEUTEAbHBIX X 3Q

1
uckarovenuem x=0, 1. e. obaacre onpederenus Gynkyuu y=-

€CTb MHONECTBO B8Cex OelCTBUTEAbHBIX dUCens, KPOMEe HYA.
CHayana paccMOTpPHUM 3Ty (YHKUMIO TOJNbKO AJSi [OJMOXKHTEb-
HBIX X.
OTMeTuM chaepywollbe ee c80icT8a:
1) Ecan x>0, o y=>0.

1
2) Aas noJoXHTENbHbIX X (YHKUHS y=- ABasercH yoniBaw-
wei, 1. e. GoabweMy 3HAYEHHIO APTYMEHTAa COOTBETCTBYET MeHbluee
’ 1
3Ha4yenne QyHKuUHN, Hiau ecaH 0<<x <Xy, TO Y>>y, TAe Y=,
2

=1
!/l—xl-

HokaxkeM 3TH YTBepKAeHHA.
1
ITpu x>0 uncaurenbp ppoGu ~ W ee 3HaMeHaTe/lb — MOJIOXH-

1
TeJibHblE UMCAE, NMO3TOMY y=—>>0.

[MycTs poisi HOJIOXKHUTENBHBIX X; M X, BBINOJHAETCH HEPABEHCTBO
X, <x,. Torna Ha ocHoBaHMu cBoiicTBa 5 (cM. m. 1.1) 3aknaiouaem, uyto

1
>L7 T. €. !/1>!/2~
Xo

Xy
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1
o= -
3) Ecau nojoxXurejbHoe X CTPEMHTCH K HYyJI0, TO ¥ cTpe

1
=— 1 K

MHTCH K - 00, a €cilH X CTPeMHUTC K -+ 0o, TO y=— CTPEMHUTC
HyJI0, T. €.
yre y=—1-—+ 4+ oo npu x— 0 (x>0),

X

y=l—>0 npu x— -+ oo.

X

D70 CBOHCTBO NMPOHJJIIOCTPHPYEM HaA NpHUMeEpax. -
Ecay NOJOXKHTENbHOE X CTPEMHTCs K HYJII0, npoberas 3HaueH

! p 6eraer
LI To (QYHKUHA y==— COOTBETCTBEHHO MPO

'2"3’7"5'""‘; 5 % o
3Hauenus 1, 2, 3, 4, 5, ..., T. €. y— . _
Ecan xke x’—> + oo, npoberasi 3HaueHHUs 1, 2, 3, 4, ..., TO COOT

1
BETCTBEHHO Y CTpPeMHTCS K HYJIO, npoGerast 3nauenus 1, =,
1 1
374 oy ! BIX X, T. €. Ma-
4) ®yHKUHA y=— HENPEPLIBHA 1A NOJOKHTEIbH , T. €.
x
JOMY H3IMEHEHHIO TIOJOXKHTEJNbHOro apryMenTa x COOTBETCTBYET Ma-

noe H3MeHenne PyHKUHH Y. npHmepe
[TpouaJlOCTpHpYeM 3TO CBOHCTBO Ha .
H§’)CTb CTOPTCMEHY Hajao MpoGexaTb AKUCTAHUHIO 1 kM. bynem

CYMTATh, YTO OH O€XWT BCIO RHMCTAHIHIO C MNOCTOHHOH CKOPOCTBHIO
v km/c. Torxa Bechb NyTb OH MPOOEXHT 3a f C, NPHYEM

t==%. (1)

31ech BpeMsi { eCTh PYHKLHA CKOPOCTH U. Oqe?&m;z};";(‘){ezaﬂggﬁ
oe W3MeHeHHe BPEeMEeHH,
HU3MeHeHHe CKOPOCTH AaeT MaJ 1 0
Ha nyTh. [losTomy QyHKuUA, 3alaHHAS ¢opmy.ioii (1), HenpepbiBHA
¢yHKuus (HanoMuum: B Qopmyie (1) v=>0).
BJaarogapsi 3TOMY CBOMCTBY MJS TOJOKHTENBHBIX X rpaduk

hyHKLHH y=—l— ecTb HeNnpepbiBHAS JMHHs, T. €. OH MOXeT 6BITD
> x
u306paxkeH HelpepbiBHBIM ABHXXKEHMEM KapaHlaiia.
_1 ?
93°. a) Jlas Kakux x onpejeieHa QyHKUHS J=—T-
t .
=— A MOJIOXKH-
6) SIBnsiercss Jn QyHKUHMSA y=-— yObiBaloulen I
TeJIbHBIX X? |
=— JIOXKHTEJbHOE X CTpe-
B) K uemy cTpemurcsa y=—, KOria fno
MHTCA K HYJIO?

?
r) K uemy crpemuTcs y=-—, KOFla x CTPEMHTCH K + oo

1
; y
1 «
=— 1 [OJIOKH-
1) SlBasieTcs au QYHKUHSA y=— HEMPEPLIBHOA A1
TeJbHbIX X?

34

94. Ilnowane npsiMmoyrojbHuKa paBHa | M2
a) Kakue 3HaueHHss MOryT IPHHUMATb JJIHHBI cTOpoH? [Ipu-
BeJIHTE MpUMEpHI.
6) Halinute A/NMHBL CTOPOH 3TOr0 NPSIMOYTOJbHHKA, €CJH

o 1
AJIMHA OJHOH M3 HUX paBHa: 2 M, 3 M, — M, — M.

4 5
B) CocraBbTe opMyJy 3aBHCHMOCTH MEXAY AJUHAMH CTO-
POH JaHHOTO NPSIMOYTOJbHHKA.

95°. a) Ecau yBesHUUTb CKOPOCTD paBHOMEPHOTO ABUXKeHHA B 2 pa-
3a, TO KaK H3MEHHUTCS BPeMsi NPOXOXKAEHHS 3aJaHHOro pac-
CTOAHUSA?

6) Ecau B 4 pasa yMeHbWIHTb 00beM, 3aHHMaeMBblll a3oM,
TO KaK HM3MEHHUTCS MJIOTHOCThL rasa? ‘

B) Ecin yMeHbIIUTH BpeMsi M3roTOBJIEHHS OAHON JeTajH B
3 pasa, TO KaK H3MEHHUTCS KOJIMYECTBO JeTaJell, H3rOTOBJEH-
HBIX 32 CMeHy?

96. BoiuncainTe 3HaueHHs PyHKUMH y=% npH x, pasuom 1, 2, 3, 4, 5,

1 1 1 1
2° 33§ Peay.anaTbl 3dHECHTE B Taénuuy.

97. Hauna ¢yHkuus y=—)l;. BoiuncanTe:
a) y(ll); 6) y(2l): B) y(31); r) y(Gz;
) y(g); e) y(g); x) y‘(g); 3) y(TO-)-
98. CpaBHuTe apobu:

1 1 1 1 1 1 1
a)—2—H—3-; 6)3143; B)Zﬂ-g; r)—l—o—n—l—l-.

99. Tana ¢ynxuus y——i%. CpaBuure:
a) y(1) u y(2); 6) ¥(2) u y(3);

B) y (1) u y(5); r) y(1) n y(3);
1) y(12) n y(5); ) y(4) n y(3).

2.5. T'paduk dynkuuu y=_'-

X
1
[ToctpouM rpaduk ¢pyHkuuu Y= AJA NONOKHTeJbHbIX x. [lns

1
3TOFO BbIYHCJAHM 3HaueHHE y=; » COOTBETCTBYIOLLEE KaXA0OMY NOJO-

KHUTENbHOMY YHCJY X, M TOJyYeHHbIe TOYKH (X; ) OTMETHM Ha MJIOC-

KOCTH, I'le 3ajaHa JekaproBa cucTemMa koopiauHat xOy. CoBokyn-
1

HOCTb BCeX 3THX TOYeK o0pasyer rpaduk GpyHKuuH y=- AJs noJjo-

KHTEJNbHBIX X.

Onnako 31y pa6oTy 10 KOHIA BBINOJHMTH HEBO3MOXHO, NOTOMY
UTO yKa3aHHbIX ToYek GeckoHeuHo MHoro. Bce ke rpagpuk naumeii
GYHKUHH MOXHO TOCTPOMTh NPHGJIHKEHHO.
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3agagum no0oJbilie MOJJOXHUTEJNbHBIX 3HaUYeHH# X U BBIYHCJIHUM

l -
COOTBETCTBYIOUHE HM M0 Gopmyse y=— 3HaueHHA Y. Huxe npuse
neHa Takas Tabauua AJig HEKOTOPbIX 3HAYCHHH X.

X i 2 3 4

N U
b 3 4

1 i I

OTMETHM Ha IJIOCKOCTH B cHcTeMe KoopauHaT xOy TOUKH, C0206T-
BETCTBYIOLIHE TapaM yuces (x; y), NpHBEAEHHBIM B tabauue (puc. 26).

y
24—o
14—+

? v#—‘
0 11 2 z’a lalc

Puc. 26

CoeNMHHM 3TH TOYKH MJaBHOH HENpepbIBHOM JIUHHEH, TAKOH, 4TO
OpAHMHATa y ee MOJABHXXHOH TOYKHM yObiBaeT BMECTe C BO3PAaCTaHHEM
ee a6cuucchl (puc. 27). IMosyuennyo HernpepbiBHYIO JIMHHIO MOXHO

l
paccMaTpHBaTbh KaK NPUONMIKeHHBIH rpa¢uk Qynkuuu y=- A5

[NOJIOXKHUTEJbHBIX X.
OTMeTHM, YTO H300paKeHHbI

cBoficTBa 1, 2, 3, 4 dyHKuMK Y=

ueM MNyHKTe. 1
Je#CTBHTENbHO, TPAQHK QYHKUHH §=— LJI5 I0JOXKHTEJAbHbIX X

pacnosioxed Haj ocbio Ox, YTO COOTBETCTBYET csoficrBy 1.

Ha pHcyHke 27 rpaduK oTpaxaer

i
l, chopMyJUpOBaHHbIE B NPeAbILY-
X
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y
4

3

2

1 y=5x&>0
O]L234,a‘:>—

Puc. 27

Ecan yBeanunsaercs abcuucca x TOYKH, ABHKYiLeAcsa N0 rpadu-
Ky, TO OpAHHaTa y 3TOH TOYKH yMEHbIIAETCH, YTO COOTBETCTBYeT
CBOKCTBY 2.

CBoiicTBO 3 3aKJIOYAETCS B TOM, YTO €CAH X — - 00, TO y—0.
Ecan xe x—0 (x>0), To y > + co. OHO TOXe B KaKoi-To Mepe
OTpa>€eHo Ha pHCYHKe 27.

Hakoneu, Ha ocHOBaHHH cBoficTBa 4 Haw rpaduK JOJKeH GblTb
HENpPEepbIBHOMA JINHHEH, 103TOMY Mbl H COEAMHHJIH NOJAYYEHHbIE TOYKH
HeNnpepbIBHOH JIKHHEH.

1
- O6aacteio onpenejendsi QyHKLUMH Yy=- SABIAETCH MHOXECTBO
YHCEJ X, OTJIHUHBIX OT HYJIsl, HJIH, BbIPAXKasiCh TEOMETPHYECKHM fA3bi-
KOM, MHOXKeCTBO ToYeK ocH Ox, OT/IHYHBIX OT HYJI€BOH TOYKH. DTO

MHOXECTBO CHMMETPHAUYHO OTHOCHTEJBHO HyJIEBOﬁ TOUYKH. Kpome TO-
ro, Anst awboro x H3 3TOro MHOXKECTBa BbHIQJHAETCsA paBeHCTBO

y(—xj=(_l =—(i)=—y(x), (1)

x) x

T. €. [IPH H3MEHEHHH 3HAKa X Ha NPOTHBOMNOMOXKHBIH COOTBETCTBYIO-
lilee 3Ha4YeHHe (QPYHKLHH H3MEHSIeTCS Ha [POTHBONOJOXKHOE.

DyHKUHIO, 06/121210IYI0 TAKMM CBOHCTBOM, Ha3bIBAIOT HEYETHOI
pyHkuHEH. :

1 ,
Dynkuus y=-; — HeueTHas QyHkuus. B cuay csodicrsa (1) rou-
|
KH rpaguka y==c a0CLHCCAMH X U — X UMEIOT NPOTHBOIOJ0XHbIe

1
OpPAHHATBI, N03TOMY rpaduK PyHKUHH Y=, CHMMETDHUYEH OTHOCH-
TE€JIbHO Ha4daJa KOOpAHUHAT.
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Y-
\
1 y = -i]:-
r——t—
o

0 1 x

\

Puc. 28

1
[ostomy anst noctpoenus rpaduka QyHKUHH y=— AJst OTpHUA-

TeJbHBIX X HAaA0 H306Pa3UTb JHHUIO, CHMMETPUUHYIO YXKe NOCTPOEH-
HOH KPHBOH OTHOCHTE/JbHO Hauaja KOOpAMHAT.

1
=— JJ1a BCeX X M3 ee 06/1aCTH ONnpeaeneHus
Tpapux Qynkuns y=— A P
H306paxKeH Ha pHCyHKe 28. 1
Jlunuto, ABARIOUYIOCA 2PAPUKOM PYRKUUL Y=~ , HA3bLBAIOT TH-
nepGonoi.
: 1 o
OTMeTHM, 4T0 rHNepGona y = COCTOMT U3 ABYX 4aCTeH, HA3LIBA-

eMbix geTgamu eunepborsl. OaHa U3 HHX PACHOJ/IOXKeHa Hall NOJ0XKH-
TeJibHBIM aydoM ocH Ox (6e3 ToukH x=0), a Apyras — HOA OTpHUa-
TenbHbIM JydoM ocH Ox (6e3 touku x=0). M3 rpaduka QyHkumu

y=-)1; (puc. 28) BH/HO, UTO QYHKUMS Y=~ AJIs OTPHUATENbHBIX x 06-

Janaer CAeAYIOIHMH CBOHCTBAMMU:
1) Eean x<0, To y<<O.

. 1
2) Jlas oTpHUATENbHbBIX X QYHKUHS y=— yObiBaer. ‘
3) Ecan orpuuaTeJleoe X CTPEMHTCH K HYJI0, TO y=— CTpe-

1
MHTC K — 00, @ €CJIH X CTPEMHUTCHA K — 00, TO y=; CTPEMHUTCA K

HyJI0, T. €.
y=_)lc-‘—> — oo npu x— 0 (x<<0),
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y=%—>0 npu x — — 0o,

1
4) Das oTpHUATENbHBIX X PYHKUHS Y= HenpepbiBHa.
IlokazaTenbcTBa 3THX CBOHCTB Mbl ONMYCKaeM.
.|

100°.

101.

102.

103.

104.

105.

a) KakoBa o6sactb ornpegenenuss GpyHKUHH y=l?
X
6) Kak HasbiBaloT rpapuk ®yHKUHH y:l?
X
B) CKo/bKO BeTBell HMeeT rumep6oa?

. 1 “ o
r) fBasiercs au yHKuHA Y=~ HenpepbIBHOH, HedeTHOH?

Jlana dyukuus y=%. Kakue snauenus npuHumaer y npu
x>0, npu x<<0? Broluncaure:
a) y(1), y(3), y(5), y(10);
6) y(—1), y(—2), y(—=8), y(—9);
0 u(5) 0(). v (1)

2 ) 3 ] y 2 y

l .

a) Bogpacraer uau y6biBaer GpyHkius yzé Ha MpoMexyTKax
[1; 4+ 00), (0; 1]}, (— o0; 0).
6) Ilpu Kakux 3HayeHHsiX X QYHKUHS y=% He olnpejeJieHa?
MoxxeT nu 3Ta (GyHKUHSI TIPHHATH 3HauyeHHe 0P
Hokaxute, uto GyHKUUA yzé ABJISIETCS:
a) HeYeTHOH; 0) y6biBatonieii npu x<<0.
Pacnonoxure 3Hauenusi GyHKIUH y=% B TIOpsilKe BO3pa-
CTaHus:

v(=35) 4(52)

1

Hana ¢yukuus y=-. B cucreme KoopaHHAT ¢ eAHHUUHBIMH

OTPe3KaMH, paBHbIMH | CM, NOCTPOHTE TOYKH (x; l) npu x,
X

1 1 1
33T CoeaHHHTE MOJNYYEHHbIE

TOYKH HeNpepbuiBHOH JHHHe#. OTMeTbTe TOUKH C aGCLUCCAMHU
1 1 1

5) 6’ 77 '5" Ev 7

Hcnoabaysi nocTpoeHHyIo JIMHHIO ¥ HEYETHOCTb PYHKUHH

paBHom 1, 2, 3, 4, 1

1 .
yz;, [NOCTPOUTE JIEBYI0O BETBb I‘PIHepGOJIbI.
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1

106. C nomoutbio rpapuka QyHKUHH y=— ONpee/nTe:
a) snadenus y, ecaw x pased 0,2; 0,3; 0.8; .
6) aHaueHHs y, €CH X paBeH —3.5; —1,8;, —0,4;
B) 3HaueHHs x, eca y(x)=3, y(x)=5, y(x)=—2;
r) snauenus y, ecau x>0, x>2, x<< —3;

1) 3nauenus y, ecan 0<<x<<l, ——3<x<l—1.
107. Tlpunagnexxut au rpaduky QYHKUHH y=— TOHUKA:

a) A(2; 0,5) 6) B(4; —1);

B) C(—25 —0,04); r) D (6; 0,7)?

108*. ®yHKuMsA y=% ABJIsieTCs yObiBalolleil Ha HHTepBae (— oo; 0),
a Takxe Ha uHTepBade (0; + oco). Ho 3Ta QpyHKIHA HE ABJSA-
ercsi y6biBamolledi Ha Bceldi cBoeil 06s1acTH oOnpelesieHHs.
OO6GBLACHHTE TIOYEMY.

109%. Toctpoiite rpaduk GQyHKUHH: \

—1 2 _ =2
a) y=——; 6) y==; B) y=-73
6 —8 _4
r) y=-<; n) y=—3 &) y=v.
110*. B KakHX KOOpPAMHATHBLIX YIJax PacrojioKeHbl TOYKH rpa-

¢duka y=% npu k>0, k<<0?
§ 3. KBAIPATHBIE KOPHH

3.1. MousTHe KBAAPATHOrO KOpPHS

B reoMeTpuu MHOIZa peulaeTcs 3ajaya: nJoaab KBajpara pas-
Ha b, HAWTH AJMHY €ro CTOPOHbL. IJTa 3ajaua ecTb 4aCTHBIA cay4ai
6osee o6ieil 3apaun. /s naHHoro lleH2CTBPITeJIbH0F0 yucsaa b HalTH
NeHCTBHTENBLHOE YUCJIO G, TAKOe, UTO a —b. [TokaxeM, UTO 3Ta 3a-
Jaua HWMeeT peilleHde, TOJbKO €C/IH b — HeOTpHUATE/bHOE HYHCJIO.

3ajganuM JeHCTBHTENIbHOE 4YHCTIO a. Bosseasa ero B KBanpaaT, no-
JYUHM JefCTBUTE/bHOE YHCIO b=a?% koTopOe Ha3HBAaT KBAOPATOM
yucaa q. IlokaxeM, 4To b — 4HCJO Heogpuuarenbﬂoe.

B camoMm nene, ecan a=0, o b=a’=0-0=0.
Ecau a>>0, To, yMHOXHUB HepPaBeHCTBO a>0 Ha NOJOXHTEJbHOE
YUCJO @, MOJYYUM

b=a’>0.
Ecan e a<<0, To, YMHOXHB 3TO HepPaBEHCTBO Ha OTPHLATeJbHOE
YHCIO @, MOJY4YHM
b=a>>0.
WTak, nokasaHo, YTO NS J060ro NefiCTBUTEJbHOTO YHCIA @

crpaBeaJuBo HepaseHcTBo a’>>0, T. e. KBappar mo6oro aedcren-
TeNbHOTO YHCJAA — YHCAO HeoTpPHUATENbHOE.
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M3 ckasaHHOro cienyer, UTo HeT Takoeo OelicTBUTeAbHO20 YucAq,
k8adpar KoTopozo Obia Gbl pABEH OTPUUATEALHOMY HUCAY.

Tenepb nokaxem, Hcno/ib3ysi rpaduk GyHKUHH y=x7, 4TO AJA
JI060ro HEeOTPHIATENBHOrO 4YWCaa b CyulecTByeT AefCTBHTENbHOE
YHCJO a, TaKoe, 4TO

a’=p,

[lpu b=0 nam Hano HaiiTH Takoe yucao a, yto a’=0. Ho Toraa
a=0, notomy uTo, Kak mokasaHo Bhilte, 0?=0; ecan xe as£0, To
a®*>0. Utak, cyuecTByer equHCTBeHHO uucao 0, KBAAPaT KOTOPOro
paBeH uucay b=0.

[Tyctb. Temepp b>0. Iloctpoum B 1
NpPSIMOYroJIbHON CHCTeMe KoopauHaT xOy y 5
rpadux GpyHkunu y= x. OTI0XKHM OT Ha- \ Y=x 4
yajia KOOPJIHHAT BBEPX II0 OCH y OTPE30K B db-
IJIMHOH b M uYepe3 BepXxHHI €ro KoHer, ‘
1poBejeM NpAMYIO, NapasJieibHYI0 OCH X. |
Orta npsMas nepecekaer napabojy y=x’ \

B IBYX Toukax A u B (puc. 29).

ITycte abcuucca Touku A ecTb YHCIO 1
a. Torpa abcuucca Touku B ecTb yHc- B
J0 (—a), noToMy 4to To4kH A ¥ B cum- <-10| 1 q x
METPHYHBl OTHOCHTEJNbHO oCH y. OueBuj- f I
HO, YTO KBAaApaThl 4HceJ a U (—a) pas-
Hbl b: Puc. 29

a’>=(—a)l=b.

I1pu 5TOM HeT Apyrux meHCTBHTEJNbHBIX YUCEN, KBAAPAT KOTODPBIX
paBHaJcsi Gbl b.

Keadparnoim Koprem u3 naHHOTO YHCIa HA3LIBAKOT TaKOE YHCIIO,
KBaapaT KOTOpPOro paBeH JaHHOMY 4YHCJY.

H3 ckasauHoro chaeayer, uro:

1) cywecTByeT u npuTOM TONBLKO ABa KBaApaTHBIX KOPHSA H3 JIO-
6Oro MoJIOXKHTeNbHOTO Yucaa b. OHM paBHBI N0 a6GCOMIOTHOH BEJHUH-
He, HO MMEIOT pa3Hbie 3HAKH, T. €. OJHH H3 KOpHEH MOJ0XHTENbHbI,
a Apyroil oTpuUaTe/NbHbIl (Ha pUCYHKe 29: g — MOJIOKHTENBHBIH KO-
peHb, (—a)— oTpHLaTe/IbHbIA KOPeHb W3 uucaa b)

2) KBa#paTHLIA KOPeHb H3 HYyJ]S €[HHCTBEHHbIH, OH PaBeH HYJIO;

3) HeT NedCTBHTENBLHOrO YHCJA — KBAAPATHOrO KOPHS H3 OTPH-
LLaTeJbHOTO YHCJIa.

3ameuanne 1. B pomosnenusx kK raase 11 6ynyT BBeneHbl
KODHH KBaJpaTHble W3 OTPHLATEJbHBIX YHCEJ, HO 3TO GyAyT yXe He
NeHCTBUTENbHbBIE YHC/A, a4 TAaK Ha3biBaeMble KOMIJEKCHble 4YHCJa.

3ameuanue 2. FoBopsAT, 4TO KBaApaTHbIA KOPEHb M3 OTpHIA-
TEJbHOTO YHUCJa He CYLIeCTBYeT, NoJpasyMenasi NMoj 3THM, 4TO HeT
AEeHCTBUTEJLHOTO YMCJAa, KBAAPaT KOTOPOrO €CTb OTpPHLATeJbHOe
YHCJIO0.
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Mpumep 1. Uncaa 17 1 — 17 — KBaJgpaTHbie KOPHH U3 289, no-
Tomy u4to 172=(—17)*=289.
pumep 2. Unucna T ——-% — KBajpaTHble KOPHH H3 —4% , IOTOMY

7
1\2__ _l 2__1_
wo (7)) =( ) =7
25
IllTpumep 3. Hucaa < M —3 — KBaJpaTHble KOpHH 3 -, MOTOMY

5\ [/ B\2__ 25

YTO (3) —(——g) —-—9—
Mpumep 4. Uucna 0 — eIMHCTBEHHbIR KBaApaTHBI KOPEHb H3 0.
Mpumep 5. Her neiicTBMTe/bHBIX KBaJPaTHbIX KOpHed H3 —4.

]
111% a) Mosket Ju GbITb OTPHLATEJNbHBIM YMCJIOM KBaipat Aed-
CTBHTEJbHOTO yucaa?
. 6) UTo HA3bIBAIOT KBAAPATHHIM KOPDHEM H3 JaHHOro 4ucsaa’?
B) CKOJMbKO CyUleCTBYeT KBaADaTHbIX KOpPHeH H3 IOJOXKH-
TeJbHOTO YHCAA, U3 HyJs?
r) CyuecTBylOT JH AeHCTBUTeJbHbIE YMCJIa — KBaJpaTHbIE
'KOPHHM M3 OTPHLUATENbHBIX YHMCes?
112. Hafinure cTopoHy KBajparta, €cjH €ro nJollaab paBHa:
a) 25 cm% 6) 1 Mm% B) 400 Mm%
r) 49 am% 1) 16 kMm% e) | ra.
113. TlokaxuTe ¢ nomouiblo rpadHka QYHKIHH y=x’, uTo:
a) CyulecTBYIOT [Ba AeHCTBHUTEJNbHbIX KBAAPATHHIX KOPHS H3

yucaa 3;
6) cyuiecTByeT eJIHHCTBEHHBIA KBaApaTHbIA KOpPeHb M3 YHC-
aa 0;
B) He CyHlee¢TByeT AEeHCTBHTeNbHBIX KBAaJAPAaTHBIX KOpHE# U3
yucaa —>H
114°. Hajinute uMcio, KBaapaT KOTOPOro paBeH:
a) 4; 6) 100; B) —©6; r) 81;
n) —0,25; e) 0; x) 0,09; 3) 1,21.

115. Jlokaxure, uTO:
a) uncao 11 ectb KBajgpaTHblil KopeHb u3 121;
6) uucao — 13 ecTb KBagpaTHbIH KopeHb u3 169;
B) uMcao 1,7 He sBJAsIeTCS KBalpaTHbIM KopHeMm M3 2,39,
r) uuciao —0,7 He sBAseTcAs KBaJAPATHHIM KOPHEM H3
—0,49.
116. HalinuTe KBajpaTHbie KOPHH M3 UYHCJHA:
a) 10 000; 6) 3600; B) 640 000; r) 16000 000;
1

1 L. 2.
) g 3 *) 55 S
JlokaxuTe NPaBHJALHOCTbL peIleHHS.
117. IposepbTe, sABJAseTCA JH UYHCJIO!

a) 42 kBagpaTHLIM KOopHeM H3 1764;
6) — 19 kBagpaTHbIM KopHem H3 361.
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KBajpaTHbId KopeHb u3 4, Vb —

3.2. ApudMeTnyecKHii KBaapaTHBIH KopeHb

Apupmeruneckum Ksadparnoim KapHem W3 NAHHOTO HEOTPHLA-
TEJAbHOFO YHCAA b Ha3bLIBAIOT TaKOEe HEOTPHilaTeJbHOE YHCJIO0, KBaj-
pat Kotoporo pasen b.

D70 yHca0 0603HaYaT \/b W YHTaAIOT «apHpMeTHYECKHH KBal-
paTHBIH KOpeHb M3 uucaa b».
BbiunciiuM  HeckobKO .apHOMeTHYECKHX KBaAPaTHbIX KOPHei:

VO =0, Vi =1, \4=2 9 =3 16 =4,

. 1 2% 5
V25 =5 \w =7 V7 =3

[lonuepkHeM, uto apudMeTHYeCKHH KBaAPATHBIN KOPeHb M3 HYJIS
paBeH HyJ10, a apupMeTHYECKHH KBaJpaTHbI KOPEHb H3 MOJOXH-
TEeJbHOFO YHCJA — YHCJO0 TOJOXKHTENbHOE.

HHorna BMecto c/ioB «apHdMeTHUECKHH KBaAPaTHbIN KOpeHb H3
YHC/Ia» FOBOPAT «apHpMeTHUECKOe 3HAYEHHEe KBAJPATHOrO KOPHA M3
YHCJIA», HIIH «2PU(PMETHYECKHH KOpeHb BTOPOH CTENEHH M3 YHCaa».

YacTto BhipaxeHue W a1 b=0 mbl 6yneM HasbiBaThb NPOCTO
KBaJpaTHbIM KOPHEM H3 b, onyckasi AJist KPaTKOCTH NpPHJaraTejbHoe-
«apudmMeTHYecKuit», HO noapasymenas ero. Jus b<<0 Bbipaxenue
\/5_ He HMeeT CMBbICJIa.

Cpenn aByX KBaJpaTHbIX KOpHell M3 MOJOXHTeJNbHOFO YHcaa b

OJHMH apH(pMeTHUYeCKHH, paBHBIi \/F, a Apyros paseH —\/.l;;
3aTo KBaapaTHbIH Kopedb M3 (0 TONBKO ORHH: \/'O—‘=O.
3Hauut, dan Kamdoeo weorpu- :

yareavroeo yucaa b cywecrayer, u |

npUTOM TOALKO O0UH, apudmeTuue- 4 _I

ckull KeadparHovli KopeHs. L —
Ha pucynke 30 uucao 0— ,H'

apupMeTHUYeCKHH KBaApPAaTHBIA KO- '
peHb u3 yvcaa 0, 1 — apudmernue-

CKHH KBaApaTHbIi KopeHb H3 |, I

V2 — apudMeTHUeCKHUil KBaApaTHbIN
KOpeHb H3 2, 2 — apudMeTHUeCKHH

-9

W

N
N

apudMeTHUYeCKHH KBaapaTHbIi KO-
PeHb M3 TIOJIOXKHTENbHOTO UHC-

HApyrumu csnoBaMu: W3 AByX He-
OTPHUATENbHBIX 4YHCea Goabuwie TO,
KBaapar Koroporo Goasbtie, Puc.

aa b. 1
Kak BunHo u3 pucynka 31, ecau !
HeoTpHUATe/bHble yucaa b, u b, ta- N / } 1 J‘_
KOBBI, 4T0 b;<<b,, TO \/E<\/Z 0 1 ‘/52\/" x
l
30
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3%’ >

bl '\/32 x
L

Puc. 3t

M3 ckaza”Horo caelyer Takxe, 4To apudmemuecxue KBajapart-
Hble KOPHH H3 PaBHbIX HEOTPHLATEAbHLIX YHCeJ pPaBHbL. MoxHo
CKas3aTb W TaK. eCJH KBaJpaThl HEOTPULATEJbHBIX UHCE/ paBHbl, TO
3TH 4YHUCJla PaBHBI. )

118"

119°

120.

! TIpu BLINOJHEHKH STOIO W CAELYIOUIHX YNPaXKHEHHA YNOGHO N0Jb30BATHCH Ta6-

a) Uro Ha3bIBAIOT apH(METHUECKMM KBaAPATHbIM KODHEM H3
NAHHOrO 4HcJa?

6) CKOJIbKO CyliecTBYeT apupMeTHYECKHX KBAAPATHBIX KOP-
Heil M3 NAHHOrO yucjaa?

B) Moryt Ju ObiThb paBHbIMH apudMeTHUYECKHEe KBaJipaTHbie
KOPHHM H3 HepaBHBIX YHCes?

r) BepHo aH, 4TO (\/_) =b, rae b=0?
Haiigute apudmernyeckre KBajapaTHbie KOPHH':

a) VO, V&, \0, T, V81, Vi21, V400, \144;

6) V0,49, 10,25, 10,04, 1/0,0016, \/7 \/-23, T

AL

1600
Boruncaute (120—122):
DENE. o
r) V16 + A) ;
%) V100 —V36; 3) V144 —\121;

B) \/§_+\/Z:
e) \/_ST——\/-‘E)‘;
u) V0,36 +V0,49.

JMUeHd KBaJpaToB.
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121.

122,

123°.

124.

125.
126.

127.

128.

129.

130.

a) 2-\B8I; 6) -;--\/W; B) V4 -10,25;

r) V0,16 -\/9; ) V0,27 : V3, e) V49 :/0,01;

%) \5 VBT 9) VO35 +\[5: ) VIG9\G06%.
a) 5-\4 .3 6) 29 +316;

B) \/'13—_3-3—; r) \ﬁm,

1) V58 122:2; ) 30,64 —5 V1,21

Hmeer nu cmeica BbIpAaKE€HHE:
B) VO;

ay —V25; 6) V—25; r) yi—5?
Hafigute, eciin BO3MOXKHO, 4HcJIO, apn¢MeTuquKHM KBaj-
paTHbIfi KOpeHb H3 KOTOPOrG paBeH:

a) 7, 6) 0,2; B) —2; r) —100.
Bbmnc.nme (125—126):
7 —\/ 4

a) \/900, V6400, /810000, \/250000, /16000000 ;
6) V0,64, 10,0064, 1/0,0009, 1/0,000016, \/0,000004 ;
B) V256, \/729, 196, \/625, /289, \/361 .

Jlokaxure, uto:

a) \/Z>l; 6) \/—3_>1; B) 2<\/§;

r) 1L4<\2; 1) 1,7<V\3;  e) 1,8>13;
3) 1<\3 <2

x) 1<\2 <2
a) VI00 w \/§l—; 6) V100 u VI21; B) \/4— u 3;
r) % u V0,25,
3) \/2-};1{ \/%‘i; u)\/%—nji-.
Boiuncaure:
a) (V2);  6) (VB B (VI3 ) (VTR
AY KOTOPbIMH 3aKJIOUEHO YHCJIO:
a) \/ﬁ; 6) \/T7—; B) \/2_3—; r) \/@

CpaBHHTE yHCaa:
1) 2 u \/_IE; e) % H \/zTg;
%) V008 n \/%
Haiigute 1Ba noc/ienoBaTe/ bHbIX HATYPANBHBIX YHCAA, MEXK-
3.3. KsaspaTubiii KOPeHb H3 HaTYpaJbHOIO YHCAa

Ksadpar narypaarvroco uucaa ecro narypaavnoe wucao. Ho e
BCAKOE HATYPANALHOE 4UCAO eCTb K8AOPAT HEKOTOPO20 HATYPAAbHO-
20 wucaa.

Cpenu nepsbix 20 HATYpaJbHBIX YHCEJ TONBKO 4 SBASAIOTCA KBaJ-
paTtaMd HaTypaJbHbIX Yucesa — 3710 1, 4, 9 ¥ 16.
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Cpeau nepsbix 1000 HaTypaJsbHbiX unuces umeercs 31 kBajpar,
T. e. npumepHo 3%. Bot oHHu:

1, 4,9, 16, 25, 36, 49, 64, 81, 100, 121, 144, 169, 196, 225, 256,
289, 324, 361, 400, 441, 484, 529, 576, 625, 676, 729, 784, 841,

900, 961.
Ecau e paccMOTpeTb HaTypaJbHble uHcia, He Goabwue 10 000,

To cpeau Hux umeercsi Bcero 100 uuces, T. e. 1%, sBASIONINXCA
KBaJpaTaMH HaTypajbHbIX YHCEJ, 8 HMEHHO:

12, 22, 3%, ..., 1002

Ecau usBaeun aqu’)MeTId‘leCKHe KBaJpaTHbi€ KOPHH H3 KaxXI0ro
W3 3THX 4YHCeJs, TO NoJydyaTcs COOTBETCTBEHHO 4YHCJ/aAl

1, 2, 3, .., 100.

Mkl BuauM, uTO cpeau GOJIbILIHX HATYPAJbHBIX YHCes OUEHb pel-
KO MnonajaalTcsi KBajpaTbl HAaTypaJbHbIX yHuceJ.

Teopema. Ecau HATYparsHoe 4UCAO He ABAAETCA KBAOPATOM
HEKOTOPO2O HATYPAALHO20 YUCAG, TO OHO ABAAETCA KBAOPATOM Up-

PAYUOHAABHO20 4UCAQ.
NokazateabcTBo. [lyctb N — HaTypa/lbHOe UYHC/IO, He fiB-

Jsiouieecs KBajpaToM  HaTypaJdbHOro 4ucJaa. HpeJJ,no.nome,
4qTO N ectp uncao pauMoHaJibHOe, T. €. 4YTO

VN =2, (1)

e p ¥ ¢ — HaTypaJbhble yhcaa. Bynem cuurtaTh, 4to 3Ta ApO6h He-
COKpaTHMasi, HHauye Mbl MpeABapUTeJbHO ee cokpaTuau GObl. Ilocae

Bo3BeldeHusl paBeHCTBa (1) B KBaApaT MOJNYYHUM
2

N=L. (2)
q

Ecau 3mech g=1, To N=p% 7. e. N — KBaJpaT HaTypa/ibHOTO
ypcsia, 4To NpOTHBOPEUHT YCJ/OBHIO. Ecau xe q> 1, TO JeBasi 4acCTb
paBeHcTBa (2) eCTh HATYPaJbHOE YHCJIO, @ IPaBasi — HECOKPaTHMas
Apo6b, YTO HEBO3MOXHO.

CaenoBaTeibHO, Hallle NpeJNoJoXKeHHe HEBEpHO, T. €. Wecrb
yhca0 HppaunoHasapHoe. Teopema noKa3aHa.

TakuM o6pa3oM, KBaJpaTHble KOPHH

VE, VB, VB, VB, V7, VB, VIO, VT, ViZ, ..

eCTb MpPalnHOHAJbHbIE YHC/A.

131°. Moxer /1 GBITh pallMOHAJbHBIM YHCJIOM KBaJPaTHbIA KO-
peHb H3: a) NPOCTOro YHcaa; 6) HaTypaJibHOro Yucaa’?

132. a) BuinumukTe HaTypaJdbHble YHcAA, Menbline 150, KoTopbie
SBJSAIOTCA KBaJpaTaMH HaTypasibHbIX 4HCe.
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6) FimMeloTcst JIn KBAPATEl HATYPa/ibHBIX YHCEN CPEfH HATy-
paJabHeIX 4Hcen ot 150 mo 2007

133. fBasiercss i KBaApaTOM HaTypasbHOrO YMCJIA YHUCIO:
a) 7; 6) 27, B) 0; r) —5;

9
1) 3 e) 100; X)) — 16; 3) 49?

*
134*. [loka)kuTe, 4YTO He CylileCcTByeT pauMoHaJbHOIO YHCJIA,
KBajpaT KOTOPOrQ paBeH:
1

a) 5; 6) 7; B) 5 r)
135*%. JlokaxuTe HppallMOHAJbHOCTbD YHCJIA:

a) \3; 6) \V5; B) \7; r) VII;

) \6; e) \8; x) V10; s) V12.

136. SIBasieTcss JM YMCAO PAUMOHANBHBIM, HPpALHOHALHBIM:
a) \/:1_; 6) V13; B) V16, ry Vi7;
) —\/5; e) V20, X) V25, 3) \/6?

ILOK&)KHTQ, 4TO 3HaAYE€HHE NAHHOI'O BbIPa>Xe€HUS — YHCJIO pa-

uuoHanbhoe (137—138):

137. a) (V2 —1) (V2 +1); 6) (V3 —1) (V3 4 1),
B) (V5 —V3)(\B +V3) 1) (V6 +V5)(\6 —V5).

138. a) (V2 +1P+(V2—1%  6) (VB+V2P+(\3 —\V2 R
B) (V7 —1P4+(V7T +1% 1) (V6 —\BP+(\VB +V3 )
1) (V7T —2P+4 V7, e) (V8 +37—618.

139. lokakute, uto /s M060ro a>0 BHINONHAETCSH paBeHCTBO

(Va+1—Va)(Va+1+Va)=1.

3.4*. MpubanXKEHHOE BbIYHCIAEHHE KBaJpaTHbIX KOpHe#

w| -

Mbl 3naeM, uto \2 ecTb uppaumoHasibHOe yucao. ClenoBaTeNb-
HO, €ro JecATHYHOE PasJoXKeHHe

V2 = ao,ala2a3...

O6eCKOHeYHOe HelepHoaHUYecKoe.

ITokaxkeM, KaK BBIUHC/ISIETCS YHCIIO Gy H KAK BBIYHCJSIOTCS MOCIe-
JAOBATENbHO UHGDPBI W), Oy, U5, ... .

W3 nBoiiHoro HepaBeHcTBa

l<2<4

VI<V2<\4, 1 e 1<\2 <2

a=1, 1. e V—Q_zl,alazas... .

cjenyer, 4ro

3Hauur,
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Bynem Tenepb uckaTb G, Jlasi 3TOro paccMOTpHUM YHCIa
1,0; 1,1; 1,2; 1,3; ..; 1,9; 2,

rupe-to MexJay HUMH HaXOAHTCsE YHCIAO \/2 Yrobnl Y3HaTh, MeXIy
KaKHMH H3 HHX, 6yneM nocJeA0BaTe/bHO BO3BOAUTh HX B KBajapartT:

1,02=1; 1,12=1,21; 1,2°2=1,44;
1.37—1,60; 1,42=1,96; 1,5°=2,25.

,U,aJIblIIe BbIYHUCJIATH He Hajgo:. Mbl BHAHMM, 4TO
1,42<2<1,5%,

HJIH
1,4<\2 <1,5.

OTo nokasbiBaer, uto o, =4, T. €. \[2_=1,4a2a3... .
Uto6bl HalTH @y BBIYUACIMM KBaJApaThi YMCEN:

1,402=1,96; 1,412=1,9881; 1,42°=2,0164.
Mbl BUAUM, 4YTO
1,412<2 < 1,42%

1,41 <\2 < 1,42.

[Mostomy a,=1, T. e. V2 =14la;a,... .
Hrak, Mbl HallJ¥ LeJYI0 YacTb H nepBble ABe UMPPpbl nocjae 3a-
NATOM B JECATHYUHOM pa3foxeHud 2, WiH NPUOGTHKEHHOe 3Haye-

HHe \/5:
V2 ~ 1,41

C HeJOCTAaTKOM C TOYHOCTHIO A0 BTOPOro 3Haka mnocJe 3anAToMH. HPO-
AoJXas 3TOT NPOLECC, Mbl GYB.CM HaXOoAHThb HpHﬁJIH)KQHHbIe 3Haye-

Hust V2 ¢ TeM KoJanuecTBOM uup nocjie 3ansiTod, KOTopoe HaM Mo-
HaJ06HUTCH, APYTHMH CJIOBaMH, BbIUHUC/IUM V2 ¢ ToO4YHOCTBIO 00 J1060-
ro HeoGXOLMMOTO HaM 3HAaKa IOCJe 3anAToH:

V2 =1,4142135... .

DTOT NPOLECC MOXKHO NPHMEHHTb K MPHOJIHKEHHOMY BhIYHCIHE-
HHUIO apHpMETHUECKOTO KBaJAPaTHOTO KOPHS U3 J1060ro HaTypaJbHoO-
ro uuc/aa, He SIBJSIIOUIErOCH KBaAPaTOM HATypaJsbHOro 4ucja.

Ho 06bluHO TaKue BhluucaeHHs He genator. CyumecTsyioT noapo6-
Hble Ta6JHLbl AJA NPUOTHKEHHbIX 3HaUeHHH KBaApaTHbIX KOPHEH u3
HaTypaJibHbIX YHCEJ,

Kpome Toro, ¢ noMoublo KadbKyJ/AITOPa MOXXHO MOMEHTAJIbHO y3-
HaTb, YeMy NpHOJIMKEHHO paBeH KBaJApaTHbIH KOpeHb H3 JaHHOro
HATYpaJIbHOTO YHCJA.
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140. Oas xaxporo u3 uHcen 2, 3, 4, 5, 6, 7, 8, 9 Haiaure:
a) HauGoJsiblllee HATypaJibHOE UYUCJIO, KBAJApPaT KOTOPOTLO He
GoJibllle JAaHHOTO 4HCJA;

6) HauMeHbllee HATypaJibHOE YHCJ0, KBaApaT KOTOPOro He
MeHbllle JaHHOTO YHCJA.
141. Hailiaure npubauXKeHHOE 3HAYeHHe KBAaAPaTHONO KOPHS H3
yycgaa ¢ tou”HocTbio go 0,01:
a) 3; 6) 5; .B) 6; r) 7,
n) 8; e) 10; x) 11; 3) 12.
142, BbluucJjuTe ¢ TOUHOCTbIO 10 1:
a) \174; 6) \242; B) V357 r) V413,
143. Boiuncaure ¢ TouHocThio po 0,1:
a)\y23; - 6)V3i; B) V45, r)Vo3.
144. BblukcanuTe ¢ TOYHOCTbHIO 0 TPETbEro 3HAKa nocJje 3ansiTOH:
a) \6; . 6)\8: 8) V10 r) V1.

[TpoBepbTe pe3yabTaThl 10 Tabsaule KBaApPaTHbIX KOpHeH.
145. Ucnonb3ys TaGJuully KBaApaTHbIX KOPHeH, BbIYHCJHTE:

a) V2; 6) \5; B) VI3; r) V72;
n) \V97; e) V1,2; x) V2,8; 3) \5,1;
) V12,3; K) V43,1; a) V841, M 784 ;
H) V1225; 0) \V1849; n)) \/_\/3249; p; \/\/4—%1—;
c) \/689; 1) \1578; y) V2578 ; d) V4774
146. TlpoBepbTe cnpaBelJUBOCTh HepaBeHCTBA:
a) 6,0<\f37 <6,1; 6) 4,3<\19 <4.4;
B). 11,0<<\123 < 11,1; r) 21,3 <<\/456 < 21,4.
147. Kakoe uucio siBiasiercs 6osiee TOYHBIM NpHOJHKEHHEM \/Tl_:

a) 3 uan 4 6) 3,3 unu 3,4;
B) 3,31 nan 3,32; r) 3,316 uau 3,317?

3.5. CgoiicTBa apn(MeTHYECKHX KBaJAPATHBIX KOPHEH

Teopema. flycte a u b — awbble HeOTpUYATEABHDIE HUCAQ,
C — NOAOKHUTENAbHOE HUCAO, TO20a Cnpasediuss. PABEHCTEA

Vab =\a\b, (1)
i=f‘:—. (2)

e Ve

s 1106020 OelicTBUTEABHO20 HUCAQ G 8E€PHO PABEHCTBO

Va® =lal. (3)
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HdokasartenbcTBo. JleBas 4 npaBas yactu paBeHcTBa (1) —
HEOTpUUaTebHbl€ YHC/AA, H HX KBaApaThl PaBHbl OLHOMY H TOMY Xe

yucay ab:
(Vab )= ab,
(Va Vb y2=(Va }* (Vb =ab.

Ho Torpa, kak mbl 3HaeM H3 n. 3.2, © CaMH UHCJa pPaBHbI.
PasencTso (2) noKa3biBaercst Tak e, Kak U paBeHcTso (1). Bos-
BOAMM B KBaJApaT ero JieByl0 H MpaBYyl YacTH:

a 2_a
c) T ¢’

(JEY_de N _oEr_

Ve/ Ve e ey e

a a
Tak xak KBaApaThbl HHCEJ 7 H —= paBHbl, TO JieBas 4aCTb PABEH-

Ve
crBa (2) paBHa npasoil.
Keaapart ;060ro neCTBHTE/NBHOIO YHC/AA HEOTPHLULATE/IEH, N03TO-
MY B JIEBOH 4aCTH paBeHCTBA (3) NeHCTBUTENbHO 3aNUCaH apHPMeTH-
YeCKHHl KOpeHb U3 HEOTPHLATEJBHOTO 4ucJa.
[To onpenejeHur0o apudmerHyeckoro KBaAPaTHOTO KOPHs

(\/a_2)2=a2. [Mokaxem Tenepb, uyto |al’=a®. B camom nese,
ecan a>=0, o |al =a, u notomy |a|’=a’%

ecin a<<0, 10 |al= —a, u noromy |al’=(—a)f=d"

Hrak, Mbl [0Kasa/jiu, 4TO KBajpaT JieBOH 4HacTH DPaBeHCTBA
(3) paBen kBaapaTy ero NpaBoil YacTH H OCKOJbKY 3TH YaCTH HEOT-
pUUaTesNbHbl, TO OHH PABHbI MeXAy CcOGOMH.

TeopemMa pokasaHa.

OtmeTruM, uTo paBeHcTBO (1) 03HAUYaeT, YTO KOPeHb U3 npousse-
OeHus, HeOTPUYATEAbHbLX 4UuCen pasex npoussedenuro KopHell u3
aTux 4uces. PaBeHCTBO (2) 03HauaerT, UTO KOPEHb U3 4ACTHOEO OT Oe-
AEHUSA HEOTPUYATEADHO20 HUCAQ HA NOAOHKUTEAbHOE PABEH HACTHO-
MY KOpHel u3 aTux uucea. :

3aMeTuM, 4T0 B 3THX GOPMYJHPOBKAaX Mbl AN KPATKOCTH BMECTO
CJIOB «apudMeTHUECKHH KBaJpaTHbIi KOpPeHb» HaMHCaAd MPOCTO
KKOpeHb».

Pagencta (1), (2) u (3) noMoraioT ynpouiaTh UHCJOBbIE BbipaKe-
Huf, colepxKalllie KBaJjpaTHble KOPHH.

pumep 1. \/§6= V16-5 =\/ﬁ-\/§=4\/—5—.

Hpumep 2. \/% = \/% = \/—2% \/%7=%\/—3_

pumep 3. \/§\/§2_= V832 =\/l—€2-=16.

Mpunep 4. (2B +3V5 —7V2) (V72 +V20 —4\2)=
=(2VAV2 +3V5 —7V2) (V236 + V45 —4\2)=
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=(4V2+3V56 —7V2)(6 V2 +2\5 —4\2)=
=(3V5 —312)(2V5 +2V2)=6(\6 —\2)(\6 +V2)=
=6((\6)'—(\V2))=6(5—2)=18.

[TpeoGpazoBanue \16-5 =45 Ha3bIBAaIOT BBIHECEHHEM MHO-
KHTEAl  M3-MmoA  3HaKa  KophHa, o6paTHoe npeoGpa3zoBaHue

4 \[5 = \/16-5 Ha3blBAIOT BHECEHHEM MHOXHTEANA NOL 3HAK KOPHA.
3 3\2  3\2
V2 V22 2
€M OT 3HAKa KOPDHH# B 3HaMeHaTede HJH 008060)K}10HHCM OoT Hppa-
HHOHAJBHOCTH B 3HAMECHAaTeJeE.

[IpeoGpasoBaHue Ha3blBaIOT OCBOOOXAEHH-

148°. a) Uemy paBHO npou3BeeHHe KBaJAPATHBIX KOPHEH M3 HEOT-
pPHILATEJBLHBIX YHCEJ?

6) Uemy pasen \/a—2 IS NOJIOXKHTEJNBHOTO YHCHa a?

B) UeMy paBHO 4acTHOe KBaJApPaTHbIX KOpHeH H3 IMOJIOXKH-
TeJbHBbIX 4YHCes? '

r) [lepeuncsure cBolicTBa apH(PMeTHYECKHMX KBaAPaTHbIX
KOpHeii.

1) Ecan a<<0, To siBasiercs an Bhipaxenue Va® apudmern-
YEeCKHM KBaJAPaTHbLIM KOpHeM?

149. Boiuncaure:
a) V42, 6) V3,12 B) (—1%; 1) (=5

n) V1,135 e V(—7.2%; %) V(—0,3)%; 3) V(—57,1)%.

150. TIpn KaKHX 3HAUeHHSX X CIPaBelJHBO PABEHCTBO':

a)\/7=x; 6)\/—x_2_=|x|; B)\/?=—x; r)\/?———O?

151. YnpocTuTe BbipakeHHe:
a) \/a_Q, ecan a>=0;
B) \/—m_Q, ecan m=0;
1) V(x4 1), ecan x41>0;
e) V(m—2)?, eciu m—2>=0;
x) V@Ba+ 1), ecan 3a+1>=0;
3) V(p—4), ecan p—4<0.

Boiuncanrte (152—153):

! NaJjee Bceraa 6ykBamu Gyaem 0Go3nauath yuciaa. HanomHum, uto uucna nop
3HAKOM KOPHSl HEOTPHLATENIbHBLI, a 3HaMeHaTesqd Apobed ne obpawaiwTcs B Hyllb.

6) \/b_2, ecan b<<0;
r) \/;2_ ecan n<<0;
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153*.

154*.

155.

156.

157.

158*.
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a) \/_27; 6) \/—3—4-; B) \/_2?; r) \/37’-;
0 V(—2F: e V(=3F: =) Va5 a) \Vmd.

Ykasanue. IloakopeHHoe Bbipaxkenue npeoGpasyiite
B CTereHb ¢ Nokasartejem 2.
YnpocTuTe BbipaxKeHHe:

a) VE242x+1; 6) Va’+2a+1;

8) VI —2m+m?; r) V4—4p+p*;

n) Va*+2d°+1; e) V9—64"+4¢*;

x) V4 —12x49; 3) V2543024 9a%.

Bbluucaure: 7

a) V4-9; 6) \9-16; B) V16-25;

r) V25-49; 1) V25-36-9; e) \V49-64-100.
BhiHecHTe MHOXHTeNb H3-MOJA 3Haka KopHs (156—158).
Hanpumep: \/§=\[4-_2=\/I-\/§=\/§7-\/§=2\/§.

a) VI2;  6) VI8, B) V205 ) V24;  n) \2T;
) V28; k) VB2, 3) VA5 w) VB0, k) V72
a) V108;  6) \I47;  8) V162; r) V245;

1) V275, e) \363; k) \/3%; 3) /576;

u) \/67_6_; K) \[Qﬁ; a) 54756 ; M) \/m

Ykaszauue B claoxHbx CJly4yasax [MOJEe3HO pPasjOXKHTb
NOAKOpPEHHOE Bblpa)Ke€HHe Ha IPOCTbl€ MHOXKHTEJNHU H Bbife-
JHTb KBaapaThl 3THX MHO)KHTEJIEﬁ, eCJH OHU HUMEIOTCH.

Hanpumep: /2160 1-# cnoco6. Y2160 =
Wolne Ve
540 1250  =V27-V22-V3%-V3-5 =
%g g =2.2.3.\15 =12/15.
97 3)32 2-i1 cmoco6. V2160 =
g g =1/22.92.32.3.5 =
1 =V(2-2:3)-15 =
=V(2-2-3)* - \/15 =12\15.
a) Va*; 6) V2, B) \Vm’;
RAE 1) Va?; e) Vm?-4n*;
x) Vx'y?, 3) V9p%¢*; u) \25a°%?%;
k) V16xy®; 121m*n’k? .

1) V49pg®a®;

159.

160.

161.

162*,

163.

164*.

165.

Bbiyucante (159—160):

a) \/W, 6) V27-12; B) m

r) \32-72; 1) \/40-55.22; e) \21-35-15;
) \6-30-245; 3) \/245.27-60;  u) \/242.98.
a) V8 -V8; 6) V3 -\75;

B) V20 -\/45; r) V8 -\/50;

1) V40 -\/10; e) /27000 -\/30;

x) V640 -\/1000; 3) V25000 -\/1000 .

BHecure MHOXHTEJb IIOJ 3HAK KOPHA:

a) 22; 6) —3V2;

8) 4\5; r) —10V5;

1) aV4, az=0; e) mn\/g, m=0, n>=0;
®) 2x\6, x<0;  3) 3pg\2, p=0, ¢=0;
n) £ \/3; K) a®\7, a>=0;

a) m*n\[&, n<O; M) 5c%d*\/2, d>0.

BbiHecuTe MHOXHUTE/b H3-I104 3HaKa KOPHsH:

7 3 40 72
a) 6’ 6) E‘, B) ﬁ’ F) E'
1, . © 7a

) ~\ [3m’n® K) 25x°%° ) 0,1x M) 5m®
4a% ’ mn’ ' 104%° 0,5n °

Briusicaure;
49, 64 . 1 169
a) \/3r: ) V100’ RAAVEY SIS, V&
6
n) \/r;

BbiHecHTe MHOXHTENb H3-1i04 3HAKa KOpHA:
1 1 12 3
a) \/j; 6) \/:; B) Vj:; r) \/—;;

' 8 . I 1 a n
e) \/7—2‘ ) Vi 8) \fa: w) \/; K) \/-;
[Tpeo6pasyiiTe BbipakeHHe TaK, 4TOObI 110J 3HAKOM KOPHA
CTOAJIO LEeJ0e YHCJIO!

I, 5.
a) 3'3", 6) 1 6’ B) 2

Ao ! 5 10 \io 10
Hanpunmep: 2—2-_ ;=T F =7

7-
B) 16,
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166.

167.

168.

169.

170.

171.

3Had npubJHKEeHHOe 3HaYeHHe V§z2,449, BbIYHCJHUTE NPH-
6JHKEHHO:

2 3 3 2
a) \/3: 0) \zg: B) \g D V%

OCBO6OILHT€CI: OT 3HaKa KOpHS B 3HaMeHareJe:
Vi2 V18 V7 bx
v 4. 6) V——: : r :

0F 0 DR R

1) V48 |

\/Gx’

<l

!
e) ﬁ X) ﬁ 3) 3
Vox V5 V2

CpaBHuTe 4YuCJa:
a) 32 n 23; 6) 1020 n 20V/10;
B) 3\/@1&2\/0—5; r)5\/0,_3u7\/6§;
) 3\/—16144\/5; e)6\/§_u5\/z;

3) 230 u 5V5;

%) 7V5 u 5\7;
n) 1210 u 1012,

Pacno.nomee B MopsalKe BO3pacTaHusa 4ucJa:
a) V32, V30, 313, 512, 3 \72;

6) 0,248, 09V3, V3, V12, 1315.

BriHecHTe MHOXHUTEJNb H3-NOJ 3HAKAa KOpHA:

a)3V8:  6) V275 B %\/3—7
Ynpoctute BbipaXkeHue:

a) 22 +312;

6) 28 —3V2;

B) Va —5Va;

r) a \x —3Vx;

1) 2Va +3Va —\4a;

e) V2 +3V32 45128 —6 VI8;

x) (3V8 +V18 450 —2V72)-V2;

3) (T2 =516 —3V8 +4120)-3V2;

n) (8+3V5)(2—\5);

K) (3—V2)(24+3V2)

a) (2V6 4513 —7V2) (V6 —2V3 +412),

M) (V12 —1)(Vi2 + 1)
H) (7—V3)(V3+7); o) (V20 —3)(342V5).

<|

3\ /®
4 5

172, Pa3JioXHTe Ha MHOMXHUTEJH:
a) Vx +x; 6) a—Va; B) a\3—bV3;
r)3Ve—3Vo; ) xVy—yVx; &) m\n+n\m;
X) \/a—e’—+2a; 3) 3mn—\m*n?;  w) xy—\2y.

173. Cokparurte Hpobb:

a)E—\—[-—Q;;ﬂ; 6)-2——_fv—2_-V2_-; B)—V—%E.is-;
7V3 —21 Vr+x m—\m
1")"—1'4—73—‘—, , 1) Vi e) LY

174. BosBenuTe B CTEleHb:

a) (Va +\b ) 6) (a—bVx )i 8) (VB+V2)
r) (V3 —=\2); n) (143V2)5 &) (—14+4\3)

175*. OcBo6oauTECH OT HPPALHMOHANBLHOCTH B 3HaMeHaTese:

L 2 . V6 —1 .
Ve 9w YN
VL 1) —t ey Y5 —V3
V-t V3 +V2 V5 +V3

JOTIOJTHEHUS K TI'JIABE 1

1. MHoXxecTBa

MHroxcecrso — 310 coOpaHue Kakux-iubo npeaMeToB, Beulel, no-
HATHH, Ha3bIBAEMBIX ero ssemenTamu. B MmateMatuke 3T0 MHOXecT-
Ba 4YHceJ (HaTypaJibHbIX, LeJblX, JeACTBUTENbHbBIX H AP.), MHOXKECTBA
TOYEK, (Uryp u T. 0.

MHoxecTBa 0603Ha4YalOT JaTHHCKUMU 6ykBamu A, B, C, ... . Ec-
JIM a ABJAETCS 3JeMeHTOM MHOoXecTBa A, To nuwyT a€A W roBOpAT
«a npuHapexuT A». Ecau b He aBAsieTCH 3/leMeBTOM MHOXecTBa A,
10 nuuyT b¢A u ropopar «b He NpHHALIEKHT A>.

Ecau n1060it ameMeHT MHOXKeCTBAa A SBASETCH 3JEMEHTOM MHO-
)xectBa B, To A Ha3biBaT nodmnosxcecrgom Muoxectsa B. IMuwyr
ACB # rosopsit «A NMOAMHOXKeCTBO B»,

Ecnu A COCTOMT TONILKO M3 ONHOIO 3JieMeHTa 4, TO PasJuyaloT
mHoxecTBo A={a} u snemeHnT a MHoXecTBa {a}.

MHOXecTBO, He cojlepxallee HH ONRHOTO 3J€MEHTa, Ha3bIBaloT
nycrom mroxcecrsom. Ero 0603HauaioT 3HakKOM U CUMTAIOT, UTO
MYCTOE MHOMECTBO SIBJSETCS [OAMHOMKECTBOM JI0GOr0 MHOXKeCTBA.

MHO0X€eCTBO, COCTOsIlIEE U3 KOHEUHOrO YHCJIa 3J1eMEHTOB, Ha3biBa-
10T KOHe4HbiM. DJEeMeHTbl KOHeYHOr0 MHOXECTBa, COCTOSILEro U3 1
3JIeMEHTOB, MOXHO 3aHYMepOBaTh!

a,, Qy, Qg .., 4,
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MHOXeCTBO Ha3blBalOT 6ECKOHEUHbIM, €CIH 1 J1000T0 CKOJIb
YroaHo 60J1bLIOr0 HATYPAJNbHOFO 11 B 3TOM MHOXECTBE Haiigercs 6o-
Jiee ueM 71 3JE€MEHTOB.

Hanpumep, mHoxecTBO N HAaTypaJibHbIX YHCeJ

I, 2, 3, 4, ...

GeckOHeuHO. MHoXecTBO R JeilcTBUTEJNbHBIX YHCea Toxe OGec-
KOHEUHO. .

O6pedunenuem MHOXeCTB A U B Ha3bIBAIOT MHOXECTBO, COCTOf-
llee H3 BCEX 3JEMEHTOB, MPHHALNEKAIWUX JHO0 MHOXecTBY A, JHGO
mHoXecTBY B. O6benHHeHHEe MHOXKECTB A u B obosnauawtr AU B.
3HaK |J MPOHCXOAMT OT mepBoi GYKBbI JaTHHCKOTO CJ0Ba union (06b-
eNMHeHHe, COI03).

Iepeceyenuem MHOXKecTB. A 1 B Ha3blBalOT MHOXECTBO, COCTOSA-
lilee M3 BCEX 3JEMEHTOB, KaXX/blil 43 KOTOPbIX MPHHAIJEHKHUT U MHO-
xectBy A, u mHoxectBy B. INepeceuenne muoxecrs A u B 06o3Ha-
yawor A B. ‘

Hanpumep, nycts A=[0; 2], B=[l; 3]. Toraa

AUB=[0; 2JU[1; 3]=[0; 3],

AnB=[0; 2]n[L; 3]=I1; 2}
ToBopsT, uTo MHoXectBa A M B HMeioT paBHbie (OLMHAKOBbIE)
MOLILHOCTH, €CJH MeXJy 3jJeMeHTaMH a€A u bEB MOXHO yCTaHO-

BHTb B3aMMHO-OHO3HAYHOE COOTBETCTBHE.
Hanpuwmep, Mexay snementamn muoxectsa A={1, 2, 3} n mHo-

xectBa B={1, 4, 9} M0O>XXHO yCTaHOBMTb B3aUMHO-OJHO3HA4HOE CO-

OTBETCTBHE | 9 3
NN N
1 4 9

OTH MHOXECTBAa MMEIOT paBHble MOIIHOCTH.

T0BOPAT, UTO MOLHOCTb MHOXecTBa A MeHbilie MOLHOCTH MHO-
XKecTBa B, ecjH MeXay 3JAeMEeHTaMHM 3THX MHOXECTB HeJIb3sl yCTa-
HOBHTb B3aHMHO-OJHO3HAYHOE COOTBETCTBHE, HO CYLIECTBYeT MOAMHO-
xecTBo B’ — B, Takoe, uTo Mexay 3jieMeHTaMH A H B’ MOXHO ycra-
HOBHTb B3aHMHO-OJHO3HaYHOe COOTBETCTBHE.

Ecan A u B — KOHeyHble MHOXECTBa U A COCTOHT M3 1, 3JeMEeH-
TOB, a B — M3 Ny 3J€MeHTOB, TO, 04eBHIHO, MOILHOCTH A v B paBHHI,
eCaH n,="n, H MOWHOCTb A MeHblle MOWHOCTH B, ecin ny<f.

MOILIHOCTb KOHEYHOro MHOXecTBa A MeHble MOUIHOCTH Gecko-
HEYHOro MHOXecTBa B: Befb A COCTOMT U3 KOHEUHOTO YMCJIa 3JIeMeH-
TOB, 2 B B cyuiecTByeT GoJiblie 4eM £ 3JeMEeHTOB s J060ro Haty-
paJibHOTO 7.

MuoxectBo N Bcex HaTypaJsibHbIX UHCEJ HMEET MOLLHOCTb OfMHA-
KOBYIO ¢ MHOXECTBOM BCEX YeTHBIX HaTypasbHbIx unces. Beab umeer
MECTO B3aUMHO-OJHO3HAYHOE COOTBETCTBHE

n=2n n=1,2 3, ... .
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HOJIy'-IH.HCﬂ IpuMmep 6eCKOHEYHOT0 MHOXXE€CTBAa, HMEIUIEro OaH-
HaKOBYI0 MOIIHOCTbL CO CBOEH 4acTblO.

Bot euie npuMep. MHoxecTBO BCex HaTypaJibHbIX 4YHCeJ] H MHO-
’KEeCTBO BCeX LeJbiX HeoTpHUAaTe/JbHBIX YUCEJ HMEKT OJAHWHAKOBYIO
MOMIHOCTbD. BSHPIMHYlO OJHO3HAYHOCTb MeXJAYy 3J€MEHTaMHu 3THX
MHOXE€CTB MOXHO OCYWECTBHTb TaK:

1 2, 3, 4, 9, ..

NN N NN
0, i, 2, 3, 4, ..

YpasHenue a+x=2>, rae a U b — HaTypaJbHble YHCIA, He BCer-
Aa paspeliuMmo, T. e. He BCerja MMeeT pellieHHe B MHOXeCTBe HarTy-
paJibHbIX YHCeJ, HO BCerja HMMeeT pelieHHe B MHOXeCTBe LeJblX
yuces. .

YpaBuenne a+x==>b, rae a u b — oGbIKHOBEHHbIE npobH, He
BCerja paspeliuMo B MHOXKecTBe 0ObIKHOBEHHBIX Apo0eil, HO Bceraa
HMeeT pellleHHe B MHOXKECTBE PalHOHAJbHbIX 4HCe.

Ypasuenue ax=~=, rae a u b — uennie uucna u a0, He Bcerna
paspeliiM0 B MHOXeCTBE LeJAbIX YHCes, HO BCEraa pa3pelinuMo B
MHOXECTBE PallHOHAJbHBIX YHCEJI.

Ecan nasnas apudMernueckas onepauus (CJA0oXkeHHe, BbIUHTA-
HMe, YMHOXeHHe, feJeHHe) IPHMEHHMa K JABYM YHCJaM H3 JLaHHOTO
MHOXeCTBa M B pe3yJbTaTe AaeT UYUCJO H3 3TOr0 XKe MHOXECTBA,
TO TOBOPSAIT, UTO MHOMECTBO 3AMKHYTO OTHOCUTEAbHO 3TOU onepa-
yuu. B npoTMBHOM cayuae TOBOPSAT, YTO OHO HE3AMKHYTO OT-
HOCUTEAbLHO 3TOl onepayuu.

Hanpumep, MHOXeCTBO HAaTypaJbHBIX YHCeJ 3aMKHYTO OTHOCH-
TeJILHO CJIOXKEHHS H YMHOXKeHUS, He3aMKHYTO OTHOCHTE/bHO BbIYUTA-
HHS W JeJeHHS; MHOXECTBO IEeJbIX YHCEeJ 3aMKHYTO OTHOCHTEJbHO
CJI0XEHHUs, BBIYUTAHUS U YMHOXKEHHS, HE3aMKHYTO OTHOCHTE/ILHO Jie-
JeHHS, MHOXEeCTBO palUOHAJbHBIX YHCEJT 3aMKHYTO OTHOCHUTEJBHO
Bcex apH(pMeTHUecKuX onepauufl (LefeHHe Ha HyJb 3alpelleHo).

Hpunyun Qupuxae. [1ycTb A — KOHEYHOE MHOXKECTBO U3 71 HATY-
pPaibHBIX YMCes, KaXa0e H3 KOTOPbIX He NpeBblIaeT YHCAO R, M
k< n. Torna B A ecth paBHble uncaa. Beapb ecan 6bl Bce unc/ia MHO-
KectBa A ObliM Pa3JHuYHBL, TO CPEAH HHUX 00513aTeNbHO OblIO Obl
yucio, GoJbuiee R, HO 1O YCJOBHIO 3TOF0O HeT.

[Mpunuun dupuxje OGbl NPHMEHEH paHee NPH N0KA3aTeJbCTBe
MEePUOAHYHOCTH JEeCATHYHOTO DPa3JjOXKeHHS PalMOHAJbHOIO YHCJa.

Ipsameim npoussenenueM A X B mHoxecTs A u B Ha3biBalOT MHO-
xKecTBO Bcex nap (x; y), rae x€A, y€B.

Hanpumep, KOOpAUHATHYIO IIOCKOCTb R, MOXKHO paccMaTpHUBaTh
KaK mnpamoe npousperenue RXR’ IByX NeACTBHTeNbHbIX ocell R
H R’, rne x€R, yeR'.

Ecau KoHeyHble MHOXecTBa A U B HMeIOT m H n 3JeMeHTOB CO-
OTBETCTBEHHO, TO MX MPSAMOe NMPOHU3BEJEHHE COLEPXKHT M-n 3JeMeH-
TOB, TaK KaK C KaXJbiM H3 3JJeMEHTOB MHOXecTBa A MoxHO 0o6paso-
BaTb n Nap C J€MeHTaMH MHoxecTBa B.
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STIEEREE———
176. N, Z, Q, R coOTBETCTBEHHO MHOXKeCTBa HaTypaJbHbIX, Lle-
JblX, PALHOHAJBHBIX H NEeHCTBHTEAbHBIX YHCEJL.
a) 3anuwure, HCNONb3Ys NPUHATbIE 0G03HAUYEHHUS, KAKOMY
U3 3TUX MHOMECTB INPHHAAJEXKHUT, 4 KAKOMY He NpHHalJje-
JKHT UYKCAO:

1) 3: 9) —5; 3) 3 4) m 5) V2.

6) 3anuiukTe, UCIOJNb3ya TPHHATbE 0603HAaYEHUs, TIOAMHO-

KeCTBOM Kakux u3 muoxecrs N, Z, @ u R siBjdeTcsl MHO-

JKEeCTBO:

1) N; 2) Z; 3) Q; 4) R.

B) ¥YnpocTHTe 3alHCh!

1) NUZ; 2) NNZ; 3) ZUQ; 4) ZnQ.
177. dauw wmuoxectsa: A={1, 2, 3} » B={2, 3, 4, 5}.

a) M3 Kakux 3/1€MEHTOB COCTOHT MHOXeCTBO:

1) AUB; 2) ANB; 3) AXB?

6) CocraBbte MHOXecTBO C, cocTosilee U3 NATH 3J1€MEHTOB,

AJsi KOoToporo BhinmosiHsiercst ycaosue: AC=CNB.

B) 3anuuiuTe Bce MOAMHOXecTBa MHOXecTB A W B, onpege-

JUTEe YHCAO IMOJAMHOXKECTB KaXKJO0TO H3 3THX MHOXECTB.
178. Haunl na MHoxectBa: A=I[1; 3] u B=[2; 4].

a) M3o6pasute Ha KOOPAMHATHOH OCH MHOXECTBO!

1) AUB; 2y ANB.

6) M3o6pasure B cucreMe xOy BCe TOYKH, KOOPAHHATHL KO-

TOpHIX (X; Yy) SABAAIOTCS 3JeMeHTaMH MHoxecTBa A XB.
179%. JlokaxuTe, UuToO:

a) muoxectBa N u Z uMei0T OMHAKOBYI0 MOLIHOCTb;

6) MHOXKECTBA TOUEK JBYX JIIOObIX OTPE3KOB MMEKT OJUHa-

KOBYI0 MOLLHOCTB;

B) mHoxectBa (0; 1) ¥ R vMeT OJHHAKOBYIO MOLIHOCTD.
180. SBasiercst JIM 3aMKHYTbIM OTHOCHTEJbHO ONEPALHH CJ0XKe-

HHS, BbIYHTAHHS, YMHOMEHHSA, JEJEeHHS MHOXeCTBO:

a) YeTHbIX HATYpaJbHLIX UYHCE;

6) HeyeTHbIX HATYpaJbHBIX UYHUCEJ,

B) YETHBIX LEJbIX YHCEJ;

r) HeYeTHBIX LEJbIX YHCes?

2. Hcropuueckne cBepeHusn

Aare6pa onepupyeT ¢ 6yKBEHHbIMH BbipakeHHsiMH. bykBa B an-
reGpe yacto 03Ha4aeT MPOH3BOJIbHOE YHCJIO, MPUHALNEKALLEe HEKO-
Topomy MHOXecTBY unces. Orcioga He6oabWOH war K TOMYy, 4ToGbI
noa 6ykBoji B aire6pe NOHUMAaTb MEePEMEHHYIO BeJMUUHY, TIpoberaio-
Y10 HEKOTOPOEe MHOXKEeCTBO YHCes. BeauunHbl, CBA3aHHble MEXAY
coBoil, HaTpuMep, MPH MOMOWIM aJre6panyeckoro paBeHCTBa, Onpe-
NeNSoT PYHKUHIO.
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Mpl yXxe oTMeuaJsi, UYTo onpeaeneHde QyHKUMH, JaHHOE B 3TOM
yue6HHKe, NPHHALJIEKHT BEJTHKOMY pycckomy matematuky H. . Jlo-
6aueBckomy (1792—1856) u Hemeukomy matematuky 1. dupuxae
(1805—1859).

H. U. Jlo6aueBckuii 661 npodeccopom U pekropom KasaHnckoro
yHuBepcuteta. OH co3ta/l HOBYIO F€OMETPHIO, HOCSIILYIO Tenepb €ro
ums. Onnako H. M. Jlo6aueBckHil HHTepecOBaJCH HE TOJBKO reoMer-
pHeil, OH BHeC TakXe CyllecTBEHHbIH BKJaJ B MAaTeMaTHUECKHil aHa-
au3. OTBeyasi Ha BOMPOC, YTO Takoe (YHKLUHsA, OH Aaa cjaelyionlee
onpeaeJieHHe:

«3dT10 obiuee noHsiTHe TpebGyeT, uToObl PyHKLHEH OT x Ha3blBAThb
UHCJI0, KOTOPOE [aeTcs [/ KaXA0Tro X H BMECTe C X MOCTENeHHO H3-
MeHsieTcs. 3HaueHHe GYHKUHM MoOXeT ObiTb JaHO aHAJHTHYECKHUM
BbIpaXKEeHHEM, HJIH YCJOBHEM, KOTODOE MOAaeT CPEACTBA HCIbITHIBATD
BCE UHCJ/aA H BbIGMPATb OAHO M3 HHUX, HIH, HAKOHEeL, 3aBHCHMOCTb MO-
XeT CyLecTBOBaTb H OCTaBaThcs HeudBecTHOH. OOGWHPHBIA BHA Teo-
PHMH JOMYyCKaeT CyILIeCTBOBaHHe 3aBUCHMOCTH TOJILKO B TOM CMbICIIE,
yTo6bl YHCAA, OJHO C JPYTHM B CBSI3H, MPUHHMATb Kak Obl JaHHbIMH
BMecCTe».

CucTeMa KOOpPAMHAT Aaer BO3MOXMHOCTb H306pasuTh (YHKIHIO
rpadguueckdi — B BHje JHHHH. 1 Hao60poT MOXET OKa3aTbCs, YTO
JIMHHUSA, U306paxKeHHas B CHCTeMe KOOPAMHAT, €CTb rpadHK HEKOTO-
poit dyuxkuuu. Ho Torna usyuenue JiMHUM MOXKeT GbITb CBEJEHO K
M3yUEHHIO COOTBETCTBYIOWEeH GyHKUHU. Takum 06pa3oM Mbl H3yyaJiH
npsiMyio, napa6oJy, runep6ony H B AajbHeiiuieM 6yseM H3yyaTb Apy-
rue JIMHHH,

BriepBble MeTOJ, KOOPAHNHAT K H3YYEHHIO F€OMETPHUUECKHX BONPO-
COB NpHMeHun (paHuy3cKHi MaTeMaTHK U ¢usaocodp P. lexkapr
(1596-—1650). 3To NpHBesio K CO3]aHHI0 HOBOH HayKH — aHaJUTHYE-
ckoit reometpun. Hanpumep, rpauyeckue MeTOAb peLIEHHs JMHEH-
HbIX ypaBHEHHH OTHOCATCS K AHAJHTHUYECKOH reOMeTpHH.

CJI0BO «KOOPAMHHATHI» COCTABJEHO H3 ABYX JATHHCKHX CJIOB: €O
(cur) — npucTaBKa, o3Haualollas «COBMeCTHO», W ordinatus, uTo
3HAYUT <YNOPSAOYEHHBIH», «ompeaeNeHHbid». 3HAa4YUT, KOOpAUHA-
Thl — 3T0 3aJaHHbie COBMECTHO B OMNpeJejeHHOM MOpALKe UHCJa.

Euwe yuenbie BaBuiona (6osnee 4000 et nasan) yMesaH HaxoAuTb
npub/aMKEeHHOe 3HaueHHe KBaJPaTHOrO KOPHA M3 JI06Oro HaTypasb-
Horo uucJja. [lpasuso, npuMeHsBlieeca B Basusone, TakoBo: yToOb
H3BJieUb KOPEHb H3 HaTYpPaJlbHOTO YHC/A €, €r0 PA3JaralT Ha CYMMY
a®4 b (unCI0 @ AOMKHO GbiTh HaHGOMBLWKMM, AJs KOTOPOro a’<<c),
TOrja KBaJApaTHbil KOpeHb U3 ¢ MPHOJHKEHHO BBLIUYHCAAIT Mo ¢op-

MyJie
Ve NFFrmad
Hanpumep:
V1620 = VA0 120 &2 40+ 5 =40+ =40,25.
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[pekam 6bl1 H3BecTeH BaBHUJOHCKHI MeTOd NMPHOAHIXEHHOrO Ha-
XOXIeHHs KBajpaTHoro Kopua. Hanpumep, y F'epoHa AsekcaHnpHuii-
CKOTO0 HaMHCaHo:

2
\/160 \/144+16~12+212 122

CyuiecTByet u TOYHBIAl CIIOCOG H3BAEUEeHHS KBaJpaTHOTO KOPHS
H3 YHCJa, ABJSAOUIErocss KBaapaToM HaTypasbHOro uyucaa. OH Obij
uspecred B Poccuu ewe Bo Bpemena JI. . Maruuuxoro.

3anuwem nonpo6Hee 3TOT CNOCOG H3BJEYEHHS KBaAPaTHOrO

KOpHS:
V6’55736 = 256
4

45 |‘2§
51225

506 I 3036
3036

0

Ludpbr nanHoro yucia paso6oeMm Ha mapel. M3 uncaa 6 ussJje-
4YeM KBaJpaTHbIH KOpeHb, NOJAYYHM 2 (C HEAOCTATKOM ). DTOT pe3y/b-
TAaT BO3BEAEM B KBaJApaT U NOJYYEHHOE YHCJIO BBIYTEM H3 UHCAA 6,
cHeceM caenytomyo napy uudp 55. Caepa or yucaa 255 Hanuuiem
YABOEHHBIH pe3yJsbTat (4) H NpHNUieM K HeMy TaKylo uHdpy, 4ToGbl
NDH YMHOXXEHHH [OJyYeHHOr0 YUC/Ia Ha 3Ty UHGDPY HONYIHAOCH YHC-
Jo, MeHblliee HJAH pasHoe uucay 255. Ilpunuimem 5, Tak Kak
45.5=225<C255, a 46-6=276>255. Bropas uudpa pesyanbrarta 5.
BoiuncainM passocts 2556 —225=30 u cHeceM cuaeaywiuywo napy
uupp 36. Caesa ot uuciaa 3036 HanHiIeM YRBOEHHbIH pe3yabraTt
(50) v npunHuUeM K HeMy Takylo UHGPY, 4TOGbl IPH YMHOXKEHHH T1O-
JYYEHHOro 4YHCJAa Ha 3Ty UHPPY HOJTYUHIOCH YHCAO, MEHbLIEE HJH
paBHoe uucay 3036. Tlpunuwem 6, Tak kak 506-6=3036. TperTbs
uuppa pesyabrata 6.

OrseT: V65536 =256.

3. 3apaHus NJiS MOBTOPEHHS
Bbiuucsaute (181—182):
181. a) (+ 1)+ (—2)+(—4)+(+5)
6) (—3)+(+DH+(—2)+(—=3)+(+4)+(+3)
B) (8,24 — 13,73)-(0,2—%);
r) 0,24 0,02+ 0,002 4 0,0002;
1 1 1 1
2) 155 10 1006 10000 °
e) (—0,014)+ 4,6 4+(—0,086).
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182. a) 48.(0,6-5—2,875)-0,25; 6) 7-4-4(0,22: 11 +0,58);

B) 0,09-37—1,37 — 1,96; ry 0,44-25+40,75-3,2;

1) (64-4-0,125—7.8)-12; ) (1,215+4 1,499+ 1,75)-99;
%) 4,25-341,25:5; 3) 8,48:4—0,3.0,4;

) 2,25:(10—1:0,2); K) (1,24 + 3,08):5;

) (1,075—1,05):0,25; M) (0,072:0,5):0,012.

183. HaiipuTe 3HaueHHe 4HMCJIOBOrO BbIPa>KeHHUS:
a) 4,575:0,005+8,5:0,1;
6) 21,5:(0,10540,02);
B) 15,2:1,940,51:0,17+0,48:0,08;
r) 5:4—4:54-0,56:0,4—0,4:0,5;

2 20 8 . 5
3.5 12 L IS T 1.7 3 3
Boiuncaure (184—186)
3./, 1
2 7 9
6)(1_5Jrl 12) 103 ( ) 32
5) (3+0. 8——)-(3+52—5,—O,12);
r) (2 1.0,15— 25) (2-;-—1%+o,04)-,
1
1) (2314 ) 5‘0+( E+0,7125):3;
) . I
3 .1 . 1y,
®) 3-1 g+(2,55+2,7).(0,1—8—0),
3) 3,075: 1,5—%-(515—{—3,26);
1t 13 8 )
") (1§+3—)-1,44-—-05625

:3;

K) 2,88--2-2-+(1 0625---—) 16.

0,72—0,104—0,112-0,5 _ 284.25—134
185. a) 006372614 ¢ O) To8:15763:028 °
) 20156054163, ) 16351304
B) —63F118)-05 ° 3175685
1 0440375).2 243341902 4195
) 5 2T _
186. a) 3 ; 6) - 7 ;
.75 52.22
3 67
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187.

188.

189.

190.

191.

192.

2 2 1 1
3,5+4-§+2-I—g ‘ 3—3—-1,9+19,5.45

L LR
50 T % 75 25
(15+2l+3ﬁ>-33 (03125.1l+ﬂ):13
P2z i) ' 5ta0)h

1) ; e)

t 18 33
1415 =2 (2_5_0’39)‘36
a) CocraBbTe Ta6JuLy KBaJpaTOB HATypa/JbHbIX YHCEN OT
1 no 20.
6) CkoJbKO uMdp MOXKET UMETh KBAJAPAT OJHO3HAYHOIO YHC-
Jla, NBY3HAYHOTO YHCJAA?
B) CkoJbKO LHGP MOXeET WMETb KBaJApaT TPEX3HAYHOro, Yye-
ThIPEX3HAYHOTO, N-3HAYHOTO YHCIa?
Boi6paB yRo6GHbIH eIMHHYHBIA OTPE30K, YKAaXKHTE HA KOOPAM-
HaTHOH OCH uHcCha:
a) 1; 0,1; 0,3; 0,5; 1,2;
6) —2; —1,5; —0,5; —0,2; —0,05;
B) 1.1 1,3,

2’ 4’ 8’ 4’

N o—la; —le; =2 =3, -

3 6 3 6 12
Ha uyucaoBo#t npsimoii oTMeueHO HECKOJAbKO Touek. CymMma
YHCes, COOTBETCTBYIOIUX 3THM TOYKaM, paBHa —1,5. Kax-
IYI0 U3 YKA3dHHBIX TOYEK MePeMeCTHJH [0 KOOPAMHATHOMH
OCH Ha JBe eJIUHHULBI BJEBO, I0CJe Yero CyMMa YHceJ €Taja
paBHoit —15,5. Ckosibko 6blIO TOUeK?
a) IpeacraBbTe B BUIE NPOM3BENEHHUA CTENEHEH MPOCTHIX
yKces npomssenenne 1-2-3...-13-14-15.
6) Halinute nHauMmenbiiee obmiee KpaTHoe U HauGOJAbIIHUI
OOLIMA AeJiuTeb IJsl YHCeJ:
1) 5°.7* u 490.175; 2) 2°.3.7, 3'.5*.7%2 u 10000.
B) Ha Kakywo HauGoJbliylo cTefieHb YUC/aa 7 JeJUTCS Mpo-
usBeneHue 1-2.3....99.100?
a) KpanpaThl Kakux HepaBHbIX UHCEJ PaBHBI?
6) B xakom cayuae (a4 b)’> He MONOXKHTeNbHOE UYHCJAO?
B) MexXay KakuMH LeJibBIMH YHCAMH 3aKJI0UEHbl KBAAPaThl
BCEeX NPaBH/bHBIX MOJOXHUTEAbHBIX Apobeii?
3anuiuTe Bbipa)KeHHe, HCNOJb3ys 0603HayeHHE CTeleHH:

a) 7-7-7-7-T; 6) (—2)-(—2)-(—2);

B) (—%)(—-%)(—%)(—-;-) r) 1,3-1,3-1,3-1,3-1,3;

n) a.a.a.b.b.b; e) XelYsXeXeX Y-yl

%) (g)(:;)(g)(%) 3) (ab)-(ab)-(ab),

1) (x+y)-(x+y) k) L L. n

»

3
8

3\ 3. 3

193.

194.

195.

196.

197.

198.

199.

200.

YnpocTuTe BbIpaXKeHHe:
a) a®-a% 6) b-b*-b%
r) ab-ab’ n) Xy- £y

Xx) % £LyPz-2 -;: Lyz;

B) ¥4 4’y
e) 2xy-4x2y5

3) 2 a%c*-2 5 abt®.

Hcnosb3yst cBoiicTBA CTelmeHH, pacKpoiTe CKOOKH:

a) (a®)3 6) (a’) B) (x*) r) ()%

0 (2a)% e (B k) () 3) (a%e)

) (—;— x7>4; K) (% ys)a; 1) (0,5a)% M) (1,224

) (ab’c®) 0) (3ab)% n) (2ab®)®;,  p) (1,1a%' ')

CpaBHurTe:
a) 10® u 90'% 6) 0,1 u 0,3%.
Ynpoctute Boipaxkenue (196—200):
6) % x- 24133 x5
1 1
r) 5 £°4-6¢°—7pq" 5 pa;
&) (5ry’f — (2™
3) (0,8a%)*— 3ab*-0,54°.

a) m*m*4m-m*
B) 2x-xy-—3x2-%y;
1) (2mn?)® —3m?n’m,;

x) (32Y'F + 7545 £
a) 12ab+5ab—7ab; 6) 8xy—yx+6xy;

B) 2a2——1%a2—5-§—a2; r) 0,2pg+7,9p9—5,3¢p;

1) 2m*n?—5n-2m*-n+3m’-n-n;
e) 5a?b*h —ab-3ab®—2ab*-3ba;

K) Tx—(x+5); 3) 12a —(3b6—5a);
#) (6m?—2n)—(5n—m?). k) (3p+10¢°)—(24°+5p).
a) (a+b—c)-4; 6) 3(a—b—+c);

B) 2x-(—7a—3b-+2¢c); r) (3a?b —2ab’ 4+ b%)-2a%b%
n) (—2abc)-(ba—7b—3c);

e) (—5ab-+T7ac—be)-(—2abc);

X) (2a—3b)-(3x—2y), 3) (ba—7b)-( —8y+2x),

u) (ba—b)-(—2a—3b); K) (—3b—5b)-(7Ta—b).

a) (3ab—2ac)—(b5ab—7ac)+(2ac—3ab)—(7ac—5ab),
6) (4m—2p+3q)—(4p —2q+3m)+ (49 —2m—+3p);

B) 5x—3y—(3x+6y)+(7Tx—y)—(8x—15y);

r) 20a—(4b—>5¢)+(—17a43b—c)—(2a—2b— 16¢).

a) x(x+y)—y(x—y) 6) 2(a+0b)+3(a—b)

B) 3(x—2y)+2(x—3y); r) m(p+2q)—p(m—3q),
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201.

202,

203.

204.

205.

206.

207.

208.

64

1) (a+2)(a—1)—(a+1)(a—2)
e) (x+4)(x—2)—(x+2)(x—1);
X) (a+2)(a—1)—(a+3)(a—2);
3) (n+7)(n—=5)—(n+9)(n—T7),
u) (£ —2x+5)(£+x—3),

K) (2 —3x+7)(—3+5x+222).

IlpencraBbTe B BHAe MHoroujeHa (201—202):

a) (x+y) 6) (a—8); B) (2a—3b)

0 (w+ge):  n) Gm—2' e) (020°+3¢")
a) (y+x)s 6) (m—n)* B) (5+4a)’;

r) (3a—b)% 1) (10— 2% e) (£+ ).
[Tpeo6pasyiite B kBazpat aByusneHa (203—204):

a) X42x+1; 6) a?—6a-+9;

B) 4 —4x+ 1% r) 495 — l4x+1;

a)y X44x3+4; e) x*4 10224 25.

a) xz—l—x—l-%; 6) 0,09+ 0,6a+ a%

B) 121x*4 444> 4 4; r) 2,56k —9,6kp+9p%

a) 64a’b®>+48abc+9c% e) 9a%* 4 30ab’c 4 25c°.
Pasnoxute na muoxurenu (205—207):

a) 4ax—2bx; 6) 2a’>—2a;

B) 48xy — 3bxy’; r) 85ab— 170a;

p) mx—nx—+px; e) 8abx—6acy— 10q;
X) l4anx—21bny—Tn; 3) 63xy —84y%>+498y.

a) m*—n% 6) 1 —x% B) 641 —1;
r) 81 —9a% n) m*—n% e) 121 —9p*
X) 9a?b?— % 3) 4a’b®—9c% 3) 71("2 —-;— T
k) 0,816*— a’c? n) a*4b% ) £—1;

H) a®+ b5 0) m®—nb n) 27p°—8¢°.
a) (x4 1) —4x% 6) *+2xy+ 4y’ —1;

B) (a—4)"—16;

n) 36m*—(m+9y;
%) 81¢°—(p+6q);
Cokpature Apo6b:

r) p’—2pg+4¢*—4;
e) 9—x*—2xy—y%
3) 4—a’—2ab— b

24 . 168 26ax 1724°
2) & 6) 255 ; ) Sea ") By
1622635 120m*n’pq x—1 6x°y% (a—0b)
ﬂ) 3.3 e) 5.2 4° )K) 1—x° )_3‘—_
24a’bc 450m°np’q X Yxy” (b—a)

209.

210.

211.

212.

213*,

Ynpocture BblpaxKeHnue:

2 2 2 3 3
P T
IlpeoGpa3syfiTe BhipaxkeHHe B ajreG6panuyeckyio ApoGhb:
a) =+ 6) x—=; B) o — o
r) xly+%; B') xil—lix; e) m,in+n—nm;
X) %%, 3) %:%; ) 3a-%;
K) 7x:2—);2-2-; J) a—gl -a—:c_l—l; ) x;2:23_x2x.

a) Ecan a u b — cTopoHBl NPAMOYroJIbHHKA, TO YTO ONpeje-
jasor ¢opmyast A=a-b, D=2 (a4 b)?

6) Ecaiu P — ueHa toBapa (croumocthb 1 Kr), a M — ero Ko-
JIMYeCTBO (KI), TO YTO Bhipaxaer dbopmynaa A=P.-M?

B) Ecin x — unc/io MecT B ONHOM pARY 3PUTENBLHOTO 3aqa
KHHOTEaTpa, y — YHCJO PALOB B 3TOM 3aJe, TO UTO BhIpaka-
et ¢popmyaa M=xy?

r) Ecin k — cTopona kBajgpara, TO YTO BHIpAXKAWT (OpMY-
apl A=F2, B=4k?

1) Ecin v — ckopoctb noesna, { — BpeMs IBHKEHHS, TO YTO
BbipaxkaeT gopmyna A=uv-f?

Hcnonbsys pucyHok 32, oObsicHMTe, YTO Bbipaxkaer ¢op-
MyJsia:

A=ab—a*% A=ab+a’

)

Puc. 32

Cunutasi a ¥ b faHHBIMM YUCIAMH, PEILUMTE ypaBHEHHE OTHO-
CHTEJBHO X:

a) 4x4+a=6x—3_§; 6) 3x+a=4x—2b+3a;

B) da+ 6x=8x—3q; r) 7a—b—4x=3b+45x—2q;
1) 2(x+a)=3(x—a), e) 5(x—b)=2(a—x),

X) a—(a+b)x=(2—a)x—(3+bx),

3) 3x—a(b+x)=a(b—x)—2(a—x).

3 3axas 2096 65




Pewnrte cucreMy ypasHeHu#t (214—216):

=13, 3x+4y =230,
2m.w{x+i_4 m{y;;j
13x— 14y =27, {8x——9y-1
13x=2y+15; 3y=4x+1;
) x—3y=12, e){2x+y 8,
s 2x+ 4y =90; 3x+4y=T7;
x—3y=4, {2x+5y 25,
)\ 5x4-3y= — 1 4x43y=15;
4x+3y= —4, K){Qx-—By 5, 217.
H) 6x+5y=1; Tx+5y=2;
) 4x—Ty=2, M){4x+4y—l 218,
2x+3y=1, 3x+3y=—>5
.’215 x—2y=>5, {Sx—y 2,
' 2x+3y=4; 2%+ 2y =>5; 219.
) 3x—5y=4, 1q){4x—{—3y 2,
1 2x+6y=3; 5x—2
1 1
gx—gy=1 rtgy=—5%
DY . V1 1 220.
gy=g5—1, 2r—gy=4
216. a) 6)
1dy=2x—1 3x—Lyx0
TY=5rE—0 pY=" -
1 1 A AE—
34+ 74="5 73 291,
B) AR
3x—4y=+4, '3‘—1—=0,
2 .
3(Bx—y)+< (x—2y)=17,
1)
Sx+y=3; 222%,
1
2(2y—x)+=(y+3x)=
e) 7
Sy+x=T7,

66

x4+3y __ x—2 x+y x
) 2 7 3 +31, 3) 2 3_1’
XK
3
xy=5(x—y)+27; x—2E=3;
3x——2y+5x 3y___x_'_l
)
2 —3 -3
= E Rt
2x-——y+3_x—2y+3_4
) 3 4 -
K
3x—4y+3 | 4x—2y—9
4 + 3 =4

a) Kak npejicraBuTbh MPOULEHTH B BHIE AeCATHYHOH ApoGu?
6) Kak 3aMeHHTb AecATHYHYIO Apo6Gb MpoueHTaMu?

B) Kak HalTH HeCKOJbKO NpPOLEHTOB AaHHOTO YucJjaa?

r) Kak HafiTH 4HMClO MO JaHHBIM €ro MpOLEeHTaM?
Onpepnenure:

a) 25% ot 100; 6) 50% ot 1,2; B) 30% ot 200;
r) 20% ot 30; 1) 6% or 30; . e)3% or 42.
a) Mopckas Bopa copep®ut 5% (110 macce).coan. CKOJIbKO
KHJIOTPAMMOB NpPecHo# BOABI HY>XHO 106aBHTh K 50 Kr Mop-
CKOH BOJABI, 4TOOGH! coepxKaHUe COMH B NOJYYEHHOH BOJAE CO-
craBuno 2%°?

6) CnaiaB Mean u onoBa Maccoil 10 kr comepxut 45% menn.
CKOJIbKO 4MCTOTO 0J10Bd HYXHO 106aBHTb K 5TOMY CO.aBy,
uToOBl MOJYYHBLIKACSA HOBbIA cnuaB umes 40% Menu?

a) Jlo npocyiiky 3epHa BJaaxHoOCThb ero 6bi1a 20%. 10 1 sto-
ro 3€pHa NPOCYLIHJIH, NOC/E Yero ero Macca yMEeHbIUHIacCh
na 100 kr. Onpenesnnte BAaXKHOCTb 3€pHA NOCJ€ NPOCYILKH.
6) XpaHuBlleecs Ha CKJajde 3epHO UMeJo BaaxkHOCTL 20%.
[Tocse mpocywiky BaaHocTs ero crana 15%. Kakosa crana
Macca ‘3epHa [ocJje NPOCYILIKH, €CJd NMPH NepBOHAYAJdbHOM
BJIAXKHOCTH 3epHa Gblio 50 1?

3ameuanne. BuaXHocTb 3epHa MoKasbiBaeT CORep-
XKaHHe B HeM BOJABl B MPOIEHTAX.
a) Ilpu npoBepke B/IaXXHOCTb 3€pHA OKas3ajacb paBHO#
23%, a nocsie npocywkn 12%. Ha ckoibko npoueHToB cra-
JIO Jlerde 3epHO TocJe MPOCYWIKH?
6) Cemena mnonanu noj A0XKAb H cTanau Ha 20% TaAxeee.
Korpa ux npocyiuuiu, oun norepsau 8 macce 20%. Bepny-
JHCh JIH OHM K MepBOHauadbHOH Macce?
Hpouasoumenbnocm TpyAa pabouero npu BbiOJHEHHH He-
KOTOpO#t paGoThl yBesuuniaacs Ha p%. Ha ckoabko npouen-

TOB COKPATHJIOCh BpeMsf BbINOJHEHHA 3TOH paboOThl, €CJIH:
a) p=25; 6) p==20?
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223*.

224%,
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225.

226.
) V3 4+\5;

227.

228.

229.

230.

231.

a) Bpemsi H3rOoTOBJIEHHS HEKOTOPOH JeTaJi yMEHbLIHJIOCh
Ha 40%. Ha CKOJibKO MPOLEHTOB yBEeJIHUHJAACh MPOH3BOJH-
TEJLHOCTb TPyZHa?

6) O6beM CTpPOHTENbHbIX PabOT yBeJHYMJICS Ha 80%. Ha
CKOJIBKO MPOIEHTOB HYXHO YBEJHYUTb UHUCJA0 pabouux s
BbLIMIOJTHEHHS 3TOH paboThl 32 TO XKe BpeMs, eCIH NPOU3BOMLH-
TeNbHOCTh TPyRa OyneT yBennuena Ha 20%°?

a) LleHa KHHIH CHH3M/IACh HA CTOJIbKO NPOUEHTOB, Ha CKOJIb-
KO KOMeeK OHa CHU3Mjach. KakoBa nepBoHauaJibHas LEHa
KHUTH?

6) [lBe aBTOMaLIMHBl Pa3HbIX MaPOK HMEIT MAKCHMaJibHble
ckopoct 160 kM/u u 140 km/u. Ha cko/1bKO NpOLEHTOB CKO-
pOCTb BTOPOM MallKHbl MeHblle CKOpocTH mnepsoii? Ha
CKOJIBKO TIPOLEHTOB CKOPOCTh NEePBOH MallHHbl G0Jbile CKO-
POCTH BTOpPOH?

Ha KoopaHHATHOH OCH YKaXXHTe ONHO PAalHOHAJIbHOE U OJHO
MppalUHOHANbHOE YHCJO, PACIIONOXKEHHbIE MEXAY UYHCAAMHU:
a) 0,5 u 0,(8); 6) 0,272999143... u 0,2730015....
KakuM 4Hc0M — PaliHOHAJIbHBIM HJH HPPAaUHOHAJNbBHBIM —
ABJAAETCH 3HAYEHHE BbIpaKeHHS:

a) 1+V3;  6) 1—\5;
r) V16 —\/23?

YKaxuTe ABa HPPaAUHOHAJbHBIX YHCJA:

a) pa3sHOCTb KOTOPBiX SIBJAAETCS PallHOHAJbHBLIM YHCJIOM;
6) npou3BeleHHe KOTOPBIX fBJfETCA PalHOHAIbHBIM YHC-
JOM;

B) CyMMa KOTOPBIX AB/JSIETCS PalHOHAJbHbIM YHCJIOM.
BepHo /1M yTBepKA€HHe, YTO KBAAPATHBIH KOPEHb H3 palHo-
HaJIbHOTO YHCJa:

a) Bceraa sIBJSETCH HPPaLHOHAaAbHBIM I{WM;
6) MoxXeT OblTb LENbIM YHCJOM; N
B) MOXeT ObITb KOHEYHOH AeCATHYHOH APOObLIO;.

-~

r) MoxeT ObiTh GECKOHEYHON MEPHOAHYECKOH NecATHYHOH

apo6blo?

Jana QyHKuus y=x". KakiMH 4MCIaMH — PallHOHAJbHbI-
MM HJIM HPPallHOHAJbHBIMU — SBAAIOTCA aGCLMCChl TOYEK
rpaduka 3TO# QYHKIUMM, eciY OPRHHATHI 3THX Touek: 0, 1, 2,
3,4,5,6,7, 8,9, 10? Haiigute npub/iuzKeHHble 3HAUEHHS HP-
pauMOHaJbHBIX abCLUHUCC C HEJOCTATKOM C TOUYHOCTHIO RO
0,01.

Hafizute npHGJINXKEHHO C HEAOCTATKOM 3Ha4YeHUe Bbipaxe-
HHsl, OTPAHHUYMBILKCDL ABYMS 3HAKaMH [ocJe 3anstoi:

a) 1+V3;  6) 14+V5;  8) \VB4+V5; 1) V2417,

CpaBHHTe 3HaueHHs BhIpaxkeHHi (6e3 BbIUMC/IEHHS KOPHEH):

a) 5VI12 u 3V27;  6) \27 n 3V2;

232.

233.

234.

235.

236.

237.

3 3"
0 3V5 x Vi
4 45

5
e)5 -7—2'H4§§

B) 250 u 3V32;
25

4
/1)2 7_5143*%,

Ynpoctute BbipaxeHue:
a) V(1—\3Y); 6) V(5—V5);
B) VOVZ —V3 ) 1) V(V10 —4).

BoiHecuTe MHOXHTeNb U3-1I0J 3HaKa KOpHSA:

a) V32—V5); ) VIs(\3 —2y;
B) V32(2—\7); r) Va8 (\/6 —3).

BepHo JiM paBeHCTBO:
6 __ 6 |
6) V6 35 =6 V§‘§ ’

3 3
a) \/35 =3\/5
BblHECPITe MHOXKHTEJNb HU3-II0A 3HaKa KOpH#:

a) = a\[724%; 6) 2\/<2, o) o\ /12

492 7
NEA' ,64(12174 . V2 —2)? 20
[‘) Z —_— 11) .(__) ; e) —_—
81x°y 8 (l_w(3)2

) (2 \BY . 3)1/<\/7‘_3)2
(a—=\sp ' (V10 —3y

Yupocrute Bhipaxenne (236—238):
a) 10*\/%-0,5\/ﬁ+3 g
) 15V§—0,5VE6+2V§?;

B) 2\/@-\/ﬁ~5’ o s

r) 6\/2“§—\/§+4\/§.

) VTV (V-2 VD)
o (s VE-VE) 6 VE V).
B) (VI34+5V42 +\13—5V42 )
) (VIT4+6V2 —Vi1—612 1.
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" 242
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238.

239.

240.

241.

243.

244.

O () (-

yVE+V2  VB-VE . g V24l VoL V243
VNE R VBV V-1 B+l 2

(V5 +V3)(4—\I5) " (V75 +V50)(5—-2V6)
VTS Vi \E
HpencraBbTe BbIpa>KeHue B BHAE€ DPaA3HOCTH KBaJApaToB H
pasJoxuTe ero Ha MHoXHTead (a>0, b>0):

a) a>—b; 6) a—b% B) a—b; r) a—1;

n) 2—3a; e) 56—7, X) ab—1; 3) a—bx’.
M3BjeknTe KBaApaTHBI KOpPeHb M3 NBYY/ieHa, NPENCTABHB
JaHHOe BBIpaX<eHHe B BHJAe KBaJipaTa ABYyYJeHaA:

a) 3+2V2;  6) 4—2V3; 8) 7+2V10;
r) 74+4V3;  n) 10—2V21; ) 7—\/24.

YnpocTute BbhipakeHue:
a) \3+2V2 +\3—2V2; 6) Va+2\3 —V4—213;
8) V7+V24 —\V7—\24;

r) V10—2\21 + V1042121 .

OcBoboaurech OT HPpPaUHOHAJNBHOCTH B 3HaMeHaTeJe:

2 . 6 . 1 atd .
Y 9% UV D
1

8 Ve—9 Va—p ' 1+Ve ' —Ve'

) V3 X) a : ) a—b : ) m—n ;
s M vee Veive: " Ve ve
Vi—3 +Vx+3 | 0) Va—b — a+b‘\ -

H) ;}x—S—Qx—FS ’ Va—b +Va+b )

JlokaXuTe ClNpaBelJHBOCTh PaBeHCTBA:
1 1
a + =6,
) 3+2V2 | 3—2V2

1 3 4
6 — = .
' Vi VeV
YnpocTuTe BbIpa)KeHue:
Vx )

I Va+1

2 (V;—H\/?)'l—\/?—a’
x—y _x\/;‘—.‘/\/!_/-.
VNN
\/; 3 m

O Y6 Vmas  Hom

245.

246.

247%,

248,

249.

250.

251.

252,

Peurure ypaBHeHHe:

a) \/—x_=3; B) \/-J-C_=—1;

r) Vex =1, 1) Vix—1=1; e Vx¥2=1;
X) V3x—8 =6; 3) VI456x =7, H) Vx—3 —2=0.

3anucanu olHy 3a Apyroi 4eThipe noc/enoBaTeNbHble UUp-
pBl, 3aT€M MepBbie ABe MOMeHsAIH MecTaMu. [TosyuenHnoe ra-
KAM 06pa3oM YeThIPeX3HAYHOe YHCJO SIBJSETCS KBaAPaToOM
HaTypaJabHoro uucaa. Hawpure sto uudimo.

OnHoBpeMeHHO GblJIM 3aXKKE€Hbl JBe CBeYH OXHHAKOBOMH IJIH-
HbI! OJlHA cBeya nortoJiue (cropamouias 3a 4 4), Apyrast mno-
ToHbule (croparowas 3a 2 4). Uepea HekoTopoe Bpems obe
cBedd notywunad. OKasanoch, YTO OTapoOK TOJCTOH CBeyH B
3 pasa asuHHee orapka TOHKOH cBedd. CKOJNbKO BpeMeHH
ropeJu cBeYH?

a) OnHa O6puraaa MoXKeT BHIMOJHHMTL 3ajfaHde 3a 36 nHell,
a Bropas — 3a 45 nHell. 3a CKOJILKO JHE# BHINOAHAT 3TO 3a-
Zanue obe Opuranbi, paboras BMecTe?

6) Uepes nepBylo TpyGy Gacceiln HamosHsercs 3a 16 MuH,
a uepe3 BTOpY1 TpyOy — 3a 48 MUH. 3a CKOJIBKO MHUHYT Ha-
NOJHATCA GaccefiH, eCH OTKPbITh 06€ TPyGbl?

B) JlerkoBasi MaluMHAa NPOE3KaeT PACCTOAHHUE MeXKAY ABYMS
ropoaamu 3a 42 MHH, a Tpy3oBas — 3a 56 MuH. OnHaX bl
3TH MAalUWHbI BbleXaJii OMHOBPEMEHHO HaBCTpeuy APYr ApPy-
Ty W3 3THX roponos. Yepe3 cKko/bKO MHHYT OHH BCTpeTH-
JIUCh?

Yepes nepsyto 1py6y 6acceitH HaMOJIHACTCS 32 @ MHUH, Yyepes3
BTOpPYI0O TpyOy — 3a b MHH. 32 CKOJIbKO MHHYT HAIOJHHUTCS
6acceiin yepe3 o6Ge 3TH TPYyObI?

Pemwnre 3anauy B 0611eM BH/e, NOJYyYHTE OTBET A/ YKa3aH-
HBIX 3HA4YeHWH a u b:

a) a=12, b=36; 6) a=14, b=235.

Yepes nepsyio Tpy6y GaccefiH HamosHsieTcs 3a a 4, yepe3
BTOpYI0 Tpy6y — 3a b 4, yepe3 TpeTbio TPy6y — 3a ¢ 4. 3a
CKOJIbKO 4acoB GacceidH HANOJHHUTCA 4yepe3 TPH TPYGbl NpH
HX coBMecTHOH paborte, ecan:

a) a=21, b=24, ¢=28; 6) a=12, b=20, ¢=30?
Baxk HamoaHslOT Yepe3 TPH TPYyObl: yepe3 nepByw TpyGy 3a
a 4, uepe3 BTOpyw TpyOy 3a ¢ u, a yepe3 Bce Tpu TPy6hl 3a
x 4. 33 CKOJIbKO 4acoB 6aK HaMOJHHUTCA 4epe3 OJHY TPeThbio
TpyOy, ecau:

a) a=12, ¢=28, x=F6; 6) a=9, c=230, x=>5?
Hekortopoe paccrosinme aBTOMOGHIbL mpeonosies B ropy co
CKOPOCTbIO 42 KM/4, a ¢ rOpbl — €O CKOpOCTbIO 56 KM/u. Ka-
KOBa CpeJHAS CKOPOCTb [BHXEHUsS aBTOMOGHJST HAa BceM
yuyacTke nyTu?

Pemenue. 3nech TpeGyercss y3HaTh, ¢ KaKoil MOCTOSTHHON
CKOPOCTbIO MOXHO NIPO€XaTh TOT Xe NyThb 32 TO XK€ BPeMs.
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6) Vx =0;




253.

254.

255.

256.

257*.
258.

259.

260.

261.

262.
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IycTh AMMHA yuacTKa myTH paBHa s KM. Toraa B 06a KoHua

aBTOMOOHMJIb [poexans 25 KM, 3aTpaTHB Ha BeCb IyThb

s S ) .

T2_+§_'2T y. Cpennssi CKOpOCTb JABH)XEHHs paBHa:

23:-%:48 KM /4,

Hekoropoe paccTosiHne aBTOMOOH/IbL NpeojoJieBaeT B ropy

CO CKOpPOCTbIO @ KM/4, @ C TOPbl — CO CKOPOCTbIO b KM/4u.

KakoBa cpenssisi CKOPOCTb JBHIKEHHS] aBTOMOOHJSI Ha BCeM

y4aCTKe NYTH, eCJIH:

a) a=40, b=060; 6) a=230, b=45?

Jlonka ot A 10 B nabiBeT 1o TevyeHuio a 4, a ot B no A (npo-

TuB TeueHus) b 4. CKoJibKO 4acoB OyAeT NJBITh GPEBHO OT

A no B, ecau:

a) a=3, b=4; 6) a=2, b=3? ‘

Jlanbl ABa KycKa ¢ pas3jHYHbIM cojepxaHuem oaosa. Ilep-

Buifl, Macco# 300 r, conepXHuT. 20% omosa. Bropoi, maccoil

200 r, conepxut 40% osioBa. CKOJILKO MPOLEHTOB 0J108a Oy-

JeT COAepXKaTb CIJAaB, MOJYYeHHbIH H3 3THX KyCKOB?

Haiigure npoueHTHOe colepKaHHe p 0/10Ba B CIJaBe, MOJY-

YeHHOM M3 ABYX KYCKOB MacCaMH m, H My, COAEpXKalluX co-

OTBETCTBEHHO p, M P, NPOLEHTA 0JIOBA, €CJIH:

a) my=15, p,=40, my,=35, p,=20;

6) m;=35, p,=40, m,=15, p,=20.

JoKkaxuTe, yTO B npeAbIAYlleH 3ajade U3 YCJOBHA P, << Py

caenyer, 4yto p, << p << p,.

Fimeercst nBa Kycka cnjaBa 0/10Ba 4 cBHHLa. [lepBHiil, Mac-

coit m, r, conepXutT p,% 0s0Ba, BTOPOil coaepxHt p,% oJo-

Ba. CKOJIBKO TpaMMOB OT BTOPOTrO KyckKa Hago R06aBHUTb K

nepBoMy, 4ToObl MOJNYYUTH CILIAB C COJEP>KAHUEM O0JIOBA

0%, ecau:

a) m;=300, p,=40, p,=60, p=>56;

6) m =180, p,=45, p,=70, p=60?

Kycok cniiaBa menn u uunka maccoit 36 kr comepxut 45%

Mend. CKOMIbKO KHJOTPAaMMOB MEIH HYXHO A0GaBHTb K 3TO-

MY KYCKY, 4TOObI NOJIyueHHbIH HOBbIA cnsias comepxan 60%

Menu?

HMmeercs Kycok cnjiaBa menu ¢ oJ0BOoM obuieidl Maccod

12 kr, conepxauwuit 45% menu. CKOJIBKO KHIOTPaMMOB 0J10-

Ba Hajo NpubGaBHTb K 3TOMY KYCKY CIJIaBa, YTOGbI MOJYUHB-

wuiics HOBBIA cnuiap comepxana 40% menu?

CKOJIbKO YHCTOH BOIbI HYKHO 106aBuTb K 300 r MOpCKo# Bo-

abl, cogepxauieil 4% coJH, 4TOO6B MOJYYHTb BOLY, coaep-

xamywo 3% conu?

CkoJabKO yHcTOro cepebpa HyXHO R06aBHTh K 200 r cepebpa

835-it npo6bl, 4To6bl NONYyYHTh cepebpo 875-if mpobui?
3ameuaHue. 11 cnnaBa cepebpa 835-it npo6wl conep-

kut 0,835 r cepebpa.

263.

264.

265.

Hmeworca nBa Kycka, coaepxamue 60% u 40% oaoa. Ilo
CKOJIbKY FPaMMOB OT KaXJOr0 KycKa Hafo B3SiTh, 4TOGHI 10-
ayunts 600 r cnsiasa, cogepxamero 45% oJoBa?
HmeloTcs nBa Kycka, copepkaluue p, H p, NPOLEHTa 0JI0Ba.
ITo cKO/IbKY TPaMMOB OT KaXAOT0 KyCKa HaJ0 B3fiTh, YTOOHI
NOJYYHTb m I cAnaBa, cogepxauiero p% oJo0Ba, ecau:
a) m=450, p,=70, p,=40, p==60;

6) m=600, p,=80, p,=65, p=75?

Hs «Apudpmeruku» JI. . Macruyrozo. ¥ HEKOTOPOro 4eso-
Beka OblJiH AJ1f NMPOAAxXKH BHHA ABYX copToB. [lepBoe ueHomo
10 rpuBen Benpo, BTOpoe ke no 6 rpuBeH. 3aX0TeJa0Ch MY
clenath U3 T€X JBYX BHH, B3fB 110 YaCTH, TPEThe BHHO, 4TO-
6bl eMy ileHa Oblia no 7 rpuBeH. KakKue 4acTy HaAJdeXHT U3
TeX JBYX BHH B3ATb K HaNOJIHEHHIO Beipa TPeThero BUHaA Le-
HOI0 B 7 TrpUBeH?
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§ 4. KBAIPATHBIE YPABHEHHMSA

. KBappatHbiii TpexuaeH

MHorousied OTHOCUTEJIbHO X BHJA

ax’+bx+c, (1)

~
rge a, b ¢ — JAaHHbIC YHCJA H a;EO Ha3bIBAIOT KBAaJAPaTHbIM TpeEX-

yaenom. UHcso @ Ha3bIBaIOT KO3 dHULMEHTOM NpH x°, YMUCA0 b — Ko-
3hPULHEHTOM npy X, YHCIO ¢ — CBOOGOJHBIM 4YJIEHOM.
Yucno D=0b"—4ac Ha3blBalOT AMCKPHMHHAHTOM KBaJpaTHOTO

rpexuiena (1).
Teopema 1. Cnpasedruso pasencrgo

ax’*+bx+c=a [(x—}—%f——;%]. (2)

HoxaszaTteabcTtso. BoiHocA 32 ckoOKM YHC/IO0 a (10 YCJOBHIO
OTJIH4YHOE OT HYJISI) U BbiAeJsifisi B CKOOKaX MOJHBIA KBAaApaT, IOMYUHM

ax2+bx+c~—a[x2+2 X — +(2ba)2—<2—l;)2+%] =

ey -] el -2

OtMeTuM, uTo pasenctso (2) ecTs TOMOecT80, TAaK KaK OHO Mpe-
BpallaeTcs B BepHOe YHMCJI0BOE PaBEHCTBO AJS JIOOOro 4YHCJIOBOTO
3HAUYEHHS X.

Ha npakrtuke o6siuto dopMyJioii (2) He MoOAB3YIOTCS, @ B KaXKA0M
KOHKPETHOM cJjiydae HOBTOPSAIOT pacCyXJeHHsl, HCNOJb3yeMbie NpPH
J0Ka3aTeqbCTBE 3TOH (POopMyJibl.
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Hanpumep:
a) 2x°+4x+34=2(4+2-x- 14+ 12— 124 17)=2[(x+ 1)’ + 16);
6) 3x* 4+ 18x+27=3(x*+4+2-x-34+3)=3 (x4 3)% '
B) 2X —4x—16=2(—2-x-1412—12—8)=2[(x— 1) —9].
Teopema 2. Ecau ducrcpuzuuuaur D xsadparnoeo rtpexusena

ax’+4bx+c nososxcuresen, TO 3TOT KBAOPATHOLL TPEXdieH - MONEHO
pPABAOHCUTD HA MHONCUTEAU:

a4+ bx+c=a(x—x)(x—xp), (3)
rue
xl=;”;T\/z,
—b—\D : (4)
Yo =g »

JoxazarteabcTBo. B Teopeme | nokasaHo, 4To cripaBenjiuBo
paBeHcTBO (2). Tak kak D >0, To cywecTsyer KBaapaTHbIi KOpEHD
13 D ¥ BBHINOJHSIETCS PaBeHCTBO

D (VDY
402 \ 2a /°

Cae0BaTelbHO,
ax2+bx+c=a[(x+—2%>2—(—\é—lz_—>2]. (5)

B kBaspaTHbiX CKOGKaXx B paBoil 4acTH paBeHcTBa (5) 3anHcaHa
pasHocTh KBaaparos. [Ipumenus popMyay pa3HOCTH KBaJAPAaTOB, MO-
JYUHM

ax2+bx+c=a[(x+§l-)——\é—_g—”(x ) ]_
(D)2

Ho Ttorpa, ecan 0603HauyuTh

—b4+\D o b= VD
2a ’ ’

0= 27 2a

TO NoJy4yuM TpebyeMoe paszsioxenue (3).

OTtmeTum, 4TO pasencrso (3) ecTsv TOHOecT80, TAK KAK OHO Tpe-
BpaulaeTcs B BePHOe YHMCJOBOE PaBEHCTBO i J10GOT0 YHCJIOBOTO
3HAaYeHHUA X. ;

MHoxuTeNAN (X — X;) #H (X — X,) Ha3bIBAIOT AUHEUHbIMU MHONCUTE-
AfiMU, TIOITOMY pa3sfoxKeHue (3) 4acTO HasblBAIOT PasnoMKEHHEM
KBaJpPaTHOrO TPexXujeHa Ha JMHEHHbIe MHOKHTEJH.

OtMmeruM, uTo Tak Kak D >0, To 3TH JHHeliHble MHOMKHTEIH
pasHbie.

75




IHlpumep. Pa3noxuM Ha JiuHelHble MHOXMTENH KBajpaTHbifl
TpexusieH ‘ ‘

2% —3x+1. (6)

Pewenue. Tak kak D=(—3)*—4-2.1=1>0, 10 cornacuo
TeopeMe 2 KBaJpaTHbIM TpexuseH (6) MOXKHO pa3JioOXKHUTh HA JIMHEH-
Hbie MHOXHTEJH.

Bbiuncaum uncaa x; H Xo

_—b+ND _ —(=3+NT _
T 2.2 ’
_ —b—=\D _ —(=3)=\1 _ 1
= =T 22

2a =73

X

X9

CaepnoBatenbHo, 242 —3x+4+1=2(x—1) (x—%).

Teopewma 3. Ecau duckpumunanr D ksadparnoeo tpexurena
ax’+bx+c pasen nyaro, To 3TOT K8AAPATHLLE TPEXHUACH MONCHO PA3-
AOXUTb HA 084 OCUHAKOBLIX AUHEUHbIX MHONCUTEAR.

HorkaszaTteabcTBo. Kak caenyer us teopemsnl 1, ecaiu D=0,
TO

ax’+bx+c=a <x+%)2.

STo paBeHCTBO H 0O3HAUaer, UTO KBaJAPaTHbIH TpPexu/eH pa3JioxeH
Ha ABa OJMHAKOBLIX JHHEHHBIX MHOXHTEJSA. i

Teopema 4. Ecau Ouckpumunanr D keadparnoeo Tpexusena
ax’*4bx+c oTpuyaresen, ToO 3TOT TPexuAen OTAUMEH OT HYASL OAA
4106020 3HAYEHUA X U €20 HeAb3A PA3AONCUTb HA AUHelHble MHONCU-
TeAu.

N —D
JlokasateabcTBO. B camom aedse, ecain D <0, To v >0,
a

b\2 P
H TaK KakK (x—}—%) =0 nasn .modoroy X, TO Bblpa>eHHe B KBajpart-
HblX CKOOKax B paBeHCTBe (2) MOJOXMTENbHO AJs Jlo6oro x:

() + ()=

" YMHOXHM 3TO HEPABEHCTBO HAa @ M MOJYYHM
ax*+bx+c¢>0, ecain a>0,

ax’*+bx+c<<0, ecan a<<0.

[TepBoe yTBepxXieHue TeopeMbl 4 AOKa3aHO.

BTopoe yTBepxIeHHe AOKaKeM OT HNPOTHBHOIO.

TlycTb HMCKPMMMHAHT KBaApaTHOTo TpexuneHa ax’+ bx--c or-
puuaresnet (D <C0) 1 3T0T TpexuaeH MOXKHO 3aMHCaTh B BHAE NPOU3-
BelleHHs a{x— x;)(x—x,), Tne x, U X, — AEHCTBHTEJIbHbIE YHCJIA.
Torpa npu x=ux, U x=x, 3T0 NpPoU3BeeHHE PABHO HYJIIO, 4 3HAUHT,

76

H CaM TpexuJieH paBeH HYJIO, UTO MPOTHBOPEYHT PaHee NOKA3aHHO-
my. CaenoBaTesbHo, mpH ycaoBHH D <0 KBaapaTHbIl TpexuseH

- HEJIb3H Pa3JOoXHTb HA JIHHEHHbIEe MHOXHTEJH,

Hrak, KBagpaTHbIll TpexuJen:

1) npp D>0 pasnaraercssi Ha ABa Pa3HBbIX JHHEHHBIX MHOMH-
TeJIs;

2) npu D=0 pasnaraercsi Ha ABa OJHHAKOBBIX JIHHEHHBIX MHO-
KATEJ A,

3) npu D<<0 He passaraercs Ha JIHHelHble MHOXHTEJH,

266°. UTo Ha3bIBAaIOT KBAaAPaTHBIM TPEXUJIEHOM, AHCKPHMHHAHTOM
KBaJpaTHOro TpexuseHa?
267. IlpuBennre npHMep KBaAPAaTHOTO TpeXxuJeHa, NUCKPHMM-
HaHT KOTOPOro:
a) GoJibliie Hyasi; 6) paBeH HYJIO; B) MeHbllie HYJs.
268°. HasoBuTe KO3 PHUUHEHTHl @, b B ¢ KBaAPaTHOrO TPeXuJeHa:
a) 3 +4x+5, 6) 2x2—5x—7T; B) —5x*4+3x—1;
r) 6x4-x—2; 1) 22— x+7; e) —+x+1.
269. CocraBbTe KBaApaTHbI TpexuseH ¢ JaHHBIMH KO3 PHUHEH-
TaMu:
a) a=3, b=4, c=5; 6) a=b, b=—2, c=6;
B) a=1, b= —1, c=2; r)a=—I1, b=3, c=—2.
270. BpiuncauTe IJUCKPHMHHAHT KBAJAPaTHOTrO TpexuJeHa:
a) 2x°+5x+3; 6) 2x*—5x+3; B) 2x*4+5x—3;
r) 2x*—5x—3; 1) ©—4x+5; e) X*+6x+9;
x) 2+2x41; 3) —3x45x—2; u) *42x+2
271. Boipenute noJinbifi KBaapar:
a) ¥ —4x+5=4—2-x-2422— 224 5=(x—2)+1I;
6) 2x°+6x—5=2(x*43x—2,5)=
2 2
=2(x2+2-x-%+(%) —(13,-) —2,5):2((x+l,5)2—4,75);
B) X*—8x+17; r) xX*+4x+4; 1) x*+45x—6;
e) ¥*—3x+2; x) 22 —8x+47; 3) —4X+4x—3;
u) 32 —2x+1; K) 3x*—6x+1; a) —2x*—8x+10.
272°. Pasnaraetcs Jid KBaAPATHLIH TPeXuJieH Ha JHHeHHble MHOXH-
TeJNH, €CJAH ero JUCKPHUMHHAHT:
a) MOJIOKHTEJIEH; 6) paBeH HyJIO; B) OTpHLaTeJeH?
273°. Kakum JoskeH 6bITh JUCKPHMHHAHT KBaZpPaTHOIO TPeXuJeHna,
4yToObl OH pasJjiarajcs Ha JHHEHHbie MHOXKHUTEJH:
a) pasHbie; 6) onMHAKOBBIE? '
274. BboisicHuTe, paaJjaraercs JU KBAaAPAaTHbIK TpexdseH Ha JIH-
HeliHbie MHOXHTeJIH:

a) X —4x+3; 6) ¥ —4x+4; B‘)lx2+4x+5;
r) 3x*—4x-41; n) 52 —6x+1; - e) 4 +4x+2.
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275. Pasnioxute KBajpaTHHIH TpexujeH Ha JIHHeHHble MHOXH-

TeJIu:
a) 2x°—5x+3; 6) 3>+ 5x—2; B) 5x*—2x—3;
r) X —T7x+6; ) L4+6x—7; e) X*+x—2

Ykasauue. BocnonbayiiTech paBeHCTBOM
ax2+bx+c—a(x %) (x— x5),
VB 0V

rae x = » Xp=—p
276. pa3JIO)KPlTe KBaJApaTHBIH TpeXxu/JeH Ha JHUHelHble MHOXUTE-
JIH, €C/IH 3TO BO3MOXKHO (€CJH HET, TO YKaXKHUTe [PUUYHHY):
a) >4 8x415; 6) 4x*—4x+1; B) 2x* —3x+4 4.
277. Jlokaxknurte, 4TQ 3HAUYE€HHA KBaJAPAaTHOTO TPexujeHa IpH J10-
6bIX 3HAYEHHSAX X OTJAHUYHBI OT HYJSA.

Hanpumep, x*+42x43=2+2x+142=(x4+124+2>0
npu at0bvix X,
— L —4x—5=—(L+4x+4+1)=
= —((x+2)’+1)<0 npu aw0bbix x.
a) 3x*—x+1; 6) —5x2+2x—10;
. B) —xX45x—T7; r) X*46x+10.
278. loka)KuTe, yTO HaWAeTCA TaKOe 3HAYEHHE X, [IPH KOTOpPOM

3HaueHHe KBaApaTHOro TpexuseHa x’—7x+6:
a) MOJOXKHUTENbHO; 6) OTpHLATEJbHO;  B) PaBHO HYJIO.

4.2. HoHsiTHEe KBajXpaTHOro ypaBHEHHS

KBaapaThbim ypaBHeHHEM C HEH3BECTHLIM X Ha3LiBAIOT ypaBHe-
HHe, JeBasi 4acTh KOTOPOro €cTh Ksanpamun TPeXuJeH OTHOCHTENb-
HO X, a mpaBas — HYJb.

KBanpaTHoe ypaBHeHMe HA3BIBAKT TAaKXKe yPaBHEHHEM BTOpOH
CTEMEeHH.

Caenyioline ypaBHEHHs

22 —3x—T7=0, 252 —3=0, P—bx=0
— 24 11=0, —524+3x+5=0

CJyXaT NpHMepaMH KBaJApATHbIX YpaBHEHWUH C HEH3IBECTHBIM X.
PaccmorpuM ksadparnoe ypasuenue ¢ OOHUM Heu38eCTHLIM, 3a-
NUcaHHoe 8 obuem sude

ax’+bx+c=0, (1)

rae a, b u ¢ — 3anannbie uncaa (a=~0). Hucjao a Ha3bIBAOT K03gh-
puyuentom npu x°, UHCHO b — KOIPPUYUEHTOM npu X, YHACIAO ¢ —
¢80600HbIM YaeHOM YypasHerua (1). Bblpa)xe}mﬂ ax’, bx v c Ha3biBa-
0T 4renamu ypasuenus (1). Uucao D =b*—4ac HaSblBalOT JAHCKPH-
MHHAHTOM KBaJapatTHoro ypaBHeHHsa (1).
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Tak, B ypaBHeHUH
258 —3x—7=0
2 — ko3(ppunmeHt npu x°, — 3 — Ko3pPUUHEHT NpH X, — 7 — CBO-

6oaHbll wieH, D=(—3)—4-2-(—7)=65 — ero AHCKPHUMHHAHT;
B YpaBHEHHH

©—3=0
l — Koaqo(pmmem npu £, 0 — Koa(pdHLUHEeHT NPH X, — 3 — CBOGO-
Hplf unen, D=0%—4.1. (— )=12 — ero ANCKPHMHHAHT.

HanomMuuM, uto KOpHeM (naH peilleHHEM) YpPaBHEHHA C HEM3-
BEeCTHBIM X HA3bIBAIOT YUCAO, NPU NOOCTAHOBKE KOTOPO20 8 ypasHe-
HUE 8MeCTO X NOAY4AeTCSs 8epHOe HUCA0B80€ pPABEHLTBO.

Hanpumep, uucio 0 sBiasieTcss KOpHeM ypaBHEHHS

252 —7x=0,

u6o ecau noacraBuTh 0 BMecTO X, TO MNOJIYYHM BepHO€ YHCJIOBOE pa-
BEHCTBO

2.0°—7.0=0.

Pewurs ypasuernue — 3T0 3HAUUT HAUTU BCE €20 KOPHU UAL NO-
Ka3ars, 470 ux HeT. B caepyouux nynkrax 6yaer noka3aHo, KakK Ha-
J0 pellaTh KBajpaTHOe YpaBHEHHe, T. €. HAXOAHTb €ro KODHH.

B nononHenusx k raase [l 6ynyr BBeleHbl TaK Ha3biBaemble
KOMNJIEKCHBI® YHCJd, TOTAA Mbl YBHIHM, YTO YpPaBHEHHUS, KOTOpbIe
Mbl paccMaTpHBaeM, gceada umerOT KopHu. B ofHUX clydyasix oHH AB-
JAI0TCS JeACTBUTENbHBIMH YHCJAAMH, B JAPYTHX — KOMILJIEKCHBIMH.
Ho cefiuac peub 0 KOMIJIEKCHBIX YMCIaX HE HET, U Mbl 6yJeM roBo-
PHTb, UTO OaHHOE YpPaBHEHUE He UMEET KOpHel, eCH OHO He HMeeT
HeACTBUTENBHBIX KOPHEH,

[Tpu pelieHHH ypaBHEHHH NPHXOAUTCS YMHOXATb HJH AEJHHTb
o6e yacTH ypaBHEHHS Ha He paBHOe HYJIO UUCJ/0, 4 TaKXKe MepeHo-
CHTb YJIeHbl YDABHEHHS H3 ONHOH €ero 4acTd B Apyryio. B peaysabrate
Oyner noayuaThcst ypaBHeHHEe, PABHOCHJAbHOE IIPEXHEMY, T. €. YpaB-
HeHMe, UMelolllee Te M TOJIbKO Te KOPHH, YTO H NpeXXHee ypaBHEHHe,
Jloka3aTenbCTBO 3THX YTBEPXKAEHHH TaKoe Xe, KaK H 1Jis JHHEHHBIX
YPaBHEeHHUH.

—
279°. a) Kakoe ypaBHeHHe HA3bIBAIOT KBAaAPaTHBIM ypaBHEHHEM?
6) YkaxuTe cpeid CJAeLYIOIUHX YpaBHeHUH KBaJpaTHble

WM PaBHOCH/AbLHbie KBaJApaTHBIM:

1) 38 —2x4+1=0; 2) 4=1%
3) 2x—8—=0: 4) x(x—1)=3;
5) - —2=0; 6) £+ 3x=0;

7) —0,5x+\32—7=0; 8) 12x—32+5=0.
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280°.
281°.

282.

283.

284.

285.

286.

287.

288°.
289.
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Hunst kBanpaTHbIX ypaBHeHU# B 3anaHuu 279, 6) onpenenaure
KospouuueHTbl @, b U cBOOOAHBIA 4JE€H cC.
HasoBHTe ujieHbl KBaApPaTHOTO YpaBHeHHS H KO3 (PHIUHEHTHI
npu x°, NPH X U CBOGOAHBIN YJIEH:
a) 28 4-3x—5=0; 6) X*—5x+1=0;
B) ¥ —9=0; r) x¥*—9x=0.
CoctaBbTe KBajApaTHOE YypaBHeHHe ax’+bx+c=0, ecau
ero Ko3(p(pHUuHEeHTbl paBHbL
a) a=2, b=3, c=4;

1

B) a=—1, b=0)59 c=§';

6) a=3, b=—3, c=1,
ry a=5, b=2, c=0;

n) a=1, b=0, c=T7; e) a=——%, b=0, c= —8.

BbluncayuTe NHCKPUMHHAHT KBAaAPATHOTO ypaBHEHHS:
a) 2x*—3x—5=0; 6) ¥*+5x+1=0;
B) 9% —6x+1=0; r) +x+1=0.

[TpoBepbte, fiBAsieTcR JH 4uc/a0 ) KOpDHEM ypaBHEHHs:

a) ¥*—5x=0; 6) *+1=0;
B) 5 —6x+1=0; r) X*—5=0;
1) X4 x=0; e) ¥4 10x40,1=0. \

[MposepbTe, fIBASETCH JH XOTA Obl OAHO H3 4Hced 1 ujw
— 1 KopHeM ypaBHeHHS:

a) 24 x=0; 6) X2—b5x+4=0;

B) —4x+4=0; r) P—x=0

1) X+46x4-5=0; e) X—1=0.

Bri6epute U3 uucea —1, —-%, 0,1, 2 KOpHH ypaBHEHHS:
a) ¥—x—2=0; 6) 2x=0;

B) 3= —ux; r) 3 45x=2;

1) 4x—5= —6—23x% e) 2x 4+ = —2—x.
[TonGepute x0Ts1 Obl OJHMH KOPEHb YPaBHEHHs:
a) X¥*—4=0, 6) X*—4x=0;

B) 3x —2x—1=0; r) 5x*—x—6=0.
Kakue ypaBHEHdsi HA3biBAIOT PaBHOCHJbLHBIMH?
PaBHOCHJIBHB! JIH YpaBHEHHS:

a) 2¢2°=5x n 2x*—5x=0;

6) 7X°=28 n =4

B) X’ —8x+4+8=3"—8 u X +4x—8=0;

r) (x—1)(x+5)=2(x—1) u x+4=1;

1) P4+3x—5=x>+4 u 3x—5=4;

e) (x—2)x=xu x—1=2?

4.3. HenoJasnoe KBaapaTHoe ypaBHEHHE

KBajpatHoe ypaBHeHHe
ax’+bx+c=0 (as#0)
Ha3bIBAIOT HENOJHbIM, ecii Yy Hero b=0 uan ¢=0. B 3ToM nyHKTe
paccMaTpHBaeTCs pelleHHe HeNoJIHbIX KBaJpAaTHBIX YpaBHEeHHH.
IlIpumep 1. Pewium ypaBHeHHe

£ =0. (1)

CyuiectByeT ToJIbKO ofHO uuciao 0, KBaapaT KoToporo paben 0.
CunenoBaresbHO, ypaBHeHHe (1) MMeeT eIMHCTBEHHBIH KopeHb Xx,=0.

Henostoe KBajgpaTHoe ypaBHeHHe, Y Kotoporo b=c=0,
T. €. ypaBHeHHUe

ax*=0 (a#0)
pPaBHOCHJBHO ypaBHeHHI0 (1) B, clen0BaTeNbHO, TaKXe UMeeT el1HH-

CTBEHHBbIH KopeHb X,=0.
Illpumep 2. PemwiuM ypaBHeHHUe

¥ —5=0. » (2)
ITo ypaBHeHHE PaBHOCHJbHO YPaBHEHHIO

=5,

CJIEJIOBaTEJIbHO, HaM HaJ0 HaHTH Bce Yyucaa, KBaapartbl KOTOPbIX

paBHbl udcay 5. Takux uucesn Toabko aBa: Vo u —V\b.
TakuM o6pa3oM, ypaBHeHHe (2) MMeeT 1Ba KOpHS:

5 =\5 u x=—\5

H APYTUX KOpPHell He HMeer.
Ho MoxHO paccyxkpaaTb WHaue. YpaBHeHHe (2) MOXKHO 3aNlHCaTh

B Bujae
#—(\5y=0
HJH B BHIE
(x—\5) (x+V5)=0,
OTKyJda BUJHO, YHTO HYHCJHAA X = 5 H Xg= — 5 SBJASAKTCA KOPDHAMH

ypaBHeHus (2). Hpyrux kopHell ypaBHeHHe (2) He MMeeT, TaK Kak
eCJIH B HEro BMeCTO X MOACTAaBHTb J060e YHC/I0, OTJAHYHOE OT \/5 u

—V>5, 10 neBas yacTb ypaBHeHus (2) Gyner orauuyHa ot 0.
llpumep 3. Pewium ypaBueHue
L4+7=0. (3)
OueBHIHO, UTO 3TO ypaBHeHHe He UMeeT KopHell. Benb kBampar
J060ro AEHCTBUTENBHOrO UYHCJa X, HEOTpHIIaTesJeH, H, CJef0Ba-

TeNbHO, Xi+7 eCTb MOJOXKHTeJIbHOE YHCI0. JIPYyTHMH CJIOBAMH, HH-
KaKoe JEeHCTBUTENbHOE YHCAO X, He MoXeT ObiTb KOpHEM ypaBHe-
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HUA (3). Mbl peiinnn ypaBHeHue (3), 8 HMEHHO MOKa3aJju, 4YTO OHO He
WMeeT JeHCTBHTENIbHBIX KOpHed.
Henosnsoe kBagpaTHoe ypaBHeHHe, y Kotoporo b=10, umeeT BUA

ax*4c=0 (a#0). (4)
310 ypaBHeHHe DPaBHOCH/IbHO YpaBHEHHIO
#4==0. (5)

SlcHo, uto ecau 701— €CTb YHCJO NOJIOXKHTENbHOe, TO, KaK H B IpuMepe
3, ypaBHeHHe (D), a 3HauUUT, H ypaBHeHHe (4) He HMMEIOT KOpHek.

[lycte Teneps % €CTh YHCJO OTPHILAaTeNbHOe. Y paBHeHue (5) pas-
HOCHJIbHO YPaBHEHHIO

#—(—%)=0. (6)

¢ .

Tak KakK 4ucjio (—;) [OJIOXHTEAbHO, TO ypaBHeHHe (6), a 3HaUHUT,
|

W ypaBHeHue (4) paBHOCHJbHBI ypaBHEHHKIO

(N D) (VD)o

KOTOpO€ HMeeT JABa KOpPHHA.

X == CPI)C“' ¢
1= a 27— a

H JAPYyrHX KOPHEH He HMeerT.

ITpu ¢=0 ypaBHeHHe (4), KAK Mbl 3Ha€M, HMEeT €1HHCTBEHHbIM
kopenb x=0.

Ilpumep 4. PelnuM ypaBHeHHe

¥ —3x=0. (7)
Ilepenuwem ypaBHenue (7) B BHAE
x(x—3)=0. (8)

ITO ypaBHEHHE MMEET, O4eBHIHO, KOPHHU X; =0 U x,=3. JIpyrux kop-
Hel OHO He uMeeT, HOO0 eCJId B HEro NOACTaBUTh BMECTO X JI060€e Yic-
Ji0, oranuHoe oT O H 3, To B JieBOH yacTh ypaBHeHHs (8) nosyuuTcs
uyucao, He pasHoe (.

Henosuoe kBaapaTHoe ypasHenue, y koroporo ¢=0, b0, ume-
eT BHJ

ax+bx=0 (a0, b5=0). (9)
3T0 ypaBHeHHe PaBHOCHJBHO yPAaBHEHHIO
x2+%x=0. (10)
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Tak xe Kak U B npumepe 4, nokaabiBaercs, uto ypasHeHHe (10), a
3HA4YNT, W ypaBHeHHe (9) UMelOT ABa KOpPHS:

b
=0 0 x,= —=

U JPYrUx KopHeli He HMeIOT.
[IpuBeneHnbie mpuMepb MOKa3biBAlOT, YTO KBaJApaTHOe ypaBHe-
HHE MOXET HMeTb OJHH HJIH ABa KOPHS, 3 MOXKET H He HMETh KOpHeil,
B cieaylomiem nyHKTe Mbl YBHAHM, 4TO 2060e KeadpaTrnoe ypas-
Herue umeer aubo 0sa Kopus, aubo odun, Aub0 He umeer KopHell.

E——— .
290°. Kakoe ypaBHeHHe Ha3bIBAIOT HEMOJIHBIM KBAIPaTHBIM ypaBHe-
HHeM? ‘
291°. CKO/IbKO KOpHEH MOXET HMEeTb HeMoJHOe KBaJApaTHOe ypaB-
HeHHE:
a) ax*+c=0 (a0, c#0); 6) ax®+bx=0 (a0, b==0)?
292°. Pemnte ypaBHeHHe:
a) 3(x—1)=0; 6) 242=0;
B) x(x—1)=0; T) (x+3) x=0,
1) (x—3)(x+2)=0; e) (x+9)(x—7)=0;
XK) 3x(x—0,5)=0; 3) 0,6x(24 x)=0;
) 3I(x—8)(5+x)=0; K) 0,8(x41)(x—4)=0.
293. Pewnte ypaBHeHHe:

a) X*—4x=0; 6) X*46x=0; B) 3L+ x=0;
r) #¥—0,5x=0; 1) 2x+352=0; e) x—2x=0;
K) 7Tx8=5x; 3) 3x=114% M) %x2—3x=0.
Pewute ypaBHenne (294—296):

294. a) 2x*=3, 6) x*—9=0;

£=1,5, - B) ¥—25=0;

2—15=0, 1) 16— x2=0;
¥ —(V1,57=0, 1) 49— 2 =0;
(x—V1,5) (x+V1,5)=0, e) 3+ 2=0;
x=V1,5, x,=—V1,5. x) 8 —2x=0;
Oreer: —V1,5; V1,5. 3) 3— 124 =0;

) T=282 k) g+2=0. 1) £—g=0,
295, a) x¥*—3=0; 6) ¥ —5=0;

r) $ £—10=0; 1) 4°—3=0; e) 5x24+2=0;
x) x2=2304; 3) £—31,36=0; ) 0,001=40.
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B) 3 £—1=0;




296.

297°.

298.

299*,

300*.

301.

302,

303*.
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a) 4574 6x=7x"—12x;
B) 0,764+ 1,4x=0;
a) 0,07x* —50=2,1x— 50; e) 92— 10x=7x*—15x;

x) —0,5624+\6x=0; 3) %x"’=5x.

3anumute oOIMA BHA KBaJPaTHOrO ypaBHEHHS:
a) OJHH KOpeHb KOTOPOro paBeH HYJIIO, a Jpyroi He paBeH
HYJI0;

6) o6a KOpHSi KOTOpPOTrO paBHbI HYJIO;

B) KOPHH KOTOPOro paBHbl Mo abCOJIIOTHOH BeJUYUHE, HO
NIPOTHBONOJOXHbBI [0 3HAKY. :

Kak peilnaercs Kaxjaoe U3 3THUX YpaBHeHHH?
3anuiuTe KBajpaTHOe YpaBHeHHe, KOPHH KOTOpOro:

6) 1,2x—0,56x*=4x">—0,8x;
r) 0,652+4\3 x=0;

.

a) 0 u0; 6) 0 u 4; B) —1 n 7;!
r)056 8 1) —5u +5 e) —\7 u \7;
x)5 u 3; 3) —1u9

Pewnte ypasHeHue:

a) (x=1P+(x+1)=2

6) (x—T7)(x+3)+(x—1)(x+5)+26=0;

B) (3x—8) —(4x—6) 4+ (5x—2) (x+2)=24;

r) (2x—5)(3x—4)—(3x+4)(x—2)— 10x—28=0;
1) (x+2)(x—3)(x—1)=x(x+1)(x+6)+6.
Pewnre ypasHeHHe:

a) (x— 1P —1=0; 6) (x+2)—4=0;

42—1 3248 52 —48  33—24
B) —3—— 5+ =L N~ "% ‘“3_’
! 1y 5
D (r+3)(r—3)=T5: ¢ Gx+15)(Bx—15)=54
3P —4x _ 5F—x 2x—3x8 Tl—x__ 2
K) —5—=—"3"; 8) =5 ——7 =73

a) IlpH KakHX UHC/IOBBIX 3HAYEHMAX M CYUIECTBYIOT KOPHH
ypaBHenusi X+ m=0?

6) Hanuimnte KBagpaTHOe ypaBHeHHe, OAHH M3 KOpHEH Ko-
TOpOTO PaBeH HYJII0.

B) [Ipu kakom uyuci0BOM 3HaueHuH Kk ypasHenne 10x°4
+4x— k=0 umeer kopenp 0?

a) KBaapar HaTypaJbHOro YHCJia paBeH YTPOEHHOMY 3TOMY
ke yucay. Hafinnre takoe uuciho.

6) Ksanpat HatypaJbHOrO YHCJa B 1B pa3a MeHbLIe CaAMO-
ro yucsaa. Hafinute 310 4nco:

Pewnte ypaBHeHHe OTHOCHTEJBHO X, CYHTAA /M U N ZaHHBIMH
YHCJIAMH:

a) m*x’—n*=0;
B) mxz——i=0;
m

6) m’x®—4=0;
r) nxz—-l;izo.

. 4.4, Pemenne KBaapaTHOro ypaBHEHHS OGLIEro BHAA

B 3TOM nyHKTe Mbl pacCMOTPHM peilieHHe KBaJAPaTHOrO ypaBHe-
HHf, 3aNUCaHHOTO B 0OIleM BHAE

ax+bx+c=0 (a50). , (1)

Teopema 1. Ecau Oduckpumunant xeadpaTnozo ypasnenus
(1) noaoxcuresen, To OHO UMeeT 08a PAZAUMHBLE KOPHA:
—b4-Vb?—4ac —b—\b0*—4ac
e e T I T e Pa— (2)
u dpyeux KopHell He umeer.
HokasarteabcrBo. Kak nokasavo B n. 4.1, ec.nu‘ D>0, 1o

CNpaBelJiHBO PABEHCTBO
ax +bx+c=a(x—x,)(x——x2),

rie YHC/a X, H X, onipeResiloTca paBeHctBamu (2). [lostoMy ypaBhe-
Hue (1) MOXKHO 3amucarbh B BHHE

a(x—x)(x—%)=0 (a+0). v (3)

OueBHAHO, 4TO ypaBHeHHe (3) HMeET KODHH X, H X, H APYTHX KOpHeit
He HMeeT, IOTOMY 4YTO eCJH NMOACTABHTL B €r0 JIeBYI0 4acTh BMeECTO
x J1060€ 4HCA0, OTIHYHOR OT Xy 'H Xy, TO MOJYUHTCH YHCJIO, OTJIHUHOE
oT nyasd. Teopema pokasana.
Teopema 2. Ecau Ouckpumunant Keadparnozo Yypasnenus
(1) pasen nyaw, 10 OHO umeer eQUHCTBEHHbBLE KOPEHb
_ b
xo— —"2—‘—1'
u Opyeux xKopHel He umeer.
HJdokasareabcTBo. Kak nmokasano B 1. 4.1, ecnin D=0, 10
CrpaBe[JIUBO PaBEHCTBO '

a4 bx+4c=a(x—x),
b ‘ .
rae Xo= —z-—. [Tosromy ypasHenue (1) MoxHO 3anucath B BHJE
a(x—x)t=0 (a5=0). ' (4)

OueBHHO, UTO YpaBHeHHe (4) HMeeT KOpPeHb X, M JpYrux KopHe#
He MMeeT, MOTOMY YTO €CJid MOJACTaBUTb B €r0 JIeBYX 4acTb BMeCTO
x J11060€ YHCII0, OTAHUHOE OT X;, TO TOJYYHTCS YHCIO, OTIHYHOE OT HY-
Jjsi. Teopema [oKa3aHa.

Teopema 3. Ecau OuckpumurauT KsadparHoeo YpasHeHus
(1) orpuyaresen, 10 OHO He umeer KOpHell.

JoxkasarteabcTBo. Kak nokasaso B 1. 4.1, ecau D <0, to
s JA1060T0 X BLIMOJTHAETCHS OAHO M3 HEPABEHCTB:

ax’+bx+c¢>0, ecain a>0,
HJIH

axX’+bx+c<<0, ecan a<<0.
85




IT0 03Hauaet, yTo Npu D < (0 He cyuiecTByer NeHCTBUTEIbHOrO
ypcJa, 06pallapulero JeByo 4acTb ypaBHeHus (1) B HyJab, T. €. 1IpH
D <0 ypapHenue (1) He uMeeT AeHCTBUTEAbHHIX KopHel. Teopema
JOKa3aHa.

HUrak, ksadparnoe ypasunenue (1)

1) umeer dsa pasauumbix KOPHS, €CAU €20 OUCKPUMUHAHT 6OAb-
we HYyas; ,

2) umeer eduHcTBeHHbLL KOPEHD, eCAl e20 CUCKPUMURAHT DABEH
HYAI0;

3) ne umeer Koprel, ecau eco0 OUCKPUMUHAHT MeHbUle HYAA.

3ameuanue 1. Eciin auckpumunadt ypaBHuenus (1) ndnoxu-
TeJieH, To GopMyabl (2) A1 KopHE# 3TOTO ypaBHEHUS Y4aCTO 3alHChi-
BalT B BHJe OAHOH GOpMYJib

ﬂ. (5)

3ameuanue 2. Ecau D=0, o popmyaa (5) ocraercsa crpa-
BeAJHBOH. B 3TOoM csiyuae oHa pnaeT eJUHHCTBEHHBbIH KOpE€Hb

o= — 2
R PR
WM, KaK TOBOPST, 1B3 COBMAAaioWHX KOPHSA:
b

x|=x2= —%

B nasibHeliiieM npu pelleHHH KBaAPATHBIX YPAaBHEHUH Mbl He Gy-
IeM NOBTOPATH MPHBEIEHHOE Bbillle paccyxaeHue, a 6yAeM MOJab30-
BaTbcs opmyJoit (5).

BoT HeCKO0JIbKO NpHMEpOB.

IIpumep 1. Peutum ypaBHeHHe

3x2+2x—2=0.» ' ‘”’A“"’ (6)
BblMMCAHM AHCKPHMHHAHT ypaBHeHus (6):
D=b"—4ac=22—4.3.(—2)=28>0.

CnenoBatenbHO, ypaBHeHHe (6) MMeeT ABa KOpHsl, KOTOpble BbIUHC-
JA10TCA 110 GopmMmyJie

_ —b+\D _ —21\28  —2+2V7  _1a\7
22 23 =3

Xy, 0= 5.3

T. e. ypaBHeHHe (6) UMeeT nBa KOpHS:

o NT _ —1=\7
i a - a .

3. M R=—3
IlTpumep 2. Pemunm ypasuenue
25x—30x+9=0. (7)
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BBIYHCAHM AUCKPHMHHAHT ypaBHeHHs (7):
D=0b*—4ac=(—30"—4-25.9=0.

ChnenoBarenbHO, ypaBHeHHe (7) UMeeT eJUHCTBEHHbIH KOpeHb, KOTO-
pblfi MOXKHO BBIYHCJHTb N0 (dopMyJe

—bxVD _ 3040 __ 30
2a T 2.25 T 50

=(,6,

T. €. ypaBHeHHe (7) UMeeT eJHHCTBeHHbIH KopeHb 0,6, uan, Kak roso-
pAT, ABa COBMAaAAIOILHX KOPHS:

X, =x,=0,6.
[Ipumep 3. Peminm ypaBHeHHe
2% —4x+3=0. (8)

BbluMCaIUMM AHCKPUMUHAHT ypaBHeHUs (8):
D=0t —4dac=(—4)—4.2.3=—8<0.

CaenoBaresbHO, ypaBHeHUe (8) He HMeeT KOpHeEH.
3ameuanue. Kopuu KBaIpaTHOro ypaBHenus ax’+ bx+c=0
HA3bIBAIOT TAKXKe KOPHAMH KBaJpaTHOro TpexuieHa ax’-+ bx-4-c.

304°. Uro Ha3LIBAIOT AMCKPHMHHAHTOM KBaJPaTHOIO ypaBHEHHS?
305°. CkoabKO KOpHell MMeeT KBaJpaTHOe ypaBHEHHE, eCAH JHCKPH-
MHUHAHT:
a) MOJOXHTEJNeH; 6) paBeH HYJIO; B) OTpULlaTeJieH?
306. Ilo kakoit popMyJsie MOXKHO HAHTH KOPHHM KBaAPaTHOIO ypas-
HeHHSl, eCJIM ero NHUCKPUMMHAHT HeoTpULATEJeH?
307. BeinuwnTte K03pGHLHMEHTHl NPH X H X° M CBOGOMHBIN uJeH,
BBHIYHC/IHTE AHUCKPHMHHAHT M YKa>KMTe 4MCJIO KOpHel ypas-
HeHHS:

a) ¥ —10x+421=0;
B) 2x*—3x—5=0;
n) dx— X —1=0;

6) X*—2x+42=0;
r) —2247x—3=0;
e) 34242 —7x=0;

w) E—Tx=1; 3) £ —35—2x

H) x2=-2"-—1; K) 4—4x+ *=0.
308. Pewnre ypaBHeHHe:

a) ¥ —6x+48=0; 6) **+5x46=0;

B) X —x—2=0; r) X4+ x—6=0;

1) X4 4x+15=0; e) X*44x+4=0;

x) 5x%+8x—9=0;
n) 3x°—5x—2=0,

3) 45 —8x+3=0;
K) 52 —6x+1=0.
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309.

310.

311.

312.

313.

314*.

Pelinte ypaBHeHHe, NpeABapHTeNbHO NpHBeas Ko dHUM-
€HTbl YPABHEHHA K LEJOYHCJICHHOMY BHJY, YMHOXKHB JE€BYIO
M MpaByl0 YaCTH ypaBHEHUS Ha OJHO H TO XK€ YHCJO:

a) f-*—;X———;—:O, 6) xz—%x—t—-%:O,
B) ¥ —8—2=0; r) £+ —50=0;
1) ©—25¢+1=0; e) £—55x+1=0.

Peuinte ypaBHenue (310—313):
a) 2xX*=5+43x; 6) —x’+14x—48=0;

B) — 7124+ 2x= —329; r) ¥4 x—5=0;
1) 28— 17x—9=0; e) 7%+ 13x—3=0;
X) 97 —20=24x; 3) 4x*—4x=15.

a) (x+8)(x—9)= —52; 6) (x—1)(2x+3)=T;
B) (x4 1)(x4+2)=(2x—1)(2x— 10);

r) (x—1)(x—=2)=8x+1)(x—2);
pi-EomE gtin g,

%) 2 e l0, 3) x—4-3+2x(—;-3=x21—211 ‘
a) (x+3)(x—2)+(x+2y=3x+10;

6) (x—5f+(3—x)'—4(x+5)(3—x)—48=(x+1)}
B) (x—1)(x—2) (x—3)— (x*+3) (x—5)+2x=33;

1=5%. 1) 1,24—0,8x—3,1=0;

r) 8x2+11+;=_7—,
e) 0,3x°+2,3x—3,4=0.

a) X4 6x+8=0; 6) ©*—10x+9=0;
B) ¥’ —3x=1,75; r) X4-x=2;

1) X—6x+6=0; e) X48x42=0;
K) £—3x41=0; 3) #—5x=1=0;
n) X +8x+15=0; K) £45x—6=0.

JloKaxuTe, uTO KOPHM YypaBHeHHss ax’+4bx{c=0 npu
D=0 MoXHO BbluHCJASATb N0 (opMyJie

_ki\/g
2 4 D (b>2
—ac.

i R
PewnTe 1o 3Toi dbopmyse ypaBHeHHE:
a) X*—8x+7=0; 6) x*42x—8=0;
B) ¥ +2x—3=0; r) 34— 10x+4+8=0;

1) 84— 10x4+3=0;
X) 322 —8x+5=0;

e) 24— 10x+41=0;
3) 5+ 8x4+3=0.

315. Ilpu KakoM 4HMCJIOBOM 3HaYeHHW m ypaBHeHHe HMeeT ABa
COBNAJaUIUX KOpHS:

a) X+ mx+3=0;
B) 3’ —2x+m=0;
316*. Pewurte ypaBHeHHe:

a) ax’—2x+1=0, ecan uncsio a TakoBo, uto a << | n a0;
6) x¥*—4x+4a=0, ecau YHCAO a TaKOBO, 4T0 a<<l.

6) 9 — mx—2=0;
r) X=mx+m?

317*. Jlas kakoro uucia a ypaBHeHHe xX°+42x-+a=0:
a) uMeeT /IBa pa3JHYHBIX KODHS;
6) MMeeT eIHHCTBEHHbIH KOpPEHb;
B) He HMeeT KOpHei?

318*. Pewnte ypaBHeHHe AJS KaxXJ0T0 JeHCTBUTENBHOIO YUCIA G:

a) X¥*—3ax+42a*=0; 6) ax* —2x+1=0;
B) ¥ —4x+4a=0; r) ¥ 42x4a=0.

4.5. MpusepeHHoe KBajJpaTHOe ypaBHeHHe

KsaapaTHoe ypaBHeHHe ¢ Kosdduunentom 1 npu x* HasbiBaloOT
NPpUBEACHHBIM KBaApPATHbIM YPaBHECHHEM.
CJIeIlleI.LlI/Ie YpaBHEHHA
£ —2x+7=0, =0,
CAYyXaTtT npuMepamMu MNpUBeJAeHHbIX KBAAPaTHBIX ypaBHeHHﬁ.

[MpuBeneHHoe KBajapaTHoe ypaBHeHHe B ofllteM Buae 0ObIUHO 3a-
MUCHIBAOT TaK:

£+ px+q=0, (1)

rae p H ¢ — AaHHble ydcaa. Yucao p — kKoshpdHLMEHT NpH X, 2 § —
CBOOOJHBIH 4JieH. \

Takum o6pa3om, ypaBHeHHe (1) MOXHO paccMaTpHBaTh Kak
yacTHBIA cJydail KBaApaTHOTO ypaBHEHHs o0liero Buaa o

ax’+bx+c=0, (2)

rie a=1, b=p, c=q.
JIHCKpUMHHAHT ypaBHeHusi (1) paBeH:

D=b2—4ac=p2——4q. (3)

[Tycts D >0, Toraa, Kak Mbl 3HaeM, ypaBHenue (1) umeer aBa Kop-
HSI, BHIUHCJsieMble 1O (opMyJse

SPIY =n g
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[Tycts renepy D=0, torna ypaBHenue (1) umeeT eIHHCTBEHHbLH
KOpeHb, WJIH, KaK TFOBOPSAT, ABA COBNANAIOMIHX KOPHSH:

x1l=x2=—"g‘- (5)

Ecnu ke D <<0, 10, Kak Mbl 3HaeM, ypaBHeHHe (1) He uMeeT feii-
CTBHUTE/IbHBIX KOpHEH.

O6biuHO B ciyuae NMPHBeAEHHOIo ypaBHeHHs (1) BMECTO AHCKpH-

D 2
MuUHaHTa D paccMaTpuBaeTcs BbiparKeHue —4—=(—g—> — g, uMeplee

TOT Ke 3HaK, 4To H D. Ilpu stom dopmyny KopHe# npHBEIEeHHOrO
KBaJpaTHOro ypaBHeHHs (4) 3amHCHIBAIOT TakK:

D
na= 2\ (6)

Mbl nokasaJiu, 4To:

1) ecau (§>2_q>0’ TO ypaBHeHHe (1) uMeeT 1Ba KOpHSA, BHIYHC-

JsieMbie no ¢opmyJe (6);

2
KOpH#, BhIYUCAsieMble N0 TOH ke dopMmyne (6) WIH, 4TO BCEe pPaBHO,
no ¢opmyJae (5);

p

3) ecanu (—2—)2——q<0, TO ypaBHeHHe (l) He HMeeT KopHed.

lpumep. Pewnm ypasnenue x*—8x+47=0.

2
2) ecnn (ﬂ) —q=0, To ypaBHeHue (1) UMeeT IBa COBNafaOILKX

D
Pewenue. Briyuciaum T

§=(g)2_q=(—-4)2-7=9>0.

YpaBueHue HMeeT JBa KOPHSA:
Xy 9= —%i\/rg-‘=4i\/@_=4i3; x=1, xy=7.
Orser: I 1 7.

319°. Kakoe ypaBHeHHe Ha3biBalOT NPHBEIEHHBIM KBaApPaTHbIM
ypaBHeHHeM?

320. IMo xako# GopMyJsie MOXKHO HallTH KOPHH NPUBELEHHOrO KBaJ-
pPaTHOrO YypaBHEHHs, €CJH ero JUCKPHMHHAHT HEOTPHLA-
TeNeH?

Pewnre ypasuenne (321—324):

321. a) X*—6x48=0; 6) X¥—2x—15=0;
B) x*4+6x+8=0; r) £+42x—15=0;
) X*420x451=0; e) ¥ —22x—23=0;
K) ¥ —20x —69=0; 3) X*4+22x+421=0.
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322. a) ¥ —4x+4=0;
B) x2—2%x+1=0;

a) X+ 16x448=0;
x) 24+8x4+71=0;

323. a) ¥*—x—2=0;
B) X¥*—3x+2=0;
1) 24+x—2=0;
K) 4 14x448=0;

324. a) 32 —4x—4=0;

‘ B) 4x°4+6x+9=0;
n) 162 4+21x—22=0;
X) 72— x—1=0;

6) £—8x+20=0;
r) x2—|-3%x+ 1=0;

e) ¥—9x—22=0;
3) X+ 12x+40=0.

6) 2—5x—24—0;
r) X —13x4+42=0;
e) ¥—x—6=0;

3) 24 17x+66=0.

6) 25 —8x—20=0;
r) 4x*4+12x4+9=0;
e) 18 —x—1=0;

3) 1454+ 11x—3=0.

4.6. Teopema Buera

[lycrb paHO MpHBeLeHHOEe KBaJApaTHOE ypaBHeHHe
L+ px+q=0. (1)

Teopema Bueta. Ecau npusedennoe xksadparnoe ypashe-
nue (1) umeer HeoTpuyarenvrolli OUCKPUMUHAHT, TO CYMMA KOpPHEL
3T020 YpasHeHus PAsHa Koaguyuenty npu x, 83ATOMY ¢ NPOTUBO-
NOAOHCHBIM 3HAKOM, a npousgederue KOpHel pasHo c80600HOMY
yaeny.

HNuaue rosops, eciu Xx; H X, — KOpHH ypaBHeHus (1), To

X+ Xp=—p, (2)
X\ Xo=.

Popmyabt (2) HaszbiBawOT GopMyaamu
Buera B yecTh ppaHLy3CcKOro MaTeMaTHKa
@, Buera (1540—1603).

3ameuanue |. [TloguepkHem, uro
3geck npu D=0 noapasymeBaercd, uTO
ypaBuenue (1) umeer dsa cosnadarousux
KOpHA.

HokaszareabctBo. Kopau ypaBHe-
HUst (1) 1ipH HeoTpULLATEJBHOM IHCKPHMH-
HaHTe BBIYHCJSAIOTCA 0O GopMyaam

2
Xy = _%+ V%'_qv

®. Buer
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Ca10XuB paBeHCTBa (3), MONTYyURM

x1+x2=<—§+ \/%2—4)+(—§— \/%2—4)= —p-

[TepemHOXHB paBeHcTBa (3) U NpHMeHHB (GOpPMYyJy Pa3HOCTH KBal-
paToB, MOJYYHM

Teopema Buera gokasaHna.

CnpaBel/sinBa Take Teopema, oO6paTHas reopeme Buera.

Ecau 0as uucen x,, xy, p, g cnpasedausst opmysrvt (2), 1o x, u
Xo — KOpHU ypasrenus (1).

Hanpuwmep, moab3ysacs popmynamu (2), npeobpasyeMm BhipaKeHue

. (x—xl)(x—{“z):f—f(xl‘*‘xz)x+x1x2=x2+l7x‘+f_‘7~

Tenepb BHAHO, YTO 4HCJIA X, H X, 06pamlaioT B HYJb BbipaxKeHue
4+ px+gq, clef0BaTeNbHO, X, U X, — KOPHH YpaBHEeHHs

£+ px+g=0.
3dameuanue 2. Teopemy Buera MoxkHO cHOpPMYyJTHPOBATH H
IJIs KBaJpaTHOTO ypaBHeHHsl oO6Ilero BHIa - ’ ’
ax*4+bx+c=0 (a#0), 4)

UCNOJb3Ysi €r0 PABHOCUJBbHOCTb NPUBEJEHHOMY YpPaBHEHHIO
b c
24+=x+==0.
+a +a

Ecau ksadparnoe ypasnenue obujezo suda (4) umeer neorpuya-
TeAbHbL OUCKPUMUHART U eCAU X, U Xy — KOPHU YypasHenun (4), 1o

b
X+ Xy= -

__C
xlXQ——Z .

Teopema Bueta u Teopema, oOpaTHasi eH, 4acTO MPUMEHSIOTCS
NpH pelleHHK: Pa3JHUYHBIX 3a4a4.

Ilpumep I. Hanuniuem npuBeleHHOe KBaJipaTHOe ypaBHeHUe, KOP-
HAMH KOTOpOTo #iBAsAlOTCA uHcaa 1 u —3.

HNuaue rosops, HafineM uHcja p H ¢, TakHe, yToObl ypaBHeHHE
L+ px+qg=0 uMeno KopHu x,=1 u x,= —3.

[To ¢popmynam Buera —p=x+X=—2,

g=xx,= —3.
CuienoBaTenbHO, HCKOMOE ypaBHeHue HUMeeT BHI
£ 4+2x—3=0.
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[Ipumep 2. He pemasi ypaBHeHHS
x*—364x+ 497 =0, (5)

OnpeaeJjuM 3HaKn €ro KOpHeI‘;I.' .
HMCKpHMHHaHT 3TOr0 ypaBHEHHS IOJOXKHTEJEH, TaK Kak

D
T=1822_497>0‘
3HauHuT, ypaBHEHHEe UMEeT ABAa KOPHA: X, H X,. [lo reopeme Buera
X%, =497, T. e. npox3BeneHHe KOpHeH M0OJ0XKHUTENbHO. KOpHH HMerOT
ONMHAaKOBble 3HaKH: JU60 x, >0 U x>0, aubo x,<<0 u x,<<0.
Ho no teopeme Buera x,+ x,=364, 1. e. cymma KopHeill Takxe
nosoxunrearna. CienoBareibHo, ypaBHeHHe (5) UMeeT ABa NOJOXKHU-
TeJbHbIX KOPHS. o
lIpumep 3*. BbluHCAHM 3HayeHWe BbipaxeRus 1+ xi, rae x,
X, — KOPHH ypaBHeHus
¥ —3x+1=0. (6)

Boiuncaum guckpumunant D=b*—4ac=9—4=>5. Ypasnenue (6)
JE€ACTBUTENLHO HMEeT ABA KOPHS, HO BBIYHCJAATb HX AJIfl pelleHud
3anaud He HyxHOo. [lpeo6pasyem Bhipa)keHue

le)‘f‘ x§= x?-l— 2)‘1;):52‘{‘ x§— 25Xy =(x,+ x2)2—2x1x2.

Tak KaK x4+ X,= —p, KX,=4g, TO
B4 B=(—pf—2q=3—2-1=9—2=7.
SE—

325°. Copmyaupyiire:
a) teopemy Buera; 6) Teopemy, o6paTHyi0 Teopeme Buera.
326. 3anuumiure ¢popmyan Buera.
327. dokaxure teopemy Buera:
a) IJsi OPUBEJEHHOFO KBajpaTHOTO ypaBHEHHS;
6) AJIS° HENPUBEAEHHOr0 KBaJAPATHOTO ypaBHEHHS.
328. Onpex¥iure, uMeeT i ypaBHeHHe KOPHH (eCJU HMEeT, TO yKa-
JKHTE HX CYMMY M I[IpOH3BeleHHE):

a) ¥*—x+1=0; 6) X4+ x+4+3=0;
B) ¥4+3x—2=0; 5) X*—3x+2=0;
) X*—2x41=0; e) X*+4x+44=0.

329. CocraBbTe NpHBeleHHOE KBaAPATHOE YpaBHEHHE, eC/ii U3BeCT-
Hbl cymma L ¥ npousBegeHue K ero KopHei:
a) L=3, K= —28; 0) L=—3, K= —18&§;

B) L= —35, K=2,5; M) L=2, K=1

E;
1) L=0, K= —9; e) L=4, K=4.

330. CocrasbTe aByMsl cloco6aMH MpPUBEAEHHOE KBaAPATHOE ypPaB-
HeHHe, eCJH H3BECTHbI €ro KOPHH:

a) 1l n b5 6) —2 u 3; B) 4 u 6
ry —3u —6; n) 0,5 u 4; e) 1,2 u —5;
®x)l nu —1; 3) 5 u b,
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331.

332.

333.

334.
335.

336.

337.

338.

Hanpumep: x,=2, x,=3.

1-# cnocob. 1-(x—2)(x—3)=..=x*—5x+6.
2-i1 cnocob. p= —(243)= —5, g=2.3=06, 1. e. uckomoe
ypasHenue x*—5x+4+6=0.

CocTaBbTe KBajpaTHOE YPaBHEHHE [0 €r0 KOPHAM:

a)2mwu \/g; 6) \/§ u 5

B)\/?PI—\/?; r) 0 u 5

) 1—\2 u 14+V2; e) 2—\5 2+\5.

He peinasi ypaBHeHHS, oNpeLeaUTe 3HaKu ero kKopHefi. [1po-
BEpPbTE pellieHHe, BbIUHCJIUB KOPHH:

a) X*—T7x+12=0; 6) X4 7x+12=0;

B) ¥4 5x—14=0; r) X*—5x—14=0;

1) £4+127x—1,46=0; ) £—3 x—05=0;

x) x*—56x-+768=0; 3) ¥ —20x—684=0;

u) = —377x—31 242, K) £+ 272x=49 104.
YKaxuTe CyMMY H NMpoH3BeJeHHe KOpHell KBaApPAaTHOTO ypaB-
HeHHUsl (ec/iH OHU CYLLEeCTBYIOT):

a) 252 —3x+1=0; 6) 3x*4+ x+4=0;

B) —;—x2+%x——3=0; r) 1,4x2—3x+%=0;

1) 0,122 —8x+4,2=0; e) 34X+ 1,1x—0,4=0.

CocraBbTe NMpHBeREeHHOE KBajJpaTHOE ypaBHeHHE, HMellee
JBa COBMAajaloUIUX KOPHS, paBHBIX 3.

OnuH 43 KopHe#t ypaBHeHus paBeH 2. Hailnure BTopoit KopeHb
ypaBHeHHsi, He pelias ero.

a) X +5x=14;
B) X¥*—2,5x+1=0;
JlokaKute, 4YTO ypaBHEHHe:

a) 5x*=8x+284 He MoXeT HMeTb KODHH OJHOTO 3HAKa;
6) 17x>=7x—354 He MOXeT MMeTb KOPHH Pa3HBIX 3HAKOB.
H3BecTHo, 4TO x; — KOpeHb ypaBHeHusi. Onpenenute BTOPOil
KOpeHb ypPaBHEHHS H YHCJIO 4.

a) 2884+ 16x+a=0, x,=3;

6) 3xX*4ax—72=0, x,=8.

CocTaBbTe KBaJpaTHOE YpaBHEHHE, KOPHH KOTODOLO:

a) paBHbl COOTBETCTBEHHO CyMMe H IPOH3BeJeHHI0O KOpHeH
ypaBHenns 3x°+2x— 15=0;

6) Gosbwe kopHell ypapHeHHs 3x°—ilx+2=0 ua eau-
HHILLY;

B) MeHblle KopHeil ypaBHenusa 2x°— 13x+3=0 B aBa pasa.

6) ¥ —13x= —22;
2 2 2____0
F) X 'é-X——?)-— .

339*. a) Uucna x, U x; — KOPHH ypaBHEHHs

2 —2000x+4 1999 =0.
CocTaBbTe KBaApaTHOe ypaBHEHHE, KOPHH KOTOPOro — X,
g) Pexnij'me YCTHO KBaJpaTHbie YpaBHEHHS:
x4 2000x — 2001 =0, x* —2000x— 2001 =0,
x> —2001x42000=0, x* 42001 x4 2000=0.
340*. Ypasuenue x*+3x—1=0 umeeT ABa KOPHS: X; U X, Bbl-

YUCJIHTE:
a) x4+ xy 6) x;-xy B) (x,+x2)2;
r) x4+ x; n) X+ x5 e) (x;—x).

4.7. NMpumeHeHne KBaAPATHLIX YpaBHeHHH
K pelleHHIo 3ajay

3apaua 1. CyMmma KBaapaToB ABYX NOCJAELOBATE/bHbIX HATY-
panbHBIX ydces Gogblile NPoU3BelJeHHs 3THUX yuces Ha H7. Hafipure
3TH YHCJa.

Pemenue. O6o3HaynM MeHblLIee H3 HCKOMBIX YHCesJ Yepe3 X,
torga Gousbuiee Gyaer (x—+ 1). [lo ycaoBuio 3amauu

24 (x+ 1P —x(x+1)=57. - N

Takum 06pa3zoM, HCKOMOe YHCJIO X AOJIKHO ObiTh KOPHEM ypaBHe-
Husa (1). [lepeHecst Bce uyeHbl ypaBHeHHs (1) B JieByl0 4acTh, mocJje
npeo6pa3oBaHUiA MOJYYUM YpaBHEHHe

L4 x—56=0, (2)
paBHOCHIbHOe ypaBHeHHIO (1). Tak Kak NHCKpUMHHAHT ypaBHEHHs
D=1—4.(—=56)=225>0, To KOpHH KBaJpaTHOro ypaBHeHus (2)
BbIUHCAAIOTCA 10 dopMmyJie

— 1315
xl'z-— 9 - 9 .

CrienoBaTe/ibHO, ypaBHeHHe (2) W DaBHOCHJIbHOE €My YypaBHeHHe
(1) umewoT KOpPHH

x=17, Xg=—8. (3)

Tak KakK HaM HaJ0 HAHTH HATYPAALbHOE YHCTO X, YAOBJETBOpsiOLlee
ypaBHeHH0 (1), TO U3 3THX ABYX KOPHe# YCJOBHIO 3ajlayH yAOBJeT-
BopsieT Juiub x,=7. Urak, x=7, x+1=8.

OrseT: 7 u 8.

3anaua 2% [lpeamer mepBonauanbHo croun 25 p. Ilocae To-
ro, Kak LeHa Obla CHMXKeHa ABaxisl, oH crtaj crouth 18 p. Ipu
3TOM HpPOLEHT CHHXKEHHS BO BTOpo# pa3 Oblj B ABa pa3a OoJblle,
yeM B nepBbifi pa3. Ha ckoybko NpoueHTOB CHMXKAJach UeHa KaxX-
Ablfl pas?
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PemeHnue. Ilyctp B mepsbiit pas ueHa npeaMeTa CHH3MJIACh Ha
x%. DTO 3HAUMT, YTO NOCJE MEePBOro CHUXKEHHS IeHb NpeiMeT CTau
X X
ctouth 25—25.-—=25.(1——=) p.
oo —2°"(1—100) P
Bo BTopo#t pa3s ueHa npeamera cHususach Ha 2x%. DTo 3Ha-
YHT, 4TO [OCJe BTOPOTO CHHXKEHHSl LEHbl TpPeAMeT CTaji CTOHTh

25(1_'1%6)(1__12010) p. Ilo ycnoBHIO 3anauyu nocjie OBYX CHHXKe-

HHH LeH npeaMer ctaa ctoutsh 18 p. CiefoBaresibHO, HCKOMOE YHCJ0
AOJIKHO OLITb KOPHEM ypaBHEHHS

'25(1—1—&))(1—%)=18. (4)

ITepenecs Bce usieHbl ypaBHeHHs (4) B JIeBYIO 4acCTb, Tochae npeobpa-
30BAHUH MOJYYHM ypaBHeHHe

2 3x
YmHoXHB 3T0 ypaBHehue na 200, mosyyuM ypaBHeHHe
£ —150x+4 1400 =0. (6)

PewuB ypaBHenue (6), HalineM ero kopHu x,=10 u x,=140. Tak
Kak ypaBHeHHa (5) u (4), (6) u (D) paBHOCH/IbHBI, TO ypaBHeHHe
(4) umeer Te xe KopHU X, =10 u x,=140. [1o¢KONBbKY CHH3IUTDH L[EHY
npeamera Ha 140% Heab3s, TO YCJO0BMIO 33134 YHOBJETBOpPSET
Juiib Kopedb x,=10. HUrak, x=10, 2x=20.

OTtBerT: ueny causuau Ha 10%, 3atem ua 20%.

L]

341. Pasnoxure uncao 10 Ha nBa caaraeMbix Tak, 4TOGbI NpOHU3-
BeJ€HHE 3THX cjaraemslx Obiio paBHo 21. Haliaurte caara-
eMble,

342. Pasnoxwure 4uciio 14 Ha aBa ciaraeMbiX Tak, 4ToGbl Iipou3Be-
JleHHe 3THX cJaraembix 6blo paBHo 36,75. Haiiaurte caara-
eMbie.

343. a) IlpousBenende AByX MOC/I€A0BATENbHBIX HATYPAJbHBIX YH-
cen pasHo 110. Hafigure atu uucaa.

6) IlponsBenenne ABYX NOC/AELOBATENbHBIX HATYPasbHBIX
yuces pasHo 210. Hadigure ath uucaa.

B) [lpoussenenne AByx HaTypaJbHBIX YHCEJ, OJHO H3 KOTO-
pbix Ha 7 Goabwe apyroro, pasHo 44. Haiinure 3TH uucia.
r) Ilpoussenenne AByX HaTypaJjbHbIX uHcCes, OJHO H3 KO-
TOpbIX Ha 12 wmeHbuie apyroro, paBHo 448. Haiiaurte stu
yucaa.

344. a) Hajinure aBa uncia, cymma Kotopbix paBHa 20, a cyMMa uX
KBaapaToB paBHa 218.

6) Hafinnre nBa ukciaa, cyMMa KOTOPbIX paBHa —2, a CyM-
Ma HX KBaApaToB paBHa 34.
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345. a) Onna us undp ABY3HAa4HOro 4ucaa' Ha 2 Gosblie APYroi,
a CcymMMa KBaApaToB 3TOr0 YMCJa H 4MCTa, NOJNYUYEHHOIO OT
nepectaHoBku ero uugp, pasna 4034. Haiinute 3to uucJo.
6) Hafinure nBy3HauHoe uucio, ecau uudpa einHHIL 3TOrO
yHcsa Ha 4 MeHblle HUDPB ero AeCATKOB M NPOUW3BEdeHHE
yycna Ha cymmy ero uudp pasuo 306.

346. a) Ecou nepuMmerp KBaapara yMeHbUinTh Ha 40, To ero nJio-
7
Ulafb YMEHbIIUTCH B lg pasa. Onpenennte nepumerp nep-

BOHAYaJbHOI0 KBAJApaTa.

6) IlpaMoyrosibHHK, 0f1HA cTOpOHa KoToporo Ha 1 M Goub-
e Apyrofi, npeobpa3oBan B PaBHOBEJHKHH (T. €. HMEOILHI
TAaKyI0 Xe MJ0M1alb) NPSIMOYTrONbHHK, ¥ KOTOPOFro GoJbliasi
cTopoHa craJga paBHoil 10 M, a MeHbIIasi CTOPOHA YBEJAHYH-
sacb Ha 2 M. OnpejennTe nJolaib H CTOPOHbBE MPSAMOYTOJib-
HHUKA.

B) BoaMoxeH /iu Tako# NMpsIMOYroJibHbl# TpPeyroJbHHK, CTO-
pPOHBI KOTODOTO BBIPAXKAITCH TPeMS MOCJEN0BATENbHBIMH
HaTypaJ/ibHbIMH YHCJAaMH, TPEeMs [OC/JAeJ0BaTeNbHbBIMH 4YeT-
HbIMH 4YMCJIAaMH, TpeMsl MOCJeNOBaTeJbHBIMH HeYeTHBIMHU
yucaamu?

r) B KakoM BBIITYKJOM MHOrOyro/ibHUKE YHCJIO CTOPOH paB-
HO UHCJY ero AHaroHaJsen?

347. a) BbinycKHMKH OJHOrO KJacca pelH/JH IMOocCJe OKOHYaHUS
WIKOJbl OOMeHSITbCA (GOTOrpausiMH — KaXAbIA € KaXXAbiM.
CKOJIBKO BBINYCKHHKOB OBIJIO B KJaacce, eCJH Bcero Gbljo
posnano 930 ¢ortorpadui?

6) Heckosnbko 4enoBek NpH BCTpeye NMPUBETCTBOBAJNH APYT
apyra pyxkonoxaTusaMu. CKOJNbKO YeJIOBEK BCTPETHJIHCDH, ec-
JH BCEro pykornoxaruii Gblio 217

348. a) Bricora npsmoyroJbHHKa cocTaBaseT 75% ero oCHOBaHHS.

Haitaure NepUMeTp 3TOTO NPSMOYrONbHUKA, eciH ero mJio-
imanap paBHa 48 wm”.
6) Ot Jaucra xecTH, UMewllero ¢opmMy KBagpara, oTpe3aJsiu
MoJIocy IIHPHHOH 3 CM, NocJje 4ero mnJollajb ocraBuieiics
yactu JiucTa craia pasHoit 10 cm® OnpejesninTe nepBoHa-
yaJjibHble pa3Mepbl JUCTA XKEeCTH.

349*. OnroBwiii ckaan nokynaer toBap mo 800 p. u npopaer ero,
MOBLICHB LIEHY HAa HEKOTOPOE YHCJO0 MpolLleHTOB. Marasus no-
Ky[aeT TOT K€ TOBap Ha ONTOBOM CKJaje W Mpojaer ero, no-
BBLICHB IleHY Ha YMCJO NPOLEHTOB, B 1,5 pasa GoJiblliee, yeM
ONTOBBIA CcKJaalA. B pesynbraTe LeHa ToBapa B Marasuse Co-
crasJasieT 1248 p. Ha cKo/IbKO MPOLEHTOB yBEJHUYUBAELT LEHY
OTITOBBIM CKJaJA, HAa CKOJbKO Mara3wH?

! JlBysnauroe uMcio npuHATO  0603HAuaTH E:lOa—{-b. Auanoruuno
abc—=100a 4 10b4¢, abed = 1000a 4 1006+ 10c+d u 1. 1.
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350*. Llena ToBapa coctaBassna 500 p. Ilocse ABYX NOBbiIEHHH
ueHsl ToBap crousa 546 p. M3BecTHo, YTO BO BTOPOI pa3 lLeHa
yBeJHYR/Iach HAa YHCJO NPOLEHTOB, MEHbLIee Ha 1, ueM B nep-
Bbl#l pa3. Ha ckoJibKO NMpOLEHTOB yBeJHUYWJACh LieHa B mep-
BbIil pa3, BO BTOpPoH pa3s?

§ 5. PAHUOHAJIbHBIE YPABHEHM

5.1. lloHsaTHe pauHOHANLHOIO ypaBHEHHN

YPaBHeHlfle, JeBast H NpaBas YaCTH KOTOPOTro €CTb palHOHAJbHbIE
BbipaXXeHHS OTHOCHTEJIbHO X, HA3biBAIOT PAaLHOHANBHBIM YpPaBHEHH-
€M C HEH3BECTHLIM X.

Hanpumep, ypaBHeHHst
6_ _ _ -1 _ 32 —2x+1 _ 5x°—2
52— 9% 442 —3x+1=0, _x2+l 14 x, e i

ABJASIIOTCH PaliHOHAJLHBIMH.

HanomuuM, 4To kopuem (ANU pelIeHHEM) YpasHeHUR ¢ Heusse-
CTHOIM X HA3bIBAIOT YUCAO, NPU NOOCTAHOBKE KOTOPO2O 8 YpasHeHue
BMECTO X NOAYHALTCA BEPHOE 4UCA080€ pasencTso. Pewurs ypashe-
HUe — 3HAYUT HAUTU 6Ce €20 KOPHU UAU NOKA3ATb, 4TO UX HeT.

Ilpu pelreHnn pauMoHaNbHBIX YPAaBHEHUH MPHXOLUTCS YMHOXATb
HJIH JeJuTb o6e 4aCTH ypaBHEHHsS] Ha He PaBHOe HYJIO UHCJO, Mepe-
HOCHUTb UJIeHhl YPAaBHEHHUs M3 OJHOH ero 4acTH B APYLYI0, IPUMEHSTh
npaBuJa CJOXKEeHUs W BbluMTaHMs ajnrebpaunueckux apobei. B pe-
3yJabTare 6yjeT NOJAYYaTbCsl ypaBHeHHe, DABHOCHJLHOE MpeIlecTBY-
I0lleMY, T. €. YpaBHeHHe, MMeIOIlee Te XXe KOPHH H TOJbKO HX.

B stom naparpade 6yier pacCMOTPeHO HeCKOJIbKO THIIOB palLlMo-
HaJbHBIX YpPaBHEHHH, pelleHHe KOTOPbIX CBOAUTCS K pPelleHHI0 ypaB-
HeHHH MepBOM H BTOPOU CTENEHH.

I ——
351°. a) Kakoe ypaBHeHHe HA3bIBAIOT PauHOHAJIbLHBIM C HEH3BECT-
HBIM Xx?
6) Uto Ha3blBalOT KOpHEM ypaBHEHHS C HEHU3BECTHBIM X7
B) UTo 3HaYuT pelIuTh ypaBHeHue?
r) ‘'Kakve ypaBHeHHSl Ha3blBAIOT PABHOCHJLHBIMHU?
352°, SBasiercss M ypaBHEHHE PAalHOHAJbHBIM:

a) 1 —3x=0; 6) 3 x—(5—x)-0,2=4x—1;
' B) 32=T, r) 12—f2—=(1——x)x;
$—6 2
) 5 =1—7; e) 3+5= 3_x+13’

®) Vx=2; 3) Vx—8 =2

u) 7 x+8= 125 K) %-2%:14?
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353. SIBasieTcs JH YKa3aHHOE UYHCJO KOPHEM ypaBHEHMUS:
a) 2; 3 x'3—5=x+5;
6) —0,1; 3(x—8)=4-—-2(x—1)
B) 3; X*+4x—28=0;

1, £—x _134-2x,
Ny T3 I=—p
1) —2 B 6o (vt 1),
e) —10; x5+3x4=7x3+7700;
x2+x x—}-l XL 2
xK) I 3) — 1L x—l—l_x—{—l?

! »
354. PaBﬂocuﬂbel JW ypaBHeHHS:
a) x+2=3 u x45=6;
B) 2x=4 u 24x—T7=4];
A1) 3x—1+4dbx=x—12 u 7x=—11;

e) 1522~ x+8=0u £—0,75x+6=0?

6) 12x=7 n 1,2x=07;

] —x__3x.
ry x—1=3mn =5

5.2. bukBaapaTtHoe ypaBHeHUE

YparHenne Buaa
ax' 4+ bx* 4 ¢ =0, (1)

rae a, b ¥ ¢ — JaHHbie YHCIIA H @ OTJIHYHO OT HYJAfl, & X — HEH3~

BECTHOE, Ha3blBAIOT GMKBAJAPATHLIM YPaBHEHHEM. .
Yro6bl pemiuth ypaBHeHHe (1), BBOASIT HOBOE HEH3BECTHOE IIpH

NOMOIUN pPaBEHCTBA ‘

y=2x. (2)
Torna ypaBHenue (1) npeBpaliaercss B KBaJipaTHOe ypaBHeHHe
ay*+by+c=0 (3)

OTHOCHTENbHO HEH3BECTHOTO Y.

Ecan ypaBHenue (3) He uMeeT KOpHeH, TO TOrja, O4eBUJHO, H
JdaHHoe ypaBHeHHe (l) He MMeeT KOpHeH.

Ecau e ypaBueHue (3) HMeeT KOpPHH, TO, NOACTABUB UX B paBeH-
cTBO (2) BMecTO y, NMOJYyUUM YpaBHEHUS] OTHOCHTeNbHO x. Pelnenus
NOJIyYEeHHbIX YPaBHEHUH, €CH OHM CYILECTBYIOT, W SIBJSIOTCS pelie-
HUsIMA ypaBHeHus (). Ipyrux peiueHuil ypasHeuue (1), oueBHaHO,
He HMeeT.

[Ipumep 1. Pemium ypaBHeHue

A — 424+ 3=0. (4)



YpaBHenue (42 nocjie 3aMeHbl y==x’ npeBpalllaeTcsi B KBaapaT-
Hoe ypaBHeHHe y'—4y+3=0. .

2\2
Tax kak 2=<p—> —g=4—3>0, To oHO MMeeT 1ABa KOpHA:

y12=-—£—+—\/—— 241, 1. e. y=1, y,=3.

[loapcTaBuB 3TH 4HCJa BMECTO Y B PaABEHCTBO Y= x2 NoJIy4uM
YpaBHEeHHUSA OTHOCHTEJbHO X:

l=x*u 3=x~
PeumiuB ux, nosyuuMm ueTbipe KOpHs ypaBHeHHS (4):

=1, x,.=—1, x3=\/§, x4=—\/§.

Jpyrux xopHeii ypaBHeHHe (4), OUEBHAHO, HE HMeerT.
I[Ipumep 2. Peminm ypaBHeHHe
' —2x*—2=0. (5)
Ypasuenue (5) nocie 3ameHbl y= x° npespaulaeTcs B KBaApar-
HO€ ypaBHeHHe
¥’ —2y—2=0.

2
Tak kak (—g—) —¢g=3>0,T0o 0HO HMeeT ABA KOPHs, ollpejieJisie-

Mble 1[I0 ¢dopMmyae ymzli\ﬁi—, T. e y1=l+\/?7, y2=1—\/§.

IMoxcraBuB y, B paBEHCTBO y ==X BMECTO Y, NOJYUHM YypaBHEHHE

1+V3 =2,

OTKyZla TOJYYHM JIBa KOpPHs ypaBHeHHs (D):

X = V1+\/§’ Xg= — V1+\/§-

[ToacraBuB y, B PaBEHCTBO Yy = x° BMECTO Y, I10Jy4HM ypaBHEHHe
1—V3 =42,

He MMewollee KOpHeH, motomy urto 1—7Y3 <0.
Takum o6pasowm, ypaBHeHue () uMeer aBa HaliJleHHBIX BblUIE
KOpPHSl X M X, ¥ APYTHX KOpHEH He uMeerT.

Ilpumep 3. Peunium ypaBHeHHe
2 =3x8 +5=0. (6)
Ypasuenue (6) nocsie 3ameHbl y= x° npespallaeTcs B KBaipaT-
HOe ypaBHeHHe
2y —3y+5=0.

Ero nuckpumunant D=5b*—4ac=9—40= —31<<0, u, caeno-
BaTeJbHO, OHO He WMeeT KopHeil. Ho Torna u ypasuenue (6) He umeer
KOpHeH.
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[Ipumep 4. PelunM ypaBHeHHE , :
9x* — 67+ 1=0. (7)

Ypasuenue (7) nocsie 3ameHsl y= x> npeBpaulaeTca B KBaAparT-
HOe ypaBHEHHe

9% —6y+1=0

¢ IMCKpUMHHAHTOM D =b>—4ac=36—236=0.
OHO HMeeT eIHHCTBEHHbIHl KOpeHb
60 6 _l_
Y= "B 3

1
PelinB ypaBHeHUe §=x2, NOJMyYdM ABA KOpPHsSi ypaBHeHust (7).

1 1
% ST
Jlpyrux kopHeii ypaBHeHHe (7) He HMeer.
I[Tpumep 5. Pewium ypaBHeHHe
x4 1074+ 25=0. (8)

YpaBHenue (8) nocse 3aMeHBl y=x’ NpeBpallaeTcs B KBaAparT-
HOe ypaBHEHHe

x1=

#2410y +25=0,

2

JJIST KOTOPOTO (-’!21) —qg=25—25=0. OHo uMeeT, TaKUM 06pa3soM,
€[IUHCTBEHHBIH KOpeHb Yo= —54+0=—05.

[ToncTaBuB Y, B PaBEHCTBO y=x°, MOJYyYHM ypaBHEHHE

= —5,

KOTOpOe He HMeeT KopHed. 3HAauuT, ypaBHeHue (8) Takxe He MMeeT
KOpHeil.

OrmeTum, uto ypaBHeHHe x'=0 uMeeT oaHH KopeHb X =0, a
ypaBHenne x'— x*=0 umeer Tpu KopHs: X, =0, xp=1, x3= —1.

3ameuvaunune M3 paccMoTpeHHBIX NpUMEepoOB BHAHO, 4TO Gu-
KBaJpaTHOe ypaBHEHHE MOXeT HMeTb uYeTbipe, TPH, OBA WJIW ORUH
JefCTBUTENbHBIA KOPEHb, HO MOXeT U He UMeTb KopHel. B ponoste-
HHAX K rjaBe 1l Mbl MO3HAKOMUMCS C KOMILJIEKCHBIMY UHCJAAaMH B Y3-
HaeM, 4To OMKBaJapaTHOe ypaBHeHHe HMeeT, BooOlle roBops, yeTblpe
KOMILTeKCHbIX KOpHSl. BnipoueM, ObIBaeT, 4To UX MeHblle YeM YeThipe,
HO B TaKHX CJyYyasxX CYHTAIOT, YTO HEKOTOpble KOPHH KpaTHbIE.

355°. a) Kakoe ypaBHeHUe Ha3bIBAIOT GUKBAAPATHBIM ypaBHEHHEM?
Kak pemator 6HKBaJleaTHO€ ypaBHeHHe?
6) CkoJbKO KOpPHEH MOXeT HMeTh 6HKBaI[paTHO€ ypas-
HeHue?
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356. IlpencraBbTe Bhipa)KeHHe B BHAEe KBaapara:
a) x* 6) a® B) y% r) m'.

357. Kakylo noaACTaHOBKY HeOOXOJMMO BbLITIOJHHTb, 4TOOBl ypas-
HeHHe CTaslo KBaJPaTHbIM:

a) X'+ 2424+ 1=0; 6) m*—34+2m*=0;
B) 4y —Ty*=0; r) 15— x*4+242=0;
n) X*—3°42=0; e) ¥ —4=0?
Pemunre ypaBHeHue (358—360):
358. a) x' —3x4242=0; 6) x*— 10> +9=0;
B) x*—5x*4+4=0; r) x*—26x"4-25=0;
A1) x*—20x>4 64 =0; e) x*+20x*4-64=0;
x) ' —524+6=0; 3) 4x' —41x*4+100=0;
H) 3x* —5°+42=0; K) 25x' —254° 4+ 6=0.
359. a) a*4 24> —8=0; 6) y*4 9y =400;
B) k*=12k?464; r) m*=21m?*4100;
n) n*—2n* 4+ 1=0; e) 9x* —24x* +16=0;
x) 6c'—35=11c% 3) 10p* —21=p°
360. a) x'4-6x>49=0; 6) x*—14x*—15=0;
B) 25x' 4+ 3042+ 9=0; r) 7x*—9x°+3=0;

1) =9 —1; e) x*=230x*—36;
X) 4x'=5x"46; 3) ¥ — X —4=0;
u) 3—2x'=11x% K) 3x* 421 =4.x%
a) #*—1=0; - M) x4 1=0;
H) X+ 16=0; 0) X*—16=0.

5.3. Pacnapaowmuecs ypaBHEHHS
lpumep 1. Peiunm ypaBHeHHe
(P2—5x+6) (¥4 x—2)=0. (1

Ecay 4uca0 X, ecTh KopeHb ypaBHeHus (1), To, noacraBasis x,
BMECTO X B ypaBHeHHe (1), mony4uM BepHOe YHUCJI0BOE PaBEHCTBO

(x02—5x0+6)(x02+x0-—2)=0. (2)

Ho npousBenenHe ABYX uucesq pPaBHO HYJIO TOrAa M TOJbKO TOrAa,
Korjpa Xorsi 6bl OLHMH U3 COMHOMHUTeMel paBeH HYJ0, a APyroit npu
5TOM He TepsieT cMblcia. [ToaTomy U3 ypaBHenud (2) caenyer, uto X,
ecTb KopeHb XOTA Obl ORHOIO M3 ypaBHeHHH

¥—5x46=0 (3)

HJIH ‘
P4 x—2=0. (4)
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C apyroii cTopoHhl, J1060# KopeHb J1060r0 U3 ypaBHeHHH (3) uau
(4) aBasiercsi KopHeMm ypaBHeHHs (1)

Takum o6pa3zom, MHOXKECTBO Bcex KopHeit ypaBHenus (1) coctout
H3 BceX KOpHeH ypaBHeHus (3) u Bcex KopHeit ypaBHeHHs (4).

YpaBuenue (3) HMeeT KOpPHH X;=2 U Xx,=3, a ypaBHeHHe

(4) nmeer KopHH x3=—2 ¥ x,=1. CjenoBaTenbHo, ypaBHeHHE
(1) umeer KopHu X, =2, x,=3, x3= —2, x,= 1 ¥ Apyrux KopHeii He
nMeer.

¥pasnenue suda A (x)-B(x)=0, ede A (x) u B (x) — mnozoure-
Hbl OTHOCUTEAbHO X, HA3bLBAIOT pacnadarouumcs ypasrenuem. Muo-
#ecT8o 8cex KOpHel pacnadaroujecocs ypasHenus ecrs obvedune-
Hue muoxcecrs scex Koprel dsyx ypasuenud A (x)=0 u B (x)=0.
Takum o6pasom, ypaBHenue (1) pacrnagaercss Ha ypaBHeHHS
(3) u (4).
[Ipumep 2. Pewnm ypaBHeHUe
YL —1=0. - (9)
Pa3noXuM JeBY0 Y4acTb ypaBHeHHs (D) HA MHOXMTENH, UCMOJb-
3ysl ¢opMyJsy pa3HOCTH KyGoB: -
(x—1)(P+x+1)=0.
YpaBuenue (D) pacnagaercss Ha JBa ypaBHEHHS:
x—1=0 (6)

L+ x+1=0. (7)

YpaBHenue (6) uMeer kKopeHb x, =1, ypaBHeHue (7) He HMeeT
kopHeil. CienoBatenbHo, ypaBHeHHe (D) HMeeT eIHHCTBEHHBIH Ko-
petb x;=1.

I[Ipumep 3. PeinMm ypaBHeHHe

P£—1=0. (8)
PasfoxuM JeBy0 yacTb ypaBHEHHMS] Ha MHOXHTEJH:
L—1l=(=D) (2 D=(x— 1) (x+ 1) (£ + 24 1).
YpaBHenue (8) paBHOCHJBHO ypaBHEHHIO
(x—1) (x+ 1) (¥ + 2+ 1)=0,

KOTOpOe paclajaercs Ha TPH ypaBHEHHs:

x—1=0, 9)
x+1=0 (10)

H
L4+ 24+1=0 » (1)

YpaBueuns (9) u (10) cooTBETCTBEHHO HMEIOT KOPHH
x1=1 Hu x2= _1
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Ypasnenue xe (11) ne umeer kopHnei. B camom jnese, ypasHe-
uue (11) 6uxBanpaTHoe. 3aMeHa y= X NPHBOAUT €ro K KBajpaTHO-
MY ypaBHEHHIO

y+y+1=0,
He HMelolleMY KOpHe#, Tak Kak D=b"—4ac= —3<0.
3Hauut, ypaBHeuue (8) uUMmeeT ABa KopHs: X, =1 H xp= —1.
ITpumep 4. Pewunm ypaBHeHHe
=22 —3x=0. (12)

Tak kak x*—2x° —3x=x (x*—2x—3), 10 ypasHenue (12) pac-
najgaercs Ha ABa ypaBHEeHUs:

¥—2x—3=0u x=0.

[TepBoe M3 HUX MMeeT ABa KOpHA: X;= — 1 U X,=3, HO TOr4a ypas-
Henne (12) umeer Tpu KopHusi: x;= — 1, x,=3, x3=0.
—

361° a) INpuBenute npuMep pacnafaroulerocs ypaBHeHUusi ¥ 06bsC-
HHTE, KaK €ro pelIMTh.
6) Uto 3HauuT «ypaBHeHWe pacnajaercs Ha ABa ypaBHe-
HUA»?

362°. a) Ilpu KAakHX 3HA4EHUSIX @ U b BHINOJHSAETCS PABEHCTBO
ab=0?
6) Bepuo Ju, uto ecau ab=0, to a=0?
B) PaBHocH/bHBI M ypaBHeHuss ¥’ —x=0 n x—1=0?
r) Sleaserca au uucao O KopHem ypaBHenus 3x'—x*4
+5x2=0?

363°. Pemurte ypaBHeHue:

a) (x—1)(x—2)=0; 6) (x—3)(x+4)=0;

B) (x—7)=0; r) (x44)(x—6)=0;
n) x(x—2)=0; e) (x+43) x=0;
K) 32=0; . 3) —x*(3+4x)=0.

364. INpencrasbTe JieBYIO 4acTb ypaBHEHUs] B BHAe [1POH3BeNEHUA
M peliuTe ypaBHeHHE: '

a) 2x*—3x=0; 6) 7x*4+5x=0; B) X —x=0;
r) X4 £ =0; ) 1 —x*=0; e) 14+x°=0;
K) *—8=0; 3) 125 — x*=0; u) x'—1=0.
Peuwiure ypasHeHue (365—366):

365. a) ¥+ 544 6x=0; 6) x*—4x+3x=0;
B) x'=2x"+3x% r) 105" =x*+3x%
1) X¥*—4x=x; e) X4 x=2x%
X) 4+ =x" 3) (x—3yx=0.

366. a) (2x+3)(2x45)=0;  6) (3Bx—7)(4—3x)=0;
B) (5—x)(3x+2)=0; r) (7—x)(6—9x)=0;
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1) (2x—3) (£ +3x+2)=0;
e) (£ —5x+6)(3x—2)=0;
x) (£ +1)(£*+5x+6)=0;
3) (£ —1)(F?—5x46)=0;
u) (+2x4+ 1) (L2 —5x+7)=0;
K) (£—3x+41) (P —4x+4)=0;
a) (£ —=3x+1)(FP+4x—3)=0;
M) (X —bBx4 1) (£ —x46)=0;
H) (£ 4 1) (X —2x+7)=0;
0) (£ —3) (£ — 4x -+ 4)=0.

5.4. YpaBHeHue, 0lHA 4acTb KOTOpoOro
anre6panueckan ApoGb, a apyras — HYJb

Illpumep 1. Pewium ypaBHeHHe

L4dx—21
s 0 (1)

Mbi 3HaeM, YTO KOpHEM ypaBHEHHS OTHOCHTE/bHO HEH3BECTHOrO X
Ha3bIBAETCSH YMCIO Xy, IPH NOACTAHOBKE KOTOPOT0 BMECTO X MOJiyua-
eTcd BepHOe uHc/joBoe paBeHcTBo. [loaToMy eciH X; ecth KOpeHb
B44x,—21

B—x—3
HHe, paBHoe HyJ0. Ho Torna 3HameHaTe/lb 3TOTO BbipaXKeHHUS He
LOJIXKEeH paBHATHCA HYJ0, a YHCAHUTENb AOJIKEH PaBHATHCHA HYJIO.

Takum o6pazom, 4To6b! pelwIuTh ypaBHeHue (1), Mbl OJIKHbI Hal-

TH KOPHH YypaBHEHHS

ypaBHeHus (1), To BblpaKeHHe eCTb YHCJIOBOE BbipaiKe-

24 4x—21=0 (2)

U TOACTaBHTb MX B 3HaMeHaTeJb JeBOH 4acTH ypaBHeHus (1).
Kopuu ypaBHenus (2), kotopble 06palaT 3HaMeHaTe b Apo6u
B UUCJI0, HE DAaBHOE HYJI0, ABJAIOTCA KOpHSIMU ypaBHeHus (1). Ipy-
rUx KopHell ypaBHeHue (1) He HMeerT.
JIUCKPUMHHAHT KBaJApaTHOr0 ypaBHeHHA (2) MosoxuTelbHbIH, H,
C/1e0BATeNbHO, OHO HUMEET [Ba KOPHf, oNpejesseMble 1o GopmyJe

X o=—24V44+21l = —245, 1. e. ;=3 u £,=—7.
[ToacraBuB 3TH uMcia B 3HaMeHaTedb JE€BOW 4acTH ypaBHe-
nus (1), noayunm
£—x—3=9—3-3=3+%0,
0 —Xp—3=494+7—3=>53%0.
3To NoKa3bIBaeT, YTO UHCAA X; =3 U Xy= — 7 SIBJASIIOTCH KOPHS-
MH ypaBHeHus (1) u Ipyrux KopHeil 3TO ypaBHEHHE He HMeerT.
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I[Tpumep 2. Peiium ypaBHeHHE

S==L o (3)
CHauasia pelllHM YypaBHeHHe

L x—2=0.
OHo MMeeT aBa KOpHf: x,=2 U X,= — 1.

[MoxcTaBUM HMX B 3HaMeHaTedb JieBOH uacTH ypaBHeHus (3):
B—2x—3x,=22—2.22—-3.2=—6£0,
X—2x2—3x,=(—1—2(—1y—3(—1)=0.
CJ/iefoBaTe/ibHO, ypaBHeHHe (3) HMeeT eJMHCTBEHHbIH KOpeHb X = 2.

[Ipumep 3. PeuiuM ypaBHeRHUe

2x—3
4x‘+4x3—15x2+2x—3_0' (4)

CHauaJjia peliuM ypaBHeHHe
2x—3=0.

. 3
OHO HMeeT eIHHCTBEHHbIH KOpeHb X =3 . Taxk xak
4xt 4+ 43— 1553 4-2x,— 3=
3\¢ 3\3 3\2 3
=4.(-2-) +4-(5) —15-(5) +2.5—3=0,
TO ypaBHeHHe (4) He HMeeT KOpHe#.

IIpumep 4. Peuium ypaBHeHHe

LHx+1
73——_0. (9)

Ypasnenue (5) He nMeeT KopHeH, NOTOMY 4YTO ypaBHeHHE
P4 x+1=0
He HMeeT KOpHeH.
Takum o6pa3oM, uToObl pelINTb ypaBHEHHE
P (x)
=0, 6
Q(x) ®)

rie P(x) 1 Q(x)— MHOrouwieHbl, Hano HaHTH KOPHH ypaBHEHHS
P (x)=0 u moactaBuTh MX B 3HaMeHaTeab Q (X) JIeBOH YaCTH ypaB-
Henus (6). Te U3 HHX, KOTOpble o6pailaioT 3HaMeHaTe b  (x) B 4uC-
70, He paBHOe HYJO, SIBJASIIOTCS KOPHAMH ypaBHenus (6), npyrux
KopHed ypaBHeHHe (6) He HMeerT.
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367°. Kak MOXHO pellnTh ypaBHEHHe, 0lHa YaCTb KOTOPOIo HYJb,
a apyrasi — ajare6pauveckad Apo6b?

368. a) Ilpu Kakux 3HaueHHAX a M b BLIIOJHAETCH PaBEHCTBO

a
— 0>
5 = (7
6) BepHo s, uTO ecau —‘Z =0, To a=0?

a
B) BepHo au, uto ecan a=0, to ?=0?

r) PaBHOCHJ/IbHBI JIW ypaBHeHHUs =l 0n x—1=0?
1) fBaserca Jau uMca0 3 KOpPHEM YypaBHeHHS i:??:()?
369°. Tlpu KakoM 3HaueHMH X paBHa HYJIO APOOh: |
x . x+3 x+2, x
a) 5" 6) 6 ’ B) T’ r) m’
x—7 x+3 x{x—3) 2—1
. . . b}
a) x+1° ) x—3"’ X) x—3 "’ 3) x—1"

370. 3anuwute Tpu anreGpauyeckue ApobU, paBHble HYJI NPH:
ay x=—2; 6) x=0; B) x==3; r) x=—2,5.
Peurnte ypasnenue (371—374):

371. a f)—:(z;=0; 6) 3;2;:)6:0;
(x—7)(1,b+x) (—2—x)(x—8,5)
DT o, (Z2m0 (=85 o,

) x2x2—3x+4 r) (x—3) (x+4) 0
—8x+7 4x%—4x—3

2) S =0, &) 57— =0
4 —12x—27 42 +4x—35

*) T 0 ) o =

372. a) "2—;3_"7"“—'=0; 5) %%*izo;

£—2x+3 L4315 o
B) 2—7x+5 r) x2+3x—1_0’
— 1R (x+2 TP (x—
gy 2R o o) KED =N

2 . e —

373. a) T8 o, 6) *==2

x4+7 . x—9
B) x+7——0, r) x_g——O.
4 —5x 438 —18x

374. ik B S ; mrr———— =0);

a) >3 0 6) e 0;
28 —T78+6x 345 +2x o

8) 20% —3x =0; ) 25+ 32 =0
9°—6x41 _ 256+ 10x+1

) P &) —gg =0

107



5.5. PeuwieHHe pauHOHAJIbHBLIX YPaBHEHHH

ITpumep 1. Peuinm ypaBHeHHE
o2l _p (1)

x—1

[IpimMeHuM K JieBOH 4acTH ypaBHEHHS (1) npaBu/O BbIYHTAHHSH
anreGpanveckux Apobei:
x+41 2(x—1)—(x+1) x—3

= = (2)

x—1 x—1 T x—1

92—

Jns a1060ro yucaa Xy~ 1 paBHbI YMCJIOBbIe 3HAYEHHA JE€BOR M Npa-
BO#l uacreil paBeHcTBa (2).

B yacTHOCTH, eC/iM /i HEKOTOPOTO YHCJAA X, 006pallaercs B HyJib
0/lHa YacTh paBeHcTBa (2), To A5 Hero ofpailaercs B HyJb U Ipy-
rasg ero 4acTb. A 3T0 o3Hauyaer, YTO ypaBHeHHe (1) paBHOCHJBHO
ypaBHEHHIO

=0. (3)

YpaBHenue (3) Mbl yMmeeM pemaTb (cM. n. 5.4). Jas 3TOro pemum
CcHayaJjla ypaBHeHHe

x—3=0.

OHO MMeeT eMHCTBEHHbI KopeHb Xg=3. [Ipu 3TOM uHCj0 Xy=3 He
ob6paitaer B HYJb 3HaMeHaTesJb APOOH JIeBOH YAaCTH AAHHOIO ypaB-
HeHus (3):

Xp—1=3—1=25£0.

[TosToMy ypaBHeHHe (3) HMeeT e€IMHCTBEHHbIH KOpeHb x,=3.
3HauMT, ¥ HCXOJHOE ypaBHeHHe (1) UMeeT eIMHCTBEHHbIH KODeHb
Xp=23.
ITpumep 2. Peuium ypaBHeHHe

x—1 x—4
x+2=x——3_1' (4)

[lepeHeceM mpaByw 4acTb ypaBHeHHs (4) BJeBO, MOJYYUM ypas-
HeHUe

x—1 x—4
x—+—2_x—3+1=0’ (5)

PaBHOCH/IbHOE YPaBHEHHIO (4).
[IpuMeHHUM K JIeBOH YacTH ypaBHeHHus (5) mpaBuJia CJOXKEHUS H
BbIYUTAHHA anreOpaHvyecKHx Apobei:

x—1 x—4 _

T2 rs T
=)=y (=) D+ 42 (5—3) | £—3x45
(++2) (x—3) T G238
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Paccyxnasi, kak B npHMepe 1, nosyuuM ypaBHeHue

X35 g (6)
(x+2)(x—3)

paBHOCHJbHOE ypaBHeHHIO (D).
Hdas pewenus ypaBHeHusi (6) HaZo cHauyaJa peLIHTb Takoe ypas-
HeHHe

2—3x+5=0.
[MoCKO/IbKY €ro AHCKPUMHHAHT
D=b"—4ac=(—3>—4-1.5=—11<0,

TO OHO He HMeeT KOpHeH.

CrenoBaTesibHO, HCXOJHOe ypaBHeHHe (4) He HMeer Kopneu

W3 npuBeneHHBIX MPHMEPOB CJEAYyeT MPaBU/IO: AAA pelleHHs pa-
LHOHAJbHOTO yPaBHEHHSi HAJAO NEPEHECTH BCe €ro 4YJeHbl B JEBYIO
4acTh, 3aTeM, MPHMEHNAS NIPAaBHJA CJOXEHHA H BbLIUYHTAHHA ajarebpa-
HYeCKHX ApoOei, 3anucaTh JeBYyH0 HacThb KaK aJjarebpauyeckyro
Apo6b W pEeHIUTb NOJYYEHHOE YpaBHEHHE.

3ameuaHnue OTKJIOHEHHE OT BbICKA3aHHOTO NMpaBHJIa MOJKET
TIPUBECTH K MOTepe KOPHeH WJH K mpHoOpeTeHHI0 NOCTOPOHHHX KOPp-
Hell NaHHOTO ypaBHEHHS.

Hanpumep, npuMeHvB JaHHOe NMpPaBHJIO K YpaBHEHHIO

(x—2)(x—3)

x—3 =1 (7)
NOJIYYHM PaBHOCHJbHOE €My ypaBHeHHe
(x—3F _
=3 =0 (8)

Ono He umeer kopHe#i. CienoBaTesbHO, ypaBHeHHe (7) ToXe He
UMeeT KOpHed.

OpxHaxko, eciid 6bi MBI, OTKJOHACb OT NpaBUJa, COKPATHIN APoOb
B JieBOH uacTu ypaBHeHus (7) Ha (x—3), To NOJIyUHIH Obl ypaBHeHHe

x—2=1, 9)

KoTopoe HMeeT KopeHb x=23. Ho x=23 He siBisieTcs KopHeM ypaBHe-
Husi (7) — npu x=3 JeBas 4acTb ypaBHeHus (7) npeBpallaercs B
BbhIpaxKeHHe, He HMelouiee CMbIC/a.

CrienoBaTesbHO, IPH TAKOM «Clocobe pelleHHsi» Mbl NPHOOPEH
JIMIIHUHA KopeHb st ypaBHeHus (7).

Ecau xe cHavaja Oymetr naHo ypaBHeHHe (9), .@ Mbl BOHMpeKH

x—
NnpaBuJdy YMHOXHM 4YHCJIUTE/Ib U 3HAMEHATEJ/ b llp061/l 1

JieBOM MHoroujieH (x—3), To npuaeM K ypaBHeHHIO (7), KOTopoe He
UMeeT KOpHeH.

3HauuT, NpuU TakoM «crnocobe peuleHHs» Mbl Obl MOTEPSAH KO-
peHb ypaBHeHus (9).

Ha HEHY-
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375°%. Tlo kakoMy TpaBuJ/y pewatoT palHoHadbHble ypaBHeHus? Uro
MOXEeT NPOU30HTH NPH OTKJAOHEHHH OT 3TOrO NpaBuaa?

376.

3717.

378.

379.

380.

381.

382.
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PaBHOCH/IbHBI JIH YPaBHEHHS:

a) ~=3 u ~—3=0; 6) Zt=0 u 222 =0,
tr—3 -=0; r) x%fl=x u xilzl?

Pewnute ypaBHeHHe (377——-383):

a) 2 ly2=0; =0, Sy

Dimpts wd=Ei 0

X) X——%=0; 3) —255——b=0; u) y-}-;:

W) o5 ies =1 o) 3= orrs

D) S e L =

a) iﬂ:?——-y—%; 6) 4:—_:‘31":4519 ’

B)g%l—i%ﬁ—g; r) ii; o 2+1

a) 5;—[120—}—-?%—6;—5.——0; 6) 3x—"l ]—;62—{:-0;

B) a+———=

ST P e T

D rmnmEos DTl

2) x_—l-_x_—"x_;—_f:%; e) z+1+222_[=z-3-1‘

a) x2+)7c+12_x2+2x—8 6) %+a21—02a=15t—'22£;

B) ﬁ?+3k+5 +_——0 r) %l— %:%g—r%;

1) _—%TE'*'%: _%; ¢) ajf;a_(7—4a)2=d~l-7 :

o e

1 1 1

383*. 1.
TP L O Ty TR
I 1 .
) o= T emneon - >
1 1 1
B) (x4 1) (x+2) (x+2)(x+3)+(x+3)(x+4)_ —L5.

5.6. PemeHne 3a3a4y NpH NOMOILH
PALHOHAJABHBIX YPABHEHHH

3anaua 1. Tennoxon, oTuaduB OT NPUCTaHH A, CyCTHJICHA BHU3
1o TevyeHH1o peku Ha 60 KM [0 ycThsl Bmajalolilero B peKy HPUTOKa
¥ MOJAHSIJICA BBEPX MO NMPHUTOKY (NMPOTHB TedyeHHs) HA 20 KM 10 mpH-
cranu B. Becw nyts or A 1o B tensoxon npoiuen 3a 7 u. CKopocTb
TeYeHHUS] PEKH W CKOPOCTb TeyeHusl nMpuToKa paBHbl 1 kM/u. Haiitu
COOCTBEHHYI0 CKOPOCTb TelsoXxoAa (coO6CTBeHHAsl CKOPOCTb — CKO-
pOCTb B HEMOABHIKHOH Boje).

Pewenune O603HAuYuM uepe3 x KM/4Y COGCTBEHHYIO CKOPOCTbH
TenJgoxofa. Toraa BHH3 IO TEUEHHIO PEKH TeNJoXol LieJ CO CKO-
pocTbio (x4 1) KM/4 H 3aTpaTuJst Ha NyThb 0O YCThSl NPHTOKA (—;I(—)l u.

[lo npuToKy Temsnoxo/ Lies coO CKOpocThio (x— 1) KM/u 4 3artpa-

20
THJ Ha IIYTb 10 NPUTOKY r— 4y, Ha Becb MyTb TEIJIOXOA 3aTpPaTHJ

1
7 4. 3HauwrT,

60 20
it e==" (1)
Takum o6pa3oM, HCKOMOE YHCJIO X JOJXKHO ObiTb KOPHEM paLHo-
sHaJbHOro ypaBHeHus (1). Pewum ero.
[TepeHecs Bce ero uJeHbl B JIeBYI0 4aCTb H NPHMEHHB K JIeBOH ua-
CTH NOJIYUYEHHOTO YpaBHEHHS NPAaBHJIA CJHOKEHUS W BhIUHTAHHA aJ-
re6panueckux ApobOeil, NOJYYHM YypaBHeHHe

7 —80x+33 -0, @)
(x+D(x—1)

paBHOCHJbHOe ypaBHeHHIo (1).
Ypasuenne 7x*—80x+33=0 umeeT Kopuu

x =11, x2=%.

OHu He ofpamamT B HyJb 3HaMeHaTeJb JieBOH YaCTH ypaBHe-
HUs (2), H TIO3TOMY 3TH KODHH SABJSIIOTCS KODHSIMH ypaBHeHus (2),
a 3HauuT, U ypaBHeHus (1).

3

Hrak, ypaBHenne (1) nmeer aBa kopHs: x,=11 u Xy=-=.

OnHaxko no ycJoBHIO 3alaudl CKOPOCTh TEIJIOX0AAa He MOXeT GhITh
MeHblle | KM/4, TaK KaK TEMJOXOJ ABHUTaJjcs 10 NPHTOKY MPOTHB Te-
YyeHHsl, CKOPOCTb KOTOPOTO paBHa 1 KM/u.
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CJaiepoBaTe/bHO, YCJOBHIO 3aayd yAOBJETBOpAeT JHIb x==11.

OTBeT: cofCTBEHHAs CKOPOCTh Temyoxona 11 km/u.

3anaua 2. [lepsaa Opurasa MOXKeT BbINOJHHTL 3aJaHHE Ha
10 nHell GuicTpee, yeM BTOPAs, 2 BMECTe OHH BBIMOJMHAT 3TO 3afaHue
3a 12 aHeli. 3a CKOJIbKO JHeH MOXeT BhIOJHUTb TO XK€ 3ajaHue
Kaxjaas Opurana, pa6otas OTAENbHO?

Peuwenue. Ilycts nepBasi 6puranaa MoxeT BbINOJHUTL 3aJaHue
3a x aHe#, Toraa Bropasi — 3a (x-+ 10) nuei. Ilepsas Opurana B

1
AeHb BBIMIOJIHSET — 4acTh 3ajaHUs, a BTOpas T 4acTh 3aja-
1
Hudg. BmecTe OHH BBINOJHAWT B A€Hb l:l2=ﬁ YaCTb 3ajaHus.
CocTtaBuM ypaBHeHHe
1 1 1
tan=1e )

[IpeoGpasyem ypasueHue (3), NOJYyUYUM PaBHOCHJIbHOE €My ypaB-
HeHHe
£ —14x—120 0. (4)
12x (x+ 10)

YpabHenue x*— 14x—120=0 umeer KopHu x,=20 n x,= —6.
Ounu He o6pamlawT B HYJb 3HAMEHaTeJb JeBOH YacTH ypaBHEHHs,
C/AelOBATENbHO, OHM SBJAAIOTCH KOpHAMH ypaBHenua (3). Ho no
cMbicaly 3agauu x>0, M03TOMY YCJOBHIO YIOBJETBOPSAET JIHIIb
x,=20. Torpa x-+ 10=230.

Oteer: nepBas Opurajga MOXeT BBIIOJAHUThL 3aJaHHe 3a
20 aHeil, a Bropas — 3a 30 aHeid.

384. a) Uucanrenp apobu Ha 2 Goablue 3HameHaTensn. Eciu unc-
JUTENh YMHOXKHUTH Ha 2, a K 3HaMeHaTeJal0 NpubaBuTh 3, TO

2 .
NOJYYUTCH YHCIO 1—3-. Haiigure npobb.

6) 3uaMenaresb qpobu Ha 2 Gouablue yncauTeas. Ecan unc-
JUTE b YBEJIMUHThL Ha 1D, a 3HaMeHaTeab — Ha 3, TO MOJY-

5 “
YUTCH 4HUCJI0 lg. Haiinure apobb.

385. a) Uucauress apobu Ha | meHblie 3HaMeHaTeas. Ecau uuc-
JIUTEJIb YMHOXHTb Ha 3, a 3HaMeHaTeab — Ha 2, TO 10JY4YHT-

2 o
cs uucso ] =- Haiigure npoOb.

6) Yucaureab aApo6u Ha 6 MeHblue 3HaMeHaTe . Ecau 3na-
MeHaTeJb YBEJMYUTb HA D, a YUUCHUTENb YMHOXKHUTb Ha 15, TO
noqayudrcs uuciao 1,25, Haiinute apoOb.

B) Uucaurens npo6u Ha 2 meublle 3HaMeHaTess. Ecan cno-
XKHUTh 3Ty Apo06b ¢ oO6paTHON K Hel ApoOblo, TO MOJYYHTCA

YHCJI0 2—1—5. Hajinute a1y Apobb.

112

386.

387.

388.

389.

390.

a) PaccTosiHHe MexAy [BYMS HacCeJEHHbIMH IIYHKTaMH
50 kM. M3 3THX NyHKTOB ONHOBPEMEHHO HaBCTpeuy ApYT
JpYyry BbleXaJu MOTOUMKJIHUCT H Bejocuneauct. CKopocThb
moTtounkaucrta Ha 30 kM/u Goabwe. Berperunnch oHu Ha
pacctosinui 10 KM OT 0OlHOrO U3 HaceJeHHbIX NYHKTOB. Kako-
Ba CKOPOCTb BEJIOCHIIEJUCTA?

6) Mcrnonb3ysi ycjoBUe W pelleHHe Mpeablayuiedl 3ajauu,
onpeneauTe, 4yepe3 CKOJbKO MHHYT NOCJ€ BCTPEUYH MOTOLHK-
JIMUCT /IOTOHUT BEJIOCHIEHUCTA, €CJH OHH NPOJOJKAT ABHXKE-
HHe MOocJe BCTPEUYH H MOTOLHKJHCT, A0€XaB J0 HACEJIEHHOro
NYHKTa, pa3BepHeTCs H cpa3y e noeleT B o6paTHOM Ha-
npasjenud. Kakue nonmyuieHusi Heo6XOAMMO chenaTh AJd
pellleHns] 3a0aun’?

Paccrosuue mMexxay aBymsi ropogamu 60 kM. M3 nepsoro ro-
pojia BO BTOPOH BbBIE3)KAIOT OJHOBPEMEHHO JABe aBTOMally-
Hbl. CKopocTh nepBoit Ha 20 km/u GoJblie, U OHA pubHIBA-
€T BO BTOPOH ropon Ha noJjuaca pausine. Onpenennre cKo-
pPOCTb KaXKA0H aBTOMaILHHBI.

a) Benocuneauct npoexas 5 KM no JiecHOH fopore U 7 KM Mo
mocce, 3aTpaTtus Ha Bech nyTh 1 4. [lo mocce oH exan co
CKOPOCTbIO Ha 4 KM/u Gosbiieil, yeM no Jjecy. C Kakoil cko-
pPOCTBIO BEJIOCHIIEANCT eXaJ Mo JecHo#l aopore?

6) TypucT npouies mo uiocce 3 KM, a 1o IPOCEJOYHONH A0PO-
re 6 KM, 3aTpaTuB Ha Bechb NnyThb 2 4. C KaKOH CKOPOCTHIO
1es TYPHCT MO NMPOCeNOYHOH Jopore, eCH U3BECTHO, YTO MO
HIOCCE OH WLieJ CO CKOpPOCThbIo Ha 2 KM/4 GoJbliledl, yeM o
POCeNKy?

a) Ha o6paGorky oaHo# neTa/ i nepBblii pabound 3aTpauu-
BaeT Ha | MUH MeHblue, yeM BTopo#. CKoNbKO meraneil 06-
paboTaeT KaxKAblH U3 HUX 3a 4 4, ec/id NepBbl# paboyuii 00-
paGaTbiBaeT 3a 3T0 BpeMmsi Ha 8 geraneil Gosblle, 4em
BTOPOH?

6) [Be paboTHuiibl A0JXHbB Oblin o6pabotath no 120 ne-
TaJel 3a onpenesnenHoe BpeMsi. OHa U3 HUX BBITIOJHHJA 34-
AaHue Ha O U paHblle, TaK Kak B yac oHa ob6pabaTbiBaja Ha
2 peranu Goabuie apyroi. CKoabKO fAerasieit B uac o6paba-
ThiBaJsa Kaxnaaa paGoTHHUa?

a) JIpe MamMHUCTKH JOJKHBI OblIM HaMeyaTath 10
120 crpanun. [lepBasi MalIMHHCTKa BBHIIOJHUJIA paboTy Ha
| neH» paHblie BTOPOH, TakK Kak nevartana Ha 10 crpanuu
B neub Oodbliie. CKOJBKO CTPAHHL B JeHb MeyaTraJsa Kaxaas
MaUIHHUCTKA?

6) Ha paccrosiuun 175 M nepefiHee KoJsieco CTaPHHHOIO 3KH-
naxa geqasno Ha 20 o6opoToB 6oJiblie, YeM 3aJHee KOJecCo,
LJINHA OKPYXHOCTH KOTOPOro Ha | M 6GoJsblue AJNHHBI OKPYX-
HOCTH nepenHero. Hafiaute AaMHY OKPYXHOCTH KaXXA0ro Ko-
Jjeca.
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391.

392.

393.

394.

395.

396*.

397*.
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a) Ha y6opke ypoxasi ¢ KaXI0ro H3 JBYX y4acTKoB OblLIO
co6pano no 500 u nureHxusl. [Tnowans nepsoro yuacrka Ha
5 ra MeHbule miomanu Broporo yuactka. CKOJbKO LeHTHe-
poB MuieHuUbl coG6paHO ¢ | ra Ha KaXaoM yyacTke, eCjid
ypoxai MUIEHHLbl HA NEePBOM yyactke ¢ | ra 6bia Ha 5 U
6osibille, YeM Ha BTOPOM?

6) AsTomamiuHa poJkHa Gulna mpoiith 840 kM. B cepenune
NyTH BOAMTEJb OCTAHOBHJICS Ha o6el, a uepe3 yac IPOAOJ-
KU1 nyTb. UTo6bl npUOGHITL BOBpPeMs B NYHKT Ha3Haue-
HHS, NPHILIOCH YBEeJHYUTb CKopocTh Ha 10 km/4. CxoabKo
BpeMEHH 3aHfJ Becb HyTb, BKJOYas BpeMs Ha oOCTa-
HOBKY?

B) M3 nynkrtoB A u B, paccTosiHHe MeX1y KOTOPbIMH 32 KM,
OAHOBPEMEHHO HaBCTpedy APYr APYry OTNPaBHJMChH Meule-
X0l H Besiocunepuct. Yepes 2 y onu Berperudauch. Ilocae
BCTpeuH neiexox npu6bia B NyHKT B Ha & u 20 MUH nosxe,
yeM BesocuneadcT B nyHkT A. Hafinure ckopocTh nemexona
H BeJOCUIIeAHCTA.

[TepBbiil newiexon MoXeT NPOATH PacCTOSIHHE MEXAY ABYMs
NyHKTaMHd Ha 5 u GbicTpee, yem BTOpoH. Ecam meumrexoabt
BHIAAYT M3 3THX NYHKTOB OJHOBPEMEHHO HaBCTPeyy ApPYT
ApYry, To BCcTpetaTcd yepe3 6 4. 3a CKOILKO 4acoOB KaX/bli
M3 HHX MOXKeT NpOATH 3TO paccrosHHe?

JlBa skckaBaTopa BbIPbLJIM KOTJ0BaH 3a 48 nueid. Ilepsniit
3KCKaBaTop, paboTas OT/LeJbHO, MOr Obl BLIIOJHHTHL 3Ty pa-
6oty B 3 pa3a GeicTpee, ueM BTOPO#. 3a CKOJbKO AHEH nep-
BbIM 3KCKaBaTop, paGoTas OTAeJbHO, MOT Obl BBITOJHHUTD 3TY
paboty?

JBa BesocHOegMcTa BbleXxaJu OJHOBPEMEHHO HaBCTpeuy
apyr apyry u3 roponoB A u B. Ilepsblii npoe3xaer B yac Ha
2 KM 6GoJiblie BTOPOTo ¥ npuesxkaer B B Ha | 4 paHblie, 4eM
BTopoit B A. Paccrosane ot A 10 B 24 xm. Onpenenure cKo-
pPOCTb MepBOro BeJOCHIIEJHCTA.

JlBoe paGouHX BHIMOJHUIH HeKoTOpylo paboty 3a 8 u. Ilep-
Bblli M3 HHUX, pa6oTas OTAENBbHO, MOXET BbINOJHHThL Ty Xe
paGory Ha 12 u GbicTpee BTOpOro, €C/aH TOT 6yner paGorarhb
OTHeNbHO. 32 CKOJMIBKO 4acoB BTOPOH pabGoOuHi OAMH MOXKeET
BBIMOJIHUTD Ty Xe paborty?

3adaua Besy. Hekro kKynua Jomaab U CHycTA HEKOTOpOe
BpeMs nponas ee 3a 24 nucroas. [lpu 310l nponaxe o Te-
pSieT CTOJIBKO [POLEHTOB, CKOJILKO CTOMJIAa €My JIOWIalb.
CnpaluuBaercsi: 3a KaKylw CyMMY OH ee KyIHJ?

Toprosel MoKynaeT KHHIH IO ONTOBOH lieHe, a NpojaaeT 3a
11 p. Ou mopcuurtas, yTo AOXOJ OT HPOAAXKH OJHOH KHHIH
B NpPOLEHTAX PaBeH ONTOBOM LieHe KHHUTH B py6asx. Kakosa
ONTOBasi 1{eHa KHHUTH?

5.7.* Pemlenne pauHOHAJbHLIX YpaBHEHHik
3aMEHOH HEH3BECTHbIX

lTpumep 1. Pewnm ypaBHeHue

. (P2 —5x+T7P—2(x*—5x+4+7)—3=0. (1)
BpeneM HOBOe HeH3BECTHOE (IpH MOMOLIH PABEHCTBA
y=x"—5x+T7. (2)
Torna ypasHeHue (1) npeBpauiaercd B KBaApaTHOE ypaBHeHue
y'—2y—3=0 (3)

OTHOCHTEJIbHO HEH3BECTHOIO Y. Tak kak
2
(§) —a=1+3=4>0,

TO ypaBHeHHe (3) uMeeT 1Ba KOpHA:

Y, 2= —-g-i V(-g—)z——q =12,

T. €. =3 K y,=—1.

[loacTaBHB 3TH 4HCAA BMECTO § B PAaBEHCTBO (2), MONYYUM ypaB-
HEHHMS OTHOCHTEJbHO X X’ —bBx+7=3 n > —5x+ 7= — 1. Pewum
cHayaaa nepsoe u3 HUX. OHO PAaBHOCHJBLHO YPaBHEHHIO

X —5x4+4=0, (4)
AMCKPUMHHAHT KoToporo D=5 —4ac=9>0.
CaenoBaTenbHo, ypaBHeHHe (4) uMeeT ABa KODHA:

—bx\D 543
2a -2

X 9=

T.e. ;=4 U x,=1.
Tenepb pewnm BTopoe ypaBHeHHe. OHO PaBHOCHBHO YPaBHEHHUIO
¥ —5x+8=0, (5)

AHCKPHMHHAHT KoToporo D=5b>—4ac= —7<0.

CnenoBarenbHo, ypaBHeHue (5) He HUMeeT KopHeil.

Takum o6Gpasom, ypasHenue (1) WMeeT aABa HaljeHublx Bblllle
KOPHA X, U Xy W JIPYTHX KOpHell He HMeecT.

Ilpumep 2. Pewum ypaBHeHHe

(24 1) (24 £ +3)+2=0. (6)
BBeseM HOBOe HeM3BECTHOE NpPH MOMOILH PABEHCTBA
y=x'4+ 41, (7)

Toraa ypasHeHue (6) npeBpaTHTCA B KBaJ/IpaTHOE yPAaBHEHHE OTHOCH-
TeJbHO HEM3BECTHOro Y.

¥ +2y+2=0, (8)
AHCKPUMHHAHT KoToporo D=b*—4ac=4—8<0.
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CaenoBaTesibHo, ypaBHeHnue (8) kopHell He uMeer. Ho torpa u
ypaBHenue (6) He MMeeT KOpHeH.

I[Tpumep 3. Pewium ypaBHeHHe

15
x2+4x_x2+4x

Ec/iu npuBecTH JIeBYIO 4acTb 3TOTO ypaBHEeHHUs K 06IleMy 3HaMe-
HaTeJ10, TO MOJYYHM YpAaBHEHHE
H 48854142 —8x—15 =0
P44x

—2=0. ©(9)

’

AJS pellleHHs KOTOPOTO Hajao CHauyaja PelidTb ypaBHeHHe
485+ 14 —8x—15=0.

Ho y Hac Her cnoco6a AJsi pelieHHs Takoro ypasHeHHs. [lostomy
Tako# crnoco6 pelileHusi ypaBHenus (9) He mpuBes] HAC K LeAH — K
HaX0XJeHHI0 KopHeil ypaBHeHHs (9).

IMpumenuM caenyloluit npHem. Beenem HOBoe HEH3BECTHOE IPH
[IOMOILH PaBeHCTBA

y=x"+4x. (10)
Torpa ypaBHenune (9) nmpumeT BH]
15
———2=0. 11
y— 0 (11)

IMpusenem JeByw yacTb ypasHeHHs (11) k obuieMy 3HaMeHaTe-
JIi0, TIOJIYYUM YpaBHEHHe

2_ —
Yy —2y 15=O

: (12)

paBHoCH/bHOe ypaBHeHuio (11). Has pewenuss ypaBHeHnus (12) pe-
LIHM CHayajla KBajapaTHoe ypaBHeHue y>—2y—15=0.
D70 ypaBHeHHE HMeeT [Ba KOPHS: Y, =D H Yy,= — 3.

Tak Kak HH OHO M3 3TUX uuces] He obpallaer B HyJb 3HaAMEHA-
TeJib JieBOH uacTu ypaBHeHus (12), to ypaBreHue (12), a 3HauuT, "
ypasHeHnue (11) umeror 1Ba KopHs: y, =5 U y,= — 3. Tenepsb A pe-
weHns ypaBHeHusl (9) ocraercsi pewIdTb [ABa ypaBHEHHSN:

L44x=5u £L+4x=—3.

[lepenuieM 3TH ypaBHEHHS Tak:

P?+4x—5=0u ¥*+4x+3=0.

Kaxnoe u3 3THX KBaApaTHbIX ypaBHeHl/Iﬁ HMeeT [0 ABa KOpHM:

x;=1, ¥,= —5 — KOpPHU MepBOTro ypaBHEHHUS;

X3= -1, xy,= —3 — KOpPHH BTOPOr0 ypaBHEHHS.

CaenoBaTesibHo, ypaBHeHue (9) umeer dyerbipe Kopus: 1, —35,
—1, —3.
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Ilpumep 4. Pemium ypaBHeHHe
12

[MTocTynum Tak, Kak B npumepe 3. 3ameTus, 4To (X —2)(x—3)=
= x*—5x+6, BBeieM HOBOe HEH3BECTHOe

y—x2—5x+6. (14)
Torpa ypasuenue (13) nepenumercss B BHIe
12
YpaBuenue (15) paBHOCHJIBHO ypaBHEHHIO
2 —
yty=12_ 4 (16)
Y

Penlenus KBaapaTHOTrO ypaBHeHMs

yPty—12=0

ecTh Y, =3 U Y= —4.

Tak kax HH ONHO K3 3THX YHMCesa He 06paulaeT B HyJb 3HAMEHa-
TeJib JIeBOH yacTH ypaBHeHHs (16), To ypaBHenue (16), a 3nauur, u
ypaBHenue (15) umeioT ABa KOopHs: y, =3 U y,= —4.

Tenepy pas pewenus ypaBHeHus (13) ocraerca pewnth 1Ba
yPaBHEHHS:

—5x+6=3 u P—5x+6=—4.

5+VI38 | _5-Vi3

[TepBoe u3 HHX ¥MeeT IBa KOPHA: X, = 3 Xy=—p—, a
BTOPO€ KODHeH He HMeeT.
CiaenoBarensio, ypaBHeHue (13) uMeer aBa KoOpHS: 5+;/l_3‘,
5—\I13
5— -
" Pemure ypaBHenue (398—399):
398. a) (x42=2(x+2)+3;
6) (F*43x—25)*—2(x*43x—25)= —7T,
B) (x'+ 224+ 1) (x4 £+ 2)=12;
r) (F—=5x+7P)—2(x—2)(x—3)=1;
1) (P245x—7) (22 +10x—11)+ 1 =0.
2x+1\2 2x+1\ __ 4. X 25+t 4,
399. a) (ZHLY o (Zt)=3  6) A+ oy
6 .
B) 2):2—3)c-+—2—2162_-3)“{_l ={;
4 2 | L4x—5 3x .
r) X'+ 3x Tt 32442] n) x +x2+x—5+4 0



JOINOJIHEHHS K T'JIABE 11

1. PasjoxKeHHe MHOIOYJEHOB Ha MHOMXHTEJN
M pelieHHe YpaBHEHWH

Teopema Besy. Kopenn muorouaena. [lycts P, (x) — MHorousen
OTHOCHTEJIbHO X cTerneHd n(n>=1), T. e.

P (0)=a.X"+a,_ "' +..+ax+a, (1)

rae ao 4, ..; @, — JdaHHble yuchaa, npuuem a,#0. Ecan muorousen
P, (x) pasnenTh ¢ OCTATKOM Ha JBYUJleH X — a, TO YacTHoe (HeloJHoe
yacTHoe) ecTh MHoroysed Q,_, (x) crenenn n—1, a octaTok R ecTb
YKHCJI0, TIPH 3TOM CIPaBelJiMBO PaBEHCTBO

P, (x)=(x—a) Q,_, (x)+R. (2)

W3 paBencrsa (2) caenyer, uto ecin R=0, To mHoroused P, (x) pas-
JaraeTcs Ha MHOXHUTEJW, OJHH H3 KOTOPLIX €CTb ABYYJeH x-—da.

Jast HaxoxaeHus yactHoro @, (x) u octatka R 06bI4HO NpHMe-
HAIOT METOJ [eJIeHHS YTOJKOM.

I[Tpumep 1. Haéinem 4acTHOe M OCTATOK NPH JleJIeHHH MHOTOUJEHa
P (x)=x"+2x*—x*43x—1 Ha aByuied x—3.

[IpUMeHUM MeTOHd [AejNeHHSl YLOJKOM:

. H28 —243x—1 | x—3

=34 L4524 14x+45
51— x*
5x° — 1547
14X 43x
145> —42x
__ 45x—1
45x— 135
134

CaenoBarebHo, X'+ 285 — @ 43x— 1 =(x—3) (£ + 5+ 14x+45)+
-+ 134 u 103TOMYy YacTHOe eCTb MHOTrOuJieH 45524 14x445, a
OCTATOK — 4Hca0 134,

Mpumep 2. Hafinem yacTHOe ¥ OCTaTOK IIPH JeJIeHHH MHOrouYJieHa
P,(x)=x"—6x4+11x—6 na aByunen x—l.

[IpuMeHUM MeTOA AEJEHHS YTOJIKOM:

=6+ 11x—6 | x—1

£ 2 P—5x+6
—52411x
T —5x4 5x
6x—6
~ 6x—6
0
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CaepoBatenbto, x°—6x* + 11x—6=(x—1)(x*—5x+6) u nostomy
4acTHOE eCcTb MHorTouseH x°—5x+46, a 0CTaTOK paBeH HYJIO.

Ecny TpebyeTcs HalTH TOJBKO OCTATOK OT [E€JEHHS MHOTOUYJEHA
P,(x) Ha ByuJIeH x — a, TO NMOJb3YIOTCH CAEAYIOWUM YTBEPKACHHEM:

Teopema besy. Ocrarok R or deaenusn mnoeousena (1) na
Jey4nren x—a pasen 3HaveHuro MmHoeouwsena P,(x) npu x=a,
7. e. R=P, (a)

HokasarteabcTBo. Eciu B paBencTso (2) BMeCTo x noacra-
BHTb YHMCJIO @, TO NMOJY4YHTCH, 4TO P,(a)=R, 4T0 U TpeboBaJjoch 10-
Ka3aTh.

Hcnonbsysa teopemy DBesy, paBeHcTBo (2) 4acTo 3anuchbiBaioOT
B BHIE

P (x)=(x—a)Q,_,(x)+P,(a).

Uncao @ Ha3bBAWOT KOPHeM MHo204Aena P, (x), ecau npu x=a
3HauyeHHe MHorousena P, (x) paBHo Hyusio: P, (a)=0, T. e. ecau pa-
BEH HYJIIO OCTAaTOK OT AeJeHHs MHorouwieHa P, (x) Ha ABy4jeH x—a.

B npumepe 1 P,(3)=134 u uncsio 3 He ABASIETCSHA KOPHEM MHOIO-
unena P,(x), a B npumepe 2 P;(1)=0, uncsao | aBaseTcss KopHeM
MHOrouseHa P;(x) 1 pa3/oxeHHe 3TOFO0 MHOTOUJEHA Ha MHOMXKHTE/H
COJEPIKUT MHOXHTENh X— |.

Llesvie KOpHH MHoOrouJeHa.

Teopewma 1. Ecau sce koagppuyuenror ay, ay, ..., ,_, MHO2O-
4NEHA

Pn(x)=xn+an—1xn—l+"-+a1x+a0"—' (3)

yeable 4UCAQ U YeAOe HUCAO M ABAAETCA KOPHEM MHO204AEHA, TO
YUCAO M ABASETCA OeaurTesem CB0GOOHO20 4AEHA Ay 3TO20 MHO20-
YaeHa. ;

HoxasarteanbcTBo. Tak Kak YUCJI0 m €CTh KOpPeHb MHOrOUJIe-
Ha P,(x), To P,(m)=0, T. e. cupaBei/HBO PaBEHCTBO

m'+a, m"~'+..+am+a,=0. (4)

[lepennuiem paBeHCTBO (4) B BHAe

n 2

—..—a) (5)
Tak kak B paBencTBe (5) B cCKOGKaX 3alHCaHO Ie10€ YHCJIO0 U paBas
4acTh paBeHCTBa (D) AenuTCS HA M, TO UKCAO Uy AEJUTCS HA M, 4TO
H TpeboBaJoOCh NOKa3aTh.

Teopema 2. Ecau sce Koagpgpuyuenror mrocourena (3) — ye-
Able HUCAQ U ITOT MHO204AEH UMEET KOPeHb — PAYUOHAABHOE YUCAO,
TO 3TOT KOPEHb ABAACTCA UEAbIM HUCAOM.

Hoxaszarteabcrtso. IlycTs MHorounen (3) uMeer KOpeHb —

D

palLKoHaNbHOE YHUCJIO % (npobb 7 Hecokpatumas u ¢>0). byxem

CYHTaTh, YTO YHCJIA p U g He uMeloT obwux aenutenei. [Tokaxem,
4TO YUCJIO0 ¢ He MOXKeT ObiTb Goabiue 1. Ilpeamonoxum npoTHBHOE,
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yro g>1. Tak Kak 4uca0 % eCTb KopeHb MHorousesHa P,(x), To

P (L =0, T. e. cnpaBeAJIMBO PaBEHCTBO
"\ p p

J AN ﬁ n—1 E_ _
(&Y +ai (B) 4+ A a4 a=0. (6)
Mepenuinem paseHctBo (6) B BHAE
pn n—1 p
—q—n=—a,,_,;;_—l-—...——al;—a0. (7)

YMHoxas paBenctBo (7) Ha ¢"~!, mosyunM, 4To CripaBeHBO pa-
BEHCTBO

1 2

Le—a, p" '~ —aipq" T —ag" (8)

[MpaBasi yacTb paBeHcTBa (8) — 1en0e uyHcJa0, a JeBasi — HeCo-
KpatuMasi Apo6b, TaK KakK 4YHC/JIa p H § He HMEIT OOIUHX AesauTe-
Jeit ¥ p" He mesutca Haueso Ha ¢. [Tosyuusoch nporuBopeune, cie-
JI0BATEJILHO, MPEANOJOKEHHE, 4TO ¢ > |, HeBepHO. DTO 0O3HAYAET, 4TO
g=1, T. e. pauHoHaJbHbI KOPEHb MHOTOUYJEHa $BJSETCH LEJbIM
YUCJIOM.

M3 teopem 1 u 2 caenyer, uTo ecau MHoroused (3), Bce Ko3dpdu-

LLHEHTHl KOTOPOro HieJble UHCJaa, UMeeT pAallHOHaJibHble KODHH, TO 3TH

KOPHH — UeJible YHCa, ABAAKIIHECA ACJUTENAMHU ¢BOGOHOTO 4JieHa ‘
MHoOrouJieHa. HOSTOM)’ AJig TOro, y10Obl BHIAICHHUTb, €CTh JIH Y MHOTO~ :

yieHa (3) pauHOHaJbHbIi KOpeHb, HaA0 NPOBEPHUTb, SIBJISAETCH JH
KOPHEM MHOTOUYJIEHa KaXXAbli deJHTesb CBOGOAHOro 4jeHa MHOro-
yjseda. Eciau HH OAMH JeJiHTesib CBOOOJHOrO 4jieHa MHOro4/ieHa He
ABMAAETCH KOPHEM MHOIOYJIeHa, TO 3TOT MHOrOYJieH He MMeeT pallHo-
HaJIbHbIX KOpPHeH.

[pumep 3. BoisicHuM, KaKHe pauHoHaNbHbie KODHH HMEET MHOIO-
uned P,(x)=x*—x*42x*—3x+1.

CBo6oAHbBIM YJIEH 3TOr0 MHOrouJeHa HMeeT jequTeau 1 u
— 1. Bobruncaum P, (1) u P, (— 1)

P,(1)=0, P,(—1)=8=0.
CnepnoBatedibHo, MHorouaed P,(x) MMeeT pauHOHANbHBIH KO-

peHb — unciio 1. Pasioxum muorouwien P,(x) Ha mHoXuTesad. Pas-
deauM MHorowseH P,(x) Ha AByujieH x— 1 YroJkom:

. xi—f3+2x2—3x+l | x—1
X —x

2x—1
24— 3x £+
2 —2x
_—x+1
—x+41

0

Caie10BaTeNbHO,
=422 —=3x+ 1=+ 2x—1)(x—1).
[poBepuM, ecTb JH y MHoroustexa Pj(x)=x’+42x—1 pauuo-
HaJbHble KOpHU. CBOBOJAHBIN YJeH 5TOr0 MHOTOUJIEHA HMeeT AeJHTe-

an 1w —1.

Boeiuncanm Py (1) u Py(—1):

P;(1)=2£0, Py(—1)=—43£0.

CnenoBaTelibHO, MHOTOUJieH P;(x) He HMeeT PALHOHAJIbHBIX KOP-
Hel W NM03TOMY MHOro4/eH P, (X) HMeeT TOJNbKO OJHMH palHOHAJbHBIH
KOpeHb — uyHcJao L.

Peumienne ypaBHenuit P, (x) = 0. YMeHHe HaxOAUTb paulHOHAJb-
Hble KOPHH MHorouseHa P, (x) c uessimu Kospduuuesramu mnomora-

eT pewuTh ypaBHeHue P, (x)=0.
ITpumep 4. PeminMm ypaBHeHHe

= x'— 4P+ 584 x—2=0. (9)
CBOGOHDBIl 4JeH MHOrouJieHa

Py(x)=x"—x*—4x* +5° 4 x—2

umeer geauteaun 1, —1, 2 u —2. Tak kKak
Pi(l)=1—1—4+45+41—2=0,

TO MHOTOUJMEeH Pj(x) HMeeT KopeHb | H €ro MOXHO Pa3JIOXKHTb Ha
MHOXHTeaH. [lag storo pasmeanm MHorouneH Pg(x) Ha AByusieH
x— 1 yroakow:

X445 —2 | x—1

Xs__x4_4x3+5x2 x4_4x2+x+2
T —4x 4 4x
24 x
T X—x
_ 2x—2
2x—2
0

Hrak, Py(x)=P,(x)(x—1), rae P,(x)=x*'—4x"+x+2.
[IpoBepuM, ecThb JH y MHOrouJgeHa

Pi(x)=x*—4x"+x+2

pauuoHaabible KopHH. CBoGoaHbIH ujeH MHOrouwieHa P,(x) umeer
deauteau 1, —1, 2 u —2. Tak Kak P,(l1)=1—44+1+4+2=0, 10
MHorouJsieH P, (x) uMeeT KOpeHb | H ero pasJjioxKeHne Ha MHOXHTEAH
uMeeT MHOXUTeNb x— .
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Paspenum MHorousned P,(x) Ha AByuJeH x— 1 YroJkom:

X +())Cax3 4%+ x4+2 | x—1

L+ —3x—2
P
L=
=3P+«
— 32 43x
. —2x42
—2x+2
0
HUrak, P,(x)=P;(x)(x—1), rne Py(x)=x*4+x*—3x—2. Cso-
GonHbifi ujgeH MHorouseHa P;(x) umeer peautenu 1, —1, 2 u

—2. Boiuncaum Py (1), Ps(—1), P3(2) u Py (—2):
P,()=141—3—2=—30,
Pi(—l)=—14143—2=150,

P3(2)—8+4 6—2= 4#-—0
Py (—2)=—8+44+6—2=0.
Tak kak P;(—2)=0, o mHorousen P;(x) uMeer KopeHb —2 H

ero passioXKeHHe Ha MHOXHTENH HMeeT MHOXHTeab X+ 2.

X4 F#—3x—2 I x+2

M x2—x—]
_ —xX—3x
— i —2x
—x—2
T —x—2
0

Hrtak, P;(x)=P,(x)(x+2), rae P,(x)=x>—x—1. Tak kak
MHOTroUsNeH P,(X) — MHOro4JIeH BTOPO# CTENeHH, TO JerKo HaiTH ero

KOPHH:
14+V5 1—\5
p) Hu = .

27"

X =

Cuie0BaTeNbHO,
Py (x)=(x—x) (x— xp).
TlogBoasi WTOrH, IOJyYaeM, 4TO
Ps(x)=(x— 1) (x+2) (x—x,) (x— x3).
[Tostomy ypaBHeHue (10) umeeT KOpHH:

1+V5 B _1—=\§
2 ’

273

xl= y x3=—2, X4=1.

OlleBI/ID,HO, 4YTO APYIrHX KOpHeﬁ OHO He HMeeT.
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[Ipumep 5. PewiuMm ypaBHeHHe
: 2 1
x’+§x2—§=0. (10)

2 1
Tak Kak Ko3(p(pHiHEHTH TpexusaeHa x3-|——3— x2—-§- He LeJsible YHC-

Jaa, To, yMHOx)asa obe uyacTtH yparHenus (10) Ha 9, monyuum paBHO-
CHJIbHO® eMy ypaBHeHue

9x* + 64— | =0. (11)

Tak Kak crapuuii uien MHorousena P, (x)=9x*46x—1 ue pa-
geH 1, TO cpa3y HeJb3sl TPHMEHHTb PAaCCMOTPEHHbI Bbillle METOI.
[MosTomy nocTynmum cieayloliuMm o6pa3oM. YMHoXas ypaBHeHHe
(11) Ha 3, HOJyuyHM pPaBHOCHJbHOE €MY YypPaBHEHHe

(3x)*+2 (32— 3=0. : (12)

Cnenaem B ypasHeHuu (12) zameny HeusBeCTHbIX y=23x, nojy-
YUM YpaBHEHHUE
¥ +2yF—3=0. (13)
Tak kak crapuwuit uieH MHorouseHa P, (y)=y*+2y*—3 pasen
I, To K ypasHeHH1o (13) MOXHO NPUMEHHUTb PACCMOTPEHHbIH Bbllle
meTod. CBOGOAHDBIN ueH MHOToueHa P, (y) umeer aeantenn 1, — 1,
3u —3. Tak kak P3(1)=1+42—3=0, to mHorousnen P, (y) neautcs
Ha JAByuJeH y— |:

1/+2y+0y 3|y—1

¥ +3y+3
3y + 0y
T 3y —3y
. 3y—3
3y—3 -

0
Hrak, Py(y)=Py(y)(y—1), rae Py(y)=y"+3y+3.

Tak kak AUCKPHMHHAHT KBajapaTHOro tpexuseHa P,(y) MeHblue
HyJisl, TO KBaApaTHb# TpexusneH P, (y) He pa3saraercs Ha JuHelHble
MHOXKHTEH H He umeer KopHell. Tloatomy ypaBHeHnue (13) umeer
eLHHCTBEHHBIH KopeHb y,= 1.

Halinem Tteneps xopenb ypaBHeHus (11) u3 ycaoBusa y=3x.
Ypasuenue (11) n, crenoBarenbtio, ypaBHenue (10) umeor enuHcT-

. i
BEHHbIH KOpeHb X;=-.
—

400. Pasne.nme MHOTOUJIEH:

a) 284+ 3;
B) 4452 —3x+2;

Ha AByuJeH x— 1.

6) x* =243+ 4x—;
r) ¥ —3x*+4+3x—10
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401. He Bbino/Hss nejieHUs, onpeaeJUTe OCTATOK OT A€JNE€HHUS MHO-

roujeHa:
a) 5bx*—32°42; 6) 2x*—3x°— 412+ 5x—6;
B) 3424 —6x+7; r) 3x—4x—3x+6
Ha AByuieH x— 1, Ha aByuseH x+4I.
402. Pa3noxuTe MHOTOUJEH HAa MHOXHUTEJH:
a) B—x—x—2 6) ¥ —4x*+4x—3;
B) ¥*—7x+6; r) x*—6x—9;
1) 22 —38—4x+ 4 e) x*—22° -3 4+4x+4;
K) ' — =37+ 5x—4; 3) B +48°2 465+ 4x+ 1.
Pemure ypaBHenue (403-—405):
403. a) 425 —x—2=0; 6) X+ 64+ 11x+4+6=0;
B) ¥*—2x—2x—3=0; r) X4 —x+4+2=0;
1) 422 —Tx+4=0; e) ¥*—5x24+8x—4=0.
404. a) X'+ — 2+ x—2=0; 6) ' — ¥ — P —x—2=0;
B) ! — X =74 x+6=0; ) 482 —7F—x+6=0;
1) X425 — 38 —8x—4=0;
e) X' 4+4° 437 —4x—4=0.
405. a) 24+ X*—13x+6=0;
B) 38 +4x°+7x+2=0;
) 25 — T+ 442 —2x—3=0;
e) 2x'+ 8 — ¥ +8x—4=0.

6) 25— ¥ —13x—6=0;
r) 3+ 2 4+2x—1=0;

2. KomnJaekcHble uncaa

PaccMoTpHM ypaBHeHHE
X —2x+2=0. (1)

XOTSl OHO UMeeT OTPHUATENbHbI THCKPHMHHAHT D= —4, Hanu-
ieM uucTo GopMasbHO (HOPMYJabl AJA €ro KOpPHew:

Xp=1+V—T1. (2)

ﬂO CHX IOPp MbI CUHTAJH, UYTO TaKHE BbIpaKeHHA HE HMEIOT CMbIC-

Ja, TaK Kak cuMBosy \— 1 He COOTBeTCTBYeT HHKaKoe JEeHCTBH-
resibHoe yucao. ONHAKO 3TOT CHMBOJ 0Ka3aJ/cs OYeHb MOJAE3HBbIM B
matemaTHke. Ero o6o3nauaiorT GyKBo# i

V=1 =i

M Ha3bIBAOT MHUMOL edunuyed.

C MOMOLLbI0O MHUMOMN eHHULbI [ H AIeHCTBATENbHBIX YHCEJ MOXKHO
COCTaBJSITh GYKBEHHbIE BBIpaXKeHHS.

. 240 2—i o, a3

Hanpuwmep, 141, — 5 ¢ -+

Jns Takux GYKBEHHBIX BbIpaXKeHHH CO34aHO CUMCJEHHe, TOAYH-
HsllolLeecsl CJeAYIOIeMy MPABHJY: 3TH BblpaXKeHHs npeoGpasyrorcs
KaK OoObluHbie OyKBeHHble Bbipa){€HHMs, OJHAKO NpPH 3TOM CUYHTa-

0T, u4To: 2= — 1.
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Hanpumep,
1 —3i+45i=1+2i, P=i=(—1)i=—i,
=2 C=(—1)(=1)=1, P=iti=1.i=i

N . (1+i)
I+l —i)Q=————— =
(I+i):(1—i) TEYE

Ui (i1 N2
=T =1—=pn—Uti=

=5 (1 4+ 2+ 2)=4 (1 +2i—1)=i.

Boipaxkenue a-+bi, roe a u b — neficTBHTENbHBIE YHCAA, a4 | —
MHUMAas €1HHHLUA, HA3bIBAIT KOMHACKCHOIM HYUCAOM.

JelicTBHTe/bHOE YHCJIO @ €CTh YACTHBIH CAy4all KOMIIEKCHOTO
uyucaa a-+bi npu b=0:

' a+0i=a.

Broipaxenue bi, rme b -— meAcTBUTEJbHOE YHCJO, - HAa3bIBAIOT
muumoim sucaom. Hanpumep, 3i, —i, —7i — MHMMbie Yyucaa. Muu-
Moe 4HCJ0 bi ecTb 4YaCTHBIH cJyyall KOMIJIEKCHOrO 4Hcaa a-+ bi
npu a=0:

0+ bi=bi.

HaKOHell, CYUTAIOT, YTO

VT =VIV=T =\T -, VB =\EV T =212

BaxxHo oTMeruTh, uro nw0bas apu¢pMerduyeckass KOMOHHALHS H3
KOMIIJIEKCHBIX YHCEJ, He cojepiKallas Ae/eHHsl Ha HYJb, €CTb KOMII-
JIEKCHO® YHCJO.

Hanpumep,

(24 3i)—(5—T7i)= — 3+ 10i,
(243 (1 —i)=243i—2i — 3 =5+,

2—i _ (2—)(3=2) _ 6—3i—4i+2* _4-Ti
3420 (342i)(3—2i) 9—42 13

4 _ 1.
=B B

Hrak, Beipaxenns 1 +\ —1 u 1—\—1 npeacrasasiior coboit
KOMIIJIEKCHBIE YHcJa

xy=14in x=1—1.

Jlerko npoBepuThb, MPHMeHSIS K3J0XKEHHbIE PABHAA, YTO KOMILJIEKC-
Hple YHUCaa X, U X, SBJASIIOTCH KOPHAMM ypaBHeHus (1).
Hanpumep,

=20 +2=(1+if -2 (1+i)+2=
=142+ P#—2—2i4+2=0.
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Uncaa a+bi nu a—bi naswiBawT conpaxenHoimu. Hanpumep,
3+2i u 3—2i — conpsixxeHHble 4YHCA.

C BBe/leHHEM KOMIJIEKCHBIX YHCeJ MOXKHO YTBePXKAaTh, UTO J1O-
60e KBaApaTHOE YpaBHeHHe HMeeT [Ba KOPHs: AeACTBHTEJbHbIE pa3-
JMYHble, eCJAH JHCKPHMUHAHT TIOJOXHTE/bHbIHA, NeACTBHTENbHBIE
coBMajamwuide, ecJd JHCKDUMUHAHT paBeH HYJIO, H KOMILJEKCHbIe
(pasnuuHble), ecju AHCKPHMHHAHT OTPHUUATENbHBIH.

Taxkum o6pasom, KBajpaTHOe YpaBHeHHe

ax*+bx+c=0 (a=£0) H
HMeeT IBa KOPHsi, BbluuciaseMmple no Gopmysam

— b4 \/b2—4ac ' (2)

X19= 2a

Ecau a, b, ¢ — AelCTBHTENbHbIE YHCAA, TO KOPHH X H Xy, OUEBHI-
HO, COMpSIKEHHble YHCJa. '
Ecau b*—4ac<<0, 3ty GopMyJbl MOXHO 3aMHCaTb TaK:

—b+iV|b?—4ac|
VI , (3)

X12=

rie V6> —4ac| ectb apudmernyeckuit KBaapaTHb KOpeHb H3 MO-
NoXuTeNbHOro uncaa |b*—4acl.

Hrak, npu b*—4ac<<0 xopHu ypasHenust (1) KommiexcHble pas-"’/

JIUYHBIE.
Illpumep. Peiium ypaBHeHHe

22— 2x+5=0. (4)

Pewenue. Kopun ypaBHenus (4) umem no dopmynam (2):

Oteer: 142, 1 —2i.

OtmeruM, 4TO TeopeMa BHeTa ocTaeTcsi BepHO# U B cayyae, Kor-
Ja AMCKPHUMHHAHT KBaJAPaTHOr0 ypaBHEHHs] OTPHLATeEJeH, TOJbKO B
3TOM CJydYae KOPHH X, H X, OydyT KOMIJIEKCHBIMH YHCJIdMH.

406°. a) Kakoil GykBoii o6o3HayaT cumBoa \ —17?
6) Kak Ha3biBaloT CHMBOJ i?
B) UTo Ha3blBalOT KOMMJIEKCHBIM HHCJIOM?
r) [o KakuM TpaBUIaM BbIONHSAIOT NEHCTBHS ¢ KOMIJIEKC-
HbIMH yMCTaMu?
407. BoinoqHuTe yKa3aHHble NeHCTBUA:
a) (2—3i)+(5+i); 6) (7—2i)—(4—3i);
B) (3—5i)(4—6i); r) (404i):(3—1i).
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408. Pewnte KBagpaTHOe ypaBHeHHe:

a) *+1=0; 6) £+4=0;
B) X +5=0; r) xX47=0;
1) ¥4 x4+1=0; e) ¥+42x+3=0;

x) 2x*—5x+5=0; 3) X*4+6x410=0.

3. HcropHueckne cBeJeHHS

KBaapaTHble ypaBHeHUs YMeJH pellaTb elle BaBHJIOHAHe. DTO
OblJI0 CBA32HO C peleHHeM 3a7ay 0 HaX0XK/AEHHH Iiolaned 3eMenb-
HbIX Y4acTKOB, a TaKxe C pa3BHTHEM aCTPOHOMHH.

OnHako y BaBHJOHAH elle He OblJ0 MOHSATHS OTPHULIATESBHOTO
yHcdIa, 4 TO3TOMY KOPHH KBaJAPAaTHOrO ypaBHEHHS MOTJH OBITh TOJIb-
KO T10JI0XKUTENbHBIMU.

B «ApudMernke» rpeueckoro MmaremaTtuka us Anekcauapun Ju-
opanTa (II1 B.) HEeT cucTeMaTHUECKOr0 U3J0KEHHS aJare6pbl, 0JHAKO
B Hell COMePXHUTCA PAd 3a4a4, peliaeMblX PH [OMOILH COCTaBJEeHHS
ypaBHeHHUH.

Ectb B Heli W Takas 3anaua.

HaiiTu aBa umuciaa mo ux cymme 20 u npousBeneHdo 96.

Ecau 0603HaYHM OZHO H3 HEHU3BECTHBIX uYepe3 Yy, TO NPHAEM K
KBaJpaTHOMY YpaBHEHUIO

4 (20 — ) = 96.

Uto6bl U36eXaTh pellieHUs KBaAPaTHOrO ypaBHeHUs 061lero BU-
na, Jduodanr obosnauus HeuspecTHbie yHesa 10+ x u 10— x. Hx
cymma paBHa: 104+ x4 (10— x)=20.

CocTaBHM ypaBHeHHe M pellUM ero:

(104 x) (10 — x)=96,
100 — x2=

=4

Bo Bpemena /lnodanTta eule He 3HAMH OTPULATEbHBIX YHCEJ, 110-
sromy Jlunodant ykazas auiib 0AHH KopeHb x=2. Torna Heussecr-

’

‘Hbie uncaa paBubt 1042=12 u 10—2=8.

3ajmaud Ha KBajpaTHble ypaBHEHHs BCTPEYalOTCA B TPyAax HH-
JUMUCKHX MaTeMaTHKOB yxe ¢ V B. H. 3. BoT onHa u3 3agau uHAU#-
ckoro matematuka XII B. Bxackapsl:

«O6e3bsHOK pPe3BBIX CTas,
Bceoacth noeBiuu, pasBiiexaJach.
HUx B kBaapaTe YacTb BocbMast
Ha nonsue 3a6asasnacs.

A nBeHazunartbh Mo JHaHaM...
CraJin npbIraTh, MOBHCAH...
CKOAbKO XK Obl10 06e3bSHOK,
Thl CKaKu MHe, B 3TOH cTaer»
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ATo#Nl 3amaye COOTBETCTBYET KBaJApaTHOE ypaBHE€HHE
x 2
(g) + 12=x.

KBanpaTHble ypaBHeHHMsi KjaacCHOHUUHPYIOTCS B Tpakrare «AJ-
re6pa» y30eKCKOro mMareMaTHKa aJ/b-Xope3MM, B HeM MPHBOAATCSA
M crocolGbl HX pelleHHs.

Toasko B XVI B. 6aarogaps riaBHbIM 06pa3oM HCCJeJOBAHUAM
¢panuysckoro matematuka ®. Buera (1540—1603) Bnepsbie ypas-
Henus 2-f cTeneHH, TakKe, BOpo4eM, Kak 3-H U 4-# cTeneHH, cTalu
paccmMaTpuBaTh B GyKBeHHbIX 0603HaueHunx. Mmenno Buer Bnepsuie
BBeJl GyKBeHHble 0603HaUeHHSs He TOIbKO JJIS1 HEH3BECTHbIX BEJHUHH,
HO M JAJs JlaHHbIX, T. €. Koadduunentos ypaBHenu#i. Ocobenno ue-
HHJ Buer oTkpbiThie MM (GOpPMYJibl, KOTOpbIe Telepb Ha3biBaKlTCS
tdopmynamu Buera. Onnako cam Buer npusaHaBas TOMBKO MOJOXKH-
TeJibHbie KODHH.

Jlumbs B XVII 8. nocne pabor Hekapra, HoioToHa u apyrux ma-
TEMATHKOB pelleHHe KBaAPaTHbIX YPaBHEHHH NDHHAJO COBPEMEH-
Hblfi BHA.

B «Apudmetuke» JI. ®. MarHuukoro uMeeTcss HemaJo 3ajaay Ha
KBajpaTHble ypaBHeHHsl. Bor ofHa M3 HHX:

«Hekuit resepasn xouer ¢ 5000 yennoBex 6aTajaHI0 YUHHHTb, H UTO-
6bl Ta GblJia B JHile BABoe, Hexeau B ctopoHe. Kosivko oHas Gara-
JHsT ¥MeTH OGyJeT B JiMlle U B CTOPOHE», T. €. CKOJbKO COJIAAT HaL®
OCTABUTh [0 PPOHTY ¥ CKOJNBKO HM B 3aThIJIOK, 4TOObI UHCJA0 COMAAT
no ¢poHTy 6bl0 B ABa pa3a GoJblle, YeM YHCJIO COJAAAT, PACIOJO-
JKEHHBIX MM B 3aThLJIOK?

YXe B ApeBHOCTH MaTeMaTHKH CTAJKHMBAJHCh B fipollecce peuie-
HHS 3ajla¥ C M3BJeuYeHHeM KOpDHS KBAaAPaTHOrO M3 OTPHLATEJNbHOIO
yhcJa; B 3TOM Cjydae 3ajfaya cudTaJjach Hepaspemnmoi. Onnaxo
[OCTENEHHO BBISICHAAOCH, YTO pelieHHe MHOTHX 3ajlauy, 3aJaBaeMbX
B NeACTBHTENbHbIX YHCJaX, N0Jy4yaeT NPocToe o6bsiCHEHHE NPH 1O-

MOLLH BbIpa>keHHH
a+b\—1,

KOTOpble B KOHIE KOHIIOB TOXKE€ CTaJH Ha3blBaTb YHCJIAMH, HO y¥Ke
KOMIJIEKCHBbIMH.

ITepBoe o6ocHOBaHHE MPOCTEHIINX NeHCTBHA HaJ KOMILIEKCHBIMHY
YUCJaMH AaJ UTaJbiAHCcKUE matemaTHK P. bom6eanu B 1572 r., xora
ele J0/roe BpeMsi K KOMMJIEKCHBIM YUCJaM OTHOCHJMCb Kak K ue-
MY-TO cBepxbecrecTBeHHoMy. JI. Dilsiep BHecC cylleCTBeHHbIH BKJAZL
B BOMPOCHl TEOPUU KOMILIEKCHBIX yuces. [locae ero pabor Kowmil-
JIEKCHbIE YHCJa TOJNYUYWJIH OKOHYaTeNbHOe NPU3HAHHE KaK NpeaAMeT
M cpeiacTBo u3yuenus. Camo lia3zBaHHe <KOMILIEKCHOE 4HC/0» Obl-
Jgo mpepdioxkedo B 1831 r. BeAUKHM HeMeLKHM MaTeMaTHKOM
K. T'ayccom.

B HacTosulee BpeMsl KOMILJIEKCHBIE YHCAA IWHPOKO HCII0/b3YIOTCA
B (GH3HKe U TEXHHKE.
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4. 3apnavna aas

Broiuucaure (409—411):

409. a)

1 1y /1 1
(L0 )(A+o1—L)

6)

I T N’
0,5—=—4025—~Y:{0,25—-
(05— +035-5): (025 —5)

0,4+8:<5,3—0,8-§-)—5:2l

2 -

B)

7
l§-8—(

7
0,5:1,254—:
( G

8,9—2,6:3>

3

4 3
)

r)

1
(1+3)

(0,6 40,425 — 0,005): 0,01

l ’
118 —
3

60.

1 1 1
10645~—+3 — _—
+ 4+ 6+15 12

3 1
(—+o,425—-—):o,01
410. a) %: 2 1200 i :%;
30754+-L 4131
+oz+3 g
3 77
S(44—37548 18 "
6) ( +85+8 60)'
] b
(3 5_2'75) 20,2
<—1—+00065 :0,001
2000 T )
B) 3 1 b
(Tzs + 0,00004) a0t
o)
M) —sTos7s08es T 0:625: -

411. a) \784;
r) V0,1225;
xK) V0,7225;

6) V28900,
n) V46,24 ;
3) V9,4864 .

B) V1,21;
e) V1,44,

MOBTOPEHUS

412. BpluucaHTe C TOUHOCTbIO A0 TPEThEro 3HAaKa nocJje 3ardaTou:

a) \3;

CBepbTe pe3ysbpTaThl ¢ Tabuaullell KBaApaTHbIX KOpPHed.

6) \V5;

B) \/7

413. Boiunciinre V2 ¢ TOYHOCTHIO 0 NATOrO 3HaKa NOCJe 3aMnsTOMH.
414. okaxxuTe HpPPaLHOHAJBHOCTL HHCJAA!

a) \/80;
r) V2484 ;

5 3akas 2096

6) \/972;
1) \125786;

B) V1152;
e) V2800848 .
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415. ViMeer ¥ CMbICJI BbipaXeHHe:

416.

417°.
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418.

a) V—4; 6) VI—V2; 8) VV3 —V2;
ry V2—V4 ; x) Vio—Vial; e) V3—\17?
VIMeerT JiM CMBIC/ BblpaXKeHHe NpH 3aJaHHbIX 3HAYEHHSX GYKB:
a) Vb*—4 npu b=3, b=—2, b=0;

6) Vb’—4a npu b=1 u a=4; b=—‘,lz- Ha=—2;

B) \Vb*—4ac npu b=3, a=%, c=—3;

r) Vb —4ac npu b=—;—, a=—2 c=T,

—b+a
Jl) 2m

e) —

b 1
XK) —, TpH b=—§,

npu b=3, a=2, m=1;

—% npu b=—2, a=3, m=—1;

a=—3?

a) CyulecTByeT i1 KBaJpaTHbIH KOD€Hb H3 OTPHUATENBHOTO -

yucaa’
6) CyuiecTByer JiM KBaipaTHblii Kopenp u3 0?

IIpeoGpasyiiTe BbipaxKeHHe M HaHIHTe €ro 3HaYeHHe:
a) X —2xy+y* npu x=0,65, y=0,15;
6) 5a°— 10ab+5b* npu a=124, b=24;

B) %mz—l—mn—}—%n"’ npu m=64, n=36;
r) ax’*+42axy+ay® npu a=4, x=T71, y=29.
Ynpocrute Buipaxenue (419—424):

6a 1 L4y 1
419. a) 45— 6) s —grray
1 | a b .
B) 2x—2+3x—3 ’ r) ax—bx ay—by’
3 (x—=yy | ..
ll) 2—0—3 s e) —2x—'+y1
x oy 5 | 3\. x 2 .
¥ (3-5)G+y) 9 (G—3)G—2w
1 1 1
H) (aQ—-b—2) (a—y), K) (4x2—-§7) (2x,—3b)
a+b b+c . atc .
120. 2) G ema T eov—a  @—ne—0°
5 1 1 1 ,
) (m—n)(n—p)  (p—n)(n—q)  (g—n)(n—m)’

421.

422,

423.

424.

425.

426.

1 1 1
B - ,
) (x—y)ly—2) (z—y)(z—x)  (y—x}(x—2)
x+y  x—y, m?—n? m’4-n?
r) i—y  x¥y’ 1) PRC SR R R 2

14+, 241 o 14a*\. 1—a
a) (XZ_x2—1>' x+1° 6) (a a2+l)"l+a2 ’

B) 1 . 1 . 1 , m
m?__m m—1 m+2—|_m2_4v
. <k+4 1 ) 3 2
3k+3  k+1) EE1  1_g°
2¢ I fc+1 [N
1) c2—4~c—2'(2c——2 (:—1>’

2

Y AR 2 )

e : — :
) y2~—1+!/+1 (2—11 2y —y°

*) 5046 p . P pt2.
pP—4 P—4"p—2 p—=2’
21 —5a a ., a a—3

) ?—9 4 —9 a+3 a+3”
l—a\. l—a\,
a)(l_'1+a>'<l+'1+a>’

£ x \._ .
0) (x—y x+y)’x2—y2’

1 | 1 1
g T <17
T L
POS P
5 3 5 x4ty y x
) s T —4 =’ el Ml
8) 4m 51 3m_
2m—3n 3n—2m  4m—6n’
5p 7q 3p
r) 2p—3¢q 6p——9q+6q—4p'
i 4 8 |, 3x—7
) Ry el B R i H i
a - b? ab (a+2b)
0) a—b+a2+ab+b2_ F—p
B) 1 x+y  x(x—y)
oty L L—xyty P4y

a) Kakoe 4ncno MOXKHO NpHGaBHTb K A€JUMOMY (MPH Ae€HHH
C OCTaTKOM), YTOObl 4acCTHOE HE H3MEHHJOCh?

6) Kakue uucsa M0OXKHO NpuGaBJASATL K NeAHMOMY H JeJIHTe-
10 (IPH_AesNEHHH C OCTATKOM), 4TOGbl YaCTHOE H OCTAaTOK He
U3MeHUNHCh?

a) JlokaxuTe, 4TO eC/M KaxkK10€ M3 IBYX HATYyPaSbHbIX UHCEN
npH JlejieHNy Ha 4 paeT B octatke |, To MX npousBeienue
npu jpesieHHHd Ha 4 TakXe jgaeT B ocrartke l.

6) JlokaxuTe, 4TO TPOM3BEJEHHE MNSTH IOCJAEAOBATENbHBIX
HaTypaJbHbIX uuceJ aeaurcs Ha 120.
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430,

132

427.

428.

429.

431.
432.

433.

434.

ad—a

6

a) JlokaxkuTe, UTO

Joboe 1eJ0e YUCII0.

6) Jloka)kuTe, 4TO Pa3HOCTb KBaApaTOB ABYX MOCAEAOBa-
TeJbHBIX UETHBIX YHCeJ AeJHTCH Ha 4.

B) Jlokaxurte, 4TO pa3sHOCTb KBAJpaToB JA106bIX IBYX Hedet-
HBIX YHCeJ JeJuTcss Ha 8.

a) B KakoM [By3HauHOM YHCJ/Ie yIBOEHHasl CyMMa LUbp paBHa
MX MPOU3BENEHHIO?
6) Hafinute Bce ueJble 3HaueHus a, TMPH KOTOPbIX ApoOb

3
a’+1 .
a—1 NpUHHUMaJA Obl eJgble 3Ha4YeHUd.

lloxamme, 4YTO TOUYKH KOOp}lHHaTHOﬁ 0OCH, COOTBETCTBYIOIL HE
4 nt4nt+42
4 nt4ni41

1
MOJIOXKEHbB! Ha OTPE3KE, AJHHA KOTOpPOro HE l'IpeBbllIJaeT -3—

yHcaaM BUAA (n — HaTypaJbHOe 4MCJ0), pac-

at1 b4l

R v , 2b=1-4ab wu

eCJin

Jokaxure, UToO
a1, b+ 1.

a+b+4c a—b+c
JlokaxuTe, 4TO €C/aH Tote +

at+b—c a—b—c’ 10 be=0.
Pa3o)uTe Ha MHOMXHTEJH:
a) m*—4m®420m — 125;

B) (¥4 4xP—(x—9)4

1) (5a— 767 —2 (5a — 7b)+ 1;

e) 142 (x—3y)+(x—3y)".

JloKaKuTe TOXKAECTBO:

a) 288 —(x—2) (282 —3x+4)=T7x"—10x+8;

6) 2m®—(2m—3)(m*—Tm+2)—6=17m*>—25m;

B) (a—2)*—2a(a—2)+d°=4;

r) X*—2x(x—3)4+(x—3)}=9;

n) 5x(x—y)—2(y—xf=(3x+2y)(x—y);

e) (a—1)(a®+ 1) (a+1)—(a®—1Y=2(a’—1);

%) (a’+ 1P +(a—1)(@+1)—d’=a(a’+a’+1);

3) (=D (24 DH— (2 —1)P=35(F—1).

a) HUsBecTHo, uto x50 1 y % 0. M0OXKHO /M yTBEPKAATD, UTO

x+y+0? T

6) Ilpu Kakux 3HAYeHHSIX X H Y BbIHOJIHﬂeT;C’\i{ paBeHCTBO:
1) x4+y=0; 2) x-y=0; 3) %:0;

X
-1
4 Z——1;

6) 8 —2p+ 3p*—27p?
r) (9427 —(6x+T7);

5) x-y=x?

ABJAAETCS LEJAbIM YUCJIOM, €CJH @ — |

435.

436.

437.

438.

439.

440.

441.

442,

443.

444.

445.

Peuinre ypaBHeHue:
a) (x—1)(x—3)=0;
B) (x+4)(34x)=0;
a) (2x—1)(x+1)=0;
XK) x(x—1)=0; 3) x(2x+1)=0;

u) 3x(2x—T7)=0; K) dx(4x—1)=0.

Cuurast m, n, @ U b 1TaHHBIMH YUCJIaMHU, pellUTe ypaBHEHHE:
a) 4m—2x=>6n; 6) 5x— 10a=15b;

B) (x—a)(x+b)=0; r) (a—x)(b—x)=0.
Pewinte ypaBHeHHe:

6) (x—5)(x—2)=0;
r) (74 x)(x—10)=0;
e) (x—0,5)(3x+4)=0;

a) x*’=3; 6) x*=2,25; B) 3x2=0; r) K= —1.
Pelunte ypaBHeHHE:
a) —0,56x2=0; 6) 2X°+3=0; B) 7X°—1=0;
r) 8x2—12=0; n) 3824 5=0; e) 3x0=4x;
K) —78=1,; 3) 72— £*=0; u) 164 x*=0.
PaafioxknTe MHOTOU/JIEH HAa MHOXHTEJH:
a) x:«—x; 6) 2a — ab; B) 3m —m?
r) p’—qp; n) xX*—4; e) 9—d’
x) 4y — x5 3) m*— 16n% w) a®>—3; -
K) X —5; 1) 7—2m?% M) 9—5x°
BbiiesnTe nosHbE KBagpart:
a) X4+2x+3; 6) m*—2m+3; B) a’44a-+2;
r) p°+6p—9; 1) ©+42x; e) c*—10c.
CyuiecTByeT JM 3HAaueHHE X, IPH KOTOPOM:
a) X*=0, 6) £=1; B) X4 1=0;
r) 54 x*=0; 1) £4+7=0; e) ¥ —16=0?
HaiinuTe 3HaueHHe BbpaKeHHS:
a) b*—4ac npu b=1, a=0, c=2,
6) b®—4ac npu b'=%, a=—1, c=4.
Cokpartute apobn (443—445):
x—2 x—1 R 24x4+1 .
a) a5 O L—2x41’ B)
r x+3 ) 2x+4+2 ) L—x+1
£—9’ £4+2x41" £41
x—1 x+1 L—6x+5
a) £—3x+2° 6) £—5x—6"’ B) P—4x+3’
x4 2 . x+2 2 +5x+4
r) £—5x+6" 1) L—x—2"’ €) £—2x—3"
2x*—5x+3 3 —4x+1 |
a) 224+ 5x—7" 2 252 +7x—9 "’
p) HHtitl by 22xT
3¢ 4-5x+2" 32 —5x42 "

133



447*,

446.

448.

449.

Y1pocTuTe BhipaKeHHUe: ‘
1 1 1 1 1 1
) syttt 0) Z— § 32 +re
B) X I r) 2x 5
L—x—2 x+1° P—x—2 x-2°
I 2 3 3. 2 i
2) x-—3+x+2_x?_x—6’ ¢) x+5  x—I1 +x2+4x—5'

Pewnre ypaBHeHue:
a) 5x2—6x+41,75=0;
B) 11— 10x—9=0;
) 22— xtg=
x) 32 +2\6x+2=0; 3) — x2+l+ x=0;
n) 46x —214+7x°=0; .
K) 2224+(3—2V2)x—3V2 =0,
1) V3P —8\2y+4V3 =0;
M) 16a2—8\/_2—a+1=0;
0) (x—3)P=1—m;
p) (5—3x)(3x+5)—2x (x—3)=25.
PaBHocunbHbl JK ypaBHeHus (448—449):
a) (x4+4)(x—3)=0u £+ x—12=0;
6) (x+3)(x—1)=0u X— 2x 3 0;
B) (x—2)(x+1)=
r) (x—1)(x—2)=0 u 2_3_x—x=2;
1) x+4=2x u x=4; e) 2x+5=0u x+3=0;
XK) 2x=5n x=—205; 3) X+x=0u £*=0?
a) 2(x+1)=3(x—2) u 2(x+ 1)+ 1=3(x—2)+1;
6) 2(x+1)+x+2=3(x—2)4+x42
H2(x+1)=3(x—2)
8) 2(x+1)+-=3(xr—2)+
H 2(x+1)= (x 2);
r) x=2 u x—l—- —2+x+f; ;
1) x+l=2—x m2(x+1)=2(2—x) )
e) x+1=2—xu x(x+1)=x(2—x),
X) x+1=2—x#n (x+1)(x—l)-—(2—x)(x—l)

3) x+1=2—x u (x+1)(£*+2)=(2—x) (£ +2);
n) x+1=2—xun (x4+1)2x—1)=(2—x)(2x—1)?

e) 242 —3,1x+40,42=0;

6) V22— 10x+812 =0;
r) V3 +4\2x+8V3 =0;

H) M2 \2m4\3 =0;

1) (2x+43) —(x—2)*=5;

450%.

451.

452.

453.

454.

455.

Pewnte ypaBHeHue (450—455):
a) (X =5y +(x*—1)=40;
B) (£ 4 1)(¥*—3)=15;

1) (P—1P—12=3— g
a) x —x2+x—l—

2x' 5 —5x—2=0;
1) 38 —7x2—Tx+4+3=0;
®) X*—25x—2x2450=0;
M) X425 —9x— 18=0;
a) ¥—2x(x+1)=ux;

6) (x*—5x") (X —3x+1)=0;
B) 32 —3x(x—1)=7x%
r) (14x° 4+ 1927+ 12x) (282 —7x4-6)=0;
1) (x—2P—10(x—2)+421=0;

e) (a+1=9(a+1)—20;
%) (2m— 144 (2m—1)43=0;

B)

3) (3n42)2=15—2(3n+2);

6) (F*—10) (£ —3)=78;

r) (Y’ —3y=2(15—y%;
e) (£—22—2(X45)=

6) *+ 24 x4+1=0;

r) #4224 2x+1=0;
e) 62 —7x—T7x+6=0;

3) ¥ 4+352—16x—48=0;

K) X*—3x*—4x+12=0.

i) <x+%>2—4 5 (x+—]lc—)+5=0;
K) x2+%—%<x+%)—3=0. |

a) x—6\/?=— 6) x+10=7\/;;
B) x+\/}_=30; r) x—3\/;c_=28;
1) X¥*—2x4x=0; e) X*+4x°+4x=0.

x 1 8 . 1 24 x4+l
a) x—2  x4+27 2_4° 6) x—4+x2_16—x+4’

3 2 Bx41 I 8
B) x+l+x—l_x2_1 =0; r) x—3_x+3+x2_.9_0’
) I S
A “£—2x+1 £—1 x+1°

1 2 5
e) x—1+1_x2_x2+2x+1’
Wy L6 __ 3

x+3 9—x 2—6x+9’
b1 _ 6

2+6x+9 =3 9g—x"

24a l—3a __ 2a i 2 4
a) 3—a a  a—-2' 6) x+1+x——2_x—3’

2 13 3 7 6
B) m—1 m+3 m—3 r) x+l+x+2-x—l ’

21 10 4 3—5x x—11
Ny Ty =% e =2y




456. a) Cefiuac 9 u yrpa. Kakyio uacTb CyTOK COCTaBJ/IsIeT OCTaBLIa-
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457.

458.

459.

460.

461.

ACA 4acTb OT npomemueﬁ M KakKasi 4aCTb CYTOK ocraJjach?

1
6) Bona, ofpawasicb B Jel, yBeJHYHBACTCA HA T 4acTh

cBoero o6vema. CKOJIbKO Kyél/l‘{eCKl/lX CaHTHMETPOB BOALI IO~ °

JyYHTCA IPH Nepexojle B BOAY KycKa Jibaa o6beMom 24 cm®?
Kakylo 4acTb cBoero ob6bema TepseT Jiel NpH TasHUH?
B) Uncao 20 pasienute Ha 1ABe YacTH TaK, 4TOObI OfHA Obl-
Ja B 4 paza Gosblle APYroH.

r) Yucao 120 pasaesnuTe Ha TPH YacTH B OTHOWeHun 2:3:15.
n) Yucso 25 pa3nennrte Ha YaCTH NPONOPLHOHAJBLHO YUCIAM
2, 3, 5.

Tpoe paGouux BbINOJHAIOT HEKOTOpYIo paboTy 3a 12 cmen. 3a
CKOJILKO CMeH BBIIOJHAT 3Ty XKe paboTy apoe pabouux, ecju
NpPOU3BOAMTENBHOCTE TPYAa BceX pabouMx ONMHAKOBA?

a) IlepBoe uucso B ueTsipe pasa Gosbiie sToporo. Ecan BTopoe
YHCJO YBEJMYHThb B LIECTh Pd3, TO OHO cTaHeT GoJblue nep-
soro Ha 4. Haiigute uucaa.

6) TlepBoe uucsio B TpU paza MeHbwe BToporo. Ecian nepsoe
YMCJAO YMHOXKHMTHL Ha 8, a BTOpoe — Ha 2, TO MepBoe YUCIO
cradeT Ha 8 Gosbuie BToporo. Hadaurte uucaa.

a) Tlepsoe umcsio B ueThipe pasa MeHblle BToporo. Ecin nep-
BO€ UYMCJO YBEJNHYUTb B LIECTb pas, TO MOJYUYEHHOE UYHCIO
6yner Ha lecTb OoJbuie BToporo uucaa. Haiante 3TH
yucsa.

6) TlepBoe uucjo Ha 3 Gosabuie BToporo. Ecain nepsoe 4nuc/o
YMHOXHTb Ha 3, TO nojydeHHoe yHcio Gyner Ha 1 Goabiue
BTOPOTO uWcJa, yMHOXeHHoro Ha 0. Ha#inure yncaa.

a) Iepsoe uucao Ha 8 meHbLIe BTOporo. Ecau nepBoe yHcI0
yBeJIMUMTbL Ha 17, TO Nno/syueHHoe YuCa0 OyeT paBHO BTOPO-
My uucJay, YMHOXeHHOMY Ha 2. Hadante uncha.

6) Jdanbl ABa uyuciaa. Eciu nepsoe YMHOXHTb Ha 3, TO MoJy-
yeHHoe uHcao Oyaer Ha 16 Gosbule BTOPOTO; €CJH BTOpOE
YMHOXHTb Ha 2, TO noJydeHHoe uncjao Gyaer Ha 8 GoJbiue
nepporo. HalanTe uucaa.

a) Buino/nss niaaHoBoe 3ajanue, 6purafga pabouux 10MKHA
Gbisia 3a 14 nHeH H3roTOBHTb HEKOTOpPOE KOJHYECTBO JAeTa-
Jeli. YBeJHYHUB NPOU3BOLMTENbHOCTh TPyAa, GpUraaa H3ro-
TOBJSIJA B AeHb HAa D AeraJeii 6oJblle U BbilIOJAHKIA MJIAHO-
Boe 3ajanue 3a 12 aneii. CKOJIbKO aeTajeld HyXHO Oblslo H3-
TOTOBUThL TO MJAaHY?

6) Boimosinss naanoBoe 3afianue, Opurana paGosux 10/KHA
Gbija 3a 13 nHeM HM3rOTOBHTb HEKOTOPOe KOJMYECTBO AETa-
Jeil. YBeJIHUMB NPOU3BOLHTENBHOCTD TPyAa, OpHraia Maro-
TOBJSIJIA B NeHb Ha B0 neraJseil Goablie, yeM HaMe4aaocCh No
naany. [Tosromy yxe 3a 12 nneit Obli He TOJBKO BBIINOJHEH
miaH, Ho uarorosieno Ha 100 pertanel GoJibile MJaHa. CKoJib-
KO JeTaJjeill M3roToBusa Opurajaa’

462.

463.

464.

465*.

466*.
467.

468.

469.

470.

471.

B) 3aKa3 10 BBINYCKY MAlUMH [JOJIKeH ObiTb BbIIIOJHEH M0
nnany 3a 20 nuedt. Ho 3aBoa Bhinyckas exenHesHo no 2 ma-
IIHHbI CBEPX MJIaHA, a NTO3TOMY BBIMIOJHUJI 3aKa3 3a 18 nueil.
CKo/IbKO MallMH A0/XKeH GblJ BbIyCKATb 32BOJ €XeJIHEBHO
o MJaaHy?

CocrtaBbTe u peliuTe JBe 3a4a4H, aHAJOTHUYHbIE 3aa4aM fpe-
JIBIAYLIEro HOMEpa.

a) Paccrosinue mexny nByms nyukramu 20 kM. M3 Hux oxHo-
BPEMEHHO HaBCTpeuy APYr APYry Bbi€3XKaloT MOTOIHKJIUCT
H Besocuneauct. CKopocTb MoToUuKIHCTa 50 KM/4, BeJloCH-
nearcra 10 km/u. Ha KakoM paccTosiHuM OT HayaJjia ABHXKe-
HHSI MOTOUMKJIHCTZ OHU BCTPETATCH?

6) Paccrosinue mexay aByms nyHkramu 20 km. M3 3Tux
MYHKTOB HaBCTpeuy APYr APYyry ONHOBPEMEHHO BbIeXaJH MO-
TOUMKJHCT ¥ Bestocunefuct. CKopocTb MoTOUHKAHCTA 40 KM/y,
a Besocuneaucra 20 kM/u. Uepes Kakoe BpeMs oOHH
BCTpeTsATCSA?

CocraBbTe 3ajauy, aHa/JOTHUHYI NpeabIAYLIEH, W peLIH-
Te ee.

Paccrosnne mexay nsyms nyHktamu 40 km. M3 ognoro u3
HMX B APYro OLHOBPEMEHHO BbI€3)KAKT aBTOGYC M BeJOCH-
neguct. Cxopocts aBroGyca 50 KM/4, BeJOCHIEAHCTA
10 km/4. ABTOGYC ROexa/] A0 HACeJIEHHOrO MYyHKTa, MOTPa-
THJ Ha OCTaHOBKY 6 MHH u Bbiexas B 06paTHOM HampasJe-
HHH C TOH Xe CKopocTbl. Ha KakoM paccTOsiHHH OT MepBOro
HACeJIeHHOro MYHKTa BCTPETATCS BEJOCHIIEAUCT M aBrobyc?
Kakue pomylleHHs: HEOGXOAMUMO cleJaTh [Jsi PEUIeHHs 3a-
naun’?

CocTaBbTe W pelIHTe 3ajfayy, aHAJOTHYHYIO Mperblayllei.
H3 onHoro HacesleHHOro NMyHKTa BbieXaJi BEMOCHIENHCT CO CKO-
poctbio 10 kM/4. CnycTsi | u Beiien 3a HUM BblexaJ BTOPOH
BEJIOCHIEAHUCT co cKopocTbio 20 kKM/u. B MyHKT HasHaueHus
o6a BesocHuneaucra npuGbIH ofHoBpeMeHHO. UTO MOXHO
OMpe/lesqUTb, MCIOJMb3ysi AAHHbIE YCJIOBHSA?

[lBa moesfa OTNPAaBJARIOTCS M3 OJHOTO H TOTO e TOpoaa APyr
3a gpyrom. Cxkopoctb mepeoro 36 kmM/4, a BToporo 48 kM/u.
Yepes CKoOJNBKO 4acoB BTOPOH MOe3/ JOTOHHT HEPBbIH, €CJu
H3BECTHO, YTO MepBblil M0e3] Gbll OTNPAaBJAEH Ha 2 4 paHbuIe
Broporo? Yro Heo6Xx0MUMO JOMYCTUTD AJ5l PELIeHHs 3aKayH?
Tennoxon npouien paccTosHHe MEXAY ABYMst TIPUCTAHSAMH 110
TEUEHHIO PeKH 3a 4 4, a HPOTHB TedeHHs 3a b u. Onpenenure
pacorosine MexJAy NPHCTAHSMH, €CAM CKOPOCTh TedyeHus
2 kmfu,

[okaxure, YTo ec/ii Bce caaraeMble CYMMbl YBEeJHUHUTh HJTH
YMEHbIIHTb B OfHO H TO Xe YHCIA0 pas, TO CyMMa COOTBer-
CTBEHHO YBeJHUUTCS HJIH YMEHBIIUTCH BO CTOJNBKO XKe pas.
Kak H3MEHHTCH pPa3HOCTb, €CJIM YMeHbIIAEMOE H BhiUMTaEMoe
yBeJIMUUThL (MJM YMEHbIUHTb) B OAHO W TO Ke HUCAO paa?
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472. a) IlsTMaHauHOe YMCJIO, ABJSANILEECS TOUHbIM KBaJpaTOM, 3a-

nucbiBaercss npu nomowu uudp 0; 1; 2; 2; 2. Hajkinure sro
YHCJO.

6) Haiinute HauMeHblee B HanboJbLlee OTPHUATE/NbHbIE YHC-
Jia M3 TeX, KOTOpble MOXKHO 3amHcaTb NPH IOMOIIM TpPeX
€JMHHIl U 3HAKOB apuUpMeTHYECKHX HeHCTBHUH.

473. 3anucano HeCKOJbKO uncesa. Kaxaoe U3 HUX, HAYMHAs C Tpe-

Thero, paBHO CyMMe ABYX, NpejllecTByomux emy. MaBecrtHo,
4TO AEBATOE YHCAO M AecsToe yucjo pasHbl 1. Haliaurte mep-
BOE M BTOpOe 4HCJa.

474. 3anoJjnuTte Tabaully TaK, YTOGb B KaXI0H KJieTKe BMECTO OyK-

BBl CTOSJIO YHMCJIO, MPHYEM CYMMBbl 4HCeJ KaXKJOH CTPOKH,
KaXJJI0r0 CTONOLA H KaxJ0H 6oJablioi nuaroHaju Obliu Obl
paBHBI MexXay coO0H.

475. B Kax10¥ U3 AeBATH KJETOK, COCTaBJAAIOIHUX KBAaApaT, Halluca-

HO Mo ojgHOMy uucay. Korna HaxoiuJu CyMMBI YHCeJN KaX-
J0f M3 TPeX CTPOYEK, TO MOJY4YHJH COOTBeTCTBeHHO —6,1;
2,5; —3,4. Ilpu noacyete CyMM uHCeJ Ka)Kaoro H3 Tpex
CTO/I6LOB MOJYYHJIH cooTBeTcTBeHHO 2,3; —5,8; —3,7. Io-
Ka’KMTe, YTO B BhIUMCJEHHSIX AONYyuUleHa oluOKa.

476. 3apabGoTHas NnJ1aTa HEKOTOPOH KATEropyuu CJyKallux MoBbILIA-

Jach JBa pasa, puueM MPOLEHT NOBbILIEHHA BO BTOPOil pas
Obis1 B ABa pa3a OoJiblie, 4eM B [epBbIA pas. Onpeng}nme,
Ha CKOJIbKO MpPOIEHTOB NOBbilliaJach 3apiata KaXIbiH pas,
ecJid 10 NepBOro foBbilieHus 3apnaara 6u1a 1400 p., a nmo-
cjle BTOPOTO MOBbILIEHHST cocTaBHaa 1848 p.

477. TlpousBenenue JBYX NOC/JeNOBATE/]bHBIX HAaTYPaJibHbIX 4YH-

ceq Gosbuie ux cymmbi Ha 109, Hafiaure stu uncaa.

478. Haiinure nepumeTp NpAMOYroibHHKa, y KOTOpOro ojHa

cTopoHa Ha 4 cM 6osiblue APYroi W maomanb KOTOporo pas-
Ha 60 cm’

479. Ha yGopke ypoxas pa6oTasu ase Opuraabl. 3a nepsbiil
~ JIeHb paboThl nepBasi Gpurana y6paja Ha 5 ra GoJiblue, 4eM

‘BTropas. Bo BTopoii neHb nepsas 6purana ybpasna Ha 3 ra
GoJiblle, 4eM B MepBbli AeHb, a Bropas Opuraga — B 2 pa-
3a Goablle, 4eM B nepBbiii Aenb. Kakylo muowmanb yGpasna
Kaxias 6purajaa B MepBbl AeHb, €CAH 3a ABa AHA paboThl
o6e Gpuranbl ybpasau 63 ra?

480*. MmeroTca ABa CJAHTKA CMJIAaBOB 30j0Ta B Mend. B nepsom

138

CJIHTKe OTHOLIeHHe 30J40Ta K MeJld paBHO 122, a BO BTO-

a b X —2
2 —3 —4 5
X c —1 0
k e Y

481.

482.
483.

484.

485.

486*.

1 5
pom — 2:3. Ecau cnnaButs 3 MepBOTO C/IUTKA C & BTOPOTO,

TO B MNOJYYHUBIUEMCHA CJHHTKEe OKa»eTCcA CTOJbKO 30J0Ta,

2
CKOJIBKO OblJIO B nepBoM Meau, a €CJIH 3 MepBOro CAMTKA

CNJIABHTb C NOJOBHHON BTOPOro, TO B MOJYUHBILEMCS CJAHTKE
OKaXkKeTcsl MeAH Ha | Kr GoJbuie, yeM GbiJIO 30J0TA BO BTO-
poM cautke. CKOJIbKO 30/10Ta B KaXX1OM CJHTKe?
Tpebyercs coctaButh 50 r 15-npoueHTHOro pacTBopa coau
13 10- u 20-npoueHTHbIX pacTBOpoB. CKOJBKO IPaMMOB KaX-
J0TO pacTBopa HEOGXOAMMO MJISi 3TOr0 B3fATb?

CyMMa KBajpaToB Tpex NOC/JeN0BATEJbHbIX LEAbIX uHce
papua 302. Ha#inure s1u umcaa.

a) Tlepmbiii pabounii MOXeT BBLINONHHTL HEKOTOPYIO paboTy
Ha 4 u paHblue, ueM BTopoi. BHauase oy paGoranm BmecTe
2 4, mocsie 4ero OCTaBINYIOCS PaGOTy BHIMOJHUA OZHMH Mep-
BhIH pabouuit 3a | 4. 3a kakoe BpeMs MOXKET BbilIOJHHTD
BCl0 paboTy BTOpoil pabounii?

6) IiBoe pabouux AOJKHbI BLINOJHHTb HEKOTOPYIO paboTy.
Brauane 2 u paGoran nepBbidi, 3aTeM NPHCOEAMHHICH BTO-
poii, u BMecTe onu pabotanu 1 4. OcTaBlIYIOCH MOCJ€ ITOrO
paboty BTOpO# paboumnit 3aKoHuua 32 3 4. 3a Kakoe BpeMms
KaXX[(bli MOXKET BbIIOJHHTb BCIO PaGOTy, €CJIH NePBOMY AJis
BBIIIOJIHEHHs] BCed paGOThl HYXKHO Ha 2 4 MeHblIe, YeM BTO-
pomy?

a) JIse 6purajabi rpy3YHKOB A0JIXKHbI GbLIH Pasrpy3suTh G6ap-
Ky B Teuenue 6 4. [lepBas Gpurana BuinoaHHAA 5 BCeH pa-
6otbl, BTOpasi 6purana 3akoHuMsa pasrpysky. Bes paGora
Oblyia BeinoJHena 3a 12 u. CkoabKO yacoB TpebyeTcsi Kax-
oW Opuraje B OTJAeNbHOCTH AJS1 Pasrpy3ku Gapxu?

6) Heym pa6ousM GBIJIO MOPYYEHO H3rOTOBHTH MAaPTHIO OIH-
HaKoBbIX JeraJeii. [Tocsie Toro Kak nepsuiii npopaboran 7 u,
a BTOpPOH — 4 1, 0Ka3a/0Ch, UTO OHH BHIIOJHUIN % Bcelt pa-
6otsi. [lpopaborap coBMecTHO 4 4, OHM YCTAHOBHJIH, YTO UM

0OCTAJ0Ch BbillOJHUTh Bcell pa6oThl. 3a CKOJILKO 4acoB,

1
8
pa6GoTan OTAEeNbHO, KAMKAbIA U3 HUX MOMET BbIMOJHHTbL BCIO
pabory?

Crapunnas 3adasa. Ha Bonpoc o BospacTe 07iHa aamMa OTBe-
THsa: «MoOH BO3pacT TakoB, YTO €CJIM €ro BO3BBICUTb B KBa/-
paT M4 H yMHOXHTb Ha 53 U H3 pe3yabTata BbluecTb 696, TO
MOJYYKHTCA OOHO M TO Ke». CKOJILKO JieT game?

a) bpart u cecTpa co6upaJjiu MaNHHY B ABYXJUTPOBbie GUIO0-
Hbl. BpaTt co6upan sAroabl GeicTpee cectpbl. Uepea HekoTo-
poe BpeMd OH peluJ e NOMOYb M NOMEHsJICS ¢ Hell 6GUAOHA-
MH. MoMeHT A/ o6MeHa GHIOHAaMH GbiJ BHIOPAH YAauHO —
pebsTa HAMOJNHUAM HMX AToLaMH olHOBpeMenHOo. CKOJIbKO
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487%.

488*.

489*.

JIMTPOB SIrOJ OHH HaOpaJ/in BMECTe [0 TOrO, KaK OMEHAINCH
6ugoHaMH?

6) Jlen u BHYK Hauajii OJHOBPEMEHHO COOHPAThb KJIOKBY B
onuHakoBbie aykowku. dex cobupaer 6bicTpee BHyka. Kor-
12 MM Ha/0 NOMEHATbCS JYKOLWKaMH, YToObl 002 JyKOLIKa
HAMOJHUJIKCH OJHOBPEMEHHO?

a) Bpar u cectpa coGHpasu MaJjuHY. Kopauna 6para BMme-
mana 5 4, a Kop3uHa cectpbl 4 ji. bpart cobupasn siroabl Gbl-
cTpee cecTphl, I03TOMY, KOraa oHa Habpana TNOJOBHHY
CBOeHl KOP3MHBI, OHY IOMEHANHCh KOP3HHAMH H Uepe3 HeKo-
TOpoe BPeMsl HaIOJHUIH HX 0JiHOBpeMeHHO. CKOJIBKO JIMTPOB
sarof co6pana 6pat?

6) Bpat u cecrpa cob6upanu Manudy. Koraa cectpa co-

6pana 7 CBOEro JIByXJHTPOBOrO 6UAOHA, TPEXJUTPOBBIH OH-

JOH GpaTta Gbla MOYTH MOJOH. Pe6siTa MOMEHAIUCh GHIOHA-
MH H uepe3 HEKOTOpPOoe BpeMsi OJHOBPEMEHHO 3aKOHUMJIHK
c6op siron. Bo ckojibKo pa3 6pat paGoras GbicTpee cecTphi?
OTell M ChIH NPHHSJUCH KOCHTb Ba COCEAHHX Jyra, naoma-

AH KOTOPbIX OTHOCATCS KakK 8:7. Korjpa orew CKOCHUJ TPpH 4YeT-

BepTH GOJIBIIEro JNYra, a CbiH — 60JIblile NOJOBHHBI MeHbllUe-
ro, OHH TIPHCEJIH OTAOXHYTb H TOJCYHTAJH, YTO €ClH OyayT
paboTaTh TaK Ke XOPOLIO, HO [IOMEHSIOTCA MeCTaMH, TO 3a-
KOHUaT paboTy OxHOBpeMeHHO. Bo CKO/IbKO pa3 oTel KOCHJ
GbicTpee CbIHA?

CynHKO ToAOWJIA K POAHMKY C ABYMs KyswrHaMu. OnuH
BMemiaJ 5 J, a apyroit — 4 ;1. Bona u3 poannka rekja ABy-
Msi CTPYSIMH — OJiHa CHJIbHee, Apyras caabee. CysHKo mo-
CTaBHJA ONHOBPEMEHHO KYBIUHHBI MOX CTPYH H, KOrAa Ha-
Gpasach MOJIOBMHA MeHblLIEro KyBIIMHA, MOMeHSNa KyBIUK-
Hbl MecTaMHi. Kak 3T0 HM yIHBHTE/JIbHO, HO KyBLIXHBI HATIOJ-
HHJUCh OfHOBpeMeHHO. Bo .CKoJbKO pa3 GoJiblle BOAbI Aa€T
OZHA CTpys, ueM apyras?

¥t JIMHEMHAS
M KBAOAPATHYHAS
0O BOYHKLMA
X
/‘f \I

§ 6. IMHEWMHAS ®YHKILIWS

6.1. Mpamaa nponopuUHOHAJSbHAS 3aBHCHMOCTb

®yHKLHIO BHAA
y=kx, (1)

rae k — naHHOe He paBHOe HYJIIO UMCJO, HA3bIBAIOT MPAMOIE nponop-
uH?HaJIbHOﬁ 3aBHCHMOCTbIO. ITa (pyukyus onpedesena Ors ecex
OelicTguresbubix ducea x, T. €. obaacTe onpedesenus QYHKUHH
y=kx ecTb MHOXecTBO R Bcex AeficTBHTe/NbHbIX YHCEJ.

HasBanune «npsimasi mponopuuoHaibHasi 3aBHCHMOCTb» CBSI3aHO
¢ TeM, 4TO AJs JIObIX ABYX OTJHYHBIX OT HYJSl 4HMCea X, H X, COOT-
BeTCTBYIOUIUE 3HAYEHHS Y, =KX, U Y,=kX, UM NPONOPILHOHAJNLHBI.

. kx kx
JeficTBUTENbHO, TAK KakK S B g Fh_y TO
X X Xy Xy ’
b
Xy X

Ecau ¢pynkuusa sanana ¢dopmyaoi (1), To roBopsr eile, 4To nepe-
MeHHas y NMPOMOPUUOHAJIbHA MepeMeHHOR X ¢ KoadpHuneHTOM Npo-
nopuxMoHaJbHOCTH kK.

Hanpumep, ¢yHkuus s==380f ecTb npsiMmas NpomnopuMoHadbHas
3aBHCHMOCTD. Ilpu paBHOMepHOM [BHXKEHHH TeJia NyTh (§), NpoiaeH-
HbIH MM, NPSAMO MponoplyoHaded BpeMeHH ({) ¢ Ko3pdHLUHEHTOM
[pONOPUHOHAIBHOCTH, paBHbBIM ero ckopoctu (80).

uKa)KILaH u3 QyHKUuA y=>5x, y=x, y= —0,2x spasercs nps-
MOH MPONOPUMOHAJIBHOH 3aBUCHUMOCTBIO ¢ KO3D(PUUHEHTOM [po-
TIOPIHOHAJBLHOCTH B MepBOM cJjydae R=D5H, Bo BTOpoM k=1, B
TpeTbeM k= —0,2.
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 490°. Kakyio GyHKIUHIO HA3BIBAIOT MPSMOH NPONOPLAOHAEJIbHOM 3a-

BHCHMOCThIO?
491°. SBnserca Ju QYHKUHSA:
a) y=2x 6) y= —3x; B) y=0x;
r)y=x 1) y=—x e) y=2x+1;
1
x) y=x5 3) y==; M) y= —>5x—2

NpsSIMON MPONMOPIHOHAABHON 3aBHcuMocTbi0? Ecau na, TO
Ha3oBHTe KO3GbGHUIHEHT MPONOPINOHANBHOCTH.

492. dyukuus szapasa dopmyaoi y=2x.
a) 3amoaHuTe TaGJHIY 3HAUeHUA QYHKUHH:

X 0 1 —1
Yy 6 —8

6) Hasinute y, ecin x pased 3, 5, —3, —4.
B) Hafiaute x, eciiu y paBen 8, 4, —2, 1.
493. Oyukuus 3agana Gopmynoi y=3x.
a) Haiinure 3Hauennss GyHKUHH ¥, H Y3 COOTBETCTBYIOLLHE
3HAYEHUSIM aprymeHTa x; =1 U xp= —
6) HafinnTe 3HaueHHsI aPIryMEHTa X; H X, COOTBETCTBYIOLLHE
3HauenusiM OGYHKUHH §, =6 U y,= —12. .
494. Onpenenute Kospoduuuent Rk Las QyHKUHH y=kx, ecan:
a) x=3, y=©6; 6) x=—2, y=—10;
B) x=2, y=—2_8, r) x=—1, y=4.
495. Onpegenute Ko3GGUUHEHT k 15 QYHKUMK y==RkX K 3a10J-
HHTe TaGJHIy ee 3HaAYeHHIA.

a)| x |—3/0]|5 6) x{2 |13

y —5[6 |—7 y 12]0 -8
B)| x| 2]0|4 )| x|—4 0[|—6

Y 2 3|5 Y 3148

496. Onpeaenute, ONMHAKOBbIE UJIH Pa3Hble 3HAKH HUMENT X H CO-
OTBeTCTBYIOlIlee eMy y, eciu (yHKuus 3apaua GopMmysoH:
a) y=2x; 6) y=23x; B) y=*kx, k>0,
r) y= —5x; a) y=—15x; e) y==Fkx, k<<0.

6.2. ‘l“pa(bm( pynxunn y==Fkx

3anagdM Ha I[JOCKOCTH TNPSAMOYTrOJbHYI0 CUCTEMY KOOPAMHAT
xOy W paccMOTpPUM, Hampumep, GYHKLHIO y:—=2x.

dra hyHKUMS onpeleseHa IS JOObIX JeHCTBUTENbHbIX UHCEN X,
TIpPU 3TOM KaMXKAOMY YHCJY X COOTBETCTBYET YHCJO Y, paBHOe 2x. Cae-
JOBATENbHO, KAXKAOMY 3HAUEHHIO X COOTBETCTBYET Toyka A (X; y) KO-
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OPAMHATHOH NJIOCKOCTH, rie y=2x, T. €. KAXKAOMY 3HAYEHHIO X CO-
orBeTcTBYeT Touka A (x; 2x) KOOpAMHATHOH IIOCKOCTH, HMeoLias
abcuuccy x M opAuHATy 2x.

I'padukom QyHKUHH y=2x ABJSETCH MHOXKECTBO TOYEK KOOPIH-
HaTHOR mnyockocTd xOy c koopauHataMmu (x; 2x), rae x — jaioboe
JedCTBUTEJIbHOE UYHCJIO.

Huxe npuBenesa Tab/aHLa HEKOTOPbIX 3HAYEHHH X, COOTBETCTBY-
IOWKHX UM 3HaueHHi y(y=2x) u Touek (x; 2x).

x y=2x (% y)
0 2:0=0 (0; 0)

! 2-1=2 (1 2)
—1 2+(—h)=—2 (—1; —2)
2 2:.2=4 (2; 4)
—2 2.(—2)=—4 (—2 —4)
3 2-3=6 (3; 6)
—3 2.(—3)=—6 (—3; —6)

[MonyuyeHHble TOUKH OTMeueHbl Ha pucyHke 33. [1puaoKuB aHHeil-
KY, Mbl BHIIHM, UTO 3TH TOUKH JieXaT Ha oJHOH npsamoi (I), npoxoas-
le# yepe3 HadaJo KOOpPAMHAT H Touky (l; 2).

BosnukaeT Bonpoc: ecan Mbl 6yaeM 3afaBaTh Apyrue 3HaUeHHsA
X, To GyAyT Jiu COOTBETCTBYIOIME TOUKH JiexaTb Ha npsmoi [? [a,
OynyT.

B nononuenusix k raase Il goka- y
3biBaeTcs, 4T0 rpaduk (YHKLHH ‘ /
y=2x ecTb npsAmasi, Npoxoisiias 4e-
pe3 HauaJo KOOpAMHAT H TouKy (1; 2).

Paccmorpum Teneprs ¢yHkuHIO /

y=kx,

rje k — JaHHOe YHCJO. ‘
I'papukom pynxyuu y=kx asas-
€TCd MHOMKeCTBO TOUeK KOOpAWUHAT- 1

Ho#l miockocTH xOy ¢ KOOpAMHAaTaMH
(x; kx), rae x — n060e QEeHCTBUTENb- ofl 1

HOe YHCJIO.
Tak xe Kak pjsa GyHKUHH y=2x,
MOXHO J0Ka3aThb, YTO AJS Jioboro k

epapur pyaryuu y==~kx ecro npamnas,
npoxo0suas 4epes HAYAA0 KOOPOU-
nar u rouky (1; k).

Ilpu noaoxurenbHoM £ ToOuKa
(1; k) maxoautrcs B 1 uerBepTH, a
npy orpuuatesbiom k-—B IV uer-
BePTH. Puc. 33

Nus
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_ Y= N 1 2 3
4 0 x
]
==y _ 1 4
1 y | 1 | y=—5%
|
T _2 A
~ (0] 1 2 3 X \ y=—x
ANEEEEN BN
Puc. 34 Puc. 35

OtmerHM, uTo Jw06asi Touka ocH abcuUcc HMeeT OpPAHHATY Y,
pasnylo 0, HezaBucuMO OT ee adcuucchbl. Takum o6pasom: epagduron
pynxyuu y=~0 asaserca ocv abcyucc.

Hrak, rpadukom ¢yHKUHH y=Kkx, Ille kK eCTb HEKOTOpOE 1aHHOe
YHCT0 (NOJIOKUTENbHOE, OTPHIATEIbHOE KM HYJb), ABJAseTcs 1pA-
Masi, POXOAfALIAA Yepes3 Hauajo KOOpAMHAT H Touky B (1; k). Bme-
CTO TOro 4YT06bl FOBOPUTH «rpaduK GyHKUHH y = kx», 4aCTO TOBOPAT
«npamasn y=kx». [0BOPAT eille, yTO Npsimasi, NPOXoasiiias yepe3 Ha-
yaJo KOOpAHHAT W Touky B (l; k), umeeT ypaBneHue y=~Fkx.

Upcao k£ HA3bIBAIOT yeA08blM KOIpduyuenTom NpaMol y=Kkx.

Ecau yrnosoii kosbduuneHt k npsmoii nosoxutenen (k=>0), To
OHa oc6pa3yeT OCTPbIH YroJ ¢ MOJIOXKHUTENbHbIM HAMPaBJICHHEM OCH X,
a ecau yraoBol Kosp@uuuenT k npsiMoil orpuuaTened (k<<0), To
oHa ofpa3syerT TYmOH YToJ C IOJOXKHTEJbHbBIM HalpaBJeHHeM OCH
X — YroJl OTCYUMTHIBAETCS MPOTHB 4acoBo#l crpesku (puc. 34 u 35).

3aMeuyaHnue Hanomuum, uyto mias nocTpoeHUs NPAMOH AocTa-
TOYHO 3HAThb KOOPJAMHATHI ABYX TOYeK, JNeXalluX Ha HeH.

[1pu nocTpoenuu NpsiMoit y=~kx Touky B (l; k) MOXHO 3aMeHUTD
10608 Apyroi Touko# B, (Xg; kx,), AOCTaTOYHO yaJIEHHOH OT Hayana
KOOpAMHAT, 4TOOB YepTeX NoJyuuscs Gojee TOYHBIM.

Mpumep. 3ananum cucremy koopauuat tOs. Bysem cuutarth, yTo
| ¢M Ha ocH t cooTBercTByeT | ¢, a 1 ¢M Ha 0oCHM § COOTBETCTBYET

1 ™.
[To ocH s paBHOMEpPHO BBEpX NABHKETCS TOYKa CO CKOPOCTbIO

v=2 M/c, NpH 9TOM B Ha4ya/JbHbIH MOMEHT BPEMEHH OHA HAXOAMJIAChH
B Touke O. K MomenTy Bpemenu f(f>0) Touka npoijer nyTb 2f, u
ee OpJIMHATA B 3TOT MOMeHT OyaeT S

§==2f.

Mbl noJyunad 3d4KOH JABHIKEHHS TOUKH, Bbipa)Kaloliui 3abuch-
MOCTb €eé OpAMHAThl s of Bpemenu f. I'paduk oyHKUUM §=2f
(t>20) — noaynpsiMas, BbIXOAfillAsh H3 Haya/ja KOOPAHHAT ¢ yrao-
BbIM KOG HUHEHTOM, paBHbIM 2, T. e. Jyu.

-
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OTMETHM, YTO TOUKa ABHXeTCHA I10 OCH §, 4 rpaqu €€ JBHXKEHHUSA
TOJIbKO JOMOraeT HaM HarJasiiHo y3HaBaTb KOOPIAHHATY S ABHXY-
ueHrcst TOUKH B MOMEHT BpPEMEHH t.

FE—

497°. a) Yro siBasieTcsi rpadpukoM (QyHKUHH y=kx?
6) Kak sanucbiBaeTcsi ypaBHeHHe NPAMOM, NpoxXoasiiei ue-
pe3 HayaJo KoopauHat u Touky (l; k), rae k — naHHoe
YUCHO? -
B) UTo Ha3blBAIOT YrJOBBIM KO QUIHEHTOM NpPAMOH y=—~kx?
r) Kako#i yroa ¢ ocbio x oGpasyer npsimasi y=Fkx npu £ >0,
npu k<<0?

498. 3agana ¢yHkuus y=3x.
a) Jlna xakux 3HaueHHH x olnpejeseHa JaHHas (QYHKUHs?
6) Bpluncinre 3HaueHus y, B35AB 3HAa4YeHHUd X OT —2 10 3 ue-
pe3 kaxanle 0,5 exunnusl. Pemenne opopmure B Buae Tab-
JIUILBE.

X y=3x (x; 3x)

B) Ilocrpoiite cucremy kKoopauHaT xQOy (eAHHHUYHBIE OTPes3-
K 110 1 ¢M). B cucreMe KoopAHHAT MOCTPONHTE TOUKH C BEHI-
YHCJIEHHBIMH KOOPAHHATAMH,.
r) Kak npoBeputh NMpaBUALHOCTH MOCTPOECHHUS?
) Hocrtpofite rpaduk pyHruHH y=23x.
e) B kakux uerBepTaX pacnoaaraercs rpaduk naHHOH PyHK-
ouu?

1
x) C momompto rpaduka onpeneaurte y(—3), y(4), y (5)’

y(1,2), y(—0,7). [IpoBepbTe moJyuyeHHble Pe3yJbTAThl Bbi-
4HCJAEHHEM C TIOMOUIbIO (POPMYJIH.

3) [Ipu KakuX 3Ha4YeHUsAX X 3HayeHus y>0, y<<(0?

i) [1py Kakux 3HaueHUAX X 3HaueHH:A Y>3, y<< —2?

k) Onpenennrte ¢ momomblo rpaduka 3HaYeHHs X, €CJH:
1) y(x)=2; 2) y(x)=1; 3) y(x)=—6.

Ja) Kak u3MeHHTCS 3HauyeHHe y, €C/M 3HaYeHHEe X YBEJIH-
YUTb Ha €JNHHHILY?

499. 3anana ¢yHKUMA y= —-‘;lz—x. Hccaenyiite a1y dyuxkuuio no

NJlaHy TpedblAyUlero 3ajaHHus.

500. Yxaxxure KOOpAMHATH TAKHX ABYX TOUYEK, C [OMOIILIO KOTO-
PbIX MOXHO HOCTPOHTH IpaduK PyHKUMH:
a) y=7x, 0) y= —3x; B) y==0,2x,
r) y== —1,4x 1) y=0.x e) y=—1.
[Mocrpoiite rpaduku 3TUX PyHKIHIE.

501. TMocrpoite rpaduk PyHKIHH:

a) yzé_x; 6) y= —4x; B) y=10x; r) y=0,1x
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a)| | 6) B)

v* v* / ‘V‘A |
y =kx y=kx : ;
T Ny =kx ,.

1 14 -1 ]

1
—Ji—— | — v ;
Ol 1 | OA1 1 Ix —2 Of™|x
13 .
Puc. 36
502. [Mocrpoiite rpaduk GyHKLUHH:
a) y=100x; 6) y= —3000x;
. 1
B) y=10,0001x; r) Y="755*
Ykazanue. Jlas yrno6cTBa noCTPoeHHs CleAyeT UCNONb30-
BaThb pasiiHyHble eIHHHUb Macwrtaba Mo 0CAM KOOPIAHHAT.

503. Kakoil ¢dopmysol 3ajaHa npsMmas, NPOXOAsillas 4Yepe3 Ha-
4aJ0 KOOPAHHAT H TOUKY:

a) A(l; 2), 6) B(1; 0,5); B) C(l; —1)
r) D(1; 5); hy E(l; %) e) K(1;, —1,7)?

504. IIpunaniexur jau npsamoli y= —2,5x Touka:

r) D(-1; 2,5) x) E(4; 10); e) K(3;, —7,5)?

505. B kKakux uyeTBepTAX paclooXeH rpagux QyHKIHH:

a) y=36x; 6) y=100x;, B) y=72x 1) y=—0,2x;D

506. IlpoBepbre, npuHaaiexar Jau Toukn A W B rpaduky onHoH
GOyHKUMH Y= kX, €CJH:

a) A(l; 3), B(3; 9); 6) A(l; —2), B(3; —6);
B) A(2; —10), B(—1; 5); r) A(3;9), B(l; 4);
1) A(0,5 4), B(—2; 16); e) A (% 1), B(1; 3,5).

507. a) 3agana pyHKUHA y=1%x. Touka (6; a) npUHALNEXKHT
rpaduky stoil ¢pyskuun. Haligure a.

6) 3anana ¢pyukuus y= —2,7x. Touka (b; —3) upunanse-
xut rpacduky stoii pynkuuu. Haiinure b.

B) Touka (6, 4) npuHapIexHuT rpaguky QyHkuun y==~kx.
Haiinure k.

508. Kakoii ¢opMmyJsoii 3anaHa npsAMas, MPOXOAsiias uepe3 Ha-

4aJ0 KOOPAHHAT H TOUKY: »
a) (6; 8); 6) (4; —0,5); B) (3; 1);

. 9} 1. a2\ 9 2V
r) (—2; 2) 2) (3 3); e) (—2 —3);

509. a) 1 kr xonger crout 40 p. Beipasure popmynoii 3aBucu-

MOCTb CTOMMOCTH p (p.) KoHndeT or mx maccei m (kr). [lo-
cTpoliTe TpaHK MOJY4eHHOH 3aBHCHMOCTH.
6) MOTOUMKA ABHXKETCH TO WOCCe CO CKOpocTbio 60 KM/u,
Beipa3ute ¢opmysoli 3aBHCHMOCTb paccTostHusl § (KM) OT
BpemeHn ! (u). ITocrpofiTe rpaduk nosyueHHOH 3aBHCHMO-
ctH. KakHe 3HaueHUsi MoXKeT NpUHHMaTb {?

510. Ha pucyuke 36 n3o6paxen rpapuk dynkuuu y==~kx. Onpe-
aennte KO3QOhHUHEHT k£ B KaxKJI0M cJjayuae.

6.3. Jluneinas GyHxkuus u ee rpadux

OyHKUMIO BHAA
y=kx-+b,

rae k U b — naHHble YMCJa, Ha3biBAIOT JHHEHHOH (QyHKuHed.

JIuneifiHasi QyHKIMA onpejeseHa Ha MHOXeCTBe BceX AeHCTBH-
TeJbHBIX HHCeJ, T. €. oOaacTe onpedesenus GyHkunu y==~kx+b ectb
MHOXKECTBO BCeX HEeACTBUTEJNbHBIX YHces R

Ecau b=0, 1o Mbi nony4uM PYHKUHIO y§= kX, KOTOPYIO yKe H3Y-
YaJM B NMPeNbIAYLIEM MNYHKTe.

IpuMepnl AnHelHbIX QyHKUMI: y=2x+4, y= —x+5, y= —0,5x.

I'pagukom GyHKUMH y==Fkx+ b SBASETCA MHOXKECTBO TOYCK KO-
OopAHHaTHOH naockocTd xOy c koopauHatamu (x; Rx-+b), rae x —
Jn1060€e 1eiCTBHTENbHOE UYKCIO.

Yro6bl nocTpoutbh, Hampumep, rpaduk CGYHKUHH y=2x-+4 B
NPAMOYTO/NbHOH CcHCTeMe KoopauHat xOy, NOCTPOWM cHauaga Tpa-
bug ¢yHruun y=2x. Oro npsAMas, NPoXoAslUiast uepes TOYKH
0(0; 0) u B(l; 2) (puc. 37, a).

a)| [} DINED ]

~9
b
®

9O
b
=

Puc. 37
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[lepeaBUHYB 3Ty MNpsiMyK NapaliiebHO caMod ceGe BBepX Ha |

4 el MHHULBI, TONYYHM Tpaduk QpyHKuuH y=2x+ 4 (puc. 37, 6), noTo-

My uTO ecAH A — NpoM3BOJIbHAs TOYKA TPadHKa QYHKIHH y=2x, 1}

a C — Touka rpaduka dynkuud y=2x+4, umenowas Ty xe alc-
LHCCY X, TO OpAHHATa ToukH C, O4eBHIHO, HA 4 eAHHUULI GosblIe Op-
JUMHATbl TOYKH A.

Hrtak, npsimast y=_2x-+4 napaaneabHa npsmoi y=2x. Kpome
Toro, nmpsamas y=2x-+4 nepecekaet ocs opauHart B Touke D (0; 4),
B ueM MOXHO ybGemntbcsi, MoOXHB ¥=0 B ypaBHeHHH y=2x-4.

PaccyxkaeHnue, KOTOpOe Mbl IPOBeJH Ha HpHMepe QYHKUHH
y=2x-+4, no aHajsoruu o6Go6maercs Ha JIOOyl0 JHHEHHYIO QYyHK-
uuw y==~kx+b, rae £k u b — M00ble QaHHBIE YHCJA.

Hrak, epagux auneiinot gynkyuu y=hkx-+b ecro npamas, nepe-
cexarowan oco opdunar 8 Touke D (0; b), naparrervnas npamoi
y=kFx.

Jlerko BugeTh, uto Touka B(l; k-+b) nexur Ha npsMoii
y=kx+b. TlosToMy MOXHO cKa3aThb TakK: epaguk runeilnoi Pynx-
yuu y=="kx-+b ecro npamas, npoxodawasn depes dge rouxu D (0; b)
u B(l; k+b).

3ameuanue |. Jlag nocTpoenus npsimoil y=~kx- b Heobsi3a-
TeJbHO MPOBOAUTHL ee uepe3 Touku D (0; b), B (1; k+b), moxHo mpo-
BECTH ee yepe3 Jio6bie ABe TOUKH, KOOPAHHATHI KOTOPBIX YAO0BJIETBO-
pAIOT ypaBHeHHIO 3Tofi npamo#. Jlyymwe 6paTbh TOYKH, AOCTATOYHO
ylajeHHble IpYr OT JApyra, 4ToObl uepTex roJyuwics OGolnee
TOYHBIM.

3ameuanne 2. OrMmeruM, uto rpadux GyHKIHH y=2x+4
MOXKHO ObLJIO TOCTPOHTb HHaue, YeM OH ObLT MocTpoeH Bhbime. Tak
kak 2x+4=2(x+2), To OYHKUHIO MOXHO 3aaaTh (opMyJIoH
y=2(x+2) )

Yto6bl NOCTPOUTh rpauk 3TOH QYHKUHH B NPAMOYFOJbHOU CH-
creme KoopauHaT xOy, MOCTPouM cHayana rpaduk PyHKUHH y=2x
(puc. 38, a).

a)‘y"*ﬁ)y

y=262) |
y=2 y=2
N M N, M
=tf ff
1 1 /
-2 0Off 1 2 x| %O 1 2 x
HARE JAEAREEN
Puc. 38
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Ecau a3ty npsMyno nepeiBHHYTb Ha y
2 eaMHHUBl BJIEBO RnapaJjje/bHO CaMoHi - A
ce6e, TO NOJNYYHTCH TIpadUK QYHKUHH y=b(b>0)
y=2(x+2) (puc. 38, 6). B camom pene,
ecad M — npousBosibHaA ToukKa rpadu-

Ka QyHkuHH y=2x, a N — Touka rpadu- y=0(b=0)

kKa (pyHkuuu y=2(x-42), umeomas 1y -
JKe opauHaty y, To abcuucca Toykd N, o x
O4eBHJHO, HAa 2 elHHHMLb MeHblue abc- y=b(b<0)

ILUCCBI TOYKH M.

Hanpumep, ¢ynkuus y=2x npusu-
maer 3Hauenue y=0 npu x=0, a PyHk-
uusg y=2(x+2) npu x= —2; pysKius Puc. 39
Y =2x NpHHUMAET 3HaueHHe y=4 NpH
x=2, a ¢yskuua y=2(x+2) npu x=0u 1. A

AnasoruuHo paccyxpaas, NOJAy4HM, 4YTO rpaduk GyHKLUM
y=2(x—3) MOXHO MOJY4YHTb CABHIOM MapajjieJbHO CaMOMy cebe
rpadpuka GyHKUHH y=2x Ha 3 eXMHHMUbI BIPaBO. :

Koaddunuenr k& B ypaBHeHUH iy =kx-+ b Ha3bIBAIOT YIJAOBLIM KO-
ad)(I)Hl.lHeHTOMu sTo#t npsiMoi. Uncso b ecTh opauHaTa TOUKM ilepece-
yeHHsl NPSIMOH € OCBIO .

3aMeTHM, UTO IBe NpsaMble y=kx+b u y==~k x+b,, umenmyue
OJIMHAKOBbBIe YIJIOBble KO3(pduiHeHTsl (E=Fk,;) U pa3Hbie ynucia b u
b, (bs%b,), napaJqanesibHbl.

Ecan k=0, To Mbl nosyuum QyHKUHIO yy="b, IBHO OT X He 3aBH-
camy. Jta GyHKUHA BbiparKaeT CAEAYIOULHE 3aKOH: KaXKJA0OMYy 3Ha-
YEHHIO X COOTBETCTBYeT GZHO H TO e HHCiao y=2b.

®ynkuuio y=~>b Ha3piBalOT nocrosHHoih. ['pacduk ee — npsmas,
napaJJefnbHas OCH X, liepecekarouias och y B Touke (0; b) (puc. 39).
¥raoBodl kKo3pPULMEeHT ee paBeH HYJIO.

511° a) Kakywo (yHKUHIO Ha3bIBAIOT JHHEHHOMH $yHkUHeH?
6) Uro siBasieTcsl rpauKoM JuHelHoH QyHKUHH?
B) UTo Ha3blBalOT YIJOBbIM K03GdHUHEHTOM INPAMOK
y=hkx—+b?
r) Ilpr kKakom ycnoBuUM NpsiMble y=Rx—+b ¥ y=Fk,x+b,
napaJuieNbHbi?
1) Yro aBasiercs rpadpukoM ¢yHkuMM y=b? Kak Ha3biBaoT
3Ty GYHKUHKIO?
e). KakoBa o6sacTe onpejnesieHHst JHHEHHOH (QYHKLHH?
512. Kakue u3 ciaenyoumnx QyHkuuii siBasiioTces auHedHbIMH? Ha-
30BHTe R M b ans ¢pyHKuu# Bupa y=*kx-+b.

a) y=3x+1; 6) y=>5x; B) y=70—2x;

ry y=x*—1; 1) y=x—3x; e) y=0,5+3x;

X) y=x, 3) y=0; H) y=5"6_1 )
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513.

514.

515.
516.

518.

519.

520.

521.

IMocTtpofite B onHOM cHcTeMe KOOpAMHAT rpadukn QyHKUHM:

y=2x, y=2x+2, y=2x—1, y=2x—2,5.

Iocrpoiite rpaduk GyHKUHH y= —2x- 1.

a) KakoBa o6GJsacTb onpenejeHus 3Toid GyHKUUH?

6) B kakux ueTBepTSX pacnojoxeH rpaduk 3Tol GyHKIHM?
B) C nomouisio rpaduka onpeneaute y(2), y (—3), y{(0,5),
y (0,3). TlpoBepbTe moJyueHHble Pe3yabTaThl BHIYHCAEHHEM
C MoMoUIb (GOPMYJIbI.

r) Ilpu kaxkux 3HayeHHsX x 3HavyeHus y Oosbuie O, MeHbile
0, GoJsbiue 1, MeHbwie 1°?

1) OnpejesiutTe ¢ NOMOWBIO Tpaduka 3HAYEHUE X, €CJIH:
y(x)=3, y(x)=—1, y(x)=2,5, y(x)=0.

e) Kak uaMeHHTCA 3HaueHHe y, eCAU 3HAUEHHE X YBEJUYHTb
Ha eAuHHLY?

ITocTpo#ite rpaduk dyHKuuH y= —2x— 1. OTBeTbTE HA BO-
TPOCHl HNpeJbIAYLIero 3amgaHHus.

B kakux Toukax nepecekaer ocb Oy u ocb Ox rpacduk PpyHk-
ILHH:

a) y=—3x—1; 6) y=4—ux;

B) y=%x+l,2; r) y=—2,140,5x?

Hasosute KoopauHaThl IBYX TOYEK, 10 KOTOPLIM ya106Hee CTPO-
uTh rpaguk QyHKUHH:

a) y=3x—5; 6) y=%x+2;

B) y=—T7x+1; r) y=—256+0,5x.

Kakoit ¢opwmysiofi 3anmana npaMas, NOpOXOxsillas uyepes
TOUYKH:

a) (0; 8) u (1; 12); 6) (0; —1) u (1; 2);
B) (0; 1) n (1; 4), r) (0; 1) u (I; —35),

) (0; 7y wm (L; 7Y e) (0; —3) u (1; 0)?
[MocTpoiite rpaduk yHuxkunu:

a) y=x+41; 6) y=x—2; B) y=x+42,5;

r) y=x—0,5; n) y= —x; e) y= —x+5;
X) y=2x—2; 3) y=x—1, H) y = ——5x—%;
K) y=—0,5x+2; a) y=3—x; M) y=1—2x;

H) y=T7—0,5x 0) y=——1%+%x; n)y y="1.

[TIpoBepbTe ¢ moMouibio rpaguKa, NPUHALNEKHUT YU [IPIMONH
y=0,bx+3 Touka: Q

a) A4 7) 6) A(12; 9); B) A(—4 —1)
r) A(—1; 1) n) A(3; 4,5); e) A(5; 6,5).

B Kakux ueTBepTAX pacHo/ioxeH rpapuk GyHKUHH:

a) y=5x+4; 6) y= —5x+4;

B) y=—5x—3; r) y=55x—3?

522, Tloctpoiite rpaduK PYyHKIHH:
a) y=40x+20; 6) y=50—20x;
B) y= —0,02x40,01; r) y=3x—0,007.
Ykasadue Jdas yno6cTBa NOCTPOEHUA CJAeLYyeT HCIOJb30-
BATb pas/iMuHble €1MHHUBI MacimiTaba MO OCAM KOOPAHMHAT.
523. Onpenennre 6e3 NOCTPOEHHS], NEepeCeKAOTCs JU rpaduKH
LaHHBIX (GYHKLIHH, a 3aTeM TOCTpPOHTE HX:
a) y=5x u y=>5x—§; 6) y=——§ uy=6x—1
B) y=7x—12 u y=25; r) y=3x n y=—0,542x.
524. Iloctpofite rpagpuk pyukumun y=x-+43. [lpunagnexar au
rpapuky ¢ynkumu touku: (—2; —5), (3; 6), (17, —10),
(145; 148), (0; 0)?
525. a) Kakofi reoMeTpH4YeCKH# CMBICA HMeEIOT YHCIa R W b 1
JuHeHHOH QyHKUMH y=kx-+ b?
6) Kak pacnosoxeHa OTHOCHTEJNbHO KOOPIMHATHBIX oOcCeil
npaMas — rpaduk auHeliHod ¢GyHKUHH y=~kx+ b, ecan:
1) k£0, b=0; 2) k>0; 3) k<0 4) k=07
a) 6) B)
v A y¢ v A
5
T
o 3 x
e)
y
4
} T
04 1 x
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526°. Kak M3MeHseTCs TMOJIOKeHHe npAMOH y=Rx-b Ha KoOpIH-
HATHOH MJOCKOCTH, €CJIH:
a) yraosoii Ko3d¢puuuent Bospacraer ot 0 po 100;
6) b Boapacraer ot 0 mo 100?
527. a) 3aaasa ¢yukuus y==—4x-+3. Touka (1; a) npuHane-
XHuT rpa¢duky stoii Pyukuun. Hadnure a.
6) 3anana ¢yukuus y=12x—1. Touka (b; —3) npunan-
JexuT rpapuky stoii ¢yukuun. Hafinute b.
B) Onpenennte yriaoBoi kKospduuuedt R QyHKUHH
y="Fkx-1, ecin Touka A (2; 5) npuHaaJIexuT ee rpaduky.
528. Kaxkoi u3 rpadukos, npuBeleHHbIX Ha pucyHKe 40, siBiser-
cad rpaduKoM GYHKUMH:
a) y=2x—1; 6) y=—x+3; B)y=5 1) y=4x?
529% Ha pucyHke 41 mnoKasaHbl

npsimMble a, b, ¢ u d. Kako# y

¢dopmyJsioil 3ajaHa Kaxaas b

M3 HHX? :
530°. Ha cKO/IbKO eMHHI] BBEPX HJIH

BHU3 HYXHO TMepeHecTH rpa-

¢uk QyHKuun y=23x, 4TOOGHI

nonyuuth rpapuk QYyHKUHH: ¢

a) y=3x+2; 3\}\

6) y=3x—4; a

B) y=3x+1;

r) y=3x—0,5;

n) y=3x+7,

e) y=3x45,5? ol 1 x
531*. Ha cKoJbKO eIHHHL, BIPABO ‘ d

HJAM BJIEBO HYXKHO IepeHecTH

rpaduk GyHkunn y=3x, P, 41

yTo6bI MONY4YHTb rpaduk QyHK- He.

LHH:

a) y=3(x+2); 6) y=3(x—4), B) y=3(x+1);

r) y=3x+3; ) y=3x—6; e) y=3x+4+9°

6.4. PaBHoMepHoe NBHXEHHE

[pumep I. 3ananum KOOPLHHATHYIO OCb § C Ha4aJbHOK TOYKOH 0
¥ eIHHHYHBLIM OTPE3KOM AJHHOH 1 cM.

Myctb B MOMeHT BpeMenk {=0 TOuka OCH S, KMEIOIAs KOOPAH-
HaTy 3, HauaJa [ABHXKEHHE B MOJOXKUTENbHOM HAaNPaBJAEHHH 3TOH OCH
pPaBHOMEPHO CO CKOPOCTbIO 2 cM/c ;

(puc. 42). Koopaunara s (cM) 3To#
TOYKH €CTb (YHKUMSI OT BpPEMEHHU 2cm/e
t (c), Bhipaxkaemasi GpopMyJiof —>

_ S VRPN S S .
s=3+2t. 012 3 p

Jannas GyHKUHS paccMaTpuBa-
eTCA AJA MOJNOXHTE/NbHBIX 3HaYeHUH Puc. 42
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t n =0, mos3TOMy rOBOPAT, YTO OHA Olpe- s'&‘ ]' ] ]

JAeJeHa [ HeOTPHUIlATEJNbHbIX 3HAUYeHHH [ a7 s

t(£=>0). s=2t+3
BBeneM npsAMoOyroJbHY1 CHCTEMY KO- 1

opagHat tOs u B Hell H306pa3uM rpaduk 117

(yHKIHUH Ths=9;

s=342t(t=0), (1) A

WJIH, KaK TOBOPAT, rpadHK ABUKEHHS o1

ToukH (pHc. 43). D10 NYU, BHIXOASIUNA U3 3 1

toukd C (0; 3), napannenbHbill npsiMol Ay

N ———:Qt . 7 ;
IToibaysick 3TUM rpadMKOM, MOXKHO 7 1

HU3yuaTb paccMaTpHBaeMoOe JBHKEHHE. & .
Hanpumep, 4to6bl y3HaTh, Tae HAXO- O] 1 A Le

IUTCS TOYKA B 3aJaHHBIH MOMEHT BpeMe- ]

HH f, HAZI0 OTJOXHUTb 110 OCH abGCHHUCC OT
O Bupaso otpe3ok OA,=1 1 BOCCTaBUTb Puc. 43
13 A, nepneHAUKyJsp K ocH abcuucce 10
nepeceyeHdss ¢ rpaukoM JBHXKEHHS B
HeKoTopoi Touke A. Hueso s, paBHoe aauHe otpeska AA,, ecTb Koop-
JHHATa Ha OCH S JBHXKYIIeHCHA TOYKH B MOMEHT BpeMeHH [.
PapeHcTBO (1) Ha3bIBAalOT ypaBHEHHEM IBHIXKEHUS TOUYKH, a COOT-
BETCTBYIOLIHA €My Trpauk — rpa)uKoM ABHKECHUA TOYKH.
I[Ipumep 2. Tlycte tOs — npsAMOyroJibHasi CHCTEMA KOOPAMHAT,
eJIHHUYHBIH OTPE30K Ha OCH ! — ceKyHAa (C), Ha OCH § — CAHTUMETp
(cm).
[TycTh Touka ABMMKETCHA 1O OCH S, U [IPH 3TOM ee KOOpAMHATA §
ecTh JIHHeliHas (YHKUHS OT BpeMeHM [, BolpaxaeMmasda ¢opMyJsoH

s=4142. (2)

Ecau B 3108t dopmyse nosoxuts t=0, To noayynm s=2. Iro
MOKa3bIBaeT, YTO JABHXKYLAsICH TOYKA B MOMeHT BpeMeHHd =0 ume-
Ja KOOpPAMHATY S=2.

OTMeTHM [ABa MNPOM3BOJbHbIX MOMEHTAa BpEMeHH [, U [, TAe
t,<<t,.

B Moment f=1/{, TO4Ka HMeeT KOOPAHHATY S$==S;, BHIYHCJIAEMYIO
no dopmyne s, =4¢ +2.

B MoMeHT {=1{, TOUKAa HMeeT KOOPAHHATY §==§,, BHIYHCIAEMYIO
no gopmyJge s,=41,+2.

TIpoMeXyTOK BpeMEHH MeXAYy MOMeHTaMH f, W [, paBeH f,— 1.
[1yTh, npoldaeHHBIH TOUKOHA 32 3TOT IPOMEXYTOK BPEMEHH, OUEBUIHO,
paBeH:

sy, =(4t,+2)— (41, +2)=4 (,— 1,).
OTC!OLla CKOPOCTb TOUYKH paBHa:
Sp—8;  4{h—t)
t2_tl - t2_tl T

4.

U=
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Mbl OJYUHSIH, YTO €CJH TOYKA ABHXKETCH [0 OCH S 10 3aKOHY,
BhipaxkaeMoMy ¢opMyJioi (2), To OHa ABHXKETCS PABHOMEPHO CO CKO-
pOCTbIO 4 CM/C H TIPH 5TOM B MOMEHT BpeMmenH =0 oHa Haxoauiach
B TOYKe §=2.

Ee——

532. Hanuuiute ypaBHeHHe OBHXKEHHS TOYKH BIOJb OCH §:
a) co ckopocThbio 4 cM/c, eciH OHa B MOMEHT BpPEMEHH
t=0 uMeeT KoOpAHUHATY §=01;
6) co ckopocTbio 6 cM/c, ecim OHa B MOMEHT BpPEMeHH
t=0 uMeer KoopIHHATy §=2.
[TocTpoiiTe rpaduKn JBHXKEHHS.

533. [laHo ypaBHeHHe ABHXKEHUA TOYKH BJOJb OCH §:
a) s=2{—T, 6) s=t+3; B) s=23t.
Onpenenure KOOPAHHATY TOUKH B MOMEHT BpeMeHu (=0,
t=23. Onpenenure CKOPoCcTb TOYKU. ITocTpoiiTe rpaduK ABH-
JKeHus.

sl

¢
S

t,c

o

Puc. 44 Puc. 45

534. Ha pucynke 44 mokasaH rpaduk ABHXeHHMA TOUKH. MeHs-
Jach JH KOOPAHHATa TOYKH B NPOMEXYTOK BpeMeHH oT 0
10 3? B Kakoil MOMEHT BpeMeHH HauaJjoch JBHXeHHe TOUKH
H C Kakoél CKOpOCTbIO?

535%. DyHKUHA, 384210110 3aBUCHMOCTh KOOPAMHATH § OT BpeMe-
Hu {, BbipaxkeHa GopMYyJoH

()= 0, ecim 0<CE<C3,
s()= 2t—6, ecau {=3.

Eit coorsercTByer rpaduk, H306paKeHHbI Ha pUCYHKe 44,
Hanuure Gopmyay, kotopoil 3anaerca ¢yukuus s (f), rpa-
GbHUK KOTOpoH M306pa)KeH Ha PHUCYHKe 45.
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a)

QU

t,c

3 4 t,c O
||

-t
¢o
N

e

536.

537"

538*.

Puc. 46

Hanuwute ¢opmyny 3asu- i
cuMocTH s (£), rpaduk Ko- B
TOpO# H300pa)keH Ha pH- a
cyHke 46.
Ha pucynke 47 3anaHsbl rpa-
GHKH ABHXKeHHSI IBYX TO-
uek. Onpenenute mno rpa- 11
Puxy:
a) Kakas H3 TOYEK [BHra-
Jlach B JIOJIOXKHUTEJNbHOM Ha- 1
npasaeHud ocu 0Os, Ka-
Kasi — B OTPHLATEJbHOM; Ol 1 234586 [te
6) B Kakod MOMEHT Bpe- I | | | ’
MEHH HauyaJochb ABHXEHHE

" Puc. 47

IT

G

KaXXJ0H U3 TOYeK;

B) B KaKoif MOMeHT BpeMe-
HH TOYKH BCTPETHUJIHCDH;

T) C KaKo#H CKOPOCTbIO ABHrajiach KaXkAas W3 TOYeK;

) UKaKOl:l (opmyJioii 3anaeTcsi 3aBUCUMOCTb § (1) A4S Kax-
J0# M3 ABHXKYUIHXCS TOYEK.

IBa newmwexosa BbILIIM OXHOBPEMEHHO HABCTpeuy APYT APY-
ry U3 JBYX NyHKTOB. [lepBbiil MOT NpolTH paccTosIHHE MeX-
Ay NyHKTaMH 3a 6 4, a BTopoi — 3a 3 u. Uepe3 CKOIbKO 4a-
COB M0CJIe HayaJjia ABHXXEHHS OHU BcTpersarTca? Peiuure 3a-
Aauy, NOCTPOUB rpaduku ABHUAKEHHS B OLHOH CUCTEME KOOp-
JHHAT. ~

6.5%. dyHkuua y=|x| u ee rpadux

Paccmorpum ¢yukumio, 3agannyio dpopmysnoit y=|x|. Tak Kak

10 OoflpeneseHHI0 MOAYJs YHCHAA X

x, ecau x>=0,
lxl=
—x, ecan x<C0,
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a) 6)
Yy Yy
14 1
ol 1 x ol 1 x
l |
Puc. 48

TO 3Ty prHKHHIO MOXHO 3amHcaTb Tak:

__{x, ecau x>=0,
y= —x, ecan x<<0.

Ha pucynke 48, a uso6paxen rpaduk 51ofi QyHKuUMH IPH x=0, |

a Ha pucynke 48,6 — npu x<C0. Torpa rpaguk dyuruun y=|x|
Ha Bcefi ocu Ox uMeeT BHJ, KaK Ha

crea GyHKuMH y=|x|:

Huil X,

2) npurumaer TOAbLKO HEOTPU-
yareavHble 3HAYEHU,

3) npu x>=0 sospacraer, npu

1 x<0 ybusaer;
4) yernas gyukyus: | — x| =|xl.
O] 1 x PaccMOTPHM TpUMeEpBI.

Mpumep 1. TlocTpoum rpaduk
byukunu y=|x|—2.
Puc. 49 Yro6bi MOCTPOUTL rpaduk QyH-
KUMH y=|x| —2 B NpAMOYro/ibHOH
cucreme KoopauHat xOy, NoCTPoOUM
cnauana rpaduxk ¢ynkuuu y=|x| (puc. 50,a). Ecan A — npous-
BONbHAA TOYKA rpaduka ¢ynkuud y=|x|, a B — rouka rpaduka
$yskuuy y=|x| —2, umeomas Ty xe aGcumccy, TO OpAHHATA TOU-
ki B Ha 2 enMHMIbI MeHblle OpAHHATH ToYkH A. D70 o3Hayaer, uTo
rpaduk GyHKUHH y=|x| —2 MOXKHO NOJYYHTD uz*rpaduka QyHk-
LMK y= | x| CABHTOM BCeX ero TOYeK Ha 2 eIMHHLbL BHU3 (puc. 50, 6).
Mpunep 2. TlocTpoum rpadux GyHKIMH y=I\xl+3.
Kak ¥ B npeapiaylueM npumepe, rpaguk 370 QYHKUHH MOXKHO
NOMY4HTb CABHIOM rpaduka QyHkuun y=|x| na 3 elMHHLbI BBEPX
(puc. 51).
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a) yl

y=Ixj-2

pucynke 49. 3
y# CdopMy.iupyeM OCHOBHbIE €80~ 1

1) onpedesena das 8cex 3nave- |

Puc. 50

Ipumep 3. Tloctpoum rpaduk
GYHKUUH Y= |x—2].

Y106Bl NOCTPOUTL IpaguK PyH-
KUMH Yy = Ix—2| B npAMOYyroJib-
HOW cHcreMe koopaunar xQOy, mno-
CTPOMM CHadaJa rpaduk QyHKUUH
y=x| (puc. 52, a). Eciu A — npo-
M3BOJIbHAA TOukKa rpaduka (QyHK-
uuH y=|x|, a B — rtouka rpaduka
byHknun y=|x— 2|, uMelomas Ty
)Ke opauHarty, To afcuucca TOYKH
B Ha 2 epuHudub Goablie abc-
uces! To4ku A. DTo 03Hayaer, 4To
rpaguk GyHkuun y=|x—2| Mox-
HO TOJYYHTb U3 rpaduka QyHKLUH
y=1|x| caBHrOM Bcex ero Touek Ha
2 epuHUIbI BIPaBo (puc..52, 6).

a) y‘ 6)

14

o
L
8

Puc. 52
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Mpumep 4. TloctpouM rpauk PyHKUHH §= |x+31.
Paccyxpaasi, Kak B npHMmepe 3, rpaduk QyHKUHH y=|x+3|
MOHO TMOJYYHTb CABHIrOM rpaduka QYHKUMH y= |x| Ha 3 eJHHULLbL

BJeBO (pHuc. 53).
2

y=h+3|

y =k

[N

-3 o} 1 x

Puc. 53

[pumep 5. Tloctpoum rpadpuk QyHKIHH y=|x+1]—3.

1) Cuayana noctpoum rpa@uK OYHKIHH y=|x|, nepeuecem
ero Ha | eAMHMIly BJeBO, NOJYYAM rpapuk (YHKUHH y=1x+1|
(puc. 54, a). ,

2) IMotom nepeHeceM rpa@uk QyHKUHH Y= | x4 1| na 3 egunu-
bl BHH3, NoJydnm rpaduk ¢yskumn y=|x-+1]—3 (puc. 54, 6).

a) y“ 6) v{
=K+
i |
y=pH |4
: y =kl
1
0] 1 x
Jp—
-10] 1 x
y =x+1}-3
Puc. 54 PR
i
e

539°. O6bACHHTe, KAK Bbl TIOHMMaeTe 3aMHChy
x| x, ecan x=0,
Xl =
—x, ecan x<<0.
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540. YnpocTHTe BblpaxKeHHe |x| Mpu ycJaoBHH:
a) x=0; 6) x>0 B) x<C0;
r) x<0; n) x=0.

541. Tloctpoiite rpaduk ¢yskuHH y=|x| u chopMmyaupyiite
cBoHcTBa 3TOH (YHKLHH.

542. Tlocrpoiite rpadpuk GyHKuHH:
a) y=2lxl; 6) y=3 | xl|;

1
1) y=§|x|;

B) y=—2 |x|;
r) y=-—3|xl; e) y=—-é—|xl.
543*. Tloctpofite rpaduk GyHKUHH:
) x+2, ecnu x=0,
a ==
Y 2, ecoin x<<();

1, ecan x>0,
6) y=10, ectn x=0,
—1, ecan x<<0.

544. O6bsacHuTe, KaK ¢ nomouibio rpadpuka GyHkunu y=|x| no-
cTpouts rpaduk PyHKUMH:

a) y=|x| —5; 6) y=|x|+4,
B) y=|x—4l; r) y=|x+1};
) y=Ilx—2|+3; e) y=I|lx+2{—3;
K) y=Ix+31+2 3) y=1[x—31—2;

u) y=|x+4|41.

6.6*. dynkuun y=|[x] n y={x}

Leaoll wactbro wucaa x Ha3blBAlOT HauboJblllee LENOE YHCHO, HEe
npesocxoasiee x. Ileayio wacte uucia x o6o3HaualoT [x].
Hanpuwmep,

(3]=3; [—15]= —15; [0]=0;
[3,17]=3; [—3,17)= —4.

HpobHoii wacToto wucaa x Ha3bIBAIOT PA3HOCTh YHCJIA X H €10 He-
Joit yactd [x]. Ipo6uyio yacTh yucaa x obosnauator {x}. Takum 06-
pasom, {x}=x—[x].

Hanpumep,

{2}=2—2=0; {—5}= —5—(—5)=0;
{372}=3,2—3=0,2, {—3,2}= —32—(—4)=0,8.

Paccmorpum ¢ynkuuio y=[x]. Ee o61actb onpeneneHust — MHO-
KeCTBO Bcex JedcTBUTeJbHBIX unces R. Ha kKaxaom moayuHTepsa-
je[n; n+41), rie n — uesoe 4HcJI0, 3HaUeHHe GYHKUHH ¥ =[x] nocTo-
SSHHO H PaBHO n. DTO 03HayaeT, YTO MHOXECTBO 3HAUeHHH GYHK-
I{HH — MHOXKECTBO BcexX LieJblX uyucesa Z.

paduk ¢yHkuuH y=[X] COCTOUT U3 GECKOHEUHOrO MHOXeCTBa
OTpe3KoB, mapaJsefbHbix och Ox M He HMEIOIUX MPaBBIX KOHIOB
(puc. 55). Ha pucyHke n3o6paxeHa TOJNbKO 4acTb rpaHka.
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Paccmorpum dynkunio y={x}. Ee o6uactb onpeseseHHss — MHO-
KecTBO Bcex AefcTBUTeNbHbIX unces R. Ha kaxxaom mosyuHTepBaie
[, n+1), rne n — uesoe 4ACHO, 3HAUEHHE QYHKILHH y=1{x} Bblunc-
Jgsercs no gopmyae y=x—[x]. 1o o3Hayaer, YT0 GYHKIHUS MPUHU-
MaeT 3HaueHHs1 W3 mosyuHTepBana [0; 1), T. . MHOXKECTBO 3HaYeHUH
dyHkuun — noayuHtepsaa [0; 1).

I'paduk yHkuun y=={x} COCTOMT H3 GECKOHEUHOTO MHOXEeCTBa
OTPE3KOB, MapaJJiesbHbIX NPAMOH =X ¥ HE UMEIOLIUX MPaBbIX KOH-
uoe (puc. 56). Ha pucyHke u3o6pakeHa TOJBKO 4acTb rpaduka.

EEE—
545. Haiiaute ueayo uacTb yucaa:
a) 7; 6) —12; B) 7,41; r) —7,41;
1) —3,2; e) 8,39; x) 13,27; 3) —19,01.

546. Haignre npobHylo 4acTb YHCJHA:
a) 3; 6) —5; B) 8,2; r) —8,2;
i) 5,7; e) —5,7; xK) 31,12; 3) —36,25.
547. KagkoBnl o6Jactb onpeleseHHss U MHOXKeCTBO 3HaueHHH

(QYHKUHH:
a) y=I[x}; 6) y={x}?

548*. [locTpoiite rpaduk QyHKLUH:
a) y=2[x} 6) y=—3[xk  B) y=glak
0 y=5]: 2) y=I[]l; e) y=[lxl}
X) y=—3{xk  3) y=2{x} n) y=r{r}
K y={3b n) y=1{; w) y={lxl)
i) y=[x+{d; o) y=[x—{xk  n) y={F
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549*, Tloctpoiite rpaduk dynxuuu:
a) y=I{x}—05l; ;
B) y={—x} r)‘*«y;-:_,:_l_,

550*. PeluTte ypaBHeHHe: i )
a) x=[x]+{x}  6) x=[x={x};
551*. Pelure cHCTEMY ypaBHEHHI: ~ 5
3 [+ ls=—213, (x
[y]+{x}=35;
[(x]4+-{y}+2=—08,
]
]

B) tx]”v-f {x}=3,75.

B) | [y]+{2}+x=495,
[2)+{x}+5=0.75.

552*. HekTo H3MepHJ NJMHY ¥ LIMPHHY NpAMOyrosbHHKa. OH yM-
HOXXHJI LeJYI0 4aCTb JJHHbl Ha LeJYI0 YacTb LIHPHHBI K 1O-
JyunJ 48; YMHOXKHJ LNyl 4acTh AJMHBI HA JPOGHYIO YacTb
WHPHHB K MOJAYYHI 3,2; YMHOXKHJ APOGHYIO YacCTb IJHUHbBI
Ha LeaYyI0 YacTb WHPUHBE W moayyua 1,5. Onpeneante mJjo-
majb MPsIMOYroJbHHKA.

§ 7. KBAIPATUYHAS ®YHKLHS

7.1. dyukuns y=ax® (a>0)

OyHKuus ‘
y=ax’ (a>0) (1)

onpejeJjeHa AJs JIOObIX 1eACTBUTEAbHbIX 3HaueHHH x, T. e. 0o6JaacTh
onpeneneHHss QyHKUHHA y=ax’ (a>>0) ectb MHOXecTBO R Bcex neil-
CTBHTeNbHBIX unces. Ee cBoilcTBa oueHb MOXOXKH Ha YK€ M3BECTHble
HaM cBOMCTBa QYHKUHMM y=X* H JOKa3biBaloTca aHajoruuxo. Ilepe-
YUCIHM HX.

1. Ecau x=0, to y=0.

2. Ecau x50, to y>0.

3. [lasa HeoTpuyaTesonoix 3Ha4enud x gynxyus (1) sospacraer,
a 05 HenoaoXcUTeabHblx 3Haderull x yboisaer.

4. EcAu NOAOHCUTEABHOE X HEOSPAHUYEHHO 803pacTaer, TO Y He-
02paHU4eHHO 803PACTAET, @ eCAl OTPUYATELbHOE X TAK0BO, 4TO €20
abCONOTHAS BEAUHUHA HEOZPARUYEHHO 803PACTAET, TO Y HEeO02PAHU-
uenno 8oapacraer. Huoimu c108aMlU, Y — ~+ 00 npu x— + 0o u npu
X—> — oo.

5. Gynkyus (1) 4eTnasn, noaTOMY ee 2papur cUMMETPULEN OTHO-
CUTEAbHO OCU Y.
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y y=2x2 y= x‘
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Puc. 57

6. Gynkyus (1) Henpepoieras, noaTomy ee 2padux — HenpepsLs-
HAA AUHUA, T. €. OH moxceT boiTb U300pasNcen OOHUM HenpepbLLeHbiM
Jsuxcenuem Kaparndawa 6e3 orpoisa or bymazu.

PacemoTpum nBe $yHKUMH
y=x u y=2x"

O6e onu onpenesedbl AJisi J06bIX AEHCTBHTENbHbIX 3HAaYEHHH X.

3anaaum aekaproBy cucreMy koopauHaT xOy ¥ 4uca0 X, Tod-
ka A(Xx, %) npuHALJEeXHT rpaduky OYHKUMM y=1x’, a TOuKa
A, (xg; 2x%), uMeromas Ty xe abCUHUCCY, IPUHALIEKHAT rpaduKy QYHK-
uun y=2x" (puc. 57). Opaunatsl Touek A; ¥ A HaXoAsATCA B OTHOLUe-
HuK 2:1, T. e. orpe3ok AyA, nonyuaercst pacraxcenuem oTpesxa AjA
B 2 pa3za. JT0 paccyXAeHHEe MOXXHO NPOBECTH AJIA JIOGbIX TOUEK rpa-
ukoB GyHKIME y=x" ¥ y=2x", HMEWIHUX OXHY H Ty XKe abcuuccy
x. TlosToMy rOBOPST, 4TO rpaguK PYHKUHH y=2x’ MONY4YaeTcst H3
rpaduka QyHKUMH y==x° pacTaxcenuesm NOCJIeNHero B 2 pa3a BLOAb
ocu Oy.

Paccyxpasi aHa/JOrHYHO, MOXKHO NOKa3aTh, YTO rpapuxk (GyHK-
UMK y=ax’, eciw a>>1, nonyyaercs U3 rpaduka QYHKUHH y=
pactaxceruem NOCTKEIHEr0 B @ pa3 BAOJb OCH y; ecqH xe 0<<a<<l,

1
TO cxcaruem nocCJeaHEro B z pas.

Mbl BuaMM, 4TO rpadHK GyHkuuu y=ax’ (a>>0) noxox Ha rpa-
buK QyHKUMH y= X", €70 TaKxkKe Ha3blBalOT Napa6oso.

Ha pucynke 58, a uzobpaxeHnl B OJHOH M TOH Xe [eKapTOBOH
cHcTeMe KoopauHaT xOy napaboabl y=x°, y=2x", y=23x", a Ha pu-

cynke 57,6 — napabogbl y=x’, y=—;-x2, y=%x2.
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553°. Kak HasbiBaloT rpaduk Gpynkuun y=ax® (a>>0)?

554°. Kaxk nosyuutb rpaduk (pyHKUUH y=ax* (a>0) u3 rpaduka
byHkuHn y=x*? :

555°. KakuMu cBOHCTBaMH 0GJajgaer oynkuus y=ax’ (a>0)?

556. a) PyHkuus 3anana dopmyaoil y=>5x>. HasoBurte 3aBucu-
MYIO M He3aBHCHMYI0 nepemeHHbnle. Briuucaure y (0), y (1),
y(2), y(3), y(—1), y(—2), y(—3). Pewenne opopMure B
BuJe TaGJaHibI. S

Hanpumep:
X 0 | 2 3 | —1]—-2|-3
Yy 0 5

6) ®ynkuus 3zagana ¢opmysoi y=~0,25x>. Boluncaute
1
§(=2) 4 (=4, 4(10), 4 (3),4(—10), y (—7). Peweune
odopmuTe B BHAe TaOJHUIbL.
557. Odynkumus 3agana GpopmyJsoi y=%x2. Bepho sin paBeHcTBO:
a) y(5)=15 6) y(—10)=80;
B) ¥(3)=5.6; r) y(—2)=24?

558. a) Bbiuncaure 3HaueHuss PYHKUHHM y=2x> 1Js51 3HAUEHHH x
ot —3 1o 3 uepes 0,5. Peurenne opopMuTe B Buge TaBaHIbL.

6) Boiuncaure 3navenuss GyHKLHM y=%x2 IJIsT 3HAYEHHH X
or —1 no | yepes 0,2. Pemen¥ie opopmMuTe B BHAE TaOIHLbL.
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559. a) Jana dyHKUHUSA y=>5x". TIpu Kakux x 3HayeHusi QYHKUHH

560°.

561.

562.

563.

564.

pasusl 5; 0,2; —2; 0? _

6) dana ¢yHKUHSA y=%x2. [Mpu kakux x 3HaueHHst QPYyHK-
uuu paBubnl —7; 7; 0; 1?

a) Moxet su PyHKIHA y=ax’ (a>>0) npuHUMaTh OTPHUA-
TesibHbie 3HAYEHHSN?

6) Kakue 3HaueHHsi MOXKeT NPHHAMATh (yHKUHA y=ax’
(a>0) npu pasiUYHBIX 3HAYEHHAX X?

3ananb QyHKUMH Y= U y=3x".

a) TIpu KaKux x ompeieseHbl 3TH GyHKUHHA?

6) Kakue 3HaueHHs TPHHMUMAIOT 3TH (QYHKUHH TNpH x>0,
x<0, x=0?

B) BbluMc/MTe 3HAaYeHHs JaHHBIX (QYHKUHA I1PH X, paB-

1. 1 4 TR DU SCUIE T S, S
HOME,———E-,O,5,—0,5,1, 1,13, 13,2, 2. Peuienue

opopmuTe B BHIAE TaGJHIbL.

r) B Kakux ueTBepTSX PacIO/OXKeHbl IpaQHKH GyHKUUH?
1) SBasiorcs Ju AaHHble QYHKHHH 4eTHbIMH? B ciyuae no-
JIOXKHUTEJBbHOTO OTBETd YKaXXHT€ OCb CHMMETDHH.

e) Mocrpoitte ToukH (x; x°) B (% 3x°).

k) Tlocrpofire rpaduku QyHKUHH, YUUTHIBAS HX HEMPEPHIBHOCTD.
3) C noMoubio rpauKoB OnpeiennTe M KaxJ10H GyHKUHH

1

y(15), y(—23). y(—03).
1) C momowbio rpapuKoB onpelesyuTe, IIPH KaKUX X 3HAUEHHS

o o 2
(yHKUHM#E paBHbI MeXLy co6oM; paBHbl 1; 13; 4,5. ITpoBepbTe
peay ibTaThl C NOMOLIBIO (POPMYJI, 328AAI0MWHX PYHKLHUH.
k) [Ipu Kakux x 3HaueHHs QyHKUu# GoJjibllle HyJA, MEHblIE
HyJsi, PaBHbl HYJAO?
1) Tpu kakux x 3Hauenus QyHkuuii Gojibuie 1, MeHblle 2,
MeHbime —1?
3ananbl pyHkunn y=x> u y=0,5x". OTBeTbTE HA BONPOCHI
NpEeAbIAYUIErO yIPaKHEHH .
YKaxuTe abCcHHccHl MSTH TOYEK, AJS KOTOPBIX IpOlUe BCero
BBHIYUC/HTb OPJHHATHI:

a) y=4x% 6) y=%x2; B) y=%x2;

r) y=15x% 1) y=0,1x% e) y=>5x%

X) y=10x2; 3) y=1T25-x2; H) y=2,5x2.
ocrpoiite rpadukn GYHKIHKH, BHIOpaB yA00HbIE eIHHHYHbIE
OTPe3KH Ha KOOPAMHATHBIX ocAX (564—565):

a) y=4x% 6) y=0,254; B) y=%x2;

r) y=15x% n) y=%x2; e) y=>5x"

565. a) y=20x% 6) y=400x7% B) y==1000x%
r) y=0,01x% 1) y=0,001x% e) y=0,0001x%
566. Ilpunagnexar Ju rpapuKky QyHKUHH:
a) y=38x" toukn A (2; 32), B(—3; 72), C(2,5; 18);
6) y=0,05x" Touku A (5; 1,8), B(—10; 5), C(—8; 3,2)?
567. a) 3anana ¢yukuus y=23x>. Touka (—2; @) NPUHALJIEKHUT
rpaduky stofi ¢pynkuuu. Habinure a.
6) 3anana ¢ynkuus y=3x" Touka (b; 12) npuHAASEKHT
rpaduky sToit pyHkuuu. Haiigure b.
B) Touka (1; 8) npunaniexut rpaguky GyHKUMH y=ax’.
Onpenenure a.
568. TMocrpoiite napaboay y=0,1x%
a) Ilpu Kakux x QYHKUUA NPUHAMAET [10J0XKHUTENbHbBIE 3Ha-
YeHHA? :
6) Ilpn kakux x ¢yHKuUMs paBHa 27
B) Kakue 3HayeHHs npunHumaer y, ecad x>0,5?
r) Ilpu kakux x pyHxums Bospacraer, yObiBaer?
569. IMoctpoiite rpaduk PyHKuHH y=2x".
a) Kakue 3HayeHHa nmpuUHHMaeT y, ecan x>0, x<0, x> 1
x> —2? ’
6) Kakue 3HaueHHst NpUHHUMAET X, €CJ
0<y<3 loyets & moy=0 gzl
570. Ha pucynke 59 npexacrabiiensl rpaduku QyHKUHi y=x> u

y=ax’. Onpegennte a.
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571. Ha pucynke 60 u3o6paxed rpapux ¢GyHKuHH y=ax’. Uc-
noJb3ys TMpHBEJEHHbIE HA2 PUCYHKe NaHHbIE, ONpPEefeauTe da.
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572. Ha pucynke 61 n3o6paxen rpapuk (pyHKLHH y=ax’. Onpe-
HeauTe a.

[¢ o}

(e 9

L a) y 6) v* B) y
| 7
T
/
|
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/
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—

Puc. 61
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7.2. ®yukuns y=ax® (a+0)

OGanactb onpenenenus GpyHkund y=ax’ (a0) ectb R — MHo-
XKEeCTBO BCEX NeHCTBHTeNbHBIX 4YHcesd. PaccMoTpuM ¢yHKUHH y=x°
Hy=—x.

OpavHaTtel HX TOUEK, HMEIOLIHX OJHY M Ty Xe aGCuuccy x,, X,<0,
OJIMHAKOBbI 10 a6CONIOTHOH BeJHYHHE, HO HMEIOT NMPOTHBOONOXKHbIE
3HAKH, TI03TOMY HX rpaUKH CHMMETPHYHBI OTHOCHTEJbHO OCH
Ox. Tlepsblit 3 HHX PacHoJiOKeH BbIllle, a BTOPOH — Huxe ocu Ox,
ecan Hckao4yuTh Touky O (0; 0). Ha pucynke 62 uso6paxenn rpa-
buKkH OYHKIME y=x°, y= — X’

TouHo Tak ke rpaduku GyHKuuid y=ax’ m y= —ax’, rie a —
JAaHHOe, OTJIHYHOE OT HYJS 49HCJO, CHMMETPHYHB OTHOCHTEJAbHO OCH
Ox. Ilpn a>0 nepsbiil U3 HUX pacHo/IOXKeH BBILE, a4 BTOPOH — HH-
xe och Ox, ecam uckaouuts Touky O (0; 0). I'pagurkom ¢ynrkyuu
y=ax’ npu a<<0, rax xe kax u npu a>0, sganerca napaboia.

Ha pucynke 63 B oqHOl U TOM Xe neKapTOBO#H CHCTEME KOOPHH-

Har xOy naubl napaGoawl y=2x%, y= —2x° y=%x2, y=—%x2.

Ilpu mo6om nannHoM 3HaueHHH a(a+0) QyHKUHS y=ax’ deT-
Has, [OTOMY 4TO AJs J1I060ro x BBIIOJHAETCS PaBEHCTBO
a (—x)’=ax’. 310 nokasbiBaeT, 4To 0cb Oy CJAYKHT OCbI0 CHMMET-
pun napaboab y=ax’ (a0).

Touky, 8 Koropoii napabora y=ax’ nepecexaerci co caoeil
OCbI0 CUMMETPUU, HA3bIBQIOT BEPIIHHON NapaboJbl, a oco cummerpuu
napaboabi Ha36.8a10T OCbIO Mapaboabl.

Gyukuus y=ax’ (a#0) npn x=0 npunumaer aas a>0 cBoe
HakMeHbllee 3HaueHHe, i a<<0 — cBoe HauboJbliece 3HadYeHHe.

\ y \ Iy=2x‘
\ A/
Wy NG/ T
y=3x _
- -1/>0.<\ 1 T
— ~1 - ! 1-"?2_
—1 y=—§x _
/ \ /] AN\
y=2x
Puc. 62 Puc. 63
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573°.

574.

575.

576.

577.

578.

579.

580.

581.

582.

a) Kak Ha3biBaoT rpapuk QyHKUHH y=ax’ (a0)?

6) Kakass npsiMas sBJseTCH OCbl0 CHMMETpHH napa6oJbl
y=ax*® Tlouemy?

B) Uto Ha3biBAIOT BEPLUINHOH,
(as=0)?

HanuuinTte ypaBHeHHe napaboJbl, cuMMeTpHuHOH mapaboJe
y=ax* (a#0) otHocuTenbHo ocH Ox.

a) KakoBa 06/1aCTb OnpeeseHnst (yHKIHH y=ax’ (a0)?
6) Tne pacrnosoxeH rpaduk GyHKUHHA y=ax’ (a0)?

8) Ilokaxute, uto pyHKuus y=ax’ (a7 0) veTHas. Ykaxu-
Te ocb cHMMeTpuu rpaduka QyHKIHH.

r) CywecTBYIOT JH TOYKH, NPHHALJEKALINE BCEM napa6o-
nam puga y=ax’ (a#0)?

n) TNpunHumaer au QyHKIHS y=ax’* (a0) cBon HaubOJIb-
lee W HaHMeHblIee 3HAaUeHUs?

e) B kakux 4eTBepTsX PacroJOXeH rpaduk GyHKUHH:

1) y=10x% 2) y=—5x5 3) y=—05x% 4) y=05x?
Ha xakoM MHoXecTBe (QYyHKIHS BO3pacraer:

a) y=10x% 6) y=—>51% B) y=—0,5+% 1) y=0,5x"

ocbio mapaGoabl y=ax’

a) BuiuncauTe 3naueHust QyHKUHA §= — 2% AJS 3HAYEHHA

x ot 0 no 2 uepes 0,2. Pemenne opopMuTe B BULE Ta6GaHILbL.
6) Boiuucaute 3HaueHusi QyHKUHH y= — 0,54 aas 3Haue-
uuii x or —2 no 2 uepes 0,5. Peumienne opopmute B BHUAE
TabJaUIbI.
[Moctpoitte rpaduk QyHKUHH, BbIGpaB yNoOHble eIMHHYHbIE
OTpPE3KH:

a) y=—3x% 6) y= —0,5x%

B) y= —0,1x% r) y= »—ﬁQ—;-x“’;
1) y= —200x% e) y= —400x%
%) y= — 10002 3) y— — 42002

JNana dyukuus y= — x. [loctpoiite rpaduk 3To#l QYHKIHUH.
Onpeaenute ¢ NOMOIbI0 FpapuKa, NPH KAKHX X

a) y=0; 6)y<0; B)y<—1 T1y<—4
Jana ¢pyHKUus Y= —0,1x% Toctpoiite rpaduk 310# PYHK-
wuu. OnpenenuTe ¢ NOMOLIbIO Ipaduka, KaKHe 3HAUCHHS
npuHuMaeT GyHKUHS, eC/u:

a) x>0; 6) x=0; B) x= —2; r) x<<—2.
Kakoil dopmy.oil 3anaHa QyHKUMs, rpaduk KOTOPOH CHM-
MeTpHueH OTHocHTesbHO och OX rpapuky GQyHKUHH:

a) y=3+% 6) y=—5 5 B) y=1002% 1) y=—0242
[Mpunagnexar Ju rpadpuxky QyHKuuu:

a) y= — 102* toukn A (3; 90), B (—4; —160), C(0,2; 0,4);
6) y=—0,1x* Toukn A(—2; 0,4), B(—5; —8,5), C(4; —1,6)?

583. a) Jana ¢yskuua y= —3x°. Touka (f; —3) UpUHAMJIEKHT
rpa¢uky 3toil Ppynkuuu. Onpegenure i
6) Jdauna dpynxkuns y= —0,2x%. Touka (—0,2; {) npunane-
KHT rpaduky st1ol ¢yHKuuu. Onpenenanre t.

7.3. dynkuus y=a (x—x,)’+y,

O6nacTb onpenenenns GyHKIUMH y=a (x— Xp)’ + Y, ecTb MHOXe-
CTBO BCeX HeiCTBHTe bHbIX unces R. [TokaxeM, KaK MOXHO TOCTPO-
HTb ee rpaduk, Hanpumep, L a=2.

Ilycth naHa napabona y=ax’ (a0) (puc. 64,a). Yrobu mo-
CTPOHTb rpaduK GyHKUHH y=ax’—2, Hafo napaboay y=ax’ CABH-
HYTb Ha 2 enuHuibl BHU3., [paduk PyHKuHH y=ax*—2 — napabo-
Jaa, amewomas BepuHHy (0; —2) u ocb x=0 (puc. 64, 6).

a) 6)
y y
P
8 y72x 1
EREY RN
\ ’ly=2x—2
\ | \ !
\ \\ H
. Vi
\n (4]
\
—‘,—110 SR IEERT 2 ‘x»
-2 — B
l |
Puc. 64

B camom pese, ecin A — npou3BoJbHAA To4YKa rpaduka QyHK-
wuH y=ax’, a B — Touka rpadguka QYHKUHH y=ax’—2, uMenlas
Ty e aGCUHCCY, TO OpJAHHATA TOUKH B Ha 2 e1MHHLBI MeHbIIE OpAH-
HaThl TOYKH A.

Hanpumep, npu x=0 ¢pyukuus y=2x* npunumaer snayenue 0, a

bynkuusa y=—2x°*—2 npuHumaer 3Hauenne —2. [Ipu x=1 u npu
x=—1 ¢yskuus y=2x> NpuHHMaeT 3HaueHHe 2, a QYHKUHA
y=2x*—2 npunumaer snauesue 0 u T. L

Boo6uie, 4To6bl mocTpouTh napaboay y—ax’-y, nago napabo-

J;yi=0ax2 CIBHHYTH Ha |Y,| eAMHHL BBepX, ecan y, >0, H BHH3, eCaH
[} .
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ycTs nana mapaboaa y=ax’ (ar,ég)) (puc. 65, a). Urobwi mo-
cTpouTh rpaduk ¢yHkuuu y=a(x—2)°, Hago napaboay y=a
CABHHYTb Ha 2 euHHbl BupaBo. [paduk dpyHkuun y=a(x—2) —
napa6osa, umeomas Bepuuny (2; 0) u ocb x=2 (puc. 65,6).

B camoMm pedae, ecin A -— NpoU3BoJbHAs TOYKa rpaduka ¢GyHK-

uun y=ax’, a B — Touka rpaduka pynkunu y=a (x—2), uMeio-
mas Ty e OpAMHATY, TOo abcuucca Touku B Ha 2 eluHHubl Gosbiue
aGcuucehl TOUKH A.

Hanpumep, gynkuus y=2x" npunumaer 3nadenne 0 npu.x=0, a
Ppynkuns y=2(x—2)° npu x=2, pynxuus y=2x" IPHHHMAET 3HA-
yeHHe 2 npu x=1 u npu x= —1, a dynkuua y=2(x—2)° npu
x=3 4 npn x=1wu 1. A

2 [yh o [yh 111X

2 —
I () "ur-2) +3
y=a@-2)’ \“ II"
A gl -
\
R 1
\ B \ B
\ /
s | 4
1 TN/ L
o[ 13 5 = Ol 12 T x
|
Puc. 66
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Boo6uie, uTo6bl nocTpouts napaboay y=a (x—x,)% Hago napa-
6oy y=ax® caBuHYTh Ha |x,| enMHHU BNpaBo, ecan x,>>0, U BJEBO,
ecan x,<<0.

[Tycte Teneps pama napa6oia y=ax’ (puc. 65,a). Uro6sl mno-
cTpouth rpaduk GyHkuuu y=a (x—2) 4 3, nago napaboay y=ax’
cHavaJja CIBMHYTb Ha 2 eHHHIIB BIpaBo (pHuc. 65, 6). Tenepp napa-
6oay y=a (x—2) mano CABHHYTb Ha 3 enuHuUbI BBepX (puc. 66, a).
I'papuk pyskuun y=a(x—2)°+3 — napabosa, BepiiHHa KOTOPOi
(2; 3), a ocb — npamasa x=2 (puc. 66, 6).

B camom gesne, ecim B — npousBosabHas ToYKa mapa6oJbl
y=a(x—2), a C — Touka napaboanl y=a (x—2)*+3, umenuas
Ty XKe abcuucey, To opaHHaTa Toukd C Ha 3 eAMHHUB GOJiblile OpPAH-
HaTbl TOYKH B.

Hanpumep, npun x=2 ¢yukuua y=2(x—2)° npunumaer 3Ha-
yeune 0, a o¢yHkuus y=2(x—2)°+3 mnpHHUMaeT 3HaueHHe
043=3, npu x=1 o¢yHkuua y=2(x—2)° npuHumaer 3Haue-
Hue 2, a pynkuus y=2(x—2)*+3 npunumaer snauenne 2+ 3=5
HT. A : :

Boo6ute, utoGel mocrpours napaboay y—a (x—x,)’>+y, Hapo
napaGoay y=ax’ caBMHYTb Ha |X,| €lMHHL BRNPaBo, eCAn X,>>0, H
BJIEBO, ecin x,< 0; 3aTem noaydenHyio napaboay caABHHYTb Ha |y,
eAHHHL BBepX, eciaH y,=>0, H BHH3, ecan y,<0.

Bepuinna mnapaGosinl y=a(x— x,)°+y, HMMeeT KOOPAHHATHI
(Xo; Yo), TIpsIMasi X== X, — ee OCb.

Oyukuus y=a(x—x,’+y, (a0) 1pu x=x, NpUHAMAaeT AI%
a>>0 cBoe HauMeHblIee 3HaveHne, a A5 a<< (0 HanGoO/bLICE 3HAYEHHE.

ITIpumep. Tloctpoum rpadux pyHkuuu

y=(x—3)y—2. o

Uto6bl nocTpouts rpapuk GpyHKuum y=(x—3)*—2, nano napa-
6oay y=x* cABUHYTh Ha 3 enuMHHMUB BHpaso (puc. 67, a). [Totom na-
pabory y=(x—3) caBHHyTb Ha 2 eAHHHILI BHH3 (puc. 67, 6).

yh = ey Ty b L
\ H / V=3 [I
\ [ | ) 7
\ / \\‘\ I’I
\ y I \ V]
\ \ /
1 1
N 4 \NLS
Ol 1 2 8 ix O] 1 3 iE:
_9 9 y=(x-3)-2
| | B
Puc. 67
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584.

585.

586.

587.

588.

589.

590.

591.

Kak u3 rpaduka byHKuun y=ax’ (a0) noayuntsb rpaduk
dyHKUHUH:

2, — 2 . =
a) y=a(x—x)% 6) y=a(x—x) +ys B) y=ax’'+y,?
Kak HasbiBawT 3TH rpa¢uku? Kakue TOUKHM fBJAIOTCA HX
BepuwHamu? KakoBbl ypaBHeHHA HX oced? ‘
[Tycts a>0. Kar;nM JOJI2KHO OBITh YHCJIO Yo, 4TOOBI Napabo-
aa y=a(x—x) +yo
a) nepecekasa ocb Ox B 1ABYX TOYKaX;

6) mepecekasa ocb Ox B OJHOH TOUKe;
B) He mepecekasaa ocb Ox?

[Tpu KaKux X 3HayeHHe QYHKUHH PaABHO HYJIO:

a) y=(x—5)%  6) y=—(x+8 B) y=2(x—3)?
Kakne KOOpPAHHATH MMeeT BeplIMHA NapaGoJibi:

a) y=(x+1); 6) y=3(x+9)%

B) y= —2(x—5)4 r) y= —4(x—9)?
3anuimuTe ypaBHeHHe OCH CHMMeTPHH napaboJibl:

a) y=(x—12); 6) y=—(x+7)%

B) y=3(x+2)% r) y=—8(x— 10y
O6BscHATE, KAK C NOMOIILI0 Fpaduka QyHKUHH y=2x> MOX-
HO MOJAYy4YHTb rpaduk GyHKUHH:

a) y=(x+5); 6) y=—(x+5)5

B) y=2(x—1)} r) y=—2(x—1).

Jlana mapa6ona y=(x—2).

a) Onpengesnure KOOPAHHATHI BEPIUHHbl NapaGoJbl.

6) 3anuwdTe ypaBHeHHe OCH CHMMeTpHM napaGoJbl.

B) Ykaxure 06JacTbh onpeaefeHust QyHKLHH.

r) Ykaxwure, Kakue 3HaUeHHsl MOXKeET NPHHHMATH Y.

1) Tloctpoiite rpadHk QyHKUHH.

e) Kak H3MeHsieTCcsi y, ecJM apryMeHT X H3MeHsieTcsi OT
— o0 10 2, o1 2 5o + o00?

x) Ilpu kakom x PyHKLHSI NPUHHMAET HauMeHbllee 3Hayve-
Hue? IlpunumaeT aH ¢yHKUHs HauGosbliee 3HaueHHe?

3) B kakux Toukax rpaduk ¢yHKuuH nepecekaeT ocb Ox,
ocb Oy?

[Toctpoiite rpauk PyHKLHH:

a) y=(x—1)4 6) y=(x+1)

B) y=(x—3) r) y=(x+4),

n) y=—(x—1)% e) y=—(x+2)
x) y=—(x—0,5)% 3) y=—(x+0,5);
n) y=2(x—1)>% K) y=—3(x+ 1)}
1) y=05 (x+2); M) y=—0,1 (x—3)
H) y= —0,5(x—2)% 0) y=0,1(x+3)

592.

593.

594*,

595.

596.

597.

Hana ¢ynkuus y=2 (x—3).

a) Tlocrpoiite rpadpuk GyHKuHUH.

6) Ykaxure o6aacTb onpeneNeHHst QYHKILUH.

B) Ilpn KakoM x QYHKUHS MPHHHMAeT HaWMeHbliee 3Haye-
nue? [lpunuMaer Ju GyHKIHS HauGoJblliee 3HAYEHHE TPH
KakoM-au6o x?

r) B xakux Toukax rpaduk QyHKUHH mepecekaeT ocH Koop-
JuHaT?

A) Kakue 3HaueHusi mnpuHuMaeT QyHKUMA, ecaH x> 3,
x<<—1, 0<x<1?

e) Ilpu Kakux 3HAYEHHAX X BHINOJHSETCS HEPaBeHCTBO:
y>0, y<0, y>—1?

Kako#l gopmysoi 3agana ¢hyHKuHs, rpaduK KOTOPOH Moay-
yeH U3 napabobl y=x> ¢ NOMOILBIO:

a) cxartus 1o ocH Oy B 2 pa3a u nepeHoca BEPIIHHBI B TOY-
Ky (5; 0);

0) pactsxenusi no ocu Oy B 5 pas u nepeHoca BepLIHHbI B
Touky (—4; 0)?

a) Hanuwure ypaBHeHue ¢yHKIHH, rpadUK KOTOPOH CHM-
MeTpHueH rpatduky ¢yHkuHH y=2(x—8)’ OTHOCHTEJbHO
ocu Oy.

6) Hanumute ypaBHeHHe KaKo#-1H60 napabobl, 0CbI0 CHM-
METPHH KOTOpOH fBJsieTCs mpsiMas x=—3.

Ipunannexar au rpaduky ¢yHKIUHH:
a) y=>5(x—4)* touku A (7; 45), B(—2; 170);
6) y=—0,2(x—2) toukn A(7; 1), B(—8; —2)?

a) lana ¢yukunst y= —5(x+9)". Touka (3; k) npunane-
XKUT rpaduky 31oi pyHKUHH. Onpepennte k.

6) Hdana ¢pyukunst y=10(x—6)>. Touka (m; 10) npunanie-
KHT rpa¢uky sToil pyHkuud. Onpenpenute m.

B) Touka (5; —8) mnpHHaadexHT rpaduky GYHKUHH
y=a(x—3)%. Onpengenute a.

HNaubl pynkuumM y=x> 0 y=x"+1.

a) olgaKOBa 06s1acTh ONpelesieHHs] KaKIO0H M3 3THX (QYHK-
U7

6) CpaBHuTe 3HaueHUs QYHKIUMIi P OJHHAKOBBIX 3HAUEHH-
X apryMeHTa Ax.

B) Kax MoxHo noayuntb rpaduk ¢ynkuuu y=x’+1 u3
rpaduka Gynkuuu y==x?

r) YKaxuTe KOOpPAHHATHl BEPLIMH 3aJaHHbIX napaboa.

a) Ilpn xakux 3Ha4YeHHAX apryMeHTa 3HauyeHHsi OYHKUHUH
paBHBI HYJIO? '

e) Ilpu Kakux 3HaueHHsix y rpaduku QyHKUHE NepeceKkaioT
oce Oy?

x) IlocrpoiiTe rpadukn KaHHBIX QYHKIHN.
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598. ITocTpoiite rpaduk QyHKIHH, NPeABAPUTEIbHO YKa3aB KO-
OpAHHATH BepUIMHbI Mapabo/ibl U TOYEK MepeceueHus rpa-
¢HKa ¢ OCSIMH KOOPAHHAT, €CJH OHH CyLECTBYIOT:

a) y=x'—4; 6) y=x"+3;
B) y= — ¥ +2; r) y=—x'—1.
599. Kakoii ¢opmyJioil 3anana QyHKUUs, rpaduk KOTOPO# mosy-
' yeH H3 mapaGojibl y=Xx> B Pe3yJbTaTe:
a) mepeHoca BepuiuHbl B Touky (0; 5);
6) nepenoca BepuwHHb B Touky (0; —3);
B) cxaTusi no ocH Oy B 2 pa3a u nepeHoca BepLIHHBbI B TOU-
Ky (0; 3);
r) pacrsixkenus no ocu Oy B 2 pasa u nepeHoca BepLINHBI
B Touky (0; —2)?

600. ITocTpoiite napaGoay:
a) y=(x—17+1; 6) y=—(x+17+2;
B) y=—2(x—2+2 r) y=2(x+1)7—L
601. Onpenesnute KOOPAHHATHI BepLIMHbI Napabojbl H NOCTPOHTE
napaboay:
a) y=(x—2)+10;
B) y=2(x—7; —11; ryy=—25(x—05741;
1) y=—0,5(x—05y—3; e) y=0,5(x—4)*+6.
602. Kakoii ¢popmyJioii 3agana GyHkuus, rpadpuk KOTOPO# noJy-

yeH napaJjjiesbHbIM [EepeHocoM mnapabodbi y=2x TakK, 4TO
ee BepHIMHA eCTb TOYKa: '

a) (5; —1); 6) (—2; 5)?

603. Boi6paB yno6Hbiii Macuital, nocTpofite rpaguk GyHKUHH:
a) y=300(x—0,2)*—400;
6) y=— 1000 (x—5)*+ 2000.

6) y=(x+8)’—5;

7.4. Tpaduxk kBaaparuuHodi GyHKUHH

Paccmorpum pyHKUHIO
y=ax’*+4+bx+c (a=0). (1)

Ee Ha3biBalOT KBaapaTH4Ho# ¢yHKuned. O6aacTb onpeneseHus
KBaJApaTHYHOH GYHKUHH ecTb MHOXecTBO R Bcex NEACTBHTENbHbBIX
quCced.

TeopeMa. lpaguxkon xeadparuuroil pynKyuy a8A8eTCA napa-
6oaa ¢ gepuunod 8 Touke (xy; Yo), NOAYHEHHAL NAPALLERbHBIM Nepe-
Hocom napaboasl y=ax’, zde

b D
Yo= "5z Yo= T, (2)
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HokazateascTso. Pacemorpum ¢yHkuuio
y=a(x—x)"+y, (a50), (3)

TAe YHCa Xy M Yy onpenensiiores no gopmyaam (2). B n. 4.1 nokasa-

HO, YTO AJA J160ro AEHCTBHUTENBHOrO X CHpAaBe

AR ro A paBelJiHBO PaBEHCTBO
c=a(x—X) + yo.

9710 osHavaer, uto ¢GyHKuMHM (1) H (3) UMEOT OAMH H TOT Xe
rpaguk.

Ho, kak Gbu10 nokasano B n. 7.3, rpaduk dynkuuu (3), a caeno-
BaTeJdbHO, M (yHKumu (1) ecTb napabosia C BepUIMHON B TOYKe
(X0 Yo), MOJIy4EHHAS NapPaJlsieibHBIM [E€PEHOCOM NMapabosl y = ax>.
Teopema nokazana.

lIpumep 1. TlocTpouMm rpaduk ¢yHKIHH
y=x'—2x—3. (4)
Boinensss nosHbl KBaApaT M3 TpexuJeHa
£—2x—3=1—2x4 1 —4=(x— 1)} —4,

MOJIyYHM, YTO GYHKLHSA (4) MOXeT GbITh 3alMCaHa CAEAYIOUHM 06-
pasom: y={(x—1)’—4.
Ho rtorpa rpaduk ¢yHkuuu (4)

ecTb napa6oja, NOJyyeHHAs na- y‘ !
paJienbHbIM MepeHocoM napaboJibl 1 T '=x2
y=2x" Tak, 4TO ee BepLIMHA ecTb \ ,'y
touka (1; —4) (puc. 68). 1
Tor xe rpagpuk MoxHO O6bLiIO ‘\ J
[IOCTPOUTB, BBIYHCJIHMB KOOPAHHATEHI b 71
BepLiKMHbl MapaboJbl U HECKOJbKUX \ / 2
ee TOUeK: \ 14 y=x-1) -4
ro=—2=2_1
0 — 5. =35=1 ¥
N 2a 2 O ] L X
Yy=1"—2.1—3=—4 /
x |1 0] 1]21]3 3
Y 0 |—3]—4]—-3] 0 |4

M3 rpaguka BuaHO, 4TO BepuIn-
Ha napaboJibl PAaclofoXKeHa HHXKe
ocu Ox u napaboJsa nepecekaer oChb
Ox B IByX TOYKaX, T. €. €CJIH MOJNIOXHUTb B paBeHcTBe (4) y =0, TO 1oO-
JyYeHHOe KBaJpaTHOe YpaBHeHHE x*—2x—3=0 10/KHO HMeTb IBa
NeHCTBUTENBHBIX KOPHS.

D10 3aKJI0YEHHe MOXXHO TIPOBEPHTh, BHIYMCJIHB KOPHH YpaBHe-

Puc. 68

nusa. Himeem D=0b>—4ac=16, x ,= —b;:“D=2:';:4, OTKyZaa
” a
x=—1, x,=3.
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[Tpumep 2. Tloctpoum mnapaboay
y=23x"+12x+15. (5)

Buinecem 32 CKOOKM KO3(Q(PUUUEHT 3 H BBIAENHM H3 MOJYYEHHOTO
TpexuJjeHa MOJHBIA KBaJpar:

3(F2+4x+4+5)=3(2+42-2x+441)=3(x+2)*+3.
Takum o6pasom, GyHKUHIO (5) MOXHO 3anHCaTh B BHIE
y=3(x+2y+3.

[Mostomy rpaduk ¢pyHkuuu (5) ectb napabosa, nojy4yeHHas na-
pajieJbHbIM TIePeHOCOM napabosbl y=3x" TaK, 4TO ee BepUIHHA
ectb Touka (—2; 3) (puc. 69). ITo mMokKasblBaeT, YTO YpaBHEHHE

324+ 12x+15=0 (6)

He HMeeT JeHCTBHTEJbHBIX KOpHeH, H, CJeJ0BaTeNbHO, THCKPHMH-
HaHT KBaJApPaTHOTO ypaBHeHHs (6) no/KeH ObITb OTPHUIATEbHBIM.

JleficTBHTENBHO,
D=b*—4ac=144-—180= —36<0.

lpumep 3. Hocrpoum nmapaboay

y= —64"—12x—8. (7)
BbIYHC/IHM KOOpAHHATHI BEpPLIHHbI 1apaboJibl:
__b_ 12
ST = T

Jo= —6(—1P—12(—1)—8=—2.
176

Broiuucaum KOOpAHHATBHI HECKOJIBKHX TOYEK napa6onbl, CHMMET-
pI/I'-IHbIX OTHOCHTEJIbHO €€ ocu x= — |.
X |—3]—2]—1] 0 1
y |—26| —8|—2]—8|—26

H306pa3uM nosy4yeHHble TOUKH B CHCTeMe KoopauHAT xOy H, COeH-
HHUB HX HeNpepbLIBHOH JIHHHEH, TOJyuYHM HCKOMBbIA rpaduk (puc. 70).

Mb1 BHIMM, 4TO H Ha 3TOT pa3 nmapaboJia He mepecekaeT och Ox
H ypaBHeHHe

—6x*—12x—8=0

He MMeeT AeHCTBHTEbHbIX KOpHEeH, T. €. /s JH060T0 NeHCTBUTENbHO-
ro x BBHINOJHAGTCH HepaBeHCcTBO — 61— 12x—8<0.

Taxkum o6pa3oM, AJs nocTpoeHHst mapa6onl (1) MOXKHO BBHIIIOJ-
HHTb MapaJlyiesibHbli NepeHoc napabonasl y=ax’, NIpH KOTOPOM Bep-
INKHOA MapaboJibl CTAHET TOUKA (Xy; o), KOOPAHHATHEI KOTOPO#H Ofpe-
aeasiiores Ao dopmyaam (2).

[Tapa6osly MOXHO MOCTPOHTL TaKXe IO TOYKAM, OMPENEHUB KO-
OpPAHHATHI BEPLIHHBI M KOOPAHHATHl HECKOJIBKHX €€ TOUEK, KeaaTelhb-
HO CHMMETPHUYHbIX OTHOCHUTE€JNBHO OCH NapalboJibl X=X,.

[Tapa6oaa (1) nepecekaer ocb Ox B ABYX TOYKaX, €CJH JHCKPH-
MHHAHT D KBajpaTHOro TpexwieHa ax’ 4 bx - ¢ Goablie HyJs; Kaca-
ercsa ocH Ox B oaHO# Touke, ecan D =0; He nepecekaer ocu Ox, ecan
D <<0. Ee BerBH HanpaB/eHbl BBepx, ecau a>{, Buu3, ecan a<0.

604° a) Kak nosiyuntsh rpaduk ¢oyHkuun y=ax’+bx+c (a+0)
U3 rpaduka QYHKUHH y=ax’?
6) Kak HasbiBaoT rpaduk ¢yHKUHH y=ax’+bxtc
(as=0)?
B) Kak pacnonoxeH oTHocuTeabHo ocu Ox rpaduk ¢yHK-
unH y=ax’'+bx+c npu a>0 u npu a<<0, ecau:
1)y D>0; 2) D=0; 3) D<O?

605. Jlana xBagpaTHuHas QYHKUMA y=ax’+bx-+c. Ykaxure:
a) KOOpPAHHATbl BepIIMHBI MapaboJibi;
6) ypaBHeHHe OCH CHMMeTPHH Napabo.bi;
B) KOOpPAHMHATHl TOYKH NepecedeHUss napaboanl ¢ ockio Oy;
I') KOOPJAMHATHI TOUEK NepeceyeHHs ¢ ocbio Ox U yCJIOBHSA, OT
KOTOPbIX 3aBHCHT UYHCJAO TaKHX TOUYeK.

606. YkaxuTe KOOpAMHATHI BepLIHHbl, ypaBHEHHE OCH CHMMeET-
pUH mapaboJibl, KOOPJHHATHI TOYEK MepeceyeHUs mapaboJibl
C OCSIMM KOOpJHHAT, €CJIH:

a) y=x*—3x+5;
B) y=24"—x+1;
1) y=—3x"45x—10;

6) y=x>4+7x—8;
r) y=>5x4+4x—2;
e) y= —10x2— x+3.
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[Toctpoiite rpaduk pyHK- \ y ‘
uuu (607—608):
607. a) y=x"—4x+3; \ y=%
6) y=x+2x—3; 4 \
B) y=4x'—4x—1; 1 y
r) y=92—12x+3;
1) y=x"—6x+5; 1 8
e) y=x"+4x—5;
K)y=—x"—6x—05 [~{=3 of 1 } x
3) y= —x*+4x+45; T N
H) y=x>—4x+7; ' ‘ y=-2
K) y= — X +4x—6. \,1
608. a) y=x>43; NN
6) y=-—x2+9, _yzi—z '
V=X
B) y=0,2x>—x+0,8; ]
r) y=%"2+%x+5? Puc. 71

1) y=—12%*—12x—0,5; e) y= —8x*— 16x—6;
X) y=2x*+8x—10; 3) y=—3x246x—3.
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k
x—x,

1. Tpaduk dpynkumun y= + ¥

PaccMoTpuM TmnpHMepbl MOCTPOEHHs TpaHKoB (YHKUUH

k
y= + 4o

X— X

4
IIpumep 1. Tloctpoum rpaduk GyHKUHH y=;—2.
4
ChnavaJna nmoctpouM rpaduk dyHKUHH Y=~ , BHIYHCJIHB KOOPH-
HaTbl HECKOJbKHX €ro TOYeK.

x |—4] —2]—1
y | —1|—2|—4| 4 | 2 | 1

—
N
=N

I'papuk ¢yHKuHH y=%— runep6osa, BETBH KOTOPOH pacnoJo-
xenbl B | u B IIl uerBeprsix. UTo6bl NOCTPOUTHL TpapUK PYyHKUHH
y=%—2, HaJ0 CABHHYTb MOCTPOEHHBIH rpaduK HAa 2 eHHHIBl BHU3
(puc. 71).
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B camoMm pnedne, ecan A — y [
MPOM3BOJIbHASL TOYKa rpadu- =2

Ka (yHKUUH y=%, a B—

|
uids
ey
—

TouKa rpaduka PyHKUHH y=
4
y=-;—2, HMewlias Ty Xe

aGcuucey, TO OpIHHATA TOYKH a4
B na 2 meHbllle OpAHHATBI TOY- é’l

Ku A,

ITpumep 2. ITocTpoum rpa- -3 O] 1 ot X
¢uK GyHKUMH y=x__32 . CHa- // y
yaJia MoCTPOHUM rpaduK pyHK- A

IIHH y=T , BBIYHCJ/IUB KOOPp- -3

.\
]
<
1}

®
Y

NHHATHl HECKOJbKHX €r0 TOYEK
(cM. Tabauuy HHXe).

I'paduk pyHKunu y= —;
runep6bosia, BEeTBH KOTOpOH Puc. 72
pacnoJsioxesnsl Bo Il u B IV
yetBepTaX. Yr1o6bl nOCTpOUTH

-3 o
rpaduK QyHKUMH y=-—, Hal0 CABHHYTb NOCTPOEHHBIA rpaduk Ha
2 enuHHUBb BOpaBo (puc. 72).

x| —3 | —2 |{—15] —1 1 1,5 2 3
y 1 1,5 2 3 —3 | —2({—15] —1

B camom jene, eciin A — npou3BosibHAs TOuKa rpaduka ¢byHK-

x—2"'
opAuHaToil, To abcuucca ToYKH B Ha 2 Godbiue abcuuccel A.

-3 o
UHH Y =—, a B — Touka rpaduka PyHKUHH Y= c Tok Xxe

HHpumep 3. Tlocrpoum rpaduk QyHKIUH y=—x—_2r§—1.

2
CHauaJsia nocTpouM rpaduk QyHKUUH Y=, BHIYHCIIHB KOOPH-

HaTbl HECKOJIBKHX €ro ToOYeK.

x| —4 ] —2 ]—1 [—05] 05 ] 1 2 | 4
y | —05] —1|—2 ] —4] 4 | 2 I

I'paduk PyHkuuu y=—§-— runepbosia, BeTBH KOTOPOH pacnono-
xenbl B 1 u B III werBeprax (puc. 73). Uro6sl moctpoutp rpauk
PyHKUAH y=ﬁ—§-—1, HaJlo CABHHYTb MOCTpOeHHHH rpadHK Ha
3 enuHHUBl BJAEeBO W Ha | emgmnuuy BHM3 (cM. puc. 73).
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| y ‘
x=-3 R
| J,-2
4 \ y=x
1
O [
— -1 x
ha _9 y=_1
|
-3
2 \
y=z33 1
Puc. 73
Boo6i1e, uTo6bl OCTPOUTb rpaduk GPyHKUHH Y= p kx + Yo, HAOO

k
HNOCTPOHUTb FpapuK (PYHKLHUH Yy=-, 3aTeM CHayajla CHABUHYTb MO-

cTpoeHHBIH rpaduk Ha |xg| enunuu BmpaBo, eciu x>0, H BJEBO,
ecsid xy<< 0, noToMm Ha |y,| enuHU BBepX, ecau y,=>0, u BHU3, ecan
4<<O0.

Mpumep 4. Tloctpoum rpaduxk QyHKUHH y=2;__15.
Cuauasia npeoGpasyem ApoGb: 2;_—15 = ;_31 +2, nosTomy 3anaH-

: . —3
HYI0 QYHKLHIO MOXHO 3allMcaTb B BHIE y=;—_—l+2. Teneps mo-

—3
cTpouM rpadHK QyHKUUH Y=, BBIUMCIIHB KOOPJHHATH HECKOJIb-
KHX ero TOuYeK.

x| =3 —2 |—15] —1] 1 15 | 2 3
vy | 1 |15 2 | 8 | —3| —2|—15] —1

Fpajpuk dbynkuun y=_73— runepbosia, BeTBH KOTOpPOH pacno-
goxensl Bo II u B IV uerBeprax (puc. 74).
Yr1o6bl MOCTPOUTH IpadK GYHKIHH y=;__—31+2, HAaN0 CABHHYTb

NOCTPOEHHbIN rpaduk Ha | elHHHLY BOPAaBO H Ha 2 eIMHHIBI BBEpPX
(cMm. puc. 74).
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—
[ocrpoiite rpagpuk : vl l_ l
¢yskunn (609—611): x=1
6 .. 2D
609. a) y=—;+2; y=53 -
6) y=—2—2; + ? =2
X
_8 4 .
B) y=—7——-3; — P
8, o ‘ o
r) y=;+3; -3 Ol 1 — X
4
) y=——=;
{—4? 3 [
e) y= . : -3
610. a) y=-—5; T
—6 .
6) Yy=<13°
2 . Puc. 74
B) =51 —3;
r) y=—%+1; Vy= 1o o) y=—2 _o
Yy=5=T1o MY=532Ts Y=
_ 24 _—xtl
611. a) y= P ; 6) Y= ——5 >
241 __3x+2
B) Yy=——7": r) y= 7

2. Mocrpoenne rpadukos q)fji-lxuuﬁ,
coAepKalHX MOILYJH
B § 6 npuBenensl npuMepbl DOCTpoeHusi rpa¢pukoB PyHKUHH, CO-
depXKawux Moayau. PaccMOTpuM elle HeCKOJNbKO MpUMepoB.'
ITIpumep. 1. TlocTpoum rpa-

|
duK dyHKIHH y='—i—|—. y ! lel
D1a GyHKUMS onpeneseHa 1 Y=x
s awbbix xs%=0. Ilpu x>0 [
lx| __x _
uMeeM |x|=x #u -x—=—x-=1.
Ilpu x<<0 umeem (0] 1 x
— g X =x_ L
lx|=—xH —=—T= 1 0]
B rtouke x=0 o¢yHkuMA He
onpepieseHa, NO3TOMY HET TOY-
KM rpaguka ¢ abcuuccoii 0. Puc, 75
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a) y‘ 6 yA B) y‘

1 1 1
— T
ol 1 xl O] 1 x| Ol 1 /x
Puc. 76
Hrak, 1, eciu x>0,
y=1 —1, ecan x<<0,

He onpenecJjieH, eCJu x=0.

['paduxk byHKuUnH y=%l— u3o6paxen Ha pucyHke 75. Touku, He

npuHafJdexallue rpadguky, NoKasanol KPYyXKaMH.

Mpumep 2. Tloctpoum rpaduk dynkumn y=|x—1|4 x4 1]

Boipaxkenuss x— | U x4 1, cTosilMe NOA 3HaKOM MoAyJs, o6pa-
mwapoTca B HyJb B Toukax | U — 1 cooTBercTBeHHO. PaccMoTpuM
NAHHYI0 QYHKUHIO HAa YUCJIOBBIX NPOMEXYTKAX (— oco; — 1), [—1; 1]
u(l; 4 o0).

IMpu x>1 umeem |x— 1|+ |x+1=x—14+x+1=2x. padux
GyHkuuM y=2x npu x>1 uzo6paxeH Ha pHcyHxe 76, a.

Mpu —1<<x<<] umeem |x— 1|+ x4+ 1l=—x+14+x+1=2
I'paduk ¢yukuuyn y=2 npu — | < x< 1 uzobpaxeH Ha pucynke 76, 6.
MMpu x<<—1 umeem |[x—1|+|x+1|=—x4+1—x—1=—2x
I'paduk QyHKIMH y= — 2x npH x<< — | H306pakeH Ha PHCYHKe 76, 8.
Fpaduk pynkunu y=|x— 1|+
4 + lx+1| na Bceit ocn Ox uzo6pa-

JKeH Ha pHUCYHKe 77.

ITpumep 3. Tloctpoum rpaduk
dyuxkuun y= x| —2|.

Cuauaja nocTpouM rpaduk
oyuknun y=|x}| —2 (puc. 78, a).
[Mpu x>=2 n x<{ —2 BbIpaxeHHe

1 |x{ —2>0, nostomy Ilx]—2|=
> =|x| —2.
ol 1 x JTo 03HAYaeT, UTO NPH X =2 H

X< —2 rpapuk O yHKUHH Y=
= ||x] —2| coBnamaetr ¢ rpaduxom
Puc. 77 byukuun y= | x| —2.
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[Tpn —2<<x<C2 3HaueHHsn QYHKUHH y==|x| —2 OTpHUATEJbHBI,
a ¢yukiuusa y= || x| —2| npuHUMaeT NPOTUBOIOJONKHBIE HM TIOJOXKH-
TesibHble 3HavyeHHs. [loaToMy uacTh rpaduka, pacnosioXeHHYI0 Ha
pucyske 78, a Huxke ocH Ox, HaA0 CHMMETPHYHO OTPA3HUTb OTHOCH-
TesabHO 3TOH och Ox.

paduk dynkumu y=Ilx] —2| uso6paxen Ha pucytke 78, 6.

a) yL 6) > y‘

y=lx| -2 y=||xl -2l
I PN
Of|1 x ol 1 r
— -2
= 2t
Puc. 78

Boob6ule, nas nocrpoednss rpaduka ¢yHKuuH y=|f(x)| Hamo
yuYeCTh, UTO

[(x), ecnu [(x)>0,
f(x)=1 —f(x), ecan f(x)<0,
0, ecn f(x)=0.

[Toaromy npu nocrpoenun rpaduka ¢yHkuuu y=|f (x)| nago co-
XPaHUTh TOYKH rpaduka GyHKUMH y=](x), KOTOpbIe JIeKAT Bbille
ocu Ox unu Ha He#l, a TOUKM rpaduka OYHKUHH y=f(x), KOTOpBIE
Jgexar HUxe ocH Ox, CHMMeTPHYHO OTPa3uTh OTHOCHUTENBHO ocH Ox
(puc. 79).

i ek T =i

~ A/ _

x x

Puc. 79



a) y A 6) A

oo
e 2}

-

1 / i’;—)xz-mxl, \ ) y = ,152_2 Il
S TIONIA [ 1 0% 4 b | 4 %
| |
Puc. 80

Mpumep 4. Toctpoum rpapux GyHKIHHA y=x'—2|x|.
3aMeTHM, YTO NPY U3MEHEHHH 3HAKa apryMeHTa X Ha MPOTHBOMNO-
JOXKHBIH (QYHKUMA He H3MeHAeT 3Ha4yeHHs, TaK Kak

(—xP—2|—xl=2—2|xl.

10 o3Hauaer, uTo PyHKIMA y=x'—2 |x| sBAseTcA UeTHOH, ee
rpadMK cHMMeTpHueH oTHocurteabHo ocH Oy.

CHauasa noctpouM rpaduk Gynkuud y=x"—2 |x| pas x>=>0. B
5TOM cJaydae OyHKumio y=x’—2 |x| MOXHO 3anucaTb B BHIE

y=x"—2x. BepwunHa mnapaGoJbi y=x"—2x wumeer abciuccy
x0=-:2:——=—§—=1, BeTBM napa6osibl Halpas/jeHbl BBepPX, TakK Kak
a

a=1>0. OnpenenuM KOOPAMHATHI HECKOJbKHX TOYeK rpaduka.

T o0 11T 12131
y 10 [=i] 0] 3 |38

Ipapuk dynkunn y=x"—2 |x| ana x>0 nokasaH Ha PHCYyH-
ke 80, a. Teneph oTpa3uM MOJNYYeHHbIA I'PadUK OTHOCHTENBHO OCH
Oy wu nonyunM uckoMblit rpaduk (puc. 80, 6).

R
[Toctpofite rpadux ¢bynkuun (612—613):

612. a) y=|xl+x; 6) y=Ilxl—x;
B) y==x-1xl; r) y=|x—2] 4 |x+2};
1) y=Ixl—31; e) y=Illxl—2|—1};
K) y=x"—6|xl; 3) y=x"—4xl;

H) y=x—21x1—1 K) y=x2+2|x|—1',
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1) y=|FL—4x43];
H) y=|¥—4 |xl;
n) y=|24+2 x| —1|.

M) y=|x*—2 |xl;
0) y=I12—2 x| —1[;

613. a) y==-—2; 6) y= %_gl;
B) y=|—i,-—2; r) y= ﬁ—Ql;
) y—_-x__ﬁ?; e) y= %I;
X) y=-%; 3) y= %l;
n) y—xfl 2; K) y= xil —2|;
Ja) y=%—2; M) y= .%—I——QI.
614. lana ¢yHxuus f(x)=%:_—i. ITocTpoiite rpaduk yHKUHH:
a) y=Ff(x) 6) y=I1f(x)|;

B) y=[(lx|); r) y=If(lx])l.
3. YpaBHenHe npsAMoii, ypaBHEHHE OKPYKHOCTH

PaccmotpuM QyHKUHIO y=2x U HOKaXKeM, YTO ee rpaduK ecTh
npsiMas [, NpoxoAsilias uepe3 HAYaJo KOOpAHHAT M TOuky B (1; 2).
1) Ha pucynke 81 ormeueHa
Touka A (x; y) npsMoit [, uMenoas
MOJIOXKHUTENbHYI0 abCHHUCCY X. y‘ 21l
IIpoBenem uepes Toukn A u B
npsimble, napaJgJesnbHeie ocu Oy,
OHH nepecekyT ocb Ox B Toukax A,
u B,. Nmeem OB,=1, BB,=2,
OA,=x, AA,=y.
Tpeyronbuuku OBB, u QOAA,
HPSAAMOYToJibHblE, OHH KMEIT OOHIUH 2 /B(l;z
yron BOB, — rt.e. nogo6Hel 10
IBYM yTIJiaM; HX COOTBETCTBYIOIIHE

N
2
®
<
|

e
A em o e s e e e .

KaTeThl NPONOPIHOHAJbHBI: 1

AA, 04, gy  x

BB, 0B, "M =71> I

1 1 -
-1 O B,| Al k

orkyna y=2x. CJaenoBaTtenbHo, V4 ’ 1
Toyka A ecTb Touka rpaduka QyHk-
uuH y=2x. Puc. 81
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y 2) Ha puc. 82 Ha npamo# [ oTMede-
i Ha Touka A(x; y), y Koropoir x<<O.
/ Ho torpa y Hee H y<<0 u mosroMy

OB,—1, BB,=2,
OAX= — X, AA1='—y

1 Tpeyrosnbuuku OBB; u OAA, npsa-

MOYTOJIbHbIE, OHH HMEIT paBHble yrI-

A apl BOB, u AOA, (BepTHKaJ/bHbie).
P  ODTH TPEYroJbHHKH MOLOGHBI 1O ABYM

-1y Ol B, | x yraaM, HX COOTBETCTBYIOILHE KaTeThl

| NpPOMOPLLUOHAJNBHBI, TO €CThb

AA, OA, —y  —x

—_t =Y ..
| BB, 0B, MY" 73 T

OTKyla y=2x.

CunenoBaTenbHO, TOUKa A siBJseTcA
Toukoi rpaduka QyHKUHH y=2x.

3) Ecau y Touku A (x; y) abcuncca x=0, T0 Touka A ecTb Haua-
Jo xoopauHaT ¥ ee opaunara y=0. Ho Torna y=2x, nmoromy uro
0=2-0.

UTak, 110Ka3aHo, 4TO ec/aH Toyka A (X; y) NeXHUT Ha npsaMoi [, To
ee opAMHATa y paBHa 2x.

O6patHo: npu Ja06OM 3aLaHHOM X Touka A (x; 2x) JeXHT Ha
npaMoit L. 10 oueBHIHO, MOTOMY 4TO Ha NpsiMoil [ ecTb eHHCTBEH-
Hasi TouKa A (x; y) ¢ 3aLaHHON abcuuccolt X. ¥ 3TOH TOUKH, KakK Gbl-
JO A0OKAa3aHo Bbllle, y=2x.

HUrak, [ ecth rpaduk QyHKUHH y=2X.

AHaJIOTHYHO MOXKHO NOKa3aTb, 4uTo rpadukoM QyHKUHMH y=kX
SiBASEeTCA NpsMas, NPOXoJAsAulas Yyepe3 HauyaJl0o KOOPAHHAT H TOYKY
B (1; k).

JokaxeM Tenepb, UTO ypaBHeHHE

ax+by+c=0, (1)

rae a H b He paBHBI HYJIO OJHOBPEMEHHO (a®’ 4 b*=£0), sanaer B cu-
creMe KoopauHaT xOy HeKOTOpYylo IpsiMYIo.
B caMmoMm aeie, ecaun b0, To ypaBHeHHe (1) MOXHO nmepenucaTtob

B BHUIE

Puc. 82

y=—3x—%. (2)

Kak 6blio rnokasano B m. 6.3, rpapukoM (PyHKUHH, 3aJaHHOH
o a
ypaBHenHeM (2),siB/IsieTcsl NpAMast (31eCh YIJI0BO# KO3QOHUHEHT — —,

CBOOOJHBIA YJIEeH —%).
Ecan-xe b=0, 10 ypaBHeHWe (1) MOXHO 3am¥caTb B BHJe
ax+c=0.
186

Tak kak B paBeHcTBe (1) a4 b*5%0, To u3 yciuosus b=0 caeny-

er, uto a0. Torna ypaBHeHHe (1) MoXHO nepenHcaTh B BHIe
c
X=—=.
a
D10 ypaBHeHHe 3ajaeT npsamylo, napaJienbHyio och Oy ¥ nepe-
4
cekatoulyio ocb Ox B Touke -

Takum o6pa3oM, MOKa3aHo, 4To Ja060e ypaBHeHHe BHAa ax-+
+by+c=0 (a®+ b*+#0) 3anaer B cucTeMe kKoopaAHHAT xOy HEKOTO-
pYIO NpAMYIO. :

MoXHo 10Ka3aTb o6paTHoe, uTo Jiobas npaMas, 3ajlaHHasi B CH-
creme koopauHat xOy, MMeeT ypaBHeHHe BHIA

ax+by+c=0.

[TokaxeM Temepb, 4TO OKPYXHOCTb pajguyca R ¢ LeHTPOM
A{(a; b) B cucreme xoopauHat xOy 3anaercs ypaBHEHHEM

(x—af+(y—by'=R" (3)

[TycTb 3anana okpyxHocth paguyca R ¢ uenrpom A (a; b). Bo3nb-
MeM Ha OKpyxHocTH Touky M (x; y). U3 Kypca reomerpuu H3BecT-
HO, YTO paccTosiHue MexXAy ToukamM# A u M Buluucasiercs mo ¢op-
MyJie :

AM=\/(x—a)+(y—b).

KpajpaT 3TOro paccTrosiHusi paBeH KBajpaTy palnuyca OKpPYXHO-
cri: (x—al+(y—byP=R> (

Tak Kak M — npou3BOJIbHAS TOYKA OKPYXHOCTH, TO PaBeHCT-
B0 (3) BbimoaHsieTCH IS N106G0H TOYKH OKPYXKHOCTH.

MoxHo noka3atbh o6paTHoe: jgi0Goe ypaBHeHHe Buaa (3) B cucTe-
Me koopauHaT xOy 3agaer OKpYXKHOCTb paauyca R ¢ ueHtrpowm (a; b).

]

615. Jloxaxure, yTo rpapukoM QYHKLIHHM y=KRX B CHCTEME KOOp-
auHat xOy sABAsieTCA NpAMas, NPOXOAAlLAs Yepe3 TOUYKU
0(0; 0) u B(1; k). '

616. Hanuwure ypaBHeHHe NPAMOH, NPOXoAsilled dYepe3 TOUYKH:
a) A(2; 3) u B(4; b); 6) A(—5;, 0) uw B(0; 10).

617*. Hanuuiute ypaBHeHHe NPAMOH — CepeJUHHOrO NEpPNeHAHKY-
Asipa K oTpe3ky AB:
a) A(2;, 3) u B(4; b); 6) A(6; 0) u B(0; 3).

618*, Tokaxure, 4ro Ji06aa NpAMas B CHCTEMe Koogum{aT xOy
3ajaercsi ypaBHeHHeM BHAa ax-by+4c=0 (a’+b*£0).

619. HaHHXlHTe ypaBHeHHe OKPYXHOCTH paauyca R ¢ UeHT-
pom A:
a) A(3; 5), R=4;
B) A(3; 4), R=5.
[Mpoxoaut JH 3Ta OKPYXKHOCTb 4Yepe3 HayasJo KOOPAHHAT?

6) A(0; 6), R=5;
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Puc. 83

4. UcropuueckHe CBEAEHHS

[TapaGoay, KOTOPYI0 Mbl H3y4aJu B 3TOH
raaBe, 3HaJa eite Apxumen (287—212 rr. no
H. 3.) — BeJIMYaHIIMH# MaTeMaTHK H Mexa-
HuK [IpeBneit I'peunn. OH npumensa napa-
6oJy mpH pellileHHH psiia TPaKTHYECKHX 3a-
a4 B CYNOXOJACTBE W BOEHHOM JeJie.

Apxumeny, Hanpumep, noHano6HJI0Ch
BBIYUCJAHTh IUVIOMAAbL (PUIYPBl, OrpaHHYEH-
Holt napa6oJiofi M HEKOTOPOH ee Xoplo#
(puc. 83, a). Meto, KOTOpHIH OH NIpHMEHSI
p4d 3TOM, BIIOCJIEACTBHH yepe3 2 ThIC. JeT
LaJ OCHOBaHHe I/ PAa3BHTHSA BaXKHOH Ma-
TeMaTHYeCKOH HayKH — AH(p¢epeHIHalb-
HOr0 M HHTETPAJIbHOTO HCHHCJAEHHS.

ApxuMeq B CBOMX pacCyXJIeHHSIX He
1oJb30Bajc  cucTeMoil , kKoopauHat. OH
3HaJI, YTO HAa OoCH mMapaboJibl HMeeTcs 3aMe-
yaTedbHas TOYKa, Ha3biBaeMas HoKycom
napaboasi, KoTopas obsajaeT TeM CBOHCT-
BOM, YTO €CJlHi B Hee NOMECTHTb HCTOYHHK
cBeTa, TO JIYUH €ro, najamouide Ha mapa-
6oay, KoTOpylo 6yaeM CuUHTaTb 3epKaJjoM,
[ocJie OTpaXKeHHusl 0T Hero 06pasyloT Iy4okK
NpPAMBIX, YXOAAIIUX B OECKOHEYHOCTh Ma-
pannenbHo ocd napabogasl. Ecam ke cum-
TaTh, YTO MYYOK Jydeld, NapaJjejbHbiX OCH

) t T t napaboJibl, HanpuMep HAYIHX OT COJH-

Puc. 84 1a, nmajaetr Ha Hee, TOrAa OKaXeTcs, 4TO

BCE OTpa’keHHble JYYH HepecekyTcss B ¢o-

Kyce (puc. 83, 6). DTHM MOXHO BOCHOJIB30-

BaTbCsl Ha NPAaKTHKe AJA TOro, 4ro6bl CO34aTb B (POKyce BLICOKYIO

temneparypy. CyluecTByeT Jereiia o TOM, YTO ApXHMej cxker He-
HNPHATENbCKHH (JIOT MPH TMOMOILK 3a)XHraTeJbHBIX 3epKaJ.

Ha Takom xe 3¢ddekTe OCHOBAH NPHHLHI NeHCTBHA «runepoo-
Jouaa uHxKeHepa [apuHa» B ogHouMenHoM pomaHe A. H. Toscroro.

I. Tanunehn
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Caenyer TOJbKO 3aMeTHTb, UTO HA CaMOM JeJie PUGOP 3TOT HAOJKeEH
Ha3blBaThCsA Mapabo/iONAOM, TaK KaK ToJbkO Napabosa oGnajgaer
YKa3aHHbIM CBOHCTBOM, a.y runep6oJbl TaKoro CBOHCTBa HET.
Hranbsauckuit yuennii I'. [anunsieit (1564—1642), usyuasn cso6on-
HOe najieHue TeJ, NPHIIEJ K cJaelylolieMy pu3anueckoMy 3akony. I1a-
Japwas Ha 3eMJi MaTepuaanaﬂ Touka' aBHXKeETCA IO 3aKoHy

rAe S — MyThb (M), IPOfileHHbIH TOUKOH 32 BpeMsi naneuus ¢ (c), g —
ycKopeHue cBoGOAHOro nageHus (m/c?).

Oyukuns (1) ecTh yacTHbIA cayuaih GyHKUMK § = qaf? npn_‘a=i§—,
paccMaTpHBaeMod Ha MHOXeCTBe HeoTpHUaTeabHbIX !. Ee cxemartu-
YeCKMH rpaduk HM3o6paxKeH Ha puUCyHKe 84.

Honbayﬂ(:b q)opmy.non (1), MBI MOKeM BBIUHCJHTH NYTh S5 npoi-
JeHHbIH TOYKOH 3a JaHHOe BpeMs [,

O6patHo: no aanHomy sz>0 ompenenserca ¢ mo q)opmy.ne

t=\/3_5.
g

[Tonbsysice rpapukoM (cM. puc. 84), MBI MOXKEM OTpPeJe/HTb S MO f
U no s 6e3 BbIYHCJEHHH.

Ecau Ttouka mapana ¢ BbicoTbl H W AOCTHIJIA 3eMJH 3a BpeMmsi
T, 1o

H=sgl? n T="\/2,

3ameuanue [lpu nosyib30BaHHH TPAGHKOM, H306parKeHHBIM
Ha pHcyHKe 84, O6blj0 6bl OWHOKONH AyMaTh, YTO TOYKA ABHXKETCA HO
rpacduky. Hano cumtarb, uTo TOoYka asuxkercsa no ocu Os, T. e. ee
TpaeKkTopued sBaseTcss ochk Os. 'paguk nomoraer y3uartb, rjie Ha
ocu Os oHA HaXONMTCA B KaXX/Jbli HaHHbIHi MOMEHT BpPEMEHH I,

PaccMorpuMm eule oIuH npuMep IBHXKEHHS TeJa B [OJie 3€MHOIO
TATOTEHHS,

[lycte B Touke O MoBepXHOCTH 3€MJIH NPOU3OINEN BHICTPEJS H3
BHHTOBKY BBepx. [lyss Bhlneresa H3 Ay/1a BHAHTOBKH B MOMEHT Bpe-
mMenH t=0 co ckopocrtbio 800 m/c. ByaeM cuurath, 4TO NyJs ABH-
XKeTcsi B Ge3BO3AYIIHOM HpOCTpaHCTBe a yCcKOpeHHe CBOOOIHOTO
nafenusi npubanxkento pasHo 10 M/c’>. Hanpasum u3 Touku O Koop-
auHaTHY0 och Os BBepx. Torpa 3aKOH ABHXKEHHsI IYJH BhIpaXKaercs
byHKIHeR

s =800t — 52, (2)
rnpe s — koopaMHara nyau (M), ¢ — BpeMs (c).

! Tpeanonaraercs, 4o Tesio nafaeT B 6e3Bo3AylHOM npocTpancTse. s peas-
HOr0 NMajamnilero Teja Hajo0 ellle YYHTHIBATh CONPOTHBJIEHHE BO3yXa.
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Ecoy 6Bl CHJBI 36MHOTO NPHTSIXKEHUs He ObLIO, TO MyJf JeTeja % a®—a?b—ab®—2b° 4b* 4+ 116425
6bl BBEpDX pAaBHOMEDHO C COOOLIEHHOH €H CKOpPOCTbIO M 3aKOH ee 623*. a) a3+3a2b+3ab2+2b3; 6) 4b° Qb2+ 306—25
ABHXeHHs Obla 6b1 s =800f. Ho 61aronapa 3eMHOMY NPHTSXKEHHIO, 48 1 4
JefCTBYOLIEMY t?nns, B NpaBoii YaCTH paBeHCTBA (2) mosBJjsieTcs 624. a) — pwT torzt 71t 16’
BTOpPO#l uJieH gTzSt"’, B3ATHI# CO 3HAKOM «MHHYyc». B peasbHO#l 6) 1 _ 2
06CcTaHOBKe Hafo OblJIo Obl yUHTHIBATD elile CONPOTHBJEHHE BO3yXa. #4342 (x41) (F+5x+6)
Tak Kax 625. IIOKa)KHTe 4TO:
800t —5¢*= — 5 (1’ — 1605%-— EOE))“’(f?E 3030t+802)+32 000= a) x2>0 npn x=0; 6) xy>0 npu x>0, y>0;
To GyHKUHIO (2) MOKHO 3aNMHCATb B BHAE S= ——5(t~—80)2+32 000. B) —;>0 npu x>0, r) —-%<0 npH x>0.

BBeneM npsiMOYroJibHYW CHC-

s
: TeM]}é KoopauHaT t0s (puc. 85). [Tpu KaKUX YMCJIOBBIX 3HAUEHHAX X OIpeleJeHO BhIpaXKeHHe
Hell rpauKkoM ABUKEHHS 5
32000 NyJU SBJAAETCS YacTh napaGoJibl, (6261_628)' | ) .
N0y4eHHOH NapaJijieJbHbIM Iie- . _— : x . *
peHocoM napaboan y= — 5 626. 2) x4+17 6) x—1 B) 3x—1 r) 2x+5
TaK, YTO €¢ BepIIHHA €CTb TOYKa 627. a) 2 —14 6) 724 B) L—x+1
s (80; 32 000). ’ Ly’ 25—’ Prx—2’
M3 npuBeneHHoro Ha pHCYH- 1 . 2—7 | 5
Ke 85 cxematuueckoro rpacuka r) 2 _5x+6" 1) P _3x+4’ e) P—x43°
» - BH}ZL(I;O, qg(()) IpU BO3pacTaHuu f ., 5 s
t 80 t or 0 no pPaccTosiHkue § IMyJH 628. a) —— 6) —— B) o ;
0 160 J0 TOBEPXHOCTH 3€MJIH YyBeJH- ) #+3x+4 ) £4x+3 ) x+5
Puc. 85 yupaercsi or 0 g0 32000 m r) 3x—2 1) £—Tx—1 e) 92 —4x—1
(32 kM), 3aTeM Ha OTpe3Ke Bpe- £ —5x+6" 2x—72—8' 5x—3x241"

meHnu [80; 160] paccTosiAre nyJsin N0 3€MJIH yMEHbIIAETCS U B MOMEHT

629. Ynpocrure:
BpeMeHH {=160 ny/si CHOBA JOCTHraeT 3eMJIH.

a) V4+21V3; 6) V4—2V3; B) V3—2V2;
r) V3+2V2; 1) V17—4V13;  e) V174413 ;
%) V6+2V6; 3) V6—2V6; u) Vi2—2135 .

[okaxute crpaBeilHBOCTh paBencTsa (630—631):
630*. a) \/\/5—\/3— 29—12\6 =1;

) Vo2 \V5— Vi3t Ve =3 +1.
) 23 2+\/’\/—
V2 +VE+V6 2

6 _3(3\V2— 4)(3+\/‘+\/')
3+\/_ o

632. SIBnsieTcss JM KopHeM ypaBHenus x°—4x+2=0 uucio:
) —2—V2;  6) 24+V2;
B) 2—\/5; r) —2+\/-2_?

5. 3apanua AJis NOBTOPEHHsA

620. BroiuucianTe 3HaueHHe BbIPaKEHHA:
5 1, 25 3\ 12 .
a) 3TZ—IE.<76-§—477>-§,

1

9 9 . e 2
6) (61—6—25- 1 ﬁ)-0,56.0,75.6§.

Ynpoctute BhipaxeHue (621—624):

1 a—b a(a—by
621. a) a+b+a2——ab+b2_ a3+b3 ’
. 7 _ xy (x+2y)
A e N
@—5a46. a'—dat3 a'43a—4
622. a) a2+5a+4'2a2+3a+1 2a2—3a—-2

6) c3—8,(c—2_ 8c° )_c2+2c+4
c+3°\ 4 43¢/ 2(3—0)

631. a

’
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633.

634*,

635.

636*.

637.

638.
639.
640.

641.

642°.

643°.

644.

645°.
646.

647.
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Bepﬂo JH, YTO IIpH J1060M YHCJ0BOM 3HAYEHHH X BBINOJIHS-

eTcs HepaBeHCTBO x>+ 6x-+10>0?
[pH KaKHX YHCJOBbIX 3HAYEHHSIX M BHIpaXKeHHe

(2—m) P+ 2mx+1

ABJISIETCS NOJHbIM KBajapaTom?
MoerT JiM KBaJpaTHOe ypaBHEHHE ¢ PAllHOHAJIbHBIMH K03¢-
QHUUHEHTaMH HMETb CBOMMH KOPHSIMH 4YHCJA!

a)5n2+\V3; 6)\VZ n\5: 8)3—\2 u34+V2?

IIpu KakoM 4YMCJIOBOM 3HAUeHHH ! OMH U3 KOPHEH ypaBHe-
uns x°*— 12x+¢=0 sBaseTcs KBajpaTOM APYForo KOpHs?
[Ipy KakoM YHCJIOBOM 3HAUeHHH ! ypaBHeHHe

LHt{Et—1)x+9=0

UMeeT paBHbie KOPHH?

3anuwuTe KBajpaTHBIA Tpexu/eH, 3HaUueHHe KOTOPOro IpH
x=0 paBHo 3, npu x=1 paBHo 0, npu x=2 pasHo l.
3anuumuTe KBaApaTHbI TpexuseH, 3HaUeHHE KOTOPOro Mnpu
x=1 paBHo 1, npu x=2 paBHo 3, npu x=3 pasHo ll.
MoryT Jin ObiThb IeJbIMH YHCJIAMH KODHH [PHBEAEHHOrO
KBaApaTHOro ypaBHenus x’+px+qg=0, eciu p u ¢

a) ueJsible YHCIAA, 6) pauuoHa/bHbBIEe YHCJAA?
Pewinte ypaBHeHHe:

a) 1999x> —2001x+2=0;

6) (x—3)(x—4)(x—T7)(x—8)=12.

BepHo JiH yTBepxjeHue:

a) BCsikasi NpsiMasi IPONMOPLUHOHA/bHAS 3aBHCHMOCTD MEXy
nepeMEeHHbBIMH § U X eCTb JHHeHHasi QYyHKUHS Y OT X;

6) Bcsikas JuHelHass (YHKUHA ecThb IpsiMasi IPOMOPLHO-
HaJibHash 3aBUCHMOCTB?

B cocyn Hajauta pryTh. [laBieHue PTYTH Ha AHO COCyAa Bbl-
yhcasercs no ¢opmyne P=~k-H, rne H — BoicoTa cTon6a
prytH. Kakoii cMbic/l B JaHHOM c/yuae uMeeT Ko3pGuUHeHT
IPOMOPIHOHANBHOCTH K? :
CTOMMOCTb TOBapa MpSMO [IPONOPUHOHAJAbHA €ro KOJHYecT-
By. CoctaBbTe (OpMYJy 3aBHCHMOCTH MeX1y CTOHMOCTBIO
M KOJHYECTBOM TOBapa M YCTAHOBHTE CMBIC/] KO3(pQHIHEHTa
[ POTOPIHOHAJTBHOCTH.

Haxoasarcst i B TpsiMOll [PONOPLUMOHANLHOH 3aBHCHMOCTH
pOCT YesioBeKa M €ro BeC, POCT dYeJOBEKAa M ero Bo3pacrt?
3aBHCHMOCTh MEXAY AJUHON [ MeTa/IMYeCKOro CTepPXKHS U
ero Temnepatypoil ¢ Bbipaxaerca popmynoi [= I, (14 at),
rae l, — nauna storo crepxHa npu 0 °C, a — nocrosiHHas
Beanunna. Beipasure ¢ uepes [

a) Ypoxaii c | ra pased A (u/ra), nmomanp S (ra), macca
ypoxasi P (u). Beipasure 3aBucumocts Mexay A, S, P.

648

649.

650.

651.

652.

653*.

6) Hdannva okpyXHOCTH Koseca C, yucsio 060poToB KoJieca k,
NpoifeHHblH NyThb S. Bbipasure ¢GopMyJsod 3aBUCHMOCTD
mexnay C, k, s.
a) PesepByap o6bemom V HanoJsnsieTcs BOJO#H, HojgaBaeMoi
HacocoM 3a Bpems f, NPOKH3BOAHUTENbHOCTb Hacoca K. Bripa-
3ure dopmynol 3asucumocts Mexay V, ¢, K.
6) IlpunaB o6bemM pesepByapa 3a eIHUHHLY, Beipasute dop-
MyJiOf 3aBHCHMOCTb MEX/1y HPOHU3BOAMTENbHOCTbIO K HaCO-
ca, ¢ NOMOUIbIO KOTOPOTO HAaNOJHSETCH pe3epByap, BpeMme-
HeM HanoJjHeHus { U o6beMOM.
a) Bxaanuuk BHec B cOeperaTesbHblii 6aHK BkJaax A (p.)
noa K% ronosbix. Beipaaute popmynoil ero Bkiaa B uepes
I rop.
6) Boipasute ¢opMyJsioi 3aBHCHUMOCTb MeXAYy Maccoil m,
o6beMoM V u MJOTHOCTBIO p. 3aNUIIUTE COOTBETCTBYIOLIHE
dhopMyabl AJS KaXXN0H NepeMeHHOMH.
a) Ilpn nenennn 20 Ha 6 B uyacTHOM moJyuaerca 3, a B
ocTaTkKe 2. 3anuiuuTe COOTBETCTBYlOLee paBeHCTBO. Bripa-
3UTe KaKA0e 4YHCJAO H3 3TOF0 paBeHCTBa uepe3 Jpyrue.
6) Boipasute ¢opmynaoll 3aBUCHMOCTb MeX]Yy AEJIHUMBIM q,
JesiuTesneM b, 4acTHBIM ¢ # ocTaTKoM d. Bripasute kaxioe
YHCJO Yepe3 OCTaJbHble W3 3ToH (OPMYJIbI.
a) HasectHo, uTo npH x=2 ¢GyHKUHA y==3x-} b npUHUMaeT
3Hauende 8. Onpepesiute b.
6) HMaBecTHo, 4To rpaduk QYHKLUHUH y=Kkx— 2 NPOXOJHUT Ye-
pe3 Touky (—3; 7). Onpenenure k.
Hadbl nBe QyHKLHU:

y=3x—1 n y=02x42.
Onpenesiute, Npd KaKOM 3HaueHHH X 00e (QYHKIHH HMEIOT
OJHO H TO Xe 3Hayenue. [IpounstocTpupyiite peilueHue ¢ no-
MOILbIO rpaduka.
a) [TokaxXuTe, UTO KOOPAMHATHI BCEX TOUEK NPAMOW, NpoBe-
neHHol yepe3 toukH (0; a) u (— 1; 0), yaoB/aIeTBOPSIOT ypaB-
HeHHI0 y=ax-+a.
6) Hana dpyukuus y=Ax+ B, rne A u B — nanubie yncaa
(A0). Jokaxure, 4TO BCE TOUKH MNJOCKOCTH, KOOPAHHATHI
KOTOPBIX YIOBJETBOPAIOT JAaHHOMY PaBeHCTBY, MpHHajJexar

. . B
npsamMoi, nposejeHHo#l uepe3 Toukn (0; B) u (——71—; 0).

B) 3anuuiuTe ypaBHeHUe NPSIMOH, NIPOXoAslleli yepe3 TOYKH
(x5 41) 1 (%55 Yo), X 7 X

r) 3anuuiuTe ypaBHeHHe NPAMOH, Npoxoasiuieldl yepe3 TOYKY
(x;; ¥;), He IpHHAJJeXKaIlYylo ocH opauHaTt, u Touky (0; b).
1) 3anuiiuTe ypaBHeHHe MPSAMOH, HMeollel yrioBoH Ko3g-
¢uuneHT £k W npoxoasiieidl uyepe3 TOUKY (X;; 4).

e) 3anuiuuTe ypaBHeHUA MPSAMBIX, COJAepKaLIUX CTOPOHBI
KBajpara, AMATrOHAJH KOTOPOro MpHHAAJNEXKAT OCAM KOOp-
IHHAT U HUMeT AJAuHY 8.
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654.

655.

656*.

657.

658.

659.

660.

661.

662,

Jlnsi KakuX 3HaueHMH x 3HaueHuss QYHKUMH f=x-2:

a) TNOJIOKHUTENbHBL; 6) OTpHLIATEeNbHBI;

B) MeHblue b; r) 6oJbiue 3;

1) He MeHblue 4; e) Gosbiie 1, HO MeHblle 3;
X) Goarme —3, HO MeHblle I;

3) Gosabuie 0, HO MeHblie 7?

Kaxue yrJybl o6pasyoT rpapHkH QYyHKUMHA y=x U y= — X
¢ nosoxuresbHo#l noayocbio Ox? Kako# yron o6pasylor
rpaduku 3TuX GYHKUMH Mexny coboi?

a) [lpuBepurte npuMepbl JHHEHHbIX QYHKUMHA, TpaduKH KO-
TOpBIX MapaJjenbHbl. Uem orauyaTcs QopmyJibl, 3anaio-
mue 3TH QYHKUHH?

6) INpuBenure npuMepbl JUHeAHBIX QyHKUMH, rpaduku Ko-
TOpHIX 06Pas3yOT ¢ MOJNOXKHUTENbHOH mosiyocblo Ox yroa B
45°, 135°.

B) [Tpusenure npumepbl JHHeHHbIX QYHKUHH, rpadukn Ko- |

TOPBIX HePHEeHIAUKYISPHBDIL.
a) Fpadpux npsMoil MpPONOPUHMOHANBHOH 3aBMCHMOCTH pac-
nonoxen B I u II1 uerBeprax. Onpenenure 3Hak Kos3pdu-
IHeHTa NPAMOH MPONOPLHOHAJBHOH 3aBHCHMOCTH.

6) B kakux ueTBepTsiX pacno/ioXeH rpauk NpsaMo# mpo-
NOPUHMOHAJNbHOH 3aBHCHMOCTH, eciaH k>0, k<C0?

B) Kak pacnosioxen rpadux GyHKuMH y=~Fkx, ecin k=07
a) Ipaduk JuneiHON GYHKUHU y=kx-+b pacnosoxen B I,
II, III uerBeptsix. UTo MOXHO yTBepxkaaTh npo k u b?
6) Ecau b B popmyse y=*kx-+ b oTpunaTesbHO, TO B KaAKHX
YeTBEepPTAX MOXKeT ObITh pacroJoxeH rpadHk JHHeHAHOH GYHK-
uuu? Kakue moryr ObiTh cayuau? [lpuBeaute npumepsl.
Kak moxeT 6biTb pacnosioxeH rpapuk QyHKUHH y=*kx-b,
ecJy:

a) b>0 n |kl <1;
IlpuBenute npumepsl.
MarepuasbHas Touka ABHXKeTcA 1o ocH Os 10 3aKOHY:
a) s=2t43; 6) s=—2t43.

1) PaBHoMepHO iU ABHXKETCS TOYKa?

6) b<<O u |k|>1?

'2) B KakoM HampaBJieHHH OCH OHA JABHUKeTCS?

3) C kako#l CKOpOCTbIO JIBHXKETCA TOUKa?
4) I'ne HaxopuJach TOYKa B MOMeHT Bpemedun (=07

5). B kakoil MOMeHT BpeMeHH TO4YKa HAXOAHJIaCh B HYJAeBOM
touke (s=0)?

6) INocrtpoiite rpaduk ABHIKEHHSA MaTePHaJbHOH TOUKH B
cucreMe KoopauHat tOs.

Pasoriapuinch, BeJOCHIEIHCT €le€T B [OPy CO CKOPOCTbIO
v=10—2¢ (M/c), He paborasa negansimu. CKoJIbKO BpeMeHH
oH Oyner exaTh 0 MOJHOH ocTaHOBKH? IlpowmstiocTpupyfite
0oTBeT IpaHKOM.

TloctpofiTe rpaduk ¢GyHKUHH:

a) y=3;, 6) y=—x B) y=05x+5;

r) y=—4—x.

663.

664.

665.

666.

667.

668.

669.

670.

671.

672.

673*.
674*.

[Mocrpoiite rpapuxk GyHKUHH M onpenesuTe KOOPAHHAThHI
TOUKH, B KOTOpPO# rpaduK nepecekaer ochb X

a) y=3x+2; 6) y=3x—2; B) y=x+3;
r) y=—x+2; 1) y=0,5x—4; e) y=5—3x.
Kakye M3 NocTpoeHHBIX NPAMBIX NapaJsiie/bHbl?

[Monbsysick rpadukom ¢GyHKUHH y=x, nocrpoiite rpadpuk
PYHKLUUH:

a) y=3x; 6) y=10,3x; B) y= —2x.
IToctpoiite rpaduxk dynxkuun:

a) y=ux, 6) y=lxl; B) y=—|x|; r) y=0.
YKaKuTe NpPOMEXYTKH Bo3pacTaHHs (yOniBaHHsi) ¢YHK-
LUH:

a) y=x—2; 6) y=—2x+3;

B) y=2(x+1) r) y=3x—7(x—4),

n) y=Ilxl; e) y= —|x|.

HanumuTe ypaBHenue npsmoii, npoxoasiuei yepe3 Hauajo
KOOpJIHHAT H TOUKY:

a) B(1; 1,5) 6) B(l; —3) B) B(1; —0,5).
Hanuwurte ypabHeHHe npsiMoH, npoxonsiuell uyepe3 TOUKY
(0; 3) u napaanenbHoit npsmMoi:

a) y=2x; 6) y=2x—1;

B) y=1,6x—1; r) y=—x-+42.

Fpaguk kako#l NuHeHAHOH QYHKIUH NPOXOAHT yYepe3 TOUKH:
a) A(2; 6) u B(6; 10); 6) A(2; 5) u B(3; 7);

B) A(3; 3) u B(5; 1) ry A(—1; 2) u B(2, —7)
Hanuwmmnre ypaBHeHHe npsiMoil, npoxoasiuieil yepes TOUKH:
a) (2, 1) u (1; O} 6) (15 2) u (3; 4%

B) (0; 2) u (1; 0); 1) (—12)n (2 —1)

a) (0; 0) m (—3; —3); e) (I, —2) u (—3; —5).
Hokaxure, uto GyHKOHA: ‘
a) y=2x Bospacraloiias;

6) y= —%x y6piBalouias;

B) y=23x" Bospacraiomas npu x>0;

r) y= —x* y6uiBaomas npu x>=0.

a) Pacnojioxure 3HaueHusi GYHKIHMH y= x* B MOPAAKE BO3-
pacranus: y(—4), y(5,1), y(4,1), y(0,5), y(0).

6) Pacniosioxute 3Hauenuss GpyHKUMHM y==x° B MOpsifKe yObi-

BaHUS: Y (—%) y(—03),y (%), y(0,27), y(—0,(3)), y (%)

SIBnsieTcss Ju GyHKUHUSA y=3-—§+5 JUHEHHON?

[Toctpoiite rpaduk yHKUHH y=—f—:ll.
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Puc. 86

675. Ha pucynke 86 n306pakeH rpadHK KBaipaTHUHOHA QYyHKIHU
y=ax’*+bx-+c. Onpenenure a, b, c.

676. Tlo rpaduky GpyHkuuH y=ax’+ bx+ ¢ onpelennTe 3HaKH a,
b, ¢ (puc. 87).

a)

677.

196

Puc. 87

JlBe MaTepHa/ibHbie TOYKM IBHXKYyTca mo ockh Os no 3a-
KOHaM:

a) s=2t4+4 u s=4¢

B) s=2t+1 u s=2{43.
Berpersitest Jid 3T ToukH? EcaM na, To B KaKod MOMEHT
Bpemenu? Hapucyiite rpaduky IBHXEHHS H C MX NOMOLILIO
NOSICHHTE TOJYYeHHble pe3yJibTaThl.

6) s=2t+1 u s=—143;

678.
679.

680%.

681*.

682*.

683*.

684*.

685.

686.

687.

688.

689.

690.

Peuwnte ypaBHenune (678—679):

a) ¥*=4; 6) ¥=1; B) F*=3; 1) £=5.
a) X¥*=2—x; 6) ¥=x—38; (
B) X*+2x4+1=0; r) £—x—2=0;

Onpenenute ¢ nomouibio rpaduka 3HaueHHs X, AJs KOTO-
PBIX BBIMOJIHSETCA HEPaBEHCTRBO:

a) ¥>9; 6) > —5; B) ¥>=3;

r) £<<—3; 1) ©<0; e) <4

X) X>2x; 3) X< x; n) *<2x41.
[ocTpoiite rpaduk GyHKuHH:

a) y=\|x| (x+2) 6) y—xlx—|—2|

Onpegesnute ¢ noMmouiblo rpaduKa 3HaYeHHS X, AJd KOTO-
prX BBIIOJIHAETCS PAaBEHCTBO:

a) o=k 6)3=1; 8 _=4
Hocrpoﬁre rpaduk q)yHKunu (683 684):

1 I 3
a)y=-: 6)y=—7:; B8 y=?': ") y=—1a
1 1
a) y=—-+1 6) y=7—2
1 —1
B) y=2——; r) y="—.

Haiinure paccrosiuve Mexay To4Kamu:

a) A(l; 2) u B(l; —8), 6) A(L; 2) u B(—6; 2);
B) A(l; 2) u B(2; 5); r) A(l; 2) u B(—2; —5)
Hanuiuure ypaBHeHHe OKPYXHOCTH paauyca AB ¢ ueHT-
pom A:

a) A(—2; 1) u B(L; 5) 6) A(l
3adaua Esxkauda. JlokaKuTe paBeHCTBO

N/ l o » a-|;r\/a2—'b a—Va?—b
3adaua Apxumeda. CrpaBeiuBO M HEPABEHCTBO

2656 /_ 1351
153 <

; 5) u B(—2; 1).

Crapunnas 3adaua (dpesnui BaBu/lOH). Haiitn pnuny me-
CTa, CHaua/ja BePTHKAJbHO NPHUCIOHEHHOTrO K CTEHe, 3aTeM
CMELIEHHOr0 TaK, UTO €ro BEPXHHH KOHell OMyCTH/CA Ha
3 JNIOKTs, a HHXKHHMH OTCTYNHJ OT CTeHbl Ha 9 JioKTel.
Cmpul-maﬂ sadaua ([pesnuii Basuaon, ok. 1950 e. do . 3.).
[Tnomwane A, cocrosmas H3 mJjouajgeil AByX KBaapaToB,
pasna 1000. CTopoHa 0ZHOrO H3 KBAaJAp4aTOB COCTaBJASET
yMeHblleHHble Ha 10 f1Be TpeTH CTOPOHBI IPyroro KBaapara.
KakoBbl CTOpOHBI KBagpaToB?
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3adaua Apuabxaror (476 — ok. 550). [IBa nnua umeioT
paBHble KamuTaJbl, IPHYEM KaX bl COCTOMT W3 H3BECTHOTO
yucaa Belllel OAMHAKOBOM CTOMMOCTH M M3BECTHOrO 4HcCJaa
moHeT. Ho XKaK uHc/o Bellled, TAK H CYMMbl JIEHEr y KaxXJa0ro
pa3nuunbl. KakoBa UEHHOCTh BellH?

Ykaszanne Cunuraiite, 4TO y NepBoro Jnua a peulei u b
MOHET, a y BTOPOTO JiuLia ¢ BelleH n d MOHeT (as~C H b=~=d).
3adaua bBesy. Tlo koHTpakTy paGOTHMKaM IpHYUTAETCA
48 ¢ppankoB 32 Kaxabii oTpaboTaHHbIA JeHb, 3 32 KaKAbl#
HeoTPaGoOTaHHbIA J€Hb C HHX BbIYHTAETCH 110 12 ¢paunkos.
Uepes 30 nHe#l BBLIACHUIOCH, 4TO PaGOTHHKAaM HHYero He
npuuntaercs. CKOJMbKO AHed OHH OTPaboTa/iH B TeueHHe
stux 30 nHei?

OpuH MacTep OKJEHT KOMHATy 0G0osMM 3a a 4, a npyroi —
3a b u. Ecau xe onu 6yayTt paboTath BMeCTe, TO IPOH3BOJH-
TeJBHOCTb paboThl KaXKA0ro MOBLICHUTCA Ha p%. 33 CKOJIbKO
YacoB OHH OKJIEeSIT KOMHaTy, paboras BMecTe, eCJu.

a) a=6, b=4, p=20; 6) a=3, b=7, p=40?
OnuH paGOTHHK MOXKeT BbIPHITb KOJOfel 3a a 1uel, Apy-
roit — 3a b aneil. Ecau xe onn OyayT paboraTh BMeCTe, TO
NPOM3BOAMTENBHOCTE PabOThl KAXA0TO NOBBICHTCS Ha p% n
OHH BBIPOIOT KoJiofell 3a ¢ Anell. Ha CKOJIBKO HPOUEHTOB 110~
BBLIIAETCS MPOA3BOAUTENLHOCTh TPYA KaXKAOro paboTHHKA
npH coBMecTHoH paGore, ecan:

a) a=15, b=10, c=4; 6) a=21, b=28, c=8?
Tosie pa3aesneno Ha 3 yyacTKa. 3a feHb OblaH BCMaxaHbl 110-

3 o
JIOBHHA TEPBOr0 y4acTKa, -— BTOPOro y4acTKa, a TPeTuH, co-

CTaBASIOIME 4YeTBEPTYI0 4acTb Bcero noJs, Obl1 BCMaxa
noNHOCTbI0. BenaxaHHble 3a AeHb nJouiaiH B 2 pasa GoJb-
e nJowany BToporo yuactka. Kakyiwo uacTb njaoumain noJs
COCTaBJsieT MJOUIAAb, BCIAXaHHas 33 HeHb?

Tpu TpakTOpHHle Opuraibl BMecCTe BCIaXMBAWT [0J€ 323
4 fusi. TO Xe noJe neppas U BTopas 6purajabl BMecTe BCna-
XMBAIOT 3a 6 NHell, mepBas U TpeTbs BMecTe — 3a 8 nHei. Bo
CKOJIBKO pa3 Gosibllle BCIaxHBaeT B JeHb BTopas OpHrana,
YyeM TpeTbsi? ’
Uucao 20 npeacTaBbTe B BHAE CyMMbl ABYX C/iaraeMbiX Tak,
yT06bl WX MPOM3BEJEHHE 0Ka3asoCh HAKGOJbLINM.
Haiigure uucao, KOTOpoe 1aeT HAUMEHbUYIo CyMMY CO CBO-
HM KBaJpaToMm,

UYucsio 18 npeacrasbTe B BHAE CyMMbl ABYX CJaraembix Tak,
yTo6bI CyMMa YABOEHHOrO MepBOro W3 HUX W KBajapara BTO-
poro Gbl1a HauMeHbLIEH.

Yucao 16 npeacraBbTe B BHIe CYMMbl BYX C/laraembix Tak,
4T06Bl CyMMa Ky6OB 3THX C/araeMblX 0Ka3ajach HaUMEHbIIEH.
[Tpososioka aJauHoit 100 cM corsyra Tak, uTO MOJYy4HJCA
MpSIMOYTOJbHHK HaHO0JIbllell BO3ZMOXHOH MJIOLLANH. Onpe-
JeJIHTe €ro pasMephl.

702*.

703*.

704*.

705%,

706.

707.

708.

709.

710.

711.

[IpoBosioka anuHO# 12 AM COrHYTa MOA MPSIMBIM YIJIOM TakK,
YTO NJaoUlafb KBajapara, NOCTPOEHHOTO Ha BOOOGparkaeMoi
THIIOTEHY3€, OKa3ajach HauMeHbuied. OnpenesnTe CTOPOHBI
NOJYYEHHOTO MPAMOro yrJaa.

B paBHOGenpeHHBIH TPeyrosibHUK ¢ ocHoBanHeM 20 CM H Bhi-
c0T9ﬁ 14 cM BrHCcaH NpPAMOYro/MbHUK HauGosbliedl nJomLa .
Hajfinure miowmanb 3Toro mpsiMoyrojbHHKA.

CeueHue TyHHesiss uMeeT (GOpMY NPSIMOYrOJBHHKA, CBEPXY
3aBepuieHHOro noaykpyrom (puc. 88). Ilepumerp ceuenus

18 M. [Ipn KakoM paauyce HOJYKpYyra ceueHUe TyHHeIs HaH-
6oJibliiee?

A
20 km g
L}. 90° ¢
Puc. 88 Puc. 89

M3 nynkroB A n B (pHc. 89), paccTosiHHe MeX1y KOTOPbIMH
20 kM, BBILIJIH OJHOBPEMEHHO B YKA3aHHbIX HalpaBJeHHAX
aBa newexoaa. CKopocTh mnewexoga, BblLIEALIEro M3 MyHK-
Ta A, 4 KM/4, 2 CKOPOCTb MeLIeX0Aa, BbIIEAWEro U3 MyHK-
Ta B, 6 KkM/u. Uepea Kakoe BpeMsi pacCTOsiHHE MeXAy HUMH
CTaHEeT HAUMEHbIIUM? ‘

KaxkuM yc/IOBHSIM JOJIKHBI yNOBJETBOPATh yMcaa a, b u c,
4T06bl KBaApaTHUHasi QYHKUUS y=ax’+bx-+c nmena:
a) MOJIOXKHTeJbHble 3HAYEeHUs NpPH JIO6GBIX X;

6) Haunbogbliee 3HauyeHHe?

[ipy kakom ycnoBHH rpadHK KBaApaTHUHOH (YHKUUH
y=ax+bx+c nepecexkaer ocb Ox B TOUKax, aGCLUMCCHI KO-
TOPBIX AABJSIOTCH NPOTHBONOJOXHBIMH UHCJAAMH?
Onpenenure 3Hak uuciaa a B GopmyJie KBaapaTHYHOR PYHK-

win y=ax’+bx+c, ectu y,>y, npu x2>x1>——b—, rie

2a
Y, M Yo — 3HaueHus1 GPYHKUHH B TOUKAX X, H X,.
Hanwnmure ypaBHenHe Kako#-Jqu60 napa6osbl, NpoxXoasilei

yepe3 JBe TOUKH: <%, 0) H (4; 0).

KakuM yc/0BHAM L0JKHbI YI0BJETBOPATh YHcaa a, b u c,
yToOLI Napabosia y=ax’+ ¢ ¥ NpsMas y= — bx UMeJH IBe
obline TOYKH?

Hanuwure ypasuenue Kakoii-n1u6o napabodab y=ax’+
+bx+ ¢, npoxoasiel Yepe3 Haua/ 0 KOOPAMHAT, IPH YCAO-
BHH, YTO UHCJIO — 2 SBJSETCH KODHEM KBaJpaTHOrO Tpex-
wiena ax*+4bx4c (a, b 0 ¢ — wenble uucaa).
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Kak pacnosioxeH B KoopaHHaTHOH niockocTH xOy rpaduk
dyukunn y=lax* 4+ bx| +c¢, ecau b*—4ac>0, a<<0, b <0,
¢>0? Tloctpoiite cxemaTnueckd rpaduk yHKUHMH.

Ha pucynke 90 n3o6paxen rpadpuk KBaapaTHYHOW GYHKLUHH
y=ax’+bx—+c. Kakne 3HaueHuss MOTYT IIDUHMMATb YHKCJA
a, b uc?

a) 6)
y y
A A,
34+
1+ 1+
——
o] 1 x 2 0] 12V x
Puc. 90

Ha pucyuke 91 n3o6pakenbt rpa@HKu KBaApaTHUHbIX QYHK-

HHA. YKaHTe PHCYHOK, Y/AOBJAETBOPSIOWHA YCJAOBHIO:

a) D>0, a<<(; 6) D>0, a>0; B) D=0, a<<0;
r) D<0, a>0; 1) D<<0, a<<0; e) D=0, a>0.
D — AHCKPUMHHAHT, @ — KO3(PQHUHEHT NpU cTapuieM ujeHe
KBaJpaTHOro TpexujeHa ax’—+bx+c.

a) 6) | B)

715.

716.

717.

718,

719.

720°,

721.

722.

723.

724,

Ha#inute oTHolIeHue:

a) 18 k 36; 6) 24 k 12; B) 42 Kk 56;
r) 36 k 24; 1) 0,3 k 0,12; e) 2k 22
Haiigute oTHOowmeHUe:

a) I km k 1 ™; 6) 1 rkl kn

B) I u kK 1 mun; r) I km® x 1 ra.

3anuuwnTe B BUOE MPONOPUHU:

a) 3 orHocutca K b Kak 9 orHocutcs K 15;

6) 7,2 otHocuTca K 3 kak 1,2 orHocurcsa x 0,5;

B) 12 Bo ckosbko pa3 Goabuie 4, BO CKOJbKO pa3 48 GoJib-
we 16;

r) 8 Bo cKoJbKO pa3 OGoJabwie 7, BO CKOJbKO pas 4
6onblue 3,5.

MOXHO JIM COCTaBUTb MPOMOPLHI0 M3 OTHOLIEHMI:

a) 20:10 u 10:5; 6) 1:3 u 15:5

B) 11:2 u 1,1:0,2; r) %:3 H 2:12?
BepHo .14 paBeHCTBO:

9 18 . 129, .
a) -g=—16, 6) 4.13—2.6,5,
a2l 002 4
B) 7.3—?, F) T—m
MoOXHO JIH COCTABUTH NPpONOPpUHIO H3 YHCEJ:
a) 1, 2, 3, 6, 6) 7, 6, 2, 21;
B) 2, 18, 6, 6; r) 3, 40, 20, 6?

K npauHO# Tpofike uucen nogbepuTe Takoe YETBEPTOE YHUCJIO,
yTo6bl 3TH 4YHcJaa MOTMM 06pasoBaTh MPONOPUHIO:

a) 2, 3, b; 6) 7, 2, 8

B) 10, 1000, 1; r) 7, 5, 3.

CKo/bKO pelleHuil uMeeT 3ajaua?

3aMeHuTe oTHOLIEHHE APOOHBIX YHCEJ PABHBIM €My OTHOLIE-
HHEM LeJIbIX YHCeJ:

02 17 1,21 0,0001 _
2) o5 6) o5 )oos: D) Top

1.1, 2.0 5 2.4, .4
) T e) 3.0,5, X) 37 3) 1’2'3‘

OcraHeTcst il BEPHOH NPONOPLUHS, €CJAH YMHOXHTb Ha OIHO
H TO e OTJHYHOE OT HYJS UHCJ0:

a) o6a KpalHMX YJ/€eHa;

6) o6a cpenHHX uJjeHa?

PaBeHCTBO nmpou3BeleHUN 3aMeHUTe MPOMNOPLHUEN:

a) 16-3=2.24; 6) 3-8=4-6;

B) 250-8=2-1000; r) 144-3=16-27.
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725. Haliante Hen3BeCTHbIH uJjieH NPONOPUHH:
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726.

727,

728.

729.

730.

731.

732.

733.

734.

735.

a) x:5=7:10; 6) x:9=5:3; B) x:12==;
o1, X _o.q. X __1.r.
r) x.2—§, ) 4——2.3, e) 7—1.5,
2 1 8 11 B4
X) T=7%; ) 3=73 =%
17 2 x 13 8 x
)?_? )W 121" 5 10
PeUJHTe ypaBHeHHe:
2x .. 5 X4
a) 2X=7:5 6) 2=1:13; B) $:4=9:1;
25 .14 3x__ 7. 4x 2
2 —05:14 1) F=q; ) =2,
02 5 . 16 24 W 12 48
X) 2 =1s> 3) 3 =% 51 17x°

Onpenenure maciitab, ecin 1 cM Ha uepTexe COOTBETCTBY-
er 10 M Ha MeCTHOCTH.

Onpenennre AJHHY OTpe3Ka, H3o6paxaluiero Ha reorpagu-
yecKoM KapTe 1IOCCelHY0 AOPOTY MeXiy ABYMs TOPOAAMH,
ecJH Ha MeCTHOCTH AJHMHA 3Toro wocce paBHa 200 kM, a
MaciiTal KaprThi:
a) 1:1000000;
B) 1:200 000; r) 1:20 000 000.

Macmwra6 kaptei 1:50000. Omnpeaenure paccTofHude Ha
MECTHOCTH, €CJI¥ Ha KapTe ero uaobpakaeTt 0TPe30K AJTHHOM:
ay 5 cwm; 6) 2,2 cwm; B) 37 Mwm; r) 1,2 nm.
M3o06pasute ropu30oHTaJbHBIMH OTPE3KAMH JJIHHY YJHIbI B
400 M, 350 M, 275 M, npunumas 1 cm 3a 50 M. B kakom
Mmaciutafe ciaejaH ueprex?

H306pasute BepTHKAJbHBIMH OTPE3KAMH BbBICOTY JA0OMa B
40 M, 60 M, 35 M, npunumasi 2 cM 32 10 m. B Kakom Macuira-
6e cnenaH uepTex?

JauHa goMa Ha naaHe, Macwral koroporo 1:250, pasha
6 cm. Halinure peanbHylo LJuHY A0Ma.

HdnuHa mkoabHoro 3nanus 60 m. Hafiaure anuny srtoro saa-
HHSl Ha NJaHe, | CM KOTOPOro COOTBETCTBYeT & M.
Havna wocceitnolt poporn Mocksa — Cankr-IleTepOypr
725 kM. Hajigure anuny 3Tofi 1oporu Ha KapTe ¢ Mamrabom
1:5 000 000.

a) Onpenesure 2% or 12.

6) CKOJIbKO MPOLEHTOB COCTaBAAIT 3 p. oTf 15 p.?

B) Haiinure uncno, 8% kKoroporo pashbl 32.

r) Ha ckosibko npouentoB 5 Gosblie, yem 4?

1) Ha ckoasko npouentoB 8 meHbiue, uem 107

6) 1:5 000 000;

736.

737.
738.

739.

740.

741.

e) CKoJbKO mpoueHToB cocraBiasier 1 u ot 1 1?
*) CKoJIbKO TpoueHTOB cocraBaser 3,75 ot 7,5?
3) Haiiaute umcao x, eciu 12,5% ot x pasuo 25.
n) Yucao 0,125 Bbipasute B npoueHTax.

K) 1,5% 3ameHHTe NecATHYHOH npobbio.

a) Haiigute 25% ot 840.

M) Kakoe uucio menbme 20 na 20%?

1
Bripasute B npouentax apobn 3

Yto Goabiue: 5% ot 40 uau 40% or 5?

Knura npopana co ckuakoit 10% 3a 2 p. 70 k. Cxosbko cTO-
U1a Ta KHUTa OO0 CHUXKEHHUs UeHbI?

a) 3aBoa BeinyctHa 1260 mMotopos BMecto 1200 mo naany.
Ha cKo/IbKO NMpouleHTOB 3aBOJ NEPEBLINOJHNA IJaH?

6) PaGounii no naany nosiked Gbig u3roroBuTs 800 gera-
Jiell, HO OH MepeBbINoAHUA MaaH Ha 5%. CKoJbKO neTaﬂeu
U3rOTOBHJ Pabouuii?

B) B kjacce no cnucky 40 yueHuKoB, 4 ceromus OTcyTCTBy-
10T. KakoB NMpoLeHT noceuiaeMoCcTH CEeromHs?

r) Kak npoule Haiitu 335-% OT uucJja?

2
A) Kakyo uacThb umMcsa COCTaBJSIOT 66§ %?

e) Ecau Kk HekoTopoMy uucny npu6aButh ero 10%, To noay-
yurca 330. Haitaure sto uucao.

x) TpaBa npu Bbichixanuu tepsier 80% cBoel Macchl.
CKOJIBKO ceHa IoJyuuTcs ¢ Jyra muoutaabio 10 ra, ecau c
OJHOTO IeKTapa HaKallHBalOT B cpeaHeM 6 T TpaBbl?

a) HMaBecrtHo, uto HOpMa BeipaGoTKu 3a Mecsi (25 cmen) co-
craBasier 2000 geraseil. Onpenenure HOpMY BBIPaGOTKH 3a
0Hy cMeHy (6 4) U HOPMY BpEeMEHH Ha OJHY J€TaJb.

6) HaBectHo, uTo HOpMa BpeMeHH Ha 06paGoTKy ORHON Ae-
taau 30 Mun., Haiigure HopMy BboipabGOTKH 3a cmeHy (6 4) n
3a Mmecsal (25 cMen).

B) CamoJsier noaHsajacsi Ha Bbicoty 8 KM 3a 20 mMuH. MoxHo
JIH yKa3aTh, Ha KAKYI0 BbICOTY CaMoOJieT NOJAHUMETCA 3a 5 4?
r) YueHuk MeTHyJ cnopTHBHOoe konbe Ha 30 M. Konbe BecHT
0,4 kr. MoXHO /11 y3HaTb, Ha KAKOE PACCTOSIHME METHET yue-
HHK Kombe BecoM 0,2 kr?

n) Tlauka raserno#i 6ymaru B 500 JTHCTOB HMeeT BbICOTY
5 cm. Kakoil BHICOTH MOJYUATCH Mayka U3 | MJIH TaKHX JH-
CTOB?

a) Ha 15 aBromaluHax ofiMHAKOBO# FPy30NOJbEMHOCTH [10-
cTtaBuJH Ha syeBatop 90 T 3epHa. CKOJIbKO HYKHO TaKHX
MalKH, 4ToObl AOCTAaBHUTb Ha 3jeBatop 186 T 3epua?

6) B 1 kr pacrBopa comepxurcs 40 r cosu. CKoAbKO coJin
conepxkutcs B 350 r storo pacrtsopa?
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742.

743.

744.

745.

746.

747.

B) B 5 a1 pacrBopa comepxutca 80 r conn. CKOABKO COJH
conepxutcs B 4,2 1 Takoro ke pacrsopa’

Puc coaepxur 75% xpaxmana, a saumenb — 60%.

a) CKOJILKO HYXHO B3fITb pHca, YTOOBl NOJYUYHTb CTOJLKO
e Kpaxmasa, CKOJIbKO CONepIKUTCS ero B 6 Kr suMmeHs?
6) CKOJIbKO HY>KHO B3SITh fIYMeHS, YTOOBI MOJTYYHTb CTOJNBKO
JKe KpaxmaJa, CKOJbKO ero cofepxurcs B 8 kr puca?

a) Omnpenenute BHICOTY AepeBa, €CJAH H3BECTHO, UTO AJMHA
TeHH OT 3TOro fAepeBa paBHa 20 M, a AJHHA TEHH OT MeTPO-
BOro uiecra pasHa 1,4 M (M3MepeHHs IPOBeJeHbl ONHOBpe-
MEHHO).

6) KakoBa mnnHa TeHU OT AepeBa BhicoToH 12 M, ecau ot
ABYXMETPOBOTO iecta oT6pachiBaeTcs TeHb AJuHOH 1,5 M?
a) B ¢opMmyje paBHOMEpPHOro NPSMOAHHEHHOrO ABHXKEHMA
BbipAa3uTe BpeMsl yepe3 paccTosHHe H cKopocTh. Kak Hame-
HUTCS BPEMS JIBUKEHHS, eCJIH PACCTOSIHHE OCTaHeTCH Npex-
HHM, 2 CKOPOCTb YBeJIMUHTCA B 3 pa3a, B O pas; yMeHbUIATCH
B 2 pasa, B 1,0 pasa?

6) Pa6ouemy neo6xonuMo u3rotoButb 200 nerasei. 3amnu-
wuTe GOpPMyJay 3aBHCHMOCTH BPEMEHH BbIIIOJIHEHHS 3aKa3a
OT NMPOHU3BOAUTENBHOCTH TPYZAa (KOJIHYECTBO JAeTaJiel, H3ro-
TOBJSIEMbIX B eHHHILY BpeMeHH). Kak H3MeHUTCS BpeMs Bbl-
HoJTHeHHs pa6oThbl, €CJK IPOM3BOAUTEIbHOCTL TPYAd yBe/HU-
yurca B 1,2 pasa, B 1,4 pasa, B 2 pasa?

a) Ha usrorosiiende ogHo# aeTanyu paboude CTaju 3aTpayH-
Bath 8 muH BMecto 20 MuUH. CKOJbKO fAeTaJsiedl H3[OTOBUT
Gpuraja 3a CMeHy, eC/ld paHbile oHa Bbinyckaaa 120 npera-
seil? Ha CKOJIbKO MpPOIEHTOB HOBBICHJIACh MPOHU3BOAHMTE/Nb-
HOCTb Tpyna?

6) 3aBoj BhIOJHMJ rofoBoil niaH K 1 nekabps. Ha ckoab-
KO IPOIIEHTOB 3aBOJ BBIMOJHHT rojfoBoil mjan K 1 sHBaps,
ecan Oyaer pabGoraTh ¢ Toil XKe 3QPeKTHBHOCTbIO?

B) BHeapeHue pailMoOHAJIH33TOPCKOr0 HPeNJOKEHHS M03BO-
JisieT NOHH3HTb HOPMY BPEeMeHH Ha HU3TOTOBJeHHEe OJHOH Je-
tagau ¢ 12 muH 1o 10 muH. Bo CKOJIBKO pa3 npu 3TOM MOBbI-
CHTCSl HOpMa Bbripa6oTKU? Ha ckoJjibKo 11poleRToB GyAeT Bhi-
MOMHATbCS IJaH NPU COXPaHEHHH HOPMbI BbIPabOTKH?

r) JIBa mKkuHBa coelnuHeHbl peMHeM. OKpYyXHOCThb TMePBOro
wkuBa 60 cm, a BTroporo — 40 cm. CkonbKO 060pPOTOB B MH-
HYTy clejsaeT BTOPOH LIKHUB, ecjHd nepBbiii gesnaer 240 o6o-
pPOTOB B MHUHYTY?

a) 3eMHOM niap coBepluiaeT NOJHbIH 000POT BOKPYT CBOeH
ocH 3a 24 u. Ha ckoJibko rpagycoB pasiuuaercd AOJroTa
ABYX FOPOJOB, €CJIH COJIHEYHOe BpeMsl pasjHyaercs Ha 8 u?
6) Ha ckosbKo 4acoB pas/n4yaeTcsl COJHEUHOE BpeMs ABYX
ropojoB, ec/aH JoJrora pasjuuaercs Ha 60°?
Cankr-Tlerep6ypr pacnonoxeH Ha 30° BOCTOUHOH HOJTOTHI,
a Maragan na 150° Bocrouno# goarorwl. Ompenesure coJ-

748.

749.

750.

751.

752.

753.

754.

755.

HeyHoe Bpems B Maranane, Koraa B Caukr-IletepGypre
HOJIIeHb. : s

B 6ake 6 i1 Boabl. Kaxkaylo MHHYTY B Hero uepes KpaH BJH-
BawT 4,5 J BOAbI. e

a) 3anHuTe 3aBHCHMOCTb MEXAY YHCJIOM JIUTPOB BOAbI B
6ake (y) U BpeMeHeM (X), B TeueHHE KOTOPOrO OTKPBIT KpaH.
6) Hayeptute rpaduk uameHneHus y, naBass X 3HAUYEHHN OT
0 no 8 uepes 2.

B) Haitnure no rpaduky, ckonbko Boabl 6yaer B 6ake yepes
1 MuH, yepes 5 MmuH.

r) Hepes ckosabko MHHYT B Gake Gyner 40 a1 Bonbi? (Okpyr-
JIATE € TOYHOCTbIO A0 1 MHH.)

A) Yepes ckoibko MUHYT Gak OyneT 3allojHeH, eCJH OH
sMemaer 100 a sombt? (OKpyrauTe ¢ TOUHOCTBIO [0
1 MuH.)

B oxHo#t uucrepHe 32 1 GeH3HHAa, a B APYroH — 36 1. U3

nepBoil BbIKAYUBAIOT KaxAylo MuHyTty mo 200 xr, a u3 BTo-
poit — no 300 kr Gensuna. Hepes Kakoe BpeMsi B 06eHX LHU-
CTepHax cTaHeT GeH3WHA TOPOBHY?

Ha usrorosienne 15 koseu pisi Kawoued HyKHO 18 am mpo-
B0JIOKH. CKOJBKO KoJel MOJyuyuTCsi U3 24 IM NpPOBOJIOKH?
CKOJIbKO KHJIOrpaMMOB xJe6a MOXKHO MoJAyduTb M3 850 Kr
NieHHUb, ecd 13 10 Kr 3epHa nosyuaercss 8 Kr NIIeHUYHOH
MYKH, a H3 6 Kr Myku — 9 Kr xmaeba?

M3 32 xr Mosioka noay4aercsi 4 Kr C/MBOK, U3 35 KI' CAIHBOK
noJydaerca 7 KI CAMBOYHOrO MacJia, a U3 16 Kr CJAHBOYHOTO
Macaa nosyvaercst 12 kr tonsenoro macia. CKOJbKO KHJO-
rPaMMOB TOIIEHOrO Macjaa MOXHO noJsyduth u3 3000 kr mo-
JoKa? '

Boineueno 400 kr xje6a. Ilpu ocreiBaHHH xs1e6 moTeps
2.75% cBoeit Macchi. Ha ckoJbKO KHJIOIPAMMOB YMEHbHIH-
Jacb Mmacca xje6a?

Cwmemanu 4 1 ropsivedi Boabl ¥ 3 J1 BOABI, TEMIIEPATYPa KOTO-
poii 10°C. TemnepaTypa cMecH okKasajach pasBHoi 40 °C.
Ha#igute Temnepatypy ropsiueil BOABI. '

Bbluncante B npoueHTax ¢ TouHocThio o 0,1 BbinoJHeHHe
MJlaHa peasiH3alMd TPOAYKLUHH B KaxXk1AOM KBaprajne Ha
OCHOBE CJElYIOUIHX AaHHBIX:

Peanusauus B ThIC. P.
KsapTtan nJaH thaKTHUECKH % BBINIOJHEHHSA
I 1200 1280 '
11 1400 1450
II1 1300 1280
IV 1400 1650
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JIBa mexa A0/ KHbI GbljiH BBINYCTHTL 0 nJjany 180 crankos
B roj. IlepBblil uex BHINONHUA NJAAH Ha 112%y, a BTOpOit —
Ha 110%, u nostomy o6a uexa sbinyctuau 3a rox 200 crau-
KOB. CKOJIbKO CTAHKOB CBEpX MJaHa BbiMYyCTHJ KaXKAblii uex?
Kakoii goaxna 6biTh Temnepatypa 20 .1 Boabl, 4ToGbl TIpH
cMewreHud ee ¢ 10 a1 Boawl, Temneparypa koropoii 20 °C, noay-
YHTb BOAY C TemmepaTypoil He Menee 35 °C u He Gonee 45 °C?
JiBa MaJbyHKa KadaloTCs Ha JOCKe, NepeKHHYTOH uepes
6pesno. [sauna gockn 55 M. B Kakom MecTe [0/KHA
HaXOJUTbCA TOYKA ONOPbl JOCKH, YTOGH MaJbUHKH HAXOIHM-
JUCh B PaBHOBECHH, €CJH Macca ofHoro 48 kr, a japyroro
40 kr?

K KoHuaM mpsMoJiHERHOro phl4ara npuBeLieHbl ABa rpyaa;
OHH HAXOAATCH B PAaBHOBECHH, NPHYEM TOYKA ONOPHI phivara
OTCTOMT OT OJHOrO KOHIla pbiuara Ha 5 AM, a OT Apyroro —
Ha. 7 M. Ecau Gonbluiuil rpy3 yBeJHUMTb Ha 2 KI, a MeHb-
IWHE yMEHbLWHTL HA 2 KI, TO A/ COXpaHeHHsl PABHOBECHS
MpuaeTcs MepeiBHHYTb TOuKy ornopbl Ha | am. Onpenennte
MacCcy Ka)Joro rpysa.

CKOpOCTH ABYX [10€3/10B, 1aCCAXXHPCKOr0 U TOBAPHOI0, OTHO-
catcs Kak 5:3. Tlaccaxupckuil noesj Bblilles CO CTAHLIHM Ha
0,5 u mo3xke TOBapHOro, HO fIPHOGLIT Ha CAEAYIOILYIO CTaH-
uuto Ha 0,5 u paHbwe ToBapHoro. Haflaute ckopoctu noes-
JOB, CYMTasi HX MOCTOSHHBIMH, €CJH pPAaCCTOsAHHE MeXay
CTAHIUAMH PaBHO 75 KM.

Ha paccrosiuuu 6 M OT pyubAa poCJO [epeBO BbICOTOH
20 M. Byps HagsoMua ero Tak, YTO BeplIMHA KOCHYJach
BOJAKI y GJHXKHEro K gepeBy 6epera pyubsi. Ha Kakoi Bbicore
HaIJOMJIEHO JepeBo?

JlecTnuua, ANMHa KOTOPOH 7,5 M, NpHUCAOHEHA K CTeHe Tak,
4TO ee OCHOBaHHe HaxoauTcsi B 2,0 M oT creHb. Ha ckoabko
MeTPOB OMYCTHTCH BEPXHHH KOHel JIECTHHIbI, €CJIH OCHOBA-
HUe JIECTHHIb OTOABHHYTH elite Ha 3,5 M OT CTeHbi?
Crpena, BbiNylleHHasl U3 JyKa BePTHKAJbHO BBEpX, NMOAHS-
Jach Ha 35 M.

a) Uepes KakKoe BpeMsi CTpesia JOCTHIHET HauOoJbIIe#d Bbi-
COTHl MOAbEMA?

6) Uepes Kakoe Bpems CTpe/aa ymajier Ha 3emJio?

B) OnpefenuTe HaYaJbHYI0 CKOPOCTb CTPeEJIbL.

Haitante nBa uucna, cymMa KBaapaTos Koropoix 101, a pas-
Hoctb KBaapatoB 99. Cko/ibKO peuieHHH uMeeT 3anaua?
Hafizure nBa uncaa, cyMMa KBaApaToB KOTOpbIX 145, a pas-
HOCTb KBajapatos 17.

Pasuocts kBajgpatoB aByx uuces 1029, a orHoweHnHe uucen
2:5. Haiinure stu uucsaa.

CymMa undp ABy3HayHOro uucaa Ha 29 MeHblue Npoussee-
Hus uudp M Ha 72 MeHblue cyMMbl KBaapaTos ungp. Onpe-
JIeJIUTe 3TO HHCJIO.

768.

769*.

770%.

T71%,

772%,

773*.

774*.

775*.

776*.

Ecsou nepectaBuTh uMQPpPBl JBY3HAYHOTO YHCIA, TO NOJYYHT-
Csi 4HCJ0, KOTopoe Ha 18 MeHblue naHHoro uyucJjaa. I[Ipousse-
JleHHe 3THX JABYX uucesq B 126 pa3 OGoJibllie NpOU3BeleHHS
uugp, KOTOPHIMH OHH 3anucaHel. Onpegenure YHCIIO.
Anema #a 3 roaa crapue Bopu u Ha 6 Jger crapume BoBbl.
IMpoussenenne BozpactoB ['pumn u Bopu Ha 9 Goablie npo-
u3BejeHus BozpactoB Auewd 0 Bosel. Ha ckosbko ser Ade-
iwa crapwe ['pumn?

Anema Ha 3 roga crapmwe Bopu u Ha 6 Jjer crapue BoBbl.
[Mpoussenenue Bospacto ['pumwn u Bopu na 20 6Goabue
npoussenenusi BozpactoB Avemtn u Bosel. Ckoabko Jier
[puwe? '

Cama ckasan: «MoeMy Miaaumemy 6paty Gojblie CEMH JeT,
a cyMMa KBajapaToB Hawux Bo3pacros B 20 pa3 Goablue Mo-
ero Bospacrta». Ckousbko Jer Came?

Bacsi Bo3sBesn uHC/I0 MaJbUYHKOB W YHUCJO AEBOYEK HALIEro
knacca B kBaapaT. CyMMa NOJyYeHHbIX YHCeJ 0Kasanach B
25 pas GoJsbllle 4ucaa MaabuyMKoB. CKOJBKO MaJbYHKOB B
HallleM KJacce, ecii AeBouek OoJblie fecsiTH, a MaJabYHKOB
GoJsibllie, YeM HeBOYEK?

[TacTyx 3aMeTHJ1, YTO MpPoU3BeleHHe Yucaa 6apaHoB HA YHC-
J0- ero 6apaHoB, yMeHblileHHOe HA eIHHHULY, Ha 15 Go.blue,
yeM Mpou3BeieHHe ero COOCTBEHHOro BO3pacTa Ha YHCJO €ro
GapaHoB, yMeHbiieHHoe Ha 2. CKOJIbBKO JeT MacTyxy?

IBa Kynua BHecsH AJs1 o6uero feja 1no 48 Teic. p.: nepBbii
3abpaJ cBOM AeHbru (6e3 10x04a) yepes roji, a BTOpoi uepes
aga roaa. Kak oHu JOJKHBI MOAENHTb MeXay coboit 42 ThIC. P.
npubLLTH, NOJy4YeHHbie HAa MX JeHbI'H 3a 3TH JBa roja?
JBa KoMOoauboHa BJIOXKUJU JeHbTH B oOwee feno. IlepBHli
BHec 40 teic. p., a BTopoH 60 Tbic. p. Ueped Mecan mnep-
BbIf 3a6paJs cBOM AeHbrH (6e3 qoxona), a elie yepe3 Mecsil
OHM PEUIMJIH MOAENHUTh ZOXOM, NOJyUeHHbIH 32 3TH ABa MecCs-
ua. Kak oHH NONKHBI MOAENUTh MeXAy co60H A0X0A B CyM-
me 17 ThiC. P.?

HekoTtopoe naeno0 NPHHOCHT CcTaGHABHBIA JOXOA. [TepBhiii
KOMIIAHbOH BJIOXHJ B Hero 9 ThIC. p., a BTOpoi — 2 ThIC. P.
[TepBuiit 3a6pas BJOXKeHHbIE ReHbrH (6e3 foxola) uepes Me-
¢siil, BTOpo#l — uepe3 nBa Mecsua. TodbKo focsae 3TOr0 OHH
pasnejuau noJydeHHbld noxoA. Kakos npoueHT exemecsu-
HO# npuBBLIIH, ecau JNOXOA [MepBOro okaszanacd B 2,5 pasa
6oJibllie I0XOAa BTOPOro?
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§ 8. CUCTEMbI PALIMOHAJIbHbIX
YPABHEHHWH

8.1. MoHsATHe cHCTeMbl PALMOHAJBHBIX ypPaBHEeHUH

YpaBHeHue, o6e 4acTH KOTOPOT0 €CTb pallHOHaJbHble BBIpaXe-
HHUSI OTHOCHTEJBHO X W Y, HA3bIBAIOT PAllHOHAJbHBIM YPaBHEHHEM C
ABYMSl HEH3BECTHbBIMH X H ¥.

Bot npuMepbl paliMoHaJbHBIX YpaBHEHHH C AByMs HeU3BECTHBIMH
X uy:

2x+4y—4=0, ' (1)
28 —3x+y—x+1=0, (2)
1_3_ 1% (3)

x y

[lapy uncen (xg Y,) Ha3bIBAWT PEIIEHHEM YPABHEHHS C ABYMSs
HEU3BECTHBLIMH X M ¥, €CJIH 3TH UKCJA YAOBJETBOPSIOT 3TOMY ypaB-
HEHHIO, T. €. €CJTH [PH MOACTAHOBKE X, BMECTO X H 4, BMECTO 4 3TO
ypaBHeHHe NpeRpalilaeTcsi B BEPHOE UUCJAOBOE PaBEHCTBO.

Hanpumep, napa uucen (2; 0) ectb peienue ypaBHenus (1), napa
yucea (0; — 1) ecTp peuierue ypaBHeHus (2), napa umucea (—1; 1)
eCTb pelleHHe ypaBHeHHUs (3).

¥pasuetue, o6e 4acTH KOTOPOro eCTh PALHOHAJbHbIE BbipaXKe-
HHS OTHOCHTENBbHO X, Y M 2, HA3bIBAIOT PALHOHAJNbHbIM YPABHEHMEM
C TPEMSi HEH3BECTHbIMH X, § H 2.

BoT npuMephl paliMoHafbHbIX YPABHEHHH ¢ TPeMsT HEM3BECTHBIMH
X, Yy uz

3x—6y+2z—6=0, (4)
782455y — 22+ yz—x+2z24+y—3=0, (5)
ISy I by 2 (6)

Xx—2z Xx+z
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Tpoiiky unces (xo; Yo; 2,) Ha3bIBAIOT PpelIeHHEM YPaBHEHHS ¢ Tpe-
Mfl HEM3BECTHBIMHM X, ¥ M 2, €CJIM 3TH YUCJIA YLOBJETBOPHAIOT 3TOMY
YPAaBHEHHIO, T. €. €CJIH NIPHU NOJCTAHOBKE X, BMECTO X, 4, BMECTO Y, 2,
BMECTO Z 3TO ypaBHeHHe MpeBpalllaeTcsi B BEPHOE YHCJIOBOE PaBeH-
CTBO.

Hanpumep, tpoiika uucen (2, —1; —6) ecTb pelluenHe ypaBHe-
nus (4), Tpoiika uncen (0; 3; 0) ecTb peirenue ypaBHenus (5), Tpoiika
uyucent (0; 1; 1) ectp pewsende ypasuenus (6).

AHasloruuHo onpejessieTcsi pauHOHAaJbHOE ypaBHEHHE C /1 HEH3-
BeCTHLIMH H €ro pellieHHe.

PauyoHanbHOe ypaBHeHHe, JieBasi YacTh KOTOPOrO €CTb MHOrO-
ujieH NepBOl CTeNeHH, a MpaBas — HYJb, HA3bIBAKOT €llle ypaBHEHH-
€M NepBOH CTEMEHH.

Hanpuwmep, ypaBHeHHe (1) ecTb ypaBHeHHe NepBOH CTEHNeHH C
NBYMSfl HEH3BECTHBIMH X H Yy, ypaBHeHHe (4) ecTb ypaBHeHHe NepBOH
CTENeHH C TPeMs HEeH3BECTHbIMH X, Y W 2.

PauunonasnbHoe ypaBHeHHe, JieBass 4aCTb KOTOPOTO eCTh MHOrO-
4JieH BTOPOH CTelleHH, a paBasi — HYJIb, Ha3bIBAIOT YypaBHEHHEM BTO-
POH CTEeNeHM.

Hanpumep, ypaBHeHue (2) ecTb ypaBHeHHEe BTOPOH CTeMeHH C
ABYMsI HEH3BECTHbIMU X H Y, ypaBHeHUe (D) eCTb ypaBHEHHEe BTOPOil
CTENEHH C TpeMs HEM3BECTHBIMH X, § H 2.

PauuonanbHoe ypaBHeHHe, sieBasi 4acCTh KOTOPOTO €CTb MHOTO-
YJieH CTeneHHu A, a MpaBasi — HYJib, HAa3bIBAIOT €llle ypasrenuem n-i
crenenu.

Hanpuwmep, ypaBrenue x*— xy’+7 =0 umeeT crenens 3, a ypas-
Henve x°y—x'°4 1=0 umeer crenenn 10.

[lyctb naHbl ABa pauHOHAJbLHBIX YpaBHEHUS C ABYMS HEH3BECT-
HbIMH X H Y. [OBOPAT, 4TO HAAO PELIHTb CHCTEMY ABYX PaUHOHAJb-
HbIX YPaBHEHHH C ABYMS HEH3BECTHBIMH X H ¥, ecau TpebGyercsa Hail-
TH BCe Mapbl Yucea (x; y), ABJAAIOIIHECH PEIIEHHIMH OIHOBPEMEHHO
M MepBOTO, H BTOPOro ypaBHEHHUH.

Bot npumepo: cucrem nByX palMOHaJIbHBIX YpaBHEHHH ¢ ABYyMs
HEU3BECTHbIMH X H Y:

{x+y+1=a ++y=0,
. 2x—7y+9=0, x2+2y=0’
2x4+3y+1=0,
L —Txy+ 3y —x+4y—11=0.

PemenneM cHcTeMbl ABYX YpaBHEHHHd C JBYMSI HEH3BECTHBIMH X
H y Ha3bIBAIOT MApy 4YHCeN (X; Y,), ABIAIOILYIOCA DELIEHHEM KaXKJIo-
O ypaBHEHHS 3TOH CHCTEMBI.

[TycTb gaHbl TpU palHOHAJIBHBIX YpaBHEHHS C TpPeMsl HEH3BeCT-
HBIMH X, Yy M 2. ['0BOpAT, 4TO HAJ0 PELWIHTb CHCTEMY TPeX pallHo-
HaJbHbLIX YPAaBHEHHit C TPEMS HEH3BECTHbIMHM X, §¥ M 2, ecau Tpeby-
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€TCsl HAUTH BCE TPOHKH UKces (X; y; 2), ABJASIOULHECH PEeHHsIMH OfL-
HOBPEMEHHO BCeX TPeX 3THX ypaBHEeHHH.

BoT npumepsi cHCTeM TPeX PalHOHAJbHbIX ypPaBHEHHH ¢ TpeMms
HEU3BECTHLIMH X, Y U 2

3x+y—2z+1=0, 4x+y—2z+4+1=0,

2x—z+7=0, x—y—9z2+47=0,
7x—3y+2+11=0, 38 —2xy—y*—Ty+11=0,
x+— +x+y—5=0,
;+?= 1,
2x+4+3y—22=0.

PeieHnemM CHCTEMbl TPEX YPaBHEHHH C TPeMSl HEH3BECTHBIMH X,

Y M z Ha3blBAIOT TPOHKY YHCen (X Yo Zo), ABJSAIOULYIOCH pelleHHeM
Ka){[lOT0 yPaBHEHHA 3TO# CHCTEMB.

AHaJIOPHYHO OnpejeasieTcs CMCTEMA N PALMOHANbHbIX ypaBHEHHH
C 7 HeM3BECTHBIMH U €€ pelieHHe.

Pewntsh CHCTEMY ypaBHeHHMH — 3HAUHT HAHATH BCe ee pelleHMs
WK NOKa3aTb, YTO HX HeT.

B VII ksnacce Mbl yXe pacCMOTpeJ/id pelleHHe CHUCTEeMbl JIHHeH-
HbIX ypaBHeHHUH ¢ ABYMS H TpeMs HeM3BeCTHbIMH. B 5ToM naparpade
Mbl TIOKAXKEM Ha MPUMepPax, KaK MOXHO pellaTb CHCTeMbl YpaBHeHUH
nepsoit U Bropo# crenend. Kpome toro, 6yyT pacCMOTpeHbI 3ajlauH,
npuBoAsillHe K 6oJiee CI0XKHBIM CHCTEMaM paUMOHAJ/bHbIX ypaBHe-
uuii. I1pu 3TomM 6yaem mosb30BaThCA YTBEPXKAEHHAMH O PABHOCHJIb-
HOCTH CHCTeM YpaBHeHHUH, TpUBEJeHHbIMU B raaBe «JIuHeliHble ypas-
Henusi» yueGuuka «Anarebpa, 7». ‘

|

777°. a) Kakoe ypaBHeHHe Ha3bIBAIOT PALIMOHAJIBHBIM YpaBHEHHEM?
6) Kakoe ypaBHeHnde Ha3biBalOT ypaBHeHHeM MepBOH cTelle-
HH, BTOPOH CTENeHH?
B) Yro HasbiBalOT pelieHHEeM ypaBHEHHs C JBYMsi HEH3BeCT-
HBIMU X H y?
r) Uro Ha3biBAIOT peleHHeM ypPaBHEHH: C TPeMs Henspect-
HBIMH X, Yy U 27
1) Kornpa rosopdaTt, 4To Hajo peLINTb CUCTeMY ABYX ypaBHe-
HUH C JBYMS HEH3BECTHBIMH?
e) Koraa rosopsit, 4To Hajo0 peLIUTh CHCTEMY TpeX ypaBHe-
HHH C TpeMs HEeU3BECTHBLIMH?
x) UTo Ha3bIBAIOT pellleHMeM CHCTEMBl JBYX ypaBHEHHH ¢
ABYMSl HEM3BECTHBIMH?
3) Uro Ha3biBalOT peLIEHHEM CHCTeMbl TpPeX ypaBHeHHH C
TpeMs HEH3BECTHBIMH?
H) UTO 3HAYMT PEWIHTh CHCTEMY YPaBHEHHH?
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SABnsieTca Jau napa uucen (l; 2) pelenHeM ypaBHeHHs:

a) x+y=3; 6) 2x+y=1; B) 3x+2y=7T;

N C4yt=3%  n) L+yP=5  e) y—x=1?
[Moa6epute Kakoe-n1u60 peuieHHe ypaBHEHHSs:

a) x+y=>5; 6) 3x+y=5; B) 2x—3y=1;
r) X +4y*=9; 1) £+ 2xy+y*=25; e) ¥ —xy=0.

SABnserca au tpoiika uuces (0; 1; 2) pewenrem ypaBHeHus:
a) 3x+2y+z=4; 6) x—y+z=1,

B) x+2y+432=2; r) xy+42xz+yz=2;

1) X4y +22=5; e) P42 —2=0?

[Top6epute kakoe-nKu60 pellieHHe ypaBHEHHS:

a) x+y+2z2=10; 6) X*+y’+ 22 =25;

B) xy+yx+yz2=3; r)y xy —yx+yz=1.
Iloxazxme, YTO ypaBHEeHHEe He HUMeeT AeHCTBHUTENbHLIX pe-
LIeHH#:

a) X+ +1=0; 6) x4y’ +2° +01——0

JlaHo ypaBHeHue xy-+4 x==_§.

a) KakoBa creneHb 3TOro ypaBHEHUA?

6) Bripasute x uyepe3 y. Kakue 3HaueHus He MOXeT NPHHHU-
MaTbL y?

B) Buipasurte y uepe3 x. Kakue 3naueHus He MOXKeT NpHHHU-
MaTb x?

Onpepennrte creneHb ypaBHeHUS:

a) 2x—by =T, 6) x4 x> — xy—5=0;

B) xy=4; v r) xz—xy2—7x=0;

R) x* — Py +3=0; e) X — X —x"=0.

ﬂBJlﬂueTCﬂ an napa uucea (1l; 1) pewenuem cucreMnl ypas-
HEeHHUii:

{"4'-‘/:2’ 6) {xy+x2=2.
L—xy+yi=1 2x+3y=4;
) {x2+y2=10, " {3x+2y=5,

2x—y=1, x4+ 2xy=23?

Sisasierca san Tpokika wucen (1; 1; 1) peweHuem cucremsl
ypaBHeHHIA:

x+y+2z=3, [ x+y+2=3,
a) § 3x—2y+2=0, 6) 3 xy+xz4yz=3,
L4+ 422=3; LHrx—y=1;
(2x+3y+42=8, L+ P=2,
B) { xy —32+2=—1, . )y xty+2=3,
\ 24y ==, xy+yz=2?
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787. SIBasieTcsi JIM peIIEHHEM CHCTeMbl YPaBHEHHH

24 xy—3=0,
x+5=y
napa vuced:
a) (0;3; 6)(—32); B)(% —3) 1)(05 55)
788. SIBsisiercst JIH peLICHHEM CHCTEMbl ypaBHeHHH
x+y+2"—' ’

x—y—z=—2,
xy+22=2

TpOHKa 4HCeJ.

a) (I; —1; 1) 6) (1; 1; 1); B) (1; L '—1); r) (—5 L; 1)

8.2. Cucremnl ypaBAHeHnﬁ nepBoii M BTOPO#H CTENEHH

B stom nyHKTe Mbl TIPHBEJEM MpPHUMeEPbl PElIeHHs] CHCTEMBI ABYX
ypaBHEHHH C ABYMS HEH3BECTHBIMH, OJHO H3 KOTOPBIX MepBOH CTeme-
HH, 1Pyroe — BTOPOi CTENeHH, H CHCTEMbl TPeX YpaBHeHHH C TpeMs
HeM3BECTHBIMH, ABAa U3 KOTOPHIX MEePBOH CTeNeHH, a TpeTbe — BTOPOi
crenenu. JIa pelleHHst TAKMX CHCTeM MpPHMEHMM croco6 nojacra-
HOBKH.

Ipumep 1. Pewum cuctemy ypaBHEHHH
x+2y—7=0,
L4 2xy+y*+3y—4x—31=0.

[TepBoe ypaBHeHHe 3TOf CHCTEMbl — ypaBHEHHe MEPBOH CTEMeHH.
BbipasuM W3 Hero x depes y.

x=T7—2y. 2)

TToacraBuB BeIpaXKeHHe (7 —2y) BMeCTO X BO BTOpOe ypaBHEeHHeE
CHCTEMbI, MOJYYHM YypaBHeHHe

(7T—2yP+2(7T—2y) y+y*+3y—4(7—2y4)—31=0,
KOTOpO€e TmnocJie IpHBEACHHA MoAOoOHBIX -UJEHOB 3alulleM B BHJE

(1)

y*—3y—10=0. (3)
Ypasrenne (3) umeer aBa KopHfi: y,= —2 U y,=5. [loxcrasus
5TH 4YHCJia B PABEHCTBO (2) BMecCTO Y, MOJYYHM
x1=11 H x2="'—3.

Hrak, cucrema (1) uMeeT nBa pelleHHs:
xl_—"ll, yl=_2’ XQ='—3, y2=5

A APYrUxX pelleHHH He HMMeer. : Co
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[TonoGHbIM 06pa3oM: MOXKHO PeLIHTh JIOGYI0 CHCTEMY ABYX ypaB-
HeHHH ¢ HEeH3BEeCTHBIMH X M Y, B KOTOPOH OJHO YpaBHEHHE HepPBOH
CTeNeHH, a Apyroe — BTOpPOH cTeneHH. Buipakaem x (uau y) us
ypaBHEHHS NepBOH CTeNeHU ¥ MOLCTABJSIEM 3TO BbIpa’KeHUe B ypaBs-
HeHue BTOpod creneHu. [lonyuaem KBaapaTHOe ypaBHEHHE C HeH3Be-
CTHbIM y (Mau x). Eciu KBaApaTHOe ypaBHeHHe HMeeT KOPHH, TO H
CHCTEMa MMeeT DelIeHHs; eC/H HeT, TO CHCTeMa He HMeeT pemeunn

[Tpumep 2. Pewinm cucreMy ypaBHEHHH

{3x—y+9=0,

L—yt4y—5x—32=0. 4)

IlepBoe ypaBHeHHe cHcTeMbl (4) — ypaBHeHHe NepBoOl CTENeHH,
a BTOpoe — BTOpOi cTeneHu. V13 nepBoro ypaBHeHHUs BbIpa3uMm y ue-
pe3 x:

y=3x+9.

HO}ICTaBHM BhipaxeHue (3x—+9) BMecTo y BO BTOpOe ypaBHeHHe CH-
cremnl (4). [lonyunm ypaBHeHHe

£ —(3x+9P%+(3x+4+9)—5x—32=0,
KOTOpOE€ 110cCJe TMNpHBeAEHHUA 1'101106Hb1x 4YJ€HOB 3aruviiemM B BHIl_e
—8x*—56x—104=0.

CokpaTtuB o6e yacTH 3TOro ypaBHeHHs Ha (—8), MoJyuuM paBHo-
CHJIbHOE eMy KBajpaTHOe ypaBHeHHe

£+7x+13=0, (5)

AMCKPHUMHHAHT Kotoporo D=b*—4ac=7"—4-1-13=—3<0.
CuiefoBate/bHO, ypaBHeHHe (5) He HMeeT pelieHu#. 3Haqm H CHCTe-
Ma (4) He uUMeeT peLieHHUH.

Ilpumep 3. PemiuM cucteMy ypaBHeHHH

x+y—z+1=0,
x—y—z+3=0, : \ (6)
P+ 2xy+y’—xz+ 24+ x—5=0.
M3 nepBoro ypaBHeHusi cucTeMbl (6) Bbipasum y uepe3 x U 2:
y=z—x—1. . (7)

[MogcraBus Bbipaxedde (2—x—1) BMecto y Bo BTOpoe H
TpeTbe YpaBHeHHS cHcTeMbi (6), TOTYYUM CHCTEMY IBYX ypaBHeHHH
C JIBYMS HEH3BECTHBIMH X H 2:

{x—(z—x—l)—z+3=0,
LH+2x(z—x— )4+ (z—x— 1P —xz24+224+x—5=0,
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KOTOpasi nocJie NpUBeJeHHsi NMOJOOHBIX YJEHOB HMeet.BHI A—
2x—2z44=0, & 789", 5::“';‘071(“0 peliaTh CUCTEMY YpaBHeHUH NepBOH U BTOPOH CTe-
2% < xz4+x—22—4=0; Pewnte cucreMy ypaBHeHu#k (790—799):
W3 nepsoro ypaBHeHHs cHCTeMbl (8) BbIpa3uM x depes z: 790. a) {x2=y, 6) y—l=x, 5) x—3=2,
x=2—2. (9) y—2=2, x——13=11, y2_x=4’
IMoacraBuB Bhipa)kenue (2—2) BMeCTO X BO BTOpPO€ ypaBHEHHE CH- L—y—4=0, x=2+4y, l 2=y,
creMbl (8), MOJy4YUM ypaBHEHHE C OJHHM HEH3BECTHbIM Z: r) y—d=1 1) » 8. e) 5 5
—4=1; 8 X—y=6:
22— 2(z2—2)+(2—2)— 22 —4 =0, v y
x=y—2, y=x—28 L4+ yP2=17,
KOTOpOe NocJe yNpoUleHHS 3anHlleM B BHJe 1 X) g =3 3) xy— __7 H) fh2—3
242z—6=0. (10) -
Ksanpatuoe ypasnenue (10) umeer 1Ba KOpHs: 791. a) {X-f—y*ib 6) {x+y 7, 5) {x+y=3,
zy;=—3 1 z,=2. ;‘i—:_»g iy—l2 xyi8—28,
[ToacTaBuB 3TH uMcsaa B paBeHCTBO (9), monyuum r) {xy yl.g ’ 1) { 4= e) {xy— >, .
=15 x—y=—38 x—y=2;
x=—5u x=0.
! 2 X+ 2y=4, 3x+y=1, x+42y=3,
Haxkonell, nogcTaBuB cHayaJJa X; U 2;, @ 3aTeM X, H 2, B DAaBEHCTBO K) 3) H)
»© =16 2
(7), nonyuum +y=16; x+y=1; 3x—y?=17
= =1.
h=1 44 ©+yt =41, ¥ty =13, ¥ —y=3,
CuaepoBaTenbho, cucteMa (6) HMeeT JBa pelleHHS: 792. a) Y—x—1; 6) y—x=—1; B) ihy=1
x=—=05 y=1, z;=-=3 —y=9 x+y=—6 —y=—3
%=0, yo=1, 2,=2 r) y2 ’ 1) 2+y ") Y ’
enui —y'=8 " ly—r=3 F—r=—1.
H JIPYTHX pelleHHH He HMeeT.
3ameuanue. Crnocob MOACTAHOBKH IPHMEHHM H MPH PEIUEHHH R T —
HEKOTOPbIX CHCTEM palMOHAJbHbIX ypaBHeHHil. Hanpumep, aada pe- 793. a) {x2 y="5 6) ¥ =y =0, B) {x+y 0.2,
[IIeHUS CUCTEMbl YpaBHeHHH x+y=0; x—y=0; L—y?=2;
— x—y=0,6, x—y=11, —x=4,
xty=1, r){ v ﬂ){ y= e){y *=
L. y—x=12 xy=12; xy=5;
x 'y ) xy=12, 2 {xy=15, ) x—y=2,
- XK |
HaJ0 M3 MEpPBOT0 YpaBHeHHH BbIPa3uUTb y uYepe3 X H NOACTABHTb x+y=1; x+y=—5 xy=—13;
(1 —x) BMecTO ¥ BO BTOpOe ypaBHEeHHe, a YXX 3aTeM pellUTh PalHo- x+y=3 ’ x—y=3 =5
HaJlbHOe ypaBHEHHE C OJXHHM HEH3BECTHbIM K) y=2 Ja) { ’ M) { Y=o
1+ ) | xy=0; xy=0 x—y=0
_ x  x—l x+y—7=0, x+y—6=0,
OTMeTHM TaK¥XKe, YTO MPH peLieHHH CHCTEM pallHOHAJNbHBIX ypaB- 794. a) ot xy 4 = 43; 6) 92 e 93
HEHHH WHHOr[a MPHUMEHSIOTCA W JPyrHe cnocobbl peuieHHH. yry =12 —Y=—29
x+y=3, x+y=12,
B
) L—y'—4xy4+11=0; r) {2xy=9(x——y);
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95— 12x+4y* + 4y =15, x+2y—z=1, 42y —2z2=2,
A) Sy 2y—3; 2x—y+22=—1, 6) 3 3x—2y+2=2,
9x? —30x— 16y° — 24y =0, 3x—2y+2=3; | 4x+4y+2=15;
¢ 3x—4y=©6; x—y—z=—2, x+3y—z=38,
) ' y—0 x+2y+2==3, r) § 2x+4y+2=3,
%) {x2+y try+ x+y—2=0 2x+y—3z=T, x+9y+4-4z2=>5;
X—y=2 2x—3y+2—10=0, x—3y+2z=1,
3) {x—l—y———‘l, 1) §3x—4y—z+2=0, ) x—y—z=2,
x2—2y2+xy—x—y+4=0- x+y+2z=0 x+y+z=0.
795 *ty=2 x—3y=1, x—y=—1 x+y=—3
. a) ) 2 2__ . ’ ’
9 —3xy+y=1. 2xy—x+ 9y =11—4x 798. a) { y+2z=>5, 6) { y—z=1,
) {2x+y=l, ) {x—4y=10, xz=23; L4 22=10;
3P =(y—2)*—2x; (x—1P=7(x+y)+ 1 Py 4 22 =35, Pt p=2
2 Tx—y=3, x+y=2, N yx+yt+z=12,
14xy —5y*—Tx+9=38y; x—z=4; xy =12
¢) x—y=2, (4x—2y="T7x, 3y+z=1x,
322 —5yx+8y*—3x+4y=15; y+z=x, e) { x—z=y,
) x—y=1, 3 x+y=2, Y —4=8x—32% P —3x=5+2%
N e —2xy+4y=2 £+ 3xy— g +4y=1. 1yl L1
( x+y+2=F6, x+y+z=0, N ly 1_2 6) 1~ 1y 3 *
a) y+z=3’ 6) x+z=2’ X—1=1 y+ — Y
{ _ Y 1 11 1,1_5
z=1; x=—1 PR r) *y—+';—§,
x+y+z=2, x+y+2=2, x—y=—1; x+y=2>5;
B) { x+z=1, r) yy4+z=3, LT 1_1_ 1
lx+y=3; x+y=1, !x y 6 e){x y 12’
xty+z=-1, x+y+z=—1, xty=1 x—y=1
2y = —1, 22y +2=4, 2_3_ _ 243 15
n) yx+2y )12+ ‘ 7= 8 3) PR L
x—y=05; y—z=35; 3x+y=3 —y =
, !J——— y X !/—'— )
x+y+z=—1, x+y+z=1, L4 y?=13
)K) x—'.’/+2=77 3) x+y"2=—'3, . {x2+!/2= ’ K) x T 1,
x+y=—3 y+z=4 = —2; THe=2%;
x+y+z=3, (x+y+z=—3, x_y_5
42, =11,
u) 3 x+2y+32=F6, K) { x—y+z=—1, {y x 6 M) {i+iyiy_
2x—y+2=2; x+2y—z=—2. ¥ —y'=5; yTi=
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8.3. Pelwenne 3aAay NPH NOMOWH CHCTEM ypaBHEHHH
nepeoii u BTOPOH CTENEeHH

3apaua. [lpouentsl coxepxaHnusa (0 Macce) KHCIOTbl B TPeX
pacTBOpax TaKoBBi, YTO KBaJpaT MpPOLEHTa BTOPOrO paBeH MpoH3Be-
JEHUIO TIPOLIEHTOB NepBoro ¥ Tperbero. Ecau cMewats nepBblil, BTO-
poii U TPETHH pacTBOPLI B OTHOLUEHHH 2:3:4 (mo Macce), TO MOJYYHT-
csl pacTBOP, COAEpIKALHM 329, kucaoTsl. Ecan e cMelliaTh UX B OT-
HomleHH# 3:2:1 (IO Macce), TO MOJYYHTCA PACTBOP, COAepxKallkit
22% kucaorbi. CKOJBKO TPOUEHTOB KHCJAOThl COLEPXKHUT KaXAblH
pacTBop? '

Pewenue. [lycTs B nepBoM pacTBope %% KMCJIOTBI, BO BTOPOM
Y% KHCJOTH H B TPETbEM z‘%) KucJaoTel. [1o nepsoMy ycJOBHIO 3aj1a4M

y==x2. (1)

X

B 1 r nepBoro pacTsopa COAEPXHUTCS 5o [ KACIOTBI, B 1 r BTOpPO-

ro pacrtsopa I—(y)ﬁ I KHCJOThl U B 1 T TpeTbero pacTBopa '1?2)6 I KHCJO-
tbl. Ecsii Mbl Bo3bMeM 2 I MepBOro pacTBopa, 3 I BTOporo u 4 r
TpeThero, TO MOJy4HM 9 T CMecH, Codepxkallei 2-—13—0—%3-1—{)3—[—
+4'1_(z)5 (r) xucaorsl. [To yc/ioBHIO 3aja4d NOJyueHHas CMeCh CO-

2
nepXuT 32% KHCJOThI, T. €. B 9 I' CMeCH COIEepXKHTCA 9-—3-— r') KHC-
p p 100

JoThl. M3 3TOro ycJjoBusi moJydyaeM ypaBHEHHe

x y 2 9.2
2 100"'3 100+4 100'“9 100 * (2)
AHaJXOI‘Pl'-lHO paccymnaﬂ, no.nyqaeM eule OAHO ypaBHEHPle
X 4o, ¥ 4.2 _g. 2
3 100"’2 100+l 100‘6 100 3)

Mb! BHAHM, YTO MCKOMbIE YUCJA X, Y H Z ONHOBPEMEHHO YLOBJIETBO-
palT ypasnenuam (1), (2) u (3). CaexosaTesibHO, 1/ peLIeHHs 3a-
Jau¥ Hajo PELIHTh cHCTeMy Tpex ypaBHeHui (1), (2) u (3) c Tpems
HEeM3BeCTHHIMH X, y u 2. llepenuiieM 3Ty CUCTEMYy B BHUle

y’ = xz,

2x+ 3y +42=288, (4)

3x+42y+2z2=132
u pemnm ee. U3 Tperbero ypaBHeHHs cHCTeMbi (4) BbIpasuM 2z yepes
X u oy

2=132—3x—2y. (5)
[Moacrasus Bhipaxenue (132 —3x— 2y) BMecTo 2z B mepBoe U BTOpOE

ypaBHeHus cucTeMbl (4), MOJNy4HM CHCTEMY JBYX ypaBHEHHH C AByMS
HEH3BECTHbIMH X H Y
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{y2=x(132—3x—2y),
2%+ 3y + 4 (132 — 3x — 2y) = 288.

[Mocsie nepenoca Bcex Y/I€HOB KaXXJ0ro YpaBHEHHS B OAHY CTOPOHY
¥ MPHUBELEHHS MOJOGHBIX YJIEHOB MOJNYYHM CHCTEMY

{3x2+y2+2xy— 132x=0, 6
240 — 10x— 5y =0. ‘ (®)
Ha Broporo ypaBHenus cucrembl (6) Boipa3uMm y uepes x:

y=48 —2x (7)

M nojctaBuM Bhipa)keHue (48 —2x) BMecTo y B nepBoe ypaBHEHUE
ciuctembl (6). TMosyunM ypaBHEeHHE C OJIHHM HEH3BECTHbIM X

322 4 (48 — 2x)? + 2 (48 — 2x) — 132x =0,
KOTOpOEe II0CJe IpUHBEAEHUA ﬂOIlOﬁHle yJjieHOB 3anuyuieM B BHJAeE
3x% — 298x + 2304 =0.

PaanenuB o6Ge uacTu 3TOro ypaBHeHusi Ha 3, MOJNYYHM paBHO-
CHJIbHOE €My KBaipaTHOe ypaBHeHue

£ —T6x+4768=0. (8)
BoluHCAHM AUCKPHMMUHAHT KB3APaTHOTO yYPaBHEHHS '(8):
D=b—4ac=(—76—4-1-768=>522>0.
3Hauut, ypasHenue (8) uMeeT nBa KopHs:

—bx\D 76452
2a 2

Xp 9= T. e. x; =64 u x,=12.

[ToacraBaas x, ¥ x, B BeipakeHue (7), HAXOAMM, UTO
y=—80 u y,=24.

[Topcrasasis napwl (X, 4,) ¥ (X, Y,) B BoipaxeHue (b), HAXOLMM, YTO
2;=100 n 2,=48.
HUrak, cucrema (4) uMeeT nBa pelieHUs:

x1=64, yl= —80., Z|= 100

x2= 12, y2=24, 22248,

HO 110 MPEeANOJJNOXKEHHIO § — MPOLUEHT KHCJIOTHI BO BTOPOM pacTBOpeE,
U, 3HAUYHUT, Y HE MOXeET ObITh OTpULLATENbHBIM YUCJIOM. CaenoBareb-
HO, YCJIOBHIO 3ajayd YJAOBJETBOPAET JHINb OAHO pelleHHUe:

X2= 12, y2=24, 22=48.

24(y0n;)e Tluﬂenglg pactBop copepxHT 12% KHCAOTbI, BTOPOH —
b, TPETHH — .
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800. a) Pasnoxure uncao 171 Ha IBa MHOXHUTE/s, CyMMa KOTO-
pbix 6bi1a Gbl paBHa 28.

6) Pasnoxure yucjo 231 Ha ABa MHOXWTEJs, pa3HOCTb KO-
TopiX Gnsia Gbi paBua 10.

g) CyMMa ABYX uHces paBHa 3, a CyMMa MX KBaApaTOB pas-
Ha 65. Hafigute 3TH 4ncaa.

r) Jlaubl ABa 4HCJa, UX Pa3HOCTb H PA3HOCTb MX KBaApaToB
paBubl 11. Hailipure nanHbie 4HcCaa.

801. a) [Tepumerp npsiMoyroJbHHKa paBeH 25 M, a nJomanb —
34 M2 Onpeaennte CTOPOHbI MPSIMOYTOJbHHKA.

6) lMepumerp mNpsAMOYroJbHHKA paBeH 10,6 cm, a mio-
manb — 6,72 cm’. Onpeaennte CTOPOHBI NPSAMOYroJbHHKA.
B) OnHa U3 CTOPOH NPAMOYrONbHHKA HA 4 oM GoJsibuie ApYy-
rofi, a cyMMa Iuioiafiell KBaJapaToB, NOCTPOEHHBIX HA CTOPO-
HaX NpAMOYroJNbHHKA, paBHA 52 am2. Omnpejenute CTOPOHbI
NpsiMOYTOJNbLHHKA.

r) CoctaBbTe 3ajauy, aHaJIOTHUYHYIO ‘npenapiaylied 3apaue,
. M peuiuTe ee. : ,

802. a) Ecii opHy H3 CTOPOH NPAMOYrOJbHAKA YyBEJMYHTb Ha
5 M, a BTOpylo — Ha 4 M, TO IJoLajb NPSAMOYro/JbHHKA
yBesqinuuTcsa Ha 113 m2. Ecau e NnepBYyI0 CTOPOHY YBEJIHYUTh
Ha 4 M, a BTOpPYIO — Ha 5 M, TO MJOUAAb YBEJIHYHTCH Ha
116 m% Onpepenute NIWHY M LIHPHHY TNPSAMOYrOJbHHKA.
6) Ecau aauHy npsiMoyrofibHHKa yBeJUYHTb Ha 3 M, a uH-
pHHY YMEHbUIHTb Ha 2 M, TO IIOLLA/b MPSAMOYroNbHHKA He
nameruTcs. Takke He M3MEHUTCS IJIOLAAb MPAMOYrOJIbHAKA,

eC/IH [JMHY €ro yMEHbIIHTb Ha 2 M, @ LUHPHHY YBETUYHTH

ua 3 M. Onpenesure AJIMHY W IUMPHHY MNPSMOYrOJbHHKA.
803. a) [lBoe paGouux 3a CMeHY M3TOTOBHJH 72 neranau. Ecun 6bi
mepBbiii paGounil yBeJHUHS TPOH3BOAMTENBHOCTE TPy Ha
15%, a Bropolt — Ha 25%, TO 3a CMeHy OHH H3TOTOBHJIH 66l
smecte 86 nerasedi. CKOMbKO AeTasiell H3TOTOBHJ KaXAbld
M3 pabouux 3a cMeHy?
6) Mexay AByMs BeJOCHNELHCTAMH pacCTOsiHKE 50 m. Onu
BbIE3KAIOT OJHOBPEMEHHO B OJHOM HAaNpaBJEHHH, H uepes
50 ¢ BTOpO# BeJOCHIENUCT AOTOHSET 1epBOro. Ecan 6bl nep-
Bl BEJIOCHITEAMCT BbleXaJ Ha & ¢ paHblle BTOpOro, To TOrAa
BTOPOi Gbl JOrHaJ NepBOro JHUIb Yepes 75 ¢ nocJie Hauagaa
nBuxeHus nepBoro. CKOMbKO METPOB B CEKYHAY NMPOe3KaAET
BTOPO# BeJOCHIENHCT? ‘

8.4. PeuweHne 3a1a4y NPH MOMOILH
CHCTEM PalHOHaJbHbIX ypaBHEHHH

3amgaua 1. Bpuraga pabouux HauaJja pbiTb TpaHLIE. Yepes
3 AHA K Hell MpUCOeqMHMAACh BTOpasi Gpurana, u UM noHano6MJI0Ch
eme 8 QHell COBMECTHOM paboThbl, 4TOObI BHIKOMATH TPAHLIEKD 10 KOHLA.
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Ecau 6bl, Hao60poT, NepBrle TPH AHS paboTaJsa TONbKO BTOpas GpH-
raaa, To 10 OKOHYaHHA paboTsl 06eUM GpHraiaM BMecTe notpe6oBa-
Jqoch 6bl eule 9 nHeidl. 3a Kakoe BpeMs Kaxjaas u3 GpUrax B OTAeNb-
HOCTH cAenana 6bl BClo paboTy?

Pe WweHHe. [Tycts neppas Gpurana MoXKeT cAenaTh BClo paGoTy
3a x JHeH, a BTopas — 3a y Axeil. Toraa 3a ofuH neHb NepBas Gpu-

1 1
rajga jenaer _ 4acTh, a BTOpas — - 4acTh Bceil paboThl.
B nepBom cayuae nepBasi 6puraza 3a 11 nHel caenana 11-L ya-
. X

crelt Bceil paGoThl, a Bropas Gpuraaa 3a 8 gHefi cienana 8-—1— yac-

Teli Bceli pabGorhl. Ilocko/bKy BMecTe OHM BBINOJHHJAH BCIO pabo-
Ty, TO '

11.-L48.L= ' i

T8 =1 (1)

Bo BTOp‘OM ciayuae neppasi 6puraga paborana 6bl 9 nHeit u
cuaenaana 9-; yacted Bced pabGoThl, a BTopas — 12 nuedi 'u caenana

1
12.—y i i

S uacreit eeit pa6orbl. BMecTe o BbinosIHUAHE Gbl BClo pa6orty,
T. €.

1 1 '

Takum o6pa3oM, HCKOMbIE YHCJA X U y YAOBJETBOPSIOT ypaBHe-
Husim (1) u (2), T. e. 4TOObI pemIuTh 3a7ayy, HajO PEeLIUTb CHCTEMY
JABYX pauMOHAJbHBIX ypaBHEHHH# C JABYMS HeH3BECTHbIMH

I 1
- 48—=1,

1 1 (3)
9 s 12.o=1.

Has pemiendss 3ToH CHCTeMbl ypaBHeHHH HeT HeOOXOAMMOCTH
[IPHBOIHTL KaXK10€ ypaBHEHHe K BHIY, IJe B JeBOH YacTH ajirebpan-
yeckast Apo6b, a B npaBoit HyJb. B 1aHHOM cay4ae 3TO TOJNLKO 3a-

TPYAHHT pellienue. 3Jech Jy4lie paccCMaTpHBaTh L u 1 KaK HOBbI€
HEeH3BeCTHbIE. ‘ d Y

Pemum cucreMmy (3) KaK JIHHEHHYIO CHCTeMY [ByX ypaBHeHH# C ABY-
1 - ‘
Msi HEH3BECTHBIMH — H rE Vi3 nepBoro ypaBHeHHsi CHCTeMbl (3) Boipa-

1
3uM — uepes L.
Y X

=3 ()
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1 11

1
—— '— BO BTOpOE aBHE-
W MOACTAaBUM BbIpAXEHHE (8 8% BMECTO v Y yp

gue cuctembl (3). [TonyyuM ypaBHEHHE

15

L L 1 xKeHue (4), Haxo-
L—__ . [loxcrasassi — BMecTo — B Bbipa ,
OTKYAd — ="z hil p

OrseT: [lepsasn Gpurana caenana 61 BClo pabory 3a 15 nHed,
a propas — 3a 30 auei.

1

3ameuanne [Ipu pewennyd 3anaun 1 ObIO OTMEUEHO, HTO =

H L MOXHO paccMaTpHBaTh KK HOBble HEH3BECTHBIE. Yno6uo 060-
Y

1 1 i
LU= = elUTh CUCTEMY OT
3HA4YUTh HX HOBbIMH 6YKBaMirl. U= P uHvu y Hp Y

HOCHTEJIHO & ¥ U, @ IOTOM Ha¥TH X U Y4, yllOBJIeTBOpH}OHJéHe cuqc::l;
me (3). MoxHo Gbisio ¢ caMoro Hauasa uepes u ”“06 oﬂ:;nsﬁ e
4acTb paboThl, BHINOJHsIEMYIO B I€Hb NIEPBOH X BTOpoil 6pUras
oTBeTCTBEeHHO. B 3TOM cCiayuae CUCTEMA 6blia 6bl mpollle.
3anaua 2. [To OKPYKHOCTH ABHXYTCS JBE TOUKH B OAHY ngo}i
xe cropony. [linHa OKPYKHOCTH paBHa g4 M. [leppas TO'-II‘KfO ?(a;x-
JIAT OKDPYXKHOCTb Ha 9 MHH paﬂbm:HBZ(;g?(nTzq(gronﬂeT ApYTy
eflesiuTe CKOPOC .
nblept xﬁﬁﬁ noer.lpl'lilfcu. cxopogm nepBoii TOYKH X M/MHUH, CKOP?,C?;
sropoit y M/MuH. Torpa nepeas TOUKa MPOXOAHT BCIO OKPYXHOCT

24 \uu, a BrOpas — 3a 24 uun. Tak Kak meppasi TOYKA MPOXOAHMT
) y N
X

OKpPYXKHOCTb Ha 9 MHH paHblie BTOPOM, TO

24 24
7=7+9' (5)

Bropoe yClOBHE 3a[a4i 03HAYaeT, 4To 3a 4 MuH nepBas TOUKa Npo-
XOIHT Ha 24 M Gosbiue Bropoit. Ho 3a 4 MuH nepBas 104K IPOXOAHT

4x ™, a Bropas — 4y M, MO3ITOMY
4x=4y+24. (6)

C/ef0BaTebHO, HCKOMble 3HAYEeHUs X H Y YA0BJIETBOPSAIOT o;mo(—)
BPEMEHHO YpPaBHEHUAM (5) u (6), 1. e. 4106 bl peI{JVITb 3ajaaudy, ::Blte-
PeLIHTh CUCTEMY ABYX palMOHA/IbHbIX ypaBHEHHH C IByMsi He
CTHbIMH

24 24
7“7+9’ (7)
4x=4y+24.
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M3 Broporo ypaBHeHHs cucCTeMbl (7) BbIpasuM X Yepe3 y:
x=y+6 (8)

M MOACTaBUM BhipaXeHHe (y 1 6) BMecTo x B nepBoe ypaBHEHHe CH-
crembl (7). Tlonyunm ypaBHeHHe

ety (9)

[Tepenecem B ypaBHenuu (9) Bce useHbl B JeBYI0 4acTh, 3aT€M BhI-
uTeM aJqre6panveckne Apo6u. [losyyuM ypaBHeHMe
—9y%— 54 144
W+ _g (10)
y(y+6)

paBHOCHJbHOe ypaBHeHHI0 (9). PewnM Tenepp ypaBHeHue
—9y*—54y+144=0
HJIH PaBHOCH/IbHOE €MY ypaBHeHHe

y2:|—6y—16=0. (ll)

Ypasuenue (11) umeer aABa KOpHA: Yy, =2 U y,= —8.
Tak xak uucaa y; u y, He 06paalOT B Hy.Ib 3HaMeHaTeqab JIeBOH ya-
CTH ypasHeHus (10), To onu sBag0TCa ero KopHAMH. TloxcTaBus y,
U Y, B paBeHCTBO (8), moayuynm xo= —2 u x,=8.

Takum o6pasoM, cuctema (7) UMeeT ABa peLIEHHS:

=8, yy=2 1 x,=2-2, y,= —8.

CKOpOCTH X H Yy — NOJIOXKHTE/NbHbIE YHC/d, TO3TOMY BTOPOE pe-
lIeHHe CHCTeMbl He YJOBJETBOPSieT YCJAOBHIO 3a7auH.

OTBeT: CKOPOCTb NEepBOM TOYKH 8 M/MHH, BTOPOH — 2 M/MHH.

3anaua 3. KaxaoMmy u3 Tpex paGouux AJ/isi BbIIOJHEHHA HEKO-
T0po#l paGoThl TpebyeTcst onpepeseHHOe BpeMs, NMPHUEM TpeTHil pa-
Gounii BhiNoMIHACT ee Ha | 4 ObicTpee mepBoro. Pa6oras BMecTe, OHH
BBIIOMHAIOT paboty 3a | u. Ecan xe nepBuift pabounit npopaboraer
| 4 u npekpaTuT paboty, a 3aTeM BTopoil paGouwuil npopaGoraer 4 u,
TO OHM BMeCTe BBHIMOJIHAT BCI0 paBoTy. 3a CKOILKO BPEMEHH MOXeT
BBIIOJIHUTb BCIO paboTy KaXAbli paGouni?

Pewenwue. [Nycts neppnili paGounit MOXKeT BBINOJNHHTb BCIO pa-
6oty 3a x 4, BTOpoi — 3a y 4, TpeTuit — 3a 2 4. Torna 3a 1 u nep-

“ 1 “ 1 . 1 o
BbIH BBIIOMHHT -, BTOPOH — — M TpeTHit — — uacTb Beeil pa6oThl.

1 I 1
PaGotasi BMecTe, OHH BLINOJHAKOT 34 OZHH 4ac (——{———}—;) 4acTh
x Y

Bce pabotel. Ho no ycaoBuio 3ajaun 32 1 4 OHM BHINOJHAIT BCIO
pa6oty, ciaeaoBaTe/bHO,

1 l 1
ytyte=t (12)
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Ecau nepBelit paGouunii npopaGoraer | u, a 3aTem BTOpO# — 4 4, TO

1 1 o
OHH BMeCTe cHeaaior (—+4-;) yacTh Bcefl paborbl. Ha camom xe
X
JeJie N0 YCJOBHIO 3alaUH OHH CAeJAaloT BCIo paboty, CleloBaTe/lbHO,

L=l (13)

Tak Kak TpeTHil pa6ounil BbinosHseT BClo pabory Ha | 4 GbicTpee
nepBoro, To

x=z+1. (14)
Takum o6pa3om, HCKOMble YHCAA X, Y, 2 ONHOBPEMEHHO yJO0BJETBO-
psior ypaBHenuam (12), (13) n (14). CaenoBatesbHO, AR pelleHus

3ajlayl Haj0 PEUIUTb CHCTEMY TPeX pPallHOHANbHbIX ypaBHEHHH C
TpeMsi HeH3BECTHBbIMH

i

1,1
;+'y—+;=1,
i 1 _ (15)
x=2z+41.
W3 tperbero ypaBHeHHs cHcrembl (15) Bhipaxkaem z 4epe3 x:
z=x—1. (16)

W3 BToporo ypasHeHH:s cHcTeMbl (15) Bhipaxkaem —;— yepe3 x:
=‘-(1—l). (17)

1 1 1
[ToacraBus (¥ — 1) BMecTO 2 1 Y <l ——;) BMeCTO 7 B NlepBOe ypaBHe-
Hue cucrembl (15), monyd4um palHoHaJbHOE ypaBHEHHE

sy (=)=t (18)

[lepeHecs Bce ero 4JeHbl B JIEBYIO YaCTh M CJIOXKHB B Hedl ajreGpau-
yecKHe ApoOH, MOJYYHM YpaBHeHHe

3x2—10x+3___0, (19)
4x(x—1)
paBHocusbHOe ypaBHenuwo (18). Tenepb peurum ypaBHeHHe
3% —10x+3=0. (20)

1
OHOo uMeeT nBa KOpHH: X, =3, Xy=-73.

Tak Kak X; B X, He 06palaloT 8 HyJb 3HaMeHaTeJ/b JIeBOH 4acTH
ypaBHenua (19), To x, ¥ x, ecTe Kophk ypasHenus (19). [loxcrasus
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. 2
X A %, B(16) 1 (17), HalimeM: y, =6, Y= —2, 2,=2, z,= —3- Cne-
AoBaTesbHO, cucTema (15) umeer nBa pemwenusi: x,=3, y,=6,
=2 —2 2

Z1=2 0 =7, Y= —2, Z= —7. ‘

HOCKOJIbe uepe3 X, Yy U 2 Mbl 0603HAYKJIM KOJIHYECTBO YacoB, He-
06X01MMO€ JIJISl BbIOJIHEHHA pabOThl, TO X, i U Z HE MOTYT GbiTb OT-
pHLATENbHBIMH uucaaMu. [TosToMy yc/10BHIO 3aaudl yAOBJIETBOPSIET
JHUIb pelieHne

x=3, y=6, z,=2.

O tBeT: nepBbiii paGouuii MOXeT BBINOJHHUTL BCIO paGoTy 3a 3 u,
BTOpO# — 3a 6 4, TpeTHHl — 3a 2 u.

804. a) Ecam K KkBaapaTy mepBOro Yucia NpuGaBHTH yABOEHHOE
BTOpO€ 4HCJO, TO NOJAyuuTcsa ( —7), a eC/I W3 TEePBOro YHUC-
Jla BblYecTb BTOpoe, To noJyuutcs 11. Halinure stu yucha.
6) Haiinure nBa yucaa, eCJid OTHOLIEHHE CYMMBbI 3THX UHCEJ
K HX Pa3HOCTH paBHO 8:1 M pa3HOCTh KBAJAPATOB 3THX YHCEJ
paBHa 128. Cko.nbko pelueHuli MMeeT 3ajnaua?

805. a) Halinute nBysHauHoe umcio, ecju uudpa AecATKOB Ha
2 6osiblie UUGPHl €AMHUL, 2 IPOH3BEJCHHE YHCIA HA CYMMY
ero nudpp pasHo 640.

6) Haiinure nBy3HauHoe uHCJ0, ecnd Uudpa eIHHHI Ha
2 6oJbuie UHGPHl JECATKOB, a MPOU3BENEHHE YUC/IA HA CYM-
My ero uu¢p pasHo 144,

806. a) Ecau pasnenuth ABY3HaYHOE YHCJIO HA NPOU3BEAEHHE €ro
uudp, TO MONYYHTCA B yacTHOM 2 u B ocraTKe 5. Ecan nepe-
CTaBHTb LM(PBI TOr0 YHUC/IA U NOJYyUEeHHOe UYUCAO pasje-
JHTb Ha CyMMYy ero uudp, To B YaCTHOM MOJYYHTCH 7 H B
ocratke 3. Haifinure ato umcso.

6) CymMa uudp aBy3HauHoro yucaa pasia 9. CyMmma kBan-
paToB 5THX Xe uu(pp paBHa 41. Ecau ot uckoMoro uucaa or-
HATb 9, TO MOJYYUTCH YHCJO, 3aTMCAHHOE TEMH XKe undpa-
MH, ‘HO B oOpaTHoM mnopsiake. Hailigure 3To uucao.

B) B aBy3nauyHoMm uncJje cyMMa KBaaApaToB ero uudp paeua
25, a npomsBenenue ux paBuo 12. Haiinute 3T0 uHCTO0.
r) CocraBbTe 3a7ayH, aHaJOTHUHble 3aja4aM a)— B).

807. a) JlBoe paGouux, paboTas BMecTe, BhINOJHAIOT HEKOTOPYIO

pabGoty 3a 8 u. [lepBbifi U3 HHX, paGoTas OTHEJNbHO, MOXKET
BBIIIOJIHHUTB BCIo paboty Ha 12 u GwicTpee, ueM BTOpO# pabo-
4ul. 33 CKOJIBKO YacOB KaX/blii U3 HHUX MOXET BHUIOAHHTb
OTIeNbHO 3Ty pabory?
6) 1Boe pabouux, pabortas BMecTe, BHINOJHHIM BClo paboTy
3a 5 nHeit. Ecan 6bl mepBoiil paGouuit paGoras B ABa pasa
ObicTpee, a BTOPO# — B Ba pa3a MelJieHHee, TO BCIO paboTy
OHH BBINOJHHUJHN Obl 32 4 1HA. 32 CKOJNBLKO JHEH BBIMOJHHJ
661 3Ty paboTy nmepBhli paboumii?
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808. a) /IBa KameHIIHKa, paboTas BMecTe, MOTYT BBHINIOJIHHTh pa-

6oty 3a 4,8 nHs. BTopoli kaMeHIUK, paboTas OTAeJNbHO, MOT
6Bl BHINOJHUTL 3Ty paboTy Ha 4 AHs ObICTpee, 4eM MepBbIA.
3a CKOJIbKO JHeH KaXXAbli KaMeHIUHK, paboTas OTIeJbHo,
Mor Gbl BHIMOJHHUTL 3Ty pabory?
6) Ha yG6opke ypoxas ABa KomOaifiHa paboTanu BMecTe
3 nusa. Ilocae 3toro, yro6bl 3aKOHYUTh PpalboTy, NEPBOMY
KoMG6ajiny morpe6oBaJsoch emte 4,5 nHA. 3a CKOJbKO HHEH
KaxIbld KoMOaiH B OTAeJbHOCTH MoXeT y6paTh Bech ypo-
Xail, ecqu nepBbifl, paborasi OTJeJbHO, MOr Obl NPOBECTH
y60opKy Ha 2 [HsI CKOopee, 4eM OIMH BTOPOW?

809. a) Ha o6paboTky oaHOH neranu nepBblii pabouuil 3aTpayu-
BaeT Ha 6 MUH MeHblle, ueM BTopoil. CKOJbKO feTaJjeld 06-
pa6otaer Kaxablii pabouuii 3a 5 4, ecau nepsbii 06pabora-
eT 3a 3TO Bpemsi Ha 25 gerasell GoJsblle, yeM BTOPOH?
6) 3a aBa gHA cOoBMecTHOH paboThl ABYX TPakTopoB pa3-

JHYHOH MOUIHOCTH Obla BcnaxaHa OAHA TpeThb IMOoJs. 3a.

CKOJIBKO JHEH MOXHO Oblio 6bl BCIAXaTb BCE MOJ€ KaXAbIM
TPaKTOPOM OTHAEJbHO, €CJH IepBbIM TPaKTOPOM MOXHO
BCllaXaTh BCE IoJie Ha O AHell cKopee, ueM BTODbIM?

810. a) JIpa TpakTopa pPa3/IHYHOH MOLLHOCTH MOTYT COBMECTHO

BcnaxaTh nosie 3a 9 4. Ecau 6bl nepBbift TpakTop paborad
onvH 1,2 u, a 3arem BTOpO#l — 2 4, TO 6bl10 OBl BCIlaxaHo
tonbko 20% mnoas. CkoJabko uacoB Tpebyercs KaKAoMYy
TPaKToOpy Ha BCMallKy BCEro noJs?
6) Ha BuimosiHeHne paGoThi ABYM IITyKaTypaM Tpelyercs
12 u. Ecan 6Bl cHauaJia NepBblil cAesaJ MOJOBHHY paboThi,
a 3aTeM Jpyroii — OCTaBIIYICH YacTb, TO BC paboTa Gblia
66l BoIMOIHEHZ 3a 25 4. 3a KaKoe BpeMsi MOT' Obi BBITIOJIHHUTD
BCIO paGoTy KaXAblii WITYKaTyp B OTAEJbHOCTH?

811. a) MamunHKCTKa paccyuTaJsa, 4To ecl1y oHa OyjaeT ne4aTarth
eXXelHeBHO Ha 2 jiucta GoJblie YCTAHOBJIEHHOH HOPMBI, TO
OKOHUYUT paGoTy paHblle HaMEUYEeHHOTO cpoka Ha 3 IHS.
Ecaun xe oHa 6Gyjner meyataTh B JeHb Ha 4 jMcra 6ojbie
YyCTAaHOBJIEHHO# HOPMBbI, TO OKOHYHT paboTy Ha 5 AHeHl paHb-
e cpoka. CKoMbKO JINCTOB TpeGoBaaoCh HaneyaTaTb Malilu-
HHCTKE M B KaKoH CpOK?

6) [lBa MaJsipa MOTYT OKPacHTb CTeHbl liexa 3a 60 u. Haii-
JUTE BpeMs, KOTopoe moTpebyeTcss KaKAOMY H3 HHX /IS Bbl-
noJHeHusi 370# Ke paGoThl OTHAEJBHO, €CJTM H3BECTHO, 4TO
ONHOMY M3 HUX noTpebGyercs Ha 22 u GoJsblle, UeM APYromy.

-
8.5%. Pewenne ypaBHeHHH B LeJbIX 4HCAAX

[TycTh 3anaH0 ypaBHeHHe cTeneHu n(n>>1) ¢ AByMs HeusBect-
HbIMH, HampUMep:

20x+3y=6, xy—2y+x=3, L—dxy+4y'=1.
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Ecau nocrassiena 3anaua HallTH uesble 4uCaa Xy M Y, TAKHe, 4TO
napa (xy Yo) ABAAETCH pelUeHHEM NAaHHOrO ypaBHEHHs, TO TaKoe
YPaBHEHHE HAa3bIBAIT JUOPAHTOBLIM YPABHEHUEM W TOBOPAT, YTO
ypaBHeHHe TpeOyeTcsi PEMIMTb B UEJNbIX yMCAaX. Tak ero Hasbl-
BA1OT B YECTb rpedeckoro maremaruka Huodanta (Il B. no u. 3.),
KOTOPbIA pellas ypaBHeHHs B UesblX 4Hcaax. MHoraa no cmeicay
3ajayn [AHO0GaHTOBO ypaBHEHHe pPeEIAT B HATYPadbHbiX UHC-
Jax. :

PUaCCMOTpPIM HECKOJIbKO MPHMEPOB pelleHusi AHO(aHTOBLIX ypas-
HeHHI.

Hpumep 1. PemwinM B uesibix 4McJaax ypaBHeHHE

2x43y=6. ()
Bbipazum y uepes x u3 ypasuenus (1):
2

M3 paBsencrBa (2) BuAHO, 4TO y GyldeT UeJbIM TOJLKO TOrAa, KOT-
Ja LeJjoe YUCJa0 X JeJHTCH Ha 3, T. . Korja x==3x,, I'lile X, — HeKo-
TOpoe uesoe 4ucjao. Toraa

y=2—2x. C

Takum o6pasom, pewieHHAMH ypaBHeHus (1) sBASIOTCA BCe maphl
yucea (3x;; 2—2x,), rae x;, — mo6oe HeN0€ YUCIO.

ITpuBenemM HekOTOpble 4acCTHble PeLIEHHS] ITOrO ypaBHEHHS.

Ilpu x;=0 umeeM x=3x,=0 n y=2—2x,=2; pewieHneM ypas-
Henus (1) aBasierca napa (0; 2).

[lpu x,=1 umeem x=3x,=3 U y=2—2x,=0; pewennem ypas-
HeHus (1) sABaserca napa (3; 0) u 1. 4.

Ecau B cucreme koopaunat xOy nocTpouts npsiMywo 2x+3y=—=6
(puc. 92), To LeJIOYHCTEHHBIM pelieHusiM ypaBHeHus (1) 6yayT coor-
BETCTBOBATb TOYKH 3TOH NPAMOH C LENOUHCIEHHBIMH KOOP/IHHATAMH.

3amertuM, uro B yue6HuKe ass VII kaacca paccMmorpen apyroi,
60.neeo oOIWHM# TpHeM pelleHHA JIMHEHAHBIX [1HOPAaHTOBHIX ypaB-
HEeHHUH.

Pewlendio ypaBHeHHit B Le- Y
JIBIX YUCJAX 4aCTO MIOMOraeT Me-
TOA Pa3oKEHUs] MHOTOUIEHOB x
Ha MHOXHTEJH. N

IIpumep 2. PeiiuMm B ueJsbix

yHCAaX ypaBHeHHe NG
xy—2y+ x=3. (3) ) N e
Ilpeo6pasyem ypaBHenne (3): [ —3 Oof 1 S
Y+ x—2y—2=1, *
x(y+1)—2@+1)=1, A
(y+1D(x—2)=1 Puc. 92
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Tak Kak x U y — ueJsble 4HCJA, TO NPOU3BEJCHHE LENbIX YUCEeJ
y+1 u x—2 paBHo | Jaumbp B AByX cjydasx:

{y+1=1, {!/+1=—‘1,
HJIH

x—2=1 x—2=—1.

[epBasi cucrema umeer peuende (3; 0), Bropas — (1; —2). I1a-
pbi (3; 0) 1 (1; —2) ABAAIOTCH LENOYUCIHHBIMH PelleHUsIMH ypaBHe-
Hus (3), ¥ Apyrux peuieHuii ypaBHeHue (3) He HMeer.

C 1aBHHX NOpP MaTEMAaTHKH COCTaBASAJH 3a]adyH, MPUBOASLILHE K
ypaBHEHHSM, pellleHHs] KOTOPBIX HO CMBICJY 3aJa4d JOJKHBI ObITh
HaTypaJbHbIMH, TaKUM 006pa3oM, LEJbIMH.

ITpumep 3. 3adaua Jeonapdo Iusanckoeo (Pubonauun). Hekto
kynui 30 ntui 3a 30 MOHeT, U3 YHC/IA 3TUX NTHUL 33 KaXAblX Tpex
BopoGbeB 3amJyaueHa | MOHeTa, 3a KaXX/ible [Be FOPJHLB — TaKxe
1 MoHeTa H, HAaKOHel, 3a Kaxa0ro rony6ss — no 2 MoHeThl. CKOJBKO
ObIJIO TTHL KaXXA0H MoponbI?

[Tyctb Kynuauw x BopoGbeB, y TOpJHL, TOraa roaybeill Kynuiau
30—x—y. 3necb x H y— HarypaJbHble . yHcaa. CocTaBHM
ypaBHeHHe .

%x+_;.y+2(30—-—x—-y)=30. 4

YMHOXHM NpaBylo M JIEBYIO YaCTH 3TOr0 ypaBHeHHs Ha 6, moay-
YUM PaBHOCUJbHOE €MY YpaBHeHHe

2x+3y+12 (30 —x— y)=180,
KOTOpO€e MoCJ/e YNPOUleHHsl 3anuuieM B BHIE
10x 49y =180. ‘ (9)

W3 ypasnenus (5) crenyer, uro y neaurca Ha 10, to ectb y =10y,
rae y, — Harypanbnoe uucio. IToacrasum 10y, BMecTo y B ypaBHe-
uHe (D) M YHIPOCTHM ero:

x+9y,=18. (6)

M3 ypasHenus (6) caenyer, uto x genurcsi Ha 9, T. e. x=9x;, rae
X, — HaTypaJbHoe uynciso. [Toacrasum 9x;, BMecTo x B ypaBHeHHe (6) u

yIPOCTHM €ro:
xn+y =2

ITo ypaBHEHHE HMEET eJUHCTBEHHOE pelleHHe B HAaTypaJbHBIX
ycaax: x;=1; y,=1, no Koropomy, moJb3yAcb ¢GOpPMYyJaaMH
x=9x, u y=10y,, HailgeM HaTypaJibHbie PELIeHHsI ypaBHeHHH (5) K (4):
x=9, y=10.

HUrak, Ha 30 wmoHer kynuiau 9 BopoGbeB, 10 ropanu #u
30—10—9=11 roayo6eii. .

Mpumep 4. 3adana JI. Jirepa. Hekuii YHHOBHMUK KYNHJ JOLIA-
nell u 6biKoB 3a 1770 TasepoB. 3a KaXAyIo JIOWaAb OH YILIATHJ IO
31 tanepy, a 3a kKaxjaoro 6bika — no 21 Tanepy. Ckosbko Joluanei
M ObIKOB KYMHJ YHHOBHUK?
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3ecb HeHM3BeCTHO obLiee YHCO KYTJIEHHBIX XHBOTHBIX, IO3TOMY
He YAACTCA COCTAaBHUTb YPaBHEHHE C OJHUM HEM3BECTHBIM HJIH CHUCTe-
MYy ypaBHeHHH C JABYMS HEHU3BeCTHbIMH. 3aTO MOXKHO COCTABMTh
ypaBHeHHe C JABYMSl HEH3BECTHBIMH.

[lycTs umHOBHHK Kynua x Jsowagefi u y 6bnikoB. Torna

31x+21y=1770.

[To cmblcty 3ajauM x u y HatypaJbHble yucia. Tak Kak 21 u
1770 penartcs Ha 3, to 3lx meautcs Ha 3, T. e. X JEJHUTCA Ha 3:
x==3x,, rie x, — HaTypaJbHoe uHcJjo. Toraa

3lx, 4+ 7y=>590,
590—7y
OTKyHAa xl=—3l
HpeoﬁpasyeM MOJIYYE€HHOEe Bblpa)KeHl/Ie:
_ 5907y 1=7y __1q__Ty—1
=== =19+ —==19——5

OueBunHo, uTO X; OymeT UeABIM, ecJu 7y—1 penurcs Ha
31. HaumeHnbiuee HBaTypaJbHOEe ¥y, NPH KOTOPOM 3TO NPOUIOHJET,
paBHo 9. Ilpu srom x, =17, x=>51. [lepBoe pelieHue ypaBHeHHUS
Hafigeno: (51; 9). Urobbt He 3aHHMATLCA NOJTHM NepeGopoM 3Haue-
HUH Yy, 3aMeTHUM, 4TO cJelyloliue [ejbie X; OYAYT MOJYy4aThCs OT
yBeJéquHuﬂ y=9 Ha uucgo, KpatHoe 31. B camMom nese, yBesuuum
y=9 Ha k:

62+7k__‘ Tk
=17 37

7-(9+k)—1
31 =19——
Tenepb BUAHO, uTO X, OyIeT ueJbiM, ecan 7k geaurcss Ha 31,
T. €. ecau k gesaurcss Ha 31.
[Mpu y=9+4 31 =40 umeem x,=10, x=230,
npu y=40+431=71 umeem x,=3, x=9..
[Mpu ciaenywimux 3HaueHHAX Y 3HAUEHHHA X, OTPUIATENbHBL. Ta-

KM 06pa3oM, ypaBHeHHe UMeeT 3 pelleHHS B HaTypajbHbIX YUCAAX!
(515 9), (30; 40), (9; 71).

x1= 19_‘

——
812. Peiiiiite ypaBHeHHe B LJbIX YHCAAX:
a) 3x+ by =20, 6) 2x— by =25; B) 2x—3y=y>5;
r) 7x+5y=2; o) 2x+7y=28; e) 3x+5y=30.
813°. O6bacHuTe, NoyeMy ypaBHeHHe:
a) x+y=>5,5; 6) 3x—2y=1,1

o OIS 8
HE HMMEET pelleHUH B LeJblX YHCJIAX. TR

814, Pemute ypaBHeHHe B LEJbIX 4HCJAX: :v?’
a) xy-+5x—3y=18; 6) xy —6x—y+1=0.

815. a) Jlokaxure, uto ypaBHeHue x*—6x+y’+4y+13=0
MMeeT e€JUHCTBEHHOE LEeJOUHC/IeHHOe peLleHHe.
6) JdokaxuTe, uto ypaBHenHe x’—6x+4y’+4y+ 14=0 ne
UMeeT peLIeHUH.
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816. PeuinTe ypaBHeHHe B LeJbIX YHCAAX:
-~ a) x(x+y)=3 6) £+3xy=2;
B) X4y —4x—6y+12=0; r) X — 4y =5;
1) £ —dxy+3y’=—1 ,
e) X*+y*—10x+2y+22=0.

817*. Kynuau 40 ntuy 3a 40 moHer. 3a KaXAbix Tpex BOpoGben
naaTaan 1 MOHeTy, 3a KaXKAbIX ABYX TOPJHIL NJAaTHAH | Mo-
HeTy, a 3a Kaxaoro rojay6sa 2 mouerbl. CKOMbKO OblJ0 Kyn-
JIEHO MNTHL Ka)XaoH nopoabl?

§ 9. TPA®UYECKHUH CITIOCOB
PELIEHHSI CUCTEM YPABHEHHWH

B srom naparpade GyieT pacCMOTPeH NPHEM, KOTOPbiil 0GbIYHO
HA3bIBAIOT TPadHUECKHM CIOCOGOM pellleHHs CHCTeM YpaBHEHHH.
DTOT ODpHEM COCTOHT B TIOCTPOEHHH TpadHKOB COOTBETCTBYIOUIMX
GyHKUHUH, B BBISICHEHHH, NIEPECEKAIOTCs JIH OHH, T. €. HMEeT JIH CUCTe-
Ma ypaBHeHHH pelleH#usi U CKOJbKO HX. BooGle rosops, 3THM Cnoco-
60M He BCerja MOXHO HaiTH TOYHbIe pellleHHsi, HO B OTAENbHbIX CJly-
yasx yAaeTcsi WX HaWTH.

[MosTOMY, 4To6Bl yGEAUTHCS, YTO PellieHHsi HadAeHbl TOUYHO, HAlO0
MX MOACTABHTb B KaXKJ0€ YpaBHEeHHE CHCTeMbl U yOeAHTbCH, UTO 1O-
JiyyaTcsi BEPHbie PABEHCTBA.

B 3ToM naparpade npuMepbl Mofo6paHbl Tak, uTOObI pelleHHs
CHCTEM HJIH ypaBHeHUH OblAH MOYTH OUEBHIHbI M3 PHCYHKOB.

9.1. Tpadnuecknii cnocod pelIEeHNs CHCTEMbI
ABYX ypaBHeHHWil NepBoM cTeneHH C ABYMS HEH3BECTHBIMH

[Tpumep 1. PemuM rpaduyecKuM crnoco6oM CHCTEMY ypaBHEHHH

3x—y+2=0, )
x+2y+3=0.
BuipasuM y uepes X B KaXIOM H3 3THX ypaBHeHHH, MOJYyUHM
CHUCTEMY
y=3x+2,
1 3 (2)
y=—3* 7

-
paBH(Bcnjﬁinym cucreme (1).
BBeneM B MJAOCKOCTH ONPSIMOYFOJIbHYIO CHCTEMY KOODAHHAT x0y.
Vpaenenne y=3x+2 ecTb ypaBHEeHHE NPAMOH, npoxoasiled vepes

' 3
touxku A, (1; 5) u B, (0; 2), a ypaBHeHHe y= —5 X¥— 7 €CTb ypaBHe-

3
HHe NpAMO#, npoxoasiiedl uepe3 TOYKH Ay (1; —2) n B, (0; ——5).
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HOCTPOHM 3TH INIpAMbIE B CHCTEME

KoopauHat xQOy (puc. 93).
Kak BuaHO u3 pucyHka 93, A
npsAMble MNEPECEKATCA B  TOUKe !
{(—1; —1). Ee koopauHaTh x= —1,
y=—1 H HABIAIOTCA eIHHCTBEH-
HbIM pelIeHHeM CcHcTeMbl (2), HO | B;
TOT4a W PaBHOCHJNLHOH el cHcTe-
Mbl  (1). TloacraBuB HaligeHHBbIE
3HayeHHWsl X M y B KaxkJaoe ypaBHe- >
HUe cucreMmbl (1), y6eaumcs, urto

pelleHHe CHCTeMbl HaHJIEHO TOYHO. B,

OTMeTHM, 4TO N0 BHAY ypaBHe- I AN
HHH (2) 3apaHee MOXHO CKa3aTh, 7 y=—%x-—%
4YTO pacCMaTpHBaeMble MpPsIMble Ie- . L1
pecekaloTcsl B OAHOH Touke. Benb Puc. 93

yrJaosbie Ko3G@ULUHEHTbl 3TUX Nps-

1
MBIX pa3Hbie <37& —5), CJ1eX0BATENbHO, MPSAMbIE HE [apaJllesbHbl.
lIpumep 2. Pewnm rpagu4eckuM cnoco60M CHCTEMY YpaBHEHH

x—y+1=0,
{r 3)

x—y+2=0.

Boipa3uM y uepe3 x B KaXKJ0M M3 3THX yPaBHEHHH, NOJYUYHUM paB-
HOCHJIBHYIO €l CHCTeMY YypaBHeHHH

== +1,
{y ¥ (4)

y=x-+2.
YpaBHenus cucrembl (4) ecTb ypaBHeHHst HapaJileibHbIX MPA-
MbIX, TAK KaK OHH HMEIOT paBHble yI-
JIOBble KO3 PULHEHTHI. y bl
OTH npsMble He COBNAZAIOT, MO- # y=xt2 |
TOMY YTO OHH TepeceKaloT OCb Y B
pPasHbIX TOYKax: TMepBasi — B TOUKe
(0; 1), a Bropas — B Touke (0; 2)
(puc. 94). y = x+14
Takum o6pasoM, 3TH HpsiMble He
nepecekalTcsa, MOITOMY cHCTEMa (4),
a TOrjla H CHcTeMa (3) Be umeloT pe- {1
LIeHHH.

[Ipumep 3. Pewum rpacduueckHMm 0] 1 x
cnocoGoM CHCTEMY ypaBHEHHH
{2x+2y—1=0,
—4x—4y+2=0. (5) Puc. 94
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y Beipasum y uepe3 x B KaxKJ10M M3 3THX
ypaBHEHHH, [ONYUHM PABHOCHJBHYIO efl CH-
1 CTEMY YpaBHEeHHH

y=—x+0,5,

YpaBHeHus1 3TOfl CHCTEMbl OAMHAKOBH H,
1 cJIe[I0BATENBHO, ONPEeAeAsIIOT OQHY H Ty XKe
N=-x+xy npamyio y= —x+0,5 (puc. 95).
DTO NOKa3biBaeT, YTO BCe PeHIeHHA CHC-
Puc. 95 teMbi (D) 06pa3ylOT COBOKYIHOCThb flap Ko-
OpAMHAT (X; y) ToYek npsimoit y= —x+0,5.
Cucrema (b) umeer GeckoHedyHo MHoro pemenuii:  (x;, —x+0,5),
rae x — Jaw0boe yucao.
Takum o6pa3om, AJs pelIeHHd CHCTeMbI JIHHEAHbIX ypaBHeHHHR
rpaduryeckum cnocoGoM Hajo:.
1) paspeluuTh KaXjaoe ypaBHEHHe OTHOCHTENBHO Y,
2) NOCTPOUTH HAa KOOPAMHATHOH IJOCKOCTH MpsiMble, COOTBETCT-
BYIOLHE MOJYYEHHBIM yPaBHEHUSIM.
Ecan npsiMble MepeceKaloTcs, TO KOOPAHHAThl TOUKH HX Mepece-
yeHHs W OYyAYT pellieHHeM CHCTEeMBL.
Eciin npsiMbie OKa)KyTCd NapanjefbHbIMH, TO CHCTEMA He UMeeT
pelleHun.
Ecau npsiMmpie COBNanyT, TO CHCTeMa MMeeT OeCKOHEYHO MHOro
pelieHMi — MHOXXECTBO Nap KOOPAMHAT TOYEK 3TOH MPAMOH.
3ameyanne. Ciayuau, Korga XoTs Obl B OHOM H3 ypaBHeHHH
CHCTeMbl He YJaercsi BbIPa3uTb y 4Yepe3 X, PACCMOTPEHbI B CJAEAYIO-
€M TYHKTe.

3anaua. [Noesn, Boiiias B MoMeHT {,=0 co cranuuu O, uaer co
CKOPOCTBIO 100 km/4. HaBCTpeqy eMy co ckopoctbio 80 KM/q HUAeT
Apyro#i noesf, Bbiumeuinii co craHuud A B TOT e MoMeHT f,=0.
Paccrosiune or O no A pasHo 200 km. [locTpoHTh rpaduKH ABHXKeE-
HMS 3THX M0E3/0B H 110 HUM ONpPEeJeHTh, KOTAa H HA KAKOM paccTosn-
HuM oT cTaHuuu O moe3ga BCTpeTATCS.

Pemenue 3agaaum NpsMOYyroibHYyl0 cHcTeMy KoopauHat {0s
(puc. 96). Bynem cuurath, 4To 1 cM Ha ocH f cooTBeTcTBYyeT 1 4, a
1 ¢cm Ha ocu s coorBerctByer 100 kM.

OTMeTHM Ha ocH § Touky A, umewiyl koopauHaty s=200.
Yno6H0 CunTaTh, UTO MEPBLIH 10e3] ABUKETCH B TOJOXHMTEJbHOM
HanpaBJeHUH OcH § OT Touku O, a BTOPOH — B OTPHLATENbHOM Ha-
npasjeHud ocu s oT Toukd A. Toraa 3akoH ABHXKEHHs NEPBOro Mo-
e3fa Bblpaxaercs (GyHKLHeH

s = 100¢, (7)
a 3aKOH JBHJXKEHHs BTOPOTO Noe3[a Bbipaxaercsa ¢pyHxOueh
s = —80¢+4 200. : (8)
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CkopocTb ecTb KO3 hHuiu-
eHT npu . Has nepBoro noes-
Ja OHa [OJIOXKHTe bHasA, a
ANs  BTOPOTrO — OTPHIlATENb- A s =100t
nas. Kpome Toro, npu t=0 —200"\

nepBHIH [Oe3] HMeeT Ha OCH § B

KoopauHaty s=0, a BTopoii — | 100

KoopauHaty s$=200, uto co- N, $ =—80¢+200
ryaacyercsi ¢ ypaBHeHHAMH (7) N

u (8). -

Ha pucyuke 96 uzo6paxe- o 1 2 3 4 |t
Hbl NpsiMble — FpaUKH 3TUX [ ‘

¢ynkuuii. Bcerpeua mnoesnos
[IPOU30HJeT B TaKOH MOMEHT £, Puc. 96

IPH KOTOPOM OpIHHATBHI TO-

Yyek rpa¢ukoB paBHbl OAHOMY M TOoMy ke uucay s. Ho rtoraa
3TH YHCAA ¢ M S LOJIKHBI YA0BJETBOPSATH OJHOBPEMEHHO 060HM ypaB-
HeHusM (7) u (8), T. e. GbITh KOOPAHHATAMH TOYKH B nepeceueHus
TIPSAMBIX,

U3 PHCYHKA BUJHO, YTO KOOpDAHHAaThl TOUKH B l'[pPIﬁJIPI.?HTeJIbHO

PaBHBI:
t~1,1, s~110.
Jnsi cpaBHeHHs peLIMM CHCTEMY ypaBHEHHH
{ s==100¢,
s= —80¢ - 200.
Hmeem t=£q=66 66... MuH =67 MuH,

s—-lOO—KM—lll 11... kM~ 111 km.

OrTBeT: noesna BcTpeTATCS NPUOIHUIUTENbHO 4yepe3 67 MHH Ha
paccToOAHMH npHO6ansuteabHo 111 kM ot craHuuu O.
R

0 o

818". Kak pewmats rpaduueckum cnoco6oM CHCTEMY JHHEHHBIX

ypaBHeHUH?

819. Onpenesinte Ha r1a3 KOOPAHHATHI TOYEK MepeceyeHHs TNps-
MbIX, YKa3aHHbIX Ha pHCyHKe 97.

820. Onpenenure KOOpAMHATH TOYEK MEPECEYEHHS C OCAMH KOOP-
JHHAT rpadHka QyHKIHH:

a) y=2x—17, 6) y=—x—2; |
Du—tozn  u——loom  u
821. Onpeaesnure KOOPIHHATBI TOYEK MepeceyeHuss rpadukos

PyHKUHH:

a) y=x+4 1 y=3x

6) y=—2 n y=7x+1;
B) y=2—3x u y=>5x—4
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Puc. 97

822. PewnTte rpaduyeckiM Cnoco60M CHCTEMY ypaBHEHHH:

AP P
y=2x—4 ' x+2y=1,
{y 2—x {y+x=1;

x+2y—3=0, x+2y=1,

A) {2x+4y+2 0; ¢) {x—y=4;

y+1=0, Tx—y—3=0,
{2x+y—1—0 3) {14x—2y+5=0;
3x4+y—1=0,

H){6x+2y 20,

9.2. I'paduyecknii cnocob HccaepoBaHHs
CHCTEMBI JBYX YPaBHEHHH
nepBoil cTeneHH ¢ AByMs HEH3BECTHbIMH

PaccMoTpuM cucTeMy ypaBHeHMH ¢ JABYMst HEH3BECTHBIMH
BENSY
ayx+by—+¢,=0, (1)
agx +byy + ¢, =0,

rae a,, by, ¢, @y, by, c,— NaHHbIE, OTIHYHBIE OT HYJSA UYHCHA.
Bbipa3uB y yepe3 x B KaXKJIOM H3 yPaBHEHHH CHCTEMbI, M0JyUHM
PaBHOCHJIBHYIO efl cHCTeMy
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a Cy

TR (@)
% C2
y=—5 5,

B nekaproBoii cucreMe koopauHat xOy nepBoe ypaBHeHHe cuc1‘e-
Mbl (2) eCTb ypaBHeHHe NpPsSMOH C yraoBbiM Ko3(hdHlUKMeHTOM _T
: 1
a BTOpoOe ypaBHeHHe cucTeMbl (2) eCTb ypaBHEeHHe NPSIMOH C yrJo-

. a;
BbIM ‘KO3 dUHILHEHTOM — 5
2

Boamoxubl Tpu cayuas.

1-i cayuaih. Koapduunentn npu x u y ypaBHeHuit cucremnl (1)
He MpOMOpPLHOHAJbHBI, T. €.

b,
_b‘;.

Toraa yrsioBble KO3 PUIHEHTH TPAMbBIX Pa3JIHYHbIL

M NpsMble nepecekaloTcsi B eXHHCTBeHHOW Touke. CuiefoBaTe/bHO,
cucrema (1) uMeer exMHCTBeHHOe peuIEHHE.

2-i cayuai. KodpduuueHTsl npu x H y ypaBHEHHH CHCTEMb
(1) mponopuMoHa/JbHBI, HO OHM HE MPOMOPUHOHANbHbI CBOGOLHBIM
yJaeHaM, T. e,

o b: o
a, b2

Torga yraoBbie Koscpqmuuembl NpAMBIX pPaBHbl MeXay co6oii:
a a 4

——=—2 H0 ——5 —->_ [109TOMy NpsAMbie NapaJJieJbHbl i He
b, by by bz

coBnanawpr. CrnenoBaTenbho, cucrema (1) He umeer pemeﬂuﬁ.

3-# cayuaii. Uucaa ay, b,, ¢, cooTBeTCTBEHHO nponopunonanbﬂu
a, b, € a,
—=-—=—_ Torpa ——=——=,
a b o bx b,

qycaam @, by, €y, T.
3 Cy
ThRT TR

AT OfHY M Ty Xe Npsamyio. M1
KoopauHaThl ToueK 3TOH NpPAMOM M SIBJASAIOTCS BCEBO3MOXKHBIMU
pelleHHsAMH cucTeMbl (1).
3ameuanue . Bynem cuurath, yTo uucaa a,, b,, a,, b, oTIHY-
Hbl OT Hyas. IIpu ¢, =c¢,=0, ecan yucna a;, b, NPoNOPUHOHANLHEI
YHCAAM Qy, by, NpAMBIE, O KOTOPLIX HAET peub, coBmaaalT. Ecid xe
3TH YHCJ/Ia He MPOMOPLUHUOHAJBHBI, TO MAPSIMble lepeceKalnTcs B TOUKe

(0; 0).

H, cJiefloBaTeNbHO, 006a ypaBHeHHs cucTeMbl (2) onpene-
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A s=s,
4
T
/ 0O x
a?Z0 b#0
6)
y‘ x=a,
A\ a#0 b#0
o x
ax+by+c =0
B)
Ih | 2=a,
y=b,
o g
r
) y‘
y=b1
y=by
o x
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Puc. 98

)
’A
y=b1=b2
T
o x
e)
x=a, Xx=ay
Y
J——
0] x
7 A
0] x

Ipu ¢;=0, ¢, %0, ecan uncaa a,, b, NPONOPLHOHANLHBI YHCAAM
Qq, by, TO IpAMbIE Pa3/IMUHBI H NapaJlIeJibHbl; €CJH JKe YHCaa a,, b, He
NPONOPLUUOHAJbHBl YHCJIAM dy, by, TO NpAMbBIE MEPECEKAIOTCH.

3ameuanue 2. Eciu HeKoTOpble H3 KO3G(DHLHEHTOB CHCTEMbI
ypaBHEHHH NMepBOH CTENEHH PaBHbI HYJI0, TO cHCTeMa (1) cBomHTCH
K ORHOH H3 CJedyIOLUX CHCTEM:

b ==,
1) ; axtbyte a#0 u b=0 (puc. 98,a),
y=b,
b =0, :
9) | XTI =0 0w b0 (puc. 98,6):
x=a0
x=a0,
3) (puc. 98, 8);
y=b,
y=b,, x=a, '
4) 3 (puc. 98, ¢, 9); 5) (puc;" 98, e, x).
y=b, ' x=a,

B 1, 2.1 3-M cayuasx npsiMble, COOTBETCTBYIOIIHE YpPaBHEHHAM
CHCTEMBI, [IEPEeCeKaTCAd B OAHOH TOYKe, T. e..CHCTEMA HMeeT eHHCT-
BEHHOE pelIeHue.

B 4-m (b5 b,) 1 5-M (a, 5 a,) cayuassx yKaszaHHbie NpAMbie Oa-
paJuleibHbl X CUCTEMa He MMeeT pelleHHH.

Haxkoneu, B 4-m (b, =1b,) v 5-M (a,=a,) cryuasix ykazaHHble Npsi-
Mble CJHBAIOTCS B OJHY NPAMYIO U CHCTeMa HMeeT GECKOHEUHO MHOro
pelleHHH, COOTBETCTBYIOIUX TOUKAM 3TOH NpSAMOM.

3ameuanne 3. OTMeTHM, UTO yPaBHEHHIO X=a YJOBJETBO-
pAIOT BCe TOYKH KOOPAHUHATHOM IJIOCKOCTH, UMelIue aGcuucey a
OpAHHATY, paBHYIO J060MY yHcay. Bee Takue TOukH fexar Ha nps-
Mo#l, napaJennHol ock Oy W mpoxoxsiiedl 4depes -Touky A (a; 0).

EE——
823°. KakoMy yc/oBUIO HOJIKHbBI yAOBJETBOPSTh UHC/AA ky, ky, b,
u by, uTOOBI mpsiMble y=Fk x4+ b, U y=kyx+ by:
a) nepecekaJsuch; 6) OblIH NnapaJijieNbHbl, B) COBHARAJNHU?
824. CkosbKO pelueHHH MMeeT CHCTeMa ypaBHeHHil

{y=k1x+bl,

y=Rkyx+ by, e
€CJIH:

a) ky=ky, b5 by 6) ki=ky, b =0by B) ky#Ry?
825. CKOJIbKO pelieHHil WMeeT CHCTeMa YpaBHEeHHi
ax+by+c, =0,
{a2x+b2y+02=0,
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826.

rae a,, as, by, be, ¢, €3 — uuCAA, OTIHYHBIE OT HYJfA, €CJIH:

bl a, b, c a, b, c,
b ’ 6) a, bz# ¢’ B) )

a) a, by Co

KaKOMy YCJIOBHIO JOJIKHBl Y/OBJETBOPATh OTJHUYHbIE OT HY-
Jsi 4ucaa a,, Qg by, by, ¢, Cy UTOOBI cCHCTEMA ypaBHEHMH

{alx+b1y+01=0,
axx+boy + ¢, =0:

a) UMesia eMHCTBEHHOe pelleHHe,
6) umesia GeCKOHEYHO MHOIO pelleHui,
B) He HMesa peleHui?

827. llepecekaer /i OCH KOOPAHHAT npsiMas ax-+by+ c=0, ec-
J¥ Yucsa a U b oTAHUHBI OT HyJs?
828. Kakoe ypasHeHHe MMeeT npsiMas, napaJjeibHas:
a) ocH x; 6) ocu y?
829, Ilpu xakux 3HaueHusix a, b u ¢ npsamas ax+by+c=0
a) mepeceKkaeT OCH KOOPAHMHAT;
6) napaJjjenbHa OCH X;
~ B) nmapajJjejbHa OCH y?
830. Onpenesure, CKOJNbLKO pellieHHH HMeeT CHUCTeMa ypaBHEHHIl,
M AafiTe reoMeTpuyecKoe OGBSICHEHHE BLIBOLY.
=2, =4’
2) x+y 6) x+y
x+y=3; x—y=2;
2 "—3 =4, 4 —_— =9,
8) x—3y ) x—3y=>
y=2>5; 4x—0,3y=>5;
) 2x —4y =6, ) 2x+4y=1,
e
Y lx—2y=3; 0-x+0-y4+0=0;
1
0,3x+l7y=5, 3ix-—-—2,2y=0,
X) 4 | 3) 3 3
—0,l5x—7y=—2—2—; 10x—6,6y=1.
831. MMeer au cuctema ypasHenuit pemienue? [Ipounnwocrpupyii-
' T€ OTBET ¢ MOMOLLbI0 rpaduKoB.
CEORD
x—y=2, Sx—4y=1,
a1 Y 6) Y
—x+y=2 20x— 16y= —4;
x+2y=3, 0,56—0,13y =2,
)i S r){x 13y 2
¥ Hy=2 e O
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832.

833.

834.

835.

836%.

Onpepnenure k, ecin npsiMasi y = kx [POXOAHT Yepe3 TOUKY,
KOOpPAHHATHEI KOTOPOH SABJAIOTCH PeLIeHHeM CHCTeMbi ypaB-
HEHHUH:

) x+2y=8, - 6) 2x+y=4,
a

x—y=2; x+y=3.

HokaxuTe, 4To cHCTeMa ypaBHeHHH HMeeT OeCKOHeyHOe
MHOXECTBO peLieHH:

2) {x+y—3=0, 6) {x-}—y-—2=0,
2x+ 2y =6; 0,5x+0,5y=1;
0,3x 40,2y +0,9=0, 3+5=3

®) { _3x—2y—9; A 2P 7}

3 3

Ilpun kakux a u b npsamble x+y=—b u x—ay=2:

a) nepecekaloTcsi B Touke (1; 4);

6) mapanJejbHbl H He cosnaualoT

B) COBMagaloT?

CocTaBbTe CHCTEMY YpaBHEHHUH, pelieHHEM KOTOpO#H siBjsieT-
csl mapa uHceJs:

a) (3, —1); 6) (1; 3);
B) (5; —2); r) (0; 3).
Pewnte rpaduueckum crnoco6oM CHCTeMY ypaBHEHHI:
2x+y=4, x+y—2=0,
a)y x—y+1=0, 6) { —2x+y=>5,
y=2; 2x4+3y=T,;
x—y=4, x+y=4,
2
B) { 2x+y=>5, r) %4—%—3:0,
*ty=2 2542y —4=0.

9.3. PeweHne cucreMm ypaBHeHM#
nepBoH M BTOpPOii creneHd rpadHueckum crnocobom

CucreMbl ypaBHeHHH MepBOH U BTOPOWM CTENEHH, KAK H CHCTEMBI

ypaBHeHMi 1epBOH CTeleHH, MOXHO pellaTth rpadHyecKH.

Tpumep 1. Pemum rpadpuueckuM crnoco60M CHCTEMY ypaBHEHHH

(1)
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x—y—3=0,
F—2x=y+3.



y=x-3 y* |
x|3]|0 y=x—:§
y |03 v s
L y=x2—2x—3 >

75:%%::1 '-\() 1 /f X
x|-1]0}]1j2]3 _3
Y{0R3I143]0 b

Y= 28

Puc. 99

PaspewuB kaxaoe ypaBHeHHe CHCTEMB (1) OTHOCHTeNBHO Y, IMO-
JYy4YHM CHCTEMY YpaBHEHHH

{y=x—3,
y=x'—2x—3.

B onHo#i cucTeMe KOOpPAHHAT MOCTPOUM MpSIMYIO y=x—3 U Na-
pabony y=x*—2x—3 (puc. 99). Jas 3TOro COCTaBUM TaOJHIbI
3HaueHudt QyHkumi (x, — abcuucca BepUIMHb NapaboJbl).

Kak BuaHO M3 pucynka 99, npsimasi u napabosia nepecekarwrcs
B ABYX Toukax (0; —3) u (3; 0). [laper uucesn (0; —3) u (3; 0) o6pama-
10T Ka)J0e ypaBHeHHe CUCTEeMbl B BepHOEe PaBEHCTBO, CJeloBaTeb-
HO, pelleHHSIMH CHCTeMbl fIBJASIOTCS mapbl uucena (3; 0) u (0; —3).
Jpyrux peileHuil cucTeMa He HMeeT.

[Ipumep 2. Pewinm rpaduueckuM Croco6OoM CHCTEMY ypaBHeHUH

{y=2x2+8x+7,
y=—1"—2x+4.

B onHOil cucTeMe KOOPAMHAT MOCTPOUM Napabonbl y=2x"+8x+
+7u y=—x*—2x+44 (puc. 100). [las 3T0r0 cocraBum TabuaHibl
3HauYeHUA QYHKLHH.

[lapaGoJbl nmepecekaioTcsi B ABYX TOUKAX, MOITOMY CHCTeMa (2)
umeet 1Ba pemenus. Jlerko yGeauThes NOACTaHOBKOM: NepBoe pellle-
Hue (—3; 1) Haiineno touno, a sropoe (—0,3; 4,5) mpubauxeHHo.

3 an aHune. Ecau norpeéyeTCﬂ HalTH BTOpOe pelleHHe TOY-
HO, TO HYXHO GyJeT pelldTb ypaBHeHHE

224 8x+ 7= —x*—2x+4,
1 .
KOTOpOE HMeeT KOPHH X, = — 3, X,= 3, W HaHTH 3HaUeHME Yy, CO-
OTBeTCTBYIOUIHE HaWJeHHBIM KOpHAM y, =1, y2=4%

(2)
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T T [ y=esisait yi
T

—
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y|7|1]-1 17 ‘\
\/

-

| ly=—x —2alc +4
A2l Y :
. B -
x |-3|-2|-1]0 |1 -4 o] 1 x

Bi -
y=—x2-2x+4

I

Puc. 100
Tenepb BTOpOe pelleHHe HAHAEHO TOYHO: (———:l;; 4%).
ITpumep 3. Peminm rpaduueckuM cnoco6oM CHCTeMYy ypaBHEHHH
{f+f=2 (3)
y=x’

[TepBoe ypaBHeHue cuUcTeMbl (3) eCTb ypaBHeHHe OKPYXHOCTH |
panuyca \/5 ¢ uentpom O (0; 0). Ona npoxonut uepes touky (1; 1).
Bropoe ypaBHenne cuctembi (3) ectb ypaBHeHHe napabosbl. OKpyx-
HOCTb M mapaGo/ia nepecekaloTcs B ABYX Toukax (1; 1) m (—1; 1)
(puc. 101). Cucrema (3) umeer aBa peumtenusi: (1; 1) u (—1; 1). Kak
Jerko yb6eauThCcsi NOACTAHOBKOH, 06a pelleHHs HalJeHbl TOYHO.

R y
x2+y 2 [ ' ﬂ‘

- ypaeneuue I’
/

| 2
orcpyolcnocmu c UeHmpoa

0, (0,0), paauyco.m R=

rol *
)
™~

Puc. 101
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837°. a) Kak pewuTb cHcTeMy ypaBHeHHH rpadHuyecKHM CIIO-
cobom?
6) Bcerna siu rpaguuecknii cnoco6 peiieHHUs CHCTEM ypaB-
HeHHHl 1aeT TOUYHbie pelleHHs?
B) Kak npoBepHTh, TOUHOE H/IU NPUOJHKEHHOE pelleHHe M0-

Jy4yeHO?

838. Pewmute rpadpuyeckuM cnoco60OM CHCTEMY ypPaBHEHHIL:
y==3, . x=2,
: 6

& {y+6=x2; ) {x2=3+y;

B) y=x2"—2x: F) y=x2—2x+2,
y=2x—3, y=x+2;
Yy=x—2x41, y=—+4x+1,

1) e)
y=—x"+4x+1; y=x>+1.

839. CKoJIbKO pelleHHH HMeeT CHCTeMa ypaBHEHHI:

2) {y=f, | 6) {(x—2)2+(y—3)2=9,
(x+2+(y+2F=4; y—x=4

=1 =1

) { V% n{? %
y=0,5x+0,5; y=—2x+2;

=2 —6x+ 10, NS

g {)yc2 4 2+ 2y =20, ) ’

9.4. [ipumepbl pelieHHs ypaBHeHHH rpadHueckum cnocobom

IIpumep 1. Pemnm rpaduyeckuM crnoco6oM ypaBHeHHUe

Y= —2x+43. (N
Yto6bl HAHTH 3HAUEHHA X, IPH KOTOPBIX BbIMOJHAETCS PaBEHCT-
BO (l) MOCTPOUM rpaduKu ABYX QYHKUHH y=x" U y= —2x+ 3 B 0-

HOH cHCTeMe KOOPAMHAT. IIJm 3TOr0 COCTaBUM TabJMUbl UX 3Haue-
Huit (cm. puc. 102).

[Tapabona y=x* u npsamasn y= —2x+4 3, H306pakKeHHbIE HA PH-
cynke 102, nepecekarwtcss B Toukax (1; 1) u (—3; 9). IMpu x=1n
x=—3 3TH QYHKUHMH UMEIOT OJUHAKOBble 3HAYEHHS, T. €. BbIOJHS-

€TCsl paBE€HCTBO
K= —2x+43.

JT1o 03Hayaer, YTO 4ucjaa | U —3 ABASIOTCH KOPHSIMH ypaBHe-
wus (1). :
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L L —
y=-2x+38 yA
bl 9
y=ix
x [0 |+1l+2l+3 \ |
ylo|1]4]9 \ Y = 2]
y=-2x+3 \°NI/
\:
x]0]2
MEIR! 3.2 |0] 1% 3 E—
HHT

Puc. 102

I'pacduuecknit cnocob peuienus YPaBHeHHIi laeT JiMwb npuGH-
KEHHbIE€ KOPHH. UTto6bi JA0Ka3aTb, 4TO KaKOoH- TO H3 KOpHGH HaleH
TOYHO, HAJl0 MOACTABHTbL €ro B pelllaeMoe YPAaBHEHHE H TPOBEPUTb,
MoJIy4uTcsi JIH BE€pPDHOE paBeHCTBO.

B npumepe | KopHM HalileHbl TOYHO, TaK Kak

P=—2.143, (—3)’=—2(—3)+3.
Ypanenne (1) MoxHO 6b1s10 Gbl pelwinTb 6Ge3 rpadukos, npeobpa-
30BaB ero K BHAY
L42x—3=0.
llpumep 2. Pewnm rpaduyeckum crnocoGoM ypaBHeHHe
£t 2r—2=" (2)
[ToctporM B opHON cHcTeMe KOOpPAMHAT rpaduku QyHKILHi

y=x42x—2 u y=%.

s noctpoenus rpadHKoOB ITHX QYHKIHH cocTaBUM Tac;nu‘u.bl HX
3HayeHu# (cM. puc. 103). huu'

MMapa6ona y=x>*+42x—2 u runepbona y--— (puc. 103) Tiepece-

Kalorea B toukax (1;°1), (—0,4; —2,5) u (—2,6; —0,5),npubauxen-
Hbie 3HAaYeHHs] KOOPAHHAT KOTOPHIX HAXOAATCA M3 pUcyHKa. AGcuuc-
Cbl 3THX TOUEK — KOPDHH ypaBHeHus (2) x,=1 — Tounbi#i KOpeHb,

TaK Kak 12+2-1——2=%, a —0,4 1 —2,6 — KOpHH NPHOIHXKEHHbIE,
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lylx2+2x {2 |2’ ‘ }y‘ a) y‘ 6) y‘ _| !
,__.x=——b—=:§-=—1 y=x+2x-2 \ / BENAY [Y=ax 4
(] v
20 \\ l‘ [l -y=ax’ L 1o 2
x |-3|-2}-1]10]1 o '
y | 1]-2]-3]2]1 < \J( =1 \ . y3 —bx—c \ 7=—bx—<
_ .
=L ol /1 s 'x /y
Y x 1 X - } s + o
0 1 0 1 x -1 |0} 11 | 2 ix
x|-ol1l-41l1]2 ﬂ | |
. . ‘ Puc. 105
YI-2-11-2[2 1 | & : :
—2 2 844. C nomowsio rpadukos (puc. 105) pewdre ypaBHeHHe
ax’= —bx—c. Onpenesure a, b ¥ ¢, HCNONbL3Ys PHBELEH-
——— Puc. 103 Hble Ha PHCYHKEe [aHHBble.

840. Ha pucynke 104 noka3zanbl rpad@uku GyHKUM} ‘y=—)1? u

HOOIIOJIHEHHUSA K TJIABE 1V
y=2x—1. R

a) YKaxHTe HECKOJNbKO 3HaUeHHH X, IIPH KOTOPBIX 3TH QYyHK-
LUK IIPUHUMAIOT pa3jiMyHble 3HAUYEHHS.
6) YKaxutre KOPHH ypaBHEHHS

1. BeposiTHOCTb COOBLITHS

Ha cTon npoH3BOJbHBIM 06pa3oM GpOCHJIHM HLPaJibHYI0 KOCTb.
VIrpok BhIMrphIBaeT, €K BbiMafeT 0aHo 0uko (puc. 106). Oaunako-

=2x—1 - BO BO3MOXKHbl (PaBHOBO3MOXHbI) CJy4au BbillafleHUA
SIBASIIOTCS JIM HajiJeHHble KOPHU TOYHBIMH HJIH NPUOIHKEH- OlHOTO, ABYX, TPE€X, YeThipex, MATH U LIECTH OYKOB ®
HBIMH? (v npyrux ciyuaeB ObITb He MOXeT). o :0
Pewnte rpaduueckum croco6oM ypaBHeHHe (841—842): BepositHocTb P coObITHSA, 3aKJ10UaAIOUErocs B Bhi- ele )
41. a) 2=x+2; MaJeHUH OJHOr0 0YKa, paBHA:
6) X*=3x—2; P_— _Puc. 106
B) 28 =3x+2; Y A ‘
r) 28 = —x+3; y=2x-1 T. €. OTHOLIEHHIO UHCsa caydaes (1), 6aronpusTHbIX JaHHOMY COObI-
*
) 32— — x+4; THIO, K 4YHMCJYy BCeX PaBHOBO3MOXKHBLIX cayyaeB (6). ,
A x2_ ’ a: BEPOHTHOCTb ’Ke COOBITHS, 3aKAI0YAI0ULerocsi B BbIIAJeHHH Yer-
e) 3; =x+2. 1 14 HOT0 4MCJa" OYKOB, paBHa:
842. a) -;=2X+1, y=% 1

3
P=c=3.

6) -=—x+2 -

Ha sror pa3 4HcJ0 CJayyaes, 6JlaI‘OIIpHﬂTHle JaHHOMY COOBITHIO,

84e3 Onpe,zleJmTe ¢ nomoulbio paBHO 3: Belb 5TO cOObITHE MPONUCXOAHUT NPH BbINAaAeHUH ABYX, 4eThbl-
gt \*‘Pa(b"KOB CKOJIBKO KOD- -1 pex, WeCTH OYKOB, @ UHUCJAO0 PaBHOBO3MOXHBIX cjayyaeB ocT4A0CH TeM
Hell HMeeT ypaBHeHMe: xe: 6. H
a) L=x—1; 1o Boo6ine, BeposTHOCTbIO COOLITHA A HA3b6I8AIOT OTHOWIEHUE KOAU-
6) 2x2=3x+5; i yecreéa m caydaes, 6aazonpusarHoix cobuiTuio A, K KoauwecTsy n
8) 3@=x+T7; y 4 8CexX PABHOBOZMONCHOIX CAYHAES:
1 p="
r) ;=—x+1 Puc. 104 n
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B nepsom npumepe m=1, n=6, a BO BTOPpOM — m=3,
n==6. Beposirhocts P ynosiersopsier HepaBeHcTBam 0<CP 1.

B HameM npuMepe MOXHO CIpocHTh: «KakoBa BepOATHOCThL Bhl-
najeHus 7 oukoB?» Ciyuyaes, 6JIaI‘0HpHﬂTHbIX 3TOMY COOBITHIO, HET,
MO3TOMY

, 0
P=—6-=O.

CoGbiTHe, BepOATHOCTb KOToporo paBHa (, Ha3biBalOT HeBEPOST-
HbiMm. C Jpyroél CTOPOHBI, MOXHO cOpPOCHTh: «KaKoBa BepoOsITHOCTD
BoinageHusi anbo 1, au6o 2, aubo 3, aubo 4, aubo 5, au60 6 OUKOB?»
CayyaeB, GJaaronpusTHLIX TakoMy coOwiTHIO, 6 (m=G6), nostomy

6
P—-é-_

Co6biTue, BepOSTHOCTH KOTOpOro paBHa 1, Ha3biBAlOT A0CTO-
BEPHbBIM. ‘

ABTOpBI MponesaJd ONBIT, 3aKA0YAIHKACA B Noa6pacbiBaHHU
MOHETHI, B Pe3yJbTaThi 3aHecJqd B Tabauuy.

YHcao BhinajgeHui

Kro mpomenas onbiT
opJia pelKH

AsTophl ’ 47 53

Korma BBl npojesnaere 3TOT ONBIT CaMH, TO MNOJYYHTe YHCJIA,
6auskue K 50. XoTd Teopus gonyckKaeT o4eHb pPejiKHe OTKJOHEHMS OT
3TOro MpaBUJIa, HACTONBKO PejlKHe, UTO ecyii Gbl OHU MPOH3OWJIH C
KaKo#-1u60 MOHETOH [1pH MOBTOPEHHH ONbLITA, TO CKOpee BCEro 3Ta
MOHEeTa OKa3zaJjach Gbl MOFHYTOW (HECHMMETPHUYHOH).

—
845°. UTo Ha3bLIBAIOT BEPOATHOCTbIO COOBITHUHP
846°. Kakoe coOniTHe Ha3bIBAIOT:

a) HeBEPOSTHbLIM; 6) ROCTOBEPHBIM?

847. bpocarwor Hrpa.nbﬂyxo KOCTb. Onpenenme BEpPOATHOCTb BbI-

najeHus:
sa1.8) 1 ouka; 6) 2 oukos;
B) HEUETHOTO UYHCJIA OYKOB; r) | van 2 oukos;
&) 8 OUKOB;

e) wan 1, wau 2, uau 3, uau 4, Wiu 5, HIH 6 OUKOB.

848. Ilop6paceiBatoT MoHeTy. OmnpepenuTe BepoOATHOCTb Bhi-
najeHHs:
a) opJia; 6) peumiky;
B) OpJia WJH pellkH; T) HA OpJaa, HH pPeLIKH.
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849.

850°.

851.

852.

853.

854.

855.

856.

857.

[TponenafiTe ONbIT C MOHETOH, ONHCAHHBIA B TeKCTe {CM. Tab-
Jguiy Ha c. 246). PesyabraThl 3aHecute B TabJHuy u cpas-
HUTe HX C pe3yJibTaTaMH, NOJYYEeHHBIMH APYrHMH yualiH-
MHCH.

M3 simmuka, rae Haxoastcsl 4 yepHbIX U O OeJiblX LIApOB, BbI-
HUMAKT Hayraji oauH wap. KakoBa BeposTHOCTb TOro, 4TO
BbIHYT:

a) uepHbIi wap;

6) Geablii wap?

M3 28 kocrte#l nommwHo BHIOHpAIOT
Hayraa 1 xoctb (Ha pucyHke (07

®*ee L 4 <«
- ®© 9 o« o«

"u306paxeHa KOCTb ¢ CYMMOMH OYKOB

11). KakoBa BeposiTHOCTb BbIGpaTh . Puc. 107
KOCTb C CYMMOH OYKOB:

a) 0; 6) 4; B) 7, r) 13?

Bpocaior 2 urpaasueix KocTH. KakoBa BeposiTHOCTb Bbimaje-
HUSA CYyMMbl OYKOB, paBHOH:

a) 3; 6) 9; B) 12; r) 14?

BobinoJiesis TecT 0O MaTeMaTHKe, YYeHUK He ycleBaeT B OTBe-
JIEHHOEe BpeMs BBIMOJHHTL OofHO 3ajanue. KakosBa BeposT-
HOCTb TOTO, YTO YYEHHK yrajaeT NpaBHAbHbIH OTBET, €CIH H3
HSITH BO3MOXHBIX OTBETOB TOJIbKO OJUH NMPaBHJbHBIA H BbI-
60p KaXIO0ro H3 OTBETOB — COGLITHA PaBHOBO3MOXHbBble?
IMocmoTpuTe mpuMep 3ajaHusl ¢ MNATbIO OTBETaMH AJf BHI-
6opa, M3 KOTOphbIX Haao Bui6paTh OAHH.

Ne 10. Haiidure 3nauerue 8soipaicerus
4,5—1,8:3-2+0,3.
(1) 3 (2) 2,1 (3)36  (4)45 (5) 3,9

YuyeHuk sagyMaJ OfHO3HAYHOE HaTypaJibHoe yHchao. JApyro#
yueHHK TbiTaercs ero orragatb. Kakosa BepOﬂTHOCTb yra-
JaTh YUCJA0 C MepBOH MOMBITKH?

H3BecTHO, uTO HOMEp KBapTHpbI — YHCJIO ABy3HayHoe. Ka-
KOBa BEPOSITHOCTH TOTO, YTO HOMEP KBAPTHPLI

a) 28; 6) 63; B) 4ETHOE YHCJO0?

Yuenuk saayman 4ucao, 3anucanHoe uudpamu 1, 2, 3, 4,
5 Ge3 noBTopeHus. [ pyroil yueHdK MbITaercsd ero oTrainarh.
KakoBa BeposATHOCTb YyragaTh YHCJAO C NIePBOH MOMBITKH, €C-
JH 3TO YHUCJO: {4

a) aBysHauHoe; G6) Tpex3HayHoe; B) ueThipeXaHauHoe?

YueHuKk sagymaJ uucjio, 3anucaHHoe uugpamu 1, 2, 3, 4, 5,
6, 7, 8, 9 6e3 noBTopeHusi. [Jpyroii yueHHUK MbiTaeTcs ero
yragatb. KakoBa BeposiTHOCTb yraJlaThb YUCJO C MEPBOro pa-
3a, €CJH 3TO UYHCJO:

a) IBY3HAuHOE; 6) Tpex3HauHOE; B) 4eTbIpex3HayHoe?
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858*.

859*.

[

., 2
Jieil paBHa: =+

KakoBa BeposiTHOCTb yrajaTb NpaBH/bHbI€ OTBETHI B:

a) mByx; 6) Tpex; B) yeTblpex

3aZlaHHfAX TeCTa, eClM K KaXXJIOMy 3ajaHHIO JaHO To [fTb
OTBETOB JJIs BbIGOpA, U3 NMATH NPeNNOKEHHbIX OTBETOB TOJb-
KO OHH MPaBUJbHBIA H BbIGOP KaXXAOro oTBeTa — COGBITHS
PaBHOBO3MOXHbBIE?

Bce kBapragabi ropoga N umewt ¢opmy kBaapatoB. [(Ba
npusiTe/asi, HaXoAsilHecs B ToukKax A u B, IOroBOpUJIHCE O
BCTpeY4e H OJAHOBPEMEHHO BBILIJIM HaBCTpeuy APYr ApYyry
(puc. 108, a). IepBbiii, Haxoasiuuics B Touke A, IBHraercs
TOJIbKO Ha 10T WM HA 3aNaj, BTOPOH, HAXOASIMHHCSA B TOUKe
B, nsuraercst TOJbKO Ha ceBep MJH Ha BocToK. Ilpuuem Ha
KaXJI0M NepeKpecTKe OHH BhIGUPAIOT OLHO H3 JABYX BO3MOX-
HBIX HampasJjeHuil cayuaiinbiM o6paszom. Kakosa BeposT-
HOCTb BCTPEuH NpHsATeJel, ec/M H3BECTHO, YTO HX CKOPOCTH
paBHbI?

ITnan 2opoda N
6)

o L1
B ;
_.I r_lzl_
Pemwenne. Pewnm cHauana OGoviee NPOCTYIo 3ajxauy 1o
pucynky 108, 6. [1pusitennb, BbiXOAsAIIKA M3 TOYKH A, B MO-
MEHT [peanojaraemMoii BCTpeud MOXKET OKa3aThCsl B TOUKe
1 uan 2. B KaX10M H3 3TUX CJyyaeB [PUsATE/b, BbIXOLSIIIHHA
M3 TOYKH B, MOXeT oKa3aThcd B TOYKe 1 WJH 2, T. e. BO3-

MOXHBI 4 ciyuasi, B ABYX U3 HHX NPHATEJH OKaXyTCs B OA-

HoM Touke. Takum o06pa3oM, BepOATHOCTb BCTPEYH MPHUATE-
1

3 e

~~r

o

Puc. 108

4 27

SISTT 3aMeTHM, UTO PasjiMuHBIM ITI0JOXKEHHAM [MpHsATeled B
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MOMEHT BO3MOXHOM BCTpeYH COOTBETCTBYIOT 4 uncaa: 11, 12,
21, 22 (nepBasi uudpa COOTBETCTBYET NOJOXKEHHIO NPUSITES
A, a BTOopasi — rnonoxeHuio npuareas B). B aByx U3 3THX
yeTbipex cayuaes (11 u 22) npusTenn okaxyTcs B OJHON TOU-
Ke, T. €. BCTPETHTCS.

Pewnrte 3apauy no pucyuky 108, a.

860*. Pewnte mpeablayilyio 3anady AJs cjydasi, KOTAa CKOpPocTh
yesOBeKa, HAYHlero U3 ToukH B, B 2 pa3a GoJgbliie CKOPOCTH
4yesi0BeKa, HMAYIIero H3 TOYKH A.

2. MepecraHoBKHK

IlpousBenenne n HatypasbHbiX udcesa oT | 10 n o6oznayawT n!
(uuraioT «3H Qakropuany):

1-2....-(n—1)-n=n!
3!=1-2.3, 4!=1.2-3-4, ..
1! cuurawr pasubiM l: 1l=1.

Hanpumep, 21=1-2,

JBe 6YKBbI @ U b MOXHO MEPECTaBUTH ABYMsA CIOCOGaMH:
ab, ba.

Has tpex 6ykB a, b H ¢ MOXHO 3aNHCaTh LIECTh MEPECTAHOBOK:
abe, ach, bca, bac, cab, cba.

Ha nepsom MmecTe Mbl nmoctaBujid OYKBY @ M K HeH mpumucasu
JBe nepecTaHOBKH U3 ocTajbHBIX OykB b u ¢. [TotoM Ha nepBoM Me-
CTe Mbl NOCTABUJIU OYKBY b H K HeH IpHNHCAJH ABE fMepecTaHOBKH
u3 OykB a u ¢. HakoHel, Ha nepBOM MecTe Mbl OCTaBUJH GYKBY C H
K Hell npUNHCcaJH ABe NepecTaHOBKH U3 OyKB a u b. Bcero noayuu-
Joch 3-2=3-2.1=3! nepecraHoOBOK.

[TepecTaHoBKOMH M3 1 3/ieMEHTOB Ha3bIBAIOT KaK0e-JHG0 pacnoio-
XKEeHHE 3THX 3JEMEHTOB B psil.

KosnuyecTBo nepecTaHOBOK M3 1 3J/eMeHTOB IPHHATO 0603HAYATD
P, (nepecraHoBka no-t¢paHuyscku permutation).

CnpasegJguBa dopmyaa

P,=n!

Hasa n=1, 2, 3 oHa yxe npoBepeHa Hamu. UTOGbl NOJYUHTb €€ AJs
n=4, paccyxxaaeM Tak. CocTaBHM YeTbipe psila I€ePECTAHOBOK AJsi
uudp 1, 2, 3, 4. B nepBbiii pAL NOCTaBHM BCe MepPeCcTaHOBKH, HaUH-
Hatomgecd ¢ 1:

1234, 1243, 1324, 1342, 1423, 1432.

Takux nepectanoBok 6=23!, T. €. CTOJNBKO, CKO/IbKO Pa3 MOKHO
nepectaBuTb HAGPH 2, 3, 4, cTosimue nocJe uudpo 1.

Ho Ha nepBoe MecTO MOXHO TMOCTaBHTh JIOGYI0 M3 -4€ThIpex
ungp, ¥ B KaxKAOM TaKOM cCjaydyae MOJYYHTCH 6 NepecTaHOBOK,
T. €. BCEro nepecTaHoBOK

Py=4-P;=4-3!1=4!
- MoxHo nokasaTh, 4To P,=n! pjsi 1106010 HaTypajJbHOTO YHC-
Jga n.
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]
“861. YTo Ha3blBAIOT NEPECTAHOBKOH M3 n 3JEMEHTOB?

862. Uro o6o3HauaeT W KAK YHTAETCA 3aillCh:

a) 2, 6) 3! B) 6!; r) al?

863. Buinuiute Bce nepecraHoBkd u3 uudp 1, 2, 3. Uemy pas-
Ho Pj?

864. Baus, Mawa u Ilers xorsiT Kynuth TpH OHJeTa B KHHO Ha
cocenuue Mecta. KakoBa BeposiTHOCTb TOro, 4To Mecto Ma-
1K OKaXKeTCs MocepeiuHe, €CJH OHA BblOepeT OfHH GHJIET U3
Tpex cayuyailHbIM o6pasom?

865. Tpu kaprbi: Baser (B), nama (1), kopoab (K) nepememanu
H MOJIOXKHIH «py6alikoi» BBepX. KakoBa BeposTHOCTb TOTO,
4TO MOCJe NepeBOpavyHBaHMUA KapT:

a) ouu okaxyrtcs B mopsake BIK;
6) na nepBoM Mecre okaxerca [
B) HA MocJaefHeM MecTe okaxerca [I;
r) Ha Bcex Tpex Mecrax okaxercs 17

866. BoinuindTe BCe BO3MOXHbIE NMEPECTAHOBKH M3 4YeTbipex OyKB
H noacuuTaliTe HX KojauuecTBO (Pg).

867. UYetnipe Kapthi: Baset (B), aama (1), _Koposib (K), 1y3
(T) nmepeMemanu u nonoxuau «pybamxoit» BBepx. Kakoa
BEPOSITHOCTb TOTO, 4TO MOCJE NepPeBOpayHBAHHA KapT:

a) onu okaxyrcs B nopsinke TKAB;
6) Ha nepBoM MecTe okaxercs T,
B) Ha MocnegHeM Mecrte okaxercs T?

868. Broiuncaure:

a) P 6) Pg B) P
869. BepHo Ju, 4TO:

a) P;=5-Pg

B) Pioo=100:Pg;
‘870. Beruucanre:

a) PiPy; ~ 6) PyiPys  B) PyiPls.

6) Pg=6-Ps;
F) P,,=n'P,,_l?

3. PasmelneHHs ¥ coueTaHHusn

Pa3meleHneM U3 1 3JIEMEHTOB X, Xy, X3, ..., X, 110 ABa Ha3LIBaKOT
M06YI0 YNOPSAOUEeHHYI0 Mapy, COCTABJEHHYI0 U3 JaHHBIX n 3Je-
MEHTOB.

Ko/iMuecTBO pa3MellieHUii M3 n 3JeMeHTOB 1o ABa 0603Ha4aloT
yepes A2 (no mepsoit 6ykBe (paHuy3CKOro ciloBa arangement —
pasMelleHue).

HuKe BBHINMCAHBI BCe Pa3MelleHHs U3 3 3JeMEeHTOB no 2:

X1X9, Xy X3,
XoX1,  XoXs,
X3X1,  X3Xo.
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B nepBom psiny Ha nepBoM MecTe CTOMT 3JIEMEHT X, K HEMY- NIPH-
NHCaHbl NOC/JEL0BATENbHO OCTaJIbHbIe ABA 3JemeHTa. [loayunaocs,
YTO B [EePBOM Psily HAXOAATCS BCE Pa3MelleHHsi, HAUHHAOIHECS C
X;,— MX 1Ba. Bo BTOpOM H B TpeTbeM psiax HaxoAATCA TOXKe NO ABA
pa3MeLieHusi, HAUHHAIOWHXCA C X, U ¢ X3. Takum o6pa3om, AJ=3.2.

[TonoGHbIM 06pa3oM pa3MeilleHHsl H3 . 3JE€MEHTOB MOXHO pacrno-
JIOXHTb B 1 PlloB. B KaX/0M U3 HHX Ha MePBOM MeCTe CTOMUT OJiHH
H3 JaHHbIX JIEMEHTOB X;, K HEMY 110CJeJ0BaTeNbHO MPHIUCHIBAIOTCA
ocTafbHbie n—1 3/ieMeHTOB. DTHM Mbl NOKa3aaun QopMyay

Al=n(n—1). (1)

[Tpumep 1. CKONBKHMH CIOCOGaMU MOXKHO PaclipefeaHTh JRa Gu-
JIeT2 Ha pa3Hble KUHOQHJIbMBI MeX]y CEMbIO APY3bAMH?

Hucno cnocobos, ¢ NOMOLULbIO KOTOPbIX MOXHO pPaclpese/uTh ABa
GuneTa Ha pasHble KMHOQHIbMbI MEXAY CEMbi0 APY3bSMH, PaBHO
A2=T7(7T—1)=42. v

Uro6bl B 3TOM yGenuTbCS, BbINMILEM BCe BO3MOXHbLIE pasmeile-
HUA B BHJE JBY3HAUHBIX YHCeJl, NepBas UH(PPa KOTOPHIX MOKa3biBa-
eT, KaKoMy Jpyry JAOCTa/csi MepBblil OHJIET, BTOpPas — KAKOMY

BTOPO#:
12, 13, 14, 15, 16, 17,
21, 23, 24, 25, 26, 27,

71, 72, 73, 74, 75, 76.

B kaxnaom H3 ceMH psgoB no 6 pasaMeuteHHit — Bcero
7-6=42 pa3amelenus, T. e. YHCJIO CNOCOGOB pacnpeneseHus AByX Ou-
JIeTOB B AaHHOH 3ajave pasHo 42.

Pasmewenuem 3 n sneMeHToB no k HasbiBaloT M1060# ynopsno-

YeHHbIH HaBop M3 k 371€MEHTOB, COCTABJEHHBIH W3 JaHHBbIX # 3Je-
MEHTOB.

KosnuecTBo pasMmeuteHuil U3 n 31eMeHTOB o k 0603Ha4al0T ye-

pes A% Hanpumep, A% noayuaercs caenyiomum o6pasom. Pacnono-
XKHUM pa3sMellleHHss B n psfoB. B i-m psiny nomecTum pasmemienus,
HayHHalomHKecs ¢ seMeHTa x. [locie anemMeHTa x;, MOCTaBHM BCe
BO3MOXHbIE Pa3MEIEHHAA H3 OCTaBliMXxcs n— 1 3JeMeHTOB no 2,
T. €. (n—1)(n—2) pasanunbix pasmeienuii. Ho Bcero ctpok n,
nostomy Ad=n(n—1)(n—2).

[Mogo6ubiM xe o6pa3om
Al=n(n—1)(n—2)(n—3).
MoxHo nokasatb, 4ro o
At=n(n—1)(n—2)...-(n—k+1).

3aMeTHM, yto Jwboe pa3melieHne H3 #1 3JJEMEHTOB MO 7 — 3TO

OlHa W3 NepeCcTaHOBOK H3 N IJIEMEHTOB, MO3TOMY

Ay=n(n—1)(n—2)-...-3-2-1=n.
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CouetrannemM 43 1 3J€MEHTOB MO k. Ha3blBawT Ja106yi0 Ipynmy M3
k 3/1eMeHTOB, COCTAaBJEHHYI0O W3 JaHHBIX /I 3JIeMEHTOB.

Uuc/io coyeTaHdil U3 n 3jeMeHTOB 1o k 06o3naualoT yepes C°
(mo nepBoii 6ykBe ¢paHuUy3cKoro caoBa combination — codera-
Hue).

Bcakoe pasmernenue no £ 31eMeHTOB MOXKHO PacCMaTPUBATh Kak
coueTaHue. PasHuua 3akjaouaercsi B TOM, YTO €CJiH B pa3MelieHHH
nepecTaBUTh MECTAMH 3J€MEHTBl, TO MOJYUYHTCH APyroe pasMmelie-
HHe, HO COoYeTaHHe He 3aBHCHT OT IOpsSKa BXONSLIHX B HEro 3Jje-
MEHTOB.

Boiuucisis A2, Mbl [OJYYHIH TAphl, OTJHYAIOUIKECS TOPSIKOM
3J1eMEHTOB, HANIPUMED X Xy U Xyx;. VI3 IBYX 3JIeMEHTOB MOXHO COCTa-
BUTb P,=2!=2.1=2 mapsl, nostomy A2=2!.C*=P,.C2.

Boiuncasis A% Mbl oayuu/d HaGOPHl U3 B 3JIEMEHTOB, OTJIHYAI0-
miecs MOPSIAKOM 3JeMeHTOB. M3 k 3jeMeHTOB MOJXKHO COCTaBHTb
P,=kl=kFk. (k—l) (k—2)-..-2.1 rpynm 3JeMeHTOB, TMO3TOMY
Al =FR!.Ct=P,.CE

CaeoBaTeNibHO,
Ck=ﬂ=ﬂ_n(n——l) n—k+1)
P,k k! :

Illpumep 2. CKONTbKAMH PAa3JTHYHBIMH CHOCOOAMH H3 CEMH Y4acT-
HHKOB MaTEeMaTHYeCKOrQ0 KPyXKa. MOXKHO COCTABHTb KOMAaHAY U3
IBYX Ye/JOBEK [JIfl Y4aCTHs B OJHMIHale?

Tax KakK mopsiJoK, B KOTOPOM O6yayT BbiOpaHbl JBa 4eJOBeKa,
Ge3pas/iv4eH, TO YHCJAO PAa3JJHUYHBIX CJIydYaeB COCTABHTb KOMaHAy
paBHo:

o 7-6

Hpumep 3. 13 neperacoBaHHON Kosonbl, cocTositieil u3 36 kapr,
Hayraj B3siTBl 4 KapThl. Kaxosa BEPOATHOCTb TOT'O, YTO BCE B3ATHIE
KapThbl Ty3bl?

Tak kak nopsigok, B KotopoMm GyAyT B3siThi Ty3bl, 6e3pasiinueH,
TO YHCJI0 BCEX PABHOBO3MOXHBIX CJy4aeB B3fiTb 4 KapThl PaBHO:

Cle =223 58 905,

Hckomasi BeposiTHOCTb paBHa .
P 58 905

——
871. BbinumuTe Bce pa3MelleHHsi U3 YeTbIPeX 3/JEMEHTOB X;, Xy,
X3 X, 1o aBa. Yemy pasno AZ?
872. Boiuucaure:
a) Aj; 6) Az; B) A3;
. 6
r) Az m) A e) A
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873.

874.

875.

876.

877.

878.
879.

880*.

881*,

Brinuuinte Bce COYETaHUS M3 MATH 3JAEMEHTOB X|, X, X3, Xy
X; no apa. Uemy paBHo C??

Briuncanre:

a) C% 6) C& B) C,

r) C% 1) C3 e) CS.

Hokaxute, uto C:=C"~* Bbiuncaure:

a) va 6) CIO’ B) CIZv

r) Cm’ a) Czoo, e) C}ggg-

CKOJIbKHMH Pa3/iM4YHbIMH CNOCOGAaMH MOXHO PacClpeaesuTh

MeX]y WecTblo JHLAMH ABe pa3Hble NYTEBKH B CAHATOPUU?

CKO/MbKHMH CII0CO6aMU MOXKHO PaclpefeuThb ABe OLHHAKO-

Bble NMyTeBKH MEXAY OATbIO JULAMHU?

CKoJIbKHMH croco6aMH MOXHO TPHCYZHMTb LIECTH JIHIIAM

TPU OJHUHAKOBblE TPEMHHU?

HBanoB u CTenaHoB BXOAAT B TPYINY H3 CEMH CTYAEHTOB,

HMEIOIHX OJHHAKOBbIE WAHCHI NOJYUHTh ONUH U3 ABYX pas-

HBIX NpH30B. KakoBa BepOSITHOCTb TOrO, YTO:

a) MBaHoB noayuut nepeoiii npu3, a CTenaHoB — BTOPON;

6) MBano u CremaHOB MOJy4YaT NpPH3HI;

B) MiBaHOB MOJiyuuT nepBbIA NpU3;

r) MBasoB monyuyuT OonMH U3 ABYX HPU30B?

W3 neperacoBanHo# Kos0Abl, cocTosilell 3 36 KapT, Hayran

B34TH 4 kaprbl. KakoBa BepOATHOCTh TOTO, YTO B 3Ty 4eT-

BEPKY:

a) monanyt Ty3bl 6ybeH, nuk, depBeit ¥ Tped B YKa3aHHOM

nopsijike;

6) nonaxyt 4 ty3a (B Ja1060M NOPAIKE);

B) nonajer Ty3 6yb6eH U ero BO3bMYT IEPBbIM;

r) nomager tys GyGen?

B HekoTOpOM LapcTBe, B HEKOTOPOM rocyaapctse pa3GoiHu-

Ka NPHUTOBOPU/IM K CMEPTHOHR Ka3HW, W OH fojaJi Hapio mpo-

lieHHe 0 NOMUoBaHuH. JLoOphIi Lapb, 6OJbILIOH 3HATOK TEO-

puu: BeposATHoCcTel, ckasan: «JloBepuMcs cayuaw, fycTh

pa3BGOHHUK caM pelUuT CBOW cyAbOy. BripaiiTe eMy Melnok

C MOJHBIM Hab60pOM KOCTeH JOMHMHO H JIBE€ HIpaJibHbie KOCTH.

IlycTb OH BbITAINMT U3 MeILKa,. He TJAAf, | KOCTh AOMHHO

Wiu OpOCUT ABe HIrpaJibHble KOCTH — IO CBOeMY BLIGOpY.

Eciu nonyyeHHasi B 5TOM HCIIBITAHHH CYMMa OYKOB OKaXKeT-

CA paBHOH 4HCJAY, KOTOpOe OH Ha30BEeT 0 Hadya/Ja MCNbITa-

HUS, TO OBITh NOCEMY — MYCTb JKUBET», -
KaKou BUJl UCMBITAHHS NOJIKEH Bbi6paTh pa3GOMHMK H

KaKyl0 CyMMy Ha3BaTb, YTOObl BEPOSITHOCTb 0CTaThCs JKH-

BbIM 0Ka3a/nach HaHGoabled?



4. UcropnueckHe cBeaeHHS

CucreMbl ypaBHeHHH TepBOH M BTOPOH CTENEHH BCTPEYAIOTCS
eule B JpPeBHEBAaBHJIOHCKUX TekcTax. Bor, Hanmpumep, oaHa Takas
3ajgava:

5
[Monomann 1Byx cBOMX KBaapaToOB s CJAOKHJ: 25 15 Cropona BTO-

2 o
poro KpBajapara paBHa - CTOpPOHbl mepBoro H eme 5. Hailigure cro-

3
POHBI.
Sanaqa CBOAHUTCHA K DEHICHHID CHCTEMBbI ypaBHEHI/Iﬁ
P4 yp=052
12
2 .
y=3 x4+ 5.

PaccmorpuM npumep peuieHusi cUcTeMbl YpaBHeHHH U3 «Apud-
Metuku» duodanta:

x4 y=10,
¥+ y* =68.
H 3necy duodant ymeno u3bexas pelieHHsi KBaipaTHOIO ypas-
HeHHs ofuwero Buaa. OH pasgenus NepBoe ypaBHeHHe Ha 2:

+y
2 =5,

x—
BBeJ HOBOe 0603HaueHHe d=—2—i, torga x=956+d, y=5—d, 4 BTO-

poe ypaBHE€HHE CHUCTEMBI 3aliMCaJ/ Tak.

(54+dP+(5—d) =68,

50 +2d4* =68, -
=9,
d=3, x=8, y=2.
CucTemMa uMeeT elle ONHO pellieHHe MNpH d=—3"— 310 napa

(2; 8).

JModaHT nepBbIM M3 MaTEeMAaTHKOB BBeJ pa3jH4Hble 3HAKH 5
HEM3BECTHBIX BEJIHUHH, TJIaBHBIM 06pa3oM rpeyeckue 6yksol. [1puse-
JleHHOe BblIe pellleHHe NaHO B COBPEMEHHOH 3amucH.

PewnTte cucremy ypasHenuit (882—886):
882. U3 «Apudmeruxu» Huogpanra.

x+y=20, 5) x4+ y =20,
D\ 24 42 =208; 2 — y? =80
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883.

884.

885.

886.

) {x=3y, ) {x=3y,
B r
4P =5(x+y) 2+y'=10(x—y);
) x=23y, ) x=3y,
e
8 L—yt=12(x—y) y*=6x;
) x=3y, ) x—y=2,
3)

)K ¥=6(x—y) P— P =x—y420.

H3 «Anecebpor» ar-Xopesmu (VII—VIII ss.).
x+y=10, 6) x+y=10,

2) xy =21, 2+ y? =40;
x4y =10, x+y=10,

B) 2 r)
L—y?=x—y+54; £ =4xy;
x+y=10, {x+y=10,

1) 7 €)Y x  y_ o1,
x+y=10, x+y=10,
{y2=81x; 3 xy:ly—x|;5%.

H3 «Aneebpory aa-Kapadwu (XI 8.).

3
=— =10,

B °) {x+—~y4 5

xy+ x+y=62; HY=ax+o.

H3 «Knueu abarka» Jleonapdo [lTuzanckozco (Pubonauuu)
(XII—XIII ss.).

xy—y=42, xy+y=2,

2 {x—y=2; °) {x—y=2;
x+y=10, x+y=10,

B) (§+10) <%+10)=122§; r Z(x—y)=24.

H3 knueu «Kocc» K. Pydoasgpa (XVI 8.).
(x4 y) (X + y*) =539 200, : -
(x—y) (P — y*)="T8 400; :
xy + x+y=>573,
6) )
4y —x—y=1T16.
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5. 3apanug aas NoBTOpeHHs

Briyncaure (887—888):

887. a) \ /g5 . V30.25, \0, V44 ;
6) V6,25, 10,0121, \V—9, 1/0,0256 .
6°.52 10%-9°
888. a) Fa ) = B 2,5%: 5%
(3 .:;_)3.(0,1 ¥ (1 %)4.(0,2)4
4,03, ) .
r) 1,5%:3%  n) —F—: ) N
31997+1 31998+1

889. Cpasuure o H e

890. Onpenennte uucso:

a) 10% xoroporo cocrasasior 2; 6) 20% KOTOpPOro cocTas-
asiot 7; B) 15% kotoporo cocraasior 1,5; r) 75% KOTOPOT0
cocrasasior 330.

891. MisMeHHTCA M 3HAK HePaBEHCTBA:

a) 2<C4, ecnn o0e €roc YacTH YMHOXKHTb Ha 2;

6) 3>>1, ecan o6e ero yacTH yMHOXHTb Ha —2;

B) a<b, ecin 06e ero 4aCTH YMHOXHTb Ha MOJOXKHTEJNbHOE
(oTpuuaTesbHOE) YHCA0?

892. 3anuumure npubauxenne uncaa n=23,1415926535... ¢ Heno-
CTATKOM K ¢ M3OBLITKOM ¢ TOuHocThio o 1; 0,1; 0,01; 0,001;
0,0001. Kakomy nBOHHOMY HEpaBEHCTBY B KaMJOM Cjyuae
YAOBJETBOPSET YMCJAO JP

893. KakHe U3 AaHHBIX YHCeJ SIBASIOTCS PAUHOHAJBHBIMH M Ka-
KHEe — HPPAaLHOHAJTbHbIMH:

a) 0,3333; 6) 0,4 (5);

B) 0,232323...; r) 0,57578888;

1) 0; e) L211211121111211..;

X) 2,718281828.. ; 3) 0,1234567891011121314...7

894. [loxaxxute NpUMEPHOE pACHONOKEHHE YHCEN Ha YHCJO-
BOH OCH: ‘
a) 2,75 2,(71); 271 27171, 2
6) —1,05; _12—‘0; —1,(0,5), —1,0505; — 1,051.

895. a) Haiinute npubanxkeHHo CyMMy uuces, OKPYI/IHB LaHHbIE
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ypcJia a0 COThIX: :

1) 1,342+ 3,463; 2) 5,(6)+2,781;

3) 12,(45)4-0,3112; 4) 1,(3)+5,(7).

6) Haiinure npuGamixenHo npoussejende umces, OKpPyrJauB
A2HHBIC YHMCJA H pe3yabTaT A0 NMepPBOH 3Hayauledl UUDPHI:
1) 15-2,(1); 2) 0,3-0,(4),

3) L(1)-2,(1); 4) 2,(5)-0,(2).

896. INpeoGpasyiiTe BblpaXKeHHe B MHOTOUJEH:

a) 6 (3a+4b)—4 (5a —b)+(a+ b);

6) 2(p+9)+3(p—q)—(p+49)—(p—5q);
8) (2a—3)(3a—1)—(4a+2)(a—3),

r) (m—1)(m+2)—(m—3)(m+4);

A) 2(x+1)(x+2)—(3x—4) (x+2);

e) 3(—4a+1)(a—1)+2(3a—4)(a+2).

897. Pa3niioxuTe Ha MHOXUTEJH:

a) a(x+y)+b(x+y) 6) a(x+y)—b(x+y);
B) 2¢(3p—q)—(3p—gq); r) m(x+y)—x—y;
n) n(x—y)—x+y; e) ax+ay+(bx+by),
X) ac+ ad — bc— bd,; 3) ac—cx+a—zx;
") ax—a+x—1; K) 2ax— 3bx—2ay + 3by;
1) ax—bx+cx+ ay— by + cy;
M) 2ax—5ay+a—2bx+5by —b.
Yupocrute Bhipaxense (898—=899):

p*—q% . 6p—6g 3m*—3n® m+4n

898. a) (p+q)2.3p+3q y 6) m2+mn 'gm_gn ’

a+ab  2a°4267 . L—4y? £ —8y°
B) —; 3 ; r) : .
4a’— 4> o —ab (x+24Y 49> —2xy+ 2
3.2+ 3xy x 3 .
899. a) 4xy+6ay ax+ay+2x+2y)’
1 1 2 L, 1\\, (a+b)p
O (F+s+a (i +s) 5L
B) ( x—1 _ 1—-3x+x2)>, 1—2x+ 2258
x4 (x—1)° £—1 142542242
r) (a2~ax . 2a* ) l—x_l x
dxt X  P—adtdx—d ( a —_a—z)

900. Haiinute ajuHBI OKpYXKHOCTeH M AHaMeTpbel 6 pasHuHBIX
KpyroB ¢ auamerpaMu 0T 2 no 12 cm. M3amepeHHsi MOoXHO
NPOBOLMTDH C MOMOILLIO PYJETKH HJIH HHTKH, KOTOPYIO MOXHO
[I0OTOM H3MEPHTb JIHHEAKOH (MOXHO HCIIO/NL30BATh MOHETHI,
HallKy, TapeNKH, KOHCepBHble GaHKH H 1p.). [loayueHHbie
pe3yabTaThl cBeauTe B Tabuauuy. Iocrpoiite rpaguk 3aBu-
CHMOCTH AJIMHBI OKPYXXHOCTH OT 1HaMerpa. Kak pacnojoxe-
Hbl TOUKH rpauka? YeMy paBHO OTHOLIEHHE JJIHHBI OKpYX-
HOCTH K AuaMeTpy? MOXKHO JIH CUHMTATb pe3y/bTaThl TOY-
HbIMU?

901. [IuaMeTp BesIOCHIIEHOr0 KoJjeca paBen 70 cM. Haiiaure
AJIAHY €ro OKpyxkHOCTH. CKO/IbKO 060POTOB CaesaeT KoJeco
B TeYeHHe | MHH, eCH CKOPOCTb BeJOCHNENHCTa paBHA
7 m/c?

9 3akas 2096 257
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902.

903.

904.

905.

906.

907.

908.

909.

910.

911.
912,

Op6uty 3emau HPHOJIHXKEHHO ' MOXKHO CYHTATH OKPYXKHO-
cThio paauyca 150 maH kM. OmnpelennTe ¢ TOYHOCTBIO KO
10 maH kM nyTb 3eMJH, npoxoauMblil B TedeHHe rofa. C TouHO-
ctoio 40 0,01 MJIH KM onpenennTte paccTosiHue, KOTOPOE MPOXO-
aut 3emas 3a 1 gewn, 1 u, 0,5 u.

ITnan noma HauepyeH B MaciutaGe 8 M B 1 cm. KakoB uctuu-
HbId pa3Mep KOMHAThbl, €CJH Ha NJiaHe ee pasMepbl PaBHbI
1,25 ¢cm u 1,5 cm? :

a) Macca 2 M crasabHoro Tpoca 4,63 kr. KakoBa asuHa Tpo-
ca B MoTKe Maccoil 50 kr?

6) Macca 2 M craabHoro Tpoca 6,4 kr. KakoBa pauna tpo-
ca, ecau ero macca 1 u? »

OnHH NOrOHHBIA MeTp TPYObl AuaMeTpoM 18 MM HMeeT Mmac-
cy 3,2 kr. KakoBa Macca TpyObl Takoro xe auamerpa, AJIH-
Ha Koropo# 1,6 m? .

a) Paccrosinue B 200 kM npoexanu 3a 4 4. KakoBa cpenuss
CKOPOCTb JBHMKEHHS?

6) 3a CKOJIbKO BpeMeHH IIPH TAKOH »Ke CKOPOCTH JBHXEHHUsA
MOXHO Oblo 6b1 npoexath 60 kM, 120 kM, 140 xm?
Kokon meaxonpsaa umeer maccy okosio 0,05 r u naer B
cpeaneM 450 M ienkoBoi HHTH. CKOJIbKO METPOB LIEJIKOBOH
HHTH J1alyT KOKOHBI ofuieli Macco# 100 r?

Peuenr ajasi OpHroToBJeHHs kKekca Ha 4 ugesoBeka: 120 r
maprapuna, 120 r caxapa, 120 r cmeranbl, 120 r Myku u
2 sna. CKoJibKO HYXKHO MaprapHHa, caxapa, CMeTaHbl, My-
KM H SIML, YTOOLI NMPHTOTOBHTL KEKC Ha:

a) 48 uenoBek; 6) 42 uenoBeka;

B) 60 uesosek; r) 57 uesoBek?

a) INaotHocTs Xkenesa pasua 7800 kr/m*. KakoB o6bem TOH-
Hbl XKeJse3a?

6) [TnoTHoctb 30n0Ta paBua 19 300 kr/m® Haiiaure maccy
30410TOr0 6pycka ¢ pasmepamu 3 cm, 2 cM, 12 cm. Kakos
o6beM cauTka 3os0ta B 100 Kr?

a) Macca kyGuueckoro Metpa amomunusi 2700 kr. Kakyio
MacCy HMMeeT KyOHYeCKHH CAHTHMETP aJIOMHHUS?

6) Ky6Guueckuii mMeTp pTyTH HMeeT Maccy 13,6 1. Kakyo
Maccy Hmea 6bl cTon6 prtyTH BeicoTodl 760 MM, ocHOBaHHe
KoToporo paBHo 1 mMm?*?

3emas aenaeT mosHbli 060pot (360°) Bokpyr cBoeit ocu 3a
24 y. Ha xakoilt yron oHa nosepHeTcs 3a 3 4?

a) CKOpOCTb paBHOMEPHOIO HBUXKEHHS TeJa v, Bpéigm IBH-
KeHHst ¢, nyTb §. 3annwuTe GopMyabl 1Js onpeaeieHus s,
v ML

6) Llena ToBapa K, KonuuecTBO TOBapa m, croumocTb C.
3anunwmurte Gopmyay sasucumoctd K, m, C.

B) IlpousBoauTesnbHOCTL Tpyna p, BpeMsi paboTel {, o6beM
BbINIOJHEHHON paboThl A. Beipasure 3aBHCHMOCTb 1Jsi A, p H
t ¢popmysoi.

913.

914.

915.

916.

917.

918.

919.

920.

921.

a) Ilpunsis o6bem paGothl 3a 1, 3anuwnTe GopMyay 3aBH-
CHMOCTH MEXJY NpPOH3BOJAMTEJbHOCTBIO TPYAa p, BPEMeHeM f,
HeOOXOAMMbIM JJIsi BBIIIOJHEHHsI 3TOH paGoThi, H 06bEeMOM
3TOH pa6oThl.

6) Mownocrs asuratenss W, Bpems paboTel f, paGora A.
Bripasute 3aBucuMocTb ¢opmysol mas A, W, t.

B) Pacxon ropiouero na 1 kM nmyrtu cocrasasier n (a/xkm),
npoGer MallHHbl S (KM), 06'beM U3PaCXOLOBAHHOTO FOPYEro
v (q1). Bbipasute 3aBHCHMOCTb AJsi S, v U n (GopMyJIOH.
YKaxuTe Ha KOODAMHATHOH IJIOCKOCTH BCe TOYKH, Y
KOTOpBIX: : ,
a) abcuuccol paBHB 5; 6) opaMHaTHl paBHbB —4;
B) a6cuuccol pasunl O; r) opauHatel paBunl 0;
A) abcuHcchl U OpAMHATHI PaBHbI.

Ha KkoopauHaTHOM TJIOCKOCTH OTMeTbTe BCe TOYKH, Y
KOTOpPBIX:

a) abcuucchl Goabue 1;

6) opaHHATHl MeHbuie — 3;

B) aGcuucchl YIOBJETBOPSIOT HEPABEHCTBY X< — I;

T) OpAHHAThI YJOBJETBOPSIOT HEPABEHCTBY y =2 2; i
R) abcuucchl YAOBJIETBOPSIIOT HePaBeHCTBY — | << x<<4;
€) OpAMHAThI YNOBJNETBOPSIOT HepaBeHcTBY — 4 <y<<2.
Ykaxure Ha KOOPAMHATHOMN MJIOCKOCTH TOUKH (X; y), KOOPIH-
HaThl KOTOPbIX YAOBJETBOPSIOT YCJOBHSIM:

a) x=2, y>3; 6) x>—1, y=—2

B) 0<x<<C2, y<3; r) x>0, —1<y<3;

1) —2<x<4, 0<y<2 o) —3<x<<2 —3<<y<2.
IToctpofite rpaduk ¢pyHkuun y=0,5x—1,5.

a) Tlpu Kakux 3HaueHHAX x QYHKUMS MPUHUMAET TMOJNONKH-
TeJbHble 3HAYeHHs ?

6) Ilpu kakux 3HauYeHHSX x (YHKUMS TPHHMMAaeT OTPHLA-
TeJbHble 3HAYEHHS?

B) Kakne 3HayeHHs NpUHHMaeT y, ecau:

1) x>6; 2) x<<0;

3) —5<x<<O; 4) b<<x<<T?

[Toctpoiite rpacduk Gpynkuun y=x. Kakve anaueHus npuHHU-
MaeT y, ecJu:

a) x>2; 6) x<<—1; B)I<x<<4 r) —2<x<5?
[Tocrpofite rpaduxk dyukunm y= —2x. Kakue 3Hauenus
NPHHHMAEET Y, eCaH:

a) x>3; 6)x<l; B)4<x<T7; 1) —b<x<<—1I?

Cpaduku Kakux JHHEHHBIX QYHKUMI 06pa3yloT C MOJOKH-
TeJbHOH nojyocelo Ox yrJbl, Menbiune 45°? TlpuBeaute
[pUMEPHI.

O6pasyer a1 rpaduk PyHKUHH ¢ NONOKHTENLHOH N0AYOCHIO
Oy yroa, MmeHbiuuh 45°, ecau:

a) y=—;—x; 6) y=—3x, :

B) y=T72x, 1) y=-—gx
259
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922.
923.

924.

925.

"
;_3 o]l 1 x Of 1 3 T Ol 1 >ac
| | L] '
) Puc. 109
E)Ay 6) ‘y B) Ay
5 10 10
4 8 8
»
3 6 6
21 4 —4
1 24 2
012345xO]'L2345x01‘234f
| l | 1] \
Puc. 110 i

Ha pucynke 109 npeacraBnensl rpa¢puku ¢pyHkuuil. 3anuummure
¢dopMmysy, KOTOpOH 3afaHa KaKnast QyHKUHS.

JIBa rpaduka Ha pucyHke 110 sBasioTcsi rpad@HKaMH OLHOM
H Tol Xxe ¢ynkuun. Kakue 3to rpadpuxku? Hamuwure ¢op-
MyJy, KOTOpPOH 3agaHa 3Ta (yHKLHs.

[TocrpoiiTe TOUKH, KOOPAMHATHI KOTOPBIX YAOBJETBOPSIOT
yCJIOBHIO:

x 2 x 1
Fne smexar Bce TOYKH, YAOBJETBOpSOLIHE JAHHOMY paBeH-
CTBY?

Onpepenute NpaBHJI0, N[O KOTOPOMY M3 KaXAOT0 4YHC/a
MOXHO MOJYYHTb Cllefyiollee, H BHYHCIHTE elle OlIHO 4HCII0
IO 3TOMY NpaBHIY:

a) 40, 37, 34, 31, 28, ..
B) 2, 3, 6, 11, 18,

6) 100, 91, 82, 73, 64, ...;
r) 2, 3,6, 7, 10, 11,

926.

927,

PaBHOCHIBHBI /1M ypaBHEHMS: T
a) (x—2)(x+3)=0 u £4+2x—3=0;

6) (x—3)(x—4)=0u F£4+x—12=0;

B) ;J‘j—x=1 n (x4 1) (x4+2)=0;

r) B—x)(x—1)=0 u x——2—=4

Pewnre ypaBHenue:

a) **4+9=104% 6) x*—20x>+464=0;
B) x*—14x42=15; r) 5x*4-34822=0; .
n) 4 2=0, e) X*—2=0;

x) X422 —3=0; 3) X'~ —6=0;

) +4°44x4+1=0; K) £ +4+4=3x%

a) 2 —342+3x=2; M) x*—2x°4 x=132.

928. Bbipaszute x M3 ypaBHEHHS:

a) xy=>5 6) x+xy=1, B) X*+3y=2; r) y’—xy=0.
Pewnte cucremy ypasHenuit (929—930):

929. a) {4x+3y=6?. 6) {7".—.3y=15’
2x+48y=1; Sx+4 6y =27,
2x—3y=3_, 6x— 7y =40,

{5y—7x=5; ) {5y——2x=——8.
20+6x4+6=0, Tx—3y=27,

930. a {5x+y=17; 5 {5x——6y=0;

5) {6x—7y=16, . {5x+3y=2,-
2x+3y= —16; 3x+5y=—18;

[4(x+2y)—8=5x—2,

& {3(2x—y>+6=24y+12;

e) {3(2x—y)—14(5x—3y)=7,
6x—6y=3.

931*, YuyauHecs pewasid CHCTeMbi ypaBHEHMI: v

2) {3x+4y=5, 6) {3x+5y=7,
6x+7y=8§; 9x+11y=13;

v,:(>{2x+5y=8, . {5x+7y=9,
x4+ 14y=1T7; 1lx+4 13y=15.

XoTH cHCTEMBbl 3TH pa3J/iMuHbI, HO OTBETHI y BCEX OKa3aJiCh
onuMHakoBbiMu. Halimure npasusio, o KOTOpOMy OHH. codths-
Jgensl. [TpoBepbTe n0orajKky, COCTaBUB U peHIUB €ille OAHY CH-
creMy. Ecau ato ypacrcsi, pewnre 3ajnauy B ofuieM BHAE.

-
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932. a) K ypaBHeHuio x—y=3 noabepure BTOpOE ypaBHeHHe
TakK, 4T0Obl MOJYUYHBHIASICH CHCTEMA ypPABHEHHI:
1) HMesa eaMHCTBEHHOE peLICHHE;
2) uMesa GeCKOHEYHOE MHOXKECTBO pelleHHi;
3) He uMena pelleHHH.
6) YCTHO pelllHTe CHCTeMYy ypaBHEHHii:

x+y=1,
5x+8y=>5,
1) { x42=2, 2){
8x+45y==_8.
y+z=3 Y

933. a) Yuenuk pemns ypasHeHue 5x+4 15=3x+9 crepyouium
o6pazoM: 5(x+3)—-3(x+3) 5=3 — u 3asiBUJ, 4TO ypas-
HeHHe KOPHEH He MMeeT, TaK KaK ero pelleHMe NPHBOLHMT K
HeJeNOMY pe3yJibTarTy. HpaB JIH YYEHHK?

y=2(1—x),
2x+y=8
CO60M TOJCTAaHOBKHM, AJISi YEro BbipaxKeHHe y M3 MepBOro

YPaBHEHHS OH NOACTaBHJ BO BTOpoe ypaBHeHue. [Tponenaii-
_Teé YCTHO 3TO pellieHHe, 0GbACHHTE €ro.

6) YueHHK peuIMJ CHCTEMY yDaBHeHHH {

o u{2x+y=&
B) YueHHK PELIHJ CUCTEMY ypaBHEHHH , Croco-
\ y=2(4—x)
60M MOACTaHOBKH, A/ Yero BhIPaKeHHE y M3 BTOPOro ypas-
HEeHHsl OH MOACTaBHJ B IepBoe ypaBHeHHe. [Iponenaiite
YCTHO 3TO pelleHHe, OGbSICHUTE €ro.
934. CocTaBbTe CHCTEMY ABYX ypaBHEHHH ¢ JBYMs HeH3BECTHbI-
MH, pellieHHeM KOTOpoll sBJsANach Obl mapa uuceds:
a) (2; 3) 6) (1; 1)
B) (—1 2  r)(—=1 —2)
935. a) [lpu kakom k wuyucao 5 OyneT KopHeM YypaBHeHHS
(k—1) X +T7x—2k=0?
6) Hailnure Ko3GHLUHEHTH NPUBEJEHHOTO KBaAPaTHOTO
YPaBHEHHSA, €CJH H3BECTHO, 4TO udcaa 10 u — 15 aBasiores
ero KOpPHSIMH.
B) [lokaxHTe, 4TO npu J0GbIX YHCJAOBHIX 3HAUEHHAAX a, b
Hec ypaBHeHue X’ —2ax+a’—b*—c?=0 umeer KopHu.
936. Onpene.rmTe [pH KaKHX YNCJOBbIX 3HAaUEHHAX @ U b cucTema
ypaBHeHHH HMeeT OeCKOHEYHOE MHOXECTBO pelIeHHi; He

HMeeT pelleHH#: O
{x+8y=b, !

2) {5x+(a—l)y=3b,
x—2y=3; 3Yy=a-+1.

937. s mo6bIX YHces @ U b peulnTe ypaBHeHHe:
a) X*+2ax+a*—b2=0; 6) X*—2(a+b)x+4ab=0;
B) X¥*—3ax+42a’= r) X —ax—2a’=0.

938°. Pemnte ypaBHeHHe:

— 1
a) Z===0; B) %=O, r) iil=l
939. PewnTte CHCTeMY ypaBHeHHI:
42 1 =2 1
a) ¢ ¥—1 2’ 6) v+ %’
xy—+3y=1; xy—4y=x.
[MocTpoiite rpadpuk ¢pynkuun (940—941):
Ly 6) y=2x; ) =241
940. a) y=3 x; ) y=5% B) Y= 3%
r) y=25x; . n) y=0; e) y=—x
941. a) y=2x—3; 6) y=—2x—3; B) y=3x+1;
1 . L. a 1
r) y=—5x—3 1) y=5x—3; e) y=5 x+1.

942. lNpunamiexur a4 rpadpuky pyskuun y=3,5x+ 1,2 Touka:
a) (—1; —2) 6) (5 —7) B) (—2; —58); r) (4 152)?

943. Touka A npunagaexut rpadpuky ¢yukuun y= —2x-+40,5.
Onpenennure HEM3BECTHYIO KOOPAHHATY:

a) A(x 1,6); 6) A(4 y) B) A(x; —2), 1) A(—3; y).
944. OnpenenntTe KOOPAMHATHI TOYKH IepecedeHHs TpadHKOB

$YHKIHHA:

a) y=x U Y= —x, 6) y=x n y=2x—2;

B) y=2x—1 u y= —2x; r) y=05x—2 u y=x+43.

945. Pewnte rpaguYecKHM crnoco60M CHCTeMY YypaBHeHHI:

Ix+y=1, 4x—3y=0,
2) {2x——3y=-—14; {3x+2y—l7

Sx+2y=—1, {x y+1=0,
B) r)

{2x—3y=—8; 2x+y—1=0;
7x—y—3=0, 3x+y—1=0,
){14x——2y+5=0; {6x+2y 2=0;
4x—2y+3=0, 3x4 y=13,

*) {x—3y-——1=0; 3 {2x—3y—5=0.

946. OnpeaenuTe, CKOJbKO peileHHH HMeeT CHCTeMa ypaBHEHHH,
H faiiTe reoMeTpHuecKoe OGbACHEHHE pELIeHHS:

) 2x+3y=>5, 6) {2x——y=3,
U\ ox+3y=—1; x4 y=3;
x_3y=59 3x+y=5,
B) r)
2x— 6y =10; x+y=>5.
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947.

948,

949.

950.

951.

Pemnte rpapuyeckuM crnoco6oM . CUCTEMY ypaBHEHHH:

y=x+1 y=6;
5) y=x'—3x—4 . y=—x’+4,
y=—x5% y=x'—4.

M3 nyHkra A B NyHKT B, paccrosiiue MeXAYy KOTOPbIMH
20 kwm, Buimesn nemexof. OZHOBpPEMEHHO C HHM H3 NYHKTA
B B nyHKT A BblexaJl BeJIOCHIIEHCT, KOTOPLIH BCTPETH.T Melile-
xoaa uepe3 D0 MuH nocse cBoero Boieana M3 B. CKoJbKO
BpeMeHd norpefoBanoch Obl [elwexoay AJsi TOro, 4To6bl
ApOUTH Bech NyThb U3 A B B, eciiu H3BeCTHO, YTO BeJOCHIIE-
OHCT MpojesaJ Obl TOT e NyTh HAa 4 4 ObiCTpee Melexoxa?
Kakoe ycioBue ABJASiIeTCA JHIIHHUM?

a) bak, sMemaromuit 10 000 &1, 3anosinsercs 6eH3UHOM IBY-
Msi HacOCaMH, BTOPOH M3 KOTOPbIX BJWBAaeT B MHHYTY Ha
10 1 meHbuie, uem mepBboli. 3a 5 MUH 6aK 3anoJHAETCA Ha
25%. CKoJMbKO JUTPOB GeH3MHA BJAMBaeT KaX/blii Hacoc 3a
10 mun?

6) IByMs kpanamu GacceilH HamoJjHsercd 3a 1 u 20 mun,
a OXHUM KpaHOM — 3a 2 4. 3a Kakoe BpeMsl HalOJHHTCSH
6acceflH APYrHM KpaHOM?

B) Bak HanmonHsercsi uepe3 nBe Tpy6nl 3a 12 u. UYepes
CKOJIBKO YaCOB HanoJHuTCcA 0ak, ecJU Nnepshie IBa yaca Obl-
JI4 NOAKAOYEHbl 06e TPyObl, a 3aT€M TOJILKO OJHA, Yepe3 KO-
TOPYIO B €I1MHHMIY BPEMEHH MOCTYIiaeT JBE TPETH TOrO KOJH-
YyeCcTBa BOABl, KOTOpOe TMOCTylaeT uepe3 Apyryio Tpy6y?
r) B Gacceiln npoBexentl Tpu TpyOni. Uepe3 nepmyio bac-
cefiH HanoJHseTcs1 3a 6 y, yepes BTOpyIo — 3a 8 4, a yepes
TPEThI0 BCS BOJa H3 HAMOJHEHHOTO GaccefHA BBIIHBAETCS
3a 12 4. 3a CKOJbKO BpeMeHH HaloJHUTCH GaccefiH BOAOH,
eC/IH OTKDHITh OAHOBPEMEHHO BCe TDH prGbI?

a) Cmemann 30%-HbI pPacTBOP COJNSHOH KHCJOTH C
10%-ubiM ¥ noayuusu 600 r 15%-noro pactBopa. CKOJIBKO
TPaMMOB KaXJIOro pacTBopa Oblo B3ATO?

6) Mopcxaﬂ Boa conepXHT 5% coau no macce. CKOJbKO
[pecHol BOAbl HYXHO 106aBuTh K 50 Kr MOpCKOH BOJbI, YTO-
6bl KOHLEHTPaLHUs COJMHM cocTaBHaa 2%?

B) B cocyne 6bi10 12 a1 consiHolt KHCA0OTH. HacTh KHC/IOTHI
OTJIMJIK M COCYJ NOJHJH BOJOH J0 MpeXHero ypoBHsA. 3aTeM
CHOBA OTJIMJIM CTOJIbKO XK€ M ONATb JTOJHJAH BOAOH 10 mpex-
Hero ypoBHsS. CKOJBKO JUTPOB XUAKOCTH OTJIHBAJH KaXJbli
pas, ecau B pedyJbrate B cocyide okasagcs 25%- HblPI pac-
TBOP KHCJIOTHI?

Ha rpakrara «/esats ordenros uckyccrsa cuera» (Kuraii).
5 BoJIOB U 2 6apana ctoaT i1 Tasaei, a 2 Bosia u 8 6apanos
crosiT 8 Tasgeii. CKOJIbKO CTOSIT OTAENbHO BOJI H GapaH?

952.

953.

954.

955.

956.

957.

958.

959+,

960*.

3adana Eexauda (111 6. do n. 3.). Mya u ocen nio Adpore
c Memkamyu maranau. Oces XaJsioBaJics Ha CBOIO HENOMepHO
TAXKeAylo Howly. MyJs o6paThiCA K HOMYTYHKY C pedsnlo:
«Ecau 51 BO3bMY Y Te6sl ONHH MeLIOK, TO MOSl HOLIZ CTaHeT
BJIBO€ TfXeJiee TBoeld. A BOT ecyd Obl Thl B38J Yy MEHS ONMH
MeUIOK, TO Halllh HOLUW CpaBHAMHCH Gbl». CKOJBKO HeC Kax-
bl U3 HUX?

3adaua Jeonapdo Musanckoeo (Pubonauwyu). OpuH roso-
put apyromy: «Jla# MHe 7 nuHapHeB, u 51 6yny B 5 pas 6o-
raue TeGsi». A apyro#i roBoput: «Jall MHe 5 nuHapueB, H
g 6yay B 7 pas Goraue TeGsi». CKOJBKO JeHEr y Kax-
poro?

Crapunnas 3adauwa (Kurai, I 8.). IMeercs 9 cHTKOB 30J10-
ta ¥ 11 cauTKOB cepe6pa, UX B3BeCHJIH, BEC KaK pa3 coBmadl.
[Mepe/ioXHUIH CTHTOK 30JI0TA H CJAHTOK cepeGpa, 300TO CTa-
Jgo Jerue Ha 13 nmanos. CrnpammBaeTcs, KakoB BeC CJAHTKa
30JI0Ta M CJUTKa cepebpa, Kaxaoro B OTAGJILHOCTH.
Hmelorc;{ Gepe30Bbie U COCHOBLIE ApoBa. 7 m® 6epe3oBrix 1
5 M® COCHOBBIX IpoB BecsT 7,44 T, a 9 M® 6epe303blx u 10 m®
COCHOBBIX /IpOB BECAT 11,28 T. Ckonbko Becut 1 M° 6epeso-
BeIX H 1 M° COCHOBBIX npoa?‘

B onuMu M3 AHed KaHWKYJ yualimecss KJjacca, KpoMe He-
CKOJIbKMX OCTaBIUMXCH JOMa, OTNpaBHJIHCh NMOTyJafATb. [lBe-
HaALaTh Y4allMXCS — TPeTh BCEX JeBOYEK M MOJOBHHA BCEX
MaJ/IbYHKOB — TIOUIJIM B KHMHO, a ewe 13 yesoBeK — M0JOBH-
Ha BCeX JIeBOYEK H TPeTb BCeX MaJIbUHKOB — [MOLJIH HA BHI-
craBky. CKOJIbKO yYallUXCsl 3TOrO KJacca OCTaJoch aoMma?

Crapunnan 3adawa. KpecTbsiHHH XodueT KYHHTb Jollaib H
A 9TOro mponaer poxb. Ecau on mpogact 15 1 pxH, TO
€My He XBaTHT JJ/if NOKyNkKu Jowanu 80 p., a ecad oH 1po-
pact 20 u pxH, TO MOC/He MOKYNKH Yy Hero ocTaHercs
110 p. CKo/IbKO CTOHT JIOLIANb?

Crapunnas 3adaua. Hekuit yenoBek nokynasa macgo. Korna
OH JaBaJ JeHbrH 3a 8 Gouexk Macsia, TO y HEro 0CTajJoch
20 aartbid. Korpa ke cras faBaTh 3a ) 60uek, TO He XBaTHJIO
JeHer nostopa py6asi ¢ rpuBHolo. CKoJbKO JeHer OblLIO Y
yejoBeka? (1 aarmin=3 k., |1 rpuBHa=10 k.)

Ecsn npoAaTh 20 KOpOB, TO 3aroTOBJIEHHOT'O CeHa XBaTHUT Ha
JecATb AHeH JoJbllue, eclH Xe NpukynuTs 30 KOpoB, TO 3a-
[ac ceHa HcuepnaeTcsi AecAThIO IHAMH paHbiie. CKOJBKO
“6E110 KOPOB H Ha CKOJILKO IHel 3aroToBJieHO CeHa?

Ecau npoaate 20 KopoB, TO 3aroTOBJEHHOIO CeHa XBATHT Ha
ABaJiUaTb AHEA AOJblle, €CH K€ YMEHbUIHTh BblJayy CeHa
Ha OJiHy KOpOBY B JA€Hb Ha 20%, 3aMeHHB CEHO IlPYI‘HMn
KOPMaMH, TO CeHa KOPOBAaM XBATHT Ha NMATHAALLATh AHeH H0Jb-
we 3amaHupoBaHHoro. CKoMbKO OBLIO KOPOB M Ha CKOJbKO
IHeH 3aroToBJIEHO CeHa?
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961.

962.

963.

964.

965.

H3s «Apugpmeruxu» JI. d. Mazhuyxoeo. Tpu 4esoBeKa XOTAT
ABOp KynuTb. [lepBoifi mokynatenab rOBOPHT BTOPOMY: Aalllb

MHE y A€HEr, YTO HMeelllb, H A4 OOUH 3anJjauy 'ueHy 3a ABOp.

. 2
Bropoii roBopuT TpeThemy: nallb MHe = W3 TBOMX JieHeT, H 1

ONMH 3amnjavy ueHy 3a aBop. TpeTuit roBopuT nepsomy:
? :

Aallb MHe — M3 TBOMX JI€HET, W sl OJMH 3anJauy leHy 3a

aBop. A nsopy ueHa 100 p. CKoOIbKO KaXKablil M3 MOKYynaTe-

JeH uMmea jJeHer?

H3 «Apudpmeruxus JI. d. Maenuykozo. Tpu yesoBeka pas-
robapuBaju Mexny co6oi. [lepBbifi U3 HUX TOBOPHT BTOpO-

2 3
MYy: €CJIH 6bl MHe B3fITb OT TBOHX JAeHer g a OT TpeTbero -,

Torpa Oblio Obl y MeHs 150 p. Bropoit roBoput Tperbemy:
3 5

€csii Gbl 51 B35J1 TBOMX J€HEr =, a OT MepBOro —, To A TOXKe

umes 6bl 150 p. Tperuit roBoput nepBoMy: eciu 6bl s B3

OT TBOHX JAeHer a 0T BTOpOro TO TOxXe HMeJa Obl

7 4’
150 p. CnpamnBaercs, CKOJIbKO KaX/blii U3 HUX B TO BpeMs
HMeJ JeHer.

Tpu npyra xoTean Kynutb KHHry 3a 17 p., HO HH y KOro He
Halbpasocb HyXHOH cymMMbl. [lepBblil TOBODHT ApY3bsiM:
«Jla¥iTe MHe KaXKIbifi IO MOJIOBHHE CBOHX JEHET, B 5 KYIJIIO
KHUTY». BTopo#i rosopur: «JlafiTe MHe MO TPeTH CBOMX je-
Her, H A KynJawo KHuUry». Tperu# rosoput: «Jlaiite MHe 10
YeTBEPTH CBOMX JEHer, H A Kynawo KHury». CKOJbKO feHer
6bLJIO Y KaXaoro?

3adaua Adama Puse. Tpoe Toprywor somanp 3a 12 daopu-
HOB, HO HHKTO B OTAEJbHOCTH He pacrnoJaraer Takod CyM-
moil, [lepBuiii roBopHT ABYM Apyrum: «[laiiTe MHe Ka Kbl
0 NMOJIOBHHE CBOMX [l€HEr, M s KYyIJIIO Jowaas». Bropoi ro-
BOPHT NlepBoMy M TpeTbheMy: «[laiiTe MHe mo oxHO#l TpeTH
BalUMX AeHer, U si npuobpery Jowaab». Hakoueu, Tperuii
FOBOPHT NepBbIM ABYM: «J[aliTe MHe TOJIBKO [0 YETBEPTH Ba-
KX JeHer, H Jowmaab Oyner mos». Tenepb cnpamuBaercs:
CKOJIBKO JeHer OblJ0 y KaxKAOoro?

H3 «Bceobweii apupmerukus H. Howorona. [ansl Tpu Me-
Ta/JJIHYecKHX crnsaBa. Onun QyHT mepBoro cmsiaBa comep-
KUT 12 yHumii cepebpa, | yHuHio Meau ¥ 3 yHLHMH 0JIOBa.
QyHT BTOPOro cimiaBa COpepKHuT | yHuuio cepebpa, 12 yu-
UHA Menu U 3 yHUMH ojoBa. PyHT TpeTbero cnnaBa copep-
KAT 14 yHUMH Menu, 2 yHUHM 0J10Ba U BOBCE He CONEPIKHT
cepebpa. Kak M3 3THX Tpex CIIaBOB HYXHO COCTaBHTb HO-
BbIH, YHT KOTOpOro coaepx)aJn 6bl 4 yHuuu cepebpa, 9 yH-
oHil Meiu ¥ 3 yHUMH oJ10Ba?

966.

967.

H3 «Bceobuweil apugpmeruxu» H. Howorona. Hekro nokynaer
40 mep nwenuun, 24 saumens u 20 osBca 3a 15 ¢dynros
12 wuanunroB'. 3aTeM OH IPOH3BOAHT BTOPYIO 3aKyNKy, TeX
e copToB B 26 mep nuwennusl, 30 sumens u 50 osca 33
16 ¢ynroB. Hakonel, oH fes1aeT TPeTbIO 3aKYIKY TeX Xe COp-
TOB B 24 Mepbi nuieHdubl, 120 sumens u 100 osca 3a 34 $yn~-
ta. CHpaiiuBaeTcsi LeHa Mepbl KaXJA0ro pOAa 3€PHOBBIX.
Crapunnasn 3ada4a (Kuraii, I11 8. do n. 3.). V13 3 cHonos xo-,
poulero ypoxas, 2 CHONOB cpeiHero ypoxas u 1 cHona nJo-
xoro ypoxas nosayiuan 39 mep sepna. M3 2 cHonos xopouie-
ro ypoxas, 3 CHONOB CpefHero ypoxas ¥ | cHoma mjoxoro
ypoxas noayuuau 34 mepni 3epHa. M3 1 cHona xopowero
ypoxasi, 2 CHOMOB cpeiHero ypoxas M 3 CHONOB ILIOXOFO
ypoxasi noayuuau 26 mep sepna. CnpaliMBaercsi, CKOJbKO
3epHa MOJY4YMJH M3 KaXKAOro CHONA XOpOoLIero, CpeaHero H
IJI0XOTO ypoXKas.

' 1 ¢ynt = 20 wHAAHHTOB (Mepa LeHer),



MPEJMETHbBIN YKA3ATEJIb

AGcuucca 14
Apryment 18

BreceHHe MHOXHTEJS MOA 3HAaK KoOpHs 5l

BriHecenHe MHOXKHTENA H3-NOA 3HAKa
Kopust 50

[unep6ona 38
IT'padpux dyrkumn 23

JIHCKPHMUHAHT KBAJPaTHOIO TPéxusena 74
— KBajpaTHOTrO ypaBHeHHs 78

3aBUCHMOCTD
— npsMasi nponopuxoHaJdbHas 141
3navende QyHkuud B TouKe 19

Hurepeaa uucsaosoit 8, 10

KBaapartubiéi Tpexusen 74

Koopaunatel Touku 14

Kopetb kBagpatHbiii 41

— apudMerHyeckHi 43

Koagpuuuent nponopunonasbsoctd 141

MmuoxecTBa uucaosbie 11, 55

HepaBeucrBa csoiicTBa 4, 5
HepagpencrBo aBoiiHoe 5

O6nactb onpepesneHus GyHKuud 18
Opaunara 14

Ocb aGeunce 13

— opauuat 13

Ortpesok uucaoBoH 8

[Mapa6ona 31, 162

[TapaGoasl Bepumuua 32, 167
— ocb cummerpuu 31
[lepeMennas 3aBucuMasi 18
— HesaBucumas 18
Iaockocrs koopaunuathas 13
[Moayunrepsaj uucaosoit 9, 10
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Mpunuun Qupuxae 57
Mpupawenune aprymenra 22
— ¢yukuun 22
Mpomexytku uucaoseie 10

PassioxeHnne KBajpaTHOro TpexuneHa
Ha JuHEfiHbIe MHOXHTENH 75

Pewenne cHCTeMBl [BYX YDaBHEHHHA ¢
ABYMsi HeuasecTHbiMu 209

— — Tpex ypaBHEeHHMA C TpeMs
Heu3BecTHbIMH 210

Peulense ypaBHeHHA C ABYMs
HensBecTHHIMH 208

— ¢ Tpems HeusBecTHniMu 209

Cucrema koopauxat 13
CHcrema ypaBHeHHH ¢ AByMsA
HeuaBecTHbiMu 209

-— ¢ TpeMs HeHu3BecTHbiMH 210

Yraosoii koadduunent npsimoii 144, 149
Yran koopaHHatHbie 15
YpasHeHue GuxBajpaTHoe 99
— Bropoil crenexn 78, 209
— KBajaparthoe 78

— HenosnHoe 80

— o6wero Buaa 78

— mnpuseaeHHoe 89

— nepBoi crenenn 209

— pauugHanbHoe 98

— pauHMOHaJIbHOE C ABYMS
nenasecTHoiMU 208
YpaBHeHusi paBHOCHJbHbie 79

®opmyani Buera 91

PDyukuua 17, 18

— KBaapatu4yHan 174

— JudeiiHaa 147 oy
— wHenpepbiBHas 22 -
— neuetHasn 37

— noctosiuuaa 149

— vyerHan 28

YersepTd KoopauHarthbie 15

. OTBETHI
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57. a) y=2x—1.
67. a) Ilpy x>0; 6) npu x>=0; B) npu x<<0; r) npu x<0.
82. a) y<<yy 6) Y1 >Y»
86. a) Her; 6) wer; B) na; r) na.
91. a) Her; 6) na; B) na.
92. a) Ilpu x50; 6) npu x=0; B) HH npu Kakux x; r) npu x>=>0; 1) npn x<0
99. a) y(1)=>y(2) 6) y(2)=y(3) 8) y(1)>y(5).
1 D
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—l<y<—= |
y 3 ) i [N
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151. a) a; 6) —b; B) 0; r) —n; 1) x+1; ) m—2; x) 3a+1; 3) —p+4.
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a)2 )’313)15r)23 .
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161. 2) \8: 6) —VI8; 1) Via?; x) —\2ae.
—
x\Vx \V7a L | mn m m i
162. , x> 15l V3 7 '
x) 3 x>=0; 3) —— 2T ;W) - T b>0.
1 2 1
164. H , — = \/Z ==V2.
a) Hanpumep \/; n 2\/2_
1 10 ~ /30 1
165. —=\[— = \/= ==
a) \/33 \/ 3 \/ 5 3\/30.
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166.

2 6 6 2449
a) \/;—\/;—‘3—~—3—~"'8‘6‘

172. a) \/x_(\/-x_—}-l); 3) mn(3—\m), ecitn m>=0 w n=0;, ma(34+\Vm), ecanu

m=0u n<<O.

183. a) 1000; 6) 172; B) 17; r) 0,9; 1) 21; ¢) 123- %) 1; 3) 22%.

184. a) 3; 6) 0,25; B) 5,74; 1) 2; 1) 104; ) 11,3; x) 64,5; 3) 1,225; u) 2,32; ) 11 i;

185. a) 8; 6) 3; B) 5,575; r) O,1.

186. a) 0,0102; 6) 1,2; B) 2; r) 16; 1) 3,9; e) 1.

193. x) I%x‘sy“zz; 3) I%a‘b%*.

194. n) 64a%; p) 1,6414%6%5c*.

195. a) 102°>90'%; 6) 0,11>0,3%.

196. x) 27.5¢%'% 3) —0,86a%%

205, x) 7n(2ax—3by—1); 3) Ty (9x— 12y + 14).

214. a) (8,5; 4,5); 6)-(10; 50); B) (1; —1); r) (—1; —1); 1) (31,8; 6,6); e) (5; —2);
x)) (%, —1,%); 3) (0; 5); u) (—11,5; 14); k) (1; —1); a) (0,5; 0); m) ner pe-
HIeHHH. )

216. a) (10; 12); 6) (7; 6); B) (12; 8);, r) (12; 21); n) (1; —2); e) (2; 1); x) (17; 13);
3) (6; 0); u) (3; 2); k) (7; 5).

219. a) 75 Kl‘, 6) 1,25 kr.

220. a) ll—- %; 6) 47 117

221. a) Ha 12,5%, 6) ua 4%.

222. Ha 1—33%’_’—; %; a) na 20%; 6) ua 16%—%.

223. a) Ha 66%%; 6) Ha 50%. )

224, a) 1 p.; 6) Ha 12,5% u Ha 147%.

9232. a) V3 —1; 6) 5—\5; 8) V3 —V2; r) 4—\10.

236. a) \10.

237. B) 42.

240. a) \2 +1.

244, a) 2 1;6) —1; B ;

) 2Vx +1; 6) ) \/’V i \/_ c

245, a) 9; 6) 0; B) ser pewennii; r) 0,5. B

246. 4356.

247. 1,6 u.

248, a) 3a 20 auedr; 6) 3a 12 mun.

ab "

249. Yepes P> MHH; a) yepe3 9 MuH; G) uepes 10 mun.

abc

250. 3a m 4; a) 3a 8 u; 6) 3a 6 u.
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251.

253.

254.
255.
256.

258.

259.
260.
261.
262.
263.

264.

265.
270.
271.

275.

276.

293.

294,
295.

296.

297.
300.
303.

308.

abx
3a ——————— y; . )
aab b —ax 4; a) 3a 21 4; 6) 3a 18 4

az-‘{l—bb KM/4; a) 48 km/u; 6) 36 kM/u.
f—ibz 4; a) 24 4; 6) 12 u.
28%.
mpy+ myp,

p m, a) p=26; 6) p=34.
(p—p)m r

P2—Pp
13,5 «kr.
1,5 kr.
100 r.
64 r.
150 u 450 r.
(p—p)m " (py—p)m

P~ P2 =
0,25 Beppa no 10 rpueed u 0,75 Beapa no 6 rpuseH 3a Bejpo.
a) 1; 6) 1; B) 49; r) 49; n) —4; ¢) 0; x) 0; 3) 1.
B) (x—4Y¥+1; r) (x+2)% a) (x42,5*—12,25;

e) (x—1,57—0,25; x) 2((x—2)*—0,5); 3) 3((x—-l)2—-§-);

93((—4 <30 (3 +4)

a) 2(x—1)(x—1,5); 6) 3(x+2)(x—-—:13—).

; a) 1200 r; 6) 270 r.

r; a) 300 u 150 r; 6) 400 u 200 r.

a) (x+5)(x+3); 6) 4 (x_%)?

a) 0; 4; 6) 0; —6; B) 0; —%.

6)3; —3;8)5, —5;r)4 —4; 1) 7, —7; ¢) HeT KopHEH.

a) V3; —V3:6) V5; —V5:8) V3; —\3:r) —5V2; 5V2; ) —05\/’
0,5V3.
a)O;G;G)O;%;B)O;— 16,r)0 —§—-—V§-—

3
a) 0; 6) 0; 8) 0; 4, r) O; 103; n) 0; —1%.

a) 0; 2; 6) 0; —4; B) —2; 2, 1) —4; 4, 1) —0,75; 0,75.
% H —%, ecnd m==0; HeT KopHel, ecau m=0 u n=0; x — n06oe YHCIO, ec-
an m=n==0.
a)2; 4, 6) —2; —3;8) —1; 2; 1) —3; 2; n) Her KopHedt; e) —2; X) ———‘1:5——*— '6‘,
AV L) 05 1,5 u) —=; 2
5 3 .
o



309.

310.

311.

315.

316.
317.

318.

322.

323.
324.

328.

341.
343.
344.
345.
346.
347.

358.

359.

360.
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a) —0,5; 1; 6) 0,25; 0,5; B) —2%—; 3; 1) —7—;—; 7; n) 0,5; 2, e) 0,2; 5.
—lt v21 ; a) —0,5; 9;

a) —1; 2,5; 6) 6; 8 B) ——6;; 7 1) —1—2\/21 :
—13+7V253 2 1
' P ®) —%3 373 8) —15 25
) 14 ’ 14 P ®) —33 3733 —15 25
a) —4;5;6) —2,5; 2; B) -:1;; 8 r) —1;2; 1) —%; 5; e) HeT xopHeit; x) 2,5; 6;

—13—7Y253

3) —1; 8.

i 1
Mpu m=—2V3, m=2\/§; 6) HH MPH KAKHX M; B) NPH m=-=; r) npu m=90,
m=—4

a) 1= Val“’ 1t Val_“ 0 6)2—2\V1—a; 2+2Vl—a.

a) Ilpu a<C1; 6) npu a==1; B) npu a>1.
a) a; 2a; 6) 0,5, ecan a=0; - ,al——a R 1+ al—a ,ecad a=0 n a<<l; 1,

eciH a==1; HeT KOpHe#, ecaH a>>1.

a) 2; 6) uer xopref; 8) 0,5; 2; r) —3; —%; &) —12; —4; e) —2; 11; X) Her
KOpHe#; 3) HeT KOpHe#.

o)y —2; 1; e) —2; 3; x) —8 —6; 3) —11; —6.
a) ——%; 2, 6) 2—V\14; 24V14; B) Her kopuelt; r) —L,5; 1) —2;

Lo 1=V 14V 1-V29 . 14+V29 3

16° 36 36 14 14 T4

a) Her kopueit; 6) Her kopHel; B) x4+ xo=—3; xix=—2; 1) x,+x=3;
X xg=2; L) X FX=2; xxy=1; &) X+ x=—4 xx,=4.

3uT

a) 10 u 11; 6) 14 u 15; B) 4 u 11; 1) 16 u 28.

a) 7 u 13; 6) —5 u 3.

a) 356 u 53; 6) 51.

a) 160; 6) 60 M% 4 cM u 15 cm; B) 1a, 3, HET; T) B MATHYTOJAbHHKE.

a) 31; 6) 7. 348. a) 28 M; 6) 5 u 5 cM. 349. Ha 20%, ua 30%. 350. Ha 5%,
Ha 4%.

a) ——\/2—; —1; 1; \/5-; 6) —3; —1,1;38) —2, —L 152, r) —5 —1, 1; 5
n) —4; —2; 2; 4; e) HeT KOPHeH; X) —\/Ei_; —\/2_; \/5-; \/?T; 3) —2,5; —2; 2

2.5, 1) —1; —\/-? \/g; 1; k) —\0,6; —\0,4; \0,4; \0,6.

2V3  27V3

a) —\V2;V2;6) —4 48) —4 4 1) =552 —L Le =3 g
x) —V3,5; V3,5;3) —V1,5; V1,5.
34+V5

a) Her kopuel; 6) —V\15; V15; B) Her kopuelr; n) — 6 ;

"\/‘3_6—\/—5— ; \/3_—6\/5_ ' \/3+6\[5— :

365.

366.

372.
373.
374.
376.

377.

378.

379.
380.
381.

382,

383.
384.

386.
388.
390.
391.
392.

395.

399.

400.
402.

403.
404.

405.
407.

408.

409.

e) —Vi15+3Ver ; —Vis—3Var; Vis—3Ver ; Vis+3Ver .

a) —3; —2;0;,6)0;,1; 3; 8) —1;0;, 3, r) —5; 0; 2.
D=2 15 e 22 K —F —23) —1 23

a) 1; 6) —2; B) HeT KOpHel; r) HET KopHell; a) —2.

a) 2; 6) —4; B) HeT KOpHeH.

a) —1; 0; 5, 6) —6; 0, 3; B) 2, r) —1; n) Her kopHel.
a) la; 6) na; B) ma; r) Her.

a) %; 6) —1;8) 1; r) 10; ) —3; 3; e) —4; 5, x) —3; 3; 3) —5; 5.

a) —1; 6) i—?; B) 0,5; r} 0,2.

a) —3;6)0; B) 0 r) —2.

a) 25;6) 1; B) ;1) 2

a) 1,25; 2; 6) —6; 4; B) Her kopHeii; ) 1.

a) —16; 8, 6) —1,5; B) —1—\/6—; —1+\/€; r) 1;n)7 e) 16-‘,—;-; X) Her

KOpHe#.
a) —4; 2.
5 7 6 1 3
- 6) —. 385, - - =
2) 53 0) 5. 385 a) =i 6) =i 8) =

a) 10 km/4; 6) 40 mun. 387. 60 u 40 km/u.

a) 10 km/u; 6) 4 kM/u. 389. a) 48 u 40 pmeranefi; 6) 8 u 6 merasei.
a) 40 u 30 crpauuy; 6) 2,5 u 3,5 M.

a) 25 u 20 u; 6) 14 4; B) 4 u 12 kM/u.

3a 10 u 15 4. 393. 3a 64 pust. 394. 8 kKm/u.

3a 24 u. 398. a) —3; 1; 6) ner kopueit; B) —1; 1;r) 2; 3; 1) 3

T

»

a) —%; 1; 6) —1; B) 3_4'17 ; 3+4'17 ; T) HeT KopHeil; 1) —-—1—\/(7; —5;

—1; —14+V6.
a) (202 4+3x+43) (x—1)+6; 6) (¥*—x*+2x+46)(x—1)+5.
a) (P4 x+1)(x—2); 6) (£—x+1)(x—3)
B) (x—1)(x—2)(x+3) r) (x+1)(x+2)(x+3);
n) (x— 17 (x+2)% 3) (x+ D"
a) —1; —2, 1, 6) —1; —2;, —3;B) —4 1) —2, 1) —4 1;e) 1; 2.
a) 17;517—2; 6) —1;2;,8) —2;, —1; 1, 3, r) —3;, —1; 1; 2
a) —3; 0,5; 2, 6) —2; —0,5; 3; B) ——;—; r) %
a) 7—2i; 6) 3+i; B) —18—38i; r) 11,9+ 4,3i.
—1—i\3  —14iV3

5 ; .

2

a) —14; i 1)

25
a) 39° 6) 0; B) 32; r) 180.
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410. a

) 1 6) 3——; B) I; 1) | e

150 520
412. a) 1,732, 6) 2,236; B) 2,246. 413. 1,41421.
415. a) Her; 6) Her; B) na; r) aa; 1) Her, €) HeT.
418. a) 0,25; 6) 50 000; B) 5000; r) 40 000.
1 24 xy+y° 5 ay—bx 2a—9
9.0 37 9 Sery Y So=n D @b P =3’
L4y 917 — 254 1 1. 1
€) o7 x) Bxg 3) I ) a+-—, K) 4,nc+—:E
3n—m—p—gq 4nt

420. a) 0; 6 ; B) 0; ; .

)0 6 ey W D i

m>—m+42 l 4 Yy

421, a) ——;6) —1—a; ; ; ; X)) —

a) T ) a; B) (P —1) r) ) n) yyy e) 71 x) —1

3) — 1L

Xy

422, ; .

a) a; 6) 2; B) —— +b )x—y
428. a) 36; 44; 63; 6) npu a==—1, 0, 2, 3.
436. a) 2m—3n; 6) 2a+3b; B) a; —b; r) a; b.

1 1 1
443. a) P 6) P B) 1
444. a) 3 B) =5
2x—3 3x—1
5. 2) 579 59
x—12

446. ¢) —Mm8 .

) G=DG+5)
447. a) 0,5, 0,7, ©6) \/2—; 4\/2_; B) 5_?1 31 ; 5+?1'31 ; T') HeT Kopuei;

x) __3;6"; 3) HeT KopHe#i; u) —7; 3; k) —1,5; \/2_; ﬂ)i__\[g—_EQ___ "15;

450.
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4V6 4-2V15 2 —1. l

\/_J; VI5 ) \/_4 \/"+ I Y ey

—\/§_+ V2—\/3_; 0) HeT KOpHe#; ) —5%; 0; p) O; —iﬁT

2) —\/9+“45 ;\/9+V“5 ;6) —4; 4 8) —V14+V19; VI+ V19 ;
) —=V7; V75 n) —\/l_ \/H-\/_57

a) 1;6) —1;8) —2; —1; =05 Lr) =L a) =L %; 3 e) —1; %; L,5;
x) —5; 2; 5;3) —4;, —3; 4, u) -3, —2;, 3; x) —2;, 2, 3.

a) —1;0:3 6)0; 3= \/— 3+V—

)0——3r)0152£l)59e)34

x) —1; 0; 3) —-g; —:13-; u) 0,5 15 2; x) —1; 0,5; 2.
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3x 1
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2) 4y %) 25
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a) 2550 u 2450 a; 6) 3a 4 u; B) 32 27 u; r) 3a 4,8 u.

a) 150 u 450 r; 6) 75 kr; B) 6 a.

7 u 5 Meukos.

5 uejioBek.

Hans 120 xopoB Ha 50 pueit. 963. 5, 11 u 13 p.

1

'§' .

HOCJIECJIOBI/IE LJIs1 YHUTEAS

Yue6uuk «AareGpa 8» npojonkaer cepHIo yueGHHKOB <<M1"y —
mkose» asTopoB C. M. Hukoabckoro, M. K. Tloranosa, H. H.:Pe-
wernukoBa, A. B. IlleBkuna. DToT yueOHHK NpDEAHA3HAUYEH I 06-
u1e06pa3oBaTebHbIX K/1aCCOB, B KOTOPbIX JONOJHHUTE/IbHbIE Marepu-
aJibl M CJOXKHBle 33a]aY¥ MOXKHO He paccMarpuBaTh. Ecam e’ fme-‘
eTCcsl JIOCTATOYHO YaCOB, €C/H KJjacc NPOSBISET HHTEpeC K Mp’i‘e a-’
THKe, TO 3a cyeT donoanenui B KOHILE TI/14aB Y4eOGHUKOB, A Taﬁ)xe
MyHKTOB H OTAEJbHBIX 3afay CO 3Be3/[0YKOH, He06ﬂ33TeJlepl
0GbIYHBIX 0611e06pa30BaTeNbHbIX KJIaCCaX, MOXKHO PaCIUUPHTH ‘H yf'r‘
Jy6HTb CcOAepKaHHe H3y4aeMmoro Marepuaina J0 061>ema, ﬁ ég-;
YCMOTPEHHOT0 [IPOrpaMMOil A/ KJIacCoB ¢ YrayOJeHHbIM nsyﬁe ’
MaTeMaTHKH, T. €. Y4eGHHKH MOXKHO HCIIONb30BaTh KakK B OOIY-
HBIX, TaK H B KJaccax ¢ YIAyGJeHHbIM H3ydeHHEM MaTeMATHKH, '

ABTOpbl yue6HHKOB cepur «MI'Y — LIKoNe» CUHTAIOT Ip
aJbHO BaXXHbIM BeCTH 00Yyuye€HHe IKOJbLHHKOB B paMKax 00
30BaTe/NbHON MPOrPaMMBl H IIPOTPAMMbi C YIVIyCIEHHBIM H3yueHeM
MaTeMAaTHKH 110 OJHHM H TeM Xe yueOHHKaM, HaunHas ¢ 7 kjacea,
Torna nepexoa ¢ oaHO# MporpaMmbl 00y4eHHs] Ha APYryIO ;gg mg;r
BbI3bIBATb TPYAHOCTeH HH Al y4allUXCsl, HH A1 YYUTeJgH, . ..,

B 7 xnacce yxe uayuena TeMa «JleficTBuTe /bHBIE YHCAAY, xg BO-
Asiouas cpopMHPOBATH y ydallHXCs IPeACTaBJeHne O NeACTEHTENb-
HOM UHCJIe KaK O JJHHE OTPe3Ka, TOuHee, KaK O KOOpIHHATEe TO 'qzm
KOOPAHHATHOH OCH. DTO JaeT BO3MOXKHOCTb 3HAYMTEIbHO ynpoc‘i‘ u:
paccyXJeHHs, CBA3aHHbie C MOCTPoeHHeM rpadukoB ¢yH
ornpeleseHHeM KBaJApaTHOTO KopHs M T. M. Ilpu Takom mnoc
Kypca a.nreépbl H3yueHHne GYHKLHOHAJBHOTO MaTepHasa Hmea;;vno,q
HOUEHHEIA HayuyHbldl ¢yHIaMeHT. - o

Yue6Huk «AareGpa 8» Bk/Io4aer yeTnipe raasm: . I'Ipp ‘%
¢yukuuu. Keagpathoie kopHH. 1I. KBampaTHble u paudo ?,Qb "g
ypasHenus. I11. Jlunefinas n KBajapaTHuHas dbynxuuu. 1V, 8
pauHOHaJbHBLIX ypaBHenui. K Kax10# riaBe HMewTCA nononng&g
COZepXKAlLME HCTOPHUECKHE CBEACHHA H HeoOA3aTebHbBIA MaTepHa
He BXOAAIIMH B nporpaMmy AJs o6meo6pasoBaTesbHbIX KJIaC,COB a
TaKXe 3ajJlaHud JUIsl TOBTOPEHHS. .

Tleppas rnaBa HauMHaeTCsi C MOBTOPEHUS H PACUIMPEHHS . cpgﬂ,e-
HUM O YHUCJOBBIX HEPaBEHCTBAX, YHCJOBbIX MHOXKECTBAX, Koop.gw
HATHOH OCH M CHCTeMe KOOPAMHAT Ha IVIOCKOCTH.

OcHoBHasl LeJb NEPBbIX MYHKTOB — BBECTH HOBbIE 0603Ha'leHHﬂ,
NOBTOPHTb CBOMCTBA YMCJIOBBIX HEPABEHCTB, HAlIOMHHTb O TOM, UTO
MEXJy TOYKAMH KOOPAMHATHOM OCH M BCEMH AEHCTBHTEbHbIMH qnC-
JaMH, a TaKXe MeXJly TOUYKaMH KOODJAHHATHOH MJOCKOCTH H yHops-
JIOYEHHBIMH NapaMH YHCeJ HMeeTcs B3aUMHO OLHO3HAYHOE COOTBET-
¢rBHe. MHBIMHU clloBaMH, Han0,uTO6b y4Yaluecsi 0OCO3HaJH, YTO KQOp-
AHHATHAsl OChb MOJHOCTLIO 3aN0JHEHA YHCJIaMH, YTO OHA He <ABIpf-
Basi». 910 OylaeT BCKOpe HCIHOJNb30BAHO NPH [OCTPOEHHH rpadmxoa
$pyHKuME — Haf0, YTOGBI HX MOXKHO ObIJIO CTPOHTH MO BCEM TOYKAM,
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a He TOJbKO MO «PallHOHAJbHBIM» (HMEIOIHM pallHOHAJbHLIE KOOP-
AHHATHI) TOYKAM. ,

- 3artem BBOoAuTCA noHsATHE PyHKuuM 1o JloGaueBckomy H upux-
Je, rOBOpPUTCs, uyTO (PYHKUHS MOXKeT ObiThb 3ajaHa HJAH ¢opMyJoi,
i Tabauuedl, unu rpadpuxkoM. PyHkuuw, rpaduk KoTopol sBJAeT-
cA HelpepbiBHOH JHMHHEH, MoJydaeMoH HellpepbIBHbIM JBHIKEHHEM
KapaHpawa O6e3 oTpeiBa OT OyMard, Ha3sbIBAlOT HenpepouieHotl.
Onpenesenue HernpepbiBHOH (PYHKUHH Yepe3 HeNpepbIBHOCTL €€ rpa-
¢uka He TpebyeT OT y4alIHXCS KakKdX-JAHOO 0COOLIX YCHJHE AJiA ero
noHuMaHusi. PaccmartpuBas HenpepbiBHbIA IpadHUK, Jerko y6eaHTb
y4YallUXCs B TOM, YTO IIPHBeAeHHOE ONpelesieHHe PABHOCHJAbHO H Ta-
KOMY onpefesnenuo; QyHKIHsS HENpepbiBHA, €CJIH MaJOMy H3MeHe-
HHIO apTyMeHTa X COOTBETCTBYeT MaJsioe H3MeHeHMe QYHKUHH [ (x).
B 06BbIYHBIX KJacCaX He CTOHT MbITATbCA KaK-JHOO TNMOSCHUTh 3TO
aHAJHUTHYECKH, 1OCTATOYHO yOeUTbCSl B 3TOM HarJsAHO C NOMOUIbLIO
rpadHKa.

Bropo#i maparpad nocssillieH H3Y4€HHIO NPOCTeHINUX (QYHKUHH:

1
y==x, y==1, y== . [Ipn uX paccCMOTPEHHH BBOAATCSA MOHATHS: BO3-

pacrampoumas, yoslBaiollasi, 4eTHas, HeyeTHass QYHKLHH — H [OKa3bl-
BaeTcf, KaK CTPOHTb rpaduka 3THX QyHKUHH.

[Maparpa¢ 3 nocBsimieH KBaApaTHbLIM KOpHAM. Tak Kak B 7 kJjac-
ce y#e H3yueHbl Bce AefCTBHUTeJNbHble YHC/IA, TO 3/leCb HaJ0 CHada-
J1a, HCMOMb3Ysi HeMpepHIBHOCTL rpaduka GyHKUMH y= x°, yOenuTbCs
YHCTO rpaduueckyd B CYLIECTBOBAHHH TOJBKO IBYX KOPHeH H3 I0JO-
JKHUTEJBHOTO YHCJA.

Yto ke KacaeTcs CBOACTB KBaAPATHLIX KOPHeH, TO OHH B yueOHH-
Ke [0Ka3aHbl ¢ HCHOOJb30BAHHEM paHee NOKa3aHHBIX YTBePXKIeHHH.

B peayasrare usyuenusn eaasv I ywawueca doarxnot osraders
OCHOGHOIMU NOHATUAMU, CBASAHHLIMU C PYHRKYUAMU, HAYLUTOCA
NPUMEHATL uUX K npocreduum pynxyusam, doburocs 6noane 0cos-
HaHHOZ0 U GKTUBHOZO 08AaderRusn onepayusimu Had xeadparnvimu
KOpHAMY.

I'nasa II B ocCHOBHOM MOCBSilleHa KBaJpaTHHIM ypaBHEHHSM.
HanoxeHne MaTepuasa OTJIHYAETCS OT TPaAHLHOHHOTO JHIIL TeM,
YTO CHaYaJjia H3yuaeTcsl KBaApaTHBIH Tpexu/jeH M C OMOPOH Ha 3TOT
marepuas BBOAATCA GOPMYJbl KOpDHeH KBaJApaTHOrO YypaBHEHHS.
B § 5 paccMaTpuBaloTCA pallMOHaAbLHbIE YPABHEHHS, KOHEYHO TOJb-
KO T€, KOTOPbIe CBSI3aHbl C pelIeHHeM OJHOIO WJIH HeCKOJNbKHX KBal-
paTHBIX HJH JuHeliHbIX ypaBHenwii. Cienyer oO6paTHTb BHHMaHHe
yuyaluxcsl Ha TO, UTO MPH pelleHHH PallHOHAJbHBIX YpaBHeRHH Hal0
0JIb30BATbCA BCEMHM CBOACTBaMu ajre6pauyeckux Apobel, KpoMme
fpaBuJi COKpalleHUsl (MJIH YMHOMKEHHs) Jpobell Ha MHOXHTeJNb, CO-
JepXKalWHni HeUu3BECTHYIO BeJIHYUHY.

Oco6o Hago MNOAYEPKHYTb, YTO HeNpaBUJbHOe yHoTpebJjeHHe
npaBuJia COKpalieHHs Apo6ell MOXKeT NPHBECTH K IOTepe HJH INpH-
o6peTeHHI0 «JIHLIHUX» KopHell. Heo6x0nHMO 3aTpaTHTh AOCTaTOYHO
BpEeMEHH Ha TO, 4TOObl yyallHecs Hay4HJHCh peliaThb TEKCTOBble 3a-
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Ja4y¥ OpPU [OMOILLH PallHOHAJBHBIX YPaBHEHHH.

B pesyaorare usywenusn zaasot Il yuawuecs dorxno. naywuro-
cA pewars K8adparHole YpasHeHUsn U C8O0AUWUECA K HUM payuo-
HaAbHble YPABHEHUS U YMETd NPUMEHATO 3TU SHAHUR K pPeulenulo
TexcTosbix 3adaq. :

Fanasa IIl mocBsileHa H3ydyeHHI0 JHHeHHOW M KBaJpaTHUHO#H
¢ynkuui. [Ipn uayuvenun dynkuun y=ax’(a>0) Heo6X0AUMO 06-
paTHTb BHUMaHHe Ha NojyueHHe rpaduka 3Tod QyHKUHM pacTsixKe-
HHeM rpadbuka ¢yskuumu y=x’. Ha npumepax QyHKumi y=kx,
y=|x|, y=ax® Tpuxabl oTpabaTeiBaeTcs NpHeM NMepeHoca rpaduka
¢yHkuuu BRogab oceit Ox u Oy. B kadecTBe HeoGs13aTe/IbHOTO MaTe-
pHMana 1o 3Toi TeMe JaHbl ypaBHEHHS NMPAMOH M OKPYXXHOCTH, N0OKa-
3aHbl NPHEMbl TOCTPOEHHS TpapHKoB (QYHKIMH, COAEPXKAIHX MO-
LyJu.

B pesyavrare usyuenusn zaasol 111 ywauueca doannol nayduro-
ca crpours epagux r1060d aunelnod u xksadparuunod Pynxyui u
r8epdo 3narev ceoticTéa ITux Qynrxyui.

TanaBa IV nmocssilleHa pelIeHHI0 CUCTeM palHOHAJBHBIX ypaBHe-
HHH; OCHOBHBIM [IPHEMOM peleHHs] CHCTeM, KOTOPbId paccmaTpHBa-
ercst B § 8, ABjsiercss cnoco6 noacTaHoBKH. TakuM 06pa3oM, B 3TOM
naparpage pacCMaTpPHBAIOTCS CHCTEMBI, KOTOPbie MOTYT OHITh pElile-
Hbl croco6oM MmoacTaHOBKH. McKyccTBeHHble CNOCOOB pelIeHHs CH-
CTeM pailMOHAJbHbIX YpaBHEHHH NPAKTHUECKH HE PaCCMaTPHUBAIOTCA.
Bce cBOAMTCH TaK WM ¥Haue K crnoco6y HOACTAHOBKH.

B § 9 paccmaTpuBaloTca NpHMephbl pUMeHeHHs IpadUKOB K pe-
IIEHHIO CHCTEM YPaBHEHHH M OTHEJbHBIX YPAaBHEHHH, pelleHHe KOTO-
PbIX NPHUBOAMT K peLIEHHIO CHCTeMbl ypaBHEHHH rpapuuyecKum Cro-
co60M. YualliMecsi JOJKHBI MOHSITh, YTO HpPHMeHeHHe rpaHKoB Mo-
JIe3HO NPH BLISCHEHHH KOJHMYECTBA pelleHHH CHCTEMbl YypPaBHEHHH,
3HAKOB peILeHHH, PA3JHYHbIX OLlEHKAX, HO TOUHBIX pelieHHH, BooGe
roBopsi, 3ToT crnoco6 He faeT. TouHble pelIeHHst MOJYYalOTCS JHIIb
B HCK/TIOUHTEJBbHBIX CJydasix, H 3TH CJyuYaH TpeOYyloT NONOJHHTENb-
HOH IMPOBEPKH. S

B peayavrare usyuenusn zaasvt 1V yuawjuecs dorxcrol nHay4uto-
CA peulaTs cucTemol PAYUOHANDHOIX YPABHEHUU U NPUMEHATD NONY-
YeHHble 3HAHUA OAA peuleHUsn TeKCTOBbiX 3adad.

Huxe npuBefeHn TPH BapHaHTa NPHMEPHOTO TeMaTU4eCKOE0
naanuposanus. | BapuanT npejHasHayer 1Js paboThbl NPH HaHMeHb-
weM yucae yacos (102), 11 sapuant — st paborel npu 119 uyacax,
a HI1 Bapuant — nasi paboThl 110 IPOrpaMMe AJs KJaccoB (LIKOJ)
¢ yrayGuieHHbIM M3yuyeHHeM MaTeMaTHKH (170 u).

vy
8 kaacc
1 Bapuaut: 3 u B Heneaio, Bcero 102 u
Il Bapnant: 4 4 B Hegeawo B | moayroaus, 3 4 B HexeJlo
Bo Il moayroauu, Bcero 119 u

B cko6Kax yKka3aHO YHCJO 4acOB, OTBEJEHHbIX HA H3YyueHHe IJa-

Bbi, naparpacda, myHkra no | BapHanty nJaHHPOBAHHS. 3Be3104YKOH
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OTMeYeHbl AONOJHHTENbHbBIE YPOKH NPpH paboTe no Il BapHauTy naa-
HHPOBaHHA. : :

Faasa I. Mpocredimune dpynkunn. Kpagpatuvie kopun (25-6%)
l. ®yukunu u rpadbukun (9).
1.1. YucnoBbie HepaBeHncTBa (3).
1.2. MHoxecTBa uncesa (2).
1.3. [lekapToBa cHcTeMa KOOpAMHAT Ha muockocTH (1).
1.4. Tlonatue dyuxkuuu (2).
1.5. Ilousitve rpadura Qpynkuuu (1).

l. dynkuusi y=x u ee rpaduk (2).
2. dyukuusa y=x> (14 1%).

3. Tpapuk dynruuu y=x° (1)

4. ®ynKuUA y=%(x>0)(l).

5

. T'pajpuk dynkuuu y=%(l+l*).

Kontposnbnast pa6ora Ne 1 (1).
. Ksagpatunie kopun (942%).
1. [onatne kBagpaTHOro KopHsa (2).
2. ApudmernueckHit KBagpaTHbiii KopeHb (2).
3. KBappaTHbiii KopeHb H3 HaTypaabHoro udcaa (1).
4. IlpuGankeHHoe BBHIYHC/JEHHe KBaApaTHBIX KOpHeH (2%).
5. CBoficTBa apudMeTHYeCKHX KBaiApaTHHIX KopHeil (3).
KourtposbHas pabora Ne 2 (1)
Honoanenns k raase 1 (2%).
MHoxecTBa.

Faasa I1. KsappaThble W pauMoHanbHBlE ypaBHEeHHS (29+4*)

. Ksagpatneie ypaBHenus (16).
. KpazpartHoifi Tpexusen (2).
IHonsTue KBazpaTHOro ypasHenus (2).
Henosnoe kBaspartHoe ypaBHenue (2).
PeueHne KsaapaTHOro ypaBHeHHst o6wero BHaa (3).
[IpuBenennoe xBagparHoe ypaBuenue (2).
Teopema Buera (2).
[IpumeHerHe KBaZApaTHbIX ypaBHEHMH K pelleHHIO 3ajgau (2).
Koutposbhast pa6ora Ne 3 (1). s
. Pauuonanbhnie ypaBHenns (13-1%).
IlonsiTHe pauuonasbHoro ypassenus (1).
BuksanpartHoe ypasHeHue (2).
Pacnanawouuecst ypaBHenus (2).
. ¥YpaBHenue, ofHa 4acTb KoTOporo anareGpauueckas apo6b, a
apyras paBHa HyJw (3). ‘
. Pewenne pauuHoHa/NbHBIX ypaBHeHH# (2).

L

NO U w0 -

VNN

TG R

o o
o rwo—

282

5.6. PewieHne 3ajau npu MOMOWUIH PallHOHAJIbHBIX ypaBHeHH# {2),

5.7. Pewenne paluoHa/ibHbiX ypaBHEHHI 3aMeHOH HEH3BECTHBIX £1%).
KoutponeHas paGora Ne 4 (1). o
HMonoanenus k raase Il (3*). ‘ »
PasnoxeHHe MHOrOY/IEHOB Ha MHOXXHTEJIH M PeLIeHUe YPaBHeHHil.
KomnJiekcHbie yucia.

Faasa lll. Jlunedinas n kBaapaTHuHan QYHKUHH (20+4*)@ '

6. Jinueiinas dynxkums (9-4-2%). AT
6.1. Ilpsmas nponopunoHadbHasi 3aBUCHMOCTb (2). »
6.2. Tpaduk dyukunu y=kx(3).
6.3. Jluneitnasa ¢yHkuua u ee rpaduk (3). ‘
6.4. PaBHomepHoe nBuxkenue (1). ,
6.5. ®yukuua y=_|x| u ee rpaduk (1*).
6.6. dyukunu y=[x] u y={x} (1*). S
7. KBanparnuunas ¢ynkuus (11). i
7.1. ®yukuus y=ax’(a>0)(2).
7.2. Oyukuna y=ax’(a0)(2). SRS
7.3. Oynruua y=a (x— x4+ y, (3).
7.4. I'padpuk xBajgpaTHuHO# GyHKIMH (3).

Kornrpoabnasa paGora Ne 5 (1).

HAonoanenns x raase 11 (2%). ot

k -
dynkuus y= + 4. At
X Xy .

YpaBHeHHe NPAMOH, ypaBHEHHE OKPYXKHOCTH.
IToctpoenne rpadukoB ¢yHKUHI, cOAepKalIUX MOAYJH.

Faasa 1V. Cucrembl pauHoHaabHbix ypasHenwit (19--2%)

8. CHctembl panHoHadbHbLIX ypaBHewu# (10).

8.1. TToHsiTHE CHCTeMbl paLUOHA/NbHBIX YpaBHeHHH (2).

8.2. CucreMbl ypaBHeHHH nepBoil H BTOPOH cTenenu (3).

8.3. Peuenue 3afiay npu nOMOUIH CHCTEM yPABHEHHI N€PBOH H .BTO-
po#t crenenu (3). o

8.4. Pewenue 3anau npu MOMOLLH CHCTEM PALHOHAJNbHBIX ypaBHe-
Hui (2).

9. I'paduyecknii cnoco6 peurenns cucrem ypasHeHnit (9).

9.1. Tpajpuueckuit cnoco6 pelleHUst CHCTEM ABYX YpaBHEHHH 1epBoit
CTEMEHH C ABYMSI HeU3BeCTHbIMH (2).

9.2 I'paduueckuii cnocob Hccaen0BaHUsI CHCTEMbl ABYX YpaBHEHHH
NepBOi CTeleHU C ABYyMS HeHU3BeCTHbIMH (2).

9.3. Peuienue cucreM ypaBHeHHil NepBOH M BTOPOH cTeneHu rpadu-
4ecKHM crnocoboMm (2).

9.4. Ilpumepsl pellenust ypaBHeHHH rpaduueckum crocobom (2).
Kontposnbnas pa6ora Ne 6 (1).
Monoanenns k raase IV (2%).
Pewlenne ypaBHeHHil B Le/bIX YMCaAX.
BeposiTHOCTb cOGbITHS.
[TepecTaHOBKH, pasMelleHHUs] U COYETAHHS.



MosTopenne (9-41%).
[ToTopenue kypca anrebpsi 8 kjacca (741%).
HrtoroBas koHTposabHas paGora Ne 8 (2).

[11 Bapuanr (yrayGJjieHHOe H3yueHHe MATEMATHKH)
5 4 B Henesw, Bcero 170 y

dyukunn u rpadpukn (12).
PyHKUHH y = X, ¥ = X7, y=%(ll)

Ksaaparusie kopun (16).

Ksaapatubie ypaBhHenns (20).

Paunonansvhbie ypauenns (20).

JiuneitHas dyHkumns (14).

KBanparnynas dyuxuus (17).

Cucrembl pauHoHaabHbIX ypaBuenuii (16).
I'paduyecknii cnoco6 pemedus cWcrem ypasHeHui (14).
Pewmenne aapau (17).

NosTopenne (13).

CENSHIR® N =

151 noBuILIeHHsT YPOBHSI MaTeMaThuecKoro o6pa3oBaHus B cTpa-
He, COBEpPLICHCTBOBAHKS IIKOJbHbIX YUeGHHKOB II0 HHHI(HATHBE pEK-
Topa MockoBcKoro yHuBepcHTera akajaeMuka B.A. CagoBHHuero
paspa6orana Ilporpamma «MI'Y — mkoJse» M HauaJoCchb H3ZaHHE
yue6GHHKOB, COXPAHSAIOUIMX H Pa3BHBAIOLIHX JYy4llHe TPaAHLHH OTe-
4eCTBEHHOr0 MaTeMaTHYecKoro o6pas3oBaHHS.

AsTopsl BBIpaXawT O6JarogapHOCTb YYHTEAAM, IPHCIABIINM
CBOM 3aMeYyaHHMsi W NPeNJOXKEeHHs N0 COBEpPUIeHCTBOBAaHHIO yueOHH-
koB. dto O. B. Boutenko (r. Boarorpan), O. A. Cyxapesa (CaHKT-
IMerep6ypr), B. M. I'punacos u E. A. ¥YnoBuuenko (r. Boponex),
H. C. Xasxy (MockBa) u ap.

Oco60 caenyer oTMeTHTE yuuredaedt cpenHei mikoabi Ne b r. [1s-
turopcka A. B. Peikyk u H. A, CaBeHko, KoTophie paspaGorasu
COOCTBEHHYI0 CHCTEMY KOHTPOJSI 3HAHHH yYalIHXCH,

ABTOpBI ¢ 6/1aroAapHOCTBIO NPHMYT 3aMeYaHUsl H NMPEATOKEHHUS,
KOTOpble MOFYT fIOMOYb B COBEPLUEHCTBOBAHUH yueGHHKOB.

DA

NG

OTI'JIABJIEHHUE

Tnasa I. TPOCTEMWHE ®YHKUHUH. KBALXPATHBIE KOPHH

§ |. Pynkuns W rpadHkH

1.1.
1.2.
1.3.
1.4.
1.5.

§ 2. Pynkunu y=x, y==x7, y=;

2.1.
2.2.
2.3.

2.4.

2.5.

YucsioBele HepaBeHCTBa

MHoxecTBa yHcesa e e e
JlekapToBa cHCTeMa KOOPAMHAT Ha IJIOCKOCTH
[NousaTHe GyHKLHH Lo

IMonsTue rpaduxa QyHKUHH

1
DynkuUA' y=x U ee rpapuk

dynkuun y=x . . .
Tpapux dpyHkumn y=x" - .

dyukuus y =71‘—

I'paduk yHKUHH Y =%

§ 3. KepagpatHnie KOpHH

3.1
3.2.
3.3.
3.4.
3.5.

[TonsiTHe KBaapaTHOro KOpPHSA

Apudmernyeckuli KBaapaTHbIA KOpEHb
KBaapaTHbli KOpeHb H3 HATYPaJibHOFO YHCJA
[MpuGankeHHOe BhIYHC/JEHHE KBaJPaTHbIX KOpHedH
CeofictBa apu(MeTHUECKHX KBAAPATHbIX KOPHeH

Jonoanerus k raase |

1. MHoxecTBa .
2. Hcropuueckue cBeneHus
3. 3apaHua QA NOBTOPEHHSA

Faasa 1. KBAAPATHBIE H PALLHOHAJIbHBIE YPABHEHHA

§ 4. KsaapaThnie ypaBHEHHA

4.1.
4.2.

KBaapaTHbifi Tpexused .
IloHsiTHe KBAApPATHOTO ypaBHEHHs

BAIE

13
17
21

P e

25
‘28
30

.83

35

40
43
45
47

- 49

55
58

74
78
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4.3. HenoaHoe KBajapaTHOe ypaBHEHHE

4.4.

Pewenne KBafpaTHOr0 ypasHeHHs o6uiero Buaa

4.5. TlpuBeneHHoe KBaapaTHOe ypaBHEHHE
4.6. Teopema Buera e e e e e e e
4.7. llpumenenne KBaJpPATHBIX YPaBHEHHH K DeILEHHIO 3ajay

§ 5.

5.1.

PaunoHaabsibie YpaBHEeHHA

Tlonsitue PAlLlHOHAJIbHOTO YPAaBHEHHHA

5.2. buxkBagpaTHoe ypaBHeHHe
5.3. Pacnanalomuecss ypaBHeHHs

5.4.

YpasHeHHe, 0flHa 4acTb KOTOPOro a.nre6pamec1(aﬂ npoéb a apyras —
HYJb

5.5. Pellenne pauuoHaJbHbIX ypaBHeHHi e
5.6. Pewenne 3ajay NpH NMOMOLIH PALHOHAJbHLIX YpaBHeHH

5.7

*. Pewenne pauHoHaJbHBIX YPaBHeHHH 3aMeHOH HEH3BECTHBIX

JHonoaHeuns Kk raase II

1. PasjioxxeHue MHOCOUYJNIEHOB Ha MHOXHTENH H pelieHue ypaBHeHnﬁ

2.
3.
4.

Tnae

§ 6.

6.1.
6.2.
6.3.
6.4.

6.5
6.6

§7.

7.1.
7.2
7.3.
7.4.

KomnJjekcHbie uncaa
I/ICTopuqecxne CBEJIeHHA
3ananua aas HOBTODEHHA

a 1il. IHHEAHKASl H KBAAPATHYHASl ®YHKUHWH

Jinneitnas QyHKuHs

ItpaMas mpomopuUHOHAJIbHAst 33BHCHMOCTh
I'paduk dysxkuun y=~kx

JluHefiHan QyHKUHS H ee rpaduk
PaBHoMepHOe ABHXKEHHE

*. Qynkunst y=|x| u ee rpaduk

* Qynkunn y=[x} n y={x}
KBagparHunas QyHkuus

Oyukuua y=ax’> (a>0)

Dynkuus y=ax’® (a#0)

Pyukuun y=a (x— %)+ 4,
I'paduk xBajgpaTHYHOH GYHKHHH

Honoanennss Kk raase 111

1.

[SANC RV )
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k
Tpaduk dynkuun y=——-mr+y,
(1]

. Tloctpoenne rpadukoB QyHKuHH, cogepXaminx MOLYJH
. YpaBHeHHe NpsAMOH, ypaBHEHHe OKPYXHOCTH

. HUcropuueckne cBeseHus

. 3ajaHHs AJs TIOBTOPEHHS

81
85
89
9l
95

98
99
102

105
108
111
115

118
124
127
129

141
142
147
152
155
159

161
167

169

174

178

181
185
188
190

nasa 1V. CHCTEMbl PALLHOHAJIbHbIX YPABHEHHU K

§ 8. CucteMbl pauLHOHAJAbHBIX YPIBHEHUH

8.1. TloHsiTHe CHCTEMBI PALMOHAJILHBIX ypaBHEHMI
8.2. CHcreMbl ypasHeHuil mepBOil U BTOPOH CTeneHH Coe e
8.3. Pewmesnue 3aay npH NoMoOLLH CHCTEM YPaBHEHHH NMepBOH M BTOPOiH CTe-

HeHH
8.4. PemleHne 3ajay NmpH MOMOLIM CHCTEM DAlHOHAJBHBIX YPaBHEHHH
8.5*%. Penenne ypaBHEHHH B LEAbIX YHCJAAX

§ 9. 'paduueckuii cnoco6 pewenusn CHCTEM ypaBHeHHi

9.1. I'pacduueckuii cnoco6 pelleHHs] CHCTEMBI ABYX YPaBHEeHHH I€PBOil CTENEHH
C ABYMS| HEH3BECTHbLIMH e e ‘

9.2. Tpaduuecknii cnoco6 HccaeNOBAHUS CHCTEMBI ABYX ypaBHEHH# nepnoﬁ
CTefleHH C JABYMSI HEH3BECTHBIMH e

9.3. Peiuenude cHCTeM ypaBHeHHil NepBOH U BTOPOH CTeNeHH rpa(puqecKHM cro-
cobom .o .

9.4. Ilpumepbl pelieHusi ypaBHEHHIl rpaquecxum CHOC060M

Jlonoanenus Kk raase IV

1. BeposiTHOCTb COGbiTUS

2. TlepecTaHoBKH .

3. PasmelieHuss U coyeTaHust

4. Ucropuueckue cBeneHHS

5. 3apauua 0/ NOBTOpPEHUs
[Mpeamernbiii ykasareas
OtBerH Lo
[ocnecaosue pas yuurens
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