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Om usdameasvcmea
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NpHBe/IeHO B COOTBETCTBHe ¢ HOBOH nporpammon. IlepepaGoTka yue6-
HHKA M H3JIOXKeHHe BOMPOCOB, BHOBb BKJIOYEHHBIX B MpOrpammy
BochbMUJeTHEeH wkoabl, BeinoJHeHsl C. U. HorocenoBHI M.

['napy «Cuyé€THas (norapudmuyeckas) uHelKa», BO3BhIlIEHHe B KBal-
pat W Ky6, H3BJeYeHHe KBaJapaTHOro H KyOHuecKoro KopHeHd npH mo-
MOULH CYETHOH JHHEHKH HamnucaJl yyHTeJb MaTeMaTHKH wkKoabl Ne 315
r. Mockest U. 6. Bediuman.



FTABA MEPBAAL
AJITEBPAHYECKHE BbIPA)KEHHUAL.

§ 1. ¥YnorpebGaenne Oyks.

B anre6pe uucna o0003HayalOTCA 4YacTro He UMdpamu, a
6ykBamHu. [IpuBeném npumepsl.

[ITpumep 1. M3 apudMerHKkH H3BeCTHO, UTO CJIOXKEHHE
yuces o6saziaeT nepeMecTHTE/NbHbIM 3aKOHOM: CyMMa HE H3-
MEHfleTCS OT TepeCTAHOBKH CJlaraeMbix.

Hanpumep:

54+T7=74+5=12
114+20=20411=31 u 1. 1.

Kak 3anmucaTb, YTO 3TOT 3aKOH BepeH He TOJIbKO JJid
qucesn 5 1 7 uau 11 u 20, a pna moGuix yucea? [locTynum
Tak: 0003HAaYHM OJHO H3 cjaaraeMblX OykBOil a, a apyroe —
6ykBoit 6. Cymmy 3THX uHdcesn 3amnuiueM, Kak oOblYHO: a + b.
Torpga nepemecTHTe/NbHbIH 3aKOH CJIOXKEHHS 3aMHILUETCA TaK:

a+t+b=>0+ a.

JTa 3anuch MOKAa3biBaeT, 4YTO KakKHe Obl JBa 4Hcja a U b
Mbl HH B3§JIH, BCErja MoJay4HdM B CyMMe OJHO H TO e 4YHC/JIO,
npu6GaBuM JH b K a uau a K b.

[ITpumep 2. Pewnm Tpu cxonuble 3agauu: bpam cmapue
cecmpor nHa 3 eoda. Ckoasko sem O6pamy, ecau cecmpe:

1) 5 sem? 2) 11 aem? 3) 24 4 200a?
[Tonyuyum crepyrouine peLieHHs :
1) 54-3=8 92) 11+3=14;
3) 245 +3=27 5.



Boo6ue, kakoB Gbl HH 6blJ1 BO3pacT CeCTpbl, K HEMY HaJo
npr6aBuThL 3 roxa, uyrtolbl nmoayuuTh Bo3pact Gpata. Cdop-
MyJHpPYeM MO3TOMYy 3ajauy Tak: Bpam cmapwe cecmper Ha
3 eoda. Croavxko aem Gpamy, ecau cecmpe m aem?

3pecy OykBoit m 0603HAayeH BO3PacT CEeCTPbl. J3HAUMT,
Bo3pact Opata Oyjaer paBeH (m -} 3) ropam.

B Hawei mnepBoH 3ajgaye m =05, BOo BTOpodH m =11,

B TpeTbeH m = 24 ;—

Mbl pelmnnn 3anauy B ofuieM Buje. 3anuch m -+ 3 paér
o6y GopMyay peleHHs] MHOXECTBAa CXOAHBIX, HJH,
KaK rOBOpSIT, OAHOPOAHBLIX, 3ajJay, KOTOpble MOJY4YHM, 3aMe-
HASL M pa3/HYHBIMH YHCJAMH.

[Ipumep 3. B 3apaunukax no aprudmeTHKe BCTpeyaroTcst
yNpaXXHeHHsI, HanpuMep, TAKOro BHJA:

x 43 =1L

Tpe6Gyercsi naiitn x.

3nech GykBoi x (HKC) 0603HAY€HO HEH3BECTHOE YHCJIO —
cnaraeMoe. 3Hasi, YTO KayKJoe H3 JBYX CJaraeMblX paBHO
HX CyMMe MHHYC Jpyroe cJjaraeMoe, HauJém x:

x=11—3, 710 ecTh x=38.

3nece OykBa X O3HayaeT YHCJO, KoTopoe OBbLIO CHauasja
A5l HAC HEH3BEeCTHBIM H KOTOpPOe Mbl ONpeje/HJIH, MOoJAb3YsiCh
npaBHJAaMH apH(METHKH.

B nepBoM npumepe 6ykBHl a H b o03Hauaau JawG6GhHe
yucaa. ['oBopsit, uro B 3TOM cay4ae OykBel a W b Moryr
NpHHUMATL J1100 bl € YHC/IOBble 3HAYEHHS.

Bo BTOpOM mnpiiMepe 6ykBa m TOXe MOXET MPHHHMATh
pa3/iMyHble 3Ha4YeHusi, HO yke He JoOble. Hanpuwmep, OGec-
CMBbIC/IEHHO OblI0 6bl naTh O6ykBe m 3unaueHde m = 500, Tak
KaK JI0 TakKoro BO3pacTa JIOLH He JOXKHBAIOT.

Hakonel, B TpeTbeM npuMepe, AJsi TOro 4To0bl paBeHCTBO
Obls10 BepHbIM, OyKBa X MOXKeT NMPHHHMATh TOJAbKO €QHHCT-
BEHHOe 3HayeHHe 8.

OGeiyHo B asarebpe aas o6o3HauyeHHs1 wHcesa ynotpebusi-
tioTcsi 6YKBBI JIATHHCKOro aJipaBHTA.
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§ 2. AareGpanueckne BbipaXKeHus.

Pewum 3apauvy.

Yuenuk kynua n mempadeld no 2 Kon. 3a mempads u yue6-
Huk 3a 8 kon. CKOabKO 3aniamun OH 3a 6CO NOKYNKY?

UTo6bl y3HATh CTOMMOCTb BCBX TeTpajied, Hajo UeHYy OJ-
HOH TeTpajli YMHOXKHTb HA YHCJO TeTpajed. 3HA4yHMT, CTOH-
MoCTb Terpajed OyaerT paBHA 2 - n KoOMNeHKaM.

CroumocTh ke Bceil MOKynku OyleT paBHa

(2 - n 4+ 8) kKoneiikam.

3ameTHM, UYTO nepeJ]i MHOXKMUTE/EeM, BbIpaKeHHHM OYKBOH,
3HAK YMHOXEHHSI NPHHSTO OMyCKaTb, OH IpOCTO MNOjJpasy-
meBaetcsi. [losToMy mpeabiAyllyl0 3alUCh MOXHO MpejcTa-
BUTb B TaKOM BHJE:

2n -4 8.

[Tonyuunn dopmyay pewenus sagayd. OHa NOKa3HBaerT,
YTO AJSl pelleHHs 3a4ayd HAAO UeHY TeTpajH YMHOXHTb Ha
YHCJIO KYMJEHHBIX TeTpajieii H K NpOH3BeJeHHI0 NpHOABUTH
CTOUMOCTb y4eOHHMKA.

BMecto cnoBa «dopMysaa» ans nojgoOGHbIX 3anuced ymo-
TpeOISIOT TaK¥Ke Ha3BaHHe c«ajre6paHyecKoe BhipaiKeHHe).

Arcebpauveckum 6vipasceHuem HA3bi8aemMcA 3anuch, coCMo-
AWAR u3 qucen, 0603HA4EHHBIX yuppamu urnw 6ykeamu u co-
eOuHEHHbIX 3HaKamu Oelicmeudl.

Insi KpaTKOCTH BMeCTO «asreGpaHyeckoe BbIpaKeHHe» ro-
BOPAT HHOrJa MPOCTO «BbIPAXKEHHE).
[IpuBeném emé npumepnl anare6paHyecKUX BbIparKeHHH:

Ef? 3mn; 9(p-+q); a @B+38)-7; 4,5

M3 3stux npumepoB BHAHM, 4TO anare0paHyecKoe Bhbipa-
JEeHHe MOXKEeT COCTOSITb TOJIbKO M3 OJHOH OYyKBBI, a Mo-
XKeT COBCeM He coaepxKaTb 4uces, o003Ha4YeHHbIX OyKBaMi
(nBa nocaepiHux npuMepa). B 3TOM nocrepneM cayuae
BbIpa)KeHHe Ha3bIBAETCA TaKkKe apH(PMETHYECKHM BbIpaxe-
HHEeM.



HannMm B nosydyeHHOM HaMH ajre6panyecKoM BhIPaXKeHHH
2n 4+ 8 GykBe n 3HayeHHe O (3HAUMT, YUYEHHK KYNHJ O Te-
Tpaaei). [logcrtaBuB BMecTO n 4YKCaO 5, MOJAYYHM:

2.5 8,

yto pasHo 18 (to ects 18 kon.).

Yucro 18 saBasercs sHayeHHeM AaHHOro aareSpaHyeckoro
BhIpaXKeHHsl npH n =5,

JHaueHuem anecbpauvecKoz2o 6vIpaNCeHUs HQA3bl6aAemcs 4uc-
20, KOMOpPOe NOAYHUMCA, eCcau 8 MO 8blpaANCeHue nodcmasums
smecmo 6yxe OaHHble uX 3HAYeHUs u npoussecmu HA0 YuciaMu
yKasanHoe Oelicrmeus.

Hanpumep, Mbl MOXeM CKa3aTb: 3Ha4YeHHe BblipaXKeHHS
2n 4+ 8 npu n =2 pasuo 12 (12 xom.).

3HayeHHe STOro e Bbipa)keHHsl MpH n =3 paBHO |4
(14 xon.) u 1. n.

Mbl BUIHM, YTO 3HAYeHHe ajre6panyecKoro BeIpaKeHHs 3a-
BHCHT OT TOro, KakuWe 3HaueHWs Mbl JlaJlHM BXOASLIHM B HEro
O6ykBaM. IlpaBaa, nmHorpa OblBaeT, YTO 3HAUYEHHE BbIpaXKeH!s
He 3aBHCHT OT 3HayeHHH BXoAasiux B Hero O6ykB. Hampumep,
BblpaxkeHHe 2 (a 4+ 3) — 2a paBHO 6 npH J/oO6GLIX 3HAUEHHSAX d.

Haiigém B BHJle nmpHMepa YHCJIOBbIE 3HAUEHHS! BbIPaXKEHH!I
3a 4+ 2b npu pasavuHbIX 3HayeHUAX OYKB a H b.

[Tyctb a=4 n b= 2.

[TopcraBuM B JaHHOe BbIpazKeHHe BMeCTO a 4Yucao 4, a
BMECTO b 4HMCJ0 2 H BBIYHCJIUM MOJIYyYEHHOE BhIpaXKEHHE:

3a420=3.442.2=124+4=16

Urtak, npu a=4 u b = 2 3HaueHHe BbIpaxkeHHus 3a -+ 2D
paBHo 16.

Takum e o6pa3zom HaHA®M, YTO MpH Q@ =
yeHHe Bblpa)keHHsi paBHo 29, npH a=0 u b
io 2 H T. A

PesyabTathl BbIYHCJNEHHH MOXHO 3anucaTbh B BHJe Tal-
NUIBI, KOTOP3fl HAarJsiJlHO MOKa)KeT, KaK H3MEeHsieTcs 3Haye-
HHE BbIpaXKe€HHs B 3aBHCHMOCTH OT H3MEHEHHsI 3HAYeHHH
BXOAALLHX B Hero OYKB.

CocraBuM TabGauily M3 Tpéx cTpok. B nepsoii ctpoke Gy-
JleM 3aluchLiBaTb 3HAYEHHS @, BO BTOpPOH — 3HAayeHHds b ©

5u b=7 3na-
=1 oHO pas-
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B TpeThel — 3HauyeHHs BbipaxeHus 3a + 2b. [lToayuum Takyio
Tab/HuYy:

a 4 5 0 3 3
b 2 7 | 5 |
3a -+ 2b 16 29 2 19 11

B § 1, roBopsi 0 mepeMecTHTE/JHLHOM 3aKOHE CJIOXKEHHS,
Mbl 3am:dcajiH, YTO ABa Bbipa)KeHuWd a 4+ b W b -+ a paBHbl:

a+b=0b+ a.

Takass 3anuch Ha3bIBAETCSI PABEHCTBOM.

IlBa aarefGpanyecKuX BbIpAXKEHUNA, COEJUHEHHbLIE 3HAKOM
«paBHO», 00pa3yi0T paBeHCTBO.

Kak u3BecTHO M3 apudMeTHKH, KpoMe 3HAKa paBeHCTBa,
ynotpeb/sitoTcsl ellé 3HAKH HepaBeHCTBA:

> — 3TOT 3HAK O3Hauaet Oo.blie,
< — 3TOT 3HAK 0O3HayaeT MeHblle.
Hanpumep:

0 > 2 — yuTaercsi: natb Goablle ABYX;
3 <7 —yHTaeTcs: TPH MEHbllUE CeMH.

Cnenyer 3anoMHHTb, 4YTO 3HAaK HepaBeHCTBa Bcerja o00-
pauléH OCTpPUEM K MeHblUeMy YHCJY.

JlBa BbipaKeHUsi, COeAMHEHHDbIE 3HAKOM «0oJblIe» WHAN
«MeHblue», o0pasyioT HepaBeHCTBO.

[Tpumep. MamepuB oTpe3ok, MOJYYHJH, 4YTO €ro AJH-
Ha d Gosbwe 5 cm, HO MeHblue 6 cm. Pe3ysbTaT H3MepeHHA
MOXKHO 3anucatb B BHJE JIBOHHOrO HepaBeHCTBA:

Dem<d<6enm.

§ 3. lonycTumbie 3HayeHus OykB.

WUs npumepoB, npusenéuuvix B § 1, 3akJoyaeM, 4TO
OykBbl, BXOAflLHE B Kakoe-1HOO ajareGpanyeckoe BbIpaxe-
HHe, MOryT IpPHHHMaTb HHOrja J/ioOble 3HAYEHHA (MepBbiH
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npuMep), HHOTJAa JHUIb HEKOTOphle, HO He J/oOble 3HaYeHHs
(BTOpO# MpHMep).

OnpepesneHnune. 3HaYeHHN, KOTOPbIE MOTYT NPHHUMATh
OyKBbl B JJaHHOM aJareOpaW4ecKoM Bbipa)KeHWH, HA3bIBAIOTCS
JONYCTHMbIMY 3HAYEHUAMM AJs 3TUX OykB.

Ecid BblpakeHHe MOJYYHJOCH B pe3yJsibTaTe peLIeHHS
3a/1ayd, TO COBOKYMHOCTb, HJIH, KaK NPHHATO FOBOPHTb, MHO-
»<€CTBO, JONYCTHMBIX 3HA4YeHHH Aas1 OyKB onpejensercs 1o
CMBICJIY CaMOH 3aJjauH.

Tak, B BblpaxkeHuu 2n 4 8, nosiyueHHOM B § 2, MHOXECT-
BOM JIONYCTHMBIX 3HAYeHHH [OJsA N ABJAAETCA TOJbKO M H O-
KEeCTBO HAaTypaJbHB X 4YHCeJ, TaK KakK KOJHYECTBO
TeTpaZieii MOXKeT BbIPA)KaThCsA JIMILb HATypaJsibHbIM YHCJIOM.

Ecan o 3Hayenussx OyKB B JJAHHOM BBbIpa)KeHHH HHYEro
He CKasaHo, TO AJS1 TaKOro BbIpa)KeHHUs JONMYCTHMBIMH CYH-
TalOTCSl BCe Te 3HayeHHs OykKB, NpPH KOTOpBbIX Bbipa)KeHHe
HMeeT CMBICI.

[lycTe 4aHO BhipaxKeHHe:

2x — 15
2 [ ]

Haiiném ero 3Hauenne npu x = 2. IloacTaBHB B Hero
BMECTO X YHCJIO 2, TMOJYYHM:

9.9-16  4—18

2 2 -

[Monyyunu B YHC/IHTENE yMeHblllaemoe, KOTOpPOE MEHbIie
BbluMTaeMoro. BeipakeHne npu x = 2 norepsano cMbicg. 3Ha-
YuT, YHCJO 2 He sBJASIeTCS JOMYCTHMBIM 3HAYeHHeM JIJs X.
Jlerko BHJIeTb, YTO X B 3TOM BbIPaXKEHHH MOXKET MPHHHMATh

15
3HAaYeHHs! TOJbKO GosbluMe HJH paBHble ——. IIpu Bcex 3ma-

BhIpaXkeHue TepsieT cMmbica. Ko-

2
2 ]
POTKO 3TH JONYCTHMbIE€ 3HAY€HHA [AJsd X MOXHO 3dIllHCAaTb

/
TaK: x> ']TJ

3HaK > o3HauaeT «Oojblle HJAH PaBHOY.

YeHHAX X, MEeHbLUHX

B BbipakeHHH NONMYCTHUMBIMH 3HAYEHHSIMH 1N a

a—3
6yayT TONBKO 4ucsa, 6osblune 3, TaK Kak mpu @ = 3, B 3Ha-
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MeHaTeJie MoJydYaeTcs HyJb, a8 (KaK H3BEeCTHO M3 apH(Me-
THKH) Ha HyJb JIeJIHTb HeJb3sl; €CJH Ke a MeHblue, uyeMm 3,
TO HeJb3sl M3 a BBIYeCTb 3. MHOXEeCTBO JONYCTHMBIX 3Haye-
HHH JAJI1 @ MOXKHO 3amucaTh Tak: a > 3.

§ 4. lopsnok peicTeuii.

Korna B apudmeTHke HajJ YHCIaMH HYIKHO OBLLIO MPOH3-
BECTH pa3JiiyHble JAeHCTBHS, TO Mbl TPOH3BOJHJH HX B [O-
pAjlKe, YCTAHOBJIEHHOM OCOOBIMH MpaBHJaMd. IDTH Ke Inpa-
BHJIA OCTAlOTCA H B aJjrelpe.

HanoMmuum, uTO

C/IOKEHHe W BBbIYHTAHHE HA3bIBAIOTCA JAEHCTBHAMH TIe p-
BOH CTyIeHH;

YMHOXEHHe H JleJIeHAe Ha3bIBaloTCs JAeHCTBHSIMH BTOPOH
¢TymeHH.

Hanomuum tenepn mnpaBusa o nopsiike JEHCTBIiH.

[IpaBsuano 1. Hedicmeuss 00HOE u mou e cmy-
nenHu npou3e00amcsa 8 mom nopaoKke, 8 KAKOM OHU
3anucansi.

[Tpumep L.
17— 11 4+8 =6+ 8 = 14;
8:2+«3=4.3=12

[TpaBuano2. Ecan seipazicernue cooepiicum oeucm-
8UR PABNAUYHBLX CMYNEHewRk, MmO CHA4aAra npou3so-
Oam Oeiicmeus 6vicuilell cmynexnu, 3amem HU3Wel
cmynenu.

[TosichuM 3TO nMpaBH/IO HA NpHMepax.

[Tpumep 1.
34+5.7=3+4 35 =38.

[lepBuiM nmpou3BejeHO yMHOXKeHHe (JeiHCTBHE BTOpPOH CTY-
MEHH), 3aTeM — CJIOKEeHHe,
[Ipumep 2.
2,6-37+4+59-6,1 —2,4.3,2=
= 9,25 4 35,99 — 7,68 = 37,56.

M B 3TOM npHMepe MBI CHayaJjia BBIMOJHHJH BCE€ YMHOMXEHHS
(AeficTBHe BTOpOIi CTymeHH), a 3aTreM (B MNOpPSiAKe 3aIlHCH)
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MPOH3BEJH CJIOXKEHHe W BblYHTaHHE (LeiiCTBHS nepBOH CTY-
NEHH).

Ho uHOrapa npuxoaMTCsl OTCTYNaThb OT MOPsAKa, yKa3aH-
Horo B npasuae 2. [lokaxkeM 31O Ha 3ajave.

3apaua. M3 0syx nynkmos 00HOBPEeMEHHO 8blexasu Ha-
ecmpedy Opye Opyey 0sa eeaocuneducma. Ckopocms 00H020
a kKm 6 4ac, Opyeoco b km 6 uac. Kakoeo paccmosnue memxcdy
NYHKMamu, ecau 8erocuneducms. ecmpemuiucs vepes ! 4acog?

Pemum 3apauy no Bompocam.

1) Kakoe paccrosnHe npoxojuau 3a yac ofa Bejocume-
JIUCTa BMecTe?

a-+ b (km).

2) Uemy paBHO paccTosiHHe MeXAY ABYMSI MYHKTaMH?
UTo06bl OTBETHTb Ha 3TOT BOMPOC, HAJO MOJIyYeHHOE pac-

crosHue a + b ymuoxute Ha {. Ecau mbl 3anuwmeM sto peii-

CTBHE B BHJIe
a + bt (km),

TO OTBeT OyleT HeBepeH, TaAK KaK MO MPaBUay 2 Mbl JOJIXKHBI
B 3TOM BbipaxKeHHH b YMHOXHTbL Ha [ W pe3yJabTaT npuba-
BUTbL K a. Ham Hajo nokasarb, YTO 3/Je€Cb CHayaJna cjeayer
NPOH3BECTH CJIOXKEHHe (AeHCTBHEe MepPBOH CTYIeHH), a 3aTeM
yMHOXenHe (zeicTBHe BTopod crymnenu). I[lokasbiBaercsi 3To
Npd NOMOILH CKOOOK, H Bbipa<€HHe 3aMHCHIBAETCHA TakK:

(@4 b)t (km).

MpaBuao 3. Ecau HYNCHO npou3secmu pansuie
delicmeus HU3WeHd CMynenu, mo nNPUMEHAIOMCS
ck00ku. leidcmeus HAO wyucaramu, 3AKNIOYEHHLIMU
8 CKOOKu, npou38008Mmcsa nepesiMu.

[TpuBepém npumepsl.
1) 11—2.4=11—8=3, Ho (11 —2)-4=9.4 = 36.

2) 543)-(8—2)=8.6=48, Ho 5+3.8—2=
=54 24—2=27.

Ecnu naHo npo6GHoe BbipakeHHe, 3aMHCAHHOE C MOMOLUILLIO
yepThl, TO Yepra 3aMeHseT CKOOKH H O3Ha4yaeT, YTO HA/I0
BLIYHCJHTb OTJEJbHO BhipaKeHHe, CTosillee B YHCJAUTENE, H
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OTJIeJIbHO BLIpaXKeHHe, CTosllee B 3HaMeHaTeJe, H IMepBLIH
pe3yabTaT pas3jieJIiTh Ha BTOpOH.

[Ipumep.

a-+b )
cgd=(a 4+ b) : (¢ — d).

[Ipn a =20, b= 16, ¢ =8, d = 2 noJay4yum:
a4b 20416 36

c—d  8—2 6

§ 5. OcHOBHBIE 3aKOHBI CJOXEHUS U YMHOXEHHS.

B panbueiilnem, korza 6yzeM H3yyaTb JAeHCTBHS Haj
YHCAMH, H300pakéHHBIMH uudppamMH uau GykBamu (6e3pas-
JIHYHO), HaM TpHJETCd BO MHOTHX BbIBOJAX OMNHPATbCSl Ha
T€ 33aKOHBl JIEHCTBHH, KOTOpbleé H3y4yaJHCb B apH(pMETHKe.
B cu/ly BaXKHOCTH 3THX 3aKOHOB OHHM Ha3bIBAIOTCS OCHOBHBIMH
3aKOHAaMH J€HCTBHH.

HanoMuum ux.

1. TepemecTuTebHBIH 3aKOH CJOXEHHS.
Cymma ne uamensemcss Om nepemenHs. nOpPROKa

caazaemMmslx.
DTOT 3aKoH yxe Obia 3andcaH B § | B Buje paBeHCTBa:

a4+ b=0b-+a,

rie a u b — mobble yucaa.

M3 apudMeTHKH H3BECTHO, 4TO NEepeMeCTHTEJNbHBIH 3aKOH
BEPEH A8 CYMMbI Jil060r0 YHCJA CJaaraembix.

2. CoyeTaTeqbHbiii 3aKOH CJIOXKEHUS.

CyMMa HECKONBKUX CAQ2AEMBLX HE U3MEHUMC(A,
ecan Kaxkyro-rubyos 2pynny paoom Ccmosuwux caa-
2aemMolX 3aMenums ux CYMMOIL.

Ilnsg cymMMBl TpéX cJaaraeMblX HMEEM:

@4 b)4+c=a+ (b+c)

Hanpumep, cymmy 5 4 7 4+ 11 MOXHO BHLIUHCJMTb JBYMH
cnocofamMu Tak:

G4+7N+11=12411 =23
54(7+11) =518 = 23.
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CouetaTenbHbIH 3aKOH CNPaEejsuB Aas1 Jo6oro umucaa
charaembix.

Tak B cymme a + b+ ¢ 4 d 4yeTeipéx cJsaraeMblXx psiiOM
CTOSILI(HE CJlaraeMbie MOXKHO KaK YrojHo o6beJHHSATb B rpyll-
bl U 3aMeHATh 3TH cJlaraeMble HX CYMMOH:

atb+ct+d=(@+b+c)+d=(a+b)+(c+d=
=a4(b+otd=atb+c+d=@+b+c+d.

Hanpumep, 1 4+ 3454 7= 16; Mb nonyuyuM TO e
gydceso 16, kakum 6Gbl cnoco6oM HH TpPyNNHpoBaNH PALOM
CTOSIUIHE CJlaraemsie:

| S B L T | P8 T 1B

| BBt D) 1434 19 16,

(43 + B+ D=4 1216
nEpEMECTHTEJIbelM H CoOYe€TaTeJIbHBIM 3daKOHaMH 4YacTo

NOJL3YIOTCH NMPpH YCTHBIX BBIYHCJ€EHHAX, pacnoJaras cJarae-
Mbleé Tak, 4TOObl Jierye ObLJIO HX CJIOXKHTh B YME.

[Tpumep 1.
RRREP 89 4 67 + 11.

[TomensieM MeCTaMM JiBa MOCJEJHUX CJlaraeMsiX, MOJYdHM:
89 4 11 4 67.

CnhoXHTh 4YHCJIa B STOM MNOpsSjKe OKasaJjoch ropasfio
Jerge.

OG6BIYHO cJlaraeMble B HOBOM TMNOpSAKEe He MNepelnuchiBaioT,
a NMPOH3BOAAT HX NepeMelleHHe B yMe: MNepeCcTaBHB MbICJIeH-
Ho 67 n 11, cpasy ckaaawiBaiorT 89 u 11 u satem npubas-
JasoT 67.

[Tpumep 2. 5 I :

25 + T4 + 3 + 25

Uro6bl Jierye GbIJIO CJAOXKHTHL STH YHCJAA B yMe, H3MEHHM
MOPSIAOK CJaraeMbiX Tak:

2 1 1

n(l.ﬂbﬁyHCb coyetTaTeJIJbHbIM 3daKOHOM, 34KJ/JIO4YHM JBa I[O0-
CJIe/IHHX cJlaraeMblX B CKOOKH:

2§g+3+(7%+2%).

12



CroxeHnne yucenln B CKOOKax NpOH3BECTH JIerKO, MOJYy4HM:

2 2 2

3. lNepemecTuTENbHBbIH 3aKOH YMHOXEHHS.
Ilpou3eedenue He udmensiemcss om nepemersl no-
PAOKA COMHONCUMENEH:
ab = ba,
rie a u b— nc6ule yucha.

M3 apu¢meTHKH H3BECTHO, YTO TNEpPEMECTHTEJNbHBIH 3aKOH
BepeH I8 NpOoH3BeJjeHHs JICOOro yucsa COMHOMXKHTEJEH.

4. CouetaTesibHblii 3aKOH YMHOXEHMS.

Ilpou3eedenHue HECKONBKUX COMHONCUMENEU HE
U3MEHUMcCR, ecAu Kaxkyro-Hubyos 2pynny psaoom
CMOAUWNX COMHONCUMENCH 3AMEHUmMb UX npou3ee-
OeHuem.

Ins npousBeleHHsI TPEX COMHOXKHTENEH KMeeM:
(ab)c = a (bc).

Hanpumep, npousBejeHHe TpéX COMHOXKHTeneli 5«3 - 4
MOYKHO BBIYHCJIHTL TaK:

(5:3):4=15: 4=160
HJIH TakK:
5+ (3 #)=5+12=60

Ins npoH3BeeHHST YETHIPEX COMHOXKHTENeH HMeeM:

abed = (abc)d = (ab) cd = a (bc) d = (ab)(cd) =
— a(bed) = ab (cd).

Hanpumep, 2 -6 - % +5=20; 10 XKe uncao 20 moay-

YHTCSl MNpH J0GOH TIpynnHpoBKe PsLAOM CTOSLIHX COMHOMXH-
TeJIeH

2(6-%)-5:2.2-5:20; (2-6)(%-5):.—-

5
=12 + 3 = 20;

2(6-%-'5)=2-10:20.
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[MpumeHeHHe NepeMeCTHTENbHOrO H COYeTaTeJLHOTO 3aKOHOB YMHO-
MCHHMS YAaCTO 3HAYHTEJIbHO 06/eryaeT BLIYHCJICHHSA.

Mpumep 1.
25 - 37 - 4.

Ymuoxutb 25 Ha 37 He ouenb Jserko. I[lepemecTuM aBa nocaeaHux
COMHOMXHTE/NA:

25 -4 .37,
Tenepb yMHOMXeHHEe JIETKO BHIMOJHAGTCA B yMe,
Mpumep 2.
7.3 .4.2,

[puMeHNB MepeMeCTHTeNbHBI H COYeTATeNbHbIA 3aKOHBI, 3amuiueM
3TO Bbipa)eHHE TaK:
?5'4'(35'2)1:

Bce 3TH JefiCTBHA JIerKO BBHIMOJHSIIOTCH B yMe.

5. PacnpejgesnTtesbHbli 3aKOH YMHOXEHHS MO OTHOUIe-
HUIO K CJIOXEHHIO.

Umobot ymrodcumes cymmy 08yx (usru HeCKOAb-
Kux) wucenr Ha KaKoe-au00 4uca0, MONCHO Kadxwcooe
caazaemoe YMHONCUMS HA SMO 4UCAO0 B pe3yab-
mamst CAONCUMS:

(a + b)c = ac + be.

[Tpumep 1. PacnpepenuTtesibHbIi 3aKOH Mbl IPHMEHSIEM,
HarpuMep, NMPH YMHOXEHHWH MABY3HAYHBIX (H MHOrO3HAYHBIX)
yuces. Tak, yTo6bl YMHOXHTbH 26 Ha 7, Mbl mpeacrasJsieM 26
B BHje cymMmbl 20 4 6, ymuHoxkaem 20 Ha 7, 6 Ha 7 u pe3yab-
TaThl CKJ/aJblBaeM:

26-7=(2046)-7=20-7+4+6-7 =140 4 42 = 182.

Ho uHorpa GuiBaeT BHIrOjHee MOCTyNaTh HA000pPOT: BMECTO
TOro 4TOObl YMHOXHTb Ka)K/J0€ cJlaraeMoe Ha OJHO H TO XKe
YHCJIO, CHayaJla HaxXxoAfIT CYMMy STHX cJiaraeMblX H YMHOXAIOT
€€ Ha JaHHOe YHCJIO.

[Tpumep 2.
87 - 28 4 13 - 28.
[IpepcTaBHM Bbipa)keHHe B ApYroM BHJAE:
(87 + 13) - 28.
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MBI npHMeHWJH 3Jech pacnpefeNHTeNbHbIH 3aKOH, HO
TOJIbKO 3aNHCaHHbIH B OOpaTHOM MOpsJKe:

ac + bc = (a + b)c.

Tenepb BLIUHC/IeHHE BLINIOJIHSAETCSI OY€Hb Jerko (yCTHO).

§ 6. Kparkue HcTOpHYEeCKHE CBEJEHHS.

[lepBuie anreGpanyeckHe CBeAeHHsi MOMXKHO HaWTH Yy J[peBHHX Ha-
pOJOB.

B npeBHeM erunmeTcKoM CoyHHeHHHM Mo MaTtemaTHKe (okosao 2000 mer
JO Hauel 3pbl) TaKKe COAepKaJHCb HEeKOTOphle CBeleHHss H3 anarebpbl.

Oco6o cneayer OTMETHTb COYHHEHHe BBHIJAIOLIEroCss MaTeMaTHKa
IX Beka nawedt sppt MyxamMmmena aab- Xopeamu. Camoe npo-
3BHIIE €ro, aJb- XOope3MH, yKa3blBaeT Ha ero poAHHy — XopeaMm (HbiHe ¥ 3-
G6ekckas CCP). Ero counnenne no MateMaTHKe COAEPXKHT noapoGHoe H3Jio-
XeHHe asreOpanyeCKHX 3HAHHWIl Toro BpeMeHH. B Te Bpemena eué He
OulsIH BBefleHbl CrelHaJbHble 3HAKH AJSl COKpaléHHOA 3anucH Qopmyan
w npaBus. He 6binio, HanpuMep, 3HAKOB CJIOXEHHA W BLIYHTAHHA, 3HAKa
paserctBa u np. Ilostomy anb-Xopeamu Bce mnpaBuaa H3Jjaraa noJ-
HOCTBIO CJIOBAMH.

JKenas COKpaTHTb 3anHCh, MaTeMaTHKH CTaJH npuberaTb K COKpa-
HICHUSAM HEKOTOPBLIX YacTo BCTpeualomuxcs cjaoB. Hanpumep, npu cuao-
MCHHH M BLIYHTAHHH BMECTO CJIOB «IJIIOC» M «MHHYC» MHCAJH TOJBKO
nepsbie OYKBbI: 1 H M.

OGo3navenne umcen OGYKBaMH TNPHHSATO B MaTeMaTHKe CO BpeMCHH
¢panuysckoro matematHka Buera (1540—1603). B cBoém martemaTH-
YeCKOM COuMHeHHH Buer 0603Haua/n HeM3BeCTHble YMCAAa TJacHbIMH OyK-
BAMH JaTHHCKoro aadasHTa, a H3BeCTHble — COrJacHbIMH. Bpepenue
6yKBeHHBIX 06o3HaueHuit uMeso Goabwoe 3uauenwe. C nomoutbio Oyks
CTaJI0 BO3MOMHBLIM 3alMCLIBaTh MNpaBHaa H ¢opMyssl B ofueM Buae
AN MOObLIX YHCe.

B 1703 rony B Poccuu Bbiulen yueGHMK NO MAaTeMaTHKe pYyCCKOro
MatemaTHka-negarora JI. ®. Maruuukoro. HaswbiBancs oH «Apud-
MeTHKa», HO Ha CaMoM JleJle CO/lepXKaJ He TOJbKO apHPMeTHKY, a
H cBelleHHs W3 aareOpbl, reoMeTpHH, AacTPOHOMHH, TreOfe3HH H [p.
JI. ®. Maruuukuii, Tak xe kak u Buer, ynorpebiasa aas oGosuave-
HHA HEH3BEeCTHLIX YHCeJ rJacHbie OYKBbI («/1HTephl rJacHble, NoJaraembie
3a HeNo3HAHHOE YHCJIO»), a AN 0003HAYeHHS M3BECTHLIX — COrjacublie
(«corsacHble, noJiaraeMsie 3a KOJIHYEITBA JAHHLIX YHCE ).

Kuura JI. ®. Marguukoro 6bisia B Poccuu OCHOBHBIM pPYKOBOA-
CTBOM MO MaTCMaTHKe B TeucHue AecATKoB JeT. [lo Helt yuuacsa Be-
MMKHHA pycckuit yuyéuoiit M. B. JlomoHocos.

CoBpemenHblii BHJ anreGpanuecKue 3anHcH NpHHAAH B pa6orax 3Ha-
MeHHTOro aurJauitickoro yuénoro Mcaaxka Hoiorouna (1642—1727).



FTABA BTOPAA.
PALLHOHAJIbHBIE YHUCJIA.

§ 7. Nonoxuteabubie u oTpuuaTeabHbie yucaa.

Ecan na Bonpoc «Kakosa TemMIepaTypa BO3lyXa ceiuac ?»
OTBETHTb: «TepmMoMeTp mnokasmBaer 4°», To 3To He Gyner

Hepr. 1.

TOYHBIM OTBETOM: TEPMOMETDP MOXKET
nokasniBaTh 4° TemnJsa uaH 4° xoJoza
(yept. 1).

['oBopsT Takxke: 4° Bhllle HYyJs
H 4° HuXKe HyJAd. OTH NOSCHHTENb-
Hble CJIOBA: «TeMJIO», «XOJIOA», «BhIlLE
HYJISI», «HHXKEe HYJISI» — IPHXOAUTCSA
J106aBJATL IOTOMY, YTO TeMmmepa-
Typa MOXeT OT HYJs H3MEHSTbCS
B IByX MPOTHBOMOJIOXKHbBIX Harnpas-
JIEHHSIX.

OHa MoXKeT MOBHIATHLCA (PTYTh
B TepMOMeTpe [BHIKETCA OT HYyJs
BBepX) H TMOHHXaTbCA (PTYyTb JABH-
JKEeTcsl OT HYJs BHH3).

Ho xorpa mnepeaaior mo pajauo
CBOJKY MOrojbl, TO 3THX MOSCHHTE/ b~
HBIX CJIOB He ynorpebasioT. ['oBopAT
KOPOTKO, HanpuMmep, Tak: «B fIkyTcke
6b110 MuHyc 6°, B MypmaHcke — MH-

Hyc 1°, B Kasauun — nmoc 1°, B Muucke — nitoc 3°, B Po-

CTOBe — nJioc 12°».

Takum oOpa3om, BMeCTO CJIOB «BbIILE» HJAY «HHXKE HYJA»
K YHCJY TpajycoB MNPHCOEAHHSIOT 3HAK [IJIIOC MJIH MHHYC.
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YKa3aHHYIO TeMnepaTypy MOXHO 3amHcaTh Tak:

Ay TCK —6° Muuck -+ 3°
Mypmanck —1° PoctoB --12°
Kasanb +1°

ATy 3anHch TaKk H NMOHHUMAIOT, YTO TeMIepartypa B SKyT-
cke Obl1a 6° nuxe HyJas, B Kaszanu 1° Bbille HyJasg W T. A.
OnHako 4acTto, Korja TepMOMeTpP IOKa3biBaeT TEMNJo, TO
3HaK MNJOC OmyckaloT u BMecto - 13° nuwyTt mnpocro 13°.
Takum o6pa3oM, Aasi 0603HaYeHHS TeMIeparyphl BhILLE HY-

Js ynotpebasiorcsa yucaa 1, 2, 3, Sé—, 74w T. 1., TO €CThb

T€ YHCJa, KOTOpble H3BecTHH H3 apudMeTHkH. OHH Ha3bl-
BalOTCA MOJIOXHTEJbHBIMH YHCJAMH.

a5 o603HaueHHsi TeMrepaTypbl HHXe HyJAA ynorpeod-

JSOTCA HOBBle uucaa: —I1, —2, —3, -—-Bé—, —7 H T. A.

OHH Ha3bLIBAlOTCA OT pHOoaTe€JJbHbBIMH YHC/IaMH.

Temnepatypa B HyJIb rpajlycoB BblpaxKaeTcs YHCJIOM HYJb.
Imo uucaro He OMHOCUMCA HU K NONOXMCUMEAbHBIM, HU K OMpU-
yameavHom ducaam. Ilepes HHM MOXKHO NOCTAaBUTh H 3HAK
MAKC H 3HAK MHHYC HJIH He CTaBHUThb HHKakoro. 3anucu 0;
+0; —O0 o0603HayalOT OAHO H TO XK€ YHCJO — HYJb.

OrpuuarenbHble yucaa NMpHMEHSIIOTCS He TOJNILKO TpH H3Me-
PEeHHH TeMIlepaTyphl.

ITonoxurenbHble H OTpHILATENbLHBIE YHCIA MOXHO MpHMe-
HATb AN 0603HauyeHHs: OyAyllero ¥ TMpolIe/lero BpeMeHH,
KOJIMYeCTBA BBLIHTPAHHBIX H TPOMTPAHHBIX OYKOB B COPEBHO-
BaHMAX, NPUXOAA H pacxoja, IMOCTYIJIEHHH B Kaccy H BbljJay
H3 Heé H T. II.

Ewé Gonee ThicsyM JIeT TOMYy Has3ajJ HHIHHCKHE Marema-
THKH 0003Haya/Ji HMYLLECTBO MOJOXKHTEJIbHbIMH, a 0T OTPH-
LaTeJIbHBIMH YHCJIAMH.

M3mMeneHue BeJlHUYHH. MOXHO MPHUMEHATb MOJOXKH-
TeJIbHbIE H OTpHLATENbHble YHCAA K H3MEpeHHIO H3MeHeHHH
BeJIMUHH, 3aMUCbIBasi MOJIOXKHUTEJbHbIMH YHCJAAMH HX YBeJH-
YyeHHe W OTpHLATeJbLHBIMH — yMeHblueHHe. Hanpumep, noJo-
JKUTE/NbHBIMH YHCJAMH MOXKHO 3alHChIBaTh MOBbILLEHHE, a
OTPHLLIATENIbHBIMU — [OHHXKEHHe TeMIepaTypHl.
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Yucaa nosoxurenbupie (ueabie  ApobGHbIE), OTPHLATENb-
Hble (ueqabie ¥ APOOHBIE) W HYJb COCTaBJAAIOT MHOMECTBO
PaLHOHANbHBIX YHCe.

§ 8. Yucaosasa oce.

OtMeTHM Ha mpsAMOi Npou3BO/NbHYK TOYKy O (uepT. 2).
HasoBéM eé nauasnnHOil TOukoii. BriGepeM Kakylo-iu6o enu-
HHLY AJMHHBI, Hanpumep 1 cm. OTJOXKHM Ha NpPsIMOH BINpaBoO
oT ToukH O OAHH 3a JpYruM OTpe3kH, paBHble | cu. Konen
nepBoro orpe3ka 0603HAYHUM YHCJIOM 1, KOHel BTOpPOro — YHc-
JOM 2 H T. 1.

Te >xe caMble nMocTpoeHHs BHINOJHHM cJeBa oT ToukH O.

A 0 B
S SR 'S W S G S S Gl S S—
-5 =4 -3 =2 =1 0 1 2 3 4 5
Yepr. 2.

KoHubl oTpe3kos, NMpoBelEHHBIX BJeBO OT TOYKH O, Gynem
ofo3Hayath uucaami —I1, —2, —3 U T. 1.

[lousitHO, uro 1Mo ob0euM cCTOpOHAM OT TOYKH O MOXKHO
OTJIOXKHTb H OTPe3K#, Bblpa)Kalouuecs JOObBIM ApOGHBIM YHC-
aoM. Hanpumep, na uyepre:ke 2 Touka B u3obpakaer uymuc-

5
5 » TOYKa A uucio —2,3.

[IpsmMas, HA KOTOPOH Kaxjaoe Yucao uiobpaxaercs coor-
BETCTBYIOLEH TOYKOH, HA3BIBAETCH YUCJAOBOH MNPAMOH MM

YHCJOBOH OCbIO.

J10

M A 0 B
B e s e L S e o p
Yepr. 3.

YUTto6bl HaliTH, Te pacrnojioKeHa Ha YHCJOBOH OCH TOY-
9
Ka M (4epT. 3), cooTBeTCTBylOIas, HANPHMEp, YHCITY — -,

1
OTKJajibiBaeM OT Touku O B/I€BO OTPe3OK, paBHblii 45 BbIGpaH-

| \
HBIM €JHHHUAaM JJIHHBI (B HalweM cJyuyae 4§ CMJ.
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JInsi KpaTKOCTH BMECTO CJIOB «TOYKAa, COOTBETCTBYIOLIAS
YyHCJYy a» TOBOPAT MNPOCTO «Toyka a». Ha uyucaoBoii ocu

(uepT. 3) u300paKeHb TOYKH: —-—:-:;’-— (touka A), 3,2 (Touka B),

HyJb (Touka O).

B npeabiayuiem naparpade Mbl yxe BCTPETHJHCH C YHCO-
BOH OCblO: IUKaJla TepMOMeTpa MpejcTaBjsieT co0oil 4acTb
YHCJIOBOH OCH.

B nanpHefilueM npu H3yuyeHHMH aJsire6pbl HaM MHOro pas
NpHAETCA MOJL30BATHCA YHCJIOBOH OCBIO.

§ 9. llpoTuBononoxHbie 4HCaa.

Yucsna 6 u —6 u306paxaioTcss Ha YHCJIOBOH OCH TOYKAMH,
HAXOASILIUMHCS HA OJHHAKOBOM pACCTOSIHHH OT HayaJibHOH
Toykd O, HO MO pa3Hbie oT Heé cTopoHbl (uept. 4). Takue
YHCJIa Ha3bIBAIOTCS TPOTHBOMOJIOXKHLIMH.

P wff =5 =f ¥ =* o 0 4 2 9 & 5 & 2
Yepr. 4.

Onpenenenune. /JlBa 4ucaa Ha3biBalOTCHA MPOTHBONO-
JOXHBIMH, €CJIH COOTBETCTBYIOUIHE HM TOYKH YHCJIOBOH nps-
MOH pACnoJOXeHbl MO pa3Hbie CTOPOHbI OT HAYAJAbHOH TOY-
KH H HAa OJAHHAKOBOM pacCTOAHHM OT He€.

Tak, Hanpumep, uucaa 2,5 ¥ —2,5 B3aHMHO MPOTHBO-
MOJIOKHBI.

[IpaBuano 1. Ymobs ob6o3nawume wucio, npomueonor0x -
HOoe 0anHOMY, neped OQHHOLIM HUCAOM CMABAM 3HAK MUHYC.

Tak, B npuBeséHHOM npHMepe, YyTOObl OB03HAYHTH YHCJIO,
MPOTHBOMOJIOXKHOE YHCAYy 2,5, HOCTATOYHO MOCTaBHTL Mepej
HUM 3HAaK —; TOrAA MoJAy4uMm — 2,5.

Ecav paHo orpHuaresibHOe YHCJAO, HanpuMep — 2, TO Mpo-
THBOIIOJIOXKHOE €My YHCJIO ecThb 2, No3TOMy — (—2) = 2.

Hucao 0 mporusonosoxkHo camomy cebe, nosaromy —0 =0.

B npumepe § 7 Mbl BHJENH, YTO MOJOXKHTEJALHYIO TeM-
neparypy MOXHO 3alucarb YHCJAOM TIpajyCcoB CO 3HAKOM --.

Boobuie, ecsii HeKOTOpoe YHCJIO 3aMHCAHO CO 3HAKOM -,
HanpuMmep -5, TO Takas 3anuchb 0O0O3Hayaer caMo JaHHOe
YHCJIO, TO €CTh - O = .
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[TpaBuno 2. Ecau neped OaHHbim 4UCAOM NOCMABAEH
rax -, mo danrnoe yucao Gepémcsa 6e3 uameHeHUA.
Hrak, cornacHo npaBujaaMm 1 v 2

+ta=a —(+a)=—a; +(—a)=—a —(—a)=a.

Hanpumep, ecain a=3, 10 +3=3, —(+43)=—3,
+(—3)=—3, —(—3)=3;

ecii a=—4, 10 +a= 4 (—4)=—4,
—a=—(—4)=4, —(—a)=a=—4,

3aveTuM, YTO M CaMH 3HaKH -+ M — Ha3bIBAlOTCA T p O-
THBOMOJIOXHBbIMH,

§ 10. AGcoJaoTHAsE BeJHYMHA YHCJAA.

M3 nekoroporo myHkta O BbleXajJH B NPOTHBONOJIOXKHBIX
HanpasJenusax naBa astomoOuasi. Ilepsbiii mpomén 40 xu
BrnpaBo or nyHkra O, Bropoil mpowéa 50 xkm BJIEBO OT TOro
Xe NMYyHKTa.

JKesnas mokasatb He TOJLKO NMPOHAEHHBIH MyTb, HO H Ha-
NpaBJicHHE ero, Mbl MOXKEM 3aMucarb, YTO MCPBbIH aBTOMOOHJIb
npowen -+40 kum, wau npocto 40 km, a BTOpOH mNpoOwWET
—50 kM.

Tenepr OoTBeTHM Ha cCJleAyIOIIHH BOMPOC: KaKOH H3 aBTO-
MoO#Jteil mpoiues GoJibliee paccTosiHue ?

CpaBHHM MeXJ1y COOOH YHCJO KHJIOMETPOB, NMPOHIEHHBIX
Kax/JblM aBTOMOOHJIeM He3aBHCHMO OT TOro, B KAaKOM Ha-
npaBJieHHH OH JBHraJcsl.

[lepBuiii aBToMOGH/L mpowén nyTtb AJHHOH B 40 Km,
BTOPOH — NyTh AJMHHOH B 50 kx. 3HAYUT, BTOPOH aBTOMOOHJIb
npoiuén paccrosinve Ha 10 xm GoJblue, yeM mNepBBIH.

CpaBHHBAsi pacCTOSIHHS, NMPOHJAeHHbIE 0OOHMH aBTOMOOH.ISI-
M, Mbl HHTEpecyemcsl TOJIbKO JJIHHOW NMYTH HEe3aBHCHMO OT
HanpasJIeHHs, B KaKOM 3TOT MYTb NPOHJEH.

JlnMHa npoiiieHHoro mMyTH Bcerja 3anHChiBaeTcsi MOJIOXKH-
TeNbHbIM yHcaoM. [loatomy BmecTo oOTpHLATENIbHOrO YHCJIA
—50 Mbl B3I MPOTHBOMOJIO}KHOE €My TOJIOXKHTeJbLHOe YHCJIO
-+50, KoTopoe M Bbipa)Kaer YHCJIO KHJIOMETpPOB, NpPOHJEHHOE
BTOpbiM aBTOMOOHJIeM. ['oBOpAT, YyTO Mbl GepéM abGCOJIOTHYIO
BeJIMUHHY uyHeaa —-00.
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Onpepnenenne 1. AGCONOTHOW BEAHYMHOH OTPHUA-
TEAbHOrO0 YHCJA Ha3bIBAETCH NPOTHBOMOJOKHOE €My TNo-
JOXKHUTENAbHOE YHCJIO.

Takum o6Gpa3om, aGcosioTHas BesanyuHa yucaa —10 pasna
410, uyucna —O0,3 paBua +0,3 u 1. A

a5 o6o3Hayenus abCOMIOTHOH BeJMUHHBI YHCJA YyroTpel-
NsieTCA OCOOBIH 3HAK — JIJAHHOE YHCJIO 3aKJ/II04aeTcss Mexay

JIByMsi BePTHKaJbHBIMH uepTaMu Tak: | —>50).
3HaAUHT:
|—50| = 50; |—0,3]|=0,3; |——| ; |—3,87|=3,87.

Hrak, Ha Bonpoc, mocTaBJ/ieHHbIfi Bbille, AOJMKHBI OTBETHTh
TaK: BTOPOH aBTOMOOHJIb MNpowésa OoJibluee paccTOsiHHE, TaK

KaK
| —50 > 40.

Msl cpaBHHMBaeM 3j/iecb aGCOMIOTHYIO BeJTHUHHY uYHcaa —Oo0
¢ gucyiom 40. B unensix enuMHCTBA BBOJAMTCS! TaKXKe TOHATHE
abCoOJIIOTHOH EEeJHYHMHBI H I/ TMOJIOXKHTEJAbHBIX YHCEeJ W 19
HYJIS.

Onpenenenue 2. AGCONMOTHOH BEJIUYHHOH NOJOXKH-
TE€JbHOr0 YMCJAa W HyJs Ha3bIBAeTCH CaMO 3TO YHUCJO.

CaenoBaresbHO:

|19]=95; |40|=40; |[0|=0 un 1. A

Takum oOpa3oM, cpaBHHBasi pacCTOSIHHS, TpOFJAeHHbIe
aBTOMOOHJISIMH, MOXXEM CKa3aTb, YTO CpaBHHBaeM abCOJIIOTHbIE
BeJHYUHB yHcea —O50 u 40 u yOexjaeMmcsi, 4TO

| —50|> [40].

3anucu 5; +5; |5| 0603HAaYAIOT ONHO H TO XKe TMOJOXKH-
TeJibHOe 4Hca0 nATh. OueHb BAXKHO 3aMIOMHHTL, 4YTO M 3alHCh
| —5| o3Hauaer TO e camoe YHCJI0 D.

5=45=]5=|+5=|—5].

Bo3bMém kakoe-HHOYAb YHCJIO, Hanpumep —7.

Touka wuucs0BOH oOCH, H300pakaiouias 3TO YHCJO, Ha-
XOJAUTCSl BJIEBO OT HAyaJbHOH TOYKM H HA PACCTOSAHHH 7, TO
eCTb | — 7| eAHHHL AJHHbI OT Hee.
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Boobuie, abcosromHras 6enuyunHa yucaa a ecmeo
paccmosnue mouxku, udobpaxcaroweli 3mo 4ucaA0 Ha
YUCA0B80W OCH OmM RAYAABHOU MOYKU.

§ 11. CpaBHeHHe pauHOHAJNbHBIX YHCEJ.

Mbl ymeeM cpaBHMBaTh MeXAy co060i JlOObIE MOJIOMXKHTEb-
Hble YHCJa, TO eCTb BCerja CMOXXeM YyKas3aTb, Kakoe H3 JABYX
JaHHBIX TMOJIOXHUTEJNIbHBIX 4Hces O6oJiblle H Kakoe MeHblue.

Teneps, korpa BBejileHbl HOBble, OTpHLATeJNbHbIE YHCJA,
HY}KHO YCTAaHOBHTbH MPABUJIO CPABHEHHS 3THX YHCEJ KAK MeX1y
Cco00H, TaK H C MNOJOXHTEJNbHBIMH YHCJAMH.

Ilna srtoro obpatHMmca K uyHcsoBoil ocH. [locMoTpuM, Kak
pacroJioXKeHbl Ha Hed MOJIOKHUTeNbHble YHCJIa, CpaBHHBATH
KOTOpble MBI yXe yMeeM.

Msl BHAHM, 4TO MO Mepe MPOABHIKEHHA BIPaBO OT TOYKH
(0 NONOXHTENbHbIE YHC/JA CTAHOBSITCA Bce Gosblue W OoJiblie.
[To mepe npoasukenusi BreBo (K Touke O) yucsa, HaoGopor,
YMEHbLILAIOTCA A0 HyJAs. 3HAYHT, H3 JABYX MOJOXKHTENbHbIX
yuces To OGoJbilie, KOTOpPoe HA YHUCAOBOH OCH H3o00paxkaercs
TOUKOH, pacrnoJIoKeHHOH npasee.

PacnpoctpaHuM 3TOT TpH3HAK Ha BCIO YHCJIOBYIO OCb,
YCTAHOBHB TaKOe MpPaBHJIO:

u3 arw0boix 08yx uucea mo 6oasuie, KOMOpPoOe HA
YUCA080U npamoi u3obpasdcaemcs mO4KO0U, pac-
NONOJNCEHHOI npasee.

Ecau uucsao a 6Goabuie yuesna b, To, TAK Ke KaK H B
apudmMeruke, nuwyr a > b (nman b < a), obpauias 3HaK He-
pPaBeHCTBA OCTPHEM K MEHbLIEMY YHCJIY.

i

— O © O
10 -j o i 0 ’

Yepr. 5.

wQ

Tak, HanpuMmep, paccMaTpHBasi 4epTéx o5, Mbl BHIUM, 4TO:
3>0; 1>—5 —5<0; —3>—10; —4<—1L.

M3 ycraHoBJieHHOro npasH/ia BblTeKaer, 4To:
1. Bcakoe noaodxcumenrsnoe 4uca0 6oasvue HYAR
u 6oadvwe 6CAKO020 OMPUYAMENbHOZ0 HUCAQ.

22



2. Bcakoe ompuyamensHoe 4ucA0 MEHbULE HYAR.

Bo3abMéM Kakue-HHOYAb JBa OTpHLATEJbHBIX 4HCJa, HA-
npumep —5 0 —15.

CornlacHO mpaBH/ly CpaBHEHHS] MOXHO HaIHCaTh:

s 1 e 1D,

Ho ecaiu BO3bMEM aOCOJIIOTHBIE BEeJHUYUHBI 3THX 4Ylcea H
CpasHHM HX, TO MOJYYHM:

|8 <2 ]==15l,

Mbl BHAHM, 4TO €CJIH OJHO OTpHIATEe/NbHOe 4YHCJI0 0oJbliie
Apyroro, To ero abcoMOTHaA BeJHYHHA MeHblle aGCoJIIOTHOH
BeJIMYMHBI Jpyroro, H, Haobopor, ecjaud abcoaoTHAs BeJHYHHA
OJHOrO OTpHUATEJLHOro YHcJ1a 6oJibile aGCOMOTHOH BeJHUHHBI
APYroro OTpHLATeJbHOr0 YHCJa, TO CAMO 3TO YHCJIO MEHblue
JApyroro uHcJja.

Hanpumep:

| —15| >|—8], Ho —15<—38;
1 1
|—1?I3"|‘“'|- o —1gp<—L

Hrak,

3. H3 08yx ompuyamensHoix wucea mo 6oasue,
AbCONIOMHAR BEAUYUHA KOMOPO20 MEHbULE.

[loaTomy

—11>—12, Ttak kak 11 <12;
—12<—1, Tak kak 1,2> 1.

§ 12. CnoxeHHe pauHOHAJNbHBIX YHCEJ.

Ham Hy»XHO Tenepb yCTAaHOBHTH MNpaBHJAa JAEACTBHI C pa-
[HOHAJIbHBIMH YHCJIAMH, TO €CTb MpaBH/IA CJIOXKEHHS, BbIYH-
TAHUS, YMHOXKEHHS H JleJieHHs JIIOObIX pauHOHaJIbHBIX YHCe.
Hauuém co caoxeHus.

[TocrapaeMca ycTaHOBHTL TaKoe NpPaBHJIO CAOXKEHHS pa-
LIMOHA/ILHBIX YHCEJ, YTOOB!I BBIMOJHHTL TPH CJAEAYIOLLHX Tpe-
6oBaHus:

1. Uro6bl 3anauH, KoTopule B apupMeTHKe (TO €CTb AJS
MOJIOXKHTEJIbHBIX YHCEJ) pellansCh CJAOMKEHHeM, peluajHch Obi
TeM Ke JeHCTBHEM B cJiyyae JiOObIX pauHOHA/IbHBIX YHCeN.
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2. YUtol6wl npaBuO C10XKeHHs MO6LIX palHOHAILHBIX YHCEN
OCTaJIOCh AJ11 MNOJIOXKHTEJbHBIX YHCEJ TeM Xe, KaKHM Mbl
ero 3HaeM H3 apHdMeTHKH.

3. Hro6bl OCHOBHbIE 3aKOHBI C/JOMEHHS, H3BeCTHbe A
MOJIOXKHTENbHBIX YHCen (§ 5), coxpaHWaHCh M /sl CJIOMKEHHS
JM00bIX paLMOHAJNbLHBIX YHCe.

Bo3bMEM MoITOMY 3ajauy, koropas B apubMeTHKe pe-
lanach CJIOXKEHHEM, Hampumep:
Tepmomemp nokaseiar a°. 3amem mesnepamypa usme-
B Hunrace Ha b°. Ckoavko epadycos ho-
edlel [eJdLa Kasvigaem mepmomemp meneps?
~ [lyete @ b — nonoxkuTeNbHBIE
uHcaa. [lonoxurenbHoe H3MEHEHHE TeM-
a4l o ll-4 nepaTypsl ecTb €€ noBbienue. s
pelieHUst 3TOH 3ajayd Mbl JOJIXKHBI K

H°°1 1P HC?|  @® npuGasuts b°. Tlonyuum oTBer:
O-g§—°| (°Wr° (a + b) rpanpycos.
22| |22 [TpoBepum 31O Ha mpumepe.
L. LR, ) Ilycte a = 4+ 4; b= + 2.
| 3HayuT, TepMOMeTpP TnoKa3sbiBaa 4°

6—fl-6| |66 TenJja, 3aTeM TemIepaTypa MOBbICHJACh
Ha 2°, OueBHHO, TEpMOMETP NOKa3bIBAET

'@’ ’ BI tenepb 6° (yepr. 6).

CJlieloBaTeILHO:

Uepr. 6. (+4)+(+2)= +6,
KakK U JOJI?)KHO OBITh.

[TocvoTpuM Tenepb, KakHe 3HAYEHHS JOJIXKHA NPUHHMATb
cymva a- b npH  pas/iHUHBIX PallMOHAJbHBIX (HE TOJBKO
NOJIOMHTE/bHBIX) 3HAUeHHAX a H b.

2) Ilyctb a=—4;, b= —2.

OTtpuuaTe/ibHOE H3MEHeHHe TeMmnepaTypbl eCTh €8 MOoHHIKe-
niHe. 3HAUYUT, TEPMOMETp MoOKa3biBaa cHauyaaa 4° xonopa, 3a-
TeM TemrepaTypa ellé mnoHH3uaack Ha 2°. JICHO, 4yTo Tenepsb
TepMoMeTp mnokaswiBaer —6° (uept. 7).

CaieioBaTe/ibHO:

(—4) + (—2) = —6.

CpaBuuBas pedyabTaThl 3ajad l U 2, ycTaHOBHM cJjejyio-
mee TMpaBHJIO.
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[IpaBuno 1. Ymob6ot croxmcums 08a uucaa c 00una-
KOBbIMU 3HAKAMU, HA00 CAO0XMCUML UX abGcorrOmHbLE
BCAUHUHBL U neped pe3yabmamom nOCmMasums ux
o0wuil 3HaK.

Tak, uto6ul caoxuTh —I11 B —8, caoxum ux abconioT-
Hble BeJHYMHBI, TO €cTb 11 u 8, u nepej NoJydYeHHBIM YHC-
aoM 19 mocraBum 3uak wmunyc. [loayuwum:

(—11) 4 (—8) = — 19.
Croxenue TMOJIOKHTEJNbHBLIX 4YHCeJ OCTA8TCA TaKHM Ke,
KAKHM MBI e€ro 3Hdem H3 apHEl)METHKH.

3) Ilyctb a= 46, b =—2.

Yepr. 7. Uepr. 8. Yepr. 9.

3HauuT, TepMoMeTpP MokasmiBaJa cHayaJa 6° TenJsa, a
3aTeM Temnepatypa mnoHususnace Ha 2°. QOueBujaHO, ceifyac
TepMOMeTp Toka3sbiBaeT 4° rtenaa (uept. 8).

CnepgoBaTenbHO, €C/H Mbl XOTHM, 4YTOObl H B 3TOM cJyuyae
sajjlaya peluaJsach CJOMKEHHeM, TO AOJKHbI OyleM 3amnucaTh:

(+6) +(—2) = + 4.

4) Ilyerb a= 42, b = —6.

Tak e kKak u B npejblaylieM cayuae, Haiaém, 4TO Tep-
MOMETp TnocJie NMoHHXKeHHA Ha 6° cran nokasmiBaTh 4° XoJao01a
(uept. 9).
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3HauuT, pewlas M 3Ty 3aJla4y CJIOKEHHEM, Mbl JOJMKHbI
3anucaTh:
(+2) 4+ (—6) = — 4.

PaccmaTpuBas ciayyan 3 u 4, yCTAHOBUM MNPaBHJIO.

[TpaBsuao 2. Ymobet caroxcumes 08a uucaa ¢ npo-
MuBoONOA0NCHBIMU 3HAKAMU U C pA3HbIME abcoatom-
HbiMU BeAUYUHAMUE, HAO0 U3 6oarbwen abcorromuoOi
BCAUYUHBL BBLYECMO MEHOULYIO U neped pPAa3HOoCmbio
nocmasums 3HAK 4ucaa ¢ 00adweir abcoLrOMHOI
BCAUYUHOI.

Tak, Hanpumep, Mo 3TOMYy MpPaBHAY MOJYYHM:

(—9) + (+7) = +2;
(+3) +(—7) = —2;
(—3,5) + (+1,2) = —2,3.

5) Iyete a= 43, b =—3.

Ecau tepmomerp mokasbiBaa 3° TenJia, a 3areM TemIepa-
Typa TMNOHH3HJach Ha 3°, To Tepmomerp OyjaeT MOKa3blBaTh
0°. $lcHo Takike, 4yTO Kakoe Obl YHCJIO @° HH MOKa3bIBaJ Tep-
MOMETp, €CJIH 3aTeM TeMmiepartypa MOHH3HTCA HAa a°, TO Tep-
momeTp Oyner mokasbiBaTh 0°.

3HayuT:

[IpaBuno 3. Cymma 08yx npomusOnROAONCHbLX
Yucen pasHa HYA.

a+ (—a) =0.

OtmeruM, yto Oyjer BepHO U ofpaTHOe MOJIOXKEeHHe.

Ecau cymma 08yX qucen pasHa HYA0, Mo smu
Hucaa 83aUMHO RPOMUBONONOINCHSL.

Hakonell, Jierko yCTaHOBHTL (M MpPOBEpPUTL HA TOM ¥Ke
TEDMOMETpE), 4TO, HalpuMep:

24+0=2; (—3)+0=-—3; 0+0=0.
0+2=2; 0+ (—3)=—3;

[IpaBuno 4. Ecau 00HO u3 08yX caazaemoix
PABHO HYAI0, MO UX CYMMA PABHA OPY2ZOMY crazae-
MOMY.

YcraHOBJIeHHbIE 3/1eCh YeTbhipe TNpasHJia HCUEPIIBIBAIOT BCE
BO3MOXKHbI€ CJly4dH CJIOXKE€HHA [ABYX PpaAUHOHAJIbHBIX YHCEJI.
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§ 13. Choxenne HECKOJbKMX YHCeJ.

CrojkeHHe HeCKOJIbKHX pallHOHAJbHBIX YHCeJ BbINOJHAETCS
N0 TOMY e MpaBHJy, N0 KOTOPOMY IMPOU3BOAUTCS CJIOKEHHE
HeCKOJIbKHX 4YHCeJ B apudMeTHKe.

YTO6bl CJOXHTbL HECKOJLKO PAalHOHAJbHBIX YHCeJ, HaJo
CJIOXKHTh TNepBble JiBa cJlaraeMblX, 3aTeM K MOJYYEHHOH CymMme
npu6GaBuThL TpeTLE cJjaraeMoe, K MoJly4yeHHOH cyMMme npu6aBHTb
YEeTBEPTOE H TAK JaJjiee JO KOHUA.

Hanpuwmep:

(—7) + (+5) + (42) + (—3) + (+9) =
= (=2 + (+2 + (=) + (+9) = 0+ (=3) + (+9) =
=(—3) + (+9) = +6.

§ 14. 3aKOoHBI CJOXKEHHS.

Y6eauMcsa B TOM, 4YTO NpPH CJOXKEHHH paUMOHAJLHBIX YH-
CeJl OCTAalTCA B CHJIe OCHOBHLIE 3aKOHbLI CJIOXKEeHWs, YyCTaHo-
FJIEHHbIE N5 TOJIOXKHTENbHBIX YHCel.

llepemecTuTeabHbIll 3aKOH. [laa ao0bbix 08YX payuoHQab-
HolX yuces a u b cnpasedaueo paseHcmeo:

a-+b=0b-+a.

ITO cleyeT H3 MPaBHJ CJOXKEHHS PalHOHAJAbHBIX YHCel.

B camom pene, ecsqin yHCaa HMEIOT OJHHAKOBble 3HAKH
(mpaBuJio 1), To MBI CKaajbiraeM HX abCOMIOTHBIE BEJHYHHDBI,
TO €CTb MOJIOXKHTEeJbHbIE YHCJA, a IJIsI HUX [EepEMEeCTHTE! -
HOE CBOHCTBO CJIOKEHHH CIpaBelJIHBO.

Ecau Xe uucsa uMeIlOT NpPOTHBOMNOJOXKHBIE 3HAKH (npa-
BHJIO 2), TO Mbl M3 OGoJibluel abGCoMIOTHOH BeJHYHHBLI BBIYK-
TaéM MEHbIUYI0O He3aBHCHMMO OT TOro, CTOHT JIH YHCJIO C 60Jib-
el a6GCoMOTHOH BEJMYMHOI HA MEepPBOM HJIH Ha BTOPOM MecTe.
3HauuT, M 3JeCb BeJMYHHA CyMMbl He 3aBHCHT OT MOpAJKa
cJlaraeMbix.

Hanpuwmep,

54 (—7)=—(7T—5)=—2n
TN - -

B npasunax 3 u 4 HMYero He roBOPUTCA O MOPSKE CJa-
raeMbiX, 3Ha4YHT, OHH BEpHHI MpH JiIOGOM MOPSJKE CJaraeMbiXx.
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[lepemecTHTe/IbHBIAi 3aKOH CNpaBejJIMB TPH CJOXKEHHH
JIIOO0Oro YHCJa cJaraemblX.

[TokaxeM 3TO Ha npumepe.

CknapbiBasi uucaa (—5), 2 u (—4) B moGoM mnopsjke,
Mbl MOJIYYHM OJHO M TO Xe yucao (—7).

(—5) + (+2) + (—4) = (=3) + (—4) = —7,
(4+2) + (=5) + (—4) = (=3) + (—4) = —7,
(—4) + (+2) 4 (—5) = (—2) + (—5) = —7
HT. [
CoueratenbHbit 3akoH. [Ipn clOXKeHUH pallHOHANBHBIX YH-

CeJl OCTAaéTCsl B CHJIE COYeTaTeNIbHbI 3aKOH CJIOXKEHHS.
Ybenumcsa B 3TOM Ha [MpuMepe CYMMbl TPEX cJiaraeMbiX:

(@a+b)+c=a+ (b+c).
[lpy a =—2>5, b =3; c = —7 noayuum:

[(—5) + (+3)] + (=7) = (—=2) + (—7) = —9
8 (—5) + [(+3) + (=7)] = (—5) + (—4) = —9.

Hepeniko B BBIYHC/JEHHSIX OJHOBPEMEHHO MOJb3YIOTCS
M NMepeMeCTUTe/NLHbIM H COYeTaTelbHblM 3aKOHAMH.

[TpuBeném Takoi npumep.

BblyncauM cymmy

187 + 46 4 38 + 54 + 113,

[lepemecTum caaraemble Tak:
187 4+ 113 4 46 4 54 4 38,

[MpousBesiéM cJ/lOXKEHHE B TaKOM MOpsAKe:
(187 4 113) 4 (46 4 54) 4 38 = 300 4 100 4- 38 = 438.

Takoe oOJHOBpeMeHHOe [pUMEHeHHE TiepeMeCcTHTEeJbHOro
H COYeTaTeJIbHOr0 3aKOHOB HMHOrJla BbIpaaioT Kparko B BHJe
cJelyIOLero npasuJa.

Carazaemble MOXNCHO COEOUHAMb 8 epynnbl A0OLIM CNOCODOM.

[Ipu BbIYMCIEHHH CYMMBI, COJiepiKalled U MOJIOKHTENbHbIe
M OTpHlATeJbHBIE cJjaraeMble, MOXKHO NpPHUMEHAThL CJejyiollee
[1paBHJIO:

Ymodor croxcums HECKOALKO PAljUOHAALHLIX 4HUCeR, MONCHO
CA0XMCUMb OMOeAbHO 6Ce NOAONCUMEAbHLIe, OMOEAbHO 8C€ OMpU-
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yameabHsle YUCAA U NOAYYeHMble 08a YUCAQ CAONCUMbL NO Npa-
BUAY CAOMCEHU 08YX HuceA.

B cnpaBea/MBOCTH 3TOro npaBuJla HeTPYyAHO yGeaHThCH.

[Tonb3ysicb mnepeMeCcTUTENLHBIM 3aKOHOM, PachoJIoXHM
(MBICJIEHHO) cJjaraemble Tak, 4YToObl cHayaJsa CTOSJIH BCe IIO-
JOXKUTEJbHbIE cJjaraeMble, a 3a HHMH BCe OTpHLATeJbHbLIE.
3aTteM, NoOJb3yACb COYeTATEIbHBIM 3aKOHOM, CJIOKHM OTHEJIbHO
BCe IOJIOXKMTeJbHblE CJaraeMble W OTAeJbHO BCe OTpHLa-
TeJibHble. [lolyuuM JBa uucJia, KOTOpble CJOXKHM IO Inpa-
BUJTy CJIOXKEHHS JBYX palMOHAJIbHBIX YHCEJ.

[Tpumep. Cymmy
(—9) + (+4) + (—10) + (+12)

MOXXHO BBIYHCJHTb TaK:
1) CnoxHTb NOJIOKHTEILHBIE CJlaraeMble:

(4+4) + (+12) = +16.
2) CnoXKHTb OTpHUATENbHbIE CJlaraeMeble:
(—5) + (—10) = —15.

3) CNOXHTb MOJIyYeHHbIe CYMMBbI:

(416) + (—15) = 1.

§ 15. BoluuTanue pauMoOHaJMbHBIX YHCEJ.

BoluuTanue omnpenensieTcsi Kak JeiictBue, ofpaTHoe CJio-
JKEHHIO.

BoivecTb M3 OfHOro yucaa JApyroe — 3HAYUT HAWTH Ta-

KOe TpeTbe 4YHMCJO0, KOoTopoe, OyAyyH CJOXKEHO CO BTOPbIM
YUCJOM, JACT MEPBOE YHUCJO.

IlpyruMH cJIoOBaMH, BbIYECTh H3 KAKOro-Ju60 Yucsaa @ YHCJ/I0

b — 3HayuT HAHTH TaKoe TpeTbe YHCJ/O ¢, YToObl OblJIO Crpa-
Be/lJIHBO PaBeHCTBO:

c+ b=a.
Hanpuwmep:

0—(+7)=—2, Tak Kak (—2) 4 (+7) = +5;
(—3) —(+8) = —11, Ttak kak (—11) 4 (+8) = —3;
(—1) —(—5) = 44, tak kKak (44) + (—5) = — 1.
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Urto6bl BbiBeCTH ofLiee NMpaBHJIO BLIYHTAHHST /S JHOGBIX
pauHOHAJIbHBIX YHCeJ, TOCTYNHM cieaylomum obpasom. 3a-
MEHHM B MNpeAbIAYUHX NMpHMepax BbIYHTaHHE NpHOAaB/IEHHEM
YHCJsIa, TPOTHBOMOJIOXKHOrO BbluuTaemMoMy. [lonyuum:

S +-i(—])=—2;
(—3) + (—8) = —11;
(—1) + (+5) = +4.

Kak BHAHM, Mbl MONYyYH/H Te XKe pe3yabTaThl, 4TO H MpH
BbhlunTaHuu. OTcClola MOXeM BBIBECTH CcJlefyiollee INpaBHJo.

Hmo6ot u3 001020 wucsa 8vigecms Opyzoe, docma-
MOYHO K YMEHbUaemMOMy npubasums 4ucao, npo-
MuBONONLONCHOE BHIYUMACMOMY:

a—b=a- (—0).

Jloka)kemM 3TO npaBuJso.
Ham naHo pokasaTbh cnpaBef/IHBOCTb PaBeHCTBa

a—b=a-+ (—b)
npu Mmobuix a u b.
Ecan Bbipaxkenwe a + (—b) B npaBo# 4acTH $BJSeTCA pPasHOCTHIO
yucesa a H b, TO, CJAOXKHB €ro C BbIUHTaeMbIM b, Mbl JOJIKHBI MOJYYHTH
yMeHbluaeMoe a.

ITposepum 3T0; cnoxus a 4 (—b) u b, noayuum:
[a + (—0)] + (+b).
[Tlo coueTaTesbHOMY 3aKOHY CJOMEHHS 3TO BbipaXkeHHe 3arHieM

= a + [(—b) + (+)].

Ho cymma B KBajapaTHblX CKOOKax paBHa HYJIO, KaK cymMMa JBYX
NPOTHBOMOJIOXKHBIX YHCeJI.
CaenoBaresibHo, OyjaeM HMeThb:

[a + (—=b)] 4~ (4b) = a + [(—b) + (+b)] =a+0=a.

[Moayunan ymenbinaemoe. 3HAUHMT, paBeHCTBO (1) BepHo.

[TIpuBenéHHOe NMpaBHJIO 3aMeHSIeT BbIYHTAHHE CJIOXKEHHEM,
a TNpaBHJIO CJIOXKEHHSI HaM ylKe H3BeCTHO.

Hrak, okasajocb, YTO BbIYHTAHHE OIHOr'0 palHOHAJILHOrO
YHCJIa M3 JPYyroro MOMKHO 3aMEHHTBb CJIOKEHHEeM JIBYX palHo-
HaJbHBIX yHcen. Ho crokeHHe JBYX palHOHAJbHBIX 4YHCeN
BCerja BO3MOXKHO H JNAaéT eJHHCTBeHHbI pe3ysabtar (§ 12).
3HAUHT, MBI MOXEeM 3aKJIIOYHTb, YTO B MHOXECTBE pallHo-
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HaJbHBIX YHCEJ BBLIYMUTAHHE BCErja BO3MOXKHO H JaéT eJHH-
CTBEHHBIH pe3yJsbTaT (Kak roBOpPAT, OJHO3HAYHO).

B apudMeTHKe, rjie JeHCTBHS BBIMOJHAJHChL JHIIL HAaJ
NOJNIOKHUTENIbHBIMH YHCJAMH, BblYHTaHHe OblJIO He BCerja BO3-
MOJKHO (HanpuMmep, M3 5 HeJb3sl BhlyecTh 6), a Tenepn, Korja
Mbl BBeJH OTpPHUATE/NbHblE YHC/A, BbIYHTAHHE B MHOMKECTBE
pAllHOHAJIbHBIX YHCEJ CTaJi0 BCerja BO3MOXHBIM.

H3BecTHble H3 apH(dMETHKH CBOHCTBA BbIYHTAHHSA OCTAIOTCHA
B cHJe Aas JMOOLIX pauHoHaJbHBIX yHces. HanoMHHM STH
CBOWCTBA.

1. MpuGasnenue pa3HOCTH.

Ymober npubasume pasHocmb, MONCHO npubasums YmeHb-
waemoe u om pe3yabmama OMHAMbL 6bI4UMACMOE.

Hanpumep:

(—7) + [(+3) — (—10)] = (=) + (+13) = 6

[(—7) 4+ (4-3)] —(—10) = (—4) — (—10) =
= (—4) + (+10) = 6.

3naunt: (—7) + [(+3)—(—10)] = (—7) + (+3)—(—10).
B of6uieM BuHAe 3TO CBOHCTBO MOXKHO 3alHcaTh Tak:

a+(b—c)=(a+ b)—c.
2. BoiuuTanue cymmbl.
Umobot ebivecms cYmmly HECKONbKUX HUCeA, MONCHO 8bl-
yecmb nepeoe CAA2AeMO2, U3 PEe3YAbMAMIA BblHECIb 6Mopoe
u maxk Oaree 00 KOHYQ.
Ilpumenp.
(—7)—[(—3) + (+8)] = (—=7) — (+5) = —12,
[(—1)—{~9)] —(+-8) == (—4) - (—8) =—I2,

3. BoiunTanue pasHOCTH.

Umober ebivecmod pasHocme, MONCHO 8blMeCcHb YMeHbUlaeMoe

u K pesyasvmamy npubasumo eviyumaemoe.
[Tpume p.

(—8)—[(—0) — {1+ = (1) — (I =1

[(—8) — (—6)] + (+3) = (—2) 4 (+3) = I.
B o6uieM Bhue:
a—(b—c)=(a—>b) +}c.

H
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§ 16. Aare6pauyeckas cymma.

PaccMoTpHM BblpaXKeHue:
(4 1)~ (34) 4 (+ 2) == (~=B)=={43), (1

o603Hauyaiolee HEeCKOJIbKO CJ0XKEeHWH H BbIYHTAHHH.

Ha ocHoBaHMM MpaBHJia BBIYHTAHHSI Mbl MOXEM BCe Bbl-
YHTAHHUSA 3aMEHHTb CJIOXKEHHEM YHCeJl, MPOTHBOMOJ/IOXKHBIX BbI-
yutaeMbiM. [loayuum:

(+ 7+ (—4H+(+2)+ (+9) 4+ (—3). (2)

TakuMm oOGpa3oM, Bce yHcsa B BbipaxeHHH (1) cranu caa-
r aeMbIMH.

Onpenenenune. Boipaxenue, 0603Hayalomee HECKOJb-
KO MOCJeJOBATEJbHbIX CJO0XEHHH M BbIYHTAHHH, Ha3biBaeT-
csl aareOpav4yecKod CYMMOH.

B asre6panueckoii cymMMe BCSIKOE BBIYHTAHHE MOXHO 3a-
MEeHHTb MNpHOaBJIEHHEM YHCJa, MPOTHBOIOJIOXKHOIO BbIYHTAE-
MOMY.

Hanpumep:

a+(—b)—(—c)—(+d) +(—e)=a+ (—b)+ (+¢) +
+ (—d) + (—e).

3aMennB B ajre0pau4yecKoil CyMMe Bce BLIYHTAHHS CJIO-
KeHHUSMH, MOXHO 3alHcaTb eé B BHJEe CYMMbI, B KOTOpPOH
cjaraeMble MOryT ObiTh JiIOObIMH pallHOHAJbHBIMH YHCJIaMH
(MOJTOXKHTE/IbHBIMH, OTpPHLIATe/JbHBIMH, PpaBHBIMH HYJIO), a
TaK»e yucJaMH, 0003HaYeHHbIMH OyKBaMH.

JIna ynpouleHHst 3aMHCH Mbl MOXKEM Be3Jie 3HAK CJIOXKEHHUS
nepej CKoOKaMH ONYCTHTb, 3alOMHHB pa3 HaBcerja, 4To
KaX/lbli 3HaK B BblpaXXeHHWH OTHOCHTCA K CJejyioueMy 3a
HHM YHCJY M YTO BCe 3TH YHCJa CJeAyeT CJIOXKHTb.

Tak, BbIpaKeHHe (2) MOXKHO 3amicaTb Kopoue:

Tl i@k BB,

OTO Bbipa)KeHHe H MOKa3biBaeT, YTO HAJO CJIOKHTb 4YHC-
na 7; —4; +2; +95; —3.

B anreGpanyeckoii CyMMe BCSIKO€ CJIOXKE€HHe MOXKHO 3a-
MEHHTb BBbIYHTAHHEM IPOTHBOIOJIOXKHOIO YHC/IA.
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Tak, Hanpumep,
at+b+c=a—(—0b)+ec.

3nech npubaBrieHHe uyucaa b 3aMeHEHO BLIYHTAHHEM YHC-
na—b.

§ 17. YmHoxenwue.

[Ipn ycTaHOBIEHHH TNpaBHJAA YMHOMXeHHs1 Aas1 MOObIX
palHOHAJbHBIX YHCe/ IMOJIOXKHM B OCHOBY Te Ke TpeOOBaHHs,
YTO H JJ151 CJIOXKEHHSI paluKoHa/bHBIX uHcea (cMm. § 12).

Bo3bMméM onATb 3aja4yy Ha H3MEHEHHe TeMIepaTyphl.

Temnepamypa usmensemca kaxcoeul wac Ha a°. B Ha-
crmoawult momenm mepmomemp noxassieaem 0°. Croaeko epa-
dycos noxkaxcem mepmomemp ueped t wacog?

Kak n paubiue, OyaeM o003HayaTb MOHHXKEHHE TeMMmepa-
Typbl OTPHUATEIbHBIMY YHCJIAMH.

Kpome TOro, B 3ajauy BXOJHT eUI€ H BpeMs, B TeyeHHe
KOTOpOro H3MeHsllacb TeMIeparypa. Bpems, oTcyHTbiBaemoe
OT HACTOALLero MOMeHTa B Oy A ylulee, CYHTAETCS MOJ0XKH-
TeJbHBIM, a BpeMsi, OTCUHTbIBaeMoe B Mpollejllee, CYH-
TaeTCsl OTPHILATE/NbHBIM.

Bepuémcsi K 3agave. Tak Kak KaxKJbld yac TeMmrmeparypa
H3MeHsJach Ha @°, TO uyepe3 f 4yacoB TeMlepaTypa H3MEHHTCS
Ha al rpaaycos.

[TocMoTpuMm, ueMy OyJeT paBHO TNpou3BeleHHe al mpH
pa3/MYHLIX 3HAYEHHSAX a H {.

1) a=2; t=23.

B nacrosuiuit MmomeHT TepMomerp mnokassiBaer 0°. B Te-
yeHHe TPEX 4YacoB TeMmmepatypa OyjeT MOBBIATLCA KaKbli
gqac Ha 2°. OueBHJAHO, YTO 3a 3 yaca TeMnepaTypa MOBBICHTCS
Ha 6° (uepr. 10). 3nauur: 2.3 =6.

2) a=—2; t=3.

Temnepatypa noHuiKaercsi KaxAbli uyac Ha 2°. 3HaguT,
3a 3 yaca oHa moHusutcs Ha 6° (wepr. 11). Takum o6paszom:
(—2) -3 = —~6.

3) a=2; t=-—23.

Temneparypa noBbiuiaercss KaxkAabld uyac Ha 2°, Ceiuac
repmoMeTp nokasbiBaer 0°. 3Hauur, 3 yaca TOMy Hasaj
tTemnepatypa Obljia HHXKe Hyasi Ha 6° (3a 3 vyaca Ttemnepa-
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Typa NoJHHMaJack KaXJAblH yac Ha 2° H JOCTHTJIa K Ha-
CTOSILIEMY MOMEHTY HyJasa rpaaycoB) (uepr. 12). 3HayuT:
2 . (—3) = —6.

4) a =—2; t=—3.

Temneparypa nouuxkaercss Kaxablii yac Ha 2°. Ceiiuac
0°. 3nayur, 3 yaca ToMy Ha3aJ OHAa JO/DKHA Oblia GHITb
Bbllle HyJas Ha 6° (nmoHuXKasch KaXKJAblH yac Ha 2°, oHA 3a
3 yaca JOCTHrHeT HyJasi rpajaycos) (uepr. 13).

Orciopa: (—2)-(—3)=6.

Yepea wac Yepea Tpu Tenept Yepes wac Yepes tpw
yaca wace

Yepr. 10. Yepr. 11,

ConocraBuM Bce pacCMOTpPEHHBIE CJyYaH YMHOMXKEHHS:

2-3=6; (—2) - (—3)=6;
(—2)-3=—6; 2.(—3)=—6.

Y4YuTbIBasl MOJYyYEHHble pe3yJibTaThl, BBEIEM cJjeayloliec
MPaBHJIO YMHOXKEHHSI pallHOHAJIbHBIX YHCeJ.

[Ipasuno 1. llpou3sedenue 08yx uuces pasHo
npou3gedenHuro ux abcoONIOMHBLX GEAUYUHR, 83RMOMY
CO 3HAKOM NAIOC, ecan 00a COMHONCUMENR UMEIOm
O00UHAKOBbIE 3HAKU, U CO 3HAKOM MUHYC, eCAUL COM-
HOXMCumeAau umerom npomusonOL0NCHbIE SHAKUN,
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Takum o6pasoM, corjacHO BBeJEHHOMY MpaBuJay, MO.1y-
YHM:

(—3) - 5=—15 (—2). 2 =-Z;

g + (—25) = —100,

Kpome Toro, Gyzem uMeTb npH Jio6oMm a:
a-0=0.a=0

Teneps Yac wasap Tpwn uwaca Teneps Yac wa3ap Tpu vaca
wazan Wa3lag

Yeprt. 12, YepT. 13.

(npousBesieHHe abCOJIIOTHBIX BEJHYHH JBYX 4YHCeJM, H3 KOTO-
PBIX XOTA Obl ONHO PaBHO HYJO, OYyJAET TOXKEe PpaBHO HYJIIO).
[Ipasuano 2. Ilpou3sedenue 08yx 4uces pasuHo

HYA0, ecauw xoms 0Ob: 00uUH u3 COMHONCUMeANel
Pasexn HYAI0.

§ 18. YMHOXEHHE HECKOJbKUX 4HCE.

YMHOXKEeHHe HeCKOJbKHX pPallHOHAJILHBIX YHCeJ/ BLIMOJIHA-

€TCA 0 TOMY IpaBHJy, 1O KOTOPOMY I1POH3BOAMTCSI YMHO-
JKEHHE HECKOJIbKHX 4YHces B apudmeTHKe.

HTo6bl MepeMHOXKHTb HECKOJbKO PpalHOHAJbHBLIX YHCe,
HaJ0 HailTA MpPOH3BeJCHHE IEepPBbIX JABYX 4YHCEJ, 3aTeM 3TOT
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pe3yJbTaT YMHOXXHTb Ha TPETHH JAaHHbIH COMHOXHTEJb, MO-
JYYEHHBIH pe3yJbTaT YMHOXHTb Ha YeTBEPTHIH H TaK jaJjee
10 koHua. Hamnpumep:

(—3):-4-(—2):(—9) - 6=(—12)-(—2) - (—9) - 6=
= 04 o (—eb) + 6= (—120) - 6= —720.

Ho Gonee ynorpebutesned Apyrod cnoco0 yMHOMXKEHHS He-
CKOJIbLKHX YHCeJI,

[Ipn yMHOXKEHHH nNpPHXOAHMTCA BCE BpeMS IepeMHOMKaTb
a0Co/IIOTHBLIE BeJIMUHMHKLI: CHAayaJla HaXxoAHWM MpoH3BeaeHHe al-
COJMIIOTHBIX BeJIMUHH TMEepBbIX ABYX 4YHCeJ, 3aTeM [poH3Bejie-
HHe abCoJIIOTHOH BEeNHYHHBI pe3yJbTaTa H abCOJIIOTHOH BeJH-
UMHBl TPeTbero yucsaa M T. JA. 3HA4yuT, abCOJIIOTHAS BeJIHUHHA
BCEro NPoOH3BeJleHHs] paBHA IMPOH3BeJeHHI0 abCOJIIOTHBLIX Be-
JU'IHH BCeX COMHOXKHTeNeH.

Tak, ecniu B NMpUBeJéHHOM Bbllle NMpHMepe CHauyaja HalTH

1 pOH3BeJIeHHe
3:4.2.5.6=720,

TO MOJYYHTCA a6COMIOTHAS BeJIMYHHA HCKOMOTO IPOH3BeeHHS.
3aMeTHM, YTO ecJiH XOTsl Obl OJJHH H3 COMHOXHTeJeH pa-
BeH HyJIO, TO H BCE NpOH3BeJeHHe PaBHO HYJIIO, HalpHMep:

D s (==8) +0's 15z (=B) « 0 ¢ 150 » 165220,

JlonycTHM, YTO HH OJIHH M3 COMHOXHTEJIEH HE paBeH Hy-
J10; ONpelenuM 3HaK TNPOH3BEJEHH.

[Ipy mochiefoBaTe/IbHOM TNEPEMHOXKEHHH JAaHHBIX COMHO-
yidTesed 3HAK NMpOM3BeJeHHS HW3MEHMTCSI Ha INpPOTHBOMOJIONK-
HbIH BCAKHH pa3, Korja NPHXOJHTCHA YMHOXATh HAa OTpHIA-
TeJbLHBIH MHOXHTeNb. OTCIOla SICHO, YTO NpoH3BejeHHe Oyjer
NOJIOXKHTEJNLHBIM YHCJIOM, €CJIH OTPHUATENbHBIX COMHOXKHTENeH
HMeeTcss YETHOE YHCJIO.

[Tpumenp.
2. (—4) -3+ (—5) - (=5) - (—10) =
—(—8)-3(—1) - (=5)-(=10)=(—24)(—5)(—5)-(~10) =
=12 . (—5) « (—10) = (—60) - (—10) = 600.

OTpHuaTeNbHBIX COMHOXKHTeJed Gbljio 4, B MpPOH3BEJEHHH
MoJyYyHJIOCh TNoJoxHTeabHoe 4uc/o 600.
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[Tpoussenenue O6yjeT OTpPHIATENbHBIM YHCJOM, €CJH OT-
pUllaTeJbHBIX COMHOMKHTENeH HMEeTCs HeYETHOe YHCJIO.

[Tpumenp.
8- (~3) -
i A0

& (=B =(—12) - (=9 - 5 - (=5 =
&+ (—5) =8 . (—5) = —40.

OTpuuarebLHbBIX COMHOXKHTEJNeH ObljIo 3, B MpOH3BeJeHH!H
NoJyYHJIOCh OTpHLAaTeabHoe uyucio — 40.

Orciona cJaeayer, 4YTo AAA ONpeAe]eHHs 3HakKa NpoH3-
BEJIeHUSl JIOCTATOYHO 3HATh, HMMeeT JIH JIJaHHOE BLIpaKeHiHe
yéTHOE WJIH HEYETHOEe YHCJIO OTPULATEeJbHBIX COMHOXKHTE/CI.

Takum o6pa3oM, mnoJayyaeM cJaejyiculee MpaBHJIO JJis
YMHOXEHHSI HEeCKOJIbKHX YHceJ.

IIpou3sedeHue HECKONBKUX 4HlUCcen PABHO RNpPOU3-
ge0eHur0 abCONIOMHBIX BEAUYUH BCEX COMHONCUME-
Aell, 83AMOMY CO 3HAKOM RAIOC, €CAU YUCAO0 OmpU-
yamensHoix COMHOJCUmMenren 4émuoe (uauw ux Hem
c08CeM), U CO 3HAKOM MUHYC, ECAU HUCAO Ompuua-
MEeAbHbLX COMHONCUMeENER HedémHoe.

[Tpume p. Boluncauts mnpousseneHue:

(=2B)s B (=055 (—-i) . 10,

8
1) [TepeMHOKaeM aGCOMIOTHBIE BEJIHYHHBI COMHOXKHTEJEI:
1 75
0 « 3= gl =

2) Haiinennoe mnpousBejeHHe OepéM cO 3HAKOM —, TakK
KaK CpeJH JAAaHHbLIX COMHOMKHTEJIed TPH OTpHLIATE/bHbIX.

75
Hckomoe npou3BejieHHE PaBHO — 5

§ 19. 3akoHbl yMHOMXeHHS.

Jlns pauuoHaNbHBIX YHCEN OCTAalOTCsl CripaBeAJHBBIMH
T€ K€ 3aKOHbl YMHOXEHHS, KOTOpble Obl/iM NpHBeleHbl B § O
IJs1 NOJIOXKHTELHBIX YHCeJ.

1. MMepemecTUTENbHBIN 3aKOH.

Hasa noboix payuornaibrolx qucea a u b cnpasedauso pa-

BEHCMEBO
ab = ba.
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ITO chelyeT W3 ONfejlesieHHsI YMHOXEHHSI pallHOHAJbHbIX
yuces. B camom gese, mMpi GepéM npou3BeaeHHEe aOCOJIIOTHLIX
BeJIHUHH COMHOXHTeJseil, a OHO Ee 3aBHCHT OT MNOpsaKa, B
KoropoMm GepeéM 3TH abCONIOTHbIE BEJHYHHBI.

3HAaK nNpoOHM3BeleHHs TOXEe OnpejesisieM He3aBHCHMO OT
TOro, B KaKOM MOpSiJIKE CJeJ0BaJH COMHOXHTeJIH. Mpl cMOT-
P¥M TOJIBKO, OJMHAKOBbLIE JIH 3HAKH Yy OOOHX COMHOXKHTeJeH
RJIH pasjinyHble.

[TepeMecTHTEIbHBIH 3aKOH CrpaBeaJHB JJisI NPOU3BEJIEHHUS
Aic60ro yucena coMHoOXKHTeseH. Tak, ranpumep, NepeMHONKas
yucna —2, 3, o 1 —8 B Jc60M Nnopsiike, Mbl NOJTYYHM OJTHO
H 10 Xe uucso 240. B camom pese, B Kakom Obl nopsijike
Mbl HH NEpeMHOXKa/JH aOCONIOTHbE BeJHYHHbBI COMHOMHTEJeil,
MONYyYHM OJHO H TO XKe yHcao 23 -5 -8 = 240. 3rak mnpo-
W3BEJeHUS TMOJIYUHM, MOJCYHTAB KOJHUYECTBO OTPHLATENbHLIX
COMHO)KHTEJIEH He3aBHCHMO OT TMopsiika, B KAaKOM OHH pac-
nosioxensl. B Hawewm npumepe yucsno 240 cnepyer B3ATH €O
3HAKOM -, TaK KaK B TPOM3BeJeHHH COJEPXKHTCH ABa OTpPH-
LATETbHBIX COMHOMXHTEJIS.

2. CovyeraTeqbHbIH 3aKOH.

[1pu ymHOXKenuH JIOOBIX palHOHAJIBHBIX YHCEJ] OCTaCTCH
B CHJIe COYeTaTeJbHbIH 3aKOH YMHOMKEHHs.

[aa acboix mpéx payuoxareHolx wucea a, b u c¢ cnpa-
8CUAUB0 PABEHCMEO:

(ab)c = a (bc).

B cavom nene, B BuipaxkeHHH a (bc) Mbl HOJKHBI a6Co-
MOTHYIO BEJHYMHY @ YMHOXHTb HA NpoH3BeJeHHe aGCOJIOTHBIX
Be.1HYMH b M c; B BuipakeHHH (ab)c Mbl JIOJKHBI NpOM3Be-
neHue aOGCOJIIOTHLIX BE/JAHWYHH @ U b YMHOXKHTb Ha a0COJIIOTHYIO
eqHuuHy ¢. Ho abGcontoTHbie BeNHYHHLI — 3TO HEOTPHLATeNb-
Hbie YHCJa (TO €CTh [MOJOXKHTE/NbHbIE WJIH paBHBIE HYJIO), a
A8 TaKMX 4YHCeJ coyeTaTebHblH 3aKOH BepeH.

3uauurt, abcosioTHas BeJHYMHA OOGEHX yacTed paBeHCTBa
oaHa M Ta xe. Jlerko Takxe yGeJMThCSl, YTO W 3HAK O0OOHMX
npou3dBesieHui OyJeT OAHH H TOT Ke, KakKoBbl Obl HH OblJIH
3HAKH yHcesq a, b u ¢ (06a mnpoH3BeJeHHS TOJOXKHTEJbHEI,
€C/IH Cpead 4Yucesa a, b W ¢ HeT OTpPHUATEe/bHBIX HJH JBa H3
HHX OTpHLATe/JbHbLI; 06a TpPOH3BeJAEHHs OTpHLLATe/NbHbl, €CJH
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OAHO H3 3THX YHCEJ HJH BCe TpPH OTpHUATE/NbHBI, 00a npo-
H3BeJeHHS paBHbI HYJIO, €CJH XOTA Obl OAHO H3 4ucea a, b
HWJH C PaBHO HYJIIO).

Takum e o6pa3om MOXKHO y6eaHTHCA B ClpaBefJHBOCTH
COYeTaTe/IbHOrO 3aKo:a JJisl Tpou3BeleHHs J1o00oro Yuc.ia
COMHOXHTeJIeH.

[Ipumenp.

5 . (-—-g-) . 6 (—8).

3To TmNpoU3BeleHHe HETPYAHO BBLIYHCAHTb, MNEPEMHOKHB
CHAayaJia BTOPOH H TPETHH COMHOXKHTE/IH:

5. (—%—) .8 (—8) =5+ (—4) + (—8) = 16D,
3. PacnpeaeauTeNbHbIH 34KOH.

[laa a0boix payuoHarvhuix wucea a, b u ¢ cnpased.auso

PHCMBO
ARt (@ + b)c = ac + be.

Y6enumcsi B 3TOM Ha HECKOJIbKHUX TpHMEpax.
1) [2(—=)] + 4 wm & v Gcp (—a) s 4
JleACTBUTE/ILHO:
[2+{—3)] -4=(-1)- 4 =4
2:44(—3)-4=8—12=—4.
2) [(—3) + 9] « (—6) = (—3) - (—6) + 9 - (—6).
JeACTBHTENbHO:
[(—3) + 5] - (—6) =2 - (—6) = — 12;
(—3) - (—6)+ 95 (—6) =18 —30 = — 12.
PacnpenenutenbHblii 3aKOH HMEET MeCTO NPH YMHOMXEHUH

HAa KaKOH-JIH60 MHOXHTEJb CYMMbI J1000ro 4uc/a cJjaraemsix.
Hwmenno:

Ymobor ymuoxcums cymmy HA Kakoe-aubo HUCAO0, MONCHO
YMHOJNCUMb HA MO 4UCAO0 Kaxdoe caazaemoe U NOAYYEeHHbIe
npou3se0cHUss CA0MCUMD.

[Ipumenp.
[(+7) +(=3) + (+2)] - (—3) =(+6) - (—3) = — 18

(+7)+ (—3) + (—3) - (=3) + (+2) - (—3) =
= (—21) + (+9) + (—6) = — 1.

H
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[Tonb3ysick MepeMecTHTENLHBIM  3aKOHOM  YMHOXEHHS,
B MOCJEJHEM TNpPHMEPE MOXHO MEpPecTaBHTb COMHOXMTEJH,
TOrJa TMOJYYHM CJeAyiolee:

(=3) - (47 + (—=3) + (+2)] = (—3) - (+6) = —18

(—3)(+7) +(—=3)(—=3)+ (—3)(+2) =
= (—21) + (+9)+ (—6) = —18.

Orciona BBIBOX:

Ymobot ymHoNC UMb KAKOe-AUOO 4UCA0 HA CYMMY, MONCHO
YMHOMCUMbL HA 3MO 4UCA0 Kaxc00e caazaesoe U NOAYYEeHHble
npou3ee0eHuUs CA0HCUMS.

OTMeTHM cJiefylouiHe ABAa CBOHCTBA YMHOMEHHUA:

1. YMHOXEeHHE MpOH3BEeJEHHUS.

Umobsr ymHoN UMb npou3eedeHue HECKONBKUX HUCEA HQ
WUCAO, MONCHO YMHONUMbL HQ 3IMO 4YUCAO OOUH U3 COMHOMNC U~
meaell, ocmaeus ocmaiavHole 6e3 UIMEHEHUS.

[Ipumep.

[4 - (—3) - 9] - (—2) = (—60) - (—2) = 120
I

[4-(—2)] - (—3) 5= (—8) - (—3) - 5= 120.

2. YMHOXEHHE HA NpOH3BeAeHue.

Ymobol ymHONCUMbL 4UCAO HA npou3sedeHue HeCKONbKUX
WUCeN, MONCHO YMHONMCUMbL 3IMO HUCAO KA Nepeblli COMHONCU-
meab, NOAYHEHHDLI Pe3yAbmanm YyMHONCUMb HA 8mopou co-
MHOMCUMEAb u maK Oasee 00 KOHUAQ.

[Tpumep.

4.[5-(—2)-3]=4-(—30)=—120

(4+8) (=2 + 320 s (2) + o= (—40) <3 =—190.

DTH MNocJjejJHHe CBOHWCTBA BLITEKAIOT H3 3aKOHOB YMHO-
JKEeHH .

§ 20. Jleaenue.

Jlenenne onpejessietcs Kak JeicTBHe, o0paTHoe yMHO-
JKEHHIO.

Pa3je/uTh OJHO YHCJIO HA JApPyroe — 3HAYHT HAlTHU TaKoe
TpeTbe YHCJO0, KOoTOopoe, OyayuyH YMHOXKEHO HA JeJIHTelb,
JACT B NMPOM3BEACHUH JeJHUMoe:

a:b=c¢, ecwm bc=a.
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OcHoBBLIBasicb Ha 3TOM OMNpeJieNeHHH, BBIBeJeM MPABHJIO
NeNIeHHs Asl palHOHAJbHbBIX YHCEJ.

[Ipexxne Bcero ykaxkeM pa3 HaBcerja, 4to A eJHTEJb
HEe MOXeT 6biThb HYJ€éM. [lesieHHe HA HYJb HCKJIOUAETC sl
Mo TOH »Ke NMpHYHHe, MO KOTOpPOH OHO OBbLI0 HCKJIOYEHO B
apudmeTuke.

AGcosl0THAsI BeJIHYHHA @ paBHA TIPOM3BeJEHHIO aGCOJIOT-
HbIX BeJMYHH b u ¢. 3Hauut, abCONIOTHAS BeIHYMHA ¢ paBHA
abCo/IIOTHOH BeJMYHHE @, JeNéHHOH Ha albCoJIIOTHYIO BeJH-
YyuHy b.

OnpepesMM 3HAK 4YaCTHOrO C.

Ecau pemiMoe W jenuTesib MMEKOT OJIHHAKOBbIE 3HAKH,
TO YaCTHOe — IO0JIOXKHUTeJbHOe 4YHcao. [leldcTBHTe/NbHO, ecJu
a ¥ b MoJOXKHTE/IbHbI, TO 4YacTHOe ¢ Toxe OyaeT NoJOXHu-
TeJIbHBIM YHCJIOM.

[Tpumep. 12:4 =3, T1aKk Kak 4 -3 = 12.

Ecnu a w b orpunaTenbHbl, TO 4YacTHOE C H B 3TOM CJiyyae
JODKHO ObITb MOJIOKHTEIbHBIM, TaK KaK, YMHOXXHB Ha Hero
OTpHIIATENbHOE YHCJO b, Mbl JOJKHBI MOJYYHTb OTPHLIATEIb-
HOe YHCJIO a.

[Tpumep. —12:(—4) =3, Tak kKak (—4) -3 =—I12.

Eciu jenuMoe W JleIHTeNh HMEWT pas3Hble 3HAKH, TO
yacTHOE — OTpHlLAaTe/lbHOe YHCI0. J[leHCTBUTE/NbHO, eC/H a
MOJIOXKHUTEIbHO, a b oTpuHuareJbHO, TO ¢ JO/KHO OBITH
OTpHLIaTeJbHbIM, TaK KaK, YMHOXXHB Ha Hero oOTpHua-
Te/bHOEe YHCA0 b, MBI JO/MKHBl TOJYYHTbL [0JIOMKHTE/NbHOR2
YyHCJIO a.

[Ipumep. 12:(—4) = —3, 1aK kKak (—4) - (—3) = 12.

Ecin a orpuuaresnbHo, a b MonOXKHTEJNbHO, TO H B 3TOM
cayyae ¢ JAOMKHO ObITh OTpHLATEJbHLIM YHCJIOM, TaK Kak,
YMHOXXHB Ha HEro TMOJO0XKHTENbHOE YHCJ0 b, Mbl J0JKHbI
MOJIyYHTh OTPHUATEbHOE YHCJO 4.

[Tpumep. (—12):4=—3, 1ak Kak 4:(—3)=—12.

HUrak, Mbl MpHIIIM K CJAeAYIOLEMY TMpaBHay JAeTeHHS.

YmobovL pa30esumes 00HO 4UCA0 Ha Opyzoe, HAOO
AGCONIOMAHYI0 BEAUYUHY O0eAuMO020 pa3oeaums HA
a6CONIOMHYI0 8CAUYUHY Oerumerss u neped yacm-
HbIM nOCMasums 3HAK RAKOC, ecan deaumoe u oeau-
meab umeron OOUHAKO0BbLE 3HAKU, U 3HAK MUHYC,
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ecan 0eaumoe u 0esumensd UMeOmM nPoOMmMu8oOnoN0Mc-
Hble 3HAKU.

Kak Mbl y)e roBOpHJIH, Je/leHHe Ha HyJib HEBO3MOXHO,
nosiciuM 3710 GoJsee noapo6Ho. Ilyctb Tpebyercsi pasnenuth
KakKoe-HHOy/b He paBHOE HYJIIO YHC.20, Hamnpumep — 3, Ha 0.
Ec/iH YHCJIO @ €CTb HCKOMOe YacTHoe, TO, YMHOXXHB €ro Ha
JeJuTeNb, TO ecTb Ha 0, Mbl JOJIKHBI TONYYHTH J€JHMOe,
to ectb — 3. Ho npousBesenue a - 0 pasio 0, u nenumoe —3
He MOXKeT moay4yuthca. OTcioga MBI 3aKJ/04YaeM, YTO YHC/IO
—3 Ha HYJb pas/leJIMTh HeJb3f.

[Tycts Tpebyercst uucao O pasgenutrs Ha 0. [lycrb a —
MCKOMOE YacTHOe; YMHOXKHB @ Ha jeautens a -0, noayuum
B npoussejeHuH O npu Ji0GOM 3HAYEHHH a:

a-0=0.

Takum o6pa3oM, Mbl He MOJIYYHJIH HHKAKOro OmnpelenéH-
HOro ukcaa: ymMHOXHB Ha 0 mo6oe yucno, Mbl nosayuum O.
[ToaToMy JenieHHe HYJA Ha HyJb TaK»Ke CYHTAeTCS HEBO3MOXK-
HbIM.

Jlns paunoHa/NbHBIX YHCEJA OCTaércsi B CHJE Clejyloliee
OCHOBHOE CBOHCTBO YaCTHOrO:

yacmuoe 08yX 4Hucen He UIMEHUMmCR, ecan Oeau-
MOE 1 OeAumend YMHONCUMSG HA O0OHO U MmO e
Yuca0 (He pasgrnoe HYAI0).

[TosicHuM 3TO TaKHMH NpHMepaMH.

1. PaccmoTpum uwacTHOe 6 :3 = 2; YyMHOXHM JeJHMOE H
JequTesb Ha —4; TOorja noJayyuM HoBoe yacTHoe [6 - (—4)]:
:[3(—4)] = (—24) : (—12) = 2. Urak, B HOBOM H4aCTHOM MBI

MOJNYYHJH TO 3Ke caMoe 4YHCJIo 2.

o
PaccmorpuM wacTtHoe 5:7 = =} YMHOXHM JeJTHMOe U Jie-

]
JIUTEJIb Ha -—E"; TOrja MOJYYHM TAKO€ HYaCTHOE:

3 (=27 ()l =(3) 1 (=3) =735

YacTHOe He H3MEHHJIOCh, TaK KaK MOMyYHJOCh TO e
5
caMoOe YHCJIO .

o
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§ 21. CeoiicTBa JaeseHus.

OrmeTuM CBOHCTBA JieJieHHS, HW3BECTHbE H3 ApH(METHKH;
9TH CBOHCTBA OCTAlOTCA B CHJe JJs JIOOBIX fauiOHaJbHbIX
yHceJl.

1. lerenne cymmbl.

Ymobot pasleaumsb CYMMYy HeCKOABKUX HUCEA HA HUCAO,
MOXCHO pasfesumb HA 3MO 4YUCAO Kadxcdoe caa2aemoe u pe3yab-
mamot CAOHCUMb.

[Tpumenp.

[12 4 (—28)+32]:4=16:4=1
12:44+(—28):4+32:4=3+4 (—7)+8=4.

2. JleareHue npoM3BeACHHS.

Ymobet paslesume npou3cedeHue HECKOMKUX HUCEA HA
YUCA0, MOXCHO pas3deaums HA 8MO HUCAO 2000 U3 COMHO-
gcumeqetl, ocmasus ocmaavuvie 6e3 UIMEHEeHUA.

[Tpuwmenp.

[12 - (—18) - 30] : 6 = (—6480) : 6 = —1080
H
(12:6) - (—18) - 30 =2 . (—18) - 30 = —1080,
12 . [(—18):6] -30 =12 . (—3) - 30 = —1080,
12.(—18)(30:6) =12 . (—18) - 5 = —1080.

3. Jlenenus Ha npoH3BeJeHHE.

Ymobet pazdeaumo 4UCAO HA npoussedeHue HECKONbKUX
quce.l, MONCHO pasldesums 35MO HUCAO HA NePEblll COMHONC -
meab, NOAY4eHHbLL pe3yabmam pazdeiums HA 8MOPOLL COMHO-
ocumesv u max Oasee 00 KOHyaQ.

[Ipumep.

120:[2 - (—3) - 5] = 120 : (—30) = — 4
n
120:2:[(—3) - 8] =60:[(—3) - 5] =—20:5 = —4.

§ 22. Bo3BeaeHnue B crTeneHb.

B apudmeTHke cJsioKeHHe PaBHBIX YHCeJ paccMaTpHBaercs
KaK HOBOE JieACTBHE — yMHOMKEHHeE.

[Ipn sTOM uYHCJI0O-C/laraemoe ITHILUETCS TOJbKO OJIHH pas,
a 3a HUM (Tmocje 3HAKA YMHOMXEHHWS) IHILIETCH YHCJo-
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MHOXKHTEb, KOTOPOe MNOKa3blBaeT, CKOJbKO pa3 HAJ0 B3ATh
cjlaraembiM nepsoe yucsao. Hanpumep:

3+3+3+3+3=3:5;
2 2 2 2
TRT T

B anrebpe ymHo)KeHHe paBHBIX MeXKAYy COOOH yHces pac-
cMaTpHBaeTCsl KaK HOBOe JleHCTBHEe, KOTOpO€ Has3blBaercs
BO3BEJIeHHEM B CTeleHb.

Ecnu, Hanpumep, YHCJO O YMHOMKaeTcsi camMo Ha cebs,
TO TIPOH3BeJleHHe O « O == 20 Ha3blBaeTcss BTO PO CTeNneHwio
yicJa O; npoussejeHHe S+ O + & = 120 Ha3biBaeTcst TpeThbe
CTENeHblO Yuesaa 5, Yueao 5-5:5-5=620—vyeTBEépTOW
CTEeNeHbLIO 3TOro Yucsaa W T. A. [Ipu 3TOM roBOPAT, YTO YHCJIO
O BO3BOJAMTCA BO BTOpPYIO, B TpeTblo, B YETBEPTYIO U T. ..
cTeneHb.

Onpepnenenue. JleHcTBHE, NOCPEACTBOM KOTOPOro Ha-
XOAMUTCS NPOU3BEJEHHE HECKOJbKHX pPaBHbIX COMHOMKHTEJCH,
Ha3bIBA€TCA BO3BeJCHHEM B CTeNeHb.

[lpu stom:

1. llpoussenenne n COMHOXKHTENEH, PpaBHBLIX @, Ha3bl-
BaeTCsl n-# CTeNneHbl 4Yucaa a.

2. Yucno, Kotopoe BO3BOAUTCA B CTelMeHb, HAa3biBaeTCH
OCHOBAHHEM CTENeHH.

3. YUucao, KoTopoe NOKa3biBaeT, B KaKyl CTeneHb BO3-
BOAMTCA OCHOBaHHMe, Ha3bIBAETCS MNOKa3aTeJeM CTENeHH.

Tak B paccMOTpeHHOM NpHMepe OCHOBAHHEM CTeNeHH OblJo
B3ATO YHCJO O; MOKa3aTesieM CTEeleHH B NMepBOM cJiyyae ObljIo
YHCJ0 2, BO BTOPOM — YHCJO 3, @ B TpeTbeM — 4.

CreneHb KOpPOTKO 3alHCHLIBAIOT TaK: TMHIIYT OCHOBaHHE
CTeMeHH M CnpaBa OT Hero BBepxXy muiuercs: (6Gosiee MesKo)
NoKa3aTesb CTENeHH:

52 =25, 5 =125, 5* =625 u T. .

B ofwem cayyae
a"=a-a+-4 ... G

- -

n pas

[MpuBeném npumepsl, MOSACHAIOUIHE BCE CKa3aHHOE.
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1. Tlpumem 3a ocHoBanue 4HMCJ0 3 H GyaeM BO3BOJHTh
ero B Pa3/IMYHbLIE CTeNeHH.

3’'=3.3=9; 3’=3-.3.3=27; 3*=3-3.3.3=328I;
3’=3.3.3.3.3=243u 1 1

2. Ilpumem 3a ocHOBanHWe Kakoe-HHOYJAb OTpHLATENbHOE
YHCJI0, Hanmpumep —2, TOrja TOJYYHM:
(—2}=(—2) - (—2)=4;
(—2) =(—2) - (—2) - (—2) = —8;
(—2)¢ = (—2) < (—2) - (—2) - (—2) = 16;
(—2P=(—2) (-2 (-2 (—2- (—2)=—32 u T 1

2
3. IlpuusiB 3a ocHoBanue JApo6GHOE YHUCJO, HAMpUMEp 3
NOJIYYHM:

(gr_ﬁ-?_i.ﬁﬁf_Hi.(EV_iﬁnT
3] T3.3T 09 \3] Taor 3] TE - A

4. TlpunsiB 3a ocHOBaHHe ApPOOHOE OTPHIIATENILHOE YHCJIO,

HanpuMep — — , TOJIYYHUM:

|
alw wlo

3-8 (- )-

- T i) i) =m T A
Cnenyer 3anoMHHTb, YTO HYJb B JI000H CTeneHH pasey

HYJ10, eAHHHLAa B 060l crteneHd paBHa 1, Tak Kak:

B 0: 0ol ouw 0= Paslola . w12,
e =

[IpuHsAITO BTOPYIO CTENEHb YHCJA HA3blBaTh KBaJpaToM,
a4 TpeTbl0 CTerneHb — Ky OOM 3TOro 4Hucaa.

310 00BbsACHSETCS TeM, 4YTO MJollaAb KBajpaTa cO CTO-
POHOH @ BbIpa)KaeTcsl BTOPOH CTenesblio 4YHCJaa a, TO €eCThb
a-a=a® (KkBajapaTHbIX eiuHHN), a o0béM Kyba ¢ pebponm,
PaBHBIM @, BbIpaxKaeTcsi TPeTbeH CTeneHbid 3TOro 4HcJa:
a-a-a=a® (KyOuyeckux eaunuy). Bossejgenue uucen Bo
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BTOPYI0O H TPeTbiO CTeNeHb KOpPOYE HA3bIBAIOT BO3BEJEHHEM
B KBajpaT H B KYyO.

[To cMbicly onpejesieHHst JEeHCTBHA BO3BEJEHHSA B CTENEHb
fI0Ka3aTeJb CTENEeHH MOMKEeT PaBHATbCH ABYM, TPEM, YETHIDEM
M T. A., TO €CTb MOXkKeT ObITb TOJLKO HATypaJibHbIM YHCJIOM,
OO0JILIUMM €M HHILBI.

[TpuHsaATO cuuTaTh, YTO nepeas cmeneHo 006020 HUCAQ eCMb
€Camo 3mo 4ucio, Hanpumep:

5B B8,355=835 (~3) =3

3aMeTHM, OJIHAKO, YTO NoKa3aTtesab 1 OObIYHO He NMHUILETCH.

Hrak, ecau uucsao 3anucaHo 6e3 rnokasartessi CTENEHH, TO
Mnojpa3yMeBaeTcsi, YTO 3TOT IOKa3aTesJb paseH l.

B apudmernke rnokasaTesNiIMH CTeNEeHH NOJAL3YIOTCA A
KPaTKOH 3anuCH pas3JIOXKEHHS IeJbIX YHCeJl Ha MHOXHTEeJH
B TOM cJlyyae, KOrja CpeJH MNpPOCTbIX MHOXHTE/NEH NaHHOro
YHCJIa HMEKTCH paBHbBle MeXAy co06od. Pa3sioxxuB, Hanpumep,
Ha npocTele MHOXHUTeaH yuciao 60984, nonyuum:

60984 =2.2.2.3.-3-7-11.11.

KpaTtko, no/sb3ysich IMOKa3aTeJsIMH CTeNeHH, 3TO YHCJO
MOXHO 34aIllHCaTb TakK:

60984 = 2%.3%2.7. 112

[lone3no 3anoMHHTL 3anuCh €JHHHI, Pa3/IHYHLIX pa3psAanoB
B Buae creneHed yucaa 10:

100 = 102; 1000 = 10%; 10000 = 10%; 100000 = 105;
1000000 = 10® u T. Z.

M3 npuBelN€HHBIX YHCJIOBLIX NPHMEPOB BHAHO, YTO MpPH
BO3BeJleHHH OTPHLATEJILHOrO YHCJAa B YETHYIO CTeNeHb NOoJy-
yaeTcsl MOJIOXKHTEJIbHOE YHCJIO, a NPH BO3BEAECHHH B HEYETHYIO
CTEeNeHb MOJIYYyaeTcs OTpHUATeJbHOe YHCJIO.

D710 U NOHATHO. Y€THasi cTeneHb BCSKOro 4yHcJsa ecThb Npo-
u3BeJeHHe YETHOrO YHCJAa COMHOXHTeNeHd, a YETHOe YHCJIO
OTPHUATE/NbHBIX COMHOXHTeJeH JaéT B NMPOH3BEJEeHHH MNoJo-
xKuteapbHoe yuciao (§ 18).

HeuéTHasa creneHb OTPHUUATEJIbHOrO YHC/A Kak Npou3Beje-
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HHE HEeUéTHOro0 YHCJAa OTPHUATENbHBIX COMHOXHTeNel Gyjer
OTPHLLATEJNbHBIM YHCJIOM.

Utak, 4émnas cmenens OomputjamesbHo0 4UCAA NONOXKC U-
MPALHA, HEYEMHAs CmeneHb OMpULamerbHa.

§ 23. Mopanok BbINOJAHEHNA NEHCTBHH.

BosBejenne B creneHb cyuTaercs: apudmerHyecKuM aedcrt-
pueM TpeThbeil crynenu. Ecau anre6panyeckoe Bbipa)keHue
COJIEPIKHT pas/iHyHbie apH(pMeTHYecKHe JeHCTBHS, TO crepsa
IPOM3BOAMTCA BO3BeJleHHe B CTelleHb, KaK JeiCTBHe BhICLUE
(TpeTbeil) CTYNEHH, 3aTeM YyMHOXEHHE H JAeJeHHe (JeACTBHS
BTOPOH CTYMeHH) M, HAKOHEll, CJOMKeHHE H BblyHTaHHe (JeHCT-
BUSI MEPBOH CTYIEHH).

[TosichuM cka3anHoOe NpHMepaMH.

[Tpumep 1.

4 :86%02 =420 12 = 100:2==350,

[lepBeiM npousBejeno Bo3BejeHHe B KBajapar (aeidcTBue
TpeTbeH CTYMNeHH).
[Ipamep 2.
5.-23—6%:12=5-8—36:12=40—-3 =37.

[TpousBenennl JedcTBHSl CHayana Tperbeil (BO3BejAcHHE B
Ky0 H B KBaJlpaT), 3aTeM BTOpPOH H, HAKOHell, NepBOi CTyNeH!.
[Tpumep 3.

3-4—6)0+(3-72+5=3-(—2)"+ 212 4-5.

Chnayajla BbIYHCJIEHBI pa3HOCTb M NpOH3BeJeHHe, 3aKJIo-
yéHHble B CKOOKH, 3aTeM BLINOJIHEHO BO3BeJeHHEe B CTeNneHbs
H T I

[Ipumep 4. BolyucauTb 3HayeHHe anre6panyeckoro Bhbi-

pakeHus

—2‘“? 4 3ab?

a® —
npp a=1, b= —2; npua=—3, b =5; npu a=2, b=2.
[lpp a =1, b = —2 noayunm:

3l (2P =3 (8=
1T — (—2)8 _1}14 =
2
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[lpn a = —3, b =>5 noayuum:

2. (—3)? __2:9 =
—m5+3(—3) - 8¥=5—3+3-(—3)- 1256 =

(—3)?
18 9009

[Ipu a =2, b =2 paHHoe BblpaKeHHE BBIYHCIHTL HENb3s;
OHO TepseT CMbICJ, TAK Kak B 3HAaMeHaTese T[0JYy4aeTcs
22 —22=0, a HA HYJb JEJUTb HeJb3sl.

§ 24. YpasHeHus.

3anaua. K nekomopomy wucary npubceusu 8 u noayuuiu
17. Haiimu 3mo uucao.

PewnM 3ajady Tak: 0003HAYUM HEH3BECTHOE YHCJIO KaKOii-
Jubo OykBoii, Hanpumep a. Ilpu6GaBuB K Hemy 8, noJayuum
a + 8. Ho no yc/oBHI0 3a/1ayu 3Ta cymMMa J1oJ1xKHa ObITh paBHa

17. 3HauuT:
a-t+8=17.

3aech a u 8 ABASIOTCS cjaraeMbiMH, a 17 — uX CyMMOoIi.
Kaxzoe u3 AByX cJaraeMblX paBHO HX CyMMe MHHYyC Jpyroe
cJjaraemMoe. 3HAYHT:

a=17—8, nin a=09.

[TpoBepum, nojacraBuB 9 BMecTO @ B BbipaxeHue a - 8:
948=17.

3ajaya pelueHa BepHO.
PaBeHcTBa, B KOTOpble BXOAHT HEH3BECTHOE YHCJIO, HOCHAT

ocoboe Ha3BaHHe.
Onpenenenune 1. PaBeHcTBO, coaepxaulee HeU3BeCT-
HOE 4Yuca0, 0003HAYeHHOoe OyKBOH, HA3bIBAETCH YPaBHEHHEM.
Botr ewé npumepbl ypaBHeHHIA:

om + 5 = 2; -i-k+7=13; -

Bripa:kenue, cTosilee cJieBa OT paBeHCTBA, HAa3bIBAaeTCH
NeBOH yacThlo, a crosilee cripaBa —MNpaBOH YacCThio
ypaBHeHusl. B ypaBHeuuu a 4+ 8 = 17, a 4+ 8 — neBas, a 17 —
paBasi 4acTb YypaBHEHHS.
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Onpepenenue 2. Pewnth ypaBHEHHE — 3HAYHT HAHTH
Té 3HAYEHHMS HEH3BECTHOro, MpPH KOTOPHIX 00e yacTH ypas-
HEHHs] PABHbI OJJHOMY W TOMY e YHCJy (ADYTHMH CJIOBaMH:
BCE Te 3Ha4yeHHs] HEH3BEeCTHOro, MNpPH KOTOPBLIX paBeHCTBO
OyZeT BepHLIM).

[ OBOpAT, YTO 3TH 3HAYEeHHS HEH3BECTHOro Y J1OBJI€TBO-
pSIOT ypaBHEHHIO.

Onpenenernue 3. 3HaYeHUs HEHU3BECTHOro, KOTOpbIie
YAOBJETBOPAIOT YPaBHEHHIO, HA3bIBAOTCH KOPHSIMH, HJM pe-
IWEeHNAMH, YpaBHEHMS,

Tak, mMbl BuJenu, uto a =9 eCTb KOpeHb, HJH pellueHHe,
ypaBHeHuss a -+ 8 = 17. IloacranoBkoii MOXHO y6GeAnTbCs,

yTo M = —-% fIBJISIETCSI KOpPHEM YypaBHeHHs1 2m - 5 = 2;

= 8 — ypaBHeHus %k 4+ 7=13; —2 u —3 — KOpHSAMH
ypaBHeHHSI x2 — Dx = 0.

[Ipunmeuvanue. DBoabweo 4YacTbio HEH3BECTHbIE YHC/lA B ypas-
Henuu obo3HayaloTc nocaeauHMu OykBamMH JaTHHCKoro aadapuTa:
x, y, z. Ho 3to ne o6s3arensHo. HeH3BecTHoe uuc/10 MoXKeT ObiTh 060-
sHayeHo J1060it GyKBO.

Pewenue npocteiiinx ypasHenwii. [IpuBepém emwé ue-
CKOJIbKO NMPHMEpOB ypaBHEHHH, KOTOpble JIErKO pellaloTcsi Ha
OCHOBAaHHH HM3BECTHBIX H3 apH(METHKH 3aBHCHMOCTEH.

[Ipumep 1.
x — 187 = 215.

Heu3secTHoe uuc/0 x sABAseTcs yMeHbluaembiM. Ho ymeHb-
[laeMOoe paBHO BbIYHTAaEeMOMY, CJIOXKE€HHOMY C Pa3HOCThLIO.
CaenoBartenibHo, 6yjeM HMeETb:

x = 187 4+ 215, unau x = 402,

[TpoBepka. 402 — 187 = 210.

[Ipumep 2. T
ﬁ.x—g.

IlenuTtenb paBeH JAeqHMOMYy, AeN€éHHOMY Ha yactHoe. Cle-

JOBaTeJLHO:
2 4.3

et
T

—15.2°

f.n[m
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4 2 4.5 9
ﬂponePKa. '1—5-5—=m=-§.
[Tpumep 3.

5x 4 14 = 6.

Haxoaum S5x Kak HEH3BECTHOE cJjiaraeMoe:
ox=6—14, Ob5x= —8.

Tenepp HaXOAUM X KaK HEH3BECTHbIH COMHOMKHTEb:
8

x=—8:5=——§-=—-1,6, x = —1,6.
ITposepka. 5:(—1,6)+ 14=-—8+ 14 =6.
Snayut, x = — 1,6 ecTh KOpeHb ypaBHeHHS.

§ 25. Pewenne 3agay ¢ nNOMOULbIO YPABHEHHMH.

B panbreiiweM, no Mepe u3yyenvs anare6pwbl, 6yaeT BHAHO,
KAKYl0 OTPOMHYIO POJib MIPAlOT ypaBHEHHs B pelleHHH 3ajay.
C nomMoulbl0 ypaBHEHHH JIErKO pellaloTCsl MHOT'He 3aJJauH, Ko-
TOpbie ¢ GOJBIUHM TPYAOM HJH JaxKe COBCEM He MOryT OBbITh
peiiexbl apH(pMeTHYeCKH, MNpPHYEM apH(pMeTHYECKOe pelleHHe
oOblYHO ObIBaeT OYeHb CJOXKHBIM H rpoMo3AKHM. [Ipumepsr
TaKUX 3ajay OyAyT AaHbl B JaJbHEHLIMX pasjenax anarebpbl.
3ech Xe JaJMM TpPHMepbl pelleHHs C MOMOLLbIO ypaBHEHH il
HEKOTOPbIX MPOCTHIX 3aJ]ad.

3agnavua 1. [laa kaacca Obiauw 3a20mosaeHsr mempaodu.
Kocda poszdaiu 48 mempadeld, mo ux ocmaaoce 32 wmyxku.
Croabko mempadeti 6510 3a20mo8aeH0?

CocTaBUM ypaBHeHHe IO YCJOBHIO 3azayu. Yucnao 3aro-
TOBJIGHHBIX TeTpajled obo3uauyuM uyepes x. Korpa pospanu 48
TeTpajielf, TO WX 3anac ymesbluuJsicd Ha 48, To ecTb TeTpajei

CTaJ10;
x — 48.

Ho B 3ajaue ckasano, YTO TeTpajei ocranoch 32. 3HAYHT,
0CTATOK X — 48 no/mKeH paBHATbCA 32, TO €CTb

x — 48 = 32.

Pewnm 370 ypaBHenue. HenspecTHoe 4HC/I0 — yMeHbLIaeMoe
PaBHO BbIYHTAEMOMY, CJIOKE€HHOMY C Pa3HOCTbIO. 3HAYMT:

x =48 4 32, unmu x = 80.
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[TpoBepka. 80 — 48 = 32.

Bo3uHKaeT BONpPOC: 4YTO O3HAYaeT OTPHIATEJIbHOE YHCJO,
€CJIM OHO NOJYYHTCH B pe3yJsibTaTe pelleHHs] 3aJayu?

PaccMoTpiHM HECKOJBKO 3ajau.

3apnaua 1. H zadymar uucro. Kocoa npubasur Kk Hemy
27 u peszyasmam pasOeaunr Ha 6, mo noaywua 3. Kaxoe wucao
A 3adymar?

1) O603HauuM 3aJlyMaHHOE UYHCJIO yYepe3 X.

2) IlpubaBuB Kk Hemy 27, noayuum x - 27.

x —+ 27

3) PasnenuB pesyspTaT nHa 0, monyynm —s—.

4) Ilo ycnoBHIO 3ajayH B HMTOre JOJKHO MOJYUYHTBHCH 3.
3HAYHT:

x - 27
5 = 3.

5) Peumtm 310 ypaBHenwe. Haiigém x - 27 Kak Heu3BecCT-
HOe JleJIUMoe:

x + 27 = 18.

Tenepp HalAéM X KaK HEH3BECTHOE CJaraemoe:

x=18—27, x=-9.
6) I1poBepyM mnoacTaHOBKOIA:

—94.97
90427 _18_ o

6 6

HUrak, 3aech uucio —9 sBJAsSIeTCSI OTBETOM Ha BOMNpoC 3a-
nayd. 1 AefACTBHTENIbHO 3aayMmas 4YHCA0 —9, NMPOHM3BEN HaA
HHM YKa3aHHble JIeficTBUS U noayuuJ 3. OrpuuaresbHble YHCa
31eCb SIBJASAIOTCA JAONYCTHMBbIMH SHAYEHHSMH JJI1 HEH3BECTHOrO.

3apaua 2. Yuenuk kynua mempads 3a T kon. u He-
CKOAbKO KapanOaweld no 2 xon. 3a kapandauwi. CKoabKo Ka-
pandaweld OH Kynua, ecau 3ansamun 3a 6clo nokynky 3 xon.?

1) O603HayuM YHCJIO KYMJIEHHBIX KapaHjallueid yepe3 x.

2) Torpa Bce KapaHAAIUM CTOSIT 2X KOIeeK.

3) Kapauzawu u terpaab BMecTe CTOAT (2% -+ 7) KoIeek.

4) lIlo ycnoBuio 3ajauu:

2x 4+ 7 =3.
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o) Pewaem ypaBrenue:

2 = —4; x=—2.

Ho neab3si Kynutb «MHHyC ABa Kapaujama». Yucjao Ka-
paHjawed He MoxeT ObITh OTpHUATeNbHbBIM. OTpHUAaTe/NbHbIE
3HAYEHHs1 He SABJAIOTCA JONYCTHMBIMH JJISi HEH3BECTHOrO.
3HAYUT, TOJYYEHHOE OTpHIlAaTe/NbHOEe YHMCJO TOKa3biBaeT, 4TO
3ajlaya He WMeeT pelleHHs. IDTO W TOHATHO: HeJb3d 3a Ka-
paHAawH 1 TeTpaib 3anJaTHTb MeHblle, YeM 3a OJHY TeTpalb.

3agaua 3. Asmomobuare udém u3 20poda co CKOpPOCMbiO
60 xkm 6 uac. B nacmosawuit momcum ox Haxodumesa om 20poda
6 240 km. Yepes ckoavko uacoe asmomobune 6ydem Ha pac-
cmosruu 120 km om eopoda?

[TpunaB 3a x yacoB Bpemsi, uyepe3 KOTOpoe aBTOMOGHJIb
6yner B 120 km oT ropoja, nocJiefloBaTeJbHO NOJYYHM:

60x 4 240 = 120, 60x = —120, x = —2.

MoxHo caenath BbIBOJ, YTO H 3J€Chb OTPHILATEbHbIH OTBeT
yKa3blBaeT Ha OTCYTCTBHe pewieHus. JleficTBUTe/NbHO, €CJH
aBTOMOOMJIb HAXOAMTCSA B JaHHbIH MoMeHT B 240 xm oT ropoja
H NPOAOJ/IKAET YJAaJAATbCA OT HEro, TO HHUKOrJa He HACTYIUT
TAKOH MOMEHT, Korjla aBToMo6u/ib 6yaer Haxoauthest B 120 ku
OT ropoja.

Ho MOKHO NMOJAOHTH K NMOJIYYEHHOMY OTBETY H MO0-APYyromy.
YcaoBHMCS, KAK W paHblle, BpeMsl, OTCUHTbIBaeMoe B Oyayiiee
OT HacTosillero MoMeHTa, o603HAYaThb MOJOMKHTENbHBIM YHCJIOM
W OTPHIlATENIbHBIM, €CJIH BpeMsi OTCYHTLIBAETCS B IPOLUJIOE.

[Ipu 3TOM yCJOBHH IS HEH3BECTHOro OyAYyT AONMYCTHMBIMH
KaK TIOJIOXKHUTe/NbHbIe, TAK M OTpPHLlATE/IbHbIe 3HAYEeHUS U MO0-
JIYUEHHbIH OTBeT —2 npHoOpeTaeT omnpeAeséHHblil CMBIC/A: OH
o3HauyaeT «2 vyaca Hasan». [leiicTBHTeNbHO, 2 4Yaca Hasaj
ABTOMOOHJIb HAXOAHJICS OT rOpPOAA Ha PaCCTOSIHHH

240 — 60 - 2 = 120 (kn).

Hrak, orpuuartesbHble 3HaYEHHS] HEH3BECTHOro, MOJyYeH-
Hble B pe3yJ/bTaTe pelleHHs 3ajJa4yd, MJH JAalOT OIpeieaéH-
HblH OTBET Ha BONPOC 3aJlayM, WM YKa3bIBAalOT HA OTCYTCTBHE
pellleHHs] B 3aBHCHMOCTH OT TOrO, SBJSIOTCS JIM OTpHLATEb-
Hble 3HAa4YeHHs AONMYCTHMbIMH JJISi HEH3BECTHOTO MJIH HET.
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§ 26. Ipaduku.

1. Fpaduk paBHOMEpPHOro JABHIKEHHS.

PewnM 3anauy.

[Muoneps: 8 noxode wiau co cKopocmvio 3 km & wac. Karoe

paccmoaxue OHu npowau 2a 1 4acoe?

£ coin HcKoMoe paccTosiHHe 000-
3HAYUM 4Yepe3 s, TO MOJYUYHM:

s = 3.

I
IlaBas f 3nauenus 1, 2, 3, 35

M T. A., HaiJéM 3HaueHus s, TO
ecTh paccTosiHHe, TMPOHAEHHOE 33
1 yac, 2 uaca, 3 yaca u T. A.
C noMmouiLio OTPe3KOB MOXKHO
HArJIsiJHO TNPeJACTaBHTh paccTos-
HUS, NpOHJeHHbIE 33 Pas3/IHYHbIE
npoMe:KyTkH Bpemenu. Ha wuep-
tTexke |4 mnpoBeieHbl W3 OJHOH
TOUKH JIBA B3aUMHO TMepreHiH-
KyJASpHbIX Jy4a, KOTOpble Haso-
BEM TOpPH3OHTAJbHOH H
BepTHKaaAbHOH ocsaMHu. Ha
rOpu30HTa/JLHOH OCH OTMETHM B
yacax BpeMsi ABHXKeHHS, BbIOpaB
HEKOTOPbIH OTpe3ok (Hampumep,
pasMep OJAHOH KJIETKH), COOTBET-
CTBYIOULHH oHOMY 4acy. Ha Bep-
THKAJIbHOH OCH OTMETHM paccTos-
HHe B KHJioMeTpax (CTOpOHA OHOM
KJeTKu o6o3nauaet 1 xkm). JJauHbr
NneprneHAuKyJIApoB, MPOBEJEHHBIX

PaccroaHue B wkunomerpax

24

22

20

®

o)}

a

=)

o

Bpema B yacax

Uepr. 14.

K FOPH3OHTaJLHOHM OCH H3 J1000ii eé TOYKH, MOKaXKyT pac-
CTOAHHe, TIPOHJAEHHOE 33 YKa3aHHbIH BHHU3Y TMPOMEXKYTOK
BpeMeHH. Be/IH4HHYy 3TOro paccTosiHHSI MOMKHO ONpPENE/IHTb,
MpoBeAsl W3 BepXHEro KOHUA MepneHAHKYJSp K BEPTHKAJbHOH

OCH

Tak kKak Hac WHTepecyeT TOJNbLKO AJIHHA KaxKJOro mneprieH-

AHKYJIsipa, TO MOXHO YepTE€X YIMNPOCTHTh, OCTABHB TOJbLKO
TOYKH — BEpXHHE KOHIIBl 3THX NepneHAHKyJspoB (4epT. 19).
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Herpynno mnposepuTb (NpHJIOKHB, HANpPHMEpP, JHHEHKY),
YTO BC€ 3TH TOYKH pAacrnoJioXKeHbl Ha OJHOM NPAMOJHHEHHOM
ayde. Ecau Oynem Gparb Gosiee MeJIKHE IPOMEXYTKH Bpe-
MeHH, TO HOBbIE€ TOYKHM PpacrnoJsioKarcsi Ha TOH Ke MpsMoii
MeXAYy YyiKe rnoJyyeHHbBIMH TouyKaMHu. [lpoBeném ator nyy
(uept. 16).
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22 29
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¢ 2 } +
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I I
| |
o 2 4 6 8t 0 2 4 6 8t
Yepr. 15 Yepr. 16.

[Tonyuennblit nyuy siBasiercd rpaHUKoOM paBHOMEp-
HOTO JABHXEHHSA CO CKOPOCTbIO 3 KM B yac.

[lepniengukynsip, TNpoBeAEHHbIH K TOPH30HTAJILHOH OCH
u3 moboit TOYKH rpaduka, TIOKaKeT pacCTosiHHe, NpoHjeH-
HOe 33 BpeMs, KOTOpPO€ YKa3blBaeT OCHOBAHHE MepleHAHKY-
Jspa.
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[To aToMy rpaduky MOXKHO Onpele/uTb pacCTOSIHHE, MPOH-
neHHoe 3a Jo6oH MPOMENKYTOK BPEeMEHH.
[lycte, Hanmpumep, MBI XOTHM OIpeJe/NHThL pacCTOAHLE,

5] l L] L]
npoiizientoe 3a 4 yaca. Haiiasi Ha ropH3oHTa/IbHO OCH TOUKY

1 " "

45, npoBeJéM K HeH MNeprneHjHKyJsAp A0 NepeceyeHus c rpa-
¢ukoM B Touke A. JlaMHA 3TOro mepneHAHKyaspa H3006pa-
" 1
)KaeT paccTosinue, mpoijenHoe 3a 4 uyaca. Beanuuny storo

1
PaccTOSTHUSA (135 mu) MOXKHO ONpeJle/MTh MO OTMeTKaM Ha

BEPTHKAJbHOH OCH.

[To saTromy ke rpadHKy MOXKHO pelUHTh H o6paTHYIO 3ajauy:
onpeje/MTh, 3a Kakoe Bpems OyleT NpPOHJAEHO HEKOTopoe
paccTosiHhe, Hanpumep 8 KA.

M3 Toukn 8 Ha BepTHKA/JIbHOH OCH MpOBEAEM K Hel mep-
Nes UKy sip N0 mnepecedeHds ¢ rpapukoMm B Touke B. U3
9TOH TOYKH ONYCTHM TEPNEeHJHKY/ISP Ha TOPH3OHTAJbHYIO
ocb. HuXKHHII KOHEL[ 3TOro NeprneHHKy/sapa H MOKaXKeT BpeMs
(npubau3uTesibHO 2,7 yaca), 3a Kotopoe Obla NMPOHJEH NMyTb
8 KA.

2. N'paduk Temneparypni. Caenyiomas tabauua MokKassl-
BaeT H3MEHEeHHe TeMIepaTypsl BO3/lyXa B OJHH H3 HOAOGPLCKHX
aHelt ¢ 12 yacoB wouu jno 12 yacoB Au.

Hyném o6o3nayeH MOMEHT Hayasa H3MEpeHHS], TO ecTh
12 yacoB HOYH.

|
Bpemasuacax [0 [ 1|2 3| 4 o | 6|7 [89]|10]11]12
Temneparypa I
B rpajycax 4 (21 |—I —25 —4|—5|—-3|0|1]|3|5]|6

HM3mMenenne temnepaTtypbl MOXKHO H300pas3uTh rpacguyeckH,
OTKJIaJblBasi B oMnpejeseHHOM Macuitabe Ha ropH30HTAJbHOM
ocH BpeMa B 4acax. KoHUbl nepneHauKyJsipoB, MpoBeiéH-
HBIX H3 TOYEK HA TrOPH30HTAJbLHOH OCH, TIOKAXKYT (ToXe
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B OMpe/eJEHHOM MacwiTaGe) COOTBETCTBYIOILYIO TeMMepaTypy
(yucso rpaaycos).

Ho B Ta6auue TemnepaTyp CTOSIT He TO.IbKO MOJIOMHTE/b-
Hble, HO H OTpHUATeabHBbIE YyHcaa. Kak oTMETHTbL HX Ha rpa-
¢uke? Ecan Bennunny, wanpumep 4°, Mbl u306paxanu mnep-
NeHJAHKYJISIPOM, TPOBEJEHHBIM BBEpPX OT rOPH30HTAJILHONH OCH,
TO YHCJI0 —4° eCTeCTBEHHO H300pa3uTh IeprieH UK YIS POM,
MpoBeACHHHIM BHH3 OT 3TOH OCH. 3HAYHT, BEPTHKAJbHYIO OCh
Mbl JIOJDKHBI TIPOJNOJIKHTbL BHHM3 JJIs1 OTCYETA TeMmIepaTtyp
HHXKe Hyas (uepr. 17).

8

Temneparypa 8 rpagycax
D -
ha
S
D
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o
e

e e e i e e

g . ol
Bpema 8 wacax

Yepr. 17.

1 31ech MOM¥HO BMECTO NepreHIHKYJIsiPOB OCTABHTh TOJBKO
uX KOHUBI (yept. 18). Ecau coegHuuM mnocsefoBaTesNbHO 3Til
TOYKH OTpe3KaMH MpsSMbIX, TO MOJYYUM rpapHUuK TeMme-
patypbl (uepr. 19), no KoropoMy MOKHO NpHOIH3HUTENBHO
onpeneniTb TeMmMnepaTtypy Bo3ayxXa B Jio6oi MomeHT oT 12 ya-
CoB Houu o0 12 yacoB jpHsl.
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§ 27. Kpatkue HCTOpHYECKHE CBEeLEHMS.
(M3 ucTopum oTpHuUATeNBHBIX uHCeJ.)

Ewmé HecKoJbKO ThiCAY JCT Haszal noTpeGHOCTH B H3MEPEHHH MNpPH-
BeJIH K PaCIUHPCHHIO MHOXMECTBA HaTypaJ/IbHbIX YMCeJ, KOTOPLIMH A0 TeX
nop MnoJb3oBajuCh JioAx. Dbiin BBeacHsl HoBble, ApoOHbie 4HCaa, € Mo-
MOLILBIO KOTOpPBIX CTaJIO BO3MOXKHO MPOH3BOAHTbL H3MepeHHs (AJHH, NJIO-
uiajeid, Beca M np.) ¢ Jo6oii cTeneubio TOUHOCTH, JONyCKaeMOf HHCTPY-
MCHTaMH.

[He Tak 0o6CTOAJIO A0 C OTPHUATEMBHLIMH YHCAaMU. B npakTuueckoi
NesATeNbHOCTH Jiojeil He oulyuwanacb noTpebHOCTL BO BBEACHHH OTpHIlA-
Te/IbHBIX YHCEJ, H OHH NMPOYHO BOWJIH B MAaTeMAaTHKY H MOJYYHJIH TNpH-
menenue auiwb B XVII Beke,

Ho B camoii maTeMaTuke nNOTpeOHOCTL B pacllMPeHHH YHCJOBOro
MHOKECTBA MyTEM BBEJCHHA HOBBIX OTPHUATEJbHBIX YHCEJ OULYIaJach
y)Ke JaBHO, H MO Mepe pa3BHTHs MaTeMaTHYeCKoii Hayku 3Ta notpeb-
HOCTh CTaHOBHJIach BCE 0o.iee HACTOATENbHOI.

Tak, emé B IIl Beke rpevecknit matrematuk [JuHodpauHT npH Bb-
NONHEHHH HEKOTOPLIX NpeoOpa3oBaHHil, Hanpumep

(2x — 3) (2x — 3) = 4x®* — 12x 49,

I:IJEKTH‘I'ECKH y»e IMO0Jb30Ba./ICA MNpPAaBH/IOM YMHOXEeHHSA OTpPHUATeJbHbLIX
yHceJ, KOTOpPoe OH Bbipaxasa TakK: «OTHHMaeMoe, YMHOXEHHOe Ha MpH-
GaBasieMoe, Aa€T B pe3yabTaTte oTHHMaeMoe, OTHHMaemoe, YMHOXKeHHOe Ha
OoTHHMaeMmoe, JaéT B pesyJbTraTe npubaBaseMoe».

M3 3toit dopmyaupoBku BHAHO, uTOo JlHOQaHT ewé He npu3Haman
CAMOCTOSITEJIbHOrO CYUeCTBOBAHHA OTPHUATENbHLIX YHCEJ;, AJS Hero OHH
GblAH  NPEKHHMH YHCJIAMH, <«OTHHMaeMbIMH» OT Kakoro-au6o apyroro
yucaa. [lo3ToMy, ecnM, HanpuMmep, NMPH peUIeHHH YPaBHEHHA MOJYYaJiCs
oTpuuare/ibhbliit Kopehb, [luopaHT ero mpocto or0pacbiBan Kak «HenO-
NyCTHMbIH»,

Ho yxe unauiickut yuéunii Dpamarynta (VII Bek) B cBoux
BLIUMCJIEHHSAX CBOGOAHO MOJIL30BAJICS OTPHLATENbHBIMH YHCJAMH H JaBaJj
uM HarasiaHoe HctoakosaHHe. OH o0003HayasJl HMMYLECTBO [MOJIOXKHTEb-
HBIMHM YHCJAMH, @ JOJr — OTPHUATEbHBIMH,

B sToil HarasaHoii ¢opMe OH JaBaJ M NpaBHJa JeACTBHI ¢ paumno-
HAJBHBIMH yHCaaMH, HanpuMep: «CyMMa JIBYX HMYIUIECTB — HMYIIECTBO.
CymMa AByX aoaros — poar. CyMma HMyuiecTsa M JoJra paBHa HX pas-
HOCTH, 4 €C/IH OHH paBHbI, TO HYJIO» H T. A.

Unauiickuit e matemaTuk B xackapa (XII Bek) noasayercs
CTeMeHbloO OTpHUATEJbHOro uYucaa. B ero counnenun «Beneu cucrembi»
rOBOPUTCH :

«KBasipaT Kak NoJIO)KHTeJbHOro, TaKk H OTPHUATEbHOrO 4McCJaa Jaér
IOJIOMHTEJbHOE YHCJIO, HanpHMep:

(452 =25 u (—b5)2 = 25».

B LEepone maremathkd XVI Beka, XoTsl M MOJb30BaJHCh MHOrAA
OTPHUATENbHbIMH YHCJIAMH, BCE e Ha3blBAJH HX CIOXKHBIMH» H CHESC-
HbIMH», «MEHbWHMH, YeM HHYTO» H T. M.
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JIume roananackuit matematvk JKupap (XVI—XVII Beka) noan-
3yeTCsi OTPUlIATENbHbIMH YHCJAaMH HapaBie C TNOJOXKHTeJbHbIMH. Tak,
peliasi ypapHeHHe

x3 —2x? — 5x 46 =0,
OH NPHBONHT TPH €ro KOpHs:
x1 =43, xeg=-+1, x3=-—2

Bypuoe pasBuTHe ectecTBo3Hanua M TeXHHKH B XVII Beke npean-
IBJAJIO NOBbilUeHHble TpeGOBaHHA M K MaTeMaTHKe, TpeGopaJio eé najb-
Helllllero pasBUTHS H YCOBepIlUeHCTBOBAHHA MaTeMaTluyecKoro anmnapara.
HenpuMeHenHe oTpHUATe/IbHBIX UHCEJ CO3/1aBaJjl0 HIJHIUHHE TPYAHOCTH
B MaTeMaTHYECKHX BblUHC.IeHHAX M npeoOpa3oBanuax. Haunnasic X VII Be-
Ka oTpHuaTeJbHble ulcJaa NPOYHO BXOAAT B MaTeMaTHKY H HaxoaaT
npakTHYeCKHe npHMeHenusi. PpaHuUysckHdH ¢uaocodp n marematuk [l e-
KapT Aa€T HarJasjgHoe MCTOJKOBAHHE YHCEJ C MOMOULBIO TOYEK YHCJO-
Boi ocH. OH MOJb3yeTCsi OTPHUATENbHBIMH YHCAaMH JJs rpaduyecKoro
1300paXi€HHsi PA3JIHYHLIX NPOUECCOB H aareOpaHyecKMX BblIpaXKCHM.




I'NTABA TPETDHA.

JAEACTBUSI HAJQ UEJIBIMU AJITEBPAMYECKHUMH
BBIPA)KEHHUAMH.

§ 28. OgHousleH U MHOroO4YNEH.

1. PaunonaabHbie asreGpanyeckue Buipaxenus. B npejb-
AVUIHX rJiaBax pacCMaTpHBAJHCh MATb JEHCTBHH HaJ paLHO-
HAJMbHBIMH YHCJAMM: C/lOJKeHHe, BbIYHTAHHE, YMHOXKeHHe, je-
Jieliie H BO3Be/JeHHe B CTelleHb.

B nacrosimeii rnase Gyjnem paccMaTpHBaTh aareGpaHyeckiie
BbLIPAXKeHHs, COCTaBJIeHHbIe C TNMOMOLILbIO 3THX MNATH JEHCTBHIA.
Bce Takue BbIpa)kenHsi Ha3bIBAOTCA PALHOHAJbHBIMH.

Onpenenenue 1. AareGpanyeckue BbipaXKeHHs, CO-
CTABJEHHbIE M3 4YMced, 0003HaYeHHbIX UMPpaMH U OyKBaMH
C NOMOLULIO AEHCTBHH CJIOXKEHHS, BblY4UTAHUS, YMHOKEHM,
AeJAEHHS H BO3BEJICHHS B CTeNeHb, Ha3bIBAKOTCHA PALHOHAJIb-
HbIMH.

[Tpumepsl pauMoOHaJIbHBIX BblIpaXKEeHHH:

i m® -+ n? : (@ — b)* + (a®+b?),
a+ b, a b, m, 0,25, 3(ﬂa—i—b2) ]
x+xy—y* 2, 4
’ a"!— El_' 5
S

2. UHeable v apoOHbie BbipaxeHusa. PaccMOTpHM cuielyio-
Llle palHOHAJbHbIE BBHIPAXKEHUS :

) 2
a2 —0,3ab + 1; -f; a+ ;.
[Tpu paccmoTpeHuM pas3/MUHBLIX BhIpa)KeHHH B aare6pe o0-
pallalT TIJIABHOE BHHMAaHHE Ha JeHCTBHUSI, KOTOpbleé HaJ0

MpoH3BEeCTH HAJ 4YHcjlaMH, 0603 HaYeHHBIMH OGyKBaMH.
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[lepBoe u BTOpOE H3 3THX BHIpaXKE€HHH COBCEM He COJepiKar
JEeHCTBHSA JleJIeHHs1 Ha 4YHcsa, o6o3HaueHHble OykBaMH. Takue
BbIpaXKeHHs Ha3bIBAIOTCS Ll €JI bl MH.

Brtopoe BbipaxKeHHe CONEpPKHT JeHCTBHE JeJeHHs Ha
uyucsgo 4, o6o3HaueHHoe uHppoid. Ho Mbl MoXKeM, pasaenus
cyayasna 5 Ha 4, 3anucaTh 3TO BTOpOE€ BLIpAXKEHHE TaK:

b
7% HJIH 1,25x.
Bripaxkenue
P 3x2 —4x-}5
2
TaK)e SIBJISIETCS LeJIbIM; €ro MOXXHO NpeACTaBHTb B BHJE:

8 . 5
7 X& — 23.’ + 'Q".

Hakownel, TpeTbe Bhipa)keHHe COJEPXKHT JieJIeHHe Ha YHCJIO,
sanucanHoe 6yKBOH. (['OBOpPAT TaKke, YTO 3TO Bbipa)KeHHe
uMeeT OYKBEHHbIH JeJuTelb.) Takue Bbipa)KeHHsl Ha3blBalOTCs
Apo06HBMH.

Eué npumepnl ApOOGHLIX BLIPAXKEHH:

A ate, m+1, I 3
y¥+1° da m—1" 56 °

Onpenenenue 2. PauuoHaiabHoe BbipaXKeHHe Ha3bi-
BAeTCs LEJbIM, €CJH OHO HE COJAEpHKMT AeleHHsl HA OykBeH-
HO€ BbipaXKeHHe.

Onpepgenenne 3. PauvoHaabHOe BbipaXKeHHe Ha3bi-
BaeTcsi ApOOGHBIM, €CJH OHO CONEPXKHT Je/eHHe Ha GyKBeH-
HOe BbipaXeHue.

MoxxHo Kopoue cKasaTb: pallMOHaAJbHOe aJrebpanyeckoe
BblpaKeHHe HAa3bIBaeTCs LeJIbIM HJIH JPOOHBIM, CMOTPS 110 TOMY,
MMEEeT HJIM He MMeeT OHO OYKBEHHOro JeJIHTeJId.

3. Opnounen. M3 uennix Boblpa)keHHH HauboJee NMPOCTHIMiI
CYMTAIOTCS] TaKHe, KOTOpble COAep:KaT TOJIbKO JEeHCTBUSA yM-
HOXKEHHSI W BO3BeJleHHs! B CTeleHb, HalpuMmep:

2a; 3a2b; -g- X% abie’; —0,23.

Takue Bbipa)keHUs HA3LIBAIOTCS OJJ HOUJE€HaMH.

Onpepnenenue 4. AareGpanyeckoe BbIpaxKeHKe, KOTO-
po€ CONEPKHUT TOJbKO JEHCTBUSI YMHOWKEHHSI H BO3BEAECHKS
B CTelNeHb, HA3bIBAETCSH OJHOYJIEHOM.
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Takum o6pasoM, odno4sren npedcmasasiem cobod npousse-
denue 4ucr08020 mHoxcumern u byxke, Kasdas u3 KOmMopoix
832ma 8 ONpPederéHHOll cmeneHu.

Mpumeuanune. Tak Kak BO3BeZeHHe B CTelNeHb eCTb YACTHLIA
cayuali ymMHOXeHHMsI (MBI MOXeM, Hanpumep, a® 3anucaTb B BHJE aaaq),
TO MOXHO CKa3aTh, YTO OOHouAeH ccdepicum moackKo 00HO Oelicmeue —
YMHONCEHUE.

Bewpasicenue, cocmosujee moabKo u3 o0Hou 6Gyxevl, maxoice
cuumaemcs OOHOYNCHOM.
OO0HOYNeHOM cuumaemcs. U 6csAKoe omadeabHOe 4UCAO0, 2anu-

CanHOe yuppamu.
a*b

4
KaK XOTSl OHO H COJAEpPXKHT JeJieHHe, HO JeJiiTejJb 4 Mbl MO-
JKEM OTHECTH K YHCJIOBOMY MHOXKHTEJIO H 3allHCaTh BbIpake-
HHE TaK:

Bblpﬁ}l{E‘HHE BH]IlA TOXE€ CYUHTAETCHA OJJHOYJIEHOM, TakK

%azb, uau 0,75a%b.

4. Mrorousien. HecKOoJNbKO OJHOY/JIEHOB, COeIHHEHHBIX
3HAKaMH CJIOXKEHHS M BbIYHTAHHA, 00pa3yioT HOBoe aJjirebpau-
yecKoe BbIpa)KeHHe, KOTOpPOe Ha3bBaeTcss MHOT OYJ € HOM.

Hanpuwvep: 3x® — dxy -} 6y — 8.

Mul yKe 3HaeMm, 4YTO BCerja BbIYHTAHHE MOXKHO 3aMEHHTH
CJIOXKEHHEM H BCSKOE BbIPpAXKEHHEe, B KOTOpOEe BXOJST CJOXKe-
HHe W BbIYHTAHHE, Npe/CTaBUTh B BUJIe a/ire6pauyeckoi CyMMBl.
Hanpumep, npuBej€éHHOE Bbili€ BbIPAXKEHHE MOMKHO 3alHCaTh

TdK.
3x? + (—3xy) + 64 + (—8).

Onpepenenune b. AareGpauyeckass cyMMa HEeCKOJb~
KHX OJHOYJIEHOB Ha3biBaeTCs MHOro4Jie HOM.

Kaxplii ojHOYJIeH, BXOJASILIHH B COCTAB MHOrOYJIeHa,
Ha3bIBAETCA €ro 4YJieH O M.

MHorousieH, COCTOSILKI U3 ABYX 4YJEHOB, Ha3blBaeTcs TaK-
e JBYYJIEHOM; MHOro4J/ieH, COCTOSILHH H3 TPEX YJ/IeHOB, Ha-
3bIBA€TCS TPEXUYJIEHOM H T. [.

[Ipumepsl ABY4YJIEHOB:

x4+ 1, a4 b; 3a*b— 4b%.
[Ipumepsl TPEX4JIeHOB:
x*+x+1;, 3y>—4ay® + 4.
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OnHouneH CYUTAeTCsd YacTHBIM CJy4YaeM MHOro4JieHa: 3TO
MHCT'OUYJIEH, COCTOSILILHH M3 OJHOrO 4YJIeHa.

MpuMmevan ue. HM3yuuB peficTBHA Hajy OJHOYNEHaMH H MHOro-
uJCHAMH, Mbl CMOXKeM Jio6oe Liesoe aare6panyecKoe BbipaXkeHHe MNpeacTa-
BHTb B BHJAe aire6pauuyecKoil CyMMbl OJIHOYJIEHOB (B YaCTHOCTH, MOJKeT
Nnoay4HThes ofgHouseH). [loaToMy BCfiIKOe uesioe Bbipa)KeHWe, Kak Ha-
npumep

(x4 y)b; 2 (a® + 3b?) — 6b%; m(m + n) —m?,

cyHTaeTcss MHoroujeHoMm. AareOpaHyecKass CyMMa OJHOYJIEHOB €CThb Tak
Ha3blBaeMblii HopMaJibHbli (OObIYHBIA), MpOCTeHIIHHE BHA LeJsoro anareGpau-
yecKoro Bbipaxenusi. C 3TOro npocreiiero BHAa Mbl W Ha4YHEM H3yuyaTb
MHOIOYJIeHbI,

Jpobuble paunoHaJbHble BbIpaxKCHHA, KaK HampHMep
a X—¥y. 2¢* — 3

b’ x e LR TH

He SABJAKTCA ULeJbIMH, MNO3TOMY HX HeJAb3d CYHTATk MHOrMOUYJIEHaMH,
B 4YaCTHOCTH HX HeJ Ab3dA CYHTATDL OJHOYJICHAMH.

§ 29. ToxpecTBa W TOXKASCTBEHHbIZ nmpeobpa3oBaHMs.
[lycth panbl gBa anreGpadyecKHX BbIpaXKeHUSA:
1) 2(x+5—4 u 2 2x-+6.

CocraBum Tab/Mlly 3HAYEHHI KaXJOro H3 3THX BBIpaxce-
HHI MPH pa3JHYHBLIX YHCJIOBBIX 3HAYEHHAX OYKBHI X.

X < | B ] 8 —2—1011_:‘2_5?2050

o(x+5—4] —8| —4| 0 | 2| 4|68 9 [16[20/46]106

2x + 6 —8|—4| 0 2|1 4|68 9 [16/20/46]106

Mbl BHIHM, YTO NpPH BCeX TeX 3HAYeHHNX, KOTOpbLie Ja-
BaJHCh OyKBe X, 3HaYeHHs OOOHX BbIpa)KeHHH OKa3blBAJHCh
paBHbIMH. To e OGyJeT H NpH BCAKOM JPYroM 3HaYeHHH x.

UTo6bl y6efuThCS B 3TOM, npeo6pa3yeM nepBoe BhIpae-
Hde. Ha ocHOBaHHH pacnpejesIHTe/IbHOrO 3aKOHAa 3alHuiem:

2(x+5)—4=2x+2-5—4.
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[lpoussens Hajg 4yHMCnaMH yKa3aHHble JIEHCTBHUS, MOJYYHM:
2x + 10 —4 = 2x - 6.

Hrak, nepBoe BbIpa)keHHe MocJie ero yrnpouleHHs oKa3a-
JIOCh COBEpLIEHHO TaKHM 3Ke, KaK H BTOpPOe BbIpaXKeHHe.

Tenepp sicHO, YTO NMpH J0OOM 3HAYEHHH X 3HAYeHHsT 0O60HX
BbIPA)XE€HHH paBHBI.

BripakeHHs, 3HaYE€HHA KOTOPBIX paBHBI NMpPH JOGLIX 3HA-
YeHHSIX BXOJMIIHX B HHUX OyKB, Ha3bIBAIOTCS TOXKJAECTBEHHO
PAaBHBIMH MJIH TOX JJ€CTBeHH bl MH.

3uauut, 2(x 4 9) —4 u 2x -+ 6 — TOXKAECTBEHHbIE BhLIpa-
HKeHHSI.

Cunenaem onHO BaxKHoe 3ameyaHHe. Bo3bMEM BbIparkeHus :

DE=" u 2) x+43

CocraBuB Tabauuy, nojobHyio mnpeablayuleit, ybexumcs,
uyTo O0a BbLIpa)KeHHs MpH JIOOOM 3HAUYEHHH X, Kpome x = 3,
HMEIOT paBHble YHCJIOBbIe 3HA4yeHHsl. TOJMbKO NMpH X = 3 BTO-
poe BbipakeHHe paBHo 6, a mepBoe TepsieT CMbICJ, TaK Kak
B 3HameHaTejie rnosaydaercsd HyJsb. (Bcmovuum, 4To Ha Hysb
JIC/IUTh Heab3f.) MOKHO JM CKa3aTb, YTO 3TH BbIpaXKeHHS
TOX J1eCTBEHHBI ?

Mpbl paHblle yCJOBHJHCH, YTO KaxKJOe BhIpakeHHe Gyaem
paccMaTpHBaThb TOJILKO TNPH JONYCTHMBIX 3HaueHHAX OYKB,
TO €CTb TMpPH TeX 3HAYEeHHAX, NMPH KOTOPHIX BLIpAXKEHHE He
TepsieT CMbicJa. 3HAYHT, H 3JeCb, CpaBHHBas JBa Bblpae-
HHSl, MPHHUMaeM BO BHHMAaHHE TOJILKO Te 3HauyeHHA OykKs,
KOTOpble JOnyCTHMBI JJisi o6oux BeipaxkeHui. Ilostomy 3ua-
yeHHe X = 3 Mbl JO/DKHBI MCKJIOYHTb. A TaK KaK NpH Bcex
OCTaJIbHBIX 3HaYeHUSAX X 06a BbIpa)KeHHSA HMEIOT OJHO H TO XKe
YHC/IOBOE 3HAYeHHe, TO Mbl BIIpaBe CUYHTATb HX TOXKJECT-
BEHHbIMH.

Ha ocHoBaHHM CKa3aHHOro JajauM TaKoe oIlpeaeeHHe
TOX/IeCTBeHHbIX BBIpAXKeHHH.

1. BoipaxeHus Ha3bIBAlOTCH TOXAECTBEHHBIMH, €CJH OHH
MMEIOT OJHHAKOBBIE YHCJOBbIE 3HAYEHHS TNPH BCeX Aony-
CTHMbIX 3HAYEeHHSX BXOAAWMX B HHUX OyKB.

Ecin nBa TOXKJECTBEHHBIX BhbIpa)KeHHs COeAHHHM 3HAKOM
paBeHCTBa, TO MOJYYHM TOKJAECTBO. 3HAUHT:
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2. ToxpecTBOM Ha3biBAETCH PAaBEHCTBO, BEPHOE MpPH BCex
AONYCTHMbIX 3HAYEHHAX BXOAAUMHX B Hero OykBs.

Mbl yxe paHbllle BCTpeYaJuCb € TOXJAeCTBaMH. TakK, Ha-
NpuMep, TOXKAECTBAMH HABJISIOTCA BC€ pPaBeHCTBA, KOTOPLIMH
Mbl BbIpa)KaJlH OCHOBHbLIE 33aKOHBI CJOXEHHSI W YMHOXEHHS.

Hanpumep, paBeHCTBa, BbIpa)KalollHe NepeMecTHTe/bHblii
3aKOH CJIOXEHHA

at+b=0b+a

H CoYeTaTesibHblH 3aKOH YMHOMEHHS
a (bc) = (ab) c,

crnpaBe/IUBbl AJf JIOObIX 3HAYeHMH G6yKB. 3HAYMT, 3TH pa-
BEHCTBA SBJSIIOTCA TOXJECTBAMH.

ToxjecTBaMH CYHTAIOTCH TaKXe BCe BepHble apHmeTH-
yeCKHe paBeHCTBa, HalpHMep:

245=7, 3-5:-6=900; (B4 6)-7=863.

B aare6pe uacTo NPHUXOAHMTCS KaKoe-JHOO Bbipa<eHue 3a-
MEHATb JIPYrdM, emy ToxjaecTBeHHbiM. [lycTb, Hanpumep,
TpefyeTcsl HAaHTH 3HAYEHHE BbiPaXKeHHS

37a + 36a + 27a
npu a = 6,53.
Mbl 3HauuTeNbHO 06J€ryuM BbLIYMCJIEHHS, €CJAH JaHHOe

BbIpaXX€HHE 3dMEHHM BbIPpAXKE€HHEM, €MY TOXIAECTBCHHbLIM. Ha
OCHOBAHHH pacnpeie/IMTe/IbHOrO 3aKOHA MOXEM 3daMHCaTh:

37a + 36a + 27a = (37 + 36  27)a.

Ho uncna B ckob6kax pawor B cymme 100. 3nauur, umeem
TOX JIECTBO:
37a 4 36a 4+ 27a = 100a.

[ToncraBuB B npaBylo yacTb ero 6,53 BmecTo a, cpa3y (B yme)
Hal1éM YHCJIOBYIO BesHYHHY (653) JaHHOrO BhIpaXKeHHS.

3amMeHa OJHOro BbIPAXEHUS APYrHM, TOXAECTBEHHbIM
€My, Ha3biBaeTCsl TOXAECTBEHHBbIM NnpeoOpa3oBaHueM 9TOro
BbIpaXeHus.

HanomuuM, yto BcAKoe anrefpanyeckoe BbipajkeHHe MpH
MOOLIX JONMYCTUMBLIX 3HAueHUAX OYKB $SBJSETCS HEKOTOPbLIM
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yncaom. Orciofa chnepyer, 410 K asare6panyecKHM Bbipake-
HUSIM TPHMEHUMbl BC€ 3aKOHbl H CBOHCTBA apHpMETHUYEeCKHX
nehcTBHit, KoTopble Gbl/IM NpHBEJEHH B Npelbifylled rJase.
Urak, npumerenue 3aKoH08 u ceolcms apugmemuyeckux Oeu-

cmeul npeobpasyem 0anHoe anrzebpaudeckoe ebLpadicerue 8 moic-
OecrneeHHoe emy 8blPANCEHUE.

§ 30. Koapduuuenr.

Mbl 3HaeMm, 4TO ojHOYJIEH NpejcTaBaAseT coGoi Mpou3Be-
JIeHHe YHUCJIOBOIO (3anUCaHHOro UH(ppPaMH) MHOXKHUTENSA H OYKB,
KaXKJias H3 KOTOphIX Gepércs B onpejaesieHHOH cTeneHd. Yuc-
JIOBOH MHOXKHTE/b HMEeT criellHaJbHoe Ha3BaHHe — K03 ¢ ¢ u-
LHEeHT H CTaBHUTCA OObIYHO HA MepBoe MecTo. Tak, Hanpumep,
qyicso 4 aBasiercs Ko3hduuueHTOM ojHouYNeHa 4a*xy. Ecuau
NPOH3BeJ€HHE COAEPHHT HECKOJBKO YHCJOBBLIX MHOXKHTENed
(uesbix uJau  ApobHBIX), TO OOLIYHO (MOJIB3YACH MEepeMecTH-
TeJIbHBIM H COYETaTeJbHbIM 3aKOHAMH YMHOXEHHS) MepemMHO-
¥AOT HX OTAEJBHO H TNOJyYeHHOE NMpoH3BeJEeHHEe CTaBAT Brie-
peau OYKBEHHbIX COMHOMKHTEJIeH,
3ab « 4xy®

5 L

[Tyctb, Hanpumep, JaHO BbipaKeHHe
lIeM €ro B TaKoMm BHJE:

nepernu-

3-4. 4 atbxy® = = atbxy®.

Kosdpduuuentom 6yaer yuc/o %

Onpenenenne. YUncaoBOH MHOXUTENb, CTOAUWMHA Bne-
pead OYKBEHHBIX MHOXHTEJIEH, Ha3biBaeTcd Ko3(pPpHuu-
e€HTOM.

Ecan Bbipa)keHHe COAEPKHT TOJNbKO OYKBEHHbIE MHOMM-
TeJH, TO TOBOPAT, 4YTO ero KO3(hPHUHEHT paBeH eJIHHHIE,
IefictBuTenibHO, Hanpumep, BoipaxkeHus ab u 1 -ab paBHbl
MEX1y COOOH, TaK KaK OT YMHOMEHHUS HAa €JHHHIY YHCJIO HE
uamensiercs. [lostoMy Ko3dpuuHeHT efHHHLIA OOLIYHO HE MH-
wercs.

Kosdpduuuent —1 TakKe He numercs, a CTABUTCA 3HAK —
nepes BceM mnpousBejgenveMm. Hanpumep, (—I1)x*y = — x%y.
[1puBeséM HECKOJNBKO NPHMEpPOB.
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I[Tpumep L.
— 4a2b3.

KoaddHuuuenT 3Toro oAHouJeHa paBeH —4.

[Tpumep 2. AnreGpanueckoe Bhipa)kenne 2a(x - y) 3a-
NMHCAaHO B BHJE MPOU3BEJEHHS, NMO3TOMY YHCJIO 2 MOXKHO CUH-
TaTb €ro Ko3(pHLHEHTOM.

[Ipumep 3. Bupaxeune 2a2b — 3ab? -+ 5ab ects MHO-
ro4ysieH, B KOTOPOM KO3((HIHEHT NepBOro uJieHa paBeH 2,
Ko3pduHeHT BTOpOro — 3,a KoachduuueHT Tperbero 5.

HHorjpa B npousBeieHHH, CoJiepKalleM pa3anuibie 6yKBeH-
Hble (H YHCJIOBbIE) MHOXKHTEJIH, BLIGHPAIOT OJJHY HJIH HECKOJbKO
OyKB H CYHTAIOT STH OYKBHI T'JIABHBIMH.

Ecii3apanee ykKa3aHo, Kakue 6yKBbl BolOpaHb! IJiaB-
HbIMH, TO B JIaHHOM INPOH3BEJIeHHH MOXXHO BBHIJE/IUThH CTENeHH
riaBHeiX OYKB M HanucaTtb Brnepein 3THX OYKB INpPOM3BELEHHS
BCeX OCTaJIbHBIX COMHOXHTeJeH. DTO NpoH3BeleHHe Ha3bIBaeTCs
Koapdunuentom. IlosicHiM 31O Ha mnpuMepax.

1. Ilpumem x 3a raaBuyio O6ykBy, TOrja Ko3(h(HUHEHT
olHouJieHa 2ax Oyner paBeH 2a; KO3Q(HUHEHT OJHOuJIeHa
—b5abx?® paBen —bab.

2. IlpumeM 3a rnaBHble 6YKBHl 4 H U, TOrjaa Ko3hdHUHEHT
onHowleHa J3/mu’v?® paeH 3/m; Ko3p(dHLHEHT oJHOUYJeHa
oaubv® = dabuv® (nepecraBJiseM MeCTaMH COMHOXHTEJIH) pa-
BeH dab.

B onuouneHe 4ab Buipakenue 4a — K03(pHIUHEHT NpH b
(ecan ranauas OykBa b), a 4b — Ko3(ppHUHEHT TNpH a (€CJH
rnaBHass OykBa a). B nocaegnem cayuae Jyuviue 3anucaTh
4ba.

Hrtak, Mbl BHJHM, YTO NEpBOHAYaJbHOE TMOHSITHE O KO3(-
¢dulnenTe KaK MHOMXKHTeJe, BbipaXKeHHOM LH(pPaMH, MOXKHO
PaclIHPHTh: K03h(dUUHEHTOM MoxKeT ObiTb HE TOJILKO 4YHCJIO,
3anucaHHoe LH(paMH, HO U OYKBEHHOE BbipajKEHHE.

§ 31. PacnosoxeHHble MHOro4JeHBbl.

[TycTs MHOrOYJIEH COAEPIKHT TONbKO OAHY OyKBy B pas-
JIHUHBLIX CTENeHsiX, HarnpHmep

8a — 3a? 4 da* — 1. (1)
3* 67



[Tonb3ysich mnepeMecTHTEJIbHbIM 3aKOHOM CJIOKEHHSA, Mbl
MOXKEeM pacroJIOKHTb €ro YJieHbl 10 yOb BAWIU UM CTEM e-
HAM OyKBbl Q.

5a% — 3a® + 8a — 1. )

Tor e muorousen (1), pacnoJoXeHHBI®H MO BO3-
pacTalwUW UM cTeneHsaM 6yKBbl @, IPUMET BHJ:

— 1 4 8a— 3a® 4 5at. 3)

Pacnoaoscenue mroz2oureHa no cmeneHam OaHHOU OyKeot
ectme moscdecmeenHoe npeobpas3osanue 3Mmo20 MHO204ACHA.

B npanbhefiliem, roBopsi 0 pacnoJsioxKeHHH YJEHOB MHOrO-
yneHa, Mbl OyzieM nojipa3ymMeBaTh pacnoJioXeHue 1no yOniBaro-
IHM CTeneHsIM rJaBHOH OYKBbl.

Ecau MHOrouJileH COJep:KHT JBe HJIH HeCKOJbKO OyKB, TO
BbIOMPAIOT OIHY M3 HHUX, KOTOPYIO CYHTAIOT I'JiaBHOM, U pac-
noJiaraloT MHOTOYJIEH MO cTeneHsM 9ToH rJaaBHoH GykBbl. Ha-
NpHMep, BbipaXkeHHe

3x3 — 2ax? 4+ a*x — 5a? (4)

IBNSIETCSI MHOI'OYJIEHOM, pAaclNoJIOXKEHHbIM MO yObIBaIOLIHM
creneHssM OYKBbI X.

[lepBbli 4Y/ieH pacrnoJiOXKeHHOro MHOrOY/IeHa, COAepIKallui
rnaBuyio OYKBY B HaWBbLICIIEH CTENMeHH, Ha3blBaeTcss CTap-
UM, a8 NMOCNeJHHH —HH 3L HM YJIEHOM 3TOr0 MHOro4YJ/ieHa.
CreneHp cTapuiero uJieHa Ha3biBaeTCsl CTENEeHbI0 H CaMoro
MHOrouYJieHa (Mo OTHOLIeHHIO K IJ1aBHOH Oykse).

MuorouJien (2) — yerBéproii, a (4) — TpeTbefl CTeneHH OT-
HOCHTe/IbHO rJaBHOH OykBbl. Ec/iM HHM31LIMIA 4YjeH coBceM He
COJIePIKHT I'JIaBHOH OYKBbI, TO OH Ha3biBaeTcsi CBOGO JHBI M
YJIEHOM.

B muorounene (2) 5 ectb ko3¢ duuuent npu a4; —3 — Ko-
s¢punueHtT npu a®, 8 — koapduunent npu a; —1 —cBobo-
Hbifl YJieH.

B muorounene (4) 3 — kosdpduunent npu x2, —2a — Ko-

sppuuvent npu x%, a*— kospduuuent npu x; —da® — cBo-
GOJHBIH YJIeH.
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§ 32. IlpusBenenne noaoOHLIX YJEHOB.

3apaua 1. Tempade cmoum a koneex. Koaa kynua
3 mempadu, Bepa 7, a Bacsa 5 mempadedi. 1) Ckoaexo 3anaa-
mua Kaxcooli? 2) CKoabko cmouau 6ce KynaeHHole mempadu?

OtBeToM Ha nepBbili EONpoc GYAYT BbipaX€HHS:

3a; 7a; ba koneex. ()

OrBeToM Ha BTOpoii Bonpoc OyAer cyMMa 3THX Bbipae-
HHHA:

(3a 4+ 7a + 5a) xoneek. (2)

ATo nocleHee BbIpaXkeHHWe MOXKHO ynpocTHTb. Ha ocHo-
BaHWH paclpefleIHTE/IbHOrO 8aKOHA 3anulleM:

3a+7a+5a= (34 7+ 5)a= 15a.

Buipaxxenue (2) Mbl 3aMEHHJ/IM TOXJECTBEHHbLIM €My BbIpa-
xeHueMm 1da.

[Ipu smo6oM SHayeHHWH a 3HaYeHHe BuipaxkeHus 15a BbIYM-
casietcsi O6nhicTpee M Jierye, ueM 3HAYEeHHE BbIpaXKeHUs (2).

Onpenenenne 1. OnpuHakoBbie HIAM OTJAMHYAIOLLHECH
TONLKO KO3(PHUHEHTAMH OAHOYJEHBI Ha3bIBAOTCH NOA00-
HBIMH.

Hanpumep, opHounenn bax?y u 10ax?y nopobubi, a of-
HouseHnl 3ax®y u 3a’x?y He MoOJNOOGHHI.

B paBenctBe 3a -+ 7a + S5a = 15a anre6Gpanueckass cymma
MOAOGHBLIX YJIEHOB 3aMEeHeHa OJHHM YJIEHOM, TOXJECTBEHHbIM
9TOH CyMMe.

Onpenenenune 2. 3ameHa aareGpauyeckod Cymmbl
NOAOOHBLIX YJEHOB OJHHM YJEHOM, TOXJAECTBEHHbIM 9TOH
CyMMe, Ha3blBaeTCA NpHBeAeHHEM NOAOOHBIX 4JEeHOB.

TakuMm o6pa3om, npuBeieHHe NOAOGHLIX YJIEHOB €CThb T O X-
JecTBeHHoe npeo6pa3oBaHHe.

[IpaBusno. Ymober npusecrmu nodobHbie waeHbl, HAOO
CAOMCUMb UX KO3(puyueHmsr U K NOAYHEHHOU cymme npu-
nucams (8 eude COMHOMCUMENS) MO dce ODYKBEHHOe 8blpadcerue.

[Mpumep. 3a?b—a? + 7,4a%0 = (3 —1 + 7,4)a% =
= 9 4a%b.

(ITpoBepuThr nopcTaHoBKOA: a = 2; b =3.)

B nanbHefinieM, Kak npasuJo, Mbl 6yaeM ymnpouiaTth BCA-
KHH JaHHbIH MHOrouJiedH, cAeJaB B HEM C caMoro HauaJja
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npuBejeHHe TNOAOOHBIX YJIeHOB (ecqH OHH OblH), TaK YTO
OKOHYATeJIbHO NMOJYYHTCA TAKOH MHOro4/JieH, B KOTOPOM HH-
Kakpe fiBa uJieHa He MnoJo0HbI.

[Tpumep. BoabMéM MHOrousie
2x3 —x +4x3+ 2x+ 4x2 47

H BLINOJHUM CJeAYIOUlHEe TOXJeCTBeHHble mnpeoOpa3oBaHHsl.

Bocnoap3dyemcss nepeMecTHUTEJbHBIM W COYeTaTesbHbIM 3a-
KOHAMH CJIOXKEHHSI: Ha MEepBOM MeCTe HallHLUEeM CTapIlHH YyJieH
4x3 — on He HMeeT NOJOOHBLIX; 3aTE€M BhLINHILEM ZBa NMOJLOOHBLIX
yJieHa, cojiepxkamux x® (nepBblii W NATHIH); 3aTeM BbIMHLLEM
nofo6GHbIe 4YJeHbl, cojepxKauiHe x (BTOPOH W YETBEPTHIH) H,
HaKOHell, HamnuiueM CBOOOJHbLIH YJIeH:

453 4 2x2 + 4x%) 4+ (—x + 2x) + 7.
OKOHYaTeNIbHO MOJYYHM:
4x3 4+ 6x%2 4 x + 7.

Mu cpenanu npuBeaeHHe TMOAOOHBLIX YJIEHOB H BMeCTe
C TeM pacloJIOXKHJH YJIeHbl MO YObIBAIOUWHM CTeeHAM OYKBHI X.

§ 33. CioxeHHe OAHOYJEHOB H MHOTO4YJIEHOB.

1. Croxenne ofrHouneHoB. [lyctb TpeGyercsi CJOXKHTD
OJIHOUJIEHBI

13x®: —8x: 4x%: —b; —3x.
[Moayuum:
13x% + (—8x) + (+4x°) + (—9) + (—3x).
[TonyueHHoe BoipaxkeHue siBasieTcsi aJjreOpanyecKol CyM-

moii. CorsiacHo BBeiéHHOMY ycJoBHIO (§ 16), Mbl MOXKeM 3HAK
CJOXKEHHS Be3Jleé ONYCTHTb W HaMHCaTh KOpoue:

13x2 — 8x + 4x3 — 5 — 3x.

B 3TOM Bbipa)KeHHH HMeEIOTCA ABa NOJAOOHBIX YJIeHa.
[IpuBeéM WX W 3a0AHO PACMOJOKHM MHOro4JeH mno yoObi-
BAIOULHM CTEMNeHSIM OTHOCHTEeJIbHO X:

4x3 4 1342 — 11x — 5.

(ITpoBepuTh noaCTaHOBKOH B JaHHble OJHOYJEHHl W B MO-
NyYeHHYI0 CyMMy 3HaueHHd: 1) x=1; 2) x = —2.)
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3HAUUT, Mbl MOXEM BLIBECTH TaKoe MpaBHJIO.

Hmobovt caoocumos 00HO4AEHBL, 00CMAMOYHO 3a-
nucams ux (8 sude anszebpauuecxkoii Cymmot) OOUH
3a Opyzum ¢ uXxX 3HAKAMU.

Ecau 8 nosryuennonm ssipadcenun 0xKax3cymcs no-
000HbBIE YNeHBL, MO UX HAO0 npusecmu.

2. CaoxeHue MHorouseHoB. Pewmum 3anauy. B odwou
Kop3ure 06bi10 x ab6a0k, 8 dpyeol Ha Yy Ab6a0k 6orvuie, 4em
8 nepeol, a 8 mpemeed Ha 27 a610K MeHbuUle, Hem 60 8MopouU.
Ckoavko 5640k 6bia0 60 6cex MpPEX Kop3uUHax?

Pelenue.

1) B nmeproit kop3auHe Obi0 x s6JOK.

2) Bo Bropoit Kop3uhHe 6bl10 (X -+ y) AGJOK.

3) B Tperbeii kop3uHe Obwio (X -+ y — 27) s6.J0K.

4) B Tpéx Kop3uHax Oblio x4+ (x+ ¥)+ (x + y—27)
16J10K.

[Tonyyennblit oTBeT npeacTasJsieT cOO0H CyMMy OJHOYJEHA
H JBYX MHOr'OYJ/IEHOB.

Y TIpOCTHM 3TOT OTBeT.

Mzl 3HaeM, 4TO KaxKJ0€ U3 BeIpaxeHu x4y u x + y — 27
siBasiercst aareOpauyeckoit cymmoii. Iloatomy mno mnpasuay
npubaB/ieHHs] CyMMBl MOXKeM 3alHCcaTh:

x+x+y)+(x+y—2N)=x+x+y+x+y—27.

[Mocne npuBejeHHss NMOAOOGHBIX YJIEHOB TMOJYYHM OKOHYA-

TeJIbHO:
3x + 2y — 27.

Onpepenuts, cKoabko O6blI0 f6J0K B KOP3HUHAX, €CJIH:
1) x=40; y=230; 2) x=35; y=42.

3HAYHT, Mbl MOXKEM BBLIBECTH TaKOe MpaBHJO AJs CJOKe-
HHS MHOT'OYJIEHOB.

Ymobst cr0cumbs MHO204NEHBL, HAOO 3anucams
nocaedosamesrsvrno (8 sude asrzebpauueckKou cymmot)
8Ce UX 4NEHBL C UX 3HAKAMU.

Ecau 8 noayuennonx sovipadxcenun OKaxCymcs no-
000HbIE uNeHbL, X HAOO0 npusecmi.

3. PackpmiTHe ckoOok. [Ipu pemenuu npenbiayiieid 3a-
fa4yd NPHULIOCH pacKpbiBaTbh CKOOKH, mepej KaxAoH H3 KO-
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TOPLIX CTOSIJ 3HAK MJIOC. 3HAYUT, Mbl MOXKEM CeJNaTh TAKOI
BbIBO/.

Ymob6ot packpoims CKOOGKu, neped KOmMOpPoIMU
cmoum 3HAK nArC, HA00 3anucams 6e3 ck060k 8ce
YAeHbl, cmoAuue 8 CKObkax, ¢ ux 3Hakamu.

MMpumeuanue. Ecan BoiparkeHHe HauMHaeTCss CO CKOOKH, nepej
KOTOPOH HET HMKAKOro 3Haka, TO NOjApa3yMeBaeTcs 3HaK ILJIOC, Ha-
npumep:

(a®—3a+2)+Ba—7)=a*—3a+ 2+ 3a—7 = a*—>35.

4. 3akaoyenue B ckoOku. Muorga OniBaetT HYXHO, Ha-
060poT, 3aKJIOYHTh MHOrOYJIEH HJIM 4YacTb €ro B CKOOKH.
Tak mbl nocrynanu, penasi npusejeHde NOAOOHBIX YJIEHOB
(cM. npumep npeabipyuiero naparpaga). Bo3bMméM Takoii
npumep. IlycTb HaZO BBHIYHCJHTHL Bbipa)KeHHe

136 4 258 — 238.

OueBuaHO, 4TO 3JleCh BLIFOJHEe cHayaJa BoYecTh 238
u3 258 u pasnHoctb 20 npubaButh K 136. Briuucnenus nerko
M 6bicTpo BuIMOJHAWTCA B yMme. YUro6bl nokasats 3TO, 3a-
KJIOYHM BTOPOil M TpeTHil YJieHbl B CKOOKH:

136 4 (258 — 238).

[IycTe BoOOUIE HYXKHO 3aKJIOYHTb B CKOOKH MHOrouJieH
HJIH 4YacTb ero MU nepej CKoOKOH IOCTaBHTb 3HAK M/oc. by-
JieM PYKOBOJCTBOBATbCS CJIEAYIOUIMM I1pPaBHJIOM.

Ymobbt 3aKsouumos MHOZ04NAEH 8 CKOOKU €O 3Ha-
KOM nAtOC neped HUMU, HA00 3anucamb 8 CKOOkax
8CC 4NEHBL MHOZ04NEHA C UX 3HAKAMU,

Y0equTbCsl B BEDHOCTH STOr0 paBeHCTBA Jierko, PacKpbiB
CKOOKH TNO NpaBuJy, H3JIOXKEHHOMY B m. 3.

5. ChoxeHue pacnoiOXMeHHbIX MHoOrounaeHos. Ecsiu MHoro-
WISHBI PACMoJIOXKEHbl MO CTelneHsIM OJHOH W TOH e OyKBbHI
(00a mo Bo3pacralouwuM HAH o6a no yObIBAIOUIMM), TO HX
cJoxKeHue yjao0Hee NMPOM3BOJAMTH CJeJyIoUM oOpa3oM: 1oj-
NMUCHIBAIOT MHOrOYJIEH OJMH MOJA APYrHM TakK, 4ToOH MNoxo06-
Hbie YJeHbl HaXOHWJIMCh OJHH MOJ APYruM; 1ocse 3Toro cpasy
JCNA0T TNpUBeleHHe NMOAOOHBIX YJ/IEHOB M 3aMHCHIBAIOT OKOH-
YaTeNbHbIH pe3yJibTaT.
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[Ipumep 1.
_J_Bx“— 7x3 4 x2—11x—5
b 2xt — 443 + 14x 4 2
oxt —11x3 4+ x*+ 3x—3

Tak e nMpou3BOAHTCA CJOXKEHHEe PACMOJIOKEHHBIX MHOTO-
YJIEHOB M TOrja, Korja oHd cojgep:xKat Oosiee ogHOH OyKBBHI.
[Ipumep 2.

343 — 5q% + Tabd 4+ b
T _5gs — Gab? + 4b?
—22° —5a% + ab® + 569

§ 34. lpoTHBONONOXHbBIE MHOrOYJICHBI.

Mbl 3HaeM, 4YTO JBa IIPOTHBOMOJOMXKHBLIX YHCJA HMEIOT
OJHY M Ty e a6GCOJIIOTHYI0 BeJHYHHY H TPOTHBOMOJIOXKHbBIE
3HAKH.

Mbl 3HaeM Takxe, YTO CyMMa JBYX MPOTHBOMOJIOXHBIX
yuces paBHa HyJio [Hanpumep 5 -+ (—5) =0], u obpaTtHo,
€C/IM CyMMa JABYX YHCeJ paBHA HYJIO, TO 3TH YHCJA IPOTH-
BOMOJIOXK HBIE.

PaccmoTpuM JBa TakuxX MHOro4JieHa, KOTOpble COCTOAT
M3 YIEHOB, OJHHAKOBBLIX Mo abCoOMOTHOH BeJHYHHE, HO Ipo-
THBOMOJIOXKHBIX IO 3HAKY.

Bo3bMéM, Hanpumep, MHOro4JieHbl

x24+2ax—3a® u —x%2—2ax 4 3a’.

C/I0KHB 3TH MHOTI'OYJIEHBI

+

x? 4+ 2ax — 3a®
—x? — 2ax + 3a?
0

MOJNYYHM CYMMY, TOXIECTBEHHO DaBHYIO HY/IO, TO €CTh paB-
HYI0O HYJIIO NPH BCceX 3HayeHUAX OYKB a H Xx.

IlBa MHOrou/seHsa, COCTOsILIHE H3 YJIEHOB, OJMHAKOBLIX [0
abCoJIIOTHOH BeJHYHHE, HO MPOTHBOIMO/IOXKHBIX 10 3HAKY, HaA-
SbIBAIOTCS MPOTHUBOTMOJIO X H bl MH.

CymMmMa JByX NPOTHBOMNOJIOXKHBIX MHOrQYJIEHOB TOXJe-
CTBEHHO PaBHA HYJIO, TaK KaK paBHA HYJIO CyMMa KaXJblX
€ro JBYX IPOTHBOIIOJIOXKHBIX Y/ICHOB.
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N3 cka3aHHOro BHITEKaeT, YTO 3HAYeHUA G8YX npomusono-
NONHCHOLX MHO204NEHO8 NPOMUBONOA0NHCHOE (KOHEYHO, NMPH OAHM-
HAKOBBIX SHaYeHHsIX OYKB).

Mrak, kakue Obl YHC/OBbHe 3HAa4YeHHA (OJMHAKOBhLIE )51
o00MX MHOrO4/IeHOB) Mbl HH JaBaJH BXOAAUMUM B HHX OyK-
BaM, MOJIYYHWM JBA B3aWMHO INPOTHBOMOJIOXKHBIX YHcJsa. B ca-
MOM Jiesie, TaK KakK CyMMa 3Ha4YeHHi#l JIByX NMpPOTHBOMNOJOXHbBIX
MHOrOYJIEHOB paBHA HYJIIO, TO 3TH 3HAYEeHHS SABJSAIOTCA MpPO-
THBOIMOJIOXKHBIMH YHCJIAMH.

[Ipumeuanune. CKa3zaHHOe OTHOCHTCA H K OJHOYJeHY, KakK K
MHOTOYJIeHY, HMeIOlleMy TOJIbKO OJAHMH 4JIeH.

§ 35. BbiMHTaHHE OJHOYJNEHOB H MHOrOYJIEHOB.

1. Boiyuranue opHounenos. Ilycte U3 ojgHodY/NeHA 5a®b
TpeOyeTcsi BbHIYECTb OJHOUYJEH 3dab?. 3anuiuem:

5ab — (4 3ab?).

Opnnounensl 3ab* u —3ab? ABAAIOTCS [1POTHBOINOJOXKHBIMH,
TO €CThb HMEIOT INMPOTHBOMOJIOMXKHBEIE YHCJIOBble 3HAYEHHUS NPH
Jio6biXx 3HaueHHsX a U b. Ho MBI 3HaeM, 9TO BHIYHTaHHE
Mo60ro YHucjia MOXKHO 3aMeHHTh NpHOGABJeHHEM YHWCJa, Mpo-

THBOTIOJIOXKHOTO BBIYHTAEMOMY.
3HAYHUT:

5a%b — (4-3ab?) = 5a2b +4 (—3ab?).

[To npaBuny c/oxeHusi OJHOYJIEHOB MOJYYHM:
5a%b 4 (—3ab?) = Sa?b — 3ab’.
Hrak, umeem:
5a*b — (-4 3ab?) = 5a%*b — 3ab?.

[TpoBepuM NpaBHMLHOCTH HAlero BHIBOJA, CJIOXKHUB pas-
HOCTb C BBIYHTAEMbIM:

5ab — 3ab? 4 (43ab?) = 5a%b.

Mbl nosyuusn ymeHbluaeMoe. 3HAYHT, BHYHTAHHE NPOH3-
E€!€HO BEpHO.
Orciofla BLIBOJHM TaKoe MpaBuJIo.
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Ymobst 8siuecmd O0HOYAEH, O0CMAMOYHO npu-
nucams €20 € nPpOMuUBONROAONCHOIM 3HAKOM K Y MEHb-
waemonmy.

Ecau 8 nosry4eHHOM BbIPDAINCEHUL OKANCYMICR 1O~
000nHble 4NeHbl, uX HAO0 npusecmu.

2. Boiuutanue MHorouJeHoB. [lycTe TpebyeTcsi H3 MHOrO-
yneHa 5x? — 3xy -+ y® BbiuecTb MHorousen 6x% — 8xy + y°.
Hapo nafiTh Takoi TpeTHH MHOrouseH — pas3rocTb, KOTOPLIH
B cyMMe ¢ BbiyuTaeMbiM 6x2 —8xy -4 y* pact MuHorouses,
TOXK JIECTBEHHO PaBHbIH yMeHbluaeMoMy 5x* — 3xy -+ y2. Ecan
M3 3HAYeHHS YMEHbLIAeMOro BbIYeCTb 3HAYEHHE BHIYHTAeMOoro,
TO JIOMKHO TIONYYHTHCS 3HaueHue pasHocTH. Ho Mbl 3Haem,
yToObl BBIYECTH KaKoe-1HOO YHCJO, HAaj0 K YMEeHbLUaeMOMY
npubaBUTL YHCJO, NMPOTHBOMOJONKHOE BBIYHTAEMOMY.

[Ipu6aBum K MHorouseny OSx* —3xy - y* MHOrodJieH
—6x2% 4 8xy — y®, NPOTHBONOJOXKHBIH BBIYUTAEMOMY, TOrja
NOJIyYHM:

(5x2 — 3xy + y?) — (6x2 — 8xy + 1?) =
= (5x* —3xy + ¥?) + (—6x® + 8xy — y®) =
= 5x2 — 3xy + y* —6x? + 8xy — y® =

= —x* + 5xy + y* — 4*.

HPOBEPHM, YTO BbIYHTAHHE BBLIIIOJHEHO INPABHJBHO; NIJ4
3TOro CJOXXKHM HOJ]}”IEHHI:II':I MHOroyJieH € MHOro4JieHOM BbI-
HHTAaeMbIM:

(—x% 4 oxy + y*—y?) + (6x* —8xy 4 y®) =
=—x'+5xy+ Y —y* +6x* —8xy + 4 =
= Sx? — 3xy + y2.

[Monyuunu ymenbiiaemoe. OTciona BhIBEJEM IpaBHJIO.

YmoObot 8oluecmos MHO204AEH, 00CMAMOYHO npu-
nucams K YMEHoULACMOMY BCe YAEHbL BbIRUMAECMO20
C NPOMUBONONLONCHOIMU 3HAKAMU.

Ecaru 8 noOsAY4eHHOM 8bIPANCEHUL OKANCYMCR NO-
000HbLE 4NEHBL, UX HAOO npusecmiu.

3. PackpbiTue ckobox. M3 ckaszanHoro B § 34 o mpotuBo-
MOJIOKHBIX MHOrO4/JieHaX MOXKHO BBLIBECTH CJIEJCTBHE.
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YmobGet packpeimns cKoOku, nepeo KOMOpPoiMuU
cmoum 3HAK MUHYC, HA0O0 3anucams ¢ nPpOMuEOnNO-
A0XMCHOIMU 3HaKamu (6e3 ck0060K) 8ce uareHbt, cmos-
wue 8 ckobrax.

—(@a—b+¢)=—a+b—ec.

4, 3akaouenne B cKoOku. Muorpa ObiBaeT HYXXHO 3aKJIO-
UUTb MHOTOUJIEH HJIH €ro YacTb B CKOOKH, NMOCTaBHB mepe
cKOOKOH 3HaK MHHYC. DyeM pyKOBOACTBOBATLCS CJEAYIOUIHM
TMpaBHJIOM.

Ymobest 3axkswouumbs MHO204A€H 8 CKOOKU €O 3Ha-
KOM MUHYC nepeod Humu, Hado 3anucamsb 8 cK00xkax
8ce YNeHbL MHOZ204A€EHA, 836 UX C NPOMUBONON0INC-
HoiMU 3HAKAMU.

a—b+4+c=—(—a+ b—o).

Y€enuThcss B NPaBHJBHOCTH 3TOTO paBeHCTBA JIErkKo, pac-

KPbiB B NpaBoH 4YacTH CKOOKH TNO TMNpaBHJAY, H3JOXKEHHOMY
B o 3

[Ipumep. BoluucauTh BHIpaxkenue:

368 — 179 + 149,

3aKJIOYHM BTOPO# H TPeTHH uJieHbl B CKOOKH, NMOCTAaBHB
nepex HUMM 3HaK MHHYC. CorJlacHO NpaBHJY NOJYYHM:

368—(179—149).

[lponenaB cHauana BblYUTaHHWE B CKOOKax, JIerkOo NpOH3-
BEeAE€M B yMe BC€ BBIYHCJICHHA.

5. BbluMTaHHEe pacnoJiOXeHHbIX MHOro4JeHoB. BhluuTanue
PAaCNOJIOXKEHHbBIX MHOI'OUYJIEHOB BBLIMOJIHAGTCA TaK: Yy BBIYH-
TAeMOI'0 MHOrOYJIeHa MEHSIOT 3HAKH BCeX YJIEHOB HA INPOTHBO-
MOJIOXKHBIE, MOAMNHCLIBAIOT €ro MoJi YMEeHblIaeMbIM TaK e, KaK
M TPH CJOXKEHHH, U JeJAl0T NpUBejJileHHe MOJO0OHBIX YJIeHOB.

[Tpumep.

(8x* —3x3 + 7x% + x — 18) — (5x% — 6x3 4 3x% 4 4x — 7).
Pacnonaraem JneficTBHe Tak:
8xt —3x3+7x*+ x— 18

—5x4 - 6x3 —3x2 —4x+ 7
3x4 4 3x3 4 4x2 —3x — 11

-+~
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§ 36. YMHOXEeHHEe OQHOYJIEHOB.

1. YMHOXEeHHE CTemeHed OJHOro U TOro e OCHOBAHHSA.
Boiuncnum Bhipaxenue 23 . 22

2%.2=(2.2.-2).(2:2)=2:.2:.2.2.2=28

HUrak:
23 . 22 = 25,
JleHCTBHTENLHO!

23 .22 =8.4 =32 =25,
ToyHo Tak xe:

3:33=3.3.3-3=34,
a? - a* = aaaaaa = as.

Mpl BHAMM, YTO TMOKa3aTeJqb B TPOH3BENAEHUH KaX bl
pa3 paBeH CyMMe ITOKa3aTe/Jiled B COMHOXKHTeJsAX (B UaCTHOCTH,
BCIMOMHHM, 4YTO @ = @'). DTo H TMOHATHO: BeAb KaXKJbli pa3
OCHOBAaHHeE CTeNeHH! NMPUXOAUTCH OpaTh COMHOMNKHUTENEM CTOJILKO
pa3, KakoB TIOKa3aTejb B I[IePBOM COMHOXHTese, H ellé
CTOJILKO pa3, KakKoB IOKa3aTeJb BO BTOPOM COMHOXKHTeJE.

CnejoBaTesibHO, B TpPOHU3BEJEHHH pPABHBIH COMHOXHTEJb
O6yner NMOBTOPATHCS CTOJNBKO pa3, CKOJLKO €JHHHUIL COAEPIKHUT
CyMMa IoKasaTesiell COMHOXKHTeJNeH.

Ecnmu 6ykBaMu m U n 0603HauuTh Jio0ble Lesble 10J0-

XKHTe/IbHbIE (HATYypaJibHBIE) YMCJa, TO 3TO IPABHJIO MOXHO
sanucath Tak:

a™ . g" =g"tn,

OT1cioaa MOXHO BBIBECTH TaKoOe MpaBHJIO.

MMpasuno. Ipu ymuodxcenuun cmenenell 00H0Z20
u moz0 Jice 4uUCAa noKa3ameau cmenenew CKAaG-
06i8aIOMCR, @ OCHOBAHIE OCMAEMCR NPENCHUM.

[IpaBuno ocraérca TO XKe, ecau NEPeMHONKAKOTCA He JIBa,
a Tpu H 6GoJjiee COMHOXKHTE/IEH, HANpPUMeEp:

92, 93, 98 — Q2+2+3 _ 97,
B o6mem Buze:

am.a" - a° =q" ",
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2. YmHoxenune oaHousenoB. [lycts TpeGyercs mnepeMHO-

}KHTb OJHOYJIEHBI
3a?b3¢c u Sadbcid.

[lo npaBuly yMHOXEHMSI HA MpPOHU3BEJEHHE HMeeM:
3a2b3¢ - 5.-a%-b-.c?- d.

Bocnoab3oBaBiuCh NepeMeCTHTENbHBIM H COYEeTaTeNbHBIM
3aKOHaMH, MOXEM 3TO NpOH3BeJeHHe 3amucaTh TaK:

(3 - 5)(a® - ad) (b® - b) (c - c?)d.

[Tpoussegs yMHOKeHHE B KaxJ0# CKOOKe, MOJYyYHM OKOH-

4aTesIbHO:
15ab%b4c3d.

3a2b3c - badbctd = 15abbscid.

(ITpoBepuTb moxacraHoBKO#: a=1; b=1; c¢=2;d=25.)
Ecnu Hazo nepeMHoXuTh GoJiee JBYX OJHOYJIEHOB, TO
MoCTylaeM TaKuHM ke o0pa3oMm, HampuMep:

2x%y - 0,5x% - 4y2*=(2 - 0,5 - 4) (43 - x3) (yyy?) 2> =4xSysz?,

Orciona BHAHO, YTO NMpPOH3BeJEHHE ABYX OAHOYJIEHOB €CTh
OJIHOUJIEH, KOTOpPBIH COCTaBJsIeTCS MO CJeAyIoleMy NpaBHJy.

Illpu nepemnodcenun O00HO%AEHO08 nx KO03ghghu-~
UUEHMb. NepemMHONCAIOMCR, NOKA3AMeEAN CmeneHeln
00unarKo8slx 6yxe, codepacawuxcs 8 060ux COMHO-
acumessx, ckaaosisaromcs, a O0YK6s, 6x00swue
moAbKO 8 00UH COMHONCumens, 6epymcs 8 npou3-
8e0eHuUn ¢ UX NOKA3AMENAIMU.

[Tpumep.

HUrak:

Tx2y?28 - 2x3y? = 14x%y428,

§ 37. YMHOXeHHe MHOTOWIeHa Ha OJHOYJEH.

[Tycte Tpebyercs yMHOXHTb MHOrO4YJIeH
3a3® — 5a%b 4+ 6a*e va opHouseH 4abl.

Muorounien npepcrasJssier coO60H aare6paHyecKyi0o CymMMmy.
[TosToMy Ha OCHOBaHMM pachpeje/HTeJbHOr0 3aKOHa MOXHO
3aNHCATh.

(3a® — 5a?b + 6a%c) - 4ab® = 3a® - 4ab® — 5a?b - 4ab* +
-+ 6a’% - 4ab?.
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[IpousBeasn 3aTreM YMHOXEHHE MO MNPaBHJAY YMHOXEHHAA
OJIHOYJ/IEHOB, MOJYYHM:

(3a® — 5a%b + 6a%c) + 4ab® = 12a%b? — 20a%b® 4 24a®b’c.

Orciofia BLIBOJHM MPAaBHJIO.

Hmober yMHOMCUME MHOZ0%AEH HA OOHOYAEH,
HAOO0 YMHONCUME HA 3MOM OOHOUNACH KANCObLE 4UNEH
MHO204NECHA U NONYYCHHbLE RPOU3BEOCHUS CAONCUIMD,

[IpumMep. YMHOXHTH MHOTOUJEH
4x%yz — Txy?z® 4 3x%yz® wa onpnounen — Sx®yz.
Hwmeem:

(4x%yz — Txy®2? 4 3x?yz?) (—5x%yz) =
= — 20x%y?2? 4 35x°y°2® — 1514222,

§ 38. YMHOXeHHe MHOro4YJieHOB.

[Tycte TpebyercA nepeMHOXKHTb MHOrOYJIHBI:
a+b—c u m—n.
Hx npoussegenne Gyjer:
(@ + b—c)(m—n).

HaMm HyxHO anre6pauuecKyro cyMMy a + b — ¢ YMHOXHTb
Ha 4HCJIO m —n.

[lo npaBuNly YMHOXEHHS CYMMbl MOX€M 3amnHCaTh:
am—n)+ b(m—n)—c(m—n).
[IpumenuB pacnpenenuTeNbHBIA 3aKOH, MOJAYYHM:

(am — an) 4+ (bm — bn) — (cm — cn).
Hakonew, packpbiB CKOGKH, MOJYYHM OKOHYATEJbHO:
am—an <+ bm — bn — cm + cn.

HUrak, umeem:
@+ b—c)(m—n)=am—an 4+ bm — bn — cm + cn.

Mel BHAHM, 4TO MOCJE[HEe BhIpaXKeHHe MOJyYHJIOCH Moc/e
TOro, KakK Ka)XJIblH 4JleH MHOXHMOro a -- b —c¢ yMHOXHJH
Ha KaxXJblH 4JIeH MHOXKHTenasa m — n.

Orciofia BLIBOAMM [1PaBHJIO.

HmobGost ymMHONCUMO MHOZ04NAEH HA MHOZ204NEH,
HA00 KaXNCObIE 4NEH O0HO020 MHOZ204AEHA Y MHOJCUM
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HA KaJXCOblii 4AeH OpY2020 U NOAYYEHHbIe npou3ase-
OCHUR CAOINCUMD.,

Yucao unenos npoussenenusn. [IpeAnonoxuM, 4To B MHOKHMOM O
4JIeHOB, B MHOXHTeNe 3. YMHOXHB BCe 4JEHbl MHOXHMOrO Ha mnepBbiit
4JieH MHOMHTeNs, MOJYYUM B NMPOH3BeJeHHH b u/JeHOB; YMHOXHB Ha
BTOPOH W TPeTHN YJeHbl MHOMXHTENA, NOJAYYHM ewé 2 pasa no NATH
yseHoB. Bcero noayuum 15 useHoB. '

Yucaro warenos npoussedenuns (00 npusedenus nodolbHouLx
YAEHOB8) PABHO HUCAY HNAEHOB MHONCUMO20, YMHONCERHOMY HA
YUCAO HAEHOB MHONCUMEAR.

[MpaBHIO YMHOXEHHSI MHOTOYJICHOB MOXHO MPHMEHHTh AJA ympolle-
HHA apHPMEeTHUECKHX BbIYHCJCHHH.

Hanpumep, nycTb Haflo NepeMHOXXHTb JIBA YHC/AA, Y KOTOPbIX YHCJO
JeCSITKOB OMHAKOBO, a elHHHUbl B cymme paior 10, nanpumep: 43 u
47, 62 n 68; 103 u 107; 51 u 59.

OGo3HauuM YHCJO JeCATKOB OOOHX YHCeN uepe3 @, 4 YHMCJIO eNHHHIL
y ofHOro ymcaa — uepes b, y apyroro — uepe3 ¢. Torpa uHcaa 3anu-
wyrtca tak: 10a-+4b v 10a--c.

[lepeMHOXHM HX MO MNPaBHJAY YMHOXEHHA MHOMOYJIEHOB:

(10a +4- b) (10a - ¢) = 100a* 4 10ab -} 10ac 4 bc =
= 100a® +- 10a (b + ¢) -} be.

Ho no ycaosuio b+ ¢ = 10.

CpesiaB saMeHy, MNOJYYHM:

(10a + b) (10a +- ¢) = 100a* + 100a + bc = 100a (a 4 1) + be.

Jta dopMyna nospoJsisier OLICTPO BBIYHCIAATE B yMe MPOH3Be/leHHa
JABYX YHCeJ, Y KOTOPbIX YHCJIO JEeCATKOB OJMHAKOBO, a CyMMa ej-
HHIl paBHA JeCATH, ANA BBLIYHCJEHHS TNPOH3BeleHHSl HAJ0 YMCJO JAecAT-

KOB YMHOXHTb Ha uHCJO, eiuHHuel OoJsbluee, H K pe3y/NbTarTy MpPHNH-
CaTb NpPOH3BeJeHHe eHHHL, HanpHMmep:

43. 47= 4. 5.10048.7= 2021;
62.- 68= 6- 7.10042.8== 4216;
103 - 107 =10 - 11 - 10043 + 7 = 11021,

§ 39. YMHOXEHHe pacnoJOXEeHHbIX MHOrOYJEHOB.

[lokaxxeM Ha npumepe, KaK MPOU3BOAHTCS YMHOKEHHE
pPacnoJioXXeHHbIX MHOTI'OYJIEHOB.
5 3x2 — 2ax + 5a?
— x* 4 3ax + 4a*
— 3x4 + 2ax®— Sa*x®
-1 9ax3— 6a%x? 4 15a3x
 12a°x* — 8a®x 4 20a*
—3x* 4+ llax® + a®x2 4 7a%x 4+ 20at




M3 storo npumepa BHJIMM, 4YTO MHOTOYJEHBl pacnojara-
IOTCA OAMH Noj ApPYruM (o6a MHOrouJsieHa pacroJOKeHbl Mo
yOLIBAlOUIHM CTENEHsIM OTHOCHTEJIbHO OYKBHI X).

Bce uneHbl MHOMXHMOrO YMHOXAIOTCA Ha MepBbI 4JeH
MHOKHTeNsA, H pe3yJibTaT 3aNHCbIBaeTcsi B CTPOKY MOJ YepPTOH.
3aTeM Bce 4JleHbl MHOXXHMOI'O YMHOXAlOTCSi Ha BTOPOH YJieH
MHOXHTCJISI, H pe3yJsbTaT 3alHCbiBaeTCsi BO BTOPOH CTpOKe
TakK, 4ToObl nojo0Hble YJeHbl OKa3aaucb APYr Mnoja ApYrom.

Taxk e 3anuchbIBalOTCS MpPOHM3BEeJeHHS! BCeX YJIEHOB MHO-
JHMOro Ha TpPeTHH 4JieH MHOXKHTe/sl H TakK JaJiee A0 KOHUa.

B pesyabTaTte nosyyaercs CTONbLKO CTPOK, CKOJIBKO YJIEHOB
B MHOXHTeJIe, MPHYEM BCe M0JO00HbIE 4YJI€Hbl OKaXyTcsi B
OAHOM cToJble.

ITH noAo0HbIe Y/IeHbl NPHBOAATCS, H OKOHYaTe/bHBIH pe-
3yJIbTAT 3aMHChiBaeTcss BHHU3Y noj uepToii. B urore nosyyurcs
TOXKE pPacroJIOXKEeHHbBIH MHOrOoYJ/IeH.

([TpoBepuTL MOACTAHOBKOH B JaHHBIE MHOTOYJIEHbH H B

npou3BelieHHe 3HayeHui: 1) x=1,a=1; 2)x=1;a=—1)
[IpuBeném ewé npumep.
2x3 —ox — 14
X 342 —7x + 8
6x5 — 1543 — 12x?
- — 14x4 + 35x2 4 28x
163 — 40x — 32

6x% — 14x% 4 x3 4 23x2 — 12x — 32

YmuoxuB 2x3 na 3x?, noayuuad 6x® M sanucanau 3TO
npou3BeieHHe. YMHOXKHB —Ox Ha 3x?, mnoayuyusu —15x3.
Ilna 3anuck 9TOro NpoH3BeJEeHHsT Mbl OTCTYMHJH BNpaBo,
ocraBuB nocse 6x® cBo6OZHOE MeCTO Ha TOT cCJayuyail, ecJH
B MOCJeAYIOUIHX MPOH3BEJEHHAX OKAaXEeTCS YJieH, COJepa-
wHi x1 (Tak OHO H cJayuusock). B panbHeiiueM onfiTe nopj-
NUChIBANM NOJI0O0HLIE 4YJIeHbl MOJ MOAOOHBIMH.

(ITpoBepuTh nopcraHoBKOH: ¥ =1 u x = —1.)

PaccmarpuBasi npuBefléHHbIE NMpPUMEpPbl YMHOXEHHS JBYX
pacrno/IoXXeHHBIX MHOIOYJIEHOB, MOXHO CcJlesiaTbh CJeJyIolLi1e
BLIBOJLbl.

l. Crmapuui wren npoussedeHus pasen npou3seoeHuro
CMAPUIUX 4AEHO8 NEePeMHONCACMbIX MHO204NEHO8.
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JleficTBUTeNbHO, TIePEeMHOXKAas 4YJeHH ¢ HaHGOJbLIIMMH MO-
Ka3aTesiMd IJIaBHOH OYKBHI, Mbl H B NpPOH3BEJEHHH MOJy-
YUM 4YJeH C HauGoJbLUHM MOKasaTeseM NpH STOH GyKBe.

[lpyrdx 4neHOB C TeM e MOoKasaTejeM Mhbl TOJYYHTh B
Npou3BelleHHH He MOXeM, TaK KaK BO BCeX OCTaJbHBIX
MpOU3BEIEHHAX XOTA Obl OJAHH H3 MNEpPEeMHOXKAEMBIX YJIEHOB
6yjer uMeTb MOKa3aTejb MeHbLUMI, YyeM NoKasaTeab B CTap-
[ieM Y/ieHe TOro XKe MHOrodJeHa.

Paccyxnas nopoGubiM e o6pa3oM, HahgéM:

2. Huswud waen npoussefenusn paser npoussefeHuro Hu3-
WIUX YACHO8 NEPeMHONCALMbIX MHOSO4NEHO8.

Takum o6pa3oM, CTapluHii H HH3LWHIA YJE€Hbl NPOU3BECHHS
He MOryT HMeThb MOJAOOHBIX uJeHoB. CrefioBaTeNbHO, KOrja
Mbl 6yJZieM NMpPHBOJAHTb B MOJIyYEHHOM TMpPOH3BEJleHHH M0JL00-
Hble YJeHbl, TO CTaplUHi H HH3LHH YJleHbl HeMpeMeHHO OCTa-
HYTCSl; OCTaJIbHbIE Ke — BCe HJIH HEKOTOpHe — [ocJse NpHBeje-
HHSI MOTYT cokpaTutbesi. Otciofa caepyer:

3. [Ipoussedenue O0syx MHO204NCHO8, ecau 06a OHU He
OOHOY 1eHbL, HE MOXCem umems MeHee 08YX 4ACHOB.

[Ipumep.
a® —2a® + 4a — 8
a + 2
a* — 2a® 4 4a* — 8a
2a%® — 4a? 4 8a — 16
at — 16

[Tocne npuBepeHusi MOAOGHBIX YJIEHOB MOJYYHJIH B MPOU3-
BefleHHH a'— 16, TO ecTb OCTaJHCh TOJMBKO CTapLUHH H HHU3-
Wi ygaensl. OcTanbHblE COKPATATCA.

(ITpoBeputh mojcTaHOBKOH a = 3.)

X

§ 40. Bo3seaeHue OAHOUYNEHOB B CTENEHb.
1. Bo3Beaenue creneHn B creneHb. Bo3BenéMm a® B kBaj-
paT ¥ B Ky0. [loayyum:
(@) =a® - a® = af;
(@®)® =ad:a®.a%=a'.
TouHo Tak xe:
(k%)% = x2 . &% . x% . x¥ = x8,
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BooGue:
(am)u=am_am_ o .al'ﬂ:amn.
e i ——
n pas

3uauut: (@™)* = a™".

(ITpoBepute: 1) npua=2, m=2, n=3; 2) nppa = —3,
m=2 n=2.)

Mbl BOJYYH/IH NpPaBHJO, KOTOpOE KPaTKO MOXHO chopMmy-
JUpPOBaTh TakK:

IIpu 8038e0eHun cmenexnu 8 cmenens noKa3amenu
REPeMHONCAIOMCR, @ OCHOBAHUE HE U3MEHACMC(SR.

2. Bo3BeneHue B cTeneHb OAHO4YJeHOB. Bo3Be1éM oJHOUIEH
4a*bc® B xBajgpar H KyO. [lo nmpaBu/y yMHOXEHHS OZHOYJIE-
HOB OyaeM HMeTb:

(4a®bc®)?® = 4a2bc3 + 4a%bc® = 16a4b?cS.
(4a2bc3)® = 4abc?® - 4abc?® - 4a*bc® = 64asb3c°.

Orciona MoXXeM BBIBECTH TaKoe MpPAaBHJIO:

Ymob6b: 8038ecmu 8 cmeneHs 00HO4AEH, 00cma-
MO4HO 80368ecmu 8 3My CmMenens Kax@covii COMHO-
gcumend u nOAY4EHHbIE pe3yabmambl nepemHO-
aHcumse.

[Ipumep.

(2x%y32)4 = 16x8y'224,

(TIposeputp moacranoBkoi: x =1, y=—1, 2=2.)

§ 41. PopMyabl COKpPAWEHHOrO YMHOXEHHS.

[Ipn BEINOJIHEHHH pa3/MYHBIX ajre6pauyecKux rnpeobpa-
S80BaHHH BCTPEYAIOTCS YAaCTO HEKOTOpbIe YaCTHbIE CIy4aH YMHO-
enus. Ilonydalomuecss npu 3TOM NpPOH3BeJEHHs T0Je3HO
8aNOMHHTb HAH3yCTh, 4YTOOBI B JaJibHeMHlleM, KOrja 3TH
CJlyyaH BCTpeTsiTcs, MOXHO ObLIO cpa3y HamucaTb IpPOH3-
BeJleHHe, He NPON3BOAsA KaxK/JblH pa3 MOYJEeHHOro YMHOXEHHS.
ITH NpPOU3BEJEHHS H HaA3bIBAIOTCS NMO3TOMy (opMyJsaMH CO-
KPaUEHHOr0 YMHOMEHHS.

1. KBagpatr cymmbl. Bo3BeéM B KBajpar cymMMy JABYX
guces a u b.

@+ 0= (a+b)(a-+ b) =a®+ ab+ ab + b2
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[IpuBensi nonoGHble YNEHbI, MONYUHM!
(@ + b)* = a® + 2ab + b

Ity dopmyJy cjeayeT 3anoMHHTb KakK B npuBefEHHOM
3alHCH, TaK H B CJIOBECHOM BblpajX<eHHH.

Keadpam cymms. 08yXxX wuucen pasen Ksadparmy
nepeozo yucaa, naroc YyO80eHHOE npou3sedenue nep-
8020 wucaa Ha 8mopoe, nAOC Keadpam 8moOpozo
wucaa.

IIpumep ni:

1. Ba+ 2b) = (3a)? + 2 - 3a - 2b + (2b)F =
= 9a® + 12ab + 4b2.

Cnenyer npuoGpecTH HaBBIK NMHCATh CPA3y OKOHYATENbHBIN
pe3ysbTaT, He TPOHM3BOAS TNPOMEKYTOYHOH 3aIHCH, KOTOpas
I0Ka3aHa B 3TOM IpHMepe.

2. Jta (opmysia NMpUMeHAETCA NMPH YCTHOM BO3BeJeHHH B KBajpar
YHCeJ, HeMHOro GOJIbIUMX ¢KPYIJIOrO» YHCJ/A, HampHMep:
412 = (404 1)* =402} 2 - 404} 1 = 1681;
32 = (3042)* =30*42- 2. 304 2% =900 4 120 4 4 == 1024.
3. OcobeHHO Jierko 3aNMOMHHTB NPHEM BO3BEJEHHA B KBAJpPAT uHCes,

OKaHYHBalOUKUXCA nATEpKOA. [loJOKHM, YHC/IO HMeeT a HeCATKOB H
O eAuHHl.. Toraa ero MOXHO 3anucaTh TakK:

10a + 5.
Bo3Besém 31O wHcJO B KBajpaT no ¢opmyJe:

(10a -+ 5)* = 100a® 42 - 5 - 10a 4 5% = 100a® + 100 4 25 =

[MonyueHHoe BhIpa)ceHHe TOKAa3bIBaeT, YTO AJA BO3BeJleHHSI B KBaj-
paT yucaa, OKaHYHBaiowerocs NATEPKOA, HALO UYHCJAO ero JecATKOB
YMHOXHTb Ha YHCJO, efHHHUeA Oousibliee, H K NMPOH3BENEHUIO NMPHIIHCATH
25. Hanpumep:

66 = 6 - 7 - 100 4 25 = 4225;
85% = 8 - 9 (coten) 4 25 = 7225;
3,5t =3 . 440,25 = 12,25.

[Nochenuu#t mpHMep MOXKHO 3aNnHcaTh TaK:
(3 l).=3.4+_1_= 12..1.,
b 4 4’
3Ha4yuT, uToObl BO3BECTH B KBajpaT CMeluaHHOe 4HCA0, ApoGHas
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]
4aCTbh KOTOpOro paBHa -2— » AOCTATOYHO UEJAYIO 4YacTb YMHOMHTbL HA YHC-

1
Jo, eAnHuled Gonablulee, H K NMPOH3BelleHHI0 NPHOABHTH i

I 1

(s--)n=s-9+-‘-=72l- (24_,)'=24.25+i — 600
5 i 7 \#3 y ¥

2. KBaapatT pa3HoCTH.

(@—b)2=(@a—b)(a—b)=a*—ab—ab + b
(@ —b)? = a®—2ab + b2

Keadpam pa3nocmu 08yx uuces pagser xeaopamy
nepeozo0 H4ucaa, MUHYC YOB0EHHOE npou3sedeHue
nepsozo 4ucaa Ha emopoe, naroC Ksaopam 6mopo-
20 qucaa.

dra dopmysa oTaMyYaeTcss OT paHee BbiBelleHHOH ¢opMy-
Jbl TOJLKO 3HAKOM cpeiiHero uJsena. [Tostomy uyacTo nuiuyT
cpa3y o0e opMmyJibl Tak:
(@4+b)*=a?+ 2ab + b
[Tpumepsl.
1. (4a’b — ab)? = 16a%b? — 8a?b - ab + a?b? =
= 16a%b® — 8a%b® + a®b2.

M 3spech caepyer cTtapaTbCsi HamHCaTh Cpa3y pe3yJbTar,
NMPOU3BOJAS INPOMEXYTOUHbIE BBLIYHCJIEHUSI B yMe.

2. Jta dopMysa NpHMEHSIeTCA NMPH YCTHOM BO3BelleHHH B KBajpar
YHCEJ, HEMHOrO MEHbIUHX «KPYrJoro» 4Yucjaa, Hanpumep:

302 = (40 — 1)? = 402 — 2 - 40 1 = 1521;
48® = (50 — 2)? = 2500 — 2 - 2 - 50 4 4 = 2304;
792 = (80 — 1)® = 6400 — 160 4 1 = 6241.

3. lMpon3seaenne cymMMbl ABYX 4YMCeJ HA HX Pa3HOCTb.
(@ + b) (@ — b) = a? 4 ab — ab — b?;
(a + b)(a@a—b) = a®— b2
Ilpou3sedenue cymmor 08yX uuces Ha ux pas-

HOCMb pasHoO pas3Hocmu Keaopamos 3mux 4ucen.
[Tpumep wl.
1. (5a + 2b)(5a — 2b) = 25a* — 4b2.
2. (2a% + 3b®) (2a%* — 3b3) = 4a% — 9bS.
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3. dta QopMyaa nmpHMeHseTCA NMPH YCTHOM YMHOMEHHH JBYX 4YHCeJ,
H3 KOTOpbIX OJlHO HAa CTOJIBKO eAHHHU Oo.ablle <«KpYrJoro» 4YHcJa, Ha
CKOJIbKO Jpyroe MeHbile ero, Hanpumep: 47 u 53, 68 n 72.

47 . 53 = (50 — 3) (50 - 3) = 50% — 3 = 2491;
68 - 72 = 70? — 4 — 4896;
33 « 27 = 900 — 9 = 891.

4. Ho wunoraa ObiBaeT mNOJNE3HO MOCTYNMHTh HAaoGOPOT: ANS BHIYHC-
JIeHHsl Pa3HOCTH KBaJApaTOB ABYX YHCeJl 3aMeHHTb 3Ty Pas3HOCTh MpoO-
H3BeJICHHEeM CyMMbl OCHOBaHHH Ha HX pasHOCTb, HampHMmep:

1022 — 1012 = (102 — 101) (102 4 101) = 203;
54? — 46 = (54 — 46) (54 -}- 46) = 800;

(14~ ) = (r—23) (rh+24) =

4. Ky6 cymmbl.
(@a+b)P=(+0b)}@+b)=(a®+2ab+ ) (a+ D)=
= a’ 4 2a%b 4 ab?® 4 a®b + 2ab? + b?;
(a + b)® = a® + 3a%b + 3ab? -}- b3.
Ky6 cymmor 08yx wucen pasen Ky0y nepsozo
Yucaa, nAOC YyMpOeHHOe npou3sederue Keadpama
nepeozo Ha 8mopoe, nAKC ympoeHHoe npou3sede-

Hue nepsoz20 Ha xsadpam 8mopo20, naArc Ky6 emo-
poz20 uucaa.

[Ipumepn.

1. (2a + 3b)* = 8a®+ 3 - 4a% - 3b + 3 - 2a - 9b® - 27b° =
= 8a® 4 36a%b -} 54ab? 4 27b3.

2. 113=1034-3-1024+3 104 1==1331.

5. Ky6 pasnocTH.

(a —b)® = (a —b)*(a— b) = (a® — 2ab +- b%)(a —b).

[Mpou3sens yMHOMKeHHEe H NpHBeAs MONOOGHLIE YJEHHI, MOJYy-
YHM:
(a — b)® = a® — 3a*b 4 3ab* — b®.

Ky6 pa3nocmu 08yx uucea pasex Ky0y nepsozo
4UCAQ, MUHYC YMPOEHHOE npou3sedenue Keaodpama
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nepeozo Ha 8mopoe, nAOC ympOeHHO0e npou3seode-
Hue nepsozo0 Ha Keadpam 6moOpP0O20, MUHRYC KyO6
8mopo20 uucaia.

[Tpumepsn.

l. (x—2)*= x3—6x2+4 12x —8.
2. (3a — 2b)® = 27a3 — 54a%b + 36ab? — 8b3,

§ 42. OGwue 3ameyaHusi O JAeJEHHH LeEJbIX
aarebpanyecKuX BbipaXKeHHH.

Kak u3BecTHO W3 apH(PMETHKH, NMPH JeJeHHH LeJbIX YH-
ceJl He BCerja MOXHO MNOJIYYHTb lleJioe yacTHoe. B 3Tom
cjydyae ropopsaT, 4YTO JeJHMOe He JeJIUTCS Haueno Ha Je-
autenb. Hanpumep, 17 He jgenurcs Haueno Ha 9.

B Takux cayuyasix SamHCHIBAIOT YacTHOe B Buje ApoGHO-
ro yucaa, 6eps AenuMOe YHCJAUTENEM, a JeJHTelb — 3HaMe-
HareseM. Hanpumep:

i . __?_
171 =-5-, 3.8-—-—8-

BBenenue ApoGHBIX YHCEJ CAe1all0 BO3MOXKHBLIM JiesIeHHe
JO0LIX yHces (KpoMme JieJleHHsl Ha HyJb).

Tak xe oO6GCTOMT Jes0 U MPH AeJIeHHH ueablX anredpau-
YecKHX BhIpaMeHHH. YacTHoe He Bcerja fABJASETCA LeJbIM
anre6pauyecKHM BbipaKeHHEM.

Ecau yactHoe oT jesneHusi nenbix anre6panyeckKux Bblpa-
KEHHH sBAseTCA UeJbiM anrebpauyecKHM BbIpaxKEHHEM, TO
FrOBOPSAT, YTO JieJieHHe BLINOJIHEHO HALeJO HJIH 4TO Je/IuMoe
HaueJso pasfie/IMJOCh Ha JIeJIUTeNb.

[TosicHuM CKasanHOe NpHMepaMH.

[Tpumep 1. 2ab:b.

B srtoMm ciyuae jeneHHe BHIMOJHSIETCS HALeA0: YacTHOe
pPaBHO LEJOMY BblpaKeHHlo 2a. J[lefiCTBHTENIbHO, YMHOXKHM
YacTHOe Ha JieJIHTeJb:

2a + b = 2ab.

[Tonyuunun penumoe. 3HaA4uT, BbipaxKeHue 2ab Haueno
pasjaenuyoch Ha b,
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[Tpumep 2. Tpéxunen x*—3x-4 2 nenurca Ha ABY-
yned x— |, npu 3TOM yacTHoe paBHO X —2. ITO MOXHO
NpPOBEPUTb, YMHOXHB jesnutesb x — | HA x —2:

Cx—1

X X —2
x2 —x

T —xt2
x2—3x+4 2

Msbl nonyuyusnu peauMoe, 3HAYMT, ABYYJeH X —2 Je-
CTBHTE/IbHO SIBJSIETCH HCKOMBIM YaCTHBIM.

[Tpumep 3. (2ab+c¢):b.

B 3TOM cayyae Mbl HEe CMOXEM HAWTH Takoe IeJioe Bbl-
paxkeHue, Kortopoe, Oyay4dH YyMHOXKeHO Ha b, nano Obl je-
Jumoe 2ab + c¢. JleneHue Haue/so 31eCb HEBO3MOXKHO.

JleiicTBuTesIbHO, Kakoe Obl lieJi0e BbipaXeHue, conepa-
uee OykBol a, b, ¢, Mbl HH B3SlJIH, YMHOXXHB €ro Ha JeJH-
Te/lb b, MOJNYyYUM MHOroYJ/ieH, BCe YJEeHbl KOTOpPOro copep-
XKaTt OykBy b; OAHAKO BTOpPOH 4YJIeH JEeJHMMOro paBeH ¢, 3TOT
YJIeH He cojJiep»HT OyKBy b.

B 3ToM cayuyae 3anuchbiBalOT 4acTHOe B BuJe ApOOHOro

BbipaxKeHusi, Oeps JequMOe YHCJHTe/ieM, a JeJIMTeJb — 3Ha-
MeHaTeJsieM, HalpuMmep:

(2ab+c):b=2-—a%ﬁ.

Cnenaem ewé oaHo 3ameyanue. [Ipd BCSIKOM Jie/IeHHH
anrebpavyecKMX Bbipa)KeHWi Mpl Oyaem npejgrnoJsaraTb, 4TO
JIeNIdTe/Ib HE paBeH HYJI0, TaK KaK JIeJIMTb Ha HYJb HeJb-
3s. [lostomy, ecau nenutesb COAEPMHUT OLHY HJIAH HECKOJb-
KO OyKB, TO AJS HHX JOMYCTHMBIMH SIBJSIOTCA TOJILKO Ta-
KHe 3HAa4YeHHs, KOTopble He o00pauiaioT JAeJiHTe]b B HY/b.
IT0 yCJOBHE HAj0 BCerja MMeTb B BHJAY TNpH [eJeHHH aJ-
reOpanyecKuX BbIPAXKEHHH.

Ecan 3HamMeHaTenb JaHHOTO BbIPAXKEHHUA PaBeH HYJIO
NpH BCEX 3HAYEHHUAX BXOAAUWMUX B Hero OykB, TO TaKOE Bbl-

paxeHue He MMeeT CMsbicja. TakK, Hampumep, BbipaXKeHHe

il
sy HE€ HMEET CMbIC/IA.
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§ 43. Jleaenne OAHOYJEHOB.

1. leseHue cTeneHed OAHOT0O H TOro e OCHOBAHMA.
Ilycte TpebGyercsi pasjenuth 2° Ha 22:

20: 28 =32:14=8=2%

Hrak:

25 .92 — 93,
Touno Tak xe:

38 ;34 = 32,
I[IpoBepka. 3% - 3* =39,

ad:a® = a.

[IpoBepka. a?-a®=ad.

Boo6uwe npu JaeneHUH CTeneHed OJJHOrO M TOro Ke YHC-
JJa B YaCTHOM JOJIKHO TOJIYYHTHCSI TO JK€ YHCJIO0 C TaKHM MO-
Ka3aTeJsieM, KOTOpbIHi B CyMMe C [OKa3aTejeM JeJuTeNs AAcT
NokKasaTeJb JAeJHMOro. 3HauMT, N0Ka3aTe b B YACTHOM JOJDKEH
ObiTb paBeH PAa3HOCTH MOKa3aTeJied B JeJIHMOM U B JleJHTee.

a' sat=g
Boo6iue:

av:a®=qg™"

31eCb m W n— HAaTypaJbHbE YHCJAA, NPHYEM m > .
JIeACTBUTE/NbHO, YMHOXKHM YacTHOe a™ ™" Ha JeauTeNb a™:

an~™" . q" — a(m-n}+n — a™.

Mbl noMyuYuJId JeJHMOe, 3HAYMT, JleJieHHe BHINOJHEHO IIpa-
BHJILHO.

Mbl nmpuIIH K MpaBHJY, KOTOpPOE KPaTKO MOXHO cdop-
Mynnpoaa'rb TaK.

ITpu Oesrenun cmeneneli 00H020 u MO20 Hce 4uc-
A4 u3 noxkaszameas 0eAumM020 HAOO 8viyecms no-
Ka3lameas Oesumeansn.

[Ipumeuaunue. Eciu m paBHo n, TO B 3TOM cJayyae AeJNHTEJb
H JlelMMOe paBHbI H, 3HAYHT, YaCTHOE PaBHO eJHHHLE:

am;:qm =1,

2. Jlenenue opnouseHoB. Ilyctb TpeGyercsi BbIMOJMHHUTD
AleJieHHe:

10a3b%c : 4a®b.
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Bocnonb3yemcsi CBOHCTBAMH  JleJIeHUSl, TpHBeJEHHBLIMH
B § 21.

Pasgenum penumoe Ha 4. Iaa SToro JOCTAaTOYHO pasje-
auth Ha 4 xoadduuuent 10. IMTonyuum:

2,5a5%b%c.

Paspenum pesysnbrar Ha a®. [las sToro JocTaToyHo ab
pasaennts Ha a®. Ilonyunm:

2,5a%b3c.

Pasgenum pesynbtat Ha b. s 3Toro JocTaToyHo pas-
Jenuth b® Ha b. IlonyyuM OKOHYaTEeNLHO:

10a%b3¢c : 4a3b = 2,5a2b%c.

YmuoxuB 4a%b na 2,5a%b%, moayuuM JeHMoe.

3HauuT, JAeNeHHe NMPOH3BEJeHO BEepHO.

KoHeyHo, HeT HeoOXOJHMOCTH 3allMChIBaTb OTJleJIbHO BCE
NMPOMEXKYTOYHbE pe3yJbTaThl. Bce JesleHHSI TIPOM3BOAATCA
nocjejoBaTesIbHO H Cpa3y 3anuchiBaercss pe3yJibTar.

[Tpumep 1. 18x84%23:6x2y%2 = 3x%22.
Jenaum 18 Ha 6; B uyacTHOM 3anuceiBaeM 3.

Henum x® Ha x2; B uacTHOM 3anuchiBaeM xi,

Henum y* Ha y%, B yacTHOM MoJyyaercsi e€JIMHHLA, KOTO-
pPyl0O He MHILEM.

Henum 22 Ha z; B 4aCTHOM 3amuckiBaeM z2.
B wrore mosayuyuau yactHoe 3xiz2,
(ITpoBepute moacraHoBKO#: x =1, y=2, 2=2.)

I[Tpumep 2. Pewuth ypaBHEHHE:
6ax? : 3ax? = 4.

[TpousBenst nejeHue, MOJNyYHM:
2b=4: X=2,

[TpoBepuTh OTBEeT MOJACTAHOBKOH B JAaHHOE YypaBHEHHE.
Hrak, MoKeM BLIBECTH TaKoe MpPaBHJIO.

[IpaBuno. Ymobst pa3zdesums 00HOYNEH HA 00-
HO4YAEH, 00CMAMO4YHO:

1) pa3deaums Ko3ghgpuyuenm 0earun020 Ha K03 PH-
puyuenm oesumens;
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2) K NONAYHEHHOMY HACMHOMY RpUnRucCambd MHO-
Hcumenrgmu Kaxcoyw 06ykey Oeaumo20 ¢ noxka3a-
menem, pABHGIM pa3nocmu noxa3amesed 3moud
GyKsbL 8 OeAuUMOM u Oeaumeane.

[TpuMeHss STO MpaBHJO, HAJO0 HMETb B BHAY, 4TO:

1. Ecau kakasi-nu6o OykBa BXOJHMT TOJBKO B J€JHMOe,
TO OHA BXOJMT B YaCTHOE C TeM e IOKasaTeJeM.

2. Ecau nokaszaTtesnu Kakoi-H60 OyKBbl B JieJIHMOM H B
JeJuTeNle OJHHAKOBB, TO 3Ta OGyKBa He BOHAET B YacTHOE.

Jlenenue OJHOYJIEHOB HANeJO HEBLIMOJHHMO:

1. Ecaiu mnokasartenb Kakoi-1u60 OyKBel B Je/HTeNe
6onblle NMoOKasaTessi TOH Ke OYyKBbl B JIeJTHMOM.

2. Ecau penurens copepxHT GYKBY, KOTOPOH HET B Je-
JIHMOM.

§ 44. Jlenenne MHOro4JeHa Ha OJHOYJIEH.

Bocnosib3yemcsi npasuJoM jaeenus cymmsl (§ 21).

[1puMeHHuM 35TO MpaBWJIO K JeJIeHHI0O MHOroud/JeHa Ha OJ-
HOUJIEH.

[lyctb Hajo BLINONHHTL JleJICHHE:

(6atb? — Ta®b + 3,6a%b3) : 2a%b.
PasgenuB Ha 24?0 kKaxKJAuH uyJeH MHOrouJjieHa, TMOJIY4YHM:
3a?b — 3,5a + 1,8b2.

[TpoBepuM yMHOMKEHHEM YaCTHOrO Ha JeJHUTeNb:
(3a%b — 3,5a + 1,8b2) - 2a?b = 6a*b* — 7a3b + 3,6a%b3.

[Tonyyuau nennmoe. 3HAYHT, leJIeHHE MPOU3BEJIEHO BEPHO.

Orcioga nosyyaeM Takoe MpaBHJIO:

Ymoboet pa3d0eaumov MHOZOYNAEH HAG OOHOHAEH,
HA00 pa30eaums HA 3MOM OOHOYNECH KANCObLE 4AEH
MHOZ204NACHA U NOAYHCHHbIE 4ACMHbIE CAONCUMS.

M3 storo npaBusa ciaeayer, YTO MHOrO4YJEH JeJHTCH Ha-
I1e10 HA OJHOYJIEH JIHIWb B TOM CJlyyae, €CJH KaXIAblH 4/eH
MHOrOU/IeHa JeJMTCA Ha 3TOT OJHOYJIEH.

HpyrumMu cmoBamu, Heo6Xxoaumo, 4ToObl JeaHTeNb Obla
OOIHM MHOXHTEJIEM BCeX YJIeHOB MHOrouY/IeHa.

[Tostomy, ecnu, Hampumep, AeNHTENb CONEPKHUT OYKBY,
He BXOAsulyi0 XOTA Obl B OAWH H3 4JEHOB MHOro4/JeHa, TO
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Mbl Cpa3y MOXeM CKasaTb, YTO JeJieHHe HaleJO HeBbINoJ-
HHMO.

TouHo Tak e JleJieHHe HEBBLITIOJHHMO, €CJIM NoKa3aTe/ib
KakKoH-in6o OykBbl B Jenutese OoJblie, YeM IIOKa3aTedb

9TOH e OYKBHl XOTS Obl B OJJHOM M3 YJICHOB JI€JIAMOTO MHO-
rouJieHa.

§ 45. lpumepul pewieHHss ypaBHeHHH.

3apnaua. Kaxoyw cmopony Keadpamuoi naoujaoku
yeeaudusd Ha 2 mempa, npu 3mMOM €€ nAouact YeeAUYUAacs
Ha 12 keadpamnoix mempos. Yemy O6vira pasHa cmopoHa
naouaoxu?

Pemum 3Ty 3ajayy cocTaBJIeHHEM YpaBHEHMS.

[Tyctb ¥ — pavua (B MeTpax) CTOPOHBI NJIOWAJKH; TOr/a
nJomajab STOod NJuomaaku Oyner paBHa x2.

[Tocne Toro Kak CTOPOHY YBeJHUHAH HA 2 MeTpa, nonay-
YyuJacb KBajJpaTHas MJOLAAKa CO CTOPOHOH X - 2 Merpos,
a NJowaje craja paBHOH (x 4+ 2)® KBaApaTHLIX MeTpoB. 3Ha-
YUT, TJIOIWAAb YyBeJHuyHJaach Ha (x 4 2)2 —x? KBajpaTHLIX

METpOB; HO MO YCJIOBHIO YBeJHYEHHe MNJowaAH pasHo 12 xe. M,
3HAYHT,

(x4 2)2 —x? = 12.
Mui nonyunau ypaBHenne. UTo6H ero peunTb, cHayajia ynpoc-
THM JieBy10 4actb. [lpuMeHuM c¢opMyJsly KBajpaTta CyMMbl:
(x+2P—x2=x24+4x+4—x?=4x+ 4.

3HayuT, ypaBHEHHE MOXKHO B3amucaTh TaK:
4x + 4 = 12.

HaxonuM 4x (kak HeHW3BeCTHOe cJiaraemoe):
4x == 8 W, HaKoHelu, X == 2.

[Ipn pewenun nosyuyuBlIEroCcsi YpaBHEHHsT MBI CrepBa
YIPOCTHJIH €ro JIeBYIO 4acTb.

Bo MHorux cayuasix, npeo6pa3oBaB CHaya/jla BbipaKeHHS,
cojiepaliiecss B ypaBHeHHH, MOXHO YIPOCTHTb 3TO ypaBHe-

HHEe W MPHUBECTH €ro K TAKOMY BHIY, KOTOPHIH Mbl yiKe yMeeM
pelarhb.

[Ipumep.
=3 (x+4)—(x+2)(x—3) =2. (1)
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[TepeMHOXHM JBYYJIeHBI, 3aKJIOYEHHbIE B CKOOKH:
(x—=3)(x+4) =x2 4 x—12;
(x4+2)(x—3) =x*—x—6.

BhluTeM H3 nepBOro INpPOH3BEJEHHSI BTOpOe M Tepernuiuem

JIeBYI0 4YacTb ypaBHeHHs B cuejyiouleM Buje: 2x — 6.
3HauuT, AaHHOe ypaBHeHue (l) s3anuiuercs Tak:

2x — 6 = 2.

OT0 ypaBHEHHe Mbl CMOXeM pewdTb. HaiiaéM chavana
2x (KaK HEH3BECTHOE YMEeHblluaeMoe):
2x =28
H, HaKOHell,
X =4,
Hss npoBepKH MOACTaBHM B HCXOJHOE ypaBHeHHe (1) x = 4:

0 4—6m8—B=2,
9 =2,

3HauuT, ypaBHeHHe pelleHO BepHO.




FMTABA YETBEPTAA.

YPABHEHHUSA NMEPBOH CTENEHH
C OJHUM HEU3BECTHBLIM.

§ 46. OGumue cBeaeHus.

M3 npeawisymero Mbl 3HaeM, 4TO paBeHCTBA, COIepKa-
uHe 6yKBBl, MOr'yT OBITH ZIBYX POJOB: TOX A€CTBA U ypaBs-
HEeHH 1.

ToxnecrtBo (cM. § 29) — sT0 Takoe paBeHCTBO, KOTOpOE
BEPHO MNpH JIOO6HX (AONYCTHMBIX) 3HAYEHHAX BXOJASILIHX B
Hero OykB. Tak, Hanpumep, (GOpMYyJibl COKPAaUEHHOrO YMHO-
KEeHH:

@+b)@a—b)=a*—0b% (a+b)?=a®+2ab+b%urT. 0. —

sT0 ToXzaectBa. B § 4] MB yCTaHOBHJH, MOJB3YSICh OCHOB-
HbIMH 3aKOHaMH apu(MeTHYeCKHX NEHCTBHH, YTO Bcerja, Ka-
KUMH Oml HH OblJIHM 4YHcaa a M b, JeBas yacThb AJs KaxXJOro
M3 3THX paBEHCTB paBHa MpaBoH.

PasenctBo I::—-l =a-4 1 TakKe ecTb TOXIECTBO, TaK

KaK TNpH BCAKOM JONMYCTHMOM 3HAYeHWH a (a MMEHHO MNpH
a + 1) neBas ero 4actb paBHa MpPaBOH.

B § 24 u 45 MBI BCTpewanuch € Apyroro pojAa paBeHCT-
BaMH, colepxauwuMH OyKBbl, a HMEHHO ¢ ypaBHeHusiMH. Pac-
CMOTpeHHble HAMH B 3THX naparpadax paBeHCTBa COJEpIKaJH
o6o3HayeHHble GYKBaMH HeH3BeCTHble 4yHcJaa, H HaMm TpeGoBa-
JIOCb peLIHTh YypaBHEHHe, TO €CThb BBHISICHUTb, CYILIECTBYIOT
JIH TaKHe 3Ha4YeHHs] HEH3BECTHOro, MpPH KOTOPHIX PaBeHCTBO
6yLeT BepHbIM, H HAaHTH 3TH 3HAYEHHUS HEH3BECTHOrO.

[Tycrs, HanpuMep, naubl ABa aare6paudyecKHX BbIparKeHHS:

4x—5 u 2x+409.
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YucnoBoe 3HayeHHe KaxKJOro H3 STHX BblpaXKeHHH 3aBH-
CHT OT 3HaueHHsi OYKBbl X, KakK 5TO BHJHO H3 CJeAylolleH
TabJiklbl, e B NepBOH CTPOKe JaHbl pa3/IHYHbIE SHAYEHHA X,
a BO BTOPO# H TpeTbeH — COOTBETCTBYIOUIHE 3HAYEHHS JNAHHBIX
anre6paHyecKUX BbipaxKeHHH.

X -2 | =] O 1 b 3 4
4x — 5 —13| —9 —5 —1 3 7 11
2x 49 5 7 9 11 13 15 17

[loctaBuM Takol Bonpoc: HAWAYTCS JIM TaKHe 3HAYeHHS
X, TIPH KOTOpbIX 00a JaHHbLIX BbipaKeHuss OyAyT HMeTb OJHO
H TO e 3HayeHuer

IlpyruMu caoBaMH: MpH KakKuX 3HadeHHsiX x Oyjger crnpa-
BeAJHBO pPaBeHCTBO:

4x —5=2x 4 9. (1)

Ecau npoposkute 9Ty TabJjHIy, TO OKaMeTcsi, YTO NpH
x =7 JlaHHbIe BbIPAXKEHHS HMEIOT OJHO H TO ke 3HayeHue 23.
OnHako M3 HAWHX pacCy:KAEHHA He BHIHO, CYUIECTBYIOT JiH
emé Kakue-HHOYAb 3HAYEHHA x, IPH KOTOPHLIX JeBas YacTh
paBencTBa (1) paBua npaBod. UTo6bl NMosyuuTh NOJHLIE OTBET,
HaJl0 U3y4YHTb CBOHCTBA YypaBHEHHH.

B Hacrosiuie# rJyiaBe Mol H3yYHM OCHOBHbIE CBOMCTBA ypaB-
HEHHH M YyKaKeMm cnocoObl HX pelleHHS B NPOCTEHLIHX Cay-
yasx.

3ameTuM, 4TO ypaBHeHHe, Kpome GYKB, 0603HaYaloUIHX
HEHW3BECTHBIE YHCJIA, MOXKET cofep:KaTb H Apyrue OyKBul, KO-
Topble OyAyT O3HauyaTb HEKOTOpble H3BECTHhIEe, OmNpejeJiéH-
Hble YHCJIa.

[IpuBeném ewé npumepnl ypaBHEHHH ¢ OJHHM HEH3BeCT-
HbIM.

hox=2 2 Zp=1 38 2.=_2
-
4)1+;=3; 5) 3xt —5x24+-9=0; 6) x5 =a.



Bo Bcex 3THX ypaBHEHHSIX X fIBASIeTCS HEH3BECTHLIM YHC-
JIOM, @ Tam, rjie umeloTcs Apyrue OykKBbol (BO BTOPOM H Luec-
TOM YpaBHEHHSIX), Mbl CYUTA€M HX H3BECTHBLIMH.

Boipaxenus, cTosiiue cJieBa H CrpaBa OT 3HaKa paBeHCT-
Ba, Ha3HIBAIOTCH JIeBOH H NMpaBOH YacTAMH ypaBHEHHA.

1. Kopuu ypasuenus. Ilyctb pano ypaBhenue:

3x — 7 = 29 — 6.
[loncraBus B nero BmMecTo x uucjao 4, MOJAyuYHM:
3:4—7=5unu29—6.4=05.

O6e yacTH ypaBHEHHS OKa3a/JHWCb pPaBHBIMH OJIHOMY H
ToMy xe uucay. [lonyuyunn BepHoe paBeHcTBo. HaoGopor,
€CJIH MOACTaBHM BMeCTO Xx Jo0oe Apyroe YHCJ0, HanpuMep
9, T0 6ynem HMeTb:

3:56—7=8;, 29—6-5=—1.

JleBasa yacTtb okasanacb paBHOH 8, a mpaBas —I.

Mbl He noayuusu paBeHCTBAa. 3ajlaya peLIeHHs ypaB-
HEHHA W COCTOMT B TOM, 4YTOObl OMNpeje/HTb, HMEITCS JIH
TaKHe 3HAaYeHHS HeH3BeCTHOro, NMpH KOTOPhIX o0e 4acTH ypas-
HeHHWS paBHBl OJJTHOMY H TOMY Xe 4yHcay (cM. § 24), u HailiTu
3TH 3HAYeHHA.

Hrak:

Pewums ypasrnenue ¢ 00RUM HeUu38ECMHbIM — 3HA~-
qum Haudmu 8ce me 3HAYEHUSR HEU38eCMH020, npu
KOmopeix ypasHenue obpaujaemcs 6 8epHoOe pa-
8eHcmao.

Bce Takue 3HayeHHs HEU3BECTHOr0 Ha3bIBAlOTCS €ro Ko p-
HAMH MIH pelleHHSAMH.

Tak, B npepbigyuiemM npuMepe x = 4 sIBJSeTCA KOPHEM,
HJIH pelleHHeM, ypaBHEHHS

3x —7 = 29 — 6.

HaoGopor, nanpumep, 3HaueHHe X =5 He SBJSETCH KOpHEM
3TOr0 ypaBHEHHS.

2. Yncao kopHel ypaBHeHHSl. Y paBHEHHE MOMKET HMETb
€/ JHHCTBEHHBIH KOpPEeHB.
Hanpumep, ypaBHeHHe

x+3=7
HMeeT €JlMHCTBEHHbIH KOopeHb: x = 4.
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IleficTBHTE/IbHO, MOACTaBHB B YypaBHeHHe 4 BMecTo X,
MONYYHM:

443=7

BepHoe paBeHCTBO. [loacTaBHB XKe B ypaBHeHHe BMECTO X
aoboe 4HCca0, MeHbluee 4, MONyYUM B CYMMe C 3 YHUCJIO, MEHb-
mee 7, a mojacTaBHB 4HucJso, Oogbluee 4, NMOJYYHM B CyMMme
¢ 3 uyucao, Goabliee 7. 3HAUHT, YHCJAO 4 SIBASIETCS €JIMHCT-
BeHHbIM, KOTOpoe B cymMme ¢ 3 paér 7, To ecTb obpamaer
JlaHHOe ypaBHEHHE B BEepHOE PAaBEHCTBO.

Y paBHeHHe MOXeT HMeTb HEeCKOJBbKO KOpHeH.

Tak, ypaBHeHue

x—Dx—2x—95)=0

HMeeT TPH KOpHA: X, = 1; x, = 2; x5 =5.

IefictBuTensHo, npu x = 1 oOpaTutcss B HyJb nepBHIA
MHOXKHTEJIb B JIEBOil YacCTH, NMPH X = 2 — BTOPOH MHOXHUTEJb,
npu x = 5 — TpeTHii. A ecau XoTs Obl OJHH H3 COMHOXHTEJei
paBeH HYJIIO, TO H BCE MpOH3BeJeHHe PaBHO HYJIIO.

Ecan e Mbl noacTaBuM B ypaBHeHHe BMeCTO x JitoGoe
Apyroe 4ucjao, TO HH OJAHH K3 COMHOXHTeJeil B JieBOH 4YacTH
He obpatuTcsi B Hysb. CirefoBaTe/ibHO, He OyIeT paBHO HYJIIO
H MX TpOH3BeJleHHeE.

Y paBHEHHE MOMeT COBCeM He HMeTb KOpHEeH.

Bosbmém, Hanpumep, ypaBHEHHE:

x+5=x+1.

Kakoe Obl 3HaueHHe Mbl HH laBasii OyKBe X, JeBasl 4yacTb
5TOro ypaBHeHHsl Bcerpa Oyjaer Ha 4 Goabule npapoil. 3Ha-
YHT, HeT TaKHX 3HAa4YeHHH x, KoTopble oOpaiaju Obl 3TO
ypaBHEHHe B BepHOE paBeHCTBO. Y paBHEHHe He HMeer
KOpHeH.

Y paBHeHHe MOXeT HMeTb OeCKOHeuYHOoe MHOXecCT-
BO KOpPHeI.

[lycte paHo ypaBHeHHe:

S(x—3)+2=3(x—4) + 2x —1.

[loacraBnss Bmecro x Jo6oe uucao, ybeaumcs, 4yTto Je-
Basi M npaBas 4yacTH ypaBHeHHs OyJayT paBHbl. 3HAuHT, Jio-
Goe yucJio ABJsieTcs KOopHeM 3toro ypasHenusi. Ilokakewm 3aro.

4 Aare6pa, VI—-VIIl ka. 97



PackpeiB ckoOkH u npuBeas MojOCHBIE WJIEHH, MOMYUHM:
X—104+2=3x—1242x—1,

HJIH
5x — 13 = 5x — 13.

B ofenx uacTaX OKa3aJoCch OJHO H TO e BhIpaKeHHe.

Mtak, naHHoe ypaBHeHHe OKas3aJloCb PpaBeHCTBOM, chpa-
BeJ/TUBLIM TpH JIIOObIX 3HaYeHHAX OYKBHl X.

[oBopsiT, 4TO jaHHOe ypaBHeHHe y JOBJIeTBOpAeETCH
TOXJE€CTBEHHO.

§ 47. PaBHocH/bHbIE ypaBHEeHHS.

1. Pewnm ypaBHeHHS:

1) 2¢x—=5=11 u 2) 7x+4+6=62.
[Tonyyum:
) 2x=16 u 2) 7x= 56,
) x=8 u 2) x=38.

O6a 3TH ypaBHEHHS HMEIOT OJIHH H TOT e eJHHCTBEeHHBIH
KOPEeHb.

Onpepnenenune. J[lBa ypaBHeHHs Ha3bBAIOTCA PaBHO-
CHALHBIMH, €CJH KaXJ]0oe M3 HHX HMeeT Te e KOPHH, uTO
H JApyroe.

3HayuT, TpHBeJEHHbIE Bbill€ JBa ypaBHEHHs SABJAIOTCA
PaBHOCHJ/IbHBLIMH.

Hao6opor, Takue, HanpHmep, ypaBHEHHSA:

x—2)(x—58=0 n x—2=0,

HEePAaBHOCH/bHEI, TaK KaK NepBoe HMeeT KOpPHH 2 u 5, a BTO-
pce TOJIbKO KOpPEeHb 2; 3HAaYHT, KODHH y HHX He OJHH H Te XKe.
Bo3bméM TakHe JBa ypaBHEHHSA:

x+2=2x+1)—x u 3x=3(x—1)-43.

OG6Ga ypaBHeHHSI yJOBJIETBOPSIOTCSA JIIOOBIMH SHAYEHHSAMH X,
Uro6bl yOeauTbCA B 3TOM, packpoem CKOOKH B o0OHX ypaB-
HEHHAX:

X+2=2x4+2—x H 3x=3x—3+43,
HJH
X4+2=x+4+2 u 3x=3x
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B ofeux gyacTsixX KaKJoro ypaBHEHHSI CTOMT OJHO H TO Xe
BblpaXKeHHe, M03TOMY MOHATHO, YTO NpH JIOOBIX 3HayeHH-
fIX X NpaBble H JieBbleé YacCTH KaxKJOro H3 3THX YpaBHeHHii
pPaBHEI OJJHOMY H TOMY XK€ YHCJYy.

CorsacHo HauleMy onpejie/ieHHIO STH YPaBHEHHS TOXe
OyyT paBHOCHJbHBIMH, TaK KaK BCe KOPHH J1000ro M3 HHX
AIBJIAIOTCS KOPHSIMH H Jpyroro.

Hakonen, ec/qH BO3bMEM TakHe ypaBHEHHS!

X+2=x+4+5u 2x4 7 =2x,

To y6eaumcs, uTo o6a OHH He HMelOT KopHedH. B camom pnene,
Kakue Obl 3HaUeHUs] HH JaBajli X, B NepBOM ypPaBHEHHH Bcerja
3HaueHue npaBoii yactu Oyjer Ha 3 GoJblue 3HAYEHHS JieBOMH
H, CJIeJlOBATEJIbHO, HH NMPH KAKOM 3HAaYe€HHH X MBI He MoJy-
YHM BEPHOr0 pPaBEHCTBA.

TouyHo Tak e npH JOObLIX 3HAYEHHSX X 3HAYEHHe JIeBOH
YaCTH BTOpPOro ypaBHeHHs1 OyaeT Bcerja Ha 7 OoJblie 3Ha-
YeHHs NpaBoH, M HUKOrJa OHH He CMOr'yT OKa3aTbCsl PaBHBLIMH.

Hrak, o6a 9TH ypaBHEHUSI HE HMEIOT HH OJIHOTO KOpHS.

Y pasHeHusn, Komopble He uUMeonm KOpHel, mMmaxkce Culd-
maromcs pasHOCUNbHbIMU.

BcrnoMHEM, KaKk MBI O CHX MMOp pellajli ypaBHEHHA.

PewuM Jans npuMepa ypaBHEHHE

Tx—T=13. (1)

paCCMﬂTPHBEH %‘x KdK HEH3BeCTHOe YMEHbILIAEMOE, MOXKEM
HamnucaThb.

%’E — 20. 2)

PaccMaTtpuBas 5x Kak HeH3BeCTHOe JeJuMoOe, MpPHXOJHM

K YpaBHEHHIO
5x == 160. (3)

Hakonen, paccMaTpuBasi X Kak HeH3BeCTHBIH MHOXHTeJIb,
NPHXOAUM K YpPaBHEHHIO

x == 32, (4)

H3 KOTOpOro 3ak/jioyaeM, 4TO KOpPHeM ero, a 3HauyuT H Bcex
NpeAbIAYLUIHX YpaBHeHHH, ABJAsfeTcsa 4Yucao 32.
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Takum o6Gpa3zom, Mbl nepexojusii OT OJHOTO YypaBHEHHSA
K aApyromy, OGosiee npocromy. Haiias, uyto ypaBuenue (4)
MMeeT eJMHCTBeHHBbIH KOpeHb 32, 3aKJIIOUMJIH, YTO STOT elMH-
CTBEHHBIH KOpeHb MMeIOT W ypaBHeHHS (3), (2) M, HakoHel,
safannoe (1). Mpbl, cJenoBaTe/NibHO, CYHTaANH, YTO BCe 3TH
yeTbipe ypaBHEHHS PABHOCHJILHBI.

Ho peiictButensHo au Tak obctout aeno? lehcTBuTeNb-
HO JIH NpPH BceX npeoOpa3oBaHHAX, KOTOpblE NMpPOH3BOAHJHCH
HaJl YPABHEHWSIMH, Mbl KaxKAblfi pa3 noJsiyyaJi ypaBHEHue,
PaBHOCHJILHOE TpeAbIAylIeMy ?

BoiscHenuio 3Toro Bonpoca MNOCBSIMEH CAeAyIOWHMHA na-

parpad.
§ 48. /lBa OCHOBHBIX CBOWCTBA ypaBHEHHH.

[lokaxkem Ha npuMmepax, 4YTo ypaBHeHHsi o0JiajaloT cJie-
AYIOUUMH JByMsl Ba*KHbIMH CBOHCTBAaMH.

Co#ictBo |. Ecau Kk 06eum wacmam YpasHeRuS
npubasums OOHO U MO JXHCE HUCAO0 BAU OOUH U
mom JXce MHOZ04AeH, cOoOepxcauuil wHeu3lsecmnoe,
mo H080e ypasHenue O6yoem pasroOCULOHO OAHHOMY.

[Ipumepsl.
1. Ilycte pano ypaBuenwue:
6x 4+ 7 = 31.

PeiuuB ero, HailiéM eNHHCTBEHHBIA KOpeHb: x = 4.
[Ipu6aBum Kk 0oGEHM 4YacTAM YypaBHEHHS OAHO H TO XKe

yucsio 15:
6x 4 22 = 46.

PeB 310 ypaBHeHue, HalJéM, YTO M OHO HMeeT €JHH-
CTBEHHBbIH KOpeHb: x = 4.

[MpuGaBuB K O0GeWM YacTsIM JAaHHOTO YpaBHeHHs —7;

2%; —4, 1NOJyYHM ypaBHEHHSA:
6x = 24;
| I
6x + 95 = 3353
6x 4 3 = 27.

PeiinB ux, onfiTh MOJYYHM JJIsl BCeX YpaBHEHHH TOT XKe
e/lHHCTBEHHbIH KOpeHb: x = 4,
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2. TlycTe nano ypaBHeHwue:
3x—7=2_8.

PelwuB ero, HalnéM ero eJHHCTBEHHBIH KOpeHb: x = 5.
[Ipu6aBuM Kk 06eWM yacTsAM 3TOr0 YpaBHEHHSI OJHOYJIEH
—2x, NOJYYHM YypaBHEHHE:

3x—T7 —2x =8 —2x;
x—7 =8—2x.

[TopcTaBuB B Hero 3HaveHwe x = O, ybeaumcsi, 4To 5 se-
JsieTcsl KOpHeM M 3Toro ypaBHeHusi. Ha ocHoBanuu cBoiicTsa |
3TO ypaBHeHHe HMKAKHX JPYrHX peLleHHH HMEeTb He MOXKeT.

B camom jpene, npu x = 5 ofe 4aCTH 3TOr0 YypaBHEHHS PaBHbl O]
HOMY W TOMY e uHcay. Ecan naauM x 3Hauenwe, OGosbliee 5, To Je-
Bas 4acTb ypaBHeHHs X — 7 == 8 — 2x yBeJIHYHBaeTCs (TaK KakK yBeJH-
YUTCA yMeHbIlaeMoe), a NpaBasi yMeHbllaeTcs (TaK KaK YBeJIHUHBaeTcs
BbLIUWTAEMOE) H, CJelOBaTeJJbHO, paBeHCTBO HapywuTcs. Ecau xe pa-
JIKM X 3HauyeHHe, MeHbluee D, TO, HaoOOpOT, JieBas 4YacTb YMEHbIUHTCH ,
a npaBasi yBeJNHYMTCH.

CaiefloBaTeNbHO, ypaBHeHHe X — 7 = 8 — 2x paBHOCHJbHO ypaBHe-

HHIO 3x — 7 = 8.
3. IlycTb jaHO ypaBHeHHe:

2% 46 =2 (x 1)+ 4.

DTOMY YpaBHEHHIO YAOBJETBOPHAIOT JIOOble 3HAYEHHS HEH3BECTHOro
(B yéM ybGeaumcs, pacKpbiB CKOOKH).
Ilpu6aBuB K o6eHM ero yacTaiM 4ucaa 7, —4, NoJyuYHM ypaBHEHHA:

2x+13=2(x41)+ 11,
2x+4 2=2(x-41).
ITH ypaBHEHHA TOXe YAOBJETBOPAIOTCH /MOOGLIMH 3HAYEHHAMH X .

3HauuT, 06a ?3TH ypaBHEeHHA PaBHOCHJIbHbI AAHHOMY ypaBHEHHIO.
4. Bo3bMéM ypaBHeHHe:
x = x4 3.

JT0 ypaBHeHHe He MMeeT pelucHuit. [IpuGaBuB Kk oOenM yacTsam,
Hanpumep, x? — 3, MoJayYyHM ypaBHeHHe:

x4+ x—3=x*+4 x,
QOueBHJIHO, 9TO H 3TO ypaBHeHHe He HWMeeT pelleHus, TaK KakK Mnpu
mobLIX 3HaYeHHAX x NpaBas yacTb Oyaer Ha 3 GoJblue JeBOil.

3HauYHT, H B 3TOM CJydYae MNOJYYW.1H YPaBHEHHE, PaBHOCHJbHOE
JNaHHOMY.

CeoficTtBo 2. Ecau 006e sacmu YypasHerus Yy MHO-
acumes HAa OOHO U MO e He PABHOE HYAIO HUCAO,
mo H080e ypasHeHnue 6yodem PasHOCUNAObHO OGHHOMY.
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I[Ipumepsn.
. Bo3bméM, Hanpumep, ypaBHEHHE:
3x — 5 = 13.

OHO HMeeT eJHHCTBEHHbIi KOpeHb: x = 6.
YMHOXKHM 00e yacTH ero Ha 4:

12x — 20 = 52.

Pewius ero, naiineMm, 4TO M OHO HMeeT €AHHCTBEHHBIH KO-
penb: x = 6. 3Ha4yuT, 002 ypaBHEHHUS PABHOCHJILHBI.
YMHOXHB o6e YaCTH JaHHOrO ypaBHEHUSI Ha —2; Ha O,

|
Ha - , NOJIYYHM YpaBHEHHA:

—6x 4+ 10 = —26;
15x — 25 = 65;
5 13
Y et

PeluuB uXx, HaWAEM AJIsi Ka)KAOro €AHHCTBEHHbIH KOpeHb:
x = 6. 3HaYHT, BCe OHH PABHOCHJbHBI JAHHOMY YypPaBHEHHIO.

2. Bo3pméM YypaBHeHHe:

2x +6=2(x+4 1)+ 4.
Mul yxke 3HaeMm, 4TO 3TOMY ypaBHEHHIO YAOB.eTBOPAIOT Mobble 3HA-
1

YeHHS HEH3BeCTHOro. YMHOXHB o0e ero yacti Ha 3; —2; 5 » NOAYqiM

L 6x+ 18 =6(x + 1) + 12;
—4x —12=—4(x 4+ 1) —8;

x+3=(x+ 1)+ 2
Jlerko y6eauThCHl, pacKpbLiB B NMpaBofi 4aCTH CKOOKH, 4TO KaXIOMY
M3 3THX YpaBHeHHil yJaoBaeTBopsieT a060e 3HAYEeHHE HEH3BeCTHOro.

3HAUHT, OHH PAaBHOCHJIbHbI aHHOMY YypaBHEHHIO.
3. B3AB, HaKoHcl, ypaBHeHHe

2x4+7=2x+9,
He HMeloulee pelleHHA, yMmMHoxHM ofe yacTH ero, HampHMep, Ha 4HCIa
I
- 5
[Monyynm ypaBHeHHA:
—6x —2‘} = — 6x — 27;
9
Jlerko BHAeTb, 4TO 06a 3TH YpaBHEHHA TOXe He HMEIOT peLIeHHIl
H, CJelloBaTeJbHO, PaBHOCHJbHB JaHHOMY YpPaBHEHHIO,
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[Tonb3yscb STHMH ABYMS CBOHCTBAMH, MBI MOXEM Temepb
BCe ypaBHEHHS, KOTOpble pellaji paHblle, pelaTh, YiKe He
CChIJIasiCb HA 3aBHCHMOCTb MeXJy JaHHBIMH H pe3yJ/ibTaTaMu
apuMeTHYECKHX HAEHCTBUH.

PemiuM, HanpuMep, ypaBHEHHE:

Sx
¥ —7=13. (1)

[lpu6GaBum kK obeum uyacTsaM ypaBHeHus mo 7. Ha ocnosanuu
NepEoro CBOHCTBA NOJIYYEHHOE ypaBHEHHE

S5x
5= 20 (2)

PaBHOCHJILHO JAaHHOMY.
YMHOXHM o0e uyacTH 3Toro ypaeHenust Ha 8. Ha ocHo-
BaHHH BTOpPOro CBOHCTBA MNOJIy4YeHHOe YypaBHEHHE

ox = 160
paBHOCHJ/IbHO (2), a cjaeloBaTe/>HO, H JaHHOMY.

Pasnenus ofe yacTd 3TOro ypaBHeHus Ha 5 |Hai yMHO-

1
KHB Ha -5-) , TMOJIyYHM ypaBHEHHE

x =32,
PaBHOCHJILHOE JaHHOMY.

§ 49. YpaBHeHus, coaepKaulle HEHW3BECTHOE
B o0eux yacrtax.

Ilo 3Toro Mbl pewiajii ypaBHeHHs, B KOTOPbLIX Heiu3BecT-
HOe BXOJAMJIO B OJHY u4acTth ypaBHeduss. Ho »oryTt ObiTs
YpaBHeHHS], KOTOpble COJep:KaT Heu3BecTHoe B OfGenX 4acTtix,
HanpuMmep:

3x— 17 =18 — 2«.

Mbl cymeeM peluuTh ypaBHeHHE TaKOro BHJA3, €CJIH CMO-
XKeM npeobpasoBaTb ero Tak, 4YTOOBl UJEHbl, COJAepIKalllue
HEH3BECTHOE, OKa3aJuChb TOJbKO B OJIHOH 4YacTH YpaBHEHHS
(To ecTb NpUBEJLEM YypaBHEHHE K TakKOMy BHAY, KOTOPLIH Mbl
y2KE€ yMEeeM peluarth).

Bocnoab3oBaBiiuch nepBbIM  CBOHCTBOM ypPaBHEHHSA, Mbl
JIErKO pellHM ypaBHEeHHe

3x — 17 = 18 — 2x.
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[lIpu6aBuB Kk o6enM yacTsiM 3TOro ypaBHeHHs NO 2x, TO-
JIyUMM ypaBHeHHE, PaBHOCHJIbLHOE NAHHOMY:

3x— 17 4 2x = 18 — 2x 4 2x,
MJIH TOCJIe YNPOLUEHHU S :
5x — 17 = 18.

Ho 310 ypaBHeHue Mbl peliaTb yxKe ymeeM, TMNOJYy4YHM:
dx=23D, x=17.
[loncraBuB x =7 B JaHHOe ypaBHEHHE, TOJYYMM:
3-7T—17=4, 18—2.7 =4,
4 = 4.

KopeHb HaiizieH BepHO.

Boieegem HekoTopble C/eACTBHA M3 MEpBOro CBOHCTBA
ypaBHEHHH.

Bo3bmém ypaBHeHue:
2x — 5 + 4x = 17 + 4x.

B o0eux yacTsax 3TOro ypaBHEHHUS €CTb OJHH H TOT XKe
uned 4x. OueBujHO, ecqu Mbl npubaBUM K oOOedM ero yac-
TAM N0 —4x (MaM, 4TO TO Ke, BblYTeM 4X), TO 3TH YAEHbI
B 00EMX 4acTAX ypaBHEHHS COKpATATCA H MBI Cpasy nnoJy-
YyuM ypaBHeHHe 2x — 5 = 17, paBHOCH/IbHOE JaHHOMY.

Ecau 8 o0beux uacmax yYPABHEHUS UMEIOMCS
O0UHAKOBBIE YNEHBL, MO UX MONCHO ORYCMUMS.

Bo3bMéM ypaBHeHHe:

3x 4+ 11 =26 — 2x.

YTo6bl crpynnupoBaTh B JIEBOH 4YacTH 4JeHbl, COAepKa-
lHe HEeU3BECTHOE, HYXKHO K OOEHM YaCTAM YpaBHEHUS TNpH-
6aBuTbL MO 2x, a yToObl CrpynnupoBaTh B NMpaBoOid 4aCTH CBO-
6oAHble YjeHbl, HAA0 K obeuM yactsaMm npubGaButb no —I11.

[lonyuum:

3x+ 11 4+2x—11=26—2x 4+ 2x— 11,
3x+2x=26—11.

HJTH

CpaBHHBasi 3TO ypaBHEHHE C JAaHHbIM, BHAHM, YTO YJ€H
—2x okasaJjcsi B JieBod yactd, a |l —B npaBo#t, HO o6a
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MPH 3TOM M3MEHHJIM 3HAK Ha TpoTuBonoJoxHbiA. Orciona
NpaBHJIO:

J10606% yrer YpasHerus MONCHO nepernecmu u3
00HOl wacmu ypasHenus 8 OpY2yi0, nNEPemMenus ezo
3HAK HA RPOMUBONOAOINCHBLE.

[Ipumep.
x—11 —2x4+4=3x+ 18 4+x—2.
[lepedecdm Bce uJsieHB!, cojepiKalHe HEH3BECTHOe, B Je-
Byl0 YacTb, a Bce CBOGOJAHbLIE Y/EeHbl — B TMpaBylo, Nepeme-
HHB y KaXJOro H3 HUX 3HaK Ha mpoTHBOMosoXHbIA. [lony-

YHM.
T g — Qg — o 18 =8 4 11 =4,

x = 23.

HJIH

§ 50. YpasHeHnue mepBod CTeneHHd C OAHHM HEH3BECTHbLIM.

YpaBHeHHeM mNepBOH CTENEHH C OAHHM HEH3BECTHDIM
Ha3bIBAETCHA ypaBHEHHE BHAA

ax+ b =0, (1)
rjaie X — Heu3BecTHoe 4Yucao, @ (kKo3hpuuHeHT npu Heus-
BECTHOM) — J000€ JaHHOE YHCJAO, He paBHOE HYJI0,
b (csoboaubifi unen) — aw0boe paHHOE YHCJIO.

YpaBuenue (1) nHasbiBaeTcs ypaBHEHHeM MNEpPBOH CTENeHH,
NMOTOMy YTO €ro JieBasi YacCTb €CTb MHOrO4YJIeH TepBOi Cre-
NeHH OTHOCHTEJbHO HEH3BEeCTHOro X.

[Ipumepsl ypaBHeHu# nepBoO# CTEeNeHH C OJHHM HEH3BeECT-
HbIM:

3x—17=0; 05¢+8=0; ¥—2—-0 urn

Muorne ypaBHeHHs nocJie HEKOTOPBIX Mpeo6pa3oBaHMil

MPUBOAATCA K YpaBHEHHIO IepPBOH CTeNeHH C OJAHHUM Heus-
BECTHBIM.

[Ipuseném npumep.

3(x—1) | x—4 (x +1)
2 T 3 = 12 z2 O

YMHOXHB 00e yacTH ypaBHeHHss Ha 6, MO CoKpalleHHH
NOJIy4HUM:

O(x—1)4-2(x —4) =72 —3(x + 1).
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Packpoem ckoGKu:
Ox —942x—8=72—3x—3.

[lepenecém Bce useHBl M3 NMpaBoil YaCTH B JIeBYIO (C mpo-

TUBONOJIOKHBIMH 3HaKaMH) H MNpHBEAEM MNOJAOOHBIE YJIEHHI.
[Tonyuum:

14x — 86 = 0.

Ha ocHoBaHuH mepBOoro M BTOPOro CBOHCTB ypaBHEHHH
nosyyeHHoe ypaBHeHHe 14x — 86 = (0 paBHOCHJBHO JaHHOMY.
43
T .

B ofuiem cuayuae ypaswenue nepsoli cmeneHu ¢ OOHUM
HeU36eCMHbIM UMeem eOUHCMEEHHbIL KOpPeHb.

B camom pene, nepeHecsi B ypaBHEHHH

ax+b=0

O6a OHH HMEIOT KOpeHb X =

b B mpaByl0 4YacTb, NOJYYHM ypaBHEHHEe, PaBHOCHJbHOE JaH-
HOMY :
ax = —b.

Pa3nenuB Tenepb o6e 4YacTH ypaBHEHHSI Ha He paBHOE
HYJIO YHCJO @, MNOJYYHM €JUHCTBEHHOe 3HayeHue JJs X,
a HMMEeHHO:

b
x=-_-"'-|.
a

§ 51. OGmue yka3aHusl K pelIEHHI0 YDABHEHWH.

Bo wMmHoOrux caydasix pelueHde ypaBHEHUS1 CBOAHTCH
K TOMYy, YTO Mbl JaHHOe ypaBHEeHHe 3aMeHsieM JpYrHM, emy
PaBHOCHJILHBIM, HO 06o/iee npocrbelM, 3TO JApYyroe 3ameHse
TPeTbUM H TaK MpOAOJ:KAaeM A0 TeX Nop, MOoKa He MOoJYyuYuM
camoe NMpoCTOe ypaBHeHHe BHAA X = a, KOTOpOoe MpsSMO YKa-
3bIBa€T, 4YTO HEeM3BeCTHOe JOJIKHO ObiTb pPABHO YHCIY 4.
CnenoBarte/ibHO, X = a J0J/UKHO ObITb KOpPHEM M BceX TMpe-
JILIAYLUIHX PaBHOCHJbLHBIX €My YpaBHEHHH, B TOM YHCJe H
JIaHHOT 0.

Bo3bMEéM HECKO/IbKO YypaBHEHHH H mnpoc/aelHM, KakHe
npeo6pa3oBaHHsl NPHUXOJUTCA HAJ HHUMH NPOU3BOAHTH, YTOOHI
NpUATH K MpOCTeHlleMy ypaBHEHHIO.
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Pemium ypaBHenue:

x—4 2(x+1) __5(x—13) 11x 4 43
B B Tl Lo T 2 Sk

1) Cnenaem ko3thdHUHEHTH BCeX Y/JIEHOB LeJBIMH YHCJIAMH.
Hnst 3T0r0 yMHOXHM KaxKAblH 4/jeH ypaBHeHHs Ha 12. Ilpo-
H3Be/ll COKpAalUeHHs, MOJyYHuM:

4(x—4)4+6(x+1)—12=30(x—3) 4
+ 24x — 2(11x 4- 43).

2) Uto6Hl OTAENHUTL YJEeHBl, COAepIKallHe HeH3BeCTHOe I
CBOGOJHBIE YJIEHBI, PACKPOEM CKOOKH:

4x — 16 + 6x 4 6 — 12 = 30x — 90 + 24x — 22x — 86.

3) Crpynnupyem Tenepb B OAHOH YacTH YJieHB, COAep-
)KallHe HeHW3BeCTHoe, B JpYrod — cBOOOJHbIE UYJIEHBI.
4) YnpocTuM ypaBHeHHe, NpUBeAA MOAOGHBIE YJIEHBI:

154 = 22x.
5) Pasnennm o6e ero yactu Ha 22. ITonyunm:
x=1.

KopneM 3TOro ypaBHeHHs, a CJel0BaTeIbHO H BCeX Ipe-
ALIAYLIUX, sfABAseTcH 7.

[lpennaraeM yyawuMcs TNPOBEPHTb KOpPeHb, IOJCTABHB
B KaxJloe M3 MNOJYYEeHHHX YpaBHeHHH X =7, U yO6eJQuUTbLCH;
uyTo 7 ABJSIeTCH KOPHEM BCeX 3THX YpPaBHEHHH.

M3 paccMoTpeHHOro npHMepa BHAHO, YTO K PeLUeHHIO
YPpaBHEHHSA [MepPBOH CTeMeHH MOMXKHO JaThb TaKHe YKa3aHHs:

1. IlpuBecTH ypaBHeHHME K YPAaBHEHHIO C LeJbIMH KO3p-
(PHLIHEHTaMH.

2. PackphiTh CKOOKH.

3. CrpynnupoBaTh Y/eHbl, COJepKallie HeH3BeCcTHOoe, B
OJJHOH YaCTH ypaBHeHHS, a CBOOOJAHbIE YJEHBl — B JPYroii.

4. IlpuBecTH mnojo6HBIE YJIEHBI.

5. Ecaum ko3hduuHEHT NpH HEH3BECTHOM He HyAb, TO
pa3fieJMTh Ha Hero obe YacTH ypaBHEHHA.

Ho sty yka3saHus HH B Koed Mepe He OyAyT ABIATHCA
005i3aTe/IbHBIMU /111 BCAKOrO ypaBHEHHS.
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Bo-mepBE X, mnpu pelienHH MHOruX Oosee MNPOCTHIX
YPaBHEHHH NPHXOJAUTCA HAYHHATL HE C IepBoro, a Co BTO-
poro, TpeThero H Jlaxke cpasy C NATOro 3ramna.

B o-BTOpBI X, NMpH pelueHHH HEKOTOpble NMPOMENKYTOYHLIE
3Talbl MOTYT OKa3aTbCA HEHYXHBIMH,

[Ipumenp.

YMHOXHB o0e 4yacTH ypaBHeHHs Ha 12, MOJyYHM ypaBHEHHe
C UeJbIMH KO3(DdHIHEHTaMH:

4x —6=3x+44
H Cpa3y NepexojuM K TpeTbeMy 3Tamny:

4x —3x =4 4 6.
Otkypa x = 10.
PackpbiBaTb CKOOKH 8J1eCh He M PHILIOCK.
B-rpeTbHX (M 3TO rnaBHoe), HHOrjla ObiBaeT BHIrOJiHEe

HapylWATb YKa3aHHBIH NMOPSNOK, €CJH YpaBHEHHE pelaercs
npoiie U Kopoue.

[Ipumeph.

1. 7(x—--3)= 56.

3aech caeflyer, He pacKpbiBasi CKOGOK, CHauaja pasje-
JUTb 00e YacTH Ha 7:

x—3=8;, x=11.

Y paBHeHHe peluaeTcsi B JABa JEHCTBHSA.

Pelnenne no cxeme norpeGoBasio Obl YeTHIPEX JEHCTBHIA
(1Ba yMHOMKEHHS, CJOXEHHEe U JeJieHHe).

17 3
2. §x+3='§x+87.

3nech BbIrOAHEee cpa3dy HayaThb C TpeThero 3Tana, TakK
KaKk BHJHO, YTO MOCJie NMpHBeJeHHA MOJOGHLIX 4.JeHoB K03d-
(pH1HEHT NpH x OyJAeT IesbIM.

Eué nyyule oJHOBpPEMEHHO BbLINOJIHHTb TPeTHH W yYeTBep-

. 17
Tbii 3Tanbl, TO €CTb BbIYECTb B yMe H3 - H 3 u3 87,

3
2 2
H cpa3y 3anHucarh:

Ix=84; x=12.
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§ 52. Pewiernue 3aja4 ¢ NOMOWBI0 YPaBHEHHUH.

BcnoMHMM, B KaKOM mnopsiike Mbl O CHX IOp pelaJiH
8aJlayd C TIOMOIILBIO YpaBHEHHH.

1. O6o3nauasu 6ykBo# (0ObIYHO OYKBOH X) HEH3BeCTHOe
YHCJIO, ONpeJeJIHTh KOTOpoe Tpelyercsi BONMPOCOM 3ajayH.

2. C nomoupio 3ToH GYKBBI H JIJaHHBIX B 3a/aué YHCeJ
BLIPAXKAJIM JIpyrie HeHW3BeCTHble YHCJ/a, O KOTOPbIX TFOBOPHT-
¢S B 3ajauve.

3. CocraBasiin Bblpa)keHHe, Korcpoe Oblio Obl  paBHO
OHOMY M3 YHCeJ, NAaHHBIX B 3ajaye.

4. [lpupaBHHBa/H IOJYYEHHOE BbIPAaXKEHHE 3TOMY YHCJY.
ITonryyanu ypaBHenHe.

5. Pelwianu ypaBHeHHe M TIOJIlyyaJld OTBET Ha BOINpOC
3ajlayH.

6. Ecam 3ajaua tpeboBasia HaiiTH He OJHO, @ HECKOJILKO
yHces, TO, Y3HAB OJJHO H3 HHX, HAaXOAHJH MU OCTaJbHbIE,

[Toka)keM Bce 3TH 3Tanbl HA pelleHHH TaKUX 3ajiay.

3anaua 1. [Jauna [lnenpa u J[lona emecme pasHa
4255 km. [Inenp Oaunnee [Jowa wna 315 km. Kakosa Oiuna
Hrenpa u Jlona 6 omdessrocmu?

1) B 3agaue Tpefyercsi y3HaTh JgBa yHcaa: pauHy JlHen-
pa u paudy [dona. O603HauyuM yepe3 x Jio60€ H3 HHX, Ha-
npumep AauHy [lona. 3anuiieM 3TO:

nauHa [loHa X KHJIOMETpOB.

2) Ipyroe Heu3BeCTHoe 4YHCJO — AyHHA [lHenpa. Ho B
3ajiaye ckasano, yro [Iuenp anunuee [lona Ha 315 xm. 3ua-
YUT, 9TO6BLI BLIpa3uTh AJHHY JlHenpa, JOCTAaTOYHO K JJIHHE
Jlona npu6aButh 315 xm. 3anuwem:

nauna [nenpa (x 4 315) kuJjoMeTpoB.

3) B 3amaue umeercss eulé OoAHO JaHHOe — oOlLAst AJTMHA
Jlrenpa u Jlona. Ho MBI MoXeM BbLIpa3uTh 3Ty 0OuULYiO
JJIMHY H JPYTHM CIOCOOOM, CJIOXHB Y3Ke BbIpaXKeHHble ye-
pe3 x aauunl [ona u [nempa.

3anuiem:

nnuua [ona u duenpa Bmecte x + (x - 315) kuiomer-
poB.

4) Tak kak 3ta obwas jauua JHenpa u [lona no
YC/IOBHIO 3ajiayu paBHa 4255 KM, TO COCTaBJSEM ypaBHEHHE:

x 4 (x 4 315) = 4255.
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o) PemmB ypaBHenue, Haizém: x = 1970.

HUrak, aauna [ona pasha 1970 km.

6) B 3agaue TpeGyercsa HnalTH emwé aauHy [nenpa. Ho
OoHa y Hac yxe 3anucaHa Bo BTopoM nyHKTe. [loacraBuB
1970 BMecTO X, MOJYYHM:

anuHa Jnenpa paBra 1970 4 315 = 2285 (km).

3anaua 2. [as Oemckoco ceda Kynuau 16 6Gorvwiux
u maavlx maved, ececo Ha 24,4 pyb. bBoavwiold mau cmoun
2,5 pyb., marowi 1,2 pyb. Ckoaeko 66110 Kyniaeno mex u Opy-
eux mayell 8 omoesbHocmu?

Pewenue npoBesém B TakOM MOpsAKe.

1) Boabmux Msiyeli KynJieHO X IUTYK.

2) Mauabix msued kynaeHo (16 — x) wryk.

3) Bce Goablune Msiuu CTOHAHM 2,5x py6.sei.

4) Bce Mmanbie Msiud crouau 1,2(16 — x) pyGaefi.

o) Bce Oosbmime H MaJible MSYH BMeCT€ CTOMJIH
2,5x + 1,2 (16 — x) pyGaei.

[lo ycnoBuio:

2,0x + 1,2(16 — x) = 24,4.

6) PewnB ypaBHeHue, HaiiféM: x = 4.

7) Maneix msayed kynjeHo 16 —4 = 12 (wr.).

[Ipn pewenun s5TOH 3ajauu Jnd KaxKAOro Copra Msued
HMEJHCh TPH 3aBHCALHE APYr OT Jpyra BeJHYHHBI: YHCJIO
Msiyed, CTOMMOCTb OJHOro Msiya H CTOMMOCTh BCeX MSsiueH.
JTa 3aBHCHMOCTb CTaHOBHTCA Gosiee sICHOH, a OTCIOJla H CO-
CTaBJIeHHe ypaBHeHHs OyneT GoJsiee JIETKHM, €CJH BeChb XOJ
pelleHHsl 3alHcaTh He MO OTAE/JbHBIM NMYHKTaM, KaK CJeJiaHO
Bhillle, @ B BHJe TaOJIHIHI.

CocraBHM Takyio TaGJHLY:

Yucno lLlena omHoro CTOHMOCTB
Msuel MAYa BCeX Msven

1. Bboablune MAYH

2. Maable MAYH

3anosHHM KJETKH 3ToH TabsHLbl B TAaKOM NOpsJAKe:
1) sanucbiBaeM B TpeTbeM CTOJOLE H3BECTHble LEHH OJHOro
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Ms4a; 2) 3anucbiBaeM OGYKBOH X BO BTOPOM CToJiflle YHCJIO
60/bIIMX HJH MaJblX MsiYeH; Toraa YHCJA0 JAPYrHX MsiueH
sanuwercs 4epe3 16 — x; 3) sanosnHsieM yeTBEPTHIH cTON0EL,
YMHOXasl LeHy MsAYa Ha HMX YHCJO.

Bcsi tabanuua sanonneHa. OcCTaércs CNOXHTb BbIpaXKeHHS
B YEeTBEPTOM crToJbue H cymMmy npupaBHATL 24,4. [lonyuum
ypaBHeHHe.

Bcé pemenve npeacTaBUTCA B BHAE TAKOH 3alHCH:

[lena oanoro | CtonMocTh BCex
Hucno Msved MfAya MAvel
1. boabwne msuu . . . X 2,5 2,5x
2. Manble MAYH . . . . 16 — x 1,2 1,2(16 — x)

[lo ycnoswuio:
2,5x + 1,2 (16 — x) = 24 ,4.

[lpeanaraercs pewnTs 3Ty 3ajauy C MOMOIULLIO COCTaB.e-
HHA TaOaulbl, OO03HAYHUB Yepe3 X YHCJO MaJblX Ms4YeH.

3anaua 3. Ha nepsom cxkarade 6ei20 2300 m® Opos, Ha
gmopom 2800 m3. Co emopoco cxiada e3sru enamepo b6oavuie
0pos, 4em ¢ nepeoezo, u mozda Ha oboux ckaradax Apos cmaao
noposry. Ckoabko 0pos 63saiu ¢ kax0o20 ckarada?

Tak xak B 3ajjaue cKas3aHo, 4TO JpOB Ha 00OHMX CKJajax
OCTaJIoCh MOPOBHY, TO BHIPA3UM C MOMOLIbI X OCTATOK JpPOB
Ha Ka}JOM CKJaje U MpHpaBHSEM 35TH OCTaTKH.

Peurenve OyzeT uUMeTb TAaKOH BHJ.

1) C nepBoro cknajga B3au x m3.

2) Ocrasoch Ha nepBoMm ckJjajge (2300 — x) w3,

3) Co BTOpOro cK/Majga B3siiH S5x Mo,

4) Ocranoce Ha BTOpoM ckjaape (2800 — 5x) a3,

5) [lo ycsoBuio:

2300 — x = 2800 — 5.
6) Pewaem ypaBHeHue:
4x = 500; x = 125.

7) C nepsoro cksnaja B3sAaT1o 125 M2
Co Broporo cknaja B3Ato 125 -5 = 625 (x3).
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8) INMposepka. 2300 — 125 = 2175, 2800 — 625 = 2175.
Jlnsi cocTaBleHHWsl YpaBHEHMSI W 3JleCb OYeHb YJ06HO
MpeJCTaBUTL XOJA pelueHHsi B Buje TabJHIbL:

Brisio Basau OcTtanoch
I CEMAR . o « % o & & 2300 X 2300 — x
2B CRRAR. i i aoaosoa 2800 B5x 2800 — 5x

[To ycnoBwuio:
2300 — x = 2800 — 5x.

§ 53. KpaTkne ucTopuyeckue CBeleHHS.

(Ms ucropuu ypaBHeHHH.)

Emé B rny6okoii ApeBHOCTH B MaTeMaTHYECKHX COYHHEHHAX BCTpe-
YaJuCh YPaBHEHHS, a TaKxke 3a/lauH, peliaemble C NMOMOILLIO YpaBHEHHI.

Tak, B erunerckom nanupyce okoao 2000 ser f0 Hawed 3pbl (npu-
yéM, KaK yKasblBaeT B HEéM aBTOp, Mucell A X M e C, 5TO MaTeMaTHYeCKOe
COUHHeHHe #BJfeTC KonHueil ¢ apyroro, 6ojiee ApeBHEro COYHHEHH:)
HMEIOTCH 3ajJlayH Ha OTbICKaHHE HEH3BeCTHOro YHCJa. ITO HeH3BeCTHOe
Ha3biBaNOCh «Xay» (Kyva) H o603Hayanoch OCOOLIM Heporiupom.

Bor npumepnl 3aaay M3 3TOro nanupyca.

1) «Hen3aBecTHOe, ero ceabMasi 4yacTh, €ro uesoe cocrasjser 19».

B coBpeMéHHOM BHJAe 3a/laya 3anHIIeTCA Tak:

1
'?—,I+1-=lg'.

2 1
2) ¢-3 CJIOKEHO H — OTHATA; ocratok 10».

Cyas no npuBeN€HHOMY B ManHpyce pelIeHHIO, 3aaavy caeayer
2 I
MONKMATb TaK: K HEH3BeCTHOMY npHOaBJ/ieHO g €0 U oTHATA = mO-
nyyeHHoR cymmbl; octatok 10; HaiTH 4YHCIO.
3ajaua B COBpeMeHHOM BMJ€ 3anHIUeTCA TaK:

2 1 2
x4 -gx—-é-(x+§x)= 10.
Oteer. x =09,
Y Ounodaunrta (IIl Bek, cM. § 27) TakKe BCTpeyaioTCs ypas-
HEHHA C OAHHM HeH3BeCTHBLIM, HampHMep:

«Uncna 20 u 100. HyxHO oaHO H TO e 4HCAO NPHGABHUTH K MeHb-
leMy H BblYeCTb H3 00.blUero; OTHOWCHHE CYMMbl K Pa3HOCTH PaBHO 4».
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3anaua NpUBOAHMT K YpaBHEHHIO:

i‘llll—l-x___4
100—x

B unpuiickofi pykonucHofi apudmerrke VII umau VIII Beka nawed
5pbl, fBAfIOWEACH Konueld ¢ Oosee apeBHeir pykonucu (1I1—IV Beka),
HMeeTCsl Takas 3ajaua:

«H3 yeTbipéx epTBoBaTesell BTOpo#f mas BABoe OGoJablue NepBOro,
TpeTud BTpoe Goabllie BTOpPOro, 4eTBEpThHIH BueTBepo OoJibllieé TpeTbero,
a Bce BmecTe pand 132.

CKo/MbKO Ja/ nepBbii Py

[lonyuaeM ypaBHeHue:

x4 2x 4 6x 4 24x = 132.

B pykonucu 3ajaua pemaeTcs cnocoGOM «JOXKHOTO MNONOMXKEHHSAS,
(2tuM cnocoGom mnonab3oBascA W JI. ®. Marwuukui B cBoell
cApudmeTnke».)

«Ecan 6ul nepsuift man 1, To BTOpO# pan Oul 2, TpeTnit 6, yeTBép-
Toit 24, a Bce BMecTe 33. Ho Bcero Owisio gaHo 132, To ecTb BYeTBepo
GoJsiblie. 3HAYHT, H KaXAbli H3 XXepTBoBaTesled Jian BueTBepo GOJbLues.

OTeerT. 4; 8, 24; 96.

Ho ofuiee npaBuno Ans peuweHHs YypaBHeHHWR nepBofl cTenmenu c
ONHWM HeH3BeCcTHbIM flan B IX Beke Myxammen anb-Xopeawmu.

B cBoéM counHeHHn <«Auab-mxe6p H anb-mykabana» oOH jaéT nBa
NpHéMa, NPHMEHSeMbIX NpPH pelleHHH YpaBHeHHH.

[Ipuém «anb-mxebp» 3aKkjaioyaeTcd B TOM, YTO €CJH HMEIOTCA B
ypaBHeHHH OTpHUATe/bHble (BblYHTaeMble) YJeHbl, TO HX CJeAyeT NpH-
6aBuTb K OGeHM YacTfiIM ypaBHeHHS, W TOrja BCe uJeHn OyayT mnoJio-
WHTE/NbHbIMH.

[Ipuém s«anb-mMykaGana» sakJ/ilouyaeTCss B BbIYHTAHHH H3 ofenx uac-
TeH ypaBHEeHMS OJMHAKOBBIX YJIEHOB, YTO MPHBOAHMT K €ro ympouleHHIO.

Ilycts, HanpuMep, naHO ypaBHeHHe:

O — 17 = 2x — 5.

[MpumensieM «anb-AxkeGp»: npubapasieM K KaXKAO# 4acTH YpaBHCHHSA
5ul7.
[Tonyuum:
Sx 45 =2x 4 17.

[TpumeHnsiem «anb-MykaGanar»; BbLIYHTaeM H3 KaxAoA YacTu 2x u 5.
[Tonywum:
Bx = 12.

Orciona Jerko HaXoOOHTCA X.

[losiBNIeHHEe 3TOr0 3aMeyaTeNbHOrO COYHHEHHA afb- XOpe3MH MOXKHO
CYHTATh HAyaJoOM BbijeseHHs aiareOpbl KaKk CaMOCTOATEJbHOR, OTAenbHON
OTPacJH MaTeMaTHKH.

Camoe HasBaHHe «aqre6pa» B3fiTO W3 3arjJaBHA 3TOr0 COYHHEHHA
(«Aab-1xebpr).
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FTABA NATAA.
PA3JIO)KEHHE MHOINO4YJIEHA HA MHO)XHUTEJIH.

§ 54. llowsaTne o pa3soXeHHH HA MHOXHUTEH.

[Iycte Tpebyerca HAHTH YHCNOBYIO BEJHYHHY BhIparKeHHA

ab + ac — ad
npH
a=37, b=26, c=17 u d = 23,

[loacraBuB 3ajjaHHBle 3HayeHHs1 OyKB, HaHJéM:
37 + 26 4- 37 + 17 —37 + 23 = 962 4 629 — 851 = 740.

Ho MOXHO HaHTH YUCJIOBYIO BEJHYHHY 3TOTO BbIPaXKeHHSA
ropa3jo ObicTpee W Jerye, ecsqu npeo6pasoBaTh e€ro.
Ha ocHoBaHHHM pacnpejenuTenbHOrO0 3aKOHa MQXKeM 3a-

MHCATh:
ab -+ ac—ad = a (b 4 ¢ — d).

Haiiném uyucsoByi0O BeJIMUHHY TNOJYYEHHOrO BBIpaKeHHS,
TOYKJ€CTBEHHOrO JaHHOMY:

37 « (26 + 17 — 23) == 37 + 20 = 740.

Bce BBIYHMCJ/IEHHS JIErKO NMPOH3BOAATCA B yMe.

HMrak, B 3TOM CJjiyyae OKa3aJjochb BBIIOJHBIM JIaHHOE BhI-
paxkeHue (anreGpavyecKyi0o CymMMy) [pEeNCTaBHTb B BHJE
MPOH3BEICHHA [ABYX COMHOMHTENEH — OJHOY/IeHa H MHOro-
YJieHa.

Pa3noXuTb MHOro4YjeH Ha MHOXHTEJNH — 3HAYMT TOX-
AeCTBEHHO npeolOpa3oBaTb ero B MPOH3BEJAEHHE JABYX HJH
HEeCKOJIbKHX COMHOMXHTEJe#H — MHOro4YJIeHOB.

B yacTHOCTH, HeKOTOpble H3 COMHOXHTe/Ned MOryT oOkKa-
3aThCA OJIHOYJIEHAMH.
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Pasyioxenue Ha MHOXHTeNH aJjreGpaHyecKMX BblpaXKeHHH
BO MHOIOM CXOJIHO C pasJ/iOKeHHEM LeJblX YHCeJ Ha MPOoCThie
MHOXHTEJIW B apudmeruke. Tam Mbl npuberasd K pasJo-
J)KEHHIO Ha MHOXHTEJH, KOrja Hy>XHO OblJIO COKpaTHTb Apobhb
H/H TIpHBECTH HECKOJIbKO JApobGeH K oOlieMy 3HaMeHaTeio
(MpH CJIOXKeHHH W BHIYMTAHHH Jpobeil).

Takoe xe nmpuMeHeHHe HMeeT B ajrebpe pasjoKeHHe Ha
MHOXKHUTeNIH aarebpauyecKHX BhIpaxKeHHid. B caenyioued raape
H3Jjaraorcs aJgrefpanuyeckue JApoOH H JIEHCTBHA C HIMH.
Cokpamenne apoGeii, HaxoxkjaeHue HanGosee npoctoro 06-
IIEro0 3HaMeHaTeJssl MpPH CJOXKEHHH H BbIYHUTAHHH Jpoleil 3HA-
YHTE/JbHO 00JeryaloT TOXKJIEeCTBEeHHBIC MmpeoOpa3oBaHiisi H
BLIYHCJIEHHsI. A Jua 3Toro Tpebyercs npejBapHTeIbHO npel-
CTaBHTb (KOrja 3TO BO3MOXKHO) YHCJHMTEJb H 3HAMEHATe/bh B
BHJe IpOH3BeJIeHHsl, TO €CTb Pa3/IOKHTb HX HAa MHOMNKHTEJH.

Ho B anreGpe passiokeHHe HAa MHOXKHTEJH TpIMEHSeTcH
HEe TOJIbKO TMpH AEHCTBHAX C ApOOsiMH.

Beie yxxe npuBenéH nMpUMep TOro, Kak pas/oxkeHlie Ha
MHOXHUTEJH 0O0JIerduyio HaXOXKJeHHe  YHCJOBOH  Be/YliHbI
anreOpanyecKoro BHIpaXKeHHs.

Pa3noxeHHe Ha MHOXHTeNH [MpHMEHseTcs TakxKe IpH
pelleHHH HEeKOTOpBIX YpaBHEHHH H B JpYyrHxX pasjeiax
aireOpHl.

[TpuBeném HauGosee ynorpeGuresbHble W HauGoJjee Mpo-
CThle MPHEMBI pPa3JIOXKEeHHSI MHOI'OYJIEHOB Ha MHONSHTETH.

§ 55. BboiHeceHue 3a CKOOKHM o0uwero MHOXHTEJS.

[Tpumep 1. Ilycte pan MHorouseH:
6a? — 8ab + 4a.

Jlerko BHJIeTh, YTO BC€ €ro 4YJeHbl MMelOT OOLIHM MHOXKHTeJeM
2{1, TdK 4YTO MOXKHO 5TO BbIpaiKe€HHe€ 3amnHCaTb B TAKOM BHJE:

2a - 3a—2a - 4b + 2a - 2.
[IpiiMennB pacnpezenuTe/bHBI 3aKOH, MOJYYHM:
6a* — 8ab + 4a = 2a - (3a — 4b + 2).

TakuM ob6pa3oM, JaHHBIH MHOro4/eH Mbl M[pejCTaBHJH B
BH/J€ NpOH3BeJeHHA OJHOY/EHAa H MHOrQYJIEHA.
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M3 storo mpumepa BHAHO, YTO JAJI1 Pa3JIOXKEHHS MHOIO-
YJI€HA HAa MHOXKHTEJIH NyTEéM BbiHeCeHHs 3a CKOOKH oflero MHo-
KHUTENIA CJIelyerT:

|) onpenesMTh 3TOT OOLIHHA MHOXHTE/D,

2) pa3nesMTb Ha HEro JaHHbIi MHOrouYJeH,

3) 3anucaTh Npou3BeieHHe o0LEero MHOXHTeJNS H MOJYyYeH-
HOro 4acTHOro (3akKJIOYHB 3TO YaCTHOE B CKOOKH).

[Tokaxkem Ha npuMepe, Kak 3TO OObIYHO JeJiaeTcCH.

[Ipumep 2. Pa3nouTe HA MHOXHTEJH MHOIOYJIEH:

12x%y* — 18x%y2 + 24x2yz°.

) 3ametuMm, 4TO yHCIO 6 ABasieTcs OOUIHM Jle/HTEIEM
KO3hD(pHLHEHTOB BCEX YJICHOB JAHHONO MHOroO4Y/IeHa.

2) Bepém nepByio OyKkBy NepBOro 4YJjeHa X H CMOTpHM,
B KaKOi CTemeHH OHa BXOJAHT BO Bce useHbl. HaumeHbuuii
nokasartesJib X paBeH JByM (B TpetbeMm uJsieHe). Orciofa cue-
JlyeT, 4TO BCe YJeHbl MHOro4/eHa JeJsATCS Ha X%, To ecTb
x% sBAseTCsa HX OOLIHM JeJiHTeJIeM.

3) Haxoaum, uro BTopas 6ykBa nepBOro 4JeHa Y HOJK-
Ha ObiTb B3fiTa B NepBOH creneHH. (DykBy 2z He paccmartpw-
BaeM, TaK KaK yiKe B MepBOM 4JieHe OHAa OTCYTCTBYET.)

Takum o6pa3om, OOLIUM JHesuTe/ieM BCeX YJIEHOB MHOro-
yjiena siBasgercs ojHouseH 6x2y.

Octaércsi HAWTH 4aCTHOE OT JeJIeHHS JAaHHOro MHOrouJieHa
Ha 3TOT OJHOYJIEH.

[Tonyyum:

12x%y? — 18x%y? + 24x%y2® = 6x%y (2x%y — 3xy + 429).

3To0 M eCTb OKOHYATeJIbHbIH pe3yJibTarT.
[Tpumep 3. Pa3noxutrb HA MHOXHTEJH MHOrOYJIEH:

10ab — 8a?b?® + 2a.

31ecb cpa3y BHAHO, YTO OOUIMM MHOMHUTE/NeM MOXeT ORTb
JULIb 24a, TaK KAK HA 2 M Ha @ JeJISITCSl BCe YJIeHbl; C APyrod
CTOPOHBI, MMOCJEJAHHUA 4JieH 2a HHKAKOro Jpyroro MHOMXHTE-
A He umeeT. [locTynmuB, Kak B IpejblayllleM npuMepe,

NOJYYHM:
10a%b — 8a?b® + 2a = 2a (5a%b — 4ab® + 1).

HMuorpa anareGpavyeckoe BbIpaXKeHue IpeJjcTaBJsieT CoO-
Goit anrebpanyecKyio CyMMy JABYX HJIH HECKOJIbKHX cJiaraes-
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MBIX, TIPHUEM BCE€ OHH HMMEIOT OJHH M TOT K€ MHOrOYJIeHHbIH
MHOXHTeJb. Torja OH BBIHOCHTCSA 32 CKOOKHM TaK e, Kak H
oTaesbHass OykBa.

[Ipumep 4. PassoXuTe HA MHOXKHTEJIH:
5x% (@ — b) — 4x%y (a — b) + Txy? (a —b).

O6wuit MuHoxutenb Oyznetr x (a— b).
[lonyyum:

bx3 (@ — b) — 4x%y (@ — b) + Txy?® (a — b) =
= x(a—b) (bx* —4xy + Ty?).

§ 56. Cnoco6 rpynnupoOBKH.

[Tpumep 1. PassioxXHTb Ha MHCIKHMTEJIH BbipaKeHHe:

¢c(@a—b)+d(a—>b). (1)

Boinocsi oOWMH MHCOXHTENb @ — b, MOJNy4YHM:
(@—0b) (¢ + 4d). (2)
Mexay Tem, ecqii Obl Bhipaenwe (1) Oblio gaHo B Buje
ac — bc -+ ad — bd, (3)

TO, MHITAACh NMPHMEHHTb H3JOXKeHHBIH B § 55 cnocob passno-
MKEeHHs], Mbl OKa3aJiiChb Obl B 3aTPYJHEHHH, TAK KAaK BCE YJIEHbl

ofulero MHOXHTEJNSI He HuMeloT. ToabKo pa30MB uJieHbl Ha
JlBe I'pyMIIkI

(ac — bc) + (ad — bd)

H BhIHECS B NnepBoi rpynmne oOuLIHA MHOXHTeJb ¢, a BO BTO-
poil oblHuii MHOXHTeNb d
c(a@a—b)+ d(a—0b),

nonyuuM Bbipaxkenue (1), B KoTopom sCHO BuAeH OOLILHIi
MHOXKHTENb a— b.

3aMeTHM, 4TO B BbipakeHHH (3) Mbl Morad Obl Crpynmnu-
poBaTh 4JIEeHHl H Tak:

(ac + ad) — (bc + bd).
[To BelHeceHnn oOIIMX MHOXHTeJleh B Ka)AOH rpynne
NOJNYyYHM:
a(c+ d)—b(c+ d).
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31eck ofilHM MHOXHTeJeM sBJageTcs ¢ -+ d. Brinocs ero,
MOJYYHM:
(¢ + d) (a—b).

OTO BbipaXK€HHE OTJIHYaeTCs OT (2) TONLKO TNOPSAAKOM
MHOXKHTe/IeH.

Takoii cnoco6 pasJyioKeHHSI Ha MHOMKHTEJIH Ha3biBaeTcs
crniocoGom rpynnupoBKH. IIpuBeném ewé npumepsl pasino-
JKEeHHUS] Ha MHOXHTEJH 3THM crocobom.

[Ipumep 2. 2ac + 3b — bec — 6a.

OO6iero MHOXHTeNISI BCe YJieHBI JaHHOrO MHOrOYJieHa He
umetor. CaejjoBaTtesibHo, nepBuid crnoco6 HenpumenuMm. [lo-
npo6yeM NpHMEHHTH crnocol rpynnupoBku. Ecau crpynnupyem
yjieHbl MO JIBA B TOM TOpPSiiIKe, KaK OHH HANHCAHBI, TO

MOJyUHM:
(2ac + 3b) — (bc -+ 6a).

Oka3aJsioch, YTO B O6eHX rpynnax HeT OOGIUHX MHOMKHTE-
Jeil, a notoMy H oOuero ABYXYJEHHONO MHOXHTEJS MBl He
noayuuM. [Ipob6a okasanace Heyaauxod. IlonpoGyem crpyn-
NMUPOBATb YJEHHI MO-ApPyroMy, HMEHHO TIEPBHIH C TPETbHM
H BTOPOH C YETBEPTHIM:

(2ac — bc) + (3b — 6a).
[To BbiHeCeHHH 32 CKOOKH OOIIMX MHOMXKHTEJIeH NOJYYHM:
c(2a —b) + 3 (b — 2a).

Kak Buaum, nByujensl 2a—b W b — 2a orauyaoTcs
TONbKO 3HaKamH. YToObl cpeslath HX OJHHAKOBBIMH, JCCTa-
TOYHO TEepeMeHHTh 3HAaKH y KaxJoro 4JeHa BO BTOPOH CKOO-
Ke, a yTtoObl pe3yJbTaT He H3MEHMJICH, HAJO0 MepeMeHHTb
O/lHOBpeMeHHO 3HaK mepea ckoOko#. [lomyunm:

¢ (2a — b) — 3 (22— b).

Teneps Jierko HaxoAuM, YTO AAHHOE BBbIPAXK€HHE pPaBHO
(2a — b) (c — 3).
Ecau crpynnupoBaTh NepBbIH YJIeH C YeTBEPThIM, a BTO-
pod C TPeTbHM, TO MOJYYHM:
(2ac—6a) + (3b—bc) =2a(c—3)+ b(3—¢) =
=2a(c—3)—b(c—3) =(c—3)(2a —0b),

TO €CTb TO e, 4TO H paHblle.
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[Ipn HEKOTOPOM HABHIKE MOXKHO H30exaTb TNepeMeHHl
8HaKa BO BTOpPOH CKOOKe, craBs cpa3y nepej CKOOKOH 3HaK
mMuHyc. MIMeHHO, 3ameTHB, 4YTO B NEpPBOH Trpynne nepBbIM
yJeHOM B CcKoOke OyjeT ¢, 4ieHbl BTOpPOH rpynnsl pacrnoJfa-
ralT Tak, 4Yro6bl NMepBbIM YJAeHOM OLIJ TAaKXKe uJjeH, conep-
*)awui ¢. Torga nopsiiok npeobpasoBaHui Obl1 Obl TaKoM:

(2ac —6a) — (bc — 3b) =2a(c—3) —b(c—3) =

= (c—3)(2a—0b)
[Ipumep 3. Pasnoxurb HAa MHOXKHTEJH:
ab—a—>b+4 1.

YyuThiBasi CJeJlaHHOe Bhblllle 3ameyaHHe, cpa3y 3alHuIeM:
(ab—a)—b—1)=a@b—1)—b—1)=(0B—1)(a—1).

§ 57. lpumenenue Gopmya COKPAIWEHHOrO YMHOMXKEHHS.

MHorpa mHOrouseH yAae€rcsi pas/ioXKHTb Ha MHOMXKHTEJH,

NpPHMEHHUB OJHY H3 POPMYJI COKpALLEHHOrO yMHOXKeHHUsA (§ 41).
3anuweM Tpetblo H3 dopMmys § 41 B ob6paTHOM mnopsijke:

a*—b*=(a+ b)(a—0>).

B JsieBofi wacTH 3TOrO paBeHCTBA JIBYYJIeH, B NpaBoi e

OH NpeACTaBJIEH B BHAE INIPDOH3BEJIEHHA, TO €CTh pa3J/loXKeH Ha
MHOXHTEJIH.

3HauuT, pasHocme Keadpamos 08YX YUCEA MONCHO npedcma-
eums 8 6ule npoussedeHuUs CYMMbL 3MUX YUCeA HA UX pas-
HOCM®b.

[Ipumep: 1622 — 9x® = (4a?b + 3x3) (4a%b — 3x3).
Boabmém Tenepn dopMmyay:
a®+ 2ab + b* = (a + b)>.

3HauuT, ecau OaHHull mpéxusen npedcmagasem coboul
cymmy 08Yyx K8adpamos, CAONCCHHYI € YOBOEHHbIM npou3ssede-
HUem Uux OCHOBAHUL, MO €20 MOXHO npedcmasumb 8 6ude

keadpama cymmor (TO €CTb B BHJE NPOH3BeAEHHSA JBYX OJH-
HaKOBBIX MHOXHTeJei).

I[Ipumepn.

1. x4 12x + 36 = (x 4 6)2.
2. 4a?b?* + 20abc? + 25¢t = (2ab + 5c¢?)*.
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TouHo Tak xe npuMensercsa QopmyJsa:
a®—2ab + b* = (a — b)>.
[ITpumep sl
1. 16m? —8m + 1 = (4m — 1A

2. BBLIUHCAHTbL BbIpaXKeHHe:
a® — l4a + 49 npu a = 47,

Briyucaenue BLINOJHSAETCSA B YME, €CJIH Bbipa*K€HHe pa3s-
JIOXKHTb HA MHOXKHTEJIH .

a®*—l4a + 49 = (a — 7).

IloacraBuB B mpaByio 4acTb a == 47, cpa3y mnoJyyaem:
(47 — 7)* = 402 = 1600.

Tak xe npuMeHSIOTCH (HOPMYJIbI:

a® + 3a%b + 3ab?* + b = (a + b)3.
a®—3a?b + 3ab® — b = (a — b)>.

[Ipumep.
BbiYyHC/IHTD BbIpaXKeHHe
a=x*+4 9x* + 27x + 27 npu x = 17.

Pa3/0)XHB JaHHBIA MHOrOYJIeH Ha MHOXHTEJH, MNOJYYHM:
x3 4 9x2 4 27x 4 27 = (x 4 3)3.

[ToacrasuB x = 17, Haipém: a = 20% = 8000.

KpoMe mnepeyuc/ieHHBIX Bbllle (GOpMYyJa COKpaLlEHHOro
YMHOXXEHHS, NMpUMeHseTcs elle GopMmysa, Mo3BoJAOLAA pa3-
JIOXKHTb HAa MHOXHTEJH CyMMy (MJHM pa3HOCTb) Ky6oB JABYX
yuceJ.

PaccMoTpuM TpéxuseH a® — ab + b2, koTopblil Ha3bIBaeTCA
HenoJHBIM KBAaJApaToOM pa3sHOCTH yucea a U b. YMHo-
JKUM ero Ha a -+ b:

a* —ab + b?
a a+b
a® — a?b 4 ab?

+ a®*b — ab® + b3
ad + b3

_|_
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Orciofa uMeeMm:
(a + b) (a® —ab + b?) = a® + b3. (1)

Ilpoussedenue cymmo: 08yx uwuces Ha HenoaHoui Keadpam
UX pasHocCmu pasHo cymme Kyboe smux uucea.

91y dopMysly MOXKHO YHTATh CNpaBa HaJeBO TaK:

Cymma kyb6os 08yx 4UCer PABHA CYMME SMUX HUCeA, YMHO-
HCEHHOU HA HenoAHoll Keadpam ux pPa3HOCMU:.

a® + b® = (a + b) (a® — ab + b?). (2)

910 H ecTb (opMyaa pas3OKEHHS Ha MHOXHTENH CyMMbl
Ky6OB JBYX 4HCeJI.

YmuoxuMm Tpéxused a? 4 ab + b%, KoTopbiii Ha3biBaercs
HEeNoOJHbBIM KBaJApaToM CyMMbl yucesa a u b, na a — b:

a® + ab -+ b?
& a—b
a® 4 a%b + ab?
T g% —abr — b
a® —b®
Orciola HMeeM:
(a — b) (a® + ab + b*) = a® — b2. (3)
A1y GopMyJy MOXKHO YUTATb H ClpaBa HaJeBoO:
a®—b® = (a—0b) (a® + ab + b?). (4)

®opmyanl (3) u (4) yMTalOTCA TaK:
I1poussederue pasnocmu 08Yx 4uUCesr HA HenoAHoll Keadpam
UX CYMMbL PABHO pasHocmu Kybos 3mux wucen.

Pa3nocme Kybos 08Yyx wucea pasHa PasHocmu IMUX 4ucea,
YMHONCEHHOU HA HeNnoAHblli Keadpam UXx CYymMmol.

[Ipumepsl.
1. 27a3%6% + 8¢® = (3ab + 2c) (9a?b? — 6abc + 4c?).
2. 64a%6® — 1 = (4a% — 1) (16a*6? + 4a%b + 1).

§ 58. [lpumeHeHHe HECKOJbKHX cnocobos.

ITpu pasnoxeHHH HAa MHOXHMTENH 3aJaHHOTO BbIPAXKEHHSH
npexje Bcero cjaeAyeT NoCMOTpeTh, He HMEIOT JIH BCE €ro cJarae-
Mble O0LLero MHOXHTeJs. BblHeceHHe 3a CKOOKH BCeX OOLLMX
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MHOXHTEJIEH SIBJISIETCS omepallHeil, KOTOPYIO HaJ0 BHINOJHHUTD
B MEpBYyl0 ouyepelb.

[locne storo ciepyer paccCMOTPeTb MHOrOYJIEH, 3aKJIO-
YyeHHBIH B CKOOKax. MoXeT CJy4HTbCA, YTO OH B CBOIO Oye-
pelb JOMyCKaeT pasjioxeHHe KakHM-JAu6o H3 crnocoboB, pac-
cMoTpeHHbIX B § 56 u 57.

B TakoM cnyuyae 3TO pasfioKeHHe H HYXXHO BbINOJIHUTb.

3apnaua. [okasams, umo pasxocme mexncoy Kybom ato-
6020 yeno20 wucaa u camum yucaom eceeda Oeaumcs Ha 6.

O6o3HayuM NpoOH3BOJILHOE LieJIoe YHCJO yepe3 7.

Hano nokasaTb, 4YTO 3HayeHHe Bbipa)KeHHs n® —n npu
Ji0O0M 11eJIOM 3HAUYEeHHH N JeJUTCA Ha 6.

Pasnoxxum nosyyenHoe BbipaxkeHHe Ha MHOXxuTeau. [lpex-
Jie BCero BbiHeceM 3a CKOOKY OOwiHH MHOXxHTe b n. [Tonyqum:

n—n=nn*—1).

Bupum, 4To BbipaxKeHHe B CKOOKax sIBJASAETCA PasHOCTbIO
KBajapatoB. [IpuMeHuB ¢opmyay, MOJYyUYHM:

nt—n=nn—1)(n+1).
PacnonouM 4ucaa B MopsiKe BO3pacTaHHA:
n—n=n—1)n@n+1).

DTO paBeHCTBO NMOKa3biBaeT, YTO Bblpa)keHue n® — n npen-
craBasieT coG0oH MNpoH3BeJeHHe TPEX MNocJeJoBaTelJbHbLIX Lie-
apix yuces. Ho Hu3 Tpéx nocsienoBaTesibHbIX YHCEN OJHO
HEMpeMEeHHO JeJIUTCA Ha 3 W MO KpaHHeH Mepe OJHO JeJIHTCA
Ha 2. 3nauut, n®—n pjgeaurca Ha 2 ¥ Ha 3. M3 apudwve-
THKH Mbl 3HaeM, YTO B TaKOM CJlyyae OHO JeJIUTcsi ¥ Ha 6.

§ 59. [leneHHe MHOTrOYJIEHOB NMPH MOMOILH Pa3JOKEHHS
HA MHOXHTEJH.

B apudmeTrnke BHIMONHEHHE JEHCTBHA J[E/JE€HHA MOXHO
YyNPOCTHTb, €CJH JeJIHMOe H JeJHTe/b Pa3jioXKeHbl Ha MHO-
xuteau. Ilycrs, Hanpumep, TpebGyeTcss pasjeuTb YHCJO
2772 una 28. PasnoxuB (cmoco6amMu, H3BECTHHIMH H3 apHdp-
METHKH) YHCJ0 2772 HA MHOMXHTEJH, MNMOJNYYHM:

27172 =22 .3* -7 . 11.
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3uasg, uro 28 =2%2.7, MH MOXEM BLIJEJHTh B JEJHMOM
COMHOXHT€/Ib, PaBHBLIH JEJIHTEJIO:

9772 = (22 - 7) - (3 - 11).

Orcrona Ge3 Tpyaa HAXOAHTCS MCKOMCE YacTHoe {Kak
NPOU3BeJeHHE OCTABIUMXCS MHOXKHTEJIeH):

2772 _ (22.7).-(3%-11) —
S5 = S =3%.11=00.

CkaszaHHOe MOXKHO INPHMEHHTb H K J€JIeHHI0 MHOrouJe-
HOB. EcC/NH, pa3/ioKHB HAa MHOXKHTeJH JaHHblE MHOIOYJIEHBHI,
MOXXHO B MHOrouJieHe-ZeJIEMOM BbiIe/IHTh COMHOXHTeJb, paB-
HbI JIe/IUTeN0, TO Jie/IeHHE BbLINOJIHSIETCS HALleJI0 H YacTHCE
PaBHO NPOH3BEJEHHIO OCTABLIMXCH MHOMXHTeENeil.

[TpuBepém npumep. Buino/sHHTL jefieHHe:

x5 —alx
x*4ax ’
Pa3zjioxuMm JesHMee Ha MHOMHTEJIH:
x5 —atx = x(x*—a%) = x(x®* — a?) (x? + q?) =
=x(x —a) (x + a) (x% 4 a?).
Pa3nioXuM HA MHOXHTEJH HEJHTeJb:
x2 4+ ax = x(x + a).

Mbt BHAHMM, YTO MEpPBbLIH H TPETHH MHOXHTEJIH JeJIHMOro
Jal0T (B NMPOH3BEJEHHH) HEeJIHTe/b.
3HAYUT, YaCTHOE €CThb LieJice BblparKeHHe:

5 4 P 2 2
o L - D = (x—a) (¢ + a9 =

= x3 —ax? 4+ a’x — ad.

M3 c¢opMysl COKpPaLIEHHOrO YMHOXEHHMS BHITEKAIOT cCJe-
Ayomue GOpMyJibl JesNeHHsi, KOTOpbie IMOJIE3HO 3aNOMHHTD :
i ih

a—b

=a -+ b.

Pasnocme keadpamos 08yx 4ucen, 0eAEHHAA HA PA3HOCHIL
OCHOBAHUU, PABHA CYMMe Smux vucea.

ad — bt b
E
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Pasnocme keadpamoe 08yx wuucen, OeAéHHAA HA CYymmy
OCHOBQHUL, PABHA PA3HOCMU 3MUX HUCEA.

a® — b3
a—>b

= a2 + ab 4 b2

Pasnocme kybos dsyx uucen, 0eséHHAA HA PA3HOCMb OCHO-
6aHUUl, PABHA HENOAHOMY Keadpamy Cymmbl. SMUX 4ucea.

l:‘"‘;‘l_l_f:=a::1“—ub -+ b2.

Cymma xybos Osyx uucen, OeséHHAS HA CYMMY OCHOBAHUU,
pasHa HenoaAHOMY Keadpamy pasHwocmu Smux 4ucea.




F'JTABA IIECTAA.
AJITEBPANYECKHE NPOBH.

§ 60. MNonstue 06 aareGpauueckoit Apo6Hu.

1. Onpenenenne aareGpauueckoin apobu. B § 42 OGwuio
CKa3aHO, YTO eCJIH JeJieHHe MHOrO4YJ/IeHOB HeJib3sl BbIMOJIHHTD
HAlleJ10, TO YACTHOE 3aMMChIBAeTCS B BHJE APOOHOro Bhipae-
HHS, B KOTOpPOM J[eJIUMOe SIBJIIeTCS YHCJHTeJeM, a JieJiu-
TeJlb — 3HAMEHaTeJIeM.

[Ipumepsl APOGHLIX BbipaX<eHHIA:

a, a—b, 6 3x+y—5, (at)P—(@—0)
26 2b —c’ 8ys : x® 4 xy + ®

T

Uucauteb ¥ 3HamMeHaTeNb JPOOHOrO BbiPaXXe€HHsI H CaMM
BbipaXK€HHs! MOryT ObiTh JApPOOHBIMH, HalpuMep:

a-+b b
.. ey
Bat a ’

-E“—"C

H3 npoGubix anre6panyecKuX BbipaKeHHit HanboJiee 4acTo
NPUXOAHTCH MMETb J€JI0 C TAKHMH, B KOTOPbIX YHCJHUTE/b H
3HAMEHaTeJb SIBJISIOTCH MHOrodJieHaMH (B YaCTHOCTH, M OJ-
HouJeHamH). Kaxjoe Takoe Bbipa)XeHHe Ha3biBaeTcs aJireo6-
pauyecKkoH apobbio.

Onpepgenenue. AareGpanueckoe BbIpaXKeHue, npej-
crasaswomee coboit apobb, yuCAHTENb H 3HAMEHATeNb KOTO-
FOH — MHOro4JieHbl, Ha3biBaeTcs aJjarefpanyeckod ApoObio.

Kak u B apudpMeTHKe, UHC/IHTe]b H 3HaMeHaTeJb aJjreod-
panyecko JpoOH Ha3bIBAIOTCA 4YJ€ HAMH JpoOH.
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B panbuefimem, uayuuB gneficTBusi Haj aareGpanuyecKHMH
NpoGsSIMH, Mbl CMOXeMm BCAKoe JpoOHoe Bbipa*K€HHe TNpH Io-
MOLLH TOXKIECTBEHHBIX IpeoGpa3oBaHuii npeobpa3oBaTh B
aare6panyeckyio Jnolb.

[Tpumepnbl anreGpanyeckux JpoGei:

2% —5 a® — ab’ 4 3b% 3 . 3
REFxf1' =3 —46''  FF1’ @

3ameTHM, 4YTO LeJioe BhIpa)KeHHe, TO €CTb MHOIOYJIeH,
MOXHO 3anucaTth B Buje ApoOH, AJs 3TOro AOCTaTOYHO 3a-
HCaTh B YMCJHTEJe JJaHHOe Bblpa)KeHHe, a B 3HaMeHaTteJe 1.
Hanpumep,

xt—y
T

x‘—y=

2. lonyctumble 3HayeHna OykB. DykBhbl, BXoasiLiHe TOJB-
KO B YMCJHTE/b, MOTYT MPHHHMATL JIOObie 3HaueHHs (ecJH
He BBeJeHbl Kakue-qH60 JIOMOJNIHHTEe/bHble OrpaHHYeHHS
CJOBHEM 3ajauH).

Has  OykB Ke, BXOAAUIHX B 3HamMeHaTeJsb, JONYCTH-
MBIMH SIBJSIIOTCA TCOJBKO Teé 3HA4YeHHs, KoTopble He cOpa-
W4T B HyJb 3HameHaTesb. [losTomy B pganbHeliiuem Bcerja
Oyjaev CYMTaTb, YTO J3HameHameab anszebpaudeckold Opobu
He pascH HYo.

3. 3nauenne apobu. Hago pasnuuyath anreGpanyeckyio
ApoOb OT e€ 3HaueHudA. 3HayeHHe aJjireOpauyeckoi JApoOH
MoxKeT ObITb KaK 1eJbIM, TaK H JPOOHBIM YHCJOM, MOJOXKH-
Te/JbHbIM, OTpHUAaTeJ/IbHHM, HyJéM. Hanpumep, 3sHayenue

a
ApoOH +

npu a = 6, b=3 paBHO 2;
npu a=—5, b=2 paBHO --g— :
npu a =0, b=95 paBHo 0.

§ 61. OcHoBHOe cBOHCTBO ApOGH M cokpaiuleHHe Apobe.

Jlpo6b, y KOTOPOH YHCJ/IHTe/Ib H 3HAMEHAaTeJ/lb SABJAIOTCA
moObIMH pPalHOHAJIbHBIMH YHCJaMH (NpH YCJIOBHH, YTO 3Ha-
MeHaTe/lb He paBeH HYJ/0), o0JajaeT CJAEAYIOUHM OCHOB-
HbIM CBOHCTBOM.
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3nayenne Opobu He USMEHUMCR, E€CAU HUCAU-
mead U 3HAMERAMENd YMRONCUIMS HA O0HO & MO JHce
He pAaBHOEe HYAI0 4HUCAO0:

a am

B bm®
rae m MoXeT OBITh JIIOOBIM YHCJIOM — LEJbIM H JpOOHbIM,
MOJIOKHTEJbHBIM H OTPHIATEJNbHbBIM, HO HE PaBHBIM HY.JIIO.

s anreOpavyecKod JpoOH OCHOBHOE CBOHCTBO (popMHu-
pyeTcs Tak:

Ecau nuucaumens u 3HameHamenv aszebpauue-
CKOW Opobu YyMHOOICUMS HA OOUH W MOM JHCe MHO-
204N€H, MO noaysumcs O0p0o0b6, MmMOHNCOECMBEHHO
pasnas OAHHOU.

[Tosichum sTO caepyiomuM npumepoM. PaccMoTpum polhb

x4 2 ' (1)

x—3
YMHOXKHM €€ 9HCAHTEJb H 3HaMeHaTeJb Ha JABY4YJEH X — 2,
TOrJla MOJIy4YduM CJejyiouylo ApoOsb:

(*+2) (x—2)
G—3)G—2) (2)

Mbl cguTaeM JAONMYCTHMBIM JIHIUbL T€ 3HAaYE€HHA X, MpH
KOTOPLIX 3HameHaTe b AaHHOH apobu (1), a Takxke MHoro-
yJeH, Ha KOTOpPHlii YMHOXAalOT €€ YHCJHTeJb H 3HaMeHaTeJb,
He paBHbl HyJi0. HO OT yMHOXKEHHA YHCJHTENS H 3HaMeHa-
Tenass Jpobu (1) HA 4yHCJ0, He paBHOE HYJIO, €€ 3HAYeHHUs
He MmeHsAwTcs. Mtak, npu MmoGbIX AONYCTHMBIX 3HAYEHHAX X
apobu (1) u (2) HMEIT OJHO H TO XKe 3HaYeHHe, TO eCThb
STH JpOOH TOXIECTBEHHHI:

x4+2 _ (x42)(x—2)
t—3 (x—3)(x—2) °

HJIH, BBIIOJITHHB YMHOXE€HHE B UYHCJIHTEJIE H 3HAMeEHaTeJ e
BTOpPOH APOOH, MOJYYHM:
x—}-2 — x* — 4
x—3  x*—D5x-+46"
[Ipaumegsanne. B Hamem npumepe JONYCTHMBbIMH SIBJASIIOTCA BCe
8HaYeHHA X, KpoMe uucea 2 H 3: npu x = 3 obOpauaercs B HyJb 3Ha.

MeHaTeJb JaHHOH apob6u (1), a mpH x = 2 obpawaercs B HYJb MHOMH-
TeJb, Ha KOTOpHIfi YMHOXAIOTCA €€ YHCJHTeJb H 3HaMeHaTeJb.
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Cokpawenue apoGeii. [Tepenuinem mocsegHee paBeHCTBO
B oOpaTHOM nMnopsiilke, MnepecTaBuB MexJy coboid ero mpa-
BYl0 M JIeBYIO YaCTH:

— 4 - x—|—2
5x+ﬁ ==

Mul npeoGpasoBann Apobb —; f; :_6
x4 2

,f.l.pr)b e pas3pesiiuB  4YHCJIHTEJb H 3HAMEHATeJIb Ha

B Gosee mpocTylo

o0 HH MHOXHTeNb X — 2.

Ecau wucaumearv u 3Hamcnamessv areebpauveckoll 0pobu
paszfeaums HQ O0UH U MOM e MHO20YNEH, MO NOAYHUMCA
dpobb, moixcdecrmeenHo pasHas OAHMOU.

ITHM CBOHCTBOM TNOJBL3YIOTCS JJiS  yNpouleHusi JApoOH:
€CJIH YUCAUTE/b U 3HaMeHaTesqb JpoOH HMeT OoOWUH MHO-
YKHTeb, TO, pa3fie/IiB HAa HEro0 YHCJHTEJb H 3HAMeHaTeJlb,
npuBeieM ApoOb K OoJsiee NpocTOMy BHAY.

Takoe npeobpa3oBanue Ha3blBaeTcsi COK p a Ul € H H-
e M JApoOH.

[Ipumepn

__52 6x2 3x , 18a%b3c 3a® |
106

a

% ° %y Y’ 12ab% ~ 2b *
ba(p—q) _3a,6 5a%(a®—ab+b%)
4n(p—q) 2n'  6ab(a®—ab}0%) 6b°

Ii

UroObl cokpaTHTb ajarebpauyeckyio ApoOb, Hajo mnpej-
BAPUTEJIbHO pPa3JIOKHTb YHC/HTeJlb H 3HaMeHaTeJib Ha MHO-
XKUTeJIH (eCJIH 3TO BO3MOXKHO) H IMOCJie 3TOro IPOH3BECTH
BO3MOXKHbI€ COKpAIlEeHHs.

[Ipume p.

a? — bSab a (a — 5b) 1

e

a’h — 5ab? ~ ab(a—5b) b °

§ 62. lepemena 3naka y 4aeHoB ApoGH.

M3 ocHoBHOro cBoicTBa JpoOH BbITEKaeT, YTO BeJHYHHA
npo6H He H3MEHHTCS, €eCJ/JH €€ YHCJAMTeJb H 3HaMeHaTe/b
YMHOXHTb Ha —1, Hanpumep:

=1l =68 . !

2°' 4 il 2°

NP

S _
> =
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Ho ymuoxenue Jmwo6oro uucia Ha —1 TO/NBKO MeHseT
ero 3HakK Ha MPOTHBONOJIOXHbIA. HTaK:
3HaueHue Opobu He U3BMCHUMCA, ecAu USMEHUMb 3HAKU
YUCAUMENA W 3HAMEHAMEeAR HA NPOMUBONONONCHbIE:
a —a
b =
K takomy npeoGpa3oBanuio apoGed MPHXOAHUTCS HHOrJa
npuberatb, HanpuMep, MPU HX CJIOXKEHHH.

[Tpumep.
5, 2 5 ,—2 B84+(—2 3
W iy B e e

[locmoTpuM, 4TO MmosyuyuTCs ¢ Apo6bIO, €CJH TEepeMEeHHTb
3HAK TOJILKO Y OJHOro H3 YJIeHOB JpOOH:

6 1 —6 1 6 1
?-lﬁ-, T:m-—-l*é-, :4=—l'§'.

Mbl BHJHM, YTO KOrja nepeMeHHJH 3HaK TOJIbKO y 4YHC-
JUTEN HJIH TOJNbKO Yy 3HaMeHaTessi, TO MOJYYHJH YHCJO,
NPOTHBOMOJIOXKHOE [peXHeMy, TO eCTb 3HAaK y ApoOH nepe-
MEHHJICSI Ha TNPOTHBOIOJIOXKHBINA.

[IycTb Mbl H3MEHHAHM 3HAK y OJHOrO H3 4JeHOB Jpo0H;
COrJIaCHO TMpejbIAyIIeMy TMOJYYHJH YHCJIO, MNPOTHBOMOJIOXK-
HOe NpexHemMy. 3HA4YHT, €CJIH y 3TOH HOBOH ApOGH nepemMeHHuM
3HAK Ha NPOTHBOMOJIOXKHBLIH, TO MOJYUHM MNpPeXHIOW ApOo0h.

[Tpumep. Ilycte pana npobb -_-2-§ = — % H3menuB 3uak

5 .
y 4HCAHTeNs, moayyuM o . Hiavenws 3uak nepea  3Toi

4]
Apo6blO, MONYYHM — -, TO €CTb MpeKHee 3HAYeHHEe JAPOOH.

Orciona 3akJiouaeMm:
3nadenue Opobu He U3BMEHUMCR, eCAU NepemMerHumb 3HaK
Y 00HO20 u3 4seno8 Opodu u neped camoi 0poboro.
a ! a

— —
— —_—

b b -b°

DTO NPaBH/IO TPHMEHSETCA H MPH AEHCTBHAX C APOGAMH.

Tak, npeablAywHid npumMep MOXKHO ObLJIO BLIMOJHHTbL H Ta-
KHM o6pasom:

5 Aarebpa, VI=VIII ka. 129



[lepemenuB 3HaK y 8HaMeHaTens BTOpOH ApOOH, Mul Ie-
pEMEHHJIH 3HAK H mnepej] camMoH JApobbio.
[lpuseném ewé mpumep:

8 4 8 —4_  8—(-4) 12

— — — S

13 =13 13 &3 13~ 13?

HJIH

B nepBoM cayuyae Mbl nepeMeHHJH 3HAK y o6oHX 4Jse-
HOB BTOpOH JApOOH, OCTaBHB TOT K€ 3HAK nepej Apobblo.

Bo BTOpoM cilyyae Mbl NepeMeHHJM 3HAK TOJIbKO y 3Ha-
MeHaTe/iss, HO OJHOBPEMEHHO TNEepeMEeHHJIH 3HaK H nepej
A po6blo.

B o6oux cayyasix NOJy4HJIH OAMH M TOT XKe pe3yJibTar,
KakK H JOJIXKHO ObiTb.

§ 63. Llenas orpuuaresbHas W HyJeBas
CTeNneHu YMucJa.

B npaktHke 4acto ass KpaTkoro o00603HayeHHs 60Jb-
IUHX 9YHCeJ MoJb3yloTcsa creneHsiMd uucaa 10. Tak, nanpu-
Mep, cpepHee paccrosinve or 3eman Jo CosHua B MHJJIHO-
HaX KHJOMeTpoB (MpubauxkéHHo) paBHO 150 (man. xkm). It0
yucao MOXHO 3anucath Tak: 150000000 xm, waM Kpatko:
150 - 108 xm. Cpeanuit pajiHyC 3eMHOro liapa B MHJIJIHOHAX
METPOB Bbipaxkaercsi uucaom 6,37 (man, M); KpaTKO 3TO
ygcao sanuwercs tak: 6,37 - 108 4. B acrponomun 3a egu-
HHLLY H3MepeHHsi GOJbIIMX PAacCTOSAHHH TPHHAT nmapcek. [lap-
cek cocraBiasier 30800000000000 xm. KpaTko 3TO 9HCJO
npuHaTo 3anuceiBaTh Tak: 30,8 - 1012 xm. Tak, wanpumep,
paccTosinue oT 3eMsaH Jo Oamkaduied 3Be3fsl (anbda Llen-
raBpa) paBHO 1,3 mnapcek, B KHJIOMETPax 3TO COCTABHT
(mpubanxkénno) 40 - 102 xm.

Jlns KpaTKOH SanmHCH MaJibiX 4YHCeJNl B BHAE cTreneHed
yucaa 10 nmpuusATH caepyiouiye o6o3navenusi. Ilpuusto cuu-
TaTb, YTO

o TR ol [F® atccoms 1O

|
10 * 100 * 1000 1000000



H BooOlie
1

10m
Tak, wHanpumep, G6akTepuu (MaJOYKOBHIHbIE) HMEIOT

= 10,

2 5
AMMHY OT sos O Tooog CM- KpaTko 3TH uncna 3anuiiew

Tak: 2-107* cm n 5. 10~* cm.
Huamerp  MoJieKy/abnl  BOAbI  paBeH  (MPHOJIHMKEHHO)

. 10—8
100000000 SM» HIH 31078 cm.

Onpenenenue.—n-i (rae m HaTypaJbHOE YHCJIO)
CTEMEHbI0O YHMCJA @, He PaBHOr0 HYJI0, CYHTAETCHA YHUCJO,
ofpaTtHoe n-# cTeneHW OCHOBaHHA da.

1

_“__
a -"""an-

HyneBasi crenenb uMcsia a cuMTaercss paBHo#H 1:

a’ = 1,
Tak, nanpumep:
L l . | . i .
2 '_'2_3_‘81 (_3)2 {__,3)2_91
AN 1 o
(E) r—l 2 5: 32 1
()
109 =

Mpumevanune. OrpuuaresbHasi H HYyJeBas CTeNcHH HyJaAd He
uMeoT cmeicna. Tak, Hanpumep, 02, 0—3, (09 — BbipakeHusr, He
HMelolLHe CMbICaA.

§ 64. lpusenenne npobeit Kk oduwemMy 3HamMeHATENO.

OcHoBHOe cBOHCTBO ApoOGH 1aéT BO3MOXKHOCTb aJrebpa-
yecKHe JpoOM C pa3/MYHbIMH 3HaMeHaTe/qsIMH Ipeobpa3oBaTh
B TOXJECTBEHHble UM APOOH C OJHHAKOBBLIMH 3HAMEHATEeJSAMH
(roBopAT: npuBecTH Apo6H K obuiemy 3HaMeHATelo).

Takoe npeo6Gpa3oBaHue NPHXOAUTCS MPOM3BOAHUTb, KAaK
H B apudmeTuke, IMNPH CJIOKEHHH W BbLIYHTAHHH Jpolen
C pa3HbIMH 3HAMEHAaTeJIsIMH.

M3 paccMmoTpenHsi HECKOJbKHX MPUMEpOB BbiBeJeM ofuiee
NpaBHJIO MpusBejeHHa Apoldedl K obulemy 3 HaMeHaTello.
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1. lpe6u ¢ opnounenHbiMu 3HameHnateasimu. [lpuseném
K ofuieMy 3HameHaTte/l0 ApoOu:

m 8 . p
“4ab® ' 6adc? ' Oa'p?

O6umiuii 3HaMeHaTeNb JOJIKEH JAeJHThCA Ha KaxAblli H3
AaHHbIX 3HameHaTeseili. CocTaBHM ero B TakKOM MNOpsijJKe.

1) Koapduuuent obuiero 3HaMeHaTeNst JOJIKEH JeJHTbCS
Ha 4, Ha 6 1 Ha 9. Hanmenbwium Takum uyucaom 6yper 36.

2) O6wui 3HaMeHaTe b JOJIKEH JeJIMThCSl Ha a, Ha a’ u
Ha a*. 3HauuT, OH JO/IKEH COJEepXKaTb MHOXHTeJ b al.

3) Touno Tak xe HaijgéMm, 4yTo OykBa b JoN:KHA BOHTH
B 3HaMeHaTenb B NATOH cTeneHH, a OyKBa ¢ — BO BTOpPOH
CTEMNeHH.

B wurore nosyuuMm oO6utiii npocTeHIUMH 3HaMeHaTelb!
36ab5c2.

Uro6bl nonyuuts B mepBoii Apo6u 3nameHatesb 36a*b°c?,
HAaJO0 €€ YHCJAWTeJb H 3HaMeHaTelb YMHOXHTb Ha 9a’c.
[Tonyunm:

m 9a%c*m

4ab® — 36atb5c3’

Taxum xe o6pa3om Haiizem:

n _ 6ab®n . p __ 4b3?p
6a3c? — 36a%bbc? 9a%h? —  36atbSc?

3a obuuit 3HaMesnaTe/qb MOXXHO Oblji0 Obl B35ITh, Hanpu-
Mep, ofHouJieH 72a%b7c®, TaKk KakK OH JeJHTCS Ha KaXKAblH
M3 3HaMmeHaTesed JaHHbX ApoGeii. Oanako 3TOT ojHOUJIEH
uMeeT OOJbIUMH KO3(pduuHeHT H coaepKHT OykBol B Gojee
BLICOKHX CTeneHsX, ueM onnouJieH 36a*bsc2.

Onnounen 36a%b%? pna pauHbix apobeit siBAsieTCs Npoc-
TeilluuM OOLLMM 3HaMeHaTeJsieM.

Orciona caenyer, 4To npocmedutuil obujutl 3Hamenamens
Opobetl ¢ 00HOYNCHHBIMU SHAMEHAMENAMU €eCMb HAUMEHbULeR
obuwjee kpamnoe KoIpPuyuenmos 3sHameHamerel, YMHONCEH-
HOe Ha 6ce pasaudHole Oykevl, eéxolaujue 6 3HAMEHAMEAU,
npuvém kaxcoaa Oykea Oepémca ¢ Hauboabwlum noxkasame-
AeM, 0 KQKum OHMa exo0um 8 3HameHameu.

[ITpumeuanne Aare6pandeckyio aApo6b ¢ apo6HBIMH Ko3hdu-
OHCHTAMH YHCJAHTEN M 3HAMCHATeAsl BCerja MOXKHO 3aMCHHTb ApoObio,
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Y KOTOpOR YHC/AHTE/NDL M 3HAMEHATeJb HMCIOT uedible Kodpduunentn. Tak.
1

—a®
25a2b @0 32
Hanpumep, ApoOb 8 MOKHO 3aMeHHTb Jpobbio 3 == 3%y °

3 3

2. lpo6u ¢ MHOrouwJeHHbIMM 3HameHaTeasamu. [Ipuse-
AéM K ofuieMy 3HaMeHaTeJlo JApOOH:

a b _ c
4x* — 42 5x* 4 10xy+ 542" 10x2 — 20xy 4 1043

Pa3/oxXuM HA MHOXKHTEJNH 3HAMEHaTeJIH:

4* — 4yt =4 (P —y ) =4(x 4+ y) (x —y);
5x2 4 10xy + 5y* = 5(x% + 2xy + y?) = 5 (x + y)?;
10x2 — 20xy + 10y% = 10 (x* — 2xy -+ y?) = 10 (x — y)*.

CocraBuM oO6wHMH 3HaMeHaTeJlb TaK e, KAaK H B CJy-
yae OJIHOYJ/IEHHBIX 3HaMeHaTeJIeH.

Kosdhduuuentom obuero 3HameHateds OyneT HauMeHb-
wee obuiee KpatHoe yucena 4, 5 u 10, 1o ects 20.

MuoxkuTenb (¥ 4 y) Bo3bMEM B HaubOJblUeH CTeNeHH, B
KOTOpPOH OH BXOJAHT B 3HaMeHaTe/ld, TO €CTb BO BTOpOH.
Muoxurenb (¥ — y) TakxKe BO3bMEM BO BTOPOH CTEMEHH.

[Tpocreiiumit o6iuii 3namenatesb 6yner: 20(x +y)? (x—y)3.

JIpo6u NpuUMyT CJeAyIOUHH BHA:

__a a _ Sa(x+y)(x—y) .

4x* — 4y 4d(xFfy(x—y)  20xFy(x—y2’
b L b o 4b{x—-_:;)* =

Bx® - 10xy 454~ 5(x+y)?  20(x+y)?* (x — y)*’
c ¢ 2¢(x -+ y)*

10x? — 20xy 4 104® - 10 (x — w)? = 20 (x4 w2 (x—y)32’

(ITpoBeputs npu x =2, y=1, a=b=c=10.)
Orcioa Takoe IMpaBHJIO:

Qmobdbr npusecmu K npocmeduiemy 3HameHameo areebpau-
qecKue 0pobu € MHO20UNCHHBIMU 3HAMEHameImu, Hado 31a-
meHameau pasroxcums Ha mroxcumeaw. Ilpocmediuium obuum
3namenamenem 6ydem HaumeHbulee obwee Kpamuee KoIpgu-
yueHmog 3HameHamenell, YMHONEHHOE HA 6Ce PA3AUYHbIE MHO-
acumenut, 6x00AuUe 8 3HAMEHAMEAU, NPUHEM KANCObLL MHONCU-
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meav Gepemca ¢ HauboAbULUM NOKa3amenem, ¢ KAKUM OH 8xooum

6 SHameHameau.
[Ipumeuanne., Ecan kakoH-1u60 u3 3HameHaTenedl ue pasna-
raeTcsi Ha MHOXHTENH, TO OH CepéTcsl BeChb LEJHKOM KIK MHOMXHTEb,

§ 65. Cnoxenne apoGei.

3apnaua 1. B nepsom Karacce poslaru a mempaded, 60
emopom b mempadeii. Kaxcootll yueHux noaywunr no m mempa-
deil. CKoabko 66110 YueHuKos 8 oboux Kiaaccax?

Pewum 3anauyy aByMs cnocoGami.

l-i cnoco®.
1) Ckoabko OblJIO YYEHHKOB B MepBOM KJjacce?

a
— YUYEHHKOB.
m

2) CkoabKO ObJIO YYeHHKOB BO BTOPOM KJiacce?
b
— YYEHHKOB.
m

3) CkonbKO 6biI0 yYeHHKOB B 060MX KJaccax?

(5 + r%) YUYEHHKOB.

m

2-4 cnocob®.
1) Ckosnbko po3pnaHo Terpaneid B o6OHX KJaccax?

(a + b) Terpapneii.

2) CkoabKo OblIO YYeHHKOB B 0060HX KJaccax?
a-+b
m

CpaBuuBasi o6a oTBeTa, 3aKJuyaeM, 4YTO:
a b a
mTm =

CnpaBea/MBOCTb 3TOrO paBeHCTBAa AJs JIOOBIX palHOHa/lb-
HL'X 3HAYeHHWH a, b U m MOXHO NOKa3aThb Tak.

Mbi 3nHaem cBoiictBo penenus (§ 21): urto6ul pa3jenuTsb
CYMMY Ha Kakoe-Ju60 4YHCJIO, MOXKHO pa3JiesiiTb Ka)KJioe CJa-
raeMo€ Ha 3TO YUCJIO H NIOJIYUYeHHbI€ YaCTHbIE CJIOXKHTh. 3HAYUT:

a-t b a b
Tz

m m

YYEHHKOB.

(1)

b
m L
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Uurtast 3TO paBEHCTBO CMpaBa HaJeBO, MOIy4YHM paBeH-
ctBo (1). 3HAuUHT, c/lOKEHHe BBLIMOJIHEHO HAMH BEpHO.

[IpaBuno. Ymobest croxncums Opobu ¢ 00unHaKO-
BbIMUL 3HAMEHAMENAMU, HAOO0 CAONCUMbL UX HUCAU-
meau u CyMmy pazoesaums Ha ux 00wuii 3HameHa-
mens.

ITpu crooxcenuu Opobelk ¢ pa3ruynsimu 3HAMEHA-
mensmu Ha00 npedsapumessbro npusecmu ux K 06ue-
MY 3HAMEHAMENIO.

3agaua 2. [lkoseHuku evlexaru Ha 3KCKYpcuo 6 20pod.
Oxu npoexasu 00 CMAKUUU HA A0WAOAX G KUAOMEMPO8 CO
cKopocmelo U KM 6 4ac, 3amem noe3dom b kuromempos co
ckopocmeto, 8 m pa3 Oorouwed. CKOAbKO 4AC08 WIKOALHUKU
Haxoouauce 6 nymu?

PeweHwue.

a
1) o cTaHUHH IUKOJbHHKH €eXaJH — 4acos,
2) CkopocTh moe3jga paBHa myu KM B 4ac.
b
3) [lIkoMbHUKH exaju Nnoe3 oM — 4acos.

b
4) Bcero MKOJbHHKH NpoOGLIIH B NYyTH %"'EE 4acos.

Urto6sl yNpoOCTHTL MQJYYEHHBIH OTBeT, IpOX3BeJEM CJo-
skeHHe. Tak Kak sHameHareau JjpoBeit pas3jMYHLL, TO HaAo
npofu CcHayasa MpHBECTH K oOuweMy 3HaMeHatemo. Jlerko
BUJeTh, 4TO OOUMH 3HAMeHaTe b mv. 3HAYUT, YHCJIHTEJb
H 3HaMeHaTe.b NepBoil Apo6H Hajgo yMHOXHTL Ha m. [lony-

UHM:

a & b am b am-+4 b
v mv -~ mu mv  my

8 66. BoiuuTanue apobei.

Boiuutanue omnpepgessercd Kak JedcTBHe, o6paTHoOe CJO-
JK@HHIO: BblYeCTb OJHO BbipaXc€HHE H3 JpPyroro — 3HayHT
HaWTH TaKOe TpeTbe BLIpax{eHue, Koropoe, OYAY4YH CJOMEHO
C BbIYHTaeMbIM, JIaCT YMeHblllaeMoe.

Orcioa ciiegyer npaBH/JAO BhiUHTAHHA Apobeli ¢ oJHHAKO-
BLIMH 3HAMEHAaTeJsIMH.

AmoOlos sotuecmts Opo6s u3 Opyzol Opobu c mex dice
3HaMenamenem, HA00 U3 KUCAUMENR Y MEHOHIAEMO20
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B8biHeCMb YUCAUMEANAD Bbl4UMAEMO20 U PA3HOCMb pa3-
oeaumb Ha ux 0o0wuil 3HameHamens.

a b a—>b

—

m m m
Yrob6bl nokasaTh CnpaBeJIHBOCTb 3TOr0 paBeHCTBA, CJ/0XKHM
BbIUHHTAaeMoe C paauoc*rbm'

a—b b4+a—0b__a
e -,

[Tonyuynnun ymeHnblunaemoe. 3HAyWT, BLIYHTAHHE NpPOH3Beje-
HO BepHO.

Ilpu svruumarnuu 0Opobell ¢ pa3AUdHBIMU 3HAMCHAMEAAMU
Hado npedsapumesbHo npusecmu 0X K obwemy 3HAmeHamero,
a 3amem NPUMEHUMb NPABUA0 8bidUMAaHUs Opobeld ¢ 0OUHAKO-
BbIMU BHAMEHAMENAMU.

[Tpumep. IlponsBeaém BuuHTaHHE ApOGEN:

A
b~ bc’
OOGuiuit 3Hamenaresab b (b + c).
[Tonyunm:
a a alb4c)—ab  ac

b btc  b(b+o = b@Fo°

§ 67. YmHoxenue apobeil.

[TpaBuno ymHoxeuusi aare6paHyecKHX Apobel Takoe xe,
Kak M Aas1 apupMeTHUeCKHX JApole.

[TpaBuno. Ymobot nepemnoxcums 0Opobu, Hado
nepemnONCums OMmMOeAbHO UX HUCAUMEAU U UX 3HA-
MEeHamearu u nepeoe npou3gedenue 3anucans 4ucil-
meanem, a 6mopoe — 3HAMEHAMENEM NPOU3BEOCHUS.

a c ac

b d bd-
Tak kak uesoe Bbipa)KeHHe MOXKHO pacCMaTpPHBATh Kak
Apo6b ¢ 3HameHartesneM, paBHbIM €/HHHLE, TO NpHBEAEHHOE

(IpaBUJIO NpHMEHsIeTCs W B TOM CJyyae, KOrja HeKOTOpbie H3
COMHOMXHTE/NEH — L€JIble BbIpaXKeHHus.
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§ 68. [leaenune ppoGen.

PaccmaTpuBas jenienHe Kak jedcTBHe, oOpaTHOe YMHOXe-
HHIO, TIOJIYYHM CJleJyiollee TpaBHJIO AJs JeJleHus1 ApoOeH.

Ymobot pa3oesrums Opobs Ha O0pobs, Haoo Oearumoe
YMHOJCUMb HAa Op06b, 06pamuyro Oesrumenro.

a ¢ __a d__ad
b ' d b ¢ be’
Jloka)kemM crpaBelJIHBOCTb 3TOFO PaBEHCTBA. ¥ MHOXKHM
I'IUJ]}"{'EHHOE yaCTHOE Ha JeJIHTeJIb:

ad ¢ _adc a
bc d  bed” b
[Tonyunau penumoe. 3HauHT, AeJsieHHe MPOHU3BEJeHO BepHO.
Tak Kak Bcsikoe 1eJioe Bblpa)KeHHe MOXKHO paccMaTpHBaTh
KaK ApoOb ¢ 3HameHaTeJsiem 1, To npHBeJE€HHOE NPaBHJIO MPH-
MEHHMO H B TOM CJlyyae, KOrja Je/JIMMOoe HWJH Je/uTelNb —

11eJ0€ BblpaXKeHHe.

§ 69. Bo3Beaenue apo6Gu B HATypaJibHYI0 CTENeHb.

2
HToGbl BO3BECTH JaHHYyi0 Apolb, HanpHMep =, B KBa1par,

Hajlo 3Ty JApoO6b YMHOXHTb camy Ha ce0d. I[lpumenuB npa-
BHJIO YMHOXeHHS Apoleii, MoJy4yHM:

g2y 2 9o 2.9 w4

Mbl BHAMM, 4YTO Yy MOJyuYHBIUeHcs Apo6H 4YHCAHTENbL pa-
BE€EH KBaJlpaTy YHCJIHTEJ/IsI, @ 3HAMEHATE/Ib paBEH KBEII[[JET}?
3HameHaTeJisi JJaHHOH JApoOH.

Bo3seném naHHyio apobb B KyO:
(2_)'_ 2 8 2 _2.2.2 o 8
3/~ 8 3 8 B8:3:8 3

Mbl BHAMM, 4YTO Yy TOJy4YHBLUEHCS JpoOH YHCJIHTENb H
sHaMeHaTeJb paBHbl KyOy UYHCJHTEJS M 3HaMeHaTe/s JaHHOH
Apobu.

[TpaBuno. Ymobst 8038bicumes Opob66 8 Kakxyio-
Aub60 cmenens, 00cmamo4n0 6038ecmu 8 3my cme-
NEeHd YUCAUMENb U 3HAMEHAMEAb OAHHOE Opolbu:

(&) =%
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Ina pokasaTtenbcTBa 3TOro nNpaBHjia NMPHMEHUM [PABHIIO
YMHOXXeHHuSI Jpobeii:

(af-s.a. & sa .o
b/ — b b " b b-b....-b b’

-
L]

(4:1%)3_ (4a%b)® _ 64a®h®
3x | T (3x)F T 97

8 70. lpo6Hbie ypaBHEHHS.

o cux nop Mbl pewiajsi TOJbKO ypaBHEHHS LeJible OTHO-
CliTe/IbHO HeH3BEeCTHOro, TO €CTb ypaBHEHHsl, B KOTOPbIX 3Ha-
MCHAaTeJIH (eC/IH TaKOBble HMEJIHCh) He COJepKaJii HEH3BECTHOe.

Hacto NpUXOAMTCS peliaTh YpaBHEHHS, CoJepiKauiHe He-
H3BECTHOE B 3HaveHaTe X, TaKHe YpaBHEHHS Ha3biBalOTCHA
A pOOHBIMH.

[Ipume phl.
1

L e—pe=2, (I

Uto0bl peluTh 3TO ypaBHeHHe, YMHOXHM o0e ero uactu
Ha X —3, TO eCTb Ha MHOrOY/IEeH, COJAepPMKalHH HEeH3BeCTHOe.
byner /nH HOBOe ypaBHeHHe PAaBHOCHALHO JaHHOMY? UYTOoObI
OTBETHTh Ha BOMpPOC, PeUIHM 3TO ypaBHEHHe.

YMHOXKHB 00e 4acTH ero Ha x — 3, MOJYYHM:

l =2 (x— 3). (2)
PelunB 3T0 ypaBHeHHe MepBOH CTElNEeHH, HaHaém:
7
X = G . 7
Hrak, ypaBHenne (2) nveeT eJHHCTBEHHbIH KOPEHb X = 5.

[loacrasuB ero B ypaBHeHHe (l), moay4um:

1 1 e B e

2 2

7
3HauuT, X = 5 SABJIfAETCS KOpHeM H ypasHeHus (I).

Hpyrux kopuei ypaBHeHHe (1) He umeer. B Hawem npHu-
mMepe 3TO BHJAHO, HarnpuMep, M3 TOro, 4To B ypaBHeHHH (l)

138



X — 3 Kak HeW3BeCTHBIH JeJuTeNb JOo/KeH ObTh paBeH Je-
JumoMy 1, pa3ae/IEHHOMY Ha 4YacTHoe 2, TO €CTb

x—3=1 :2=%.
Orcrona:

'
X= -+ 3; X=-.

1
2
Hrak, ypaBhenusi (1) u (2) uMEIOT eJHHCTBEHHbIII KOPEHb

7
X = 5. 3HAUHT, OHH PaBHOCH/bHbI.

2) PewinM Tenepb Takoe ypaBHeHHE:

x+5 x-+1 8 _
x—1 x—3+(.r-——l)(x—-3j_0' (M

ITpocTeiiunii o6wuii 3HaMeHaTeqb: (x — 1) (x — 3); YMHOXHM
Ha Hero BCe YJieHbl ypaBHEHHS:

(x+5)(x—1)(x—3) (x+1)(x—1)(x—3) 8(x—1)(x—3) __
x— 1 x—3 T (I-U(-’C—s-) =i,

[Tocne coxpamenns nonyunm:
45 {x—H—x+ NEx—1)+8=0.
Packpoem cKoOKu:
X2 4-5x—3x—15—x*4148=0.

[TpuBens noaoGuble yneHsl, 6yjaeM HMeTb:

2x —6 =0. (2)
PewnB sto ypaBHeHue, HaHj€éMm:
X =3,
[TongcraBuB x = 3 B ypaBHenue (1), noayuum:
8 4 8
72— o to=0

B JseBoii uacTH MNOJYYHSIM BBIpaXKE€HHS, HE HMelolLlHe

CMBICJIA.
3HayuT, ¥ = 3 KopHeM ypaBHeHHf (l) He aBasiercs. Or-

cioga ciaejayer, 4ro ypaBHeHusi (1) U (2) HepaBHOCHJbLHBL
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[oBopAT B 3TOM cayyae, uTto ypaBuenue (1) mpuobpeno mo-
CTOPOHHHH KOpEeHb.

CpaBHuM peluenue ypaBHeHHs (1) ¢ pemneHHeM ypaBHEHHH,
pacCMOTpPeHHbIX Hamu paHblue (cMm. § 51). Ilpu pewenun sToro
ypaBHEHHSI HaM TPHILJICCHL BLIMOJHHTL JBe TaKHe omnepalli,
KOTOpble paHblle He BCTPeyaJsiiCh: BO-MEpPBbIX, Mbl YMHCXKH-
JH o0e yacTH ypaBHEHHMS Ha BbIpa)KeHHe, cojepxauee
Heu3BecTHoe (oOUHH 3HaMeHaTeJ b), H, BO-BTOPBIX, Mbl
cOKpaulaau anreOpanyeckue ApoOH HA MHOXHTEJ H, C O-
AepxauHe HeHW3BeCTHDIE.

CpaBuuBasi ypaBHeHue (1) ¢ ypaBHenHeMm (2), Mbl BHJAHM,
YTO He BCe 3HAYeHHUsl X, JONYCTHMble JJIsi ypaBHeHHA (2),
SIBJAIOTCA JONYCTHMBIMH A0 ypaBHeHHs (1).

HMimenHo yucsia 1 m 3 He #sBAAOTCS AONYCTHMBIMH 3Ha-
YeHHSIMH HEH3BEeCTHOro Ans ypaBHenus (1), a B pesysbrare
npeobpa3oBaHHA OHH CTaJIH AONMYCTHMBIMH AJSA ypaBHeHHS (2).
O/HO M3 3THX yHces x = 3 0Ka3aJ/oCh pelleHHeM ypaBHEeHHS
(2), Ho, pasymeercsi, pelieHHeM ypaBHeHHsI (1) OHO ObITb He
MOZKET.

JTOT NMpUMEp NOKa3biBaeT, YTO TNPH YMHOXKEHHH 00eHx
YyacTeH ypaBHEHHS HA MHOXHTe/b, COJlepXKallliii HeH3BeCcTHoe,
H MpH COKpalleHHH anarebpanyecKux apobed MoxKeT MoJy-
YUHTbCS ypaBHEHHe, HEepPaBHOCHJbHOE JAHHOMY, a HMEHHO
MOTYT TIOSIBHTBCA NOCTOPOHHHE KOpPHH.

Orciona penaem Takoit BbiBoj. [1pH pelneHHH ypaBHEHHA,
CO/MIepIKalllero HeW3BeCTHOE B 3HameHareJ e, I0JIyyeHHbIE
KOPHH HaJo MNpoBepsiTb TMNOACTAHOBKOH B MNepBOHAYaJ/ibHOE
yrasHenue. [TocTtopoHHHe KOpHH Hajo OTOPOCHTB.

[Ipume por:

| x4 1 - x—3

x—2 x—+42°

3HaueHHss 2 U —2 He HABJAIOTCA JONYCTHMBIMH IS X,
TaK KakK NMpH 3THX 3HAaYeHHsX ypaBHEHHE TepsieT CMbICJI.

[IpocTeiilinii 3HameHaTe.Ib:

(x—2) (x4 2) = x2 — 4.

YMHOKHB Ha Hero ob0e 4YacTH ypaBHEHHST H NpPOU3BEAA
COKpallleHHe, TOJYyYHM YpaBHEHHE:

x4+ 1) (x+2) =@x—3) (x—2).
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L] - 1
Pewns ero, Haiiiém x = - . [loacranoska B nanHoe ypas-

I
HCHHE NMOKAa3blBAET, UTO X = - ABJAETCA H €ro KOpHEM.

2
x-1 x—3 12
2. x—2 x+2=x’—-4' (D

M 3pech obwuii HauMeHbLIWI 3HaMeHaTesab X2 —4 (npu-
YeM X % 2 M X %+ —2). YMHOXHB Ha Hero o6Ge 4YacTH ypas-
HEHHSI, MOJyYHM:

x+Dx4+2)—x--3)(x—2) = 12;
X 4+3x+2—x245x—6=12;
8x—4=12 x=2.

Hraxk, ypaBnenue (2) uMeer KopeHb x = 2. Ho oH sBJA-
eTcsl NOCTOPOHHHM s ypaBHeHHs (1), Tak Kak 2 He siB-
JSIeTCsl JONMYCTHMBLIM 3Ha4YeHHeM AJs X.

3HauyuT, ypaBHeHHe (1) He HMeeT KopHeil.

(2)

§ 71. llpumepbl pelieHUss ypaBHEHHH
¢ OYKBEHHBIMH KO3(PULHEHTaAMM.

[Tokaxem Ha npumepax pelieHHe ypaBHEeHHH NepBOH CTe-
NneHH ¢ OYKBEHHbIMH KO3((HLIHEeHTaMH.

[Tpumep 1. Pewnth ypaBHeHHe:
a(x—2)+3x=a(x-+ 2)—3, (1)
rjie a — JaHHoe YHCJO.
1) PackpoeM CKOOKH:
ax —2a -4 3x = ax + 2a — 3. (2)

2) Ilepenecém uneHbl, copepiKalliie HeH3BECTHOE, B JIEBYIO,
a cBo6OJHbIE Y/leHbl — B NpPaBYIO YacCTh:

3x = 2a— 3 + 2a.
3) IlpuBepém nopoGHbIE YJIEeHbI:
3x = 4a — 3. (3)

Pasnenus o6Ge yactiH ypaBHeHHs (3) HA 3, MOJAyuYuM c.ie-
Jylolllee pelueHue:
4da — 3

X=—3—. (4)
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Ecin 6ykBe a npujpath Kakoe-HHGYIb Onpeje/iéHHOE 3Ha-
YEeHHe, HalnpHMep MOJIOXKUTb a = 3, To ypaBuenue (1) obpa-
THTCSl B ypaBHEHHE C YHUCJOBBLIMH KO3I(PPHLUHEHTAMH:

B(f—2) L B F(X b 23,

Tenepp Her Heo6XOAHMMOCTH pellaThb 3TO NMOCJEJHEe ypaB-
HEHHe, TaK KaK JOCTaTOYHO 3aMeHHTb a B ¢opwmyJe (4) 4u-
cJioM 3:

4.3—-3
g =
[Tpumep 2. Pemnth ypaBHeHHE
mx— (3 —m)=2(x+ 5). (1)
1) Packpoem ckoGKu:
mx —3 4+ m=2x-+ 10. (2)

2) Ilepenecém uneHbl, cozepiKalllie HEH3BeCTHbE, B Jie-
Byl0, a CBOOOJHbIE 4YJ/IeHbl — B IPABYIO 4acTh:

mx —2x =10+ 3 —m.
3) IlpuBesém nopoGHbIE YJEHbI:
(m—2)x =13 —m. (3)
DTO noc/iefiHee ypaBHEHHE Mbl CMOXKEM pellHTb, €CJIH

KO3((uIIHEeHT NpH X He paBeH HyJ/MO (TO ectb m— 20,
HIH m # 2):

13 —m
X=——. (4)

Eciu m=2, To m—2=0, a uHa Hy/Jb JeJHThb He/Jb3sl, a MOTOMY
Heab3sl NMpHMeHATh dopmyay (4).

YpaBteuue (3) paBHOCHJAbHO ypaBHeHHIO (1); HO eCcaH B ypaBHe-
nue (3) nojcraBuTbh m = 2, TO noayuyutcsa ypaBHeHHe 0 - x =11, Ko-
TOpoe He HMeeT KOpHeH.

[Tostomy npu m = 2 ypasuenue (3), a 3Hayut, H ypasHeHHe (l)
lle HMeIOT KopHeil.

[Ipumep 3.

x—2 x—4
L 2 ()

[Ipu a = 0 npaBasi 4yacTb ypaBHeHUS TepsieT cMeuic/. ['oBo-
paT, uto a = 0 He sABJsieTCH AONYyCTHMbIM 3HAYeHHEM AJfA a.
[Tostromy Oypem cuuTaTbh, YTO @ HE PaBHO HY.IIO.
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1) YMHOXHB 0Ge 4YaCTH ypaBHEHHSI Ha 2a, noc/e CoKpa-
WEHHH NOJYYHM:

a(x—2)—2a=2(x—4).
2) Packpoem CKOOKH:
ax—2a —2a =2x—38.

3) CrpynnupyeM 4JIeHbl, COAepKallie HeHu3BeCTHOe, B O]l-
HOI YacTH, a CBOOOJAHBLIE 4YJ/IEHbl — B JPYroH.

ax —2x = —8 + 2a + 2a:
4) TlpuBeiéM NMOAOOHBIE YJI€HBI:

ax —2x = 4a — 8,

HJau
(@—2)x=4(a—2). (2)
Ecnn koahduuuesT npu x He paBeH HYJIO, NMOJYYHM:
x =4,
Eciu a =2, To ypasHenue (2) npumeT BHA:
0.x=0.

OueBnano, 4To 3To paBeHCTBO OyneT BepHBIM NpH JI060M 3HAYCHHH
X, TaK KaK HYJb, YMHOMXeHHbIH Ha Jioboe 4HCJO, AacT B pe3yJabrarte
HY.JIb.

Ypasuenue (1), paBHOCHALHOe ypaBHEeHHIO (2), YAOBJeTBOpAETCA
BCEMH 3HAYeHWSAMH X. ITO MOXXHO NMPOBEPHTh, MOACTABHB @ = 2 B AaH-
Hoe ypaBHeHHe (1):

x—2_l_x—4 x—4_x—-4
5 =—5—, WM — . —;

[Tocnhennee paBeHCTBO BEpPHO MPH BCEeX 3HAYCHHAX X.

OkonyaTeJbHbIH OTBET 3anHileM Tak:

1) x=4, eciht a0 n a + 2.

2) YpaBHeHHIO yJoBJeTBopsieT mioGoe 4YHCJO, eCcqH a =2 (HamnoM-
HUM, uYTO NpH a =0 3ajaHHOe ypaBHeHHe TepseT CMHICJA, a NOTOMY
sHayenHe a=0 H He paccmMaTpHBaeTcs).




FTABA CEIObMAA.
KOOPAUHATbHI U MPOCTEALLUE FPA®UKH.

§ 72. KoopauHaTbl TOYKH HA MJOCKOCTH.

[TpoBeaém H4 MJAOCKOCTH J[iB€ B3aHMHO TMepreHHKYJsp-
able udcJoBble ocu: nepsas ocb OX, u Bropas och OY
(uept. 20a). DTH ocH OyjemM Ha3biBaTb OCAMH KOOP A H-
nat. [leppas oce OX (u3obpaxéHnass Ha uyeptexxke 20a B
fOPH30HTAJ/IbHOM T0JIOXKEHHH) Ha3blBaeTcsl OCb1o abCI HCC.
Bropaa oce OY (u3o6paxkénHas Ha ueprexxke 20a B Bep-
THKAJbHOM T[OJIO)KEHHH) Ha3blBaeTcd OCbI0 OpPAHHAT.
Touka O nepeceyeHusi oced KOOpAHMHAT Ha3LIBaeTcsi Had4a-
JOM KOOPpJAHHAT. ITYy TOYKY OGyneM CUHTATb «HYJEBOIi»
TOYKOH AJsi o6eux ocei. [TonoxkurenbHsie yucaa 6yayT H30-
Opa)kaTbCsi Ha OCH aOCUHCC TOYKAMH BIpaBO, a Ha OCH Op-
JAHHAT — TOYKAMH BBepPX OT HyJseBoH Touku. OtpuuaTe/b-
Hble uyHcja OVvAyT H300paxkaTbCA TOYKAMH BJEBO H BHH3
or Hayana koopauHaT (. [laockocTh, HA KOTOpPOH JaHbl

OCH KOOpPJMHAT, KPATKO Ha3bIBaeT-
y ¢ci KOOpPAHHATHOH mJoC-

KOCTh IO.

Ocu koopauHAT JeqasiT M.10-

CKOCTb Ha YeTblpe 4acTH, HA3blIBae-
X Mbie yeTBepTsaMH (MIH KBa ]-

PaHTaMH).

" IV [IpuHsiTO 3TH YeTBEpPTH HyMme-
poBaTh (PUMCKHMH LLH(paAMH) B TOM
nopsilke, Kak MOKa3aHO Ha 4ep-
Yepr. 20a. Texxe 20a.
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Bo3bMéM HA TJOCKOCTH NMPOU3BOJBHYIO Touky M u omyc-
THM M3 Heé mNeprneHAMKyJ/sippi Ha ocH KoopauhaT. IlycThb
M, — ocHOBaHHe MNeprNeHAHKY/spa, ONyUIeHHOro H3 TOUKH M
na och abeuuce. Yucao, komopoe mouka M, usobpadxcaem Ha
ocu abcyucc, Hasvieaemca abcyuccod MO4KU M. TMyets My —
OCHOBAaHHE MEePrNeHHKYasapa, OMyuleHHOro H3 TOUKH M na
och opaunat (uept. 206). Yucao, Ko-
mopoe moika M, usobpadcaem Ha
ocu opdunam, Ha3vieaemcs O0pOUHA-
moti mouku M. Ha ueprexe 21 a6-
cuucca Toukd M paBHa 3, a opjJHHa-
1a 5, a6cuucca ToYkH A paBHA —2,
opakHaTta —3; ab6ciucca  TOYKH B

paBHa 2, opauHaTa 4.

Abcyucca u opdunama Ha3bL6a-
tomca Koopdunamamu OaHHOU MOoUKU

n.ockocmu.

M, |-~

Yept. 206.

KoopauHaTel TOYKH 3alHCLIBAIOTCA B CKOOKAaX crpaBa OT
o6o3nayenus Touku. [lepBoil 3anuceiBaetcsa abcuucca, a 3a

HeHd opAHHATA.

Tak, sanuce M (3; 5) o3nayaet, 4to abcuucca ToukH M

paBHa TpéMm, a OpAHHATA —
NATH.

PaccmoTpuM HeKOTOpbIE 4a-
CTHbIE MNOJIOXKEHHS TOYKH.

Ecay Touka JieXKHT HA OCH
abcuucc, To eé opjAHHAaTa paB-
Ha HYJIIO.

Tak, nanpumep, Touka C Ha
yeprexxe 21 umeer KOOpAH-
HaTel —3 H 0.

Ecau Toyka J€KHT Ha CCH
OpAHHAT, TO e€ albcuucca pas-
Ha HyJ/10, HalmpHMep TodYkKa
D (0; —3) (4yept. 21).

Hakonen, Hauvaao Ko-
opauHart—rTouka O — ume-
eT u alCuHcCy H OpAHHATY,
paBebie HyJso: O (0; 0).

-
~_|

B e Y

]
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3apnaua 1. [Tocmpoums mouky no Oaxnoim e€é Koopdu-
Hamam, Hanpumep nocmpourne modxy A (2; —3).
Pewenne. Ha ocn abcuucc (uepr. 22) Haxoimm ToOu-
Ky 2 4 NPOBOJIHM M3 Heé neprneHAuKy.Asp K 9Toil ocu. Ha ocH
OPAHHAT HAXOAMM TOYKY —3 H NpPOBOJHM H3 Heé nepneHju-
KyJasp K 3ToH ocu. [lepece-
y YeHHe TIeprneHJuKyJsSpoB H
4 JaCT HCKOMYI0 TOYKy A.
Takum o6pasom, ecau 3a-
JaHbl JlBa Yucaa B omnpeje-
JIEHHOM TMOpPsiIKe, TO €CThb
YKa3aHO, KAKOe H3 STHX YH-
0 X CeJl cuuTaeTrcss mnepBbiM (ab-
1 CllHCCa), KaKoe BTOpbIM (Op-
' JAUHATa), TO Takas napa Yu-
No-2 : ceJl onpejeJisieT Ha KOOpJH-
TA HaTHOH MJIOCKOCTH I0JIOXKe-

HHE TOYKH.

3HAYUT, KOOPAMHATHI
TOYKH — 3TO YHMCJa, onpe-
JAeaAdIOliNe €€ mnoJoXeHue
Ha DJOCKOCTH.

3anaua 2. Ha naockocmu Oanbl ocu koopdunam u npo-
ussosonan mouka N. Haimu eé koopdunamo.

Peluenne sicHO H3 onpejeJieHHs KoopAauHAT ToukH. [Ipo-
BOJMM M3 3aJlaHHOI TOYKH TepHeHJHKYJsApbl K OCAM KOOp-
anHat. OcCHOBaHHS 3THX MEpPNeHAHKYJISPOB H ONpejetisaT
eé KOOpJHWHaTHI.

Tak, na yeprexe 22 sajanHasi Toyka N uMeeT KOOpAH-
Hatel (—1; —2).

Yepr. 22,

§ 73. Mpamo nponopunoHaJbHas SaBHCHMOCTH.

B apudmeTHke yKe M3yyaJHCh NMPSIMO NPONOPLUHUOHAJILHbLIE
BeJIHYHHBI.

[IpuBeséM NpHMEpHl TAKHX BEJIHYHH.
I) [TyTs (npu paBHOMEPHOM JBHKEHHH) ¥ BpeMsi, B Te-
YeHHe KOTOPOro 3TOT NYTh NPOHJEH.
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ITycTb CKOpPOCTH paBHOMEPHOrO JIBHXKEHHSt paBHa 3 KM
B yac. O6GosnayuM JJHHY TMpoOiJeHHOro NyTH 4Yepe3 y, a
YHCJIO YacoB, 3@ KOTOpCe 3TOT NMyThb MPOHJieH, yepe3 x; TOrja
3aBHCHMOCTb MEXJY 9THMH J[BYMS BeJHUHHAMH BbIPA3HTCHA

PaBEHCTBOM:
Yy = 3«x.

2) CrouMOCTL OTpe3a MaTepHH H YHC/Ja METPOB B OTpese.

ITycte 1 m matepun crour 8 py6. Torpa, ecanm o6o3Ha-
YHTh Yepe3 X YHCJO METPOB B OTpe3e, a yepe3 Y CTOHMOCTb
BCEr0 OTpe3a, 3aBHCHMOCTb MeXKAY STHMHM JByMSl BeJ/iHUH-
HAMH MOXHO BBIPa3HTh PaBEHCTBOM:

y = 8.

3) JInvHa OKPYKHOCTH H JJHHA eé JuameTpa.

H3BecTHO, 4TO A/l onpeje/ieHUS JJHHBI JIOO0A OKpyX-
HOCTH HaJo JJIMHY e€ JHaMeTpa YMHOXKHTb HA HEKOTopoe
YUCJIO, OJIHO H TO XK€ JJA BCeX OKPYXHOCTeH H TMPUO/IH-
XEHHO paBHOe 3,14.

3HAUHUT, 3aBHCHMCCTb MeXJY  AJHHOH OKPYXKHOCTH H JJIH-
HOH e€ iMamMeTpa MOXKHO (MpHOIHKEHHO) BLIPA3HTh PABEHCTBOM:

y = 3,14x,

rjie x— AJMHa JHameTpa, a Yy — JAJHHA OKPYKHOCTH.
M3 paccMoTpeHHBIX paBeHCTB MOJYYHM!
£=3 Z=8 L=3

M3 3TuX paBeHCTB BHAKO, 4YTO OTHOLIEHHE COOTBETCTBEH-
HbIX 3HA4YeHHH JBYX MNpPsIMO MPONOPLHOHANbHBIX BeJHYHH
BCerja OCTaércid OJHMM H Tem »xe. B nepBom mnpumepe oHO
paBHo 3, Bo BTOpoM 8 H B Tperhem 3,14.

M3 npusea€HHbIX NPHMEPOB MOXKHO CAe/aTh CJeLYOLLHi
BbIBOJ.

Ecau gBe BennyuHbol NMPSIMO IPONOPILHOHAJABHBEI, TO IPH
A1000M 3HAYEeHHH OZLHOH BEJIHYHHM, HATIPHMED X, COOTBETCTBYIO-
lee 3HaYeHHe Yy OyJeT pPaBHO 3TOMY 3HAUEHHIO X, YMHOMEH-
HOMY HA OJHO H TO K€ YHCJIO.

Takass 3aBUCHMOCTb HA3biBaeTcs NPAMO MPOMNOPIUHO-
HaJib HOH 3aBHCHMOCTHIO.
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Onpenenenune. 3aBUCHMOCTb MeXJy ABYMsl BeJHYHHA-
MH X U §, Boipaxawuasnca gopmyaoi y = Rx, rae R — uucao,
He paBHOe HYJIO, Ha3biBAETCA NPSAMO MNPONOPLHOHAJbHOMH
3aBHCHMOCTbIO.

Uuesno k nasbiBaercs KosdbdpuuHeHTOM Nponop-
LHOHAJbHOCTH. B nepsoM npumepe k2 =3, Bo BTOpOM
k =8, B TpetbeM k = 3,14.

B npeabiAyuiux npumMepax X H y MOrJIH NPHHUMATh TOJNbLKO
noJoXKHTeIbHble 3HayeHHs. Tenepb, naB o6luee onpejiesieHye

y NpsAMO MPONOPLHOHAJIBHOH 3a-
10 BHCHMOCTH JJs JI00bIX JBYX
BEJIHUHH, Mbl MOXKEM CHATb 3TO
8 orpaHHyeHve. B panbHedmem
X, cllefoBaTeJibHO, H Y MOTYT
| M NMPHHUMATL JIOOble 3HAYEHHUH.
L*)
§ 74. I'padpuxk npamo
4 NPONnOpPUHOHANbHOM
3aBHCHMOCTH.
; PaccmoTpumM npsiMo npomnop-
0 I{HOHAJIbHYIO 3aBHCHMOCTb C He-
-4 |-2 2 4 X KOTOPbIM ONpeJeIeHHbIM KOo3(-
{ (DMLIUEHTOM TIPOMNOPLIHOHAJIBHO-
Tk cru. Hanpumep, y = 3x. Tlpu
MOMOILH CHCTEMBbI KOOPAWHAT HA
— 4 MJOCKOCTH MOXHO HArJsijHO
n300pa3uTh JAHHYIO 3aBHCH-
L6 mocTb. OOBACHHM, KaK 3TO
aenaercs.
JlagnM x Kakoe-HHOY b YHC-
Hept. 23. JIOBOE 3HAYEeHHUe, M0JIOKHM, Ha-

npumep, X=2 H BbIYHCIHM
COOTBETCTBYIOIILee 3HAYEHHe y; B HalleM Nphmepe ¥ = 3 - 2 = 6.
[TocTpouM Ha KOOPAHHATHOMH NMJIOCKOCTH TOYKY € a6CLHCCOH
=2 u ¢ opauHaTHOi y = 6. Ity Touky M (2; 6) nHasoBeMm
TOYKOH COOTBETCTBYIOIIeH 3HAYeHHIO X = 2 (uepT. 23).
Bynem npuaaBaTh x pasJiHyHble 3HAYEHHA H JJI KaXIO0ro
3HAYEHHS X MOCTPOMM COOTBETCTBYIOLLYIO TOUKY Ha MJIOCKOCTH.
CoctaBUM Takyio Tabauny (B BepXHed cTpouke Oyjem
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BLINMHCHIBATL T€ 3HAYEHHSI, KOTOpble Mpl nNpuiaaém x, a noj
HHMH B HHXXHEH CTPOYKE — COOTBETCTBYIOLLHE 3HAYEHHS Y):

|

s —3 -2 —1 0 l 2 3

g | -9] 6| <3| 0 3 6 9

CoctaBuB TabJiMLy, MNOCTPOUM AJS KaXAOro 3HAYEHHA X
COOTBETCTBYIOLLYID €My TOYKY Ha KOOPJAMHATHOH IJIOCKOCTH.

Heipyano npoBepuTb (NMPHJIOXKHB, HaNpHMep, JIHHEHKY),
YTO BCE IIOCTPOEHHBIE TOYKH JieKaT Ha OAHOH NMPAMOH, Tpo-
Xo/sdlleH yepe3 HayaJio KOOpJAHHAT.

Pasymeercsi, 4TO X MOXEO NpHJaBaTh JiOOble 3HAUYEHHSA,
a 1e TOJNbKO Te, KOTOpble BbiMHCaHbl B Tabauue. Moxuo
6paTb J100ble JPOOGHbIE 3HANEHUS, HATpUMEp:

. e B -
X =5, X=g; x=10,7 u 1. n.

HeTpyaHo npoBepHTb, BHIYHCJIHB 3HAYEHHS , YTO COOTBET-
CTBYIOLLHE TOYKHM PACIMOJIOKATCS HA TOHM Ke TNpsMOH.

Ecau nJis1 Kax10ro 3HayeHust NOCTPOUTh COOTBETCTBYIOLLYIO
€My TOYKY, TO Ha MJOCKOCTH BBIAEJHTCSI MHOXECTBO TOYELK
(B HaweM npumepe npsiMasi), KOOPAHHATH KOTOPLIX HaXOAsTCA
B 3aBHCHMOCTH Yy = 3x.

ITO MHOXECTBO TOYEK IJIOCKOCTH (TO eCTb NOCTPOEHHas
Ha uyepTexxe 23 npsimas) Ha3piBaercsl rpaHKOM 3aBH-
CHMOCTH Yy = 3x.

[Toctpoum rpaduk npsmMo nponopuHOHAJBHOH 3aBHCHMOCTH
¢ OTpHIATeJIbHBIM KO3(uuHeHToM nponopuroHasbHocTH. Ilo-
JIOXKHM, Hanpumep, y = — 2x.

[TocTynum Tak e, Kak B mpeabiaylieM npumepe: Oylem
NpHAABaTh X pa3/IMYHble YHUCJIOBble 3HAYEHHSI M BBLIYUCJSATH
COOTBETCTBYIOLHE 3HAYEHHS Y.

CocraBuMm, Hampumep, Takylo TabJauiuy:

X -3 —2 _— | 0 | 2 3
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[TocTpoHM Ha NMJIOCKOCTH COOTBETCTBYIOLIHE TOYKH.

M3 yeprexka 24 BHJHO, YTO, KAK H B NpeAbiAylLEeM MpH-
Mepe, TOYKH IJIOCKOCTH, KOOPJAHHATbI KOTOPBLIX HAXOAATCS B
3aBHCHMOCTH [ = —2X, PacrnoJiOXKeHbl Ha OJHOH NpSAMOM, Nnpo-
Xojsfeld yepe3 Hayasio KOOPJMHAT H pacnojoxenHoi Bo Il
H IV uerBeprsax.

Huxe (B xypce VIII knacca) 6yner nokasano, uro:
epagukom npAMO NPONOPYUOHAALHOL 3a8UCUMOCTIU € A1066IM
KOS(hpuyueHmom nponopyuUOHAIbHOCMU  A8ASAEMCA  NPAMASA,
npoxodAwan 4epe3 Ha4aao0 Koopouwnam.

Yept. 24.

MoXXHO CTPOHTL rpadHK TpsMOA NpPONOPLHOHAJbLHOCTH
ropasjjo Npolle H Jerde, YeM CTPOHJH JO CHX TOp.
Ilns npumepa nOCTPOUM TrpapuK 3aBHCHMOCTH

iy =2x.

Mbl 3HaeM, 9YTO rpagukoM JoJKHA ObITh npsiMas, Npo-
XOJfilllasi yepe3 HayaJjlo KOOPJHHAT.

Ho npamas nHHHA onpejensieTcsi ABYMS CBOHMH TOYKaMH.
3HayuT, 4YTOOBl NOCTPOHTHL MNPSIMYIO, AOCTATOYHO 3HATH JIBE
€€ TOUKH.

OpHy TOYKy, uepe3 KOTOPYIO JOJIKEH NMPOXOAHTL rpaduk,
Mbl yxke 3HaeM — 310 Toyka O (0; 0) — Havasno KoOpAHHAT.

UtoObl HaHTH BTOPYIO TOYKY, JAalHM BeJIHYHHE X Ipo-
H3BOJIbHOE 3HaueHHe, Hanpumep x = 3. (Jlyuwe B3sTb YHCJIO,
HE OYeHb OJIH3KOE K HYJI0, YTOObl NMOJNYYHTb TOYKY, HE OYeHb
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6/M3KYI0 K HayaJy KOOpAHHAT; Torja 4yepreéx Oyner Touxee.)
[Monyyum y ==6. Hrak, Touka A (3; 6) JeXKHT HA HCKOMOH
npamoit. IlocTpous 3Ty Touky, MpoBeJEM uepe3 He€ H uepes
HAYa/Mo KOOpAHMHAT Mpsimyio (4epT. 25). Ira npsivasi u Gyjuer

rpacduKoM NMpsiMoOH MPONopIHOHAJb- v )
HOCTH, Bblpa)XKeHHO# (opmy.10H 6+--r--r-
y = 2x. !
1
I
§ 75. Jlunefinaa 3aBHCHMOCTb. 4 i
1. Onpenenexue JHHEHHOH 3a- - |
BUCHMOCTH. :
3apnavya. [Tuonepckuii ompsad ;
omnpasuics u3 eopoda & noxood. 0 : X
Ceiluac on Haxodumcs 8 5 km 3 2 4
om 20poda u udém co cKOpoCmbsio
3 km 6 uac. Ha karxom pac- -2

cmosHuu om 2opoda ox 6ydem ye-
pe3 x 4acos?

Pewenue. 3a x yacoB oTpsig npoiifér 3 x KHJIOMETPOB,
Jla emé panee oH mnpowésn 5 xum. 3HAYHT Yepes X YacoB

paccTosinie OT ropoja Oyaer paBHo (3x - 5) Ku/JIOMETpOB.
O6o3nayuB 310 paccTosiHHe depe3 y, OyLeM HMETh:

Yy = 3x + 5.
DTO PaBeHCTBO BbIPa)kaeT 3aBHCHMOCTb NMYTH OT BpPEMEHH,

HO 3TO yxKe He OyJeT npsiMo MpoNopILHOHANbHAS 3aBHCHMOCTb,
KaK JIeTKO BHJIeTb M3 cleayiouleid TaGJuilbl:

Uepr. 25.

Uy 8 11 14

OrtHollenHe MYTH KO BpeMEHH 3JleCb He PaBHO OJIHOMY H
TOMY K€ YHC.Y.

Onpengenenne. 3aBUCHMOCTb MEXAY JABYMS BeJH4YH-
HaAaMH X M y, Bbipaxawwasca dopmyaok y = Rkx -+ b, rae
kE n b —uucaa, Ha3piBaeTCA JHHEHHOH 3aBHCHMOCTbHIO.

B uacrtsoctH, ecau b =0, T0 y = kx.
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3HayuT, MPAMO MPONOPILHOHA/ILHASI 3aBUCHMOCTh SIBJISIETCS
YACTHLIM CJyYyaeM JIHHEHHOH 3aBHCHMOCTH.

Y

2. 'paduk JavHeHHOH 3aBu-
cumoctu. [locTpoum rpagpuk ka-
KOH-n1u60 naHHONH JIHHEeHHOH 3a-
BHCHMOCTH; MNOJIOXHM, HallpUMep:

y=2x 4 3.

[MocTynum caenyiouum o6pa-
3oM. IlTocTpoum cHauana rpadux
3aBHCHMOCTH

Y = 2x.

Aro Gyner npsimasi, NMPoxops-
las uyepe3 HayaJo KOOpJHHAT
(yept. 26).

[TocmoTpum, kKak 6yayT pacro-
JIOXK€Hbl OTHOCHTEJIbHO 3TOH MNpsi-
MOH TOYKH rpaduka JuHeHAHOH
S8aBHCHMOCTH: Yy = 2x -} 3.

CocraBuM, Hanpumep, TaKyio
1abauLy 3HAYeHHH X H y:

X —_2 —1 0 1 2 3
2x —4 —2 0 2 4 6
2x 43 —1 1 3 5 7 9

Mubl BuauM, uyto npH Jo6oit  abcuucce OpAHHATA TOYKH
BTOoporo rpadpuka Ha 3 eJuHHLB O6OJblIE€ OPAHHATHL TOYKH
nepBoro rpaguka. 3HauuT, H COOTBETCTBYIOILASA TOYKA BTOPOro
rpadpnka 6yjper Ha 3 eJHHHIbI Bbille TOYKH NepBOro.

[TocTpoHB STH TOYKH, MNOJYUYHM NPSIMYIO, TapaJJe/bHyIo

nepeod npsimoit (uept. 26).

I'pajurom runetinoll 3asucumocmu sA6AA6MCS NPAMAA.

Orciona caejyer, 4ro JAJsi NOCTPOEHHsI rpaduka JiHHeH-
HOIl 3aBHCHMMOCTH JIOCTATOYHO HAHTH JIB€ ero TOYKH.

[Tokakem 3TO Ha pacCMOTpPeHHOM mnpuUMmepe Yy = 2X -+ 3.
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[MonoxuB x = —1, noayuum y=1. Urak, oany Touky
(—I; 1) Mot ramsn. Ilonoxus ewé x = 2, noayuum y = 7.
Bropas touka (2; 7). IlocTpouB 3TH TOYKH ¥ npoBejs yepes
HHX NpPSIMYIO, TOJYYHMM HCKOMbIH rpaduk, TO ecTb rpaduk
JHHEHHOH 3aBHCHMOCTH, BbipaXeH- y
HOHM dopmyaoii y = 2x - 3.

OO6blyHO A1 NOCTPOEHHS Trpa-
(HKa suHeHHONl 3aBUCHMOCTH OepyT
JiBe TOYKH, B KOTOPLIX Npsimasi nepe-
ceKaer ocH kKoopauHat. Tak, nona- A
rag x =0, nonyunm y = 3. Ilona-

ras y = 0, noayyum x=——--g-. [Tpose-

ns npsimyio yepe3d Touku A (0; 3) u
B( 3

0) , TOJYYHM HCKOMbIH ;

rpapuxk (uepr. 27).

§ 76. OGpaTHO nponopuuonaabHas |
3aBHCHMOCTb.

1. Onpenenenue oGpaTHo mnpo-
NOPUHOHANbHOH 3aBHCHMOCTH.

Hapspy ¢ npamo npomnopiuo-
HaJIbHbIMH  BeJIMYHHAMH B apudmeTHKe paccMaTpPHBAJHChH
TaKXKe M BeJHYHHbl OOPATHO IPONOPLHOHAJLHBIE.

[IpuBeném npumepsi.

1) JAHHBI OCHOBAaHMSI H BBICOTHl TNPSIMOYTOJIbHHKA TPH
NOCTOSAHHOH NJIOLIA H.

ITycte Tpe6yercst BuIJENMUTb AJ151 Oropoja NPSIMOYTOJIbHbLIA
yyactoK nuowmajeto B 600 xe. M.

MBI MOXeM NpPOH3BOJIBHO YCTAHOBHTbH, HANpHUMEp, AJHHY
yyactka. Ho Torma wmMpuHa yyacrka Oyjner 3aBHCeTb OT
TOro, Kakyio JJHHY Mbl BbiOpasiu. PasnuuHble (BO3MOXKHbIE)
3HA4YeHHs1 AJIMHBI H IUMPHHBI TNpHBelleHHl B TabJjuie.

Yepr. 27.

HauHa B MeTpax 20 30 40 50 60
[llupuHa B MeTpax 30 20 15 12 10
[Maowans B KBajpaTHeiX meTpax | 600 600 600 600 600 |
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BooOme, ecnu 0603HaUHTBL MAJHHY YydacTKa uepe3 x, a
[UMPHHY — Yepe3 Y, TO 3aBHCHAIOCTb MEXAY HHMH MOXKHO

Bbipa3HTb opmyJIoH:
xy = 600.

Bbipa3uB y uepe3 x, MOJYUHM:
600
g

IlaBas x npou3BOJibHble 3HaueHudA, Oyjaem MoJayuaTtbh Co-
OTBETCTBYIOLHE 3HAYEHHS Y.

2) Bpema M CKOpPOCTb pPaBHOMEPHOrO JBHXKEHHS TpH
ornpeneéHHOM pacCTOSHHH.

[Tycts paccTosiHue mMexny AByMs ropoaamu paBio 200 k.
Uem Oonbiue OyneT CKOPOCTb IBHUMKEHHSI, Te€M MeHblLe Bpe-
meHH notpebyeTtcsi, uToObI poexaTb JaHHOE pacCTOosiHHe. DTo
BHJHO H3 cJeAyiowed TaOJHIb:

CkopocTb B Kujomerpax B wac | 10 20 40 50 80
Bpems B uacax 20 10 5 4 2%
[TyTh B KuJoMeTpax 200 | 200 | 200 | 200 200

BooGute, ecqin 0603Ha4uTH CKOPOCTb 4Yepe3 X, a Bpeus
JIBUKEHHs! — yepe3 Y, TO 3aBHCHMOCTb MeKAY HHMH BbIpa3iT-

cs MY JIOI
hophey %y == 200,

Onpepnenenue. 3aBUCHMOCTbD MeXAYy ABYMS BeJAHYH~
HAMH X M ¥, BbipaXieHHasi pABEHCTBOM Xy = R, rae R — onpe-
feNéHHOoe 4HCJIO (He paBHOe HYJW0), Ha3biBaeTcsi 006paTHO
NpoNoOpPUHOHAJNbHOH 3aBHCHMOCTLIO.

Yucsio R W 3jech Ha3biBaeTCst KO3(PPHUHEHTOM Il pO-
MOPUHOHAJNBHOCTH.

Tak e Kak H B cJy4yae MNpPAMOH MPOMOPUHOHAJBHOCTH,
B PaBEHCTBE XY == R BeJIMUHHBI X H Yy B OOLIEM CJyuyae MOryT
PHHUMATh MMOJIOXKHTE/IbHbIE H OTPHLlATeJIbHble 3HAYEHHS.

Ho Bo Bcex cayyasix oOpaTHOH MpONOPLHOHAJLHOCTH HH
OJlHA M3 BeJIMYHH He MOXKeT OblTb paBHOH Hym 0. B camom
fieJie, ec/id XOTb OJlHA H3 BeJIMYHH X HJAH Yy OyJeT paBHa Hy.Jlo,
TO B PaBeHCTBe Xy = R JieBasd 4acTb OyjJer paBHa HyJiw0, a
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npaBas — HEKOTOPOMY YHCJly, HE paBHOMY Hyaw (no onpe-

JIeJIEHHIO), TO €CThb NOJIYYHUTCA HEeBEepHOe PaBeHCTBO.
2. 'paguk o00OpaTHO nNPONOPUHOHANLHOH 3aBHCHMOCTH.
[Toctpoum rpaduk saBHCHMOCTH xy = 9.

Bripa3uB y uepes x, INOJyYHM:

Y =

Bynem naBath x npou3BoOJIbHBIE (IOMYCTHMBLIE) 3HAYEHHS H

BBIUHC/IHM COOTBeTCTBYIOlIHe 3HayeHus y. [lonyuum taGauuy:

X

—9

—6

—3

—1

2

3

6

9

—1

—1

2

-3

—9

4

2
2

3

=
2

Y

[TocTpoum cooTBercTBylOUIHE TOYKH (uepT. 28).

b

(o))

Ko}
W

e}

oo

o}
W
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Ecan Gynem OpaTb 3HaueHHsi X uepe3 MeHbILHE MTPOMENKYT-
KH, T0 H TOYKH pacroJioxKaTcsi TecHee.

[Ipn BCeBO3MOXHBIX 3HAYEHHSIX X COOTBETCTBYIOUHE TOYKH
pacmoJioXXaTcsi Ha JABYX BeTBSIX rpaduka, CHMMETPHYHbIX
OTHOCHTEJIbHO Hayasla KoopauHaT M nmpoxoasimiux B [ u Il
YETBEPTAX KOOPJHHATHOH MJICCKCCTH (yepT. 29).

Yy

£

) |
Yepr. 29.

Hrak, Mpl BuauM, 4to rpadukoM oOpaTHOH MpOMOPIHO-
HaJIbHOCTH SIBJISI€TCA KPHBa sl JHHHA. IDTa JIHHHA COCTOHT
H3 JBYX BeTBeH.

OaHa BeTBb TOJNYYUTCH MPUH MOJOXKHTENbHBIX, Apyras —
MPH OTPUILATEJIbHBIX 3HAUEHUSIX X.

['paduk oO6paTHO NpPOMOPLLHOHANLHOH 3aBHCHMOCTH Ha3bl-
BaeTcsa runep6oaoi.

Yrtobbl noayyuTh Oosiee TOYHBIA rpadHK, HAA0 CTPOHUTH
BO3MOXXHO 0o0Jiblie TOYEK.
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C pocratoyHo GoJbILOA TOYHOCTBIO HNEpOOaY MOXKHO

HauepPTUTb, NOJb3YACh,

‘Y

HanpHuMep, JeKaJaMmu.

8

Yept

. 30.

Ha ueprexxe 30 nocrpoen rpadpuxk oOpaTHO MpOMNoOpPLHO-

" 9
Ha/JIbHOM 33aBMCHMOCTH Y = — — C OTPHUATE/bHbIM Ko3(u-

uventoM. CocraBuB, HanpHmep, TaKyio TabJuLy:

X —6

-

—2

—1

1

— ——

2

-§'|I‘2‘4‘ﬁ

3
e

9

a—

4

9

——_—

2

18

18 | _g\

9

i Lo
2 |7 3

|
—72

|

noJiyyum runep6oay, BeTBH KOTOpPOH pacnoJoxenol Bo Il u
IV yerBeprax.
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FTABA BOCbMA/.

CUCTEMA YPABHEHUH MEPBOW CTENEHH
C ABYMA HEHW3BECTHbBIMH.

§ 77. YpaBHeHHe mepBoil CTeneHH ¢ ABYMsl HEH3BECTHBIMH.

B rnase IV mbl u3ywyanu ypaBHeHHs, COZepKalllHe OAHO
HEH3BECTHOE, OJHAKO YypaBHEHHE MOXKEeT COJep:xKaTh He OJHO,
a HECKOJIbKO HEH3BeCTHbIX, 0603HaueHHbIX 6ykBamu. Chopwy-
JHpyeM onpejesieHHe ypaBHeHHs B oluiem BHJE.

Onpepnenenue. YpaBHeHHEM Ha3biBaeTCs PaBEHCTBO,
B KOTOPOM OJHO HJH HECKOJbKO 4uceJ, 0003HA4YeHHbIX
OyKBaMH, ABJAIOTCH HEH3BECTHBIMH.

[Tycts, nanpumep, ckaszano, 4YTO CymMMa KBaJpaToB ABYX
HEH3BEeCTHLIX YHCeJ X H Y paBHA 7; 3TO MOXKHO 3alHCaTh
DU MOMOLUH C/IeAYIOLEero ypaBHEHHS C ABYMS HEH3BECTHBLIMH:

B4+ ypt=1.

s ypaBueHuil ¢ AByMs HEH3BECTHbIMH OCTAlOTCH Clpa-
BeJl/IMBLIMH BC€ T€ CBOHMCTBA, KOTOPbE Obl/IM yCTAHOBJIEHBI /151
yPaBHEHHH C OJHHUM HeH3BecTHHIM (§ 48).

YpaBHeHHEeM MNepBOH CTeNeHH ¢ JABYMS HEH3BECTHbIMH
Ha3biBaeTCH ypaBHEHHE BHJA

rne X H y — HeH3BeCTHuie, @ U b (K03(PHUHEHTHI NPH HEU3-
BECTHBIX) — jJaHHbIe YHCJa, He paBHbie 00a HyJ0, ¢ (CBO-
6oaHbIH 4aen) — noboe JaHHOe YHCJIO.
[Ipumepsl ypaBhe!Mii nepBOH CcTeneHu:
ox—2y=1, Ixr+y=4.
Y paBHeHHS :
1) 5x—2y+3=2x+4+y—1;, 2)y=17x
3) y=4x—9; 4) 5+ —3=7,
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1ocje TepeHoca YJIeHOB, COJeprKallHX HEeH3BeCTHhe, B
JIEBYIO 4acTb, a H3BeCTHLIX YHUCeJ — B NPaByl0 YacTb TMpH-
BoaATca K BHAY (1), a mOTOMy 3TH ypaBHEHHSI TaKxe sBJif-
IOTCA ypPaBHEHHAMH TNEPBOH CTENEeHH.

YpaBHenue (1) nHaspiBaeTcss HOPMAJNbHBIM BHJAOM
YPaBHEHHSI NMEPBOH CTENeHH C JByMsl HEH3BECTHbIMH.

M3 npuBejéHHBIX NMpHMEpoB BHAHO (npuMmepul 2 W 3), 4TO
pacCMOTPEHHblE paHee paBeHCTBA, BbIPa)KalollHe NpsAMO Tpo-
NMOPIHOHAJIbHYIO H JIMHEHHYIO 3aBUCHMOCTH, SBJIAIIOTCA YpaB-
HEHHSIMH NEepBOH CTENeHH C ABYMS HEH3BECTHLIMH.

PaBencTBO, Bhipaxkaioulee 06GpaTHO MNPONOPLHOHAJbHYIO
3aBHCHMMOCTb, HanpuMep xy = 8, yxKe He SBJSeTcs ypaBHe-
HHEM NepBOH CTeneHH.

PaccmorpuM Kakoe-HHOYAb ypaBHeHHE C JABYMsI HEH3BECT-
HbLIMH, HanpuMmep

2x —y = 3.
Bo3bméMm Kakyio-nu6o napy 4ucen, Hanpumep Xx =1,
y = —1. IloacraBuB 3TH 3HAYEHHS B JlJaHHOE ypaBHEeHHe, IO-
JIy4YHM BepHOE paBEeHCTBO:
2—(—1)=3.

['oBopsiT, 4TO 3Ta NMapa yucen yAOBJETBOpSAET JaH-
HOMY YypaBHEHHIO HJIH 4TO OHAa (3Ta Mnapa) ecTb pelleHHe
AaHHOIO ypaBHEHHS.

Bo3pméM Tenepn Takyio napy uucen: x = 2, y = 4.

[ToacTaBuB 3TH 3HAYEHHS] B J@HHOE YpPaBHEHHE, MOJYYHM
B ero JieBoH 4actH 2 - 2—4 = 0. [1pu 5THX 3HaYEHHSIX JieBas
yacTh (HyJb) OKasajachb HepaBHOH npaBoi 4acTh (T. e.
yucay 3). loBopaAr, uro napa uucen x =2, y=4 He
YAOBJETBOpPSAEeT AAHHOMY YPaBHEHHIO HJH 4YTO OHAa He
€CTb pelleHHe ypaBHEHHS.

Kaocoan napa 3HQuenull X u Yy, noodcmanosKka KOmopouix 6
ypasHenue ¢ 08yms Heu3eecmuoimu X u Yy obpawaem ez2o 8
6epHOE PABEHCMB0, HA3LIBACMCA PeUleHUeM 3Mo20 YPABHEHU.

PewnM Takyio 3ajavy.

3agaua 3. Cymma Osyx uucea pasxa 6. Yemy pasno
Kaxcdoe crazaemoe?

OG6o3HayuM yepe3 X H y HCKOMbIE CJlaraemoie.
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3agaua NpUBOAHT K ypPaBHEHHIO:
X+ y=6.

Hapum x Kakoe-mu60 3HayeHHe, HANpPHUMep X == 2, TOrja
NSl IPYyroro HEM3BECTHOTO Y MOJyYHM YpaBHEHHE:

24y =6,
H3 Kotoporo Haiaém y = 4. [lapa uyucen x =2, y =4 paér
pelleHHe Halei 3ajayH.

OnHako BMeCTO X = 2 Mbl MOrJIH Obl B3SiITb KaKoe-HHOY b
JApyroe 3HauyeHue JIAA x, Hanpumep x =1, W TOorga el
HaWH Obl y = 5. 3HAYUT, Mbl TMOJYYHJIH el OJHO pelle-
HHe ypaBHeHusi: x =1, y = 5.

B Ta6.inue npuBeneHo HeCKOJIbKO pellleHHi NaHHOro ypas-
HEeHHSI: 3HAYEHHSA X M Y 3alucaHel APYr MOoA ApyroM, a B
H:JKHEH CTpouKe MoKa3aHo, YTo CyMMa 3THX 3HaueHuH paBHa O.

X 6 8 —15 11,3
Y 0 —2 21 —5.3
x-+y 6 6 6 6

$IcHO, 4TO OlHOMY H3 HEH3BECTHHIX (HanmpuMmep, X) MOXKHO
npuaaTth Jio6oe 3HaueHHe H, MOACTABUB €ro B JaHHOe ypas-
HeHWe, HAHTH COOTBETCTBYIOLIEe 3HAYeHHEe JPYyroro HeuW3BecT-
HOro.

Kak BHAWM, 3aZlaya HMeeT OeCKOHEYHOE MHOXKECTBO pe-
HIeHHH.

Y paBHeHHe He JaéT olnpejeqéHHOro OTBeTa Ha BOIpOC
safnaun. OHO JIMLIb YKa3biBaeT HAa 3aBHCHMOCTb MEXAY ABYMs
Heu3BecTHoIMH. Ha ocHoBaHHMHM 3TOH 3aBHCHMOCTH, 3HAA 3HAa-
YeHHe OJIHOro HEeW3BeCTHOro, Mbl MOIJIH HAWUTH 3HauyeHHe W
Apyroro.

Urak, ypasHenue nepsod cmenenu, colepicauiee 08a He-
u36ecmmubix, umeem OeCKOHEeYHOe MHONCeCmso peuienul.

OaHoMy H3 HEH3BECTHLIX MOXKHO TMPHAATbH MPOHU3BOJIbHOE
3HAUeHHe M M3 JaHHOr0 ypaBHEHHWS HAHTH COOTBETCTBYlOLLEE
3HayeHHe APYroro HEH3BECTHOrO.
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Msl yxe BHJENH, YTO B CJyyae JIHHEHHOH (B 4acCTHOCTH
MpsiMo  NMPOMOPIUHOHAJLHOM) 3aBHCHMOCTH, BbIpa)karoleiics
ypaBHEHHeM NepBOi CTeNeHH C JABYMS HEH3BECTHBIMH, rpadu-
KOM sIBJisieTcsi npsiMas JuHHA. JlokaxeM, 4To npsMas Ju-
HUsi Gyzer rpadukomM H JIOOOr0 ypaBHEHHS NEpBOH CTeleHH
C JABYMSl HEH3BECTHBLIMH. v
Hauném ¢ npumepa.

Bo3bMéM ypaBHEHHE: -

19x — 6y = — 4.

Beipasus B HEM He-
H3BECTHOe y yepe3 X, Mo- {
JYYUM: _ L3 3

6y = 19x + 4; 0 i

19 2
y=—g-’f+-§-

Mul BHAMM, 4TO 3TO
YpaBHEHHe TMpeacCTaBJisieT
co00# He 4YTO HHOe, Kak
JHHEHHYI0 3aBHCHMOCTb:

y=kx 4+ b npnu k:L—g

S B _g_ Yepr. 3l.

3HAYHT, rpaUKOM I3TOro ypaBHEHHS SBJAETCHA npsiMas
NUHUA (yepT. 31).

Kakoe Gbl ypaBnenue nepBoil crenenu, cojepwauiee JBa
HEH3BECTHBIX X M Y, Mbl HH B35JIH, BCErJa MOXHO BBIPA3HTb
OAHO H3 HEH3BECTHbIX, HANpHMep y, yepe3 apyroe (4epe3 x)
H TOJYyYHTb ypaBHEHHE, Bblpa)kalollee JIHHEHHYI0 3aBHCH-
MOCTb y = kx +b. Hanpumep, ecan 2x43y=05, 710

= — % x -+ —g— .

Orciona BbIBOJ:

I'pagurkom ypasnenusn nepeod cmenenu ¢ Osyma Heus-
BCCMHLIMU ABAACMICA NPAMAR NUHUSL.

[Tpumeuanue. Mol paccMaTpuBa/iH Bbllle ypaBHECHHS, COJACP-
¥aulue ABa HEH3BECTHLIX, OJHAKO MOXET OKa3aTbCH, 4TO KO3phuuMcHT
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NPH OAHOM M3 AEH3BeCTHHX OyJeT paBeH HYJIO, TaK 4YTO YypaBHEHHE
SanMiIeTcsi B BHA¢ YPaBHEHHS C OJHHM HEH3BECTHhLIM.
Bosbmém, Hanpumep, ypasHeHHe:

x+2y—3=2(@y—x)45.
[lpnBeném 3TO ypaBHEHHE K HOPMAJbHOMY BHAY:
3x+4+0.y=8
ITO0 ypaBHeHHE TaKxke HMeeT GECKOHEUMHOE MHOXECTBO pelueHufl; eMy

8
yJoBJAeTBOpsAeT Jio6asi napa unces X=-, Y, TAe y— NpPOH3BOJbLHOE

yncao. O6bivHO uneH O - y He MHWIYT M ypaBHeHHe 3aNMCHLIBAIOT TakK:
3x = 8.

§ 78. Cuctembl AByX ypasHeHHH nepBOii cTeneHH
C ABYMSl HEH3BECTHbIMH.

[Tycte panbl fBa ypaBHeHHs C JBYMS HEH3BECTHBIMH,

HanpUMep: g
3x —y=4. (1

Kaxznoe H3 HHX uMeeT 6eCKOHEYHOE MHOXKECTBO pelleHHH.

[TocraBum Bonpoc: cpepu Bcex 3THX pemenuii ne Oy-
AYyT au obuHe pnsi o6oHX ypaBHEHHI?

Takue oOuine peruenusi MOryT ObiTh, @ MOryT H He OBIThb.

Tax, oOuiuM pelueHueM AaHHBIX ypaBHeHHi Oyjer x = 3,
Yy =9, YTO JIerKO NMpoBepuTh NoAcTaHoBKOM. ([Jdasbwe Oyper
MOKAa3aHo, YTO APYrux oOLIMX peuleHHH 3TH ypaBHEHHSI HMETb
He MOryT.)

Ho, nanpumep, ypaBHeHHS

x+2y=15 u x+42=7 (2)

He MMEOT HH oJHoro obuiero pemienusi. B camom peue,
KakHe Obl 3HAYyeHHs Mbl HH JaBaJH X H Y, BbIpaXKeHHe
X 4+ 2y He MOXeT ojHOBpeMeHHO paBHATbCH 15 u 7. Ilostomy
HH OJHO pelIeHHEe IepBOro ypaBHeHHS He MOKeT ObiTb pe-
lIeHiHeM BTOPOro H HH OJHO pellleHHe BTOPOro ypaBHEHHS
He MOXeT ObITh pelueHHeM MepBoro.

[lea ypasnenusn c deymsa HeussecmHbimu obpa3yom c u-
cmemy, ecau 00HOUMEHHbIE Heu3gecmHble obo3Hauawm 8
HUX 00HU U me Jce 4ducia.
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[Mapa uncen x = 3, y = 5 ectb peiuenue cucremsl (1), a cu-
crema (2) He HMEeT peLueHHH.

Besikasi mapa 3HaueHMH HEHM3BECTHBIX, YJO0BJETBOPSIOLLAS
oCOHM ypaBHEHHSIM, cOpasyloUlHM CHCTEMYy, Ha3blBaeTcs pe-
LleHHEeM JJaHHOH CHCTEMBI.

Pewuwums cucmemy — smo 3Hauum Haumu 6ce eé pelueHus.

§ 79. PaBHOCHJbHDBIE CHCTEMBI.

[TonsiTHe pPaBHOCHJIBHOCTH JJISl CHCTEM YypaBHEHHH onpe-
NeNsieTCsl TakK e, Kak H JJf OJHOro ypaBHeHHs (cMm. § 47).

Onpenenenue. /IBe cHCTeMbl ypaBHEHHH HA3bIBAIOTCH
[AaBHOCHJAbHbLIMH (9KBHBAJEHTHBIMH), €CJIH BCe peLleHHS
KaXJ0H H3 HHX SIBJSIIOTCA PElIeHHSIMH H APYroOH.

[Ipu pelienun cucTeMbl ypaBHEHHH, KaK H TPH pelUEHHH
ypaBHEHHUH C OJJHUM HEHU3BECTHbIM, TIPHXOJHTCS MepPexo]HThb
OT JAHHOW CHCTeMbl K JApyroi, OoJsiee npocTod, OT Hee —
K TpeTbeil W TakK jJaJiee, MOKAa He INOJYYHTCH NpocTeiiuas
cHcTemMa BHJA

X
¥

KOTOpas cpa3y JaeT 3HAYeHHUS HEH3BECTHHIX.

Bosuukaer Bonpoc: OyayT JH BCe CHCTeMBI, KOTODPBIMH
3aMeHsIeTCsl JlaHHAasd CHCTeMa, PaBHOCHJbHBI ei? Beap Tonbko
B 3TOM CJly4ae Mbl MOxKeM ObITb yBepeHbl, YTO MOJIYYeHHbIe
pewiennuss OyayT pelleHHSIMH M JAHHOH CHCTEeMbl YPaBHEHHH,
a Takie, YTO Mbl He MOJIYYHM TMOCTOPOHHHX peLleHHil.

YKaxeM Ha HeKoTopble MpeoOpa3oBaHHsi, MOCJAE BhIMO/I-
HEHHS KOTOPbIX MOXKHO ObITb yBepeHHbIM, YTO HOBAs CHCTe-
Ma OyJeT paBHOCHJbHA JIaHHOM.

1. Mooxcro atoboe u3 ypasHeHull cucmemst 3amMeHums pas-
HOCUNbHOIM eMY YPABHECHUEM.

Hanpumep, cHcTeMmsl:

[2x—3y=4; ” { 4x — 6y = 8;
3x+ 2y =19 Ox + 6y = 57

Il

a;
b,

PaBHOCHJbHBI, TAK Kak MepBoe H BTOpPOe YypaBHEHHS MepBoil
CHCTEMBl 3aMeHEeHbl paBHOCHJbHBLIMH (§ 48, cBoicTBO 2).
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Fcau umeem aBa ypaBHennss A= B n C= D, 10 ypas-
nenve A -+ B = C + D o6blyHO HA3bIBAOT CYMMOH, a ypaB-
Henne A — B = C— D — pa3HOCTbIO JIaHHBIX yPaBHEHHIi.

2. Mooacno a0boe u3 ypasrneHull cucmemol 3aMeHUmMb CYM-
MOl UAU pa3Hocmblo OQHHLIX YpasHeHnuil, ocmasue Opyeoe
ypasHerue 0e3 U3MCHEHUS.

Hanpumep, cucremsr:

{4x——6y=8; [13x=65;
O9x 4+ 6y = 57 4x — 6y = 8

PaBHCCHJbHBI, TAK KaK MNepBce ypaBHEHHE BTOPOH CHCTEMEI
ABJSETCS CYMMOH YypaBHEHHH TNepBOH CHCTEMbl, a BTOpoe
ypaBHeHHe BTOPOH CHCTeMBI TO e, 4TO TMepBOe NepBOiH CH-
CTEeMBI.

3. MoocHo u3 00HO20 YPABHEHUA CUCMEMbl 6bIPA3UMS
Kakoe-aubo HeusgecmHoe wepe3 Opyzoe u nodcmasume  3Mo
goipascenue 60 emopoe ypasenenue. IHosoe ypasHcnue emecme
C nepeoim obpasyrom cucmemy, PABHOCUAbHYIO OQHHOU.

Hanpumep, cHCTeMbl:

2x 4 3y = 23; N [2(2y+1)+3y=23;
{x—2y=1 x =2y 41

PaBHCCHJIbHBI (B NEepPBOM YpaBHEHHH X 3aMeHEH BhIpaxe-
HHEM, HAHJEHHBIM H3 BTOPOrO YypaBHEHHMS).

§ 80. Pewenune cucrem ypaBHEHMH.

CucreMy JABYX ypaBHEHHH MNepBOH CTeneHH C ABYMsS He-
H3BECTHBIMH MOXHO PELUHTb HECKOJIbKHMH pa3/IHYHBIMH CIIO-
cobaMu.

1. Cnocob aareGpanyeckoro CJaOXeHHS.

[Ipume pul.
1. Pewnm cucremy:

5x — 3y = 17,
l 2x + 3y = 11.

Koa¢p¢puunentsl npu y B 000OHX YpaBHEHHSIX OAHHAKOBHI
no a0Co/IIOTHOH BeJHYHHE H MPOTHBOMOJIOXKHBI T10 3HAKY.
[lostomy, ecaum BMecTo, Hanpumep, NEpPBOro0 YypaBHEHHA
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BO3bMEM CyMMy NAaHHBIX YpPaBHeHHH, TO B 3TOH CyMMe CO-
KpaTATCS 4YJeHbl, COAEpIKallHe HEH3BECTHOe Y.
[Tonyuum cucremy:
Tx = 28;
[ 2x + 3y = 11.

drta cucteMa paBHOocHAbHA aanHcd (§ 79, n. 2.). Ho B
Hell mepBoe YypaBHEHHE COJEpPIKHT TOJbKO OJHO HEH3BeCT-
HOe X, H3 KOTOpPOro HauaéMm x = 4.

[TogcTaBHB 3TO 3HAYeHHe X BO BTOpPCE YypaBHEHHE, TMOJy-
YHM ypaBHEHHE, COJepKaulee OAHO HEH3BeCTHOe:

8 4 3y = 11,
H3 KOTOpOro mnojiyyuMm y == l.

|
—

-

PeuienneM cucrembl siBJSIeTCS Napa 4YHces: [ ’;
2. Pemum cucremy:
{ 2x — Ty =2;
6x — 11y = 26.

KoadduuneHT npu x BO BTOPOM ypaBHEHHH BTpoe GoJblue,
yeM B I€pPBOM. Y MHOXXHM MO3TOMy ©06e 4acTH nepBoro ypas-
Heuuss Ha 3. I[loayuum cucremy (§ 48, cBoiictBo 2), paBHO-
CHJIbHYIO JAHHOH:

[ 6x — 21y =6;
6x — 11y = 26.

Koadbduuuentsl npu x cTajdd OJHHAKOBBIMH. Bo3bMém
Pa3HCCTb 3THX YPABHEHHH:

— 10y =—20 u y =2.

[loncraBuB 2 BMeCTO y B OJHO M3 JAHHLIX YpPAaBHEHHWI,
HaiiiéMm x = 8.
X =8;

PelneHue CHUCTeMHI: { y=2

Mbl Morsaim  Obl  ypaBHATb KO3(D(PHUHEHTHl He MpPH X,
a npy Yy, YMHOXHB NepBoe ypaBHeHHe HA 11, a BTOpoe Ha 7.

M3 npuBe€HHBIX TNPUMEPOB BHAHO, 4YTO pelleHHe CHCTe-
Mbl ypaBHeHHH crnocoboM anreOpanyecKoro CJAOXKEHHS 3aKJ1o-
YyaeTcs B CleAylouleM:
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1. YpaBuuBaeM a€cosOTHbIE BeJHYHHH KO3(DDHIHEHTOB
NpH OAHOM H3 HEH3BECTHbIX.

2. IlpusBoauM cnoxenne NoJiydeHHHIX YPaBHEHHH, ecaH
paBHble 1O aObCONIOTHOM BeJIHYUHHE KO3((UIHEeHTH HMeIoT
NPOTHUBOMNOJIO¥KHbLIE 3HAKH. ECJH 3Xe OHH HMEIOT OJJMHaKOBble
3HAaKH, TO NPOH3BOJHM BbIUHTAHHE.

3. IlonyyenHoe ypaBHEHHEe COJEPHT OJHO HEH3BECTHOE;
HaXOJHM 3TO HEH3BeCTHOe.

4. IMoactaBasieM HaHleHHOE 3HAYE€HHe HEM3BECTHOTO B OJIHO

H3 JaHHbLIX ypaBHEHHﬁ H HAaXOJHM 3HAQYE€HHE BTOPOro HEH3-
BCCTHOTIO.

2. Cnoco® noacTaHOBKH.

Bo3bMéM cucTeMy:
2x + 3y = 11.

Boipa3uB W3 BTOPOro ypaBHEHHS OAHO M3 HEH3BECTHBIX,
HanpuMep x, uepe3 Jpyroe, MOJy4HM:

11 =3y

*=—a. (2)
[ojcTaBuM STO BHpaXKeHHe JJisi X B TEpPBOe ypPaBHEHHE:
5.0 _3y=17. 3)

Cucrema ypaBHeHHH (2) u (3) paBHOCHJIbHA CHCTEMe YypaB-
neuwnii (1) (§ 79, n. 3). U3 ypaBuenus (3) y = 1.
[loacraBuB y = 1 B ypaBHeHHe (2), HaHAEM:

=81, .. _
X = 5 s =14,
PeuieHne CHCTEMBI: { ‘;Z ?;

M3 storo npuMepa BHAHM, YTO pPelE€HHE CHCTEMBbl Y paBHEHHH
cnoco6oM MNMOJACTAHOBKH 3aKJIIOYAeTCs B CJeLYIOUleM:

1. U3 opHOro W3 JaHHbIX ypaBHEHHH Bblpa)kaeM OAHO He-
M3BECTHOE uYepe3 Jpyroe.

2. lloacraBnsiem nosiyyeHHoe Bblpa)KeHHe B JIpyroe JaHHOe
ypaBHEHHe.

3. PewaeM noJsyyeHHoe ypaBHEHHe, COJepiKaliee OJHO He-
M3BECTHOE; HAXOJHM 3TO HEH3BECTHOE.
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4. TloacraBasieM HalJeHHOe 3HAUEHHE HEH3BECTHOro B IO-
JlydeHHOe BBIpakeHue HAJs APYroro HEH3BECTHOrO H HaXOJHM

BTOpPOe HEH3BECTHOE.

Cnoco6 noacraHoBKH Yi06HO MNPHMEHSATb Torja, Korjaa
OAMH H3 KO3({pPHUHEHTOB NMPH HEH3BECTHOM paBeH eJHHHIE.

§ 81. 'paduueckoe peweHue cucreMbl ABYX yPaBHEHHH.

[Tycte pana cucrema ypaBHeHHii:

{4x—y=5;
3x 4 2y = 12.

IMocTpoumM rpaduk Kaxjaoro u3 3THX ypaBHeHHil. ['padukom
nepBoro ypaBHenusi Oyaer npsimas AB (yepr. 32), MPOXOAf-

was 4vepes Touyku A(0; —5) H
B(T‘:’-;O); rpapukoMm  BTOpO-

ro— npsimas CD, npoxojsiiias ye-
pe3 Touku C (0; 6) u D (4; 0).
KoopauHaTtel TOoYek mnpsiMoH
AB paior MHOXKeECTBO Bcex pe-
LIEHUH TMEepBOro ypaBHEHHS, a KO-
opAHHATHl ToueK npsimoit CD pawor
MIOXECTBO BCEX pelleHHHA BTOPOro
ypaBHeHHsl. 3HAYHT, €CAU 3TH
ypaBHEeHHsA HMeoT ofliee peite-
HHE, TO COOTBETCTBYIOLIASI 3TOMY
PElIEHHIO TOYKAa JHO/KHA JEXKAaTh
v Ha npsamMod AB u Ha mnpsamoi
CD, 10 ectb npsimpie AB u CD
AOJDKHBI MMeTh o0ulyio Touky. K3
yepTexka BUJHM, YTO TAKOH OOILeH
TOYKOH sABJsieTrcsi Touka M, Ko-
OpAMHATHI KOTOpO# (¥ = 2; y = 3)
U 00pa3yioT peLleHHE CHCTeMH.
JleACTBHTEILHO, MOACTAHOBKA 3HA-

Y

A

/
X

/
N

Yepr. 32.

YeHHH X = 2; y =3 B ypaBHEHHsi CHCTeMbl laéT BepHbE pa-

BEHCTBA.

4.2 _3="5,
3-9:42.:83=19
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Hrak, rpaduueckuii cnoco6 pelieHHsi 3aKJIOYaeTcsi B cCJe-
Jylomem:

1. Crpoum rpadmk Ka)Xaoro W3 JaHHBIX YpaBHEHHH.

2. Haxoaum KoOpAHHATHI TOYKH TIepeceYyeHHs IOCTpPOEH=
HbIX NMPAMBbIX (€CJH OHM TNepeceKaroTcs).

ITH KOOpJAHHATHI H 00pa3yloT pelleHHe CHCTEMBI.

Yncano pewennit cucrembl. ['pacduueckuii crnocob pelneHus
CHCTeMbl JBYX ypaBHEHHWH MNepBOH CTeneHH C ABYMS HEH3BeCT-
HBIMH TO3BOJISIET JIErKO YCTAHOBHTb YHCJO PelUeHHIl CHCTEeMbI.

JlBe npsiMpie MOryT nepecekaTbCsi, MOT'YT COBNajaTh M MO-
ryT ObiTb NapaJijie/bHbIMH.

PaccMoTpuMm Bce 3TH TPH cJayuyasl.

l. [Tpambie nepecekatoTcs. B stom cayyae onu
umeloT oany obuyio Touky. (Kak wu3BectHo, OoJiee ojHO#H
o6uleil TOYKH JBe mnpsiMble WMeTb He MmoryT.) KoopauuaTel
9TOH o6led TOYKH H JalOT € JHHCTBEHHOE€ pelieHHe
cucrembl. [lpuvepom sBJAsSIeTCS TOJABKO YTO PACCMOTpPEHHad
cucTeMa:

{ 4x — y = b;
3x + 2y = 12.

2. [Ipambie coBnajgaloT. B aTom ciyyae KoopAHHATH
KaXJoH TOYKH ofuiero rpaduka JaHHBIX YpPaBHEHMH JaloT
pelleHne CHCTeMbl, H, CJeJloBaTe/IbHO, cCHcTeMa umeeT 6ecCK oO-
HEYHOEe MHOXECTBO pelleHHH.

[Ipumep.
{ 2x + 3y =17,
4x + 6y = 14.
['padukom o6Goux ypaBHEHHil SIBJISIETCH OJJHA H Ta XKe INps-
Mmasi, npoxojsiias uepe3 TOukH A (0; %) B (% 0) .

KoopaunaTtel J1060i TOYKM 3TOH NMPSIMOH SIBJISIIOTCS pellueHHeM
cucTeMbl. 1O M nouaTHO. Ecan paspenutb o6e yacTH BTOPOro
YyPaBHeHHA Ha 2, TO NOJYYHWM PaBHOCHJbHOE €My ypaBHEHHE:

2x 4+ 3y = 1.
Ho 310 Gyzer kak pa3 nepBoe W3 JJaHHBLIX ypaBHEHHH. ¥ paB-
HeHHsi, o0pasyolue NaHHYIO CHCTeMy, PaBHOCHJbHBIL. Beskoe

pelleHHe OJHOrO M3 3THX YpPaBHEHHH eCTb pellleHHe A PYroro.
3HaYHT, MOXXHO paccMAaTpHBaTh JHLb OJHO M3 JAHHLIX ypaB-
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HeHHH, a japyroe (eMy paBHOCHJIbHOE) oTOpocuTh. HTak, dak-
THYECKH Mbl HMeeM 3/1eCb OJJHO YPaBHEHHE C JIByMsl HEH3BeCT-
HbIMH. A Takoe ypaBHeHHe, KaK Mbl 3HaeM, HMeeT GeCKOHEeuHoe
MHOXXECTBO pelleHHH.

3. [Ipsampie mapananeabHs. B 3ToM cayuae npsmbie
HE HMEIOT HH OJHOH OOled TOYKM. 3HAUHT, H CHCTeMa ypaB-
HEeHHH, rpaduKaMH KOTOPLIX SIBJASIIOTCS 3TH NpPSAMbe, HE H Me-
€T peLlleHHH.

[Tpumenp.
{ x — 2y = 6;
2x — 4y = — 8.

I'padmkom nepsBoro ypaBnenus Gyner npsimas AB (uept. 33),
npoxoaswas uepes Touku A (0; —3) u B(6; 0).

%

Yepr. 33.

I'padpukom BTOporo ypasHenusi 6yaer npsimast CD, npoxo-
nsmas yepes Toukn D (0; 2) u C (—4; 0).

Kak BuAHM, 3TH npAMble napaJnnenbnbl. CucremMa He uMeeT
pelueHHu .

B sToM MOXHO yOGeAHThCS H clefyrouumM ob6pa3om.
Paspenum ob6e yacTu BTOporo ypaBHenuss Ha 2. Iloayunm
CHCTEMY, PABHOCHJIBHYIO JIAHHOH:

[x—-2y=6;
X —2y=—4.
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Jlio6asi napa 3naueHu#i x U y, yAOBJETBOPAOMAs NEPBOMY
VPaBHEHHIO, JIOJXKHA AaTh AJA BbipaXKeHHS X — 2y 3HaueHue
6 H He MOXeT, C/leJloBaTeslibHO, paBHATbCA —4, KakK 3To cJie-
JYeT M3 BTOPOrO YypaBHEHHS.

Hrak, Mbl nokasaJu:

1. Ecniu npsiMbie — rpadHKH JaHHBIX ypaBHEHHH — nepece-
KaloTesl, TO CHCTeMa HMeeT eJHHCTBeHHOe pelleHHe.

2. Ecnan npsimMple coBnajaiwT, TO CHCTeMa HMmeeT GecKoned-
E0e MHOXECTBO pellleHHH.

3. Ecin npsmple nmapaJjfelibHel, TO CHCTeMa He HMeEeT pe-
LLIEHHH.

3amerum, 4TO GYAYT BepHbl H OOPATHBLIE MOJIOMKEHHS :

1. Ecan cucrema HMeeT €JHHCTBEHHOE pelleHHe, TO MPsiMble
(rpadHKH JaHHBIX YpaBHEHHH) MNepecekaroTcs.

2. Ecau cucrema umeer 6eCKOHEYHOE MHOXKECTBO pelleHui,
TO NpSMBIe COBMAJAIOT.

3. Ecau cucrema He HMeeT pelueHHH, TO NpsMble mnapai-
JieIbHbI.

Bce 3TH TpH NOJIOXKEHHS! JIerKo JOKa3bIBalOTCS METOJOM
OT MPOTHBHOTO.

§ 82. Pewenne 3anau.

Pelenre odyeHb MHOTHX 3a/lay MOXeT ObiTb NPHBEIEHO
K PELUeHHIO CHCTeMbl JBYX YPaBHEHHH C JBYMSl HEH3BECTHBLIMH.

B uacTHOCTH, Bce 3aJaud, B KOTOPLIX Tpebyercst y3HATh
JlBa HEH3BECTHBIX YHCJIa H KOTOpbie Mbl O CHX MOp pellaJid
C MOMOILLbLIO YpaBHEHHS C OJHUM HEH3BECTHBIM, MOXHO PEUIHThb
H C MOMOIILbIO cHcTeMbl ypaBHenuil. [lpuBeném mpumep.

3apnava 1. /laa oOemckoco cada kynuau Ha 24,4 pyb.
16 Gorvwux u maroix maveld. Boavwod maw cmoum 2,5 pyb.,
maaoii 1,2 pyb. Cko.a6K0 66110 Kynieno mex u Opyeux maqell
6 omadeasHocmu?

Jta 3ajaua Obia yxe pewena (§ 52) ¢ nomouibio ypas-
HEHHSl C OJHHM HeH3BeCTHhIM. Pelinv e Tenepb ¢ NOMOIILbLIO
CUCTEMBbl YPaBHEHHH:

1) yucno ManebiX MsiYeH X IUTYK;

2) uucso GOJIBLUHX MSiYeH y LITYK;

3) MO0 YCJIOBHIO:

x + y=16. (1)
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OnHo ypaBHenHe cocTaBJsieHo. [[Jifi cocTaBJeHHs1 BTOPOro
YPaBHEHHS MCMNOJIb3yeM OCTaJlbHble JaHHbIE 3ajJayH:

4) cToMMOCThL BceX MaawiXx Msived 1,2x pyGaei;

5) croumocTs Bcex GosblMX Msiuel 2,5y pyO6ued;

6) no ycJaoBHiO:

1,2x + 2,5y = 24,4. )

YpaBHenusa (1) u (2) cocraBysOT cucTeMy. PewinM ee.
YMHOXKHM nepBoe ypaBHeHHe HA 12, BTopoe Ha 10 u BriyTeM
H3 BTOpPOro, TOrjla NoJly4yHuM:

13y =02; y=4.
[logcraBuB HalijeHHOE 3HauYeHHe Yy B NepBoe YypaBHEHHe,
HAHJIEM: 19
x =12

Hrak, Manbix msived Oblio KynJjeno 12, a Gonbuux 4.

3apgaua 2. B 0syx kKopsunax 6oia0 148 abaok, npuuém
60 emopoul 6bin0 8 3 pasa 6oavuwie 620K, wem 8 nepsol. Cxorb-
ko sibaox 6bir0 68 KaxcOoidl kopaure?

M B aT0it 3ajaye TpebyeTcs HAHTH JIBAa HEH3BECTHLIX YHCJA.
PeiunM e€ ¢ nomouibio CHCTeMbl ypaBHeHHH. Beaém o6o3na-
YeHHA :

1) yncao s6710K B NMEepBOH KOP3HHE X IUTYK.

2) yucao s16JI0OK BO BTOPOH KOP3HHE Y IUTYK.

3) no yc/oBHIO:
x4+ y = 148. (1)

4) Bo BTOopoii Kop3HHe Obl10 56JI0K B 3 pa3a Goablie,
geM B nepsoi. CiejoBaTe/bHO:

Y = 3x. (2)
[Tonyuunu cucremy ypaBHenu#. Pewints eé yuno6Hee cro-
co60M TMNOJCTAHOBKH, TaK KakK B ypaBHeHHH (2) OJHO M3 He-

M3BeCTHBIX YXKe BhIpa)keHo uyepe3 zapyroe. [lesas nojCTaHOBKY
H3 (2) B (1), nosnyuum:

x4 3x = 148, uau x = 37.

[loacTaBuB 3TO 3HaueHHe B ypaBHeHHe (2), HalgéM:
y=11l.

Hrak, B nepBoii Kop3une 6u110 37, Bo BTopoii — 111 a610K.
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§ 83. YpaBHeHust ¢ TpeMs HEM3BCCTHBIMH.

1. OnHo ypasHeHHe C TpeMsi HEHM3BECTHLIMH.
PaccMoTpuM, Hanpumep, Takoe ypaBHeHHe C TpeMA HeH3BeCTHLIMH:

15x + 10y 4 8z = 164. (1)

MoxHo nokasaTh, 4yTO ypaBHeHHe (1) umeeT GeCKOHEYHOE MHOMXECTBO
pewenuit. [leficTBHTeAbHO, B3AB AJIA X H Yy KaKkHe-JIHO60 MNPOH3BOJIbHBIE

YHCJA, HanpHMep X = 2, y =5, H NOJACTAaBHB 3TH 3Ha4YeHHUA B ypaBHe-
HHe, MOJIYUHM:

15- 2410 - 582 = 164,

80 4 8z = 164.

21
-

IlaB apyrue NpOH3BOJIbHbIE 3HAYEHHS X H Y, MOJYYHM JApyroe 3Ha.
ueHHe O Z M T. A.

Mtak, OfHO ypaBHeHHe € TpeMA HEH3BeCTHLIMH HMeeT (B obuieM
cayyae) GeCKOHeuHOe MHOMKECTBO PeLICHHH.

2. Cuctema NBYX ypaBHeHHMH C TFeMS HEH3BECTHBIMH.

Tenepb pacCMOTPHM CHCTEMY JABYX ypaBHeHWil ¢ TpeMsi HeM3BecT-
HBIMH

[Tpuccennunm K ypasuenuio (1), Hanpumep, clejyioliee ypaBHeHHE:

x4y+4z=16. (2)

Hrak, wumeeM cuHcTeMy [ABYX YypaBHeHHA C TpeMA HEeH3BECTHbLIMH.
[Moka)em, uTO M 3Ta cHCTeMa uMmeeT GeCKOHeuHOe MHOXeCTBO pelleHHi.
Y6enuMcsa MOACTAHOBKOH, YTO CHCTeMe Y/OBJCTBOPHAIOT, HANpUMep, CJie-
AylowHe TPOHKH uHceNa:

1) x=2, ygy=11, 2=3; 2) x=4, y=4, 2=28.

IJIH

OTKyna Hafipém: z =

JanuMm Teneps OAHOMY H3 HEH3BECTHbIX, XOTHd Obl X, Kakoe-THGO
o
NPOH3BO.IbHOE  3Hauelie, Hampumep x = . [ToacTaBiHB 3TO 3HauYeHHE
B ypasucuusi (1) u (2), noayuum:

75 _
5 + 10048z = 164;

5 +utz=16
_ 253,

3 37 17
PeluuB 3Ty CHCTEMY, HaHJEM: Yy == T T =
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" 5 37 17
HUrak, cacrema mnMmeeT cumé peluenue: Ewsies PEcpi T
B3sB aas x Apyroe 3HayeHWe, NOJYYHM HOBYIO CHCTEMY C JABYMs
HEH3BECTHBIMH, H3 KOTOpPOH HaWAéM y H 2 H T. A.
3naunt, BocOUlEe rOBOpPS, CHCTeMa JABYX YPaBHEHHH C TpeMs HEW3-
BECTHbIMH TOXe HMeeT GeCKOHeuHOe MHOXEeCTBO pelleHHH.
OaHAaKO MOXHO NPHBECTH NPHMep CHCTEMbl, He HMEIOUeH HH OAHOro

pelleHus, Hanpumep:
[ xX—y-+422=25;
xX—y+22=17,
Kakne G6bl 3HAaYeHHSi HH HMMeJH X, Y H 2z, BbIpaxeHHe Xx— -} 2
He MOXeT OJHOBpeMeHHO ObITb paBHO D M 7.

8 84. Cuctema Tpéx ypaBHeHMH C TpeMsi HEH3BECTHBIMH.

[Mpucoeaunum K ypaphuenusam (1) u (2)

15x - 10y -} 8z = 164; (1)
x+y+2z2=16 (2)

TpeTbe YpaBHEHHeE:
z=2y. (3)

[Toayunnu cucteMy TpéX ypaBHEHHH C TpeMsl HEH3BECTHBLIMH,

IMpexjne Bcero 3amMeTHM, YTO Bce CBOHCTBA, O KOTOPLIX TOBOPHJAOCH
B § 48, octaioTcsl cnpaBeJIHBBIMH H ISl CHCTEMbl YpaBHEHHH C Tpems
(1 Gonee) HeH3BeCcTHBIMH. [lo3TOMY HfJA pelieHHsT NAHHOH CHCTEMbl NpH-
MeHHMbI Te JXe cnocolbl, YTO W A/ pelleHHs] CHCTEeMbl ABYX ypaBHeHHi
C ABYMSl HEH3BECTHbIMH.

1. Cnoco6 anreGpan4eckoro CJAOMEHHS,

Tak kak ypasHeHue (3) y»e He CONEPMKHT X, TO HCKJIIUYHM X H3
cictembl ypasuenwit (1) u (2). Ias 3Toro ymHoxum obe yacTH ypaBHe-
HuA (2) Ha 15. [Moayuum cHCTemy:

{ 15x 4 15y 4 152 = 240;
15x 4 10y -} 8z = 164.

Kos¢dpuusentsl npu x pasBHbl. BbluTeM W3 nepsoro ypasHeuus
BTOpOe, TOrAa MOJIYYHM:

5y 72 = 76.

[Toryunan ypaBHeHHe C JBYMSl HeH3BeCTHbIMH ¥ W 2. Bmecre ¢
ypaBHenHeM (3) oHO ofpa3syeT CHCTeMy ABYX YpaBHeHHil ¢ ABRyMA He-

H3BECTHbLIMH:
Sy + 7z = 76;
{ z2=2y.
Pewns e€ oanuM u3 cnoco6Gos, H3noxenubix B § 80, naiaém:
y=4 z=28,
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[Toacrasus 3tH 3navenud B (1) uan (2) ypasuenus, Hattgém: x = 4.

HMrak, ecan panHas cuctemMa TpEX ypaBHEHHH C TpeMsi HEH3BeCT-
HbIMH HMeeT pelleHHe, TO 3TO pelleHHe Oyjer caeaywouieil TpoiiKo#
yHces:

x=4 y=4 z=28.

[Toncrasasia 3TH 3HAYeHHA B JAAHHYIO CHCTeMY, MOXHO YyOeAHTbC,
4TO MOJIyueHHasl TPOHKA YHCEN AIBJAAETCH pelleHHeM CHCTeMH.

2. Cnocob6 noACTAHOBKH.

Hns panuHo# cuctembl 3TOT cnocob Gosee ynobeH, Tak Kak B ypas-
HeHHH (3) HensBecTHoe Z yxe BbipaxeHo uepe3d y. CaesaB NOACTAHOBKY
B ypaBHeHHs (1) u (2), moayuum:

{ 15x 4 10y 4 16y = 164;

X4y 2y = 16,
HJTH
{ 15x 4 26y = 164; (4)
x4 3y =16. (5)

Pewnm 31y cucreMy JioGbiM crnoco6om, H3JoxeHHBIM B § 81, na-
npumep cnoco6om ajre6paHYecKoro CHAOXKEeHHS.
Ymuoxum ypasueHue (5) Ha 15 WM BmuTeM M3 Hero ypaBHeHHe (4):

19y = 76.
Ortciona Haiigem: y = 4.
[ToncraBuB HalineHHOe 3HayeHHe y B ypaBHeHue (5), HalaEMm:
x = 4. Hakowueu, nmoacraBuB 3HaueHue y B (3), nanném: z=28. I[loay-
YHJAH TO e pelleHHe, YTO H MepBbIM crnocoboM.
Pewum ewé cucremy crnoco6om anre6paHYecKOro CJOMKEHHS:

2 —3y42=17;
{ X+ 4y — 2 = 6;

HcknouuM OfHO H3 HeH3BeCTHHX, Hanpumep 2. [Jasa 3TOro cJo-
}HM nepBoe H BTOpOe ypaBHeHHA, MOJYUYHM:

3x+y=13.
Ymuoxum Temepbp BTOpOe YpaBHeHHe HA 2 H CJOXKHM C TPeTbHM,
MOJIY4HM: S By

O6a noJyueHHbIX ypaBHeHHSl 00pa3ylOT CHCTeMy ypaBHeHHA c aBYy-

MA HEeH3BeCTHLIMH:
{ 3x 4y =13;
dx -+ 6y = 26.

Pewns eé ofHHM H3 H3BeCTHbHIX cmoco6oB, HafiféMm: x =4, y= 1.
[MoacraBus 3TH 3HaueHHMs B OAHO M3 JAAaHHLIX ypaBHEHHH, HanpHmep B
nepsoe, Hafiném: 2z = 2. HMrak, ecqu naHHas cHCTeMa HMeeT pelueHHe,
TO OHO MOXeT ObiTb TONBKO Takoe: x=4;, y=1; z= 2. [loacraBus
STH 3HA4YeHHs BO BTOpOe H TpeThe YypaBHeHHA, yOefgUMCA, 4YTO OHH
AeHCTBHTEJNbHO JAAIOT pelleHHe AaHHOH CHCTeMbl.
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FrTABA JEBATAIL
CYETHAS (JIOTAPU®PMHYECKAS) JIMHEHKA.

CuérHasi JiMHefiKa MOJy4YyHJa LUKPOKOe IpHMEHEHHEe B HH-
JKEHEPHbIX pacyérax, a C MOBHILIEHHEM TEeXHHYECKOro YPOBHS
Halled CTpaHbl OHA CTAHOBHTCH HEOOXOAHMBIM HHCTPYMEHTOM
HC TOJBKO HHXXEHepa, HO M KBaJH(HLUHPOBAHHOrO pabouero.

Y CTPOHCTBO CYETHOH JIMHEHKH OCHOBAHO Ha TEOpHUH Jiora-
pupMOB, HO AJISI NPAKTHYECKOro NoJib30BaHHA JIHHEHKOH MOX-
HO O0OHTHCHL 6e3 3HAaHHWA Jiorapupmos.

Jnsi Toro yro6bl B COBEpIUEHCTBE OBJIAJ€Th BbIYHCJIEHHS-

MH HAa JIHHeHKe, HEO6XOAMMO HeNpEepuLBHO YNPaXKHAThCA H
NOJIb30BATLCSl €l0 NPH BCEBO3MOMXHBIX pacuérax Ha YpoKax
MAaTeMaTHKH, (H3HKH, XHMHH, MAlUHHOBEJEHHS, a TaKXe B
MacTepCKHX H BHE LUKOJIBI.

§ 85. PaBHoMepHble U HEPABHOMEPHBIE LIKAJBI.

PaccMOTpHM  OOBIKHOBEHHYIO MHJIJIHMETPOBYIO  JIHHEHKY
(uepr. 34). Ha neli HanecéH psaJ JeJeHHH C PpaBHLIMH TNpo-

LT T T LT T T T LT
0 1 2 3 4 5 6 7 8 9 10

Yept. 34.

MeXXyTKaMH B 1 wmm; B nHavase croutr uudpa 0, a noj Kax-
AbIM JIECATBIM JieJieHHeM Haanucansl uudppw 1, 2, 3 ... 10.
Takas MHIIMMETpPOBasi JIMHEHKA TNpeACTaBJs€T INpPHMED pas-
HOMEPHOH ILKaJHl.

Eciu npunsitb 3a eguMHHUY JJMHBL OTpe30K B | cm, 10
B TOYKe a (4epT. 35) Mbl npoutém uucao 0,8, B Touke b — 4,3,
B Touke ¢ —6,25. Ecau Xe NoJOXWUTb, YTO €JWHHLA BhIpa-
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kKaercst auHoN He B 1 cm, a B 1 MM, TO WITPUX, MOMEYEHHBIH
uudpoit 1, 6yaer yxe uzobpaxars uyucsao 10, a B Touke a
Mbl mpoytém 8, B Touke b — 43, B Touke ¢ — 62,5.

HMrtak, B 3aBHCHMOCTH OT TOro, Kakyl JIJHHY MBI IpH-
HHMaeM 3a eJlMHMIly, 3HayeHue OJHOro H TOro Xe [UTpHXa
UIKaJbl U3MeHseTCs.

e O T
0 I 2 3 4| b 6 7 8 9 1

da b c

Yepr. 35.

Orciona caenyer, 4TO Ha 3TOH LIKAaJe MOXHO OTCYHTLIBATH
KakKHe yroaHo yucuaa. Hanpumep, oTMETKY B TOYKe a
MOXHO uyuTaTth, Kak 0,8; 8; 80; 800; 0,08; 0,008 u T. &.

Taxk kKak oAMH M TOT XKe IUTPHX LIKaJbl MOXeT 0003Ha-
YyaTb pasJIMYHble YHCJA, OTJHYawoulHecs apyr ot apyra B 10,
100, 1000 ... pa3, To Mbl 4YacTo OGyneM YHTaTh YHCJIA KaK
uudpoBoi psjx, He oOpaulasi BHUMAHMS HA TMOJIOXKEeHHe 3arlsi-
TOH W HyJH B KOHue yucaa. Hanpumep, umucna 6,25; 62,5;
625; 6250; 0,0625 uMTalOTCA OJHHAKOBO: LIECTb—JBa—TIATh.

26

LT !

km 40

Yepr. 36.

[Tpu nomowu ABYX paBHOMEPHBIX IUKAJ MOXHO YCTPOHTb
npubop AAS CAOKEHWs W BbluuTaHus 4yucesn. Ha uyeprexe 36
NOoKa3aHo, KaK Ha TakoM mnpubGope Haiith cymmy 14 u 26.

IInsi Toro 4to6Bl OCYILECTBHTBH 3TO CJAOXKEHHE, HYXKHO Mpo-
THB |4 Ha HuXHeH wwKaJe noctaBuTh 0 (Kauano) BepxHei
WwKaabl, H Toraa npotus 26 Ha BepxHeil LwWKaJe NMPoYTEM Ha
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HimkHed 40 (14 4 26 = 40), a nporuB 34 Ha BepxHed npo-
yTéM Ha HHXKHeH 48 (14 4 34 = 48). Jlerko coo6pa3uThb, Kak
Ha 3TOM NpHOOpe MOXKHO NMPOH3BOJHThL BHIUUTAHHE JBYX YHCEJ.

Ho ecaiu BmecTo paBHOMEpPHBIX LIKaJ BOCMOJb30BaThCS
CrelHaNbHbBIMH HepaBHOMEPHBIMH LIKaJaMH, TO OKa3biBaeTcs
BO3MOXKHbIM TPOHU3BOJHTL YMHOXKEHHE, JeNleHHe, BO3BejeHHe
B CTeNeHb W MHOrHe JpyruHe JeHCTBHA HaJ YHCJAMH.

s
||$||iIII

Yepr. 37. Yepr. 38.

[To3HaKOMHMCA € HEKOTOPHIMH HepaBHOMEDPHBLIMH 1LIKAJIaMH.

Ha ueprexe 37 u3o6pakeHa MepHasi KOHHYECKA st MEH3Y pPKa,
KOTOpasi KBepXy PpacliHpsieTCsi, H PACCTOSHHS MeXAy JeJie-
HHUSIMH LIKaJbl MOCTENEHHO YMEeHbLIAIOTCH, XOTS COOTBETCTBYIO-
e UM 00bEMBI XKHIKOCTH paBHbl. Ha MeH3ypke Mbl BHJUM
HepaBHOMEPHY O LUKaNy.

Ha MHOrux siekTpHuyecKuX MpHOOPaX MOXKHO YBHIEThb He-
paBHOMepHbIe LUKaJibl, HanmpuMep Ha amnepMerpe (uepr. 38),

BoJbT™MeTpe M Ap. [danabuie Mbl mogpo6GHO pacCMOTPHM HepaB-
HOMEpHbIe LIKaJbl HAa CYETHOH JIHHEHKe.

§ 86. YcrpoiictBo cuétHoH (Jorapupmuyeckon) JHHEHKH.

JIuneilka B co6paHHOM BHJe IMOKa3aHa Ha vuyeprexe 39.
OHa cOCTOMT M3 Tpéx wyacrei:

1) Kopnyc (uepr. 39a), Ha KOTOpPOM HMeeTCsi HEeCKOJILKO
wkaj. Mbl B janbheiieM paccMOTpuM wKaay D (ocHoBHas
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mwKana), wKaay A (wkana KBajpaToB) H WIKAJY
K (wkana kyGos).

2) IBuxok (yepr. 396), KoTopwliii cBOGOA-
HO TepeaBuraeTcss B Kopnyce BNpaBO H EJIEBO.
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Yepr. 396.

B nepBoHaya/JibHOM TOJIOXKEHHH
Bce JesieHHsl wWKanwl aBuxkka C
COBMajatoT C JAeJeHHSIMH OCHOB-
HOH IIKaJibl Kopmyca.

3) bBeryHok (uept. 39B) —
MeTaJlInyecKkas paMKa cO CTEKJIOM,

Ha KOTOPOM HaHeceHa yepra, Hd-
3piBaeMasi BH3HPDHOH YepTOM
HJM, Kopouye, BH3HD (yKasaTtesb).
BeryHok nepeaBuraercs BJOJb
Koprnyca H BH3HPHOH 4epTOH (pHK-
CHpYeT Ha LUKaJaX YHcJa.

Harue# npoMblLLIIEHHCCTHIO Bbl-
MyCKalTCA JHHEHKH Pa3HbIX pas-
MepoB, HO CaMbiMH TNPaKTHYHBIMH,
a mnoromy H HauboJsiee pacnpo-
CTPaHEHHBIMH SIBJSIOTCS JIHHEHKH
C AJAHMHOH wKaasl B 250 mm.

§ 87. OcHoBHas wkana.

PaccMorpuM Ha Kopnyce JH-
Hellku wkKaay D u HayuuMmcsl 4u-
TaTh Ha HEH pas3/iHYHbBIE YHCJA.
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Tonbko nocsie Toro, Kak Mbl HayuuMcs CBOOOJHO 4YHTaTh H
YCTAHABJMBaTb BCEBO3MOM(Hble YHCJA Ha LUKaJje, MOXXHO
NPUCTYINHUTL K JAEHCTBHSIM Ha JIMHEHKe.

Ha mxane HaHeceHO [eCsiTb OCHOBHBIX ILITPHXOB, NOMe-
YeHHbIX KpynHbiMu uudpamu 1, 2, 3, 4 ... 10 (uepr. 40).
[IpoMeXyTKH MeXJy IITPHXaMH HepaBHble (LIKaja HepaBHO-
mepHasi). Camblii Go/bIICH NpPOMEXYTOK MeXay uubpamu |
u 2. Ilocnenyioune npoMeXyTKH NMOCTENEHHO YMEHbLIAIOTCS.

ITH LUTPHXH COOTBeTCTBYOT uucaam 1, 2, 3 ... 10, a
TaKXXe 4YHcJiaM, Koropble Gosibmie uan Menblue ux B 10, 100,
1000 ¥ T. a. pa3. DTo 3HAUMT, YTO, HANmpuMep, WITPHX, NO-
MeueHHbIH uuppoi 6, Moxer, CMOTpS MO CMBICAY 33]auH,
obo3nauath uucaa: 6; 60; 600; 0,6; 0,06 u 1. 1.

R AL L]

D 1 10 12 13 14 1,516 1,71,81,92

Yepr. 41.

[TpoMeXyTKH MeXJy rJaBHbIMH IUTPHXaMH pa3jiesIeHbl Ha
6oJiee MeJIKHe YaCTH, H Mbl JOCTATOYHO TOYHO MOXXEM 4YHUTaTh
Ha LUKaJe Yyucaa, 3anucaHHble JBYMSl W TpeMs 3HauyauluMH
uudppamu. Cambiii 60JBLIOH NPOMEXYTOK MexAy Uudppamu |
H 2 pasjiesied Ha GOJiblllee YHCJIO YaCTeH, YeM IPOMEXKYTOK
mexkay uudppamu 9 u 10. Ha npomexkyrke 1 —2 (yept. 41)
oTMeuelbl 6osee MeAKHMH uudpamu uucaa 1,1; 1,2; 1,3;

1,9 u paccroanue mexay HuMMH pa3buTo eme Ha |0 yacrei.

3uauut, npoMexXytok 1 —2 pa3bur wa 100 vacreit, u
ueHa opHoro aenenuss or I gmo 2 pasua 0,01. Ilocneposa-
Te/lbHble IWTPHXH H3o6paxKaiot uucaa: 1; 1,01; 1,02; 1,03 ...
1,98; 1,99; 2.

B 3Toi yacTH WIKaJbl MOXHO TOYHO B3SITb TPH 3HaKa H
«Ha rJas3» 4YeThipe 3HaKa.

PaccMoTpuM Tenepb c/EAYIOUIHH Y4acTOK LIKaJbl MeXAy
uuppamu 2 u 3; 3 u 4 (uepr. 42). Kaxnawblii u3 sTHX npo-
MexXyTKOB pa3penéH yxe He Ha 100, a na 50 vacreit, u ue-
Ha jenenus 3jech He 0,01, a 0,02. [TocnenoBaTtenbHble wTpH-
XH, HauyWHas or uudpnl 2, o3nauyaiot yucaa: 2,02; 2,04; 2,06;
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2,08; 2,10; 2,12; 2,14 ... 2,96; 2,98; 3. ITocpepuue Mexnay
wrpuxamu 6yayT Haxoautbes yucaa: 2,01, 2,03; 2,05 u 1. a.
AHaJIOrHYHO YHTaeM JeJleHHSl HAa yuacTke oT 3-X J0 4-X.

B ocrasbHOH uyacTtH wkaasl or 4 no 10 (uepr. 43) npo-
MEXYTKH MeX1y OCHOBHBIMH LUTPHXaMH pasJiesieHbl CHayaJsa
Ha 10 yacreii W 3aTeM Ka)Jas 4acTb eulé MonojiamM — BCero,
3HauuT, HAa 20 uyacrteii. CnejgoBaTeNibHO, 3/eCh LIEHA KaJOro

il

2 ' 3

Uepr. 42.

nenenusi pasia ToAbko 0,05. IlocnepoBaresibHble wWTPHXH,
HauuHas oT uudppel 4, o3Hauvawoor uucaa: 4,05; 4,10; 4,15...
9,00; 9,05; 9,10; 9,15... 9,90; 9,95; 10.

[Ipexxpge ueM TNPHUCTYNHTb K BHINOJHEHHIO JeHCTBMII Ha
JIHHEeHKe, HYXHO Hay4yuTbCsl 0e30IHO0YHO YHMTATh HA OCHOB-
HOH wkane uucnaa. Ha ueprexke 44 mnososkeHHIO BHSHpa
a) 1—0—6 moryr coorBercTBoBaTh uucaa 1,06; 10,6; 106;

DRTRERERR TR R TR

Oy Ty

T TTy LIS

9 5 6 7 8 9 1

Yepr. 43.

1060; 0,106; 0,0106 u T. A. AHa/NOrHYHO MOMKHO TNPOYHTATH
YHCJia, COOTBETCTBYIOIHE TMOJIOXKeHHI0O BH3Hpa: 06) 1—7—6,
¢) 2—0—5, d) 3—8—4, e) 8—5—5.

OueBHJHO, BBIYHCJEHHS, MPOM3BOJHMBIE B HAYa/JbHOM
y4acTKe LUKaJbl, JAalOT HEeCKOJbKO OOJIbLIYI0 TOYHOCTb, YeM
B KOHLE LIKa/Jibl, HO B LEJOM MOXHO CYHTaTb, YTO Ha JIH-
He{Ke Mbl CYHTaeM C TOYHOCTbIO, COOTBETCTBYIOLIEH TpEx-
3HayHbIM TabsuuaM. OTHOCHTe/NIbHAs TMOrpelHOCTh BbIYHC/Ie-
HUH Ha JiHHeliKe npumepHo paBHa 0,3%, yTo ANA HHXKeHep-
HbIX H JpPYrHX NpakTHYECKHX pacyéToB OKa3blBaeTcs JocTa-
TOYHOH.
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Yepr. 44.

§ 88. YMHOXeHHE M AeJeHME C MOMOILBIO
CYETHOH AMHEHKH.

Ymuoxenune. ITo ToMy e npuHuHny, Kak
NpH TOMOIIH ABYX PaBHOMEPHBLIX WIKAJ MOXHO
OblIO NMPOH3BOAMTL CJIOKEHHE UHCeJs, Tenepb,
Nno/ib3ysick OCHOBHOH wikano# D Ha kKoprnyce
JUHEeHKH W wKanaoi C Ha JABHXKKe, Oyjem npo-
H3BOJHTb YMHOXEHHEe YHCe.l.

Hainém npousBegenne 2 -3. CraBum BH-
3HPHYIO 4YepTy MpPOTHB NOMETKH 2 Ha OCHOB-
HOH lIKaJe, 3aTeM NnepejiBUraeM JBHXXOK BIIPaBo
Tak, 4ToObl 1 Ha JBHXKKe NpHILIAch MPOTHB
BH3HDHOM yepThl; 3aTeM OeryHok nepemelliaem
BNPAaBO TaK, YTOObLl BH3HD CTOSJ TNPOTHB [O-
METKH 3 Ha JBHXXKe, TOrjia Ha OCHOBHOH
[IKaJe Kopnyca JIMHEHKHM 4YuTaeM pe3yJ/bTaT —
6 (uepr. 45).

Takum ke ofpa3oM nJa nNpoH3BeJEeHHs
1,37 - 2,92 nonyunm Ha Junedike: 1,37 2,92 ~4.
[TpoBepka ymHOXeHHeM paér 1,37 - 2,92 =
= 4,0004.

Tak xak TpH YMHOXEHHMH, COrJacHo Inpa-
BHJY NpUOJHKEHHBIX BBIYHCJEHHH, B NpOH3Be-
JE€HHH Mbl JO/DKHBI OCTABHTb JIHILbL TPH NepBhIE
uuppel, TO nonyudMm 4,00, TO ecTb TO XKe
caMoe YHCJO0, KOTOopoe MblI ropasjio ObicTpee
HallVIi € NMOMOULbIO JIHHeHKH.

Haiiném nponssejesue x = 3,4 - 4,5.

[ToctaBuB MeTKy 1 [ABHXKKA HajJg MeTKOH
3,4 CCHOBHOH LIKaJbl, 3ameyaeMm, 4YTO MeTKa
4,3 BepxHeH wKaJju (C) Bbilla 3a Tmpejesibl
Koprnyca JIHHeHKH. B TakoM ciyuae yMHOXEHHE
HaJl0 NMPOHU3BECTH CJIeJYIOIHM o0pasoMm.

[TporuB 3,4 ocHOBHOH LUKaJbl HAaJO MOCTa-
BUTb He | (Hauaso) ABMXKKA, a KOHell JBHXKKa
(meTky | cnpaBa), u Torpa mnox aeneHuem 4,5
Ha ABvXKe uHTaem 15,3 (uepr. 46). Ilepemno-
KHUB JlaHHble 4yucaa, Haiaém 3,4 - 4,5 = 15,30,



YTO MO OKPYIJIEHHH IO Tpex uudp Aaét TO Ke YHCI0, KO-
Topoe OBIJIO HaliJ]eHO Ha JIHHEeHKe.

[IpaBus0 yMHOMEHHS ABYX YHCE/ HA JIHHEHKe:

1) Ommeuaem susupHrou vepmou Ha ocHoéHot wKkazse (D)
draeHue, coomeemcmeyrouiee 00HOMY U3 COMHONCumened, u ycma-
HABAUBACM NPOMUB HE20 HAYQA0 UAU KOHeY O08UXNCKA.

Yepr. 45.

2) Ha wkazre C Osuscka HaxoOum Oenenue, COOMEEMCIMEY-
toujee OpYeoOMY COMHONCUMENIO, U CMABUM HAO HUM BU3UPD.

3) ITod eu3upHoi wepmoti Ka ocHo8HOU wiKkase (D) uumaen
npoussedexue.

Haxoxs npousBenenue 3,4 - 4,5, Mul pe3y/JbTaT YHTAaeM
Kak UHPpPOBOH pHAJ: OAHH — NSATb — TPH. ITO MOXKeT ObITb
153; 15,3; 1,63 u T. A., HO rpy0asi NpUKHAKA IOKa3bIBaerT,
yTo 5TO0 MOXKeT ObITh TOJNBKO 15,3, a He 153 u une 1,53.
[losTomy ™Mbl B gaJjbHeiiiem Oyjaem pe3y/bTaT JAeHCTBHH
oueHuBaTh rpyboii npukuakoid. Pewass 3agayy O CKOpPOCTH
roesjla H MOJy4YHB Ha JIHHeHKe UMOpPHl IUECTb — TPH, Jerko
cooOpa3uth, 4yto 310 Oyzer 63 xku B uac, a He 6,3 ku B yac
H He 630 kM B yac, ecqu Xe peub HIET O CKOPOCTH caMmo-
JIéTa, TO MOHSITHO, 4TO HaAo npHHATbL 630 xm B uac, a He
63 kx B yac u He 6300 xm B uac.

| —— |

Yepr. 46.

Aeaenue. [lesieHHe Ha JHHeHKe MPOU3BOJAHUTCH elLE npolue,
yeM ymHOXeHnue. Pasjneaum 6 Ha 3.

Otmeyaem BH3HDHOH yepToid 6 Ha OCHOBHOH ILIKa/je KOp-
nyca auHeiku (D), craBHUM noj BH3HPHYIO 4YepTy 3 Ha LuKa-
jge C nsuxka, Torga nporuB | (Hayasa) JABHXKKA 4YHTaem
yactHoe 2 (4epT. 47). Ecan Hajgo pasgesuts 4,25 Ha 5,13,
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TO, TOCTynasi TakuM e o6pa3oM, Mbl TNOJYYHM pe3yJibTaT
0,828 nporuB KoHua ABHXKKa (yepT. 48).
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Uepr. 47.

IlpaBuno penenus:
1) Ommeuaem eusuproil wepmotll Oesumoe HaQ OCHOBHOU

wraze D kopnyca auneliku.
2) Ilpomue eusupnoil wepmor ycmawasiusaem OeseHus

deuscka, coomeemcmayrouiee Oeaumento.

Yepr. 48.

3) Ha ocnosnoii wkare D npomus wawara (uiru Konya)
JeudcKa 1umaem 4acmeoe.

Jlerko u OBbICTPO BBLIYHCASIOTCS pas3J/IHUHbIE CJOXHBIE Bbl-
paXKeHHsI, B KOTOPbIX Hal0 CJe/laTh HECKOJbKO YMHOMKEHHH

H JleJileHHH, Halrpumep:
_138-433

16,7

Uepr. 49.

31eCb BbIrOJHEH NPOU3BOAHTL JAEHCTBHS B TaKOM IMOPS AKe:
cyiauasa neaum 13,8 na 16,7, a 3arem, He yuTas pe3y/bTaTa
JeJieHusi, yMHoxaem Ha 43,3; orBer 35,8 mnosayuaeMm Bcero

JMIIL TIPH OJHOM nepemellleHHH ABHXKa (uepT. 49).
. a-b-c

a « £
BoipaxkeHusi BHAA ———~ BBIYHCJSIOTCSA 1O CXeme W.
-
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Fr'JTABA NECSTAAS
KBAJAPATHbBIH KOPEHDbD.

§ 89. MNoctTpoenne rpaduka 3aBucHMOCTH y = X2

PaccMOTpUM 3aBHCHMOCTb MEXJAY X H Y, BbIpaXKaroulykocs
¢opmyJioii:
y=x (1)

B Takoii 3aBHCHMOCTH HaxoAfTC JJHHA (X) CTOPOHBI
KBaJpaTta ¥ ero nJjowanas (y).

Hasi mocTpoenus rpadpuka mbl OyzeM nocrynaTh Tak e,
KaK TOCTynaJii paHbllle PH NOCTPOEHHH TpadHKOB JIHHEHHOH
3aBUCHMOCTH (cM. § 74 u 75) m o00OpaTHOH TMpPONOPIHOHA/Ib-
HoctH (§ 76).

CocraBuM, Hanpumep, Takylo TabJuLy 3HAYEHHH X H CO-
OTBETCTBYIOLIHX 3HAYEHHH Y:

x | —4|—-35—3|—25 —2|—15 —1|—05] 0 | 1.5] 2 |25

7 16 11225 9 |625| 4 |225| 1 [025] O 2.25| 4 (6,25

[Toctpoum no stoii Tabsuue Touku (uept. 50) Ha Koop-
JUHATHOH nJockocTH. Ecau Oyjaem naBaTh X 3Haye€HHs, Mpo-
MEXXYTOYHBIE MEXJY YIKe B3SITbIMH, TO TOYKH pacnoJjioxarcs
Ha MJIOCKOCTH TmoTHee. IIpH BCEBO3MOXKHBIX 3HAYEHHAX X
BCC TOYKH pacloJio¥KaTcd Ha HEKOTOPOH JIHHHHM (KpPHBOH),
Ha3biBaeMOH mapa6Goaoii (uepr. 5l).

M3 yeprexka 51 BugHO, uTO Bech rpaduK pacnooxHTCA
B BepXHeH NOJYMNJOCKOCTH (T.e. BblllIe OCH a0CLHCC) H JIMIIb
oAHa ero Toyka O (0, 0) Jexur Ha ocH abcuucc.
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DTO H NMOHATHO! Y €CTb KBaJpaT 4YHCJa X, MO3TOMY Y He
MOXKET HMETh OTpHLATENbHBIX 3HAYEHHH; 3amuIleM 3TO TakK:
y > 0 (uuTaloT: Yy — HEOTPHILIATE/IbHOE YHCJIO).

4
P — Y
14 14 Y=z
» 12 - 12
¥
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-4 =2 0 2 4 -4 =2 0 2 A 4
Uepr. 50. Uepr. 51.

Mol BHAMM fanee, 4TO Bce TOYKH rpaduka pacroJiOxKeHbl
NONapHO CHMMETPDHYHO OTHOCHTEJbHO OCH OpJAHHAT. ITO
U noHATHO. Tak Kak (—3)? = 3%; (—5)2=5% u BoOOIIE
(—a)?* = a®, To ToukH, MMeolHe abCIlHCChl, OJHHAKOBLIE 110
aGCoIIOTHON BeJHYHHE, HO TMPOTHBOMOJIOKHbLIE MO 3HAKY,
MMEIOT OJIHHAKOBble OpJAMHATHl. 3HAUHT, KaxAOoH TOuke
A (x; y) rpadHKa cooTBeTCTBYeT TOuKa B (—x; y) Toro xe rpa-
(hvKa, pacrnoJsioXeHHasi No APYTyi CTOPOHY OCH OpPAHHAT Ha
TOM XK€ pacCTOsIHHH OT 3TOH OocH. Takum obpas3om, OCb Op-
JHHAT S$IBJISIETCA OCbK CHMMETPHH rpaduka 3aBHCHMOCTH
i == X%,

AKKypaTHO NOCTpOeHHBLIH rpaduk (HanpuMep, Ha MHJIJIH-
METpOBOH OyMare) MOMHO HCIMOJIb30BaTh AJIs1 NPHOTHMKEHHOTO
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BO3BeJIeHHSI YHCEJ B KBajpaT, ecqH He Tpebyercs Gonbluas
TOYHOCTbL BBHIYHCJEHHH.

[Tyctb, Hanpumep, TpeOyeTcss HaHTH KBajapar 4ucaa 3,2.
Ha ocu abGcumcc HaxoauMm TOuky 3,2 (Toyka A) M u3 Hel
NpPOBOJUM MNEpPNeHAHKYAsp K OcH albCuucc J0 nepeceyeHHs
¢ rpapukom B Touke M. OpauHata 3TOH TOYKH, NPHOJIH3H-
TesqbHO paBHas 10,2, u gact npubIHXKEHHOEe 3HayeHHe KBaj-
pata uucna 3,2 (touHoe 3HayeHue 10,24). OpauHaTy MOXKHO
HAHTH HJIM M3MEPUB JIJIHHY NnepneHaukyaspa AM, uau onycTus
H3 ToykH M nepneHpuky.asip Ha ocb opauHar. [losyuenuas
TOYKa Ha OCH OpJHHAT NOKaxeT BeJHYHHY KBajpara JiaH-
HOrO yYucJa.

[Ippmeuanune. BBuay cHMMETPHH rpaduKa AJf NpaKTHYIECKHX
BbIYHCNEHHH JOCTaTOYHO HAaYepPTHTb TOJNBKO Ty €ro 4acTbh, KOTopas pas-
noJjo}eHa B NepBofl yeTBepTH KOOPAHHATHOM mJyocKocTH. B camom gene,
KBaJpaT NOJOMHTEJbHOrO YHCJa HAXOJAHTCA HeNoCpeACTBEHHO 110 Tpa-
GHKY; eC/IH Ke HYXHO HAATH KBaJpaT OTPHUATEJbHOrO0 YHCJAa, HaNpH-
mep — 3,6, To HuemM no rpadpuky KBaapar uucaa 3,6, npoTHBONOAOK-
HOro JaHHOMY.

§ 90. BoiyncaeHHe KBaApaToOB 4YHcea no Tabauuam
H NpH NMOMOLLH CYETHOH JHHEHKH.

Boiuncsienne xBajapatoB yHcea mo Ttabauuam. [Ins npak-
THYECKHX BLIYHCJIEHHH COCTaBJISAIOTCSA CreuHaJbHble TabJHIbI,
B KOTOpBIX NMPUBOAATCA KBajJpaThl YHCeJ.

B yuyeGnom noco6un B. M. DBpapguca «Yernipéx3nauubie
MaTeMaTHyeckHe TabJsuubl» HMeeTcsi Tabaula KBajpaToOB YH-
cesl, COCTOSUUX He OoJjiee yeM H3 YeTHIPEX UHDP.

KBazpaTel yuces, COCTOSIUHX H3 ONHOH HJH ABYX wHDp,
HaxoxsATcsa Jerko. B nepBoM crosibue TabJHIBI pa3MelleHbl
yucaa ot 1 g0 10 ¢ npomexytkom B 0,1. Pagom ¢ kaxjbiM

H3 3THX YHCeJ BO BTOpOM cTOJ0lEe MOMEUEH ero KBajapar,
Hanpumep:

4,3? = 18,49; 5,6 = 31,36; 8,02 = 64.

Ecan B nepBeix AByX cronbuax Tabauubl He OyneM 06-
pauiaTe BHHMaHHSI Ha 3ansATbie, TO NMOJy4YuM TabJiHLly KBaj-
patoB ueanix yucesa ot 10 pgo 100, manpumep:

43% = 1849; 56° = 3136; 80% = 6400.
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B camom nene, yucso 43 B 10 pas 6oabmie uucaa 4,3,
To ecTb 43 == 10 - 4,3. Otciona wa#igém, uro 43%* B 100 pa3

6oJible, 4yem (4, 3)“'
43%* = 102 . 4,31,

YBeauuyuB uyucsao 4,3* = 18,49 B 100 pa3, Mbi u NoayYuM
1849.

ITH e JBa CTOAOIA MOTryT CJHAYXHTb AJA HAXOXJIEHHSA
KBaZpaToB N1OObIX YHCeJ, COCTOSUIHX M3 JABYX UHDp C Hy-
JSAMH T'epejl HUMH HJIH TIOC/]€ HHX.

Iasi 3TOro Hajo 3anOMHHUTBL NPaBHJIO:

Ecau 8 4ucae nepenecmu 3anamyio 6npaso uaiu 8160 HQ
HECKOAbKO yugp, mo e keadpame 3moeo wucra Hado nepeHecmu
3anAMyt0 8 my e CMOPOHY HA YOBOEHHOE KOAUYECmE0 yudp.

Bo3sbmém, nanpumep, uucino 0,078. Ono B 100 pa3 menblue
yucaa 7,8:

0,078 = — . 7,8, otkyna (0,078)2 = ﬁ'ﬁﬁﬁ 7,82

3uauurt, yucno 7,82 = 60,84 nago ymenbwuts B 10000
pa3: 0,078% = 0,006084, T0 ecTb Haj0 MNEPEHECTH 3aMATYIO
Ha 4 3HaKa BJIeBO.

Tabnuua kBappatoB K kuure B. M. DBpaauca, kpome
JIBYX CTOJIGLIOB, PACCMOTPEHHBIX BbIlLIE, COJIEPHKHT ellé cToJION b,
OMEYEHHbe BBEpXy M BHH3y HoMepamu oT | no 9. Itu
CTONOUBI CAYIKAT [/ HAXOXKAEHUS KBajpaToB yucesa OT |
no 10, cocrosiliux u3 TpéX uudp, TO €CTh COAEpKAlUIHX, Kpome
JIECATBIX JOJIeH, ellé H COThie.

[lokaxxeM Ha npumepe, KakK HaxoOJUTb KBaJpaThl TaKHX
yuceJ.

[Tycte TpeGyercsi HaiiTH KBajapatT uucaa 7,24. B nmepBom
cTos0lle HAXOAHM uYucjao 7,2 (mepBble jBe LHGPbI JAHHOIrO
uucaa). B Toit ke crpoke B cronbue noj somepoM 4 (Tperbs
uudpa AAHHOrO YHCJAA) HAXOJUM 4YHCJI0 02,42 — KBajpar
yucaa 7,24,

Ho ecsiu mbl 6yjeM HaxXoAuTb KBajpaT 4yucjaa 7,24 ymuo-
JKeHHEeM, TO MNOJIYyYHM:

7,24* =17,24 - 7,24 = 52,4176,

a we 52,42. 3nauut, B Tabauie AAHO JHIUb IPHOGJHKEHHOE
3HayeHue KBajapata 4uchaa 7,24,
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Yucno 52,4176 oxpyraeno no uernipéx uudp. Ilpu stom
nocJeiHAs ocCTaBJieHHas H(pa yBeJiHYeHAa Ha €JIHHHIY, TaK
KaK OTOpOILIEHHAs 4acThb COCTaBJisieT 60Jiblle MOJIOBHHBI €J1H-
HHLBI TIOCJIEJJHEr0 OCTAaBJIEHHOrO paspsinla, ToO ecTb O6oJiblie
0,005 (uucao 52,42 6auxe K 52,4176, uem uucao 52,41).

Takum xe o6pazom HaxoauM B TabJjule:

2,482 = 6,150 B™mecTO 6,1504;
1,742 = 3,028 BMecTOo 3,0276;
5,792 = 33,52 BMmectTo 33,5241;
0,162 = 83,91 BMecTO 83,9056.

Ilna HaxoxJeHHs KBajpaTa uYHCeJ, HMEIOUIHX YeThipe
undpel, B Tabaunax B. M. Bpaauca cnpaBa nomelieHs! ené
9 3anyMepoBaHHBIX CTOJIOLOB — «MONPaBOKY.

[Tycte TpebGyercsi nmaliTu KBajpat uucaa 7,824, Haxopum
no npeabiayimeMy kxBajapat uucaa 7,82. Ou pasen 61,15.
3aTeM B TOH e CTpoKe B CTOJ0lLe «[onpaBOK» 3a HOMepoM 4
(nocsepHas nudpa 3aJaHHOTO YHCJA) HAXOAUM 4YHCJO 6, KO-
TOpoe M npubamJsisieM K nocnepuned uudpe uucaa 61,15.

[lonyvaem:
1,824 >~ 61,2].

Emé npumep: naiitn 47,332

Ha#ném cunavyana 4,73% Ilo TaGaune wHaxoaum: 4,732 ~
=~ 22,37. B croabue «nmompaBoK» 3a HOMepOM 3 HaXOAHM
yuesao 3, Kotopoe npubaBssieM K Tnocjeaned uudpe uucaa
22,37. Tlonyuum: 4,733% = 22,40. 3uauut, No npaBuay, NpH-
BeJJEHHOMY Ha crpanuue 188, OyaeM HMeThb:

47,33 =~ 2240.

Ha npakrtuke o6bl9HO AeACTBHSA NPOH3BOAAT HaJ NpPUGJIH-
JKEHHbIMH YHCJIAMH, PYKOBOJACTBYSCh NpaBHJIaMH NPHOIHKEH-
HbIX BbluMc/eHud. Eciau, HanpuMep, YHC/IOBBIE JaHHLIE MOJY-
YeHbl H3MEepeHHeM C JBYMs 3HayYallUMH 1uppaMu,TO H YHcaa,
B3ATble M3 TalJIHL, HaJ0 OKPYIJIHTb 10 ABYX 3Ha4aumlux wuhp;
TpeTbsl LHU(pa OCTaBJsIeTCH B KayecTBe 3aNacHOM, eCJIH C Yuc-
JJaMH, B3ATbIMH W3 TaGJIMIbI, TPOH3BOAATCA JaJbHEHLIHe Bbl-
YHCJICHHUS .

[Ipumep 1. Cmopona keadpama pasna (npubAUINCEHHO)
4,3 M. Bowmucaume e2o naouwjade S.
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Pemenne. U3 Tabauu B. M. Bpaauca nafigém 4,32 =
= 18,49. Tak kak crTcpona 4,3 gana ¢ JAByMS 3HaAYallHMH
uudppaMu, TO M 4YHCJIO, B3siTCe M3 TabGaMILl, CJEayeT OKpyr-
JINTb, OCTaBHB B LEM JBe 3HavauiHe uudps. Hrak,

S=18 ke. M.

[Tpumep 2. Paduyc kpyea pasen (npubauscénno) 4,3 m.
Hatmu naowade S Kpyea.

Pemenue. Kak H3BecTHO, Micuiajb Kpyra Bbipa)kaercs
¢opmysoii S =«R?, rpe R — pamuyc Kpyra, a == 3,14.
Tenepr Gepém R® =~ (4,3)*= 18,5. 31ecb 3nauenue R? B3siTo
H3 TabJuUb C CKPYyrJeHKeM N0 Tpex 3radawux ukgp. Tpetbs
uudpa B3siTa Kak 3anacHasi, NnorcMy 4ro Hajg R? npousso-
AATCS JasbHefllMe BblYUC/eHHsi. B OKOHYaTeNbHOM pe3y.ib-
TaTeé Haj0 COXPaHWTb JBe 3HauallHe UHPPHI.

S = 3,14 - 18,5 = 58,09 = 58 (xe. M).

[TosieaHo 3anCMHHUTE OYeHb JEIKWH cnocob® npubiauXKEHHOro BO3Be-
NIeHHA B KBajapaTt uyuces, OJH3KHX K eJAHHHILE.
O6Go3HauuM 9KCJI0, HeMHOro Gosbluee eanHHUbI, 4yepe3 | -+ a. Torpa:

(14 a)2=1+ 2 +a.

Ho a® — oueHb manoe yucso, KoTopoe Mbl MoxeM oTGpocHTh. [lo-
JY4YHM JIerKO 3anomuHaemyio ¢opmyay:

(14 a1+ 2.

[lpumepm:
1,022 = 1,04 (tounnit pesyabrar: 1,0404);
1,042 =108 ( » » 1,0816).

Mbl BHAHM, YTO, OKPYTrJHB RO TpéX uHp TOUHBIE KBajapaTel, MO-
JYYHM KaK pa3 Te e uHc.Ja, KOTOpbie MOJYUHJIH YCTHO mo ¢opmy.e.
[Toab3ysack sToil ke (GopMy.Jioi, Mbl MOXeM YCTHO BBLIYHCJIHTD!
10,22 =~ 104; 10,4® =~ 108; 10,5* = 110;
1022 = 10400; 103 = 10 600; 1042 = 10 800.

3pech Mbl MPUMERHJH MPAaBHJO © MepeHoce 3ansToH, npuHBeaéHHOe
B Hauyasne 3toro maparpada (ctp. 188).

MoxHO BbMHCJATD B yMe KBajpaThl 4YHCeJ, HEMHOrO MeHbIUHX
eAHHHUbI.

OGo3HauUM TOuHOe YHCJO yepe3 | — a:

(1—a)2=1~—2a + at.
Or6pacuiBas MaJjoe YHCAO a?, MONYYHM:
(l—a)}=1—2a,

190



[IpumeptL.

0,08 = (1 —0,02) =~ 1 —0,04 = 0,9
0,97t =~ 1—0,06=0,94
9,92 =~ 100 — 2 = 98.

Bo3BeaeHHe Yyncea B KBaApaT Ha CYETHOH aM-
Heiike. OQuenb JierKko Ha JIHHEHKe HaXOJWTb TMNpH-
6/1MKEHHOe 3HaueHHWe KBajipata JioGoro 4ucJja.
Ina sTOoro Ha Kopnyce JHHEAKH HMeeTcsl uiKaJa
kBazipatoB A (uepr. 52). Jra mKajsa COCTOHT H3
JBYX yacTeil: JeBasi COIEPXMT Jenexuss ot 1 Jo
10; npaBasi —or 10 go 100 — B TOYHOCTH MOBTO-
pAeT JeBylo.

Kaxnass M3 9THX u4acTedl npejacraBisieT coOoh
OCHOBHYIO 1WKaay D, HO yMEHBLIIEHHYIO BJBOe.

Ecau nocTaBHTh BH3UPHYIO 4YepTy Ha Jio6oe
YHCJIO OCHOBHOH WIKaaw D, TO HA LIKaJe KBaJpaToB
A npouTéMm KBajpaT 3TOro 4YHCna.

Ha ugeprexxe 39 uuraem: 22 = 4.

Huxe npuBeeHO HECKOJbLKO NPHMEpOB BO3Be-
JIEHHS YHCeJ1 B KBaJpaT M JJsl CpPaBHEHHS JaHbl
KBaJpaThl 3THX e YHCeJI, BLIYUCJIEHHBIE NO YeThIPEX-
3HAYHbLIM TA0JIHLIAM.

X 3 3,4 6,3 24,4 0,461

x? Ha nHHeliKe 9 11,6 | 39,7 595 0,213
x? mo rabaupe | 9,000 11,56 39,69 595,4 0,2125

Tak e Kak npH yMHOXKEHHH H JeJeHHH Ha
JHHeHKe, MeCTO 3amsiToi pe3y/ibTaTa BO3BeJIeHHS
B KBajipat onpejensieM rpy6od npukuakoii. Uuras
6,32 Tpu — JeBSATbL — CceMb, SICHO, UTO 5TO He
MoxeT ObiTh Hu 3,97, uu 397, 3uauur, 6,32 = 39,7.

C 604bLIOAK CKOPOCTHIO H NMPOCTOTOH BbIYHCJIS-
IOTCSl HA JIMHeHKe KOMOUHAUMH H3 HeCKOJAbKHUX Jieli-
crBuii. Haiipém 3nauenne x == 4,53 . 2,382

2

1l"ll.l.i.[]l!ll]l
R no S b
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-
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Yepr. 52.
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CraBuM Bu3up nporus 2,38 na ocHoBHo mkase D. Toraa
HA WKaJse KBajpaToB A Bu3up nokaxer uyucio 2,382. He
yuTasi 3TOro0 4yucsia W He Tporas OeryHka, nepecTaBHM J[IBH-
XOK TaK, 4yToObl ero Hayajo | coBnajio ¢ BH3UPHOH 4epTOM.

Tenepr mnepexsunem GeryHok u npotus 4,53 Ha wkage B qu-
TaeM Ha wkane A okowuatenabHelt orBer 25,7. s Haxox-
JleHusi pe3yJsibTaTa NMOHAaAO0H/IOCH TOJBKO OAHO MNepeMelleHHe
ABHKKa (uepT. 03). Tak ke IKOHOMHO BBLIYHC/HMM TMJIOWLAAb

r——sn n.15,3!

1.532 7.35
33 L 1 [ N T

d

Ueprt. 54.

Kpyra, eciu paguyc ero R = 15,3 cu. Ilo dopmyae S=nR?
HaiigéM: S=mw - 15,32=735 cM?. (Uucsio ™ Ha JHHeHKe MMeeT

COelHa/IbHYIO OTMETKY) (4epT. 54).

§ 91. Mouatue o6 u3BJIEYEHHH KOPHA.

Pewinum nse 3apauyu.
3apaua 1. Cmopona keadpamrozo yuacmka 3emMau pagHa

8 M. Onpedeaums e2co naowyaos.
[Mromwaas S yyacTka paBHa KBajpaTy €ro CTOPOHLL.

3HayqyuT:
S =82 =64 (#2).
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3agaua 2. [Trowads keadpamnoeo ywacmka pasa 81 m?.
Bowucaume e2o0 cmopony.

Ara 3anaya siBasercss o6paTHOH MO OTHOLIEHHIO K nep-
Boii. B nepBo#i 3apave Obl/1a M3BECTHA JJIHHA CTOPOHLI KBal-
paTa W Tpe6oBaJIOCh HAWTH ero mJjomaiab; 34eCb, HA000pOT,
M3BeCTHA TNJIomlaZb KBajpara, TpebyeTcd HAaWTH AJIHHY ero
CTOPOHBI.

O603HayuM HEH3BECTHYIO JJHHY CTOPOHbl KBajpaTa yepe3
x metpoB. Torga maomags KBajgpara Gyger pasHa x*m®. Ho
1o ycJI0BHIO 3Ta muomaab paBHa 81 x2. [losydaem ypasHenue:

x? = 81.

3HayuT, 4TOOLl pelINTh 3ajayy 2, HaJA0 HAHTH YHCJIO,
KBajapaTt Kotoporo O Obi paBen 81. M3 Tabauubl KBajpa-
TOB HaWJEM, YTO TaKHM 4ucJioM siBasercs 9. [lelicTBHTENbHO:

2=9.9=28l

Yucno 9 HaspiBaeTcs KOPHEM BTOPOH CTENEeHH HJH, KO-
poye, KBaapaTHbiM KopHeM H3 81, TouHo Tak ke 7 sBJsAETCA

2
KBaJipaTHbIM KopHeM H3 49, Tak Kak 72 = 49; uyucJo e

. 4 2\2 4
KBaJJpaTHbIH KOpPEHb H3 9 TAK Kak (?) =_9_'

Onpepenenuns. 1. KsaapaTusiM KOpHEM H3 4HCJIA @
HA3bIBAETCS YHMCJO, KBaApaT KOTOPOro paBeH 4.

2. ledcTBHE, MOCPEACTBOM KOTOPOro OTHICKHBaeTCs KBaj-
paTHBIH KOpPEHb, Ha3bIBAeTCSA H3BJEYEHHEM KBaJPaTHOro
KOpHA.

H3Bneuenne KopHa (KBaZipaTHOro) SBJSETCH [JEeHCTBHEM,
oOpaTHbIM BO3BEJeHHI0O B KBajpaT: NMPH BO3BeJEeHHH B KBaj-
paT H3BeCTHO 4HcJIo, TpefyeTcsi HAWTH ero KBajpaT; INpH
M3BJIEYEHHH KBaJpaTHOrO0 KOPHA W3BEeCTeH KBaJpaT YHUC/a,
TpebyeTcss HAWTH CaMO YHCJO.

[TosToMy npaBH/IbHOCTH H3BJEYEHHS KBaJPaTHOTO KOPHA
MOXKHO TMPOBEPHTb, BO3BeAA HaHJeHHbIH KOpPeHb B KBajpar,
€CJIM MOJYYHTCA JlaHHOE YHCJIO, 3HAYUT, KOPEHb HAH/IEH BEPHO.

PaccMoTpuM ypaBHeHue:

x2=q (1)
NpH Pa3/HYHbIX 3HAYEHHAX Q.

7 Adare6pa, VI=VIII ka. 193



1) Ilyers a < 0.

B stom canyyae ypaBuenue (1) ne umeer pewenuii. [le#-
CTBHTEJIbHO, KakKoe Obl 3HayeHHe X Mbl HHM B3sJIH, KBajpar
ero OyleT Bcerja HeOTPHLATEJbHBIM YHCJOM (T. €. IOJIOXH-
TeJbHbIM YHCJOM HJIH HYJIEM) H, CJAeNOBaTe/JibHO, HE MOXeT
PaBHATbLCA OTPHLATEJBHOMY YHTJAY a.

2) Ilyete a=0.

OueBnaHo, 4TO B 3TOM cJy4dae ypaBuenue (1) umeer eaun-
CTBeHHCe pelleHHe x = 0.

JleiicrBureabno, 02=0 - 0=0, ecau xe x+0, To 0 x2 =+ 0.

3) Ilycte a > 0.

B stoMm cayuae, KaKk Ml yKe BHJEJH Ha NpHMepe YpaB-
HeHHsl x? = 81, ypaBHeHHE MOXKET HMeTb pelleHHe.

M3 Bcero CKasanHOro MOXHO CJe/aTh BHIBOJ.

Has moeo umober u3 uucaa MOxnHo OblA0 U38.ae4b KEQOD-
pamHblil KopeHs, Heobxo0umo, 4umobsl oHO 6bLA0 Heompuya-
MeAbHbIM YUCAOM, MO €CMb NONOHCUMENbHOIM YUCAOM UAU HYAEM.

§ 92. ApudmetTHyeckuit KopeHb.

Pemras B § 91 ypaBHenne x® = 81, Mbl HawIM ero moJo-
JKUTeJNbHBIH KopeHb: x=9. Ho J/erko ycraHoBHTb, 4YTO H
yucsao — 9 TOXKe SIBJISIeTCSl PElUeHHeM 3TOro ypaBHEeHHS, Tak
kKaKk (—9)? = (—9) : (—9) = 81. 3uauut, yucno 81 umeer jpBa
KBazpaTHelX KopHa: 9 u —9. Ilonoxurenannoe uucao 9 Ha-
3biBalOT apumMeTHueckHuM KopHemM u3 8l. Touno Tak
e yuesao 144 umMeer fnBa KBaapaTHhIX Kopua: 12 uw —I12,
[TonoxurenbHoe yucao 12 HaspiBaloT apH(MeTHUECKHM KOp-
HeM u3 144. Boobuie, ecau b siBisieTcsi KBajJpaTHbIM KOPHEM
H3 Kakoro-iu6o MOJIOXKHTEJbHOrO0 4HCJa @, TO M YHCJO, Mpo-
THBOMNOJIOXKHOE YHCAY b, TOXe SBJAsSeTCS KBaJpaTHbIM KOPHEM
u3 a. [lefictBurensho, ecau b®=a, to u (—b)*=(—"b) « (—b)=
=b?=a. OlHH H3 KOpHeH ABJAETCS MOJOKHTENbHbLIM, JPyrod
OTPHUATEJIbHBIM YHCJIOM.

Ecan a=0, To eIHMHCTBEHHBIM YHCJOM, KBaApaT KOTOpPOro
paBen 0, ectb b=0.

Onpepenenne. HeorpunareabHbiii KBagpaTHLIH KOpPEeHb
H3 HEOTPMLATEJbHOr0 YMCJA HAa3bIBAeTCs apU(MeTHYECKUM
KBaJpaTHbIM KOPHEM H3 3TOr0 4HcJa.
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ApudMeTHueckuii KopeHb H3 UYHCJa a 0603HaYaeTcsl TaK:

V a. Yucno a, U3 KOTOporo HM3BJeKalOT KOPEeHb, HA3biBAeTCH
NOAKOPEHHBIM HHCJOM.

IIpumepsi: V1i=1; VY 0=0; V4=2; V
1V 0,25=0,5;: V' —25 He HMeeT cMbiCJa.

Herpyano yGeauTbesi, YTO apugpmemuueckuli Kopewb U3
HeompuyameasbHo20 YUCAQ MOXCEmM UMemb Auulb O00HO eOuH-
cmeennoe 3naderue. TToscuuM 3To npumepom. Umeem: )/ 49=7,
HO HHKaKoe Jpyroe HeoTpHIlaTeJbHOe 4HCJa0, OyAyuH Bo3Be-
JEHO B KBajpaT, He MoxeT jaTh 49.

B camom gene, ecqu B3ATb JitoO6oe 4yuca0 (HeOTpHLlaTe/b-
Hce), MeHbluee 7 (Hanpumep, 6; 6,5; 6,7 u 1. n.), TO, BO3-
BeJll ero B KBaJpaT, MOJYYHM YHCJIO, MeHbliee 49.

Ecau xe B3saTh J1060e uucao, Goabluee 7 (nanpumep 8;
7,5; 7,9 u T. n.), TO, BO3Be/s ero B KBajpar, MOJyUYHM YHCJIO,
Gosibuiee 49, W NHIUL OAHO TMOJIOXKHMTEJIbHOE YHCJO 7, BO3Be-
NéHHOoe B KBajpart, gact 49.

Takum o6pa3oM, H3 BCero CKa3aHHOrO Bblllle BbITEKaeT
caepymouiee:

1. Ian evipawcenus V a Oonycmumeimu 3HaUeHUAMU a
mozym bbimb AUWL HeompuyameabHole wucaa, mo ecmo a > 0.

9. Camo evipaxcenue V a makice Modem umems AULLL
HeompuyamerbHoe 3Hauenus, mo ecms V a > 0.

3. ¥Ypasuenue x® = a npu a > 0, kpome pewenusn x=V a,
umeem ewé ompuyameasroe pewenue — V' a, 3nauum, danHoe

ypasrerue umeem 0éa peuienus: x =+ YV a
(mpu a = 0 noayyaerca oAHO pelieHune x = 0).
M3 HeoTpuuaTeNbHOCTH apudMeTHUeCKoro KOpHSA, cJe-

AyeT, YTO PaBeHCTBO
Va®=a.
HMeeT MeCTO He Bcerja.
AT10 paBeHCTBO OyAEeT BePHBLIM JIHUIbL NPH yCJA0BHH, YyTO @ > (.
Eciu a <0, To BepHbIM OyjJleT Takoe PaBEHCTBO:

v’ﬁ§==-—~a.
Hanpumep, ecin a = —5, 1o 6ynemMm nMeTh:

V(=52 =25 ="5=—(—5).
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Touno Tak ke V (—4)2 =4, V(=11 =11 u 1. n
Taxum o6pa3oM, NMpaBHJABLHO MOXHO 3amucaTh TakK:

Va®*=a npu a>0;
Va® = —a npu a <0.

[IpHusiB BO BHHMaHHe, 4TO abCOJIOTHAs BeJHYHHA YHCJA
BCerja noJioxKuTesJbHa (WJH paBHA HyJ10), 06a 3TH paBeH-
CTBa MOXHO OOBEeJHHHTb B OJHO:

V a = lal.
Hanpumep: V' (—10)2 = |—10]| = 10.

§ 93. MpubGauxEHnubifi KBaAPaTHBIH KOpPEHb
M3 MOJOXHTEAbHOr0 YHCJa.

3anaua. Komnama keadpamuoil ghopmol umeem naowjade,
pasryio 20 k8. m. Haimu eé Oauny u wupuny.

Tak kxak KomHara KBajpaTHasi, TO €€ JJIHHA X paBHa eé
wxpHHe. Ilo ycnoBHIO 3ajayd Mbl JOJNMKHBI HMETh:

x? = 20,

M HaM TpebyeTcsl HAWTH apHpMeTHUECKHH KOpeHb H3 yHcJa 20.
OuyeBHAHO, YTO X He MOXeT ObiTh ILleJbIM YHCJIOM, Tak

Kak 42 < 20 < 5% a mexay ABYMA COCEIHHMH LeJIbIMH YHC-

NaMH 4 U 5 He COJepXKHTCA HH OJHOrO I1eJIOro YHeJa.

Hama 3anaya umeeT BnosiHe onpejeNéHHbIH TpaKTHYe-
CKHH CMBICJI, H €€ MOXXHO pelHTh NPHOJHKEHHO C TpeGyemoil
TOYHOCTLIO.

[TokaxeM, KakK 3TO MOXHO CJeJaTb.

Mbl yxasanu, ABa COoCeHMX LesblX 4ucaa 4 u 5 Takwue,
uto 42 MeHbue, a 5% GoJsblue, uem 20.

Uucsno 4 nasbiBaeTcsi nNpuOMMKEHHBIM KBaJpaTHLIM KOp-
HeM M3 20 ¢ TOYHOCTLIO 0 | ¢ HeJZOCTAaTKOM, YHCJIO
5 — npubamKEéHHbIM KopHemM u3 20 ¢ TouyHocThio J0 |
¢ H30BITKOM.

Paccmorpum Tenepb AecsiTHYHble ApoOH, 3aKJ/IOYyatoLUlHecs
MeXAy 4 W 5 H HMeloUlHe LieJoe YHCJO JeCATHIX JOoJIeH:

4.1; 4.2;: 43; 4,4, 4,5; 4,6; 4,7; 4,8; 4,9.
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Bynem necaenoBaTelbHO BO3BOJAHTL 3TH ApcOH B KBaJpar,
NMoKa He mnoJyyum yucaa, 6oaswero 20.

X 4,1 4,2 4,3 44 4,5

y 16,81 17,64 18,49 19,36 20,25

Hrtak, Mbl noJyuyuJiu:
(4,4)® < 20 < (4,5).

Uucana 4,4 u 4,5 HasbBalOTCs MNPUOIMKEHHBIMH 3Haue-
HUSAMH KBajpaTHoro KopHs u3 20 ¢ Tounoctbio Ao 0,1 ¢ He-
JIOCTaTKOM H C H30bLITKOM (COOTBETCTBEHHO).

Ecau Ham HejocTaTOYHa MNOJyYeHHAss TOYHOCTb, TO TIO-
CTYNUM Tak: OyjieM BBINUCHIBATL JECATHYHbIE APOOH, 3aKJIIO-
yéHHble Mexay 4,4 u 4,5 U cojepiKallHe LeJ0e YHCI0 COThIX
Jloieii, a 3atem GyaeM noc/jejoBaTe/IbHO BO3BOJHTb 3TH ApOOH
B KBajpar, MOKa He MOoJy4YydMm yHcaa, Goabuiero 20:

4,41

4,42

4,43

4,44

4,45

4,46

4.47

4,48

x2

19,4481

19,5364

19,6249

19,7136

19,8025

19,8916

19,9809

20,0704

Uucna 4,47 u 4,48 HaspiBaloTCs NPHOIHIKEHHBIMH 3HAye-
HHAMH KBaapaTHoro Kopusi H3 20 c Tounoctbio o 0,01 c
HEJIOCTAaTKOM H C H30OBLITKOM.

TouHo Tak e (eC/JH 3TO HYMKHO) MOXKHO MOJIYUHUTb TIPH-

6nuxénnsle 3Hauenns )/ 20 ¢ Tounocrsio a0 0,001; 310 6yAyT
yucna 4,472 wu 4,473, Ttak kak (4,472)% = 19,998784 wu
(4,473)* = 20,007729 u, 3HAUHT:

(4,472) < 20 < (4,473)2.

Hrak, Hama 3ajjaya Mojiyyusia pellleHHe C TOYHCCTBIO 10
TPEX 3Havawux uudp; Takas TOYHOCTH BMOJIHE J0CTaTOYHA
BO MHOTHMX NpPaKTHYECKHX H3MepeHHsIX. MOXHO CuuTaTh, YTO

x = 4,47.
Jazaum teneps obuiee onpejeneHue NpHOAHKEHHOTO KOPHS.
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ITpubruncEHHOIMU  SHAYEHUAMU K8AOPAMHO20 KOPHA U3
0aHHO20 4UCAQ € MOYHOCMBbIO 00 eOUHUYbl Hasvleamcea 06a
nocae008amenbHbLX HAMYPAAbHLIX YUCAA, U3 KOMOPbIX Keadpam
nepeozo Menvuie, a Keadpam emopoeo 6oabule OAHHO20 YUCAQ.

Ilepsoe u3 smux uduces Ha3bl8aemca NPUBIUNCERKBIM 3HA-
YeHUEM KOPHA C Hedocmamkom, 8mopoe — npubauncéHHbIM
BHAYeHUEeM KOPHA C U30ObIMKOM.

3anucuiBalOT NPUOJIHKEHHBIE 3HAYeHHA KOPHA Tak:

Vi0=3 (c wex.); V' 10=4 (c u36.).
IIpume pol

V134=11 (c wen.); V13412 (c u36.);
1/ 1000 = 31 (c uexn.); V1000 ~32 (c us6.).

BMecto c/0B «npHOIHKEHHOE 3HaueHHe KBaJpaTHOro KOp-
HSI» YaCTO TOBOPAT MNpPOCTO <«NpHOAHMKEHHBIH KBaJpaTHHIA
KOpEHb».

Uro6um HaHTH NMpHOJIHIKEHHLIA KOpeHb C TOYHOCTHIO o 1 ¢
HeJloOCTATKOM, HAJ0 HaATH HauboJibluee HATypaJibHOe YHCJIO,
KBaZIpaT KOTOPOro MeHblle NMOJKOPeHHOro YHcJa. JTO MOXKHO
c/llelaTh WJIH NYyTEM MCNbITaHHA, WJIH MNOJNb3ysach TabJHLAMH
KBaJpaTtoB HaTypajJbHHX YHCe.

[Ipu6aBuB 1 K npuGIHKEHHOMY KOPHIO C HEJOCTATKOM, I1O-
JYudM TNpHOJHKEHHBIH KOpeHb C H3OLITKOM.

Onpenenenune. MNMpubanx€nHbiMH KBaJPATHBIMH KOp-
HSMH C HEJOCTATKOM H C H3OBLITKOM H3 YMCJA C TOYHOCTbIO
no 0,1 Ha3bIiBAalOTCSl TaKHEe JBa YMCJAa, OTJHYAKOUWIHECH Apyr
ot apyra Ha 0,1, W3 KOTOpBHIX KBajpaT OAHOro MeEHbllE,
a kBajapat Apyroro OoJblue AaHHOro YHcJa.

[Ipu6aukéHHble KOpHH ¢ ToyHocThio mo 0,1 3anucwBaoT
B BHJle JIECATHYHBLIX Jpo6ed ¢ OJHHM 3HAKOM Tocie 3a-
naroi. [lpu6aBuB 0,1 k npuGINKEHHOMY KODHIO C HeJoO-
CTaTKOM, INOAYYUM TPHONHKEHHLIH KBaJpaTHbIH KOpeHb C
H30BITKOM.

Hanpumep, npu6AHKEHHBIMH KOpPHSIMH C ToyHocThbio Jio 0,1
u3 32 6yayr yucna 5,6 U 5,7, TaKk Kak

5,6 = 31,36; 5,72 = 32,49.
5,6 < 32 < 5,72,

3HayHT,
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AHa/NOrHyHO OmnpefessioTcss NPHOAHKEHHbIE KOpPHH C TOY-
Hocthio po 0,01, 0,001 u T. §. M3 RaHHOro 4mMcha.
[Tpumep. Yucna 3,77 u 3,78 saBasiorcss npHOIHKEH-

HBIMU 3naueHnsMr /14,24 ¢ Toumoctio go 0,01.
[TpoBeprM 3T1O:

(3,77)% = 14,2129; (3,78)* = 14,2884.
3HayYHT,
(3,77)* < 14,24 < (3,78)2.

Hrak, aucna 3,77 u 3,78 oraugaiorcs ApPYyr or Apyra
Ha 0,01, kBaspaT nepBoro MeHblue, a KBaJipaT BToporo GoJiblue,
yeM 14,24. D10 ¥ o3Havaer, yto 3,77 u 3,78 cyTb NpHOJIH-
KEHHble KOpHH H3 14,24 ¢ TouHocthio ao 0,01.

§ 94. lpaduk 3aBucumoctn y =}/ x.

[MocTpouM rpaduk 3aBHcHMOCTH y = J/ x.
CocraBHM, HanpuMep, TaKylo Ta6JHLy 3HAYeHHH X H Yy,
B3AB MpHOJHKEHHBIE KOPHH ¢ TogHOCcThIO jJo 0,01:

x |01 |2 |3 |4|5 |6 |7 ]| 8/|[9]10
y=V x| 0| 1 | 141]1,73] 2 | 2.24| 245| 2,65| 2.83| 3 | 3.16
Y
y=¥e ,_..-;=L-l
M L
=
i
!
A 8 10 1z 1 %X
Uepr. 65

[TocTpouB no sToii Tabauile TOYKH HA KOOPAMHATHON NJOC-
KOCTH W COEJJHHHB HX TIOCJ]IeloBaTeJbHO KPHBOH JHHHEH, MOo-
JY4HM rpapHk, H300paKEHHbIi HA uepTexe 5O.
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C noMmomibi0 aKKypaTHO MOCTPOEHHOrO rpadHKa MOXKHO
HAXOJHTb NpPHOJHIKEHHbIE 3HAYEHHS KBaJlpaTHOTO KOPHS, €CJIH
He Tpebyercs GOJIbLIOH TOYHOCTH.

Haiiném no rpaduky J/ 6,7. Ha ocu aGecuucce Haiiném Tou-
Ky A c a6cuuccoit 6,7 W uepe3 He€ nNpoBelEM TNepreHHKY-
JAp K 3TOH OCH, KOTophlii mnepeceyér rpapuk B Touke M.
OpauHara 3Toi TOYKH, paBHas npuOGJau3HTENbHO 2,6, H pacT
npu6HKEHHOe 3HaueHue ) 6,7.

Tak kak 1o onpelesNeHHI0O apH(PMETHYECKOro KOpPHSl X H y
He MOryT ObiThb OTPHLATEJNbHBIMH YHCJIaMH, TO rpauk 3aBH-

CHMOCTH y =}/ x pacnosioxed B | ueTBepTH KOOpAHHATHOIA
MJIOCKOCTH,

Mpubauxéunse dopmyan. Ecan B ToXzecTse

? 2
(l:i:-;—)=l:tﬂ+% (1)

ﬂ,'
YHCJIO @ MaJI0 MO CPaBHEHHIO C eAHHKHLEH, TO, OTOPOCHB YJIeH 7 ToAyuHM rio

M3BJieYeHHH H3 OO0eHX uyacTed KBaJApaTHOro KOpHSI MPHGJIHXKEHHBIE pa-
BCHCTBA:

Vli_a#l;l;%,

KOTOpble MO3BOJSAIOT JIerKO HaWHTH B yMe npuGAHIKEHHbIE KOPHH M3 Yli-
ces, 6IH3KHX K eJHHHLE.

[Tpumepsl.
[To dopmyane. Bonee TouyHble 3HayeHHA.
Y'1.03 ~ 1,016; V1,03 ~ 1,01489;
YV 1.04 = 1,02; YV 1.04 ~ 1,01980;
Y 0.96 ~ 1 — 0,02 = 0,98; Y/ 0,96 ~ 0,97979;
Y 0,97 ~ 1 — 0,015 = 0,985; 1 0.97 = 0,98489.

[MepeBHHYB B MOAKOPEHHOM UYHCJe 3anaTyi0 Ha ABe uudps, a B

Nnoay4YeHHOM KopHe Ha oaHy uudpy Bnpaso (cm. m. 1, npumep 4),
NOJYYHM:

Y 105 =~ 10,25; V105 ~ 10,24695;
Y 106 ~ 10,3; Y 106 ~ 10,29563;
V98 ~10—0,1=0909; V98 =~ 9,89949;
V9% =~ 10—0,25=9,75; V95 =~ 9,74679.
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§ 95. H3BjeyeHHe KBAAPATHOro KOPHS H3 LEJAbIX 4YHCeJN.

B nHactosimeM naparpade Mbl BbiBeJleM MpaBHJO H3BJECYEHHS KBaj-
paTHOrO KOpHfA H3 LiesblX YHcesa. B cayuyae, ecan JaHHOe YHCJIO He siB-
JIIeTCA KBAJApaToM LeJIoro 4Yucja, MO STOMY TMpPaBHJAY MOXHO HaHTH
npHOAHKEHHLIH KOpPeHb ¢ HEAOCTAaTKOM C TOYHOCThIO o 1.

Hasaeuenne KOpHS W3 uesaoro uucaa, mewbiiero 10000, wo Goan-

wero 100. ITycth Hano Halith /4082, Tak Kak 3TO 4YMCJO MeHbLIC
10000, To kopeHb Hu3 Hero MeHbwe 100. C apyrofi cropoHbl, naHHOE
yucao Goabwe 100, 3HauuT, KopeHb M3 Hero Gosbwe 10 (uau pasen 10).
Ho Bcsikoe uncno, koropoe Goabwe 10 (uau paBuo 10), Ho menbuie 100,
MMeeT JBe LH(pPbI, 3HAUHT, HCKOMbIH KOpPEHb €CTb CymMa:

[eCATKH 4 eAHHHLbI,
H NMO3TOMY KBajpaT ero JOo/KeH paBHATLCA CyMMe:
(necATKH)® + 2 - (mec.) - (eauH.) + (eaAHHHUDBI)?E.

Cymma 3Ta Ao/KHA ObiTh HaHOOJIBLIHM KBaJpaToM, 3aKJO4alolHMcst
B 4082. Tak kKak (JecATKH)? COCTaBJISIIOT COTHH, TO KBaJpaT JeCSATKOB
Hal0 HCKaTb B COTHAX JaHHoro uHcaa. Coten B paHHoMm uwucae 40 (Mol
HaXOMHM HX YHCJO, oTAesaHB 3anatoli aBe uudpel cnpasa). Ho B 40
3aKJ/l04aeTcd HeCKOJbKO uesabiXx KBaapaTtos: 36, 25, 16, ... n ap. Bo3b-
MEM H3 HHX HauOo/bluHA: 36, W AONMYCTHM, UYTO KBajpaT JeCcATKOB
KopHi OyjJeT paBeH HMEHHO 3TOMY HauGo blueMy KBajaparty. Torja
YHCJO JeCATKOB B KOpHe Jo/ukHO ObiTh 6. [IpoBepHM Tenepb, uTO BCeraa
YHCJIO JIeCATKOB KOpPHA paBHO HaubosblueMy LEeJOMY KOPHIO H3 YHCIA
COTeH MojJKopeHHoro uucsa. [leficTBHTENbHO, B HalIeM MpHMEpe YHCJAO
JAeCATKOB KopHS He MoxeT ObiThb Gosblue 6, Tak kKak (7 mec.)? = 49 co-
TeH, uto npeBocxoauT 4082. Ho ono He Moxer ObiTb H MeHblie 6,
TaK KakK d jec. (Cc eqHHHuaMmu) MeHbwe 6 gec., a mexay rtem (6 nec.)?=
= 36 coTHaAM, uyTO MeHbiue 4082. A Tak KakK Mbl HuleM HaHOGOJbLUHH 1e-
Jblii KOpeHb, TO He cJjeayet OpaTbh JAad KopHf 5 jec., koraa u 6 jec.
OKa3biBaeTcsl MaJjo. Mrak, Mbl HallIH YHCAO JECATKOB KOpHA, HMeHHO 0.
[MTvwem 3Ty uHppy HanpaBo OT 3HAaKa paBeHCTBAa, 3anoOMHHB, 4YTO OHA
O3HayaeT JeCATKH KopHs. BoasbicHB eé B KBajapaTt, noJjyuum 36 corten.
Bbiuutaem 3TH 36 coten u3 40 coTeH MOJAKOPEHHOro YHCJa H K OCTaTKYy
NpHNHCbiBaeM 4YHcao 82:

V40782 =6
36
48’2

B uncse 482 poskHaA cojepKaTbCcA CyMmMMa:
2 - (6 nec.) - (exuH.) 4 (eAMHHILI)?,

[Tpoussenenne (6 nmec.) - (eAHH.) AO/IKHO COCTaBASATH JECATKH, No-
5TOMY Y/IBO€HHOe TMpOH3BelleHHe JeCATKOB Ha eJHHHUbl HAjJ0 HCKaTh
B JIeCATKAX OCTaTKa, TO ecTb B 48 (Mbl MOJYYHM UHCAO KX, OTAEJHB
B ocratke 48’2 ogHy uuppy cnpasa). Y ABocHHble JAeCATKH KOpPHA CO-
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crasasiior 12. 3naunt, ecan 12 yMHOXHM Ha eJlHHHUR KOpHA (KOTOpHE
NOKa HEeH3BeCTHbI), TO Mbl JOMKHBI MOJYYHTb YHCJO, cofepikauleecs B 48.
[Mostomy pasgennm 48 Ha 12. [Iag 3Toro BJEBO OT OCTaTKa MpPOBOJHM
BEPTHKAJbHYIO 4YepTy H 3a Hed (OTCTYNMHB OT 4YepThl Ha OJHO MeCTO
BJIEBO, AJA UeJH, KoTopas cefyac oOHapyXHTCfl) HamHIeM YJABOEHHYIO
nepsyio uudpy KopHs, To ecTb 12, W Ha He€ pa3fiennMm 48,

B wuactHoM mnoayunM 4. OaHako 3apaHee HeJab3s py4aTbCH, 4TO
uubpy 4 MOXHO NMPHHATH 32 €JWHHUB KOpHH, TaK KakK Mbl ceAyac pas-
Aeanau Ha 12 BCE YHCJIO NeCATKOB OCTaTKa, TOrAa KakK HeKOTopasl 4acTb
H3 HUX MOXET H He MpHHAJJIeXaTb YABOEHHOMY NPOH3BEJEHHIO AECSTKOB
Ha eJHHHUB, 2 BXOAHTb B COCTaB KBajipaTta eJHHHU. [TosatoMy uudpa 4
MOXeT OKa3aTbcsi BesqHka. Hapo e€ ucnmitath. OHa, oueBHgHo, 6Gyner
rOAHTBCA B TOM cJayuae, ecnidH cymma 2 - (6 pmec.) « 4 + 42 okaxerca He
Gonbuie ocrtatka 482. Cymmy STy Mbi MOXEM BLIYHCJAHTB Cpasy TaKHM
NPOCTHIM NMPHEMOM: 33 BEePTHKAJBHOH YepToi K YABOeHHOH Luppe KOpHS
(k 12) npunuceiBaem cnpaBa uuppy 4 (nMO3TOMYy Mbl H OTCTYNHJAH OT

yepTbl Ha OAHO MECTO0) M Ha He€ e YMHOXKHM MOJYYeHHOe HYHCJIO
(124 Ha 4):

40’82 = 6
V 36

——— e

124 48’2
449 6

JleACTBHTEIbHO, MPOBOASA STO YMHOXKEHHe, Mbl YMHOXaem 4 Ha 4,
SHAYHT, HaXOAHM KBaJpaT €JHHHIl KOpHA, 3aTeM Mbl yMHOxaeM 12 je-
CATKOB Ha 4, 3HAa4yHT, HAXOJHM YJABOSHHOE MpPOH3BeJAeHHe JIECATKOB
KOpHA Ha eJHHHUHW. B pesyabTare mosiydaeM cpasy CyMMYy TOro H Apy-
roro. IlonyueHHoe mnpou3BeleHHe cKa3aJock 496, uTo OGosbllue OCTaTKa
482, 3naunt, undppa 4 Benuka. Torga ucnbiTaeM TaKHM e o6pa3oM
cleAylomyo MeHbluyio uuppy, 3. IIasa storo coTtpéM uudpy 4 U npoH3-
pefenHe 496 u BMecTO UHOPH 4 mocTaBHM 3 H YMHOXMHM 123 Ha 3;

V 40782 = 63
36

123 | 48
| 35

WM

3

11

w

[Mpou3ssenenne 369 oxasanoch MeHble octaTtka 482; sHauut, uudpa 3
rogutcs (ecan Obl CAYUYHJIOCH, YTO H 3Ta UHPpa BeJHKa, TOrja Hajxo
6bivio 6bl HCMBITATh CAeflyiowyio MeHbwyio uudpy, 2). Hanuwem uudpy 3
B KOpHe HanpaBo OT uudpu pecatxkon. [locaennnit ocratok 113 noka-
SbiBaeT H3OLITOK AA@HHOTO 4YHCJAa HaJ HaAHOOJIBLIMM LeJbiM KBaJjpaToM,
sakjoyamomwumMcs B HéM. i1 npoBepkH BO3BBICHM B KBajapar 63 H K
pesyabraty npubaBum 113:

63 = 3969
+ 113
4082
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Tex Kak B cymMMe MOJY4YHIOCH AaHHOe uucao 4082, To peficTBHe cje-
JIAHO BepHO.

Mpamepu
1. Y1225 = 2. V86’55 = 93 3. V16705 = 40
9 81 16
65 l 32’5 183 |55"_5 8] 05
51325 3/549
0 6
4, YB72=29 5. )/ 64'00 = 80
4 64
49 | 472 00
9| 441

B derBépTOM npHMepe NpH JeNeHHH 47 NeCATKOB OCTaTKa Ha 4 Mu
nosydaeM B yacTHoM 1l1. Ho Tak Kak uudppa eauHHLl KODHA He MOXKeT
6biTh ABY3HAayHBLIM yHcsoM 11 uan 10, To Hano npamo ueneitaTh HHGpy 9.

B nsatoM npumepe mocjie BbIYMTAHHSA H3 nepBoff rpaHH KBaaparta 8
OCTAaTOK OKa3biBaeTcsi paBHbIM 0 M cieaywowas rpaHb TOXe COCTOHT H3
HyJe#l. 3ToO NOKa3LIBaeT, YTO HCKOMBIi KOpeHb COCTOHMT TOJBKO H3 8 je-
CATKOB, H MOTOMY Ha MeCTO €QHHHIl HAAO MOCTaBHTb HYJb.

H3sneyenne KopHs W3 ueaoro 4ucaa, Goavwero 10 000. ITycte Tpe-

6yerca nafith )/ 35782, Tak Kak NOAKOpPEHHOE WYHCJO NPeBOCXOMHT

10 000, To kKopeub u3 Hero Goabwe /10000 = 100 u, caegoBaTesbHO,
OH COCTOMT H3 Tpéx unHbp uau Gonee. U3 ckonbkux Obl LHGP OH HH
COCTOAJ, Mbl MOeM ero BCerja paccMaTpHBaTb KaK CYMMY TOJIbKO je-
CATKOB H enuHHu. EcaH, Hanpumep, KopeHb okaszajicsa Obl 482, 10 Mu
MO>KeM ero CYuTaTh 3a cyMMy 48 necATKOB -+ 2 eaunuuunl. Toraa KBaj-
pat kopHsi OyjeT COCTOATH MO-NMpeXHeMy H3 TPEX cJaraeMbiX:

(necaTtkn)® 4 2 . (mec.) + (enun.) 4 (eAHHHLBI)?,
Teneppb MBI MOKeM PpaccyXJaTh COBepIUeHHO TaK e, KaK H NpH

HaxoxJenun )/ 4082 (B npeamiaymeM npumepe). Pasuuua 6ygeT TOAbKO
Ta, YTO AN HaXOXJeHHA JecATKOB KOpHA H3 4082 mMul nomxHB ObljaH
u3BJeyb KopeHb H3 40, H 3T0O MOXHO ObLJIO clenaTh no TabJaHue YMHO-

XKEHHS; Ternepb Xe ANA NOJaydeHus AecATKoB J 357’82 uam npupérca ua-
BJeYb KopeHb M3 357, yTo mo Tab/aHle YMHOMEHHS BBIMOJHHTH HeJb3l.

Ho Mbl Moxem Hafttu V357 Tem npmémom, KoTopuil 6B/ ONHCAH B Npe-
AbiAyuleM npumepe, Tak Kak uucao 357 < 10 000:

V3'57*82==189
-
28| 2 5
2

LOW MO
W Lo v ~|-—

8
369
9

i
|
3 2
1
1

O] 80 Gokiiicavinns
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HauGonbwnit ueaniii xopeub u3 357 paseH 18. 3uauur, B ) 3'57/82
NoJKHO ObiTh 18 NecsiTKOB.

Utobbl HafiTH eluHHILI, Hajo H3 3'07/82 BoiyecTh KBagpat 18 pe-
CATKOB, AJf 4Yero JoCTaToO4yHO BbiuecTh KBaapar 18 u3 357 corteH H K
OCTATKY CHeCTH ABe nocjejHHe UHPpbH MoAKopeHHOro uucjaa. OcTaTok
OT BbluWTanua Keajparta |8 u3 357 y Hac yxe ecTb: 3T0 33. 3HAuHT,
JAJ5i MOJIyueHHsi OcCTaTKa OT BblYHTAaHHA KBajpata 18 jecsiTkoB Ha
3’57’82 pocratouno K 33 npunucaTh cnpaBa udps 8 u 2.

Jlastee nocTynaeM Tak, Kak Mbl MOCTYNajau npu Haxoxaenuu ) 4082,
a UMeHHO: BJeBO OT ocTaTka 3382 npoBOAHM BEepPTHKAJbHYIO YepTy H
31 Helo MHIeM (OTCTYMHB OT 4epThl Ha OJHO MeCTO) YABOEHHOE YHCJO
HalJeHHbIX JeCATKOB KOpH#A, To ectbh 36 (aBaxawl 18). B ocrtaTtke or-
AcasieM OfIHY uudpy crnpaBa M JeJHM YHCJIO JeCATKOB OCTaTKa, TO €CTh
338, na 36. B uvactHoM nosayuaem 9. 3Ty undpy HCnbITbIBaeM, st
yero eé npunucebiBaeM K 36 cnpaBa U Ha Heé e yMHoxaem. [IpousBe-
AeHue okasaaoch 3321, 4rto MeHblie ocratka. 3HauHT, undppa 9 ro-
AHTCS, MHLIeM eé B KOpHe.

Boo6uie, utoObl H3BJeub KBajpaTHbIi KOpeHb H3 KaKoOro yrojHo
LeJOr0 4YHCJa, HaA0 CHayaja H3BJeyb KOpPeHb M3 YHCJA ero COTeH;
ecaH 3T0 yucao Goablue 100, To npuaéTca WcKaTh KOpeHb H3 4HCJa CO-
TeH 3THX COTEH TO eCTb M3 JECATKOB ThICAY JAHHOMO 4YHCJA;, eClH H
370 yucao Goabwe 10000, npupércs u3BJekaTb KOpeHb M3 YHC/IAa COTeH
RECATKOB ThICAY, TO €CTh H3 MH/IJIHOHOB JlaHHOTO 4HCJa, H T. A.

ITpuMepsni:

1. Y87 270 0 0 0=2952 2. V:;,fsofa 276 0" 89=18717
AEEEEE ERIEE
9|t 72 ||} 28‘_25'0555555
944 1§ |} 812 24 } § 11 1
58| 3 1 0°0 | i 367126 32 1! |
5|2925;_§ 712569 i it
5902 | 1 7 5 0°0 3?41]636’03.;
2 | 118 04 1 | 37 41 ;]
56 96 3?427[26198’9
726 1989
0
3. V9 517105 6=23084
9
608 |51 1'0
8| 48 64
ﬁ:ﬁ4|24ﬁ§ﬁ
4 |2 4656
0

B nocneanem npumepe, Halaa nepByio UHGpPY H BHIYTS KBajpar eé,
nonyyaem B octatke (. CHocum caeayiomue aAse uvppol, 5 1 1. Otaenus
ACCATKH, Mbl MOJyuyaeM O JecsiTKOB, TOTla KaK HaijleHHas yJABOeHHas
unppa kophs ectb 6. 3Hauut, or penenua 5 Ha 6 mMbl nmoayuyaem 0.
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CraBum B kopHe 0 Ha BTOPOM MeCTe H K OCTATKy CHOCHM CJeayiolHe
aAse uudpol; noayyaem 5110. [danee mpoaoskaeM Kak OObIKHOBEHHO.

I[Tpasuno. Ymober uszeseue Kreadpamusiii KopeHb U3 OaHHO20 te-
A020 qucaa, pasbusawom e2o om npagol pyxu K Aesoll Ha 2paHu no dee
yugppot 6 xaxcdoi, kpome nepeod (Kpaudrell neeoi), 8 Komopou moxcem
boims u 0dxa yugppa.

Umobo watimu nepeyio yugpy KoOpHA, u3sreKarom Keadpamubli Ko-
PeHb us nepsou 2padu.

Ymober natimu emopyio yugpy, u3 nepsol epaxu ebiuumarm Keao-
pam nepeotl Yugpot KOPHA, K 0CmMamky CHOCAM 6mMopyYlo 2paxk U Hucao
0eCAMKO8 NOAYHAIOWE20CA HUCAQ OeAam HA YyOBOeHHYO nepsyo yuppy
KOPHA, NOAYHEHHOE UyeAaoe YUCA0 nodeepaarom UCNbLUMaxurw.

Hcnoimanue 3mo npoussodumca mak: 3a eepmuxaabHol 4vepmotl
(Haaeeo om ocmamka) nuwiym yosoeHHOe paHee HaudeHHOe HUCAO KOPHA
U K HeMy ¢ npasoll CMOPOHbLL NPURUCHIBAOM ucnsimyemyr yugpy, noay-
Yueuleeca nocae B8MOIU NPUNUCKU YUCAO YMHONCAIOM HA UCNLUTNYEMLIO
yugppy. Ecau nocae ymHoXMceHus noaydumca wucao, boabwiee ocmamkd,
mo ucnoimyeman yugpa xe eodumca u Hado ucnwsimams CcaeAYOUYIO
MeHbuyo Yugppy.

Caredyrowue yugppot KopHa HAX00AMCA NO MOMY Xe npuémy.

Ecau nocae cHeceHUR 2paHu 4uUCAO 0eCAMKO8 NOAYLUBUE20CA HUCAQ
OKAXNCEMCA MeHbWwle OeaumeArs, Mo ecmo MeHbiue YOB0eHHOU HadeHHOU

wacmu KOpHA, mo 8 KopHe cmasam (), CHOCAM CACOYIOUYIO paHb U Npo-
doaxcarom Odelicmeue Oaasuue.

§ 96. H3Baeuenue kopHs ¢ ToyHocTbio Ao 0,1; 0,01 u T. A.

Mycts TpeGyercs Hafith } 2,35104 ¢ TouHOCTbIO 10 % (c HepocTaT-

KoM). PacnonouMm BBbIYHCJEHHS Tak:

V' 2',35'10'4 = 1,5
1

25|13’
5|12

o

|

o

1

Mbi cHayasa HaxoaHM NPHOJIHKEHHBI KOpeHb ¢ TOYHOCTHIO 10 1, TOMhKO
u3 uesoro uucaa 2. [Toayuum | (v B octatke 1), ITuiuem B KopHe wndpy |
M CTaBHM nocJje Heé 3anaTyio. Tenepb Haxoaum undpy aecatniX. [as storo
NpUNHCbIBaeM K ocTaTky | uuppel 3 H 5, cTOsIlIlHe HANMPABO OT 3aMATOH, U
NpoAOJIXKAaeM H3BJleyeHHe TaK, KaKk GyATO Mbl H3BJIeKaJH KOPeHb H3 LeJoro
yuesa 235. IMonyvennyio uudpy 5 nmHieM B KOpHe Ha MecTe JAeCATHIX.
OcTtanbHble UHQpbL noakopeHHoro uyucaa (104) nam He Hy)Hbl. YTO no-
JyueHHoe 4YHcJao 1,5 6yner AeHCTBHTENbHO NMPHOAHXKEHHBIM KOPHEM C TOY-

I
HOCTBIO 20 15, BHAHO H3 CJIEAYIOULEro; eciy Obl Mbl HAXOJAWJIH HAHO0O0.Tb-
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wHi weawft Kopewb H3 235 ¢ TouwocThio Ao 1, TO moayuuau G6m 15,
3HAYHT,

152 g 235 < 164,

PasfeauB Kaxjoe H3 3THX uucesn Ha 100, moayuum:

152 162

00 S 2% <159
HJIH

1,5t < 2,35 < 1,62,
H, HaKoOHel,

1,5 < 2,35104 < 1,6%.*

[Tyctb Tpebyercsi HAHTH C TOYHOCTBHIO M0 ﬁl}'ﬁ npuGauxénaud ¥ 248

¢ HegoctatkoM. Hafném uenoe uncsio, noToM — uudpy AecATHIX, 3aTeM —
H undppy cotnix. Kopenb H3 uenoro uyucaa Gyger 15 ueanix. HroOul
NOAYYHTb UHPY AECATHIX, HANO, KAK Mbl BUENH, NPHNHCATh K OCTATKY
23 emé ase uudpsl, CTOfIHE HAMPABO OT 3aNATOA:

¥ 27487,0000 = 16,74

28 | 148
8|125
3072 30°0
?l2149
8144 15 1070
4[ 12 57 6
252 4

B HameM npumepe 3THX uudp HeT BOBCE} CTABHM Ha HX MeCTO
Hysau. [IpunHcaBs MX K OCTaTKy H npojo/nkas AedcTBHe Tak, Kak 6yaTo
HaxofAHM KopeHb M3 uejoro uucaa 24 800, mbl Hafiném uudpy aecsartsix, 7.
Ocraérca HalTH uudpy cotwix. Oas sToro npunuceiBaeM K ocratky 151
em® aBa HyJAsi M NPOJO/IKAeM H3BJeyeHHe, KakK OYATO Mbl HaXOQHM
KopeHb H3 wuenoro uucaa 2480 000. ITonyusaem 15,74. Urto sTO umCI0

JNeHCTBHTEbHO ecTh NpHOMHKEHHBIA KopeHb H3 248 C TOYHOCTHIO A0 T(!]ﬁ

C HeJOoCTaTKOM, BHJHO M3 caenylomero. Eciu 661 Mbl HaXoAHIH HaHGOBILIHIT

nenbit KBaapaTHblii KopeHb H3 lesoro yucaa 2480000, To noayuusu Gbl
1574, 3HauuT:

15742 < 2 480 000 < 15752,

PasjeauB Kaxpaoe M3 3THX uHcea Ha 10000 (100%), moayuum:

156742 1575

* Or npubasnenuss uyncnha 0,00104 asofiHoft 3HAK < JOJIKEH H3Me-

HHTBCH, OYEeBHJHO, B 3HaK <<, a 3HaK > ocraérca (tak kak 0,00104 <
< 0,01).
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HJTH
15,74 < 248; 15,75 > 248.

3nayur 15,74 ecTb Ta AecATHYHAa JApolb, KOTOPYIO Mbl Ha3BaJM
" 1
NPUOIHIKEHHEIM KOPHEM C HeJOCTATKOM C TOYHCCTBIO [0 700 H3 248.

[Ipasuno. Ymobor ussreus u3 Oanno20 yeaoeo wucaa uAu U3

danHol Odecamu4yrod O0pobu npubauxcénuoili KopeHs ¢ HedocmamKkoMm

, 00 L. : u m. 9., Haxodam cHa4ara npu-
10 100 1000

OauncéHHbId KopeHs ¢ HedocmamKkom ¢ modHocmesio 0o 1, uszsiexas KopeHs
u3 yeaoeo wucaa (ecau eco Hem, nuwym 8 xopHe 0 yeavix).

ITomom Haxo0am yugpy Oecameoix. Has amozo K ocmamky npunu-
coiearom 06e yugpsr NOOKOPEHHO20 HUCAQ, CMOAU{Ue HANnpPaso om 3anamou
(ecau ux Hem, npunucelsarom Kk ocmamky 06a Hyas), u npodoaxarom
ussnedeHue max, Kax 9mo Oearaemcs npu uU38Ae4eHUU KOPHA U3 Yeao2o
wucara. IToaywennyto yugpy nuwym 8 KopHe Ha mecme Oecameolx.

Jamem naxodam yugpy comeix. Haa amozo K ocmamky npunucel-
eatom cHoséa 06e yugper, cmosuue Hanpaso om mex, Komopole Obiau
MOALKO 4mo CHeceHsl, u m. 0

TakuM o6pa3oM, NpH H3BJEYEHHH KOPHA H3 MeJoro 4Mcaa c jJecs-
THYHOH JApoObl0 Hado deaums Ha 2panu no dse yugpst & kaxdod, Ha-
qunaa om sanamou, Kaxk 6re60 (6 yeAod wacmu wucaa), max u enpaso
(Opobrod wacmu).

¢ mo4Hocmero 00 —

[Tpume phl.
1. M3Bneyb ¢ TOYHOCTBIO 7O I!TU kopnu: a) Y2, 6) Y 0.3.
a) V?=1,41 6) ]/0_3_0 0,54
2411070 104
HEY: l
281 | 400
128’1
119

2. . " i
HaB/eyb ¢ TOUHOCTBIO 10 70000 ° a) 0,38472: 6) 7

a) V0, 32*4?*20 =0,6202 ©6) |/ =~V 0,42785'71'4°2

19279477 Y 0,42°85°71742 = 0,6546
s 125 323 5
12402 | 320070 3
g 1304 67T
790 4 l 521 6
1308685 5 472
6|78 516
7026
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B nocnennemM mpumepe Mbl o6GpaTuad Apobb % B NICCATHUYHY(O, Bbl-

YHC/IHB BOCeMb JeCATHYHBLIX 3HAKOB, 4ToObl 06pa3oBasiHChb 4eThbipe rpaHH,
noTpeGHble A1 HAXOXAEHHS 4YeTbIPEX NeCATHYHLIX 3HAKOB KOPHA.

§ 97. KsagpaTHblli KOpeHb M3 NMPOU3BEAEHHUSA, APOOH
M CTeneHM.

B nacrosimem naparpade Mul 6yaeM paccMaTpHBath a p H -
MEeTHYeCKHe KBaJpaTHble KOpPHH.

B cayyae G6GykBeHHOro NMOJAKOPEHHOrO BbipaxkeHus OyneM
CYMTaTh, 4TO OyKBbI, COJepIKalluecs IMoJ 3HaKOM KOpH#, 000-
3HayalOT HeOoTpHIU aTeJibHB € YHCJA.

1. KopeHb u3 npou3BefeHus.

PaccMorpuMm Takoft npuMep.

1V 2601 = 51, tak kak (51)2 = 2601.

C npyro#i cropoHsl, 3ameruM, yro uucao 2601 ecrb mpo-
H3BeJeHHe JBYX COMHOXHTEJeH, H3 KOTOpPbIX KOpeHb H3BJie-
Kaercsi Jierko:

2601 =9 - 289.

M3BneuyéM kBajpaTHbIi KOpeHb H3 KaXJ0ro COMHOXHTEJS
H TMEepeMHOXHM STH KOpPHH:

V9.V289 =3.17 =5l.

Mbl monyuyusJH OJMHAKOBBIE pe3yJibTaThl W TOrja, KOrja
M3BJIeKaJd KOpeHb M3 IPOH3BEJEeHHS, CTOSILLEro MoJ KOpHeM,
M TOrJa, KOrja H3BJIeKaJ M KOpeHb H3 Ka)KJA0ro COMHOXH-
TeJsl OTJeJbHO H pe3yJibTaThl NepeMHOXaJH.

Bo MHoOrux ciyyasix BTOpbIM cnocoOOM HaHTH pe3yJbTar
Jlerye, TaK Kak MPHXOAMUTCS H3BJIeKATb KOpEeHb H3 MEHbLUHX
yHceJ.

Teopema 1. YmoGot u3sreus K8aopamnbslii KOPEHs
U3 npou36e0eHuR, MONCHO U38Ae4b €20 U3 KAMC0020
COMHONCUMENR OMOEAbHO U pe3yAbmarmol nNepemHo-
aHcumeo.

IlokaxxeM TeopeMy AJisi TPEX COMHOXHTEJEH, TO €CTb [10-
Ka)XeM ClpaBefJIMBOCTh PaBeHCTBA:

Vabc=Va-Vb-Ve. (1)
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Iloka3saTeqbCTBO MpOBEJEM HEMOCPeACTBEHHOH (pOBepKOi,
Ha OCHOBaHHH OIpeJesieHHs apH(PMETHYeCKOro KOpH4.
IlonycTuM, 4TO HaM HaJ0 JOKa3aThb PaBEHCTBO:

VA =B

(A u B — neorpunarensueie uncsa.) [To onpenenenuio Keaj-
paTHOro KOpHS, 3TO 3HAYMT, YTO

B = A.

[losToMy nocTtaToyHo BO3BeCTH B KBaJpar NpasBylo 4acThb A0-
Ka3biBaeMOro paBeHCTBA W yOeAUTbCS, YTO [MOJYYHTCS MOA-
KOpeHHOe BblpaxKeHHe JIeBOil 4acTH.

[IpuMeHUM 3TO paccyKJeHHe K J0Ka3aTeJbCTBY paBeH-
crBa (1). Bo3senéM B KBajpar mpaByio 4acTb, HO B NpaBoi
YyacTH HAXOJIMTCH IpOH3BejleHHe, a YTOObl BO3BECTH B KBajpar
Mpou3BeieHHe, JI0CTATOYHO BO3BECTH B KBaJApaT KaxKAblH CO-
MHOXKHTEJNb H pe3yJbTaThl NepeMHOXUTb (cM. § 40):

(VaVbVep=NaPW b2V c)=abe.
[Tonyuyunock MOAKOPEHHOE BbipaXKeHHe, CTOsllee B JIeBOMH
yacTH. 3HauuT, paseHctBo (1) BepHo.
Mbl fioKa3and TeopeMy AJs TpeéXx coMHoxutesaeil. Ho pac-
Cy»KJ€HHSl OCTAHYTCSl TEMH K€, €CJIH I0J KOopHeM Oyner

4 u T. 1. comHoxuresned. Teopema BepHa Ana Jioboro yucsaa
COMHOMKHTEJIEH.

[Ipumep.
V4-9-25-36=2-3-5-6=180.

PeayabTaTr JIerko HaJeH YCTHO.

2. Kopenb u3 apo6u. Boiuucaum i-—%-i:
mi_ 1
144 — 12°
[IpoBepka.
(u)ﬂ 1121
12/ —12F T 144°
C napyroii CTOpPOHHI:
izt _ 11
Vis 12
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3HAYUT,

=
|
——a

1\

Y
144~ y 143’
JlokaxkeM Teopemy.
Teopema 2. YmnobGsr u3sneud xKopens u3 opoobu
MONCHO U3BAEHL KOPEHb OMOEABHO U3 YUCAUMEAR,
U 3HAMEHAmMEAS U nepsvii pe3yssmam pa30enumbd

Ha 8mopoil.
Tpe6Gyercs AokasaTb CNpaBeAJMBOCTb PaBEHCTBA:

]/%:1%- @)

Jlna nokasarenbcTBa MpPUMEHHM crnocob, KOTOphIM Oblja
JOKa3aHa npejbiaylias teopema.
Boseeném mpaBylo yacth B KBajapar. Dyjaem uMersb:
() 2
ve/  (ve) b°
[NToayuusin NOJAKOpeHHOe Bblpa)KeHHe, CTOosllee B JICBOH
yacTH. 3HAYUT, PABEHCTBO (2) BepHO.
Hrak, Mbl Jl0Kasa/ju CJeAylollHe TOXJAeCcTBa:
U chOpMyJIHPOBAJIH COOTBETCTBYIOLIHE IpaBHJIA H3BJIeUEHHS
KBaJpaTHOro KOpHsA W3 Mpou3BeJeHuss M uactHoro. HMHorja
MpH BLINOJHEHHH IMpeoOpPa30BAHHH MNPHXOAUTCHA MPUMEHATH
3TH TOXKJecTBa, YMTasi HX «CIpaBa HaJeBO».
[lepectaBuB JeByl0 W MpaByl0 4acTH, MNepenuiueM Jo0Ka-
3aHHbIE TOX/ECTBA CJEAYIOUHM 06pa3oM:
- o 7 — Va 1/ a
Vﬂ Vb e ab, — = ——
Vab, 7 =
Hmobobr nepemHONCUMb KOPDHU MONCHO nepemHONCUMmb noo-
KOPEHHbIE BbLIPANCEHUSR U U3 NPOU3BEO0eHUA U384e4b KOPEHb.
Ymobe: pa3leaums KOPHU, MONCHO pa3deaumes NOOKOPEHHbIE
BLIPAJCEHUA U U3 4ACMHO020 WU3BAe4b KOPEeHb.

3. Kopenb u3 crenenn. Bruucaum )/ 28,
V28 = |/ 64 =8.

=N
<
—
[,

6
Ho 8 = 2% = 2?.
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3Hauur,

(i}
V2% =20,
Touno Tak xe

= — 2
Y3 =)8=9=23=37,

B o6oux mpumMepax Mbl B pe3yJibTaTe MOJyyaJHd OCHOBaHHE
MOJAKOPEHHOr0 BbIpAaXK€HHsA B CTENeHH, pPaBHOHl YAaCTHOMY OT
JeJlIeHus1 MnokasareJisi cTeneHu Ha 2.

Jloka)keM 3TO noJioXKeHHe B oOIIeM BHJE.

Teopema 3. Ecau m —yémnoe 4ucaro, mo

Var=gTt, 3)

KpaTko roBopAT Tak: «mobbl u3eievb KeadpamHbill KOpeHb
u3 cmenenu, 0ocmamo4yHo paszdeaums HA 2 nokasamesb cme-
nesu (He MeHsAsi OCHOBAHHS).

Ins nokasaTesqbcTBa NPHMEHHM TOT Cnoco0 mNpOBepKH,

KOTOpPBIM OblJIM JlOKa3aHbl TeopeMbl 1 u 2.
m
3
yucao. Bo3seaém B kBazpar mnpaBylo d4acTb paBeHcTBa (3),
ans dero (cMm. § 40) yMHOXHMM HAa 2 mnokasaTelb CTEIeHH,
He MeHsisl OCHOBAHHUS:

Tak kKak m — 4éTHOe YHCJIO (M0 YCJIOBHIO), TO  — Lenoe

[Tonyyusiu MOAKOpEHHOE BBLIpAXKEHHe, CTOsLlee B JIeBOH
YaCTH. 3HAuYHT, paBeHCTBO (3) BepHO.

Mpumep. Bouncauts V78,
Ha Bbiuncsienne 7° npuiuyiocs 66l MOTPATHTh 3HAUYHTENbHOE
BpeMs W TpyA. Teopema 3 mo3Bo/isieT HAWTH pe3yJibTaT YCTHO.

) 7% = 73 = 343.

§ 98. llpocreitime npeobpa3oBaHus.

1. BbiHeceHHe MHOXHTEJ el 3a 3HaK KBaJpaTHOrO KOpPHS.

MMycrs naHo Beipaxkenwe ¥/ 162, Mbl MoXKeM 3TOT KOpeHb
npeactaBuTb B 6oJjiee MpocTOM BHJAe, NMPHMEHHB K HEMYy TeO-
peMy 00 u3BJedeHHH KOpHSI M3 mnpousseneHus (§ 97).

Viee=)ys8l-2=V8l yY2=9)2.
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Touno tak xe
Va*=Va%=aV a.
V 81a%" = V/ 92a%ab®b =V 92a%6® )/ ab = 9a%b* )}/ ab.

Takoe npeo6pa3opaHue Ha3biBaeTcsi BLIHECEHHEM MH O-
KHUTENs 3a 3HAK KOPHA.

B pesynbraTe npuMeHeHus 3TOro npeo6pa3oBaHus JaHHOE
BbIpaKeHHe YMpOLlaeTcsl W YacTo COKpaumarmTcs TpeGyeMmble
BblUHC/NeHHA. B 3TOM MOXKHO y6GeauTbCsl Ha CJefyloLUX NpH-
Mepax.

[Tpumep 1. Bouncants ¢ Ttounocteio jpo 0,01 Bowipa-
xenne )/ 48 + V' 27—/ 108.

Boiuncaum KaxKAblii u3 KopHedl ¢ TouyHocthio no 0,01:

V48 + V27—V 108 = 6,93 4 5,20 — 10,39 = 1,74.

Ham npuwoch H3BJ€Yb KBaJApaTHHII KOPeHb H3 Tpéx
YyHceJl, H MPUTOM MBI He MOXeM ObiTb yBE€pEHbl, 4TO pe3yJb-
TaT AefiCTBHTELHO JacT BeJHYHHY Bbipakenus )/ 48 + )/ 27—

— V108 ¢ Tounocthio po 0,01 (ans yBepeHHOCTH B STOM
HY}KHO OblJ10 Obl BBIYHCJIHTb KOPHH C TOYHOCTbLIO GOJblueH,
yeM 3ajlaHHas).

[Tonpo6yeM ympoCTHTL JaHHOE BbIpa)Ke€HHe, BbIHOCS 32
3HAK paJuKalja Teé MHOXHTENH, KOTOpbie BO3MOMKHO:

V8B8+V2T—V18=V16-34+V9.3—V36.3=
ks VR8s VI8 VB IS
HUrak, nocne npeobGpa3oBaHHsi HaM [pPHIETCHS H3BJEYb

KBaJpaTHbIii KOpeHb TOJbLKO H3 OJIHOrO YHC.JIA.
Broiyucaus ero ¢ toyHoctsto po 0,01, wnaiipém:

Va8 +V2T—)Y 108 =Y 3=1,73.

Tenepb BHAHO, YTO B MEpPBOM BBLIYHCJIEHHH Mbl CleJalH
omu6GKy HAa OIHY COTYylO, TO €CThb MOJIy4YHJIH Ppe3yJibTaT He
C 3aJIJaHHOH TOYHOCTBIO.

[Mpumep 2. Buuncauts suipaxenne ) 48x" npu x = 3.

[loacrasuB B JJaHHOe BbIpa)KeHHe X = 3, MOJYYHM:

)/ 48 - 37 = )/ 104 976.
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Ham npuaércs u3sjeub KOpeHb M3 LECTH3HAYHOro Yucaa.

Mbl 3HAUHTEJNBHO YIPOCTHM BbIYHCJIEHHS, €C/IH MpeaBapu-
TEJIbHO BbIHECEM 3a 3HaK KOpPHSl Té MHOXHTENH, KOTopbie
BO3MOXKHbI. DyleM uMerhb:

Va8x'=)Y3.16- x° . x = 4x3 )/ 3x.
[ToncraBuB Tenepp x = 3, Jierko Hauaém:
4.33.)Y3-3=4.34=4.8] =324,

Bo Bcex mpeapigyliuX NpuMepax noJAKOPEHHOE BhIpaXKeHHe
Mbl pasjiarajJii Ha MHOXHTE/H, BBIJEJAS TaKHe, MoKas3arelb
KOTOpBLIX J€JIMTCA HAa [JBa, H H3BJIEKAJH H3 HHX KOpEHb.
B nasncHedeM Hajo NPHOOPeCTH HAaBBIK Cpasy BBIHOCHTH
HYXXHble MHOXKHTeJH 3a 3HaK KOpH#A, He mpuberass K npejea-

PHTEJILHOMY pA3JIOXKEHHIO H4 MHOXKHTeNH NOAKOPEHHOro Bbl-
paKeHus.

[Ipumep 3.
V 5a%b7c™® = a%b3%* )/ 5be.

Kak BHAHO H3 NpPUMEpPOB, 048 BbIHECeHUR MHOxcumenell
u3-nod 3HaKa KeadpamHo20 KOPHA 00CMAmoOYKO noKasamens
Kanc0020 MHONCUMeAR pa3deiums Ha 0sa u 3anucame nepeod
3HAKOM KODHA 3SMOM MHONCUMEAb C NOKA3AMeNeM pPABHbIM
NOAYYEHHOMY 4YACMHOMY, @ no0 3HAKOM KODHA MOM e MHO-
HCUMENb C NOKA3AMENeM, DABHLIM NOAYHEHHOMY OCMamKy.

B npeabigyuem npumepe 4 : 2=2(oct.0); 7:2 = 3 (ocr. 1);
13:2 =6 (ocr. 1).

2. BHeceHHe MHOXHUTeJel MOA 3HAK KBAJAPATHOrO KOPHS.
Muorga ObiBaer nonesno, Hao60OpPOT, MNOABECTH TMOJ 3HAK
KODHSI MHOXKHTE/IH, CTOSILI[He nepej HHM.

[lycts, uanmpumep, Tpebyercsi BLIUMCJAHTb C TOYHOCTbHIO

no 0,001 suipaxenne 20}/ 7. BuuucauB V7 ¢ TOYHOCTbIO
po 0,001 u ymHoxHB pesyabtarT Ha 20, nosy4um:

207 =~20- 2,646 = 52,92.

3apaHee MOMKEM CKa3aTb, YTO pe3yJ/bTaT HE COOTBETCTBYET
3aJJaHHOH TOYHOCTH, TaK KaK, YMHOXXHB NPHUOJTHKEHHOE YHCJIO
2,646 na 20, mn yBeauuusnw B 20 pa3 u owHOKy. UrtoGbi
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NONYYHTh GO/bIIYIO TOYHOCTH, BO3bMEM }/7 ¢ TOYHOCTBIO 1O
0,0001. IMonyunm:

2017 =20 - 2,6457 = 52,914.

Ho Mbl He MOXXeM H Temnepb ObiTb YBepeHbl, YTO JOCTHUIJIH
TpebyeMOH TOYHOCTH.

[TpousBeném BhiuucaeHHe ApyruM cnocobom. IlpeacraBum
JlaHHOE Bbipa)KeHHe B TAaKOM BHJE:

WY7=V202.-V7=V20%.7=)400.7 =)'2800. (1)
Beiuucans /2800 ¢ Tounocthio go 0,001, NOJYYHM:
207 = V2800 =~ 52,915.

TakoBa pefCTBHTE/bHAsl BEJIHYHHA JAHHOrO BhIpAXKEHHS,
BbIYKCJeHHana ¢ TouHocTthio jo 0,001.

PaccmoTpeHHoe npeoOpa3oBaHHe Ha3biBaeTcsi BHecCe-
HHEeM MHOXHTeJs NOJ 3HAK KOpHS.

[IpuBep€unblli NpUMep NoKa3biBaer Lesecoo6pa3HoOCTh B He-
KOTOpPbIX CJy4asiX Takoro npeobpa3oBaHHS.

Ymobo: eHecmu nod 3HAK KEAOpaAmHo20 KOPHA CMOALUE
neped Hum MHONCUumMeau, O0OCMAMOYHO 6038bICUMb SMU MHO-
scumesu 6 Keadpam u NOOKOPEHHOE 6bIPANCEHUE YMHONCUMD
HQ NOAYHEHHbLIL pe3ysbmam.

[Ipaumepn.

1. 3V 2=V2-3=V18;
2. a® V' 5a =V 5aa® = YV 5a;
3. 223V 3xy =V 125547,

B nByx nepBBIX NMpHMEpax CHayaJla MHOXHTeNb, CTOSIIHHA
nepeil 3HaKOM KOpHS, ObLT MOJBEJAEH NOJ 3HAK KOPHHA, 3aTeM
IPOU3BEJIEHO YMHOXEHHE.

B Tperbem npumepe 00e 5TH onepauHH OblJIH BbINOJHEHbI
cpasy.

3. llpusepeHue NOAKOPEHHOr0 BBHIPAXEHHA K LeJOMY
Buay. EcjHu nojkOpeHHOe BhipaxkeHHe Jpob6HOe, TO HYacTo
CbiBaeT 1es1ecO00pa3sHO NPHBECTH €ro K LeJOMYy BHJAY, HJIH,
KaK roBOpAT, OCBOOOJHTbL NMOJAKOPEHHOE BhIpa)Ke€HHE OT 3Ha-
MeHaTess.

[lokaxem Ha npuMepax, Kak 3TO Jie/ideTcs.
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Mpumep L
a2 ]/ b
=
YTo06bl H3 3HaMeHaTe I NOJAKOPEHHOrO BbIpaXKeHHsI MOXKHO

OblJI0O H3BJIeYb KOpPEeHb, YMHOMHM YHCJHTEJ]b H 3HAMeHaTe/b
STOro BbipakeHuss Ha a. Iloayyum:

S ab / abh 2V b el
.4:12]/i =.‘::t‘]/1"ﬂ—g-=.:1""l 2 =8 Vﬂb:a]/ab.
a a V a? a

6x3y VE .

YMHOXXHB YHCJHTEJb M 3HaMeHaTeJ b NMOJAKOPEHHOIo Bbl-
paxKeHHSl HA Xy, U3BJIeUEM KBaJpaTHbHIH KOpeHb M3 3HaMeHa-
teqasi. [lo cokpaumenuu mnoayyum:

6x3y V 4;:;; = 3x )/ Saxy.

3HauyuT, 4yTOGBI TNPHBECTH NOJKOPEHHOE BhHIpAaXKeHHe K lie-
JOMy BHJAY, JOCTATOYHO €ro YHCJHTeJb H 3HaMeHaTesb YMHO-
)KHTb HAa TaKoe Bbipa)KeHHe, YTOOBl NMOKasaTeslH BCEX COMHO-
JKHTeJleli B 3HAMeHaTeJe JIeJIMJHCh Ha JIBa; TOCJe STOro
M3BJiedb KOpPEeHb H3 3HaMmeHaTeJis.

[Ipumep 2.

[Ipumeuanue. Bo Bcex npeamaymux npumepax OykBul 0603Ha-
YaJi HeoTpPHIATeJbHble YHCJA; €CJH 3TO YCJOBHE He BHIMOJIHEHO, TO Haj0
nocTynath Tak, Kak NMOACHEHO Ha CJEeAYIOUHX NMpHMepax.

Ilpumep 1.
Vab, roe a <0, b>0;

BBIHECTH @ 3a 3HAK KOpHSA.
Mu 3HaeM, yto npu a <0

]/-"EE = —4a,

Va*b = —a)/b.

Ilpu smo6oM a BepHO Takoe paBeHCTBO:

Vab=VaVb=|a|Vb

8% 215
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[Tpumep 2. BHecTH MHOXHTeNb X mNOJ 3HAK KOPHS
xV 3a, ecniu x < 0.

Ecau x — orpuuare/ibHOe 4HC/0, TO X = — | x|, rpe | x| —
NOJIOXKHTEJbHOE YHCJIO, 3HAYHT:

xV3a=—|x|V3a=—V3a|x?=—) 3ax?,

TaK Kak |x|® = x2 ~ L -
Tak, B uactHocTH, —3 )/ 5=—) 9.5 = —) 45.

§ 99. H3BieyeHue KBaApPATHOro KOpHA mo TabJaHuam
M NPH NOMOWM CYETHOH JHHEHKH.

H3BaeueHne KBajpaTHOro KopHs nmo rtabauuam. B § 93
Ha TNpHMepe M3BJIeYeHHS] KBAJpaTHOro KOpHS H3 yucaa 20

MBIl NOKa3aJH, KaK MOXHO BBIYHCJAHTH NpHOAmKEHHO /20
¢ HeoOXOAUMOH cTeneHblo TOYHOCTH. OJHaKo, faxe JJs TOro
yroObl HAHTH MCKOMBIH KOpeHb ¢ TouHocThio a0 0,01, npu-
1IJIOCh NPOAEJaTh MHOrO BblyHc/eHHH. UToObl 00Jier4yuTh Bbl-
YHCJIMTEJIbHYI0 paboTy, COCTaBJ/ieHbl CrelHaJbHble TaGJIHIbI
KBAaJIpaTHbIX KOpHEH, B KOTOPLIX JaHbl NPUOJHIKEHHbIE 3Ha-
YeHHUS] KBAJpPAaTHbIX KOpHEH H3 YHCell.

B tabauuax B. M. Bpaguca pnaHbl KBajgpaTHble KOPHH
¢ ToyHocteio 0 0,001 wuucesn or I po 10 ¢ npomexyTkom
B 0,01 u uucen or 10 go 100 ¢ npomexytkom B 0,1. ¥cr-
poiicTBO H ynorpebJieHHe TabJHIbI TaKoe e, KaK H TabJIHLbI
KBaJ1paToB.

[losichum Ha mpumepax, Kak cJjejyer I0Jb30BaTbcsi Tab-
JIHILIAMH KBaJPpaTHBIX KOpHEeH.

1) V'6,7. B nepsom crosi6ue Haxoaum uuchao 6,7 u pa-
JIOM C HHM Ha BTOPOM CTOJIOlE KBaJpaTHblii KOPeHb M3
pero: 2,588 (no okpyrJieHHio nojaydum: 2,6).

2) V' 27,6. B nepBom croafue HaxoAauM uucao 27; B
5TOM e psAjay B crosbue noa HomepomM 6 Haxopum:
V 27,6 =5,254 (no oxpyrJeHuu noaydum: 5,25).

3) V56,34. TIlo nmpemwinymemy naxoaum: J 56,3~
~7,503. B cronbue «nonpaBok» 3a No 4 HaXojHM YHCJO
3, Kotopoe npubGaBisieM K nocJjeaned uudpe yucaa 7,503.
IMonyuaem: J 56,34 =~ 7,506.
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4) V/ 427. TlopKopeHHOe YHC/IO MOXKHO 3amucaTh TaK:

427 = 4,27 - 100,
TOTr 14

V427 = V4,27 - 100 = 10 /4,27 = 10 - 2,066 = 20,66

(v no okpyraenuun 20,7).

Yro6bl NMOJYYHTh NOAKOPEHHOE YHCA0 427, Mbl JOJIKHBI
B uucse 4,27, Koropoe coAep:KHUTcs B Tabauue, TnepejBH-
HYTh 3alTyI0 Ha JBa 3HaKa BMNpPaBO, TOrja B pe3yJbTaTe
2,066, B3siTOM U3 Ta6GJHLBIL, MPHILIOCH NMEPEHECTH 3aMsTYIO
B Ty e CTOPOHY Ha OJHH 3HaK.

5 V/0,2868. Haxomum /28,68 ~5,355. Toraa

¥ 0,2868 =~ 0,5355. 10 HeTpyAHO 06bsicHHTb. Yucio 28,68,
KOpPeHb H3 KoToporo Haxojgutrcss mno Ttabauue, B 100 pas
6oJibllle NMOJKOPEHHOrO YHCJA.

3HayuT, NpaBuJbHbIH pedyabTar Oyzer B 10 pa3 memblue
pe3yJibTaTa, HalJeHHOro H3 TalJIHLbL.

6) /39440~ 198,5-} 0,1 = 198,6.

[Toscaum noxpob6uee 3ty 3anuch. CHayana Haxogum
V3,944 =~ 1,985, 3atem K nocjeaHeMy 3HAKy NpuGaBiasieM
nonpasky, paBuylo 1: }/3,944 = 1,986.

YBenuuus pesyabtat B 100 pas, noayuum: }J/ 39440 ~
~ 198.6.

7) BbuHCAMTb 3HAyeHHe Buipaxenus ab®—7) a -+ 2,8
npu a=3,9, b=1,4.

Pemenune. Haxomum b2 u Va no tabauuam:
bt~ (1,4~ 1,96; Va=V39~1,98

(TpeTbH LHU(DPLI OCTABJIEHHI KaK 3aMacHble).
Y MHOXKaeM:

ab?=3,9-1,96 = 7,64.
CknapaviBaem:
7,64 41,98 4+ 2,8 = 12.

[Ipumeuanne: Ecaiu aBa uucaa COCTOSIT H3 ONHHX H TeX e
sHavyamKx uugp, To OTCIOAA ewé He CJaeayeT, YTO KBaJpaTHbleé KOPHH
H3 STHX YHCeJ TaKXXe COCTOAT H3 OJHHX H TeX e 3Havauux uudp.
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[TosAcHHM 3TO TAKHMH MpHMepaMH:

|

¥ 37 = 6,083; V3,7 =1,924;

V0,37 =y37.0,01 = V370 = yY'3,7 - 100 = 19,24.
= (),6083;

/3700 = ¥/ 37~ 100 = V0,087 = ¥/3.7- 0.0 =

= 60,83; = 0,1924.

H3BieyeHHe KBajApaTHOroO KOPHS Ha CYETHOH JHHelKe.
Tak Kak u3BJedYeHHE KBaJpPaTHOro KOPHA €eCTh JIeHCTBHe,
o6paTHOE BO3BEJEHHIO YHCeJl B KBajpaT, TO AJSA BblUHCJIe-
HUSl KBaJIpaTHOrO KOPHA TOJb3yeMCs TEMH e IIKaJIaMH,
UYTO M NpPH BO3BeJE€HHH B KBajpaT, TO e€CTh IUKaJIOH KBajpa-
ToB A H OCHOBHOH 1uKaJioH /1.

Ho peiicTBHe H3BJeYeHHUS KBAJPaTHOrO KOPHSI IPOH3BO-
AUTCSL B nopsifke, o6paTHOM JEeHCTBHIO BO3BeJleHHSI B KBaj-
pat. [Ipu Bo3BejseHuu B KBajpaT Mbl OCHOBAHHE OTMEYaJiH
BU3HpPOM Ha 1ukajde JJ M pe3yabTaT YHTaJH Ha iuKaJje A.
3nect Xe Haob0opoT, 3HaAueHue nOOKOPEeHHO20 4UCAA OmMe-
waem 6usupHoll wepmoll Ha wKase keadpamoe A u npomus
BU3UPHOLL Hepmbl HA OCHOBHOU wiKare [I wumaem 3Ha4eHue

xopra. Ha ueprexxe 39 naxogum V4 = 2.

Ecau nago naiith /40, TO BH3HDHYIO YepTy CTaBHM
npotiB 40 B nmpaBoO#d noJioOBHHE WIKaJbl KBaApaTOB H YH-
TaeéM OTBET Ha OCHOBHOH mKaJse 6,32.

H3Bnieyenne KBaJpaTHOroO KOPHSI M3 JIIOOLIX YHCEJ MOXK-
HO CBECTH K OJIHOMY M3 JBYX PacCMOTPeHHbIX CJy4Yaes.

B kauectBe npHmMepoB BO3bMEM Te YHCJA, H3 KOTOPHIX

Mbl Ha cTpaHuuax 216—217 u3Bjekanu KBaJpaTHbI KOpeHb
no tabjuuam.

) V67=259, 2 V27,6=525 3 V427 =

=427 102=10.)4,27 =10.2,07 = 20,7; 4))/ 0,287 =

ﬁ-’f - 5;36 = 0,536; 5) /39400 = /3,94-10°=1,98 X

X 102 = 198.

—

Teneps chopmysHpyem npaBu/IO H3BJAEYEHHS KBajpar-
HOTO KOpHS.
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1) IToOkopenroe wuucro npedcmasarsem & eude 00HO3HQAY-
H020 UAU OBY3HAHHO20 HUCAQA, YMHONcue (uau pasdesus) eeo
HQ 4éMHYI0 cmenensy Oecamu.

2) Ecau nodxopenHoe wucao npedcrmagseHo 6 6ude 00HO-
SBHAYHO20 4UCAQ, €20 lCMAHABAUBAIOM BUSUPOM HA 1e80U no-
N08UHE KeaodpamHod wKaael A; ecau e OHO npedcmasaeHo

08Y3HAYHBIM YUCAOM, MO — HA NPABOLL NON0BUHE KEaOpamHoLi
wiKaaoL.

3) Pesyabmam omcuumsieaemcsa no 6uU3UpPy HA OCHOBHOL
uiKkaae.

CymecTByer apyroe NpaBu/Oo, NO3BOJfOLIee ONpeAeaHTb, B Kakoil
NOJIOBHHE lUKAaJAbLl KBajpaToB cCJeAyeT YCTAHOBHTb MOAKOPEHHOE YHCJIO
NPpH H3BJEYEHHH KBaJApPaTHOro KOPHSI.

[Todkoperroe wucno pasbusarom Ha epanu no 0eée yugpper 6 Kaxc-
dod epaxu 61e60 om 3anamoil, ecAu 4ucao mexowe 1, u enpaso om 3a-
namot, ecau wucao 6oaswe 1.

Ecau nepsas caesa epans (He cuumas epaHell, cocmoawiux us od-
Hux Hyaed) codepicum OOHY 3HAYAWYO Yu@ppy, mo HUCAO YcmaHasau-
6aemca 8 Ae6oll NOAOBUMe wWKaAbl Keadpamoe, ecau xce 6 smou 2paHu
dee yugpot, — mo 6 npasod noaosuHe.

Hanpumep: 1) V3,75 = 1,94; 2) V0,04’32 = 0,208; 3) V 1537 =
= 39,2; 4) )/75,30 = 8,68; 5) }/0,00°02 = 0,0141.

[Tonbayscb 3THM cnoco6oM, JierkO YCTAHOBHTH 3HAYHOCTb HHCJA H
MOJIOXKEHHe 3anfATOH, TaK KaK KaxJas rpaHb NOJAKOPEHHOro 4YHC.1a,
CTOAllAsA CJeBa OT 3anAToi, JAaéT y KOpPHA OJIHH 3HAaK J0 3anAaToil, a
Ka)/as 4YHCTO HyJieBas rpaHb cnpaBa OT 3ansToi (ecau nojakKopeHHoe
YHCJAO MEHblUe eJHHHLbLI) AaéT Yy KOPHA OAHH HYJAb MoCJe 3anfToM.

§ 100. Kparkne ucTOpHYEeCKHE CBeleHMs.

Bo3penenne B kBaapar. [IpakTHuecKue 3ajauu (Hanpumep, BBIYHC-
JeHHe NJollajH KBaJApaTHOTO Yy4yacTKa) yxe B rayGoKof JpeBHOCTH
NPUBOAMAH K NOTpeCGHOCTH HAXOAHThb KBajaparhl uyHcen. QueBHAHO, 3Ta
HDTP&GHDCTI: BO3HHKAaJla HAaCTOJIBKO 4acTo, 4YTO, TaK e KaK H B Hac-
TOfilllee BpeMs, COCTaBJIAJIHCH ChelHasbHule TabJHULI KBajpaTOB HaTy-
PaJbHBIX YHCeJ.

Oco6bif WHTepec npeacTasiasfeT Tabsauua KBajapaToB yucea oT 1 jao
60, HaflgenHas npH packonkax B BaBnjoHe H cocTaB/ieHHas OKOJIO
YeTHIPEX TLICAY JEeT Hasaj.

[TpuBeaéM BbigepKKH H3 3TOH Tabjauubl B COBpeMeHHOR 3aTTHCH.

62 = 36 82
72 =49 gt

Il
—
=%

112=2; 1 198 = 6; 1
15 21 128 =2; 24 58? = 56; 4.

I
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Sta 3anuch CTAHOBHUTCHA MOHATHOM, ecaW nepBble UH(PLI, CTOALLHE
JO TOYKH C EHHHTDﬁ. CYHTaTh €eJAHHHLAMH BTOpPOro paspsja coaepixKa-
wumn 60 elHHHIl mepBOro paspsja.

JleCTBHTENBHO, TOrjJa Mbl HMeeM:
82=1-6044; 92=1-60-421; 11*=2-6041mwu T. A.

Takum o6pasom, 3Ta Tabiuua ABASETCA OAMHM H3 CBHIETEJbCTB

06 ynotpeGneHHH B JipeBHeM DBaBuJiOHe ILECTHAECATEPHYHOH CHCTEMbl
CYH CJICHHSA.

B 6osee mno3jHHe BpeMeHa 3Ta CHCTEMa CYHCJEHHA Mepelsia W3
Basusona B aApyrue cTpanbl. OHa npuMeHsisach rJsaBHbiM o6pasoM B
acTPOHOMHYECKHX BbIYHCJIEHHAX.

Uspaeuyenne Kopus. K H3BJeuenHI0 KBaJpaTHOrO KOPHA TaKxke
elé B JApcBHHe BpeMeHa NPHBOAWJH 3aJlayH NPaKTHYeCKOro xapaxrepa
(HanpuMep, BblZle/IeHHe KBaJpaTHOrO yuacTKa 3eMJH 3aJaHHOA NJOIajH,
pelieHHe 3ajay, NMPHBOAAWMX K KBAJAPaTHLIM YypaBHEHHNM).

Tak, B KHTaHCKOH MaTeMaTHYeCKOH pYKOMHCH, HaNHCaHHOW BO
11 B. go Hawell 3pbl no eué O6oJjiee JpPeBHHM MCTOUHHKAM, YXKe HMe-
eTCAl OnucaHHe crnocobfa HaXOXAeHHS KBaJAPATHLIX KOpHeil.

YMenn H3BJIEKaTh KBajJpaTHble KOPHH H3 YHCEeN H HHAWHANL elé B
IV—V BB. naweft spul. Hupgufickuit marematuk XII B. Bxackapa
oTMeYas, YTO TMOJIOXKHTEeJbHOe YHCJIO HMeeT ABa KBaJApPaTHbIX KOpPHA —
NOJIOXKHTEJIbHBIA H OTPHUATEJIbHbIH H YTO HeJb3fl HM3BJIeUb KBaJApaTHbIA
KOpeHb W3 OTPHUATEJILHOrO 4HCJa.

H3BneueHHe KBajJpaTHOrO KOPHA (Hanpumep, NpH pelleHHH KBaj-
paTHbIX YPaBHEHWH) BCTpeyaeTCss H B COYHHEHHH 3HAMEHHTOrO CpejlHe-
a3MaTCKOro MaTeMaTHKa aJb-X Ope3MH.

HUutepecen cnocol6, no KOTOPOMY JpeBHHE BaBHJIOHAHE HAXOAHJH
npuGANKEHHBIE KBAaJpaTHble KODHHM ellé 3a JBe ThICAYH JIeT J0 Haluei

spbl. B coBpeMeHHO# asreOpanyecKoi 3amucH 3TOT CNOCO6 MOXeT GbITh
BblpaxkeH (GopMyJioH

—_— b
Vﬂ'+b=ﬂ+§a- (1)

Mpumep 1. Haiith V' 28. Tak kak 28 = 5243, T0 nmoayuum no
dopmyne (1):

VB=VBF3=5+55=53

Tak xak 5,32 = 28,09, T0 npubanxEHHLIA KOpPeHb NOJY4YeH ¢ JocC-
TaTO4HO GOJbLIOA TOYHOCTBIO.

Mpumep 2. I/I_S*Cl=]/ll'-'—i-$3*=ll—l—%ﬂ...-r 11,41,

Mposepka. 11,412 = 130,1881.
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Ecan npaBylo uyacte pasenctBa (1) BO3BenéM B KBajapar, TO I0-
JYYHM:

b2 b

e b gl e

(a42) =a 40455

Takum o6Gpa3oM, KBajapaT HafiieHHOro NPHOIHKEHHOTO KOPHS OT-
2

b
JHYAeTCA OT NOJAKOPEHHOro YHc/ja Ha BENHYHHY ;=5 . Orciona chaepyer,

yTo HaljeHHBIH nMo ¢opmyJie (1) KopeHb GyleT TeM TOuHee, YeM MeHblue
yuca0 b no cpaBHEHHIO C a.




FMABA ONMHHALOUATAA
KBAJIPATHBIE YPABHEHHA.

§ 101. KsagpaTHbie ypaBHeHHS.

YpaBHeHHe, B KOTOPOM Ji€Basi 4acThb — MHOTOYJEH BTO-
POH CTEeNeHH OTHOCHTE/IbHO HEHW3BECTHOro, a MpaBasi — HY/Ib,
Ha3bIBAETCSl ypaBHEHHEM BTOPOMH CTele HH HJH, KOpoue,
KBaJpaTHBbIM.

B HopManbHOM BHJe KBajJpaTHOE YypaBHEHHE B8alH-
CbIBa€TCA TaK:

ax® 4 bx +c=0, (1)

rae a—Jioboe He paBHOE HYJIO 4HCI0, @, b u ¢ — Jwbble
yhcJia, a X — HEH3BEeCTHOe.

Tak, mw©anpumep, ypaBHewus x2 — x — |1 = 0;
2x* —3x+5=0, 0,21x% 4 1,23x 4 0,7 = 0 siBaAsAIOTCS KBaJj-
paTHBLIMH.

Ecan kospduuuent npu x2 orpuuarteseH, TO Mbl MOXeM
clleJlaTb ero TNOJIOKHTebHbIM, YMHOXHB 00e 4acTdH ypaBiie-
HUS Ha —1.

Hanpumep, yMHOXHB o0o6e  4YacTH  YpaBHEHHS
—3x24+5x—6=0 nHa — 1, MOAYyuNM paBHOCHJbLHOE €My
ypaBHeHHe 3x2 — 5x 4 6 = 0. [lostomy B paabheililuem pas
npoctoTel 6yaeM Bcerja npejnoJaratbh, uro a > 0.

B wuactHocTH, b uau ¢, uaum ob6a BMecTe MOryT ObiTh
paBHbl HyJ0. Torga ypaBHeHHe HA3LIBAGTCS HEMOJ HbI M
KBaJpaTHbIM YpaBHeHHeM. 3HAYUT, HeMNoJIHble KBaJpaTHble
YPaBHEHHSA MOryT ObITh TaAKHX BHJOB:

1) ax? 4 bx =0 (npu ¢ = 0);
2) ax®4+c=0 (npu b=0).

B wacrtHocTH, ecaM BO BTOpOoM cayyae U ¢ =0, To ypas-
HeHHe npumer Buj: ax® = 0.
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Ecnu B ypaBuenuu (1) a =1, To ypaBHeHHe Ha3blBaeTCH
npuBeJ€HHbBM. OHO CObLYHO 3aMHCHIBACICA B TakKOM
BHJE:

x4 px+q= 0,

rgme p u g — aobuie 4ucaa.
Besikoe ypaBhenue Buaa (1) MoxHO cnenath npHBEEH-
HbIM; JAJIA 3TOrO JOCTATOYHO BCe €ro YJjeHbl pasflieJIHTh Ha d.
B panbueitiieM assi KpaTkocTH Oyjem Has3biBaTh B YpaB-

neduu (1) a nepBeiM KoapduiHEHTOM, b — BTOpbIM H
¢ — cBOGOJIHBIM YJIEHOM.

§ 102. YpaBuenue Buaa ax®-+4 bx = 0.

Bapaua. [auma npamoyzoarsno20 ywacmka & S pas
60.1owe e2o wupunsl. Koeda wupuny ydacmka yseauduiu Ha
9 m, mo naowade eco yeeauuuracy 6 4 pasa. Hailimu nepso-
HQ4AN6HbIE PA3MEPLL YHacmKa.

Pemwenne. OG6Go3HAauuM uepe3 X METPOB IepBOHAYAJL-

HYIO IUHPHHY yyacrtka. Toraa MOXHO COCTaBHTb TaKylo
TabJIHLYy :

HIupuua danua [Tromwanb
[lepBoHauanbHbIf  yuacToK X 5x Sx?
Paciuupennblit yyacTok xX+49 5x 5x (x 4+ 9)

[To ycnoBuio niomazaes paciHpeHHOro y4actka B 4 pasa

Gosibllle MJIOWIAJH TePBOHAYAJbLHOrO. J3HAYHT, TMOJyYaem
YPaBHEHHE

4.5x2=05x(x+9). (1)
Pasgenum o6e yacTH ypaBHeHHS HAa O U TNPHBEAEM €ro

K HOpPMaJIbHOMY BHJAY:

3x2 —9x =0,
HJIH

x?—3x =0, (2)
223



[Tonyunnn HemonHoe KBaapaTHOe ypaBHenue. Peuruwm ero.
BoiHecs x 3@ CKOOKH, NOJyYHM:

x(x—3)=0.

Ho npousBejenHe paBHO HyJ/II0 B TOM, H TOJbKO B TOM,
cayuvae, eCJd XOTsi Obl OJJHH W3 COMHOXKHTeJel paBeH HYJIO.

3HayHT, AOMKHO ObiTh: 1) Ju6o x =0, 2) an6o x — 3 =
= (0, TO ecTh x = 3.

Hrtak, Mbl noJy4YuaM JBa KOPHSl ypaBHeHus: x, = 0;
Xy = 3.

[Toacranoekoit B ypaBuenue (1) y6epumcsi, 4yto oba OHH
eMy yaoBJerBopsitoT. Ho no cmeicy 3ajauum 4ucJo X, Bbl-
paxaiollee IWHPHHY y4YacTKa, He MOXeT ObThb HyJéM. 3Ha-
YHT, OCTAETCS OJHO pelleHHe: X = 3.

Jlauuy y4acTka HaiJéMm, YMHOXXHB IUIMPHHY Ha O:

3-5=15.
3ajaya MMeeT eJMHCTBEHHOE pelleHHe: JAJIMHA TepBOHa-

yaJbHOro ydactka Obij1a paBHa 15 x, a mupuHa 3 M.
Pelunm Tenepr HenoJsiHOe KBajJpaTHOe Y paBHEHHE

ax®+4 bx =0 (3)
B obuiem BHJe. BbiHecs x 3a cKOOKH, MOJNY4YHM:
X (ax + b) = 0. (4)
M 3pecy, Kak U ana ypaBHenuss (l), 6yaem umeTh JABa
KOpHA:
1) %=
2) ax+ b=0, ortkyna x2=——£+

a
B uyacrhHoctH, ecau b =0, To noayuum: x, =0, To ecThb
ypaBHeHHe (3) HJIM, YTO TO e, ypaBHeHHe (4) HMeeT JHIIb
oAHH KopeHb: x = ().
HeiictBuresptHo, ecan b =0, 1o ypaBHeHHe (3) nMpHMeT
Bua ax? =0, rae a + 0. OueBHHO, YTO JieBasi 4acTh 3TOrO
ypaBHeHHsi OyJeT paBHa HYJI0 ToAbKO npu x = 0.

§ 103. Ypasnenne Bupa ax’- ¢ =0.

3anaua. Jlauna npamoyeoabH0o20 Yy4acmka 3emau 8
5 paz 6Goaewe eco wupunsl, a naoujade passa 720 m>. Be-
quCAUMb OAUHY U WUPUHY Y4acmKa.
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Pemenune. O603Ha4uM IIHPHHY YydYacTKa yepe3 X MeT-
poB. Torga pauna ero Gyjer paBia 5x MerpoB. Ilnomans
paBHa 5x - x = 5x2 (Mm?).

[To ycaoBuio
5x3 = 720.

[Tonyyunn ypaBHeHHe C OJHHM HEH3BECTHBIM.
Pewnm ero. PasgenuB ofe YacTH ypaBHEHHsI Ha 5, mo-
Jy4HUM PaBHOCHJIbHOE eMy YypaBHEHHe:

x? = 144,
M3 KOTOPOro HaHIEeM:

x=+V144 = + 12.
Y paBHeHHe HMeeT JiBa KOpHS

xyu=—12 n x,=12.

Ho no ycnoBHI0 3ajayu AJas HEH3BECTHOro Jonyc-
THMBIMH SIBASIIOTCA TOJIbKO TOJIOXKHTEJbHbIe 3HAyeHHusi. 3Ha-
YWUT, pelleHHeM 3ajauyd OyJeT TOJNbKO x = 12.

OrBer. lllupuna yyactka paBHa 12 M, a AauHA paBHA
12-5=60 x.

[Iycts BOOGLIE HMeeM ypaBHEHHE, KOTOpoe IocJje rnepe-
HECeHHsI BCeX 4YJ/IEHOB B JIEBYIO 4YacTb H NpHBeAEeHHs1 NMOA06-
HblX OyJeT HWMeTb BHJA:

ax*+c=0 (rue a = 0). (1)

[lepenecéM cBoGOAHBLIN 4YJIEH ¢ B NMpaBylO 4YacTh H pasje-
JIUM ypaBHEHHe Ha @; TOrjia MoJIyyuM YpaBHEHHe

x2=_-'-: (2)

PaBHOCHJIBHOE JaHHOMY.

PaccMOTpuUM cllefyioliHe BO3MOXKHBIE CJYYaH.

Canyuaii 1. Ilycte @ u ¢ —uucsa 0JlHHAKOBOrO 3HAKA
(To ectb 60 06a MOJOKHTENbHBI, JH60 00a OTPHULIATENbHbI);

c c
TOorjd = €CTb IMOJIOKHTEJIbHOE YHCJ10, 4 — i OTpHUATEJbHOE

yhcno. Ho mbi 3Haem, 4To x* > 0, a noToMy He MOXeT paB-
HATBCA OTPHUATENLHOMY YHCJAY; B 3TOM CJly4yae ypaBHEHHe
(2), a 3HauYuT, H JlaHHOe, PAaBHOCHJIbHOE €My, YpaBHEeHHe
(1) He umeloT pelueHuH.
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Tak, nanpumep, ypaBHeHHe 2x® 43 =0 He HMmeeT pe-
LLIeHHH.

DT0 H TMOHSATHO: JieBas ero 4YacTb — MNOJIOXHTEJIbHOE
YUHCJIO TNPH BCeX 3HAYEHHSAX X, a IMOTOMY HE MOXEeT paB-
HAThCS HYJIO.

Canyua#n 2. Ilyetb ¢=0. Toraa ypaBHenue (2) npu-
mer BHA: x% = (0. OueBuaHO, YTO 3TO paBeHCTBO OyJer Bep-
HeIM TOJIbKO mpH x = 0. 3Hauut, npu ¢ =0 ypaBHenHe (1),
paBHOCH/bHOE (2), HMeeT eJHHCTBeHHoe pelweHne x = 0.

Canyuai#t 3. Uucna @ M ¢ HMMEOT NPOTHBOMNOJOXKHLIE
3HaKH (OAHO H3 HHUX IIOJIOXKHTENbHO, a JApyroe OTpHIla-

C
TE."II:HO). Torpa uucao 1 OTpHLATe/IbHO, & IPOTHBOMNOJIOMK-

c
HOE €My WYHCJO — — T0JIOMKHTE/bHO.
B 3ToM ciayyae ypaBHeHHE

X =

c
a’

pPaBHOCHJIbHOE€ JAHHOMY, HMEET JBa KOpHA!

Y
X = tV—'E’.

CnenoBatenbHo, H ypaBHeHHe (1) HMeeT aBa KOpHS:

— Hxﬂ="/_-.
2

Mpumepn: 1) 9x2—4 = 0; -’f1—~—"*g's Xg = 5.
2 x2—1,60=0; x;, ==+ 1,3.

C
H3Bieub KopeHb V———-E Mbl Bcerja MoxeM mnpHG6/H-

WEHHO ¢ TOA cTemeHbIO TOYHOCTH, Kakas HaM Tpelyercs.
MMpuwmenp.

x*—5=0 u, 3uauur, x =+ V5.
CnegoBatesbHO, Mbl MOXeM sanHcaTh (CM. TaGaHuy
B. M. Bpaauca) x = + 2,2 (c AByMA 3HayallUMH LHDpaMH),

x=~+ 2,24 (c TpeMa SHayamuMH uudpamu); X =~ 4 2,236
(C yeThipbMsA 3HAYaWUMH LHDpPaAMH),
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§ 104. MNMpusepénHoe KBajapaTHOE ypaBHEHHE.

3anaua. O0wa cmopona npamoy20sbHuKa Ha 6 cm
menvuwe Opyeod. IMaowade eco paswa 40 cm®. Bowucaumes
CMOPOHbL NPAMOYSONbHUKQ.

Pemenue. Ilycts Gosbumiasi CTOpOHA paBHA X CM.

Torpa BTOopas cropoHa paBHa (x—6) cm, a muowanb
npsIMOyroJibHHKa paBHa x (x —6) cu?.

[To ycnoBuio

x (x — 6) = 40.

[IpuBeséM 3TO ypaBHEHHE K HOpPMaJIbHOMY BHAY:
x2—6x—40=0.

[Tonyuunu npuBeféHHOE KBajpaTHoe ypaBHeHHe. YTOObI
pelIHTh €ero, BbiJleJIAM B JIeBOH 4YacTH KBajpaTr JABY4YJIeHa.
3ameyasi, 4TO

X2 —=6x=2x*—2.3.x,

JIOTIOJIHKM 3TO BhIpa)KeHHe A0 nmosHoro KBajparta. [IpuGaBus
K 3TOMy BblpaKeHuio 3%, TOJyYyHM KBajApaT JBydJeHa
x—3. ITlostomy npu6aBuM 9 K JeBOH 4YacTH ypaBHEHIs
x2—6x—40 =0 u BuoiuteM TO ke yHcsa0. [lonyyum:

3 —6x4+9—9—40=0,
HJ/IH

(x—3)—49=0.
M3 nocnegHero ypaBHeHHS HaHAEM:
X—3=+47, umn x=3 + 7.

Orcioja Mosiy4uM JiBa KODHSI YpaBHEHHS:
X =—4, x,=10.

O6Ga KopHAI YZIOBJETBOPSAIOT HCXOJHOMY YypaBHeHHio. Ho
MO CMBICJY 3ajauyd A X JONYCTHMBIMH  SIBJISIIOTCS
TOJIbKO IOJIOXKHTEJbHbIE 3Ha4YeHHs (M NMPHUTOM GoJbluHe Liec-
t1). CnejoBaTesbHO, 3aJlaya HMeeT €JHHCTBEHHOE pelleHHe:
GOsblIasi CTOpPOHA MNpsiMoyroiabHMkKa paBHa 10 cm, a MeHb-
wasg 10—6 =4 cu.

PelunM npHBeJE€HHOE KBaJpaTHOe YypaBHeHHe B o0nieMm
BH €.
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[Tycte naHo ypasneHue:

x* 4+ px+g=0.
Yro6el pelinTh €ro, MOCTYNMHM TaK e, Kak H B TNpHBe-
JIEHHOM BbIllle TpHMepe.

Tak kak p=2-%, To, eciM NpPHGABHM H BbIUTEM B

2 2
neBoH yacTu ypaBHeHHst (1) oZHO M TOXKe YHCJIO (-E—) ﬂ :

NOJIyYHM:

@+§r~§+q=0

(2 + 4] = (5—)-0

2 2
[x+5) =F—0 @
JleBasd yacTb ypaBHeHHs (2) HeOTpHLATe/NbHAa, a OTHOCH-
Te/IbHO BbIpPaK€HHUS ’%—q NpeACTaBHTCA TPH CJayyas.
Canyuai 1.
p? 0
749>V
M3 ypaBHenus (2) Haxoaum:
0] -——q
H
A)
5 e (

Mbl NONy4YHJIH JBA KOpHSA:

p* p 3
n=—f=-V5—9 nn=—5+V7—

HTak, B 3TOM ciayyae ypaBHeHue (1) MmeeT ABa KOpHS.

®opmysna (A) snBaserca ob6umeid bopmMyJsoH KOpHei
NpUBEAEHHOrO KBaJpaTHOro ypaBHeHHA. CnoBaMH €€ MOXHO
BbIPa3UTh TaK:

Kopuu npusedénno20 x8adpamuroz20 yYPABHEHUS
paBHbl nOAOBUHEe 8mOpP020 Ko3gguyuenma, 631-
moz0 ¢ nPOMUBONOLONCHOIM 3HAKOM, NAIOC-MUHYC
KBaopammuoiii KOpens u3 Keaopama 3mou no0A08UHbE
6e3 c60000H020 4AeHa.
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3anomMuuB dopmyay (A), MBl MOXeM HAfiTH KOpPHH TpH-
BeIEHHOr0 KBaJpaTHOrO ypaBHEHHSl, HE TNPOH3BOAS HHKAKHX
npeo6pa3oBanuii, a NMPOCTO nojcTaBuB B ¢opmyny (A) nan-
Hble 3HAYeHHs p H .

[Ipume pbol.

1. x2—7x4 10=0.

3necs p = —7, g = 10. Bbluncanm cHayana mnojKopeH-
Hoe BhipaxKenue B opmyae (A):

p? 49

YpaBHenne HMeeT IBa pellEHHS.
[MopcraBuB B dopmyay (A) 3HaueHHs p H ¢, MOJYYHM:

—iV_ 43

2
Orciona umeem: x,—f——f—-Q Xs= ?_{.%_—_5,

[ToncranoBkoit yOennumcsi, 4TO KOPHH HaHAEHBI BEpPHO.
2. x*4+x—3=0.

pn? l 13
dpeck p=1, g=—3, g —qg=3+3=7>0.
[MoacraBuB B dopmyny (A), 3HaYeHHA p H ¢, MNOJYYHM:

| 13 1 , V13 1 <5

Kopun ypaBHeHus MoxKHO HalTH npubauxénuo. [Toso-
JKHB, Halpumep,

V13 = 3,6, naiiném x, = 426 —2,3; x,~1,3.

[MpoBepHuM, Hanpumep, KOpeHb X,:

(—2,3)*—2,3—3=5,29—2,3—3 = —0,01.

Mpi nonyunsin pesysabtaTt, 6su3KHH K HyJ0. Ecaun B3saTh
KopeHb ¢ OOJblU€H TOYHOCTbIO, TO MpPH TNpPOBEPKE MOJNYyYHM
pe3yJsbTat, OoJiee OJH3KHH K HYJIIO.

Canyuain 2.
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Torpa ypaBHenue (2) mpumeT BHA:

(x + —%)2= 0.
Orciona:

LR ——
x+§—0, r=—x,

Hrak, B 3TOM cCJyyae ypaBHeHHe HMeeT OJHH KOpEeHb.
[Ipumep.
x2—8x 4 16 =0.

p=—8 g=16 (—g)“—m:o.

JleBasi yacTb ABJSieTCA KBajapaToM JAByuseHa. Mwmeewm:
(x—4)2=0;, x—4=0; x=4.

Cnyuain 3.

p?
> T <0.

Torpa ypaBHenHe (2) MOXHO NepenucaTb Tak:
2 2
) R
("‘+'2‘) .

[IpaBasi yacTe 3TOro ypaBHEHHSl — OTPHLATENbHOE YHCJIO.
JleBasi e 4yacTb HH NMPH KAKOM 3HAYEHHH X OTPHLATEJILHOH
ObiTb He MmoxkeT. CaejpoBaTtesibHO B 3TOM CJjydyae ypaBHe-
HHe (1) He HWMeeT KOpHeH.

[Ipumep.
x*—6x 4+ 13=0.

31ech %i—q=9—l3=—4<0 H YypaBHEHHE He

HMeeT KOpHEeH.
JleHCTBUTE/NbLHO, MpPEACTAaBHB YpaBHEHHE B BHJE

(x—3)24+4=0, um (x—3) = —4,

3amedyaeM, 4YTO JieBad 4YaCTb HH INIPH K3aKOM 3HAY€HHH X He

MOXKEeT CTaTh OTpHUaTeJbHOH., ChejoBaTenNbHO, ypaBHEHHE
He HMEeeT KOpHeH.
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§ 105. KsaapaTHoe ypaBHeHue o0ulero BHAA.

Pewnm ypaBHeHue:
x? —dx —21 =0.
Pa3gesuB Bce ero uJjewbnl Ha 4, MOJyYHM:
o 21

] L PRECh ey
X X 4_-*II!.

Ho sTo ypaBHeHHe — MpHBeJEHHOE, H pellaTb €ro Mol YKe

yMeeM.
[Tpumenum dopmyay (A) npeasiaywiero naparpadga:

5 /25 21
=3zl g+73-
[IpousBeiéM BbIYHC/ICHHA:

25 , 21 _ 254-21-16 _ 361 V@_E}
HTaI=— o =%’ 64 — 8°

HUrak, umeem:

5 19
*=gt3
Orclona
7
fy=—i %=3

Takum Ke nyTéMm pelIHM Ternepb KBaJpaTHOe YypaBHEHHE
B olOuiem BuJe:
ax® 4 bx 4+ c = 0. (1)
Paspenum ofe yacTH 3TOro ypaBHeHHS Ha @ (Mbl 3HaeM,
qto a # 0). [lonyuum npuBezéuHoe ypaBHEHHE, PaBHOCH/JIb-
HOE JIaHHOMY:
b ¢ b c
2 e — — = — —_—
x—]—ax—i-u O, rne »p =, §==—.
BrelyncniuM nojakopeHHoe BblpaxKeHHe B ¢opmyae (4)
KOpHeH NpHBEJEHHOr0 KBaJpaTHOro ypaBHEHHA (2):

P _(i*_.)z_i_i c _ b*—dac
g 9= (3 a  4a® a = 4a* (3)

Ecsaiu 3TO BhIpa)eHue HEOTpHIATe/NbHO, TO, MpHMEHHB ¢op-
myJay (A), noay4um KOpHH ypaBHeHus (1):

b?* — 4ac
JC-—-—— iV 42 °
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0* —dac Vb —dac*
3aMeTHB, 4TO ]/ = ;

qaTeJbHO cJejyoulyio obulyio ¢hopMyJsy KOpHeH KBaJIpaTHOro
ypaBHEHHS:

—b + V'b* —4ac
5 2a ' (B)

Ecnu Buipaxkenue (3) oTpHLATENBHO, TO YpPaBHEHHE He
HMeeT KOpHeH.

CnoBamu ¢opmyay (B) MOXKHO BbIpasHuTh TakK:

Kopru ksadOpamno020 ypashenus pasHsl. Opobu,
3HAMEHAMENb KOMOPOUL PABEH YOBOEHHOMY nepso-
MY KOdgpgbuyuenmy, a 4UCAUMENb 8MOPOMY KOIP-
gpuyuenmy, 83aMmMOMY C RPOMUBONOLONCHbBIM 3HA-
KOM, RAIOC-MUHYC KBAOpPAMmMHbLL KOPEHs U3 Keadpa-
ma 3moz20 KO3ggpuyuenma 6e3 Y4emBepPEéHHO20
npou3sedeHus nepsozo Koaghguyuenma u c80000-
H020 4AeHa.

[Ipumepn:

. x2—=7x+412=0.

3neck a=1, b=—17, ¢=12. Ilpumensisa dopmyay (B),
MONYYHM:
x__?i]/49~—4-1 : 12___?11/1"=?¢1

e 2.1 2 2

2. 3x2—5x—2=0.

3nece a=3, b=—95, ¢c=—2. [lo dopmyne (B) no-
JIYYUM:

x_si]/za-at-3-(-—2)_5¢V25-|-24_5i?_

6 b 6 °’

; Xi=3; .= 4.

1

dopmyna (B) npuMeHHMa W B TOM cJy4ae, KOTAa OJHH
u3 Ko3(hpHILHeHTOB b HJH ¢ paBeH HYJIO.

3. 9x2 —49 =0.

3nece a=19, b=0, ¢c=—49. [lo ¢opwyse (B) no-
NYYHM:

4-9-49 7H 949 2-8:7
o e VO =4}

7
2.9 = 18 =I5 "i?'

* Tak kak Mbl cunuTaeM, u4to @ > 0 (cTp. 222), 10 V 4u? = 2a.
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4. 2x2 4 5x = 0.
3aece a=2, b=>5, ¢=0.
Gopmyaa (B) paér:

x__-—ﬁ;tlf25—4«2-0 =545
o 22 - 2.2

5
. .t1=0’. xg-—-‘-"?-

Ecan b = 2k, 10 ypaBHenue (1) 3anuwercs Tak:
ax?® 4+ 2kx 4+c¢c =0
¥ ¢dopmysa (B) npumer BuA:
—b + Vb —dac _ —2r+V4k*—dac __ —2k + 2V k? —ac _
2a - 2a - 2a “
—k + VEk®E—ac
= ;

droii dopmysioii yAO6HO NMONBL3OBATLCH, €CAH R — 4YETHOe
YHCJIO.
CaepoBareibHO,

_me' ©)

a

X =

[Tpumep. 5x2—14x 4+ 8 =0.
Tak kak KO3ppHUWEHT npH x — YéTHOEe YMCAO0, TO MNpH-
mensiem gopmyay (C):
_7+V49—-5.8 743,
X = 5 -

4
= %=2

Pemum sapo6HOE ypaBHeHHe:

X 2 3
x—2+{x—2){x—3}=x—3'

YMHOXUM 06e 4acTH NaHHOrO ypaBHeHHa Ha (x—2)(x—3).
[Tosyuum:

xX(x—3)+2=3(x—2), nau x2—6x 4+ 8=0.

[Toayuuau kBajgpaTHoe ypaBHeHue. Tak kak (—3)? —8=
= 1> 0, To oHO uMeeT ABa Kopus. Pewus ero no ¢opmy-
Jge (A), Haijaém:

X, =2; Xq=24.
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Tenepb npoBepuM KOpPHH, TaK KaK BO3MOXHO [10ABJIEHUE
NOCTOPOHHHX KoOpHeil (cMm. § 70).
Jlns naHHOro vpaBHeHWsl 3HaueHHWe X = 2 He SBJSeTcH

AOMYCTHNBIM, a@ [MO3TOMY YpaBHEHHE HMEET EﬂHHCTBEHHhIﬁ
KOpeHb X = 4.

§ 106. duckpumuHaHT.

B npenbiayuiem mnaparpade O6LlI0  yCTaHOB/JEHO, 4YTO
KBajJpaTHOe ypaBHeHHe ax® + bx 4+ ¢ =0 vmMeeT KOpHH, ec/iu
b2 —4ac
—az >0
Ho 3unamenartens 44? scerpa nonoxkwurened (a #+ 0). 3ua-
YHT, 3i1aK JIeBOll 4YaCTH B HEpaBeHCTBE 3aBHCHT OT 3HakKa
BhipaxKenusa b* — 4ac.
Brinaxenne b* — 4ac na3piBaeTcd JUCKPHMHHAHTOM
(paznuuutenem) ypaBuenus (1). Ob6o3uauum ero yepes D.

D = b* — 4ac.

Gopmyay (B) kKophell KBajpaTHOrO YypaBHEHHS MOXKHO
3anucath Kopoue:
—b+ VD

= 2a

Takum ofpasom, uHci0 KopHeit ypaBueHust (1) 3aBHCHT
oT 3xnayenus D. HUmenro.

1) Eciw D > 0, To ypaBHeHHe HMeeT JiBa KOpHSA:

S T W
2a

Ty 2ua | oy

2) Ecoim D =0, TO ypaBHeHHe HMeeT OAHH KOPEHb:
b

X=—

2a °
3) Eciu D <0, To ypaBHeHHe He HMEET KOpHeil.

[Tpuwme pwi

1. 3x2—2x 4 7=0.
BeIYHCAHM JHCKPHMHHAHT:

D=22—4.3.7=-—80<0.
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YpaBHeHHe He uNv€eT KopieH.
2. x* —12x4+4=0.

D=122—4.9.4=144—144=0.

YpaBHeHHE MMEET OJHH KOPeHb: X = ;— = %
3. 4x*—12x 4+ 7 =0.

D=122—4.4.7=144—112=32> 0.
[Npumensia ¢epmyay (C), noaydin:

_6+V3%6—4-7_ 6+tV8 _6+212 _ 3+V)2

* 1 T T p

[Tocneausia dopmysa ne3BodisieT BHIUHCJAHTL KCPHH MpH-
6. xkénno. Tak, rosaras )/ 2= 1,41, noayuum:

20l 20,79, g =i 8 09,

§ 107. I'paduveckoe peuieHue KBaAPATHOrO YpaBHCHHA.

PaccmoTpuM npuBefiéHHOE KBajpaTHOE ypaBheHHe

x+rx+q=0;
nepenyiueM ero Tak:
X2 = —px —q. (1)
[locTpoum rpaduku 3aBuHCHMOCTEI]:
y=x* u y=—px—4q.
paduk nepBoii 3aBHCHMOCTH HAM H3BECTeH, 3TO €CThb
napabona (cm. § 89); BTOpas 3aBHCHMOCTb — JIHHEHHAs; €€
rpaduk ectb npamas aunud. M3 ypaBuenns (1) BigHo, 4to
B TOM cCJly4ae, KOrja 4YHCJO X SBJIAETCS1 €ro pelueHHem,
OpAHMHATBEI TOYCK O00OHX TrpauKOB paBHBI MeXJy COOOi.
3HAYUT, JAHHOMY 3HA4YEHHIO X COOTBETCTBYET OAllA H Ta ¥Ke
TOYKa KakK HaA mnapaboJjie, TaKk H HaA NpsAMOiH, TO eCTb MNapa-
6osia u npsivas nepecekaioTcss B TOYKe ¢ aOCLHHCCOH X.
Orciona cnepyrouni rpaduyeckuit cnocod peweHds KBaa-
paTHoro ypaBHenusi (1): yepTnm napaGoay y = x* (3Ta na-
paosa AJis BCeX ypaBHeHHH OJHA H Ta Ke, H €€ JOCTAaTOYHO
HAYEPTHTb OJMH pa3 HJIM CAeJsaTh JieKasa), yepTuM (Harnpumep,
Mo ABYM TOYKaM) NpsAMylo y = —px —(.
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Ecan npamas u napaGosiia mnepecekaioTcs, TO abCIUHCCHI
TOYEK fepeceyeHHsl ABJSAIOTCA KOPHSIMH KBaJpaTHOro ypas-
HeHus. ITor cnocob yaobeH, ecqiu He Tpebyercsi 6OJbLIOH

TOYHOCTH.
Mpumepsl.

. Peuinm ypaBHeHHe

[IpeacraBum ero B BHJE:

4x* — 12x + 7 = 0.

7
B e
x? = 3x T
[locTpoum napaGosy y = x2 u npsmyio y = 3x — —} .
[lnsi nocTpoeHHs MOXHO B3SITh, HanpUMep, TOYKH (0: —fi-)

17

H (2: T)' [MapaGona u npamas nepecekaiorcsi B JBYX TOY-

e — e —

Yepr. 56.

Kax ¢ abcuuccamu x,~0,8 u
Xq = 2,2.
2. xX*—x+4+1=0.
3anuiueM ypaBHeHHe B BHJE:

x2=x—1.

[TocTpous napabony y = x*
H npamyio y=x—1, yBHu-
JHM, YTO OHM He NepeceKaroTCs
(gepr. 56). 3nauyur, ypaBHe-
HHE He HMeeT KOopHe#l.

[1poBepum 3T0. BhluHC/IAHM
AUCKPHUMHHAHT:

D=(—12—4-1.1=
= —3 <0,

a No3TOMY ypaBHEHHE HE HMEeeT
KOpHeH.

[Ipumep 3.
x2—2x+4+1=0.

Ecnu akkypatHo Haueptum mapabosy y = x* H npaMmyio
y=2x—1, TO yBHAHUM, 9TO OHH HMEIOT OJHY OOILyI0 TOYKY
(npsaiMast kacaercs mapaboast) x = 1, y = |; ypaBHenue umeer
OJIHH KOpeHb X = | (MpoBepHUTb 3TO BHIYHCJIEHHEM).
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§ 108. Pewenne 3apnau, npuBOASIHX K KBajpPaTHbIM
YpPaBHEHUSAM.

KBaspaTHble ypaBHEHHsI TNPHMEHSAIOTCA TPH  pelleHHH
MHOrMX 3ajia4y. 3HayHTeJbHAas YacTb 3aJay, JErKo peliaeMbix
NpH NMOMOIIH YPABHEHHH MEpPBOH CTeNeHH, MOXeT OhTb pe-
mleHa M YHCTO apH(MeTHYeCKH, XOTs HHoraa ropasno Goaee
TPYAHBIM, JJIHHHBIM H 4YaCTO MCKYCCTBEHHHIM NyTéM. 3apa-
44 XKe, NPUBOASALIHE K KBaJpaTHbIM ypaBHEHHSAM, KakK npa-
BHJIO, COBCEM He TNOAAAIOTCS apHPMETHUYECKOMY PpelleHHIO.
A K TakuM 3ajayaMm NPHBOASIT MHOTOYHUCJIEHHbIE H camble
pa3dHooOpa3snble BONpOChl (PH3MKH, MEXaHHKH, THJpOoMeXxa-
HHKH, a3pOJIHHAMHKH H MHOTHX APYrHX MNPHKJIAIHLIX HAYK.

OcHOBHBIe 3Tanbl COCTABJIEHHS KBAaJpPaTHbHIX YpaBHEHHI]
No yCJOBHMSAM 3aJlaud T€ K€, YTO H INpH pelleHHH 3ajau,
NMPHBOASIIHX K YypaBHeHHsM nepBoH crtenend. [lpuBegém
NPHMEPHI.

3anpaua 1. [lee mawunucmku nepenedamasu pyxonucs
2a 6 vac. 40 mun. Bo cxoavko epemenu mozaa 6ol nepene-
vamams pyKonuce Kasxcdas mawuxnucmxa, pabomas o00Ha,
ecau nepsaa 3ampamusa 661 na smy pabomy wa 3 uaca
6oabue emopou?

Pemenue. Ilyctb BTOpass MallMHHCTKA 3aTPaTHT Ha
nepeneyaTky PYKOMHCH X 4acOB. 3HAYMT, NepBas MAIUHHHCTKA
3aTpPaTHT Ha 3Ty Xe pabory (x -+ 3) yacos.

Y3HaeM, Kakylo yacTb Bceii pabOThl BBINOJIHSIET 33 OJHH

4YdC Kaxnass MAaulHHHCTKA H obGe BMmecTe.
1

IlepBas MalIMHHUCTKA BHINOJHHT 3a 4ac 73 "acTs.
l
Bropas » » » » — YacTh.
X
1 1
O6e MaIMHUCTKH BHINOJHSIIOT » » — ¥ 3 acTb.
Orcioga umMmeeM:
| | |
T + a— "o (1)
x x 43 6—2-
3
HJH
1 1 3
¥ iy~

[To cMuicay 3apaun x — noJioXuTeAbHOe uHCao (x > 0).
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YmuoXuM o6e uactu ypaBHeHusi Ha 20x(x -+ 3). Tlocne
ynpoOUIeHHs MOJIYYHM KBAaJpaTHOE ypaBHEHHE:

3x2—3lx —60=0.

Tak kak D =312—4.3.(—60)= 1681 >0, TO ypas-
Henue umeet aBa KopHd. [lo ¢opmysie (B) Haiaéwm:

o
xI = _-.E . x2 == 12_
5
Ho Tak kak AOMKHO ObiThb X > 0, TO 3HAUYeHHE X = —

He SIBJSeTCS JONYCTHMBIM JJsl JaHHOH 3ajJauyH.

Jlanee, 3HayeHue x = 12 HeoOXOAMMO mNpPOBEpPHTL MO
YyCJOBHIO 3aJjaud U TOJILKO TOCJe 3TOro 3amnucaTh OTBeT.

Orser. IlepBasa mammMHHcTKAa 3aTpaTusia Ha paboty
12 4+ 3 = 15 gacos, BTOpas 12 wacos.

3anaua 2. CoicmseHHas CKOpPOCMb CAMOAEMA U KM
8 wac. Paccmoanue 8 | km camoarém npoicmes 06anobL:
CHai:ara no eempy, 3amem npomus eempa, npu4ém Ha emo-
Foil ncpeaém ox 3ampimur Ha t wacos 6Goaviue. Betuucaume
cKopocme eempa.

Xoa peleHHs W300pa3umM B BHJAE CXEMHI.

CkopocTb BeTpa X kM B yac.
[TyTsb CkopocTb Bpemsa

I v+ x J

[lo Berpy . =
[

. l O—X *

! -
‘v—x o-4x

[lpotuB Betpa . .

S 4
[lo ycnoBuio

YMHOXHM 06e yacTH ypaBHeHHs HA (v —x)(v 4 x). [locae
YIpPOLIEHHS] NMOJIyYHM KBaJpaTHOE ypaBHEHHeE:

(x®* 4 2lx —tv? = 0.
PemuB ero (£ % 0), najaém:

—I + V124 202
X = 7 ‘

M3 nonyuennoit dopmyasl 3akjarouaen:
1. ¥YpaBHenue Bcerja MMeeT peuleHHe, TaK KaK NMOJKO-
peHHOe Bbipa)KeHHe Bcerja MO0.i0XKHTEe/IbHO.
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2. 3ajaua uveeT eJHHCTBEHHOE pellleHHe; RTOPOIl KOpeHb
nTOpacbiBaeM Kak OTpHLATE/bHbIH, TaK KAaK [0 CMBICJAY 3a-
Jaun x > 0.

§ 109. Teopema Buera.

Pewinv npuBenéHHoe ypaBHeHHe:
x*—T7x + 12 =0.
[To dopmyae (B) noayuunm:

7 19 —7 ;
. :tV2 12

Orcioga x;=3; 2, =4

OdpatuM BHHMMaHHE HA CJejylollee: eCJH CJOXKHTL Hal-
JIeHHbIe KOPHH, TO NOJIYYHM YHCJIO, NPOTHBOIMOJIOMKHOE KO3d-
dbuuueHty npu x. JleHCTBHUTE/bHO: B ypaBHEHHH p = —T7,
a x,+x,=44+3=17.

Ecan HafiieHHble KOPHH [MEPeMHOXHUTb, TO TOJYYHM
YUCJI0, paBHOE CBOOOAHOMY 4JieHy ypaBHeHHA. [lelicTBu-
T€JILHO, CBOOOAHLIN 4JieH paBeH 12.

Bo3bméM ewlé ypaBHEHHE:

x4+ 2x— 35 =0.
Ero kophu

Onsite uMeeM

X+ x,=5+(—7)=—2 (p=2)
2y Xy =2 B [==T) =B85 (g == 85},

Jlokaxem, 4yTO KOpPHH JI0OOro NMpHBEeAEHHOrO ypABHEHHS
00.,1aaI0T 3THM CBOHCTBOM.

Teopema. Cymma xKopHeilr npusedéHnH020 K8ao-
pamuo20 ypasHeHus pasHa e6mopomy Koaghguyuen-
my, 83amMoOMmMy ¢ nRPOMUBONONLONCHBIM 3HAKOM,
a npou3sedenue KOpHel PABHO C80000HOMY HAEHY:

X1+ Xo=—PpP, X;°:Xo=04(g.
HokasatenbctBo. [lycTe umeev ypaBHeHHE:
x4 px 4 g = 0.
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Ecsiu ypaBHeHHE MMeEeT pellieHHsi, TO OHH COOTBETCTBEHHO
pasubl (§ 104):

p p* :
=2 Y E g fm=L 1V £ —s.

Orciona nonyyum:

1>xn+x==(—-£—+V%1—a}+f—%—~l/£f— -

+]/”‘ =V &5—a=—»

HUrak, x, + x, =

Hrak,

Teopema pokasawua.
JTa Teopema Ha3biBaercl Teopemoi#n Buera mo uwme-
HH ¢paHny3ckoro matematika ®. Buera (1540—1603).
lMoanoe kBagpaTHoe ypaBHenne ax® 4 bx + ¢ = 0. 3awme-
HHM JaHHOE YypaBHEHHe pPABHOCHJ/IbHBIM €My TNpPHBEJAEHHbIM,
pa3zenuB ero obe yacTH Ha a:

b c
2 —_— T ——
Bt oxt o =0
Torpa no reopeve Buera Gygem umeTh:
b ¢
Xy +Xp=——3 % - X3 =—.

Ecau puckpumuHauT kBajgpatHoro ypaBueuuss D = 0, to
ypaBHeHHe HMEeT OJHH KOpeHb H, CJieJl0OBaTe/JbHO, Teopema
Buera B 3TOM c/yyae HenpHMEHHMA.

Ho BBepém crenyiowee ycagBue: Oyjaem CUHTaThb, 4TO
ypaBHenue x4 px + g =0 u B cayuae, korga D = 0, Toxke
MMeeT ABa KOPHf, HO PAaBHbIX.
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Kaxabld KOpeHb paBeH —-%.

OTH ABa KOPHA Mbl NMOJYYHM H3 (opmy.:

_ P p* p p?
*“1——54"]/ ¢ 9 “2=—?—'V4—"‘-7-
2

[TonoxxuB B HHX %“q=0- MOJy4HM X, = —-%:
X, = — -g-. [lpu BBenénHom ycsoBuH Teopema Buera ocra-

€Tcsi BepHOH M B cayuae, korga D = 0. [leficTBUTE.IbHO,

2
xl‘!‘xﬂ:—‘*‘gp‘"F'(—*g"):—p; Xy '-"‘==“%' =q.
Takum oOpa3om, Tteopema Buera BepHa anaa Jiboro

KBaJipaTHOr0 ypaBHEHHSI, HMEIOILEro KOpHH.
[Ipumep.
x2—10x 4 25 =0.
Hwmeewm:
Xjmm X =2, X+ Xy=10; % +%5==2b.

Teopema (obparHas). Ecau cymma 08yx wucen pas-
Ha p, @ ux npou3sedeHue Pasro ¢, MO 3mu Hacaa
RABARIOMCA KOPHAMU KBAOPAMHO20 YPABHEHUSR

x2—px+q=0. (1)
Hoka3zarteasctBo. [lycts paHo, 410
a+b=p; ab=q. (2)

Jlokaxkem, 4TO TOrja uyucjaa a u b ABJAAIOTCA KOpPHAMH ypas-
HEeHHS.

[lonb3sysice paBeHcTBamu (2), Mbl moxKem ypasHenue (l)
nepenucarb Tak:

x*—(@a+b)x+ab=0. (3)

Iokaxewm, HalpHMmep, YTO @ yAOBJIETBOPSAET 3TOMY Yypas-
HEHHIO, a cJiefloBaTeJibHO, U ypaBHeHHIO ().
[ToacraBuB a BmecTo x B ypaBhHeHHe (3), MOJy4YHM:

a®—(a-+4b)a+ab=a*—a®—ab +ab =0.

JleBas yacTb OKa3aJsach paBHOH HYJK. 3Ha4yuT, aQ —
KopeHb ypaBHeHHH (3) u (I).
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Ha ocHoBanHH 3TOil TeopeMBl JIETKO pelnaioTcs cJjeayio-
e 3aaayx.

3apaua l. Cocmasume keadpamuoe ypasHeHue, KOPHAMU
Komopozo Gbiau 6br OaxHblie wucaq.

[Iyctb m w n— nanuble yucsaa. Ha ocHoBaHuM Teopembl,
ob6paTHoii Teopeme Buera, m W n SIBJSIIOTCS KOPHSIMH ypaB-
HEeHHS:

x2 — (m + n)x 4+ mn = 0.
[lycte, nanpumep, m=3; n = —>5.
Torpa
m+4n=—2; mn=—I15.
Mckomoe ypaBHenHe:
x24-2x—15=0.
3apaua 2. Pewums cucmemy ypasHerud:

| x4y =a;
| = b.

Ha ocnoBanuu ToOii e Teopembl 3aKJOYaeM, 4YTO X H Y
ABJIAIOTCSI KOPHAMH YpPABHEHMA:

22—az4+b=0.

PeuinB ero (ecnn a®*—4b > 0), Haligém JaBa 3HaAYeHHUA
(pa3MYHBLIX HJH PaBHBIX) 2, H 2, Toraa, MOJIOXHUB

X=2,, Yy=2, B X=2, Y=2,

noJivyumM aBa (MM OJHO) pelieHHS CHCTEeMB.
Ilpumep l.

{x+y=£
xy = —21.

3necb 4> —4(—21)=100> 0. YpaBuenuwe 2?-—4z —

— 21 =0 umeer Kopuu 2, = —3, 2z, =7; cHCcTeMAa HMeeT
JBa pelleHusd :

{x1=—3; {x2=7;

Yy =17, Y = —3.

[Ipumep 2.

RS (X4 5,= 10
Xy = 29.
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3necb 10 —4 .25 =0. Cucrema uMeeT OJHO pelIeHHE

{x= 9;
y =9,
[Ipumep 3. {x-{—y:?:
xy = 195.
3necb 72 —4.15=—11<0. Cucrema ue wumeer pe-
LIeHHH.

§ 110. HccenoBanue KopHel KBaJAPaTHOr0 ypaBHEHMS.

[lycTs naHO HJH COCTAaBJEHO NMpPH pelleHHH 3ajauyu KBaj-
paTHoe ypaBHenue. Yacro ObiBaeT mnone3Ho AJs pelleHHs
9TOr0 ypaBHEHHSI TMOJYUYHTb HEKOTOpHLIE CBEJleHHSI O ero Kop-
HS1X, HJIH, KaK TOBOPST, MCCAEAOBAaTb KOPDHH YpaBHEHHA.

1. HccnenoBanne KOpHeH KBajApaTHOroO YypaBHEHHUSI MO
AUCKPUMMHAHTY. [Ipexxne Bcero HY»XHO YCTAHOBUTb, CTOMT
JIH pellaTh JaHHOe YpaBHEHHEe, TO €CTb HMEeeT JIH OHO KOPHH.
M3 § 106 u3BecTHO, 4YTO OTBET HA 3TOT BONPOC 3aBHCHT OT
auckpumnnanta D = b? — 4ac, a umeHHO:

Ecau D > 0, To ypaBHeHHe HMeeT JBA Pa3/HUYHBIX KOpHSI.

Eciu D =0, T0 ypaBHeHue HMeeT JBa paBHBIX KOPHS.

Ecin D <0, To ypaBHeHHe He HMeeT KOpHei.

[Ipumepbl Bcex TPEX cJydaeB MNPHUBOAHJIHCH B TpedbILY-
uiix maparpagdax.

2. HccaepoBanue KOpHeH mNpPUBeAEHHOro KBaJADATHOrO
ypaBHeHus no ero Kostpbuuuentam. [lyctb gano ypaBHenue:

X4px+qg=0 (p*=0wu g==0.

Torpma, paccmaTpuBasi Ko3ahhHIIMEHTHI 3TOro ypaBHEHHS,
MOXKHO MOJIYYHUTb €LLE€ HEeKOTOopble CBeJeHHA OTHOCHTE/bHO
€ro KOpHe#H. He pellas CaMOro ypaBHEHHS.

PaccmoTpHM passiyHbBIE CJlyYaH.

1) Ilyets ¢ < 0. Torma npexae Bcero 3akaodaeM, 4To
ypaBHeHHe HMeeT KOpHH. B camom pesie, B 3TOM cCiydae
Bcerja
p?
4

p*
— —g>0, Tmak Kak

2 =0u —g>0.
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iTak, Mbl NpHILJAH K Ba)XHOMY BbIBOAY: €CJH B NpHBe-
NEHHOM KBaJipaTHOM ypaBHEeHHH CBOOOJAHBIA YJEH OTpHIaTe-
JIeH, TO ypaBHEHHE HMMeeT KOpPHH.

Hanee, no teopeme Bueta nmeem:

X &g =1 (1)

Xy ¢+ Xg = 0. (2)

H3 ycaoBua g < 0 sakaiouyaem, 94TO TNpoH3BELeHHE Kop-

eH X, - X, OTpHLATEJbHO, @ 3TO O3HAYaeT, YTO KOPHH HMEeIOT

TPOTHBOMNOJIOXKHbLIE 3HAKH: OJHH H3 HHMX TNOJIOXKHTEJEeH, ApYy-
rOH OTpHLATeJIeH.

ITpumep 1.
RS x2— 11x — 26 = 0.

g = —26 <0, 3HauYuT, ypaBHEHHE HNEET KOPHH, H OHH
HMEIOT NPOTHBOMOJIOKHbIE 3HAKH.
Pewns ypaBuenne, HaiijiéM ero KOpHH:

2) Ilyetv ¢ > 0. Torpa wu3 (2) s3akjawyaeMm, 4TO €CJH
ypaBHEHHe HMeeT KOpPHH, TO ecTb ecad D > 0, To npousBe-
JIEHHe HX X,X, TOJOXHUTeJbHO, a 3TO 03HA4YaeT, 4YTO KOpHH
HMEIOT OJIHHAKOBbLIE 3HAKH.

IToctaBuM Bompoc: Kakue HMeHHO? OTBeT MNOJYYHM H3
cootHowenus (1).

a) Ilyecrb p>0. Torpa cymma x, + x, oTpuuaTeJbHa,
H, 3HaYuT, 00a KOPHS OTPHLATEJIbHHI.

6) Ilyete p <0, Torapa cymma x, 4 X, MOJIOXKHTEJIbHA,
M, 3HAYHT, 002 KOpHA TNOJOMKHTEJbHHI.

[Tpumep 2.

x2—10x 4+ 22 =0.

D=102—4.22=12>0. YpaBHeHHe HMeeT KOPHH, H OHH
HMEIOT OJHHAKOBble 3HAKH, TaK KakK X, - X, = 22 > 0.
Cymma kopueit paBHa 10. 3Hauut, 06a OHH NOJIOKHUTEJBHBI.

Pewns ypaBnenue, Haiiném: x, =54V 3; x,=5—V3.
Bosbmém, '3 = 1,73, Toraa x, =~ 6,73 > 0 u x, =~ 3,27>0.
3. HccaepoBanue kopHeH ypaBHeHus obwero Buaa. [le-
peiiiéM Tenepb K ypaBHEHHIO BHJA

ax*4+bx+c=0 (a+0).
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Pasnenns o6e 4aCTH 3TOro ypaBHEHHS Ha 4, NOJYYHM
PaBHOCHJIbHOE eMy ypaBHEHHe, HO YXKe NpHBeJIEHHOe:

x? 4 -E—x—[——fl—=0

31ech p=%—; q=%.

Ho Ttak kak nmo ycjoBuio a > 0, TO 3HaKH YHCEJ p H q
COBNaJyT COOTBETCTBEHHO CO 3HakamH b W c.

A orcioga cnepyer, 4TO BCe BBLIBOABI, KOTOpbie OBlIH
cleNlaHbl Bbllle AJS NpPHBEAEHHOrO ypaBHEHHS, OCTAIOTCS B
cujie u aas ypaBHeHHs oOulero BuHaa. Bo Bcex BHIBogax
HYXHO TOJIBKO OYKBH p W @ 3aMeHHWTb OyKBamu b u .

[Tpumep 3.
3x2 4 10x 42 =0.

Tak kak D=102—4.3.2=76>0, T0 ypaBHeHue
MMeeT JBa pa3JIHYHBIX KOpHAl; ¢ =2 > 0, a no3ToMy KOpHH
UMEIOT OJHHaKoBble 3HaKH, — b = — 10 <0, 3Hauut, 00a
KOpHSl OTpHLATE/BHHI.

§ 111. Pa3noxenne KBajpaTHOro TPEX4JeHa
Ha MHOXHTEJIH.

1. KBagpaTHbiii Tp€xuJeH u ero Kopyu. MHorouseH BTo-
pOit CTENeHH OTHOCHTEJNbHO KAKOH-JHOO OyKBbl HAa3bIBaeTCs
HHayYe KBaJAPaTHBIM TPEXUYJEHOM HJIH TPEXUJIEHOM
BTOPOH CTENeHH OTHOCHTEJbHO 3TOH OYKBHI.

OGwui BHA KBaApaTHOro TpéxdJ/eHa

ax®+ bx +c, (1)

rae koapduuuenTsl a, b M ¢ ABJAAIOTCS HEKOTOPHIMH Ollpe-
JNeNEHHbIMH 4ucsamMu, npuyém a + 0 (3ameTum, yYTO Tenepb a
MOXKeT ObiTb H OTPHUATEJBbHBIM), @ X MOXEeT NMPHHHMATb pas-
JHUYHble 3HayeHHsi. B 3aBUCUMOCTH OT 3Ha4yeHHs X TPEXuJ/ieH
MOXXET NMpPHHHMaThb pa3juyHble 3HaueHHs. BykBy x Oygem Ha-
3bIBaTh rJ1IaBHOH OYKBOH HWJIH apryMeHTOM.

[Tpume p. O60o3Hauum yepe3 y TPEXUJeH
y=x*—3x + 2. (2)
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Byaem naBaTb X npou3BoJibHble 3Havenuss. CooTBeTCTBY-
jOUIHe 3HAYeHWA TpéxuseHa x% — 3x 4 2, HWAH, YTO TO IXKe
camoe, 3HayeHUs1 y JAaHbl B cJjejyiolled TabJanue:

— 1 0 l 2 3

U3 stoit Tabmuubl BHAHMM, 4TO NpH x =1 u npu x =2
3HlaueHHe TpEéXuJieHa CTAHOBHTCSA PaBHBIM HYJIIO.

Onpenenenne. Te 3HaYeHHN apryMeHTa, NPH KOTOPBIX
3HAYeHHe TpPEXuJieHa PaBHO HYJIO, Ha3bIBAIOTCA KOPHAMH
3TOro Tpéx4JaeHa.

Tak | u 2 aBasiloTCA KOPHAMH TpéxujeHa (2).

Umobot natimu kopHu mpéxusena (1), Hado eviucsume
me 3HAUEHUs X, NPU KOmopvix OH obpauwiaemcs 8 HYyab, mo
€Cmy me SHAYEHUsR X, nNpu KCmMopoix

ax? + bx + ¢ =0. (3)

3nayut, KopHu Tpéxusena (1) mbl HaWAém, pelIMB ypaB-
neuue (3). Ho mMbl 3Haem, 4YTO 3TO ypaBHEHHE B 3aBHCHMOCTH
OT BeJIMY!'Hbl €ro JHCKpUMHHAHTA 0% — 4ac MoXKeT HMeTh JiBa
(Pa3/NMYHBIX WJM paBHBIX) KOpPHA JHOO HE HMETh KOPHEHM.

3HAYNT, TO JKE€ MOXKHO CKa3aTb H o TpéxuseHe (1). On
q) uMeeT .ABAa KOpPHS (pas3/IMYHBIX HWJIH PpaBHbIX), €CJH
b* — 4ac > 0, 6) ne umeer KopHeii, ecan b? — 4ac < 0.

JlicKpUMHHAHT ypaBHeHHs (3) Ha3biBaeTcs TaKXKe JHC-
KpuMHHAHTOM U Tpéxuaena (l).

2. Pasnoxenue Ha MHOXMTENH TPEXHJEHA BuAA

x*+px+q.
IlonycTum, 4TOo TpéxuJieH
y=x*+px+gq

HNeeT JiBa KOPHS X; M X,. Torja uMcja x; M X, SIBJSAIOTCA
KOPHSIMH ypaBHEHHS

x*+ px+q=0.
Ho no teopeme Buera 6ynem umersh:
Xy T Xyg=—p; X - X=4q.
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3HayuT,
p=—(%T%X) G=X X,

[TopcTaBuM 3HauYeHHSl p U ¢ B JAHHBH TPEX4YneH H npe-
obpa3yem MoJiyyeHHOE BbIDaXKeHHe:

Yy=x2— (X, F+x)x+x, - X, =% — X, X — X, X+ X, - X, =
=x(x—x) — X (X — X)) = (x — X)) (x — xp).
Mtak, mbl noayuuu:
X4+ px +q=(x—x)(x —x,).

Takum cbpasom, ecau mpixusren euda y= x4+ px +q
umeem KOpHWU, MO OH Modxcem Osime npedcmagieH 8 8uU02
npou3gedenus 08Yyx COMHOJCUM2aeld: OOUH U3 HUX ABAAEMCA
PA3HOCMbI0 Medc0Yy apeymeHmon U OOHUM KOpHey, Opy2od —
PAszHOCMbIO MeH 0y apeymeHmom u Opyeum KOPHEM.

[Tpumep:
. P y = x*—6x 4 8.

PeumuB ypaBrenne
x*—6x1+-8=0,
AanléM KOpPHU TpéxunaeHna: x, = 2, x, = 4. Torna
x2—6x+8=(x—2)(x —4).

3. Paznoxenue Tpéxunena ax? + bx -} ¢. Bo3buém Te-
nepb TpPéxdJieH

y =ax® 4 bx + c, (h
rae a #+ 0. Ilycte KopHHM ypaBHeHHS
ax®*+4 bx+4c=0 2)

OyayT x; H X,.

Beinecss B JaHHOM TpéxuseHe a 3a CKOOKH, TMOJY4HM:
2 ( o b ¢
ax*4-bx +e=a{x* +— x4+ —|, (3)
\

Ho tak kakK x; u X, — KOpHH ypaBHeuust (2), HJH, 4TO TO
.. b ¢
*e, ypaBHeHHS (mMpHBeJEHHOro) x* -4 — X 0, T0 mo

npeabiyliemy:

x*—i-%x—}-—;- =X —x)(x—x,).
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IMoactanoBka B (3) naér:
ax? 4 bx +c = a(x — x,) (x — x,).

Tpéxusen ax® - bx 4 ¢, umerowuli KOpHu, MONCHO npedcma-
eums 6 eude npou3eetsHUs mMpex COMHOXCUMenrel: OOuH pa-
sen Koapuyuenmy npu x*, a 0sa Opysue — pazHocmu mexncoy
apeymeHmom U KOPHAMU MPEXHAPHA.
[Tpumep .
y = 3x* 4 5x 4+ 2;

D=(—5?—4-3-2=1>0.

Y paBHeHHe
3x24+5x+4+2=0
HMeeT JIBa KOpHA:

. . 2
xl—-‘l| x?z"""'"g-i

Torna
3¢ 4-5x 4+ 2=3(x+ ) (x + 7).

[lonyyeHHoe mnpousBesenHe MOXKHO MpeAacTaBUTb B Gonee
.
yACOHOM BHJE: NEepPeMHOMXKHB COMHOXHUTEJH 3 H (x +T)‘ 1o-

Jy4YUM:
3x24+5x+ 2= (x4 1)(3x + 2).
[Ipumep 2.
D=(—17%—4.(—6)-(—5) =289 —120= 169 > 0.

Y paBHeHue
—6x* 4 17x—5=0,
HJIH, 4YTO TO XKe
6x? — 17x 4+ 5 =0,

IMEeeT KOpPHH:

I 5
x1=""3""; x2=Tt

Torpa

— 6x2 + l?x——-5=—'5(x_%‘) (J"‘“r]a')'

HJTH
y= —6x*4 17x — 5= — (2x — 5) (3x — 1).
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§ 112. Cacrema aByx ypaBHEHHH, M3 KOTOPHIX
OAHO BTOPOH H OJAHO NEPBOH CTENEHH.

3apnaua. [llpamoyeoronowi yuwacmox naowadero 1000 m?
ocoposcen 3abopom Oaumou 130 m. Bewmucaums Oauny u
WUPURY Yy4acmKa.

Pemenne. [lycrb panuHa yuyacTka paBHa x MeTpawm,
wupuHa y metpam. Torpa nuowapb ero Gyaer paBHa xy m>.
[lo ycnoBuio sta naowaab paBha 1000 2. Iloayyaem ypas-

HEHHe:
xy = 1000. (1)

Mbl nonyuusiM ypaBHEHHe, coaepiKallee NpoOH3BeJeHHe
HeH3BecTHBIX xy. CreneHbi0 OJIHOUJIEHA, COJlepKallero JBe
OYVKBbI, CYHTaeTCs CyMMa noKasaTejeH CTeneHeH, ¢ KOTO-
pbiMH 3TH OYKBBHI BXOAAT B ofHouseH. Tak, oaHouneH 2x°y’
HMEeT cTeneHb 2 -4 3 = 5 OTHOCHTEeJbHO OYKB X H Y.

3HayuT, B MOJAYyYeHHOM ypaBHeHHH (1) uneH xy umeer
BTOPYIO CTeleHb, H Mbl NMOJYUYHJH YpaBHEHHe BTOPOH CTEeleHH.

Kpome Toro, B 3ajaye faHa BeJIMUHHA NepuMeTpa ydacTKa.
Tak kak nepumerp ero paseH 2x 4 2y, TO nojydaem BTO-
poe ypaBHeHHe:

2x + 2y = 130,
HIH (pasjesiHB BCeé 4JeHbl Ha 2):
x 4 y = 65. (2)

ITO0 ypaBHEHHe TNepBOH CTeNeHH.
Wrak, pna peweHuss 3ajauu Mbl MMeeM CHCTEMY YpaBHe-
HHH, H3 KOTOpPHIX OJIHO BTOPOii H OJHO MEPBOH CTEMNeHH:

xy = 1000;
{x + y = 69. )

Pemum eé crnoco6om nojcraHoBkH. Beipasum u3 BTOpOro
YPaBHEHHS Yy 4Yepe3 X:

y =65 — x. (4)
ChenaB mojacTaHOBKY B nepBoe ypaBHEHHe, MOJYUHM:
x (65 — x) = 1000. (5)

Cucrema ypaBHennit (4) u (5) u cucrema (3) paBHO-
cuabHbl (§ 79).
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Pewus ypaBueHue (5), Haiigém: x, =40, x, = 25.
Orciofa noAcTaHoBKOA B (4) MosyduM COOTBETCTBEHHO:

y, = 65 — 40 = 25; y, = 65 — 25 = 40,

[Toryunau nBa peweHHs:

1) nnuna yvactka 40 m, mmpuHa 25 M;

2) pauHa 25 m, wupuHa 40 m. OueBugHO, uTO hakTH-
YeCKH TOJIyYeH OAUH OTBeT Ha BOMpPOC 3ajaydH.

Pewnv B ofuiem BHAe CHCTeMy ypaBHEeHHH, H3 KOTOpbIX
OJlHO BTOPOH W OAHO NMEPBOH CTENeHH.

[Tyctb umeem cucremy:

{ax2+bxy+cy2+dx+ey+f=0: (6)
mx 4 tiy 4 p=0.

H:finém u3 BTOpOro ypaBHEHHs y:

y=—""FF, (7)

CrenaB nmoacraHoBKy B nepBoe ypaBHEHHE, TMOJYYHM:

" ! 2
ax® — bx m,w.n+ P + ci mJx :— p) +

P f=0. (8)

n

mx

+ dx—e

Crcrema ypaBuennit (7) u (8) paBHocHibHa cucTeme (6).
Ho ypaBhenue (8) saiBisieTcsi ypaBHEHHEM € OAHHM HEH3-
BECTHBIM M He Bblillé BTOPOi cTeneHd. PemuB ero, Haiilém

2HAYEHHA X, mojcTaBuB HX B (7), HaHAEM COOTBETCTBYIOULHE
3HAYCHUA Y.

[Ipumep. Pewnts cucremy:

(4x? — 12 4 2x — 2y — 17 = 0; (9)
12x —y—3=0.

113 BTOpOro ypaBHeHUS HaxOAHM:
y = 2x—3. (10)

[MojcraBuB BvecTo y B mepBoe ypaBHeHWe 2x — 3, mo-
JyuiM:
4% — (2x —3)* 4 2% —2(2x —3) — 17 = 0.
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310 YpaBHEHHE IO YNPOLEHHH MpHMET BHA.

x—2=0.
Orciona
X=2

[loncranoBka B ypaBHenue (10) paér:
g==1l.

§ 113. KpaTkue HCTOpPHYECKHE CBEJCHHUS.

KpajpaTHble ypaBHeHHA W cnocoObl HX peleHHsi Cbljii H3EECTHBHI B
ray6okoit apepHocTH. Tak, emwé 3a aBe THICSIYM JieT A0 Halled 3pbl 3a-
JauH H3MepeRHsi 3eMeNibHbIX YYaCTKOB NPHBOAHJH JAPEeBHHX BaBHJIOHSH
K pelleHHI0 KBaJApPAaTHBIX YpaBHEHHH.

B npesueit I'peunn (Iludarop, EBK A K A) KBagpaTHLie ypaBHe-
HHf peluajHCb reOMeTPHYeCKHM crocoOoM.

3HaMeHHTbIH y36eKCKHii MaTeMaTHK aJb-X Ope3Mu pewan KBaf-
paTHble ypaBHeHHsi Kak aJrebpavyecKHM, TaK H reoMeTpHYeCKHM Chno-
cobaMH.

Tak kak obwasn (opMyna peweHHsas KBaJpaTHbIX ypaBHeHHWIl Toraa
emwe He Obl1a BbiBeleHa, TO aJb-XOpe3aMH MNPHBOAHT pelleHHsi LeCTH
pasiHYHBLIX BHJ 0B KBaJpaTHbIX YypaBHeHHil, Hanpumep:

. Oaun KBaapat paBeH KOpPHSM (x*% = ax).

2. OauH KBajapaT H KOPHH paBHbl uHcay (x? 4+ ax = b).

3. OauH KBaJpaT H YHCJO paBHbI KOpHSM (x* 4+ a = bx),

HT. B
[IpuBeném npuMepsbl pelleHHH anb-Xope3MH 0GOHMH CRoOCOOAMH:

x% 421 = 10x. (N

1. Pasgenu uucao kopueit nonoaam: 10:2 =25,
2. YMHOXb 3TO 4YHCJAO HA camoro cebsi: 5 -5 = 25.
3. BbiuTH H3 Hero uucao: 25 — 2] = 4.

4. M3BneKH KBaJpaTHbIH KOpeHb: V4 =2,

5. dtoT KopeHb nNpHOGaBb K NMOJOBHHE KOpHEil WAH BBIUTH M3 Hee:
5+4+2=7; 5—2=3.
Ecau sanmcaTbh Bce mnpoBejaéHHble AeiCcTBHA OAHOH (opMyJsoH, TO

NoNYyYHM:
-7V (=

Kaxk Buaum, pewenue ajb-Xope3MH MOJHOCTBIO COBMajaeT ¢ COBpe-
MEHHBIM pelueHHeM no dopMmy.e.
[1puBeI€M npuMep reoMeTpHYECKOro pelleHHs.

x2 4 10x = 39. (2)
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Mycrs otpesok AB = x (wept. 57), a orpesok CD = 5.
CtpouM KBajapart co ctopouoit, paBHoi# AB + CD, To ecthb paBHOA
x + 5, n pa3buBaeM ero Ha yeTblpe y4yaCTKa, KaK TIOKa3aHO Ha uepTexe.
5 [lnomaas  kBajpata  paBHA
g (x+5)% C napyrofi cTopoHm, nJO-
wazab ysactkos I, II wu IIl paBua
no ycnaoeuiwo 39, naomaas IV pas-
Ha 25. 3HauuT, nJomans BCEro
KBajapata paBHa 39 4 25 = 64. Or-
clola umeeMm:

(x4+5)2*=64;, x+5=8, x=23.

3anauu, NPHBOAAMIHE K KBaf-
PaTHLIM YpaBHEHHAM, HMEIOTCA B
CTAPHHHBIX KHTAHCKHX H HHAHICKHX
MATEMaTHYECKHX TpaKTaTax.
[lpuBeném 3apmauy H3 couHue-
Yepr. 57 HHA HMHOHACKOro matemMatuka b x ac-
Kaph.
Crasn ofe3baH 3abaBisasach, KBafpaT OJHOA BOCBMOH YacTH HX
PE3BHJICA B JieCcy; OCTaJibHbie JBeHaJllaTb KPHYaJIH HAa BeplIHHE XOJMa.
CKaxu MHe: CKOJbKO Oblio BCcex o0esbsaH?




FMABA OBEHANIATACA.
PYHKUHH H T'PAPHUKH.

§ 114. lNepemennbie BeAHUHHBI.

Ecau nanysate nerckuit Bo3aywmwHbii map, To 6yayr yBe-
JIHUKBATBLCS €ro MNOBEPXHOCTb M OGBEM, GyJeT yMeHbLIATLCS
TO/ILHHA ero 000JIOYKH; BeC Ke 3ToH 000JI04KH OCTaéTcd He-
H3MEHHBIM.

B gr Br'z Qa M

Yepr. 58.

Ecau nabaonarbh JABMXKEHHe Moe3Ja OT OAHOH CTAHIHH K
JPYroH, To Takxe JIerko 3aMeTHTb, YTO HEKOTOpbI€ BeJIHYHHbI,
VUACTBYIOIHEe B JABHXXEHHH noe3la, H3MEHSIOTCS, Hanpumep:
paccTOsiHHe noe3jla OT CTAHIIHH, 3anachl TONJIKMBA H BoAbl. [py-
rie BeJIHYHHBI OCTAIOTCS HEM3MEHHBIMH, HAlNpHMep: YHCJO Ba-
rOHOB, KOJEC H np.

To ke mMoxxHO Ha6nogatbh M B Apyrux npoueccax. Oauw
BeJIMYHHBI B TEYeHHe JAHHOro Mpouecca COXPaHSIOT OAHO H TO
XK€ 3HaYeHHe; TAKHe BeJIHYHHbI Ha3bIBAIOTCA NOCTO S H H BI M H.
Ilpyrue npHHHMAalOT pas3/iMyHble 3HAYEHHS; TakHe BeJHYHHBI
HA3bIBAIOTCA NepeMeHHBIMH.

1. IlycTs man npsMoyronbHelii paBHOGEAPEHHBIH TPEYrob-
HUK ABC (uept. 58). Uepes BepwinHy B npsiMoro yriaa npo-
BeiéM BnpaBo npsMmylo BM, napaaneabHyio runorenyse AC.
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bynem nepemeinartes BepmuHy B no npsamoin BM. TpeyroabHHK
GyzeT nocjenopateNbHO 3aHWMaTh rosioxkenus AB,C, AB,C...

Kakue ssieMeHThI TpEeyrosbHuika OyayT NPH 35TOM OCTaBaTLCH
MOCTOSHHUBIMU M KaKkHe OyAyT NPHHIMATh pPa3JIHYHble 3HAYEHU s ?

Jlerko npocseauTb, 4to 6y AyT COXPAHATh HEH3MEHHOMH CBOIO
BCJIHYMHY: OocHOBaHHe AC,; BbICOTa A, ONyLIEHHAsl M3 BepLUM-
AC + h

2 R
Hanporus, GyayT H3MeHsITb CBOIO BeJHYHMHY: GOKOBBIE CTO-
poHst AB u BC; yroan npH
BepuIHHe B; yribl npH oc-
wvosanuu AC.

CnenoBsarenbHo, B pac-
, & CMaTpHUBaeMbIX YCJIOBHSIX

[lepPBble TPH BEJIHUHHBI SIBJISI-
£ 10TCSl NOCTOSIHHLIMH, A MNATH
NOCJEeAHHX — NepeMeHHbLIMH.
2. Oxono Toro xe nps-
MOYTOJIbHOrO TPeyroJibHHKA
ABC onuiem oKpvKHOCTb (runorenysa AC 6yaeT AHaMeTpoM
3TOH OKpy»KHOCTH). bynem teneps nepemeliars Bepuinny B no
OKD\IKHOCTH B HanpasseHHH K Bepmiune C (uept. 59). Jlerko
yGeauMes, 4TO NMPH 3TOM OCTAIOTCS HEU3MEHHBLIMH IO BeJIH-
yuHe: ocHoBaHue AC; yron B (Kak BNHCAHHbIH, ONHPaIOULHIACS
Ha auHameTp M, caenoBaTtesbHO, paBHbId 90°).

HanporuB, nepevieHHbIMH BeJIMUHHAMH 5IBJISIIOTCS : BLICOTA f1,
onyileHHasa H3 BeplIMHB B; nJjouiajab TpeyroJbHHKA (TaK Kak
13MeHseTCsl BbiICOTa NP HEM3MEHHOM OCHOBAaHHH); 60KOBLIE CTO-
poubt AB u BC; yrael A u C NpH OCHOBaHHH.

O6niuno BXxogauHe B hopMyJy NMOCTOAHHbLIE BeTHUHHBI 0603-
HayaioTcsl nepBLIMM GyKBaMHM JlaTHHCKoro aJdasuTa: a, b, c,
d, ..., a nepeMeHHnle MOCJeAHUMH: X, 2, ... Koneuwno, 3T10
ycj0BHE He sBJseTcsl o0s3aTes/bHBIM M COGJIOflaeTca He
Bceraa.

Hbl B, njou2jab TpeyroiLHHKA ('rar{ Kak OHa paBHa

B8 8,

Yepr. 59.

§ 115. lMouarue o PyHKUHOHANbHON 3ABUCHMOCTH.

Hecko/nbKO yuYeHHKOB MOKYNA4IOT B Mara3uHe OJHHAKOBHIE
reripagu. Oana Terpaab cTOMT 2 KOM. Ecau OJHH ydeHHK Ky-
nua 3 TeTpaju, a APyrod 9, TO M ynJiata HX 3a NOKYNKy OyJaer
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pa3JiiuHa; nepBuiit 3anaatut 6 kom., BTopoit — 10 kon. Mul 31ech
HMeeM J1eJI0 C TpeMmsl BeJIMUHHAMH: LIeHOH TeTpajiH, YHCJIOM KyIl-
JIEHHBIX TeTpPaAeH M CTOMMOCTBHIO BCeH MOKynku. K3 3THX Tpéx
BEJIMYUH nepBasi (LleHa OJHON TeTpaau) siBJSIETCS MMOCTOS HHOM,
a JBe OCTa/IbHble — MEePEeMEeHHbIMH, OHH MPHHHUMAIOT pa3/IHYHbe
3HAUEHHUS.

[Tpu 3TOM KAXKAOMY 3HAUEHHIO OJHONH BEJHUHHBI — UHCJY
KYTJIEHHBIX TeTpalled,—COOTBETCTBYET OonpeleIEHHOe 3HaueHHe
APYroil — CTOMMOCTb BCeX K)IMJIEeHHBIX TeTpaleil.

ITO COOTBETCTBHE BHAHO M3 cJejyiomeil TaGJuib:

Yucno Tterpalein 1 2 3 4 5 6 ¥

Onpepnenenne. Ecau aBe nepemeHHbie BEJIUYHHBI CBS-
3aHbl MeXAy CO0OH TakK, YTO KaxXJOMy 3HAYEHHIO OJHOH W3
HUX COOTBETCTBYET ONpeje/IEHHOE 3HAUEHHEe APYroi, TO roBo-
PAT, 4YTO MEXAY 3THMHM MNEPEMEHHbIMH CylEeCTBYeT (DyHKUM-
OHa/JlbHAs 3aBUCHMOCTh.

3HAYHT, MEXAY YHCJOM KYIMJEHHBIX TeTpajeil H HX CTOH-
MOCTBIO CYLILeCTByeT (PyHKIMOHAJIbHAS 3aBHCHMOCTb.

[TpuBeném ewé npuvepsl BeJNHUHH, HAXOASAULUXCH APYr C
APYrom B (pyHKLIHMOHAJIbHOH 3aBHCHMOCTH.

Bpemsi aBukenuss u nNyTb, MPOHAEHHBIH 332 3TO BpeMs.
. Poct yenoBeka M ero BO3pacr.

Bec Tena u ero paccTosinue OT UEHTpa J3eMJiH.
Bpemsi cyToKk W TemnepaTypa BO3jayXa.

[lnomanbs noceBa u pasmep CHATOro ypoxkas.

A 0N

§ 116. Apryment u dyHkuus.

BepHémcst cCHOBa K MOKyNkKe TeTpajeil, O KOTOpOi roBopH-
aocb B § 115. Mbl BHAe/NH, YTO B 3TOM Mpoilecce y4acTBYiOT
JiBE NMepeMeHHble BeJHWYHHLI: YHCJIO KYIJEeHHLIX TeTpajeil H HX
croumocTb. Ho nierko BuaeTh, 4TO 3TH JBe BeJHUHHBI HIPAIOT
B Mpoluecce MOKYMNKH HEOAHHAKOBYIO PpOJib.

KouanyecTBO TeTpajeii ycTanaBjJuBaeT caM y4yeHHK; 3Ta Be-
JHYHHA MOXKET IMPHHHMaATb NPOM3BOJIbHbLIE 3iiadyeHus, 3; O; 8
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H T. A. (KoHe4yHo, 3TH 3HaYeHHSA HOJKHbI ObITb JOMYCTHMbBIMH;

.

3HaueHHe XKe APYrod nepemMeHHo#i BEe/JHYHHbI — CTOHMOCTH
MOKYNMKH — Oy eT y»Ke 3aBHCeTb OT 3Ha4YeHHs MepBOH,— OT YHC-
Jla KYNJIEHHbIX TeTpajeHx.

Touno Tak xe, ecau mMbl GyaeM MPOH3BOJILHO H3MEHSATH
JUVIHHY CTOpPOHBI KBajpaTa, TO y»eé B 3aBHCHMOCTH OT 3TOro
Oyner U3MEeHSITbCA H ero MJoWajb

Onpepenenue 1. Ecau aBe nepemMeHHbie HAXOAATCH
B (PYHKLMOHAJNbHOH 3aBHCHMOCTH, TO Ta H3 HHX, KOTOpas
MOXET NMPHUHHMATb NPOU3BOJBbHLIE (AONYCTHMbLIE) 3HAYEHHA,
HA3bLIBAETCH HE3aBUCHMOH NMEPEMEHHOH MJH aprymMeHToM.

[Apyras nepeMeHHas, 3HAYEHHUS! KOTOPOH 3aBHUCAT OT 3Ha-
YEHUH APryMEeHTa, HAILIBAETCA 3aBUCHMOH NMEPEMEHHOU HJIH
pyHKuHeH 3TOro apryMmeHlra.

3HaunT, CyMMa JeHer, yn/jayeHHas 3a TeTpajH, ABASETCHA
dyHKUHEH WX KONHYeCTBa.

[Tnomane kBaspata — pyHKUHA JJHHBI €r0 CTOPOHHBI.

B §111, paccmarpuBast tpéxunen ax* -+ bx -}-c¢, Mbl Ha-
3BasH OykBY x aprymeHToM. Tenepe 3TO Ha3BaHHE MOHSATHO.
Kak Oblio yKa3aHo, Mbl gaBajid OyKkBe x MTPOH3BOJIb HblE
YHCJIOBble 3HAYEHHs, 4 3HAYEHHe TPEXUJseHa 3aBHCEeJIO OT 3THX
3qavenHid x. Ecsu 3apath Bonpoc, KakHe e HMEHHO TPOH3-
BOJIbHbIE 3HAYEHHS MOXKET [PHHMMATbL AapryMeHT, TO OTBET
OyleT pa3iv4YeH B 3aBUCHMOCTH OT OCOOEHHOCTEH pacCMaTpH-
BaeMoro [mnpouecca.

Taxk, nnuHa CTOpOHBI KBajpaTa MOXET MPHHHMATL JiIO-
Oble MOJIOXHUTe/NbHble 3HaYeHHA. Ko/HYeCTBO KYMJIEHHBIX
TeTpajieil MOXeT BbIPAaXKaTbCA TOJILKO HATypPasibHbIM YHCJIOM.

Onpepgenernne 2. MHoxkecTBO BceX (AOMYCTHMBIX)
3HAYeHHH apPrymMeHTa Ha3biBaeTca 00/4acCTbi0 onpeneseHus
PYyHKUHH.

["oBOpAT Takxke, 4TO QYHKUHA ONMpeJeieHa HA JaHHOM
MHOKECTBE 3HAYEHHH apryMeHTa.

Takum obpasom, nioutagb KBagpara — QyHKUHSA, KOTOpas
onpejie/leHa Ha MHOXECTBe MO0JIOXKHTe/bHBIX Yuces. CTOUMOCTh
KYyMJEHHbIX TeTpajeH — QyHKUHA, KOTOpas olipejesieHa Ha
MHOKeCTBE HAaTypaJibHbIX YHCEI.

5
HEJIb3A KYNHTb —5- HJIH — 3 TET])HJ.’[H.)
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Bo MHOrux cuayyasix (OJHaKO He BCerja), ecju CyiluecTByer
(yHKIHOHAIbHAS 3AaBHCHMOCTb MEXJAY ABYMS MepeMEHHLIMH,
TO Ka)Jas M3 HHX MO TeM HJH HHbLIM MOTHBAM MOKeT ObITh
NPHHATA 332 apryMeHT, a apyras 6yaer ¢pyHKLUHE. 3TOro apry-
MEeHTA.

PaccMoTpHM CHOBa mpHMep € NMOKYNKOH TeTpaje.

[Tyets y opHoro y4yenuka 6ulyio 4 Komn., y apyroro 8 konm.,
y tperbero 10 kom. u T. a. [TocTaBuM Bompoc: CKOJBLKO KaxK-
AblH U3 HUX MOXXET KyMHuTh TeTpajied, ecJH OJHa TeTpajlb
cTouT 2 Kom.? OueBHJHO, OTBET Ha 3TOT BOMPOC 3aBHCHT OT
BEJTHYMHBI CYMMbI, HMEIOILEHCSH Yy yYeHHKa. 3]1eCb KOJHYECTBO
KYMJEHHBIX TeTpajeli sBJseTcs YyxKe QyHKIHeH CyMMbl JEHEr,
YTO MOXKHO H300pa3uTb TabJHLEH:

Cymma fieHer . . . . . . . . . 4 6 8 10 12

KonunuectBo Tetpamed . . . . . 2 3 4 5 6

TouHo Tak ’Ke ABOSKO MOXHO paccMaTpHuBaTh 3aBHCHMOCTb
MeXJAY NJIMHOH CTOPOHBI KBajpaTa H ero MJjouajblo.

B npuBejnéHHOM Bhllle TMpHMepe AJHHA CTOPOHBI SBJIAJACH
aprymMesToM, a mnJouaiab — ero GyHKuHeH.

[Tycts Tpefyercss OTMepHTb KBaJpaTHble YYaCTKH 3eMJIH
pa3simyHoH nuowaad. Toraa AnHHA CTOPOHBI KBajpata 3aBH-
CUT OT 3ajaHHOH nuyowaan. Ilnowans Gyjger aprymeHToM, a
AJTHHA CTOPOHBI — €€ (yHKIHeH.

§ 117. Cnocobbl 3ajanusi GyHKUHUH.

M3 npeasigyumero mnaparpajga crejyer, 4YTO OCHOBHBIM
MPU3HAKOM (DYHKIIHOHAJbHOH 3aBHCHMOCTH MeXJy JABYyMsd Ie-
peMeHHbIMH Be/IHUHHAMM SIBJISIETCS HA/IHYHE COOTBETCTBHS MEXAY
3HAYEHHUSIMH 3THX Be/NHYHH: KaXKJAOMy (AONYCTHMOMY) 3Hadye-
HHIO OJHOH H3 HHX COOTBETCTBYET BIIOJIHE ONpeJie/IEHHOe 3Ha-
yeHHe Apyro#.

Kak To/JbKO Takoe COOTBETCTBHE YCTAHOBJIEHO, TO FOBOPST,
4TO 3aJaHa (PYyHKLHA.

DTO COOTBETCTBHE MOXKET ObIThb YCTAHOBJIEHO Pa3/IHYHLIMHU
cnocob6amu. PaccMOTpHM HEKOTOpble H3 HHX.
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1. Tabauynbii cnoco6. Bcero mnpoue ycTaHOBHTHL COOT-
BEeTCTBHE MEXJY 3HAYEHHAMH NBYX NepeMeHHBLIX TaK: YKas3ailb
3HAYEHHS apryMeHTa H JJsi KaxKJAO0ro K3 HHX yKa3aTb COOT-
BeTCTBYloIee 3HaueHHe pyukuuu. Takoi cnocob 3ananus GyHK-
ILlMH Ha3biBaeTcsd TaOJ HYHBIM.

BooGuie, BcsikHe TabiMubl, KakK Hanpumep Tab/Hllbl KBas-
paToOB YHCeJl, KBaJpaTHbIX KOpHeH, TabJsHUbl CHHYCOB H Jp.
SIBJIFAIIOTCSI HE YeM HHbIM, Kak TabyuuHbiM 3a]aHHeM (yHK-
M. Tak B TabaHile CHHYCOB apryMeHTOM SIBJSIETCS yroJ,
a yHKuHeH — ero cunyc. Kaxaomy nansomy B Tal.iuile 3Have-
HHIO yrJja COOTBeTCTBYET B TOH e Tabsule ornpeje/eHHoe
3HaYeHHe ero CHHyca.

2. Ipadmuaeckuit cnocod. Tabiuuynoe 3anaHue QYHKIHH
nHey1o6HO Tem, 4YTO JAAaéT 3HA4YeHUS (DYHKIHM TOJNBKO AJS Tex
3HAYEHHUH aprymMeHTa, KOTOphie NnpuBejeHbl B TabuHue.

Ecin napo nMeTh 3HayeHHst (PyHKUMH AJs1 JOGBLIX 3Haye-
HHH apryMeHta (B TeX WJM WHBIX FPAHMIAX) H €CJU TMPH ITOM
He Tpebyetrcs AJss 3HaYeHHH (GYHKUHH OONBLLIOH TOYHOCTH, TO
B 3THX CJIyyasiX 4acTo NMpPUMEHsIeTCA rpa puyec K U i crnocod.
Ou ocHoBaH Ha cjejyiouleM: AJs1 Ka)<Joro 3Ha4yeHus apry-
MEHTa Ha MJOCKOCTH CTPOHTCS ToyKa, abclucca KOTOpOH pas-
1A JAHHOMY 3HAYEHHIO apryMeHTa, a OpAAuHaTa — COOTBETCTBYIO-
uieMy 3HavyeHHIo (QYHKILHH.

[Tpu BceBO3MOMKHBIX H3MEHEHHAX abcuncchl (TO ecTb apry-
MEHTd) COOTBETCTBYIOUIHE TOYKH Ha [.I0CKOCTH 00pasyior
HEKOTOPYIO JINHHIO, KOTOpasi Ha3biBaercsi rpadH K OM JaHHOH
(pyHKUMH. [1aB apryMeHTy olpejeJeHHOe 3HAaYeHHe, BOCCTaB-
JIsleM B COOTBETCTBYIOLIEH TOYKe OCH aOCUMCC MeprneHAHKYAAp
K Hed. Opannara TOYKH mepecedeHHsi ¢ rpadukoM u Jaer
COOTBETCTBY!OLIlee 3HAYeHHe (PYHKILHH.

[Ipumep. B §89 Obl1 naH rpaduk 3aBHCHMOCTH y = x°.
34ech Jio0oe JAHHOE YHCJO SIBJASETCS 3HaueHHeM apryMeHTa,
4 COOTBETCTBYIOLIASl OpJAHHATA fBJAETCA 3HAuYeHHEeM (PYyHKUHH
3TOr0 aprymMeHTa, HMeHHO ero KBaJpaToM.

M3 ckasanHoro BHAHO, YTO €CJIH 3a]JaHa HeKOTOpas PyHK-
!HS, TO MO/KHO MOCTPOHTH eé rpaduk; rpadukoM MOXKHO NOJIb-
30BaThCA 1J151 HAXOXK AEHHS NPHOIHKEHHBIX 3HaUeHHH (DYHKLIHH.
B npaxktHke Hepeako ¢yHKuHsS 3aQa€TCH TrOTOBLIM, Hayep-
yeHHbIM rpaHkoM. Tak, Hanpumep, B COBPEMEHHOM MPOH3BOJA-

258



CTBE ILIHPOKO MPUMEHAIOTCS caMomiiuyuiHe npubodsl, KOTOpLIE
aBTOMATHYECKH BbIYEPUHBAIOT rpadUuKH H3MEHEHHS TeX HJiH
HWHBIX BEJIMYHMH (TeMIlepaTypbl, AABJeHHA M T. 1.)

3. Anaautnuyecku# cnocod. Pyukuusa moxer ObiTh 3aja-
Ha (POpMyJIOH, MOKa3bIBaOUIeH, KaK MO JAAHHOMY 3HAYEeHHIO
ApryMeHTa BBLIYHCJHTbL COOTBETCTBYIOLee 3Ha4YeHHe (QYHKIIHH.
Tako#t cnoco® 3azanusd (YHKIHH Ha3blBaeTCsl aHAJHTI-
YeCKHM.

[ Tpumep. Pyukuna y = x% 3agana ¢Gopvy.10ii, MOKa3bl-
BaioLled, KaK /s KaxKJOro 3Ha4cHiisl apryMeHTa X BhIYHCJHTD
COOTBETCTBYIOILee 3HaYeHHe (PYyHKUHH.

Bo3moxHbl U Apyrue crnocobbl 3anaHust QyHKIHH.

Beie Obls10 CKa3ano, 4YTO NepeMeqHble BeJHYMHBl MPHHA-
TO 0003HaYaTh MocJeHUMHU 6GYKBaMH JJaTHHCKOro ajhaBurta —
A, Y, 2,... I1pn aTroM oGb1YHO aprymedT o6o3HayaloT 6yKBOii ¥,
a ¢yunkuuw — O6ykBoit y. Takoe oSo3qayeyue CBA3a1O C TEM,
UTO NMpH rpadHyecKkoM H300paKeHHH (PYHKUHOHANLHOH 3aBH-
(HMOCTH 3Ha4YeHH sl apPryMeHTa OTCYHTHIBAIOTCH MO OCH aOCIHCC
(OCH «HKCOB»), @ COOTBETCTBYIOUIHE 3HAYEH WSl HYHKUHUH — MO
OCH OpAHHAT (OCH «HrpekoB»). Bellle 3TO NoKa3aHO KA MpHMeEpe
rpagpuka (pyHKUHH Yy = X2,

§ 118. ®ynxuusa y = kx.

B § 73 6bl10 paHo omnpeneneHHe NMpsAMO MNPOMOPIHOHAJb-
HO1 3aBHCHMOCTH Mexay AByMsa BenuuuHaMud. Oxa Bblpaxka-
JlaCb pPaBEHCTBOM:

y = kx, (1)

rie kR —u4ucjo, He paBHOE HY.JIO.

[Tpu nmioGov naHHOM & 3HAUeHHe y 3aBUCHT OT 3HAYEHUS X.
CaenoBarenbuo, Mbl MOXKEM CYHTATH X aPryMeHTOM, a ¥ QyHK-
lHeH 3TOro apryMeHTa.

B § 74 na npuvepax, nyreM IMOCTPOEHHSA HECKOJLKHX
TOyeK OHJIO MOKa3aHo, 4TO rpabuKoM (YHKUHH Yy = RX $B-
nsercss npsvas. Jlokaxeu Terneps 3TO NOJIOXKEHHE.

Teopema. I'papuxom hyrryun y = Rx sasasemcs
RPAMAR AUHUR, RPOXOOAUWAR 4ePe3 HA4AN0 KOOpP-
Ounam.
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Ilok asateabcTBO. Iloctpoum nBe ToukH rpaduka.
MMonoxkum x=0. Torpa u3 (l) waxonum y = 0. 3Hauwur,
touka O (0; 0) npunaasexur rpadpuky, TO ecTb rpaduk npo-
XOJMT Yyepe3 HayaJlo KOOpAHHAT.

[Tonoxum x = 1. Torpa u3 (1) noayunm y = k. 3HaUHT,
rpadpuk npoxoautr uepes Touky A (l; k). IlocTpoum sty
toyky. Ona Gyjer JexaTb Bbille ocH a6cumce, ecan k>0

(Ha yeprexe 60 £ =2), u HHXKe 9TOH ocH, ecnu kR <0 (na
yeprexke 61 £ = —2).

—J

Yept. 60. Yepr. 61.

[TpoBeném uepe3 ToukH O u A npsiIMyl0 H JOKaXeMm, 4TO
3Ta npsamas sABJiseTcs rpadukoM GyHkuuu y = kx.

JlokasaTesbCcTBO pa3o0LEM HA JBE YacCTH.

1) Hoxaxem, uto 6ce mouxku npamoui OA npuwnadiexcam
epaury pynkyuu y = kx.

2) Ilokaxem, YTO HuKkaxkas Opyeas mouka nNAOCKOCMU He
npunadaexcum epaguxy pyukyuu y = kx.

IIns  JoKasaTeNbCTBa NEpPBOro MOJIOXKEHHS JOCTATOYHO
JIOKasaTb, YTO KOOpJAHHATHI J060H Touku npsimod OA ynos-
JETBOPSIOT PaBeHCTBY y = Ax.

Boabmém Ha npamodt OA (yept. 60) NMpoH3BONLHYIO TOU-
Ky B (m; n). Tpeyronbhuku OMA u ONB nono6uml, Tak
KaK HMEIOT Mo npsamomMy yray H yroa AOM y Hux oOuiuii.
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N3 nonobus HX 3aKJ/awouaem:

BN AM
oN = oM (2)
Ho BN =n, ON =m, AM =k, OM = 1. Cagenas tioa-
CTaHOBKY B (2), MOJAYyYHM

n k
m - 1°
Orcrona
n=km. 3)

PaBeHcTBO (3) mnoKa3biBaeT, 4YTO KOOPAHHATHI TOYKH
B (m; rn) ynoBaerBopsiior paBeHcTBy (1), H, cJseroBaTenbHO,
9Ta TOYKA NMPUHAANEXKHUT rpaduky QyHKUHH y = Rx.

Mbl B3sian uHa npamoit OA Touky B, nexaulyio Bouiue ocH abCcuuce.
BosuméM Tenepb Ha 3TOH e npAMod Touky C, Jexauwyio HHXKe ocCH
abciuce (4yepr. 60).

[lycTe eé KoopAHHATHI paBHbI p H (.

Hs noaobus tpeyroaphnkos OMA u OEC unaxbpum:

EC _AM &k
=

EO ~ OM — *

Koopauuatel p u ¢ 34eCb OTpHUATE/IbHbIE YHCAA.

Cnenopareavto, aauHa EO paBHA NOJOXHTENbHOMY WYHCAY — p,
a anuHa EC — nofoXuTebHOMY uyHcay — q. CpenaB noACTaHOBKY B (4),
NONy4HM:

—p |

. Hﬂﬂ—g-=k. q = kp. ()

PaseuctBo (5) moka3wbiBaeT, 49TO U Touka C (p; ) NPHHALNENKHUT
rpagHkKy.

Tak kak Touku B u C ua npsawmoit OB mbl 6Gpasiu npous-
BOJIbHO, TO OTCIOZia CJejyeT, 4To Jiobas Touyka npsmoi BC
JIEXKHT Ha rpapuke QyHKUHH y = Rx.

IHokaxem Tenepb BTOpOe MOJIOXKEHHE: eC/IH TOYKa He Je-
*uT Ha npsimod OA, To OHa He NpHHAANEXHUT rpaduky
GyHKUHH Y = RX.

das 3Toro pocTaToyHo J0KAa3aTh, HYTO KOOPAMHATH JiO-
Goit ToukH, He Jsexauled Ha npamoit OA, He YyIOBJETBO-
patoT ypaBHeunHo (1).

Bo3bMéM npou3BO/IbHYIO TOYKY P, Jexaulyo, Hanpumep,
Boiwe npamoit OA.
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[lepnenpuxkysasp Ha ccb abCuUMCC, ONMYUIEHHBIH M3 3TOH
ToukH, mnepeceyér mnpamylo OA B HeKoOTOpoil Touke Q
(uept. 62).

Touka Q, no pokasanHoMy, NPHHAAJEXKHT rpaduKy QyHK-
Mn y = kx. 3uauut: QN =k - ON. Ho PN > ON; caeno-
BaresibHo, PN > k - ON. DTo 3HAuHT, YTO KOOPAHHATHI TOY-
KH P He ynoBJIeTBOPSAIOT ypaBHeHHIO (1) M, cJejoBaTesibHO,
TOYka P ne npuHapaexXuT rpadpuky ¢ynkuun y = kx. Ta-

KHM 3Ke cnocoOoM JOKaxKem, 4TO
Y Jmobasi Touka, Jexallasi HHxKe Mps-

Mo OA, He mnpuHAAJIEKHT rpaduky

(PYHKUMH y=FKx.

Mrtak, ™Mbl J0KasaJau, 4YTO BCe
ToukH npsimeii OA, W TOJNBKO 3TH
TOYKH, NpHHAAJeXKaT rpapuky QyHK-
UMM y = kx, To ectb npamas CA

x fBAseTCs rpaukom GYHKUHH y=RX.

[Ipennaraercst yuauguMcss NOBTO-
PHTb BC€ JICKAa3aTeJbCTBO 3TOH Tec-
pembl musi ueprexa 61 (npu acka-
3aTe/IbCTBE YUYMTBHIBATb 3HAKH KO-
OpPAWHAT PacCMAaTPHBAEMbIX TOYEK ).
I KpaTKOCTH BMeCTO (pasbl «nps-
mas, aasioumascs rpapukoMm GyHK-

Hepr. 62. UHH Yy = kx» TIPHHATO TOBOPHTDb
«npsimMasi y = Rx».

Crpost rpaduku GYHKUHH y = kX TPH pa3jiHYHBIX 3Haye-
HHAX R, Jlerko 3aMeTHTb CJeAyiclee:

1) Ecau 2> 0, To o6e KoopaunaThl Jwc00OH TOYKH rpa-
¢HKa MMEIOT OZIHHAKOBbIE 3HAKH: OHH HJIH 0Ce IMOJIOKHTeIbHbI,
HAH o0e OTpHIATE/bHBbI, HAH 00e paBHBI HY.10. DTO 3HAUKT,
yto mpsivas pacnooxena B I u IIl uyerBeprax (uept. 60).
Lcan k& <0, To KoopaunaTthl JOGOH TOYKH rpapuka (Kpowe
TOuKH ) HMEIT NMPOTHBOMOJIOXKHbIE 3HAKH. DTO 3HAYHT, YTO
npsimasi pacnoJicxeHa Bo II u IV uverBeptsix (weprt. 61).

2) Ecau k> 0, To u3 Ttpeyroabhnka OAM (uepr. 62)
HMeewm:

| e
-}-—k-—-tgm,
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70 eCTb Koagbuyuenm kR pasen maneency yeaa, obpasyemoco
npamoti OA ¢ oceto abcyuce.
[TosToMy umHcJIO 2 Ha3biBaeTCd YyrJaOBHBIM KO3} H-
HHEeHTOM.
§ 119. Jluneitnana yHkuus.

B § 75 paccmarprBasach JHHEHHAs 3aBHCHMOCTb MEXKIY
nBymsi BeanunHamu. OHa BBIpa)Ka/jiacb PaBEHCTBOM

y=kx+ b, (1

rne k& u b — onpenenéunnie yucaa (k =+ 0).

[Tpu 3anaHuHbiX 2 W b 3HAUEHHE Y 3aBHCHT OT 3HAYEHHS X.
CnenoBaTeJibHO, Mbl MO3KEM CYHTAThb X apryMeHTOM, a y —— ero
dyHkuHed. DyHKIHA TaKCro
BIi/la Ha3biBaeTCsd NHUHeE T HOH.
Tak kak mnpaBas wuacTe pa-
BeHCTBA (1) — mHOrouses nep-
BOH CTEeNeHH OTHOCHTEJIbHO X,
TO JIMHEHHOH (YHKUHH MCXKHO
JaTb TaKoe onpeje/ieHHe.

Onpepneanenue. Mnoro-
YjieH NepBOH CTENEHH OTHOCH-
TeJbHO aprymMeHTa Ha3blBaeT-
Cl JJHHEHHOH (PyHKLUHEeH 3TOoro
aprymeHra.

Tak kak npu b =0 ¢yHk-
uHs npuMeT BHA y = kx, To pac-
CMOTpPEeHHas B NpeJiblAylIeM Ma-

parpade ¢QyHKUUSA SBJASETCH |
YACTHBIM  CJydyaeM JHHEeHHOI Yepr. 63.
(PYHKIIHH.

B § 75 6b10 mokasaHo mecTpoenueM, uTo rpatHKOM JIH-
HeilnoH (QYHKUHH sBjseTcss npsimMad. [lokakem sTo.

Teopema. Ipaghuxom suneiinoi ¢Ppynxyun se-
ARCMCK NPAMAS.

HokasateabcTBo. [loctpoum cravana npsamyio
Yy =kx (2)
(uept. 63; k= 2). [lanum aGcuucce x MPOM3BOJBHCE 3HAUe-
Hue x =a. Torga opaunaTta Touku mpsiMoi (2)Gyner paB:a:
Y = ka, (3)
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a opaMHaTa ToYkH rpaduka ¢yukuuu (1) 6yner paBua:
y = ka + b. (4)

Tak xak afcuuccy x Mbl B3SIJIH MPOM3BOJILHO, TO OPJH-
HaTa N10WO60#H ToukH rpaduka (yHKUHH Yy = kx 4+ b paBHa
3HAaYeHHI0 b, CNOXKEeHHOMY ¢ OpAMHATOHN TOYKH MpPSMOH
Yy = kx, umelomed Ty e abcumuccy.

YCTaHOBMB 3TO, JIErKO MNOCTPOMM rpaduk GyHKUHH
y=kx+b. INycte b> 0 (na ueprexke 63 b =4). Naaum x
npou3BoJsibHOe 3Hauenue, Hanpumep x = 0. Torpa u3 (1) no-
Jy4liM:

y=k-04+b;, y=0>.

[Monyunnn oauny Touky rpaduka GVYHKUMH Yy = kx -+ b.
[TocTpoum eé u npoBeaém uepes Heé BTOpYIO MNpsMYIO, M-
PassesIbHyl0 NpAMOH y = kx. Dta BTOpas npsimass W Oyjner
rpapukomM pyHkuun y = kx -+ b. [lelicTBUTeNIbHO, OpPAHHAT:
Mobol Touku M srtoit npsmoi paBHa cymme MN =bu NA
OPAAMHATBI TOYKHM MpAMOH y = kx ¢ Toh e abcmuccoi. 3na-
YUT, KOOpPAHHATHI JI0OOH TOYKH BTOpPOH NPSMOH YyJAOBJETBO-
psitoT ypaBHeHuio (4).

C apyro# cTOpoHBI, €C/IH KOOpAHHATH KaKOH-1HOO TOUKH
YAOB/IETBOPAIOT ypaBHeHHIO (4), TOo opaHHaTa y =Rx -+ b
3TOH TOYKH paBHa OpAMHATE KX COOTBETCTBYIOULEH TOYKII
npavod y = kx nJaioc b. 3Ha4yuT, paccmMaTpHBaemas TOYKa
JEXHT HAa BTOPOI NMPAMOH. DTa mnpsiMas, napaJsijesbHasi nps-
MOH Yy = kx, W OTCE€KAaeT Ha OCH OpJHHAT OTPe30K, paBHHIi
no BeJHyuse b.

LEcau b <0, To rpadpukom ¢yHkuun y = kx -+ b Oyger
npsimasi, Jexawasi HuxKe rpadpuka (ynkuuu y = kx (U3
OpPAIHHAT TOYeK MNpAMOH Yy = Rx BbluHTaercs |b)).

PaccmoTpiM HekoToOpble 4acTHble CJydyad (PYyHKIHH

y=Fkx+b.

1) Mycte b=0. Torna y = kx. Mu 3Haem, uTO rpacpu-
KOM 3TOH (QYyHKUMH fIBAsSIeTCs TNpsiMasi, Npoxojsiuas uepes
Hayaao koopauuat 0O(0; 0).

2) INyets k=0, b+ 0. Torpa: y=2>.

M3 sToro paBeHCTBa BHJAHO, YTO NpH J0OOOM 3HAYEHHH X
OpAMHATa TOYKH rpaduka ¢yHkuud y = b Oypner paBHa b.
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3TO0 3HAYMT, YTO BCE TOUKH I'pa- y
(puka HaXoAATCS HA OLHOM H _—I_.__
TOM Xe paccTosiHuu |b| oT ocu -
abcuuce. [lpu b >0 rpadux
JeXUT Bbllle, a npu b <O
HiKe ocH abecuuce. lpyrumn
c/lloBaMH, rpagukoM GYHKIHH
y = b aBaseTcsa npsimas, napan- X
JesibHas ocH abcuuce. Ata npa-
Masi TpPOXOAUT 4Yepe3 TOUKY
(0; b). Ha wueprexxe 64 no- y=-2
crpoedbl rpapukH  yHKuMii: I
y=3 n y=—2.

3) [lyctb a=0 u b=0,
tTorga npu JoboMm 3HayeHHH x opauHata y = 0. Ouesuawno,
4YTO 5TOMY YCJIOBHIO YIOBJIETBOPSIOT BCe TOUKH och abcuwuce,

H TONBKO OHH. 3HA4uT, rpapukom ¢pyHkuun y =0 aBasercs
ocb aOlcLucc.

Yepr. 64

§ 120. TpéxuneH BTOPOH CTeNeHH.

OG6wuii BUJ TpéxuyseHa BTOPO#H CTeNeHH, KaK Mbl 3HaeM,
ax? 4+ bx + c,

rne a, b u ¢ — nwbuie yncna (a + 0). IlaBas x aobbie 3Ha-

yeHHusi, OyneM noay4aTb COOTBETCTBYIOLLHE 3HAYeHHA TpPEXx-
yJieHa.

3HauuT, TpéxuseH sBAsieTcs (yHKUHeH aprymesrta X.
O6o3nauyuM 3Ty QYHKIHIO Yepe3 y:

y=ax*+4 bx + c. (1)

Te 3Hauenuss aprymenta, Kotopoie o0palaioT ero B HYJb,
HA3bIBAIOTCA KOPHSAMH TpéxunedHa. YUroObl HaAATH 3TH
KOPHHM, JOCTATOYHO pElIHTb ypaBHEHHE:

ax*+ bx+¢=0. (2)
[Ipumep .
y=x?—4x —>. (3)

[TpuBeném Tabnuny SHayeHWH STOro TpPEX4seHa MNpPH HEKO-
TOPBHIX 3HAUEHHAX X.
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y | 2717 |0 |—5|—8|—9|—8|—5| 0| 7 |16}27]40

Kopusimu Tpéxunena sBasiores uvcna —I1 u 5. Otw
YHCJia Mbl MOIJIH HAHTH, PELUHB YpaBHEHHE:

x2—4x —5=0.

PaccmatpuBas Tabauuy, 3amMeyaem, YTO NPH yBeJHYEHHH
3HAYeHHWH X 3HAYeHHs Y CHayaJsa YyOBIBalOT, 3aTeM BO3-
pactatoT. Jlokaxem, uyTo NpH x =2 3HaueHHe TPEXuJeHa

y = —9 ABNseTcA HauMeHbIUUM. 1151 3TOro NpejCcTaBuM TPEX-
yJileH B TaAKOM BHJe:

y=(x—2)2—-09.

PackpbiB cKCOKH, yOeauMcs, YTO 3TO BbIpaxKeHHE TOXK-
necTBeHHo ¢ (3).

OTciofia BHAHM, 49TO NPH J00OM 3HaYeHHR X, KpoMe X = 2,
apauenue y 6yaetr Goabwe (—9), Tak kKak K (—9) npubas-
NsieTCsl TOJIOXKHTEJbHOe YHCJIO.

3HaunT, NpH X = 2 TPEXYJeH NPHHHMAET HauMeHbluee
3gauenue, paBHoe (—9).

[Tpumep 2.

y=—x*+4 2x + 8.

CocraBum Tabauny:

y l=81-d}-—B]-Ottl 0} sF 28] 4|5 6'7 8

y |[—27|—16|—7| 0 | 5| 8| 9]|8]|5}0 —-?—-Iﬁ'——??——w

Tabauua nokasbiBaeT, YTO MpPH YBe/HUEHHH 3HAYEeHHH X
3HaueHHs TPEXUJIEHA CHayaJa yBEJIHYHBAIOTCS, 3aTEM YMEHb-
watorest. JJokaxkem, yro npu x = 1 TpéxuseH HuveeT HaH-
GoJiblliee 3HayeHHe. 3amnuileM TPEXYJeH B TAaKOM BHJE:

y=—(x—1)>+09.
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Orciofia BHAHM, 9TO NPH J1060M 3HAUYeHHH X, Kpome x = I,
sHaueHue y Oyjzer meHbwie 9, H TONBKO NpH X = | OHO Oy-
et paBHo 9, TO ecTb OyaeT HaHOOJIbIIHM.

[TocTpoum Tenepp rpagpuk Tpéxusena (1), HayaB C HeKo-
TOPbIX YAaCTHHX CJy4aes.

§ 121. Ipaduxk Pyukuun y = x* 4 n.

C rpadukoM GyHKUHH y = X% MBI y2Ke BCTpeyaJsnch (§89).
Ou npepcraB/isieT co0OH JIMHHIO, Ha3biBaemylo napaoo-
Aoit (uepr. 65). B paabneiem a4 y
KpaTKOCTH BMECTO CJIoB «mapaboJa,
uzobpaxaiwouiass QyHKUHIO Y = X®»,

OyaeM roBopuTh «napabosa y = x>».

HanomMuum, uto aas napa6oJbl
Yy = X* OCb OpAHHAT SIBJISIETCS OCbIO
CHMMETPHH; €€ Ha3blBAlOT OCbHIO
napaboJibl.

Touka O, B kKortopoii mnapaGoJa
nmepecekaeTcsi € OCbIO CHMMETpHH,

Ha3plBaeTcsd BepIIHMHOH napado-

Abl. 3HAyuT, BeplwHHA nNapaboJibl

y = x? naxoaurca B Touke O (0; 0), X

TO eCTb B HauaJle KOOpJMHAT. Y
[TocTpoum rpaduk ¢yHKUHH:

y==x*+4 3. (1)
CpaBHuBasi 3ty dyHKUHIO ¢ dDyHKUHES]
y = x% (2)
3amMeyaeM, 4YTO MNPH OAHOM H TOM K€ 3HaueHHH X 3Haye-

nue y ¢ynkuun (1) 6ymer Ha 3 GoJabliue 3HAYeHHS Y (DYHK-
uuu (2). Hanpuwmep:

y=z?

Uepr. 65.

.

X 51 =81 ¢ l 3 7
x? 25 | 4 0 1 9 | 49
x24+3| 28 | 7 3 4 12 | 52
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JTO 3HAYMT, YTO Ka)Kaas TouKa rpacuka mnepsofi ¢yHK-
UHH Oyler JeaTb Ha 3 eJHHHUbl JJHHBI BbILIE TOYKH C TOH
e abcuuccod rpadpuka Bropoi ¢yHkuuH (uepT. 66). Orciona
cneayer, 4to rpaduk ¢yHKuUHH (1) MOXKHO NOJIYYHTH, NepeHe-
cf Ha 3 eJMHHUBLl BBEepX B HalpaBJIeHWH OCH OpJAHHAT rpa-
UK QyHKUHH (2).

[ITpumeuvanwue. [[paKkTHYecKH NPH MOCTPOEHHH rpapHKa QYyHKUHH
y = x*4 3 Her HajOOHOCTH fABa pasa CTPOHTb MNapaboay, a HMEHHO
cHayana CTPOHTh rpapuk y = x® a 3aTeM NepeHOCHTb ero B HOBOe
nosoxenue. Jlocratouno uepes touky (0; 3) mpoBecTH BCmomoraresb-
Hyio ocb O1X,, napaaneabHyio ocu abCUHCC, H TOCTPOHTL Mapaboay
Yy, = x* B cucteme KoopauuHat X;0,Y;.

¥

Yepr. 66. Yepr. 67.

Paccy:xxnaa takum e o6pa3oM, mnokaxeMm, 4To rpadux
(yHKUHH
y=x*—4 (3)

MOXKHO MONYYHTb, NepeHecs rpapuk GyHKUHH y = x% B Ha-
NnpaBJieHHH OCH OpAHHAT Ha 4 eauHVUWN BHU3 (yept. 67);
roBOpPAT, YTO rpa()vK TNEpeHOCHTCs HAa — 4 eJUHHUbl B Ha-
npaBJieHHH OCH OpJAHHAT.
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Orciona MOXHO cjaenatb OOuMi BHIBOL.

I'pagux ¢ynkyuu y = x* 4+ n MoAcHO norydums, nepeHe-
ca epadux Qyrkyuu Yy = x® 8 HanpasserHuu ocu opouxHam HI
n edunuy.

Hano umers B BuAy, 4TO n MOXKeT ObITb KaK NOJIOXH-
TeJbHbIM, TaK M OTPHULIATEJIbHBIM YHCJOM; B MEepBOM CJy-
yae fMepeHOC TIPOM3BOAHMTCA HA |n| elMHHMU BBep X, a BO
BTOPOM HA |n| €lHHHIl BHH 3.

Taxkum ob6pasom, rpapukom GyHKIHH ¥ = x2 4 n ABAsTeTCH
napa6ona, pacnojioXXeHHasT CHMMETPHYHO OTHOCHTE/IbHO OCH
opauHar. Eé Bepmmna naxoautrcs B Touke (0; n).

§ 122. Ipapuxk dynkuun y = (x + m)2.

[Toctpoum rpaduk ¢yHKUHH

y = (x+ 3)* (1
CpaBHuBas 3Ty GyHKUMIO ¢ (pyHKUHEN
y = x3, 2)

MOX<HO 3aMeTHTb, 4YTO INpPH KAKOM-JHOO 3HaYeHWH X =a
¢dyukuua (1) Gyaer uMeTe TO Ke 3HaUeHHe, Kakoe HMeeT
dbyukuusa (2) npu x = a -+ 3.

X —8 —6 " —3 | —I | 4 |
(x -+ 3)2 25 9 ! 0 4| 16 | 49

x ~5 —3 o] 0 2 4 7

x? 25 9 1 0 4| 16 | 49

2TO 3HAYMUT, YTO €CJIH HEKOTOpas TOYKA JIeXKHUT Ha rpadu-
Ke (2) BTOpo# (pyHKUMHM, TO TOYKa, y KOTOpoH albcuucca Ha
3 eAuHHUBl MeHblle, a OpJAHHATA Ta e, JIeXKHT Ha rpagHke
(1) nepBo# (yHKIIHH.

Orciona caeaver, 4to rpacduk ¢yHKuuu (1) MoxkHo noany-
YHUTb, NepeHecss Ha 3 eJuHHIIbl BJA€BO rpapuk QyHKUHH (2);
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roBOpAT, YTO rpaduk (2) NepeHOCHTCs HAa —3 EIHHUIB! B

uanpaBneHuu ocu abcuuce (4epr. 68).
Paccyxnas TakuM e o06pa3oM, MOXKHO MOKa3aTb, 4TO

rpapuKk (yHKIHH
y=(x—4

MOXHO MONYUHThb, NepeHecss rpaduk OyHKUHH y = x* Ha 4
€AHHULIBl BNpaBo, B HampaBJeHHH OCH abcuucc (yept. 69).
Orciola MOXKHO cjesiaTh OOWIMHA BbIBOJ.

Y
|
I"H
\u
Tl
\
\
I -
\
\
\
\
|
\
\
\
1\
4
% v
0 % X
Yepr. 68. Yepr. 69.

I'pagux pynxyuu y = (x 4 m)? moaxcno noayaume, neperecs
epaux pyrkyuu y = x* 8 nHanpasieruu ocu abcyucc Ha — m
edunuy. IlepeHoc MpOU3BOAUTCA HA |m| €AUHHI BJaeBO MNpPH
m>0 u BnpaBo npu m <0. Takum o6pa3som, rpadukom
bynkuun y = (x 4 m)* asiaserca napaboJsia, pacrnoyioKeHHas
CHMMETPHYHO OTHOCHTE/IbHO NPAMO#, NMapaJiie/sbHOi OCH OplH-
HAT H OTCTOsSIIeH OT Heé HA paccTrosHHe, paBHoe |m|. Bep-
wHHa napa6oskl HaxoguTca B Todke (—m; 0).

Mpumeuanne. [IpaRTUYeCKH Oas mnocTpPoeHHE rpaduka MOXKHO
MOCTYNHTh TaK: 4Yepe3 ToukKy (—3; 0) mpoBecTH BcnomoraTe/ibHYyW OCh
0,Y,, napannensuyio och OY, u B cHcTeme Koopauuat X0,Y,; noctpouts

napabony y = x’ KoTtopafs H Oyjler #ABJAATbCA rpadukoM GYHKUHH
y=(x+43"8 cnc*reue KoopauHat XOY.
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§ 123. Ipaduk Tpé€xuaena y = x* 4 px + q.
[TocTpouM rpaduk TpéxuJiena:
y=x>—8x + 19. (b

Cnauyasa npeo6pa3yeM 3TOT TpPEXuJieH, BBIJEJIHB B HEM
KBa/jpaT JByuJeHa x — 4.

y=(x—4)*+ 3. (2)
%

Yepr. 70

Bugum, uTo rpaduK GYHKUHH (2) MOMXKHO MONYYHTH,
epeHecsi B HalpaBJ/i€eHHH OCH OPJAHHAT BBepX HAa 3 €JUHHLbI
rpadpuk pyHkuun y = (x —4)? (§ 121).

t1lo rpaduk dyHkuuu Yy = (x —4)*> sABaserca rpacpHKoM
OYHKIIMH Y = x*®, MepeHeCéHHbIM B HAlNpaBJEHHH CCH abCuHce
Ha 4 eauuuubl snpaso (§ 122).

Orciona caenyer, 4to rpapuk QyHKUHH (2), HIAH, 4TO TO
Ke, QyHKuuH (1), MOXKHO MOAYyYUTH, NepeHecs rpadHK QyHK-
UM Y = x* Ha 4 eAHHHUB BNpaBo H Ha 3 eJAUHMUBI BBLpX
(uept. 70).
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Paccyxpas Takum e o6pasoM, MOCTPOHM rpaduk Tpéx-
yJieHa:

y=x*+6x-+17. (3)
[IpeactaBum TpEéXuseH B TakoMm BHje:
y=(x+3)*—2. 4)

3ak/ouaeM, 4TO rpapuk TpéxuseHa (3) MOKHO MOJYYHTS,
nepexecst rpaduK QyHKUMH Y = x HA 3 eAMHHUBLI BJIEBO H
Ha 2 eMHHLBI BHHU3 (yepT. 71).

TouHo Tak ke rpadurom
TpéxuJieHa

y=x2—5x—1,

KOTOpPbIH MOXHO MNpeaCTaBHTh
B BHJE:

y=x“—-—2+-‘;—-x+
2 25
TE=a b

HJIH

ABJisieTcad mnapabosa Yy = x2,

. 5
NepeHeCcEHHast Ha 5 €JHHHILb

BIPaBO H HAa —  €JMHHIbI
Yepr. 71.
BHH3.
Bo3bMéM Tenepb TpéxuJieH:
y=x*+px+q. ()
Ero mMoXHO npeacTaBuTh B TaKOM BHJE:
it ol g P
y'"'x+22x+4 4+q1
HJIH
[ p\® , 49—t
y=(x4+5) + 872, ©)

Orciona 3akJ/ogaem, 4To rpauk Tpéxu/ena y = x* -4 px 4 q
MOXCHO TNOJIyYuTb, TlepeHecs rpapHk OGYHKUHH Y = X2
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B HalpaBJ€HHH OCH abcuuce Ha —% €IUHHI H B HATPaBJIE€H:H

49 — p*
4
Takum obpasom, rpadukom TpéxuneHa y = x4 px -+ q

siB/fgeTcA mnapaboja y = x%, pacnosioeHHas CHMMETPHYHO

OTHOCHTeJIbHO MPSAMOH, Mapa/i/ie/]bHOA OCH OPAMHAT H OTCTO-

OCH OpAHHAT HA € HHHILL.

Y

y=x2+42+3

Yepr. 72. Yepr. 73.
silledi OT He€ Ha pacCTOsHHE, paBHOE ,—gl Bepwuna napa-
—n2

6o/l HAXOLHTCSI B TOYKE (——g-; i‘L;l—-E-).

[Ipumep L

Y= x2 + 2x — 3.
Gnecs, Lamily ML 4.3 ;
i} 5 =13 7 = — 4. OHauuT, roapukomM Tpex-

4yJieHa fBJfAeTcd napadoa y = x?, nepeHecéHHad Ha | euuu-
Ly B/1€BO H Ha 4 eJMHHLLI BHU3 (4epT. 72).

[Ipumep 2.
y=x*+4 4x 4 3.
3aech —§-=2; 4":’0 £A l. 'paduk pnan Ha geprexe 73.
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§ 124. Ipaduk Tpéxuaena y = ax®-+| bx + ¢.

[TeeTpoum rpaduk GYHKUHH Yy = 2X* M CpPaBHHM MEXJAY
co0oif YHKLHH

H

y = x* (1)
y = 2x2. (2)

Mbul BHJHM, UYTO NPH OJJHOM H TOM XK€ 3HA4yeHHH apry-

MeHTA X 3HaueHHsi y GyHkuuu (2) Oyayt B 2 pasa OoJsblie
sHaueHusn ¢yukuun (1). Hanpumep:

I
| X —4 —3 | -2 | —I 0 | 2 3 4
|
| x? 16 g 4 I 0 | 4 9 16
2x? 32 18 8 2 0 2 8 18 32

JTO 3HAYWT, YTO OPJAHHATA KaXKA0il TOYKH rpaduka ¢yHK-
nuu (2) paBra yABOEHHOH OpPAHHATE TOYKH C TOH Ke abCIHC-

I
[
I
|
)
I
|
+

Yepr. 74.

B 2 pa3sa,
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TO MNapaovoJia
y=2x* (uepr. 70).

y=x

COH rpajpuka ¢yukuuu (l).

Orciona cneayer, 4rto rpa-
(UK GyHKUHH (2) MOXKHO TO-
JYUUTb TaK: MOCTPOHTb rpaduk
byukunn (1) (uepr. 74)
YABOHTb OpAHHATY KaxKJAOH ero
TOYKH.

Harasigao sto npeobpa3so-
BaHHE MOXHO MPEeACTaBHTb MNMpH
MOMOULH CJeAYIOlEeH MOJEJH.

[TpencraBum ceGe ocb OX B
BHIE HENOABHXKHOH MJIAHKH,
a BEepPXHIO MOJYMNJICCKCCTh —
B BHJIe PACTSAXKHUMOH (HanpHmep,
pe3HHOBOH) MJIEHKH, Ha KOTO-
poil HauepyeHa napabona y=x2.
Ecan Tenepp pacTSAHYTH
nJEéHKy Mo HanpabJIeHHIO BBEPX
neperér B mnapadoay



Monyuennas nuuus (uepr. 75) u Oyaer rpapukoM (yHK-
uun (2). d1a JAuHHA TOXKe Ha3biBaeTcss napaodousoi. llo
cpaBHeHHI0 ¢ mapabGosioii y = x* BeTBH e€ «bosee KpyTo»
MOAHHUMAIOTCS BBEpPX.

Paccmotpum Tenepb (yHK-
LLHIO

!J=?-’CE- 3)

Uto6st nepedATH OT rpa-
¢uka (1) k rpaduky (3), pocra-
TOYHO BCE@ OPJHHATHI TOUEK rpa-
¢uka (1) ymeRbumiMTh B 2 pasa.

2l

/i

Hepr. 75.

Ha wnawme# mopesu 310 OyjJeT COOTBETCTBOBATb He pacTH-
JEeHHI0, a CXaTHI NJIEHKH B 2 pasa. BooOuie, 4ToO0BI
NOCTPOHThL rpapuk (PYyHKUHH y = ax?, rje a — MOJOXKHTe/b-
HOe YHCJIO, JIOCTaTOYHO BCE OPAHHATHI To4yek nmapaboul y = x*
YMHOXXHTb Ha Q.

[Tpu momoiu HameR MOe/H 3TOT NEePEeXOo] MOXKHO MOSICHUTH
Kak pacTsixKeHue npu a>1 (B a pa3d) .audo ckatue Inpu
a<l ( B % paa) OCHOBHON mnapaboanl y = x2

5

PaccmoTpuM rpaduk (QyHKUHH
y = —2x% (4)
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OueBuHoO, npu N060M 3HAUYEHWH X 3HAuYeHHs1 Yy B (2) u (4)
CyayT paBHbl No abCoOJIIOTHOH BeJHYHHE H NPOTHBOMOJIOMKHbI
No 3HaKy. 3TO 3HAYHT, YTO TOYKH rpadHkKoB GQyHKUHH (2) M
(4) ¢ onHOH M TOH e aOCUHCCOH HMEIOT TNPOTHBOMNOJIOXKHBIE
OPJAMHATHLI, TO €CTh PacnoJOKeHbl CHMMETPHYHO OTHOCHTE/JIb-
HO ocHu alcuHce.

Orciona caenyer, 4T0 M Becb 2pagux ¢yuxkyuu (4) 6y-
Ocm cummempuyer ¢ epapuxom (2) omrocumervro ocu abeyucc.

Takum oOpasom, rpapuk QyHKUHH Y= — 2x* MOXKHO
NOJIYYHTb, TOBEpPHYB (B TNpOCTpaHCcTBe) rpadHk QyHKUHH
y = 2x* na 180° Bokpyr ocu abcuucc.

Mnave rosops, napabona y = — 2x* nosyyaercsi sepKaJkb-
HBIM OTpakeHueM napaboabl y = 2x% B ocu abcumce.

Boobwe, npu a <0 rpapuk ¢yHKuuM Yy = ax? MOXHO
MOJYYHUTb H3 OCHOBHOH mnapabosibl y = x® TaK: YMHON UMb
opOunamot mowex napaboavt y = x® Ha |a| (pacmsaocenue aubo
cacamue), a 3amem 3epKasbHO Ompasums NOAYHEHHY napa-
6oay 6 ocu abcyucc.

Ha yeprexe 76 u3o6paxén pap napabon y = ax® mnpu
pa3JiInYHbIX 3HaueHHsiX a. Mbl BuauM, uto npu a > 0 BeTBH
napaboa obpaileHbsl BBepX, a Npu a <0 —BHHUS3.

[TocTpoum rpaduk MoOJHOro KBaJpaTHOro TpExyJeHa, Ha-
npumep,

y = 2x% 4 4x 4 6.

[Tpopenaem takue npeoOpasoBanusi. BeiHecem 3a CKOOKy
Ko3¢pdHUHEHT NpH x*, a 3aTeM BbIJEJHM TMOJHBIH KBajpar:

y=2(x*+2x+3)=2(x*+2x+142)

1, HaKOHell,
y=2(x+4 1) 44

ITOT rpaduk MOXKHO MOJAYYHTb M3 mapaGosbl y = x% no-
CTeNeHHbIMH NpeoOpa3oBaHHUSIMH Tak:
1) nepenecém napaboay y = x* Ha |l eJUHHLLY BJIEBO (4€PT.
77a), noayyum:
y=(x+ 1)%

2) YMHOXHM BCe OpAMHATHI Ha 2 eJHHHLblI (pacTsKeHue
B 2 pasa), NoJNy4HM:

y=2(x+1)%
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3) nepenecém mocaenuuit rpadpuk BBepX Ha 4 eJAMHHUH,
NOJNly4yuM HCKOMBIH rpaduk (uepr. 770):

y=2(x+ 1) +4.

Yepr. 77a. Yeprt. 776.

[Ipumeuvanue. [pakTHYECKH MOMKHO OrpaHHYHTLCA MNOCTPOEHHEM
Qb OAHOH napaboabl. [Jas 3toro goctatouHo uepe3 Touky O, (—1; 4)
nposectd ocH 0, X, u 0,Y,;, napannenvusie ocsim XOY, u BO BCoMora-
TeIbHON cHcTeMe KoopauHaT X,04Y, nocTpouTh (Hanpumep, MO TOYKaM)

capaCoay gy, = Qx:.

Paccmorpum ewé npumep: nocTpouM rpaduk

— 1 _
o e X 4+ 2x — 1.
[MpeactaBuM AaHnyio QyHKUHIO B CJEAYIOUIEM BHIE:
y = _%{xﬂ__.{r?x_’_ ) .___'% [(x —8)2 —6] =
=—gx—=3r+2
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Crpoum rpaduk NMOCTENeHHO TaK:
1) neperocum napadosy y = x* Ha 3 EIHHHIIBI BMpaBo:

y = (x —3)%

2) yMHOXaeM OpPAHHATHI HA — (cma-rue) ; (x — 3)%
3) oTpa)kaeM 3epKaJlbHO B OCH alcuuce:

— —(x .
4) nepeHOCHM BBepX HA 2 € HHHIIbIL:
Y= —--é—(x—-—3)2 + 2.

Bcé ckasanHoe NPHMEHHMO K KBaJpaTHOMY TPEXUYJeHy
¢ J100bIMH KO3((HIIHEHTAMH.
PaccmoTpiM KBaapaTHBIH TpéxyJeH B oluieMm Buje:

y=ax®+ bx + c.
Beinonuum TakHe mnpeoOpa3oBaHHA:

y=a(x2+%x+%) ( +gb*f+;&—m+—

= [(x—l— Qu) +WT;E],

H, HAKOHeIl:
b )2 dac — b?
y=a (x rulvr—-
Msl BHIAHM, YTO HCKOMBIH rpadHK MOXKHO MOJIYyYHTb, Nepe-
b
Hecs napabony y = x* Ha — - B HampaBJIeHHH OCH alcunuce,
YMHOXXHB OPAHHATHI TOYEK INOJYYEeHHOH mnapaboJul HAa a M

" 4a
nepeHezsl TMOCJAeAHHH TrpapHK Ha B HAlpasBJIeHHH OCH

4a
OpAHHAT.
B pesyabTare 3THX npeoOpa3oBaHHH BepliHHA napado.ibl
b | dac— b’)
2a "’ 4a
60J/ibl oOpauiexbl BBepX npu @ >0 B BHH3 npH a < 0.

OKaXXeTCsl B TOUKe (—— ; MPH 3TOM BETBH Mapa-
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§ 125. BospacTanue u yObiBaHHWe KBaApPATHOrO TPEXUJeHa.

PaccmaTtpuBas napaboay y = x2, Mbl BHJHM, YTO IIpH
MOJNIOXHTE/IbHBIX 3HAYEHHSIX apryMeHTa X JIHHUSA «IOJHMMAa-
eTCsl BBEpPX», a MpH OTPHUATEJbHBIX «ONYCKAeTCs BHH3Y.
M3 yeprexxa 78 BUAHO, YTO €CJH B3ATb ABA NOJIOKHTEJbHbIX
3HAYeHHsi apryMeHTa x;, WU x,, To 60JblIeMy 3HA4YEHHIO
aprymMeHTa x cooTBeTcTByeT 6 0/ b Ll € € 3HaueHHe DYHKIHH ¥:

eCJIH X; < X,, TO H Y, < Ys.

Y y

. e ——

Yepr. 78. Yepr. 79.

Bo3bméM Tenepb 3HaYeHHS X; H X, OTPHUATEJbHBIMH.
Toraa, kKak nokasbiBaeT 4yepTéx 79, ecau x; < X,, TO Y; > Y,.
3uayut, OoJablIE€MYy 3HAYEHHIO aprymMeHTra X COOTBET-

CTBYET MeHblllee 3HaYeHHe (YHKUHH Y.
B ofmemM cayuyae MOXKHO paccy:xaaTh Tak: NYCTb X, H
Xy — JIBA MOJIOXKHTEJIbHBIX YHCJa, NPHYEM X; < X,
Bbiykc/aHM COOTBeTCTBYIOUIHE 3HAYEHHS (YHKLHH:

2 2
h=X1 R Y, = Xa

Uro6bel y3HaThb, Kakce H3 4uces, Yy, HJIH Y,, GoJbiue,
COCTaBHM HX PpPa3HOCTh:

32_91""-7‘7;—-";:(-"5‘*"-"1}{-"2_xl)- (1)
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Cymma x, 4+ x;, TNOJNOXHTENbHLIX YHCEN TMOJOXKHTeJlbHA H
PasHOCTb X, — X, NOJIOXKHTE/NbHA, TAK KaK Mhl B3AJIH X, > X,.
[lpaBass yacth paBenctBa (1) ecTb mnpoH3BeZeHHE MMOJIOXKH-
TeJIbHLIX YHCEJ, a MOTOMY TNOJIOXKHTeJIbHA. IJTO 3HAYHT, YTO
PasHCCTb Y, — Y, TOJOXKHTEJNbHA, HO TOTAA Y; < Y,. 3HAUHT,
NnpH X, < X, J€HCTBHTEJIBHO Y, < Y,.

Onpenenenne. Ecin M3 ABYX pasiM4HbIX 3HAYEHHH
aprymenTa 0oJabluemy 3HAYEHHIO aprymMeHTa COOTBETCTBYET
Cosbuiee 3HayeHHe (YHKUHMH, TO AaHHAA (PYHKUUS HA3bIBA-
€TCS1 BO3PacTaloOLieH.

CaenoBaTtesbHO, NPH MNOJVIOXHTEJdbHBIX 3HaYCHHSAX
aprymeHTa x (yHKUMA Y= x® Bo3pacTaer.

Bo3bmém Tenepp ABa OTpHMIATEJBHBIX 3HAYEHHS X; H X,
TaK, 4YTO X; < X,. Mbl yXKe COCTaBHJIH pasHOCTb Y, — Y, H
NpeACTaBHJIH €€ B BHJE MpPOH3BeJeHUA:

Yy — Y = (X5 -+ Xx,) (x; — Xy).

Teneps (B oTanuve OT npeAblAyllero cJjayyasi) cymma
X, + X; OTpHLATEJbHBIX YHce GyleT OTpHLATebHA, a TIOTOMY
PasHOCTb Y, — Y; OKaxKeTCd OTpPHUATE/JbHOH, TO €CTh MNpH
X, < X, HMEEM Y, > Y.

Onpepnenenne. Ecim M3 ABYX pasiaHuHbIX 3HA4YEHMIl
aprymMeHTa GoJbluemMy 3HA4Y€HHMIO apryMCHTa COOTBETCTBYET
MeHblUee 3HayeHue (PYyHKUUHM, TO JaHHAsA (PYyHKUHS Ha3biBa-
eTcs yObiBalcuieH.

CnenoBaTeNbHO, NMPH OTPHUATEJbHBIX 3HAYEHHIX
aprymMenTa (yHKuUHA y = x*> yOnIBaer.

To ke camoe MOXHO CKa3aTb NpPO BO3pacTaHHe H YObi-
BaHHe (YHKUHH Y = ax®, rje a — NOJIOXKHTEJbHOe YHCJIO.

[Tpn x < 0 ¢pynkuua y = ax? yOwuiBaer, npu x> (0 Bo3-
pactaet, npu x = 0 umeeT HaHMeHbluee 3HaueHHe y = 0.

OuyeBUAHO, 9TO NpPH OTPHILATENbHOM KO3 hduinente a
HMEeT MeCTO NPOTHBOMOJIOXKHCE 3aKJIIOUeHHe, a HNEeHHO:

npu x<0 ¢ynkyusa y=ax® eospacmaem; npu x>0
yowveaem, npu x = 0 umeem naubosvwee 3Haycrue y = 0.

QopmyJsa npecOpasoBaHHsl KBaJpaTHOrO TPEX ..ieHa

2 dac—b?

y=afr+z) + 25"
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nOo3BoJiIsieT OTBETHTb HAa BOMPOC O BO3PACTAHHH W YOLIBAHHHU
KBaZApaTHOrO TpéxuJ/ieHa obutero Buaa y = ax® 4 bx + c.
Bepwuna napa6osn y = ax? okasajacb NepeHeCEHHOH B
b, dac—0b*
2a’ 4a
JeHue eé BeTBeil (BBEpX HJIH BHH3) He H3MeHAeTCHA. 3HAYHT,

TOYKY (— ) ; HO mnpH nepeHoce napaboJibl Hanpae-

b =
ecit a>0, To npu x < -—g; TpEéxulen yOGwiBaeT, npw

b
> ——% BO3DAaCTaeT, MPH X = — - HMEET HaHMeHblluee 3Ha-

4ac — b*®
4a

b "
Ecan @ <0, To npu x < — 5~ TPEXUJIeH BO3pacTaer, npu

yeHWe, paBHoOe

b b
X > — 5~ yObIBaeT, NpH X = — 5- HMeeT HauGoJibllee 3Haye-

4ac — b?

HHe, PaBHOE ——.
3anaua. 3abopom Oannou Oaunst | = 100 M mpebyemcesn
020p00UMb NPAMOY20AbHLIL YHACMOK, npure2arouiull Kk cmewe.
Kaxosvt Goaxcnor 6bime Oiuna u
uiupura ydacmea, 4mobst O umen

T z Hauboabwyo naowads?
Pewenwune. Ilycte x 0 y —
100-2x JNJHHA M LWHPHHA ydyacTKa (4epr.
Yepr. 80. 80); roraa S = xy, rae S — nJo-

maae yuactka. Ho no ycusoBuio
anuHa 3abopa pasHa 2x + y = 100, orkyma y = 100 — 2x
W, 3HAYHT,
S = x (100 — 2x) = 100x — 2x2.

Mbl BAAMM, YTO MJOWIAAb S Bblpa)KaeTcd KBaJApPaTHBIM TPEX-

yseHoM, B KotopoM a = — 2, b = 100, ¢ = 0. IroT Tpéxunen

b
uveeT HauboJiblliee 3HAYeHHe TPH x=—-ﬁ=25, TOr ia

UTak, Mbl HAlLAH CTOPOHBI yiacTKa, HMeoulero Hau6ohb-
wyio mjomans: x = 25, y = 50.

3ameTuM, 4TO MOXHO OBlJIO OB M He Mo.nb30BaThCH rOTO-
goit hopmyJiofi, a mpuMeUUTb K TpexuseHy mnpeoOpasoBanue
BbiJIE/IEHHs] MOJIHOTO KBaJpara:
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S = —2(x?* — 50x) = — 2 [(x2 — 50x + 625) — 625] =
= — 2 (x — 25)? 4 1250.

Orcroga sicio, uto nauboanuee 3nayenue S ectb 1250 npu
X =25.

§ 126. Pyukuua y = x> u e€ rpaduxk.
CocraBuM Tabauuny 3HaueHud QYHKUHH Yy = x3.

X — 3 -2 | —1 |—05 [|—025|0 0.25(0.5 R 1213
. .
y |—27] —8 | —1 |—0.125|=0.02| 0 | =0.02|0.125| I | 8 |27
Mbt Bugum, yto npy x >0 n y >0 y
(Ky0O MOJIOXKHTEJIbHOIO YHCJa MNOJIOKH- 8
TeneH), a nmpu x<0 u y<O (kyO ,
OTPHLLATEJILHOTO YHCJIA OTPULATEeJIEeH).
CnepoBatesibHO, TpadMK pacnosoXHTCA 6
Ha KoopAauHaTHOH nJyockocTd B I u 1] 519=<L
YeTBepTsX. 3aMeHUM 3HaueHue apry- "
MEHTa X M[POTHBOMNOJIOKHBIM 3Haue-
HHeM — X, Torja H (QYHKIUHSA npuHMET 3
NPOTHBOIIOJIOXKHOE 3HAYeHWe;, TaK Kak 2
ec/u y = x32, 10 f
(—%)P=—x}=—y.
- X
3HaunT, KaXKLOA Touke (x; y)rpa-  —tit3
(¢HKa cOOTBETCTBYET TOYKa (— X: — ) !
TOro e rpauka, pacnoJjioxKeHHasi CHM- F1o
METPHYHO OTHOCHTEJbHO Hayaja Koop- L is
JAMHAT.
Takum oGpasowm, wauairo koopdunam i
ABASEMCA  YEHMPOM CumMMempuu 2pa- 25
duxa.
['paduk pyHKuHH y = X3 u306pakén 10
Ha yeprexe 8l. ITta JUHHA Ha3BIBaeTCS 20
Kvbudyeckod napaGonao#h. g
B | vetBepTH KyGuyeckas napa6oaa
(npu x > 0) «<kpyTO» NoAHMMaETCS BBEPX Uepr. 8l.



(3nauenusi y «ObICTPO» BO3pacTalOT MPH BO3pACTAHHH X, CM.
Tab/iMly), NPH MaJbIX 3HAYEHHAX X JIHHHA «TECHO» MOAXOAHT
K ocu abcuucc (MpH «MaJibiX» X 3HAYEHHE Y «BeCcbMa MaJjoy,
cMm. Tabauuy). JleBas yacTh KyGuuecko#i napaboawt (B 111 yer-
BEPTH) CHMMETPHYHA NPaBOH OTHOCHTEJbHO HayaJa KCOpAHHAT.

AKKypaTHO Bblyep4yeHHbIH rpaHK MOXET CJYXKHTb Cpej-
cTBOM NpHOJ/IHXEHHOrO BO3BefeHHs 4uucea B ky6. Tak, Ha-
npumep, nojoxue x =1, 6, naiipém mno rpaduky y=4,l.

Oasi npubIHKEHHOrO BLIYHCJIEHMSI KYyOOB COCTaBJ/I€HbI
crelua/ibHple TabJHIBI.

Takas Tabauua umeercss ¥ B nocobuu B. M. DBpaauca
«HeTplpéXx3HayHble MaTeMaTHYeCKHe TaOJIHIbI».

Ara tabnuua colepKHUT NpubiuKEHHble 3HaYeHHs KyO6oB
yucea ot 1 mo 10, okpyrsennble o 4-x 3Havawux LHp.

YcrpoiicTBo TabJyivubl KyOGOB H NMpaBHJIA MOJIb30BAHHSA €10
TakHe Xe, Kak W Tabauum kBaapaToB. OQHAKO nMpH yBeJH-
yeHHH (UM yMenblienud) yucaa B 10, 100 u 1. n. pas ero
KyO yBesuuuBaercs (MaH ymenbluaercss) 8 1000, 1000000
i T. A. pa3. 3HAYHT, NPH MNOJb30BaHHH Tabauueld KyGoB
HaZlo KMeThb B BHJY CJeAylollee TNPaBHJIO MepeHoca 3amnsiToMn.

Ecau 6 wucae nepenecmu 3anamyro HA HECKOAbKO yugp,
mo 8 Kybe 3moco wucia HAOO nepeHecmu 3anamyrr 8 my xe
CMOPOHY HA YMDOEHHOE KOAWtecmsd yugp.

[losicHHM CKa3aHHOe npuMepaMH:

1) Boiuncaure 2,2353. Ilo Tabauue wnaxogum: 2,233~
~ 11,09; npubaBnsieM K nociepueii uudpe mnonpaBky 8 Ha
nocaefHui 3Hak: 2,2353=~11,17.

2) Bpluucaute (—179,8)%. Tak kak (—a)® = —a®, TO
Haxoaum (179,8)3.

[To Tabnuue nainém 1,798° = 5,813, nepenecs 3ansityio,
noayuum (179,8)3 =~ 5813000.

3uauyut, (—179,8)% =~ —5813000.

[Ipubauxkénunnle popmyan. Ecau B TOXKIECTBE
(1 £a)*=1 4 3a+4 3a? + a®

QHCJO @ MaJioO MO CpaBHEHHIO ¢ eJHHHuefi, TO, OTOpPOCHB uJjieHH C af
H a®, noJay4HM NpHOAHXKEHHbe (GOopMyJbi:

(lta)P=11%3
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Mo atuM dopmynaMm nerko HaATH npubAHXKEHHbEe KyOul
yucen, GNH3KHX K eJIHHHLE, HampHuMep:

1,022 =1-43-0,02= 1,06 Tounmi ky6: 1,061208;
1,03 ~1-43-0,03= 1,09 » » 1,092727,;
098 ~1—3-0,02=0,9 » » 0,941192;
0,97 = 1—3-.0,03=0,91 » »  0,912673.

Bo3ssepenne uncea B Ky0 Ha CYETHOH JHHEHKe.

Jns Bo3BeJeHHs uucen B KyO Ha Kopnyce JiH-
Heiiku umeetcsi wkKana kyboB K. [llkana kyGoB
COCTOMT M3 TPEX uYacTeH: JIeBOH, cpelilHed H mpa-
Boii (cMm. uept. 82); Kaxjad M3 3THX YacTeH
npejactaBiasieT co6oii OCHOBHYIO MWKaay D, Ho
yMEHbLIEHHYI0O B TPH pasa.

JHaueHue 803800uM020 8 KYyb uucaa ommeuaem
8u3upom Ha ocHosnoU wxanse D, a pesyremam uu-
maem Ha wKkazre Kybos K.

Hanpumep, 2% = 8 (cM. ueprt. 39).

HecKko/ibKO nMpumMepoB BO3BeJIeHHS 4yHce/l B KY6
NpHUBeJleHO B cJaejylowied Tabsuue. [lng cpaBue-
HUSl JlaHbl 3HauYeHUs] KyOOB TeX »Ke uuceJi, BbIUH-
CJ/IeHHBIX MO YeThiPEX3HAYHBIM TabJHLaM.

X 1,3 4,3 | 6,8

18,4 l 0,27

315 | 6200(0,0196

x? Ha JHHeliKe 2,2 79.5
2.1 314,4| 6230]0,01968

x® B Tabanue ,197 | 79,51

)

§ 127. TNonaTne o KyOH4YecKom KopHe.

3anaua. bak umeem ¢opmy Kyba, 06vém 6axa
paser 8 m*. Haiimu Oruny, wupuny u evicomy 6axa.
Tak kak Oak mnpeacraBasier co6oi kKy6, TO
ero JJIMHa, IUHPHHA H BbHICOTA PaBHbl MEX]Jy
co0ofi H paBHBEl pebpy x Kyba.
[lo ycnoBuio 3anaun 06vém Ky6a x* paBen 8 u3.
3HAYUT, MBI NOJIydyaeM ypaBHeHHe: x* = 8.
peOyeTcst HAHTH YHCJIO x, KYyO KOTOpPOro paBeH
yHcay 8. Mickomoe 4Hc/10 paBHO 2, TaK Kak 2° = 8,

'Ho
_—
—4
=~
a = ©
- =
4] ]
" =1 o
r = il
e | E
E3- m
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m i
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Yepr. 82.
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Hrak, 6ak umeer pa3svepnl 2 4 X 2 M X 2 M.

Onpepenenune. KyOuueckum KOpHeM W3 uucJa @ Ha-
3bIBAETCA 4UCA0, KY0 KOTOpOro paseH a.

IleficTBHEe, MOCPEACTBOM KOTOPOIr'O OTBICKHBaeTCA KYyOH-
YeCKHH KOpeHb, Ha3blBaeTcs H3BJeYeHMNHeM KyGHUYecKoro
KOpHA. 3 __

Ky6uueckunii Kopesb M3 uucsa g 0603Hayaercs Tak: V a.

-,
W3 onpepnesienns caenyer, uto () a)® =a.

[Ipumepn. VT=1, ?V§=2; 1/—27=—3;

S/ T —e
/ 5s==: ¥V =0,001=—0,l.

§ 128. MNpnGanxénnoe n3paeyeHue KyONYeCKOro KopHs.

Msbl 3Haem, uTO aAJssi NPUOJHKEHHOrO H3BJIEUEHHS KBaj-
PaTHBIX KOPHEH MOXKHO WOJIb30BAaThCH CMEllHAJbHHMHU TabJ1H-
uamMi. TOYyHO Tak e TabJHLIaMH MOXXHO MOJIb30BaThCH H 1)
NpHONHIKEHHOrO H3BJedeHUss KyOHyeckoro kopHs. KyOuuec-
KHe KOPHH BCTPEYalOTCH 3HAYHTEJIbHO pexke, yeM KBaJpaTHble,
noatomy B nocobun B. M. bpanuca Her cneuunasbHof Tab-
AMUB  KyOwyeckux koprei. s H3BJeueHHs KyOHUecKHX
KOpHeH nonb3yloTca TalJiHued KyOoB.

[losicanm Ha npumepax, Kak 3710 jpenaerca. [as wW3BJe-
yeHHs KyOHYECKOro KOpHSl HafO NpoJeJsiaTb Te 3Ke OlepalHH,
YTO M NpH BO3BeJIeHHH B KyO, HO B 00paTHOM MOpS IKe.
Tabauua KyGoB copep:KHT KyObl 4HCEJ C HEKOTOpPbLIMH Mpo-
mexkyTkamMu ot | po 10. Tak kak npu BO3pacTaHHH YHCJA
or 1 no 10 ero ky6 Bo3pacraetr or 1 no 1000 (mpocaeaure
5T0 Mo Tabnuune), TO no TabJjiHue MOXKHO H3BJIeKaTb KYyOH-
yecKkHe KOpHH H3 uyucen ot 1 po 1000.

3 r—
[ycts, Hanpumep, Tpebyercs Haith J/712,1. B Tabauue
cpelH 3HayeHHH KyGoB HaxonuM uHcsao 712,1. Ono crout
B CTPOKe ¢ nomeTkoi 8,9 H B cTosbue ¢ noMeTKOH 3. 3HAYHT,

1’712.1 =~ 8,93, rak kak (8,93)* = 712,1. Ilposepum 35TO BHI-
YHCJ/IEHHEeM!

8,93% = (8,93)% - 8,93 = 79,7449 . 8,93=712,121957 =~ 712,1.
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. R
Tenepb BHIYHC/IHM }/ 56,23. B Tabauue Cpely 3HaYeHWil
Ky6oB HeT uucaa 56,23, HO OJHXKAHIIKUM K HEMY YHCJOM

aasercs 56,18, KoTopoe CTOHT B CTpPOKE C TOMETKOH 3,8

3
H B cTtoJsibue ¢ nometkol 3. [loaTomy MOXHO cuuTath y 96,23~

== 3.83,
[TpoBepum 3TO BhIUHCJIEHHE:
(3,83)° = (3,83)%. 3,83 = 14,6689 - 3,83 = 56,181887 =~ 56,2.

Ecau xenaTtesbHO OnpejesinTh YETBEPTYIO 3HAYaUlylo UHppyY
KOpHsi, TO COCTaBHM pa3HocTh 96,23 — 56,18 = 0,005.

B tabsauuyke mnOMpaBOK B COOTBETCTBYICLLEH CTpPOKe HeT
nonpaBkH O, a ecTb OsMKakwaa K Hed nonpaska 4, KoTopas

|
CTOMT B ctoJiblte ¢ nomeTkol 1; 3mauut, V 56,23 = 3,831.

| T ——
Beiyncsiute )/ 0,2838. YBesHuMM TNOAKOPEHHOE YHCJO

3
B 1000 pas, Torza noayuum 283,8. Kopenb }/283,8 Mbi Mo-

3
’Kem Haiiti no Ttabaune ) 283,8 =6,57. Ho eciu nojgkopen-
Hoe yucsao yBesHuuTh B 1000 pa3, TO KOpeHb yBeJIHYHTCH

- 3
B 10 pas (manpumep, V27 =3, Ho V 27000 = 3 - 10 = 30).
3uayuT, 4yToGb NOJIyYHTh BEPHBIH pe3y./bTaT, HaJA0 M0.1y4eH-

Hoe yucano ymenbliHTh B 10 pas. Mrak i/0,283820,6571.

U3BseueHne KkyGuueckoro KOpHA Ha CYETHOH JMHeRKe.
M3Biieuenne KyOMuUeCKOro KOpHSI NMPOH3BOJHTCS HA TEX XKe
lIKaJsax, 4To U BO3BejeHHe B KyO6. Ho nelicTBHe H3BJeueHHs
KyOHYeCKOro KOpHsl MpPOH3BOAUTCA B ropsiike, oOpaTHOM
AedcTBuIO BO3BesieHuss B KyO. [lpu Bo3BeneHuH B KyO Mbli
(CHOBaHHe OTMeyYa/u BH3MpPOM Ha wkaaxe D, a pesyJbrar
yutTaau Ha wkane K. 3aech e HAobopoT, Ha wkase Kybos K
6U3UPOM OMMe4aem NOOKOPEeHHOe 4UcA0, @ no0 HUM HQ OCHO8-
HOU wKaase D vumaem 3HaA4eHUE KODHA.

Taxk, Hanpumep: 1) ";/_8= 2 (uept. 39); 2) Vﬁﬁ= 4,31;

3) V800 = 9,28.

B nepBoM npHMepe MOJAKOpPEHHOe YHC/JO CAHO3Hay4HCe (8),
I OHO CT2BHMTCSl B JIeBOH TpeTH IIKaabl, BO BTOPOM NpHMEpe
1IOAKCpeHHOe uHcJ0 ABy3HayHce (80), H OHO CTaBMTCA B Cpea-
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Hedl TPETH, B TPeTbeM IMpHMepe MOJAKOPEeHHOe YHCJAO TPExX-
3uayunoe (800), u oHO CTaBHTCA B NpaBoii TpeTH wWKaaAbl. UToOu
34aTh, B KAKOH TPeTH CTaBUTb IMPOH3BOJIbHOE NOJKOpPEHHOe
YHUCJIO, HYXKHO TMPHBECTH €ro K OAHOMY H3 pa3o0paHHbIX
CJ1y4aes.

[losicHuM 3TO Ha npHmepax:
1) /6750 = /6,75 - 10° = 1,89 - 10 = 18,9:
92) 1/ 67500 = 1/ 67,5 - 10° = 4,07 - 10 = 40,7;

—_— 3 R7E
3) V0,675 = |/ 35 = o = 0,877;

2 paas  RSOTE 407

4) ¥/ 0.0675 = ]/ 73 = 4 0,407,

B urore nosy4yaem npaBusiO, aHAJOrHUYHOE H3BJIEYEHHIO
KBaJpaTHOTO KOPHS.

|) ITodkopernoe uucao npedcmasanem 6 eude 00HO3HA4HO20,
08Y3HAYHO20 UMY MPEXIHAYHO20 HUCIA, YMHONC U8 e20 (uau
pa3deaus) Ha cmenewv 4ucaa 10 c¢ nokazamenem cmenexu,
KpPamHuolm MpPEem.

2) Ecau noOdxopexnroe 4ucao npedcmagneno e 6ude 00HO-
3HAYHO20 4UCAQ, OHO YCMAHABAUBAEMCA 6U3UPOM HA Ne60l
yacmu wKaabt Kybos; ecau OHO npedcmasneno 08Y3HAUHHLIM
YUCAOM,— HQA CPeOnel wacmu wKkaiol Kybos, ecau xe OHO npeo-
CMAaBAeHO MPEX3HAYHLIM HYUCIOM, — MO HA nNpasod wacmu
wkaast Kybos.

3) Peayaomam omcaumoiéaemcs no 6u3Uply HA OCHOBHOU
wKase AUHeuxu.

IIna Toro 4ToObl BLIACHHTb, B KaKOA TpeTH WIKaJbl CJeAyeT YCTa-
HOBHTb MOJKOPEHHOE YHCJO MPH H3BJeYeHHH KyOHYECKOro KOpHS, MOXHO
peKOMeHI0BaTh TaKoe MpaBHJIO.

[ToakopenHoe uHc/J0 pa36HBAIOT HA rpaHH, MO TPH UMPPH B Kaxaod
rpaHHd, BJeBO OT 3amsATo#, ecsaH uyucao Gosbwie 1, H BMpaBo OT 3anAToi,
ecim oHO MeHbwe |. Ecau nepeas caeBa rpaHb (He CuYHTas rpamse,
COCTOSILLIHX H3 OAHHX HYJef) COAepXKHT OAHY 3Havamylo uudpy, To uvcno
ycTaHaBJAHBaeTCA Ha JeBOA 4aCTH WKaJaun KyGoB, ecid B 3ITOH rpaHu
ABe uHpel,— TO Ha cpegHefi 4acTH, H €CJIH B 3TOH rpaHH TPH UHD-
pbl,— TO Ha MPaBOA YacCTH LIKAJbI.

[Toab3ysicek 3THM cnocobGoM, JierKoO HaWTH 3HAUHOCThL YHC.1a M MO-
JIOXKeHHe 3anfAToA, TaK KakK Ka)Jad rpaHb MOAKOPEHHOro 4HcJa,

288



cTOflaf cJeBa OT 3ansArofi, NaéT y KOPHA OJAWH 3HaK J0 3anaAToifl,

a Kax/Jas 4YHCTO HYyJIeBad rpaHb cnpaBa OT 3aNnfATOA (€CAH MOAKOpPeHHoe

YHC/JI0O MeHbllle eIHHHIL) AAET y KOpPHA OAHH HyJb MOC/e 3ansToM.
PaccmoTpuM npuMeHeHHe 3TOro nMpaBHJa Ha TeX Xe NpHMepax:

Y6750 = 18,9; /677500 = 40,7; /0,675’ = 0,877;
¥/ 0,067°5 = 0,407; 3/0,0007675 = 0,0877.

§ 129. N'paduk dyHkuuu y=%/;.

a —
s nocrpoenusi rpaduka (yHKuMH y =) X cocTaBum
Tab/uLy KyOHYeCKHX KOpHeH (MmpuONHIKEHHble 3HAYEHH:):

x —2 |—1] —05 —0,1 [0] 0. 05 |1] 2 | 8|27

Vx| —1,.26/—1| ~—0,79| ~—0.46 | 0| ~0.46{ ~0,79 1{1,26| 2 | 3

OTH 3Ha4YeHHUS MOXKHO B3ATb, Hanpumep, H3 TabJHIIbI
B. M. Bpajguca H nocTpouTh Ha MJOCKOCTH CCOTBETCTBYIOLILHE

TOYKH. ['paduk dyHKUUH y = Vx H300paKéH Ha yepTrexe 83.

J
Y y:!/;-

Yepr. 83.

§ 130. Mpumepwm rpaduueckoro pelleHHs ypaBHEHHH
M CHCTEM YPaBHEHHH.

[Tpumep 1. Peumnth ypaBHeHue:
X4+x—2=0.

910 ypaBHeHHe KyOHYecKOe, TaK KaK COAEpPXHT HeH3BeCT-
Hoe x B KyOe. Takue ypaBHEHHs B LUKOJBHOM Kypce a/jreopnl
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no ¢opMy/aam He pewaiorcs. Pewinm nanHoe ypaBHEHHe NpH-
0/1XKEHHO rpaduuecKkH. 3anuiueM ypaBHEHHE TaK:

= —x42

Tenepb noctpoum rpaduku GyHKLHH ¥y = x* U Yy = —x+ 2.
1o Oyayr KyOuyeckas napabosa u npsamas. M3 uyeprexa
BHJHO, YTO o0e JTHHHUH nepecekaloTcsl B OJHOH TouKe, abcuucca
kotopoit paBHa |. HMrak, ypaBHeHHe HMeeT OJHH KoupeHb
x =1 (uept. 84).
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[Mpumep 2. Pewurb ypaBHeHue:
¥ —x2—2=0.

Pewmeunne. 3anuuem ypaBHeHHE B BHIE:!

x3 = x2 4 2. 10 4

[TocTpoum (Ha MuanumeTpoBoii Gyma-
re) mapabonbl: KyOHuecKyio y = x°
W KBaapaTHylo y = x% + 2. M3 uep-
Texa 85 BHJIIMM, UTO 3TH JIHHHHW Ile-
pecekaloTcss B OJHOH Touke M.
OnycTHB nepneHAMKYJsp H3 TOUKH
M Ha ocp abcuucc, HaHAEM TpH-
OMMIKEHHO KOpeHb JIaHHOro ypaBHe-
HUN: X=>=1.1.

B § 81 O6win nokasan rpaduue-

CKUH cnocol pelleHHsI CHCTEeMbl ypaB- ol
HeHHH TIepBOH CTENeHH C JByMmd

Hen3BeCTHbIMH. CTPOHUJIHCH NpAMble—
rpadHMKH JaHHBIX ypaBHeHHH. Ecawu
3TH NpAMBIe TMepecekajvch, TO KO-
OpPAHHATHl TOYKH TepeceyeHHs u
IBJASAIUCh pelIeHHeM CHCTEMBI.

CoBeplIeHHO Tak JXe pelualTcs
rpaHYecKu M CHCTeMbl ypaBHEHHIl
BTOPOH CTENeHH C JABYyMS HEH3BeECT-
HBIMH.

Crpoutca rpaduk KaxJIoro w3
ypaBHeHHH cHcTeMbl. Ecan 3TH rpa-
(PHKH HMEIOT OJIHY HJH HECKOJBLKO
oOUIMX TOYEK, TO KOOPAHMHATH Ka)KJ0fi H3 3THX TOYEK YI0-
BJIETBOPAIOT OOOHM ypaBHEHHSIM, TO €CTb SIBJSIIOTCA peule-
nuiem cucremsl. [lpuBeném npuwmep.

Y:—r*’.;._‘?

e e

M-

Yepr. 85.

[Ipaumep 3.
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[padukom nepBoro ypaBHeHHs sBJsieTCs MNpsAMasi, Npo-
xoaswas yepe3d ToukH (7; 0) u (0; 7). I'padukom BTOpOroO
yvpaBHeHHsl aBasieTcs runepbona (cMm. § 76).

 §

Yepr. 86.

Ha ueprtexe 86 BuaHO, 4TO npsiMasi nepecekaet runepbony
B ABYX Toukax. M3MepuB ux paccrogHHs OT oced, HaljéMm
peleHHs CHCTEMDI:
[ X, =1 X, == 0
Yy, =6; Yy, = 1.

HeTpyaHo npoBepHTb MOACTAHOBKOH, YTO Mbl MOJIYYHJIH
JABa pelWcHUA JAaHHOH CHCTEMBI.
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