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NPEAMCIIOBME ANA YYUMTENA

JlanHbii yveEHMK aapecoBaH He CNeLManH3NPOBAHHBIM Ma-
TEMBTHHECHHM LIKONAM WM KNAccam ¢ COBCTBEHHbIMU ABTOR-
CHMMH Mporpammami, a8 obbiyHbiM Knaccam B obuleobpaso-
BaTeNnbHLIX WIKONAX, €CNH B TAKMX KNAccax ecTh BOIMOMHOCT
{n wenanne) Mayvars Rypc anreSpst Ha Gonee BLICOKOM
YPOBHE NO CPABHEHHWIC C MACCOBONH WKonow. Tlpu atom
CNeAyeT Y4£CTb, MTO, Ha HALWI B3rNAR, YYeHwkn 7-ro mnacca
B SONBILIMHCTBE CBOSM BILE HE ONPEeNHNMCh CO CBOMMM BO3-
MOMHOCTAMH W HHTEPRCAMM, NOITOMY NepPeBOdMTL MX Cpasy
Ha NOBLILIEHHBIN YPOBEHE MATEMATHUECKON MOArOTOBKM BPAA,
n1 uenecoobpasno. MMeHHO NO3TOMY AaHHLIN yvebHUK B
3HAYMTENBHOW mepe (M NO CTPYKTYPER, » NO COpepMaHuio, A3
M MO CTMNIO) COOTBETCTBYET Hallemy YHeBHuKY iNa maccoson
unconbl (peus upeT o kunre A. . Moppaxoenua eAnrebpa—7s=.
Yacte 1. Yuebuuk. Muemosuna, 2007—2009). Cramume we,
BO-N&PELIX, 3AKNIOUAATCA B TOM, UTO B OAHOMMEHHBIX Naparpa-
thax CMIWKOM NPOCTHIE NPUMEPBI M PACCYHAGHUA 3aMmeEHEHb
Ha Honee CNOMHLIE W MHTEPECHbIE; BO-BTOPbIX, Robaenex
naparpaf) 0 pelleHnH TEKCTOBbIX 3334 HA COCTABNEHHE M-
HEHHBIX YPEBHEHHH ¢ ONHOW NepPeMeHHON; B-TPeTbHX, B KOHey,
yyeSHUKa nepeHecaHa rMapa O NMHERHBIX CHCTEMAX, NOCKOMb-
KY B COREPMAUMXCH B HEW AOCTATOUHO CNOMHLIX NpMMepax
AKTHBHC MCNORb3yeTCA Bech NPefIuecTeYIoIWMA MaTepHan
Kypca anrebpbl gna 7-ro Knacca.

Ha ypoKax matemartwkM yuuTeane ecerpa coveraer obui-
AEHHbIH A3biK {A3bIK OGLIEHHA, A3bIK AMTEPATYPHOro NOBECT-
ECS83HMA) C NPENMETHbIM A3BIKOM — CTPOTHM, CYXMM, NaKo-
HUMHBIM, CTPOSLLIMMER MO NPUHATBIM B METEMETHKE 3aKOHaM,
Tak HanMcan W 3TOT yYebHUK, NPenCcTaBNAOLMWN COBOH KHUrY
HEe ONA 3ayuMBaHMA, @ ONA MIYMEHMA, T. €. ANA YTEHUA M NO-
HHMEHHA.

Onupaack Ha yveGHuK, yuuTens npexpacho paizbeperca
B TOM, UTO HANO PACCKA33TE YUALLMMCA HA YpOKe, yTd npeano-
H(MTh MM 3aMOMHMTL, @ YTG NPOCTO NPOHYMTATE AOMA (M, BO3~
MOMXHO, OBCYAMTL B KNacce Ha CNefyIoULeM YDOKE B HEHDEe
Geceapi).



Bcioy, rae BO3MOMHO, aBTOPHI CTAPANUCE CNefosaTh
upesm npobnemHore ofyvenns. MNpobnema (no Sonbwomy
CUETY)} — 3TO TO, YTO Mbl CEOAHA PELLIMTL HE MOMEM W 3aBTpa
HE PELLMM; 3TO TO, YTO MYYEET HAC NPOACTIKHTENLHOE BPEMA;
3TO TO, K PELIEHMIO YEro Mbl NOCTENEHHO NpuBRKKaemcs,
owywan 3tTc npubnueHue; 310 TO, HakoHel, yTo, Byayum
PeweHo, RAaeT IMOUMOHANbHLIA 3apaf, NPHHOCHT PaaoCTe.
MUmenHo takoe (He nokanoHoe, a rnoGanbHoe) NOHMMaHWe
npobnesmnoro obydenus pyiosoauno astopamu B paborte
Hap, yuebuuuom. Mpumepos MOMHO NPHBECTH OHEHb MHOTO,
BHMMAaTenbHbIH YMTaTens (NpeMpae BCero, KOHEUYHO, YuuTenb
MATEMATHKM) BCE YBMOMT W NOWMET.

Nmub npocTefiuMe NOHATHA QAICTCHA CPa3zy B rOTCBOM
BMAE, OCTaNbHLIE e BBOLATCA NOCTENEHHO, € YTOUHEHHAMM W
KOPPEeKTHPOBKOH, 8 HeHoTopble Booble OCTAKOITCA HA WHTY-
WTUBHOM YPOBHE BOCNPMATHA OO TeX NOP, NOKA HE HACTYNWT
GnaronpHATHBIN MOMEHT BNA MX TOUHOTO onpeaeneqia. K unc-
Ny TaKMX MNOHATHH OTHOCMTCA, HaNpMmep, NOHATHE DYHKLIMK,
B atom yuebuuke CTPOroro OnpepeneHMs hyHKLMH HET, OHO
Gynet seeneHO nMWb B Kypce anrebpel 9-ro Knacca.

Tpoponmenmem AEHHON KHUMM ABRAIOTCA yueBHMKW an-
rebpur gna 8-ro m 9-ro knaccoe Tex we asvopos. B npuno-
MeHHM NPUBELEHO NPHMEDHOS NRaHKMPOBaHKHe y4uebHoro mare-
pHana M3 pac4era 5 4 B Hegeno.

Aaropsi

{ll] — oxoHuaune pewenus nprmepa (NPM OTCYTCTBMM PY6-
PMKM SOTBET®).
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MATEMATHMYECKMA A3bIK.
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§ 1 . YMCNOBbLIE M ANFEEPAMYECKME
BbIPAYKEHMA

B MaagmmeXx xaaccaX BH YYHJIHCH OLEPHPOBATEH ¢ HeJBIMA
1 ApOGHBIMM YHCIAMH, PEIIAIN YPABHEHHA, SHAKOMHAJINCE ¢ TeOMeT-
pHUecKHMH GEIypaMH, ¢ KOOPAHMHATHOH OpAMO B KOOpAMHATHOM
LI0CKOCTEI0. Bee BTO COCTABIANG COAEPIRAHHE OJHOTO MKQILHOTO
npeagvera «+MaTtemaTEEa». B NeACTBETENIBHOCTHN TAKad BAKHAN
obnacTe HAYKHM, KaK MaTeMaTHKa, NoIpasielsaeTrcd Ha OTPOMHOe
9HCIO CAMOCTOATEIBHBIX AHCHHUNANH: aarefpy, reoMeTpHID, TEOPHIO
BEpOATHOCTeH, MaTeMATHYeCKHH aHAJIN3, MaTEeMATHYECKYID JIOTHKY,
MATEeMATHYECKYIO CTATHCTHKY, TEOPHIO HID K T. J. ¥ KaXKAOH THCIHII-
JEHE — CBOH 00'bEKTHI H3Y4YeHNdA, CBOH METOALl MOSHAHHA peaxbHOMH
AefCTBHTENLHOCTH.

Anrefpa, ¥ H3YYeHHI0O KOTOpPOA MBI OPUCTYIOA€M, AAET YEJOBEKY
BOSBMOKHOCTh HE TOJBRO BHIOJHATH PA3JAYHEIE BEIYHACACHHA, HO I
VUIHT ero AejaTh 5T0 KAK MOKHO GBIcTpee, panuoHAnbHee. YeloBek,
BAAALIOIIME aarefpanvyecKMMH MeTONAMH, UMeeT MPEeNMYINeCTBO
HepeA TEMM, KTO He BiajeeT 3THMH MeTOAAMM: OH GhICTpee CUMTEET,
ycnenrHee OPHeHTHPYETCA B JKHSHEHHBIX CHTYAORAX, YeTde TPHHIMA-
eT pellleHAd, Jyume MEICIANT. Hama sagaua — moMods BaM 0BNAJETh
anrefparngecKEMHA MeTOXAMHE, BaIlA 3aja9a — He OPOTHBHTLCA 0fyue-
HHK, ¢ TOTOBHOCTHI) CJIEIOBATEH 38 HAMY, NPEOLOJeBad BOSHEKAIOIINE
TPYIHOCTH.



1 - MATEMATUYECKMA A3bIK. MATEMATMYECKAS MOMEND

Ha caMom fese, B MAAJIMINX KAACCAX BAM YK€ NIPHOTKPHLIN OKHO
B BOAIMEeOHKIE MHp aareGphl, Begh anrefpa B IepeyI0 ouepelb H3yI2eT
YUCJOBEIE M aArefpandeckre BEIDAXKEHNA.

HBHOMHHM, YUTO ZUCAOSHLIM GbipaiXeHieM HAJRIBAIOT BCAKYIO
3allHCH, COCTABACHAYIO M3 UNCeJ M 3HAKOB APDHPMEeTHUECKMX AelcTBHHA
{cocTaBlEeHHYID, pA3yMeeTcd, CO CMBICAOM, Hampumep: 3 + 5 - 7 —
4HCa0BOEe BRIpAXcEHHE, TOTAR KaK 3 + ! — He UHCJIOBOEe BRIpAsKeHMe,
a SeccMelcieHnw il Habop cuMBoXoR). Ilo HerOTOPHIM NpPHYNHAM
(0 Hux ME GyaeM TOBOPHTE B JajbHelIIeM) 4acTO BMECTO KOHRDEeT-
HEIX THCEJ] YOOTPeSAAIOTCA GYKBEI (IpENMYIIIeCTBEHEC B3 JATHHCKOTO
andaBHTa), TOTLa NONYUAETCH aizelpauvecioe guipaienue. ITH BhI-
paxkeHwA MOryT GHITH OU€Hb FPOMO3AKMMU. Anrefpa yIAT yNnpolnaTh
X, MCOIOJAB3YA pasHble MPABMJA, 3aKOHBI, CBOiCTRa, (POPMYyMEL.

ODIpamep 1. Haiirn sHaueEMe YMCAOBOrO BHIPAYKEHNA
2 14
(2,78 +4,81+38,27 — 2,81) :[g-ﬁ)
25-37-0,4 ’
Pemennme. Ceiluac MEI BMecTe ¢ BAMHA KO€-UTQO BCIIOMHHM, H BBI
YBHANTE, KAK MHOTO aJre0pamdecKuX GAKTOB BEI y>Ke 3HaeTe.
TIpexae BCero HYKHO BRIpaGOTATE IVIAH OCYIIECTBJIEHHS BEITHC-
nenuii. [Ing ynoGeTea BREZeM cieAyioniNe 0603HAUEeHNA. UnCaANTeNb
ZAaHHOTO ApofHOre BhIpa)keHusd obosmauuM Gyxsoif A, a 3HaMeHa-
Tens — byksoii B:

A= (2,73 + 4,81 + 3,27 - 2,81) : (g - %} B=25-37-0,4.

B sripaxenuu A ofosHauuM fgeammoe Syxeoii C, a genuTens —
Gyrpoii D. Torna niuan HamuXx feifcTBHEil GyAeT BRITNALETE TAK:

1) uaiizem sHaueHHe ¢ BhIpadenus C;

2) maiiaeM sHauenme d BhIpaxenusa D;

3) pazaenus ¢ Ha d, HalizeM sHEaYueHRe @ BEIPpANEHHA A;

4) nafifem sHayenme b BurpakeHnns B;

5) paspenus @ Ha b, HaliieM 3HAYECHAEe 34JAHHONC YHCIOBOTG BbI-
pasmenud.,

WUrak, nA8H BHYRCAEHHH ecTh (2 HaawdHe IJIaHA — IMOJNOBWHA
yenexal), IPHCTYIAM K ero peaidsallHi.

1)C=2,73 + 4,81 + 3,27 — 2,81. KoHeuHO, MOYRHO CUHTATEH
NOAPAA WIH, KaX WHOTJAA TOBOPSAT, ¢«B job»: 2,73 + 4,81, sarem

6



1 . MATEMATUHECKMIA A3bIK. MATEMATUYECKAS MOLED

aToMYy 4mcay npubaesute 3,27, sarvem Bpiuecte 2,81. Ho kpacubee
cAefATh TAK, BCOOMHWE TeDeMeCTHTENbHHN K cOUeTaTeIbHBIA 3AKOHbI
CIOMECHMA:

(2,73 + 3,27) + (4,81 - 2,81)=6 + 2 =8.

Hrax, ¢ = 8.

2y D= %— % daeck HaM OpHAETCA BCHOMHUTE, KAK mRelicTBO-

BaThb ¢ OOMKHOBEHERIME Apo0amMun. CHavana Hafgo OpHEBECTH APOGH K

o6memy sHameHaTeno, HamMeHbIIAM ofImpM KpaTHEIM uncea 5 & 15

asagerca aucao 15, omo n Gyaer o6muM 3HamenareneM. Hdna gpobn
2 23 6

2
15 MoayuaeMm 553 15 Janee paxoaam

e | = . _E = _._1 = —

Hrak, ¢ = —-15.

4) B= 25-37- 0,4, Onare-Tak® MOXKHO NPOBOAHTH BREIYHCIEHKA
«B 7106», T. e. BeiuHCAuTE 25+ 37, sareM TO, 94TO HOAYYHTCH, YMHO-
#uThb Ha (0,4. Ho panroHanbHee BOCIOAb3OBATHCH MEPEMECTHTEILHEIM
H COYETATEJIPHEIM 3AKOHAMH YMHOXKEeHHA!

25-37-0,4 = (25-0,4) - 837 = 10- 37 = 370,
Hrar, b = 370.

5) OcTanock pasgeJIATL YUHCIKTEAE 4 HA 3HAMeHATe b b. Iloayaum

15
370
COKpaTHAH ApPOGE).

3
= ~7; (PasAeqHNM THCAMTeNb U 3HaMeHATENb APOSK Ha 5, T. e.

OTBerT: —i.
74



1 . MATEMATMHECKUMA R3bIK. MATEMATHMHECKAS MODEM

A Tenmeph BMecTe NPOAHANHINpYeM, KAKHMe CBeeHMA U3 MaTe-
MATHKK HaM HPRIUIOCH BCIOMHATH B IPONECCe PElIeHNd MPHMepa
(TpHuYeM He HDpPOCTO BCOOMHHTL, HO H MCHONL30BATD).

1. Iopagox apudmeTrieckux AeicTBui,

2, IlepemMecTHTENBHEII 3aKOH cIOXKeHHHA: @ + b= b + a.

3. IlepeMecTHTEeNBHEII 3aK0H yMHOKeHNA: ab = ba.

4, CoueTaTeJbHBIH SAKOH CHOMEHHA!

a+btec=(@+dy+c=a+(b+c)

5. Couerarenbunlil 3aKon yMEONKennd: abc = (ab)e = a(be).

6, NomaTua o6wKHOBeHHOH ApolwM, AecATHYHOH ApobGH, OTpHOA-
TeNBHOI'D YHCJIA.

7. ApudmMeTHUYeCKHEe ONEPANME C AeCATHUHLEIME APOGAMH.

8. ApndMeTHyUecKHe OMEPAONHE ¢ OOLIRHOBEHHEIMH TpOGAMH.

- - a ac

9. OcHOBHOE CBOICTBO OOBIKHOBeHHOH ApobH: — = — (3HAYCHHE
}Ipoﬁl'[ HE H3MEHHTCH, €CJIH €€ YHCJAHTEeJbh H 3HAMEHATENAbL OJHOBDe-
ME€HHO YMHOMKHTE HA OAHO H TO e JHCI0 MAH DasfeJJHTE Ha OHO H
TO e YHCJIO0, OTVIRYHOE OT HyJfA)., JT0 CBOACTBO MO3IBOJARJIO HAM IIpe-
2 2
06pasoBaTk ApodL 3 I BHAY % (YHcauTENh ¥ SHAMEHATENDb APOOH 5
OZHOEPEeMeHHO YMHOMHIKN HA OFHO H TO !Ke yHcio 3). OHo Xe mosso-
15 (UHCARTeL H 3HAMEHATENb ApodH 15
a70 370

OJHOBPEMEHHO DASACAHIN Ha OZHO M TO JKe YHCI0 5).

JIAJIO HAM COKDaTHTE Apobbh ——

10. IIpaeuna aeficTENil ¢ MOMOMKHTENBHEIMHE H OTPHIOATEILERIMH
THCTAMM.

Bce oTe BEI 3Haere, HO Beghb Bee 370 — anrebpamueckme (parTHI.
TaxuM ofpasoM, HEKOTOPOE sHaKOMCTBO ¢ aarelpoil y Bac yxe cocTo-
ANoCh B MIAAIIHX KiaaccaX. OcHOBHaA TPYAHOCTE, KAK BEAHO YiKe U3
npuMepa 1, 3aka04aeTCa B TOM, YTO TAKKX (DAaKTOB JOBOJLHO MHOTO,
OpHEYeM HX HAJ0 He TOJBKC 3HaTh, HO H YMETh HCOOJbL30BATE, KAK
rOBOPAT, «B HY;XHOe BpeMdA H B HYJKHOM MecTes. Bot sToMy 1 6vaeM
VIATBCA,

W pmocaepsee, arofil 3aKOHYHTE ofcymaenue npumepa 1. To
9IHCA0, KOTOPOE ODOJYYAETCH B PEayapTaTe YOpOIileHWH YHCI0BOrO

3
BHIpayKeHNd (B AAHHOM NpHMepe 5TO GBLIO YUCIO —— ), Ha3BEIBAJOT
3HAUEHUEM HUCIDB020 BLIPANEHUA.

8



1 . II MATEMATHYECKMA A3bIK. MATEMATUYECKAS MOOEML

Ecnm AaHo anrebpamueckoe BHIpaskeHHE, TO MOXKHO TOBODHTEH O
sHayenuu anze6pauiecKos0 sbipaANeHUR, HO TONBKO NPH KOHKPETHBIX
sHAYEHNAX BXOAAINX B Hero Gyks. Hanpumep, anrebpanyeckoe seipa-
sxenne @ + b npu a = 5, b = 7 nmeer 3ravenue 12 (mocroabky @ + b =
= 5+ 7=12); npu @ = 16, b = —14 oo nMeeT 3Ha4eHHe -30 (TAK KaK
a+b=-16 + (-14) = —16 — 14 = —30). Axre6paryecKoe BEIpaXKeHHAE
a® — 3b mpu @ = —2, b = 0,4 IPHHHMAET BRA YHCIOBOTO BHIPAXKEHHA
(-2)* - 3 - 0,4; ynpomas, moxydaem 4 — 1,2 = 2,8 — 3T0 4 ecTh 3Ha-
genue ajarebpanueckoro snpakenns e — 3b npu a = -2, b = 0,4,

ITocrkoabky GYRBaM, BXOAAIHM B cocTaB anrebpamvuecKoro BEI-
pasKeHMsd, MOYKHO IIPHAABATh PA3NHYHbIe YHCJICBLIe 3HAaTeHHA (T. e.
MOMCHO MEHATH 3HAYeHHA OYKB), 5TH OYKBEI HAIEIBAIOT NEpeMeHHUMLL.

Hpuvmep 2. HaiiTn sHaveHHe AnreGpaAuecKoTO BRIDAKEHEA

a® + 2ab + b
(a + b)(a - b)
ecmm:a)a=1,b=2;6)a=3,7,b=-1,T;B)a = g, b= %

Pemennoe.
a) Cobaogaa nopanok AeilcTBH, NMocJdeaoBaTeILHO HAXOIUM:
Da®+2ab+02=12+2:1-2+22=1+4+4=9;
2ya+b=1+2=3;

Na-b=1-2=-1;

De+d(a-b=3-(-1)=-38;

5) a’+2ab+b 9

@+bla-b) -3

6) Amanornuno, cofiaoad HOPAICK NeACTBUIL, ToCIeJOBATEILHO
HaXOLEM:
1) a® + 2ab+ b2 =3,72+ 2-3,7* -1, + (1,72 =
= 13,69 - 12,58 + 2,80 = 4;
2De+b=37+(-1,7=2
Da-b=8,7-(-1,7 = 5,4;
4 (e+bh)(@a-b»=2-54=10,8;

o’ +2ab+b* _ 4 _ 410 _ 40 _ 10
(@+b}a-b 10,8 10,8-10 108 27




1 . II MATEMATHHECKMA AA3bIH., MATEMATHHECKAS MOBEND

(pasgennau YucAUTENb M 3HAMeHaTe b ApoGH % Ha 4, T.e. cOKpAa-

TUIH qpods),
B) CHoRa, coBAKOmaA OOPHAOK ACHCTBHIl, IOCHeOBATENLHD HAXO-
AUM;

3Y 3 3,(3Y
1) a® + 2ab + b*= (g] "’Z'E‘E"’{g) =

25 25 25 25
3, 8 6
+h=4+>==
Derb=gteg=3
3 3
Na-b===-==0;
) a 575 ;
4) (a+b)(a-b)=§-0=0.
A Ha nyab deaumb Heavas! UTo 2ro sHAUMT B JAHHOM chaydae (M B
APYTHX AHANOTAYHEBIX CJay4asx)? 3To SHAYHT, 4TO OpH 4 = %, b= %
3aJaEHOE anreGpartuecKoe BRIPAKEHHE He UMeem CMbiCAL, (]

Hcnonnayercas TAKAA TepPMWHONOTHA: €CJW IPW KOHKPETHHIX
3HAYEeHMAX OYKE (DepeMeHHBIX) airefpandyecKoe BRIpajKeHWe HMeeT
YHCA0B0OS ZFHAYUEHHe, TO VKesaHHBIE 3HAYEHHA NepeMeHHHIX HAa3bl-
BAIOT JonycmuMuiMy, eClIM e HPH KOHKPeTHHIX 3HAYeHHAX GYKB
(nepeMeHHEBIX) anrebparvecKoe BHIpaReHHe He HMeeT CMEICIA, TO
YHa3aHHbIe JHAYEHNA NepeMeHHERIX HASHIBAIOT Hedonyemumviny, Tax,
BOpHMepe 2 spauenma a=1m b=2,a=8,Tub=-1,7 — gonycra-

3 3
MEI€, TOTJ8 KAK 3HAYCHHH 4 = 5 nb= 5 HeJomycTHMBIe (Gonee

TOUHO, IepBhle ABe MADLI 3HAUeHAN — JONYCTHMEIE, 4 TPETHH mapa
3HAYEHHH — HeJOnyCTHMAN).

Boofme B npuMepe 2 HepolycTHMEIMH GyAyT TaKne 3HAYeHUA Te-
pPeMeHHBIX &, b, npH KoTopwX aubo g + b = 0, aubo a — b = 0. Haopu-
Mep, a="7,b=-7 nau a = 28,3, b = 28,3 — HepomycTHMEIEe DADK!
3HauYeHHI; B nepBoM cuay4ae @ + b = 0, a Bo BropoM cayvae a — b= 0.
B ofoux cnyuaax SHAMEHATEE BAMAHHOTO B HTOM IPUMEDEe BHIDALKEHIA
ofipalllgeTcs B HyJAb, & HA HYJb, NOBTOPHMM elle pas, ASTHTb HeNbsdA.
Tenept, HABepHOE, BH M CAMH CMOXKeTe IPAAYMATE KAK ZONYCTUMEIE



1 . MATEMATHMHECKUA A3bH. MATEMATMHECKAS MOOEND

[aphl 3HAYSHUN IS NEPEMEHHEIX &, b, Tak ¥ HeZOUYCTUMBIE Mapsl
sHAYEHHH 3THX TepeMeHHHX B npumMepe 2. ITonmpofyiire!

Jamevwanue 1. [Tpumep 28) Ha caMOM Jene MBI Permia ¥ TLIO-

X0 (HeKYALTYPHO), MOCKOALKY CAeNal® paj JWMHEAX, HEHYXKHRIX
. 3 3
paluncaenuii, Hago 6ris1o cpasy 3aMeTHTE, 4T0 NpH & = s nb= 3
sHAMeHaTenb ofpallaeTca B Hyab, B O0BABUTE! BolpaykeHNe He HMe-
er cmuicaal Ho, kax ropopuTca, cpasy 3aMedaeT TOT, KTO 3HAET, UTO

HAA0 3AMEUATE. JTOMY H YIHT aarelpa.

Famxenwgnue 2, Ecnu 6m1 ME ¢ BAMA pemann npuMep 2 Dodg-
Hee, TO cAenayH Ol 310 ayume, Mul 6m cMornm npeo0pasoBaTh BEI-

a+b
b a TOTNA, COTACHTECH, TO-

pasfoe npoue Grno 651 M BRIYECAATE. A BOT IOYEMY BEDHO DABEHCTBO
g’ +2b+d _a+b
(g +bla-b) a-b
oreeTHM moapHee (B § 32).

paseHNe K Golee IpocTOMY BHAY

, JOK& MBI CKA3aThk He MOMEM. Ha »ToT BOIIpOC

§ 2. YTO TAKOE MATEMATHHECKMA S3bIK

Ha mareMaTHuecKoM A3EIKE MHOTHE YTBEPXKACHHUA BRITVIA-
LAT AcHee M ONpPo3padHee, YeM Ha obwruHoM, Hanpumep, Ha 00RIYHOM
ASHIKe TOBOPAT: «(OT NepeMeHBI MeCT CJAAraeMbIX CyMMa He MeHJer-
csi», CHBIILIA TO, MATEMATHK TTHMIET (KJIH MOBOPHT):

at+thbh=b+a.

OH pepeBOIAT BEICKAZAHHOE YTBepXKJAeHNEe HA MaTeMATHYECKMHA
A3EIK, B KOTOPOM HCHONBIYIOTCH PA3HEIe yucka, OYKBH (epeMeH-
HBIe), 3BHAKY apubMeTHYECKHX AeMcTsHil, HHEEIe CEMBOJL. Sanuch
g+ b=0b+ a sKoHOMHA H YAOGHA ANA NPHEMeHEHW,

BoasMem ppyroi upuMep. Ha obbiuHOM fsbiRe MOBOPAT: <UT005I
CIIOXKHTE ABe OGLIKHOBeHHEIE APOGH ¢ OAMHAKOBLIMHN 3HAMEHATEIA-
MH, HY}KHO CHOXRETH AX YHCAHTENH, a 3HAMEHATENb OCTABUTL Ges
H3MeHeHAA». MaTeMaTAK OCYINECTBAACT «CHHXPOHHEIM IepeBOZ» Ha
CBOM ASHEK!




1 . MATEMATMHECKMIA A3bIK. MATEMATHYECKAS MOLETb

A Bor npumep ofipaTHOrO neperofa. Ha maTemMaTHYeckoM A3biKe

SAIMCAH PACHpeAeUTeAbPHEE BaK0H:
aib + ¢) = ab + ac.

OcymecTsaaa mepepold HA OGLIYHHINA ASBIK, NOJYYUM AJHHHOE
npeanokenne: «YTobel YMHOKHTE YHCIO @ HA cyMMy 4ucea b # ¢,
MOMKHO HMCJIO ¢ YMHOMKHETE IOOYLPEAHO HA KaKIoe CAAraeMoe u Io-
JNy4YeHHBIe NPOUBBEACHHA CIOKETE? .

Bo BecaxoM A3BIKE eCTh IUCHbMEHHAA ¥ YCTHAH pedsb. Brime bl
TOBOPMJIH O NMHCHEMeHHOH pedH B MATEMATHUYECKOM ASLIKE. A YCTHAH
peds — 3T0 ynoTpebieHHe CIENHANBHLHIX TEPMHHOB («CHaraesMoes,
«ypaBHeHHE», «HEPABEHCTBO», «TPpaduK», «KOOPAMHATAS H T. 1),
8 TAKIKE PasAMYHLIe MATEMATAYECKHE YTBEDIKIASHHHA, BHIPAKEOHHEIS
CIOBAMMH.

Yrobul 0BIANETE HOBEIM ASBIKOM, He0OX0A¥MO H3VINTE ero GVK-
BHl, CJIOTH, CJIOBA, NPEANQKeHEUA, IPpABKJIA, MPAMMATHRY. DTO He ca-
MOe BeceJoe BaHATHE, HHTepPecHee CPASY HAYATHL YHETATH ¥ FMOBOPHUTL.
Ho Tax He GrBaeT, NpufieTca HabpaTsCd TepneHNa B CHAYANA HIYIHTE
OCHOBBHI. B pesyJbLTATE TAKOIO H3y4YeHHS BATNH LPEACTABICHAA O Ma-
TEMATHYECKOM ASLIKE OYAYT HOCTENEHHO PaCEPATECH.

§ 3. UTO TAKOE MATEMATMYECKAS MOAEND

Ipeacrapsre cebe TAKYIO CETYALMIO: B OIKOJE YeTHIpe
cegsMBIX Kaacca. B 7A yuatea 15 gesouex # 13 MansuukoB, B 7B —
12 pepouer ¥ 12 MaNL4YMKOB, B TB — 9 neBouex H 18 Manb4mKoB,
B 7' — 20 gepouer u 10 MaapunKoB. Ecin HAM HY#HQ OTBETHTH Ha
BOIPOC, CKOJIBKO YIEHHKOB B KaXKAOM H3 CebMHEIX KJAACCOB, TO HaM
4 paza TPRAETCA OCYIIECTBAATL OQHY H TY ke ONEePAIHIO CAOMKeHN:

BTA 15 + 13 = 28 y4eHHKOB;
B 7B 12 + 12 = 24 yueHHKA;

B7B 9 + 18 = 27 y4YeHHKOB;
Bl 20 + 10 = 30 yueHHMKOB.

Henonrsya MaTeMaTHIECKRARA A3EIK, MOMKHO BCE 3TH 9€THIpe pasHuIe
CHTYAlMKM O0BeIHHATE: B KJACCE YYATCA @ AEBOYEK H b MaJIBYMKOR,
SHAYHT, BCEr0 YYeHEKOB g + b. Takosa mamemamuyeckan modenv
AAHHOH peaJbHOR cuTyaumu, Anrebpa, B 4aCTHOCTH, 3AHHMAETCA TEM,
YTO OIHCHIBAET PA3AWYHEE DEANBHEIE CHTYATUE HA MATEMATUYECKOM
A3LIKE B BUAE MaTeMATHYECKHX MOJese, a 3aTeM MMeeT JejIo ViKe He

12



1. MATEMATMHECKWA A3bK. MATEMATVHECKAS MOQEST

¢ peallbHBIMIE CHUTYALLZAMH, & C 9THMH MOAENAMY, HCIIOJIL3YA pasHbIe
rpaBnia, cBoOMcTBA, 3aKOHEI, BoipafoTeHukle B anreGpe.

B cregyomeii Tabnune npuBefieHn pasnHYHbIe peANIbHBIE CHTY-
AOHHE ¥ HX MATEeMATHYECKHEe MOJIEJH; DK 9TOM @ — YHCJO AEBOYEK
B KJjacce, b — JACTO MAABYHKOB B TOM JKe KJACCE.

Ne PealrHas CATYAUHA MATeMATHIECKAS MOASNE
1 |B rnacce AeBOoYeK X MAILYHKOB a=>
mopoeRRY (Xak B TB)
2 | Hepouex Ha 2 Gonnlue, a—-b=2
yeM MANLYMKOR (Kax B TA) iy a=b+2
ama a-2=25
3 |Ddesouex Ha 9 Memnme, b-a=9
1eM MAJRYHKOB (Kax B TB) vm b=a+9
v a=b-9
4 | erouek B 2 paza Gonnide, a
9eM MaJbUAKOE (Kak B 7TT) a=2bnmb= 2
5 |Heroqer B 2 pasa MeRLIE, b
YeM MANBLYHKOB (Kak B 7B) &= 2
ume b=2a
6 |Ecay B gaEHEN KIsce OIPEIYT
elle O4HA AeBOUKA M TPH MAJL-
YMK&, TO JeBOYEK ¥ MANBTIUKOB
¢TaHET OOPOBHY (KaK B TA) at+1l=5b+3
T |Ecnu @z xnacca yiayr Tpa ae-
BOYHHM, T0 MAJLYAKOB CTAHET
B 3 pasa Goneme (kKak 5 TB) b= 3(a - 3)

CocraBnasa aTy TabarOoy, MsHl IUIE OT peaNsHOE CATYAOHH K €€
MaTemarndecKoi Mogenn. Ho Bapo yMeTrhs IBETATRCA H B 00pATHOM
HANIPABJEHUH, T. &, IO 34TAHHON MATEMATHUYECKOH MOZENTH ONMACKIBATE
CHOBAMM peafbHYy cHTyanuio, Hanpumep, uTo oszHAYAeT (OPH TeX
e 0003HAYEHUAX, YTO M B Hamrell Tabiuie) Takas MATEeMATHYECKAA
MoAenb: @ — 5 = b + 5? OHa o3HauaeT, UTO echn U3 KJacce YHRYT
5 Aepover M HpuAYT 5 MANLYHKOE, TO JEBOTEK M MAJLYHEOB B KJIAcCCE
CTAHET NOPOBHY (T2 CHTYAHA MMeeT MecTo B 71 13 paccMOTPDEHHOTO
npuMepa).

13



1 . MATEMATUYECKMIA S3bIK. MATEMATUHECKAS MODEML

HapepHoe, ¥ Bac BOSHHE BONPOC: A 3a4eM HYKHA MATeMATEYES-
CKad MOAENDb peaJsHON CHTYAIMH, YTO OHA HAM JAeT, KpoMe KPATKOM
prpasuTenpHol sanucn? UTobGH OTBETUTH HA BTOT BOIPOC, PEIINM
CAEXYIOLIYIO 3AAAYY.

IIpumep 1. B xaacce gesouer pasoe Goxsme, &M MAXEIHKOE.
EcJH H3 »TOro Kiacca yAAYT TPH AEBOYKH H NPHAYT TPE MAJLIHKA,
To gesouek Gyaer Ha 4 Gonblne, YeM MAJNBIMKOB. CKOARKO YUEHHKOR
B JAHHOM KJiacce?

Pemenne. Ilyers x — uneo MATLYHKOB B KiIacce, Toraa 2x —
greno gepoder. EciaHn yHIyT TpA geBoYKE, To ocTaHeTea (2x — 3) me-
Bogex, Ecnya nprayT Tpu Manepduka, To cradeT (x + 3) maanauxos. Ilo
VCAOBHIO AeBodek Gyaer Torza HA 4 GojbINe, YeM MAIBYHKOB; HA MATEe-
MATHYECKOM ASHKEe 9T0 3aHuCHIBAeTCH TaK: (2x — 3) —(x + 3) = 4.

OT0 YpaBHeHHe — MaTeMaTRuecKas Momenan sagaunt. Henonbaya
M3BECTHLIE IPABHJA DellleHHA YDABHEHWA, MOCHEZOBATENLHO HOJY-
yaem:

2x — 3 — x — 3 = 4 (packpeLnE cKOOKH);

x — 6 = 4 (npuBenyn noAoGHKEE crATACMEIE);
x=06+4;

x =10.

Temepr MH MOJXEM OTBETHTH HA BOOpPOC 3aKaud, B xaacce
10 MaaRUNKOE, a sHAYHT, 20 AepoYyeK (BH DOMHHTE, HX IO YCIOBHIO
GpL110 B 2 pasa Goaslne).

OrTpeT: Becero B Kiuacce 30 yueHHUROB.

HHTepecHO, 3aMEeTHIN XM BLl, YTO B XO0A€ pellleHHA ObLAO YeTKoe
pazfeseHe paccyxaeHai Ha Tpu sTana? JapaiiTe IOCMOTPHUM BMecTe.

Ha neppoM sTane, BBega nepeMeHHYI0 ¥ M NepeBeAd TeKCT 3a-
JAaYE HA MATEMATAYCCKHE A3RIK, MBI COCTABHJHM MATEMATHUECKYIO
MOZeNh — B BuAe ypapHeHHA (2x — 3) —(x + 3) =4,

Ha pTopom srane, ncnons3ya Hamy SHAERA HE KYPCA MATeMATHRE
5—6-10 Knaccos, ME 3T0 ypaBHerHe pelrian: x = 10. Ha stoM sTane
ME He AyMally HH PO JeBOYeK, HE NIPo MAJALINKOEB, & 3AHUMANHCE
«IHCTOl» MaTeMaTHKOHN, PAGOTANH TOALKO ¢ MATeMaTHYeCKoi Moge-
JIbIO.

Ha TpeTEEM 5TATTe MBI HCMOAB30BANH NOAYUSHHOS pellleHue, YTQ-
651 OTBETUTH HA Bonpoc agaadu. Ha »ToM sTane MEI CHOB2 BEPHYJIMCH
K AeBOYKAM, MANTRYHKAM H HHTEPECYHINEMY HAC KJaccy.

14



1. MATEMATVHECKIM A3bIK. MATEMATUYECKAS MODENb

HorsexgeM =mToTrH. B npomecce peleHns sagaqy ObLIM HETRO
BHIIC/ICHEL TPH BTAINA.

Ilepphiil aTan. Cocmasnaernue Mamemamuyeckoii modenuy.
Bropoit stan. Patoma ¢ mamemamuyeckolt Modensvio,

Tpetuit aran. Omsem Ka eonpoc 3adaiu.
Bot Tar of6nIiHO IpUMeHASTCA MATEMATHKA K peancHON AelcTBR-

reapEOCTH. IlOCHe paccMOTPeHHOTO IPHMEPA IOBTOPAM BOIPOC: HYK-
HEL JIH MATEMATHYECKAEC MOZEIA M HANO JH YMeTh PaGoTaTh ¢ HuMM?
HyxsrH! PasyMeercda, UeM CIOXHEe MOJeNk, TeM Gojbme GakToB,
NpPaBHJ, CEBOMCTB NMPUXOAUTCA NPUMEHATh ANnA paboTnl ¢ Hedl. Dru
aKTsI, npasria, CBOMCTBA HAAO HMBYIMUTH, YTO MBI ¥ GyIeM ¢ BAMH
ZeNaTE HA IPOTSKEHHM BCeX JieT OCBOeHEdA aarelpLl B mKoe.

MaremaTrueckae Mogean GHIBAIOT He TONBKO ajdrebpanvecKUMHE
{B BHAe PABEHCTBA C NEePeMEHHEIMM KakK B Tabmune Ha c¢. 13, mnm B
BH¢ YPaBHeHMHA, KAK OuLmo B mpumepe 1), Insg sHakoMcTBa eme ¢
OJHHM BUEOM MAaTEeMATHYECKOH MOJeJIH BO3EMEM 38089y U3 yUeOHHKA
MATEMATHKY AnA 6-ro Kaacca (cnenuanbao fepeM 3agady, ¢ KOTOPOH
BbI, MOXeT OEITh, BCTPEUANHEE).

Opumep 2. locTpouts rpadek TEeMIEPATYDH BOSAYXA, €CJH
HM3BECTHO, YTO TEMIIEPATYPY H3MEDAIH B TeUueHEHe CYTOK U IO pPeayib-
TATAM H3MepeHuS COCTABIIN CAeLVIOUIYVIO TAGanmy:

Bpewma cyTok, u 0| 2| 4] 6| 8] 10| 11 14| 16| 18} 22| 24
Temneparypa, °C 5(0|0(-38|-4]-21 0| 6| 8| 5] 3| 3

Pemenue. [locTpouM TpaAMOyroakEYIO ccTeMY KoopauHat. Ilo
TOPHSOHTANLHOMR ocH (ocn abcunce) OyaeM OTKJIGILIBATE SHAYEHHSR
BpeMeH¥ {, a 10 BEPTHKANLHON OoCH (OCH OPOUHAT) — SHAYEHHA TeM-
neparypst T. IlocTporM Ha KOODAMHATHOH HJIOCKOCTY TOYKY, KOOp-
JAMHATAMM KOTOPLIX ABAAIOTCA COOTBETCTBYIOUINE YNCAa HB TaOAHIIE.
Bceero nonxyuaetca 12 touek (puc. 1). Coegunue X naapEOH JHANEIE,
MOJyY#EM OAKH M3 BOSMOMKHEIX I'paduros Temneparyps (puc. 2). (@)

I[TocTpoeHnAnil rpaduK ecTh MAaTeMATHUYECKAA MOAEJNEL, OIHCHI-
BAIOLIAA 3ABHCHMOCTH TEMIEPaTyphl OT BpeMeHY. AHAMUBUPYA ITOT
rpagux, MOHO OIMCATE CJIOBAME, 9TO IPOMCXOAHAO ¢ TEMIIEPATY PO
BO3AyXa B TedeHEe cyTOK, Hourio ¢ 0 1 o 8 4 ¥TpA CTAHOBHIIOCE BCE

135
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1 . MATEMATUHECKUM A3bIK. MATEMATMYECKAA MOLESTb

xononaee (ot 5 °C 8 0 u 1o —4 °C B 8 4 yTpa). [Torom, BRAHMO, BRITIA-
HYJI0 COJNESINIKO U CTANO TeILIeTh, TAK 4To B 11 u reMuepaTypa Gbina
yaxe He OTpAnarenbHOi, a mysnesoi (0 °C). o 16 4 Tewreno, npauem B
16 u 610 Tenaee Beero (8 °C). A zaTeM cTaN0 TEMHETH, TEMOEPATYpPa
HAYAJA TIOCTENEHHO CHHIRATRCA ¥ MOAUSHIACH 1o 3 °C B 22 u,

T'nanAa Ha rpaduK TeMIOepaTyYph, MOKHO HprlnHiieHHO OIpefe-
JIBTh, KAKAA TeMOepaTypa Gouia HapMeHsmeit (—4 °C B 8 4 yTpa),
gakasa — Hauboxsme#t (8 °C B 16 4), rge Temneparypa MeHANACH
fEICTpEE, LA MeANcHHEe, & TAe Boolme He MeHanack (or 2 A0 4 4
HOUYbIO ¥ oT 22 m0 24 4 BeuepoMm). PaceMoTpeHHAH MATEeMATHYIECKAA
MOJleNIb ABASETCA NPHMEPOM rpadiHIecKoid Mosenn,

HTé4K, HAM HYKHO VIUTRCA ONECHIBATE PEAJLHEIE CETYAIUA CJIO-
BaMH (crosechar modenv), anrebpandeckH (anzefpauieckan mModean),
rpabudeckH (epaguieckan modens). BHIBAIOT eme zeomempuieckue
Modenu peaNbHBIX CHTYAOME — OHY HM3YYaOTCd B KYpCce NeOMeTpHI.
BipoueM, rpaduuecKkie MOAEIE TAKKEe HHOIAA HASHIBAIOT MreOMeTpH-
YeCKHMH, & BMECTO TePMHEHA «alrefpandeckas Mogenby yonoTpebiaaor
TEPMHH «AHAINTAYCCKAS MOJEELs. Bee 9T0 — BHAE MATEMATIMCCKEX
MOJenae.

Yrobar ceoBogHO OOEPUPOBATE NIOGHIMH BH/IAMY MATEMATHYECKEX
MoZene#l, Hy'XHO HAYIHTLCH NEePEeXOUTE OT OJHOH M3 HUX K APYroi,
Tak, Brme, B mpumMepe 1, HAM YIaaoch mepeiiTy oT ciloBecHOH Mome-
A x aHanuTHYeckol. B npumepe 2 ypanock nepeliTH or caoBecHol
(Tounee, TaOMHIHON) MOOeNH K rpadHuecKoil, ITO HO3BOANIIO BHOBE
BEPHYTLCH K CHOBECHOMY ONMCAHEIO DACCMATPHBAEMON CHTYaALOMH,
HO y)Xe He Sollee comepIRaTeNlLHOM ypoBHe. ByaeM yuuThed aTHM
NEepPeXoaan.

§ 4. NMHEAHOE YPABHEHME
C O\HOWM NEPEMEHHOM

OasMM 13 caMBIX NIPOCTHIX H B TO K€ BpeM#A OUYeHh BAMK-
HEIX BHJOB MATEMATHUECKHNX Mojesieli peaJbHBIX CHTYANRE ABIAIOTCA
U3BEeCTHBIE BAM 13 Kypca MareMATHKH 5—6-70 KiaccoB auneliHbie
ypasnenusn ¢ o0HOi nepementoit. Ilpusegem npuMepH ANHEHHEIX
YPaBHeHRA:

3x=12, 5y-10=0,2a+7=0
HT. A,

17



1 . MATEMATHUECKMA $i3bIK. MATEMATHHECKAS MOLIEMD

Pewump auneiinoe yposierite — 3T0 3HAYNT HallTH Bee Te 3HaYe-
HHUA nepeMeHHOH, Mp¥ Ka/XAOM H3 KOTOPHIX VpasHenme oGpamaerca
B BepHOE YHMCIOBOE papeHCTEO. Kaskaoe TaKoe sHavyeHNe nepeMeHBOMH
HA3EIBAIOT KOpHeM ypasmennd. Tak, ypasHeHne 3x =12 umeer KopeHD
x = 4, mocKoaBKY 3 -4 = 12— BepHOe paBeHCTBO, MPpUYEM APYTHX
xopHeiil Het; ypasHeHHe 5y — 10 = () EMeeT KopeHD ¥ = 2, DOCKOJBKY
5-2—-10=0 — BepHOe paBeHCTBO, IPHYeM APYTHX KOPHEH HeT; ypag-
Hegue 2¢ + 7 = 0 uMeer RopeHs ¢ = —3,5, nockoasry 2+ (-3,5) +
+ 7 = 0 — BepHOe paBeHCTBO, HpUYeM APYIUX KOpHeit mer. =  °

Boobuie mmaeHALRIM YPABHCHHSM ¢ OXHOH IMOepeMeEHOH X HASHI-
paiT ypapHeH®e BuOa ax + b =0, rae @ u b — srofinie yucaa (xoag-
guyuenrmuot), Ecan a = 0 u b= 0, 1. e. ypaBHeEue HMeeT BHA 0+ x +
+ 0 = 0, T0 KOpHeM YpaBHeHHA ABJIAeTcA Joboe tHeno (GecroHeTHOE
MHOYKecTBO KopHeit). Ecan g = 0 2 b # 0, T. . ypaBEeHAC HMEET BHJ
0:x+b=0, To HE OJHO YACIO 3TOMY YPABHCHHIO HE YAOBICTBOpIET;
TOBOPAT, UTO YPABHEHUEe He HMEEeT KOopHeil,

PaccMorpuM HanOosliee YacTe BeTpeualolmuilica cayuail, Koraa
a+0. Paccy:raaeM Tak:

1) ax + b = 0, aaunTt, ax = —b (nockonwry (—b) + b = 0); baxru-
YEeCKH claraeMoe b nepeHecs M3 JIeBOH TACTH YpaBHeHHS B IPABYIO
¢ DPOTABONOJIOMKEEIM 3HAKOM;

2) ax = —b, T.e. NpORIBLACHAE YHCENX G H X PABHO —b; HO TOTHR
MHOMKUTENR X PABEH YACTHOMY OT AeNeHHd NPOw3BelcHud —b Ha BTO-
poli MEOXKHETeNR. 3HAYET, X = (—b) : @. BMecTo 3HAK2 HeNeHEA MOMKHO
HCIIOJB3OBATL 9EPTY APODH:

A kax OHITh, ec/IM YPABHEHME SaMHECAHO B GoJiee CI0MHOM BHIE,
HAIPAMED

2x - 2=10— x?
Paccyxnaem Tak. Jipa BHpPaKEeHHA PABHLI TOTAA H TOJNLKO TOIAR,
KOrjga X PA3HOCT: PABHA HYJIO:
(2x-2)-(10-x)=0.
BocooarayeMcHs H3BECTHRIMHA H3 KYpCA MaTeMaTHRu H—6-ro

KJACCOB TTPABMJIAMH PACKPRITEA CROGOK B NpHBeaeHHA NHOROBHEIX
YJIeHOB:

2x -2-10+ x=0;

18



1 . MATEMATUHECKUM 93bIK. MATEMATHMHECKAS MOJIENb

3x~12=04
3x =12;
x =4,

Taxkve ypaBHCHEA BH ViK€ DEIIAAH B Kypce METEMATAKE 5—6-ro
kaaccoB, PaKTHYECKH NPH 3TOM HMCOOJAb3YETCA COpedesieHHAA NIpO-
rpaMma AelicTBHH, onpeleNeHHLIH MopAnok xoxnos. B MaTeMATHEKe
B TAKMX CAYYAAX HCIOONL3YIOT TepMHH aizopumm. Ina nuHeliHOTO
ypaRBHeEES BUAA ax + b = ¢x + d T/ie @ # ¢, 9TOT aNropATM BEITIAAET
TAK:

1) nepeHecTH BCe YNEHK YPABHEHHA U3 NPaBOH UACTH B JIEBYIO
¢ DPOTHBOIIOJMIOKHBIMY IHAKAMI;

2) opupectd B Nepolt wacTH nopobHLIe calaraeMbie, B pesyjinTaTe
gere nOJMydHTeA ypaBHeHme euga kx + m =0, rge k = 0

3) mpeofpasoBaTe ypABHEHHE K BEAY kKX — —m ¥ 3aIHCATE £r0

m
KOpeHb ¥ = ~—~.

HMenHO TAK OBLIO pellieHO YpaRHeHHe, KOTOpOe NOJYHIHJIOCh

B npeasiayieM naparpabe B opumepe 1.
2

7 ) 1
Npamep 1. Pemuts yparRenue ;¥ + 3 6

e/ 1
Pemernme. [leppui coocol. BocomonsayeMea anropuTMoM;

—_ —_— i — +_= :
3778 8¥ "1
[E_EJ +(Z+l)=o,
3 6 8 1
1.9
L,.+9.0
6?7 g
o9,
67" %
1. _9,
67 " %
=91
y gty
27 3
= — . . =6‘--
y=", e y=6
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1 - MATEMATUMECKWA A3bIK. MATEMATUHECKAS MOJIENb

Bropoit ¢nocof. Ilpesxae YeM NPHMEHATE alropUTM, YMHOMKEM
ofic YacTE YpDABHEHEA HA 24 — 3T0 HAaUMeHbIIHHA ofull sHaMenaTenk
umepmuxcd Apobeif. I[Ipn 3ToM MBI NONB3YeMeA TeM, aTo ecna A = B,
ro 24A = 24B u obparHo. llonyunm

2 TY_ E _1
24(§y+§)——24(6y 4}

2 T —(94.5), _o04.1.
[24 §)y+24§—(24 ﬁ)y 24-%

16y + 21 = 20y — 6.
A JgaJjee BOCOONLIVEMCA ANTrOpUTMOM:

16y + 21 - 20y + 6 = 0;

-4y + 27 =10;
4y = 27T;
=27 ~ g3
y=" ™ey 64.
OTrBerT: y=6—3-.

82-4 _2z+1
5 2
PemeHue. BocmonepsopaBmuck 0CHOBHEIM CBOACTEOM IpPOIOD-
ouH (IpoH3BeAcHUe KPAWHMX YJEHOB NPONOPTEE PABHO NDOHM3BEAES-
HEIO CPeJHUX YNeHOR), MOXYIUM
23z — 4)=5(2z + 1).

HaneEelimnill Xxox permeHnsa, HafieeMca, yHe He Tpefyer ROMMeH-
TapHeR:

IIpumep 2, PemmuTe ypapHeHAE

6z—-B8-10z2-5=0;
-4z - 13 =0;
~4z = 13;

13 _ ol
2,_?, T. €. z——34.

1
OreeT: 2= -3—.
4

VMeHHA COCTABIATL MATEMaTHHECKMe MOISAM M pellaThs JEHEH-
Hble YpaBHeHENA ¢ OOHOH mepeMeHHOH MOMXHO HCIIONB30OBATL ¥ B HIPO-
BHIX cuTyanuAx. IIpusegeM npocToit npuMep.



1 . MATEMATHHECKUA A3bIK. MATEMATUYECKAS MOLETb

BagymaiiTe uHcxo (AN MPOCTOTEHL BHYACACHRE 0MHOIHAYHOE, XOTH
9TO COBCEM He 00A3ATEJBHO), YMHOMKETE ero Ha 2, K NOJYYEeHHOMY
yucly nDpubaseTe 5, 3aTEM BTY CYMMY YMHOMKBTE HA 3 M M3 DOXYyYeH-
HOTO NPOH3BeReHUuA BRIUTHTE 13. CKaKmTe MHE, YTO NOJAVIHIOCh, B
A TYT e CKAXY, KaKoe YHCIO 3aZYMAaHO.

HaopmMep, BH S8AyMAIH YHACAO 7. Brnonaas Mon YKa3aanda, BhI
[OCIeROBATENbHO NOXYYANIH TaKHe unchaa: 14, 19, 57, 44, Yrobwu oT-
rafarTh SaAVMaHHOE THCIO, A H3 YHCIA 44 BRHIYUTAK 2 M ODONYYeHHYIO
pasHOCTE Aenio Ha 6; momygaaerca 42 : 6 = 7.

Bropoit sxcnepuMerT: BH 3agymanu 4uciao 10. Banoanaa Mou
yHKaseHAd, BRIl HOCAEIOBATENEHO MOJAydann rakue aucaa: 20, 25, 75,
62. UYro6EI OTragaTh 3aJYMAHEOE IMCI0, 8 M3 aucas 62 urumraio 2 u
MOAYy4YeHHYI0 pasHOCTE Aeaio Ha 6; nosyuaerca 60 : 6 = 10,

Cerper doXyca oYeHb OPOCT. BE SagyMaly YHCAO X; BHIIOAHAA
MOHM YHASBHHSA, BH cocTaBuin uyncno 3(2x + 5) — 13, 1. e. 6x + 2.
Mgee oCTANOCH JIAINL B YMe PelIATh duHelinoe ypasHeHne: B IepPBOM
cryuae 6x + 2 = 44 (noxyunrca x = 7), 4 BC BTOpoM caydae 6x + 2 =
= 62 (momyumrea x = 10).

§ 5. 3AAYM HA COCTABRIEHME JIMHEAHBIX
YPABHEHMH C OQHOM NEPEMEHHOM

C TeopeTHYECKOH TOUKA 3DEHHA 3Ta TeMA He ABJAETCH AAA
Bac aGcoAwTHO HoRol, IIpuMep TeKcToBOIt 3afauH, NpolUece pelureHna
KoTOpoii npuerea K AnHeHHOMY YpaRHEHHIO ¢ OOHONH nepeMeHHOH, yxe
6ol Brme (cM. nprMep 1 B § 3). Ja B B Xypce maTeMaTHKR 5—6-x
KJaccos NOLO0HEIE 3aga4n BeTpeuannch. TeMm He MeHee MBL PacCMOT-
PMM B 9TOM maparpadie AOBOABHO MHOTO pASHOODDASHEIX IPHMEpOB,
ODOCKOABKY YMEHHE COCTABIATH MATEMATHIECKYI0 MOJEAL IO JafaH-
HEIM YCJIOBMAM M paforare ¢ Hel — OLHO H3 BAXKHEHIIHX B Kypce
anrebprI.

IIpamep 1. Kynmmu HeCKONBRKO KHAT M NLITAIOTCA PASMECTHTD
HX HA OJMHAKOBBIX MOJKAX B KHWKHOM mxady. CHavana mocTaBrIA
o 20 KHNT HA KAXAVIO MOAKY. B peayjnTaTe [Be MONKRHE OKASAAHCH
TYCTEIMHM, & OCTAJIbHBIEC SATIOJHeHHEIME (o 20 KHHr). 3aTeM pemmiu
CTaBATE N0 15 KHEr Ha DoAry. IlomuITRA OKassnack ymauyHo#: Bce
TOAKA ganoJHEnAcsk (mo 15 kEur Ha xkaxgoi), Ckombro KHUT ORLIC
Kynreno?
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1 . MATEMATHIECHKMA A3bIK. MATEMATUMECKAR MOLEND

Iepeurii aran. Cocmasaetue Mamemamunecroit moderu.

O6osHaunM 6YKBOH ¥ THCHO MOJOK B KEMMKHOM Ikady. Korga Ha
KaRAYIO NOAKY nocTabuir oo 20 KHAT, TO 3aN0JHEeHEEIMH CKASANACh
(x — 2) monkr. 3HaunT, 0blee YHCIO KYIVIEHHEIX KHHUI BHIPAKAETCH
dopmyaoit 20(x — 2). Janee B s8agatue CKa3aHo, 9T0 KOTA& HA KaKAYIO
NOJKY NOCTERWIHE Io 15 KHAr, TO Bee X HOJNOR OKASANIECH JANOJHEH-
HBIMH. SHaUHAT, 00IHee YUCA0 KYMASHHLIX KHAT BHIpaXkaeTcs GopMy-
Jofi 15x. OcraeTcHs OpEpPaBHATH ARA MOJAYIEHHBIX BHPAKEHHH IJIH
YHCJIA KYIJIEHERIX KHMT:

20(x — 2) = 15x.

JT0 YpABHEeHME -— MATEeMATHYIECKAA MOAeNb 3afauH.

Bropoii aran. Pafoma ¢ cocmasienholl mamemamueckoll mode-
AbIO.

PemaeM ypaBHeHHE:

20(x — 2) — 152 = 0;
20x — 40 - 15x = 0;
Bx — 40 = 0;

Sx = 40;

x = 8.

Tpetuil oTan. Omeem na sonpoc 3adaviu.

MEel BMACHAME, YTO B KEMKHOM mKady 8 monok. Bee kymunennzme
KHEHUMM PasMECTREJIAChH HA 3THX IOJKAX Mo 15 mITYK Ha Kaxknoi. 3na-
umT, Beero 6ur0 KynneHo 15« 8 = 120 xuur.

QrBem Beero 6bO KynaeHo 120 wHuUr.

BaHO TOAYEePKHYTL, YTO B MIKOALHEIX 3afJa4aX TIPHEATO HALa-
JIKBHPOBATL CHTYAIMIO: CAHTATh, 9TO NYTHHEK (Toe3sx, aBTOMOGHIB)
ABMKETCA Bee BpeMA ¢ TOCTOAHHOM CKOPOCTRID, YTO CKOPOCTE TeYeHRA
peKE BCcerfga ofiHa m Ta& JKe, YTO MacTep, BHINOJHAA 3axas, paboTaer
¢ IOCTOAHHOE TPORSBOANTENLHOCTHIO TPYAA H T, A. H T, II. YUTEM OTO
B mpEMepax 2—6 — 5To Tak HA3BIBAEMEIC 3a/1a4X Ha JBHIKEHHE.

IMIpumep 2. IlyexTh A, B u C pacmoloxeHHl HA IIocce Tak,
Kax DOKABAHO Ha pHCYHKe 3. Paccroaume mesxnoy A n B pasro 16 #mM.
Hs B no HanpapleEnio ¥ C BHIIeJ nemexof. Yepes 2 4 mocie storo
B3 A no HanpaBaeHHIO K C BRIeXaJN BeJOCHIEIHCT, CKOPOCTE KOTODOTO

C B 16xM A

Puec. 3



1 . MATEMATHYECHA 93bIK. MATEMATHYECKAR MOMEb

ga 6 EM/4 GoJBIUE CKOPOCTH melexofs. Yepes 4 4 mocne CEOEro BhI-
e3ia BeNOCHIEAHMCT AOrHAN Nellexoga B myHKTe C. Yemy pasHo pac-
croaune ot B ao C?

Pemenue, [lepsuit sran, Cocmasienlie mamemamuneckoil
modenit. ‘

IIyeTs ¥ ¥M/9 — CROPOCTH TlenteXoga, roraa (x + 6) km/94 — cxo-
poCTh BeJIOCHNEeAHCTS.

Paccroanne oT A a0 C BEIOCHOeZHCT Opoexal 3a 4 4, 3HAYHAT, 3TO
paccToAHMe BHpaXkaeTca GopmMynoi 4(x + 6) kM, Uran, AC = 4(x + 6).

Paccroanue or B no C memexog mpoiet sa 6 4 (Beds A0 BHEsga
BEJIOCHNEANCTA OH yiKe ORI B NyTH 2 1), cledOBATEABHO, 9TC PACCTO-
AnHe BHIpaskaeTcsa gopmynoi 6x kM. Hrak, BC = 6x.

A Tenepb ofpaTATe BEEAMaHHE HE pucyEOK 3: AC — BC = AB, 1. e.
AC — BC = 16. 910 — 0CHOBa IJd COCTABIeHMA MATEMATAYESCKON
mofend 3agaan., Hanomuum, uro AC = 4(x + 6), BC = 6x; caenona-
TEeNBHO,

4{x + 6) — 6x = 16.
Bropoii aran. Pafoma ¢ cocmasielkoll modensio.
4x + 24 — 6x = 16;
24 - 2x =~ 16;
—2x =16 — 24;
—2x = —-8;
x =4,

ToeTtrit srag. Omeem nHa sonpoc 3adaxi.

M1 nonyaninn, yTo £ =4, 3HAYAT, CKOPeCTE nemexoxa 4 ¥xm/a, Ho
HaM HYXHO HABTH He 370, B 3aAade TpeGyercA HaliTH paccTOAHHE OT
B no C. Mu1 ycraHoBun®, uro BC = 6x; suaaur, BC = 6+-4 = 24,

OTBeT: paccrogane or B 10 C paEHO 24 KM,

NOpumep 3. Joaxa numna no Tedennwo pexu 3 gy 12 mun, a
saremM nporus TedeEua 1,5 4. HaliTe coGcTBeEHY0 CKOPOCTH JOAKA
(T.e. cxopocTs B cTOAUYEH BOAE), €CIM MSBECTHO, YTO CKOPOCTH TEde-
HUA pexn 2 KM/4, 8 Beero JOAKON mpoitfer 41 kM,

Peweunue, Hepppili sran. Cocmasaenue mamemamuyecroi
»rodeau,

IIycTe x ®xM/4 — cobcTREHHAA CKOPOCTD JIOAKH, TOTAA IO TeYEHHIO
OHA IUIEIBET CO CKOPOCTHIO (x + 2) KM /4 (TeueHHe IOMOTaET), a4 MPOTHAB
TeUeHHA — CO CKOPOCTRIO (X — 2) KM/U (Te4eHEHe NPENATCTRYET).
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1 . MATEMATMHECKHA A3bIK. MATEMATUYECKAR MOOETb

Ilo Teuenuio pexs noaxa miena 3 4 12 mMun, IHocKOABKY CKODOCTE
BHIPA’KEHA B KHAOMETPAX B YAC, DTO BPEMA HAZAO 3aOHMCATE B Hacax.

12 i
Hreem 12 Mus = i 0,2 4. 3maunT, 3 ¥ 12 mun = 3,2 4.
3a aTo BpeMHA cO CKOPOCTHIO (x + 2) KM/u noaxoll mpoliieH nyThb

8,2(x + 2) M.
HpoTHE TeuyeHRA JOAKA MIkAa 1,5 4. 3a 3T0 BpeMA €0 CKOPOCTHIO
(x — 2) xM/u nonxoi npoiiger oyrs 1,5(x — 2) kM,
IIo YCAOBHIO BeCh €€ nyTh paBeH 41 kM. Tak KaK OH COCTOHT H3
NYTH 00 TEYEHHO H OYTH IPOTHB TEYEHNA, TO IIOJIyUaeM
3.2(x + 2) + 1,5(x — 2) = 41.
970 ypaRHeHHE€ — METEeMEeTHYECKAd MOJeJb 3aJe4H.
Bropoil stan. Pafoma ¢ mMamemamuvecioil modeino,
3.2x + 6,4 + 1,6x — 3 = 41;
4,7x + 3,4 = 41;
4,7x = 41 - 3,4;

4,7x = 37,6;
37,6 B
x = *;T,Z-, T. &. X = 8.

Tpetnii aran. Omeem na sonpoc 3adayu.

CnpameBaeTcs, 2eMy papPHa coOCTBeHHaR CKOPOCTE JIOAKH, T. €.
geMmy paBeH x? Ho OTBeT HA 9TOT BONPOC yiKe NOIyueH: x = 8.

OTEBeT: cOGCTBEHHAA CROPOCTE JIOARHA 8 KM/4.

IDpumep 4. TypuceT uaeT oT ASPeBHA K MeJE3HOAOPOKHOMN
cranoman. Hpoiiga sa vac 3 KM, OH ODOHAN, YTO, OPOAOIMKAA OBHKE-
HEAE ¢ 3TOH CKOpPOCTHIO, OH OmO3xaeTr Ha noesq HA 40 MHHYT, H DOUIEX
¢o ckopocteio 4 kM/4. Ha crasn@io TypHCT NpHInena sa 45 MEHYT 1o
OTNpABNEHHA IIOe3AA. YeMy DABHO pACCTOAHME OT AepeBHH X0 CTAH-
ouu?

Pemeune. [epeuif sTan. CocmasrieHie MamemMamuiecrkoil
modeau,

IIycTs x KM — paccTOSHHEE 0T gepeBHEA Jo crannmn. Haiixem pac-
YeTHOEe BpeMs 40 OTHDABAEHEA noesfa. Ecla TypHeT GyZeT Bech NYTH

X
HATH CO CKOPOCTBIC 3 KM/, OH NMOTPATHT 3 U ¥ ONO3ZaeT Ha mOeax
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1 . MATEMATHUYECKUA A3bIH. MATEMATUYECKAR MOZENb

2
Ha 3 - SHAUNT, PACYSTHOE BpeMs A0 OTIHPABIEHHA NOe3a BHpaRKa-

. fx 2
ercda dopMyIon (E - EJ q

Ha caMoM jejie TYpPHECT ¢ YOOMAHYTOH BHIIE CKOPOCTBIO IIeqa
1 uac, & ocTaBmMecH (x — 3) KM, OH IIEJ CO CROPOCTRID 4 KM/4, Ba-

x-3

TPATHB HA OCTABIMIEHCA OyTh 1. Ha cTAEIHMM OH AL OTIPAB-

3
JleHAA IIOoE3aa I 4, 3HAYMT, BpeMA A0 OTODABICHHHA NOE3A8 MOXKHO

BHIDABUTE hopMyJol [1 +% ; 8 + %J q,

38 3 4 4
Bropoit aran. PaGoma ¢ cocmasaennoit modervio.

¥muoxnAR ofe yacTH YpaBHEHHA Ha 12, momydum:

12(£—3)= 12[1+ "‘3+§}
3 3 _ 4 4
4x—-8=12+3(x—-3) + 9
4x — 8 =12 + 3x;
x = 20.

Tperuii 9ran. Omeem na eonpoc sadawu.

On yie monyveH, Beab GyKBEoH x MEI Kax paj o003HAUAAH TO,
0O JeM CIHpAIOTABAETCA B 3anaue.

OTBer: or aepeBHn A0 craHmun 20 KM,

IIpumep 5. Camoser npoJeTes NepBY YacTh MAPIIPYTa CO
CKOpocTREY 450 KM/4, a BTOPYIO 4acTh, KoTopasa He 300 kM MeHpIe
nepBoi, — co ckopoctTeio 600 kM/u. Kaxopa IPOTAMEHHOCTE BCEro
MapmpyTa, €CIH M3BECTHO, YTO CPEAHAA CKOPOCTH ABHKEHHA CAMO-
JieTa oKasaJach pasHo#l 500 xm/u?

Pemennme. [lepui stan. Cocmasnenie mamemamuyeckoil
Modenu.

Hyers ¥ KM — NPOTAMEHHOCTH NEPEOHA YACTH MADIIDPYTA, TOrAa
IpOTHAMeEHOCTE BTOPOil yacTH — (x — 300) kM. Bpema, norpaueHHOE

x x — 300
CaMoJeTOM HA BeCch MApPIIPYT, TAKOBO: 250 00 ) T Jdaaua

B uTore moayueseM ypaBHeHHEe

BCero mapmpyra paBHa ¥ + x — 300, 1. e. (2x — 300} xm. IIponerer
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1 - MATEMATUMECHMI A3bK. MATEMATHYECKAS MODEMD

BeCh MApPUIPYT ¢0 ¢pegHeil ckopocTeio 500 KM/4, caMoneT MOTPATHI

2x — 300
661 —— u.
Bl 500 u, 3HAYUT,
x x — 300 _ 2x — 300
450 600 500

Bropoit stan. Paboma ¢ cocmasaennoii modervio, Ilenecoobpasno
CHAYAJIA YMHOMKHTE 00e YaCTH COCTABJEHHOTO YpABHeHHA Ha 10; mo-
Iy aIHM

x , x-300 _ 2x-300
45 60 50
Haligem EanMeHBIIee o0mee xparHoe umcen 45, 60, 50. Hueem
HOK ({60, 50) = 300, HOK (45, 300) = 900. VMHEOXHNM obe gacTH NO-
clefHero ypasHeEnd Ha 900:
x |, x-—300 2x ~ 300
soo[zg + ~s0 ]— 900[—5 > }
20x + 15(x — 300) = 18(2x — 300);
35x — 4500} = 36x — 5400;
x = 900,
Tperuii arap. Omeem xa sonpoc sadavu,
Ilepresa uyacTe Mapmpyra pasHa 900 kM, a propaa -— Ha 300 kM

MeHbiIe, T. €. 600 KM, 3HAYKT, NPOTAEHHOCTE BCErc MADIIPYTA
1500 kM. {B

Famevanue. B npumepax 6—12, pagum KpaTKOCTH, MEI HE
OyneM ABHO BHAEAATH TPH 3TANA MATEMATHYECKOTC MOAEIHpPOBAHML
OpH PEIIeHHE TEKCTOBOH 3ajgaum, 3aMeHHE MX NyHKTaMu 1, 2, 3.
Kpome Toro, nocTeneHHO BCe MEHBIISE H MEHBbIIee BHHMABHe GyaemM
VAENATE TEXHUYECKOH CTOpOHE eI — pellieHHI0 JHHeHHOTO YpaBHe-
HEiA; HANEEMCA, Bhl CHpaBATECH ¢ 3THM Oes Hamell oMo,

ODpamep 6. Haccaxmp, cagamnil B omoeage, ROTOpHA efeTr co
cropocTei0 40 KM/4, 3aMETHEN, TAALA B OKHO, 9TO B MPOTHEBOIONOMK"
HOM HAIpD&BACHHH B TedyeHHEe 3 CeKYHJ NpOIIeJ BCTPEeYHBIE Ioesf,
AauHA KoToporo 75 M. Kakoea cKopocTs ReTpeuHoTO noesza?

Pemenne, 1. Ecim x ®M/4 -~ CKOPOCTE BCTPEYHOTO MMOEIJIA, TO
MHEMO I8CCAXKHPCKOTD OKHA OH NPOXOART ¢ CYMMAaDHOH CRODPOCTHLIO
ABYX IOE3/I0B, T. &, CO CKOPOCTRIO (x + 40) kM/4. 32 3 ¢ MMMO OKHA
mpoexa)y BCTPEeYHBIH moesf MIHMHONE 75 M, 1. e. 0,075 xM, HMeeM
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1. MATEMATMHECKMI S3bIK. MATEMATHHECKAS MOSEb

1 1
3e= 55 MEH= oo B mrore nmonydJaeM ypaBHeHHe — MaTeMa-

THUECKYI0 MOJeNb 3aJat:
1

1200

2. ¥Ymuoxnas o6e yacTe ypasEenns Ha 1200, monyaum:

x + 40 = 90;
_ x = H0.
3. CxopocTh BCTPEYHOTO Ioesia paBHA 50 KM/4, (m

B caeyIoIAX NpHMEDaX Mbl DACCMOTDHM ABE 384K Ha OTHICKA-
HHe HEHM3BECTHOTO WHCJA MO 38JaHHHM yCIoBuaAM. I'JIagHOE B 5THX
3a39aX — YMEHHe MCHOJAbB30BATh BHAHHA O RECATHYHOH cHeTeMe
CYUMC/ISHHA MDY 3ATTHCH YHCIA.

ODpumep 7. TpexsHauHOe YNCJIO OKaHYNBaeTea Hudpoil 3. Ecan
STy DH$PY NepeHeCTH B HAYAJNO YHCNA, He MEHAA MOPAAOR OCTANLHEIX
nudp, TO HOBOE YACAO cTaHeT BGolbIle Ha 1, yeM yTpoeHHOE EepBOHA-
qanrpHOoe THci0. HaliTe HeXoAHOoR YHCIO.

Pemennme. 1. Hexoaaoe TpeX3HAYHOE YHCAO, OKAHIHBAIOMIEECH
urdpoit 3, MoxHe sanmcats B BAfe 10x + 3, rae x — ABYSHAYHOe
9HCH0, OSPA3OBAHHOE NEPBLHIME XRYMA OTHPpaMH MCXOJHOTO YHCIA
(nanpumep, 273 = 2710+ 3, 503 =50 10 + 3 u . A.). Ecomn mudr
Py 3 mepeHecTH Ha TIEPBOE MecTO, TO HOBOE HHCHO GyAeT mMerh BUX
300 + x (mampamep, 327 = 300 + 27, 350 = 300 + 50 u . x.).
ITo yenoBuio HOBOE YRCIO GOJIBIIE YTPOSHHOTO HCXOZHOrO YHCAA Ha 1.
210 suaumT, uro 3(10x + 3) + 1 = 300 + x.

2. MopaGoTaeM ¢ COCTaBJICHHON MOJEIbIO:

30x+9+1=2300++ x;
29x = 290;
x = 10.
3. Urax, B MCKOMOM YHNCJe IepBEE ABe NmGpH 06pasyoT yHc-
710 10, a 5a TperheM MecTe cTouT oadpa 3. BHagur, 103 — mexoaHoe
qMCIIO, |

IIpumep 8. Saaymann NIeCTHZHAUHOS YHCIO, BAIMCH KOTOPOTO
HaunHaeres ¢ oadgpl 2. Ecau sty nudpy nepeReCTH ¢ IepBOro MecTa
Ha mociejHee, COXpPaHHMB NOPAAOK OCTANABHBIX HAdp, TO HONyIeHHOE
YHCcno Gyger Brpoe Goasule neproHadanbHoro. Kakoe uucao Guuno
fagaymMaHo?

(x + 40) = 0,075.
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1 - MATEMATUHECHMIM A3bK. MATEMATUYECKAS MOBEND

Pemenne, 1. llocne oudphl 2 B 33AyMAHEOM OISCTAZHAYHOM
YBCIE CASAVIOT B OMpEAENeHHOM Iopiagre 5 nudp, OHH COCTABJIAIOT
Hexoe MATHIHAYHOe YECIO; 0003HAYNM ero OVKRofl x. Torna sagymMan-
HO€ YHCAC MOMCHO BRIpasuTh hopmynod 200000 + x. Ecnu uudpy 2
NOMECTHTS Ha IoCjiefHee MecTo, TO YHCIO OyJeT uMeTs BHA X2, T. e.
10x + 2. CornacHo YCIOBHIO HOBOE YHCHO B Tpu pasa Gonbme safy-
MAHHOTO. OT0 3HAIHT, ITO

10x + 2 = 3(200 000 + x).

MaTeMaTHYeCKad MOAENs COCTRRICHS.

2. PeliuM nmoJvyeHHOe YPABHEHHE!

10x + 2 = 600 000 + 3x;

7x = 599 998;
x =85714.
3. 3aayMaHHOe YHCAO HaYHHAeTCA ¢ HbDH 2, BHAYHT, HTO YHCAO
285 714,

HDCJIG,!IHHE IOIPpHMEDPEL, KOTOPARIC MEH PacCMOTPHM B HaCTOAEM
naparpatbe, aTO IYraloOoIpe MHOTHX YYJaIOUXCH, HDO HA CAMOM jJeJie He
TaKHe YK CTpalllHbie¢ 3aJa4YH HA IIPOOESHTHI, CIIJI&BH, CMECH.

IIpruMep 9. Opa 38poja o IUIAHY A0JDKHBI GbUTH 34 MECAI BhI-
oyeTaTs 360 cranror. Ha caMom Aene oHm BHnyeTaian 400 cTaHKOB,
IpEYeM [IepBEHIE 3aBOf BRNOJHMA 3aka3 Ha 112%, a Bropoii — Ha
110% . CKOABKO CTAHKOB CBepX ILIAEA BRINYCTHA KaMKIHIA 3aBoa?

Pemenune. 1. Cpasy ormerem, aro 112 % = 1,12, 110 % =
= 1,1. ITo nAanay nepEEIfi 3aBOA AOJZKEeH (LI BEIDYCTUTE X CTAHKOB,
a Bropoii (360 — x) crankos. Ha camom nexne nepseii Beinycrnn 1,12x,
a Bropoit — 1,1{360 — x) cTaEXK0B. BMecTe 0HE BeINycTANH 400 craH-
KoB, 3Haunr, 1,12x + 1,1(360 — x) = 400,

2. Pemrm cOCTABAEHHOE YPEBHEHHE:

1,12x + 396 — 1,1x = 400;
0,02x = 4;
x = 200,

3. Ilo nagny mepBHIf 3aB0A ZomkeH Ol BHNyCTHTH 200 cran-
KOB, & BTODOH, COOTBETCTBEHHO, 160 crankos. Ileperiit aasox mepe-
BeImOHWI migH Ha 12%, T. e. BeInyeTRa ceepx mrana 0,12 - 200 =
= 24 cranka. Bropoif 3aBof mepeBRIMOAHKT MiaE HA 10%, T. e, BH-
nyctua ceepX maaHa 0,1+ 160 = 16 cranroe.

Oreer: 24 cranra, 16 craukob.
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Npumep 10. B Teuende HecKOABKHX JeT HEHY HA HEKOTODHIH
ropap NOCTEIEHHO MOBBIIAAK: cHavyana Ha 10%, satem nHa 300 p.,
gaTeM eme Ha 25%. B pesyarTaTe meHa Ha TOB&p HMOBEHICHAJIACE HA
75% IO CPARHEHHIO ¢ NepBoHAuAJBHOR. CROJLKO CTOHJ TOBAp A0
[OBBIIICHHA TMeH?

Pemerwne, 1. Hycers X p. — HmeppoHaYAJbHAA LEH& TOBADA,
ITocue mepBOrO IOBHIIIEHEA TOB&p cTouiI 1,1x p., mociae BTOPOTO —
(1,1x + 300) p., nocae Tpervero — 1,25(1,1x + 300) p. Ilo ycnobmio
[IOCKe TPETHETD NOBRINeHAd HeHa ToBapa cocrasmia 1,75x p. (175 %,
. . 1,75 or nepeorauanpHON OeBE). B uTOore monydaeM ciaegywoiee
ypaBHeHHE:

1,25(1,1x + 300) = 1,75x.
2, Pemum cocTaBNeHEHOE ypaBEEeHAe, EeTh cMBICH cHAYAIA YMHO-
sHUTh ofe ero 4acTH Ha 4:
5(1,1x + 300) = Tx.
Jlanee nMeem:
5,6x + 1500 = Tx;
x = 1000,
O'TBerT: NepROHAYANLHAA IeHa ToBapa 1000 p,

Npumep 11, Cuemanm HekoTopoe KommuecTBo 40 u 10%-ro
PACTBOPOB KHCAOTHL M mosyaunan 800 r 21,25 %-ro pacTRopa KHCIO-
TH. CHOMBKRO IPAMMOR KEJKIOro pacTBopa GhINO B3ATO?

Pemernrme. 1. IIpeanonoxem, 4YTo B3AIHR X  GoJiee HACHIMIEHHO-
T0 pacTsopa. Torda MeHee HACHIIEHHOrO PACTEOPA IpPHINAOCH B3ATH
(800 — x) r. B Gosiee HACEIINEHHEOM DACTBOpE THCTOH KHCIOTHL GBLIO
0,4x r, 2 B Menee BacuimenaoM — 0,1(800 — x) r. IMocne ofneaune-
HuA nonyumwnoce 800r 21,25 %-ro pacreopa KHCHOTHL, T. €. YACTOH
KMCJOTH B HOBOM pactTeope 00,2125 - 800 r. B mrore noayuaem ciue-
Lyomee YpaBHEHHE:

0,4x + 0,1(800 — x) = 0,2125 - 800.

MareMaTHIeCKEH MOAEJb COCTARBJICHA,

2., PemmmM monyueHHOe ypaBHEHUeE:

0,4x + 80 - 0,1x = 170;
0,3x = 90;
x = 300,

OreeT: Baasm 300 r 40 % -ro pacreopa m 500 r 10% -ro pacrso-

Pa KucsgoTe.
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IIpumep 12. B 500 Kr pyA:l EMeeTCA HEKOTOPOE KOJHYECTBO
wenesa. Ilocne yaarerus us pyasl 200 KXr npuMeceit, coepRamux
B cpegaem 12,5 % Ixenesa, cofepikaHNe JKedesa B ocTaBmedica pyde
mOBRICHA0CE Ha 20 % . CRONBKO Kefless OCTAIOCE B pyae?

Pemenne. 1. Obosnaynm GyRBot X DPOLEHET COTEPKAHU SKeJIe-

3a B pyde. ITo 3HAYMT, 9TO Kesnesa GuL10 % * 500 = 5x Er. B 200 rr

nprmeceil cogepxanochk 12,5 % xxenesa, 1. e, 0,125 - 200 = 25 xr.
B oummenncii pyge maccoii 300 xr »xeaeso cocrarnao {x + 20)%, 1. e.
x + 20
100

25 Kr mejesa, noJyyaeM ypasHeHme: 5x — 25 = 3(x + 20).

2. Peume ypaBHeHue, noAy4uM x = 42,5, Sro ssavudT, 4To B pyfe
Ontro 42,5 % esess.

3. Hac cnpamueaoT, CROJABKO Jele3a 0CTAN0Ck B DY Moce yaa-
JeHus IpuMeceif. DTo KOAHYECTRO BhIpaskaerca hopmydoit 5x — 25.
IMonyusem 5 - 42,5 — 25 = 187,5 r.

HDpumep 13. Hz 40 T pyasl Bamnapamor 20 T MeTanna, cogep-
mamero 6% npumMecefi. KakoB NpoUeHT TpaMecei B pyae?

+ 800 = 3(x + 20) xr. [IockOABKY ¢ IpHMecAMH OBLIO YAALIEHO

PeumeHnne, OfosHauuM GYKBOIH X NMpoIeHT mpumeceil B pyae.

Torzaa B 40 T pyARl npuMeceil cOepKATCA % « 40 = 0,4x T, 4 ¥auC-

Toros» Merayne 6yaer (40 — 0,4x) . B 20 T BHIUIERJIEHHOTO METALIA
<YHCTOrO» METWINa cogeprutca 94%, . e, 0,94 20 = 18,8 1, 9ro-
IO ¢4YACTOTO» METAJJA H B pyAe, H B BHILIABISHHOM MeTa/Ule OAHO
H TO K€ KoJIPdYecTBo. 3Haunmr, 40 — 0,4x = 18,8, oTKYIa HaXoImM
x = 53.

OreperT: B pyae 53 % npumeceii.

§ 6. KOOPAMHATHAS NPAMAS

B xoHune § 3 Mzl TrOBOPMIH, YTO HYXHO YMETh cBOGOLHO
NepexXoJHuTs OT OFHOTO BHAA MATEMATHYECKO MOJENN K IPYTOMY, BhI-
6mpaTs TO, 9ro yAoO0HEee. B 3Toll cBA3M BechMa NOJE3HA A3BECTHANA BaM
U3 Kypca MaTemaTHrH 5—6-r0 KnaccoB Taxas rpaduUeckas MoOAeNb,
KaK KOOpAWHATH&S NPAMAHA.
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Prc. 4

IIpamyio I, Ha KoTopo#l BRIOpAHA HAYAJNbHAA TouKa O (HAYAM0 OT-
cueTa), MacmTal (eIMHWIHEBIA OTPE3oK, T. €. OTPe30K, AJIHHA KOTOPO-
T0 CUNTAETCA paBHOH 1) M NOJMKHTEAbHOE HANPABAeHWe, HASHIBAIOT
KOOPAMHATHOH NpAMOi NIH KOOPAMHATHON 0chI0 (pHC. 4); ynoTpe-
GAAIOT TAKHKE TEPMHH «0Ch X» {¢0Ch Yy», «0OChb Z» H T. &.).

KakxaoMy IHCAY COOTBETCTBYET eINHCTBeHHAN TOUKA KOOPAHHAT-
noii npaMo#i. Hanpumep, aucay 4,5 coorBercreyer Touka M (pme. §),
KOTODAA YAAJEHA OT HAYAJA OTCIETA, T. €. OT TOUKH O, Ha paccTod-
ppe, papHCe 4,5 (B 3aaHHOM MacmiTabe), B OT/NGKEHA oT TOURE O
B 38JAHHOM (IIONOKETEIBHOM) HapaBleHnH. Yucay —4 cOOTBeTCTBYeT
rouka P (cm. prc. 5), Koropad yaajeHa oT ToUKH O Ha paccTosHHe,
paBsEOe 4, W oraoMeHa oT ToUkH () B OTPUIATENBHOM HANDABJICHWUH,
T. €. B HAOPABJI€HANA, IPOTHECIQJIOMCHOM 3aAHEOMY.

MoHOo roBODHETE M 0 pemeHEH o0paTHO!H 3agauu. Hanmpumep,
Touka K, yAanenHad ot Touku O Ha paccToaEme 6,4 B MOMOMHTENB-
HOM (3aJaHHOM)} HAIPABIeHHM, COOTBETCTEYET Tacay 6,4, a Touka N,
yAaneHHas oT TOYKE O Ha paceroanue 2,1 B OTpEOaTeALHOM HaTIDAR-
JAeHMH, COOTBeTCTBYeT uHcny —2,1 (em. puc. §).

YxasaHHbBIe YHCAA HASKHBAKT KOOPAHHATAMH COOTBETCTEYIOIIIX
rouek. Tak, Ha pucyHEKe 5 Touka K mMeer xoopamEaTty 6,4; Toduka
P — woopauuary —4; Touxa M — woopamuaty 4,5; Touka N — ko-
opauHaTy —2,1; Touka O — Koopaunary 0 (Eyas). Orciona m npomc-
XOAHT HasBAHHe — KOOpAHHaTHAA npAMad. O0padHo BEIpaAKAACH,
KOOpRHATHAA OPAMAS — 3TO I'YCTO 3ACeNeHELIA JoM, JKHABIEL 9TOTO
ZoMa — TOYKH, & KOODAHHATH TOUeK — ®TO HOMepa KBapTHD, B KO-
TOPEIX MHBYT TOUKH-HHIBIEL.

P N 0 M K
—_— — -1 b )
4 2,1 () 415 6,14
Puc. 5

k]
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1
-2 1 4!5 6,4

1
.5 4

Pre. 6

BaueM HY:HA KOODAHHATHAH NpAMAaA? 3AYeM XApPAKTeDHZOBATH
TOMKY 4HCAOM, & YHCA0 — Toukoii? Ecth M B aTOM Kakaa-arbo
noabsa? la, ecTh.

IIyceTn, HEATIpHMep, EA KOODAHHATHON npamoit naHLI gBe TOTKH:
A~ ¢ KoopiEHATO ¢ H B ~— ¢ KoopauHaTol b (06BIYRO B TAKUX
cIydadax oHyT kKopoue: A(a), B(b)). Ilyere HaM Hapo HaiiTu pac-
croaaued Mexngy ToukaMm A B B, OxazsiBaeTcd, BMeCTO TOTO 4YTOOEI
ZeJaThk reoMeTpHYecKNe H3IMEepPeHUSA, NOCTATOYHO BOCIOJIB3OBATECA
roToBolt dopmynolt p(A; B) =|a — b (p — <po» — ByKBa rpeueckoro
aadheBHTA; BIpodeM, BMecTo p(4; B) MoxHO nucaTh npocto AB).

Takx, Aa PUCYHEKe D HMeeM:

KM =16,4 — 4,5 = [1,9] = 1,9;
PM =|-4 - 4,5/ =]-8,5| = 8,5;
PN = |_4 - (_2v1)| = |_4 + 2$1| = |_1’9| =1,9.
CrpeMsch K NAKOEWYHOCTH DACCYKJEHWK, MATEeMATHKH [JOTOBO-
PUNHCH BMecTO ANHHHOA dpassl «TouKa A KoopaunaTHOd npaMoii,
HMe0IOaa KOOPAWHATY d», HCIOOJAB3OBATE KOPOTKYIO (pasy: «Toy-
KA a», H Ha YepPTeie PACCMATPHBAGMYIO TOUYKY 0003HAYATE ee KOOpAH-

"Haroli. Tak, Ha pEcyHKe 6 m3oOparieHa KOOpAUHATHadA NpaAMasd, HA
KOoTOpoii orMederH Touky —4; —2,1; 0; 1; 4,5; 6,4.

Opemep 1. Pemurs ypasmenne |x + 1| = 3.

PemeHnue. |x + 1| — 3To c reoMeTpnueckoit TOUKM 3PEeHHUS
PaccToAEHe MeXxAy ToukaMu ¥ M —1 koopamBaTHON npamoii. HaM
HYKHO HaliTA TAKEE TOYKM X, KOTOPHE YAaJeHH OT TOUK# —1 Ha
paccroaane 3. Taxnx Touer ape: —4 m 2 (pue. 7). 3Hauur, ypapHe-
HHe MMeeT IBa KOpHA: X, = —4, x, = 2, ]

KoopaneaTH2A OpAMadA JaeT HAM BOSMOMHOCTH CBOBOAHO mepe
XOAMTh ¢ aArebpaAYecKoro ASHIKA HA reOMeTPHYeCKHI B ofparTHO.
IIycrs, HAaopHMep, YUCAO @ MeHbme unchaa b, Ha anrebpanuecxkoM
A3IBIKEe 3TO 3ANMCHIBAKT TAK: ¢ < b; He TeOMeTPHYECKOM ASHIKE 9TO
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R
I
-]

=
1
A

Puc. 7

O2HATAET, UTC TOUKA ¢ PACIOJOMKEHA HA KOODAUHATHOY npaMoil neaee
ToukE b; OpHE 2TOM MBI, ECJIH He OIOBOPEHO NPOTHBHOE, HyaeM cum-
TATh, YTO KOODARHATHAA NMDAMAA PacIoNiaraeTcd Ha JAACTe HyMaru
ropMscHTANEHO, BopotueM, mofguepKHEM ellle pa3, M airebpandecKui,
¥ TeOMETPHIECKHIT A3KIKA — 5TO Pa3Jeibl OAHOIO H TOTO e MaTeMa-
THYECKOTO A3KIKA, KOTOPHE MBI ¢ BAMH H3V4YaeM.

TlosHakoMHMCA eme ¢ HeCKOJABKUMHU 3JeMeHTAMH MaTeMaTuve-
CKOTO A3LIKA, KOTOPEIEe CBA3AHK ¢ KOOPAUHATHON nmpaMoif.

1. TIyeThb Ha KoopauHATHOH npamoit orMeweHa Touke 6. PaceMor-
PMM BCE TOUKH, KOTOPHIE NEMAT Ha OpsAMoit npaBee TOYKH ¢, H OTMe-
TMM COOTBETCTBYIOINVE YACTh KOOpAHHATHON mpaMo#t mrpuxoskoi
(puc. 8). 910 MHEOKECTBO TOYEK (THECeN} HASHBAOT OTKPEITRM JTYI0M
u ofosHAUareT (2; +90), rje 3HAK 100 YATAIOT TAK: <IIKC GECKOHeu-
HOCTB#; OHO XADAKTEPHIYETCA HEePABEHCTBOM X > ¢ (ToJ X MOHHMA-
eTca nwobad TOYKa ayda).

O6paTnTe BHUHMAHHE: TOYKA ¢ OTKPBITOMY AY4YY He IDHHALICHCHT.
Ecnu e aTy TOUKY HANO IPUCOSAHHHTH K OTKPHITOMY JYUY, TO IH-
myT X = g unu [a; +°0) (nepei a cTABAT He KPYIIAVIO, 8 KBAIPATHYIO
CKOOKY), a4 Ha yepTe:xe TAKYI0 TOUKY OG03HAYAKT He CBOTIHIM, KaK
Ha PHCYHKe 8, A 3aKpalleHEEIM KpYymsKoM (puc. 9).

Eeam mpo muOoMecTBO TOuek (a@; 40°) romopdar, a.:muumumm: x.
YTO 3TO -~ OTKPEITBIA Jy4, To Ana [a; +o0) ymo-

TpefaanoT TepMAH ayq (6e3 MPHIATATENIBHOTO ¢OT- Pre. 8
KDEITHI» ).

2. ITycTs Ha KOODAMHATHON NpAMON oTMeueHa , x
To9Ka b. PaccMOTpHM BCe TOUKH, KOTODEIE JesRaT —Siiiiiiiliipy.
HA TpAMOHA Nepee TOTKH b, H OTMETHM COOTBeTCTBY- Puc. 9
Y0 9aCTh KOOPAHHATHOH OpPAMOH IDTPHXOBKOHK
(puc. 10). Dro MHEOMKECTBO TOUCK (YHACEN) TAKXKE Ha-
3LIRAIOT OMKPWMWM AYyvoM ¥ 0003HAYAIOT (—°C; b), m:mmbb x’
TAe 3EaK —oC YUTAKOT TAK: <MHHYC 6eCKOHETHOCTDS .

Ouo xapakTepHayercss HepaBeHCTBOM X < b, Puc. 10

2 Anretipa, 7 xor, w1, 33



Prc. 13

MATEMATHHECKIWA A3bIK. MATEMATHUECKAA MOMOENb

CHoBa ofpamaeM Balile BHUMAHHe Ha TO, UTO
TOIKA b OTKPHTOMY Ny4Yy He HpUHAIJIeXKHT. Ecanm
JKe MBI 9Ty TOUKY XOTHM OPHCOSQHAHHTE K OTKPHI-
TOMY Jy4y, TOo OyaeM mucathk X < b mam (—o0; bl n
Ha YepTeske TOUKY b saxpammusatk (puc. 11); ana
(—©o°; b] Takke OyaeMm yuorpeGNaTh TEPMHH AYY.

3. IlycTe Ha KOOPAWHATHON NPAMOE OTMEYEHBI
TOUKH ¢ u b, mpruem a < b (T.e. TOUKA & pacmonao-
‘KeHa Ha npamodt depee Toykn b). PaccMoTpHM Bee
TOUKH, KOTOpDRIE JIe3KAT MpaBee TOYKHM @, HO JeBee
TO4YKH b; OTMETHM COOTBETCTBYKINYIO YACTE KO-
OpEHHATHOH NpaMo# mTpuxoproi (puc. 12). Dro
MHOMKECTEO TOUEK (4HUCes) HASHIBAKT NHTEPBAAOM

u ofiosaavalor (@; b). OHo XapaKTepH3yeTcs CTPOrHM NBOHHEIM Hepa-
BeHCTBOM & < X < b (Hog x NoHHMaeTrca awlasa TOYKA MHTEPRAJEA).

Of6paruTe BHEMAENE: HETEpPBan (a; b) ecTh nepecevenue {o0masa
yACTh) ABYX OTKPHTHEIX Ayuelt (—oo; b) ;m (a@; +°°) — aTo Xopoumo
BUAHO HA pUCYHKe 13,

Ecau ¥ uETepRany (a; b} fo6aBHTL €ro KOHNE, T. €, TOUKH @ U b,
TO noayuuTca orpesok [a; b] (puc. 14), xoTopsIil XapaKTepHU3yeTcH
HEeCTPOTHM ABONHBIM HEPABEHCTBOM @ < x < b. OOparuTe BHMMAHHeE:

34

B 0003HAYEHNH OTPE3KA HCIOABIYIOT HE KDYIJHE
CKOOKH, Kak 370 Ounio B oG03HAYEHMH HHTEDPBANA,
8 KBAJpaTHRIe; HA YepTeKe TOUKE @ M b oTMeueHHI
TEeMHBEIMH KDYVXKaMH, 3 He CBeTJABIMH, KaK 2TO
OELIO B caydyae MHTEDBANA.

Orpezok [a; b] ecTh mepeceyenne (06Maa 9aCTE)
ABYX nyuei (—o°; b] m [@; +°°) — o100 XOpOWO BAA-
HO HA PMCYHKe 15.

A uTO noayunTca, ecau K mHTEpBany (a; b)
JOGABHTE TOABKO OfHH KOHEH — TONBKO TOUKY &
(pmc. 16) unu Tonsko touky b (pme. 17)? Ilony-
YATCA HOXYHHTEDPBAJN, KOTODHY B mepEOM cay-
yae oGosHauawT [a; b), a Bo Bropom — (a; k] n
KOTODHIH XapaKTepHayeTca ¢ TOMOIIBK JBOWHBIX
HepaBeHCTB: ¢ € x < b — B mepBoM chydae,
a <x < b — po BTOpPOM.

Hrax, MH BBeJH DATH HOBLIX AJIA BAC TEPMUHOB
MATEeMATHYECKOro A3BIKA: JYY, OTKPHITHIN Jayd,
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HATEPBA, OTPe3oK, MoayuHrepsasn (cM. TaGa.). Ecre u obmu#t Tep-
MHH: YHCIOBBIE MPOMEIKYTKH.

CaMa KOODAMHATHAA HpAMAS TAKMKe CUNTAETCS THCIAOBHIM IpO-
MEXKYTKOM; ANA Hee HCNOJAs3yIOoT 0bogHaueHRE (—00; +00),

Ceonaas TASAHOA TECAOBRIX MPOMEEYTHKOB

TeoMeTpETeCKAR HaapanHe YHCAOBOTO | ANAINTHUECKAR
MONEAD OGoanawenme IPOMEFYTRR MofeaAl
—Mﬁ (a; +o0) OTKPHITHH Jy4 x>a
M [a; +o0) Iy4 x#a
_uumng_.i (—oo; B) OTKPEITEIA Y4 x<h
\\\\\\\\\\\\g x> {—o0; ] AyqT xs=b
M i (a; b) MHTEpPBAT a<x<b
_M___‘; [a: b] OTpE30K asx%sb
“ng i [a; b) HOIYHHTEPBAR gsx<b
%\\\\\\g "; (a; b] HOAYHHTEPBA a<x<h

HOpumep 2. VueERK COCTABHJ MHOMECTBO THCE], NPEACTABIALD-
mux cofoil NONapEO pasJaHUvYHbIe NPOHSBeAeHUA ABYX MHOXKHTeNel a
R ¢, TAe 4 — HaTYpPaIBHO YHUCIO N3 BHTepRaXa (3; 7), a ¢ — HaTy-
paneHoe unucxo us orpeska [8; 12]. CayualiHEIM 06pasoM OH BEICHDA-
€T NPOM3BONEHEIN 3IeMEHT ¢ COCTABICHHOTO YHCJIOBOTO MHOMKeCTBa.
Kaxoea BepoATHOCTE TOTO, 9TO d¢ AeJHTCH Ha 97

Pemennme. B uarepsane (3; 7) nuMeerca Tphl HaTypaJdbHEIX
uncna: 4, 5, 6; B orpeske [8: 12] — naTs HaTYpaNbHLIX YHcen: 8,
9, 10, 11, 12. BEa9guT, BCEro MONKHO COCTABHMTE 15 map uucea BHAA
(2; ¢). Ho cpeam mpom3BeneHui#l uHcen, BXOASIHX B MAapy, €CTh
oAHHaroBble: 410 =5-8;4-12=6-8; 5:-12 = 6 - 10. Pasnuu-
HHX mpouseegaeHM Beero 12, Ha 9 genarca Takle npoRsBeeHHA:
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+9:6+-9:6-12 — mx Bcero yeTeipe. HckoMaa BepOATHOCTE

LU

5

1

3

Hpumep 3. Ha koopauHaTHOH npAMoidl B3ATH TPH TOYKH:
2

—)’ 37

A[_{ B( 2 } C(i} K xaxoif U3 Touex A, B 6amxe Toaxa C7

. —
B C A x

Puc. 18

Pemenane. Hmeem: 1.2.2 2 <i 3uaunT, Touka C

— =< — .
37T T4 75 T4 T3
pacuojaraeTcs HA KOOPAMHATHOH TpAMONH Mexnay Toukamu A H B

(pzc. 18). Haitaem paccroarna BC u CA: BC = 2_2_ %;

2 2
78 74 7374 74-75 - T4.78 NeTAeM BHIBOL

rouxa C pacmoaaraerca 6nmae K Todke B, {H

2
CA=—--—= . IlocKoABKRY



TNABA

2 NMHEAHAS DYHKUMS

§ 7. Hoopannarnas nnockocTs

§ 8. Jiunesinoe ypasueHue ¢ ABYMA NEPEMEHHbIMMH
# ero rpami

§ 7. Sluneiinan pyrruns u ee rpadpux

§10. BssumHoe pacrnonoxmenne rpachmuios AHHEHHbIX
thyHKUsH

§ 7. KOOPAMHATHAS NMAOCKOCTb

Ha xoopAHHEATHEOH NpAMOHA «IPONHCAHEI» TOUKE — «)KKIb-
ObI%», ¥V KAXKAOA TOYKH €CTh CBOIl ¢HOMep AoMa» — e KOOpAMHATA.
Ecnu e TouKa GepeTcs B INIOCKOCTH, TO JJIHA €& <OpOIHCKH» HYHHO
YKASHIEATh HE TOJABKQ ¢HOMED AOMA», HO M ¢HOMep KBADTHpPHI». Ha-
TIOMHHM, K8K 3TO JeJaeTcd.

IlpoBeaeM nBe B3AMMHO NEPHeHARKYAAPHEIE KOOPAVMHATHBIE
npsAMbie H 6yAeM CYHTATh HAYANOM OTCHeTe HA o0eMX NpPAMBIX TOY-
KY X nepeceteHuda — Touky O. TeM caMbIM Ha ILIOCKOCTH 3aJaHS
IpAMOYrONBHAN CHETeMA KooparHAaT (puc. 19), koropad npeBpailiaeT
O0OBITHYIO INIOCKOCTE B KOOPAREATEYI0. Tourky O HaghIBalOT HAYAIOM
KOOPAHHAT, KOOPJAHATHEIE NPSIMEIe (OCE X B 0Ch If) HASKIBAIOT OCAMA
KOODAHHAT, fi IPAMEIe YTUIK, 00DASOBAHEERe 0CAMH KOODAAHAT, HASRI-
BAIOT KOOPAHHEATHRIME yraamu, KoopaiuHaTHble YPIE HYMEPYIOT Tak,
KaK MOKA3AHO HA PHCYHKe 19,

A renepr ofpaTHMca K pECYHKY 20, rae uaofparkeHa NpaMo-
YrobHad ¢HCTeMA KOODAKHAT B oTMedeHa Touka M. Ilpoeesem gepes
Toury M mpaMywo, mapanneabHyo ocH . [IpaMasa nepecekaer och ¥
B HEKOTOpPOH TOYKe, ¥ 3TOH TOYMKM ecTh KOOpPAMHATA Ha OCH X (A1A
TOYKH, u300pameHHoN Ha pucyHke 20, ora kKoopauHaTta paBHa —1,5),
ee HaspBaloT abeumccoil Touxku M. Hanee npoeefieM depes TOUKy M
npAMYI0, Napaniaenpayio ocu x. IlpaMada mepecekaeT oCk ¥ B HEKOTO-
poit Toure, y oTOM TOYKH €CTH KOODAHHATE — HA OCH ¥ (VI TOYKH
M, usobpaskennoit Ha pucyHKe 20, sTa KOOpAMHATA PaBHa 2), ee
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2 . NMHEAHAS DYHKLMA

77 | vk [ uys
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II1 TV
Pnc. 19 Pue. 20 Pre. 21

HeSEIBAIOT opauBEATOH ToukH M. Koporko numyt Tak: M (x; y) (ana
TouKK Ha pEcyHKe 20 mmeem M(—1,5; 2)). AGcnuccy 3aIHCHBAIOT HA
AepBOM MeCTe, OPAVHATY — HA BTOPOM.

3amevanue 1. Ha mpaxTiKe A8 OTHICKEHHA KOODANHAT TOY-
KH M oOBIYHO BMecTo NPAMBIX, NApaJNeNbHEX OCAM KOODIHHAT U
HPOXORAINEX Yepe3 TOURY M, CTPOAT OTPesKH 3THUX NPAMEIX OT TOTKRA
M ao oceit woopammar (puc. 21).

3amevwanue 2. B npegnaymem maparpade MBI BEeJIH PasSHBIE
0603HAYEHENH AN YACAOBHIX MPOMEMYTKOB. B YacTHOCTH, KaK MEL
YCAOBHJINCE, 3anuch (3; 5) o3HAYAET, 4YTO HA KOODAMHATHOH mpaAMoil
paccMATPHBaeTCA HHTEPBAJ ¢ KOHUAaME B Toukax 3 H 5. B Hacrosa-
meM e naparpade Dapy IHCeN MEI PACCMATPHBAEM KAK KOODAHEATEL
TOYKH; HANPAMEP, (3; ) — 3To TouKa HA KOOpPAAHATHOA IJOCKOCTH C
abenuccoii 3 7 opauHaTol . Kak jie HPaBHABHO MO CAMEBOJHYECKOH
BATIACH ONPENEHTD, O YeM HAeT pedb: 00 MHTEpBaJe HAH 0 KOODAH-
HaTaX Toukn? O6edHO 9T0 GHIBAET ACHO H3 KOHTEKCTA.

YURTEHIEAA BEeAEHHEI¢ TEPMAHL I 0003HATEHAA, MOPH3OHTANBHYE)
KQOPAAHATHYK IPAMYIO HAgbIBalOT OCEI0 afclnee Hal ocelo X, a Bep-
TAKATLHYI) KOOPAHHATHYIO ONPAMYIC — OCBI0 OPAHHAT HNE OCRIO Y.
QOf03HaYeHNA X, [ HCHOJABIYIOT 0OKIYHO NIPH 3aJaHWE Ha NAOCKOCTH
NPAMOYTOAbHOH chcTeMB KOOPAMHAT (cM. puc. 19) H 4aCTO TOBOPHT
TAK: JaHa cucTeMa KoopauHat xOy. BnipoueM, BCTPeualoTes B Apyrue
oGo3HaAYeHAA, HAIIpHMER, Ha PACYHKe 22 3a/iaHA CHCTeMA KOODIHHAT
t0s.
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2. VHEAHASA DYHKLMS

AJITOPRTM OTHICKAHNS KOOPTHHAT TOUKH M,
3ANAMHON B CHCTeMe KoopauHAT x0y

1. ITpoBecTH uepes ToOURY M OpAMYyIO, IapALIENLHYIO OCH If, B HAli-
TH KOOPAWHATY TOYKH HepPeceYeHHs 9TOH mpsaMoi ¢ OCBI X —
aro Gymer abGcomeca Toukm M,

2. IlpoBecTH gepes TOUKY M NpAMYIo, NapaJIeIBHYIO OCH X, X HAM-
TH KOODAWHATY TOUKH TiepeceIeHUA TOil mpAMOH ¢ OCBK i —

L aro GyIeT OpARHATA TOUKH M.
”y

HmMenHo Tayx MBI H geficTROBANE, HAXOAA KOOPDLHHATH TOHYKH M
Ha pHcyHke 20,

Ecnm Touka M,(¥x; y) NpAHAANERAT MePBOMY KOODAHHATHOMY
yray, To x > 0, y > 0; ecnm rouxka M, (x; y) HpEHAANEIKHT BTOPOMY
KOOPAHHATHOMY YTUIy, T0o X < 0, y > 0; ecan rouka My(x; y) npuBax-
JeHET TPETBEMY KQOPIHHATHOMY Yray, To x < 0, y < 0; ecnm Touka
M, (x; y) IpUHALNEIKHT 1eTEEPTOMY KOODTHHATHOMY YTJAY, To X > 0,
¥ < 0 (puc. 23).

A uro Oyzer, ecan TOYKA, KOOPAHHATE] KOTOpOit Haxo HaltTha, Je-
SKHT Ha OHHOH H3 oceil koopaunat? Ilycrs Touka A Je)XXuT HA OCH X,
aTouka B — Ha och y (pac. 24). IIpoBoauTs Yepes TOYKY A IpaAMyIO,
NepajienbHyIo OCH f, A HaXOJATE TOUYKY NepPeceueHra 9Tod npamoi
C OCBI0 ¥ He MMeeT CMEIC/8, HOCKOJBKY TAKAA TOYKA NepecedeHAs
ViXe eCTh — 9TO TOYKA A, ee KoopanHaTa (abcumcca) paBHa 3. TouHO
TAK e He HY)XHO IPOBOAHTE uepes TOMRY A NPAMYI, HADALIeNb-
HYIO OCH X! C2Ma OCh X IepeceKaeT ock ¥ B Touke O ¢ KOOPAMEATOR

s& ya qu
(x <0, M

1 by > 0) (x>0,
[ L] 1 y>0) 1

i 9 - r |

0 } tr A O - x o 1 | 3 x
‘x<<0(;, (x50, -1,5¢ B
At y<0)

] i
Pue. 22 Puc. 23 Puc. 24



2. NMHEAHASR HYHKLMA

(opanHaToit) 0. B urore ana touku A nonyuaem A(3; 0). Aranorau=o
ana Touku B nonyaaeMm B(0; —1,5). A xna touxkn O umeem O(0; 0).

Boofime nm06asg TOYKA HA OCH X UMeeT KOOpAHHATH (x; 0), a mobaa
TOYKA Ha ocH ¥ — KoopauHarh (0; y).

Hraxr, Kax HaXOIHTH KOOPAWHATH TOYKHK B KoopimHaTHOH mioc-
KOCTH, MH 00CYIRAH. A Kak peluaTk 08PATHYIO 3afaTy, T. €. Kax,
38448 KOOPAHHATHI, HOCTPOHTE COOTBETCTBYIOIIYVIO TOUIKYT? UToObI
BRIpaboTaTe AMPOPHETM, OPOBEAeM ABA BCIOMOTATEeNbHEIX, HO B TO YKe
BpeMS BAXHEIX PacCy»KAcHHA.

¥t 1 ITepeoe paccyncdenue, IlycTe B cucreMe Ko-
K M, opamaar xQy npoBeeHa npaAmag [, mapaniyexsHas
OCH Y M TiepeceKaloliad OCh X B TOUKe ¢ KOOPAH-

Haroii (abcuuccoit) 4 (puc. 25). JIwbaa Toyka, xe-

3| M, SKAIAA HA 3TOH UpAMOH, uMeeT abemucey 4. Tak,

gns rouex M, M,, M, umeem M,(4; 3), M (4; 8},

1- 1 M,(4; —2). ManMu caosamu, afcomcca moboii

7] ¥ TOUKR M upamoii [ ypopneTropsAeT yeaoBHIO x = 4.

— M, Ecnu e B3ATH TOUKY, He JIKAIMYIO HA BTOH npa-
_2| R moii, To ee abcoucca Gyger ornngaHa ot 4. 'opopar,
uTe x = 4 — ypasxerue npamoii [ uan aro npaxas l

Pnc. 26 (1 MmoAbKO OHa ) YPosAEMBOPREM YPASHEHUIO X = 4.

Ha prcyrke 28 m300paskeHn NpAMEIe, YAOBJIETEODAKINAE ypab-
HeHHAM x = —4 (upamasn ), x = —1 (apamasa l,), x = 3,5 (mpamMas
;). A xakad npAMaa YAoBJAeTBOpAeT ypasHeHAR X = (7 loragammcs?
Och y.

Bmopoe paccymdenue. Ilycre B cucreMe koopauEaT xOy npose-
AeHA NpaAMad {, IapajnejJbHesa OCH X ¥ IIePeCeKAOIada Och ¥ B TOUKE
¢ KoopAuHaTOH {opauuaToit) 3 (pre. 27). Jibaa Touka, Jexaman Ha
aroit mpamoit, umeer opgunary 3. Tak, ana touex M,, M,, M, umeem:
M. (0; 3), M,(4; 3), M4(-2; 3). HupiMH cnoBaMH, opIuHaTa JKGOH
Toukuy M npamo@ | ynosnereopaer yeaoeuo ¥ = 3. Ecnn se Bsare
TOYKY, He neyamylo Ha aToll npamoii, To ee opauHaTa 6yaer oT1HYEA
or 3. I'oropaT, uto y = 8 — ypasuerue npamoil I UAK dTo npamas 1
(u moavko ona ) yooeremaopsem ypasHeHuO § = 3.

Ha pacynke 28 uaofpasxeHB npaMble, YAOBJIETEOPAKINAE ypaB-
HeHUAM y = —4 (apames ), y = —1 (mpamas l,), y = 3.5 (upamas I;).
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2. |I JMHEAHASR DYHKLIMA
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A KaKad IpAMas YAOBJAeTBopAeT ypaBHeHHK y = 0?7 loragzanuce?
Ock x.

BaMeTHM, 4TO MATEMATHKH, CTPEMACH K KPATKOCTH peul, I'oBo-
PAT «TIpAMaA X = 4», A He «NpAMAR, VHOBAETEOPAIOIIAA YPABHEHRIO
x = 4», AHANOTHYHO OHN TOBOPAT <NpAMEA i = 3», & He <«IpAMAH,
YLOBJAETBOpRIOMAA YpakHeHHKD ¥ = 3». Mbt 6ygem mocTynmars TOYHO
TAK e,

Bepremca Teneps k pucynry 20. OfGparaTe BHAMAaHME, ITO TOU-
ka M(-1,5; 2), xoropag TaM H306pAKEHA, €CTH TOYKA TEPECEUCHNT
opamoit x = —1,5 u npamodi y = 2. Teneps, BugaMo0, 6ygeT NOHATEH
WITOPATM IOCTPOSHMUE TOYKH IO 38JAHHEIM e¢ KOOPARHATAM,

s ™
AaroputM HocTpoeEns ToukH M(a; b)
B NPAMOYTOILHON cHCTeMe KOOpaHHAT xOY

1. HocTpouTh OPpAMYIO X = Q.

2, MocTpoATh mpAMYIO i = b. .

3. HaifTu TOUKY mepecedeHHA HOCTPOEHHHIX NPAMEIX - 3TO M
G6ymer rouxa M(a; b).

" iy

IIpemep 1. B cucreme KoopaaHaT xOy MOCTPOUTL TOYKH:
A(L; 3), B(-2; 1), C(4; 0), D(0; -3).

Pemenne. Touka A ecTh TOUKA LepecevyeENd NPAMEIX X = 1 &
¥ = 3. Toura B ecTh TOuKA OepecevyeEns IPAMEIX X = -2 n y = 1,
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Toura C npuEAAIEKET OcH X, a Toura D — ocn y (puc. 29).

BoepBiie TPpAMOYTOJABEYI0 CHCTEMY KOODAMHAT HA MAOCKOCTH
CTANl AKTHBHO ACHOJALIOBATE (dparnyscrmii dmnocod Pene Herapr
(1596—1650) ang pemmeAns reoMeTpHYECKHMX 3aaay aarebpamue-
CKHAMH MeTOXAMH B, o0paTHO, AN 3aMeHH anrefpamIecKux Moge el
reoMerpuyecknanMu, IloaToMy MHOrAA TOBOPAT: ¢ZEKAPTOBa CHCTEMA
KOOPAMHAT», <JeKAPTOBE KOODAHHATHIS.

Npumep 2. Ha KoopANHEATHOH IVIOCKOCTHA MOCTPOEH HEeTHIPEX-
yroneERK ABCD ¢ BepmMHaME B TOuKax A(2; 3), B(2; 5), C(8; b),
D{(6; 3). OuaroHaan “eTHPEXYTOJBHHEA TepeceKalTcs B Touke M.
Haiitn omomaab M DepHMeTp 4eTHIPeXYToJbHAKA, & TAKMkKe KoOpAH-
HATHI TOMRH M, cuMMeTpHuHOt Touke M OTHOCHTENRHO OcH abcuucec,
ROODAMHATH TOURH M,, cuMMeTpuunoH TouRe M OTHOCHATEILHO OCH
ODAMHAT, A KOOPGHHATH TOYKH M, cHMMeTpAYHON TOWKe M oTHO-
CHTEeNLEO HAYANIA KOOPAMHAT.

Pemenne. Yernpexyroasank ABCD naobpaxen Ha pncys-
ke 30; 370 NMpAMOYrOJABHMEK, ero cTOPOHE paBHH 4 ¥ 2, onomans 8,
neprmeTp 12, auarosanm oepeceRaioTes B Touke M{4; 4).

HerpyaHo HaliTH KOOPAUEATH BCEX TPeX UHTEPECYWIIHX HAC
TOUYeK:

M (4; —4), My(—4; 4), M (—4; —4). &l
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2. || JIMHEHHASR YHKLIXA

§ 8. NMHEAHOE YPABHEHME C ABYMS
NEPEMEHHbIMM M EFO TPAGUK

B rinase 1 MM BHIENH, 9TO MaTeMATHYECKOE MOAeARI0 pealakrHOT
CHTYallHH MOXeT CAYHHTE JARCHHOS YDABHEHAE ¢ 0fHOM TepeMeRHORN
MM YpaPHEHEHe, KOTOpOoe Mocjie Npeobpa3oBanuii ¢cBOXATCH K JHHeH-
HOMY. A Tenepk PacCMOTPHM TAKYIO PEAJILHYIO CHTYALHIO.

HAsa ropogop A ¥ B, paccroaHue Mexay KorophiMu 500 xM, Ha-
BCTPEYY APYT APYTY BHIOAH HBa TIO€3fa, Ka’KAHHA co cBoelt mocToRH-
Ho#t cropoceThio. HaBecTHO, ITO NEePBLEA NMOE3A BHEIINEN Ha 2 9 pAHLIIE
proporo. Yepea 8 4 mocjxe BEX0Aa BTOPOTO H0E3Aa OHU BCTPETHINCE.
YeMy paBHEI CKODOCTH NMOe3AQBT

CocTaPAM MATEMATHYECKYIO Mogend zageaun. IIyers x xmM/u —
CKOPOCTE TIEPBOrO MOE3kA, ) KM/4 — CROpOCTh BTOpOTro moesna. Ilep-
BEIl 6BLT B TyTH & 4 H, 3HAUYHT, Dpomea nyTh 5x KM. Bropoit noesp
Ouln B oyTH 3 4, T. €. mpomeJa nyrk 3y KM. Hx Berpeua npomsomia
B OyHETe (.

Ha prcyrke 31 npefgcraBieHa reoMeTpMuecKad MOJeSE CHTYAIIHH,
Ha anrefpanuecKoM AZBIKe €€ MOMKHO OOHMCATE TAK:

5x + 3y = 500

By
5x + 3y — 500 = 0.

Takyio MaTeMATHYECKYI0 MOJENb HASHIBAIOT JUHEeMHEIM ypaBHeHEHEM
¢ KBYMA TlepeMeHHBIMH X, Y.

Boobuge

ax+byt+te=0,

rae a, b, ¢ — uncna (koabduHeETE ) — JHBEelHO? YPABRHCHHE C IBY-
MA mepeMeHHLIMHE X H J (AAF ¢ ZBYMA HEH3BECTHRIMH X H y).

Bepaemca k ypasHeHHEIO Hx + 3y = 500. JamMeuaem, UTO ecaHu
x = 40, y = 100, 10 5 - 40 + 3 - 100 == 500 — BepHoe papeHCTBO. 3HA-
YHT, OTBET HA BOOPOC 3aJ4aTH MOMKET ObITH TAKHM: CKOPOCTH TIEpPBO-
ro noeaga 40 KM/4, CKOPOCTE BTODOrQ
moesaa 100 xm/u. Ilapy ymcen x = 40, 5x 3y

A C B

Y = 100 HaZLIBAIOT peuieruem ypasHe-
nue Hx + 3y = 500. I'opopAT TaKxKe,
uTo napa sHaveHni (40; 100) ydosrem-
eopsem ypasnenuw 5x + 3y = 500. Pre. 31

500 kM
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2. JWHEAHASR OYHKLMA

HaiinenHoe pemeHie He ¢fAHCTBeHEOE. B caMoM Jele, BOSMOMKEH
o Taxoil papmasT: x = 64, y = 60; neficreETeNRHO, 564 + 360 =
= 500 — pepHOe paBeHcTBO. U Takoil: x = 70, y = 50 (mocKomEKRy
5:-70 + 350 = 500 — BepHOe PABEHCTRO).

A Bor, crasxeM, napa unces x = 80, y = 60 permenueM ypapHeHRAA
He ABIACTCHA, NIOCKOJLRY OPH STHX 3HAUEHHEX BepHOTO PABEHCTEA HE
nonyuaerca: 5+ 80 + 360 = 500.

Boofme pemenseM yparHeHuA ax + by + ¢ = 0 HA3EBAKOT BCA-
KYI0 mapy uscea (x; y¥), KOTOpad YAOBJIETBODAET BTOMY YDABHEHMIO,
T. ¢, ofpamiaeT papeHCTBO ¢ IepeMeHHRIMA ax + by + ¢ = 0 B BepHOe
YHCJAOBOE PABEHCTBO.

Fameuanue BepHeMmca eme pas K ypapHaeHnio 5x + 3y = 500,
TNOXYYEHEOMY B PACCMOTpeHHOM BHIIDe sagave. Cpean GecKOHEUHOrO
MHOMeCTBA ero pemlenmil AMelorcd, HaOpuMep, ¥ Takme: x = 100,
y = 0 (B camom gene, 5100 + 3 -0 = 500 — pepHoe 4HCIOBOE
paBeHcTBO); ¥ = 118, ¥y = —80 (Tawr xax 5118 + 3 -(—30) = 500 —
BEPHOE YUNCAQBOe paBeHCTB0). OAHAKO, ABAAACH PELICHHAMH YpaB-
HeHHA, 9TH NapEl He MOTYT CAYIKHTH PeIIeHHEAMH AaHHOW 3amadH,
BeAb CKOPOCTH TOE34a He MOMeT ORITh paBHO# HymIo (Torpa oH HE
efleT, A CTOHT Ha MecTe); TeM DoJiee CKOPOCTE MoesZa He MOXEeT OHITh
OTPHUIATEABHOMN.

Opumep 1'. Hysxxno cMemars 30%-it m 8% -it pacTBopu mepe-
KHCH BOZODOJa TAK, 4TOOH B peayabTare noayunnca 12% -ii pacTsop.
B KaxoM OTHOLWIEHHH HANO BafATH HUMEIOMAecd PACTBOPKI?

Pemenne. [lepeumil aran. Cocmaerenue Mamemamuiecioll
Modenit.

HOpeanonomxmm, uro Baanm x T 30%-ro pacTeopa B ¥y r 3% -ro
pactBopa. B Goslee HACKIMEHAOM PACTBOPE YHCTONH ODepeXMCH BOAOPOAA
cogep:xarca 0,3x r, a B MeHee HachmerHom — 0,03y r. Beere nocne
cMemHBaHEEA moayuaercs (0,3x + 0,03y) r uneroil meperncu BoAo-
poaa. I'me oma Haxoaurca? OHA HAXOAWTCA B HOBOM DACTBODE, Macca
KOTOpOro paena (x + y) T, u cocrapaser TaM 12 %, 1. e. 0,12(x + ) r.
B mTore noxyyaeMm creayiomee ypaBHeHHE!

0,3x + 0,03y = 0,12(x + p).

MareMaTHIecKaAa MOAENE COCTARNEHA.

* [IpaMep saamerrosal B3 kadra . K. Ilepenbuana +3apnamareLRaA anrebpas

44



2. JUHEMHAR OYHKLMA

Bropoil stan. Padoma ¢ cocmasienioit Modeavio.
ITocrea0BATENBHO DONYIAEM:

0,3x + 0,08y = 0,12x + 0,12y;
0,18x = 0,09y;
y = 2x,
Tperni sran. Omeem Ha sonpoc 3adavi.
OH thaKTAYECKH YXce TIONYUEeH: PABEHCTRO ¥ = 2x O03HAYAET, UTO

3% -ro pacTBOpa HepeKucH BOLOPOZA CAEHYET B3ITH poBHO B 2 pasa
Goneine, yeM 30% -Tro pacTBopa.

HDpumep 2. llyaxr B pacnonoixkeH HAXe OYHKTA A 0O TeUeHHO
pexn. Karep npoxoant nyrk or A go B sa 5,5 u, a oO6parno — 3a
7 4 15 MuH., MOKHO JIH YTBEPXKAATh, WTO COGCTBEHHAA CKOPOCTH KA-
Tepa (cKopocTs B cToA4Yell Boge) Gostee weM B 7 pad NpeBLINIAET CKO-
pPOCTE TEYEHHA pern?

Pemenne. Jleppuit atan. Cocmasrenue Mamemamuiecxoil
nodeni.

Ilyers x ¥M/y — cofcTBeHHAs CHOPOCTE KATEpa, ¥ KM/4 — CKO-
POCTE TeueHAd perkA. U3 A B B mo TeueHHAK) peKH KATEp HIET CO
ckopocTe (x + y) KM/4, a OOpATHO — MPOTHB TEYEHAA PEKH — CO
c¢ropocerbio (x — ) kM/4, Tyna oE nger 5,5 4 M 38 3T0 BpeMA IPOXOAUT
nyTe, paeRH 5,0{x + ¥) kM. O6paTHO OH HZeT 7,25 u 1 3a 3TO Bpe-
MA OpOXOANT NMYTEk, paBHbIH 7,25(x — ) KM. DTH UYTH, €CTECTBEHHO,
OFWHAKORBEI, SHAYHUT, DONyUaeM ypaBHeHRHNe 5,5(x + y) = 7,25(x — y).

Bropoit atan. Pafoma ¢ cocmasaennoli xodenvio.

IToceRoBaTEABHO TTOXYMAEM:

5,5(x + y) = 7,25(x — y);
5,6x + 5,6y = 7,2b6x — 7,25y;
5,6y + 7,26y = 7,2bx — b,5x;
12,75y = 1,75x.
¥uuOMHUE 06 YacTH NOCAESHETO YDAaBHeHNHA HA 4, MOJAYYHM

5ly = 7x, 1. e, LA E.
7
Tperuif aran. Omeem Ha sonpoc 3adayu.

Hmeen 571 = 7%, BO CTOJIEKO PA3 CKOPOCTH KaTepa B croA4deil Boge

GoJybile CROPOCTE TEYeHHHA PEXH. 3HAYET, OTBET HAa BOOPOC BaJLYA
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2. JHHEAHAS ®YHKUMA

| *y TOJNOMHTEEH: COOCTBEHHAA CKO-
E 5 pocre KaTepa foJjiee yem B 7 pas
D NPeBHIIAET CKOPOCTh TEeYEeHHH

5 INE pern,
1 BA 6 IIpumep 3. Hzobpasure
ol 1 2 > pemeHns nuHeBoro ypasHeHHA
€ OBYMA OHepeMeHHEIMH X + I —
P — 3 = 0 ToukaMHu B KOODAHHAT-

'|'3 i Ho# maockocTH xOy.

Pemenne. llogGepem He-
Pnec, 32 CKOMBKO pelmeHui safaHHOro

YPABHEHHS, T. €. HECKOJBKO TIap
y@cesd, KOTophle yAOBAeTBOpAWT ypasHeHnmio: (3; 0), (2; 1), (1; 2);
(0; 3}, (=2; 5).

IMocTponM B KoopAMHATHON miaockocTA xOy Toukm A(3; 0),
B(2; 1), C(1; 2), D(0; 3), E(—2; 5) (prc. 32). O6paTnTe BHUMAHNE: BCe
TH OATH TOUEK JIeXar Ha ofHoli mpamoii I, mpoBeteM ee.

TosopaTt, uro npAMad ! asnaercd 2paduxom Ypasnenus x + y —
— 8 = 0, unm uTo NpaAMasn ] — 2eomempuieckan Modenrb ypaBHeHNS
x+y—-8=0(amm x + y = 3). BooGme rpadguxom ypasHeHKSA
p(x; y) = 0 Ha3LIBAKYT MHOMKECTBO BCEX TeX TOUeK NaockocT:a xOy,
IOpPH TIOACTAHOBKE KOOPAEHAT KOTOPHIX B BEHIDAYKeHHE p(X; ) OHO OpH-
HUMaeT dHCJI0Boe 3HaYeHHNe (.

Hrax, ecan mapa uncenx (x; i) VAOBAeTROpAET YPABHEHHIO X + Y —
- 3 = 0, To Toura M(x; y) OpuHAANEKUT NpaAMOE I} ecam Toura
Mi(x; y) npuragresxuT opaMoi I, To napa (x; y) — pellleEne ypaBHe-
HEA X + y — 3 = 0. Hanpawmep, Toura P(6; —3) npuHagaemur npaMoti I
(puc. 32) m napa (6; —8) — pemenne ypasgesna x + y — 3 = 0. =

IlogBenem MrToOrm@:

ChosecHAS MOZEN. AnreSpaHueckas MOTeTs leomerpaIecKas MOENE
Cynma aByx gucen |[x+y=3 Ilpamas [ va prcyake 32
pagHa 3 {(nuHeliAOEe YpABHeHHE {rpadux arreitAOTO

¢ ABYMSA TEPEeMeHHRIMHA) | YPABHEHHS ¢ OEYMA
mepeMEeHHEIMA )
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A KaK Boof{ile BRITJIASHT M'padiy naHeHOTO YpaBHeHHS ax + by +
+ ¢ = 0? PaccMOTPHM KOHKDETHEE CAYYAH.

1) lIyerb a = 0, b = 0, ¢ = 0, Torga ypasEeHHe IPHEAMAET BHJI
0:x+0-y+0=0, 1. e. 0 =0 upy Nw0OLX 3HAYEEAAX X, If. ITO 3H&-
4yuT, ITO JI00ad mapa uncea (x; y) ABIACTCH pellleHAeM YpaBHeHHA, a
rpadmK YpABHEHHAS — BCA KOOPAMHATHAS IIOCKOCTH.

2) Iyetb a =0, b = 0, ¢ # 0. Torga ypasHeEMe OPHAEAMAET BHJ
0'x+0-y+e¢=0,r. e. ¢ =0. 370 HE BHOOIHACTCHE HA OPH KAKKX
3HAYEHUHAX X, ¥, T. €, YPDABHEeHHEe He UMEeT pemreHui.

3) Ilycte @ = 0, b # (0. Toraa ypasEeRue npEHAMaeT BHA 0- x +
+by+e=0,T.e.y= —-E. T'padakroM Cay:mAT UpAMafA, DADAJLIIeTE-
Had ocH x, 00 3TOM ME roBopuan B § 7.

4) Itycre a # 0, & = 0, Torge ypepHeHHe IPHHHUMAET BHA ax +
+0-y+e=0,T. 8. = _£. I'paduroM cIyXAT NpAMAaA, MaPAILIEAE-
a

Haf OCH ¥, 00 9TOM MHEI TAK)KEe MOBOpHAJAH B § 7.

5) lyerk a # 0, b # 0. B 3roM ciyuae rpaduKoM ABIAETCH NpPa-
Mad, He napajienbHasd HH ofHolt B3 oceit koopanHaT (RAaR 10 GLLIO
B mpumepe 3).

Boobule cnpaseganBa clegylomas TeopeMa (AIA €€ KOKAIATEAb"
CTBA HY*HHl HEKOTODEIe (paKTEI N3 TeOMETPHY, KOTOPRIX BH IMOKa He
3HaeTe).

Teopema 1. Ecau xoma 6ut 0dun us xoagduyuenmos a, b runel-
Hozo ypasnerus ax + by + ¢ = 0 omauver om ryas, mo zpaduxom
YPAEHEHUR CAYHUM NPAMAR HUHUR.

Ipamep 4, Hocrpours rpadbex ypaeHeHna 3x — 2y + 6 = 0,

Pemenue. IlogfepeM HeCKONBKO PEIIeEnH 38JAHHOTO YpaBHe-
HHA:

1) (0; 8); B camom pene, ecrm x =0,y =3, 103:0-2-3+6 =
= (0 — pepHoe pasedcTBo (B ypasaeHnRe 3x — 2y + 6 =~ 0 Mu mogcra-
BHIA sHaveHHH x = 0, y = 3);

2) (—2; 0); pmeficrBurensso, ecau x = -2, y = 0, o 8- (-2) -
— 2.0+ 6 = 0 — BepHOE PABEHCTBO;

3)(2;6);ecnmx=2,y=6,T7032~-2:-6+ 6 =0 — BepHOE
PaBeHCTRO;
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77 4) 4: 9 ecmux=4,y=9,103:4-
—2:9 + 6 = 0 — BepHOE PaBEeHCTBO,

ITocrponm Touku (0; 3), (—2; 0), (2; 6),

X o (4; 9) Ha KoopEuHEATHOK NMAOCKOcTH X0Y.

=]

OHM AeXKeT HA oaHOH mpAMONH, mpoBegeM
o ee (puc. 33). Ora mpamvas B ecTe rpadHk
ypasrenusa 3x — 2y + 6 = 0. (B

IIpamep 4 penieE BepHO, HO, TPH3HA-
4 eMcH, OMeHb HepAnuoHanero, Ilowemy?
h% » [aBaifTe paccy:KAaTh.
o 2 4 | x .
7 1. Mu1 agaeM, 4yro rpathuxoM JIHHEH-
HOro ypaeHesEns 3x — 2y + 6 = 0 as-
Puc. 33 AAETCA OpaMad (pTO YTBEpKIaeTcA B
TeopeMe 1), YToOmM HLpOoBeCcTH MPAMYIO,
JOCTATOUHO YKE3aTh OBe ee TOUWKH. Yepes ABe TOMKH MOMKEO IPO-
BECTH OPAMYI0 M TIIPHTOM TOJBKO OJHY — STOMY HaC YYHT TeoMerT-
pus. IosTOMY MOCTPOEHHSBIE BHIINE YeTHpPe TOYKH — 9T¢ ABHHIH
nepebop. HocraTouno G0 mocTporTs ToukH (0; 3) 1 (—2; 0) n
¢ TMOMOIIEI0 IHHEHKH MPOBECTH Yeped EUX NpPAMYIO.

2. PemeEnsA JAHAOTO YPABHEHAHA ME ToAOEDANH, T. €. YraAEIBAJIH.
¥rapgars uro-ymbo BCerga TPYAHee, YeM AeHCcTEBOBATE N0 ONpeAeIeHHo-
My npapriry. Hearaa s 65110 U 3Aeck He YTAALIBATE, a AeMCTBOBATE
0 KakoMy-To npaBuay? MoskHo. Hanpumep, Tak. Jagum mepe-
MeHHOH X KOHKpeTHOe 3HaueHHe, HanpuMep X = 0 (o6rrumo mumyr
x, = 0). IfoxgcTaEMB aTO 3HAYEHMe B ypaBHeHHe 3x — 2y + 6 = 0, mo-
ayauM 3+0 -2y + 6 = 0, 1. e. =2y + 6 = 0. Has aT0r0 ypabHeHNA
HaxoAuM § = 3 (obbmHO OHOIyT Y, = 3). 3EaunT, ecan x =0, TOo ¥y = 3;
mapa (0; 3) — pemeEne JaHHOro YpaBHEHUA.

JagaM ODepeMeHHOR X eme OZHO KOHKPeTHOE SHAYEHHE, HalpH-
Mep ¥ = —2 (obuwEO mEmMYT x, = —2). IlogcTaBNB 3T0 3EAYEHHE B
ypaBHeHne 3x — 2y + 6 = 0, monyynm 3-(-2) -2y + 6 = 0, T. €.
-2y = 0. Ha aToro ypasHenna HexoamM ¥ = 0 (obbiaHO mAmMyT
Yz = 0). 3uaunr, ecam x = —2, o y = 0; mapa (—2; 0) — pemenne
JaHHOTO YPABHEHHH.

Bort Teneps Mi B coCTOAHEHM CHOPMYIHEDPOBATE AJNMOPHATM MOCTPOE-
HHR rpadika amHeHHOrO VpakHeHHA ax + by + ¢ = 0 ana obuiero
canyquag, korgaa = 0, b2 0.
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~

AnropaTM nocrpoenns rpaduKra yparHeHNT )
ax+by+c=0,rneaz 0,20

1. IIpupaTe HepeMeHHOH X KOHKpeTHOe SHAYEHHe X = X,; HAHTH
H3 ypaBHeHMH ax, + by + ¢ = 0 cooTBeTcTBYIOIEEe IHAUCHHE
y=u.

2. lIpuaats nepeMeRHOH X APYroe 3aHAYEHHE ¥ = X,; HAHTH
H3 ypaPHeHHA ax, + by + ¢ = 0 cooTeeTeTBy®OUICe 3HATSHNE
¥= Y

3. IlocrpouTs Ha KOOPAMHATHOH NAOCKOCTH xOy Toukw (x,; y,} 7
(X33 Y2)-

4. TIpoBecTH Yepes 3TH ABe TOYRHA NPAMYIO — OHA U OyaeT rpabu-

| KOM ypaBHeHWA ax +hyt+e=0 y
Jamevanue Yame Bcero Ha NMepBoM HIare AJTOpHTMA GepyT

sHauenue x = (). Bropo#i mar mHOrga HEMHOTO H3MEHAIOT: TOAATAIOT

¥ = 0 ¥ HEXOAAT COOTBETCTRYOINEe 3HAYCHIE X.

Iipumep 5. llocTponTs rpadpur ypapHeHAS

4x+ 3y —-12=0.

Pemen e, Bygem geftcrBoBaTs o anro-
prTMY (C yueTOM 3aMedYeHNA).

1} IToxoxum x = (0, TOACTABHM BTO 3HA- N
yenne B ypaeHeHHe 4x + 3y — 12 = 0, no-
ayurm 40 + 3y - 12=0, 3y - 12 =0,
y=4. N e

2) Ilonoxmm y = 0, NOACTABEM 3TO 3HAYE- N
Hie B ypagHerHe 4x + 8y — 12 = 0, momyurm
4-x+3:0-12=0,4x-12=0,x=3. 0l 1

3) HocTpoEM HA KOOPAAAATHON NAQCKG- N
¢TH X0y ase rourn: (0; 4) — oHa HaliaeHa Ha N
mepBoM wiare anropurma — u (3; 0) — oma
HafijeHA HA BTOPOM mIare. Puc. 34

4) IIpopenem uepea Touxn (0; 4) 7 (3; 0)

OpaAMY©0. 3To U €¢Th ACKOMEI Tpadnr (puc. 34).

IIpumep 6. Heanmor 1 IleTpop mocaguim HA CBOHX CAJOBEIX
y4acTrax abionn, upuuem IleTpoB nocagmn abous B 2,5 pasa Goub-
e, weM HBanpos. Ha caegyommit rog oHEM yBeAHYUAR YHNcd0 A0I0HDL
(moacagunu HOBHIE CAXMEHIH), mpudeM y MBaHOBa cTano A6A0HD
B 3 pasa Goabmie, ueM 66110, 4 ¥ IleTposa B 2 pasa Gonbme, yeM 6LLI0.

yil

[

'
Q

QQ
b3 4
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B urore y HHX BMecTe cTano 16 abmors. CroAbKo AGAOHL NOCATMIR
HBanos u IleTpoB B mepBwii rog?

Pemenmue,

Ieppriii aran. Cocmaererue xamemamuueckoli moderu.

ITycrs ¥ — uncno A6M0HE, NocaXeEHENX B nepBrHid rog Heamo-
BHIM, 8 [ — vHACI0 AGM0OHL, DOCAKEHHEIX B NepBH rog IleTpoBRIM.
Ilo yenopnio sagaum y = 2,5x. 3neck nenecoofipasae YMHOMKHTE 00e
4YACTH YpapBHeHHA Ha 2, nomyumM 2y = 5x. OTo ypaBHeHHe Lepenn-
HieM B BHAE :

5x — 2y = 0. (1)

Ha sTopoii rog FBaHOE YEEIAYNA YACAO CAKENIIER HA CEOeM yya-
CTKe B 3 pase A, 3HAYHT, ¥ Hero cTano 3x atnoak. Ilerpor yrenaumn
WHCJIO CAYKEeHIIEB HA CBOEM Y4YACTEe B 2 pasa, T. e. ¥ HEro cTajno 2y
Abnons. ITo yenoBMio y 0Goxx B cymme ctano 16 abloss, 1. e. 3x + 2y =
= 16. ITepenumem sT0 YpaBHeHHEE B BHAR

8x+2y-16=0. (2)

MaTeMaTHIeCKaA MOZeNAs IAAAYA I'OTOBa, OHA COCTOMT M3 JBYX
JHHeHHEIX YpaBHeHHUI ¢ SByMA NepeMeHARIMH X U ¥ — M3 YpaBHeHAN
(1) u (2). OBBIYHO B TAKHX CAYYARX YPABHEHMSA 3ANMCHIBAIOT OXHO IOJ
APYTEM H UCIIOMB3YIOT CIEIAAJbHHE cIMBON — QATYPHYIO CHOOKY —
M cOenuEaNbERI TepMHH — cucmema ypasHeHuit:

{5::— 2y = 0,

3 (3)
x+2y-16=0.

Bropoit aran. Paboma ¢ cocmasnermoil Mo-

X
—55' 4 ! /I‘ dervio.
8 cg, - Unrepecywomaa Hac mapa gucen (X; y) A0MxK-
N “.5,’ 7 Ha YROBJIETBOPATh M ypaBHeHHW (1), m ypaerme-

HEIO (2), T. €. HHTepecyOIUAaA HaC TOYKA (X; )
LOMMKHA JIedaTh KAK HA npamoir (1), Tak M Ha
i "\ npamoit (2). Yro genats? OTBeT oUeBMASH: HAJO
f v..| mocTpouTs mpsMyto (1), saTem npamyo (2) n, Ha-
/ N KoHell, HAHTH TOUKY MepeceIeHnd ITHX NPAMBIX.

N 1) Crpoum rpadux ypasEeHmsa 5x — 2y = 0.
o, 2 ¥ BEcomx=0,Toy=0ecnz x =2, Toy = 5.
IIposezem uepes Toaxnd (0; 0) m (2; 5) mpamyw I
Puc. 35 (puc. 35).

o
%
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2) Crpoum rpaur ypaseensps 3x + 2y - 16 = 0. Ecnu x =0, To
y = 8; ecin x = 2, to y = 5. IIposeaem uepes Touru (0; 8) u (2; 5)
npamyrr I, (puc. 35).

8) Ilpawmsbre I, u I, nepecexaiorcs B Touke (2; 5), 1. e. x = 2,
y=>5.

TpeTuil a1an. Omeem na sonpoc sadavis,

Cnpamussercsd, CKOIBKO A0N0HE MOCAANNH B mepswiit rog UpaHoB
u Iletpoe, T. e. yemy paBHH x B y? OTBeT Ha STOT BOIPOC yiXe MO~
aydeH: ¥ = 2, y = 5.

OTBeT: B Iepsblif rog Wparnos mocagun 2 abaouu, a Ilerpon —
5 abnoHb.

Kak supure, He 3psd MBI ¢ BAMH YVYHIHCH CTPOMTH I'padmuKyl JIHu-
HEeHHBIX YpPARHEeHHH C AByMSA IepPEeMeEHEIMH. 3TO0 TO3BOIMUIC HAM
OT OJHOH MaTeMaTWdecKOH Mogen: (anrebpaudecroil mogenau (3))
MepeiiTA K Apyrod MaTeMaTHYeCKOH MOAEIH — reoMeTpHIecKol (aBe
npaAMbie HA KOOPAMEATHOH IIOCKOCTH HA DHCYHKe 35), uTo 1 aasmo
BOBMOKHOCTE JOBECTH PELIeHHe A0 KOHIA.

A MOXEO JIE pafoTaTs EeNOocpedCTBEHEO ¢ MoJenbio (3), He nepe-
XO0ma K reomMerpuueckoi mogenun? Moxuo, HO 00 pTOM peds BNepeaw,
B rnase 8, TaMm, ACOONB3YA HOBBIE 3HAHMA, MBI CHOBA BepHeMcCH K
mopenu {3).

3aBepmias 3ToT maparpad, PACCMOTDPHM NPAMEPH NOCTPOSHUS
GoJylee CAOMKHBIX IPAQHKOB, B TOM MJAM MHO# CTeNeHH CBASAHHKIX C
rpaduKaMn InHeHHEX ypasHeHMI,

Npumep 7. llocrpouts rpaduk ypasHeHEus: a) y — [x| = 0;
)yl +x=0;m)jaf +|y| =2 ) x + x| =y +1yl.

Pemenue. a) Ecou x > 0, 10 x| = x
U ypapHeHEHe TpUHHMAET BUA § — x = 0. vk
Yro aro osmauvaer? 9To ozmavaer, arTo
upe x 2 0, T. e. B OpaBoii KOOPANEATHOHR #
TIOJIYILIOCKOCTH, HAAO HOCTPOHTE rpadiuk t
ypasaennq y — x = (. Ha pucynke 36 no- o
CTpoeH rpadpUK STOTO YPABHEHRA, IPHYEM }
BBIJEAEHA TA ero YacTh, KOTOPAS LPUHEAJ-
JIEXRUT MPABOH MONYILIOCKOCTH.

Ecomx x < 0, To |x| = —x ¥ ypaBHe-
Hie npunuMaeT BuA ¥ + x = 0. Yo aro
03HAuAeT? ITO O3HAUAEET, YTO NpH x < 0, Puc. 36

=Y
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yll y“
]
&x‘e‘
O
3 4
7] 4
3 o
» 1 )
O™ x .
4] x
Y
\
Puc. 37 Pre. 38

T. . B JeBOH KOOPAHHATHOH NOAYIIGCKOCTH, HANO TOCTPOMTE TPa-
$uK ypasHerna y + x = 0. Ha pucysre 37 mocTpoer rpaduk aToro
YPaBHEHNA, NPHJIEM BHIAEJEHA TA €rd YacTh, KOTOPaA TPHHALJIEHKHUT
JieeoH NOJAYINOCKOCTH.

Hy a rar e Buriagur rpaduk 3agaHHOrO ypaBHeHHA? OH H30-
OpasxeH HAa pHcyEKe 38: MBI cOeAHMHHUAN PHCYEKE 36 u 37.

6) Ecxm y > 0, 10 |y| = y m ypasrenue nmpurnMaer pug y + x = 0,
Yro »ro osEE9aer? ITO 03EAYAET, UTO NpH ¥ = 0, T. e. B BepxHell
KOOPAHHATHOH MOJYILIOCKOCTH, BAAC NMOCTPOUTEL I'padHK YPABHEHHA
¥ + x = 0. Ha pucynre 39 nocrpoer rpadiik sTOro YypapHeHHS, IPH-
YyeM BEIZEJICHA Ta ero 4acTh, KOTOpasd NPHBEANNEIKHT BEepXHell moJry-
IUIOCKOCTH.

T ) 7} L/
?
M
[~} 2 1.5
- . ols a
o[\1 x| x
N\
Puc. 39 Puc. 40
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Ecam y < 0, To |y| = -y u ypas- ¥
HeENe IpHEHMaeT Bug -y + x = 0,
Y7o 10 osHAYaeT? JTO 03HAUAET, UTO %
ope § < 0, T. e. B HIIKHeN KoOpAHAEATHOHR a
HOJYILIOCKOCTH, HAJO IOCTPOETH rpaduk
ypaBHeHHA x — ¥ = 0. Ha pracynke 40 mo- 01
oTpoeH rpadHK 3TOre ypapHeHHS, OpEYeM
BELJEAEHA TA €I'0 YACTh, KOTOPas NPHHA-
JeRUT HHKHeH monyniaocKoeTH,

T'padpk 3agaFHOrc ypaBHeHHHA H30-
fpaxkeH HA pACYHKe 41.

B)Ecam x > O my 2 0, To || = x,
| = y m ypasEeHHe NMDHHUMAaET BHJA
y + x = 2. YUro oT0 03HAUAET? DTO O3HAUAET, uTONpH X 2 0 M y =2 0,
T, e, B IPABOM BepDXHeM KOOPAMHATHOM VIJIE, HAZO HOCTPOMTL T'pa-
UK ypapHeEHA ¥ + ¥ = 2. Ha pucyEke 42 nmocTpoer rpadHK aToro
ypaBHeHNs, IPHYeM BLIAEJICHA TA €r0 YACThb, KOTOPAA OPHAHAAJIEAKHT
YIOMAHYTOMY KOOPAHHATHOMY YrIIy.

Ecau x 2 0ny <0, 1o x| = 2, [yl = —y u yparuenue npusumaer
BHA x — y = 2. Yro sT0 03HAuaeT? ITO O3HAUAET, UTO ONpH X = 0,
y < 0, T. e. B IpaBOM HM¥HEM KOODAWHATHOM YIJIe HAAO IOCTPOHTH
rpaduk yparHeEud ¥ — §¥ = 2. Ha pucyuke 43 nocTpoeH rpady sToro
YDaBHEHHA, NPUYEM BRILENEHS T4 €r0 YacTh, KOTODAS NPHHANIENUT
YIOMAHYTOMY KOODAMHATECOMY YIJY.

Ecor x <O um y > 0, o || = —x, |y| = y = ypasmenue upurumaer
BHJ —x + y = 2. D10 ozmagaer, aro npu x < 0, y > 0, T. e. B AeBOM

Hy

Puc. 41

CSEL) N 7 3
/|
“x \, I
1‘% o 0 () x
» P
[ 2 x >
%
Puec. 42 Pmc. 43
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v (7 vh
ol
“ ~
3 0 g
45 » x
—-2 O xr |&\
/ *Nl-2
N
\
Puc, 44 Puc. 45

BepxHeM KOOPAHHATHOM YIJI€ HAAO IOCTPOHTL MpadMK ypaBHEHHA
-¥ + y = 2. Ha pucyHke 44 nocrpoen rpaduk sToro ypasHesus, NpH-
YyeM BEIJEJNeHA T4 e€ro YaCTh, KOTOPAH NPHHANIEKKT VOOMAHYTOMY
KOOPAHHATHOMY YTIY.

Ecau, HakoHen, x < 0u y < 0, 1o |x] = —x, |y| = —y u ypasmenne
NpUENMAaET BHL —x — ¥ = 2. JT0 O03HAYAET, YTO B JEBOM HIKHEM
KOOPARHATHOM yIJie HAZO0 NOCTPOUTS rpadHK ypasHeHHs X + ¥ = —2,
Ha pucyskxe 45 mocrpoen rpadpuk aToro ypaspeEHMs, OpHYeM BEILe-
JIeHg8 TA eT0 YACTH, KOTOpAS UPHHAANENKHT YIOMSEYTOMY KOOpPAH-
HATHOMY YTIY.

I'padhvk 3a7aHHONO YPABHEHHA H300paXeH HA DACYHKe 46,

y“ yﬂ
2
o[+ I 5 2
1
-2 o 3 .% x
-2
|
I
Puc. 46 Puc. 47
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m 7
[9] 4 0 X
Prc. 48 Pue. 49

) Pacecykpas KAK B NYEKTE B), IPUXOAUM K BHIBOAY, 4TC B
IpaBOM B€PXEE€M KOOPAHHATHOM YTAe HAAO HOCTPOHTH rpabuk
ypaEHeHMA X + x =y + ¥, T. e. x = y (puc. 47). B mpaBoM HEKHEM
KCOPAMEATHOM YIAe HAAO NOCTPOHTH rpadui ypasHeEMHE x + x =
=y—y, 7. e. x =0 (puc. 48). B 1ep0oM BepxHeM KOODANHATHOM yIJe
HA[0 DOCTPOHTS rpadMK YpaBEEHHA X — X =¥ + ¥, T. e. ¥ = O (puc. 49).
Haxoren, B JeBOM HH)XHEM KOOPZWHATHOM YIJIe EAAO HOCTPOHTH
rpadEK ypaBHeERA X — X = ¥ — i, T. e. 0 = (. Ilocnegree paBescTsO
BEPHO TpH UOGHIX X, ¥, DT0 SHAYHT, 9TO BCe TOYKH PDACCMATPUBAEMOTO
KOODAHHATHOTO YTJIA YAOBIETBODHIOT ypaBHeHHIO {puc. 50).

IloaBOna UTOrH, MOAYYAEM rpaduEk 3aJaHHOTC YPEBHEHHS — OH

n3olpasieH HA pHCYHKe 51, (1
Y 77 3
1 1
0 0

Y

Ry
®

Puc. 50 Puc. 51
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§9. NMHEAHAS DYHKLMS M EE TPADMHK

AnropuTM NOCTPOeHHA rpadHKa ypasHeHRA ax + by +
+ ¢ = 0, koropuiit Mu chopmyneposany B § 8, npu Beeit ero YyeTKocTA
H ONpeAeNeHEOCTH MATEMATHKAM He OUeHEb HPABHTCA, (OORIYHO OHM
BHIABMTAIOT DPETeH3UH K NePBbHIM ABYM IIATAM aJIropurMa. 3aueM, To-
BOPAT OHM, ABAMKALI PEIIATE YPABHEHHE OTHOCHTENLHO TepeMeEHOH ¥:
cHauana ax, + by + ¢ = 0, sarem ax, + by + ¢ = 0? He ayuie au
cpasy BRIDASHTL i M3 ypaBHeHHA ax + by + ¢ = 0, Toraa aerqe Gyaer
IPOBOAUTS BRIMHCAeHHA (M, raasHoe, 6mcrpee)? HapaiiTe npoBepuM.
Paccmorpem cEggana ypapHenue 3x — 2y + 6 = 0 (cm. npumep 4

uz § 8), r. e. 2y = 3x + 6.

¥YMEOXHE obe TaCTH YPABHEHHS HA %, NMOJXYyIHM % 2y = % (3x+ 6),
T Y= %x + 3. BopoueM, TOT e Pe3yAbTAT MBI IIOAYINAH GBI, ecol Gul

obe 9aCTH NCXOAHOTO YPABHeHKA MOUWIeHHEO pasfenunu Ha 2. O6BEIuHO
NpeAnoyHUTAaI0T B IOLOGHBIX CAYYAAX F'OBOPHTE He DO YMHOMKEHAH, 8 O
OOWIeHHOM AeseHMn ofenx uacTeil ypapHERMS HA OJHO M TO JKe 9HCJIO.

Hrak, y = gx + 3.

IIpupasad x KOHKPETHLIE 3HAYEHUA, AErKO BHEIYHCAHTH COOTBET-
CTEYIOIIHE 3HAYeHHa . Hanpumep, npr x = 0 monyuaem y = 3; npu
x=-2 uneem y = 0; npu x = 2 uMeeM ¥ = 6; opu x = 4 nonyuaeMm
¥ = 9. Buaure, KaK Jerko H GeicTpo Haidigerw Touku (0; 3), (—2; 0),
(2; 6) 1 (4; 9), xoTopuie 6bLIK BHIAENEEEl B NpHMepe 4 Ha § 8.

To4HO TaK xe¢ ypaBaeHne Sx — 2y = 0 (cM. npumep 6 us § B) mox-
20 OO npeofpazosaThk K BHAY 2y = Sx u majee ¥ = 2,5x; HerpyaHO
Haditi Touku (0; 0) u (2; 5), yaorIeTBOPAOINUE HTOMY YDPABHEHHID.
Haxronen, ypasseaue 3x + 2y — 16 = 0 Uz TOro Xe npuMepa MoM-

HO Om10 npecbpasosats K Bafy 2y = 16 — 3x u ganee y = 8 — -g-x.

H3 aTOrCc ypaBEEHHS MOKHO HalTH Toukm (0; 8) u (2; 5), xoropue
€My YAOBJNETBODAIOT.
PaccMoTpHM Teneph YKA3aHHEE TpecfpasoBanud B 00leM BHAE.
Crnyuan, xoraa B ypasEenun ax + by + ¢ = 0 o6a kosddunuesra
@, b paBHEI Eymo, ME paccmorpenu B § 8. Tam xe MM oTMeTnAnN,
uTo B caydyae, Koraa 4 # 0, ¥ = 0, rpadburoM ypaBHeEHA ABIgeTCA
TpAMAaH, TaPALTENbHASA OCH Y.
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Paccmorpum cayuaii, Korga b # 0.

Hmeem:
ax+ by +c=0; (1)
by = —ax - ¢;
_2._c
¥= %7 ¥
Beeaa oGo3HauenHA «—% =k, —% = m, DOAYIaeM
y=kx +m.

Takum obpasoM, auxeiinoe ypasuenue (1} c dsyma nepemenHbimu

x u y 8 cayuae, xozda b # 0, Moxcno npeotpaszoeams k sudy
y=kx+m, (2)
2de kB, m — yucaa (Koadpuyuenmot ).

Oro gacTERI BHE JUHeHHOrO YpapHeHHA. 3HafA, YeMy DABeH X,
0 TpaBuNy ¥ = kx + m BCerja MOKHO HAWTH, YeMy papBeH Y. Byaem
Ha3HIBaTh ypasEerHe (2) mmmeitmoit dymrnmeii.

C moMomipio YpaBHeHHA (2) MerKo, YKAa38B KOHKDETHOe 3HAYe-
HHe X, BEIYHCIHTL COOTBETCTBYIONIee 3HaUeHNe . IIycTh, HAIpHUMeD,
¥ = 2x + 3. Toraa

eerx=0,T0oy=3;

e x =1, oy =53

ecg x=-1, Toy=1;
ecinx =3, roy=9u T O

O6BIYEC 9TH pPesynbsTaTn OQOPMIIIOT B BHAe TaGAHIIBL

| o|1]-1) 3
v |3 [s5[1]9

SHayeHna ¥ U3 BTOPOH CTPOKH TAGHHMIE HASKIBAIOT 3HGYEHUAMU
aunetinoti pynnyuu y = 2x + 3 cooTBeTcTBeHHO 8 Mmovkax x=0,x =1,
r=-1,x=3.

B ypapHeEnu (1) mepeMeHHEIe X H § PABHOMNPABEH, 8 B YPaB-
HeHNU (2) — HeT: KOAKpeTHbIe 3HAYEHWA MBI IpUIaeM OxHON U3
HEX — pepeMeHHOH X, TOrZa RAK SHAUeHHEe HepeMesHON § 3aBHCHT
OT BEIGPAHHOrO 3HAYEHHAA nepeMeHHo# x. [loaToMy OGEIUHO MOBODAT,
9TO X -— HE3ABHCHMANA NePeMeNHad (M APTYMEHT), ¥ — 3aBHCHMAH
NepeMeHHAN.
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YacTaeiM cayuaeM TeopeMbl 1 u3 § 8 apisercs caegyomas Teo-
peMa.

Teopema 2. I'pagurom runednod pynxyuu y = kx + m Aens-
emcA RpAMAsn.

IIpumep 1. Iocrpours rpadmk nuHefinol GyHKUNE i = 2% + 3.
Pemennme. Coctasnm Tabnumy:

ITocTpouM Ha KoopAUHATHON NaccKocTH xOy ToukH (0; 3) 1 (1; 5)
H MpPoEedeM uepes HUX NPAMYIO. DTO K ecTh rpaduk nuaeiinoi Qyek-
ouu ¥ = 2x + 3 (puc. 52).

IIpu paccMOTpeHHU NHAEIHERIX QyHKOHGA
¥ = kx + m ocofo BeIAeNAIOT caydaii, Korga
m = 0; B arOM cAyvae JTHAeIIHAA HYyHKOUA IpA-
HUMaeT BEA § = kx,

yh 2

n

Teopema 3. I'paguxom auneinod Pynx-
yuu y = kx nenfgenicA RPpAMAR, NPOXoIRWAR
4Yeped nayano xoapiunam,

b

Yy JoKa3aTeNbCTBO OCYIMECTBHM B ABA ATAIA.
L J

o O] 1 x| 1. ¥y = kx — uvacTHHH¥ chaydail TuHeliHON
dyvHRONN, a rpadhuKoM JHHeHok dyERINH,
COrIACHO TeopeMme 2, ABAAeTcA NpAMAaA; obo-
Puc. 52 AEAYHM ee uepes [,
2. ITapa x = 0, y = 0 yROBJIETBODAET Ypas-
HeEUKO ¥ = kx, a moromy Touke (0; 0) mpuHamrexuar rpadury ypas-
HeHNA ¥ = Rx, T. e. mpaMoii [.

CnegosateinHo, NpAMAA [ DPOXOANT depes HAYANO KOOPAMHAT.
Teopema gokasaHA.

Hano yMeTs DepexofuTh He TOJABKO OT SHAMHTHUECKOH Mogeam
¥ = kx K TeOMeTPHMYECKOH, HO H OT reoMeTpHIecKoH MoIeiH K ana-
aurudecKoil. PaccMoTpumM, EaTpHMep, IPAMYK HA KOODAMHATHOHR
nnockocTn xOy, nazobpakeHHyio 5a pucyEke 53. Oma ABnaeTca rpa-
¢duxoM NHHeiiHOH DyHKODUH ¥ = kx, HYKHO JAHMbL HaifTH 3EaYeBEHe

Koothdbunmenra k. Tax Rak k = %, TO JOCTATOYEO B3ATH M00yI0 TOIKY
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H& npaAMoit H HANTH OTHOmIeRNe OPAKEATE! o10lf TOUKH K ee aGcmucce.
I[Ipamaa mpoxoaut wepes Touky FP(3; 6), a ana 2Toil TOUKH HMeeM
3 = 2. Buaudr, # = 2, a moToMy 3&JAHHEAS DPAMAA JHHAA CHYHKHUT

rpadEroM quHelHClH dyHKOHu ¥ = 2x.

Tpadpur nuveitsoit pyuxoun y = kx oORMHO cTposaT TAK: GepyT
roury (1; k) (ecnm x = 1, To u3 paBeHCTBA ¥ = KX HAXOZUM, 9TO
¥ = k) H OpOBOAAT NPAMYI0 Jepes 9Ty TOUKY M HAuYal0 KOOPAWHAT.
BopodeM, B caydae HeoOxogumoeru Todry (1; k) MOKEHO 3aMeEUTE
Apyroit Touroil, 6onee yaobuoil. Ha pHeynke 54 msobpakeHw rpa-
bHKR AuHelERX QyEKOMi ¥ = x (opaMad [,), ¥y = 2x (upamas l,),

y= lx (opamas l; ageck He o4eHb yA06HO GPATH TOUKY (l;%} MBI

BaANH Toury (3; 1)), y = —2x (npamasa 1,)).

O6GpaTHTe BEHMARNE: OT Koo PHIHEHTa k 3aBHCHT YToJl, KOTOPBIA
OOCTPOSHEAS DpAMAas ofpasyeT ¢ MOJOMKHUTEIbHEIM HATPABICHHEM
OCH X; 3AMETHM, YTO 3TOT YroA OTCYHTHIBAIOT OT OCH X B HANDABJICHHH
OPOTHB 4acoBoil cTpenku. Ecam & > 0, To aTor yroa ocmpuili (Tak
obcTodT Aexo Ha pucyHKe 54 ¢ npamemu Iy, 1, I;); ecan & < 0, To aror
yron mynoii (rax ofcTOHT JeAc Ha PHCYEKe 54 ¢ npamoii ). Hanee,
ecau k > 0, To uem Gonspize &, TeM Goabwie yron. Tak, Ha pHcynke 54

1
AnA npamoi I; mmeem k = 3 And npamoii [, nMeeM k = 1, pus npamoit

i, eMeeM k = 2; npu yBeIMYeHHH KoabdUIMeRTa R YBEIUIUBAETCH

yu yu |
o A =2
L4 T _=:?x y=x
\
\\ J
y=ax
; N A
A N / N
x x
)
. —2
“._Ig/ | \14
Puec. 53 Puc. 54
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v, H YTOJ MEXKAY OPAMOE K MOJOMKHTENBELIM
HanpasJeEHeM ocH abemuce. IloaToMy Ko-
K apbunmerT k B sandcH f = kx HA3EIBAIOT
4;\’,"’ ! - L YyII0BBIM Ko3(MpHEIMeRTOM.
K 7/ Kakx uasecTHO M3 Kypca bH3EKH,
! 8 = vt — 3AKOH PABEOMEPHOro IPAMO-
JHHeRHOrO ABUMEeHNA; 3sech § — OVTh,
v — CKOpOCTh, { — BpeMsa. Ecax nepelitu
7 7 K 00603HAYERNAM, KOTOpEIE MB HCOOMbL-
30BAMH B 3TOM naparpade, 3axK0H pPaBHO-
7 MePHOTr0 ABHXREHHS MOMHO ZAOMHCATEL B
BAZEe y = kx (x — BpemMa, y — nyrte).
¥raosoit koxbduouenT £ — »To CKOPOCTH
Puec. 55 ABHeHHAA.
Ha pucvHre 55 msobpaxeHH rpa-
¢uKH nuHelHMX GyEROE#l y = 2x - 4,
¥ = 2x + 6. 06a oHH TapasNeNbHH rpadHKy NHEeiHOH GYHKINH
¥ = 2x, ToAbRO mepeas npaMas (¥ = 2x — 4) moayuaeTcd M3 MIpAMOH
¥ = 2x ¢ABHIOM BHH 3 Ha 4 eAuEnnm MacmrTaba, a BTOpas mpaMas
(y = 2x + 6) monyuaerca us npamoil ¥ = 2x cABHrOM BBEepX HA
6 eguuun Macmraba.
Copaeefyme ciexylomuil ofmMuil pesyJbTAT, KOTOPHHA ME odop-
MHM B BH/{e TEOPEMEL.

]

o
o)
N

Ry

Teopema 4. ITpamas, cayscawer zpapurom AuUReUROE GYHK-
yuu y = kx + m, napanaenvia npamol, caymaumei zpapuxon
Aunednoli gynxyuu y = kx.

Beaencreite sroro Koappuouent k B sanucH auHelHodl dyEroun
¥ = kx + m Tax:xe HAILIBAIOT Y2rosuiM Kospguuuenmonm. Ecau k > 0,
mo npamas y = kx + m olpasyem ¢ ROAOHUMEABHBM Hanpaane-
Kuem ocu x ocmpoiid yzon (puc. 56, a), a ecau k <0 — mynod yzoa
(puc. 56, 6).

Muorae peanbHbie CHTYARHM OOMCHIBAIOTCA MATEMATHUYECKHMH
MOAEIAMHN, OPeACTABAAIIMUME coboii aunelinbie byaruun. Ipuse-
HeM NPUMEPEL,

ITepear cumyayusn. Ha crnage 6e1no 500 r yrna. Exeanesno
CTAJIH ONOXBO3HTD Mo 30 T yuId. CKONBKO yTIA GVAET Ha CKJIaKe Yepes
2, 4, 10 gHeit?
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|
y“ 1/ ‘?\4 yh
A 2 %
" AN T'ax
LIV
sl . NER
(2] X 0 x
a [

Pac. 56

Ecau npoliger x A=eit, To KOAWIECTBO YII4 i Ha CKaje (B TOHHAX)
pupasaTca Gopmynoi y = 500 + 30x. Takum obpasom, nTuHeligaA
dysroua y = 30x + 500 ecTr MareMaTHYeCKAA MOOeAb CHTYAIMM,

Teneprs HETPYAHO YCTAHOBHTH, UTO:

npu x = 2 pmeem y = 560 (B ypaprerne y = 30x + 500 moacra-
BENH X = 2 M noxyawiM y = 560);

npH x = 4 umeeM y = 620;

npu x = 10 umeeMm y = 800,

Bmopas cumyayus. Ha cxknage 6nino 500 v yraa. ExeaHeB=o
CTANH YBOSHTE N0 30 T yras. Croabko yras GyaeT ma cxuajge gepes
2, 4, 10 gHeii?

3nech MaTeMaTHYeCKOH MOXEJIbIO CATYALZN ABJAAeTCA JuHedEan
dyaxkmma y = 500 - 30x, C noMommsio »Tolf MoAenn HeTPYAHO OTBE-
TATH HA BONDPOC 3a7a4H:

ecan x = 2, To y = 440 (p ypaBHeHnme y = 500 — 30x moacTaBuIu
x =2 u norywunu y = 440);

ecmm x = 4, ro y = 380;

ecna x = 10, to y = 200.

Tpemes cumyayus, TypucT npoexan Ha aBrobyce 15 KM OT DYHK-
Ta A fo nyHETA B, & 3aTeM MpPORONMNHA ABHIKEHAe U3 NyHKTA B B ToM
e HanpasBaeHHH, HO y)Ke IIeIIKOM CO CKopocThI0 4 KM/4. Ha raroM
PaccTogHun OT nyHKTa A GyaeT TypucT uepes 2 4, uepes 4 4, uepes
9 4 xoaB6EI?
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MaTeMaTAYecKOll MOAEJLI0 CUTYAINH ABIAETCA JHHeiHAA QyHK-
nnd y = 15 + 4x, roe x — BpeMd xoALOH (B yacax), y — paccTOAHHNE
oT A (8 xkmaoMerpax). C moMOIMEBIO 2TOH MOAeAM OTBeuaeM HA BOIPOC
sajaun:

ecnu x = 2, To ¥ = 23 (B ypaBHeHEHe ¥ = 15 + 4x moacTasuan
x = 2 u moxyqunm y = 23);

ecn x = 4, Toy = 31;

ecsin x = 8, To y = 39,

HTak, B KamA0il B3 PACCMOTPEHHEIX CHTYARMH MATEMATHIECKON
MOJenbi cAyXUT NaAeiiEas @yEroaAa. Ho (sguMmanue!), cTporo
roBopd, Bce TPH COCTABJAEHHLIE MOAEJH HE COBCEM TOYHEI, OHH HE
VYHTHIBAIOT TeX OrpAHHAYEHHAH HA mepeMeHHYI0, ROTODEle BRITEKAIOT
u3 cMEIcaa sagaue. Bear AcHO, 4TO B NepPBOH CHTYALINE HE3ABHCHMAS
nepeMeHHad X MOXteT NIPHHAMATE TOJBKO 3HeweHns 1, 2, 3, ..., omo-
CHROJBKY X — 4Hcao aHell. CileposaTebHO, YTOUHEHHAA MATEMATHYe-
cxad MoJeJb NEepBON CHTYAIHH BRINIAAHT TaK:

y = 500 + 30x, roe x — HaATYpaJbHOE THCIO.

Bropyie cuTyanuie HeofXoAuMo YTOUHHTE YCJIOBHEM ¥ » (. Do
3HAYAT, YTO He3aBHCHMAaf IepeMeHHad x, 0003HAYAKOINAA, KAK M B
NEePBOi CHTYADHAHR, YHCJIO AHei, MOKeT NIPAEHMATE TOJBKO SHAYEHAA
1, 2, 3, ..., 16. JeiicTeaTeNnbHO, 6cm X = 16, T0 mo dopmyne iy = 500 —
— 30x paxoamm y = 500 — 30+ 16 = 20. 3paumT, yxe Ha 17-i AesHn
BBIBE3TH co crJaga 30 T yrisa He yAACTCH, NOCKOJBKY HA CRJIAZe K
STOMY AHIO ocTaHEeTca Beero 20 T M mpomecc BhIBO3A YIUIA NPHAETCH
IpexpaTuTs. ClefoBATEIEHO, YTOUHEHHAA MATEMATHUECKAA MOAENh
BTOPO# CHUTYaO®A BHIIAJUT TAK:

y=500-30x, y 2 0 nin
y=5800-30x,rnex =1, 2, 3, ..., 16.

B TpeTheii cATYALIAA He3ABHMCAMEaA IePEMEHHAS X TEOPETHIECKH MO-
JKeT OPpHHATEL Mofoe HeOTPHOATEIRHOoe gEAMeHHe (¥ =0, x =2, x = 3,5
M T. A.}, HO OPAKTHIECKH TYPHCT He MOMKeT IIAT&TH C NOCTOAHHOI
CKOpocTEI0 Ge3 CHA H OTABIXA CHONBKO YrOSHO BpeMeHH. 3HAYMT, HAM
HYXHO ORUIO CAesIaTh Pa3yMHEIe OTPAHAYCHHA Ha X, cRasikeM, 0 S x< 6

(T. e. TypEeT HaeT He Gomee 6 u).
HanoMEHM, 4T0 reoMeTPpHUUYECKON MOZeNbIo
"“"‘""""""""""""" HeCTPOToro ABOWHOTO HepaBeHeTBA 0 < x < 6
cnyuT oTpesox [0; 6] xoopaumaTHOl npamoii
Pre. 57 (puc. 57). BHaudAT, YTOUHEHAAA MOJENEL TPeThel
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CHTYAIRH BEITHAAMT TaK: ¥ = 15 + 4x, rie x OpuHAARERKAT OTPe3Ky
[0; 6].

¥enosaMeAa BMecTo GPA3E X NPUHAANEKHT MHOKeCTBY X»
mucaTh x € X (YATAIOT: «3J€MeHT ¥ MPHHALJIEKAT MHOXKeCTBY X»,
€ — 3Hak npunadrexnocmu). Kax supnre, Hallle 3HAKOMCTBO ©
MATeMaTHYECKHM A3BKOM NPoAoJKaeTcss. MHOMECTBO HATYDPAIL-
HBIX 9ucen ofblaAC ofosHa4aloT GyKBO# N. BHaunT, BMecTOo Gpashl
¢X — HATYp&JibHOe YHCAO®» MBI MOXEM HCIOJAER3OBATHE COOTHOIIEHHE
xe N.

Econ aunelfinyic bynkomio y = kx + m Hago pacCMATPHBATE He
pPH BCEeX BHAYEHUAX ¥, a JUNIb JJIA 3HAYeHNH X M3 HEKOTOPOTO Ync-
JOBOTO MHOXtecTBa X, TO NUIIYT

y=kx+m,xe X.

A Tenepb 3anuimeM Goxee TOYHBIE MATEMATHYECKME MOJEIH AJIA
PACCMOTPEHHEIX BHIIIe TPEX CHTyAmuiH,

Ilepsaa catyamua: y = 500 + 3x, x € N.

Bropas caryanus: y — 500 - 3x, x € {1, 2, 3, ..., 16}

Tperna curyanuda: ¥ = 15 + 4x, x € [0; 6].

INIpamep 2. ITocTporTs rpaduk aaHedHOH QyHKIMH:

a)y=-2x+1,xe[-3; 2); y=—-2x+1, xe (-3; 2).

Pemernue, a) CocrasEm Tabnmnoy Ang AuHeHHOH GyHKOWM
y=—"2x+1:

IlocTpour He KOOPAMHATHOH nmiaocKocTH xOy Touxm (~3; T) u
(2; —3) u npoBefeM YePes HUX NPAMYIO JHANK. 9T0 rpaduk ypapaE-
HuA y = —2x + 1. Janee BelZeanM 0TPe3oK, COeTHHAIOMINY ToCTPOEH-
Hble ToukH (puc. 58). ITOT OTPE30K M ecTh rpadme AuHeHON GyHK-
o y = -2x + 1, roe x € [-3; 2).

OGRMHO TOBOPAT TAK: MEI TOCTPOMIM rpadnk AuHeiiHOR GyHKEUN
¥ = -2x + 1 =Ha orpesake [-3; 2].

6) Yem orTnmEuaeTcd STOT mpumep or npeasiaviero? Jmueitnaa
byarnoua ra xe (y = —2x + 1), sHavuAr, u ee rpapHKOM CNYKHAT Ta
#e npamas. Ho — GyasTe BAERMATeNRAR! — Ha 3TOT pas x € (—3; 2),
T. ¢, 3HAYEHHA ¥ = —3 H ¥ = 2 He paccMaTPUBAOTCH, OHU HE IPUHAT-
aAexgT maTepRany (—3; 2). Kax MBI OTMeTAIM KOHIOEI MHTEDBAJNA HA
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MEZ S | lut. [ | ¥t
T i ' [ [
“h \‘ﬁ-‘
w2 2 A
v 15
2 X %
>
1 1 L |
- 1 2 k1l 2 *N1l 2
-3 0 X -3 [7] x -3 0 x
3 3 X 8
]
Puc. 58 Paue. 59 Puc. 60

ULl bk iyl KQOPIAMHATHOR TPAMOiE? CBeTIAEIMH KPYIKOUKAMH
-3 0 2 x (puc. 61), o6 aToM Mu rosopunu B § 6. Touno
Pre. 61 TaK e U TouKH (—3; T) u (2; —3) npuaerca or-
METUTH HA TePTeXe CBeTARIMH KPYHOUKAMHA. ITO

OyieT HANMOMUHATE HAM O TOM, 4TO GepyTcd AUIIL TE€ TOUKH npaMoil
¥y = —2x + 1, RoTODHE JeKAT MEXRAY TOIKAMH, OTMOUeHHEIMH KDY-
mouxamu (puc. 59). BopoueM, HHOTAA B TAKHAX CAYVYAAX HACOONBIVIOT
He CBeT/ble KPYXHOUKH, a cTpenkn (pac. 60), 3To HenpAANUIAATEHO:
rJIABHOS IOHHMATH, O 9€M HJEeT Peys. (|l

NMpremep 3. Haltru HRanbosabmee M AAMMEHbINEe IHAUCHHA JIA-
Heifgoll dyHKOHN ¥ = %x + 4 ma otpeare [0; 6).
Pemenne. CocTapuM Tabauny aaa anHelinol dyHROun

1.
y—Ex + 4:

x|0|6
T

IocTporM Ha RoopamHATHON mmockocTH vOy Touku (0; 4) n (6; 7)
H OpoBefeM 4Yepes HEX OpAMYH — rpadux JuHelino#l dyEroun
v= %x + 4 (puc. 62),

HaM HY;KHO DACCMOTPETH BTY JAHSHHYI0 QYHKIMIO He TeTHKOM,
a Ha orpeake [0; 6], T. e. gaa x € [0; 6). CooTBeTCTBYWOIIHI OTPE3OK
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rpadKs BEJeJNeH Ha depTe:xke. 3aMedaem, [yd
yTO caMas GOJMBIIAA ODAMHATR YV TO4YEK, IIpH- o
HAIJIERAITHX BRIeAeHHON JacTH, paBHa 7 —
aTO N eCTh HauboRsiiee 3nayenie TUHCHAOH L

T
=]

¥
Lo

dyHKDHE i = %x + 4 Ba orpeake [0; 6). O6ur- [£

HO MCIONBIYIOT TAKYIO BAINCK! Yopus = T:
3aMeuaeM, YTO CAMAS MAJIEHLKAA ODAN-
HATA ¥ TOYCK, OPHHAZASIKANINX BLEIACJIeHHOH
Ha pucyHKe 62 uacTu mpamoit, papEa 4 — |O 6
9TO H €CTh HGUMEHbDIICE 3HAYeHIIe TNHeAH0i

=1

2y

1
HEKOAM Iy = —x + 4 Ha orpeske [0; 6].
bynxnmm y = o P [0; 6] Prc. 62
OO6EMAC HCTIONB3YIOT TAKYIO 3aTNMCh! Ypp, = 4.

OrseT Yeant = 7’ Yoama = 4.

Npumep 4. HaliTH ¥ 06 ¥ Youuw ANA THHeHAOH GYAKRHH
y=-1,5x+ 3,5:
a) Ha orpeske [1; 5);
6) Ha uETepBaNe (1; 5);
B) Ha moayuHTepsane [1; 5);
r) Ha ayde [0; +0o°);
&) HA qyqe (—o0; 3].
Pemenaue. CocrasuM TaGannoy AnA nEHedARod QyARODUBR
y=-1,8x + 8,5:
x | 1 I 5
y | 2|4

HocTporM Ha KoopavHEaTHON WIocKkoeTH X0y Toukm (1; 2) m (5; —4)
u IpoBefieM uepes HAX npamyio (puc, 63—67). Bergennwm ga nocTpoes-
HOH mpAMOH 44CTE, COOTBETCTBYIONIYIO SHAYEHUAM X M3 oTpesKa [1; 5]
{puc. 63), us naTepnana (1; 5) (puec. 64), nz nmonymATepraga [1; 5)
(puc. 65), 3 ayua [0; +o°) (puc. 66), ua ayua (—oo; 3] (puc. 67).

a) C noMompio piicyara 63 HeTPYAHO cARIATE BHBOA, TTO Y06 = 2
(?roro sHAueEmA JmReluan GyHRIMA gocTHraer opa X = 1), a y,, . = —4
(3Toro smauenus NmHEeHAS YHKOUA AOCTUTAET OPHE X = H).

6) B oTspuMe OT MpeARIAYINEro caydas, 008 KOHIA OTpe3Ks, B
KOTOpRIX KaK pas B AocTHranuchk HauboJbllee B HauMeHbINee 3HA-
YeHHHA, M3 PACCMOTPEHHA HcKmMOdeHH (pue. 64). Cpean ocTANBHEIX

3 Anretpa, 7 kn. ul. &5
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ylk yil
2 2—-%\
h b
o] 1 5 x ol 1 5] x
\ \
4 4 N
N
y=-1,52+3,5 y=~1,5%+3,8
Purc. 63 Pue. 64

Touex rpathExa HeT HM TOUKH ¢ HAaFMeHbIIeH OpJBAATON, HU TOUKH C
HanGoabmed opauBaToid. 3HAUNT, HA HARGOMBLNIETO, HH HARMEHLIIETO
3HaveHNH HA 33 IAHHEOM MATEpBAJe ¥ NaHHOH nuaeiinol GyAKIHHE HeT,
OHM He cyiecmayom.

B) C moMoInpio PpucyHKa 63 sariouaeM, 9TO Y.« = 2 (Kak 1 B
mepBoM cAydYae), A& HAAMeHbINero sHAYEHHAA Yy JHAHeHHOH dyHKODAHN
HeT (KaKk @ BO BTOPOM cAydae),

T) Yuuus = 3.5 (3TOT0 3HETCHRA AUHEHAAA PYHKIHA JOCTArAeT NPH
x = 0), a y_.,, He cymecTByeT (puc. 66).

yll yll
\
35

X, T \

o] 1 5] x ol 1 2 x
\
\ ‘\'i.
4 }‘\ 4 %x
-4
y=11,55+3,5 ¥
Puc. 85 Pnc. 66
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2. JTHHEAHAS DYHKUMA

yll ylh
3,54
1
I N3 -
X . ol 1 x
?1 1 x P’ﬂ
&
\\ ;\,
y=-1,6x+3,5 Y
i)
Puc., 67 Puc. 68

B} Ypmne = —1 (2TOrO BHAUEHMA JMEEHHAA QYHKNOAA JOCTUMAET OPA
x = 3), & Y, He cymecTsyer (puc. 67).

MIpuamep 5. IlocrporTs rpadpuk nuHedAoH byEKOUN ¥ = 2x — 6.
C moMompio rpadAxa OTEETUTE HA CIEAYIONIe BONPOCHL:

a) IpM KaKoM 3HAYEeHNH ¥ Oyaer y = 0;

0) npH KaxMX sHAueHUAX x Gyger y > 0;

B) OIPpH KAKWUX 3HaYeHuAx x Oyzer y < 0;

T) OpM KAKHX SHAYEHHMAX X BHIOOJHAETCH ABOHHOE HePABEHCTBO
4% y< -27

Pemenne, CocrarrM Talimany g JuHeiAol pyarmym y = 2x — 6:

x|0|3
vy | 6] 0

Yepes Toaxu (0; —6) u (3; 0) nposegeM npaMyio — rpadui Ju-
Heituoll dyuEKINHN Y = 2x — 6 (pHC. 68).

a) y = 0 npn x = 3. 'padux mepecexaeT ock X B TOUKE X = 3, 9TO
M €CTh TOMKA ¢ opamEaTolt iy = 0.

6) y > 0 opu x > 3. B camom geste, ecom x > 3, TO COOTBETCTEYIO-
Iaa YaCcTh NPAMOH PACTIONQMKEHA BRI W€ OCH X, 3HAYNT, OPAMHATEL
COOTBETCTEYIONMUX TOUYEK NpAMON NOJOK U TE b HEL

B) ¥ <0 npu x < 3. B camMoM fene, ecaH ¥ < 3, TO COOTBETCTBYIO-
mAas yacTs OPAMOM PACHOJNIOMKEHA HH X e OCH X, BHAYHT, OPAUHATHL
COOTBeTCTBYIOMUX TOYEK OPAMOA OTPDHA N ATEeNbHEL
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2. JUHEAHASA DYHHUMA

v ] o r) Ha pucynke 69 BEIeeHbI YACTE
'/ OpAMoii, OPIMHATHE TO49EK KOTOpOH

j P VIOBIeTBOPAIOT JBOWHOMY HEDABEH-

ol " I cTBy —4 € y < —2, m COOTBETCTBY-
2 x| omu#E npoMexyTox ocm abenumee.

-2 9T0 H ecTh HmETepecyOMUil HAC Opo-
MemyToR 1 < x < 2.

|
i
_|4 O6paTHTe BHUMaHHe, 9TO B 5TOM
T NIPEMepe MHE ¢ ODOMOIIBI0 rpaduxa
=4
A pemmHIn;

a) yparHernHe 2x — 6 = 0 (moay-
uunu x = 3);
Pauc, 69 6) mepareHcTBO 2Xx — 6 > 0 (mOMTY-
qunm x > 3);
BE) HepaseHCTBO 2x — 6 < 0 (moayumnn x < 3);
r) HepaseHCTBO —4 < 2x — 6 < -2 (monyawnm 1 € x < 2).

3amevanue. B pycckoM ASHIKe YACTO OIME H TOT M€ 00BEKT
HASHIBAIOT TTO-DASHOMY, HANIPUMED: «A0M», «3TaHME», «COOPYHCHNE?,
<KOTTeIK >, «0COOHAK», «Gapaks, «xHbapas, «H30ymKa». B MaTema-
THYECKOM A3HIKe CHTYAIHA NPpUMepHO Ta Ke. CKajkeM, PaBeHCTBO ¢
ABYMSA NepeMeHHEIMHE i = Rx + m, rae k, m — KOHKPeTHEIE YMCIAa,
MOHO HA3BATH JuAeHAEOH GyHEROWeil, MOKHO HA3BATE JUHEHHRIM
YpABHEHUEM C ABYMA NepeMeHERIMHE X U Y (AIF ¢ JEyMA HeRMEBeCTHEI-
MH X M ¥), MO}XHO HagBaTh (opMyno#, MOKHO HAZBATH COOTHOIISHM-
€M, CBABLIBAIOIINM X H I, MOJKHO, HAKOHEN, HAZBATEH 3ABACHMOCTLIO
MEeKAY X A J. ITO HEBAYKHO, IVIABHOE, IOHHMATE, UTO BO BCEX CIYJIAIX
pe4b HAET 0 MATEeMATHYEeCKOH Mogenu ¥ = kx + m.

PaccMorpaM rpapur aunrefiHol GyHRHUN, H3oOpaxeHHERH Ha
pucyake 56, a (¢. 61). Ecam IBHTATECA O 3TOMY rpadury ciesa
HAITPABO, TO OPAMHATEL TOUeK rpadura BCe BPEMHA YBEJANYMBAIOTCH,
MEI XaK OBl «DOJHAMAEMCH B FrOpKY». B TAXMX CAYIaAX MATeMATHKH
yooTpefIaioT TePMAH 803pacMmanue W TOBODPAT Tak: ecau k > 0, mo
Aunetnas pynxyus y = kx + m soapacmaem.

PaccMorpum rpadpnr aneeitHol PyAKONH, B300pasKeHHLIE HA
pucyske 56, 6. Ecau aBurarscd no 3ToMy rpabHKy caeBa Hapapo,
TO OPAHHATH TOYeK IpaduKs Bee BpeMA YMEHBINAIOTCH, MBI KAk OB
«CIYCKAEMCH C TOPKM» . B TAKMX CIYyYadX MATEMATHRM YHOTpeSasgioT
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2. JWHERHAS DYHKUMA

G
5

e
A

—b0 'j"i
\
X

Rl \

[ X
G0
.
B
aY

Pnc. 70

TePMHAH Y0bl6GHUE M TOBODAT Tak: ecau k < 0, mo Aunelinan Gpynx-
yus y = kx + m yovisaem.

Oprmep 6. Ha pucyske 70 maobparxen rpadMK ZBHKeHHA
asproMobmna m3 nyExTa A B nyExT B u ofpat=Ho. Tpebyerca oxapak-
TEPH30BATE BECh MPOIECC ABHIKEHUSA CIOBAMH.

Pemenune, 1) Jo oyurTa B apToMofHAL Zoexaa 3a 1%-: —

06 5TOM MOKHO CYARTE No abcnucce Touxm D, Paccrosaue ot A no B
paBHO 50 ¥M — 00 aTOM MOMKHO CYAWTE N0 OpAUHEaATe Touku D, 3Ra-
9UT, MOMHO BEIYACAMTE CKODOCTh ABHAKEHHA aBTOMODUIA Ha yI8CTKE

orAmo B:v=50: % = 37,5 KM/u.

2) Ha ygactrke DE opamHEaTa DOCTOAHHA, T. € PACCTOSHHE OT OVH-
KTa A He MeHANOCh. JTO 3HAYNUT, UTO ABTOMOOHAL He ApHTancH. IIpH-
1
3
D u E). OcTaHOBKa AnHASCH, TAKHM ofpasoM, 1 @ 20 MuH.

2
YeM O CTOSJ B IpoMesKyTKe oT 1- w fo 2§ 1 (aTO abcoAcCH TOYeK

3) Ha obpaTHHIH IYTh DOC/IE OCTAHOBKH ABTOMOCHIE NOTPATHIL CTOM -

K0 e BpeMeHH, CKOJIBKO HA YT 0T 4 Ao B (nocicom,xy 4 - 2% = 1%}
2HayyT, ofPATHO OH €XaJ ¢ TOM Ke CKOPOCTHIO.

&%



2. JUHEAHAS DYHKUMA

§10. B3AMMHOE PACIONOKEHME
FPAGMKOB JIMHEAHBIX DYHKLMA

BepHeMcA emle pas X rpaduraM JUHeHERX QyHROAl y =
= 2x — 4| y = 2x + 6, npeacrasaeHAsIM Ha pucyHKe 55 (c. 60). Mu
yiKe oTMedanu (8 § 9), 4To 3TH ABe HpAMEIe MAPAJJIENBHEL NpAMOl
¥ = 2x, a 3HAYAT, HAPANNENBHE ADYT ADYrY. TIpHSHAKOM TapaIeh-
HOCTH CJYHT PABEHCTBO YrOBHIX KoddubmmmeHTOB (B = 2 anda Bcex
TpEX NpAMMX: B A y = 2x, uana y = 2x — 4, u ana y = 2x + 6).
Ecam ke yrinoBhe KosbPUIHeHTH pasJu4HB, K&K, HAOIPHMED, ¥
auHeHHNX GyHENHHA ¥ = 2x u y = 3x + 1, To npaMue, cryxamune
ux rpaburamMi, He napainensHsl 1 Tem Gonee He copnagaioT. Creno-
BATEARHO, YKASAHHEIe NPAMEE NepeceKaroTcA. Boolme cupasegmasa
CIeAYIOIAH TeopeMa.

Teopema 5. Ilycme danw ae Aunelinsie pynryuu ¥ = kix + m,
u y = kyx + my. Ipamuoe, cayacaujue zpaguxamy adannovix au-
netinnx Gynuyuil:

1) naparnenvin, ecau kb, = ky, m; # my;
2) coenadarom, ecau k; = ky, my = my;
3) nepecexawmesn, ecnu k, # k.

IIpumep 1. HaliTH TOYKY NepeceueHEWA NPAMEIX:

a)y=2x—3ny=2—§;

Qy=-3x+1uny=-3x+5,

Pemenrnnme. a) fna mupelinoii dpyaxomn ¥ = 2x — 3 umeem:
x| o] 2
v |[-8]1

IIpamaa {,, coy:xamas rpaduxom naHeitHol Gysrmm y = 2x — 3,
npoBefieHa Ha pucyAxe T1 wepes Touxm (0; —3) u (2; 1),

Ona mypeiinoll pyExmum y = 2 — %x AMeeM;

| o] 2
v 121
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2. JMHEAHAR DYHKLIMA

IIpamada I, caysxaman rpadurom [T

nnHeHAHON GYyREKOHH i = 2 - %x, TIpoBe- T

fieHA Ha pHCYHKe T1 wepes touka: (0; 2) (5
u(2Z; 1).

IIpamete I; H [; nepecekaoTCa B
rogke (2; 1).

6) JImpeinele dyskour y = —3x + 1
A Yy = —8x + b AMEIOT OAWH H TOT Ke
yraoso#t koabdpmrnmenr (k = -3), sHa-
ydaT, paMbe §j = —3x+1ay=-3x+5
DAPRJUIENBHBI, T. €. TOYKH NepecedeHUA 4
y HHX HeT.

oL

Q] =
R,

B
Lk 4

0

Pac. 71

IIpamep 2. Haiith TOUKY NepeceyeHRd NPAMBIX ¥ = 4x + T &
y=-2x+ 7.

Pemenre. 3aeck MORHO oboliTHCch Gea uepTe:a. ByaeM pac-
cyRIAATh TaK. Bo-nepBriX, yriopble KospHIACHTH NPAMEIX pas-
JugHH (B, = 4, k, = -2), sHAUNUT, UpAMEe NepeceKalOTCa B 0AHoMH
TOYRKe.

Bo-BTOpHX, KaK OJHA, TAK H ADPYraig OPAMAA OPOXOAAT Yeped
Toury (0; 7) (Brt 06pATENIN BHMMAHME, WTO M, = My = T7).

CaegosarensHo, (0; T) B ecTh MCKOMAA TOUKA HepeceveHHs . @

Beobime npasvie y = kyx + mu y = kyx + m, 20e k, # k,, nepe-
cexawomen 6 moixe (0; m).

3asepinad rrasy 2, oSpaTMM BHMMAHHe HA XapAKTePHYIO 0CO-
GeHHOCTE MATEMATAYECKOrO AIKKA} BO MEOrEX $pasax, KAK BE, HA-
BepHOe, 3aMeTIIH, OZAHOBPEMeHHO BCTPEYAIOTCH PEMEHTH anredpan-
YECKOT0 H TeOMeTPHIECKOro ASLIKOB — COCTABRHEIX YacTedl eguwHOrO
MaTeMaTHYeCKOTO AshiKa. TaK, MBI TOBOPHM: To4Ka 3, npaAMad x = 2,
DpaMad ¥ = —5, npamas y = 2x + 8, oTpesok [3; 7], ayu [-2; +00]
BT 0 AR § 10 M noayurRnH, noxanyit, Hanbosnee ApkAe obpaa-
Ok ¢cBOGOAHOTO OmepHpoBaHna anrefpandecKNM H r'eOMeTPHYECKHEM
AZLIKAME B OXHOM CYKIeHHM — OHM IOPeJCTARIeHB B NpUBeAeHHOK
Tadaane.

A



2. JWHEAHAS DYHKLUMA

JIxupekunie Agrefipamuecroe leomeTpruecKEl
dyBERUMN yeuoBMe BRIBOA
1)k, =k;, m+#m, 1) Ilpamuie y = kyx + my u

¥ = kyx + m, napanjaenLaL
y=kx+m (k =k, m =m, 2) Ilpamue y = kyx+ m, u
y=1rkux + m, ¥ = ky,x + m, coBoagaior

Bk =k, 8) Hpamue y=kx+ m n
y = k,x + m, nepecekaloTea

ODpumep 3. 'padurnm auAefiEMX QYBEROER § = kx + m u
¥ = ax + b mepecexaloTca B TOYKe, NIpHUHALIeXKANISH 4eTBePTOMY
KOODARHATHOMY YIWIY KQOPAMHATHON minockocTH xOy. HUssecTtHO,
9T0 IIepBad IPAMAA He TepeceKaeT NepBsulli KOOPAHHATHHIH Yrod, a
BTOpad NPOXOAHT 4Yepe3 HA4YaAKo0 Koopaumar. Halita sHakp Kosddu-
mHeHnTOB R, m, a, b.

Pemenne. Ha pucynke 72 npefcTabieEa reoMeTpHYecKasn
HAAIOCTPAIINA VCIOBHH 3a1adM, KOTOPAA NO3BONAET CALNATL BCE
HeoBxoAUMEle BRIBOAL. Jlupelinaa GyRKIAA ¥ — kx + m yOmBaer
(pme. 72, a) anm nocroaesa (pme. 72, 6), spavunr, ¥ < 0 mnm k = 0.
Ee rpa¢dmr nmepeceraeT cCh CPAREAT B TOUKe, JeXKamell HMKe HAYaIa
KoopnaHaT, 3HAIMT m < 0, Jleneiinaa dyarnua y = gx + b Taxxe
y6u1Baer, sHAYHT 4 < 0. Ee rpadbHK npoxogaT 9epes HATAN0 KOODIH-
HAT, 3HAYHT b = 0,

OrBerm B<0, m<0,a<0,b=0,

y1h L yll
o e
™Ne “9\ A
» =
SR 2\
N2 LY \
~ . -
Nlo x (5] x
\ y=kx+m N\ |
i AN ml I\
N ‘
R
a [
Puc. 72
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TNABA

CTENEHb C HATYPANBHLIM
NMOKA3ATENEM U EE CBOMCTBA

§ 11. Yro raxoe crenenb ¢ HaTypansHbim NOKA33TENEM
§ 12. Tabauya OCHOBHbLIX cTeneHes

§ 13. CsosicTea cTeneH c HaTypansHbim NOKA3aTEACM
§ 14. YmHoMmeHnwe H geneHne creneHei

¢ OAMHAKOBBIMM MOKAIBTEAAMH
§ 15. CreneHp ¢ Hyneseim NOKA3ATENOM

§11. 4TO TAKOE CTENEHL
C HATYPAJIbHbIM MOKASATENEM

Ogna B3 ocofeHEHOCTE MATEMATHIECKOI'O ASEIKA, KOTOPHIM
MEI € BAMH JOJIXXKHBI HAYVYFTRCA NONB30BATHCA, COCTOHNT B CTPEMJIEHHH
NpUMEHATE KAK MO)KHO Gosee KopoTkee ganucn, Maremarnk He Byger
nHeats @ + & + @ + @ + a, oH HEanrmeT 5g: He QyHeT mucate @ + g +
+tgat+at+ata+ata+a+ a(azecs 10 ciaraeMux), & HaIUIIeT
10a; ue Oymer nucaTh g + @ + ... + o, @ HANHIIET n4g.
R —

TouHo TaK Ke MATeMATHE He Oyger mumcars 2-2:2-2-2, a
BOCIIOJIB3YETCA CIeNHAAbLHO NMPHAYMAHHON KODOTKO# sammcnlo 2°.
AHajOTHYHO BMeCTO NPOH3BEACHAA CEMHE OJMHAKOBHX MHOMHTENE
3-3-3+3'3+3-3 on samumer 3°. KoneuHo, B ciyuae HeoGxoqaMo-
¢Ti oH Gymer AsmraThed B oGpATHOM HANPABJICHMH, HAIPHMED, 3aMe-
HHUT KOpoTKyio 3amuchk 2° Sonee gnunmoi 2:2-2-2-2- 2,

Ecnam mossiagercA Hopoe ofiosHavueHHe, TO BOZHHKAKIOT M HOBHE
TepMHRE. H Bee 910 (B 0f03HAYeHHA, H TeDMEHLI) OXBATHBAETCA
HOBBIM onpejenenuen, OmpesenenmemM oOLIYHO HASHIBAIOT NIPEAIO-
‘KeHHe, PaaLACHAIONIEEe CYTH HOBOTO TeDMHHA, HOBOTO ¢JIOBa, HOBOI'O
0Go3nagenna. IIpocTo TAK ONpefe/IeENA He NPAAYMEIBAIOTCA, OHHA IO~
ABJIAIOTCHA TONBKO TOrAA, KOTOA B 3TOM BOSHHKAET HeolXOAMMOCTE,

Onpedenenue 1. llop a”, rae n = 2, 3, 4, 5, ..., TOHEMAKT NPoOHE3-
BefleHue n OfRHAKOBEIX MHOKHTENCH, KAMKILIM H3 KOTODRIX ABJIAETCA
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3. CTENEH C HATYPANbHBIM MOKASATENEM U EE CBOMCTBA

YHCHIO @. BepaxeHue a” HASHIBAIOT CTENEHEI0, THCNO ¢ — OCHOBAHM-
€M CTEeNeHN, YAC/O i — NOKAZATeNeM CTONeHH,

TloauepkneM eine pas, YTO IOKASATENs CTENeHH —~ HATYDAILHOS
quca0 (B CTAPIINX KJI&CCaX ME CHHMEM 3TO OrpaHHYeHHe); oOEITHO
rOBOPAT KOpOYe: HAMYPaAbHbiil nokazamers. OTCIO0a B OPOMCXOLHT
HasBaHHe Kak Beelf MZIaBH, TAK H 9Toro maparpada.

Hrax,

r MEoAETANH
a@® — CTemeEb ¢ HATYDAILHEIM
TIOKA3ATEeM;

a — OCHOBAHHIE CTEIIeHH,
n — HOKA3aTeAb CTELCHH,
\. J

BanHck ¢" YATAIOT TaK: «@ B n-if crenean». Hekaodenne cocTae-
AAIOT 3ANHCH @, KOTODYIO YHTAIOT: «@ B KBaApaTe» (XOTA MOKHO
GHTATH M «@ BO BTOpOil CTEMeHH»), M 3amHCh a°, KOTOPYIO YHTAIOT:
«@ B Kyle» (X0Ta MOYHO YHTATE: H <4 B TpeTheil creneHE»).

HDpamep 1. 3amicaTs B BUe CTeleHH OPOHISBEJeHHAE
5-5-56+5-5-56
H HCOMIB30BATH COOTBETCTBYIOIIRE TEPMHAHEI.
Pemre s ue. IIOCKONEKY JaHO NpOH3BeldeHHe IIECTH ONHHAKOBRIX
MHO:KHTeneil, RamxAbL A3 KOTOPHIX paBeH O, HMeeM:
5-5-5-5:-5-5= 58
5% — cremens;
5 ~- ocHOBaHMe CTel¢HH;
6 — mokasaTens CTemeHH.
Oprmep 2. Boraneaurs (—2)°.
Pemennme. (-2)* = (-2)+(-2)- (-2)* (~2) = 16.

OTrnerT: 16,
23
Npumep 3. BEMACIHTL [5) .
Pemenue [z]°_z.a.3_u_2=1
"3 333 3-3-8 27
8
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3. CTENEHb C HATYPASbHBIM NOKASATENEM W EE CBOMCTBA

Kakx Bn AyMaeTe, NOAHOCTHIO JH COOTBeTCTBYeT HA3BAHUE MADA-
rpada ompenenedne 17 Ilaparpad HazeBaerca «HTO TaKoe cremeHb
¢ HATYPANLHEIM NOKABATE/IEM#», T.e. HMeEeTCS B BHAY, UT0 B Kaue-
¢TBe MOKA3aTeJ A MOXeT OHIyDHPOBATH Jiof0e HATYDAILHOR UHCIO,
A mofoe IR BaTYpANbHOE YNC/I0 QUTYPHPYeT B KAYECTBE IIOKASATE A
p onpefenenuu 1? Kak Bol oTBeTHTe Ha 5TOT BOIpoc?

OTBeTHM HA 3TOT BOOPOC BMecTe: MEL 'OBOPHJHA O CTeOeHH a", rie
n=2 3,4, .., a Bor ciyyaii, xorza n = 1, moxa yOycTH/IM A3 BHAY
{(¢OOTEpAIH» OZHO HATYDPAJBHOE THCAC). 3T0 YyOylUleHHE HCIPABHM
¢ MOMOIHBIO HOBOT'O onpeAe/IeHHA.

Onpedenenue 2. Crenedsio YHCAA @ ¢ MOKasaTeNeM 1 HasHIBAIOT
CaMO PTO YHCJIO:
a =4a.

IIpumep 4. HaliTh aHaveEne creneHR ¢ NpH 3afaHHLIX 3HAQe-
HUAX G H 1t}

a) ¢ = 2,5, n=2; A a=-1, n=>5;
6 a= 1, -4 e a=0, -1
B) & = -5, =1; ®) a=10, n=12;
rya=-1, n=4; 3) a=1, n=17.

PemeHmue. a) ¢" = 2,5% = 2,5-2,5 = 6,25;
6) a" = (%] _1111_11.1.1_ 1,

B) a" = (-6)! = -5;

r) @" =)= (-1)-(-1):(-1)=1;

B a"=(-1°=(1)(-1)-(-1)-(-1)- (-1) = -1;

e) a"=0'=0;
) a"=02=0.0.....0=0;
N, et
12 ymomerensit
3a*=1"=1.1....-1=1. (il
[ —
17T ueommTeted

OnepanMio OTHICKaHHA CTeleHE 4" HA3HIBAIOT BO3BeZeHHEM
B cremenk. B npuMepe 4 MBI paccMOTPENH BOCEME CIYYAEB BO3BeACHRA
B CTenmens.
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3. CTENEHb C HATYPAJIbHBIM MOKA3IATENEM M EE CBOWCTBA

Opamep 5. Buuncamts 7' - 32+ (—2)°.
Pemenme. 1} 71=7;
2)8¢=3-3=09;

(-2 =(-2)(-2)'(-2) - -8;

4} 7-9-(—8) = 504,

OrpeT: —504.

B paccMOTpPeHHHIX IPHMEPaX Ml HECKOABKO pa3 BO3BOAKIN B CTe-
IeHb OTPHIATENLHEIE THCAA, 3aMEeTHIE JIH BH 38 KOHOMEPHOCTD: €CIIH
OTPHIATENbHOE YACHO0 BOSBOAHTCA B YeMHYI0 CTeIeHb, TO IONYIaeTCH
ROROILUMERDHOE THCNO, ECIH e OTPHIOATEeNbHOe 9YHCNO BOSBOIUTCA
B HEYEeNKYIo CTelleHb, TO MOJYYaeTCa ompuyamentioe aacno? Iloopo-
Gyiire O0'BACHATDH, IOYEeMY 3TO TaK.

§12. TABAMUA OCHOBHbIX CTENEHEM

Br1 sHaete TaONHOY YMHOMKEERA, B Hee BKJIOYEHE NPON3-
BefleHHA NIO0LIX ZBYX OfHOSHAYHEIX uHcen (3:5, 47 1 1. A.), oro#
TafnuIeil B DOCTOAHAO IoJAb3yeTecsk OpH BurdmcneHuax. Ha mpak-
THKe TONe3HA B Tabanma ¢TeneHeil MpPOCTHIX OAHOSHAYHHIX WHCEN
(B npefenax TeicA4H). CocTaBmM ee.

=2 3'=3 51=5 =7
22=4 32=9 52 =25 72 =49
28=8 3% =27 5% =125 73 = 343
2t =16 3t =81 54 = 625

2% = 32 3% = 243

26 = 64 3% = 729

27 =128

28 = 256

2° =512

210 = 1024

C moMoInbo 9T0# TAabNANEl MOXKHO HaXOAHTh M CTeIeHH cOCTaB-
HEIX 9HceN (I03TOMY TAKMe CTeNeHH B TAGNuy oSHYHO He BHIKYA"
tor). HaopamMep:

9%=9:-9-9=(3-3)(3:3%3:3)=3:3-3-3-3-3=23°%°=1729,

Opumep 1. UspecTHo, uTo 2° = 128, 3* = 243, Uro Gonnme:
n anu k?
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3. CTENEHb C HATYPASbHBIM MOKASATENEM WM EE CBOMCTBA

Pemenue. Ilo Tabnaune HaxoaumM, uto 128 = 27, smaunmt, n = 7.
[Io Tabnune Tax e Haxomas, uro 243 = 3%, sHaunt, k = 5. Tak Kak
7>56,Ton>k.

OrseT: nn > k.

Huerorea eme Thy 9rHCHa, KIS KOTOPHIX JIETKO COCTABATE Talmnny
creneEeii, ococbeHEHO YyYATHIBAA, ITC HHYEr0 BHYHCJAATH He HYIKHO
¥ pesyasTaT GaKTHYeCKH H3BeCTeH sapaHee. OTo umeaa }, 0, —1,
a Tabauna crencHeil ANA 9THMX OCHOBAHHH BHIIAKMT CHeRVIOLIHM
obpasoM:

1" = 1 gaa awboro n;
0" = 0 gna moboro n;
ecIM N — YeTHOe umcio (n = 2, 4, 6, 8, ..),

o (-1)*=1;
ecan n — HederHoe y@cao {n =1, 3, 5, 7, .},
ro (-1)* = -1,

KeraTm, vcnonssya GopMyay YeTHOTO YHCAA i = 2k H dopMyay
HEeYeTHOTo YHcya i = 2k — 1, MoKeM 3anHcaTh, YTO

(evr-ney@r= )

A remept BrifepeM B KaJecTBe OCHOBRHWA cTemeHH THcao 10:
10'=10, 10%=100, 10%®= 1000.
OfpaTRTe BHHMaAHEe: KAKOB NOKAa3aTeNb, CTONBKO HyAell Hajo

sanucaTs nocyae mudpH 1.
Boofimze,

10" = 1000...0.
e
R Eynel

Hanpumep, 10° = 1000000; nanporas, 100000 = 10°,
Npumep 2. Hajith 3HaYeHHe BHIDAYXKCHAA

a7 + 5"+ (10c)

a® — b & o (a . 3)4

Ippg=-1,6=0,c=1.

Pemedne.
) @bt (DM 00410 -140+1

0
= = ==—={:
a® -+ DB -0 4+ 1! 1-0+1 2 ’
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3. CTEMEHb C HATYPAJIbHBIM NMOKA3IATENEM W EE CBOMCTBA

= — = ——— = 625;
(@a+8) (143" 2 16

3) 0 + 625 = 625,

OrBer: 625.

B sagnwoueHre JAaHHOTO Naparpada eiie pas OTMeTHM, MTO MATE-
MATHAKHM BCerja CTPEMATCS K KPATKOCTH 3anmcei, TeTKOCTH paCCyiK-
genmii, Iloaromy, BBeA HOBOe MOHATHE, OHA HAYHHAIOT H3YYaTh €0
cBoiicTBa, & 3aTeM NPEMEHAIOT 3TH CBONCTEA Ha NpaKkTHKe. O pasHEX
CEOMCTBAX CTENeHH ¢ HATYDAJLHEIM IOKASATENEM IIOTOBODHM B CJe-
AyiotzeM maparpade, a moka, saferad BOepeA, 3aMeTHM, YT0 ecalt O
OAHO M3 TAKMX CBOMCTB MEI V)K€ 3HAJHM, TO He BRIYHCHAAE OH Tak
zoaro 93, xak aTo 66110 cAenaHo Bhie. MEI GH 3AIHCATH TaK:

9? = (3% = 3° = 729.
BuTe, 3amich B JBa PA3A KOpode. A NOMeMy 9TO TAK, yaHeeM B §13.

§13. CBOWCTBA CTEMEHM
C HATYPAMNBHbIM MOKABATENEM

Bonpinas 4acTk MATEMATHYECKHX VTBeP:KACHAN TPOXOINT
B ¢BOEM CTAHOBJICHHH TDH 9TALA.

Ha nepsom 3Tane 4YeJoBeK B PALe KOHKPeTHHIX CIYYAeR MOAMeYa-
eT OOHY H TY K€ 3aHOHOMEepPHOCTb.

Ha BTopOM 3Tape OH NBEITASTCA CHOPMYIHPOBATE TOIMEUeHHY)
3aKOHOMEPHOCTH B 00IMmeM BHAe, T.e. NPeANOJAraer, YTO 9Ta 3aK0OHO-
MEDHOCTS AeHiCTEYET He TOJBKQ B PACCMOTPEeHHRIX CHy4YasiX, HO H BO
BCeX APYTHX aHAJOTHYHBEIX CHAYILAX.

Ha rpetpeM sTalle OH ORITAETCA AOKAIATH, YTO 3aKOHOMEDHOCTD,
chOpMYIRpOBAHHAA (FPHOOTeTHYeCKH) B OGIEM BHAe, HA CAMOM JejIe
BepHA,

Hoxazars kakoe-1ub0 yTBepxpedNe — 3ITO 3HAYNT OOBACHHTE,
no4YeMy OHO BepHO (O0BACHHMTE YOeAHTeNbHO, £ HE TAK! «3T0 BEPHO
OOTOMY, YTO 2TO BepHO#). [IpH nokazaTeNbecTBEe MOYKHO CCBLIATHCA
TOJABKO HA YiKe H3BecTHRIe (PAKTH (Tak MEI AefiCTBOBANM, HATPHMED,
OPH KOKABATENIBCTEe TeopeMH 3 Ha ¢. H8).

Hapafire monmTaemca BMecTe NpoiiTH BCe TPH DTANA, NMOIpOOyeM
CAMOCTOATENBLHO oMEDbiMb, cihopMyiuposame n doxasams cBoiicTBa
CTeneHeH, XOpOII0 M3BECTHEI? B MATEeMATHHKE,
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3. CTENEHL C HATYPAJSIbHbIM NMOKA3ATENEM W EE CBOMCTBA

Omxpuimue nepeoe
Hpumep 1. Borarcmurs: a) 23 - 25; 6) 3'- 34
PemeHmue. a) Ameem 23:2°=(2:-2-2)-(2:2:2-2-2)=

—_-2.2.2.2.2.2.2.2:2.2.2.2.2.2.2.2_
\—_‘,.—_-' w -
3 5 if 8 wRomuTeael

Bceero nMeeTcs 8 0IHHAKOBHX MHOJKHTENEH, KAKIENI H3 KOTOPBIX
paBeH 2, r.e. 2%, uro no Tabaume (cM. § 12) maet 256.

6} HmeeM
1- - - - - - — Ll - - —3 5=
3'-3*=3-(8:3:3-3) _?_‘ 3-8-8-3 =38°=243.

1 4

Orset: a) 256; 6) 243.
B nporecce peeHna nprMepa MBI 3AMETHIHN, IT0
3 5 _ o8 3 5 _ 93 +5,
2°-2°=2%r,e, 29-22=2°"7,;
31-84=23%r.e 3-3* =311
Hab6momaeTca 3aKOHOMEPHOCTE, OCHOBAHHA NTePeMHOKASMEIX CTe"
neHell OAWHAKOBEI, IDH 3TOM NOKASATENHN CKJIAALIBAIOTCA. IIeDBHIH
2TAN 3aBepIleH.
Ha sropoM sTanme ocMeNHMCA OPeANOJI0MHTh, 9TC MBI OTKDHIIE

(zns ceba) obwyto saKonoMeprocmy: a” * a* = a** ¥,

Teopema 1. Jas nrofiozo wucia a u 21006ix HAMYPAALHBLY HU-

ceA n u k cnpagednuso pasencmeo
a® - ah = ag" + h.
OBr19E0 TeopeMy QOPMYIEPYIOT TAK: €CHAH .. (VCIOBHE), TO ..
(saxnouenne). HanpaMep, TeopeMy 1 MoKEO (H, 1€CTHO MOBODS, TAK
6uL710 61 AKKYpaTHee) cHOpPMYIHDOBATE caeAyomuM ofpazom:

ecau @ — rroboe wucao u n, kR — namypansuvie wucaa, me
¢npacednu6o paGencmeo

an,ak - an+k‘

Ha TperheM grame Haao ACKA34TE, YTO HAINE TPeANONOXeHHE
BepHO, T. €. JOKA3aTE TeopeMy 1. CoenaeM 3To H MHEL.

JoxazaTeascTBO.
Ya*"=ag-a-..-a;
S— e
R mBoMuTe sk
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3. CTEMNEHb C HATYPANbHBIM NOKASATENEM W EE CBOUCTBA

2Qa*=a-a-..-a;
& wmoxaTenei
3)a"'a"=a"-a*=(a—a-...-a!-g£a-...-a]=
.3 e il * 2 .
=g-a a-a-4'...-a =@g-a a-a-a-..-a =a""%
.3 x - * eneti n+k umomureneh

TeopeMa JOKAZAHA.

Hrak, nepsoe OTKEPHITEE ¥ Hac cocToanock, Maem manemie.
Omxpwumue emopoe

Dpamep 2. Boaucauts: a) 2° : 24 6) 35 ; 3°.

Pemenne, a) 3anmureM YacTHOE B BHAe ApobH H COKDATHM €€:

2* (222222

6:90= =2-2=22=4,

2 2 (2229

6)38:3° - (3:8:3:.83:8):33:3 _5.4.5_g_g7
@-3.3-3-3)

OrpeT: a) 4; 6) 27.

B npconecce pellleHHMA NPHMEpa ME 38MEeTHMAH, YTO

26.24=22 w,oe 26;21=26"1
3%:3%°=3% 7., 3%:838°=3%"5,

Haﬁmonae'rcﬂ 3AKOHOMEpHOCTE. OCHOBAHUA JeIHMOTO H AeITHTeNA
OOIHHAKOBH, MOKA3ATEabh TEeJIHMOTO 60.‘.'1]:1]18, TeM NoKazatTeJabs AeJIH-
TeJIA, NIPH 3TOM H3 NOKA3ATENA XEJHMOI'0 BHUYHTAETCH NOKA3aATENab
Aenwrena. LICDREE oTan saseprued.

Ha BTOpOM 3Tame mpeANONONKHEM, TTO MH OTKDBLIE OBIYI0 3aKO-
HOMEDHOCTE: 4" : a* = g" "% ecim n > .

Teopema 2, Jas mobozo wucaa a + 0 u aroboix Hamyparsnux

wucen n u k maxux, wmo n > k, cnpasednueo padencmso
a*:a*=ga*"k

Mosxere a1 BH cOpPMYJIHDOBATE TeopeMy 2 MHade, HCNOAb3YHA
rpaMMAaTHEYECKOe NOCTPOeHHE <eCAH.., To..»? Buaure am eH, rae
B 9TOH TeopeMe yCJIOBHEe, 4 rae saKJddeHHe? OTeerbre Ans ceba Ha
3TE BONPOCH! (8 Haul OTBeT GyAeT mpHBeNeH Mocje AOKAa3aTeNLCTBA
TeOpeMEI).



3. CTEMEHL C HATYPASIEHBIM MOKASATENEM M EE CBOMCTBA

HoxasarenncTBo. PaccMorpum npoussezenne ¢* * - g*. Mu
3HAEM, YTO IPH YMHOMEHAN CTEemeHell ¢ OAHHAKOBBIMA OCHOBAHNAME
TOKA3ATENH CKANLIBAIOTCA (00 TOM IUTA peyb B TeopeMe 1). Croxus
mokagarenz n— kmn k, noxyaum (n - k) + k=n.

Hrak, a" *: a* = a”, a 370 RaK pa3 u o3HauaeT, uTO &" : a* = a7 %,
Teopema AoKAaZaHA.

A reneprs MHade chOpMYIUpYEM TeopeMy 2:

ecnu a # 0 u n, kK — namypanvrubie HucRa maxue, wmon > k,
mo cnpasedaueo pasercmaeo
a*:at=a"""%
YenonHe TeopeME: a # 0; n, B — HaTypaJbHBEIe YHCTA, It > B,
Saxmoyerye TeopeMepl: 4 : a* = ¢ &,
Bropoe oTKEPHTHE ¥ HAac cocroffock. HaeM panbime,
Omxptimue mpemuve
NMpamep 3. Buuncaats: a) (2% 6) (3%)°%.
Pemnenne. a) HMeeMm
(2% = 2°. 2% = 2545 = 210 = 1024 (cm. § 12).
6} HMeeM
(3%)? = 3%.3%.32 = 32+2+2 = 36 = 729 (cM. § 12).
OTseT: 8) 1024; 6) 729.
B npogecce pelileHHs IpAMepPa MEI S3AMETHIA, TITO

(2% = 2'%, r.e. (2% = 2%'%
(3% = 35, r.e. (8%)° = 3%3,

Habnmoaserca 3aKOHOMEPHOCTL: B 060HX cAydasX NPH BosBeje-
HAA CTelleHH B CTeleHb NMOKA3ATeNH nepeMHoxkaoTcA. [lepphifi eran
3aBepInEH.

Ha pTopoM oTalle NPeANONOMKHM, TTO ME OTKPLIIH 06MYIo 38K0-
HOMepHoeTh: (a2°)* = a™.

Teopema 3. Aasr nwobozo wucne a u A06KX HaMyParvHLX Hit-
cen n u k cnpasednueo pasencmao

(a*)* = a™.

JoxazsaTenbecTBO TeopeMul (TpeTdil 9TA)) MBI NDHBOZKUM HA c. 83.
Ecnn ects :xenaHHe, NONKTANTECH JOKASATL €€ CAMOCTOATENBHO (MR
¢ IOMOUIBIC YIUTENNA).



3. CTEMEHL C HATYPAJBHEIM NOKAIATENEM U EE CBOMCTBA

MEI coBepIIMIN ¢ BAMH TpH OTKPEITHA, KOTODEIE MPHUBEJIM HAC K
TPEM CepPheZHBIM TeopeMaM. DTH TeopeMbI HA MpaxkTERe yaobHee dop-
MYJAHMPOBATE B BUje TPeX NPaBH], KOTODEIE TIONESHO SaIOMHHTD.

4 . ™
Ipasano 1. ITpu ymuoxenuu emenexeil ¢ 0GuUHAKOBUMY OCHO-

8AHURMY ROKA3AIMERU CKARTBLBAIOMCR,

IIpaenao 2. Iipu denenuu cmeneneil ¢ ofunarossidu ocHosa-
HUSMIL U3 ROKA3AmMers 0eritM020 SUUMAWM ROKA3AMERL
denumena.

Ipasuno 3. ITpu eoseefenuu cmeneHlt 8 cmenekb NOKAZAMERY
REPEeMHONCAIOMCR,

J

CpaBHHTe 9TH TPH TIPABMAA ¢ PopMyAHpoBKaMm TeopeMm 1, 2, 3.
IMouyscTBoBANN pasHANy? B TeopeMaX Bee 4eTKO, BCe OrOBOPEHO, BCE
MpefyCMOTPEHO, & B NPABMJIAX OIIYINAETCH KAKAA-TO HEMOMHOTA, JIer-
KOCTH MEICJIH, IO3TOMY OHM JIerde SANOMEHAIOTCH H BOCHDPARHMAIOT-
cd; IPaBMIA IOXCKHE Ha athopnsMel. D10 TOXKe OfHA 3 ocobeHHOCTEH
MAaTeMaTHYECKOro ASHKA: HAPALY C Cepbe3sHEIMH OTTOYeHHHMH dop-
MYJHPOBKAMM MCTIONL3YIOTCA B KpaTkHe adOpHCTHYHbIe IPABHJA.

(2 2)

@-2)
Pemenne. 1) 222 = 28+4 = 27 (mpamamo 1);
2) (2 = 275 = 2% (npasmno 3);

3) 2-28 = 21+ 8 = 2% (npasmyo 1);

4) (2%° = 2*% = 2% (upasno 3);

5) 2% : 227 = 235- 27 = 28 (mpamuxo 2);

6) 28 — 256 (cm. § 12).

OrseT: 266.

ODpumep 4. Beiuncanure

ONBTHHIL 0paTOp, BEICTYINHE ¢ JAHHEOHE B TpyaEOd AAA CAyIDA-
Tenell pearlo, 06A3ATENLHO B KOHIE JOKIANA eIfe Pas BREENUT caMoe
TA8BHOE, CAMOE BAKHOE. ¥ Hac ¢ paMH ORIIA OYeHDb TPYAHAA M HANDA-
)KeHHax pafora, zapaiiTe »Ke M MBI BHASAHM CAMOE I'IABHOE.
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3. CTEMEHL C HATYPAJLHEIM MOKASATENEM M EE CBOMCTRA

CamMoe TIaBHOE — TPH POPMYJILL:

an_ak=an+§;
a*:a*=a""%raen>k, a+0;

(au)h - auk

Hx M0XHO IPAMEHATE KAK CUPARA HAJIEBO, TAK U CJEEBA HANPABO.
HanpaMep,

28 25 23 28_24+4 24 24 22+u=22,2n=4,2u;

310 .- 3" 3°
= T
(53)4 512 512 = (56}2 = (52)6 = (54)8 = (53)4.

3amevanue MH roROpUIA TOIBKO 06 YMHOMEHNH U KeJICHHU
cTemeHel ¢ OAWHAKOBHIMA OCHOBAHMAMH. A BOT 00 MX CHOKEHHM M
BEIYUTSHNA HAYETo He M3BECTHO, TAK UTO He COUMEsSHTe HOBBIX Ipa-
pua. Henp3a, HanpuMep, samenaTh cymmy 2! + 22 ma 27; B camom
Zele, MocuHTaitre: 2% = 16; 2° = 8; 16 + 8 = 24, Ho 3TO He ecTh 27,
nockonpky 2° = 128. Henpssa samMeHATs pasHoeTs 3° — 3% ma 3'; neii-
cTBHTeNLHO, mocunTaiire: 3° = 243; 3% = 81; 243 — 81 = 162, Ho 310
He ecThb 3!, rax kax 3! = 3, Bysure BHUMAaTeNbHE

37:31=36; 36=310—4=

Teneps, Kax GO0 00EIIAHC BRENDE, FOKAXKeM Teopemy 3. Hmeem

@)y =a"-a*...-a" =
& uEaxETened

=ga-a-...‘a)-(a-a-...-a)-...-'(a-a-...-a)‘=

krpynnnonuno;mmainxmﬁ

=¢-@..-@°@° Q0. @-Q Q... - @ = @™,

1k MEGRTONEN

Mpumep 5. PacmosoxuTs B NopALKe Bo3pacTaHua yacaa 215,
422 814 1612

* * .

Pemenne. Hmeem 422 = (252 = 24, g1 = (2514 = 242; 1612 =
- (24)12 = 248.

flcro, wro 242 < 24 < 295 < 2%, BuaquT, B NOpHAIKe BO3PACTAHUA
3aflaHHBle YHCIA CECAYeT PACIONOKHTE Tak: 8%, 422, 215 1612, (g
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3. CTEMEHD C HATYPAITbHBIM NOKA3ATENEM W EE CBOHCTBA

IIpumep 6. CpaBunTs umcna a = 5%, p = 31%2,

Pemenue. a = 5% = (531 = 25%; b = 3'3% = (33)** = 2744, Hexo,
upe 254 <« 274 1 e, a < b,

HDpamep 7.a) Haiitn nocreamolo mubpy uncaa 382°7%;

6) moxasaTs, uro (7 — 837%) : 10 (cEMBoN ! O3HAYEET «ASTMTCH Ha»).

Pemenne. a) 382% = (384°; uncno 38? oxanuupaerca mud-
poil 4, a yncao 384, r. e. (38%)%, — umbpoii 6. Ocrasocr aMImE 38-
MeTHTB, YTC AK06asA cTeleHb YHCIA, OKAHYHBAIOIIETOCA Ha 6, Taxxe
HMeeT cpoeit mocKenHeil qudpoi nudpy 6 (cMoTpure: 61 = 6, 6% = 36,
6% =216 uT. a.).

6) 78 = ((75H)'%; 72 = 49, 49° oxawunsaeresa uudpoit 1. Jobas
cTeneHL YHC/A, OKAHYHBAIOMEToca Ha 1, Takxke MMeeT cBOCH mocken-
He#t nubpoii nudpy 1.

Hanee, 3" = (8%)'%; 3% = 81; 81'® oxanunBaerca mudpoii 1.

HTak, nocnennne mudpsl yncen 7 m 3" oqueEakoBn, 3EaumT,

pasHOCTh 3THX 4HceJ OKaHuUHBaeTcs nudpoit 0, a moTomy HermTca
ga 10, |

IIpumep 8. Bes HCNOXBIOBAHKA 3HAROB apH@MeTHYECKHX
ZelierBail (CHOKEHNNA, PHMETAHRNA, YMHOXMEHNA M HeJieHHA) 3alH-
CaTh HanOoJEIIee BOSMOXKEOES THCIO: a) TheMsa eZUHHIAMU; 6) TpeMa
JBORKAMHA; B) TpeMA TPOHHAMA; I') TPeMHA YeTBePHAMU; A) YeTHPLMA
€FHHANAMM; €) YeTHIPEMSA JBOHKAMH.

PemeHnne. a) Beimuniem BosMoXXHEe BADHAHTHEI sammen: 111,
111, 111, 1V, HanGonemum aeasercs wmcmo 111,

6) BrnEmreM BOSMOMKHLIC BApWANTHI sammem: 222, 222, 222, 2%,
HanGonnmum sexseres yaeao 222,

B) Brumumiem BoaMoxHEIe BapuaHTH sanucm: 333, 33%, 3%, 3%,
Haubonnium asngerca aubo 332, nmbo 3%, Ho emorpmre: 33% =
=33-33-33 <81-81-81 =3 3'-8*= 8" < 3%, 3nauwr, Hantoms-
IIMM ABIFeTCA uncao 393,

r} BrIueM BO3MOXKEEIe BADUSHTH samucm: 444, 44%, 4, 4*,
sero, wro 444 — camoe MasleHbKOe A3 STHX JeThIPeX umnces, a 444 < 4% =
= 4756 Rpagpr, octanoch cpaBEMTH ymeas 444 m 4%, Cgenaem sro:
44* = 4444 -44-44 < 64646464 = 434547 . 43 = 412 < 4356,

44
3BaudAT, HANGOALITKMM ABJEAeTCH uncao 4° .
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3. CTHIEHb C HATYPAbHBIM NOKA3ATENEM W EE CBOMCTBA

&) BHINImeM BoaMOKHble BapuaHTH samMem: 1111, 111%, 1111,
1% g g g 11“'

HaubonpiumM Apxgerca aacao 111,

¢€) Brimumiem posMoMHEIe BapMaHTHI samacu: 2222, 2222, 2222,
297, gu2 93 o oF

Haubonbmum Moscer 6uiTh nubo 2222 qubo 27 . CpasEEM 9TH umC-
na: 2222 < 3232 = (25)%2 = 218 < 2%, Yrak, mauborbmMM ARNAETCS

L

yucno 2° .

§14. YMHOMEHME M AENEHME CTENEHEA
C OAMHAKOBbIMM NOKASATENSMM

B npeasigymem naparpade ME pacCMATPHBAMN YMHOMKE-
HHé U JexeHne cTeneHed ¢ 0JAHAKOBEIMH OcHOBAHAAMM. OKasLIBacT-
CH, MOHO YMHOXCATE H BEJINTE CTENMEHHA H C Pﬂ3H-b£Mu OCHOBAHAAMH,
€CJIH TONBKO MOKA3ATENH Y 3THX CTelneHell 0JWHAKOBEIL.

IOpumep 1. Burumcnomrs 2¢- 59,

Pemernme. Komeuno, MoxHO mo tadnune us § 12 yocraroEATE,
uto 2% = 16, 5* = 625, a 3aTemM yMBOXHTE 16 Ba 625. OgHaxo addex-
THEHEE CIefVIOlee PacCYKACHHE:

2.5 =(2-2-2-2)'(6-5-5-5)=
=(2:5)(2:5)(2°5):(2°5)=(2-5)*=10"=10000, @&

B mporuecce pelileEHA MB MOJYYHRAN UHCI0BOE PABEHCTBO

2*- 5 = (2-5)%.
TouHo TaK Ke MOMKHOQ ZOKasaTh, 4To a’b® = (ab)’.
B camomM pgene,
a®®=(a-a-a)-(b-b-b)=ab-ab-ab = (ab)’.
Boolme AMeeT MeCTO PABEHCTEO
) a"b" = (ab)".

IlpuBeseM «MOJUANHBOE? AOKASATEJILCTEO 3TOr0 VTBEPKIeHHS.
IlonpoByiiTe €ro «03BYYNTE? W NPOKOMMEHTHDPOBATE
¢t =a-a-..ab-b-..-b=a-a.-abb. b=

# MECH:

= (ab)- (a;ﬂ)"-l... : (ab}‘= (ad)".

nnmon?nmei
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3. CTEMEMb C HATYPAJIbHbIM NOKASATENEM W EE CBOMCTBA

NMpumep 2. Baraucante 14—8

PemeHne. KomeuHo, MOXKHO NIPOM3ROIUTE BEIYHCACHAHA «B J106»,
. e. HaiiTa 125, sarem 4%, 3aTeM mepBoe THCIO pa3feATL HA BTOpOE.
Ho ny9me paccy:XKZaTh Tak:
12 12.12-12.12-12-12 _ 12 12 12 12 12 12

2® T 4.4-4.4.4-4 4 4 4 4 ¢ 4
]
=(%2) = 3% = 729, @&

B niponecte permesEss MbI IIOJLy9HIIE YHCIOBOE PABEHCTRO 142: [%) .

3 3 7
a a a a
TouHO Tay Ke MOKHO JOKA3ATH, UTO > = [EJ b_7 = (;J . Boobme
HMeeT MeCTO PABEHCTBO

‘;—n = (%] , ecan b # 0 (goxaxcurel).

Hrax,

a®*t" = (ab)®;
a” aY
— ==, b#0.
v~ (5]
OGe 5THE (HoOpMYJIH IPAMEHSIOT KAK cJeBA HANPABO, TAK H COPABA

Hagdeeo. UX Tax;Ke MOXHO OPOPMETE B BHie NpABHA AeifcTBmil Hapn

CTEeMeHAMM, TOrJa K TpeM npapmaaM nz § 13 aobGaBsarca eme aBa.
Ty

-
IIpapano 4, Ymobu nepemnoxums cmenenit ¢ 0duHAKOBHIMU

nOKA3AMEAAMY, JOCIMAMOLHO NEPEMHONUMNL OCHOBARUNA, & NOKA-

samenv CMeNeHN OCMAcUmMb HeUIMEHHbLM.,

Ipaenao 5. Ymobe: pazdeaums Opyz na dpyza cmenenu ¢ 00uHA-

KOBLIMU noxasamennmit, focmamoyno pasferums 0dHo OCHOBAKLE

| ®e dpyzoe, a noxazamenb cmenenl OCMAGUNLL HEUSMEHNBIM. y

apd
INIpamep 3. YOIPOCTHTL BHPAKEHAR [ ;b ]
Pemenne. HvMeem

2 34V 92 3}_,4"'
&= ] - C) (apanuno 5




3. CTENEHb C HATYPAJIBHbIM MOKA3ATENEM U EE CBOMCTBA

(2%a’bY)* = (2(@°Y(v")° (npammmo 4).
Ho
(22)5 = 210 = 1024; (aa)-" = als; (b‘)s = bm (]IpﬁBHJIO 3)-

Braunt, (22a%h*)° = 102442'%5%°. Tak rax 3% = 243, To OKOHIATENL"

—— 924%p¢ Y _ 102445 @
3 243

IIprMep 4. PacnoJoENTb B NOpAAKe yORIBAHMA YHCHA:
a = 27%7.25%, b = 75%. 9", ¢ = 45%,
Pemenne. a = 2737252 = (3%)%.(5%)% = gi11. 5%,
b = 752894 = (3-5%)%. (32! = 328.5%. 382 = gU0. 55,
¢ = 45% = (32.5)% = 3112.5%¢,
Hrak, g = 3"1-5%, p = 3110.5% o = 3112.556 spaupr, ¢ > o > b, Gl

B sakaueHne — of5HO npepocTepexenne. Mul sHaeM, 4To

SCAH OCHOSaHUA OQAHAKOERL, TO eCJIN Roxcd3ameni oTHHAKOBEL, TO
an_ak= n.+k; an.bn={ab)n;
" 1gt=g""k a b =(a:by.

Ecmau xe VMHOMEHNEe H aefIeHHe BHIIIOJOHAETCA HAX CTelleHAMH
C PABAHYHBMH OCHOBAHHAMHM H PASHB MHE MOKA3ATENAMM, TO

Gynere BHMMarTenbHEL. Tak, 8% 2* MomHO BhiuMCANTL ¢B J106»: cHa-
yaja BHUUCAUTDL 3°, sareM 2 H, HAKOHeN, BLINOAHATH YMHOMEHHE,
A moxuo Tak: 3 34-24=3.(3-2)* = 3- 6%,

§15. CTENEHb C HYNEBbIM NOKASATENEM

B npegniaymnx mneparpadax ™Mbl ¢ BaMH HAYIHIMCH Bhi-

YHCEATEL SHAYMEHHe CTelleHH ¢ JI0OBIM HamypaashHoid IHORABATENIeM.
Hanpamep:

0,2!=0,2; 3°=3:3=9; 4°=4-4-4=264;
11=1-1-1-1=1; -2)° = (-2)- (-2)- (-2)" (-2)  (-2) = -82;
0°=0:0'0-0-0-0=0mnr.na
B panbHeitineM BH y3HaeTe, YTO NOKAZATENEM CTeNeHA MOXeT OBITh
He TOABKO HAaTypanbHoe umcesio. Ho aTo nmpoHsoizer mosaHee, B cTap-
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3. CTEMEHL C HATYPASbHBIM NOKASATENEM W EE CBOMCTBA

IIMX KJIACCAX, A OKA MBI GAEIaeM JIMIIL OXAH CKPOMHLII [IAr B 3TOM
HAIIDABIEHNUN: BBefeM NOHSTHE CMENEHY ¢ HYRCELIM NOKA3AMENLM,
T. &, BHIACHAM, KAKOM CMEICH NpUAaeTcA B MaTeMaTAKe CHMBOXY a’.
A Pelh 2TOT CHMBOJ «HApAMABaeTes»., CMorpure: 2° ; 2% = 2873 = 22,
3% : 3 =3%"! = 3. Tlouemy 611 He mamucaTs 5% : 5% = 5°7

Ilo cHX nop Bece 6LLI0 Xopomo: a® — »To BHAYMT, YTO YHCAC @
HYKHO YMHOKHATEL camo Ha ceba 3 paza, @'’ — aro smaunT, uTo ume-
JI0 @ HYXHO YMHOXUTH camMo Ha cefGs 10 pas, @' — sro mpocto a.
A w10 Takoe a°? BeAb HeJb3A JKe, B CAMOM felle, YMHOKATL THCAO &
camo Ha ceba O pas!

Xorenocn 651, ITOGH 1A ¢° BHIONEATACE NPABLIYHEIE IPABAAA,
HaIpHMep, 4YTo6GH IDH PhIUMCIeHHH a’ - a° mokasaTean cKJIAZLIBA-
smck: a®-a® = a®*% Ho 8 + 0 = 3. Yro ke nonyuaerca? IToxyuaerca,
uro a® - a® = ad. Buaunr, a® = a® : a® = 1 (upn sTOoM EyXHO BBECTH
ecTeCTBeHHOe OTPAHMYeHMe — a # (). IIpoBeAcHHOe paccy KAeHNe
RaX-TO MOTHBHpYeT cleAyIOllee ompegeieHne.

Onpedenenue. Ecm @ # 0, To a° = 1.
Hanpumep, 5,7° = 1; (-8)° = 1; (2"° = 1 r 7. . OgHAKO YuTHTE,
aTo cumBoa 0° cumTAeTCA B MATEMAaTHKe He MMEOIAM CMEIC/IA.



FNABA

4 OAHOUNEHbI. APUDMETUIECKUE
ONEPALUMM HAL OAHOMNEHAMM

§ 16. MNoxarue ogrovnena. CTangapTHeN Bhl OAHOYACHAE

§ 17. Croxcensie u BbiNHTEHHE OQHOYNEHOBD

§ 18. YmHoxenne ogHouneros. Boasegenne ogHOUREHS
B HATYDANLHYIO CTeNeHs

& 19. Jenenue ogHouneHa Ha ogHounex

§16. NOHATME OAHOMNEHA.
CTAH[AAPTHBIA BUJ, OfHOUNEHA

Onpedenenue. Ognounenom Ha3sBART anrefpanveckoe
BEID&JKEHHE, KOTOpOe IpeAcTapigeT 000l mponsBegeHHe YHACET H
HePpeMeHHLIX, BO3BEACHHLBIX B CTelleHb ¢ HATYPAJIBEBIMH IIOKa3aTe-
JAMH.

IIpuMepr OGHOYNSROR:

4
2ab; %azxys; (—2)xy®- (g) x*ab*; 1,7a"d" (n e N).

OxEounenaMy ABISIOTCH, B YACTHOCTH, TAKIKE BCe YHACIA, JIOOLIe
IepeMeHHEIC, CTeIeHH IepeMeHHHX. Hanpumep, ogHOWIEHAMH AB-
ASAOTCH:

0; 2; -0,6; x; a; b; x5 a%5 b (ne N).
Teneph UpHBeSeM NpPHMepH aarebpanyecKEX BhIpaXKeHUH, He

ABJAIOIIMXCS OHOWICHAMM:
2
a+b; 2«%-3y°+5; %.

2ab
A Kax BEI CYUTAETE; BRIDAXKEHAE = ofHOUJIeH HAF HeT? Begb

2
OHo mo dopMe TIOX03e Ha BRIpAsKeHHe %, Koropoe GurypupyeT y Hac B

uHclie BRpaxeHn, He SRAAIOMNIHXCA ORHOYICHAMMY, H COAEPIHNT B CBO-

eif sanwen wepry apobn. Tem He MeHee Egk — OJHOUJIEeH: % = Eab.



4. |I OOHOUNEHBI. APUDMETHHECKME ONEPALIMK HALL OOHOYNEHAMM

Bor eme ABa IpHMepa, NOCTPOSHHRIX HA KOHTpPACTE: % H %. Kax

BHl CYHTaeTe, KaKoe M3 3THX BRIDAKEHHII OXHOWIEH, a KaKoe HeT?

A Tenepk NpOoBEPLTE ceba: — OOHQYJIeH, €I'0 MOXXHO 38IIHCATE B

Jo w| e

1
BHIE §a; BRIDaMeHNe xe He ABIAeTCH ONHOTJIESHOM. TEDMHHH

a
B MATEMATHKE Hago YIOTpeDJATH NpaBHJILHO.
2 5
PaccmoTrpumM ogaouNeH 3a - 3% be. T'NAZA HA 3TO BEIDAKEHHe, Ma-

TEMATHE O0BITHO PACCYIKEAET Tak: «OT MepeMeHB MeCT MEOXXHTedelH
NpouaBedcHNe He HBMEHNUTCH, 3AIMINY-KA 4 9T0 BeIpakeHHe B GoJee
yaoOHOM BHAE:

2 2
(3-5)-(a-a)bc.

Toraa, — AYMAaeT MaTeMaTHkK, — A moxyuy 2a’be, a sTa s3anucs npH-
ATHee To#, uTe OBLIA, X0TA OLI NOoTOMy, uTo Kopoue. Kpome Toro, B
Hell Her Toro cyMmOypa, Kaxoi GLIE cHAUANA: MEPBEIX MHOMKHTETL —
U0, BTOPOH — MepeMeHHEAS ¢, SATEM CHOBA YHCIAO, IOTOM OLATH
mepeMeHHAA ¢, HO YK€ B KBaApDATE H T. I.».

CrpeMAmuiica ¥ YeTKOCTH, KPATKOCTH H ODOPAAKY MATEMATHE HA
CAMOM JieJie IDHBEJ ONHOWIEH X cmandapmuomy eudy.

Boobme, yvmobv: npusecmu odHouAEH K cmandapmuomy sudy,
HYMCHO:

1} nepemuomums sce RUCROBLIE MHONKUMER U NOCMABUML UX
npousgedeniie Ha NePeoe Mecmo;

2) nepemnorcumos ace uMeNUWUecK cmenenu ¢ 0GHUM GYKBEHHLIM
OCHOBAHUEM,;

3) nepemuoxcums ace uMeOwiecs cmenenl ¢ dpyzum SyxeennotM
OCHOBAHUEM U m. 0.

Yucnopoif MHOMKHETENE OSHOUIEHA, SAIHACAHHOTO B CTAHZADTHOM
BHJAE, HASHIBAKT Ko3(ubHIHEeATOM OTHOLICHA.

Jw0boit ofHOWIEH MOKHO IPDHEECTH K CTEHAAPTHOMY BHAY.

IIpuMep. IIpuBecTn OfHOUYIEH R CTAHIADPTHOMY BHAY H HASBATDH
Ko bHIHeHT OFHOLICHA;

8) 3x%yz - (-2)xy’2’;
6) 4ab’c - %c;



4. II OOHOUNEHL]. APUDMETHMECKME ONEPALIMK HAL OQHOYNEHAMM

B) —2ax’ysz" . -;-axsyz;
3ab
I') E.
Pememnue. a) 3x%yz - (-Dxy?2® = 8 - (-2)xPxyy’zz® = —62°y%250
Koadwbenmenr oqmowiesa papeH —6.,

6) 4ab2c-ic ~4. iabz(c-c) =1-ab?c? = ab?c?,

Koadgdpunment oguouneHa paper 1, raxofl xoaddunuenTt o690
He NUIIYT, HO MOAPasSyMeBaoT.

B) —2ax’y®z"- %aﬂyz =(-2)- -;-aaxgxsysyz"z = —a®x"ytz" 1,

KoadduuuenT onHowneHa pasex —1.
T} A 370, KAK T'OBOPAT, «MAJICHLKAA IPOBOKALMAS: OTHOMICH He
HaJ0 NPHBOAKTD K CTAHAAPTHOMY BHAY, OE H TAK 3AIKCAH B CTAHAAPT-

HOM BHJE: %ab. Kosddbromenr ognousmena papen 0,3.

§17. CNOXEHME ¥ BLIMMTAHME
OAHOYNEHOB

B arofi rnase MW HayuaeM HOBBIE AJDA BAC MATEMATHUECKKHE
06beKTEI — omgHOUNEeHB. O6pasHO roBOpHA, eclAH JNA MaTeMaTrHye-
CKOro A3HKA YHCJA, JepeMeHHbIe H CTeNeHN NepeMeHARX ARAFIOTCH
6yxkBaMH, TG ONHGUJIEHH -—- choraMa. KorJa B JeTcTRe BN YUYNJIHCH
YATATh, TO CHAYAJNA M3YIAAH OYKBHI, 3aT€M UHTAMH CJIOTH H TOJNBKOC
OTOM LEXHKOM IMIPOHSHCCHAH HAITHCAHHOE CI0BO; GYKBEI, CIOTH, G0~
Ba, HPOAJIOMEENS — JTANLl H3YICHHA ASHEA. H TYT yKe He BAKEHO,
HpapATCH HAM OHOUJEHH KAK CAMOCTOATENLHBIA O0/BeKT E3yUeHEA
NXIE HeT, HAYEro He Nojejdaellb — 6e3 yBepeHHOI'C BJIaeHMA AMH
HaM He 060HfTHCH, €C/IH MB XOTHM cBobGoZHO BA4JeTh MATEMATHUYE-
CKHAM A3BIKOM.

B § 16 ME BBeH NOHEATHA OGHOWISHA, CTAHAAPTHONG BHAA OXHO-
YjleEa. 3HAYHT, HAAO HAYYRTHCA paloTaTh ¢ OfHOWISHAMN, HANPHA-
Mep, BLHINOJHATE Hah HAMH apudMerniuecKkHe onepamuu, IIpm sroM
cpasy JOroBopHMcH, 4Te GyaeM DACCMATDHABATE TOJBKC OAHOYJIEHEI,
BANACAHHEBIE B CTAHIAPTHOM BHAE.



4. || OfHOMNEHL!. APUDPMETUHECKME ONEPALIMA HAD, OOHOYNEHAMM

Onpedenenue. [IBa oAEOWICHA, COCTOALINE U3 OJHUX H TEX e Ie-
PEeMeHHBIX, KAXKAA A3 KOTOPEIX BXOAMT B 06a OAHOU/IEHA B OQUHAKO-
BHIX cTeneHAX (T. €. ¢ PABHEIMH IOKA3aTeIAMHA cTeneHell), HAZLIBAIOT
MOTOOHLIME OFHOWICHAMM,

IIpumMepw Noa08HBIX ONHOWIEHOB!

2
2¢ m 5a, 3ab’c m -7 abic, 2 m Ba™
Kar Brpure, nogofHEIe OHOYNEHE OTAMYAIOTCH APYT OT Opyra
TOABKO KoadduoueATaMn (BrpodeM, U KooddHIHEeHTE MOTYT OBITH
PABHEI, HamnpAaMep, Tab u Tab — nDoao6HEIe OFHOUNCHEI).
A BOT NpAMepHI HEMOLOOHKIX OKHOYJNEHOR!

5 m 8a%, 2x m Ty, 34°% = 6a’h.

CaoBo «moaoGHEIe» HMeeT IMPAMEPHO TOT YKe CMBICT, YTO0 B OOBI-
JeHHOH peYH CAOBO «IOX0XKHe». CoryacHrech, 4T0 OAHOUNCHBI 5a%b
B 23a%bh noxowxu Apyr Ha Apyra (mogoSHEIe OXHOWIEHB), TOTAA KAK
ogHouwneHH 5a%b B 23ab%c? He moxoxkdA Apyr Ha Apyra (EenoaoGHEIE
OINHOWHEHEI).

PaccMoTpHM CYMMY ABYX TOJOGHEIX ofHodwNeHOB 5a’b + 28a?b.
Bocnonbayemcsa Memodom seedeHus HO60L nepeMenMoll: MONOXKEM
a%b = ¢. Torga cymmy 5a°b + 23a%h MoxHO nepenmncaTs B BEIe 5S¢ +
+ 28c¢. Dra cymma papHa 28¢. Hrak, 5a%h + 28a’b = 28a°b.

B 4em cmuica storo npecfpasosanua? CMBEICI B TOM, YTO DABeH-
creo 5a’h + 28a%h = 284%h arnaerca EepHEIM NPH MOJCTAHOBKE JIOGHIX
BHAYEHHH NnepeMeHHEIX.

Ham yaanoch cI0ETs DOAOOERE OZHOWICHE ), ORA3ANIOCE, ITO #T0
OYeHBb NPOCTO: OCTATOYHO CHOMHUTE UX KoahdunuenTsl, a 6yKBeHHYIO
YHCTH OCTABHTH HenaMmeHHOH. Tax e oSCTONT Jeno H ¢ BEIYHTAHHEM
nonoGHEX ogHO4YNeHoB. Hanpumep,

Tabc® — 9abe® = (7 — 9)abc® = —2abc?,

A rak 6nITh, €CAH OZHOUJEHH HeNOZOOHEI: MOKHEG JIH HX CKJIAALI-
BATh, BHIYKTATL? ¥BE, NOKA Heab3a! MBI BepHeMCA K 9TOMY BOOPOCY
moaxHee, B ThAase 5.

Ceityac M ¢cOpPMYJIBPYEM aJITOPUTM CHOMKEHNA H BEIYNTARNA OF-
Ho4YNeHoB (BIpovYeM, 0ORTHO CCTABAAIOT TOJMBKO TEPMWH +CJIOXKEHKE»,
a 3HAK MHHYC OTHOCAT K KoaddRIAeHTY).
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4. OOHOUYNEHL!, APMOMETMHECKUME ONEPALIMM HAL OQHOUYNEHAMM

(" ANropETM CIONKeHHA OTHOYICHOB h
1. IIpuBecTH Bee OZHOUNEHEH K CTAHAAPTHOMY BHAY.
2. ¥0eaurbed, UTO BCe OZHOWIEHH TOAOGHEI; ecli e OHH Hemo-
JOOHEL, TO ANrOPKHTM Hanee He NPHMeHAETCA,
3. Haitti cyMMy KoapdroAeHETOB DOA00HEIX OJHOWIEHOB,
4. 3annAcaTh OTBET: ONHOWIEH, NOKOBEEIH AaEERIM, ¢ KOo3gupHuIIN-
k €HTOM, IIOJYUeHHBIM HA TPETHEM LLATE.

~

OIpamep 1. ¥npocTATH BRIpAKEHAE
2a?b — Ta - 0,5ba + 3b- 2a - (-0,5q).

Pemexme. Peub AReT 0 CO0ROEAR OQHOWICHOB, 3EAINT, GyaeM
JeHCTBOBATL B COOTBETCTBHH € AJIFODHTMOM.

1) Ilepsriil ogEOYNeH yiKe HMeeT CTAETAPTHEIA BHJ.

Jna Broporo oGHOY/IEHA HMEEM

Ta - 0,5ba = (7- 0,5)* (a - a)b = 3,5a%b,
®TO CTAHAAPTHRINA BHJ,

IIpuBeseM K CTAHAAPTHOMY BULY TDETHI OAHOUNEH:

8b-2g-(-0,5a) = 3-2-(-0,5) (a - a)b = —3a%b.

2) Honyuuxu Tpn ogoanena: 2a%b, 3,5a%h, —8a%h. Orw moao6HLI,
NOPTOMY ¢ HEMHE MOM{HO NPOH3BOAHUTH AanbHelimue peficTeua, T.e.
TePEXOIUTE K TPeTheMy LUATY AJITOPHATMA.

3) HaiigeM cyMMy KoahDPHIHEHTOB TPEX MOXYUEHHHX OAHOWIE-
HOoB: 2 — 3,6 — 3 = —4,5.

4) Sanmmuem orpeT: —4,5a%b. |

IIpaMep 2. IIpeacTaBHTh OGHOMIEH 2'2’1:!:!:_2 B BHJE€ CYMMEI OJHO-
qNeHoB.

PemeHne. 3gech B OTIHYAE OT PACCMOTPERHEIX paHee IMPIMEPOB
PemeHle He eJHHCTECHH S (8 PA3EBe B JXH3HHM BO BCEX CJAYy4YaAX BbI MO~
JMeTe HAHTH equHCcTBeHHOe pemnenne? HHorga pelmennii HeCKONBKO, a
HHOT/Ia PellleHHA H BOBce HeT)., MoHO HanucaTs

27ab® = 20ab® + Tab?,
1 3710 6yaer BepHO. MOXHO HamUCaTs
27ab® = 15ab® + 12ad?,
4T0 Takie GyxeT BepHO. MOKHO HAMHCATE TAK
27ab* = ab® + 26ab’

3



4. || OOHOYNEHLL. APUDMETMHECKME ONEPALIMA HAD OOHOHNEHAMM

H Ja)Ke Tay
27ab® = 100ab® — 73ab?,

MoskHo yRasaTh ellle pAx pewernnid. 'napHoe, arobul cyMMa Koagpn-
[IEEeHTOR CKAAALIBAEMEIX OOAOOHRIX ofECWIeHOB GELa pasHa 27.
Keratn, e 06A3aT€JAbEO COCTABAATE CYMMY ABYX OAHOUJICHOB
(B YCIOBHH BeAb PTC HE OTOBOPEHO). SHAUMT, MOMKHO OPEATIOKKTDH,
HampuMep, TaKoe peinenne: 27ab? = 20ab® + 4ab® + 3ab?.
Wmu Takoe: 27ab’ = 2ab® + 8ab® + 22¢b* — Sab®. @

HonpobyiiTe caMy NPHAYMATE €IIe HECKOJIBKO pelleHKH nprme-
pa 2.

MpI sakaHUYEBAEM H3yueHHE TeMhi «CaosKeHHe H BHIYWTAHKE
oaEowWIeHoB». Ho BH, HapepHoe, omymaere KaKyiO-TO HeROTORO-
PEEEOCTE. MaJjo JIH ¢ KAKMMH OJHOYNEHAME HAM NpHIercd HMETh
Aeno B AaibHe#ineM, a BAPYT cpedd HMX O6yayr Henogob6uue? Yro
JAeNaTh, €C/IA, COCTARIAA MATEMATHYECKYID MOAEAE peaJbHON CATYa-
NMEHA, ML OPAILAM K BREIPAMKEHEI0, IPeNCTABIAIONIEMY co6oll cyMMy
HenoJoOEEIX OXHOWIeHoB, Hanpamep 2gb + 3a — 567 MareMaTuRH
HAIIJIHW BREIXOX K3 HOJOMEHHMA: TAKYI0 CYMMY HAZBaJIH MHOZOUICHOM,
T. ¢. BBQJIA HOBO? MOHATHE, H HAYYHJNCEH NPOMIBOAMTEL GIEPANHA HAK
muorowreHaMa. Ho o6 »ToM peus BIepean, B Taage 5.

§18. YMHOXEHME OHOUNIEHOB.
BO3BEAEHME OFHOUNEHA
B HATYPAJIbHYIO CTEMEHb

B § 17 Mu paccMATDHBAJIER CAOXKeHHEe W BHIYATAHHe
ofgHOowneHOB. OKABAMOCE, YTO OTH ONEPANMM NPAMEeHHME TOJLKO K
noacGHEIM OXHOYIEHAaM. A Kak OGCTOHT Xen0 ¢ YMHOMKEHHeM OINHO-
uneHos? (JUeEs NpOCTO: CIAH MEXXAY NEYMH OJHOUJICHAMHY NOCTABATH
3HAK YMHOMEHESH, TO CHOBA MOAYUYHTCA OJHOUWICH; OCTaeTcd JHAIOD
UPABECTA €T0 K CTaHAapTHOMY BHAY (baKTHUecKH 3TC MBI Vike he-
aenu B npumepe na § 16). He Bmismpaer 3aTpyAHeHUME H BO3BeZeHHE
OAHOWIEHA B cTelenb. IIPH 2TOM MCOOALSYIOTCH NpaBMAa gelicTemil
co creneRAMA (parrHdeckls B npumepe 3 u3 § 14 MH y:e BOZBOAAAN
OJHOWIEH B CTEIeHE).

Ipumep 1. HaiiTe npouasesenne Tpex ogHo4aeHOB: Za’bc’,

::iwrz"c:u:3 u a’h.
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4. II ONHOUNEHBI, APMBMETHHECKME OMEPALIMK HALL, OOHOYAEHAMM

Pemenne.

(2a%bc®) - [iia’cx’) < {a®p) = [2 . g) (@®a®a®) - (b- b) - (c®c)x® =
= 1,5a"b%ctxt, ¢ |

Ipumep 2. Yopoctuts Bripaxerme (—2a%bc®)’ (r.e. npegera-
BATDH €T0 B BHAE OAHOWICHS).

Pemermne. (—2a’bc?)® = —25(a?)°b5(c®)® = -32a"%%*%.

Mu 2EcIons30BANK, BO-NMEPBHX, TOT GAKT, YTO OPHE BO3BCJeHEN
LpOHSBeJeHHA B CTENEHEL HAJO BOSBECTH B HTY CTeleHb KAaXKIbIK MHO-
sxkarens. Ilosromy y Hac moasanack sanmcs 25(a?)*b%(c%)°.

Bo-BTOpEIX, MBI BOCHOJB30OBAMHCH TeM, aro (—2)° = 25,

B-TpeThnx, MbI HCNOAR3OBAAN TOT GAKT, YTO NPHU BO3BeleHKA

CTeIIeHH B CTENE€Hbh NMOKA3ATEJIH NepPpEMHOKAKTCA. HO&TOMY BMECTO

(¢%)® mu manacamn ¢'°, a Bmecto (c®)® Mu Hanmcanm ¢'5.

Opumep 3. IIpeacrannTs ofHousen 36a%bic® B Buae npomae-
[eHBA ONHEOUJICHOB.

Pemenne. 3nech, KaK B B npuMepe 2 us §17, pemenue He
eAnHCTBeHHOE. BOoT HecKoJbKO BADHAHTOB pPelIeHNA:

36a%bic® = (18a%) - (2b°c%);
36a’bic® = (86abc) -« (abPct);
36a%bic® = (— 3bY) - (-12a%c®);
36aZb'c® = (2a%) - (3bc) - (66%%).
IMonpobyiiTe caMn NpPpHAYMATH ellle HeCKOJAbBKO DPeIIeHHI mpuMe-
pa 3.

Ilpumep 4. IHpeactaBnrhk ZAHEHH ogHOuUNeH A B Buje B", rhae
B — oasounen, ecnau:

a) A= 32a% n=2>5; r) A=-274%° n = 8;
6) A=a®%% n=38; I) A=16a%° n=4.
B) A = 49a%h'ct, n = 2;

Pemexnne.

a) 32a° = 2%a® = (2a)°. Bwaunur, A = B®, rae B = 2a.

6) a®b® = a®(b?)® = (ab?)®. Cnegosarennho, A = B?, rue B = ab’.

B) Tax Kax 49a%bic® = 72a?(B*X(c®)® = (Tab’c®)%, ro A = B, rme
B = Tab®c®.
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1) Hockoneky —27a%° = (—3)%a%(¥%)® = (—8ab®)®, saxmouaem, uro
A = B? rge B = -3ab®,

a) C oamrowienom 16a%h® y mac mmuero me moxyumres. Mouemy?
HasaiitTe paccyskgarb. Ecau 6 He Griio MEomuTens b, ro sajaua
pemanacs 6u1 Ges rpyza: 16a® = 24a%)* = (22%)*; ecxm 66 BMecTO b°
GBI MHEOKHTENb, HAPHMeP, b'%, To M pelnnmm 61 3a/a9y Tak:

lsaabu = 24(02)4(!,3)4 . (2a2b8)4.
Onnaxo MEOKHTeNs b® Heapsa npexcrapaTs B Buge (b*)4, roe kb —
HATYPaALHOES YHCHAO, ITOT MHOEHTENL, KAK I‘OBOpHTca, GI[ODTH‘T BCE
Aeno» ., Suaunr, oxuouner 16a°4° mennaa npescraruTs B Buge BY, rae
B — REeKoTOpBIH OfHOUNEH. {u

TIpamep MOKASHIBAET, YTO B MATCMATHEE AAJIEKO He BCe NOAyUIaeTCd,
He a0bada 3agaya HMeeT pelleHHe (KaK B B peaibHOH HHBHH).

Kecrarn, ec/Id MATEMATHKY NPERAATAIOT 3aJ8HNE, 3aBeJOMO HEBbI-
noxHuMee (Hanpumep, pasgennrb 5 Ha (0 HIK HANTH TOMKY Depecede-
HHS NapaiieAbHbIX OPAMBIX), TO OH MOBOPHT: «3adava nocmasaeHa
Hekoppexmuno» HIHA «310 — Hekoppexmuan sadavar. Tor, kro npex-
JIOMRUI HOROPPEeKTHYIO 3afa4y, AOJKeH MaBNENTHCI. BoT m aBTOpH
H3BHHAKOTCA 8a npaMep 474). X0TA corjacureck, 9Te OH GBI faH He
fe3 DOaL3H.

Paz vk MBI 3aTOBOPHIH 0 KOPPEKTHRIX A HeKOPPEKTHRIX 3aa4aX,
NpHEBeJeM €llle HecKOJIbKO IPHMEpPOB H TeX M ADYIHX, 8 BH NOMBITAR-
rech OOBACHHTD, MOUEMY 3adada KOPPeKTHA MJIH HeKOPDeKTHA.

KoppexmHuuie sadaxu:

1. Yapocrurs 2ab’ - (3ab)°.

2. YopoctiTh Tab + 8ab + ab.
2,74+ 38

2-6

4. TpencraprTs oguounen 13a*h® B Buae cyMMu ofHOwIEHOR,

5. Tpencrasnte oxsounen 48x’y°z B Bmge mpomspenerma onHoO-
YLIeHOR.

8. IlpenacrapuTh onHouNeH A = 25q* B BUJe KBAAPATA HEKOTOPOTO
ogaOunaeHa B.

3. BelUncAHTH

Hexoppexmuvie 3adamu:

1. Cnoxurs ogounens: 3ab?, 5ab® n 7ab.
2,7+ 3,8

2. Brlupcaato 56

2%



4. OOHOHNEHLL. APU®METMHECKME ONEPALIMKM HAL OOHOUYEHAMM

3. IIpeacraBuTs OfHOUNEH A B BHIe KBaApPaTa HEKOTOPOrO OHO-
unena B, ecan A = —25a*,

4. Haiitn Touxy mepecedeHus npauex y = —3x+ 1B Yy =—-3x+ 5
(cM. npumep 16} B § 10).

§19. RENEHME OAHOYNEHA HA ORHOUNEH

Yro Taroe OZHOUIEH, MBI SHAEM; KAK OQHOYIEHE CKAAEI-
paThH, BEIYNTATL, DeDEMHOMATL M JAKe BO3BOJIMUTL B cTeNeHh — 0O-
cyauan. Ho Besp AMeerca eme OHA apHpMeTHEYeCKAs ONepalnd —
deNncHRe, olepannas, opaTHAS YMHOKeHAK. Mom Ao JIH GHITEL YBEeDEeH-
HEIM B TOM, 9TO ONepanua AeNeHAR OJAHOUJEHA Ea OJHOYJIEH BCETIa
BRINOJHKMA — B TOM CMEIC/I@, UTO B YaCTHCM MOAYYHTCA OJHOUIEH?
BoT 00 3TOM H IOTOBODHM.

IIpanmep 1. Onmpasacs Ha cBoiicTEa apHdMeTHYecKUX gelicTBrif,
IONBITAEMCH BLEIIOJHHTE AeJeHNe ONHOYIeHOB:

a) 10a : 2; B) 36a°h° : (4ab?); ) 4x® : (2xy);
6) 18ab: (3a); 1) %xayzz : (—22%y%2); e) a®: a°

PemeH He. a) Bocmonsayemes TeM, YTO €CJIH NPONIBeJeHAE ABYX
YHCeA AeNAT HA TPeTbe MHCIC, TO MOYXHO pasfe]ATH Ha HTO THCIO
OOKH m3 MHOXHATENeH H NOJIyYeHHOP YACTHOS YMHOMKHATH HA APYron
MHONPETeS, (Beoomamnu? Hanpumep, (12-4):3=(12:3)-4=4-4 = 16.)
HNmMeenm

10z :2=(10: 2)-a = Ha.
0) Paccy:xkaaa Kaxk B IpEMepe a), noJyqaeM
18ab : (3a)=(18 . 3} (a:a)p=6-1-b = 6b.

B) 36a%h® : (4ab?) = (36 : 4)-(@® : a)- (b° : b®) = Qa® 1 - H5 2 =
= 9a%°,

HHorna yaobuee BMecTO 3HaKa AelleHNS (1) MCIIOJLIOBATE IepPTY
npobu. Bor kak Torna Gyger BEINAAAETH peImeHHe NDAMepa B)

36a® 36 o M
4ab? 4 a B

r) 3gecsk MBI HCNOAL3YEM KOMBHHHpPOBAHHEYIO 3aACH DEINEHHA,
T. €. H 3HAK JeNeHusd, U yepry aApobu:

4 Anrefipa, 7 n. ul. 97



4. || OAHO4AEHBI, APHUMMETMHECKME ONEPALIMKM HALL OOHOYNEHAMM

%xsyaz : (—2x%%2) ( : (- 2)} x yiz

4 2 ¥ 2 2
=——-—-=”—,-—=—— 1-101= -2,
7-2 2 ¥y 2z 7
3xech BCe BEPHO, HO, KAK FOBODAT MATEMATHKH, HEDAUUOHAABHO,
HNOCKOMBKY cpasy GruIo AcHo, uTo x°y’z : x°y°z = 1 (daKTHYecKH BEI-
padieHHe AexHTCA caMo Ha cebsa).

DAd: Qayy = 2 o4 2 1 g 1 2

2xy2xy ¥y ¥

Dro He OOHOWIEH, 3HAYHT, PASAENNTH 4x° wa 2xy HenbadA (B TOM
cMBIc/Ie, YTOOR B YACTHOM NOAYYMJICH OXHOUWNEH).

e} H sra 3afada HEBHNOMHAMA, TAK K4K ME IOKA HE yMeeM Je-
JUTE NPH OFZHOM H TOM € OCHOBAHKH CTENeHb ¢ MEHBLIIHM MOKA3a-
TejieM HA creneHb ¢ GOJPMIHM ITOKA3ATENEM.

Mu pacemorpenn mIecTh NPUMEpPOB, H3 HHX YOTRIPE OKAZAIHCH
KOPPEKTHEIMI, a ABA (IOCJe/fHNe) — HeKOPPeKTHEIMH (3TOT TepMHH
Mul BReqE B § 18).

IpoanaansApyeM Tenephb pelleEHbIe NPAMEPH B NonpoGyeM ¢ no-
MOIIBKY 3TOTC AHAJKSA BHIACHHTE, KOTJA MOMKHO DASSHTE ONHOUAEH
Ha OZHOWIEH TAR, ¥TOOH B YACTHOM CHOBA IONYYHJICA ONHOMJCH.

EcrecrBeHHo, yao6Hee, uTobbl ofa ogEoudeHa (K Aeanmoe, H
JeMUTeNb) ObijR SANMCAHEL B CTAHRAAPTHOM BES (BIpodeM, o0 STOM MBI
VCJIOBHJIECEH e1ne B § 17) ¢ OTNHYHLEIME OT HYJd KoaphHIaeETaMu.

Iepaoe natiniodenue. B nenaresne He xonmeo GLITh NepeMeHREIX,
KOTOpHX HeT B AeaAMOM (IO 5TOM NpAYHHE MLl «CIIOTKHYIHCE» B
npamepe 11)).

Bmopoe nabniodexue. Ecny B ZenuMoM 1 JleIHTeNE €CTh OIHA H T8
e NepeMeHHad, IpHUYEM B [eIHMCM OHA BORBOZUTCA B CTelledb 71, A B
AeJliTesie — B cTeneHb k, TO YHCJI0 k£ Be NOAMAOC OHITE Goabllle wucia i
(mosroMy MH «CNOTKHYJIACh» B TpuMepe le)).

Tpemve nabriiodenue. KosdbhdunueATH JeJIHMOTe B AeINTENS
MOryT OnIThH MIOORIMH, 34 HCKIIOUeHMEeM AeJNHTeNd, PABHOrO HYIKO
(IOCKONBKY MH YMeeM AeJHTh APYE HA ADPYTa Jlobble uncia, KpoMe,
pasyMeeTcd, AeNeHHA BA HYJb).

98



4. lI OHOHAEHB!, APUBMETMHECKME ONEPALIMMA HAL OQHOMNIEHAMM

BHaunT, ecal BAM IPEANOMKAT PAAEIATs OOHOWIEH Ha OAHOWIeH,
TO cHavana ylemdTech, yTo 3aja9a KODPeKTHa, T, €. NPOBEANTe yKAa-
saHHLIe HAOMAeENA B yiequTech, UTO Bee B NopaAke. B cayuae, korma
3aja494 KOpPpPeKTHa, pemaiiTe ee no obpasny opumepa 1.

Opamep 2. Ynpoctars 48a'b°ctd : (36ab>cH).

Pemenre. 1) 00a ogHowIeHA (M AennMoe, 1 AeNTENb) BamHca-
HBI B CTAaHAAPTHOM BHJE,

2) B aemmom ArypUpYyIOT NepeMeHHEBIe 4, b, ¢, d, B feanTtene a,
b, ¢. JIMIIHEAX NepeMeHHEBIX B AeJHTENE HET.

3) B nenmrene mer cremeHeil 60JBIINX, YeM ¥ OZHOMMEEHEIX IT€-
PEMEHHEIX B ASIHMOM.

Brisopg: sagaua KOppeKTHa, GyaeM ee pemiarb.

Hmeem
48a%%% 48 a* B 4 4
== L d=2.a*p-1-d=2a%d W
36ab’c® 38 a » 3 3 ®

Bul uyscrByere, uro B § 19, kax u B § 17, ecTh HedoOroBOPEH-
HocTBE? A 4UTO JKe Bce-TaKH AeNaTh, eCXH ofHOuYNeH HA OGHOYJEH He
paszgennnca? Paspe ME 3acTPAXOBAHE OT TaKoM curyanun? IToaromy
MATeMATHKH BEEJH HOBHIH 00BeKT — axzefpauxeckyo dpobv. Benom-
HKTe, BeAh M OOLIKHOBEeHHHE APo0H DOABEJECE M3-3a TOTG, YTO BO
MHOXEeCTBe HATYPAJALHLEIX YHCeA JeJeHHe BRIOJHAMO He BCerja; Ha-
upuMep, 14 nenutca Ha 7, a 13 He mesurtca Ha 7. Kak sanuchiBaeTca
OTBET BO BTOPOM cliyuae, KOTa HeAO BCe-TaKH pasgesauts 13 ma 77

OH 3anucuBaeTCAa B BHAe OGRIKHOBeHHOIT fpodu %31 Anrelparaeckas

2x8
ApoSs BCTpeTWIach HAM B NpuMepe 1a) — oro OLUIC BHIpaXeHHe —.
Y
W xomeyHO, MATEMATHKE HAYYAJIKCH ONIEPUPOBATh PTHMM HOBBIMH
ofeeKTAME — aJrebpaHYecKAMA ApoSaMmn. Mul Oy/eM H3yUaTh HX B
8-M xnacce, a BerperBMes elne pas B § 32,



TNIABA

MHOTOMNEHDbL. APUDMETHUMECKME
ONEPAUMA HAZL MHOTOMNEHAMM

& 20. OcHOBHBIE MOHATHA
& 21. Croxenne v BbIYHTIHME MHOFOYAGHOR
§ 21. YMHOMEeHHE MHOIOYIeHa Ha caHouNeH
§ 1), YMHONeHHE MHOrOYNEeHA HA MHOFOYReH
§ 24. Popmynsl COHPAEHHOTO YMHOMBHHA
§ 15. Meroy BolReneHua NONHOFO KBaapara

§ 26. [Jenenmne mHOrounena Ha ogHoYneH

§20. OCHOBHbIE NMOHSATHS

B raape 4 MBI yiKe OTMedYasH, IT0 He J10Gble OAHOWICHH
MOXHO CKJAJBIBATH ¥ BBIYMTATH, & TOJBKO DOACOHEIE; TAKKE OTMe-
4aJH U TO, 9TO PealIbHAA 3agada MOM(eT NpHABECTH K Taxoil MaTema-
THYECKOH Mogenn, B Koropoid GyaeTr cogep/HaTeCa CyMMA HEMOAOOHEIX
OJHOWICHOB. HaA H3YIeHHA TAKMX CYMM B MATeMATHKE BBeACHO
TNOHATHEe MHOTOYISHA.

Onpedenenue. MEOrOUI6HOM HAZEIBAIOT CYMMY OZHOUYJNIEHOB.

IIpuMepsl MHOTOYNIEHOB:

2a + b; 5a®b — 3ab® — 3ab? + T¢; 2+ xt+ 2% -2,

Pasymeerca, cymjecTBYIOT anrebpapdecKkue BEIPAYKEeHHA, He ABJISIO-
muecd MHEorouweHaMi. HanpumMep, %. 2x? + 5y - ;

Cinaraemsie (OAHOWIEHREI), U3 KOTOPBIX COCTOAT MHOTLOYJAEH, Ha-
3HIBAIOT WICHAMHM MHOTOQJIEHA: €CJM WX JBf, TO POBOPAT, YTO J&H
IByYIdeH (Hanmpumep, 2a + b —— OBywIeH), ecu ¥X TPH, TO rOBOPAT,
qT0 ZaH Tpexwien (HampuMep, 5a° — 2ch® + Tc — Tpexuaen). C aroit
TOUKH 3PeHNA CTAHOBHTCA NOHATHEE TEPMHH «OTHOWICH» M TO, UTO
OTHOWIEH OGLIYHO CUWTAIOT MACTHEIM CIY1aeM MHOTOWJIEHA.

PaccmoTpAM MHOrOWIEH

2ab?- 3ab — Ba — Ta + 3b% — %—a’bs- 6a — 27,



5. |I MHOTOMMEHL]. APMDMETUMECKME ONEPALIMM HAD MHOTOYIEHAMM

To, YTO 3T0 — MHOTOWIEH, COMHEHMIO HE TOAIEKAT (IIOCKOALKY 38-
IUcAHA CYyMMa OZHOYJEHOB), HO HPABMTCA JH BAM TAKad 3aNuCh?
Hasepnoe, uHer, [louemy?

Bo-nepBhIX, ofHOwNeH 2ab? + 3a%b me sanHcaH B CTAHAAPTHOM BHJE,
a Mbl BHAEM, YTO CTAHJAPTHHIA BHA — HamGojlee yAoGHAA BAINCH
oxnOwWieHa. IIpHBeNA €r0 K CTAHAADPTHOMY BHAY, nodyaum 6a®s°.

AHaJOTHIHO Haflo MPHBECTH K CTAHAADTHOMY BHAY ellle OXAH ‘LIeH
2b8

MHOTOUJIeHA, & HMEeHHO —% a’h® - 6a. Doxyuam —2a°b°.

Tenepk 3aNMHCH JAHHOTO MHOTOYJICHA NPAEEMAET H0Jlee IPHATHEIA
sux 6a%® — 5a — Ta + 3b% — 2a%® — 2%,

Bo-BTOpPHX, MOCKOJABKY 0T MepeMeHE MecT CAAraeMBIX CyMMa
H& MeHAeTCA, moJofHbe OAHOUNEHK MOXHO PACHONOMKNTEL PANCM,
4 3aTeM CAOKHTE.

IToxyunm

(6a’t® — 2a®®) + (-5a — Ta) + (3% — 2b7) = 44°® — 12a + B2

Ilpasaa, 06LIIAEC NMOAOOHEIE ONHOWIEHE B MHONOWIEHE HE IIepe-
CTABIAKT, HX OMUHAKOBO MONYEPKHBAKOT, 8 MOTOM CKIAJEIBAIOT:

6a°® - 5a — Ta + 3b% — 2a%0® - 2* = 4a%® - 124 + b2

DTy DponeAyPY HASHIBAIOT NpHBEACHESM NONOGHEIX WIOHOE.

Ecau B MHOrO4WJIeHe BCe WIEHLl 3ANHACAHLI B CTAHAAPTHOM BHJE H
OpHBENeHE NMOACOHEIE YNeHkl, TO FOBOPAT, YTO MHOTOYNEeH NTPHBENeH
K CTANJAPTHOMY BEAY (MJIA 3ANHACAH B CTAHAADTHOM BHAE).

Teneps BH NMOHEMaeTe, modemy 3anHce 4a°b® — 12a + b? npeamou-
THTeNBLHee NePBOHAYANLHOH BAIACH

2ab? - 3a% — Ba — Ta + 3b% — %a"’ls@ . 6a - 2b27

Heso B TOM, UTO NePBOHAYANILHAA BANACE — HEe CTAHAAPTHREINA BAJ
wmMHorouneHa, 8 4a’h® — 122 + b* — crangapreEI} BAA.

JIzofiolf MHOTOWIeH MOMKHO MPHBECTH K CTAHZAPTHOMY BHAY. YC-
NOBUMCS B JaNlbHeHIeM BCerja ¢ TOrc HAYAMHATE — TAK yAcOHee
NPOHIBOAUTE AeHCTBHA ¢ MHOTOYJICHAMH.

O6bMHEO MHOTOWIEH 0003HAYAIOT GYKEOM p winu P — ¢ 3ToM GYKBH
HAYMHAETCH IpeuecKoe cjobBo polys («MHOrmii», «MHOTOUYHCAEGH-
HEOi»; MHOrMOWIEHEI B MATEMATHKE HASHIBAIOT TAKXKE NOJUHOMAMU).



5. |I MHOTOYNEHDI. APMDMETMHECKKUE ONEPALIMM HAL MHOTOMNEHAMM

B ofo3natende BKIAKYAKOT U TePEMEHHBIE, N3 KOTOPLIX COCTOAT WISHBI
muorowiena, Hampumep, maorowren 2x? — 5x + 3 ofosmauaior p(x) —
YHTAIOT: «II3 OT HEKC»; MHorowien 2x% + 3xy — y* ofosnauator p(x; y) —
YHTAIOT: «113 OT MKC, HTPEKs U T. A,

NDprumep. Jlan MAOCTOYWIEH

. 2 _ 3. —_ 4 f 2.2 . 2

plx; y) = 2x - 3xy® — Tx*- 2x — 3z + 2 + 5x%° — 2xy - 49°.

a) 3anucaTh ero B CTAHAAPTHOM BHJAE;

6) seramennts: p(l; 2); p(—1; 1); p(0; 1),

Pemenne.

8) 2x - 3xy? - Tx®» 2x — 3x* + 2y + Bx%y? - 2xy - 4y° =
= 6x%° - 14x* - 32 + 2p* + 5x%y® — Bxy® =
= 11x%7% - 17x% + 2% — 8x3°,

STO CTAHAAPTHHIA BHJ MHOTOUWIGHA.

0) Banumce p (1; 2) osHavaer, 4TO HYXHO HANTH 3JHATEHHE MHOTO-
anena p(x; y) opu x = 1, y = 2. BrancneHud 6yjAeM NPONSEOANTE AJLA
MHOI'OYJIEHA, BAITACAHHOTO B CTAHAADTHOM BHAE:

plx; ) = 11x%y? — 17x% + 25 — 8Bxy.

Hmeem

p(1;2)=11-12-22-17-1*+2-2*-8-1-2=
=44 - 17 + 32 - 64 = 4.
Hrax, p(l; 2) = -5.

Ananoruymo
p(-L1)=11-(-1)-12-17-(-1)*+2-1*-8-(-1)- 1* =
=11-17+2+ 8 =4,

T. e. p{-1; 1) = 4.
Haxkonen,
p(O;1)=11-0%-12-17-0'+2-1*-8-0-1% =
=0-0+2-0=2,
Hraxk, p(0; 1) = 2.
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§21. CNOXEHME M BLIMMTAHHE
MHOTOMJIEHOB

B npexriayimen naparpadse MEl BECIH IOHATHA MHOTOWIE-
HA K CTAHJAPTHOrO BHAA MHOTOWIeHA. Bu: yite, HapepHoe, HAUMHAETE
IPABEIKATE K TOMY, YT0, BBeAA HOBOE IIOHATHE, HANO YUNTHCA pado-
TATh ¢ HUM. B gacTHOCTH, OyAeM YUMTHCH BHEIDOJHATL apHMeTHYe-
cKHe OIepANAH Hajl MHOTO4YJeHaMH.

HaurnaeM co cI0KeHHA M BHIUHTAHHA. ITO O4eHBb MPOCTHIE Ome-
paIiMH: YTOOH CAORHTS HECKOABKO MHOTOMWJIGHOB, HX SAOHECHIBAIOT B
CKODKAX CO 3HAKOM <«+» MeXAY CKOOKAME, PACKPLIBAIOT CKODKH M
npHBOAAT NopobHEe urensl. IIpH BHYATAHHN OZHOI'0 MAOTOWICHS U3
APYrOTC MX 3aIHCHIBAIT B CKOOKAX ¢O SHAKOM ¢—» Iepej BRIYATAEC-
MEIM, PACKPHRIBAIOT CKOOKN A MPABOAAT NOJQ0OHEIE UJIEHEI,

NDprmep 1. CloATE MEOTOUAEHRL:

a) p(x) = 22> + 3x — 8 u p,(x) = 5x + 2;

6) p,(a; b) = a® + 2ab — b%, pyla; b) = 2a® — a® + 3ab - b* + 5,
pyla; b) =a® —ab — b* - 4.

Pemenne. a) O003HAINM CYMMY MHOIOWICHOE Yepes p(x). Toraa

p(x) = py(x)+py(x) =
=2 +8x-B)+(bx+2) =222 +3x - B+ 5x + 2=
=2x2+(8x+ 5x) + (-8 + 2) = 2x* + 8x — 6.
6) OBosHATMM cyMMy MHOrowreHoe uepes p(a; b). Toraa
p(a; b) = py(a; b) + py(a; b) + pyla; b) =
( +2ab b)+(2a* -a’+3ab - +5)+(a®-ab-b - 4) =
@' +2b-b+20°-a’+3ab-b +5+a"-ab-b -4~

— o+ 4ab— 36% + 26® + 1. @l

NDpumep 2. HaliTn pasaocTh MHOTOLISHOB
pxy=2*+yr*+2x+3y+5

P ) =x*—y* - 5x + 3y - 7.
Pemenne. Of03aa4MM pPa3HOCTh MHOTOWIEHOB 4epe3 p (x; y).
Torna
P(x; y) = p,(x; y) — p(x; ¥) =
w(PH P +22+8y+5) - (P - -bx+3y-T)=
=£+y3+2x+3iy_+§—£+ya+5x-3y+Z=2y3+7x+12.
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5. || MHOTOYNEHDBI. APUDMETHHECKUE ONEPALIMM HAL MHOTCHNEHAMM

O6paTure prAMaEme: x° — x* = 0 u 3y — 3y = 0. IoasToMy «HC-

Ye3JIH» OAHOWIEH X' M OAHOWIEH 3Y M3 COCTABA 0GOMX MHOTOUIGHOB,
B Takmx cayaagx rosopar: x° u —x°, 3y m —3y esaumno yrumomcu-
auce (IpABJA, ITKOJLHUKA B TAKAX CAYYAAX JIOOAT TOBOPETE ¢CO-
KDATIUIHCH», HO TAK TOBOPHTE He CAEAyeT: TePMIH «COKpAIICHHAS» B
MaTeMaTHKe IIPHHATO YIOTPeOIATE TONEKO IO OTHOMIEHUIO K APODIM;

15 3
HAIPUMED, MOYKHO COKPATHTE Apobb 20 ¥ TOTAS mOZyUATCA Z)'

BaMeTHEM, ITO CJIOKeHHe M BHTHTAHHE MHOTOLISHOB BRINOJHAIOT
6 OAHOMY M TOMY e ITPABRJIY, T.€. HecOXOANMOCTH E PASIHYEHHH
onepanmni CAOMEHMA M BEUETAHKA HET, 3HAYHT, HeT U 0coboli Heoh-
XOAMMOCTH B HCIOJH30BAHAN JBYX TEPMHAHOB <«CACX(eHHEe MHOTOYIe-
HOB#, «BRIYATAHHE MHOIMOWIEHOBY. BMecTo HMX MOMHO ynorpebHTh
TepPMHEH alzelpauyeckas cyMma mrozovaenos. Bor HeCKROABKO npHMe-
POB anreGpaddecKHX CYMM TPeX MHOTOUYAEHOB P,(x), p,(x), py(x):

P1(2) 1 py(x) + py(x);
P1(x) — pa(x) + pylx);
Pi(x) — pa(x) — py(x);
Pa(x) — py(x) + py(x).
Tenmepk MBI MOXKeM IIOJBECTH ATOr BCEMY CKABAHHOMY B STOM ITa-
parpade B BHAie CAeAYIONIero NPAaBMJIA COCTABIEHHA anredpaudecKoit
CYMMEBI MHOTOYJICHOB,
4 A
Npasaao 1. Tmolel zanucams aRzebpatuiecKylo cymmy
HeCKORLKUX MHOZOLAEHO06 8 8Ude MHOZOLAeHE CMAHIAPIMHO020
euda, HYNCHO packpuimd cKOGKL u npusecmu nodoGuvie
waenst. IHpu amom ecau neped crxoficoil cmoum 3HGK «+»,
mo npu packpumuu cKobox Hafo FRAKL, cmosuiue neped
carazaeMbiMU 6 CKOOKAX, ocmasums Oe3 usmenenua. Ecru xe
neped ckolrol cIoUm 3HAK «—», MO NPU PACKPuLINUY cKo00K
HYMHO 3HAKYE, CMOAUUE neped crazaeMbiMu 8 ciolkax,
FamMenumb Ha npomusononodcnsie (e+» Ha «—», ¢«—» Ha

L «+»). )

A Tenepn c0AsaTeNsEO BePHHUTECH K NpHMepaM 1 u 2 M IpoKoM