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I'JIABA 1. CACTEMbBI YPABHEHUI

Cucrembl ypaBHEHUUW M CHOCOOBI HMX PpEUICHUS SBISIOTCA BaXKHBIM
pa3AaeaoM HE TOJBKO B3JEMEHTApHOM, HO W BbICHIEH MaTeMaTUKU. CHCTEMBI
YpaBHEHH — 3TO Haubojee 4acTo HCHOJb3yeMas MaTeMaThyeckas MOJEb,
MO3BOJISIIONIAsl ONMMCHIBATh KaK peajbHbIC SBJICHHUS W MPOLECCHl, HA KOTOPHIE
JCHCTBYET MHOXECTBO (PAKTOPOB (B apXHTEKType, T'€OAC3MH M JAp.), TaK U
MPOBEICHUE YUCTO MATEMAaTHYECKHX, OHMIUPUUYECKUX pacdy€ToB (MOUCK
k03 duireHToB B oOmux ¢Gopmysnax, NpuOIMKEHHOE pelleHUe ypaBHEHUI,
UCIIOJIb30BaHUE B 00JacTsIX pa3iuyHbIX Hayk). M gaxe npuBeaéHHBIM He
UCYEPIIBIBAIOTCA BCE BOBMOXKHOCTH CUCTEM YPaBHEHH /JIsl ONMCAHUSI CUTYyalluu
Ha MaTEMaTUYECKOM SI3bIKE

§ 1.1.YpaBHeHnus c 1Bymsi nepeMeHHbIMH.
JIuneitHbie THOPAHTOBHI YPABHEHUA

CdOnpenenenne 1.1.1.Vpaenenuem ¢ 06yms nepemenmvimu Ha3BIBAETCS
PaBEHCTBO, COJIEpIKAIICE ITH MEPEMEHHBIC (UX eI HA3bIBAIOT HEU38ECHHbIMUL).

Ecnu 3amano ypaBHeHUE ¢ IByMsl HEU3BECTHBIMH, TO, TIPEXKJIC BCETO, peUb
UAET O €ro MCCIEAOBAaHMU — BBISICHEHHHM, WUMEET JIM JaHHOE YypaBHEHUE
peleHns, M, €CIM HMMEET, TO CKOJbKO; HAXOXKJICHHE KOJIMYECTBA LIEJIBIX,
OTPULIATENIBHBIX, PAIMOHAIBHBIX WA JEUCTBUTEIbHBIX KOPHEW U JIp.

BooO1ie, pelieHne nepevyrclieHHbIX BOMPOCOB, BXONSAIIUX B TIOHSTHE
UCCJICIOBaHUs YpaBHEHHS YacTO HE MOXET OBbITh JOCTUTHYTO C
UCIIOJIb30BAHUEM CPEJICTB TOJBKO AJIIEMEHTAPHONM MaTEMaTUKU. OJTHU BOIPOCHI
paccMaTpuBaeT BhICIIasl airedpa, a dJeMEHTapHas 3aHUMAETCd WMHU JUIIb
YaCTUYHO.

CyTb MOHATHI perieHusi, 00JacTH MOMYCTUMBIX 3HAYCHUH YpaBHEHUS,
CIEACTBUS WU PABHOCUIBHOCTU [JIi ypaBHEHUW C JBYMs IEPEMEHHBIMU B
CPaBHEHUHU C YPABHECHUSIMU C OJHOM IIEPEMEHHON HE MEHSIETCH.

Pemute ypaBHEHUE
f(xy)=g(xy) ™)

O3HAYAECT HAWUTU BCE TaKUE€ Napbl YHCEI (a;b), JUIL KOTOPBIX CIIPaBEIJIUBO

pasencTso f(a;b)=g(a;b), nim n0ka3aTh, 4TO TAKMX YHCEN HE CYLIECTBYET.
[Tapa wuumcen (a;b) maswBaercapewenuem ypaBHeHms ¢ AByMs
nepeMeHHbIMU (*). Bce pemieHust ypaBHEHUSI OOBEAMHSIOTCSI B MHOXKECTBO

pELICHUN.
Obnacmoeto donycmumvix  3navenuti (OJ13) ypaBHeHUST ¢ nOByMsA
MepEMEHHBIMU Ha3bIBaETCS nepeceyeHme obOnacTei OIIpEEIICHUS

dyrxumii f (X;y)ng(x;y).B 3T0 MHOXKECTBO BXOAAT BCE TAKME Naphl 3HAYCHHU

MIEPEMEHHBIX, MIPU KOTOPBIX 00€ YacTU ypaBHEHHS] UMEIOT CMbICI. MHOXKECTBO
pELICHUI YPABHEHUS C IBYMs IEPEMEHHBIMU SBJISECTCS MOAMHOXKeCTBOM OJ13.
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Onuo  ypaBHemme ¢ gaByms  nepemenHbiME f (X;y)=g, (X))
aBnsercacreocmeuem apyroro f,(x;y)=g,(x;y), ecnu Bce maper uucen (a;b),

SBIISIONIUECS PEIICHUSIMU TIOCTICAHETO YpaBHEHHSA, OyIyT M pEUICHUSIMH
NEepBOro, HO He HA00OPOT. 3aMETUM, UYTO MEPBOE YPABHEHHE MOKHO MOJYUUTh
U3 BTOPOTO € MOMOIIbIO TPE0Opa30oBaHUM.

Pasnocunvrvivu Ha3bIBAIOTCS J1Ba WIM HECKOJIBKO YPaBHEHHMM C JIByMs
MEPEMEHHBIMHU B TOM Cllydae, €CJIM MHOXKECTBA MX PEIICHU COBMANalOT (JIM00
OJIMHAKOBBIC TAPBl YHCEN SIBIAIOTCS PEIICHUSIMH, OO0 pelIeHWd Yy Takux
yYpaBHEHHI BOOOIIE HET), a TaKXke, €ciau 00a SBISAIOTCS CIEACTBUSIMHU APYT
apyra.

VYpaBHEHHsT C ABYMsI HEW3BECTHBIMU YCJIOBHO MOXXHO pa3JeiHuTh Ha
00JIbIIIE TPYTIIIBI IO CTAPIICH CTENCHH 0001 U3 HEM3BECTHBIX.

Tak, ypaBHeHHe mepBOl creneHU(JIMHEHHOE) ¢ JByMs HEHM3BECTHBIMH
UMEET BH]T

ax+by=c. (1.1.1)

Ha xoopauHaTHON IUIOCKOCTHM TaKoe YpaBHEHHUE OINpEIENsieT MPAMYIO.
[TosToMy, TIpO ypaBHEHHE C JIByMsI TIEPEMEHHBIMH MOXKHO CKa3aTh, 4YTO OHO,
BOOOIIIE TOBOPS, UMEET OECKOHEYHO MHOro pemieHuid (mpsimas — ¢urypa,
cocrosias 3 0ECKOHEYHOTr0 MHOKECTBa TOYEK). B 3aBUCMMOCTH OT 3HaYECHHI
K03} (OUIIMEHTOB 3Ta TpsMas MOXKET OBbITh MapajulelibHa OCSIM WM HMETh
omnpeeNEHHBIA YTOJI HAKJIOHA K MOJI0KUTEIFHOMY HarpaBieHuto ocu OX.

PaccMoTpuM ypaBHEHHE TEpBOM CTENEHUW C JBYMSI HEU3BECTHBIMH U
3a/1aIuMCs 1eJIbI0 TIOUCKA €0 LEeJTOYNCIEHHBIX PEIICHUH. 3aMeTUM, YTO HHOTAa
MOMCK IICJIOYHMCIICHHBIX PEIICHUN 3aMEHSETCS IMOMCKOM HATypalbHBIX WU
paIMOHANIBHBIX pEIIeHW. B yKa3aHHBIX YCIOBHUSX ypaBHEHHE Ha3bIBACTCS
ouoghanmoswvim.

(HOnpeneaenne 1.1.2. Anrebpanueckoe ypaBHeHHE (MU CHCTEMA) C LIEIBIMU
kodpUIIMEHTaMH, y KOTOPBIX YHUCIO HEU3BECTHBIX MPEBOCXOJUT YHUCIO

yYpaBHEHUH, Ha3bIBAIOTCS ouoganmosvimu VpagHeHusMu (nm
HeonpeoeneHHbIMU YPAGHEHUAMU).
B oOmei#t 3anucmax+by=c — smHeliHOro ypaBHEHHSI ¢ JOBYMS

HEU3BECTHBIMH: &, b1 ¢— mesple uncna.

[Tpu pemennn mogo0HOTO poja ypaBHEHUM OOBIYHO CTaBUTCS 3ajada O
[TIOMCKE LIEJIOYNCIICHHBIX €r0 PEIICHUH.

Hampumep, ypaBHenme 4X— 6y= 17 sBusercs IUHEHHBIM (TIEPBOTO
MopsAiKa)1no(aHTOBBIM yYPaBHEHHEM IEPBOTO CTEMEHU, TaK 00€ HEW3BECTHBIC
BXOJSIT B HETO, UMESl NIEPBYIOCTENEHb. 3AMETUM, YTO IIPH JIIOOBIX IEJbIX YUCTAX
X, Y JIeBasi 4acThb ypaBHEHUs MPEJCTABISIET COOOM YMCIIO, Aesiieecs Ha JBa, a
npaBasi — yuciao 17, KkoTopoe Ha JBa HE JenuTca. TakuM 00pa3om, JaHHOE
YpPaBHEHHUE HE Pa3pelIMMO B LIEJIBIX YUCTAX.
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Urak, ecnmu B ypaBHenuu Buna (1.1.1): cBOOODHBIN 4WiIeH C HE OEIUTCS

na HOJ (|a|.|p

ciydae, koraa C Be€ ke aenurcs Ha HO/ (|a

), TO OHO HE€ HMMEET LEJIOYUCIEHHBIX pElIeHn. B mpoTuBHOM

)

b|) ypaBHCHHE UMEET PELICHHE.

[lepeitnem Teneps K pacCMOTPEHHUIO CIIOCOOOB pElIEHUs] YpaBHEHUHN BUAA
(1.1.1).

CHauania paccMOTPUM MemoO HOCIe008AMENbHO20 BblOeNeHUsl Yelol
yacmu — OJIUH U3 MPOCTEUIINX METOJOB, JOCTYITHBIN JJaXkKe IIKOJbHUKAM.
Ipumep 1.1.1. Pemuuth ypaBHeHue 4x— 6y= 18.

Pemenue.

PaznenuB o0e wactu ATOro ypaBHEHHUS HA HAaUOOJIBIIUKM OOIIUHN JEIUTEIb
yucen, 4, 6, 18, To ecTb Ha 4YUCIO 2, MOJYYUM YpPaBHEHUE, PAaBHOCUIIBHOE
JaHHOMY

2x— 3y=9.
N3 »TOoro ypaBHEHHMS BBIpa3UM HEU3BECTHYI0 C MEHbIIMM (110
a0CoOMIOTHOM BennurHe) Ko GUIIMEHTOM:

9+3
x=
2
Jlanee, U3 MOIy4eHHOM IPOOHU BBIICIUM LIETYIO YaCTh:
9+3 8+2y)+(1+ 1+
oo Iy _(8+2y)+(1+y) L1y @
2 2 2
Tak Kkak Xd YIOOJIDKHBI OKa3aTbCsl B MUTOre IEJNBIMH  YHUCIIAMH,
1+y
IpoOb ,BXOJIAIlIasE B TMpaBylo 4YacTb (Gopmyibl (#), TOMKHA OKa3aThCs
LEIbIM YHCIIOM.
1+y
I[Ilycten=——=,neZ. Jlanee BbIpa3uM M3 O3TOTO0 COOTHOIICHHS

HEW3BECTHYIO Y, mojydnm Y = 2n— 1.
[ToncTaBuM Teneps HalieHHOE 3HaYeHUE YB hopmyiry (#):
X = 4+2n—1+%:3+2n+n =3n+3.
OtBet: B3n+3;2n-1), neZ.
3aMeTuM, 4TO B PaCCMOTPEHHOM HaMu mpumepe: a =2, b =-3, ¢ =9. Ot
YrCJIa MOKHO OTHECTH K KaTeropuu «Maibiey. O4eBUAHO, eciii KOd(DPUITUEHTHI
MU CBOOOJHBIN YJIEH JIMHEWHOTO MUOGaHTOBAa YpaBHEHUS HE OyAyT SBISTHCS
«MaJILIMU YWCIIAMH, TO KOJMYECTBO IAroB, CBA3AHHBIX C BBIJCICHHEM IEION
qacTh y JpoOei, 3HAYUTENBbHO BO3PACTET, UYTO HEMHHYEMO TPHUBENET K
YBEJIMYCHUIO BPEMEHHBIX 3aTpaT, CBA3AaHHBIX C PEIICHHEM JITOW 3aJa4d, U Kak
CJIEICTBHE, BO3PACTET BEPOSTHOCTH TOSIBICHHUS BBIYHCIUTEIHLHON OIINOKH.
[ToaToMy »TOT MeTOm HENb3s NpU3HATH HCATBPHBIM W B TaKOM Cllydae
KEJaTeTbHO 3HATh UHBIE CTIOCOOBI PEIICHHUSI 3TOM 3aa4H.
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B 53ToM MOXHO yOenuThcs, HampuMmep, CaMOCTOSITENIbHO pPEIINB
ypaBHeHue 35X+59y= 1998.

A MBI nIepeiI€éM K pacCCMOTPEHUIO UHBIX CIIOCOOOB PELIECHUsI TUHEHHOTrO
Iuo(aHTOBa ypaBHEHUS.

Jna 3TOoro mpua€rcs paccMOTPETh BCIOMOIATEIBbHOE HEOIPENEIIEHHOE
YPaBHEHUE NIEPBOTO MOPSJIKA.

(DOnpenenenne 1.1.3.Ypasuenne Buma ax+by=1, rmne HOJ (|a

b)=1

b

Ha3bIBACTCANPOCMEUUUM TUHEUHBIM OUOPAHMOBLIM YPAGHEHUEM.
Teopema 1.1.1. Ecnu mapa uucen x,,y,— peuieHue ypaBHeHus ax+by=1, to

nmapa uducenX=x, +b-n uy=y —a-n, rae NeZTtakke OyAeT peUICHUEM

ATOTO ypaBHEHUS.
JlokazaTenbCTBO.
Tak kak ( x,,y,) — pemieHne ypaBHeHHs ax+by=1, To, o4eBUAHO, UMeeT
MECTO PaBEHCTBO
a-x, +tb-y =1, (1.1.2)
[MogcraBum tenepy X=x, +b-n uy=y,—a-n, (N€Z) B HCXOAHOE
yYpaBHCHHE M YOCIMMCS B TOM, UTO OHU €MY YJIOBJICTBOPSIOT:
a-(x,+b-n) +b-(y,—a-n)=1.
PackpbiBast ckoOKH, MMoTydaem
a-x,+a-b-n+b-y —-b-a-n=1.
VY06paB B3aMMHO YHUUTOKAIOIIUECS CIaraeMble, MOTyYuM
a-x, +b-y, =1,
TO €CTb paBeHCTBO (1.1.2), 4TO M JOKA3BIBAET CIIPABEIIMBOCTD JI0KA3bIBAEMOTO
YTBEPKICHUS.

Teopema 1.1.2.Eciu B ypaBuenuu (1.1.1) HOH(|a ; b|)=1 , TO
X=x,-c+b-n,
neZ (1.1.3)
y=Yy,-c —a-n,

rne ( x,,y,) — peluieHne BCIOMOraTeIbHOro ypaBHeHusaxX+by=1.
IIpumep 1.1.2. Peruth ypaBHenue 19x+97y= 4.
Pemenue.
Chauana pemuM BcioMorarteiabHoe ypaBHeHue 19x + 97y = 1.
OueBuano, uro HOJ[ (19; 97) =1. [Ina noucka x,,y,Ham notpeOyeTcs

noyyunTh JmHEWHoe mnpencraBienne HOJ|  kodddunmeHToB  TaHHOTO
YpaBHEHHS.
Jns naxoxaenust HOJL (19; 97) Bocnonb3yeMcst anroputMom EBkinja:

97 |19
95 5 =(o

19 2:r1

[6]
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21 1=n
212= g2
0= I3

N3BecTHO, YTO MOCIEAHUM, OTIMYHBIA OT HYJSA OCTAaTOK, ITOJIy4EHHBIN
IIpU  JEJEHWH C ToMolbl anroputMa EBknuaa, ykaseiBaeT Ha HOJ|
paccmaTpuBaeMbIX 4yucell. B HameM citydae 3TO Ip, U KaK Mbl paHee OTMETHIIU
HOJ (19; 97) =1.

Beinosinum nuneitHoe npeacrasienne HOJ:

CormacHo TmpeJCTaBICHHOM paHee TaOiuIpl anroputMma EBkianmga
IIOCJIEJHUM OCTATOK MOKHO IIPEACTABUTH B BUJIE

1=19-9-2.
B cBoto ouepenp, ACHO, 4TO:
2=97-19-.5,
CJICJIOBATEJIbHO,
1:19—9-(97 —19-5)
I
1=19-9-97 +45-19,
TO BJICUET

1=45-19-9.97.
3HAYUT, pelIeHNEM BCIIOMOTAaTEeIbHOTO YpaBHEHUs OyAyT YucIa:
x, =46n y,=-9.
Jlanee Bocmonb3yemcst dopmynoit (1.1.3), npencraBnennoli B Teopeme
1.1.2:

X=46-4 + 97 -n,

neZ
y=-9-4 —19.n,
nIIn
x =184+ 97 -n,
neZ
y=-36-19-n,

HenocpenctBeHHON MOJCTAaHOBKOM HAWJCHHBIX BBIPAXKEHUU JUISL X U YB
JTAHHOE YpaBHEHUE MOXKHO YOEUTHCS B MPABUILHOCTH HAMICHHOTO PEIICHHMS.

NuTepecHpIM TakXke SBISIETCS BONPOC O TOM, KaK WHTEPIPETUPOBATH
MOJIYYEHHBIN pe3yabTatr?

[Tomy4yeHHble BBIpOKEHUS 11 HEM3BECTHBIX X W Y TMPHUHSATO HA3BIBATh
00wum peuwlenuem TUHEHHOTO AWO(aHTOBa ypaBHEHHUA. 3aUKCHUPOBAB IIEIOE
3HaYeHWE N, MOXKHO MOJIYYUTh YacmHuoe peuteHue. VI3MeHHUB N, MOKHO TIOJTYYHTh
HOBOE YaCTHOE PEIICHUE U T.1.

JleCTBUTENIBbHO, MOI0KUM:
n=0, torma X = 184, y = — 36;
n=-1, B TakoM cirydae X = 87,y = — 17,
n=-2,tornraXx=-—10,y =2.
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IIpn 3TOM MOXHO TakXke 3aMeTuTh, uyTo umcna 184, 87, —10, ... Ttakxke,
Kak ¥ yncna — 36, — 17, 2,... SBISIOTCS WieHaMH apu(pMETUYECKUX TIPOrPECCHIA.

Takum o0pa3om, oOliee peuieHue JMHEWHOro JUO(paHTOBA YpPaBHEHHUS
BKJIIOUaeTcs B ce0s naBe (oOpMyJibl, COOTBETCTBEHHO 3aJalolllie JBE
apu(pMeTHYEeCKUe IPOrPECCUH.

OOGpaTtumcs Teneps K 3ajadam, IMpU PEIIEHUH KOTOPBIX MbI CTaJIKMBA€MCSl
C TMHEHHBIM JU0(GAHTOBBIM YPABHEHHUEM.
Ipumep 1.1.3. HaliTu HauMeHbIIIe€ HATYPAIBHOE YUCIIO0, JAOIIEE MPU JICICHUN
Ha 135 u 244 octatku 8 U 51 COOTBETCTBEHHO.
Pemenue.

[lycth p — uckomoe uucio. Ilo Teopeme 0 aeA€HUM C OCTATKOM MOXEM
3anucarh JIBa COOTHOLIEHUS

P=135x +8;p = 224y+51.
Torga umeeT MECTO paBEHCTBO

135x +8 = 224y+ 51

WIIA
135x — 224 y=43.
Haiiném HO/HA (‘—224 135 ), BOCIIOJIB30BABIIMCH MPU 3TOM QJITOPUTMOM
EBxmuna:
224 135
135 1=0qo
135 109=r;
109 1=q:
109| 26=r,
104 |4=Q
26| 5=r3
25| 5=03
5| 1=r4
5| 5=(a4
O=rs

3Hauur, HOﬂ(224;135)=1 . Tak kak 43 :1, 10 135 X — 224 y= 43

pa3pemmnMo B IEIbIX YUCIIAX.
[Tonyyum Teneps auHeHoe npeacTaBieHue 1 Hamero HO/I':
1=26-5-5.
B cBoto ouepenp, ACHO, 4TO:
5=109-4-26,
CJIEJIOBATEIIBHO,
1=26 —5-(109—4-26),
1=26-5-109+20-26,
1=21-26-5-109,

TaK KakK
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26 =135-109-1,
TO
1=21-(135-109-1)—5-109,
1=21.135-21-109-5-109
1=21-135-26-109,
HO TaK KakK

109 =244 -135,
TOrJJa OKOHYATEIbHO UMEEM
1=21-135-26 -(244—135),
1=21-135-26-244+26-135,
1=47-135-26-244.
Brixoaur, 4yro mapa yucen
x, =47,y,=26
ABJIIETCS PELICHUEM BCIIOMOTaTeIbHOTO ypaBHeHus 135 X — 224 y= 1.
[Tonyuyum Tenepsb ob1ee perieHre ypaBHenus 135 X — 224 y= 43,
[To popmymne (1.1.3) umeem:
X=47-43 —244-n,
{y =26-43 — 135:-n,

neZ

NN

ne

X = 2021 — 244 -n,
y =1118 — 135-n,

UTtoObl TOJYyYUTh HYXKHOE YHCIO [, HAA0 B3SITh HAWMCHBIIIEE
MOJIOKUTEIBHOE X, JJIs1 uero pazaenuM 2021 Ha 244 ¢ octatkoM

2021 | 244
1952 | 8
69

3HAYHUT, MOXKHO MOJIOKUTE N= 8, X= 69.

Torma p= 135x + 8 = 135-69 + 8 = 9323.
Otset: 9323.
Ilpumep 1.1.4. Coucoxk 3aJaHuil BUKTOPHUHBI COCTOMT M3 33 BoOmpocoB. 3a
KOKIbI BEpHBIA OTBET YYaCTHUKY BUKTOPHUHBI HauuciseTcs 7 OamioB, 3a
HEBEPHBIM OTBET y Hero Bbramraercs 11 Gammos, mpu orcyrcTtBuu oTBeta — 0
6aymoB. CKOJIBKO BEPHBIX OTBETOB Jlajl YYaCTHHK BUKTOPWHBI, HaOpaBmuii 84
OaJta, eclii U3BECTHO, YTO OH COBEPIIIII 0 KpaliHel Mepe OJHY OITHOKY?
Pewienue.

IlycTh X — KOJMYECTBO BEPHBIX OTBETOB, JAHHBIX YYACTHUKOM; Y —
KOJINYECTBO HEBEPHBIX OTBETOB.

WrtoroBeiii 0amy y4acTHMKA BHUKTOPUHBI OmpenaenseTcss AuodhaHTOBBIM
ypaBHEHUEM

[9]
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7x—11y= 84
C JIOTIOJIHUTEIILHBIM OTpaHUYeHUEM ) > /.

CocraBuMm BcmomorartenbHoe ypaBHeHue 7X — 1ly= 1. 3pecwh criemyer
MOTYEPKHYTh, UYTO €ro He 00s3aTeNbHO pelIaTh CTPOT0, MOXHO, Hampumep,
MPUMEHUTH METOJI oAbOpa.

B Hamewm ciydae, 04€BUIAHO, YTO

x,=8,y,=5.
O61ee penienue n1uodaHToOBa ypaBHEHMS 3aMIULIETCS B BUIE

Xx=8-84 —11-n,
ne/Z,
y=5-84 — 7-n,
X=672 —11-n,
ne
y =420 — 7-n,

OPIGBI/I,HHO, 4TO KOJIMYCCTBO BEPHBIX OTBETOB, MCHbBIIC 33.
9T0 O3Ha4acT, YTO JOJI’KHO BBIITOJIHATHCA HECPABCHCTBO

672 —11-n <38,
-11-n<33-672,
639
n=——.
11

HaumeHnbmmuM  1ebIM ~ YHCJIOM,  yJIOBJIETBOPSIOIIMM  IOCJTETHEMY
HEPaBEHCTRY, siBsieTcs N = 59.
[ToacTaBum N = 59 B popmyny s X U Y, TTOTYUNM:
X=672 —11-59 =672 -649 =23,
y =420 — 7-59=420-413=7.
Ecnu moacraButh N = 60, To OyzeM UMETh
X=672 -11-60=672-660=12,
y =420 — 7-60=420-420=0.

[To ycnoBuro 3amaum y >/, MOITOMY OTOT BapuHaHT HE IOIXOIHUT, a

MONBITKUA clenatb N> 60 mpuBeAyT K TOMY, YTO YOKAXKETCA OTPULIATEIIbHBIM,
4ero JI0MycKaTh BOOOIE HENlb3sl. 3HAYUT, EAMHCTBEHHO BO3MOXHBIM PEIICHUEM
Oynet x= 23.
Otser: 23.
IIpumep 1.1.5.]1515 moaBeeHUS PUPOTHOTO Ta3a K KUIOMY JOMY HEOOXOAMMO
MPOTSAHYTh T'a30MPOBOJ, JJIMHA KOTOporo cocrasiser 150 M. B pacnopsikxeHnn
CBapIIMKOB UMEIOTCS TOJIBHKO JBa BHUJA TPYO OJHOTO TUAMETpa, NITUHBI KOTOPBIX
coctaBisArOT 13 1 9meTpoB. CKOIBKO MOHAAO0UTCS TPYO, YTOOBI TPU MPOKIIATKE
TpyOONPOBOIa HE MPUIIIIOCH UX PE3aTh?
Pemenue. [Tycts moTpebyercs XTpyO, MJTMHA KOTOPBIX COCTABISIET 9 M, U Y TPYO
IUTAHOM [ 3Mm.

N3 ycnoBust 3a/1aun BHITEKAET ypaBHEHUE:

Ix+13y=150.
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OueBunno,HO/[(9,13)=1, crnenoBaTenbHO, dTOYpaBHEHUE pa3pelIuMO B
LEJIbIX YHCIIAX.
3ametum, 4To Mt uncenl3 u 9 uMerT MecTo pa3noKeHus:
13=9-1+4,
9=4.2+1 }
1:9—4-2:9—(13—9-1)-2:9—13-2+9-2:
=9-3+13-(-2) = x, =3,y, =2
3HauuT, oduIee peleHrne IToro 1MohaHToBa ypaBHEHHMs 3aMUIIETCS B BUJIE:
x=150-3+13¢, X =450+13t,
=
{y:150-(—2)—9t. {y=—300—9t.
[lo ycnoButo Xu Yy— HatypanbHble uncia. Tornaa, 4ToObl HalWTH 3HauYeHue t,
pEIIuM CUCTEMY HEPABEHCTB:
{13t +450 > 0. {13t > —450, {t > 34,6,
2= 2=
-9t-300>0 -9t >300 t<-333
x =13-(—34)+ 450 =8,
{y =-9-(~34)-300=6
Otger: 8 Tpy6 1o 9 M, 6 Tpy6 mo 13m.

B Teopum uucen pemnieHue anreOpanvyeckux ypaBHEHHI Ooijiee ueM C
OJIHUM HEU3BECTHBIM B IEJBIX YHKCIAX MPEJCTaBIsIeT co00M OaHy U3
TpyIaHeHmux mpobseM. Beinaromuecs matemaTuku apeBHoctd [ludarop wu
JnodaHT 3aHUMATUCh MOUCKOM IEJIOYMCICHHBIX pEIICHUN anredpandyecKux
ypaBHeHui. Matematuku Oosiee Onm3kux smox [I. depma, JI. Ditnep u XK.
Jlarpamx Takke NMPUKIAIBIBAIA YCUIIUSA B 3TOW obnactu. MHTEpec K pelieHuro
TaKUX YpaBHEHUU OOYCJIOBIIEH HAJIMYMEM MPAKTUYECKUX TMPUMEHECHH,
HarpuMmep, B pusuke.

B kauecTtBe NOMOJIHEHUS OTMETHM, YTO B TEOPUU YMCEN IJISI PELICHUS
JTUHEHHBIXTUO(PAHTOBBIX YPABHEHHI UCTIOIB3YIOTCS TEOPEMBI, OJJHA U3 KOTOPHIX
OMHMPACTCS HA TIOHATHE «100X005uas 0poob», a BTopas — Ha PyHKIHIO Diiepa.
Teopema 1.1.3. Bce pemenust ymueliHOro amodantoBa ypaBHenus (1.1.1)
HaxoaaTcs 1o GhopmyIie

=>t=-34=

x=(-1)"Q,,-c — b-n,

1 nez, 1.1.4
Y= (A Peran e

a
rjiae —= — NPEeATOCIeIHSS MOAX0AIIas APoO0b Pa3IoKESHHS IPOOH b B LICTIHYIO
n-1
TPOOK.
Ilpumep 1.1.6. Pemuth ypaBHenne23X — 17y=11.
Pewienue.

Haiiném HOJ (|-17

23 ) [Tpumennm anroput™m EBkanza.
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23 17
17 [1=0qo
17 6=r1
12 [2=q
6 5= )
5 1= o)
5 1= 3
5| 5=0s3
0=r4
. 23
3Ha‘H/IT, OCITHaA I[pO6B JJIA O0OBIKHOBEHHOM I[pO6I/I EHPI/IMCT BUA
B_:215 .

Jlanee 3anmoqHUM TaOJIHILY

k 0 1 2 3
Ok 1 2 1 5
Px 1 3 4 | 23
Qx 1 2 3 |17
U3 KOTOPOM BHUIHMM, YTO
P _4
Q, 3

Torna ob1iee pemeHne TaHHOTO YPaBHEHUS MOYKHO 3aIliCcaTh B BUJIC
x=(-1)'3-11+17-n,
, neZ

y=(-1)4-11+23-n,

nIIn
Xx=33+17-n,
ne
y =44 + 23-n,

Teopema 1.1.4.Bce pemenust nmaelHoro mauodantoBa ypaBHenus (1.1.1)
BBIYHUCIISAIOTCS 110 hopMyJIe

X=c-a"" +b-t,

1-a® (1.1.5)
b b

y =C-
rneteZ,a (p(D)— byHKIMS Diinepa.

§ 1.2.YpaBHeHus ¢ AByMsl NlepeMeHHBIMHUIIOPSIIKA, BbIIIIE MEPBOTo
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VYpaBHeHUs: ¢ JByMS NMEPEMEHHBIMM, CTaplias CTENeHb NEPEMEHHOW B
KOTOPOM BBIIII€ NIEPBO1, HA3BIBACTCS HEAUHEUHBIM.

B nmpsamMoyroinbHOM cuCTeME KOOPAMHAT TpauK TaKOro ypaBHEHHS
MIPECTaBIsAECT COO0M KPUBYIO.
(DOnpenenenne 1.2.1. VpaBuenue Buia

ax’+bxy+cy’+dx+ey+f =0, (1.2.1)

B KOTOpPOM Bce€ OYyKBEHHbIE KOI(P(GUUHMEHTHl NPUHUMAIOT LEJIOUYUCICHHBIE
3HAYCHUSI, HA3BIBACTCS OUOPAHMOBLIM YPABHEHUEeM 2-20 NOPAOKA.

YactueiM cnydaem ypaBHenus (1.2.1) siBisieTcs, Hanmpumep, ypaBHEHUE

X2 + ay2 = 1, B KOTOPOM a — IEJIOC YHCJIO, HC SABJIAIOLICECS IMOJHBIM KBAJIPaTOM.

B MaremMaTuky OHO BOIILIO IOJ Ha3BaHUEM «ypaBHeHue llems», Ha3BaHO B
4yecTh OpuTaHckoro anreopauncra JJxxona [Memns (1611-1685).

[Tpu pemrernn AUO(GAHTOBBIX YpaBHEHUN BTOPOTO IMOPSAKA MOYHO
UCIIOJIb30BaTh CJICYIOIINE METOIbI:

1) memoo pasznosicenust Ha MHOXCUMENU

Ilpumep 1.2.1. HaliTy 1e04YKUCIEHHBIE PEIICHNS YPABHEHUS X + Y = XY.
Pewienue.llepenumiem qaHHOE ypaBHEHUE B BUIE
(x=1)-(y-1)=1,

KOTOpO€, OYEBUAHO, PABHOCWIBHO HCXOJHOMY YypaBHeHUI0. IIpousBeneHue
JABYX LENbIX YUCET MOKET paBHATHCS | TOJIBKO B TOM ciydae, Korja o0a OHu
paBHbl 1 wm — 1.

3Ha4YUT, UCXOJHOE NUO(PAHTOBO YPaBHEHHE PAaBHOCHIBHO COBOKYITHOCTH
JBYX CUCTEM:

Xx—1=1, X=2,

y-1=1; y=2;
D

Xx—1=-1, x=0,

ly-1=-1; y=0.

OtgerT: (0; 0), (2; 2).
2)c UCnonb308anUeM NPUSHAKOSE OeTUMOCMU
IIpumep 1.2.2. HaiiT nieno4ncieHHbIe PElIeHNs YpaBHEHUS
19x+97y+xy=4,.

Pemenue. [lepenuiiem naHHOe ypaBHEHHE B BUAE
19x+ xy=4-97y ,
x-(19+y) =4-97y .
Ecnu monoxuts y = — 19, T0o nomyuum
x-0 =4-97 -(—19) :
OTKYJa, OYEBUIHO, HEJIB3SI HAUTH X.
ITycte y# — 19, Torna
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4-97y
19+y

[TonyyenHnast ApoOb sABIASETCS HENPABUIBHOM anredpanyeckoil ApooObto, a
3TO 03HAYAET, YTO U3 HEE MOKHO BBIJICIUTH IIENTYIO YacTb.

97y +4 |y +19
—97y —1843 | 97
1847

3ameTrM, uto ymncio 1847 — mpocroe, uTo o3Hayaer: 1847 : +1;+1847 .
To ectb umeem 4 ciryyas:
1 cyuait) 19 +y =1;y = - 18; x= — 97 +1847 = 1750, = (1750; -18).
2 cnyyait) 19 +y =-1;y = — 20; x= — 97 —1847 = 1944, = (-1944; -20).
3 ciyyqait) 19 +y =1847;y = 1228; x=-97 + 1 = - 96, = (— 96; 1228).
4 cnyyqait) 19 +y =-1847;y = — 1866; x= - 97 — 1 = - 98, = (- 98; — 1866).
Ortsert: (1750; —18), (-1944; —20), (- 96; 1228), (— 98; — 1866).
3) ucnonvzosanue uemnocmu
Hpumep 1.2.3. PemnTh B MPOCTHIX YHCIAX ypaBHeHHE X2 —2y2 =1,

Pemenne.2to u ecth TO camoe ypaBHeHue llemnsi, o KOoTopoMm OBUIO CKa3aHO
paHee.

PaccmoTpuM n1Ba BO3MOXKHBIX Cily4yas B 3aBUCUMOCTH OT YETHOCTH WIIH
HEYETHOCTU NIEPEMEHHOM X:
1) Ilyctes X —Heu€tHOoe uucino. [Ipumenum mnoncranHoBky X=2-1+1, xotopas
HEMHUHYEMO MPUBEIET HAILIE YPABHEHUE K BUIY

(2t+1)° —2y? =1,
2y2 =4t (t+1).

Taxk kak mpaBasi 4YacTh TMOJYYEHHOTO PABEHCTBA SBISETCS UYETHBIM
YHCIIOM, TO BeTHYHMHA Y2 1o/KHA feutces Ha 2.C APYyroil CTOPOHBI, Y — MPOCTOE
ancno, mostomyy = 2. TormaX=+v1+2% =9 =3.

2) ITycTthb X — u€tHoe uncio. Tak Kak X — MPOCTOE YUCIO, TO X = 2, HO TOT/Ia YHE
OyJeT MPOCTHIM YHCIIOM.

CrnenoBaTenbHO, JaHHOE YpaBHEHHE B KIJIACCE MPOCTHIX YHCENT WMEEeT
eUHCTBEHHOE pelienue (3;2).

§ 1.3.Cucrembl ypaBHeHHii. OCHOBHbIE MOHSITHUS

O3HakoMHUMCSi TOAPOOHO C CHCTEMaMH YypaBHEHUW, METOJaMH HX
pelIeHuUs, a TAKKE UX TPUMEHEHUSIMHU.
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Cucmembl ypasHenuii UTPAOT BAXKHYIO POJIb KAK B 3JIEMEHTApPHOM, TaK U B
BBICIIE MaTeMaTUKE U SBISIOTCS €CTECTBEHHBIM OOOOIICHUEM TMOHSITHUS

ypaBHEHHUS.
[(JOunpenenenne 1.3.1.COBOKYNHOCTh IBYX u ooJee
ypaBHenui A =B,,A,=B,, ... A =B,, paccmarpuBacMbIX COBMECTHO,

HA3bIBACTCS CUCMEMOU VYpaeHeHui W 3alUChIBAIOT C TOMOUIIbIO 3HaKa
napanmesa{ , 3aMEHSIONIETO 3HAK KOHBIOHKIIUH.

rAizBl’
A, =B,,

A, =B,.

DTO0 ompeiesieHre Mbl IPUBOIMIIA paHee B HaileM nocobuu (Yacts 2) npu
WJUTFOCTPAIIMX METOJIOB PEIICHUS Pa3INUHBIX BUIOB YPABHCHHIM.

ITog cucTemoil ypaBHEHHMH TakXe NOHUMAIOT TPYINNy ypaBHEHUH, B
KOTOPBIX OJTHOMMEHHBIEC HEU3BECTHBIE 0003HAYAIOT OJIHY U TY YK€ BEJIMUMHY.
(dOmnpenenenne  1.3.2.001acThi0  ONPEICICHAS  CHCTEMBI  YpaBHEHHUH
Ha3bIBaeTcs oOmasi 4acTb oOJacTeil ompelesieHus: ypaBHEHUM, BXOASIINX B
COCTaB CHCTEMBI.

(HdOmnpeneaenne  1.3.3.CucreMy  3HA4YE€HHH  HEU3BECTHBIX  HA3BIBAIOT
oonycmumot CUCTEeMON 3HAYEHUI HEU3BECTHBIX CUCTEMbl YPaBHEHUH, €ClIU OHA
COJIEPKUTCSI B 00JIACTU ONPEEICHHs 3TOM CUCTEMbI, TO €CTh MPHU TOJICTAHOBKE
B JIEBBIE U MIPaBbI€ YaCTH YPABHEHUI CHCTEMbI OHU UMEIOT CMBICIL.
(HOmnpenenenne 1.3.4.VropsaodeHHblii Ha0Op 3HAYEHHMH HEHM3BECTHBIX
CUCTEMBI, TPHUHAICKANUX €€ MHOXKECTBY JONYCTUMBIX 3HAUYCHUNH U
yIIOBJIETBOPSIONIMX BCEM YpPaBHEHUSIM CHCTEMBl OJHOBPEMEHHO, MPHUHSTO
HA3bIBACT pelleHuemM Cucmembl.

CdOnpenenenne 1.3.5.PemnTh CHCTEMY—3TO 3HAUUT HANTH MHOKECTBO BCEX €8
pEeLIeHU U UCCIIEI0BaTh, cogmecmHua (MMEET PEIICHHE) I OHA WU HET.
[JOnpeneaenne 1.3.6.Eciu crcteMa He MMEET PELIEHUH, TO TOBOPAT, YTO OHA
NPOMUBOPEYUBAsL, UITA HECOBMECMHASL.

(dOnpenenenne 1.3.7.Ecnu coBMecTHas CHUCTEMa HMMEET KOHEYHOE YHCIIO
peleHnid, ToO OHa Ha3bIBaeTcsl onpeodenénuou. CucreMa HeonpedenénHHas, eciu
nMeeT 0ECKOHEYHOE MHOKECTBO PEIICHUIA.

Knaccudpukanuo  cucteM  OOBIMHO  MOPOBOJSAT MO  KOJUYECTBY
HEU3BECTHBIX, a TaKXE MO YUCIAYy U XapakTepy YpPaBHEHUH, BXOMSIINX B

CHUCTEMY.
Tak, CHCTEMBbI MOYKHO Pa3JI€JINTh HA BUBI:
° CHUCTEMBI ajieebopauieckux U mpaHcyeHOeHmHulX YpaBHEHUM;
° CHUCTEMBbI YPaBHEHHUH C OJTHOU, IBYMS, TpEeMs U 00jie€ HEU3BECTHHIMU,
° CHUCTEMBI C Pa3HbIM COOTHOIICHUEM KOJHWYECTBA HEU3BECTHBIX U

KOJINYECTBA YPAaBHEHU.
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B cBoro ouepenp cuctembl anreOpandecKux ypaBHEHUN MOAPA3IEIAIOTCS
Ha CHCTEMbl pALMOHAJIBHBIX W HPPALMOHAJIBHBIX YpaBHEHUH, CMeElIaHHbIE
CUCTEMBI.

CDOnpenenenne 1.3.8.CricteMa ypaBHEHU HA3bIBAETCH an2eOpauyueckoll, eCiu
Bce €€ ypaBHEHUs aiireopandeckue.

(DOnpenenenne 1.3.9.Crucrema ypaBHEHMH HAa3LIBAETCS MPAHCYEHOCHMHOIL,
€CJIM XOTs Obl OJJTHO U3 YPABHEHUI CUCTEMbI TPAHCLIEHIEHTHOE.

MHuorounienbl (paccMoTpensl B Yactu lHamero ydeGHOro mnocooust)
XapaKTepU3YyIOTCs KaK CTENEHbIO OTHOCUTEIBHO COBOKYIHOCTHU MEPEMEHHBIX U
CTENIEHbIO OTHOCUTEIBHO KAXKJIOTO M3 TMEPEMEHHbIX. AHAJOTUYHO MOXKHO
XapaKTepu30BaTh ypaBHEHUE

f(X,x5,00000x,)=0.
Tak

° ypaBHEHUE C N HEU3BECTHBIMHU HA3BIBACTCS ajeeOpaudeckum cmenenum,
€CJIM €ro JieBasi 4YacTh €CTh MHOTOUWICH CTENEHW MOTHOCUTEIBHO COBOKYITHOCTH
BXOJISIIIIUX B HETO HEU3BECTHLIX

° ypaBHEHUE C N HEU3BECTHBIMU HA3bIBACTCS VPABHEHUEM CMEeneHus
OTHOCHTEIBHO OJIHOTO M3 HEW3BECTHBIX, €CJIM JIeBas 4YacTh SBJISICTCS
MHOTOWJICHOM OT N HEWU3BECTHBIX CTENEHU S OTHOCUTEIBHO YIOMSHYTOI'O
HEU3BECTHOTO.

Hpumep 1.3.1. Vpasmenue 2x.x,°x; —5x°x,"x,’ =0 -ects ypaBuenue 14

CTCIICHHU OTHOCHUTCIBHO COBOKYITHOCTH HCU3BCCTHBIX )41 5 CTCIICHU
OTHOCHTCJIBHO X,

Cucremy anreOpanyecKux YpaBHEHUW 4Yalle BCEro XapaKTepU3YIOT
HAauOOJIBIIIE M3 CTENEeHEH ypaBHEHHMM, BXOIAIMMMX B HEE; HWHOTAA CHCTEMY
XapaKTepU3yKOT CYMMOM  CTENEHEW BCEX  YPABHEHHM  OTHOCHUTEIIBHO
COBOKYITHOCTH BXOISIIUX B CUCTEMY HEU3BECTHBIX WJIM OTHOCUTEIBHO KaKOTO-
00 HEU3BECTHOTO.

Tak
° CUCTEMa YPaBHEHH, COCTOSIIAS U3 aNreOpandecKux ypaBHEHHH TMEpBOM
CTENEHHU (JTMHENUHBIX), HA3bIBACTCS CUCMEMOU TUHEUHbIX YPAGHEHU,
o cuUcTeMa anreOpanyecKux YpaBHEHHH, B COCTaBE KOTOPOW WMEETCS IIO0

KpallHEel Mepe OJHO YpaBHEHUE CTEIIEHW HE HMXXE BTOPOM, Ha3bIBACTCA
HeUHeUHOU cucmemor anredpandecKux ypaBHEHUH (B 001eM BUEC U3Y4YalOTCS
B Kypce BbICIIed anreOpbl U PACCMOTPEHUIO B Kypce DJIEMEHTapHOM
MaTeMaTUKU HE MOJIJIEHKUT).

OCHOBHOW MOJAXOJl MpPU PEUIEHUH CHUCTEM YPaBHEHUN COCTOHUT B
cienyromeM: 3a CYET anreOpandecKux NpeoOpa3oBaHUil, BBEIACHUS HOBBIX
MEPEMEHHBIX MOIYYUTh 00JIee MPOCTYI0 CUCTEMY YPaBHEHHU (UM ypaBHEHHE),
SIBJISIIOLIYIOCSI PABHOCWJIBHOM CUCTEMOM (MJIM CIECTBUEM) UCXOJAHON CHUCTEMBI.
HanbHelue npeoOpa3oBaHus MPOBOASTCS HaJ IMOJTYYEHHOW CHUCTEMOW (Wiu
YpaBHEHHEM).
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I[Be CHUCTCMbI HAa3bIBAOTCA pA6HOCUTbHBIMU (9K81/l8aJZeHmeZMM), C€CJIN.

° BO BCE YPABHEHUS 3TUX CUCTEM BXOJST OJHU U TE€ )K€ NEPEMEHHBIE;

° BCE YPaBHEHHS CHCTEM PACCMATPUBAIOTCS HA OJTHUX M TE€X K€ YHCIOBBIX
MHO>KECTBAX;

° MHOKECTBA PEIICHUHN 3TUX CUCTEM COBIIAJIAIOT.

NHbIMU cnoBamu, IBE CUCTEMBI PABHOCHIIBHBI, €CJIM BCE PELICHUSI OJHOMN
U3 HUX SBJIAIOTCS M PEHICHUS MU JPYyrod U HaoOopoT. J[Be paBHOCHIIBbHBIC
CHUCTEMBbI YPaBHEHU MOTYT COCTOSITh U3 OJJMHAKOBOTO MJIM PA3HOTO KOJUYECTBA
ypaBHeHUN. B dacTHOCTH, cucTeMa ypaBHEHUW MOXET OBITh PaBHOCHJIbLHA
OJIHOMY YPaBHEHHUIO.

Cuctembl, paBHOCUJIBLHBIE Ha OJTHOM YKMCIIOBOM MHOXXECTBE, MOTYT OBITh
HEPABHOCHUJIbHBI HA IPYTOM.

JIBe HECOBMECTHBIE CUCTEMbI YPABHEHHI TAKKE€ PABHOCUIILHBI.

JIBe cucTteMbl ypaBHEHUMW, PAaBHOCHWIBHBIE OJIHOM M TOM K€ CHCTEME,
PaBHOCUJIBHBI MEXKTy COOOH.

Haubonee pacmpocTpaH€HHBIM CHOCOO pEIIEHUST CUCTEM YPaBHEHUH —
MepeXo]l OT JTAHHOW CHUCTEMbI YPAaBHEHHN K HOBOW, PABHOCHWIIbHOW JAHHOM, HO
0oJiee MpOCTO.

Ymeeporcoenus o pagnocunbHocmu cucmem ypasHeHull
1. Ecnin B cucreme ypaBHEHHMM IIOMEHSATbH MECTaMHU YPaBHEHHUs, TO
IIOJIy4aeTCsl CUCTEMA, PABHOCUJIbHAS TaHHOM.
2. Ecnu npaBble 4acTH ypaBHEHUU CHCTEMBI IIEPEHECTH B JIEBBIE C
IIPOTUBOIIOJI0XKHBIM 3HAKOM, TO ITOJIYYUTCS CUCTEMA, PABHOCUIIbHAS TaHHOMU.
3. Ecimun x o0euM yacTsM OAHOTO WM HECKOJbKHX YPaBHEHUW CHUCTEMBI
npuOaBUTh OJTHO M TO K€ YHCIIO WU BBIPAXKEHUE, UMEIOIIEE CMBICI Ha 00J1acTu
JOIYCTUMBIX 3HAUYCHUN HEW3BECTHBIX, BXOIAIIMX B YPaBHEHUS CUCTEMBI, TO
IIOJIyYHUM CUCTEMY, PABHOCHIIBHYIO TAHHOM.
4, Ecnu 06e gacTu 0THOTO MJIM HECKOJIBKUX YPAaBHEHHUM CUCTEMBI YMHOXKHUTh
Ha OJIHO M TO € YHUCIO WM BBIPAKEHHE, HMMEIOIIEE CMBICT Ha o0nactu
JONYCTAMBIX 3HAYEHUN HEW3BECTHBIX U HE PABHOE HYJIO HA 3TOM MHOXECTBE,
TO MIOJIyYHUM CUCTEMY, PABHOCHIIBHYIO TAHHOM.
d. Cucrtema, B KOTOPOH OJHO WIJIM HECKOJbKO YpPAaBHEHHUU MPEICTABISIOT
co0olt TMHEIHYI0 KOMOWHAIIMIO TIPEICTABIICHHBIX B CUCTEME YpaBHEHUM, TO ITa
CHCTEMa PAaBHOCUJIbHA MIEPBOHAYAIBHOM.
6. Cuctembl ypaBHenuil (rne Au B — mpousBosibHBIE E€MCTBUTEIBHBIC

Yucia) paBHOCUJIbHBI
A=B, [A-A=B"B,,
) A, =B, A, =B,

(A=B, [ A=B,
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7. Cucremn! ypashenuit (rneC;, #0, D, #0, C, =0, D, =0 na obnactu
JOIyCTUMBIX 3HAYCHU I HEU3BECTHBIX) PABHOCUIIHHBI

A_B
Cl Dl’
A2 B A1°D1:Bl°cl’
—2=_2, -D,=B,-C,,
C2 D2 y Az 2 22
.......... D -B.C
i_& A1 n n n
CI’] Dﬂ
8. Cucrembl ypaBHEHU

(Ai = Bl’ (AIAZ :Ble'
<A2:BZ’ A22821

[ZA

(A=B L A=B PaBHOCHJIBbHBI.
Q. Cuctemsl ypaBHenwii (rne B; # 0,B, # 0)

g

> |
[l

Nw N

= B, PaBHOCHIIBbHBI.

0,B,#0,..,B, #0)

# >

10. Cucrtems! ypaBHenuii (rae B,

(1 1

A4 B’

( =B, 1 1

Ash T )

<A2_ 2’u<A2 BZ’

_g | e
LA " 1 1 paBHOCHIBHBL

A B

11.  Cuctems! ypaBuenwuii (rae 4; = 0,B; = 0)
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L Aﬁ - Bn { (A])k Z(Bn )k PaBHOCHJIbHBI.

12.  Ilyctb B cucteMe JBYX YpaBHEHUN OJHO M3 YpaBHEHUI 3alKMCaHO B BUJE,
rZ€ B JICBOM 4YaCTU CTOUT OJHO W3 HEU3BECTHBIX, HAIPUMEpP, X B IEPBOMI
CTENeHH, a B MPaBOil YacTu — (PYHKIHUS OTHOCUTENBbHO y. Torma roBopsT, 4To
HEU3BECTHOE X BBIPAXKEHO Y€pe3 HEU3BECTHOE y. Eciau, HanpuMmep, HEU3BECTHOE
X MOET OBbITh BBIPQXXEHO M3 MEPBOTO YPaBHEHHUS CUCTEMbI, TO, MOJACTABUB BO
BTOpPOE YypaBHEHHME BMECTO X ATy (QYHKIUIO OT Y, MOJIYYHUM CHUCTEMY,
PAaBHOCUJIBHYIO IIEpBOHAYAIBHOU. /J[pyruMHU CI0BaMHU, paBHOCUJIbHBI CUCTEMBI

x=p(y), [ x=¢(y),
< f (X, y)=0,u< f(p(y),y)=0,

h(x,y)=0 [ h(e(y),y)=0

13. Ecnu oaHO W3 YpaBHEHHH CHUCTEMbI PABHOCHJIBHO COBOKYIHOCTH K
anredpanvyeckux ypaBHEHUH, TO TIEpBOHAuYajbHAas CHUCTEMa pPaBHOCWIIbHA
COBOKYIMHOCTH K cucTeM ypaBHeHHH (TOBOpSAT, YTO CHUCTEMa paclagacTcs Ha
kcuctem), B KOKAYI0 U3 KOTOPBIX BMECTO TEPBOIO YPaBHEHHS BXOIHUT OJHO U3
YpaBHEHUI COBOKYITHOCTH, Ha KOTOpOE€ IMEpBOE ypaBHEHHE pacmnagaetcs. llpu
ATOM KaXX/10€ PEIICHHE MEPBOHAYAIBHON CHCTEMBI SIBIIIETCS PELICHUEM OJHOM
U3 CHCTEM COBOKYITHOCTH, HO OOpaTHOE HEBEPHO H3-3a TOTO, YTO pEIICHHUE
OJIHOM U3 CHCTEM COBOKYITHOCTH MOET HE YIOBIECTBOPSATH 00JIacTh
JIOTYCTUMBIX 3HAYEHUI XOTsI Obl OJHOM M3 (DYHKIHMIA, BXOASIIMX B YpaBHEHUS
JOPYTUX CUCTEM.

14. Ecnu oIHO U3 YpaBHEHUH CHUCTEMBI SBISIETCSA CJIEACTBHEM HECKOJIBKUX
yYpaBHEHUI TOW >X€ CHCTEMBI, TO €ro MOXHO OTOpocuTh. [lomydennas wu3
OCTaBIINXCS YPABHEHUN CUCTEMA PABHOCHUIIBHA UCXOJHOM.

15. Ecnau ogHO U3 YpaBHEHUN CHCTEMBI yIOBIETBOPSAETCS TOXKAECTBEHHO, TO
ero MOXHO OTOpocuth. llomydeHHass U3 OCTaBLIMXCS YpaBHEHUM CcHUCTEMa
PaBHOCUJIbHA UCXOJTHOM.

16. Ecmu mo6oit HaOOp ypaBHEHHI CHUCTEMBI 3aMEHHUTh PaBHOCUIHHBIM
(momcucreMy  3aMEHUTb  PABHOCUIIBHOW  €il), TO TMOJYy4YUM CHUCTEMY,
PaBHOCUJIBHYIO 3a1aHHOM.

OpnHa cucTeMa Ha3bIBACTCS CIECICTBUEM JIPYTOM, €CIIA KaXXJA0€ PELUICHUE NEPBOU
CUCTEMBbl SBJISIETCS TaKXE€ W pEUIEHWEeM BTOPOW, HO He Hao0opoT. To ecTs,
MHOXECTBO BCEX PEIICHUI MEPBOMl CHUCTEMBI MOXET OBbITh IIMPE MHOMXKECTBA
BCEX PELICHU BTOPOU CUCTEMBI.
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Te pelieHuss CUCTEMBI-CIEACTBUSA, KOTOPBIE HE SABISIIOTCS PELICHUAMU
HUCXOAHOU CUCTEMBI, Ha3bIBAKOTCS IIOCTOPOHHUMMU.

Kak npaBuio, mpu pemeHny CUCTEM IMEPEXO] OT AAHHOM CHCTEMBI K €€
CIEACTBUIO IPOUCXOAUT 3a CYET TOrO, YTO OAHO U3 YPABHEHUN HCXOIHOU
CHUCTEMBI 3aMEHSETCS HE pPAaBHOCWIBHBIM YpPaBHEHHUEM, a YypaBHECHHUEM-
CIICICTBUEM.

YpaBHEHHE HA3BIBACTCS CIIEIACTBUEM CUCTEMBI, €CIU KaXKI0€ €€ pelIeHue
ABIIAETCS pelIeHreM ypaBHeHHs. OUeBHJIHO, YTO JH0OO€ ypaBHEHHUE CUCTEMBI-
CJIECTBUSA SABJIACTCS CIEACTBUEM UCXOIHOMN CUCTEMBI.

3ameuanus 0 credcmeusx cucmembl

1. Ecnu cnencrBue cucremMbl HE MMEET PELICHUM, TO U caMa CHUCTEMAa He
UMEET PELICHUN.

2. Ecnn  cucrema-cinencrsue  uMeEET  pEUIEHMs, TO  IOACTAHOBKOWU
IIPOBEPSETCS, ABJIACTCS JIU OHO PEIIECHUEM UCXOJTHOM CUCTEMBI.

3. Cucrtemy-ciieICTBUE MOKHO TMPUCOEAUHUTHh K HWCXOAHOM CHCTEME M OT
3TOI'0 MHOXECTBO PELICHUN MOCJIETHEN HE U3MEHUTCS.

4, VYpaBHEeHUE-CIEICTBUE MOXXHO MPHUCOCAUHUTh K WM OTOPOCUTH OT
UCXOJHOM CUCTEMBI U OT 3TOI'0 MHOXKECTBO PELICHUN MOCJIEAHEN HE U3BMEHUTCS.
5. Ecnu B cucreme ypaBHEHUN OJHO U3 YPAaBHEHUW SIBIISIETCS CIIEACTBUEM

MOJICUCTEMBI, 00pa30BaHHONW BCEMHU JIPYTMMHU YPaBHEHUSMH CUCTEMBI, TO 3Ta
MOJICHCTEMa PaBHOCHIIbHA 33JJaHHON CHUCTEME YPaBHEHHIA.
[Ipu pereHnu cucTeM ypaBHEHHU BO3MOKHBI JBa MyTH:
a) coBepIIaTh TOJIBKO PaBHOCHUIIbHBIE Mepexoibl. Toraa npu KaxiaoMm repexo/ie
MHOKECTBO PEIICHUI OYJIET COXpaHAThCA U B KOHEYHOM HMTOTE MOJydaTcs BCE
pEIICHHS UICXOHON CUCTEMBI;
0) coBepiaTh MEPEXOAbl K CIEACTBHIO MCXOTHOM cucTeMbl. Torma MHOXKECTBO
PEIICHU MOXET PaCHIMPUTHCA 3a CUET MOSBJICHHUS MOCTOPOHHHUX pEIIeHUH,
M30aBUTHCS OT KOTOPBIX MOKHO MyTEM TIPOBEPKH.

Od4eBUAHO, CUCTEMbl ypaBHEHMI DPAaBHOCWIIBHBI, €CIU Kaxaas W3 HUX
SIBIIIETCS CIEJICTBUEM JIPYTOM.

OcHogHble MemoOobl peueHus. Cucmem YpagHe Ul

1)Memoo noocmanosku TO3BOJSET CBECTH PEIICHHE CHCTEMBbI YpaBHEHUH C
JBYMsI HEM3BECTHBIMH K PEUICHUIO OJTHOTO YPAaBHEHUS C OJTHUM HEU3BECTHBIM.

OO0o0CHOBaHHEM 3TOTO METOJa CIYXKUT Teopema: «CUCTEMBbI ypaBHEHHIA
PaBHOCUJIbHBI

x=op(y), x=p(y),
=
F(;y)=0  [F(e(y);»)=0>
[Ipun peumienny cUCTEMBI YPABHEHHUM METOJIOM MOACTAHOBKH PEIIAIOT OJTHO
n3 e€ ypaBHEHMI, Hampumep, TMOCIAEAHEE, OTHOCHUTEIBHO OJHOT0 U3
HEU3BCCTHHIX U 3aIllMCBIBAKOT €0 B BHUAC, KOra 3TO HCU3BECTHOC BBIpa)KeHO
qepes OCTAJILHEIC. I[anee HElfII[GHHOG BBIpa)KeHI/Ie O9TOI'O0 HCHU3BCCTHOI'O
IMOJACTABJISAKOT BO BCE€ OCTAJBHBIC ypaBHeHI/ISI CUCTCMBI. B peBy.]'IBTaTC HOJ'Iy‘-IaIOT
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CUCTEMY YPAaBHEHMH C YMCIIOM YPABHEHUW U YMCJIOM HEU3BECTHBIX HA €IUHULLY
MEHBIIIE, YEM Yy UCXOAHOU CHUCTEMBI. 1I0y4EeHHYI0 CUCTEMY pEIIalT, a 3aTeEM
KaXZ0€ IIOJy4EeHHOE PEIICHUE IIOACTABIAIOT B TO YpPaBHEHHE, B KOTOPOM
BbIOpaHHOE TIEPBOHAYAJIBHO HEU3BECTHOE BBIPAXKEHO Yepe3 OCTaJbHbIE MU
HaXOJAT 3HaYCHUE ITOI0 HEU3BECTHOTO.

IIpouecc UCKIIIOYEHUS HEU3BECTHBIX METOIOM IIOACTAHOBKH IPOIOIKAIOT
U JaJibllie, €CIM 3TO BO3MOXKHO U B 3TOM €CTh HEOOXOAMMOCTb, /10 T€X IMOp, MOKa
HE II0JIy4aT CUCTEMY, PELICHUsSI KOTOPOW M3BECTHBI WM JIETKO OIPEIEIISIOTCS.
Ecnn xe B pe3ynbraTe ONMCAHHOIO IIpolecca II0Jy4ar0T HECOBMECTHYIO
CUCTEMY WJIA ypAaBHEHUE, HE HMMEIOLIEE PELICHUW, TO M HCXOAHAs CUCTEMA
pELIEHUN HECOBMECTHA.

MexaHnnyeckoe NMPUMEHEHUE METOAa NOACTAHOBKU JUISI PELICHUS] CUCTEM
YPAaBHEHUN HMHOI/A MOXKET IPUBECTH K IIOTEpE PELICHUN 3aJaHHOM CHUCTEMBI.
Tak, B mpouecce peleHuss CHUCTEMbl YPaBHEHUW METOJOM II0JICTAHOBKHU
IPUXOJUTCS paspemarb YpaBHEHUS o01ero BHUJIA
f (X, X5,.....,x,) =0 OTHOCHUTENFHO OAHOTO M3 HEW3BECTHBIX M 3aMEHATh HX

ypaBHEHUSIMU TaKOTO BHJIa, KOTJAa OJHO M3 HEU3BECTHBIX BBIPAXKEHO uepes
napyrue. O6nacTh onpenesneHus TaKoro ypaBHEHHSI MOXKET OKa3aThCs YXKe, YeM
00JIacTh OIpe/eNieHUs IMEePBOHAYAIbHOTO YpaBHEHHUs o001iero Buaa. To ecTs,
HEKOTOPBIE U3 JIOMYCTUMBIX CHUCTEM 3HAUEHUN HEU3BECTHBIX YPAaBHEHHI MOTYT
HE OBIThb JOMYCTUMBIMU JJIi YpaBHEHHs, B KOTOPOM OJHO HEU3BECTHOE
BBIPAXKEHO YEpe3 ApYrue. ITO MOXKET CIYUYUThCS, KOr/la YKa3aHHOE BBIpaKEHUE
OJTHOTO HEU3BECTHOTO YEPE3 APYrue HE HMEET CMbICIA. JTO U IMPUBOJIHUT K
MIOTEpPE PEIICHUM.

2)Memoo ancebpauueckoeo ciodicenuss OCHOBaH Ha TeopeMe: Eciu k ogHOMY U3
YpaBHEHUW CUCTEMbI, YMHOXEHHOMY Ha MHOXHUTEJIb, UMEIOLIUNA CMBICI U HE
oOpamiaromuiics B HyJIb TMPU BCEX JOMYCTUMBIX CHCTEMax 3HAYCHUU
HEU3BECTHBIX, MPUOABUM HEKOTOpBIE Apyrue e€ ypaBHEHHUS, YMHOKCHHbIE Ha
T00BIe MHOKUTEIH, OTIPECIEHHBIE ITPU BCEX JOMYCTUMBIX CUCTEMaX 3HAUCHU I
HEU3BECTHBIX, a OCTAJbHBIC YPABHEHHS OCTAaBUM 0€3 M3MEHEHUH, TO MOJIy4YuM
CUCTEMY, PABHOCUJIbHYIO 3aJaHHOM.

[Ipn pemeHnM cuUCTEM YpPAaBHEHHM OSTHUM METOAOM HEKOTOpbIE U3
YpaBHEHUI CUCTEMBl YMHOXKAIOT Ha CIEIUAJIbHO MOJ00paHHBIE MHOXKHUTEIH,
KOTOpbIE  OINpEeNeTeHbl MpPU BCEX JOMYCTUMBIX CHUCTEMax 3HAYEHUMU
HEU3BECTHBIX, a 3aT€M IO YacTAIM MPUOABISIIOT WX K OJHOMY H3 APYTHX
YpaBHEHUI CHUCTEMBI, KOTOPOE B Cllydae HEOOXOAMMOCTH TAK)K€ YMHOXKAIOT Ha
CHEUUAIBHO MOAOOPAHHBIA MHOXUTEIb, ONPEACIEHHBIA U OTIMYHBIA OT HYJS
MIPU BCEX JOMYCTUMBIX CHCTEMAaX 3HAUYCHUI HEU3BECTHBIX.

B pesynbTaTe 3TOr0 OAHO W3 ypaBHEHUM CHUCTEMbI 3aMEHSETCS HOBBIM
ypaBHEHHEM. MHOXHUTENIN MNpPU 3TOM MOAOUPAIOTCS TaK, YTOOBI 3TO HOBOE
ypaBHEHHE ObUIO 00Jiee MPOCTHIM MO CPABHEHUIO C 3aMEHEHHBIM ypaBHEHHEM. B
YaCTHOCTH, MHOTJ]a YPAaBHEHUE, K KOTOPOMY MPUOABJISIIOTCS PYyTrUe ypaBHEHUS,
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HU HAa KaKOW MHOXKHUTEJIh HE YMHOXAIOT, T.C. CHCIUATBHBIA MHOXHUTEIb IS
ATOTO0 ypaBHEHHUs paBeH 1.

Yamie Bcero (HO He Bcerja!) MHOXKHUTENHN OAOUPAIOT TaK, YTOOBI B HOBOM
YPAaBHCHHHM YMEHBIINJIOCH KOJMYECTBO HEW3BECTHBIX. OTEpalMi0 CIIOXKCHHUS
MTOBTOPSIIOT, TIPUMEHSS €€ K Pa3IMYHBIM YPaBHEHHUSM CHCTEMBI, 10 TEX IIOD,
MTOKa HE MOJIyYaT CHCTeMY, KOTOpas YXKe JIETKO perraeTcs (HampuMmep, COISPIKHUT
JUIIh OJHO Hew3BecTHoe). IlomydeHHass TakuMm oOpa3oM CHCTeMa ypaBHCHHMA
paBHOCWJIbHA 3aJIaHHON cHCTEeMe, MO0 MPU KaKIOM OUYEPEITHOM BBIMTOTHCHUHU
oTepaluy CII0KCHUS MOJIy4atoT CUCTEMY YPaBHEHUH, PaBHOCWIBHYIO 3a1aHHOU
cucteme. IloatoMy s pemieHus 3aJaHHOW CHCTEMBl JOCTAaTOYHO PEIIUTH
TIOJTYYCHHYIO CHCTEMY.

WNHorna mpu penieHuu CUCTEMBbI YPaBHEHUN METOJOM ajireOpanvecKkoro
CJIIOKEHUS HEKOTOpPhIE W3 YpaBHCHUW, K KOTOPBIM TPUOABISIOTCS JApYTHC
yYpaBHECHHMSI, YMHOXKAIOT HA MHOXKHTEIH, OOpaIIaroIIHecs B HYJIb TP HEKOTOPBIX
JOIMYCTUMBIX ~CHCTEMaX 3HAYCHUN HEHM3BECTHBIX. B  pesymbTare dTHX
npeoOpa3oBaHUN  TOJIy4aeTcs CHCTEMa-CIICJICTBUE W He  00s3aTebHO
paBHOCWJIbHAS UCXOJHOM cucTeme. [1oaToMy mis perieHus 3alaHHONW CHCTEMBI
YPAaBHCHHH B 3TOM CJIydae HaXOJAT BCE PEIICHUS JAPYroil CUCTEMBI, TOJTYYCHHOM
KaK CIIEJICTBUEC W3 3aJlaHHOW, MW 3aTeM MNyTEM IIOJCTAHOBKH WX B
NEePBOHAYAIBHYIO CHUCTEMY ONPEACISIIOT, Kakhue U3 HHUX SBISIOTCA €€
peIIeHUSIMHU.
3)Memoo uckmouenus HeuzgecmHo20 OCHOBAH Ha CJACAYIOIIEM ITOJIOKECHHH:
«Ecnu olHO M3 ypaBHEHHH ATOW CHCTEMBI MOKHO Pa3peliuTh OTHOCHUTEIBHO
OJIHOW U3 HEU3BECTHBIX, TO CHCTEMbl PABHOCHJIbHBI

Ry)=0, _ [x=e¢(),
F(xy)=0 F,(p(»);»)=0"

B nmocnenHeM ypaBHEHHWHM BTOPOW CHCTEMBbI, HEHU3BECTHYIO X MBI
UCKITIOYHITH.
4)Memoo 3amenvt HeuzBeCMHbIX U 66€0CHUsL HOBbIX HEU36eCMHbIX OCHOBAH Ha
ITOJIOKEHUH O PAaBHOCHUIIBHOCTH CHCTEM

F(x;y) =0, - f,(u;v) =0,

F,(xy)=0 f(u;v) =0
IIPH YCIIOBHH, YTO

p(Xy)=u,a g,(Xy)=Vv.

[Ipu pemennn cucTeM ypaBHEHHUH 3JEMEHTApHBIMU CIIOCOOAMHU HEPEIIKO
MPUXOJUTCS ~ KOMOWHHMpPOBATH  METOABI  alreOpamdeckoro  CIIOXKSHHS,
MMOJICTAHOBKH, BBEJACHUS HOBBIX HEH3BECTHBHIX (3aMCHY HEH3BECTHBIX), a TaKKe
MPUMCHSTh  pPa3IMYHBIC YaCTHBIC MPUEMBI, HCIONB3YS CHEIU(DHICCKHE
0COOEHHOCTH 3aJJaHHOM CHCTEMBI.

Ipumep 1.3.2. Pemuth cucremy
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10x° +5y* —2xy—38x -6y + 41=0,
3x* —2y* +5xy—17x -6y +20=0,
Perienne. BerareM 13 nmepBoro ypaBHEHHS BTOPOE, YMHOKEHHOE Ha 2, MOTYUHM:
Ax* +9y* —12xy —4x+6y+1=0,
3x*—2y* +5xy—17x—6y+20=0,

PemuMm mnepBoe ypaBHEHHE, paccMaTpuBas €ro Kak KBaJpaTHOE
OTHOCUTEIBHO MEPEMEHHOM X.

Ax* —4x(3y +1) +(9y° +6y +1) =0,

%=4(3y +1)+(9y* +6y+1)=0

Takum o00pa3oMm, BTOpPOE YpaBHEHHE CHUCTEMbI HMEET CIMHCTBEHHOE
1 .
pelieHne x:E(Sy +1) IloncTaBnsisi  HaliieHHOE 3HAYCHWE BO  BTOPOE

ypaBHEHHUE, ITOIYIHM:
%(3)}+1)2 —2y? +gy(3y+l)—%(3y+1)—6y—2020<:>

<49)°-98y+49=0<=(y-1)’=0=y=1=x=2.
OtserT: (2;1).

Bce mepeuncneHHble METOAbBI PEIICHUSI CUCTEM OCHOBAaHBI HAa TOM, YTO
OHM TMO3BOJISIFOT 3aMEHUTh MPEJIOKEHHYK CUCTEMY JAPYrOod CHUCTEMOW WU
COBOKYITHOCTBIO CUCTEM, PABHOCUJIBHBIX ITE€PBOHAYATIbHOM.

OyeHp MHOrO pa3IUYHBIX YACTHBIX NPUEMOB PEMICHUS CHUCTEM
ypaBHeHUH. MIX HEBO3MOXXHO OpraHM30BaTh B KaKyl ObI TO HU OBLIO OONIYIO
Teoputo. [Ipy nmpUMEeHEHNH YacTHBIX MPUEMOB B Ka)XJAOM KOHKPETHOM Ciyyae
JOJKEH BO3HHUKATh BOIPOC: BCE JIM HAWJICHHBIE HAMU PEIICHUS YIOBIETBOPSIOT
3aJlaHHOM CHCTEME€ YpaBHEHHH M HE TMOTEepASIM JU Mbl KakuX-T1M00 u3 eé
peueHnid. ITOT BOMPOC MOMJICKUT CIIEHHAIBHOMY HccieaoBaHul0. Hanuuue xe
IIOCTOPOHHUX PELIEHUW BBISBIAIOT ITYTEM IIOJICTAHOBKM BCEX HAWJICHHBIX
pELICHUN B UCXOAHYIO CUCTEMY. /[ BBISABICHHS MOTEPU PACCMATPUBAIOT BCE
MpOBEAEHHBIE TPeoOpa3oBaHus Ha MPEAMET IPUBEIACHUS K TOTEPE PEIICHUI.

PaccMoTpuM 351eMEHTapHBIM METOJ PEUICHHS HEJIUHEHMHBIX CUCTEM
anreOpanyeckux ypaBHEHHUU. PellleHHe TakuX CHCTEM METOJaMH BbICHIEH
anreOpbl 4acTo JOBOJBHO T'POMO3JIKO M HE BCErJa NMPUBOAUT K pe3ysbTary (B
CWJIy TOTO, YTO HE BCSIKOE YpaBHEHHE C OJHUM HEH3BECTHBIM CTETICHH Oobiie 4
pelaercs B paiuKaax).

PaccmoTtpum cucremy M ypaBHEHUI ¢ NHEM3BECTHBIMU BUAA
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[ £,(X, X0y x,) =0,
(%, x,) =0,
f.(x.x,)=0

B KOTOPOW BCE YpaBHEHMS, KPOME IEPBOTO, SBISIOTCS YPAaBHEHUSMH HYJIEBOU
CTEIICHU OTHOCUTEJIBHO HEU3BECTHOIO X;, TO €CTh X, HE BXOJMT B HUX.

Pemenue Takoit cucteMbl CBOAUTCS K PELICHUIO CUCTEMbl M-1 ypaBHEHUI
¢ N-1 Heu3BeCTHBIMU

f,(xy,.00x,) =0,
fy(xy,0,x,) =0,
fm(‘xZ’ """ "xn)_o
M HECKOJIBKMX YPaBHEHUH ¢ OJHUM Heus3BecTHbIM X, Buaa f (X, K,,......,k ) =0.

Jnsi pellieHuss MEpPBOHAYAIBHOM CHUCTEMBI HY)KHO HAWTH BCE PEHICHUS
MOCJIEIHEW CUCTEMbI U3 3alUCAHHBIX U T€ U3 HUX, JJISI KOTOPBIX 3TO BO3MOXKHO,
JOTIOJIHUTh 10 PEUICHUS WMCXOJHOW HEJIMHEHWHOW CHCTEMBI M YpaBHEHHM C
NHEU3BECTHBIMMU.

To ecth, pemieHue M0O00N HEIUHEWHOM CHCTEMBI alreOpandecKux
YPaBHEHH MOXHO CBECTH CPEICTBAMHU JJIEMEHTAPHOU anreOphl K PEHIeHUIO
HECKOJIbKUX aJIre0pandecKuX ypaBHEHUH C OJJHUM HEU3BECTHBIM.

OnurcaHHbIM METOJl TaKK€ JOBOJIBHO TPOMO3JKUA U B PE3YNIbTaTE €ro
peanu3anuu  MOTYT TOJIYYUThCA alreOpanyeckue YpaBHEHHUS C OJHUM
HEU3BECTHBIM, KOTOPHIE B PAAUKAIAX HE PEIIAIOTCS.

Yamie HeMMHEHHYIO CUCTEMY YHAETCsl PEIINTh, KOMOWHUPYSI M3BECTHbHIE
JJIEMEHTApHbIE METOJbl PEIICHWS YPAaBHEHUW U CHUCTEM ypaBHEHUU
(anrebpanyeckoe CIOKEHUE, MOJCTAHOBKA, BBEJACHUE HOBBIX HEU3BECTHBIX) U
MpUMEHSIST YacTHbIe TpUEMBL. BBIOOp MeTona ompenenseTcs crnenupuiecKuMu
0COOEHHOCTSIMU 33JJaHHOM CHCTEMBbl ypaBHEHUH.

1. Cucmema 08yx ypagHeHuu ¢ O8YMs HEU3BECMHbIMU, OOHO U3 KOMOPHIX
8Mopol, a opy2oe — nepeoli CmeneHu.

Takas cucTemMa JIETKO pemaeTcst METO0M IOJCTAHOBKH.

Ilpumep 1.3.3. Pemuts cucremy

2

x?—y* =5,
x+y=5.

Pemiennie. BbIpa3umM HEU3BECTHYI0O X M3 BTOPOrO YpPAaBHEHUSI CHUCTEMBI
(ypaBHEHUS MEPBOM CTETIEHU OTHOCUTENIBHO 3TOW HEM3BECTHOM)

2 _ 2 _ 2_ 2 _ A e -2 -2
¥ -yi=5 Jx-yt=5 J(5-y) -0t=h | Jy=2 | [y=2
x+y=5, x=5-y, x=5-y, xX=5-y, x=3.
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Ortsert: (3;2).
2. Cucmema 08yx ypagHeHuli 6MOpOU CMeneHu ¢ O08YMs Heu38ecmHblMU,
KOmopbwie He UMeiom YieHo8 nepeou CmeneHu.

B cinyuae, korga cBOOOAHBIE WIICHBI, COAEPIKAIIUECS B JIEBBIX YaCTAX
0o00MX ypaBHEHUW HE paBHBI OJHOBPEMEHHO HYIIO, TO YMHOXAIOT MEpPBOE
ypaBHEHHE Ha KO3(P(PUUUEHT, paBHbIH CBOOOJHOMY WIEHY BTOPOro, a BTOPOE
ypaBHEHHE — Ha KO3(PQUUUEHT, paBHbIA CBOOOJHOMY UIIEHY IEpPBOIO
YpaBHEHUS M 3aTEM BBIYMTAIOT M3 OJHOrO YypPaBHEHUS Jpyroe. 3aTeM
MOJIYYEHHOE MTYTEM ONMUCAHHBIX MPEeoOpPa30BaHUil ypaBHEHUE JIMOO PEIIAIOT, KaKk
OJHOPOJIHOE OTHOCHUTEJIBHO HEU3BECTHOW, paBHOU OTHOILECHUIO
NepBOHAYATBHBIX HEM3BECTHBIX, TUOO PEIIAOT PA3I0KEHUEM Ha MHOKUTEIIH.

3. Cucmema 08yx ypasHeHull 6mopou CmeneHu ¢ 08YMs HeU38eCmHbIMU 8
obuem suoe.

Pemiennie Takux cUCTEM MpECTABISIET 3HAYUTEIbHBIE TPYAHOCTH U HE
BXOJIMT B KypC dJIeMEHTapHOU ayireOpsl. EcTh yacTHBIC citydau, ob1iee perneHue
KOTOPBIX MOXHO OIKCAaTh, HE MCIOJB3Yysl CPEJCTBA BBICIICH MaTeMaTHUKH. Tak,
MOKHO BBITIOJTHUTH TMPEeoOpa3oBaHus, I1€b KOTOPHIX COCTOUT B HUCKIIOYCHUU
BTOPOM CTENEHW OJHOM W3 HEU3BECTHBIX. J[JIsI 3TOr0 YMHOXAIOT KaXIo€ U3
ypaBHeHH Ha KOA((UIIMEHT Tpu BTOPON CTENEHU OJHOW M3 HEU3BECTHBIX
IPYroro ypaBHEHHs, a 3aT€M BBIYMTAIOT W3 OJHOrO MOJYYEHHOTO YpPaBHEHUS
Ipyroe. 3aTeM BBIPAKAIOT OJTHO HEU3BECTHOE (KOTOPOE BXOAUT B YpaBHEHHE-
KOMOMHAIIMIO TOJBKO B TIEPBOM CTEMEHU) Yepe3 IpPyroe U BIOCIEICTBUU
pEeaT UCXOAHYIO CHCTEMY METOJIOM IOJICTAHOBKHU.

3aMeTHM, 4YTO O00JIACTh OMNpPEICICHHUs] HCXOJHOM CHUCTEMBI MOXET
CYy3UTbCS, TaK KaK IpPH BBIPAXKEHUU HEU3BECTHOIO 4YEPE3 OCTAJIbHBIE MBI
NEepPexXoIuM K IPOOHO-PalMOHATFHOMY BBIPAXKEHUIO. 3HAs, YTO B OOIIEM Cllydae
y TaKOW CHCTEMBI JIOJKHO OBITh YEThIpE pEeIIeHUs, IUIAHUPYeM JallbHEeWIne
JICUCTBUS: €CITU HAWICHBI HE BCE PEUICHUS, TO HEOOXOAMMO HCCIEAO0BaTh, HE
UMEET JIM JaHHas CUCTEMa PEIICHWH, Uil KOTOPBhIX 3HAYEHHE HEU3BECTHOU
oOpamiaeT B HOJb 3HAMEHATENb TMPU BBHIPAKCHHUH HEU3BECTHOTO Yepes
ocTalibHble. [l 3TOro TakWe 3HAYEHUE HEU3BECTHOM TMOJICTABISIIOT B
YpaBHEHHE, U3 KOTOPOrO0 HEU3BECTHAasl BbIpaxkajach. Eciaum e yKa3zaHHOE
3Ha4YeHHUE (3HAYCHMSI) TOKJIECTBEHHO YAOBJIETBOPSIIOT YPABHEHUIO CUCTEMBI, TO
€ro e IMOJCTABISIT BO BTOpoe ypaBHeHue. llocne »Toro mnoiryudaercs
KBaJpaTHOE YpaBHEHHE, U3 KOTOPOrO0 U HAXOMAST 3HAUYEHHE COOTBETCTBYIOLICH
HEWU3BECTHOM.

B cnydae, koraa mo kpaliHeil Mepe OJHMH U3 KO3(P(DUIIMEHTOB Yy BTOPHIX
CTEINEHEe HEM3BECTHBIX PABEH HYJIIO, PEIICHUE CUCTEMBI YIIPOIIAETCSI.

4, Cucmema 08yx 0OHOPOOHBIX YPABHEHUL C O8YMS HEU3BECMHBIMIU.

N3BecTHO, 4YTO OJHOPOJHOE ypaBHEHHE TIOMUMO TPHUBUAIBHOTO
(HyJIeBOT0) pelieHusI MOXET UMETh U HeTpUBHAIbHOE (HEHYJICBOE) pEIICHHE.

OnHOpOJHBIE CHUCTEMBbl pEIIAIOTCS KOMOMHAIMEW JIByX METOMOB:
JUHEWHBIX TPeoOpa30BaHUi U BBEJCHUSI HOBOM HEM3BECTHOM.
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PaccmorpuMm  cuctemy IBYX OOHOPOIHBIX YPAaBHEHHM C  JByMS
HENU3BECTHBIMU

f(x,x,) =0,
fo(xy,x,) =0
Muorouwrenst f (x,x,)u f,(x,x,) Moryr uMmers oOmuii MHOXUTENL. B

TOM cllydyae cHucTeMa HMeeT OECKOHEYHOe MHOXKECTBO pEIICHUH BHIA
(0;k),rnek — mpousBonbHOE umcio. To €CTh, BCAKOMY OTJMYHOMY OT HYJIS YHCITY
K cOOTBETCTBYET HEHYJIEBOE PEIICHHUE 33 JaHHON CUCTEMBI.

Bce npyrue HenyneBwle peuienus umeroT Bun (Kijkz), rme oba umcna
OTJIMYHBI OT HYJIS.
5. Cucmema 08yxX ypagHeHull ¢ 08YMsl HEU3BECMHbIMU, OOHO U3 KOMOPbIX
00HOPOOHOE, a 8MOpoe — HeOOHOPOOHOe.

[Ipu perieHnU TaKUX CUCTEM OTIEIBHO paccMaTpUBAIOTCs citydau x1=0u
X, #0 B OIHOM W3 ypaBHEHWi, nomyctuM, B mepBoMm. Ciyyaii x1=0, B cBoOIO
ouepenb, pacmajaeTcs Ha JBa — B 3aBUCHMOCTH OT TOTO paBeH M HYIIIO
K03(QuIMeHT TpU CcTapiied CTENeHH BTOPOW MEPEMEHHOH — X2 B 3TOM
ypaBHeHuHU. Eciiu He paBeH, TO PEIICHUEM CHCTEMbI MOXET OBITh TOJIBKO Tapa
(0;0) (TpuBHanbHOE pEIIEHHE), €CIH >K€ paBeH, TO TMepPBOE YpaBHEHUE
yIOBIETBOPSIETCS MpHU JIOOOM X2 W OCTaéTcs HAWTH KOPHU YpaBHEHUS
f,(0,x,) =0, To ecTb ypaBHEHHMs, MOIYYAIOLIETOCS M3 BTOPOTO YpPaBHEHHUS
cucteMbl ipu ycinoBuu x1=0.

Cayuaii X, # 0 mpeamnosaraetr NnpuMeHEeHNE JAEJCHUS Ha CTApIIyIO CTETIeHb

X1 TOT'O YPAaBHCHHA CUCTCMBI, KOTOPOC ABJIACTCA OJHOPOAHBIM, C ITOCIICAYIOIIUM

. X
pEelIeHNEM €ro OTHOCHTEIBbHO IIEPEMEHHOH —> M pAacCMOTPEHHEM €ro B

X
CUCTEME CO BTOPBIM YPaBHEHUEM (HE SIBISIOIIMMCS OAHOPOIHBIM).
6. Cucmema 08yX ypasHeHuli ¢ O08YMs HEU3BECMHbIMU, Jleble YACmu

KOMOPbIX 0OHOPOOHbBIE MHO20UJIeHbL, A NPABble — OMIUYHbBLE OM HYJISL YUCIA.
[Ipenmnonoxum, 4To 3aaHa CUCTEMA

fi(x,x,) =a,

fo (0, x,) = a,,
IJ€ JIEBBIE YaCTH YPAaBHEHHU — OJHOPOJHBIE MHOTOYJIEHBI COOTBETCTBEHHO
CTEIIEHW M My, @ a1 U a2 — OTIMYHBIE OT HyJd uMcia. Eciam creneHu
MHOTOWIEHOB PaBHBI, TO U3 NEPBOr0 YPABHEHUS, YMHOKEHHOI'O Ha @2, BBIUTEM
BTOPO€ YpPaBHEHHME, YMHOXXEHHOE€ Ha ai. 1€M caMblM Mbl YHUYTOXAEM
cBoOomHbie  wieHbl.  OOBEIWHUM  TIONYYEHHOE  MYTEM  OMHMCAHHBIC
nmpeo0pa3oBaHUl ypaBHEHHE W BTOPOE YpPAaBHEHHE WCXOJHOW CHUCTEMBI B
cucremy. llonydeHHas cucrtema COIEPXKUT OJHO OJHOPOJHOE YPABHEHUE C
HYJIEBOW MPABOM YacCThIO M OJIHO M3 NMEPBOHAYAIBHBIX YPABHECHHI M PEIIACTCS
PACCMOTPEHHBIM B MPEBIAYIIEM MOJIOKEHUHU CIIOCOOOM.

[26]



ImaBa |

Ecnm xe creneHn OJHOPOJHBIX MHOTOWICHOB HE PaBHBI, TO IOJIATAIOT B
ypaBHEHUsAX ucxogHou cucreMbl x; =0. I[lpy gaHHOM yCIOBUM HaxoIsT

pELIEHNs CUCTEMBI, €CIIM OHU CYLIECTBYIOT. 3aTEM HILYT PELICHUS IIPU YCIOBUH
x, # 0. J11s1 3TOro HaxoIAT HauMeHbllee O0LIee KPaTHOE CTENEHEN OJHOPOIHBIX

n
MHOTOWJIEHOB N M BO3BOAAT 00€ 4YacTW MEPBOTrO ypaBHEHHsI B CTENEHb —,
m,
n .
BTOPOIO — B CTeNEeHb —. B pe3yinbrare NpoJeNaHHbIX MpeoOpa3oBaHU

2

NOJIy4aeTCs CUCTEMa-CleCTBUE. JIeBble 4YacTHM ypaBHEHUW JTOW CHUCTEMBI
CTAHOBATCSI MHOT'OYJIECHAMM OJHOW M TOM ke creneHu N. s pemeHus B TO
YPaBHEHME, CTEIEHb KOTOPOIO HMXKE, IMOACTAaBISIETCS X, =fx;. Ilomydaercs

YPaBHEHHE C OJHOW HEU3BECTHOM U, €CIM OHO HE YAOBIECTBOPSAETCS
TOJIECTBEHHO, TO, PEILIUB €r0, HalIEM 3HaYEHUs HEU3BECTHOTO. VI3 HallAEHHBIX
3HaUYEHUN BBIOEPEM TE, KOTOpPBHIE YIOBIETBOPSIIOT BTOPOMY YPaBHEHUIO
CUCTEMBI.

HpOI/IHHIOCTpI/IpOBaHHI)Iﬁ CIoco0 IIO3BOJIACT CBCCTH pEeICcHueC
O,ZIHOpO,IIHOﬁ CUCTCMBI K PCHICHUIO CUCTEMBI TAKOI'O K€ BU/d, B KOTOpOﬁ ImpaBasit

4acTh OJHOTO U3 YPAaBHEHHI paBHA HYIIIO.
Ipumep 1.3.4. Pemuth cucteMy ypaBHEHUM

x2_y2:3’
2 2 _
X +xy+y =1.

Pemenne. BeruTem W3 MEpBOro ypaBHEHHs, YMHOXXEHHOTO Ha 7, BTOPOE,
YMHO>KEHHOE Ha 3

7x* —7y* —3x* —3xy—3y* =0,
4x* —10y* —3xy =0.
ITycts x=0, Torna
10y* =0,= y=0.
To ecth, oHO U3 penieHuit cuctembl — TpuBuaibHOE (0;0).
Ecmu xe x=0,Torma pasgenuM o0e YacTH YpaBHCHHS Ha CTapIIyIO

2.
CTCIICHb X, T.C. HA X .
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OTKyJa TIO0JlydyaeM JBa  COOTHOILIECHMS: =——. To ects,

x=2yumx=-125y,.
[Tomy4yaeM TU3BIOHKIIUIO CUCTEM:

| x> —y* =3,
x=2y;
xz—y2:3,

i x=-1,25y.

Pemiast manHbIe CUCTEMBI METO/IOM MOJICTAHOBKH, TTOJy4aeM TpedyemMoe.
53 443 (53, 443
33 )1 37 3]

7. Cucmema HeluHeUHbIX aneeOpauyeckux ypasHeHull, 8 CcOCmas KOmopou
6X005M JUHElHble YPABHEHUS.

ITycTh 3amaHa cucteMa anreOpandeckux ypaBHEHUN, B KOTOPOU MEPBBIC S
ypaBHEHUN JIMHEHHBIC, a BCE IMOCIEAYIONIME HEJIWHEHHBIC, TO €CTh CTENEHHU
BBIIIIE TIEPBOM.

Chauvana paccMaTpUBAIOT OTIEIBHO CHCTEMY JIMHEHMHBIX YpaBHEHUH,
00pa30BaHHYIO TMEPBBIMU S YPaBHEHUSMH HUCXOIHOW CHCTEMBI, periaeMm e¢
METOJOM CJIOKEHHUSI U TIOCIIEI0BATEIbHO NCKIF0YAaEM HEU3BECTHBIE U3 CUCTEMBI.

Otsert: (-2,-1),(2,1),| —

Bo3MmoxkHBI ciieayromme Tpy ciaydas:

° [Tonry4yaeM HECOBMECTHYIO CHCTEMY. OTO O3HAauyaeT, YTO W MCXOJHas
CHCTeMa HECOBMECTHa.
o [TonyyaemM cucteMy, HMEIOIIYI0 €IMHCTBEHHOE permieHue. Vcxomnas

CUCTEMa Tak)Ke MMEEeT €IMHCTBEHHOe pelieHne. Ho ecaum xotss Obl OJHOMY
YPaBHEHUIO HAWJICHHOE PEIICHUE HE YJIOBIETBOPSET, TO HMCXOJHAs CUCTEMaA
HECOBMECTHa.

° [TonygaeM cucteMy, UMEIOIIYI0 OECKOHEYHO MHOTO pemeHuid. Mcxoanas
CHCTEMa TaKXe UMeeT 0€CKOHEUYHO MHOTO PEIICHHA.
8. Cucmemul cummempudeckux ypasHeHuu.
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[TycTp cucrema nmeer BU
f,(x,x,) =0,
f,(x,x,) =0
rne f(x,x,) uf,(x,x,)— cuMMeTpudeckre MHOTOWICHBI OT BXOJSIINX B HUX
nepeMeHHbIX. TOo €CThb, OHM HE MEHSIOTCSA MpU 3aMEHE X1 Ha X2 U HA0OOpOT.
IIpocreiilien cUCTEMOM YKa3aHHOI'O TUIIA SBJIAETCS
X +x,=a,
X -x,=b '
[IpuéM pemieHus TaKOW CUCTEMBI ONUCHIBAETCA TEOPEMOM: CHCTEMA
YPAaBHEHUH U KBaJAPATHOE YPABHEHUE
2
t°—at+b=0
CBSI3aHbI CIEAYIOIIUM 00pa3oM: eciu tiut; — KOpHU MOCIEHErO KBaJAPaTHOTO
ypaBHEHUs, TO CUCTeMa nuMmeeT Ba pemrenus (t1;t)u (t2;t1) u He umeer apyrux
pemenuii. Bepna u o6patHas Teopema.
B ¢opmynupoBke Teopembl ObUIM KCIONB30BAHBI BBIPAKEHUS, KOTOPHIE

Ha3bIBAIOTCA HpOCTCfIIHHMH CUMMCTPUYCCKUMH MHOI'OYWJICHAMU OT JBYX
IMCPCMCHHBIX. Hx IIPUHATO 0003HAaYaTh O, = X+Y, o, = X-V.

Yepes npocTeillie CHMMETPUYECKHE MHOTOWICHBI MOXKET ObITh BBIPaXKEH
T000H CHMMETPUYECKUM MHOTOYJICH.

[loaToMy ¥ TpU pELIEHHMH CHUMMETPUYECKUX CHUCTEM PEKOMEHIYETCS
BBOJUTH HOBBIE MEPEMEHHbBIC, MO3BOJSIOININE YMEHBIIUTh CTEINEHH MCXOIHBIX
ypaBHEeHUl, o popmynaMm o, =X+Y,0, =X"-Y.

Nrtak, oOmUMHU CJIOBaMHU pelIeHHe CUMMETPUYECKON CHCTEMBI MOYHO
omnucaTh TakK:

1)  BBECTH HOBBIC HEM3BECTHBIE O, = X+ Y, 0, =X-Y;
2)  pEUIUTh MOJYUYHUBIIYIOCS CHCTEMY U COBEPIIUTH OOPATHBIN MEPEXO/I.

B nmpakrtuke pelieHuss CUMMETPUYECKHUX CHCTEM  BCTPEUYarOTCS
CUMMETPUYECKNE MHOTOUIEHBI, B KOTOPBIE MEPEMEHHBIE BXOIAT B IOKa3aTele
CTEIEHM Bblle mnepBod. Peub HIET O Tak Ha3bIBAEMBbIX CTENEHHBIX

cymmax S, = X" + y".OHHTaKKE BBIPAKAIOTCS qepes pocTeHIme
TPUTOHOMETPUIECKHE MHOTOUWIEHBI 0,1 O,
S,=X+y=o0y;
U2 2 2 2 .
S,=X"+y ' =(X+Yy) -2xy=0," —20,,
3 3 2 2 .

S;=X"+y =(x+y)-((x+Yy)" =3xy) =0, (0, —30,);
S,=x"+y'=(x*+y*)? -2x°y* = (06" - 20,)* - 20, =0,' — 400, + 25,°;
Ss =X+ Y =(X"+y*)- (X +y) =Xy (x+y) =§,8; ~0,0," =
= (0’ -30,0,) - 0,0,” =0," —50,°0, +50,0,° .

Ilpumep 1.3.5. PemiuTh CUMMETPUYECKYIO CUCTEMY C MOMOIIBIO 3aMEHBI Uepes

MPOCTEHIIINE CUMMETPUICCKIUE MHOTOWICHBI
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x+y=1
x*+ % =19.

Pemenue. BBogum o0o3Hauenus:. o, = X+ Y,0, =X Y.
Torna no 3anucaHHON BbIIIE (QOpPMYJIE BTOPOE YPAaBHEHHE CHCTEMBI
npumet Bug X +Y° = o, - (6,° —30,).

o, =1, o, =1 o, =1,
HoBas cucrtema: ) = =
c,+(6/° —30,)=19 " [1-30,=19 " |5, =-6.

Bo3Bpaiaemcst k ctapbiM HEU3BECTHBIM, MOJYy4YaeM CUCTEMY:
x+y=1
{xy =—06.
Otger: (—2,3),(3,-2).
3aMeTHM, YTO C TIOMOIIBID CHUMMETPUYECKHX CHUCTEM PEIIatoTCs

HCKOTOPLIC HppalluOHAJIIBHBIC  YPABHCHMA. HaHpHMep, HPppaIOHAIIBHOC
YpPaBHCHHUC BU A

\/a—f(x) +\/b+f(x) =c
Ipumep 1.3.6.Pemuts ypaBHeHne Yx+3+%94—x =5 (METOJOM 3aMeHBI C
MOCIIEYIOIINM COCTABIEHUEMCUMMETPUYECKON CUCTEMBI YPAaBHEHUI ).
Pewienue.

IMonoxuMm U =%x+3, v=%94—x .

Torna

ut=x+3, 0'=9%4-x u u+0'=97.
Taxum 006pa3oM, IPUXOAUM K CUCTEME ABYX ajdreOpandecKux ypaBHCHHI
C IByMsI HEU3BECTHBIMU

U+ov=>5, u+ov=>5, u+ov=>5,
< <
{U4 +0'=97, " |(u*+0? )2 —2u?v? =97, ((u +v)’ —2uv)2 —2u*v* =97,

u+ov=>5,
=
(25-2uv)* —2u*v? =97,
“(u=s, | [¥x+45=5
u=ov+l,
v {024; V3X—16=4; x =80,
= {0:4, o o

=
v =-5: {U =—4, {%c +45 =-4, x =-109.

v=-b;

Otset: —109; 80.
[Ipn pemeHMM CUMMETPUYECKHX CHCTEM C OOJBIIUM KOJIHYCCTBOM
HEHU3BECTHBIX UCITOIB3YIOT B KAUECTBE HEU3BECTHBIX
o, =X+Y+2,0,=XyY+XZ+YZ,0,=XYyZ.
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3aMeTuM, 4YTO  O0O3HAYeHWs  MPOCTEHINUX  MHOTOWIEHOB  C
UCII0JIb30BaHUEM I'pPEYECKUX OYKB, HE MPUHLIUIIAATIBHBI.

IIpocreiiiien cucTeEMON paccMaTpUBAEMOI0 TUIIA SIBIISICTCS CIIEAYIOIIAs:

X+y+z=a,
Xy + Xz + yz =b,
Xyz =C.

IIpuém e€ pemeHus mnokas3biBaeT Teopema: «CucrtemMa yYpaBHEHUM U
Kybuueckoe ypapuenue t° —at” + bt —C = 0 cBA3aHBI APYT C APYTOM CIEAYFOLIMM
obpasom. Ecimu t,t,,1, —KOopHH KyOHUYECKOro ypaBHEHHS, TO CUMMETpHUYECKas
CHUCTEMA UMEET IIECTh PEIICHUM, ITI0y4aeMbIX BCEBO3MOKHBIMU MIEPECTAHOBKOM
srux umcen (t,t,,t;), (L, 4, 1), (,,t,5), (4, 6, 1), (4, t,,t),(t,1,t,) 1 He wumeer
Ipyrux peuieHuii». BepHa u oOpaTHas Teopema.
3ameuanue 1.3.1. K cucreme u €€ pelICHUIO CBOASATCA CHUCTEMBI, CpEIU

YPaBHEHUW KOTOPBIX UMEETCS CyMMa HaTypalbHBIX CTEIECHEN MepeMeHHBIX. B
ATOM CITydae UCIONB3YIOTCS (DOPMYJIIBI COKPAIIEHHOTO YMHOXKEHUSI, HAIIPUMED,

X2+y2+22:(x+y+z)2—2(xy+xz+yz);

(x+y+2) =X+ ¥+ 22+ 3(x+ y + 2)(xy + Xz + yz) — 3xyZ
U T.]I.
IIpumep 1.3.7.Peminth cucTeMy ypaBHEHUIM:
X+y+z=1,

Xy + XZ + yz =4,

x>+ yi+ 728 =1.
Pemenwne. I Ipumennum nocneHiow0 GopMyy U3 BBIIIECTOSIIETO 3aMEUaHMs IS
Hp606p330BaHI/I$I MMOCJICAHCTO YPABHCHUA CUCTCMBI

(x+y+2) =X +y° + 2 +3(x+ Y+ 2)(xy + Xz + yz) - 3xyZ;
=X+ Y+ 2 =(x+y+2) =3(X+ y+Z)(Xy + X2 + yz) + 3xyz;
=1=1"-3-1.-(-4) + 3xyz;

= Xyz =-4.
" TOraa repBoHavYaJibHas CUCTEMA IIPUHUMACT BHU!
X+y+z=1

XYy + XZ + yz =4,
Xyz =—4.
a=1lb=-4,c=-4,
TOoraa Ky6I/I‘-IeCKOC YPaBHCHHUC UMCCT BU/]
t*—t* —4t+4=0.
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Jna  ero  peumeHus  npumeHseM — TeopeMy besy u  cxemy
I'opuepa:t, =1,t,=2,t,=-2.
Orteer: (1,2,-2),(1,-2,2),(2,1,-2), (2,-2,1),(-2,1,2),(-2,2,1).
9. Henunetinvie cucmemul ancebpauyueckux ypasHenut, 1e6as 4acms 00HO20

U3 KOMOPbIX NPeOCcmaegiaemcs 6 6uoe nPouU38eoeHUs.
IIpenmnonoxum, 4To JaHa cucTema

s

(x5, x,) =0,

fo(x,,eenx,) =0,

f,(x,nx,)=0
M nycte J5eBas 4YacTh OJHOTO W3 YpPaBHEHWH CHCTEMBI  (IUis
ONPENEIEHHOCTH — TMEPBOr0) pas3jlaraeTcsi B MPOM3BEACHUE HECKOJIBKHUX

MHOXKUTEJIEH. ODTO O3HA4aeT, 4YTO MCXOJHAas CHUCTEMa PaBHOCWJIbHA
COBOKYITHOCTH CHCTEM, B KOTOpPHIE BMECTO IMEpPBOTO YypPABHEHUS BXOAAT
ypaBHEHUS, MPEJICTABIISIIONINE COOO PaBEHCTBO HYIIIO OJHOTO U3 MHOXKHUTEIICH.

He Bcerna nytu pemieHus: TMHEHHBIX CUCTEM alreOpandyeckux ypaBHEHUN
NPUBOJAT K PEIICHUIO HEIMHEWHBIX CUCTEM. JTO CBA3aHO C TEM, YTO
OPUMEHEHHEM PACCMOTPEHHBIX NPUEMOB PEUIEHUE HCXOJHOW CHUCTEMBI
CBOJIMTCS K PEIICHUIO OJHOTO WJIM HECKOJBKUX alnreOpandecKux ypaBHEHUH C
OJIHUM HEU3BECTHBIM, CTEIICHU HE HWXKE€ BTOpOW. Takue ypaBHEHHsI HE BCerja
pelIarTcs B pajguKaiax. IT0, B YaCTHOCTH, MOXKET OBITh TOT/Ia, KOTJa PEIICHHUS
CUCTEMBbl YpaBHEHUH C YHUCIOBBIMH KOI(P(GUIMEHTAMU 3alHiCBhIBAIOTCA C
NOMOILbI0 PAAUKAIOB B BHJAE JOBOJBHO CJIOXKHBIX BBIPAKECHUN U A
NPAKTUYECKOTO MPUMEHEHUS MPUXOIUTCA HAXOAUTh MPUOIMKEHHBIE 3HAYCHUS
3TUX BhIpaXCHUU. Perrenue ynaércss HAWTU B PAAE CIy4aeB C MCIOJIb30BAHUEM
HEKOTOPBIX UCKYCCTBEHHBIX MPUEMOB, BEIOOP KOTOPHIX OCHOBAH HAa KaKUX-JTHOO
O0COOEHHOCTSIX UCXOJTHON CUCTEMBI.

[TomumMoO paccMOTpPEeHHBIX BHUAOB CHUCTEM M CIOCOOOB WX pEIICHUS, B
HEKOTOPBIX ClIy4asiX HEJMHEWHbIE (BIPOUYEM, KaK U TMHEUHbBIE) CUCTEMbI MOKHO
pemath rpadudecKd. DTOT CIMOCOO MCIONB3YETCS KaK CaMOCTOSTEIbHBIN WIIH
KakK BBIXOJI U3 CJIOKHMBLIEHCS] CUTYallUM — KOT/1a PEIIUTh CUCTEMY AHAJUTUYECKH
KpaiiHe TpynHo. B mocnenHeM ciydae pelieHre HaXOAUTCS MPUOMKEHHO U
yane C BECbMa OIPAHUYMUTEIIBHOM CTENEHBbIO TOYHOCTH. lIOBBICHTH cCTENEHb
TOYHOCTH TIO3BOJISIFOT HEAJIEMEHTApPHBIE METOJBI, KOTOPBIE MbI B paMKax
JAHHOTO TIOCOOMST HE pacCMaTpPUBAEM.

Urak, mis pemeHuss CUCTEMBI JABYX JIMHEWHBIX YPaBHEHUW C JIBYMS
HEU3BECTHBIMU TpaUUECKd HYKHO MOCTPOUTH B OJHOM M TOM Ke CUCTEME
KOOPAWHAT KPUBBIE, COOTBETCTBYIOIINE YPABHECHUSIM CUCTEMbI U HAUTH TOYKH
repeceyeHrss H3TUX KpuBbIX. KoOpIMHATBI KaXAOM TOYKM IMEPECEUEHUS
00pa3yIoT pelIeHne UCXOJHOW CUCTeMbl. B OONBIITMHCTBE CiIydaeB MOCTPOCHUE
TpeOyeMoil KpUBOW 3HAYUTEIBHO YNPOLIAETCS B Clydae, KOrJla ypaBHEHHE
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MOXHO PEIINTh OTHOCHTEIBHO OJHOIO0 M3 HEU3BECTHBIX WM eciau 00a
HEU3BECTHBIX MOTyT OBITh 3aJaHbl Kak (YHKIUM OJHOM M TOM Ke
BCIIOMOT'aTEIbHON ITIEPEMEHHOM.

I'padprueckre MeTonbl perieHus MO3BOMSIOT HAWTH, KaK MpaBUiio, Tpyoo
npubamxénnble peuieHus. Ecnu tpebyercst 00ibIIasi TOYHOCTh, TO HalJICHHbBIE
pELIeHHs] YTOUHSIOT (ISl 3TOT0 MPUMEHSIIOT pa3iinyHbie MeToabl). Kpome Toro,
€CJIM CHUCTEMa JIETKO pEIIaeTCs aHaJUTHYEeCKH, TO HET CMbICia pemarbh e€
rpaduyecku.

Cucrembl TpEX ypaBHEHUW C TpeMsi HEU3BECTHBIMU pEIIAIOTCS B
OCHOBHOM C UCIOJIb30BAHUEM UCKYCCTBEHHBIX MPUEMOB.

PaccMoTpuM noapoOHO penieHuesuHeiHblX CUCTEM YPAaBHEHHM.

Cucrema Buzia
ax+hy=a, ,rie a’ +b%#0,a,> +b,>#0
a,x+b,y=c,

Ha3bIBAECTCS IUHEUHOU.

OCHOBHBIE METOIbI PEIICHUS JIMHEHHBIX CUCTEM:

METO/]I OICTAHOBKH;

METO]l CPaBHEHUS;

METO/]l UCKIIIOUEHHUS HEeU3BECTHBIX (cioxeHnus, ['aycca);

MetoJ onpenenureneit (Kpamepa);

meton be3y (MeTon HeonpeaeIEHHBIX MHOKHUTENEH ).

B o6miem ciydae peneHreM TaHHON CUCTEMBI SIBIISIETCS Tapa YUCel

x= b2C1 — blCZ y= a,C, —a,Cy
a2b1 o a1b2 a2b1 o aibz
Bo3moxHBI citydau:
1) ecmm ab —ab,=0, a a,c,—ac,#0, B 3ToM ciyuae cucTeMa HE UMeEeT

PEIIECHUI;
2) ecmun ab —ab,=0 wua,c —ac,=0, B 3TOM ciyuae cHCTeMa HMEET

Cl_blt.
—ai )

3) ecmu a,b —ab, #0, To cucTeMa UMeeT EAMHCTBEHHOE pPEIlICHHE.

OeckoHeuHOe MHOXKECTBO perrenuit Y =t,te R, X =

Cuctema [ByX YpaBHEHMIl C JByMSI HEU3BECTHBIMU Ha3bIBACTCS
npuBeAEHHON, eciin o0a Kod(duimeHTa mpu OAHOM M TOM K€ HEU3BECTHOM
paBHHI 1, T.€.

x+iy_—1,
a'1 a‘1
b C

X+-—2y=—2
a2 a2
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1. Ecnu B npuBen€HHOM CUCTEME JIEBBIE YacTU pas3IM4HbIC, TO CUCTEMa

b
(&7,___2,
a; a,
VHTEPIPETALUU O3HAYAeT IIEPECEYECHUE 3aJaHHBIX YPABHEHUSIMU CHUCTEMBI
MPSIMBIX ).

MMEET EJAUHCTBEHHOE  pEIICHUE yTo nOpu  rpaduueckoin

2. Ecnu B npuBen€HHOM cUCTEME JIE€BbIE YaCTU PABHBI, a IIpaBbI€ HET, TO
CUCTEMa PELICHUN He uMeeT (MpAMbIE apaJlIeIbHbI).
3. Ecnu B ipuBei€HHOM cucTEME JIEBBIE U NIPABBIE YACTU PABHBI, TO CUCTEMA

MeeT 0ECKOHEYHOE MHOKECTBO peI_HeHI/Iﬁ (HpSIMBIC COBHaI[aIOT).

Paccmorpum  cuctemy M3 ABYX — JIMHEHWHBIX — YpPaBHEHHH ¢
IBYMSIHEM3BECTHBIMU X, Y

ax+by=c,
a,x+b,y=c,

KBa}IpaTHaSI Ta6HI/IHa YHUCCJI HAa3bIBACTCA KBa}IpaTHOﬁ ManHIIefI BTOPOI'O

nopsiIKa
M = o b .
a'2 b2
3anuch TakoM TaOIUIIBl OOBIYHO 3aKITI0YAIOT B KPYTJIbIE CKOOKH.
3aMeTHM, 4YTO 4YHCIa B 9TOM Tabmuie — 3T0 KOd((UIMEHTH Npu

HEW3BECTHBIX M3 JaHHOW cucTeMmbl. OHa Ha3bIBaeTCSI MATPHUIICH CHCTEMBI
(MaTpureit kKo3(pGUIIMEHTOB CUCTEMBI).

X
O603HaunM Yepe3 X MaTpHUIly-CTOJIOCIl U3 HEU3BECTHBIX, T. €. X :[ j, a
y

yepe3 C MaTpully-cToj0er] cBOOOAHBIX WICHOB (TIPaBbIX YacTe ypaBHEHUU U3

JAHHOM CHCTEMBI), T.€. C:(C1
2

j, TOrJa CUCTEMA JIMHEHHBIX YPABHEHUN MOMXKET
ObITh 3amMcaHa B BHUJE: M-X =C, KOTOPbIA Ha3bIBACTCA MAMPUYHOL 3ANUCHIO
cucmembvl TUHEUHbIX alleedpaudecKux ypasHeHull.

Ecnmm marpuna M xBagpaTHas, TO U CHCTEMY JIMHEWHBIX YpPaBHEHUM
Ha3bIBAIOT K6AOpamuou; €ciu C=0, TO CHUCTEMY HAa3bIBAIOT OOHOPOOHOI
CHUCTEMOM JIMHEVHBIX YPaBHECHUM.

dopManabHO BCIO HHPOPMAIIUIO O CUCTEME JIMHEHHBIX ypaBHEHHH (Kpome

0003HauYeHU HEM3BECTHBIX) COXPAHSIET MATPHUIIA

a b: ¢
a, b: ¢ )

Has3blBa€Masl pacWUpeHHou mampuyeu CHCTEMBl. B 3amucu pacmMpeHHOU
MATPUIBl CHCTEMBI NPUMEHSIOT Pa3ACIUTENb — BEPTUKAIBHYIO 4YEPTY,
OTHENAIONIYI0  CTOJIOCl] MpaBbIX 4YacTed  ypaBHEHHMH  OT  MaTpPHUIIbI
KO3(ppUILIHEHTOB.
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JUist peuieHus CHUCTEMbl JUHEHHBIX YpPABHEHHU NPUMEHSIOT Memoo
l'aycca (MeTon UCKIIOYEHUsT HEW3BECTHBIX). Ilpomenypa HCKIIOYEHHS
HEHU3BECTHOIO TakoBa. B cucrteme ompenensercs ypaBHEHHE, B KOTOPOM €CTh
HEU3BECTHOE C HEHYJIEBBIM KO3((MUIMEHTOM, 3TO YpaBHEHHE OOBSBISETCS
BEIYIIUM, a HEM3BECTHOE, MOJJIEXKAallee MCKIIOUYEHUI0 — TJIaBHBIM. Benyiee
yYpaBHEHHE C MOMOIIBIO TPeoOpa30BaHus CTABUTCS Ha NEPBOE MECTO, a 3aTEM C
MOMOIIBIO  BEAYIIEr0 YypaBHEHHs] MpeoOpa3oBaHUSIMHU, COCTOSLIUMHU B
YMHOKEHUU YPaBHEHMSI HA YUCJIO U CJIOKEHUM €ro C BEIYIIMM YpaBHEHHEM,
IJIABHOE HEU3BECTHOE MCKIIFOYAETCS U3 OCTAIbHBIX YPABHEHHUIA.

[Ipouiecc nmpuMeHeHus NpoueAypbl UCKIIOUEHHUs] 0OpPBIBAETCS 32 KOHEYHOE
YHUCJIO IIAaroB, TaK KaK YUCJIO YPaBHEHUI M HEU3BECTHBIX KOHEUHO, a BEAYIIUE
YpaBHEHHS U TJIABHbIE HEWU3BECTHBIC MPEAbIAYIIMX IIAaroB BHIOBIBAIOT U3
paccMOTpEHN HAa KaKJOM CIEAYIOIIEM I1are.

B mponecce uMCKIIIOUEHUSI HEU3BECTHBIX OJTHOBPEMEHHO C MCKIIFOYEHUEM
OJIHOTO HEU3BECTHOTO U3 YPABHEHUS MOXKET HCKIIOYUTHCA Cpa3y HECKOJIBKO
HEHU3BECTHBIX UK cpa3y Bce Heu3BecTHbIE: 0Xx+0y =0 nnu0x+0y =c. B nepsom
ClIyya€ ypaBHEHHE IPEBPAIIAETCS B TOXKIECTBO U €r0 MOXKHO ONYCTHTh B
CHUCTEME, a BO BTOPOM CJIydyae YpaBHEHHUE MPEBPATUIIOCH B HEBEPHOE YMCIIOBOE
PaBEHCTBO, YTO 03HAYaE€T HECOBMECTHOCTh CHCTEMBI.

Onpedenumenem (WA JETEPMUHAHTOM) KBaJpaTHOW Marpumbl M
Ha3bIBAETCS YHUCIIO, PABHOE CyMME ITPOU3BEICHUN 3JIEMEHTOB MATPUIIbI, B3STHIX
[0 OJTHOMY M TOJIBKO OAHOMY M3 KaXKIOW CTPOKU M KaXKIOro CTOJOLa, TakK, JUIs
MaTpPHILBIBTOPOTrO MOPSAKA B 3Ty CYMMY BXOJSIT:

1) mpousBeneHUE IIEMEHTOB INIABHOW TMArOHAIIM CO CBOUM 3HAaKOM ¢,b, ;

2) mpou3BEICHHUE DJIEMEHTOB IMOOOYHOW AMArOHAIU C MPOTHUBOMOJIOKHBIM
3HAKOM a,b; .

CHMBOJIMYECKHU 3aITMCHIBAIOT:

a'l bl
det M= =ab,—-ab..
a, b
2 2
[IpruMeHeHne OMpenennuTeNnel MO3BOJAET PELIUTh CHUCTEMY JIMHEHMHBIX
YpaBHEHHH e1I€ OJTHUM criocoOoM — 1o mpaBuiny Kpamepa.
Onpenenurtenb

a b

a, b

Ha3bIBACTCIA Onp@d@ﬂum@ﬂeﬂ/l cucmemsl (FHaBHBIM OHpeI[eJII/ITeJIeM CI/ICTCMBI).
CocTaBUM ~TarKKe ONpEIENHTENH A MA , KaXObli U3 KOTOPHIX

A=

MOJy4aeTCAd U3 OINPECIUTENIsI A MyTEM 3aMEHBbl COOTBETCTBYIOIIETO IMO3UIIUHU
MIEPEMEHHOM CTOJI0IA CTOJIOIOM CBOOOHBIX YJICHOB.

¢ b

c, b

a G

a G

A =

X

Ay =

y
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Teopema (Kpamepa).Ecniu  onpenenurens CUCTEMBI  JIBYX — JIMHEHMHBIX
YPaBHEHHM C JAByMS IIEPEMEHHBIMM OTIMY4eH OT 0, TO cucCTeMa HMEET
€MHCTBEHHOE PEIICHHE, BBIYUCIISIEMOE 110 (hopMysam:

X = X — _y

AT A
3ameuanue 1.3.2.Eciiu A=0, To cuctemy no npasuily Kpamepa pemuTs Helb3sl.
3ameuanmel.3.3.Ilpasusio Kpamepa mnpuMeHHUMO K CHUCTEMaM JIMHEHMHBIX

ypaBHEHUH MalbIX pa3mMepoB (N=2,3), a s OOJBIIUX N CIEAYET MPUMEHITH

meton ['aycca.

Jna cucrempl TpEX JMHEUHBIX YPABHEHUW C TpeMs HEU3BECTHBIMU

IpaBUJIO paboOTaeT aHATIOTMYHO.
ax+by+cz=d,
a,x+b,y+c,z=d,,
a,X+by+cz=d,

Onpenenurens  cYMTaeTcss MO, TaK  HAa3bIBAEMOMY,  «IIPaBUIY
TpeyroNbHUKOB» (160 mompaBmiry Capproca), COTJIaCHO KOTOPOMY HYKHO
CJIOKUTb:

1) IIPOM3BEJCHUE DJIEMEHTOB IJIABHOW JHATOHAIM W  IPOU3BEICHUS

9JIEMEHTOB, OO0pa3yIOUIUX TPEYrOJIbHUKM C OCHOBAaHUAMH, MapajielbHbIMU

[JIABHOM IMaroHalid, CO CBOMMM 3HaKaMu, T.e. ab,c, +b,c,a, +a,b,C, ;

2) IMPOU3BCACHNUC JJICMCHTOB MOOOYHOM AUAaroHajii M IIPOU3BCACHHUC
OJICMCHTOB, O6pa30BaHHLIX TPCYIroJIbHUKaMH C OCHOBAHUAMMU, ITapaJIJICIIBHBIMU

11000YHOI AuaroHaliu, C IMPOTHUBOIIOJIOKHBIMHU 3HaKaMMH, T.C.
_asbzcl - b3C2a1 - azblcs .
al bl Cl
detM =ja, b, c,=ab,.c,+bc,a +ab,c —abe —beca —abe,.
a'3 b3 C3
IIpumep 1.3.8.Pemuts cucremy
X+2y+3z=-1,
2X+3y+4z=-1,

3X+4y+6z=-1,

Pemennie. CocTaBUM U HAlJEM TJIaBHBIN OMPENEIIUTENb CUCTEMBI

1 2 3
A=12 3 4/=1.3-6+2-4-3+2-4-3-3-3-3-4-4.-1-2-2-6=-1.
3 4 6

A #0,3naunr CHUCTEMY MOXHO pemiath no npasuity Kpamepa.
Haxomum A,, A uA,:
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12 3
A =-1 3 4=-1-3-6+2-4-(~1)+(-1)-4-3-3-3-(-1)—4-4-(-1)-2-(-1)-6=—1,
14 6
1 -1 3
A =2 -1 4=-1.1.6+3-4-(-1)(-1)-2-3-3.3-(-1)=4-1-(-1)-2-(-1)-6=1,
3 -1 6
12 -1
A =2 3 -1=-1.1-3+3-2-(~1)}+(-1)-2-4-3-3-(-1)—-4-1-(-1)-2-(~1)- 2=0.
3 4 -1

OtseT: (1,-1,0).

Memoo besy (memoo wneonpedenénnvix MmHOMCUmMeNnell) OKa3bIBACTCS
MOJIC3HBIM B TOM CJydae, Korjga He TpeOyeTcss HaxOIWTh 3HAYCHHUS BCEX
HEU3BECTHBIX CHUCTEMbl JIMHEHHBIX YpaBHEHWH, a HAJA0 OTBICKATh JIWIIb
3Ha4YeHHE OJJHOU U3 HUX.

Ilpumep 1.3.9.Metonom besy HaliTu 3HaYeHHWE MEPEMEHHON  Zu3
MIPEICTABIICHHON CUCTEMBI JIMHEUHBIX YPABHEHU
3X+2y+ 2z =068,

2X+3y+ 3z =82,
X+ Y+ 2z =40.

Pemienre. YMHOXHUM TIEpBOE YpaBHEHHE CUCTEMBI HAa M, BTOpOE — Ha N, a TPEThe
ypaBHEHHE OCTaBUM 0€3 M3MEHEHHUH, MTOJIyYHM HOBYIO CHCTEMY YPaBHCHUI
3X-m+2y-m+2z-m=68-m,

2X-n+3y-n+3z-n=82-n,
X+ Y+ 2z =40.

Jlasiee MOJIyduM CIIEICTBUE 3TOM CHCTEMBI, CIIOKMB MOWIEHHO BCE €€
BBIPA)KCHUS B JIEBOM U MPABOM YACTIX COOTBETCTBEHHO:

(B3m+2n+1)-x+(2m+3n+1)- y+(2m+3n+2)-z=68m+82n+40 (¥

Tak kak HaM HeOOXOIMMO HAWTH 3HAYEHHE HEW3BECTHOM Z, ITOJIOKUM
Kod(hpuIeHTsl, cTosIImue rnepea Xuy B hopmyse (*), paBHBIMU HYITIO.
B Takom crmydae HaM TPEACTOWT PEIINTh JHUHEHHYIO CHCTEMY,
BKJTFOYAIONIYIO B CeOsl IBa YpaBHEHUS C JBYMSI HEU3BECTHBIMU
{Sm +2n+1=0,

2m+3n+1=0.

[Tomyunm ypaBHEHHUE CIIEACTBHE MOCIEAHEH CUCTEMBI SM+5n = —2(31ech
MBI TIOWICHHO CJIOXHWIM OYKBEHHBIC BBIPAKCHHSI W UYUCIIOBBIC, MEPEHECS UX B
MIPaBYIO YacTh PABEHCTBA).
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OueBHUIIHO, YTO

2 2
m+nN=—=,m=-=-n.
5

5

CocTtaBUM HOBYIO CHCTEMY U3 [JIByX YpaBHEHHIA,

PaBHOCUJIbHYIO
OCIETHEN CUCTEME

2
m=———n,
5
2m+3n+1=0.
2
m=—-——-n,
5
2(—g—nj+3n:—1
5
2
m=———n,
5
—ﬂ—2n+3n:—L
5
2
m=——-—n,
5
1
n=-—-.
5
1
m=-——,
5
1
n=-—-.
5

Haiinennsie 3HaueHuss Mu NmoactaBuM B hopmyy (*), momydum:

0X+Ogy+(—g—§+2)z=68(}1)+82(—1)+40
5 5 5 5

Jlanee OyeM MMETh:
68 82

1=————+40,
5 5
z=—Eﬁ+4Q
5
z=-30+40
z=10.

Otset: z=10.
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I'TABA II.TEKCTOBBIE 3ATAYH

§ 2.1. TekcTOBBIE 33Z]Ja4H HA COCTABJIEHHE YPaBHEHUH WJIH CUCTEM
ypaBHeHHU. OCHOBHbIE IIOHATHUSA U ONpeesIeHUs

B TekcToBBIX 3amauax COOTHOIIEGHHS MEXIY HMCKOMBIMU BEIUYMHAMU,
YUCJIOBBIMU JaHHBIMU M MEPEMEHHBIMU (TIPU PEIICHUH 3a7ad B OOIIEM BHJIE)
3a/1al0TCS HE B BUJIE TOTOBBIX (DOPMYII, a YCTAaHABIMBAIOTCS U3 YCIOBUS 3a/1auu,
c(hopMyJIUPOBAHHOTO CIIOBECHO.

Hckombie BeMMYMHBI, WKW JPYrde BEJIWYUHBI, 3Has KOTOPBIE, MOXKHO
OTPEeNIeNIUTh UCKOMBIC, 0003HAUECHHbIE OYKBAMU — ATH BEJIUYMHBI HA3bIBAKOTCS
HeuszgecmuviMy. Bce He3aBHUCHUMBIE MEXIy CO0OM COOTHOIIEHUS MEXIY
JAHHBIMA U HEU3BECTHBIMU  BEJIMYMHAMU  JUOO  HEMOCPEJACTBEHHO
chopMyJIMpOBaHHBIE B YCJIOBUU (B CIOBECHOU (hopme), OO0 BBITCKAIOIIUE W3
cMbIcia 3ajauu (Hampumep, (U3UYECKHE 3aKOHBI, KOTOPBIM IOTYUHSIOTCS
paccMaTpuBaeMble BEJIWYUHBI), JUOO CIEIYIONIMEe W3 YCIOBHUS IYTEM
HEKOTOPBIX PACCYXICHUMN, 3alMCAHHBIC B BHJIE PABEHCTB M HEPABEHCTB. ToO
€CTh, COCTABJISIETCS OJHO WJIM HECKOJIbKO COOTHOIICHHWH (ypaBHEHHH W
HEPaBEHCTB) C JJAHHBIMU HEU3BECTHBIMH.

Taxum oOpaszom, pelieHue 3a7addl CBOJMUTCS K PENICHUIO TOJYyYEeHHOUN
CHUCTEMBbI COOTHOIIEHUM (YpaBHEHMI, HEPABEHCTB) B HEKOTOPOM YMCJIOBOM I10JI€
pU ONPENCIEHHBIX JTOMOIHUTENIBHBIX YCIOBUAX. [locaeqHUMU yCIOBUSIMU U3
MHO>KE€CTBA BCEX PEIICHUHN MOJTYyYCHHBIX YPAaBHEHHUI (HEPABEHCTB) BBIICIISIOTCS
T€ pEIICHUs, Uil KOTOPhIX 3HAYCHUsS HEW3BECTHBIX (B COOTBETCTBHHM C WX
KOHKPETHBIM CMBICJIOM) SIBJISIFOTCSL JIOMOJHUTENbHBIMU. TO €CTh, COTJIACHO
CMbICJIa BEJIMYUH, BXOJIAIINX B YCIOBUE 33/1a4M, HE KaXKIblil KOPEHb YpPaBHEHUS
(ypaBHEHHIT), COCTaBJICHHOTO IO YCJIOBHUIO 3aJadyd, o0O0S3aTeIbHO JOJDKCH
OKa3aTbCsl PEIICHUEM CaMOU 3a7ayu.

Ecom  yTBepkaeHWs, Ha OCHOBAaHHM KOTOPHIX OBLIM  COCTABIICHBI

ypaBHEHHS (HEpaBEHCTBA) HEIIPUMECHHMBI B HEKOTOPBIX «OCOOCHHBIX» CITydasX,
TO O9TU CJIy4Yau CJEIyeT paccMaTpuBaTh OTAENbHO. OOBIYHO OTO CIydYau,
OTpa)KaroIlIUe YCIOBHS, MPU KOTOPHIX CUCTEMA, YPAaBHEHHE WM HEPABEHCTBO,
COCTaBIICHHOE TIO YCIIOBUIO 3a7a4d, HE UMEET pEeUIeHUH, UMEeT OEeCKOHEYHO
MHOTro pemenul. Hepenko B uccienoBaHWEe  3aayd  BKJIIOYAKOTCS
JOTIOJIHUTENIbHBIE BOMPOCHI, OTHOCSIIMECA K KOHKPETHOMY HCTOJIKOBAHUIO
pemienusa. Hanpumep, npu Kakux yCIOBUAX HEU3BECTHOE MOJOXKHUTEIBHO (ECiH
HEU3BECTHOE 0003HAYAET BEJIMWYMHY, 3HAUYCHHS] KOTOPOH MOKHO OTCUUTHIBATH B
JIBYX TIPOTHUBOIOJIOKHBIX HAMTPABICHUAX ) UM OTPULIATEILHO.
[dOnpenenenne 2.1.1.Texcmosoil 3a0aueti Ha3bIBAETCS ONMCAHUE HEKOTOPOM
cuTyauuu (CUTyallMid) Ha €CTeCTBEHHOM s3bIk€ C TpeOOBaHUEM JaTh
KOJIMYECTBEHHYIO XapaKTEPUCTUKY KaKOro-inO0 KOMIIOHEHTa STOM CHUTYallHH,
YCTAaHOBUTH HAJIMYKE WJIU OTCYTCTBHE, ONPEETUTh BUJl OTHOIICHUS.
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Jlrobass TekcTroBas 3ajaya COCTOMT M3 JIBYX 4YacTeil: YyCJIOBUS U
TpeboBaHus (Bompoca).

B ycnoBum cobuparotcs cBefieHrs 00 00bEKTaX U HEKOTOPHIX BEIMUYHUHAX,
XapaKTEePU3YIOIINX JaHHbIE 00BEKTHI, 00 M3BECTHBIX M HEU3BECTHBIX 3HAUCHUAX
ATUX BEJIUYUH, 00 OTHOIICHUSX MEXKTYy HUMHU.

TpebGoBanue 3aga4un — 3TO yKa3aHUE TOTO, YTO HYKHO HAaWTU. OHO MOXKET
OBITh BBIPAXKEHO TMPEIJIOKECHUEM B TIOBEJIUTEIBHON WJIM BOMPOCUTEIBHOM
dopme.

3ajaun MOTYT OBITh C HEJIOCTAIOIIECH HIIM U30BITOUHON HH(OpMaIIUEH.

B teopuu u MeTonMKe BBIACNSIOT YETHIPE dTala B PEIICHUH TEKCTOBBIX
3ajay:

1) BoCHpHATHE U aHAJIU3 COJICPIKAHUS 3a/1a4H;
2) MOHMCK M COCTAaBJICHUE TUIaHA PELICHUS;
3) BBIMOJIHEHHUE TUTaHA PeIIeHUsT U (GOPMYJTUPOBKA BBHIBOJAOB O BBIMOJHEHUU

TpeOOBaHUS 3a/1a4H;

4) mpoBepKa pelIeHUs ¥ YCTPaHEHUE ONIMOOK (€CJIM OHU €CTh).

Ha nepBom 3Tamne oueHp BaxHa nepedopMyIupoBKa ¢ pa3oreHUEM TeKCTa
Ha CMBICJIOBBIC COCTaBHBIC YaCTH.

Bropoit aTan MOXXEeT MpOBOAUTHCS MO YEPTEXKY WM MO CXEMATUYECKOU
3aIuCH.

Tperuii sTam: a) cocTaBl€HHE BBIPAXKEHHUS MO YCIOBUIO M HAXOXKICHHE
€ro 3HaueHus; 0) 3amucCh MO JIEUCTBUSM C MOSCHEHHUSIMH; B) 3alUCh KaXKJIOTO
IYHKTa C COOTBETCTBYIOIIUM apHU(PMETHUECKUM JEHCTBUEM; T') 3aIIUCh BOMpOCa
Y COOTBETCTBYIOINX JICHCTBUM.

Pemnts 3amady — 3HAuUMT 4Yepe3  JIOTMUYECKM  BBIBEPEHHYIO
MOCJIEIOBATEIILHOCTD JICMCTBUN Y ONIEPAllMi C UMEIOIIMMUCS B 3a7]a4€ SIBHO WJIH
KOCBEHHO YMCIIaMU, BETUYMHAME, OTHOIICHUSIMU BBIMIOJIHUTH €€ TpeOOBaHUE.

Crnioco0sI perieHus 3a1ay:

1) apugpmemuueckuii (BOpoc—aeWcTBHE, ACHCTBHE — IOSCHECHHE, YHCIOBOE
peuieHue 6€3 KOMMEHTApUEB);

2) aneebpauueckuti  (COCTaBIIGHWE YypaBHEHHS — TIEPEBOA  3aJadud ¢
€CTECTBEHHOTO sI3bIKa Ha S3BIK (POPMYII C TMOCIEAYIONIUM YIPOIICHUEM CBS3U
MEKy TaHHBIMU U UCKOMBIMH YHCIIAMH );

3) epaguueckuil;

4) npaxmuueckuil.

Crmoco60oB  pemieHuss  CIOXHBIX  YHACTO  apumeTHueckux  3agad
OOBIKHOBEHHO Pa3jN4YarOT JBAa: aHAJUTHYECKUN (OTMpaBiseMcsl OT BOmpoca K
YCJIOBUSIM OOILIMMH PACCYKJICHHUSIMU) M CHUHTETUYECKUM (OTIPABISAIOTCA OT
YaCTHOCTEH 3a/1a4M K PEIICHUI0 €€ BOIpOca).

Ipumep 2.1.1. MOTOIUMKIUCT MOJDKEH OBUT TIpOEXaTh PACCTOSHHE MEXKIY

nyHkramu B 600 kM co ckopoctbio 30 kM/4. Ho B nopore oH 3anep:xaincs Ha 4

yaca. YToObl BOBpeMsi MpUOBITH HA MECTO HA3HAYEHHS, OH BJIBOE YBEJIMYMWJI
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CKOPOCTh TIOCJI€ OCTaHOBKM. Ha KakoM pacCTOSHMM OT Hadaja IBUKCHUS
ITPOU301IIA OCTAHOBKA?
Pemenne (apudMeTHIECKUNA CITOC00).
1) Ckonbko  4acoB  TpeOOBaJOCh  MOTOLMKIHUCTY  IEPBOHAYAIBHO?
600:30 = 20 (u.)

2) CkoJIbKO 4acoB 3aTpaueHo Ha nepeesa peaibHo? 20 — 4 = 16 (u.)

3) Ckonbko mpoexan Obl MOTOLMKIUCT 3a 4 4Yaca, eciid Obl MPOOJDKAl
JIBUTATBCS €  TEpPBOHAYAJBHO  3alUIAHUPOBAHHOM  CKOPOCTHIO?
4.30=120(xMm.)

4) KakoBo BpeMsi ABHIKEHHUSI C YBETMUYECHHONW CKOPOCTHIO? % =4(4.)
5) KakoBo Bpemsi NIBHXKCHHUS C MEPBOHAYAIBHON CKOpocThiO? 16—4 = 12

(4€.)

6) Ha xakoM pacCTOSHUM OT Havaja JBIKCHHUS MPOM30IIa OCTaHOBKA?

30-12 =360 (xMm.)

OtBeT: Ha paccTosiHuM 360 KM.

UToOB! pemuTh 3aa4y anredOpandyeckum crnocoooM, HyKHO:

e BHIOpaTh OJHY W3 HEM3BECTHHIX BEJIWYHMH 33J1a4d U 0003HAYHTHh ¢& OYKBOH,
COCTaBHUTh YpaBHEHHUE, COJIepKAIllee 3Ty HEU3BECTHYIO;

® DEIIUTH MOJIYYUBIIEECS YPABHEHHUE,

® BLISICHUTBH, YIOBJIETBOPSET JIM KaXI0€ W3 TMOJIYYUBIIUXCS pEUICHUN
YpaBHEHHMSI YCIIOBUSM 3a/1auHu.

[Ipu anreOpamyeckoM crocobe pemieHust 3agad  cieAayeT oOpamarhb
BHUMaHHE Ha COTJIACOBAHHOCTH BBIPAXKEHUSA BEIWYMH B TEX WIU WHBIX
eauHuax. Tak, BBIPAKEHHUIO PACCTOSHUA B  KWIOMETpax JIOJDKEH
COOTBETCTBOBATh 4Yac JUIsl BBIPAKECHHUS BPEMEHH, €CIH OOBEM BBIPAKEH B
KyOM4YeCKHX MeTpax, TO BEC — B TOHHAX U T.]I.

3aMeTHM, 4TO alreOpanyecKkuil crocod pemieHus MPEAJIOKEHHON BBIIIE
3a/1ayy JOBOJBHO MPOCT, IO CPABHEHHIO C MPEAJIOKEHHBIM apudmeTndeckum. B
YaCTHOCTH, B TPEThEM JEHCTBUM TPUMEHEH NpUEM 3aMEICHHUS peaTbHOU
CUTYaIIHH.

Pemenue (anredbpanyeckuii crnoco0).

I[Iycte 10 OCTAaHOBKM MOTOLUMKIMCT Ipoexall X Km. Torga mocie

ocraHoBkH — (600-x) k™.

[Tonyyaem ypaBHEHHE:
600  x 600—x

30 30
Pemas ero, momy4yaem, 4yto x=360 kM.
AHATUTHYECKUN CTIOCOO MPUBOAWT HAC K PANY AEHCTBUMN, TOJJICKAIIAX
BBITIOJIHEHUIO.
CunteTnyeckuii mpuémM penieHus 3aaad TpeOdyeT OBICTPOM OLICHKH JBYX

YCJIOBUH BOMNPOCA, KOTOPbIE MOXKHO Pa3pelluTh HA UX OCHOBAaHUU, U OBICTPOI
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OLICHKH TOr0, HACKOJIBKO OTBET HA 3TH BONPOCHI HYKEH HaM JUIsl PELICHUS
IJIABHOTO BOITPOCA 3a/1a4H.

AHanuTH4ecKuil crocod peleHnss UMeeT CBOU TPYAHOCTHU:
e pa3yMHas 3allCh YCJIOBHUS 3aJa4d M INOHMMAHHE €ro CMbICIAa U CBS3EH

DJIEMEHTOB;

e BbIPa0OTKA U YCTAaHOBKA TBEPIOIO U OMPEEAEHHOTO MJIaHA PEIICHHUS;
® YKCTOE U aKKypaTHOE BBIOJIHEHUE paOOTHI.

CuHTeTnyecKuil crnocod penieHus MOKET OTBJICYb BHHUMaHHE YYEHUKOB
OT HEOOXOJIUMBIX JAEHCTBUN M MPUBECTU UX K JIEUCTBUSM, JJISl pEUICHUS 3a7a4u
naxke HeHyKHbIM. Ho 3TOT cnoco0® uHorja ObIcTpee aHATUTHYECKOTO0 TPUBOJIUT
K LIEJIN.

AnanuTndeckuil cnocod TpedyeT 3HAaUMTEbHONM TOHKOCTH yMa U BIACTH
HaJ pacCyXJICHUAMH, UCXOJAIIMMHU U3 OOIINX COOOPaKEHUI.

Yacto mpu pemieHUH 3ajad 1e’aecooO0pa3HO BBECTH UYEPTEXK-PUCYHOK:
OTPE30K MPSIMOM, MPSAMOYTOJIbHUK, KPYT.

TexcToBble 3a7a4M IENIATCS HA TUIIbI, KOTOPBIE ONPENEIAIOT U METOAUKY
UX pELICHHUS.

2.1.1. 3a0auu na oseurcenue

VYpaBHEHHS, KOTOpPBIE COCTABJISAIOTCS HAa OCHOBAHMM YCIOBHM 3aJad Ha
JIBUKEHUE, OOBIYHO COAEpKAT TaKU€ BEJIMYMHBI, KaK PAaCCTOSHUE, CKOPOCTU
JIBUKYIIUXCS OOBEKTOB, YCKOpeHHE (IIPU PABHOYCKOPEHHOM JBW)KCHUH),
BpeMsi, a TAKKE CKOPOCTh T€UECHHUsI BOJIbI (MIPU JBUKEHUH TIO PEKE).

[Ipu pemeHny Takux 3aay JUIsl Pa3IMUHBIX TUIIOB JIBUKEHUS JIEIIAFOTCS
ONpeIeIEHHBIC TOMYILICHHUS.

1) paBHOMEpPHOE JBM)KCHHUE TI0 TPAMOM
a) IBW)KCHHWEC Ha OTICIBHBIX YYacTKaX CUMTACTCS paBHOMEPHBIM, a
IIPOMICHHBIN ITYTh ompeensercs mo popmyne S = vt
D) MOBOPOTHI NBHKYIIUXCS TEJN CYUTAIOTCS MTHOBEHHBIMH, CKOPOCTH IPH
3TOM TAKX€ MEHSETCS MTHOBEHHO;
C) CKOPOCTb BCEra CUMTACTCS BEIUNYMHOM IMOJI0KUTEIBHOM;
d) ckopocTh ABMKEHHS OOBCKTa IO TEYCHHIO €CTh CyMMa COOCTBEHHOM
CKOPOCTH U CKOPOCTH TEUEHUsL, IPOTUB — PA3HOCTh 3TUX BEIUYMH;
€) eciu peub UAET O JBIKESHUU TUIOTOB, TO CYUTAIOT, YTO TUIOT UMEET Ty JKe

CKOpPOCTb, UTO U TCUCHUE PEKU;

f) npu nBwKeHWM HaBCTpedy APYT APYry BpPeMsi BCTPEYH BBIUUCISICTCS IO

dopmyne L = »

s
> CC/IM OJIHO TEJIO JOTOHSAET JPYroe — BPeMs BCTPEUH
2

s
t= - (1Ba HamOosiee 4acTO BCTPEYAIOIIMXCS Clydas MpU PEUICHUU
1~ V2

3a7a4 Ha JIBI)KCHUE).
2) paBHOMEPHOE ABUKCHUEC 10 OKPYKHOCTH
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a) BpEMsA BCTPCUU IMPHU ABHIKCHHUU B IIPOTUBOITIOJIOKHBIX HAITPABJICHHUAX
f=

5
, BogHoM [ = ;
UJ_+1J2 UJ_—UZ

b) mpu nBWKEHWH B OJHOM HAIPABJIICHUH HE3aBHCHMO OT TOrO, Ha KaKOM
Kpyre OJHO TEJNO JOTOHSET MEPBBIA pa3 BTOPOE U CKOJBKO MPOILIO
BPEMEHH, CUMTACTCS, YTO MEPBOE TeJIO (C OOJNbIIEeH CKOPOCTHIO) MPOILIO
TOJBKO Ha OJMH KpYT Oouble, HA S = 27T, 4eM BTOpoe (€clu B YCIOBUU

3a1a4d  CIIELMAJIbHO HE OrOBOPEHBI CHUTyallUH, IIPpU  KOTOPBIX
CYILIECTBEHEH BTOPOM, TPETUH U T.J. OOTOHBI).
3) ABMXXCHHE C YCKOPEHHEM
a) MPOMJICHHBIN MYTh OMPEILIIACTCS M0 POopMYyJIie

t2 -
S=uv,t+ a_,a= TD’ vV = vyt;

b) cuuraercs, uro aBmwxkeHue uOO0 paBHOyckopeHHoe (@>0), MO0
paBHo3amepeHHOE (a<0).

[lpu pemieHuH TakWx 3aga4 PEKOMCHIYETCS CIeliaTh PHCYHOK,
OTOOpaXKaloIIMi BCE YCJIOBUS 3aladyd: JUHAMUKY JIBMDKCHUS, BCTPCYH,
OCTaHOBKH U MOBOPOTHL. [Ipu 3TOM HEOOXOAMMO BBIOPATh CXEMY PEILICHUS, TO
€CTh YCTAHOBUTh: KAKOTO BUJIa YPaBHEHUE COCTABIIATH, YTO CPABHUBATH, BPEMSI
Ha OTHENBHBIX y4YacTKaX MyTH WIM TPOUIEHHBINH KaXIbIM OOBEKTOM ITyTh.
XOpoMuIo BRITOJHEHHBIH YepTEX MO3BOJSET HE 3ariIsAbIBAaTh B yCIOBUE 3a1a4H.

XapakTepHO, YTO B 3ajJadax Ha JBIKEHHE YacTO YHA&Tcs COCTaBHUTH
ypaBHEHUH MEHbIIE, 4YeM HEW3BECTHbIX. B 3TOM ciydae HE00X0aAUMO
BHHMAaTeJIbHEe MPOYUTaTh yciaoBue. Hanpumep,ecinu it 1ByX ABHKYIIUXCS Tell
BBE/ICHBI HEM3BECTHHIC S, V1, V2, a TpeOyeTcss HalTH BpeMs, 32 KOTOPOE JTH JBa
00BEKTa MPOXOIAT MyTh S, U yJAIOCh COCTAaBUTHh TOJBKO JBa YpaBHEHHS, TO,

S
pas3eNuB AT YpaBHEGHHWS HAa SWJIM Vi, BBOJS HOBBIE HEH3BECTHbIE (U = o
1

5

5 v
v = U_I/IJII/IH- =0 V= u—z HT.I.), OpUXOJUM K JBYM YypaBHECHHUSIM C JBYMS
2 1 1

HEU3BECTHBIMH.

B momo6HBIX crnydasx >(QGEKTHUBHBIM SIBISETCS Takke TpaduyuecKuii
croco0 perieHus.

Kpome TOro, ecnu B yCnoBUM 3aJadyd HET BEIWYWH, HWMEIONIUX
pPa3MEpHOCTh [IJIMHBI, TO PACCTOSHUE MOXKHO 0003HaYuTh 3a | (eauHUIlY
MU3MEPEHUS JITTUHBI).

CrouT caematb BaXXHYIO OTOBOPKY: €CIM TPU BBIOOPE HEM3BECTHHIX

Kakas-mu00 BEIMYMHA MPUHUMAETCS 33 €IUHUILY, TO HEOOXOAMMO YOEeIHUThCA,
YTO BCE BCTPEYAIONINECS B YCIOBUH 33/1a4M BEIMYUHBI C TOM Ke Pa3MepPHOCTHIO
BBIPAKEHBI KaK JIOJIA €TMHUIIBI.
Ilpumep 2.1.2. JIBe cTapymiku BBIIIUIA OJJHOBPEMEHHO HABCTpPEUy APYT APYTY
u3 ByX ropoaoB. OHH BCTPETUIINCH B TOJIJICHb W JOCTUTIIA YY>KOTO TOPOJa:
nepsasi — B 4 4yaca NoOmNoJyJIHH, BTOpasi — B 9 4acoB MOMNOJYAHU. ¥Y3HATh, KOTA
OHU BBIIUIM U3 CBOUX FOPOJAOB?
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Pemenue.
| cnocob (epaguueckuti):
[Tycth P(X) — 3aBUCUMOCTH MPOMICHHOTO MEPBOM CTAPYIIKOW IMyTH OT

Bpemenu x, ((X) -Bropodi crapymkoi. Iloctpoum rpaduku ITHX
COOTBETCTBUM HA KOOPAUHATHOM IIJIOCKOCTH.

Bpems, 3a xoTopoe mepBas cTapylka NpOMAET MyTb AB paBHO IJIMHE
orpe3ka AG, a Takxke paBHO juHHe oTpe3ka BC; a BpeMms, 3aTrpaueHHOE BTOPOIl
CTapyIIKOM Ha ATOT ke MyTh paBHO AuHe oTpe3ka AD. Takum obpa3om, 3a1aua
CBOJIUTCS K HAXOXKJIEHUIO UTMH 0Tpe3koB BC u AD. O603HauuM JUIMHY OTpe3Ka
AE uepe3 X, AE = x =BF.CootBetrctBenno, FC=4, ED=9, a6Gcuucca touku O
COOTBETCTBYET MOTYIHIO.

Tpeyronasuuku COF u AOE(puc. 1) mogoOHbI 10 ABYM yIJIaM.

T

=
a

E|

gix)

pix]

L

Puc. 1

W13 nonobus ciaexyeT paBeHCTBO
AE m 4 n

FC n x m-
Tpeyronpaukn DOE u BOF nmogoOuel mo nByM yriam. U3 ux momoOus

BBITCKACT CJICYIOICECPABCHCTBO:
BF m _ x _n

—_ Q_:_
ED n 9 m:
Torna, YYUTBIBAsi, 4YTO IIpaBbI€ YacTH JBYX IIOCJICIHUX PaBCHCTB

OJIMHAKOBBIE, IIPUPABHSAEM APYT K APYTY JIEBBIC YACTH:

X 4
S=—"=x*=36=x=6
9 «x :
DT0, B CBOIO OYEpelb, O3HAYAET, YTO OT BBIXOAA CTAPYIIEK /10 MOJTYIHS
MpOILIO 6 YacoB, a, 3HAYUT, U BBIILUIA OHU B 6 yacoB (yTpa).

OtBeT: B 6 4acos.

Il cnoco6 (ananumuyeckuii):
IIyctbVim V2 — CKOpPOCTM JBHXKEHUS TIEPBOM M BTOPOM CTapyIIEK
COOTBETCTBEHHO; x =t =t, — BPEMs, 3aTPAYEHHOE CTAPYLIKAMHU JI0 BCTPEUH; S1 U

Sy~ myTtu, TpoHAEHHBIE OO BCTPEYM TIEPBOM W BTOPOH CTapyIIKaMH
COOTBETCTBEHHO (TOT/Ha SpMS; — IMyTH, MPOWICHHBIE TIOCIE BCTPEUU MEPBOA U
BTOpPOW CTapyIIKaMHd COOTBETCTBEHHO; {3=4m U=9-Bpems, 3aTpaueHHOe
CTapylLIKaMU HA MPEOJOJICHUE OCTABIIETOCS YT MOCIIE BCTPEUH.
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Jlanee cocTaBUM U 3aMOJTHUM TaOJIUILy
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Ilpoyecc Ckopocmb Bpems Paccmosnue Ycnosue

Jlsuoicenue

nepsou 1

cmapyuwxu 0o
ecmpeydu

S, Sl t1:t2:X

Jlsuorcenue

8mMopou V2

cmapyuwxu 0o
ecmpeydu

S2 L=t =X

Jlsuorcenue

nepeou V1 S, S t,—t,=5
cmapyuwKu

nocie gcmpeyu

Jlsuorcenue
8Mmopou V2 S, S: t,—t,=5
cmapywKu v
nocie gcmpeyu

Torpa, T.K. 4_ 52 To %= _

v, v,’

Hcnonb3yst 1Be TEpBBbIE CTPOKHM TAOJMIBI M IOACTABUB BBIPAKCHHBIC
3HAYCHUS YYaCTKOB MYTH, MOJTYIHM

2
%zﬂ:m/f =9v,? :gzgzgz{ﬁj :>ﬁ=§:v1=§v2,v2 =gvl
v, vV, 4 v, 4 v, v, 2 2 3
3aTeM BHOBb BOCIOJIB3YEMCSI YCIOBHEM B OJHOM W3 JABYX MOCIEAHUX
CTPOK (HampuMmep, B TPETHEH )
SZ
v,

4=

= =2x3x=6
3

OtBeT: B 6 4acos.

Il cnoco6 (ananumuueckuii): mycTh S, ViHV2, X — paCCTOSTHUE MEXKIY TOPOJaMH,
CKOPOCTH JABHXEHHSI CTapylIeK M BpeMs, MNpOUIEAIIee OT Hadalla JBHKCHUS
COOTBETCTBEHHO.
Toraa 1o ycioBHIO 3a/1aud MOKHO COCTaBUTh CUCTEMY YPABHEHHUI
(12-x)-v;+(12—-x)-v, =S,
(12—x)-v,+4v, =S,
(12—-x)-v,+9v, =S
D10 cucrema TpEX YpaBHEHHM C 4YeThIpbMs HeW3BeCTHbIMU. COTrjlacHO
o0ITUM TIOJIOKCHHSIM, TaKasi CUCTEMa PEIICHWH HE MMEET, 3a HCKIIOYCHHEM
O0COOBIX CIy4YaeB, paccMaTpuBasi KOTOPbIE MOXHO, €CIM M HE HAWTH 3HAUYCHUE
BCEX MEPEMEHHBIX, TO HAWTH 3HAYEHHUE OJHOM TPEOyeMO.
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I[HSI pemcHuss CUCTEMbI BBOAMM  HOBBLIC HCHU3BCCTHBLIC, PABHLIC
OTHOIICHUAM HCXOJHBIX:

v 5
a=-—=2,b=—,
vy vy

Torga cucrema NpuMeT BUL:
12—-x+(12—x)-a=b,
12—-x+4=b,
(12—x)-a+9a=b

Pemas e€, nomyyaem

(12-x)-(1+a) =h, 12—x=09a, x=6,
b+x=16, <<(12-x)a=4, < a=§,
(21-x)-a=b b+x=16 b=10

Jliist oTBeTa HAaM HEOOXOIMMO TOJIBKO 3HAYCHUE X.
OTtBeT: B 6 4acos.

B 3agayax Ha JBW)KCHHE B KauyeCTBE HCH3BECTHBIX OOBIYHO OBIBACT
yI0OHO BBIOMpATh pacCTOSHHE (€CIM OHO HE 3aJ]aHO0) U CKOPOCTH JIBHXKCHUS
00OBEKTOB.
IIpumep 2.1.3. Tpu BenocureaucTa, CTapTOBaB OJHOBPEMEHHO C OJJHOTO MECTa
U B OJTHOM HaIlpaBJeHUH, €AyT MO Kpyry IiauHoi 1 kM. Uepe3 HekoTopoe BpeMs
BTOPON BIIEpPBbIE JIOTOHAET MEpPBOTO, 4 MHUHYTBHl CIYCTS B Ty € TOUKY
npuObIBAET TPETUH, MPOEXAB TAKOE KE PACCTOSIHHE, KaKOe Mpoexall MepBbId K
MOMEHTY BCTpeud cO BTOpPhIM. CKOpPOCTH BEJOCHUIIEIUCTOB B HEKOTOPOM
nopsiIKe  00pa3yroT apuMETHUYECKYI0 IPOTPECCHI0 C Pa3HOCTBIO 5 KM/U.
Haipure st ckopoctu.
Pemenue. Ilpu pemenun 3agaun OyAeM HCHOIb30BATh JOMOJIHUTEIBHBIC
cBeneHnss o0  apudmermyeckod  mporpeccuu(c. 49  HacToOsAIIETO
noco6ust).O4eBUAHO, 37I€Ch ITO HE SIBISIETCS IENbIO, MPOTPECCUSI — CPEICTBO, C
MOMOIIFI0 KOTOPOTO 3a/laHa apumeTrueckas 3aBUCUMOCTh MEXKIY UCKOMBIMH
BEITUYMHAMHU — CKOPOCTSIMU. 3aBUCUMOCTH OTIIPABISIET HAC K CBOIY (OpMYyII, ¢
MTOMOIIIO KOTOPBIX MBI MOYKEM BMECTO TPEX HEM3BECTHBIX BBECTU OJIHY.

Wrtak, MycT HCKOMBIC CKOPOCTH V) V, V3.OTH BeIMYHHBI 00pasyior

apuMeTHuecKyro Tmporpeccuto ¢ pasHocthio O =5xm/u. Kpome toro, wu3
YCIIOBHS 3a/1aul CIEIyeT, 4To V, <V,. Bropoi Bemocumenuct oOXOIUT TEPBOTO

TOJIBKO HAa OJIMH KpPYT, JJWHA KOTOPOrO paBHa | KM, K MOMEHTY HX BCTPEYH,

3HAYUT BPCMs, IpOIICAIICS 10 MOMCHTA UX BCTPCUHU:
1

t= .
V, =Vp

3a 3TO BpeMsI IEPBbIA BEIOCUIICAUCT MTPOXOJAUT Iy Th
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3aMCTI/IM, 4TO 3TO K€ paCCTOAHUA MMPCOAOJICBACT U TpCTI/Iﬁ BCJIOCHUIICOAUCT,

1
HO C ONO3JaHueM B 4 MUHYTHI, TO €CTh 32 BPEMS t+E(q).

Tornma

V. 1 1 V=V, Vv
L_—v,. | =>1 33
v, =V, v,—-v, 15 v,—-v, 15
Tak xak mpasas 4acTb B IIOCICIHEM YPaBHEHHUM IIOJIOKMUTEIBHA, TO, IIPU

YCJIIOBUM pABEHCTBA 4YacTed, JieBas TakKXKe JODKHA OBbITh TMOJIOKUTEIHLHOM.
3HaMeHaTeNb MOJOKUTEIICH, TaK KaK V, <V,.

3HAYWT, U YACIUTEID JOJKEH UMETh TOT K€ 3HAK, TO €CTh V, > V,.
Hrak, cOOTHOLIEHHE MEXKY BEJIMYMHAMU CKOPOCTEU V, >V, > V.
Torpaa v,- nepBblil uieH apuPpMeTHIeCcKOil Nporpeccuu u
V, =V, +5(xm/ u),v, =v, +5(km/ u) =v, +10(xrm/ ),
a 3TO 03HA4YaeT

MWV VetV M g Vs oy a5/ ).
v,-V, V,+10—(v;+5) 15 15

Orcroia HaXOJUM WM OCTABIIHECS CKOPOCTH (BTOPOW U TPETUM UJICHBI
apudMeTHIEeCKON porpeccuu: V, = 25(km/ u),v; = 20(km/ u).

OtBeT: 25 km/u, 20 km/u, 15 km/u.

K tunosioruum 3amau «Ha IBUKEHHE» OTHOCAT TAKXKE U 3a7a4M, B KOTOPBIX
KTO-JIU0O BBIMIOJIHSAET  KaKyr-JI100 pabory, WU 3a7a4u Ha
3aroJHEHUE/OMOPOKHEHHE pe3epByapoB. B 3ToM ciywae Bcs pabora wiH
MOJIHBIN 00BEM pe3epByapa HrparoT poJib PACCTOSHHS, & aHAJIOTaMH CKOPOCTHU
JIBHU>KEHUS SIBIIAIOTCS IPOU3BOAUTEIIBHOCTH.

2.1.2. 3a0auu na coemecmuyro pabomy u npou3e00UmMeIbHOCHb

3amauyn 3TOrO THUMAa COAEpPKAT OOBIYHO CBEACHHS O BBINOJIHCHUH
HECKOJBKUMH CyOBeKTamMu (pabouMMu, MeXaHW3MaMHu, HacocaMu U T.1.)
HEKOTOpO# paboThl, 00bEM KOTOPOI HE yKa3aH M HE SIBIISICTCS ICKOMBIM (TI€4aTh
PYKOIIMCH, HW3TOTOBJICHUE JIE€TalE€H, PBHITHE TPAHILIEH, 3alOJIHEHUE BOJOEMOB
gyepe3 TpyObl U T. 1I.). IPEIOIaraeTcs, YTo BBITIOJIHAEMAas paboTa MPOU3BOIUTCSA
paBHOMEPHO, TO €CTb C TOCTOSHHOM  JJisi  KaxJAoro CyObeKTa
MPOU3BOAUTENHHOCTRI0. OO0BEM Bceit paboTel mpuHuUMaercs 3a 1.IIpu stom

UCIIOJIB3YIOT hopMynTy P = %

Ecnu Heckonbko CyOBEKTOB palbOTalOT BMECTE, TO CKJIAJbIBAIOTCS
MIPOU3BOIUTENLHOCTU (MOITHOCTH) p, a HE Bpems .

K 3amayam Ha paboTy MOXKHO C OYEBHJIHBIMM H3MEHEHUSIMU OTHECTU
4acTO BCTpeYalolluMecsl 3ajlaud Ha TNEepeKayuBaHHWE KUIAKOCTH Hacocamu. B
KauecTBE MPOU3BOAMMOI pabOThl B 3TOM Cilydyae yJI00HO paccMaTpuBaTh 00BEM
MepeKavYaHHON BOJIBI.

[48]



Tmasa ll

Hpumep 2.1.4. (3a0aua JL.H. Torcmoeo) Kocupl JOMKHBI BEIKOCHTH JIBa JIyTa.
HavaB ¢ yrpa KocuTh OOJIBIION Jyr, OHU MOCJE MOAYAHS pa3aenuiauck. OnHa
MIOJIOBUHA OCTAJIACh KOCUTH OOJBILION JIYT, a Apyras Nnepeluia Ha Majblid, BIBOE
MEHbILIE NEPBOro, HO HE ycresa K KOHIY JIHA 3aKOH4YUTh pabdoty. HazaBTpa Ha
ATOT JIYT BBIIIEN OJUH KOcell U JoKocuil ero. Ckonbko O0b110 KocoB? (CuurtaTh
MIPOU3BOUTEILHOCTh KOCIIOB OJMHAKOBOM, a OOBEM BBHINIOJIHEHHOW 3a JEHb
paboThI paBHBIM 1)

Pemenue. Ha Oonbuiom ayre 3a MepBYIO MOJIOBUHY JIHA BBIKOIIEHO — €ro

€ro

B | ke 0| B2

mwiomaau.Ha manoMm 3a BTOpYyHO TMOJOBUHY JHS (3a MEPBBIM JEHb) —

1 o 4
IJiomaan HJin ; IJiomaau 0O0IBIIOTO Hyra.Bcero 3d IICPBBIN JICHb BBIKOIIICHO ;

riomaiau 0O0IBIIOTO Jyra uin 1 (COI‘J'IaCHO JOTIOJIHCHUIO K YCJIOBUTO 3a11aq1/1).
o 1 1
Ha CICAYIOIIMHN JCHb OCTAJIOCHh BBIKOCUTDH ; mIomaan MaJioro Jiyra ujin g
riomainu 0O0JIBIIIOTO.

OOpatuMcsi BHOBb K JOTOJHHUTEIBHOMY YCIOBHUIO O TOM, YTO OOBEM
BBIMIOJTHEHHOM 3a JIeHb paOOThl CYMTAETCA PABHBIM 1, COCTaBUB HEOOXOIUMYIO

1
mponopunuro, I10Jdy4dacM, UYTO g IJiomaau 0O0JIBIIOTO Jyra B 3TOM CJIy4dac

COOTBCTCTBYCT

1 . .
Otcroma,xX = > D10 TOT 00BbEM paboOT, KOTOPHIH MPEIOIArajoCh BHIMOIHUTH Ha

CIENYIONINN JI€Hb Ha BTOPOM JYI'€ W 3TO € MPOU3BOAUTEIBHOCTH OJIHOTO
KocIia. 3Ha4YUT, KOCIIOB OBLIO 8.

OTBeT: 8 KOCIIOB.

3ameuanue 2.1.1. Eciiu He yuyuThIBaTh YCIOBUS B CKOOKax (CM. TEKCT 3aJ[a4H),
TO OTBET HE OJIHO3HAYEH.

2.1.3. 3a0auu na nnanuposanue

K 3amagam 3TOr0 TMMA OTHOCAT 3a7]a4H, B KOTOPHIX BBITIOJIHIEMbBINH 00BEM
paboThl W3BECTEH WM €ro HYXXHO ONpeAeauTb. lIpu 3TOM HCHONIB3YIOT
M3BECTHYIO (OPMYITY JIsl HAXOXKIACHHS paOOTHI.

Ilpumep 2.1.5. MammHKHCTKa paccuuTana, 4TO €Clid OHa OyaeT Tmedararb
€XEJHEBHO Ha 2 JucTa OOJbIlIE YCTAHOBICHHOW s HEE HOPMBI, TO 3aKOHUHUT
paboTy paHee HamMeueHHOTro cpoka Ha 3 nHs. Ecnu ke oHa Oyxaet nevarats mno 4
JUCTa CBEPX HOPMBI, TO OKOHYUT paboTy Ha 5 aHed panee cpoka. CKOJIbKO
JIMCTOB OHA J0JDKHA ObllIa meperneyaTtaTh U B KAKOM CPoK?

Pemienue. [Tycth Npou3BOAUTENBHOCTD PAOOTHI MAIIIMHUCTKY — X JINCTOB B JICHD,
y IHEeH — MepBOHAYAIbHO YCTAHOBICHHBIN CPOK /1JIs BBIMOJHEHUS PaOOTHI.
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Torga, cormacHo yCIOBHIO 3a/aud, YBEJIMYEHUE MPOU3BOJIUTEIBLHOCTH
MOBJICKJIO YMEHBILIEHUE CpOKa BBIMOJIHEHUS padoThl. CocCTaBisieM CHUCTEMY
YPaBHCHUU:

(x+2)-(y—3)=xy, xy+2y—-3x-6-xy=0, 2y—3x =6,
{(x+4)~(y—5):xy,<:>{ ®{4y—5x=20.

Pemasi mocnenHioo cuctemy J0ObIM M3 CIIOCOOOB — CJIOXKEHMS,
MOJICTAHOBKH, 110 TipaBmity Kpamepa, nonyuaem: x=8§, y=135.

Kpome mnepBoHadanbHO TIUJIAHUPYEMOIO CpOKa OKOHYaHUs padoThl,
corjacHo TpeOOBAHUIO 3a/Jaud, HY)KHO HaWTH 00BEM pabOThl, KOJIMYECTBO
JIUCTOB:

xy+4y—-5x—20-xy =0,

xy =120 (1ucmos).
OtBert: 8 oneit, 120 aucmos.

2.1.4. 3a0auu na npozpeccuu u paowvt

Apugpmemuueckas npozpeccusi — 3TO TOCIEIOBATEIBHOCTh 3JIEMEHTOB
(uucen), B KOTOPOM KaxAbIH OJJIEMEHT, HA4YMHas CO BTOPOro, paBEH
TpebITYIEMY, CIOKEHHOMY C OJJHUM U TEM K€ NMOCTOSHHBIM uucioM d(d =0),
Ha3bIBAEMBIM PA3HOCHIbIO NPOCPECCUU.
a,=a,+(n—1)d=a,_,+d

CaoiicTBa:
1a, = a"'"#m,k = 2; T.e., y KOHEUHOU apupMeTHYeCKON MPOrpeccuu cCyMma
YIEHOB, PABHOOTCTOSINIMX OT KOHIOB, paBHA CyMME KpaWHUX YJICHOB
(XapakTepucTH4eCKOe CBOMCTBO apu(hMETHUUECKON MPOTPECCHH);
2) Ay + Ap k1 = {11+ Ay,
3) Sn _ ﬂ'l_"'ﬂzn _ 2a1+{2n—1]d n

I'eomeTpuueckass mnporpeccuss — 3TO MOCIEAOBATEIbHOCTh AJIEMEHTOB
(uncen), B KOTOpPOW KaXIblil 3JIEMEHT, HAuyWHAasT CO BTOPOro, pPaBEH
IpeabIAYIIEMY, YMHOKEHHOMY Ha OJHO M TO K€  IIOCTOSHHOE
qucioq (q =0, q = +1), HA3bIBACMbBIM 3HAMEHAMENeM NPO2PeCcCull.
bn = blqn_l = bn—lq

CaoiicTBa:
1) b > = by_y by sq,k = 2 WIH €CIHM WICHBI IPOTPECCHH MONOKUTEIBHbI, TO
by = /br_1bpsq (XapakTepucTHUECKOE CBOMCTBO reOMETPUUECKON
MIPOTPECCUN);
2)by b, 41 =byb,; Te., Yy KOHEYHOH TEOMETPUYECKOW MPOTPECCUU

MMPOU3BEJICHUE WICHOB, PABHOOTCTOSIIIMX OT KOHILIOB, PABHO IPOU3BEICHUIO
KpallHUX YJIEHOB;

3) S, =b111_—qn,qi 1;5,=nb,gq=1,5=
-4

by
1_q,lql <1,
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Ha mpaktuke BCTpedaroTcs Kak «4YMCTBIC» 3aJayd Ha OJIWH W3 BUIOB
Mporpeccuif, TaKk M CMELIAHHBIE 3aJaud, B KOTOPBIX 00€ Mporpeccuu
MIPUCYTCTBYIOT OJHOBPEMEHHO.

Ilpumep 2.1.6. Tpu uyucna, COCTABISIONIUX apU(PMETUUYECKYIO MPOTrPECCHIO,
nator B cymme 15. Ecim xk HUM npubaBuTh cooTBeTcTBeHHO 1, 4, 19, TO
MOJIy4YaTcsl TPU YHMCIIA, COCTABIISIOIIMX N€OMETPUYECKYIO Iporpeccuto. Hantu
3TH YUCJIA.

Pemiennie. O603HaUUM YHCIa, COCTABISAIONMINE apU(PMETHIECKYIO TIPOTPECCHIO 8,
b uc. Torna, c=a+2d =b+d,raed — pa3HOCTh apU(PMETUUSCKON MPOTPECCHH.
Kpome Toro, corimacHo XapakTEpUCTUYECKOTO CBOMCTBA apupMETHUYECKON
IIPOrPECCUU, UMEEM

_a+c

b=
2

CyMMa 4JIeHOB 3TOM IPOrpeECCUn
15=a+b+c=3a+3d,=»a+d=5=Db=>5.
Torna
a+c

5= , = a+c=10.

Hanee, a+1,b+4,c+19 COCTaBISAIOT TE€OMETPUUECKYKD MPOTPECCHUIO.
[IprMeHnM XapaKkTepUCTUUECKOE CBOMCTBO F€OMETPUYECKON IIPOTPECCUM:
(b+4)" =(a+1)(c+19).
Hcnonb3yeM B 3TOM paBeHCTBE 3aBUCHMOCTH MEXIY &, b u C kak Mexay
YJieHaMHU apu(PMETHUYEeCKON MPOrpecCMd W TOJYYCHHBIC BBIIIC 3HAYCHHS Du

a+c.
9’ =(a+1)(a+2d+19),=81=(a+1)(d +24).

[Tomyyaem cucremy:

a+d =5,
(a+1)(d+24)=81.
Pemas e€, nomywyaem d =3,a=2.

Torpa ¢=8.
Ortser: 2, 5, 8.

2.1.5. 3a0auu na 3asucumocmu mesxcoy
KOMROHeHmamu apupmemuuecKux 0eiucmeuil

a) 3a1a9M, B KOTOPBIX TPeOYETCS HAlTH CyMMY, KaKI0€ U3 CIAraeMbIX KOTOPOii

COCTABJISET O Ty WIM MHYIO YaCTh HCKOMOM CyMMBI;

b) 3amaun, B KOTOPBIX TPeOYETCS HANTH CyMMYy, KaXJ0€ U3 CIAaraéMbIX KOTOPOH

IPOMOPIHMOHAIBLHO HEKOTOPOMY YHUCITY;

C) 3a/1a4M Ha UCIIOJIb30BAHKE CTAHAAPTHOTO BHJIA YUCIIA
A=aqa,-10"+a,_,-10" 1 +--+a,-10+a,
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(uncno A umeet n + 13HaK B JECATUYHOMN 3aUCH).
JIJIsl yCTIETITHOTO penieHus 3a7a4 ATOr0 THUIIA HY)KHBI CBEJICHUS M3 TCOPHH
JEIUMOCTH:
® cCiaM TpU JCJICHUM HATYpaJIbHOTO 4YHCJIa a Ha HaATypajbHOE 4Hcio D B
JaCTHOM ITOJTy4daeTcs J, a B octatke I, Toa = bq + 1, (r < b);

® eciM JABa U3 TPEX HATypalbHBIX YUCE]I B PaBEHCTBE a = b + clensaTcs Ha
HaATypajbHOE YMCIO N, TO U TPEThE YUCIO TAKXKE JEIUTCs 0€3 ocTaTtka Ha N;

® TIPU3HAKH JEIMMOCTH (4acTh 1, ¢. 29-30)

® @pU JEJIeHUH OJHOr0 HarypajbHOro uywciaa N Ha apyroe PBO3MOXKHBI
Clly4au: JIETUMOCTb HaIlello, JIeTUMOCTh C OCTaTKOM (B 3TOM ciy4yae B
ocraTke OyaeT oaHo u3 uucen — 1,2,3,...,p-1);

® METOJ MaTeMaTu4yecKod MHAyKiuu (dactsh 1, C. 62).

Ilpumep 2.1.7. Ecau aBy3HA4YHOE YHUCIIO pa3leNuTh HA YHUCIO, HAMMCAHHOE

TEMHU Xe HUPpaMu B OOpaTHOM IMOPSAKE, TO B YaCTHOM Moay4yutcs 4, a B

ocratke 15. EciM W3 JaHHOro 4wWciaa BBIYECTh 9, TO MOJydYUTCS CymMMma

KBaJipaToB UG p UcxoaHoro yucia. Haliaure 3To yuco.

Pemenue. [Tycth nckoMO€ YMCIIO UMEET CTAaHAAPTHBIN BU

x_y:10-x+y.

qI/ICJIO, 3allUCAHHOEC TEMU XK€ YHUCIIaMHU B O6paTHOM IMOPAIKE, 6y,Z[CT HUMCTDb BU]
W( =10-y+Xx .
3amnuiieM IMEPBOC YCJIOBUC 3ala1N:
Xy =4-yx+15
N

10-x+y=4-(10-y+x)+15

[locrie BBHITIONIHEHUS TOXKIECTBEHHBIX MpPeoOpa3zoBaHUM TOCIEIHEE PAaBEHCTBO
IIPUMET BU:

2x—-13y =5 _
Bropoe ycioBue 3a1aun 3aMunieTcs CIeayOIMM 00pa3oM:
10x+y-9=x*+y*
B urtore npuxoauMm K cucteMe U3 ABYX YPABHEHH C TBYMSI HEU3BECTHBIMHU
2x—13y =5,
10X+ y—9=x*+y>.

Pemas e€, nanpumep, METOAOM MTOACTAaHOBKH

5+13y
X="—""2
2
BO BTOpPOC YpPAaBHCHHC OTOM CHCTEMBI W TIOCJIE BBINIOJHEHUS HCKOTOPbIX
AJIEMEHTapHbIX  IpeoOpa3oBaHUM, MOJIYYIUM KBaJIpaTHOE YpaBHEHUE

OTHOCHUTEIIBHO IEPEMEHHOM Y
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173y*~134y -39=0

Tak kak cymma K03 PUIIMEHTOB ATOTO YpaBHEHHS paBHA 1, TO OJHUM U3 €O
KOpHei siBisieTcd uncio Yy = 1. C yuetom Teopembl Buera sicHO, 4TO BTOPOiA
KOPEHb SBJISIETCS IPOOHBIM M OH HE YJOBJIETBOPSIET YCIOBUIO 3aa4H.
Jlanee HaUAEM X:
= 5+13y 5+13-1_
2 2

Takum 00pa3oM, HCKOMBIM YHCIIOM siBJsieTcs 91.

Otser: 91.

IIpumep 2.1.8. Ceituac mue u Bam BmecTe 86 siet. Uucao Moux JIeT COCTaBisieT
15/16 ot Bo3pacTta, KOTOphIi Bbl Oynere umeTh TOrna, Korga MOW BO3pacT
coctaBuT 9/16 ot TOro uKcna yer, kKotopoe Bbl umenu Obl, eciiu Obl TOKUIIU J10
TeX JIET, YTO BJBOE OOJIBIIIE YUCIIAa MOUX JIET B TOT MOMEHT, KOT/ia 1 MOT'Y OBITh
crapuie Bac BJiBoe. CKOIbKO MHE JeT?
Pemienne. I'nsans Ha oOuime ycinoBuil B (GOpMYITHUPOBKE 3aayd, HEMYAPEHO
3amyTtarbes. [loaToMy pemaromuii cpa3zy I0KEH BBIOpaTh, KTO B 3TOM 3ajade
«i», U KTO «BbI». Eciiu «4» — BHYK, «BBI» — €], KaK, Cy/sl IO HOpMaTUBaM
oOpaleHus XO0YeTcsi Cpa3y YCIOBUTHCA, TO TMepeopMyIrpoBKa YCIOBHS
3a/layd, B YaCTHOCTH, MOCIIeJIHEE YyCJIOBUE OyJeT 3By4yaTh TaK: «...KOTOPBIU
BIBOE OOJIbIIIE YKCTIA JET BHYKa B TOT MOMEHT, KOTJ]a BHYK MOKET OBITh CTapIie
nena BaBoey». [logoOHoe ycioBue mpesrnosiaraeT MojJHOe adCcTparupoBaHUE OT
BO3MOKHOW CEMEWHON MEPAPXUU M IUIOXO MPEICTaBUMO B IUIAHE BO3MOYXKHOIO
BO3pacTa BHYKa.

Onupasch Ha BBIIIECKA3aHHOE, MOJIOKUM, UTO «1» — I, «BbD» — BHYK.
Torna:

1) B (uHaNe MHOTOYUCICHHBIX YCJIOBUH HAET peub O KAKOM-TO MOMEHTE
BpEMEHH, Koraa Jea OyJeT BIBOE CTapllie BHYKa; MyCTh B 3TOT MOMEHT
BHYKY t jeT, Torna neny — 2tnet u aej crapiie BHyKa Ha tier;

2) ecnu OyJeT BBIIOJIHEHO MPEABIAYIIEE YCIOBHE, TO €CTh BHYK JOXKHUBET 710
BO3pacTa, BJIBOE OOJIBIIETO BO3pacTa JeJa B MOMEHT BpEMEHH (ONHUCaH B
nyHkTe 1), To BHYKY Oynet 4Uiet; Tora Bo3pact aena 0y/1eT COCTaBIATh

9

9 ‘= A (nem),
16 16
TOTJ]a BHYKY OyIeT
ot S5t
——t=— (nnem);
2 4 (em)
3) ceifuac BO3pacT JieJia COCTaBIISICT
15 5t 75t
— - —=— (zem),
16 4 64
TOTJ1a BHYKY OyJeT
75t 11t
— —t =— (z1em),
64 64
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4) coriacHO MepBOTO YCIOBHS 33a4H, MBI 3HAEM CYMMapHBIN BO3pacT

86:E+E :@,:H =64 (200a);
64 64 64
5) wrak, neay
75-64 =75 (nem),
64

BHYKY
86 — 75=11(em).

OtBeT: 75 net («s» — nen).

2.1.6. 3a0auu na npouenmuulit npupocm u
8bIYUCTICHUE CIOHCHBIX NPOUECHN 08

Pemienue 3THx 3aa4 TECHO CBA3AHO C TPEMsl MOHSTUSMH: HAXOXICHHUE
YacTU OT LEJOr0, BOCCTAHOBIIEHHE LIEJIOrO MO M3BECTHOW YacTH, HAXOXKICHUE
MPOIIEHTHOTO MPUPOCTA.

Tak:
o yCTh U3BECTHA HEKOTOpas BenuuuHa A U TpeOyeTcs HaWTH a% OT HegE,
a
Ttormax =A-—;
100
o MyCTh U3BECTHO HEKOTOPOE YMCIIO D, cocTaBistoniee a% OT HEM3BECTHOM
100,
A, tormaA=b-—;
a
o MyCTh HEKOTOpas mepeMeHHas BenudynHa A=A(t) B HavaabHBIA MOMEHT
toumeer 3HaueHue Ao, a B t1 — Aj, Torma abCOFOTHBIN PUPOCT BEIMUMHBI 4 3a

Al1-AD

ti— to OyaeT paBeH, OTHOCUTEIbHBIA MPUPOCT , @ MPOLIEHTHBIA IPUPOCT

i

Al-A0 p p
— . i) — P . 5.
P=— 100%, orcroma A, =A,+ A, v A,-(1+ mo], €CId K€ B

pa3HbIE BPEMEHHBIE IPOMEKYTKH IPOLEHTHBIE IPUPOCTHI TAKKE pPa3HbIE, TOrAA

A=A (1+2) (1+2) (14 22). . (1+22),

CCJIN K€ pl - pz —_—... = p, TO

n

p
A=A (1 + _mc-) (bopmyra CI0XKHBIX IIPOIICHTOR);

° JUIS. HaXOKJACHUSI TIPOIICHTHOI'O OTHOIICHHS IMEPBOTO YHCIA KO BTOPOMY
HY>KHO
= pa3aeauTh MEePBOE YUCIO HA BTOPOE, MOJTYUYCHHOE YACTHOEC YMHOXKHUTH Ha
100 m mrocie 3amucaTh CUMBOJI %;
u pasgenute BTOpoe umcio Ha 100, pa3menuTs MepBOE YUCIO HA 3TO
YacTHOE, ITOCTABUTh IOCJIEC HAMASHHOIO YaCTHOTO CUMBOJ %;
° JIUIs. HAXOXKJICHUS CPEIHETO MPOIEHTA HEJIb3sl HAXOJUTh MPOCTOE CPeIHEE

apI/I(i)MeTI/I‘-ICCKOC N3 4YHCCJI, BbIPpAXAIOHMINX COOTBCTCTBYIOINHUC IIPOLCHTHBIC
OTHOIICHHUA IIO K&)KI[OFI Ipynn€ B OTACIBHOCTH HC I[aéT IIPpaBHUJIIBHOI'O
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pe3ynbrara; g HaXOXKACHHs TpeOyeMOoro HYyXHO YMHOXHUTb KaKJI0€
MPOLIEHTHOE  OTHOIIEHWE  Ha  YHUCJO,  [OKa3bIBAIOIIEE  YUCIUTEINb
COOTBETCTBYIOIIEH Tpymnmbl (€€ Bec), a 3aTeM CyMMY BCEX MOJYy4YCHHBIX
MPOU3BEACHUI pa3/iesIuTh HA CYMMY YUCIIUTENEH (BECOB) BCEX IPYyMII.

Ipumep 2.1.9.bank Hauucnser 7% ronoBeix. 1 sHBaps 2000 r. B 3TOT OaHK
ObLiIa MojioKeHa cymma a pyosieit. Haliqure pasmep Bkianga Ha 1 siuBapst 2005 r.,
€CJIM B TEYEHHE 3TOr0 BPEMEHH IPOLIEHTHAs CTaBKa OCTaBajlach 0€3 U3MEHEHU.
C nomoIlIpl0 KalbKyJIsTOpa BBIICHUTE, Y€pe3 KaKoe HAaUMEHBIIEE YHUCIO JIET
CyMMa BKJIa/ia YBETUUYHUTCs Oojee ueM B 2 pasa.

Pemenue. Bocnonb3yeMcss mnpuBeAEHHON Bbile (OPMYNION, MOTYy4YUM, YTO
pa3mep Bkiaaa Ha 1.01.2005 roga coctaBut

5
asza-(1+0,07) =1,07°-a.
Ilycth n — HMCKOMOE YHCIIO JIET, COIJIACHO IMOCTeIHEMY TpeOOBaHUIO
3aJlauM, Toraa

107" -a>2a,=1,07" > 2.

C moMoIpl0 KanbKysaTopa Haxoaum, uro n=11 (6epém 1ienoe 3HaueHue
Otser: 1,07° - apy6nei, 11 mnert.

[MpennoxenHas BoIiie (GopMylia CIOKHBIX MPOIEHTOB UMEET HHTEPECHOE
npuioxkeHne. Bo MHOTHX 00JacTsIX MPaKTUKA WMEIOTCS BEIWYHHBI, KOTOPHIC
UCTIBITBIBAIOT TIPUpANIEHUE HE CKAa4KOoOOpa3HbIM 00pa3oM, a MEHSIOTCS
HETIPEepHIBHO, TaK, YTO WX H3MEHEHHE 3a JTall COCTaBISET OJHO M TO XKe
KOJIMYECTBO MPOIIEHTOB.

Ecnu ke HaunMceHne IpoIeHTOB MPOU3BOINUTE B TCUCHHUE KAXKJIOTO dTara
HE OJIMH, a HECKOJIbKO, Hampumep, K pa3, u3 pacuéra P mpoOIICHTOB 3a 3Tarl, TO B

o p
9TOM CJIy4aC KaXIbIKM pa3 HAYHUCIACTCA E%I/I 3a n JOTaIllOB HAYMUCJICHHC

HporeHTOB mpou3oiaér kn pas. Torma ¢opmyna CIOXKHBIX HPOIICHTOB MMEET

BUJT
kn

An(kaﬁo-(l+ P )

k100

3neck A, (k) — 3HaucHne BenM4uMHbBI A B KOHIE K-ro 3tama mpu yciaoBuH,
9TO B TCUCHUE KAXKJIOTO 3Tarla MPOICHTH HAYUCIISUTHCH K pas.

WHTepecHo TO, 4TO HEOTPAaHUYCHHO yBEIIMYUBAs Yuciio K 1 paccmaTpuBast
HEMPEPHIBHOE YBEIMYEHUE BEIWYUHBI A, MOXHO NPUUTH K BBIYUCICHUIO
BTOPOTO  3aME4aTeJIbHOTO  MpeAena. Torma  OKOHYATENbHBIA  BUJ
paccmaTpuBaeMoit POPMYIIBL:

. p kn B -%.n
Aq(k)—lkllp A‘)(“—k-loo) =hA-e

NHorpa B 3agayax BCTpeUYaeTcs MOHITUE «CPENHUM MPOLEHT MPUPOCTAy.
[Ton HMM NOHMMAKOT TAaKOM MOCTOSHHBIM IMPOLEHT MPUPOCTA, KOTOPBIA 3a 7
ATalOB HAYMUCJICHHE NPOLEHTOB MAET TAKOE K€ HW3MEHEHUE BEIMYMHBI A,
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KOTOPOE€ OHA MOJIy4aeT NPU HEPaBHBIX MOATAMHBIX MPOLEHTAX W3MEHEHUS.
CpenHuii mpoueHT onpeaenseTcs: HopMyIIoi:

o (L) () (B (14 B 14 1)

N3 mocnegnedt ¢Gopmyinbl BUAHO, YTO CPEAHUN MPOIEHT HE SIBISETCS
CpPEIHUM apuU(PMETHUYECKUM HEpPaBHBIX MO3TAMHBIX MPOLUEHTOB HW3MEHEHUS.
31ech MOXHO TPOBECTH aHAJOTHMI0 C (U3UYECKUM TOHITHEM «CpeaHen
CKOPOCTH JIBUKEHUS.

n

2.1.7. 3a0auu na konuyenmpayuio cmeceii u Cnj1a608

B 3aadax 3Toro THIa OCHOBHBIM SIBJIICTCS TIOHSATHE KOHIICHTPAIIHH.
Jonymenus:

1) Bce paccmaTpuBaeMbie CMECH (PacTBOPBI, CILUIABBI) OAHOPOIHBL;

2) He nenaeTcs pasjinuus MEXAy JIMTPOM KaK €IUHHUICH EMKOCTH U eAMHHIICH
MaccChlI;

3) obmiast Macca wid O00bEM — BeIMUYMHA aJIUTHBHAs (Macca IEJIOro paBHA
CyMME MacC 4YacTeid; 3aMeTHM, YTO TaKHUM CBOHCTBOM OOBEM CO CTPOroi
dbu3UYECKON TOUKM 3peHHS HE 00J1a/1aeT).

Hcnonb3yeTcs Takxke u3BecTHast popmyia u3 puzuku m = p - V.

.. 2
Ipumep 2.1.10. Cmech paBHBIX O0BEMOB JBYX BEIIECTB HUMEET MacCy 651

3

52
Macca BTOPOT0 BCHICCTBA B CMCCH paBHa MACCE — CM™ IICPBOro BCIICCTBA, a
7 b

MJIOTHOCTH BTOPOTO BemlecTsa paBHa 1 r/cM®. HaiiTu 00bEM KakI0ro BellecTBa
B CMECH.

Penrenne.3anuiieM gaHHBIE U COOTBETCTBEHHO BBOAMMEBIE HAMH 0003HAYEHHS B
BHUJI€ TaOIUIIBI

m p V
| BemecTBO ms p1 Y,
52
Il BemecTBO — P 1 Y,
] 6 2 2V
(cmech) 13
I/ICHOHBBYGM AIIUTUBHOCTb MACCHI.
6£ =m +m
13 M

N 52 . 52
C ogHOM CTOPOHBI, M, = — Pu» @ € APYrofi — m, =V -1, Tora —_- py =V.
@ = V + g = 2 + 5_2
13 P Z P 7 P 7 )
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52 , 52 80
7,01 +7p1_E:0
676> + 6760, —560 =0,
169" +169p, 140 =0,
 -169+351 7
~ 338 13

D =123201=351%,= p, . p, <0.

7 52
Torma V 25-7:4(@%3).

Otser: 4cn’.

OcHoBHas popmyna: m = ¢ - M, e m — macca JaHHOTO BEIECTBa, C—
BecoBasi KoHIeHTpaius, M — oOmas macca cmecu. Mmu: v =c-V, rome v —
00BbEM JAaHHOTO BEIECTBA, C— OOBEMHAs KOHIEHTpanus, V — oOumid o0béM

CMeEcCH.

CymiecTBYIOT 3a71a4i, B KOTOPBIX MMPUXOJAUTCS MEPECUNTHIBATH 0O0BEMHYIO
koHnentpamuio(Ci) B BecoBy (Ki)u HaoOopor. Jlis 3TOro HYXHO 3HATh
ylleTbHbIE Beca KOMIIOHEHT, BXOJSIINUX B pacTBOp WM ciuiaB. Toraa oOuiuit Bec
Haxoautcss mo dopmyne G =V, -d, +V,-d,.3necy d,,d,— ynenbHble Beca
KOMIOHEHT. Torja BecoBble KOHIIEHTPAIMKM HaXx0AT 0 (GopMynam

k . Vl.dl I Cl.dl I Cl.dl
V; - d, €y ds €y d,
k, = -

Vi-d,+V,-d, ¢,-di+c,-d, c;-(d;—d;)+d,
BoigensitoT ABa BUa 3a70a4:

" B cllydae, KOrja CIMBAIOT JABE CMECH C MaccaMu Miu My, KOHUEHTPALUUAMU C1
U cou TpeOyeTcsl OMpeNeuTh MacCy BellecTBa B CMECH M €ro HOBYIO
KOHIETPAIINIO, UCTIONB3YIOT POPMYITY

cymy + CoMy
B my +m;, (#)

(B yCIIOBUM TaKUX 33724 BCTPEUAETCS] OAUH U TOT K€ MOBTOPSIONIUNCS 3JIEMEHT

— CMECH Yallle COCTOSIT U3 OJJHUX U TEX K€ KOMIIOHEHTOB, OTHOIIEHUE KOTOPBIX

B MTOJIYYAIOMIEHCSl CMECH WJIH CIIaBE TPEOYETCs OMPEIeInTh);

" B ciyyae, Korja 3aJaH HEKOTOPhIi OOBEM CMECH W OT HEr0 HAYMHAIOT
OTJIUBATh HEKOTOPOE KOJIMYECTBO, a 3aTEM JIOJIUBAIOT TAKUM K€ WU APYTUM
KOJIMYECTBOM TOW K€ WM JIPyrol cMecu (Apyrod KOHIIEHTpaluu), 3Ta
orepalusi TPOU3BOJUTCA HECKOJIBKO pa3, HEOOXOAMMO YCTAHOBUTH >KECTKHI
KOHTPOJIb 32 KOJINYECTBOM BEIIECTBA M €r0 KOHUEHTpaUUeH MpU KaxiaoM
OTIIUBE W JOJIMBE(BBISBICHUE OOIIEH 3aKOHOMEPHOCTH M3MEHEHHS TOW WU
MHOM BEJIMYMHBI B PE3YyJbTaT€ MHOTOKPATHO MOBTOPSIOIIEICS Onepalun).

Ecan cmech (cmnaB, pacTBOp) Macchl M cocTouT u3 Bemiects A, B, C
m, Mg ma

Maccamu My, M, U My, TO —,—HU — — KOHUEHTpanuu Bemects A, B, C
n m nt
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COOTBETCTBEHHO. Torga cymMma KOHLEHTPALMKA BCEX COCTABHBIX YAaCTEU CMECHU

(crnaBa) paBra 100% (mmm 1): =% + 72 + ™2=1  3amerum, 4TO KOHLEHTPALHS —
L1 n

BenuuMHa Oe3pa3mepHasd. M, 4ToObl CTpyKTypa pacTBopa, CIjlaBa MJIM CMECH
OblIa ompejesieHa, HEeOoOXOJUMO 3HATh KOHILIEHTPAllMM BCEX KOMIIOHEHTOB,
KpOME OJTHOTO.

[Ipu cocrtaBneHUM ypaBHEHUH OOBIYHO MPOCIECKHUBAIOT COJEpPKAHHUE
KaKoro-HMOyAb OJHOIO BEIIECTBA U3 TEX, KOTOPbIE CIUIABIISIUCH WM
CJIMBAJIUCH.

Hpumep 2.1.11. Ckonbko rpammoB 30% u 10% pacTBOPOB KHCIOTHI HY’KHO
B35Th, YTOOBI TTOTyunsock 600 r. 15% pactBopa?
Pemenue.
| cnoco6: wucnomsdyem dopmyny (#).Ilycte x r. — macca 30% pactBopa
kucaoThl, Torga 600-x r.
CornacHo ¢opmyIe HOBast KOHIICHTPAIIHS BBIYUCIISIETCS TaK
15 — 30x+10:(600-%)
600

3ametuM, uYto B ¢opMylly He o00s3aTeIbHO BBOJUTH JIaHHBIE O
KOHIICHTPAIIMK YacTed B BHUJAC JECATHHHBIX JpoOei. MBI BOCHOJIB30BaJIMCH
3aMKChIO TAHHBIX B BUJIE TIPOIIEHTOB.

Torma x=150 2, 600-—x=450 e.

Otset: 150 1. 1450 r.

KpOMe TOro, 3ajgada IICpBOro BHIa MMCCT PCHICHUC, CCIIU CE[Clj CE] Hu,

€CM C# C; U C* C,, TO MOXHO TOJYYUTh CIUIAaB WM PACTBOP C JIFOOBIM
IIPOLICHTHBIM COAECPKAHUEM MEKIY Cy U Cs.

IIpumep 2.1.12.B cocya émkoctheio 6 1 Hanmuto 4 1 70%-ro pacTBopa cepHOi
KUCIIOThI. Bo BTOpOi cocyn Toit ke €mkoctu Hamuto 3 1 90%-ro pacrBopa
cepHOl KHUCHOTHL. CKOJIBKO JHMTPOB pacTBOpa HYKHO MEPEIUTh U3 BTOPOTO
cocyJia B MEPBBIA, YTOOBI B HEM TOJIy4IMiICs '%-HBIH pacTBOP CEPHOM KUCIOTHI?
HaiiTu Bce I', mpu KOTOPBIX 3a7ja4a UMEET PEUICHHUE.

Pemenue.llycTs U3 BTOpOro cocyna B MEpPBBIM MEPEIUBAIOT X J, TOrAa IO

dbopmye

_ 470490x
4+x
Torna
_ 470490x  280+490-x
44% d+x
BripazuM x u3 mociieIHEro paBeHCcTBa
_ 4r-280
90—r

Jlanee MBI JOJKHBI OIICHUTH, B KaKWX TMpEAeiIax MOXET OBITh X.
VYuuThiBaeM, 4YTO B MEPBOM COCYy/€ HE MOXKET ObITh cymmapHo Oosiee 6 i1. To
€CTh, MAaKCUMaJIbHOE 3HaUYC€HHE X — 2 JI. MUHUMaNbHOE — MBI BOOOIIIE HUYETO HE
nepenbem, T. €. 0 1. Mcxons u3 aroro:
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4-70+90-0 4-70+90-2
=r= ,
4+0 4+ 2

10<r< ?.nﬂn 70<r< ?62.

. 4r—-280
OtBeT: B TMEpBBIA cocyl OyneT NepeuTo "o 'l KOHIICHTpAIUs

-r

2
MOJYYHMBILETOCS PACTBOPA MOYKET HaXOAUThCs B nipeaenax (7 0; ?6;).

B psape 3amau OblBaeT HEBO3MOXHO OJHO3HAYHO HAWUTH 3HAYCHUS
KOHIICHTPAIIMI, HO MOXHO OTBICKaTh UX COOTHOIIEHHUE, T. €. JaTh OTBET B BUJC
yKa3aHUs 4acTei, KOTOPbIE MPUXOATCS HA KOMIIOHEHTHI.
Ilpumep 2.1.13.MimeroTcst Tpu cMeCH, COCTaBJIEHHBIE U3 TPEX JIEMEHTOB A, B,
C. B mepByro cMech BXOIST TOJIBKO dJeMEHThl A U B B BECOBOM OTHOIIIEHUU
3:5. Bo BTOpYyI0 cMeCh BXOJAT TOJBKO 37eMeHThl B 1 C B BECOBOM OTHOUIEHUU
1:2, B TpeThIO CMECh BXOJAAT TONBKO 3J1eMeHThl A 1 C B BECOBOM OTHOILICHUU
2:3. B KakoM OTHOIICHWH HY)XHO B3STh 3TH CMECH, 4YTOObI BO BHOBH
noJiydeHHOM cmecu 3ieMeHTsl A, B u C cojepkanuch B BECOBOM OTHOIICHUU
3:5:2?
Pemienrie. B ycnoBum 3amaum BMECTO KOHIEHTpalUid (UTYPUPYIOT YacCTH.
PabGoTtarh ¢ TakMMHM JaHHBIMH OyJEM aHAJIOTMYHO JAHHBIM O IPOIICHTHOM
COJIEp>KaHHMH M UCIIOJIB30BaTh TY ke (HopMyIy.
Wtak, mycTh X, Y Z KT COOTBETCTBEHHO TI0 Macce B3SITO MEPBOM, BTOPOH U
TpeThell CMECTH IS MOJIy4YeHHs HOBOHM (3TH 3HAYCHHS HEOTPHUIIATEIbHBIC U HE
PaBHBI HYJTIO OJHOBPEMEHHO). Y YUThIBAEM, UTO:
® COOTHOIIICHHE BEIIECTB B MEPBOM cMecH 3:5, cienoBaTelbHO, BelecTBa A B
Helt 3/8, a BemecTBa B — 5/8 ot o6mieit maccel (8=3+5);

® COOTHOIIICHHE BEIIECTB BO BTOPOM cMmecHu 1:2, ciaemoBaTenbHO, BellecTBa BB
Heit 1/3, a BemectBa C — 2/3 ot obmieit maccsl (3=1+2);

® COOTHOIIICHHUE BEIIECTB B TPEThEil cMecH 2:3, cie0BaTelIbHO, BellecTBa 4 B
Helt 2/5, a BemectBa C — 3/5 ot obmieit maccel (5=2+3);

® COOTHOIIICHHE BEIIECTB BO BHOBh MOJIY4EHHOW cmecH 3:5:2, clienoBaTeIbHO,
BemectBa A B Hewt 3/10, B —5/10, a C—2/10 ot obmieit maccer (10=3+5+2).

Torna ciaeauM 3a KaKIbIM U3 TPEX BEIIECTB OTACIBHO:
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§x+gz
3.8 5
10 x+y+z 3x+3y+32=Ex+4z,

Sy+ly ;‘ ) 12x+12y +12z =15x +162,
S8 3" L loyxiby+57=2x120y o 160X+ 60y + 60z = 75x -+ 40y, <
10 x+y+z 4 3

5 3 20 6x+6y+6z=20y+18z

Zy4S 2X+2y+27=—Yy+62
32 3y+52 y 3 y
10 x+y+z

3x-12y+4z=0,
< 115x-20y-60z =0,
6x—-14y-12z =0.

B mnaparpagel.3 Hacrosimiero mnocoOusi Mbl PacCMOTpPENU  CIOCOObI
pelieHns JIMHEMHBIX CHCTEM TpEX ypaBHEHH C Tpems nepeMeHHbIMU. [lo
npaBuiny Kpamepa gaHHYIO CUCTEMY PEUINTh HE MPEIACTABISAECTCS BO3MOXKHBIM,
TaK Kak TJaBHBIA ONpPENENIUTENb PABEH HYJI0. 3HAYUT HAYHEM HCKIIOYATh
HEU3BECTHBIE. YMHOXUM IMEPBOE YPaBHEHHE HA —5 U CIIOXKUM CO BTOPBIM,
YMHOKHUM €r0 K€ Ha —2 U CJIOKHUM C TPETbHUM:

3x-12y+4z =0,

3x-12y+4z =0,
40y -80z =0,

y—2z=0.
10y-20z =0.

JIBa mocnegHuX YpaBHEHUS B CHUCTEME TOXIECTBEHHBI, II0ATOMY
UCKJIIOYAaeM OJHO M3 HMX. Y Hac OCTAa€TCs CUCTEMA JBYX YPaBHECHHUH C TpeMms
HEU3BECTHHIMU. BooOme Takas cucreMa HMeEeT OECKOHEYHOE MHO>KECTBO
pelIeHuii, HO, C Yy4€TOM BOIIpOCa 3aJa4d — HaM HYXHbl HE KOHKPETHBIE
3HAYEHHUs], @ UX OTHOLIEHHUE, Mbl CMOYKEM IIOJIyYNUTh OJJTHO3HAYHOE PELICHUE dTOU
CUCTEMBI, BBHITIOJHUB IMOJCTAHOBKY Y =2Z W3 BTOPOTO YpaBHEHUS B MEPBOE H

pasnenuB 00a ypaBHEHHS CUCTEMBI Ha Z:

3X
3 —12y+42=0, [3x—247+42=0, (3x=20z, |5 20 [x=292
=21 < =21 <~ =21 <~ <~ 3
y=22 y=22, y=22 Y_o y=2z.
YA

NHTepnpeTnpyeM Noy4YeHHbIN pe3yIbTarT:
® BTOPOI CMECH HYXHO B3ATh B JIBa paza OoJbIlle, YeM TPETheH, T.K. Y =2Z;
® TpHU YaCTHU NEPBOM CMECH MO BECY PaBHBI ABAALATH YACTAM TPEThEH, TaK KaK
3x=20z, ¥ T.K. X, y,Z€Z, U MBI HCIIOJIb30BAJIN JICJICHUE HA Z, CIIEIOBATEIbHO
z#20,2=3;

® [EPBOM CMECHU HYKHO B34Th 20 yacTen.
Otsert: 20:6:3.

[60]



Tmasa ll

B 3amawax BTOpOro BHAa KOHIEHTpAlUsl TIIOCIE€ 7 TEpeIUBaHHMA
MpeACTaBIsAeT Cco00il  yOBIBAIOIIYI0O TE€OMETPHUUECKYI0 IPOrPECCHI0 U

( )

3necba — 00BEM, KOTOPBINA [MOJIMBAETCS WIM OTJIMBAETCS, p — MPOLEHTHOE

2
CoJiepKaHKe TEepPBOHAYAILHOIO pacTBopa. MHOXHUTENb 1 — - HOKa3bIBACT, BO
o

CKOJIBKO pas Y6BIBaeT KOHIOCHTpPANUA IMOCJIC OYCPCAHOIO IMCPCINBAHUSA (C)TOT
MHO>XUTCIIb, KCTaTHU, U ABIACTCA3HAMCHATCIICM I‘COMeTpI/I‘ICCKOI\/’I HpOFpGCCPIPI).

9 v D )
Ecim xe B cmech C HepBOHa‘laJIBHOI/IKOHHGHTpaI_[I/IGI/ImKa)KI[BII/I pas

AOJIMBACTCA HC OOIHOPOJHAA KUIKOCTh (BOIIa 501041 BCH_ICCTBO), d TAKKE pacTBOp,
) ) aq .
HO C HWHOH KOHICHTpAalHucHu mpaCCManI/IBaCMOI‘O BeIICCTBa B HCEM, TO

KOHIIEHTPALIHMIO MTOCIIE 77 TIEPETMBAHUNA MOKHO HAWTH 1O opMyIie

o=+ (1-5) - 1)

MO>XHO TPOBECTH aHAJIOTHIO C (HOPMYIOM CIOXKHBIX MPOLIEHTOB. 37ECh
TaK)K€ HEKOTOpas BEJIMYMHA MOABEPKEHA MOITAITHOMY U3MEHEHUIO, U KaXIbIil
pa3 €€ W3MEHEHHE COCTaBIISIET ONPENEIEHHOE YUCIO MPOLEHTOB OT 3HAYEHUS,
KOTOpPOE 3Ta BEJIMYMHA UMEJIA Ha TPEAbIAYIIEM dTale.

Ipumep 2.1.14.U3 cocyna, 10 Kpa€B HAMOJHEHHOTO YHCTBIM TIUIEPUHOM,
OTJIWJIW JIUTP TIIMUEPUHA, a B3aMEH JOJIWIHN JUTP BoAkl. [locie nepememnBanus
CHOBAa OTJIWIM JHUTP CMECH M JOJWIMA JIUTP BOJbI. 3aT€M MPOAENAIUA ITY
omnepalnuio eme oauH pas. B pe3ynbrate KOJIMYECTBO BOABI B COCYAE OKa3aJlOCh
B 7 pa3 Oosbliie Mo 00bEMY ocTaBiierocst B HEM rimiepuHa. CKOJIBKO JIUTPOB
[JIMIEPUHA U BOABI 0KA3aJI0Ch B COCYAE B PE3YIbTaTE MPOAECIAHHBIX ONepanui?

Pemenwne.ITycts V uTpoB rauiiepuHa ObUIO B COCy/e NEpBOHAYaIBHO. Torma B
pe3yJibTaTe NPOJICIIAHHBIX ONEpallMi KOHLIEHTPALHs IIIMLIEPHHA B COCYJE paBHA

1 .
5(7 yacted Boabl M | wyacTh riuuepuna). [lepBoHauanbHash KOHUEHTpALIMS

rmmnepuda — 100%.
Hcnonszyem nocieHiown Gopmyy:

1 100 1) 1 1)
—=———|1-— | nmm=-=|1-—|.
8 100 i 8 v

[Tonyyaem ypaBHEHHUE:

o0e 4JacTh KOTOpOro Mbl ymMHOXMMHa 8V° =0 (V #0,MHave 3agada HE HMECT
CMBICTIA).
8V?3—24V?+24V —8-V? =0,
V24V +24V —-8=0.
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Hcnonp3dyem i peuieHus IIOCIENHEr0 YypaBHEHUs Teopemy besy,
MOJIy4YaeM €IMHCTBEHHBIN JIEUCTBUTEIbHBIN KOPEHD V = 2.

NHuTeprpeTnpyem pe3yabTar: B 2 JINTPAaxX CMECH 7 4acTed BOAbI U 1 JacThb
MIMUEpUHA. 3Ha4YuT, rimnepuna 0,25 1, a Boasr 1,75 .
Otsert: 0,25 1, 1,75 n.

2.1.8. 3aoauu c yenouucnennvimu HeuszeecmHbIMU
[lemo4nCIeHHOCTh HMCKOMOTO HEW3BECTHOTO (HEU3BECTHBIX) OOBIYHO
SIBJIICTCS  JTOTIOJTHUTCIIBHBIM ~ YCIIOBUEM, TIO3BOJISIIONIUM BBIOpaTh ero (ux)

OJHO3HAYHO ¢33 HCKOTOPOIr0O MHOKCCTBA 3H3.‘I€HI/II>1, YAOBJICTBOPAOIINX
OCTAJIBHBIM YCJIOBUAM 3aJ1a4U.
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2.1.9. 3a0auu c nepasencmeamu

Bonpiioe konudecTBO 3amad cHOPMYNIHPOBAHO TaKUM 00pa3oM, 4YTO
BBCJICHHBIC HEM3BECTHBIC CBS3aHBI MEXAy COOOH HE TOJBKO YPaBHEHUSMH, HO
JUISI HUX CYIIECTBYIOT OMpEeIEHHBIC OrPaHUYCHUS, MaTeMaTHYeCKas 3aIuch
KOTOPBIX TPEACTABISICT COOOW HEKOTOPYIO CHCTEMY HEPaBEHCTB. B03MOXKHBI
CJIy4au, KOT/Ia YpaBHECHHUS BOOOIIE COCTABUTh HEBO3MOKHO, a JIJISl ONPEICIICHUS
HEW3BECTHBIX IPUXOJAUTCS PEIIaTh ATy CUCTEMY HEPaBEHCTB.

B abcomoTHOM OOJIBIIMHCTBE CITydaeB PEIICHUEM HEPABEHCTBA SIBIISCTCS
MHOKECTBO, TIPEJICTaBIIsAOMEee COO0H HEKOTOPBIM HWHTEPBAI WM OTPE30K
nercTBUTeNbHOM ocu. [Ipu oTBeTe Ha BOMpPOC O TOM, KaKUM OOpa3oM U3 3TOTO
MHO’KECTBA BBIOpaTh €IMHCTBEHHOE 3HAYCHHUE BO3MOKHBI JIBE CUTYAIIHH:

1) 3HaYeHHs HEW3BECTHON NMPHHAUICKUT OJHOBPEMEHHO JBYM IMPOMEKYTKaM
Buja [a; blu [b; c]-B 3TOM citydae aemaercst BHIBOJ O TOM, YTO X = b;

2) UMeeTcs psiJi KOCBEHHBIX MPU3HAKOB, OMPEACAEHHBIX YCIOBHAM 3aadH, IO
KOTOPBIM BO3MOKHO TOJIYYHTh OJTHO3HAYHOE PeIICHUE.

Ilpumep 2.1.15.KBapTayi 3acTpo€H MNSATUITAKHBIMU M JICBATUITAKHBIMU

JOMaMH, MPUYEM JIEBITHITAXKHBIX JIOMOB MEHBIIE, YeM ISATHAITAXKHBIX. Ecinu

YHUCJIO JIEBATUATAXKHBIX IOMOB YBEJIMUUTH BIBOE, TO OOIIEE YUCIIO IOMOB CTAHET

Oosee 24, a eciau YBEJIMYUTHh BJBOE YUCIIO MATHAITAKHBIX JOMOB, TO OOIIee

guciI0 AOMOB cTaHeT MeHee 27. CKOJIBKO MSATHATAKHBIX M JEBATHAITAKHBIX

JTOMOB TIOCTPOEHO?

Pemienne. IlycTh X — KOJNMYECTBO TATHATAXKHBIX, a ) — KOJIHUYECTBO

JEBITUATAKHBIX TOMOB. Tor/1a 1o YCIOBHUSAM 33/1a4d MOKHO COCTABUTh CUCTEMY

HEPaBCHCTB.

. 24-3y <0,

<X X—Yy <

Y= y=5 3x— 27 <0,

2y +X>24, 2y +Xx-24>0, & = ye(8;10),xe(7;9)
21-3x <0,

2X+Yy <27 2x+y—-27<0
3y—-30<0

Tak Kak KOJIMYECTBO JIOMOB JIOJDKHO BBIPAXKATHCS I[EIBIM YHCIIOM, TO Y=9,
x=8.
OT1BeT: 9 NATUATAXKHBIX U 8 JIEBATUITAKHBIX JOMOB.

2.1.10. 3a0auu na npumenenue Knaccuueckux cpeoHux

[Ipennaraem YUTATEITIO CaMOCTOSITEJIbHO MMO3HAKOMUTHCS C
KJIACCUYECKMMHM CpPEHUMH W HUX CcBodcTBamMu (cM. KkHury [7] B
OouomorpaduIeCcKoOM CIMCKE, MPUBEAEHHOM B KOHIIE 3TOM KHHUTH), OHU UTPAIOT
BO)XHYIO pPOJIb B MaTEMaTHKE.

MpbI ipuBeieM UMb (POPMYIIbI, IO KOTOPHIM MOKHO UX BBIUYUCIISITH:
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XX et X
n

— cpedHee apugmemuyeckoe,

g =1{/X X, ...- X, —cpeonee ceomempu4ecKoe,

n
h= T 1 1 — cpedHee 2apMOoHU4ecKoe,
s
Xl X2 XI"I
X2+ X, + .+ X
g= — cpedHee Keadpamuieckoe.
n

PaccmoTpuM mnpuMep pelleHds 3aJaud, OpU KOTOPOW HCIOJIb3YyeTCs
HOHSITHE «CpeoHee 2apMOHUYECKoe».
IIpumep 2.1.16. B Mara3uHe nmeeTcs ABa KOHTEHHEpa C KallyCTOW, B IEPBOM
Kujorpamm 3toro osoia ctout 20 py6., Bo Bropom — 30 py6. Konrelineps
OKa3alluCh pa3HOro o0bEMa, a UX CyMMapHash CTOMMOCTb KamyCThl B HHX
oKazajach OJIMHAKOBOM. Jlanmee Bce OBOIIM MEPEMECTHIIM B TPETUW KOHTEWUHED,
rae oHu mnepememanuch. [lo Kakoil 1eHe MarasuHy CcleIyeT pealnu30BaTh
KWJIOTPaMM 3TOMCMECH, YTOOBI HE TIOHECTU YOBITKU?
Pewienue.
1 cnioco6. bynem ucxonute u3 toro, uro HOK (20; 30) = 60. Ilycts cToMMOCTB
KaIlyCThl, COJiepKallleiicss B KaKJI0M KOHTelHepe, coctasisiia 60X py6. Toraa B
NEPBOM KOHTEHEpe ObLIO 3X KT KaIyCThl, @ BO BTOPOM — 2X KI. O4eBHIHO, YTO
Macca BCEel CMeCcH paBHa S5X KT, B TO k€ BpPEMsSI CyMMapHasi CTOUMOCTb KallyCThl
B JIByX KOHTeiWHepax paBHa 120X py6. Torma meHa KwiorpamMma cMecH
COCTaBUT:

120x: 5x = 24 (py6.).
2 cmocob. Bocmonb3dyemcs  dopmynol IS BBIYUCICHUS — CPEIHETO
TapMOHHYECKOTO JIBYX YHCEI
2 2

2 .
h_l 1 1 1_£_ =2

+7
a b 20 30 6
OtBeT: 24 pyo.

2.1.11. 3a0auu c uucinom HeuzgecmHvIX, OOTLULUM UUCIA YPACHEHUIL

B HEKOTOpBIX TEKCTOBBIX 3ajJadax MOXKET MOJYYUThCS TakK, 4YTO
OJHO3HAYHOE OMNPEAECICHUE BCEX HEM3BECTHBIX U3 CUCTEMBI, MOJIYYaEMOU MOCIIE
MaTEMaTUYE€CKOW WMHTEPIPETAlUU YCIOBHHU 3aJ1a4l, HEBO3MOXHO, HO MCKOMAst
KOMOMHAIIMSI JTHX HEHW3BECTHBIX HAXOAUTCS OJHO3HA4YHO. Tak, HCXoasd U3
yno0cTBa 0003HAUYCHUH, MOXXET TMMOJYYUTHCS TaK, YTO BEIMYHMHA, KOTOPYIO
HEOOXOANMO HAWTH, MOXKET HE BOWTH B YHCJIO BBEAEHHBIX 0003HAYCHHBIX
HEW3BECTHBIX M MPEJCTABISACT COO0M KOMOMHAIINIO BBEAEHHBIX HEM3BECTHRIX. B
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ATUX CIy4asiX BBOJSTCS HOBbIE HEM3BECTHBIC (KaK B 3a/layax Ha JABUKEHUE, CM.
npumep 2.1.2, Bropoii criocod peuieHus, ¢. 44) u 3aaya pemaercs: 0JJHO3HAYHO.
B npyrux 3agadax HEoOXOJUMO MPOBECTH AHAIU3 IMOJYYEHHBIX YpaBHEHUH U
TOTJ1a, BO3MOKHO, CHEJaB COOTBETCTBYIOIIME OTPaHUYEHUS HA HEHU3BECTHBIE,
TaK)Ke yNAE€TCS MOJYYNUTh pelieHUuE. BO3MOXKHBI M CUTyallMH, IPU KOTOPBIX W3
MEHBLIEr0 KOJUYEeCTBA YpPAaBHEHHMM YyHaércs HaWTh OoJiblliee KOJIMYECTBO
HEHU3BECTHBIX.

2.1.12. 3a0auu c napamempamu

B Takux 3amadax 4yuciOBBIE JaHHBIE 3aMEHEHbI OyKBaMHM. 3ajilaya HOCUT
oO1IMii XapakTep.
IIpumep 2.1.17.0T nByX KYyCKOB CIUIaBa MaccaMH m WU K KHJIOTPAMMOB C
pPa3TUYHBIM TPOIEHTHBIM COJEPKAHUEM MEIU OTPE3aHO MO KYCKYy pPaBHOM
macchl. Kaxnpiii 13 oTpe3aHHbIX KYCKOB CIUIAaBWJIM C OCTaTKOM JIPYTroro Kycka,
[ocjie 4Yero MPOLEHTHOE COJAepXKaHue Meau B O00OMX CIJIaBax CTajo
onrHakoBbIM. KakoBa Macca KakJ0oro U3 OTpe3aHHbIX KyCKOB?
Pemenue.

3anuiieM JaHHbIE B YCIOBHUH 3a7a4M B BUJI€ TaOIUIIbI

| xycok Il xycoxk
Macca OTpe3aHHOW YacTH X KT X KT
Macca OCTaBIIEHCS YaCcTH m — X KT 1 — X KT
Macca J00aBJsieMO 4acTu X KT X KT
KOHIICHTPAIIHSI C1 C2

Tak KaK KOHIEHTpalMu (B YCIOBUM — MPOILEHTHOE COAEPKAHUE) MEIU B
o00MX TONYYMBIIMXCSA B pe3ylbTaTeé BCEX JEHCTBUU CIUIaBax CTajo
OJIMHAKOBBIM, TIOJIy4aeM yYpaBHEHUE:

a(m—x)+c,x  c,(n—x)+cx
m n '

PackpeiBaeM CcKOOKM, TpynmupyeM TOJO0OHBIC ClaraeMble, BBIHOCUM

o0IMe MHOXKHUTEIH 32 CKOOKH, MOTydaeM:

(c,—c)(x(n+m)—nm)=0,=x = nm

n+m
¢, # ¢, IO YCIIOBUIO 33/1a4H.

OtBeT: x=

n+m

9 nm
[lonyueHHbli pe3yNnbTaT HE MOpenanojaraeT uccienoBanus. [poOb

n+m
CYIIECTBYET BCErJa U HUKAKUE OTPAaHUYCHHUS 371eCh HE TpeOyIoTCs. 3anmnchiBaTh
yClaoBUE nm<n+m HEe HY)KHO, TaK Kak a0COIIOTHO O0€3pa3IMnyHO, B KAKOM BHJIE
MPEICTaBISAINCh B 3a7jau€ KOHIIGHTPAIIUU ¢; U ¢,— B BUJE JIECATUYHBIX APOOECH
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WU TpoleHTOB. YcioBue n+m=#0 Takxke umiHee (Macca — BeJIMYUHA
HEOTpULIATETbHAs).

3amaun ¢ mapaMeTpaMu MOTYT OBbITh W JPYrux TUMOB. PemieHue Takux
3a/lay BKJIIOYAET aHalIM3 Ha pPa3peliuMOCTh M, YacTO, HAa OJIHO3HAYHOCTb
pemenus. To ecTb, BBISICHACTCS, MPU KaKUX YCIOBUSX 3ajJlaya C MapaMeTpoM He
MMEET pelIeHUs, WMEET EIUHCTBEHHOE pEIICHHE WM HUMEEeT MHOMXECTBO
peLIeHUN.

[To TemaTuke 3a1a4u 3TOTO TUIA MOTYT OBITh COBEPIIEHHO Pa3IMYHBIMHU.

B xonme camoro pemeHus 3aJaud BO3HHUKAET MHOI/IA MOTPEOHOCTh
HAKJIaJIbIBaTh HA MapaMeTphl ONpeeéHHbIe OTPpaHUYEHUs, Ui (HOPMYJIUPOBKA
yCIIOBUS 337]a4i HE MO3BOJISIET OJHO3HAYHO COCTaBUTh Bce ypaBHeHus. Ho yaie
Bcero TpeOyeTcss wuccnegoBaTh camo pemenHue. Kak mnpaBuiio, ObIBaer
HEO0OXOAMMO HANTH MUHUMAJIBHOE W MAaKCHMAaJIbHOE 3HAUYCHHE HENPEPHIBHOU
muddepeHnupyemMoit GyHKIMH, OTPEICTSIONICH pelIeHUE 3a/1aud Ha HEKOTOPOM
UHTEpBaJIe M3MEHEHUS aprymMeHTa. IJTO MOXKHO CJIeJlaTh, HE UCIOJb3Ys
npou3BOoAHYI0. Tak, B HaXOXJICHUM HAUOOJBIIUX W HAWMMEHBIIUX 3HAYCHUU
MIOMOTAIOT CBOWCTBA (DYHKIIMNA M WHBIE COOOpaKEHUS, HAPUMEP, HEPABEHCTBO
Kommu

a+b=2Jaba=0,b=0.
C 9Toi 11e7TbI0 MOXHO MCTIOIh30BaTh CIAEAYIOIINE MOJOKEHUS:

1) ecnu I BCEX 3HAYEHHMH X U3 HEKOTOPOro IMPOMEXYTKa X CIpaBeIuBbI
nepasenctBa f(x) > A, g(x) < Arme A4 — HEKOTOpOE 4YHUCIO, TO Ha

mHOxecTBe X ypasuenue f(x) = g(x) pelenuii He UMeeT;

2) eciny JUIS BCEX 3HAYEHHMH X M3 HEKOTOPOIO IPOMEXYTKa X CIIPaBeINBEI
nepaBenctBa f(x) = A, g(x) = Arne 4 — HEKOTOpOE 4YHUCIO, TO Ha

f(x):A,_
g(x)=A"

3) nmycTh f(x) — HEOpPEPBIBHAS M CTPOr0 MOHOTOHHAS (DYHKIUS Ha IIPOMEXKYTKE

mHoxecTBe X ypaBHenue f(x) = g(x) paBHOCHIBHO CUCTEME

X, Torna ypaBHeHHE f(X)=a, Il€ @ — 3aJaHHOE YKCJIO, MOXKET UMETh HE
0oJee OJTHOTO PEIICHUs Ha IPOMEXKYTKE X;

4) mycth f(x) WMg(x) —HENPEpHIBHbIC Ha TPOMEKYTKEe X (QYHKIHH, TPUIEM
f (x) cTporo Bo3pacTaeT, a g(x) — CTPOro yObIBaeT Ha MPOMEXKYTKE X, Toraa
ypaBuenue f(x)= g(x) moxer uMeThr He Oojee OJHOIO peElIEHHMS Ha
MPOMEKYTKE X U JIp.

Cnenyer TIOMHHWTH, HampuMep, YTO JpOOHO-IWHEWHAas (QyHKIHsS
MakCUMaJIbLHOE ¥ MHHUMAJIBHOE 3HAYE€HHUSI HMEET Ha KOHI[aX HWHTEPBAJIOB
HEMPEPHIBHOCTH.

B Oonee cnoxHbIX ciaydasx (YHKIOUIO HCCIEAYIOT C MOMOIIbIO
npous3BoAHOU. Jlanee B Xoa UWAET NPaBWIO OTHICKAHWS MAaKCUMYMOB H
MHUHHUMYMOB (B HEKOTOPBIX CIy4asiX Ja)k€ C MOMOIIbI0 BTOPOW MPOU3BOAHOMN).
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3amMeTuM, 4TO €CIU 3HAYC€HHE BTOPOM MPOU3BOJHON B TOUKE PABHO HYJIO, TO
JKCTPEMYMA B OTON TOUYKE HET.

Boob6mie, 3amaun Ha OTBICKAHHME IKCTPEMYMOB (DYHKIMU, HAXOXKICHUE
HauOOJBIINX M HAUMEHBIIUX 3HAYCHUN OO0BEAUHSIOTCS B ocoOyio rpymmy. B
dbopMyTUpOBKE TakoOW 3agayd  OOBIYHO COJEPIKUTCA YCIOBHE, KOTOPOE
yIOBJIETBOPSIETCS] TOJIBKO MIPU PEIICHUH 3a]1aud Ha HAXOXKJICHUE HauOOIBbIIUX U
HAUMEHBIINX 3HAYEHUH.

B takux 3amauax 4acTo NpuUXoAUTCS paccCMaTpuBaTh QYHKIIMIO BUAA

y = bx +2.
X
Ota yskius npu X>0umeer MUHUMYM Y= 2+/ab, KOTOPBII TOCTUTAETCS

a ~
npu x = J;.Hpn Xx<OumeeT MUHUMYM Y= —2+/ab, KOTOPBI AOCTUTAETCS TPU

X=—I7.
b

Ilpumep 2.1.18./[Ba mapoxoja JABMKYTCS HABCTpEUy JAPYT APYTY B TyMaHE C
OJIMHAKOBOW CKOpPOCTBhIO Vo. Ha paccrosHum 4 KM MEXIy HHMH KallUTaHbBI
BKJIIOYAIOT HAa HEKOTOpOe BpeMsi oOpaTHblii xon ¢ yckopenue 0,1 m/c?. Kakosa
HauOOJbIIas CKOPOCTh MAPOXOJIOB, IPU KOTOPOW OHU HE CTOIKHYTCS ?
Pemenue.Mcxons U3 ycioBus 3aja4i, Mbl IIpeaIoiaraeM, 4rto B 3ajaade Oyjaer
OCYIIECTBIISITHCS TIOMCK HAWOOJBIIETO MM HAaUMEHbBIIEro 3HaueHus (YHKIUU.
Oto OyAeT 3aBUCETh OT TOTO, YTO Mbl BHIOEpEM B KauyeCTBE MEPEMEHHON —
CKOPOCTb WJIH BPEMsI.

UToOBI HE CTOJIKHYTHCS, KaXAbIA U3 MAPOXO0B JIOJDKEH MPOJenaTh MyTh
He OoJiee, a TydIe CTPOTO MEHBIIIE,ABYX KMIOMETPOB.

I[Iycte t — BpeMs, OTBEAEHHOE KaXJIOMy W3 MOE3A0B [0 IMOJHON
OCTaHOBKH.

Tak kak NIBM)KEHHE MPOUCXOJUT C YCKOPEHHEM (KalHuTaHbl BKIIOYAIOT

oOpaTHBIN X01T), TO UCIIONIB3YyeM (OPMYITY IBUXKEHHUS C YCKOPEHHEM.
2

S=v0t—0,l-% <2

BripaxaeM HCKOMYIO CKOPOCTb Vo U3 3TOTO HEPABEHCTBA!
2 t
Vo <—+—.
t

Tenepb Mbl HAUMHAEM UCKATh HAUMEHBIIEE 3HAYEHUE (DYHKIMN
fty=2+1
t 20
HOI/ICK HAUMCHLIICI'O 3HAUYCHUA OcyIHeCTBJIﬂeTC}I B CBA3U C TEM, UTO OTa
GyHKIUSA OT mepeMeHHON t, OT BpeMeHH. A BpPeMsi U CKOPOCTh — BEIMYHMHBI
00paTHO MponoplroHanbHbe. HanMeHbleMy BpeMeHH OYIeT COOTBETCTBOBATh

HanOOJIbIIast CKOpPOCTB, €CJIN BCIMYHHA IIYTH HC MCHACTCA.
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[IpeoOpaszyem aHanmuTUyeckoe BbIpakeHue dTod (yHkiuu. Ilensb
BBINIOJIHSAEMBIX MPeoOpa3oBaHUN Clenylolas — MPEeACTaBUTh AHATUTHYECKOE
BBIpAKEHHE (PYHKUMU B TAKOM BHJE, YTOOBI MOKHO OBUIO 0€3 MCIOJIb30BaHMS
MPOU3BOJHON, MO BHUAY BBIPAKEHHUS, MOKAa3aTh, YTO (PYHKIHUS OrpaHUYEHA
cHu3y. [ns sroro Hambonee MOAXOMUT MPENCTABICHUE B BHUJAE CYMMBI ABYX
HEOTPULATEIBHBIX CJaraéMblX, OJHO M3 KOTOphIX — uucio. Torma Jerko
JienaeTcs BbIBOJ, UYTO Takas CyMMa NMPUHUMAET HAaUMEHbIIEE 3HAYEHUE B TOM
cllydae, Korja cllaraéMoe, CoJeprkallee NepeMeHHY10, paBHO HYJIIO.

2,0t (1 ) (LY, (M)
f(t)_?+%_2(t+40)_2 (»\/t_j + T

2

_zif_i\/t_+«/f PR

N T 20 T 2vio ) T 2o
:21J2+1:2 J

K 210 V1o Ji0
Vi, [

= — +

Tﬁ 10
g Y [a

OyHKIHUSA f(t)=2 ﬁ - m + 10 TPUHUMACT  HaMMEHbIuee

3HAYCHHE, C€CITM BRIPAKCHHE B CKOOKAX paBHO HYJIIO, TO €CTh:
1 Wt 1 Wt —
__—:O’:>—:—’Z>t:2 10-
Jto 2410 Jto 2310

Temepr mojcTaBisieM 3TO 3HAUYEHUE B HEPABCHCTBO, CBSI3BIBAIOIICE
CKOPOCTh M BPEMSI:

2 2J_ 20+20
2-\/_ 20\/_ \/_ \/O_M/C

2 t
V, <—+—,
t 20

=0,72J1_o(w/q).

OTBET: CKOPOCTH apOX0A0B He JoipkHa npesbimath 0,7 2v10KkmM/4.

3amMeTuM, 4YTO 3TOT K€ Pe3yJbTaT Mbl MOTJU Obl MOJYYHTh, UCIONB3YS
MPEITOKEHHYIO IO TIOCTEAHETO TpruMepa (POPMyIIbI.

OO0mrast 3aKOHOMEPHOCTh PEIICHUS COCTOMT B CIICAYIOIIEM — CHadaja
BBISIBJISIIOTCS BBIPAXKEHUS, TIPEIETIbl U3BMEHEHUS KOTOPBIX MO3BOJISIOT AaTh OTBET
Ha BOMPOC 3aJayd. 3aTeM BBOJAMTCS MapaMeTp, OT KOTOPOrO 3TO BBIPAXKEHHUE
3aBucut. Kak cnenctBue, Bo3HUKAeT (DYHKIUA, JJIS KOTOPOM OTBICKHBAIOTCS
HauOoJbIllee ¥ HAUMEHbIIIEE 3HAUYCHUsS, B OOJIBIIMHCTBE CIy4aeB C MOMOIIBIO
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NpOU3BOAHOM. B psAxe caydyaeB 1O yCIOBUIO 3aJaud  COCTABIISIFOTCS
nuddepeHuanbHble ypaBHEHMsI, B KOTOPhIE BXOJUT Kak camMa (yHKIHS, TaK U
e€ MPOU3BOJHAS WIM TIOJYy4aeTCs CHCTEMa, OTHOCSIIAsACS K JIMHEHMHOMY
MPOTrpaMMHUPOBAHUIO.

2.1.13. Pa3zusie 3a0auu Ha cocmaenenue ypasHeHu

B 3amauvax, He OTHOCAIIMXCS K ONPENEIEHHONW TEMAaTUKE, HEU3BECTHBIC
BBOJSTCS TIO HEOOXOIMMOCTH, TO €CTh, MCXOJs M3 YycioBus 3agaud. Hamo
KQ)KJI0€ YCJIOBHE IOMBITAThCS PEANN30BAaTh B BUAE YPABHEHUS, CBA3BIBAOLIETO
BBE/IEHHBIE HEU3BECTHBIE. 3aMETUM, YTO IOJYYAIOIIHECS YPABHEHUS MOTYT
OBbITh JTOBOJIBHO CIOXHBIMU. Kpome TOro, ux pemeHue MOXET ObITh
HEOJIHO3HAauHBIM. Torma, McXols W3 YCIOBHUS 3ajJauyd, HEOOXOIMMO BHIOPATH
HY>KHOE.
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