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INPUMEHEHUE UHBAPUAHTHOCTH ®YHKIIUN
K PEIIEHUIO YPABHEHUM U CUCTEM YPABHEHU

B sTOoM paspene OyayT pacCMOTpPEHBI YpaBHEHUSI MU CUCTEMbl YPAaBHEHHH C
napaMeTpaMH, KIIOUYEBBIM  MPU3HAKOM KOTOPBIX  SABJISETCA HWHBAPUAHTHOCT.
Tunuunsle GOpMYTUPOBKUM TakuX 3aaad ciaeayromue: «Hatoume 6ce 3HayeHus
napamempa @, npu  KOMOpwLIX YPAGHeHUe (Ul CUCmeMa YPAGHEHUll) umeem
eouncmeennoe peuwienuey. CIOBO «EAMHCTBEHHOE» B (OPMYIUPOBKE TaKUX 33434
ABJISIETCSl KIIO4YeBbIM. OHO, Kak MpaBWIO, CIYXUT CHTCHAJOM [JIsi MPOBEPKU
YpaBHEHUS, HEPABEHCTBA MIIM CUCTEMbl YpABHEHUWU HA HWHBapUaHTHOCTb. CIIOBO
«MHBAPUAHTHOCTHY 03HAYAECT «HEU3MEHHOCTh». B MaTemMaTuke 1noJi ”HBApUaHTHOCTHIO
MOHUMAETCS HEeUIMEHAEMOCHb KAKUX-TUOO 8bIPANHCEHUU C NEPEMEHHbIMU U (DYHKYUL
nO  OMHOWEHUI0 K KAKumM-1u60 TIpeodpa3oBaHUSIM HAO JdMUMU  CAMbIMU
nepemeHHbIMU.

CaMbIM IPOCTBIM IIPUMEPOM HMHBAPHAHTHOCTU SBISETCS YETHOCTh (DYHKIIUH:
ecn Y= f(X) sBusercs dwerHoit ¢yHkumeil, To 3Ta (yHKUMS HHBapHaHTa
OTHOCHUTEIBHO 3aMEHbl X Ha —X, T.€. €CIM 3HAYCHUE X, SBIAETCS PpELICHHEM
ypaBHeruss f(Xx)=0, To u 3HadeHHe —X, TaKxke OyJeT SBISTHCS €O PEIICHHEM,
mo3TOMy 4T00B! ypaHeHue f(X)=0 HMeIO eIMHCTBEHHOE pEIICHHUE, HEOOXOIMMO
4T00BI X, =0.

Hanpumep, ypaBHeHHE f(x)+f(b—x)=0 (rme b — mnpoussonbHOE
JEeHCTBUTEIBHOE YHCIIO) HE HM3MEHUTCS OT 3aMEHBl X Ha D —X, ModToMy ecim X,
SBJIICTCS PEIICHUEM 3TOr0 YpaBHEHHs, TO U D—X, Takke OyaeT SBISATBCSA €ro

peweHreM, mo3ToMy utobbl ypaphenne f(Xx)+ f(b—x)=0 wumeno exuncreHHOE

perieHne, HeoOX0AUMO YTOOBI X, =b — X, T.e. X, = 5

Cucrema ypaBHEHUN MOXKET ObITh MHBAPUAHTHA OTHOCUTEILHO 3aMEHBI X Ha —X
(B 9TOM city4ae JjIsi €IMHCTBEHHOCTH pelieHrs HeoOxoaumo 4toosl X =0), 3aMeHsbI Y
Ha —Y (B TOM ciyd4ae Ui €IUHCTBCHHOCTH pelIeHHsS HeoOxomumo uToOel Y =0),

3aMeHbl X Ha Y, a Y Ha X (B 3TOM cjyd4ae I €IMHCTBEHHOCTH PEIIEHUS HEOOXO0IUMO
4TOOBI X =Y ).

BBIBalOT 1 MEHEEe OYEBUAHBIE MHBAPUAHTHOCTH HAXOXKJACHUE KOTOPBIX SIBIISETCS
JOCTAaTOYHO CJIOKHBIM TpoleccoM. TakuMm o0pa3om, eciid B GOpMYJIHPOBKE 3a7auu
TpeOyeTcs HalTH 3HaYeHUE Mapamerpa a, NPU KOTOPBIX pEIIeHHEe €AMHCTBEHHOE,
HY>KHO MPOBEPUTH HE 001a/1aeT JIu YpaBHEHHUE, HEPABEHCTBO WJIM CUCTEMA YpaBHEHUMN
CBOMCTBOM MHBapHMaHTHOCTU. B ciydae, ecnm ynanoch HaTH 3aMeHy B pe3yJbTaTe
KOTOpPOM ypaBHEHHE HE U3MEHWJIOCh, TO CIEAyeT pelaTh 3aaady MNpUIepKUBasCh
CJIEIYIOLIETO ajJropuTMa:

1)  HaiTH KOpEeHb, KOTOPBI MOXKET ABJSATHCS €AMHCTBEHHBIM PEIIICHUEM;
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2)  TOJACTaBUTh HANJEHHBIH KOPEHb B HCXOJHOE ypaBHEHHE, HEPABCHCTBO
HIIA CHCTEMY YypaBHEHHH W HAWTH COOTBETCTBYIOIIHME 3TOMY KOPHIO 3HAYEHUS
napameTpa. Kazamocs Obl, mapaMeTpsl HaiiIeHbl U MOKHO HX 3aIMCHIBATH B OTBET, HO
HUKTO HE TapaHTHUPYeT, YTO IPH OTHUX 3HAYCHHSAX IapaMETPOB pEIleHHE OyaeT
€IMHCTBCHHBIM. HalileHHbIE Ha 3TOM JTalle 3HAYEHHs IapaMerpa HPEACTaBISIOT
cO00ii JIMIIL TaK HAa3BIBAEMOE HE0OX00UMOe YCAOBHE €AMHCTBEHHOCTH PEIIEHUS, HO, K
COXKAIICHHIO, He 0CTATOYHOe!

3) mpoBepka Ha JOCTATOYHOCTBH. KaXI0€ U3 HaWICHHBIX 3HAYEHUI
mapaMeTpa IMOJCTAaBIsAEM B HCXOAHOC YpaBHEHHE, HEPABEHCTBO WM CHCTEMY
ypaBHEHHM. PemaeM UCXOMHYIO 3a/1ady Ui KaKJIOTO TAKOr0 3HAYEHHUsI MapameTrpa H
yCTaHABJIMBAE€M, CKOJBKO PEIICHHH B KaXJIOM Ciydae mojiydaercs. Te 3HaYeHHS
napameTpa, MPH KOTOPBIX 3a/aua UMeeT 00Jiee 0JHOrO PEIICHHUs, OTOPaChIBaEM.

[Tyukt 3 B MOAOOHBIX 3a7a4yax 3a4acTyi0 HanOosee TPYAOEMKHUI, TOTOMY YTO
JaleKo0 He BCEerga IPH STOM IIOJAYYaloTCs ypaBHEHHMS U CHCTEMbI YpPaBHEHHI,
pelaeMble CTaHIAPTHBIMU alreOpandecKuMu peoOpa3oBaHusIMu. YacTo MpUXOIUTCS
UCTOJb30BaTh  CBOMCTBA ~ MOHOTOHHOCTH W OTPAaHMYCHHOCTH  (DYHKIIWH,
paccMOTpeHHbIC B npeabiayiiem pasaeie (https://math100.ru/prof-ege 2022 17-6/).

H[}I/IMCQ 1. HaﬁI[I/ITC BCC 3HAUCHHUA IIapaMcTpa a, IIpu KaXIAO0M H3 KOTOPBIX
ypaBHEHHE
x* —2asin(cosx)+2=0
HMCECT CAMHCTBCHHOC PCIICHHUC.
Pemenue. 3aM€TI/IM, yTO €CJIn XO ABILICTCA  PCIICHUCM HCXOIHOI'O

YpaBHCHUA, TO U —X0 TAaKKC SBJICTCA PCHICHHUCM, T.C. YPAaBHCHHWC HWHBAPHAHTHO

OTHOCUTEIBHO 3aMeHbl X Ha —X. Jld eIMHCTBEHHOCTH pEHIeHUs HeoOX0IUMO
BbInosiHeHUe ycnoBuss X, =0 (myHkT 1). IloxncraBiss 3T0 3HaueHUE X B MCXOJHOE

YpPaBHEHHUE, MTOJYyYUM 3HAYEHUE NTapaMeTpa a = St KOTOPOE€ SBIBIETCS «KAHAUAATOM
Sin

B oTBeT» (myHKT 2). IloacTaBuM HalijIcHHOE 3HA4Y€HUE MapamMeTpa B HCXOIHOE

, 2sin(cosx)

ypaBHEHHE: X +2=0. Ocrasnoch BBISICHUTH: UMEET JU TMOIYyUYECHHOE

sinl
ypaBHeHue enie kopHu kpome X =0 (mynkt 3)? g 5TOTO mEpenuineM IMOoCceaHee
X 2sin(cosx)
ypaBHEHUE B BUjaC: X +2= el JleBast 4acTh 3TOTO ypaBHEHUS MTPUHUMACT
SIn

3HAYCHMS [ 2;00). Pazbepemcs ¢ mpaBoit 4acThiO: COSX NPUHUMAET 3HAYCHUS [—1;1] :
CIIe0BATEIIBHO, SIN(COSX) NPUHUMACT 3HAYCHUS [—Sinl;sinl], a BCS TIpaBasi 4acTh

MOCJICAHETO YPABHEHUS NMPUHUMACT 3HAYEHHS [—2;2]. CrnenoBatenbHO, TOCJEIHEE

ypaBHEHHUE BHITIOJHACTCS TOJIBKO B ClTydae, €CJIU €ro JieBas M MpaBasi YaCTH PaBHBI 2, a
ATO BO3MOXHO ToJIbko Tipu X =0. Takum 00pa3om, UCXOJHOE ypaBHECHUE HMEET

CIMHCTBCHHOC PCIICHMUE TOJBKO IIPHU A = —1 .
Sin
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[Tpumep 2. Haiimute Bce 3HaueHHUs HapaMeTpa a8, IpU KaXJOM M3 KOTOPBIX
CUCTEMA YpAaBHECHUM

a(x*+2)=y—|x|+5,
x> +y*=25
MMEET €JIMHCTBEHHOE PEIICHHE.
Pemenue. 3aMmerum, 4to eciu mapa 4ucel ( Xo;Y,) SBISETCS pelIeHHeM
JJaHHOI cucTeMbl, TO napa (—X,;Y,) — TOXe ee PeLICHHE, T.e. CUCTeMa ypaBHEHHI

WHBApUAHTHA OTHOCUTENIBHO 3aMeHbl X Ha —X. JIJIs €IWHCTBEHHOCTH pelIeHUs
HE0OXOIMMO BbIoNHeHHe ycnoBus X, =0 (myHkr 1). [loxacraBmss o370 3HaueHHE X B

HCXOJTHYIO CHCTEMY, IMOJy4aeM HEOOXOIMMbIe 3HaueHus mapamerpa a=0 m a=95,
KOTOpPBIE SBJSIOTCS «KAHIUATaMU B OTBET» (IIYHKT 2).
Baxno noHmMmaTth, uyTo ycinoBue X,=0 sBisgercs HEOOXOAMMBIM, HO HE

ABIISIETCS AOCTATOYHBIM. J[OCTAaTOYHOCTH MPOBEPHUM IMOACTaHOBKOM 3HaueHnd a =0 u
a=>5 B UCXOJIHYIO CUCTEMY (IYHKT 3).
[TIpu a =0 cucrema mpuHUMAET BUA

y=|x|-5,
x* +y* =25,
13 KoTopoi cienyer tpu pewenust ( 0;-5),(5;0),(-5;0).
[Ipu a=5 cucreMa NpUHUMAET BUJ
a(x’ +2): y—|x|+5, o y =5x*+|x|+5,
x* +y>=25 y’ =25-x°.
13 nepBoro ypasHenus Y>5, a u3 Broporo |y|<5. CienoBareisbHo, napa 4ucen
( 0;5) SBJISICTCS €IMHCTBCHHBIM PEIICHHUEM. TakuM o00pa3oM, HCXOAHas CHCTEMa

MMeeT €IMHCTBEHHOE PelIeHne Ipu a =>S.

[Ipumep 3. HaliguTe Bce 3HA4YEHUs MapaMeTpa a, HNpH KaXIOM H3 KOTOPBIX
YpPaBHEHUE

x*+(a-3)" =|x—a+3|+|x+a-3

MMEET €INHCTBEHHOE pEeIlIeHHE.

Pemenue. OOGo3HaunmM a—3=Db, Torma ypaBHCHHE MPHUMET CIICAYIOIIHMMA
Bux X' +b®—|x—b|-|x+b|=0. Paccmorpum byHkimio

f(x)=x*+b*—|x—b|—-|x+b|

KOTOpAs SIBJISIETCS YETHOM. J|eHCTBUTENBHO:

f(—x)=(—x)* +b? =|=x=b|—|=x+b|=x* +b* —| x+b|-|x—b]|= f ().
CrenoBaTenbHO, €CIU X, SIBISCTCS PEIICHHEM YPAaBHEHHS, TO U —X, TaKKe SBIAETCA

pelieHreM, T.e. ypaBHEHHWE HWHBAPUAHTHO OTHOCHUTENIBHO 3aMeHbl X Ha —X. Jlud
€IMHCTBEHHOCTH PEIIECHUS HEOOXOAMMO BBINOJHEHHE yciaoBus X, =0 (myHKT 1).

TToscTaBIsAs 9TO 3HAYEHHE X B TIOCTIEHEE YPAaBHEHHE, TOTydnM b’ — 2| b | =0, oTkyna
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‘b ‘(‘ b ‘ - 2) =0, b=0, b,=2, b,=-2 (myskr 2). Ocranoce HaiieHHbIC 3HAYCHUS D
MOJICTaBUTH B MOCJIEAHEE YPABHEHHUE U OMPEEITUThH CKOJIHKO OHO MMEET PEIICHUH TPU
KaXaoM 3HadeHnn b (myskT 3). Ecim b=0, To momydum ypaBHeHme X' —2| X|=0,

KOTOPO€ MOKHO 3aIlicaTh B BHUJE ‘X‘4—2‘X‘:0 WA |X|(|X|3—2):0, OTKYyJ1a

X =0, X, = -32, Xy = 2. Crnenosarenso, npu b=0 ypaBHEeHHE uMeeT TpH
pelIeHus, TOATOMY 3TO 3HaueHHe D He yIOBIETBOPSET yCIOBHUIO 3amaun. Ecmm b =2
wid b=-2, To NOJy4uM OJHO U TO K€ ypaBHEHHE X +4—‘ X—Z‘—‘ X+2‘:0,
KOTOPOE PEIIMM METOOM HMHTepBanoB. Ecim X<—2, To X'+4+X—-2+X+2=0
win - X' +2x+4=0. Ham Tpebyercs OIpedenuTh UMeeT JIH MocieaHee ypaBHEHUE
pemeHus npu X <-—2. IlepemucaB ero B Buue X(X3 + 2) +4=0, MOXHO cCHelIaTh

BBIBOJI, YTO MHOKHTEH X U X° + 2 TIPU X < —2 OTPHUILATEIBHBI, TI03TOMY X(X3 + 2) >0

v npu X<-—2 pemenuil Her. Ecim —2<X<2, 10 X'+4+X-2-x-2=0 wum
x* =0, KOTOpoe MMeeT eAMHCTBEHHOE pelreHne X =0, YIOBIETBOPSIOIIEE YCIOBHIO
—2<x<2. Ecmu x>2, T0o X'4+4-X+2-x-2=0 wmm x'-2x+4=0.
ITepenucas ero B BUzE X(X3 - 2) +4 =0, MOXHO CACIATh BBIBOJI, YTO MHOXKHUTCIIH X U

x*—2 mpu X >2 MONOKHUTENBHEI, TOITOMY X(x3 — 2) >0 mnpu X > 2 penieHuil HeT.

CrnenoBarensHo, mpu b=2 u b=-2 ypaBHeHHe mMeeT oJHO pelnieHue. Bo3Bpaiasics
K 3aMeHe a—3=Db, nomyyaem a, =5 u a, =1.

[Mpumep 4 (EI'3 2018). Haiinute Bce 3HAYCHUS MapameTpa a, Ipu KaxIOoM H3
KOTOPBIX CUCTEMa YpaBHCHUI
{XZ 4 yz _ az’

xy=a’—-3a
MMEET POBHO JIBA PA3JINYHBIX PENIEHHUS.
Pemenne. 3amernm, 9ro eciu mnapa ducen ( X;Y,) SBISETCS PELICHHEM

nanHOl cucteMsl, To mapsl ( Yo%), (—Xoi—Yo)s (= Yoi—X,) — TOXe ee peureHus,

T.e. CUCTeMa ypaBHeHUM Oynetr umeth 4 pemieHus. [TockosibKy MO yCIOBHUIO 3aaduu
pEelICHU JODKHO OBITh JiBa, TO TOJIYYCHHBIC Maphl JIOJDKHBI COBHaAaTh. Bcero
BO3MOHO 6 BapUaHTOB. PaccMOTpUM KaxAblid cliydail OTAEIBHO:

1) ecm (Xo;yo)z(yo;xo), TO X, =Y,. Torma cucrema ypaBHEHUN IPUMET

2x* =a’, . a=0,
BHI 4 , U3 koropoit: a”-6a=0 < [lpu a=0 cucrema
X“=a’—3a. =0.
2 2
X“+y =0,
MPUMET BUJ 3 KoTopas uMeer ojnHo pemieHue X=Yy =0, T.e. a=0 He
Xy =

x* + y* =36,

YAOBIIETBOPSIET YCJIOBHIO 3adaun. [Ilpy a=6 cucrema npumMer BUj { 18
Xy =
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KOTOpAasi UMEET JIBa PEIICHUSA (\/]E\/E), (_\/E;_\/]E), T.e. @=0 yIOBIETBOPSET

YCJIOBHIO 33/1a4H;
2)  ecmu (Xo;Yo)=(—%:i—VY,), TO X, =Y,=0. Torna a=0, 310 3HaucHHE

mapameTpa pacCMOTPEHO B IIEPBOM cIydae;
3) ecmm (XYo)=(—Yoi—%), TO X, =-Y,. Torma cucrema ypaBHeHuit
a=0,

U3 xotopoit: 3a°-6a=0 < { 5 3nauenue a =0
a="<c.

2x% = a?,
HpI/IMeT BHUI:

—x?=a’-3a.
X+ y* =4,

paccMOTpeHO B mepBoM ciydae. [Ipy a=2 cucrema npuMer BUT { 5
Xy =—
KOTOpasi UMEET JBa pelIeHUs (\/E;—\/E), (—\/E;\/E), T.e. a=2 YyAOBICTBOPSCT

YCIIOBHIO 33/1a4H;
4)  ecmn (Ygi%)=(—Xoi— Yo)» TO Xy =—Y,. CMOTpH TpeTHii cirydaii;
5)  ecint (YoiXo)=(—Yo:i—X,), TO X, =Y, =0. CMOTpPH BTOpOI Ciryuaii.
6)  ecumu (—Xoi— Yo)=(—Yo:—Xo)> TO X, = ¥,. CMOTpH HepBBIii ciryyaii.
Takum 00pa3oM, UCXOIHAsi CHCTEMA YPABHEHMI MMEET POBHO J(BA Pa3IMUHBIX
peuieHuss npu a=2 u a==6.

HpPIBGI[CHHBIﬁ BBIIIC IIPUMCP IIOKA3bIBACT, YTO IIPUMCHATH HHBAPHAHTHOCTDH
MOJKHO HC TOJIBKO B 3a/la4ax, ra¢ pCuIcHUC JOJIKHO OBITH CAMHCTBCHHBIM.

IIpumep 5. Hailinure Bce 3Ha4YeHUs MapaMeTpa a, HNPH KaXIOM M3 KOTOPBIX
YpaBHEHHUE

_ 2 TIX X
9*1.3" ra*+5a%+a++/2 :S|n7+cosj+3
NMECT CIMHCTBCHHOC peHleHI/Ie.

Pemenne. O6osHaumm b=a’+5a’°+a wu mpeobpasyeM ypaBHEHHE
CJIeIyIOUM 00pazoM:

9.3%.3" +b+2=42 Qsinn—x+£cosn—x +3
2 4 2 4

9.3 4 p+2=4/2 sinzsinn—x+cos£cosn—xj+3
v2 \/_( 47 4 477 4

9-3X(X‘2)+b+\/§=x/§cos(%x—gj+3

9.3(<2) +b+\/§=\/§cos(%(x—l)j+3.

[locnennee ypaBHeHHME HE W3MEHUTCS, €CIM 3aMEHUTh X Ha 2-—X.
JleCcTBUTENBHO:
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9.3°NE2) L p 4 2 = \/_cos( (2—x- 1)j+3
9.3 4 h4+4/2 = \/_COS( (1 x))+3
9-3X(X‘2)+b+\/§:\/§cos(%(x—l)j+3.

CrnenoBaTesbHO, OHO MHBApUAHTHO OTHOCUTENIBHO 3aMeHbl X Ha 2—X. [lns
€IMHCTBEHHOCTH PEIICHUsI HEOOX0IUMO BHITIOTHEHUE YCIOBUSA X =2 — X, OTKyna X =1
(myukt 1). IloacraBmsis 3TO 3HaYeHHWE X B MOCIEAHEE YpPAaBHEHHE, IOJIYyYUM

3+b+2=+2+3, orkyna b=0 (mymkr 2). TlogcraBum b=0 B mocnemHee
ypaBHEHUE U BBISICHUM CKOJBKO OHO MMEET PEIICHUH MPH 3TOM 3Ha4eHuH D (yHKT 3):

3.30Y 4 2= \/_COS( (x— ))+3

OneHuM JIEBYIO W MPaBYI0 YAaCTH MOCIEIHEro YpaBHEHHs (CM. MpeAbLIyIIUN

2
paznen). Tak kak (X—l) >0 wu 3HAYCHHS KOCHHYCa [—1;1], TO JeBasg 4YacTh

MIPUHUMAET 3HAYCHUS [3+\/§;oo), a mpaBas [3—\/5 ;3+«/§]. 3HAYUT, MOCJIEIHEE

YpaBHEHUE, COTJIACHO YTBEPKICHUIO 3 U3 MPEIbIAYIIErO pa3eia, CBOJUTCA K CUCTEME

YpaBHEHUI
3.30Y 1 223442,

\/_cos( (x— 1)j+3 3+4/2.

KopHem mnepBoro ypaBHEeHHUsi sBisieTcs X =1, KOTOpBIA YIOBIETBOPSET H
BTOpOMY ypaBHeHHIO. CiiefioBaTenibHO, Mpu D=0 ypaBHEHHE UMEET OJHO PEIICHHE.

Bosppamasice k 3ameHe b=a’+5a’+a HaifneM 3HaueHHme TapameTpa  d.

5+421
3

a’+5a°+a=0 orkyma a=0 u a=

[Ipumep 6. HalimuTe Bce 3HaueHUs MapaMeTrpa a, NpH KaXIOM M3 KOTOPBIX
cUCTEMa YpaBHEHUN

1
- 2
2*+2* =(|a]-3) +cos’y +4,
2
I 2
yi—ny+— |22 +z2°—Za’z+a+4=0
4 9
HMCET CIMHCTBCHHOC PCHICHUC.

Pemenune. Cucrema ypaBHEHHd HE W3MEHHUTCS NPU 3aMEHE X HA —, T.C.
X

. 1
CUCTEMa YpaBHCHHMHM HWHBAapHMaHTHA OTHOCHUTCIBHO 3aMEHBbI X Ha —. CJ'IC)IOB&TCJ'IBHO,
X
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. 1
HCXOOHass CHUCTEMaA YPAaBHCHUHU 6y,H€T HMETh CIMHCTBCHHOC PCIICHHUE, €CIIM X = —
X

(myHKT 1), otkyna X ==x1. PaccMoTpuM Kaxkaplid KOpeHb OTHenbHO (IyHKT 2). Ilpun
2
X =—1 nepBoe ypaBHEHHE CUCTEMBI IPUMET BH/T (|a| — 3) +cos’ y+3=0, koTopoe He

UMEET PELICHUM, T.K. IIEPBbIC [[BA CJIAra€MbIX B JIEBOW 4aCTH HEOTPULATEIbHBI U JIeBas
4aCTh NPUHUMAECT 3HAYEHUS [3;00) , T.6. He MOXeT paBHATbCs 0. 3HauuT npu X =-1

CUCTEMa YpaBHEHHMH He uMeeT peuleHuid. PaccMoTpum cinydail korna X=1. B stom

B 2
Cllyyae MEepBOE YPABHEHUE CUCTEMBbI MPUMET CIECAYIOIINI BU] (‘a‘—S) +cos’y=0.

a|—3=0,
ITocnenHee paBEHCTBO MOKET BBIIIOJIHUTHCS, TOJIBKO €CIIU | | ) OTKyZa
cos"y=0
a=13,
T Tenepsr paccmoTpuM citydait korma a =3. [Ipu 3ToM 3HaUYeHHH
y= > + 71k, keZ.

2
T
mapaMeTpa BTOPOE ypaBHEHHE NpUMET BUA: | Y — Ty + vy 2°+7°-2z+7=0 wm

2
T 2 2 o
y— > z°+(z-1)"+6=0. IocieaHee ypaBHEHHE HE UMECT PELICHNUI, T.K. IICPBbIE

JIBa CJaracMbIX B JICBOM YaCTU HEOTPUIIATEIIbHBI U JIEBAsd YaCTh NMPUHAMACT 3HAYCHUS
[6;00), T.¢. He MoXeT paBHAThCA (. CriemoBarenbHO, P & =3 HMCXOIHAS CHUCTEMaA

. y . T
ypaBHEHHMI HEe UMeeT penieHuil. Paccmotpum cinyvait a=-3 u y=—+7k, ke Z.
2

[Ipu oSTOoM  3HaYeHWHW  MapamMeTpa BTOpPO€  ypaBHEHHWE  TPUMET  BHUI:
2 2
T T
yz—ny+7 2°+7°-27+1=0 wm (y—gj 22 +(z2-1)"=0. Tlocnemsee

T T
PABEHCTBO BO3MOYKHO TOJIBKO IIPU Y = 5 nu z=1. Ilpustom y= 2 YAOBJIETBOPSIET

pemieHusM Y =g+ nk, keZ xotopoe mosiButcst mpu K =0. Takum oOpazom,

€IMHCTBEHHBIM JOMyCTUMBIM 3HAu€HWEM TMapameTpa sBisercsi a =-3. [IpoBepum
JOCTATOYHOCTh TOJCTAHOBKOW 3HAYEHHWS @ =—3 B HCXOIHYIO CHUCTEMY ypaBHEHUH

(myaxkt 3). Ilpm a=-3 wucxogHas cucTeMa TPUMET CICAYIOUIUH  BUT
1 1

2% +2x =cos’ y + 4, 2" +2x =cos? y + 4,
Tl',2 NN 2
[yz—ny+7j22+22—22+1=0 (y_g) zz+(z_1)2:o_

Pemenuem

o Tt T
BTOPOTO YPAaBHEHHUS MOCIEIHEW CHUCTEMBI SBISAETCS Y :E u z=1. Ilpu y=—

2
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1
MepBOC YpaBHCHHUE TMOCICAHEH CHCTeMbl MpUMeT Bua 2 +2X =4  pelieHueM
KoToporo siBiasiercss X =1. Ocranock OTBETUTH Ha CIELYIOIIMHA BOIPOC: UMEET JIU
noclieZIHee ypaBHEHUE Jpyrue pemienus kpome X=1? Ecam X <0, TOo kaxmoe u3
ClIaraéMbIX B JIEBOM YacTH 3TOT0 ypaBHEHUs MEHbUIE 1, MO3TOMY OTpULATEIbHBIX
KOpHEH 3TO ypaBHeHUe He umeeT. OLeHUM JIEBYIO YacTh 3TOr0 ypaBHEHHs npu X > 0.
JUis ~ 3TOro  BOCHOJNB3YyEMCS ~ T€M, UYTO  CpelHee  apu(pMETUYECKOoe  ABYX
HEOTPUILATEIbHBIX BBIPAXKEHUH BCEIr/la HE MEHbBIIE MX CPEIHEro I'eOMETPUYECKOTO

(cM. mpempyaymmid pazaen https://math100.ru/prof-ege 2022 17-6/), T.e. a;b >,/ab

(wmm a+b>2,/ab) nmpu a,b>0 wu npu sTOM paBeHCcTBO HOCTUTAETCs, ecik a=b.

1

1 1
3HAYUT 2X+2X22\/2X-2X:2\/2 X, Tak xak, X+122 opu x>0 (cm.
X

1 1
X+= =
npenplaynmii pasaen), o 2\V2 * >4, orkyga 2°+2*>4. CienoBareibHo,
1

ypaBHeHHe 2 +2* =4 OymeT UMETh pEIIeHHs TOJIBKO B TOM Ciydae, KOTJa KaxI0e

N3 JABYX HCPABCHCTB, KOTOPBIC HCIIOJIB30BAJIUCh [JI1 OIOCHKH JIEBOM 4acCTu,
1

1 =
00paIlaroTCs B PaBEHCTBO, T.6e. X=— © 2" =2*. EJIMHCTBEHHBIM ITOJOKUTEIHHBIM
X

KopHeM sBisieTcs: X=1. Takum o0pa3oM, HCXOIHAs CHUCTEMA UMEET E€JUHCTBEHHOE

pelieHue (1;%;1) mpu a=-3.

3ajmauyn 3TOro pasjaena g CaMOCTOSITENIBHOTO PEHIEHUS Mbl PELIWIM HE
pa30MBaTh HA HECKOJIBKO YPOBHEM CII0)KHOCTEN U BCEM UM MPUCBOMIM YPOBEHH B.

Yposens B

1B. Haiinure BCce 3HaueHMs mapameTpa a, IpU KaXIOM U3 KOTOPBIX YpaBHEHUE
x? —4asin(cosx)+a’ =0 HMeeT eANHCTBEHHEIH KOPEHb.

2B. Haiinute Bce 3HaUCHUs MapameTpa &, MpU KaKIOM M3 KOTOPHIX YpaBHEHHE
2x* —atg(cosx)+a®=0 MMeeT eAMHCTBEHHBINH KOPCHb.

3B. HaiinuTe Bce 3HaueHus mapaMeTpa a, MpH KaKIOM U3 KOTOPBIX YpaBHEHHE
a®+a+/3+6+sin“ax=6C0SX UMEET €AUHCTBEHHBIA KOPEHb.

4B. HailinuTe Bce 3HAUEHHUs MapaMeTpa a, NpH KaKJIOM U3 KOTOPBIX YpaBHEHHE
a?+av2 +4+sinax=4coSX HMeeT eIUHCTBEHHBIH KOPCHb.

5B. Haiinute Bce 3HaueHus mapaMeTpa @, MpU KaKJIOM U3 KOTOPBIX YpaBHEHUE
3*+3**=a’—-6a+11 HMeET eqMHCTBEHHBIA KOPEHb.
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6B. Haiinute Bce 3HaueHus mapamerpa &, Npu KaKIOM M3 KOTOPBIX ypaBHEHHE
2*+2**=a”-3a+10 uMeeT eAMHCTBEHHBIN KOPEHb.

/B. Halimute Bce 3HaueHUs mapaMerpa a, Ipu KaKIOM U3 KOTOPBIX YpaBHEHHUE

3

3 4 2 ~

X°+| — | +16=2a° UMEeT eIMHCTBEHHBIN KOPEHb.
X

8B. Haiinure Bce 3HaueHuUs mapameTpa @, IpU KaXJIOM U3 KOTOPBIX ypaBHEHHE

3

3 9 2 =

X’ +| — | +54=3a° uMeeT €AUHCTBEHHBIN KOPEHb.
X

9B (EI'D 2013). Haiinute Bce 3Ha4YCHUS MapameTpa a, IPU KaKIOM M3 KOTOPBIX
ypaBHeHHE X° +(a— 3)2 =|x—a+3|+|Xx+a—3| umeer eMHCTBEHHbII1 KOPEHB.

10B (EI'D 2013). HaiiguTe Bce 3HaUeHHs TapamMeTpa a, MPpU KaKJIO0M U3 KOTOPBIX
ypaeHenue x°+(a—4)" =|x—a+4|+|x+a—4| UMeeT eTMHCTBEHHBIH KOPEH.

11B (EI'D 2014). HaiiguTte Bce 3HaUeHUs TTapamMeTpa a, MpU KaKJIOM U3 KOTOPBIX
ypaBHenue /x*+(a=5)" =|x—a+5|+|x+a—5| UMeeT eAUHCTBEHHDIH KOPEH.
12B (EI'D 2014). HaiiguTte Bce 3HaUeHHs TTapameTpa a, MpU KaKJI0M U3 KOTOPBIX

ypaBHeHHe /X*+(a— 2)4 =|X—a+2|+|X+a—2| UMeeT eAUHCTBEHHEIH KOPEHb.

13B. HaiiguTte Bce 3HaueHUs mapameTpa a, Mpu KaxJa0M U3 KOTOPHIX ypaBHEHHE
2 )
2n’ (x—1)" +4acos(2nx)—9a’ =0 MMeeT eIMHCTBEHHBII KOPEHb.

14B. HaiinuTe Bce 3HaYeHUs ImapaMerpa a, IpH KaXKJIOM M3 KOTOPBIX YPaBHEHHE
2 o
2n®(x—2)" +4acos(2nx)—25a® =0 HMeeT eAMHCTBEHHbIII KOPEHE.

15B. Haiigute BCe MOJOKUTENIbHBIC 3HAUYCHHS MapaMeTpa a, NMpH KaXIOM U3
KOTOPBIX MHOKECTBO PELLIEHUI HEPABECHCTBA

a+x2+2I095(a2—4a+5)

1<
30V17x* +5x* +a+1+logZ(a? - 4a+5)

COCTOHUT U3 OJHON TOUKHU.

16B. Haiimute BCce HEOTpUIIATEIbHBIC 3HAYCHHS TMapaMmeTpa a, MPu KaKIOM H3
KOTOPBIX MHOXKECTBO PEIICHUN HEpaBEHCTBA

2a+x* —4log, (4a° —4a+9)

3

<
5\18x" +7x* +2a+4 +log? (4a’ —4a+9)

3

1

COCTOMT U3 OJTHOU TOYKH.

17B. HaliguTe Bce 3Ha4Y€HMs MapaMeTpa a, IpH KaKJIOM U3 KOTOPBIX ypaBHEHHE

‘ (x —1)2 =27 4 x—1]+(1- x)2 +2%1 =4+ 4* uMeeT eMHCTBEHHBIA KOPEHD.
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18B. HaiiguTte Bce 3HaueHMs mapameTpa a, Ipu KaxJa0M U3 KOTOPHIX ypaBHEHHE

(x+1)" =2

19B. HaiinuTe Bce 3HaueHUs mapaMeTpa a, MPU KakJIOM H3 KOTOPBIX

y=(a+2)x*+2ax+a-1

YpaBHEHUH MMEET POBHO OJHO PEIICHHUE.

x=(a+2)y’+2ay+a-1
20B. Haiinure Bce 3HaUeHUA MapaMmeTpa @, NpU KaXAOM U3 KOTOPBIX
y=(a+2)x*—(2a+1)x+a-3,

PR x=(a+2)y’—(2a+1)y+a-3

HMCECT POBHO OJJHO PCUICHUC.

21B. HaiiguTte Bce 3HaueHMs mapaMeTpa @, NPU KaKIOM N3 KOTOPBIX
x*=2(a+1l)x+a’-12=2y,

aBHCHHU
P y?—2(a+1)y+a*—-12=2x

HMCCT POBHO OJHO PCHICHHC.

22B. Haiinure Bce 3HA4YEHUA MapaMmeTpa @, HMpU KaXJAOM U3 KOTOPBIX
x*—(2a+1)x+a’-3=y,

aBHECHUU
P y’—(2a+1l)y+a’-3=x

HMCECT POBHO OJHO PCIHICHUC.

23B. Haiiqute Bce 3HAYEHHs NapamMerpa a, Nph KaXIOM U3 KOTOPBIX

. a(x4 +1)= y—|x|+2,
ypaBHCHI/II/I nMeeT pOBHO OJIHO pCHJCHI/Ie.

xX*+y>=4

24B. Haiigure BCe 3HAYEHMs NapamMerpa a, NpHU KaXIOM U3 KOTOPBIX

y a(x4 +l): y—|x|+3,
ypaBHEHUI MMeEET POBHO OJTHO PELICHHE.

X>+y>=9

25B. Haiimure Bce 3HadeHMs napamerpa a, IpH KaXIOM U3 KOTOPBIX
5.2 13/ x|-2=5y +3x* -5a,

YPaBHEHUM » A
X“+y =1

HMCCT POBHO OJHO PCHICHUC.

26B. Haiinute Bce 3HAaY€HMs NapamMerpa a, OpU KaXIOM U3 KOTOPBIX
3-2" 4 2|x|-1=3y +2x* - 3a,

yYpaBHEHUI ,
X“+y =1

HMCCT POBHO OJJHO PCHICHHC.

27B. Haiinure Bce 3Ha4YE€HMs Napamerpa a, IpH KaXKIOM U3 KOTOPBIX
ax®+a+2|sinx|=y+1,

) X MMECT POBHO OJHO pCUICHUE.
tg°x+y =1

YpaBHEHUH {

28B. Haiinute Bce 3HaUYCHMS MapaMeTpa a, MpU KaXJAOM U3 KOTOPBIX

. Jax®+a+3[sinx|=y+2,
YpPaBHCHUHN HMCECT POBHO OJHO PCUICHUC.

sinx+y*=4

2 o
+|X+1|+(1+x) +2*1=0,25+4" uMeeT eAMHCTBEHHbII KOPEHb.

CHUCTCMA

CHUCTCMA

CHCTCMa

CHUCTCMA

CHCTCMa

CHUCTCMA

CHUCTEMA

CHCTCMa

CHUCTEMA

CHCTCMa
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29B. Haiinure Bce 3HaueHUs MapaMmerpa @, Npu KaXAOM U3 KOTOPBIX CHCTEMa
. | X*+y*=4z,
ypaBHEHUI UMeeT POBHO OJIHO PEILICHUE.
X+y+2z=2a
30B. Haiinure Bce 3Ha4yeHMs MmapameTpa a, IpU KaKIOM U3 KOTOPBIX CHUCTEMA
. [ X*+y*=9z,
YpaBHEHUI MMEET POBHO OJHO PEILICHHUE.
X+y=3a+3z
31B. Haiinute Bce 3HadeHUs mapaMeTpoB @ W D, MpPH KaXIOM M3 KOTOPBIX
Xyz+z=a,
CHCTEMA YPAaBHEHMH < Xyz?+7z=Dp, HMEET POBHO OJHO PELICHHE.
X*+y*+2°=4

32B. Haiigute Bce 3HauYeHHs mapaMeTpoB a W b, mpu KaXaoM M3 KOTOPBIX
4xyz+X=a,
cHUCTeMa YpaBHCHUH < 8x> yz+b=x, HMECT POBHO OJHO PEIICHHUE.

X*+y*+2°=1

33B. Haiinure Bce 3HaueHUsS NMapaMeTpa a, IpU KaXIOM M3 KOTOPBIX CHUCTEMA
(3—2\/§)y +(3+ 2\/§)y —3a=x*+6x+5,

YPaBHEHHH J y? (az —B5a+ 6) x> =0, HUMEET POBHO OJIHO PEIIICHHE.

—-6<x<0

“

34B. Haiiqure BCce 3HAUEHHS mapamerpa a, MPH KaXIOM W3 KOTOPHIX CHCTEMa
X X 2

(2—\/§) +(2+\/§) —5=a+2y+Yy?

ypaBHEHU# J x? 4 (2 —a—a? ) y2 =0, MMEET POBHO OJTHO PEIICHHE.

—2<y<0

35B. Haiinute Bce 3Ha4YeHHs mapameTpa a, IPH KaKJIOM W3 KOTOPBIX CHUCTEMa
x*+(6-x)" =2y°,

ypaBHenuit (x— 3)2 +(y- 3)2 +72 + a2 =4 WMEET POBHO OJHO PEIIECHUE.

12yz* -2(a—2)y’z+18=9a

36B. Haiinute Bce 3HaueHUs MapamMeTpa a, MPH KaKJIOM M3 KOTOPBIX CHUCTEMa
11 11 11

X" +(8—x)" =2y",

ypaBHeHHi 1 (x — 4)2 +(y- 4)2 +72 +a% =25 HMeET POBHO OIHO PEIICHHE.

20yz* —(a—5)y’z+40=8a
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37B. Haiinure Bce 3Ha4YeHUs NapaMmeTpa a, MpU KaKIOM U3 KOTOPBIX CHCTEMa
( 4

2X+2§=(a2—4)2+y2+8,

ly|z*+22° —a’z+a+4=0

ypaBHEHUM MMeEEeT POBHO OJIHO PEIlICHHUE.

38B. Haiinute Bce 3Ha4YeHHs mapameTpa a, IpH KaKIOM W3 KOTOPBIX CHUCTEMa
1

X | ax (a2 2 2
ypagHennii {3 +3° = (a - 9) +Y°+6,  ymeer posHO 0/1HO peleHHe.
y’z* +7° —2a’z+a+84=0

39B. HaiinuTe Bce 3HAUCHUS Hapamerpa a, MPH KaXIOM U3 KOTOPHIX CHUCTEMa
(x+2)2 +2(a+2y)+y*+2°=0,
ypaBHEHUI (2 +xyz®(a+ 2)\/1—Ty)(asin2 74X+ y) —(0, HMEET POBHO OJHO
(xy+1)tg(x+y)+cos(x—y)=1
pelleHue.

40B. Haiimure Bce 3HA4YeHMs IapaMerpa a, IpU KaKIOM M3 KOTOPBIX CHUCTEMA
(xy—=2)-sin(y—x)+z=2z-cos(x+Y),
YpaBHEHUI ( X — 1)2 +y*+2y+z°+a=0, MMEET POBHO OJIHO PELICHHUE.
(asin2 Z+y-— x)((a+1)|g(xy+1)+1) =0
41B. Hailinute Bce 3HAaYEHUs MapaMeTpa &, IpH KaxIOM M3 KOTOPBIX YpaBHEHUE

2 . TIX X y
27 4" +sin ot cos? —a®—3a’+2a+2++/2 HMeeT eIMHCTBCHHBIH KOPEHb.

42B. Halinute Bce 3HAUEHU MapaMeTpa a, IpHU KaxJAOM M3 KOTOPbIX YpaBHEHUE

_ 2 . 1X X o
9'*.3¢ 1 a° —5a? +4a++/2 =sin 5 et 3 HMeET eIMHCTBEHHBIH KOPEHb.

43B. Haiigute Bce 3Ha4YeHHs MapamMeTpa a, MPH KaKIOM W3 KOTOPBIX CHUCTEMa

X—3|+ -1|=4,
ypaBHCHHIA \/| | \/| y | UMEET POBHO YEThIPE Pa3IUYHBIX
x* —6Xx+Yy>—2y=16a°-10

pelIeHUS.

44B. Haiinute Bce 3HA4YeHHUs MapameTpa a, MpU KaKIOM M3 KOTOPBIX CHCTEMa

YPaBHEHHH \/5| X | M \/| y+3 | =1 HMCET POBHO YE€THIPE PA3JIMYHBIX PEILICHUA.
25x° +y* +6y=16a—9

45B. Hailinute Bce 3HAYEHUs MapaMeTpa &, IpU KaxJI0M U3 KOTOPbIX ypaBHEHUE
. (m+2 ) 2X 2 '
azsm(T — xj +sin® (— ——) —a,/ 4x* +8-8x =3+arcsin[l— x| HMeeT

€IMHCTBEHHBIN KOPEHb.
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46B. Haiinute Bce 3HaueHUs mapaMeTpa a, MpH KaKIOM W3 KOTOPBIX YpaBHEHHE
x(2X —1)

] —a’+1 WMeeT HEUYETHOC YHCII0 KOPHEH.
+

+ 2a

47B. Haiinure Bce 3Ha4YeHHs MapaMeTpa a, MpU KaXJAOM HU3 KOTOPBIX CHCTEMa
x'—(a-1)va+3-y+a*+2a’-9a°-2a+8=0
y=+a+3-x°

Pa3JINIHBIX PCHICHH.

ypaBHEHUM { UMEET POBHO TpH

48B (EI'D 2021). HaiimuTe Bce 3HaUCHMS ITapaMeTpa a, Mpu KakI0M M3 KOTOPBIX
oy _ 4\ X\’

Iogz(x4y24—2a2)=log2(1—-ax2y2)+1

CUCTEMA YpPaBHEHUU { MMEET €AUHCTBEHHOE

peLieHue.
49B. Haiinute Bce 3HaU€HHUA MapameTpa a, Npu KaKJIOM U3 KOTOPBIX ypaBHEHHE
2x -1
| X | + =a HMEET POBHO TPH PELICHHUS.
3x—-2
50B. Haiinure Bce 3HaueHUs mapameTpa a, Npu KaxJAOM U3 KOTOPbIX YpaBHEHHUE
X+1
| X | + a1l” a WMEET POBHO TPH PEIICHUS.
X —

OTBETbBI

1B. 0; 4sinl. 2B. 0; tgl. 3B. —/3. 4B. —J/2. 5B. 1 5. 6B. 1 2. 7B. -4, 0; 4.

8B. —6;0; 6. 9B. 1 5. 10B. 2; 6. 11B. 3; 7. 12B. 0; 4. 13B.-§;0. 14B.

—%; 0. 15B. 4. 16B. 0; 1. 17B. -1. 18B. 1. 19B. -2 % 20B. —g; —2. 21B.

—4. 22B. -2. 23B. 4. 24B. 6. 25B. é 26B. % 27B. 2. 28B. 4. 29B. —%. 30B.

. 31B. a=-2, b=-2. 32B. a=1 b=1. 33B. -1, 2. 34B. -3; —2. 35B. 2. 36B.

37B. -2. 38B. -3. 39B. -2. 40B. -1. 41B. 0;1 2. 42B. 0;1 4. 43B.

+/2; 4. 44B. i; i 45B. 3. 46B. +1. 47B. 2. 48B. 1. 49B. 2, z S0B. 2.
128 16 3

1
2
5.
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