MynununaasHoe 010pKeTHOE 00111e00pa30BaTeIbHOE YUPEKICHNUE
cpeaHss o01eoopazoBarenbHast mKosa Ne2(

MOHOTOHHOCTH PYHKIINU
B PELICHUU YPABHEHU M

Brmmosamn:
[Ilep6akoB BrnanucnaB AnekceeBud
MBOY COI Ne20, 10A xmacc

PykoBonurens:
Manaperuenko Oner bopucoBuu
yuurtenb MateMatuku MbOY COL Ne20

Ilen3a 2021



Conep:kanue:

1. Beenenue.

2. OcHOBHas 4acThb.

2.1. Onpenenenre U MPU3HAKH MOHOTOHHOCTH (PYHKITUH.
2.2. CBoiicTBa MOHOTOHHBIX (DYHKITHIA.

2.3. CBoiicTBa MOHOTOHHOCTH, IPUMEHSIEMBbIE ITPU PELICHUN YPaBHEHUH U HEpa-
BEHCTB.

2.4. Ilpumepbl NpUMEHEHUSI MOHOTOHHOCTH (DYHKIMHN IPU PElICHUN ypaBHEHUI.

2.4.1. YpaBHeHHUsI, UMEIOITUE HE 00JIee OJJTHOTO KOPHS.

2.4.2. Vicnonp30BaHne POU3BOJHOM IS TOKA3aTeIbCTBA MOHOTOHHOCTH.
2.4.3. Ucnonb3oBanue pasHocuabHocTH ypaBuenuit f(f(X))=x u f(X)=X.
2.4.4. OmmnbKa B perieHnn 3aa4i Ha MOHOTOHHOCTb.

3. 3akioueHue

4. JlutepaTypa U UCTOUHUKH.

cTp.
CTp.
cTp.
CTp.

CTp.

CTp.
CcTp.
CcTp.
CcTp.
CcTp.
CcTp.

CcTp.

3
4-10
4

4

5
5-10
5-6
7
8-9
9-10
11

12



1. BBeaenme.

[Tpu u3ydeHU TPOIECCOB PEATHHOTO MUpa (OMOIOTHYECKUX, XUMUYECKUX, PU3NICCKUX, IKOHO-
MUYECKUX U MHOTHX JIPYTHX) MbI TOCTOSTHHO BCTPEUAEMCS C XapaKTEPU3YIOIIMMHU X BEIMYUHAMH,
MEHSIONTUMUCS B TEUCHUE PacCMaTPUBAEMBIX TporieccoB. [Ipu 3ToM yacTto ObIBaeT, 9TO M3MEHEHUE
OJIHOM BEJIMYMHBI SBJISIETCS IPUYMHON U3MEHEHUS Ipyroii. B3anMocBsi3aHHbIE H3MEHEHHUS YUCITOBBIX
XapaKTEPUCTUK PacCCMATPUBAEMBIX BEJTMYMH MPUBOJIAT K X (PYHKIIMOHAIHHOM 3aBUCHUMOCTH B COOT-
BETCTBYIOIIUX MATEeMAaTHYECKUX MOJACIAX. A MaTeMaTHYECKOHW MOJIENbIO JIF0OOro mpolecca siBis-
€Tcs, KaK MUHUMYM, HEKO€ YpaBHEHHUE UJIM HEPABEHCTBO.

He Bcsikoe ypaBHeHHe (HEPaBEHCTBO) B pe3yJIbTaTe IpeoOpa3oBaHuil MOKET OBITH CBEIECHO K YPaB-
HEHHUIO (HEpPaBEHCTBY) TOTO WJIM MHOTO CTAaHJAPTHOTO BUJA, /ISl KOTOPOTO CYIIECTBYET M3BECTHBIM
QITOPUTM pellieHus. B Takux ciayyasx MHOTIa OKa3bIBa€TCs MOJIE3HBIM MCIOJIB30BaTh APYrUe Me-
TOJIBI PELICHHUS, KOTOPBIE U OyIyT pacCCMOTPEHBI B JaHHOMH paboTe.

Llenpro manHOM pabOTHI ABJISETCS O3HAKOMJICHUE C BO3MOKHOCTHIO UCIIOJIb30BAHUS MOHOTOHHO-

CTH (YHKIMHU JIsl pEIICHUS HECTaH/IapTHBIX YPaBHEHUH.
3amayu BCCIeJOBAHMUS .

® TI03HAKOMHUTHCS C MOHATUEM MOHOTOHHOCTU (DYHKITUU U €€ CBOMCTBAMU;

® paccMOTPETh U MPUMEHUTH Ha MPAKTUKE CBOMCTBA MOHOTOHHOCTH (DYHKIIMH MPH PEIICHUN
YPaBHEHUN;

® [I0Ka3aTh CIy4ail BO3MOKHOT'O HEBEPHOTO MPUMEHEHHUSI MOHOTOHHOCTH (DYHKIIHH C paCCMOT-
pEHUEM BEPHOTO PEIICHHUS.

OOBEKTOM UCCIIEIOBAHUS SBJSIOTCS YPaBHEHUS, HE MOJIAIOIINECS PEIICHUIO C TIOMOIIBIO CTaH-
JIAPTHBIX METOAO0B, WIH OTIMYAIOIIMECS TPOMO3JIKOCTBIO CTAHAAPTHOTO PEIICHUS.

CyOBeKTOM HCCIIeIOBAHUS SBIISFOTCSI CBOMCTBA MOHOTOHHOCTH ()YHKITUH, TIPUMEHSEMBbIC TIPU pe-
LIEHUU TaKUX YPAaBHEHMIA.

'umoTe3a nccneoBaHUsl OCHOBaHA HA TOM, YTO BEPHOE MCIOJIB30BaHNE MOHOTOHHOCTH (DYHKIIUH
ABJISIETCS] XOPOILLIMM MTOMOIIIHUKOM JIJIsl PEIICHHS] HECTAHAAPTHBIX YPABHEHUH.

B paboTe npumeHsIIMCh aHATUTUYECKUN U CPAaBHUTEIBHBINA METOBI UCCIICIOBAHMUS.

AKTYalbHOCTh U MPAKTUYECKasi 3HAUMMOCTh PabOThI 3aKIIF0OUAETCS B TOM, UTO HE BCET/a MPH pe-
IICHUU CJIIOXKHBIX 3a7a4 UMEETCs] BO3MOKHOCTh MPUMEHEHHS CTAaHIAApTHBIX CIIOCOOOB, a, CleJ0Ba-
TEIbHO, TPEOYETCs BIIaJICHUE U HECTaHIapTHBIMHU MeToaaMu. OTHAKO MPUMEHSTh UX HYKHO OY€Hb
BHHUMATEIbHO, YTOOBI M30€KaTh BO3MOKHEIX OIIHOOK.



2. OCHOBHAAl 4aCTh.
2.1. Onpeoenenue u npusHaKu MOHOMOHHOCMU YHKYUU.
Onpenenenue 1. @ynknus f(X) HaszsiBacTCs Bo3pacraroliieil Ha MPOMEKyTKe X , €CITH JITst TFOOBIX
X1 1 X2 U3 9TOTO IPOMEXKYTKA, TAKUX UTO X1 < X2 BbImonHsercs ycinosue f(x)< f(x,).
Onpenenenue 2. @ynknus f (X) HaszsiBacTCs Bo3pacrarolieil Ha MPOMEKyTKe X, €CITH JIIst TFOOBIX
X1 1 X2 U3 9TOTO IPOMEXKYTKA, TAKUX UTO X1 < X2 BbImonHsercs ycinosue f(x)> f(x,).

Tepmunbl «Bo3pacTaromas GyHKIUI» U «yObIBaromas GyHKIUS» 0ObEAMHAIOTCS OOIIMM Ha3Ba-
HUEM — MOHOTOHHAasi pynkuus. VccienoBanue QyHKIMM Ha BO3pacTaHWE U YObIBAHHE HA3BIBAIOT
ucciae0BaHHeM (YHKIIMA HA MOHOTOHHOCTbD.

IIpu3HaKku MOHOTOHHOCTH QYHKIIUM:

Teopema 1 (He0OX0AMMOE YCIIOBHE MOHOTOHHOCTH (DYHKITUH).

Iycts pyukuus Yy = f(X) HenpepsiBHa Ha otpeske [a; b] 1 auddepennmpyema Ha nHTEpBaE
(a; b), Torna:

1) ecu pynxus f(X) MonoTonHo Bo3pacraer na unrepsaie (a; b), ro f'(x) >0 na (a; b).
2) eciu ¢pynkims T (X) mMoHoTOHHO yOBIBaeT Ha uHTepBaie (a; b), To f'(x) <0 na (a; b).

Teopema 2 (10cTaTOYHOE YyCIOBHE MOHOTOHHOCTH (DYHKIUH).

[Tycts pynxmust ¥ = f(X) HenmpepsiBHa Ha oTpeske [a; b] u auddepenmpyema Ha nHTEpBaC
(a; b), rornga:

1) ecim utst mro6oi Touku uHTepBaia (a; b) f'(X) >0, ro pynkuus f(X) Bospacraer Ha nHTEpBaIE
(a; b).

2) ecaum mis r00oii Touku uatepsana (a; b) f'(x) <0, to pynkuus f(X) na marepsane (a; b).
2.2. Ceoitcmea MOHOMOHHBIX PYHKYUIL.

1. Ecmu ¢pynxuuu f(X) u g(X) Bospacratot (yObiBaroT) Ha uHTEpBaie (@; b), To cymma dyHk-
it f(X)+ g(X) Taxxke Bozpacraer (yOsiBaeT) Ha uHTEepBaie (a; b).

2. Ecmu ¢ynxmms f(X) Bospacraer (yOsiBaet) Ha mnTepBane (@; b), To mporuBomonoxuas
¢yukims —f (X) yObiBaer (Bo3pacraet) Ha uHTEpBaie (a; b).

3. Ecmu ¢yuxmust f(X) Bo3pacraer (yObiBaeT) Ha mHTepBane (a; b), To oOparHas ¢GyHKIHs

1 yObIBaeT (Bo3pacraeT) Ha uHTepBaje (a; b).

f(x)
4. Ecmu dynaxuuu f(X) u g(X) Bospacrator (yObiBatoT) Ha mHTepBaine (a; b) u, kpome ToOTO,
f(x)>0;g(x) >0, To npousBenenne pyukuuii f(X) u g(X) takke Bospacraer (yObIBaer)
Ha uHTEpBase (a; b).
5. 5. Ecu ¢yukuust g(X) Bospacraer (yObiBaer) Ha untepBaie (a; b), a pyukius f(X) Bo3-
pacraert (yOsiBaet) Ha untepBaie (C; d), rae g(X):(a;b) —>(c;d), ro kommosurms GyHKIMit
f *g (ro ects cinoxuas pyukuus Y = f(g(X))) Takxke Bo3pacraer (yObIBacT) Ha HHTEpBAJE
(a; b).



2.3. Ceoiicmea MOHOMOHHOCHU, RPUMEHAEMbLE NPU PEULeHUU YPAGHEHUIL U HEPABEHCME.

1. Mycre f(X) - HenpepbIBHAS U CTPOTrO MOHOTOHHAS QyHKIUS Ha pomexyTke D. Torna ypas-
nenue f(X)=C (C — xoHCTaHTa) MOKET UMETh He 0O0JIce OJHOTO KOPHS Ha MpoMekyTKe D.
2. Tlycte f(X) u g(X) - HenpepsiBHBIC Ha mpomexyTke D dymkiuu, mpuaém f(X) crporo
Bo3pactaet, a §(X) crporo yosiBaeT Ha 3ToM mpomexytke. Torma ypasaenue f(X)=g(X)

MOJKET UMETh He 00JIee OHOr0 KOPHS Ha TOM MPOMEXYTKe (WM KOPHEH HeT).
3. Ecmu ¢pyukuus f(t) crporo Bospacraer wiu cTporo yobIBaeT Ha MHOXECTBE JCHCTBUTEIb-

Hbix gucen, To ypasaenue f(h(x))= f(g(x)) paBuocuabno ypaBuenuto h(x) = g(x).
4. Ecnu ¢ynkums f(X) crporo Bo3pactaeT Ha HEKOTOPOM IMPOMEKYTKE, TO ypaBHEHHE
f (f (X)) = x paBrHocuibHO ypaBHeHuto f(X)=X Ha aToM npomexytke. (Cnencreue. Eciu n
— mHarypanbHOoe umcio W (yakuus f(X) MOHOTOHHO BoO3pacraer, TO ypaBHECHUSI
f(f(..T(X)...)=x (f—=n pa3)u f(X)=X UMerOT OJJHO U TO K€ MHOKECTBO KOPHEIA. )
5. Ecmu ¢pyukuums f(t) crporo Bo3pacraer Ha MHOKECTBE ICHCTBUTEIBHBIX YHCEN, TO HEPABCH-
creo f(h(x)) > f(g(x)) paBrocuisHO HepaBenctBy h(X) > g(X).
6. Ecmu dynkmus f(t) crporo yobiBaeT Ha MHOXECTBE JACHCTBUTENBHBIX YHCET, TO yPABHEHUE
f(h(x)) > f(g(x)) paBaocuabpHO HepaBercTBY h(X) < g(X).
7. Ecmu ¢pynkmus f(X) Bo3pacrtaer Ha unTepBaie (@; b) u xo — eIMHCTBEHHBIN KOPEHb ypaBHE-
aus  f(X)=c, npunagmexamuii ykazaHHOMY HHTEpBaly, TO PEIICHHEM HEpPaBEHCTBA
f (X) > ¢ sBnsercs unTepsan (xo; b), a pemennem HepaBenctsa f(X) <c¢ sBiseTcs nHTEPBAI
(a; xo).
8. 8. Ecmu dynkrms f(X) crporo Bospacraer, a pyukims g(X) cTporo yObIBaeT Ha HHTEpBaJe
(a; b) u xo — equHCTBeHHBIN KOpeHb ypaBHenust f(X) = g(X), npuHaanexamuii ykasaHHOMY
WHTEepBay, TO pemenueM HepaseHctBa T (X) > g(X) sBisercs uarepsan (xo; b), a pemennem

HepaBenctBa f(X) < g(X) sBusiercs untepBan (a; xo).

2.4. IIpumepbl npumenenus MOHOMOHHOCMU YYHKUUIL NPU peuienuu ypagHeHUil.
2.4.1. Ypasuenus, umerouue ne 60nee 00H020 KOPH:L.

Ipumep 1. Pemuts ypasrenne 2" =18 —2x.
Pewenue. PaccMoTpuM JIeBYIO M NIPaBYIO YacTH ypaBHEHHs Kak pasnuuHbele GyHkuum: Yy =2" u
y =+/18—2x . TlepBas u3 ykazaHHbIX (YHKIUN BO3pacTaer, a BTOpas yObIBA€T Ha BCEi 00acTH

omnpenenenus. CienoBaTenbHO, ypaBHEHHE MOXKET UMETh He 00JIee OHOTO KOPHSI, KOTOPBI HaXOIHM
3JIEMEHTAPHBIM MOI00pOM: X = /. Omegem: 1.

Ipumep 2. Penuts ypasuenue 10g,(X+2) =v2-X.
Pewienue. PaccMOoTpUM JIEBYIO W TPaBYI0 YaCTH ypaBHEHHs KakK pasjindHble (QYHKIHH:
y=1log,(X+2) nu y=+2-x. IlepBast u3 yka3aHHbIX (yHKIHil BO3pacTaeT, a BTOpasl yObIBacT Ha

Bceil o0nactu onpenenenus. CiaenoBarenbHO, ypaBHEHHE MOXKET UMETh He 06oJiee OHOTO KOPHS, KO-
TOPBIM HAXOJIUM dJIEMEHTapHBIM NoAOOpOM: X = . Omeem: 1.
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Hpumep 3. Pemuts ypasuenue 0,2 = /35+5x .
Pewenue. PaccMoTpuM JIEBYIO M IPABYIO YaCTH ypaBHEHMS Kak pasinmdable Gynkimun: Y =0,2" u

y =+/35+5x . IlepBast u3 ykaszaHHbIX (DYHKIMI yOBIBaeT, a BTOpas BO3pacTaeT Ha BCEW 00JacTH

omnpenenenus. CieoBarebHO, ypaBHEHHE MOXKET UMETh HE 00JIee OZHOT0 KOPHS, KOTOPBI HAXOAUM
AJIEMEHTAPHBIM MOJ00POM: X = -2. Omeem: -2.

Mpumep 4. Pemuts ypasuenue 10g, (2X —Xx* +15) = x* —2x+5.

Pewenue. Brmonunm 3ameny 2X—X° +15=t. Torma 2X—Xx°+5=20—t. ITonyyaem ypaBHeHHE

log, t =20—t . PaccMoTpuM J1eBYIO M IPaByIO YaCTU ypaBHEHUS KaK pa3nuuHble pyHkiuu: Yy = log, t
u Yy =20-t. [lepBas u3 ykazaHHbIX (YHKIIUN BO3pACTAET, a BTOpasi yObIBACT Ha BCEH 00J1acTH OIpe-
nenenust. Ciie10BaTeNIbHO, YPaBHECHHE MOYKET UMETh HE 00J1ee OJHOr0 KOPHS, KOTOPBIi HAXOIUM 3Jic-
MeHTapHbIM Togoopom: t = 16. Jlemaem BO3BpaT W IOJy4yaeM KBaJpaTHOE ypaBHCHHE
2X—X? +15=16, KOTOpOE UMEET SAMHCTBEHHbI KopeHb x = /. [IpoBepkoii 06s3aTenbHO yoesKIa-
€MCsI B BEPHOCTH MIOJIOOPaHHOTO 3HAYCHUSI. Omeem: 1.

IIpumep S. Pemuts ypaBHEeHUE X +x+3+x+8++/x+24 =11
x>0,
X+3>0,
O/13: = x2>0.
X+820,
X+24>0.

I/ISBCCTHO, 4YTO CyMMa BO3pPAaCTAaOIIUX Q)YHKHI/II‘/’I CCThb (bYHKI_[I/IH BO3pacTaromias. JIeBas yacTh npea-

CTaBJIsIET COOOM BO3pacTaOIIy0 QYHKIUIO Y = VX +/Xx+3+/x+8+/x+24 . [IpaBas gactp —

KoHcTaHTa. CieoBaTeNIbHO, ypaBHEHUE MOXKET UMETh TOJIbKO OJIMH KOopeHb. Haiiem ero monbopom.
Nmeem x = 1. Omegem: 1.

Ipumep 6. Pemnts ypasuenne /(X +2)(2X —1) —3v/x+6 = 4—/(x+6)(2x —1) +3v/x+2
(x+2)(2x-1) >0,
o3: <(x+2)>0, T.e. X>05.
X+62>0;
TIpeoGpasyem ypasuenne ~/(X+2)(2X —1) —3vx+6 +,/(x+6)(2x—1) —3v/x+2 =4,
V2X—1(VXx+2 +/x+6) =3(/x+6 +/x+2) =4, (Vx+2+/x+6)(2x-1-3) =4,

JleBas 4JacTth MMpEACTaBJIACT coboit BO3paCTarOUIyrO (IJYHKI_II/IIO (HpOI/ISBC,Z[CHI/IC BO3pacTaromux
(I)YHKI.IHfI), ImpaBasd 4aCTb — KOHCTaHTA. CHCI[OB&TCJILHO, HCXOJHOC YPAaBHCHUEC JOJIZKHO UMCThL CJIMH-

CTBEHHBI KOPEHb, KOTOPBI MOXKHO HalTH mopbopom, x = 7.
Tposepka: (v/7+2 +~/7+6)(v/14—1—3) = 4(sepno). Omeem: x = 7.




2.4.2. Henonv3oeanue npoussooHoul 013 00KA3AMeNbCHEA MOHOMOHHOCHIU.
Ipumep 7. Pemuts ypasrenne X° +99cos(7 —6x) =99cos(x?) + (7 —6x)*.
Pewenue. TpeoOpasyeM ypaBHEHHE K CICAYIOIIEMY BULY
x® —99c0s(x*) = (7—6x)* —99cos(7—6x) um f(x*)= f(7-6X),
rie f(t)=t*—99cost.
Oynkips Y = f(t) - u€rnast u npu t >0 UMeeT CIeaYIONIY0 TPOU3BOAHYIO
. :{4t3 +99sint,0<t <3,
4t° +99sint,t > 3.
[Mostomy f'(t) >0 mpu Bcex t >0, cienoBarensho, Gpyukiws Y = f(t) MoHOTOHHO BO3pacTaer Ha

MIOJIO’KUTEIBHOMN MOJIyOCH U KaXKJ0€ CBOE 3HaUEHHE PUHUMAET POBHO B JIBYX TOYKaX, CHMMETPHY-
HBIX OTHOCHUTEJIBHO HYJIS.
Toraa nanHoe ypaBHEHUE PaBHOCWIBHO CIIEAYIOIIUM JBYM YPaBHEHUAM

x> =7 —6X x* = —(7—-6X)
x> +6x—7=0 x> —6x+7=0
X=1X=-7 x:3i\/§.

Omeem: 1; -7; X=3i«/§.

IIpumep 8. Haiinute Bce Takue 3HA4YeHUs NapaMeTpa a, IpU KaXJAOM M3 KOTOPbIX YpaBHEHHE

2\2 2 2
(4X —X ) —32V4x—x" =a" -14a yyeer xots 661 OLHO peLICHHE.

2\? 2 2
Pewenue. Paccmorpum nge Gynkiuu Y = (4X —X ) —-32y4x—x" n y=a"-14a.
Bropast pynkuus nuHeitHast — rpadukoM sBiIsieTCs npsiMasi, mapauenbHas ocu Ox.
Uccnenyem nepByro ¢pynkumio. Haiiném e€ obnacTe ompeneneHus, JUisl 4ero peluuM HEepaBEHCTBO

4x—x*>0. Tlonyunm uHTEepBAT [0;4]. Ha 3TOM mHTEpBare MHOXECTBOV 3HAYECHHMU BBIPAKECHUS

\VA4Xx—x* sBusercs mHTEpBan [O; 2] .

Cnenaem 3ameny N4X—Xx* =t nipu t €[0;2] u pacemorpum Gynxumto f (t) =t* —32t, pasHocus-
HYIO UCXOJIHOHM Ha yKa3zaHHOM WHTepBaiie. MccaenyeM e€ Ha MOHOTOHHOCTb, JIJISl Yero HalaEM mpo-
mssoanyto f'(t)=4t>-32.

Ipu te[0;2] f'(t)<0, cnenosarensHO QyHKIMA MOHOTOHHO yOBIBAET M MMEET POBHO ONHY
TouKy Tiepecedenus ¢ npsmoii Yy =a’ —14a npu f(t) €[-48;0] (f(0)=0, f(2) =—48).

CrnenoBaTenbHO, I TOTO, YTOOBI YPAaBHEHHE UMEJIO XOTS OBl OJTHO PEIIeHHE, TPEOYETCs BBIIMOJ-
HeHue ycrmoBus —48 < a’—14a<0. Pemmas aBoiiHoe HEPAaBEHCTBO IMOJIy4aeM OTBET B BUJIE 00BEIU-

HEHMS JIBYX ITPOMEXYTKOB. Omeem: [O; 6] ) [8;14] :



2.4.3. Hcnonavzoseanue pasnocunvnocmu ypasnenun T (f(x))=x u f(X)=X.

Ipumep 9. Pemuts ypasnenue X° —73/7x—6+6=0.

Pemenmue. [IpeoOpasyeM ypaBHEHHE K CIEIYIONIEMY BUIY
3

w6 — X*+6

1 BO3BEIEM JIEBYIO U IPABYIO YAaCTU NOJYyYUBLIETOCS PAaBEHCTBA B KYO.

3 3
" 3 (X 7+6J +6
[Tonyunm 7X—6:(%J wm X=———-2

7

x> +6

T.e. ypaBuenue Buma f(f(x))=x,rme f(X)=

x> +6

BO3pacTaeT Ha BCEH YMCIIOBOM mpsiMoi, mostomy ypaBHenue f(f (X)) =x

Oyukus f(X) =

X +6

paBHOocHIbHO ypaBHeHuio f(X)=X. IToaTomy = X . Pemmm nocnenHee ypaBHEHUE, UCTIOIb-

3ys TPYHNIIUPOBKY:
X} —7x+6=0
X*—Xx—6x+6=0
X(x*=1)-6(x-1)=0
X(Xx=1)(x+1)-6(x-1)=0
(x=D(x(x+1)-6)=0
(X=1)(x*+x-6)=0

Torma x-1=0 AN X' +x-6=0 .

x=1 X=-3 Xx=2
Omeem: -3, 1, 2.

Mpumep 10. Pemuts ypasnenne X° —8=163/x+1.
Pewenue. TIpeoGpasyem ypaBHeHHE: X = 8(2\3/X +1 +1) Wi X = 2323 x+1+1.

[Monygyaem ypaBuenue Buga f(f(X))=x,rme f(x)= 23x+1.
Oynxmus f(X) = 23x+1 BO3pAacTaeT Ha BCeil YMCII0BOM MpsiMoii, moatomy ypasHenue f(f (X)) =x
paBHOCHIIBHO ypasHernio f (X) = X. TTostomy 23/Xx+1 =X . Bo3BeaéM JIeBYIO 1 IPaByIo YacTH ypas-
HEHHS B Ky0 ¥ IOJTy4uM ypaBHeHHe 3-i crenenu X° —8X—8=0. Pemum ero:

x*+2x* -2x* -8x-8=0

X2(X+2)—2(x* +4x+4)=0

X*(x+2)-2(x+2)*=0

(x+2)(x* =2(x+2))=0

(x+2)(x*=2x-2)=0



X+2=0 x> —2x-2=0
Torna UJIN .
X=-2 x=1++/5

Omeem: —2; 1+ \/g
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IIpumep 11. Pemuts ypaBHeHHE =X
x+\/x2 X+ +1

Pewenue. X =0 - He ABISICTCS KOPHEM JJAHHOTO YPAaBHEHM S, [IOATOMY €TI0 MOYKHO 3aIKCaTh B CIASAY-
1 1 1
IOlIEM BUJIE  —- =X+ X2+ x V% +1 wm ?=1+ 1+,/1+ 1+—8 .
X X X

1 1
OTkyna nojryuaeM ypaBHEHUE & 1+ VR KOTOpOE peIllaeM CTaHIaPTHBIMU METOJAMH.

x® +x8-1=0.3amena x® =t, t>0.

t?+t-1=0

t= # t= # - MOCTOPOHHHMI KOpeHb (t>0)
Bosepar X’ = # , CIEJOBATEIBHO X =8 iz\/g :
Omeem: X =+8 _1;2\/5 .

2.4.4. Owuoka 6 pewienuu 3a0a4u Ha MOHOMOHHOCHb.

B mpotiecce moaroToBKH AaHHON pabOTHI MPHUIILIOCH pacCMaTPUBATh PA3NIUYHbBIE 3a7auH, PelIeHHe
KOTOPBIX MpeoaaraeT UCIOIb30BaHIE CBOIICTB MOHOTOHHOCTH. MOE BHUMaHUe MPUBJIEKIA 3a/1a4a,
K KOTOPO# OBLIO MPHUIIOKEHO MOJHOE PEIICHHE.

3anaua. Pemure ypasaenne X2 —6=+/X+6

Pewenue. Paccmorpum pynknuto T (X) = JX+6 ¢ obmactsio ompenencHus X >—6. Torma MOXHO
yTBepaTh, uto ypaBHenue umeer Bua f +(X)= f(x) wm f(f(X))=X. Bocrons3yemcs nspect-
HbIM (aktom: mycth f(X) - Bospacraromast ¢yukims, torna ypasaenus f(f(X))=x u f(x)=X
paBHOCHJIbHBI. Hala (yHKIMs BO3pacTaromias, Mo3TOMY UCXOJHOE YPaBHEHHE PABHOCHIIBHO PaBEH-
CTBY JX+6 =x. Bossoxs B KBAIpAT MOTYYNM ypaBHeHHEe X° —X—6=0, KOpHIMH KOTOPOTO SBIIS-

1oTcst yncna -2 u 3. [IpoBepkoii ycTaHaBIMBaEM, YTO -2 — IIOCTOPOHHUI KOPEHb. Omeem: 3.
Ha nepBrIii B3risi1 BCE BepHO, BCe YCIOBUS COONIO/IEHB M OTBET BepHbI. Ho ecnu paccMoTpersb

rpaduueckoe pemieHue, 3a1aB QYHKIUH Y =X°—6 U Y =+/X+6, TO CTAHOBUTCSA OYEBUHBIM, UTO

npu X >—6 ypaBHEHHE UMeeT 2 KOpHs: rpauKi UMEIOT JIBE TOUKH nepeceueHus. [lepBblit nelicTBu-
TENBHO 3, a BTOPOH 1O rpaduKy ONpeneNuTh HeBO3MOXKHO. ClieoBaTeNbHO, IPEACTaBIEHHOE pellie-
HUE HE SBJISICTCS BEPHBIM.



I'papuueckas unmepnpemayus pewienus.

0

3aMeTHM, 4TO CBOIMCTBO BO3pacTalomuX (yHKIHI yKa3aHo BepHO. OxHako ¢pynkuus ¢(X) =X’ —6

He sBNsAeTcs 00paTHOH mma Gynkmun f(X) =+/X+6, T.e. papenctso f '(X)= f(X) ana gammoro
ypaBHEHHS BEPHBIM HE SBIISIETCS.
3amerum, uro g(f(x))= f*(X)—6=x, no f(g(X))=+/9(X)+6 = |X| . DTO BBIpOKCHHE COBIIAIACT

¢ x Tonbko npu X > 0. OnHako TpeOOBaHUE HEOTPULATEILHOCTH KOPHEH HCXOIHOTO YpaBHEHUS OT-
CYTCTBYET.

Paccmompum eepnoe pewenue. 1lycts Y =+/X+6. YuureiBas orpanndenus X >—6 u Y >0 mony-

4aeM CUCTEMY

y=+x+6 y?-6=x

WITH , .

X' —6=y X*—6=y
Berurem u3 mepBoro ypaBHeHust BTopoe u moyuum paBeHcTBo (Y —X)(y+X+1) =0.
1) y =X, toraa X*—6=X wm x*—x—6=0.
Kopusmu kBagpaTHOTO ypaBHEeHHUs OyIyT uncna -2 u 3, HO U3-3a OrpaHUueHHu’ X = 3.
2) Y+X+1=0, Toraa X*—6=—x-1 wm X°+x-5=0.

_1+4/21 . -1-J21
KopHsiME KBaJIpaTHOTO ypaBHEHHs OYyT 4ncia —— —» HO H3-32 OTpaHuIeHit X= —

(y=—x-1>0, cienoBarensHo —6 < x <-1).

-1-J21
—=.

Omeem: 3;
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3. 3aki104eHue.

He Bcsikoe ypaBHEHHE MOXKET OBITh PEHICHO C MCIOIb30BAHUEM M3BECTHBIX AITOPHUTMOB pelle-
HUs. B Takux cirydasix oKka3pIBaeTCs MOJIE3HBIM UCIIOIB30BATh APYTHe METOABI pEIICHUs, HallpUMep,
CBOICTBAa MOHOTOHHOCTH (pyHKIIMH. B maHHO# padoTe mokazaHo, Kak paboOTalOT 3TU CBOMCTBA MpPHU
peLIeHNH HeCTaHAAPTHHIX ypaBHeHUH. [Ipu 3TOM 00paleHo BHUMaHUE Ha BO3MOXKHBIE OITMOKH MTPH
NPUMEHEHHN CBOMCTB MOHOTOHHOCTH (pyHKIMH. [ MIoTe3a ucciaeqoBaHus, OCHOBaHHAs HA TOM, YTO
BEPHOE HMCIOJIb30BAaHHE MOHOTOHHOCTH (DYHKIMH SBIISIETCSI XOPOIIUM MOMOIIHUKOM JJISl PEIICHUS
HEeCTaHJapTHHIX YPaBHEHUH, TOATBEPKACHA.
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Peuensus.

Conepxanne pabotel ydyenuka 10A ximacca MBOY COII Ne20 Illep6axosa Bnamuciasa
IIOJIHOCTBIO COOTBETCTBYET M30paHHO# TeMe: «MOHOTOHHOCTh (DYHKIIMM B PEIIECHHM ypaBHEHUI».
B pabore TemMa pacKpbiTa MOJHOCTHIO, IPOBE/eHa OoJbIlas HCCIeNOBaTeNbCKas paboTa 110
M3YYECHHIO U 00OOIIEHUIO CIIOCO00B U METOJIOB PEUICHUs] YPAaBHEHHMH C UCIIOJIb30BAHUEM CBOMCTB
MOHOTOHHOCTH ()YHKIIHH, BHJIHA XOpOILIas MaTeMaTH4YeCKas IIOJArOTOBKA yYallerocs.

['paMOTHO OGOCHOBAHBI MPHYMHBEI M aKTyalbHOCTH BBIOOpa TeMbl. B uacTHOCTH, OOpameHo
BHHMAaHHE, UYTO HE BCAKOE ypaBHeHME (HEPaBEHCTBO) B pe3yJsbTaTe MpeoOpa3oBaHUIl MOKET OBITh
CBEJICHO K YypaBHCHHIO (HEPaBEHCTBY) TOTO WJIM HHOIO CTaHJAPTHOIO BHUIQ, Ul KOTOPOTO
CYIIECTBYET U3BECTHBIM AJITOPUTM PELICHUS.

B pa6ote paccMOTpeHO GOJIBINOE KOJMYESCTBO YPAaBHEHHH, PEIIAEMBIX Pa3IMYHBIMU CIOCOOAMH.
[TpuBenéH mpUMeEp HEBEPHOrO MPHMEHEHHs CBOMCTB MOHOTOHHOCTH (QYHKIMH M DPacCMOTPEHO
BEepHOE pEIICHHE HCCIIeyeMoro ypaBHeHMs. V3 dero cienyeT TBOpYECKash HaAIpaBjICHHOCTh
JTAHHOTO MCCJIEI0BAHUSI.

OTMeueHO, YTO Ui pEIICHHUs CIIOKHBIX YpaBHEHUH TpeOyeTcs BlaJeHHE HECTaHIapTHHIMHU
MeTonaMH uXx perreHus. OIHAKO MPUMEHSATh 3TH METOJBI HYXXHO OYEHb BHHMMATEIBbHO, YTOOEI
n30eXaTh BO3MOXKHBIX OLIUOOK.

[lpu mnpoBeneHur pabOThl MPUMEHSJINCH AHAIUTUYECKHH M CPaBHUTENIBLHBIM  METOJIBI
MCCIIeIOBaHUSI TIOCTaBICHHON 3a/1auH. g

[Ipu3HaBass HEOOXOAMMOCTh MPAKTHYECKOM 3HAYMMOCTH 3aJa4, PELIAEMBIX C HCIOJIb30BAHHCM

CBOMCTB MOHOTOHHOCTH ()YHKIIH#M, MOXKHO CHIEJIaTh BEIBOJ 00 aKTyaJIbHOCTH JaHHOH paboThL.
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