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MeToamka uccnefoBaHUsA 3fieMeHTapHbIX PYHKLMA HA MOHOTOHHOCTb
M BbINYKINOCTb rpadmuka metonom o606LweHuns

AHHOmMauyus. B cmamee pewaemcs rnpobriema uccriedosaHus 31ieMeHmMapHbIX oyHKUUU Ha Mo-
HOMOHHOCMb U 8bIIMyKII0CMb 2paghuka 6e3 ucrionib308aHuUsi rMpou3eo0HoU, o orpedesneHuro. Pe-
weHueM rpobrieMs! sisuricsi Memod, KOmopbIt 8 cmambee HOCUm HasgaHue Memoda 0606WEeHUs.
B pe3yrnbmame 0606weHus nosierisiemcs hyHKUUS, MPOMEXXYMKU 3HaKOrMoCcmosiHCmea Komopou
orpederisitom MPOMEXYMKU MOHOMOHHOCMU U 8bIMyKIocmu gpagbuka UCXOOHOU QbyHKUUU.
Knro4veeble croea: yHKUUS, MOHOMOHHOCMb, B8bINYyKIOCMb 2pachuka, uccriedosaHue,
mMemod obobuweHus.

Pa3den: (01) nedacoauka; ucmopusi nedazocuku u obpa3zosaHusi; meopusi U MemoouKka
obyyeHusi u eocriumaHus (o npedmemHbiM obriacmsm).

Ecnn pyHKUMaA 3agaHa hopMysion, TO YCTaHOBMEHNE CBOWCTB 9TOM (PYHKLUMW HasblBa-
eTcsa nccrnegosaHvemM pyHkumu. MNMpu nccnegoBaHnm PyHKLUMI 0O 3HAKOMCTBA C MPOU3BOAHOM
Hambornee TPyaHbIM SBMSETCS NOUCK NPOMEXYTKOB MOHOTOHHOCTM. Yyalumecs, 3Hasa onpeae-
neHns Bo3pacTtaHus 1 yobiBaHUS OYHKUUW, HE MOTYT HaAUTKU COOTBETCTBYIOLLME NMPOMEXYTKM,
TaK Kak He 3HalT MeToaa UX HaxoxaeHusi. BmecTe ¢ Tem nporpamma no maremaTtuke npegy-
cMaTpuBaeT, YTOObl OCHOBHbIE CBOMCTBA (PYHKLMM ObININ OCBOEHbI YYalMMUCSA A0 U3YYEHUS
3MeMeHTOB MaTemMaTMyeckoro aHanusa. Hanbonee nonHo o npobrnemax M3ydeHus CBOWCTB
dyHKUMI rosoputca B ctaTbe C. B. [BopsHuHoBa 1 H. X. Po3osa [1]. OTa ctaTtbsa noareepauna
B&)KHOCTb HaxXOXAEHUsI MPOMEXYTKOB MOHOTOHHOCTM 6e3 1MCnonb30BaHUSA NPOM3BOAHON. AB-
Topamu 6bin NPeasioKeH OANH U3 NyTern HAXOXKOEHUA NPOMEXYTKOB MOHOTOHHOCTU — Ha OC-
HOBE CBOMCTB MOHOTOHHOCTM CIOXHbIX (OYHKUMIA. BMecTe ¢ TeM aBTOpbI CTaTby yTBEPXKOANM,
4YTO «MNpeanaraemMas B Hayasne X Kriacca cxema uccnegoBaHnsa gyHKUUM B TOYHOM NOHUMAHUK
3TOM 3agaun peanm3oBaHa ObiTb He MOXeT» [2]. B npouecce pelueHnsa npobnembl 6bin npea-
NOXEH HOBbIV METO[, UCCrief0BaHWs paumMoHasbHbIX (PYHKLMIN Ha MOHOTOHHOCTb, OCHOBaHHbIV
Ha ngee 0606LLeHns. OTOT MeToA NO3BONSET peanv3oBbiBaTb CXeMy NccregoBaHns yHKUMK
«B TOYHOM NMOHMMaHUW 3TON 3agda4un». PesynbTatkl Obinn onybrmkoBaHb! B ctatbe [3].

MeTog 0600LeHns Npu HaXoX4eHUN NPOMEXYTKOB MOHOTOHHOCTU payuoHasibHbIX U
aneebpauyeckux yHKUMIA Bbin peann3oBaH B kHurax [4] u [5].

B ctatbe passuBaetcs nges 0606LeHns ons nccnegoBaHna arieMeHmapHbIX YHKUNNA,
T. €. BCEX OCHOBHbIX (PYHKLMIN, KOTOPbIE U3Y4aloTCA B LUKOSIbHOM Kypce mMaTemaTuku. B Hen
0600LLieHNe BbICTYMaeT B kKa4ecTBe Memooda uccrsiedoeaHusi PyHKUMIN He TONbKO HA MOHO-
TOHHOCTb, HO M Ha BbINYKNOCTb rpacurka 6e3 ncnonb3oBaHUSA NepBon U BTOPOW NPOU3BOAHOMN.

PaccmoTpum BblpaxeHue A(xq; x;) = 0 npu x; = x,. B 3TOM cny4ae ero MoxHo npeg-
CTaBUTb B BUAE NPOn3BeaeHnst ABYX MHoXutenen: A(x;; x,) = B(xq; x3)-A(xy; x,), Taknx, YTO
npux; = x, B(xq; x3) = 0 A(xq; x3) # 0. TOYKN X = X1 = X5, B KOTOPbIX MHOXUTENb A(X1; X5)
= A(x) = 0, ABRAOTCA TOYKAaMN CMEHbI 3HaKa MHOXUTENSA A(x;; x,). K Takum BblpaxkeHUsiM

OTHOCSATCS, Hanpumep, BblpaxeHns A(xy;x,) = f(xy) — f(x) n Alxg;xy) = f(m) —

2
f(xl); f(xz), rae f(x) — anemeHTapHast QyHKUMS.


http://e-koncept.ru/2015/
http://e-koncept.ru/2015/

lunes B. . MemoOuKa ucciedo8aHUsA 31eMeHMapHbIX yHKYUU Ha MOHOMOH-

HOCMb U 8bIMyKaA0CMb 2paguka memodom obobueHus // KoHuyenm. — 2015, —
No 04 (anpens). — ART 15102. — 04 n. na — URL: http://e-kon-
‘ cept.ru/2015/15102.htm. — l'oc. pee. 31 Ne &C 77-49965. — ISSN 2304-120X.

H3Y4HO-METOANHEeCKIIA
SAEKTPOHHBINA >KYPH3A

Mpumepsbl

1. Axg;x) = x5 = xf = ( — x1) (32 + x1) = B(xg; x2) -Alxg; x3), tA€ B(xy; x;5) = x5 —
x1, A(xg;x;) = x, +x,. Ha camom gene npu x; = x, umeeM: A(x;;x,) = x5 — x2 = 0;
B(xy; x5) =%, —x1 =0, A(xy; %) = x5, + x4 # 0.

2. Alxg;xp) = x;’ - xf = (x; — x1)(x§ +x1%; + x%) = B(x1; x2) "Alxq; x2),
B(x1; x2) = x3 — xq, A(x1;x2) = x5 +x1%; + x3.

3. A(xg;xp)= 11 ;22 =(xz — x1) - % B(x1; x2) "Axq; x3), rae B(xy; x3) = x; — x4
A(xq; xp) = — x22+ ?
X1 X2
1
4. A(xq;xp) = \/—:j/l— =(x2 —xq) 'm: B(x1; x2) Axq; x3), rae B(xq; x3) = x5 —
1
X1 A(Xl; xz) = m .

5. A(xq;x,) = (ax3 + bx, +¢) — (ax? + bx; +¢) = (ax? —ax?) + (bx, — bxy) =
(xz = =x)(xz + x1) +b(x; — x1) = (%3 — x)(alxy + x1) +b) = B(xq; x2) Alxy; x2), rae
B(xy; x2) =% — x1, A(xq; x3) = alx, + x1) +b.

6. A(xy;xy) =a*2—a*t =ag* (Z—Z - 1) = B(x1; x2) - A(xq; x3), roe B(xy; x;) =Z_: -1,
A(xq; x3) = a*t.
7. A(xq;xy) = sinx, — sinx; = 2sin (x—zgxl)-cos (—x2;x1)= B(x; x3) -A(xy; x,), roe

B(xq; x3) =2 sin (%) A(xy; x3) = cos (xz;—xl)

X1 +x2)2 _oxf+xs _ xft2xixp+xf  xf+xf _ xf+2xpxp+ai-2xf-2xd
2 4 2 4

8. A(xy;x2) :( >

2 2 2
—X{+2X1X— X5 _ (g —x1)%  _ 2 —1 _ . . . _
- - T = (X2 — x1) el B(x1; x2) = Alx1; x2), roe B(xy;xp) =
2 2 2
2 . _ 1 _ . . —_ (x1t+Xx X1 +X2 _ A,
(x5 = x1)%, A(x1; x5) = - Mpn x;, = x, nmeem:. A(xy;x,) = (T) — T_O’
) _ 2 _ . __1
B(xy; x3) =(xy - x1)% =0, A(xq;xy) = - * 0.
3 3 3 3 2 2 3 3 3
. _ X1 +x32 x1 +x3 _ X1 +3x71x3 +3x1%5 + X3 X1 +x3
9. Alxyxz) = ( 2 ) 2 B 8 - 2 -
x5 +3x%x, + 3x1x3 + x5 — 4x3 — ax3 _ —-3x3 +3x%x, + 3x,x% — 3x3 _ 3x2(xy — x1) — 3x3 (x5 — x1) _
8 8 8
—3(xz - x1)2(x1 + x7) 2 3 _ . . .
p = (xz - x1)*- 3 (X1 + x3)) = B(xg;x2) * Alxg; x3), rae B(xg;xp) =
2 . _ 3
(x2 = x1)% Alxy; x) = —= (x1 + x7).
10. A( Xp+ g _ 4xgxp— (01 +x2)% _ Axq xp— x3—2x1x,— x5 —xi+2xyx— x5
i) = - Bt = - -
X1 + X3 2X1 X2 2x1 X2 (%1 + X3) 2x1 X2 (x1 + x3) 2x1 X2(x1 + x3)

— (x2—x1)? -1 2
—_— = (X — X —— = B(xq: x ‘Alxq: x roe B(x;: x =X, — X
s 2y (s + 15) (x2 1)? 2xr 2y (X1 1 %) (x1; x2) "Alxy; x2), TA (x1; x2) =(x )%

-1

Alxqi:x,)) = ———.
(1 x2) 2x1 X2 (21 + X2)

x1\2 x1 X o xz\2

X1 +x2 —(az)—ZaZaZ +(a2)

11. A( ) ¥1txp a*1+ a*2 2a 2 —a¥1-g*2
. X1, X = a 2 —_ = = =
142 2 2 2

X1 x2y2

—(az—az) X1 xa\2 1 X1 %2

> =(a2—a2) -(—E)=B(x1;x2)-A(x1;x2), roe B(xl;x2)=(a2—a2)  A(xq; x2)
_ 1
==
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xX1+x sin(xq) + sin(x . X1+x . X1+x X1—X X1+Xx
12. A(xl,xz)—sm(1 2)— 1(1)2 1(2):S|n%—sm =2 cos = = sin 2k

(1 — cos ™ ) B(xy; x;) ‘A(xy; X,), roe B(xy; x,) = = 1 — cos ™

OnpeaeneHue 1. ®dyHkuma f(x) HasbiBaeTcs eospacmafomeu Ha JaHHOM ‘-II/ICJ'IOBOM
npomexyTtke P, ecnv onsa nobbix x; N x, N3 NPOMEXYTKa P, Takunx, 4To X, > X;, BbINOMHAETCA
HepaBeHcTBO f(x,) > f(x,).

OnpedeneHue 2. dyHkuusa f(x) HasbiBaeTca ybbigarouwiell Ha AaHHOM YMCIIOBOM MpoO-
MexyTke P, ecnu anga nobbix x; N x, U3 NPOMEXyTKa P, Takux, 4YTo x, > x;, BbIMNOMHAETCS
HepaBeHcTBO f(x,) < f(x,).

OnpedeneHue 3. dyHKuma f(X) Ha3bIBAeTCA 8bIMyKIOU 88€pPX HA AAHHOM YMCIIOBOM
npomexyTke P, ecnm Ana nobbix x; N x, N3 NPoMexyTka P, Taknx, 4To x, > x4, BbINOJTHAETCS

HepaBeHCTBO f( ) > [&a) + f(x2)

OnpedeneHue 4. chHKu,vm f(X) Ha3bIBaeTCA 8bIMYyKI0U BHU3 HA JAHHOM YNCIIOBOM MpPO-
MexyTKke P, ecnn onsa nobbixX x; U x, U3 NPOMeXyTKa P, Takux, 4To x, > x;, BbINOMHAETCA

HEepPaBeHCTBO f("“;"2 )< f(x1) -ZFf(xz)-

Ncxons vs onpegenennn 1-4, umeewm:
1. dyHkuma y = f(x) Bo3pacTaeT, ecnu umeem: x, > x; = f(x,) > f(x,).
2. ®yHKuma y = f(X) ybbiBaeT, ecnv uMeeMm: x, > x; = f(xy) < f(xq).

X1 1+ xz

, A(xy; xp) = sin——=

3. Tpadumk doyHkumm y = f(X) BbINYKIbIN BBEPX, ECNN UMEEM: X, > X1 = f (x1+x2) >

flx)+ f(x2)
— 5,

4. [paduk dpyHKumn y = f(X) BbINYKNbIA BHWU3, €CIU UMEEM: X, > x; = f(xl—”z) <
f(x1)+ f(x2)
—

Mpu nccnegosaHum pyHKuMM y = f(x) Ha MOHOTOHHOCTb MO OnpeaeneHnto NocTy-
naem cnegyrowum obpasom.

MycTb x;,x, € Dy Takne, YTO x, > xq, T. €. X, — x1 > 0. TpebyeTca HaNTU NPOMEXYTKM,
B koTopbIx f(x;) > f(x;) unu f(x,) < f(x;), T. €. oueHUTb pasHocTb A(x;;x,) = = f (x3) —
f (x1).

[nsa aToro npeactaBum ee B BuAe NpoumsBedeHUs ABYX MHoxutenem: A(xq;x,) =
f(x2) = f(x1) = B(xy; x2) - Alxy; x2), npydem npu x; = x; B(xq; x3) = 0 M A(xy; x3) # 0.

AHanorn4yHo npu nccnegoBaHum yHKUMKN y = f(x) Ha BbINYKIOCTb rpadmka no onpe-
AeneHunto nocTynaem cnegyrowmm obpasom.

MycTb x4, x, € Dy Takne, YTO x, > xq, T. €. X, = x1 > 0. TpebyeTca HaNTU NPOMEXYTKM,

(x1+x2 > Fle)+ f(xz) Unu f(x1+x2)< fe)+ fx3)
2 2 2

B KOTOpbIX f
A(x xz) f(x1+x2) O+ f(x2)
1) > .
[na atoro npeacrtaBum ee B BMAE NPou3BeneHUs ABYX MHOxuTenen: A(xg;x,) =
f (x1+x2) Fle)+ flxg)
2 2

, T. €. OUEHUTb Pa3HOCTb

= B(xq; x3) - A(xq; x3), npuyeM Npu x; = x5 Blxq; x3) = 0 n A(xy; x,) #+
0.

N panee, Tak kak B onpefeneHmsix MOHOTOHHOCTM U BbIMYKMOCTU rpaduka OyHKLMM
npuHMMmaeTcsa x, > x;, TO eCTb X, # X; TO ANs ONPeaerieHHOCTU BblAENUM MHOXUTESb
B(x;; x;) > 0, Toraa 3Hak A(x;; x,) 6yaeT 3aBuceTb TONMbKO OT 3HaKa MHOXMTENs A(x;; x5).

OcTtaeTtcsa OTBETUTb, Ha Kakmx nNpomexyTkax A(x;; x,) NPUHUMAET MNOMNOXUTENbHbIE
3Ha4eHUs1, a Ha Kakux — oTpuuaTenbHble. [1na 3Toro Hangem BcnomoraTenbHyo QYHKLUIO

3
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SAEKTPOHHbBIA XXYPH3A
¢(x), coenaB 0606LeHNe NyTEM 3aMeEHbI X; U X, Ha X B BblpaxeHUn A(xy; x,): @ (x) = A(X),
roe x = x; = x,. BcnomoratenbHyto pyHKkUMo @ (x) HasoBeM gyHkyuel obobuweHus. MNMepe-
MEHHas X NPUHAANIEXUT OOHOMY U3 yCTaHaBNMBaEMbIX UCCeLOoBaHNEM NPOMEXYTKOB. [ns
HaXoXOeHUs caMmX MPOMEXYTKOB HeobXoAMMO peLunTb COOTBETCTBEHHO HepaBeHCTBa
@(x) >0 un @(x) <0. PeweHne HepaBeHCTBa ¢ (x) > 0 onpegensieT NPoMeXxXyTku Bo3pacTa-
HWMA (BbINYKNOCTW BBEPX rpadmka) dpyHKunn. PeweHne HepaBeHcTBa ¢ (x) < 0 onpegenset
NPOMEXYTKN YObIBaHNA (BbINYKITOCTU BHU3 rpadomka) yHKLUMU. TOYKKN, B KOTOPbIX YHKLUUS
0606wWweHuns ¢(x) = 0, HasbIBAKTCHA KPUTUYECKMMI (TOYKaMK IKCTpeMyma unu nepernba).

NTak, obobLueHne, T. €. 3amMeHa x; U x, Ha X B BblpaXeHnn A(x;;x,), SBUMOCb peLue-

HMem npobnembl nccneaoBaHms PYHKUUMIN HA MOHOTOHHOCTb M BbINYKNOCTb rpaduka 6e3
NCnonb30BaHMs NEPBON N BTOPOW NPOM3BOAHbIX. [103TOMY MOXHO roBopuTb 06 nccnegosa-
HUWN PYHKUMIA H8 MOHOTOHHOCTb U BbIMYKNOCTb rpaduka Mmemodom o606uw,eHus.

Mpumepsbl

Uccnedosamb ¢hyHKYUO HAa MOHOMOHHOCMb

1. y=x2

PeweHue. [NycTb x, > x4, T. €. x, — x1 > 0.

Ax;x2) = f (02) — f (x1) = x5 = xf = (%2 — x1)-(xz + x1) = B(xy; x3) "Alxy; x3), A€
B(x1; x3) =x5; —x1 > 0, A(xq; x3) = x5 + ;.

Hangem dyHkumio o606wweHmns ¢(x) = A(x) = x + x = 2x.

NTtak, p(x) = 2x. p(x) = 0 npn x = 0 — KpUTUYECKasn TOYKa, TOUKA IKCTpEMyMa.

@ (x) >0 npu x > 0, 3HauMT, Ha NpomexyTke [0; +o0) PyHKUMA ¥ = x2 Bo3pacTaer.

¢@(x) <0 npu x < 0, 3Ha4mMT, Ha npoMexyTke (— ; 0] pyHKUUS ¥ = X? yObIBaET.

Takum o6pasoM, PyHKLMA y = x2 Bo3pacTaeT Ha npoMexyTke [0; +), a yGbiBaeT Ha
npomexytke (— oo; 0].

2. y=x3
PeweHue. MNycTb x, > x;, T. €. x, — x; > 0. Umeem: A(x;x,) = (x) = f(x)) = x3 —
x; = (g — x)(xF + x5 + x5) = B(xy;xz2) "Alxg;xp), rAe Bxg;xp) = x; — x>0,

Alxy; x3) = x2 + x1x, + x2.
Hangem yHkuuto 0606wweHuns:
e(x) =AKX) = x* + x? + x? = 3x2
Ntak, ¢(x) = 3x2.
@(x) =0 npn x = 0 — KpUTU4ECKasn To4Ka.
@(x)>0npnxe€ (—o; 0) U (0; +0). B Touke x = 0 HET CMEHbl MOHOTOHHOCTU: X =

0 — Touka nepermba. PyHKUMs Bo3pacTaeT npu X € R.
1
3. y==.

x2
PeweHue. Dy = (—0; 0) U (0; +00). [lycTb x, > x4, T. €. X, — x; > 0. Vimeem: A(xy; x,)=
1 x?—x3 —(xz+ x1)

1
fxz) —f(xy) = 22 = 2 x; =(x — x1) W = B(xy1; x2)"A(xq; x3), rae B(xy; x3) = x; —

+
x1 >0, Axy; xp) = _%-
1o 2x 2
Hargem dyHkumio obobieHns: ¢(x) = A(x) =—;;x’; === = Utak, ¢(x) =

2
] #0 — KPUTUN4YECKNX TOYEK HET.

@ (x) >0 npu (—oo; 0). DyHKUMA y = x~2? Bo3pacTaer.
@(x) <0 npu (0; +). PyHKUMA y = x~? ybbiBaeT.
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1

4. y=xz.
1
PeweHue. MycTb x, > x;, T. €. x, — x; > 0. UMeeM: y = xz = +/x; D¢ = [0; +o0).
. - . _ G —Vx)GWxa +Vx) X2—X1 — _ . 1 —
A(xlixZ) \/E \/‘x—l (\/E'l'\/x_l) (\/E"‘\/?) (xz xl) \/x_2+\/x_1
B(xl; xz)'A(xl; xZ), I'Ll,e B(xl; xz) = xZ - x1 > 0, A(xl; xZ) == m .

y . - -t -1

Hangem dyHkumo 0606wweHns: ¢ (x) = A(x) = NN
1

Ntak, ¢(x) = % > 0. PyHKUMST ¥ = xz BO3pacTaeT B NMPOMEXYTKE OnpeneneHus

[0; +c0).

5. y=ax*+ bx+c.

PeweHue. Tyctb x, > x4, T. €. x, — x; > 0. IMeeM: A(xy;x,) = (ax? + bx, +¢) —
—(ax? + bx; +¢) = (ax? —ax?) + (bx, — bx;) =a(x; — x)(x3 + x1) +b(xy; — x1) = =
(xz — x1)(alxz + x1) +b) = Bxy; x2) Alxy; x3), TA€ B(xy; x3) =x3 —x1 >0, Alxy;x3) = =
a(x, + x1) +b.

Hangem dyHkumo o6o6wweHns: ¢(x) = A(x) =a(x + x) + b = 2ax + b.

Nmeem: p(x) = 2ax+ b.p(x) =0;2ax+b =0; x = —2% - KpuTnyeckasa Touka.

dyHKUMa Bo3pacTaeTt, ecrm ¢(x) > 0; 2ax + b > 0, oTkyaa 2ax > —b.
Mmeem aBa cnyyas:

b b
1)ecrma>0,T0x > ——,T.€.XE (——; +oo);
2a 2a

b b
2)ectma<0,Tox< ——, T.€.XE (—00; ——).
2a 2a

dyHKuMA yObiBaeT, ecnm ¢(x) < 0, 2ax + b < 0, oTkyAa 2ax < —b.
Mmeem aBa cnyyas:

b b
1)ecrma>0,Tox < ——, T.€.XE (—oo; ——);
2a 2a

2)ecrma<0,70.x > —i, T.€.XE (—i; +oo).

2a 2a

Tak kak x = —% - KpUTUYeCKasi ToYKa, TO NPUXOLMM K BbIBOAY:

ecrnn a > 0, To PyHKUMS ¥ = ax? + bx + ¢ yBbiBaeT Npu x € (—x; —%] 1 Bo3pacTaet
npu x € [—%; +00);

ecnu a < 0, To pyHKUMSa ¥y = ax? + bx + ¢ Bo3pacTaeT Npu x € (—oo; —%] n yobiBaet
npux € [—%; +00).

6. y= a*.

PeweHue. 3amMeTuUM, 4YTO MHOXECTBO 3HA4Ye€HUN MNokKasaTeribHOW yHKUuuMn y = a*
paBHO: Ef = (0; +=). TlycTb x, > x4, T. €. x, — x; > 0. Imeem: A(xy;xp) = a2 — a™ =
a*t (Z% — 1) = B(xq; x3) - A(x1; x2), rae B(xy; x3) :Z—Z — 1, A(xq; xy) = a*.

1) Mpn a>1wnveem: a** >0, nTakKak a*2~*1 > 1,70 a*2"*1 — 1 > 0.

Taknm obpasom, a*t(a*2~*1 — 1) >0, 1. e. f(x,) = f (x;) > 0.
dyHKUNA BO3pacTaer.

2)Mpn 0 <a<1wumeem: a*t >0, nTak kKak a*2~*1 <1, 10 a*2™*1 — 1 < 0.

Taknm obpasom, a*t(a*2~*1 — 1) <0, T.e. f(xy) - f(x) <O.
®yHKuMA yObIBaET.

7. y=sinx.
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PeweHue. [lycTb, C yd4eTOM NEpPUOUYHOCTU PYHKUUM y = sinx, —g < x < x <

3 o
gmnm g < x; < x, < = . B cuny CBONCTB YNCMOBbLIX HEPABEHCTB B MEPBOM 1 BO BTOPOM
Xp — X1

cnyyaax: 0 < . <

Nmeem: A(xy; x,) = sinx, — sinx, = 2 sin (xzz;xl) - cos (xz"z'X1) =Bty 1) Ay 1), 136
Bxi; x;) = 2 sin (%) > 0, Axy; x3) = cos (x—z-;xl)_
x4x
2

Hangem dyHkumo 0606LwweHns: ¢ (x) = A(x) = cos ( ) = cos (%x) = CosX.

[SEEIN)

Nmeem: ¢(x) = cosx.

@(x)=0;cosx =0; x = % +mn,n € Z — KPUTUYECKMNE TOYKMN.

@(x) > 0; cosx >0; =~ +27nn < x < ~ +27mn,n € Z - PyHKUMs y = sinx BO3pac-
Taer.

@(x) < 0; cosx < 0; g +2m< x < 3;” + 2nmn,n € Z — pyHKUMA y = sinx ybbiBaeT.

Tak Kak KpUTUYEeCKMe TOUKMN SBMSOTCS TOYKaMK SKCTPeEMyMa, MMeeM: PYHKLUMS CUHYC
BO3pacTaeT Ha KaXagom M3 MNPOMEXYTKOB [—% + 2 tn; g + 27m], n € Z n ybbiBaeT

3
Ha KQXX/JI0M U3 IPOMEXKYTKOB E + 2 n; 7” + 2 nn], n € Z.

Uccnedosamb ¢hyHKYUIO Ha 8bINMYKII0CMb 2paghuka

8. y=x2.
PeweHue. [NycTb x, > x4, T. €. x, — x1 > 0.
Al - - + X, Flx) + FOr2) _ (x1+x2\% x%+x2 _ xP+ 2xpxp+ %2 x? + x%
(x1;%2) = 2 ) 2 - 2 2 T 4 -2z T
2 2 2 2 2 2 2
X{+ 2x1%2+ X5 —2x5— 2x5 _ —x§{+2x1x,—x5 _ (X3 —x1)* _ 2 -1 _ . .
2 = 2 R =(x2 — x1) B B(xy; x2) - Alxy; x2), roe

B(xy;x5) = (x, - x1)% > 0,A(xq; x5) = —i < 0 — rpaduK PyHKUMKN y =x2 BbIMYKMbIA BHU3.
9. y=x3.
PeweHue. [Nyctb x, > x4, T. €. x, — x; > 0.

) X+ X Flr) + Flxz) _ (x1+x2\° 23 +x3  x3+3x2x, +3x1x% + 3 x5 +x5
Alxy;xp) = f > - > = > -5 = . - ==

x5 +3x%x, +3x1x% + x5 —4xd —axd  _ -3x3 +3x%x, +3x0x% —3x3  _ 3x3(xy —xq) —3x5 (x5 — xq)

8 8 8
=30z - x1)2 (1 + x7)

= = (x3 - x1)%- (_g (2, + Xz)) = B(xy;x2) + Alxq; x2), rae B(xq; xp) =

8

(2 - 21)2 > 0, AQy; ) = —= (%1 + x3).

Hangem yHkuuto 0606wweHmns:

9(x) = A(X) = — 2-2x = —>x. Taknm 06pasom, ¢(x) = —>x.

Hangem npomMexyTkn BbINyKIOCTM rpadomka yHKUMN:

@(x) <0 npu x > 0 — rpadpuk PyHKUMK ¥ = x3 BbIMNYKMbIA BHAS.

@ (x) >0 npu x < 0 — rpadpuk PYHKUMK ¥ = x> BbIMNYKMbIA BBEPX.

@(x) =0 npn x = 0 — KpUTMYECKas ToYKa, ToYKa nepermoba.

WNtak, npu x € (—oo; 0] rpadmk pyHKUMN BbINYKNbIA BBEPX, a Npu X € [0; +o0) — Bbl-
NyKIblI BHU3.

10. y=x71,

- -1 _1 .

PeweHue. 3ameTnm, 4TO obnacTtb onpefeneHna yHKUMN y = x~ Unn y =— paBHa:

Df = (—0; 0) U (0; +00).
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|_|yCTb xz > xl, T. €. xz - xl > 0
1 1

A(xg;x,) = f(xl +x2) _ fe) () 2 it — 2 Xatx _ Axixe-(n +x2)? —
2 2 X1 + X3 2 X1+ Xy 2X1 X2 2x1 X2 (%1 + x3)

4x9 Xp— X5 2X1X2— X5 — X3+ 2x1%— x5 —(xa—x1)%2 (xt, — 21)? - -1 _

2x7 X2(x1 + x2) To2xy a0 ta2) 20922000 +22) X2 1 2x1 x2(x1 + x2) a

B(x1; x3) -Alxy; x2), rae Blxy; x3) = (xz — x1)% > 0, A(xg; x) =
Hangem yHkuuio 0606u.|,eHV|ﬂ'

o(x)=A(X) —m —. UTak, p(x) = — e (p(x) # 0 — KpUTUYECKMX TOYEK HET.

o(x)>0; _— >0;x<0-— rpachK beHKLI,VIVI BbINYKIbl BBEPX.

2x1 %2 (x1 + %)

px) < 0; - < 0;x>0— rpacbvu( YHKLMN BbINYKMbIA BHUS.

NTak, rpachK pyHKUMKM ¥y = x~1 BbINyKNbIA BBEPX NpU X € (—o0; 0) U BbINYKNbIA BHU3
npu x € (0; +o0).
11. y= a*,rpea>0,a#1.

PeweHue. INyctb x, > x;, T. €. x, — x; > 0. Imeem: A(xy;x,) = f(

X1 + xz) _ fGea) + f(x2)
2

ﬂ 2 x1 xz JCZ 2 x 2
X1+ X2 ax1+ ax2 Zaxl ;xz_ axl_ axz _<(a 2 ) —2azaz +( ) ) —(aTl— axZ_Z) X1 X2 2
=a 2 — = = = (a 2— (a2 )
2 2 2 2
1 o xp\2 1
(—5) = B(xq1; x2) - A(xq; x3), rae B(xq; x) = (az - aZ) A xp) = -
®yHKUMs 0606LWeHns ¢ (x) = —% < 0 —rpaduk pyHKUMN y = a* BbINYKIbIA BHU3.
WNtak, rpamk doyHKUnKM y = a* BbINYKMbIA BHU3 pu X € (—o0; 400).
12. y =sinx.
PeweHue. lNyctb x, > x4, T. €. x, — x; > 0. NpumeHaa dopmyny CymmMmbl CUHYCOB,
I'IOJ'IY‘-IVIMZ A(xl;xz) = f(xl;rxz) - f(x1)+ fez) :sin(xl;rxz) —Sm(xl);’sm(m = sin —xl;rxz —

sin cos X1 =*2 —2 = =sin xl:xz (1 — cos =22 ) B(xy; x3) -Axq; x5), rae B(x,; x;) = 1 — cos —xZ;xl >

X1+ Xo

0, A(x;; x,) = sin——=. Hangem cbyHKu,mo 0606LweHnsa: (x) = A(x) = sinxTJ'x = sin%x =

sinx. Takum obpasom, ¢ (x) = sinx.

Hangem npomexyTKun BbIMYKNOCTU rpadmka MCXogHON OyHKLNN.

@(x) >0; sinx >0; 2mrn < X < 1T+ 21, N € Z — rpaduvk PyHKUUKN y = sinx BbIMyKNbIN
BBEPX.

@(x)<0;sinx <0; — T+ 2N <X < 21, N € Z — rpaduk PyHKLUMM ¥ = sinx BbIMYyKbIA
BHM3.

@(x) =0; sinx =0 npwn x =11, N € Z — TOYKN nepermba.

Wtak, npu x € [2rrn ; m + 217, 01 € Z rpadvk BbINyKIbIN BBEPX, @ NpU X € [—m +
2nn; 2nn |, 1€ Z — BbINYKMbIA BHAS.
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Research method of elementary functions on monotony and convexity schedule by generalization

method

Abstract. The paper solves the problem of elementary functions study on monotony and convexity graphics,

without using derivative, but by definition. The solution is the method that is called the method of generalization.

The result is the function, which determines the intervals of constant sign intervals of monotonicity and con-

vexity of the graph of original function.
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