41O
ﬂOragl/,Lﬁ)Ml/l‘—leCKl/le
q/b&?)aBHeHI/IFI A
SXasepaBeHcTBa.
CﬁeTOﬂ,bl pDEeLLEHUS

900igr.net




Exit

1 Jlorapndmbl B UCTOPUN
1 Jlorapudom

1 Jlorapnoommyeckaa yHKLINS
Jlorapudpmmyeckasi pyHkums f(x)=log x

0 Jlorapudommyeckne ypaBHeHUd
0 Jlorapyudommyeckme HepaBeHCTBa

X




OTKpbITNE NnorapnuMoB - eLlle 0gHa UCTopudeckas Lernoyvka 3HaHUn, Kotopas
CBsi3aHa He TOSIbKO C MaTeMaTUKON, HO U1, Ka3anocb Obl, COBCEM HE MMEIOLLIEN K HEN
OTHOLLEHME MY3bIKOMW.

Obpawaemcs Kk wkone lNudaropa (VI-1V BB. 40 H.9.), OTKpbITUIO B 0bnactu
YMCMOBbIX OTHOLLEHUN, CBA3aHHbIX C My3blKarbHbIMK 3ByKamMn. Bca nudgparopenckas
Teopusa My3blkM OCHOBbIBanach Ha 3akoHax "lMndgparopa-Apxurta”.

1. BeicoTa ToHa (YacTtoTta konebaHun f) 3Byvallen cTpyHbl 0bpaTtHO
nponopunoHanbHa ee annHe | / f=a /| (a - koadpdnumMeHT NponopLNOHaNbLHOCTH,
XapakTepunayrLwmnm usndeckne cBoOMCTBa CTPYHbI).

2. [1Be 3ByYalLuMe CTPYHbI 4at0T KOHCOHAHC (MPUATHOE CO3BYYME), €Cnn X ONNHbI
OTHOCATCH, Kak 1:2, 2:3, 3:4.

[MndparopoBa ramma Oblna HECOBEPLLUEHHOW, TaK Kak He No3Bonsna
TpaHCNOHNPOBaTh (NEPEBOANTb N3 TOHANBbHOCTU B TOHANBbHOCTL) Menoguto. A nuulb
Tonbko B 1700 rogy Hemeuknn opraHnct A.Bepkmancrep ocyLLecTBUST CMeroe U
reHMarnbHoe pelleHne, pasgennse OKTaBy (reoMeTpuyeckn) Ha ABeHaauaTb PaBHbIX
yacTen. Kakyto e posb cbirpanu 3gecb norapudmbel? [leno B TOM, YTO B OCHOBE
MY3blKasibHOM raMMbl NEXUT reoMeTpuyeckas nporpeccus co 3HameHartenem
KOTopas sBNAeTEa nppaunoHanbHbIM YUCIIOM, NMPU HaXoXaeHUU NpubnmuXKeHHoro
3Ha4YeHNs KOTOPOro UCMOMb3YyHTCA florapugmel.



oea norapmdpma BosHukNa tTakke B [lpeBHen [peuunn. Tak, B COMMHEHUU
"Mcamnurt" Apxumeaa (287 - 212 rr. o H.9.) Mbl YuTaeMm: "Ecnu bygeT aaH
PAL YMcen B HenpepbIBHOW Nponopumn HadnHas oT 1 1 ecnu gBa ero yneHa
NepeMHOXNUTb, TO Npou3BeaeHne byaeT YneHOM TOro Xe psiga, HacToSbKO
yOaneHHbIM OT 60MbLUEero MHOXUTESSA, HACKONbLKO MEHbLUWN yaaneH oT
eaNHWUbI, U OOHUM YNEHOM MEHbLUE NPOTUB TOr0, HACKOSbKO yaaneHbl oba
MHOXNTENA BMecTe". 3aechb nof "HenpepbiBHOW nponopumen” Apxumen
pa3yMeeT reoMeTpPUYECKYHO NPOrpeccuto, KOTOpyr Mbl 3anucanu ool Tak: 1, a,
a’... B atux o6o3Ha4YeHusix npasuno, cpopmynmpoBaHHoe Apxumenom, byaer
BbipakeHo doopmynon: a™a" = am™",

cTopundeckoe passutue noHATUS norapndoma 3asepumnock B XVII Beke. B
1614-m B AHrMunm 6binu onybnmnkoBaHbl MaTeMaTnyeckme Tadbnuubl ans
BbINOSHEHNS MPUONMXKEHHbBIX BbIYUCITIEHUIN, B KOTOPbIX UCMOSb30BanCh
norapudgwmel. x astopom Obin wotnangeu x.Henep (1550-1617 rr.). B
npeaucnoBun K cBoemMy codnHeHuto [)xk.Henep nucan: "A Bcerga crapancs,
HaCKOJS1bKO MO3BOSIASI MOU CUMbl M CNOCOBHOCTN, OTAEeNaTbCs OT TPYAHOCTU U
CKYKM BbIYUCIIEHNIN, AOKYYHOCTb KOTOPbIX OOBbIKHOBEHHO OTMYrMBAET MHOIMMX OT
N3y4eHnd maTemMmaTumkmn".

Tak Bcnen 3a n3obpeteHnem rorapndmos 1 pasButnem anredpsol
nppaumoHarbHbIX YACEN B MY3blKy BOLUIa paBHOMEpPHaa Temnepaunst (HOBbIN
OBeHaauaTU3BYKOBOW CTPOW).



UTo Takoe norapnpm?

log_b=Cc & a°=b

OcHoBHOE norapmdmMmuyeckoe
TOXXOECTBO

log D
a = =Db,

a>0,a#0,b>o.




OCcHoOBHbIe ceoucmea
Jio2apugmos

1) Jlorapndom npoussegeHnss NONOXNTENBHBIX COMHOXUTENEWN paBeH
CyMMe norapudmMoB 3TUX COMHOXUTESEMN:

log N-N,=log N, +log N, (a>0,a#1,N1>0,N2>0).
a 12 a 1 a 2 '

3amevaHue. Ecnu N1-N2 > 0, Torga cBOUCTBO NPUMET BUL

log, N.-N, =log_ [N.| +log, [N,| (@>0,a#1, N1-N2> Q).

2) Jlorapndom 4aCcTHOro AByX NOSOXUTESbHbIX YNCESN paBeH pa3HOCTU
norapugmoB genumoro u genutengd

N
1 _
logaﬁ—logaNl—long2 (@>0,a#1, N1>0, N2>0).
y)
3ameyaHume. Ecnu , (4To paBHocunbHo N1N2 > 0) Torga cBOUCTBO
npumeT BuA ]\71 (@a>0,a#1,
log, —=log, | N, |-log, | NV, | N1N2 > 0).

N,



3) Jlorapndm cteneHn NonoXMTENbLHOIo YMCra paBeH NPon3BeAEHMNIO
nokasaTensi CTeNeHn Ha fiorapudm 3Toro ymcna:

logaNkalogaN (@>0,a#1, N>0).

3ameyaHme. Ecnu k - YeTHOoe 4uncno (k = 2s), 10

log N*=2slog [N (a>0,a#1,N#0)

4) dopmyna nepexona K ApyromMmy OCHOBAHMIO:

10g blegCCl (@>0,a#1,¢>0,c#1,b>0),
a
log b 1

B YAaCTHOCTU, ecnn b = ¢, Nony4mMm lgga o

(@>0,a#1,b>0,b#1). logca



5) M3 BbllLeyKa3aHHbIX CBOMCTB BbITEKAIOT creaytoLwmne dopmyribi:

log . b° :ilogab,(a>0, az1,b>0,c#0),
%

log . b:llogab,(a>0,a¢1,b>0,c;tO),
C

log . b" =log,b,(a>0,a=1,b>0,c#0),

log .. b= ilogla| b,(b>0,a=0,la|=1),

log b* =2klog |b|,(b>0,a=0,]la|=])






9 ==

ObnacTtb onpeaenenna norapupmMmmnyeckon PyHKLMN eCTb MHOXECTBO
NONOXNUTENbLHbLIX YNCen.

ObnacTtb 3Ha4eHnn norapndMmMyeckon yHKLUN - MHOXXECTBO
OENCTBUTESbHbIX YKnCen.

Mpu a > 1 norapngpmmyeckas qyHkuna ctporo Bo3pacraet (0<x,<x,
=>log, x, <log, x,), a npu 0<a<1, - ctporo ybbiBaeT (0<x, <x, =>
log_x,>log_x,).

log,1=0wnlog,a=1 (a>0,a#1). A
Ecnun a > 1, To norapmdgommnyeckaa yHKUMa oTpuuaTtensHa npu x |
(0;1) n nonoxwurternbHa nNpu x1 (1,#00),aecnun0<a<1,710
norapudmmnyeckas dyHKUMs nonoxuTtensHa npu x 1 (0;1) u
oTpuuatensHa npu x | (1;+ 00 ).

Ecnun a > 1, To norapmgommnyeckaa oyHKLUUA BbiMyKna BBEPX, a eCcnu a
[ (0;1) - BbINYKNa BHMS.



a>1

V $\Og a)(

O<a<1

y=IOg X



Jlorapundmmnyeckue

YpaBHeHue, Cmﬁﬂﬂme No/_3HaKoM
norapudma uin (1) B ero OCHOBaHWUU, Ha3blBAETCS

norapucpmMmmyeckKumMm ypaBHeHUeEM.

1) MNpocTenwee norapupmmnyeckoe ypaBHeHne |oga X=b.
PeweHnem aBnserca x=a
f(x)= g(x),
g(x)>0,
f(x)>0.

{ 0= g0, " \{ ()= g(x),

g(x)>0, f(x)>0.

2) log_ f(x) = log_ g(x)




4) log h(x) f(x) = log hex) g(x)

P

- f(x) = g(x),

L f(x)

- fix) = g(x),

h(x) >0
h(x) # 1

> O
h(x) > 0,

h(x) # 1,
g(x) > 0.

[loTepa pelweHnn npu HepaBHOCUSbHbLIX Nepexoaax

log,, f(x) = log, g(x)

<=> f(x) —



MeToabl peweHus norapmdpmmyeckmnx
ypaBHEHUN

0 WUcnonb3oBaHue onpeaeneHusn norapudgpma
logb=c o b=2a°
[Mpumep
log,(5 + 3log,(x -3)) =3
PelueHne
5+3log,(x-3)=2° & log,(x-3) =1 & x=5



MeToabl peweHus norapmdpmmyeckmnx
ypaBHEHUN

0 WMcnonb3oBaHuMe CBOUCTB norapudgpma
logb=c & b=a°
a

[Mpumep
log,x + log,(x + 3) = log,(x + 24),
PelieHune
0.0.3.: x>0,
X(X+3)=x4+24 & X* +2x-24=0 o x={6;4} o
{ x>0

o X=4



MeToabl peweHus norapmdpmmyeckmnx
ypaBHEHUN

0 MeTtoa noaACcTaHOBKU
f(log_x)=0 @{Flogax
f(t)=0
[Mpumep
Ig°x - 3lgx +2 =0
PelueHune

Igx=t lgx=1
tz-%ﬂ'2=0 o lgxF2 & x={10:100}




log,, b 1
log,.b log, c log,b~log,c log. a
a Ec = €a :(CZ g ) g = b g

alogc b _ blOgC a

[pumep
5lox = 50 - x!9° , Blox = 50 - 5lox  Blex = 25




MeToabl peweHus norapmdpmmyeckmnx
ypaBHEHUN

0 YpaBHeHUs, coaepxalwime BbipaXeHnsa Bnaa

f(x)loga g(x)

[Mpumep
(x+2)°82") = 4(x +2)

PelweHne

log, (x+2)°"") =Jog, (4(x+2)) &
< log,(x+2)*log,(x+2)=2+log,(x+2) &

l0g, (x+2)=t, .
@_tg%xz) —> x={-%;2}




MeToabl peweHus norapmdpmmyeckmnx
ypaBHEHUN

0 MeTtoa oueHKM NeBou 1 NpaBon YacTeun
[Mpumep
log, (2x — x* + 15) = x* — 2x + 5.
PewweHne
NN 2X—x2+15=—(x*=2x—15)=—((x* = 2x + 1) -1
| -15)= = (16— (x—1)?)< 16 « log, (2x—x*+ 15) < 4.
2) X2 —2Xx+5=(x>-2x+1)—-1+5=(x—-1)?+4 > 4

{IogZ (2x — x>+ 15)=4, =1
X°—2x + 5 =4.



MeToabl peweHus norapmdpmmyeckmnx
ypaBHEHUN

0 Wcnonb3oBaHne MOHOTOHHOCTU OYHKUMW. [loadop KOpHEN.
[Mpumep

log, (2x — x? + 15) = x* — 2x + 5.

) —
PeweHne 2x—x<+15=t, t>0 log, t=20-t
X2—2X+5=20_t

y=log, t — Bo3pacTatouias, y=20-t — yobiBatoLlasi.
[eomeTpuyeckada MHTepNpeTaunst 4aeT rMoHATb, YTO
NCXOOQHOE YpaBHEHNE NMEET €AUHCTBEHHbIN KOPEHD,
KOTOPbIW HETPYAHO HAaNMTW nogdopom, t=16. PeluvB
ypaBHeHne 2x—x>?+15=16, Haxooum, 4to x=1



Jlorapundmuyeckue

HepaBeHcTEP] €8, d3kdfHbe noa 3Hakom
norapudoma unm (1) B ero OCHoBaHUW, Ha3blBAETCH
norapucpmMmmyeckKumMm ypaBHeHUeEM.

f(x)>g(x)>0,
_— la>1.

10<a<1.

| fix)>g(x)>0,
‘_ h(x)>1.

| 0<f(x)<g(x),
|0<h(x)<1.

2) log,,,f(x)>log,, ,,9(x)




{ (h(X)-1)(F)-9(x))>0,
3) |Ogh(x)f(X)>|Ogh(X)g(X) = h(X)>O,
£(x)>0,
g(x)>0.

1 t=log_X,
4) f(log x)>0 - " Lf(t)>0.




MeToabl peweHus norapmdpmmyeckmnx
HepaBEeHCTB C NepeMeHHbIM OCHOBaHUeMmM

0 BbicTpoe nsdasneHue ot norapngpmoB

[Mpnmep

logzx(xz-Sx+6)<1

PelueHne

10g2X(X2—5X‘|‘6)<1 =

1 (x* =5x+6)—2x
= 2x—17 X&(
x%-5x+6>0,

x>0.

lg(x” —5x+6)—1g2x
lg2x—1gl

<0

5-92)U(1:2) U (3:6)



[lpaBuno 3HakoB

OueBunaHo, 4TO Ig X, KaKk n Ioga X Nno
nobomMy OCHOBaHUIO a > 1, nMeeT
TOT € 3HaK, YTO 1 4Yncro x — 1.

B 6onee obOuem cny4yae ot
norapugma no npon3BosibHOMY
OCHOBaAHUIO a MOXXHO NepenTun K
ocHoBaHuto 10:

log x :lg_x

lga

Takum obpasoM, 3Hak BenmuuHbI log, x
coBnagaeT Co 3HaKOM 4ucna
(x—1)/(a=1)unn (x—1)@-1).



MNpumep 1 (2x-1)(x-5)(x-2)(5-x)<0,

10g,,(x-4) 109,4(6-x)<0 == | x-4>0, =
6-x>0,

x>0, x#1/2,
x>1,x-1#1.

= XE(4:5)U
(5:6)






