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lIpe3eHTanus mo reme:
«IToka3arenbHas PyHKIIMS.

HexoTopsie HanboJiee 4acTo
BCTPEUAOINECS BUIBI
TPAHCIECHICHTHBIX (PYHKIIHM,
IpEXE BCETO MOKa3aTeIbHbIE,
OTKPBIBAIOT JOCTYT KO
MHOTHM MCCJIEI0OBAHUSIM.

JI.Ounep.
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l1loka3arejabHas QPYHKIMSA.

OyHKIMA BUJA y=a" ,[J¢€ a-3aJlaHHo¢€ yncio, a>0, a#l, x-
IEpEMEHHAs1, Ha3bIBACTCS MTOKA3aATEIIHLHOM.
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IToka3arejabHas QyHKUUSA 001a1aeT
CJEeAYIUMHA CBONCTBAMM:

J(y): MHOXXECTBO R BCeX IEMCTBUTENBHBIX YHUCEIT;
E(y):MHOXECTBO BCEX MOJIOKUTEIBHBIX YHCE;

[TokazarenbHas QyHKIMS y=a* sIBJISIETCS BO3pACTAIOIIECH Ha
MHOKE€CTBE BCEX JICMCTBUTEIBHBIX YUCEI,eCIN a>1,u
yoObIBaromiei,ecian 0<a<l;

He siBiseTcs HUM 4eTHOM, HU HEYETHOU;

He orpannyena cBepxy,orpaHu4e€Ha CHU3Y;

He numeet o1 HanOonbIIeTO, HU HAUMEHBIIETO 3HAYCHUS,
HenpepsiBHa;

Ecau a>1 ,To GyHKIMS BBIITYKJIa BHU3.



I'padpuxku pynkuum y=2* n y=(12)*

I'paduk pyHkuum y=2* npoxoaur
yepes Touky (0;1) u pacnonoxen
BbIIIE ocH OX.

a>1 A(y): xeR
E(y): y>0
//1 Bospacraer Ha Bcelt obnacTu
0 OIIPENIETIECHHUS.

npoxoaut uepe3 ToukyA0;1) u
pacnoioxkeH BeIe ocu Ox.

O<a<l JI(y):xeR
E(y): y>0
YobiBaeT Ha Bcel 00J1acTH
onpeaeeHus.

I'paduk GyHKIHN Y= £’1 PAKIKE
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IHoka3aTeJbHbIC VDABHECHHUS.
YpaBHEHUSA,Y KOTOPBIX HEU3BECTHOE HAXOIUTCA B MOKA3aTEJIE CTEIICHHU,
Ha3bIBAIOTCS IMOKA3ATEIbHBIMU.

. CrocoObl pelieHus:
[1Io CBOUCTBY CTEIECHU;

Brinecenue o011ero MHOXKHUTEIIS 32 CKOOKH;

Jlenenue o0erx yacTeil ypaBHEHHMS Ha OJTHO U TO K€ BhIpaKEHHUE,
MIPUHUMAIOIIIEE 3HAYEHUE OTIIMYHOE OT HYJIS IIPU BCEX
JNIEUCTBUTEIIbHBIX 3HAUECHUAX X;

Cnoco0 rpynmnupoBKY;
CBeicHHE YpaBHEHUSI K KBAJ[PaTHOMY;
I'pacduyeckuil.

Hamnpumep: PR Ao g-Vx-1_1
Pemenwe. 27

Pewenue.
(32)x+3 _ 2x+3

9x+3:2x+3 (

1.X.2 [] 0, Torma

2
s evx=1f =3
] =1 4x-4=9
4x =13
x =3,25
OtBer. x = 3,25.
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| = Mcnoab3ys cBoiicTBA BO3PACTAHMS U YOLIBAHMS
S MOKa3aTeJIbHOH (QYHKIIMH, MOKHO CPABHHTH

= qudja 1 peaiatb nNoka3arc/JibHbIC HEPABCHCTBA.
=

+=]1. CpaBHuUTB:
it 3 &5. 7 - 43. 2 6. 2
=a)5°us5’; 04'nu4’;, B)0,2°u0,2° r)0,9°u0,9.
2. Pemmurs:
: a) 2*>1; 0) 13*"'<137%; B) 0,7%°>0,7; 1) 0,04*<0,2°.
=3, HepaBeHCTBa, y KOTOPBIX HEM3BECTHOEC HAXOAUTCS B
IIOKa3aTelie CTECIEHU, Ha3bIBalOTCS MOKA3aTCIbHBIMU.

PellieHue NMOKA3aTeJbHbIX HEPABEHCTB CBOAUTCH K
pelIeHUI0 HepPaBeHCTB a*>a niau a*<a®,

* Ecnu a>1, To Xx>B (x<B).

= Ecimu 0<a<l. to x<B (x>B).




Crioco0bl penieHus MOKA3aTeJdbHbIX HEPABEHCTB.
1. ITo cBOMCTBY CTE€NICHU;

2. BriHecenne o01mero MHOKHATENSA 3a CKOOKH;
3.CBenieHME K KBaAPAaTHOMY;
4. I'padpudeckuil.

11'\/X+6 Dllx

Pemenue.

T.K.11[] lm()MD X

a) [loctpoum rpadux  dynkumm :y = Jx+6
X -2 3
y=x+6 23
0) [Toctpoum rpaduk QyHKIMH ;Y = X
X -2 2
y=x|[-2| 2
OtBer -6 <x[] 3.

HekoTopsie mokazaTenbHbIe
HEPABCHCTBA 3aMEHOM a"=
CBOJIATCS K KBaJpaTHbIM
HEPABEHCTBAM,KOTOPBIE
PEIIAOT, yYUThIBAs, uTO t>0.
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4% px+l,g

| 08
ol-x

Pemenmne.
4% %X+l 1 g gX
zl-x S gX
{22X-2'2X-23X-F8<0
1-x >33
22X_2'2X+8D23X_21+X
22X (9.0X 1§.2.22%X ¢
L92% 19 .02X 3]0
22X 122X 8]0

Iycthb 2% =t []0, Torma

2

% +2t-8[]0

2 12(-8=0

t1+t2=-2

t -ty =-8
(t+4)-(t-2)=0
t =4 t,=2.

Mpu t[J2,t+4)-(t-2)J0
t[-4, t[J2
t []-4 He ynoBnerBopsiet ycnouto t [0

2% 2
x[]1
Otser:x []1
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PenteHue cucreM nmokasareibHbIX
YpaBHEHUH U HEPABECHCTB.

3% 2% _17,
[ :
32 42Y =17,
Pewenue.

{ 3% _2¥y2 =17,
1

3%)2 +2Y =17.

D) Mycrs3* =m,2¥ =n,m[J0,n 0, 2)m=17+82

moeoa .
{m-n2—17, i) = 1

Vm+n =17.

-n2+m-17=0, 3X:34 2}':23
m = (17-n)2. x =4 y=3

3)3X =81 2Y —8

m=17+ n? Otger.(4;3)

17 +n2 :(17-n)2
17+n2 =289-34n +n2

-34n =-272
n=2§
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TOYKE ITPOXOAUT IIO YIJIOM 45".
OcHoBHOe PyHKIMOHAIPHOE CBOMCTBO SKCIOHEHTHI: exp(a .-b) = exp(a)exp(b). HempepsiBHast yHKIHS C TAKMM
CBOMCTBOM TMO0 TOXX/AECTBEHHO PaBHa 0, TH00 uMeeT By, exp(ct), rae ¢ — HEeKOTOpast KOHCTaHTA.

JudPpepeHnanpHbie ypaBHEHUS

OKCIIOHEHTa sIB/isteTcst peliieHreM A depeHIHanbHOTO YPaBHEHUS y' = y C TPAHUYHBIM YC/IOBHEM Y(0) = 1.
KpoMe Toro yepes 5KCITOHEHTY BBIPAKAIOTCS OOLIMe pelIeHUs OLHOPOAHBIX ArddepeHIaTbHbIX YPABHEHUA.
dopmanbHOe onipeseneHue

JKCIOHEHLMaIbHast PyHKIMSI MOXKET OBITh ONpee/ieHa ABYMsI SKBUBAJIEHTHBIMU criocobamu. Yepes psif,
Teiinopa:

WU Ye€pe3 npegesr:

3necs x — m000e BelleCTBEHHOe, KOMIUIEKCHOE, P-aJinYeCcKOoe YK CIIO MIU OTPAaHUYEeHHBII TMHENHBII omepaTop.

exp(z) = lim (1+2/n)"



MHOroo6pasHbie MpUMeHeHH st TOKa3aTeTbHOM (M/TH KaK ellle ee Ha3bIBAIOT SKCTIOHEHTOM) QYHKITUN
BJILOXHOBMJIU QHIJIMUCKOTO NTo3Ta DaMepa bpuna, on Hanucan «Ofy aKCIIOHeHTe»

...E10 TOPOXXZI€HO MHOTO€ U3 TOTO,

YT0 f0CTOMHO YIIOMUHAHUS,
Kak roBopuiau Haum
AHTJIOCAaKCOHCKME MPEeKH.
MoryiecTBo ee TOpOXAeHUN
3apaHee 00yC/IOB/IEHO ee
CoO6CTBEHHOM KPAacoOTOM U CHJIOH,
60 oHU cyTh, GU3UYECKOE BOTUIOIIEHHE
AGCTpaKTHOM UieH ee.
AHTIMICKYIe MOPSIKH JTIOOSIT M 3HAIOT ee
Ilom nmenem «I'yHTEep»
e nikasnbl «I'yHTEepa»-
BoT uyzmo n3obpeTaTebHOCTH.
OKCIOHEHTOH MOPOXKIeHa
Jlorapudmudeckas TuHENKa:
Y viH)XeHepa U acTPOHOMa He ObII0
WMHcTpyMeHTa nosie3Hee, 4YeM OHa.
Jla>xe n3yMHBIe MCKYCCTBA MUTAIOTCS €I0.
Pa3Be My3bIKa/ibHasi TaMMa He eCTh
Hab6op nepenoBsix 1orapupmMoB?
M TakuM 06pasoM aGCTPAKTHO KPacUBOe
Crasno npesgKoM OJHOTO M3 BeTMYanImx
YemoBeueCcKUX JOCTHKEHUM»

bbI/1M TO3THI, KOTOPBIE He MOCBSUIAIN Of, SKCIIOHeHTe, HO YIIOMWHA/IM UX B CBOUX cTUXax, Hampumep,
no3T bopuc Cinyukuii B CTUXOTBOpeHUU «PUUKU U TUPHUKI».



IHokazamenvHan
PpyHKUUuA



*

*

Bce, HaBepHOe, 3aMeyYasin, YTO eC/NIM CHATb KUNALWMIN
YaliHWK C OrH4, TO CHavana oH 6bICTPO OCTbIBAET, @ NMOTOM
OCTbIBaHue vm,eT ropasao MeaneHHee. [lesio B TOM, 4TO
CKOPOCTb OCTbIBaHMS NponopunoHaabHa pa3HOCTVI Mexay
TemMnepaTtypou YanHnka n TemrnepaTypoun oKpyxatoLien
cpeabl. YHeM MeHblle CTaHOBUTCA 3Ta Pa3HOCTb, TEM
MeJ/IEHHEEe OCTbiBaeT YanHuMK. Ecnn cHavana Temnepatypa
YanHMKa paBHsAnacb To, a TeMnepartypa Bo3ayxa T1, 1o
yepes t cekyHA TeMnepaTypa T YanHWKa BbIpa3unTCH

dopmynon:
T=(T1-TO)e-kt+T1,

roe kK - yncno, 3aBucsiiee ot popMbl HanHMKa, MaTepuana,
M3 KOTOPOro OH caeniaH, U Kom4yecTBa BOAbl, KOTOPOE B HEM
HaxXoAUTCA.



[Npn nageHun Ten B 6€38034YLLUHOM MPOCTPAHCTBE
CKOPOCTb MX HEMPEpPbIBHO BO3pacTaerT.

o [1lpy NageHnn Ten B BO3ayXe




+ PaccMoOTpuM 3agavy 0 NnageHuun
napawtTncrta. Ecnm cumtaTtb, 4YTO CUNa
COMPOTUBJIEHUNA BO34YyXa
nponopunoHasibHa CKOpPOCTU NaaeHuns
napawTnUCTa, T.e. Uto F=Kkv , TO yepe3 t
CeKyH/A CKOpOCTb naaeHunsa 6yaert paBHa:
v=mg/k(1-e-kt/m), roe m - macca
napawtoTUCTa. Yepes HeEKOTOPbIN
NpoOMeXyToK BpeMeHUu e-kt/m cTaHeT
OYeHb MaleHbKMM YMNCSIOM, U NaJeHUNE
CTaHeT NMoYTU PaBHOMEPHbIM.
KoadpunumeHT nponopumoHaibHOCTU k
3aBUCUT OT pa3MepoB napalltoTa.
[laHHas dopMynia npurogHa He TOJIbKO
ANs N3ydeHusa naaeHus napawTUcTa,
HO U ANS N3y4YeHUs nageHuns Kanmiu
A0XXAeBOW BOAbl, MYLWNHKN U T.A.



JTa Macca M 3aBUCUT OT MacCbl M
caMou pakeTbl (6e3 TonameBa) u oT
ckopocTtn vO, C KOTOpOU NMpPOAYKThI

rOpeHUs BbITEKAOT U3 PAKETHOIO
ABUraTens.




Toro 4ytobbl pakete c Macconm 1,51
npnagatb ckopoctb 8000 mM/c, Haao
NPpn CKOPOCTU UCTEYEHUS ra30B

2000 M/c B34Tb npuMepHOo 80 T
TonsinBea.




o Ecnn npu konebaHunax MassTHUKA, rMpm,
Kayatlolencsa Ha npyxmHe, He
npeHebperatb CONPOTUB/IEHUNEM
BO34yXa, TO aMnanTyaa KosebaHum
CTaHOBUTCH BCe MeHblue, KonebaHus
3aTyXalT. OTKNIOHEHUSA TOYKMU,
coBepluatoLlen 3aTtyxamLime
KonebaHus, BblpaxaeTcs

4



+ Korga pagnoakTMBHOE BELLECTBO
pacnageTcs, ero Koam4yecTtso
yMeHbllaeTcd. Hepe3 HeKOTopoe BpeM4
OCTAEeTCHd NoJI0BMHA NMepBOHAYa/IbHOrO
Ko/IM4yecTBa BellecTBa. DTOT NPOMEXYTOK
BpeMeHn to Ha3bliBaeTca nepmnonom
nonypacnana. Boobuwe yepes t net Macca
m BellecTtBa 6byaert paBHa:
m=mO0(1/2)t/t0, rae mO -
nepBoHa4ya/ibHaa Macca BellecTtBa. Hem
6onblUue nepuoa nosypacnaga, TeM
MeaJ/ieHHee pacnajaeTcs BeLlecTBo.

¢ SBNeHne paanMoakTUBHOINO pacnaga
MCNoJib3yeTcs ANns onpeneneHuns
BO3pacTa apXeosiorm4yecknx Haxoaok,
HanpuMmep, onpeaeneH NpuMepHbIn
BO3pacT 3eMnun, okono 5,5 mnpa. ner,
ONs noaaepXaHusa 3TaJioHa BpeMeHM.




3adaua: Ilepuoo nonypacnaoa naymonusn pagen 140
cymkam. CKonbKo naymonua ocmanemcs uepes 10
Jlem, ecyii €20 HaualbHaa macca pasna 82 ?

Pewenue.
1 o
T =140cym. | m(t)= mo( )T
t =102em t =365-10 =3650(oneir)
fgsics m(r) = 8- (1)140 =1,1345-10" (3)—113 107 (2).

Otsert: 1,13°107 (7).




nokasaresibHas
PYHKLHNSL.




+ BoT HekoTOpblie ns HobeneBCkux
JlaypeaTtoB, NOJIY4YUBLUUX NPEeMUIO 3a
nccneposaHus B obslactn pusnku c
MCMNoOJIb30BaHUEM NnokKasaTtesibHOM

DYHKLMN:



OHa He nepecTaeT Hac yanenAaTh!

+ [lOKazaTenbHaa PYyHKUNA TakKxXe
MCMOJIb3YyeTCs Npu peLlueHnm
HEKOTOPbIX 3a4a4 CyAOBOXAEHUS,
HanpuMmep, MYHKLUUIO e-X UCNOJIb3YIOT
B 3aa4ax, Tpebyrwmnx npmMmMmeHeHuns
6MHOMMHANBHOIMO 3aKOHA
(MOBTOPEHME OMbITOB), 3aKOHA
[TyaccoHa (peakux cobbiTUiN), 3aKOHa
Penea (AnnHa cnyyYanHoOro Bekrtopa).
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Ipumenenue no2apumuyeckou
dyukuuu ¢ Ouoao2UU.

B nurareJibHOU cpe/e OaKTepus
KHUIICYHOH IMAJOUYKH JCJIUTCH KAXKITYI0
MUHYTY. IIOHSITHO, YTO 00IECE YMCJIO
OaKTepuH 32 KAXKIYI0 MUHYTY
yaBanBaercsd. Eciau B HayaJjie nmpoiecca
ObLJ1a O1HA ODaKTepHus, TO Yepe3 X MUHYT

ux yucjao (N) craHer paBHOM 2™, T.e.
N(x) = 2",






3a1a4a:  Eycemecauno na 6ankoéckuii 6x1ad, pagnolii S 0
pyoneit nauucasemca p%. Ha ckonvko npoyenmos
go3pacmem OAHKOGCKUIL 6K11a0 3a X mecaues?

Pemenue.

ITycts p = 2%, x = 12 mecsues.
Torna 3a rojg 6aHKOBCKHM BKJIaJl BO3PACTET Ha

OtBet: Ha 27%.
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