PA3JIMYHBIE CPEJHUE ITOJIOKUTEJIbHBIX. HEPABEHCTBO KOLIMN.

l. BBenenue.

B mkonpHOM Kypce MaTeMaTHKU M (U3UKK U3Y4YalOTCsl CPeIHUE BEIWYHMHBI (CpeaHee apu(MeTHdecKoe,

CpellHee TEOMETPUUIECKOE, CPETHEE TAPMOHHYECKOE U CPEAHEE KBAIPAaTUIHOE).

Mexay HUMH CYHIECTBYIOT YJIMBHUTEIbHBIE COOTHOIIEHHUS, KOTOpble uccienoBanbl ydéHbiMu. O.Komm,
(bpaHI_IYSCKI/Iﬁ Mar€MaTuK, COIIOCTaBUB JBE€ CPCAHUC BCIWYHHBI, HpI/II_HéJ'I K BBIBOAY O TOM, 4YTO CpE€AHEC
apH(bMeTquCKOG N 4HCEJI BCET/Ia HE MCHBIIIC CpCAHETO I'COMCTPUUCCKOTO 3TUX YUCCII.

HepaBeHCTBO Ko HCIIOJIB3YETCA IIPU PEIICHUU ypaBHGHHfI, HEPABCHCTB U CHUCTEM MECTOAOM OLCHOK.
Pa3BI/ITI/IC TGOpI/II/I HepaBeHCTB C HCpCMCHHBIMI/I 3a IIOCJIICAHUC CTO JICT HpI/IBeJ'IO K TIOJABJICHUIO B Heﬁ
HCO6BIqaﬁHOFO p33H006paBI/I$I METOA0B U HaHpaBJ’ICHHﬁ, 4TO U CTAJIO0 IMPECAMETOM MOETO UCCICAOBAHMA.

B mkoiapHOM Kypce MaTeMaTHKH KaXKAbIi MATHKIACCHUK BCTPEUYACTCS CO CPEAHUM apu(PMETUYECKHM ABYX

a+b a+b+c
WM HECKOJIbKMX HaTypajbHbIX uucen ( > ; 3 ;...). IIlpy M3ydyeHun reomMeTpuu B BOCBMOM KJjlacce,

paccMaTpuBasi HpﬂMO}’FOJ’IbHHﬁ TPEYTOJIbHUK, Ka)KI[BIfI IIKOJIBHUK 3HAKOMHUTCA CO CPEAHHUM I'€OMCTPHUUYCCKUM

JBYX OTpe3KoB (+/ab ). B npsMoyroibHOM TpeyrojibHUKE TAKUM CBOMCTBOM O0JIaJal0T TPU OTPE3Ka: JBa KaTeTa
U TIePIEHANKYJISIP, OMYIIEHHBIA U3 BEPIIMHBI MPSIMOTO yria Ha Turnoteny3y. C ypokoB (U3WKU M3BECTHO, YTO

2V, eV
CCJIN V1 nu V2 - CKOpOCTH Ha I[By'X OJUHAKOBBIX y‘laCTKaX HYTI/I, TO CPCAHAA CKOPOCThb paBHA -1 2 , TO €CTh
v, +V,
ABJACTCA CPCAHUM I'apMOHUYCCKUM Vl n V2 . CYH_IGCTByeT emé nu quBépToe CPCIAHEC — CPCAHCC KBAAPATUIHOC
a’ +b?
2

MO)KHO BBIACIUTH 60J'II:HIOI>1 KJ1acc 3ajga4d, IJid pCHICHI/ISI KOTOpI)IX JOCTATOYHO 3HATHh U }’MGTB HpI/IMeHHTB
CPaBHUTCIIbHO HCCJIOXHBIC HCPABCHCTBA. K III/IC.]'Iy TaKNX HCPABCHCTB OTHOCHUTCA, IMPCIKAC BCCTO, HCPABCHCTBO
KOHII/II CpeI[HCC apI/I(i)MeTI/I‘-IeCKOC ):[Byx HOJIOKUTECJIBPHBIX UUCEJI d U b HC MCHBIIIC UX CpeI[HGFO FGOMeTpI/I‘ICCKOFOI
a+b

> +/ab . Hapsiny ¢ HepaBercTBOM Koliu m0ie3H0 3HATh CIESICTBUSI U3 HETO:

a+b>2Jab
a’+b?>2ab

b <(a+bJ2
B 2

ab < %(a2 +b?).

B HEPABCHCTBAX PABEHCTBO JOCTHUIacTCs, €CIIU a = b. Ot HEPAaBCHCTBA 3KBUBAJICHTHBI ApYyT APYTrYy IIpU

a>0,b>0.
1. ITonsiTne cpeaHeil BeTMYHHBI.

Cpeoneti eenuuunoli NEUCTBUTENBHBIX YUCEN dy,d,,...,d, (N € N) Ha3bIBalOT BCSAKOE EWCTBUTEIBHOE YHCIIO

X, yaoBieTBopsiroiiee ycinoBuo M < X < M |, rae m — HaumeHbliee, a M — HanOOJIbIIICe CPEIN YUCET
a,,dy,...a,(NeN).

Cpeonsisi genuuuna 9UCI d,,d,,...,a, (N € N) TOIbKO OfHA B TOM U TOJIBKO B TOM CIIy4ae, KOTaa

Cpeonum eceomempuueckum NEACTBUTEIBHBIX HEOTPULATENBHBIX YUCET dy,d,,...,d, (N > 2) HA3bIBAIOT TaKOE

aeiicTBUTeNbHOE HeoTpuarensHoe uncio G =G(a,a,,...,a,) =4/a, *a, ¢...ea, .

Cpeonum apugpmemuyeckum AEHCTBUTENBHBIX YUCET d,d,,...,d, (N> 2) Ha3bIBAIOT ACHCTBUTEIHHOE YHCIIO

_a,+a,+..+a,

A:A(alyaza--'ran) n



Cpeonum — eapmonuveckum JIEHCTBUTENBHBIX MONOXHTEIBHBIX UHCET  ,d,,...,d,(N>2) Ha3pIBAIOT

n
1 1 1
i e
a, a, a

nonoxurensHoe uncno H =H(a;,a,,...,a,) =

n

Cpeonum keaopamuueckum (K6aOpamuyHvim) JIEHCTBUTENBHBIX YHUCEN d,,d,,...,d,(N>2) Ha3bIBalOT

a’+al+..+a’
- .

Ecnmu paccMoTpeTh N1Ba MONOXKHUTENBHBIX YHCIA @ W b, TO 3TH CpeAHHWE BEIWYUHBI OYIyT BBITIIAICTH
CJIEIYIOIIUM 00pa3oM:

HeoTpHuIaTenbHoe AeiictBurenpHoe uncno Q = Q(a,, a,,...,a,) = \/

a+b
e cpenHee apupmMeTnueckoe: A = T;
e cpeanee reomerpuueckoe: G =+/ab;
2ab
e cpemnHee rapMoHuyeckoe: H = ——;
a+b
a’+b’
e cpennee kBaapartuyHoe: Q = —

I1l. CpenHue uync/ioBble BEJIMYMHBI B TeOMETPHYECKUX MOIeJIsIX.

3agaun Ne 1. OnpeieuTh CpeIHIO CKOPOCTh TYpHCTa Ha BCEM IIYTH, €CJIM OT IMyHKTa A 10 nmyHKTa B oH mén co
CKOPOCTBIO V, , & 0OpPaTHO — CO CKOPOCTBIO V, .

S

Pemtenne. O003HaYMM CUMBOJIOM S PacCCTOAHNUEC MCIKAY ITYHKTAMU An B, TOora — - BpEeMd TypuCTa OT A a0
\'
1

S S S
B, a — - Bpems TypucTa 06paTHO. — + — - BpeMsi, 3aTPAueHHOE Ha BECh MYTh.
vV, v
2 1 2
2S 2 2 2V.,V
Torma v, = = = =—-12
Ml =978 7 1T 1 v+, vy,

Vi Vo ViV ViV,

Homyunnu, 9To V,, €CTh CpeHEE TAPMOHMIECKOE CKOPOCTEH V; U V, .

3amaua Ne 2. B npsimoyrosnbHoM TpeyrosnbHruke ABC u3 Bepmnnbl C Ha
TMIIOTEHY3Y OmylleH nepneHaukyasp CD, KoTopblif 1enuT runoTeHy3y Ha
orpe3ku AD = a; BD = b. Beipa3uts uepes a u b:

1) OFE;

2) CD;

3) DE (rme E — ectp Touka nepecedeHust OKPY>KHOCTH, OITMCAHHOH OKOJIO
TpeyronsHuka ABC, u nepnenaukysipa, npoea€HHOTo K AB yepes neHTp
OKPYKHOCTH);

4)  CK (rme Touka K- ecTh OCHOBaHHE NEPICHUKYIISAPA, OMYIIEHHOTO U3
touku D Ha r = CO).

Pemennue.
1) AABC — npsimoyroJibHbIH, ToaTOMY AB — muametp okpyxkunoctit AB = a + b, O — ueHTp OKpY>KHOCTH, TO

ecs AO = OB = OF = a%b

[Tonyunnm, yto EO = SBIISICTCA CPETHUM apu(PMETHUECKM JABYX OTPE3KOB, JUIMHBI KOTOPHIX a U b.

2) CD L AB (1o ycoBHI0), ClieIOBaTEIbHO, TI0 CBOMCTBY MEPICHINKYIIAPA, OMYIIEHHOTO M3 BEPIIHHBI
IPSAMOTO yriia Ha runotenysy, CD?* = AD e DB. 3naunt CD =+ AD ¢ DB, 10 ectb CD =+/aeb .

CD sBnsercs cpeiHuM IreOMETPUYECKUM JIBYX OTPE3KOB, IJIMHBI KOTOPBIX PaBHBI a U b.
3) AOED — npsimoyromnbsHbIi, Tak kak EO L AB (mo ycnoBwuio)



OF = a ; b (KaK paguyc OKpYKHOCTH)

OD =A0-AD =aT+b—a= a+b2_2a = b;a . ITo Teopeme Iudaropa DE*> = 0D?* + OE>.
b-a a+b b-a)? +(a+b)?
DEZZ( )2+( )2:( ) ( ) — > 5
2 2 4 a“+b
= DE =,|———— , 10 ectb DE sBasiercs cpepnnum
b?-2ab+a’+a’+2ab+b*> 2(a’+b?*) a’+b’ 2
2 4 2

KBaJIpaTUYHBIM IS ABYX OTPE3KOB, [UTMHBI KOTOPBIX & ¥ D.
4) ADOC — npsimoyroinbhblii, Tak kak CD L AB. IIposeném DK L CO.

CD? 2ab
CO a+b

[To cBoiicTBy npsimoyronbHOoro tpeyroiapbHuka CD? = CO e CK, 10 ectb CK = , To ectb CK —

cpeliHee rapMOHUYecKoe it a u b.
5) U3 pereHus 5TOM 3a1a4d BUIHO, YTO IS IBYX OTPE3KOB A U b MOYKHO HAHTH YEThIPE 3aBUCUMOCTH:
CpelHee KBaJpaTHIHOe, CPeIHEE TAPMOHUYECKOE, CpeIHEe apUPMETHUECKOE, CPEIHEE FEOMETPUIECKOE.

V. B kakoii ’ke 3aBUCHUMOCTH OHU HAXOIATCS APYT OT aApyra?

N3 HCTOPHUHU CPECIHUX BECJININH.
KOI‘I[a BO3HHKIIA ITIOHATHUA CPCAHUX BCIIMYMH B MATCMATHUKEC, TOYHO HE U3BCCTHO. Ho InpeamojararoT, 4To
YK€ BaBUJIOHAHC Ooiece TPEX THICAY JICT Ha3aJ MCIIOJIb30BAJIU UX IMMPH BEIYUCIICHUN KBAJPATHBIX KOpHGfI. B
JOIICOIMINX A0 HAC TaOIMYKax KBaAPATHBIC KOPHHU U3 HATYPAJIbHBIX YUCCII (baKTI/I‘leCKI/I BBIYUCJICHBI 110

o r
u3BecTHOH HaMm dopmyite: eci N = B2 +1, 10 /N = /241 =~ f+—.

2p
BoccTranaBnuBas X0/ paccykIeHUI BaBUJIOHSH, COBPEMEHHbIE YUEHBIEC IPUIIUTH K BBIBOAY, UTO OHU Opaiu
N _a+p r
cpenHee apupmMeTndeckoe yrcen B u — . B camom fgene, ecniu 0003HAYUTh X = E’ o3, = > =+ ﬁ .

MHoro no3zxe apeBHerpedeckuii mareMatuk ['epon (I B.) B cBoeit «MeTpuke», MpUMEHSsIs TOT e METO]
MPUOIMKEHHOTO BBIYUCIICHHS KBaJIPATHOTO KOPHSI, MHCAJI, YTO €CJIH PE3YJIbTaT MOJIYYaeTCs CO CIUIIKOM
0O0JIBIIION MOTPENTHOCTHIO, TO YKA3aHHYIO MPOIETyPYy MOXKHO MTOBTOPUTH, T.€. B3ATh CpeHee apupMeTHIecKoe

N
qucen B, u —.
1
[IppuMeHUM 3TOT anrOpuUTM K BBIYHCIEHUIO KBaJIPATHOIO KOPHS W3 HATYpPaJbHOIO YHCJA, 3alMCAB €ro B BHJE
MPOM3BEICHNS IBYX HATypalnbHbIX ynces: N = ab (npu npoctom N 0MH U3 COMHOKUTENeH paBeH 1). B kauecTe nepBoro

i a+b a
MPHOJIMOKEHUS 3HAYCHHUS / A8 BO3bMEM b1 = , 3aTeM, cliefys pekoMeHgauuu I'epona, HailieM @, = — , KOTOpOe
bl
2ab
OKa3bIBACTCs Cpe,Z[HI/IM FapMOHI/I‘ICCKI/IM YyHuCcell a U b
a+

Taroke cpeiHre BEIMYMHBI ObIITM U3BECTHBI M AHTUYHBIM MaTeMaTHKaM. B 0THOM M3 MaTeMaTHYECKUX
TECTOB, KOTOpBIE IPUITUCHIBAIOT JIPEBHETPEUECKOMY MaTeMaTHKy ApXuUTy (oK. 428 — 365 r.r. 10 H.3.), CpeaHee
apudmernueckoe 4, cpegHee reomerpudeckoe G u cpeHee rapMoHIUECcKoe [ Onpeersinch Kak paBHbIC
YJIEHBl COOTBETCTBEHHO apHU(PMETUUECKOM, FTeOMETPHUUECKON U TapMOHHYECKONW MPOMOPLHUIA:

a-A=A-b; a:G=G:b; (a-H):a= (H-b):b.

M3 3Tux paBeHCTB nosyyaeM: 4 = a+b; G=+/ab; H :L:Lab.
2 £+1 a+b

a b
CBou Ha3BaHUA NEPCUUCIICHHBIC CPCAHUC BCIIMYNHBI TIOJTYYUIIM B aHTUYHLIC BpCMCHA.
Apwucrotens (384 — 322 r.1. 10 H.3.), BeluKuit puinocod IpeBHOCTH, OOBACHSI MIPOUCXOXKICHUE Ha3BaHUN TaK:
b-a

a+b
cpeau yucen a, T b xaxnoe rocJenyroniee OOoJbIIe MPEABIAYIIEro Ha MTOCTOSIHHOE YUCIIO0 (pu

ycioBuu a < b), a CpaBHEHHS TUTIA «HA CKOJIBKO OJTHO YKCJIO OOJIBIIIE APYTOro» UCIOIb3YeTCs JIUIIE B
apudwmerunke. [y BenmuunH a,+/ab,b kaxnas cnexyromas 6obiie mpeapIymero B (GUKCHPOBAHHOE YHCIIO



\|— Pa3; Takoe CpaBHEHHE NPOM3BOIUTCS TONLKO B TeOMETpHH. ECTeCTBEHHO, APHCTOTENb BEICKA3bIBAT
a

OTHOILICHHUEC K OIICpalriIM, OBITOBABILIIM B IIpGBHGFpG‘-IGCKOﬁ MaTCMaTHKeE.
I/IHOF,I[a BMECTO TEPMHHA «CPEAHEE I'COMETPHUUCCKOEC) HUCIIOJIB3YIOT HA3BaHUC cpe()Hee nponopyuUoHajlbHoeE.

OOBsicHsIETCS 3TO COBCEM MTPOCTO: Be/b paBeHCTBO G = Jab paBHOCHIIbHO Tiponiopimu a: G = G: b.

[To mpenanuro rapmonndeckoe cpenuee BBEN [udarop (VI B. 10 H.3.), BBIpa3uB ¢ €ro MOMOIIBIO OTHOIIIEHUE
OCHOBHBIX TAPMOHUYECKUX UHTEpBaIOB. [Tudarop yctaHOBHII, YTO BMECTE CO CTpyHO# muinHO# 121, co3ByuHO
CIIMBAsICh C HEH 3ByYaT CTPYHBI TOTO )K€ HATSHKCHUs ¢ JuyinHamu 61 (Bbiiie Ha okTaBy), 8l u 9 (Bbiiie Ha KBaHTY
W Ha KBapTy), npu 3ToM 9l ecthb cpeanee apupmerrueckoe uncen 61 u 121, a 8| on onpenennn kak cpennee
rapMOHHUYECKOE ATUX YKCEe. DTO CO3BYUHUeE (M ompeesiolee ero oTHouenue 6, 8, 9, 12) nazpiBasioch
terpanoil. [ludaropeiiipl cuntamm, yTo TETpaga €CTh «Ta raMma, o KOTOpoi MOT cupeHb». OTKphITHE
TETpaJibl MPUBENO NUdaropeiieB K MoMcKaM Mo J00HBIX COOTHOLIEHUH B IPYTUX 00JACTIX YeTOBEUYECKUX
3HaHUH, B TOM YUCJIE apXUTEKTYpPE («30J0TOE CEYCHHUEY ), TEOMETPUHU, KOCMOJIOTHH U T.]I.

B npeBHerpeueckoit MmareMaTuke, KOTopasi ObUIa M0 MPEUMYIIECTBY F€OMETPHUECKOM, ObLIO H3BECTHO
HECKOJIBKO CITIOCOO0B MOCTPOCHUSI CPEHUX T10 ABYM JaHHBIM OTpe3kaM a U 6. Y [lanmbl Anekcanapuickoro
(I11'B.) B ero «MaTteMaTHueCKOM COOpaHHM», CBOJIE PE3YJIbTATOB JAPEBHEIPEUCCKON MAaTEMATHKH, TIPUBEICHO
MOCTPOCHHE CPEAHETO TEOMETPHUECKOTO ABYX OTPE3KOB IO CIIOCO0aM €ro mpeAlecTBeHHUKOB DpaTocheHa
(276 — 174 r.r. 1o u.3.), Hukomena (1l B. 10 1.3.) u I'epona ( | B.), 1aHO TakKe OIMKCAHUE IIOCTPOCHUS HA OTHOU
¢burype Bcex TpEX OTPE3KOB.

DopMyIIbl, 33aI0IIHE Pa3IHYHbIE CPEAHKE, BOOOIIE TOBOPSI, UMEIOT CMBICI HE TOJIBKO MPH MOJTOKHUTEIbHBIX
au b. OxHako, 4T0OBI KaX/IbIi pa3 HE 33 [yMbIBATHCS HAJl BOIIPOCOM CYIIIECTBOBAHUS CPEIHEH BEIUUYMHBI,
OOBIYHO CUUTAIOT @ H D MOJ0KUTEIBHBIMH.

CooTHolIeHHE MEKIY CPeTHUMU BeJIHYUHAMU.
+ Cpasnenue cpednezo apumemuueckozo u cpeonezo 2e0MempuecKozo.

a+b \/_
Cpennee apudpmeTnyeckoe —— M CpelIHee TeOMETPHYECKoe ab HeoTpuIaTenbHBIX YKCeN a U b CBSI3aHbBI

+b

a
COOTHOILEHUEM: >+/ab (paBeHCTBO BBIMOJHACTCS TOJBKO MPU @ = D).

1. Aneebpauueckoe ookazamenbcmeo.

2 2 2
asz _Jab = a+b—22\/E _ (Va) —2\/2E+(\/5) _ (\/5—2\/3) >

0.

Taxum obpazom,

2
a+b >.ab Va,b > 0. [Tpu 4éMm paBEHCTBO AOCTHTAETCS TIPU (a—vB) _ 0;vVa=+vVbh < a=h.

> =

Urto 1 TpeboBaIOCH J0KA3aTh.
2. T'eomempuuecroe doxkazamenbcmego-1:

oCpasnenue cpedHe2o apu@dMemuiecko20 U CpeoHe20 2eoMempudecko2o Oasi 08YX
noaoxcumenvHuix yucen a u b.

Hano: oxp.(0;04); AD=a;BD =b

a+b
Jlokazate: vab <
AB
Jokaszarensctso: 1) AB — nuamerp, AB=a+bu OD=0C =0B = -
a+b

cnenosatensHo, OC = —

1) yron ACB — BricaHHBIH
nyra AKB = 180 3Ha9uT, yroy ACB = 90° (110 CBOMCTBY BIIMCAHHOTO yTJIa)
Taxum 00pazom, AACB — npsSIMOYTOJIBHBIH.
AB AC 2

2) AABC mogo6en AADC (110 aByM yriiam), Takum obpasom, — = —— , ciegoBarensno, AC° = ABe AD .

AC AD



AB BC
3) AABC mono6er ACBD (1o aByM yriam), ClIeI0BaTelbH0 — = — , ciegoarensio, BC? = AB e DB.

BC DB
4) €D 1 AB, 1o ectb AADC nono6en ACBD.

% = %, cnenosarensio, CD? = AD e DB, 3uaunr, CD = +/AD ¢ DB , 10 ects CD = \/%
a+b

5) ACDO — npsamoyromnsssiii, CD L OD, 3naunt, CD < OC, 10 ecth v ab < T

a+b
6) Ecnua=Db, to Touka D coBmamaer ¢ Toukoit O, To vab = —

a+b
2

2. I'eomempuuecxoe doxazamenvcmeo-1:

[Tostromy ~ab <

, UTO 1 Tpe6013aﬂoc1> J0Ka3aThb.

« ABCD — npssmoyronsauk, AD = a, AB = b, AK — 6uccextpuca £BAD.
1.AK — Guccekrtpuca, cienoBareinbHo, / BAL = / LAD-
2. /LAD Y / BLA — BHYTPEHHHUE HaKpeCT JIeKallie YIIbl IPU
napauiensubix BC u AD u cexymeit AL, To ectb / BLA = / LAD-

3. / B = 9(°, ciienoBaTteiabHO, / BAL = / LAD = 45°, HO

b L « J/BLA= /LAD,3uauntr, AABL — paBHoOenpennsiii, BL = AB = b.
/ 4.AAKD — paBHOOenpeHHbIi, Tak kak KD 1 AD, / DAL = 45°, 3Ha4UT
/ AD = KD = a.
2 2
3.54pL = %bzi Sakp = %612; %az + %bz = &b . Sapcp = ab.

1 1
6.0ueBUIHO, 9TO S,xp + Sap = Sppcp Eaz + Ebz >ab.
. o [.Ilpu uém paBEeHCTBO JOCTHraeTcs MpU a = b, TO €CTh B 3TOM Cliy4ae
ABCD — kBagpar.
a’+b? - a’ +b?

8. Urax, >ab; ab<
2 2

n m+n
>A/mn wmm vmn <

m+
9. 3ameHuM B HepaBeHCTBe a’ Ha m, b? Ha n, ToOMTyYnM

TO €CThb CPEAHCC TCOMETPUICCKOC HE OoJIbIIIe CpCaHETO apI/I(I)MeTI/I‘ICCKOFO.

3. Teomempuueckoe doxazamenvcmeo-llI.

4+ Cpeanee apudpmeruveckoe.

Cpenneil mMHMEH Tpaneluy Ha3bIBAIOT OTPE30K, COSIMHSIONINN cepeInHbl €€ OOKOBBIX CTOPOH.
JlokazkeM, uTO CpE/IHSS JIMHUS TPAIeIiK apajuielibHa OCHOBAHUSIM U paBHA UX TOIyCyMMe (PHCYHOK).

o Jlana tpaneuus ABCD co cpenneii nuauent KL. J{ns B b€
JI0Ka3aTesIbCTBA MPOBEAEM NMpsAMYIo uepe3 Touku B u L
1o nepeceyenus c npsmoit AD.

e Paccmotpum nomyuennsie Tpeyronsauku LBC u LQD:

1.ITo onpenenenuto cpenneit IMHUN Touka L sBisiercs
cepeauHoit otpe3ka CD. Otcrona cienyer, 4To OTpe3KH
CL u LD pasHsI.

2.4 BLC = £ QLD xax BepTUKAJIbHBIE.

3.£BCL = £LDQ xak HaKpecT JexXalme npu A é D e]
napauenbHbIX npsMbix AD u BC u cexymeit CD.

e U3 51ux 3 paBeHcTB crneayet, uto TpeyronbHuku LBC u LQD paBHBI 10 CTOPOHE U ABYM HPUIIEKALTUM K
HEW yriam.



e CnenoBarensHo, ZLBC = £LQD, BC = DQ u BL = LQ => KL, sBusomascs cpeaHen IMHUEeH Tparnenu
ABCD, taxxe sBisieTcs U cpeanent inauen tpeyroipauka ABQ. CoriiacHO CBOMCTBY cpeHEeN TUHUHI
TPEYTOJIbHUKA MOTYYaeM:

1.KL=1/2AQ =1/2(AD +DQ) =1/2 (AD + BC)
2. KL || AD mo cBOICTBY cpeHel IHHUH TpeyroybHuKa. A Tak Kak AD||BC 1o onpeaeacHuo Tpareium, TO
KL||BC.

Eciu 0603Ha4nTh OCHOBAaHUS Tpanenuu a u b, cpeanioro auamuio KL 3a m, TO MOAY4YHM CpeIHee

a+b <
apupmMeTHIecKoe: m = 5 Urak, cpennee apudmerndeckoe — 3To JUIMHA CPeIHEH TMHUN TPaTCIHH.

* CpeL[Hee reoOMEeTpuIEeCKOeC.

B a C e Otpe3ok, pa30MBAIOIINIA TPANICIIUIO HA JBE MTOA00HBIC
Tpanemnuu, UMEET JUTHHY, PABHYIO CPEIHEMY T€OMETPUUECKOMY

JIUIMH OCHOBAHUM.

e JlokaxeM 3TO (PUCYHOK).

M Otpezok MN gemut Tpanernuio ABCD nHa nBe mo100HbIC
tpaneruu AMND u MBCN.
3HAYUT, OTHOIICHHUS COOTBETCTBYIOIINX CTOPOH B 3TUX
Tpanenusx paBHH% = %; MN? = BC - AD; MN = VBC - AD.

D O603HaunM anuHy otpe3ka MN OykBoii g.

A g g= w’ﬁ.

+ CpenHee KBagpaTH4HoOe.

P Jlokaxkem, 4TO JyIMHA OTPE3Ka, AEJSIIEr0 TPAINCIUIO Ha IBE
PaBHOBEMKHUE TPAIlCLIMM, paBHA CPEAHEMY KBAaAPATUYHOMY JJIMH
OCHOBAaHHUM.
Jloka3aTeabCcTBO:

e Ortpe3ok TG, mpoBeIeHHBIN ApAJICILHO OCHOBAHUSM (PUCYHOK),

f & \\, nemut Tpareiuio ABCD Ha nBe paBHOBEIHKHE TPATICIHH.
= \ e P—Touka nepeceueHust 00OKOBBIX CTOPOH Tparnenuu. [Tnomaau
o \ tpaneunit ATGD u TBCG 0003Ha4nM S, Tak Kak OHU PaBHBI.
L [Tnomane Tpeyronpauka BPC 0603HaunM S;.
T ) e T.x. Tpeyronsuuku BPC,TPG u APD nonoGHbI, TO MOXKHO
O MIPUMEHHUTDH CBOMCTBO: OTHOLIEHHE IIJI0IIa1eH OI0OHBIX (PUTYp paBHO
' . KBajapaty ko3 dunuenta nogoous.
A é e Hnuny orpeska TG 0603HaUMM uepes X.

e Paccmorpum nonoOHbIe TpeyroiabHuku BPC u TPG. Koaddunment nogodus k = %

e Ilonyuum SE (2)2.

51+S X
e Paccmorpum nono6uwie TpeyronsHuku APD u TPG.
_ b, S1+25 _ (2)2
o Koaddumuent k = ~ s — )

e (CkiagpiBaeM 00a paBeHCTBA, MOJIy4aeM:

2 2
S S51+2S a b

o L+ IE_ ()4 (2)
51+S 51+S X X



25;+2S _ a%+b?

S1+S  «x2
2,32
+b
o 2 = a
2
5 a’+b? a?+b?
e X~ = o X =

+ CpenHee rapMoHHYECKOE
3adaual.
& a1 C x-a P [Tycts EF — oTpe3ok minHOM X ¢ KOHIIaMU
COOTBETCTBEHHO Ha 00KOBBIX cTopoHax AB u CD

tpanenuu ABCD, napamiensHblil €€ OCHOBaHUSIM a U b.
. BE
Haiigure x, eciu n3BeCTHO, YTO = A.

Pewienue:

e Jlng penieHust BHITOJHUM JONOJHUTENBHOE
noctpoenue. [Iposeném uepes Touky F PH || AB.

e AFCPu A FDH nono6Hsl 1o NepBOMy IPU3HAKY,
TaKk Kak ZCFP = £DFH kak BepTukaibHble, a ZFCP =

/4 D £FDH kak HaKpecT Jexalue Mpy napaiieabHbIX
e CP=x—a HD =b —x.

X—a
e 13 moaoOus TpeyroJabHUKOB U U3 YCIOBUS 33a4d CIEIYyeT, 4To —— = A.

b-x
. Tornax—az/l(b—x)@x—azlb—)lx@x+/1x=a+/1b<:>x=a1jlb ().

npsmbix BP u AD u cexymeii CD.

& (L 3adaua 2. Haiiném x, ecnu otpe3ok EF nmpoxoaut yepes Touky
O - Touky nepeceueHus TuaroHaaei Tpamnenuy.

Perenue:

BE _BO _BC _a
E F EA 0D AD b

o a
B nmansoii 3amaue A = p

a+%-b _ 2ab
a — .
1+B a+b

[MoacraBum 370 3Ha4YeHue B (*), monyunm EF =

A Z P

* CpaBHeHne YUCJTOBBIX CPEAHUX BECJIUYHUH C MOMOUIBIO TPaneunuu.

e Urak, B Tpanerun ABCD mosiBUITMCE BCe YIIOMSIHYTBIE CPETHUE YUCITA.

2ab a+b
o C . Jlokaem HepaBeHCTBO: — < Vab < —-.

M

JloKa3aTeJILCTBO:
v o [Tycts EF — oTpe3ok, mirHa KOTOPOTO paBHA CPETHEMY

Y 0 e rapMOHHYECKOMY YHUCElN a U b;
ﬁé o JuMHa oTpe3ka MN paBHA cpeHEMY F€OMETPUUECKOMY

K
T/ &

yrcer a u b,

. KL — oTpe30K ¢ JUIMHOW, PaBHOM CpeIHEMY
apu(MeTHIECKOMY YHucel a u b,

A A D . TG — oTpe3ok, IMHA KOTOPOTO PaBHA CPEIHEMY

KBaJIpaTUYHOMY 4KCcen a u b.




BE a
e Torma— =-.
EA b

. BM
e Haiinem oTHONICHUE A

e Tak kak tpanenuu AMND u MBCN 1nogoOHBI, 3HaYUT, OTHOIIICHHUS! COOTBETCTBYIOIIMX CTOPOH B ATUX

Tpaleuusax paBHBI. BM_MN - ab - a4
patien p "MA~ AD b Alb

BK
o Tax xak KL cpennsis nuHus Tpaneuuu, TO OTHOLIEHHE i 1.

a a 2ab a+b
e Ho—-< [-<1,3nauur, — < Vab < —.
b b a+b 2

a+b a2+b?
° Tenepb JOKaXXEM IIOCIIEAHCEC HEPABECHCTBO!: T < 2

o Jlns goka3aTelbCTBA BOCIOIb3yeMCs (OPMYIION IS HaXOXKAeHUs Itomaau tpaneuud. [lycts hy BbicoTa
tpanenuu TBCG, a h, - Beicota Tpanenuu AT GD. Tak Kak MJI01aay 3TUX Tpaneuid paBHbI, TO

’a2+b2 a?+b2 2,52
hl.(a+ > ) h2-<b+ > ) ny bt ,a +b

@_
2 2 hy

2
[2 2"
a“+b

a+ 2

h a+b a?+b?
. TaKKaKa<b,T0h—121.3Ha‘-II/IT,TS ’ —.
2

Hroro: nns tpanenuu ABCD ¢ ocaoBanusimu AD u BC (BC = a,AD = b,a < b) cupaBeisTUBBI CIICAYIOIIHE

YTBEPKICHUA:

1) Otpesok KL, coeuHSIONINI cepelHbl OOKOBBIX CTOPOH TPAICIUH, apalie]ieH OCHOBAHUAM U PABEH HX
nojiycymme (cpenHee apuMeTuIeckoe yucea a u b).

2) Otpe3ok M N, pa3OuBaroIyii Tpareyio Ha IBE M0 J00HbBIC TPATICIUH, UMEET UTHHY, PABHYIO CPEAHEMY
reomMeTpruecKoMy dmcen a u b, Vab).

3) Otpe3ok EF, mpoxoasinuii yepe3 TOUKy MepecedeHus JHaroHaiei Tparneuy napauiebHO OCHOBAHUSIM,
paBeH % (cpenHee rapMOHHYECKOE YHcen a u b).

) 24p2
4) Otpesok TG, nensinyii TPAIENMIO HA IBE PABHOBEIUKHE TPAIIEIUH, MMEET JJINHY, PABHYIO /a —— (cpennee

KBaJ[PaTUIHOE YHCEI A U D).

5) YToObI YBUICTH CBSI3b MEXK/Y 3TUMHU OTPE3KaMH, TIOCTPOMIIM MX ISl JAHHO# Tpareyuy Ha OTHOM YepTeiKe.
[TostoKeHne OTPE3KOB YKA3bIBAET HA CBA3b MEXKY YMCIOBBIMU CPEIHUMH BemanHaMu. Tparenus
M03BOJISIET HATJISIZIHO CPABHUTH CPETHUE BEIMYNHBI U YOSTUTHCS B BHITIOJIHEHUH YTUX HEPABCHCTB:

2 2 2
ab < m < a+b < a“+b .
a+b 2 \’ 2

Wtak, Mbl JOKa3aJu HEpaBeHCTBA M yOEIMIUCH B TOM, UTO IpU a < b Bce HEpaBEHCTBA — CTPOTHE.
6) HetpyaHo BHIETh, UTO €CIIM KaKUe-THOO0 JIBa M3 OTPE3KOB, JUTMHBI KOTOPBIX MBI CPABHUBAJIH, PABHBI, TO
ABCD — napannenorpamm H, CiI€10BaTeIbHO, BCE HEPABEHCTBA IIPEBPAILAlOTCS B PaBEHCTBA.

+ Cpasnenue cpednezo apumemuueckozo u cpeonezo K6adpamuunozo.
ITo ompenenenuto HepaBeHctBa eciau (a-b) =0, To a=b, a ecmu (a-b) <0, o a <b. Ho s
TOJI0KUTENLHEIX @ U b uMeeT MecTo BhIpaxkeHue: ecii a® — b* > 0, To a = b u Ha060POT.

2 2
a+bS a‘+hb

Jls toKa3aTenbeTBa PaccMOTPHUM Pa3HOCTD!

2
a+b,, a?+b*, a’+2ab+b* a’+b* a’+2ab+b”*-2a°-2b* —a®+2ab-b?
( ) —( )" = - = = =
2 2 4 2 4 4
_ 2 2) _ _ 2
(a®—2ab+b _ (a—hb) _ 1(a—b)230

4 4 4
3HauUT MO ompeeNeHuIo HepaBeHeTBa (ipu a = 0; b = 0) pa3HOCTh KBaJIpaToB OTPHUIATENILHA, TO €CTh
a+b _ [a®+b? .
yYMEHbIIIaeMO€ MEHBbIIE BeIYuTaeMoro. Takum oOpazom < , IPUYEM PaBEHCTBO JIOCTUTACTCS

2 2

1
ToNbKO 1pu a=h, max xax —Z(a —-b)?=0sa=h.



+ Cpasnenue cpednezo 2apmMoHUYECKO20 U CPEOHE20 260MEMPUUECKO20.

b _ Jab

ILOKa)KeM, 4TO CPCAHCC TaPMOHHUYCCKOC HEC 0oJIbIIIE CpCAHCTO TCOMECTPUUCCKOTO, TO CCTh b
a+

Paccmotpum pasHocTh

2ab ., 4a ?p? 4a’b* —ab(a’ +2ab+b? ab(4ab—a’ —2ab—b?)
G ~(Jab)" = (a+b)? @i T a’ +2ab+b? - (a+b)? -
_ab(-a® +2ab-b’ ) _ —ab(a’-2ab+b?) —ab(a-b)’
- (a+b)? - (a+b)? ~ (a+h)?
—ab(a—b)?

[Tpu ycnoBuu, 4to a U b MONMOKUTETBHBI PAa3HOCTH KBAPATOB <0, To ecTh yMEHbIIIAEMOE

(a+h)?

MEHbIIIE BBIYUTAEMOr0. 3HAYUT

b ab , npuuém paBeHCTBO HOCTUTACTCs UIIb IPH (a — b)? & a = b.
a-+

BI)IB()}I: TaKUM 06pa3OM, MBI TOKa3aJIn OJHO U3 Ba)KHeﬁHIHX HepaBeHCTB, CBJs3aHHBIX CO CpeZIHI/IMI/I:
2ab _a+ b a’ +b?
—<4a .
a+b 2

IV Cpennue 151 N MO0KUTETBLHBIX YHCET.
Boobme cpennue BeIMYMHBI MOXKHO HAaXOAUTH JJA JI00OT0 KOJMYECTBA IIOJOKUTENBHBIX YHCEN a,d,,...,a,.
OnpeneneHus 3TUX CPEHUX JaHbl BeIE. JIjIst MIOOBIX MOJNOKHTENBHBIX YHCeN @, ,a,,...,d, CpeaHee apudmernyeckoe,

Cp€AHCC TCOMCTPUUICCKOEC, CPCAHEEC TapMOHHNYCCKOC, CPEAHEC KBAJPATUYHOC YAOBJIICTBOPAT HEPABCHCTBAM:

2 2 2
n a +a, +...+a a +a, +...+a
<tfa, ea,s..eq, <Lt 2 < A2 o
1 1 1 n n
T
a’l a2 an
B Ka>XXJIOM M3 KOTOPBIX 3HAK PABCHCTBA AOCTUT'ACTCA JIMIIb B CJIy4dac, KOrja al = a2 == an i

CaMbBIM Ba)XHBIM M 3HAQYUMBIM H3 3TUX HEPABCHCTB ABJIACTCA HEPABCHCTBO O CPCIHEM apI/I(I)MeTI/I‘-IeCKOM Hu CpE€aAHEM
TreOMETPUUICCKOM, KOTOPOC€ HOCUT HA3BAHUC HEPABCHCTBA Komin.

V 3ameuaresibHOe HepaBeHCTBO Kotm.
a+a,+..+a,

n
OTO 3HaAMEHUTOE HEPABEHCTBO MPHUHAUICKUT (paHiry3ckomy mareMaTuky O.Kommm, koTopoe ObIIO OIMyOIMKOBAaHO B
1821 roxy. B TO Bpemsi ero qoKa3aTeasCTBO 3aHUMAJI0 HECKOJIBKO CTPAHMII CIOKHBIX BBIKJIAIOK M OBLIO OCHOBaHO Ha
MeToAe MaTeMarnueckod MHAYKIUU. C TeX MOp MOSBUIOCH HECKOJBKO JECSATKOB PAa3IUYHBIX JI0KA3aTeNbCTB STOrO
HEPaBEHCTBA.
Teopema.

nNa,ea,e..eq <

n

a, +a,+..+a,
n

s HeoTpuuaTenbHBIX YHUCEIl d,,4d,,...,4, CIpaBeIUIMBO HEPABEHCTBO Kommn Mja,ea,e. . .ea <

PaBeHCTBO gocTHTaeTcs TOraa M TOJIBKO TOTAa, KOoTraa a=4a,=..=4a,.

)IOK?B&TCIII)CTBO.

e Ilycrb uncna @, a,,...,a, - NOJOKUTENLHBI U @, = ’{/a1 °a,e..e3 .DT0 YUCIIO HA3BIBAETCSA CPEHUM
reOMETPHYECKHM IOJNOKUTEIbHBIX YUCEN 8,8, ,...,8, , pu N =2 (ecim n=1, 10 @, = Q,).

e Bosseném 00e 4yacT paBEeHCTBA B N — HYIO CTEIEHb.
e [lomyunm
@, =a,0a,e..0a
n_ _n-1
O =Pn1 ® a
n

_ Pn

n n-l
¢n—1

n

a



o  YMHOXHUM YHCIUTENb U 3HAMEHATEIb 3TOT0 paBCHCTBA HA D, _, .

° n

a, = —w“—ln Pr o (2) n=2,3,4,5,...

gon—l ¢n—1
e IIpumenum HepasenctBo bepuymm (" >1+n(q—1) ), 3amenus B HéM ( Ha P

¢n—1
o Jlomyuum
q= Pn
¢n—l

qn — ( ¢n )n

n-1
a, =¢,,°0"

q" =1+n(g—21

(Lo yn >14 n B 1
P P

an = ¢n—1(l+ n(& _1)) = Pn_a + Py ® n( P _1) = Py + DPn1 ® ne P
n—1 Pna Pna

—@p.a*nN=nNe,; —@,, (n—1),n=2

Taxum oGpasom &, > N, — @, ,(N—-1)

Ecun=2,10 &, 2 200, — 0, ;

Ecmun=3,710 8, > 3¢, —2¢,;

Ecmun=4,710 8, =2 4¢, —3¢;;

U Tak nanee, HaKOHEL;

2,2 (=g, -(N-2)g,,

a, 2ne, —(n-o, ,

CI10)KMM 3TH HEPaBEHCTBA MOWICHHO, MOIYYHM:

a+a;+...+a, 2N, —@, =N, —q,

[Tepenecém a, BIIEBO, pa3eiIMM HEPABEHCTBO Ha N.

a, +a, +...+a, 2 ne,

a+a,+.ta, TP =1fa, ea,e..0a,
o 2 ¢,

a +a, +...+a
1 2 n > r{/al
n
PaBeHCTBO JOCTUI'a€TCs, KOT'1a BCE a paBHLI.
9t10 HCPABCHCTBO CHIPABCJIMBO U IJII HCOTPULATCIIBHBIX YU CCII.

Takum o6pazom °3,e..0Q

n

Cy1iecTBYIOT U IpyTUe BapuUaHThI 3amucu HepaBeHcTBa Korm:
1) BosBeaém obe yactu HepaBeHcTBa KoIm B N- HYIO CTENEHb
a +a,+..+a

[Momyunm: ( . )" > ("\/al ea,e...03 )"
a +a, +...+a
= 2n ")'>a ea,e..ea

2) YMHOXHM 00€ YacTH MoJydyHuBIIerocs Hepapencrsa Ha N” (n e N)
(a,+a,+..+a,)"=2n"ea ea,e. . ea




VI 3agauu Ha npuMeHeHne HepaBeHcTBa Komm.

3agaua Ne | TIpousBeieHUE MOJIOKUTENIBHBIX Yicel &, @, ®...#a =1. Jlokasat, uT0 @ +a, +...+a, =N

Pemenue. [Ipumennm HepaBeHcTBo Koru:

a +a,+..+a, > 1/a
n

a +a,+..+a,
n

a,+a,+..+a,=n

,®d,e..03

n !

>1;

3 N2 P X" —=2x+2 1 N 2
azgayda NoL. I'CIIUTh ABHCHUC: =
P -1 1+(x-2)7 2+(x-2)

Pemenue. [Ipu x = 2 npaBast 4acTh ypaBHEHHs paBHa 2, a IpU X # 2 OyJeT MeHble 2, MOCKOJIbKY KaXI0€ CIaraeMoe
MenbIie 1. Mtak, npaBas yacTe He MpeBocXoAuT 2. JIEByI0 4acTh MpeCTaBUM B BUJC

2
—2x+2 1
T T yly— (x>1)
x-1 x-1
1
[Tpumenum HepasencTBo Ko as cnaraembix (x —1) u ( 1) :
x f—

x— 1+—
J@ I)e

xX— 1+—
—X1>1
> >

1
x-1+——2>2
x-1
Taxum 00pa3zoM mpaBas yacTh ypaBHEHUs] HE IPEBOCXOAMT 2, a JieBasi 4acTh He MeHbIle 2. PaBeHCTBO J0CTUTaETCS €CiH

00e yacTtu paBHBI ABYM, TO €CTb

1
x-1+—=2
x-1
3HAYUT NpH X = 2.
OtBet: x =2

C momorrpio HepaBeHCcTBa Kol MOKHO HaxoauTh HanOOIbIIIee M HAaMMEHbIIIee 3HaUeHUsT (PYHKIIMU 0e3 NCTIOIh30BaHHS
pou3BOAHOMN. J[J1s1 3TOTO MOTPEeOYIOTCS yTBEPKACHNUS, BRITEKAIONHE HETIOCPEACTBEHHO U3 HepaBeHcTBa Kormu:

1. PamenctBo B HepaBeHcTBe Komn mocturaercs, Koraa Bce, y4aBCTBYIOIIHE B HEM YHCIIa OJMHAKOBBI.

2. Ecmu cyMMa N0J0KUTENbHBIX YHCET Ay, d,,...d,, PaBHA @, TO IPOU3BEIEHNE 3TUX YHCEl IPUHIUMAET HanooJblee

n
a a
3HaYeHMe Ipu @; = a, =...= a, = — M OTO HaUOOIbIIEE 3HAYCHUE PABHO | — | .

n n

3. Ecmm MMPOU3BCACHUC IMOJIOKUTECIIbHBIX YHUCCII al,az,...an PpaBHO b, TO UX CyMMa NPHUHHUMACT HAUMCHBIICC

3HaUCHUEe Npu a; =a, =...=4a, = Q/B H 3TO 3Ha4YE€HHUE paBHO N @ Q/B .
X2+ X+2
3anaua Ne 3. Haiitn nanmenbinee snadenue Gpynkimuu f(X) = —, X € (0;0) .
X
3

X"+ X+2 1 1

Pemenne. ITpencrasum pynkmmo f (X) B Buxe cymmsi craraembix: f(X) = ———— = x> +1+ =+ =,
X X
Haii/ieM pOM3BEACHNE ITHX claracMbix: X° ele —e — =1,
X X

I
[EEN
I

910 03Ha4yacT, 4ToO CBOE HaMEHBIIICE 3HAYCHHE CyMMa Cjiara€MbIX IMIPpUHUMACT IIPU X —, TO €CThb IIpH X= l

f(l):#=4.

OtBet: y = 4 — HauMeHbIlee 3HaUeHUE QYHKIIMU, KOTOPOE JIOCTUTaeTCst Ipu X = 1.



3anaua Ne 4. Haiitu HanGonbiee 3uavenne Gyukuun T (X) = X* @ /4 — X? Ha orpeske —2 < X < 2.
Pemenue. Bosseném dynkimio B kBajpat, momyunm: 2 (X) = X* (4 — x?) , pasnennm o6e vacTu Ha 4:
f2(x)  x*(4—x?%)
4 4
[IpencTaBuM NPOM3BECHHE B BUIE IPOM3BEICHHUS

2 2 2 2
X“(4-X X X
g:_._.(4_xz)_

4 2 2
Haliném cymmy 3TUX MHOXKUTEIIEH

2 2
X 2
—+—+(4—-x°) =4, 1o ecTb CyMMa IPHHUMAET [IOCTOSHHBIEC 3HAYCHHMSL.

2

2 2
X 2
, a 3Haunt ¥ Gynkums f (X) mocTuraeT HaMGONBIIETrO 3HAYECHHUS TIPH > =4-x°.

CrnenoBatenbHO, PYHKIHS

Haiiném 3Hauenusa (l)yHKuI/IH B DTHUX TOYKAX

3 =8 26 zf 267 1643
S T

8 2243 26 2.6 (N'J (_ﬁ}zzﬁ

X=*% |- =% =+ f(——)
3 3 3 3 9

2.6
=

CnenoBaTelibHO, HAaMOOJIBIIICE 3HAUCHHE (DYHKITUN PABHO 9 mpu X ==

3agaua Ne 5. [pu kakux 3uauennsx x Gyrxuus f (X) = (1+2X)* (1—2X) noctHraet HanGOMbIIEro 3HAYCHU?
Pewenue. 3anmuiem dyukimio y = f(X) B Buze

f(x)= %(1+ 2X)(1+ 2x)(L+ 2x)(1+ 2x)(4 —8X).

Haiinem cymmy stux 5 comnoxuteneii: 1+ 2X +1+2X+1+2X+1+2Xx+4-8x=8.
[Ipumennm HepaBeHcTBO Komm qus n =5

4 J—
1 1+2X+1+2X+1+2X+1+2Xx+4—-8x (L+2x) " (4-8x)

— e > 5
4 5 4

1.8,
2210

2 5
£ (%) S[Ej

5
2
CnenoBatelibHO, QYHKIUS JOCTUTAET HAUOOJIBIIETO 3HAUYCHHUS PAaBHOTO (E , €CIIN

(1+2x) =(4-8x)
10x =3
x=0,3

03¢ {O;E}
2

Otser: npu X = 0,3 dyHKIMsE qOCTUTAaET HAUOOJIbIIIEE 3HAYCHHE.

8/x

3anaya Ne 6. Haiith HauGonbIee n HauMmeHbluee 3Hadenne pynkiuu | (X) = 1 ?{/_ .
+ /X

Pemenue. Haiiném o6macts onpeneneaus Gpyukuun D(f) = [0;+oo] .
1) f(0) = 0- nanmensmee 3navenune, Tak kak f(X) > 0.

1

2) Ipumennm HepaeHcTBO Komy s N = 2 u1s cnaraeMbix S/ X U T .
X



1
f(x) < > TO €CTh (DYHKIMS UMEET HAUOOJIbIIEE 3HAUCHHE r OHO JIOCTHIAETCS, €CITU

8/x =1

x=1
Heiicteutensno, f (1) = %
1
= — = 1
Otger: " 2 (=1 fro =0(x=0).

3aKjoueHune.

HepaBeHcTBa 1 CpeIHAX M CAMU CPEHUE IIMPOKO TPUMEHSIOTCS HE TOJIIBKO B aaredpe, reOMeTpHH,
MaTeMaTHYECKOM aHaInu3e, HO M B CTATUCTHKE, B TEOPHU BEPOSTHOCTEH (OTTY/1a MPHIILIO CPEIHEE KBAAPATUIHOE), TIPH
006paboTKe pe3yapTaToB U3MepeHuid. CpeaHss ypoKalHOCTh, CPEAHSA TUIOTHOCTE HACEIICHHMS, CPEIHSS TeMIIeparypa,
CPeAHSs POKIAEMOCTD, CPEIHsISA TITyOHUHA PEKH, — 3TO IPUMEPBI CPETHUX BEJINYHH, TIOCTOSTHHO OKPY>KAaIOIINX Hac.
HepaBenctBa urparmot GpyHIaMEHTAILHYIO POJIb B OOJBIIIMHCTBE Pa3aeiioB COBPEMEHHON MaTeMATHKH, 0€3 HUX HE MOXKET
00OUTHCH HU (hHM3MKA, HU MaTeMaTHIeCcKas CTAaTHCTHKA, HU SKoHOMHMKA. 1o cimoBam O. Bekkenbaxa (1906 — 1982,
aMepUKaHCKUI MaTeMaTHK), «...0OCHOBHBIE PE3yJIbTaThl MATEMATHKH YaIll€ BHIPAKAKOTCS HEPABECHCTBAMH, & HE
paBeHcTBaMm». OHAKO JI0 CHX MOP HET XOPOIIO pa3pabOTaHHOM, JOCTATOYHO OOIIEeH «TEOPUH HEPABEHCTBY, XOTS JUJIsI
000CHOBAHUS OTICBHBIX KJIACCOB HEPABEHCTB TAKYIO TEOPHIO YAAIOCH CO3/1aTh.



