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PE®EPAT

JTUTITIOMHOM pabOThI
«Knaccuueckue HepaBeHCTBA B alnreOpe U reOMETPHI

Jlutinomuas pabota cocTouT U3 58 cTpanull, 24 pUCyHKOB, UCIOJIB30BAHO 9
UCTOYHHUKOB, B pab0oTe O0IBIIOE KOJTUIESCTBO MPUMEPOB U MX JOKA3ATECIIbCTB.

KmroueBsie cnoBa: HEPABEHCTBA, AJIT'EBPA, AJI'EBPANMYECKHE
HEPABEHCTBA, T'EOMETPUYECKHME HEPABEHCTBA, METO/IbI
JOKA3ATEJIbCTBA, IOKA3ATEJIbLCTBA HEPABEHCTB.

B pabote paccmarpuBaroTcst anreOpandeckre M reOMETPUYECKHE METO/bI
JI0Ka3aTeNNbCTBA PA3JIMYHBIX KJIACCOB HEPABEHCTB, BKIIIOYAs TEOPEMBI, IPUEMBI U
JOTHYECKHE KOHCTPYKIUH, IPUMEHSEMbIE B MATEMAaTUYECKOM aHAJIN3€ U IIKOJIbHON
anredpe U reOMETPUH.

[Ipyu wuccrnenoBaHMM W HamUMcaHUM PaOOThl  MCHOJB30BAIUCH  Kak
PYCCKOSI3bIYHAs, TaK W 3apyOexkHas MaTeMaTuyeckas JurepaTrypa. Llensio
UCCJIEIOBAHMS SBJIAETCS CUCTEMAaTH3alUsl M aHaiu3 3(PQEKTHUBHBIX METO/IOB
JI0OKa3aTelIbCTBAa HEPABEHCTB C LEJbI0 PACHIMPEHUs 3HAHMM O MPUMEHEHUU
HEPAaBEHCTB B PEUICHUH 337a4 OJIMMIIMAJHOIO YPOBHS.

B niepBoii ri1aBe pacCMOTPEHBI METOIBI JOKA3aTEIbCTBA HEPABEHCTB Pa3HOr0
ypOBHs cCiOXHOCTH: Meton lltypma, uCnosnb30BaHME COOTHOLIEHUH MEXIY
CpemHUMU  apU(PMETUYECKUMH, TEOMETPUYECKUMHU, TapMOHUYECKUMU |
KBaJIpaTUYECKUMHU, IpuMeHeHHe HepaBeHcTBa Komu-byHsikoBckoro, 3amena
MEPEMEHHBIX, UCTIOJIB30BAHNUE CBOMCTB CUMMETPUHU U OJTHOPOAHOCTH U JIp.

Bo BTOpoll TaBe paccMOTpPEHbl T€OMETPUUYECKHME HEpPABEHCTBA U HX
JI0OKa3aTelIbCTBa Ha OCHOBE CBOMCTB (hUTYp: HEPABEHCTBO TPEYTOIBHUKA, TEOPEMA O
JUIMHE  JIOMAHOW, BBIMYKJIBIH MHOTOYTOJIBHHK JIGKUT BHYTPU  JIPYTOTO
MHOT'OYT'0JIbHUKA, BOUCAHHBIE MHOTOYTOJIBHUKU C HAUMEHBIITUM IEPUMETPOM U JIp.

B Tperwheil rnaBe mnpencTaBiIeHbl OCHOBHBIE pe3yJbTaThl padboTel. B
YaCTHOCTH, OBLJIO PACCMOTPEHO OJHO 00Illee HEPABEHCTBO, YACTHBIMU CIIy4asiMU
KOTOPOTO SIBJSIOTCA Tpu Jpyrux HepaBeHcTBa (HecOutra u nBa Apyrux,
IIPEICTABICHHBIX HA MATEMATHYECKUX OJIMMIINAAaX Pa3HbIX JIET).

B kaxmom paszmene NpUBOIATCS HEPaBEHCTBA W HMX JIOKA3aTelIbCTBA
paccMaTpuBaeMbIM MeToA0M. [lomydeHHbIe Pe3yIbTaThl MOTYT OBITh TTOJIE3HBI TIPU
MOATOTOBKE YYAIINXCS K OJMMITNAJaM, IPETOJaBaHNA MaTeMaTUKH, COCTABIICHUU
3a/1a4 ¥ B HAyYHO-METOJUYECKOU padoTe.



PO®EPAT

JBITUIOMHAMN Iparsl
«Knaciunbig HapoyHacIi ¥ anredpsl 1 reaMeTphli»

JIpiruioMHast paboTa ckiajgaeniia 3 58 crapoHak, 24 MaloHKay, BEIKApbICTaHA
9 KpbIHIL, Y paboIie BsJliKas KOJbKACIh MPBIKIIaaay 1 1X JoKazay.

KmrouaBeis cnoBel: HEPABEHCTBA, AJII'EBPA, AJII'EBPAIYHBIA
HEPABEHCTBA, I'EAMETPBIUYHBIA HEPABEHCTBA, META/bI
JTOKABAJIBHILITBA, IOKA3AJIBHIIITBA HEPABEHCTBAY.

VY paborie pasrisgarolia anreOpalyHbisl 1 TeaMeTPBIYHBISI METaAbl JI0Ka3y
PO3HBIX KJlacay HIpOYHACIEH, YKIIOYaloubl TIapAMbl, NPBIEMBI 1 JIAri4HbISA
KaHCTPYKIIbI1, SIKisl IPBIMSHSIONIA Y MATIMATBIYHBIM aHali3¢€ 1 IKOJIbHAM anreOpbl
1 TeaMeTpBhli.

[Ipel macienaBaHHI 1 HalCaHHI Mpallbl BEIKAPBICTOYBAJICS SIK pyCKaMOYHas,
TaK 1 3aMeXHas MaTiMaTbhlyHas JiTapaTypa. Mparail nacienaBaHHs 3'syisenia
cicTaMaThI3alblsa 1 aHami3 3(EKThIYHBIX METajay 0Ka3y HsIpoyHaciel 3 maTai
nanibIpAHHSA BeAay ad NpbIMIHEHH] HAPOYHACILIEH y BBIPAIIdHHI 33]1a4 ajiMITisIHara
V3POYHIO.

VY nepubiM pas3aszeiie pasriielkaHbl METabl J0Ka3y HSAPOYHACLEeW po3Hara
y3poyHiO ckiamanacii: wmetan llTypma, BbIKapbICTaHHE CYagHOCIH TaMIXK
CSIP3JIHIMI apbI()METHIYHBIMI, T€AMETPBHIYHBIMI, TAPMAHIYHBIMI 1 KBaJPAThIUYHBIMI,
npbeIMsiHEHHE HapoyHacii Kamibi-byHsikoyckara, 3aMmeHa 3MEHHBIX, BRIKAPhICTAHHE
VnaciiBaciel CIMEeTpbli 1 aIHaCTalHACIII 1 1HIIL.

VY apyrim pazazene pasrieakaHbl TeaMeTPhIYHbIA HAPOYHACIII 1 1X JOKa3bl Ha
acHOBe VmaciiBacisry (iryp: HsApoyHacllb TPBIKYTHIKa, TIapaMa ab JayXKbIHi
JIOMaHai, BBIMYKJIBI IIMATKYTHIK JISDKBIIb YCSP3/A3iHE IHINAra IIMAaTKyTHIKA,
yHIiCaHbIsS IIMATKYTHIKI 3 HAMMEHIIBIM epbIMETPaM 1 1HII.

VY Tpa1im pazazene npaacTayieHbl aCHOYHbIS BBIHIKI TIpallbl. Y MpbIBaTHACII,
OblIa pasriekaHa ajHa aryjibHas HSIPOYHACIb, MPBIBATHBIMI BBIMAJKaMl SIKOMN
3'synsitona Tpel iHIbIA HspoyHacil (HecOita 1 A3Be iHIIBIA, TpaJCTayJICHBIS Ha
MaTAIMaTBIYHBIX ATIIMITISIIAX PO3HBIX TA0Y).

VY KOXXHBIM pa3zazesie MPBIBOBAINIIA HIPOYHACI 1 1X JOKa3bl pasrisgaHbIM
MeTazaM. ATpbIMaHbIS BBIHIKI MOTYI[b OBIIb KAPBICHBIS TPHI MAIPBIXTOYIIHI BYUHSY
Ja amiMImisiay, BBIKJIA@HHA MAaTAMAaThIKi, CKJIAJlaHHI 3a7ad 1 Y HaBYyKOBa-
MeTaJibldHal paborie.



ABSTRACT

of a graduate work
"Classical Inequalities in Algebra and Geometry"

The thesis consists of 58 pages, 24 figures, 9 sources are used, the work
contains a large number of examples and their proofs.

Keywords: INEQUALITIES, ALGEBRA, ALGEBRAIC INEQUALITIES,
GEOMETRIC INEQUALITIES, PROOF METHODS, PROOFS OF
INEQUALITIES.

The work considers algebraic and geometric methods of proving various
classes of inequalities, including theorems, techniques and logical constructions
used in mathematical analysis and school algebra and geometry.

When researching and writing the work, both Russian-language and foreign
mathematical literature were used. The purpose of the study is to systematize and
analyze effective methods for proving inequalities in order to expand knowledge
about the use of inequalities in solving Olympiad-level problems.

The first chapter discusses methods for proving inequalities of varying levels
of complexity: Sturm's method, using relationships between arithmetic, geometric,
harmonic and quadratic means, applying the Cauchy-Bunyakovsky inequality,
changing variables, using symmetry and homogeneity properties, etc.

The second chapter discusses geometric inequalities and their proofs based on
the properties of figures: triangle inequality, theorem on the length of a broken line,
a convex polygon lies inside another polygon, inscribed polygons with the smallest
perimeter, etc.

The third chapter presents the main results of the work. In particular, one
general inequality was considered, special cases of which are three other inequalities
(Neshitt and two others, presented at mathematical olympiads of different years).

Each section presents inequalities and their proofs using the method under
consideration. The results obtained can be useful in preparing students for
olympiads, teaching mathematics, composing problems and in scientific and
methodological work.
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