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AHHOTaums: B oaHHol paboTe paccMaTpuBaeTCsl HeTpMBUanbHOE MPUMEHEHUe reomeTpuyeckon Teopemsl MNMudaropa Ans
peLIeHNs SKOHOMUYECKUX 3adady onTuMu3auun. ABTOPOM MPEASiaraeTcst KOHUEMNUUS UHTEPaAKTMBHOM rONIOBOMIOMKM «DKOHOMUYECKHUI
TPEYronbHIK», KOTopast MO3BONSAET BU3Yanu3npoBaTh B3aMMOCBS3b MEXIY PasnuYHbIMU BUAAMU 3aTPaT (NepeMeHHbLIMMU N MOCTOSHHLIMI)
W UTOTOBbLIM U3MEHEHNEeM ceBGecTOMMOCTM U NPUBLINA.

KnioueBble cnoBa: Teopema lNudparopa, Bu3yanumsaums B 3KOHOMMKe, [apeTo-apHeKTUBHOCTD.

AKTyanbHOCTb uccriegoBaHus obycrnoBneHa HeoOXOAMMOCTBIO NMOMCKa MPOCTLIX M HArNAAHbIX METOLOB
00BbSACHEHNS] SKOHOMUYECKMX npoueccoB. Teopema [Nudparopa, nssectHas 6onee 2500 neT, TpagULMNOHHO
cUMTaeTCcs UHCTPYMEHTOM YMCTON reomeTpun n pmsmkun. OgHako eé cyTb — YCTaHOBMEHME KONMMYECTBEHHOM
CBA3N MEeXAY COCTaBNALMMU YaCTAMM CUCTEMbI — MOXET ObiTb CNpoeumMpoBaHa Ha 3KOHOMUYECKYHD
nnockocTb. Llene gaHHon paboTtbl — paspabotaTe MogeNb MHTEPAKTMBHOM FOfIOBOSIOMKM, JOKa3biBatloLLEeN,
YTO NPUHLMN «KBagpaTa rMnoTeHy3bl paBeH CyMMe KBafpaTOB KaTeToB» MPUMEHUM K aHanu3y pecypCHbIX
3aTpaTt NpeanpusaTus.

MNnowaae KeanpaTa MUHYC 4 TPEYrofbHUKa Te e 4 TpeyronbHUKa CABUHYTHI

bZ

PucyHok 1 - MIHTepakTuBHas ronoBosioMka

Ha pucyHke 1 GonbLuoi kBagpaT co cTopoHon (a + b) pa3genéH Ha YeThipe paBHbIX MPSIMOYTOSbHbIX
TpeyronbHUKa ¢ KaTetamu a n b n ueHTpanbHbIV KBagpaT CO CTOPOHOM C (rnnoTeHysa). MNnowaab 6onbLioro
kBagpata pasHa (a+ b)? =a?+ 2ab + b?. Ecnu ybBpaTb 4eTbipe TpeyronbHWKa, OCTaétcs KsagpaT
nnowanbio c?. Bo BTOPOW 4YacTu pUCYHKAa Te Xe YeTblpe TpeyronbHuka neperpynnMpoBaHbl Tak, YTO OHM
0ob6pa3sytoT ABa NPSIMOYronibHMKa, a OCTaBLUeecs NPOCTPAHCTBO CKNaAbiBaeTcs B ABa MeHbLUMX KBagpaTta co
CTopoHamu a u b. Takum 06pa3oM, BU3yarnbHO AokasbiBaeTcs, YTo ¢ = a? + b?. KnoyeBo MOMeHT: obLuas
nnowaab U KONMYeCTBO TPEYroflbHUKOB OCTalOTCA HEM3MEHHbIMU, MEHSETCS MNULLb UX KOHpUrypauus.

B akoHOMWKe pecypcbl Bcerga OrpaHuydeHbl: ux obwui OO6bEM aHamorMyeH MOCTOAHHOW CymMme
nnowagen Bcex uryp Ha yeptexe. [NepemelleHne TPeyronbHUKOB M3 OAHOMO MOMOXEHUS B Apyroe He
CO34aéT HOBOW Nrowagu — 3TO aHamnor nepepacnpegeneHnss pecypcoB 6e3 yBenuyeHuss ux obuiero
konm4yectBa. CocTosiHMe, Npy KOTOPOM HEBO3MOXHO YNyYLUUTb OAWH NapameTp (Hanpvumep, nnowagb 0OgGHOro
n3 KBagpaTtoB), He yxyAluvB Apyron, HasbiBaeTcs [Mapeto-addekTnBHbIM. B gaHHOW mogenu paBHoBecue
AocThraeTcs Torga, Korga TPeyroflbHWKW pacnosioXeHbl Tak, YTO Mbl MOXeEM YETKO BblAenuTb KBaapatbl
a? v b? — 3TO CUMBONM3UPYET ONTUMASIbHYIO CTPYKTYPY, FAe Kaxabli 3NIEMEHT BbINONTHAET CBOK (yHKLUMI0 6e3
noTeps.
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B nepBom uepTexxe TpPeYronbHUKM pasobLlieHbl, a Mexay HUMKM ocTalTcs nycToTel. Ecnm
VHTEPNPETUPOBATL TPEYTONbHUKU Kak MPON3BOACTBEHHbIE MOAYN UM NTOTUCTUYECKME MapLUPYThI, @ MyCTOTbI
— KaK TpaH3aKLMOHHbIE U30epPKKK (MPOCTOM, NOTEPU HA TPEHUW MeXAy NoapasaeneHnsaMu), To nepeas cxema
nokasbiBaeT HEONTUMarnbHYl0 opraHusaumio. epexod KO BTOPOMY 4YepTexy, rae TPeyrorbHUKU MNOTHO
npuneratoT ApYr K ApYry, a NycToTbl UcyesatoT (Mnv npeobpasyloTcs B ABa YETKMX kBagpaTa), EMOHCTpUpYeET
3bEKT CUHEPTMM U CHWKEHWSI TPaH3aKUMOHHbIX M3gepkek OGrarofapst  yryylWeHUlo  CTPYKTYpbl
B3aMMOAeNcTBMsA. 3TO HArMAOHO  WMNMIOCTPUPYET BaXHOCTb  WMHCTUTYLMOHANbLHOW — opraHusaumMn u
MEHEeDKMEHTa: MePErpynnMpoBKa TeX K& CaMblX 3IEMEHTOB MOXET BbICBOOOAMTb CKPbITYHO LEHHOCTb
(kBagpaTbl CTAHOBATCA BMAUMbIMMK). JTOT Xe MaTeMaTW4eckuid MHCTPYMEHT — Teopema [Mudparopa —
Nno3BonAeT pewnTb 1 Apyryto, Gonee NpUKNagHyo 3agady: onpeaennTb paccTosiHue 40 ropu3oHTa.

PucyHok 2 - PaccTtosiHne o ropnsoHTa

[ns onpegeneHnss paccToAHWSA OO0 BMOUMOTO rOPU3OHTa PacCcMOTPUM FEeOMETPUYECKYD MoJenb, B
KoTopou 3emns nNpeacTaBrneHa kak ngeanbHas cdepa co cpegHnm pagnycom R (mpuHnmaem R = 6371 km).
Touka A - Touka HabniogeHus, pacnonoxeHHas Ha BbicoTe h Hag noBepxHocTblo 3emnn. Touka O - ueHTp
3emnu. Buavmbll ropusoHT onpenensetcss Kak MHOXECTBO TOYEeK KacaHus MpsAMblX, NPOBEAEHHbLIX OT
HabnogaTtens k cdhepe(pUCyHoK 2).

PaccmoTtpum TpeyroneHuk AABO, rae Todka B — To4dka KacaHus NpsMon BUOMMOCTU C NOBEPXHOCTbLIO
chepbl (Touka ropusoHTa). o onpegeneHnto KacaTerbHOW K OKPYXXHOCTU (B CeYEeHUM MNOCKOCTbIO,
npoxopsiien 4epes Toukum A, O n B), pagunyc OB, npoBefeHHbI B TOYKY KacaHus, neprneHauKynspeH
kacatenoHon AB. Takum o6pa3om, B TpeyronbHuke AABO yron npwu BeplunHe B siBnaetca npsambiv (£ABO =
90°), 4TO AOoKasbiBaeT NPSAMOYroNibHOCTb AAHHOIO TPEeyrofnbHuKa. [MNOTEeHy30M B 3TOM TpeyronbHuKe
aBnsieTca oTpe3ok AO, coeauHslOWMIA HabnaaTens ¢ UeHTpoM nnaHeTbl. KateTamu siBnsioTca paguyc
3emnn OB = R 1 nuckomoe paccrosiHme Ao ropusoHTta AB = d.

Ons  npsmoyronbHoro  TpeyronbHuka AABO cnpaBegnvBa Teopema [udparopa. [OnuHa
runoTeHysbl AO cknagbiBaeTcs n3 paguyca 3eMnun u BbicoTbl HabnogaTtens: AO = R + h. CnepgosaTteneHo,
ypaBHeHWe UMeeT BUA!

(R + hy2=d? + R? 1)

PackpbiBas ckobku M ynpouias BblpaXeHue, MofnyvyaeM TOouHyto opMyny Ans pacCcTosHMS A0
ropu3oHTa:

R2 + 2Rh + h2 =d? + R? 2)
d? = 2Rh + h? 3)
d=+V2Rh + h? 4)

B GonbluinHCTBE MpakTuyeckux 3agad (HabniogeHwe C BbICOTbl pOCTa YerioBeka, 34aHui) BbicoTa
HabnogaTtens h mana no cpaBHeHuto ¢ pagnycom 3emnu R (h << R). B Takux ycrnosusx cnaraembsim h? nog
KOpHEM MOXHO npeHebpeyb. 3TO NpMBOAMT K NPUBMAMKEHHONW opmMyre, UCNonb3yemMon B MOPCKOM Aere,
asuauuun n Tonorpaduu:

d ~ 2Rh (5)
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roe d — paccTtosHve Ao ropmsoHTta, R — paguyc 3emnu, h — BbicoTa Todku HabnogeHusa. Ons
yoobcTBa pacyeToB, MOACTaBNAs cpefHee 3HaveHue pagumyca 3emnu (6371 kM) M npuBoAs eauHWUbI
n3MepeHust K cornacoBaHHomy Bugy (obei4HO h B meTpax, d B kunometpax), (hopmyny 4acTo 3anucbiBaloT B
aMnupuyeckoM Buge: d=3,57h, roe pesynbTar monyvaetcs B KuiomeTpax Npv MOACTAHOBKE BbICOTbI B
meTpax.

[ns aHanusa 3aBUCUMOCTW JanbHOCTU FOPU3OHTa OT BbICOTbI HabnwaaTens CocTaBuM pacyeTHYHo
Tabnuuy 1, ncnonb3ysi NpubnmkeHHyto dopmyny d=3,57h (c okpyrneHnem go OecsiTbix).

Tabnuua 1 — PacctosiHne oo FOPNU30HTAa C BbICOTbl pa3HbIX 06BbeKTOB

Beicota HabniogeHus y PacctosiHue go ropusoHTa
XapakTepHbIl 0OBbEKT

(h) (d)

1,7m YpoBeHb rna3 YenoBeka CTosi 4,7 km

25m Manyba kopabns / beperoBon yTec 17,9 km

100 m Mask / CmoTpoBas nnowagka 35,7 km

1 km (1000 m) Jlerkmun camoneTt (6asoBas BbicoTa) 112,9 km

10 Km BbICOTHbIM NaccaXXupckuin camoneT 357,1 km

400 K Op6_MTa MKC (International Space 2264.2 kM
Station)

[aHHble pacyeTbl U3 Tabnuubl 1 AeMOHCTPUPYIOT HEMUHENHDBIV XapaKkTep 3aBUCMMOCTU: C YBENUYEHNEM
BbICOTbl [AanbHOCTb pacTeT NPOMOPLIMOHANbHO KBaApPaTHOMY KOPHI. BaHbIM MpuKnagHbIM acrnekToM
SIBNSIETCA pacyeT NpsiMON BUAMMOCTU Mexay ABYMsi oObekTamu, Haxofswmumucs Ha BeicoTax h; u h; Hag
MOBEPXHOCTLID. MakcMmarnbHoe paccTosiHue L, Ha KOTopoM HabrnogaTtenb Ha BbicOTe h; CMOXeT yBUAETb
06beKT Ha BbicoTe h, (Hanpumep, Masik U nanyby kopabns), onpeaenseTcs CyMMOW AanbHOCTEN rOPU30OHTOB
AnNsl KaXO0W U3 BbICOT:

L= 4/ 2Rh1 + 4/ 2Rh2 R2 (6)

B aTon reomeTtpuyeckon modenu paguyc 3emnu R BbICTynaeT B KayecTBe MOCTOSHHbIX U3AEepXKeK.
BeicoTa HabnogaTens h — 3TO NEpPEMEHHbIV pecypc (MHBECTULMM B MapKeTUHr, pa3Befky, obpasoBaHue).
PaccTtosiHne o ropusoHTa d — pesynbTtat (MHbopMaLmsi, 30Ha OXBaTa PblHKA, AAaNbHOBMAHOCTL CTpaTernm).

®opmyna d ~ v2Rh AeMOHCTPUPYET KNaCcCUYecKnii 3KOHOMUYECKMIA 3aKOH yBbIBalOLLe 0TAauM: YToBbI
yBUAETb BABOE Aarblue, HeobXxoanMO yBENMYUTL BbICOTY HE B [1Ba, @ B YeTbIpe pasa. ATo ToYHasi aHanorus
ToMy, Kak nHBectuuumn B HAOKP unu peknamy gatoT BCE MEHbLUMI NPUPOCT pesynbTata Npu yBENMYeHUn
otopxeta. paduk dyHkumMm d(h) — 31O BeTBb nNapabornbl, HarnsgHO NokasbiBaloLWwas, YTO 3KCTEHCUBHOE
HapallvBaHue pecypcoB HeadpeKkTMBHO 6e3 n3ameHeHns 6a3oBbix ycnosum (R).

B xoge pabotbl Obina ycnewHo AEeMOHCTpMpOBaHa MPUMEHUMOCTb FEOMETPUYECKON TeOopeMbl
Mudbaropa k aHanM3y 3KOHOMMUYECKMX NPOLLEeCCOB. Ha npumepe neperpynnyMpoBKN 3N1EMEHTOB KITaCCUYECKOro
yepTexa HarnggHo NnokasaHo, YTO U3MEHEHUe CTPYKTYPbl MCMONb30BaHUSA OrpaHUYeHHbIX pecypcoB (aHanor
NnepecTaHOBKM TPEYroflbHUKOB) MOXET MUHMMMU3UPOBATL TPaH3aKLMOHHbLIE U3OEPXKM U MOBLICUTL OOLLYHO
3 hEKTUBHOCTb CUCTEMBI A0 COCTOSHUS, Brin3koro k MNMapeTo-onTumansHomy. AHanm3 opmyribl pacCTOSHMSA
00 TOPU30HTA MO3BONUIT BbIABUTb (DYHOAMEHTAIIbHYI0 3KOHOMMYECKYH) 3aKOHOMEPHOCTb: KBagpaTudHas
3aBMCMMOCTb pe3ynbTaTa OT 3aTpaT UIMCTPUpYeT NPUHLMN YObIBAKOLLEN OTAaYN, TAe AN YOBOEHUS «30HbI
oxBaTa» (d) TpebyeTcsi yeTblpexkpaTHoe yBenuueHue BrnioxeHun (h). Takum obpasom, mMogenb ycnewHo
npoeunpyeT MaTeEMaTMYECKUA 3aKOH Ha cdepy PeCYpPCHOr0 MEeHeMKMeHTa, npeanaras NpoCTON 1 HarNsiAHbIV
WHCTPYMEHT A58 06bsCHEHMSA KoHLUenuun achpekTUBHOCTM, ONTUMU3ALUN U CTPATEMMUYECKOro NNaHUpPOBaHKS.

Cnucok ucnonb308aHHbIX UCMOYHUKOS:
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UDC 514
THE PYTHAGOREAN THEOREM IN ECONOMICS: INTERACTIVE
PUZZLE AS A METHOD OF VISUALIZING RESOURCE COSTS

Choi A. K., Zhibrik A.V.

Belarusian State University of Informatics and Radioelectronics?, Minsk, Republic of Belarus

Lobanok L. V., Senior lecturer at the Department of Higher Mathematics

Annotation. Consider a non-trivial application of the Pythagorean geometric theorem to solve economic optimization problems.
The author proposes the concept of an interactive puzzle "Economic triangle", which allows you to visualize the relationship between different
types of costs (variable and constant) and the final change in cost or profit..

Keywords. Pythagorean theorem, visualization in economics, Pareto efficiency.
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