Jii1oc. YHUKAJIbHOCTH TOPOUAA
Caxuno B.A.

AHHOTAMA.

Topoun uzBectHas B ¢pusuke reomerpuieckas purypa. MoxkHO HpeanosoKUTh, 4TO
W3BECTHOCTH TOPOUAY IPUHECTA 3aMKHYTOCTh €r0 BUTKOB Ha caMoro ce0si. Eciu s muHeiHoi
TEOMETPHH CYILIECTBYET IATh MPaBUIIbHBIX IJIATOHOBCKUX TeJ, TO 1S nuddepeHnanbHoi
TEOMETPHH, TTOX0XKE — OJIUH «IIPaBUIBHBIN» Topoud. Kak Oymer mokazaHo HIKE, TOPOU]
MOXET UMETh 3MIETUUECKYI0 KOHCTPYKLHIO. DTO, BO3MOXKHO, SBJISIETCS KJIFOUEBBIM MOMEHTOM
(U3UYECKOTO MHPOYCTPONCTBA.

1. 'eomempus 08yx «nonogunok mupay. B cOOTBETCTBHHU C BHIABHHYTOM paHEe
NPEIOI0KEHUEM, JTIOObIe (U3NIECKHE TIPOIIECCHI TPOUCXOIAT Ha (POHE N3MCHEHUS
OHTOJIOTHYECKHUX KOOpAUHAT 3iioca [1,2,3], cooTHOmIEeHNH B QU3HUECKUX 00BEKTAX NACCUBHOU
(IT) u akmusnoti (A) cyoctanuii. B ipeaene, 3t cyoctaHiuu GopMUPYIOT nACCUBHYIO T
AKMUBHYI0 «IIOJIOBUHKH MHPA», C COOTBETCTBHH C OHTOJIOTHYECKON CUTHATYPOM:

- naccuenas: (I - A1 -1 - AL —1I)
- akmuenas; (A1-TI-AL-T1- AY)

JluHeliHast TEOMETPUS aKmMuHOU «IIOJIOBUHBI MUPa» JOBOJIBHO MPOCTa, U B (pr3HmuecKoM
CMBICJIE OIIPENEIIAET TOBEACHUE «KMATEPUAIILHON TOYKW» COXPAHATh CBOE HAIIPaBIICHUE!

TOYKA - JIMHUS - YToJ - IUIockas ¢purypa - oobemHasi purypa (1)

A BoT reoMCTpus naccusHol «IOJIOBUHEI MuUpa», rac, Kak CHuTacTCsA, «KIIPOKUBAKOT
MI/IKpOO6’I)CKTI>I, IMPUHIOUITHAJIBEHO HGHHHCfIHaSI, HO TOXKCEC BﬁHCTHqCCKaﬂ:

JIMHMSA - KPUBU3HA JIMHUH - KPyYeHHe - KPUBH3HA MOBEPXHOCTH - MacmTadupoBanue (2)
[Tosicuum craTychl 3i10ca, 00pa3yoiire TOPOUI:

a) Ha IICPBOM CTATyCE aKgoca - 3To 00BIYHOE U3MEHEHHUE pacCTodIHUA — dS, MOpOKAAOIICE
BCC€ BO3MOKHOCTH KpHBOJ’IHHGﬁHOFO JBUKCHUS,

b) Ha BTOpOM cTaryce, mpyu U3rnOaHKE IuHUU OTPE3Ka B KPHBYIO €€ HANpAG/ieHue MEHSETCS.
V3meHeHue nanpagienus Ha JTMHAK XapaKTepU3yeT BeJIHYrHa Kkpueusnsl K = da/ds, tae o —
yroJl U'3MEHEHUs HallpaBJIeHUs IUHUH;

C) Ha TPEThEM CTATyCe, KpyueHue ONPEACISIeTCS KaKk U3MEHEHHE KPUGU3Hbl B HAITPABICHUH
JIMHUH TIEPHICHANKYISIPHOM IIIOCKOCTH U3MEPeHUsT KpUBU3HBI THUH, T.e. ¥ = dk/ds. IIpu Takom
OTIpEe/IeNIEHUU KpyueHue TIPeACTaBIsAeT MPUPOCT yIiia OOJIBIIOro pajguyca TOpouaa B
3aBUCHUMOCTH OT IIPUPOCTA YCIOBHOTO «Illara BUHTA», YTO HECKOJIBKO OTJINYAETCSA OT
CTaH/IapTHOI'O ONPEEIICHUS;

d) Ha yeTBepTOM CTaTyce, KpUsU3HA TIOBEPXHOCTH CHOPMUPOBAHHOTO TOPOUIA, HMEETCS
BBUY KprBH3HA ['aycca, OOBIYHO OnpeesseTcs Kak npousBeacHue KminKmax = Krkr.
[Tepemennas Kr — Manoro paguyca, onpe/eicHa OJHO3HAYHO. A BOT KPUBU3HA OOJIBIIIOTO
paauyca pa3andHa, II03TOMY BO3bMEM OT HEE CPEIHION BEIMYMHY MEX/Y BHEIIHEH U
BHYTpeHHe# rpanwuiei - (1/2)Kr. Takum 00paszoM, kpususzna noéepxHocmu MpomopIHOHATbLHA
senmunne - (1/2)k? ;

€) Ha ISTOM CTaTyce, BO3MOXKEH BapHaHT, KOTJJa KpyueHue aBoitHoe. U Torna nmeem
coBMeleHre KpuBu3HbI 1 KpyueHus K(dk/ds).

B pesynbpTare Takoro mocTpoeHHs MOIy4aeM TOPOUAANBHBIN SHI0C, CYUHOCHbIO KOTOPOTO
SIBJISIETCSI KPUBH3HA - K:
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da/ds - ak - a(dk/ds) - a(1/2)k? - ak(dk/ds) (3)

31ech, a — «00BEKT» IBIKECHUS 110 TOPOUIATHHONU KPUBOU (3TO MOXKET OBITh KyOUYECKUIA
MUKpPO0OBeM). Dopmyna «ympasisieTcs» napaMeTpUIecKy, Yepe3 BETUYUHY MPOTSHKEHHOCTH - S.

JlaHHBI# 31110C TOMOJIOTHYEH OOIIEM3BECTHBIM dHI0CaM, TAKUM, HAITPUMED, KaK dH10C
JTUHAMUKU MaTEePUAIbHON TOUKHU:

dm/dt — mV — m(dV/dt) — mV2/2 — mV(dV/dt) (4)
['me m - macca, V' - ckopocTtb, t — Bpems.

Pazuwmia B TOM, YTO CyuiHOCmu AJAHHBIX 3ﬁHOCOB B3aUMHO MHBCPTHUPOBAHEI I10 CY6CTaHHI/I${M.

2. Domon. (I'nmorernyeckoe o0ocHOBaHUE.) B aiieTnueckux mpeacTaBiaeHusx, y digoca
HET FOTOBOI 00YCTPOEGHHOCTH, 110 TUITYy YPaBHEHHUSI HETIPEPHIBHOCTH C €T0 TOTOBBIMH
npoctpaHcTBeHHbIMEA 0ObeMaMu {1}. [la U K reOMeTpUH HECKOJIBbKO HHOM M0ax0/1. Bo3bMeM k
pUMEPY, FI10C TeOMETPUH JTUHEHHBIX (POPM:

TOYKA - JIMHUS - YT0JI - IUIocKast purypa - oobemHas ¢purypa (1)

Ero cymHocTs, BTOpOii cTaTtyc: sunus. VI eciny Mbl Ha IATOM CTaTyce MOCTPOUM KYO, K
IpUMEDY, Mo OH Oy0em u3 JuHuUil, a He u3z naockocmei. VI HecxumaeMasi KHUJIKOCTb
«IIPOBAJIUTCSA» YEPE3 TAKOU KyO, MOCKOJIbKY ATH IOCTPOEHUS OYKBAJIBHO 3MKIyTCA Ha
YBEPEHHOCTH COXPAHHOCTH «IIECKa» B «ICTCKOM mecounuue» {1}.

Ho nockonbKy MBI CMOTPHUM BCET/Ia U3 «aKTUBHOM MOJIOBUHBI MUPa» Ha «ITaCCUBHYIO», TO
MOJIHUMASICh TI0 JIECTHUIIE MHOTO3TaXEK, Mbl, TOYEMY-TO, HMPU3HAEM TOJIBKO 3-X MEPHOCTb
OKpY’KaroIllero Hac BEIIECTBa, & COOCTBEHHOE 3-X MEpHOE JIBUKEHUE HE 3ameuaeM. PazBurtue 4-x
MEPHOCTH B (PM3UKE - 3TO IK3UCTEHIIMOHATbHBIE MPECTaBlIeHUs pa3BuBatomierocs Hyca...
[TonbITKH CTPOUTH MOJIENIN U3 COOCTBEHHOW YyBCTBEHHOCTH, HAIIPUMED, EAMHOTO BPEMEHH - 3TO
PENATUBUCTCKUIA MOAXO0/I, @ He CyOCTaHTHUBHBIM.

Kak ysxe 0110 mipeactasiieHo B [3], GOTOH MOKHO MPEICTaBUTh B BUjIE TOpouaa (HO He
CIUIONIHOTO TOPa). B COOTBETCTBUM ¢ «aTOMapHBIM» HTI0COM:

HeHTPUHO - (POTOH - IJIEKTPOH - MPOTOH - HelTPoH (4)

[Tpeamnonaraercsi, yTo (OTOHBI MOT'YT OBITh IBYX THIIOB: IPYKUHHBIE U CIUpalbHbIE [4], Kak
MOKAa3aHO Ha PUCYHKE:

Puc. 1, no padore ®pannu I'epman «HekoTopsie Bonpocs! audepeHnuaibHom
reomerpun» [4]. CneBa, «IIpyKUHHBII» THII ¢ YacTOTOM Vv =4, a cripasa -
«CIHUPANTBHBII THH ¢ YacToToi v =1/4.

Tumn Topouza onpeaenser puzndeckue npoueccsl. [IpyxuHHbIe GOTOHBI, UTPAIOT OONIBIIOE
3HaYeHHEe Ha JAJIbHUX paccTOsHUAX. CrupanbHble (POTOHBI, TOX0XKE, ONPEIEIAIOT TEIIOBOE U
AIIEKTPOCTATUYECKOE B3aUMOJIEICTBHE.

[Mocrosianas [Tnanka (h), 3To Topous ¢ v =1. KomruecTBo «KoIeIp NPy KHHHOTO TOPOHIa
omnpenenset sHepruto porona E = hv, paccTosiHue Mex1y «KoaplaMmu» - JJIMHY BOJHBI (A) U
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BosHOBOE uncio K =2m/Ah. B KBaHTOBOI ()U3KKE C BOJHOBBIM YHUCIOM CBS3BIBAIOT HMITYJIbC
p = hk (h - mocrosuuas qupaka, h = h/2x). Cam cnun dotona h, HanpaBieH
NEePIEHINKYIISIPHO TIOCKOCTH TOPOU/IA.

Hasnudume cBSI3W 4aCTOTHI U JUTMHHBI BOJIHBI CO CKOPOCTBIO CBeTa (€): € = AV, TOBOPHT O TOM,
YTO T€OMETPUS TOPOUIa BBIIEP)KUBAETCS JOBOJIBHO TOUHO (U1 Bakyyma). A Bce 3TO
CBHJICTEJIBCTBYET B IOJIB3Y CyOCTaHIIMOHAIBHOCTH, KaK HPedeibHbIX OCHOBAHH.

3. Dnexkmpon. (I'nnoreTnvyeckoe 060cHOBaHMUE.) MOXKHO CKa3aTh, YTO OH (AJIEKTPOH) AEMHUYPT
MHUKpPO- U MaKpOMHpa, CIOCOOHBIN K MakcUMyMYy IepeBoruioieHuil. [Ipu ero nocrpoenuu,
ChIrpajia BOT Takasg KOMOMHATOPHAs CIIOCOOHOCTD 31/10COB, MPEICTaBICHHBIX KaK
TreOMETPUYECKUE TTEHTA IbI:

Puc. 2. Ilukiaudeckue cBOMCTBA diifoca.

D70 nydlne noka3ate Ha mpumepe. [IycTb, B COOTBETCTBUU C 310COM JIMHEUHBIX (HOPM
TOYKA - JIMHUS - YToJI - IIocKasi purypa - oobemHas gpurypa (1),

HY)XHO TIOCTPOHTH KBaapaT. U Torna Ha mepBoM craTyce BbIOUpaeTcst Hanpasnenue (A) u
CTaBUTCS TOYKA; Ha BTOpPOM, paccmosanuem (I1) pukcupyercs 1uHus; Ha TPEThEM - BBIOMpPAETCS
yroin 90 rpagycoB CHOBa HanpasieHuem; Ha YETBEPTOM CTaTyce GUKCUPYETCS TEKyIIast
KOHCTPYKLUS (CTPYKTypHU3alys). A fanbliie, BCe 3TO Ha/10 MOBTOPATh HUKIMYECKH, CHOBA, 110
BapHaHTy b) Bo3BpalaTscsi B IEPBbIN CTATYC.

Ho korja coOpany HUKINYECKU KBaapaT, TO MOKHO U3 4-T0O cTaryca NepeiTu B 5-if cratyc
(xommno3unus). M cHoBa cobupatk KBajapaThl (110 BapUaHTY - €), MOKa He Moy4yuTcs Kyo. Takum
o0pa3oM, npejyiaraeTcss Ha KyO B3TJISIHYTh KaK Ha «IBYXTaKTHBIN» IUKIMYECKHH Mpoliece, Ha
MIEPBOM «TAKTE» KOTOPOT'O LIUKJINYECKU COOMPAIOTCS KBaApaThl (M3 JIMHUI), @ HA BTOPOM TaKTe
UKITUYECKH (U3 KBaJApaToB) coOupaercs KyoO.

Ho toT ke npuHIMIUaIbHBI MEXaHU3M OpraHu3yeTcsl TOpouAaibHbIM 3iiocoMm (3)! Ha
opranu3zaiuio GoToHa OH paboTaeT 1o cxeme b) To ecTh OH HaBUBAET BUTKH Ha Topoua. Ho BoT
€CJIU MIPEJICTaBUTh ce0e CXEMY C), TO MbI ITOIYYHM 3JIEKTPOH - HEKYI0 (purypy, ¢ ABOHHON
«3aBMBKOI». JTa Urypa 4eM-TO HaIOMUHAET IEKTPUUECKYIO CIIMpalb, HABUTYIO HA KapKac M3
KepaMHu4ecKoro Topa. [lomydnsicst Topou U3 «CIIUTHIX» TOPOHUIOB.

B manHOM i€ TUUECKOM KOHIIETITE - HUKAKUX OPOUT BOKPYT aTOMa BOAOPOJa HET. DIEKTPOH
CTPYKTypupyeT (poTOHBI B ceOe, CTOCOOEH «TepeBapuBaTh» HEUTPUHO ISl 00pa30BaHUS
($hOTOHOB, B3aUMOJICHCTBYET C SIIPOM aTOMa, MO-BUAUMOMY, Ha YPOBHE «CIUPATBHBIX)
dotonoB. [ToaTOMy, NMH060€ «CAMPAHUE) IIEKTPOHOB C 000T0UYEK C ATOMOB (KOT/Ia AIEKTPU3YIOT
SIHTaph, K PUMEPY), BEJET K MPOSBICHHUIO dJIEKTPHUECKUX B3aUMOACHCTBUM, C MpeodIaiaHueM
TOW WM UHOW MOJIIPHOCTH.

Hannure BHyTpEeHHUX «37IEMEHTOB-(DOTOHOBY 3aMEIISIET TOPOUJAIBHOE IBIYKEHUE
AIIEKTPOHA 110 OOJIBIIOMY KPYTY, TO3TOMY CIIMH 3JIEKTPOHA BIBOE MEHbIIIE POTOHA.
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[IpencraBisieTcs, YTO MarHUTHBIN «KapKacy» 3JIEKTPOHA, ONPEEIIAIONINNA B3aUMHYIO (ha3upOBKY
($hOTOHOB TIpeTeprieBaeT AeGOpMaIUH IO BIUSTHUEM SIED.

4. )Kuznv na «opoumey» mopouda. Ecnu cebe nmpecTaBUTh Takoe, TO HAOJII01aTeNb,
KHUBYIIUNA B «KYOMYECKOM» ITPOCTPAHCTBE JIMHEHHON T€OMETPUH, YIaCTBYET OJJHOBPEMEHHO B
JIBYX JIBIDKCHHSIX. DTO U JBHKEHHUE TIO MAJIOMY paauycy U 1o 6onsimomy. Ho B mpuHnume, Mol
TaK U KUBEM, KOT/Ia BpaIllaeMcsl B CyTOYHOM M TOJI0BOM BpAaIICHUH. B KAKOM-TO CMBICIIC MBI
JIBIDKEMCSI TOPOUJIATILHO.

Ho torna Bo3HUKaeT MHTEPECHOE MIPEICTABICHHUE, YTO IIOJIE — 3TO IPOSBICHUE
TOPOUAATLHON FEOMETPUH YCTOMYMBOCTHU «I1aCCUBHOM MOJOBUHBI) MUPA, B «AKTUBHOM
MOJIOBUHEY dii1oca TMHEHHOM reoMeTprn Ha0monarens. B moboM cirydae, MOKHO
MPEINOJIOKUTD, YTO KOMILUIEMEHTAPHOCTh 3UJ0COB — 3TO UHCTpYMeHT Co3aarers.

5. Kopnyckynsapno-eonnosou demepmunuzm. B Takux NpencTaBleHUSIX 2100a1bHO20
CyOCmanyuoOHaNbHO20 0yanu3ma, rae dTOT Tyaau3M HOCUT KOHCTPYKTUBHBIN XapaKkTep Ha
pa3sHbIX OPraHU3aLUOHHBIX YPOBHSX (3KBHUBAJIEHTHOCTH, U30MOpP(HU3Ma, TOMOJIOTHY, ...),
KOPITYCKYJISPHO-BOJIHOBOH JIETEPMHHM3M 3aKOHOMEPHOE SIBJICHHE.

U 3TOT Iyanu3M HACTONBKO SK3HCTCHINATBHO-BBI3BIBAIOI B PeaibHOCHIU, YTO HEKOTOPBIC
dunocodsl (MMEr0 BBUIY, B IEPBYIO ouepenb [ erensi) Tak U HE YBUJCIH, YTO 3a 3TUM CTOUT
Ooutee riTyOMHHAS dellcmeumebHOCmb - CO3UIATEIILHON TEXHOJIOTHU S1A0Ca, TUATICKTHKA B
nonumannu A.®. JloceBa kak «ioroc 00 sitmoce» [7].

OTOT Ayallu3M CBOWCTBEHEH HE TOJILKO MUKpOMUPY. be3 Hero He cMokeT paboTaTh HU OAUH
3aBox [8]. [ToaToMy nosiBJICHUE BOJIIHOBBIX (PYHKIIMH B KBAHTOBOW (PM3MKE — 3TO 3aKOHOMEPHOE
siBienue. Ho 1 MmakpoMup He MOXKeT 0€3 3TOTO 2100a1bH020 CYOCMAHUUOHATIBHOZ0 OYAIUIMA.
Bens mutst Toro, uroObI 3aBoj BEIpadaThiBai ((PU3HUYECKHIA) TIOTOK U3JIENINH, BCE €T0 COTPYTHUKU
«KpYTSATCS Kak Oesku B Kojece». M 3To He TOJIBKO B IIEPEHOCHOM cMbIcie. IMeHHO ux
HOBTOPSIIOLIASICA YUKAUYHOCMb B PAOOTE CO3JIACT NOCMYNAMeNbHblll TOTOK N3ISITTHH.
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IIpumeuanwue.

{1} Vpasuenue nenpepvisnocmu. 1o XxapaKTepHbIA TPUMED IK3UCTCHIIMOHATIHHOTO
«TBOPYECTBAY, I/Ie TEHE3UC MPUPO/IbI TOJIMEHSETCS CyOBEeKTUBHBIMU MpeAcTaBieHusIMU. Ero
MCIOJIb30BAIM U DHHIITENH, Jlannay, 3en1p10BUY B CBOMX IPEACTaBIEHUAX 0 noje. Ham oHO
HMHTEPECHO, MTOCKOJIbKY MOKA3bIBAET SK3UCTCHIIMAIBHBINA MOIX0/ B (U3UKE U €r0 BO3MOKHOCTH.
Hanowmuro no JI.U. Cenosy [5], HanpumMep, €ro BbIBOJ:

- CHayajia YTBEP)KIAeTCs , «4TO sl JIF0OOTr0 MHIMBUYaIbHOTO 00beMay. M = Const, u,
caenosarensHo, dm/dt = 0;

- MOTOM BBOAMTCS CPeIHss IIOTHOCTH p=dm/dz;

- Jajiee BO3BpAIllEHHWE K Macce, HO YK€ B MHTETpabHOU opMme (1o 00bemy): M :vadr.

- TaHHOE BbIpaxxeHue TuddepeHIupyeT noa-uHTerpaibHo:

dm/dt=0= Jv(ﬁp/0t+div(pv))dr = Jv(dp/dt+pdiv(v)) dr, rae v - 3To CKOpoCTh

B urore nosydaercsi ypaBHEHUE HENPEPLIBHOCTH:
dp/dt+pdiv(v)=0 (a)

ITpu stom E.N. CeoB yMarduBaeT «TaiiHy» MOSABJICHUS] CKOPOCTH v, Ha cTpanuie 125 [5] ,
JlaXKe HEe BBOJS €€ 0003HAaYEHUS - BhIIIE 0003HAYEHUE aBTOP CTAaThU MOCTaBUI OT ceds1. OgHako,
MO>KHO JIOTaJaThCsl, YTO TOHKOCTHU MOSIBICHUS CKOPOCTH, BHITEKAIOT U3 TOTO, YTO: dT=0X0YO0Z.
U torpa

dt/dt = dyodz(ox/ot) + 0xdz(dylot) +oxay(0z/ot)
Hanee Hamo npuMenuTh Teopemy Octporpajckoro-l'aycca :
[lsPdxdz + Qdzdx + Rdxdy =[[[(dP/dx + 6Q/dy + R/éz)dxdydz

U noyuuTh OKOHYATEIBHBIH OTBET, B BUIE (GopmyIsl (2). SICHO, UTO €CITH KUAKOCTh
Heckumaema, To dp/dt=0, nonyyaem ycnosue div(v)=0. HacTo, yuuThIBasi, 4TO PV - 3TO 1O
CMBICITY TUTOTHOCTh TTOTOKA, YPaBHEHNE HETPEPHIBHOCTH MPEICTABIISIIOT B BUJIE KaK y
Kanammuukosa C.I'. [6] (ctp.118):

-dp/dt = div(j) (b)

TJie | - IOTHOCTH MOTOKA (TOKA).

311ech Bce 3TO BOCIPOM3BOIUTCS TOJBKO 3a T€M, YTOOBI OKA3aTh TUITUYHBIH
AK3UCTEHIMAIBHBIN MOAX0/ K BBIBOAY ypaBHeHUs. [Ipu TakoM noaxonae, Kak nIpaBuiio,
HOJIb3YIOTCS TOTOBBIMU (PM3NYECKMMHU KOMIIOHEHTaMH (00beMaMHu, MJIOLIAIIMH, IIIOTHOCTBIO. .. ).
I'ene3nc u mpoueccyanbHOCTh CBEACHBI JO MUHMMYMa. Tak B YypaBHEHUH HENPEPBIBHOCTH
3aBHCUMOCTh MIOTOKA OT U3MEHEHHUS IUIOTHOCTH - pe3yIbTaT MaTeMaTHUECKUX HATJISAHBIX
npeoOpa3oBaHUM.

{2} Kcraru, B pamkax auddepeHiranbHOl TeOMETPHH, YIUTHIBAS, YTO PAHYC SAUNHUYHBIN
IIPY U3MEPEHUAX B paJiaHax, KPyr MOXKHO ONpPEACIIUTh TaK:

Kpyz - 3mo Kpueasa ¢ nocmoannoi Kpueusnoii - (n/2).

Ho Torna, Takast kpuBas (purypa) Takxe yHuKanbHas (B paMKaX OHTOJIOTHUECKOM
pasmepHocTH — [1I/A). OHa BoIITONIEHHE MTepex0/1a MOTECHIIMATHHOM 0€CKOHEYHOCTH (B paMKax
JTUHEHHON TeOMETPHUH, KaK Mpejie] BCTPOCHHBIX TPEYTOJIHbHIUKOB) B aKTyalbHYI0 O€CKOHEUYHOCTh
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B paMKax nudepeHaaIbHON TeOMETPUU... B 3TOM miiane Kpyr - 3To HEKHii uaean
(bpakTaTbHOCTH...

O60ocHOBaTh TaKoe ONpEACICHHE MOXKHO HECKOIBKIUMH criocobamu. BoT, Hanpumep:

- TAKOW pe3ysbTaT MOXKHO MOJIYYUTh €CIM pacCMaTpUBaTh JIOrapu(GMUIecKyro crupaib Ipu
ec He pacxoxieHHH...«B npenenbHoM cityyae, korna b=0 ¢=n/2 cniupainb BeIpOXKIaeTCS

B OKPY)KHOCTB paJuyca a.

- WIN U3 TeX COOOPaXEHUH, UTO €CIIM MBI BBEJIEM MPSAMOYTOJIbHBIE KOOPIUHATHI, TO POCKIHH
KpyTa Ha OCH X,y OIHILIYTCS 4epe3 CUHYC U KocuHyc. Ho, mpon3BoHast CHHyca paBHAa KOCUHYCY,
a MPOM3BOJHAsI KOCHHYCA paBHa cUHYCY (¢ MUHYcoM). Ho HaM M3BECTHO, KOCHHYC - 3TO TOT XK€
cuHyc co casurom Ha 90 rpagycoB. Kak u3BeCTHO, MPOU3BOHAS OTPAKAET YroJl HAKIOHA MEXKIY
OCSIMH...

O TOM, 4TO YI'OJI 90 rpaaycoB 3aHUMAECT 0coboe IMOJIOKEHHME, HAM U3BECTHO
W3 dMg0ca MaTeMaTHYCCKUX KOHCTAHT:

i-1-n/2- ® - e ;

rae 1 - KOMIUIEKCHAs eIUHuIa, «au» - 3.14... , «D» - «30110T0€C ceueHue» - 1.618.., «e» -
gucio Dinepa - 2.718...,

OTcroza MBI MOXEM cJieIaTh BaKHO (rutocodckoe 00001eHre 0 TOM, 9YTO OPTOTOHATLHOCTh
U TIEPUOTMYHOCTD €CTh BAKHEHIIINE YCIOBUS CYIIECTBOBAHUS MUPA B €TI0 CMAHOGLEHUL.


https://ru.wikipedia.org/wiki/%D0%9B%D0%BE%D0%B3%D0%B0%D1%80%D0%B8%D1%84%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%81%D0%BF%D0%B8%D1%80%D0%B0%D0%BB%D1%8C
https://ru.wikipedia.org/wiki/%D0%9E%D0%BA%D1%80%D1%83%D0%B6%D0%BD%D0%BE%D1%81%D1%82%D1%8C
http://www.trinitas.ru/rus/doc/0016/001d/00162043.htm

