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TepmuHo102uyecKuii napadokc

Bce umeromuecs (GopMyaHpOBKM BOKPYT MOHSTHUS «30J0TOTO CEYECHUS», KaK IPaBHIIO,
CXOAHBI B OJHOM. DTO TUIMYHBIA aHAJIU3, B OCHOBE KOTOPOI'O JIEKHUT JpOOJIEHUE, pacuIeHEHHUE,
pa3beAMHEHNE, U3METIbUEHUE. ..

B nmNOHATMHHOM MNPOCTPAHCTBE COCTOAHUM 31€Ch HM3HAYAJIBHO MPUCYTCTBYET HEKas
pa3pyLIUTENbHAs COCTABIAIONIA.

Ha em€ "gacTo rycTo" moa coycoMm rapMOHHUH. JKa, CHAST U PACWICHSIOT ... )KUBOTO YeJIOBEKA
Ha TapMOHHMYHbBIE cOCTaBJIsAoNMe. [I0OBOJILHO HEECTECTBEHHAs, BOOOIE-TO BEIllb, KOTOpasi MHOTMMHU
BOCIPUHHUMAETCS KaK JOHKHOE JIEHCTBO.

Jaxe GpopMmynnpoBKa 3aJjau OpMEHTUPOBaHA HE HA CO3UaHME, a Ha pa30HeHue.

Pesatp, oTcekaTh, BbIpe3aTh, BRIUWICHATS... [lapanokcanbHo!

Kak Hu cTpaHHO, HO OTCIOZ]a U BEKTOP MO3TOBBIX YCHJIMM IOJCO3HATEIBHO BBICTPAaWBAETCS
moA00aINUM 00pa3oMm.

Yro yx Tam paccykaarb, €CIM Mbl JaX€ B MCCIEAOBAaTEIbCKUX 3aJadax HHUYEro He
no6asisieM. 3aTO YCIEUTHO PEKeM, OJIaronoydyHo MUIIUM, CYACTIIMBO Pa3/IesieM U pa3MeIbuyaeM.

CrnomHas sx3ekyuus-xupyprus. [Ipocto xyTb Oepér...

CrpaBeJIMBOCTH paau HANOMHHMM, YTO ObUIO Bpems, Korna ¢opma mnpeacTaBieHus
MaTEeMaTHYECKOr0 BBIpaXKeHHUs ObUIa yCTAaHOBJIEHA PUMEPHO TaK:

"xopomuii ctuie", — Gopmyna 1aHa B BUAE OTHOLICHUS WU MPOU3BEICHUS;

— "mioxo# ctuie",  — dopMyna mpeacTaBiIeHa CyMMOM WM Pa3HOCTBIO.

To ecTh, XOpOIIMM CTUJIEM CUHUTAIOCH BBHICTPAWBATH PA3IMYHOIO pOJa MPOMOPLUU, MPHIEM
4acTo OE30THOCHUTENILHO KOHKPETHBIX €IMHUIl M3MepeHHs. 3a CYET OTHOUICHHWH OJHOPOIHBIX
BEJIMYHH.
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Crnenyer Takke OTMETUTb, YTO B TEOPETHUYECKOM IUIAHE HAMBIIIEHHOE pa3lyBaHUe
"30710TOHOCHOTO" (pakTOpa B TapMOHUHM COAEPKHUT cCpazy JBe Hauboyiee NPUHIUIHUAIBHBIE
METOA0JIOTUYECKHE OITUOKH:

— 30JI0TOE CEueHHe HEeOoO0sA3aTeNbHO OOYCIOBIMBAET TApPMOHMIO, XOTS M MOXKET 3a]1aBaTh
NOOPOTHOE CTPYKTYPUPOBAHHUE;

— BCE, YTO HAXOAUTCS BHE MOJIS 3PEHUS 30JI0TOIO CEUeHUs, He0Os13aTeIbHO HErapMOHHUYHO,
a 10 CBOEMY CTPYKTYPHUPOBAHHUIO CIIOCOOHO HA TOPSAKU IPEBOCXOIUTH "30JI0ThIC" KOHCTPYKIIHH.

Oco0eHHO HEEeCTECTBEHHBIM BBIMVISIIUT HUCIIOJIb30BAHUE-UHTEPIIPETALIMS 30JI0TOIO CEYEHMSI B
apXUTEKType. AHaIU3 COOPYKEHUH MOPOM HAlOMMHAeT HE 304X, & BaHJAJIOB-pa3pylLUTENel. ..
Ha oGnomMkax crapuHBI.

Kakyro gacTe xpama HyXHO pa3pylIUTh (OTCE€Yb), YTOOBI ObIBIIEE L[€I0€ TaK OTHOCHUIIOCH K
pa3pyLIEHHON 4acTH, KaKk OHa — K ocTaBIlelcs yacTu? — J{axke He CMEIIHO.

Y10 MOKHO CKa3aTh 10 3TOMY IIOBOLY?

— Ecmm Ob1 kpome ceueHHs-AeNneHHsT He ObUIO APYrHX 3a/ad, OTHOCSIIUXCS K 30J0TOH
IPONOPLMHU, TO MOXKHO ObUIO Obl W HE 3a0CTPATh BHUMAHUS Ha HETOYHOM, €CIIM HE CKa3aThb
abcypauoM, Hassannd anciaa @ = (1+5)/2 3010ThIM cedeHmeM.

Kak roBopurcs, coiliér u tak. [IpuBbikiu, Hy, U J1aHO.

I'maBHOE 3/1€CH BUAUTCS B UHOM.

Camo 1o cebe 30510TO€ ceueHue — 3T, [0 CyTH, YAaCTHas 3ajaya.

Hctopuuecku oOHa BO3HUKIA e€UI€ B AHTUYHOCTH, HCKIIOUUTENIBHO Uil TOCTPOEHUs
CTPOIITUBOrO MPABWJIBHOTO MATUYrOJbHHKA. YK OOJBHO 3Ta reoMerpuyeckas ¢Gurypa 3ajaeBaiia
CBOMM HEMOAJAIONIMMCS TOCTPOCHHEM CaMOJI0OHWe ApeBHUX YUYEHBIX Ha ()OHE MPABHIHLHOTO
TPEyroJIbHUKA, IIECTUYTOJIbHUKA U KBajpaTa. Ho 6e3 neHTarona HUKaK He 00yCTpanuBanach TEOPHs
MPaBUIIHLHBIX MHOTOTPaHHUKOB — [1maToHOBEIX Ten. COOCTBEHHO U BCE.

[Tocie TOro Kak HaydyWIMCh YEPTUTh MPABUJIbHYIO MATUKOHEUHYIO 3BE3/y, JIEJICHUE B
KpaifHeM M cpelHEM OTHOIICHUH 3a0bIT Ha MHOTHE-MHOTHE BeKa. 3a HeHaJOOHOCTHIO.

Huxkakoro tam 30J0Ta 1 B HOMUHE HE ObLIO.

[Toromy oHO (pa3OueHue-/1eJIeHrne) U BTOPUYHO.

Kcratu, B aHrmosi3pluHOM Juteparype it uncna @ nopasismooee pacnpocTpaHEHUE UMEET
TEPMHUH «30JI0TOT0 OTHOIIeHUs» (golden ratio).

OTHo1IEHHE — 3TO CYTh JII000H CTPYKTYpHI C €€ MPOosIBIEHHEM "3010ThIX" CBONUCTB.

N 510 cOBEpLIEHHO NMPABUIIBHO.

Taxoke Kak U JieleHue, pe3yabTaT KOTOporo, HalpuMmep, B apu(pMeTUKe Ha3bIBAIOT YaCTHBIM.

[Ipu paccMOTpeHUH PaBEHCTB OTHOIIICHHH, XOPOIIIO MOJXOAUT «30J10Tasi mponopuus» (golden
proportion). JlomycTHMO 1 TIOHATHO Ha3bIBaTh KOHCTaHTY @ 30;0THIM unciioM (golden number).

U naxe 3050TeM cpenaum (golden mean). Kak uacTHBIH citydaii reOMETPUYECKOTO CPEIHETO.

Ho BOT B pyccKkoM si3bIK€ U3 BCEX BO3MOKHBIX BapUaHTOB IPH MEPEBOJE BBIOPAIH, MOXKHO
CKa3aTh, HAUX YNNI aHAJIOT.

Ckopee Bcero, 3To IuTepaTypHas 00paboTka MaTeMaTHYECKOro TepMuHa "nenenue.

B konue 19 Beka BcnbixHyn uHTepec K JlpeBHeil I'peuuu. B EBpomne Obuta omyOinukoBaHa
kHura Lle3unra «9cTeTHueckue ucciaeoBaHus», U IpU MEPEeBOI€ Ha PYCCKUM A3bIK MOHAI00MIICS
KpacHBBIi aHAJIOT TOro moHsATHs [1].

Toraa 1 nosiBUIICS PyCCKUM BApUAHT — «30JI0TOE CEUECHUE.

U ceroanst B MoJaBIAIONIEM OOJBIIMHCTBE KOHCTAHTY @ Ha3bIBAIOT «30J0THIM CEUCHHEM).

To ecth, HE MyIOpCTBYs JyKaBO, €BKJIMJOBbl MaT€MaTHYECKHE pACCEUYCHUS U JICICHUS-
pa3dueHuss aBTOMaTUYECKH MEPEHECIN Ha KOHEUHBIH YHCIIOBON Pe3ybTaT.

OO6b1yHO Tak U numyT «® —301m0T0E ceueHue». — Ocraércs 1006aBUTH (Ppaszy: U3 «CTpaHbl
Abcypauctany. TaMm yK TOYHO, YUCIIO CJIOBECHO YPAaBHUBAETCS C TEOMETPUUECKUM JICHCTBOM.

bonee Toro, camo 4ucia0 B MCXOJHOW 3ajJaye Ha JEIE€HHE NeOMETPUYECKH HE MPEJICTaBUMO.
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Ero HeBO3MOXXHO HapucoBaTh-M300pa3ute. MO0 ono Oe3pazmepHno, He npuéa3aHo K mempuke
Yenozo u gvlpasxicaem omHouleHue IByX OTPE3KOB.

Bunumo, npunuio BpeMs IOHEMHOTY Kak-TO KOPPEKTHpPOBaTh IMCATEIbCKUN CTHIIb
CHEIHAUCTOB.

Benp Huuero He MemaeT HEMHOIO MOJIPABIATH-PENAKTUPOBATh M Has3blBaTh @ «4uCIOM
(KOHCTaHTO¥) 30JI0TOTO CEUCHUSY.

Ho emé nyume, Ha Ham B3risia, U npoue. «@ — 3o010T0oe yncio». MM Kak mo-aHIIMHACKU
«30JI0TOE OTHOILEHUE.

B kakux 3agauax, mpoueccax WM SBJIEHUSAX OHO MCIIONB3YETCs, YK€ BTOPUYHO. Byab-To
pa3buenue-cedenue. nm pocT-IprCOBOKYIUICHUE, KaK, HAIPUMEp, B SBICHUSAX (HIJIOTAKCHUCA WU
pa3BUTHS HEKOTOPBIX MOJIIIOCKAX. I'e TepMuH "ceueHue" TOYHO BBIMISAUT KaK CTON-CUTHAN y
KkpoinkoB @ubonHauun. — Bwmecrto pocra-pa3BUTHs CIUIONIHAS —perpeccHs, Herpajauus u
yHaJHUYECTBO.

B npupone BaxkHee cUHTE3, HAIIPABJICHHBIN HA CO3HUIaHUE U IPUYMHOXKEHHUE.

[TomuauTcs 1 GuOOHAYYM HE BBIpE3all U HE 3a0MBaJl, 2 pA3MHOKATl KPOJIUKOB.

CpaBHUTE: CKOJIBKO HY)KHO BBIPDACTUTH KPOJIMKOB, 4YTOOBI HMX OOIIee KOJIUYECTBO TaK
OTHOCHJIOCH K UICXO/IHOMY, KaK OHO — K BHOBb BBIpaIlleHHOMY?

[Toromy u xpomuku, u uucina Dubonayum F, BbICTpauBalOTCI Kak OECKOHEYHOE

KUBOTBOPSIIIEE ACUCTBO.
[Tycth MaTeMaTHUECKU-aOCTPAKTHOE, HO BCE-TAKU BOCIIPOU3BOJICTBO.
I[Ipy 3TOM aTTPaKTOp MOJICIH BBIYUCISIETCS Yepe3 Mpeaea-acumMnToty (N — o) pocra

@ = Iim Fn+1/Fn.

[To noruke U KOHCTaHTY AOJDKHBI ObUIM Ha3BaTh HE 30JI0THIM CEYEHHUEM, HO YE€M-TO HHBIM,
OTPa)KAIOIIUM yBEINYCHHE.

30J10TBIM NIPUCOEANHEHHEM-100aBKOM HIIM 30JI0THIM HaKOIJICHUEM, pocToM. Jla maio au?

Tem He MeHee, BCE BpeMs I0YEMY-TO TBEPIAT O 30JI0TOM CEYEHUH-IPOOJICHUN.

XOoTd MOXET CIIOKOWHO HPUCYTCTBOBATh ''30JI0TOE" MPUYMHOXEHHME, THUIA 30JI0TOTO
ITONIOJIHEHHUSI CU€Ta, HAPAIMBAHUS IIPOU3BOJICTBA U T.II.

Tak unu vHave, HO Ha3bIBaTh (PYHAAMEHTAIBHYIO KOHCTaHTY @ «30JI0TBIM CEYEHUEM)», Ha
Hall B3IV, IPU3HAK JyPHOIO MaTeMaTUYECKOIro BKyca.

OTO KaK «OAWH TpamBail 3€EHBIN, a APYTOH ... CBEPHYJI 32 IOBOPOTY.

"30.10mble” nocmpoeHus 8 dpesHue 8eka

TpagunuonHas u HauOosiee y3HaBaemas (OPMYJIMPOBKA 30JI0TOM MPONOPIUH (OTHOIIEHHUS,
reOMETPUUYECKOTO CEUeHUs1) BOCXOauT K JlpesHel ['penyn.
B unTepnperanuu EBknnna oHa BelpakeHa B IBYX (opMax.

IlepBas Gopma CBsi3aHa C TPAAMIIMOHHBIM JUIS TOrO BPEMEHHM OTHOILIEHHEM W PAaBEHCTBOM
wiomanei [2, ¢. 75]:

Ipeonoacenue 2.11". JlanAyI0 IIpAMYIO paccedb Tak, YTOOI MPAMOYTONBHUK, 3aKII0UEHHBIH
MEX1y IIeJION U OJTHUM U3 OTPE3KOB, OBLIT paBEH KBAJIpaTy Ha OCTaBIIEMCS OTPE3Ke.

HeoOxoauMble IOSCHEHHS 1 KOMMEHTapHUH MOKHO HaiiT B pabore [3].

Tam e TPHUBEACHO HAMNSIHOE T€OMETPUUYECKOE IMpEACTaBIeHHE ATOW (OPMYITUPOBKH B
MaKCHUMAaJIbHOM MPUOIMKEHUH K HCTOPHYECKOMY IyXY U TOAXO01Y APEBHUX I'pekoB (puc. 1).

"IIpsimas" 31ech 03HaUYaET UCXOAHBIN MPSIMOJIMHEUHBIA OTPE30K U OJTHOBPEMEHHO 1IEJIOE.

1
B mymepanuu 2.11 nepBoe uuciio o3nayaet 2-10 kaury "Hauan", apyroe uucio — 11-e npepioxxenue.
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_ Cospemennoe
atb=1 yd onucanue.
a-1=b? YV Eexnuoa

9mo2o Hem

«MPSAMOYIOMbHUK,
3aKMIOYEHHbIN MexXay «KBagpart Ha
Lierior 1 0AHUM 13 — ocTaBLLEeMCS

oTpeske»

\

OTPE3KOB»

"Lienoe" unu
"naHHas
npsamas"

"ocTaBLIMnCS
oTpesok" b

"OOWH 13
oTpeskoB" a

Puc. 1. T'eomerpuyeckas natepnperauus npeanoxenus 2.11 Epknuaa

BTopas ¢popma u3BecTHa Kak 3ajiaua JAeJIeHUs OTpe3Ka B KpaifHEM U CPEAHEM OTHOLLIECHMHU.
IlepBoe €€ onucanue 3By4UT TaK:

Onpeoenenue 3.6. ToBOpHUTCS, YTO MpsiMasi JEIUTCS B KPaWHEM U CPEIHEM OTHOIICHUH, €CITU
KaK Ienast K 00JIbIeMy OTPE3KY, Tak U OOJIBIIHI OTPE30K MeHbIIeMy [2, ¢. 173].

_b
a

Peur wunmér o nponopuuu

, B OCHOBC KOTOpOﬁ JIC)KUT  BBINICYIIOMSHYTOC

oo

reoMeTpuueckoe cpeanee b =+ac.

YuuteiBas 4acTelii pa3HoOoil B o0o3HaueHusix 3amgaun 3C M HEKOTOPHIX APYrUX
IPOTIOPIMOHATIFHBIX OTHOIICHHIA, Ha HAIl B3I, 1eeco00pa3Ho Kak-To 3a()UKCHPOBATH
Takue 0003HAYCHHS C ACCOLMALIMAMU HA BEJIMYUHBI:

C — 11e7I0€, — OT MPOU3HOIICHUS JIATUHCKOM OYKBBI "113";

b — Oonbmiasi, BbIIENCHHAsI, B3sTas 4acTh, — aCCOLMAIMS C MPOHM3HOILIeHHEeM "03" U
pycckum "B3";

a — (a)cTaTok, (a)TKIOHEHHE, — PYCCKOSA3bIUHOE pOoM3HOLIeHne OykBHI "0" 3BykoM "a".

OcwmbicieHne TOHATUN "KpailHero oTHoIIeHHA" W "CpeJHEero OTHONIIEHMS'" W3JI0KEHO B
pabote [4]. OrpaHuuYMMCsl JHIIb 3aKIOYATEIBHBIM 00pa30M-KOHCTATAIlMel THIOTETHYECKOTO
o0bsicHenus. Kak nucanu matemaruku B IpeBHeit Munuu «Cmotpu!» (puc. 2).

Lienoe/Bonbluee — Bonbluee/MeHbllee —
KpauHee OTHoLleHne cpedHee OTHOLLEeHne
(O] | | | O |
Touka CONpsHKEHUs C Kpar Touka colpspKeHUs B cpedune

Puc. 2. [loHATHIHBIA CMBICT TEPMUHOB "KpaifHEro ¥ CpEeAHEro OTHOMICHUH"
B MHTEPIIPETALNU TOUKH COTPSIKEHHS

Cpennsisi Touka Kak Obl BBHIOMpaeT COOCTBEHHOE IOJIOXKEHHE OTHOCHTENBHO JBYX JPYTUX
OIIOPHBIX TOYEK.
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[Iponopuuss 0 KpalHEM M CpPEJHEM OTHOLIECHMSX: OJHO OTHOLIEHHWE KacaTeJbHO KpalHeu
TOYKH, APYTO€ — CPEIHEN TOUKHU.

OTtcro/1a U KJIIFOYEBOE YUCIIO "TpH' : IBE KpaHUX W OJIHA CPEAHSS TOUKa.

Kak HepaBHOIIEYHbIE BEChI, SKBUIIMOD UIIM KOMIApaTopZ.

C nByMmsl TOUKaMH MOJBECA TPY30B U BHYTPEHHEN TOYKOM ONOPHI.

Pemrenne 3aJda4 EBKJ’II/II[a B 000uX Cly4dasix IIPHUBOIUT K I/IppaHI/IOHaHBHOﬁ KOHCTAaHTC

1445
o= — ~0,618.
OHa YHUCJICHHO paBHA JIJINHE 6OJ'IBI_HCI71 qacTHu b B JOJIIX OT HCXOOHOI'O OTPE3Ka C.
HpI/I 3TOM OTHOIICHHUE ICJIOIO0 K 6OJIBI_HCMy Nnin 60JILH_ICI‘0 K MGHBH_ICMy BBIpa)KaeTCSI

1+\/§
2

0e3pa3zmepHoil BennuuHon P = (I)_l = ~1,618.

OcoBpeMeHEHHBI BapUaHT 3BYYUT NPUMEPHO TaK: 3010mMoe ceuenue — JIEJICHUE LEN0ro Ha
JIBE€ YaCTH, PU KOTOPOM II€JI0€ OTHOCHUTCS K OOJIbIIEH YacTH Tak, Kak O0Jbliasi — K MEHbIIEH.

bonee TouHO 30510TOE ceueHue cieayeT MPeACTaBIATh KaK JeJIEHUE LIEJI0ro B ONpeneIEHHOM
COOTHOIICHUH:

uenoe mak omHocumca K 00HOUL yacmu, KaAK OHa omHocumcsa K 0pyzoﬁ

bonpuiee 1 MEHbIIIEE MTOTYYarOTCs YXKE IIOTOM, B IIPOLIECCE PELICHUS 3a1a4U.

[lonsTe memoro 37ech MPEACTABIEHO IIMPOKO M HE 00sA3aTeIbHO COOTHOCHUTCSA C
IPSIMOJIMHEHHBIM OTPE3KOM, Jla U TeOMeTpuel Booo1e.

B of0mem cnydae neneHue LEIOro Ha JIBE HEPABHBIE 4YacTH [JOIycKaeT OECKOHEYHOe
MHO’KE€CTBO OTHOILIEHUHN MEXAY LIEJIBIM U OJHOM M3 €ro 4acTel, a TakKe MEKIY CAMUMU YacTIMU
resoro. Ho TopKo B € IMHCTBEHHOM BapUaHTE ATH OTHOIICHHUSI MOTYT OBITh PAaBHBIMH.

OTOT BapHaHT U MPEJCTABIAET cOOO0 30J10TOE CeYeHUE — BBICIIEE MIPOSBICHNUE CTPYKTYPHOTO
1 QYHKIMOHAIBHOTO €TUHEHHUS IIEJIOTO U eT0 YacTeH.

Yépmoea pazmepHOCMb

Bepnémcs k 3a7aue 3010TOro cedeHusl B €€ KIIaCCUIECKOM PAaCCMOTPEHUH.

Kak yxe roBopuiock, koHcTaHTa @ Oe3pa3MepHa W YMCICHHO BBIPAKAET OTHOIICHHE IBYX
orpe3koB ® = b/a.

KoHe4uHO, MOXXHO TIONBITAThCS BBIPA3UTh €€ TEOMETPHUYSCKH B CIMHHIIAX W3MEPCHUS,
MOJIOXKUB 3HAMEHATENh (MEHBIIYIO YacTh 1I€7I0r0) paBHBIM a = 1.

[TomoOHBIM 00pa3oM TPEICTABIISIOT, HAPUMEpP, KOHCTAHTY 7, KaK YHCICHHOE BBIPAKCHUE
JUTMHBI OKpY>KHOCTH L eauHnuyHOTrO muametpa D = 1.

a=1 b=®
O O O
D% =1+ D
c=1 o ) o
O=1+¢

Bcé€ 6b1 1 Hruero. Ho 4To0sI BeIIETUTE HA 001IeM oTpe3ke JacTu 1 u @, HaM HY)XKHO CHadaja
HapUCOBaTh CaM OTPE30K IJTMHOMN @2, Y10 U3HAYAIBHO HE MPEACTABIISIETCS BOZMOKHBIM.

2 http://ru.wikipedia.org/?0ldid=42839299.
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ITormaaem B 3aKOIA0BaHHBINA KPYT.

s oroOpakenust MeTpuku @ HE0OXOUM UCXOTHBIN OTPE30K 2.

Bot u nonydaercs, 4Tto B 3ajja4e Ha JIEJICHUE MBI HE MOXEM IPEACTaBUTh uucio @ ¢ 4ETKUM
COJIepKATEIIbHBIM CMBICIIOM M TOJIKOBAHUEM.

Camo 4ucio, 6€3yCcI0BHO, KaK-TO "BBIUEPTHTH' MOXKHO.

Ho npumeHUTENBHO K 3a1aue AENICHHs] OTpe3Ka Ha M€OMETPUYECKOW IIIOCKOCTH 3TO YHCIIO
HUYero He BbIpakaeT. OHO Kak OBl 3aBHCAaeT HAJ JTOW IUIOCKOCTBIO, XapaKTEePU3ys JIHIIb
OTHOLLIEHUE OTPE3KOB.

Uncno 7w, Ka3aJloch ObI, TOXKE BBIPAXKAET OTHOIIECHUE JUIMHBI JIFOOOW OKPYKHOCTH K €&
nuamerpy. Ho olHOBpeMEHHO OTJIMYHO "MPOpUCOBBIBaeTCS" (MpOUYEepUUBAETCS) OJHUM ITOBOPOTOM
LHUPKYIS U3 CEPeAMHBI €IUHUYHOTO OTPE3Ka.

Om aHaau3a K CUuHme3y

Bcé€ cpa3y craHOBUTCSI Ha CBOM MECTa, KaK TOJIBKO MBI IIEPEXOIUM OT aHAIM3a K CUHTE3Y.

To ectb 3amauy pa30HeHHs IEJIOT0 Ha YACTH MEPEHMHAYUBAEM B MPOTHBOIOIOKHYIO 3a7ady
30JI0TOr0 HapallUBaHUs EUHUYHOTO OTPE3Ka.

B srom cinydae 3omotas xkoHcTaHTa @ YHCIEHHO M METPUYECKH PaBHA OTPE3KY, KOTOPBIN
o0pasyeTcs yBeTUYeHUEM EAMHUYHOTO OTPE3Ka B OTHOIIEHUH 30JI0TON MPOIIOPITUH.

['eoMeTprUecKr 3TO BBIMOJHIETCS 3JeMEHTapHO (cM. puc.6). — BykBagbHO OgHHM

IIOBOPOTOM IIMPKYIIS C ICHTPOM B CEpeIMHE CTOPOHBI KBaapara 1x1 u pammycom 1+ (1/ 2)2 .
TakuMm 00pa3zom, 4acTo ynoTpeOseMblil B MaTeMaTHKe TEPMHUH «P — 30J10TOE CEUEHUE» HE
BEPEH, C KAKUX Obl CTOPOH Mbl K HEMY HU IIOJJOLLIH.
Hu ceomempuuecku, xoraa B 3a71a4e Ha CEUEHHE MBI €I0 HE MOXKEM HATJISAHO PEACTaBUTh.
Hu crnosecno, Beib 4uci10 — HE €CTh CEUEHUE.
Hu oumonocuuecku. Mano nu, 4ro €ro mnposiBJI€HHE BIEpPBblE OOHApPYKWJIM B 3ajadye Ha
JieJIEHuEe TeoMeTprudecKoro orpeska. IIpocro Tak cosmaio.
Ha camom pnene, 3T0 4uciI0 HE cedeHusi, U0O TaM OHO IPSIMO HE BBIPAXKAETCS.

D — 3mo uucno pocma u RPUYMHOIICEHUA.

HIMeHHO 103TOMY OHO OOBIYHO MIPOSIBIISIETCA-BCTPEUALTCS B )KHUBBIX CUCTEMaX-TBOPEHHSIX.

A TO, YTO HEKOTOpBIE MCCIEJOBATENIM MBITAIOTCA €ro "BHEIPUTh-HACAIUTh" B KOCTHBIE
KOHCTPYKIIMHU WJI CO3JJaHHBIE TPOU3BEIICHNUS UCKYCCTBA, OOJIBINE TIOXOAUT Ha UTPY BOOOPAXKESHUS U
¢danTazuu. BBuay HCKITIOYUTENBHO c1ab0i (MM HUKAKOW) apryMeHTaI|H.

O TOYHOM JI0Ka3aTeIbCTBE BOOOIE TOBOPUTH HE TPUXOTUTCH.

Hoeas ¢popma 3010moii modeau

PaccmoTpenHas BhIllle MOJENbh 30JI0TOTO0 POCTa W TPAAUIIMOHHOE 30JI0TOE€ CEUECHHUE — CYTh
OJIHOTO U TOTO € MpoIuecca.

OTau4re COCTOUT B M3MEHEHUU HEKOTOPOT0 HaYaIbHOTO (MCXOHOTO) €IMHUYHOTO 00BEKTa B
CTOPOHY YBEJIMYEHUS WIM YMEHbIICHHUs. 30J0Tas MpONOpUUs Kak pa3 U YCTaHABIMBAET
COOTBETCTBYIOIIYIO YHUKAIBHYIO CBSI3b MEX/Y ABYMsSI 00beKTaMu (CTapbIM M HOBBIM) U BEJTMUUHON
npupanieHus (MoJI0KUTETHHOTO WM OTPULIATEIHHOTO).

B onHOM ciiydae uCXOAHBIN OOBEKT YBETMUUBAETCSA, B APYTOM — HA00OPOT YMEHBIIIAETCS.

Tax MbI IPUXOAUM K 0000IIEHHON KaHOHUYECKOU hopme Modenu 3010m020 PABHOBECUSL.

NpHU U3MEHEHUH 00beKTa 00JIblliee TAK OTHOCUTCS K MEHbIIIEMY, KAK OHO — K NPUPALIEHHIO.

1) Ennanunyro nopsmyio 1 yBenW4HTh Tak, 4ToObl HoBas amuHa @ =1+ A oTHocuiack K
cTapoil (ucxogHoi) 1, Kak oHa — K mpupaieHuo A:
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1 -1 1 A

HcxonHas 1nmHa — cpejHee FeOMETPUUECKOe HOBOT'O OTpE3Ka U JIMHEWHOI O IPUpAILEHUS.
2) Enuanunyio mpsMyio 1 yMEHbBIIUTh TaK, YTOObI cTapas AjauHa | OTHOCHJIAch K HOBOM
¢ =1—A, xak oHa K "mpupanieHuo":
1_ ¢ PN 1 _1-A
o 1-¢ 1-A A
HoBas nnuHa — cpeiHee reoMeTpu4ecKoe UCXOAHOIO OTPe3Ka U IMHEHHOIO IPUPAIICHHUS.
3nech ¢ — HOBBIM OOBEKT IIPU YMEHBIIICHUH [IEJIOTO WM OOJBIIAsi 9aCTh B 30JI0TOM CEYCHUMU.

1-A

Bennumna A — orpe3aeMast 4acTh OT LIEJIOTO HJIM MEHBIIIAsk YacTh B 30JI0TOM CCUCHHUH, PaBHAs (1)2
Takum oOpaszom,
@ — HOBas JUIMHA MPH 30JI0TOM YBEIHMUYCHUH WA KOHCMAHMA 30710M020 POCMA.
¢ — HOBas JUIMHA MIPH 30JI0TOM YMEHBIICHUH WIH KOHCIMAHMA 30J10M020 YObl6aAHUS.

YuurtbiBas  MNPOTUBOINOJOXHYK)  HANpPABIECHHOCTh  JIBYX  OJMHAKOBBIX  IPOLECCOB
pocra/yObIBaHUS, POU3BEACHUE KOHCTAHT paBHO equnuie ¢-d =1.

CmpyKkmypupoegaHue 4/1eH08 NPonopyuu

HpOHOpHI/IH, KaK paBCHCTBO ABYX 0THOH.I€HPII>1, npeAIojgaracT Haiu4ue IIeTLIpéX JJICMCHTOB

R
P2 Pa

Ecnu peub ua€T 0 HEKOTOPOM JIEJICHHUH LIENIOr0 C Ha JIBE YacTH, TO 32 CUET JOMOIHUTEIHHOTO
paBeHCTBa a+b =C oxuH a;memMeHT CBOOOBI YTpauMBaCTCsI, M OCTAIOTCS TPH dJIeMEHTa Py, Py, P3.

Jlist onpenen€HHOCTH, HE Tepsis OOIIHOCTH PACCYXKICHHM, IIEJI0€ MOXHO NPHUHSTH B BHJIC
enuHuLBl C = 1. Heompenen€éHHbIMU CTAaHOBSTCS TOJIBKO JBa WIEHA Py, Po.

Hakowerr, 3a1aBast opMy CBSI3H MEKAY IEIBIM M YacTIMH (mlapaMeTpamu @, b, €), momydaem
OJIHO anredpandeckoe ypaBHEHHE C OJTHUM HEH3BECTHBIM.

B wactHOCTH, 30710Tasi MOJEIh OOpa3yeTcs MpPU CPeTHEM TreoMeTphudeckoM b = Jac wm
b% =a, c=1.

KBanpat nepemennoii b jerko peanusyercst mpu cOCTaBACHUN POTIOPIINH.

I[OCT@.TO‘IHO eé Pa3HECTH I10 PAa3HBIC CTOPOHBI PABCHCTBA, CACIIaB CPEAHUMHU WA KpaﬁHHMH
YJIICHAMMU:

EZE & uib=biv;
b v
E:X < b:iu=v:b.
u b
MIMeHHO Tak 00pa3yeTcsl 30710Tast TIPOHOPIHSA° c_ b WU 1 = b .
b a b 1-b

—1+
OHa npuBOAMT K KBaAPATHOMY YPaBHEHHIO 30JI0TOIO CEUEHHUS: b2=1-b = b= 1_7\/3 .

3
Lemnoe oTHOCHTCS K O0JIBIIEMY, KaK OOJbIIIEe — K MEHBIIEMY.
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OtpunarenbHoe 3HaueHue Oonbiieit vact b<0, koTropoe yacto oTOpachIBacTCsS, MMEET
HEMaJIOBaXHOE 3HaYCHHE, 03HaYasi BHEIIHIOIO TOUKY 30JI0TOTO JICTICHHUS.

Yacme yesnozo

Tenepb nepefmeM K JpYI'uM IIOHUMAaHUAM OTKIIOHCHUSA, HAITPUMEP, B BUAC YaCTHU LEJIOTO.
Kak TOBOPHUT A. MaknakoB 0 B3aMOOTHOIIICHUN LECJIOTO U YaCTH B BOCIIPUATHU

«Bocnpunumas e2o kax yenoe, Mbl 6mecme ¢ mem OCHPUHUMAEM U OMOEIbHblE €20 YACMU.
Obe smu cmopoHsbl 60CNPUAIMUSL MECHEUUUM 00PAZOM CBA3AHBL MeNCOY COOOI. 80CNpUSIMUE YEN020
00yClI087IeHO 80ChpusiImUemM e20 Ydcmell U C80UCM8, 8 MO Jce 8peMs OHO CaAMO GIuUsiem HA UX
gocnpusmue...

Baoicnocmu ponu 6ocnpusmus 4acmu 8 0CHPUAMUU Yel020 He 03HAYAem, Ymo 0/ Y3HABAHUS
npeomema HeoOX00UMO BOCHPUHUMAMD 6ce e20 Yyacmu. Muoeoe uz moeo, ymo umeemcsi 6 06vexme,
coecem He BOCHPUHUMAEMCS, UTU B0CHPUHUMAECNICS HEACHO, Ul He MOdcem Oblmb 60CNPUHAMO 8
OAHHBLI MOMEHM, HO, MeM He MeHee, Mbl y3Haem npeomemy» [5, ¢. 218-219].

3amMeTuM, 4TO MPOU3BOJIbHAS MPOMOPLUS C JBYMS YacCTSIMU HE BOCIPOM3BOJIUTCSA B KpalHen
touke (@, b)=(0, 1). INoromy kak MeHbiiedi uactd HeT (usmuecku. To ecTh, mOpeAMKAT
OTCYTCTBYET.

PaBeHCTBO HYIO HE BBIBOAUT CUCTEMY U3 COCTOSIHUSL HEONPEAEIEHHOCTH.

Ecnu xe 3agauy GopMynaupoBaTh B OTKJIOHEHHUSIX (PA3HOCTSIX, OTJIMYUSAX), TO MPEAUKAT €CTh:
3TO OTKJIOHEHHE OO0JIBILIEH CYIIECTBYIOIIEH YaCTH OT YEro-To.

OTKIIOHEHHE TOHMMAETCSl HE KaK HEKOTOpasi HCHOPMaJIbHOCTh WJIM CTPAHHOCTh B MOBEIACHUU
(o OeroBy), HO Kak OTKJIOHEHUE OT 3aIaHHOW HOPMBI MJITM HECOBMAACHHUE C UeM-TTH0O.

[Tonmygaercsi, 9TO TaK TAKOBOT'O <30JI0TOT'0> CEUYECHUS MOXKET U HE OBITh.

D10 yenoBek mpuayman-hopMain3oBal TaKyl0 reoMeTpudeckyro 3amady. Ha camom pene
UMEET MECTO IIOCTOSIHHOE€ COOTHECEHMsI CBOErO IIOJIOKEHHUSI C COOCTBEHHBIM OTKJIOHEHHEM.
N nouck-cxox/1eHne TOYKU IPOIOPLHUOHATIBHOIO PABHOBECHSI.

dukcupyercsi cBOsl BEJIMYMHA D MO OTHOIICHHIO K OJHOMY Kpam M 3aTeM COOTHOCHUTCS
C OTKJIOHEHHEM OT JPYroro Kpas.

ITo cyTtH, 3TO TOUKa MPONOPLIMOHAIBHOTO OaaHCcCa-paBHOBECHS], a HE JIeTIeHHUs !

3ameTnMm, He cepeinHA. A MMEHHO paBHOBecue. C HaJIM4YMeM SIBHOW aCHMMETPHH.

To ecTh ¢ TOUKH 3pEHHUS LIEJ0Tr0 BbIIESAETCS BCET0 OJJHA YacTh!

OTO COBEPIIEHHO MEHSET MHOTHE MpPEACTaBICHHUS O (U3NYECKOM COJIEPKAHUM 30JI0TOM
KOHCTaHThI O.

CoOTBETCTBEHHO BUJIOM3MEHSETCS M OCHOBHAS (JOPMYJIMPOBKA:

‘ueﬂoe OMHOCUMCA K C80€Il Uacmu makK, KaAK OHa — K ceoeémy OmKJIIOHEHUIO Om I/(eJIOZO.‘

B sToMm cityuae:

30J10TO€ paBHOBecHe (OTHOLIEHHE) — 3TO MPONOPIHMOHAIBLHOE YBeINYeHNe 0TPe3Ka, Mpu
KOTOPOM HOBBIi 0TPE30K TAK OTHOCHUTCSI K MCXO[THOMY, KaK MCXOJHBIH — K PHPALIEHUIO.

B34Tb Te e CeMEUKHU B LBETKE MOJCOIHYXaA.

Pa3Be oHU 4YTO-TO NENAT-CEKYT B CBOEM (popmHupoBaHuu pacrnoioxeHuss? — Her. Im ato ot
IIPUPOJIbI HE JTaHO.

Hot oHn cnocoGHBI BBIOMpPaTh MECTO <IOJ{ COJHIIEM™> IPONOPLUOHAIBHOIO MU 30J0TOrO
paBHOBECHSL.

KoneuHo, MOXHO paccyk/1aTh 0 HEKOEM JIEJICHUH NPOCTPAHCTBA WU JIMHUH (OTPE3KOB).

Ho Bcé 310 OyneT Ha ypoBHE BOOOpa)kaeMbIX FT€OMETPUUECKUX OOBEKTOB.

Jle dakTo cemeukHu BBICTPAMBAIOTCS BJOJb JOrapupMUUecKoil cHupaid cO CTEHEHHBIM
IapaMeTpoM Ha OCHOBE 30J10TOro yucia O.
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I/ICXO,Z[HaSI 3aII1iCh 30JI0TOU HpOHOpLII/II/I Ha SI3bIKC OTKJIOHCHUU UMECT BUA. — = 1— .
X —X

B naHHOH CTpyKType OTHOILIEHUI NMPHUCYTCTBYIOT TOJBKO ABE BeinuuuHbl (!): nemnoe 1 u ero
Hekas 4acTh X. BenuunmHa 1-X ecTh OTKJIOHEHHE YacTH OT JAPYroro kpas (TOYKH) WIH Pa3HOCTh
MEXy LIEJIbIM U JaHHOM 4acThlo. IMEHHO OTKIIOHEHHUE. A HE BTOpas 4acTh.

3n1eck HaC BOOOIE HE MHTEPECYeT HAIMYNEe-OTCYTCTBHUE BTOPOIl yacTH. MoXeT, uX TaM emé
1enast COTHSL.

HyxHo npocTo yOpaTh OTPE30K U OCTaBUTh OJJHH TOYKH, C YCJIOBHO BCTPOCHHBIM pajapoM Ha
CPEIHIOIO U3 HUX.

"CTpenbHynu pagapoMm" B OJIHY CTOPOHY. 3aTeM "CTpelibHYJIU" B IPYTYIO CTOPOHY, IPOBEPUB
otkJioHeHue. [Tonnpasunu. Emé pa3 nposepuiu. U rotoso.

TecHOTa KJIeTKaM WM CeMeUYKaM MOHSITHA Ha YPOBHE B3aUMHBIX ITOTEHIIUAIIOB.

WNuaue roBopsi, Mbl "cBepsieM yachl' HE IO BTOPOM 4acTH, KOTOPOH y HAac COOCTBEHHO HET,
a 10 OTKJIOHEHHUIO OJTHOM BBIIETICHHOW YacTH OT LIEJOroO.

B reomerpun, 3to Oynet paccrosiuue. Ho MoxeT ObITh Bpemsi, HalpuMep, Y 3X0JI0Ta.

To ecTh y Hac BooOIIIe OTCYTCTBYET MOHATHE BTOPOM YacTH (3JIEMEHTA), KaK TaKOBOE.

Takum 00pa3oM, 30J10TOE CEYeHHE MOXKHO IMepedopMaTHpOBaTh KakK 3a/1ady BBIICICHUS
"30JI0TOM" YaCcTH M3 MEJ0ro. 3aMETHM, OJTHOM € JUHCTBEHHOM YacTH.

[TomoGHOE BBIAETICHHWE TIIABHOTO W BTOPOCTENEHHOTO IO OTHOIICHHIO K IIEJIOMY MOXKET
KacaThCsl 4Yero YroAHO.

Kak riaBHOe COOTHOCHTCS € OOIIMM, TaK U BTOPOCTENIEHHOE COOTHOCUTCS C TIIaBHBIM.

[IpaBna 3mech yxe 4€TKO MPOCMATPUBACTCS JEJ€HHE OOIIero Ha JBE YacTH: IVIABHYIO U
OCTaBIIYIOCSI — BTOPOCTETIEHHYIO.

Croa e, Kak HU CTPaHHO, MOKHO OTHECTH M JIFOOOMBITHYIO "MynKoByto (unocoduo” [6].
ITockosbKY 4YacTH 4YEJ0BEYECKOIro Tejla, HaXOASIIMEcs IO pa3Hble CTOPOHBI IYIKA, HE HUMEIOT
YETKUX HA3BaHUM U TOJIKOBAHUM.

Mo’kHO cKka3aTh COBEpPILIEHHO aOCTPaKTHBIE YaCTH.

B O6H.[€M CJIydac JOIIYCTUMO pacCCyKIAAaThb U B KATCropusax CpCAHUX BCINYNH.
30/10Tas 4acThb — CpE€AHEC TCOMCTPUICCKOC LEJIOT0 U OTKIIOHCHUSA 30JI0TOM YaCTH OT IIEJIOTO

x=41-(1-X).
Ina

Ecnu uenoe npunsth paBabiM C=1 u IN1=0, o Inb=——.

To ecTb 102apugm evidenennoli uacmu pasen nonrogune ro2apugma ocmamra. — Imo moaxce
3010moe cevenue—pasHosecue. Ho ero srydnie BpIpakaTb B IPOLEHTAX.

IMpupawerHue-yseauueHue

Tak nnu MHa4e, HO HUCXOJHBIM IIOCBIJIOM BO3HUKHOBEHHUS 30JI0TOM KOHCTAHTBHI, KOTOpOE
COXPAHMJIUCH JI0 CUX TIOp, CTAJIO CEYEHHUEe-pacceueHue, JeJIeHne-pa3oueHre u ToMy nojgo0Hoe.

Bcé aTo atpubyTHka aHanusa.

JIBr>KeHUE eclii U He Ha3aJl, TO TOYHO HE BIEPE.

371ech HE MPOCMATPUBAETCS Pa3BUTHE UIIU CO3HJIaHUE.

[ToaTomy MBI mOBOpaunBaeM tesnery. Kak roBopurcs, nepesanpsraeM JIoma/ib U ABUraeMcs 1o
IIyTHU CUHTE3A.

Bot, Hampumep, kak Obl MOIJa BBITJISAETH NepBas GopmynupoBka EBKiMIa OTHOCUTEIBHO
30JI0TOHOCHOT'O PABEHCTBA IUIOIAJEH (JIPEBHETPEUECKUNA CTUIIb BBIPAKEHUS COXPAHSIETCS):

® JIAHHYIO NpPSMYIO YBEIUYHUTHh TaK, 4TOOBI KBaJpaT Ha HEHl CTajl paBeH MPSMOYTOJbHHKY,
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3aKITIOUEHHOMY MEX/y YBEINYCHHOH MPSIMO U T0OaBICHHBIM OTpe3KoM (puc. 3).

1 — )
1 1 o

Puc. 3. Moaudukarus npennoxenust EBkinaa mo cxeme cuHTE3a
MOJIEJIM 30JI0TOI'0 PABHOBECHS Ha IIPUHIMIIAX CO3UIAHMS

Bo3MorkHa 1 HECKOJIBKO OCOBPEMEHEHHAs MOIU(UKALMS:
[Tpsmyro 106aBUTH (YBEIMYUTH, HAPACTUTD) TaK, YTOOBI KBaApaT Ha MCXOJHOW mpsmMoit 1x1
ObUI paBeH MPSAMOYTOJILHUKY MEXKIy YBEIMUEHHOU NpsiMoii 1+ ¢ u e€ mpupamenuem ¢ .

Bropas ¢popma BeIrsiiuT enié 6osee HarIsiiHOW U yA0OHOM:

¢ [IpsaAMas YBGJII/I‘II/IBaeTCH B KpaﬁHeM u cpedneM OmHouteHuu, CCJIN KakK YBCIIMUCHHAA IIpAMas
1+x 1

K IEJIOMY, TaK U LICJI0€ K NPUPALICHUIO: T = ; .

B pe3yjbTaTe MOJYy4YaeM TO K€ XapaKTCPUCTUYCCKOC YPABHCHUC JIA MaJjioil KOHCTaHThI

30JI0TOT'0 CEYEHHUS: ¢2 +¢—1=0. Ho yxe 6€30 BCAKOro Apo0JieHUs-1eIeHUS.

AHQJIOTMYHO TOMY, KakK J€JIEHHE OTpe3Ka MOKHO ObUIO BBINOJIHATH CIpaBa MIIM CIIEBA,
IIPUPALIECHUE TAKKE MOYKET OCYIIECTBIISITHCS C ABYX KOHIIOB.

Kpome TOro, camo mo cebGe mnpupamieHHEe MOXET HMMEThb OOpaTHBIH 3HAK, CTAHOBSICH
"oTpe3anueM", BBIUUTAHUEM, BHIWICHECHHEM H T.II.

1) PaccMoTpuM HapalyBaHue WM MPUPAILIEHUE B [T0JIOKUTEILHOM HAPaBJICHUH.
HMeroT MecTo Ba peleHus

“szi = X2+x=1 = A, =(6—D).
A [TepBoe n3 HUX AA€T OOBIYHOE MPUpPAIICHHUE K €ITUHUYHOMY
1 , OTpPEe3Ky BEeJIMYHMHBI ¢ BIpaBo (puc. 4).
! Bropoe — Takoe ke mnpupamieHue, HO BieBo. Ilockonbky
¢2 : ¢2 ?pn6a13negne K €IMHULE OTPULATEIBHOTO 3HaueHus — P naér
-O=—¢.

=Y

0 1 To ectb, B UTOre MMeeM JBa aOCOIIOTHO CHMMETPUYHBIX
Puc. 4. Ilpupamenne otpeska pelIeHns OTHOCUTEIBHO OCH €AUHUYHOTO KBaaparTa.

B MTOJIOKUTCIIbHOM HAIIPABJICHUHN o
2) Ilycte Temepb mnpupamieHue UAET B OTPULATETHHOM

HaHpaBJ'IeHI/II/I.
I[pyrI/IMI/I CJIoOBaMH, HMECEM I[e-(i)aKTO HC an/IpameHI/Ie, a HCYTO 0Tpe3aHI/I$I. Torna caMo
MIPUPALLIECHUE U3MEHUT 3HAK Ha MPOTUBOIOJIOKHBIN.
B peBYJ'ILTaTe nonyqaeM CHOBaA ABa pemeHI/m
1-x 1

2
— = X=Xx=1 = Ais=(—0, D).
T~ x 12 = (=0, @)

Ilepsoe 13 HUX HAa€T BHIWICHEHNWE M3 €IUHHYHOTO OTPE3Ka BETUYMHBI ¢ BJIEBO (pHC. 5), 9TO

(hakTHYECKH COBMAJAET ¢ 3aaauel EBkinma o AeeHnn 1eoro Ha JIBE YacTH.

[lonyyaeTcs He mpupalieHue, a ype3aHue.

®opmynupoBka EBkinga mpeBpamaercss B YacTHBIM CIIydaill 30JI0TOTO pPABHOBECHS Ha
MPUHIUIIAX CO3UAAHMS, HO C OTPULIATEILHBIM PUPALICHUEM.
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Bmopoe pelieHue CTaHOBUTCS BHEIIHUM pELICHHEM 3aJaud M HaoOOpoT HaéT Temepb
YBEJIIMYEHHUE OTPe3Ka Ha BeInyuHy D.

A B pe3ynbrare HOJTy4aeTcs PaBHOBEIIMKOCTD
1 | 5 npsiMoyronbinka  1x(1+®) w  keagpara  ®% ¢
! () 1 o
:(I) 5 COOTBETCTBYIOUMMH OTHOMICHUAMH o = 7= .
: > OTa nponopIys UMEET CICIYIONIee TOJIKOBAHHUE:
0 1 OTPE30K HApacTUTh TaK, YTOOBI MPSMOYTOJILHUK MEXITY
Puc. 5. Ilpupamenune oTpeska UCXOJHBIM ¥ HOBBIM OTpe3koM 1x(1+®) Obul paBeH KBajapary
B OTPHLIATECIHHOM HaNPaBICHUH Ha [IPUPALLEHUN @°,

OTHOCHUTENBHO PACHOJIOKEHUSI CMEXKHOW TOUKH JIBYX
OTPE3KOB YUCIIUTENS U 3HAMEHATEJSI MOXKHO pa3inyarh (1o EBkinay):

o cpedHee OTHOUICHUE, CO CMEXHOM (00111eit) TOUKO# mocpeanHe;

— Kpatinee OTHOIIEHUE, CO CMEXHOM TOYKOMU C Kpasi.
1+0

Aneopumm nocmpoenusi. Pucynok 4 na€r Ham oOlee HANpaBICHHE PEIICHUS 3aJa4d Ha
MOCTPOEHHE YBEIIMICHHOTO OTpe3Ka (puc. 6).

bepém kBagpar 1x1 u nenum ocHOBaHUE MONOJIAM.

[IpoBonuM nyry paanycoM, 3aKIHOYEHHBIM MEXAY CEpPEeIMHOW OCHOBAaHUS M BEPIIMHON
kBajpara. Bcé!

[Tomrygaem otpesku rHON 1+ ¢ = D.

JIOBOJIBHO HArfsiIHO Y OYEBHUJHO. YHCIIO OIpeAensercs OJHUM IOBOPOTOM ITUPKYIIA
OTHOCUTEJILHO CEpEIMHBI KBaJIpaTa.

i
0 12 1 @ 0 12 )

Puc. 6. ®opmupoBaHue 30I0TOM KOHCTAHTHI

I[aHHa}I MOACIb npnpameHI/Iﬁ HMEET LEeIIbII pAA HEOCIIOPUMBIX TPEUMYIICCTB 110 CPABHCHUIO
C OOBIYHEIM HUTH TpaAULIUOHHBIM ACJICHUEM OTPE3KaA.

1) Koncranta @ mpuobpeTaeT uémkyrlo Mempuky W COACPIKATEIbHBIH TeOMETPHYCCKUN
CMBICJI. DTO HOBBIA YBEIMYECHHBIHA OTpe3ok. Mium HOBoe yBenudyeHHoe (MOApOcCIIee) Ieoe B
pe3yibTaTe YBEIWYCHUSI HCXOJHOTO EIUHIMYHOTO OTpe3Ka Ha BEIMYHHY MpHpameHus ¢ . B Tex xe
CaMbIX €IMHUIIAX, YTO UCXOIHBINA OTpe30K | u 106aBKa K HeMy ¢ .

JIpyruMu cioBaMH, BCe BEIMYMHBI B paBeHCTBE 1+ ¢ = @ MMEIOT OJJMHAKOBYIO METPHKY.

OyeHb BaXXHOE METOJOJIOTHYECKOE pacmupenue!

6o B 3amaye Ha EBKJIMJIOBO JIeJIeHME OTpe3ka BenuuuHa @ MeTpuku He uMmena U
orpejensaigach, Kak OTHOLIEHHWE Oomplield yacTh K MeHblied. To ecTb, camMo cedeHue Mbl
MIPOBOJMIIN, @ TEOMETPUUECKH MPEAICTaBUTh BeNunHy @ He MOrJu.

Teneps y Hac 3050T0€ uncio @ — «HOBas co3umaTeNnbHas eIuHHUILA», 00pa3yemasi U3 OOBIYHOM
€AVHULBI 1 B 30J10TOM IPOMOPIUH.
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2) UmeeM munumanvuyio ¢hopmy B 3alCH MPOMOPIMH IO KOJWYECTBY HAIWYHMS B HEH
o 1+x 1 o
HCHU3BCCTHOM BCIINMYHNHBI T = ; . :‘)TO BepHBII/I IMPU3HAK IIPaBUJIbHOCTHU BbI6paHHOFO HaMHU IIYTHU

pEIICHUS U OCMBICITICHUS!

3) UmeeM munumanvhoe konuvecmeo onepayuii (C TMOMOIIBIO HUPKYJIS W JIMHEHKH) IS
pelIeHsI TEOMETPUYECKON 3a7a4i Ha NocTpoeHHe. UTOOBI BBHINOJHUTH CEYCHHE OTpe3Ka, HaM
HYXXHO OBLIO emI€ JOMOJHUTENBHO MPOBECTH IYTy pPajuycoM ¢ ¢ LIEHTPOM B NPABOW HIKHEU

BEpIIMHE KBajpaTa. 3ajaya Ha 30JI0TO€ YyBEJIMUYEHHUE-TIpUpallieHue (IpUYMHOMKEHHUE) peliaeTcs
BCETO JIMIIb OJJHUM [OBOPOTOM LIUPKYJISL.
Tak mocTtynaer u npupoga. ITOT MOMEHT SBJIIETCS ONpPENECISAIONIEM B CUHTE3€ U Pa3BUTUU
pacTeHuii ¢ ux BezaecymuM ¢puuioTakcucoM. OIHUM JBUKEHHEM [TOBOPOTA, 00pa3yst Clupalib.
HNmenHo QopMupoBaHue, pocT, CO3pEBaHME SBIAIOTCA TJIaBHBIMH Tocbuiamu. Ho He
IIPECIIOBYTOE 30JI0TOE JIEJICHUE, KOTOPOE B IPUPOAE MPAKTUUECKU HE BCTPEUACTCA.

4) MoxHO c(hOpMYyIHPOBATh MPOIOPIHI0O B KATETOPHAX OUHAMUYECKO2O —UBMEHEHUs.
COCMOsIHUA: HOBOE TaK OTHOCUTCS K CTApOMY, KaK OHO — K IIPUPAILECHHUIO.

[Ipu 3TOM cTaHOBUTCS 0OO0Jee NOHSATHOM M OTYETIMBOM CBS3b BO3PACTAIOLIMX YHCEN
®uboHayuu NPUOIU3UTEIHHO B TEOMETPUYECKOM MPOTrPECCUH ¢ KOHCTaHTOH-aTTpakTopom O.

Wnu te xe kpomuku... C uX poxJeHUEM-POCTOM-co3peBanueM. Ho HUKak He yMepIBIeHUEM-
BbIp€3aHUEM-THOEIIBIO.

Jomnyctumast onepaiusi B MaTeMaTuKe, ¢ €€ pacujIeHEeHUEM U pa3OueHueM, CTAaHOBUTCS Majo
BOCTpeOOBAHHOM aHAJIOTHEH B TEOPUH KU3HMU.

5) Ecnu u3Ha4YaibHO B3ATh 32 OCHOBY 3ajauy JeineHus (11e0ro, OTpe3Ka), TO OHa TaKOBOH H
octaércs. To ecTh BCE 3aKaHIMBACTCS aHAIIM30M.

B 3agade Ha mpupaieHue Bc€ 0OCTOUT UHAYE.

B pamkax ogHOM TPOOIEMAaTHKH MBI MOXKEM IPOBOIUTE OOHOBPEMEHHO AHANU3 U CUHME3.

Jeno nuib B onpeAeieHUN HApaBICHU IBUKECHUS-TIPUPAIIICHUS.

B nocnenHeM MOXHO JIMIIB U3MEHUTh OPUEHTAIINIO, U TOTJa 00pa3yeTcsl He HapalluBaHHe, a
ype3anue (feneHue).

Takum 00pa3oM, NMPHUBBIYHOE 3070Mmoe ceuenue — Mooenb anaiuza u paspyuienus. [puuém
0oJiee cI0XKHas B pealn3aluy U MOCTPOCHUH KOHCTPYKIIMSL.

3onomoe npupauieénue ujin pasrHoeecHoe paseumue — MoOelb CUHmE3A U CO3UOAHUS.
MO)IGJ'II) mpocTas, HarjigaHas U )KUBHCHHO BOCTp€6OBaHHa5[.

A BOT elI€¢ yHMKAJIbHASA TPAKTOBKA 30JI0TOr0 CO3HIAHMA:
Hekas Benu4yuHa 1—X JomonHsieTcs X Tak, 4TOObl HOBOE KOJMYECTBO | OTHOCHIIOCH K
UCXOHOMY (CTapoMy), KaK OHO — K IOIIOJIHEHHUIO X, TO €CTh
1 1-x 2 3-+5
= ===2 = (1-x=x = x?-3x+1=0 x=2"2_-1-¢=¢%.
1-x X 2
Bpone 3HakoMbIiI KOHEUHBIN pe3ynbrar. Ho 0qHOBpeMEHHO, Kak BCE CHUIIBHO Pa3HUTCS OT
KJIACCUYECKOI'0 30JI0TOTO CEYEHHUSI.
He Tonbko co3uaatenbHbIM MOTUBOM (POPMHUPOBAHUS YTBEPKIECHUSA-TIPOIIOPIIUH.
Ho u anrebpanyeckum ypaBHEHHEM, B KOTOPOM YyXke He Bce KO (UIIUEHTHI paBHbI 1.
[Tocne nepeBosia B SKBUBAJICHTHBIM BO3BPATHBIA (Pa3HOCTHBIN) aHAIOT Z,,q =3Z,+Z, 4 H

BBIOOpA TPaUIMOHHBIX HAYAIBHBIX YCIOBHH (Zg, 1) =(0, 1), MOKHO MOCTPOHMTH PEKYPPEHTHBII
yucnosou psaa: 0, 1, 3, 8, 21, 55, 144, ...
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Xopomo BHAHO, 4YTO OH sBiIsAeT cobOoi uérHble uyncna Pubonayun z,=F,,, rIe
Foa=Fa+F1:0,1,1,2,3,5,8,13, 21, 34, 55, 89, 144, ...

EcTb cMbIC MOABECTH HEKOTOPYIO OOBEAMHUTENBHYIO 4EepTy B IPEICTaBICHUHM Pa3HBIX
BAPUAHTOB 3aBUCUMOM IIEPEMEHHOM.

CHavaJia npuBbIYHAS JJI1 MHOTUX YUTaTeNel HHTEpIIpETalMsl 30J0TOr0 CEYEHUs €IMHUYHOIO
otpeska: menmoe 1=a+b Ttak oTHOcHTCs K ofHOW dYactu (OoybieMy D), kak oHa — K Ipyroii
(MeHbIICH @):

1_ b 2 i1 _po5-1 .
5=1-b = b*+b-1=0 = b=¢= 5 Oomblee;
1 _1-a = a’-3a+1=0 = a:(bz:ﬁ — MCHBIIICE,
l-a a 2
x:%:aTij:% = X2 -x-1=0 = X:d):%L — OoJjblee / MEHBIIIEE.

Teneps chopmupyem NpONOPLMU U YpaBHEHHs B TEPMUHAX CUHTE3A:
yBeJNIMUYeHHas npsimast (HoBoe 1enoe) 1+A Tak OTHOCUTCS K <UCXOJHOMY> IIeJIoMy 1, KaKk OHO
— K IpUpamieHuto A:

1+A_ 1 =  A24A-1=0 = A:(I):\/g—_l — IIpUpALICHUE;
1 A 2
X2l L 2120 o xeo=Y5*1 e nence.
1 x-1 2

Kak BHIHO, 32 CUET yHMKaJIbHbIX CBOMCTB 30JI0TOM MpONOPLMM 3ajada JAEJICHHs LEJOro,
pPaBHO Kak M 3aJaya NPONOPLHUOHAIBHOTO INPUYMHOKEHMS LIEJIOr0, MPUBOJAT K OAMHAKOBBIM
YHCJIOBBIM pe3yJsibTaTaM. TOJIBKO € pPa3HBIMU MHTEPIIPETALUAMHU.

[Tpuuém BTOpOIL cyuaii Oosee peanucTHuHbIi. MOXKHO CKa3aTh CO3UAATEIbHBIN.

B ogHux mMeTpuueckux eMHUIaX OH MO3BOJIAET MIPEKPACHO HHTEPIIPETUPOBATh KOHCTAHTY @
B paMKax 0a30Boro moowcoecmea cunmesa. 1+ =0.

3os0Tas KoHCTaHTa @ — OOHOBIEHHBIN UCXOIHBIM MPOAYKT (LIENI0€).

<Manas> 30510Tast KOHCTaHTa ¢ — Jo0aBKa (IpUpalleHre) K UICXOAHOMY MTPOIYKTY.

Kcratu, kak u 1r00oe npupaiieHue, BeTMYUMHA MOKET UMETh OTPULIATEIbHbBIN 3HAK.

Tak Mbl OPUXOJUM K TMEPBOHAYAIBHOW KIIACCMUECKOW MHTEPIPETAllMd — MBICIEHHOIO
BbIUJICHEHUS (OTbEMA, BBIJIETICHMSI) OJTHOM YacTH LIEJI0TO0.

Wrak, nonyctumo

1+ ¢ = ® — TOXKAECTBEHHASI MOJIENb CUHMESA,;

1-¢= (|)2 — TOXIECTBEHHAs MOJIENb AHAIU3A.

[lepByt0 KOHCTPYKIIMIO MOKHO TAaK>Ke€ Ha3bIBaTh MOOEIbI0 3010020 pOCma.

Hebonvwoe ymounenue. Korga Mbl Je1MM, TOYKA 30J0TOrO PAaBHOBECUS HAXOAUTCS
BHYTpH.

Korna mbl HapanuBaem, TOUKa paBHOBECHsI ITPUKIAAbIBacTCs ¢ Kpas. M TonbKko mocie 3Toro
UJET HApalllUBaHUE.

C TOukM 3peHHsA CO3UAATEIBHOIO MOAXOAA, HA HAIl B3IJIAM, JIErYe COCTaBISAIOTCA U
MHTEPIPETUPYIOTCA IPYyrue, MOX0KHUE IO CTPOCHUIO, ITPOIIOPIUH.

Hamnpuwmep,
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— HOBO€ <COCTOJHHE> TaK OTHOCHUTCS K CTapoMy, KaK €ro MOJIOBMHA — K IPHUPAIICHUIO:

X_H:% = x2+x=% = k:\/_sT_l

~ 0,3660.
1 X

W npyras uHTEpIIpeTanis 3TOU K€ MPONOPLUU:
— 1IEJIO€ OTHOCHUTCS K CBOEH YacCTH, KaK OHA — K CBOEMY OTKJIOHEHHIO OT IOJIOBHHBI LIEJIOTO.
1 X 1
2= = x?4+x-2=0.
x 1/2-x 2
JlaHHBII TpUMEp COCTaBJIEH CIEHMUAIbHO, YTOObI B OKOHYATEIbHOM pEIIEHUU IOSBUICS
UPPaLMOHAIBHBIA KOPEHb U3 TPEX.

Om des1eHuUs1 K OMK/10HEeHUI0

[TonsiTre, cOOTHOCSIIEECS C TAKOW KaTeropuei, Kak 30J10TO€ CeYeHHe, He 0053aTeIbHO HY)KHO
(dbopMyIHpOBaTH B TEPMUHAX «OOJbIIIEE — MEHBIIEE» WM BOOOIIE B JBYX dacTAx-dieMeHTax. Kak
MBI YK€ BBISICHUJIM, MOKHO BBIPA)KATh 3TO U B CUCTEME KOOPJUHAT «1I€JI0€ — YacCThy.

To ecTh, ¢ TOUKM 3pEHUs LIEJIOT0 BBIJIEISIETCS BCErO O/1HA YacTh!

Ona ¢ukcupyercs Mo OTHOLICHHIO K OJHOMY Kpalo U Jajiee COOTHOCUTCS C OTKJIOHEHHEM
OTHOCHUTEJIBHO JIPYroro Kpas.

OTKIOHEHHE BKJIIOYAaeT B ce0s HECKOJIbKO MOHUMAaHHWA. DTO M omMOKa M3MEpeHHs WU
O0TOOpakKeHMsI, BEIMYMHA OTKJIOHEHHS OT OJTalloHa. DTO U TpUpalleHue, He H3MEHsIoIIee
MMOHUMAaHHUE 'TIEJIOTO", YTO JIKUT B OCHOBE POCTa MPUPOJHBIX 0Opa3oBaHui. Eciu XOpoiieHbKo
MOMCKaTh, MOKHO HATH U Apyrue GopMbI-BapuaHThl MOHUMAHUS W/WUJIH TOJIKOBAHUS OTKIOHEHHUSI.

PaccmoTpuM oTkII0OHEHME, Kak OIMOKY oToOpakeHus [ 7] XOTsi Obl MOTOMY, YTOOBI 3aIUTUTH
gucno @ oT wusnumHeW mnpenyOexneHHocTH U perummzanuu. Bceé-taku koHctanta @
oOHapyKeHa B HEKOTOPBIX (OpMax >KUBOU MPUPOIBI.

[TonpoOyem OTBETHTH Ha BOHpOC: modyemy mnapamerp @ moOABHICA B 3THUX €CTECTBEHHBIX
KUBBIX 00bekTax? W Bropoil Bompoc: [louemy uncio @ B CBOEM TOYHOM 3HAUEHUU IOUTU HE
BCTPEYAETCs MPH aHAIN3€ IPUPOJHBIX 00pa30BaHMUit?

Wnauve roBopsi, ecTh B Ipupojie unciao P, kak OCHOBa TapMOHUHU, WJIH €T0 — HET?

C onHOW CTOPOHBI €CThb, U MBI YETKO (PUKCUPYEM 3TO IpPH HCCIEIOBaHUM ''cperHux"
oTkiIoHeHHH. Ho Kak TONBKO J€70 JOXOOUT 1O KOHKPETHBIX W3MEPEHHBIX BEIUYMH U
COOTHOILIEHMH, Tak KOHCTaHTa @ KyJIa-To ucyesacr...

371ech MbI TIOKa MOYKEM KOHCTaTHPOBAaTh TOJIBKO TO, YTO YMCIO P B CBOEM TOUYHOM 3HAUEHUU
U HE MOXET CTaThb «MEPWJIOM TapMOHMM», & €CIM WU CTAHOBUTCH, TO TapMOHHMHM «MEPTBOI,
3aCTBIBIIEH, YTO HUKAK HE COOTHOCUTCS C IPUPOIHBIMHU OYE€Hb TUHAMUYHBIMH MPOIIECCAMU POCTa U
bopMooOpazoBaHus.

Buaumo, mnocrosinHas @© kak ocHoBa (opmMooOpa3zoBaHUS HMEET OMNpPEICTIECHHYIO
YCTOMYMBOCTh K OoHIMOKaM. DTO oOecreyrBaeT HEUyBCTBUTEIBHOCTh K HEKOTOPHIM HCKAXKEHUSAM
dbopmbl ipu €€ popmupoBaHun. M MO3BOJISIET CTPOUTH CIIOKHBIE (POPMBI-00pA30BAHMS B YCIOBHSIX
HINYMS OMMOOK, Kak o00s3aTeNbHON cocTaBistomel »toro mpomecca. [lo 3Toit mpuumze
OOJBIIMHCTBO  BO3HUKAIOIIUX OIIMOOK HE TPUBOAAT K  KaTracTpOoUYECKOMY  CpPBIBY
CTPYKTYpPUPOBAHHUS U NO3BOJISAIOT YCIIEIIHO 3aBEPIIUTH HAYATOE.

[TpoBepuM Ha TaKyl0 YCTOMYMBOCTh HECKOJIBKO N3BECTHBIX CUCTEM CUUCIICHUS.

Haunem c ommbok m3mepeHus u cpaBHeHus. Kak HaOeraromux (HakaruIMBaIOMIUXCS), TaK U
OJTHOKPATHBIX. MBI C HUIMH CTaJIKUBAEMCS MPU PA3TMUHBIX BBIUYUCICHUSX MTOCTOSIHHO.

Bort, ¢ aTumu ommbkamu u pazoepemcs.
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CoBpeMeHHas Teopus OMUOOK U3MEpeHHsa”’ 0UeHb OTJIMYAETCA OT TOrO MOHUMAHMS, KOTOPOe
OHa UMeJia XOTs Obl nosiBeka Hazajx. COBMECTUTD CErojHs NOHUMAaHUE MOTPEMIHOCTH M3MEpEeHus”,
METpPOJIOTUYECKYI0 TOYHOCTh M3MEPEHHi U KjIacchl TOUHOCTU H3MepeHuii® Ha OBITOBOM ypOBHE
MPAKTUYECKHA HEBO3MOXHO.
Bot, nanpumep, kak BeIOMpaeTcs JoBepUTeNbHbIN nHTepBai (JIN):
Wnarepnperanns JIW, ocHOBaHHas HAa WHTYWIINH, OyIET CIEAYIOMIEi: eClIi BEpPOSITHOCTh [) BEIHKa
(ckaxxem 0,95 wim 0,99), To IV moutn HaBepHSKa CONEPKHUT UCTHHHOE 3HAYCHUE € H3MEpseMOi
BEJINYHHBI.
Eme onno ucronkoBanue mnoHatus JIM: ero MOXXHO paccMaTpuBaTh Kak HMHTEpBaJ 3HAYCHHU
napameTpa ¢, COBMECTUMBIX C ONBITHBIMU JaHHBIMH U HE TIPOTUBOPEYAIINX UM.
Ha ¢one cnoxHedmux (Gopmysn BBIYHCIECHUS 3TOTO MHTEpPBaIa TAaKOH MOJXOA KaK-TO HE
oueHb cmotputcs. Ho, popmyinbr hopmynamu, a Kak-To ONPEEISITHCSA HA0, XOTs Obl U PUMEPHO,
st ceOsl. ...

XyKe J1e10 00CTOUT C OLEHKOW TOYHOCTH OTOOpaskeHUs IU(POBBIX CHCTEM U3MEPECHHUS.

Cunraercs, 4yTO €ClM CYeT WJET B LEJbIX €IUHMIAX, TO MPUHATAs IpelesibHas BEIUYMHA
Takol omunOKu coctasigeT +0,5 eqMHUIBI CUETA.

Ecnun ommOka wm3MepeHuss WM OTOOpa)keHUsl MPEBBIIIAET 3TO 3HAUYEHUE, TO pe3yJbTar
KOPPEKTHPYETCs, yBENUYMBAasl IIeJI0€ 3HAUY€HHEe Ha eAuHMIy. Eciam ommOka MeHbIe, TO OHa
orOpacsiBaeTcs. Tak 0OBIYHO JIEJIAI0T U NP BHIYHCIICHUSAX.

[TorrpoOyem pa3zoOpartscst moapoOHeEe. ..

Mbl, NOYTH aBTOMATUYECKM MNPHUHSUIM KaK IIOCTYJNAT, YTO €CJIM BEIMYMHA OTKJIOHEHHS
M3MEPEHUs] HE TPEBBIIIAET KAKOW-TO CYETHOM YacTH E€IMHUIBI CHCTEMBI, TO Takas OImHOKa He
BBIBOJIMT CUCTEMY K CPBIBY CUETHOIO IIpoIiecca.

3TO JydIle MOKa3aTh B JBOUYHON CHCTEME:

M2 = M.02 t 012 y (2)

rae M, — orobpaxaeMoe JBOUYHOE 1I€TI0€ YUCIIO;
M.0; — ¢akTudeckoe 3HaUCHHE LEJIOTO JBOMYHOTO YHUCiIa B ¢opMmare ¢ OJHUM JPOOHBIM
pas3psIoM.
B »toM cnyuae mpeaenbHas TOTPENIHOCTH OTOOpPaKEHUST B IEIBIX EIUHUIAX Ccuéra
COOTBETCTBYET BEJIMUMHE!

A=+01,=2"=+05 (3)

Mbl momonuIM K pasNMYMi0 B MOHMMAHUHM TOTPEIIHOCTH LU(POBOTO OTOOpAKEHMS
pesynbTara. J{is M3MepeHus B JHMHEWHBIX BEIIMYMHAX MaKCHMalbHas omuOka coctaBiseT +0,5
€IMHULIB U3MEpPEHHs UM cu€Ta, a Ui udpoBoi mkansl — 310 +0,1,, T N — OCHOBaHHUE CUCTEMBI
cuéra. U TOnpKO [UIsI ABOMYHOM CHCTEMbI CUETA 3TU IMOTPEIIHOCTH OTOOpaKEHHsSI U HU3MEpPEHUs
coBmaaaoT. s HupoBbIX CHCTEM 0TOOpa)KeHHsI pe3ysbTaTa 3TO MEepBbIi APOOHBIN pa3ps uyucia
B cucTeme cyeta. Yemy ke paBHA OJJHA €IMHUIIA IIEPBOTO JAPOOHOT0 paspsija JUlsl pa3HbIX CUCTEM
CUHCIICHUS?

B oOmiem citydae, oHa onpeaensercs Tak:

0,1, = 1/n. (4)

N Teopus ommOOK H3MEPEHNH N3ydaeT CBOWCTBA OIIMOOK M 3aKOHBI UX PAaCIIPEIeNICHHUs, METOABI 00pabOTKH H3MEpEeHUH
C y4eToM HX OMMUOOK, a TaKKe CIOCOOBl BBIYHMCICHHS YHCIOBBIX XapaKTEePHCTHK TOYHOCTH W3MEPEeHHH. —
http://edu.dvgups.ru/METDOC/ITS/GEOD/LEK/I10/L1.htm.

5 .
[TorperHoCTh U3MEPEHHsI — OLICHKA OTKJIOHCHHS W3MEPEHHOTO 3HAYCHHs BENHUYHMHBI OT €€ MCTHHHOrO 3HauyeHHs. [0orperHocTs
U3MepEeHHs SIBISIETCS XapaKTEPUCTUKOM (Mepoit) Tounoctu mu3mepenwst. — http://ru.wikipedia.org/?oldid=45427300.

6 o
Knaccer Tounoctn CpeaCTB USMEPEHUU.
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U uem GombIlie OCHOBaHUE CHCTEMBI, TEM MEHBIIIE 3Ta eJMHHIIA TIEPBOTO APOOHOTO pa3psa.

Jliis ABOMYHOM cucTeMbl moydaem 1/2, a mis gecsatuanoit — 1/10.

Wtak, MakcuMalnpHasi ommOKa UGPOBOTO OTOOPAKEHUS TSI TENbIX Ynucel Amax < 0,15, Toe n
— ocHOBaHue cucteMbl cuéta. [Ipu mosiBieHun Takoil ommOku, Ha 1UGPOBOM TabIo0 MBI Oyaem
BUJETh HEU3MEHHBINH pe3ynbrar. CKoNbKO Obl M3MEPEHUH OAHOM M TOM K€ BEJIMYMHBI Mbl HE
MIPOU3BOUIIH.

Uro0bl o0ecreynTh TaKyl OMMOKY M3MepeHus i nudpoBoil GopMbel OTOOpaXKEHHUS MBI
JOJDKHBI 00€CTIEYUTh HAJIeKHYI0 PErHCTpalii0 MUHUMAJIbHOW (PUKCUpYyeMOW OHIMOKH yxXe Ha
ypoae 06 =0,01,. OT0 ypoBeHb OIIMOKH, PETUCTPUPYEMBIH CHUCTEMOI, HO HE OTOOpa)kaeMbIi
1M (POBBIMU CPECTBAMH OTOOPaKEHUS.

[Toka ommbka u3mepenus Oyaer HaxomuThes B npeaenax (0,01,< 6 <0,1,), MOXHO CUUTATh,
YTO TOYHOCTH OTOOpa)keHHUsl pe3yjabTaTa HM3MEpeHHs Ha LU(POBOI MIKale HE H3MEHUTCS, U
COOTBETCTBEHHO HE NMPUBEJET K CPHIBY BBIUHCIECHUM.

Bo3Hukaer ecTecTBEHHBIH BONPOC, B KaKOM CUETHOM cucTeMe MpefesibHas OImHOKa MOKET
JOCTUraTh MAaKCHUMAaJbHOTO 3HAUEHUS M HE IPUBOJUTH K CPBIBY BBIUMCICHUW H3MEHEHUEM
nudpoBoro oroOpaxkeHus?

[Tpu npoBeneHNN aBTOMAaTUYECKUX BBIYUCIEHUN 3TO YK€ BOIPOC yJep:KaHUs CTaOMJIbHOCTU
MoJIyuyeHus: pe3ynbrara. M He TOJIbKO CTaOUIBHOCTH, HO TaKXKE MOTPAYCHHOTO BPEMEHH, a 3TO yXKe
Oomee moHATHO. Hampumep, TONBKO OJHAa BO3MOXKHOCTH MPOMYCTHUTh HE3HAYUTEIHHBIE
MOIPEUIHOCTH BBIYMCIICHUI, HE BeAylIME K MPAMOMY YXYJIUIEHUIO KOHEYHOIO pe3yibTaTa,
03BOJIIET YCKOPUThL MPOLECC BHIYMCIEHMH moutH B 15 pa3’. — 3a cueT oTkasza OT IOBTOPHBIX
BBIUMCIICHUH B ciy4ae Jt000# ciyyailHOW OmMOKY B BHIUMCICHUSIX.

OtBeT HanpammBaeTcs caM COOOM.

Yem meHvbUie no 8ecy paznuyaromcs paspsoHvle eOUHUYsbl 8 CUEMHOU cucmeme, mem Oolee
BbICOKO20  OONYCMUMO20 YPOBHS MOXMCem OOCMUSHYMb HpeoelbHas owudka 6e3 cpvlea
cmabunuzayuu cucmemsl. Pasnuuue 6ecos pazpaOHuIX eOuHuy cucmemvl YMEHbUUAemcs C
VYMeHbUEeHUeM 8eTUYUHbL OCHOBAHUSA CUCTEMDbI.

Koneuno, kak BugHO, BenuunHbl pazpsanbix equani 0,1 u 0,159 paznuuarorcs B 5 pas.

Bo3MOXHO, 3TO OAMH W3 OCHOBHBIX (AaKTOPOB NPHUMEHEHHUs JBOMYHOM cucTreMe cuéra B
KaueCTBE OCHOBBI JIJI1 MAIIMHHBIX BBIYUCICHUI.

Kcratu, nBomyHas cuctemMa OTBeuYaeT elé OJHOMY JKelIaTeIbHOMY MPU3HAKY YIPOIIEHUS
IIOJIy4EHUs Pe3ybTaTa — YETHOCTH OCHOBAHHS.

Ho Botr ctpanHoe neno, no0oe 4€THOE OCHOBAHUE MPUPOJHOM CHUCTEMBbI aBTOMATHUYECKU
MEPEXOUT B CBOU MHHAMAJIBHBII® aHAJIOT YETHOCTH — 2.

A mo6oe HEY€THOE OCHOBAaHME CUETHOM CHUCTEMBbI, KpOME €IMHUYHOIO aHajora, KOHEYHO,
OKa3bIBaeTcss Ooiplle JBYX. OTO pPE3KO TMOBBIIIAET CJIOKHOCTh TEXHUYECKOH peanu3anuu
aBTOMATHUYECKOTO MPOIIECCa BEIUNCICHHUS.

M XOTs M3BECTHO, YTO HamOOJIbIIAs IUIOTHOCTh HMH(OPMAIMM YHUCIA JOCTHraeTrcs IpH
OCHOBAHUU CUETA e, 3TO TOJBKO OCIIOKHSET KU3Hb IPU MOMBITKaX pealn3aluy TaKoil CUCTEMBI.

[Toromy, 4YTO e-OCHOBaHME HE€ TOJBKO OOJNBIIE JBYX, HO OHO €IlI€ HPPALUOHAIBHO H
TPaHCLIEHIEHTHO.

Ecnu BepXHHUM NpenesoM CI0KHOCTH OCHOBAaHUSI CUCTEMbI YCTaHOBUTH JIBOMKY, TO Jt00ast
CHCTEMa CUHCIIEHUS C UPPALIMOHAIBHBIM OCHOBaHHEM JIOJIKHA YKJIaJbIBATHCS B TPOMEKYTOK 1..2.

st 5TOTO J0CTaTOYHO JTF000€ HEUETHOE OCHOBAHWE CYETHOM CHCTEMBI Pa3/IeNIuTh Ha KaKou-
TO IEJOYHCICHHbIM KO3(Q(UIMEHT Ui TMepeBoja JSTOM CUETHOW CHUCTEMbl Ha HOBOE
MPPALMOHAIIEHOE OCHOBAHME B IHANa3oHe 1..2.

" Mansnos JI. TipasunbHbie ommbkn. — 04.06.2012. — http://m.gazeta.ru/science/2012/06/04_a_4610845.shtml.
8 Pexypcusroe onpenenenue // Buxuneaus. — http://ru.wikipedia.org/?0ldid=49905509.
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B aTOM cnyyae MBI BITOJIHE BIPaBe HCIOIH30BAaTh OMHAPHYIO CUCTEMY 3aIllCH YHCIa, TO €CTh
C IpUMEHEHUEM TOJIbKO BYX mudp: O u 1.

[IpencraBieHue OCHOBaHWS CYETHOM CUCTEMbl B BHUJE OTHOILICHHS OCHOBaHUA U
kod(duimenTa mpeacTaBiaseT coOOM MHOKECTBEHHOCTh OTPAKCHMsI YETHOCTH WIIM 3aJaHHOM
UPPaIMOHATTLHOCTA OCHOBAHUS CUCTEMBI CUETa.

Jns yeTHbIX cucteM 9T0, Hampumep: 4/2=8/4=10/5=12/6... w T1.1. MBI BUANM, Kak
YBEJIMYMBAETCS OCHOBaHME cucTeMbl cuera — 4, 8, 10, 12,..., mpu 3TOM yBEJIUYUBACTCS U
kod(durment nepecuera — 2, 4, 5, 6, ..., a UX OTHOIICHHUE OCTACTCS MOCTOSIHHBIM ITOKa3aTeJIeM
4eTHOCTH — 2. KOHEYHO, 3TO U €CTh MaTeMaTudecKasi IPOTOPIHS B CBOEM «BBICIIIEM) TOHUMAHUH.

B cucremax ¢ HEUETHBIM OCHOBAaHHMEM I BO3MOXKHOCTH OTOOpaKeHHUsSI Yucesl OMHApHON
3alMMCBhI0 MOXHO TMOA00parth KOAd()(PUIMEHT B OTHOMIEHWH CTAPOTO OCHOBAHHS CHCTEMBI U
kod(duimenTa A1 pa3MeIIeHU-TIONaIaHusl B TUarna3ox 1..2.

C yuemom evlOOpa omoOpadsceHUss MHONCECMEEHHOCMU OCHOBAHULL, 6Ce CUCMEMbl C
ocHosanuem >1 moeym 6vims cocpedomouenst 8 ouanazone 1.2, exnouas kpatnue 3navenus. Kax
yemuvie, Maxk U Hewemmole.

B »TOM wuHTepBane ypoBeHb AOMYCTUMOM OMIMOKM CHUCTEMBI IUIaBHO pacteT oT +0,5
pa3psAHON €IUHUIBI JBOWYHOW CHCTEMBI, JO OTPaHWYCHHS TOYHOCTH B +1 ¢ mpuOmmKeHueM
OCHOBAaHHMS CUCTEMBI K 1.

[Toka B 3TOM auana3oHe OCHOBAHWH HaWOOJIee MIMPOKO HM3BECTHBI TPH CUETHBIC CHUCTEMBI:
eAMHUYHAs CUCTeMa, cucTeMa beprmMana u 1BonyHas cucreMa cuéra.

Ocraercst CcpaBHHUTh OTHOCHUTENbHBbIE ypoBHH (ukcaruu omuoku O = 0,01, u npenenbHbIC
omuOku A = 0,1, ans cuctem ¢ ocHoBanusimu (1, @, 2) ¢ ycaoBreM LETOYUCICHHOTO CUéTa.

Ennnnuynas cucremMa cHHCIeHHS.

Enunuuynas cucreMa CuucieHHMs] TpaHWYHa BO BceX OTHoueHHsX. Jlobas dukcupyemas
omuoOKa d1 cpazy CTAaHOBUTCS U YPOBHEM MpeiebHON omHOku A1 = 1. DTO HEMENJIEHHO TPUBOAUT
K HeMuHyeMoMy "daTtanbHOMY" UCXOAY — OO0 BBIYUCIICHUS WK Tpoliecca GopMOOOpa30OBaHUS:

§,=1, A;=1. (5)

Enunanynas cucreMa, 5TO IpeAeiibHAs Pa3MEPHOCTb CYETHOM CHUCTEMBI, IMO3BOJIAIOLIAS
COXPAHSTbh €CJIM HE Pa3BUTHUE, TO XOTSI ObI MOCTOSHCTBO U XKU3HECIIOCOOHOCTD.

Bce ¢usnyeckre oObeKThl, MojydaeMble 3TOM CU€THOM cucrteMol, B (uiocodckom cmbicie
onHoMmepHbl. Kak mpuponHbie 00pa3oBaHus, 3TO, HAIpUMED, aiMa3Hble "ycbl" — yIriaepoaHble HUTH
aJIMa3HOM CTPYKTYpHI, TOJIIMHONW B OAHY MOJEKYIY, BIEpBble OOHApYXEHHbIE NMpH pa3paboTke
TEXHOJIOTUH aJIMAa3HOT'O MOKPBITHS MUKPOHHOU TONIMHBL. CKOPOCTh 00pa30BaHUs OIpOMHA, BPEMS
pocTa — Majble JIOJIM CEKYH[bl, [UIMHA B JECATKA CAHTUMETPOB. OTrpaHUMUEHUEM POCTa SBIIAIOTCS
TOJIKO HapylleHus yciaoBuil pocra. Ilomydaemass cTpykTypa HOJHOCTBEO CTaOMIM3MPOBAHA MU
uHepTHa. Ho, mo0as neppast ommbka B pa3BUTHH YpeBaTa MOJHBIM MPEKPALIEHUEM POCTa.

Cucrema beprmana.

Bei1ie roBopuiiock 0 NOSIBICHUH «30J0TOTO CEUEHUS» B MPUPOJHBIX O0BEKTAX.

Kakoe oTHomeHune Kk 3ToMy HMeeT IU(poBOe OTOOpak€HHE MOTPEHIHOCTH HU3MEpeHus? —
Camoe npsimoe.

Mpl BenéM peub O CU€THBIX MHOXKecTBax. [Ipexxne Bcero, o KJIETOYHBIX CTPYKTypax M
OpraHu3Max, KOTOpble MOTYT OTOOPaXKaThCs B IIEIIBIX YMCIIAX — KIETKaX.

Jpyroro, Oosiee JOCTOMHOTO ATalOHA MPOCTO HET.

[TorpemiHocTh W3MepeHUs, B JaHHOM Cily4ae, IpPUPABHUBAETCS K pa3HULE pPa3MEpPOB
OT/ENbHBIX KJIETOK, COCTABIISIOUINX TO HJIM MHOE MIPUPOTHOE 00pa3oBaHHE.
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Knerounas cTpykrypa MoxkeT popMHpOBaTH KaKOW-TO 00bEM, Yallle 3aMKHYTBIH, TOJIBKO TPU
YCIIOBUU CTaOUJIBHOCTU CPEAHHMX Pa3MEPOB CBOEH «CTPOUTEIHHOW €AMHMIIBD) — KIETKH. A TaK XKe
HATMYUS U/WIH OTCYTCTBUS KJICTKH B HY)KHOM MECTE B HY)KHBI MOMEHT.

TyT u cratuctudeckas omndka, v omuoka u3mepenus. Beé B onHom Quiakone. ..

Bcé, uro Bimsier Ha CTaOUITBHOCTH CTPOUTEIILCTBA.

OCHOBOI JEHUCTBUS CUCTEMBI SBJISICTCS onepanus «cBepTka — pasBeptka»: 100 = 011. To ectb
HOBYIO Pa3psaHYyI0 €AMHUILY MOXKHO CIIOKHUTh U3 €AUHUI] ABYX MPEABIAYIINUX PA3psiI0OB.

Takum o6pazoM, ypoBeHb 0,01 oT paspsga orpaHuu€HUsT TOYHOCTH MOXKHO YBEPEHHO
(buKCcUpoBaTh, KaK MOSBICHUE OIITHOKH:

8o = 1/0* = 0,381; Ag = 1/® = 0,618. (6)

Hanpumep, mis cu€ra B menblx equHMIAX NosBiIeHuHe eauHull Ha ypoBHe 0,01 nHe Oyner
MMOHUMAThCA, Kak ommoOka cuéra. U niisa pesynpraTta 1,01 BepHBIM 3HaU€HHEM MbI TpuHUMaeM 1,0.

[lpu nammuuu yxe umeromeiics ommbOku 0,01, mobas HoBas ommOka Ha ypoBHe 0,01
MIPUBOAUT K MPEBBINIEHUIO YpOBHS, Tak Kak naxe 0,01+0,01 =0,1001. U npenenbHOo gomyctumast
OLIMOKa OKa3bIBa€TCs MPEBBILICHHOM.

YcranoBnenue (ukcanuy mosiBieHUs omMOKU B cucteme Ha ypoBHe 0,01 kxaxercs BIOJIHE
€CTECTBEHHBIM. [{oykeH ObITh XOTsI Obl MUHUMAaJIbHBIN 3aI1ac IPOYHOCTH U BPEMEHHU Ha YCTPAaHEHUE
omnOKu. OuKcanys 3Toil OMOKU JaeT HIaHC Ha €€ CBOEBPEMEHHOE yCTpaHeHHe 0e3 HapyIIeHHs
L[EJIOCTHOCTU CUCTEMBI. DTO IPABWJIO BBIBEACHO SMIMPUYECKUM IYTEM 3aJ0Jr0 A0 OTKPBITHS
cucteMmbl beprmana, HO 3/1eCh OHO MOJIYYaeT U J0Ka3aTelbHy0 0asy.

[Tomoiinem Kk 3TOMY e YpOBHIO (pHKCallMy OMIMOKK B cucteMe beprmana ¢ Apyroi CTOpOHBI:

1,0-0,1=0,01. (7)

Bor on, 3amac npouyHocTd B OAHY pa3psanHyto BenuuuHy 0,1 M ocraromascs MUHUMAaJIbHO
¢dbukcupyemas ommuobka 0,01. Ha sty omubKy cuctema noiKHaA Bpoje Obl pearupoBaTh, U MPH 3TOM
HE TOJIBKO HE JIeJIaTh HUKAKUX JIEUCTBHM, HO U «HE 3aMeYaTh) MOSBICHUS 3TON OIINOKH.

[Toromy B amuama3zone 3nadeHuii 0,1 <x<1,1 mbl Oynem ¢uxcupoBaTh Ha TabJIO pe3yibTaT
1+0,1. B gecaTuyHbIX dYHCIaX O5TO 3HA4YUT, 4YTOo Bce 3HaueHus 0,618 < X < 1,618 Oymyr
¢bukcupoBartbcs, Kak 1.

[Ipu »tom, ypoBeHb ¢ukcanuu ommbku 0,01. EcTh «3amac mpoyHOCTH» 110 YpOBHS
"(hatanpHOCTH". BTOpOI Takoil omuOku 6e3 MPUHITHS KaKHUX-TO MEp, CUCTeMa YK€ He BBIJICPKUT,
HO ¥ 3TO YK€ COBCEM HEIrI0x0. Eciiu BOBpeMsl yCTpaHUTh MOCIIEACTBHS IEPBOM OIMMOKH, TO BTOpast
yke He Oyzer "cmeprenbHOU" Ans cucteMbl. CHOBA MOSBIISETCS BpeMsl ISl «HABEJICHUS MOPSIIKAY.
OcHoBaHME CYETHOM CHCTEMBl HaxOOUTCS B JWana3oHe HauOoOJbIIeH YCTOWYMBOCTH U
OJTHOBPEMEHHO 00eCTeunBaeT PABHOMEPHOCTh Pa3BUTHS CHCTEMBI.

/{BouuyHas cucrema.
OmubKH COCTaBISIOT:

8, = (1/2) = 0,25; A, = 1/2 = 0,5. (8)

JIBonuHasi cucTeMa CYHCIEHHUS MMeEeT HauOOINBIIMI 3amac BPEMEHH OT YPOBHS (UKcaluu
ommOKN A0 e€ HapacTaHUs W TMpeBpalleHus B "¢aTalbHyl0", MOTOMY 4YTO €IWHHUIl B JECITKE
cucreMsl 1Be: A, =0,5=25,.

Ho ypoens npenenbHON ommOku Ay, MMEET €llle U BEpOSTHOCTHYIO HEONpeAeNeHHOCTh, KaK
pa3 u3-3a YETHOCTH OCHOBaHHUS. YPOBEHb MPEAENbHON ONIMOKU COBMANAET C BEPOSITHOCTHBIM
cpenneapudmernaeckum 3HadeHueM 0,5. TlosBnsiercss BeposTHOcTHas 30Ha "datasbHOCTH"
ompeeleHus, KOrJja Mbl HE MOXKEM OIPEACNIUTh, KyJa HaM CIeAyeT OKPYIJIUTh Pe3YJbTaT IS
yMEHbIIIeHUs1 omMOKu. B oTHOmeHn: "menbix” 00BEKTOB 3TO BHIPAXKAETCS B HEOMPEICICHHOCTH:
1> (1+0,5)>2. CxonpKo ke 3TO B "'enbIX 00beKTaX, BCE €Il - OJUH UJIH YXKe JaBa?
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BrrunciauTenpHast MalinHa 0COOEHHO YYBCTBUTCJIbHA K 9TOM HCOMPCACIICHHOCTH, YTO HUKAK
HE CIIOCOOCTBYET yCTOWYMBOCTH BBIYHMCICHUH. [/ mpeogoneHns HeonpeeIeHHOCTH Mbl TOJKHBI
3a(huKCHpOBaTH Hallle IEHCTBHE U yXKe «Ha MOACTYIax» K JOCTIKEHHIo npenena 0,5 mium nocie ero
npeononenus. CioxHas 3a1aya. . .

B npupome 53Ta BEpOATHOCTHAs 30HA HEYCTOMYMBOCTH BBIPAXACTCSd B BAPUAHTHOM
MHOroo6pasuu. Ho, B TO jke BpeMs Be/IeT K JOKAIN3aIK KaXK/J0T0 OTIEIFHOTO BApPHAHTA PAa3BUTHSL.

Hanpumep, popmupoBanne KyOMUECKUX KPUCTAIIIOB COJICH B pacTBOpE.

Yem ObIcTpee CKOPOCTh MX 00pa30BaHUs, TEM MEHBIINX Pa3MEpOB OHM AOCTUTAIOT. [Ipenen
JIOKAJM3allMi — MOJICKYJIBI, COCTOSIIIIME M3 Mapbl aTOMOB. M moTomy, Mo 3Toif e mpuyuHe, IOYTH
BCE JIEMEHTHBIE I'a3bl OCHOBHOH (popMyinoit nmerot T No.

Wrak, cpaBHUIIN. ..

Okazainioch, 4to cucmema bepemana umeem maubonee 8biCOKYIO YCMOUUUBOCHb K PA308bIM
CAYYQUHbIM owubKam eviyucienuti. MakcuManbHasi OmMOKa, TOMYCTUMAas B 3TOW CHCTEME paBHa
Ay = ¢ = £0,618..., uto Gonbme cpegueapupmernyeckor ommnbkn A = +0,5 u 3a npenenom
HEOTPECIICHHOCTH. ..

Takum oOpazom, npu ocrosanuu cucmemvl O makcumanvbHas owWUOKA MOdCem O0X0OUMb
noumu 00 @enudunbl § U He NPUBOOUMb K OCIMAHOBKE POpMOOOPA306aHUSL.

DTO0 MO3BOJISET CTPOUTD CIOKHBIE (POPMBI IPUPOJIBI C BHICOKOM BEPOSITHOCTBIO UX YCIEIIHOTO
3aBEepIICHHS] WU CO3]IaBaTh OJIHOTHUITHBIE OOBEKTHI C OONBIIMM pa3HooOpa3ueM B pa3Mmepax.
Bunumo, uMeHHO 3TO KayecTBO CuU€THOM cuctemMbl beprmana mnpuBeno K OOBEKTUBHOMN
HE0OXOIMMOCTH UCIIONL30BaHUS JAHHON CHCTEMBI B OPMOOOpa30BaHUH )KUBOW MaTCPHUH.

[To sToit mpuurHe MBI U HaxoAuM yucio @ B mpupose.

3os10mas cnupaJis

Beprémcsa emé pa3 K MICXOJHOM CO3UAATEIBHON MOJIEIIN 30J10TOI0 PAaBHOBECHS.
Wtak, HeKoe MCXoAHOE KoiudecTBO 1 JomosiHseM A Tak, 4yToObl HOBOE KoindyecTBO 1+A
OTHOCHWJIOCH K CTapoMy 1, Kak OHO — K IIOTIOJIHEHUIO A:
1+A 1

= = A4A=1 = A=¢=

J5-1
1 A '

2

WuTepnperanus Takod 30JI0TOM MOJENH COCTOWUT B HapallMBaHUHM MCXOTHOTO €IWHUYHOTO
kBazpara 1x1 g0 npsimoyroneHuka 1x®, ® =1+¢ (puc. 7).

1 — 1 o

Puc. 7. Cxema cMHTE3a MOZCIIN 30JI0TOIr'0 paBHOBCCHUS Ha IIPUHIUIIAX CO3UTAHU

I[Io cyrn, wuCXOmHBIM KBaapaT JOCTAaTOYHO IIPOCTO JOCTPAauMBaeTCsa 10 30JI0TOrO
IpSIMOYTOJIbHUKA (CM. pHUC. 6).

CpeaHuM 4IeHOM NPOMOPIIMH CTaHOBUTCS caMo 1enoe — 1.

[Tpryém B 3amucH MpPONOPLUM HEU3BECTHAs BeIWYMHA X (UTypupyeT Bcero jama pasa!l —
B otnuume oT TpaaWMIMOHHON CXEMBI 30J0TOTO CEUEHHUs, Hampumep, s OonbIIed dYacTu

1 b

€AMHUYHOTIO OTPE3Ka b-1-b (uemoe — k GonpieMy b, kKak Ooblee — K MEHBILEMY).

JanpHenniee  pa3BUTHE-HapalllMBaHUE MOJCIM  3aKIIOYaeTCs B IOCIEAOBATEIIBHOM
MIPUCTPAVBAHUU KBAJPAaTOB CO CTOPOHOM ITOCIIETHETO MPSIMOYTOJIbHUKA.
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Kaxip1ii BHOBH 00pa3yromuiicst KBajpaT UMeeT OTHOLIICHHE CTOPOH, paBHoe @ (puc. 8).

Jlo6aBuB K "3070TOMY" TPSMOYTOJBHHKY C €ro OOJIbIIed CTOPOHBI KBaapaT, Mbl CHOBA
MOJTy4YHM "30JI0TOH" MPSMOYTOJIBHUK, TOJBKO OOJBIIEro pa3Mepa.

[IpuctpauBaeMble Kk  "3070TOMY" NPSAMOYTOJBHUKY KBaApaThl pacroyiararoTcs o
norapuMUYECKON CIIHPAITH.

1x1

D2 x P2

Puc. 8. HapammBanue ¢uryp coriiacHo MOZEIH 30J0TOr0 PaBHOBECHUS

B pesysbrare o0pasyercs 3HakoMast KapTHHKA 30JI0TOH criupainu u3 [8]:

&
c D
/
/
)
/ & 4
G F { ol
| LN
l / \
[
2 | \ i A \
0 \ \ J |
\ T
\ /
\ /
8 A
\\\~ ’,/
a 53

Puc. 9. IlocTpoeHue 30710Toi criupay mo X3MOUIKy

Wnu 3o0motast norapupmuueckass cnupanb 1o Kokcrepy (puc. 10) ¢ e€ HarasgHeIM
MOCTPOCHUEM M T€OMETpUYECKUMHU BbIKIaakamu [9, c. 240-242]. WMcxoaHblii TEKCT MOCTPOEH B
HaIpaBJICHUU aHallu3a WK JAeleHus-pa3OueHus. Ho Huuero He memaer BBINOJHUTHL U 0OpaTHOE
paccyxJIeHue I0 XOay OOBIYHOTO pa3BOPaYMBAHUS
CIUPATIH.

Coortnomenne @ =1+®? IMOKAa3bkIBAE€T, YTO
nyréM mnpucoeauHeHus ksajapara ABCH  3omotoit
npsimoyronbHUK CDFH nocrpamBaercst mo Gombiero
3o50TOrO npsimoyronasHuka ABDF.

To4dHO Tak k€ JOCTPaMBAETCSI MEHBIIHMM 30J0TON
npsIMOYTOJbHUK. U Tak 10 6ECKOHEUHOCTH.

[Tpssmoyronsauku HIEF u ABDF romoTeTuyHBI.
IlosTomMy BepmmHa TepBOro J  MPHUHALICHKUT
nuaronanu BF mocnennero. CremoBaTenbHO, MpsSMbIS
Puc. 10. onoras cniupans 1o Kokcrepy AE, BF, CG, DH cogepxar Bce BepHIMHBI BCEX
MPSIMOYTOJTBHUKOB.
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[Tpsamoyronsauk ABDF MoxxHO monmyunth U3 wHcxogHoro mnpsimoyroinsHuka CDFH ¢
IIOMOILBIO LEHTPAJIbHO-110100HOr0 BpaiieHuss ¢ mneHtpoM O, nexamyM B TOYKE IMEepecedeHus
npsimeix BF u DH.

Taxoe BpaleHne MOC/Ie0BaTENIbHO IEPEBOAUT TOUKH B MOPAIKE IOCIEA0BATEIbHBIX CXEM:

il G—-E—-C—-A u ..J->H—-F—-D-B.

Omno sBisiercs npousBeaeHueM BpamieHus Ha 90 Bokpyr Touku O U LEHTPaTbHO-TIOA0OHOTO

npeoOpa3oBaHus (TOMOTETHH ) O(CD_l). [Tostomy nipsimbie BF u DH nepnienukyisipHbl.

Tak kax %:%:(D, to npsmag OC penut momomam mpsmoit yron BOD. 3nauwr,
npsmbie CG, AE mnepecekatorcst B Touke O u genst nomonam yrisl Mmexay BF u DH.

B momspueix koopmuHatax ¢ momocoM O IEHTpanbHO-TIOZOOHOE BpalleHHE, KOTOpOe
npeobpasyer orpe3ok OE B OC, nmepeBoaut Besikyro Touky (I, 0) B Touky (®r, 0+ 1/2).

Beioupast otpezok OE 3a HawanpHyr0 OpsMylo, a €ro JUIMHY 33 €JUHHUIY H3MEpPEHHS,
nojryqaeM OECKOHEUHYIO MOCIIEI0BATEIbHOCTh KOOPAMHATHBIX TOUYEK:

. @2, -n), Gl -n/2), ELO), C@ /2), Al®? x),..

HJIK C IMOJIAPHBIMU KOOpJAUHATAMU

T n
r=o", 0=—.
2
2 o
Bce stu TOukm YIOOBJIICTBOPSKOT YpPaBHCHUIO I =P 9/7'5’ TO €CThb JICXKAT HA PAaBHOYI'OJIbHOU

(ymorapudmudeckoi) crimpanu I = },Le, rae U= dA™ (puc. 11).

O>*p°

OH*P°

HP?

Puc. 11. 3on0Tas norapudmMudeckas crimpaib

Bor uto 06 310it criupanu rosoput A.FO.YepHos [6]:

«Yto 0011ero y pacnojoXeHus] NOJIMIIENTHIHBIX Leneld HyKIEHHOBBIX KHCIOT, JISECTKOB
PO3BI, PaKOBUH MOJUTIOCKOB, POTOB MIIEKOITUTAIONINX, ¥ TaJTeKNX KOCMHYECKUX TalaKTHUK?

OTBeT M3BECTEH: CTPYKTYpa, OCHOBAHHAS Ha JOrapH(PMUIECKOH CIIpaTy.

T. Kyk OTKpbUI poJib 30JI0TOH JIOTapu(MHUUECKONH CIIUpPaIH B CTPOSHHHM PACTHTENBHBIX U
KUBOTHBIX O0BEKTaX, JIOKa3aB 4YTO ()EHOMEH pocTa B OHOJOTHYECKUX OOBEKTaxX CBS3aH CO
CIHUPAISIMH 30JI0TOTO CEYECHUSI.
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Uro Takoe 30j0Tas jorapupmuueckas crnupaib? B ee oCHOBe 3010TOM MPSMOYTOJbHHUK:
MOCJIEIOBATEIHLHO OTPe3asi OT HEro KBaApaThl U BIUCHIBAsI B KAXKBIN [0 YETBEPTU OKPYKHOCTH,
MBI U TIOJTy4YaeM 30JI0TYIO JIOTaPU(DMHUUYECKYIO CITUPAIIBY.

MOHO TpPOBECTH MOCTPOSHHs 30J0TOW JorapuMuyueckord crnupanu [6] Ha TocTpoiike
KBaJIpaTOB B COOTBETCTBUU C (POPMYJIOi MOCIIE0BATEILHOCTH.

U cTpouTtcs cnimpans rpaduyuecku, a He BEIYUCISICTCS.

Mpbl BUIIMM, KaKk M W3 YEro CKJIAJbIBAETCSl CTOPOHA OYEPEIHOr0 KBajJpaTa HapalluBaHUs
CIUpAJIU.

Bo Bcex ciywasx sneMEHTaMH MOCTPOCHUS CHHPATH NPUOTMKEHHO SBISIOTCS YETBEPTH
OKPY>KHOCTH, IOCTPOCHHBIEC HA JUArOHAJIBHBIX YIJIaX KBajpara.

CHayasia mocTpoUM 30JI0TYIO CHUpajib Ha ocHoBe creneHed @. Kak cooTHolieHue cTopoH
KBaJpaToB.

Teneps mocTpouM crimpain Ha ocHoBe urcen Pubonayun u Jlroka (puc. 12).

[Tonyyaemble ciupany OTIMYAIOTCS TOJIBKO HAYAJIbHBIMU '"3aTPAaBOYHBIMU' YHCIIAMH.

[Tpubmmk€HHas criupallb CTPOUTCS (PpaKTaTbHBIM METOJIOM, MIOBTOPSIS YETBEPTU OKPYKHOCTU
Ha JIMarOHaJbHBIX YIJIaX Ka)kJI0ro MOCIEYIOIIEro KBaapaTa II0MaI1.

OtmeTHuM, 4TO crupaid Ha ocHoBe yucen PuboHayuu U JIroka OTKPBITHI IS TPOAOIKEHHUS
MOCTPOEHUS TOJBKO C OJTHOM CTOPOHBI, BHEIIHEN. B CTOpOHY yBEIMYEHHS YHUCEN.

3onoTas cnupaib’ OTKPhITA, KaK ¢ BHEIIHEH CTOPOHBI, TaK U C BHYTPEHHEH.

55 8*8 4% ™7

=

2*2

3*3

1*1

Puc. 12. 3on0ThIe cimpanyu Ha ocHOBE uncen Oubonauun u Jlroka

A TCIICPb MBI ITPOCTO ITOKAKEM:

Puc. 13. CoBMelieHHe 30JI0ThIX CIIUpajicit 1 (hOpMbl SMOPHOHA YeIOBEKa

Hyxupl 1 ocoObie kommeHTapunu? — IloxoxecTs ¢GopMbl IMOpHOHA W CHUPAIH JIETKO
MpOCMaTpUBAETCH ...

o http://en.wikipedia.org/wiki/Golden_spiral.
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Kcratu, cnupanbHas auHus W ¢GopmMa 3MOpHOHA IOKA3bIBAIOT HaM TOJBKO BPEMEHHOE
CXOJCTBO B OIPEIEICHHBIE MOMEHTBI BPEMEHU.

[To mepe pocrta M pa3BUTHS HSMOPHOH pPACTET M BHIOU3MEHSCTCS. MEHSIOTCS €ro
COOTHOILICHUS, @ BMECTE C HUMU BapbUPYIOT U MIAPAMETPBI CIIUPATIBHBIX DKBUBAJICHTOB.

Ho xak MbI BUuM, GOpPMBI CIIMpAJIA U SMOPHOHA B I[EJIOM UMEIOT YCTOMYMBYIO TEHACHIUIO K
CXOJICTBY.

DopmoobpazosaHue eQUHUYHbBIX 006eM08

KoneuHo, 3010TbIMU civpaisiMu popmooOpazoBaHue Ha ocHOBe 3C He 3aKaHYMBACTCS.

BaxxHpIM 3BEHOM B 3TOM MpOIECCE KUBOW INPUPOABI SBISETCS IOJYyYEHUE €IUHUYHBIX
00BEMOB € pa3MepaMu Ha ocHoOBe uncesr O mnu ¢.

Cpenn HHX: mmap, OpuU3Ma, paszIUYHble OOBEMBbI BpalleHUs. Takue Kak SIUIMIICOU],
napabosIoua WK runepOoJIon]] BpallleHusl.

®opMyIbl I0JIy4E€HUS TaKUX 00bEMOB pa3nuuHbl. 1 Bce xe...

PaccMoTpuM npuMepb! PUOIH3UTEIBHO SIUHUYHBIX 00beMOB [8].

Hlap, r=¢:

4

Vv, = gnr3 = %nqﬂ = 0,988839... ~1 .

Cghepouo — smaricomp BpalleHus, aBe W3 TpEX moayocei (@, b, C) koroporo umeror

OJIMHAKOBYIO JUITMHY, a =b = (|)2; c=00:

2
V, = %ma2 - %mb(qﬂ) = gn¢3 = 0,988839... ~1.

Jlaunbie GOPMyJIBI JIErKO IPUBOISTCS K OZHOMY BHJY C OCHOBaHHEM ¢ =D L,

CoOcTBEeHHO, MPUMEPHO TaKOe EIUHCTBO (POpMOOOpa3oBaHHUS MbI HAOIIOJAaeM B JKUBOM
npupoje. JlefcTBUTENBHO, AIIMIICOM]T BpallleHUs B Pa3HbIX BapHalusX — 3TO Haubosiee oOras
(dhopma XUBBIX 00pa30BaAHMIA.

Onnuncoua nHoraa odpaszyer u GopMbl, 0OUeHb OJIM3KUE K chepe.

HeuTo moxoxee Mbl HabII01aeM U B napabonoude spawenus™®, r=¢, h=d:

Vs = Lrr2h = Log20 = ™ _0970805.. ~1.
2 2 2
O1H GOopMYJIBI UMEIOT OOIIHI BUT
V =k, 9)

(Dn

JlaHHO€  COOTHOIIIEHHE COJEPKUT TPH OCHOBHBIE COCTaBISIIOIIME:  KOX(D(UIIUEHT
IMPpONMOPHUOHAIIBHOCTHU k B CYETHBIX CANHUIIaX " [BC q)YHHaMeHTaIII)HI)IC MaTEeMaTHYCCKUEC
KOHCTaHTBHI, ompeaenstone GopmoodpazoBaHue.

Ocraercst TOJIBKO H3MEHSTh CTETICHh N W TOJIy4aTh JII0ObIe BapuaIuu (opMooOpa3oBaHusI.

HamomuuM, Hac B TaHHOM cily4ae MHTEPECYIOT HE CTOJIBKO a0COIIOTHO TOYHBIC BBIYMCIICHUS
KaK TaKOBbI€, CKOJIbKO CTPYKTYpUpOBaHUE (GOpMOOOpPa30BaHUS B )KUBOM MPUPOJE.

KrneTounsle KOHCTPYKIIMU co31al0T (opMy MO 3akoHAM (PU3UKH U MaTeMaTUKHU, HO
MIPUMEPHO.

10 . N
O06pa3yercs BpalieHHueM IUIOCKON mapaboiisl BOKPYT €€ ocH. Vicmonb3yeTcs B Ka4ecTBE OTpa)kaTess aHTEHHBI.
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Kietku 3ampikarotT 06beM. OTHAKO TP STOM MPOJOIKAIOT PACTH U ICTUTHCS.
[Toromy dhopma co3nanHOrO 0ObeMa OyAeT OTpa)karh €ro B J000 MOMEHT BPEMEHH TOJBKO
npuOIKeHHO (puc. 14).

Puc. 14. Pactymmii SMOpHOH uelloBeKa Ha HAYaJIbHOM CTaIUH.

Takoii mapoBoii 00BEM JePKUT Pa3BUBAIOIIMIICS U3 AHIEKIEeTKE SMOPHOH ™ YesIoBeKa.
Mbl roBopum o nepuojae A—I" Ha puc.15.

Puc. 15. Pazputne amOproHa yenoBeka

[Ipu sTomM pa3mMepsl OTAENbHBIX KJIETOK OTJIMYAIOTCSl OY€Hb CHIIbHO. V1 KOHEYHO, BpeMs OT
BPEMEHU BO3MOKHBI OOJIbIIINE OTKIOHEHUS OT CepHl.

Ho 10 xopoTtkwuii nepuon pazsutus. OueHb CKOpo U3 3TOM chepbl B3BMETHYTCS TPH JIETIECTKA,
KOTOpbIE JIAlOT HayaJlo (PYHKIMOHAIBHBIM CHUCTEMaM 4eJoBedeckoro opranuzMa. M ¢dopma
smOpuonHa usmenured (E Ha puc. 15). OH nepexoaut B Apyroil sran-nepruoj pa3BUTHs.

Teneps BepHemcs k Gpopmyre (9).

Yucno @ — »to orHOIIEeHUE ABYX pa3zmepoB. Kakux? — JtoObix cocennux. Hampumep, nmuHbI
U IIUPUHBI, O0BEMOB JIBYX COCEAHMX KIJIETOK, WJIM TOJBKO WX JUIMHBI, IIUPUHBI U BBICOTHI
COOTBETCTBEHHO. B KJIETOYHBIX CHCTEMax MBI MOXXEM TOBOPHTBH JHUIIb O OJMKHEH CHMMETpPHUH.
O cHMMETPUYHOCTHU Pa3BUTHUS COCEHUX KIIETOK. J{anee paboTaeT B OCHOBHOM (pU3HKa U T€HETHKA.

KneTtku Bo BpeMs pocTa MEHSIIOT pa3Mep: OT MUHUMAJIBHOTO /10 MaKCUMAaJIbHOTO.

[Ipu 5TOM BCst KJIETOYHASL CTPYKTYpa AOJKHA KaK-TO COXPaHATh (GopMy.

3TO BO3MOKHO TOJIBKO MIPU HAJIMYMHU OJTHOTO SKBUBAJIECHTA JJISl BCEX 3TATOHOB (POPMBI.

Y SMGpron (mp. rped. — & 06010uKaX) — CTAIUs PA3BHTHS OPraHM3Ma, HAYMHAS CO CTAAMM 3UTOTHI 0 POXKICHHS WK
BBIXOJa U3 siLeBbIX obonouek.— http://ru.wikipedia.org/?oldid=44239948.
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[Ipennonoxum, 4to 310 OTHOWIEHHE paBHO @D. B ToM uucie u BMecTo (hyHIAaMEHTAIBHOTO
qucia .

Ms1 yxe roBopwin 0 GopmooOpazoBaHuM Ten BpamieHus. Ho, ucrnonp3oBaTh KOHCTaHTY T,
3TO ellle¢ HE 3HAYUT CO3[aBaTh TOJIBKO IIApbl U KPYI'd. DTO 3HAYUT CHHTE3UPOBATh 3aMKHYTHIN
00bEM IUIaBHBIM U3MEHEHHEM KPUBH3HBI IIOBEPXHOCTH.

Oxka3spIBaeTcsi, 4TO SJUIMICOUIBI, Napaboyionpl U TUIEpOOJIONBl BOCCO3/aBaTh IPOLIE.
Ctpoum, Kya KpuBasi BBIBEJICT, TJIABHOE — IUIABHO 3aBEPIIUTh. M 4TOOBI 10 BOZMOKHOCTH IPOYHO,
Ha/IeXHO, C IPULIEJIOM Ha JaibHelIIee pa3BUTHE.

Ha >xecTKuii KOHTPOJIb BCETO MPOIIECca CTPOUTENHCTBA B IIETIOM, KaK TOr0 TpeOyeT ueanbHas
cepa, HET HM BpeMeHH, HM cpeAcTB. [loromy uTO ry1aBHas 3ajada KJIETOYHOM CTPYKTYphl —
3aMKHYTb 00BbEeM, U BBLAEP)KAaTh IPUMEPHOE COOTBETCTBHE J000H urype BpameHus.

Bor Tyr um HaumHaer paborath napamerp @ BMECTO KOHCTaHThl T, KaK IHPUMEPHBbIH
SKBUBAIEHT 7 =~ 2@. DTO MO3BOJISET OTKIOHUTHCS OT KPYroBoil (HOpMBl, Hampumep, is
MIOJIy4EeHHUs1 OTPOCTKOB Ha CTBOJIE PACTEHHUS, JINCTHEB HA BETKE. ..

[Tpu 3TOM TOYHAA HWIMHApPUYECKas (opMa CTBOJIA U BETOK Oy/IET BHIICPKUBATHCS BEPOSTHEE
BCEro TOJBKO B 00wmux yeprax. [IpumepHo. J[aBas BO3MOKHOCTb MOSIBICHUIO 3apO/bIIIEH MOYeK U
UX MOCTIeTYIOIIETO POCTa.

B »stom cwmbicnie Qopmyna (9) maer mumpodaiiimiue BO3MOXKHOCTH — 3aMKHYTOTO
¢dbopmMooOpa3oBaHusl MPHU HCHOJIB30BAHUU TOJBKO (PaKTOpa CpaBHEHUS — ONMIKHEH CUMMETpPHU
MEX]y COCEJHUMU KJIeTKaMu, Kak oTHouieHus: .

Jlanee BcE kak B CTapoil 3arajike: CTOJNBKO, J1a TOJICTOJbKA, J]a YETBEPTh CTOJBKO, J1a eIle
OJIUH..., TAK U IOJIy4UM JI0OYI0 cTerneHb ocHOBaHUS P 3jeMeHTapHbIM cioxeHueM. W Ha 3Toi
OCHOBE CTPOHM CJIOKHEHIIIE 00bEeMBbI JTF000i1 POpMEL.

3aMeTHM, HE YMHOKEHHEM, a CI0KEHUEM..., YTO MO3BOJIIOT TOJIBKO cucTeMa beprmana u
MIPOCTHIE BYWICHHO-aJTUTHBHEIE MTOCIIeI0BaTeIbHOCTH Yrcena Pubonauun u Jloka.

Cnaérces, 31ech u HaunHaetcs: puitorakcuc u reomerpust O.boanapa [10].

PN
ZA SN
Y flaa

7

CQORE )
==
\ S/ /)

Puc. 16. MoaenupoBanue pustorakcuca

PucyHok 16 mosydeH oBopoTOM CITHpaIu Ha ocHoBe creneneit ®" u uncen @udoHayyn.

[ToHATHO, YTO 3TO CHHTE3UPOBAHO B OPUEHTUPOBOYHOM HCIIOJIHEHUH.

Ho Ham BaxxHo ObLTO TOKa3aTh mpoiiecc GopMooOpa3oBaHUsI HA OCHOBE MPOCTOM MOAENH
NPUOIMKEHHOTO MOTyYeHHsT <30JI0TON> JIorapu(PMUIECKOl crinpau.

CamoymqueHue pe3ysasmama

PaccMOTpUM H3MeHeHHe OTKIOHeHHs @ OT uMcen PeKYppeHTHOH MOCIeN0BaTENEHOCTH
Jroka L, =L,+L,4 — pa3sHOBUIHOCTM [BYXWIEHHOW aJJUTUBHOM IOCIEA0BATEIbHOCTH

®uOOHaYYH ¢ M3MEHEHHBIMU HadabHbIMU ycroBusmu (Lo, L) =(2, 1).
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JlaHHbple 4YMCIa 3aMedYaTeNbHbI, HpPEXJIe BCEro, MPOCToi (opMON aHATUTUYECKOTO (HE
PEKYPCUBHOTI'0) IIPEICTABICHHUS

L,=®" +(-®)™".

JIyist 4ero ske MOXKET ObITh TpeHa3HadyeHa BenuunHa D" ? — J[j1s oueHb BaKHOM 1IeIH.

[To cytu gema, mo Mepe pocra HHIACKCa N MbI BC€ BpeMs Kak Obl mepeornpeieiseM
OTKJIOHEHHE (DOPMBI OT LEJIOTO.

Inasnoe ceoticmeo, 00vedunsIOUiee dSMu YUCIAd — YMEHbUEHUE UPPAYUOHAILHOCMU N0 Mepe
pocma pe3yibmama. 3a KOHEYHOe HUCIO WaA208 UPPAYUOHATbHBINL pe3ylbmanm CMAHO8UMCS
PAYUOHATLHBIM 8 NPEOeNax MOYHOCHU CUCEMBL.

B sTOM cmbicie uncna, mogo0Hbie @, BBICTYNAOT IPOTHBOBECOM MHUPOBBIM MaTEMaTHUECKUM
KOHCTaHTaM B opraHu3anud Mupa. 3omotoe umciao @ co3maeT palMoHAIBLHOE HAYalo.
EauHIYHOCTE U 3aKOHYCHHOCTH JIFO00Tr0 00beKTa Harero Mupa.

DT0 ero riaBHas 3acjyra, 4To HaJI0 OLIEHUBATh HE TOJbKO (hHUI0COPCKH, HO M Ha (PH3UIECKOM
ypOBHe KOHerTHOFO IIOHUMAaHWs.

Mpbl BUIMM, KaKk yMEHbIIAeTCs aOCOJIOTHAs BEJIMYMHA OTKJIOHEHHS OT IIEJIOr0 C POCTOM

uncia. M ouenb ObicTpo pesyabrar ®" cTaHOBMTCA SKBHMBANEHTHBIM HeloMmy L, mpu mo6oit
IIOIPEIIHOCTH U3MEPEHUS, AIPUOPU IIPUHATOMN B BBIUNCICHUSAX.

n
Ouenwv noxoorce, umo yucna ®° cozoaiom uzmepsaemocms u n0KarpHocms [7]. 10 MOCTHK,
COEUHSIONINI pallMOHaIbHOE U UppaIlOHATbHOE Hauaia Halllero MUpO3IaHusl.

CobcTBeHHO caMm  cremeHHod psag  ®" — 9To mocHenoBAaTENBHOCTH CO3HAAHUA M
npuyMHOXXeHUs. [Ipndém Ha si3pIke Torapu(MOB OH UMEET MPSIMYIO JIMHUIO WM apu(PMETHIECKYIO
IIPOrPECCHIO.

To ecTb 30510TOE HaKOIUIEHUE-CO3UAaHUE UIET MO MYTH JIMHEHHOTO pocTa JIorapu(MoB.

Ecnu x Tomy ke B3sTh Jlorapu@mbl 10 ocHOBaHHIO D, TO mosyyaeM oObIYHBIN HATypalbHbIH

n
pan: logg @ =n.
Jpyrumu cioBaMu, Hamypaibublil psao — MO 30J10moe HAKONleHue 8 io2capugmax
no ocrnoeanuro O.

3akawuyeHue

Hrak, pa3BuTa 10BOJBHO OPUTMHANIBHAS, HA HAIl B3IV, UAES 110 TEME 30J10TOTO CEYEHMUS.

MoskHO cka3aTh, 0] "HOBBIM" paKypcoM.

MBI pa3BepHYIM yroi 3peHus, 4To HasbpiBaeTcs, Ha 180 rpagycos.

Bwmecto npuBbluHOrO NeneHus (aHanu3a), HAMU HMCCII€OBaHA 30JI0TOHOCHAs MpoOiemMaTuka
NPUYMHOXKEHUS (CUHTE3a).

Kpowme Toro, 3aiaya eneHus 1eaoro Ha 4acTu nepeopmarupoBasa.

Tenepsp nenoe He pacKkiaibIBacTCs Ha ABE COCTABIISAIOLIME.

N3 wero BwimensieTcss oaHa YacTh (mosis). BrTopas dwacte (Qu3nuecku MTPHUCYTCTBYET
(mozmpa3ymeBaeTcs), HO «OCTaéTcs 3a Kagpom». TepMUHOIOTHYECKH U IOHATUIHHO OHAa OTCYTCTBYET.
Bmecro He€ paccMaTpuBaeTCsl OTKJIOHEHHE BHIYJICHEHHON YacTH OT LENOTO.

HecmoTps Ha TO, yTO MeHbIIAs YacThb Kak TakoBas He (UrypupyeT, cucTeMa BIIOJIHE
oTpezieNieHa, MOCKOJIbKY OHa COOTHOCHUTCS € CYHIECTBYIOIUM IIPEeIMETOM — <OOJIbIIEeH™> YacTbIo.

Cama 3a1aua hopMyIHpyeTcs CASAYIOIINUM 00pazoM:

yenoe makK OmHocumcs K ceoeli yacmu, KaKk OHa — K CO6C7’I’18€HHOMy OMKIOHEHUIO OM Yeloco.

To ecTb, UMeEM 1IEI0€ U OJHY YacTh!
OcraBmniicss KycOK Hac He MHTepecyeT. Hu cTpykTypHO, HM METOJO0JIOTHYEeCKH. MOXeT Tam
OCTaJIach €€ COTHS WX ThICSYa DJIEMEHTOB.
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Hanpumep, MOXXHO paccMaTpuBaTh OJUH JICTIECTOK B OOIIEH CTPYKTYpe IIBETKA.

[TosToMy nosyuyaercs yxe He 30JI0TO€ Ce4eHUe, HO 00YCIIOBIIEHHOE 30JI0TOE PaBHOBECHE.

MBI y’Ke HUYero He ce4€M U HE JICTIUM.

PaccmaTpuBaercs 30510TO€ paBHOBECHE CPEIHEM TOYKM OTHOCHUTENBHO KpacB. Mmum 3010TO€
PaBHOBECHE BBIICIEHHOW YaCTH OTHOCUTENIBHO 1IEJIOTO.
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