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UepnsieB Anaronuit @eopoBud
30JI0ThIC PasMCPCHHOCTHU CCTCCTBO3HAHUA

Hayka Bce wamie BCTpedaeTcsi ¢ BCTPOEHHBIMU B CTPYKTYPY HPHUPOABI 30JO0THIMHU
nporopuusMi ¥ yucnamu. OJHaKO COBpPEMEHHbIE KypChl MaTeMaTWKH M (U3MKM He
comepxaTt HHGOPMAIUHU O 30JI0THIX IIPOIIOPIHUAX U 30JI0TOH TapMOHUML.

B Hacrosmieir paboTe cienaHa MOMBITKA ONpEAeTCHIs] MEXaHN3Ma «IBIDKCHHUS YHCEI
30JI0THIX psAnoB PuboHauum, Jroka, 00YCIOBIMBAIOIINX CYHIECTBOBAHHE PEKYPPEHTHBIX
B3aMMOCBs3€ll B rpeueckoM psiay. OOOCHOBBIBAETCS KaueCTBEHHBIN MEPeXo] OT TEOMETPHHU K
anreOpe, BHPTyalbHOE MPUCYTCTBHE TPEUYECKOro psga B JI000H TreoMeTpH4ecKoit
nporpeccud ¥ (OPMHPOBAHUE 30JIOTHIX WMHBAPHAHTOB IIPH PEIICHUH OOBIKHOBEHHBIX
KBA/IPATHBIX yPaBHEHUH C OTHIM HEH3BECTHBIM.

CymmupoBanue urceln psnoB dubonawun merogoM A. [Imenkoro noBeneHo cHadana
0 TOSBICHUS TaONUI B3aMMOCBSA3AaHHBIX 4YHCEN, a 3aTeM J0 (OpMHUpOBaHHMS Kiacca
00BEMHBIX OECKOHEUHBIX 30JI0THIX MATpPUIl ¢ Oa3MCHON €IMHMIEH, CTAHOBSILEHCS [IEHTPOM

TaKUX MaTpull. OTH MaTpUIbl — MaTeMAaTHYECKOe LEeNI0e, OMHCHIBAIOUINE pealbHbIe
¢dusnueckue npouecchl. Kinaccy 00beMHBIX 30J0TBIX MAaTPHUIL IPUCBOCHO Ha3BaHUe «Pycckue
MAaTpPUIIBI».

Iokazano, 4To (u3mUeckne CBOWCTBA UMEIOT HE TOIBKO KOJNMYECTBEHHYIO BEJIUUYHHY,
HO U KaYEeCTBEHHYIO 3HaYUMOCTb, CBOIO [l KaXJI0I0 CBOMCTBA.
OCHOBY KAUECTBEHHON 3HAYMMOCTH COCTABISET HMPPALMOHAIBHOE UHCIO N2 =

1,05946..., a pa3nuyHble €ro CTENEeHM — KA4YeCTBEHHbIE 3HAYUMOCTH KaXKAOrO M3
(hU3MYECKUX CBOWCTB Tell.
KauecTBeHHbIC 3HAYMMOCTH — OCHOBa (PU3HUYECKOW TEOPHH Pa3MEPEHHOCTH, MO3BO-

JISIOIME UCTIONB30BATh SIMHBIM MaTeMaTHYEeCKHil MHBApMAHTHBIH anmapar Bo BCeX pasJernax
¢huzuKy.
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Bsenenne

HecoMHeHHO, YTO MBI JKMBEM B JMHAMHUYECKOM MHUpE, — MHpE, TIE BCe
JIBUOKETCSI M M3MEHSETCS M KaK CYIIECTBAa 3TOTO MHpa, ABMKEMCS U HU3MEHSEMCS
MBbl. J[BUKETCS M M3MEHSETCsl Hallle CO3HaHUE, CTPEMsiCh K OoJiee aJleKBaTHOMY
0TOOpakeHHUIO BCET0 BOCIIPUHUMAEMOTO YEJIOBEKOM.

B Toxxe Bpems MCXOJHBIE TTOJIOKEHUS Halleld HayKH ((pU3MKU M MaTeMaTHKH B
MIEpBYIO OYepe/Ib) MOKOATCS Ha MPEACTAaBICHUSIX O MPOCTPAHCTBEHHO—BPEMEHHBIX
B3aMMOOTHOIIECHUX TEJ TOJABKO KaK O KOJUUECTBEHHBIX OTHOUIEHUAX CTATHUECKHX
BEJIMYHH.

B nannO# paboTe mokasaHo, YTO 33 TPAJUIMOHHO TOHUMAEMOH HE3BIOJICHHO-
CTBI0O M KOHEYHOCTBIO KOJIMYECTBEHHBIX OTHOLIEHHH CKpBIBACTCS JUHAMHUKA

Ka4€CTBCHHBIX OTHOMCHHﬁ, onpeaedrnas pa3M6peHHocmb HalIero Mupa.

Beenenue tepMuna «pa3mepeHHOCHby BMECTO TPATULIUOHHOIO — «pasmep-
Hocmby 00YCIIOBIIEHO cielnduKoii pycckoro sasbika. Tak, B cnoape C.M. Oxerosa
[1] Haxomum:

«Paszmep - BeNM4UHA 4er0 HUOY /b, B KAKOM HUOYTb UsmMeperuu»;

«Pasmepennocms — NIABHOCTb, PUMMUYHOCH1b, HETOPOILIUBOCTDY;

Takxum 00pa3oM, pycCKHil S3bIK YETKO (UKCHUPYET, YTO «Pa3MeEP» — 3TO YKCJIO,
KOTOpPOC IIOKa3bIBACT KOJHYECTBO «pa3» OTMEPCHHOE OSTAJIOHOM pa3Mepa, a
YTBEPAUBIIMICSA B HAYKE TEPMHH «Pa3MEPHOCTE», €CIHM U COJIEPKUT JBHKCHUE, TO
JIUIIB KaK IPOLECC H3MEPCHHU.

Torga xak «pa3MEPECHHOCTB» — 3TO, IPEXKAE BCErO ABMKEHHE U HE IIPOCTO

JABWXCHUE, a pPUTMUYECKOE, HeCcyuiee 6 cebe capmoOHUio, osudicenue.

IIpoueccom, oToOpaXkalOIUM MPUPOJHYIO TAPMOHHIO IIBHKEHHMS, SBISIOTCS
30JI0TBIE OTHOIIEHWs (mpomoprwn). Pa3BuTHe Hayku, OCOOCHHO €€ TOYHBIX
pasnenoB, o0OILIO CTOPOHON MPEACTaBICHHUSA O 30JIOTHIX HMPOMOPIMAX U 30JI0TOH
rapMOHMH, U3APEBIIE UCIIONb3yeMbIEe B apXUTEKTYpe, HCKYCCTBE, My3bIKe. 3010mas
2aPMOHUA MO  He NPOCMO MaAmeMamuyeckuil annapam, 3mo cucmema
2aPMOHUYECKU B3AUMOCEAZAHHBIX HUCEN, INeMeHmos quayp, umu QuauiecKkux
ceolicme,  00pA3YIOWUX  MAMEMAMUYECKYIO  CUCEMY,  Omodpaxicaiowyio
OuHamuyeckue 63aUMOCEA3U CEOUCE meil.

DOma, ewe Heuzsecmuas Hayke, 2APMOHUS NPOHUILIBAECM 6Ce HAYYHbIE
OuCyunIuKbl, 00pPA3ys eOUHYIO CUCHEMY 3HAHUIL.
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30J10ThIE€ OTHOIIICHUS MAaTEMATUKH

OpHoll U3 3ajau reOMETPHUHU SIBJIETCS AEJICHUE OTPE3Ka B KpallHEM U CPEeIHEM
oTHoIIeHnH. Perrennem 3ol 3agaun OyayT ABa anredpanvecKiux OTHOIICHUS:

[lepBoe; KkBaspaTHOE ypaBHEHHUE BU/IA:

b'—b-1=0, (1)

u3 (1) HaxosATCA B3aMMOOOpATHBIE 30JI0ThIE HPPAaMOHATIBHBIC Yrcha: @ = b =
1,618...; u /@ = 1/b = 0,618..., nponsBeneHne KOTOPBIX paBHO eAnHHLE. [IpoOHas
4acTh UPPAIOHAIBHBIX YHCEN Ha3BaHa B [2] maHTHCCON. Bynem npunepxuBarbcs
3TOTO Ha3BaHUA.

Bropoe; nponopuinoHansHas B3aMMOCBA3b JIEMEHTOB JIeeHus oTpeska [3]:

a=b=¢, 2)

II€ a — MEHbIIas CTOPOHA OTPE3Ka paBHas NO =1272...,b - IIPEACTaBICHO
oTpe3koM paBHbIM @ = 1,618, u ¢ = @ = 2,058...— Gompimas CTOpPOHA OTpE3Ka.
Onu 00pa3yIoT 30JI0TOH MPSAMOYTONBHBIN TPEYTONBHUK:

a+b=c

Yepez omunowenus (1)-(2) npoucxooum nepevlii KauecmeeHHblil nepexoo
(ckauok) om ceomempuu k ancebpe — 2eomempuieckue d1emMenmvl npeodpazyIomcs
8 aneebpauueckue CUMBOIbL, MeEPss 6ce CBOUCMBA Puayp u 6 nepeyio ouepeds
pasmepennocmo. Pasmepennocms 3mo kavecmeo, omauvaroujee pasmepHoCmHuyo
2eomempuio om 6e3pasmMepHOCmHOl cmamudeckoll areedpvl. X0Td B MbIIUICHUH
9TO pasznuuue Kak Obl HE OTMeyaercs, M 3a anreOpanyecKMMH CHMBOJIAMU
MPOAOIDKAIOT MBICIUTBCSA OINEpPallMM €O CTaTHUYECKMMH TE€OMETPUYECKUMU
(urypamu.

Hppanmonansable B3anMooOpaTHbie uncia @ = 1,618; /@ =0,618; V= o
=1272; ¥ =1A® = 0,786 00yCIIOBITMBAOT BO3MOXKHOCTH IOTyYCHHS 30JI0TOMH
reoMeTpUUecKOr mporpeccuu co 3HamenareneMm g = @. Eme B peBneid 'peunn
TIOCIIE0BATENbHBIM eJeHneM Oa3ucHo 1 Ha @ mosydann JeByrO yOBIBAIOIIYIO
BETBb JTOM MPOTrPECCHM, a YMHOXKEHHEM TOH ke 1 Ha @ monyyand NpaBylo
BO3PACTAIOIIYIO BETBb.

0q" ... eqgleqglelogd>d—>¢—> . "> (3)

ITockonpKy wieHsl mporpeccur (3) HEOAHOKPATHO HCIONB3YIOTCS B JallbHEW-
IIeM, IPUBEJIEM YHCIOBOH (parMeHT 3TOro psja:

-5 4 -3 2 -1 0 1 2 3 4 5
0,090; 0,146; 0,236; 0,382; 0,618; 1,00, 1,618; 2,618; 4,236; 6,854; 11,09;... (3)



BazucHas 1, paszgensiomas BEeTBH, MMEET OINOCPEIOBAaHHOE OTHONICHHWE W K
BOCXOIAIIEH ¥ K HUCXomsAmed BeTBiM. OHa IEHTp NPOTPEcCHH, Kak Obl
HEHTpanpHa, W OTAENSICT JIEBYI0 YacTh BETBU OT mpaBoil. OHa YHCIO APYroro
KadecTBa, SAMHCTBECHHOE PAIlIOHAFHOE YHCIIO CPEIU YHCENl HppalloHaTBHBIX. Ha
OIMHAKOBOM PACCTOSHHH CIIpaBa M ClieBa OT 0a3WCHOW 1 HaxomsaTcs 63aumood-
pamuvie 3010mble yucia, COOTHOIICHHE KOTOPBIX, KaK IOKa3zaHO B [5],
yIOBIETBOPSET hopMyIe:

N=\(g"q") =1,

a OTHOLICHUA UX ONPECACIACTCA 3aBUCUMOCTDBIO!
. n -n

N'=q"+q",

T€ «IUIFOCY» COOTBETCTBYET YETHOMY IIOKA3aTENI0, & «MHUHYC» HEUYETHOMY.
Jns maHHOW TOCIeNOBaTENFHOCTH CIIpaBeUIMBA peKyppeHTHas (opMymna, o
KOTOPO KaXKJIblil WIEH psiia paBEH CyMME JIBYX NMPEAIIECTBYIOMINX YUCENT:

qn: qn-2 +qn-1.

U cxiagsiBast momapHO B3aMMOOOpaTHEIE Yrcia mponopiud (3'), Hampumep:

1,618 +(-0,618)=1; 2,618 +0,382=3; 4,236+ (-0,236)=4; ... uT.1.

M0JIy4aeM YHMCIIOBYIO MOCIIEI0BATENBbHOCTD psaa Jlroka:

1; 3; 4; 7; 11; 18; 29;47; 76;123; uT.A.

PaccmoTpuM, Kakoi MEXaHU3M ONPENEINSIET CYLECTBOBAHHME IMOCIIEIOBATEIb-
Hocteil Jlroka, aHanmormyHOM mocienoBarenbHOCTH DuboHaYdM, 000 Taphl
ClTaraeMbIX MOCJIEIOBATEIFHOCTH YHCEN W 30JIOTHIX MPONOPLHi, OOYCIOBIHBas
PEKYPPEHTHYIO 3aBUCUMOCTb, HAIIPUMED, CO CIBOCHHBIM CJIaraéMbIM.

Pexyppenmnoe  coomuowenue, cmpykmypupyemoe — noCie008ameNbHbIM
codxcenuemM JoObIX uucen, OA3Upyemcs HA MOM, YMO HUCLO — CYMMA O8YX
npedvlOyWux — crazaemvlx, 00pasyem HeKOMOpPYI  GUPMYANbHYIO  HUCTLO8YIO
KOHCMPYKYUIO, 8 KOMOPOUL Kajxcooe clazaemoe 3aHuMdaen onpeoeieHHoe MeCmo.
Oma KoHcmpyKyus npu nociedyrowem CcloxdceHuu He usmensemcs. Y dmcna,
«IIOMHS» O CBOEM MeCTe€ B HEH, CABUralpTCsi, HE Hapyllas CIIOXXHUBILEHCS
CTPYKTYpBI, TaK YTO IMOCIECAYIOIIEe YUCIO, BKIIOYACT B ceOsl MpeapIayIme. DTo
MO>XKHO II0Ka3aTh, COCTaBUB Psij, Hanpumep, Jlroka ans uucna n = 11 U3 BXogamumx
B HETO YMCEN U MOKa3aTh MOCIEJ0BATEILHOCTD UX YEPEIOBAHMUS.

11 % 33 44 55 66 7.7..
ql; qz; 1q;2 ! qz; 2 3 qz; 3 4 q3,' 4 5 q4 5
g, 97 @+q); (@ +q+q); (g +q); (@t +q); (9 +q); 4)
1; 3; 4; 7; 11; ; Do
1; 3 (143)  (143+3)  (443+4) (7+4+7)  (11+7+11)...
7 + 2x11 = 29
U B 0000111€HHOM (pOpPME CO CABOCHHEBIM CIaracMbIM:
q'=q" +24". (5)



BHyTpeHHSI» CTpyKTypa 4ieHOB psija Jfoka, Kak M JPYTHX 30J0THIX PSAIOB,
HauMHAS C YETBEPTOro YKCIAa OT Hadasla, BKJIIOYAET B Ce€0Sl TPH CyMMHPYEMBIX
MPeALIECTBYIOMUX 4ieHa. [IepBhIif — OTCTOHUT OT HEro Ha JBa WHTEPBaia, BTOPOH —
Ha OZMH WHTEPBaI U MOBTOpsieTcs ABaXxAbl. C MATOTO YHCla CTPYKTypa, BKIIOYAs
TE JX€ TPH CyMMHPYEMBIX WICHA, N3MEHSETCS 10 YHCIOBOMY cocTaBy. IlepBblii
MOCJIEHNI WIEH OTCTOST HAa OJWH WHTEPBAN, a CPEAHUM — Ha JBa MHTEpBaa.
Ilpoyecc  cnoocenuss  omobpadicaem — HEKYI0  «GHYMPEHHION»  OUHAMUKY
KA4eCmeeHHO-KONUYECMBEHH020 nepemMewjeHusi YieHo8 padd 6 HUCIAX NOCied08d-
menvHocmuy. DTy CTPYKTYpYy 0Opas3yloT BCe PS/Ibl IOCIECIOBATEIBHOTO CIIOXKEHHS
o000 mapsl yncen. IMeHHO oHa o0ecrieunBaeT pa3sHOOOpa3HyI0 PEKypPEHTHOCTD
nx 4iaeHaMm. HazoBeM 3TO COOTHOIIEHHE «CABOCHHOCTD.

Bot sT1a, mauunarowasca ¢ namozo uiena psaoa nponopyuu, cOBOEHHOCHb
npeovloyuezo Hucid 6 mpoucmeeHHOCMU YUcen U AGNAEeNCs 2AAGHbIM CEOUCMEOM
3on0mou nponopyuu. Coeoennocmov 6 mpOICHEEHHOCU, CKPbIGAIOWAACA 6
RnOCNIe006aMeENbHOCMU 30JI0MBIX YUCEl, eCHb MAMEMAMUYECKAA OCHOGA 6CE20
UHBAPUAHIMHOZ0 GeujecmEennozo mupa. VIMeHHO OHa M OOyClaBIMBAaeT psaaM
®ubonayun, Jlroka m apyrum, Hampumep, (3) 3omoThle cBoiictBa. Ona dice
ABNIAEMCA NEPEXO0OoM 0m 0eCAMEPUUHOU CUCEMbl CHUCICHU K 08eHaAdyamepuy-
nou [4] u npeepawaem pekyppenmHvle Kpumepuu 6 Kpumepuu 3070MmbixX
coomHouwieHuli u 6 apugpmemuxe, u ¢ aireedpe, u 8 eeomempuu. Hu oono opyeoe
COOMHOUIEeHUEe MAMEMAMUKY He 001adaem OaHHbLIMU KaYecmeamu.

Crpykrypa 3omotoii mporpeccuu (3) cumraercs ctaHgapTHoi. OHa, Kak U
«BCE» TEOMETPHIECKUE MPOTPECCHH, TOAUMHACTCS TPEM W3BECTHBIM COOTHOIICHH-
SIM, KOTOpPBIE CUUTAIOTCS (PYHIaMEHTATbHBIMH:

q"=q" + q"', — pexyppeHTHOCTS.
C]” = 6]1'61"'1, — MYJIBTUIUIUKATUBHOCTB. (6)
9" <q" — CHMMETPHS TTOIOGHS.

Kak Obimo mokaszano Bbiie (5) cooTHomeHHs (6) He IUHCTBEHHBI [6], a
moToMy He (hyHIaMeHTAIbHBEL. BuaoB nx MHOr0. Kaskaprit psia 30510TOH nporpeccun
«COIEPKUTY» WX HECKOJIBKO, B TOM YHCIC W CTCICHHBIE M «CMEUIaHHBIC» (B
Uara30He BCEeX apu(MeTHIecKux omepanuii). OHU TPOSBISIOT ce0S B 30JI0THIX
MaTpHLAX U Ha3BaHbI B [6] MaTpUYHOU BA3BIO, O YEM HHXKE.

Amnanornuno (3) crpourcs mporpeccus (7) co 3HamMeHateneM ¥, KoTopas
Ha3BaHa B [6] pycCKO mporpeccuei:

09" ..V PP | 5V S SV Pn—w 7

T'eomerpuueckas nporpeccust (7) obnagaer 0cOOEHHOCTAMH, BBIAEIAIOLINMU
€€ M3 CTaHIapTHBIX IPOrPECCHH, TI0ITOMY BOCIPOM3BELEM (DPArMEHT €€ UUCIOBOIO
psna:



-5 -4 30002 -1 0 1 2 3 4 5
0,300; 0,382; 0,486; 0,618; 0,786; 1,00; 1,272; 1,618; 2,058; 2,618; 3,330; )

0O6e mporpeccun (3) u (7) UMEIOT OCh CHMMETpPUH, Oa3ucHyo 1, JeByr U
MPaBYI0 BETBU M B3aUMOOOpPATHBIC YHUCJIA B BETBSIX, PABHOOTCTOAIIME OT Oasuca.
IIporpeccust (7) obnmamaeT CBOWCTBAMHM MYJIbTHILUIMKATUBHOCTH, U CHMMETpHEH
mo1o0us. JJomomHUTEIRHO K (6) IPOSIBIIAIOT ce0sl CBOWCTBO PEKYPPEHTHOCTH Yepe3
unTepBas. Hanpumep:

P =yt g (8)
PEKYPPCHTHOCTH € WICHOM, YMHOXCHHBIM Ha LCJIOC YUCIIO. HaHpHMepZ
P= 2y 9)

«CMEIIaHHOW» PEKyppeHTHOCTH 4Yepe3 BO3pacTalolINe HHTEPBAJbl, KOTAA
pe3ynbTaT CyMMBI YHCEN B CTENICHN U O€3 HEE TOXKE SIBISETCS WIEHOM 3TOTO psija.
Hampumep, nns nepeoro uieHa:

P = (Y + (10)

U CTENEHHOW PEeKyppEeHTHOCTH, KOrja pe3ylbTaTOM CJIOXEHHUS, Halpumep,
KBaJIpaToB JIByX IIOCJEIOBATENbHBIX WIEHOB psiia CTaHOBUTCA  YHCIIO,
Haxozsduieecs B TOM ke psaay. Hanpumep:

= (P + (P (11)

OTMeTHM, Yuciia KaKI0ro WIeHa psifla MOKHO paccMaTpUBaTh Kak 3HAYCHHS
JUITMH HEKOTOPBIX OTPE3KOB M OTPE3KH 3TH, B CBOEH ITOCIEAOBATEIHFHOCTH, MOTYT
00pa30BBIBATH TEOMETPHUECKYIO (PUTYpY — IPSAMOYTOJIBHBIN TpeyroibHUK [7]. O10,
eIe OIHO, yIMBUTEIFHOE CBOMCTBO OECKOHEYHOT0, HPPAMOHAIBHOTO Psijia YMCed,
00pa30BBIBATE HAOOP HOOOOHBIX 30]10MbIX NPSAMOY2ONbHBIX MPEY20IbHUKOS, NPUUEM
npu npudaruu 110060U nocredogamenvbHocmu mpoex yucen paga (Hampumep, 2,058;
2,618; 3,330; wm 0,236; 0,300; 0,382) 3HaYMMOCTH OTpE3KOB. TpEeyronbHUKH
«00pa3yroTcs» U MpH MOCIEA0BATEIILHOM CIBHUIC YHCEN HA OJHY WM ABE LU(PHI
(mampumep, 2,058; 2,618; 3,330 — omun TpeyrompHuK; 2,618; 3,330; 4,236 —
npyroit; 3,330; 4,236; 5,388 — Tperuit u T.1.) Co3maercs BIIEYATICHUE, YTO OHH
Kak Obl HAaHW3BIBAIOTCS APYT Ha Apyra, 00pa3ysl HEBUIUMYIO LIETIOUKY.

Ho moxHO mpencTaBuTh M APYrylo KapTUHY. MIMEIOTCS JBa OPTOTOHAJIBHBIX
OECKOHEYHBIX KaTeTa, MEepPeceKaeMbIX Ha IMPOTOPIHOHATBHOM HPPAlOHATBHOM
PacCTOSIHUM MapajUIeIbHBIMU  JIMHUAMH, OTPE3KHM KOTOPBIX IPEBpAIlaloTCs B
TUNOTEHY3bl. 1 3T0 yke He Lenouka, a MI0CKOCTh. Y BO3HUKaeT MperonokKeHue,
YTO TPSIMOYTOJIbHBIE TPEYTOJBbHUKH €CTh JJIEMEHTHl HPSIMOYTOJIHHKOB, a HX
KaTeThl - CTOPOHBI NMPSMOYTOJIBHUKOB. IIpoiomkeHne KaTeToB — OCH KOOPAMHAT X
U ) Ha TUIOCKOCTH, a TUIIOTEHY3bl — JHaroHajin o0pa30BaBLIMXCS MPSIMOYTOJIbHU-
KOB. M npopucogvieaiowascs ecmecmeeHHblM 00pa3’oM KOOPOUHAMHAS CemKd
HayuHaem nposAeIAmbCs Kak 06pas HeKkoell HOB0U K8AHMOSAHHOU 2e0MemPU.

IIporpeccus (7) umeer Oojee CyImIECTBEHHOE OTIMYHE OT BCEX IreOMeTpUye-
CKHUX IIpOTpeccuii, 4yeM HaIn4ue B Hel CHCTEMHOTO PEKyppEeHTHOTro cBoicTBa. OHa
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o0OpasyeT IBYXpAOOBYIO CTPYKTypy [8] m 3amoiHeHa, Bpoae OBl, HEUYETHBIMHU, HE
30JI0TBIMHU WwieHaMHu. Ho HeueTHbIe, KaK M YETHBIE 30JI0THIC WICHBI €€ BETBEH depes
MHTEpBaJI BCSIKUH pa3 MPONOPHUOHAIBHBI @ M CO3[al0T BHYTPU MPOTPECCHUU JBa
Ka4eCTBEHHO Pa3JIMuHbIX UPPAIMOHANBHBIX Psa: OJUH 30JI0TOW TOXKAECTBEHHBIH
(3), BTOpOIt MOIOOHEIN €My 30JI0TOM pAJ — KOTOPBIM MPAaKTHUECKH HE BCTPEYAeTCs
B MaTeMaTH4ecKOH JmTeparype. JlaHHbIH psil BBIIIAIAET 10 CTPYKTYPE U3 CUCTEMBI
reoMeTpuuecKux nporpeccuii. [Tokaxem 3To, BeIwIeHHB U3 psiaa (7) Bce HEUETHBIE
yucina 1 00pa3oBaB M3 HUX HOBYIO IOCIIENOBATENBEHOCTD — 30J0MYI0 NPONOPYUIO
0e3 0a3MCHON eqUHHULIBI:

0,071; 0,115; 0,185; 0,300; 0,486; 0,786; 1,272; 2,058; 3,330; 5,388; 8,718;14,104; "

3onoTtast npomopius (7'") HEOObIUHA YXKe TEM, YTO y Hee OTCYTCTBYyeT Oa3uc-
HBI 1eHTp 1, a, ciemoBaTeNbHO, HMUCXOZSNIAs M BOCXOJSNIAs BETBH, XOTA
B3auMoOOpaTHble Tapbl coxpaustorcs. [lodydaercss Tak, 4TO Bech Pl B OJHY
CTOPOHY BOCXOISIMH, a B Apyrylo — Hucxomdaumid. OH He NoguuHSETCA
CUMMETPHH 1TOJI00Ms, BCE )K€ OCTAIbHBIE COOTHOIIEHUSI COXpaHstoTcsl. FIMeHHO Ha
NpUHOUIE psna 06e3 HeHTpa MOCTpoeHa JpeBHEepYyCcCcKas METPOJIOTHS Kak cCHcTeMa
COU3MEPUTEIIBHBIX HHCTPYMEHTOB — caxkeHel [9-10].

OTMeTHM, 4YTO B TNPHHIMIIE MOXET OBITH IOJIY4YEHO MHOXKECTBO 30JIOTBIX
TPOMOPIIHIi, HMEIOUIMX 3HAMEHaTeneM Kak @ Tak u "N&, u Bce HX WICHHI OyayT
B3aUMOOOPATHBIMH 30JI0TBIMH B HHTEpPBaJIE, 00YCIOBICHHOM CTETEHBIO MU D.

W3BecTHO, 4TO reoMeTprudecKast MPOrpeccHs ¢ LEIbIM WM JPOOHBIM 3HAMCHa-
TeJIeM, He paBHBIM @”, B ainreOpe HE CBs3aHA C 30J0TBIMH YHCIaMU U 0TOOpa)kaer
MOCTIEeIOBATENbHOCTh HPOMOPLHUOHANBHO HW3MEHSEMBIX PAaBHO3ZHAYHBIX YHCIIOBBIX
BeninunH. TeMm He MeHee, 3HaMeHaTellb JI000ro psijia TeOMETPHYECKON MPOTrpeccHu
Tuna (3) Bcerga MOXKHO IPEICTaBUTh KaK IPOM3BENCHHE [IBYX YHCEN, OJHO U3
KoTopeIX @, a npyroe U — yacTHoe OT jAeleHus 3HaMmeHaTens g Ha &. U Ttorma
reoMeTpuYecKre porpeccuu Tumna (3) mpruodpeTaeT ciaeayomuil BU:

ve' Ve’ o' .. U (12)

Ot reomerpmueckoil mporpeccud (12) MOXXKHO TEepelTH K 30JI0TOMY pSay
HPOCTHIM COKpPAICHHEM KaXXI0T0 4ieHa psiaa ¢ Ha COOTBETCTBYIoIIee yactHoe U":

g G O g L g (13)

I'eomerpruueckass mporpeccust (13) sBnsiercs 305I0TOM mporpeccueit, a B
YHCIIOBOH 3alMCH — IPEYECKUM HIIM PyCcCKUM psiaoM. OTCI0Za MOXKHO 3aKIIIOYHTh,
YTO TapMOHHYECKHE UHCIIOBBIC PpAOBl BCEX TI'E€OMETPHYECKUX TpOorpeccui
OIIOCPEACTBEHHO BKIIIOYAIOT B ce0s YHciaa PyCCKOTO WM I'PedecKoro psaa. Jawnmsie
nponopyuu 06yCIa8IUBAIOM CIMPYKMYPY ANeeOpauieckux Keaopamuuvix ypaeHeHull,
u nocmpoerue pycckux obvemnulx mampuy [11].

OTMeTHM TaKXe, 4To JII000e YUCIO MMEET CBOW B3aMMOOOpATHBIA aHaor, a,
CII€JOBAaTENIEHO, BKJIIOYEHO BO MHOXKECTBO TI€OMETPUYECKUX TMporpeccuil. /[ns



HAXO0JICOeHUs. OMHOWEHUSL K 3010MOMY HYUCLY OOCMAMOYHO 6036eCmi €20 8
Keaopam u onpeoenums nponopyYUoOHaibHocmy 3010moim yuciam P u V.

Bepremcs k ypaBHeHHIO (1) M pacCMOTpUM €ro CBsI3b C 30J0TBIMH YHCIIaMHU.
OTO0 BapHaHT OOBIKHOBEHHOT'O alre0panyeckoro KBaJpaTHOrO YPaBHEHHUS C OJHUM
Hen3BeCTHhIM. OOIIHIA BH]I 3TOTO YpaBHEHHUSL:

ax’ +bx +¢ =0, (14)
Kak u3BeCcTHO, B pe3yiibTaTe €ro PeIeHUs MoydaeM JIBa KOPHSL:
x12 = [-b £ (b’- 4ac)] 2a (15)

Onnako obmee ypaBHeHue (14) He MCHONB3yeTCs U MOJXYyYEHHS 30JI0THIX
YHCeJN, IOCKONBKY ITOJKOPEHHOE YPaBHEHHE MOXKET OKa3aThCs MHHMBIM. Ero

HCKYCCTBEHHO YIIPOMIAOT, MONOXUB B (14) a = 1, b = -1 u ¢ = —1, u ypaBHeHHE
npuobpetaet Bup (1), a pemenne (15) oka3pBaeTcs CIeAYIOMIAM:
xpo=[1EVA+4)]2=(1£5)2. (16)

[Ipn u3BnEYEeHNMU KOpHA M3 5 HaXOAUM OYEHb MHTEPECHOE HppallMOHAIBHOE
YHCIIO:

V5 =2,236067978... . (17)

OHO XOpOWIIO M3Y4YEHO W YacTO HCIONB3YyeTCs Uil OOBSCHEHHs pe3yibTara
pemIeHus 30JI0ThIX nporopuunii. Kak n3BecTHO, I TOTydeHUs 30JI0TOTO yuciaa @
K Hemy mpuOaBisiercst 1 u oOpaszoBaBmiasicst cymma aenutcs Ha 2. T.e. mo (17)
BBIYHCIIACTCS BEIMUUHA X; = D!

@ =x;=(2,236067978 + 1)2 =1,618033989... .

IMocMoTpuM, Kakoe 9ucito momydurcs, eciu u3 (17) Beraects @:

2,236067978 — 1,618033989 = 0,618033989.

T.e. aucno 2,236067978... cocTaBneHO U3 ABYX YHCET: U3 30JI0TOTO 4ucia P
W B3aMMOOOpPATHOro eMy 3070Toro umcia 1/@. O6ozHaumm uucio (17) depes
pycckyto OykBy /7

= (/D + D), (18)

HazoBem omeparuio cinoxkenus (18) cmoco6oM B3aMMOOOPATHOIO CIIOKEHUS.
HIMeHHO 3TOT croco® MCIob30BaH BhIIIE JUIsl NorydeHus psaa Jloka. Otmernm,
4T0 yucio /7 nposiBisieT ceOsi BO MHOTMX MaTeMaTHYECKHUX ONEpalusX, 1 BO3BEIEM
06e yactu (18) B kBagpar:

IF =5= (/@ + ®)*=0,382 + 2(0,6181,618) + 2,618. 19)

OOparuM  BHMMaHHE Ha  IPOW3BEACHHE  B3aUMOOOPATHBIX  YHCEIN
2(0,618-1,618). U3 Hero cmemyer, 4TO pe3ydbTaTaMH pEIICHUS KBaJpaTHBIX
ypaBHeHmi THma (19), mepBele W TOCIEOHHWE UYICHBI KOTOPBIX B3aHMMOOOpATHEI,
OyIyT uMppalHMoOHaJIbHBIC YHCTa, OmpenenseMble BennunHoil b. CIIOXUB mepBoe U
TpeTbe B (19), nMeeM B HaTypalbHBIX YHCIAX:

IF=2+3=5. (20)

[MocnemoBarensHocth 2, 3, 5, pparment psaa PuboHayuM U MOITOMY U B
Buzie /1, n B BUJE OTAENBHBIX 4ncen 2, 3, 5 BcTpedaeTcss BO MHOTHX Kak 30JI0THIX,
TaK ¥ MPOCTO TapMOHMYECKUX OTHOmEHUsX. Popmyiny (18) MOXHO TpeBpaTuTh B



KBaJ[paTHOE ypaBHeHHe. llepeHeceM ee wWIeHBI B OAHY CTOpOHY, YyOpaB
3HAMEHaTelb, 3aMeHMM @ Ha X W npupaBHsB [/ = (, MoXyyuM KBaapaTHOE
YpaBHEHHE C OJTHUM HEU3BECTHBIM:

X —2.236x+1=0. (21)

B ypaBHenuu (21) oueHb BaKHO MOSIBJICHHE 3HAKa IUIKOC TEpPea CBOOOIHBIM
uyneHoM. Ero pemienue:

X2 =[2,236:V(5-4-1-1)]2; x;,=1,618, x,=-0,618. (22)

U, xotst pesynbrar penienus (22) ananorudeH (16), cieqyer oTMETUTD, YTO B
MOJAKOPEHHOM BBIPQ)KCHUH MOSBISIETCS 3HAK MHHYC, @ CBOOOIHBIN WieH paBeH [1.
Otu 3HaKkH B (21) u (22) He BCTpewaroTCsl Ha CETOAHS B KBAJPATHBIX YPaBHEHHIX
TEOPHH 30JI0THIX mpornopuuid. K Tomy sxe ypaBHeHue (21) BKIrOYaeT HppalHOHAIb-
HOE YHCII0, KOTOpOoe U O0YCIIOBIMBAET MONTyYEHHE 30JI0THIX YUCEN MHade, 9eM IO
(1):

OTtMeTuM, 4TO MOAKOpPEHHOE BhIpakeHue B (16) moirydaemoe B pe3ysbTare
permenus (1) 3amuchiBaeTcst Kak cocTaBnensoe u3 aByx umcen V(1 + 4). Oxnako,
oHo, kax cnedyem uz (22), cocmaeneno u3 uwemvipex uuceil. ITO TOXKE BaXKHO,
TIOCKOJIbKY 32 0TOpachlBaeMBIMH €IMHMI[AMH MOTYT CKPBIBaTHCS B3aMMOOOpAaTHBIC
YHCiIa, U IPOM3BECHUE ITUX YMCEN B IMOJKOPEHHOM BBIPRKCHUHU OY/AET aHaJIoroM
TIPOM3BEACHUS €INHHLl. YUUTHIBAas 3TO, MOXKHO IPEAIOI0KHUT, YTO TTOJKOPEHHOE
BBIP2)KCHHE B PEIICHHUAX OOBIKHOBEHHOTO KBaJpAaTHOTO YpPaBHEHHS IPEICTABISLET
060l Pa3HOCTh WITH CyMMy KBAJPaTOB IBYX umcen b’ = n’:

x15=[-b £ (b’ + n?)] 2a. (23)

A 9TO W ecTb NPOSBICHUE CKPHITOI CYIIHOCTH OOBIKHOBEHHOT'O KBaJPaTHOTO
ypaBHEHHsI, B KOTOPOM BMeCTO 4ac Boccranosien n° = V4ac. He ocTanaBimBasich
Ha aHamm3e (23), OTMEeTHM, 9YTO /Ui TONyYeHHs, B pe3yjibTaTe pPEIIeHHUS,
B3aUMOOOpATHBIX 30JIOTHIX YHCEN WIM YWCEI C MaHTUCCaMH B HCXOJHOM
ypaBHeHuH (1) ZOIHKHO OBIT:

— 1ubo oTnenbHbIe, MO0 BCe @, b, U ¢ KBaJpaTHOTO YPaBHEHWS, 30JI0ThIE
yrcna (PUTMHKA YUCIIOBBIX PSIJIOB);

— mu60 a = 1, —b, — mo6oe uucio, a ¢ =—1. B uactHoctu pesymprar (1 + \5)2
nonydaerci i3 (1) unpub=2,an=1l,unpub=1,an=2;

— 100 TPOM3BEACHHE a Ha ¢ paBHs’ETCA emuHuIe: a - ¢ = 1 (T.e. a u ¢
B3aHMOOOpaTHEIC YHCTIA).

OTMeTnM, 9TO YHCIIOBBIC BEIMYUHBI C MAHTHCCAMH TOTyYaroTcs B (23) mpu n
=1,2,3, ..., IpH 3TOM, 30JI0TBIE YHCIIa TTOIYJalOTCs B TOM Cllydae, Korjaa cymma (b2
+ n’) pasnaraercst Ha KBampaTHOe umcno u II°. Hanmpumep: V(1 + 4) =15, D10
MPOM3BEJICHUE U 00YyCIIOBIMBACT MOSIBICHUE B3aUMOOOPATHBIX 30JI0THIX YHCEIL:

X =[4£N(16+4)]2 = (4 £45)2,

x; =4,236; x, =—0,236.

Bce ocmanvuvie uucna, nonyuennvie usz pewtenus ypasnenus (1), omoobpaoicas
MYy UIU UHYIO YUCTOBYIO 2APMOHUIO, HPAMO20 OTMHOUWEHUS K 30]10MOMY MHOICECTNEY
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He uMelom, NOCKONbKY He COOMEEmCHmEYIOm KpUmepusM peKyppeHmHOCHU Ul
COOMHOWEHUIO KBAOPAMA YUCILA C 30]I0MBIMU YUCTAMU.

IIpuBenem mpumep MOJIy4YEHHs YHUCEN C MAHTHUCCAMHU NPH HUCHOJIB30BAHUU B
(18) B3anM0OOOpaTHBIX 30JI0THIX YUCET

I1=(0,618x + 1,618)°.

Bapeupys uncnamu npu /7 = 0, MO’KHO HOTY4HTh /1Ba BapUAHTA ypaBHEHUI:

0,382x” +2x + 2,618 =0, (24)

2,618x +2x+0,382 =0,

Y PEIINTH HX.

x =[2+V(4-42,6180,382)}2:2,618 =—0,382.

x;=[-2+ V(4 —40,382-2,618)}2:0,382 =—2,618.

Wrak, umest B KBaZipaTHOM YPaBHEHUH B3aMMOOOpPATHBIE 30JI0ThIC YHCIa U 2
IIPU HEM3BECTHOM, B PE3yJbTATE IOJIyYacM HE [[Ba PEIICHHS, a OJHO CO 3HAKOM
MHHYC, — 30JI0TO€ YHCIIO, TO, KOTOPOE B ypPaBHEHHHU ObLJIO CBOOOTHBIM YJICHOM.

B nocrnennue roapl ypaBHEHHS, peIIeHHE KOTOPBIX COMPOBOXKAAIOCH IOIyYe-
HHEM B3aMMOOOPATHBIX YHCEJ M YHCENl C MaHTHCCaMH, ObUIN TTosTydeHsl 1. YoTToM
[4], B. Wnunanens [12], A. Tartapenko [13] u nOpyrumMu uccleqoBaTEIsIMU.
UccnenoBatemn, kpome JI. VYorra, HCXOMWIM U3 KBaApaTHBIX YpaBHEHWH,
conepxkamux a = 1, —-b u ¢ =—1, tuna (1):

¥ —bx—1=0, (25)
cX0XuMHu ¢ (21) u pu 3HaYeHnsAX b = -2, -3, —4,...

X —2x—1=0,

MOJTydaeMm:

x; = [2V(@4+4)] 2 = 2+V8) 2 =2,41421...; x,=-0,41421...

VYpasuenue (25) B. Illnuuanens Ha3pIBaeT «cepeOpSHBIM ypaBHEHHEM». 3a
HUM, IpH b = — 3 cienyeT «OpOH30BOE ypPaBHEHHE):

X' =3x-1=0,

pelIeHre, KOTOPOro NaeT CIeAyIOIUe 3HAUCHHUS X 5.

x;;=3,302775...; x,=-0,302775... uT.0.

Hanee (25) Heckompko Bugou3MeHsercs: b =—1,ac=-2;-3; ...:

¥—x-c=0 (26)

U CIEIYIOT «MeIHas» «HHUKEJeBas» U APYrue «METAUIMYECKUE MPOHOPIIHI).
[Tpu sTOM Hcnonp3yemMele ypaBHEHHUS (25)-(26) — ynpouieHHbIe BapraHTHI (14).

U3 (25)-(26) momydaroT B3auMOOOpaTHBIC YHCIa, TTOMYHHSIONINECCS HHBaPH-
aHTHOCTH: 1 — l/m = m. VIMeer MecTo Kak Obl HEKOTOpAash aHAJOTHUSI C 30JI0TOM
WHBaPUAHTHOCTHIO:

D - 1/D=m. 27

Ho 3o0no0tas HWHBAPUAHTHOCTb HC OIpaHUYMUBACTCA OAHHUM JIMIb BBIYUTAHUEM
JUI TIOJy4YeHHs LEJoro 4Yuciia M, Kak ObUl0 OTMeueHo Bbille, uucia Jlroka
MOSIBJISIIOTCSI C TPUMEHEHHEM, KaK BBIYUTAHHS, TAK M CIIOKCHUS, TOra KaK [eNble
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m gucna B. IllnnHamens NOSBISAIOTCA TONBKO B Mporiecce BEAuTanusA. K Tomy ke,
HAJIMYHE B3aMMOOOPATHBIX YHCEN C OJWHAKOBHIMH MAaHTHUCCAMH HE SIBISCTCS
JIOKa3aTeIbCTBOM MX MPHUHAJIEKHOCTH K 30J0ThIM YHMCIIaM, OCKOJIbKY CTPYKTYypa
00pa3oBaHHBIX UMHU PSAJIOB TEOMETPUUYECKON MPOrPECCUU HE MOBTOPSET CABOCHHON
CTPYKTYpHl YHCEeN 30JIOTHIX Mporpeccuii, XOTS HEKOTOphle M3 MOIydaeMbIX
B3auMooOpaTtHeIXx uucen B. IllnmHamens, kak ObUIO MOKAa3aHO BHIIMIE, MOTYT
OKa3aThCs 30JIOTHIMH.

30J10TO PYCCKUX MATPUII

Wzyuast pa3MHOKEHHE KPOJIMKOB, NTAIBIHCKMIA MaTeMaTuk Jleonapno [Tuzano
(o mpo3Bunyy dubonauyun) ¢ yJaUBICHUEM OOHAPYXKHJ, YTO OH IPOUCXOJHUT HE
XaOTHYHBIM 00pa3oM. OH cO3/1aeT YAWBUTENBHBIA IOPSIOK YHCEN, II0CIEI0Ba-
TEJIFHOE CJI0KEHHE KOTOPBIX (HAuMHAasl C JIBYX HAMMEHBIIMX YHCENT HaTypalbHOTO
psna 1 m 1, w1 u 2) BeIBoANT 00pa30BaBIIyIOCS OECKOHEUHYIO MOCIIEA0BATENb-
HOCTh Ha TaKOE€ OTHOILLIEHUE JIBYX COCEIHHUX YHCEN, KOTOPOE CTPEMUTCS K 30JI0TOMY
grcay @ W TeM OJmKe, YeM 3TO OTHOIICHHE Jayibline oT Havana pspga [14]. T.e.
COOTBETCTBYET PEKYPPEHTHOMY cooTHoLIeHH0. [IpiBenem Havaso psja 1:

Pan 1.
1121314 (5(6|7|8|9|10 (11 |...] 18 19 20 21

1123 ]5]8[13]21]34|55| 89 |144|...|4181] 6765 | 10946 |17711

Tenepp MOCMOTPUM, YTO MNPOHMCXOTUT C JIOOBIMH JBYMS CIIy4alHBIMH
YHCIaMHU «IIOCTPOSHHBIMU» B Psill, AHAIOTHYHBIA psimy DPuOOHAU4H, HAIpUMep, C
yucioM 7 1 guciom 16 (psx 2):

Psan 2.
1 2 3 4 5 6 7 | 8 9 | 10| 11
7 16 23 39 62 101]163|264|427|691 [1118...

19 20 21 22

... |52523] 84984 | 137507 | 222491 | ...
IIpoBepuM COOTBETCTBHE MOCIEAOBATENBHOCTH YHCEN pAga 2 IpaBUILY
nponopruonupoBanust @dubonauyuun. J[lemuM, HampuMep, JecATOe YHCIO Ha
OJIMHHAJIIATOE, a IOTOM OJMHHAALATOE Ha JECATOE:
691 :1118=0,6180679,
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1118 : 691 =1,6179450,

W IBaJIIIaTh TIEPBOC HA JBA/ILIATOC:

137507 : 84984 = 1,618033983,

MOJIy4aeM pPEe3yJIbTaThl MOJIHOCTHIO aHAJOTMYHBIC TEM, KOTOPBIC CIEAYIOT M3
MocJeI0BaTeNbHOCTH psaoB @ubonauun u JIroka.

A 3T0, KaK ye yIIOMHHAJIOCh, 03HAYAET, YTO psidvl muna Pubonavuuu u Jlhoka
NOABAIOMCA He MOAbKO HPU UCNONb308AHUU NEPBbIX mpex yucel HAMmypaibHO2O0
pA0a, HO U NpU NOCLE008AMENbHOM CHONCEHUU O08YX JHOObIX aApUpMemueckKux
BENIUYUH.

Ommemum 0OCHOBHbIE MOMEHMbL C8OUCE Psi006 DuboHayyu:

— Ilonyuenue 30n0mozo uucia @ memooom Qubdbonayyu — Jloka ne ozpanuyu-
8aemcsa clodceHuem 08yX MUHUMANbHBIX ducen 1 u 2, a pacnpocmpausemcs Ha
J06YI0 napy eeuecmeeHHbIX Yucel.

— 3onomoe yucino @ ¢ MOUHOCMBIO 00 4emEepmo20 3HAKA GKIIOUUMENLHO 60
8Cex CIyyasx NOAYHAemcsi U3 COOMMOULEHUs. O8YX COCEOHUX yucen pada yice Hd
oounnaoyamou  onepayuu  cirodxcenus. Koauuecmeo onepayuii - crodcenus,
Heo0X00UMbIX OJiA NPUOTUNCEHUS K 30]I0MOMY YUCTY, He Onpeoenaemcs 8eluduHouU
caazaemblx yucei.

— TIlocneoosamenvrnocms npudaudicenus kK @ udem Kaxk ceepxy 6Hu3 (pe3yiv-
mam nepeoco Oenenusi npegviuiaem @), max u cHuzy 8eepx (pe3yibmam nepeozo
Oenenusn menvute D), Ho, HUKO20A He cmanosumcs pasuvim D, npubnudxicascyL K
HeMy Ha OECKOHEYHO MALYIO GeNUYUNY.

— Ecau uzeecmno nuub 00HO crazaemoe 4ucio paod, mo UmMeemcs 803MoHiC-
HOCMb NOIYYeHUs 8ce20 NompebHO20 ONA onepayuil pada u mem moyHee, dem
danee OHO HaxoOumcsa om Havana paoa. Yucna «nomuamy o ceoem mecme 8 psioy.

—  Bascneiimuum o6cmoamenscmeom, cnocoocmeyrouiem HOHUMAHUIO
duzuueckozo cmuicna 3010moll nPONOPYUU, CIMAHOBUMCA HATTUYUE 08YX NEPBBIX
cnazaemoix. MoxcHo nonazame, Ymo 3mu YUCIA MAMEMAMUYECKU OMOOPaAi ca-
10m KauecmeeHHble U KOIUYeCmEeHHble 63AUMOCEA3U PEAbHBIX Mel RPUPOObI.

IIponomxum paccmoTpenue psga OuboHaYUN, HAIPUMEDP, C BOCEMHAALIATOTO
Yuclia W TOMpoOyeM IMOHATh, K YeMy CTPEMATCS MOJydaeMble WICHBI psfa.
3anoiaHuMm psig 3-il.

Psin 3.

18 | 19 | 20 21 22 23 24 25 26 27 28

4181 [6765|10946|17711|28657|46368]75025|121393| 196418 |317811 | 514429
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PaznennM Bce WiICHBI TPETHETO P Ha KAKOE-TO YHCIIO U3 HUX, HAIIPUMED, Ha
nmBaanath martoe — 121393 u momydeHHBIN pe3ybTaT 3alrIlieM B YeTBEPTHIN PAI.
Pan 4.

18 19 20 21 22 23 24 25 26 27 28

0,03410,0557/0,09020,146|0,236]0,382]0,61803|1,000|1,61803[2,6180/4,2360

[Momyuaercs, uto unenst psoa Qudbonauyu, Hauunas npumepHo ¢ 12 crazaemo-
20, 06paszyiom cobOU 2eoMEMPUYECKYI0O NPOSPEcCUl0, OCHOBAHUEM KOMOPOU
a6nsemcst 3010moe yucio D, YMHONCEHHOe, KAK Yoice 2080PUNOCh, HA HEKOMOpbLil
KO3(hpuyuenm, KOTOPBIM MOXKET OKa3aThesA Jr00oe Yucio (ciaraemoe) psiaa
(mammprmep, mBaanathk nepsoe 17711 wmm nBannats msaroe 121393 B psany 3 u T.1.).
B pesynbrare nenenust wieHoB psina 3 Ha 121393 o6pa3oBaiicst 30J0TOH psi YUCENT
aHaJOTUYHBIN psny (3).

Takum o6paszom, psiibl THa PrOOHAYYH, UMEsI HAYAJIOM KaK Obl «CITydaifHbIe)
YHCJIOBBIE BEJIMYMHBI HA OOUHHAOYAMOU ONepayul  CRONCEHUs. HAYUHAIOM
«UBMEHSNDbY CBOEMY APUPDMEMUUECKOMY KA4ecmsy, Nepesoos e2o u3 apugpmemu-
uecKko20 8 kavecmao 2eomempudeckoe. Takum oopazom:

—  Kaoicoouii pso @ubonayuu, nocied08amenvbHo 803pACmas, MeHsem ceoe
KAuecmeo U «8blpodcOAemcsLy 8 2e0Mempuieckyio npospeccuio.

— Bce padvl ceomempuueckoii npocpeccuu Hesi8HO GKIIOHAIOM 30J10MO0€ YUCTIO
@ u becKoHeuHbl U 6 CMOPOHY 803PACMAHUSL, U 8 CHOPOHY YObI8ANUSL.

Heckonmpko mozxe Apyrod yd4eHsld, ¢paniry3ckuidi matemaTuk b. I[lackansb,
u3yyas MOpOLECC JACICHHUs KISTKU, OOHAPYXHJ, YTO OH MHPOUCXOJUT IyTeM
pa3BOEHHMsS MAaTEPHHCKOW KIIETKH, M KaxJaas oOpa3oBaBIIasics MOCIEAyIOMIast
KJIETKAa TOXE JeNUTCS IIoMojlaM, Kak OBl CTPYKTypHpYs T'€OMETPHUYECKYIO
nporpeccuto. B cumMMeTpuuHOM ke mocTpoeHuH nudp crojlbloM ApYyr Mo
JIPYTOM, TPOSIBISETCS YTO-TO MOJO0OHOE TpeyroiabHuky: 1; 2; 4; 8; 16; ... u 1.1
[Mpouecc monyveHHs Te€OMETPUYECKON MPOrPECCHH CO 3HAMEHATeJIeM JBa ObuI
Ha3BaH «TpeyroibHUKOM [Tackassy.

WHTepecHO TO, Y4TO aHAJIOTMYHBIM 00pa3oM IOJYyYaroTCsl M3 MOJHBIX LENBIX
MEHBIINE 3JIEMEHTHI JIPEBHEPYCCKUX CON3MEPHUTENBHBIX HHCTPYMEHTOB — Ca)KCHEH.
CaxeHb, IOJICRKEHH, YETBEPTh CAXXKEHH — JIOKOTb, BOCbMas 4acTb — IIs[b,
IIECTHA/ALIATAs YACTh — MSACTh, TPU/IATH BTOPAst — BEPILIOK.

Apxutektop A.A. Iluneukuit [9], ucmonp30Bal CHCTEMY yABOCHHS, Pa3IBOEC-
HUSI PYCCKHX CaKeHEH JJIsi TMOCTPOCHUS HECKOJIbKMX B3aUMOCBSI3aHHBIX PSIIOB
®uboHayun. OH CABOMI psiji HOCIENIOBATENBHO CIAaraeMbIX YHCEN, W3MEHUB €ro
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Ka4eCTBO, M TOJyYHJI yXKE HE OJUH Psfl, a KAK MUHHUMYM J[Ba B3aUMOCBSI3aHHBIX

psiiia 4duces, KOTopbie oOpazoBanu Tabnuiy. U, mo-BUIMMOMY, énepevie, co30dl

bonee pazeumovlii apuanm O0BOUHO20 NPONOPYUOHUPOBAHUS, 00PA308A48 eOUH)IO

cucmemy uHucen U3 HeCKOMbKux ps0oe QDubonauuu.

OuboHayun, CBS3aHHBIE B CHCTEMY,

[Toctpoum Tabnuity 1 mo ero mMeToxy.
Ta6muma 1.

[TosToMy psinel THna
MOXHO Ha3BaTh psgamu [lunenxoro.

1 2 3 4 5 6 7 8 9 10
8 16 24 40 4 104 168 272 1440 |712
4 8 12 20 B2 |52 84 136 220 356
2 4 6 10 16 |26 42 68 110 (178
1 2 3 5 8 |13 21 34 55 89
0,5 1 L5 12,5 |4 |65 105 |17 P75 P25
25 10,5 0,75 1,25 |2 B)25 p25 |85 (3,25 12,25

B aroii Tabnuue tpetuil cHu3y ps uncen — OuboHauun (OTMEUESH OIYKHP-
HBIM mpUQTOM). BCe ueHBl YHCIIOBOTO MO MOMYYalOTCs IO PsijiaM IOCiIea0Ba-
TENILHBIM CJI0KEHHEM JIByX COCEIHUX YHCell, T.€. MeToioM PHOoHaY4H, a CTONOLEI
— YJIBOGHUEM KaXKJO0TO HHUXKHEro uyucina, T.e. MmetogoM [lackans: 1; 2; 4; 8; 16; 32;
64; ... umm, 2", rae 2 aBisercd 3HaMmenarenem, an = 1; 2; 3; ...; — o,

“BpIpexeM” 4acTb 1oJisl TaOJMIbI 1, HauMHAs, HAIIPUMEp C ABALATH IIEPBOTO
YHUClia ¥ PACCMOTPHM, KaKUMHU K03 (UIIeHTaMH (YHCIaMA 30JI0TBIX MPOTIOPIINEA)
M KaK CBSI3BIBAIOTCS YHCIa 3TOTO MmoJs (Tadiuma 2).

Ta6muma 2
21 22 23 24 25
70844 114628 185472 300100 485572
35422 57314 92736 150050 242786
17711 28657 46368 75025 121393
8855.5 14328,5 23184 37512,5 60696,5
442775 716425 11592 18756,25 30348,75

i gero pasmenuM Bce YICHBI YHCIOBOTO IO TaONHIEI 2 Ha JII000e YHCIo,
HanpuMep, Ha 46368 (B Tabiuile 2 BBIIEICHO MOJYXKUPHBIM LIpHU(TOM) WU,
3aI0JIHAM aHAIIOTHYHYIO TabJHIe 2 CETKY MOJYYMBUIMMHCS YUCIAMH C TOYHOCTHIO
JIO MATOTO 3HAKa.

Obpasosaswascs ananocusi mabauye 2 npuobpemaem Heu3gecmuvle 6
mMamemamuxe ceocmea 3010mou oovemnou mampuyst (Matpuna 1). ITockonbky
npu ee (OPMUPOBAHUHU HCIONB30BAJICS JPEBHEPYCCKUII METOA pPa3IBOCHHE —
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YIBOGHHUE CAXEHEH, TO Kiacc 06pazoeasuiuxcs mampuy u Obll HA36aH «PYCCKUE
mampuybly. VX OoTIHYMe OT CTaHAAPTHBIX MATPHUIl B TOM, 4TO (OPMHPOBaHHE
YHCIIOBOTO TI0JISl HAUMHAETCsl ¢ 0a3uCHOM | M MPOJ0IDKaeTCsl BO BCEX HAIpaBJICHH-
ax. T.e cmpykmypa ecex pycckux mampuy obraoaem yewmpom. Matpuna 1 —
(parMeHT YKHCIOBOTO TIOJISI, OTHOCSIIIETOCS K KJIACCy PYCCKUX MATPHIL, ONIUCAHHBIX
B [8,10]. OT0 GeckoHEUHass BO BCEX HANpaBICHHUSX 0ObEMHAs 30JI0Tas MATPHIIA, Y
KOTOPO# YIIeHBI CpemHEHl CTPOKH MOBTOPSIFOT TPEYECKHH DA 30JI0THIX YHCEN,
0a3ucHBIN cTONOCI 00pa3yloT Iiebie YeTHBIC yucia [lackans, a ocTaabHBIC YUCIia
TOJIS IPOTIOPIIMOHATBHEI 30JI0THIM YUCIIaM, i TAPMOHUYECKU B3aHMOCBS3aHBI.

Kiacc pycckux Marpull eJUHCTBEHHBIH M3 YHClIAa MATpPHI, B KOTOPOM [Ba
JFOOBIX YMCIA MO0 TOPU30HTAIH WM AUATOHAIN HPH MOCIEA0BATEIEHOM CIIOKCHHN
WM CIOXKCHHH 4Yepe3 HHTEpBal O00pa3yloT TpeThe. Marpuubsl obnanaroT
0COOCHHOCTSIMH, OTCYTCTBYIOIIMMH Y JAPYTMX MATpPHIl, HO TJaBHOE — OHH
0a3upyIOTCs Ha 30JI0THIX MPOMOPLHsIX. Marpuiia 1, HanpuMmep, UMeeT CICAYIOLIHe
30JI0ThIe 3HaMeHaTeNH (KO PHUIIUECHTHI) B3aUMOCBSI3H:

Martpuna 1.
21 22 23 24 25
1,5279 2,4721 4 6,4721 10,472
0,76393 1,2361 2 3,2361 5,2361
0,38197 0,61803 1 1,61803 2,61803
0,19098 0,30902 0,5 0,80902 1,3090
0,09549 0,15451 0,25 0,40451 0,65451

ITo cronbuam — 2,

ITo cTpokam @ = 1,618,

[o nuaronanu cieBa HanpaBo cHU3y BBepx 2@ = 1,618- 2 = 3,236,

ITo muaronanwu creBa HarpaBo cBepxXy BHH3 2/@ = 2/1,618 = 1,236.

Taxum obpazom:

— Ipumenenue 2eomempuueckoti npoepeccuu Ilackans k psioam @ubonauuu
obycrosnugaem nosgieHue ps0og-mabdauy Iluneyxozo ¢ 63auUMOCEA3aHHBIMU NO
6cemy noJO YUCTIOBbLIMU 3HAYCHUSIMU.

— leomempuueckue npocpeccuu psioos Iluneyrxoeo npu oerenuu 6cex uucen ux
NoJst HA OOHO U3 HUX 00pa3yiom 3010mole 00beMHble Mampuybl.

— Yucnogoe none pycckux mampuy co30dem GblCULyl0 apupdmMemuiecKkyio u
CMENeHHYI0 KOMOUHAMOPUKY KAK OMOOPaAdNCeHUe 2apMOHUU NPUPOOHBIX NPOYECCO8,
BIPAINCCHHYIO 8 MAMEMAMUUECKOU popme.

MeToz CiIOKEHHS JIOOBIX CIBOEHHBIX BELIECTBEHHBIX YHCEN IIMIEIKOro
00yCIIOBIUBAET OBICTPOE MOJTYUEHHE JIF000r0 BapUaHTa 30JI0ThIX PYCCKUX MATPHIL.

OTMeTHM, 4TO MATPHIILI MOTYT 00OPa30BBIBATHCS HAOOPOM PSIOB IO 3HAMEHA-
TENII0 OJJHOTO U3 B3aUMOOOpaTHBIX umcen. Ho 30J0ThIMH PYCCKUMH MaTpHIIAMH
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CTaHOBSATCSI TOJILKO T€ MATPUIIBI, B KOTOPBIX XOTs OBl OJHY M3 TPEX KJIETOK LICHTpPa
3aarMaioT @ wim Y. lleHTp MaTpHIBl CO3JAIOT TPU YHUCIA, 00Pa3yIOMHUX COOOI0
KOH(UTypanuio TpeyrojbHuKa. [IpuBeneM 3amuch (OpMOOOpa3yIOIMX LEHTPOB
YHUCIIOBBIX MoJIelt AByX Matpull 1' u 2' ¢ AMaroHaJbHBIM PacIoyIOKEHHEM 30JI0TOTO
psna:

HenTp marpuist 1' entp marpuist 2'
1,414 1,272 2
1 1 1,618

I{enTpoM 00BEMHOI MaTpHIlbl CTaHOBHUTCSA OasucHas 1 (equHMIIA), KOTOpas
MOXET OKa3aThCsl EIUHCTBEHHBIM IIEJBIM YWCIOM B MaTpHIe J1Io0oro obOnema.
CTpyKTypy 30JI0TOH MaTpHIIBl COCTaBIISIET JBOMHAS KPECTOBAas IOCIIEIOBATEIb-
HOCTH 3aIlUCH YHCEJl, IPH KOTOPOH B IIEHTPE MATPHUIIBI HaxoauTcs OasucHas 1,
MOCTPOYHO IM(PHI TOPU3OHTATIBHOTO PsiZia, a MEPIEHINKYISIPHO €My BEPTHKAIb-
HeId (0a3suCHBIN) pan, (QOPMHUPYIOMIMH YHCIOBOE IIOJIE MATPHIBI, KOTOPBIHA
HAYMHAETCS C PAMOHAIBHOIO WM MppannoHaIbHOTo uucia. [lo nuaroHamm gepes
1 cHm3y BBepxX ciieBa HANpaBO — AWATOHANBHBIN psill, HAUMHAIOMHWICS MO0 ¢
30/10TOr0 yncia @ gubo ¢ @ B crenenu, aubo co crenenn ot P. Yucnosoe 1moie
MaTpHIBl PaclpocTpaHsIeTcsl B OECKOHEYHOCTh BO BCeX HampasieHUsX. Ilmockyro
MaTpuIry GOpMHUPYIOT TpH Yrcia (00BEMHYIO — YETHIpe):

basucnas 1, ececoa Haxooawjascs 6 yewmpe Mampuybl U HAIU4ecmeyem 6o
ecex mampuyax, unozoa 6 eupmyaivHom euode (7). BupTyanbHas enuHHIA
CTaHOBUTCS UCTUHHOM MPH JIEJICHUH BCETO TIOJISI YMCEI MaTPHILIBI Ha JII000E U3 HUX,

3010moe yucio, ciedyouee no ouazonanu om 1, kax 6 éuoe @, mak u @ @ e2o
cmeneHu unu 6 CmeneHu Om Hezo;

payuonanvroe uau uppayuonaishoe yucio nao 1 (kpome @).

[IpuBenem ¢parmeHT pycckoit MaTpuIsl 2 B KOTOpoi @ 1O TMaroHaiu:

Marpuua 2

+5 9,609 8,643 7,774 6,992 6,289 5,567 5,088 4,576 4,116 3,702 3,330

+4 6,795 6,111 5,497 4,944 4,447 4,000 3,598 3,236 2911 2,618 2,355

+3 4,804 4,31 3,887 3,496 3,145 2,828 2,544 2,288 2,058 1,851 1,665

+2 3,397 3,056 2,748 2,472 2,224 2,000 1,799 1,618 1,455 1,309 1,177

+1 2,402 2,161 1,943 1,748 1,572 1,414 1,272 1,144 1,029 0,925 0,832

0 1,699 1,528 1,374 1,236 1,112 1,000 0,899 0,809 0,727 0,654 0,588

-1 1,201 1,080 0,972 0,874 0,786 0,707 0,636 0,572 0,514 0,463 0,416

-2 0,849 0,769 0,687 0,618 0,535 0,500 0,449 0,404 0,364 0,327 0,294

-3 0,601 0,540 0,487 0,437 0,399 0,354 0,318 0,286 0,257 0,231 0,208

-4 0425 0,382 0,344 0,309 0,278 0,250 0,225 0,202 0,182 0,164 0,147

-5 0,300 0,270 0,243 0,218 0,196 0,177 0,159 0,143 0,129 0,116 0,104

-5 -4 -3 ) -1 0 +1 +2 +3 +4 +5

Marpuna 2, Kak ¥ JIpyrde pycCKHe MaTpHIIbl, UMEEeT OOBEMHYIO CIIOUCTYIO
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crpykrypy. Tak, uncna nons 1,414..., 1,272..., 1,144... 1 T.1. 3a1I0JHSIOT HE TOJIBKO
KJIETKH BEPTHKAJIBHOW, BHANMON HAMH IUIOCKOCTH, HO M KIETKH IUIOCKOCTEH,
KOTOpBIE CYIIECTBYIOT 3a HEll M He HaOIr0aeMbl. 3a TaHHBIMH YHCIaMHU HAXOJATCS
TIPOTIOPIIMOHANBEHBIE UM YHCIIa APYTOTO CIOS-TUIOCKOCTH, €IIle AAJbIIe — TPEThEro,
U Tak jayiee B 0ECKOHEYHOCTb.

Ilepen HUMH, T.e. B Hally CTOPOHY, BHPTYalbHO, HPOJOIDKAETCS TAKOE XKE
OecKOHEYHOE TM0JIE B3aUMOCBS3aHHBIX M IIPH 3TOM TaKXE CBS3aHHBIX C YHCIAMHU
IUTOCKOCTH MaTpHIBI 2, CIIOW YHCIOBBIX IUTIOCKOCTEH. VX MOXXHO NpEncTaBUTh H
MO-/IpyTOMy, TIpOBeAs depe3 Oa3ucHyio 1 u Ipyrue 4mcna TOpH30HTAIBHOTO Psiaa
TOPHU30HTAIBHYIO INIOCKOCTB-CIIOH. JTa MIIOCKOCTh OyaeT pasrpaduieHa TAKUMH XKe
KJIETKaMH, KaK ¥ BEPTHKAJIbHAs IUIOCKOCTh, M B KaXIOW ee KieTke Oyayt
HaXOJUTHCS YHCIIA, IPOIIOPIMOHANIBHBIE YNCIIaM BepTHKaIbHOTO ci1osi u @. To xe
caMoe IPOM30MJIET U C TOPH30HTAIBHON IUIOCKOCTBIO, MIPOBEJCHHON Yepe3 4Hcia
1,414, 1,272, 1,144 n 1.11.

B pesynpraTe KIETKHM Ka)kKAOTO Cosi 00BEMHOI MaTpuIipl Kak Obl 00pasyroT
eIMHUYHbIE KyOndeckne 00beMBbI-sIYeHKH, COJEeprKallie TI0 0JHOMY HppallOHaIb-
HOMY W PEIKO panuoOHaJIbHOMY dHchIy. M Bce umciaa OecKOHEYHOro oObeMa
MaTpHIBl OKa3bIBAIOTCS CBS3aHHBIMH MEXIy COOOH OIpeneseHHON YHCIOBOH
3aBUCHMOCTBIO, @, CIIEOBAaTENbHO, Oa3WCHAs EOWHHUNA SBISETCS HEBHIMMOW
(ckpBITOM) cocraBisiiomed Kakmoro umcna. Ecim  ¢opmannzoBate  Takyio
CTPYKTYPY, TO BO3HHMKAeT HEOOXOAMMOCTH OIMCAHUS MaTPHUIBI OTHOCHTEIHHO
LIEHTpa KaK TOYKH ee oTcyera. VIMEHHO OoT 0Ga3MCHOI eIMHUIbI, HaXosIeHcs Ha
nepecedeHNH HyseBoi cTpoku i = 0, HyseBoro crondua j = 0, 1 HyJIeBOro cios k =
0 gucnoBoe IoJIe pacrpocTpaHsIeTCsl BO BCeX HampaBleHUsX (cM. marpuimy 2). U
COKpalieHHast (popMa 3arncy MaTpHUIlbl IPHOOpeTaeT BHUI:

A= (),

roe i =-o0«...,-3,-2,-1,0,+1,+2, +3, ..., >0,

Jj=—0—...-3,-2,-1,0,+1,+2, 43, ..., >0,
k=—0—...,-3,-2,-1,0,+1,+2,+3, ..., -,

OTMeTHM OCHOBHBIE OCOOCHHOCTH CTPYKTYPBI PyCCKUX MaTpHII:

OCHOBY KadicOOU Mampuysl cocmaenaem bazucnas 1;

NIOCKOCMb COOCMBEHHOU CIMPYKMYPbl MAMPUYbL UMeem 080UHYI0 KPeCmos8yio
cucmemy pacnonoNHCeHus Hucei ¢ yeHmpom — oasucrou 1;

YUCI08ASL CMPYKMYPA MAMPUYbl 00beMHA U OECKOHeYHA 80 6CeX HaNpaGeHU-
ax;

6ce unenvl 000U HACMU YUCTI08020 NOJISL MAMPUYbl UHOUBUOYANbHBL, UPPA-
YUOHATILHYL, 83AUMOCEA3ANDL, HO KANCOOE YUCTO HE PABHO HUKAKOMY OPY20MY YUCTY
u no opyayro cmopony basucuot 1, 6cecoa umeem c60ti 0OpamHulil ananoe;

YUCI08AsE CMPYKIMYPA NIOCKOU MAMpuybl QopmMupyemcs mpoukou uucel, da
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00veMHOU Mampuybl — yemeepkou uucen. Koauuecmeennvle GenuyuHbl IMUX
yemuvlpex yucen n0360aem 00paz08bI6aAMsd OECUUCTEHHOE KOTUYECE0 MAMPUY co
CBOUCMBAMU 30JI0MbIX NPONOPYULL,

Kpecmosasi (hopma mexncoy cmoardyom u Cmpoxou mMampuysl 00ycioiusaem
B03MONCHOCHIb UCHONb308AMb UX KAK KOOPOUHAMHbIE CUCHEMbL OIS HAXOMCOEHUs!
Mecma 00020 HUCIA ee MHOJICeCm8 NO NOKA3amen0 CMeneHu CMmpoKu uiu
cmonbya;

0a3UCHBITL PO MOACEM HAYUHAMBCSL C 00020 YUCTA KAK PAYUOHATLHO20, MAK
U UPPAYUOHATLHO20, HO He MOJICemn HAUUHAMbCsL ¢ D.

Janee peub noieT 0 MaTpUliax Ha BEPTUKAIBHON MJIOCKOCTH.

Pycckas marpuia, Hanpumep, MaTpulia 2 — cucmema, gopmaibioe mamema-
muueckoe yenoe. OHa, KaK U BCE MaTPHUIIbl AaHAIOTHYHOM CTPYKTYphbI, Oasupyercs
Ha gucinoBoM psiae (3), (7). B menTpe matpuibt — 6a3ucHas 1, Ha KOTOPOii, ¢ moOoi
CTOPOHBI, 3aKaHYMBAETCSI OJJHO KaueCTBO YHCIOBOTO PsAla M HAYMHAETCS APYroe.
Bce beckoneunoe konuuecmeo uucen nons mampuysl Ce13aHO  8ceobuwyell
UHBAPUAHMHOU  3A6UCUMOCIbBIO,  COCMAGIAS  B3AUMOO0DYCNIOBIEHHOE  YUCTO080€
eouncmeo mampuywi. Ilepen Hamu Kak-Obl HEOOBATHO PACHUIMPEHHBIA BapHUaHT
C/IBOGHHOT'O 30JI0TOr0 psija, 00JIa/latolero HOBBIMU CBOMCTBaMHU. BOT HeKoTOphIe
U3 HUX.

Bce nocneoosamenvuvie mpoiiku OuazoHaibHbix yucen mampuyst 2 no8mopsi-
10M CBOUCMBO PYCCKO20 pAda «NAeCmu 2UPIAHOY» NOOOOHBIX MPey20IbHUKOG.

Ecnu 6 mampuye 2 6ce uucia xajicootl Kiemku 8038ecmu 6 Keaopam, mo
nonyuum mampuyy 3, 21asHas OUa2oHalb KOMOPOl CMPYKMYPUpOB8ana 2pedeckum
psoom.

Tom oice pesynomam Oocmueaemcsi U 8 MOM CAyyae, eCiu, HAYUHASL Om
basucnoil 1, u no copuzonmanu u no GepmMUKAIU 8blHepKUBAEM Yepes 00un cmoabey
cnou, HauyuHas ¢ yucna 1,272..., u yepe3 cmpoxy, Havunas c 1,414..., u ocmasuieecs
none Mampuybl «cnaauugaemy, cosueas ciou k 6azucnou 1 (mampuya 3). Ecnu oice
BLIUEPKUBAMD CNIOU U CIONIOYBL Yepe3 CIMPOKY, HAYUHASL C Kpecmogunbl basuchol 1,
U CnIOmumb 0Cmaguieecs nNoae MAmpuybl, mo HOLYUUM Mampuyy, 001a0aiouwyio
memu Jice C8OUCMBAMU, HO ¢ BUPMYAIbHOU 1.

Iocnedosamenvbnocnms OUALOHANLHBIX YUCEL MAMPUYbL 3 NOCAE CHAOYEHUS U3
mampuysl 2, «mepsiemy CHOCOOGHOCMb 00pA306bi6aAMb «2UPTAHObLY MPEY20TbHU-
K08, HO Yy HUX APKO NPOSGISIeMCsi 00CMAMOYHO CKpbimoe 8 Opyaux gopmax mampuy
Kauecmeo MAMPUYHOU «BA3U», 3AKTIOYAIOWeEecs 6 BO3MONCHOCMU NOIYYeHUs
apugmemuiecKumMu Memooamuy U3 OOHUX HUcel — OPY2UX, HAXOOAUUXCSL 8 MOM Jice
noze. To cBOe0Opa3Hast MAaTPUIHAS KOMOMHATOPHKA.
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Martpuua 3
3 3526 28,53 23,08 18,67 15,11 12,22 9,888 8,00 6,472 5,236 4,236
2 17,63 14,27 11,54 9,337 7,554 6,111 4,944 400 3,236 2,618 2,118
1 8,817 7,133 5,771 4,668 3,777 3,056 2,472 2,00 1,618 1,309 1,059
0 4,408 3,566 2,885 2,334 1,888 1,528 1,236 1,00 0,809 0,654 0,529
-1 2,204 1,783 1,443 1,167 0,944 0,764 0,618 0,50 0,404 0,327 0,264
-2 1,102 0,892 0,721 0,583 0,472 0,382 0,309 0,25 0,202 0,163 0,132
-3 0,551 0446 0361 0,292 0,236 0,191 0,154 0,125 0,101 0,082 0,066
-4 0,275 0,223 0,180 0,146 0,118 0,095 0,077 0,062 0.051 0,041 0,033
-5 0,138 0,111 0,090 0,073 0,059 0,048 0,039 0,031 0,025 0,020 0,016
-6 0,069 0,056 0,045 0,036 0,029 0,024 0,019 0,016 0,013 0,010 0,008
-7 0,034 0,028 0,022 0,018 0,014 0,012 0,010 0,007 0,006 0,005 0,004
-7 -6 -5 -4 -3 -2 -1 0 +1 +2 +3
[IpuBenem, WCHONB3ysSd UHCIOBBIE UICHBI TIIOJII MATPHIBl 3 HECKOJIBKO
MIPUMEPOB MATPUYHOH BSI3H, C YUCIIaMH, HAXOAAIINMUCS B 11oJie 6azucHoi 1 [8].
CkiapIBasi IO AWAroHallM BIIPaBO CHHU3Y BBEPX d.y.), d.;.;, U dgy TOIydaeM B
pe3yJbTaTe YncIIo, CTOAIICE B TAOIHUIE HAJl TOCICAHUM CIIaracMbIM d
apo +Cl_]_]ergg =dajp, 0,382+0,618+ 1=2.
bepem uucno a_;, ckinaapiBaeM €ro METOJOM E€AUHUIILI (JIBIYKEHUE M0 TOJII0
MAaTPHIIBI KaK ObI BEITIHCHIBACT CIUHHUILY ) C YUCIIOM dy4 ;. PE3yIbTaT CIIOXKEHUS dg):
azy+ ager = apo;
Hcnonb3zyem MeToj ABOMHOTO X0J1a «IIaXMAaTHOTO KOHSDY: YUCIO d_3.3 CKIIAbI-
BaeM C YHCJIOM d.;.; U TOJTy4aeM:
az T an = ap;
«IIlarm» MoryT OBITH U OOJIee «UIMHHBIMIY. HampuMep, BO3BMEM YHCIO d_g.4
Ha IIABHOM IMAaroHaM M YHCIIO d.;.3, CJOKHUM MX U HAXOJHUM:
st a3 = ap,
Umn, a 3na.;.;:
a3t agn = ap;
KonuuecTBo cnaraeMbIx MOXKET BO3pacTarh
asgtaz;tasstaz;tag;=agp
CTaHOBUTHCS (HPAKTATHHBIM:
aqstaszstany=ap;
WK 00pa30BBIBATH PA3IHMYHbIC KOMOMHAIIUH U3 YICHOB YHCIOBOTO TMOJIS:
agsstasstayytay;+as;=ap AT
AHAJNOTUYHO OCYIICCTBISIIOTCS W JIDYTHE MAaTeMaTHYeCKHE OICpaIlvy.
[IpuBenem HECKOIBKO MPUMEPOB:
(a.2-9)(as2.4) = ap.s,
(az-6)Aa+2.2) = ap.q,
(a_1_2)2'(\/a_2_4) =a.3¢s UTI.
3anuiieM ypaBHEHHE UCIIOJB3Ys, HAIPUMED, MaTPHUILY 2:
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(0-1-1)2 = (a+1+1)2 - (0-2-3)2 - (0-2-2)2 - (0-4-4)2 (28)

3anepxumMcs Ha HeM. Ecnu B (28) BMeCTO WICHOB a MOACTAaBUTH KOOPAWHATHI
X, ¥, z, @ § TO TOJYYHM YpaBHCHHE CTaTHYCCKOH T'COMETPHH, MPEIOKCHHOE
I'mnpbeprom n Kneiinowm:

P’ — - yz_ 2

MWUHKOBCKHMI WHTYUTHBHO HCIIONB30Bal 3TO YPaBHEHUC IS TOCTPOCHUS

HOBOWM TIEOMETpPHUH MyTeM BBEICHUS «YETBEPTOr0» H3MEpPEHHsT — BpPEMEHH I,
IPUPABHSB @’ = ¢’f’ W TOTYUHIL:

2_ 22 2 2 2

sT=ct-x" -y -2 29)

I'eomerpust ¢ ocHoBaHueM (29) Obla Ha3BaHA IICEBIOCBKIINI0BOI r€OMETpPH-
e, 1 yTBepauiIach B HayKe I10J1 Ha3BaHUEM «UeThIPEXMEPHBIH MUP MHHKOBCKOTOY.

Opnako ypaBHeHHE (29) HE SIBIIICTCS aHAJIOTOM ypaBHEHHUS (28), TIOCKOIBKY B
HEM 33 KOOPJWHATHOW WHAEKCAlMeHl MOTYT CKpBIBAaThCs JFOObIE KOMOMHAIIMM HE
CBSI3aHHBIX MEXIy c0o00H 0e3pa3sMEpPHOCTHBIX YHCEN KaK PAalMOHAIbHBIX, TaK U
uppanoHanbHelX. (Hanmpumep, kBaaparT mpou3BeneHHs BPEMEHH Ha CKOPOCTb
HUCKYyCCTBEHHO CBSI3aH C KBaJIpaTaMH KOOPAMHATHBIX Oced, KOTOphle Hpu
BO3BEJCHUU B KBaJgpaT M3MEHSIOT CBOE KAaueCTBO U B ajredpe KOOpIMHATHBIMU
OCSIMHU HE SBIAIOTCA.) A ypaBHeHHe (28) oOpasyercs TONBKO HPpPAlMOHAIBHBIMU
YUCIIAaMM PYCCKMX MAaTpHUIl M TOTOMY sBISeTCsS KBaHTOBaHHBIM. I[locnennee
00CTOSTENBCTBO CBUNETEIBLCTBYET O TOM, 4TO cmpykmypa (29) 6as3upyemcs na
cucmeme mampuy, 00pPA306AHHBIX 30J0MbLIMU HPONOPUUAMU, 6 KOMOPHIX
Ppasmepen-Hocmy 00yCc1061UEACHICA UHOUSUOYATbHOCHBIO HUCI06bIX 6E/IUHUH.
VYpasuenue (29) ocHOBa PENSATHBUCTCKOM TEOPHU TPaBUTALMH. MHOTOYHCIICHHBIE
TIOTIBITKM KBAHTOBAHMS TPAaBUTALOHHBIX YPAaBHEHMI OKa3aJINCh HA CETOHA
OesycnemHBIMH.  Mcnonv3oganue — pycckux — mampuy — Oas  opmanusayuu
MamemMamuyecko2o annapama 2pasumayuoHHbIX s61eHUll, obnezuaem peuleHue
amou 3adauu.

[Mponomkum. KonndecTBo nmpuMepoB BcexX ACHCTBUIT apU(PMETHKH C YICHAMH
MaTpHIBI MOXXHO MHOXHTbH 1 MHOXHTb. [IpaBuiia MX MCHOIB30BaHUS OTHOCSTCS KO
BCEM YHCJIaM MOJSI U B COBOKYITHOCTH CO CTENEHHBIMH YHCJIOBBIMH psiIaMU
00pasyioT MAmMpUUHYI0 «6:A3b», OXBATHIBAIOIIYIO YHCIIOBBIC IMOJS BCEX 30JOTHIX
Matpull. Mampuunaa 6136 ecmp cie0Cmeue 63aumMocea3u Kaxicoo2o riemeHma
YUCI06020 NONA C OpyzUMU IIEMEHMAMU, U OmMoodpajxrcaem ezo NPUHAONEdiC-
HOCMb K YUCTI060MY RONIO KAK K yenomy. IlapanienbHblil epeHOC ypaBHEHUH
MaTpUYHOM BS3W B JIIOOYIO 00JACTh YHCIOBOTO IOJISI HE M3MEHSIET UX CTPYKTYpY,
HO M3MEHSET KOJIWYECTBEHHYIO BEJIMYMHY YJICHOB HA CTENECHHOH KOI(QHIUEHT.
VmeHHO MaTpudHas «Bf3b» OOECHEUMBAET KOPPEKTHOCTh OMEPALUA MEXIY
30JIOTBIMH YHCIIAMH MTOJIEH 3TUX MATPHIL.

[TpuBeneHHbIe TPUMEPBHl MATPUYHOM «BS3M») IOKa3bIBAIOT B3aMMOCBS3b BCEX
YJIEHOB PYCCKMX MATpHUI] M KBAHTOBBIA XapakTep OMNepaiii, MpOU3BOJUMBIX C
HuMH. T.e 0TOOpaXkaroT KBAHTOBAHHOCTh PYCCKUX MATpPHIL.
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«3070Tas» pa3sMEpPEHHOCTD
(bU3UYECKUX BEIIMUUH

Konuuecmeennoe onucanue t])u3uuecmtx 63aUMOO0CIICMEUIL  803MOIHCHO
MmOJ/lIbKO nomomy, umo ece ¢yHKuu0HlIJleble ceoiicmea c[msuuecxux 00beKkmoe

ceazanvl Mexcoy cobou u oobpasyrom eounyrw cucmemy — MEJA0. B smoii
RPUPOOHOIL cucHieme 6ce CEOIICINEA UMMAHEHMHbL NO XapaKmepy 63aumooei-
cmeuit, n000OHbl, NPUCYUU 6CeM MeNaM, PAGHO3ZHAUHBL U He PA30eAl0mcsa Ha
dynoamenmansusie u npouszeoonsvie. OHu AOCONIOMHDL, AGNAIOMCA AMPUOYMA-
MU 6cex mei, KAUeCMEEHHO 63AUMOCEA3AHbl, KOIUYECMEEHHO U3MEHAEMbl, HO
MONIbKO 6 OnpedeneHHOll NPONOPUUN C OPYUMU CEOLICHEAMU, NPU UHOEKCHOM
OnUCAHUU 6cez0a UMEIOMm pA3ZMEPeHHOCIU U KAK MmaKoevle He MOZym
omcymcmeosamv 6 mene. Hu 00no ceolicmeo npuHyunuanbHo HUKoz20a He
ModKcem, no ceoeii Konuvecmeennoul eenuyune, ovimv paguvim 0. Pasencmeo
ceoticmea (0 pagHoO3HAUHO OMCYMCHMIGUIO MeNd, KOMOpPOMYy 3IMO CEO0UCHEO
"npunaonesxcum’’.

Bce decuucnennvie ceoiicmea, oopazyoujue mena, umerOm c6010 Koauiecn-
6EHHYI0 GETIUUUHY, GbIPAINCAEMYIO YUCTIOM UIU UHOEKCOM C pazmepennocmoio. U
Kaxcoasn eenuyuHa — ce0lcmeo, omooparcenue omoenbHo20 Kauecmaed, cé:A3and
KauecmeeHHo U KOAU4eCmEeHHO CO 6ceMu OCmAanvHvimu ceoticmeamu men. Ho
YucieHHble GeUYUHBL CEOUCME KaX}CO020 mend 6cez0d OMIAUUAIOMCA Om
YUCTIEHHBIX GeIUYUH AHATIOZUYHBIX C8OLICME 1106020 Opyzoz0 mena. Iloamomy
modcoecmeennvle mena HA 6ceX YPOGHAX 6 NPUPOOE OMCYHCHIGYIONL.
Kauecmeennvie sce 83aumoceasu ceoiicme ocmarwmcea o0uHaxosvimu. Hmenno
IMU 63AUMOCEA3U POPMATUZYIOMCA 6 eude Pu3uuecKux 3aKoH08, yHKyuil u
YPAGHeHUll, ONUCHIBAIOU{UX UHEAPUAHMHbIE COOMHOUIEHUA RPUPOOHBIX CUCHIEM.

ITockodBKY TENO eCTh CHCTEMa B3aUMOCBSI3aHHBIX CBOICTB, a 83aumooelicmaue
men OCyujecmenaemcs MoOAbKO NOCpPeOCmeoM CBOUCME, MO C843b  MeHCOY
CBOUCBAMU  MONCEM NOCAYHCUMb OCHOBOU Ol OnpedeieHuss KaieCmeeHHOU
3a6UCUMOCU MEANCOY UX NAPAMEMPAMU.

U ecnu MBI JOCTaTOYHO XOPOIIO YMEEM HAaXOAUTh KOJMUECTBEHHBIC BEJIMYMHBI
HEKOTOPBIX CBOMCTB, YaCTHYHO MOHMMATh MX B3aHMMOJCHCTBHE U IMOBEACHHE IMPH
W3MEHEHMH BO3/ICHCTBUII Ha Tella, TO KAueCTBEHHBIE CBS3M M 3aKOHBI 3THX
MIPOLIECCOB HaM IMOHSATHBI TAJIEKO HE JOCTaTO4YHO. MBI Jake HE 3HaeM, 3aKII0YaroT
71 B cebe KaueCTBEHHBIE CBA3M KaKHe-TH00 KOJIMYECTBEHHBIE BEMUUHBL. 1 XOTS B
(m3nKe CyImecTByeT aHaIW3 pa3MEpHOCTEH, TMPHU3BaHHBIA CIIOCOOCTBOBATH
oTpeNeeHnI0 (PYHKIIMOHATBHBIX CBSI3€H MOCPEICTBOM CpPaBHEHUS Pa3MEpPHOCTEH,
OH HE SBISCTCS YHHUBEPCATBHBIM METOAOM, II03BOJIIIONINM aBTOMATHICCKU
OTIpeNeNATh 3aBUCHUMOCTH MEXIy ¢u3ndeckumu BennmuuHamu. bomee Toro, ero
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INpUMEHeHHe TpeOyeT ydeTa pa3MepHBIX IIOCTOSHHBIX, BBIOOpa HOAXOIMICH
CHCTEMbl €IMHUI, 3a4acTyl0 HHTYUTHBHOIO IPOHUCXOXKICHHSA C IPUBIICYCHHEM
Pa3IUYUHbBIX JIOTIOJHHUTENBHBIX MPEANONoXKeHUH. Ocmaemesi Heu3BeCmHbiM, KaKue
JHce  NPUHYUNUATbHBIE — 3AKOHOMEPHOCMU — NPedonpeoeisiom  KadecmeeHHbvle
83aUMOCEA3U CEOUCNS.

Ecnu ucxomuth M3 NPENNONOKEHHs, YTO MOJCEm CYWecmeosams CUCmeMd
YUCTIOBBIX  KOIPDuyuenmos, 00yCI06IUBAIOWAS KAYECMBEHHYIO — 83AUMOCEA3b
cgolicme, mo 0ocmamoyHo HAWTH XOTs Obl OIMH U3 HUX, YTOOBI, OPUEHTUPYSICh Ha
HETO0, IOCTapaThCs BHISIBUTH BCIO CHCTEMY.

TlockonvKy Hanuuecmeyem 6ceobwas 63aumMocesnsb COUCME Ka#0020 meid,
MO U 6CAKOe UsMeHeHue 0b020 U3 e20 Napamempos OOJNCHO Bbl3bIEAMb
NPONOPYUOHATbHOE TUHEUHOe WU HeNUHelHOe USMEHEeHUe 8CeX OCMATbHbIX e20
ceoticmg. KonnuecTBeHHas: BEJIMYMHA 3TON IPOIOPLIMOHATIBHOCTH, HEU3BECTHO, HO
XOTsI ObI O/INH MapaMeTp U3MEHEHHUS] Mbl MOXKEM BBISIBUTh, HAIIPHUMED, TIOCPEICTBOM
CIIVSTHHSI IBYX OJIMHAKOBBIX TBepAbIX Teh [11]. IIponenaem Takyro omepariuio.

Bo3bMeM [Ba TNMHSHBIX IIapa pajnycoM 7, CIENHM W3 HHUX OJMH IIap
pamuycoMm R. Mcxons M3 MOHATHS TENO, MOXKHO MOJararbh, YTO C BO3pacTaHUEM
BEJIMYMHBI OJHOTO TapaMeTpa — o0beMa IIapa, MPOU30HAET MPOIOPIHOHATBHOE
(JrMHElHOE WM HEJIMHEHHOE) KOJMYECTBEHHOE HM3MEHEHHE M BCEX OCTAlIbHBIX
CBOICTB HOBOTO Teia — miapa. Hanbosee 3aMeTHYIO BENHMYHMHY NPU 9TOM HMeEET
W3MEHEHHE paguyca OT » 10 R MpU COXpaHCHUH:

4/37R =243,

OTKyJ1a:

R=r\2=1,259921... 7.

Yucno 1,259921 ecmov kosgpduyuenm obvemuou ceaznocmu, 3HAUU-

MOCMBb s3mozo ceoticmea. OHO onpeAenseT KONUIECTBEHHOE U3MEHEHUE painyca
r TpU BO3pacTaHWM oObeMa Iapa B 2 pasa, W, OJHOBPEMEHHO omoopaicaem
KAUeCmEeHHYI0 3a8UCUMOCIb Medcoy napamempom obvema u paduyca. Ecnn
ko3ppuyuenm k = 1,2599 ..— uucnennas eenuuuHa KauecmeeHHOU Xapakmepu-
CMUKU paouyca — C6A3HOCMb, ONpedeNsiiouds e20 Y4dcmue 6 C6a3ax ¢ Opyeumu
ceolicmeamuy meia, mo mo20d U OCMAlbHble COUCMEa meia 001adaiom MmaKumu
arce Koaghpuyuenmamu, v, 3Has k, MOXKHO MOTBITATHCS TI0 U3BECTHBHIM YPABHEHUSIM
OTPEJICTIUTh UX BEIUYUHY U JJISI JPYTHX CBOWCTB.

Hammumne omnoro xo3dduimenta cBA3HOCTH (3HAUUMOCTH), TPEOYyeT TaKoro
noj0opa YpaBHEHHWHl, B KOTOPBIX 3aJ€HCTBOBAHO MHHHMMAIIBHOE KOJIMYECTBO
napaMeTpoB, T.e. BXOJUT IMapameTp R, a HOBbIE Mapamerpbl A00aBISIOTCS, C
npuOaBieHUEeM YpaBHEHUH. Jlywwe 6ceco omeeuarom dmum  YCIOGUIM
uHGApUAHMHbIE YpasHeHus. B amux ypasHenusx ece napamempbvl C853aHbl MAK,
YUMo U3MEHeHUe 00HO20 U3 HUX 8bl3bl8Aen NPONOPYUOHATILHOE UBMEHEHUe OPY2020
(Opyeux) makum o00pa3oM, UYMO KOJIUHYECMBEHHAs GEeIUYUHA NPOU3BEOCHUs.
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ocmaemcsa const. Ilogxonut, HanpuMep, KEIIEPOBCKAasi CHCTEMa MHBAPHAHTOB U
nocrossaHas Ilmanka:

RV = const, (30)
R’g = const, (31)
R’# = const, (32)
mvR = const’, (33)

r7ie v — CKOpOCTh (Hampumep, opOuTaibHas); g — HalPsHKCHHOCTh TPaBUTAIIH-
OHHOTO TOJIS (YCKOPEHHEe CBOOOIHOTO ITafieHNs); ¢ — BpeMsl, 1 — Macca.

WNuBapuantHocts ypaBHeHuil (30) — (33) He H3MEHHTCS, €CIIM HX IPABYIO
4acTh MPUPaBHATH OasucHoi 1, (const = 1). Torma, 3Has k, MOKHO ONpEACIHUTH
3HaYMMOCTH OCTAJILHBIX MapaMeTpoB. Besne panee 3HaUUMOCTh — KOJIMYECTBEHHAS
XapaKTEepUCTUKA Pa3MEPHOCTH OINpPENENICHHOTO CBOWCTBAa. bynem o0003Hauyath
3HaYMMOCTb 3BE3/J0UKOI cIipaBa BBEpXy MHJeKca mapaMerpa. Hampumep, yncioBas
3HaYMMOCTh CBOMCTBa paccTosiHus R* = 1,259921 — Oe3pa3zMepHOCTHAs BEIMYHHA.

W3 ypaBuenns (30) HaxoIuM BEIHYUHY 3HAUUMOCTH v*;

R*v*¥ =1,

v* = I/NR* = 1/1,12246 = 0,890898... .

Haxoaum 1o (31) 3HaYMMOCTh HAINPSKEHHOCTH g *;

R¥g=1,

g*=1/R¥ = 1/1,5874... = 0,62996... .

W3 naBapuanra (32) onpeaenseM BENUINHY 3HAYMMOCTH BPEMEHH ¥

R¥/t¥ =1,

t*=\R* =1,41421.

A 1o naBapuanTy (33) BBISIBIIEM 3HAYUMOCTH Macchl m*:

m*vER* =],

m* = [1/v¥R*=1/1,12246 = 0,890898... .

[Nocnenyromue 3HAYMMOCTH IIOJNyYMM, HCIIONB3YS MHOTHE OTPabOTaHHbIC
YpaBHEHUsI Pa3MUyYHBIX pasfenoB GU3HKH. [ momydeHnst 3HaYMMOCTH CHIIBI F¥,
«IOCTOSTHHOI TAroTeHUus G ¥, sHeprun W* ucrnonbzyem QopMyITs:

F* o m*g*)

m*G* = const,
2

W* =mv*,

IoxcraBnsis B HUX HAaWICHHBIC paHEe 3HAYUMOCTH CBOWCTB, HAXOINM WX IJIS
cuitel F* = 0,56123... , «moctostHHOI TsaroTenns G* = 1,12246 ..., saeprun W* =
0,707106... DTIM METOAOM MOXXHO ITONYYUTHh 3HAYMMOCTH BCEX H3BECTHBIX Ha
ceromHs (U3MYECKHX IapaMeTpoB, obOecrednBas YHCICHHOE O0OOCHOBaHHE
KaueCTBCHHBIX B3aUMOCBS3€i CBOHCTB. Yucienuvie 6eiuduHbl Ka4eCmeeHHbIX
83aumMoceszell MHOU HA36aHbL  KOdDPuyuenmamu dusuueckol pasmepHocmu
(KOP).
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IockonbKy kadicooe ghuzuueckoe ypagnenue onucvigaem HeKOmMopylo Kavecm-
BEHHYIO 3A6UCUMOCTb 6XO0AWUX 8 Hee Napamempos, mo no ceoel CMpyKmype OHO
aensiemcs ungapuanmom. Tak, ypaBHEHHE I'PaBUTALIMOHHOTO MIPUTSHKEHUS TEN:

F = GMm/R’, (34)
MOXeET OBITh CIIEAYIOIUM 00pa30M 3alMcaHo B MHBapUaHTHOH (opme:
GMm/FR’ = 1. (33)
A cuna nputsbkenus Kynona:

F =¢’/R’. (36)
WNuBapuanTtHas hopmanmzarus (36):

FR/e’ = 1. (37)

Kcrarn no (37) moxuo omnpenennts KOP anexkrpona, KoTopslii Ham eiie He
W3BECTEH, OIPEAEIINM €ro:

e’* = F*R** (38)

Ioncrasnsem B (38) konmuecTBennyro BennunHy KOP F* u R*:

e=0,56123(1,2599)° = 0,94093.

Hmaxk, mbi ebiuiiu na cucmemy UHBApUAHMO8 ¢ 6a3UCHOU eOQuHUYell, KOMopast
enepguvle nosigunace 6 3onomvix npoepeccusix (3), (7). U ypauenus (30)—(33) no
CBOEW CTPYKType HHBapuaHTHbI. lIpomnopiuoHupoBaHre 3HaYUMOCTEH CBOWCTB
MOJTHOCTBIO ONPEJEIsIeTCs] YHCI0BbIMY BetnunHamMu KOP.

Taxum odpazom, uepe3 cOOmMHOUIEHUA UHBAPUAHINOE NPOUCXOOUM GIMOPOTL
KauyecmeeHHblil nepexoo (Ckauoxk) om anzedpvl K usuueckou «2eomempuuy.
Anzebpauueckue cumeonvl RPeoOPA3VIOMCA 8 OMOOPAdyCEeHUA OecuucieHHozo
Konuuyecmea (uzuueckux ceoicme U CIaHO8AMCA YUCTEHHOU XapaKmepucmu-
KOl Karc0020 ceolicmea mei — 3HaUuMoCmvplo O0AHHO20 C60ICMEa 6 CUCHeEMe.

Oma 3nauumocmv u evIparycaemcs uepes pPAIMEPEHHOCMb hu3uuecKux
eéenuyun. B uneapuanmuvix ypaguenuax yyce Hem HU apupmemuxu, Hu
anzebpvl, HU 2eomMempuu, U X0msa CUMEONUKA anzedpauyeckas u 6 Kakou-mo
CMmeneHu 2eomMempuiecKan OCmaemcsa, OHA Hecem Yyyce Opy2oll CMbICa,
HOCKONbKY C6A3GHA 6 YPAGHEHUAX He MAMEeMAMu4ecKkou, a UHEAPUAHMHOU
nozuxou u KoIghpuyuenmamu guszuueckoii pazmepennocmu. Korgppuyuenma-
MU, omoopasicarowumu 6cr0 NOIHONLY 63AUMOCEAZU DECUUCTEHHO20 KONUYECHEa
c60licE men, 63aUMOCEA3U, O00YCNO6IUCAIOUENl CYUecCmE08ane menl Kak
cucmem.

U noamomy e pycckoii (puzuueckoir) zeomempuu omcymcmeyom aKcuombol,
nocmynamel, meopemvl U OoKazamenvcmeda. mo oOpyzas, npPuUpoonHan
Mamemamuxa, omooparcarouias 2oMomemuio oegopmayuu 83aumooeicmeyio-
WUX ceouMuU CeOlicmeamu mei.
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Bozaukaer Bompoc? Kakme matematndeckne CTPYKTYpPHI COAEpKaT HaWICH-
Hble K03 durmeHTs! pu3nueckoit pasmMepHocTH?
Beimumem 1o Bocxojsmield Bce IOJMy4YEHHBIE BEIMYMHBI KO3()(HUINCHTOB
(u3HYECKOI pPasMEPHOCTH:
0,56123; 0,62996; 0,7071, 0,89089; 0,94093; 1,1225; 1,2599; 1,4142; 39)
[Momyunnu psin, oYeHb HAITOMHHAIOUIHA T€OMETPHUYECKYIO TPOTPECCHIO, YacTh
YUCceNl KOTOPOH TpoIymieHa. 3HaMeHATeJleM 3TOW TPOTPECCHH MOXKET OBITh
HAMMEHBIIUN [eauTeNbh OIM3KUX IO BenuuuHe uucen. ODtu uucia: 0,94093 u
0,89089. Jlenenue nepBoro Ha BTOPO€ AAaeT BEIMUUHY 3HAMEHATENS NPOIPECCHU —
1,05946. HaxoauM HCKOMYIO IPOTPECCHIO:
0,62996; 0,66742; 0,70711; ...; 0,89090; 0,94093; 1,00; 1,05946; 1,1225; ...; 1,4142;...
I'eomerpuueckas mporpeccusi co 3HamenareneM 1,05946... sBusercs Gasmc-
HBIM CTOJIOIIOM 30JIOTOH pyCCKO# MaTpHIIBI, a YUCIICHHAS BeJTMYNHA 3HAMEHATEIS —
KOPEHb JIBEHAALATON cTeneHW w3 uucia 2. 3HameHarenb 1,05946... orobpaxaer
BUPTYJIBHYIO PUHAIECKHOCTh (DU3MUECKOH Pa3MEPHOCTH CTPYKTYpaM 30JI0THIX
nporopiuid. IMeHHO 3050Tas  CTPyKTypa OOYCIIOBIMBaeT KayeCTBEHHYIO
B3aMMOCBSI3b BCEX CBOMCTB Tel B eAuHOM cucrteMe — Marpuue. [IpuBenem
(dbparmMeHT Matpuilsl 4 co 3HameHateneM 1,05946...:
Martpuna 4
0,1670 0,2550 0,3895 0,5949 0,9085 1,387 2,119 3,236 4,942
0,1576 10,2407 0,3676 0,5615 0,8575 1,309 2,000 3,054 4,665
0,1488 0,2272 0,3470 0,5300 0,8094 1,236 1,888 2,883 4,403
0,1404 0,2146 0,3275 0,5002 0,7639 1,167 1,782 2,721 4,156
0,1325 0,2024 0,3091 0,4721 0,7211 1,101 1,682 2,568 3,923
0,1251 0,1911 0,2918 0,4456 0,6806 1,039 1,587 2,424 3,703
0,1181 0,1804 0,2754 0,4296 0,6324 0,981 1,498 2,288 3,496
0,1114 0,1702 0,2599 0,3970 0,6063 0,926 1,414 2,160 3,296
0,1052 0,1607 0,2464 0,3747 0,5723 0,874 1,335 2,039 3,113
0,0993 0,1516 0,2316 0,3537 0,5402 0,825 1,260 1,924 2,939
0,0937 0,1431 0,2186 0,3339 0,5099 0,779 1,189 1,816 2,774
0,0885 0,1361 0,2063 0,3151 04812 0,736 1,122 1,714 2,618
0,0835 0,1275 0,1948 0,2974 0,4542 0,694 1,059 1,618 2471
0,0788 0,1204 0,1838 0,2807 0,4282 0,655 1,000 1,527 2,332
0,0744 0,1136 0,1735 0,2650 0,4047 0,618 0,944 1,441 2,201

NMeHHO 3Ta MaTpuia COJCPXKHUT MOIYJIbHBIC pa3Mephl JPEBHEPYCCKHUX
caxxeneit [10]. 3omoTeie BemmuuHbl K03 duuento cBoiicte (KOP) B marpue,
CTAHOBSTCS KQUYECTBEHHBIMU 3HAYMMOCTSIMH KXK/IOTO CBOWCTBA M OTPEICISAIOT €ro
WHBApHAHTHBIC B3aHMOCBS3U CO BCEMH OCTAJIbHBIMU CBOMCTBAMH TEla.
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Yucaennvle K0IQpuyuenmol KauecmeeHHbIX SHAUUMOCHEl CBOUCE, ABNAIM-
¢ eQuHviMu 01 6cex mamepuanvhulx men. Ho KonudecTBeHHas BeEJMYMHA
KOKJOTO CBOMCTBA Tena (MapameTp) Bcerja OTJIMYAeTCsl OT aHaJOTWYHON
BEIUYMHBI JTI000T0 Apyroro Tena. [lo KomMuecTBEHHOW BEIMYMHE CBOMX CBOWCTB
TeJla TPOCTO HECOMOCTaBHMBI, M B KaKAOW 00NAaCTH MNpPOCTPAaHCTBA HMEIOT
pPa3NMuUHYI0 KOJHMYECTBEHHYIO BEJIMYMHY TIpH IIOCTOSHHOM W HEM3MEHHOM
Ka4eCTBEHHOH 3HaYNMOCTH.

Kauecmsennas unsapuanmuas 63aumoces3b c8olUCms nocpedcmaom 0asucHotl
1 obycrosrusaem 63aumocessb 6cex YpagHeHUll 00HO20 mend (OOHOU CUCTNEeMbl).
Ona He ocpanuuueaemcsi MexXamukol, d NPOHU3bIBAem 6ce pasoenbl Qu3uKu,
00beOuUHAS UX 6 EOUHYIO G3AUMO3AGUCUMYIO cucmeMmy. A caMn 3HAYUMOCTH
SBISIFOTCSI, KaK [IOKa3bIBAlOT HAWJCHHBIC YHCIIOBBIE BEIMYHMHBI, HEKOTOPOH
CTEICHbI0, HanpuMmep, 2. Jl00aBHMB HECKOIBKO HOBBIX MapaMeTpOB, 3aHECEM HX B
Tabnuiy 3 u ompenenuM crnocod (GopMupoBaHus (U3MYECKUX YPaBHEHWI Ha
OCHOBE KaueCTBEHHBIX 3HAUUMOCTEH.

B rtabmmue 3 mnpuBomsTcs Kod(hHUIMEHTH (HU3UUECKOH pa3MEpeHHOCTH
HEKOTOPBIX CBOMCTB (cTonOer 1), WHACKC CBOMCTB (cTonOer 2), KOMTUYCCTBCHHAS
BEJIMUMHA KaueCTBEHHOW 3HauyMMOcTH (cronber; 3) WM CTemeHHas 3aBHCUMOCTb
YCIIOBHOTO 3HaMmeHarensi 2 5THX CBOHMcTB (cronmber 4). Tabmuma MoxkeT OBITH
pacummpeHa ITOCpPEeICTBOM BKIIIOYEHHMS B Hee 3HAYMMOCTH BCEX TEX CBOICTB,
KOTOPBIMH OTIEPUPYIOT (GH3HIECKUE HAYKH.

PaccmaTpuBass Tabmmity 3, OTMETHM, YTO OHA, 6KIIOYAA BOCXOOAWYVIO U
HUCXO0AWYI0 6emeu  3HayuMocmell, nosmopsem OA3UCHbIl cmonbey pyccKou
mampuysr 4 [10] HE TONBKO MO CTPYKTYpe, HO W MO CBOCH HpparMoOHAIBHON
YHCIEHHOH BenMMYMHE. A 3TO CBHUICTENBCTBYET O TOM, HYTO (DVHKYUOHANbHBIE
ceoticmea gusuueckux men onpedensiomes 12-10 wuciamu 6a3uUcHo2o psaoa u 8

cgoetl YUCI0BOU opme KAueCmEeHHbIX 3A8UCUMOCTNEN AGTAIOMCA CIMPYKMYD-
HOU 4ACmMbl0 NOJAA 3070MbIX YUCEN U CEA3AHbI C KANCObIM HUCIOM OAHHOU
mampuyul.

W3 tabmuie! 3 crnemyer:

— uppayuonanvroe uucio 1,05944..., xopeuv Osenadyamot cmenenu u3 2,
Manas cexynoa memnepuposaHHou MY3blKANbHOU 2aMMbl UCXOOHOE B0CX00suel
eemeu 3nauumocmu, ee oopamuasn geauyuna - 0,943890... ucxoonoe Hucxooswel
6emeu;

— Bce yucna 80cxo0auel U HUCXooaujel Gemaell, Kpammubvl YeavimM CIMeneHsIm
ucxoonwix yucen [10];

— ecmpeuaromesi Spynnvl  CGOUCMS, 001adaioujue pAeHOU KauecmeeHHO
3HAUUMOCTbBIO;

— CMmeneHHas 63auMOC6si3b (DYHKYUOHAbHBIX CEOUCME O0den YHUKAIbHYIO
B03MONHCHOCHL POPMATUIAYUY HEKOMOPOT CUCIEMbL UHBAPUAHMHBIX YPAGHEHUI,
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Tab6muma 3

duznyecKrue CBONCTBA HNnnexc JIMYMHA 3HaYMMO-OCHOBaHUE B
CTH CTENeHn
1 2 3 4
O6bem y* 2,00 2'?
Koad. B3auM. nHIYK. u* 1,587401 28
[Mepuon xonebanus T* 1,414213 26
Bpewms t* 1,414213 26
MarauTtHas TOCTOSIHHAS u* 1,259921 24
Pasmnyc R* 1,259921 24
JlmiHa BOTHBI A% 1,259921 24
«ITocTostHHAS) TATOTEHUS G* 1,122462 2?
[€JIBHBIH 3apsi] 4acTUIIBI f =G f* 1,059463 2!
Bocxoasmas BETBb
Ba3zucnasn 1,00 2°
eounuuya
Hucxonsmas BETBb
3apsiz1 AMeKTPOHA e* 0,9438743 2!
Macca m* 0,8908987 27
CkopocTh (BKIIFOU. CBET.) v 0,8908987 22
[ocrostanas Punbepra R* 0,7937005 24
[ToTenmuan 31eKTpUY. OIS o* 0,7491535 273
Dueprus W 0,7071067 26
Yacrora KonedaHus w* 0,7071067 26
[IpuBenennas gacToTa o* 0,7071067 2
Cwura ToKa I* 0,6674199 27
Hanpsox. rpaBunons g* 0,6299605 28
Hanpsixk. amektp. mosst E* 0,5946035 27
Cuna F* 0,5612310 2710
MoutHocTh N* 0,5000000 22
TnoTHOCTS p* 0,4454493 2

OnuimeM croco0 MONyYeHUS YpaBHCHHU C HWCIOJNIB30BaHUEM KayeCTBEHHOM
3HAYUMOCTH 30J0TOro uucia 1,059463... Bocnonb3ytoch IUisi 3TOr0 CBOMCTBOM
WHBapUAHTHOCTH (DU3UYCCKUX YPaBHEHHWHA. JTO CBOWMCTBO IO3BOIIIET 0Opa3oBaTh
B3aMMOCBSI3b MAPaMETPOB OJHOW CHUCTEMBI B BHIE (OPMYN U HWHBAPHAHTOB IIO
MIPAaBUILY: MpoOU3gedeHue 3HAYUMOCMmel, 6800UMbIX 8 YpPaGHeHue NaApamempos,
OO0JIHCHO PABHAMBCA eOUHUYeE.
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OTMETHM, UTO 3HAUUMOCIU KAK YUCLO8bIE GCUNUNBL, UCHONb3YIOMC MONbKO
npU  NOCMPOCHUU VPAGHEHUL U HUKAKO20 OMHOWEHUS K KOJUYCCMEEHHbIM
BEIUUUHAM CBOUX Napamempos He umerom. Ilapamempwl smu mMo2ym Kak y20OHO
MEHAMbC N0  CB0CU YUCTIEHHOU GeluyuHe. 3HaAuuUMocmu OCMAlmcs 6ce20d
Heusmennvimu.  OHU — —  NOCMOsIHHbIE, — KAYeCMEeHHble — KOdpduyuenmol,
omobpadicaiowue 83aUMOCEI3U CBOUCMS. A NOMomy npousgedeHue 3HaUUMocmet,
pasnoe 1, Oadce Oe3 nNpuMeHeHUs pPA3MEePHOCMU GbIAGISeM MOJbKO UHOEKCHYIO
cmpykmypy ypasHenusi. PopMy Ke MaHHOTO YPaBHEHHS MOXKHO OIPEICITHTh
TOJIKO TOT/Ia, KOT[a MHJIEKCAIHsl OyAeT JOMOIHEHa Pa3MepHOCThIO. [Ipu aToM:

— PA3MEPHOCMHOE NPOU3EEOCHUEe 3HAUUMOCTeEl PagHoe 6e3pazmepHocmHoll |,
— opmyna (6a3ucHasi 3aBUCUMOCTB ),

— PA3MEPHOCIHOE NPOU36eOeHUe SHAUUMOCTEll, PAGHOEe PAZMEPHOCMHOU 1, —
uneapuanm (TIPOMEKXYTOYHAS 3aBHCHMOCTB ).

PaccMoTpuMm 1st TIpuMepa HaXOXIEHHE WHBAPHAHTOB C HCIOJIb30BAaHHEM

KayeCTBEHHBIX 3HAUYMMOCTEH ClleAyIommx mapamerpos: W* = 0,7071; M* =
0,8908...; G*=1,1224...; R*=1,2599...; v*=0,8908...
WHuBapuanT — npousBecHUE WuBapuaHT — ypaBHEHHE
3HAYUMOCTEH
1 =0,8908M*:1,1224G* = 3.3 MG = const,
1 = 1,2599R*-(0,8909 v*)> = 3*.(3%)*; RV = const,
1=0,7071W*-1,1224G*/(0,8909 v*)* = WG/V’ = const,
=3°.3%(3%)% U T.J.

MOXHO cOCTaBUTh OECUHCICHHOE KOJIMYECTBO TAKMX MHBAPHUAHTOB, KOTOPHIE
0TOOpaXKaIOT KAaYECTBEHHOE M KOJMYECTBEHHOE MHOT000pa3yne CBOWCTB BEIIECTB U
HX B3aUMOCBSI3EH.

Jns nomydeHus GpopMyibl U3 HHBAPHAHTOB BBIOMPAIOT J1BA U3 HUX, UMEIOUJUX
00UHAKOBYIO PA3MEPEHHOCHb  UNU  KOAUYECMEEHHYIO GeNUYUHY NpPOU3eeoetus
napamempos. OHHM TIPUPABHUBAIOTCA M PEIIAIOTCS OTHOCUTEIBHO HYXHOI'O
napamerpa. Harmpumep:

MHuBapuaHT ypaBHEHHE ®dopmyna
mG = Rv; m = RV'/G
mG = WG/, W=mv, UT.I.

B cTpykTypy ypaBHEHHI M MHBApHAHTOB MOTYT BXOJHUTh MapaMeTphbl TOJIBKO
TEX CBOMCTB, KOTOpBIE MOMOOHBI Ipyr APYTy KO3()(MHUIHMEHTOM 3HAYUMOCTH.
Kosgppuyuenm snauumocmu 0ns  snemMeHmMapHo20  (€OUHUYHO20) NPUPOOHO20
ceoticmea HUKo20a He paser 1. Dmoil @enruuune pasHvl MONILKO NPOU3EBEOEHUs
SHauumocme, obpasyrowue uHeapuarm. MmeHHO uHeapuanmol, m.e. YPasHeHus,
nPOU3BeOeHUs NAPAMEMPO8 KOMOPbIX OCMAIOMCA HEUSMEHHLIMU NPU NPONOPYUO-
HAGHOM U3BMEHEHUU UX KOAUYECMEEHHOU BelUdUuHbl, U MO2ym Obimb 6 ¢husuxe
ROCMOAHHBIMU BETUYUHAMU.
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3aKkIYeHue

B oannoii pabome agmop xomen 6 mamemamuueckol popme NOKA3amMyb coe
2nyboKoe 8HympeHHee ybexcoeHue 8 Mmom, Ymo Mup eOuH U 3aKOHbL e20 O8UNCEHUs
00UHAKOBYL 0I5 6CeX MAMEPUATLHBIX e U NPOMEKArom 8 NPOCMPAHCINEe PYCCKUX
mampuy, 6ce20a UMEIOWUX OA3UCHYIO eOUHUYY. A UCNOIb30BAHUA UHBAPUAHTNHOZO
Mamemamuyeckozo annapama, 0a3upyowe2ocs Ha 3010MulX NPOROPYUAX, O
Gopmuposanus omHoweHull mexcoy ceolicmeamu men 6cex pazoenos Guauki,
00ycnoenusaem GO3MONCHOCIb CUHME3A UX 8 eOUHYI0 HAVUHYIO CUcmemy,
A0EKBAMHO OMOOPANCAIOULYIO NPUPOOHBLE NPOYECCHL.
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[Tpunoxenue 1.

Jloknaa o HAOMIOACHUSX MyJIbCAIIMA 3EMJIM TOTOBUJICS JUIS BBICTYIUICHUS Ha
koH(pepenmmu B [[YIle B cepenune 2007 r. OmHaKO MOATBEPIKICHHE BO3PACTAHUS
Beca Ten 3a MepHoj HaOMIOACHWH, OOYCIIOBIIM IIOMCIICHHE MaTephaia II0
HM3MCHCHHIO Beca B Pa0OTy, MPAKTHYCCKH HE CBSI3aHHYIO C HEH MO COICPIKAHUIO.
XOTS MHBAapUaHTBl W3MEHEHHS MapaMeTpoB 3e€MJIM PACCUUTHIBAIUCH MUMEHHO IO
METOIy, HW3JI0KCHHOMY B TIOCICOHEW TilaBe Hacrosmed paboTel. [loatomy
nepeaady pyKOIHCH O pa3MepPEeHHOCTIX MPUIILTOCH 3aeP)KUBaTh 10 KOHIIA TOAA.

DMnupudecKue HaOIr0CHUS
MyJIbCALUU 3EMIIH

CornacHo KacCH4ecKoil MeXaHHKe 3eMJIsl IBIDKETCS «II0 WHEpIHH» [0
JJUTUNTAYECKON OpOUTEe, W MOTOMY BO3PAaCTaHHE €€ CKOPOCTH, OOYCIIOBJICHHOE
TPaBUTAllMOHHBIM TIPUTSHKEHHEM, JOJDKHO IPOMCXOIUTh MOHOTOHHO IO Mepe
npubmmkenust K CoJHILYy M, Tak kK€ MOHOTOHHO, 3aMEIUIATHCS IPH yJIaJCHUH OT
Comnnua. Ecnm ke mpoaHanu3npoBats 1o deMepuiam J1adopaTopull peakTHBHOTO
nmewkennst (Kamudopnaus, CILIA) u3MeHeHHe CKOPOCTH OPOHMTAIBHOTO ABHKEHHS
3eMin, TO OKa3bIBAETCS, YTO CKOPOCTH TUIAHETHI MIPU 3TOM JIBIDKCHUH €KEMECSIHO
TO 3aMeaysieTcs, TO yBEIMYMBACTCS. J[OCTaTOYHO BOCIIPOM3BECTH €XKETHEBHYIO
IUarpaMMy OpOWTAIIBHOTO TEepEeMENIeHHs IUIAHEeTHI, 9TOOBI 3TOT ()aKT OKazaics
oueBHAHBIM (TI0ApoOHOCTH [1,2]). Ecim B ABMKEHNH IDTaHETH HAOII0aeTCst HEKUH
MyJIbCALlMOHHBI MPOLIECC, MPOTUBOpPEYAIIUN KJIACCUYECKOM MEXaHUKE, TO
BO3HHMKAIOT COMHEHHUS B a/IEKBATHOCTH d()eMEpH/I.

Nmeercst eme, kKak MUHUMYM, OJWH (aKTOp, BBI3BIBAIOLINN COMHEHHE B HX
koppekTHOoCcTH. [lo HuM 3emist Haxoxmmacek S utonst 2005 r., u 4 urons 2006 1. Ha
MakcuManbHOM paccrostHu R or Connma (Tabn. 1A — MakcuManbHOE
paccrosiHue.). CremoBaTeIbHO, B COOTBETCTBUM C 3aKOHAMM KJIACCHYECKOU
MEXaHHUKH, B 3TH THH OHA JJOJDKHA UMETh MUHUMAJIBHYIO CKOPOCTH V, a B TIEPHOJ €
JIBIDKEHUS TI0 OpOUTE Ha MUHMMalIbHOM paccrosiHuu oT Conana 2 siaBapst 2005 r.,
5 staBapst 2006 r. (Ta6n. 1B — MUHUMAIEHOE PacCTOSIHUE) CKOPOCTh Y Hee JOJDKHA
ObITH MakcuMasbHOW. Ho BOT 4TO MOKa3bIBAIOT A(heMepuIbL:
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Tab6muma 1A.

R v R %

2005 07 05 1.521045 29.30228 2005 06 24 1.520539 29.28715

2006 07 04 1.520979 29.29029 2006 07 10 1.520864 29.28025

BeiBon u3 1abn. 1A: 3emns naxoounacy Ha mMaKcumaibHOM pACCMOSHUU OM
Connya 5 uronsn 2005 2., u 4 urons 2006 2., a ee ckopocms 6viia MUHUMATLHOU 24
uronst 2005 2. u 10 urona 2006 2. T.e. 3KCTpeMyM CKOPOCTH U PaCCTOSTHUS Pa3AeisieT
MPOMEXYTOK BPEMEHH, B Ipenesiax Helenu. AHaIOTMYHOE IMPOMCXOAUT U C
MUHUMaIbHEIME paccTossausamu (Tadm. 16):

Ta6mumua 1b.

R v R \

20050102 1,471012 30.28235 20050109 1,471191 30.29602

2006 01 01 1,471097 30.29838 2006 0105 1,471058 30.291323

BeiBoa: dama munumanvrozo paccmosnnus 3emau om Connya He cosnadaem ¢
MAKCUMATLHOU CKOPOCmbIO ee osudicenus. A 3t1o (Tabn. 1A, u 1b) nporuBopeuur
3aKOHAM KJIACCUYECKOM MEXaHUKHU.

OtMeTHM, — 3eMepuIbl paCCUUTHIBAIOTCS UCXOAS U3 MPEITIOIOKEHUS O TOM,
YTO KOCMHYECKOE MPOCTPAHCTBO HEBEUIECTBEHHO (IIyCTO), N30TPOIHO OT TOYKH K
TOYKE, HE MMEET IUIOTHOCTH M HE OKa3bIBaeT HUKAKOT'O BIIMSIHUS Ha IEpeMeEIaro-
meecs B HeM Teno. CamMo Telno — ImiaHeTa, COTVIACHO 3TOMY IMPEIION0KEHHUIO, B
TpoIecce MHEPIHUATBHOTO ABIKCHHUSA TI0 OpOUTE HE MEHSAET CBOMX pa3MepoB (He
MyTECUPYET), U €€ Macca U painyc TOKE HE M3MCHSFOTCS.

W3BecTHO, YTO 3BE31BI MyNbCHUPYIOT (B dacTHOCTH — CoOIHIE), MOJEKYJIIBI
TOXE, HO BOT Y 3aHHMAIOIINX MPOMEKXYTOYHOE MOJOKEHHE HEOECHBIX Tel, W B
YaCTHOCTH Y ITUTaHET, aHAJIOTHYHAS MyJIbCalns He mpeamnonaraercs. Jlomyctum, 9To
TUIAHETHl B CBOEM JIBH)KEHHH 10 OPOUTE TaKKe CaMOIMYJILCHPYIOT (Harpumep, Kak
PE3MHOBBI Iap, B KOTOPOM IIONEPEMEHHO YBEJIMYHMBAIOT U YMEHBIIAIOT
JIaBJICHUE), M OIpeleNuM, Kakue (U3NUecKHe MpOLEecChl MOTYT COIPOBOXKAAThH
MYJIBbCAIMIO ¥ MOXHO JIH OOHAPYKUTh €€ Ha IOBEPXHOCTH 3€MIIM SMITHPHIECKH.

B cnyyae camonynvcayuu nianemol Haoo odcudame uzMeHenue cCKOpoCcmu
ee OgudiceHust no opobume (umo u omobpadcaemcs 3gpemepudamu), a makKice
napamempos paouyca, obvema u maccel. Creocmeuem 3moil NYyIbCcayuu
MOJicem O0Ka3amvCsi 4ACMUYHOe U3MeHeHUe 6ecd mel HAX0O0AWUXC Ha
no8epxHOCMU NIAAHEeMbl, KOMOPOe MOACHO 3APUKCUPOB8AMb IKCNEePUMEHMATIb-
Ho.

Jis oTBeTa Ha BOTIPOC: M3MEHSIOTCS JIM TapaMeTpsl 3eMJIH B ITyJIbCHPYIOIIEM
pexxume B HITO «KBaHT» OBLI MOCTABICH SKCICPUMEHT IO €KEIHEBHOMY (KpoMe
BBIXO/IHBIX JIHEH) ONPEEICHUIO Beca YEThIPEX TBEP/BIX MPEIMETOB Ha PhIYaKHBIX
Becax Mapku BJI - 500 oOecrieunBaromux TOYHOCTH B3BCIIHMBAHUS B [1Ba 3HAKa
rocie 3amsATo. s mpoBeneHMs SKCIepUMEHTa ObUIM B3ATHI 00pasibl U3 He
HaMarHUYMBAMOUIMXCS MarepuanoB. Ha Havano skcnepuMeHTa 00pasibl MMENn
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ClIeyIOIMe TapaMeTpbl: NyOoBbIii Opycok pasmepoM 95x50x23 MM M BecoM
103,02 rp., 6pycok u3 mosmmepa (u3 oprerexna) 95x50x21 mm u Becom 128,51 rp.,
Opycok u3 mopamtomMuaus 74x48x21 MM u BecoM 195,79 Tp., CBUHIIOBBINA HUATHHID
70 MM, auametrpom 20 MM u BecoM 202,73 tp. JJocmusicenue 8vicokol moyHoCmu
usMepeHus He npeononazanoce. llenplo JKClepUMEHTa ObUIO: 6 meyeHue
200UYH020 Nepuoda Onpeoeiums 3SKCHePUMEHMANbHO HA KAYecmeeHHOM
YpoeHe u3MeHsemcs U 6ec YKA3AHHbIX Mes, MeHOeHYUulo U NpUuMepHbiil
nOPAO0OK 21020 USMEHeHUS, eCllu OHO UMEeeHICAl.

ITocTpoeHHbIe HA OCHOBE SKCIIEPUMEHTANIBHBIX JaHHBIX JTHArpaMMBbI TIOKa3alIH
(cm. rpaduk.), 9To, Bo3pacTas, Bec 00pas3roB moctur Mmakcumyma 18 uromst 2005 r.
W COCTaBHJI CIICAYIOIIYIO BEMUUHY: TyO0BBIN Opycok - 103,53 rp. (MacmTad 1 cm -
1 Tp.) 6pycok u3 oprcrexna - 128,68 rp. (macmrab - 1 cm - 0,1 rp.), Opycok u3
mopamomuHus - 195,84 rp. (macmrad — 1 cm - 0,1 rp.), CBUHIIOBBIN UIHMHID —
202,85 rp. (macmTad 1 cMm - 0,1 rp.). OT™MeTuM, 4TO Ha 22 HIOJS BEC ACPEBIHHOIO
opycka moctur 103,65 rp. C 18 uions HavajaoCh MOCTEIIEHHOE 3UI3aroodpasHoe
YMEHbILIEHHE BEca BCEX TeJl KPOME JEpPEBSIHHOro Opycka, yMEHbIIEHHE Beca
KOTOpOro 3azepainoch (?) 10 Hadana OKTAOps. MakcHMMallbHOE CHIDKEHHE Beca
TpeX OCTaJIbHBIX TeJI-00pa31oB 0bu10 oTMeueHo 1-2 HosOps 2005 . OHo
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Fpa(bHK M3MEHEHHUS Beca TeNl U MacChl 3eMIIH
cocTaBWIIO: JJisi 1y0oBoro Opycka - 101,20 rp. wiu Ha 2,25 Tp. MCHbIIIE YeM B
cepeauHe Mo, And noiaumepa - 127,87 rp. mim Ha 0,81 rp. MeHsme, s
mopamomunaust - 195,01 rp. unu wa 0,83 rp. MeHbIe, u i cBuHna - 202,08 wn
Ha 0,77 rp. mensiie. B nepecuere Ha 100 rp. Bec nepeBa yMmeHbiuics Ha 2,44 rp.,
nonmumepa Ha 0,63 rp., mopamomuuus Ha 0,42 rp., cBuHua Ha 0,38 rp. T.e.
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pe3yNbTaThl AKCIIEPUMEHTA MOABOAAT K BBIBOAY O TOM, UTO C NPHUOIMKCHUEM K
ComnHIy Bec KaX/I0T0 Tela Ha TIOBEPXHOCTH 3€MJIM YMEHBILAETCSL. .

C 3 Hog0ps Haualoch MEAJICHHOE yBEJIHUYEHHE Beca TpeX Tel, KOTOpoe U
npojosrKanock 1o 16 sBaps 2006 . OnHako, Bec IEpeBsIHHOIO OpycKa OmsITh He
«TIOTYMHMIICS OOIIeH TeHICHIIMU U MTPOIOJDKaNl YMEHbIIAThCS. 16 sTHBaps 1O Beel
Poccun ynapumi 20-30° MOpO3bI, H BCE Tela CHHXPOHHO OTPEarupoBalM Ha HHX
PE3KHM CHIDKEHHEM CBOEro Beca. MOpO3bI CTOSUIM MTOYTH JI0 CepeAnHBI (eBpas ¢
HeOOJIBIINM HOTEIUIEHHEM K €ro Havajly, U AMHaMUKa Beca Tel ClefoBala 3a JUHa-
MHUKOH TeMIepaTypHbIX mepenanoB. Ocob00 OTMETHM, YTO YMEHBIICHHE Beca
JIEpEBSIHHOTO OpyCKa MPOWCXOIWIO MOYTH BCIO 3MMYy C Hadaja OKTAOps 10
cepequnbl  ¢epans 2006 r. Ero Bec 14 deBpans moctur 98,27 rp., T.e.
yMeHbImIcs Ha 5,26 rp. [2].

B mponecce skcrepuMeHTa NOATBEPIMIOCH HPEIIIONOXKEHHE O TOM, 4YTO
KOJIMYCCTBEHHBIC BENMYMHBI Beca TN, HAXOAAIIMXCS Ha ITOBEPXHOCTH 3eMIIU
M3MEHSIOTCS 32 MOJYyTrOANe B YSTBEPTOM, @ HEKOTOPBIX TEJl JaXKe B TPETHEM 3HAKe.
3710, BEpOSATHO, O3HAYAET, YTO MMEET MECTO OINpeesieHHas (GopMma H3MEHEHHUS
HaIPsSHKCHHOCTH TPaBHTALMOHHOTO IO 3eMJIM IOJA BO3AEHCTBHEM CHIIBHOTO
rpaBuTanioHHoro mnojst CoiHIa, KOTOPOE COMPOBOXKIAETCS M3MEHEHHEM JIPYyTruX
MapaMeTpoB C MEPUOAOM KaK MaKCUMyM B mosyroaue. [lomydaercs tak, 4To Koraa
3emis ABIDKETCS 1O opOuTe ¢ yckopeHueM, rpaBumnosie CojiHIa CXHMaeT ee, a
BMeECTe C HEl M Bce Tejla Ha ee MOBepXHOCTH. Tena, Tak e Kak M cama 3emils
CONPOTHUBIISIIOTCS CKATHIO, M 3TO CONIPOTHUBIIEHHE OTOOPAXKAETCs B BUIIE U3MEHEHHUS
ux Beca (mojpodHee 00 3ToM B [3])..

Tenepb BCHOMHHMM O TOM, YTO MHUHHMAJIbHBIE ¥ MaKCHMAaJIbHbIE PaCCTOSHHS
rutaeTs! oT CoJHIIA HE COBIAIAIOT 110 3deMepraM ¢ ee CKOPOCTSAMH U TIPHBEIEM
JIaHHBIC, BKIIOYasi Maccy M, u pajauyc IiaHeTsl R, (tabnuma 2A), mojydeHHbBIC B
pe3ynbTare pacuera nocjieHuX 1o nHBapuanTaM. (CriocoObl Hax0XKICHUS] HHBApH-
aHTOB B HacToAIIeH padoTe He paccMarpuBaercsi. OHU OMHCaHBI B padote [4].)

Ha MuHUMaJTEHOM PacCTOSTHUM:
Ta6muma 2A.

v R M; R;
2005.01.08. 30,29539 1,445103 6,096517  6,150911
2005.01.09. 30,29602 1,445043 6,096644 6,150654
2005.01.10. 30,29581 1,445063 6,096602  6,150738

2005.12.31. 30,29818 1,444836  6,097079  6,149775

2006.01.01. 30,29838 1,444818 6,097119 6,149696
2006.01.02. 30,29770 1,444882  6,096983  6,149969
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2006.12.23.  30,28661 1,445941  6,094752  6,154474
2006.12.24.  30,28670 1,445932 6,094769  6,154438
2006.12.25. 30,28615 1,445985  6,094658  6,154663

Maxcumanvuyio ckopocms niaHema umeem 8 mom dice 0eHb, 8 KOMopblil
paccmosnue medxncoy ueti u Coanyem munumanoro (Tabmuma 2A).

Ha mMakcumansHOM PacCTOsIHUM:

Ta6numa 2b.

v R M; R;
2005.06.23. 29,28775  1,546250 5,893744  6,581431
2005.06.24. 29,28715 1,546472 5,893322 6,582375
2005.06.25. 29,28736  1,546292 5,893666  6,581606

2006.07.09. 29,28070  1,546995 5,892326  6,584603

2006.07.10. 29.28025 1,547043 5,892235 6,584805

2006.07.11.  29,28055  1,547011 5,892297  6,584667

Munumansuyio ckopocms niamema umeem 6 mom dice 0eHb, 8 KOMOPblil
paccmosinue medxncoy ueti u Connyem maxcumanvro. T.e. HApyIICHUH 3aKOHOB
KJIACCUYIECKON MEXaHUKE HE MMPOUCXOTUT.

W3MmeHeHne mapamMeTpoB IUIAHETHI, HANPUMEP, MAacChl WIHM PaJNyca MOXKHO
OTPENICITUTh 10 HECKOJIHKUM WHBapuaHTaMm. [IpuBeieM, Hampumep, WHBapPHAHTHI
JUTS pacyeTa MacChl:

ITo u3MeHEeHHIO CKOPOCTH Ha OpOUTE:

M, /v, = const,. (1)
ITo uzmenenuto paccrosiaus 1o ConHua:
R,,an = const.

[To HEM3MEHHOCTH MOMEHTA KOJIMYECTBA JABHKCHHS:

Rv,M,=u=const. uT.I.

Pe3ynbTaThl Bcex pacueToB 110 TUM MHBapHaHTaM OyIyT TOXK/IECTBEHHBI.

EcrectBeHHO, 4TO B MHBapWaHTE 3a/IeiiCTBOBaHa Ta BEIWYMHA Macchl M =
5,987-10%" rp., KoTOpPYIO 3eMIIi MIMEET B MOMEHT PAaBEHCTBA PACCTOSIHHSA OT 3eMIIH
no ConHIla o 1aHHBIM 1ab0paTopuu M pacueTHbIM 3demepunam. [Ipeamnonoxnm,
4yTO Macca M, paccunTheIBaeTCs 10 nHBapuaHTy (1); - Torma paBeHCTBO PAaCCTOSHHMA
npuxogutcs Ha 9 amperst 2005 T. ¥ BeTMYNHA HHBapHUaHTa paBHA!

M,/v, =2,0123583-10! rcex/cm.

IIpeobpasys (2) oTHOCHTENBHO M, IMEeM:

M, =2,0123583-10*"v,,

W Haiiiil 10 M3MEHEHUIO CKOPOCTH ABWMKEHHS KOJIMYECTBEHHYIO BEINYHMHY
MacChl 3eMJIH Ha KaXIblii ICHb T0/1a, CTPOUM Juarpammy 5 (rpaduk, quarp. 5.).
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JuarpamMma 5 CBHIETENBCTBYET O TOM, YTO Macca 3E€MIIM IIyJbCHPYET C
MECAYHOW U TOAOBOM YaCTOTOM, U3MEHSACH 3a MOJyTOAME B IIpeeaax: MUHUMYM -
5,893-10%" r. Ha 24 wmronst 2005 T., u MakcUMyM - 6,0971187-10%7 na 1 suBapst 2006
r. OTMETHM: KaK BHJHO Ha rpaMke Bec BceX Tell yMeHbIIaeTcst Hauboiee ObICTPO
B CEHTAOpE-OKTAO0pe, UMEHHO B TOT IIEPHOJI, KOT/1a OCOOCHHO aKTHBHO BO3pacTaeT
Macca 3eMJIu.

KOHCTAaTHpyeM: COrJIaCHO pacueraM MHHMMAIbHbIH pamuyc R; = 6,1497-10°
cM. umena 3emus Ha 1 suBapst 2006 1., a Macca ee B 9TOT JieHb Oblila MAKCUMAJIbHON
u coctaBuaa M = 6,0971-10%" r. (ta6. 2A). MakcumanbHbIM paguyc 3emtu Ha 10
nronga 2006 r. cocraBui R = 6,5848-108 CM, Macca K€ e€e B ITOT JIeHb ObLIa
MUHUMaJIbHOI - 5,8922-10% r. (ta6. 2B). AMmiuTyaa Konebanus panyca - 488
KM, pa3sHMIA MEXAY MaKCHMyMOM M MHUHMMYMOM MAacChl 3€MIIM COCTABISIET -
2,049-10% r. D10 mourn B TpH paza Gosbure Maccsl JIynsl paBHoit M, = 7,35-10% .
TakuM 00pa3oM, TEOPETUYECKUE MapaMeTPhl CaMOITYJIbCALIUN 3EMIIH OKa3bIBAIOTCS
JIOCTaTOYHO BECOMBIMH, U OHM HE MOTYT HE OKa3bIBaTh 3HAYMTEIHHOIO BIUSHHUE Ha
KJIMMaTH4eCKHe, TEKTOHUYECKHE, Te0JIOTMYECKUE U APYTHe IPUPOIAHbIE SIBICHUS.

B mpouecce skcnepuMeHTa MPOSBUIIOCH OYE€Hb HEOOBIYHOE OOCTOSTENBCTBO.
Bec Bcex Ten B TeueHuwe roja Hadan yBeauuuBaTbcsa. W 9TO yBenudeHue uaer
HapacTaroluMMu TeMnaMu. B tabnuie 2 mokasaHo n3MeHeHHe Beca Tenm AP uepes
TOJl TOCJ€ Hadala OSKCIICPUMEHTa B IIOKBAPTAIBHOM paspese. M3meHsercs u
XapakTep JuarpaMM IO TpeM IIpeaMeram (Kpome nepeBa). [IpuuuHBI 3THX
W3MEHEHHWsST HaM He IOHATHBL. MoXeT OBITh OHM CBSI3aHBI C KAaKHMH-TO
HapylIeHHsIMH B paboTe BECOB, a BO3MOXKHO AWHAMHUKA ITyJIBCALUH 3EMIH
ompezensiercst B3anmoaeiicTeueM ¢ ConHieM i ApyruMu paxkropamu. Bo Beskom
ClTy4yae, Mbl PELIAIN YIOMSHYTb 00 3TOM OOCTOSITEIBCTBE.

Tabuuna 2.
1.07.05[1.07.06] AP |1.09.05|1.09.06] AP |30.11.05{30.11.06] AP
Prp. | Prp. | rp. | Prp. | Prp. rp. Prp. | Prp. p.

1 2 4 5 7 8
Jlepeo  [103,580(103,432}-0,148[103,212(104,688 i+ 1,476[100,822 [102,144 1+ 1,322
Oprcrekno [128,534 (128,577 (+ 0,043[128,468 128,700 + 0,232(128,122 128,640 + 0,518
Uropans  |195,700(195,840 (+ 0,140]195,610{195,866 (+ 0,256[195,386 195,866 + 0,478
Ceuneny  02,766202,845 1+ 0,079202,642 202,874 (+ 0,232202,388 202,864 + 0,476
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