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Beeoenue.

Bropxkenne (d4acto HeoOaMyMaHHOE) dYEIOBEKa B MPHUPOJY CBSI3aHO C HEMOHHMMaHUEM
3aKOHOB TapMOHUHU JKWBOW mpuponsl. DopMHUpOBaHUE HSKOJOTUYECKOH KYJIBTYpBHI JOJKHO
HAUMHATBCS C TOCTIKCHHS €IMHCTBA M MHOTrooOpasusi OMoJjormueckux oO0BeKTOB. CyYIIHOCTH
TapMOHHUU TIPUPO/IBI HEBO3MOXKHO BBISIBUTH TOJBKO B OMOJIOTHYECKHX 00BEKTAX, TAXKe COMPOBOKIAS
X a0CTpaKTHO-MAaTeMaTHYECKUMH TIOCTPOCHUSMH, - MOXKHO JIMIIb HAaONIO/as W OCMBICITUBAs e
MPOSIBJICHUS, TIOJOWUTH K TaifHAM JKUBOW MPHPOJIBL: TIOBTOPEHHE KUBOTO 0OBEKTa B ceOe MOT0OHOM.
PaccmoTpenme paznuuHbix (OpM, TPUBOASIIUX K B3aMMOCBSI3aHHBIM BHIBOJAM M HAa MX OCHOBE K
Mozaenu (popmooOpaszoBanus. [losTomy 1enb pabOTHI: OTHICKAHWE €IWHCTBA B MHOTOOOpa3uu, a
WHCTPYMEHT HCCIICJIOBAaHUS MaTeMaTHKa, IMO3BOJIAIONIAs paccMaTpuBaTh (POpMy Kak KaTErOpHIO
MPOCTPAHCTBA, a, CIIEA0BATEIHLHO, 00JIACTh MPHIIOKEHHS BEKTOPHOW T€OMETPHH.

1. Ilousamue «d)opma» 6 buos02uu u 8 6CKMOPHOU 2eoMempuu.

Kakoe u3 gynec Morsio Obl ¢ OOJBIICH CHUIIOW MOPA3UTh YETOBEYECKOE BOOOpaKEHHE, YeM
MOsIBJICHUE HOBOW KuU3HU? [IpoCTpaHCTBO, KOTOPOE TOJBKO YTO MPEACTABISUIOCh HUYEM,
CTaHOBUTCA $I0JIOKOM, J€PEBOM, YEIOBEKOM. BO3HUKHOBEHHWE HOBOIO  CYIIECTBA - SIBJICHHE
nenoctHoe. JIto0oil HaydHBINM DKCIIEPUMEHT H3MEPEHHEM MU BOOOPAKEHHEM YUYEHOTO pa3eiseT
npoctpancTBO ((popmy) u BemiecTBO (TUIOTH), B TO BpeMs KakK IEITOCTHOCTh - TJIABHOE KauyeCTBO
xu3Hu.  [lpupoma CKpbITO YIpaBiseT TE€OMETPHUUECKUM TMOJ00MEM, U BOCHPHUITHE (OPMBI
YEJIOBEKOM TOXK€ OOHApY)KHMBAIOT Te€OMETpHUYecKoe mojaoome ['eomerpudueckoe moaodue HyXHO
paccMaTpuBaTh Kak (DyHIaMEHTAIbHYI0 OCHOBY ABOJIIOLIMU KU3HH U METOJl KOHCTPYUPOBAHUS €10
dopwm. [ToaToMmy MaremaTruueckue 3aKOHBI (OPMOOOpa30BaHUS HEM3OESHKHO OKA3BIBAIOTCS HA CTHIKE
HAy4YHBIX AUCLHMIUIMH. 3/1ech TpeOyeTcsi CBOM clielraibHbIN SI3bIK, 1 HAYaTh HY)KHO C OIPEICICHUS
nousTusa "dopma". PackpeiBas comepkaHUE dTOTO MOHSATHSA, MOXKHO TOJIKOBaTh €0 TPaIUIIMOHHO:
MOBEPXHOCTh, OYepUHBaroniasi 00beM JKMBOTO CYIIECTBAa WM PAaCTEHHUS, HO TaKOe OIpe/eeHHUe
OTJIAJISIET HAaC OT LEJIM MCCIE0BaHUsA: B HEM UCYE3JI0 CaMO SIBJICHHE POCTa, OHO OTOOpakaeT >KU3Hb
B UY)KJIbIX €l KaTeropusiX He Kak TUHAMUKY, a KaK CTaTHKY.

[ToaToMy, uTOOBI HcchenoBaTh (OpMOOOpa3oBaHUE, HEOOXOAMMO COCTUHUTH B TOHSATHHU
"bopma" mpencraBieHUE O POCTE, KaK O MPOIECCE DHEPreTUYECKOM, U T'E€OMETPUUYECKOE €ro
cojlepxaHue, Kak '"OBJaJeHHE MPOCTpaHCTBOM'", Kak "pa3BuUTHE TOYKK Hadana". YToOBI crenaTh
aKIICHT Ha TEOMETPUYECKYIO CYITHOCTh SIBJICHHS, BBEJIEM MOHATHE "IKcmaHcus" [expansio (JaT.)-
pacmmpenne, pacnpoctpaneHue]. [lonp3ysacs um, onpeaenum (GopMy B JKUBOM MPUPOJE Kak
TPaHUYHYIO TOBEPXHOCTh 3aMKHYTOTO MPOCTPAHCTBA KCIAHCHH.

2. Mamemamuueckas mooenv hopmooopazoeanusi.
2.1 Ilouck MeTOoaA HCCACI0OBAHUS.

Heckonpko c€10B O IPaBOMEPHOCTH OIHMCAHUS SHEPrEeTUYECKUX IIPOLIECCOB HA SA3BIKE
reoMeTpuy. Bo3sMoXHBI 2 TyTH O3HAHUS:



l)uzyuenne oObeKkTa 1O (UIUYECKUM, XMMHUYECKHM [apaMeTpaM - [OTpyKEHHe
UCCIIeIoBaTeNsl B OE3rpaHUYHYIO CIOXKHOCTh CTPYKTYPHBIX MEPApXUN CaMbIX Pa3UYHBIX YPOBHEH
Makpo- M MHKPOMHPA, OINHCHIBAEMBIX HEOOO3pUMBIM YHCIOM MapaMETpOB Ha pa3IUYHBIX
IIPEAMETHBIX S3BIKaX.

2) myTh T€OMETPUYECKOro abCTparupoBaHMs, TA€ MPEAMETOM HCCIEIOBAHUS  CIyXKaT

TOJIBKO TPOCTPAHCTBEHHBIC XApPAKTEPUCTHKHU CTPYKTYP, XOTSI M HEOOBIYHbIE, HO BEAYIIHE K

mMojenu popmMooOpa3oBaHusl.
Ennnas marematudeckast MOJIENb - IPEJICTaBIEHUE 00 SKCIAHCUM TOYKHM Hayana. B mpemmaraemoit
MOJEJIM  TPOCTPAHCTBO IMOHMMAETCSI KAaK COBOKYMHOCTh TOYEK, OOJajalonMx paBHOM
OHEPreTUYECKOU IMOTEHIMEN B3auMoaeucTBus. Paqnyc B3auMOAECCTBUS OTPaKaeT ABOVCTBEHHOCTh
DKCIIAHCHM:

R=S+U,
rae S - cuHryaspHocTs ('equHuyHoe"),
U - ynuBepcyM ("Bceobiee")

ITpuieM, KOTOpBIM NpUPOJA OCYIIECTBISET XHU3Hb, - 3TO JIUXOTOMHS C MPsAMBIM (+) U
oOpaTtHbIM (-) 3HaKamu. J[MXOTOMHUS Kak JAeNIeHHWE KJIETKH IOMNOoJaM W CIHUSHHE ABYX B OJHY -
TeHUAIIbHBIN, HO MPOCTOH cIoco0 COBEPIICHCTBOBAHUS (HOPM KU3ZHU MyTeM O0TOOpA ONTUMATHHBIX
BapUAHTOB B OTKPHIBAIOIICICS TAKUM 00pa30M JIaBHHE KOMOMHATOPHUKHU.

B maTtemaruke eie B aHTHUYHBIC BpEeMEHA ObLIa M3BECTHA MPOTOPIUS 30JI0TOTO CEUYCHHUS.
EAuHCTBO aqANTUBHOCTH U MYJIBTHILTUKATUBHOCTH - TIIyOMHHOE COJIepPKaHUEe 30JI0TOTO CEUCHUs, B
HEM KIIY K sBIeHHIO (opmooOpa3zoBaHus. B maremaruke agIUTUBHOCTH O3HAa4yaeT, 4YTO B
quciaoBoM psny @, D,,D3,Dy,..., D 1, P, KOKIBIA OPEABIAYIIMNA WIEH psga pPaBeH CyMME JIBYX
nocneayonmx (yao0Hee MPUHATH 32 OCHOBY HE BO3PACTAIONIHMMA, a YOBIBAIOIIUN PSII 30J0TOTO
ceueHus): D=0, +D;; Dr=O3+Dy; D, =D, 1 +D,. MyIbTUINIUKATUBHOCTh 03HAYaeT, 4YTO B
quca0BOM psny @, D,,D3,Dy,..., Dy 1, P, BCE UIEHBI psifia CBA3aHbI B TEOMETPUUYECKYIO TPOTPECCHIO:
q)lZCDQ=(D21CD3=(D3ZCD4=...=CDH_1Iq)n=COHSt.

Uucio 305I0TOTO CEUYEHHUS, COCIUHSIONIEE CBOWCTBA AJAUTUBHOCTH M MYJIbTHUIUIMKATUBHOCTH,
HAXOJIUTCS KaK OOIIUI KOPEHb IBYX YpPaBHEHHUI:
a+b =c (aqIUTUBHOCTD);

a:b=>:c (MyIbTUILITUKATUBHOCTb).
B reomerpun Takyr aOCTpakKIMIO BBIpaXaeT OTPE30K, IMOJACIEHHBIM Ha ABe 4YacTH (a u b) B
30JI0TOM OTHOIIEHWUHU: POCT - O 3aKOHY T€OMETPUYECKOW MPOrPeccCuu, a Mmoaodue (MPUHITUI
COXpaHEHHUsl - reHeTuka) - uenoe (c). [Ipugaaum ypaBHEHUIO 30JI0TOTO CEYEHUsI BUJl BEKTOPHOTO
ypaBHEHHUS, 3aMEHHB BhIpakeHue a+b=c, rae a:b=b:c, Ha BeIpakeHue R=S+U,
rae [U|:|S|=|S|:|U|, mbols|:|U| =|U
MIPOCTPAHCTBO.

B oOCHOBaHMM BEKTOpPHONW TIE€OMETPUM JICKHUT ONEpalUsi BEKTOPHOTO CJIOXKEHHS U
MIPEACTABIISIET €€ BEKTOPHBIA TPEYrOJbHUK. J[BE CTOPOHBI B TPEYrOJIbHUKE BBIPAKAOT BEIUUYMHY U
HaIlpaBJICHUs B3aUMOJCHCTBYIOIIMX MOTEHIUN, & TPEThSI CTOPOHA — PE3YJIBTAT UX CIOKEHUS:

R=S+U,

EauHCTBO aqIUTUBHOCTM M MYJIBTUIUIMKATUBHOCTH  CHPABEMJIMBO I OTPE3KOB,

B3aMMOJICHCTBYIOIUX poJ yriaoM Ttwiu O (IpsMas JUHHS) U B BEKTOPHON reOMEeTpUu sl JTI0ObIX

yrioB B3aumozeicTBus (0 < o < 2m). Takum 00pa3om, «30JI0TOM» BEKTOPHBINA TPEYTrOJIbHUK CTPOUT
KJIACC 3aMKHYTBIX KPUBBIX — HETPHBHAJIbHBIE CHMMETPUH, OTOOpaXKaroIIe OHOIOTHIeCKHe (POPMEL.

:|R|. C miockoctu (TeoMeTpHusi OTpe3Ka) IMepensieM B



W3 Tpuabl 30J10TOTO CEUYEHUSI MOKHO TEPEHTH B MIPOCTPAHCTBO CUMMETPHI MOI00UH CIeTyIonM
obpazom.

2.2. OT 30J10TOr0 0TPe3Ka — K NPOCTPAHCTBY CUMMeETPHIl MOA00M .
2.2.1 Ienenue oTpe3ka B 30J10TOM OTHOLICHHH.

30J70TO€ CEYEHHE - ATO 3aKOH MPOMOPIIMOHAIBHON CBSI3U LEJIOTO0 U COCTaBISIONINX 3TO
nenoe dacredl. Kmaccuyeckuit  mpumep  30II0TOrO  CEYEHHS -  JCNIEHHE OTpe3ka B
CPEeIHENPONOPIMOHAIEHOM OTHOIIEHUH, KOT/Ia IIeJI0€ TaK OTHOCHUTCS K OOJNbIel cBOel yacTH, Kak
OoJIbIIIas 9acTh - K MEHBIIEH:

a +b _ b
b a .Takas 3amaya MMeeT pELICHHE B BUJE KOPHEH YPaBHEHUS: xz-x-1=0,
YHCJIEHHOE 3HAUEHUE KOTOPBIX PABHO:
+ -
x1=%=1,618034...=®; XZZ—% =-0,618034... = —é.

3a Kaxylleuncss MpoCTOTON onepaluu ACJCHUsS B KpailHEM M CPEIHEM OTHOLIEHHH CKPBITO
MHOKECTBO YIMBUTEIBHBIX (OPM BBIPAXKEHUS IMPOMOPLHMH 30J0TOTO CEUEHUS B MHUpPE KHUBOU
npupoAbl. JIMHEMHBI 3aKOH 30JI0TOTO CEYEHHS] IIMPOKO PACHpPOCTPAaHEH KaK YHCIOBas
XapaKTePUCTUKA WICHCHHH cTeO]el pacTeHWM, MX PACIOOKCHHUS Ha CTBOJIC W JaKe MPOTOPIUI
YeJIOBEYECKOro Tea.

Paccmotpum oquH U3 ciocoOoB JeJeHHs] OTpe3Ka B 30JI0TOM CEUEHHUU (TaK perranyu 3afady
JIeJICHUs] OTpe3Ka B KpalHEeM M CpedHEM OTHOIICHWW B ApeBHeM Erumnrte u apeHeit ['perun):
nenuMbiii otpe3ok AD=a (puc. 1) moctpamBaroT mo aBoitHoro kBaapara ABCD co cropoHoi
AB=a/2. Tlorom u3 nmuaroHamum DB mupkymem otcekaroT orpe3ok BE=AB=a/2. C nomomisio

UPKYJISI IEPEHOCAT OTPE30K FD=FE=x = \/g
a:x=x:(a-x)=1.618034...

—a/2 3ajzava penieHa:

a
2
A B
a
F E 3
a
X a
2
D C
Puc.1

Boo06me, m000i# croco0 aeneHust oTpe3ka B 30JI0TOM CEUEHHWU CBOJUTCA K MOCTPOCHHIO
KBaJipaTa W JBOMHOTO KBajpara (TojykBajapaTa). TakuM oOpa3oMm, B MareMaTHKy MPUXOIAT YHCIa

\/5 Hu \/g ([lnaronanmu kBaapara W nBOWHOTrO KBajapara). [lossienune auaronanu BD aBoitHOTO
kBagpata ABCD u ecTh OSIBIICHME OTHOIIEHHUS 30JI0TOTO CEYEHHUSI: CTOPOHA, a €CTh CPEIHEE MEXKTY



JIMarOHaJIbIO BD=+/5 , YBEJIMYCHHOW Ha CTOPOHY a/2, M ATOW K€ TUaroHaJIbl0, YMEHBIIICHHON Ha
CTOpOHY a/2:

J5+1 02
2 J5-1

=1618...

2.2.2 A-poM0 ¥ «GKUBO» TPEYTroJIbHUK.

N300pa3uM Ha BEPTUKAIN OTPE30K, Pa3NEIEHHBIA B 30JI0TOM CEUCHHHM Ha J[BE€ HEpaBHbBIC
yactu (puc.2). bonbimyio wacte emé pa3 pasfgenuM B 30J0TOM CEUYEHMH M Tak Oynem
pacrpoCTpaHATh 30JI0TYIO IEMb 10 OSECKOHEYHOCTH B HAINPABICHUH, BOCXOISIIEM OT OOJBIIEro K
MEHbIIEMY (aIIUTUBHOCTb). B LIEHTpax MOIY4YEHHBIX OTPE3KOB MOCTPOUM OKPYKHOCTH paanyCaMH
JTUX OTPE3KOB. [0 OTKPBITHUS BO3MOXKHOCTH, CKPBITOM B 30J0TOM CEYEHUH M IO3BOJIAIOLIEH
MOJIEIIUPOBATh (POPMBI, UTPAIOIINE KIIOYEBYIO POJIb B PUTMAaX >KU3HM >KUBOM MPUPOJBI, OCTAETCS
HECKOJIBKO 11aroB.

BBenenue mpsiMoro yria B 4epTéx MpeoOpa3oBajio JIMHEHHBIM pPsJl 30J0TOTO CEYEHHS B
NPOCTPAHCTBO CHUMMETpUIl momoOuid. Jliast 3TOro OTMETUM Mpeaen, K KOTOPOMY CTPEMHUTCS
yObBaronii BUA (Touka N Ha yeprexe). 3areM NpoBenéM KacaTelbHble yepe3 TOuky N K
IPOBEAEHHBIM OKpYKHOCTAM. COEIMHUB TOYKM KacaHWs C LEHTPAMHU COOTBETCTBYIOLIUX
OKPY>KHOCTEH, MOJIy4yaeM TPEYTOJIbHUKHU C IpsiMbIMU yriaamu. CoenunuB Touky Op u JI; (nmm I1h),
MOJIyYUM IPSIMOYTOJIBHBIN TPEYTOJIbHUK C AHAJOTUYHBIM OTHOLIEHHEM CTOPOH. B mosyumBmimxcs
NPSAMOYTOJIBHBIX TPEYroJbHUKAX OTHOLICHHE Majloro KaTeTa K OOJNBIIOMY paBHO OTHOIICHHIO
O0JIBIIIOTO KaTeTa K TMIOTeHYy3e. Takol TPeyroJibHUK — TPEYTOJIbHUK IT€OMETPUUYECKOM Mporpeccun
MOJY4YMJI B YepTeKe IIEeCTh OpHEHTAlMil (cM. pucyHok). [lomydennyio ¢urypy OyneM HazbIBaTh
ACUMMETPUYHBIM poMOoM (A-pomOOM); JeBas M TpaBas YacTH 3€pKAJIbHBI, BOCXOAALIAs IIETb
30JI0TOTO CEUEHHS] Pa3BUTAa OKPYXKHOCTSIMHM, a HE TIOJYOKPY)KHOCTAMHU (4TO TpeOyeTcs uIs
IIPAKTUYECKOIO JEIEHHUsS OTpe3Ka B 30JIOTOM CEUEHMM), YTO IO3BOJSET BBIIBUTH HEKOTOPHIE
oTpakeHHUsI oOpa3a JaHHOTO uepTexka B (opMax >KUBOM MpHUPOIbl. A-poMO HE MMEET MEPHOCTH:
710001 OTpEe30K B CTPYKType A-pombOa MOXKHO NMPHHATH 3a JUHEHHYI0 Mepy AnuHbl. Tornma amuHa

n
II000ro ero »JaeMeHTa ecTh uucio ~® , rame n — Lenble YKClIa, IOJIOKHTENIbHBIC OO0
OTpHIIaTeNbHbIC. [ OpU30HTANM, COCAMHSIONINE TOYKH IIEPECEYCHUST OKPYKHOCTEH, JeisT
BEPTUKAIBHYIO OCh A-poM0Oa morosiaM (Touka E), a kaxasiii €€ 0Tpe30K TakKe MOToJIaM .
N

[ a2
H

0o

Puc.2 A-pom0.



Yron ocHoBanus 200 B A-poM0€ ¢ TOYHOCTBIO 10 TSTOTO 3HaKa COBMATACT C YHCIOM

C145+1
2

=1,618... 20=1,8091 paz[—z +1 (cM. pHUCYHOK). DTOT JK€ Yrojl OIpeAeiseT

J5+1
2

BHYTPHUMOJICKYJISIPHBIC CBSI3H B MOJIEKYJIE BOJBI: OH SIBJISICTCS] YTJIOM aTOMaMH BOJIOPO/ia B MOJIEKYJIe
BOIBI (puc.3).

/-l

PE—

=1,8091 pag.
=103°33"' 16,5"

Puc.3

Uto Takoe Boaa? Bomnblyro 4acTh BCAKOM KUBOM KIIETKH COCTaBJsieT BoAa. KileTku moutu
BCEr/la OKPYXXEHBI BOJHOM CpeJoi: 3TO MOXKET OBbITh MpecHas WJIM MOPCKas BOJa, TKAHEBBIM COK,
miasMa, BHEKJIETOYHAsl >KUIKOCTh. buosjormueckas uHopmanuss MOXKET NepeaaBaThCsl UYHUCTOM
BOJIOM, a, KpOME€ TOro, BOJAa MOXET XpPaHUTh HaMsATh O OHWOJIOrMYECKH AaKTHUBHBIX MOJIEKYINaXx,
KOHTaKTHUPOBABILMX C HEH M MCYE3HYBIIHUX M3 HEE BCIEACTBHE MHOTOKpATHBIX pazOaBieHuil. To
€CTh, BOJIA JIEKUT B OCHOBE >KU3HU M0 MHOTUM TNapaMmerpam. JKu3Hb BO3HUKIIA B BOJIE; HUUTO KUBOE
0€e3 BOJIbl HE MOKET CYILIECTBOBATh.

B yrne 20 3akmrouaercss accouuanus € SIBIEHUEM pPoOcTa B JKUBOM Tpupojae. YTol
XapakTepeH JUisl HEpBaTyphl JIMCTheB KIE€HAa (puc.3) M ujeHeHus crebiel pacTeHui, ux
PacIoJIOKEHUS Ha CTBOJIE, pocTa pakoBuH “Pecten” (apeBHeitmas hopma KU3HA MOPS, BOCXOISIIAS
Kk cepenune Cumypa, okoso 350 muH. jet) — Touka O; A-poM0a COOTBETCTBYET Hadally pocTa
pakoBHHBI (puc.4).



Puc.4 Pakosuna Mosmtrocka Pecten.

OTtpe3ok, AenEHHBIA B 30J0T€, YCTAHABIMBACT CBSA3b TPEX BEJIMYMH: JABYX €ro yacteil u
LIETTOT0, KOTOPBIE MOKHO BBIPA3UTh KakK yMCIa x*, x u 1. Ho TpeyrodbHUK A-pomba OoNJI; (1 Bce

eMy TOJ00HBIE) TOXKE HMMEET COOTHOIICHHE CTOPOH X%, X H I(Katetst cytb 1 u VO =1,272...
runotenyza (J®)°=1,618...). 3HauuT, AeNTeHWE OTpe3Ka B 30I0TE €CTh UACTHBIA CITydaii

TpeyrosibHUKa OoNJI; — ecnu KaTeThbl pacroynokaTcss Ha OJHOM IPSIMOM MOJ yIJIoM TL TMIOTEHY3a
COBMECTUTCS C KaTeTaMHd U BO3HHMKHET CiIydall JIeJeHHs] OTpe3Ka B 30J0TOM cedeHuu. OnHy u3
CTOPOH TaKOTO TPEYrojbHUKAa MOXHO NpPHUHATH 3a 1, a 1Be apyrue OYyIyT OINUCHIBATHCS
KBaIpaTUYHOM 3aBuUcUMOCThIO. OTCIOJa CIEAyeT, 4YTO TpPEYroJbHUK, COXpaHsisi Ty IKe
3aKOHOMEPHOCTh, MOKET OMHUCHIBAThH, MOJOOHO YAaCOBBIM CTpEJIKaM, JIIOObIE YIIIbl B3aUMOACHCTBUS
KaTeTOB B IMpejerie yria 2T TO €CTh OMUCHIBaTh HEKOTOPbIE 3aMKHYThIe MpocTpaHcTBa. [Ipobdiaema
COpa3MepHOCTU U MPOMOPLUN CMellaeTcs B 3TOM ciydae K onucaHuio ¢opmel. Kak Oyner Bectu
ce0s1 «OKUBOI» TPEYTOJIbHUK, Y KOTOPOTO CTOPOHBI CYTh X%, xu1?

Hrak, paccMOTpUM <OGKUBOW» TPEYroJbHUK (pHUC.7), B KOTOPOM OJHA CTOPOHA JICKHUT Ha
BEPTHUKANH, SBISAACH OChIO CUMMETPUU Ha IUIOCKOCTH MJIM K€ OCBhIO BpallleHHs B MPOCTPAHCTBE.
OnHa U3 CTOPOH TPEYTOJbHHUKA CIYKHUT JIMHEHHOW MEpOW MPOCTPAHCTBA, BE APYIHME — CBSI3aHBI
KBaJpaTUYHOM  3aBUCUMOCTBIO:  OJJHa CTOpPOHa €CThb  KBaapar  apyroil.  O4eBUIHO,
chopMynupoBaHHas 3a/lada UMEET LIeCTh BapUaHTOB pelieHus. [lomoxxeHne Ha BEPTUKAIU MOXKET
3aHATH JT00Asi M3 TPEX CTOPOH TPEeyrombHUKA: X, X Wik 1. [Ipy 5TOM [Be APyrHe CTOPOHBI MOTYT
MEHSITHCSI MECTAMH.

Cnyyaii 1-b1id. Ha BepTukanu nepeMeHHas X:

a) Ecniu k Touke Havama nMpuiokeHa KOHCTaHTa Xo=1, Tpek onucan chepy;

6) Ecim Kk TOYKe HAYaga TPWIOKEHA TIEPEMEHHAs X, TPeK OMHCal  MOBEPXHOCTb,
BOCHPOU3BOSAIIYIO SIMIIO YAJIMHEHHOW (OPMBI C OTHOIIEHHEM JAMAMETPOB BEPTHUKAIBHOIO K
TOpPU3OHTAIBHOMY 3:2. @opMa TUIIUYHA JIJIS U1 yTHHBIX.

Cnyyaii 2-oii. Ha BepTukanu nepeMeHHas X
a) Ecnm x Touke Havanma MpUIIOKEHAa KOHCTaHTa Xo=1, TPEK OMHCHIBAECT CHEPHUUECCKUN CETMEHT,

MMEIOIINM B OCHOBAaHUU KPYT JUAMETPOM B u BBICOTY /2. CEKTOp, IOCTPOEHHBIN U3 TOUKH Hadajia

U OXBaTBIBAIOIIMNA ATOT CErMEHT, omnpeneiaéH yriaoMm 2T¢3. IloBepXHOCTh CerMeHTa COCTaBIISIET 4
MOBEPXHOCTU c(ephl, a TaKk KaK OHA OINKCaHAa BEPIIMHON TPEYroJbHUKA IBAXKIbl, €€ CleayeT
MOHMMATh KaK CJI0)KEHHYIO BABOE 000JI0UKY, OXBAThIBAIOIILYIO MIPOCTPAHCTBO, paBHOE 0.

0) Ecnu k Touke Havyayia mpuito’keHa epeMeHHas X, TpeK onucai (opMy, HAITOMHUHAOIIYIO JUTHIIC,
HO HE COOTBETCTBYIOILYIO YpaBHEHMIO 3Juturca. HazoBéM e€ «mpoTosiinoy (MOoIydeHHOE 37ech
S0, OMHUCHIBAEMOE BEKTOPHBIM YpPaBHEHUEM x*=x+1,061a0a5 TOMHUMO BEPTUKAJIIBHOW OCH



CUMMETPUH €I U TOPU3OHTAITBHOMN, MOKHO CUUTATh JTUIIH IPOoOpa3oMm siiia, HO He ero Gopmoit).

OTHOIIEHNE BEPTUKAIBHOTO JUAMETPA «IIPOTOSHIa» K TOPU3OHTAIBHOMY J5:43.
Cryyaii 3-uii. Ha BepTukanu koHcTaHTa Xo=1:

a) Ecniu x Touke Havasa npuiiokeHa rnepeMeHHast X, TPeK OIMMCBIBAET YacTO BCTPEUaIoIytocs popmy
s00ka npaBWIbHON ¢opmbl. Ecnu peanbHoe s1070KO pas3pe3aTh MO BEPTHKAIA U COBMECTHUTDH
IJIOCKOCTh pa3pe3a ¢ IUIOCKOCTBIO OYEPYCHHOM KpHUBOM Ha pHUC.7, TOYKA Hadajga pocTa >KMBOTO
s010Kka (LIEHTp 3aBsA3M) COBMANET C TOYKOW Hadala MOCTPOCHHsI KpuBOMl (puc.5). OTHomeHue
BEPTUKAIBHOI'O JUAMETPa K TOPU3OHTAIBLHOMY 37€ECh J5:2,663816...

6) Ecii K TOUKe Hayama MPHIOKEHA MEpPeMEHHas X , TPEK OIHIIET Ty 5Ke KPHBYIO, HO 3¢PKATBHO
ONPOKMHYTYI0, IPUYEM B ITOM cllydae TOYKAa Hayaja OKaKeTCd 3a IpelelaMH IPOCTPAHCTBA,
OYEpPYCHHOI'0 3aMKHYTOM KpuBOW. Eciu paccmarpuBaTh 3Ty KPUBYIO COBMECTHO C TOYKOM Hadala,
TO MOXHO 3aMETHUTb, YTO TPEYTOJILHUK CO CTOPOHaMHM X, X M | omucan GopMy MOPCKOIH paKOBHUHBI
Pecten. CxoactBo oOperaeT 0coOyro MOJTHOTY, €CH 0OpaTUTh BHUMAHHUE Ha TO, YTO KaXKI0€ KOJIBLO
pocTa pakoBHMHA TMOBTOPWIJIO MOCTPOCHHYIO KPUBYIO B Pa3HbIX MacmTabax (puc.6) U 4TO TOYKa
Hayaja pocTa paKOBUHBI BHOBb COBIIAJIa C TOUKOW Hayajia OCTPOEHUS Ha YEPTEXKE.

Tak mosiBIsteTcs cBs3b uucaa VO wu dopM B KHBOH mpupoze, npuuéM GopM Janeko He
CiyyaiHbIX. SI0JIOKO — TUTOM, B KOTOPOM BO3HHMKAET U CO3PEBACT CEMsI, HECYIEe T'CHETHUECKYIO
uH(popMaIrio 00 0COOM TMOCIEIYIONMEro MOKOJIEHHS, a B MPOCTPAHCTBE, OYEPUCHHOM CKOPIYIOM
SIHIA, COBEPIIIACTCS TAMHCTBO BOZHUKHOBEHHSI HOBOTO cyiecTBa. Ty jk€ B MIPHHIIUIIE POJIb UTPACT U
paKoBHHA MOJUTIOCKA.

Puc. 5. Puc.6
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Ha sepTaxana- X

1]
B Touke Havana - x

N

x

N

/)
Y

2
B Touke Hauyana - x

Hs mepTukanm- %2

0
B Touke Hauana - x

P

B Touke Ha4vana - x

Ha sepTwxkam- X¥m1

B Touke Havana - x

x°—

S
=

2
B Touke Hayana - x

Puc.7 «oxuBON» TPEYroJIbHUK
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2.2.3 Jlorapugmuyeckas cimpaJb.

Bepuémcs k A-pomOy. Tpeyronsauk JI;NOg, monoOubi TpeyronbHuky OopO1J1;, MoxHO
HOJY4UTh ciexyoumm obpazom (puc.2 u puc.8). Ha ctopone J|II; oTnoxuth mogoOHBIH eMy
TPEYroJbHUK TaK, 4ToObl cTopoHa JI;N cTasa MEHBIIMM KaTeTOM, a THIIOTEHYy3a IOJy4YeHHOTO
noJo0HOr0 TpeyropHHKa Jexana Ha crtopoHe JI|N. Ilpum 3TOM MepHOCTH TpeyrojbHHKa CO
CTOpOHAMHU X%, X H lyBenuuniiach B Jo pa3. Ilpomomxkum Takyro Ienb MNOCTPOCHHH 0
0eCKOHEYHOCTH. BepIIMHbI MOTyYeHHBIX TPEYTOJIbHUKOB OUE€pPUUBAIOT JIOTApU(PMHUECKYIO CIIUPAIb

2In@!?

R=0"%

Puc.8

OTa crnupaib 4acTO BCTPEYAeTCsl B MPUPOJIEC U MOBTOPSET (POpPMBI YellyeK Ha COCHOBOM
IIUIIKEe, CIUPaJIb paKOBHHBI MOJUTIOCKa Haytwityca (puc. 9), couBeTrs MHOTUX pacTeHUH,

Puc.8

HaIpUMep, MaprapuTK WK MoAcoiaHyxa. OauH U3 Hanboyiee pacIpOCTPAaHEHHBIX MAyKOB,
DOrmelipa, cIuieTas MayTUHY, 3aKpyddBaeT HUTH BOKPYr IIEHTpa MO JOrapu(MHUUECKON CHUpau.
Crupanb, eciu MpelCcTaBUTh €€ KaK >KUBOH OOBEKT, BOSHHKAIOUIUN M3 TOYKM Havaja MOJSPHBIX
KOOpJMHAT, 3aXBaThIBAa€T IPOCTPAHCTBO MO 3aKOHY, TNPEACTaBICHHOMY (yHIaMEHTAIbHBIMH

KOHCTaHTaMM MPHUPOABI: UppaAllMOHaTIbHOE Yhciio + @ , palMoHaIbHOE YUCIIO 2, TPAHCIICHIECHTHBIE
qucia e,Tt

Puc.9
Cy1iecTBOBaHHE CITUPAJIHA MPUBOIUT K UHTEPECHOMY BBIBOJLY:
Yucno T MOXKHO 3aMEHUTEH ynuciioM D:
=022
3,1416=3,1446
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TakuM 00pa3oM, MOBOPOTHas CHMMETpHs TU2 M 3aKkOH H3MeHerms Mepaoctd @2 crpost
q 2ln@'/?
JOTapu(pMHUUECKYIO CIIUPAITH R = ch/Ze m
Jlorapudmudeckasi cimpainb — €AMHCTBEHHBIN THUII CIIUPAJIA, HE MEHSIONIEH CBOCH (HOPMBI
IpU YBEJIIMYEHUH pa3MepoB. DTO CBOICTBO U OOBACHSET, MOYeMy JiorapupmMudeckas: Coupaib 4acTo
BCTpEYAETCs B IPUPOJIE.

2.4 YpaBHeHMe DJKCIIAHCUM — BEKTOPHAas 0CHOBA (hopMooOpasoBaHmsl.

PaccmoTrpum momnoapoOHee ypaBHEHHE OHKCHAHCHHM, KaK BO3MOXHYIO OCHOBY MOJENU
bopMooOpa3oBaHUs:
R=S+U,
Kakwue ObI hakTOpbl HU ClIarajych B MOHATHE «IIOTEHIUS S», U Kakue Obl HU COCTABJIAIOIINE
HU COCTaBJIsUIM noTeHuuo U, s reoMeTpu4yeckoi MOJIeH CYIIECTBEHHO BaXKHO B3aMMOJECTBHE
BHYTPEHHEU MOTEHIMHU S ¥ BHeIIHEN U; Ipu 3TOM: «+» - S9KCIAHCHUS U3 IIEHTPA BOBHE, «-» - U3BHE B
LEHTD.

[Ipennonoxxenue o creneHHou 3aBucuMoct R ot U: |R| = ‘U“ , e 0< |n| < 0o, BBITEKAET

W3 TOrO, 4TO U3MEHUTH BelMunHy U Kpome He€ caMoil HUYTO HE MOXKET; a |S| =const =1. B atom
crpout U-cummerpun. Hapsany ¢ paccmorpeHHbiMU U-TOMUHAHTHBIMHU
Sn
VYpaBHEeHHE OJKCIAaHCHUM TPOAyHHpyeT 8§ TuUmoB cuMMeTpuid (puc.10), ITUXOTOMHYHO
NOJIAPHBIX: S-cuMMeTpuu U U-CUMMETpUH, TUTIOC-CHMMETPUHM U MUHYC-CUMMETPUH, TpSAMbIE (n) U

obpatubie (1/n). I omHOBpEeMEHHO C JTHM YypaBHEHHE OSKCINAHCHU YCTAHABIMBACT aJTOPUTM
OTHOIIICHUH COXpaHEHHUS W W3MeHYMBOCTH. B cummerpusax U mporpamma S chepuyna u dopma

o0bekTa He ToxaecTBeHHa mporpamme R =S =S. B cummerpusx U, HampoTuB, mporpamma He

cllydae ycJOBHE |R| = ‘U“

dopmamu 0OHAPYKHUBAIOTCA S-TOMHUHAHTHBIE (POPMBI, 3a/JaHHBIC YCIIOBUEM |R| =

cepuuna, HO ¢popMa R ToxkaecTBeHHa mporpamme: R = S=S. [Iepemena 3HaKOB TOXKIECTBEHHO —
HETOXKJECTBEHHO O0TOOpa)kaeT KapAHHAJIbHbIE PA3INYUsl TUXOTOMHUYHO OpraHM30BaHHOIO Ipolecca
CTaHOBJICHUSI OMOJIOTHYECKUX 00BEKTOB (CM. PUCYHOK).

[IpoBenéHubie HccienoBaHus Onogornueckux ¢GopMm (peadbHbIX W B BUIIE M300paKeHUN)
MOJATBEPANIIN COOTBETCTBUS PACCMOTPEHHON BEKTOPHOM MOJIEH C BHICOKOW CTEMEHbIO0 TOYHOCTH:

cummerpuun —1/2U, -2U, -1U noBropmwim (HopMy KOKOHOB M JIMYMHOK HACEKOMBIX, (hOpMY
ceMeHnu (acomu;

cummetpuu —1/28S, -2S umenu popmMy, XapaKTEpHYIO JJIS SUI] XUIIHBIX ITTHII;

cummMmerpun +2S, +1/2S pucyroT odepTaHuMe W TOIWYHBIE KOJbIIa MOJUTIOCKa Pecten, ¢
BBICOKOM TOYHOCTBIO OYEPUYUBAIOT (PPOHTAIbHbIE MPOEKIMH Kalcyl, B KOTOPBIX 3aKIIOYEH
TOJIOBHOM MO3T' MO3BOHOYHBIX (puc.l1), Hampumep, NMTHI], OYepUYUBAOT (PopMy sI0JOKA, THIKBBHI,
XYPMBI;

cummetpus +2U Bocipou3BOIUT (HOPMBI, XapaKTEPHBIC TSl ITHI] YTUHBIX (puc.10).
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Jaxknrouenue.

Uccnenoanre (popmoobpazoBanus B JaHHOW paboTe moTpeboBasio 0coOOro moaxona K
HNOHATHUIO «(popmMay (C TOUKU 3peHUs] BEKTOPHOW I€OMETPUH) M BBEACHUS MOHATHS «OKCIAHCU», TO
€CTh PAcCMOTpPEHHs TpeoOpa3oBaHMil HEKOTOPOW TOYKHM Hayaja, OOJaJaroleil CBOHCTBaMH
NPOCTPAaHCTBA-BEUIECTBA M HYJIEBOW MEPHOCTBIO B OOJACTH TPOCTPAHCTBA-BEIIECTBA C

JEUCTBYIOIMMHU  IapameTpamu.  lcmonb3oBaHME  METONOJIOTMM  30J0TOIO  CE€YEHUS U
TreOMETPUYECKOr0 MOJ00US B IMPOCTPAHCTBE OTKPHIBACT IMyTh K MOJCIMPOBAHHIO (JOPM M KHUBBIX
CTPYKTYD.

[TosTanmHoe MopenMpoBaHME BKIIOYAJIO B cebsd mocTtpoeHne A-pom0ba, <«KHUBOTO»
TPEYrojbHUKA, JIOTapu()MUUYECKON CHHpaNM, HCCIEAOBAHHE YPAaBHEHHS HKCHAHCUU C LEJIbIO
MOJIy4EHUs] 8 THUIOB CUMMETpUM: S-cuMMeTpun U U-CUMMETpHUM, IUIIOC-CUHMMETPUM M MHUHYC-
cummeTpuu, npsmble (n) u oOparHeie (1/n). IlpencraBieHHas MOAENs HKCIEPUMEHTAILHO
IpOBEpeHa Ha COOTBETCTBYIOUIMX OMOIOTHYECKUX 0OBEKTaX.

Ny
—

(1)

S

e,

of3
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[TpoBenéHHOE HCCIIEOBAHUE 3aCTaBIISICT 3aqyMaTbcsi HE TOJBKO O TOM, YTO TaKoe
¢dbopmooOpa3oBaHue B IPUPOJIE, HO U O TOM, NoueMy (PeHOMEHAIbHBIH MUP TaKOW, KaKk OH €CTh, a HE
npyroid. YenoBeuecTBO JOKHO 3a00THTHCSA O pa3HOOOpa3uu M TapMOHU OMOJIOTHYECKHX (HopM,
COXpaHsisi OJaronpUATHYIO KOJIOTHYECKYI0 OOCTaHOBKY.
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