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A.T. Kynanues

Wpwn AHTpa — TaliHbI reomeTpumn

Wpu AHTpa — TanHbl ncnxodpusmnonornm

M3BnevyeHma No MCcTouHKUKY [20.33]

LWpn AHTpa nan Benunkas AHTpa ABASETCA APEBHUM reOMETPUYECKMM CUMBOJIOM, UCMO/Ib3YEMOM AN MeAUTaLMN B
Pa3IMYHBIX LKOMAX TAaHTPM3Ma, U ero Npoc/eKeHHble UCTOPUYECKME KOPHU YXO4AT 33 pyberk 1 Tbicauenetus no
H.3. B cTaTbe NpuBeseHbl Pe3y/ibTaTbl CTPYKTYPHOTO U aHa/JIMTUYECKOrO UCCNef0BaHUA LeHTPabHON 38306 LLpn
AHTPbI (14—YyroNbHUK, 06pPa30BaHHbIA MepeceyeHMem OEeBATM TPEYro/IbHUKOB) C TWUMM3aumMen AO0CTYMHbIX No
NnTepaTtype 06pasLOB M aHaIM30M UX BPEMEHHOTO U KOJIMYECTBEHHOTO PACMPOCTPAHEHMS.

YCTaHOBNEHO, YTO:

a) npouecc BOCMpPOMU3BeAEeHUs 38e30bl
KpalHe CNOMKEH A1 PYYHOMW peasvsaumm
OaXKe  COBPEMEHHBLIMU  YEPTEKHbIMM
cpeacteamm  M3-3a HEOBXOAMMOCTM
TOYHOTO COBMELLEHUSA MHOFOUYUCIEHHbIX
TOYeK nepeceveHus;

6) 3agadva obuero maTemaTU4ecKoro
aHanM3a 38e30bl COMPAXEHa CO CToJb
60/blWMM OBBEMOM BbIYMUC/IEHUIN, YTO
ocTtaétca  fganeko  3a  npegenamu
BO3MOXHOCTEN CBEPXMNPOM3BOANUTE/IbHbIX
KOMMbIOTEPOB.

Tem cambim npouncxoxaeHune LWpu AHTPbI
n3 [lpesHero Mwupa aBnAeTcA MOKa
HenoHATHbIM peHomeHOM. BbicKasaHbl
npeanonoXKeHmna o BO3MOXHOCTH
CyLLLeCTBOBaHMA B OPEeBHOCTH
chepuyeckoro npototuna 3ee3dsl Llpwu
AHTPBI M HEU3BECTHOW  KyNbTypHO-
NCTOpPUYECKOM anbTepHaTUBbI
MATEMATUUYECKOMY 3HAHMUIO...

MaTeMaTHYeCKH aHAJIU3

Hale BHMMaHWe B AaHHOWN cTaTbe ByAeT HanpaB/leHO WUCKAOYMTENbHO HAa FeOMETPUUYECKYHD CTPYKTYpPY
LeHTpanbHOW 3Be3abl Lpu AHTpbI. Mpolueaypa pyyHOro BOCMPOU3BEAEHUA 3TOW 3Be3abl (pucoBaHMe
KOMWUi, 0COBEHHO C yBeMYeHnem pasmepa M306parkeHnsa) OKasblBaeTCA HEOXKUAAHHO COMPANKEHHOM C
KpaliHe cepb&3HbiMK Npobaemamu. LeicTBUTeNbHO, BOMbLIMHCTBO U3 ee JIMHUIM NPoXoaAT yepe3 3—6
TOYEK nepecedyeHus ApYrux JMHUIK, NO3TOMy TpebyeTca OrpoMHOE YMCI0 NEepeprcoBOK Bcen durypbl,
4TOBbI AOBUTLCA YA0BAETBOPUTENBHONO COBMELLLEHMS BCEX ITUX ToYeK nepecedeHus. Monpobyem 6osee
OeTanbHO pa3obpaTbcs B AaHHOW npobaeme.
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CTPYKTYpHbI€ KOMIIOHEHTHI

MpoBeAEHHbIV NpeaBapuUTenbHbI aHaIM3 MOKa3bIBAET, YTO reomeTpuyeckun 3sesga Wpn AHTpbl moxkeT
ObiTb pas3/foXeHa Ha 4eTbipe MOC/iefoBaTesIbHbIX, BAOMKEHHbIX CTPYKTYPHbIX KOMMOHEHTa (puc. 2).
Mpouecc  KOHCTpyMpoOBaHMA KaXX[Ooro  KOMMOHEHTa BK/IIOYAET  pUCOBaHME  3aMKHYTOM
nocsief0BaTe/IbHOCTU IMHWIA, B 3aBepLUEHME Yero HeobXoAMMO MPOBECTU /IMHUIO Yepe3 TPU TOUKM
nepecevyeHMsa paHee HAPUCOBAHHbIX AWMHWIA. WMHbIMM cnoBamu, B npoLecce MOCTPOEHUA KaKMM-TO
06pa3om Hago £06UTLCA, YTODbI 3TU TOUKM YIKE SIEXKaNM Ha OAHOM NPSAMON.

MonbiTaeMcA NPOMUANIOCTPMPOBATL 3Ty NPOLEAYPY Ha NPUMEPE NEPBOro CTPYKTYPHOrO KOMMOHEHTa (puc.
2a), MNpesxkae Bcero, Bbibepem anpuopHO 3HayeHue YA (KOTOpoe MOTOM Mbl BbiHYXAEHbl Byaem
KOPPEKTMPOBaTb NPV MOCTPOEHUM KOMMOHEHTA 4), MCXOAA U3 KOTOPOro OAHO3HAYHO HauyepTUM ABa
HaMBONbLINX M CUMMETPUYHbIX TPEYTONbHMKA (TOHKME IMHUK Ha puc. 2a).
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HanomMHMM, YTO CMMBO U3 A,BYX CKPELLEHHbIX TPEYro/IbHUKOB B 3anagHoM OMKymMeHe 06blYHO MMEHYeTCs
3ge3gor man wutom [dasmaa (peke — nedyaTbto COIOMOHA) M 06O3HAYAET HUCXOXKAEHME AyXa B
mateputo. C Apyroi CTOPOHbI, 3TOT CMMBOJI fABAAETCA OAHUM M3 LLEHTPa/bHbIX B TaHTpM3ME W
0603HaYaeT TaM eAMHCTBO CO3HATE/NbHOrO (TPEYro/ibHUK C BEPLUMHOWN BBEPX) M SHEPreTUYeCcKoro (BHU3
HanpaB/ieHHbI TPEYro/IbHUK) OCHOBOMOAratoLLMX MPUHLMNOB PAa3BUTUA MUPO3AAHUS.

OueBMAHO, YTO 3TOT CUMBON MMEET He apuiicKkoe (MOCKO/IbKY OH He BCTpevaeTcs 6osiee HUrae no nytu
OBUMKEHMA apueB, B OT/IMYME OT CBAaCTUKM — CMMBOJIA NA0AOPOAMS, svastika Ha caHCKpUTe AOCI0BHO
O3Ha4yaeT «XOpolWo KywaTb»), a 6onee pApeBHee — [APaABUACKOE MPOUCXOMKAEHUS, TO €CTb OH
cywectBoBan B MiHAocTaHe 3a404ro Ao BpemeH Xapannbl U Moxearko [apo (2.5 Tbic. neT go H.3., rae
y)Ke BCTPeYalTcA neyaty co CBacTMKOM) m Tem b6onee — 3a40nro Ao BpemeH uapcts Oasuga u Co-
NIomoHa (XI—X BeKa 40 H.3.).

MOCKO/MbKY 3TOT CMMBOJI HE YMNOMMHAETCA MNPeALlecTBYWMMN O6UO6NEACKUMN  NPOPOKaMK, He
BCTPEYaeTcsa HU B Kakux bosiee ApeBHUX conpenenbHblX KyabTypax, a MMeHHO B anoxy uapa ColoMoHa,
nocne becnpeueneHTHbIX 3aBoeBaHMI [aBuMAa HAYMHAOTCA MPSAMble TOProBble KOHTaKTbl WUyAdeeB C
NHamen, TO CTAaHOBUTCA OYEBUAHbBIM, YTO LUECTUYrO/IbHaA 3Be3fa nonasna B [lafectMHy B 3TO Bpems U
MMEHHO M3 MHAOCTaHa B KOHLIE KOHLLOB MOJIyYMB TaM HOBYIO MHTEPMPETALMIO, OTIMYHYHO OT KOCMOTOHUMU
TaHTPbI.

3arem Mpou3BOJILHO BHIOEPEM TOUKY 4’ Ha OCHOBAaHHM BBEPX HAIPABJICHHOI'O TPEYTOJIbHUKA ((haKTHIECKH
— BbIOepeM 3HadeHue xA') 1 mpoBeéM mpAMYIo uepe3 Toukd 1 u A' 10 mepecedeHus: ¢ BepTUKAIbHON
OCBIO KpyTa, a 3aT€M HauyepTUM T'OPU30HTANb Yepe3 TOUKY 2 JI0 MePECceUeHUs C OKPYKHOCTBIO, MOTydast
Touky D.

Teneps, umest Tpu Touku 3, A', D, MBI JOKHBI MPOBECTH JMHHUIO Yepe3 TOUKU 3, A’ 10 mepecedeHus ¢
OKPYXHOCTBIO M XOTeJIH Obl, YTOOBI 3TO mepeceueHue coBmaio ¢ Touykod D. Omnako 4ToOBI HOCTHYB
9TOro, TpeOyeTcs BBINOIHWUTH LENYI0 IOCIEAOBATENBHOCTh IMEPECTPOeHUH (HUryphl (WTepanuii uim
MOCJIeI0BATENbHBIX MPUOIMKEHNI — B MAaTEMaTHYECKOH TEPMHUHOJIOIMH) C HEKOTOPBIM MEpEMEIeHnEM
TOYKH A' M C ONEHKOH Ha KaKAOM Imare STOrO IPOIEecca CTEMEHH IOTPEHIHOCTH HECOBIIAICHHS
3aBepIIAIOIIeii TOUKHU MmepecedeHus ¢ Toukor D.

Koucrpykmss m mocrpoenne xomnonenma 2 (puc. 26) TOYTH CUMMETPHYHBI KOMnoHenmy 1 wu
HE3aBUCHMBI OT HETO, MPUUYEM anprHOpHO BhHIOMpaeMoe 3HaueHHe yB MOTOM Hajo OyJeT KOPPEKTUPOBATh
IIPU TIOCTPOCHUH KOMHOHeHma 3.

Korma komnowenmwvr 1 u 2 TOCTPOSHBI C YAOBIETBOPUTEIHHONH TOYHOCTHIO COBMEIICHUS TOYEK
MIePECECUCHH S, MbI UMEEM BCE JIMHUW, HEOOXOIMMBIC JIJI1 PUCOBAHUS KOMnoHenma 3 (puc. 2B).

B srom mpouecce oOHapy>KUTCS HECOOTBETCTBHE TOYKM IEPECEUCHUsS 3aBEPIIAIOLICH JMHUM C YXKe
AMEIOUIEHCS TOUKOM B, 11 yMEHBLIEHUSI KOTOPOro MPUIETCS U3MEHUTh VB U, Cle0BaTeNIbHO, — CHOBA
HUTEPALIMOHHO IIEPECTPOUTD KOMHOHEHM 2.

[Ipu nocrpoenuu xomnonenma 4 (puc. 2r) BO3HMKHET HECOOTBETCTBHE OCHOBAaHHS BHYTPEHHETO
TPEYrojbHUKa U BIUCAaHHOW B HEro OKPY)KHOCTH, KOTOpOE MOXHO IBITAThCS HUBEIUPOBATh TOJBKO
HM3MEHEHHEM 3HaueHHs VA4 C MOBTOPEHHEM BCEX MTEPALMOHHBIX MEPECTPOCHUM TPEeX MpealecTBYIOMINX
KOMITOHEHTOB.

HTepanyoHHbIE NOCTPOEHUSA

Tem camblM, B3aUMOIEHCTBHE MEXKIY YETHIPbMsS HMTEPALMOHHBIMH IPOLEAYpPaMU IIOCTPOCHUS
CTPYKTYPHBIX KOMITOHEHTOB BKJIFOUAET JBa YPOBHSI BJIOKEHHOCTH (puc. 3), a IMEHHO: Ha Ka)KIAOM IIare
MPUOIIMKEHHSI TPETHETO KOMNOHeHma TPeOyeTcsl TOBTOPEHKE TIOIHOTO IUKJIA UTEPALHA IO KOMHOHEHM)
2, a Ha KaXIOM IIare MPHOMKEHUS KOMHOHeHma 4 HeoOXOOUMO BBINOJIHUTH TPH BIIOXKEHHBIX
WTEPALMOHHBIX MPOLEAYPBHIL.

Ecnu Mb1 0003HaunM cuMBoOJIaMu a, b, ¢, d 4Kciio HTepalMOHHBIX IATOB, HEOOXOAUMBIX JIJIsl TOCTPOCHUS
Komnonenmos 1—4 ¢ HEKOTOPOH 3aIaHHOW TOYHOCTHIO, TO OOIIee YMCII0 TIepeprcoBOK N 36e3061 Llpn
SIHTPBI MOXKHO BBIPA3UTh (DOPMYIION:
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N=ad+bcd+cd+d Q)

ITycts (mpu HeGompimx pasmepax Llpu SaTper) a=b=c=d=10, Torma mo dopmymne (1) momywsacm
N=1210. Tem caMbIM CTAaHOBHUTCS O4E€BHIHBIM, YTO 00BEM HEOOXOIUMON YEPTEKHON pabOTHI I PyIHOTO
BOCIIPOU3BENICHUS 38€30b! TOCTATOUHO BEIIMK JUISl OOBIYHBIX YEJIOBEUYECKHX CITIOCOOHOCTEH M MOXKET OYEHb
OBICTPO pacTH C yBelIW4YeHWeM TpeOOBaHWK K TOYHOCTH KOHCTPYKIHMH (HAmpuMep, C YBEIUYCHHEM
pa3mMepoB (HUTyphl, KOrJa paHee He3aMeTHbIe IOTpEIIHOCTH B COBMENICHHH TOYEK IepecedeHus
CTaQHOBSITCSI OYCBHJIHBI).

34ech ciegyeT NoAYepPKHYTh, YTO NPOBO3I/IaEHNE KOMITOHEHMA 4, PE3KO YCNOKHAIOLLErO TPYA0EMKOCTb
BOCMpPOU3BEAEHUA 36306/ LLpK AHTPbI, MOMKET MoKasaTbca M3NUWHUM. OOHAKO OH ABHO MPUCYTCTBYET B
HEeKoTopbIx 06pasLLax, U Kpome TOro, ero Hasinume KoppeMpyeT C CUMBOJIMKOM BHYTPEHHErO TpeyronbHMK [13],
a MMEHHO: M3 TOYKM NepBUYHOro eamHctea LUnea-LLakti B nepByto oyepedb BO3HWMKAET TPOWCTBEHHOCTb
NepBUYHbIX MPUHLMNOB KOCMWYECKOro CyLLeCcTBOBaHUA; TBopeHue (Asbskma), cuna (Maxam) n 3aro
(AxamKkapa), npeacTaBieHHbIX B yriax TPEMA MYMKCKUMK nnoctacamu (Bpaxma, BuwHy u Pyapa), a Ha
CTOPOHAX TPEYro/IbHUKOB — UX KEHCKMMM NapTHEpamu (baHa, [xaHy 1 AHKywwa).

NMeoue ayrPa
Yeoeeus 1 KOHCTPYHPOBANLS
KOMRIOHEHTa 4

Wreparuexmii Koneuw uuxna '
war, HOBoe no Komno-—
anaueHue yh HeHTYTY 2

Nroue gyra {iroueayra HrerarusHbm
Ypopeub Z | | sosCTRPWIPOBaHIN KOHC TPYUPOBANKS UMK BOMUC™
KoMpoHeHTa 3 KomnonenTa 1 nanus xA’

Hrepraruenmn Koney wvuxna

war, “Hosoe N0 KOoMNo—
Snaventie yB HOHTUTY 2
MNeoue aypa WrepaTusnbil
Yoosenw 3 KOHC YPYUPOBAHUA UHKA BoHC—
Komnonenta 2 aeHUa XA

Puc.3. Cxema urepauroHtbix noctpoenuii ageaas Lpu SAurpsi

BrimepaccMoTpeHHas BIIOKEHHasE YETBIPEXCTYNEHUYATasl MpoLeaypa MpeACTaBISAETCS €IUHCTBEHHO
BO3MO)KHOM TEXHHKOH, €CIIH MBI JK€JTaeM YBEIMYUTh TOYHOCTH BOCHPOU3BENEHHS KOHCTPYKIHU 36€30bl
Ipu SAnrpel. OnHako A HIPOCTOrO KOMUPOBAHMS 36e30bl C MMEIOIIErocs oOpaslia B paMKax €ro
TOYHOCTH JIOCTAaTOYHO 3HAHMsI 3HAYEHUH dYeThIpeX IapaMeTpoB, KOTOPBIE OIPEIEIISIOT T€OMETPHUIO
YETBIPEX CMPYKMYPHbIX KOMNOHeHmos8 (B PACCMOTPEHHOM ciydae 3T10: yA, yB, xA, xA~ opnako u3
MPAKTUIECKUX COOOpaKeHUH yo0Hee BRIOpaTh YPOBHH YETHIPEX rOpU3oHTalel, Hanpumep; yA, vB, yC,

yD).

AHa/JIuTH4YecKoe ONHCaHue

Obpatumcs Tenepb K npobieme aHaAUTUYECKOro onucaHma 38e30bi Lpu AHTPLI. MoAb3yacb NPOCTbIMM
YPaBHEHMAMM MPAMOW U OKPYKHOCTU 1A KaxKA0W napbl IMHWUIA B 36€30€, Mbl MOXEM B aHa/IUTUYECKOM
BMAE ONpenenTb KoopauHaTbl TOYKM WX nepecedyeHusa. ViImesa MOHbIA KOMMAEKT TakMX YypaBHEHW,
nocpeacTBOM MOC/ie0BaTeNbHOW MOACTAHOBKM (Cynepnosnumm) KoOpAMHaT TOYeK NepeceyeHus us
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OQHOrO YpPaBHEHWs B AOPYroe, Mbl MOMKEM MOMbITaTbCA BbIBECTU PE3Y/AbTUPYIOLLME YPaBHEHUS,
OMUCbIBAIOLLME KaXKAbl U3 YETbIPEX CTPYKTYPHbIX KOMMNOHEHTOB.

Tak, B npocTerwem ciydyae KomrnoHeHmMa 1 mMmbl UMeem (CM. pUC. 2a) cneayroLLyto CUCTEMY YPaBHEHW
017 KOOpAMHAT TOYeK nepeceyeHUs (He ymeHbllas OBLHOCTWU, AAA MPOCTOTbl NMPUMEM, YTO pPagmyc
BHELLHEN OKPY»KHOCTU = 1):

YD = (yA'-y2) / yA'+y2;
xD = V(1-yD?);

Y2 = —yA'- (yl-yA’) / (x1-xA’)*xA’;

xl = (1-y4) [ (yd+1)*x4; (2)
x4 = W(1-y4*);

yl=yd =yl =—yA' = yA.

TpeboBaHMe A1 TOYHOro NOCTPOEHUA KOMIOHeHMa 1 BbiparkaeTca paBeHCTBOM y2=yD, KOTopoe nocne
nocsefoBaTeIbHOM B3aMMHOM NOACTAHOBKMU YpaBHEHUI cucTeMbl 2 npeobpasyeTca B NOAMHOMUAIbHOE
ypaBHeHMe BUAQ:

Pa (YA, xA)=yA*4* YA +4* YA+ YA~ 10* G A'+47 y A*~47 YA
+1-4*x A+ 8 yA* xA?-20% yA** x A+ 20* yA** s A~ (3)
S AT 4%, 6% . A2 * :

2%

irs =

Ecan cneposaTb Takoi npoueaype M ganee, To B uenom 3ee3da Lpu AHTPbI MoKeT BbiTb onMcaHa
CUCTEMOIN YeTbipex NOAOBHbIX HENMHENHbIX anrebpanyeckMx ypaBHEHMI OT YEeTbipex He3aBUCUMbIX
nepemeHHbIX, KOTOpble NPUCYTCTBYHOT B YPaBHEHMWAX B CTEMNEHW OT BTOPOM A0 LeCTHAALATOM:

Pg,((y/‘, XA.) = 0
Q;a,;(yﬂ, XA, yB) =0 “
Ris455(yA, xA, xA', yB) = 0

rae Ajj (X, y,...) — 0603Ha4eHbl NOSIMHOMbI I, ,... — CTENEHN OT NePEMEHHbBIX X, V..., KOTOPbIE BKNIOYaAIOT OT
16 oo 512 yuneHos.

Kopuu

M3 reomeTpuyeckor npupoabl cuctemMbl 4 cnedyer, uTo OHa o06A3aHa MMeETb HE MeHee OAHOro
delicmeumenbHo20 peuwieHus (KOPHA) OTHOCUTENIbHO NepemeHHbIX YA, XA, XA, yB, KOTOpoe MOKET bbITb
BbIYMCNEHO C 334aHHOM TOYHOCTbIO MOCPEACTBOM HEKOTOPOro MTEPaLMOHHOIO YUCAEHHOro MeToda
(Hanpumep, metoga Haukpamuaiiwezo crycka). BblMMCAEHHOE HaMM peLleHne MMeeT Cc/eaylolime
3HaYeHUs:

yA = 0.279461220858
xA = 0.259039898582 (5)
XA' = 0.270779392707
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Oo61ee pemieHue

Ho, c pgpyroi cTOpoHbl, M3BECTHO, YTO NtOOON MOAMHOM N-OM CTENEHM MMEET POBHO N PeLleHni
(KopHelt), U3 KoTopbIX HEKOTOpble MOryT ObiTb AENCTBUTE/NIbHbIMK, @ HEKOTOpble — MHUMbIMU. [pu-
MeHuTenbHo K Lpn AHTpe MHMMblE KOPHM HE MMEKT reoOMeTPUYEecKoro CMbICaIa, U OHM Hac He
nHTepecytoT. OHAKO cucTemMa 4 MOXKET UMETb U ApYyrue AeNCTBUTEIbHbIE PeLleHns, KpOMe HalAeHHOro
KOmMN/eKTa KopHel 5. Mo3aTomy npaBOMepeH M JIOrMYeH BOMPOC: eCTb /M elle Apyrve nofobHble
pelweHna U1, eciM — A3, TO CKOJIbKO MX? WHbIMM C/noBamMK, CKOMbKO CyLLECTBYET Pa3/IMYHbIX
PaCMoIOXKEHNI AEBATU NEepeCceKaloWLMXCA TpeyroabHUKoB B LLpu AHTpe?

CoBpemeHHaa maTemaTuyeckas Teopusa (Bbicwas anrebpa) He OAET NPAMOro OTBeTa Ha 3TOT BOMPOC.
MpUMeHeHWE Ke UTEePaLMOHHbIX YMC/IEHHbIX METOAO0B AO/1A HAXOXAEHUSA AOPYrMx KopHen Tpebyet
npeaBapuUTeIbHONO 3HAHMA TPAHUL, UX JTOKAU3aLUN.

YNpPOLWEHHO NOACHUTb 3TO MOXHO Caeaylolwmm obpasom. FeomeTpruyeckn cuctemy ypaBHEHUN 4 MOXKHO
NPeacTaBUTb KaK HEKYI C/IOMKHYH CyneprnoBepxXHOCTb B MPOCTPAHCTBE YeTbipex MW3MepeHui
(He3aBUCMMBIX NepemeHHbIX). 3aJady NOWMCKa KOPHEN cucTembl 4 MOMKHO MHTEpPrnpPeTMpoBaTb, Kak
HaxoXKaeHWe BCeX MMHMMYMOB TaKoli MoBepxHOCTM. OAHAKO B CBA3M C BbICOKOW CTEMEHblD CUCTEMDI
ypaBHeHUI 4 BONbLIMHCTBO TaKMX MUHUMYMOB (€CIM OHWM BOODBLLIE CYLLECTBYHOT) NpPeacTaBAsaoT coboi
pesKkne mposasbl KpaHe Masoro AvameTpa, MOo3TOMYy C/AyYyallHO [onacme 8 TaKou rposan
UTEPALMOHHbIM afFOPUTMOM NMPAKTUYECKM HEBO3MOXKHO, €C/IN TO/IbKO He 3amnycKaTb paboTy anropmMTma
C TOYKM, PAaCnoIOXKEHHOM HEMOCPEACTBEHHO Ha OTBECHOM "'CKIOHE" KaxKA0ro Takoro rnposaa.

Tak BOT, paccmaTpuBaemasa 3ajaya MpenBapuUTENIbHOM JIOKANM3aUMKM  KOPHeM MaTeMaTU4ecKu
paspelnma TONbKO A1 MONMHOMA OT OAHOM nepemeHHOMN. TeopeTnuyecku cuctemy (4) nocpeacrsom
nocaef0BaTeIbHOrO UCK/IIOYEHUA NepeMeHHbIX (MOACTaHOBKa OAHOI0 YPaBHEHUA B CieAyHOLLEE) MOXKHO
npeobpasoBatb B NoJMHOM He 6onee uyem 12544 cTeneHM OT OAHOM MNEPEMEHHON, Mocie 4Yero
JIOKANIM30BaTb KOPHU U 3aTEM YXKe — BbIMUCAUTb UX 3HAYEHWNA YNCNEHHBIM METOLOM.

OHaKo OKasblBaeTcs, YTO AJ/1A 3TOr0 Y»Ke Ha NepBOM MpocTeillem ware npeobpasosBaHuin (M3 Tpex
HeobxoaMmbIX) cneayeT BbINOJHUTL (MO NpeaBapuUTEeNbHOM OLLEHKE) He meHee 10" 3N1eMeHTapHbIX
onepaumii, NPUYEM 06BEM BbIYMCNEHUI HA KaxKA0M MOC/eAYIOLLEM Liare, no KpaliHen mepe, 8 100 pas
6osblie npeaplayliero. bonee Toro, ncciegoBaHUE NMOAYYEHHOTO PE3ybTUPYHOLLEro ypaBHeHus TpebyeT
OMepUpPOBaHUA C YMCAaMM, NPEACTaBNEeHHbIMM C TOYHOCTbIO HE MEHee YeTblpex TbICAY AEeCATUYHbIX
3Havawmx umdp. OTCloga fACHO, YTO TaKaA 3adavya [a/ieKo MPEBOCXOAWUT BO3MOXHOCTM CaMbiX
MOLLHEMNLINX 3eMHbIX CYyNepKOMMbIOTEPOB. ITO, MAMKO rOBOPA, HEMHOTO 03a4a4MBaeT...

Bonpocsl

Takol He o06HaAEXMBalOWMI BbIBOA MNOPOXKAAET LENylo Ceputo BOMPOCOB, HaMnpumep: Kakue
UHCMpPYMeHMasbHble cpedcmaea U 3HAHUA UCos16308asuck 011 8ocripoussedeHus 38e30b! LLpu AHmpel
Ha npomaxeHuu meoicadyeasemuli? wan: Kak soobuje moana 803HUKHYmMb udesa 0 mom, 4Ymo 0esamb
mpey2onbHUKO8 CMOCOBHbLI Mepecekamscs 8 MAaKOM MHO20Y20/bHUKE C MOYHbIM cosradeHuem
MHO20YUCEHHbIX MOYeK repecedeHusA ? U MHorve apyrue. Ina npefBapuTenbHOro oTeeTa Ha Nogo6Hble
BOMPOCHI, npexae Bcero, TpebyercA uccnefoBaHWE PACMPOCTPAHEHHOCTM BO BPEMEHM M Mo
YUCAEHHOCTU pPa3iMyHbIX 06pa3LoBs Lpun AHTPbI.

K coxkaneHuto, MMEI-OIJ.I,MﬁCﬂ B AOCTYMHOCTU MaTepuman anAa Takoro nccnegosaHumA 6onee yuem CKy4dEeH...
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BBPI/ICTI/I‘IGCKI/IE AJITOPUTMBI

Hanbonee npenctaBUTeNbHbIM HampaBAEHUEM UCCAEL0BaHUN YMTaTesIel CTan MOWUCK 3BPUCTUHECKUX
NMPUEMOB NOCTPOEHMUS C UCMONb30BAHUEM LIMPKYNA U JIMHENKM.

OAMH K13 2/€eraHTHbIX  NPUEMOB
onpeaeneHua nonoxeHua touek C u D
(Mpn KOTOPOM MOYHOCMb NOCMpoeHus
cocraBnaet 0.73%) He3aBUCMMO
npeasoxnim pPEeryanpoBLLMK
nposogHoi cesasM B.A.LLlekoTkoB K3
noc. dnektpousonsatop Mock. 0bn. u
CTYAEHT  XapbKOBCKOrO  WHCTUTYTA
pagnoanektpoHnkn  CJL.AnAabIK, Ha

OCHoOBe MCNONb30BaHUA ABYyX
BCMOMOraTe/ibHbIX CeKyLWwux,
npoxogAawmnx yepes TOYKU

nepeceyeHms 60/bWNX TPEYrosbHUKOB
(punc. 11).

Cekywyto ona ToukM D oBHapyKua TakKe BbllLeynoMaAHYTbIM B.9.CMuUpHOB M3 Ybbl, NpuM 3TOM OH
OOKa3an us nopobus TpeyrofbHUKoB 1-3 —A'n 2 — D — A', 4To NonoxKeHne To4KM D nonyvyaerca B STOM
cnyyae ¢ abcontoTHOM TOYHOCTBIO (puc. 12). Mpu 3TOM UTEPALMOHHBIN LMK NEPECTPOEHUA KOMITOHEHMa |
CTAHOBUTCA HEHYXKHbIM, U NpeasioxkeHHas dopmyna (1) BbluMCNEHNA TPYLOEMKOCTM NOCTPOEHMsA 38e30b]
He3HaYMTeNbHO YNpoLaeTca:

N=bcd +cd +d

MonyTHO B.3.CMMpPHOB 06HAPYXWUA 31eraHTHbIN CNocob YCKOPEHHOro MTepPaTUBHOrO MOCTPOEHMUA
KommnoHeHmMa 2 (cm. Takxe puc. 12).

Bce 37O ABNAeTCcA AOMNOJIHUTE/bHBbIM KOCBEHHbIM MOATBEPNKAEHMEM NPaBUAbHOCTM OCHOBHOFO
Hanpas/eHUA HalUX PACCYXAEHWI, MO KpalHeln mepe, OTHOCUMTENIbHO NMPUOPUTETHOCTM (Mnn 6onblueit
6amsoctn K TUNy) 38630 muna Il (mouyka C KomnoHeHma 2 pacrionazaemcsa Ha eHewHell oKpy#Hocmu) no
CpaBHEHWUIO co 38€30amu muna | (ceo6odHoe pacnonoxceHue KomnoHeHmos 1 u 2).

Cmpani] vy M
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K uyncny yaayHbiXx OTHOCUTCA M MeToh, KameHWMKa m3 r. Cymbl .M. MwuHaeBa, (ToyHOCTb=1,6%) C
NCMO/Ib30BaHNEM CNeAYHOLMX COOTHOLLEHMI Mexay AnmHamu L otpeskos: L(2,3)=L(3,1), L(5,C)=L(3,D)/2.

OH Xe npeanoxun v asa Hambonee ydadHbix crnocoba onpeaeneHus napametpa yA: yA=R/3.6 u
XS=R*0.75 (S — TouKa nepeceyeHna 60bLINX TPEYrobHWUKOB), OT/IMYAIOLLMXCA OT TOYHbIX 3HaYeHu Ha 0.6%
1 0.2% (punc.13).

BonbLWMHCTBO UnTaTenel ynpoctunu cebe 3aaauy,
WUTHOPUPYS TPYyAHOE A1 BbIMOJIHEHUA YCI0BUE
COOCHOCTW BHELUHEN W BHYTPEHHEWN OKPYMKHOCTH,
COKpPaTMB TPYLOEMKOCTb CBOEM 3aZla4u A0 BNOHE
npuemnemort BenuuuHbl  N=bc+c (¢ ydétom
nokasaTtensctsa B.3. CMMpHOBa), Y MOAYYUAN 3a cHeT
aToro ceoboay Bblibopa 3HaueHuA yA.

o710 NO3BOAU/IO BbILLIEYNOMAHYTbIM r.n.
OBcaHmMkoBy w  B.A. LlekoTkoBy npocneanTtb
M3MEHEHME TeoMeTpUM 38e30bl NMPU U3MEHEHUU
YA 1 0BHapyXuTb npenenbHyto dopmy 38e30bl
Wpn Axtpbl npu  y/A=0.1355, Kacatoulytoca
BHELIHEeN  OKPYMKHOCTM CBOMMM 12 yrnoBbimu
TOYKamMM (puc. 14, npu JanbHelem yMeHbLIEeHUN yA
TPeyronbHUKn 38e30b! BbIXO4AT 3a rpaHUUbl BHELWHETO
Kpyra).

.N.0OscAHHUKOB 1 B.A.lLLeKOTKOB MO nmpuoputeTy
NepBOOTKPbIBAaTE/IEM MNOCBATUAM 3TOT BapuaHT

Cmf«w?«z,ﬂ
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38e30bl NamaTM UHampbl TaHau. B 3Tol cBA3M MpumedvaTeslbHO, YTO camoe fnepBoe coobuieHne o
nepBOHaYa/IbHbIX pe3ybTaTax MaTeMaTUYecKoro nccnenoBaHus LWpu AHTPbI nosiBMAach B CEHTABPbCKOM
Homepe 21 xypHana Soviet Land (PoduHa) 3a 1984 ron, KOTOPbI coAepKan U SKCTPEHHbIN BbIMYCK O
Tparuyeckom rubenn BenKom goyepm BeIMKOro MHAMMCKOro Hapoaa.

MHorve aBTopbl B CBOMX PaboTax MCXOOMIN U3 COAEPIKATENbHbBIX COODPaXKEHWUI, UCMOb3YA B Ka4yecTse
OMOPHbIX 3HAYEHUN pPa3/INYHbIe CTPYKTYpPHble KOMMOHEeHTbl Lpn AHTPbI: NenecTku OKpy»KatoLmX
NIOTOCOB, PaAnyc R BHeLLHEN OKPY*KHOCTU 1 Ap. MNepBble 40CTaTOYHO TOUYHbIE M OPUTMHA/IbHbIE PeLleHuUs
B 3TOM Hanpas/ieHun npeanoxunam B.H.3aiues ns OpeHbyprckoii obnactu (ToduHocTb 0.897%, puc. 15) u
A.M.Xapnamos 13 EBnatopuun (TouHocTb 1.27%, puc. 16).

Bcto nonyyeHHyto KOppecrnoHAeHLUMIo 3aBepluano nucbmo ot 25.9.89 B.l.LUysanosa u3 r. Edpemos
TynbCcKON 061aCTU, KOTOPbLIN NPEASIOKNUA KpaliHe MHTepecHoe pasBUTUE 3TOro HamnpaB/ieHMA C ONOPOi
Ha 16-1enecTKoBbIN 10TOC, KOTOPbIN AENNT OKPYHKHOCTb Ha 32 paBHble YacTu.

OH Hayan cBOe MNOCTPOEHMEe C MPOU3BONLHOIO KBaApaTa, Ha KOTOPOM MOCTPOW/ OMUCAHHYIO W
BMUCAHHYIO OKPY)KHOCTU (puc. 17). 3aTem npocTbiM YepTEKHbIM MPUEMOM OH JopucoBan ewé 7
NMPOMEKYTOYHbIX KBagpaTta, TeEM CaMbiM MOAy4MB 32 AeneHusa OKpPYXKHOCTWU. [Janee no nNoayvyeHHbIM
TO4YKaM 6blaM HaWAeHbl U NpoBeaeHbl 4 onopHble cerkywme (Ha puc.17 oHn o6o3HayeHbl udppamm 1—4),
KOTOpble 1 onpeaenvaun nonoKeHme 6asoBbix ropnsoHTanel ans touek A,C D, B.

TOYHOCTb NONYYEHHOro TaKMM MeToA0M MnocTpoeHnA coctaBuna 0.135%, 4To HaxoaUTCA Ha ypOBHE
NYYWNX Pe3ynbTaToB, AOCTUTHYTbIX WTEPATMBHbIM YepyeHnem! [lanee, npoBeas CeKyllylo 4yepes
BEPLMHbI ABYX KBaZApaTOB CO CMELLEHMEM Ha 6 AeneHnit (Ha puc. 17 oHa oTmeyeHa uuopon 5), no
KacaTenbHoM K Hel B.l.LLyBanoB nocTponn OKpPy*KHOCTb A1A BHYTPEeHHero 8-71enecTtkoBOro s0Toca U
OBGHAPY KU/, YTO Ha XapaKTepHble TOYKM 3TOW OKPYKHOCTU MPOELMPYIOTCA C XOPOLUEN TOYHOCTbIO
60/bLUMHCTBO CTOPOH TPEYro/IbHUKOB 36€30bl.
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Puc. 17. Meron B.T'.lllysanosa Puc. 18. Meron I1.K.Panxa

JApyrue noaxoAbl

Cnenyet OTMETUTb, YTO MPednoaoHeHuUe O. CyWecTBOBaHUM npomomuna Il (xapaktepusyetcsa GpuKkcaumei
ToyeKk C n D KomnoHeHTOB 1 1 2 Ha BHellHel OKPYXHOCTU U UCNOJZIb3OBaHNEM Ayl 0Ba/i0B U1K SN1TMNCOB BMECTO
npambix) LWpn AHTPbI, XOTA M NPeACTaBAAETCA HaM A0CTaTOMHO NPaBAONOA0OHbIM MU 06OCHOBAaHHOM B
nepBom MPUBANNKEHUN, HO He ABAAETCA HEOCMOPUMO AO0Ka3aHHbIM, NMO3TOMY OHO He OTMEHsEeT ApPYyrux
npeonosnoxceHud.

HanomHum, uyto mécmkuli TMn 38e30bl MOXET ObITb MOAYYEH HA/ZIOKEHMEM Ha ee cTeneHu csobofpbl
YeTbIpex orpaHNUYeHU PasIMYHOro poaa (cornacHo Bbllle BbIABNEHHOM CUCTEME YeTbipex napameTpos 36e30bI
Wpwn AHTpbI). Mbl, UCXOAA U3 MPEACTABAAIOLMXCA HAaM MPaBAONOA0OHbIMU PACCYKAEHUN, HANOKUAN
OfHY YEeTBEPKY OrpaHMYeHU, Ha MOXKHO, 6e3ycnoBHO, HaWTWU MNpPaBAONOAOOHblE OCHOBAaHMA U ANS
HaNOMeHUA APYrMX YETBEPOK OrpaHUYEHMN, B TOM 4uC/le U B pamKax 38630 muna | v Il. CBoboaa
nccnenoBateniel 34ecb He MOXeT OblTb OrpaHMYeHa A0 MOMEHTa HAXOMAEHWA HeoCnopUMBbIX
[0Ka3aTeNIbCTB OTHOCUTE/IbHO KaKoM-IMH60 04HON afbTepHATUBbI. M B 3TOM NaHe O4YeHb MHTEPECHOM
npeacrasaserca pabota npenogaBatensa matematvku [.K.PaTxa n3 mHgmickoro ropoga Poypkena B
wTraTe Opucca, KoTopbin nocTpoun 38e3dy LLpu AHTpbI Ha OcHOBe MeHTarpaMmsbl (puc. 18), B KoTopoit ¢
[0CTaTOYHOW TOYHOCTBHO BbIMONHAOTCA MATb Hanepés 3aZaHHbIX HE3aBUCUMBbIX YCI0BUI: TouKa C, yron
a=30°, ropu3oHTaZ I @ U b N COOCHOCTb OKPYKHOCTEN (npasaa, aTomy cnocobCTBOBaN OTKa3 OT YC/IOBUSA
CYMMETPUYHOCTY A,BYX 6ONbLIMX TPEYTONbHUKOB).

3akK/JIl04YeHue

KaK cBMOETENbCTBYIOT BbIlEPacCMOTPEHHbIe Pe3y/bTaTbl, CYLWECTBEHHOE MPOABUMKEHME B pasragke
TanH LWpn AHTPbI BO3MOXKHO TO/IbKO MPU Y4acTUM B 3TOM MpoL,ecce HacTOMUYMBBIX U KBaMUUMPOBAH -
HbIX 3HTY3MaCTOB, CMOCOOHbIX K Pa3HOCTOPOHHEMY W CBOOOAHOMY TBOPYECKOMY MbILLAEHWUIO C
BbIABUXKEHUEM N BCECTOPOHHEN BEpUDUKaLMEN MHOXKECTBA 6E3YMHbIX UAEN.

Conparnings 10 «p 1
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Wpwn AHTpa sBASETCA pUTYaNibHbIM TaHTPUCTCKUM M306parkeHMem, UCMOo/b3yeMbIM 41 MeauTaumm m
KOHUeHTpauun. C ApeBHUX BpPeMeH C Hel Obliv  CBfA3aHbl [yO6OKME KOCMOFOHWYEcKne u
ncMxodusmnosioruyeckme npeactaBAeHns, MHOTME M3 KOTOPbIX HaxoAAT npsAMble aHaloruu B
COBPEMEHHOM HAy4YHOM 3HaAHMM. TaK, C TOYKM 3PEHUA COBPEMEHHOM aHaToMuK, GU3MONOTUM U
HEBPOJIOTMM BCA KOMMO3ULLMA U OTAEe/bHble 3emeHTbl LLpn AHTPbI co34aHbl B TOYHOM COOTBETCTBUM C
MeXaHM3MaMW Ye/I0BEYECKOrO BOCMPUATUA U HEPBHOM aKTMBHOCTU BMIOTb A0 Y4E€Ta 0COBEHHOCTEN uX
HEMpPOHHOW opraHM3auuun. Kak nokasanu npoBeaéHHble UcCAefoBaHWA, b6iarogapsa TakMM CBOMCTBAM
Wpn AHTpa MOXKeT ObiTb  YyCMEWHO WUCNoAb30BaHa A8 GopMuMpoBaHMA  crieumasibHbIX
Ncnxopr3noN0rMYecKnx COCTOAHNIM UAn ana otbopa MHANMBUAYYMOB C TPebyeMbiM TUMOM OpraHU3aLLum
HepBHOM cucTembl. MOKasaHO TaKke, yTo LUpM AHTpPa MOMKET Bbi3biBaTb AOMWMHAHTHYIO aKTUMBALMIO
MPaBoro MOMYLWApUsA TOJIOBHOTO MO3ra C TOPMOKEHMEM JIeBOTO, YTO OObIYHO WCMOJSIb3yeTcA ANs
[OCTUXKEHUA MUCTUYECKMUX COCTOSHUIM CO3HAHMA B PALE PENUTMNO3HbIX LWKOJ U NPaKTUK...

...OTAeNbHble 31eMeHTbl U Bcs Komnosunuma LWpu AHTpbI 6bian co3paHbl B [lpeBHel MHAWMM B TOUHeNLWwem
COOTBETCTBMM C MEXaHW3MaMW YesI0BEYECKOro BOCMPUATUA U HEPBHOM aKTMBHOCTM BMJIOTb A0 YYéTa
ocobeHHOCTe HEeMpPOHHOro YPOBHA oOpraHusaumu. MoaTomy, ecaM Mbl Byaem NpUAEepP:KMBaTbCA
pasfaeneHnsa AByx nyTel pasBUTUS HAYKU: C OAHOW CTOPOHbl — "OBbBACHUTENbHbLIA" NyTb OOCTUMKEHWUM
COBPEMEHHOro 3HaHWs, 6a3npyloLLenca Ha MpAMbIX 3KCNEepUMEHTax, a, C APYyroh CTOPOHbl, —
"peuenTypHbln" nyTb ApeBHEN HayKu, 6asuMpyloWMMCA Ha MHOrOBEKOBOW CefleKuMU pesybTaToB
KaXKOOAHEBHOM [eATeNbHOCTM Npob M ownbok, Torga Mbl MOXKeM TpakToBaTh LUpu AHTPY Kak
cBOeobpasHbI MepeKkpPECmoK, Koraa ApeBHee AOCTUKEHME MOXKET ObITb OCMbIC/IEHO TO/IbKO B TEPMUHAX
HOBEMLUMX NCUXONOTMYECKUX U HEAPONOrMYECKUX AAHHbIX.

[J06aBMM K 3TOMY, UTO HaYKM O MO3re U HEMPOHHOM aKTUBHOCTM B Noc/efHee ABauaTUIeTMe caenanm
60/bLION CKAYOK B MOHWMMAHWMM MNPOLLECCOB, HA KOTOpbix 6asvpyeTcA noBeAeHME W BOCNpPUATUE
YyenoBeKa, NO3BOJIAA, Hanpumep, 06bACHUTb MEXaHW3Mbl MHOIMX HEOObIYHbIX fIBAEHUI B ncuxuKke. K
COMKaNeHUIO, 3TU 3HAHMA HEeonpaBAaHHO MaJio UCMOb3YylOTCA B pPaboTax MO MUCTOPUKM YesoBeYecKomn
KyZbTYypbl 417 MNOHUMAHWMA MPUYMH U YCIOBUIN BO3HMKHOBEHMA TEX WAW UHbIX ABNEHWUN, KOTOpPble B
3HAUYUTENbHOM CTENeHW OMNpeaenaAtoTcA MNCUXONOrMel YesloBEKa-co34aTeNns UAM odeBupLa. TaKkow
XapaKTep B3aMMOLENCTBMA 3TUX ABYX 06/s1acTeil 3HaHWMA NPUMBOAMT, B 4YaCTHOCTM, K TOMY, 4TO
nccnenoBaHMA Mo UCTOPUYECKOM MCUXOSIOTUN MPAKTUYECKM HEe MPOBOAATCA CO BPeMEH 3amMedaTeslbHbIX
NMUOHEPCKUX MUCCefoBaHMN, BbiNOAHEHHbIX B 20—30-x rogax Ha cpegHea3MaTCKOM MaTepuane
BblAAIOWMMCA COBETCKMM ncmxonorom A.P.Jlypua n ero cotpyaHUKamm.

[anbHeliwee M3y4eHMe 3TOro CAOMKHOTO M Masion3BecTHoro ¢peHomeHa TpebyeT COBMECTHbIX YCUAUMA
CNeLmnanncToB U3 MHOrMx obaacten 3HaHWA.

CnpaBka A.l.
1. VYcTponcTBo mo3ra passIMyHo y pasHbix Pac.

Y ntogeri Boctoka (MOHIronoMa,0B) 3a CO3HaHMeE, MbllWIEHWE, HayYeHWe, MaMATb U 3MOLMN OTBEeYaeT
/leBoe nosyLwapue, y CNaBaH, MHAUNLEB... (EBpONeonaos) — NpaBoe.
2. Cambit molHbIM Ha 2010 roa komnbtotep — IBM Roadrunner (/loc Anamoc, CLUA) — umeet
15 o
npoussoautensHocTb 1,026 Metadnon, To ectb 1,026 * 10 onepauuit B CEKYHAY, COCTOUT U3
12960 npoueccos Cell + 6948 AMD Opteron c onepaTnsHoi namaTbio 80 T6.
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