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Mou apyr Anapen Xoay.aeB

I'. A. Taabnepun

O JKU3HU U TBOPYECTBE A.B.X0aAYJIEBA

Yiiés u3 KU3HU 3aMedaTelbHBIl MaTeMAaTHK W BHIJAIOIIHUCH DKCIEPT B
obmactu mporpammupoBauus Augpeidn XoxayaéB. OH OB OJHUM U3 CAMBIX
onuskux MuHe apyseii. CmepTh Hactynuia 10 centsops 1999r., korma Am-
npefo OBLIO MWL HeMHOTHM Goablre 45 deT. ETo cMepTh olmeroMmaa MeHs.
AHjpell HaxoMWJACS B CAaMOM pacliBeTe CBOWX TBopdeckux cmi. Hate nuTen-
CHUBHOE O6IIIeHNe PO TOMKATOCH HePePLIBHO Mo4TH 30 JeT, ¢ MOMEHTa MOero
sHakoMcTBa ¢ Aujgpeem B Koamoroposckom uaTepraTe Nel8 B 1969 roxy,
Korja ob6a MBI OBLIN el MIKOABHUKAMHI. Y3Ke Torjga AHapeld mopasmi MeHs
HE3aBHCHMOCTBLIO W SPKOCTHIO CBOETO MBITILICHS.

Anppeit XomnynéB ObLT 3aMeYaTeNbHBIM, TOOPHIM U CKPOMHBIM YeJOBEKOM,
o6naas PN DTOM MOUCTUHE HEOPANHAPHLIM U THUOKIM YMOM, IIIAPOTA U TJIy-
6MHa KOTOPOTO Bcerja mopaxadu. OH, 6y Iy4u BB JAIOMIHMCS MaTeMaTHKOM,
ray6oKO 3HaJA PU3WKY, aCTPOHOMHUIO U XuUMUI0. fl 9acTo 3acTaBan AHjgpes c
kypuaiaoMm «Panmo» B pykax W HeOTHOKPATHO OBLI CBHAETENeM, KaK OH UTpa-
1091 COBUPAT CTOKHBIE DIEKTPOHHBIE (IIITYIKNY, COCTOAIINE U3 TPAH3UCTOPOB,
MHKPOCXeM U APYTHUX yCTpoHucTB. BeimuckiBas Aupelt Tak:Ke KYpHAJ «3eMst
n Bcerennasy, n3 KOTOpPOTO OH MHTHPOBAJT HHTEPECHBIE CBEEHUSA: O PACTOI0-
JKeHNH TJIaHeT BIOXb OTHOW TpsAMON («u3urnm ) B 1805, 1845, 1982 u 2357
rojax u BAUAHUH DTOTO COOKITHS HA 3eMHYI0 OPOUTY; O COMHEYHOW aKTHBHO-
CTH; O YEPHBIX JIBIPax; I O MHOTOM [IpPyrOM, He MeHee MHTepecHOM. AHapei
BBICUMTLIBAJ BCE 3aTMEHUS W PACTIOJOXKEHNs 3BE3 Ha Hebe, M OH TaK MedTala
YBHICTL COJIHeYHOe 3aTMenne B aBrycte 1999 roga! B nmavane 90-x rooB ML
KaK-TO Pa3TOBOPHWJINCH C HUM O CBS3W MaTeMaTHKWN, (PUBUKH W aCTPOHOMUM,
u Argpei 3amerna: « vl 3a6BLT e111€ XUMU0, KOTOpas He MeHee WHTepecHa. K
COXKAJEHNIO, s He CHIEH B GHOJOTWN, HO Cy[s O TeHeTHKe (e€é MaTeMaTHde-
CKOT 9acTn), 6HOJOTHIO TOXKe GBLI0 6B 310pOBO N3y4nTh!» BoT BEITEpKKa 13
ero nuchMa: «3annmatoch xumnei. Emé dntaro kuuru. [locbutato Tebe HEKO-
Tophie hoTorpadun (abcTpakTHBe). Ha 1ocyre MoKels mogymMaTh, 9TO TaMm
n3o0pakeHo, 4 Tebe cooOUIATh He OYIy».

[Ipn obcy:xgennn TOW WIM MHON MaTeMaTHIeCKOW Teopuu AHapel zada-
CTYIO TPHUBIEKAT W3BECTHLIE eMy (PaKTH W HAeH U3 APYTUX eCTeCTBeHHBIX

MaTemaTu4eckoe npocseljeHue, cep. 3, Bbin. 4, 2000(8—32)
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HayK. BoT ofinH npuMep: MK MHCAIH C HUM COBMECTHYIO paboTy Mo HebecHOU
Mexauuke [1] (4acTHBIN caydail 3agaqm 9eTHIPEX Tea ¢ HYJIEBOH Maccom),
HYXKHO OBLLTO TOKa3aTh OJHY JeMMY, KOTOpas He cpa3y gaiach HaM, HO TO-
cjle HeCKOBKHUX MOMBITOK W OMHOTO 3aMedanus AHpes (KOTopoe si ceidac
He TMOMHIO) DTO yJaJ0Ch caefaTh. I cnpocmi, Kak eMy MPHILIO B FOJOBY Ta-
Koe coobpaxenne, n oH oTBeTma: «Kak-To f Habarogan IBUKEHHWE POS MYX
B KoMHaTe. [lo-MoeMy, OHO HamoMWHAeT ABWXKEHWE TATaKTHK: CHadala MyXd
pasieTanTcd TaNeKo, a TOTOM COMMKAIOTCA, IX CKOPOCTH BO3PACTAlOT, OHU
menafoT 1+ 1,5 o6opoTa Apyr BOKPYT APYyTa W pas3jeTaloTcs, a TOTOM COIH-
JKAIOTCSA W pa36bMBalOTCA HAa TPYNNEl, KOTOPHIE 3aTeM IBUKYTCS HE3ABHCHMO;
B KaXKJOW e TpyIlie MyXH JeTalT BOKPYT HEKOTOPOrO HEeHTpa MO BJLIH-
OTHIeCKUM OPOMTaM, MTPUYEM OHH, KaK W TaJaKTHKH, CTPEMATCSA MOMacTh B
OJIHY TJIOCKOCTh, a He 0Opa30BBIBATh, HANIPUMepP, HEYTO BPOje MIapa. JTO
HabMtojleHre W TOJAJ0 MHe MBICAb, KaK MOJOUTH K pelnennio. UHorga 6bi-
BAalOT W TPOUWHBIe cOamKeHusi. Jallle Bcero OHM MPOUCXOJIAT MO TaKOW cXe-
Me: mocjie B3auMOJeHCTBHA JTBYX MyX, OfHAa W3 HHUX, HE MOTACHB CKOPOCTH,
cpasy ke cTajiknBaeTcs ¢ TpeTbhed. [lo-Bugnmomy, cobpaB GOMBIIYI0 Kydy
Myx — mTyK 1000 nan Gosblile, MOXKHO HabAIOMATh SABIEHNUSA, XapaKTepHbIE
I ACTPOHOMUIECKUX MACHITa60B, — HEOMHOPOTHOCTDH, COUPANH, BOJOKHAY.
B apyroit pas mer o6cyxanu ¢ Augpeem oTpeiBok u3 kauru Aupn [lyankape
«Hayka n runoTtesa» ([2, cTp. 122-125]), cBA3aHHBIN ¢ BePOSTHEIM paclpere-
JeHWeM MaJkiX IaHeT HA 301uake. [lyankape mogpo6HO paccMoTpes ciaydan
paBHOMEPHOTO paclpefefeHns MaTepUu U JUIb BCKOIb3b YIOMSAHY.I O €€ Teli-
CTBUTENBLHOM pachpefeJeHnN, B KOTOPOM HW306pakaloline TOYKH 06pa3yioT
KakK OBl IUCKpPETHBIE aTOMBI. AHIpell celdac e BHIJIBHHY.I 60jee pealbHYIO
runoTesy («cdepnieckoe pacupeeneHney) U CTal 3aHAMATHCSA BEITHCICHHEM
COOTBETCTBYIOIIEr0 HHTErpaia, HCIOJIb3Ys 0 XOAy BRYHCICHHN Pa3HOOOpas-
Hble pu3nIecKue coobpakeHns, TOMOTAIONIne YIPOCTATL DTH BHEYHUCIeHusd. B
pe3yabTaTe OH MOATBepANa yTBepxkaenue [Iyankape o MaJoBepOATHOM pac-
mpejieleHil MaJblX MJIAaHET BJOJb CIIHPAJell ClelnalbHOl (POPMHI.
Hezamonro 1o okoH4YaHus MIKOJAB-HHTepHaTa AHApell BRIGHpaJ, B KaKoH
Mexaynapoguon Qaumnuajge eMy Jydile y49acTBOBAThH — B MaTeMaTHde-
CKOW WM (PU3NIECKOH, N OH BHIOpa/] MaTeMaTHYecKyio (Ha KOTOpPOW OH MO-
JYIUJT MEePBYIO MPEMUIO, KaK M0 DTOTO MOJyYaJ Ha Bcecolo3HLIX MaTeMaTH-
9ecKNX OJUMNNAZaX I Ha (PU3NKO-MaTeMaTHIecKHX onmMmmnarax Pmstexa).
B pesyasTaTe Aujgpeir 6v11 npuHsT 6e3 bk3ameHoB Ha MexmaT MI'Y, ¢ ycme-
XOM 3aKOHYII ero, a 3aTeM moctynmi B acmupanTypy?) UIIM (MuacTRTYT

Ulpu mocTymieHnn B acmupadTypy y AHIpes, KAK M y MHOIHX €r0 COKYPCHUKOB, BO3-
HUKJIH TPYAHOCTH co caaden sk3amena 1o uctopuu KIICC. Cenmdac MOXHO TOJBKO HIYTHTH
10 3TOMY IOBOAY, HO Torjga HaM 6bL10o He go myTok. Ho mw B mctopmn KIICC Amgpen ymy-
IPSICS HAXOAUTH MaTeMAaTU9IeCKHEe 3aKOHOMEPHOCTH. BOT cocTaBneHHas UM Tabiuiia roj1oB
Che3I0B MapThu, HadmHasd ¢ X1V cresja:
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NPUKIAJHON MAaTeMaTHKN), MOCTe OKOHYAHUS KOTOPOH CTad COTPYAHUKOM
NIIM.

JI1060Bb AH/Ipest K TPOrpaMMEPOBAaHHIO TTPOSBUIACE €III€ HA MEPBOM KYp-
ce MexMmaTa, KOTJa HaM HadasJ YUTaThCs Kypc NporpaMMupoBaHus. AHapein
Cpasy CTaJ Cpejin CTY[eHTOB NPU3HAHHBIM aBTOPUTETOM B 3TOU OBIACTH; 3TO
OPOABJANOCH, B JACTHOCTH, B TOM, UYTO IYyTh JU HEe BeCh KypC XOIWI K HEMY
CBEePATHCA B MPABUILHOCTH COCTABICHUS TOTO WJIN HHOTO ANTOPUTMA UJIH TTPO-
rpammibr s DBM. 3a nocaegyioliine TOAb TalaHT U MacTepcTBO XOyJIéBa
B IPOrpaMMHPOBAHUN OTHLIA(POBAINCHL HACTOJILKO, 9TO OH CTaJd OTHAM W3
KPYTMHEHNIINX CHeNnaJncTOB B DTOH obiacTn He Toabko B Poccum, HO u BO
BCéM Mmpe (ero mpHrJamiajn KOHCYJbTHPOBAThH B pasHble cTpaHbl EBpombr
n B flnonnio). Herapom Amjgpeio 6611 mopyden B 80-x rojgax mepeBoj (BMe-
cTe ¢ ero 6uBImMME cokypcankaMn Hanen BeiokoBoit n Bonogen ["araTenko)
kuauru [Jomanbga Kayrta «MckyceTrBo mporpamMupoBanns a1 OBMy, a B 90-
X TojJax OH cTaa pegakTopom mepeBoga apyrou kuuru JI. KayTta «Concrete
Mathematics» (aBTopsr R. L. Graham, D. E. Knuth, O. Patashnik), Bermeguien
B m3gatenbcTBe «Mupy (mepeBox B.B.Iloxomses n A.B. Xoxynésa). Kpome
TOoTO0, XOAYJAER ABIAETCH co3faTeneM MpUPTOB M pycckoro WTEX’a, o 4ém
st yaHaa BecHolt 1999r. oT Hero camoro.

K ero xoMmbioTepHBEIM TalaHTaM i OTHOUIY TakykKe 0CO6YI0 CTOCOGHOCTH
n 11060Bh AHIpes K roroBoioMkaM. ([ImtaTta 3 ero mucbma: «Bo Bpems oT-
JBIXa f, OT HeYero melaTh, PacCINTas 09Ko (KapTodnyio urpy). Sl panbimre
PaCCYUTHIBAJ €TI0 C MEeHbBIIIeH TOYHOCTHI0. B 3TOT pas pe3yabTaThl OKa3aauch
CyIIecTBeHHO ApyTruMu. Ho BEIACHHIOCEH, 9TO U HEIHEIIHAA TOYHOCTEH HETOCTa-
TOYHA — HAJO TMPHUBIEKATh KOMIBIOTEPy.) AHApen yd9acTBOBaI, C MOMEHTa
IX BO3HUKHOBEHHUS, B HECKONBKAX MUPOBHIX IeMIOHOHATAX IO TOJOBOJOMKaM
(World Puzzle Championships), kak 4ien komanasr Pocenn, n Hemsmenno mo-
Ka3bIBaJ Ha 3THX COPEBHOBAHUAX BBICOKHH pe3yabTaT. U, HecMOTps Ha cMep-
TeThbHYI0 60M€3Hb, KOTOpas cTajla NPOSBIATHCS VKe I BHEIlTHe, AHIpen permt
I B BTOT, nocaeuui pas (1998), yqacTBOBaTh B COPEBHOBAHNE W 3AHSI OTHO
m3 nepBhix MecT. Kak manucana mue Qabra JleonTheBa (mpeacenaTenb KOpH
BTOT0 YeMIHOHATa B TOM TO[Y, XOPOIIO 3HaBIIas AHApes W yroBapuBaBIas
ero He e3/[NTh Ha copeBHOBaHMsA 1998 roj1a), «TOJBKO MOTOM fi MOHSAIA, Ha-
CKOJIBKO DTO GBLTO TTPABUIBHO, BaXKHO W KPACHBO: OH YIIEM HEMOGeXK TEHHBIM !

Ne cwesga | XIV XV XVI XVII XVIII

Ton 25 27 30 34 39

Pasmocts 2 3 4 5

Ne cweaga | XIX XX XXI XXII XXIII XXIV
Ton 52 56 59 61 66 71
Pasmocts 4 3 2 5 5

Hy 4em me Tabmmna B cThie aHanorwaHBIX Tabmun w3 kKauru B. 1. Aproasaa [3]7!
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O KOMOBIOTEPHBIX TalaHTaxX XOIyJAéBa MOMKHBI CBHIETEIHCTBOBATH €0
KoJaeru mo pabote. S Ke OorpaHUIyCh TeM, YTO HAMHUCAT BHIIIE, 0 Hajlee KOC-
HYCh TOJBKO €ro MaTeMaTHYeCKHX TaJaHTOB U YIHNBHTEIHHON (HHOTJA He-
MOCTHKNUMOH [I5 MeHs) WHTYHIHN AHJIpes, ero CIOCOGHOCTH «BHIETHY OT-
BeTHl Ha OYeHBL TPYJHLIE MaTeMaTHIeCKHe BOMPOCHI W OMHOBPEMEHHO Mpen-
YyBCTBOBaTh HalpaBJeHHe, B KOTOPOM caelyeT nckaTh peiertie. Oco6eHHO
3TOPOBO TO MY YIaBaJoCh, KOTTa OH ONMUPAJCA HA aHAJTOTUHN U3 IPYTHUX eCcTe-
CTBeHHHIX HayK. QTHY W3 TaKWX aHAJOT UM 5 YKe YIOMSHY.I, 0 HUXKe s TPHBETY
Ipyrue TpuMephl, 3aUMCTBOBaHHKEIE MHOW U3 Halllell ¢ AHIpeeM MHOTOJeTHe:
NepenucKyu MO PasHBIM BOMPOCAM.

JTa mepenucka OGbL1a 0COGEHHO WHTEHCHBHOW B TOJIKl HAIIErO CTYIeHYe-
cTBa m acmmpanTyphl (1972-77) n B nocregume 5 met (1994-99) mo e-mail’y
(Bcero Gosee 100 mncem). B 80-e n B Hagame 90-x roJoB MBI MO TepP:KABa-
JU WHTEHCHBHOE WHTENIEKTYyaJbHoe obIIeHne «yCTHO», KOTJa BCTPeYaJnch B
MI'Y na MockoBckom Matematudeckom ObmiecTBe min ke y Aujgpes moma (a
MHOTTa B pefakunn Xypuaaa «KBaHT») m 06Cy)aaan pasHbie TEOPHH W KOH-
KpeTHBIe 3a favi. JacTh 5THX 06CYK IeHN I BHLIAIACH B CTAThI (COBMECTHBIE T
NOPO3HB), MPENPHHTHL I 3aMeTKN (HampuMep, B pellleHns 33,124 B «3aaTHIKe
KsanTar, cm. [1], [4], [5]), emé Goabltast 9acTh «ocenay B 4epHOBHIX 6yMarax,
MHOTHE U3 KOTOPHIX, VBH, C TeYeHNEM JeT GeccJIeHO MPONaan, XOTA KOe-ITO
Il COXPAHMIOCH).

Kak npaBuio, ugen u pemenus Angpes XonyaéBa ObLIn HE TOJIBKO TIyHO-
KW, HO W M306peTaTeJbHbl — OH YMeJ HaXOAUTh (M3IOMIHKY» B TaXKe, Ka3aJaoch
OB, pYTUHHBIX BEIYUCACHUAX. AHApER JIOOWI U «1YBCTBOBAMY YHCAA — CM. €70
petrterne 3aga4vn Ne12 Bo BTOpOH 9acTu cTaThH. YIOMSHYTas yKe CTpacTh AH-
Jpest K TpOr paMMIPOBAHUIO (B IIHPOKOM CMBICJE DTOTO CJIOBA ), CIIABIEHHAS €
TIy6OKUMN 3HAHUAME, TTO3BOJSIN €My MeJaTh «CHHTeTHIeCKNe XOTbI» B pellle-
HUU TPY/AHBIX 3a1a4 U BHAETh B HUX «HeBuAuMOe». OcobeHHO n3obpeTaTeneH
Anjpell 6B B MPHJIYMBEBAaHHH NPUMEPOB U KOHTPIPHUMEPOB, MODTOMY [O-
BOJBHO 9aCTO OH HAXOMWJI HEOXKH JaHHbIe BO3PaXKeHnsd K ACHBIM, Ka3aJaoch OHI,
dopmyaupoBkam win runotezam. QQUH ero HEOXKUTaHHBIN MPUMEpP COCTOSI
B TOM, 9TO eCad XOp/a, KaK KeCTKUH OTPEe30K, CKOJB3UT CBOMMH KOHIAMHU
MO0 BHYTPEHHOCTH 6bINYK.L0U TJaJKOW KPUBOH, TO (PUKCHPOBaHHAS TOYKa Ha
Xop/ie He 06A3aTeNbHO 6y 16T OMUCHIBATE 6bINYKAYIO KPHBYIO!?)

A BOT Kakoll KOHTpapryMeHT mpuBea AHJIpell o MOBOIY OBIIENPHHATOTO
B3raA1a Ha noBenenne guryp Jluccaxy ma skpane ocummiorpada. (U onsaTs
5TOT CIJaB MaTEMATHKN W PU3NKH, W Jaxke Heiipodusnorormn!). Ecan noma-
BaTh [Ba HE3ABUCHMBLIX TAPMOHUYECKNX KOMeGAHMSA C TJaCTOTAMH Wy W Wo HA

2 o o
)qI/ITaTeJIb, MoOTpoOyM W TH CaMOCTOATENbHO TpuBecTH Takou mpmmep! Kasamock 6wI,

npocto Kak KomymM60BO AWI0, HO Cpasy He MOMYyYMTCA. A ecin He 3HATH O €ro CyIIeCTBO-
BaHWN, — TIPUMED C OKPYKHOCTHIO BBOJAWT B 3abiyXKIeHWe! — TO MOXKHO TOAYMATh, 9TO
TakKoro He OBIBaeT.
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TOPUBOHTANBHYIO U BEPTHKAJBHYIO Pa3BEPTKH ocHmLIOTpada, TO Ha DKpaHe
GymeT BHIHA KpuWBas (Kak MpaBHJO, Me[IEHHO BPAIIAOIIANCSH), TOXOXKas Ha
napaboay, WIH DJAAAINC, HIH «BOCBMEPKY», HJIN HECKOJIHLKO COeTMHEHHBIX BMe-
cTe «BOChMEPOKy. U3BecTHO (M. 3a1aq1y Ha cTp. 26 kuurn B. N. Aproasaa [6]),
9TO €CU OTHOIIIEHNE YaCTOT W = w1 /We payuora.abro, To purypa Jlnccaxy —
3aMKHyTas aarebpamdeckas KpuBas (MpH MeJOM w DTO Tpaduk MHOTOUIEHA
YeOnIéRa), a eCaIn w UPPaAyUOHAAbHO, TO OHA 3AMOMHAET DKPaH OCHHIOT pada
Bcioy maoTHO. (TakoBo e moBeleHNe YaCTHIE B NPAMOYTOJILHOM GHJLIHAD-
1e). OTciofa, Kasanock OB, JOMKHO CIeI0BATh, ITO MPH NPPAINOHATBEHOM OT-
HOIIEHN N 9aCTOT MBI JOJKHEBI BUIETh BECh DKPaH OCHULIOTpada MOTHOCTHIO
cBeTsnMcs. KakoBo e 6110 MOE yAuBiIeHHe, KOT[a 8 y3HaJ OT AHJIpes, 9TO
HPPalMOHAIBHOCTD W HUKAKOW POJU He NTPaeT W HUKAKOTO CBeYeHUs DKpaHa
ue 6ymget!

[luTtupyto Angpes: «YTBepxKaeHue o Bpamiatolieics gurype Jluccaxky sep-
HO JUIIb B 04YeHb Tpyboit abcTpakuuu. Ha camom [ese, Bpalllenune cBS3aHO C
HHepIINel 3peHns, I YCJAOBHe BPAIIeHHS MOXKeT ORITh 3aMUCAHO B TAKOM BH€:

w1 1 w9 1 2rnw) — 2Tmmws 1
oy L e 1 P —rmen] 1
2rm T 27n T max(m,n) T
rae T — BpeMms mHepnuu raasza. Mol 6yjeM BHAETH Bpallaoliyiocs Gurypy
Jluccaxxy ¢ m KoreGaHUAMH MO OJHOW OCH W C ® — TO JIPYTOH, TPH DTOM

HEBayKHO, PAlMOHAJLHO WJIN HET OTHOIIeHWe w. Boobie, kKak m3BecTHO, pa-
[MHOHATBHOCTH WM HPPANNOHAILHOCTH HENPEPBIBHON (DU3NYECKOUW BeJIHIHHBI
HeJb3s YCTAHOBUTH € TOMOIIBIO DKCIEepUMEHTay.

Angpes XonyaéBa Ji06UIH BCce — ero [Ipy3bs, €ro YyIuTels, ero Kojaer:
CO BCEeMHU OH UIeJIPO JeNuacs CBOUMHU 3HAHUAMEU U MHOTOYUCJICHHBIMU U IeSMM.
Emy Bcerga 6v110 HHTEpECHO, 9TO Ke TPOUCXOAUT B JeHCTBHTENALHOCTH, OH
BCerga CTPeMUJICS y3HATh KaK MOXKHO 6OJNbIlle HOBOTO, I OH HEYCTAHHO IV-
MaJ O TOM, Kak OBl TOTpOoIlle U dheraHTHee OOBACHUTHL TO UM WHOE SBIEHNE,
Oy/Ib OHO U3 MaTeMaTHKN, PU3NKH, XUMHUH WJIH aCTPOHOMUN. AHIpen yaaaoch
COXPAaHUTH [0 KOHIIA CBOUX [THEN IOHOIIECKNH 330D, CTpeMIeHe KO BCeMy HO-
BOMY, YMeHHe VINBIATHCA H MTOTHOKPOBHO KuTh. OH 3apsKal CBoell dHepruen
BCEX, KTO OKa3bIBAJCS PSAIOM, U MBI, €r0 Apy3bs, 6Marogapasl AHIpero 3a To,
YTO HAM MOCYACTIMBHUIOCH C HUM OOIIATHCSA W «I103apAKATHLCAY JacTHIAMNU
ero «Hay4YHOIl» DHEepPTHH.

Mue Xo¥eTcsi 3BaKOHYUTH DTOT Paccka3s caeIyiollled MUTATOW U3 MHChMa
Annpes ko mue, matnpoBarroro 13 mioas 1973 r.: «..Bckope (¢ 17 mions)
A yeay OoTABXaTh B TOUKY 44°34’ c.ur. u 38°12' B. 1. S npobyy TaMm cekymI
1.8 - 10%, Tak 9ToO TH He cMOXKelTh HamucaTh MHe Bckope. /lo cBuganns. An-
Ipeiy. ITO THCHMO — OJHO U3 JeCATKOB IPYTUX THIHIHO XOIYJIEBCKUX TH-
ceM, KOTOpHIe s Toaydua oT Augpes.

[Mocaennee w3 Hux gaTupoBano 11 cenTsbpsa 1999 rorga. ..
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SA,[[ALH/I, MNPOBJEMBI. UJEU. KOHCTPYKINN

Mgt ¢ AHgpeeM 06CYKIadl MHOXKECTBO Pa3HOOODPA3HBIX W HWHTEPECHBIX
BOIMPOCOB, 9aCTh U3 KOTOPHIX f m3aarato Hmxke. OmHAKO ellle Goyblliee YUCIO0
npo6ieM (M MOAXOTOB K MX PEIIeHH0) TaK W OCTAINCh HepelleHHBIMA. S pe-
[T B3ATh Ha ce6s CMeIOCTh MPUBECTH TPHMEPHl 006CYK JaBIITHXCS BOMPOCOB
u njell u3 obeux CPyII.

N310KeHHBIN HIKe MaTepnaa HOCHT «MO3an<dHBIHY XapakTep B cTIe «Ma-
TemaTudeckoin cmecm [[xk.JIluTTAByma m He mpeTeHAyeT HA MOJHOTY HJIU 3a-
BepIIEHHOCTEL. B ero ocHOBY moNoXKeHO cofpep:xkanne npuMmeprao 100 mmcem n
e-mail’0B, KOTOPEIME MBI OOMEHSINCH, I TeX YepPHOBHKOB, KOTOphLIE MHe Vy/a-
JOCh COXPaHHTh. 3/1eCh f ONNCKIBal0 Hambojee sipkue W HHTEpPeCHBIe 3aJa4H,
KOTOPBIMH MBI OOMEHNBAJMNCH, & TAKXKe 9aCTHYHbIe Pe3YJIbTAThl, KOTOPHIE MBI
HOJYYIAN WIH HAJeSJNCh NOAy4InTh. K coXkameHnio, W3-3a OTPAHNIEHHOCTH
JKYPHATBHOTO 06hEMA, i MOTY MPHUBECTH JHUIIb MAJAYIO JOJI0 DTHX MaTepHa-
J0oB. EcTecTBeHHO, fi BRIOpaJ 3afa4dnm MO CBOEMY BKYCY; BO3MOXKHO, AHgped
BRIGpaJ OB [Pyroe uX MOAMHOXKECTBO.

¢

Nel (MHOTOHYJEH OT MHOTOYJIEHOB). [lycmb f(z) u ¢(z) — dea ee-
U ECMEEHHBIY MHO20uAEHA. Beeeda au cyuecmeyem mawoti mMHo2ouien om
deyx nepemennvir R(u,t), umo R(f(z),¢(z)) =07

PemeHUE. OTBet: «Bcergay. llycte deg f - deg ¢ = mn. Paccmotpum
«kBagpanTy MHOTO4IeHOB {fF - ¢°}, k,s > 0, u GOIBIION TPAMOYTOIBLHLIH
TPeyroNbHAK, OTCeKaeMBIll MpAMON OT KBajpanTa (cMm. puc. 1). Torga cpenn
MHOT OYJIEHOB, JeKallliX B TPeyrodbHUKe, JUITh 9acTh JHHENHO HE3aBHCHMA
B MPOCTPAaHCTBE MHOTOYJIEHOB CTeMeHH < Mmn; JAeHCTBATEIBHO, KOATIECTRO

Puc. 1. KBagpaaT u TpeyrofbHHK MHOT O9J€HOB
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TOYEeK B TpeYroJbHUKe pacTeT KBaJpPaTHUIHO, a IBHUXKeHNEe T'MIOTeHy3bl IIPO-
HCXOaNT JUHEHHO. (jJIerl[OBaTeJII:;HO7 nMeeTcda HeTpHUBHaJbHas JUHEeHHAsA KOM-
onHanms MHOT OYJ€HOB, TOXK T€CTBEHHO paBHas 0. Ona u ecTb UCKOMBIH MHO-
TrOvJeH.

¢ee

Ne2 (IIIKA® B KOMHATE). Moocem au mpeyzoapunii wrad 3axiunumos
6 mpeyeoabrol KomHame (m.e€. He cyuecmeyem J6UNCEHUA wraAPa, ocma-
6.4810U€E20 €20 6HYMPU KomHambl)? A mHo20y20abHbll wWKaP 6 MHO20Y204b-
noti kommame? (O6a MHO20Y2OABHUKG — 6BINYKABIE. )

OBCYK/EHUE. 3aMmetdanne XoayaéBa: «f He coBceM MOHMMAIO, 9TO 3Ha-
YUT ,3aKIUHUTEY. J cuynTaro, 9TO TO O3HAYAeT Cjeylolliee: BCe BEpIIHHEBI
mKkada JekaT Ha PasHbIX CTOPOHAX KOMHATH — HO He B yTiaxX — U IKad He
MOXeT OCYIIeCTBITH HHKaKoe Majoe ABIKenne. Muade nenutepecno (puc. 2).

=

Puc. 2. «3axinansimmey nikagsr (BEIPOXKJEHHBIH CIyTal )

B »Tott mocTaHOBKe fi MOMHOCTHIO pelna 3agady. OTBeT: pu n = 3 HE MO-
JKeT 3aKJINHATD, XOTS pellleHne HempoCToe, ¢ HeCKONbKUMA CAYIasiMu (MeX 1y
MPOYINM, UCTOAB3YETCA YTBEPKIEHNe, KOTOPOe MBI ¢ TOOOH 06CYK AN €CAU
€cmb 3 NoAYNAOCKOCMU, MO AUOO UT NEPECEUEHUE UMEEM HENYCMYIO 6HY-
MPEHHOCMD, AUGO NEPECEUENUE UT DONOAHENUT UMEEM HENYCMYIO 6HYMPEH-
HOCTMb, AUOO UT 2PAHUYBL NEPECEKAIOTCA)Y.

Ha 570 s oTBeTmat AHpero, 9TO BO3BMOXKHO Takoe pelierne (puc. 3): ecan
mkad-Tpeyroibiunk ABC gexut BHyTpu koMHaTH AXYZ u A € XY, B €
€ YZ, to reomeTpuieckoe Mecto Todek (' BO BpeMms [BIKeHHs oTpeska AB
BJIOJb CTEH — JyTa dJInIca ¢ neHTpoM B Y (mpudToM Y — mepecedenne ocen

Y
B

X C A

Puc. 3. C aBmxercsa mo gyre >LIANICA
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B B

—

D D
a) 6)

Puc. 4. 3axrnunsimey mrkaper (n > 4) (HeBBIPOXK JeHHBIH CIyTal )

sanunca). Kycodek sToit ayrn nexxuT BHYTpn A XY 7, HO>TOMY «llleBeseHe)
mKada BHYTPH KOMHATHI OCYIIIeCTBHMO.

OH coraacmics CO MHOU W He CTaj MPHCHLIATH CBOErO peIlleHus, 0 4éM 5
ceirqac coxainero. /lasg n > 3 Xony/aéB MOCTPONI MPUMEPHI, B KOTOPKIX HIKad
sakananBaet (puc.4). /las n = 4 qnaronans AC MOXeT MOBEPHYTHCSA TOMBKO
MPOTHB YaCOBOH CTPEJNKW, a Anaronantb B — ToabKo mo dacoBoi (pmc.4a).
[Tony4yennoe mpoTuBOpedne U JOKa3biBaeT «3aKJuHUBaHme» ikada. /s Jaio-
60r0 7 > 4 mpuUMep «3aKJIUHUBIIETO» IKada MOXKHO MOCTPOUTH, UCXOAS U3
5TOrO MpnMepa (puc.46).

S x04y oTMETHTH 3/IeCh Ty caMyio «M3IOMIUHKY», KOTOPYIO Hatend AHjgpel:
HpPOTHBOpeYNe BO3HUKAET M3-32 TOTO, YTO «4TO-TO BpalllaeTcd He B TY CTO-
pory» (B mamHOM caydae, orpeskn AC n BD).

B Takux BOT «M3BIOMHHKAX» U MPOSIBASJICT TadaHT AHIpes.

¢ee

Ne3 (IPEAEN). ITycmb z — Komnaexcnoe uucao. Haimu npedea

m

1
lim
m—oc Z z+n

das Mex z, 048 KOMOPHIE OH CYUECTNEYEM.

PEmWEHNE. PaccMoTpuwm crenyoryio 2r-nepnondeckyio Gyukunio f(z)
BellleCTBEHHOT O TIepeMeHHOT 0!

f(2) = € mpw [a] < ,
J(z +2) = f(a).

Paznoxunwm ee B pag Pyprve. Koappununent a, paBen

kis ks

a, = 1 e IET c—INT o 1 e—i(z—i—n)x dz =
27 27

—T -
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— 1 (e—i(z-}-n)w _ ei(z-}-n)ﬂ) - et ( —tzm _ iz7r) —
2mi(z + n) 27i(z + n)
(=" €T _ T _ (—=1)"sinwz
n(z 4+ n) 21 - n(z 4+ n)
[Mockonbky f(2) KycouHo HempephiBHA U Tu(dEpPEHITPYyeMa, nMeeM
@) + fz7) - (=)
x x : —1)*sinmz
—_— = hm a eznl‘ = hln %eznz‘ =
2 m—oc Z n m—oc Z m(z + n)
n=—m n—-—
sin wz = (—1)7eine sin 7z T inle-m)
= lim = lim -
T m—oc Z z+n T  m—oc Z z4+n
n=—m n=—m

[MogcTaBuM z = ™ B 3Ty (OpMyay, TOTJa B CHJAY MEPUOJTHIHOCTH f

[+ fT) _ )+ =mT) i = cosTz.
2 2 2

Takum o6pazom,

m

sinwz . 1
CosS Tz = lim E

T  m—oc z+n’
n=-—m

OTKYya

. 1
lim E =m-ctgmz.
m—oc z+n
n=—m
PaBeHCTBO BRIMOMHAETCS A5 TIOOOTO KOMIIEKCHOTO 2, i KOTOPOTO 8in w2 #
# 0, T.e. sl BceX KOMILIEKCHBIX z ¢ Z. [lpn z € Z nupejien He cyUecTBYeT MO
OYEBHIHBIM MPUYHHAM.

e

Ne4d (DNEKTPOHBI HA CPEPE). Ha 6nympenneii cmopone memadtiuve-
ckotli cepul pacnoaazalomes N IAEKMPOHO6 — MOUEUHBIE UACMUY PA6HOT
(edunuunoii) maccel u pasnozo ompuyametbro20 3apada (noaazaem €20 pae-
notn —1). B cuay ommaakueanus 34€KMPoOHO6, OHU CMPEMAMCA YAETMEMD
Ha GECKOHEUHOCMb, HO UM MEULAEM cPEPA, U NOIMOMY IAEKMPOHBL «Pa36E-
2aromesr no cepe max, UMoObl MUHUMUBUPOE6AMD NOMEHYUAABHYIO IHEP2UIO

CUCMEMB
1
U= E o]

et |7y — T

]
30ece T; u T; — paduyc-6exmopsl, udyuwue u3 yenmpa cPepvl 6 IAEKMPOHD
i uj, |ri—7;| — paccmoanue mexncdy saexmponanu. /Jas xaxcdoeo uucaa
N =2,3.4,... 51eKkmpono6 yxa3amv UT PACNOAOICENUA NG CPEPE, MUHUMU-

3UPYIOUUE NOMERYUAADHYIO IHEP2UIO.
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TABJIHUIIA PACIHOJIOXKEHUSA DJEKTPOHOB HA CHEPE

N=5
N=T7

=
Il
s

NPABUABHBIN TeTPadIp

N =6

@

NPABUABLHBIN OKTAad P

N =28

¢ = +34,09°

¢ = —34,09°

g

KBajgpaThl pasBepHYTH Ha 45°

N =10

L]

¢ = +25.00°

¢ = —25.00°

L

KBagpaThl pasBepHYTH Ha 45°

Hpa_BI/IJIbHBIIU/I IATUYT OJJbHUK B
BKBaTOpI/IaJIbHOIU/I IIJIOCKOCTH

=9
¢ = +44,72°

= —44,72°

HpaBUJIbHBIE TPEYT OJbHUKH,
SKBaTOPHAJbLHEI pa3BepHYT Ha 180°

N =11

¢ = +31,02°
¢ = +9.69°, ¢ = 29,74°

¢ = —3355°
¢ = —53,70°
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TABJIHIIA PACHOJIOXKEHHUS DJEKTPOHOB HA CPHEPE (HPO,I[OJI)KEHI/IE)

N =13

BCe€ TPEYT OJbHUKN — TIPpABUJIBHBIE!

KpalHWe PasBEePHYTH OTHOCHTEILHO

SKBATOPHANLHOIO Ha yroa +6,96°,

cpeaHWe pa3BepHYTH Ha 180° &+ 5,62°

N_

|
—_
-

¢ = +37.56°

¢ = —37.56°

BCe IIATUYT OJTbHUKW —
TIIpaBUJIBHBIE

npaBUIbHBIE TPeyr OJbHUKH Ha[ I'DaHAMHA
TeTpasfApa WMeloT yriaoBon pazmep 30,7°,
KaXIblll U3 HUX MOBEPHYT OTHOCHTEIBHO
NIPAMOU, COENUHSAIONIEN ero MEeHTP U TPOTH-
BOTIOJIOXKHYIO BEpHIMHY TeTpasapa Ha 7,29°

N =18
¢ = +42.47°
¢ = +11,74°
o= —11,74°
¢ = —42.47°

KBapaThl MOCAe0BATENbHO CBEPXY BHU3
pasBopaumBaloTcs Ha 45°
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TABJHUIIA PACHOJIOXKEHHUS DJEKTPOHOB HA CPHEPE (OKOHLIAHHE)

N =20
¢ = +39.68°, ¢ = 29,62°
¢ = +32,70°
= —4,05°, ¢ = 44,00°
— 11,34
= —19.43°

IIJIOCKOCTHU CUMMETPUN IIPpaBUJIBHBIX
TPpEeYTr OJIbHUKOB COBIIaAal0T C ILJIOCKOCTAMU
CUMMETPUN MEHTPAJbHOI'O MECTUYT OJIbHUKA

OBCYJKIEHUE. Peutenne >tou 3agaun aas N = 2.3,4,6 u 12 npuBejiero
B ctathe H. H. Augpeena n B. A. HO quna [7]. §I npuBen 5Ty 3ajgaqy 3mech s
TOT0, YTOOK TOKA3aTh Pe3yabTaTh paboTwl Ha JBM, npogenannon A.Xomry-
aéBeiM. Sl mocTaBua >TOT Bonpoc nepen Augapeem B 1974 rojgy Ha 4eTBEpTOM
Kypce MexMaTa, KOTrla CTaJ MpenogaBaThes Kype «OnTuMaibHOe ypaBieHuey
(OI1Y) nonx pykoBomcTBOM «aByx BuaammupoB MuxaiioBndeiny — mpodec-
copoB MI'Y B.M. Anekceera u B. M. TuxomunpoBa. Mue ou cpasy npuiien B
TOJOBY, KOT'/1a f COeUHNI MBe UAeH — 3aJaYy O MUHUMHABANNN PACTONOKEHNA
TodeK Ha cdepe, B KOTOPOU neneBas QPyHKIIHA ngéin |Fi —7;| — max (oTa 3a1a-

i#]

Ya 9aCTHYHO WCCJIeJOBalach B u3BecTHOU KHUTe 10 TeomeTpun Hlkasipckoro,
YennoBa n fraoma [9]), n woBhle cBegennst w3 OIlY. Augpein ¢ pamgocTbio
BOCIPHUHSJ 3Ty 3a/ady, HO depe3 HeKOTOopoe BpeMs namucan mue: «OIIY we
0COGEeHHO MPUMEHNMO K 3aatde MPO DJIeKTPOHKHI. 3eCh TOIUTCH TOTBKO OORI4-
HOe KOHEeYHOMepHOe MpaBmJIo MHOXKuTeden Jlarpanxka, HO OHO MaJo TMOMOTra-
eT. DTy 3ajavy MOxKHO permuTh Ha IBM». Uto om ¢ Gieckom m mpogenan!
(Cm. Tabauny pacnonoxenns N saektponoB mist N =4, ...,20 na cc. 17-19).
3aada mpo BAeKTPOHBI BOOAYIIeBIIa AHIpes ellle i TeM, 9TO OH «. . .CMOT TO0-
YepInHYTh HEKOTOpPhIe CBelleHNs B yYeOHUKe o XuMmnn. PaccmoTpum atom A,
umeroninit N BaJeHTHBIX 3JeKTPOHOB U NMyCTh OH o6Gpa3syeT mojekyay ABy.
N3 coobpaxkennit cuMmMmeTpun, N aTOMOB dieMenTa B pacmosoxkaTcs Ha paB-
HOM paccTosiHuu OoT A, T.e. Ha MOBEPXHOCTH C(ephl, I MeXJy HUMHU OyjeT
JMefcTBOBATh CHJIA DIAEKTPOCTATHYECKOTO OTTAJKUBAHUA. DKCIEPUMEHTANb-

HO YCTAHOBIEHH KOHMPUTYpANHHW TaKWX MOJeKyJ ¢ pasammMu N = 1,....7.
Tam ke npuBegensl KapTuukn: migs N = 4 — TeTpadap, apia N = 5 —
IBa TeTpadipa ¢ oOIllell TpeyroabHOU rpanbio; mis N = 6 — oKTas[Ap u

mias N =7 — nBe NATHYTONBHBEIE TAPAMHUIEI, TPAKPEIIEHHEIE IPYT K APYTY
CBOUMU OGIIHME NATAYTONBHBIMEA OCHOBAHUAMI. MOXKHO MPeNOJOKATH, ITO
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DAEKTPOHKI 3alMYT Ha cdepe Takoe XKe monoxkeHne. Tak XuMus momoraet
MaTeMaTHKey.

S cauTar 3Ty 3319y JOCTOUHON TOTO, YTOOKI TepeoKa3aTh PE3YabTaTh
XogynéBa, OOBACHATH UX TEOPETHIECKH (T.e. TePEOTKPHITH METOT, KOTOPHIM
OH Hamén Tao6aTbHEe MIHIMYMBI) W MPOJIOMKATE Tabanmy ais N > 20.

e

Ne5 (TMAXMATHBIH KOPOIB?)). MMazmamusiii kopoas oGowen 6ce xaem-
KU warmamuot docku po61o no 00HOMY PA3y U 6EPHYACA 6 UCLOOHYIO KAEMKY,
npuuém on Huede He NEPECEKAA c60€20 caedd. Jorazamb, umo Kopodb cOe-
aaa He menee 28 kopomruzr rodos (cu. puc.b). Haimu eepruioio oyenxky wucaa
Kopomruz r0doé das warmamuot docku m X n. Touna au ama oyenxa?

Tak Hernh3s! KOPOTKHH XO[T IAUHHBIH XOT

Puc. 5. Xogpl KopoJs

PEMEHUE. MapuipyT KopoJs — 3aMKHyTas HecaMoNepeceKalomasscs Jo-
Mmanas. Kopoab mo6BIBa Be3le, B 1aCTHOCTH, BO BcexX 2m + 2n — 4 kjJeTkKax
nepuMeTpa. DTH KATKHW pa3buBaioT BCIO JOMaHYIO Ha 2m + 2n — 4 KyCKOB.
OcHOBHOE yTBepXKJIeHTE:

Kaocdviii kycox coedunsem dee cocednue kiemru nepumempd.

JleficTBUTENBHO, e 6B KYCOK COSUHAT He COCeTHNe KACTKH, TO KIeTKN
nepuMeTpa OKa3aluch 6bI pa3efeNHBIMA Ha IBe YacTH W KOPOJh He CMOT OB
no6LIBATH B 06eNX 4acTsX, He mepecekas Kycka (puc.6). OcHOBHOE yTBepK-
JTeHre TOKa3amo.

Tenepsb 3amMeTHM, 9TO cocelHNe KICTKN MepuMeTpa Pa3HoONBETHE, a ¢[NH-
CTBEHHAA BO3MOXKHOCTD IS KOPOJIS MEePelTH Ha KIeTKY APYTOTO IIBeTa — DTO
ceraTh KOPOTKUH XO[A. S3HAYHT, B KayKJOM Kycke GyJeT Mo KpaWHel wmepe
OJMH KOPOTKHH XOJ, a KYCKOB IO KpalHel Mepe 2m + 2n — 4.

3 “
)3 mucema Xonyméa: «Temeps y MeHs eCTh BpeMs COOGIMNTHL Tebe MO 3aga4dy, Mpo

KOTOpPYIO A HeaaBHO ToBopmil. llo-moemy, ona goctomna Il Typa MockoBckon ommima bt
win paxe Bcecotosuomy. [lerictBuTenbro, goctouna! f TyT ke coobuma o6 sTon 3apgave
H.B. BacumseBy, u ora norana Ha 7-10 Beecotosnyio ommmnmaay mo matematrke ( Kunmués,
1973), a noTom 6blia onybankoBaHa 1o HoMepoM 184 B c6opHuke 3agadv [8].
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371eCh €CTh KJICTKN

1 30eCh €CTh KJIECTKH

Puc. 6. OcHoBHOe yTBepXK JeHHE

Puc. 7. 2m + 2n — 4 xoja KOpOJiA, TOKPHIBAIOIIAX BCIO JOCKY

[looTomy oTBeT: > 2m + 2n — 4 xopomkur roda. DTa ONeHKa TOYTHAA.
[Tpumep, u3 KOTOpOTo ficHa O6IIas KOHCTPYKINSA, NpUBeIEH Ha puc. 7 (y3iam
PEIIETKH COOTBETCTBYIOT NEHTPHI KAeTOK). Jlerko ybeqnThes, 9TO TyT B Ka-
JKJIOM KYCKe COep:KUTCSA POBHO OJIMH KOPpOMKul X0I. «)TO, KOHEYHO, HE CTPO-
ro JOKa3aHo, HO 4TO MoJiefaelliby, — gobaiaseT Xoayaén. «OaHako B ciydae
OOBITHON TMTAXMATHON JOCKH HHKAKUX HEACHOCTEN, KOHETHO YKe, HeTy.

¢ee

Ne6 (MUHUMAJNBHOE YUCJO PACHI/IJIOB4)). Hmeemesa nexomopoe meao,
mpebyemea pacnuaums €20 onpedeaénnpim 06pazom (U36€cmuo, no KaKuM
AuHuAM (6 J6yMepHOM Ccayuae) uau noseprrocmam (0as mpér u 6oabuiezo
wueaa u3Mepenui) 3mo meao Hado nuaums). 3a KGKOE MUHUMAABHOE UlU-
CA0 PACNUAOE IO MONCHO COEAAMb, ECAU PA3PEUAEMCA HAKAADBIE AN UACTNU
dpy2 na dpyaa u nuaumov ux emecme?

MBbl paccMOTPHM 3JieCh JUIIb YaCTHBIN caydal >Tol 3agaqn: Pacnuiums
napaateaenuned m X n X k na xyéurxu 1 x 1 x 1. Anato2uunas 3adaua dasa
MHO2OMEPHO20 NAPAAAEAENUNEDA.

1B 70-e rogBI MBI yBIEKATACH YTeHHEM HeJaBHO IepeBe [eHHBX KEur MapTura ap nHepa.

Mur ¢ Arapeem pemmanm o6o6umTh 3ajgady [ apaHepa o pacnmie Ky6a Ha 27 MaleHBKUX
KyOWKOB, ecian pa3pelllaeTcA HaKJaIbBaTh PaclHUIeHHBIE YacTH OJHY Ha APYTYIO.
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PEmEHNE. CrHavana oTBeT: MUHMMAbHOE YHCJIO PACTUIOB paBHO N =
= [log, m]+[logy n]+[log, k] (Takol e 0TBeT — TOTBKO ¢ 6OJBIINM THCTOM
cJlaraeMbIX — CIPaBe/INB I B MHOIOMEPHOM MPOCTPAHCTBE).

3AMEYAHUE. [z] =inf{n |n > z; n € Z} = —|—z|, rge |-| — uenas
49acTh YHCHA.

[IpuBeném cHadvama pelieHne rapAHEPOBCKOW 3amatum: m = n = k = 3;
N = 3[log, 3] = 3 -2 = 6 pacumaos. /loBOTbHO KPacWBO TOKa3BIBAETCS, ITO
3a MeHbIIlee YHCJA0 PACTHIOB HEMB3S NOAYyINTh 27 KyOUKOB. /leicTBUTENBHO, ¥
[eHTPaJbHOT O KYONKa Ha IO BEIMUJANTH Bce 6 TpaHell, a 3a O/[UH PACIil HeJIb3s
BHIMIINTE cpa3y ABe Tpann! Pemenne B o0y cTpouky!

Terneps o6mmH caydai. Y KayKJIOW YacTH, NOSBUBIIENCS B mpolecce pas-
pesanus, HMeIOTCA pa3zMephl, KOTOphe 0603HAYHM 2, i W z. MBI ciuTaeM, 9To
OCH KOOPJUHAT «BMOPOXKEHLI) B OTY 9aCTh C CAMOTO HA9ajaa, Tak ITO pasMephl
T, Yy m z He MEHSIOTCS MpH €€ MOBEPTHIBAHNY (KOTOpPOe MOXKeT TMOHA TOOUThCS
JUIST O9€epeTHOTO PACIuia).

[Tocne kawgoro pacnuaa MBI BEIGepeM OTHY W3 MOJIYIeHHBIX 9acTeldl B CO-
OTBETCTBHUN CO CJAeIYIONINM HWHIYKTHUBHBIM TPaBUIOM:

1. /lo Bcex paspesaHudl MK BBIOUpaeM eJINHCTBEHHYIO CYIIECTBYIOIIYO
qacTh — caM mapaJdiesenunes.

2. llycTh mocae mpenigyIero pacnuiaa 6uia BEIGpanma 9acTh € pa3Mepa-
ME z, y u z. Torga mocie odepeHOTO pacluaa dTa JacTh MOXKeT 6BITH
pacmnuieHa Ha [ABe, OTJIWYAOIINeCcs JNIb B 0qHON KoopanuaTe. (Hampn-
Mep, eCJA’ DTa 4YacTh OblIa pacnujeHa MapaljelbHO TMIOCKOCTH T2, TO
NoNy4aTcsd 9acTH ¢ pa3Mepamiu

ro_ ! ! o .

L1 =Ty =T, y1+y2_y7 g1 = 29 = &
IITPpUXH 31eCh O3HAYAIOT HOBHIE paaMepr). ITocae OvYepeIHOro pacinnaa
BbIGI/IpaeTCH Ta U3 ABYX lIaC’l‘eI‘/JI7 y KOTOpOfI «CIINJeHHad» KOOpIHHATa (B
JaHHOM CJay4ae y) boabue. (HaHpI/IMep7 ecJu 9acTh 1 XH X7 pacnuaeHa Ha

qacTn 1X2x7 1 1x3X7, To BuGupaeTcs 94acTh 1 X3X 7). Ecan ovepegroi
pacmui He KOCHYJICS DTOH YacTH, TO OHA Ke W OCTaéTcs BHIOPAHHOM.

Takum o6pazom, y Hac monydaeTCs MOCAeIOBATEILHOCTH BHIOPAHHLIX YOI
BAIOIINX YacTel, y KaXKJOW N3 KOTOPHIX HeKOTopas (HO ToMbKO omxHal) Koop-
QUHATa MeHbIle, 9eM y TPk IyIilel, Ho He 6oJee, 4eM B JBa pasza; BO3MOXKHO,
YTO Yy HEKOTOPHIX 9acTell Bce KOOPMHATH COBMAIAI0T ¢ npeaslayuinmu. [lo-
cllefHss 9acTh, OYeBHIHO, nMeeT pa3mep 1 x 1 X 1 (caoBa «koopanHaTay u
«pa3aMepy CHHOHNMBI B JaHHOM KOHTEKCTE).

PaccmoTpnm Temeph mo-OTAEIBHOCTH KaXKIYIO W3 KOOPAWHAT Y BHIOpaH-
HBIX YacTel. [locKOIBKY KaKIbIH pACTIHI yMEHBITAeT KaxK Iy KOOPIHHATY He
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Goee deM BJBoe, moTpebyercst He MeHee [log,m| pacmuioB, 9TOOH yMeHb-
MNTH Z-KOOpANHATY ¢ m g0 1, n amagorudno [log, n]| n [log, k] pacmnmnios,
YMEHBIIAIONINX Y- U 2-KOOpAnHATY 10 1.

Tak Kak KaKIblil paclul yMeHbIIaeT TOALKO OHY KOOPAUHATY (WIn HE
OJIHON), TO BCETO MOTPeBYeTCs HE MEHEE

N = [logym] + [logy n] + [log, k]
PaCImIoB.

[TpuBeIéHHOTO YHCAa PaCUJIOB JocTaTo4uno. Hamo cHadasa mpn MOMOIIN
[log, m| pacmmioB paspe3aTh mapaiielennmnes Ha cIou 1 X n X k, 3aTeM cJo-
KHTH BCe CJIOM BMeCTe I pa3pe3aTh nx 3a [log, m] pacmnmioB Ha MOJOCKH
1 x 1 x k, n HakoHell, CIOKUB BCe TOJNOCKN BMeCTe, pa3pe3aTh WX Ha KyOUKH
1x1x1.

MuoroMepHBIN clydail pacCMaTpPUBaeTCAs aHAJOT HIHO.

e

Ne7 (CONTHEYHAA CUCTEMA). Hexomopas coaneunas cucmema cocmo-
UM U3 CoANYa U 8 6PAULAIOUWULCA 60KPY2 HE2O NO KPY206blM 0pdUMAM NAA-
HEM, KaHcAAA NAGHEMA CO C60€l nocmoannot cropocmbio. Moacem au cay-
YUMbCA MAK, UMO 6 KAAHCObLT MOMEHM 6CE NAAHEMBI PACTLOAG2AIOMCI 6 GEP-
wunar (deudncywezocs 6o epemenu) xyba ¢ Purcuposannvim pebpom a?
(Henwmp xyba — ne o6a3ameavno coanye. Coanye u 6c€ naaHemsvl nPeIno.aa-
2a10MCcs MOYEUHBIMU U HE 63aumodeticmeyiom dpye ¢ dpyzom).

OBCYJK/IEHUE. AHApel u f NpUAYMaan [Ba HE3ABHCUMBIX PeIlIeHUs DTOU
3ajgaqn, oba npuBegensl HumKe. [lo3xke, pazo6paBUINCch B CylIeCTBe JeJa, MBI
HANHCAAN COBMECTHYIO CTAThIO HA DTy TeMy («YILIOIIeHHe B 3a/ade 9eThIPEX
Tem ), onybankoBanuyio B Buje npenpunata UIIM (cum. [1]). OTBet B 3a1a4e
OTPUIATENBLHBIN: NAGHEMBl HE MO2YM 6 KAHCObIT MOMENM PACNOAA2AMBCA 6
6EPUURAT HEKOMOPO20 J6UNCYULER20CA KYOQ PUKCUPO6ANH020 PA3MEPA.

¢ee

PemEeHNE 1 (A. XoayaiB). Tlpeanonoxum nporusuoe. [lycts A u B —
BEPIIMHBI Ky6a, MIOCKOCTH OPOUT KOTOPHIX He COBMaafloT. PaccMoTpnm mpo-
U3BOJBHYIO chepy ¢ neHTpoM B coquile O u cnpoenupyem Touku A u B pan-
anpHO Ha oTy cepy (puc.8a). Torga nx npoexunn C' n D 6yayT ABATATHCSA
paBHOMEPHO MO [BYM HECOBMAAOIINM GOJBIINM Kpyram, npudém gayra C'D
oyneT octaBaThes noctosinnoi: ~C'D = LZAOB u B Tpeyroasunke AOB Bce
cTOpoHK mocTosHHE. O6o3HaYnM Yepe3 v; U vy ckopoctn Todek C u D, a
UX TpaeKTOpUn — [epe3 1 U Yo. IllycTh P — ofma w3 To¥ek mepecevdenus
v1 N ¥, a yroa Mexay TpaeKTopusmu paBeH . [JomycTum, 9TO B MOMEHT
BpeMenu t Todka C nmpoxoguT depes P.
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b)

a)

Puc. 8. /[Bmxkenne npoeknuii miaret mo cpepe u rerpasip O ABC

Bribepem mamoe At > 0 u paccmoTpum mMoMmeHT t 4+ At. Umeewm
“C(t+ At)D(t+ At) = ~CD.
[Mosepuém nyry ~C(t + At)D(t + At) Bokpyr Toukn D(t 4+ At) Ha cooTBeT-
CTBYIOIINH — OYeHb MAJeHBKNH — yroa Tak, 9To6sr Touka C'(f+ At) momana
B HeKoTOpyio Touky C’ kpyra 72 (puc.8 6). [lockoabky yroa moBopoTa Mai,
MOYKHO CHHTaTh, 94T0 0Tpe3ok ayru C(t+ At)C’ npuMepHO nepreHuKyIspeH
okpyxkHOCTH 7o. Torga ~C()C(t + At) = v At m ~C(t)C’ = viAtcos . U3
paBeHCTBa
TD(t+AHC =T D+ AHC(t+ At) = T D()C(1)
caenyeT
TCH)C" =T D) D(t + At) = v At.

CaenoBaTenbno, vo At = v1 At cos ¢, OTKyTa

Vg = V1 COS . (%)
[TpoBeas anamormdHoe paccyXaerne, Korjga Todka D mpoxoant depes P, no-
Jydaem

U] = Vg COS &, (#%)
T.e. cos ¢ = %1, 9To o3HavaeT, 9TO OPOUTH Y1 W Yo coBMagaioT. [IpoTuBope-
e, 3HATAT, NICKOMOTO JIBMKEHUS TJaHeT He CYIIeCTByeT.

¢
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PEmEHNE 2 (['. FANBNEPUH). Kio9oM K DTOMY pelleHnio sSBASeTCS

JIEMMA. Feau pacemosnue mencdy 06 yma naaHemamy noCmosHHO 60 6Pe-
MEHU, MO NEPUODbl 0OPAULEHUA NAAHEM CO6NAAAIOM.

WUTak, nepuonabl obpaliieHusi BCeX BOCBMH IJAaHET OANHAKOBHI, I MYCTh OHH
paBHHB T'.

Bribepem u3 ky6a Takne ero Bepinabl A, B u C, 410681 TOuku O, A, B 1
C' ne neskanum B ogHoN miockoctn (puc. 8 B). B TeTpasape OABC Bce pébpa
NOCTOSHHBIE (NX JINHBI HE 3aBUCAT OT BPEMEHM), TOITOMY HI B OJNH MOMEHT
OTH JeThIpe TOYKHN He JekKaT B 0JHQN maockocTn. CirefoBaTenbHo, CMelllanHoe
npou3BeleHle BEeKTOPOB OA OB, OC (opueHTHpPOBaHHBIN OOBEM MMapaJ-
Jejenunena, HATAHYTOTO Ha DTH BeKTOpr) He PaBHO HYJIO:

V() & OA, [0B,0C) # 0.

Opmuako vepes noJmepunoma t = T/2, Bce MIaHETH MepeMecTSTCS B THa-

MeTpaJbHO TPOTHBOMONOKHBIE TTO3UINH T, CeJOBaTEILHO, BCe BEKTOPHI O—A>
O—Bf OC waMensT cpoii anax na npotuBonogoxkuei. Otciona V(T /2)=—V(0).
[Tockoabky V' HenmpepsIBHO 3aBUCHT OT MapaMeTpa f, HAWIETCS MOMEHT Bpe-
MeHn tg, B KoTophiil V () = 0. B oToT MomenT Toukn O, A, B, C cTaHOBATCS
KOMILTAHAPHBIME W MBI MOJyYaeM TPOTHBOpedne.

¢ee

Ne8 (BPAMEHUE W TOMOTETHUsA). B R'? pacnoaosxceno 7T-meprnoe meao.
Moocro au e2o mak 6paujams, wmobbl OPMOZOHAABHAA NPOEKYUL IMO20 ME-
aa («menvy) na nodnpocmparcmeo {€,...,Er} ymenvwaracs 6vi 20MoMe-
muuno?

PemEHUE. OTBeT: «Heab3s». [lycTh, HATPOTHUB, MOXHO, U NyCTh A —

COOTBETCTBYIOIIHN MOBOPOT. B 6azuce K = {é,...,€7,..., €9, €13} MaTpuua
A pasmepa 13 X 13 nmeet Bug (0 < A < 1 — KOd(HUUNEHT FOMOTETHN):
A 0
0 A 0
0 0 0
A=1"0 o A
(07 3 I Qg 7
Q13,1 - Q13,7

Hanwumem ycioBus OpTOronasbHOCTH MaTPUILL A 118 TEPBLIX 7 CTOJIGHIOB:
. 2 2 _ 2 _
7 ypaBHeHHIH ag, t...tajz, =1-2A (r=1,....,7),

21 ypaBuenne agrogk+ ...+ o3,0035 =0 (1<r<k<T).
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PaccmoTpum Temeph ceMb 6-MepHBIX BEKTOPOB

- - 6
ay = (&8,17 . -:0613,1)7 ceey Q7 = (08,7; . -:&13,7) eR
OJIMHAKOBOM MIUHLI 4/1 — A2 U monapHo OpTOTOHAALHLIX. A TOr/Ja BEKTOPHI
@i, ..., d; 1mHeiiHO HezaBucHMB B R® — npoTuBopewne.
XX

Neg9 (PAHI/IOHAJIbeIE PACCTOAHUA U IINPATOPOBBI TPOI‘;IKH).
B 1975 rony s mpemioxua cienyiomyio 3amavy na Mexgymapoanyio MaTte-
MaTHIeCKYIO OJUMIIHNATY:

3a1a49A A. Moocno au na oxpyscnocmu paduyca 1 pacnoaoxcums 1975
mouex mak, umobbl 6CE NONAPHBIE PACCMOAHUAL MENCAY HUMU ObLAU PAYUO-
HAABHBLMU YUCAAMU ?

U nes petttenust 5ToM 3a1a9n OCHOBBIBAIACh HA TOM, YTO CYIIECTBYIOT TTH-
(paropoBH Tpoilkn: a = q° — p*, b = 2pq, ¢ = p? + ¢*. Tak YTO TpPeyroIbHIK
CO CTOPOHAMH a, b, ¢ — MPAMOYTOJbHEIN.

[Toz:xke st mocTaBUA APYroi BOMPOC:

3A1A4YA B. ITycmob umeemes muoscecmeo S mouex 6 R™, 6ce nonapuvle
PACCMOAHUA MENCIY KOMOPBIMU — PAYUOHAAbHBIE Yucad. Bepuo au, umo amo
MHONCECTNEO KOHEUHO UAU CUEMHO?

S pertina 5Ty 3a1a4y NOMOKUTENBHO caefyioiinM o6pazoM. [lycTh chadana
n = 2 (mrockocTh). Bosbmém 1Be Toukum A, B € S u conocTaBuM KayK0N TOY-
ke X € S mapy paccrosinuii o Toiek A u B. Xots no paccrosausm AX u BX
Touka X He BOCCTAHABINBAETCS OTHO3HATHO, HO — He Hojee, 9eM IBY3HaY-
HO, KaK mepecedeHne ABYX OKpyKHOcTen ¢ neatpamu A, B u pagnycamun AX,
BX (puc. 9a). Taknm o6pasowm, kaxjgas Todka X € S nMeeT paunoHaIbHBIE
KOOP/JIMHATK B MOCTPOEHHOW CHCTeMe KOOPAWHAT, OTKY/Ja MOIIHOCTh MHO-
JKecTBa S He mpeBwImaeT Ng. AHasornvuo perierne n gis R™: Beibupaem n
«6a30BBIX» TOYEK U3 S W MPUNHCHIBaeM Kax o Toike X € S n KoopAuHAT —
pacctosunit oT X 10 6a30BLIX Todek. [loaydaeM MHOKECTBO «paHOHATBLHBIX)
todek B R”, Tak 4to |S| < Rg. (Touka X onpegensercs HeOTHO3HATHO, HO
He Gofee, ¥eM IBY3HATHO, — KaK Tepecedenue n cep pasMepHocTn n — 1.
[leTamn TOBOIBLHO XJIOMOTHO ONMICHIBATH, I MBI HX 3/[6Ch ONYCKAEM).

S mpempnoxkuna obe 3amaun Augpero XoayJaéBY W TOJYYHA OT HETO OYeHb
MHTEPEeCHBIN W HeOXKNTAaHHBIH OTBeT. Pelan o nx B 06paTHOM MOpIKe, CHa-
vyaja 3ajgady b, notom A. Ero peilieniie 0CHOBBIBaJIOChH Ha CJAeIVIOIIEH JeMMe.

JIEMMA. Ha wwo6oii cepe S* C R” pazmepnocmu k = 0,1,....n — 1 ¢
AI06bIM YEHMPOM COJEPAHCUMCA HE GOAECE UEM CUEMHOE MHOICECTNEO MOUEK

uz S.
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X1
Sk
1 < TS

p2 m - w— % St
n Sk—l
‘.,

M
U

Xo
a) 6) B)

Puec. 9.

JIOKABATEALCTBO. Wngykuns no k. Ecan ma cdepe S* mmeercs memy-
JeBoe 4HCJ0 TOYeK Hallero MHOXKECTBa, TO BuibepeM ofnny u3 Hux — X. Pa-
3066ém S* ma «mapamterm SFT': kawgas chepa SF! cocTomt W3 ToUek,
paBrHOyAaTéHHEIX 0T X (cM. puc. 96). Torma Bcé muoX)ecTBO S N Sk romxwo
OBITH COCPEJIOTOYEHO Ha He Gojee 4eM CUYETHOM ducie TakuxX k — l-MepHBIX
cep, COOTBETCTBYIOIINX PAlHOHATBLHEIM PACCTOSHUAM, W Ha KaxKIou cdepe
cojiep:KuTCs He 6osee, YeM CHYETHOE YHCJIO TOoYeK u3 S. O

BosbMméwm Teneps a06yi0 Touky O € S 1 pacCMOTPUM BCEBO3MOXKHEIE Ce-
put S”7! ¢ menTpom O, 06beUHERTe KOTOPHIX COMCPKAT BCE MHOXKECTBO S.
B cuany pannonanbrocTH Beex paccTosHuil oT O 0 OCTAAbHBIX TOYEK MHOKe-
cTBa S, 1ncao cep S”~! ne 6onee qem cuéTno. CornacHo JeMMe Ha KaKAoi
cepe S™~! umeeTcs He Golee WeM cUETHOE MHOXKecTBO Todek m3 S. He 6o-
Jee deM CIETHOe MHOXKECTBO He GoJee ¥eM CIETHHIX MHOKECTB TaéT HaM He
6oJiee 9eM CIETHOE MHOKECTBO, I YTBepIKAeHHe O CIETHOCTH S, TeM caMBIM,
3aBepIIeHo.

Pemus 3agauy b, Augpein nepeten x 3agatde A: «/lymas majg >Ton 3agaden
(B), s, Bo-TepBHIX, MPHIyManl CIE6THOE MHOKECTBO TOYEK HA OKPYKHOCTH C
PANMOHATBHBIMI PACCTOSHUAMNI MeX Ty HuMn (ycmienme 3agadn A). A Bo-
BTOPHIX, f MPUIYMaa OYeHb MPOCTON CMOCcO6 MOKa3aTeahCTBA (POPMYJT IS
nudaropoBLIX TPoeK 4ucedy. BoT 4To om mpuaymal.

PEWEHUE 3A71A4YN A. Bo3pMméwm Bce pannoHafbHble TOYKH Ha € THHUIHON
OKPYXKHOCTH — VYTJAB & ¢ PAaNHOHAJBHLIM Sin & W COS . YIBOUM HX apry-
MEHTHl — TMOJYYIM TOJIMHOXKeCTBO A MpeabIyiero MHOXKecTBa (TTOCKOIbKY
sin 2o w cos2a ToXe OYyAYT paNMOHATBHBIME YnciaMn). PaccTosame Mex Iy
JIBYMS TaKNMM TOYKaMm 2a n 23, paBHO (KakK Jerko MpOBEPHTH)

2sin(a — ) = 2(sinacos § — cosasin §) € Q.

Urak, muaox)ecTBO A Ha OKPYKHOCTH VIOBJIETBOPAET YCAOBHIO U CIETHO.
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DOPMYJIBI 115 MUPATOPOBBIX TPOEK YHCEI. [ludgaropoBnr Tpey-
TOJBLHUKHI DTO BCE PaBHO, 9YTO pallMOHAJbHEIE TOYKH Ha OKPY?KHOCTH.

Bo3pMéM (1 B 9TOM COCTONT HEOKM TAHHOCTH!) TpoGHO-TNHETHOE 0TOGPA-
1412z - "
Kerne w = ———. O6pa3 BerecTBeHHOW npaMol R mpu sToM oTo6paKeHnn —
1z

eIMHUYHAA OKPYKHOCTLIO S Ha KoMmIekcHoil miockocTu (puc.9s). OTo6pa-
JKeH#e w OCYIIeCTBASET B3AUMHO OJHO3HAYHOE COOTBETCTBUE MEX Ty palluo-
HAJBHBIMH TOYKAMU PacIIipeHHOl KoMILIeKcHO# miockocTn C 1, B 9acTHOCTH,
MeXKy paluoHaIbHLIME TOYKaMu npsaMoil R u okpyxuocThio S!, mockoabky
npsMoe u 06paTHOE OTOOpPAKEHNA B JeHCTBUTENBHON 3aMUCH MPEJCTaBIASIOT
pannoHasbHble PYHKINN C PAHOHATBLHBIME KOd(PPUINEHTAMH.

[MoacTaBass Temeps 2z = ‘;—7 U 3alUCKHIBag B TeHCTBUTENBHOM BH e, TTOIyYa-

eM opMyaBl Aas MudaropoBLIX Tpoek: a = ¢ — p2. b= 2pq, ¢ = p? + ¢°.
CyTh BTOTrO paccyxXK/[IeHHsi COCTOHUT He B TOM, 4TO TOJyYeHHas TpPOHKa

nngaropona (3To GBHUIO M3BECTHO € CAMOT0 HAYaJa), a B TOM, 9TO 6e3 BCAKNX

YCUIUH MOKA3aHO, 9TO DTH (GOPMYALI JAI0T 6Ce MN(ATOPOBLI TPOHKH!

Ne10 (COMPOTHUBJIEHWE TPA®A). Haiimu conpomuse.aenue memncdy coceo-
HUMU Y3AAMU

a) NPo60AOUHOZ0 NPAGUILHO20 MHO202paHHUKA (mempasdpa, Kyba, Ok-
maadpa, dodexasdpa u uxocasdpa);

6) 6eckoneunoti npaeuabnot cemku Ha naockocmu (keadpamuot, mpe-
Y2oabHOtl, UWECTMUY20.4bHOT ).

Conpomuéaenue omoeabro 63a4mozo pebpa (mexncdy d6yma 6epuiunami)
pasno 1 om. Ha xaxue 2pagol moxcrno obobuums amy 3adavy?

OBCY2KJIEHHE. /[lns Ky6a 1 TeTpadipa OTBeTLI IPUBOJIATCA B HCKOTOPLIX
3afavYHNKaX 0O (QU3HKe B pasjele «JJIeKTpudecTBo». [Ing pelleHus 3agaqu
HaJo NpHBJICcYL 3akKoHLI KHpxroda o Tokax, IPOTeKaOIINX Yepe3 BepIINHELL
CeTH.

OTBeT: CONPOTHBICHHE MEXKJIY COCCJHHMH BepIIHHAMH [Jif Kyfa paBHO
Piye = 7/12, a pas TeTrpasapa Prerp = 1/2.

Maxke B »THX AByX clIydadX pelleHHe He OoYeHb NPOCTOe, I OHO HAaMHOTO
CJIOJKHEe [ OCTAIbHBIX MHOTOT PAaHHUKOB. OTBETHI I HUX TaKne: Poyrasmp =
= 5/12, Pyorexanap = 19/30, 1 Pugocansp = 11/30.

Jlis kBaapaTHOH pelleTKH 3ajadva ellé cIoKHee, TaK KaK rpad 6ecKoHed-
uoiil. QOIHAKO OTBET g PelleTKH He 0YeHb caoKeH. OH ecTecTBeHHO 0606111a-
eTcA Ha TaK Ha3bIBaeMble «IpaBIIbHEIEY Tpadul. I Hallea >TOT 3aMedaTelb-
HLII OTBeT B OJHOM H3 HHCeM AHJped U ceddyac NPHBEIY COOTBETCTBYIOIIYIO
BBIIePXKKY I3 DTOTO IHChMa.

«HeraBuo s moayuma o6o6IIeHne OJHOIO HHTEPEecHOro gpakTa, KOTOPLIN
MBI KakK-TO ¢ TOOOH 06CYKJall: HAUTH CONPOTHBJICHHE MEXKIy COCeTHHMHN
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y3aamu 6eCKOHeYHON KBa[PAaTHOW PelieTKH, COCTABIeHHON U3 COMPOTHRACHIUT
no ogaoMy omy. OHO paBHO 1/20M, Kak n I1s TeTpasapa.

O6o6menne TakoBo. CHadadga onpejieqenus. Bossmem B rpage ' 1Ba cmex-
HbIX pebpa AB u AC. OTu pebpa Ha30BeM IK6U6AIEHMHBLMY, €CIH CYIIECT-
ByeT aBTOMOpdusM rpada, nepepojsinit A B8 A u B B C. Bepuiuny rpa-
da wHazoBeM yewmpom cummempuu rpada [, ecium Bce pebpa, WHINIEHTHEE
eil, »KBuBaJeHTHH. [pad | HaswIBaeTCs npasu.abHbim, eCau BCe eTO Beplin-
HbI — HeHTPbl cuMMeTpun rpada. [Ipumepbl npaBmibHbIX rpadoB: TPaBHIb-
Hble MHOTOTPAHHUKH JOO0H PasMepHOCTH; NPaBUIbHEIE PEIeTKH HA €BKJIN-
JOBOW MJIOCKOCTH H TIOCKOCTH Jl06a4eBCKOTO T HX MHOTOMEPHBEIX aHaJorax;
CHMMEeTpPHUYHEKIE pellleTKn Ha cdepe win Tope u T.n. HeTpuBuaibHBIN TpH-
Mep: Tpad) MHOTOTPAaHHHUKA, MOJYYEeHHOTO U3 KyHa MPHUCTABJIeHHEM K KaKIOH
rpaHN 1O YeTHIPEXYTOMbHOW Mnpamujge (MOBEPXHOCTh DTOr0 MHOTOTPAHHM-
Ka cocTonT n3 12 pom6oB). OH HeTpHUBHAJEH TeM, 9TO €r0 BEPIINHB HMEIOT
pasuyio cTenenb (4 n 6).

3A0AY9A. Hatdmu conpomueéaenue mencdy cocednumu eepuunamu X u'Y
npaeuabrozo 2paga I, ecau 6ce €20 pebpa umerom conpomuéaenue 1 om.

[lycth n — obinee 4mncio Bepuind rpada (ecam n = oc, TO moJaraem

1_ 0), k1 n ky — crenenn Bepmma X u Y. Torma
n

m= (o) (-2

,HOKaBaTeJIbCTBO 9TOT O dpaKTa He OTJANYaeTCsd IO CyIIeCTBY OT NOKa3aTeab-
CTBa IJs KBa,E[paTHOfI pemeTKn».
A npegaaraio BCeM 3anMHTepeCOBaBIINMCA OTHUM Pe3yYJAbTAaTOM HNONBITAaTLHCA

MTOKa3aTh ero CaMOCTOHTeJILHOS) .

¢ee

Nell (/IEMMMOCTB YUCEN). Joxazams, umo das 4106020 HAMYPaibHO20
wucaa k cyuecmeyem makoe Heyeaoe UucAo &, YMmo O4f 6CAKO20 HAMYpPd.ib-
Ho2o uucaa n uucato |a"| deaumes na k.

PeEmEHNE. dukcupyem k. HazoBem ompeskom n-20 nopsadra 110601 0T-

1 2
pe30K BH A K/N + 3 PN+ 3 | Te N — maTtypaabHoe 9HCI0, KpaTHoe k.

Takum o6pasom, ecim A — OTPe30K n-TO MOPSAKA, TO I OGO TOYKH
X € A, | X"| xpatHo k.

5 o
B ceayroleM TuchMe AHAPEN HANCAT MHE, 9TO eMy yAaloCh 0606IIATE 3TOT Pe3yib-

TaT [JiS HAXOXKJIEHWS COMPOTHUBICHUS MEXAY HecocedHumu Bepiumaamu rpada. OgHako Ha
rpad eMy IPHUILIOCH HAJOXKWTH CYIIeCTBEHHO 6oJiee CHIBbHOE orpaHm<eHme, W dhopMyaa Ias
CONIPOTHUB/EHAA TaKxXKe CYIIeCTBEHHO YCIOXHIIACE.
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JIEMMA. Fecau A = [a,b] — ompesox n-zo nopadka u a > 3k+ 1, mo 6
A codepacumes kaxotii-mo ompesox (n + 1)-2o nopadxa.

- 1
JIOKABATEJILCTBO. JleicTBuTENBHO, " — a” = 3+ OTKYyJa

1 1
bn-l-l_an-}-l>bna_an+1:a(b’ﬂ_an):§a>k—|—§ )

MosTomy Mexay wucaamu a”t! u b" ! o6asaTenbno HalifeTcs OTPe30K BHga
1 2 1 2
N+ 3 N + 3l rae N geantcs na k. CiegoBaTenbHo, [T\‘/N + 3 T\‘/N—I— 3 ] C

C A. Jlemma mokaszasa.

PaccMoTpnM Temeph BIOXKEHHYIO (COTJIACHO JeMMe) CHCTeMY OTPe3KOB
IepBOTO, BTOPOTO, TPEThero, W T. 1. MOpAAKoB. X mepecedenne HEmyCcTO, U
J060e dHuCI0 (v W3 DTOTO MepecedeHus TaeT pellleHne Haien 3ajgadqu. [lei-
CTBUTENLHO, YiKe OTPe30K NMepBOro MopfAAKa He COMEPXKUT NMeablX Todek, Tak
YTO ¢ He MOXKeT OBITh HeJAbIM.

¢ee

Ne12 (TTOCAEAHME UNPPBI CTENEHN YNUCHA). Kax mensomes nocaeo-
nue 200000 yugdp uucaa

2
3
54

87
N =119 _g

npu €20 6036edenuu 6 cmenewb n =1,2,3,...7

PremEHUE. OtBet: 200000 nocaednuzr yugp wucea N u N cosénadarom.
Hagmo mokasaTh, 9TO [Jf KaXKJIOT0 HATYpPaJbHOTO 1

N" =N (mod 1029099, (1)

Haiigem cragara N mod 10200990, Bocnoanayemcs mis aToro ¢-pyrKkmmeit Dii-
nepa: ¢(k) paeno uucay mamypaabubvlr uucen, He npesvuuaOwur wucia k u
62aummno npocmuz ¢ k. Uncno ¢(k) merko maxoanTes mo Takon Gopuy.e:

g;(k-):k--(1—pi1) (1—]3%)(1—]})

rae p; < pg < ... < ps — BCe pasandHble TpocThie geantenu k. Ecam k =
= 10200000 1o equHCTBeHHBIe MPOCTHIE JeIUTENN k paBHLI 2 U 5, TaK 4TO

¢lk)=k (1 - %) (1 - é) =4-10"9%99%, Hanomunm Tax:ke 3HAMEHHTYIO Teo-

pemy Ditiepa 0 @-QYHKIHE:

TEOPEMA DUIEPA. Feau wucaa a u k 63aumuno npocmet, m. €. (a, k) =1,
mo a¥*) =1 (mod m).
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7
Tak xak 95 > 200001, 9ucao 10%° Jerutes na (10200000)

TeopeMe Jitiepa

, OTKyJa TO

87
11" =1 (mod 10%°9000),
2
O6o3naany m = 5%’ , TOTTa
N=1-6" (mod 10299, (2)
Ham goctaTodno 1okaszaTh paBeHCTBO (1) 41st m = 2, TOra OHO BEPHO W s
Bcex n > 2. Bossenem (2) B kBapart:
N =1+4+6""-2.6" =N +6*" —6™ (mod 10%°909%),
[MosTOoMy mocTaTOYHO MOKa3aTh, ITO
6°" = 6™ (mod 10%9°°%).
Mockoabky m > 200000, 62™ = 6™ (mod 220°990) (06e wacTu cpaBrumu ¢ 0),
TaK 9TO JOCTATOYHO JOKA3aTh, UTO
=1 (mod 5200000). (3)
O/HaKO OKAa3aTeqbCTBO CpaBHEeHNs (3) Helb3s MOAYYHTH HEMOCPEJCTBEHHO

U3 TeopeMbl Jiljepa, MOCKOJIbKY M He JeJHTCs Ha 4,9(5200000) =4 . 5199999
[MosTomMy mocTynuMm Tak: pacnuineM 6™ Kak 6WHOM,

6" =(1+5)"=14+C} -54+C2 -5 4 ... +Cm™.5m,
Ha IO MOKa3aTh, 9TO

Cl-54C2 524 ...+C™.5" pemurcs na 5200090, (4)
O6o3naunm 1epes degy L HanbGoAbIIYIO CTENEHL NATEPKH, Ha KOTOPYIO JeqHT-
ca L, mw nooGosnaunm degs % = degy L — degs M. Torna

m—1)...(m—r+1) _

degs C;, = deg; m

1-2....-r
m—1 m-—2 m—r+1 1
:deg5<m' T 2 T ';):
-1 -2 — 1
:deg5%—|—deg5mT—|—deg5m +...+deg5%

2 m
Y4anTeBag, 9TO0 M = 51, rae | = 4%, norywsaem, ato degs = 0 ans Bcex

k=1,2,...,r — 1. [lootomy degs C] = degs Uiy SHaYUT,
r
degs (C, - 57) = degs (™ +57) > degy m = 47" > 200000.
r

UTtak, yrBepx aenne (4), a ¢ anM u (3), T0Ka3aHbl. JTHM 3a1ada pelleHa.

¢
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