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Mou apyr Anapen Xoay.aes

I'. A. laxpmepnn

O »KU3HU U TBOPYECTBE A.B.X0O1YJIEBA

Yiuéa us KusHE 3aMedaTelbHbI MAaTeMaTHK W BbITAIOIMIHUCH DKCIepT B
obiacTu nporpammupoBanus Angpein Xomnyaés. OH ObLI OMHUM U3 CAMBIX
onuskux Mue npyseir. CmeprTh Hactynuia 10 cenTsops 1999r., korma As-
apeifo OLLIO AWML HeMHOTUM Goable 45 deT. ETo cMepTh oleroMuaa MeHs.
AHpell HaXoJWJACS B CAMOM paciiBeTe CBOMX TBOPYECKHX CHJI. Dallle HHTEeH-
CUBHOe O6IIeHNe MPOoI0MKaTI0Ch HellpephIiBHO ModTH 30 JeT, ¢ MOMeHTa MOero
sHakoMcTBa ¢ Anjgpeem B Koamoroposckom uaTepraTe Nel8 B 1969 romy,
Korja obGa Mbl OBLIN €l MIKOIBHUKAMU. Y:Ke Toraa AHApel MOpasmi MeHs
HE3aBHCHMOCTBIO W IPKOCTHIO CBOETO MEITILICHNS.

Angpenn XomynéB ObLT 3aMedaTeNbHbIM, TOOPBIM 1 CKPOMHEIM YeJ0BEKOM,
o6nanas Tpu DTOM TOUCTHHE HEOPAWMHAPHLIM U THOKIM YMOM, IIIIPOTa W TJIy-
O1Ha KOTOPOro Beerga nopaxaiu. OH, 6y Iy4u BhIJAOMIUMCE MaTeMaTUKOM,
nIyOOKO 3HAJT PU3UKY, aCTPOHOMUIO U XUMHUI0. S dacTo 3acTaBas AHjpes ¢
KYPHATIOM «DJaMiHoy B pyKaX U HEOTHOKPATHO ObLI CBHIeTEeNeM, KaK OH Ul pa-
091 COONPAJT CAOKHBIE DJeKTPOHHBIE (IIITYYKH, COCTOSAIINE U3 TPAH3NCTOPOB,
MUKPOCXeM U APYIUX yeTpoiicTB. BrimuchiBas AHpell Tak:Ke KypHaJ «3eMs
n Bcenennasy, 13 KOTOPOT'O OH MUTHPOBAT HHTEpeCHEEe CBelTeHU: O PACTION0-
JKeHUW IJIaHeT BIOXb OTHON TpsAMON («u3urnm ) B 1805, 1845, 1982 u 2357
rojax u BIUSHUU DTOTO COOBITHS HA 3eMHYI0 OPOUTY; O CONHEYHOU aKTHBHO-
CTH; O YEPHBIX JbIPax; U O MHOT'OM ApPYI'OM, HEe MeHee MHTepecHOM. AHipei
BEICUUTHLIBAJ BCE 3ATMEHUS U PacloJOXKeHNs 3BE31 Ha Hebe, I OH TaK MedTaJa
VBHUIETHL COIHedHoe 3aTMenne B aprycre 1999 roxa! B nagaie 90-x rogoB ML
KaK-TO Pa3TOBOPUINCH C HUM O CBA3W MaTeMaTHWKW, PU3NKH W aCTPOHOMUM,
u Angpein 3amerua: « vl 3aBBLI 1118 XUMU0, KOTOPas He MeHee WHTepecHa. K
COJKAJNEHNIO, f He CHIEH B OMOJOTHH, HO Cy[Is 10 NeHeTHKe (€€ MaTeMaTnde-
CKOIl 9acTn), 6HOJOTHIO TOXKe GBLIO OB 310pOBO N3y4nTh)» BoT BEIZepKKa N3
ero nuchbMa: «3aHuMarock xuMmuen. Eiié ynrato KHUTU. Jochlial Tebe HEKO-
Topbie poTorpadun (abcTpakTHBIE). DA JOCYTe MOKEIIb MOLYMaTh, 9TO TaM
n300paxkeHo, 1 Tebe coobIaTh He OYIV».

Dpu 0O6CYXKIeHHH TOU WJIH WHOU MaTeMaTHYecKoU Teopun AHapen 3ada-
CTYIO TpHBIeKAd U3BEeCTHLIEe eMy (PakKTHl W HAEeW U3 APYTUX eCTeCTBeHHBLIX
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HaykK. BoT oqnu mpuMep: MBI THCAIH ¢ HIM COBMECTHYIO paboTy Mo HebeCcHOn
MexaHuKe [1] (4acTHBIN caydald 3ajadnm 4eTHIPEX Tel ¢ HYJIeBOH Maccoil), 1
HYXKHO ObLTO TOKa3aTh OJHY JeMMY, KOTOpas He cpasy gajJach HaM, HO TO-
clle HeCKOJIBKIX TONBITOK U OTHOTO 3aMedanns Augpes (koTopoe s cefidac
HE TOMHIO) DTO yIaJ0Ch CIelaTh. 1 cnpocmi, Kak eMy MpHILIO B [OJOBY Ta-
Koe coobpaxkenne, n OH OTBeTHI: «Kak-To s HabIIOIAT TBUKEHNAE PO MyX
B KOMHaTe. JO-MOEeMY, OHO HAllOMHHAET [IBUXKeHHe NajJaKTHK: CHadada MyXu
pasieTaloTesA JaJeKo, a MOTOM COMMKAIOTCA, TX CKOPOCTH BO3pacTaloT, OHH
penator 1+ 1,5 o6opoTa Apyr BOKpYD Apyra U pa3fieTaloTcs, a mOoTOM cOJIu-
JKATCA W pazbuBafOTCA Ha TPYIINL, KOTOPHIE 3aTeM JBUKYTCS He3aBHCHMO;
B KaKXJOW yKe TpyIe MyXH JeTalT BOKPYT HEKOTOPOTO TMeHTpa Mo HJIN-
OTHIeCKUM OpOUTaM, TPHIEM OHN, Kak U TaJaKTHKN, CTPEMATCA MOTacTh B
OJIHY ILIOCKOCTh, a He 00pa30BBIBATH, HAIPUMep, HEYTO BpOJe LIapa. IJTO
HaOJAOMeHe W MOJAI0 MHE MBICAB, KaK MOJOoHTH K pertennio. UHorga 6nr-
BalOT W TpONHBIe cOMMKeHus. Jallle BCero OHU TMPOUCXOMAT TO TaKOH cXe-
Me: ToCae B3anMOJEHCTBUA MBYX MYX, OJHA W3 HHUX, He MOTACHB CKOPOCTH,
Cpa3y e CTAJKHBAaeTCs C TPeThel. DOo-BHIUMOMY, coOpaB GOMBIIYI0 Ky4y
Myx — wTyK 1000 uan Goablile, MOXKHO HabAOAaTh ABJEHNUS, XapaKTepHble
IS ACTPOHOMIYIECKNX MaclITaboB, — HEOTHOPOTHOCTh, CITUPAIN, BOTOKHAY.
B apyroit paz mbr 06¢cyx gaqau ¢ AHgpeeM OTPHIBOK U3 KHUTH AHpu JyaHKape
«@Jayka n runoresay ([2, cTp. 122-125]), cBA3aHHBIN ¢ BePOSTHBIM paclpefe-
JeHWeM MaJbiX IJIaHeT Ha 30[Hake. DyaHKape MOAPOOHO paccMOTpel CIydai
PaBHOMEPHOT'O paclpefegeHis MaTepun W JHUIIh BCKOIb3b YIOMAHY. O €€ refi-
CTBUTEILHOM paclpefefenii, B KOTOPOM N306pazkaonine TOYKN 06pasyioT
Kak OBl TUCKpeTHHIEe aTOMBI. AHIpeld cedidac ke BBLIBHHYJ HoJee pealbHyio
runoTesy («cdepnieckoe pacrupereneHney) 0 CTAl 3aHIMATHCA BBITHCIEHTEM
COOTBETCTBYIOIIEr0 HHTETpaa, HCTOABL3YA O X0y BEMACAEHHN paszHoobpas-
HBle PU3UTecKne COoBpaKeHus, TOMOTaloIne YIPOCTHThL BTH BHYucAenns. B
pesyabTaTe OH MOJTBEpIUT yTBEpKeHle DyaHKape 0 MaJOBEPOATHOM pac-
mpefefeHny MaJbX MIaHeT B0 CIApadel ClennalbHon (pOpPMHEI.
De3aJ0/T0 10 OKOHYAHHUS IIKOJAb-WHTepHaTa AHapeil BrIOHpaJ, B KaKou
Mewx ayuapoguoin Quuminuaie eMy JIydllle y4acTBOBATbH — B MaTeMaTu4e-
CKOIl WIN (PU3NIeCcKOll, I OH BHIOpAI MaTeMaTHYecKylo (Ha KOTOpOH OH To-
JYYUI TepBYyIo MpeMuio, Kak J0 »TOTo Toayval #Ha BcecoosHbIx MaTeMaTn-
Y9ecKNX OJUMNNAaLax I Ha (PU3NKO-MaTeMaTHIecKnX onnmMmnarax Pusrexa).
B pesyarTare Anjapen 6vu1 npunsT 6e3 vk3amenoB Ha mexmaT MI'Y, ¢ yene-
XOM BaKOHYII €ro, a 3aTeM nocTymmi B acmupantypy') UOM (Mucturyr

VP pu mocTywieHUn B acUpaHTYpy v AHIpes, KAK B y MHOIHX €r'0 COKYPCHUKOB, BO3-
HUKJIN TPYAHOCTH CO caaden skzamena 1o ncropmu KP CC. Cenmdac MOXHO TOJBLKO LIy THTH
110 TOMYy IOBOJAY, HO TOr'Ja HaM ObLI0 He g0 myTok. Po m B mcropmm KP CC Amgpen ymy-
IPSLICS. HAXOAUTH MATEMATUYECKUE 3aKOHOMEPHOCTH. BOT cocTaBaeHHas UM TabIUIA T010B
Che30B MapThu, HadmHasd ¢ X1V cwresga:
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NPUKJIAJHON MaTeMaTHKN), MOCTe OKOHYAHNSA KOTOPOH CTal COTPYIHUKOM
oM.

JI1060Bb AHpes K MpOrpaMMUPOBaHUI0 TTPOSBUIACE €I1€ HA MEePBOM Kyp-
ce MexMmaTa, KOT'Jla HaM HadaJ YMTaThCsd Kypc HporpaMMupoBanus. AHiupei
Cpa3y cTaJ CPejii CTYIeHTOB IPU3HAHHBIM AaBTOPUTETOM B 3TOU OBGIACTH; 3TO
HPOSiBAAIOCE, B YaCTHOCTH, B TOM, 9TO YyTh JU HEe BeCh KypC XOMWJI K HEMY
CBEpPATHCSA B IPABUIBHOCTH COCTABAEHUS TOTO UM UHOTO Al OPUTMa UK MPO-
rpammbl mis DBM. 3a nocaenyioiiime rogbl TalaHT U MAacTepcTBO XOIyJaéBa
B IPOTpaMMHPOBAHUE OTILIN(OBAJNCE HACTOJABKO, YTO OH CTaJ OJHUM U3
KPYIHENNINX CHeUHaJucTOB B DTOU 06JacTH He TOJbKO B DOCCHH, HO H BO
BCéM Mupe (ero mpurialialn KOHCYJIbTHPOBATH B pasHble CTpaHbl EBpOME!
n B Snonnio). Demapom AHgpeio ObLI MopydeH B 80-X rojgax mepeBoj (BMe-
cTe ¢ ero GBIBIIMMHE COKypCcHIKaMn Daeil BoiokoBoi n Bonogen ["araTenko)
kuuru Jonanbga Kayra «lckyccrBo mporpamMupoBanns 1is DOBM», a B 90-
X TojJlaX OH cTaa pegakTopom nepepoga japyroi kuuru /. Kayra «Concrete
Mathematics» (aBropsr R. L. Graham, D. E. Knuth, O. Patashnik), sermeguien
B m3garenbcTBe «Mupy (mepeBox D.9.Doxomzes n A.D. Xoxyrésa). Kpowme
TOrO0, XOMyJa€ER ABIseTCH co3gaTeneM pudToB mis pycckoro WIEX’a, o 4ém
s y3Haa BecHou 1999r. oT Hero camoro.

K ero koMnbooTepHBIM TaJaHTaM s OTHOIIY Tak:Ke 0Co0yi0 cnocobHOCTD
i 11060Bb AHapes K romoBoiomkam. (nrara ns ero nucema: «Bo Bpems o1-
TBIXa I, OT HeYero melaTh, pacCInTas 09Kko (KapTodHyio Hrpy). S panbime
PaCCYHTHIBAJ €I'0 ¢ MeHBIIIed TOYHOCTHIO. B 3TOT paz pesyibTaThl OKa3aauch
CYIIECTBEHHO MPYTHUME. DO BBISCHHIOCH, YTO U HEIHEIIHSAS TOYHOCTh HEOCTa-
TOYHA — HAJO0 NMPHUBIEKATh KOMIBIOTEPy.) AHJIpen y4acTBOBAI, C MOMEHTA
HX BO3HUKHOBEHUS, B HECKOJBKHX MHPOBBEIX YeMIHOHATAX MO T'OJOBOJOMKAM
(World Puzzle Championships), kax €ieH KoMaH bl DOCCHH, I HEH3MEHHO TO-
Ka3bIBaJ Ha 3THX COPEBHOBAHUAX BHICOKHU pe3yibTaT. U, HecMOTps Ha cMep-
TeNbHY0 O0/Me3Hb, KOTOpad CTajda NPOABISTHCH ViKe i BHElTHe, AHIpell peln
i B TOT, Mocae Hnn pas (1998), yqacTBOBATh B COPEBHOBAHMY W 3AHSII OTHO
n3 nepBex MecT. Kak Hamncana mue Ouabra JleonTseBa (mpeicenarenb KoOpH
BTOT0 YeMIHoHaTa B TOM IOy, XOPOIIO 3HaBIIas AHapes u yroBapuBaBIas
ero He e3/[UTh Ha copeBHOBaHHS 1998 roma), «TONBKO MOTOM S MOHAIA, Ha-
CKOJIBKO BTO GbLTO TPABIIBHO, BAXKHO W KPACHBO: OH YIIEM HETOGeK TEHHBIM )

Ne cpesga | XIV XV XVI XVII XVIII

Ton 25 27 30 34 39

Pasmocts 2 3 4 5

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

Py 4em me Tabmmra B cTume aHamormaHBIX Tabmun nz Kauru B. . Apromsna [3]7!
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O KOMIbIOTEPHBIX TajaHTax XOIyJAéBa MOJKHBI CBHIETEIbCTBOBATE €0
KoJuieru 1o padore. £ ke orpaHudychk TeM, 4TO HalmUcaJd BhHIIIE, I gajee KOc-
HYChb TOJIBKO €r0 MaTeMaTHYeCKNX TAJaHTOB I yAUBHTEIHHON (MHOTIa He-
TOCTHKIMON /IS MeHs) WHTYHIHN AHJIpes, ero CIoCOOHOCTH «BHIETHY OT-
BETHI Ha OYeHL TPY/JHBE MaTeMaTHIeCKNe BOMPOCH W OTHOBPEMEHHO Mpe/I-
YyBCTBOBaTh HallpaBieHUe, B KOTOPOM caejlyeT HcKaTh perienue. OcobenHo
3/JO0POBO DTO €MY Y/aBaJ0Ch, KOTTa OH OMUPAJICA Ha aHAJOTHH U3 APYTHX ecTe-
CTBeHHBIX HayK. QTHY U3 TaKUX aHAJOT U 5 yKe YIOMSHYJI, U HUKe s TPUBEITY
TpyrHe TpuMephl, 3aMMCTBOBAHHEIE MHON U3 Hallled ¢ AHApeeM MHOTOJeTHEH
TMepenncKy Mo Pa3HBIM BOMPOCAM.

DTa nepenucka ObLI1a OCOGEHHO UHTEHCHBHOU B NOJBI HAIIENO CTYIeHYe-
cTBa I acuupauTypsl (1972-77) u B nociexnune 5 jget (1994-99) mo e-mail’y
(Bcero Gosee 100 mucem). B 80-e n B Hagamse 90-x rogoB MBI MO TePKABa-
JT WHTEHCHBHOE MHTENLIEKTYadbHoe OOIIeHne «YCTHOY, KOT/Ia BCTpedaanch B
MI'Y ma MockoBckom Matemarnaeckom ObrrecTse min ke y AHapes qoma (a
MHOTTa B peJaknni KypHaita «KBaHT») m 06CyXKIaan pasHble TEOPHH W KOH-
KpeTHBIe 3a1aqn. JacTb 5THX 06Cy K IeHNI BELINIACH B CTATHH (COBMECTHBIE 1
NOPO3HB), IPENPUHTHL I 3aMeTKN (HAalpuMep, B pellleHns 33,124 B 33 1aTHIKe
KsanTay, cum. [1], [4], [5]), emé Goablitas 9acTh «ocenay B 9epHOBHIX OyMarax,
MHOTHE M3 KOTOPHIX, YBHI, C TeIeHHEM JeT GecCIeHO MPOTaii, XOTAd Koe-ITo
Il COXPAHMIOCH).

Kax mpaBuio, ujgen un perenns Augpes XogyaéBa ObIIT He TOJBKO TIyHO-
KI, HO i 1300peTaTelbHbl — OH YMeJ HaXOMUTh (H3I0MUHKY» B [arKe, Ka3aJoCh
OBI, PYTHHHBIX BEIAHCICHUAK. AHIPEN JI00UA 0 «TyBCTBOBAIY TUCAA — CM. €70
peitienne 3aga4qu Ne12 Bo BTopoul 4acTu cTaThll. YIOMSHyTas yKe CTpacTh AH-
Jpest K TpOr paMMIPOBAHUIO (B IIHPOKOM CMBICJE DTOTO CJIOBA ), CIIABIEHHAS C
TIYOOKAMU 3HAHUSIME, TO3BOISAIN MY JeJaTh «CHHTEeTHIECKHEe XOAbIy B pellre-
HUW TPYAHLIX 3a0a49 U BUAETDh B HUX «HeBHANMOey. Ocobenno nsobpeTarenen
Angpeli 6611 B NPUIYMBIBAHINE TPUMEPOB W KOHTPIPUMEPOB, MOITOMY JT0-
BOJMLHO YaCTO OH HAXOMMT HEOXKHU JTAHHBIE BO3PAKEHUS K ACHBIM, Ka3aJoCh OB,
opMmyaupoBkam win runorezam. OIUH €ro HeOKUTAHHBIH MTPUMED COCTOSI
B TOM, ITO €CIH XOp/a, KaK JKeCTKAH OTPE30K, CKOAL3UT CBOMMH KOHIAMHU
Mo BHYTPEHHOCTH 6bINYKA0U TIATKON KPUBOH, TO (PHUKCHPOBAHHAS TOYKa Ha
XOp/le He 06A3aTelbHO Oy 16T OMUCHIBATE 6bINYKAYIO KPUBYIO!?)

A BOT KaKoll KOHTPapryMeHT npuBeJ AHAper M0 MOBOAY OOIIENPUHITOrO
B3MVIAa Ha noBenenue uryp Junccaxy ma skpane ocumriorpada. (1 onsts
5TOT CIJIAB MaTeMaTHKN W (PU3NKH, 0 Jaxke Helipodusnoaorun!). Ecan noma-
BaTh [Ba HE3ABHCHMBIX TapMOHHIECKUX KOJEHAHWS ¢ 9aCTOTAMN Wi N Wo HAa

2 o o
)LII/ITaTeJIb, MoOTTpoOYN W TH CAMOCTOATENBHO TpuBecTH Takou mpumep! Kaszamock 69,

npocTo Kak KomymM60BO ANIO, HO Cpasy He MOMYyUMTCA. A ecin He 3HATH O €ro CYHUIECTBO-
BaHNN, — TIPUMED C OKPYIKHOCTHIO BBOAUT B 3abIyiKIeHWe! — TO MOXKHO TOAYMATh, 9TO
TakKoro He OBIBaeT.
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FOPUBOHTATBHYIO U BePTHKAILHYIO PazBEPTKU oCHUILIOrpada, TO Ha dKpaHe
OymeT BHIHA KpHUBas (KaK MpaBHJIO, MeIIeHHO BPAIIAMOIIAACSH), TOXOKaA HA
napaboay, WIN DJLINIC, LI «(BOCHMEPKY», I HeCKOIbKO COeINHEHHLIX BMe-
cTe «BOCbMEpOKy. l3BecTHO (M. 3ataqdy Ha cTp. 26 kuurn B. N. Aproabaa [6]),
9TO ec/i OTHOIIIEHNE YaCTOT W = w1 /wy payuona.ibro, To purypa Jnccaky —
3aMKHyTas ajqrebpamdeckas KpuBas (IpH HeJOM w 3TO MpaduK MHOTOYIEHA
YebOnIméRa), & €CIN W UPPAYUOHAALHO, TO OHA 3ANOJHAET SKPaH OCIHUIIOrpada
Bcio1y mioTHO. (TakoBo e moBeIeHNme YACTHIHI B MPAMOYTOIBHOM GH/LIHAD-
ne). O1cioa, Ka3aaoch OB, TOMKHO CJIeI0BATh, 9TO MPH NPPAINOHATIEHOM OT-
HOIIEHUH YacTOT MbI JOJKHBI BHAETH BeCh DKPaH OCHILIOrpada HOTHOCTHIO
cBeTsmnMcst. KakoBo ke OBIIO MOE yINB/IeHHe, KOTIa i y3HaJ  OT AHIpes, 4To
HPPalNOHATBLHOCTH W HIKAKOI POJH He HI'PaeT U HIKAKOT'O CBeYeHUs DKpaHa
He oyzer!

Hutupyio Amjpes: «YTBep:KeHue o Bpalaouieics ¢purype Jlnccaxky Bep-
HO JUIIb B 0YeHb Ipy6oil abcTpakIii. Da caMOM jele, BpallleHne CBA3aHO ¢
HHepIuel 3peHis, H YCJIOBHe BPpAllleH s MOYKeT ObITh 3aliCaHO B TaKOM BH/Ie:

w1 1 w2 1 2rnw] — 2rmws 1
s -, s - [27nwy — 2mmws| < -,
2rm T 2mn T max(m,n) T
rge 7 — BpeMd HHepnuu raasa. Mb 6yieM BugeTh Bpallaolnyoocs (GUIypy
Jlnccaxky ¢ m KojeGaHUsAME MO OJHOH OCH W € N — TO JAPYToi, IPH DTOM

HeBayKHO, PallMOHAJLHO WIN HeT oTHoIIeHWe w. Boobile, KaK n3BecTHO, pa-
MHOHANBHOCTE WM HPPANUOHAIBHOCTH HEIPEPLIBHON (PU3NYECKOU BEJHYHHBI
HeTb3d YCTAHOBUTH € MOMOIILIO DKCTIEPUMEHTas.

Angapes Xonyiaésa qio0uiu Bce — ero Apy3bs, €ro y4uTels, ero KoJeri:
CO BCEMU OH IIeIpO TeANJICT CBOUMHI 3HAHUAMEI W MHOT OUHCJICHHLIMA T IeAMMA.
Emy Bcerma 6vLI0 HHTEpPECHO, YTO Ke TPOUCXOJUT B JeHCTBHTEIBHOCTH, OH
BCcerJa CTPeMUICT y3HATh KaK MOKHO OGOJbIle HOBOTO, I OH HEYCTAHHO IV-
MaJ 0 TOM, KaK ObI O pollle U dleranTHee 0OBACHITL TO UJIH WHOE sIBIeHHE,
OyIb OHO U3 MaTeMaTuKu, PU3UKH, XUMUEU WIH aCTPOHOMUN. AHAPE ¥ IajJ0Ch
COXPAHUTH 0 KOHIIA CBOUX [MHEN IOHOIIECKUH 3a,/10D, CTPeMIeHe KO BCeMY HO-
BOMY, YMeHHe VIUBIATHLCA U OJHOKPOBHO KuTh. OH 3apszKal CBOell dHepruei
BCEX, KTO OKAa3bIBAJCS PAIOM, U MBI, €10 Apy3bs, Odarogapisl AHape 3a To,
4YTO HaM MOCYACTIUBUIOCH C HUM OOIIATHCA U «I1013apAKaThCA» JacTULAME
€ro «HAY4YHOI» DHEPIUH.

MHe xo4eTcsi 3aKOHYHTE DTOT PACCKa3 CAeIYIONIed TUTATOU U3 MHChMa
Anpnpes ko mue, marnpoBaHOro 13 mions 1973 r.: «..Bckope (¢ 17 mious)
A yemy oTAbXaTh B ToUKy 44°34’ c.ur. u 38°12' B. 1. fI npobyay TaM CeKyH,I
1,8 - 10%, Tax 4To TH He cMoKellb HamucaTh MHe Bckope. /o cBuganus. An-
Ipeiy. ITO HHChMO — OJHO U3 JeCATKOB MPYIUX TUIHYHO XOJIYJIEBCKHUX ITH-
ceM, KOTOophie s odyduna oT Anmgpes.

Dociennee 3 HUX gaTupoBaHo 11 centabps 1999 roxa. ..
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SA,Z[A‘H/I, MPOBJEMDBI, NIEN, KOHCTPYKI NN

Meur ¢ AnzipeeM 06CYXKIadl MHOXKECTBO PazHOOODA3HBIX W WHTEPECHBIX
BOIPOCOB, 4aCTh 3 KOTOPHIX i u3aarato Huxke. QmgHako eile Gojblliee YUCIO
npoGieM (7 MOAXOTOB K NX PEIIeHN0) TakK N OCTAINCh HepelleHHBIMA. S pe-
IR B3ATh Ha celd CMeloCTh MPUBeCTH NpUMephl 00CYXK TABIINXCA BONPOCOB
0 ujgel u3 obeux rpyii.

N310KeHHBIN HIKe MaTepraJ HOCHT «MO3andHBIHY XapakTep B cTuiae «Ma-
TemaTudeckonn cmecuy K. JluTTaBysa u He npeTeHAyeT HA MOJHOTY WIAU 3a-
BepIIeHHOCTEL. B ero ocHOBY moNoXKeHo comep:xkanne npuMepuno 100 mmcem n
e-mail’0B, KOTOPBEIME MBI OOMEHSINCH, I TeX YePHOBHKOB, KOTOphLIE MHE Y Ia-
JOCh COXPaHUTh. 31eCh 5 ONUCHIBal0 HaubGojee sipKkue W UHTEpPeCHbIe 3aMa4i,
KOTOPBHIMH Mbl OOMEHUBAJANCh, & TaKzKe JaCTUYHbIe Pe3yabTaThl, KOTOPbIe Mbl
TOMYIUAN WIN HaTeAdnuch MoAy4InTh. K cokadenmnio, m3-3a oTpaHHIeHHOCTH
JKYPHAABHOTO 00BEMA, § MOTY TPUBECTH JHIL MAAYIO TOMI0 DTUX MaTepHha-
JoB. EcrecTBenno, si BRIOpaJ 3afa4dil MO CBOEMY BKYCY; BO3MOXKHO, AHjIpei
BbIOpaJa Obl Ipyroe ux moaMHOKECTBO.

¢ee

Nel (MHOTOYJEH OT MHOTOYJIEHOB). Pycmb f(z) u () — dea se-
wecmeennblr mnozouwtena. Beeeda au cywecmeyem maxotd mnozouser om
deyz nepemennviz R(u,t), umo R(f(z),p(z)) =07

DEWMEHUE. OTBeT: «Bcergay. DycThb deg f - degp = mn. DaccMoTpuM
«kBagpaHTy MHOrOwIeHOB {fF - ©°}, k,s > 0, u GOIBIION NPAMOYIOXbHbII
TPeyTroJbHUK, OTCeKaeMBIll MPAMOI OT KBajpaHTa (cMm. puc. 1). Torga cpemn
MHOTOYIEHOB, JEKAMNX B TPEYTOJbHUKE, JUIIbL TacTh JUHEHHO HE3aBUCHMA
B MPOCTPaAHCTBE MHOTOUJICHOB CTEMeHH < MN; AeHCTBATEIBHO, KOIMIECTBO

f5_
A
24
f2_

f_

Puc. 1. KBagpanT 1 TpeyroJlbHHK MHOT'O9J€HOB
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TOYeK B TpeyroJbHIKe pacTeT KBaApaTHIHO, a IBUXKEeHHe I'IIOTeHYy3bl IIPOo-
ncxoanT JNHENHO. (jJIe,Z[OBaTeJH:HO7 nMeeTCss HeTpHuBUaJbHas JNHeRHasd KOM-
6I/IHaHI/IH MHOTI'OY/€HOB, TOXK J€CTBEeHHO paBHas 0. OHa 1 ecTb HCKOMBIN MHO-
I'ovJeH.

¢ee

Ne2 (IlIKA® B KOMHATE). Moacem au mpeyeoabnbili wrad axaunumoy
6 mpeyeoavnotl Komname (m.e. ne cywecmeyem dsudcenus wrada, ocma-
6ARI0WE20 €20 6nYMPU Komnamsl)? A mnoeoyzoavubil wrad 6 MH020ye0ab-
noti xomname? (O6a MHO20Y20AbHUKG — 6BINYKADIE. )

OBCYXKJEHUE. 3aMedanne XoIyaéBa: «f He coBceM HOHIMa0, ITO 3Ha-
YUT ,3aKIHHUTES. f cuyuTaro, 4TO TO O3HAYAET Cjeyiolllee: BCe BEPIIHHBI
mKada JekKaT Ha Pa3HbIX CTOPOHAX KOMHATHI — HO He B yIvax — U InKad He
MOYKeT OCYIIeCTBATH HHKaKoe MaJjoe nBI:KeHne. Muade nenuTepecro (puc. 2).

=

Puc. 2. «3axruunsiimes miKagpr (BEIPOXK JEHHBIH CLy Al )

B »Toii nocranoBKe si MOJMHOCTBIO pelind 3amaqy. OTBeT: Ipu n = 3 HE MO-
JKeT 3aKINHNTH, XOTH pelleHne HeMPOCTOe, C HECKONbKIMHI CAYIasMn (MeXK Iy
TPOTINM, HCTOAB3YETCS YTBEPK AeHNE, KOTOPOE MBI ¢ TOOOU OBGCYIK TATN: eC.al
ecmb 3 NOAYNAOCKOCINU, MO AUOO UT NEPECEUEHUE UMEET HENYCMYIO 6HY-
Mpennocmp, Au60 nepecevenue ur JONOAHENUT UMEET HENYCNYIO 6HYMPEH-
HOCb, AUOO UT 2PAHUYDL NEPECEKAIOMCR)Y.

Da 5To 1 oTBeTHA AHIpPeIo, YTO BO3MOKHO Takoe pelerne (puc.3): ecian
mkad-Tpeyroabiunk ABC' gexxut BHyTpu kKoMHaThl oXYZ u A € XY, B €
€ Y7, 1o reomerpuieckoe Mmecto Todek (' BO Bpems ABUKeHus oTpeska AB
B/IOJIb CTEH — JIyTa 3JUIHICA ¢ TeHTpoM B Y (mpn sToMm Y — mepecedenne ocei

Y
B

X

o 2

Puc. 3. C' gBmxercsa mo gyre pIIaica
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B B

——

D D
a) 6)

Puc. 4. 3axrmunsimer mixagper (n > 4) (HeBBIPOXK JeHHBIH CIyTall)

siunca). Kycodexk sToil nyrn gexxuT BHYTPH A XY 7, MOSTOMY «IlleBeseHe)
mKada BHYTPH KOMHATHI OCYIIECTBHMO.

OH corgacmicst CO MHOU U He CTaJ MPUCHLIATH CBOEr'O pelleHus, 0 4éM s
ceityac coxadgero. /las n > 3 Xoay/aés nocTpouI NpuMepsl, B KOTOPHIX HIKad
sakananBaeT (puc.4). [las n = 4 gnaronans AC' MOXKeT MOBEPHYTHCA TOABKO
IPOTHUB YacOBON CTPEJNKH, a InaroHanlb BD — Toabko mo dacoBon (puc.4a).
DoiydeHHOe MPOTHBOpeYNe W [OKa3biBaeT «3aKiauHupaHue» mkada. /s Jio-
6010 n > 4 mpuUMep «3aKAUHUBILErO» MIKapa MOXKHO MOCTPOUTH, UCKOMS U3
sTOrO MpnMepa (puc.46).

S xody oTMeTUTh 3j1eCh Ty CaMy0 «U3FOMUHKY», KOTOPYIO Hatel AHpei:
OPOTHBOpEYHe BO3HUKAET U3-32 TOI'O, YTO «YTO-TO BpalllaeTcid HE B TY CTO-
poHy» (B mamHOM caydae, orpeskn AC' u BD).

B Takux BOT «M3lOMUHKAX» U MPOSBIASIACS TadaHT AHIpes.

¢ee

Ne3 (DPEAEN). Pyemb z — womnaerxcuoe uwucao. Patimu npedea

m

1
lim
m—o0 Z z+n

n=—m

das mex z, 04 KOMOPHIE 0N CYUWECTNEYEMm.

DEIEHUE. DacCMOTPHM CJAeIyIOUIyo 27-Tlepnondeckyo Gpyukuno f(z)
BellleCTBEHHOIO TlepeMeHHOI 0!

J(2) = ¢ npu [a] < ,
fla+27) = f(2).

DaznoxuM ee B pag Dypbe. Koappuunent a, paben
s s
a, = L e—izwe—inl’ do = L e—i(z—l—n)ac do =
27 27
- -
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_ 1 (e—i(z-l—n)w _ ei(z-l—n)W) — ?mw <€—iz7r _ eizw) —
27i(z + n) 27i(z +n)
. (-n” eiET™ _ gmisT _ (—=1)"sinwz
- 7(z 4+ n) 21 - 7(z 4+ n)
DockoabKy f(2) KycouHO HempepbiBHA I mu((epeHnnpyeMa, neem
) + f(a7) . (=)'
x x : —1)*sinwz
= lim ape™ = lim e =
2 m—y0c0o Z " m—y0c0o Z ﬂ'(z + n)
n=-—m -
sin 7z S (—l)nemx sin 7z < enle—m)
= lim = lim -
™ m—o0 Z z+n T Mm—oo Z z+n
n=——m n=-—m

DoJCTaBUM & = T B 3Ty (POPMYJIY, TODJa B CHIY NepUOJIUIHOCTH f

+ — — —— —izm 12T
f(= )‘;‘f(” ) _ Iz )+2f( )¢ ;6 = cosTz.

Takum obpaszom,

sinwz 4. 1
COS Tz = lim E

T m—00

OTKYIa

m

1
lim =r-ctgmz.
m—o0 Z z+n 8

n=—m

DaBEHCTBO BBHIMOJHAETCS M5 JI0OOIN0 KOMILIEKCHOTO 2, s KOTOPOTO sin 72 #
# 0, T.e. s BCeX KOMILIEKCHBIX z ¢ Z. Dpu z € Z npefel He CYIIeCTBYeT 10
OY€eBUTHBIM TTPUYMHAM.

¢ee

Ned (DNEKTPOHBL HA CPEPE). Pa enympenneii cmopone memadiuie-
ckoti cepol pacnoaazaomes N 24€KMPOHOE — TMOUEUHBIT HACTRUY, PAEHOT
(edunuunot) maccot u pasnozo ompuyamesbno2o 2apada (noaazaem €2o pas-
noln —1). B cuay ommaikueanus 34€KMPoOHOs, OHU CMPEMANCA YAETEMD
HA OECKOHEUHOCTIb, HO UM MEULGEM cPepa, U NOIMOMY IAEXMPOHBL (Ppa3be-
2a0omesy no cepe mar, UMoOvL MUHUMUBUPOSATND NOMEHYUAADHYIO IHEP2UIO

cucmembi
1
U= E Pk

— |7 — 7

i#]
3decv T; u T; — paduyc-sexmopsl, udywjue u3 yenmpa cepovl 6 IAEKMPOHLL
i u g, | — 7| — paccmosnue mexncdy snexmponanmu. Jas waxcdoeo uucaa
N =2,3.4,... 24eKMPoOHOE YKrA3aMb UT PACNOAOHCEHUL Ha cPepe, MUHUMU-

3UupyroUUe NOMERYUAABHYIO IHEP2UIO.
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TABJIUIIA PACIHOJOYKEHUS DJEKTPOHOB HA CHEPE

=
Il
e

MPABUALHBIN TETPad AP

N=6

@

NPABUALHBIN OKTAad P

N =28

¢ = +34,09°

¢ = —34,09°

p

KBaIpaThl pasBepHYTH Ha 45°

N =10

© = +25,00°

@ = —25,00°

KBaIpaThl pasBepHYTH Ha 45°

N =5

HpaBI/IJIbeIIU/I IATUYTOJTbHUK B
BKBaTOpI/IaJIbHOIU/I IIJIOCKOCTH

+44,72°

N=09
SD =
= —44,72°

HpaBUIbHBIE TPEYTOIbHUKH,
SKBATOPHAJLHEII pasBepHyT Ha 180°

N =11

¥

(4
¥
SD:

= 431,02°
¢ = +9,69°, ¢ = 29,74°

= —33,55°
—53,70°
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TABJIUIIA PACIHOJOYKEHUS DJEKTPOHOB HA CPHEPE (HPOﬂOJI)KEHI/IE)

N =12

= +34,19°
w = 424,00°

w = —24,00°
= —34,19°

=
I

IpaBUIbHBIE TPEeYIOIPHUKHA Ha I'DaHAMH
TeTpasApa MMeT yraoson paszmep 30,7°,
KaX bl U3 HUX MOBEPHYT OTHOCUTEILHO
MPAMOU, COENUHSAIONIEN €0 TIEHTP U TIPOTH-
BOTIOJIOKHYO BEPUIMHY TeTpasapa Ha 7,29°

BCe TPEYIONbHUKUA — IIPABUIbHBIE;
KpalHUue Pa3sBEPHYTH OTHOCUTEIBHO
PKBATOpPHAMLHOTO Ha yroa +6,96°,

cpeanme paszBepHYTH Ha 180° &+ 5,62°

N =17 N =18
© = +37,56° © = +42 47°
o = +11,74°
o =—11,74°
o = —37,56° o = —42.47°
BCe TATHYTOMbHIKIT — KBAJPATH TIOCTeJOBATETHHO CBEPXY BHIT3

IpaBUIbHBIE pasBopaumBaloTCA Ha 45°
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TABJIUIIA PACIHOJOYKEHUS DJEKTPOHOB HA CHEPE (OKOH‘IAHI/IE)

N =20

ILIOCKOCTHU CUMMETPUN ITPpAaBUIbHBIX
TPEYI'OIbHUKOB COBIIaaloT C ILJTOCKOCTAMUI
CUMMETPUN MEHTPAJbHOI'O IECTUYTI OJIbHUKA

OBCYXKAEHUE. Demnienue >Toi 3amaun gas N = 2,3,4,6 u 12 npusejgeno
B cTaTbe D. . AujgpeeBa n B. A. FO nuna [7]. d npuBen 5Ty 3a1a4y 31ech s
TOT'0, YTOOBI TOKA3aTh Pe3yabTaThl paboThl Ha IBM, nponenannon A. Xomry-
aéBeiM. JI mocraBua »roT Bonpoc nepen Aunpeem B 1974 rogy Ha 4eTBEpTOM
Kypce MexmaTa, KODJja CTaJ IpenofaBaTbes Kype «OnTuMadbHOe YIpaBIeHes
(0ODY) nopx pykoBomcTBOM «IByX BiagmmupoB MuxamntoBudeiny — mpodec-
copoB MI'Y B.M. AsekceeBa u B. M. Tuxomuposa. Mue o cpasy nputiesa B
POJIOBY, KOT'/la i COEIUHUI JBe Hael — 3ajady O MUEHUMU3AIUN PACIOJOKEeHU S
TOYeK Ha cepe, B KOTOPOU eneBas PyHKIIIA rrin |F; —7;| — max (vora 3a1a-

i#]

Ya YaCTHYHO HCCJIefoBajlack B uzBecTHOU KHUTe 10 reomeTpun Hlkaspexoro,
Yenuosa n Araoma [9]), n HOBBIe cBegerns w3 ODY. Augpeil ¢ pagocThio
BOCIPHHSA 3TY 3a/a4y, HO Yepes HeKOTOopoe BpeMsi Hamucaa mMue: «ODY He
0COBEHHO MPUMEHHMO K 3a/[ade PO 3JIEKTPOHKI. 31eCh NOIUTCH TOIBKO OOBIY-
HOe KOHEeYHOMepHOe MpaBmio MHoxuTestei Jlarpanxka, Ho OHO MaJo MOMOIa-
eT. DTy 3aady MOXKHO pernTh Ha IBM». Urto om ¢ GreckoMm n mpogenad!
(Cum. Tabauny pacnonoxenns N saextponoB mis N =4, ...,20 na cc. 17-19).
Saada mpo dIeKTPOHBI BOOAYIIEeBHIa AHIpes ellle i TeM, 9TO OH «. ..CMOD 110-
YepIHYTh HEKOTOpPhIE CBe/eHls B yUeOHUKe M0 XUMUN. DACCMOTPUM aToM A,
umeroni N BaJeHTHBIX 3JeKTPOHOB U NyCTh OH oGpasyeT mojekyay ABp.
N3z coobpaxennit cumMerpuu, N aToMOB sieMenTa B pacrnojioxaTcs Ha paB-
HOM paccTosiiuu oT A, T.e. Ha HOBEPXHOCTH c(ephl, I MEXKJTY HUMH OyIeT
IefCTBOBATE CUJIA DIEKTPOCTATHYECKOT'O OTTAJKUBAHUS. DKCIEPUMEHTAdb-

HO YCTAHOBAEHH KOHMPUTYpPANUH TaKAX MOJeKyJ ¢ pasumiMu N = 1,...,7.
Tam ke mpuBefedbl KapTuuku: mii N = 4 — TeTpadap, aia N = 5 —
IBa TeTpasipa ¢ oOIlell TPeyrodbHOU Tpalbio; mis N = 6 — okTasap u

aas N =7 — nBe IATHYTOABHEIE TUPAMUIL], TPUKPEIIEHHEIe IPYT K APYTY
CBOUMU OBIIUME MATHYTOJLHBIME OCHOBAHUAMA. MOXKHO MPeNOJOKATE, ITO
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BIEKTPOHBI 3alMYyT Ha cdepe Takoe XKe notoxenne. Tak xumus momoraer
MaTeMaTHKey.

A canraro 3Ty 3a0a4y I0CTOUHON TOT'O, YTOOLI TepefoKa3aTh Pe3yabTaThl
XoaynéBa, 00BICHUTE NX TEOPETHIECKN (T. €. IePEOTKPHITH METO, KOTOPHIM
OH Hamén TIo6albHEe MIHIMYMBI) I MPOJIOKATEH Tabanuny ais N > 20.

¢ee

Ne5 (TMAXMATHBIH KOPOJL?)). Mlazuammusiii kopoav obowen éce Kaem-
KU wWarmamuot docky poeno no 0dHoMY PA3Y U 6EPHYACA 6 UCTOOHYIO KACTNKY,
npuuém on nuede ne nepecexan ceoezo caeda. Joxazams, WMo xopo.ab cde-
aan we menee 28 xopomrur rodos (ca. puc.b). Paiimu eeprnioio oyenky wucaa
Kopomrur rodoe das warmamuot docku m X n. Touna au ama oyenxa?

Tak Heabss! KOPOTKHU XOJ MINHHBIA XOJ

Puc. 5. Xogbl KopoJs

ODENMEHUE. MapiipyT KOpoJs — 3aMKHyTas HecaMolepeceKaiomascs Jo-
Manas. Kopoab mo6BIBaI Bes e, B 1aCTHOCTH, BO BceX 2m + 2n — 4 kjreTkax
nepuMeTpa. DTH KASTKW Pa3zbuBaioT BCIO JOMaHYIO Ha 2m + 2n — 4 KyCKOB.
OcHoBHOE yTBepKIeHne:

Kaocdwii kycor coedunsem dee cocednue wiemiu nepusempa.

JleficTBUTENBHO, €T 6Bl KYCOK COSMNHAT He COCeTHNe KAeTKH, TO KIeTKH
mepuMeTpa 0Ka3aduCh ObI pa3feJeHHBIMI Ha ABe TacTh N KOPOIh He CMOT OB
no6BIBATH B 06€NX YacTsAX, He mepecekas Kycka (puc.6). OcHOBHOe yTBepK-
TeHre MTOoKa3aHo.

Temeph 3aMeTHM, 9TO COCeHTE KICTKN TepuMeTpa Pa3HONBETHRI, a e[NH-
CTBeHHAA BO3MOXKHOCTD IS KOPOJS MePeiTH Ha KIeTKY APYTOTO I[BETa — TO
clenaTh KOPOTKHH XOJ. JHA4HuT, B KaXKJIOM Kycke OyIeT 10 KpaliHed Mepe
OJNH KOPOTKHH XOJ, a KYCKOB IO KpaliHed Mepe 2m + 2n — 4.

3 o
)z muceMa Xogymépa: «Temeps y MeHs eCTh BpeMs coOOmNTL Tebe MO0 3amady, Mpo

KOTOpYIO A HefaBHO ropopui. Po-moemy, ona gocrouna Il Typa Mockosckon oammrmagbt
nm gaxe Bcecorosnom. [lencreurensno, gocromna! I TyT xe coobmma o6 >Ton zagade
P.P.Bacuibeny, u ona nonaja Ha 7-10 BceecowosHylo oiumnma gy no maremaruke (Knumués,
1973), a moTom 6blia olybanKoBaHa 104 HoMepoM 184 B cGopHuke 3agad [8].
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31eChb €CThb KJICTKN

1 31€Ch €CTh KJICTKN

Puc. 6. OcHoBHOe yTBepK eHHe

Puc. 7. 2m + 2n — 4 xoja KOpOJIA, TOKPHIBAIOIIHX BCIO JOCKY

DodTOMY OTBeT: > 2m + 2n — 4 wopomxkur roda. ‘DTa OleHKa TOTHaI.
DpuMep, U3 KOTOPOTo ACHA 00IIas KOHCTPYKINs, MPUBeJEH HA puc. 7 (y3a1am
PEIIETKH COOTBETCTBYIOT HEHTPHI KIeTOK). Jlerko ybeqnThest, 970 TyT B Ka-
K JOM KYCKe COJEeP:KUTCSH POBHO OUH KOPOMKUL XO[. «ITO, KOHEYHO, HE CTPO-
ro J0Ka3aHo, HO 4TO Mojedaelliby, — jgobasiser Xonyaen. «OaHako B ciydae
OOBIYHOU ITAXMATHOU JOCKH HUKAKUX HESCHOCTEl, KOHEeYHO YKe, HeT».

¢ee

Ne6 (MUHUMAJBHOE qucio PAacnnaoBy). Hueemes nexomopoe me.o,
mpebyemcs pacnuaums €20 onpedeiéunvin odpazomn (U36ecmuo, no Kaxum
AUHUAM (6 deymeprom cayuae) uau noseprrocmamn (048 mpér u 6oavuieco
YUCAG UBMEPERUT) MO MEA0 HAdo nuAUMb). 34 KGKOE MUHUMAILHOE UU-
CAO PACTUAOE ITNO MONCHO COEAAMDb, ECAU PAZPEUAEMCA HAKAAIBIE AN UACTNU
dpye na dpy2a u nuaums ux emecme?

MBbr paccMOTPHM 3jeCh JUIIb YaCTHBIN caydail aTol 3agaqu: Pacnuiums
napaatesenuned m x n X k wa xyouxu 1 x 1 x 1. Anarocuunas 3adava dis
MHOL0MEPHO20 NAPAAAEAENUNEDE.

9B 70-e rogBl MBI yBIEKATACH ITeHAEM HeJaBHO IepeBe JeHHHX KHur MapTura [ap 1Hepa.

Mur ¢ Arapeem penman o6o6umTh 3agatdy |apgHepa o pachmie Ky6a Ha 27 MaleHBKUX
Ky6UKOB, ecian paspelllaeTcA HaKJlaTbBaTh paclUIeHHBIE YacTH OJHY Ha IPYTYIO.
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DEMEHUE. CHadala OTBeT: MHHHMAJbHOE IHCIO PACHHIOB paBHO N =
= [logy m|+[logy n]+[log, k| (Takom ke 0TBET — TOMBKO ¢ GOIBIINM THCIOM
claraeMbIX — CIpPaBeLINB H B MHOIOMEPHOM IPOCTPAHCTBE).

SAMEYAHUE. (2] =inf{n | n > 2; n € Z} = —|—x|, rjge |-] — nenas
qacTh 4HCIA.

DpuBeréM cHadaga pellleHne rapiHEPOBCKOU 3afadum: m = n = k = 3;
N = 3[logy 3] = 3 -2 = 6 pacnmioB. /loBOBHO KPacHBO MOKA3BIBAETCHA, UTO
3a MeHBIIIee YHCAO PACTIIOB HEMb3sl HoAyYuTh 27 Ky6ukoB. /leicTBUTEIBHO, ¥
HeHTPaAJbHOI'O KyOHKa Ha O BEITUIANTE Bce 6 TpaHell, a 3a O/UH PACIII HeJIb3s
BHIIIINTE CPa3y [ABe Tpann! Delierne B 0IHY CTPOUIKY!

Ternepsb o6mIuE caydai. Y KayKJIOW HacTH, MOSBUBIIEHCS B Mpollecce pas-
pesaHus, HMeTCS pa3sMephbl, KOTOphie 0603HAYHM &, Y W z. MBI cauTaeM, ITo
OCH KOOPTUHAT «BMOPOKEHB B OTY 9aCTh C CAMOT0O Hadada, Tak ITO pasMephl
T,y W z He MEHAIOTCSA TMpH eé MOBEPTHIBAHNN (KOTOPOe MOKET MOHAJOOUTHCS
JUIST O9epeTHOTO PACIuIa).

Dociie KaXJ0ro paciuia Mbl BEIOepeM OJ[HY U3 MOJYYeHHBIX YacTell B co-
OTBETCTBUN CO CASTVIONINM HHAYKTHBHLIM [TPaBUIOM:

1. /lo Bcex pazpesaHuil MBI BbIOUpaeM eJIHHCTBEHHYI CYILECTBYOIIYIO
YacTh — CaM NapaJaejenunen.

2. DyCTh TOCIe MpeblIyilero paciumia ObLIa BEIOpaHa 4acTh € pasMepa-
MU ¢, y n z. Torga mocie odepelHOTO pacluia 3Ta JacTh MOXKeT 6BITH
pacnmieHa Ha JBe, OTIMYAIINECS JUIIb B OMHON KOOpAnHaTe. (Damnpu-
Mep, eCcad 3Ta 4YacThb OblIa paclujeHa NapajelbHO MIOCKOCTH ZZ, TO
NoJy4aTcad 4acTH ¢ pa3MepamMu

[ A / r .

Ty =T =T, y1+y2_y7 Zl =R =5
IITPpUXHN 30eCh O3HaY9alT HOBLIC pa3Mepr). Jocie odepeIHoro pacouaa
BbI6I/IpaeTCH Ta U3 ABYX ‘{aCTeIK;I7 y KOTOpOfI «CIINJeHHad» KOOpIHUHaTa (B
JaHHOM CJIyYae y) boabue. (SaHpHMep, ecau 4acTh 1 X5X 7 pacnujeHa Ha

qacTn 1 X2x7 1 1x3X7, To BuGupaeTcst 9acTh 1 X3X 7). Ecin ogepegnoit
paciui He KOCHYJICH DTOU 4acTH, TO OHA Ke U OCTAETCS BHIOPAHHOM.

Takum o6pazom, y HaC MONyIaeTCd TOCAeTOBATENBHOCTH BHIGPAHHBIX YOLI-
BAIOIINX 9acTell, y KakK IO N3 KOTOPHIX HEKOTOpas (HO TOMbKO omHal!) Koop-
QHHATA MEeHbIle, YeM y TPkl Iyiiel, Ho He 6oJee, 4eM B [Ba pa3a; BO3MOKHO,
YTO ¥y HEKOTOPBIX YacTell BCe KOOPMHATHI COBIATAI0T C HPEIbLIVIIUME. DO~
ClIe[HSA 4acTh, OYEBUITHO, nMeeT pasmep 1 X 1 X 1 (croBa «koopamHaTay u
«pa3Mep» CHHOHNMBI B JaHHOM KOHTEKCTE).

DACCMOTPHM Telepb MO-0TJIeJbHOCTH KaKAYI0 U3 KOOPJIUHAT ¥ BhIODAH-
HBIX YacTel. JOCKOJIbKY KayK bl PACIHI yMEHbIIAT KazK Iy KOOPJIHHATY He
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GoJee deM BJBoe, moTpebyercs He MeHee [log, m| pacmuioB, 9TO6bI yMeHb-
MIATH Z-KOOPANHATY ¢ m g0 1, n amajgorndso [logy n| u [log, k] pacnmios,
YMEHBIIAIOIINX Y- U 2-KOOpAUHATY 0 1.

Tak Kak KazKIBIIl Pacluj yMeHbIIAeT TOJbKO ONHY KOOPIUHATY (Hjin HUt
O[THOIT), TO BCErO MOTPeGYETCS He MeHee

N = [logy m] + [logy n] + [log, k]
PaCImIOB.

DPpUBEIEHHOrO IHCIa PACIHIOB JOCTATOIHO. a0 CHaYaga IPH MTOMOIIN
[log, m| pacnmioB pazpes3aTsh mapajielenunes Ha caon 1 X n X k, 3aTeM cio-
JKUTh BCe CJIOM BMeCTe I pa3pe3aTh nx 3a [log, m| pacnmioB Ha MOTOCKH
1 x 1 X k, n HaKoOHeIl, CIOKHB BCe MOJOCKH BMECTe, pa3pe3aTh NX Ha KyOUKH
1 x1x1.

MuoroMepHLIi CIyiail pacCMaTpUBaeTCA aHaJIOMHIHO.

¢ee

Ne7 (COTHEYHAA CUCTEMA). Pexomopas coaneunas cucmema cocmo-
UM U3 COANUYA U 8 EPAUAIOUUTCS 60KPYS HE20 NO KPY206bLM opOUmMam n.aa-
Hem, KaHcAAA NAGHEMA €O C60€el nocmoannoti cropocmbio. Moocem au cay-
YUMbCA MAK, UMO 6 KAAHCOBIT MOMERT 6CE NAAREMBL PACTLOAG2AIOMCI 6 GEP-
wunaxr (dsudrcywezocs 60 epemenu) xkyba ¢ Purcuposannvim pebpom a?
(Llenmp wyba — ne obazameavno coanye. Coanye u 6ce naaHemvl npednosa-
2a10MCA MOYEUHBIMU U HE 63aumodeticmeyiom dpye ¢ dpyzou).

OBCYXKAEHUE. AHJpel U s NpuiyMaau IBa HE3ABHCUMBIX PeIlIeHUs >TO’
3ajavi, 0b6a NpUBeJIeHBl HUXKe. Do37Ke, pa3oOpaBIINCh B CYIIECTBE Aeja, MbI
HAIICAIN COBMECTHYIO CTAThIO Ha BTy TeMy («YILIOIIeHNe B 3agade 9eThIPEX
Te), onybankoBaHHyo B Bujge npenpuata DM (cum. [1]). OTBeT B 3a1a1e
OTPUIATENBHBIA: NAGHEMBL HE MO2YM 6 KANCOLIT MOMEHT PACNOAA2AMBCA 6
BEPUURAT HEKOMOPO20 JEUNCYULE20CH KYOQ PUKCUPOSANHO20 PA3MEPA.

¢ee

DEWEHNE 1 (A.XOAYJIEB). Dpeanojoxum MpoTuBHOe. JycTh A u B —
BEPIIHHBI Ky6a, MIOCKOCTH OPOUT KOTOPHIX HE COBMAAIOT. JACCMOTPUM MPO-
U3BOJIBHYIO cdpepy ¢ MeHTpoM B corrte O u cupoenupyem Tovkn A u B pann-
aabHO Ha 5Ty cepy (puc.8a). Torga ux npoexunn C' n D 6ya1yT ABHTaTHCA
paBHOMEPHO TO ABYM HECOBMATAOMINM GOIBITEM KpyraMm, npudéMm jgyra C'D
oyaeT octaBaThes nocrosinnon: ~C'D = LZAOB u B Tpeyroabiuke AOB Bce
CTOPOHB MocTOoAHHBI. O603HAMNM Tepe3 vy U vy CKopocTn Todek C' u D, a
UX TPaeKTOPHU — [epes 1 W Y. DYCTh P — ogHa W3 ToYeKk mepecedenus
~1 N Y9, a YTOA MEXKJIY TpaeKTopuaMu paBed . /lomycTum, 9T0O B MOMEHT
BpeMmenn ¢ Todka C' npoxoanT depes P.



24 I'. A. I'arsnepun

a) B)

Puc. 8. /[[Buxenue npoexiuii mianer 1o cpepe i rerpasip O ABC

Bribepem magoe At > 0 u paccmorpum MomenT ¢ + At. Umeem
“C(t+ A)D(t+ At) = ~CD.
Dosepuém 1yry ~C(t + At)D(t + At) Boxpyr Toukn D(t + At) na cooTBeT-
CTBYIOIINH — OYeHb MAJEHBKIH — yIroa Tak, 9To6sr Touka C'(t + At) nonara
B HeKoTOpyio Touky C’ Kpyra 7y (puc.8 6). DOCKOIBKY yIoJ MOBOPOTA Mal,
MOYKHO CHHTaTh, 4T0 0Tpe3ok ayru C'(t+ At)C’ npuMepHO nepreH[uKy.IspeH
OKpyXKHOCTH 7vo. Torga ~C'()C(t + At) = vy At u ~C(t)C" = vi At cos p. U3
paBeHCTBa
TD(A+AHC" = "D+ AHC({t+ Aty = T D()C(1)
caenyer
TCM)C" =T D@E)D(t 4 At) = v At.

CaegoBaTenbho, vo At = vy Al cos @, OTKY T

Vg = V1 COS . (*)
DpoBed aHAJOTUIHOE pacCy K eHne, KOTa To4dka [ mpoxoanT €epes P, mo-
Jydaem

V] = vy COS @, (%)
T.e. cos ¢ = %1, 9T0 O3HATAELT, 9TO OPOUTH | W Yo COBMATAIOT. D POTHBOPE-
Yne. 3HAYAT, HICKOMOTO JIBUKEHNUS TJIaHeT He CYIIeCTBYeT.

¢ee
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DEWEHUE 2 (I'. PAnbnEPuH). KiodoM K 5TOMY peLIeHHIO SBISeTCHA

JIEMMA. Feau pacemosnue mexncdy d6yma naanemami nocmoinio 60 epe-
MEHU, O NEPUOIbL 0OPAULEHUA NAGHEM COENAAAIOM.

Wrak, nepuogbl obpaliieniisi BCeX BOCBMH ILJIaHET OMHHAKOBEI, U MYCTh OHU
paBHBI 1.

Bribepem uz kyba Takue ero Bepiinibl A, B u C', 406 Touku O, A, B u
C' me jexkanau B ogHON miockoctn (puc. 8 B). B Terpasape O ABC Bce pébpa
NOCTOsIHHBIE (X JINHBI HE 3aBUCAT OT BPEMEHN), TOITOMY HI B OJINH MOMEHT
DTH YeThIpe TOYKHU He JeKaT B oAHOU mIockocTH. ClefoBaTelbHo, CMellaHHoe
npoussenenne Bekropos OA" OB’, OC" (opuenTupoBanubiii 06beM mapad-
JeJennIea, HATAHYTOIO HA 9TH BEKTOPHI) HE PABHO HYJIIO:

V() ¥ OA, 08,00 # 0.

OgHako 4epes moanepuojga t = 1'/2, Bce MIaHETH TepeMecTsATCS B jIHa-

MeTpaibHO TPOTHBOMOIOKHEBIE TO3UINN 1, CIeI0BATEALHO, BCE BEKTOPHI O—Ai
O—Bi OC msmensT croit 3naK Ha npotusonogoxkusii. Orciona V (1/2)=-V(0).
DOCKOMBKY V' HeNpephiBHO 3aBHCHT OT MapaMeTpa t, HAJAETCS MOMEHT Bpe-
MeHT tg, B KoTophiil V () = 0. B osToT MomenT Touku O, A, B, C' cTaHOBATCA
KOMILTAHADHBIME U MBI OJAYTaeM MpPOTHBOpETe.

¢ee

Ne8 (BPAMEHUE U TOMOTETHA). B R'? pacnoaosceno 7-wmepnoe meao.
Moo au e2o max épawyams, WMobbl OPMOLOHAALHAL NPOEKYUS IMO20 Me-
aa («menvy) na nodnpocmpancmeo {€1,...,€7} ymenvwaiacs 6vi 20Mmome-
muuno?

DEMEHUE. OTBeT: «Heab3si». JYCTh, HAPOTHB, MOXKHO, H NycTh A —

COOTBETCTBYOIIHNN TOBOPOT. B 6asuce K = {&,...,€r,..., €2, €13} MaTpuua
A pasmepa 13 X 13 nmeer Bug (0 < A < 1 — Koa(pPUUTEHT NOMOTETHN):
A 0
0 A 0
0 0 0
A=1"0 o A
(223 ag7
Q131 eeee Q13,7

DalnleM yCJIOBHA OPTOrOHAIBHOCTH MaTPUIEL A 111 IePBLIX 7 CTOJIGLOB:
. 2 2 _ 2 _
7 ypaBHeHHI g, t...tajs,=1-A (r=1,...,7),

21 ypaBHeHue agogp+ ...+ o,z =10 (1<r<k<T).
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DAaCCMOTPUM Teleph ceMb 6-MepHBIX BEKTOPOB

- - 6
ay = (048,17 .. -70413,1)7 ceey A7 = (048,77 .. -70413,7) eR
OMMHAKOBOH IIHHBL v/ 1 — A? U monapHO OpTOrOHAABHBIX. A TOIIa BEKTOPHI
i, ..., @7 1nHeiiHO HezaBucHMB B R® — npoTmBopedne.
‘oo

Ne9 (DALMOHAJIBHBIE PACCTOAHUSA 1 NUPATOPOBBL TPONKH).
B 1975 roay # mpemioxkui ciemyionlyio 3amady Ha Mexrynaporuyio MaTe-
MaTHIeCKYIO OJNMIHATY:

3AAAYA A. Moaceno au na oxpyscnocmu paduyca 1 pacnoaoxcums 1975
mouex mak, Ymobbl 6Ce NONAPHBIE PACCTNOANUL MENCAY HUMU ObLAYL PAYUO-
HAABHBLMY UUCAAMU ?

W pes pertttenust 5Toll 3ajadi OCHOBBIBAIACH HA TOM, YTO CYILIECTBYIOT IIH-
(paropoBul Tpoilki: a = ¢* — p*, b = 2pq, ¢ = p? + ¢*, TaK 9TO TPeyroOAbHIK
€O CTOpOHAMHU @, b, ¢ — TPAMOYTONBHBIN.

Do3Ke s MOCTAaBUI [PYTOMd BOIPOC:

3ANAYA D. Pycmb umeemcs muoxncecmeo S mouex ¢ R™, 6ce nonapuvie
PACCTNOAHUA MENCAY KOMOPBIMU — PAYUOHAAbHBIE Yucad. Bepuo au, umo amo
MHONCECTNEO KOHEUHO UAY CUEMMHOT

S pertina 5Ty 3a1a9y MOMOKHTENBHO CASAYIONHM 06pa3zoM. DYCTh CHavYala
n = 2 (mrockocTh). Bosbménm 1Be Touku A, B € S u conocTaBHM KayK 0N TOY-
ke X € S napy paccrosiuuii o Todek A u B. Xots no paccrosuusm AX u BX
ToykKa X He BOCCTAHABIMBAeTCHS OMHO3HAYHO, HO — He 6ojee, YeM JIBY3HAY-
HO, KaK mepecedeHne ABYX OKpyKHocTen ¢ nenrpamu A, B u pagnycamu AX
BX (puc. 9a). Taknm o6pasom, kaxgas Todka X € S nveeT paunoHaJIbHBIE
KOOPHHATHE B MOCTPOEHHOW CUCTEMEe KOOPJUHAT, OTKY/a MOIIHOCTH MHO-
KecTBa S He npeBwinaerT Ng. Anagsoruvxo perienue u s R™: Beibupaem n
«6a30BBIX» TOYEK U3 S U NPUNHUCHIBaeM Kax o Touke X € S n koopauHar —
paccrosauil oT X 10 6a30BBIX TOUYEK. DOJYYIaeM MHOKECTBO «PAIMOHAJbHBIX)
todek B R™, Tak aro |S| < Ng. (Touka X onpegensieTcs HeoTHO3HATHO, HO
He Godee, YeM IBY3HAYHO, — KaK HepecedeHue n cdep pasmeprHoctu n — 1.
[eTaan TOBOIBHO XJIOMOTHO ONMICHIBATH, I MBI HX 3/[€Ch ONYCKaeM).

A npempnoxkua obe 3amaun Angpero XogyJaéBY U MOJYYHI OT HEr'o O4eHb
HHTEPECHBIH W HEOXKU TaHHBIH OTBeT. Dellal OH uX B 06paTHOM MOpSTKe, CHa-
yaja 3ajgady o, norom A. Ero pellieHiie 0CHOBBIBaJOCh Ha CAeAVIOIIEH JeMMe.

JEMMA. Pa woboii cgepe S* C R” pazmeprocmu k = 0,1,...,n — 1 ¢
AOBBIM YERMPOM cOdePAHCUMCA He 6oaee ueMm CUEMHOE MHONCECTNEO MOUEK

u3 S.
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JIOKABATEALCTBO. Muaykuns no k. Ecan ma chepe S* mmeercs memy-
JeBoe YHCJI0 TOYeK HAIIero MHOXKECTBa, TO BhibepeM OmHy U3 HUX — X . Da-
30666 S ma «mapamtermy SFT': kamgan chepa SF1 cocTonmt m3 Touek,
paBHOy1aéHHEIX 0T X (cM. puc. 96). Torga Bcé muONKecTBO S N Sk romxuo
OBITE COCPEOTOYEHO Ha He Godee YeM CYETHOM ducjie TakuxX k — l-MepHBIX
cep, COOTBETCTBYIOIMINX PallHOHAJbHEIM PACCTOSHUSAM, U Ha KaxK ol cdepe
cojiepKuTCcs He Gojlee, YeM CHUETHOE YHCJI0 ToYeK us S. (|

Bozbmém Teneps a06yio Touky O € S pacCMOTPHUM BCEBO3MOXKHEIE ce-
per S”7! ¢ menTpom O, 06beuHEHIe KOTOPHIX COAEPKAT BCE MHOKECTBO S.
B cuay panmonanbHocTn Beex paccrosinuit oT O 0 OCTAIbHBEIX TOYEK MHOZKe-
cTBa S, 4ncio cpep S ! ne 6oree gem cuérno. CornacHo JeMMe Ha KaiKI0il
cpepe S™7! mmeeTcs He Golee YeM CUETHOE MHOXKECTBO ToUeK m3 S. De 60-
Jee deM CIETHOe MHOKECTBO He GoJjee YeM CIETHHIX MHOKECTB TaéT HaM He
foJiee YeM CUETHOE MHOXKECTBO, H YTBEpXKAeHUe 0 CY4ETHOCTH S, TeM CaMbIM,
3aBepIIeHoO.

DelllnB 3a a4y O, AHIpen mepemien K 3agade A: «/lymas Ha L >ToH 3agatden
(D), A, BO-TEPBHIX, NPUAYMal CIETHOE MHOKECTBO TOYEK Ha OKPY/KHOCTH C
PANNOHAJTBHBIMI PACCTOSHUAMNI MexX 1y HuMu (ycmienme 3ajgadn A). A Bo-
BTOPHIX, 1 MPAIYMaa OYeHb MPOCTOH CMocob MoKazaTeabcTBa (POPMYJI IS
I(aropoBEX TPoeK ducedr. BoT 4To on mpumryMa.l.

ODEMEHUE 3AAAYM A. Bo3bMéM Bce palnoHaJbHBIE TOYKN Ha € TMHITHON
OKPYKHOCTH — YIJB v C PalMOHAJBHLIM Sin v ¥ COS . Y IBOUM HX apry-
MEHTHl — TOJIYYNM [OIMHOKECTBO A MpersIyiero MHOKeCTBa (MMOCKOIBKY
sin 2« w cos 2« ToxKe OyAYT PANNOHATBHBIMI YHCIAMH). JACCTOSHIE MEeXK Iy
JIBYMS TaKHMH TOYKaMU 2« 1 23, paBHO (KaK Jerko MpoBepHTh)

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

Nrax, MuaoX)ecTBO A Ha OKPYKHOCTH VIOBJIETBOPAET YCAOBHUIO U CIETHO.
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DOPMY LI IS MUDPATOPOBLIX TPOEK YUCEI. DudgaropoBbl Tpey-
TOJBHUKHN 3TO BCé PaBHO, YTO pallMOHaJbHBEI€ TOYKHN Ha OKPYZKHOCTH.
Bo3bpMéM (1 B 9TOM COCTONT HEOKN TAHHOCTH!) TpOGHO-TNHEIHOE 0TOGPa-
141z

KeHue w = -—. O6pa3s BeriecTBeHHOW npsaMolt R npu »ToM oTobpazKkeHuun —
— 1z

eIMHUYHAA OKPYKHOCThHIO S Ha KoMmlekcHoll miockocTu (puc.9s). OTobpa-
JKeHWe w OCYIIeCTBASET B3aUMHO OJHO3HAYHOE COOTBETCTBUE MeK Iy palllo-
HAJBHBIMI TOYKAMI PACIIipeHHOI KoMILIeKcHOi miockoct C 1, B 9acTHOCTH,
MeXKIY palioHaIbHBIME TOYKaMu npsaMoil R u okpyzxuocTsio S, nockoabky
mpsiMoe u 0GpaTHOE 0OTOOpPAKEHUS B JeUCTBUTENLHOU BANUCH TPENCTABISIOT
paliOHaJbHble (PYHKIUN C PAllUOHAJNBHBIMU KO3(PPUIneHTaAMN.

P o
SO,ECT&BHHH Telnepb 2 = — I 3alluChbiBad B JeUCTBUTEJILHOM BH e, IOJYyYa-
q

eM (popMyaBl Jasa nudaropoBLIX Tpoek: a = ¢ — p?, b= 2pq, ¢ = p? + ¢>.
CyThk BTOT0O paccyK/[eHusi COCTOUT He B TOM, 4TO IOJIYYeHHAs TPOUKa

nugaropoBa (3To GBLIO H3BECTHO € CAMOT'0 HAYaJa), & B TOM, 9TO 6€3 BCAKNX

YCIIUH MOKa3aHO, 9TO 3TN (POPMYIALI JAIOT 6ce MN(AropoBLI TPOTKM!

Ne10 (CONPOTUBIEHUE I'PA®A). Patimu conpomusaenue mencdy coced-
HUMU Y3AAMU

a) MPo6OAOUHOZ0 NPABUALHO20 MHO202PaHHUKA (mempasdpa, kyda, OkK-
maadpa, dodexardpa u uxocasdpa);

6) beckoneunoti npasuabnoli cemru Ha naockocmu (xeadpamuoi, mpe-
Y20abHOtl, WeCUY204bHOT).

Conpomuéaenue omdeavro 63amozo pebpa (mexcdy d6ymsa 6epuiunamu)
pasno 1 om. Pa xkaxue 2pagvr moxcrno obobuwums amy zadauy?

OBCYKIEHUE. /Ins xkyba u TeTpasapa OTBeTH IPUBOIATCE B HEKOTOPKIX
3aJadHiKax 110 (U3NKe B pasfiele «DAeKTpudecTBo». [laf pelnenus 3agadu
Ha0 NpHUBIeYb 3aKOHEI Kupxroga o Tokax, NpoTeKalolnX depes BepIlnHbl
ceTH.

OTBeT: conpoTuBIeHNEe MeXKIy COCEIHHMH BeplIMHaMH 114 KyOa paBHO
Py = 7/12, a mast Terpasapa Prerp. = 1/2.

Mazke B »TUX ABYX cIydaAX pelleHle He oYeHb IIPOCTOe, I OHO HAMHOI'O
CJI0XKHee I OCTANbHBIX MHOIONPAaHHUKOB. OTBeTHI 118 HUX Takue: Foyrasmp =
= 5/12, Progexaonp = 19/30, 1 Prcocanzp = 11/30.

[lng KBapaTHON pelleTKN 3aada elé cloKHee, TaK Kak I'pad 6eckoHed-
mort. OJHAKO OTBeT [af pelleTKH He o4eHb cioxken. OH ecTecTBerHO 060061I1a-
eTcd Ha TaK HasbIBaeMble (IIPaBUILHLIe» Ipadbl. S Hallel >TOT zaMedaTelb-
HBEII OTBeT B OJHOM W3 IceM AHped H ceiMac NpHBeLy COOTBETCTBYIOIIYIO
BLLIEPKKY U3 DTOT'O IHCLMA.

¢JeJaBHO A MOJYYUI 0OGOOIICHIEe OTHOIO WHTEPECHOro (PaKTa, KOTOPHI
MBI KaK-TO ¢ To60il 06Cy:KTaan: HallTH CONPOTHBICHIE MeXKIY COCeIHUMH
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y3JaMu 6eCKOHEeTHON KBaIPATHON PEIIeTKH, COCTABICHHON W3 COMPOTHBICHTH
no ogHomy omy. OHo paBHO 1/20M, Kak u Iis TeTpasapa.

O606mmenne TakoBo. CHatqagaa onperenennus. BosbMem B rpade [ 1Ba cymex-
HbIX pebpa AB u AC. DTu pebpa Haz0BEM IK6USUIEHMHBIMU, €CIH CYIIECT-
ByeT aBTOMOp(usM rpada, nepesojsiui A B A u B B C. Bepumuny rpa-
dha HazoBeM yenwmpom cummempuu rpada [, ecin Bce peGpa, HHIHIEHTHBIE
eft, skBuBaJdeHTHE. ['pad [ HasbiBaeTCs npasuibibim, €CIu BCe €ro BepIn-
HBl — TMEHTPH CAMMETPHT Tpada. DPpUMephl TPABIILHBIX TpadOB: TPABIIH-
HBle MHOTOTPAHHHUKN JI060T pasMepHOCTH; MpaBHALHBIE DEIeTKH Ha eBKAN-
JOBOH TAOCKOCTH T TAOCKOCTH Jl06adeBCKOTO 1 HX MHOTOMEPHBIX aHaJorax;
CHMMETPHUYHBIE peleTKn Ha cdepe WIN TOpe W T.M. DeTPUBHATLHBIN TMpH-
Mep: rpad MHOTOTpaHHAKA, TOAYIEHHOTO N3 Kyba TPUCTaBICHIEM K Ka K I0H
IPaHN MO YeTHIPEXYTOAbHON mupaMute (MOBEPXHOCTH TOT'O MHOTOTDAHHMI-
Ka cocTonT n3 12 pom60B). OH HeTpHUBHAJEH TeM, 9TO €r0 BEPIINHBI NMEIOT
pasnyio crenens (4 u 6).

SAAAYA. Patdmu conpomusaenue mexcdy cocednumu eepuunamy X u Y
npasuabrozo 2paga ', ecau ece ez2o pebpa umerom conpomusaenue 1 o,

Jycrh n — obuiee dncio BepimH Trpada (ecam n = 00, TO moJaraem

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

=) (-0

ﬂOKaSaTeﬂbCTBO 2TOr o dpaKTa He OTIHNYaeTCs II0 CylleCTBY OT HOKa3aTeab-
CTBa OJs KB&,Z[paTHOfI pemieTKM».
A Ipeljaraio BCeM 3alHTepeCOBaBIINMCI 9TUM pe3yJAbTaTOM HOMNLITAaTLCA

ITOKa3aTh ero CaMOCTOHTeJIbHO5) .

¢ee

Nell (JIEMIMMOCTB YUCEN). Joxazams, umo 0as 4106020 HAMYPaibHo2o
wucaa k cyuecmsyem makoe Heyea0e YucAo o, UINo Oai 6CAK020 HAMYPU.ib-
Ho20 uucaa n uucao |a"| deaumes na k.

ODEMEHUE. durcupyem k. Da3zoBeM ompeskom n-20 nopadka Ji060H oT-

1 2
Pe30K BH A ’\l/N + 3 ’\I/N + 3 | e N — HaTypaJabHoe 9HCI0, KpaTHoe k.

Taknm o6pasoM, ecan A — OTpPe30K n-Io MOPAAKA, TO LIs 060N TOYKH
X € A, | X"| xkpatHo k.

5 o
B CIeTYIONIEM TIMChMe AHIPEN HAINCAT MHE, 9TO eMY YAaT0Ch 0606IIITE 3TOT Pe3yib-

TaT [ HAXOXKJIEHUS COMPOTHUBICHUS MEXAY Hecocednumu Bepumuamn rpada. OgHako Ha
rpad eMy IPHUILIOCH HAJOKHUTH CYllleCTBEHHO 6ojiee CHIbHOE orpaHmteHme, U hopMyaa IJId
CONIPOTHUBJICHNUA TaKiKe CYIIeCTBEHHO YCIOXHIIACE.
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JIEMMA. Ecau A = [a,b] — ompesok n-20 nopadxa v a > 3k + 1, mo 6
A codepocumesn xkaxoii-mo ompeszox (n + 1)-20 nopadxa.

- 1
JIOKABATEJLCTBO. [encrBuTenbho, b” — a” = 3+ OTKY 12
1 1
bn-l—l _an-l-l > bna_an-l-l :a(bn_an) — ga 2 k—|—§ .
DosTomy Mexkay uncaamu ™! b7 o6azaTennHo HalizeTcs oTpe3ok BHIa

N + %,N—I—% ,rre N geantcs ua k. CiregoBaTelbHO, [’\I/N—I— ; ’{/N—I—%]C

C A. JlemMma gokasamna.

DacCcMOTPUM Teleph BIOKEHHYIO (COMIACHO JeMMe) CHCTeMY OTPe3KOB
mepBOT'O, BTOPOT'O, TPEThero, U T. . MOPpAAKOB. X mepecedenne HemyCcTo, 1
Jiboe dUCJI0 (v U3 DTOrO MepeceveHus [TaeT pellleHne Haied 3ajgadqu. [lei-
CTBUTENbHO, Y2Ke OTPe30K NepBOro NOpfAAKa He COJNePXKUT HelblX Todek, TaK
4YTO (v He MOXKeT ObITh LeJdbIM.

¢ee

Nel2 (DOCJAEIHUE UUPPBL CTENEHU YUCTIA). Kax mensomes nocied-
nue 200000 yugp wucaa

32

7
10°° 5*
N =11 -6
npu e2o ¢ozsedenuu 6 cmenenv n=1,2,3,...7

DEMEHUE. Otset: 200000 nocaednuzr yudp wucea N u N cosnadarom.
Dajlo T0Ka3aTh, 4TO /U KaXK OO HATYPAIbHOTO N

N"=N (mod 102909, (1)

Daitizem caagara N mod 10%20°°%°, Bocnoanayemcs mig 5Toro ¢-pyHKIHER Dil-
aepa: @(k) paeno uucay mHamypasbHuir uuced, He npesviuaowur wucia k u
62aummno npocmux ¢ k. Yncno ¢(k) 1erko HaxoanTes mo Takoi GopuyJe:

c,o(k):k-(1—pil) (1—]%2)(1—]%)

riae p; < pp < ... < ps — BCe pasandHbie npocThie geautenu k. Ecam k =
= 10299990 1o enuHCTBeHHBIe OPOCTLIE JeJNTeln k paBHLL 2 U 5, Tak 4TO

pk)=Fk (1 - %) (1 - %) = 41099999 DanoMHEM TaKikKe 3HAMEHHTYIO TEO-
pemy Ditiepa 0 p-(PYHKIHH:

TEOPEMA DUAEPA. Ecau wucaa a u k 63aumno npocmoi, m.e. (a, k) =1,
mo a®*®) =1 (mod m).
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7
Tax xax 95 > 200001, wmcao 10%° Jeautes na (10200000

TeopeMe Jiliepa

, OTKYTa IO

87
11" =1 (mod 10%°9000),

2
O6o3naany m = 5%° , TOT T2
N=1-6" (mod 10%°9°%), (2)
DaM JOCTATOYHO JOKA3aTh PaBeHCTBO (1) 1is n = 2, TOrJa OHO BEPHO W IIs
Bcex n > 2. BosBexem (2) B kBagpat:
N =146%"-2.6" =N +6*" —6™ (mod 107°9°%).
DO1PTOMY TOCTATOYHO JTOKa3aTh, 4TO
6°" = 6™ (mod 1079°°%).
Dockoabky m > 200000, 62 = 6™ (mod 220°990) (oGe wacTu cpasunmb ¢ 0),
TaK 9TO JOCTATOYHO JOKA3aTh, YTO
6 =1 (mod 5209099, (3)
OnHaKO [OKa3aTeqbCTBO CpaBHEeHNs (3) Helb3s MOMYYHTH HEMOCPEeJCTBEHHO

I3 TeopeMbl Jiljepa, MOCKOIbKY M He [eJUTCS Ha 99(5200000) =4 . 5199999
D03TOMY TOCTYIUM TaK: pacnuiieMm 6™ Kak OGHHOM,

6" = (1+5)"=1+Cp -5+C2 -5 4 ...+ CI.5™;
HAJI0 J0KA3aTh, 4TO

Cl.54+C* .52 4 ... +C™.5" pernrcsa na 5200000, (4)
O6osnadnm depes degy L HanGOMBIIYIO CTENEHD MATEPKH, HA KOTOPYIO MeJuT-

ca L, w nooboznaunm degs % = degy L — degs M. Torma

degs C7, = deg; i —11)2("1; ) -
m—2‘ ‘m—r—l—l‘l)_

2 r—1 r

-1
= deg; (m-ml :
m—r—+1

-1 -2

k
= 0 mas Bcex

Yuurssasg, uto m = 5!, rae | = 4%, noayaem, aro degs ——
k=1,2,...,r — 1. DooTomy degs C7 = degs =z SHavuT,
r
degs (C, - 57) = degs (™ +57) > deg; m = 47 > 200000.
r

Urak, yrBepx genne (4), a ¢ HuM 1 (3), fOKa3aHbl. JTHM 3a1ada pelleHa.

¢ee
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