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KONNEKUUA TONOBOJIOMOK

BPYCO4YKWU

B atom roay ucnonusetcs 100 net ogHON 3ameyaTenbHOWM roNnoBONOMKE, CTaBLIe
POfIOHAYanbHMULEN Lenoro cemeicTea nofo6HbIX Urp. ABTOpP ronoBosIoMKH JIblonc
Xapaw Ha3biBan ee 4eMNUOHCKOM. Ho ceityac oHa Gonblue U3BECTHA KaK «KNOLKU»
(klotski — aHrnuiickoe HanucaHue nonbckoro cnosa klocki — pepessHHbie 610KK).
lonoeonomka Xapau usobpaxeHa Ha pucyHke B LeHTpe. TpebyeTcs nepesBuHyTH
60NbLWOI KBAZPAT 13 IEBOrO BEPXHErO B IEBLII HUMXHMUIA YroN, He BEIHUMAS
6pyCcOYKOB U3 KOPOOKM.

(IpodonxeHue — Ha cmpaHuye 18 8Hympu xypHana)
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[Tpamaa CnnbBecTpa

C.TABAYHUKOB, B.TUMOPUH

3apayda

B 1893 roxy CuibBecTp mocTaBuJ Takyio 3aady [1]:
6EPHO U, UMO CPedu 1106020 KOHEUHOZO MHOXKeCMEd
moyex Hd NAOCKOCMU, He JeKAUWUX HA 00HOU NPSAMOT,
Hatidemcst napa mouex Maxdas, 4mo npoxoosuyds uepes
HUX NPSAMASL He CO0ePKUM HUKAKUX OPY2ux mouex 0anHo-
20 mnoxecmea? (Takast npsiMasi, €CJiM OHA CYIIECTBYET,
HaspiBaercs npsamoi Curveecmpa.) Heemorpsi Ha ateMmen-
TapHyio (JOpMYJIUPOBKY, 3a/la4a OCTaBaJaCh HEePeIeHHON
40 ner. Bo3MOKHO, €10 NPOCTO HUKTO He 3aHuMascs. B
1933 romy wu3BeCTHDBINl BEHIepCKUIl MaTeMaTHK Ip/ell
nepeoTKpbll 3ajauy CusbBecTpa M, MOCJE HECKOJbKUX
HEeYJAUHbIX TIOTIBITOK €e PEIINTh, COOOIINT ee CBOeMY
koutere Tu6opy I'prorBasbay (mosske IproHBaIb CMEHIT
cBoio gammnio Ha [anman; oH 6oJee n3BeCTeH MO 3TOH
BTOpOit hamumueii). Tamman Bckope pemma sagavy. OpHa-
KO IIMPOKYIO M3BECTHOCTb OHa ToJyunsia emnie yepe3 10
ger, B 1943 romy, korma Ipemn omyO6JUKOBAT ee B
MOy JISPHOM aMEPUKAHCKOM MaTeMaTHYeCKOM JKypHaJie
American Mathematical Monthly [2]. OanoBpemernno ¢
3a/avueil B pelakinuio ObLJIO MPEICTABIEHO U DeIIeHIe,
noJstydyennoe l'asan. Bekope B pelakiinio mocTyIIIIOo elle
HECKOJIbKO pellieHu#, mosryyennsix bakom, Kesn, [lreiin-
6eprom u CTHHPO/IOM.

Orser Ha Bonpoc CuJbBecTpa MOJOXKUTEIbHBIH:

Teopema 1. /l15 1106020 KOHEUNHO20 HEKOAAUHEADHOZO
(m.e. ne nexawezo na o0HoU NPAMOIL) HAGOPa Mouex na
naocxocmu cywecmeyem npamas Cuiveecmpa.

Mp1 6y1eM Ha3bIBATD 3TO yTBep:KAeHue meopemoii Cuv-
eecmpa — 'arnau. 3aMeTnM, 4TO TIepBOe OIyOINKOBAHHOE
JIoKaszareabcTBo 210l Teopembl (1941) mnpuHajIeKuT
Meabxnopy. VI3BeCTHO MHOKECTBO JI0Ka3aTeIbCTB Teope-
Mbl CusbBecTpa — l'asyian, HCHoJIb3YIONUX U/IeH U3 CaMbIX
pasHbIX o6sacTeil MaTeMaTuKu. MbI 06CyIUM HEKOTOPbIE
13 3TUX ujieil. Bo-1epBbIX, Mbl pyKOBO/JCTBYEMCS TPUHIIH-
IIOM: 110J1e3Hell 3HaTh Pa3JInuHble J10Ka3aTeIbCTBA OJ/HON 1

LDk CuyibBECTp

[139paewy
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TOW Ke TEOPpEMbI, 4E€EM O/IMHAKOBbBIEC JOKa3aTEJIbCTBa pa3-
HbIX TEOPEM. BO-BTOprX, pa3jiMuHbICe H/IE€N /I0Ka3aTeJsb-
CTBa TEOPEMbI CHﬂbBeCTpa_raJIJIaH CBA3aHbl C pa3JINIHbI-
MH MaTEMAaTUYECCKUMU TEOPUAMU, U Mbl XOTHUM /JaThb YNTa-
TEJIIO TIpEe/ICTaBJJICHNE 006 3THX TEOPUAX.

HemHoro ucropumn: Cunbeectp, paew un Nannan

[Tpesk e ueM TOBOPHUTBD O pelleHnsx 3a1aun CHIbBeCTpa,
CKa)keM HECKOJIbKO cj1oB 0 camoM Cusbsectpe (1814—
1897). dro maremaruK, nosyduBIImii GpyHAAMEHTATbHbIE
pe3yJibTaTbl B TCOPUM MHBAPUAHTOB, HMOJUJIMHEHHON aJ-
re6pe, Teopun ynces u kombunaropuke. Keratu, CuibBe-
CTPY NPUHAIJEKUT TEPMUH <«JeTepMHHAHT». Kasunm n
CusbBecTp — BOT JBa CaMBIX 3HAMEHWTBIX MaTeMaTHKa
BUKTOPUAHCKON AHTJINN.

Jlxeivc [Ixo3ed CuibBecTp poJuics B ceMbe KyTITia
Abpaxama [Ixozeda. Dammamio CHIBBECTP OH B3SLI
no3xe. CUIbBECTP CMEHWJ HECKOJBKO MIKOJ U KOJLIEI-
JKell, a 3ateM yumics B KeMOPHIIKCKOM yHUBEpCUTETE.
Tam OH 3aHAN BTOpPOE MECTO IO Ppe3yJbTaTaM OYeHb
CepPbE3HOTO BBITYCKHOTO MaTeMaTHYeCKOTr0 aK3aMeHa. JK-
3aMeH, B IPUHITUIIE, [IaBaJ IIPABO Ha MOJyYeHNEe OJHOBPe-
MeHHO cTerneHeil 6akanaspa u marucrpa. Ho CusbBecTp He
[IOJIYYMJI 9TU CTEIIeHH, TaK KaK 0TKAa3aJICs OT COOTBETCTBY-
1onieit GopMasIbHON MPOIIEY Phl, BKJIIOYABIIEN TPU3HAHIE
KAHOHOB aHIInKaHcKoi 1epksu. Hayunble crenenu Cuib-
BECTP MOJIYYILT TOJBKO Yepe3 4 Tofia, yike Oyaydn mpodec-
copoM (PM3HKH B JOHIOHCKOM YHUBEPCHUTETE.

Cpagy nocie atoro CusbBectp niepeexan B CIITA, yTo6b1
MperojiaBaTh MaTeMaTuKy B YHUBepcuTeTe Bupxuuum.
Tam on He npopabotas u ngatu Mecsies. [Ipuynna yxona
cocTosjia B TOM, YTO KOJUIETH HE TOJIEPKATH €ro B
CTPEMJICHUH BBITHATD OJIHOTO CTY/IEHTA.

[Tocne 6esycnemnmnoro noucka pa6orsl B CHIA Cuib-
BECTD BEPHYJICS B AHTJINIO U cTaJ paboTaTh CIEINaJINCTOM
o OlleHKe (PUHAHCOBBIX PUCKOB CTPAXOBBIX KOMITAHUI.
Tombko B 1855 roay (t.e. B
Boapacre 40 jier) emy yaanoch
MOJIYYUTDh TIOCTOSTHHYTO aKajie-
MUuecKylo nosunuio B Kopo-
JIEBCKOII BOeHHOIl akajieMuu B
Bysuue.

Tax BbITILIO, YTO paciBeT Ma-
TeMaTnieckoil Kapbepbl Chiib-
BeCTpa IpUIIIeics Ha TeHCUOH-
eIl Bo3pact. B 1877-1883
rogax CubBecTp BO3TJIABJISI
OT/le/IeHe MaTeMaTHKU B aMe-
PUKAHCKOM Y HHUBepcCHUTETe
[>xonca XomkuHCa, OCHOBAJ
«AMepUKaHCKII MaTeMaTHIec-
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kuii okypHaa» (American Journal of Mathematics). C
1883 roa 1o kouta xxusznu CusrbBecTp pyKoBouJI Kade/1-
poii reometpun B Oxcdope. 3agada CuibBecTpa IMpuxo-
JINTCS HA 3TOT, TIOCJAEHUI, TIepno/i ero kusnu. HemaBHo
nosiBUJIach MoipoGHast 6morpadus Cuabsectpa [3].

Wma Ilana Ipmema (1913-1996), omHOro m3 cambIx
M3BECTHBIX U BJIMSATEJIbHBIX MaTeMaTtnkoB 20 Beka, KOHeu-
HO, 3HAKOMO yuTaressiM; eMy 3agada CusibecTpa o0si3aHa
CBOEH 3aI103/1aJI01i TIOMYJISIPHOCTHIO. 32 CBOIO KU3HDb IJP-
jem ony6iukoBan 1475 MaTeMaTHyecKux crareii (ato
a6COJIIOTHBIN PEKOPJL CPEI MaTEMATHKOB BCEX BPEMEH U
Hapo/I0B) . BOJIBIIMHCTBO cTaTeil GbLI0 HAIIMCAHO € COABTO-
paMu, KOTOpbIX HacunTbiBaeTcs 511. B cBs3u ¢ aTuM 661710
BBEJIEHO «4NCJI0 JpAerias . Unemro Ipaenna s MaTeMaTh-
Ka — 9TO KOJHUYECTBO COABTOPOB, OT/EJSIONINX €ro OT
Ipaema. Yucnao Ippema s camMoro Ip/elia paBHO
HYJIO, Y €T0 COaBTOPOB 3TO UYUCJIO PABHO EIWHHUIE, Y
COABTOPOB COABTOPOB — [IBOIiKe, W T.A. DBOJBITUHCTBO
AKTUBHO PAGOTAIONIUX MATEMATHKOB MMEET MAJIble YHUCJIa
Ipaema (we Gosbime 8). Hampumep, umcaa Ippenia
ABTOPOB 3TOI CTATbU PABHBI 3 1 .

Tu6op Tamman (1912-1992) Obinr GaM3KEM APYTOM
Ipaernia. Ene 3a1071r0 710 TOT0, KaK OHY BIIEPBbIE YBU/IEIN
Jpyr [pyra, OHU ObLIN 3HAKOMBI 3A0YHO, KAaK CaMble
AKTUBHBIE YYACTHUKN KOHKypCa MATEMATHYECKUX 3a]1ad,
MPOBOJANMOTO BeHrepcKkuM MaTeMaTHYecKUM >KypPHAJIOM
A crapmeil mkoabl (9TOT KypHaa ObL1 GJIM30K 10
cozepKanmio K skypHay «Kpant» ). Tamman cram nobeau-
TeJIeM TIPEeCTIKHON MaTeMaTHIeCKON OJTUMITHAIBI JTBEIIa
1, KaK TaKOBOM, ObLT IIPUHAT B YHUBEPCUTET BHE KOHKYP-
ca. OusmMmnuaja ITBela — caMasl crapasi B MHUpPe, OHa
npoojutcst ¢ 1894 roma mo wauIMaTuBe BeHrepckoro
(usuko-maremaruueckoro o6IIECTBA, KOTOPOE BO3IJIAB-
JISLTT B TO BpeMs U3BecTHbBIN (husnuk 6apon Jlopan ITserr.
Muorue nobeauresn 9TONH OJUMIIMAIBI CTATH B MOCJIE[-
CTBUU 3HAMEHUTBIMU MaTeMaTHKaMH U (PU3UKAMHU.

Kennun n LUtenHGepr

Tenepn, TocJie JOATOTO NUCTOPUYECKOTO BBEJEHUS, TIPHU-
cTynuM K MateMaTuke. [loskasyii, caMoe mpocroe JoKasa-
TeJbCTBO TeopeMmbl CusbBecTpa—lamian mpUHALIEKUT
Kesmu (ono 66110 ony6mkosano Kokcerepom [4]).

Wnes nokasatenbcTBa COCTOUT B caeaytonieM. [Ipesamo-
JIOKUM, JIJIsI HEKOTOPOTO KOHEYHOTrO MHO)KecTBa M TO-
YeK Ha IJIOCKOCTH TpsiMoii CuibBecTpa HE CYIIECTBYET.
Torsa HaM HY»KHO /I0Ka3aTb, YTO BCEe TOYKM KOJJINHEAp-
ubl. [Ipeamnonoxum, 4yto 31O HEe Tak. PaccMorpum Tpm
HeKoJumHeapHble Toukn A, B m C u3 MHOXectBa M,
Takme, UYTO paccTosgHue OoT Toukn A mo mpsmonr BC
MUHUMaJIbHO (T.e. cpeim BcexX Map <«TOYKa MHOKECTBa
M> u <«upsiMmasi, COeAMHSIONAsT JBE Pa3JUYHble TOYKH
MHOKeCTBa M» BbIOEpEM TaKyio, B KOTOPOI PacCTOSTHUE
OT TOYKH [0 TPAMON IOJOKUTENBHO U MUHHUMAJIBHO).
3amernm, uto npsMas BC coJep:kuT 1o Kpaiineii mepe
TPU TOYKHM MHOKecTBa M, mHavye oHa OyeT MPsSIMOI
CunbBectpa. Torma aBe m3 atux touek, ckaxkeM B u C,
JIeKAT TI0 OJIHY CTOPOHY OT OCHOBAHUS TI€PHEHINKYJIS-
pa, omytieHHoro u3 toukn A Ha npamyio BC. IIporuso-
peure ToJiyyaeTcs U3 Takoro (pakTa: pacCTOSHUE OT O/I-
HOU M3 3TUX TOYEK JIO MPIMOi, coenunsionieir A ¢ apy-
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MEHbIIle, YeM PaccTosi-
HIe OT A 10 TpsAMOou

roit ToukoM, Gymer A
BC (puc. 1). i

Yupaxxnenue 1. [[oka-
JKUTE, YTO BBICOTA TYTIOY-
TOJIBHOTO TPEYTOJbHUKA,
OITyII[eHHAs U3 BEPIINHDI TYIIOTO YIJIa, MEHbIIE BBICOTDI, OIYIIeHHOM
13 BEPIIMHDI OCTPOrO yria. JJOKaKHUTE TakyKe aHAJOIMYHOE yTBEp-
SKJIEHHE JIUIS TIPSIMOYTOJIBHOTO TPEYTOJIbHUKA.

Puc. 1 B ¢

Pemenme Kennm odeHb mpocTo, HO 06JaaeT TaKnuM
HeoeTatkoM  (CKOpee JCTeTUYECKUM M METO/0JIOTHYec-
KHM, 4eM COGCTBEHHO MaTeMaTnaecknm). B popmympos-
Ke 3a[a9H UCTIOIb3YIOTCS TOJBKO MOHATHS TOUKH, MPSIMOIT
1 OTHOTIIEHNUS TPIMHA/IESKHOCTH. EBKJINIOBO pacCcTosSTHNUE B
Hell Hukak He ¢urypupyer. Ha camom gene, ecTb MHOTO
C1I0COO0B OIPEIEJIUTD «PACCTOSHUE» HA MJIOCKOCTH. JTH
pasHble «PACCTOSHUA> OTJMYHBI OT IPUBBIYHOTO €BKJIM/I0-
Ba paccrosinus, HO o6uagaor moxoxxumu (miam jaske
WJEHTHYHBIME) cBOWicTBaMu. To, Kak ONpeessieTcst pac-
CTOSIHME, HE BAXXHO /I OTHOIIEHUS [PUHAJIEKHOCTH
MEsK/ly TOUKAMU 1 IPAMbIMU. MHOTHE U3 aIbTePHATUBHBIX
«PacCTOSTHUIT» MOTYT OBITh MCHOJb30BAHBI B I0KA3aTeEIb-
ctBe Teopembl CnbBectpa—lamman. Kaxercs ectecTBeH-
HBIM TaKOI BOIIPOC: MOKHO JIT 0G0HTHCH B I0KA3aTEIbCTBE
TEOPEMBI TOJIbKO PACCMOTPEHNEM B3aUMHOTO PACIOJIONKE-
HILSI TOUEK U IMIPSIMBIX, HO He ICII0JIb30BATh TAKMe MOHATHS,
KaK paccTosHUE, YTroJ, TepleHAuKyasap u T.14. OKa3biBa-
eTcs, MOXKHO JIOKa3aTh TEOPEMY, MCIIOIb3Ys TOJBKO OTHO-
HIeHue TPUHAJICKHOCTH MEXK/Y TOYKAMMU M IIPSAMbIMU U
OTHOIIIEHUE TOPS/IKA MEX/y TOYKAMU Ha IIPAMOIl: Takoe
JlokazaTesabcTBO npuHaaiexut HlteiinGepry.

Yupaxxnenue 2. PaccMOTpUM KOHEYHOE MHOXKECTBO TOYeK M.
Boi6epem Touky X n3 M u npsamyto L, TPOXOASAILYIO Yepe3 TOUKy X
U HEe CcoJepyKallylo JAPYrMX To4deK MHOxkecTBa M. Mbl MoxeM
CYNTATD, YTO HU OJ[HA TIPSAMAasi, PoOXosdiias yepe3 X, He SBJSETCS
npsamoii CuabBectpa (nHade Teopema mokasana). Hasoem coedu-
HUMEJbHOU NPAMOU TIPAMYIO, COJEPXKAIIylo II0 MeHblIell Mepe 2
TOYKM MHOXecTBa M. $IcHO, YTO CyIIeCTBYeT TOJIbKO KOHEYHOE
YICJIO COCUHUTENbHBIX TPSAMBbIX. Cpe/l ToYeK TepeceyeHus Impsi-
Moii L ¢ Pa3/IMYHbIMU COEIMHUTEJIbBHBIMU TTPAMBIMU Haﬁ[{eTCﬂ TaKasia
TouKa Y, 4To 0Tpe30oK XY He COAEPIKUT PYTUX TOUEK TEePEeCeUeHus.
JlokaxkuTte, 4TO COCAMHUTETbHAS TIPSIMast, TPOXOAAIIAs Yepe3 TOUKY
Y, aBaserca npsamoii CuibBecTpa.

Vxasanue. Eciu uer, T0 coepunutesibias npsiMasi Ly , mpoxo-
namnasg yepe3 Y, COAEPIKHUT MO MEHbIIEH Mepe TpU TOYKH MHOKe-
crBa M. 3HauuT, ¢ KAaKOHW-TO CTOPOHbI OT Y Ha npsiMoii Ly jesxar
nBe Touky MHOKectBa M. O6Go3HauuM 4yepe3 Z Ty U3 TOYEK C ITOi
croponbl ot Y, Kotopas Gyaer Bropoii 1o cuery or Y (B cMbicae
nopsiika Touek Ha npsamoii). OmHy u3 Touek MHOKeCTBa M,
JleKamux Ha npaMoil XZ, MOXKHO COeIMHUTb C OJHOH U3 TOYeK
MHOKecTBa M, Jiekalmx Ha mpsiMoit Ly Tak, uTo nepecedeHue
COOTBETCTBYIOMIEH COCANHUTEIBHON IIPAMON ¢ IpsAMOIl L HaXOAuT-
cs crporo BHYTpu oTpeska XY (31ech HysKeH HeGOIbLIONH T1epeGop
Pa3JMYHBIX BapMAHTOB PacHoJOKeHusi Todek). IIpormBopeune c
BBIOOPOM TOYKH Y.

Fannan

Hameuennoe Bbitire gokasareabctBo [TeiinGepra sBisi-
ercst Mojidpukarmeii jokazaresabera Lasmman. Camo joKa-
3aresbetBo [asmman ucrosb3yer 4yTh 6GOJIbIle, & UMEHHO,
Mepy yTJIOB U TIOHSTHE TapasieTbHOCTH.
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CHoBa paccMOTpPHUM IpAMYyI0 L, TPOXOAAINYIO POBHO
yepe3 oaHy Touky X Hamiero Muoxecrsa. IIpegcraBum
cebe TITOCKOCTDb BJIOXKEHHON B TPEXMEPHOE MPOCTPAHCTBO
(4TO6BI OT/IMYATD €€ OT APYTHX IJIOCKOCTEH, Ha30BeM ee
Hauaavholr), n 3apUKCHPyeM HEKOTOPYIo Touky O, He
NPUHAJIEKATYI0 HavaabHol mnockoctn (puc.2). Uepes
Touky O U IPSAMYIO L IPOXOAUT eAMHCTBEHHAS [1JIOCKOCTD.

Hauvanvras
NAOCKOCHLD

Puc. 2

Paccmorpum napasiesbHyIo eif 10ckocTb P, u cripoeliu-
pyeM HayaJbHYIO IJIOCKOCTD Ha IJI0CKOCTh P 13 Toukn O.
3ameTuM, 4to npsiMasi L He umeeT o6pasa Ha IJI0CKOCTH P,
MOCKOJIbKY HUKAKOM JIy4, HaunHaouiica B O 1 Tpoxo/is-
muii yepe3 L, ne nepecever P. Boipaskasicb o6pasno, L
MEepeXOANT B «6ECKOHEYHO yIaJeHHYIO TIPSIMYT0 Ha TLI0C-
koctn P». Yerkoe yreepxaenne (KOTOpoe HETPYIHO MPO-
BEPHUTb) COCTOUT BOT B YEM: TIPSAMBIE B HAYAIbHON ILJIOCKO-
CTH, TIPOXO/ISAIINE Yepe3 OIHY U Ty Ke TOUKY Ha ITPSIMOi
L, mpoenupytoTcsi B napaJsebHble MpsMble.

HamomunM, uto mpsmasi L TPOXOAUT uepe3 POBHO
onny touky X MHoxkectBa M. Kpome Toro, Mbl MOKeM
mpeosaraTh, YTo Bce MpsiMble, poxozsdiiue yepe3 X u
ele OJIHy TOUKYy MHOKecTBa M, 06s13aTEJIbHO COJEpIKaT
KaKylo-HUOYZb TPETbI0 TOUKy MHOxectBa M. OG6Gpasb
9TUX IIPAMbBIX IPU Halllell IPOEKIUN ABJSIOTCS TapaJ-
JIEJIbHBIMU IIPSMbBIMH, COJEPsKalllUMU 110 MeHbllell Mepe
10 JiBe TouKM MHOXkecTBa M' (11poexinu MHOKecTBa M
Ha nmockoctb P). Tenepb nokaszatebetBo TeopeMbl Crib-
Bectpa—lannan mosydaeTcst M3 cJeayIoNero yTBepsK/ie-
HUS.

PaccmoTpnM KOHETHOE MHOKECTBO M’ Ha TJIOCKOCTH 1
KOHEYHOE MHOKECTBO MapaJIJIeJIbHBIX TIPSIMBIX, TAKOE, UTO
Kayk/1asl M3 9TUX MPSAMbIX COJIEPIKUT M0 MEHDIIEH Mepe /[Be
TOYKHM MHOKecTBa M', 1 Bce TOUKM MHOKecTBa M cojep-
JKaTcs B OObeMHEHNN TUX MPSIMBbIX. PaccMOTpuM Iipsi-
MYIO, COEMHSIONIYIO JIBE TOUKN MHOKecTBa M' 1 06pasy-
IONYI0 HaWMEHBINNH HEHYJIeBOH YroJ ¢ HampaBJeHHEeM
paccMaTpuBaeMbIX Ia-
PAJLJICTIBHBIX  TIPSIMBIX.
Jra 1pgaMas He MOXKeT
cojlepskaTh HUKAKOM
TpeTbell TOYKM MHOXKe-
ctBa M'.

JleiicTBUTETHHO, €CITI
aTa TPsIMast COJEPIKUT
tpu Touku A, B u C,
TO OfHA U3 MPSAMbBIX, coeanusgionux A wan C ¢ Toukon E
wim D muoxkecrBa M, o6pasyer ellle MEHBIIUIT yroJl ¢
HaIrpaBJIeHreM HamMX npsambix (puc. 3).

Puc. 3

‘ 01-18.p65 4

*

i

[T 1T ||

2009 /Neb

CKOnbKO NpAMbIX?

YKaxkeM o/IHO MHTepecHoe cJiejicTBre TeopeMbl CHiib-
Bectpa—lannan.

Teopema 2. I[Ipednosoxum, wmo ommeyuensi n movex Ha
NAOCKOCIU, He JeKauux na 00nou npsmou. Tozda nai-
demcsi no menvulell mepe n NPAMuLX, COeOUHAIOUUX NAPL
OMMEUCHHBLX TMOYUEK.

JokasareabcTBo. DyjieM BecTn HHAYKIUIO IO KOJIYe-
cTBY To4eK. [[Jis TpeX HEKOJLIMHEAPHDIX TOYEK YTBep:K/ie-
Hue oueBuHO. [IpeanonoxumM, 4To yTBEPIKIEHIE T0KA3a-
HO JIIsT TI060ro Habopa U3 7 TOUEK IJIOCKOCTH, He JiesKa-
WX Ha OJHON TpsiMoii. PaccMorpum Tenepb HaGOp W3
n + 1 BoigesieHHol Touku. [lyctb A — ofiHAa U3 3TUX TOYEK.
Ecsm ocraBiimecs n BbIJI€JIEHHBIX TOYEK JIEJKAT HA OHOI
MpsIMO¥, TO, COEMWHSIS KAXKAYI0 U3 HUX C TOYKOH A,
MOJIYYHM ellle 7 TIPSIMBIX; YTBEPIKIEHUE OKA3aHO.

[Ipenosokum Terepb, YTO OCTABIINECS 1 BbIJIEJIEHHBIX
TOUEeK He JeXkar Ha omHoil mpsmoii. Torma, cormacHo
MPE/IIOJIOMKEHUIO UHAYKIUN, OHU OIPEIeJISIOT M0 MeHb-
1meit Mepe 7 IpaAMbIX (Kask1as U3 KOTOPBIX COEAUHSIET [BE
13 OCTaBLINXCS BBIAEJICHHBIX TOUEK ). MOMKET TaK CJIy4uTh-
Cs1, YTO BCE ATH MPSIMbIE TIPOXOAT Yepe3 Touky A. B atom
cJiyyae Ha30BeM TOUKy A naoxoi. Eciau Bce BblieIeHHbIE
TOYKH TIJIOXHUE, TO MPsIMasi, COJEPsKAIIast JBE BbIJeJTeHHbIE
TOYKH, 00SI3aTEIHHO COJMEPIKUT U TpeTbio. [IporuBopeune
¢ Teopemoii CusbBectpa—lamnman.

3ameuanue. EcTeCTBEHHBIH BOMPOC: CKOJBKO TTPSIMBIX
CusbBecTpa orpe/ieisieT JaHHOe HEKOJITHHEAPHOe MHOKe-
ctBO U3 n Touek? V3Bectro [5], uto npsmbix CusibBectpa
JIOJIKHO OBITH He MeHblie, ueM 3n /7. TaHncen pokasani B
cBoeii gnccepramn (1981), uro npsambix CusbBectpa
Bcerja He Menblile, ueM 7,/ 2. K coxkajeHnIo, Jokasare/ib-
cTBO 'aHceHa O4YeHb CJI0KHO, W €ro HUKOMY He Y/aJoCh
MPOBEPUTH. YHTap JoKazas [6], 4To n Touek, He JeKaInX
Ha OJTHOI MPSIMOIi, OIIPe/IesIAIOT 10 MeHbleil Mepe 2[n /2]
Pa3HbIX HAPaBJEHUN. DTy OLEHKY HeJb3sl YJIYUIIUTD.

Ha ccepe

O6cyauM eliie OIHO JI0KA3aTeabCTBO TeopeMbl ChibBe-
crpa—Tanman. OHo 6bL10 ipeioskeno E.Mesnbxuopom w,
nesaBucuMo, H.CTunposmoM — n3BeCTHbIM aMepUKaHCKUM
TornosoroM. M caMo J10Ka3aTeJbCTBO TOMOJOTHYECKOE.
Haunem ¢ Toro, 4To TepeiifieM ¢ TIOCKOCTH Ha cepy.

PaccMoTpuM TieHTpasibHYT0 TPOEKIHIO chephbl Ha MI0C-
KOCTh. lleHTpasbHas MPOEKINS — 3TO TaKOe 0TOOpaKeHIE
cepbl Ha TTOCKOCTD, TIPU KOTOPOM TpsiMast, COCAMHSIO-
mas Touky cdepbl ¢ ee 06pa3oM Ha IJIOCKOCTH, BCETIa
MIPOXO/IUT Yepe3 1eHTp cepbl. Mbl MOKEM ITPOEIUPOBATDH
chepy Ha J06YIO IIJIOCKOCTH, HE TMPOXOJSIIYIO 4Yepe3
1eHTp. IIpu Takoit TpoeKnn B KasK/1yI0 TOYKY IIJIOCKOCTH
6yzeT 0To6pakaThCs Tapa AMaMEeTPATbHO ITPOTUBOIOIOK-
HBIX Touek cepbl. Kpome Toro, Ha cepe Haiimercs takas
GoJbIast OKPY>KHOCTH (T.€. TIepeceuene chepsbl ¢ MI0CKO-
CTBIO, TPOXOAIIEN Yepes HeHTP cepbl), MPOEKINT TOUEK
KOTOPOH He OTpe/iesieHbl. JTAa OKPYKHOCTD MapaJiiesibHa
IJIOCKOCTH, Ha KOTOPYIO MBI ITPOEIUPYEM.

OmnuteM Terepb OYeHb MOJIE3HYI0 KOHCTPYKIUIO chepu-
4yeckoll JBoiicTBernHOCTH. Kak/0if nape auaMeTpabHO
MIPOTHBOTIOJIOKHBIX TOUEK HA chepe COOTBETCTBYET GOJb-
masi OKPY>KHOCTb. A MMEHHO, NPOBE/EM COOTBETCTBYIO-
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muit graMeTp cepsl, a TakKe MIOCKOCTD, TIPOXO/ISIIYIO
Yyepes IEHTP U TePIeHANKYIIPHYIO JHaMeTpy. JTa IJI0c-
KOCTb BBICEUeT Ha cdepe HEeKOTOPYI GOJBIIYI0 OKPYXK-
HOCTh. O6PATHO, KK IO GOJIBINOI OKPYKHOCTH Ha chepe
COOTBETCTBYIOT POBHO /IBE THAMETPAIBHO TIPOTHBOIIOJIOK-
HbIE TOUKU — KOHIIBI IUAMETPA, TIEPIEHANKY ISIPHOTO TLI0C-
KOCTH JJaHHOH GOJBIION OKPY>KHOCTH.

Tenepp Kaxg0il TOYKe Ha IIJIOCKOCTH COOTBETCTBYET
napa JuaMeTpabHO MPOTUBOMOJIOMKHBIX TOUeK Ha cdepe
(5T0 COOTBETCTBYE YCTaHABIMBAETCS IEHTPAIbHOI TTPOEK-
IMei, KaK ONUCaHO BbIIIE), a CJIe[0BATENbHO, K HEKOTOPast
60JIbIIIast OKPY>KHOCTD.

YupakHeHus

3. Cdepuueckast [BOHCTBEHHOCTb <«yBasKaeT» OTHOILIECHUE MHIIU-
JIEHTHOCTH: ecJu Touka A JiesxuT Ha OGOJIbIIOH OKpyskHOCTH b,
TO COOTBETCTBYIOMIAs GOJIbIIas OKPYXKHOCTb ¢ TIPOXOJUT dYepe3
TOUKy B.

4. Tpu TOUKH HA IIJIOCKOCTH TOT/IA U TOJIBKO TOT/IA JIEXKAT Ha O/IHOIL
MPSIMOIA, KOTJIa COOTBETCTBYIOINIME GOJIBIIIE OKPYIKHOCTH Ha cdepe
HPOXOJIAT Yepe3 OJHYy U Ty 3Ke
rapy AvaMeTpabHO MPOTUBOIO-
JIOKHBIX TOYEK.

3. Ilycrb toukam A u B orBeva-
10T OOJIbINNE OKPY)KHOCTH & ¥ D.
Jlokaskute, 4TO YOI MEKAY d U
b paBeH cepnueckoMy paccTosi-
o mexay A u B (puc. 4).

/,../' -_A L] _‘-1""‘\.“
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Wrak, MbI BUIUM, YTO Te-
opema CunbBectpa—Ilasmman
SKBUBAJICHTHA CJIEIYIONIEMY
yrBepxaenuto. [lycts gano
KOHEYHOE MHOKECTBO 6OJIb-
mX OKpy:KHOCTelr Ha cdepe. Torma, ecim He Bce aTn
OKPY>KHOCTU IIPOXOJAT Y€pPe3 OJHY U Ty JKe I1apy AuaMer-
paJibHO TIPOTHUBOIIOJIOKHBIX TOYEK, TO HaﬁﬂeTCH TOYKa,
COZIepIKAIAsT POBHO JIBE OKPYYKHOCTH U3 HAIIETO0 MHOKe-
CTBa.

Puc. 4

Menbxuop, CTuHpog, u dunep

OmnuiieM Ternepb JokasareabecTBo Mesbxuopa u CTun-
pona.

Ham mocrarouno nokasarth yTBep:KIeHMEe TIPO GOJIbIIINIE
OKpPYJKHOCTU Ha cdepe, U TeM caMbiM Oy/eT JOKa3aHa
teopema CubBectpa—lamnan. Ha camom nene MOXHO
JloKkasatb 6osee obIee yTBepsKIeHMe. PaccMOTpmM Ko-
HEYHOe UYNCJ0 Touek Ha cdepe. Bymem Has3wpiBaThb aTH
TOUKHN eepuunamu. PaccMOTPIM Takske KOHETHOE UHCJIO
TPOCTBIX KPWBOJIMHEHHBIX YT, COEIMHSIONINX HEKOTO-
pbie mapbl BepiuH. [lomycTuM, 4TO 9TH JIyrd HE UMEIOT
o6mux Touek, Kpome BepumH. HazoBem atn gyru pebpa-
mu. Ecnu wa cdepe napucoBarb BepiiuHbl U pe6pa, TO
OHU Pa3obbIOT BCio cepy Ha HECKOJbKO KYCKOB, KOTO-
pbie MbI 6y/IeM Ha3bIBaTh Zpansamu. Bcio KapTUHKY, BKJIIO-
YaloNlylo BEpPIIMHBI, pebpa W T'DAHU, MbI HA30BEM Kdap-
mou Ha cdepe.

Teopema 3. He cywecmeyem maxoti kapmol na cgepe,
U0 KAKOAS ZPAHD 0ZPAHUYEHA NO MEHBULETE Mepe MPeMs.
pebpamu, a u3 xKaxool GepuUHbL GbLXO0UM NO MeHbUel
Mepe wecmyv pebep.

W3 aTolf YMCTO TOMOJOTMYECKON TEOopeMbl BBITEKAeT
yTBepsKIeHIE TTPO 60JIbINNE OKPYKHOCTH Ha cdepe, chop-
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MYJIMPOBAHHOE B KOHIIE TIPE/IbIYIIEro aparpada 1 95KBH-
BasieHTHOe Teopeme CusbBectpa—lasian.
Hoxka3zareabcTtBo. Ilycth [, — uucio rpaHeii, orpanu-
4yeHHbIX k pebpamu, a V}, — 4HCJIO BEPIINH, U3 KOTOPHIX
BBIXOANUT k pebep. O6osnaunm uepes F, E u V, cooTBeT-
cTBEHHO, OO0lllee 4YUCAO0 TpaHell, unucjao pebep W YUCJIO
BEpIINH, TPUHAAIEKANUX paccMaTpuBaeMoii kapte. Mbl
GylieM II0JIb30BaTbCSI U3BECTHOU meopemou Juepa:

F-E+V=2,

Huraresb, cKopee Bcero, 3HaKOM ¢ 9TOi TeopeMoil; ecaiu
3TO He TaK, MbI PEKOMEH/IyeM /I0Ka3aTb ee M0 MH/YKITHIHN.

[Tocunraem KosmuecTBO map (BepIIMHa, BHIXOSAIIEE 13
Hee pe6po). C o1HOIT CTOPOHDI, Kask10€e PeGPO OTpaHuveH-
HO POBHO [IBYMS BepIIMHAMM. 3HAYUT, TAKUX T1aP POBHO
2E. C Japyroii CTOPOHBI, YHCJO TaKMX Iap paBHO
6Ve +7V; +... 26V . Orcioga mosyyaeM HepPaBEHCTBO
2E 26V .

[Tocunraem Terepb KoauuecTso nap (rpanb, pe6po Ha ee
rpatruie). C 0/iHOIT CTOPOHBI, Kaskaoe Pedpo JIEKUT Ha
TPaHUIle POBHO JBYX TpaHell. 3HAUNT, TAKUX Map POBHO
2E. C pgpyroil CTOPOHBI, YHCJO TaKWUX Tap PaBHO
3F; +4F; +...23F . Orcioga mnosydaeM HePaBeHCTBO
2E 2 3F .

KoM6uHUPYS TOJTy4YeHHbIe HEPABEHCTBA, MPUXOIUM K
IIPOTUBOPEYUIO:

6(E+2) =6V +6F <2E +4E =6E .
Yupasknenus

6. Paccmorpum kapty Ha cdepe. KoamuectBo peGep, BBIXOASIIIX
13 JIaHHOI1 BEPIINHDI, HA30BEM NOPAOKOM 3TON BepIIUHDI. JIOKaXKH-
Te, YTO eCJM KajK/asg IPaHb OrpaHUyYeHa M0 MEHbIIEH Mepe TpeMs
pebpaMi, TO CPEIHUIl TOPSIJIOK BEPIINHBI HE IPEBOCXOMUT 6.
(Cpeannii MOPAZOK BEpHIMHBI — 5TO cpejHee apu(METHIYECKOoe
HOPSIIKOB BCEX BEpIINH, TO €CThb CyMMa IHOPSJKOB BCEX BEpIINH,
JIeJIEHHAsT Ha KOJINYECTBO BEPIIHH. )

7. PaccMOTpUM BBIMYKJIbII MHOTOTPAHHUK B TPEXMEPHOM MPO-
ctparctBe. YUncesno pebep MHOTOTpAHHWKA, BBIXOSAIINX U3 JTaHHOM
BEPIIIHDI, HA30BEM MOPSIJIKOM BepiiuHbl. Yncsio peGep MHOTOrpaH-
HUKa, JeKaluX Ha JaHHOW TpaHW, Ha30BeM TMOPSIKOM T'PaHU.
JlokaxxuTe, 4TO CpefHUIl TOPSJAOK BEPIIMHbBI, a TaKXe CPEeIHUi
MOPSIJIOK TpaHu He TpeBocxost 6. [IpuBeauTe npuMep MHOTOrpaH-
HUKa, CPEJIHUI TOPSIOK TPaHU KOTOPOTO IMPEBBIIIAET ,5.

8. Curenyioniee yTBepsk/ieHie Ha3bIBAETCS 080UCMEEHHOU meope-
moti Cunvsecmpa—Ianrnau. PaccMOTPUM KOHEUHOE MHOXKECTBO 11PSI-
MBIX Ha ILJIOCKOCTH, HUKAaKHe JiBeé M3 KOTOPBIX HE IapaJijieJbHbI.
[TpeamomnoskuM, 4TO 3TN MpsMbIE He IPOXO/AT 4epe3 OJHY U Ty Ke
Touky. Torma waiiercss Touka, cojep:Kaiiasi POBHO JIBE IPSIMble
paccMaTprBaeMoro MHOKecTBa. [/lokaxkute, 4TO [BOUCTBEHHAS TEO-
pema CusbBecrpa—lanman sxBuBasenTHa Tteopeme CuibBecTpa-
lannan. Yxasanue: BoCIoONb3yiiTech yTBEPKAEHHEM TIPO OOJIbIIIE
OKPY’KHOCTH Ha cepe, a TakKe IEeHTPATbHOI mpoeKIueil cpepbr Ha
TJIOCKOCTD, TIPH KOTOPOIT OOJIBIINE OKPYSKHOCTH HEPEXO/AT B IIPsi-
Mble.

9. [Tokaskure, 4TO B yTBEPK/ICHUH IBOHCTBEHHOI TeopeMbl CUJIb-
Bectpa—lamman MokHO nipeanosaraTb 6e3 orpannvenust oOIHOCTH,
4TO Cpell PACCMAaTPUBAEMOTO KOHEYHOTO MHOKECTBA TPSIMBIX HET
HUKAKOIl TMapbl HapaJsiieJbHbIX TPIMbBIX. YKda3auue: 3Toro MOKHO
no6uThCs, mpoennpys cdepy Ha HOAXOJAIIYIO MJIOCKOCTD.

Ankunc un 3anaeH6epr

Haxomerr, eme ogHO f0Ka3aTeabCTBO TeopeMbl CHIbBe-
crpa—lamman, koTtopoe OBLIO TPUAYMAHO HE3ABUCUMO
H.9axkucom u M. 3aiiren6eprom. Haunem ¢ AByX ynpaxk-
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HEHMii — OHM JI0CTATOYHO CJIOKHBIE, 110 YPOBHIO KakK
cepbe3Hble OJIMMIINA/IHbIE 3a/a4u. Perienus 1 yKkasanus K
9TUM 3aJlayaM MOXKHO Haiitu B xuure [7] (3azaua 38, 6).

Yupaxuenus

10. Ilyctp ABC — TpeyroibHHK Ha maockoctH, a PQR —
BIIMCAHHBIA B Hero tpeyrosibHuk (rak, uro Bepmunbl P, Q, R
TpeyrojbHuka PQR npuHa/ieskar, COOTBETCTBEHHO, cTopoHaM AB,
BC, AC tpeyrombunka ABC; puc. 5). Jlokakute, 4TO IJIOMIALb

OJTHOTO U3 TPEX TPEyTOJIbHIU-

P KOB, OCTAIONINXCS TIPU BBIKH-

JIbIBaHNN TpeyronbHnka POR

u3 Tpeyroybuuka ABC, He npe-

BBITIACT TJIONIAAN TPEYTOJb-
R Q Huka POR.

11. Ecam B mupembiayiiem

YIOPaKHEHNN TJIONA/b Tpey-

rorpHnKa APR coBmazaer ¢

C MJI0MAbI0 TPEYTOJIbHUKA

POR, a momaaun TpeyroJib-

nukoB PBQ u QCR ne MeHb-

nre, To cropoubl PQ, QR u RP mnapajienbHbl, COOTBETCTBEHHO,

croponam CA, AB, BC.

Puc. 5

[lokaxkeM Terepb ABOHCTBEHHYIO TeopeMy CuibBecTpa—
Taanan (a tem campiMm u camy Tteopemy CuibBectpa—
Tasman). PaccMOTPUM KOHEYHOE YHCJIO MIPSMBIX Ha MJI0C-
KOCTH. [10oTycTHM, 4TO HE BCe ATH IPSMbIE TPOXOIAT Yyepe3
o/IHy TOUKY. MbI TaKKe MOKeM ITpe/oaraTh 6e3 orpaHu-
yeHUs1 OOUIHOCTH, YTO B PACCMATPHUBAEMOM MHOXKECTBE
IPSMBIX HET IapaJiiesbHbIX. Torna MOXKHO pacCMOTPETb
TPEYTOJTbHUKM, OTPAaHWYEHHbIE PA3JUYHBIMU TPOHKAMU
npsiMbiX. Cpeln BceX TaKMX TPEYTOJbHUKOB BbIOEPEM
TPEYTOJbHUK HamMeHblnell momaaun. O603HAUYUM HTOT
TpeyroabHUK yepe3 POR. Temepb Mbl IPEeNOIOKIM, UTO
Yyepe3 KOKIYIO TOUKY MepeceyeHns IByX MPsSIMbIX HAIero
MHO3KeCTBA ITPOXO/IUT ellle KaKasi-TO TPEThs IpsiMas Hallie-
ro muOKecTBa (9TO TPEANOJIOKEHNE JIOJBKHO MPUBECTH
HAaC K IPOTHBOPEUHIO) . B yacTHOCTH, €CTh NpsIMbIe HATIETO
MHOXKECTBA, ITPOXO/IAIIIE Yepe3 BePIINHbI TPEYTOJbHUKA
PQR), 1O He COBIA/IAIONINE CO CTOPOHAME 3TOTO TPEYTOJIb-
nuka. [lockombky Tpeyrospank PQR nMmeer, 1o ompe/e-
JICHWIO, MUHMMAQJBHYIO ILJIOIIA/b, 3TU JONOJHUTEIbHbIC
MpsIMble He 3aXO/ST BHYTPb TPEYTOJIbHUKA. 3HAYUT, OHU
OTpaHnYMBaOT TpeyroibHUK ABC, OMMCAaHHBIN BOKPYT
TpeyroimbHuKa PQR. Bocrosb3yemes pesyJibTataMu Mpu-
BE€/IEHHBIX BbINIe YIIpakHeHWH. Mbl mosryyaem nmpotuBope-
Yie ¢ MUHUMAJTbHOCTBIO TIIOMIA/N, €CJIU TOJbKO CTOPOHBI
TpeyroibHuKa PQR He mapaJesbHbl COOTBETCTBYIONIUM
cTopoHaM tpeyroybanka ABC. OmHaKo Mbl TTPE/IION0KH-
JIM, 4TO B PacCcMaTPUBAEMOM MHOKECTBE IPSMBIX HeET
napaJijiesbHbIX.

KomMnnekcHble yncna: KoHTpnpumep'

K paspsany HeoxxujiaHHOCTEN MOXKHO OTHECTH TOT (PaKT,
9TO <«KOMILTeKcnpuKaimsi» TeopeMbl CuabBecTpa—lam-
JIan He BEpHA.

Toukwu v IpsSIMbIE, TIPO KOTOPbIE MBI TOBOPHUJIH JI0 CUX TIOP,
ObLIN IEHCTBUTEJNbHBIMUA TOYKAMU W [I€HCTBUTETbHBIMU
npsIMBIMU. EcJii BBeCTH HA TIITOCKOCTH CUCTEMY KOOP/IMHAT,

! Qumamenv, ne snaxomwiii ¢ xomnaexcuvinu wucaamu, moxem
nponycmums smom pasoden 6e3 yuepba 05 nonuManus darverl-
wezo mexcma.

‘ 01-18.p65 6

*

i

[T 1T ||

2009 /Neb

TO JIefiCTBUTEIbHbBIE TOUKN N300pa3ATCs apaMu JieiicTBI-
TeJIbHBIX ymcesl. [leficTBUTENbHYIO TIPSMYIO MOKHO OIlpe-
JA€JIUTb KaK MHOKECTBO ﬂeﬁCTBHTeJIbeIX TOYCK, YAOBJIET-
BOPSIONINX OIPEIeJeHHOMY JHHEHHOMY ypaBHEHHIO C
JeficTBUTeTbHBIMI KoadpurmeHTamMu. OTHAKO B KAUECTBE
KOOPJAMHAT MOXKHO 6paTh 1 KOMILJIeKcHble uncaa. CooTBet-
CTBEHHO, MOKHO TOBOPUTDH O KOMILTIEKCHBIX TOUKAX, KOM-
IIJIEKCHDIX MMPAMbBIX U T.[I. MHO’K€eCcTBO BCEX KOMILIEKCHbBIX
TOYEK IJIOCKOCTH CJIOKHEE ce6e MPe/ICTaBUTh, OCKOJIbKY
OHO €CTECTBEHHBIM 06Pa30M OTOK/ECTBJISETCS C JIeiiCTBH-
TEJIbHBIM YETBIPEXMEPHBIM, a HE JIByMEPHBIM, IIPOCTPaH-
cTBOM. PaccMOTpUM Takylo CHCTEMY ypPaBHEHMIi:

2+’ +(1+22 +3w)3 =zw (1 +2z +3w) =0.

CyiectByeT poBHO 9 KOMIUIEKCHBIX Todek (T.e. map
KOMILIEKCHBIX umcen (2, @w)), YIOBJIETBOPSIONUX 3TOI
cHCTeMe — IO TP TOYKU HA KaK/IOW U3 TPEX MPSAMBIX 2 =
=0,w0=0,1+2z+ 3 w=0. Hanpumep, ecyii No/ICTAaBUTH
z = 0 B mepBoe ypaBHEHWE, TO TIOJIYUNTCS KyOMUECKOe
ypaBHEHWE HA @, Y KOTOPOTO TPH KOMIIJIEKCHBIX PEIIEeHH
— OHU COOTBETCTBYIOT TPEM TOUKaM Ha IPsAMOii z = (); TOUHO
TaK)Ke MOKHO TIOCTYIUTD € IBYMS OCTAJIbHBIMU TIPSIMBIMHU.
KomMmiexcHast psiMast, TIPOXOoAIIast uepes Jo0ble Be U3
ITUX JICBSATU TOUEK, COJCPIKUT U HEKOTOPYIO TPETHIO TOUKY .
C npyroii CTOPOHBI, He CYTIECTBYeT KOMILJIEKCHOH TTPSIMOi,
mpoxozdIeii yepe3 Bce 9 paccMaTpuBaeMbIX TOYEK.

Ynpaxunenue 12. /[okaxurte aTH yTBEPKICHUS.

Wrak, Mbl y6eUIUCH, YTO HA/l KOMILJIEKCHBIMU YUCTAMI
teopeMa CusbBectpa—lasman He nMeer Mecta. 3aMeTuM,
yTo KoaduimenTtsor B Boipakenuu 1 + 2z + 3w MOXHO
BBIOUPATH MOUTH TTPOM3BOIBHBIM 06pa3oM (n36erast ToIb-
KO HEKOTOPBIX BBIPOKIECHUN, TPH KOTOPBIX OJIHA W3
JIEBATH TO4YeK yOeraer Ha GECKOHEYHOCTH); HalpHUMeEp,
MOJKHO C T€M K€ yCIIEXOM B3SIThb € + Tk +iw .

OTMeTnM, KCTaTh, 4YTO ypaBHEHWE 2w + (1 +2z+
+ 30))3 =( 3ajJaer Ha KOMILIEKCHOH TIJIOCKOCTH Ky6udec-
Kylo KpuBy1o, a ypastenue zw (1+2z +3w) =0 onucbipa-
eT Toukn nepernba atoil Kpuoil. Takum o6pasom, HaIIK
JIEBSITh TOYEK — ATO TOUKM Tepernba KOMILIEKCHOH KyOu-
yeckoil KpuBOi. 113 9TUX AEBATH TOUEK TOJILKO TPU MOTYT
OBITH BENCCTBEHHBIMH.
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MHOronMKrm NPOTOH

N.NBAHOB

3YUAA CTPOEHUE BEIIIECTBA, ®U3UKU Y3HA-

JIM, U3 4Yero C/IeJIAHbI aTOMBI, JI06PAJUCH /IO ATOM

HOTO Si/[pa U PACIHICNNJIN €r0 Ha TTPOTOHDI U HEHT-
poubl. Bce aTu maru gaBasuch TOBOJBHO JIETKO — Ha/0
6bLIO JIMIIb PA30THATh YACTHUIIBI 0 HY)KHOI 2HEpruu,
CTOJIKHYTb UX JPYT C APYTOM, U TOT/la OHU CaMU Pa3BaJIu-
BaJIMCh HAa COCTABHbIE YaCTH.

A BOT ¢ TPOTOHAMU 1 HEUTPOHAMU TAKOH TPIOK yiKe He
npoutes. XOTs OHU U SBJISIOTCS COCTaBHBIMU YaCTUIAMHU,
UX He yJaercs «pas3joMaTb Ha 4acTU» HU B KaKOM Jae
CaMOM CHJIBHOM CTOJIKHOBeHUH. [ToaToMy pusnkam morpe-
GOBAJINCH JICCATUIETHUS JIJIS TOTO, YTOObI IPUIyMaTh pa3-
Hble CHOCOObI 3arJITHYyTh BHYTPb IIPOTOHA, YBUJETD €r0
ycTpoiictBo U (popMy. B Hamm gHU u3ydeHHe CTPYKTYPbI
IPOTOHA — OJIHA U3 CAMBIX AKTUBHBIX 06JacTeil (pU3NKK
9JIEMEHTAPHBIX YACTHUII.

MNpupona paet HaMeKu

Wcropust nayueHust CTpyKTypbl TPOTOHOB U HEHTPOHOB
6eper cBoe Hauaso ¢ 1930-x rogos. Korpa B jonosiHenue
K MPOTOHaM GbLIM OTKPBITHI HelTponbr (1932), To, usme-
pUB UX Maccy, (GU3NKU C yAUBIEHUEM OOGHAPYSKUJIU, YTO
oHa ovyeHb GJiM3Ka K Macce IporoHa. boJiee Toro, okasa-
JIOCh, YTO TIPOTOHBI U HEUTPOHBI <«UYBCTBYIOT» S/I€PHOE
B3aMMO/IeIICTBIE COBEPIIEHHO OJMHAKOBBIM 06pa3om. Ha-
CTOJIBKO OJIMHAKOBBIM, UTO, C TOUKH 3PEHUS SI/IEPHBIX CHUT,
MPOTOH W HEHTPOH MOXKHO CUUTATH KaK Obl IBYMS IIPOSIB-
JIEHUSIMU OJTHOM M TOU K€ YaCTUIIbl — HYKJIOHA: TPOTOH —
9TO 3JIEKTPUUYECKU 3aPSKEHHBIN HYKJOH, a HEUTPOH —
HeNTpaabHbIN HyKJIOH. [ToMeHsiiTe TPOTOHDI HA HEMUTPOHDBI
— u gjaepubie cuabl (OYTH) HUYETo He 3aMeTHT.

Du3nuKM 3TO CBONCTBO MPUPO/IBI BBIPAIKAIOT KAK CUMMET-
pUIO — s/iepHOe B3auMOJENCTBUE CUMMETPUYHO OTHOCH-
TEJTPHO 3aMEHBbI MPOTOHOB HA HEHTPOHBI, MOJOOHO TOMY
Kak 6a60uKa CUMMETPUYHA OTHOCUTEIHHO 3aMeHbI JIEBOTO
Ha 1paBoe. JTa CUMMETPUsI, KPOME TOTO YTO OHA ChIrpaJia
BAXKHYIO POJib B sijiepHoil (pusuke, Gblia HA CAMOM JIeJie
MEePBBIM HAMEKOM Ha TO, YTO Y HYKJOHOB UMEETCS MHTEpeC-
HOe BHyTpeHHee crpoenue. [Ipasna Torpa, B 30-e rojwl,
pu3UKN ITOT HAMEK HE OCO3HAJM.

[Tonnmanme mpunio noz:xe. Hauvamoch ¢ toro, 4to B
1940-50-e TobI B PEAKIUSAX CTOJKHOBEHHS ITPOTOHOB C
SJIpaM¥u Pa3JNYHbBIX 3JIEMEHTOB YYeHble C YyAWBJIEHUEM
O0OHAPY’KUBAJM BCE HOBbIE W HOBBIE YacTHIlbl. He mporo-
HbI, HE HEHUTPOHDBI, HE OTKPBLITbIC K TOMY BPEMEHU IIH-
ME30HbBI, KOTOpbIE YAEPKUBAIOT HYKJIOHBI B Spax, a
KaKue-To COBCeM HOBbIe YacTuilbl. [Ipu BceM cBoeM pas3HO-
o0pa3uu 5T HOBbIE YACTUIBI 00T ABYMS OOIIUMU
cBoiicTBaMu. Bo-1lepBbIX, OHHU, Tak K€ KaK U HYKJOHBI,
OYeHb OXOTHO yYaCTBOBAJIHM B SIJICPHBIX B3aMMO/IEHCTBUAX
— cellyac TakKuWe YaCTHUIbI HA3bIBAIOT aJpOHaMu. A BO-
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BTOPBIX, OHHW OB HCKJIOYUTEJBHO HECTaOGHIHbHBIMH.
Camble HeyCTOHYNMBBIE W3 HUX PACHaJaJnch Ha ApPYyTHe
YACTUI[BI BCETO 34 TPIJIJIMOHHYIO OO HAHOCEKYH/bI, He
yCIIeB IPOJIeTeTh Jaxke Ha pasMep aTOMHOTO szpal
Jlonroe BpeMms <«300NapK» aJpPOHOB IIPEJCTABJIAT U3
ce6s nosinyio Memanuny. B konie 1950-x rogoB (pusmnku
Y3HAJIN y3Ke J0CTATOYHO MHOTO PA3HbIX BUJIOB a/JPOHOB,
Havyajm CPaBHUBATD UX JPYT C JPYTOM M BJPYT YBU/EJIH
HEKYIO 00Iy10 CHMMETPUYHOCTD, JJaske MePUOJANYHOCTD NX
cBoiicTB. Bblia BbickasaHa jorajika, 4TO BHYTPH BCEX
apoHOB (B TOM YKCJIe U HYKJIOHOB) CUAT HEKHUE IIPOCTBIE
0OBEKTBI, KOTOPbIE TTOJIYYHJIN Ha3BaHue «KBapKu». Kom-
O6UHUPYS KBApKM PA3HBIMH CIIOCO6AMH, MOKHO MTOJTyYaTh
pasHble a/IPOHBI, TIPHYEM NMEHHO TAKOTO THIIA W C TAKUMH
CBOHCTBaMH, KOTOPble 0OHAPY KUBAJIICH B 9KCIIEPIMEHTE.

YTo penaeT NPOTOH NPOTOHOM?

[Tocse Toro kak (HU3NKM OTKPBLIN KBAPKOBOE yCTPOIi-
CTBO aJ[POHOB M Y3HAJIM, YTO KBAPKU ObIBAIOT HECKOJIBKUX
Pa3HBIX COPTOB, CTAJI0 MOHATHO, YTO U3 KBAPKOB MOKHO
CKOHCTPYHMPOBATb MHOTO PA3JIMYHBIX YacTHIL. Tak uTo yxKe
HUKOTO He yAUBJIAJI0, KOT/[a TOCeIY IOTINe 9KCIIEPUMEHTDI
IPOJIOJIKAJIN OJIUH 32 JAPYI'MM HAXO/JUTb HOBbIE a/[POHDI.
Ho cpenn Bcex asipoHOB 06HAPYIKIIOCH 1€JI0€ CEMEIICTBO
YacTHUll, COCTOSNIMX, TOYHO TaK XK€ KaK U IPOTOH, TOJbKO
U3 JIByX #-KBApKOB M OJIHOTO d-KBapKa. Jtakue «coOpa-
ThsI» IPOTOHA. U BOT TyT (DU3NKOB TTOICTEPETa CIOPIIPHU3.

JlaBaiiTe cHavasa cjejiaeM OJ{HO MIPOCTOe HAOJIOJIEHIE.
Ecam y Hac ecTb HECKOJBbKO TPEAMETOB, COCTOSIINX W3
OJIMHAKOBBIX «KUPIUYUKOBY, TO O0Jiee TSKeTble TpeMe-
TBI COJIEP:KAT GOJIbIlle «KUPIUYUKOB»>, a GoJiee JierKue —
MeHbllle. JTO OYEeHb €CTECTBEHHDIN MPUHIIAIL, KOTOPbIH
MO>KHO Ha3bIBATH IPUHIIUTIOM KOMOMHUPOBAHUS UJIH [TPHH-
IUIIOM HAJICTPOWKH, ¥ OH ITPEKPACHO BBLINOJIHSACTCS KaK B
HOBCEIHEBHON »Ku3uu, Tak U B ¢pusuke. OH NPOSABIAETCA
Jlayke B YCTPOTICTBE aTOMHBIX s/Iep — Beflb 60JIee TsKeJIble
S/ipa TIPOCTO COCTOSIT U3 GOJIBIIETO YMCJIA TIPOTOHOB U
HEHUTPOHOB.

OpnHako Ha ypoBHE KBAPKOB ATOT IIPUHITUI COBEPIIEHHO
He paGoTaeT, W, HAJ0 TMPU3HATLCSA, (PUBMKHU elle He 10
KOHIIa pasobpasnch, moueMy. OKa3bIBAeTCS, TSKeTble
coOparbs MPOTOHA TOXKE COCTOST U3 TEX K€ CaMbIX KBap-
KOB, YTO M TPOTOH, XOTS OHM B TIOJITOPA, & TO U B /IBa pasa
TsKesee mporona. OHI OTAMYAIOTCS OT IPpoToHA (M pasin-
YAKOTCA MEXKLY COO0i) He cocmagoMm, a B3AUMHBIM PACNO-
JI0KeHueM KBAaPKOB, TeM, B KAKOM COCTOSHUN OTHOCHUTEJIb-
HO JIPYT JIpyra 3Tu KBapKu Haxojdarcd. [loctaTouHo usme-
HUTb B3aUMHOE I10JIOJKEHUE KBAPKOB — U Mbl U3 IIPOTOHA
MOJIYYIM JIPYTYIO, 3aMeTHO 6oJiee TSKETYIO JacTHILy.

A 4TO0 Gyzer, ecau Bce-TaKW B3ATb W coOPaTh BMeECTe
6ospInie TpexX KBapkoB? [lomyuwrcs am HOBas TsKemas
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yacTuia? YAUBUTEJIbHO, HO HE TOJYUYUTCS — KBapKU
Pas3o6bIOTCS 110 TPOE U MPEBPATATCS B HECKOJBKO Pa3po3-
HEHHBIX yacTuil. [loyeMy-To ipupoga «He JoOuT> 00be-
JWHSATH MHOTO KBapKOB B OAHO Iejoe! JIWImb coBceMm
HelaBHO, OYKBAJLHO B TIOCJETHUE TOBI, CTATH MOSBJISTH-
CsI HAMEKH Ha TO, YTO HEKOTOPble MHOTOKBAPKOBbIE YaCTH-
IIbI BCE JKe CYINIECTBYIOT, HO 3TO JIUIIb MOJYEPKUBACT,
HACKOJIBKO MPUPO/IA UX He JIOOHT.

W3 ar0ii KOMOWMHATOPUKHU CJE[yeT OYeHb Ba’KHBIN U
ry1y6OKHiT BBIBOJ] — Macca aJPOHOB BOBCE He CKJIA/[bIBAETCS
u3 Maccobl KBapkoB. Ho ecoin Maccy agpona MOXXHO yBeJu-
YUTb UJM YMEHBIIUTh MPOCTBIM IEPEKOMOMHUPOBAHIEM
COCTABJISIIONIMX €T0 KUPITMYNKOB, 3HAYUT, BOBCE HE CaMU
KBapKM OTBETCTBEHHDBI 32 Maccy aJIpoHOB. U feiicTBuTE b-
HO, B MMOCJIEAYIONINX SKCIEPUMEHTAX yAAJI0Ch Y3HATD, YTO
Macca caMUX KBAapKOB COCTAaBJSET JIUIIb OKOJIO JIBYX
MPOIIEHTOB OT MACChl IIPOTOHA, a BCS OCTAJIbHAS TSIKECTD
BO3HUKAET 3a CYET CHJIOBOTO NoJis (eMy OTBEYaloT creru-
aJbHBIE YACTUIBI — TJIIOOHBI), CBSI3BIBAIONIETO KBAPKU
BMecTe. V3MeHssT B3aMMHOE PACIIOJIOKeHIe KBapKOB, Ha-
IpUMep OTOBUTAS UX IOJAJIbIIE APYT OT [PYTra, Mbl T€M
caMbIM U3MeHdeM IJII0OHHOe o6Jako, genaeM ero 6oJee
MaCCHBHBIM, H3-32 Yero 1 BozpacTaer Macca agpoHna (puc.1).

A-uacmuua
1232MaB

Hpomon
938 MaB

N(1520)-vacmuya
1520 MaB

Pucl. YcioBHoe u306paxeHmne [poToHa U HECKOIbKUX €ro
«CobPaTLEB». L{BETHBIC TOYKI — 3TO KBAPKU, KOTOPbIE CBA3AHbBI
APV CAPYIroM [TII00HHbIM 1071eM (rosyboe 0671a4ko). HecmoTps
Ha TO, 4TO BCE 3TU YaCTuLibl COCTAB/IEHbI 13 OfHUX U TEX XE
KBAPKOB, y HUX PA3Hble MACChl ¥ PA3HbIe BPEMEHA XU3HU.
Maccbl 4acTuil BbipaxeHsbl B SHEPreTM{eckux equHaLax —
MerasniekTpoHBosbTax (M>B)

Uto TBOpUTCSA BHYTPY ObICTPO NETSLLLEro NPOTOHA?

Bce onmcannoe BbITie KacaeTcst HEMOABUKHOTO TPOTOHA,
Ha g3bike (DU3UKOB — 3TO YCTPOMCTBO TPOTOHA B €O
cucreme mokosi. OTHAKO B 9KCIIEPUMEHTE CTPYKTYpa MPO-
ToHa ObL7Ta BIlepBble OOHAPY)KEHA B JIPYTUX YCIOBUIX —
BHYTPH OblCmpo Jlemsiuyezo TPOTOHA.

B xonie 1960-X 10/10B B 9KCIIEPUMEHTAX 10 CTOJKHOBE-
HUIO YaCTHIl HA YCKOPUTEJIX ObLIO 3aMedyeHo, YTO JIeTs-
HIKe ¢ OKOJIOCBETOBOI CKOPOCTDIO TPOTOHBI BeJin cebd Tak,
CJIOBHO 9HEPrus BHYTPU HUX He paclipe/iesieHa paBHOMEP-
HO, & CKOHIIEHTPHPOBAHA B OT/IETbHBIX KOMITAKTHBIX 06bEK-
Tax. ITU CTYCTKM BelllecTBa BHYTPHU IIPOTOHOB 3HAMEHU-
Torii ¢usuk Puuapny DeltHMaH NPEATOKUI HA3bIBATD
napmonamu (0T aHTJIUHACKOTO part — 4acTb).

B nocsieyomux skcrepuMenTax OblId H3y4eHbl MHOTHE
CBOIICTBa MapTOHOB — HAIPHUMeP, WX 3JEKTPUUYECKUI 3a-
PAll, UX KOJUYECTBO U JIOJIST SHEPTUU MPOTOHA, KOTOPYIO
Kaxk/Iblil n3 HuX HeceT. OKa3bIBaeTCs, 3aps KeHHbIE TTapTO-
HbI — 3TO KBapKH, a HelTpaJbHbIe TAPTOHDI — 3TO TJIIOOHDI.
[la-na, Te camble TJIIOOHBI, KOTOpbIEe B CHCTEME IIOKOS
IIPOTOHA IIPOCTO «IIPUCIYKUBAIU> KBapKaM, IPUTATUBAs
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UX APYT K APYTY, TEIepb SBJSIOTCS CAMOCTOSTETbHBIMI
[apToHaMU U HapsLy ¢ KBapKaMu HEeCyT <«BeLlecTBO» U
9HEePruio OBICTPO JETSIMero npoToHa. OTBITH TOKA3aJIH,
YTO IIPUMEPHO I[10JI0BUHA 9HEPruy 3allaceHa B KBapKax, a
MOJIOBUHA — B TJIIOOHAX.

[TapTonbl yo6Hee BCero n3ydyaTb B CTOJKHOBEHUH TIPO-
TOHOB € 3JeKTpoHamu. /[leso0 B TOM, YTO, B OTJIMYHE OT
MIPOTOHA, 3JIEKTPOH HE y4YacTBYeT B CHJbHBIX S/I€PHBIX
B3aMMO/ICHCTBUAX M €T0 CTOJTKHOBEHHE C TPOTOHOM BbITJIS-
JIUT BecbMa IIPOCTO: JIEKTPOH Ha O4E€Hb KOPOTKOE BpeMs
UCIIyCKaeT BUPTyasbHbIl (OTOH, KOTOPbIIl Bpe3aercs B
3apsKEHHDBIN TTAPTOH M MOPOXKIAAeT B KOHIE KOHIIOB 60JIb-
moe yueso yactuir (puc.2). MoKHO CKa3aTh, 4TO HJEKT-
POH 4BJISIETCS OTJIMYHDBIM CKaJIbIlesIeM JJIs1 <«BCKPbITHS»
[IPOTOHA U pa3/ie/IeHud ero Ha OT/e/IbHble YacTU — IIpaB/a,

DaeKmpoH

Domon

“
ri . il

Hpomon

M

K
Y
u’o

&

Puc’. /7,0/4 CTOJIKHOBEHUU POTOHAE C 3JIEKTPOHOM MEXLY HUMU
«[IPOCKaKkBaeT» KBAHT 3/IEKTPOMArHUTHOro [riosia — ¢70TOH.
CTankmBascs C O4HUM U3 [1apPTOHOB B [1POTOHE, OH opoXAaeT
MHOIO BTOPUYHbBIX afpPOHOB, Hariprmep ME3OHOB

JIMIIb Ha OY€Hb KOPOTKOE BpEMSI. 3Ha}1, KaK 4aCTO IIpouc-
XO/IAT TaKue IPpoIecChbl Ha YCKOPUTEJIE, MOKHO U3MEPUTDH
KOJIMYECTBO IIapTOHOB BHYTPU IIPOTOHA U UX 3apA/ibl.

KTo Takne NMnapToOHbl Ha CaMOM pene?

W 31ech MBI TOIXOIUM K €IIle OJIHOMY TTOPa3UuTEJTbHOMY
OTKPBITUIO, KOTOPOE c/IeIaan (PUBUKH, M3ydasi CTOJTKHOBE-
HUS DJIEMEHTAPHBIX YaCTUI[ TIPU BbICOKMX JHEPIHIX.

B 06b14HBIX yCI0BUSIX BOIIPOC O TOM, U3 Y€I0 COCTOUT TOT
WJIY MHOU [IPeIMET, UMeeT YHIUBEPCATbHDII OTBET JIJIsT BCEX
cucreM orcuera. Hampumep, MoJieKyJia BOJbl COCTOUT U3
JIBYX aTOMOB BOJIOPO/IA 1 OJTHOTO aTOMa KHMCJIOPOJa — U HE
Ba)KHO, CMOTPUM JI Mbl Ha HEMOJBUIKHYIO UJIU HA IBUKY-
myiocst MoJiekyry. OHAKO 3TO MPaBUJIO — Ka3aaoch Obl,
TaKOe eCTeCTBEHHOe! — HapyllaeTcs, ecJu pevb ujaer o6
9JIEMEHTAPHBIX YACTUIAX, JIBHKYIIUXCS CO CKOPOCTSIMH,
OJM3KUMU K CKOPOCTH cBeTa. B ojiHOI cucremMe oTcyera
CJIOJKHASI YacTUIlA MOJKET COCTOSITb M3 OJIHOTO Habopa
cy6UacTuIl, a B APYroil cucreMe oTcyeta — W3 JAPYroro.
[Moywaercst, 4TO cocmas — nonsmue OMHOCUMeENbHOE!

Kak rtakoe moxxer 6biThb? KioueBbIM 37eCh ABgeTCA
OJTHO BasKHOE CBOMCTBO: KOJMYECTBO YACTUI] B HAIIIEM MHUPE
He PUKCUPOBAHO — YACTHUIIBI MOTYT POXKIATHCS U NCYE3ATh.
Hampumep, eciau CTOJKHYTb BMeECTe JIBa 3JIEKTPOHA C
JIOCTATOYHO GOJIBINOI SHEPTHEN, TO BIOOABOK K 3TUM JBYM
3JIEKTPOHAM MOJKET POJUTHCS JN6O (POTOH, JUGO BTEKT-
POH-TIO3UTPOHHAS TIapa, Jubo elle Kakne-HuOyb 4acTu-
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1pl. Bee 9T0O paspelieHo KBaHTOBBIMU 3aKOHAMM, UMEHHO €, YTO COCTaB IIPOTOHA 3aBUCUT OT CHCTEMbI OTCUETa, U3
TaK U IPOUCXOJUT B PEAJbHbBIX IKCIIEPUMEHTAX. KOTOPOI MBI ero HabaogaeM?!

Ho aToT «3aK0H HecoxXpaHeHUs» YacTHIl paboTaeT npu [la, "MeHHO Tak, HO 3TO HUKAK He HapymnraeT MPUHIINII
CMOJIKHOGEHUAX YACTULL. A KaK e I10JIy4aeTcs, YTO OUH OTHOCHUTEJBbHOCTH. Pe3ybTaThl PU3NIECKNX TIPOIIECCOB —
W TOT >Ke TPOTOH C PAa3HbIX TOYEK 3PEHUST BBITJISIUT HallpuMep, KaKue 4YacTUIbl U CKOJbKO POJKIAIOTCA B
COCTOSIIIINM M3 pa3Horo Habopa dactui? /lesao B ToM, 4TO pesyJibTaTe CTOJIKHOBEHUA — JeilCTBUTEeIbHO OKa3blBalOT-
[IPOTOH — 3TO HE IIPOCTO TPU KBapKa, CJIOXKECHHbIE BMECTE. Cs1 MHBApUAHTHBIMM, XOTSI COCTaB IPOTOHA 3aBUCUT OT
Meoxay KBapKkaMu CyLlecTByeT CUJIOBOE IJIIOOHHOE IOJIe. CHCTEMbBI OTCYETA.

BooGuie, cumosoe nose (Kak, HalpuMep, TPaBUTAIMOHHOE Jra HeoObIYHAs HA MEPBBIN B3TJISA/, HO YOBJIETBOPSIO-
WM DJIEKTPUYECKOE TI0JI€) — 9TO HeKas MarepuasbHas Ias BceM 3aKOHaM (PU3MKHU CUTYAIUsT CXeMaTUIHO TIPOI-
«CYIIHOCTb», KOTOpas MPOHU3BIBAET IIPOCTPAHCTBO U T10- JIIOCTPUPOBaHa Ha PUCYHKe 4. 3/iech [1I0Ka3aHo, KaK CTOJI-
3BOJIIET YACTUIIAM OKa3bIBAaTb CHJIOBOE BJIUSHUE JPYT Ha KHOBEHUE [IBYX IPOTOHOB C GOJIBINOI 9HEPTHEN BbITJISAUT
Jpyra. B KBaHTOBOI TeOPHHU 110JI€ TOKE COCTOUT U3 YACTHII,

paBa 13 0CO6EHHBIX — BUPTYaJbHBIX. KosmiecTBo aTnX @

JacTHUIl He (PUKCHPOBAHO, OHU ITOCTOSIHHO <OTIIOYKOBBIBA- —

I0TCST» OT KBAPKOB U TIOTJIOIMIAIOTCS APYTUME KBaPKAMU. TTESSIIIITTTIITTTT | Hpomon

Ioxosawuiicss TPOTOH JIECTBUTETHHO MOYKHO TIpe/iCcTa- ~~~‘==::\::'

BUTDH cebe Kak TPH KBApKa, MEXAY KOTOPLIMHU IepecKaku- A 1T )
BafoT r1I00HBI. Ho ecay B3TJITHYTD Ha TOT JKe NMPOTOH U3 pomon
JIPYTOl CHCTEMBI OTCYETA, CIOBHO M3 OKHA TTPOE3KATOIIETO 6)

MUMO «PEJISTUBUCTCKOTO TI0€3/1a», TO Mbl YBUJUM COBCEM

unyio kapruny. Te BUpTya/ibHble [JIIOOHbI, KOTOPbIE CKJIe- = === e —— ITpomon 1
MBAJIN KBapKU BMeCTe, TIOKKYTCS YKe MeHee BUPTYaJlb- SNpmmmmm -

HbIMU, «6oJiee HAacToAmUMIY YactuiiamMu. OHU, KOHEYHO, - Baunodeiicmeue
HO-TIIPEKHEMY POXKAAIOTCS U IIOTJIONAIOTCS KBapKaMu, HO f ittt

IPH TOM KaKoe-TO BPEMs JKUBYT caMé Mo cebe, JETSIT et

PSIOM ¢ KBapKaM¥, CIOBHO HACTOSIINE YacTUIbl. To, 9170 ——  mmm=—= - " Mpomon 2
BBITJISIIAT TIPOCTBIM CUJIOBBIM TIOJIEM B OJTHOM cHCTeMe

oTCcYeTa, MPEBPAIIAETCs B [PYTOli CUCTEME B TIOTOK YaCTHII! )

3aMeTbTe, caM IMPOTOH MbI TP 3TOM HE TPOTaeM, a TOJIbKO - Ipomon 1
CMOTPHUM Ha HEro m3 JPYyroil CUCTeMbI OTCUETA. R

[lanbire — 6osbire. Yem 6imske CKOPOCTb HAIIETO «pe-
JIATUBUCTCKOTO IOe3/ja» K CKOPOCTH CBeTa, TeM Goee
YAUBUTEJNbHYIO KAPTUHY BHYTPU IPOTOHA MbI yBUAUM. 110 Ipomon 2
Mepe NpuGJIDKEHNS K CKOPOCTH CBETA MbI 3aMETUM, YTO
TJIIOOHOB BHYTPU TIPOTOHA CTaHOBHUTCA Bce OOJIbIIE U

Pucd CxematndHoe 1306paxeHue CTONIKHOBEHMS ABYX [1POTo-
HOB 1Pyl 04eHb OOTIbLION SHEPIVM: B CLUCTEME 1OKOS BTOPOIoO

6ospiie. Bosee TOro, oHm WHOT/Aa paCIIENJISIOTCS Ha npoToHa (a), B cucreme ueHTpa macc (6), B cucreme 1okos
KBapK-aHTHUKBAPKOBBIE MMAPbl, KOTOPBIE TOKE JIETAT PSAJIOM 16PBOro rPoToHa (B). Bo BCEX TPEX y4asx B3auMOLeiCTBME
7 TOXKe CUNTAIOTCS TTapToHaMu. B pesyabraTe yiabTpapesis- TIPOTOHOB OCYLUECTBIISETCS HEPE3 OOMEH «[TIHOOHHOIO JEpeBa,

HO K KOMY UMEHHO €ro OTHOCUTHb (K r1epBoOMYy /i1 KO BTOPOMYy

TUBUCTCKUI MPOTOH, T.€. MPOTOH, ABMXKYIIMICS OTHOCH- R
[IPOTOHY WM XE€ CYMTAThb OTHE/IbHbIM B3aUMOLAEVICTBUEM) —

TEJIbHO HAC CO CKOPOCTbHIO, O4YEeHb O6IU3KOI K CKOPOCTHU 33BUCUT OT CUCTEMbI OTCYETa
CBeTa, IIPeACTaeT B BI/I€ B3aNMOIIPOHUKAIOIINX 06J1a4KOB
KBapKOB, aHTUKBAPKOB U I'TIOOHOB, KOTOPbIE JIETAT BMECTE B pa3HbIX CHUCTEMaX OTCYeTa: B CHUCTEME IIOKOA OJHOTO
1 Kak Obl TOAAEPKUBAIOT APYT Apyra (pI/IC3) IIPpOTOHA, B CHCTEME IIeHTpa MacC, B CHCTEME IIOKOA
Yurateib, 3HAKOMBIN C TeOpI/Ieﬁ OTHOCUTEJIbHOCTHU, MO- Apyroro ImpoToHa. BsaumogeiicrBue MEXAy MpoTOHaMU
JKeT 3a0eclioKOuThbes. Bes (I)I/ISI/IKB. OCHOBaHa Ha TOM OCYIIECTBJIAETCA 4Yepe3 KacKa/l PaCHIeIIAI0INXCA TIJII00-
I[IpUHIMIIE, YTO 1106011 Imporecc 1mpoTeKaeT OAMHaAKOBO BO HOB, HO TOJIbKO B O/IHOM CJ/iy4ya€ 3TOT KacCKa/[ CUHUTAETCA
BCEX MHepIHaJbHbIX CUCTEMaX OTCYeTa. A TYT 1OJIy4aeT- <«BHYTPEHHOCTbIO» OJHOIO IIPOTOHA, B /IPYIOM CJiy4yae —
@) Bpews 0 &)
Cdl
AY A} ~
\ S S ———
A T~ \v\——
7 ¥ 7
J/ S J \\\\ Seo
pa A ya

Puc.3. CxemMatndHoe M306paxeHue rpoToHa B Pa3HbIX CUCTeMAax OTcYeTa. MenneHHo ABMXYLLMVICS POTOH () MOXHO rpencTaB/isiTs
B BUAE TPEX KBAPKOB (CIIIOLLHBIE JIMHMI), KOTOPbIE CBA3aHbI JPYI C 4PYIOM [TIIOOHaMU (LLTPUXOBbIE JIHIM). B ObICTDO ABUXYLLEMCH
rpoToHe (6) [TI00HbI YK€ MHOMAA NETAT PSAOM C KBapKamu. []pv CKOPOCTH MPOTOHA, 04eHb BIIN3KOM K CKOPOCTH CBETA (B), U [TI0OHSbI,
U [TOPOXAEHHBIMU MU KBAPK-AHTUKBAPKOBBIE Mapbl CTAHOBATCS MOHOMPABHBIMI [IaPTOHAMU — COCTABISIOLMMY YACTAMU [1POTOHA
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JaCTbIO APYyTOro NpoToOHa, a B TPETbEM — 3TO IIPOCTO HEKH
Oé'beKT, KOTOPbIM 0OMEHNBAIOTCS JBa IIpOTOHA. ITOT
KaCKa/l CYIIECTBYET, OH p€aJICH, HO K KaKoi yacTh Iporec-
Ca €ro Ha/l0 OTHOCUTDb — 3aBHUCHUT OT CUCTEMBbI OTCYETA.

TpexmepHbIi NOPTPET NPOTOHA

Bce pesyJsbraThl, PO KOTOPHIE MBI TOJbKO YTO paccKa-
3aJi, 6Ga3upOBAJIUCh HA IKCIEPUMEHTAX, BBHIMOJHEHHBIX
JIOBOJIbHO gaBHO — B 60-70-X romax mpomuioro Beka.
Kasasocp 6bl, ¢ TeX TOP BCe yiKe JIOJKHO ObITh N3YUYEHO
U BCe BOIPOCHI JOJDKHBI HaliT cBom orBeTbl. Ho Her —
YCTPOMCTBO MPOTOHA MO-TIPEKHEMY OCTaeTCs OHOU 13
CaMbIX UHTEPECHDBIX TeM B (DU3HMKe d71eMEeHTAPHbBIX YaCTHII.
Bosee toro, B mocsemHue rojibl WHTEpEC K Hell CHOBA
BO3pOC, TOTOMY 4YTO (PU3WUKHU TOHSJIU, KaK TIOJYyYHUTb
«TPEXMEPHDII» TOPTPET OBICTPO JIBUIKYIIETOCS TTPOTOHA,
KOTOPbBIN OKasajcsl TOpasjo CJAOKHee IMOPTpeTa Hero/I-
BIIKHOTO TIPOTOHA.

Kiaccnveckune aKCIiepruMeHTBI 110 CTOJIKHOBEHHIO TTPOTO-
HOB PAaCCKa3bIBAIOT JIUIIb O KOJUYECTBE TTAPTOHOB M MX
pacrpejie/leHu 1O dHEPTUU. B Takux SKCIEepUMeHTax
MapTOHBI YYaCTBYIOT KaK He3aBUCHUMble OODBEKTbI, a 3Ha-
YUT, U3 HUX HEJb3S Y3HATD, KaK MapTOHbI PACIIOJIOKEHDI
JIPYT OTHOCHUTEJIBbHO /IPYTa, KaK UMEHHO OHM CKJI/IbIBAIOT-
¢S B MpOTOH. MOXKHO CKa3aTh, UTO 10JTOE BpeMst (pu3mKam
OB JIOCTYTIEH JIUIIb <«OJHOMEPHBI» TOPTPET OBICTPO
JIETSITIETO TTPOTOHA.

[lyist Toro uToObI MOCTPOUTH HACTOSIIUN, TPEXMEPHbBIN
MOPTPET MPOTOHA W Y3HATh paclpejiesieHre MapTOHOB B
MPOCTPAHCTBE, TPEGYIOTCA TOpa3ao 6oJiee TOHKUE IKCITe-
PUMEHTDI, YeM Te, KOTOPbIe ObLJIN BO3MOKHBI 40 JIeT Ha3aI.
Takue sxcriepruMeHTbl (PU3UKHM HAYYUTICH CTABUTD COBCEM
HelaBHO, OyKBaJbHO B mocJennee pecsartuierne. OHU
MOHSLJIN, YTO CPEJI OIPOMHOTO KOJTMYECTBA PA3HBIX Peak-
Ui, KOTOPbIE IIPOUCXO/IAT MTPU CTOJKHOBEHWH 2JIEKTPOHA
C IPOTOHOM, €CThb OjiHa OcOGEHHast peakius — 24y060Ko-
BUPMYALILHOE KOMNMOHOBCKOE paccesnue, — KoTopas U
CMOJKET paccKkas3aTb O TPEXMEPHOI CTPYKType MPOTOHA.

Boo6iiie, KOMIITOHOBCKUM paccesinueM, uin 3hhekToM
KomnTona, Ha3bIBalOT ynpyroe CTOJKHOBeHHWE (POTOHA C
KaKON-HUOY/Ib YacTUIlell, HalpuMep ¢ MPOTOHOM. BbITis-
JIUT OHO TaK: TpuJieTaeT POTOH, MOTJIONIAETCS TIPOTOHOM,
KOTOPBIIl Ha KOPOTKOE BpPeMs TIePEXOUT B BO30OY KIEHHOE
COCTOSIHUE, A TIOTOM BO3BPAIIAETCS B UCXO/IHOE COCTOSTHUE,
ucnyckas (OToH B KaKOM-HUOY/[b HAIIPABJIEHUH.

KowmritonoBckoe paccesitiiie O6GbIYHBIX CBETOBBIX (hOTO-
HOB HE TIPUBOJIUT HU K YeMy WHTEPECHOMY — 9TO MPOCTOE
oTpaskeHue cBeTa OT MpoToHa. [1Jist Toro 4To6bl «BCTYIINIA
B UTPY» BHYTPEHHSISI CTPYKTYpa MPOTOHA U «TIOYYBCTBOBA-
JINCh» PacripejieJieHusl KBapKOB, HAJ0 MCIOJIb30BaTh (Ho-
TOHBI OYeHb OOJIBIION 3SHEPruM — B MUJJIHAPIbI Pa3
60JbIIIE, YeM B OOBIYHOM CBeTe. A Kak pa3 Takue (POTOHBI
— TIpaB/ia, BUPTYAJbHbIE — JIETKO TIOPOXK/IAET HATETAIOTIN I
a7ekTpoH. Ecsm Tenepb 00beIMHUTD OJHO C I[PYTUM, TO U
MOJTYYUTCS TJIyOOKO-BUPTYAJbHOE KOMIITOHOBCKOE pacce-
auue (puc.>).

ImaBHAast 0COGEHHOCTD ATON PEAKIIUE COCTOUT B TOM, UTO
oHa He paspyinaeT nporon. Haneraomuii (poToH He 1mpo-
CTO OBET 110 IPOTOHY, a KaK Obl TIATEJbHO €ro OIyITbIBaeT
U 3aTeM yJIeTaeT mpoyb. 10, B KaKyi0 CTOPOHY OH yJieTaer
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Puc5. Cxema rry6oKo-BupTyasibHOro KOMITOHOBCKOIO pacces -
HUA. HaneraoLwmy 371eKTPOH UCIYCKAeT BUPTYasIbHBINM (POTOH,
KOTOPbIF U PacCeMBaETCs Ha [POTOHe Hanonobue 3¢gg@ekra
KomrroHa

U KaKyIO 4acTb 9HEPIHU Y HEro OTOMPAET IIPOTOH, 3aBUCHUT
OT YCTPOICTBA NPOTOHA, OT B3aUMHOTIO PACIIOJIOXKEHUS
MapTOHOB BHYTPH Hero. VIMEHHO MO3TOMY, M3ydas 3TOT
MPOIECC, MOKHO BOCCTAHOBUTDL TPEXMEPHBIH OGJUK MPO-
TOHA, KaK Obl «BBLIEIHUTDb €r0 CKYJBITYPY>.

[IpaBna, ans usnMka-sKCIIEpUMEHTATOPA CAEJNATh 3TO
OuYeHb HEMpocTo. Hy KHbII TpoIiece MPOUCXoUT J0BOJIHHO
PEIKO, M 3aPETHCTPUPOBATD ero TPy aHO. [lepBbie skcnepu-
MEHTaJbHbIE JaHHbIe 06 3TOW peakinun ObLIU TOJIyYeHbBI
aumib B 2001 ropy na yckopurene HERA B nemenxom
yckopureabHoM komiuiekce DESY B TamOypre; nHoBas
cepust TaHHBIX ceiyac 06pabaThIBAETCST SKCIIEPUMEHTATO-
pamu. Bripouem, ye cerogHsi, Ha OCHOBAHMM MEPBBIX
JIAHHDBIX, TEOPETUKN PUCYIOT TPEXMEPHbIE paciipe/ie/ieHus
KBapKOB U TJIIOOHOB B TIpoToHe. Du3nyeckass BeJUYNHA,
PO KOTOPYIO (DM3UKN PaHbIlle CTPOUJIN JIUITD MTPE/IO0JIO0-
JKeHUsI, HAaKOHEI[ CTajla <IIPOCTYIaTh» U3 SKCIIEPUMEHTA.

JKnyT sm Hac kakue-HUOY/Ib HEOKU/ITAHHBIE OTKPBITHS B
aToit objactu? Brosine BeposiTHO, 4TO ja. B kadectBe
MJLTIOCTPAIlNU CKazkeM, 4To B Hosiope 2008 rojia mosiBuiach
WHTEPECHAst TEOPETUYecKast CTaThs, B KOTOPOH YTBEP:KIa-
eTcs, 4TO GBICTPO JIETSIINIA TPOTOH JIOJIKEH UMETD BUJT HE
IJIOCKOT'O JIUCKA, a JABOSIKOBOTHYTOH JiIMH3bI. Tak mnosyya-
eTcs MOTOMY, YTO IAPTOHBI, CUJIAINIME B IEHTPAJbHON
06JIaCTH TIPOTOHA, CUJIbHEE CKUMAIOTCS B MPOAOJbHOM
HaIlpaBJeHUH, YeM MapTOHbI, CUAIME HAa Kpasdx. BbLio
ObI OUE€Hb UHTEPECHO IIPOBEPUTD 3TH TEOPETUYECKUE TIPE/I-
CKa3aHUs 9KCMEPUMEHTATHHO!

Mouyemy Bce 3TO UHTepecHO U3nKam?

3adem BooO1Ie pU3MKaM HAIO 3HATH, KAK MMEHHO pac-
TIpe/ieJIeHO BEMIeCTBO BHYTPH MTPOTOHOB M HEWTPOHOB?

Bo-miepBbix, aToro TpebyeT cama JIOTHKA pa3BuTHS (hu-
3UKHU. B MUpe ecTh MHOTO TTOPA3NUTETbHO CJI0KHBIX CHCTEM,
€ KOTOPBIMH COBPEMEHHAs TeopeTmueckas (puanKa moxa ue
MOJKET TOJTHOCTBIO COBJIA/IATh. AJ[POHDBI — O/IHA U3 TAKUX
cucreM. Paz6bupasich ¢ yeTpoiicTBOM a[pOHOB, Mbl OTTAYH-
BaeM CIIOCOOHOCTH TEOPETIHYECKON (PUBUKY, KOTOPBIE BIIOJIHE
MOTYT OKa3aTbCsl YHUBEPCAJbHBIMU U, BO3MOKHO, 1TOMO-
YT B 4eM-TO COBCEM WHOM, HallpuMep IpU U3YYCHUU
CBEPXITPOBOHIKOB HJIU IPYTUX MAaTEPUATIOB C HEOOBIUHBI-
MU CBOMCTBaMU.

Bo-BTOpBIX, TYT €cTb HemocpeACTBeHHAs MOJb3a s
saaepHoit pusuku. HecMOTps Ha TOYTH BEKOBYIO HCTOPHIO
W3yYeHNs aTOMHBIX SI/Iep, TEOPETUKH /IO CUX TIOP He 3HAIOT
TOYHDBIN 3aKOH B3aMMOJIEUCTBUS MPOTOHOB U HEHTPOHOB.

30.09.09, 16:31



WM npuxoautTcs 9TOT 3aKOH OTYACTU YTaJblBaTh, UCXO/S
13 9KCHEPUMEHTAJbHDBIX JAHHbBIX, OTYACTH KOHCTPYUPO-
BaTb Ha OCHOBE 3HAHUI O CTPYKType HYKJOHOB. TyT-TO 1
[IOMOT'YT HOBBIE JaHHbIE O TPEXMEPHOM YCTPOICTBE HYKJIO-
HOB.

B-TpeTbux, HECKOJIBKO JIeT Ha3a/l (PU3UKHU CYyMeJHn MOJTy-
YUTh HU MHOTO HU Majio HOBOE arperaTHoe COCTOSHUE
BeIIeCTBA — KBAPK-TJIIOOHHYIO T11asMy. B TakoM cocros-
HUU KBApKU HE CUJSAT BHYTPH OTJEJbHBIX ITPOTOHOB U
HEHTPOHOB, a CBOGO/IHO I'YJISIOT II0 BCEMY CTYCTKY SIIEPHO-
ro BelniecTBa. /locTndb ero MOKHO, HAIIPUMED, TaK: TsKe-
JIble g/1pa Pa3rOHSIOTCS B YCKOPHUTEJIE /10 CKOPOCTH, OY€Hb
6JTM3KOI K CKOPOCTH CBETA, U 3aTE€M CTAJKUBAIOTCS J06 B
n06. B aTOM CTONIKHOBEHMM Ha OYEHb KOPOTKOE BPEMs
BO3HMKAET TeMilepaTypa B TPUJLIMOHbBL IPaJlyCcOB, KOTOpas

1 PaCIJIaBJISIET SIAPA B KBAPK-TJIIOOHHYIO TI71a3My . Tak BOT,
OKa3bIBAETCS, YTO TEOPETUUECKUE PACUETHI TOTO SIZEPHOTO
TIJIaBJIEHUS TPeOYIOT XOPOIIIeTo 3HAHNUS TPEXMEPHOTO YCT-
poiicTBa HYKJIOHOB.

Haxoner, aTu JaHHDBIE OY€HD HY>KHBI 171 aCTPO(PI3UKH.
Korga Ttspkesple 3Be3/ibl B3pBIBAIOTCSI B KOHIIE CBOEH
JKU3HH, OT HUX YaCTO OCTAIOTCA ‘lpeSBbI‘{aﬁHO KOMIIaKTHbIE
00bEKTHI — HEUTPOHHDBIE U, BO3MOYKHO, KBAPKOBbIE 3BE3/IBI.
CeparieBiHa 3TUX 3Be3/ IIEJIUKOM COCTOUT U3 HEHTPOHOB,
a MOXKeT ObITb Ja’ke W M3 XOJIOJHOU KBapK-TJIIOOHHOII
ma3Mbl. Takue 3Be3/bl yiKe JaBHO 0OHAPYKEHBI, HO YTO
MIPOUCXO/UT Y HUX BHYTPH — MOKHO TOJIbKO /IOTa/IbIBATH-
cs1. Tax uTo Xoporree TOHMMaHIe KBAPKOBBIX pacrpe/ieJie-
HUI MOJKET TIPUBECTU K TIPOTPECCY M B acTPOU3UKE.

KocMmyeckmm HaHONUMT

K.6Or4JAHOB

3BECTHO, UTO MHOI'ME CIIYTHUKU 3EMJINA,

HATIPUMEpP CHYTHUKHU CBSI3U U METEOPOJIOTHYECKITe

CITyTHUKH, HAXO/ISTCS HA T€OCTAIIMOHAPHBIX OPOH-
Tax W, TaKuM 06pPa3oM, MOTYT HEIOJBIKHO BUCETH HAJ
OJ/THOHM M TOH Ke TOYKOW ee TTOBEPXHOCTH.

Otienum BbIcOTy H reocranimoHapHoii opOuTbl HAJ[ T0-
BepxHocTblo 3eman. Ilyers Ry = 6400 xm = 6,4 - 105 M —
paanyc 3emun, T = 24 4= 86400 c — mepuoz ee o6pareHms
BOKpyT ocu. Tor/ia iuHeitHas CKOPOCThb © re0CTallnOHAPHO-
IO CITyTHUKA B UHEPIMATBHON CUCTEME OTCUETa, CBSI3aHHON
¢ ocbi0 3eMJH, paBHA

2n(Ry +H)
oOo=-—=
T
C Zapyroii CTOpPOHBI, IEHTPOCTPEMUTENbHOE YCKOpEHUE
CIIyTHUKA @ IOJKHO OBITH PABHO YCKOPEHUIO CBOGOIHOTO

IageHusA g Ha I[aHHOI'/JI BbICOTE:
2

[
a=—->
Ry;+H’
= gy T a rae _98M/C2
g QOWE » TAE gy ) )
a=g.

Orciofia ocJie HECKOJIBKUX aare6pandeckux 1mpeobpaso-
BaHWI TIOJIydyaeM

22
H=3%—R3 =35900 Kn .

Emte y K.9.1110/K0BCKOTO BO3HUKIA MBICJIb MCTIOJIb30-
BaTh reoCTalMOHAPHbIE CITY THUKH, a BCE HeOOXO0IUMOE JIJIsT
paGoThl JOCTABJATh TyAa HAa KOCMUYECKOM JmdTe IO
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TPOCY, COEIMHAIONIEMY CITyTHUK C TOUKOI Ha 3emJie, Hall
KOTOpOIi oH HaxouTcs. OHAKO IMPOCTbIe PacYeThl TTOKa-
3aJIM, YTO TAKOM TPOC, C/eJaHHBIH Jla’ke U3 CaMbIX MTPOY-
HBIX COPTOB CTasu, OOOPBETCS IO/ CHUJIOW COOCTBEHHON
TSKECTH.

HaiigeM, kakoil MoskeT ObITh MaKCUMaabHad AJnHa L
Tpoca W3 CTaJ i, KOTOPBLI HE PasopBeTCS TOA CHUJION
cob6erBentoit Tsokectn. Ilpepen mpounoct cramu Oy, =
=0,8 I'lla, norHocTb cTamm p = 7800 KF/ M° . Ecom S —
TJIONIA/Ih TIOTIEPEYHOTO CeveHns Tpoca, To Bec P Tpoca
JumHOM L m iotHOCTBIO P paBeH P = pgLS . Korga tpoc
TIO/IBETIEH 32 O/INH KOHEIl, MeXaHN4eCKoe HalpsKeHne o
(oTHOMIEHWE CHMJBI YIPYTOCTH TpPOCca K IUIOMAAU €ro
[IONEPEYHOTO CEYEHUsI) B caMOW BepxHell TouKe Tpoca
paBHO

o= £ =pg L
S
Uto6bl TpOC HEe Pas3opBajcs, O [I0JKHO ObITh MEHbIIe
O,p , OTKY/Ia CJIeJlyeT, 4To

L< O 10 k™ .
Pg

[Tonyyennoe 3HayeHWe [JIUHBI TPOCA [IEHCTBUTETHHO
ropas/io MeHbIlle BHICOThI F€0CTAIIMOHAPHON OPOUTBI CITYT-
HUKA.

[IpuHATO CYNTATD, YTO CAMBIMU IIPOYHBIMU MaTepuasa-
MU Ha 3eMJie CEeTO/IHsI SIBJISIOTCS YTIePO/HbIE HAHOTPYOKH.
Teoperrueckyt UX TPOYHOCTD JOJIKHA COCTABJSATH OKOJIO
300 I'Tla, ogHaKko sKCHEPUMEHTAIbHbIE 3HAUEHMST OKA3bI-
Baiorcst He 6osiee 60 I'Tla. It pazauuus, 1Mo-BUANMOMY,
BBI3BAHBI OTCYTCTBHEM TEXHOJIOTUN MPOM3BOJICTBA JIJINMH-
HBIX HaHOTPYOOK 6e3 medekrtoB. B mHacrosiiee Bpems
JUTMHA HAHOTPYOOK cocTaBjsgeT He 6oJjiee HECKOJIbKUX
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MUJLTUMETPOB. [IpenonokuM, 4To uepes HEKOTOPOe Bpe-
M3 C TIOMOIIIbIO METO/[0B HAHOTEXHOJIOTUI CTAaHET BO3MOK-
HBIM H3TOTOBJICHUE Ge3/1eDEeKTHBIX HAHOTPYOOK JJTHHO B
COTHU ¥ TBHICSYM KUJOMETPOB. IDTO CETaeT BO3MOYKHBIM
BEPHYTHCS K Ujee KOCMUYECKOTO JI(Ta, UCTIOJIL3YS BMe-
CTO TPOCAa HAHOTPYOKH.

=1 kM u quamerpoM D = 1,4 HM, cunTasi, 4T0 HAHOTPYOKa
COCTOUT U3 aTOMOB YIJIEPO/Ia, 06Pa3yIOHX IPABUJIbHbIE
mectuyronbHuKK ¢ pe6pom d = 0,14 uM (cM. PUCYHOK).
Jlerko mokasartb, 4TO IMMPUHA MIECTUYTOIbHUKA (paccTo-
AHUE MEX/Y NapasjebHbIMU peGpaMu) COCTaBJseT

a =d,/3 . Bronb nepumerpa HAaHOTPYOKHU YKJIAIbIBAETCS
MOJIOCKA M3 72 TAKUX MIECTUYTOJbHUKOB, MPUYEM

O6111ee 4ncyIo aTOMOB YIJIEPO/ia B 9THX MIECTHYTOJbHIKAX
paBHO 4n. AHAJOTUYHbBIC TIOJIOCKH M3 1 aTOMOB IIOBTOPSI-
I0TCSI BJIOJIb JITMHBI HAHOTPYOKHN Yepe3 pacCTOSTHHE, PaB-
Hoe 3d. Tloatomy o6miee umcjao atomoB N y Takoii

Haiinem maccy M yraiepofHOit HAHOTPYOKH [JInHON L =

H:E:18.

d\3

max

HAHOTPYOKM JUTHHOIL L cocTaBuT HajleHust IPU yAaleHul OT 3eMn?

Macca takoii HaHOTPYOKM GyjeT paBHA pasen dP =pgSdH , tne g = g, ﬁg Ecau tpoc
M=N0O20,6700 2T kr = 3,4 1o~'? KT . JUIMHON L 11oBecuTb 3a OJI1H KOHe131, TO HalIPSKEHUE B
Cuntas TPOYHOCTD TPOCA U3 HAHOTPYOHOK paBHOI/I Oyp = caMoil BepXHeil Touke Tpoca Gy/AeT paBHO
=300 I'Tla, a ero morHocts P = 1400 KF/ M OHpeI[eJII/IM P L H L
@ MaKCUMAJIbHYIO JJIUHY L .. 3TOTO Tpoca, He 06pbIBatoIIle- 0= 5 = pgoR3J’T PIoR3 5—— Ry+L°
rocsi 1oJi CUJION coOCTBEeHHON TsixkecTu. [Ipuuem mamene- )

HHEM YCKOPEHUSI cBOGOTHOTO TAJICHUS TIPH YAAJECHUN OT
3emun cHavasa 6yneM mpeHeOperarh.

L _ 40800° m
3d 30,1400 u

A Kakoif MoKeT OBITh MaKCUMaIbHad JanHa L 3TOTO
He OGPBIBAIOIIETOCS IO/ CHJIONH COOCTBEHHOW TSIZKECTH
TPOCA, €CJIU y4eCTb M3MEHEHHE YCKOPEHHsI CBOGOIHOTO

[Iyctp muomniaab MomepevyHoro ceyeHus: Tpoca paBHa S.
N=dpn—=—"7T—"_"_=1700" 4
) . Torma Bec d P otpeska Tpoca anunoit d H u I0THOCTBIO P

HOCIIGIIHI/Iﬁ COMHOJXHUTEJIb B HpaBOI'/JI JacTu IMOJIyYE€HHOTO
BbIpasKeHUA ITPU 3HAYECHUAX L> R3 MOHOTOHHO yB€JINYN-

BOCHOJII)SyeMCH pe3yabTaTaMi PaCY€TOB [/ CTaJIbHOTO Ba€TCA, CTpEMACH K €IMHUIIE. OTCIO,ZIa cJeayer, 4To Ha-
Tpoca 1 Hali/ileM HallpsKeHue Halllero Tpoca U3 HaHOTPY- npsizkeHne O He MOKeT ObITh GoJibliie PgyR3 = 0,30’Hp
6ok: 0 =pgL. Uro6pl Tpoc He pasopBacs, I0JKHO Takum 06pasoM, TPOC, CHAEJAHHBIA U3 YIJIEPOIHBIX
BBIIOJIHATBCS yCIOBUE HaHOTPYOOK, B TPABUTAIMOHHOM TT0JIe 3eMJIN MOKET OBbITh

o' (%)
o< o-“p L < up 22000 KM . JIIO0601/I JJIMHDbI, TaK Kalf OH HHUKOT/a H€ Pa30pPBETCA IO/
pg JelicTBIEeM COOCTBEHHOU TAXKECTH. ITO JeJaeT U/eI0 KOC-
Vike HeIIoXon pesyJbrar. MHUYECKOI'O ]H/I(i)Ta. BIIOJIHE peaJIbHOi/’I.

BnarotBoputenbHbiv poHA «HoBasi Mbicnb» (yupeautens 3A0 «PuHam») oGbSABASIET KOHKYPC cpeamn
NnL, CKNOHHBIX K KPUTUYECKOMY aHanusy pasfiuyHbiX npobnem ¢pusnku, mateMaTukm v MHPOPMaTUKN.
KoHKypcaHT Ao/KeH caM NMocTaBUTb 3adayvy U NpeacTaBUTb ee peLleHue.

Llenb KOHKypca: BbiiBIeHUE U NOOLPpeHNEe CAMOCTOSAITENIbHO N KOHCTPYKTUBHO MbICIALLNX JIIOAEMN.

KoHKypc — eXxerogHbIii. YC0BUS NpoBefeHUsi o4epefHOro KOHKypca oobsiBnsitoTcsl B Aekabpe, utoru
noaBoAATCS B Mae creAyioLLero roga, npuyemM otaenbHO Ansg nuy, He ctaplie 18 net u gna nuuy, oo 35 ner.

NMpemuanbHblie PoHAblI GOPMUPYIOTCA B CriegyloWUX pa3mMmepax:

ONsl Y4aCcTHUKOB BO3pacTHom kaTteropum o 18 netr — 300000 py6. (rnaBHas npemus 150000 py6., Tpu
nooupuTtenbHbie no 50000 py6.);

DN y4acTHUKOB BO3pacTHOM Kateropumn ao 35 net — 500000 py6. (rnaBHasa npemus 200000 py6., Tpu
nooupuTtenbHbie no 100000 py6.).

OprkoMuTeT KOHKypca niaHupyeT BrocneAcTBUN yBennyeHne oobemMoB HarpagHbix hOHAOB.

OGpalueHVe-geknapaums OprkoMmmTeTa KOHKypca K y4acTHUKaMm, npaBuiia opopmMiieHUs 3asiBOK, CPOKU,
MecTo 1 hopMa NpeacTaBneHnsl KOHKYPCHbIX MaTepuanos, a TakXKe npo4yasi uHopmMauusi — Bce 3To byaer
onyGNMKOBaHO B LLECTOM HoMepe XypHana «KBaHT» 3a 2009 rog, 1 B Hayane gekabps nomeLleHo Ha canTte
XypHana «KBaHT».
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3afava 2paella — Cekepelua:
MNPOOOJIKEHE NCTOPUN

B.KOLLIEJIEB, A.PAUOPOL4CKUU

CHoBa B NyTb

B «KBante» Ne2 3a ator roz 6p11a omy6JIHKOBaHA HAIIIA
cTartbs «3ajava Ipgenia — Cekepelia O BBITYKJIBIX MHO-
royroapaukaxs> [1]. Tam Mbl pacckasbiBaau yAUBUTEb-
Hyio (a MecTaMu JJasKke POMAHTHYECKYIO) UCTOPHIO OJHON
M3 CaMbIX KPACHUBBIX U TOIYJSPHBIX MPo6JeM KOMOMHA-
TOPHOI TEOMETPUN — MCTOPUIO, KOTOPAsI HAYAJIACh 75 JIET
Ha3a/l U KOTOpasi BeCbMa JlajieKa OT CBOETrO 3aBepIIeHus.
Yuraresio, JKeJaoIeMy KakK CJIeAyeT TTOHSTb HCTOKH TOTO,
0 YeM MbI TIOBeJIeM PeUb B HbIHEITHEH cTaThe, He0OX0IUMO,
KOHEYHO, BOOPY KUTDHCSI BBINIEYTIOMSIHYTOW CTaThbel, Be/lb
3/1ECh MbI JIMIIIb HATIOMHUM KPATKOE COJIEPIKaHNE «ITPe/Ibl-
QYIIUX Cepuii», a MocJe [BUHEMCS B IPUHIUIIAAIBHO
HOBBIE JIJIST HAC, /IO CUX TOpP HEW3BeAaHHbIE 00JIaCTH.

Mrak, OCHOBHBIMH OOBEKTAMU HAIEro MCCJeL0BaHUs
OBLIN MHOKECTBA TOUEK 00,20 NOJOKEHUS HA ILIOCKO-
ct. HammoMHMM, 94TO TAKOBBI BCE MHOJKECTBA, HUKAKUE TPU
aJIeMEeHTa KOTOPBIX He JeKaT Ha oJ{Ho# mpsimoii. Hareit
1eJbI0 ObIIO OTBICKAHWE JJISI Ka)KJOTO HATypaabHOTO
qIcJIa 72 3HaYeHNs (PYHKIIUN ¢ (n) , KOTOPYIO MBI TIOJIaraJjim
PaBHOIT HAMMEHBIIIEMY ¢ TAKOMY, YTO B JIIOGOM MHOKECTBE
OO0IIETO TOJIOKEHNST Ha IIJIOCKOCTH, UMEIOIEM MOIIHOCTD
g, 00SI3aTEIbHO €CTh 7 TOYEK, SBJSIONNXCS BEPITHHAME
BBITIYKJIOTO 7-yTOJIbHUKA.

CriepBa Mbl O6CYUJIN BOIIPOC O TOBefeHuu (yHKIUT
g(n) npu n0{3,4,5,6 wu BbisicHMIN, uTO BesAKuil pas
g(n) = 2"72 +1. BaTeM MbI YOCIIIICH B TOM, 9TO BOOGIIE
npu Bcex 1 =3 BeMYMHA g(n) KOHEYHa M 4To, 6oJee
toro, g(n)<4", rounee g(n)<Cip%+1 npu n=5.
Haxowerr, MbI IMOKa3aJu, 4TO ONSATb-TaKU TP JIOOOM 7
g(n)=2"%+1.

Bor, B cynaoctn, u Bce. OKa3biBaeTcs, OJHAKO, YTO 3TO
JIMNIb HAYaJI0 yTu. W /1eJ10 He TOJIBKO B TOM, YTO TOUHBII
Bup dynxunn g (n) no-npexuemy Hemssecten (Mpl b
MOJKEM BEpUTb BCJIEJ 3a aBTOpPaMu MPOOJEMbI, YTO
g (n) =2"2 41 ); Z1eJ10 ellle ¥ B TOM, YTO UCXO/HAs 3a/1a4a
JIOITYCKAeT PsiJi BECbMa e€CTeCTBEHHBIX, HUYYTh He MeHee
KPacuBBIX 0600IIEHNI 1, KaK IPUHATO TOBOPUTDH B HAYKe,
MoauduKanuii. MIMeHHO 0 HUX MBI Telepb U TOTOBOPUM.

BbII'IyK.ﬂble N Nycrtbie MHOroyrojibHMKu

Moaudunkaunsa 3apaum dppgewa — Cekepelua

Crycrst 6e3 MaJIoro MmoJiBeKa ¢ MOMEHTa BbIXO/a B CBET
3aMeyvaTesibHOI ctatbu [2], a Tounee B 1978 roxay, 11.9p-
JIETI TPEIJIOK I CJIETKA BUOM3MEHUTD YCIOBHE HCXO/HOM
po6JIEMbI, KOTOPast K TOMY BPEMEHH CTaJIa KJIACCUIECKOI.

‘ 01-18.p65 13
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OH 3a/1aJ1Cs1 BOIIPOCOM: YTO €CJIM MBI 6Y/IeM UCKATh B TOM
WM THOM MHO)KecTBe A 06TIero MoJIoXKeHNs Ha TIIIOCKO-
CTH HE TIPOCTO BEPIIHHBI BBIITYKJIBIX MHOTOYTOJBHUKOB, HO
BEPIIMHBI TAKUX BBIMTYKJIBIX MHOTOYTOJBHUKOB, BHYTPHU
KOTOPBIX HET JAPYTUX TOUEK MHOXKecTBa A ? Takue MHOTO-
YTOJBHUKN €CTECTBEHHO HA3bIBATD NYCMbLMU NI ObIPAMU.
Ha pucynke 1 nmokasan

IpUMep AbIPbl U IPH-

Mep He JIbIPbI.

BBenem Benmumny

h(n), korTopas mnoc.ty-

JKUT AHAJIOTOM BEJTHYH- .

ubl g (n) B paMkax HO-  Puc 1 [lpumep Abips! v He Abipbi
Boil 3amauu. Yrto arto

suaunt? Ilo uzee, Bce ouenb mpocto. [lomyctum, ams
JIAHHOTO HATYPAJbHOTO 7 = 3 MBI HAIILIM TaKOe YUCJo /2,
9TO B JIIOOOM MHOXKECTBE OOIIEro MOJIOXKEHNS Ha MJI0CKO-
CTH, UMEIOIIEM MOIIHOCTD /2, €CTh IyCTON N-YTOJbHUK U
HaliieTcss MHOXKeCTBO OGIIETO TOJIOKEHNST Ha TIJIOCKOCTH,
uMeromiee pasmep £ — 1 uW ABIp HA N BepUIMHAX HE
coziepkaiee. Bor u nosoxum torga h(n) = h. Ipocro?
He coscem. [lesio B TOM, 4TO CXO/My HE BIOJHE MOHSITHO,
HoYeMy HaJIMuKe MyCThIX MHOTOYTOJIbHIKOB B TIPOU3BOJIb-
HOM /-TOYEYHOM MHOKECTBE TaPAHTUPYET HaM UX IPUCYT-
CTBHE B KaXKJOM MHOXKecTBe pasmepa i + 1. Bosuukaer
mpob6yemMa ¢ coOJII0/IeHueM yCJIOBUSI IIyCTOTbI, KOTOPOTO
pasbiie (T.e. pu onpe/esiennn Beanunnnl g (n)) BoBce He
6b110. VIHBIMU CJIOBAMU, €CJIM TIPEXKJe Mbl CIOKOITHO
roBopun 0 nozpanuunot seawunue ¢(n), nawunas c
KOTODPOIl BCSKOE MHOKECTBO COOTBETCTBYIOIIETO pasMepa
COZIEPKAJIO BBIMTYKJIbIII MHOTOYTOJIBHUK, TO OTHBIHE TaK0Oe
CTTOKOTICTBHE elle HY)XHO 3acaykuTb. [lo cuacTpio, mpo-
6sieMa JIeTKO yCTpaHuMa.

Yreepxaenne 1. ITycmv npu nexomopom h awo6oe
MHOKECTNBO 00U e20 NOLONKEHUSL HA NAOCKOCTU, UMEIUWee
MowgHoCcmy h, codepxum 6vinyKAvill U NYCMOU N-Y20/b-
nux. Tozda mo ixe camoe 6epno u 0151 KaK0020 MHONe-
cmea obwezo nonoxenus pasmepa h + 1.

JokazareabcTBo. PaccMOTpuM MpOU3BOJIBHOE MHOMKE-
crBo X wmomuoctu i + 1. Ilycrs 7/ — MHOTOYTOJNBHUK,
ABJSIONMICS ero BbIMyKJI0i o6omoukoit (em. [1]). ¥Vaa-
aquM u3 X 106yi0 BEPIIMHY 3TOr0 MHOTOYTOJBLHUKA.
OcraneTcs MHOXKeCTBO pa3Mepa /2, B KOTOPOM, I10 HAIIIEMY
IPEITOJIOKEHUTO, €CTh BBIYKJBIH 1 MyCTOH 7-yrOJbHUK.
OueBU/IHO, BBIKMHYTAasi HaMK BEpIIMHA HAXOJMUTCS BHE
9TOTO N-yTOJbHUKA. 3HAYUT, A COJAEPIKUT BBITYKJDBIH U
nycmou n-yroJbHUK. Y TBepsK/IeHNe JOKa3aHo.

Eciut kaxiomy 2, 171 KOTOPOTO CYIIECTBYET MHOKECTBO

30.09.09, 16:30
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pasmepa /2 6e3 BBIMYKJIBIX U [IyCTBIX 7-YTOJBHUKOB, CTa-
BUTb B coorBercTBre 0, a KaXKJAOMY /2, I KOTOPOTO
MoI0GHOTO MHOKECTBA HET, COMOCTaBJATH 1, TO, BBUIY
YTBEPKACHUA 1, BO3HUKHET O/[Ha U3 TpeEX CHTyaHHﬁ,
n300paKeHHbIX Tpaduueckn Ha pucyHke 2. B mepsoii

h(n) hin)

1 ORI I 1 L
0123456 W 0012345 wthit n
hn)

Puc. 2. Cutyaumm, BO3HMKAIOLYME MPU OrpeseneHnn h (/7)
¢ curyatuu 71(n) = 3, Bo BTopoii —
h(n) = h, B Tperbeil cutyarun
MOKHO TOBOPUTD, uTO /(1) = oo
ui uto /(n) He cyuiectsyer.
[TonpoGyeM paszoGpaThest ¢ Ma-
apiMu . OueBuno, uto 7(3) = 3.
3Hast [I0Ka3aTeJqbCTBO TOTO, YTO
g(4) =5, HeTPY/IHO MOHATD, YTO U
h(4) = 5. Nlunoctpanun K TOMy
npesxxaue (puc. 3, 4).

Puc. 3. Yerwipe royukm 6€3
BbIMYKIIbIX  YETbIPEX-
YrosibHUKOB

L L L] - a

Puc. 4. Ba,OMaHTb/ B3VIMHOIO pacriosioXKeHUA AT T104eK

Tak, moxeT, A(n) = g(n)?

... Oppern TobKO 3psi cTapaJscs, TPUAyMbIBask MOJIU-
¢ukamio cBoeil crapoii 3ajjaun? J Het, Bce Kya MHTepec-
Hee. Bo-TiepBbIX, Ha pUCYHKE 5 M300pasKeH IPUMEp MHO-
JKECTBa U3 JIEBATH TO-
YyeK: OHO B 0OII[EM T10JI0-

. JKEHHMH, 1, KaK IT0JIOKEe-
. HO, BbIIIYKJIbI€ IIATH-

L * VYIrOJIbHUKMN Ha €Tro 3JIe-
. MEHTaX CTPOATCA; O/~

. HaKO HM OJJMH M3 3TUX

MATUYTOJIbHUKOB 11yC-

TbIM HE ABJIAETCA.
Puc. 5. lMpumep gesar rodex be3

BbINYKIbIX 1 MyCToX naTnyronsm- ATAK h(5) =210 >
KoB >¢g(5)=9. Ha camom

nene h(5) = 10. 3o
nokasas X.Xap6opt B 1978 rogy. Mol He craneMm npuso-
JITD 3/IECH €70 PACCYK/EHUE, KOTOPOE, BIIPOYEM, HE OU€HD
U CJIOXKHOE.

A B 1983 rosmy, MOXHO CKasaTh, I'PSIHYJI T'POM Cpen
sicHoro Heba: [[»k. XOpTOH J0Ka3aa HeCcyIecCTBOBAHNE Be-
smaunbt £(7) u, crano 6bith, Beex h(n) npu n=7. [lis
KayKI0TO /2 OH TIOCTPOTLT TIPUMEP MHOKECTBA U3 /2 TOUEK Ha
IJIOCKOCTH, B KOTOPOM HET BBIMYKJbIX U IYCTBIX CEMH-
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YIOJIbHUKOB. B cienyioiieM pas/iesie Mbl OIUIIEM XOPTO-
HOBCKYIO KOHCTPYKIIMIO.

MHoxecTBa XopTOoHa

Wrak, HaM HYKHO [IJIs1 KJK/IOTO /2 TOCTPOUTD MHOYKECTBO
Ha IJIOCKOCTH, pa3Mep KOTOPOro /2 u B KOTOPOM JIIOGOI
BBIIYKJIBII CEMUYTOJIBHUK COJEPIKUT XOTS ObI OJIHY TOUKY
BHYTpHU. Pamn peanusaimu aToro 3ambicjia HaM 1OTpe6y-
€TCd BCIIOMHUTD OIPE/IEJICHUS «YalleK» U «KPbIIIEK».

Yamku ¥ KPBINIKK: KPAaTKOe HaOMUHaHue. KoHeuHo,
ollpe/iesieHNe YallleK M KPbIIIEK Mbl yKe JlaBaji B CTaTbe
[1], w nMeHHO K Heil HAM CcJeIyeT OTOCJATh YUTATeJIs.
CoOTBETCTBEHHO, 3/IeCh MBI HE CTAHEM B/IaBaThCs B KaKue-
60 OPOOHOCTH. MBI JIUIIb TIOAYEPKHEM, YTO U YAIIIKH,
M KPBIIIKK ONPEAENsIores B Hekotopoii (j1o6oii) cucreme
KOOP/IMHAT, KaKOBYIO OTHBIHE MbI OyJeM CUUTATb pa3 u
HaBcer/1a 3apUKCUPOBAHHOI Ha MJIOCKOCTH. B aToii cucre-
Me KOOpJWHAT TUIUYHAS Yalllka W TUIIMYHAS KPBIIIKA
BBITJIS/IAT TaK, KaK 3TO MMOKA3aHO HA PUCYHKe 6.

M 4

e I

4 \

M

v

Puc. 6. Cucrema KOOPAUHAT U TUTTYHbIE YaLLKa v KPbILLUKE B Heu

HamomuuM erte, 4To R-vaika — 9To yaImika ¢ k y3jaamn
u, ctano Obith, k — 1 3BeHbsmMu. Hampumep, wamka Ha
pucyHke 6 siBysietcst 6-4arkoil. AHAJIOTUYHO OTIPeIeISIOT-
csT U R-KPBITIKH.

N pas yero ke HaM YaIIKM C KPBIIKaMu? A Bce /1€710
B TOM, YTO BBITIOTHEHO CJIEAYIOIIee TIPOCTOE YTBEPSKICHNE.

Yreepxkaenune 2. J1060i 6unyKAblil CEMUYZOILHUK Hd
RAOCKOCIU, Y KOMOPOZO 6 OAHHOU cucmeme KoOpouHam
nem cmopon, napaiienvivix ocu Oy (nasosem maxue
CTOPOHBL BEPIMUKATLHBIMU), JUOO COOPKUM 5-4AWKY,
Au60 codepium 5-KpoluKy.

[lokazaTenbCTBO yTBEPIKIEH IS MbI IIPEIOCTABJISIEM YNTA-
TEJIIO B KauecTBe yNpakHeHnusi. BbIBoa U3 yTBepIKIeHs
TAKOI: ecau JJig JAHHOTO /i Mbl TIOCTPOUJIM MHOYKECTBO
pasmMepa /2 Ha IIJIOCKOCTH, B KOTOPOM HUKAKHE /IBE TOUKHU He
CJIy>KaT KOHIIAMU BEPTUKAIBHOTO OTPE3KA 1 B KOTOPOM JI0-
6ast S-yanika u Jobast S-KPbIIIKa COAepPKaT XOTS Obl OHY
TOYKY 3TOTO MHOXXECTBA, TO U JIIOOON BBIMYKJIBII CEMI-
YTOJIBHHUK B 5TOM MHOKecTBe He 1rycT. (Mbl roBopuM, 4To
vamka (MM KPBINIKA) COAEPKUT TOUKY, €CJHM ATy TOUKY
COEPIKUT BBIMYKJbBIH TISITUYTOJbHUK, TTOJYYEHHBIT W3
Hameii gamkn (KpbImKu) Jo6aBIEHUEM HETOCTAIONIETO
pe6pa.)

He6oabmoe ynpouienue 3agaud. VTtak, HaM HY’KHO
JUIST KQKIOTO 7 IPUAyMaTbh MHOKECTBO MOIIHOCTH /2 Ha
IJIOCKOCTH, B KOTOPOM HET BEPTUKATIbHBIX OTPE3KOB U B
KOTOPOM KK[Jasl S-4alllka M KaskK1as S-KPBIITKa B U3BeC-
THOM CMBICJIE COZIEPKAT TOUKH. A B CYIIHOCTHU, 3aUeM [T
Kaxdozo h? Ha camom jesie, BIIOJiHE XBATUT HaM U
IIPOU3BOJIBHON GECKOHEUHO! TIOCJIeI0BATEIbHOCTH HATY-
pasbHbIX uncen i, k=1, 2,3, ... Ilpocro BBUIY yTBEp-
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h(n) sxaenna 1 He ObIBaeT
cuTyaruu, usobpa-
SKeHHOH Ha PUCYHKe 7
(cpaBHUTE € PUCYHKOM
2), Beslb ecJM ecTh Ha
rpadguke HOMb, TO U
cJeBa OT HETO CTOSIT
TOJIBKO HYJIN.

B npaspheitmem Mbl pacemotpuM k = 4, 5, 6, ... U B
KavyecTse /i, BO3bMEM 2K . JlaGbl chenaTh M3JIOKEHIE
MpeleJIbHO SICHBIM, MBI CIIEpBa BO BCEX MOJPOOHOCTSIX
oruIeM KOHCTPYKIIMIO B caydae kR = 4.

Caywaii & = 4. Hameil nenpio sBasgercss nocTpoeHue
MHOJKECTBA M3 MIECTHA/IATH TOYEK Ha IJIocKocTH. OHO
JIOJIKHO ObITB OOTIETO [TOJIOJKEHMST, U B HEM He JI0JIXKHO ObITh
MYCTBIX S-YAIlleK WJIH S-KPBIIIEK, a TakyKe BePTUKATBHBIX
oTrpe3koB. OprannsyeM MTEPaTUBHBIN TPOIECC TTOCTPOe-
Hust. Ves mpocras: ecym yske ecTb KaKoe-TO MHOYKECTBO,
TO €r0 KOTHUIO, TIOJYYEHHYIO apaJiieIbHbIM TIePEHOCOM Ha
«JTOCTATOYHO GOJIBINOE PACCTOSTHNEY , OODEAMHIM C HUM 1
Bce BMecTe 0ObsIBIM HOBbIM MHOKecTBOM. [TonsTio cpasy,
YTO, CTAPTOBAB C OJITHOTOUYEYHOTO MHOKECTBA, MBI 32 YEThIPE
miara Kak pa3 u HOJy4YUM [IeCTHA/IATh TOUeK.

Uro x, monoxum S :{(0;0} , T.e. S| — 2TO MHOKe-
CTBO, COCTOSIIIIEE TOJBKO M3 OJHOM TOUKN — HavyaJa Koop-
qunat (puc.8,a). CaBuHeM 5TO MHOXKECTBO Ha BEKTOP
(1; 8), nomyunrest muoxecrso Sy ={(0;0),(1;8} , xoro-
poe MbI ¢ JIErKOCThIo n306pasnM Ha pucynke 8,6. Tenepb
S, ™Mbl caBuraeM Ha Bektop (17; 4). Vimeem

S; =8, U{(17:4),(18;12} .

ITO CBOETO POJia «3MeliKay, MOKa3aHHAs B YMCHBIICHHOM
1o ocu X Macimtabe Ha pUCyHKe 8,6.

1 L]

-
ol 123456 7

v

Puc. 7. HeBO3IMOXHaA cUTyauums

2) N

6) .

f}') . . .

- L - L
Puc. 8. UrepatBHoe rnoCTpoeHmne MHOXeCcTBa XopToHa 4/ K =
=LZun3

[lasee ocylecTBisieM CABUI Bcell 3MeliKM Ha BEKTOP
(1 7% 2) =(289; 2) (coBcem nameko OT UCXO/HON 3Meiikn
pacriosnaraem ee xomuio). O6pasyercss MHOXKECTBO S, ¢
MpaBoii YacTu pPUCYHKa 8,2, KOTOPYIO MbI HA/JICKAIIUM
06pa3oM TIPOMACIITAGMPOBATIM B CPABHEHUU C JIPYTHUMHU
YacTSIMM TOTO K€ PUCYHKA.

Haxonerr, u3 S; dopmupyem Ss 1pu OMOIIH TIepeHoca

Ha (173; 1) =(4913;1) (puc.9). OueBnzgna 3aKOHOMEP-
Hocth? Hy koneuno: 17 = 21 +1 =2% +1 ,8=2% =2k g
oYepeiHoe MHOMKECTBO IOJIYYAeTCsT U3 IPEIbIAYIIETO 32
CYeT ¢JBUTa Ha (17i;23_i), i=20,1, 2, 3. IIpu arom,
pasymeercs, |55| =2 =16 , 9TO U TPeGoBaJIOCh. SIcHO, YTO

B S5 BePTHKAJIbHBIX OTPe3KOB HeT. Ocraercs yOeuTbes B
TOM, 4TO HET B S5 ¥ MYCTBIX S-YaIlIeK C S-KPBIIIKaMU. JTO
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Puc. 9. MHoxecrso XoproHa 4i1a k = 4

JIeJTAeTCsl Ty TeM CPaBHUTEIbHO HEXUTPOTO HepeGopa. Mbi
Ipe/IJIaraeM YuTaTe 0 caMoMy pa3o6parbest B aToM. Byzer
He OYeHb Jierko! Bo3MOXKHO, CUIeAyIonue WIIOCTPaIni
(puc.10 u 11), nokasbiBatomue TMIUYHbBIE S-uamkyn (Bee-
I/Ia HEIyCThle), CJerKa MOMOTYT YUTATEHO.

Puc. 10. 5-4aika B MHoxecrse S,

L] é » .
L] ® L ]
- '_‘T- - e [ ]
Lo e T e =
o .;\‘ -..‘___._/__).
. . et 4 g
L] . __./—-'-'/"' B e —_— L
Y . - -y ’//’ - i e _,_F.._-""'_FJ .
T-—‘l_ //// ; ¢ L\ .f"_____.-—-""d__ g .
‘-““v’”// s . . - ”
= .

Puc. 11 5-qaiikm B MHOXeCTBe Ss

i

OG6parure BHUMAaHUE HA KJIOYEBYIO UEI0: BCSAKAS TIPSI-
Mas, COCAMHAIONIAA [BE TOYKKM W3 OFHOH ITOJOBUHKN
MHOKeCTBa XOPTOH, OCTaBJISIET JAPYTYIO MOJOBHHKY IO
O/Iiy OT ceOsi CTOPOHY.

Cayuaii mpoussoasHoro R. Ilyctb Temepb R — Kaxoe
yTO/IHO, GoJibliiee yeTbipeX. [IpojenaeM aGCOTIOTHO TY JKe
IPOLEAYPYy, YTO U B MPEJABIAYIIEM CJydae. A HUMEHHO,
nosioskuM ¢ = 2% +1 (910 aHAIOT CEMHA/IATH) ¥ CTAPTyeM
c S = {(O;O} . MHOXXecTBO S, MBI MOJIydaeM, 06beIHHT
S; co cBoeil xomueil, Bo3Hukaloleil npu casure S; Ha
BEKTOP (co;2k_1):(1; 2’“) (ananor Bexrtopa (1; 8)).
MmuoskectBO S5 3a7aeTcs BEKTOPOM (01; 2k_2) (anmasor
Bexropa (17; 4)). U tak ganee. Ilocrennee MHOMKECTBO
umeer HoMep Rk + 1, Tak 4TO ero MOLIHOCTb B KaK pa3
COBIIAIAET ¢ fy, = 2k | i o6pasyercs ono myTem meperoca
CBOETO IPe/IIeCTBEHHNKA — MHOXKECTBA S, — Ha BEKTOP
(Ck_1; 20) = (C}H; 1) (anasor BekTOpa (1 7 1) ). Vubivu
CJIOBaMH, MBI CHOBA OPTaHU3yeM HTePATUBHbIII TIPOIECC, B
KOTOPOM Ha KaK/IOM IIare Mbl KOITUPYEM Y3Ke UMEIOTIeecst

MHOJKECTBO, YHOCA €ro <«/IOCTaTOYHO [daJIEKO» OT HUCXO/1-
HHKa.
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16 KBAHT: - 2009/Ne5
[ToHATHO, YTO BEPTUKAJbHBIX OTpe3- ¢ 1,1260)
koB B S, Her. IIpoBepky e Toro ( 16, 743)
(dakTa, 4TO HET TaM TaKsKe HU ITyCThIX 5- E %é: 53(‘);
YarieK, HU MyCThIX S-KPbIIIEK, Mbl CHOBA ¢ 30 t’: 592)
MIPEJIOCTABJISIEM YUTATEIO. JTO eIle TPY/I- ( 310, 531)
Hee, YeM B TIPEBIAYINEM CJIydae; 3aTO ( 366, 552)
ecam BBI pasobpainch ¢ R = 4 , To u ( 371, 487)
npoure 3Hadenusi k Bam GyayT IO/BJA- ( 374, 525)
CTHBI. ( 392, 575)
( 396, 613)
A yTO Xe ¢ WwecTnyronbHMKamMmun? - ( 4!9, §I§9)
Mesxty ipounM, Mpo cuaydait n = 6 Mbl . (( j;; ;32;
MTOKa COBCEM He TOBOPUJIN. MBI c/iesam . ( 426, 526)
9TO HAMEPEHHO, IIOCKOJIbKY Y 9TOTO CJIy- I e ( 434, 552)
yagd BeCbMa MHTPUTYIOIAs UCTOpUd, KO-  * % "J,'.' ( 436, 535)
TOpasd 3acJy’KUBaeT OT/JEJbHOTO M3JI0- . ™ ‘ ( 446, 565)
SKEHUS. ( 449, 518)
B reuenne 10BOJBHO TOJTOTO BpEMEHN t ifi:;(’)i f;’ﬁ;
C MOMEHTA MOCTAHOBKNM HOBOU 3ajaun ™ ( 438 %jt:)
(r.e., nanomuum, ¢ 1978 roga) o Besu- ( 489 537)
yune /7(6) HUYEro M3BeCTHO He GbLIO. = ( 492, 502)
Hukro e 3Has maske, KOHEYHA JIM OHA. ( 496, 579)
3a HEMMEHUEM JIYUIIEero CTaJU TIPUIY- ( 516, 467)
MbIBaTh HIKHHE OICHKM, XOTH BIIOJIHE ( 552, 502)
MOLJIO cTaThes, uto 2(6) He cymectByer. @ (( ?E? - ng;

— 1, 13¢

Onenka /(6) = g(6) =17 tpusnasbha. Lio5g. S0

B 1985 rogy /l.Panmomnopt ¢ moMoIibio
KOMITBIOTEepa MOCTPONJI IPUMeEP U3 ABA/I-
LIATH TOYEK HA IIOCKOCTH, CPE/IU KOTOPBIX He ObLIO IecTH
BEPIINH BBITYKJIOTO U IIyCTOTO IIeCTUyToJbHuKA. B 1988
rogy M.Osepmapc, b.lloaten u W.Buncent npusesn
AQHAJIOTUYHBIN KOMIIBIOTEPHBIN MIPUMED U3 IBAIATH Tec-
T Touek. B 2001 rogy BbluMcanTEIbHAS TEXHUKA YCOBEP-
meHcTBoBasach, OBepMapc BepHYJICS K 3a/1a4e ¥ MTpe/Ibsi-
BIJI TIPUMEP Y3Ke U3 IBAIIATH IEBSTH TOUEK. DTO TEKYIIUIT
pekopz, M OoH m3o6paxken Ha pucynke 12 (B mpasoit
KOJIOHKE KOOP/MHATHI TOYEK).

Tombko B 2006 roy craso scHo, uto yensanst OBepMapcea
He Oblaim HampacHbiMu: T.TepkeH mgokasaja, 4YTO
h(6) < g(9). Hesasucumo or nero B Tom ke rogy K.Hu-
KoJac ycraHosua Hepasenctso /(6) < ¢ (25), koropoe,
KOHEYHO, HAMHOTO XYK€ TePKeHOBCKOT0. OCHOBBIBAsICH Ha
uziesix [eprena, [1.Banbrp gan snauntebio 60see KOpOT-
koe nokasatenbctso onenkn h(6)< g(15). B mo6om
CJIydae MoJiy4asoch, 4yTO 3aBEOMO

h(6) < g(9) < Cogls +1=1717.

Cuycrsa rog B.Komenes (oans 13 aBTopos 5Toii cTaThi)
3aMHTEPECOBAJICS 3aJlaueil, U eMy YJAJI0Ch €Ille MPOJ/IBU-
HyTbest B Heit. Ceituac, 61aronapst KomeneBy u OBepmap-
Cy, MBI IM€EM IeTIOYKY HEPABEHCTB

30 < h(6)< g(8) < Clg’s +1=463.

TexHuKa A0Ka3aTETbCTB, KOTOPYIO MCIOJB3YIOT 1 l'ep-
keH, 1 Hukonac, n Banbtp, u Komrenes, ouenb moxoska Ha
Ty, KOTOPYIO MBI TIPUMEHSIJIN B pasjiesie «A 4To ¢ TSATH-
yroabHUKaMu?» cratbh [1]. Tam peub 1mma o BJIOXKEHHBIX
JIPYyT B [Ipyra BBIMYKJBIX 000J0YKAX U IepeOGupasuch
pasJyinyHble cayyan UX B3aMMHOI0 pacnoJiokenusi. Ha ceit
pa3 aTUX CJaydaeB ropasjo OoJibllie: [JIs NPUMEpa, Y
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Puc. 12. KoHcTpykumsa OBepmapca 4715 29 Todek

Komenesa ux 43, u pab6ora ero 3anumaet 6oJiee msITH/1eCsI-
TH KyPHQJIbHBIX CTPAHUIL.

3aMeTnM, UYTO ecJU BepHAa THUIOTEe3a O PABEHCTBE
g(n)=2""+1,10 h(6) < g(8) = 65. Mbi Bepum B Gotee
CHUJIbHBIN (DaKT:

Tunoresa. Hmeem mecmo pasencmeo h(6) = 30.

WubiMu csioBaMu, HIKAKNE BBIYUCIUTETbHBIC MOITHOCTH
y’Ke He TIOMOTYT, MO-BUJANMOMY, YTOYHHTbH PE3YJIbTaT
Osepmapca.

PasnuyHble 0600LLLEeHNA 3a8a4
Moutn I'IyCTbIe MHOFOeranVIKVI

Kouib ckopo Mbl 3HaeM, 4TO 3ajgadya o Beauuune fi(n)
cojlepsKaTesbHa, OCMbICJEHHO PaccMOTpeTb ee 06001iie-
HUe, TP KOTOPOM HIIETCS He MyCTOH MHOTOYTOJIbHUK, a
MHOTOYTOJIBHUK C He 6oJ1ee B TOUKaMi HCXOIHOTO MHOKE-
CTBa BHYTpH. COOTBCTCTByIOH_IyIO I'PaHNYHYIO BEJINYNHY
npungTo o6osuavats 2(n, k) . Tyt mumeercs rpoMajHoe
moJie IJIST NCCIeN0BaHmil, Tak Kak 1po /i(n, k) m3BecTHO
JOBOJIbHO MaJiO. Mpr IepevuncanM 3/1eCb IMIPpaKTUYECKU BCE
KOF,[[a—JH/Iéo HOHy‘IeHHbIe peSyﬂbTaTbI.

Bo-niepBuoix,

h(3,k) =3, h(4,k) =3, h(S,O) =10, h(S,Z 1) =9.
Bo-BTOpBIX, MOHATHO, YTO
h(n) = h(n,O) > h(n,i) > h(n,Z) > ...
C apyroil CTOPOHBI, B HEKOTOPBII MOMEHT TI0CJIeI0Ba-
TEJTHHOCTH 3aBEJIOMO TlepecTaeT yObIBaTh, a UMEHHO, JJIs
Bcex k, maummnas c onpenexaennoro k =K (n),

h(n,k)=g(n). Nupivu crosaMu, ecim BBITYKJIbIH 7-
YTOJIBHIK B MHOYKECTBE €CTh, TO B HEM He CJIMIIKOM MHOTO
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Touek MHOkecTBa. Ouesuzno, uro k'(n) < g(n)-n, on-
HAKO TOYHbIE 3HAUEHUS /s k' — /1eJ10 Gyayliero.
anee, ecau, Hao60poT, GUKCHPOBATD k 1 YBEJINYNBATD
n, TO B KaKOW-TO MOMEHT cpa6oTaeT KOHCTPYKIIHSA THIIa
xopTonoBckoii u Besmunna ki (n, k) o6parures B Geckoneu-
HocTb. OmATH JKe, BONPOC TIOMCKA 3TOTO MOMEHTa —
Henpoctas 3afaya s uccaenosarens! Bor £(7,0) = o
a npo h(7,1) mbr nuuero ne suaem; /(8,1) =, a uro ¢
h(8,2), ne sacuo; 7(9,2) =, HO KoHeuHa /M BelUUMHA
h(9,3) — moka Bompoc; u Tak jajee: He CyIIECTBYIOT

h(10,3), 2 (11,6), £ (12,9), h(13,12), 7 (14,15),
h(15,22), h(16,29), h(17,36), ...

3aMeTrM, YTO BeCb IIE€PEYEHb MOAOOHBIX PE3YJIbTaTOB
cosepkutcst B pabore Ba.Cengosa [3].

Ha camom ziesie, ¢ pOCTOM 1 BeJIMUUHA R, TIPU KOTOPOIi,
no Cenziosy, 1 (n,k) 3aBenomo e cymecrsyer, sesier ce6s

n
MPUMEPHO TaK e, Kak (4/5 ) . CoBcem negaBHo Korreses

CyMeJ1 3aMEeHUTb YIIOMAHYTYIO (DYHKIIUIO HA 3HAUUTEIHHO
GoJbiyio (6smskyio K 2" ). B pesysibrare He CyIIECTBYIOT

h(12,11), h(13,19), 2. (14,39),
h(15,69), 1(16,139), 1 (17,251), ...

3ameTuM Hanocae/10k, uto sasegomo £ (6,1) < g(7) nuro,
MO-BUIUMOMY, h(6,1) = g(6) =17.

TpexmepHbIn aHanor g (n)

Ilo cux TOp MBI «KUJN» Ha MIOCKOCTH, U, KaK BUJIHO,
TaKas JKU3Hb yKe N300MI0BAJIA BCIUECKUMU TPYIHOCTS-
Mu. VMest keslanue elife yCJI0KHUTD ceGe CyTecTBOBAHNE,
MO3KHO HOIIPOGOBATH BBIHTH B IPOCTPAHCTBO.

TyT ecTb 0/{HA BAsKHASI TOHKOCTD: & YTO Telepb Mbl Oy/1eM
pasyMmerb 10ji OOIHOCTBIO Tos0KeHus1? [IoHATHO, YTO
HUKaKUe TPU TOYKH IO-TIPEKHEMY HE JIOJIKHBI 1OMA/aTh
Ha ofiHY ipsiMyTo. Ho o6braHo 3aMevatoT 60sbIiee: Tro6bIe
TPU TOYKH B MPOCTPAHCTBE MOPOXK/AIOT IMJIOCKOCTD, TaK
JlaBaiiTe CYMTaTh, YTO HHUKAKHE YEThIPE TOYKM HAIIero
MHOJKECTBA He JIeKAT B OJHON ILJIOCKOCTH.

BMeCTO BBITTYKJIBIX 72-YTOJBHUKOB Gy/1EM HCKATH OTHBIIE
BBITYKJIble MHOTOTPAHHUKH ¢ 72 BepiinHaMi. COOTBETCTBY-
IOIITYI0 TIOrPAHUYHYIO BeIduHy HazoseM g5 (n) , momuep-
KNBAsi, TeM CaMbIM, YTO Telepb y HAC TPH, a He [Ba
usMepenus. 3aMeTuM, uTo B 9Toil cBsizn pesmuuny g (n)
yacto o6o3Havalor g, (1).

Beanuuna g3 (n) koneuna Bcersa, 1m0goGHO CBOeMy
«1ockoMy » anasiory. Bosee toro, g;(n) < g, (n) . Tloka-
sxute a1o! (ITodckaska: MCnoJb3yiTe TPOEKIMN MHOTO-
IPaHHUKOB Ha MJIOCKOCTD.) TyT Takske uMeroTest crermu-
yeckue oreaku. Hampumep,

-3
g3 (n) < an—7 +3.
Kpowme toro, g5 (4) =4, g5(5) =6, g5 (6) =9.
Pazymeercst, u TYT Helmovarblil Kpaii gasbHeliiieir pa6o-
TBl. A Be/ib OBIBAIOT JKe ellle MHOTOMEPHbIE ITIPOCTPaH-
CTBA...

TpexmepHbin aHanor A (n)

Hy, Ty y)e Bce fcno. IlpaBaa, orTyero 6bl HaM He
pacemorperb u /g (1) ?
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Pesy/ibTaToB, KOHEYHO, ellle MeHbIIe — jiesl Ha OyyIiee
HeBIPOBOPOT. [IPHHIMITHATBHO U3BECTHO JHIITb, uTO /i3 (1)
cymectsyer npu Beex n<7 (nanpumep, hs(4)=4,
Iy (5) =6, hy(6) =9) une cymectsyer npu Beex n = 22
A npu n0{8,....24 - Bama, uuratemu, Borunna. Kax-
JIbTiT HOBBIN (DaKT TIeHEH.

O MMHUMAaNbHOM 4ucne BbINMYKJ1IbIX MHOIOyroJjibHUKoOB

JlaBaiiTe HAIIOC/IEIOK CITyCTUMCS ¢ HeGec Ha 3emio (T.e.
BEPHEMCS Ha TIJIOCKOCTD) 1 00CY/IUM €llle OJ[MH KPACUBbIN
BOIIPOC, CBSI3aHHDBIN ¢ 3aj1aueit Ipenia — Cekeperna.

[leiicTBUTETHHO, MBI 3HAEM, YTO B Ka’K/OM MHOXKECTBE
X us x=2g(n) Touek ecTb n BepuUIMH BBITYKIOrO
n-yroJbHUKA. Ecm caMo MHOKECTBO X TOPOK/IAET BbI-
MyKJBIH X-yTOJBHUK, TO B HEM, KOHEYHO, OyJeT Macca
MHTEpeCyIoImmX Hac 00bektoB — C) ITYK. A KaKoBO,
CIIPAIITIBAETCST, MUHUMAALHOE KOJMYECTBO BBIITYKJIBIX
N-yTOJHHUKOB B MHOKECTBE U3 X TOUEK HA IIJIOCKOCTH? DTO
KoJTIecTBO Mbl 0603HaunM G (1, x) .

Mo amanoruu seesieM u Bemuuny H (n,x), pasmyio
HAVMEHbBIIIEMY KOJTMYECTBY BBITYKJIBIX M MYCTBIX 72-YTOJIb-
HIKOB B MHOKECTBE M3 X TOYEK HA TIJIOCKOCTH.

B nekoropom cmbicie seuuuna H (n,x) usyuena myu-
me pemuunbl G (1, x) . D10 cBA3aHO XOTsA GBI € TEM, UTO
yxke h(7) He cymecTByer, u MHOrooGpasnue MOTEeHI[ATb-
HBIX CUTYaIWii B pe3yJibTaTe He CTOJIb BesinKo. [Tocemy MbI
mumb obcyauM szech nosenenne H (n,x). Haunem c
n=3.

Ceituac U3BeCTHO, 4TO JIJisl HEKOTOpOro ¢ > 0

3771 ,
S—x
2240

HawuGosee mio6orbiTHa, BrpoueM, 4yTh Gojee cuiabasi
BepxHsist onenka H (3,x) < 3x? | MOJTyYeHHAsT ¢ TIOMOTIBIO
6EPOSIMHOCMHOL KOHCTPYKIMU. PaccMatpuBaercsi «pac-
Yyeckay, n3o0pakeHHas Ha pucyHke 13. B Heil x 3y610B

2 —cxlnx < H(3,x)

JUMHBL 1, W paccTOSHNSA MeXIy COCeJHUMH 3yOIaMn
pasibl exunuie. C Kaxgaoro 3y6ia 6epercs: «ciaydaiiasi»
Touka. [losyuaercs ciayyailHoe MHOKECTBO )| MOIIHOCTH
x. MerogamMmu Teopun BepOSATHOCTEH MOKHO CTPOTO TOKa-
3aTh, YTO C TIOJIOKUTEIBHOI BEPOSITHOCTHIO HAIIE MHOKe-
CTBO COJEPKUT He

6oJibiie  3x° TMYCTHIX
TPeyTOJbHIKOB, a CTa- ‘ | |

JI0 6BITD, cywecmayem

MHO)KGCTBg léé He 60le€€ puc. 13, Facdecka

3x? MycTBIMH TpEeyroNbHHKAMIL. B mociegHeM «cTanio
ObITb» 3aKJIoueHa TIy60Kass (humrocodust BEpPOSATHOCTHOTO
MeTofa B KomGunatopuke (cm., Hanpumep, [4]).

YHoMsIHyTbIe BBIIIIE METO/bI TEOPUH BEPOSTHOCTEH He
BIIOJIHE 9JIEMEHTAPHBI, 1 CTPOTOT0 PACCYKIEHUS MbI TYT He
npusezeM. OHAKO CO3/1aTh MPE/ICTaBJICHHIE O BEPOSITHOC-
THOIl TEXHOJIOTHH TIOIBITAEMCS.

Wrak, npeacraum cebe crepyiomuii sxcnepument (ske-
JIATOTITIIE MOTYT MOMPO6OBATh CMOJETNPOBATH €r0 Ha KOM-
nbiorepe). IMomokum x = 1000 u paccMOTpUM Haly
pacuecky. BosbMeM B PYKy HUTOJKY M CTaHEM HayTaj
TBIKATh €10 B TIOCJEOBAaTeJbHBIE 3yOIThl, KaKABIH pa3
0TMeYas TOUKY, B KOTOPYIO BOTKHYJIACh UTOJKA. BO3HUK-
HYT TOUKH dy,...,d 00 - LIOTJISIINM HA BCE TPEYTONbHUKH,
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06pa3oBaHHbIE HTHMHU TOYKAMU, U IOCUYUTAEM, CKOJHKO
CPeIV HUX SIBJISIOTCS TycThiMu. O603HAYNM HaIEHHYIO
BesinuuHy 4yepe3s ¢ . IIpogesnaeM anaJoruuHyIo IpoLesLypy
eme 999 pas, Tak uro B mrore y Hac Oymaer 1000 wwmces
.- tgoo - Hailnem ux cpennee apudmerudeckoe t. Cko-
pee Bcero, y Hac osryuntesd ¢t < 3107 . [lovemy? Hy, aTo-
TO KaK pa3 M JOKA3bIBAETCS C TIOMOIIBIO «HE BIIOJIHE
aJIeMeHTapHbIX» METO/I0B TEOPUH BeposiTHOCTel. BoT 1po-
Be/uTe aKcepuMenT u yBuute! /lasee, Bce To ke camoe
ocymectBuM i x = 2000, 3000, ..., 10000. IIoutn
HABEPHSKA BCAKMIL pa3 6y/ieT BHIXOMUTD, uTo { < 3x7.

Onucannblii srcriepuMent (KOJIb CKOPO B HEM He Hapy-
1HUTCs oGelanHast OleHKa) JaeT YBEPEHHOCTb B TOM, YTO
«CpejiHee YUCJI0» IIYCTbIX TPEYrOJbHUKOB B CJIy4ailHOM
MHO’KECTBe A/ pasMepa X Ha pacuecke He IIPEBOCXOJUT
3x? . Ec/i BJIOXHTD B TIOHSITHE CPEIHEr0 CTPOTHi MaTeMa-
THYECKUH CMBICJ, TO y)Ke 6e30 BCSKOTO 3KCIEePUMEHTa
MOXKHO JIOKa3aTh, UTO B CPEJHEM y CIyJaiiHON KOH(UTY-
palmy TOYEK Ha pacdecke 3aBeJOMO He Goubire 3x°
MyCTBIX TPEYTOJbHUKOB. HO TOr/1a 04eBUIHO, YTO Y HEKO-
TOPOI KOHKPETHOU KOH(PUTYPAIUH TAKKe He GOJIbIIe 3x°
MyCTBIX TPEYTOJbHUKOB. BOT 1 Bce.

KcraTtu, axcriepyMeHT — 3TO OTJIMYHbBIN CIIOCO6 TTOA6H-
paTb HanboJIee MOAXOASIIYIO0 KOHCTPYKITMIO THIIA Pacyec-
KM, CTapTysl € KOTOPOH MOKHO IIOJIyyaTb OLEHKHU JIJIs
H (3,x) u np.

[IpuBesieM elie HECKOJIBKO PE3YJbTATOB O BEJAUYMHAX
H (n,x):

KOJUJERKONUA

*

2009/Ne5

JU1 HekoToporo ¢; > 0

1

sz - cx < H (4,x) S%xz'

)

[ — 401 393 5

< H(5,x) < 222 52,
ge g H6Gx)=5"

666 >

0<H(6x)<
2240
Ilocnennsaa HWXKHAS OIleHKA TaKkas CTPaHHAS MO TOH
MPOCTON TIPUUYUHE, YTO, KAK MBI MMOMHUM, JIHIIb COBCEM
HellaBHO ObLTO IOKA3aHO CYIIECTBOBAHIE h(6): ecan Obl
a10 Obiio e Tak, o H (6,x) pasusmach Gbi mHyso.
Wmenno sto u ipoucxoaut ¢ H (n,x)an/I nx7.
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FTOMOBOJOMOK

BPYCOYKHA

(Ha4ano cm. Ha 2-1i CTpaHuLe 0bI0XKI)

[Ipunnun ycTpoiicTBa TakKUX TOJOBOJIOMOK OY€Hb IIPOCTOI: B
MIPSIMOYTOJIBHO#T KOPOOKE JIEeXKAT JePEBSIHHBIE GPYCOUKU PA3HOIT
(opMbI, X MOXKHO Nepe/IBUTaTh, HO HeJb3sl BBIHUMATD U Iepe-
kaaapBarh. ([lo-BuaMMOMY, <«KJIOIKH» ObLINM CBOEOGpPasHOIl
Bapuaimei suamMmeHuTon «Urper B 15».) 3amaua B ToM, 9TOObI U3
HAYAJIbHOTO TIOJIOKEHUST OTYIUTh APYryto (KOHKPETHYIO) pac-
CTAHOBKY 9TUX 6PyCOU-
xoB. Muorzaa tpeGyert-
¢s1, UTOOBI TOJIBKO OJINH
OpPYCOYEK 3aHsLI OTIpe-
JIeTEHHYI0 TIO3UIIHIO, a
nHOTZIAa — 4TOOBI BCe.
MOKHO YCJI0KHUTD 3a-
favy: JOoOUThCS 11eJI
32 MUHUMAJIbHOE YHC-
JIO XOJIOB MJIH 32 OTpa-
HUYEHHOE BPEMSI.

Kak mpasuio, 110-
J06HbIE TOJIOBOJIOMKH
JIOBOJIHO TPYIHBI, H
TTONCK PEIEeHNST MOYKET
MoTpe6OBaTh HEMAJIBIX
yeunnuit. Hanpumep,
M3BECTHO, YTO HEBO3-
MOJKHO PEIATh YeM-
MTHOHCKYIO TOJIOBOJIOM-
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Ky (puc. 1) mMenee, uem
3a 59 XO/I0B.

Wrpa 6uictpo 06pe-
Jla MI3BECTHOCTH U TIO-
MyJSIPHOCTH, CTaJH
TIOSIBJISITBCS €e MHOTO-
4HCJAeHHble MOAndU-
xanuu. Ha pucynke 2
MOKA3aHO J[pyroe Ha-
YJaJbHOE PacIoJIoxKe-
Hue 6pyCOUYKOB. 3/1eCh
HY’)KHO IIePE/IBUHYTD
6OJBITION KBAJIpAT Ha
MECTO YeThIpeX Ma-
JICHBKUX KBaJpaTu-
koB. VHTepecHO, 4TO
BIIEPBbIE KpaTyaiiliiee pyc 2
perrenue — 3a 81 xof
— ony6uimkoBas Maprun Fapauep B 1964 rony.

M3roToBUTH TOJOBOJIOMKY € GPYCOYKAMHU HECJIOKHO U B J10-
ManHux yciaoBusax. Cxieiite KOpoOKy ¢ aHoM B popMe TpsMo-
YTOJBHUKA Pa3MepoM 4 X 5 , BBIPEXKbTe U3 OyMaru nim (aHepsl
O6pycoukn pasmepom 1x1, 1x2 u 2x2. Pexomenmpyercs
nenatb KOPOOKY [IIsT OPYCOYKOB € HEOOJBINM TIPUITYCKOM,
9TOObI UX OBLIO JIEFKO TePe/BUraTh.

MO:KHO Cc/1eTaTh U MOIBITATHCS CAMOCTOSITEIBHO PEIINTD OJIHY
13 MIPUBEACHHDIX TOJOBOJOMOK, a MOKHO TIpUAYMaTb U YTO-TO
HOBOE.

E.Enughanos
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SAHJAYHUK «KBAHTA»

3agayi

JroT paspen Beaercs y Hac U3 HoMepa B HOMEP ¢ MOMEHTa OCHOBaHUS XXypHana. llybnnkyembie B Hem
3aga4yn HeCTaHAapTHbl, HO IS WX PeLUeHUs He TPebyeTcs 3HaHWUM, BbIXOZALMX 33 PaMKU LUKO/TbHOM
nporpammsl. Hanbonee tpyaHble 3a4a4yv OoTMeYatoTcs 3Be3404Kou. [locrne gopMynnpoBku 3anayu Mel
006bI14HO yKa3bIBaeM, KTO HaM ee Mpeanoxws. Pazymeercs, He Bce 3Tu 3a[a4u MyOuKyoTcs BriepBble.

PewerHnss 3aaa4 U3 3Toro Homepa creayer oTnpas/iaTe He rnosaHee 1 sHBaps 2010 roga ro agpecy:
119296 MockBa, JleHnHcKkui rnpocnekT, 64-A, «KBaHT». PeweHus 3a4a4 U3 pa3HbIX HOMEPOB XXYpPHAana
110 pa3HbIM rpegmeTam (MatemaTvke v Qmsnke) npucsiiavite B pa3HbiX KOHBEpTax. Ha koHBepTe B rpage
«Komy» Hanuwmre: «3agayumk «KsaHta» Ne5-2009» n Homepa 3afay, peLueHns KoTopbix Bbl roceinaere,
Hanpumep «M2146» nnn «P2153». B rpagpe «OT KOro» gpammviio v uMs IPOCUM ucatb pasbopyuso. B
MUCbMO BJIOXXUTE KOHBEPT C HalUCaHHbIM Ha HeM Baluvm agpecom v Heobxoanmbivi HA6op Mapok (B 3ToM
KOHBepTe Bbl ronyynte pe3ysibTatsl MPOBEPKU peLLeHn). PeleHus 3a4a4 110 MatemMaTuke v gomsnke MoXHO
TIPUCHINIATb TakXKe 110 3/IEKTPOHHBbIM aapecam math@kvant.info u phys@kvant.info coorBeTcTBEeHHO.

YcnoBus kaxxaovi opurnHaneHov 3a4a4u, rpeanaraeMont 4ns nyonukaunm, rnpuceliante B ot4e/1bHOM
KOHBeEpTE B ABYX 3K3EMIISpax BMecTe ¢ BaLumm peluerHnem 31ovi 3a4a4u (Ha KOHBEPTe romeTbTe: «3aaavyHuK
«KBaHTa», HoBasi 3a4a4a o ¢usuke» nam «3agavyHnk «KsaHta», HoBasi 3aga4a Mo MareMaTuKe»).

B Ha4arne Kaxgoro nuceMa rpocum yKasblBaTb HOMEP LUKOJIbI M KJ1acc, B KOTOPOM Bbl y4YuTecs.

3apayn M2149 u M2150 npegnaranvce Ha Matematndyeckos onumnuage nmenu JleoHapaa vnepa.

DN3NKE

3apaun M2146-M2153, ©2153-P2159

M2146. Ha koopannatHoil niiockoctn HapucoBaan 2008
rpadUKOB KBAJPATHBIX TPEXUJIEHOB. MOXKET JIM OKa3aTh-
CsI, 9TO JIJISE KaKJI0TO U3 HUX CYIIECTBYET MpsiMasi, Melo-
nast o61Me TOYKK ¢ J0ObIM rpaduKoM, KpoMe Hero?
H.Azaxanos, H.Bozdanoe

M2147. B kaxx10ii kjieTke 6eCKOHEUHON KJIeTyaTol II0c-
KOCTU 3alliicaHo JAeiCTBUTEJbHOE YHUCJIO TaK, 4TO BCE
6eckoHeuHble B 06€ CTOPOHBI TOPU30HTAJbHbBIE W BEPTH-
KaJIbHbIE TIOCJIEIOBATEJIBHOCTU YUCEJ TePUOAUIECKUE.
Jlokaskute, 4to Haiijiercss GeCKOHEYHO MHOTO TOPHU30H-
TaJIbHBIX TIOCJIEI0BATEBHOCTEN € Pa3JIMYHbIMKU HaUMeEHb-
MU TIEPUOAMU TOTA ¥ TOJTBKO TOT/a, KOT/a HalIeTcst
6ECKOHEYHO MHOTO BEPTHKAJDbHBIX TTOCJEN0BATETbHOCTEH
C Pa3JIMYHBIMU HAUMEHBIIMMU [TEPUO/IAMU.

E.3nax

M2148. Tlo xkpyry Bbimucansl uncaa 1, 2, 3, ..., 100 B
HexkoropoMm topsizike. Ilers Bpramesma 100 cymm Bcex
TPOEK COCETHUX YNCEN W HAMMCAJI Ha JOCKE HAUMEHBITYIO
u3 atux cymm. Kakoe namGosibiiiee 4ucao MOrJao ObITh
HaIlUCAHO Ha JIOCKE?

I1. Koxeenuroes

M2149. B tpeyrombauke ABC croponbt AB n BC paBHBI.
Touka D BHYTpPHM TpeyroJabHUKa TaKoBa, 4TO
OADC= 71 ABC . Hokaxure, 4TO YZABOEHHOE PacCTosI-
HUEe OT Touku B 10 BHemHe# O6uccextpuchl yriaa ADC
pasHo AD + DC.

C.bepaos

M2150. B ctpane Jleomapanu Bce JOPOTH — C OTHOCTOPOH-
HUM JBIKeHWeM. Kaxxjaas mopora coemHsIeT Ba Topo/ia
1 He TPOXOJIUT Yepe3 Apyrue ropoja. /lemapraMenT craTu-
CTUKHU BBIYUCJNJ JIJIT KAKIOTO TOPO/Ia CyMMapHOe YHCJIO
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JKUTEell B ropojiaX, OTKyZa B HEro BeIyT JOpOTH, U
CyMMapHOe YHCJIO JKUTeJIel B ropo/iax, Ky/1a BelyT J10poru
u3 Hero. Jlokaxxure, uTO XOTS GBI JJISI OJHOTO TOPOJA
1IepBoe YUCJIO 0KA3aJI0Ch He MEeHbIe BTOPOTO.

H.I'pasun
M2151. YucsioBoii TpeyroJabHUK
1
1 1
12 3 2
1 3 6 7 3 1

1 4 10 16 19 16 10 4 1

COCTaBJIEH TIO CJIEAYIONeMy TpaBuIy. B mepBoil cTpoke
oaHo umciao, pasHoe 1. B k-it crpoke (k = 2, 3, ...)
3amuchiBaeTcs 2k — 1 uncest, Kask/10e u3 KOTOPBIX PaBHO
CyMMe TpeX YUCeJl: YUCJa, CTOSIIEro Hajl HUM, U IBYX €T0
coceiell B mpeabIayIei crpoke (ec/im HEKOTOPBIX U3 TAKMX
TPeX YucesI HET, TO OHM cuuTatoTcs paBHbiMu 0). JloKasKu-
T€, UTO B CPEHEM CTOJIOIE HE BCTPETUTCS YNCEN, TAIOTIIX
OCTaTOK 2 TIPW JleJIEHUU Ha 3.

K.Kaubxanos

M2152*. TTapa (p, q) PA3JIMYHBIX IIPOCTBIX YUCEJI HA3bIBA~
eTcst 0co60l, eCIU CYIECTBYET d, TPEICTABUMOE B BUJIE
a=x"+y” =27 +t7 pusg HeKOTOPBIX HATYPAJIBHbBIX X, ¥/,
z, t, no e npezacrasumoe B Buje u’? +o’7 , rne um v —
HaTypasibHble umcia. Jlokakure, 4to JIO60E TPOCTOE
YHCJIO P BXOAUT B GECKOHEYHOE YHCJI0 OCOOBIX T1ap.
B.Cendepos

M2153". CymMa TeJieCHbIX YIJIOB MPH BEPIIUHAX BBITYK-
JIOTO MHOTOI'PAHHMKa paBHa Tt. [lokaskute, 4TO CyIeCTBY-
€T 3aMKHYTbIl MapuIpyT 10 ero pe6paM, MpOXOJ il
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yepes Kax/ylo ero Bepuimny posao o pas. (TesecHbrii
YTOJI U3MePsieTcs M0N0 (PUTYPDI, BBICEKAEMOI COOT-
BETCTBYIOIIMM MHOTOTPAHHBIM YIJIOM Ha €IMHUYHON cde-
pe. Ilmomazap Beelt equuamyHOl cdepbl paBHa 4TT.)
H.Bozoanos

®2153. [lo npamoit opore ¢ MOCTOSHHON CKOPOCTBIO Ty
6exxuT kposuk. Ha paccrosuun L oT moporu HaXOAUTCS
juca. B Tor MOMEHT, KOT/J[a KPOJIMK OKa3bIBaeTCs OJIHIKe
BCETO K JIFCe, OHA €ro 3aMeyaeT U 6POCAETCsl B IOTOHIO.
CKOpOCTD JIMCBI TaKas Jke, KaK Y KPOJMKA, HO JInca 6eXKUT
C «YTpEeKJIeHNeM» — BEKTOP CKOPOCTH JINCHI HANPaBJIEH
BCe BpeMs B TOUKY, KOTOPast HAXOANUTCS BIIEPEIN KPOINKa
Ha paccrostuuu d ot nero. Haiinre MuHUMaIbHOE PACCTO-
STHME MEXX/Ly YUaCTHHKaMH 3abera.

3.Pagpaunos

®2154. Ha rmaIkoM TOPU3OHTAJIBHOM CTOJIE TTOKOUTCS
MOHETa, JIpyTas Takas >Ke MOHeTa CKOJIb3UT IO CTOJY.
[Tocsie abCOMIOTHO YIIPYTOTO yapa CKOPOCTH MOHET OKa-
3aJIMCh OJJMHAKOBBIMHU 110 BesimunHe. Haiigure yros pasJe-
Ta MOHET.

A.IlIpocmos

®2155. Mouib resivst HAaXOAUTCS B COCYJIE MO/ TTOPITHEM
MIPU HOPMAJIBLHBIX yCa0BUSAX. C ra3oM MPOBOIST 3aMKHY-
TBIH TIpoIiecc. B nepBoii yacTu mpoiiecca ra3 paciimpsieTcs,
[IpU ITOM TEILJIOEMKOCTb €r0 OCTAeTCsI IOCTOSHHOW U
pasuoit C = 100 [x/K, 3arem rasz oxJaxaaior [0
HAYaJIbHON TeMIIepaTypbl MPU HEU3MEHHOM oObeMe W,
HaKOHeI[, U30TEPMUYECKHU CKUMAIOT JI0 HA4aJIbHOTO 00be-
Ma. B nepBoii yactu nporecca ra3 1moJyuns KOJU4ecTBO
reriotel Q = 1 JIx. Haiigure pa6oTy rasa B 3TOM
rporiecce.

A.Tennos

®2156. [IpousBosaaT pacuer «aroMa BOAOPOIA», B KOTO-
POM MUHUMAJbHOE PACCTOSTHUE MEX/Y IPOTOHOM U JIEK-
TPOHOM coctaBiisieT d = 1 MKM, a MAaKCUMAJbHOE PACCTO-
gure B 3 pasa Gousbire. Kaxoit Oyzer MakcuMaJbHAast
CKODPOCTD 2JIEKTPOHA B TAKOM «aToMes ?

P. Anexcanopos

®2157. KoakcuaapHbIN KabGeab COCTOUT U3 IIEHTPATHHOMN
Kubl guamerpoM d = 1 MM U TPOBOJSIIEN OILIETKN
muamerpoM D = 5 MM. IIpocTpancTBO MEXY KUJIOH U
OILJIETKOW 3aIIOJTHEHO AMJIEKTPUKOM C JU3JIEKTPUYECKOM
mpoHuiaeMocTbio € = 3. Haiigute eMKOCTb U WHIYKTHB-
HOCTb B pacuere Ha 1 M TaKOTO KabeJisi, a TAKKe BEJUUNHY
BOJIHOBOTO COTIPOTUBJIEHUST — IIPU MOAKJIIOYEHIH PEIUCTO-
Pa TaKO# BEJMYNHBI K KOHILY KyCKa KaGeJsisi He TPOUCXO/UT
OTPaKEHUST HJEKTPOMATHUTHON BOJIHBI, Oeryiieil BAOJIb
HETO.

A.Cnoxnos

®2158. Konpgencarop emroctbio C = 10 Mrd, KaTymmka
UHAYKTUBHOCTBIO L = 1 T'H U pe3ucTop conpoTuBIeHneM
R =300 OM coeamHenbl «3Be30i1», a CBOOO/HbIE BHIBObI
MO/IKJIOYEHDBI K TpeM (azam cetn Hanpstkennem U = 2208
nyacroroil [ =50 I'u. Haiinre HanpsskeHue B 0611eill TouKe
9JIEMEHTOB TI0 OTHOIIEHUIO K «HYJIEBOMY» TTPOBOJLY.
A.3unvbepman
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®2159. Dxpan ocBeleH yAaJeHHbBIM UCTOYHUKOM CBETA.
Ha mytu cBeroBoro mydyka pacrosiaraior JUH3Y, CKJeeH-
HYIO U3 JIBYX ILJIOCKOBBIMYKJIbIX CTEKJISHHBIX JUH3. [na-
MeTp TepBoil uH3bl D = 5 cM, ee poKycHOe paccTosiHue
F = 20 cMm, auamerp BrOopo#l Jsmu3bl D, = 1 cM, ee
(oxycnoe paccroguue F, = 10 cMm. JIun3sbl cKJeeHbl
IIJIOCKUME TIOBEPXHOCTSIMHU, TLJIOCKOCTb CKJIEHKH TMapaJ-
JieJTbHA TIJIOCKOCTH 9KpaHa, TJIaBHbIe ONTHYECKUE OCH JITH3
coBmamaoT. Ha KakoM paccTOSHHM OT aKpaHa HY)KHO
PaCTOJIOKUTD 3Ty JHUH3Y, YTOOLI HA HKPaHe MOJTYYHI0Ch
SIpKOE TMATHO MUHUMAJIBHOTO AuaMeTpa? Bo cKOJIbKO pa3
OCBEIIEHHOCTD B IIEHTPE ITOTO IISATHA GOJIbIIE OCBEIIEHHO-
CTH 3KpaHa 6e3 JIMH3BI?

3. Pagaunos

PeweHunsa 3apgauy M2124-M2130,
d2138-D2144

M2124. [Iycmv n=23 — namypaivioe uucio, a
X(, X,y X, — NOJOXKUMENLHBIE HUCAA, YOOBACMBOPSIO-
wue pasencmeam

2 2 _ 2 2 _
X1 _X1XZ +x2 —xz XZXS +x3 —...

— 2 _ 2 2 _ 2
cee = X T XXy +xn =Xy Tt +X1 :

ITpu kaxux n MoKHO ymeepKOamv, 4mo uUciad Xy, Xy, ..., X,
pasHvL?

OTBeT: B TOYHOCTH IIPH HEYETHBIX 7.
Ecan n9etno, To Hab6op xy =a, x, =b, x5 =a, x;, =0b,...
.y X,y =a, x, =b ymoBieTBOpseT yCJOBHUIO TPH JIO-
6bIX a u b. 3aMeTHM, YTO BO3MOJKHBI U APyTHE HAGOPHI:
HampuMep, IPH 7 = 4 YCJOBHUIO yAOBIETBOPSIET HabOp
xy=b+c, xy=b, x5 =b+c, x, =c, rae buc— mobble
YHCJIA.
[Iyctp Temepp n nederno. be3 orpanuyenusi oOHIHOCTH
MOKHO CYMTaTh, 4TO x; — HauGoubiiee (MM OJHO U3
HanGOIBIINX) CPEIN JaHHbIX ynces. Torga u3 paBeHcTsa
X =X ) S a0y —xpxs +ag
caeayer
xf —x% - XXy +Xyx3 =0 =
o (g = a5) (o0 + 25) — 20y (3 —x3) =0

And (X1 _xS)(X1 +XS _X2) =O.
B cuny BbiGOpa umcia Xy HUMEEM X 2 Xy; I0ITOMY
X{ — Xy 20, 3Ha4uT, X+ x5 —x, >0 . Orciona caenyer,
yro xy —x3 =0, T.e. X3 =X, U X3 — TaKXKe OJHO W3
HanOOJIbIINX Cpe/in JaHHBIX vuces. Paccysxmas najee
TaKUM >Ke 00pasoM, MOJydaeM X5 = X3, X7 = X5,
vy Xy T Xy, Xy =X, Xp =Xy, e, Xyoq = X,_3. Takum
06pa3oM, Bce JIaHHbIE 1 YNCE PABHBI.
[IpuBegem Takske ApyToe pellleHne s HEYETHOTO A.
3amnuiiemM UCXO/HbIE PABEHCTBA B BU/IE

ey (20 = 25) = =3 (0 —a3),
%’Q (x2 _x3) ==Xy (x% —x4),
D--

E"n (x, = x1) = =15 (3 —13).
[Tpeanonoxum, urto x; —x, >0 . Toraa, nocnegosaresib-
HO HUCTIOJNb3ySl BCE DPABEHCTBA, IHMOJIydaeM X, —x3 <0,
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x3-x4>0, xy—x5<0, x5-26>0, ..., x,—x >0,
Xy =Xy <0, 4TO IPOTUBOPEYUT TIPE/ITOTIOKEHNIO. AHATIO-
TMYHO TIPUBOANTCS K MPOTUBOPEYHIO TIPE/ITOTIOKEHUE O
TOM, 4TO X; — Xy <0 . Ecau ke x; —x, =0, TO nocJesno-
BaTeJbHO IoJaydyaeM Xy —x3 =0, x3-2x4 =0,
ey X, —x; =0, OTKyZIA X =Xy =... = X,,.
OrMernM, 4TO 3Ta 3a/1a4a ABJILETCS 0000IIEHNEM O/THOM U3
3a/lau PerrmoHaJbHOTO dTana Beepoccniickoil oMMIMa/IbI
3TOTO TOJA.

B.Cendepos

M2125. Bnucannas ¢ mpeyzorviux ABC okpyxnocms w
kacaemcsi cmopon CA u AB 6 mouxax By u C; coomeem-
cmeenno. Touxa D, omauunas om By u C;, Haxodumcsi
na paccmosnuu AC; om mouxu A. Ipamvie DBy u DC,
nepecexaiom 6mopoil pd3 OKPYKHOCMb W 6 MouKax B,
u Cy . Jokaxume, umo B,Cy — duamemp oxpyxuocmu
W, nepnenduryaspHulii ompesky DA.

IIycTb I — 1eHTp OKPYKHOCTH .
[IpeamosnoxuM BHavase, 4TO TOUKa [ JIEKUT BHYTPH
okpyskHoctn @ (cM. pucynok). Tak kak IB; 0 AB,, 10
UiB,Bt U ADB; U0OIBBs+ U ABB 90 , orkyJa Bbl-
it texaer, uyto B, O AD . Tak
’)Ke  JOoKa3blBaeM, UTO
IC, OAD . 3nauntr (mo-
ckoabky B, u C, ne cosua-
naior), npsivast B,C, poxo-
auT yepe3 I U nepreHgnKy-
aspaa AD, 4uto u Tpe6GoBa-
JIOCD JIOKA3aTh.
[pyrue caygan pacrosioske-
HUS ToYKH [ MOKHO pac-
CMOTPETb aHAJOTHYHO.
3ameuanue. Vicnoanays 060-
snauenne O(a,b) nas yraa
OT TIPAMON @ JI0 TPSAMOi b,
OTCUNTBIBAEMOTO MPOTHB 9acoBoii cTpeskn (O (a, b) orrpe-
JleJIeH ¢ TOYHOCTBIO /10 TPHOABIEHNS YNCcaa BUAA TR , T/ie
k — 11€710€ YKCI10) , MOJKHO TIEPEIUCATh PEIEHIE, N3JI0/KEH-
HOE BbIIlle, TAK, YTOObI OHO HE 3ABUCEJIO OT PACIIOIOKEHIIST
TOuku D:

0(IB,, BB, ¥ O (BB,, ADY)

T
OrTMeTuM, 4TO YaCTHDBIH CIyvail aTOM 3a/laui Mpe/JIarajics

Ha PeruoHaJbHOM atare BcepoccniicKoit oMMITHAIBI.
P.JKenooapos, 11.Kosxesnuros

M2126. Ha seuepunie xomnanuio us 20 ueaogex mpeody-
emcs ycaoumy 3a 4 cmoaa. Paccadxa nasvieaemcs ynad-
HOIT, ecau n06vie 06a uenosexa, oxasaguiuecs 3a 00HUM
CMOJOM, SBASIOMCS OpY3vsamu. Boiscnunocs, umo yoau-
Hble PACCAOKU CYwecmeyom, npuiem npu aooot yoaunol
paccaxe 3a Ka;x0vim cmMoA0M CUOSM POBHO NO 5 UeI0BEK.
Kaxoeo nauboavwee 603moxH0e Koauuecmeo nap opy3sei
6 3MOoU KOMNAHUU?

OrtBet: 160.
Ecsin /1Ba uesioBeKa He SIBJISIIOTCSI JIPY3bsIMU, TO Oy/eM
FOBOPUTD, YTO OHU SIBJISIOTCS Hedpyzamu. Obliee YuCIo
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rnap Jojleil B JIaHHOW KOMITAHWM PaBHO T =190,
MOTOMY JIOCTATOYHO JIOKA3aTh, YTO MUHUMAJbHOE YHUCJIO
nap Heapyros pasno 30.

HokaskeMm, urto Mmenbie yeM 30 map HeApYroB GObIThb He
morso. Ilyctb ato ne tak. Torna Haiizercs: yenosek A, y
Kotoporo He Gojee ABYX Heapyro (ecam y KaskaIoro
YeI0BeKa He MeHee TPeX HeJIPYTOB, TO YUCJIO TTap HE/IPYTOB

HE MECHBIIIEC 4YeM @ =30). Ilyctb A mpu HEKOTOPOH

yIavyHOIl paccajike okasascs 3a crosiom T. I1o ycsoBuio 3a
cronom T Bcero 5 desoBek. Tak kak y A He 6osee ABYX
HEJIPYTOB, TO 32 OJJHUM M3 OCTABIIUXCS TPEX CTOJIOB BCe
CHUJISIIIE SBJSAIOTCS Apy3bsiMu A. 3HaduT, eciu mepeca-
JUTh A 32 910T cTOJ (@ B OCTAJILHOM PACCAJIKy HE MEHATD)
TO HOBasl paccajka OKa)KeTcs yJadyHol, HO 3a cTtosoM T
OyZyT CUZIETb 4 YesoBeKa, YTO MPOTUBOPEUUT YCIOBHIO.

[IpuBenem npuMep, yAOBJIETBOPSIONINN YCIOBUIO, B KOTO-
pom umeercss poBHo 30 map Heapyro. PasoObem Bcex
JIOJIeil Ha 5 4YeTBEPOK, M MyCTh Jiobas mapa Jrojeil u3
OJTHOHM YeTBEPKU — HeJApyru, a Jiobas mapa U3 PasHbIX
YeTBEPOK — APYy3bs. B TakoM ciydae y KaskI0ro yeIoBeKa

pOBHO 3 Heapyra, W BCETO NMeeTcs =30 map

HeJpyroB. B ommcanHOll cuUTyanmm paccajka SIBJSETCS
yZQ4HOH TOr/la M TOJBKO TOTJA, KOIJa JIOJN U3 OJHOHU
YeTBEPKU OKAa3bIBAIOTCS 32 Pa3HbIMU cTojiamu. Tem ca-
MbIM, yJauHble PACCAJKHM CYIIECTBYIOT, W TIpU JI000M
VIQUHON paccajike 3a KaXKIbIM CTOJOM OKa)KeTcs I0
O/IHOMY Y€JIOBEKY U3 KaXK/0il 4YeTBEPKH, T.e. POBHO O
YyeJIOBeK.

11. Ko.xesnuxoe

M2127. Buympu semeu zunepboavt x =~y* +1 pacnono-
JKeHbl OKPYKHOCIU Wy, Wy, W,... MAK, 4MO NPU KAKOOM
n > 1 oxpyxnocmv W, Kacaemcs zunepboivl 6 08Yx
MOUKAX U KACACMCS OKPYKHOCMU W),_y, d OKPYKHOCMD
W, umeem paduyc 1 u xacaemcs zunep6ov. 6 mouxe
(1;0). Jokaxume, umo 015 1106020 n paouyc okpyKHo-
cmu W, pasen HaAMmypdaivHOMY YUCTY.

ITycrb Touka (x,;0) — uenTp OKpyskHOCTH W, , a 7, — ee
paanyc. V3 mocTpoeHmsi OKpysKHOCTEH cpa3y BbITEKaer,
yro n; =1, xy =145 =2 n

X+t — Xy = T+t +rn (1)
npu n =1 (puc. 1).
OKpy>KHOCTb W), (n > 2) 3a/1aeTCsl ypaBHEHUEM

2,02 _ 2

(JC - xn) ty = Ta
[ToACTaBUB B 9TO PaBEHCTBO y° = x? —1, TOJIYYNM paBeH-
CTBO, KOTOPOMY VIOBJIETBOPSIIOT aGCIMCCHI X TOYEK TIepe-
CEUCHNUS OKPY’KHOCTH (), W TUTEPOOJIBI:

(x—xn)2 +x? -1=1? &
& 22 = 2x,x +x2 —1P =1 =0. (2)

Kacanue okpy:xHocTH 1 runep60Jibl 03HAYAET COBIIAEHTE
KOpHeil B KBaJpaTHOM ypaBHeHun (2), 3Ha4UT, €ro JucK-
PUMUHAHT 06paIIaeTcsi B HOJIb:

=22 =2 -1) =0 - =220 (3)
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Puc. 1

Pagenctso (3) JIIsT OKPYJKHOCTU W),y BBITJISAJIUT KaK
2 _ 2
Xo =210 +2. (3)
Boruurtas us pasercrsa (3') pasencrso (3), umeem

xiﬂ _xﬁ = 2(rnz+1 _rnz) < (xn+1 _xn)(xnﬂ +xn) =

= 2(7n+1 - rn)(rn+1 +7n) ,
OTKy/Ma, ¢ ydetom pasenctsa (1), maxomum X, +x, =

= 2(74 —1,) . Boiunras us nomyuentoro pasencrsa (1),
nMeeM

2.7(,1 =Tyt — Srn . (4)

[Ipnn =1, BuactHOCTH, TOy4daeM 4 =%, —3,T.e. 1, =7 .
Bossenem B xBaapat (4), u mogcrasum (3):

42

-2 _ 2
n = Tt 6rn+1rn +9rn O

2 -2 _ 2
= 8, +8 =144 —6n,1, +91, <
2 2 =

< Ty T 67;z+1rn T = 8. (5)
Urak, 110J1y4eHO CUMMETPHYHOE COOTHOIIEHHE (5), CBSI3bI-
Balolllee Pajmychl 7, u 7, . llepedopmymuposars (5)
MOXKHO TaKUM 06pa3oM: UYHCJO 7,y SBJAETCI KOPHEM

2 2

ypasuenus x° —6r,x +#, =8. Ecom n 22, 10, paccMoT-
peB cooTHoIIenNe, ananorunanoe (5), st paguycoB 7, U
T4t » HOJIYYHM, UTO 7,_; TaKKe SABJIAETCA KOPHEM ypaBHe-

2 2
nusg x° —6r,x +7, =8. Torma no teopeme Buera 7, +
+ 7,4 =67, , 4TO JaeT PEKKYPEHTHOE COOTHOIICHIE

Tatt = 67’n T~ ( D)

JUUISL BBIYUCJIEHUS paJnycoB. V3 Toro 4To # n #, — IeJible
Yucaa M0 IeroYKe BBIBOJUM, UTO BCE 7, SBJSIIOTCS Iie-
JIBIMH.

3ameuanus. Eciu ypasuenue (2) umeer HyJIEBOH JAUCKPY-

X
MHWHAHT, TO x=-2 - €/IMHCTBEHHOE PpPEIIEHUE I9TOI0

2
YpaBHEHUA. OTCIO[[a BbBITEKaET, 4YTO aécuncca TOYKHM Kaca-

X
n
HUA OKPYKHOCTU W), 1 THHepéOJIbI paBHa 7 . U3 reomer-

. 7
PUYECKUX COOOPaKeHUN TIOHSATHO, YTO —— JOJUKHO CTpe-
xﬂ
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MUTDBCA K KOCUHYCY yTJla HaKJIOHa aCUMIITOTbI rHHepéOJIbI,

"

1
T.e. K ﬁ MoskHO TMOKa3aTh, 4TO APO6H PaBHBI

n
HEKOTOPBIM TIOIXO/ISIIAM POGSIM JUIs Pasioskenus v2 B
eyt Apo6b (310 06bIACHIAETCS U3BECTHOI CBA3BIO MEK-
Ny JINHEHHBIMU PEKKYPEHTAMU, IIeMHBbIMI [pOOSIMU U
ypasuenusamu [lensst — cM., nanpumep, crarbio B.Cenpe-
poBau A.CrimBaka «Y paBuenus [lemsi» B « KBantes» Ne3,
4 m 6 3a2002r.).

Boi6op pajyca # = 1 cBsi3aH ¢ TeM, 4TO pAOUYC KPUBUIHDL
panuoil runmep6oabl B touke (1; 0) pasen 1. Moo
YCTAHOBUTD, YTO PAJNYC KPUBHU3HBI THIEPOOJBI B TOUKE
KaCaHus ¢ OKPY)KHOCTBIO (), PaBeH 7. .

CambIM JTIO6OTIBITHBIM B IaHHOI 3aj1aue, BUINMO, SIBJISET-
cst HaJmuue JmHeiHoro cootHomenus () must paanycos
TPeX TOCJe0BATEIbHBIX OKpYykHOCTeil. Boobmie, ecumn
BIHCHIBATH LIETIOUKY KaCAIOMUrXCs OKPYXKHOCTEH B Tumep-
6oy x° —% =1, B > 0, To paauychl Tpex IOCJe10Ba-
TEJbHBIX OKPY)KHOCTEH GyAyT YAOBJIETBOPITH COOTHOIIIE-
HUIO

o = (4B +2)1, =1, . )
OKPY’KHOCTH MOKHO BIIMCHIBATH U BO BHENTHOCTH THIIEP-
6obl 2 = By? =1(puc.2), u TOrga paamychl TpEX moc-

M

\ ¥ /

/
/

Puc. 2

JIeIOBATETHbHBIX OKPYSKHOCTEl 6y T YAOBIETBOPSITD TOMY
sxe coorromenno ().

Jlns 1enoyku OKPYKHOCTEH, BIMCAHHBIX B MapaboJy,
paauycel o6pasytor apudmerndeckyto mnporpeccuio (cM.
sagauy M. EsnokumoBa ¢ XXXII Beepoceniickoit onmmmnu-
azbt, 1998 r.).

Ecom xe 1iemouky Xots 6131 U3 TPeX OKPY’KHOCTEH yaercs

BIUCATD B SJLIMIIC X + % =1, To COOTHOIIIEHNE HA PaIn-

ycbl GyieT IMETh BU/]L
o =(2-4B)r, =1, .
B.Pacmopeyes, 11. Koxeenuxos

M2128. Bacs ommemun 10 xaiemox 6 kaemuamoi madau-
ue 10 x10 xaemox. Beezda au Ilemsi mosxem svipe3amv u3
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SAJAYHHUK

amotl mabauyvt no aunusm cemxu 19 ¢uzypox euda

max, 4umobvL huzypru He co0epKaAIU OMMeUeHHbLE KM
Ku?

OrtBer: He Bcer/a.

[Ipeanonoxum, yro Baca ormetnsn 10 KiIeToK Tak, Kak
nokasano Ha pucynke (3Hadok «X»). PaceMorpum ternepb
axXMaTHYIO pacKpacky

X nockn (1pu KOTOpOil Bce
C X OTMEYEHHbBIE KJIETKU SIBJISI-
X IOTCSI YePHBIMHI) . 3aMETHM,
X 410 PUTYpPKa, He ComepIKa-
X mass OTMEUYeHHBIX KJIETOK,
B X HE MOXET COIEpPKaTh TaK-
X ’)Ke HU OJHY M3 YEPHBIX
X kiaetok A, B, C. 3uaunr,
X Bce BbIpe3anHble [lereit pu-
2 X TYPKHU cojiep:KaT He 6osiee

50 — 10 — 3 = 37 uepHbIX
kiIeTok. Ho mockosbky Kaskaast purypka coIepsKuT 110 1Be
YEepHBIX U TI0 JBe 6eJIbIX KJIETKU, MOKET OBITh BHIPE3AHO HE

7
6oJiee %E = 18 durypok.
U.Bozoanos, O.Ilodruncruil

M2129. Haiidume ece napvt namypaivrvlx uucein > 1 u
k, dns komopwix 1" +2" +... +(n =1)" =nk.

OtBer. n =3, k = 2.
IepBoe pemenune. Eciaun =3, to k= 2. IlycTp n HEYETHO,
n > 3. Torma mpum werHom x cymma 1" +2" +... +x"

X 2 n n
JIeJIUTCS Ha 5 [elicTBUTEIbHO, TIOCKOJIBKY " +b" Je-

autes Ha a + b, xaxgas us cymm 1" +(x—1)",
o O ox p" x
2"+ (x-2), ., B5_1B +H—+ﬁ MeUTCS HAa — .
2 2
[ n
OcraioTcsi caraeMbie S n x", KOTOpbIe, OYEBHIHO,

X
JIENATCA Ha < 3uaunt, 1" +2" + ... +(n —1)" JIeJIUTCS Ha

n_1. Ho HOZ[EW_1,nD:1 n n_—1>1 mpu n > 3.
2 H2 '"H 2

CaenoBaressho, npu n > 3 cymma 1" +2" +... +(n =1)"
UMeeT IIPOCTOI JeJITeNb, Ha KOTOPBIH HE JAeJUTCS 7.
JlokaskeM Telepb, YTO [P JIOOOM YETHOM 7 CyMMa
1" +2" +... +(n —1)" ne neamres na n. Ham nonasno6urcs
caIe/lyIonast JieMMa. ‘

Jlemma. [lpu neyetnom a umcJio a* -1 nemuresa na 2° .
MoxkaszareabcTBO. [IpuMeHnM HHAYKIMIO 110 . [Ipu s = 1
YTBEPIK/IEHIE BEPHO. TzlyCTb IIPU $ = 7 YTBEPIKIEHUE BEPHO.
Torma azyH -1= (azr) -1 =(a2' —1)(a2' +1) JIeJINTCS Ha
™ rak kak nepsasi CKoOKa jenutcsa Ha 27, a BTOpas
uerHa. [lepexoy MHAYKIMY CIeJaH, W JleMMa JIOKa3aHa.
Ilycrs n=2°1, tne s 21, [ — neuerno. OueBujno, s < n,
[09TOMY /LIS J1I060r0 YeTHoro k uncao k" geaurcsd Ha 2° .
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W3 nemMbr ciemyer, 4To it JIOGOT0 HEYETHOTO k 4UCIo

sjis;
k" —1 =020 -1 gemurca na 2°; torma k" maer ocra-

H

tok 1 mpm pmenenmm na 2°. Wrak, B cymMme

n
n
1" +2" + . +(n —1) POBHO 5 cJlaraeMbIX JIaloT OCTATOK

1 pu etenuy Ha 2° | a OCTaIbHbIE CIaraeMble e/ IATCs Ha
n n . .
2°. Umeem: 1"+2" +... +(n -1) EE =2° 1(mod2°),

CJIeI0BaTE/IbHO, CyMMa HE€ [€JUTCA Ha 2° u reM GoJee

Ha n.

3ameuanue 1. Paccyxias Kak B Hauase peteHns, HeTpy/i-

HO Jl0OKa3aTh, 4YTO NpH JI0OO0OM HEYETHOM 71 CyMMa
n

1" +2" +...+(n -1)" pemurcs na n.

3ameuanue 2. 11pu xemanuu JeMMy JIeTKO YCUJIUTD: IIPU

S
HEYETHOM d W HATyPaJIbHOM S YUCJIO a2 -1 JCJIMTCA Ha

2s+2

Bropoe pemenune. [IpoBepuB 3navenus n = 2, 3, mosyva-
€M, UTO MOJXOIUT TOJIbKO 72 = 3, Tipu 3ToM k = 2. [TokaskeMm,
4TO TIPU N 2 4 pelleHuii HeT.

Jlemma. IIpu HartypasibHbIX 7 =4 BbIIOJHAIOTCS Hepa-
BEHCTBA

(I 1=

n n 2

HoxkasareabctBo. Ilo HepaBenctBy Bepnymim,

On O _O 10 1
WH —E1+n—_E 21+n_1 >2

OTKyJa CJIeyeT MpaBoe HepaBeHCTBO. JIeBoe HepaBeHCTBO
JIOKa)keM WH/yKImei mo n. basa npu n = 4 mpoBepseTcs
HETIOCPEe/ICTBEHHO; MePexo/ CIeAyeT U3 HepaBEeHCTB

+1 n
On 0" on-0"gn tgn _ 1

EW+1H HnH n+l n n+l n+i
Jlemma mokasaHa.

[TpearnooKiM, 4TO HANLIOCH pelienue ¢ 7 = 4 . 113 sem-

n

n—1

1
Mbl caenyer, uro (n=1)'>—[@" =n Torna
n

n 1
n* > (n-1)" >n""", orkyma k=n. 3amerum, uTo TIpH

mo6om s = 1, ..., nm — 1 BBIIOJHEHO HEPABEHCTBO
S
n—10 S
B_H 21-= (310 — cHOBa HepaBeHCTBO BepuyJum),
n n

IIO9TOMY U3 JEMMbl HMEEM Eﬂ;sﬁl <ﬁn—_%m Si.
n

- N
3Haunr, " 2
n n
1:(n—i) +.. 41" S(n o) R
n* n"
7
=EW—1ET7+. +Eln—(n—1)ljsl+i+ + ! <1
n E |:| n |:| 2 22 2n—1
[TpotuBOpeune.

3ameuanue. YpaBHeHNe 3TOW 3aJ[a4ll BO3HUKJO U3 pac-
cMOTpeHHsT GoJiee OOIMX YpaBHEHUI B HATYpaJbHBIX

ypcaax: 1" +2" +... +x" :(x +1)y . Meromiom TepBoro
PelIeHns 3a/laui MOKHO HAiITH BCE PEIIEHHs 9TOTO yPaB-
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HEeHUs B IPEANOJIOKeHnn Heuernoctu n: (n, x, y) =
=, 2, Dun, x, y)=(3, 2, 2). lIpu Gpuxcuposan-
HBIX YeTHBIX 72 MBI YMEEM [IOKA3bIBATH JIUIIIb, YTO MHOMKe-
ctBo penrennii (x, y) KoHeuro. O GJIM3KUX yPaBHEHUSX B
IeJbIX YMCJAX CM. Takke B penrennn 3ajgaun M2025 B
«KBanre» Ne 3 3a 2007 ro.

H.Bozdanos, B.Cendepos

M2130. Jan naockuii (Heconykaviil) ueCmuyzoroHuK
ABCDEF, 6 xomopom AB = DE, BC = EF, CD = FA,
ZFAB = 3ZCDE, U0BCD= B EFA, ODEF= Bl ABC
(30ecw umeromces 6 6udy HyMpenHue Y21l MHOZOY20LbHU-
Ka, HeKxomopwie u3 Komopolx mozym 6vimo 6oavue 180°).
H3eecmno, umo nuxaxue 0ee cmopoHvl Wecmuy2oJbHUKA
He napaiienvuol. [oxkaxume, umo npamvie AD, BE u CF
nepecexaomcs. 8 00HOU Mmouxe.

3 paBeHcTBa yTJIOB B YCJIOBUU CJIEYET, YTO CYMMA YTJIOB
mectuyrosnbinka papia 4(JABG- 0 CDE£0  EFA),ac
JIpyroii cTopoHbl aTa cymma pasHa 4[180°, orkyna
OABG-00 CD¥0 EEA 80 .(OrMeTuM, 4To Tak Kak
YIJIbI HIeCTUYTOIbHIKA Menbiie 360°, To Kask/iblii U3 yrioB
ABC, CDE, EFA menbie 120°. He ymansas o6HHocTH,
OyzaeM mpeamnoJiarath, uro UEFA 60 ; torma B mecrtu-
yronbuuke ABCDEF nnockuit yron BCD Menblie pas-
BEPHYTOTO).

[Toctpoum Tpeyrospuuxk A'C'E', Bkotopom yrist A, C',
E' pasubl coorBerctBenno yriam CDE, EFA, ABC.
[Iycrp Touku D', F', B' cuMMeTpu4Hbl COOTBETCTBEHHO
toukam A', C' u E' ornocutenbno npsameix C'E', A'E'
n A'C' . Torja COOTBETCTBYIOIIHE YTJIbI HIECTHYTOJBHUKOB
ABCDEF w A'BCDEF paBHbl, U, KpOME TOrO, B
wecruyroabhuke A'B'C D E F paBHBI I1apbl IIPOTHBOIIO-
JIOKHBIX cTOpoH, a auaronamu A'D', B'E u C'F
MepeceKaioTcss B OJHOW TOYKe, TaK KaK 9TO BBICOTHI B
tpeyronbauke A'C'E' .

[Ipumenus noaxo/siiee npeobpazoBanue Mo 00us K Tiie-
cruyroibinky A'BCD E F | MoXeM MOJYYUTH IIECTH-
yroaonuk A BC,D\E\F, , B xotopom A = A, Bj=B n
HarmpaBJjeHne o06xo/a
xoutypoB ABCDEF u
AB,C,D\E\F, oauna-
koBoe (ckasxxem, 0
YacOBOII CTPeJIKe; pUC.
1). Jlng pemenns 3a-
Jlauu JIOCTAaTOYHO J10-
Ka3aTb COBIIaJeHue
ATUX [ABYX MIECTHU-
YTOJIbHUKOB.

N3 pasencrBa yrJioB
[IECTHYTOJBHUKOB CJIe-
D, JLy€T, 4TO COOTBETCTBY-

B = B,

Puc. 1 .
forme BeKTopbl BC 1

B,C,, CD u C,D, W T.1. COHaTIPaBJIeHbI, B yacTHOCTH C
aexxutr Ha ayde BC,, FF — na ayue A, a B cuy
pasenctsa cropon ED = E,D; (u, snaunt, DD, = EE, ).
Homycrum, uto D # D, , n1ycTb TOUKH X 1 Y TaKOBBI, 4TO
CX =FY = D—Dq1 Torma D—1)? = DC, clemoBaTesbHO,
Touka X Jexur Ha upamoit CD;, npuuem
XC, =|XD, -C,D\| =[CD =C,D\| = |AF - A K| = FF,
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Kpowme toro, ecm X nexur xa orpeske Cy Dy, 10 F nexut
na orpeske Afy; ecam sxe X JIeKUT Ha IIPOJOJIKEHUU
orpeska C;D; 3aTouky C, TO I 1€KUT HA IIPOAOJIKEHUN
orpeska A;F} 3a Touky [j. Anajoruuno, Y JIeKUT Ha
npamoit EjF u YF =CCy, npudyem toukn Y u C 6o
OJTHOBPEMEHHO JIesKaT COOTBETCTBEHHO Ha oTpeskax [E [
u B,C, , mi60 Ha IPOJOJIKEHUSX STUX OTPe3KoB (3a TOUKH
F, u C;). Mbl nosydaem, uto tpeyrojbuukn FFY u
XC,C pashbl 110 TpeM ctopoHaM. 3amerum (910 Cylie-
CTBEHHO! — CM. 3aMeYaHue HIKE), YTO OTH TPEYTOJbHUKH

HEBBLIPOKICHHBIC! CX #0 no npeanogoxenuto, C # C,
(unaue F, =Y u CD||CX | FY || AF ), X #C, (unaue
F,=Fu BC||CX || FY || EF ). 3 paBeHCTBa TPEYroJib-
nukos umeem UOFFY=0 XC,C. Ognako UFFY paseH
OAFE mm6o 180°-UAFE, a UOXCC pasen UOBCD

an6o 180° — OBCD . IIpuueM U3 IPEIbIYTIITX BLIBOIOB O
pacrionoskenun touek C, X, F, Y caexnyer, 4To eciu
UFFY=0 AFE, 710 UXCC=UO BCD, a ecan
OFFY= 180-0 AFE, to OXC,C= 180-0 BCD. B
Jo60M carydae nosydaeM, yro UAFE= U BCD — nporu-
BOpeune.

Cuaenosarenbio, D = D, 0TKy/la BbIT€KaeT COBIajeHue
mectuyroapbuukos ABCDEF n ABC{D\E\ I .
3ameuanue. llpuBeneM mpuMep IECTHYTOJTbHNKA, MOKA-
3BIBAIOTINIL, YTO B 3TOI 3a/1a4e yCJIOBUE OTCYTCTBYS MapaJi-
JIETBHBIX CTOPOH SIBJISIETCS
cymectBeHHbIM. [locTponm
mapaJstenorpamm ACDF, B
kotopom OACD= 80 wu
AF > AC, E — Touka nepe-
ceyeHust GUCCEKTPHUC YTJIOB
AFD u CDF. Tloctpoum Ha
ctropoie AC BHe Tapasiie-
JorpaMMma TpPeyroJibHUK
ACB, paBHBIII TpPeyroJib-
uuky DFE (puc.2). Toraa
10 TMOCTPOEHUIO B IIECTHU-
yroabauke ABCDEF pas-
HBI 11apbl IPOTHBOIOJIOK-
HBIX CTOpPOH, n [OFAB=

=30CDE= 156, OBCD= "7
=30EFA= 120 , ODEF= 3 ABE 270 .

Opnako BE e mpoXOAuT Yepe3 HEHTP TapaljiesorpaMma
ACDF (rouky nepeceuenuss AD n CF), Tak kak E jqexut
Ha cpejHell juHWM, TapaJienbHoit CD, n oTJudHa OT
IIeHTpa MapaJljieslorpaMma, a B He JIEXKUT Ha 3TOH cpeHeit
JINHUM.

H.Bbenyxos,
11. Ko.xeenukoe

®2138. [Todsemmubiii
Kpau medieHHo NoOHU-
Maem ¢ nOMowb10 mpo- —
ca naasawuee 6 600e .-

opesno (puc.1). Tpoc
npuxpenien Kk 00HOMY
KOHYY Opeena, Komo-
poe MOoKHO cuumame Puc 1
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SAJAYHHUK

MOHKUM YUAUHOPOM C ROCINOAHHOU NAOMHOCMbIO. Macca
bpesna m, onuna L. Omnowenue niomnocmet 600vl u
dopesecunvt Y = 4,/3. Yckopenue c606001020 nadenus .
Hauanvnoe nonoxenue 6peena zopusonmanvroe. 1) Ka-
KY10 MUHUMALLHYIO padomy A nyxHo cosepuums Kpany,
4moObl NOAHOCMBIO BLIMAUUMS OPesHO U3 800bi?
2) Hocmpotime zpagurx 3a6ucuMOCNU CULbL HAMSAKEHUSL
T mpoca om evicomvi Had 6000t h npunodnumaemozo
KOHYa Opesna. Yxaxume xapaxmepuvle mouxu zpagpuxa.
3) Kaxyio pabomy Ay, cosepwum xpan npu nepegooe
Opesna u3 001020 HAKJIOHHO20 NOJOKEHUs & Opyzoe
HAKJIOHHOE NOJL0XKEHUe, 8 KOTMOPOM 8ePXHULL KOHel, Opes-
na noonsics na evicomy Dh =L /5?2

1) MunumanbHag paboTa KpaHa paBHa H3MEHEHHIO OTeH-
1MaJIbHON dHeprun GpeBHA:

mgL
B

2) Bpesrno B mpoiecce nogbema Oyaer 06pasoBbIBATH

HEKHWl yTroJ O C TOBEPXHOCTHIO BOJIBI, TTOKA HE MPUMET

BEPTUKAJIBHOE TOJOKEHNE, OCTaBasiCh YaCTUYHO IOTPY-

JKEHHBIM B BOJTy. Bpes-

i HO HaXO/IUTCS B PaBHO-

@) BECHH, €CJIU BBITIOJIHSI-

I0TCS [Ba YCJIOBUS
(puc.2).

a) Cymma Beex IeiHCTBy-

I0MUX Ha OPEBHO CHJI

paBHA HYJIO, WJIH, B

A=

IIPpOCKIUAX Ha BEpPTU-
KaJIbHYIO OCb:

T+F,—-mg=0,

rae F, =mgyx,/L -
apxXmMeoBa CUJIa, X
ruc. 2 — JITMHa yactu GpeBHa,

MTOTPY>KEHHOH B BOJTY.
6) CyMMa MOMEHTOB CHJI OTHOCHTEJNBHO MPOU3BOJBHON
OCH BpallleHHsI paBHA HYJIIO, N, BBIOPAB OCh, TPOXO/Is-
IIyIO Yepe3 BepXHU KOHEI] OpeBHa!

mggcos a- Hngy % I

L —XODCOS(X =0.

2H
Orciofa caemyer, uto cuia T’ HATSKEHUsI TPOCA He 3aBUCHUT
OT yTIJia HaKJIOHA OpeBHa OTHOCUTENbHO TOpu3oHTa. Permas
rocJiejiHee ypaBHeHUe, TOJYYUM, YTO B Bojie OY/IeT HaXO-
JINThCS YyacTb OpeBHA JIIMHON

0 0
xO:LEl_ 1_1 :£.
0 yo 2

[Toxa 6peBHO Gy1eT OCTABATHCS B HAKJIOHHOM I0JIOKEHIH,
cuja HATSKeHMs Tpoca OyJeT IOCTOSSHHOW W paBHON
mg/3 . Tocre Toro Kak OpeBHO TPUMET BEPTUKATbHOE
MOJIOXKEHIE, CHJIA HATSKEHUs Tpoca OyeT JIMHENHO BO3-
pacrarb ot mg/3 1o mg:

T =mg-F, —mgﬁ VT

‘ 19-31.p65 25
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I'padpux 3aBucumMOC- T4
TH CHJIbI HATSOKEHUSA g

tpoca T OT BBICOTDI /2
MpUBeJIeH HA PUCYH-
Ke 3.

3) [Mobem BepXHETO
KOoHI[a OpeBHA Ha
Boicoty Al mpowc-
XOJIUT TIPU MOCTOSTH- 0
HOM CUJIe HATSDKEHUS  Pyc 3
mg/3 . Tloatomy wc-

KoMas pabora paBHA

B.Yusunée

®2139. B omxpvimom kocmoce mpu nebOIbuUx acmepo-
u0da u3-3a zpasumMayUuoOHH0Z0 NPUMSKEHUS CONUKAIOMCS
dpyz ¢ Odpyzom 6001

obwelt npamoi, nenod- — m m, ms
BUKHOU OMHOCUNESLHO
36e30. Omnowenue pac- | | |
cmosanuii. om cpednezo

acmepouda 00 KpatHux ocmaemcs pasHvim n = 2 6n10mo
0o ux cmoaxnosenus (cm. pucynox). Macca neeozo
acmepouoa my, yeHmpaivHozo my, . Haiidume maccy ms
npaeozo acmepoudd.

IIycTb ycKOpeHUs acTepOU/I0B PaBHbI @, dy, ds , TIEPBbHIC
JIBa YCKOPEHH: HAIPABJIEHBI BIIPABO, & TPETbE — BJIeBO. B
CHCTEME OTCUETA, CBSI3AHHOM C TPETHUM ACTEPOHJIOM, YCKO-
PEHMS IEPBBIX JIBYX PaBHbl ¢ +d3 W d, +d3 COOTBET-
cTBeHHO. UTOOBI OTHOIIEHIE PACCTOSTHUN OT My U My 0
M3 COXPaHAJIOCh HEM3MEHHBIM, OHO /I0JDKHO OBITH PABHO
OTHOILIEHUIO COOTBETCTBYIOLIUX YCKOPEHUIL:

(ay +a3): (ay +az) =3r:2r =3:2.
Otciofia TIOJIyYM CBsI3b YCKOPEHMUI:
613 = 2611 - 3612 .

N3 3akoHa BCEMUPHOTO TATOTEHUS Hal/leM YCKOPeHUs
ACTEPOU/IOB:

m m: m m
@ =G=F+G—%, a4,=G—=-G—,
r 9r 4r r
m m
a5 =G 5 +G =
9r 4r

[TogcraBusist aTH 3HAYEHUS B BbIpAXKEHUE IS CBSI3U YCKO-
pEeHui, MoJayunm

my m2 _ m3 U %mg
+—==2 -
9 H'“ ’

OTKy/la HalieM
104my + 63m,
mg = ———=
19
H.Bopobves
®2140. F'osopsim, umo e apxuse sopda Keavsuna nawiu

pV-Ouaezpanmy 3amxnymozo yYuxIUUECK020 npoueccd
menaosoi mawunvt (cm. pucynox). Ipoyecc 1-2 —
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KBAHT -

usobapa, npoyecc 23
— aduabama, 3—1 -
| usomepma. Om epeme-
b b Hu uepHUaA BbIYBENU,
' U KoopOuHammole ocu
Ha Ouazpamme ucues-
au. H3eecmmo, umo pa-
N | OouUM Geuecmeom Ma-
\ wunoL 6611 UOCANLHBLI

\ |
\\ ! eas (zeauil) wonuue-
R

B

PN 3 cmeom v = 2 MOJb.
1 Macwmab no ocu 0as-

aenut: 1 man. ki =
= 1 amnm, no ocu obsemos: 1 man. xa. = 1 a. 1) Boccma-
HOGUMeE NOJLOKeHUe KOOPOUHAMHBIX OCell U GulUucaUme
MAKCUMATLHOE OdBJleHue 2a3d 8 OAHHOM UUKJUUECKOM
npoyecce. 2) Bviuuciume Maxcumaibnyio u MuHUMALb-
nyo memnepamypul zasa 6 yux.e. 3) Haiioume pabomy
Ap 2asa na usomepme 3—1. 4) Hauwoume KIT/] yuxaa 1.
I pumeuanue. Ynusepcarvnas 2azosas nocmoannas R =
= 0,082 x.amm/(monv- K) .

1) ByzseM OTCYUTBIBATD PA3HOCTb JAABJICHUI Ap = p = ps
OT TOYKM 3 1 pasHocTb 06beMoB AV =V =V, or touxu 1.
Torja ypaBHeHue U30TE€PMbI 3allMlIeTCs B Buje
pV = (ps +2p) (Vi +AV) =const .
PaccMoTpeB Tpu TOUKH Ha N30TepMe — HAlIpIMep, TOUKH 7,
3 m omHy B cepeimHe TpaduKa, — MOXKHO COCTaBHUTD
CUCTeMY ypaBHeHUI U BbIpasuTb ps u V.
A MOoxHO py u V| Halitm 6ojee TOYHBIM CIIOCOOOM.
3aMeTuM, uTo p; — P53 UUCJIEHHO, BKJIETKaX, paBHo V3 — V),
3HAYUT, B 3TOM MaciTabe rpaduk n30TepMbl CHMMETPUYEH
OTHOCHTEJIbHO MHEePECTAaHOBKU P « V U p; UYNCICHHO
paBHO V| U paBHO HEKOTOpPOMY 4ncay a. Takum o6pasoM,
YICJIEHHO CIIPABE/JINBO yPaBHEHUE
MpAV +a(bp +AV) +a* =const .

Ecsam oTMeTHTD HECKOJBKO TOUEK Ha JAHHOM Tpaduke H
noctpouth rpaduk 3aBucumoctu y =ApAV ot
x = Ap + AV | To rpaduxom Oyjer npsamast ¢ Koadduiu-
eHTOM HakJoHa k = =-—q. Tax, Haiinem p; =1 arm,
Vi =1x, u, cirerosarelbHO, MaKCHMaJbHOE JaBJIeHUE
Pmax = P1 =32 arm . IlosoxkeHne KOOpJAMHATHBIX oOcei
CTaHOBUTCST OUEBU/IHBIM.
2) Tenepb MOKHO OIPEAENUTh MAKCHMAJIbHYIO U MUHHU-
MaJIbHYIO TeMIlepaTypbl B IIUKJE:

T,

min

=1, =7, =21 <495 K,
VR

T, =T :%278OK.

3) PaGory raza Ha M30TEpME MOYKHO ONPEAETUTb KaK
IJIOMIA/Ib 1T/l TPAUKOM M30TEPMbI CO 3HAKOM MUHYC:

Ap = =112 x/Ix .

4) KIIJ] nuk/ia HaiijjeM Kak oTHoIIeHNe paGoThl A rasa sa
IUKJ K TIO/IBE/IEHHOMY KOJIMYECTBY TeroThl Q, = Qyy =
= Ay +VCy, (T, =T;) =5A;,/2 . PaGotbl onpeesumM 1o
rpaduxy:

A=-13,0 xkl:xx u A» =97 xJlx.
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2009 /N5

OKOHYATEeNIbHO TOIYIUM

A 2A
=—= 000% = 54% .
Q+ 5A12
A.Illeponos
d2141. B saexmpuuec- + r
Kot yenu, cxema komo-  C L r
potl npusedena na pu- R
cynxe 1, nanpsxenue 4
mexoy saxumamu C u
Zpaeﬁo Ucp =15 B. 27[] AR 2R|:| |:|2r
36ecmuo, 4mo
R>r. 1) Onpedenu- 3R
me noxasauue udeav- B
H020 601MMEMPA, NOO- r
1
KJI0UEHH020 K KJLeMMAM P 1 T o

A u B. 2) IIpednono-
JKUM, 4O K Kaemmam A
u B nodxaouen udeanvnolii amnepmemp. Yxaxume na-
npasJienue mokda, mexyu,ezo uepes Kaxoviil u3 pe3ucmo-
pos8 U amnepmemp.

Puc. 1

ITo ycsoBuIO COIPOTUBJIEHUE <«BHYTPEHHErO» ydacTKa
e MHOTO 6oJibllie 7. DTO O3HAYaeT, YTO CHJY TOKaQ,
WIYIIero 1Mo HeMy, MOXKHO He YYHWThIBATh IIpU pacueTe
HaNpsKEHNH U CUJI TOKOB BO <«BHEITHEM» Y4YaCTKe IeTIN.
Cumpt TokoB, Tekynmx 1o BetBsiM CED n CFD, paBHBI

— Ucp
O s
Hanpsxenne mexy toukamu I u E cocrabJisier
Upg =Ucp =Ugp =1, 2r ~1, :U%.

1) IIpu NoAKIIOYEHHN MIEATbHOTO BOJIbTMETPA TOK YEPe3
nero He wumer. Cuubl TokoB B BerBax FAE u FBE
COCTABJISIIOT

Upg Upg
———nu I =—+r= =] .
R+4R =~ fBE T oR43R  THAE
Hanpsxkenne Ha ywactke AB (Tokazanme MAEATHHOTO
BOJIBTMETPA) PABHO

Uap =Upp ~Upy =Ipgg 2R ~Ipup [R =

I FAE

2) ConpoTHBJIEHUE UEATBHOTO aMIIEPMETPa PABHO HY.JIIO,
W 3TO PaBHOCUJIBHO 3aMblikaHmio kaemM A m B. Ilpu
TMapajyieTbHOM COeINHeHNN OOJBIINN TOK TedeT depe3
PE3UCTOP € MEHBIITIM CO-

MPOTUBJIEHUEM. DTO 03- + r

Havaer, 4t0 Ipy > Iy CYy—— } 1
n I <lIpg. Iloatomy | R

TOK Yepe3 aMIepMeTp A =

TeYeT B HAIIPABJIEHUU OT W |

A k B (rak kak MOJHbIH ) [] AR () 2R [] op
TOK, IPOTEKAIOMUNH OT

F x ysanam A n B, paBen | 3R

TOKY, TeKylieMy oT A u — B |
B x E). Hanpasienus r

BCEX TOKOB YKa3aHbI Ha ! { b—
pucyHke 2. E L)~

M. ITpockypun 1€ 2
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SAJAYHHUK

®2142. N = 2009 odunaxogvix KOHOEHCAMOPOE eMKOC-
moio C = 10 mxD xaxovil sapsaduiu 00 00UHAKOEVIX
nanpsikenuti U = 10 B u coedununu nociedosame.ivio,
npuuem n = 100 wmyx oxazanuco nOOKIOUEHHLIMU &
00HOU NOASIPHOCU, d OCmdavHble — 6 Opyzol. KoHuywl
NOJYUUSWETCS UENOUKU COCOUHUNU PE3UCTNOPOM CONPO-
mueaenuem R = 1 kOm. Kaxoi noanwviii 3apso npomeuem
10 Pe3UCTNOPY U CKOILKO 68 HeM Gbl0eumcs menia?

Haiinem sapsz g, mportekmuii 3a 60JIbIIoe BpeMs yepes
pe3ucTop. 3apsAabl KaKI0TO U3 7 KOHJCHCATOPOB PABHbBI
teriepb CU + ¢, ocTaJbHbIe KOHIEHCATOPBI UMEIOT 3aPsi/Ibl
CU — q. C y4yeroM pa3/inyus MoJpHOCTEN KOH/EHCATOPOB
HaIps’KeHne Ha Pe3ncTope JOUKHO ObITh HYJIEBBIM IIPU
YCJI0BUU

(CU +q)n—-(CU -q)(N -n) =0.
Orcioia moy4uM BeJIMYUHY TTPOTEKITIET0 3aps/a:
_CU (N - 2n)
N
Teneppb HaiijieM BbleauBlIeecs B pesucrope tero. Ha-
yajJgbHad Pa3HOCTb IHOTEHIMAJOB COCTaBJSET
A, =U (N - 2n), KOHEYHas Pas3HOCTb IOTEHIMAJIOB

PaBHa HYJIIO. 3Ha‘H/IT, B p€3UCTOPE BbIAEJNTCA KOJINIECTBO
TEILJIOThI

=0,900" K.

CU?(N -2nY
0= 2q8,,, = —(2N ") 20,8 fx.
3. Pagpaunos

®2143. Ha xorvuesoil cepoeunur ¢ 60abuoll MazHummol
NPOHUYAEMOCINDIO  CAOKEHHBIM 6080 U0IUPOSAHNHDIM
MOHKUM NPOGOJOM HAMOMARA KAMYWKA ¢ OOILUUM UUC-
20M 6umKo8 (nosyuuiucy 06e 0OUHAKOBbIE KAMYWKU —
00Ha ¢ evieodamu A u B, dpyzas — ¢ svieodanu B u T.
Huoyxmusnocmo kamywxu AB pasna 1 I'n. K mouxkam B
u I' nodxmouunu pesucmop conpomueaeruem 1000 Om, x
svi600am A u B npucoedunuiu ucmounux cunycouddioHo-
20 nanpsxenus: wacmomot 1000 'y ¢ amnaumydoi 1 B.
Kaxoii mox meuem uepes pesucmop? Kax usmenumcs
Mok, ecau 6vi6o0vt B u I’ nomensmo mecmamu?

JlBe KaTylIKy 1 Pe3UCTOP I1O/KJIIOUEHDI I10CJIe/J0BATE/IbHO.
Hy:x#o pasob6parh [gBa ciydas: MarHUTHbIE TIOTOKH B
cep/leYHUKe BbIYUTAIOTCS MU CKJI/IbIBAIOTCA. JTH CJlydan
«MEHSTIOTCST MecTaMi» Tpu o6MeHe Touek B u [

Ecsam motoxn BbrYMTaOTCS, TO CyMMapHBI MarHUTHBIH

«KBAHTA» 27

IIOTOK PaBeH HYJII0, U PE3UCTOP OKA3bIBAETCA ITOIK/IIOYEH-
HbIM HAIPAMYIO K UCTOUHUKY. TOK depe3 Hero mnpu 3ToM

cocTaBJisieT
U

[ =—=1MA
R
B npoTuBOMOJIOKHOM cJilydae MarHUTHBIM TIOTOK yepes
KaXIYI0 M3 KaTylleK YJBauBaeTcss — BTOpas KaTYIIKa
00aBJIgeT TOTOK, PaBHBIH «CBOEMY», €CJU PacCesHusd
MArHUTHBIX JUHUN HeT. YuutbiBasd I /1C nHAyKINN ABYX
KaTyIleK, ToJyvyaeM T0CcJIe[0BaTeIbHOE COe/IMHEHNE Pe3N-
CTOpAa CONMPOTUBJIEHNEM R 1 KaTyIIKN UHAYKTUBHOCTBIO 4L
U TOK orpe/iesisieM 1o gopmyJie

I:L=O,24 MA .

JR® +16w' L’
MBI OJICTABJISIIN AMILINTY/IHbIE 3HAYEHHST HATIPSIKEHHS,
[09TOMY 3HAYEHUS] TOKOB TOXKE IOJIYYHJIHCH aMILIATY /-
HBIMH.
A.3unvbepman

D2144. 3pumenvras mpyba umeem obsexmus ¢ Poxyc-
HuLM paccmosiiuem 1 M 1 OKYAap ¢ POKYCHbIM paccmosiiuem
5 em. Junzor naxoosmes na paccmosnuu 106 cm opyz om
Opyea, na 00sexmue naddem Wupoxutl nYuox ayuetl, napai-
JeAbHbLIL 21a6HOU onmudeckoll ocu. Haiidume yzon pac-
xosx0enus 8vixodswezo nyuxa. Juamemp oxyaspa 0,5 cm.

Paccmorpum mapatomuii Jiyd, THapaJijieJbHbIN TJIaBHON
ontnueckoit ocu. Ilocsie mpesomyieHnst B 1epBOH JIMH3e
(06beKTHB) OH TIepeceyer ATy 0ch Ha paccTostnun d = 6 cM
ot okyJspa (a0 3aauuii poryc obbexktnsa). /lansee on
[IPOI/IET uYepe3 OKyJidp U Ilepecedyer IJIaBHYIO OCb Ha
paccrosiiun [ = 30 cm ot Hero (910 ciemyer u3 Gopmyibl
quusbl 1/d +1/f =1/F ). 3a 310l TOUKOIi [Iy4OK PACXOAHT-
¢S, TPUYEM yTOJ PACX03K/I€HUS OTIPE/Ie/ISIeTCs KPailHIM 13
nyueit. Ecom gnamerp oky.spa D, To yroJ oTkJaoHeHus 9
3TOTO JIyya OT TJIAaBHOW OINTHYECKON OCH OIIPe/eJIsIeTCs
COOTHOIIIEHNEM

ted = D _ 1

8 2f  120°
Yroa pacxoxjenust 1mydyka O BABOe OOJIbIe. YUUTHIBAS
MaJIOCTb YIJIa, MOXKHO 3allicaTh

1 o
0=2¢= 60pa1:1~1 .
A.IlIpocmoe

BHMUMaHMIO Hallux YymTaTenen!

Mbl pafbl COODWINTL HALIMM YMTATENSM, YTO BbilleSl B CBET OOHOBMEHHbIM BAapUAHT 3MEKTPOHHOMO apX1Ba
XypHana «KBAHT». Ha oucke BblioXeHbl BCe HOMepa >XypHana ¢ 1970 no 2008 rof BKNOYMUTENIBHO, a Takxe [Ba
NPUNOXEHNs K >XypHany: kHura H.B.BacunbeBa, A.Jl.CaBuHa, AA.EropoBa «VI30paHHble onMMMMagHble 3adaqn.
Matematumka» 1 kHura K.KO.borgaHoBa «[lporynku ¢ dusmkom». VimeeTcs xopollas cMcTemMa MoucKa HYy>HOro Bam

MaTtepuarna.

[nck MOXHO mpuobpectn B pedakumm xypHana «KBAHT». Hawm KoopAuHaTbl — Ha MOCNeAHen cTpaHuLe

KYpPHana. [MnwnTe, 3BOHUTE, Mbl BaC XOEM.

Mbl Tak>XXe HanOMMHAEM HALLUVIM YUTATENSM, YTO NPULLIO BPEMS NOAMUCHIBATLCA Ha XXypHan «KBAHT» Ha nepBoe
nonyrogve 2010 roga. XypHan «KBAHT» BbIXoOWT OAMH pa3 B [Ba Mecala BMeCTe C MPUIIOKEHMEM K XXYPHany v

PacnpocCTpaHAeTCA TO/IbKO MO NoAnmckKe.

Mopnucatbcs Ha «KBAHT» MOXHO B NI0OOM MOYTOBOM OTAENIeHUM CBSA3W. Hall moanvcHom MHOEeKC B KaTanore

arenTctBa «POCIMEYATb» 70465.
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1 . [leta 1 Baca eyt B cocefiHMX BaroHax noesfa. BaroH,
B KOTOPOM efeT [leTs, — MATbIN OT «rofoBbI» Noe3na, a
BaroH, B KOTOPOM efeT Baca, — cegpMonm C «XBOCTa».
CKonbKO BaroHoB B noesge?

M.AxXmenxaHoBa

Z « Ha pricyHke n3obpaskeHa durypa, Bce yribl Mexay ee
COCefHNMM OTpe3KkamK npamble. Kak ¢ MOMOLLbIO TONbKO
KapaHdala v NUHerkn 0e3 AeneHuin NpoBecTy NpsmMyio,
KoTopasi oTcekana Obl OT urypbl Kycok, no nnowanm
PaBHbIN MNONOBKHE Nowann burypsl?

B.Kprokos

3 . [pVb Ha3blBaeTCH NNOXMM, ecniv B HeM He MeHee 10
4yepBsKkoB. Ecnn xe B rpnbe MeHblue 10 YepBSKOB, OH
cyuTaetca xopoLm. B nykotuke 90 nnoxmx 1 10 xopoLumx

21 334841 MPEHA3HAYeHb! IPEXAe Bcero y4qalymmca 6 — 8
K/18CCOB.

19-31.p65 28

rpuboB. MoryT i1 Bce rpmbbl CTaTb XOPOLIMMMK Mocle
TOro, Kak HeKoTOopble 4epBAKK Mepenoni3yT W13 MIOXmMX
rpuboB B xopolune?

A.KaHesb

4. [ng ABYyX pa3HblX LIApWKOB Nerko caenatb Koeyko,
KOTOpOe MOXHO MIOTHO HaAeTb Ha Kaxabl Wwapuk (4To-
Obl He BbINo Wwenen).

A ecnn B3ATb [ABe pasHble kKaptodenuHbl? Bcerga nn
yOACTCA M3rOTOBUTb MPOBOJIOYHOE KOJbLO, BO3MOXHO
N30rHYTOe U He MI0CKoe, KOTOpoe MOXHO OyaeT mioTHO
HaLeTb Ha KaXayto U3 KapTomenuH?

[.lanbrepuH

5. Mo kopuaopy naet Tonna. MNepepn pa3BUIKOM KOpW-
nopa crtout pasgenntens. OH HanpasidaeT O4HOro YefoBe-
Ka HaneBo, a ApPYyroro HanpaBo, Tak YTO MOTOK AENUTCSH Ha
0B€e 0OMHAKOBble YacTW. Mpy MOMOLLM HECKONBKMX TaKMX
pa3fennTener MoXHO OTAENNTb YeTBEPTb MOTOKA VSN TP
BOCbMbIX €ro. A MOXHO N OTAENUTb TPeTb NOTOKa?
BApHoIL

ST —— e T e
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Roukypc umenn A.Il.CaBuHa

«MaTtemaTnka 6—8»

Mbi npogomkaem o4yepeaHoy KOHKYPC M0 PeLIeHU0 MaTeMaTu4eckmx 3aaay Aia yqauuxcsa 6-8
KN1accoB. PeLleHisi 3a4a4 BbICbIIAATE B TEHEHUE MECSALIA I10C/1E I10/TyHEHUS STOr0 HOMEPA XXYPHasa 1o aapecy:
119296 MockBa, JleHuHCckui npocnekT, 64-A, «KBaHT» nau 1o 31ekTpoHHoMy agpecy: math@kvant.info (¢
nomertkou «KoHkypc «Matematuka 6-8»). He 3abyabTe ykazatb vMs, KIacc v JOMALLIHUY aapec.

Kak n npexae, Mbl rpuUBETCTBYEM y4acTue B KOHKYPCE He TOJIbKO OTAE/IbHbIX LUKOIbHUKOB, HO U
MaTemMaTu4ecKux KpyXxkoB. PyKoBoauTesed KpYXKKOB IPOCHM YKa3aTb S/IeKTPOHHBIV aAPeC U KOHTaKTHBIV
TenegoH. [1o Tpaguuuu, KPYXKN-rnobeauTenn 3a04HOro0 KOHKYPCa MpUIaLLaloTcs Ha UHaNbHBIA OYHbIV

TYPHUP.

6. Ha HoBOM camTe «Pa3roBopbl.ru» 3aperncrpmpoBa-
nnck 2000 venoBek. Kaxapin 13 HUX npurnacnn k cebe B
apy3bsa no 1000 yenosek. [Ba YenoBeka OObABAAIOTCS
OPY3bsSMU TOTAA U TONMbKO TOraa, KOrAa KaxkAabln 13 HUX
npurnacun pyroro B Apy3sbs. Kakoe HarMeHbLuee Konu-
4eCTBO Map Apy3en Morno obpasoBaTbcsi?

A.IBHUH

7. MOXHO N KBagpaT paspe3atb Ha 9 KBaapaToB M
pPacKpacuTb VX TaK, YTOObI Mony4nnmch 16enbin, 3 cepbix
1 5 YepHbIX KBAOPATOB, MPUYEM OLHOLBETHbIE KBaAPAThI
Obiv Obl paBHbI, @ PAa3HOLIBETHbIE KBAAPATbl — HE PaBHbI?

HABuI08B

8. [Igectn rmpek maccon 1r, 21, ..., 200 I paznoxunm Ha
[lIBE Yalln BECOB TaK, 4TO JiloOble ABE MMpU C pa3HULIEN

Macc 100 r nonanu Ha pa3Hble Yalin 1 nbble aBe rpu
€ cymMMou Macc 201 r Toxke nonanu Ha pasHble Yawu. Mpn
3TOM BeCbl OKa3anucCb B PaBHOBECMM. 3aTeM C Kaxaow
Yalwwn ybpanu Bce rMpW YeTHOM Maccbl. JokaxuTte, 4TO
BeCbl CHOBa OyayT B paBHOBeCUMN.

B.[lpon3ssorsios

9. HampayTcs Ny Takve HaTypanbHble yncna a, b, ¢ d, 4to
& + b+ +d° =10009?
M.MyparukviH

10. Ha ctopoHax BCw CD pomba ABCD B3snu Touku P
1M @ COOTBETCTBEHHO Tak, 4To AP = CQ. [JoKaxuTe, 4YTO
LeHTp TaxecTn (Touka nepeceveHus MedmaH) Tpeyrofb-
HUKa APQ NexXnT Ha amaroHann BD pomoa.

B.llpoussosios

NetHnm typHUp nMmeHn A.l1.CaBrHa

KaxzblIv rog, B KOHLLE UIOHS yBEYeHHble MaTeMaTUKOM LLIKONbHW-
kv cobupatoTtcs B kKpacrBoM MecTe KocTpoMckon obnactu, 4Tobbi
COPEBHOBATLCA B peLleHn 3afad. TypHUP HOCUT UM AHaTtonms
MaBnosnya CaBKHa, OCHOBaTens KoHkypca «Matematnka 6—8»
XypHana «KBaHT». bnarogaps KoHkypcy B 1993 rogy 1 BO3HMK 3TOT
TYPHUP MaTeMaTdeckmux 6oes. OpraHn3aTopbl TypHMPa — XypHan
«KBaHT» 1 obpa3soBaTenbHas nporpaMma «bombluas nepemeHa»
(pyxoBoauTens I'.B. KoHzakos).

STUM NeTOM KOMaHLb! Chexanuch Ha 7 aHel (¢ 26 UIoHs No 2 nons
2009 ropga) noa ropog Cyancnaenb Ha XMBOMUCHYIO Gasy oTabixa
«bepeHpeesbl MonsHbI». MHorve pebsta Npuexanu ciofia ropasso
paHblUe — OHW YYUIKChH B NIETHEN MaTeMaTYeCcKoW LLKOIe, KoTopas
Havanacb 11 MIOHS, NoC/e KOTOPOW PeLlnnv OCTaTbCs Ha TYPHUP.

B HbiHelLHeM rofy Apyr ¢ ApYroM Urpanv KomaHabl 6—8 Knaccos:
8 KoMaHp, 6 Knaccos, 12 KoMaHA, 7 KNaccoB 1 8 KOMaHA, 8 KnaccoB.
LLIkonbHWKM nprexany 13 Mocksbl, CaHkT-MeTepbypra, VBaHOBa,
Koctpombl, TamboBa 1 YepHoronosku. Komanaa TamboBa Obina
npurnalleHa Ha TypHUp Kak nobepmtenb KoHKypca «MatemaTuka
6—8» XypHana «KBaHT».

B neHb 3ae3na (25 wioHs) cpa3y Obina NpoBeaeHa OXMBEHHas!
MaTtemaTtmyeckas urpa «Marvdeckui ksagpat». [obenurensMm cranm
koMaHbl «PpakTan» (6 knacc, CaHkT-MeTepbypr), «HTennekTy-
an» (7 knacc, Mocksa) 1 «218-6» (8 knacc, Mocksa).

Ha cnepyioLlwmi feHb NpoLuna ycTHas KOMaHAHas onvmnmnaaa, no
pe3synbTaTaM KOTOPOW KOMaHAbl Obi pa3geneHbl Ha AWM Mo
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Knaccam, mpu 3Tom 7 Knacc Obin pa3but Ha aBe nuru. [lanee B
KaX[oWn nvre nNpoxoamnmn matematndeckue 6ow. NocnegHnii aeHs
TypHUpa — GUHanbHble bon, KOTopble onpeaenunu nobeauTenen B
Kaxpgow nure.

B nure 8 knaccoB nepBoe MeCTo 3aHsana komanga «Mocksa-tor».
Ee cobpana T.J1. 30p1Ha B MIOHbCKOW NETHEN MaTemaTnyeckom
wkone 2008 rofa. 3a rof, ¢ HeOONbLWNM pPebsTa BbIUrpanu pasHble
TYPHWPbI, BKITIOYas 3TOT TYPHMP B MPOLLIOM rody. B Bbicwen nure 7
KNnaccoB nyyllen cTana KomMaHga kpyxka MUHMO non pykosoa-
ctBoM A.B. CnmBaka. Jydiume WecTnKNacCHNKL — pebsTa 13 KpyKKa
«®pakTan» CaHKT-TeTepbypra, nx NperMyLLeCTBO 0Ka3anoch oLLy-
TMMbIM 1 BO BpeMs 60eB, 1 BO Bpemsi KOMaHAHOW ONMMMNMaAbI.
Jlydyllen BO BTOPOW nnre 7 KNaccos CTana KOMaHA4a Wwkonbl 82 u3
YepHoronoBki MockoBckon obnacTi. Huxe B Tabnuue npvseneH
CMNCOK BCeX KOMaHA-NMpM3epoB TypHMPA.

B oOMH W3 [OHel TypHWpa YYaCTHWKX OTAOXHYNW OT OoeB —
npoLna N1yHas onnuMnuaga. B kaxaon napanneny npoBoamnoch
CBOE COCTsA3aHMe CO CBOUMM 3aavyamMu.

B 6 knacce 3a pelleHne Bcex 3aflad «rpaH-npu» nonyyvn AHg-
pevi BonrvH (komaHaa MUHMO), a gunnom | cteneHn Bbivrpan
KOCTpOMUY M1BaH [leTpeHko. JTyHIImnM CeMUKNACCHUKOM CTan Huyku-
ra Conerko (koMaHga TamMboBa), NyyLUVM BOCbMUKIACCHUKOM —
Muxaunn Aprempbes (rMmHasms 1543, Mocksa).

Obnagatenamu aunnomMoB Il ctenenn cranu: CemeH BepyeHko
(8 knacc, rmmHasus 1543), Mapusa Cangpukosa (8 knacc, LLO 218),
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30 KBAHT: - 2009 /Ne5
Jlura Lliriom KomaHga KarmraH Pykosoauresis
Bbiciias 8 | crenerm MockBa-tOr @.JiqueHko T.[13opmHa
Beictiaa 8 I crenerHn [umHasna 1514, Mocksa A.[ToH@ureHKo O.Plopckas
Beiciian 8 Il crenern Jniesi 14, Tambos H.Conerko AB.bypmucrposa
Bbicliag 8 /Il crenexHm L{O 218, MockBa M.CarnpukoBa A/lbrvHkoB
Bbiciian 8 /Il crenerm [umHa3ns 1543, Mocksa M.AprembeB ABXavarypaH
Bbiciiasa 7 |/ crenerm MLHMO, Mocksa T.JleBuHCOH A.B.CrinBak
Beiciuaa 7 I creneHn CbopHasa Koctpombi P.L{BerHukoB HAKanHnH
Bbiciasn 7 Il crerern WHrennektyan, Mocksa 0./ peberHkoBa HM Herpycosa
Bbiclasg 7 /Il crenexHm [umHazmng 1543, Mocksa fO.KoresibHrkoBa W.B PackiHa
Bbiciiasa 7 Il crenerHn [umHasnsa 1574, Mocksa T.CrernaHoB T.BXXKuntHmKkoBa
Bbiciias 6 | crernerm @pakran, CaHkT-lTetepbypr EL{evitviHa A.lllloroga
Bbiciian 6 Il crenern Bopobbessl [opbl, MockBa W.lyyeHko-Yesepna T.[13opuHa
Bbicliasg 6 /Il creneHm 1O 218, MockBa A3epyanos FO.A . briHkoB
Bbiciiasa 6 Il crenerHn KBaHTnKk, MockBa B.Bosikos WA Hukonaesa
Beiciian 6 Il crenexmn [opHbie Bopobbuy, MockBa A MesibHuk T.[130opuHa
[lepBas 7 | creneHun Llikona 82, YepHoronoska A.[loraros JlH.lonosko
[lepBas 7 Il crerern Lkona 179, Mocksa U [laHTeneesa A.fO.FOpkos

fOnug peberHnkosa (7 knacc, «HTennektyan»), Makcim Xaba-
pos (7 knacc, wkona 30, CaHkT-TeTepbypr), Arekcesi bbicTpos (6
knacc, Koctpoma), CrenaH Kapranbyes (6 knacc, LO 218), Hukura
YBapos (6 knacc, rumHasua 1543) u Muxaun Aryams (6 knacc,
komMaHga MMM®).

Ounnomamu Il crenenn HarpaxaeHsl Asrekcevi BuHorpagos (8
Knacc, rmmHasus 1514), AxHa [obpososibckas (8 Knacc, rMMHasns
1514), Jles CurHgkos (8 knacc, «MockBa-tOr»), [Terp MesibHiverko
(7 xnacc, UO 218), borgar Cnasos (7 knacc, wkona 179), Mapura
XavarypgH (7 knacc, rumHasva 1543), Mear bypeHes (6 knacc,
«DpakTan»), AHgpes 3epuyanos (6 knacc, L0 218), Japes Jlebese-
Ba (6 xnacc, «@paktan»), Ceprevi [Tonesosi(6 knacc, «Mocksa-t0r»)
u lMases [lesyyk (6 knacc, «TopHble Bopobbim»).

MoMunMo 3Toro, MHor1e pebsTa Oblv NMOOLLPEHbI ANMNIOMaMK 3a
ycrewHoe y4acTne 1 noxBaibHbIMU rpamMoTaMu.

B 4achl, cBOOOAHbIE OT OCHOBHbIX COPEBHOBAHWIA, YHACTHUKM
onuMMNVagbl CNyLany nekumn no martematuke, KOTopble YnTanm
AB.Cnueak, C/.Tokapes, A.b.Ckonerkos, A.B.LLlanosanos, A.A.3ac-
naeckun, C.IBonyerkoB. Ho pa3eneyeHus Gbinn He ToNbKo MaTema-
TUYeckme. Hukoraa He nyctoBanu dbytbonsbHoe nose 1 Bonenboss-
Has nrowwaaka. Mo seyepam NPOXOAUIM MHTENNEKTYarbHbIE UMPb,
KoTopble npooaunv H.M.Hetpycosa 1 A.B.Xa4atypsH. O4eHb nHTe-
pecHble NyTeLecTBUS-3KCKYpCUm opraHu3oBbiana T.M.30puHa, Ko-
Topast laBHO yBrekaeTcs uctopuernt CyaucnaBns U OKPeCTHbIX 3e-
Meflb 1 Terepb CTana, HaBepHOe, CaMbIM JTyYLLIMM 3KCKYPCOBOLOM
Mo 3TOMy [peBHeMy ropogy.

Bornee noapobHyto MHbOPMaLMIO O pe3ybTaTax TypHVPa 1 hoTo-
rpacum MOXHO MOCMOTPETL Ha cainTe

http:/ /kostroma-open.info/20090626.html

OTOOPOM 3afay M COCTaBfiEHMEM BApPVAHTOB 3aHMManacb MeTo-
[Ou4eckan KOMUCCKUA NOA, PYKOBOACTBOM AnekcaHapa Bacunbesnya
LllanoBanoBa. B Hee Bownn A [l.6nmHkoB, KO.A.BnnHkos, H.T.Mpebe-
Huk, E.Clopckas, CAJopuyeHko, AA3acnasckuin, [.A.KanuHuH,
T.B.KapasaeBa, [1.B.MaptbiHoB, K.A.MatBees, [.B.IlpokoneHko,
1.B.PacknHa, A.b.CkoneHkos, K.A.Ckonuos, CW.Tokapes, A.B.LLIano-
BanoB. CyLIeCTBEHHbIV BKNaJ B paboTy KOMUCCUM BHECTN PYKOBO-
OMTenu Komana. KHurv n gpyrve npusbl ons nobenutene npeno-
CTaBUNM XypHan «KBaHT», KoMnaHus «SiHoekc» 1 OoHp maTeMa-
T4ecKoro obpasoBaHws 1 npoceelleHus (aupektop C/.Komapos).

Mo TpaauLMKW, NIYyLLEN elile OT NePBbIX TYPHMPOB, B TYPHMPE ObINo
3a5BJ1IEHO MHOIO HOBbIX aBTOPCKMX 3a[a4. M3 HMX Mbl NOCTapannch
BbIOpaTh Takuve, rae w3 yCroBUW cnedyet YyTb-4yTb OOMbLUe, YeM
MOXHO OXMAATh, UM B PeLleHNn eCTb HeOXMAAHHbIN NOBOPOT U
KpaTkoCTb. locne Homepa KaxaoW 3afaqn yKasaHo, AN KakKux
KJ1TaCCoB OHa Hambosee NoaxXoamuT.
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N36paHHble 3apa4n TypHUpa

1 (7-8). ¥ tpex Gparbes Aurona, Bopu u Bacu anm
poxaenusi coBnajgaior. OKazanoch, 4TO Korga AHTOHY
ucnonutes 12 mer, cyMma BO3pacToB ABYX IPYrux Gpa-
TheB pasnesutcs Ha 12 6e3 ocratka. To ke camMoe cydnT-
cs1, korja 12 jet ucnosnutest bope. /lokaxuTe, 4To Tak ke
Oyner, korza 12 ger ucrnionnurcs Bace.

A.Illanosanos

2 (7). B pasuoGeapennom tpeyrosbiuke ABC (AB =
= AC) nposesena 6uccekrpuca BD. IIpsmas, npoxos-
mas dyepe3 Touky D neprneHaukyaspHo BD, nepecexkaer
cropony BC B Touke K. [lokaxure, uro BK = 2CD.

Doavkaop

3 (7-8). Tpu crankepa gouwmm 10 Kamennoit Anomasmn.
Otryna k kaaay Bezer tpora amuaoi 100 M. Crasakepsr
3HAIOT, YTO TIEPBBLIN TOIIEINNH MO TPOIe OKaMeHeeT B
MPOU3BOJIHHOM MECTE€ W UYTO TaKas XK€ Y4acTb JKIAET |
Broporo. O6a 0KUBYT B TOT MOMEHT, KOT/Ia TPeTHii Oy1er
UJITU TI0 TPOTIE U CyMMapHO€e PACCTOSIHUE OT HETO /10 ABYX
OKaMeHEeBIINX CIyTHUKOB Oy/ieT B TouHocTH paBHo 100 M.
Moryt Jm crankepbl go6paTbcsi 10 KJaaga 0e3 pHCKa
OKaMeHeTb HaBcerja?

A.Bbaunxos, U.Packuna

4 (8). Tpu OKPYKHOCTH TIPOXOJAT 4epe3 TOuKy P u
monapHo nepecekaoTcd B Toukax A, B u C. 3BecTHO, 4TO
LIEHTP O/IHOW OKPY>KHOCTH JIESKUT Ha NpaMoit AP, a eHTp
Apyroil — Ha npsMoit BP. JlokaxuTe, 4TO IEHTP TpeTbeil
OKPY>KHOCTHU JiesKUT Ha 1psimoit CP.

b. @penxun

5 (8). MoxHo su paséuTh BCe HaTypaJbHBIE YUCJA
or 1 g0 2009 Ha aBe TPYMIBI Tak, YTOOBI CyMMa YHCEJ B
OJTHOU T'PYIITIE PaBHSIACH TPOU3BEICHUIO YHCE B IPYTO
rpyume?

A.Illanosanoe

6 (8). Ha kueruaToii Gymare HapucoBaH 222-yroJbHUK
CO CTOpOHAMH TIO TpaHWIaM KJeTOK. V3 kakoro Hawm-
MEHDBIIEr0 YHUCJIA KJETOK MOJKET COCTOSITb 9TOT MHOTO-
YIOJIbHUK?

A.lllanosanoe
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7 (6-8). Tlo kpyry crosAT JuKelbl U pbiapu, scero 100
yesioBeK. B nepsblit pas kaxjoro cripocusn «BepHo nn,
YTO TBOH coce/l clpaBa — JiKel[?» J[Boe OTBeTHIIN <[a»,
OCTaJIbHbIe — «HeT». Bo BTOPOIi pa3 KaxJoro CIpoCHJIN:
«BepHo s, uTo TBOI coce/l caeBa yepes 0JHOrO — JIKel[?»
W cuHoBa JBOe OTBETWUJIM <«Jla», OCTaJbHble — <HET». B
TPEeTHil pa3 crpocuyn: «BepHo Jiu, 4TO CTOSIINI HAIIPO-
THB Te6sT — JoRen?» CKOJbKO YeJ0BEeK Ha 3TOT Pa3 OTBETST
«J1a»?

A.Illanosaroe

8 (7-8). Haiigure HauMeHblee HaTypajbHOE YHCJIO,
3aIMChIBAEMOE OJIMHAKOBBIMY 1UMPAMU U JIeJisIiieecs: Ha
2009.

C.Tokapes

9 (8). /lmaroHasu 4eThIPEXyTrOJbHUKA MEPIIECHIUKY ISP~
HbI. Haﬁ,ZII/ITe ero yrjbl, €CJIM M3BECTHO, YTO TPpU M3 HUX
PaBHbI, a BCE€ CTOPOHDbI lIeTI)IpeXyI‘OJIhHI/IKa pPa3/InYHbI.

A.3acaascruil

10 (7-8). Mosxkno m paséuth kBagpaT 20%20 Ha
JOMUHOIIKA 1X2 Tak, uyToObl Kask[as TPaHMUMIA 110
OTPE3KY € HEYETHBIM YHMCJOM APYTUX JOMHHOIIEK ?

A.Illlanosanos

11 (7-8). Ha mocky BblIMCaHbl 4epe3 3anarylo uucia 1,
2, 3, ..., 2009. [IBoe urpaiomux Mo OYEPEN 3aMEHSIOT
Kakyio-HUOY b 3alsaTyio Ha + uin x (yMHOXuTH). Ecim
mocJie 3aMeHbl BCEX 3alSAThIX Pe3yJabTaT OyJeT YeTHBIM,
BBIUTPBIBAET MEPBBII, €Ci HeYeTHBIM — BTOpoii. KTo u3
UTPOKOB MOKET BBIMTPBIBATD, KaK ObI HU UTPAJT COTIEPHUK ?

A.Illanosaroe

12 (7-8). [ecsatb pebAT Ha JyKalike UTPAIOT B IEiHT-
60J1. CHauaJa KaXK/Iblif BLICTPEJIHI KPACKOW B OJIvIKaliiie-
ro k ce6e. (Ecm HrpokoB, pactoosKeHHbIX GJIMKe BCEro
K CTPEJISIONEMY, HeCKOIbKO, TO OH CTpeJisieT B JII060T0 13
HUX.) 3aTeM Ka/Iblil BBICTPEInI B Hanboiee y1aleHHOTO
ot ceb6st (ecam TAKOBBIX HECKOJIBKO — TO B JIFOGOTO U3 HUX).
Kakoe nan6osbiiiee 4ncio TOPIUH KPACKW MOTJIO B UTOTE
MOTIACTh B OJIHOTO UTPOKa?

C.Toxapes

13 (7-8). B tpeyroapnuke ABC nposeseHa Meanana
BM . Haiigure [ABC , ecoim OBAC= 30 , a OBMC=
=45°.

C.Tokapes

14 (7-8). MosHO /1 BCce HaTypaJbHble yncaa oT 1 10
200 BbImUCcaTh MO KPYTy Tak, 4TOOBI LIS JIOOBIX JIBYX
COCETHUX YNCeJ XOTsI OBl OJJHO OTJINYAJIOCH OT JPYTOTO Ha
I[eJI0e YUCJI0 MPOIEHTOB?

. Axyauu

15 (7-8). HazoseM pasznocmoporHoCm»io TPeyroJabHu-
Ka OTHOIIEHUE eTo HauGoJIbliell CTOPOHDI K HauMeHbIIell,
a PA3HOY20/IbHOCMBIO — OTHOLIEHHE eI0 HalGOJIbIIEro yIia
K HauMeHblIeMy. IleTs yBepen, uTo yeM 6oJIble pa3sHOCTO-
POHHOCTb TPEYTOJIbHUKA, TeM OOJbIIE €ro PasHOYTOJIb-
HocTh. [IpaB o on?

. Axyauu

16 (7-8). Ha pmocke HapucoBaH HepaBHOOEIPEHHDIN
TPEYToJbHUK. VIMeeTcs yroJbHUK TOH »Ke (POPMBbI, BBIIIH-
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JIeHHbIN 13 (paHepbl. YTOJbHUK MOKHO MPUKJIA/IBIBATD K
pocke (B TOM umC/Ie K y/K€ HAuepYEHHBIM IIPAMBIM U
TOYKaM) ¥ YepTHUTh JTUHHUH I10 ero Kpato. Beerga m MoxkHO
HOCTpOI/ITb KaKyIO-HI/Iéy]Ib 13 BbICOT HapI/ICOBaHHOFO Tpey—
TrOJIbHUKA?

A.Bbaunxos, FO.baunkos

17 (8). Ha croane nexar 10 kyckos cbipa. [lers chemaer
camblil MasieHbK i (110 Becy) KyCOK. 3aTeM OH PeKeT OIMH
M3 OCTaBIINXCS Ha CTOJIe KyCKOB Ha JIBe YacTH, U CHOBA
6eper cebe caMbIii MaJeHbKHI W3 moaydmBmmxcs 10
KYCKOB. JTH JIeHiCTBUSI — pa3pe3aHue M B3siTHE KycKa —
[Terst moBTOpSsIeT, moka He cbecT 9 KyckoB. /lokaxkure, 4TO
[Terst cvect He Gosee moyoBHHbBI chipa (110 Becy).

A.Illanosanos

18 (8). V3MepuB AJWHBI CTOPOH U BBICOT HEKOTOPOTO
TPEyroJibHUKa, TaHs mosydusia 6 pasjudHbIX YHCET U
3anmcasa ux Ha 6 kaproukax. [leperacoBaB KapTouKu, OHA
Bbicsiasia uxX bope. Beerga jim cmoker Bopst BeiOpaTh U3
HIX TPW KapTOUKM, Ha KOTOPBIX BBIMHUCAHBI JJUHBI CTO-
pon?

b. Openxun

19 (6—8). Ectb 63 ognHaKOBbIE C BU/Ly MOHETBI, OIHA U3
HuX — (asbImBasi, OHa Jierde HacTostiel. EcTp yamednbre
Bechl 6e3 THPb, Y KOTOPBIX IMIpaBasl dalla BbIMA3aHa
Kpackoii. Kak 3a 5 B3BemMBaHWI BBIIBUTD (PATBIINBYIO
MOHETY, €CJIi MOHETbHI, TMOOBIBABIIIE HA IPABOil valle,
HEJIb3sI TIOCJIE ATOTO KJIACTb HA JIEBYIO?

A.Illanosaos

20 (8). B kuacce 32 yesoBexa. Kaskblil 13 HUX Ha3BaJl
JIBa 4McJa: KOJMYECTBO €T0 OJHOKIACCHUKOB C TaKNM JKe
pPOCTOM, HO JIPYTHM BECOM, U KOJUYECTBO €TI0 OJHOKJIACC-
HUKOB C TaKWM K€ BECOM, HO APyruM poctoMm. Cpean
Ha3BaHHBIX 4uces BcTpermuch Bce uucyaa or 0 go 10.
JlokaskuTte, 4TO B 3TOM KJacce MOKHO BbIOPATbh [BYX
YeJOBEK € OJIMHAKOBBIM POCTOM U OJMHAKOBBIM BECOM.

K.Mameees, A.lllanosanos

21 (8). Penmnre cucremy

O’ + 4% =2z,
o+ 20 =2x,
525+x3 =2y.

B.Cendepos

22 (8). Ha mocke Hammcambl Ba BBIPayKeHU: X + y + z
uox’+ y2 +2°. Wrpator 1Boe, OHNU 110 04Yepe/ i 3aMeHsTIOT
X, Y ¥ Z B BBIPAKEHNAX HATyPaJIbHBIMU dncaamu (BHagase
[epPBbIN UTPOK 3aMEHSIET X, 3aTe€M BTOPOW — ¥, U HAKOHEI]
nepsblii — z). IlepBblii Urpox xouer, 4ToGbl B UTOre 06a
BbIpaskeHus jgesauanch Ha 101, a BTOpoitl mbiTaeTcs mome-
matb atoMy. Kto Mosker ob6ecriednth cebe mobey, Kak Obl
HU UTPAJI €r0 MPOTHBHUK?

B.Cendepos, U.bozdarnos

Hy6uxauuio nodzomosu.iu
/. Kanunun, A.Illanoeanos
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KAJIEMJIOCKOII «KBAHTA»

€N Y BAC UMEETCSH /I0CKAs TOBEPXHOCTb, COBEPLLEHHO
[71a4Kas], Kak 36pKasio, a U3 BeLIECTBA TBEPLOIO, KakK CTaslb, HE
113/0as1/1€/1bHas FOPU3IOHTY, HO HECKOSIbKO HAK/TOHHAS, 1 eCIIn
Bbl [IOJIOXKUTE Ha HEe COBEPLLIEHHO KPYITILIV LLIAP 13 BELLECTBA
TAXKE/I0r0O M BECbMA TBEPHOIO, HAMPUMED 13 BPOH3bI, TO HTO,
AyMaere Bbl, OH CTaHeT [4en1atk, OyayYm rnpeqocTasieH camo-
my cebe?

..[TOBTOPSIS Of1bITHI COTHU PA3, Mbl TOCTOSHHO HAXOAM/IH, YTO
OTHOLLIEHME POVIACHHBIX [TYTEV PABHO OTHOLIEHMIO KBAPA-
TOB BpeMeH UX MPOXOXAEHMS Py BCEX HAKITOHAX TIOCKOCTH...

CreneH ckopocTv, rpuobpeTaemblie OHUM 1 TeM Xe
TEJIOM 1PY [BUXCHMM 110 PA3HBIM HAK/IOHHBIM 1/I0CKOCTAM,
PaBHbI MEXAy COBOL, /v BbICOTbI ITUX HAK/TOHHBIX I/IOCKO-
CTér OAUHAKOBL...

7ena, ornyckarLmecs rno 4yram, COOTBETCTBYIOLMM XOp-

LaM, HaKJIOHEHHbBIM K FTOPU3OHTY..., COBEPLLIGIOT [BUXKEHNE, KaK
[10Ka3bIBaeT Of1bIT, TAKXK€E B PAaBHbIE [MPOMEX)TKU BPEMEHU U
TIPUTOM MEHBLLINE, HEXXEJIN LABUXEHUE [10 XOPLaM.

Fanuneo lanunen

..TEJ10, aAarLLee 10 HaK/IOHHOM MIOCKOCTH, ... ABUXETCS
H€CBO60,QHO, TaKk Kak HaxodAalyasacsd BHU3)Y [/IOCKOCTb... [1pe-
[IATCTBYeT Te/1y 1aA4arb rpamo, Kak 310ro 7',0(:’6J/6'7' cnyia Take-
cry.

JNeoHapg Svnep

Cusibl, BO3HUMIKaOLME TIpv 4BVYIXKEHVN YacTyilbl BHU3 10
CKJIOHY 1104 LAEVICTBUEM TAXECTU, BECbMA M BECbMA 3aryraHabi..

Prnyapn ®derHMaH

A Tak JM XOPOIIO 3HAKOMa

HaKJTIOHA{ I’IJ’IC)CKC)CTI:%l\4

Y70 cobOM NpeACTaBseT HaKNOHHas NNOCKOCTb — 0ObeKT
HabnioaeHun, npnbop Ons NpoBefeHWs OMbITOB, MPOCTON
MexaHn3Mm? U 1o, n Opyroe, n TpeTbe — NOTOMY W CTana
nepcoHaxem «Kanengockona», TeM bosee 4TO OTKpbITME
OCHOBOMOAraloLLMx 3aKOHOB MeXaHWKKM TPyAHO NpeacTa-
BUTb 0e3 ee yyacTus. Benukuim Fanunen, C KOTOpPOro u
Ha4yanoCb COBPEMEHHOE eCTeCcTBO3HaHWe, CyMen chenatb
ee HafleXXHbIM MOMOLLHMKOM B CBOUX 3KCMEpUMeEHTax u
BbIBOAAX, O YeM MOXHO CyAmUTb MO HYUCY YNOMUHAHWI O
HeW B ero TPyAax, YTo NMLb Manon YacTbio OTPAXEHO B
anurpade.

KoHe4HO, HakNoOHHbIe MNOCKOCTU MPUMEHSNN elle CTPO-
UTENN ervneTcknx NMpamug, NogHMMas C UX NOMOLLbIO
KameHHble BGIOKM Maccoln B AiBe C MOSIOBMHOM TOHHbI Ha
BbICOTY B MONTOPACTa METPOB. HO 3TV NMNIOCKOCTU — HEOTHEM-
nemMast HYacTb U CErOAHSLIHEN HaLlen XMU3HW. TTpUHLMN 1X
LEeNCTBNS UCNOSb3yeTcs B MOOOM BUHTOBOM YCTPOMCTBE,
Ha4yMHasa OT LUYPYMOB M KOHYas HaBNUHYMBAEMbIMM KPbILL-
Kamu GaHok 1 ByTbinok. A Kak 0boMTUCH ©e3 3HaHWM o
HaKMOHHbIX MAIOCKOCTAX MPU CTPOUTENbCTBE aBTOMODUb-
HbIX 1 >Kefle3HbIX LOpOr, B 0COOEHHOCTM Ha nepeceyeHHON
WNNU TOPHOW MECTHOCTW, MPU NPOEKTUPOBaHNN yHMIKYe-
POB 1 3CKaNaTopoB, NPV NPOKNIaAKe FOPHOMbIKHbBIX CMYyCKOB
1 BO3BeAEeHUW TPaMMMHOB, NMPW OpraHM3aLmK aTTpakLm-
OHOB NN 0OOPYLOBAHWN NAHLYCOB AN MHBANMAOB, NpU
NCCNefioBaHUM CNOM3aHUS NeHUKOB U CXOAA NaBUH?.

MHO>eCTBO NPUMEPOB NMLLb NMOATBEPXKAAIOT BAXKHOCTb
obpallleHnst K 3TOMy MPOCTOMY MexaHW3My, «MpoCcToTa»
KOTOporo, no MHeHwio MerHMaHa, He Tak o4YeBUAHa, Kak
KaXeTcsl, B 4eM Mbl Mpur3biBaeM yoeauTbCs U Bac.

BOI'IpOCbI n 3agaydiun

1. CKOpPOCTb MOHETbI, COCKasb3bIBAOLLEN C KIIMHA, M300-
pa>keHa Ha pUCyHKe. [padr4eckM NOCTPOEHVEM HaaMUTe
CKOPOCTb KJIMHa.

2. 113 BepxHel TO4KN BepTH-
KanbHOro Aucka npopesaH
Xenob, CoCTaBnsoWMA yron
0 C BepTMKanbHbIM AMaMeT-
poM Amcka. Kak 3aBncuT Bpe-

MSl CKOMbXEHWUS rpy3uka Mo >Kenoby oT yrna o, ecin
TPEHWEM MOXHO MpeHebpeyb?

3. oA Kak1Mm yriom K BepTUKann fokeH ObiTb Hanpas-
JIeH 13 TOYKM, HAaXOOALEeNCs Had, HAKMOHHOW MOCKOCTbIO,
rNagkuy xenob, 4Tobbl LWAPUK COCKOJNb3HYN MO HEMY Ha
NNOCKOCTb 33 HaMMeHbLLee Bpems?

4. B npsamoyronibHom Tpybke
HaXxoAuTCs nopLUeHb, dopma
KOTOPOro B CeYeHUN NpeacTaB-
NeHa Ha pucyHke. [aBneHue
XUOKOCTM Mo 00e CTOPOHBI
MOpPLHS B TOPU30OHTaNbHO pac-
MONOXeHHOW Tpybke oAMHakoBo. byaeT nn noplueHb Ha-
XOONTbCS B PaBHOBECUN?

5. [IBe MeH3ypKk1 OAMHAKOBOW AJIMHbI 3aMOfHEHbI BO-
OV, OfHa PacrnofoXxeHa BepTWKanbHO, Apyras — nopg
yrnom 30° Kk ropu3oHTy. Kak ByayT pasnnmyatbcs gasieHns
BOAblI Ha AHO MeH3ypoK?

6. Ha pocky nonoxunu OBa OOMHAKOBbIX KUpruya —
OfVH MnawmMs, a BTOpoWn Ha pebpo. Kakon Kmpnuy co-
CKOMb3HET C [O0CKM MepBbiM (ecnv Mnpu 3TOM OH He
OMPOKMABIBAETCA), KOrAa AOCKY CTaHYT HAKOHATH?

7. Bpycok HaxoAMTCA Ha LLIEPOXOBATOM MIIOCKOCTW, Yron
HaKJIOHa KOTOPOM MOXHO M3MeHaTb oT 0 go 90°. Yto npu
3TOM OYyAEeT NPOUCXOANUTL C CUION TPeHUs, AeNCTBYIOLLEN
Ha Opycok, eciv nNpeHebpeyb sIBNEHNEM 3acTon?

8. Ha Hak/IoHHOM nNAOCKOCTM C YIAOM HakoHa o
nokouTcs MoHeTa Maccor m. C Kakow CUNOW peakumu
HaKJIOHHas MNOCKOCTb AENCTBYET Ha MOHeTY? Yemy paBHa
npu 3TOM Cuna TpeHmsa?

9. Ha KnvH, NiockoCTb KOTOPOro COCTaBASET Yron o C
rOpPU30HTOM, NONOXWN HebonbLoe Teno. Kakoe yckope-
HMe HaZlo COOBLNTL KITMHY B rOPU3OHTaNbHOM Hanpasse-
HKM, 4TODbLI Teno csobogHO nagano?

10. Ha HakIOHHOW NNIOCKOCTU NEXUT MOHEeTa, yaepKMBa-
emas cunon TpeHus. Kak oHa Oyger ABUrathbcs, ecnv en
COOOLLMTb FOPU3OHTANbHYIO CKOPOCTb BAOMb MAOCKOCTA?

11. Kakow cunoin £ MOXHO yaepxaTb Ha Mecte Bpycok
Maccow /m, nexxalini Ha rmafkom HakNOHHOW MIOCKOCTU C
YrioM Npu OCHOBaHWM O ?
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12. MaTtemMaTMyecKnMn MasTHUK YKPEenneH Ha Tenexke,
CKaTblBaOLLIENCH ©e3 TPeHWst C HAKJIOHHOW MMOCKOCTH.
HavpuTe nonoxeHne paBHOBeCUS MasiTHMKA.

13. JleBbll KNVH MeAJIeHHO BABWralOT MOA MpaBbi,
OTHOLLIEHME KaTeTOB B KOTOPOM MPELCTaBNEHO Ha PUCYHKE.
Kakum gonxeH ObiTb yron o,
4TOObI MPaBbIA KIWH nepe-
BepHynca?

14. Tlpn KakoMm ycCnoBumn
BUHT MOXET ClYyXWUTb A1
KpenneHusa netanewn?

15. C BepwuHbl copTUpPO-
BOYHOW FOPKM NOOYepeaHO CKaTbIBAIOT ABa BaroHa: OAMH
nycTon, ApYyron rpyxeHbin. Kakon BaroH npoefet danb-
e no MPAMOSIMHEMHOMY YYacTKy Mocse CKaTbiBaHUA C
ropKku?

16. ECfiv aBTOMOOWIb BbE3XAET Ha ropy Npu HeM3MeH-
HOWM MOLLUHOCTM ABMWratens, TO ero CKOPOCTb ABVXKeHWs
yMeHbLuaetca. [oyemy?

17. UunmnHap, OuameTp KOTOPOro pPaBeH ero BbICOTe,
OOMH Pa3 COCKaNb3bIBaET C HAKIIOHHOW MNOCKOCTU BAOSMb
cBOel obpasyloLLien, a APYron pa3 cKaTbiBaeTCs C TOW Xe
TOYKM MNNOCKOCTU. CpaBHWUTE MOCTynaTeflbHble CKOPOCTU
UMIMHAPA Y OCHOBAHMA Ha-
KIIOHHOW MIIOCKOCTK, cYMTas
KO3 PUNLMEHT TPEHNSA CKOSb-
KEHUA MeXAY LMANHOPOM Y
MIOCKOCTbIO O4eHb MarbIM.

18. B ky30Be rpy3oByKa Ha-
XOAATCH TPU OAMNHAKOBbLIX
rnafkux OpeBHa, pacnosno-
>KEHHbIX, KaK MOKa3aHO Ha pucyHke. Ha kakowm yron o
MOXeT HaKpPeHWUTbCS Ky30B, 4TOObI BepxHee OpeBHO He
CKaTUnocb Ha Gopt?

MukpoonbIT

CknenTe UMAMHAOP M3 MNOTHOM Oymary (MOXHO B3SiTb
KapTOHHYIO BTYJIKY OT pyfioHa TyaneTtHon bymaru) n 3akpe-
nUTe Ha ero BHYTPEHHeW CTOPOHe KyCOK MnacTUInHa.
Takon UMAVHAP MOXET KaTUTbCA BBEPX MO HaKIOHHOM
nnockocTn. Kak 3toro gobutsca?

JIlo60nbITHO, YTO...

..Hanbonee reHnanbHbIM 1300peTeHreM Apximena Obin
BOAOMNOABEMHbIV BUHT. [0 oueHKke [anunes, 3To yCTpon-
CTBO «He TOJIbKO BEIMKOMENHO, HO MPOCTO 4YyAecHo, no-
CKONMbKY Mbl BMAWM, YTO BOLa MNOOHMMAETCA B BUHTE,
OecnpepbIBHO Onyckasncb». ApXMMeLOB BUHT MCMOMb30-
Basncs, Hanpumep, B Ervnte kak ona nodbema BOAbl Ha
BO3BbILLEHHOCTU (Ha BbICOTY [O 4 METPOB), KOTOPbIX
00bI4HO pa3nvB Huna He JoCTUran, Tak U Ons OCyLeHus
HW3MEHHbBIX MeCTHOCTeW.

..CO BpeMeH nocnefoBatenen Apxmmena — [epoHa U
Manna — MexaHWKy CTanu CYMTaTb HayKoW O MApOCTbIX
MalUMHax: BOpoTe, pblyare, 6noke, KMHe M BWHTe. [Ba
nocnegHX OCHOBaHbl Ha CBOMCTBaX HAaKIOHHOW MOCKO-
CTW, 3aKOH AeNCTBUSA KOTOPOW, NpaBaa, Camomy Apxumeny
M3BECTEH He Oblin.

..M3y4as paBHOBeCMe 3aMKHYTOM LLenoyKky, HabpoLleH-
HOW Ha [Be HaKOHHble MNOCKOCTW, FONNaHACKNNA YHeHbIN
CumoH CTeBUWH B cBoel paboTte «Havana cTaTmkm» poka-
3an, 4YTO Cufa, CKaTbiBaloLWad rpys, BO CTOMbKO Xe pas3
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MeHbllle ero Beca, BO CKOJMbKO pa3 BbICOTA MIOCKOCTU
MeHbllie ee ASIVHBbI.

..B TpakTaTe, COCTaB/IeHHOM B Nepuof, YTeHUs UM nyb-
nn4YHbIX nekumin B 1597—1598 ropax, lanunen, He 3Had elue
3aKOHa PasfoXeHUs CUl, pacCMaTpMBal CHavana pbldar,
3aTeM CBOAMM K pbidary KJWH, K KIMHY — HaKJIOHHYIO
MMOCKOCTb, @ K HAaKMOHHOW MIIOCKOCTU — BUHT.

..3aKOHbl cBODOAHOrO NageHns Ten Fanunen yctaHaBmm-
BaJl C NOMOLLbIO HaKJIOHHOW MI0CKOCTM — Xenoba, okre-
€HHOrO U3HYTPW MNOIMPOBAHHbLIM NEPraMeHTOM, NPUMEHSS
ee NS «yMeHbLIEHNS» YCKOPEeHWUs CBODOHOro NafeHns B
33jaHHOE YNCNo pas3..

..pazbuvpas ABUXKeHME NO MIIOCKOCTU, KOTOPas «HW BHI3
He OMycCKaeTcs, HU BBepX He MoAHWMaeTcs», lanuneun
BbISIBMI CBOWCTBO TeN1 COXPaHsATb CBOK CKOPOCTb, XOTA ellje
He Halwen MOMHOM U TO4HOM (OPMYAVPOBKM 3aKOHa
NHepUMK, YTO NPEeaCToano caenath HblOTOHY.

..Mccnenys nepekatbiBaHME LWapa «C FOPKW Ha ropky»,
Fanunen npennonoXun, YTo, FOBOPsi COBPEMEHHbIM $i3bl-
KoM, NpuobpeTaeMas Nnpw Cnycke CKOPOCTb He 3aBUCUT OT
dopmMbl NyTK, MO KOTOPOMY [ABMXKETCH Teno. [anunen,
€CTeCTBEHHO, He 3HaJl, YTO Takoe MOSIOXKEHME BbITEKAET 13
3aKOHa COXPaHeHUs 3HepruK, OAHAKO OH 3TOT 3akKOoH
NpeavyBCTBOBAN W MPUMEHST B MPOCTEMLUMX Clydasx
nafieHVs Tena unu ABMXKEHNs N0 HAaKNOHHOW MIOCKOCTU U
B OMbITax C MasATHUKOM.

..Fanunen reomeTpnyeckM MeTOAOM NOCTPOUI TEOPUIO
OBVDKEHNS MO HAKIOHHOM MMIOCKOCTM U OBMXKEHUS MO
Xopfam Kpyra, nokasa, 4To Mo Ayre Kpyra, kotopas
MeHbLLIE UM paBHa YeTBEPTU OKPY>KHOCTW, TENO COCKalb-
3blBaeT ObICTpee, Yem Mo CTAMMBAIOLLEN Xophe. DTUM OH
NPenBOCXUTUM NMOCTAHOBKY 33[a4M O MOMCKe SIMHNN Obic-
TPeunLero crycka — OPaxmCTOXPOHbI, 33Aa4K, PELLEHHOV B
1697 rogy MoraHHoMm bepHynnn. YpaBHeHMe 3TOM KpUBOW,
0Ka3aBLLENCA UMKONOOW, NCMOMb3YeTcs, KCTaTu, Mpy npo-
EKTUPOBAHNMN CaHHbIX TPACC U «aMepPUKAHCKUX» TOpPOK.

..NPY 3aBUHYMBaHNK DONTa C Warom pe3bbbl B 1 MUNIN-
MeTp C MOMOLLbIO raeyHoro koya annmHon 30 caHTUMET-
POB Mbl BbIUIPbIBAEM B CUfe B [IBE TbICAYM Pa3, 4To Nnbo
NO3BONSET HaJEXHO CKPennsTb AeTanu, Nvbo nerkum
ycunmnem nepengurats Oonbline TAXKeCTU.

..4TOObI aBTOMOOMM He BbINETann Ha NOBOPOTax, AOPO-
M B 3TLX MeCTax AenatoT HaKNOHHbIMU. [1paBUbHbIN yron
HaK/TOHa COOTBETCTBYET paamycCy MOBOPOTa 1 ONpefeneH-
HOW CKOPOCTU BUXKEHMS, Ha KOTOPYIO HeobXoaMMo ycTa-
HaBNMBaTb OrpaHudeHue. A BOT BeNOCUMEeAHble TPeKu
MMeIOT Ha MOBOPOTaX NepPeMEHHbIV HAKMOH — B pacyeTe Ha
pa3fnnyHble CKOPOCTU, AOCTUraeMble CMOPTCMEHAMW.

Yto yntatb B «KBaHTEe» 0 HaKNMOHHOMN MMOCKOCTU
(nybrvikatjm rNocneqHmux Jer)

1. «KOMOUHMpPOBaHHbIe 3afavn Mo MexaHuke» — 2003,
MpwunoxeHne N26, c. 92;

2. «O AMHaMWKe KPUBOSIMHENHOro ABMXKeHusa» — 2005, N22,
c. 30;

3. «LleHTp Macc MexaHn4eckon cucteMbl» — 2006, N2, c. 25;

4. «Kakas ropka camas bbictpas»?» — 2006, MNpunoxeHve
Ne6, c. 68;

5. «W Tenexka B ropy eget..» — 2008, N25, c. 35;

6. «MogBopHble KaMHM» cunbl Apxumepa» — 2009, Ne2,
C. 46.
Marepunan nogrorosusn A.JleoHoBuY
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INIKOJA B «KBAHTE »

3aragku
MArHUTHOW
CTpenku

N.JIEEHCOH

BHEPBOI/UI YACTU CTATbI PACCKA3BIBAJIOCH O YETBIPEX
MPOCTBIX 3araJlkaX MarHUTHOW CTpesiKu. A Terepb — GoJiee
TPY/IHbIC 3aTa/IKN.

3arajka nsirasi. Bosvmume xomnac, oc6o600ume cmpeixy om
saxuma (on nyxen Oas mozo, wmobvL cmpeaka nonycmy He
60Maracy u ne cmupaid och) u NOOHecUme KOMNAc Kk MAccug-
HOMY npedMemy u3 uyzyHd, Hanpumep K bamapee OmonjieHus.
Bui ysudume, wmo k éepxnei uacmu 6amapeu cmpeixa 6yoem
obpauwiena cunum KOHYoM, a Kk Huxmnetl yacmu — xkpacrowm. Kax
amo 00ssICHUMD?

ITOT OTIBIT BIIOJHE MOYKHO MOKA3bIBaTh Kak (HOKyC, MpuIeM
BPSII JIU KTO U3 MIPUCYTCTBYIONINX CPA3y CMOXKET €r0 PasraaTh.
U yem ceBepHee BbI JkKHUBeTe, TeM GoJiee UeTKO OY/IeT TTPOSIBIISTHCS
aTOT 3(PdEKT.

MHoro JieT Hazaj OJHA M3 Ta3eT Hamevyarasta JIOOOMBITHYIO
CTaThlo O TOM, KaK IPOXOJAT BCTYIHUTEJbHbIE IK3aMEHbI B
MockoBckuii puanko-Texunueckiit HHCTUTyT. CaMbIM MHTEpec-
HBIM OKAa3aJICsl BOIPOC, KOTOPBIN 3a/1a/1 He 9K3aMEHATOPbI, a
ofiHa M3 mocTynaionux (1 Takoe CIydaercs).

3araaka mecras. /Jesywka npodenara doma onvim, pesy.iv-
mam Komopozo NOKA3ALCS il CMPAHHBIM: O0IbUASL KOHCEPEHASL
6anKa ompvleaid Om CUILHOZO MAZHUMA NMPUMSIHYMYIO UM
JKene3nyo kKHonky. B uem mym deno?

ITO U B caMOM JieJie 3arajika. KoHcepBHbIe GaHKH [1eJ1aI0T U3
JKECTH, KOTOpasi He HAMAarHIYNBAETCS. A €CJIM OHA 1 <IIEPE/IaeT»
JICHCTBHE TTIOCTOSTHHOTO MarHUTa, ¢ KOTOPBIM CONPHKACACTCS, TO
VK, KOHEYHO, He MOJXKET CTaTh «CUJIbHEEe» €ro U TepeTSHyTbh
KHOIIKY Ha CBOIO0 cTOpoHy. HO OIbIT 1MoKasbiBaeT, 4yTo MOXKeT!

[lasaiite nposepum. Bce, uTo Ham norpeGyeTcsi, 3TO 10CTATOY-
HO CHJIBHBII ITOJIKOBOOOPA3HbIII MATHUT 1 JBa OpyCKa U3 HeMar-
HUTHOTO sKeJie3a (BepHee, U3 MAJOYTIEPOANCTON CTaM, TaK KaKk
U3 YUCTOTO JKesle3a mouTn Huduero He genaior). C Takumn
O6pyckamul ya00Hee CTAaBUTD OTIBITBI, YeM C KHOIKON U KOHCEepB-
Hoit 6ankoit. OuH 6PYCOK J0JKeH ObITh HeOOIbIINM — HAIIPU-
Mep, Mo/I0i/IeT 0OBIKHOBEHHBI GOJIT, KOTOPBIN 3aMEHUT KHOTIKY,
JIPYTOif — MACCHUBHBIM, OH 3aMEHUT GAHKY.

Cuavasa y6eanMcsi, 94T0 HU 60JIT, HE GPYCOK HE SIBJISIIOTCS
MarauTtamMu (BepHee, He 06JAAIOT OCTATOUHBIM MATHETU3MOM,
T.e. HE MOTYT COXPAHATh HaMarHUYeHHOCTH). IlojgHeceM wuX
MI00YEPETHO HA HECKOJBKO CEKYH/I K TOCTOSSHHOMY MAarHuty, a
3aTeM — K SKeJe3HbIM onuakaM (MX MOXKHO 3aMEHUTb MEJTKUMU
HEMArHUTHBIME FBO3/IMKAMH, KAHTIEISPCKIMU CKPETTKAMHI U T.11.).
OnuJikn He IOJBKHBI TPUTATHBATLCS HU K GOJITY, HU K OPYCKY.

Tenepb pacrosio)kUM HEMArHUTHBIH OPYCOK BEpPTHKAJIbLHO,
MOCTABUM HA Hero GOJIT W CBEpXY Io/HeceM Maruut. I[Ipu atom
MeX/Ty HIDKHUM OPYCKOM M GOJITOM TOXKe OOHAPYIKUTCS TPHTSI-

Hauano cm. 6 <Keanmes N3 3a amom z00.
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JKerne — GOJIT Mepe/laeT MarHuTHOe JIeHCTBIe MarHuTa. A Jajib-
me (BHuManue!) HaunmHaeTcs camoe uHTepecoe. Kak Bbl yma-
ere, 4TO OYJET, ecyu, TIPUIEPKUBast OPYCOK Ha MecTe, MPUKOC-
HYTbCSI MarHutoM K OOJITY, a 3aTeM TOTSHYTb MarHUT BBEPX?
OrBer Kak OyATO OYEBUJIEH: MAarHUT OTOPBET GOJT OT OPYyCKa.
Hudvero nogo6Horo — He 0oTOpBET, OOJT OCTAHETCS HA MECTE.
Crpannblii pesyJbrar... Moxer ObITb, OOJIT CJIUIIKOM TSKEJ?
Ho Torna moueMy MarHur JIEFKO [TOJTHUMAET €0, KOT/Ia CHU3Y HET
Opycka?

HemHOro m3MeHuM OmbIT, /ISt 4ero Oyaer yao0Hee UCIOIb30-
BaTb MarHUT He B BH/E HOAKOBbI, a mpaAMoil (10J10CcoBOI):
PACIIOJIOKMM MarHUT CHU3Y, HA HETO TTOCTaBUM GOJIT, & CBEPXY —
6pycok. IIpuaep:kuBast Maruur, MOTSHEM HEMATHUTHBIN OPYCOK
BBepX. HeBeposiTHO — GOJIT OTPBIBAETCS OT MATHUTA U BHCUT HA
6pycke! U dyem cusibHee moCTOSHHBIA Marnut (M MaccuBHee
PACIONIOKEHHDBIH CBEpXY GPYCOK), TEM BbBINIE MOKHO IOJHSITH
OpPYCOK C IIPUTSAHYTBIM K HeMy GOJITOM.

Aobutypuentka Obla mpaBa: »Keje30 cTajgo 6oJiee CHIbHBIM
MarHuTOM, 4eM TMOCTOSHHBIA MarHuT (¢ KOTOPBIM, KCTaTH, OHO
Jlaxke He conpukacanoch). Kak jke Takoe BO3MOKHO?

Ho ceiivac nacrasna mopa pasrajiaTh TaiiHy Gatapen OTorLie-
Hust. OueBUIHO, YTO GaTapesi HAMarHW4eHa, XOTs 1 OYeHb cJ1a00
— He YAEPIKUT Jaxke JIETKYIO CKperky. Vl HaMarHuTuTh ee MOr
TOJIDKO OJIMH MAarHuT — 310 cama 3emuis. [louemy ke 10KHbBII
MarHUTHBII TOJTIOC OKa3aJcs y 6arapen BBEPXY, a CEBEPHBIN —
BHU3Y? (A BOT B I0JKHOM MOJIYIIAPKH, HATIPUMED B ABCTPAJINH,
Bce GyzeT Hao6opoT.)

Pasragky maet mpoctoil sakcnepuMeHT. Ecam xoporro namar-
HUYEHHYIO [IJTMHHYIO CIUITY MOJBECUTH TOYHO B IEHTPE TXKECTH
(a 210 HE TaK MPOCTO, MOITOMY JIYYIIle TOBECUTH HEHAMATHIYEH-
HYIO CIIUILY, & YK€ TI0TOM ee HAMATHUTHUTb), TO MOYKHO 3aMETHUTh,
YTO OJIMH ee KOHEI[ HOPOBHUT «KJIOHYTb» BHU3, a [PYTON «3a/H-
paet xBocT». UeM GsmzKe K ceBepy, TeM 3aMeTHEe HAKJIOH CIIUIBI,
a Ha 9KBATOpE HAKJIOH He HaGJII0/IaeTcs BOBCe. JTO SBJEHUE, B
OTJIMYME OT MATHUTHOTO CKJIOMEHUS, HA3BAJTM MArHUTHBIM Hd-
xaonenuem. Ero MOXKHO 0OHAPYIKHUTH U € TOMOIIBIO KOMIIaca, HO
HEOOBIYHOTO: CTPeJIKa KOMIIaca JOJKHA ObITh HAacakeHa He Ha
BEPTHKATbHYIO, @ Ha TOPM3OHTadbHyl0 ocb (Takoii mpuGop
HA3bIBAETCS MHKJIMHATOPOM, OT JIATHHCKOTO inclinare — Hakso-
Hath). Ecam ke cBOGOAHO MOABENICHHYIO MATHUTHYIO CTPEJIKY
JlepsKaTh TOUHO HaJ[ MATHUTHBIM T100coM (MM HEeroganeky ot
HEro), TO OHA PACIIOTIONKUTCS BEPTUKAIBHO U GYJET CMOTPETh
BHU3.

LlaHHbIe Ha XXeCTKUX ANCKax KOMIIbROTEPOB 3alliCbIBAOT HA TOH-
KUX MarHuTHbIX NOKPbITUAX
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3Has 0 TOM, YTO CYIIECTBYET MAarHUTHOE HAKJOHEHUE, JIETKO
MOHSATb, KAK MMEHHO HaMarHUTUJIAach Garapest O/ JelicTBHEM
«KOCOTO» MAaTHUTHOTO MOJISE 3EMJIU U TOYeMY BEPXHSIS U HIDKHSIS
ee YaCTU MPEJCTABJISIOT cOOOI I0KHBIH M CEBEPHDBIN MOJIOCHI
IIOCTOSIHHOTO, XOTA U caabenbkoro, Maruuta. (Ilonarno taxske,
YTO B I03KHOM TIOJTYTIIAPUH HAMATHUYEHHOCTD OY/IET TIPOTHBOTIO-
JIOSKHOIA. )

Ecin ¢ moMoIpio CuJbHOTO TOCTOSTHHOTO MarHuTa nepemMartu-
THUTD CIUILY, OHA, KOHEYHO, PA3BEPHETCS B IPYTYIO cTOpony. [Ipn
JTOM TOT €€ KOHEIl, KOTOPbIil Obl/l HAKJIOHEH BHU3, GY/IET Telepb
npunoausar. Ha ceBepe Kana/ipl, Harpumep, HAKJIOH CITHIIBI
Oy/ileT O4YeHb CUJBHBIM. A BOT y CTPEJKH OOBIYHOTO KOMIIAca
MarHUTHOE HAKJOHEHHe NPAKTUYECKH He 3aMeTHO — 3ITOMY
MIPENSTCTBYET CII0co0 KPEIIeHus CTpeskn Ha ocu. Kpome Toro,
9Ta CTPEJIKA CJUIIKOM MaJeHbKas.

Teneps nocrapaemcst 00bACHUTD «(POKyC» ¢ 60ITOM, KOTOPBIL
OTPBIBAETCS OT MarHuTa.

MarHuTHbIe CBOICTBA BEIlleCTBa CBA3aHbI ¢ MATHUTHBIMU CBOM-
CTBAMHU €ro aToMoB. Y HEKOTOpbIX MerasioB (MX HasblBaIOT
(beppOMArHUTHBIMH, OT JTATUHCKOTO Ha3BaHms skemte3a — Ferrum)
OT/AEJIbHbIC aTOMbI-MAarHUTUKN CTpeMHTCH OpI/IeHTI/IpOBaTbCH Tak,
4TOOBI UX OJHOMMEHHbIE MOJIOCA ObLIN HATPABJEHBI B OJHY
cropony. Takum cBOICTBOM P KOMHATHOIT TeMIieparype o6Jia-
JIAIOT JIMIITh JKeJIe30, KOOAIbT, HUKEJb U PEJKUIT MeTaJLT ra/[0Ji-
nuit. OIHAKO O/IMHAKOBAsI MATHUTHAS OPUEHTAIIUST aTOMOB UMe-
€T MEeCTO TOJIbKO B OYEHb OIPAHMYEHHBIX 00JACTSIX MeTasia,
Ha3bIBACMbIX JOMCHAMMN. PaSMepr ATUX Meanaﬁmnx MarHmuTu-
KOB-ZIoMeHOB cocTaBJistioT mpumepto 0,01-0,1 mm. Ecau ortiin-
¢oBaTb MOBEPXHOCTb MATHUTA U TOCHITIATH €€ MArHUTHBIM I10-
POIIIKOM, €r0 YaCTUI[bI PACTIOJIOKATCS B OCHOBHOM TI0 TPAaHHUIIaM
JIOMEHOB, Y€TKO 0603HAYNB MX KOHTYPDI.

¥ KycKa 4ncToro jkeJiesa B 11eJIOM HeT COOCTBEHHOTO MarHeTu3-
Ma, HOTOMy qTo «CTpeJIKI/I» paSHI)IX JTOMEHOB HaHpaBJIeHbI B
pasible CTOPOHBI U YHUUTOXKAIOT jieficTBre ApyT Apyra. Ilomie-
ceM Ternepb K KyCKY skesie3a Maruut. Iloj ero BiaustnueM «crpe-
KIT» BCEX MHUKDOMATHHTHKOB, KaK MO KOMaH[E, MOBEPHYTCS B
o/tHy ctopony. VccmmeoBanust 1Mo/ MUKPOCKOIIOM TIOKA3aJIH, 4TO
MIPOUCXO/IUT 3TO SIBJICHUE JOBOJIBHO JIHOOOTBITHBIM 06Pa30M:
JTIOMEHBI, KOTOPBIE CAYIANHO OKA3AINCH «TIPABUIBHO» OPUEHTH-
POBAHHBIMHU, YBEJNYUBAIOTCS B pazMepax. OHU MPUCOETTHSIOT
K cebe, Kak Obl <IOEAI0T», COCEIHHE JIOMEHBI, Y KOTOPBIX
Halpap/eHne cOOGCTBEHHON HAMArHWYEHHOCTH OKa3aJoCh <«He-
MIPABUJIBHBIM» OTHOCUTEJBHO TTOIHECEHHOTO MaruuTa. B pesyJib-
TaTe jKeJe30 HaMarHmdmbaercs. MakcuMasibHasgd HaMarHUYeH-
HOCTb AOCTHUTraeTCd, KOorja MaroHuTHble MOMEHTbI BCEX /JJOMEHOB
OPHEHTUPOBAHBI B OJHY CTOPOHY — JUJII 9TOTO HY’KEH OYeHb
CHUJIbHDBIM BHEIIHUN MarHUT.

[TocMorpuM, uTo TIpOU30iieT, ecm yopaTh MarHut. Ecim 6br
BMECTO YKCTOTO JKesie3a ObLaa CTajabHas WTOJIKa, OHa Tak Obl U
ocTajach HaMarHWYEHHOW: JIOMEeHaM B 3aKaJeHHON cTajau He
OUYeHb MIPOCTO BBICTPOUTHCS B OJ[HOM HAINPABJEHWUHU, HO TaK JKe
TPYIHO W IPUHATD NPEXHIO OpHeHTaI0. VIMEHHO 9TO CBOIi-
CTBO MCTOJIB3YIOT LIS CO3/[aHMsI TOCTOSIHHBIX MAarHuToB. B Hux
HY>KHO OPHEHTHPOBATh KaK MOXKHO GOJIbIlle JJOMEHOB B OJIHOM
HAIPaBJIEHUH, HO TaK, YTOObI OHUM TIOTOM caMi cO60ii He pa3Mar-
HUYUBaJINCH (pa3MaFHI/ILII/IBaHI/I€ HpOI/ICXO[[I/IT HpI/I CUJIbHDBIX yaa—
pax W IpH HATPEBE 10 BBICOKON TEMIIEPATYPbI).

[ToHsiTHO, YTO pa3 jaxke O/(MH aTOM MAarHUTa UMeeT CeBEPHbII
7 T0KHBIN MTOJII0CA, TO HEBO3MOYKHO M3TOTOBUTH MAarHUT TOJIBKO
¢ OJTHUM TIOJTIOcOM. TeM He MeHee, MPOI0JIKAIOTCS, XOTsI TIOKa 1
6e3yCIEeITHO, 9KCIEePUMEHTATbHBIE OUCKN MEJTbYAiImX «Mar-
HUTHBIX MOHOTIOJICH», Y KOTOPBIX €CTh TOJIBKO oAuH moioc (1mo
QHAJIOTUU C TEM, YTO 3JIEKTPUUYECKUE 3aPsi/Ibl MOKHO Pa3/IeIUTh
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Ha ITOJIOKUTEJIbHbIC 1 OTpI/I-
LaTeJjbHble).

ITepBble MTOCTOSTHHbBIE Mar-
HUTBI, KOTOPbIE M3TOTOBJIU-
Basu enge B XIX Beke, gesa-
JIN W3 YTJIEPOAMCTOI, a 3a-
TeM 13 BoOJbPaMOBOIl cTa-
. MarHuT cuuTascs Xopo-
IIIAM, €CJIF OH MOT Y/IepoKaTh
Ipy3, Macca KOTOPOTo paBHA
ero coocrBennoii. C cepenu-
uol 30-x TooB XX Beka Ha-
YaJin TIPUMEHATH CIIJIaBbI,
KOTOpbIE MO0 MarHUTHBIM
CBOMCTBAM IPEBOCXOIMII
cTasib B JlecsaTh 1 6oJiee pas.
D710 ObLJIN CILJIABDI JKeJje3a ¢
HUKEJIeM, aJlOMUHUEM, KO-
GaabroM, Meabilo. B 1952
ro/ly TOSIBUJICS CILIAB IJa-
THHBI ¢ KOGAJIbTOM, MarHUT-
Hast SHEPrust KOTOPOro ObLIa
emge Bbie. B 1969 roay Ha-
YaJT0Ch TIPOMBITILIEHHOE TTPO-
M3BOJCTBO MarHuToOB, CIIO-
cOGHBIX Y/IePKUBATH TPY3,
Macca KOTOpOro y:Ke B COTHU
pas IpeBbIaia uX coGCTBEH-
myio. Takme MarauThl GbLIN C/IEJIAHBI M3 CIIJIABOB, COAEPIKAIINX
peaKue MeTaslIbl — Iiepuil, mpaseoauM, camapuii. CpaBHHUTEIb-
HO HEGOJIBIIOI MATHUT U3 CILIABA CAMAPHsI ¢ KOOATBTOM, YMela-
IONUHCS HA JIAJOHHU, CHOCOOeH yep:KaTb HeGOJIBbIIONH aBTOMO-
6usb BMecTe ¢ naccaskupamu. CeKpeT TaKoro CIiaBa B TOM, 4TO
OH COCTOUT U3 OYEHb MEJKHX CUJbHO HAMATHUYEHHDLIX YACTHUIT
BBITSHYTOH (DOPMBI, KOTOPbIe Kak Obl BKPAILJIEHbI B cIaboMar-
HHUTHOC BCIIECTBO. HPI/I M3TOTOBJICHUU MarHuTa 3THU YaCTUIIbI
OPUEHTUDPYIOTCS B CUJIBHOM MATHUTHOM TIOJI€ TIPEUMYTIECTBEHHO
B OJIHOM HAIIPaBJIEHUH U JIAJIbIIIE CBOIO OPUEHTAIMIO HE TEPSIIOT,
Jlake KOrjla BHEIHee MarHuTHOE 1oJjie yOUpaioT.

B uncrom xesese, €ro Ha3bIBAIOT «MSTKUMY>, UJIH B HU3KOYT-
JIEPOJIUCTON CTAJN, HAIPUMED B OOBIYHOM T'BO3/l€, MAarHUTHbIE
CTPEJIKI JOMEHOB TIEPEOPUEHTUPYIOTCS OYeHb JIerKo. [oatomy
HaMarHMYeHHOE JKeJIe30 JlasKe He HaJ0 CHJIbHO HArpeBaTh WMJIN
MO/IBEPTATh PE3KUM yapaM — OHO Pa3MAarHUYUBAETCS CaMO 10
cebe, W JIOBOJBHO ObicTpo. HO 3TO 3Ke CBOWCTBO /TOMEHOB
HpI/IBO,ZII/IT K TOMy, YTO B CMJIbHOM BHEIITHEM MAarHUTHOM I10JI€ OHU
MOYTH BCE TIPUHUMAIOT OJIHY OPUEHTAIHIO, T JKeJIe30 CTAHOBUTCS
CI/I]IbHeI‘/,IH_[I/IM MArHuToM. BOT no'{eMy B HalIEM OIIbITC 10CTATO4Y-
HO MACCHUBHBIII JKeJsie3HbIil GPYCOK cTat GoJjiee CUIbHBIM MATHU-
TOM, 4eM TOPOJUBIINN €r0 MOCTOSHHBIH MarHuT.

[Too6HBIM  CBOIICTBOM MSITKOTO JKeJie3a TOJIb3YIOTCS TIpU
M3TOTOBJIEHUN 3JIEKTPOMATHUTOB: JTOBOJBHO CJa60e MAarHUTHOE
noJsie KaTymku ¢ TokoM (COJeHOna) 3HAYUTENBHO yCUIHBACT-
Cd, Koraa BHyTpI) KaTyH_[KI/I BBOJAT CEP/ICYHUK U3 MATKOIO
skesie3a. V3 Takoro jKe jKesiesa JIeJatoTesl M CEPAEYHUKH TPAHC-
¢dopMaTopoB — Be/lb OHU JIOJIKHBI OBICTPO TEpPeMarHUYHUBATH-
cs1, KOrja 1o OOMOTKaM KaTyIIeK Te4eT TepeMEHHbBII TOK.
MHTepecHo, 9To MSITKOE JKeJe30 3a OJU CeKyH/bl Pa3Mariu-
YMBAETCS] MOYTH IMOJHOCTHIO. IDTO JIETKO MPOBEPHUTH B HAIIEM
BTOPOM OIBITE: OTBEJNTE MATHUT B CTOPOHY — u OOJT cpasy
JKe yTIaJeT.

B 3aksiouenuie cTatbu — JIBe MPOCTbIE IKCIIEPUMEHTAJbHBIE
3a/1a4l Ha CMEKAJIKY.

[TpocTenLLmvi 371eKTPOMAarHIT: Ha
DeppoMarHiTHbIN cepaedHK
HAMOTAaH 3/1eKTPOMPOBOL B M30-
7L
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3adaua 1. B mxonbHOM usnueckoM KabUHETE MMeeTcs
6OJIBIIIO} TTOTOCOBOI MarHUT, MOJIIOCA KOTOPOTO KOT/a-TO GBLIN
OKpAIlleHbl B CHHUI W KPacHBI IBeTa, W TOYHO Takasl ke II0
pasMepy HeHaMarHWYeHHas TosocKa skeesa. Co BpeMeneM Bes
Kpacka € MarHura COILIA, TaK YTO €ro CTaI0 HEBO3MOXHO
OTJINYNUTH OT HEMArHUTHOM 1oJiocku. Kak onpeiesintb, Kakas 13
MOJIOCOK MarHMTHAsl, €CJU HeT HUKAKUX JPYTHX >KeJe3HBIX
TpeIMeTOB?

*

[T [T 1 ||

2009 /N5

3adaua 2. Tlocsie TOro Kak OIPEIeTUIN, KaKas MOJOCKA —
MarHuT, IOJIOCA 3TOTO MAarHUTa 3aXOTeJN 3aHOBO OKDACHTH
cuHell W KpacHOM Kpackoil. Kax ysHath, Kakoil KOHEI[ 3TOH
TTOJIOCKM HY’KHO OKPACUTh B CHHUH I[BET, a KAaKOH — B KPACHBI?
PaccmoTpuTe /1Ba caydast — KOr/Ja y BaC €CTh KOMIIAC 1 KOT/IA €T0
HeT.

loHOCDepa
LLIYM LlyHaMW

A.CTACEHKO

<< |_| O/THAJIACH K HEBY BOJIHA BbICOTBI HEI/ISMEPI/IMOI/I

3aKpbLIA TPY/IBIO TIONOBUHY Heba U, Kavdast 6eJbIM XpeOToM,
COTHYJIACD, TEPEJIOMUJIACh, yHaa Ha Geper U CTPAIIHO TsKe-
CTBIO CBOEIO. .. cMbLIa Bech Oeper» (M.Topbkuii). TakoBo xys0-
JKECTBEHHOE OIMCAHMEe KaTacTpOUUECKUX SIBJEHWUN, BpeMs OT
BPEMEHH MTPOUCXO/SAINMX Y GEPEroB TEIIBIX CTPaH U y)Ke YHec-
MIUX SKU3HU COTEH TBICSY JIIOJEH.

Ho npu yem Tyt monocdepa, pacroJioskeHHass Ha BbICOTE
MOPSIZIKA COTEH KHUJIOMETPOB HaJ 3eMJeil u MopeM? A BOT
TocJTyTIaire.

BemomunM, Kak 06bSICHSIIOT TIOBEICHIE BEIECTBA, MOTABIIETO
BO BHeIIIHEEe MOCTOSHHOE 3JIEKTPUYECKOoe TI0Jie ¢ HANPSIXKeHHOC-
TbIO Eo . ITycrp umeetcst mIockuil cJoil BeliecTBa, COCTOSIIIIETO
U3 YACTHUIL C TIOJIOKUTENbHBIMU ¥ OTPUIATETBHBIMU 3aPSI/IaMU B
PAaBHBIX KOJTMYECTBAX, TAK YTO ATOT CJIOI B I[EJIOM JIEKTPUUECKI
HeliTpasen. U mycTb OH HAXOAWTCS B 3JIEKTPUYECKOM TIOJIE,
TIePHEeHINKYISIPHOM IIJIOCKOCTSIM aToro cios. llog meiictBnem
T10JIS TTOJIOKUTETbHBIE 3aPSIbl CMECTSTCS B HAITPABJIECHUHT BEKTO-
pa Eo, oTpuUIlaTeIbHbIe — B TPOTUBOIOJIOKHOM HAIlPABJIEHUH,
TaK 4TO HA 06EUX MJIOCKOCTSX CJIOS BOSHUKHYT TOBEPXHOCTHBIE
3apsi/ibl, KOTOPbIEe TIOPO-

_ 1
1 + JAT BropuyHoe nose Ej,

—1 I
| I. TIPOTUBOIIOIOKHOE TIO Ha-
— =«
! E, +: npasjenuio nomio E,

> | < 1 >
; uc.1). Irto, Tak ckKa-
E, |4 a1 E, (pue.1). o,

_: +: 3aTh, HOpMaJibHOE I0Be-
_: +: JIeHe BeIecTBa, I0JIsd-
I £>1 +1 PU30BAHHOTO BHENTHUM

1 1
= n>1 +1 nosem. Ero cocrosiame

1 1
MOJKHO OITMCATh TAKUMU

Puc. 1

MaKPOCKOIMYECKUMU Xa-
PAKTEPUCTHKAMM, KaK JAM3JEKTPUYecKas IMPOHUIAEMOCTb € U
koadduiment mpensomiaenuss n. O6e aTH BeJUMIMHBl (GOJIbIIE
eiuHUIBl. B ciaydyae BakyyMa OHU PaBHbI €/[MHHUIE.

Tenepb MOCMOTPUM, ITO TIPOM3OIIET, €CIIN BHEITHEE DTEKTPH-
yeckoe IoJie U3MEHAETCs BO BpEeMEHH, HAIPUMEp 110 CUHYCOU-
JIAJIbHOMY 3aKOHY

E =E, sint . ¢))

3necy E,, — ammmnryma, @ =2TfT — Kpyrosas 4acTora KoJe6a-
Huii oA, T — nepuoj kose6anuii. Konkpernsupyem BeecTBo
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— IIyCTb OHO COCTOUT U3 3JIEKTPOHOB U TTOJIOKUTEIBHO 3aPSIKeH-
HBIX MOHOB, T.e. NpeJcTaBsier coOoil miasmy. Kak msBectHo,
caMblil Jlerkuil m3 moHoB (IIPOTOH) TOYTH B ABE THICSYM pas
TSKeJIee JIEKTPOHA, TI09TOMY TIEPEMEHHOE JICKTPUYECKOoe 110JIe
Oy/IeT 3aMEeTHO CMEIATh B TeUeHHe TIePUO/Ia TOJIbKO AJIE€KTPOHDI,
1 0 MOHAX MOKHO HE [[yMaTb — OHU HYXXHbI TOJIbKO JIJIS TOTO,
4yToGbl BemectBo B cpeaHeM (B IPOCTPaHCTBE M B TeYeHHE
Neprojia) 0CTaBaoCh 3JeKTPOHEHTPaIbHBIM.

Bropoii 3akon HpioTona, onmchIBaommii AMHAMUKY 3JIE€KTPO-
Ha B 33/IAHHOM TIEPEMEHHOM 3JIEKTPHYECKOM TI0Jie, 3aIrullieM B
BUJIE

a= —eO—E’"sin Wt =u, =x,. (2)
me
3mecb @ — 9TO YCKOpeHue, m, — Macca JJeKTpoHa, €, —
BeJIMYMHA €T0 3aps/ia; 3HAK «MWHYC» YYHUTBIBAET, UTO CHUJIA,
JIEHICTBYTONIAS Ha 9JIEKTPOH, HAIIPABJIEHA TIPOTUB T10JIsI; B KOHIIE
CcTpOouKH (DOPMYJI C/IEJTAHO HATIOMMHAHUE, YTO YCKOPEHUE eCTb
repBas MPOU3BOIHAS OT CKOPOCTH UJIM BTOPAsi IPOM3BOIAHAS OT
CMeLIeHus 13 MoJ10KeHus pasHosecus (korza x, =0).

Tor, KTO yMeeT MHTErpupoBarTb, Cpasdy CKaxerT, 4TO [
oTIpe/ie/IeHrs] CMEIeHNsT 10 M3BeCTHOMY TapMOHUYECKH Hu3Me-
HSIOIIEMYCSI YCKOPEHUIO HY)KHO TIOCJe/lHEe YMHOXKHUTH Ha
~1/of = ~(T27" .

A 114 TOTO, KTO HE YMEeT, /IOCTATOYHO MPE/JIOKUTD CIEYI0-
nyto aHasoruio. PaccMoTpum Masible KoJieGaHus TPy3UKa Mac-
CONl m Ha HUTH IJUHON [.
OTUM <«TPY3UKOM» MOXKET
BooGpasuth cebs Yurareb,
a <«HUTBIO» IYCTb OyayT
crponbl Kaveseit. Hapucy-
eM U3MEeHEeHWs BO BpeMeH’
KMHEMATHUECKNX XapaKTe-
PHUCTHK I'PY3UKa: YCKOPEHUS
@, CKOPOCTH U, CMENeHUsT X
(puc.2; och t Hanpab/eHa
BHu3). [TockoabKy KomeHa-
HUS TapMOHHWYECKHEe, CMe-
IeHNe MOJKHO 3allicaTh B
BUJIE

v

. a d,v
X =X, Sin Wt ,

rae X, — aMIUIITy/a Ma-
JIBIX KoJieOGaHuil, a UX 4ac-
TOTA, KaK M3BECTHO, paBHA

) =\/g_/l (g — xoHeuHo, yc-
KOpDEeHHUe II0JIs1 TATOTEHUS).
Cua, BosBpamtaionias Yn-
TaTeJIsl B OJIOJKEHUE PABHO-
BECHsl, paBHA

F == ina=-— *
= -mgsin a = mgT, Puc 2
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OTKY/la YCKOpE€HHE paBHO
F
m

a= =—%x=—c3x,

n cMelnleHue —
X = ——
3 3)

4To W TPe(OBANOCh TMOKaszaTh. TyT caMoe TJIAaBHOE — 3HAK
«MUHYC», T.e. TOT (akT, 4TO NpPU KOJeGaHMAX YCKOPEHHE
HaInpaBJeHo TIPOTHBOIOJ0KHO CMEIIECHHIO.

PasymeeTcs1, TOT e pe3yJbTaT JacT M pelleHue ypaBHEHHs
(2).

BepHemcs k HaleMy BENIECTBY, HAXOIANIEMYCS B IEPEMEHHOM
snekTpuueckoM mnojie. Ha pucynke 3 uso6paskeHa KapThHa

noseil U 3apsa0B B TOT
= MOMEHT, KOTla Harps-
- KEHHOCTb BHENIHETo

F = HJIEKTPUYECKOTO TIOJIS
—ls —| ——5 jgocruria HAHGOJDIIETO
(ammmuTyrHOrO) 3HAUE-
nus E,, . Corsiaco BbI-
pakeruio (3), B 3TOT MO-
MEHT CMeIIeHNE 3apSII0B
TIPSIMO TTPOTHBOTIOIOKHO
Puc 3 Toii kaprune (cM. puc.1),

KOTOpasi ObLla IIPH CTa-
[UOHAPHOM TIOJIE. B pesyJbTaTe TaKoro paseseHus 3apsi/ioB
BO3HNKaeT Tosie E,, ycumBaiolee BHelTHee ToJie.

TyT HaJl0 OKHMJaTh YEr0-TO HEOOBIMHOTO — M BOT OHO-TAKH
nogBageTca. A UMEHHO, MOXKHO OKHJATbh, 4TO, B OTJIUYUE OT
HIEKTPOCTATHKH, T/IC ANDJICKTPHUECKAsA TPOHUIIAEMOCTD 1 KO(-
(unment npesomeHns GOJIbIIE eIUHUIBI, TYT GYAET Bee Ha060-
por: € <1, n<1. Ho nociezinee HepaBeHCTBO, COIJIACHO OIpe-
JEJCHUIO 1 = ¢y /C , JaeT 3HAYEHHE € > ¢ — CKOPOCTb HJEKTPO-
MarHUTHOH BOJIHBI B IIazMe Gosbine, yeM B Bakyyme! ITopa
KpHYaTh <«Kapay/T» W BBI3bIBATh MUJIMINIO, IOCKOJBKY 3TO
IIPOTHBOPEYUT OCHOBHOMY MOCTYJIaTy cOBpeMeHHO# (pusnku. Ho
HOJIOK/IEM, uTO Oy/IeT Jablie.

A panbllle BCIIOMHHM, KaK BBOAUTCA Takas Ge3pasMepHas
MaKpOCKOIMYECKas XapaKTepHCTHKA BEIIECTBA, KaK € :

e<i -
n<li —

)
]

+H A+t
|
™
3

P, =g (e-1)E. (4)

Cwmbici P, moustern XoTst 6b U3 COOOpaKEHUN Pa3MEPHOCTH.
JleficTBUTETLHO, [80] =d/m, [E] =B/M (BCIOMHUM MpPHUBbIY-
HbILIT ILJIOCKUiT KOHEHCATOpP), TOr/a

pl= _D _Kn _Knlbu

[P]=[eH] =— O == ==~

M M M M

Ortciona BuHO, 4T0 P, — 310 06beMHast IJIOTHOCTD 3JIEKTPHYeC-
kux aunoJieii. [lomydaercs, 4To, ecam Kax/blil 3JEKTPOH CMec-

THUJICA U3 IIOJIOJKEHUA PaBHOBECHA Ha X, BOSHUK SIIGKTpI/I'-IeCKI/Iﬁ
JUIIOJb C MOMEHTOM

Pe = —€pX .

A ecsin 37eKTPOHOB B eftunuiie o0beMa N, , TO 06IMuil UTOTb-
HBI MOMEHT 3TOW eMHUIIBI 00beMa OyieT

Nepe = _Neer :Pe .

3ammcas Boipaxkenne (3) B Bume
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u3 pasenctBa (4) mosydum

N,elE
-————=g(e-1)E
m,u’ 2 (e-1)

", cokparuB Ha E, HaiineMm

Noey
gom, W’
MMousitHo, uto pu N, =0 (HeT HU HJIEKTPOHOB, HU HUOHOB)
uMeeM € =1, Kak U mojaraercst st Bakyyma. Kpome Toro,
MOCKOJIbKY 3apsifi BXOJWT B KBajpare, 3HAK €ro He WMeeT
3HAYEHWS: €CJU KAKUM-TO UyZOM 3aKPENUTh 3JIEKTPOHBI, TO
NIBIJKEHIE HMOHOB JIACT KAYEeCTBEHHO TOT JK€ PEe3yJbTar, HO
ropas/io GoJsiee cjalblii n3-3a UX GOJBIION MacChI.

Ho BoT uro camoe JIOGOIBITHOE: CYIIECTBYET TaKOe 3Haue-
HITe 4acTOTBI BHEIIHETO 3JEKTPOMATHUTHOTO TI0JISI, PU KOTO-
POM TIOJIyYeHHASI JANDJIEKTPUYECKAsT TIPOHUIIAEMOCTD CTAHOBUT-
¢Sl paBHOI HyJI0! DTO Tak Ha3blBaeMas ITJIa3MEHHasl 4acToTa:

2

of =Neth (6)
€y,

ITpu aT0i1 YacToTe TIa3Ma CTAHOBHUTCS ITOXOXKEl Ha MeTaJsul, a

OT MeTaJLTa AJEKTPOMATHUTHBIE BOJIHBI OTpaykaiorcs. buarozga-

Ps 3TOMY U OBLIO OGHAPY’KEHO CYIIECTBOBAHIE BBICOTHBIX HOHO-

c(pepHBIX CJI0€B 1 BO3MOXKHOCTD JlaJibHENl Pa/InOCBI3NU.

Ila, a Kak xe ObITb C T€M, YTO CKOPOCTb IJEKTPOMATHUTHOMN
BOJIHBI B IJIa3Me TIOJIyYuaach GOJbIe, YeM CKOPOCTh CBETA B
BaKkyyMme: ¢ > ¢, ? Huuero crpamiioro: iejo B TOM, YTO 3TOT
pe3yJIbTaT MOJyYeH [JIs CJaydas WAeaTbHONH TIapMOHHYECKOI
BOJIHBI, KOTOPast, TI0 OIPe/e]eHNI0, CYIeCTBOBAIA 0 BO3HUK-
HoBeHus1 BceesenHoil u Gyzer cymiectBoBath BeuHo. Ho Taxoil
BosIHbI He ObiBaer! PeasbHO CyIIeCTBYeT BOJHOBOII Taker, Or-
PAHUYEHHBIH B TPOCTPAHCTBE U BPEMEHU, COCTOSIINN 13 HAGO-
pa BOJIH C PA3JIMYHBIMKU YACTOTAMH ¥, 3HAYUT, C PA3TUIHBIMI
CKOPOCTSIMH PACIIPOCTPAHEHHS B IJIa3Me. IJTH COCTABJISIONINE
TapMOHUKHU, OOTOHSIS APYT JpPyra M OTCTaBas IPYT OT [pYyra,
HECYT CyMMapHYIO 9HEPIUI0 CO CKOPOCTBIO, He IIPEBOCXO/AIIE
Cy, — C TaK HA3bIBAEMOU I'DYIIIOBOIl CKOPOCTBIO.

[Tosyuentbie Boiine Boipaskenus (5) u (6) okasaauch 1moses-
HBIMH TIPEK/Ie BCETO [T UCCJIe0BaHUs BepXHeil atMocdepbl.
W3 Hux BUJIHO, HATIpUMEp, YTO, M3MEHIS (), MOXKHO HAWTH
3HaueHne N, , T.e. KOHIEHTPAIMIO 3JEKTPOHOB B MOHOC]EPE.

Ho npu 4eMm 3/ech IyHaMn — HTAHTCKas BOJIHA, MOPOK/ae-
Mas I[IOJBOJHBIM 3eMJeTpsiceHueM? A Bor mpu 4eM. JlimHa
TaKoil ye/IHEHHON BOJIHBI — STH BOJIHBI HA3bIBAIOT COJIMTOHA-
MU — TIOPSI/IKA JIECSATKOB U COTEH KUAOMeTpoB (1103TOMY OHU U
HEe OYEHB-TO 3aMETHBI B OTKPBITOM OKeare). [/ Takoi BOJTHbI
OKeaH, a TeM GoJiee TPUOPEKHBIE OTMENN, — MEJKUE JIyKH.
IToaToMy CKOpOCTb IIyHAMH MOXKHO OLEHHUTH 110 (pOopMyJie Teo-

e=1- <1. (5)

pun «MeJIKOI BO/IbI»:

o =./gh (poBepbTe pasMepHOCTD).

Momarast h ~10% M, momyumy

v~ 10M/c? 00%m =10? m/c

— He BCAKM Gaiikep BbDKMeT Takyio ckopoctb! Tak Bor,
9TOT COJIUTOH BO3MYyIIaeT arMocdepy — OT HEro WeT MOIIHAs
akycrtudyeckasi BosiHa. [loiiis 10 moHocdepbl, OHA MEepUoInuec-
KU M3MEHSET KOHIEHTPAIMIO 2JeKTPOHOB N, . A 30HAUDYS
BO3MYIIEHHYI0 HOHOC(hEPY HpPHU HOMOIIN 3JEKTPOMArHUTHBIX
BOJIH, MOXKHO 34 TBICSYM KHJIOMETPOB Y3HAThb O TIPUOJIMKAIO-
Iieiicst OTMacHOCTH.

[Toucrune gysecHbBIM 00Pa30M 3/1eCh OKA3AJINCH CBSI3AHHBIMU
BOJTHBI PA3JHMYHON (DU3UUECKON TTPUPO/IbI!
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b.KOHAPATBHEB

BBepeHue

Jlyna — ecrecTBeHHBII CIyTHUK 3eM/ud — BecbMa IIpuUMeva-
TeJbHbIil 00beKT Ha Hebe. HeBOOPY)KEHHBIM TJIa30M Ha Heil
BU/THBI TEMHO-JKEJITDIE TIATHA, UX HA3bIBAIOT «MOPSMHU» U «MaTe-
pukamu». Hekoropnie apeBHerpedeckue ¢puaocodn gaxe mosa-
raJin, 4T0 9TO OTpakeHue jmka 3eman. Ho ecim mpucmorperbes,
PHUCYHOK IISITEH OCTAeTCS BCEr/la OJHUM M TEM JKe, 4TO JleJiaeT
HECOCTOSTEJNbHOI 3Ty 3KCTPAaBaraHTHYIO TUIOTE3y — PUCYHOK
JIOJIKeH ObLT Obl MEHSATBCS N3-32 OBICTPOTO CYTOYHOTO BPATIEHS
caMoii 3eMJI MJIN, TaK KaK JpeBHIE CUNTAIN 3eMJTI0 TTOKOSIIEN-
cs1, M3-3a2 CYTOYHOTO TMOCTyHaTeJbHOro aBmxkenus Jlynoir. Ecoan
JKe TISITHA IpuHaJIeskar camoit JIyHe, BbIBoj Oyjer emie 6GoJsiee
nHTEepecHbIM: JlyHa CMOTPUT HA 3eMJII0 BCerja O/HON U TOM e
CBOEH CTOPOHOIL.

Bosuunkaer yBiekarespbHas HayuyHas 3ajada oObsSCHEHMS Ha-
6sotaeMoro saBieHns. OJHAaKO BIUIOTH 0 KOHIIA CEMHA/IIIATO-
TO BEKa BCE aCTPOHOMUYECKUE TEOPUU TEPBBIM JI€JIOM OPAJUCh
3a OODBICHEHHE TOJIbKO MOCTYNATEJbHOTrO /BUXKeHUS JIyHDI.
ITO U MOHATHO, BeJlb CAMbIMU 3AMETHBIMH Ha Hebe SIBJISIOTCS
¢aspl JIyHbl U CBI3aHHOE C HUMH €€ IMOCTyHaTeJbHOe J[BUXKe-
nue Ha one 3Be3/. [lo dasam Jlynbl orcunTbiBasn Bpems, 110
ee TOJIOKEHUIO CPEH 3BE3/] MOXKHO ObLIO OTPEEJSATD J0JTOTY
kopabuist Ha Mope. CoGcTBeHHOe ke Bpaiienue JIyHbl gosroe
BpeMs OCTaBaJIOCh CKPBITBIM JIJIS 3eMJISH, M 3ajlada 0 HeM
MOIJIa BO3HUKHYTb JIMIIb HPH JIOCTATOYHO BBICOKOM YPOBHE
passurus acrponomun. Hu B pyngamentanbnom tpyae ITtose-
Mes «AubMmarect», rze JlyHne mocBsineHbl yeTBepTas M IIATas
kuury, Hu y KonepHuka aBTOp aTOil cTaTbhy He Hales oObsic-
HEHWI yAMBUTEJBHON ocoOeHHOCTH Bpamawoneiics JIynor —
PABEHCTBA €€ CYTOK JIYyHHOMY MECSILY.

OOGbsicHeHMe BpalleHus JlyHbl B MepBoM NpubnmkeHumn

Bnauvasie paccMOTpUM IOCTyIHATEIbHO-BPAIIATEIbHOE J[BUXKE-
nue JIynpl BOKpyr 3eMJ/n Ha O/{HOI ITPOCTOIi, HO HETPUBUAJIBHOMN
mogenn. Ilycrp op6ura Jlynbr uncro kpyrosas. IIpemcraBum
cebe, 4TO B IIJIOCKOCTH 3TON OPOUTDI C IIEHTPOM B IIEHTpe 3eMJin
PacIoJIoXKeH JKecTKUH Auck u J71s JIyHbl B HeM Ha COOTBETCTBY-
IOIIEM PACCTOSTHUM OT IIEHTPA BbIpe3aH KPY>KOK, B KOTOPOM OHa
cBOGOTHO BpAIIAeTCsl BOKPYT coOCTBeHHOI ocu. [l¥cK B 1iesi0M
ToxKe Bpamaercs. Torza Halmmomatesab Ha 3eMJie MOXKeT I10J10-
6paTb 3TOMY JUCKY TaKyIO YIJIOBYIO CKOPOCTD BPAIleHUsT Q , IpH
KoTtopoit JIyna He Gy/ieT UMETb HU MOCTYIIATEJbHOTO, HII — CAMOe
[JIaBHOE — BpAIIATEJIbHOTO ABMIKEHUS OTHOCHTENBHO JIIO0OI
TOYKH JIUCKA, BKJII0Yas 1 HabJo1aresd B entpe. [locrymnaresns-
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HOE /IBUJKEHNE .HyHbI Cpa3y HCKJIOYa€TCA, €CJIN yrijaoBasd CKO-

POCTHb 3aaeTcA 110 U3BECTHON TTPOAOJIKUTEJIbHOCTU  JIYHHOT'O

21
cugepuyeckoro mecsma: Q = ————— . Ho wuHTEpecHo, uTo
27,32 cyr

Jlyna Bcerjia 6yieT CMOTPETD Ha IEHTP OJIHOII 1 TOil JKe CTOPOHOI
B TOM 1 TOJIBKO B TOM CJIydae, ecJIi OHA BpalaeTcsl BOKPYT CBOei
OCH C TOH Xe yIJIOBOH CKOPOCThI0 Q .

O6bscHNM, oOUeMy Tak Tosrydaercs. JIo6as Touka Hallero JIcKa
Ha PACCTOSTHUM 7 OT IIEHTPa NMeeT CKOPOCTh v = Qr , 1, KaK TOBOPST
B MeXaHUKe, 3/leCb CYIIECTBYeT I0Jie CKopocTeil. Basknoil xe
XapaKTePUCTHKOI J1060ro 110J1s1 CKopocTeii siBasiercst Buxpb (1
porop) €. Heo6XoamMOCTb MPUBJICYEHNUS TTOHATHS POTOPA BBITEKAET
U3 TOro, YTO MMEHHO OH HPEJCTaB/IsIeT JIOKAJbHOE BpalleHHe B
3aJ[aHHOIl TOUKe TIOJIT cKopocteii. /leo B TOM, 4TO TIpH 0O6IeM
BpAIIEHNH JMCKA POUCXOANT 1 JIoKaibHOe (cOGCTBEHHOE) Bpallle-

o . . 1
Hue 000 MaTepuaJibHOU TOYKH C YTJOBOU CKOPOCTbHIO EC,. B

o0I1[eM cJyyae poTop — 3TO BEKTOP, HO B JIAHHOW IJIOCKOU 3ajaue
OTJIMYHA OT HYJIS TOJBKO OJ[HA €TO COCTABJISIONIAS:
G =rotz v =li(r v =Qi(r2) =2 Q.
rdr r dr

Takum o6pasoM, B JT060iT TOUKE IHCKA C SKECTKIM BpAIlleHuEM POTOP
G paBeH y/JIBOEHHOII yIJIOBOI CKOPOCTH BpamieHus anucka. CiemoBa-
TEJIbHO, TBEPOTEJbHOE BpAllleHHe 3aMevyaTebHO He TOJIbKO OJIHA-
KOBOCTBIO YTJIOBBIX CKOPOCTEH BCEX YACTHUIL JIMCKA TIPU O6palleHun
BOKPYT IEHTPAJBbHOH OCH, HO €Ie W TeM, YTO HHAYIIpyeMoe
COGCTBEHHOE BpaleHNe Kax /1011 ero gacTuipl (B TOM YKMCJIE 1 YaCTHI]
Ha IEHTPAJbHON 0cK) GY/IET MPOUCXOAUTH C OJMHAKOBOI /LIS BCeX
JIOKQJIBHOI YTJI0BO# ckopocTbio. /Lyt JIyHbl aTO 03HAuaeT cieryto-
miee: 4TOOBI HAII CIYTHUK CMOTPEJT Ha 3eMJI0 BCerja O/Hoil
CTOPOHOI1, OH JIOJKEH UMETh COOCTBEHHOE OCEBOU BpAIll€HHE C TOIt
JKe YTJIOBOI CKOPOCTBIO Q .

[lpyrumu ciioBaMu, BpalieHie MajJoro KPy>KKa, BbIJeJTeHHOTO
MeJIOM Ha JiucKe, st to6oro (1) Habonaress GyaeT TakuM xKe,
Kak u BuauMoe Bpaierue Jlyuol. OTCIo/1a BBITEKAET, YTO OJUH
1 TOT K€ BUJ] TTOBEePXHOCTH JIYHBI /1151 3eMHOTO HabJII0/1aTe st He
JIOJIKEH CKPBIBATH TJIABHOTO — €€ 0CEBOT0 BPAIleHUsI OTHOCUTEb-
HO MHEPIMATBHON CHCTEMbI KOOPAUHAT U APYTruX (BHEIIHUX ) T
coJIHEYHOI cucteMbl. 3 yKa3aHHBIX 0COOEHHOCTEN BpAIeHUs
JIyHbl ciepyer: JiyHHbIE CYTKM B TOYHOCTH PAaBHbBI JYHHOMY
MeCSILY.

3akoHbl Kennepa

BaskHblii 1mar B pasBUTUN ACTPOHOMUU CBSI3aH C OTKPBITHEM
Tpex 3akoHOB Kemsepa asukenus miaseT Bokpyr CoJHIa.

1 (1609 1.). Op6uta Kask[oi IJIAHETHI €CTh SJLINIIC, B OJ-
HoM u3 ¢okycos koroporo maxozurcss Coumie (puc.1). Co-
TJIACHO TIEPBOMY 3aKOHY, JBIDKEHHE ITPOMCXOANT IO JJUIUICY C

0
. \Q\ i

(8 f.

Puc.1. Toaektopus nnareTs! — mmrc ¢ yeHtpom 8 O, Toyku [ 1 fo —
ero gokycel, 11 A — nepuresi v anores, I — Paguyc-BeKTop riaHeTs!
P, © — yron uctvHHou aHomanmn

MOJIyOCSIMU 4y W dy , dy > dy, YPAaBHEHHE KOTOPOTO B TIOJIAP-

HBIX KOODJAMHATAX ¢ HavaJoM B okyce f; mmeer Buj
a (1 - ez)

1+ecosB’

30.09.09, 12:34



rae 7 — pajiMyc-BEKTOP JBIIKYIIETOCsl Teja, @ — HUCTHHHAS
aHoMaJsusd, T.e. yroJ, uaMensiomuiics or 0 mo 2T, e — aKc-
nenrpucuter. VMenno B Qokyce f; siuuica W HAXOJAUTCS
Counnre.

2 (1609 r.). Pauyc-BeKTOD IIAHETHI 32 PABHBIE TIPOMEKYTKI
BpPEMEHH OIMCBhIBAET PABHbIEC IJIOMIA/IN.

3 (1619 r.) KBaaparbl cujepuyecKux MepuogoB o6paiieHus
JIBYX TIJIAHET OTHOCATCS APYT K JAPYTY Kak KyObl MX CPEIHHX
paccrostanii ot CouHITa.

Kermiep momnsItasics onucath U ABMKeHue JIyHbI 0 3JLINICY,
10 6e3 0COOBIX ycrexoB. YTOObI IPOHUKHYTb B TAWHBI /[BIKEHUST
JIyHbl, Majio OBLIO O/HONW KHHEMATHKH, He XBATAJO0 IJIABHOTO —
3HaHug JeiicrByomieil Ha JIyny cuibl.

Hacrynmna snoxa Heiotona. B 1687 roay Bbiminm B cBeT ero
3HaMeHHUTble «MaremMaTnueckye Havasla HaTypPaJbHON (PHIOCO-
¢un», roe HbioTon cdopMyIupoBaT OCHOBHbIE IOHATUS U
MIPUHITUITBI KJIACCHYECKON MEXAHUKH U, B YaCTHOCTHU, 3ATOKUIT
OCHOBBI HOBOI Haykmu — HeGecHOW MexaHuku. 3jech ke Hbio-
TOH MaTeMaTWYecKH CTPOTO TOATBEPANJ NPeGbIBAIOIIYIO B Iie-
JIEHKaX THUIIOTe3y O 3aKOHe OOPATHBIX KBAAPATOB U TE€M CAMBIM
OTKpbLn (JIydIlle CKasaTh — CTPOTO JOKA3aJd, TaK KaK MHIEH0
BBICKA3bIBAJIN U JIPYTHE) 3aKOH BCEMUPHOTO TATOTEHUs. BbLI
Haiiien KJao4 K o6bsicienuio Muorux Taiti IIpupossr. C momo-
IIBIO 9TOTO 3aKoHAa HbIOTOH 00BACHII U 060N AMITHPUYEC-
Kie 3akoHbI Kerepa.

Cnoeit ouepean xmanta u 3amada o Jlywe. [lng mee x Tomy
BpPEMEHU CTAJIU U3BECTHBI HOBBIC, BECbMa JIIOOOIBITHBIC U TOHKUE
nabmogarenpibie Gaxtbl. C TOSBIEHIEM TEIECKONOB GbLIN
o6Hapyskenbl (1 TO JaIeKo He cpasdy) MaJible MOKAYUBAHUS TeJa
Jlynbl. dto cayunaoch B 1637 rony. Tamuseit, cucremarnyeckn
ugydas JIyHy B Tesieckorn Ha Buiie B Apuerpu (rje on npeGbiBa
B KaYeCTBE MJIEHHUKA MHKBU3UINN ), OOHAPYsKIT: «JIyHa OTKpPBI-
BAET M CKPBIBAET CBOM BOJIOCHI U YACTh JIMAMETPAIBHO TIPOTUBO-
MOJIOXKHOTO TTONG0PO/IKA, YTO MOKHO HA3BATh MOHIDKEHHEM U
nogHsATHEM Jinia». Kpome toro: «JlyHa moBopaumBaeT CBOIO
TOJIOBY TO HAITPABO, TO HAJIEBO U OTKPBIBAET TO HJIH IPYTOE YXO% .
B aTHX CJI0BaX HTAJIBSHCKUII YYEHBIH KPACOYHO IIPE/CTABIII
3aMeyvaTesIbHbI 1 TOHKUI 2 deKT: mepuomyeckoe nepemerie-
HUe Jerasnell pesabeda OTHOCUTEIBHO Kpasl BUAUMOTO JIyHHOTO
mucka. Tak Oblia OTKpbITa ontuueckas jgubpanust Jlyusr (ot
naturckoro libratio — noxaunsanue). Teopuu OblI clenan
BBI3OB.

Kax sxe HbloTOH OODBSICHAN BUINMBIE ITOKAUMBAHUS TeJa
JIyHbI, T.€. ONTHYECKYIO JTHOPAINIO?

AsmxeHue JlyHbl no 3akoHam Kennepa

C OTKPbITUEM 3aKOHOB Ker[JIepa HayaJicsl HOBBIN 3Tal B
Hccae/0BaHnn JABUKEHUA .HyHI)I. Ceituac MN3BECTHO, 4YTO Macca

1 .
.]IyHbI paBHa 8_ OT MacCChbl Halllen I1JIaHETbI (HI/I O/IHa Ilj1aHe-
’

ta B CoJIHEUHOIl cucrteMe He HUMEeT CTOJIb MaCCHUBHOI'O, B

cpaBHeHUU ¢ Hell camoil, ciytHuka). JlyHa JBUXKETCS ¢ 3anaja
Ha BOCTOK cO cpenmeit ckopoctbio 1,02 kM /¢ 1o mpubinsu-
TEJIbHO 3JIJIUITHIECKON OpOuTe BOKPYT HAallell IIaHEeThl B TOM
’Ke HalpaBJIeHNH, B KaKOM ABIKeTcs n 3eMJst BoKpyT CoJHia.
Opo6ura JIyHbl JOBOJIBHO BBITSHYTA W UMEET HKCIEHTPUCUTET

@
ny tuentpamu 3emsu u Jlynor pasHo 363300 kM (Jlyna B

e= =0,0549 , Tak YTO MUHUMAJIBHOE PACCTOSTHUAE MEXK-

nepuree), a MakcumaibHoe cocrasasger 405500 kv (Jlyna B
amoree). Cpeanee paccrosiine pasio 384400 KM — 2TO M ecTh
6oJbiiast mosyoch @; opoutsl Jlynel. C xopomum mpubanxe-
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HUEM MOKHO CYUTaTh, 4TO B TepBOM (oKyce aJumica fi
HaXOJUTCS 1IeHTP 3eMJn. A BOT BO BTOpoM... Bripouem, Bce 110
TIOPSIZIKY .

OObsicHeHMe onTu4yeckon nNMGpauum JlyHbl

JlBuxenue JlyHbl BooGIe O4eHb CJIO0JKHOE, a OTKpbITast lann-
JieeM ONTHYeCKast JUOPAIMst OTHOCUTCS K TOHKUM SIBJEHUSIM B
HebecHOil MexaHuKe. TP 9MIUPHYECKUX 3aKOHA ONTHYECKOI
su6paryn s Jlynor cpopmyaupoBan Jomennko Kaccunn B
1693 roxy. Ilepsble 1Ba M3 HUX IJIACAT:

1) JlyHa Bpaiaercss pABHOMEPHO BOKPYT OCH, TIPUYEM [EPHO/T
ee BpallleHus COBIAJAET C TEPUOJOM o6palienus 1mo opoure
BOKPYT 3eMJIH.

2) IlnockocThb sKBaTopa JIyHBI coXpaHsgeT mocTosaHHbI (cefi-
vac Gbl CKA3a/IK — TIOYTH MOCTOSTHHBIN ) HAKJIOH K 9KJIUITHKE, T.€.
K TJIOCKOCTH ABIKeHUs: 3eMun BOKpyr CoJHIa.

Hpiorton o0bsicHu ontryeckyio jgubpanuio JIyHbI Kak ciej-
CTBUE HEPABHOMEPHOTO €e JIBUKEHUS 110 AJUIUIITHIECKONH 0pOu-
te BOkpyr 3emsn (coriacHo Bropomy sakony Kemepa, B
mepuree MOCTyNaTeJbHAs CKOPOCTb OOJIbIIIE, a B aroree —
MEHbIIE) TIPU CTPOrO PABHOMEPHOM BPAIEHUH BOKPYT ocu. B
Ka}K[[bIﬁ MOMEHT BpE€ME€HU Mbl BUJVUM POBHO IOJIOBUHY ITOBEPX-
HocTH JIYHBI, OHAKO 3a JYHHbBIH Mecsl (PasamyaoT HECKOJIb-
KO JIYHHBIX MeCsIeB, HO 6e3 MOTepu CMbICJA 3/IeCh 9TO MOMKHO
He YYUTBIBATH) ACTPOHOMBI MOTYT BH/ETh 10 59% 5TOi MOBepX-
HOCTH.

Puc2. Onmyeckas nmbpauymns JlyHel no [Jonrore. [IpoCTpaHCTBeHHas
opmeHTaymns Tena JlyHel MpeacraBieHa Tpems toukamu a, b, ¢. Marnsie
CeKTOpbI (BbiAENEHE! 60TICE TOCTBIMY JIMHIIMIM) [T0KA3bIBAIOT [OMON-
HUTENIbHbIE 1P 0030pe C 3eMin y4acTKu J1yHHOL TOBEPXHOCTH

PaceMorpuM pucyHOK 2. 3a 4eTBEPTh MecsIa MocJe MPOXOK-
nenus nepurest I1 Jlyna npoiiier myTb HeMHOTO O0JIbIIIE YETBEPTH
Beeil OPOUTHI, @ BOKPYT OCH MoBepHeTcst posHO Ha 90°. B aToM
noJIosKeHnM Mbl ¢ mpaBoro (3amazHoro) kpast JlyHpr Gyzem
BIJIETb CEKTOp, paHee HEAOCTYNHbII HaM. B amoree A Gyner
BUJIHA T YK€ YaCTh MOBEPXHOCTH, UTO ¥ B repuree. B cieayiontyio
(TpeTbio) ueTBepTh Mecsina JIyHa MpoiiieT yske MeHblle YeTBep-
Toit YacTH OPGHUTHI, a YTOJ MOBOPOTa 6yAeT poBHO 270°, Tak uTo
HaM OTKPOETCSI paHee HEBUANMASI YACTh OBEPXHOCTH C BOCTOY-
HOTO Kpast. ITO U eCTb oNTHYecKas muépanus JIyHbl 10 JoJTOoTe.
OueBniHo, B Toukax A u IT mubpalusi mo JoJrore oOpaIiaeTcst
B HOJIb.

[t TOJTHOTBI T06aBHM, YTO CYIIECTBYIOT TaKkyKe JUGPAIUs 110
MUpOTe W CyTOUHAs JUOpanus, HO MX Mbl pacCMaTpUBaTh He
OyneM. V3 ckazaHHOTO UUTATEJb JIOJKEH TaKyKe YSICHUTD, YTO
O/I ONITHYECKO# JnGpanueil MOHUMAOT Jniib Kakyimecst (uu-
cro reomerprdeckuil adpdekr!) nokaunpanus teaa JIyHbl.

Ha kavectBenHOM ypoBHe HBIOTOH HOJTHOCTBIO OGBACHUI
onTHyecKyo yuopaiio JIyrpr. OHaKo, TTOX0Ke, JOMYCTUI TIPH
9TOM OJHY HETOYHOCTD.
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Kyna cmoTtput JlyHa?

Hab6monenns cBueTeIbCTBYIOT: JIYHHBIH miap Bcerja o6pa-
el K 3emJie penMyiecTBeHHO o/1Hoi ctoponoii. Ho novemy,
KakuM 06pa3oM BO3HUKJIA CTOJIb SpKasi OCOGEHHOCTDb B JIBUKe-
nun Jlynpl? 3namenuTbiii Mexanuk u Maremaruk Jlarpamx
MepBbIM NPUOM3UICS K OTBETY Ha 3TOT TPY/HbBIN Bompoc. Ere
B 1764 rogy on ycranoui, uyrto «gopma JIyHbl j0/0KHA OBITD
3JUIUTICOUIOM C HauboJblliell OCblo, HAIPABJIEHHOH K 3emJe
< MbI JKe YTOYHSEeM, 4TO, CTPOTO TOBOPS, 3Ta OCh HAIIpaBJIeHA He
Ha 3eMJIio, a coBepInaeT HeGOoJIbIINe KOJTeGaHUsT OTHOCHTEIHHO
TOUKH BTOpOro ¢oxyca >. I ecn gaske mepBOHAYAIBHO TEPUO/
BparieHus JIyHbl He COBIAJAT ¢ TIEPUOJOM OGpalleHus BOKPYT
3eMJI, Bce PABHO uYepe3 HEKOTOPOEe BPeMs [[BA 3THX IIepHoja
JIOJIKHBI GbLIN CPABHATHCS M3-32 BJIMSHUST TIPUTSKEHHST 3€MJIN
1 CBSA3AHHOI ¢ HUM IIPUJIMBHOII JINCCUTIAIE] SHEPTUN BPAIICHUS
HAIIETO CITyTHUKA».

B cBonx «Hauamax» Hpioton nurert: «...Beaencrsue atoro. ..
MPOUCXO/IUT, 4TO ¢ 3eMJu HAGII0IAeTCsl OfHA U Ta JKe CTOPOHA
JIyHBI; B APYTOM TIOJIOKEHUH TeJI0 JIyHbI He MOTJIO GbI HAXOUTh-
cs B TIOKOe, a TIOCTOSTHHO BO3BPAIATIOCH ObI K 3TOMY MOJIOXKe-
HUIO, coBepinas koJjeGanus. Ho atu Kosiebanust, BCiencTBUE
MAJIOCTH JIEHCTBYIONUX CUJI, TIPOUCXO/MIN Obl BECbMa MeJlJIeH-
HO, TaK 4TO Md CIMOPOHA, KOMopas 00JKHd Obl Oblnb NOCOSIH-
110 oOpawena x 3emae, mozua 6v Gvims oOpawena u K Opyzomy
Goxycy aynnoti opbumoL... 6e3 Toro, 4To6bl HEME/JIEHHO ObITh
OTTSIHYTOI M TIOBEPHYTON K 3emJies.

Omnpenenenno, HploToH roBopuT 31ech O BecbMa TOHKOM
apdexTe: m3-3a ONTUYECKOI JUGPAIIMM HEMHOTO BBITSHYTAs
¢urypa JIyHb 10J3KHA COBEPIIATD €11e U OYEHDb MAJIbIe KPYTHJIb-
Hbple KOJeGaHust, HO Y)Ke He KaKyImecs, a [elfiCTBUTETHHO
IIPOUCXO/IAIIIE OTHOCUTEIBHO €€ LeHTpa Macc. JTO — IIepBoe
npejckasanue ¢pusndeckoii muéparmu Jlynot. Ho npu aTom camo
SIBJIEHHE ONTHYeCKOl Jubparmn HbIOTOH ONMChIBAeT CJUIIKOM
PaCIJIBIBUATO W Jla’ke IBYCMBICJEHHO. /leficTBUTENbHO, M3 €eTo
¢pasbl, BBIJICJEHHOI BbIIIE KYPCUBOM, HEJIb3s MOHSATH, Kak
cropona JIyibl, KOTopast 0/oKHA ObI ObITH TOCTOSTHHO OGpalieHa
K 3emuie, MOTJ1a ObI GBITH O6paleHa 1 K Apyromy hoKycy JyHHOIT
op6utbl. Beap paccrosnne mexay ob6oumu doxycamMu OpOUTDI
Jlynsr pocturaer 3suHavenus 42207 M, uTo cocrtaBiasger 3,3
HonepeyHnKa 3eMJan — He Tak Yk Maso. [loaTomy ykasaHHble
ciaoBa HpioToHa GoJibllie 033/1a4MBAIOT, 4YeM IPOSCHSIOT CYTb
zeJia.

B npyrom mecre «Hawan» unraem: «Tax kak mus Jlywbr,
IIPH PAaBHOMEPHOM ee OOpAIEeHUH BOKPYT OCH, CYTKH PaBHBI
HAlIeMy MECSIly, MO0 K HuxXHemy hoxycy ee opoumvl 6ydem
6cezda obpawena nowmu noCMOAHHO 00HA U MA Ke CMOPOHd
...» «K HmxHeMy» 3HAUUT KO BTOpOMYy (oOKycy opOuTbl. Y
3JIJTUIICA, KaK M3BECTHO, €CThb /iBa (POKyCa: B OJHOM HAXO/NTCS
nenrp 3emsn (rounee, cucrembl 3emus-JIyHa), a Ha JApYroii,
[0 BBICKA3aHHOMY 3/iech MHeHHI0 Hpiotona (BbIIeJIeHO KypCH-
BOM), GyzeT Beerga oGpanieHa ouTH TIOCTOSIHHO OTHA M Ta JKe
cropona JlyHbl.

O/1HaKO HUKAKON OIPEJEICHHOCTH K MEPBOMY YTBEPK/ICHUIO
sta ¢dpasza Hpiorona e noGapiser. Kax MoxxeT BbIjieJeHHbII
pazanyc JIyHbBI OUTH MTOCTOSTHHO OBITH HAIIPABJIEHHBIM B OJHY U
Ty ’Ke TOUKY BHEIIHETO IpocTpaHcTBa? Beab mporiecc onrnyec-
KON JmOpaIuy MpoUCXOUT HenpepbiBHO. M Kak ceiiyac Mbl
y6esuMesi, Ha caMOM Jiesie Bce Hao0OPOT: BbIJICJIEHHDBIN Paiyc
JIyubl moutn moctosHHo He Hampasien (!) B TOYKY BTOPOro
dokyca, a coepiiaeT Koae6aHns OTHOCUTEJIbHO HAIIPABJICHUS
Ha Hero.

Koneuyno, Ha OCHOBAHNHU CKAa3aHHOTO BPSJL JIU MOXKHO T'OBO-
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purb 06 ommOKke HploToHa, TeM He MeHee, HeIONOHIMaHUE
CYTH JeJla B BOIIpOce O AeHCTBHTEJbHOM HallpaBJIEHHU BblIe-
JleHHOTo pajmyca JIyHbI B Xo[e ONTHYECKOi Jmbpanun 10
josirote nposiigercss y HploToHa coBepliieHHO OIpe/iesieHHO.
He uyBcTByeTCs 4ekaHHOI SICHOCTH, XapaKTEPHOI /s 3TOTO
BEJIMKOTO YYEHOTO, aBTOPHUTET KOTOPOTO ! ceifyac HeoObIUaitHO
BbICOK. HeyamBuresnbHO, YTO HEKOTOpas HESICHOCTb B OIHUCA-
HUWM JIJAHHOTO $IBJICHUSI BCTPEYAeTCs M B HAYYHO-TIOIYJISIPHOMN
JuTeparype.

3ameuaresbuplii nonysasgpusatop Hayku S.M.Ilepenbman B
KHUTE <«3aHUMaresJbHAasl ACTPOHOMHS» CHAadasla IUIIET: <...
xorga Jlyna oxaspiBaetcs B E, paanyc JIyHbI, 0OpaIlieHHBINH K
3emte B Touke A, onumier ayry B 90° u OyaeTr HamlpaBJeH ... K
mouxe ... nenodaiexy om opyz020 oxyca AYnnou opoumvl>. A
HIDKe ynTaeM: «...JJyHna neusmenno ob6pawena o0Hou u mou xe
cmoponoi He k 3emie, a k Opyzomy hoxkycy ceoetl opoumol....».
3nech mepBasi ppasa (BepHas!) BCTymaeT B IPOTHBOpEYHE CO
BTOPOIi.

W3BectHbrii poccuiickuii acrponoM B.U.Bponmtan B comep-
skateapoil kunre «Kax nasmxercs Jlyna» npuBoanT 6e3 Kaknx-
Jn60 KOMMEHTAPHEB YKAa3aHHBIN Bbllle B3rJsga HbpioTona Ha
xapakrep JBmxenns JIynor.

W paxe KpymHBIN YYEHBIH, CHEIMANCT TI0 BpatieHuo JIyHbr
MoyTcymnac B U3BeCTHOI KOJIIEKTHBHON MoHOTpadun «Dusmka
u acrpoHomust JIyHpi» (B mepeBojie ¢ AHIIMICKOTO SI3bIKA),
roopsg o npejackazannn Hbiotonom Qusndeckoii smbpanum,
MIPUBOJIUT €r0 CJIOBA TaK)Ke, K COXKAJEeHHIO, 6e3 KaKux-au6o
KPUTHYECKUX KOMMEHTAPHEB.

TariHaa ponb BTOporo ¢okyca

JI1060ii asIIc, He BBIPOXK/EHHDINH B OKPY’KHOCTD, UMEET /[Ba
dokyca. B acrponomun nepsblit 3akon Keriepa yTBep:kiaer: B
ofHOM 13 (POKYCOB HAXOANTCS TPUTATUBAIOMINI TEHTP — IS
mianer ato Counite, ast Jlynotr 3emast u t.71. Touka ske BToporo
dokyca Ay nIaHeT He WIpaeT HUKAKOH (U3NUeCcKOil pom u
npecTaBsger co6oil MPOCTO TeOMETPUYECKyio TOYKy. [Ipyras
CUTyaluda CKJIaJbIBACTCA MIPU OIIMCAHNU CUHXPOHHOI'O [ABUXKE-
nust JIynbl. 37ech BTOpoil (JOKyC KUHEMATHYECKU BbIIEJISETCS
MMEHHO TeM, YTO BOKPYT HAIPaBJeEHUs Ha HETo IJIaBHAs OCh
Jlyubpl coBepimaer He6osblme KosieGaHus. TakoBa ke pOJIb
BTOpOro (oKyca W JUIS JIPYTUX CIYTHUKOB C CHHXPOHHBIM
BpantenrieM B CosHeunoii cucreme. OHaKo ocoGoro dusmuec-
KOr'o CMbICJIa JJIs1 YEThIPEX raJINJICEBCKUX CITYyTHUKOB IOHI/ITepa
9TOT BTOpPOU (DOKyC He HMMeeT, TaK KaK HAXOJAMTCS TIy6OKO
BHyTpH camoro IOnuTepa. A BoT cucrema 3emsa-Jlyna yHuKasb-
Ha TeM, 4TO TOJIBKO 3/IeChb TOYKA BTOPOTO (POKyca JIEKUT JATEKO
3a mpeaenamu 3emum (Gosree Tpex ee IMAMETPOB), W HE CUNTATH-
cs ¢ aTuM (PAKTOM B COBPEMEHHOI HEOECHOW MeXaHUKe YiKe
HEJb35.

Puc.3. borbiiori 3mmmnc — opbuta JlyHsl M (415 HarngaHsocTv Cxame
rpeysesindero), 1 v A — Toyku nepures v anores, fi v fy — gokycer
SJIINIICE, EHTP Macc 3emsisg-JTyHa Haxoqurcs 8 nepBom @okyce. Marbivi
SMnC usobpaxaer @urypy JlyHs!
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UTOoGbI BBISICHUTD, YTO TIPOUCXO/UT C HAIIPABJIEHUEM TJIABHOM
ocu, uan GOJbIIONH ocu uHepiuu, JIyHbBI B X0/l ONTHYCCKOM
JUOPAIIHN TIO [TOJITOTE, PACCMOTPHM /IBUKeHe JIyHbI 110 HJLIHII-
cy c¢ akcierrpucureroM e = 0,0549 1pu coBnailenny nepruoioB
oceBoro Bpaienns n o6pamtenust JIyusr Bokpyr 3emum (puc.3).
[lanee orpanmunmcsa aByms 3akoHamu Kensepa. Corsacno
MEePBOMY 3aKOHY, B TOYKE MEPBOTO (DOKyca 3JInIca HaXOAUTCS
nentp macce 3emas-Jlyna. Eme B apeBHOCTH acTpOHOMBI, a
no3zHee u Keriep, Haps/1y ¢ MCTHHHOI aHOMaJell © BBOAMJIN
YTOJI 9KCIeHTpUIecKoil anoMaanu € . O6a yriia CBSI3aHbl MeXXIy
€000l TaKUM TPUTOHOMETPUYECKUM COOTHOIIIEHUEM:

3a BpeMs, MpoTeKIiee OT MOMEHTa, Korja JlyHa Haxoamjaach B
nepuree (£ =0, 6 =0), 10 MOMEHTa C 3aJaHHBIMK B JAHHbII
MOMEHT BpPEMEHM ¢ 3HAUYCHUSIMM 3THX YIJIOB € U O paamyc-
BekTOp JIyHBI 3aMeTaeT IJIONa/1b

S :%(s—esina)_
2
Bropoii 3akon Kerepa tpebyer, 4To6bI OTHOIIEHIE ITOH T1J10-
M K TOJHOH TIONAAM 3JJIUIcAa ObLJIO PABHO OTHOIIEHUIO
COOTBETCTBYIOIINX BPEMEH:
S t

Taa, T’

rae T — nepuoj ob6patennd 1o asmncy. OTco1a HaXoauM
£—esin€
(= (Ezesing),
21

ITockompky oceBas yrioBasti CKOpocTb BpamieHust JIyHbr Q
JI0JKHA GBITh paBHa (10 YCJIOBUIO CHHXPOHHOTO €¢ 0GpaIeHus

21
BOKPYT 3eMJIN) CpeiHeMy 3HAYEHNIO yTI0BOH CKOPOCTH W = T

Ipu o6palleHny BOKPYT Hallell TJIAaHeTbl, TO YToJI IOBOPOTA
6oubImoil ocu wHepIH JIyHBI 32 yKasaHHOe BpeMs ¢ PaBHO

0=tQ=tw :T—w( € —esin é =g -esin &
21
Pacemorpum tpeyrosibauk fiMC . B Hem

sin  sin(6-X) ’

sin X

0+X=0,u d-, = .
X e rsiné

Hac untepecyer paccrosmme A =dcy, =2ae —dcy, . Jlna nero
nMeeM
A 1-e* siny _ 1—¢?

—=2e- e =
a 1+ ecosBsin d 1+ecosB

(sin @ ctg & —cos 6) .

Omnpenenmm Temepsb ctgd kak gpyHrumio or yriaa € (mmm 6):
1+tgetg(esine)

ctgd =ctg(e-esing) = tge—tg(evine)

ITockoabky
_e+cos® . N1-¢*sin® _N1-¢€*sin®
COSE= ———— , sine=———, tge=—-———
1+ecosB 1+ecosB e+cosB
MOJIYIaeTCsT
1_'_\/1—e2 sinet Ep\/1—e2 sineg
e+cosO H 1+ecos® H
ctgd = \/72 5 - ik
1-e smG_t i 1-e smGEI
e+cosO H 1+ecos® H
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A .
Puc4. [paguk [na BemmvnHbl — Kak QyHKUMA Yr7ia UCTUHHOV
4

aHomasim ©

B wurore okaspiBaeTCsl, YTO MCKOMOE PACCTOSIHWE OT TOYKH
Broporo (okyca, Ha KOTOPOM HPOJIOJIKEHHE OOJIBbIIONH Och
uHeptun JIyHbI epeceKaet TIaBHyI0 OCb OpOUTHI JIYHBI, OTINY-
HO OT HyJISI M CBSI3AHO C MOJIYOCHIO @y TAKUM COOTHOTIEHHEM:

A .

S =e+cose—ctg 81 —e? sin €.

a
PesybraTsl pacueToB 110 aToii (hopMy.Jie IPUBe/IEHbI HA PUCYHKE
4. Pasnoxkenne B pSA 1O CTETICHSIM MaJIOTO 9KCIICHTPUCHUTETA:

L8 _COSE 2 +1D1 -2cos’ De3 - &58(1 +8cos’ 5)64 +...
a2 3 T

JIAeT, YTO B MEPBOM MPHUOIIKEHNN 9(DHEKT HCKOMOTO OTKJIOHE-

HUS TIPOTIOPIMOHAJEH KBAJPaTy dKCIEHTPUCHUTETA OPOUTHI

Jlynbl.

Wrax, mpu ob6pamiennn JIyHBI 110 AJIUICY BOKPYT 3eMJIH
KOHeI[ GOJIBITION OCH NHEPIINHU HAIIETO CIIyTHUKA He Beera OyaeT
HalpaBJIeH B TOUKY BTOporo ¢okyca, Ho cosepiaer (6e3 yuera
MaJsoit dusnueckoii uGpaimm) KosjeGaTeJSbHbIE JBHKEHUS B
OKPECTHOCTH 3TOW CaMOW TOYKH:

-1,59330107 < A 1,4275007 .
a

B nunetinoit mepe

—612 kM < A <548 KM .

OGpaTuM BHEMaHHE HA HEKOTOPYIO ACUMMETPUIO OTHOCHTE/Ib-
HO TouKH QoKyca f, WHTepBada n3MeHeHus Beauannbl A . Kax

BBI JlyMaeTe, B 4eM IIPUYMHA TaKOH acuMMeTpun?

U emte. Tonyuennas bopmy.ia st BEJTTUHHbI aA OIIUCHIBAET

1

OINITHYECKYIO JTUOPAIHIO 110 JI0JITOTe JJIsT HaOII0IaTeIsl, PACTIOJO-
SKEHHOTO B 11epBOM (hokyce opOUTbI. A Kakoil OyjieT BeJM4YnHa
9TON JMOpaIu /it HalJII0/IaTe s, TIePEMECTUBIIErOCsS BO BTO-
poit okyc nam B 1ieHTp dsuica? [pyruMu cJoBaMu, B KaKkoil
73 TpeX YKa3aHHBIX TOYEK MOXKHO Gy/eT BHAETb HAUGOJIBIIYIO
ponosmuTebryo (k 50%) mmomaap JIyHpr?

OTBeTbI Ha ATU BOIPOCHI BILyMYMBBIM YUTATEJISAM MPE/JIaraeT-
cs1 HaliTH caMOCTOSITEJIbHO.

ABTOP 71y6OKO rpU3HaTENEH peLieH3eHTam K.BXonweBHko-
By n BL.CypamHy 3a rnosesHble 3aMedYaHys.
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CHOBA O
TEOPEME
MOPJIEA

JIL.LUTEUHIAPL

Tpu KopoTkue 3agaum o GuccekTpucax

OpHoil M3 caMbIX YAMBUTENbHBIX M KDPACUBBIX TEOPEM B
reoMeTpUH 10 TPaBy CUUTAETCS meopema Mopaes, KOTopas
YTBEPIKIAET CJie/tytolee
(puc.1):

Touxu nepeceuenus
CMEKHBIX MPUCEKMPUC
yeaos (m.e. ayuet, Oe-
AAUUX Oannvlll Y20l Ha
mpu pagivie wacmu) npo-
U36016H020 MPEY20bHU-
Ka S6ASI0MCS 6ePULUHA-
MU PABHOCNOPOHIEZO
mpeyzonoHuUKA.

Teopema 6buia oTkpbita B 1904 rosy aHrJnmiicKuM MareMaTu-
koM MDpankom Mopaeem (Frank Morley). Torga on pacckasal
00 aTOil TeopeMe CBOUM [IPY3bsiM, a OIyOJMKOBAJ ee JBA/IATD
JeT crycts B Snonnn.

Y aT0ll TEeopeMbl ecTb, K COXKaJEHUIO, OJIUH CYI[eCTBEHHBIH
«neocTatok». [lo HemaBHero BpeMenu ObLIN M3BECTHBI JIUIIb
JIOBOJIBHO CJIOKHBIE JIOKA3aTEJIbCTBA ATOi TeopeMbl (CM. CIHCOK
JIUTEpaTyphl B KOHIle cTaThn). Kak mpaBmyio, yuuTess, paccka-
3bIBasi yueHUKaM 00 3TOI TeopeMe, TOBOPST, B KAKOM TO/Y 1 KeM
oHa OblJIa OTKPDBITA, MMOKA3BIBAIOT KPACHUBDII YepPTEK, HO OUYEHD
peIKo ee MOKa3piBaiOT. Ha Hamm B3I, 3TOT <«HEIOCTATOK»
MOYKHO YCTPAHUTD.

B aT0it He6OIBITION CTAaThe MBI TIpe/IJIaraeM TPH COBCEM HETPY 1-
HbIE 33/1a4M, PEMIEHNS] KOTOPBIX JIOCTYIHBI MPAKTUYECKN JI060-

C My mkoabHuKy. Ilocre
ITUX 3a/a4 [l0KA3aTe/b-
cTBO TeopeMbl MopJied cTa-
HOBHTCSI TIOYTU OYEBU/I-
HBIM.
A 3agaua 1. buccexmpu-
cor mpeyzoavnuuka ABC
B nepecexaomcs ¢ mourxe O

(puc.2). Joxaxume, umo
yeon COB na 90° 6oavue, uem nososuna yeaa A.

Pemenne. Bsenem oGosnauenusa: OA & , OB B,
OC ¥ . dcuo, utro a+B+y =90°. Torma B+y =90°-a.
Crenosarempno, OCOB= 180- B+y )= 180°-(90°-a) =
=a+90°.

3agaua 2 (obparnast k 3agaue 1). Buympu mpeyzonviuxa
ABC (puc.3) e3sma mouxa O max, umo yzon COB na 90°

Puc. 1

Puc. 2

Aemop cmamvu — npenodasamens wxoavt «I1lyey> us Hepycaruma.
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6oavute, uenm yzon CAO, a yzon COA ua 90° 6onvwe, uem yzo1
CBO. Joxaxume, umo AO, BO u CO sgasomes 6uccexmpu-
camu yea06 0aniozo mpeyzorbHuUKa.

C

A

Puc. 3

Pemenne. O6osznauum: OCAO=a , OCBO= . Toraa, no
yeaosuio, OCOA B+ 90 , OCOB=a+ 90 . To, utro CO —
6uccexrpuca yria C, O4eBH/HO, TaK KaK B KJK/JOM U3 TPEYTOJIb-
ko ACO u BCO cymma AByX yrJioB ognHakoBa (Kaxaas 13
Hux paBHa o + 3 +90° ).

[okaxxem rerepb, uto AO — Guccexrpuca yria CAB. Ilpearno-
JIOKHM, 4TO 9TO He Tak. BosbMeM Torga Ha cropore CB (um na
ee MpojoJskenun) Touky By Tak, utoGel ayu AO okazascs
6uccexrpucoii yria CAB; (cM. puc.3). Ipu aToM OKaKeTcst, 4To
O — touka nepeceuenusi Guccekrpuc tpeyrosabunka CAB; . Torna
nosyyaem (cem. sazauy 1), uro OCOBF a+ 90 | a aro nporu-
Bopeunt ycsaosuio — Beap UCOB=a+ 90 . Caenosarenbho,
AO — oOuccexrpuca yraa A. Ho Tak xak, kpome toro, CO —
6uccekrpuca yrna C, to BO — Guccekrpuca yriaa B, uto u
TPe6OBAJIOCh.

3amawa 3. Ha cmoponax OA; u OB, pasnocmoponnezo
mpeyzonvnuxa 0B, (puc.4) nocmpouru enewnum o6pazom
mpeyeorvruxu AOA u BOB max, umo yeon BOB na 60°

H a+60°

B+60°

A

Puc. 4 B

6oavwe, wem yeor A4 AO , ayzon A OA na 60° 6orvwe, uem yzon
BBO . IHpsmvie AA; u BB, nepecexaiomcs e mouxe C.
Hokaxume, wmo AO, BO u CO ssasromcs duccexmpucamu
yenos mpeyzonvruxa ABC.

Pemenne. OGosnaunm: OAAO0=a |, OB BO=f . {cHo,
yro UAA,O=0 BB{O . TIloayuaercs, uyro UOCABE
= 0OCBA; (rak kak ODOABF O OB, 4 60 ), r.e. TpeyroJb-
nuk ACB; okasbiBaercsi paBHOGeipeHHbIM. [T0aTOMY Tpeyroib-
mnkn A OC u BOC pasubr (110 TpeM cTOpOHAM), W KasKIbIiA
uzyraoB A OC u B,OC pasen 30°. IIpuatom OBOC=a + 99 ,
a JAOCG=B+ 90 .

Caenosarenpho (em. sagauy 2), AO, BO n CO angiorcs
6uccexrpucamu tpeyrojbunka ABC, uTo 1 Tpe6GoBaJIOCh JJOKa-
3aTh.

Jloka3zaTenbcTtBo Teopembl Mopnes

[Iycts ABC — nmaHHBIH TPEeyrOJbHUK, a TpeyroJbHuk XYZ
06pa30BaH TPUCEKTPUCAMH YTJIOB JJAHHOTO Tpeyroabanka (puc.5).
[lokaxkeM, uTO TpeyroibHuk XYZ paBHOCTOPOHHUII.
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C Beenem o6osnavenis:
o4& a , oB= B ,
0OC= § . Paccmorpum
TIPON3BOJIBHBIN pPaBHO-
CTOPOHHUH TPEYTOJbHUK
AB,C, (puc. 6). Ilocr-
poum Ha cropone BC
Tpeyroabnuk A,B,C
tak, wro6er OA,BCE

=y+60°, a 0OA,C,B=

=B+60°. OueBugno, uyro OB A,CE/ O , tak Kak o+ +
+y =60°.

A B
Puc. 5

¢,

Toumno Tak >xe moctponM ere aBa tpeyroibuuka ACi\B, u
AB,C, (cM. puc.6).

Jlyun AyB; u ByA; nepecekyrcsi B HEKOTOPOil Touke M, Tak
Kak cymma yrios BjA,B, n A;ByA, menbine 180 rpaaycos. Ilpu
9TOM [IJisT TPeyTOJIbHUKA AyByM BBITIOMHAIOTCS YCIOBUS 3a/1a41
3. Moatomy A,C; Oymer 6uccextpucoit yriaa BiA,B,, a B,C;
O6yner Ouccekrpucoii yraa AByA,. DTo o3Havaer, 4TO
OCAB=a ,a OCBA=B .

AHAJIOTMYHBII PE3yJIbTaT MOJYYAETCS U B OCTAJIBHDIX CJIydasx
(nna AyBy, CyB;, CoA; n B,A;).

Takum 06pa3oM, OKasbIBaeTcsi, YTO B TpeyroJbhuke A,B,C,
[IPOBE/IEHbI  MPUCEKMPUCHL, W OHU IPH CBOEM IEpeceyeHnn
OTIpe/IeJISIIOT PAaBHOCTOPOHHUIT TpeyrobHuK. Ho oueBuanO, uTO
tpeyrombnnkn A, B,C, mw ABC nopo6usr (1o yraam). Caemosa-
TeJbHO, U TpeyroybHuk X YZ Takske paBHOCTOpoHHUI. Teopema
MopJieg nokazana.
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OT pepakuumn

C MOMeHTa OTKPBITHS TeopeMbl MopJiest IPOIILIO Y3Ke GOJIbIe
BeKa, HO [0 CUX TOp dTa HEeOOBIKHOBEHHO KPACHUBAs 3ajadya
IpuBJieKaeT K cebe BHUMAaHUE MATEMATHKOB. B aHrIOS3bIYHOI
Jureparype ee uHorjaa HasbiBaior «Morley’s Miracle» («uyo
Mopaes»). «KpanT» yxe mucas o6 stoit reopeme B Ne 8 3a 1978
rog B cratbe . Tonogna n M.Arnoma «Teopema Mopaesi», tae
IIPUBE/ICHBI TIEPBbIC dJIEMEHTApHbIE, HO BECbMa HEIPOCTbIE ee
JTOKA3aTeNbCTBA.

Mbl 1ipejsiaraeM BailieMy BHUMAHUIO €llle /[Ba JJIeraHTHBIX U
KOPOTKHX PAacCy’KJeHUs, HailleHHbIX He Tak JaBHO. llepBoe
npunanesxnt Jx. Konsero (nzo6peraremo urpsr «/Kusub» ), a
BTOPOE B3SITO U3 MaTeMaTn4eckoro ¢qroybkaopa. OHn GJIU3KH 110
JyXy, HO B KaXK/IOM €CTb CBOSI M3IOMUHKA.

CoBetyeM TaksKe 3arJsiHyTh Ha CAT

http: / /www.cut-the-knot.org /triangle /Morley /

Tam npuBezieHO GOJIbIIIE [IECATKA JOKA3ATETbCTB TEOPEMBI, B TOM
YycJie TIPUHAJIEKAIUX ¥ U3BECTHBIM MaTEMaTHKAaM.

JdokasaTtenbctBo KoHBes

ITycTb yryibl MCXOAHOTO TPEYroJibHUKAa paBubl 30, 3B, 3y.
BaesieM yro6Hoe o6o3nauenue: Gyiem macarb ¢ smecto ¢ + 60° .
Torma o + B +y =0". 3aMeTuM, UTO CYIECTBYIOT TPEYTOMIbHUKY

¢ yrjaamn (OD, G, 0 ), (O(,BD, \F) , (GD, B, \F) , (O(D, 7, y) ,
(Gm, B, y), (O(, B, y), (0(, B, ym), TAK KaK B KKJIOM CIydae
cymma yraos pasna 180°. Temepb A/ Kayk1oil TPOIKM yIJIOB
MIOCTPOMM KOHKPETHBIII TPEYTOJbHUK C STUMHU YTJIAMH, CIIEIH-
AJIBHO MOAOHMPAsT JITUHBI CTOPOH.

[lns Tpoiikn (OD, 0, (‘9) 9T0 Oy/IeT PAaBHOCTOPOHHUI Tpey-
TOJIBHUK CO CTOPOHOM 1.
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[Lns Tpoiiku (or o, \F) — 3TO TPEYTOJIbHUK, B KOTOPOM CTOPO-
HA, COEAMHAIONAS BEPIIMHBI ¢ yraaMim o u v, pasHa 1

(puc.1,a). AHANOIMYHO IOCTYIIMM C TPOKAMH (G,BD,\F) u
(@),
[lns Tpoitkn (GD], B, y) caemraeM tak. PaccMoTpuM TpeyroJib-

muk BXC (puc.1,6), B KOTOpoM yroJ npu Bepume B pasen 3,
mpu Bepmmae X paser oF | a mpu Beprmae C paser Y. Uepes

B
Puc. 1

BepiuHy X MPOBE/EM JiBa Jiy4ya, KOTOPbIE IIePeceKatoT MpsiMylo
BC B Toukax Y u Z 1071 yriaom O(D, u 1oi6epeM Maciital Tak,
yto6pl XY = XZ = 1. IIpu atom cropona BX okaxercsi paBHOIi
CTOpOHE, JIexKaleil IIPOTHB yraa o B yiKe HOCTPOCHHOM Tpey-
rompruke ¢ yraamu o, B, y2 (momymaiite, mouemy). Dto
norpebyeTcs HaM 4yTb JlaJblie. AHAJOTMYHO MOCTPOUM TPEY-
TOJIbHUKY U JIJIS JIBYX OCTABIIUXCS TPOEK TAKOrO BU/IA.

Wrtak, Mbl oJy4nsin 7 TPEyroJbHUKOB. PacnoioxkuM nxX Kax
IOKA3aHO Ha PUCYHKE 2, 1 HAYHEM IIPU/IBUTATD UX JIPYT K JIPYTY,
4TOGBI ToJIyunsics pucyHok 3. [loueMy Bce Tak XOPOIIO COBIA-
niet? Bo-niepBbIX, CyMMBI YIJIOB IIPU BCEX BHYTPEHHUX BEPIINHAX
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Puc. 2

paBubl 360°. Bo-BTOPBIX, KPACHbIl TPeyroIbHUK MPUMBIKAET K
3eJIEHBIM TI0 e/[MHUYHBIM OTPE3KaM, a JKeJTble TPEYrOJbHUKH
IIPUMBIKAIOT K 3€JE€HBIM [0 PABHBIM OTPE3KaM IO MOCTPOEHUIO
(Bbile MbI JI0Ka3aau 31O st Tpeyroybinka BXC u TpeyroJib-
Huka c yraamn o, B, yY, aHanornuHo paccMarpuBaercs ToGast
mapa u3 5KEJITOr0 M 3EJCHOTO TPEYTOJbHUKOB).
O6paszosasiuiics TpeyroabHuk ABC 110106eH HCXOLHOMY 110
TPEM yrJaM, a MOJy4YHBIIAsICsS KapTHHKA COBIAJAET C TOil, YTO
MOJIYUUTCST IPU TIPOBEIEHUN TpUCeKTpuc. [loaToMy U B MCXO/1-

A

/

\/,
S

*
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HOM TPEYTOJIbHIKe 06Pa30BAHHDIIT TPHCEKTPUCAME TPEYTOJbHUK
Oy/tleT PaBHOCTOPOHHUM.

Ewe opHO poka3aTtenbCcTBO

PaccmoTpum paBHOCTOpOHHUHN TPeyTroMbHUK X YZ U OoTpa3uM
€r0 CUMMETPUYHO OTHOCHUTEJIHHO KaXK/0H M3 CTOPOH, TTOJYYUTCS

Q

P R
VA
Puc. 4

tpeyroabink POR (puc.4). Tlyctb HaM jaH TPEYroJbHUK C
yrmama 3o, 3B m 3y. Torma a+fB+y=60° W3 toukn X
MIPOBEJIEM Jiyd, oGpasytoluii yroa Y ¢ aydom XP, a u3 Touku Z
— o6pasytomuit yros o ¢ jaydoMm ZP. ITtu jyun 00s3aTeJbHO
nepecekytest (B Touke B), Tak Kak CyMMa yTJIOB, KOTOPbIE OHI
o6pasyior ¢ orpeskoM XZ, Menbiie 180° (puc.5). AHajormaHo
nposegeM ayun ZAu YA (ORZA B , ORYA y ). ScHo, uro

A

yroJ npu Bepuite B B Tpeyrosibnuke BXZ pasen 3, a yros npu
Bepinte A B TpeyrosbHuke AZY pasen a . Ilyctp npamas PR
nepecekaer BX u AY B toukax S u T coorBerctBenno (puc. 6).
Tpeyrosbnukn SXZ u TYZ paBHbI 110 CTOPOHE U JIBYM ITIpUJIe-
ratomum yriaM. [loatomy SZ = TZ. [lanee, Tpeyroavuukn SBZ

B o
Puc. 6 A

u TZA nono6ubl (B KaxaoM ectb yriasl o u (). U3 aByx
MOCJIeTHUX YTBEP:K/ICHWI TToTydaeM paBenctBa BZ:ZA=SZ.TA =
= TZ:TA. Haxonew, samerum, uto UOBZA=0 ZTA 1806-

- o - . Torga tpeyrobuuk BZA nojo6en tpeyroabuuky ZTA
1O JByM CTOPOHAM U YIJIy MeXIy HUMH. TakuM o6pasoM,
0ZBA B , OZAB=a . Anajoruymble pacCy KAeHus [/ TO-
yek X 1 Y BMecTo TOUKM Z TIPUBEYT HAC K TpeyroabHuky ABC,
VIJIBI KOTOPOTO paBHBI 30, 3B m 3y. IDTOT TPEyroJbHHK
1mo06eH UCXOJHOMY, 1, 3HAYUT, CHOBA TeopeMa J0Ka3aHa.
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CoxpaHeHue
MOJIHOM SHEPTnK
B 3a[a4ax
TEPMOAVNHAMUKM

A.YEPHOYLAH

B TEeX 3a/a9axX TEPMOJMHAMUKMN, T/€ JeHCTBYIOMNMI JUITAMA
SIBJISTIOTCST SKM/TKOCTH W TBEP/IbIE TeJa, BHYTPEHHSST SHEPTH
BBICTYIIAET I0CTATOYHO 000COOIEHHO 110 OTHOIMIEHNIO K MEXAHMU-
4yecKoit snepruu. bosee TOro, 1mepBbie e KaueCTBeHHbIE 3a/[a4n
MOKA3BIBAIOT, YTO THITUYHBIE TIPOUCXO/IATIINE BOKPYT HAC TIPEBPa-
IEHUsT BHYTPEHHEN SHEPTUN COOTBETCTBYIOT BECbMA 3HAUNTE -
HBIM U3MEHEHUSIM SHEPTUH MEXaHUYECKOii.

Bor xapakrepHblii mpumep.

3apava 1. Ha xaxyio 6vicomy MOKHO ObLa0 Obl NOOHAMS 2DY3
maccou M = 100 xe, ecau 6vl yoaioco nOIHOCMBIO Npespa-
mumo 6 pabomy duepzuio, vlOCAIIOUYIOCT NPU OXIAKOCHUU
cmaxana 60dvt om 100 °C do 20 °C? Macca 600v. 6 cmaxane
m =250 e.

Pemenne. 3amicaB COOTHOLIEHNE

c,m|At| = Mgh

rae ¢, = 4,2 EOE Z[;K/ (Kr H() — yJieJIbHAS TEIJI0EMKOCTD BOJIbI,
MOJIyYnUM

h =84 M.

3a0bITh BBIMUTH CTaKaH dYas — JIeJI0 OObIYHOE, a BOT MOJHSTDH
CTOKUJIOTPAMMOBDBIN TPy3 MOYTH HA CTOMETPOBYIO BBICOTY —
nocroitro lepaxsa nan WUapn Mypommal

CoBceM apyrag cuTyanus BO3HUKAET B 33/1a4aX C U/eaIbHBIMU
razamu. Tam u3MeHeHHsT MEXaHNYECKOI 1 BHyTpeHHel aHeprum
BBICTYTIAIOT KAaK TECHO CBSI3aHHbIE BEJMYUHBI OJHOTO MOPSI/IKA.
Hawubosee spro 3T0 mposiBjsiercss B 3ajadaX, I/le CHUCTEMA,
BBIBE/IEHHAS M3 PABHOBECHS, MPHUXOJUT B HOBOE PAaBHOBECHOE
COCTOSIHUE B Pe3yJIbTaTe HEPABHOBECHOTO MEPEXOHOTO MPOIeC-
ca. Oco6eHHOCTb TAKUX 3a/1a4 COCTOUT B TOM, UYTO MbI HE MOKEM
OIUCATH ITPOMEKYTOUHbIE COCTOSIHUSI CUCTEMBI, HO 3aKOH COXPa-
HEHUsI SHEPTUH COBMECTHO € YCJIOBHEM KOHEYHOTO PABHOBECHS
MIO3BOJISTIOT HAWTH peleHne.

PaccMoOTpuM HECKOJIBKO TPUMEPOB.

3amaua 2. B 6blcOKOM MENIOUSONUPOBAHHOM YUIUHOPE NOO
nopwmnem naxooumcs zeauil. ITopwnio mosuxom coobwawm
ckopocmv v =2 m/c. Ha ckoavko gvlue nHaudainnozo noJoxe-
HUSL OKAXKEMCS NOPUEHb NOCAE NPUX0Od CUCTNEMbL 8 PAGHOGe-
cue? Tpenuem u mensioobmenomn npenebpeus, Haod nopuneM 2asd
nem.

Pemenne. IlockosibKy K cucreme a3 — MOPHIEHDb TEIJIO HE
MOJIBOJINTCS U paboTa 9TOH CHUCTEMbI HaJl BHEITHUMU TeJaMU
paBHa HYJIO, MOJHAs dHEPrust cucTeMbl (MeXaHUYecKas ILIOC
BHYTpeHHsIs1) coxpaHsercs. Kpome TOro, 1o yCJI0BUIO MOKHO
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npene6peub maMeHennmeM (3a BpeMs TIpomecca) BHYTpPEeHHEH

SHEPTUU CTEHOK cocyfa u mopuias. Torga momydaem (puc.1)
2

maghy +% +§ VRT, =mgh, +% VRT, .

Tenepb 3allileM yCJOBHUE MEXaHNYECKOI0O paBHOBECHS TIOPIIHA

Puc. 1

" ypaBHEHHIE MeHﬂeneeBa—KnaHeﬁpOHa JIJIA TeJind B Ha4vaJIbHOM
1 KOHEYHOM COCTOAHUAX CUCTEMBbI:

»S =mg, pSh =VRT,,
paS =mg, pyShy = VRT;.
OTcio/1a, UCKJIIOUUB JIABJIEHUS, MOy INM
mghy = VRT,, mgh, = VRT, .

BusiHo, uTo Garojapsi yC/IOBHIO MEXaHMYECKOTO PABHOBECHS
BHYTPEHHsISI SHEPrHsl Tasa OKAa3blBAETCS IPOHOPIMOHATIDHOMN
HOTEHIINAIbHO} dHeprin TopiHs. [TocTaBUB 9TH COOTHOIIEHNUST
B 3aKOH COXpaHEHHsl SHEPruu, Haiiem
Smghl + mov* _ 5 mgh
Py — - T omgh
2 2 2 ’
i

02

hy = hy :% =8 cMm.

OTMeTHM, YTO OTBET HE 3aBUCUT OT TOTO, B KAKOM HalpaBJie-
HIU TOJKHYJIM TIOPIIEHb — BBEPX WJIN BHU3.

3ameuanue. Vnorpa ynoOHee 3alMCbIBATh YPAaBHCHUS IO-
npyromy. Lz raza oTJesIbHO MOXKHO 3allucaTh B CTaH/IAPTHOI
¢opMe BTOPOIi 3aKOH TEPMOMHAMUKN:

0=AU+4,

a paboTy raza HaJ BHeITHUME Tejgamu (HaJ MOPITHEM) MPUPaB-
HSATb K U3MEHEHWI0 MEXaHUYECKOW HHEPruu MOPIIHS. ITO 0CO-
6eHHO yZI00HO B TeX 3ajlavax, TJie HaJ0 y4YecTb MOJBOJMMOE K
cucTeMe TeILIo.

3agaua 3. B 6vicoKOM @epMUKAILHOM UUIUHOPE NOO NOPUL-
nem maccou m = 16,6 ke naxodumcs v = 0,1 monv zeaus npu
memnepamype T, = 200 K. Buauane nopwenv yoepxusaiom Ha
svicome by = 50 cm, a samem omnyckaiom. Ha xaxoil evicome
OKAXXemcsi Nopuens nocje npuxood cucmemvl K pasHo8ecu1o?
Tpenuen u mennoobmuernom npenebpeuv, nad nopuinem 2asd
nem.

Pemenne. Otimane aTo# 3a/1aui OT MPEABIIYIIEH COCTOUT B
TOM, YTO YCJIOBHE PABHOBECHUS MOPIIHS MOYKHO 3aITHCATH TOJBKO
B KOHEUYHOM IIOJIOKEHUHN, a B HAYaJbHOM COCTOSTHUHM CHJIa
TSZKECTH MOPIIHS HEe paBHA CHUJIe JlaBJeHus ra3a. Torza noaydum

PSS =mg , p,Shy = VRT,,
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nim
mgh, = VRT, .
ITojcTaBUB 5TO COOTHOIICHUE B 3aKOH COXPAHCHUA JHEPIUU
mgh, +§VRT1 =mgh, + g VRT,
HaiieM
3 5
mghy + 5VRT1 = Emgh2 ,

OTKy/la

VRT,

mg
OTMeTI/IM, YTO KOHEYHAS BbICOTA MOJKET ObITh KaK 60JII)H.I€y TakK

¥ MeHbIlle HavyaabHOoil. Ecsm cura JaBJIEHNA T'a3a B HaYaJIbHOM

COCTOAHHNHU TIPEBBIMIAET BEC IMOPIIITHA:

VRT,
Iy

TO TOPIIEHb TOCJEe OCBOOOXK/EHUS TIOHIeT BBEPX U BBICOTA
YBEJIMYUTCS, B IPOTHBHOM CJIy4ae IMOPIICHb ITIOWAET BHU3 U
BBICOTA YMEHDBIINTCS.

3amava 4. B sepmukxanvrom meniousoiuposanom uuiuno-
pe noo nopuHem HaAxX00UMCst HEKOMOPOe KOJIUUCCMEO 2eUst NPU
memnepamype T, =240 K. Ha nopwne aexum 2py3 maccou,
pasnotl nososune maccol nopuns. I'pys menoeenno youpaiom u
doskudaiomes npuxoda cucmemvt k pasrosecuto. Yemy cmanem
pasna memnepamypa zasa? Tpenuem u menioodmenom npeneo-
peuv, nad nopuinem z2asa mem.

Pemenune. B at0ii 3amave yca0BHS MEXaHIIECKOTO PaBHOBE-
CHs B HAYaIbHOM ¥ KOHECUYHOM COCTOSHUAX BBITJIAIAT MO-Pa3HO-
my (puc.2):

hy = 0,4k +0,6 =80 cu .

»S = >mg,

0 g
p1S:Bn +%Eg, pzszmg,

rjae m — MacCCa IOpIIHA, W I10CJI€ IOJACTAaHOBKH B ypaBHEHUSA

4
/m/Z _
791 (RDNRANEI (N L SN |

Puc. 2
MenpneneeBa—Kianelipona MoJIyqaloTcsl pasHble COOTHOIIEHNUS:

gmgh1 =VRT,, mgh, = VRT, .
Hcronb3yst 9TH COOTHOIINEHUS U 3aKOH COXPAHEHUST SHEPTHN
mghy + ngY} =mgh, + % VRT, |

[IOJIyY1M
T, = ET1 =208 K.
15

Bameuanue. Tlpu permennu 970l 3aa4ll 4aCTO BCTPEYAETCS
XapakTepHas omuOKa: B JIEBOIl YaCT! yPaBHEHHUSI, BBIPAsKAIOIIe-
T'O 3aKOH COXPaHEHUA S9HEPIrun, 3alliCbIBAlOT HaYaJbHYIO IIOTCH-
[MaJbHYIO SHEPIUIO He Kak Mmghy , a kak 1,5mghy , r.e. yunrbia-
0T JIe’KaBINNH Ha MOPIIHE TPy3. ITO HEBEPHO, TaK KaK MOPIIEHb
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Ha4yMHAET JIBUTaTbCS TOJBKO IOCJE CHATHS TPy3a M CHCTEMa
MOpIIIEHb — Ta3 IOCJe ITOTo siBjstercs: 3aMkHyToil. (Ecam ke
BKJIIOYaTb B CUCTEMY TIPy3, TO MOXHO CHUTATb, 4YTO IIOCJIE
OT/ICJICHUS OT TIOPIIHSA €ro YACPKUBAIOT Ha MecTe, W TOTJa ero
MOTEHIMATBHAST SHEPIUSI COKPAIIAETCS. )

3anava 5. B sepmukaivtom meniousonuposanom yuiunope
nod nopuinem HAXOOUMCs HEKOMOPOe KOAUUeCMEO 2e]us npu
memnepamype T, = 200 K. Temnepamypy Ovicmpo, max 4mo
nopwens e ycnesaem COBUHYMHC ¢ MECMd, NOGLLIULAIOM 00
T, = 250 K. Kaxou cmanem abcomomnas memnepamypad 2d3a
nocae npuxoda cucmemuvl x pasmnosecuio? Had nopwnem zaza
Hem.

Pemenue. Ilocsie 6picTpOro HarpeBaHHsI Tasa €ro JaBJCHUE
BO3pacTeT, W paBHOBecue HapymuTes. IloaTomy ycoBue paBHO-
Becns u 3akoH MenjeneeBa —Kameitpona Hago 3annchbIBaTh T
cucrempl 00 nazpesanus (puc.3):

piS =mg, pSh = VRT
1 B KOHEYHOM COCTOSTHUH:
p3S =mg, p3Sh, = VRT;,

a 3aKOH COXpaHE€HUA IHEprun — /AJad CHUCTEMbI Cpa3y noc.je

Puc. 3
Hazpesanus U B KOHEUHOM COCTOSIHUU:
mgh, + ;vRT2 =mgh, + % VRT; .
ITocse mpeo6pasoBaHuil MPUXOANM K ypPaBHEHUTO
VRT, + ngT2 =VRT; + g\)RT3 ,

OTKY/Ia HAXO/IUM
= 2T + 3T,
B

3amava 6. B 6vic0K0M MENIOUSOIUPOBAHHOM UUIUHOPE NOOD
MOHKUM MACCUBHBIM NOPULHEM HAXOOUMCA 00HOAMOMHYLI Ude-
anvuvlil 2a3. Had nopwnemn na nexomopou evicome yoeprusd-
10m 2pY3, MACCA KOMOPozo pasna mdacce nopuns. I'pys omnyc-
Kaiom, u on nadaem na nopwens. Yepes nexomopoe spems nocie
abconomuo Heynpyz0zo yoapa cucmema npuxooum 6 paeHose-
cue. OKasanocv, umo nopuLerb 8 KOHue Haxo0umcs Ha moi xe
gvicome, 4mo u 6 Hauaue. Bo ckoavko pas nauaivhas evicomd
epy3a nao onom cocyda Gorvwe svicomor nopuns? Tpenuem u
menaooOMeHoM npenebpeun, Had NopuHeM 2d3d Hem.

Pemenne. B s1oii 3a/1aue Heslb3s IPUPABHUBATD HAYAJIBHYIO U
KOHEYHYIO SHeprMU CUCTeMbl, TaK KaK IIpU HeyIpyroM yjape
YacTb SHepruu Ilepeiijier BO BHYTPEHHIOO SHEPIHIO HOPILIHA U
rpy3a. IlockombKy TEmnI006MEHOM MexXX/Iy TIOPIITHEM U Ta30M 3a
BpeMsI YCTAaHOBJIEHHS MEXaHIUECKOTO PaBHOBECHSI MbI IIpeHe6pe-
raeM, 3Ty 9HEepruio yUUTbIBATb He HaJo.

3aluieM 3aK0H COXPaHeHUs 9HePIUU /IS AJIalolero Ipysa
1 3aKOH COXPaHeHUs UMIIYJbCa CUCTeMbl I'DY3—IODLIEHb IIpU

T =230 K.
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MOJTy4YHM COOTHOIICHUE
mrp kx2 _ VRT2
h 5
ahy .
m, - IToxcraBuB B 3aKOH COXPAHEHUS HEPTUU, HalieM
— . .. - \L : ... — T, =0,97,= 270 K.
. A P— .
.
T, . : T, . . T, °
h, P g . . pf A A, Pata A2 B caenyromux 3aauax KOHEYHOE COCTOAHME He ABJIACTCS
S e e oot COCTOSTHMEM MCXaHMYEeCKOro paBHOBecus. PaccMmaTpuBaert-
M S ML S .- CsI MOMEHT, KOT/Ia BHYTpPEHHSS aHeprusi (1 TeMmeparypa)

Puc. 4

neynpyrom yaape (puc.4):

m
Mmy,g ohy = ——, mo = (mrp +mn)v1 ,
re /y— HavaJbHAs BBICOTA MOPIIHS, O/ — HavaJbHAS BBICOTA
rpysa Haj mopirHeM (HaM Hajto Haiit o + 1). Tenepb 3anumem
3aKOH COXPAHEHWs SHEPTUH AJIA BCeil CHCTEMBI Moc/Ie yaapa:

§VRT+(m +m )0—12+(m +m) =
2 1 TP i 2 p )9

= %vRT2 + (ml.p + mu)ghz .

Ot TeMiiepaTyp Mbl U30aBUMCS, 3aIMCAB YCJIOBHE PABHOBECHS U
ypaBHenne Menjeneesa—Kianeiipona B Ha4aJIbHOM 1 KOHETHOM
COCTOAHUAX:

pS =mug, VRT, = pSh,

PSS = (mrp +mn)g, VRT, = p,Sh,.

ITopctaBuB Bce B 3aKOH COXpaHEHUsI dHEPruu U 06O3HAUUB
my, = Bm, , B nannoit 3agave B = 1, noaydnm

3 2 5

Enzngh‘l-'- mngam+mn(1+ﬁ)gh’l _Emn(1+B)th.

1+
YuureiBas, uto 7y =k u B =1, naiigem
3(1
o= 7( +F) =3,
2B

T.e. HauasIbHasg BBICOTA I'Py3a HAJ JHOM COCY/A JTOJKHA GBITH B
4 pasa 6oJble BBICOTHI TOPIIHS.

3ameuanue. BbicoTa NOPIIHA OCTAIACh PEKHEN HECMOTPS Ha
yBeJIMUeHNe Beca IOPIIHS, IIOCKOJIbKY IPHOOPETEHHON IIpu
yJape KHHETUYEeCKON dHEPruyl XBATHUJIO /IS COOTBETCTBYIOIICTO
yBeJmdennst BbicoTbl (cM. 3amauy 2).

3agaua 7. B menaousonuposaniom yuaunope noo HeeecomblM
nopuLHeM HAXOOUMCS UOeANbHBLL OOHOATNOMHBLIL 2A3 NPU MeMne-
pamype Ty =300 K. Buauanre nopweny 3axpenen u coeouner c
onom yununopa nedeghopmuposannoi npyxunou. Ilocie moezo
Kax nopueny 0c60000UNU U CUCEMd NPUWLIA 6 PABHOBeCUe,
obvem zaza okasaics 6 1,5 pasa 6oavwe nauarvnozo. Haiioume
KoHeunywo memnepamypy zasa (no wxane Keaveuna). Tpenuen
U menaoobmenom npeneodpeun, nad nopuIHeM 2asd Hem.

Pemenne. 3ammnieM 3akoH COXpaHEHUs 9HEPIUU B BUjE

2

ngE = §vRT2 +ki ,

2 2 2
rae x — nedopMalis IPYsKUHbI, paBHAs 110 YCJIOBUIO TTOJOBHHE
HavaIbHON BbICOTBI TopiHs (X =/ /2 ). U3 ycaoBust paBHOBe-
CHs TIOPIITHS B KOHEYHOM COCTOSTHHU U ypaBHeHus MeHieeeBa—
Knamnetipona:

poS =kx, p,(SBx)=VRT,
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JIOCTUTAeT MaKCHMaJbHOTO 3HaueHus. IlepBas w3 aTHX
3ajla4 BKJIIOYAJIACH B IOCJEHUE TO/bl B BapuaHTel EI'D.
3amaua 8. B sakyyme saxpenien 20pu30HMAILHbIL YUIUHOP.
B yununope naxodumes v = 0,1 monv zequs, 3anepmozo nopus-
nem. Ilopwens yoepxuseaemcs ynopamu u MOKem CKONAb3UMb
611€60 60016 CMEHOK Yuaunopa 6es mpenus. B nopuenv nona-
daem nynas maccoi m = 10 ez, nemsawas 20pU30HMAILHO CO
ckopocmouio v =400 m/c, u sacmpeeaem 6 nem. Temnepamypa
2enuUsl 6 MOMEHM OCMAHOBKU NOPULHSL 8 KPATUHEeM Je60M NOJL0Ke-
nuu eospacmaem na AT = 64 K. Kaxosa macca nopwmns?
Cuumamo, umo 3a spems 06uKenus NOPULHA 2d3 He Ychesaem
O0OMEHAMBCL MENTOM € NOPULHEM U UUSUHOPOM.
Pemenne. 113 3akona coxpanenus UMIlyJibca IpH yjaape

mo :(m +M)zv1

BbIpa3M Ha4YaJIbHYIO CKOPOCTb IIOPIIHA C Hyneﬁ " I10/ICTaBUM B
3aKOH COXpaHE€HUA dHEPTUN

+M)o?
(m )01 +§VRT1:§VRT2.
2 2 2
[Tosryunm cooTHOIIEHNE
22
Mo _3\Rar
2(m+M) 2 ’
OTKYy/la HaiijleM Maccy IOpPIIHS:
2.2
=9 =90 r.
3VRAT
3agava 9. B daunnom z0pu3oHmanvHom wuiunope mexoy
dsymsi 00uHaxosvimu nopwHsmu waxodumes V- = 0,1 moav

eequst. B nauanvnuiii momenm odun nopwenb nokoumcs, d
Opyzoti npubauxaemecs xk nemy co ckopocmvio v =12 m/c. Ha
CKOABKO 2padycos MAKCUMATLHAS MeMnepamypa zaza 60.wue
nauanvnoti? Maccol nopwmneis m = 415 2. Tpenuem mexdy
NOPUWHAMU U YUIUHOPOM U MENI000MEeHOM npenedpeus, 3d
NOPWHAMU 2430 HEM.

Pemenne. Makcumanbras TemiiepaTypa COOTBETCTBYET MO-
MEHTY, KOIJIa IIOPIIHK OKaXKyTCs Ha MUHUMAJIbHOM PACCTOSHUI
JIPYT OT JIPYTa U UX CKOPOCTH OyIyT OAMHAKOBBI. (ITO 0COGEHHO
XOPOILIO BU/JIHO B CUCTeMe OTcueTa LeHTPa Macc, rje HOPILIHU B
9TOT MOMEHT HETIO/IBIKHBI. ) 3aIuIneM 3aKOH COXPAHEHISI SHep-
THH:

2 2
ﬂ +§\)RT1 = 2mu +§VRT2 .
2 2 2
CKOpOCTb NOPIIIHEH B MOMEHT HanGoJIbIIero cOMMKEeHNs Haiiem
13 3aKOHA COXPaHeHUs UMILYJbca

mo = 2mu .
IMojcTaBUB B 3aKOH COXPAHEHUS] SHEPTHHU, TIOJYYUM

2
mo
AT =T, -T) =—— =
T 12 K.

(MpononxeHne cm. Ha ¢ 57)
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MaTtemMaTmyeckasg onmMmnmana
MMeHWn JleoHapOa Junepa

Mo HoBoMy MoNOXeHMIO 0 BCcepoccnckom onvMmnmae LWKosb-
HMKOB €€ PErvoHanbHbIN 1 3aKMOYUTENBHbIN 3Tanbl NPOBOAATCS
TONbKO ANns ydawmxca 9—11 knaccos. bonee Toro, LleHTpanbHbIV
OPrkOMUTET ONIMMNNAAbLI He PeKOMEHA0BaN AOMNycKaTb BOCbMMU-
KNTIACCHWMKOB K Y4aCTUIO B 3aKJTIOYUTENIbHOM 3Tane onvMnvagbl
3a 9 knacc. Ytobbl BOCMONHUTL 3TW NOTEPK, rpynna opraHmnsa-
LMK, paboTaloLmMx C MaTeMaTUYECKM OfaPEeHHbIMU LIKONbHMKA-
MW, ydpeouna v nposena B 2008/09 yyebHom rogy Ans
POCCUNCKMUX BOCbMUKIACCHMKOB MaTeMaTUYeckylo onvMnvagy
nMeHun JleoHappa durnepa. Onumnuana NPoBOAMMIACk Takxke B
Bonrapuu u Tpy3un. Ins y4acTHMKOB onuvMnuaga Obina Gec-
nnaTHow: ee cnoHcmpoBann AHOO «BATCKMM LLEHTP AOMOMHM-
TenbHoro obpasoeaHus» (Knpos) 1 OO0 «KomnaHus SHaeKc»
(MockBa), okasaslas onMMNMaZe Takxe WMHMOOPMALMOHHYIO
nofaep>kky. MonHas WHGopmaums ob onvMmnvage, BKO4as
3a[a41 BCeX 3TanoB C pelleHVIMM, pa3MeLleHa B VIHTepHeTe Ha
caute http://www.matol.ru/.

Onnmnuaza npoxoanna B Tpu 3Tana. MNepsbii — AUCTaHLMOH-
HbIW — cocToancsa B fiekabpe 1 cobpan 6onee 3000 y4acTHMKOB
13 46 pernoHoB Poccuun. Y4acTBOBaTb B HEM MO BCe Xena-
foLLMe BOCbMUKITACCHUKM U yYallmecs bonee MIagLWmX Kinaccos.
DTan BKOYan 7 TypoB, MPOXOAMBLUMX B Pa3HOe BPeMA AHA U
pa3Hble OHW HeAeny, 4ToObl KaxdbIv, HE3aBMCMMO OT HaCOBOrO
nosica M CMeHbl, B KOTOPYIO OH y4UTCS, MOT BbIOpaTb yAoOHOe
L5 y4acTns Bpems. YToObl MpOnTY Ha ClefyioLlni, permoHans-
HbIIA 3Tan, LOCTaTOYHO ObINIO MOKa3aTh XOPOLIMIA pe3yibTaT XOTs
Obl B 0lHOM 13 TypoB. CBOM paboTbl yHaCTHUKM CKaHMPOBANM 1
OTNPaBNAAV Ha MPOBEPKY 3MEKTPOHHOM MOYTOW. BakHewmLyio
ponb B MponaraH4e HOBOW OnvMMAManbl Cbirpann y4utens m
pyKoBoauTeNU Kpy>KoB. Okono 80 M3 HWX NOony4mnm cratyc
A0BepeHHbIX /iy ee KOOpAMHAUMOHHOIO COoBeTa C MPaBoOM
NPOBOAUTL Typbl ANCTAHLUMOHHOIO 3Tana Afs CBOMX Nogoney-
HbIX B OYHOM PexyMe OObIHHOW ONMMMMaMbl, @ BO MHOMMX
CNlydasix — 1 NpaBOM MEPBUYHOM MPOBEPKM PaboT.

PerroHanbHbI 3Tan onMMAVagbl NPOXoamn B 35 pervoHax
Poccum 1 cobpan okono 900 y4acTHWMKOB. OH Obll OYHbIM 1
NPOBOAMICS AOBEPEHHbIMU NLaMK KOOPANHALMOHHOMO CoBe-
Ta. Kpome nobegntenen OMCTaHUMOHHOrO 3Tamna ciofa Obiiu
NpUrAaLleHbl NyyLine y4acTHUKK paga ApYrmx MaTeMaTnyeckmx
COpPEeBHOBaHWUM: TypHMpa rOpoAOB, OKPYXHbIX OnNuMMMag w
Matematnyeckoro npasgHuka B MockBe, MyHWLMNANbHOIO

Obrnanarenb aunaoma | creneHn Hukura KOCUHOB 1 Y/ieHbl Xiopu
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Bpyyerne gurioma Il creneHy CrenaHy Komkosy

3Tana Bcepoccumckon onnumnuagsl B CaHkT-MeTepbypre 1 psae
OPYyrnx pervoHoB Poccum, NUYHbIX onuMnivag, Ypanbckmx Typ-
HUPOB OHbIX MaTemaThkoB, Kybka namsatn AH. Konmoropoga,
Knposckomr netHen MHOronpeaMeTHOM LWKOSbl, ONMMNnag, me-
HW EHAHMCMOoBOW B VxkeBcke U MeHu T.IN.KykiHa B OMcKe r
HEKOTOPbIX APYrUX.

PernoHanbHbI 3Tan NPOBOAMCA MO 3a4a4YaMm, COCTaBNEHHbIM
MeToaun4eckon Komuccmen Bcepoccumckon MateMaTmyeckou
onumMnuagbl. B pspe pervioHoB Poccuu, roe Obiiv CoXpaHeHb!
oumLManbHble perMoHanbHble oNMMIVagsl ANs BOCbMUKNACC-
HMKOB, 3TV OIMMNMaAbI NPOBOAMAIMCE MO TEM Xe 3aadaMm, 1 1X
pe3ynbTaThl WX B 3a4eT ONMMNMaLbl UMEeHN Dinepa.

3aKnoYUTENBHbIN 3Tan nNpoLlen ¢ 24 no 27 MapTa napannenb-
Ho B Knpose, Mockse, OMcke 1 CaHkT-MeTepOypre (y4acTHUKM
pacnpefenancb Mexay 3TVMV FropoAamMu Mo TeppuTopmanbHo-
My Mpu3Haky). Mo dopmMaTy 1 ypoBHIO TPYAHOCTV BapWaHTa OH
COOTBETCTBOBAN 3aK/O4MTENIbHOMY 3Tany Bcepoccumckon onmm-
NMaabl LWKOMbHWKOB. B HemM npuHanu y4actne 209 LWKONbHMUKOB:
167 BOCbMWKIIACCHMKOB, 39 CEMUKNACCHMKOB W1 3 LLIeCTUKacc-
HMKa 13 ApxaHrenbckon, benropoackon, Bonorogckon, NpkyT-
ckou, Knposckom, Koctpomckon, KypraHckom, JTeHMHrpaackon,
MockoBckow, Huxeropopnckomn, HoBocbupckon, Omckon, Poc-
ToBckon, Camapckom, CapatoBckon, CBepanoBckomn, TamboBc-
kou, Tomckor, YensOuHckon, YnbaHoBCKoN, pocnaBckon 0b-
nacten, Kamyatckoro, KpacHogapckoro, KpacHosipckoro, MepM-
CKoro kpaes, pecnybnuk bawkopToctaH, Mapun 3n, Tysa,
TatapctaH, Caxa (SAkytns), Yamyptus, Yysawims, ropogos Moc-
kBbl 1 CaHKT-leTepOypra, a TakxXe ropofa [leTponaenoBcka
pecnybnunkm KasaxctaH. B KnpoBckoM rHane y4actsoBanu 66
LwKonbHUKoB, MockoBckoM — 65, OMckom — 45, CaHkT-lMeTtep-
Oyprckom — 33. HenmpocTtas 3afiad4a COrfacoBaHWs KpuUTepres
OLIEHKM PeLLeHN 1 HarpaXKAeHNa Mexay YeTblpbMs NI0KabHbI-
MW XKIopW Oblfla CBOEBPEMEHHO U YCMELLHO pelleHa C MOMOLLbIO
3NeKTPOHHOM Nepenmncki 1 TenedoHHbIX NeperoBOpPoB, 1 YTPOM
27 MapTa Ha BCex YeTblpex fokanbHbIX hrHanax bbino nposese-
HO HarpaxaeHune y4acTHMKOB, MOKa3aBLUMX Hanbonee BbiCoKMe
pe3ynbTaThl.
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ABCOMOTHBIM NobefuTenemM onMMnMagbl C pesynbTatoM 55
©annoB M3 56 BO3MOXHbIX CTan CeMuknaccHuk ns OMJ1 239
CaHkT-lNetepbypra Amutpmii KpadyH. OH HarpaxzeH Oumno-
MOM | CTeneHn W creunanbHbIM AWMNIOMOM 33 abCOMIOTHO
AIYHWNA pe3ynbTaT. [unnomamu | cteneHy HarpaxaeHbl Takxke
5 y4acTHWKOB, NOKa3aBLUMX pe3ynbTaTbl B AManasoHe oT 39 fo
43 6annos: JleHap Hcxakos (NxeBck), Hukura KocuHos (Ynb-
AHOBCK), /TaBen Ocurios (ToMck), AnexcaHgp KanmsiHuH (Wp-
KYTCK), Hukonari Kpoxmass (benropof). 124 nyyiinx pesynsTa-
Ta, NOKa3aHHbIX Y4aCTHMKaMK brHana, B TOM Yncie pesynbTaThl
BCex nobeauTenen n Npu3epos, onybAnKoBaHbl B VIHTEpHeTe no
afpecy

http://www.matol.ru/3etap _resxls

3AJAYN 3AKITIOYUTENIbHOIO 3TANA

1. ¥V peku xuser 1iems Mym6o-IOM60. Omnas/ibl co cpoy-
HBIM M3BECTHEM B COCE/IHEE TLIeMsI OJ[HOBPDEMEHHO OTIIPaBH-
JINCH MOJIOJION BouH MyMG6Go u Myzpbriii maman IOmM60. Mym60
mo6exkas co ckopoctbio 11 kM /4 K GuipKaiilmeMy XpaHUIHILY
IJIOTOB U 3aTeM MOILIBLI Ha TIOTY B coce/lHee TuieMsi. A
IOMG6o, He TopomsCch, CO CKOPOCTBIO 6 KM /4, TOMIEN K JPYTro-
MY XPaHWJIHILY TJIOTOB M TOIJIBLI B COCE/IHEE TIIeMSI OTTYy/Ia.
B wurore IOM60 mpumibln pasbie, yeMm Mym6o. Peka mps-
MOJINHEWHA, TJIOTBI IJIBIBYT CO CKOPOCTBIO TeueHHs. ITa
CKOPOCTb BCIOJIy OJMHAKOBA U BBIPAYKAETCS IIEJBIM YHCJIOM
KM /4, #He MenblmM 6. KaxoBo HamboJbliee BO3MOYKHOE €€
3HavYeHune?

M. Egdokumos, 6 pedaxuuu JI.Camoiirosa

2. IIpu BcSIKOM J1 HATYpasibHOM 1, 6osbiieM 2009, us apobeii
1 2 3 n-1 n
nn-1"n=-2"" 2 "1
C OINHAKOBBIMU CyMMaMI?

MOJKHO BBIOPATH JIBE TIapbl ApoGeit

)

A.Illanosanos

3. Cm. 3amauy M2149 «3amaunnka «KBantas.

4. Cm. 3agmauy M2150 «3amaunnka «KBantas.

S. MoKHO /1 BMECTO 3BE€3/I0Y€K BCTaBUTb B HEKOTOPOM
IOPpAJZIKE B BbIpaskeHHNE

HOK(x ,%,%) — HOK(x,x,x) = 2009

HIECTh TOCJIE/0BATEJBHBIX HATYPAJbHBIX YHCEJN TaK, YTOOBI
PABEHCTBO CTAJO BEPHBIM?
P.7Kenodapos

6. B BoimyksoM uetbipexyrosbinke ABCD BbITIOJHEHbI COOT-
vomenuss AB = BD n UABD=00 DBC. Ha munaronamu BD
Hanach touka K Ttakas, yro BK = BC. [lokaxkure, 4TO
OKAD=0O KCD -

C.Bepaos

7. Ha crone snesxxur 10 kyvek ¢ 1, 2, 3, 4, 5, 6,7, 8,9 u 10
opexamu. [/[Boe urparoimux 6epyT M0 OUYepe/H 10 OJHOMY OPeXYy.
Wrpa 3akaHYMBaeTCsI, KOT/[a Ha CToJie ocTaHeTcst 3 opexa. Eciu
9TO — TPH KYUKH TI0 OJTHOMY OpPEXY, BBIUT'PBIBAET TOT, KTO XONJI
BTOPBIM, WHa4Ye — ero conepHuk. KTo U3 HUIPOKOB MOKeT
BBINTPBIBATD, KaK Obl HU UTPAJ CONEPHUK?

H.Py6anos, A.Illanocanos

8. Ha Geckoneunoil jeHTe BbImMCaHbl B psijt uncaa. [lepsoit
nAeT CAMHMIEA, a Ka)koe CJeAyollee YUCJO T0JIydaeTcsd W3
MIpebIAYIIero MpuGaBIeHeM K HeMy HaWMeHbIel HeHyJIeBOit
udpbl ero gecssTuyHoil 3armcu. CKOJBKO 3HAKOB B JIECSTHY-
HOHl 3amucu 4mucsia, CTOSIIEro B 3TOM Psay Ha 9 1000000 -
mecTe?

M

U.Bozoanoes

Hy6auxauuro nodzomosur U.Pybanoe

3aKJIo4mMTeNbHbIV 3Tan XXXV
Bcepoccmmckom onnmMmnmagbl
LLIKOJIbHMKOB NO MaTeMaTUKe

Kak v B npownom roay, 3akmoynTenbHbin 3Tan Bcepoccummc-
KOW MaTemaTu4eckon onvmnuagbl Npollen B KOHLe anpens B
ropofe-kypopte Kucnoeoacke. B onumnuage npuHanm yvactme
60 AEeBATUKNACCHUKOB, 83 OecATUKNACCHUKA U 77 ydawmxca 11
Knacca, npeacrasnsoLmx 70 permoHos Poccun. Junnomel npu-
3epoB ONMMNMagb! NofyYmnv 76 WKonbHMKOB (8 — no napane-
M 9 knacca, 28 — no napannenn 10 knacca n 40 — no
napannenv 11 knacca), aunnomMamu nobeamrenent Obinv Ha-
rpaxkgeHbl 15 nyywmx y4acTHVKoB (No 5 13 Kaxaowr napanne-
nn). B CBA3U C M3MEHEHNAMM B OpraHM3aumm Bcepoccumckimx
onumnuan denepasnbHbl OKPY>KHOW 3Tan, NPOBOAMBLUUACS B
TedeHre MHorux net, B 2009 roay Obli OTMEHEH, MOo3TOMYy K
y4acTuio B 3aKJIlO4UTENBHOM 3Tane onuMMMagbl AOMNYCKannch
nMwb nobeauTeny pervoHanbHoro 3tana onumMnuagsl 2009
rofa, a Takxe nobeguTenu 1 npusepbl 3aKMoYUTENBHOrO 3Tana
onuMnnaabl 2008 rofa. Takas cxeMa oTbopa y4acTHNKOB 3aK-
THOYUTENIBHOrO 3Tana HeCKOIbKO paclumpuna reorpaduio onmm-
nuanbl, OLHaKO He MO3BOMIUMA MpMexaTb Ha FMaBHbIN MaTeMaTu-
Yeckmin opyM CTpaHbl MHOTMM APKM TanaHTam (3To oTpasu-
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NOCb B OCHOBHOM Ha napannenu 9 knacca, B KOTOPOW Konm4e-
CTBO YYaCTHNKOB ObINIO Ha YeTBEPTb MeHblLE MPOLWIOrOAHEro,
Ja 1 cpegHvie pe3ynbTaTbl BbINOMHEHWUS 3aaHUA OnuMnvagbl
0Ka3anncb CyLLECTBEHHO HUXe CpefHecTaTUCTUYeCKMX 3a noc-
nefHue rogbl).

TpaaVLUMOHHBIMK FOCTAMM ONUMMVAAbE! CTan KOMaHab! LUKOJb-
HVKOB M3 bonrapum n Kutas. Hawwm 3apyOexHble konnern v
COMEPHVKM Ha MeXIAyHapoOHbIX OnuMNMagax MnoATBEPAMIN
BbICOKMI YPOBEHb MOArOTOBKM AOCTOMHBIMKW pe3ynbTaTaMu.

Mo peLueHuMio Xiopn, ObINo BPyYeHO HECKOMbKO CreLanbHbIX
NHOMBMAYaNbHbIX MNpU30B. MpM3bl 3a pelleHuMe Bcex 3apad
onuMnMabl NoNyYUnn OeBATUKNACCHMK Anekcen lMNaxapeB u3
YNbAHOBCKA, OAMHHAALATUKACCHUK [ned HeHawes n3 CaHKT-
MeTepbypra, a TakxXke BbICTyMaBlIMA B Napannenu 11 knacca
JecatTnknaccHuk Buktop OmenbsaHeHko 13 benropoga. Mpwmsa-
MW 33 M35LLHOE pelleHVie reoMeTprYeckx 3aaa4 Obinm Harpax-
[OeHbl AeBATUKNACCHNK Hnknta KocnHos (YNbAHOBCK) 1 OecATU-
knaccHuK Makcum Monos (HuxkxHekamck).

TpaAnLMOHHBIM OMPOC Mokasaf, YTo B napannenn 9 knacca
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50 KBAHT -

y4acTHMKaM Oonblie BCero MoHpaBUAWChL 3afadn 7, 6 n 4, B
napannenu 10 knacca — 2, 6 n 3, B napannenu 11 knacca — 6, 8
n 4. CeMb 13 3TUX 3a[a4-NaypeaToB BKOYEHbl B «3afayHuK
«KBaHTa» MpoLIoro Homepa.

Huxe npumBogATca ycnoBua 3afady M CAIMCOK OWMNIIOMAHTOB
3akno4mTensHoro atana XXXV Bcepoccumckon onumnuanl
LIKONIbHMKOB MO MaTeMaTuKe.

3A0A4YUN 3AKNIOYUTENIBHOIO 3TAMA

9 knacc

1. 3nameHaresm IBYX HECOKPATHUMBIX ApoGeil paBibl 600 u
700. Haiimnte HanMeHblliee BO3MOKHOE 3HAUEHIE 3HAMEHATES
ux cymmbl (B HECOKpATHMOIT 3ammcu).

H.Bozdanos

2. Cm. s3agmauy M2141 «3agaunnka «Ksanras.

3. [lano narypaabioe n > 1. Hucsno a > n’ TaKOBO, 4TO Cpeu
yncen a + 1, a + 2, ..., a + n ecTb KpaTHbIE KaXKJOTO U3 UHCEJ
n?+1, n? +2, .., n’+n. [okaxkure, 4TO0 @ >nt -,

A.Tonosanos

4. Cm. zamauy M2144 «3agaunnka «KBanTas.
d. Yucna a, b u ¢ TakoBbI, 4TO

(a+b)(b+c)(c +a) =abe,
(a3 +b3)(b3 +c3)(c3 +a3) =333

Jlokaxkure, yto abc = 0.
C.Toxapes

6. Cm. 3asauy M2139 «3amaunuka «Kpanras.
7. CMm. 3asauy M2140 «3anaunuka «Kpanras.

8. Tpeyrombuukun ABC u AB|C; umeror paBHbIe IJIONIA/IN.
Bceerma i MOKHO MOCTPOUTD TIPU TIOMOIIHN IIUPKYJIST U JTMHEHKH
tpeyroabuuk A,B,C, , paBubrii Tpeyroabuuky ABC; u Taxoii,
uyto npsimpie AA, , BBy, nu CC, GyayT napajiebHbl?

A. Tepéwun

10 krnacc

1. Haiigure Bce Takue HaTypaJsbHbIE 7, YTO TIPU HEKOTOPBIX
OTJIMYHBIX OT HYJIS JAEHCTBUTENbHBIX YHCIAX d, b, ¢, d MHOTO-
YJIeH

(ax +b)1000 _(C.X +d)1000

1oCJIe PACKPBITUST CKOOOK U TIPUBEIEHNUST BCeX MOJMO0OHBIX cara-
€MbIX MMeeT POBHO 1 HEHYJIEBbIX K03((UINEHTOB.
B.Cendepos

2. Cm. 3amauy 2 g1a 9 kiacea.
3. Cm. zagmauy M2142 «3agaunnka «Ksanras.

4. Ilo xpyry croar 2009 1mesbIX HEOTPHUIIATENbHBIX UHCEs, He
npesbimaomux 100, Pasperiaercs npu6asutb no 1 K ABYM
COCE/IHUM YUCJIaM, IIPUYEM C JIOOBIMU JIBYMS COCETHUMU YNCJIa-
M 9TY OTIEPAIINIO MOKHO ITPojiesiaTh He 6oJiee k pa3. Ilpu kaxom
HAVMEHbIEM R BCe YHCJIA TapaHTHPOBAHHO MOXKHO CJIEJIaTh
paBHBIMU?

U.Bozdanos

3. B GeckomneuHoit Bo3pacraiolieil moc/re10BaTeIbHOCTH HATY-
PaJIbHBIX YHCEJT KAXK0€ JeTUTCsT XOTs1 Obl Ha o110 13 unces 1005
u 1006, Ho um oxHo He nenurces na 97. Kpome toro, kaskibie 1Ba
COCEeIHUX YUC/Ia OTJIHYAIoTcst He Gosiee yeM Ha k. IIpu kakom
HanMeHbIIeM R TaKoe BO3MOKHO?

A.Tonosanos

6. Cm. 3amauy M2143 «3anaunmka «KBanras.
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7. Oxpy:xHocTb ¢ 1enTpoM I kacaerca cropon AB, BC, AC
HnepasHoGeipenHoro tpeyroibinka ABC B toukax Cy, A, B
cooTBeTCTBEHHO. OKPYKHOCTH W M e BIMCAHBI B YeTbIPEX-
yronbuukn BAJIC; u CAIB; coorBerctBeHHO. J[oKaxkuTe, 4TO
00111231 BHYTPEHHSIS KacaTeIbHas K Wy U We , oTamdnas ot A, ,
IIPOXO/IUT Yepe3 TOUKy A.

H.Bozdanos

8. Cm. zasauy M2145 «3amaunuka «Kpanras.
11 knacc

1. B cTpaHe HEKOTOPbIE TAPBI TOPOJIOB COEMHEHDI JOPOTAMH,
KOTOpble He TIepeceKaioTcsi BHe TopojioB. B kaxjom ropoje
ycTaHoBJIeHA TaGJMYKa, HAa KOTOPOIl yKazaHa MUHHMMAaJbHAs
JUIMHA MapHIPyTa, BBIXO/SIIEr0 13 9TOT0 rOpo/ia ¥ IIPOXO/IAIIEro
0 BCEM OCTAJTbHBIM TOPOIaM CTPaHbl (MapUIpyT MOKET MPOX0-
JIUTH TI0 HEKOTOPBIM ropojiaM GoJIbIlle O/JHOTO Pa3a u He 00s13aH
BO3BpAllaThCs B UCXOAHbLT ropos). Jlokaxkure, 4to Jo6ble 1Ba
YHCsIa Ha TabIMYKaX OTJINYAIOTCS He 60Jiee YeM B TIOJITOPA pasa.

M. Mypawxun

2. IlocneoBaTeIbHOCTD  dy,dy,... TAKOBA, YTO d D(1; 2) u

k
Ay = ap +— 1pu mo6oM HaTypasibHOM k. Jlokaskure, 4TO B
A
3TOI IOCJIEZIOBATEIBHOCTH HE MOXKET CYIIeCTBOBATD GoJiee O/THOI
Mapbl 4JICHOB C 11eJI0H CyMMOIi.

A.Tonosanos

3. B tpeyrosbhoii nupamuge ABCD Bce 110cKue yribl Ipu
BEpIINHAX — He IPsIMbIE, a TOYKU IIE€PECEYEHUsT BBICOT B TPEY-
rosbnukax ABC, ABD, ACD nexar na oznnoii npsmoii. /loka-
SKUTE, YTO HEHTP OMHMCAHHON cepbl MMPaMU/IbI JEKHUT B ILJIOC-
KOCTH, TIPOXO/Isiieil uepes cepeaunnl pedep AB, AC, AD.

H.Bozdanos

4. Ha mIoCcKOCTH OTMEYEHBI BCE TOUKH € HEeJIBIMEI KOOPANHATA-
s (x;y) taxue, uro x” +y® <10'°. JIsoe urpaior B urpy
(xopar no ouepeau). IlepBbIM XOJOM IEPBBII MIPOK CTaBUT
UKy B KaKyIO-TO OTMEYEHHYIO TOUKY W CTUPAET ee. 3areM
KasKJ[bIM OYEPEIHBIM XOA0M UIPOK TIePEHOCUT (PUIIKY B KaKyIo-
TO IPYTYIO OTMEYEHHYIO TOYKY W CTHpaeT ee. [Ipn 5ToM JIHBI
XOJIOB JIOJDKHBI BCE BPEMsl YBEJIMYMBATHCS; KPOME TOTO, 3arpe-
[IEHO JIeJIaTh X0/l U3 TOYKU B CUMMETPUYHYIO el OTHOCUTENbHO
HavaJga KOOpAUHAT. [IPOUTPhIBAaET TOT, KTO HE MOJKET C/EJATh
xo/1. KTo n3 urpatornmx Moxer o6ecredntsb cebe nobery, Kak Obl
HU WI'PAJ €ro CONEPHUK?

H.bozdanos

3. Iycts 1< a £b <c. lokaxure, 4To
log, b +log, ¢ +log. a <log, a +log, b +log, c .

A.Tepéwun

6. B nHexortopbIxX KyeTkax gockn 10 x10 mocraBuiam k majeit

U 3aT€M OTMETHUJIM BCE KJETKH, KOTOpble ObeT XOTs Obl O/lHA

naapa (cunraercs, UTO JMaabA ObET KJIETKY, Ha KOTOPOH CTOWT).

ITpu xaxoMm HAanGOJIbIIEM k MOJKET OKA3aThCsI, YTO MOCIE y/IaTe-

HUS € JIOCKH JIIOOO JTaJibli XOTsI Obl OJIHA OTMEUEHHAs] KJIEeTKA
OKayKeTcst He 1o/ 6oeM?

C.Beparoes

7. Ha croponax AB n BC napasiesorpamma ABCD BbIOpaHbl
touku A; u C; coorBerctBenno. Ortpesku AC; u CA; nepece-
katorcsa B Touke P. OnucanHble OKPYXKHOCTH TPeyToJIbHUKOB
AAP n CC{P BropuvHO TiepecekaioTcsi B Touke Q, Jexarieit
BHyTpH Tpeyrouabauka ACD. [lokaxunte, uto OPDA= 0O QBA .

J. Emenvsanos

8. Cm. 3amauy 8 mss 10 kiacca.
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JnnaomaHTbl onvuMnnagbl

Auriiom rnobeguresns
o 9 kjaccaM NOJTYyYUIN

Haxapes Anexceii — Y 1bsiHOBCK, TuMHA3UA 79,

Manscoea Bukmopus — Pocro-Ha-[{oHy, DKOHOMUYECKUIT JIIieit
14,

Ezopos [Imumpuii — Cauxt-Ilerep6ypr, @MJI 239,

Kpauyn [Imumpuii — Canxt-Ilerep6ypr, @MJI 239,

Myxoceesa Examepuna — Cauxr-Ilerep6ypr, @MJI 30;

no 10 kaaccam —

Bonodapenxo Muxaun — Cankr-Ilerep6ypr, @MJI 239,
Epoxun Cmanucaae — Cankr-Ilerep6ypr, @MJI 239,
Kywnup Anodpeti — VIpkyTck, Jmnei 2,

Kaumosuyxui Hocugh — Cankr-Ilerep6ypr, @MJI 239,
Ilonoe Maxcum — Huxknekamck, juiiei-unrepuar 24;

no 11 kaaccam —

Henawes I'ne6 — Cauxr-IlerepGypr, @MJI 239,

Omenvanenxko Buxmop — Benropog, mineit 38,

Tycee /[anuun — JI3epKUHCK, 1KOJIA 2 ¢ yrayOJeHHBIM U3yue-
HHUEM TIpeMeTOB (DU3MKO-MATEMATHYECKOTO MUK,

Heanosa Anuna — Kazanp, aureir um. H.M.JIo6aueBckoro mpu
KTY,

Bpazun Baadumup — Cuesxnuck, rumMHasust 127.

Aurinom npuszepa
mo 9 KjaaccaM 1oJTyunsIn

byposa Oavza — Mocksa, /el «Bropas mkosas,

Cepeuenxo Apocras — Kpacuogap, HOY BIIO «Muctutyt
COBPEMEHHBIX TEXHOJOTUN U 9KOHOMHUKN»,

3as00os Aznexcei — Jonronpymaubrii, ®MJI 5,

Anywrosckuit Baadumup — Mocksa, smieit «Bropast mkosas,

Kocunoe Huxuma — Y 1bstHOBCK, MHOTOTIPOGUIIbHDIH Jnteit 20,

Tumoe /[Imumpuii — Ycrp-Jlabunck, mkosa 2,

Kynsecxuii I1agen — Capatos, OTJI 1,

Hwvi6viues Anexceir — Camapa, rumMHasus 1;

no 10 kaaccam —

Bepnwmeiin Anmon — HoBocubupck, rumHasus 1,

TI'op6auesa Hpuna — Kpacnopap, jmueit 64,

Moxun Bacunui — Caparos, @TJI 1,

Hcaax Eezenuii — Kypran, mxoma 38,

Banuyxuii Anexceil — yKene3noropck, mkosia 11 ¢ yriry6ieHHbIM
U3yYeHUEM OT/IENbHBIX TPE/IMETOB,

TI'op6any Cmenan — Mocksa, CYHIL MTY,

Kosauunckuii Anexcandp — Mocksa, snuneir «Bropast mkosas,

Beponuxos Anexcandp — HoBocubupck, rumuasus 1,

Boapos Heopv — Tonbarru, muneit 51,

Pewemnuros Hean — [Nonronpymubrii, @MJI 5,

Menvuuxos Andpeti — Kypran, mkosa 38,

Ilonozoea Anna — Wsxesck, METJI «IlIkoma-30»,

Cmenanos Bopuc — Exarepun6ypr, rumuasus 9,

Bomsxoe Anexcandp — Wsxkesck, DMJI 29,

Mughmaxoe Asam — HikHekaMcK, aurei-unrepuar 24,

Cmpyuxoea Anna — SIxyrck, nuneii-unrepHat «Peciy6/mkanc-
KU JULens ,

Henee @edop — Mocksa, CYHI] MTI'Y,

Kynpusnos Anexcandp — SIpocaasib, mkoua 33 um. K.Mapkca
¢ yriay6JieHHBIM M3y4eHneM MaTeMaThuKH,

Medsedv Huxuma — Mocksa, Jmieii «Bropast mkosas,

Cepouna [apvs — Kyprau, rumuasust 47,

Bbazaai Muxaun — Caunxr-IlerepOypr, quteit «DTII»,

I'zyxoe Eezenuii —Kocrpoma, smieit 17,
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Tonosa Auna — Mocksa, CYHIL MI'Y,

Huxonaes Cemen — Mocksa, llentp o6pazosanus «Ilsarbaecsar
ceJibMas IIKOJIa»

Heyuna Anna — Jonaronpymusrii, GMJI 5,

Canonox Cepeetr — Tomck, mxoua 41,

Jlammiozun Anexceil — Y JIbIHOBCK, 1KoJa 21,

Jwvicernxo Huxonati — Mocksa, IlenTp o6paszoBanust «IIsaTbaecst
ceJibMasl IIKOJIay ;

no 11 knaccam —

Coxonoe Bsuecaas — Cankr-IlerepGypr, rumuasust 261,

Casenxos Kupunn — Canxr-IletrepOypr, @MJI 239,

Mamounos Mapcear — Mocksa, CYHI] MTY,

IHozopenos Amumpuii — Hisxunit Hosropog, smieit 165 nmenn
65-netusa I'A3,

Towyx Koncmanmun — Cankr-IlerepOypr, @MJI 239,

Ilapvros Onez — Mocksa, smieit «Bropas mkomnas,

Heuaee Cmanucaase — VIpKyTCK, TUMHA31s 25,

ITa6anrun Ourunn — Kupos, KOMJI,

Bepwadckuii Epum — Mocksa, CYHIL MI'Y,

Axcenoe Bumanuii — Cankr-IlerepOypr, @MJI 239,

Anywesuu JTeonud — Mocksa, 1ienTp o6pasosanusi «TexHoso-
i O0y4YeHus >,

Anmponos Anexcandp — Ilepmp, mkosna 146 ¢ yriayGiaeHHBIM
u3ydyeHueM marteMaTuku, (puanku, HHHOPMATHKH,

T'ycee Aumon — Omck, Jsuneit 64,

Kyewunoe Aznexceir — Nsxesck, IMJI 29,

Cu6010606 Bumanuii — Tomck, muieil ipu TOMCKOM T10JIMTEX-
HUYECKOM yHI/IBepCI/ITeTe,

Apocaasues Hean — Mocksa, CYHI MI'Y,

I'z103 Bopuc — Maiikorn, rumuasns 22,

Kanawnux Anna — Mocksa, CYHIL MTIY,

Kpyav Apocaas — Yda, mxosa 42 ¢ yriy6aeHHBIM U3ydeHueM
OT/IEJIbHBIX TIPE/IMETOB,

Huxubuyxuii Eezenuit — Kpacuonap, mkoua 73,

Yemunos Huxuma — Cankr-IlerepOypr, @MJI 239,

Kondaxosa Enusasema — Mocksa, Jyniieit « BopoObeBbI TOPBI»,

Yepxawun /lanunra — Cankr-Ilerep6ypr, mnuueit 533,

Adyenxo Anexcandp — Bpsinck, rumuazus 1,

Kpacnos [Amumpuii — Kypranckas o01., . 3a03epHbIil, THMHA-
3ug 19,

Jo6acmos Cmenan — Kupos, ®MJI,

Jyxvaney, Eezenuii — Canxr-IlerepGypr, ®MJI 239,

Opaos Oaneez — Ilepmb, mkoma 146 ¢ yriay6IeHHBIM H3y4eHHEM
MaTeMaTuK¥, (PU3NKH, UHPOPMATHKH,

IHonog Jleonud — Tlepmb, mkoma 146 ¢ yrayGaeHHbIM U3ydeHneM
MaTeMaTuku, (Gu3nKu, uHGOPMATHKH,

Cyneopxun Maxcum — Yebokcapsl, mureit 3,

Tunvman Muxaun — Cankr-IlerepOypr, aureii 533,

Ayxoe Kupunn — JKykoBckuit, rumMHasus 1,

Masnues Kupuan — BoaropeueHck, mkosa 3,

Huxugpopos [Avyrycman — SJxyrtck, muneii-narepHar «Peciy6-
JIMKAQHCKUI JTUTEN» ,

I nockonocos Andpeii — Kanyra, mkosa 6 um. A.C.IIymkuna,

Pozynrenxo Cepeeit — Caparos, DTJI 1,

Counes Cepeeii — Maiikon, rumnHasus 22,

Ilepwnes Anexceit — Iatunma, et 3,

Koxypun Muxaun — Monkap-Oura, mkoma 20,

Konvuyose Hean — {Apocnasab, mkona 33 mum. K.Mapkca ¢
yriyOJI€HHBIM U3y4YeHHEM MAaTeMaTHKU.

Hy6auxauuio nodzomosunru H.Azaxanos, U.Bozdanos,
I1. Koxesnuxos, O.ITodrunckui, /].Tepéwun
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3aK/TIOYUTENIbHbBIV 3Tar
XLIII Bcepoccmmckom onmm
LLIKOJTbHMKOB MO (D31

B 3TOM rofly 3aKnioumTeNbHbIA 3Tan onMMmnuagsl no husnke
npoxoaun B ropoge XykoBckoMm MockoBckor 06nacT Ha Hase
akynbTeTa aspoMexaHVkKi 1 neTaTeNbHOM TexHUKM MocCKoBC-
Koro hur3mko-TexHuyeckoro nHctutyta (GANT MOTU). OcHos-
Hble XIONOTbl MO NPUEMY FOCTEN, NX PA3MELLEHMIO 1N MUTAHUIO,
a Takke Mo opraHmM3aumu KybTypHOW NporpaMmbl B3 Ha cebs
[eHepanbHbI CNOHCOP onnMMnMaabl — LleHTpanbHbIn asporna-
poanHaMmieckuit uHctuTyT (LLATW).

XKiopy onumnunagbl 660 ChOPMMPOBAHO M3 COTPYAHMKOB
Hay4YHO-UCCNeoBaTeNbCKUX MHCTUTYTOB POCCUMICKOM akafe-
My Hayk (UT2D, DUAH, LLATW), npodeccopos 1 npenoaasa-
Tenen MOTU, MY, HI'Y, a Takxe n3 npencraButenen LleHT-
PaNnbHOM METOAMHECKON KOMUCCUMW MO Pu3mke 1 CTyOeHTOB
dustexa — nobeautenen MexayHapoaHbIX PU3NYECKNX ONNM-
nvag NpoLwnbIX feT.

B cootBeTcTBMM C HOBbIM TlonoxeHveM 06 onMmnvage, B
3aKmo4NTENBHOM 3Tane MorM y4acTBoBaTb Kak nobeautenu m
NpuY3epbl 3aKNOYUTENBHOIO 3Tana NPOLWIOroAHEN ONVMMNAabI,
Tak 1 nobeanteny pervoHanbHOro tana kaxgoro cyobekTa
Poccninckon @efepaumnn (No ofHOMY NpefcTaBUTeNto OT nNa-
pannenu 9, 10 1 11 knaccos). OcTaBLUMeECs MeCTa OblnNM COOTBET-
CTBEHHO pacrnpefeneHbl Mexay Npr3epamm PervioHanbHbIX OMM-
nuag.

Kak obbl4HO, onnMnnaga npoxoamna B iBa Typa — TeopeTu-
YeCKM 1 3KCNepUMEHTabHbIN. BOT HekoTopble CnpaBOYHble
JlaHHble 00 y4acTHVKaX M OWUMIOMaHTax ofvMMvagbl:

Knacc Konnyectso Ouvnnom
Yy4acTHUKOB  nobenumtens npusepa

9 48 5 16

10 90 7 29

n 86 7 23

Bcero 224 19 68

HuHa Kyapaiwosa co cBOUM yIUTeNneM Qu3mkn — AMOTIOHCKUM AJek-
canapom Hukonaesudem. OHU eLlje He 3HalT, Y4TO0 4epe3 Tpu MecALd
HiiHa 3aBOK0CT CEPEOPAHYIO MEAAb Ha MeEXaYHAaPOIHON GUINYECKOL
OJIMMITNEAE LUKOJTbHUKOB
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agbl
Ke

O[NHHAALATUKAACCHIK AHAPET KOpo/ibKOB 13 10AMOCKOBHBIX XUMOK
— 1obenuresib OIMMINAAbI

Hixe NnpPMBOAATCA yCJIOBMA 3a4a4 TEOPETNHECKOro 1 sKCnepn-
MEHTAaJIbHOIro TypoB M CNMCOK AMMJIOMaHTOB OJINMMMNaObI.

TEOPETUYECKUIA TYP

9 knacc

3anavya 1. BpeBHo Ha MpUBSI3U
Cwm. 3amauy D2138 n3 «3amaunuka «Kpanrar.

3anaua 2. Kondera na tpancnoprepe

Bo BpeMst 9KCKypcHM Ha KOHAUTEPCKYIO (aOpUKy IKCIepH-
MeHTaTop [VIIOK 3aMeTni, 4To CKOpPOCTb KOHGETDI, MOTaatomiei
13 YIAaKOBOUHOII MalIMHbI IO yrioM d = 60° Ha JIeHTy TpaHc-
noprepa (puc.1; B cBepxy), CHAYAIA YMEHBIIAETCs, a TIOTOM
yBesmunBaercsi. HauambHasi ckopocTb ¥y KOHQETbI paBHA 110
MO/IYJIIO0 CKOPOCTH # JIEHTBI TPAHCIOPTEPA U JIEKUT B ILIOCKOCTU
JieHThl. UeMy paBHa CKOPOCTb Ty KOHQETHI OTHOCUTEIbHO JIEHTHI
TpaHCIopTepa cpasy IocJse To-
TaJIaHus ee Ha JIeHTy ? Boramcm-
Te MUHUMAJIBHYIO CKOPOCTD Upyip
KOH(pETbI OTHOCUTEJNHHO HETIO/I-
BIokHOTO [UTioKa. =

B.Caobo0sumn
Uy /{x
L]

Puc. 1

3azaua 3. /IBoiinoii Mmoct
Cum. zamauy D2141 uz «3a-
naunnka «KBaHTta».
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3anaua 4. «/lo3anpaBkay» yaiiHuKa

Teoperuk Bar pemm onutp yaiiky. OH B351J1 TEIIOU30J1PO-
BaHHBII YallHNK, CHAGKEHHBI MIHUATIOPHBIM TEPMOMETPOM, I
BKJIIOUMJI €r0 B 3JIEKTPUYECKYIO CeTb. TepMOMeTp ToKasas
temreparypy ty =20 °C . Uepes Bpems T; = 1 MuH , xorza Boja

£°CA HarpeJIach /10 TeMIepaTy-
1001 N _ - pol ¢ =40 °CU , OH cTaJt
I : : + JIOJINBATD B YalTHUK BOJY .
804 B momenr T, = 3,5 MHH ,
KOT/Ia TEMIIEPATYPa BO/IbI

60 </losanpank nocturaa t, =50 °C |
SEE= bar ocranoBusicsa. Eme

40 4yepe3 5 MUH BOJIa 3aKuUIIe-
sa. Ha pucynke 2 npuse-

20 JleH rpaduK M3MEeHEeHUs
. TeMIIepaTypbl BO/bI B Haii-

0 "4 68 10 mm; HUKE B XOJIe ee HarpeBa n
Puc 2 «mo3ampaBkuy. Kaxkoii

OblLTa TeMIeparypa t, J0-

JmBaeMoii BoJipt? Cunraiite, 4To Boja GBICTPO TIEPEMEITNBAETCS,
a TePMOMETD TOKA3bIBAET TEKyIlllee 3HAYEHIE €€ TeMIIepaTyphl.
A.Boponoe

10 krnacc

3anava 1. lllapuk B ayHKe
B ropusoHTaJabHOI MJIOCKOI TIUTE clletana mosycdepuyec-
Kas Tiajkas JayHka paauycom R (puc.3). Masenbkuii mapux
Maccoil m TIPUKpPETLIeH ¢
TIOMOINBIO JIETKOH Hepac-
TSDKUMOW HUTU  JIJIMHON
L = R x xpato ayuku (B
Touke A). B mHavasnbubIil
MOMEHT HUTDb HATIHYTa, a
TapUK KacaeTcst Kpast JIyH-
xu. Ilapuk ormyckaior, u
Puc 3 on Ge3 HayaJbHOIl CKOPO-
CTH HaYMHAeT CKOJIb3UTh
BaN3. Haiinnre cuny HaTskennst HUTH T° B MOMEHT TTPOXO3K/IEHUST
MIAPUKOM HIDKHETO IMOJIOKEHUs. Y CKOpeHre cBOGOIHOTO Tajie-
HUS §.

. Ioorecnuiil

3anava 2. Ilpesomiennsrii ayy
ToBopsr, uro B apxuBe CHeJuIMyca HAILINA YepTeXK ONTHYEC-
koit cxembr (puc.4). OT BpeMEHM 4YepHWJIA BbBIBEIU, U Ha
Yyepreske OCTAJINCh BUJIHBI TOJIBKO TTAJIAIONIHIL JIyd M TPU TOYKH:
npaBblii poKyc F TOHKOI JIMH3DI, TOYKA A, B KOTOPOI IPEJIOMUII-
sl Aol JIyd, ¥ TouKa B, npuHa/JIexanias JeBoil (poxab-
HOM IJTOCKOCTH JIMH3BbI. BocCTaHOBHUTE IO STHM JJaHHBIM I0JIOXKE-
HUe JINH3bl U ee TJIaBHOU
A _ ONTHYeCKOii ocu 1 X0J1 Tyda

' 3a mmmsoit.

B.Curo600snun

3axaya 3. CroJjkHoBe-
HUE aCTEPOH/0B
Cum. zagauy D2139 us
B «3amaunnka «KsBanra».
-

Puc 4 3anava 4. Henuneiinas
NPOBOIMUMOCTD

Hexkoropoe BelecTBo 00J1a/1aeT HeJMHENHO TPOBOIUMOCTBIO.
Y iesibHOE COMTPOTHBJIEHNE P ATOTO BEIECTBA 3aBUCUT OT HAIIPSI-
JKEHHOCTH E 9IEKTPIYECKOTO MOJIST TI0 3aK0Hy P = Py + AE 2 e
Py =10 0" OMBGr u A = 1,000 Om 5/13/B2 . ITUM Bele-
CTBOM 3aI0JTHEHO BCE MPOCTPAHCTBO MEK/Y MJACTUHAMHU T1ITOC-
KOro KoujieHcatopa. Ilmomtaap mwractua S =1 M2
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1) Uepes komjencarop teder TOK. Haiijure MaKCHMaIbHO
BO3MOKHOE 3HayeHne CHJIbl ToKa Iy, .

2) IlpenamoJiarasi, 4T0 PaCCTOSHIE MEXK/Y IUIACTHHAMI KOH-
JencaTopa pasHo d = 1 ¢M, onpejie/nTe MaKCHMAIbHYIO TEILIO-
BYIO MOII[HOCTb, KOTOPas MOYKET BBIJICJIUTbCSA BHYTPU KOH/IeHCa-
TOpa TPY U3MEHEHUU HalpsKeHus MexTy IactuHamu. IToct-
poiiTe KadyecTBeHHbIH TpadWK 3aBUCHMOCTH MoIHOCTH P oT
nanpsokennsa U.

3) Ilycrb Telepp HAPsDKEHHE Ha KOH/IEHCATOPE HOCTOSIHHO I
pasno U; =2,0 (10° B. Kakas MakcumasibHas MOIIHOCTb MO-
JKeT BbIJIeJIUTCSA BHYTPU KOH/IEHCATOPA, eCJIN U3MEHATh PAacCTO-
stHre Mesx/ty tiactuaamu? [Ipu xakoM sHavennu d = d; goctu-
raertca MakcuMaJsibHag MomHocTh? IIpeanonaraercs, 4Tto KOH-
JIEHCATOP TIOJHOCTBIO 3aMOJHEH BENeCTBOM TIPH JIOObIX 3Haue-
Huax d. Iocrpoiite kauecTBeHHDII rpadUK 3aBUCUMOCTH Bbljle-
JIIeMOil MOIHOCTH P OT paccTosnus d MexX/y IJIacTHHAMM.

C.Koszen, B.Cao6odanun

3amaua 5. Ilorepsanmnbie ocu
Cwm. 3amauy D2140 n3 «3amaunnka «Ksanras.

17 knacc

3anava 1. T'00BOKpPY KUTEIbHBINH aTTPAKIIMOH

B roJIOBOKPY’KUTETBHOM aTTPAKIIMOHE YEJOBEK MacCcol m =
=70 xr npbIraet ¢ IaTgopMbl BHE3 B 03epo. K Horam vesoBexa
TIpUBSI3aH KOHEI PEe3NHOBOTO JKIyTa HEKOTOPOH AJWHBI L 1
JKeCTKOCTU R. [Ipyroil KOHEII JKIyTa MpHUKpeIlieH K miaardopMe.
Y 1moBepxHOCTH BOJIbI, TIpoJieTeB paccTosinue i = 90 M, yesoBeK
JIOJDKEH UMETh HYJIEBYIO CKOPOCTb M YCKOpeHue dy = 2g . Cun-
taiire, yro g =10 M/ ¢, a SKTYT TofumHsieTcst 3akony [yka.
PasmepaMu 4esioBeKa, CONPOTUBJIEHHEM BO3AyXa U JAPYTUMH
TIOTEePSIMHI HEPIHU MOKHO TipeHeGpeub. OnpesesnmTe:

1) mumHy L HEpacTSHYTOTO KI'yTa M €ro JKECTKOCTD K;

2) yAJIMHEHNUE KIyTa B MOJIOKEHNN paBHOBecus (mocse 3aTy-
XaHus KoseGaHuii);

3) MaKCcUMaJbHYIO CKOPOCTb Uy, TaJEHHs] YeJTOBEKa;

4) amMmimTysy A M 4acToOTy () TapMOHMYECKNX KoJeGaHuii
YyeJIoBeKa Ha JKIyTe;

5) BpeMs T HaJIeHUS YeIOBEKA /[0 MOBEPXHOCTH BOJIbI.

Bnumanue! OT TOYHOCTH BallINX PACUYETOB BO3MOXKHO OYIeET
3aBHCETDb JKU3HD YesoBeKal

K.3axapuenxo

3anava 2. JJeKTpHYECKasi CXeMa ¢ HHAYKTHBHOCTBIO

B cxeme Ha pucyHKe 5 apaMeTpbl BceX AJIeMeHTOB 3a/1aHbl. B
HAuaJAbHOM COCTOSIHMU, KOTZA K04 ObLI PAa3OMKHYT, TOK B
IIeN, COZIepsKalleil KaTymKy WHIYKTUBHOCTBIO L, OTCYTCTBO-
Bas. Kiiou 3aMbIKAlOT HAa HEKOTOpPOE BpeMs, a 3aTeM CHOBa
pasMbIKaOT. VI3BecTHO, 4TO 3a
BpeMSI, TIOKA KJI0Y OBLT 3aMK-
HYT, 4epe3 KaTylIKy IPOTeK _l_
3apsaa g, . 3a Bce BpeMs nocae £
pasMbIKaHUs KJI04a B CXeMe R L
BBIJIEJINIOCh KOJMYECTBO Tell-
aotel Q. Ilpeamosaras wnme-
QJIBHBIMHU BCE 3JIEMEHTDI IIETH,
orpejesIuTe:

1) cuny Toka I, nporexkaio- Puc 5
IIIETO Yepe3 KaTYIIKy Heroc-
PEICTBEHHO TIepe/] Pa3MbIKaHUEM KJIIOUA;

2) 3apaa ¢y , TPOTEKIIHN Yepes3 PE3UCTOP COMPOTUBIEHNEM R
3a BpeMs, [OKa KJIOY ObLI 3aMKHYT;

3) sapaa ¢, , IpPOTeKIMii Yepes Pe3ucTop I1OcJe TOro, Kak
KJTI0Y GbLJT PAa30MKHYT;

4) paGoty A, COBEPUIEHHYI0 MCTOYHUKOM TIOCTOSTHHOTO TOKA B
TeyeHHe BCEro HPOoIecca;
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5) KOJMYECTBO TEIIOThI Q, BBIIEIUBIIEECS B CXeMe, MOKa
KJTI0Y GBI 3aMKHYT.

Vkasanue. Haiigute cBA3D MEXKIy 3aps/ioM, IIPOTEKIINM
yepe3 peswucTop, W M3MEHEeHHeM MArHUTHOTO TIOTOKa depes
KaTyIIKy.

A.Illeponos

3agaua 3. Temioo6Men ¢ okpyskaomel cpeuoii

B cocyn, comepsxammmii cMech BOJIBI U JIb/Ia, B MOMEHT BpEMEHU
T1=0 omycrmmm marpeBatesb MmorHocTbio Py =440 Br. Ha
pucyHKe 6 mpe/icTaB/eHa 3aBUCMOCTD TeMIIEPATYPbI ¢ cMecH OT
BpemMenu T . M3BecTHO,

b 1%{;‘ I 4TO MOMHOCTH P, Ter-
L1 JIOBBIX TIOTEPD TIPOTIOP-

8.0 1] P MUOHAIbHA Pa3HOCTH
60 17 A I temmeparyp At =t —t, ,
40 4 rae t, — Temieparypa
20 a i T OKpYy Kalomei Ccpeibl.

> 11 -

0 2 46 810121416 camn o Pacietfn B REe
e & Te IPUHATD fy = u,

ciaepoBarenbno, P.=
=Qt, rje O — MOCTOSTHHBIH KOA(D(UIMEHT, He 3aBUCIIUI OT
TeMieparypbl. Vcnosb3yst mpuBe/IeHHbIH TpaduK 3aBUCUMOCTH
t(T) , Haiiure:

1) HauaJIbHYIO Maccy Jbia M, B CMeCH;

2) oburyio Mmaccy M COAEPKUMOTO COCY/Ia;

3) K0a(PUIMEHT TTPONOPIUOHATBHOCTH O ;

4) MAKCUMAJIbHYIO MOIIHOCTH HarpeBatens P,
poil Bojla HUKOT/IA He 3aKWIINT;

5) BpeMs Ty OT Hayaja TasgHuS Jb/Ia, B Te9eHIEe KOTOPOTO BoJa
B COCYy/Ie 3aKHUIINT, €CJIM MOIIHOCTh HarpeBaresisa P =300 Br .

IIpH KOTO-

Y fiesbHast TENI0eMKOCTb BOAbI ¢, = 4200 [Ix/ (xr K) , yaeas-

Hasl TeIJioTa IJIaBJaeHus Jibjga A = 3,2 ao’ JI S
C.Kosen

3axava 4. 3agaua KeapBuna
ToBopsit, uto B apxuBe Jopaa Keapbuua Hauumm rpadux
IUKJINYECKOTO TIPOIECCa, COBEPIIEHHOTO HaJl OJHUM MOJIEM
MU/IeaIbHOTO OJTHOATOMHOTO Ta3a
(puc.7). Co Bpemenem uepHUIA
BBIIBEJIM, W OT KOOPJAMHATHBIX
oceit T (remmeparypa) u V
(o6beM) He oCTanoch M crefa.
W3 nosicHennit k Tekcry cjeno-
100K 0.5 x BaJio, 4TO B TOUKe A Temriiepary-
— pa 400 K, o6bem 4 J1, naBienue
Puc 7 raza MUHUMAJIbHO, & HAa4yaJo KO-
OpJIMHAT HAXOJWUTCS B HIIKHE
yactu pucyHka. Tam ke OblI yKazaH Maciitab 1Mo OCsiM.
1) Boccranosute TmocTpoeHneM moJtokenne oceii T u V.,
2) HaiignTe MakcuMa/bHOE JaBJIEHHE Ia3a B 9TOM IIPOLECCE.
I'.Tapnonoavcxuil

3anava 5. 3agaua ¢ AByMs JMH3aMH

Ha skcrepuMenTaabHoM Type (PU3HUecKON OJIMMITHA/IbI yuac-
THHKaM OBLIO MPE/JI0KEHO ONpeAeHTh (POKYCHBIE PACCTOSHIS
JIBYyX TOHKUX COOUPAIONIMX JIMH3, PACIIOJIOKEHHBIX B TOPIAX
nosoro wunubapa guaoin L = 20,0 ¢ (puc.8). Opun us

L

o Y S N

-"’7 1 .z"}‘ a9

T | I

®

[T (1 ||

2009 /N5

YUacTHUKOB, Bacst 3a3HalikuH, akKypaTHO BBITTOJHII 9KCIIEPH-
MEHTbBI U TOJYYHJI CJAEAYIONINe PE3yAbTaThl: a) €CJIU CJeBa OT
JIEBOTO TOpIAa NHWJIMWHAPA Ha €ro OCH Ha PACCTOSIHUHI
[y = 5,0 cM pacroJIOKUTh TOYEUHBIN NCTOYHUK CBETA, TO MOCJE
MIPOXOJK/IEHUST Yepe3 CUCTEMY CBET BBIXOIUT U3 MIPABOTO TOPIA
MapaJIeIbHBIM [y4KOM; 6) eCcJii Ha JIeBBIIl TOPEI[ TOCJaTh
MapaJIJIeJIbHbII IIy4oK CBeTa, TO CIpaBa OT IIPABOTO TOPIA Ha
paccrosituu [, =10,0 ¢M Jiyun cXOASITCS B OJHY TOUKY, JIexKa-
nyto Ha ocn musnHApa. OJHAKO PACCYUTATD O ITUM IKCIIEPH-
MEHTAJIbHBIM JIaHHBIM (OKyCHble paccrosaust Iy u I, obGenx
suH3 3asnaiikun He cMmor. [Tomorute Genromy Bace.

C.Koszen

3KCMEPUMEHTAJIbHbIA TYP

9 knacc

3agaua 1. UccaenoBanue crekja

Obopydosanue: crexsiHHas GyThLIKA; KYCOYKH CTEKJIA; TJa-
CTUKOBBII COCY/l; MEPHBIN IIUJIMH/IP; MJIACTUKOBBII CTaKaHUNK;
[EHOIIACTOBAS KPDBIIIKA; TEPMOMETDP; CEKYHJIOMEp; II0JOCKA
CKOTYA; Topstyas 1 XoJoaHas Boga (110 TpeGoBaHuI0); MOAHOC 1
candeTku JIs TOJIEPKaHUsT B YUCTOTE PabOvyero Mecra.

1) Omnpezenure IJIOTHOCTh P CTEKJA, M3 KOTOPOrO C/e/IaHa
OyTbLIKA.

2) Omnpejenure CyMMapHyio TeIioeMKocTb C KyCOYKOB
CTeKJIa.

Vxasanue. JIns onpenesieHUsT TEILIOEMKOCTH CTEKJa HUCCJe-
JlyiiTe 3aBUCUMOCTH TEMIIEPATYPbI COAEPKUMOTO 1JIACTMACCOBO-
rO cTakaHa OT BPEMEHU U TOCTPOiiTe rpaduku aTUX 3aBUCUMOC-
Teil. BeiBennte hopmysry A7 pacdyeta TETIIOEMKOCTH CTEKJIa 110
pesyJsbTataM 3THX wHccjaepoBannii. CumraiiTe, 4TO MOITHOCTH
TEILJIOBBIX II0TE€Pb IIPONOPLMOHAJbHA PA3HOCTU TeMIEPATypP
MEXK/Y COJIEPKUMBIM CTaKaHa ¥ KOMHATHOW TeMIIeparypoil.

3) Cunras, 9TO IJIOTHOCTh KYyCOYKOB CTEKJIA PaBHA ILIOTHOCTH
OYTBIJIOYHOTO CTEKJIA, ONPEJEJUTe YAEJIbHYIO TEIJIOEMKOCTb ¢
CTeKJIa.

IIpumeuanue. Ilnoraocts Bognl Py = 1000 KF/ M yzeabHast

TENI0eMKOCTb BOAbl ¢y = 4200 [Lx/(xr BC). Ilpu pabore ¢
ropstueit Bogoii Gy/ibre mpeesibHo akKyparhbt! Ipn namepennn
TEeMIEPaTypbl MPUIAEPKUBANTE TEPMOMETPBI PYKOil, 4TOOBI He
pa3buTh ux.

A.Illeponos, M.Ocun

3anava 2. Yparan

Obopydosanue: smeKTpIIeCcKas 1€Mb ¢ BEHTUJISITOPOM H3BeC-
tHOI Maccht M (Macca ykaszaHa Ha KOPIyce BEHTHJIATOPA);
MYJIBTUMETD B PEKUMAaX BOJIbT-
MeTpa M OMMETpa; INTATUB C
MydTOI U JIATIKOW; /[BE JITHEN-
KH; KaHIEJAPCKUN 3a°KUM; 3a-
JKUM «KPOKOJIMJI»; JIBE€ TOHKHE
IIPOBOJIOKH.

Uamepnre KIIJ N BenTtnis-
Topa. Uccaenyiite 3aBUCUMOCTD
KII/l or momgaBaeMoro Ha BeH-
TusaTop Hanpspbkenus U. Ben-
TUJIATOP BKJIOYEH B 3JIEKTPU-
YEeCKYIO 11ellb, NMPUBENeHHYI0 Ha pucynke 9. [lias coenuHenust
KOHTaKTa 5 ¢ KoHTaktamu /1, 2, 3 u 4 WCHoib3yiiTe 3a’KUM
«KpokouJ». IIpencraBbre cBOM pe3yJ/ibTarbl B Buje TaGJIHIIbI.

Ipumeuanue. Cornacno Bropomy 3akony Hbiotona, ecsn na
TEJIO JICHCTBYET TOCTOAHHAA cuiIa F, TO M3MeHeHnue MMITyJIbCa
Tenma Ap 3a Bpemsi At paBHO UMITyJbCy cuibl: Ap = FAL .

Vrxazanue. Cuuraiite, uto npu 3ajgaHHoM Hanpspokenun U
CKOPOCTb © TIOTOKA BO3/lyXa IIOCTOSTHHA 10 BCEMY CEYEHUIO
MOTOKA, WIYNIEro OT Jomnacreil, a B HEHTPAJbHOI YacTH OHa

cyiyhy

Puc. 9
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pasta ny.io (puc.10). ITosesHoii Mor-
HOCTBIO BEHTHJISITOPA CYUTANTE KIHe-
THYECKYIO 9HEPTHIO, [EPEIaBAEMYIO
BO3/yXY 3a equnuIiry spemenu. I1nor-
Hocth Bosmyxa P =1,29 KF/ M. 3a-
KopaumBarb OGatapeiiku 3arpernieHo!
PaspsikenHble 6aTapeilku He 3aMeHsi-
1orcs!

M.Ocun

10 krnacc

3azava 1. «3Be3HbI ANMK>

Ob6opydosanue: «IepHBIH SIIUK» ¢ TPEMST BBIBOJAME; MYJIbTH-
MeTp B PEKIMe BOJBTMETPA; MYJbTUMETP B PEXKHUMe aMIIepMeT-
pa; coeMHNTEIbHAS KOJIOJKA; OTBEPTKA; 6aTapeiika; Ba MpoBo-
JIa; Pe3UCTOpP MepeMEeHHOTO0 CONPOTUBIICHHUS.

BuyTpu «4epHOTO SIMUKay» HAXOJATCS 3 9JIEMEHTA, COeINHEH-
Hble «3Besfoii» (puc.11). Y6eaurech B TUHEHHOCTH 3THX 5Jie-

MEHTOB, TIOCTPOUB JLJIST KaXK/10-

1 IO 5JIEMEHTA ero BOJIbT-aMIlep-

Hylo Xapakrepuctuky (He me-

nee 10 Touek). Omupenesure

napamerp R; =AU;/Al; nna

KakJIoro m3 HuX. B cocraB

OJHOTO U3 3JIEMEHTOB BKJIIO-

YeH MCTOYHUK IOCTOSHHOTO

2 3 qoxa. Omnpeiesinte HOMEP ITO-

Puc 17 ro asementa u D/IC & ucrou-
HUKA.

Ipumeuanue. HanpsokeHue BbIIAHHOI Oatapeiiku /10JKHO
npesbiiiath 1 B. Byabre npeesbHO aKKypaTHBI € AIUKAMI — HE
nepeBOpavynMBaiiTe W He TpscUTe WX. B ciaydae, ecam MexIy
JIOOBIMI [IBYMSI BBIBOJAMH HEIOJKJIOYEHHOTO <UE€PHOTO SIIH-
Kay» HalpspKeHue npesbimaer 4 B, caemyer o6s3arenbHo 06pa-
TUTBCS K JICKYPHDBIM [IJIS IPOBEPKU SAIINKA.

A.KoGsxun

3agaua 2. Yparan B TpyOe

O6opydosanue: BEHTHIATOP W3BECTHOIT Maccbl M W 1mapuk
JJIS1 HACTOJIBHOTO TEHHHCA M3BECTHOH Macchl 7 (Macehl yKasaHbl
Ha BEHTHJISITOPE U IIAPUKE COOTBETCTBEHHO); PETYJIUPYeMbiii
MCTOYHUK TIOCTOSTHHOTO TOKA; /[BA MYJIbTUMETPA; JIBE JIMHEHKN;
KAHIEJSIPCKUI 3a5KUM; IITATUB; COEAMHUTEIbHBbIE MTPOBOAA M
TOHKAsl IPOBOJIOKA; HUTKHU; GyMaskHast TPyOa; HOMKHUIIBI U CKOTY
(110 TpeGoBanmio).

1) Cwm. 3ajgauy 2 aas 9 kJacca.

2) IlocTaBbTe BEHTUJIATOP BILIOTHYIO K OJHOMY W3 KOHIOB
BBIIAHHOI BaM OyMaskHOI TpyObl. IIoTOK BO3/tyXa 10/KeH ObITh
HATpaBJ/eH BHYTPDb TPyObl. BO/MM3n Apyroro KoHia TpyObl Ha ee

OCH CHMMETDPUH PACTIONIOKUTE TEHHUCHBIN mapuk. Hafimure cury
F, neiicTByIONIyIO Ha IIAPUK, MOMEIIEHHBI B TIOTOK BO3/yXa,
BBIXOLstIIiE 3 Tpy6bI. omaras F = Av” |, onpesemnre koaddu-
mmenT A. Cunrtaiite, 9T0 CKOPOCTD BO3/yXa Ha BBIXO/IE U3 TPYODI
paBHA CKOPOCTU BO3/yXa, CO3/IABAEMOIl BEHTUJISITOPOM.
M.Ocun
11 knacc

3anava 1. @opmyaa 'epua

Ob6opydosanue: 1Ba CTaIbHBIX MIAPUKA; TOHKAsk MEHAsT PO~
BoJIoKa 6€3 M30JIAIHN; GYMaKHBIN TPAHCIIOPTHD; TPH JEPEBSH-
Hble JINHENKW; KOH/ieHcaTop u3BectHO eMkoctn C = 20 MrD;
PE3UCTOP C U3BECTHBIM conpoTuBiereM R = 68 OM; 6arapeiika;
JIBE KHOITKHU; COEIMHUTEIbHbIE TPOBO/IA; MYJIbTUMETP B PEKUME
BOJIBTMETPA C BHYTPEHHUM COIPO-
tuBiaenueM Ry, =1,0 MOwm , nocre-
JIOBATEJIBHO COEMHEHHBIN € PE3UCTO-
POM conpoTuBJeHNeM 7, (HOMUHAD-
HOe 3HAa4YeHHe HAINCAHO Ha paboyeM
MeCTe); TMECTh KJIEMMHBIX KOJIO/IOK;
OTBEPTKA; /IBA TIPOBOJIA C 3A3KUMAMUI
<«KPOKOJIIJI»; CKOTY.

[Moagecbre mapuxu Ha OUUIISIP-
ubIx nozasecax (puc.12). Uccnemyit-
Te, KaK 3aBUCUT BPEMs COYIapeHHs
T JBYX OJIMHAKOBBIX CTAJBHBIX IIMa-
PHUKOB OT MX OTHOCHTEIBHON CKOPOC-
TH ©, MpeAnoJaras, 4To OHO Y/OBJETBOPSIET 3aBUCUMOCTH
T = Bo® . Onpesienure nokasareab crernedu o . [lo momayuen-
HBbIM JIAaHHBIM OTIPEJIeJTUTE BPeMs COyIapeHust T; MpPH OTHOCH-
TesbHOI ckopoctn ©; =10 m/c . TIpoBeanTe uaMepeHust /st He
MeHee YeM CEeMH PA3JIMYHbIX OTHOCUTEJIbHBIX CKOPOCTEN Iapw-
KoB. [TorpenrHocTb n3aMepenns: BpeMeHu /st KasK/[0r0 3HAYEHHsT
CKOPOCTH He JI0JKHA TpeBbimath 20%.

Vxasanue. Ecin He3apsKeHHDBIH KOHIEHCATOP GOJBIIONH eM-
KOCTH 3apsIPKaeTCs B TeueHne HeGOJIBIIOTO TIPOMEKYTKA BPEMEHN
1 HANPsDKEHNEe HA HEM [TOCTATOYHO MAJO, TaK YTO TOK 3apSIKU
I- TIpaKTHYeCKU HE MEHSIETCS, TO CIPABE/JINBO COOTHOIIECHNE

_4d9c _Bdc _dc
CTdr nt ot

Juneitxu

Puc. 12

E.Bbozep

3azaua 2. Kosebanusa Juneiiku

Obopydosanue: TPUKPEILIEHHAs K CTOJY MeTaJJInyecKast
JIMHeNKa; JUIMHHAs JIepeBsIHHAs JIMHENKa; KaHIeJsIPCKUil 3a-
SKUM; MIApUKN U3 OyMaru; ITaTuB.

IToctpoiite TabIUITy 3aBUCHMOCTH KPYTOBOII 4aCTOTBI () KOJIe-
GaHuii ¢cBOOOZHOIO KOHI[A METa/L/INYECKON JIMHEIKU OT JIMHbL L
ee cBOOOHOTO KOHIA B Anamnasone ot 10 cm 1o 20 cM ¢ marom
2 cM.

B.Cno6oosanun

InnoMaHTbl onvMnvaabl

Anriiom nobeagurersns

nmo 9 kjaaccam 1osyunsu

IHanvros Anexcandp — Ilepmp, mkosa 9 um. A.C.Ilymkuna,

Bezyn Anexcandp — BiamuBocTok, mikosia 33,

Ap3sanaccxuil Jles — Kammnunrpaz, auneit 23,

Hapunos /lanuunr — Boponesx, rumnasus 9,

Bunozpados Koncmanmun — SIpocnasib, mkoua 33 um. K.Map-
Kea;

no 10 kraccam —

Kapenuna JIo6o6v — ExarepunGypr, rumMuasus 9 |

‘ 48-57.p65 55

Topnocmaes [Imumpuii — c. Mlokma (Pecniy6inka Mopaosus),
[okmuHckas nrkoJia,
Kononoe Axose — Y nau-¥Y 1o, Poccniickag rumnasusa 59,

Awnmonenxo [unuun — PoctoB-ua-/lony, EcrecTBenHO-HayHbII

et 11,
Tapacos Apmem — Kupos, ®MJI,
Koeanes Kupuan — Apocaasib, mkoaa 33 um. K.Mapxkca,
Dposos Dedop — Bosorpa, Bosoroackuii MuoronpoduIbHbit
Jnnet;

no 11 xiaccam —
Kopoavkos Andpeit — Xumkn, quueit 11,
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I'puzopvesvix /lanun — VIxxeBcK, IKOHOMHKO-MaTeMaTHYECKH
et 29,

Anmtowun Anexceti — Mocksa, CYHI MI'Y,

Toamauee Jlee — Mocksa, mkosa 192,

Kyopsiwosa Huna — buiick, buiickmii mneit Anraiickoro xpas,

Cobones Anmon — Canxr-IlerepGypr, el «DTHI»,

3emnanoe Baaducaas — Ypail, THMHA3UA.

Annnom npusepa
mo 9 kJjraccaM 1oJIydynin

HIypanos Amumpuii — Y da, rumuazug 3 uMm. A.M.Topbkoro,

Yypunros Aumon — Edpemon, EdpemoBckuii ¢pusnko-marema-
TUYECKUI JIUIIEH,

Banouxun Andpeti — Capos, jmneit 15,

Axunvujurxos Aznexceii — Benmukuit Hosropog, mkomna 23,

Huxumenxoe Ilasen — Cmonenck, rumuasug um. H.M.IIpske-
BaJIbCKOTO,

By6uc Anmon — Tarapcran, OGMJI 131,

Ilenv Ezop — Tiomenn, mkoma 29,

Tonosewrun Anexcandp — Mocksa, smueit 1303,

IIpoxoghves Badum — Psizamp, mkoaa 3,

Hexmapenxo Apocaase — bpanck, mkoaa 41,

Jyunuxos Uavs — Kupos, mkosa 21,

Tamos Apmemuii — Capos, quueit 15,

Bozoanos Cesamocaae — Cankr-Iletep6ypr, ®MJI 239,

HTymaxoe Aumon — Omck, rumHasus 117,

Ivi6pos Dedop — Pectiybika Komu, rumuasust,

Honoe Andpeii — Mocksa, llentp o6pasosanus «Ilarbaecsr
ceibMast IIKOJIay ;

no 10 kraccam —

Huxonaes Eeop — Pectiy6imka Mapuit Oa1, Ilonmnrtexanueckuit
Junei-uHTepHarT,

Aunexcees Aunexcer — Dbulick, DBuiickuil jumeil ATaiicKoro
Kpasd,

Cmpotinoe Eezenuii — Mocksa, CYHIL MI'Y,

Baiines Bumaauii — Capanck, juieit 43,

Kauanos Bsuecaas — Mocksa, mmkosa-waTepHaT <« HTELIEK-
Tyamny,

Konosanos Anexcandp — Joaronpyaspiii, muneit 5 <«®Dus-
MaT»,

Jlaspos Ilemp — Ilepmb, mkosa 146,

Anackun Buxmop — bBuiick, Buiickuii nmreit Anraiickoro kpas,

Kazees Huxuma — Cankt-IlerepOypr, smreit «DTII»,

Jasvidos Hean — Cauxt-IlerepGypr, auteit «DTII»,

Cmapuuxos Huxuma — Kamyra, mxosa 46,

Apmamonos [Amumpuii — Capos, jmneit 15,

Caodroe Buxmop — Caparos, OTJI 1,

Csemozopos Anexcandp — Kamyra, ruMHasus,

®
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Pasynoe Amumpuii — Huxnuil Hosropog, nuneit 40,

Kocmun Ilemp — Bearopon, muneit 38,

Odbeneeiin /Imumpuii — Canxr-IlerepOypr, smmeit «DTIIy,

Kypouxun Huxuma — YebGokcapsl, mureit 3,

Ionos @edop — Ilepmb, mkoaa 146,

Kum Anexcandp — Pecny6muka Caxa (dkytus), Pecny6iu-
KAHCKHUI JIAIIEH,

Puros Andpeti — Cuexxunck, rumuasnst 127,

HTycmuxoea Anna — 3apeunbiit, jmieit 230,

Mapeapumos Apmemuii — Apocaasip, mkosna 33 um. K.Map-
Kca,

Bebex Havs — Pecniy6muka Komu, PecryGuuxanckuii dhusn-
KO-MaTreMaTu4yecKuil Juieii-uHTepHar,

Iepesowuxos /enuc — Kupos, mnikosa 21,

Tomac Iasen — Hoocubupck, mureit 130 um. M.A.JlaBpen-
TheBa,

bensnuuxos Muxaun — Mexaypedenck, rumnasus 20,

Cmupnos Huxosaii — HoBocubupck, rumuasus 3,

Komendamsn Anopeti — Camapa, ®MIII;

no 11 kaaccam —

Kpasuyx ITemp — Canxrt-Ilerep6ypr, mreit «DTII»,

Yemanoea [unapa — Muace, nuueii 6,

Ceemxun Muxaun — Mocksa, CYHIL MTI'Y,

Kocmapes Havs — Canxt-llerepOypr, smmeit 533,

Howmbaros Hean — Teepnb, unein 35 OAO «PIK»,

Dadees Anexceti — HoBoueGokcapck, Jmieit 18,

Cmapxkos I'puzopuii — Hos6pbek, mkona 7,

O6uduna Ana — Openbypr, rumHasus 3,

Kasees Anexcandp — Ilerponasnosck-Kamuarckuit, mxosa 33,

Bepcenee Huxuma — Mocksa, Lentp o6pasosamnus 1925,

Tpezybos Amumpuii — Kupos, ®MJI,

Caghowrun Anexceii — Pszanb, rumuazust 2 um. W.I1.I1aBso-
Ba,

Boruun Andpeii — buiick, Buiickuii juneit Anraiickoro kpas,

Muxatirosa Anacmacus — Openbypr, rumHasus 3,

Buaaciox Anexcandp — Hoocubupek, CYHIL HI'Y,

Jecoux Iasenr — Uenabunck, auuein 39,

Jubepson [lanuur — Kupos, ®MJI,

opowenxo Andpeii — Omck, et 92,

/y6os Anexcandp — Bomorma, Bomoroackuii MHOTOTPO(MIb-
HbBII JINILEN,

Kusn Cepeeit — TamboB, nuneit 14,

Kysneyos Hean — Mocksa, CYHIL MI'Y,

Jucuyxuit [mumpuii — Benopenk, KoMmmbiorepaas 1koJa,

Mampocos Muxaun — HoBoBoponesx, nkoa 2.

Hy6auxauuio nodzomosuau C.Kosen, B.Cao600smnun

B ropax Tena BecaiT 6onblue AU MeHbLue?

(Ha4ano cm. Ha 4-v crpamuLe obroxku)

... B ropax mioTHOCTH BO3/yXa, a BMecTe ¢ Hell W cuia
ApxmnMesa, MOXET 3HAUNTENbHO yMEHBITAThesA. J[0BOTBHO
npocThie pacuersl (BBITOJHATE MX CaMK) MOKA3bIBAIOT, YTO
BeC TeJ IJIOTHOCTbIO, Harpumep, 1,/3 MJIOTHOCTU BOIBI He
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MaJlaeT, a PacTeT ¢ MobeMOM Ha BbICOTY. Tak, Bec MeHOoIIa-
CTa, TIOTHOCTb KOTOPOTO OK0JI0 50 KT /M°, yBeTHInBaeTcs,
KOr/la Bbl IIOJHUMaETEChb B FOpr. KOHC‘IHO, JLJIA KI/IPHI/I‘Ia,
IUPH U YeJI0BEKa BbIBOJL, C/IETaHHbBIN B OOJIBITHHCTBE yueOH!-
KOB, OCTAQ€TCsI BEPHDIM.

K.Bozoanos
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NMockoBCKas
OJIMMMaaa no ¢

CTyoeH4yeckas
om3mke 2009 rooa

24 mas B MOCKOBCKOM roCy4apCTBEHHOM TEXHUYECKOM YHU-
Bepcutete (MITY) um. H3. BaymaHa npoluna ovepefnHas Moc-
KOBCKas ropofckas onuMnuaga no gusmke cpegm CTyOeHTOB
TeXHU4eCKMX BY30B. B onnmnuane npuHanu yqactue 75 ctyaeH-
ToB 13 8 BY30B MOCKBbI.

Mo pesynbTaTaM KOMaHOHOrO 3a4eTa MepBOe MecCTO 3aHana
KoMaHaa MITY um. H2.baymaHa, Habpaslwas 155 6annos, BTO-
poe MecTO 3aHfna KomMaHAa MOCKOBCKOrO rocyfapCTBEHHOro
MHCTUTYTa CTanu u cnnasoB (MWCKC) (129 Gannos), TpeTbe
MecTo — KOMaHAa MOCKOBCKOro roCyfAapCTBEHHOMO MHCTUTYTA
3M1EKTPOHHOM TexHukM (80 Gannos).

B nnyHoM 3a4ete nepsoe MecTo 3aBoeBan M.MeBaHoB 13 MITY
nm. H3.baymaHa, Habpaswuii 50 Gannos, BTOpoe MecTo 3aBo-
eBan ABsatckux (MITY um. H2.baymaHa, 46 Gannos), Tpetbe
mecto — M.Kapnos (MWUCuC, 31 6ann).

3A0AYUN ONIMMINMNALDI

1. OnpenennTe MUHUMAJIBHBIH Py C KPHBU3HBI TPACKTOPUHT
aBTOMOOMJISE MACCOI 7 TIPU MAKCUMAJIbHO GBICTPOM TIOBOPOTE €10
ma 90 rpajsycos, ecju CKOPOCTD JI0 U MOCJIe MOBOPOTA PaBHA 0.
IToBOpOT TIPONCXOJNT Ha TIpe/ieie CLETVIIEMOCTH KOJIeC C JI0PO-
TOif, MaKCHMaJbHAas CHJIA TPEHUs paBHa F.

2. Jlocka Maccoil m CBOUMH KOHIIAMI ONUPAETCS Ha IUJIMH/D
pazmycoM R W Ha KaTryIiKy [0 BHYTPEHHEMY pajuycy 7,
KOTOPBIE JIEKAT Ha TOPU30OHTAJIBHOI TTOBEPXHOCTH TaK, U4TO OCH
MX TOPU3OHTAJIBHBI U HapaJIIe bHBI ApyT Apyry. Ocn KaTylKku
U IWIMHAPA CBSI3aHbI JKeCTKUMHU ToBojKaMu. Koadduiment
TPEHUS MEX/Y JOCKOW, NWJIMHJAPOM M KaTyHKoil paseH 1,
IIPOCKAIb3BIBAHNE MEXK/JY KaTYIIKO, IMJIMHIPOM M TOPU30H-
TAJBbHOI TTOBEPXHOCTBIO OTCYTCTBYeT. Kakyio cury Heo6X0oanMo
IIPUJIOKUTD K JIOCKe, YTOOBI CIBUHYTD €€ C MecTa, €CJIN BHEITHUI
pazuyc Katymku Hu 2R =n +r, ?

3. IlranetHas cucreMa COCTOUT M3 JIBYX IJIAHET OJMHAKOBOI
MacChl, PACCTOSTHIE MEK/LY KOTOPBIMU [, BPAIIAIOIIIXCSI OTHOCH-
TeJIbHO UX 001Iero IieHTpa Macc. Onpezesnrte pajnyc KpPyroBoit
CTAIlMOHAPHOI OPOUTHI KOCMUYECKOTO allliapaTa B 3TO cucTeme.

4. TenroBas mammua pa6oraer no 1ukay KapHo, 3a6upas
TEIJIO OT HarpeBaTess ¢ TeMmreparypoil Tj m oraaBast TeILIo

XOJIOIUIBHUKY ¢ Temnepartypoit T, . Onpegesnnte paboTy, MoJy-
YaeMyto B KaXK/JOM I[MKJE, €eCJU MpHpalleHre 3SHTPOINU B
KakIoM 1uKJe npu teroo6mene AS , a KIIJ[ marmmnbr 1 .

5. OmnpeesnTe HAPSKEHHOCTD HJIEKTPUYECKOTO TOJIST B TOY-
Ke, HaXOAmIelcs Ha ocn Z ¢ KOOPAWHATOH Z = @, ecJl 4acTb
mockoct XY MeK/ly BETBAMU IHIIEPOOJIbI x% - y2 =q° 3apsi-
JKeHa C IOBEPXHOCTHOM TIJIOTHOCTHIO 3JIEKTPUYECKOTO 3apsi/ia O .

6. OmpenenmTe TOTOK BEKTOPA MHAYKIMH MATrHUTHOTO MOJIS
yepe3 GOKOBbIE TTOBEPXHOCTH JIBYX OJIMHAKOBDBIX MJIOCKUX KOHTY-
poB ¢ ToKOM [ , HAMOTAHHBIX B BH/I€ O/IHOCJONHON CIUPAJIN C
BHYTPEHHUM JMAMETPOM R, BHENTHUM AuameTpoM 2R u 60Jib-
MM 41cJI0M BUTKOB N. KOHTYDBI COOCHDBI, PACCTOSHHIE MEXK/ILY
HuMu O < R, a TOKM B HHUX TEKYT B IPOTUBOIOJIOMKHBIX
HaIpaBJICHUSX.

7. TOHKOCTEHHDII JJTMHHBIN IIUH/P TOJINHO d, paiycoMm
R w gwHOI L BBITIOJTHEH 13 MaTepuaJa ¢ 3JeKTPOIPOBOIHOCTHIO
O ¥ KOHIIEHTpAIMENl AJEeKTPOHOB 7 U BPAIIaeTcsi BOKPYT CO6-
CTBEHHOH OCH C YTJIOBOH CKOPOCTHIO (0 B MarHWTHOM IIOJIE.
WHyKIus MarHuTHOTO MOJISE BO BCEX TOYKaX MEPICH/INKY I pHA
MOBEPXHOCTH THMJWHApa W paBHa B. K xkoHmam mmamamapa
TTOCPE/ICTBOM CKOJIB3SMNX KOHTAKTOB MPHUJIOKEHA Pa3HOCTb
notenimaaos U. Ompeenure TOK BJOJb OCH ITUJINH/PA.

8. ToukocTeHHbBII JJIUHHBIA TTPOBOSAIIII TUIUH/P TOJIIN-
Hoit &, pammycoM R W qauHON L HaXOAMTCS B OJHOPOIHOM
2JIEKTPUYECKOM TI0JIe ¢ HANPSDKEHHOCThIO E, TepreHAnKyIsp- @
Hoii ero ocu. IInauHAp BpaiiaeTcss OTHOCUTENBHO COOCTBEHHOM
OCH C YTIJIOBO# CKOPOCTBIO @ . Ompe/iesinTe MOMEHT CHJI, TIPUKJIA-
JIBIBAEMBIX K IUJMH/PY LIS TOJIepoKaHus BPAIEHUs C MOCTO-
SIHHOI yTJIOBOI CKOPOCTDBIO, ecJit KOIPMUIMEHT JIEKTPOTIPOBO-
JUMOCTH IIPOBOJIHMKA Y .

9. B BameM pacnopsiKeHUn OCTaJach TOJIbKO nepudepniitnas
4acTh 30HHOI MJIACTHHKM, TIPO KOTOPYIO BaM GOJIbIIle HIYEro He
n3BecTHO. Ecm OCBETHTb TIACTUHKY TMapajIeJbHBIM TTYIKOM
CBeTa C JIJTMHOW BOJIHBI A , TO ITyYOK OTKJIOHHUTCS HA yroJa O u
chorycupyercss B TOUKe Ha paccTosHuu [ oT miaacTudku. Urto
MIPON30II/IET, €CJIM OCBETUTD IIJIACTUHKY IIYYKOM CBeTa C JIJINHOMN
BOJIHBI A\ ?

Hy6auxauuo nodzomosusu B.Torybes, M.Hxosies

CoxpaHeHue MONIHON 3Heprum ...

(Ha4ano cm. Ha ¢ 45)

YupakHeHus

1. B BepTHKAJIBHOM TEIJION30JIMPOBAHHOM IIMJIMH/PE I10]{ HOPIIHEM
HAXO/UTCS HEKOTOpoe KOJM4YecTBO Tesus mpu Temneparype 200 K.
Hap nopirsem cHavyasia yepsKuBaioT TPy3 TaK, YTO OH €/iBa KacaeTcsl
MOBEPXHOCTH MOPIIHS, a 3aTeM OoTiycKaioT. Kakoil craner temiepary-
pa (B KeJpbBMHAX) Tasza MOCJE yCTaHOBJeHHsi pasHOBecus? Macca
rpys3a paBHa IIOJIOBMHE MAacChl MopiiHsa. TpeHueM u Terioo6MeHOM
npere6peyb, Hajl MOPIIHEM ra3a HeT.

2. B BepTHKaJIbHOM TEIJIOM30JMPOBAHHOM IUJIMH/PE 110/] TIOPIIHEM
HAXOJUTCST HEKOTOPOEe KOJMYeCTBO Teus. Ha mnopiime JexuT rpys ¢
Maccoil, paBHON Macce TOpIIHS. [py3 MFHOBEHHO yOHPAIOT U JIOKU/1a-
I0TCSL IIPUXO0/Ia CHUCTEMbl K paBHOBecuio. Ha CKOJIBKO NPOIEHTOB yBe-
JIMYNTCS BBICOTA, Ha KOTOPOI HaxoauTcs mopiienn? Haj moprimnem
rasa Her. Cyurarb, 4TO 3a BpeMs /[IBIJKEHHs IIOPIIHS ra3 He yCleBaer
OOMEHSATDBCST TEIIOM C TIOPITHEM ¥ I[HJIMH/IPOM.

3. B BepTHKAJIbHOM TEIJIOM30JMPOBAHHOM IUJIMH/PE 110/] TIOPIIHEM
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HaXO/UTCS HEKOTOpoe KoJimdecTBO Tesms 1npu Temmneparype 200 K.
Haz nopumem cHavasa yiepKUBAIOT TPY3 TaK, UTO OH €/[BA KACAETCS
[IOBEPXHOCTH IOPIIHSA, a 3aTeM oTnyckatoor. [locie ycraHoBJeHus
PaBHOBECHsI TPy3 MTHOBEHHO YaJsgioT ¢ nopiras. Haiigure temmepa-
TYpYy rasa IocJe TOro, Kak CHCTeMa CHOBa HPUIET B paBHOBECHE.
Macca rpysa paBHa Macce TopinHs. TpeHueMm u TernooOMeHOM TIpe-
He6peyb, HaJ| TOPIITHEM Tra3a HeT.

4. B BepTHKaJIbHOM TEIJIOM30JIMPOBAHHOM IIMJIMH/PE I10]] TIOPIIHEM
HaXOJUTCS HEKOTOpoe KoJmdecTBO Teams mpu Temmeparype 300 K.
Temneparypy 6bictpo (Tak, YTO HOPILIEHb HE YCIEBACT CABUHYTHCSA C
mecra) nosbimaior A0 350 K. Ha CKOJIbKO HPOIEHTOB yBEJHYHTCS
BbICOTA IIOPIIHS HA/[ JIHOM IMJIMH/PA II0CJE IPHUX0/a CHCTEMbl K
pasHoBecrio? Haj nopiinem rasa mer.

5. B Temnmon3oqmpoBaHHOM IIIHHAPE TOJ HEBECOMBIM IOPIITHEM
HaXO/IUTCSl MJIea/IbHBIN O/IHOATOMHBII Tra3. BHauase nopiieHb 3akper-
JIeH M COE/IMHEH C JHOM IMJIMH/APA HeleOPMUPOBAHHOI MPYIKIHOIL.
ITocsie Toro, kak nopiieHb 0CBOOOAN/IN U CHCTEMA HPUIILIA B PABHOBE-
cue, o0beM rasa yBeaumumicss B 4 pasa. Bo CKobKO pas mpu aToM
YMEHBIIHUJIOCH €ro JasJjenue? TpenneMm 1 TerooOMeHOM INpeHeGpeub,
Ha/l MOPIIHEM rasa HeT.

$ 30.09.09, 16:44 ‘
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(cm. <Keanm»> No 4)
1. 2054 = 764 + 26 + 1264
ITo ycaoBuio [l u Y — pasubie mudpor. HanMenbiee Bo3aMoxHOE
suauenne /[ = 2 npu Y = 1. ITonpoGyem cuurars E = 0. ITomy-
4uM

MAJI
2A

+
12AJ1

20111
13 nocaeanero croabma JI + A = 10. Hudpsr 0, 1, 2 3aHgThI.
Ocramuep 4 cayvas: JI=3, A=7, mmJI =4, A=6, wm JI =
=7,A =3, wmJl =6, A=4. Ilepebupast nx, HAXOAUM OTBET.
2. BapoHn He XBacTaer.
ITpusegem npumep maast N = 19 (MokHO 10Ka3aTh, 4TO 5TO Ham-
MeHbliee Bo3MoxkHoe N):

9]18|7]16/5|14/3[12/1|10]11|2/13]4|15|6]17|8]19.

+

3. la.

HazoBeM cmoumocmuvio uas 6 npsanukax KOJINYeCTBO MPSIHIKOB
(BO3MOKHO, Helesnoe), KOTOpoe MOKHO KYIIUTD 3a Te JKe JIeHbIH,
4yT1o 1 yail. [Ipy MoJoposKaHWN CTOMMOCTD Yast B TMPSHUKAX OCTa-
HETCST TIPeKHeN. 3aMeHNM MBICJEHHO Yail mpsHnkaMu. Tak Kak
1eHbl 06a pa3a MOBBIMAJIICH HA OJHO M TO JKe UHCJIO MPOIEHTOB,
KaQK/Iblil Pa3 KOJMYECTBO IPAHUKOB, KOTOPbIE MOKHO KYIHTh Ha
1 py6Jib, YMEHBIIAIOCH B OJHO U TO YK€ YHCJO pa3. [T0CKOJIbKY
1oCJie TePBOTO MOAOPOKAHUS HTO KOJMIECTBO YMEHBIINIOCH He
60JbIITe, YeM Ha OJIMH MPSIHUK, MOCJE BTOPOTO TOJIOPOKAHIUST OHO
TaKKe YMEHBIUTCS He GOJIbIle, YeM HA OJMH MPSIHUK. 3HAYUT,
py6Jist Ha yail XBaTHT.

4. O6osnaunm smagpn mudpamn 1, 2, 3, 4 1Mo 4acoBoOil cTpeJike,
rae 1 — magps B 1eBOM HIDKHEM yruy. XO/bl BJIEBO, BIPABO,
BBepX, BHE3 Oyaem o6osmauars JI, I1, B, H coorBerctBenno. Ce-
PHIO XOJIOB O(HOIT Jiajibeil OyzeM o6o3navath POl 1 mocae/10-
BaTeJIbHOCTBIO GYKB. BOT BapwaHT X0/10B, COOGMPAIONINIT JIa/bU B
IeHTpe:

3J1, 4BJI, 111BJI, 2HIIBJIH, 3HIIB, 4HIIB, 1JIHIIB, 3/IHII,
2B, 4ITHJIB, 21THJIB, 41THJIB, 2ITHJIB, 3B.

5. 60°

Ecam nosiBecutp TesI0 3a OJHY TOY-
Ky, TO OHO 0065I3aTeJIbHO MOBEPHET-
cs1 TakKuM 06pas3oM, 4ToObl HEHTP
TskecTn (TOUKA TIPUITIOKEHNST CUITBI
TSDKECTH) JIEKAJ HA BEPTHKAJN,
HPOXOJISIIIEll Yepe3 TOUKY MojBeca.
JlBa TIepBBIX TIOABEIINBAHNS MTO3BO-
JIAIOT HalTH TOJIOKEHNe TeHTpa Ts-
xectn — touky O (puc. 1). lpu
nozBemmBanun 3a Touky C BepTu-
KaJIb CHOBA MPOIi/IET Yepe3 TOUKY
O. Yron Mexjy Heil 1 CTOPOHOM
AB Gyner pasen 60°. (Tpeyroabiuk AOB IpsMOYTOJIbHbIH, 10-
atromy CO = CB u tpeyroabuuk BCO paBHOGe/IpeHHDII, HO OJIMH
U3 ero yrjos paBeH 60° — 3HAUYUT, ITOT TPEYTOJBHUK PABHOCTO-
POHHWIL. )

Puc. 1

KANENOOCKOM «KBAHTA»

Bonpocbkl 1 3apaun
1. Cm. puc.2.
2. TTocKOJIbKY YCKOpEHHe IPy3uKa MPOHOPIMOHAIBHO [ITHHE JKe-
J100a, BpeMsi JIBIDKEHHS IO JIIOGOMY KeJI00Y, TPOPE3aHHOMY O
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YKA3AHUNA, PEIIEHNA

XopJie ancKa, Gyaer ofHuM
n TeM 3Ke.

3. HyHO 1oCcTpouTh OK-
PY’KHOCTD, TPOXOJSIILYIO
yepes JaHHYIO TOYKY A U o p
Kacalolyiocsl IJIOCKOCTH ¢ A
3a/IaHHBIM YTJIOM HaKJIOHA v
o B HeKoTopoil Touke A', Puc 2

a TEHTpP ITOH OKPYIKHOCTH
JIOJIKEH JIeSKaTb Ha BEPTUKAJIN
I0J{ TOYKON A (pI/IC.3). Torma
JIBIZKEHUE TI0 K00y, Pacro-
JIOKeHHOMY 110 mipsiMoii AA’
noJ yrjaoM 0O/2 K BepTHKA/M,
Oy/IeT TIPOUCXOUTD 32 KpaT-
yaiimee Bpems (cM. penrenme
3a7aun 2).

4. Tlopuiens OyzieT HAXOJAUTD-
cs B PABHOBECUU, TaK KakK
MIPOEKITH CHJT JTaBJICHUS JKH/[I-
KOCTH Ha 0Cb TPYOKHU cJieBa U
CIpaBa PaBHBbI.

5. [laBiienue KUKOCTU OIpe-
niesisiercs TYOUHOM, OTCUYMTBIBAEMOI 10 BEPTUKAJMN, UCXO/S U3
4ero B TIEPBOI MEH3YPKe JlaBJeHNe BOJABI HA JAHO Oy/eT B JBa
pasa 6oJibllie, 4eM BO BTOPOIi.

6. Kuprnuun HauyHyT CKOJIb3UTh OJJHOBPEMEHHO, TaK Kak JEHCTBY-
fOllle HA HUX CHUJIbI TPEHUS PABHBI — OHU HE 3aBUCST OT pa3Me-
POB TPYIINXCS TTOBEPXHOCTEI.

7. Jlo onpeaenennoro yrma 0, (pacuer gaer 3nauenue

tgay =M, rae U — K0a(DPUIMEHT TPEHUS CKOJIBKEHHSI) PacTer
CHUJTa TPEHUS TIOKOs, y/epKuBalomnasi 6PyCcoK Ha IJIOCKOCTH, MPH
JTATbHENTIeM yBeJTMIeHnn yTaa Ha OPYCOK JEHCTBYeT CHJIa TPEHst
CKOJIbKenus, yObIBAIONad 10 HyJIA P TOCTHKEHIH 90°.

8. R=-mg, F;, =mgsina .

9. HauaB cBOGOJHO TaJaTbh, TEJIO 32 HEKOTOPOE BPEMS CMECTUTCS
10 BEPTUKAJIHA HA BBICOTY
h, TPONOPIHOHAIBHYIO
yckopenuto g (puc. 4).
3a To Ke BpeMs KJIUH
JIOJIKEH CMECTUTLCS B TO-
PH30HTATBHOM HaIpaBJIe-
HUW HE MeHee YeM Ha Tie-
peMereHne s, TMPOTOPITH-
OHaJbHOE yCKOpeHuio @ (CM. 3alTpPUXOBAaHHBIN TPEYTOJbHUK Ha
pucynke). Yuurbisag, urto s/h = ctga, nonyuaem a = gctga .
10. Kak ToJbKO MOHeTa TOJIYYUT YKA3aHHYIO CKOPOCTDb, CHJIA Tpe-
HUS OKa)KeTcs HAIMPABJIECHHON MPOTUBOIOJIOKHO eif. Tak kak aTa
CHJIa TOPU3OHTAJIBHA, TO OHA He CMOYKET MPETSITCTBOBATD JBIKE-
HHUIO MOHETBI BHU3 110 Ha-
KJIOHHO# 1ockoctu. B pe-
3yJIbTaTe MOHETA CTAHET JIBH-
ratbcsl O KPUBOIl, N300pa-
SKEHHOI Ha pUCYHKE J.

Puc. 3

Puc. 4

Puc. 5 Puc. 6
11. F, =mgsina, F, <mgcosa (cm. puc. 6).

12. TTockoJIbKY MasiTHHK HAXOJUTCS HA TeJeKKe, CKaTbIBAIOIIEli-
€1 ¢ HAKJIOHHOII TIIIOCKOCTH € YCKOPEHHeM d = gsind, ero moJo-
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JKeHue paBHOBecus Oyjer
TaKUM, IPU KOTOPOM Ma-
SATHHUK J[BIDKETCSI OTHOCH-
TEJbHO IIJIOCKOCTH C TeM
JKe yCKODEeHHeM, 4To 1
tesexka. Ha pucynke 7
BUJIHO, YTO 3TO BO3MOX-
HO, JINIIb KOTJa HAUTD
MasITHUKA IHepHeHINKY-
JIIPHA HAKJOHHOMW IJIOC-
KOCTH.

Puc. 7

13. tga>0,75.

14. [l TakuX BUHTOB BBITIOJTHSIETCSI HEPABEHCTBO 2TV > /i, T/e
7 U h — pajiyc U Mar BUHTA COOTBETCTBEHHO.

15. OaMHAKOBO, €CJI He YYUTHIBATH CONPOTUBJIEHUE BO3/YXa;
BTOPOIf BaroH, eCJM CONPOTHBJICHNE YUNTHIBATD.

16. IIpu nBICkeHNN B TOPY HEOOXOAUMO YBEJIUYUTD CUJIY TATH, a
IIPU TIOCTOSTHHOIL MOIITHOCTHU J{BUTATeJIsi 9TO BO3MOYKHO JIMIIb TIPH
YMEHDBIIIEHH! CKOPOCTH aBTOMOOGUJIS.

17. Ilpn BBITTOJHEHNN YKA3aHHOTO B 3ajade yCJIOBUS CKOPOCTH
IIJINH/PA Y OCHOBAHUS IJIOCKOCTH B IIEPBOM cJjiydae GOJIblie, Tak
KaK BO BTOPOM CJIy4ae 4acTb HOTEHI[HMAJbHON SHEPTHH IMJIHH/PA
Gyzet 1peo6pa3oBaHa B KHHETUUECKYIO SHEPIUIO BPAICHUS.

18. Bepxnee 6pesno (2) ocranercss B paBHOBECHU NP o < 30° .
B npoTtuBHOM cilydae HAIpaBJIEHHE CHJIbI TSDKECTH ATOro OpeBHA
npoiijier sesee ToukM onopsl 0 HuxKHEe 6peHo (1), u BepxHee
OpeBHO cKaTUTCS HA OOPT.

MwukpoonbIT

Hano pasmectuth 1uamHAp Ha

—\/ HaKJOHHOW TIJIOCKOCTH TaK,
KaK MMOKa3aHO Ha PUCYHKe §,
Torjga ou Oy/er BecTu cebst
nogo6Ho urpyiike «Banbka-
Puc 8 BCTaHbKay, KOTJa MOMEHT

CHJIBI TSIKECTH OTHOCHUTEJIBHO
TOYKH OTIOPBI 3aCTaBJisteT (DUTYPKY Pa3BOPAYMBATLCS, B3OUPASICH
BBepX. Heo6xo1uMo y4ecTb, 4To npu GOJIBIINX YIrIaxX HAKJIOHA
TJIOCKOCTH TIUJIMH/P MOXKET HavyaTh MPOCKAJb3bIBATH 10 HEll.

3ArAOKU MATHUTHOW CTPENIKU

3agaun 1. KoHIioM 0HOI M3 MOJOCOK HA/I0 MPUKOCHYTHCS K
pasHBIM MecTaM BTOPOIl Moockn. Ecim mepBast mojlocKa — Mar-
uut, oHa GyJeT MPUTITHBATH BTOPYIO B Jo6oM Mecte. Ecau ke
nepBasi MoJI0CKa HEMArHUTHAsS, OHA OyzeT ¢ HauOOoJIbIIel CuJIoit
IPUTATHBATBHCS K KOHI[AM BTOPOIl MOJIOCKU, C MEHbIIEll CHIoi —
6JIKe K ee IeHTPY W COBCceM He OYAET MPUTATHBATLCS TOYHO B
tentpe (rjie ceBepHbIil 1 FOJKHBLII MOJII0CA MarHUTa Kak Gbl YHUY-
TOXKAIOT [IPYT ApyTa).

3agaun 2. Ecun ectb KOMIIAc, TO MarHUTHYIO IIOJIOCKY, KOTOpast
SIBJISIETCST MAaTHUTOM, HY>KHO TTOJHECTH K KOMIAcy W MOCMOTPETD,
Kak oHa OyJeT JelicTBOBaTh Ha CTPEJKY. TOT KOHeIl MOJOCKN!, KO-
TOPBII NPUTSAHYJ CUHUI KOHEI[ CTPEJKU KOMIaca, HaJo MOKpa-
CUTb B KPACHBII IBeT, a APyroii Kowel mosiocku (OH MPUTATHBAET
KpacHbIil KOHell cTpesku) — B cuHuii. Ecin kommaca Her, To 10/-
BecbTe MArHUT HA HUTKE TOYHO B leHTpe (MJIM T0JIOKHTE Ha I1a-
BAIONMMH B BOJE MPEIMET) U MOCMOTPUTE, KaK OH Gy/eT OPUEHTH-
poBatbcs 10 cTopoHaM cBera. Tor KoHel[ 6pycKa, KOTOPBI CMOT-
PHT Ha ceBep, HAJ0 MOKPACUTb B CHHUII IIBET.

COXPAHEHME NOJIHOW SHEPTUN
B 3AAAYAX TEPMOANHAMWKUN

1. T =240 K.
4. 5=10% .

2. 3=60%. 3. T=224K.
3. k=5.
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MATEMATUYECKAS ONIMMIMNUALA
MMEHW NNEOHAPAA SUJIEPA

1. 26 kM /4.

O6osnauum Mecto obutanus miaemenn Mym6o-IOmM60 yepes O,
XpaHuJmile, K Koropomy nobeskan Mym6o, yepes M, a XpaHUJIH-
e, Kk koropomy tomies IOm60, yepes U. OueBuzano, uto M Ha-
XOJHTCS BbBINIE TI0 TeyeHuto, yeM O, a U mmke. [lyctp paccros-
nusg or O fo M u U paBHBI X 1 y KM cootBercTBenno (x < y),
ckopocTh pexu pasBHa v kM ,/4. Ha myts ot O no U IOm6o 3atpa-
™ y /6 vacos, a Mym6o x /11 + (x + y) /o vacos. ScHo, uTO
B coceqnee meMs IOM60 mpumiibiBaer panbine Mym6o Toraa u
TOJIbKO TOTAQ, Korza /6 < x/11 + (x + y) /0. Tak Kax

x < y, U3 9TOrO HepaseHCTBa ciexyer, 4to y,/6 < y /11 +

+ (y + y) /0. Cokparus Ha y u npeo6pa3oBas, MOJyYaCM

v < 26,4 kM /4. OcTanoch MPOBEPUTD, YTO CKOPOCTb PEKH MOT-
Jla paBuATbest 26 kM /4. [lasg atoro B HepaBenctBe y,/6 <
<x/11 +(x + y) /o0 nonaoKUM v = 26 KM,/ U U PaAaBHOCHUJIHHO
npeo6pasyem ero k Buny y/x < 111,/110. Ilocrentee BoO3MOXK-
no (nanpumep, pn y = 1,12 kM, x = 1,11 kM), 4ro n 3aBep-
IIaeT pelleHue.

2. Jla.
o n+l-a n+1
Kaskmas n3 gaHHbIxX 1po6eil mMeeT BUf ———— = -1, rae
a a
1<a<n. Crano 6biTb, HaM TpeGyeTcs HAUTH TaKWe Pa3JNYHbIE

HarypaJsibHble unciaa a, b, ¢ u d, ne 6oubie 2009, st KOTOPHIX
n+1

0. 0On+1 On+1 n +1
=10+ - . Y6paB Mumyc
H a H B b ﬁ E c ﬂ % d ﬂ P Y
eIMHUIIBI U TIO/IEJTNB 3aTeM Ha 7 + 1, MOJyYuM paBHOCHJIbHOE pa-

1.1_1
BeHCTBO — +— =— +— . Ocrasnoch 110/106pathb Y/0BIETBOPSIOLINE
a

b ¢ d

eMy }Ip06ﬂ. ITO MOKHO caenatb, B34B nmo6oe PaBEHCTBO ABYX

CYMM Pa3JIMUHBIX HATypaJbHbIX ciaaraeMbix, HOK koToppix He
6ouspiie 2009, u nosenus ero Ha aror HOK. Hanpumep, pasen-
1 1_1 1
1+4=2+3, al12, maer —+—-=—+—.
CTBO nojie/leHHOe Ha naer oo = ety
5. Her.

Haumenbiee obmiee kparioe (HOK) HECKONBKUX UHCeNT JEJTUTCS
Ha KakJoe U3 HUX U, CJIeJIOBaTelIbHO, HAa KaXK/bIll WX J[eJUTeb.
3Ha4uT, ecau cpeau uymces, oT Kotopbix Haxoxar HOK, ectp
vyernoe, To HOK Toke Gymer deTHniM. Pa3HoCTbh MBYX YETHDBIX
yucea — yucsao dyerHoe, a 2009 — HeuerHoe. 3HAUUT, €CJIM Ta-

K€ TIeCTb I0CJIe/I0BATEIbHbIX HATYPAJbHBIX UHCEJ CYIIECTBYIOT,
TO BCe YETHbIE YUCJA CPen HUX JOJBKHBI ObITh B ognoM HOKe.
Cpe/it 11ecTy HOCJIe/[0BATeIbHbIX HATYPAJIbHBIX YHCEJT TPU 4et-
HBIX U TpH HeueTHbIX, 3HauuT, oxnn HOK 6yner naxomurcs or
TpeX MOocJIe/IOBaTeIbHbIX YeTHBIX YHCes, a APYToil — OT Tpex Ioc-
JleloBaTeIbHBIX HedeTHBIX umcesn. Ho cpean Tpex mocseoBaTe/Ib-
HBIX KaK YEeTHDIX, TaK M HEYETHDBIX UMCEJ eCTb KPATHOE TPEM.
CurepnoBaresnbio, o6a HOKa kpatHbl TpeM, U UX PasHOCTb JI€JUT-
cst Ha 3. Ho 2009 Ha 3 He genurtcs. 3HAUUT, TaKUX IIECTU I1OCJE-
JI0BATEJIbHBIX HATYPAJbHBIX YHCEJ HE CYIIECTBYET.

6. Otnoxum na cropone AB orpesok BE = BC. PasnoGeapen-
uble Tpeyroibuuku EBK u KBC paBHbl 110 JBYM CTOPOHAM U
yray mexay Humu. [lostomy EK = KC, a OAEK= 180 -
-0OBEK= 180—-0 BK€ O CKD . Kpome toro, KD = BD —
BK = BA — BE = EA. Cnenosaresibio, tpeyrojabuuku AEK u
DKC pasnbl. [lanee, mockoabky ob6a tpeyrosbHika BEK u BAD
— pasnoGeapennbie, OBEK= 90-0 EBD/20 BAD . Iloatomy
AD || EK, orkyna OKAD=0 EKA0O KCD .

7. Ilepsbrii.

HasoBem kyukn U3 OJJHOTO opexa eJMHHI[AMH, a U3 ABYX — JBOIi-
xamu. IlepBblil UTPOK /0/DKEH NMPHAEPSKUBATBCS CJAETYIONNX Mpa-
Buu: 1) ecom Ha JIOCKe eCTb eAMHUIbI — yOpaTh OHY U3 HUX;

2) He 6patb U3 ABOCK. B OCTAIbHOM XObI MEPBOrO MOIYT GbITH
JO6bIMU. 3aMeTUM, YTO YHCJIO OPEXOB B Hayajle MIPbI HEYETHO,
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3HAYUT, OHO HEYETHO W Iepej JIIoObIM X0/0M mepBoro. [Toatomy
mepeji ero XOJ0M Ha JI0CKe Bcerja GyneT XoTsh Obl O/HA HEYeTHAs
Ky4YKa, T.€. IIepPBbIil BCEr/la CMOXKET C/eJaTh XOJ, He Hapylias
OTMCAHHBIX TpaBuJ. Temepp 3aMeTuM, YTO TIOCJE MEPBOTO XOJa
[IepBOro Urpoka Ha Jocke Her exmuunil. Ilocje xoma BTOporo ur-
pPOKa MOJKET MOSIBUTHCS He (oJiee OJIHOI HOBOIl €AUHUIIBI, KOTO-
pYIO TepBbiil 3a6epeT. 3HAUYNT, U TOCJe CJAEIYIONUX XOJ0B Hep-
BOTO eIMHUI] HA JO0CKe He OyJeT, a mocje Jo60ro Xo/1a BTOPOTo
Ha jjocke Gyjer He OOJIblle OJHON euHuIbl. B wactHocTH, Tak
OyZieT U B KOHILE UIPbI, T.e. IIE€PBbLI BbIUTPAET.

8. 3001.

ITockombKy Kask/i0e YuCJ0 psifia, HAYMHAS CO BTOPOTO, GOJIbIIe
IIPE/IBIYINEro XOTs Obl Ha euHuIy, 9 1000'°%-¢ ero wmcmo
Gobure 9 1000 re. B nem kax MummMym 3001 uudpa. O6o-
3HAYUM 7-€ YKCJIO Psijia yepe3 d, , U TyCTb k — HAUMEHBIIHHA HO-
Mep Takoif, uto B uncae d;, 3002 mudpor. Ecam Mbr gokaxeM,
yro k > 9 EIOOO“JOO, TO IIOJIy4nM, 4TO B 9 [1000'°°-y qucne
psia He 6osee 3001 nudpst, T.e. B HeM posro 3001 mudpa.
Paccmorpum uncaa ot 0 10 103001 —4 , He MMeIOINe eJINHUI] B
necatnanoil 3ammcn. [lomosHuB Kaxkaoe caeBa Hyaamu g0 3001
3HaKa, MbI TIOJY4YnM Bce TocaesoBareabrocTn janabr 3001 n3

uudp, OTANYHBIX OT eAMHUIbl. Takux nocJjenoBaTe S bHOCTEN
3001
9300

930" | 3nauur, u cpenu umcen d,...,q,_; He 6ojee yuceJ,
He MMEIONMX eIMHUIBI B JecATHunoil 3anncu (Tak Kak Bce OHM
e mipesocxoaat 10°%01 1),

PacemorpuM Terepb mporece moJyueHust uncaa @, u3 dq. Ha
Kax/oM 13 k — 1 maros npuGasisiercst yncsio ot 1 10 9, npuyem
KOJIMYECTBO MIaroB, HA KOTOPBIX MPHOABJISETCS He eNHUIA, He
MIPEBOCXO/IUT 93001 " 3yauur,

10 1 <@ —a; <99 +1(fk -1 -9") = =1 +8

oTkyna k= 103001 — 8 3" " Ocranocn TI0Ka3aThb, 4TO

103001 — g @301 5 g (3000 JI1g 9TOrO JIOCTATOYHO JI0Ka3aTh,
aro 9777 <10° | Bamernm, uto 97 = 4782969 <5010° | orkyzsa
9% <59 10* <10% , u 96 < 10°* . TToasromy

93002 — 36 (92946 < ()34 [71()2946 = 13000

3AKMIOYUTENBbHbINA 3TAMN XXXV BCEPOCCUNCKON
ONIMMMNUALBI LUKOJIbHUKOB MO MATEMATUKE

) 9 knacc
1. 22 BV =168..
I . p @ b
yCTb Halm 111)0 n 3TO 600 n 700 . orga d B3aMHO l'[pOCTO
7a +6b
¢ 6,ab—c7. IoaroMy YHCIUTETD UX CYMMbI 4200 B3alMHO

mpoct Kak ¢ 6= 2B, Tak u ¢ 7. Ilockompky 4200 = 2° (B [V (57,

ATO O3HAYAET, YTO 3HAMEHATEJNb IOCJe COKpalieHus: GyeT He

Menbire yeM 2° [BIV = 168. Takoii 3HaMeHATE/Ib JIEIICTBUTEJIBHO
1 3 1

—_—t—— =

600 700 168

3. 3amernm, 4TO Pa3HOCTD MEX/Y JIOOBIME JBYMSI YHCJAMHU BH/A

a+1(i=1, .., n) ne upesocxomur n — 1.

MOJKET MOJYYUTHCA; HallpUMED,

IycTb KpaTHOe ey n° +1i , COepIKaleecs Cpeli HAIINX Uii-
ceJi, — 3T0 4; (n2 + i) . dcuo, urto a; > 1. Torpa naiimercs: Takoe
1<i<n—-1,uto @ > a;; (B IPOTUBHOM cay4ae & < dy S ...
..<a,,n a, (n2 + n) -a (n2 +1) 2a (n -1) >n -1, uro HeBO3-
moxno). Torza

n-12aq (n2 +i) —d; 4 (n2 +i +1) >

> q (nZ +i)_(ai _1)(n2 +i +1) —n? +i + -a,

)

2 ; 2
T.e. @; 2n" —n+i+2>n° —n. Tenepb, Tak Kak OJHO M3 HAIINX

3 2

quCcesT eCTh d; (n2 +i) > (n2 —n)(n2 +1) =nt =% +n* -n, 10
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azaq, (n2 +z)—n >nt -n +n? =20 20" -n® | tax kax n=22.

d. 3ameTum CHa4daJia, 4TO AJd JIH0OBIX Pas/IMYHbIX YUCET X 1 Y
BbIIIOJIHACTCA HEPaBEHCTBO

(%)

B camom zesie, ecan |xy| = xy, To HepaBencTBo (# ) PaBHOCUIBHO

o —xy +y” >ayl.

HepaBencTBy (x — y)2 > (), KoTopoe BepHo; ecam xe |y = — xy,
1o (# ) pasHocHIbHO Hepasencry x>+ y > 0.

Ipeanonoxum, uro abc # 0. Toraa, pasjenuB BTOPOe PaBEHCTBO
Ha IepBOe, Mbl MOJydaeM

(az —ab +bZ)(b2 -bc +c2)(c2 -ca +a2) =a’b’c*® = |ab||bcl|ac| .

OHaKo Bce CKOOKH CJI€Ba M BCE COMHOMKHUTENH CIIPABA TOJIOXKI-
TEJIbHBI; TIPH 9TOM KasK/bIlf COMHOXHUTE/Ib CJeBA HE MEHBIIE COOT-
BETCTBYIOIIETO COMHOKUTEJIA cIpasa. Torga paBeHCTBO MOKET
JIOCTUTATBCS JIMIIb TOT/[A, KOTJIAa BCE 9TH TPU HepaBeHCTBa o6pa-
MAIOTCS B PABEHCTBA, T.e. KorAa @ = b = ¢. B atom cirydae mep-
BOE PABEHCTBO M3 YCJIOBHS MPHHIMAET BII 8a° = a° , 4TO HEBO3-
MOXHO TIpu ¢ # (. 3HauuT, Halle [IPeIIoI0KeHIe HEBEPHO, U
abc = 0.
8. Bcerja.
Ecim AABC = AAB,C;, 10 cmoco6 mocTpoeHnst oueBuaeH. B
[POTUBHOM CJIyuae MOXKHO cuutars, yro AB # AB; (nycrb pust
onpeznenentoctn AB < AB; ).
IToctpoum Tpeyroapuuk A'B C rakoii, uto AB|| A'B |
A'B = AB,, BC=DBc(C,
CA' = CiA; (puc.9; sro no-
CTPOEHHE JIETKO OCYTIle-
CTBHUTD, HAIIPUMEP, UCIOJIb-
3y PaBEHCTBO
OBCB=0O AB€O ABC,).
Torna ABB'A' — tpanenus.
IIyctb MN — ee cpennss
quHA, a P — Touka mepe-
ceveHust POJOJIKeHuit 60-
KOBbIX cTOpoH. [locTpoum
Ha orpeske PC Kak Ha
JaMeTpe OKPY>KHOCTD .
Tak xax AB < A\B; = A'B
u Sapc =Sape, =Sapc, p
TO paccrosaue oT Toukn C
710 TIpsMoit AB GoJbiiie
paccrosinust ot C 10 1Ips-
moit A'B', mosromy TOYKH
P u C nexar 1o pasHble
CcTOpoHbI OT paMoii MN, ciefoBateslbHO, W INepecekaer Ipsi-
myio MN. Ilyctb K — ojHa u3 Todek nepecedenus: (Ha pucyHKe
OHa JIEKUT Ha oTpeske MN, HO Hallll PacCy>KJeHUs Ha 3TO OIH-
patbest He OyayT).
TTpoBenem npsimyio PK o mepecedenusi ¢ npsimbivun AB 1 A'B
AX _AY
B Toukax X u Y coorBercrBenHo. Torma —— = ——
XB YB
Sxpc = Sypc . Kpome toro, XK = KY, a yron PKC — npsmoii

Puc. 9

II03TOMY

KaK ONMUPAIONIMIACSA HA JUaMeTp B OKPY)KHOCTH . 3Hauut, CK —
cepe/IMHHbII TepreHankysap k orpesky XY, u CX = CY.

Ha mpopomkennn orpeska XC 3a Touky C BO3bMeM TOYKY Z Ta-
kyto, uto XC = CZ. Ilocrpoum tpeyroapuuku A,CZ n B,CZ,

B B, X
B
by
X Z
A A, A

Puc. 10
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pasubie TpeyrosibHukaM A'CY u B'CY cOOTBETCTBEHHO
(puc.10). Torpa AA,B,C = AA'B C = M B,C; . Tlokaxem, 4To
AA, || BB, , Torga MOXHO CIBHHYTH Tpeyroabuuk A,B,C BroJb
npsimoit AA, , mosyuus tpeGyembrii. Tak kak CX = CZ,

Supc = SAZBZC u Sxpc = SZBZCy 10 Sxac = SZAZC , paccTtosHus
or Touek A u A, 0 npsimoit XZ paBHbI, 1 PACCTOSIHUSI OT TOYEK
B u B, no npsmoit XZ takxe paBubl. CJie/JoBaTeJIbHO,

AA, || XZ || BB, , 410 1 Tpe6oBaioch.

10 knacc

1. 1001, 1000, 500.

Acno, uto cymectBytor Tpedyembie muorounennt ¢ 1001 n 1000

HemyaesbivMu Koaddumentamu (Hanpumep, (2x + 2)1000 _

1000 1000 1000
_(x+1) u (2x+1) —(x+1) ).

[Ipe/IoIo)uM, 4TO B HallleM MHOIOYJIeHe ecTh ABa Koadduimen-
Ta, pasubixX Hysmo, — pu &' u &/ (i > j). Torna a'b""" =

= cld! 000 @ Ipt00T = I g100077 - hassie B epBOE PABEHCTBO Ha

I:|0D1000 0 ad ]

BTOpOE, I0JIydaeM E‘Z—dﬁ :HE :E EE . Orciopa |—| =1,
c
‘% =tu %=1
c

Scno, uro npu samene ax + b na (=a)x + (—=b) Ham MHOTOUIEH

a
me usmenurcsi. [loatomy moxuo cuurtats, yto — = 1. Toraa, ecam
c

b

. 1000 1000
= =1, 10 mrorossii Muorowren (ax +b) " —(ax +b)" Hyme-

BOif, a ecsim —; = —1, TO B TOJTy4EHHOM MHOTOYJICHE

d
( 1000 _
ax +b) (ax

TBI IIPU YETHBIX CTENEHSX X, T.e. mouydaercs SO0 HeHyJIeBBIX KO-

1000
—b) OOHYJISIOTCST B TOYHOCTH K0 durmen-

a2 dUIIEeHTOB.

4. k = 100400.

O603HaUNM YNCJIa HA OKPY>KHOCTH 4€PEe3 dy,..., A9 , U TMOJOKIM
Ay1009 = Ay = dy_9009 - Llycts N = 100400.

TMonoxknM @y =a; =... =dyyg =100 u a; =az =... = a9 =0.

ITyctb MBI CyMeJIH C/iesiaThb BCE YKCJIa PABHBIMU TP KAKOM-TO
snaveHun k. Pacemorpum cymmy S = (ay —as) +(ay —as) +...

coo ¥ (@008 = 009 ) - Dra cymma yseanunsaercst na 1 npu npntas-
Nennn exuHnnbl K nape (4, a,), yMenbmaercst Ha 1 npu npuGas-
gerny  nape (@9, @) M He U3MEHSAETCS 1P BCEX OCTAIBHBIX
oneparusx. ITOCKOJIbKY MCXO/HOE 3HAYeHHEe S PaBHO

Sy =100 3004 = N | a xoneuHoe [0/LKHO GBITH HyJIEM, TO Tapa
(a3009, @) yBeamuusanach xorst 661 N pas. D10 3HAuUT, 4TO
k2N .

Ocrasoch 110Ka3atb, 4To npu B = N TpedyeMoe BCerja BO3MOK-
HO. PaccMOTpuM MpOM3BOBHBIN HAGOD YHCET ;. Y BEJMYIM
KKAYIO Mapy (&, djyq) POBHO S; = Gy + Uiy +... + 008 Pas.
Torga 4nca0 @; HpeBpaTHTCS B

@+ S +S; = a4+ (Apay * Qg oo F i) *

(@i + @iag + Fian08) S e Faggg
T.€. BCE YMCJA CTaHyT paBHBIMU. C PYToil CTOPOHBI,

5; <1004 100 = N, 4ro u Tpe6OBaIOCH.

3. k= 2010.

OGo3nayuM Halry I0C/Ie10BaTe/IbHOCTD (an) . dcno, uro

a; <10050006 97 LN =D npu nekotopoM HaTypaibiom N.
Torga maiizercsa Takoe n, 4to @, <D , HO d,,; > D (npu stom
a, 2 D u3 ycnosus). Ho nanGosnbmumn ancaamu, MeHbImaMu D
n pemsanmmuca Ha 1005 n 1006, asiaorea uncaa D — 1005 u

D — 1006 coorBercrBento; moaromy a, < D —1005 . Ananoruu-
HO, @, 2 D +1005; orciona a4 —a, = (D +1005) —(D -

- 1005) =2010 . 3nauur, n k= 2010 .

IIpu k = 2010 moaXOANUT, HATIPUMEP, MOCTEAOBATEIBHOCTD BCEX
unces, kparubix 1005, Ho we kpatnbix 97 (3amerum, uro 1005 ne
kpartHo 97).
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7. Ilyctp Wp Kacaercs

BA;, IA; u BC, B Tou- s
kax Kg, Ly u My co- AT \
OTBETCTBEHHO, a (- Ka- !
caercst CAy, IA; u CB, s |
B Toukax Ko, Lo u M

coorsercTBeHHo (puc.11). O L
O6osuauum uepes Op u |0y
Oc TIEHTPBI OKPYIKHOC- ,\-'HJ 0O, !
Tell Wp W W COOTBET-
CTBEHHO, a 4epe3 7g M 7¢ e y
= ux paguycst (yersb st Ky A, K. C
OInpeeJIeHHOCTH Puc. 11

rg > 1. ). Torma uerpipex-

yrogpunkn OgKpALy n OK-AL- — xBajparsl, MOaTOMY
AlLg =rg, ALc =10 u Lgle =1 —1¢.

Ecuin Bropast o61mast BHyTpeHHsIsI KacatejbHast [ Kacaetcss Wy U
We B T1oukax Ny u N, 10 NgNe =15 =7, npudem N u
Ly sexar mo oy cropony ot jmann nentpo OO (3amernm,
4TO TOYKa A JIEKUT MO Ty K€ CTOPOHY).

Anagornuno nosyuaem, uto CMp =15, BM- = 1. . Oraoxnm
na npojo/okennn orpeska NyNe 3a touky N oTpe3ok

NeA' = AM = AB, + BM,, . Torna

NpA'= AM¢ + NpNe¢ =(AB; +1) +(rg —1c) =AC, +153 = AMy.

Wrak, xacarenbuble u3 Touek A 1 A’ K OKPY>XHOCTU Wy PaBHBI,
1 KacaTeJbHble U3 HUX K Wc TaKyKe PaBHbI.

3amerum, uto I'MT, qaunHa KacaTesbHON U3 KOTOPBIX K OKPYK-
noctn Wy pasna AMp , ectb oxpysknocte Qp ¢ mentpom Op u

pajnycoM +rp + AM% . Takum o6pasoM, Touku A u A" jexar
Ha Qp . AHAJOrMYHO, OHU JIEKAT Ha OKPYKHOCTH Q¢ ¢ LEeHTPOM

Oc u pamycom i + AM?Z .

Wrak, kaxaas u3 touek A u A’ gBJsercss oJHOH U3 JIBYX TOYEK
nepecevenust okpyskuocreii Qp u Qc, a mockonbky A u A’ se-
skat 1o oany cropony ot OpOc , umeem A' = A . 3naunr, A se-
skuT Ha psiMmoil NN, 4To U Tpe6oBAIOCh 0OKA3aTh.

11 knacc

1. PaceMorpum camblit KOPOTKUiT MapuipyT /, IpOXO/SIIUI 110
BceM ropogam. Ilyctb oH HaumHaetcs B ropoje A, 3aKaHYMBAETCS
B ropojie B, a ero mumna pasaa N. Torga yucia na TaGanykax B
ropojiax A u B pasubl N, a Bce ocrajbHble He Menbliie N. Ilyctb
C — oauH u3 ocraBmuxcs ropogoB. OH JIEKUT HA JAHHOM Maplii-
pyre, moaromy juuHa 1yt o1 C 10 0JJHOTO U3 TopoJoB A uin B
ne 6osbime N /2 (6e3 orpannmuenus obuHoct — 10 A). Pacemor-
pUM MapIIPYyT, KOTOPbIH BbIXoANT n3 C, JOXOAUT KpaT4alIinM
obpasom 710 A, a 3arem nosropsier MapupyT [. OH mpoxoaut ue-
pes Bce Topojia, U ero JjuHa He npeBocxoaut N /2 + N =

= 3N /2. CuenoBaresibHo, 4ncyo Ha tabandke B ropoje C He
6oabiie 3N /2.

Takum 06pa3oM, Bce 4nc/aa HA TAOIUYKAX MPUHAJIEKAT OTPE3KY
[N; 3N /2], otkyna u cienyer tpeGyemoe.

2. TMonoxkum b, =a, —k. Torga

k b, o 1t O

bpey =bp =1+ =b, - = -—
ke ' k+bk ' k+bk k|:| k+ka.
Otcioaa oueBuaAHON MHAYKIMel 1o k momyuaem, uro b, > 0 (mo-
ckosbky by > 0). Kpowme toro, by, =b, - 5 bkb <b,. Orciona,
+
k

B YaCTHOCTH, cJejyer, uto b, <b <1.

1 O o
3amerum, yro by, =a; +— -2 = ﬁ/a ———H . Boipaskenue B
C V& ﬁ

CKOOKAX TOJIOKUTEJbHO U BO3PACTAET, KOT/Ia @; 1poberaer WMH-
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tepsan (1; 2); torma 0 =1+% -2<b, <2 +% -2 =%. Taknm

o6pasom, b, < b, <% mpu k=2.

Tenepn, ecm @y, +a; — uenoe uncno, 1o by, +b; — Takxe 1esoe.
3nauut, oano us unceln by, b, (s onpenenennoctu b, ) we
MeHbIIE o
6oJIbIle O/HOrO, TaK Kak mocaeosateabocts (b;) yobisaer. U3
ATOTO ¥ CJIEJIyeT YTBEPIK/IACHUE 3a/1auH.

Bameuanue. MOKHO 10Ka3aTh, YTO KOJUYECTBO Map € 1EJOI CyM-
MOl Oy/ieT KOHEYHbIM 11pu jiio6om @y > 1.

3. llyers AB;, AC;, AD; — Bbicornl rpaueit ACD, ABD, ABC
(puc.12). Toukn nepecevenusi BHICOT STHX IpaHeii JeskaT Ha Tps-

Torja k=1, n bj =1-b,. Ho rakux unces j He

A

Puc. 12

mbix ABy, AC;, AD; u ornuunst ot Touku A. TTockoJbKy OHE
JIEKAT Ha OHOI mpsiMoil [, To mpsimbie AB;, AC;, AD, nmexar
B IJIOCKOCTH O , comepskamieii [ u A (sacHo, uT0 A He JEKUT Ha
[). 3uaunr, toukn By, C;, D nexar Ha npsMoii iepeceyeHmst
mockocteit o u BCD.
ITyctp A" — mpoexmusa touku A Ha 1miockocts BCD. Torga mo
TeopeMe O Tpex meprennkyaspax touku By, C;, D, sBisiorcs
npoexiusiMu A" Ha npsimbie CD, BD, BC. 3naunt, Toukn A',
C, B, D; nexar na omnoii okpyxnocru (¢ quamerpom A'C ),
a takxke Toukn A', D, By, C; nexar ma oanoii okpy:xuoctu (¢
muamerpom A'D ). Otcrona
O(BC, ACk O (DC,A®DO (DB, AB)

= 0(C,B,, AB)F O(CD, AD¥F 0O(BD, AD)
(3nech uepes [ (a, b) 0603HAYEH YTOJI OT MPSIMOIl @ /10 TIPSIMOii
b, oTcUMTHIBAEMBIil TIPOTHB YACOBOI CTPEJKH; ITOT YroJl CUUTAET-
€SI € TOYHOCTHIO 70 MpHOABIEHNs Yncaa Buga Tk, rae k — 1te-
noe). W3 pasencrsa O (BC, A'Cy O (BD, A'D) caeayer, uto
Touka A' JIEXKUT Ha ONMCAHHOU OKPYXKHOCTH Tpeyroibuuka BCD

(puc.13) u, cregoBareabHo, Ha omucanHoi cdepe S MUpaMuIbI
ABCD.

D, B &

A’ D

Puc. 13
Torga nertp O cdepbl S JTEKUT B MIOCKOCTH [3, SBJSAIONICHCS
cepemHHBIM Teprenankyaapom k. AA" . Slcno, uto cepeaunnt pe-
6ep AB, AC, AD takxe jnexar B 3 (Tak Kak TpeyroJbHUKH
ABA', ACA', ADA' npsamoyrosibHbie). ITO U TPe6oBAIOCh [10-
Kasarb.
3ameuanue 1. OMycTUM TEPIEHINKYISIPHI U3 TTPON3BOJIBHON TOU-
ku A', mexamieit B mnockoct BCD, wa npsimbie BC, CD, BD
(em. puc. 13). VIX ocHOBaHUS JiesKaT Ha OJHOIN NPsAMON Tora u
TOJIBKO TOT/Ia, Korjga A’ JIeKUT Ha ONUCAHHOI OKPY’KHOCTH TPEy-
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roapuuka BCD. Jra npsamas nasbiBaercs npamoi Cumcona Tod-
ku A

3ameuanue 2. Terpasapbl, YIOBJIETBOPSIOIINE YCIOBUIO 33/1a4H,
CYIIECTBYIOT.

4. IlepBblil UTPOK.

Jlokaskem GoJiee o0liiee yTBEPIKIEHNUE:

ITycmo uzpa ¢ memu xe npasuramu nPOUCXOOUM HA KOHEUHOM
MHOKecmee mouex S, Komopoe co0epKum mouxy O(0; 0) u ne-
pexodum e cebs npu nosopome na 90°. Tozda 6 3moii uzpe ebviuz-
puisaem nepsvill uzpox.

(SIcHO, 4TO MHOKECTBO TOUYEK M3 YCJIOBUS YAOBJETBOPSIET HTHM
YCJIOBHSM. )

[lokazaTesbcTBO Oy/ieM BECTU MH/YKIHEH 110 KOJUYECTBY 72 TOUEK
B.S. Ecan n = 1, TO epBblil BHIUTPBIBACT IEPBLIM CBOUM XO/OM.
ITycts n > 1. [lanee nox ompeskamu Mbl Bcerja OyzeM 110/pasy-
MeBaThb OTPE3KH, KOHIIbI KOTOPBIX JIeKAT B S U HE CUMMETPHYHBI
ornocutesibHo O. Pacemorpum jumnbl Beex orpeskos. Ilycrb d —
MakcuMaJbHas u3 wux, u nycro ABy, A,B,, ..., A,B, — Bce
orpesku jumHbl d (Hexkoropbie u3 Todek A;, B; moryt cosma-
1aTh).

3amernM, uTo Touka O He ABJSETCS KOHIIOM HU OJIHOTO M3 3THX
OTpe3KOoB. [leficTBUTEIBHO, IIyCTh TO HE TaK, U CPEAN HAIUX OT-
pesKoB ecTb Kakoii-ro orpesok OA. Ilycrb Touka B .S mnomyda-
ercst n3 A TTOBOPOTOM Ha 90° otnocutespHO O. Torna

AB =2 OA > OA, 1.e. jumna orpeska OA He MAKCHMAJIbHA —
MIPOTHBOPEYIE.

Boikunem u3 S Bece touku A;, B; . 3amerum, 4to mosydeHHOE
MHOKECTBO S’ Y/IOBJIETBOPSIET BCEM YCJOBHSIM HAIIETO YTBEPIK/Ie-
Husa (Tak Kak MHOXKECTBO OTpe3koB A;B; mepexomnt B ceGs mpu
II0BOPOTE Ha 90°). 3HauuT, 10 MPEANOJ0KEHUIO MHIYKIUN B
urpe Ha MOJyYeHHOM MHOKeCTBE S’ BbIMIPBIBAET IEPBbIii.
IIpenpsaBuM Tenepb BBIUTPBINIHYIO CTPATErHIO /IS HETO Ha MHO-
sKectse S.

TlepBblit Oy/eT meiicTBOBATD MO CTPATETUN I MHOKecTBa S’ ¢
HayaJa /10 TOr0 MOMEHTa, KOT/ia BTOPOIl BIIEpBble BbIBeIET (Dulil-
Ky 3a npejesibl MHOKecTBa S’ . D10 cayunrest, u6o COrJIacHo
crparerun st S’y HMepBOTO BCETAA €CTb XO/I, MOCJe KOTOPOTo
¢umxa ocraercs B MHoXKecTBe S'. 3HAYUT, PAHO WU IIO3/IHO
BTOPOIl c/iesiaet Xo/ u3 Touku X, jekanieii B S', B Touky Y, He
aexantyio Tam (mycrs Torma Y = A;). Torma nepsbiii Moxer cje-
aatb xoa B Touky B; (rax xax A;B; =d , a XA; <d , unaue 6br
X me nexana B S'), moce 4ero BTOPOMY XOAUTb HEKY/a — OH
JIOJDKEH C/IeJIaTh X0/l JUTMHBI GoJiblieil d, a TaKUX XOJI0B HeT.
Wroro, mepBblii BHINTPBIBAET.

3ameuanue. AHATOTIYHO /TOKA3bIBAETCS, YTO €CJIU MHOXKECTBO S
nepexoauT B ce6sa npu mosopore ma 90° Boxpyr O, HO He cogep-
SKHT €€, TO BbIUTPbIBAET BTOPOA.

5. Beegem nepemennnie X =log, b, y =log, c. B HoBbIX mepe-
MEHHBIX HEPAaBEHCTBO MPUHUMAET B/

x+y+isi+1+xy,
Xy x Yy

YTO TIOCJIC TIPUBEJCHUS K OOIIeMy 3HAMEHATENIO TIEPEXO/NT B

(== -1)

Xy

ITocnennee nepaBeHcTBO BepHO, Tak Kak x 21, y21 u xy =1
B CHUJIy YCJIOBHS 3aJIayM.
6. k = 16.
PaccMOTpUM paccTanoBKy k Jiajieid, y0BJIETBOPSIONIYIO YCIOBHUIO.
Boamosknbl aBa ciayvasi.
1. [Iyctb B Kakm0oM cTOJGIE CTOUT XOTsI ObI 110 OJIHOU JIajibe.
Torga Bes mocka HaxoanTes moJi 60eM, W MOXKHO yOpaThb Jaibio
u3 J1000r0 cToJI0Ia, B KOTOPOM UX XOTs Obl /[Be. 3HAYUT, B 3TOM
cJIydae B KaxI0OM CTOJIOIE CTOUT POBHO TI0 OIHON Jiajbe, U
k <10 . AHAJIOTUYHO, €C/TM B KAK/JOH CTPOKE €CTb JIA/bsi, TO
Toske k<10 .
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2. Ilyctp Tenepb HaligyTcs IycTas
cTpoka u mycroit crosber. Torma
KJIETKA HA UX Te€PeceyeHrt He I0/|
60eM. 3aMeTHM, 4TO KasKjas Jaiabs
SIBJISIETCST €INHCTBEHHON MO0 B
cBoeil cTpoke, J60 B CBOEM CTOJIO-
ne (unave ee MOXKHO BBIKMHYTD, U
ee CTpOKa M CTOJIOEIl OCTaHyTCS
moj; 6oem). Jlast Kaskaoil 1apy OT-
METUM 3Ty CTPOKY WJIH 3TOT CTOJI-
Puc. 14 6err. Ecniu otMeuensl He 6oJiee 8
cToJIGIOB 1 He GoJsiee 8 CTPOK, TO BCero Jiajiei ne GoJibine 8 + 8 =
=16. EcJm e, 1715 ONpeieJIeHHOCTH, OTMeU€eHbl 9 cTOIOIOB, TO
nazeit Bcero 9 (B xaxkaoM u3 9 ¢Toa610B 10 OfHOH, a B 10-M
CTOJIONE TO MPEAIONOKEHUTO JTajiell Her).

Wroro, Bo Bcex cayvasx Mbl nomyuman k <16 . Ilpumep g 16
Jajiell TToKa3aH Ha pucyHke 14; 1/ KasKol Jagbl CTPEJIKOI
yKazaHa KJeTKa, KOTOpas OCTaHeTCs He 1o/ 60eM, ecJii Ty Jia-
ZIbI0 yOpaTh.

7. O603Ha4NM OIMICAHHBIE OKPYXKHOCTH TpeyroyabHukoB AAP u
CCP wuepes Wy u W, coorBerctBenHo. Ilycrb ayun AQ u CQ
nepecexaior cropoust CD u AD B toukax C, u A, coorBer-
crBenno. Torga u3 napasienbuoctu AB || CD un BrnmcanHoctn
verbipexyrosbinka AAPQ mosysaem

OPCCF 180-0 AARO AGP 800 POGC,,
T.e. derbipexyroybink CPQC, rakske BhmcaH. JTO 3HAYHT, YTO

C, JexUT Ha O ; aHAJOTHYHO, Touka A, JEXUT Ha 0y
(puc.15).

T T T

Caifda ool du s

Manee, taxk xax gerbipexyroabunk AAPA, smucan u AB|| CD ,
nmeem OA,PC= 180-0 APA 0O AAd, 800 A,DC, re.
yerbipexyroibink A, PCD rtakske Brucan. Torga OPDA=
=[0PDA=0 PCA O PCQ . AHAJIOTHYHO HOJy4aeM, YTO YE€ThbI-
pexyrosprnk BAQC Brnmcan, otkyga JOBA= 0 QOCA

= 0PCQ . Orciona caenyer OPDA O PCOUT QBA, uto u
TPe6OBATIOCh JIOKA3ATD.

3ameuanue. YTBepKICHUE 3a/1a4l OCTACTCS BEPHBIM, ecn Q He
JEeKUT B TpeyroapHuke ACD.

3AKTIIOYUTENbHbIN 3TAN XLIIl BCEPOCCUNACKOWN
ONMVMMUALDI LUKOJIbHUKOB NO ®U3UKE

TEOPETUYECKUW TYP

9 knacc

2. HavasbHast cKOPOCTb KOH(ETbl OTHOCUTEIBHO JIEHTbI TPAHC-
nopTepa paBHA ) = u+/3 ¥ HaTIpaBJIeHA TI0 GObIITEH MATOHATI
pom6a co cToponoit « u yraom 60° npu Bepmuue. MuHUMa bHAs
CKOPOCTb KOH(ETbI OTHOCUTEJIbHO [UIoKa paBHa Op;, = u/2 .
4. t, =10 °C.

10 knacc

1. T =mg/3 .
2. Cum. puc.16, ecau nun3a cobupatomiasi, u puc.17, ecau JmH3a
paccenBaromas.
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Puc. 16
P Plllii\'
L
////
0,5 /
1,0 2,0
Puc. 18
4.1) I, = S =5MA; 2) PmaxzﬁszT,CM.
2/4p, A
puc.18; 3) d, = U =y M, P =54 _ 40 gy , CM.
JPo/A 2A
puc.19.
11 knacc
h 9mg
1.1) L=2=30wm, k=222 =35 H/u;
) L=g =30y 2h /
2h 2
2) x =y =20 M; 3) Uy :§1I2gh =28,3 m/c;
D A= gon, 0= =071,
9 2h
5) T=D1 +2—m:| 2h =541c.

HB " 9HV9

2. 1) 10:4/%; 2) q1:‘2QOL;3) q,=0;

R

B A=éq+ PO 5 0=4-0,

3.1 m, = R o 0,15 kr, re Ty = 2 MUH — BpeMs ILJIaBJICHIs
JIbA; A

2) M =0,48 xr; 3) a=20 Br/°C;

4) P =200 Br; 5) 1 =21Mun.

4.1) Cu. puc.20, tae a = 400 K, b = 4 n, [ =Ja® +b° .

2) Makcumanbhoe gaBiaenue cootserctByer Touke C Ha rpaduxe
U PABHO Py = 4,75 Mlla .

Puc. 20
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2 [72
5. R :L + 2L L £ L\ +4l1, =(20,0i16,3) o,
2(L+1 ~1)

2 2
_L + 2L+ L\JI7 + 41, = (16,0£9,8) o,
2(L+16 1)
BO3MOJKHDI /[Ba CJydasi: 00e JIMH3bI JIHHHO(POKYCHBIE, TOT/Ia
F =36,3cm u F, =258 cM, wiu 06e JmH3bI KOPOTKOGDOKYC-
uere, Torma I =3,7cm u 5 =6,2 cM .

2

MOCKOBCKASA CTYAEHYECKASA OJIMMIMNALA

Nno ®U3UNKE 2009 TOOA
2
1. Rmiu :ﬂ- 2. F:@%_EB
2 20 no
T,T,nAS o
3.r=2L 4o A=_12 5. E= .
' L(1-n)-1, e,

_ 2mR80(U -BL GR)

6. ® =, IN 8. 7.1
1+ B*d® (62112)
23
g, M = ATWLEE'R"
dy

Asina

9. Ilyuok cBera OTKJOHUTCSI HA yros [3 = arcsin n coky-

A
CHUPYETCA Ha PaCCTOAHUN L = — OT IIacTuHKN.
N

Moy b CYMMbI U CYMMA MOAYNIEN

(cm. «Keanm» No4)

1. Hepasencrso (2) (cM. cTaThio) paBHOCHJIBHO HEPABEHCTBY
lab] = —ab . Pasencrso gocruraercst upu ab <0 .

Hepasencrso (2') paBHOCHIBHO HepaBeHCTBY |ab| = ab . Pasen-
cTBO pocturaercs npu ab =0 .

2. CrangapTHoe paccyskjaenue no unaykiuuu. Hepasencrso (3)
crpaBesymBo ipn 1 = 2 (910 Hepasencto (1)). Ecom ono cnpa-
BEJIIUBO TIPU 7 = k, TO OHO CIIpaBe/TuBO U 1ipu n = k + 1:

|a, +... ¥ @, + aya| Slay +... +ay| Hapa| Slag| +ay] + ... Faga] -

3. PaBHOCHIIBHOE HEPABEHCTBO MMEET BUJL (x2 - 1) (y2 —1) <0, a
5TO 3HAYAT, 4TO 4HCI0 1 pacmooxkeno Mexay x| u ly.

4. Yucna x, y, z 160 HEMOJOKUTENBHBI, JUGO HEOTPHUIIATENBHDI,
a uncaa |x], |yl, |z| — anumbr cropon mekoToporo TpeyroabHuKa
(MO3KeT GBITh, BBIPOKIECHHOTO).

HepagenctBo 3ajaun 3 ob6paiaercsi B paBeHCTBO, €CJIU U TOJBKO
€eCJIn ABJAIOTCA paBeHCTBaMI/I TpI/I HepaBeHCTBa, KOTOPbIe MbI
CKJIAJIBIBAJIM, pelnast 3aia4y. /[y 9Toro Heo6X0AUMO U J[OCTATOY-
HO BBITIOJTHEHUST TPEX YCJIOBHIA:

x2—(2—y)220, y2—(x—2)220, 22—(x—y)220,

wim

[l zlz-yl, lylzlx-z], [dzlr-y|. (m
JlokaskeM, 9TO BCe YHCJA X, ¥, z JUOO HETOJOKUTENbHBI, JHOO
HeoTpullaTeJJIbHbI.

Ecnn opno u3 tpex uncesn pasHo 0, TO, OYEBU/HO, /IBA OCTAJIb-
HBIX PaBHBI.

Ecan Hu1 ofno 13 HEX He PaBHO HYJIO M CPEAM HUX €CTb Kak II0-
JIOJKUTEIbHDIE, TAaK U OTPUIATETbHDbIE, MOKHO CUUTATh, YTO X >
>0,y >0, z<0 (ecsm x, y, z ynosaersopstior cucreme (1), T0
—X, Y, —Z TOKe eli YJIOBIETBOPSIOT).

Hotorma x2y-2z, y2x—2z,0tkylla x+y=2y+x -2z, T.€.
z>0 (uporusopeune).

Wrax, uncia x, y, z MMeIOT ofMHakoBble sHaku, 1 u3 ([1) caeay-
€T, YTO BBIMOJHSIOTCS HEPABEHCTBA TPEYTOJIbHUKA

’ )

[l + o] 22

Yt zlx

Al =zl
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HeTpyano mpoBepuThb, 4TO 9TH YCJIOBUS He TOJBKO HEOOXOAMMBI,
HO ¥ JIOCTATOYHBI.

5. n-2"%.

Kasx/as Takas pacCTaHOBKA OJIHO3HAYHO OIIPE/ESeTCs BLIGOPOM
TOYKHM, B KOTOPOi crasutrcss 1 (1 cmoco6oB), u mo6biM HaGopoOM

qHCeJI, CTOSIUX IIPOTUB YaCOBOH CTPEJKK Ha jayre Mexay 1 u n.
Takux HaGopos (Buouas u mycroii na6op) 2" > . Wroro, mouy-
qaercs n-2""2 cnoco6oB.

7. Her.
Ecmm x = ai, y = —ai, tne a — aeiicTBUTEIbHOE YNCIO U |a| <1,
xX-y 2a
TO 1 = a2 [Tpu a, 6auskux K 1, mocse/Hee BbIpaske-
-xy -a

HIe MOKeT OBbITh C/IeJIAaHO CKOJIb YToJiHO 6OJIBIITNM.
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Brarogaps mortuBaM cuMmmerpun (a
E].CH'MMET])PIHT) maxMaTHBIE 3aJadld "
3TIONBL YacTO IPHOOGPETAIOT OMOJIHH-
TesibHOe u3siniectBo. Ceifuac Mbl B 5TOM
y6emqumes.

HauneM ¢ ofHOil cTapuHHOI MIHHATIO-
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g
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P.buankerrn

Bpiarpsim
Iocne serymnenns 1. & b21 see dury-
PBI Ha JAOCKEe BBICTPOMINCH IO GOJIBINOI
nuaroHamt . JIaapsa 4epHBIX B OITAaCHOCTH,
M, B 3aBHCHMOCTH OT TOTO, KyZJa OHa
JIBHHETCA, BO3SHWKAIOT /Ba CHMMETPHY-
HBIX BAPHAHTA.

1...BEf8 (1...Bf7 2. Bh3++ ©2g8 3.
BEh8x) 2. He7+ 2g83. BEgl+ ©2h8
4. 92a2l, u Genble BEIUTPHIBAIOT JAIBIO
(o me 4. @bl ma-3a4... Bfi+5. Ka2
Bal+ 6. 2b3 Ba3+7. 2c¢2 Hc3+ 8.
& :c3 mar).

Hm

1... Bh6 2. Bg3+ ©h7 3. Bgl+
2 h8 4. &2 b1l c ananormaasmM uHATIOM
(4. 2a2? Bab+ ut.1.).

A

I'.Apamcon
Bumarpsmm

B atom atone oxna ua GenbIxX TemeK
A0JKHA ABHHYTBCA BIIEpEN, HO Kakasa?

1. hdl ©2d22. ©2d5 2c¢23. b4 2b3
4. 2¢5 2¢35.b5 2b36. 2cb L4
7. 2 :c7, n Geslii KOPOJTH OTIIPaBASAETCS
B MOGEJHBIH Mapm Ha KOPOJEBCKHI
(pnanr.

A CHMMETPHYHOE BCTYILUICHHMC TIpE/-
craBasier co6oil noxHbl caem: 1. b4?
©2d2 2. ©2d5 ©2c3 3. 2c5 g5! 4. h3
©2b35.b5 2c36. Rcb 2bd 7. R:c7
©2:b5 8. 2d6 2b6 9. Leb 26 10.
©2f6 ©2d7 11. 2:85 ®e8 12. ©2g6
2 f8, u uepHble cracawTcs — ¢ KpaiiHei
TIeIKO#l BRIMTPHIMA HET.

wé B I8

J.lennep

Bomrpenm

A Kaxoiil Ilelike nepepod craprosarb B
ngawnoit mosuimn? OTBeT: HUKaKoii!

Tocne 1. €2 e5! Geble COXPAHAIOT CHM-
METPHIO U JKAYT, KOTJa YePHBIE IIePBbIMH
HapymaT ee.

Ynyckaer nobexay kax 1. b5? @ d4+ 2,
©:e7 ©f4 3, b6 Qc6+, Tak u 1. h5?
Qfi+2 R:e7 A:h5!3.b5 Af44. 2d6
@ad3 5. b6 @b4 u 6... @ab. Obe
nonbiTky (cHMMeTpUYHbIe!) He Y/Iaaiuch,

1... @f4(1... 232 h51) 2. b5 ©2f3
3. b6 g4 4. hS! wm 2... Qg6+ 3.
©De6 Vel 4. b6 Afi+ 5. 2f7l ¢
mobeoi.

T.[doycon

Bemrpsom

3nech B pacnopsikeHHH Genbix aBa
JIOTHYHBIX Tpogo/pkerna — 1. @ d4+u 1.
@A f4+, 3abupas ¢ TEMIOM OAHY U3 IPO-
xoaubix newexk. Jlunua <«as, Koropas
BHOCHT B TIO3WIIHIO aCHMMETPHIO, Kak
6yaTo, He UTpaeT HUKaKoit posm, Kaxer-
Csl, 4TO €CJIM BBHIMTpBIBaeT max ¢ d4, to
pocturaer uean u max c¢ f4. Opnako k
no6e/ie BEAET JIHNIb NEPBHIif U3 HUX.

1. adi+] 263 2. 2:3 2:f3 3.
©f81 d2 4. e8 ¥ d1 % 5. W h5+, u Bce
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e8¥ ©d2! Pasuuna B TOM, 4TO SHIII-
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cyer): 5. b5 Lel 6. ¥bi+ Re2 7.
Bedt 2118, 2e7 2g19. ¥Wgd+ @hi
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JI1060IBITHO, YTO €CJH JHHUIO <a» OT-
pesarb OT ZIOCKH, TO BBIATDHIIIA HET Hil B
OIHOM ciy4ae, Tak Kak memka <d» n3
(bepsesoii 1peBpalLaeTCs B... CJIOHOBYIO.

Crnexyomast CHMMETPUYHAS 3ajava
KOrga-T0 6buta IPOGHBIM KaMHEM JUIst
KoMmbloTepa. Tpu Gesible TENIKH Ha [O-
POre npeBpalleHns, i HA O/[Ha H3 HUX He
craneT depaem!
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Kakosa poib BepTHKaj€il <a», <b» u
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Hble COOBITHS.
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