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®U3UKO-MATEMATUYECKUNA XYPHAN ANA WKONbHUKOB U CTYJEHTOB




KOJNNEKLUWNA TOJIOBOJIOMOK

«PA3BEPTKA» KYBA

ABTOp 3TOW «pa3BepTkn» — X.Jl.HenbCoH
(CLLIA). Tonosonomka 6bina npeacrasneHa
Ha YemnuoHaTe Mupa cpean msobpetatenen
ronosonomok B 2009 rogy. OHa cocTouT 13
18 oaMHaKkoBbIX KYyCO4YKOB MpoBonoku. LLlecTb
M3 HWUX COTHYTbl B CepefivHe Nnofg YriioM YyTb
Bonblwe 90 rpamycos, a ocTasnbHble — MOf
npsmbIM yrnom. [Mpy nomoLn nnacTmMkoBbIx
TPyOO4EK KyCOYKM COeAMHAIOT Tak, 4TOObI
nonyymnacb 3amkHyTas nfockas JflomMaHas,
n3obpaxeHHas Ha pucyHke. Bawa 3apjava —
CNOXWUTb U3 3TOWM NOMaHOM Kapkac Kyba.
Xenaem ycnexa!

E.EnucaHos
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HAYUHO-HOIIYJAAPHBIN ®USUKO-MATEMATUYECKUN KYPHAJ

N3AAETCA C AHBAPA 1970 TOA

B Homepe:
2 MHororpaHHbIl lenoHe (okoH4aHue). H.JonbunH
WW 10 Y7o moxeTt anekTpocTartuka. K.borgaHos
14  TeomeTtpusa 3Be3pHoro Heba. B.llpoTacos
YupenuTenu — Poccuiickas akagemus HAHOTEXHOJOTNN
HayK, OHA NOANEPXKM 23 Kak paccMoTpeTb HAHOOBBLEKT B OMTUYECKMIA MUKPOCKOTT.
dyHOaMeHTaNbHOM HayK1 1 A.EXOB
o6paszoBaHus (PoHa OcunbsiHa), ’
NOTT PAH
Wspatens — OO0 HIMMN OO0 SAHTAYHUK «KBAHTA>
«Bropo KeaHTym» 26 3agaun M2169-M2175, P2175-P2182
27 PeweHna 3apay M2146-M2152, ©2160-P2167
TTABHDBIN PEJAKTOP
C.C.KpoToe KAJTEMJTOCKOII «KBAHTA>
PEAJAKIIMOHHAA KOJIJIETUA 32 Ll'engle ,D,p06l/l BOKpYyr Hac
Afl.Benos, 0.M.Bpyk, A.A.Bapnamos, K M III
A.H.BuneHkuH, B.U.FonyGeB, C.A.lropaioHuH, 36 3
H.N.Jon6unvH (3amecturenb rnaBHoro agadun
pegakTopa), B.H.Ay6posckuii, 37  MbinbHble ny3bipn 1 xopapl. A.LLIeHb
A.A.Eropos, A.B.Xykos, 40  Tennosble BNEHUa rnasamu naccaxupa astobyca. B.Kotos
A.P.3unb6Gepman, B.B.KBepep (3amecrvresns
npescenarens peagkosnermy), N.A.KoxXeBHUKOB, ™
B.B.Ko3noB (3amecturesns npeacesarens OPUSUYECKUN OAKYJTDBTATUB
peaxomnermy), C.N.KoHosanos, A.A.JleoHoBUY, 42 ®uankn B TymaHe. C.Bapriamos
10.M.JIbicos, B.B.Mpoussonos, H.X.Po30s,
A.B.CocmHckum, AJl.CtaceHko, B.I.CypauH,
B.M.Tuxomupos, B.A.Tuxomuposa, B.M.Ypoes, HAIIN HABJIOAEHNA
AM.MepHoyuaH (3amMecturesny aBHOMO 44 CuHuubl U ... pur3MKa
pesakTopa)
PEAAKINOHHBL COBET MATEMATHUUYUECKUN KPYJXOK
i OfHOV 3abbIToN 3agadye. A. TosnbIro
45 06 6 AT
A.B.AHpxxaHc, B.W.ApHonba, M.U.Bawumakos,
B.M.EepHVIK, B.r.EOl'ITﬂHCKVIfl'I, A.A.BOPOBOI;I, ]’I A B O p A T O P I/I ﬂ « K B A H T A >
H.H.KoHcTtaHnTuHOB, TJ1.KoTkuH, C.M.HoBukoB,
N.A.dannees 49  O6TekaHuve BpaLwawolmxcsa Ten. C.betses
NMPAKTUKYM ABUTYPUEHTA
PEAAKIMOHHAA KOJIIETHA 51 3agaun MexaHuKN B HeMHepLMarbHbIX CUCTEMax oTcHyeTa.
1970 TOTA
B.lllytoB
TJTABHDBIN PEJAKTOP
WN.K.KukouH OJMUMIINA /I bl
HEPBBIH 3AMECTHUTED 54 PervoHanbHbIi aTan XXXVl Bcepoccuitckoit onmnvagbi
TJIABHOTO PEJAKTOPA LLUKOJIbHMKOB NO MatemMaTunke
A.H.Konmoropos 55 PervonanbHbiii atan XLIV Bcepoccuinckon onumnuagpl
LLUKOJIbHNKOB MO (I)VISVIKe
N.A.Apunmosuy, M.W.Bawmakos, 58  Bcepoccuiickas cTyaeH4Yeckas onMMnmMaga no epuamke
B.I.bontsaiHckun, W.H.BpoHLwTenH,
H.B.Bacunbes, WN.d.rmH36ypr, B.r.3y6os, NHOOPMALLA
MN.J1.Kannua, B.A.Kupunnun, I.U.Kocoypos,
B.A.Jlewkosues, B.I./wescknii, 60  BcepoCcCuiiCKuin KOHKYPC Hay4HbIX paboT LUKOALHUKOB «KOHMOP»
AN. Mapkywesuy, M.A.MunnnoHwmkos,
H.A.MaTpukeesa, H.X.Po3os, 60 3aoyvyHaga wkona MNDOU
A.M.CasuH,N.LL.Cno6oaeuxun,
M.JN.CmonsHckmiA, §1.A.CMOPOAVHCKMIA, 61 OTBeThIl, yKazaHusl, peLleHus
B.A.®abpukaHT, f.E.LLHaiipep
ToBapHbI 3Hak «XXypHan «KBaHT» HA OBJTOXKE
SIBNSIETCS COBCTBEHHOCTbIO | PucyHok FO.A.BateHko
OO0 HMM OO «Biopo KeaHTym» Il Kosnnekumsi ronoBOIOMOK
© 2010, PAH, ] LllaxmaTHasi cTpaHu4ka
®oHa OcunbsiHa, XypHan «KBaHT» o
IV Tporynku ¢ ¢pusuvkor
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MHororpaHHbiv [lenoHe

H.4OJIBNJTNH

MeTop, nycton ccepbl U TpuaHrynsaumm flenoHe

Bopnc Huxosaesny [leone 6b11 3aMedaTeTbHBIM MOITY-
Jsipuszatopom Hayku. [Ipu aTom on mpuep;KuBajcs mpuH-
IUTIA: KAXKIasl TOITYJISIPHAST CTAThsl O MaTEMATHKE [[OJIKHA
COZIEPIKATh JOKA3aTeJNbCTBO XOTsI ObI OIHOTO YTBep:IKJe-
HUsA. MBI TIOC/elyeM 3TOMY TIPUHIIAIY U HPHUBEIEM C
JIOKa3aTebCTBAMU OCHOBHbBIE H/IEM OY€Hb ITOJIE3HOIl reo-
METpUYECKOil Teopun — Teopun pazbuenwuii /lenone. Ira
Teopus OblIa M3JI0XKeHa uM B Havase 20-X ro1oB B paboTte
«O nycroii cdepes. B psaje crienmaibHBIX CIydaeB ujest
TaKOTO pa3bueHNs y»Ke BCTpedaJach, HAIpUMep, B pa6o-
tax Bopouoro. 3aciayra bopuca Hukosaesuua cocrosia B
TOM, UTO OH C IPUCYIIIeH eMy SICHOCTBIO U TPO3PAYHOCTHIO
OTINCAJT 3TY MPOCTYIO0 TEOMETPIUECKYI0 KOHCTPYKIINIO /IS
BecbMa OOIIero KJjacca MHOXKecTB. Mbl ceituac 06bsaACHUM
OCHOBHbBIE UJ/IEW ITOU HAYKW — [JIsI HPOCTOTBI JIUIIb HA
IJIOCKOCTH, XOTSI 9Ta TEOPUS JIETKO TIEPEHOCUTCS Ha MPOo-
CTPAHCTBO JI060I pPa3MepPHOCTH.

PaccMoTpuM Ha TIJIOCKOCTH HEKOTOPOE MHOMKECTBO X
touek. Toukum MHOXectBa X, 4YTOOBI OTJIMYATH UX OT
JIPYTUX TOYEK IJIOCKOCTH, He TIpuHaIexkanmx X, 6yaeMm
NMEHOBaTh y31amu. llpenmosaraeTcs, 9To MHOKECTBO X
Y3JI0B YZIOBJIETBOPSIET CJAEAYIONNM ABYM ycaoBusM. Cy-
MECTBYIOT /[BA TIOJOKUTEIbHBIX UNCIa 7 U R, Takue 4To

(1) mobou kpye paduyca r codepxum enympu ceds ne
6onee 00nozo y3aa us X;

(2) woboii kpye paduyca R codepxum enympu cebs
ual Ha epanuye e meree 001020 y3ad u3 X.

Jlenone Ha3BaJ Takoe MHOXxecTBo X (7, R)-cucteMoii.
Ceituac 3T0, KCTaTH He OYeHb YyJayHOe, HA3BaHUE CMeHN-
JI0ch Ha MHoKecmeo [leaone (¢ napamerpamu 7 1 R).

[ousitHo, uto ycaosust (1) n (2) sKBUBANEHTHBI yCII0-
BUSIM

(1') paccrosHue MexIy y3IaMu He MeHee 27 1

(2") paccrosiiuie ot J11060# TOYKU TJIOCKOCTH 10 6JIH-
JKaiTmero K Hell y3Jsa n3 X He MpeBocXouT R.

/lOBOTBHO YacTO OKAa3bIBAETCS TOJIE3HBIM ellle OHO
9KBUBaJIeHTHOe ollpejenenue Muoxxecrsa lenone. Bynem
paccMaTpuBaTh KPYTH C IEHTPAMU TOJDBKO B y3sax u3 X.
Torma yeaosust (1) u (2) MOKHO HepedOpMyIUPOBATH:

(1" ) kpyru pajmyca r ¢ IeHTpaMu B y3j1ax 13 X MonapHo
He MepeKphIBAIoTCs, T.e. 06pasyior ynaxosky (puc. 1);

(2") xpyru pammyca R ¢ nenrpamu B ysaax u3 X
MOKPBIBAIOT BCIO IIJIOCKOCTD, T.e. 06pasyioT noxpuimue.
[pyrumu croBamu, m06as TOYKA IJIOCKOCTH IPUHAJJIE-
JKUT XOTSI ObI OJTHOMY W3 3TUX KPYTOB.

JIerko BU/IETD, 4TO B cHuLy ycaoBus (2) 4ucsio Bcex y3/i0B
BO MHOKecTBe /[lesloHe 6eCKOHEUHO.

Oxonuanue. Hauano cm. ¢ <Keanumes Nof.

i

3aMeTuMm, YTO Tapa-
MeTpbl 7 1 R 3afaiorcsa
HEOJHO3HAYHO: U3 yC-
nosuii (1) u (2) oue-
BU/IHO BBITEKAET, 4TO
MHOKeCcTBO X y/I0B-
JIETBOPSIET TEM Ke yC-
sosusam (1) u (2) npn
JOOBIX 3HAYCHUSX 7' ‘
nR ,ecm 0<7r' <7
n R=2R. ‘

Tenepp Bcaen 3a
bopucom Hukonaepu-
geM mpucTymuM K mo- A7
CTPOEHHIO HEKOTOPOrO 0CO60TO pa36HeHus: IJIOCKOCTH
HA MHOTOYTOJIbHUKH, OJHO3HAYHO CBSI3AHHOTO C MHOXKe-
cTBOM X.

Pas6uenne IJIOCKOCTH — TEPMHH HECKOJDBKO HOBDIM,
XOTSI CMBICJI 9TOTO TEPMUHA TOT K€, YTO M Y U3BECTHOTO C
JieTcTBa coObITHs: pa3bmBaHus cTekiaa. llemoe crexso
pas3bmBaeTcs Ha OCKOJKH, M3 KOTOPBIX MOYKHO COCTaBHUTD
1es1oe, TIPU 9TOM OT/IeTbHbBIC OCKOJIKH He HAJIeTaloT APYT Ha
apyra. !

Pasbuenuem naockocmu Ha MHOTOYTOTBHUKY HA3bIBAET-
€S MHOXKECTBO MHOIOYroJbHUKOB M, M, u T.A., Tak
PACIIOJIOKEHHBIX HA IJIOCKOCTU, 4TO

(a) HUKaKWe Ba MHOTOYTOJTbHUKA He HAJEeraioT ApyT Ha
apyra (ycJoBue ynakoBKH), a

(6) MHOTOYTOJIBHUKH, B3SITIE BMECTE, TIOKPHIBAIOT BCIO
mockocth  (yeio-
Ble TTOKPBITH).

[Tapxer Ha moay,
kaderpHasg MINTKA
Ha CTeHe, MO3anKa
I[Tenpoysa (puc.2) —
BCE 9TO OrPAHUYEH-
Hble (parMeHTo
pas6uenus (Gecko-
HEYHOM ) MJIOCKOCTH.

W3noxum terepb
uaero «mycroii cde-
pbI», TIPUHA/IEKA-
myio bopucy Hu-
koJsaeBudy /lesone.

0-if mar. BosbMeM Ha TIJIOCKOCTH, TAE PACIOJOXKEHO
MHOXXECTBO X, MaJICHbKHI KPY)KOK, CKakeM pajmyca
MEHbIIle 7, KOTOPBI HU BHYTPU, HU HA TPAHUIE HE

o*‘
o )

Sooo
oo

Puc. 2

! 9ma ananozus, Kaxk u aobas anaiozus 6oobue, odiexda om
cosepuencmsa.
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MHOTOTPAHHBIII JAEJOHE

cozep:kuT y3/0B 13 X. Takoil Kpy>KOK CyIIeCTBYyeT, MoTo-
My UYTO PacCTOSHHE MEXK/y Y3JIaMHU He MeHbIIe 27.

1-it mar. OcraBmasa mentp O; Kpyra HEMOABIDKHDIM,
YBEJMUYMBAEM €T0 PAJNYC, OCTABJISISL €70 MYCThIM OT Y3JI0B
BHYTPH, /IO TEX MTOP, MOKA TPAHNIIA PA3/[yBAEMOT0 KPyTa He
HATKHETCS Ha KaKoh-HUOY/b y3ea x u3 X. Takoil MOMeHT
00s13aTeIbHO HACTYIIAT, TaK Kak 110 ycjaosuto (2) pamuyc
nycroro kpyra He npesbimaer R (puc.3).

Puc. 3 °

2-ii mar. Tenepnb, He cHUMAs KPYT € y3Jia X, OTOJABUTaeM
OT y3J1a X 110 IpsaMoil xO; TEeHTP PACHIUPSIONIETOCS KPYyTra
JI0 TeX TOp, MOKAa OH He HATKHETCS ellle Ha OJUH Y3es ¥y
(puc.4). Takoii MOMeHT 00s3aTeJIbHO HACTYIUT BCJIE/-
crBue onsATh ke yceaosus (2). O603HAUMM 1EHTP HTOTO
kpyra uepes O, .

Yy x
°
°
°
°

Puc. 4 °

3-ii mar. He canMast Kpyr ¢ y3J10B X 1 i, 6yeM yIaJaiTh
€ro LIEHTP OT Y3JIOB X U Y 110 CPEAUHHOMY [IEPIICHAUKY JIAPY
K OTPE3KY XY, TIOKA PACIIUPSIONTUHCS KPYT He HATKHETCSI
ente Ha oaun y3ea z (puc.5).

Puc. 5 L

Ha atom mporiecc paciupenust kpyra 3asepiien. O60-
3HAYMM OKOHYATEJHHO ITOJyYeHHbI KPyT yepe3 K, a ero
1eHTp — uepes O.

i

3aMeTuM, 4YTO II0CJ€ TPeThbero Iara Ha IPAaHUYHON
OKPYJKHOCTU KpYTa pPAacIoJIOKEHO HEKOTOPOe YUCJIO R
yanoB, k=3. Ilocrpoum Kk-yroJibHUK C BepIINHAMU B
JanHbIX k ysmax (puc.6). ScHO, 4TO 3TOT MHOYTOJBHUK

NN

Puc. 6

BIIICAH B KPYT, KOTOPbIl Apyrux y3uoB u3 X HU BHYTPH,
HU Ha TPAHUIE HE COAEPIKUT.

Mmnozoyzoavnux M nazoeem mnozoyzoavrukom /lesone
JUISL 3a/1aHHOTO MHOKecTBa X Y3JI0B, €CJIN €r0 BePITUHBI —
9TO y3J1bl 13 X U OH BIIMCAH B HEKOTOPBIH KPyT K, KOTOPDIi
HU BHYTPH, HU HA TPAHUIIE HUKAKUX [PYTUX Y3JOB, KDOME
BEPIINH, HE COIEPIKUT.

[Toyuyennblii B pe3yJibTare OIUCAHHOI BbIIE «YeTbIpeX-
XOJIOBKU» R-yTOJIBHUK SIBJISIETCSI MHOTOYTOJIBHUKOM [lesio-
He. TaknM 06pasoM, MHOKECTBO MHOTOYTOJTBHUKOB /leJto-
He He 1ycro. boJiee Toro, nerpy/Ho BuieTh, 4To, IpuMe-
HAS «4ETbIPEXXOJJ0BKY» K MaJICHbKUM KPY’KKaM, B3ATbIM
B PA3HBIX YACTAX IJIOCKOCTH, MOKHO TTOJTYUUTh GECKOHEU-
HO MHOTO MHOTOYTOJIbHUKOB /[lesione. 3amerum, 4To JIIo-
6oit y3esq u3 X sBJsieTCs BEPIIMHOW 10 KpaiiHell Mepe
OJTHOTO U3 MHOTOYTOJIbHUKOB [lesone. Takoii MHOTOYTOJIb-
HUK MOKHO IOCTPOUTDL TIOCPEJCTBOM YETBIPEXXO/I0BKH,
MPUMEHEHHON K MaJeHbKOMY KPYTY, AOCTATOYHO OJIN3KO
pacIoJIo’)keHHOMY K JlanHoMy y3auay. Bopuc HukosaeBuy
JIOKa3aJl He O4YeHb CJI0XKHYIO, HO BaXKHYIO TeOpeMy:

Teopema. Muoxecmeo ecex mMnozoyzosvHukos /enone
0115 dannozo muoxecmea X y3noe obpasyem pasbuenue
NJOCKOCINU.

Hoxa3zareabctBo. HarmoMaNM, 4TO MHOKECTBO Y3708 X
yaosaersopsier yeaosusam (1) u (2). [lokaxem cHavana,
YTO HUKaKue /Ba MHOroyrosbHuka /lemone M; n M, He
[EePEKPBIBAIOTCS, T.e. He MMEIOT OOINX BHYTPEHHHUX TO-
yek. BosbpmeMm <«mycTtble» kpyru K, m K,, onucaHHbIe
BOKpYyr M; u M, coorBercTBeHHO. Hukakoii u3 atnx
KPYTOB HE COIEPKUTCS B IPYTOM, TaK KaK KaXK/IbIi U3 HUX
BHYTPH IIYCT OT y3JI0B U3 X M KaK/IbIIl U3 HUX COJEPKUT
HEKOTOPOE YHUCJIO Y3JI0B Ha I'PAHHULIE.

Ecmu kpyru Ky u K, He IepeKpblBalOTCS, TO MHOTO-
yrompuukn M; n M, , B HUX cozepskamuecs, TeM 6osee
He nepexpbiBalorTcs. IlycTb Kpyru IepeKkpblBaloTCs 110
HEKOTOPOil «jinH3e» (puc.7), cOCTaBIEHHON U3 IyTH d
MepPBOH OKPY>KHOCTH, BXO/SINEN BHYTPb BTOPOTO KpyTa

2 Buumamenvuvii wumamen» moz samemumv, umo yxe Ha
nepeoM uldze PaAcuUpPAIOUUNICS KPY2 MO2 HAMKHYMbCS He HA 00UM,
a na 06a, a mo u 6oAvULCE KOAUUECNEO Y3106, 3AMEMUM, 4MO 6
amom cayuae moL mozau 6ol nepetimu ¢ 1-20 waza cpasy x 3-my, a
mo u 6006uwe Mozau Obl NOIYUUMb OKOHUAMebHbIU KpYye K.
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Puc. 7

K, , 1, COOTBETCTBEHHO, U3 YTH @, BTOPOH OKPYKHOCTH,
neskareit Buytpu kpyra K, . Tak kak o6a Kpyra cBOGOIHBI
OT y3JIOB BHYTPH, TO BEPIINHBI MHOTOYTOJBHUKOB M U
M, Jexar 110 pasuble CTOpoHbl 0T Xop/bl AB. Ha koniax
xop/bl Jiu6o Het y37108 (eM. puc.7,a), 160 MOKeT GbITh
onun (cMm. puc.7,6) nam aBa ysiaa (eMm. puc.7,6). B mepom
cJlydae MHOIOYTOJIbHUKHU BOBCE He IIepPeceKaloTcsl, BO BTO-
pOM HMeoT OOUIYI0 BEepIINHY, a B TPETbeM — OOIIYIO
CTOpONY.

JlokaskeM Terepb, YTO MHOTOYTOJIBHUKH [leToHe 06pasy-
10T MOKpbITHE. JIOKaKeM CHayasa, 4To K J000MY MHOZO-
yeonvnuxy /leaone no xaxooil ezo cmopone npuJiezaem
nexomopwiti dpyzoil muozoyzovnux /[lenone. BosbmeM
CTOpPOHY xy MHoroyrosbHuka M. «CHumem» kpyr K ¢
y3Ja z W, yaajads ero
IIEHTp OT y3J1a z, 6yieM
<IIPOTACKUBATb» €ro
yepes y3Jbl X U Y
(puc.8). Iloguepruem,
4yTO B IIpolecce Iepe-
MellleH1sl KPyr ocTaer-
csl BHYTPHU IIyCTBIM OT
y3JI0B, a Ha €ro TPaHu-
1€ HAXO/IATCS JIUTIID /IBa
yana x u y. OO6s3a-
TEJbHO HACTYNUT Takoil mMomeHT (u3-3a ycsiosus (2)),
korga Kpyr K' ¢ IleHTpoM, TiepeMeIalonuMcst 10 CPeIH-
HOMY HepIeH/IUKYISIPY K XOp/le XY, HAaTKHeTCs Ha y3eJ 2’ .
ITOT HOBBIIT y3eJ BMecTe, MOXKeT ObITb, C IPYTHMH y3Jia-
MW, OKa3aBIIUMWCS Ha TrpaHuie kpyra K', JIEKHT T0
JPYTYIO CTOPOHY OT XOpzbl xy (B cujty TOro, 4to Apyras
ayra kpyra K' Jiexut BHYTpH myctoro kpyra K). Y3ubl,
Jeskarue Ha rpanuie Kpyra K' ¢ nearpom O', 06pa3yior
muoroyrosabuuk Jlemone M', koropsrit numeer ¢ M o61ryio
CTOPOHY XY.

3/1ecb MOXKET TTOKa3aThCS OYEBU/IHBIM, YTO €CJIH MOTIap-
HO He IePEeKPBbIBAIONINECS] MHOTOYTOJIbHUKN TTPUJIETAIOT
JIPYT K JIPYTY 1O KaXK/0# CBOEH CTOpOHE, TO OHU MOKPDI-
BalOT TJIOCKOCTb. Ha camom pesie aTo He Bcerja Tak.
O/1HaKO 3TO BEPHO, KOT/Ia MHOTOYTOJIbHUKHU PACIIOJIOKEHDI
Ha IIJIOCKOCTH TaK, YTO JII060I KPYT Ha IJIOCKOCTH Hepece-
KaeTcs JIMIIb ¢ KOHEYHDIM Y CJIOM 9THX MHOIOYTOJIbHUKOB.
MHo3kecTBO MHOTOYTOJIbHUKOB JlesIoHe, TOCTPOEHHbIX /LIS
MHOsKecTBa X, IMEHHO TaKOBO (JIOKQXKUTE 9TO CaMOCTOSI-
TeJbHO, onupasch Ha oba yciaosus (1) n (2) muoxecTBa
X [lesioHe n HA TO, YTO MHOTOYTOJIbHUK /lesioHe BrmcaH B
KPYT pajinyca, He IPeBOCXOAANEero R).

IIpeamonoxum, 4YTO HEKOTOpas TOYKa P IIJIOCKOCTH
oCTaeTcsd HeMOKPBITON HI OJJHIM MHOTOYTOJIbHUKOM [leJto-
He. 3aMeTuM, YTO, 1O BbINIECKA3aHHOMY, TOoukKa P He
SBJISIETCST Y3710M. Bo3bMeM BHYTpU KaKOro-HUOY/Ib MHOTO-

Puc. 8

*

i

2010/ Ne?

yrosbuuka Jdesone M, touky Q u nposeseM oTpe3ok PQ.
[Ipn HEOO6XOAMMOCTH C/IBUHEM HEMHOTO TOYKY () Tak,
9TOOBI OHA OcTaBaJach BHyTpu M, , HO PQ He cojepKal
HU OJHOTO y3Ja u3 X. ITO MOXHO CJesaTh, Tak Kak
paccTosiHue MEXAY y3JdaMu He MeHblle 27. 3aMeTuM
TaK)Ke, YTO MHOTOYTOJIbHUKOB /[lesioHe, KoTopble nepece-
KaioTes ¢ PQ, KOHEYHOe YHUCJIO.

[Burasco 1o orpe3ky PQ ot Touku Q K P, Mbl BBIXO/IUM
u3 M, 4epe3 BHYTPEHHIOO TOUYKY HEKOTOPOH €ro CTOPOHDI
B IIpuJieraoniuii Muoroyroabuuk lemnone M, . VI3 Muoro-
yTOJbHUKA M, TepexXoauM uepe3 BHYTPEHHIO TOUYKY
HEKOTOPOI eT0 CTOPOHBI B Ipueraomuit My nT.1. B city
KOHEYHOCTHU YHCJIa MHOTOYTOJTbHUKOB, TIEPECEKAIOTINXCS C
PQ, nepest TeM, Kak TOMACTb B HETTOKPBITYIO TOUKY P, MbI
JIOJKHBI OBbLJIN OBbI BBIITH 3 HEKOTOPOTO MHOTOYTOJTbHIKA
Yyepe3 BHYTPEHHIOI TOYKY €ro CTOPOHBI B HETOKPBITYIO
yactb. Ho 3TO HEBO3MOXHO M3-3a JIOKA3aHHOTO BBIIIE
MpUJIETaHusl K KaXK/OMy MHOTOYTOJbHUKY [lesone 10
KaX/I0i ero CTOpPOHE JPYroro MHOTOYTOJIbHUKA.

Wrak, muoroyrosapbauku [lesioHe He TOJbKO He ePeKpbl-
BAIOT /IPYT /IPyra, HO ¥ MIOKPBIBAIOT BCIO ILJIOCKOCTD, T.€.
o6pasyioT pasbuenue. Takue paz6buenusi bopuc Hukosa-
eBUY HasBaJ L-pasbuenusmu. 3HaueHuwe [-paszbueHuit
COCTOUT TIPEK/IE BCETO B TOM, YTO OHM TECHO CBS3AHBI C
JIPYTUM BaJKHBIM KJIaCCOM pa3OUEeHMIA, 32/[aBAEMBIX TEM JKe
MHOKecTBOM X y3J0B — pasbuenussmu Boponoro.3

Pa3bvieHus BopoHoro

Wrak, mycTh 1aHO MHOKECTBO y3JI0B X, KOTOPOE y/I0B-
serBopsier yeaousivm (1) u (2). [liast y3ia x onpejenm
ero «06J1acTh BAUSIHUSI> V., KOTOpasi, M0 OIPeIeIeH IO,
COCTOHT U3 T€X TOYEK P IJIOCKOCTH, KOTOPBIE OTCTOST OT
y3Jla X He jiajiee, 4eM OT JPYTUX y3JIOB:

V, = {P||Px| < |Px'| mns Beex 2 OX, A% x} . (3

O6nacty V. wmasbiBaercsi ob.iacmvio Boponozo ysna x
orHOCUTENBHO MHOKecTBa X. OueBHAHO, 4TO 06JacTb
Boponoro Moxkuo mosryunth Tak. COEAMHUM y3ea X ¢
OCTAJIbHBIMH y3JIaMI OTPE3KaMH, K KasK/OMY OTPE3KY XX’
[POBE/IEM CPEMHHBII TIEPIEH/IUKY ISP U BbIJEIUM Ty U3
JIBYX Pas/IesIsieMbIX UM TOJIYILIOCKOCTEN, KOTOpast coep-
sxut y3en x (puc.9). ScHo, 4To BbIIESEHHAS MOJTYILIOC-
KOCTb — 3TO I€OMETPUUYECKOE MECTO TOUYeK P ¢ yc/ioBueM

3 B mo epems amu pazduenus HA3vIBAAUCH PA3OUEHUSIMU
Aupuxae 6 uecmo nemeyxozo mamemamuxa Jupuxie (1806—1859).
Hoxan Iemep T'ycmas Jléxen Jupuxae (maxoso ezo 6v1.10 noanoe
UMSL) UCNOIBIOGAL IMU PAOUEHUS HA NAOCKOCTU U 6 NPOCPAH-
cmee 6 C60UX UCCAeD0BAHUAX NO MEOPUU KEAOPATMUUHBLY POPM.
ITosxe, kozda enybokue pabomot I'eopzus Deodocvesuua Boponozo
(1868—1908) no meopuu maxux pazbuenuii nawiu npusnanue na
3anade, ux cmanu nasvieamv 6 wecmv Boponozo.
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MHOTOTPAHHBI

X |Px| < |Px'| . Hepeceue-
HI€ BCEX BbBI/IEJIEHHDBIX
MOJIYILJIOCKOCTEH!, WJIH,
JIPYTUMH CJIOBAMH, MHO-
, JKECTBO BCEX TOYEK,
x KOTOpbIE O/IHOBPEMEH-
HO IPUHA/JIEIKAT BCEM
BBI/IETEHHBIM TIOJTY-
IJIOCKOCTSIM, — 3TO T€0-
MeTpPHYECKOe MECTO TO-
ek, YAOBJIETBOPIIO-
mux yesaosuio (3), T.e.
aTo — o6sacTb Bopono-

ro JUIs y3Ja X.

Cpasy ckaxkeMm, uTo B
cuaty yeaosust (2) st moctpoernst o6actu BopoHoro jiist
y3Jga X BOBce He Hy:KHO Gpartb Bce yaianl x' 00X (ux,
KcTaTi, 6ECKOHEYHO MHOI0), a TOJIbKO T€, YTO OTCTOST OT
x He gasnee uem Ha 2R (ux, B cuaty yenosus (1), Koneunoe
uncso). [leiictBurespHo, mo yeaosuto (2) paccrosiHue ot
y3Jaa x 0 Haubojee yjajeHHoii touku P B V. He
npesblliaer R.

Cpedumnnvle nepnenOuKyasapvl, nposedeHtvle k¥ ompes-
xam xx', 20e |xx'| < 2R, gvipesaiom GulnyK.iviil MHOZO-
YeovHuK, KOmopwii u ecmov obaacmv Bopowozo V.
Huxaxue Opyzue cpedunmvie nepneHouKyisapvl ne nepece-
xaromca ¢ 'V, eosce.

[leficTBUTEIBHO, s M060# ToukM P Ha rpanune V.
Haiizerest ysen x', Takoif uto |vP| = |x'P| < R . Ilo Hepa-
BEHCTBY Tpeyrojbhuka, |xx'| < |xP|+|Px'| <2R. Tloatomy
CpeJMHHbIe IIEPIEH/NKYJISAPBl K OTpe3KaM xx', ecJu
lxx’| > 2R, ne sazesaior o6aactb Bopororo Bosce.

Wrak, jsst Kaxaoro ysiaa x ero obuaactb Boponoro V.
€CTh BBINMYKJIbI MHOTOYTOJIBHUK. 3aMETHM, UTO JIJIsi TOYEK
P BuyTpu o6sactii BOPOHOTO BBITIOIHSIIOTCS JIUIITD CTPOTHE
HepaBeHCTBa: \xP\ < \x’P\ mmgBcex ¥ 00X, 2" #2x.Bto
JKe BpeMsi Ha TPaHuIle HEKOTOPbIe HEPABEHCTBA 00PAIIAIOT-
¢Sl B PABEHCTBA.

Teopema. Mnosxecmso eécex obnracmeii Boponozo V..,
x 0X, o6pasyem pasbuenue niockocmu.

ITa TeopeMa TOYTH OUYEBHIHAS, U YUTATETb (€3 TPyaa
caM MOJKeT IIPOBEPHUTD, YTO MHOXKeCTBO oOmacteit Bopowno-
O IOKPBIBAET BCIO IJIOCKOCTb U 3TH O0JIACTH [OIAPHO He
UMEIOT OOIMX BHYTPEHHUX TOYEK.

Pas6uenne BopoHoro kak pas6uenue IJIOCKOCTH HJIH
POCTPAHCTBA HA «06JIACTH BJIUSHUS» , UTPAET OTPOMHYIO
pOJIb B INpPaKTHYECKUX 3a/auax. BamKHOCTb pasOueHwust
[lejioHe cOCTOUT B TOM, YTO OHO OyaavHO Pa3OGUEHHUIo
Boponoro.

[lyanbHocTh 9TUX pa3bueHuil 03HAYAET CJEAYIONLYIO
cBsi3b Mexxay numu. Jliobas Bepimua v B pa3bueHun
Boponoro mpuHaAIesKuT HeCKOJIbKIM ob1acTsiM Boporo-
ro, ckaxeM, Vi, Vi, .., Vo M T 1, B CUIY OIIpe/eIennst
obaactn Bopomoro, BeprimHa v paBHOyAaJeHa OT WX
LEHTPOB-Y3JI0B X{,Xy,..., X}, U APYrux GoJiee OIU3KUX K
9TOI1 BEpIIIMHE Y3JI0B HET. DTO 03HAYAET, UTO Y3JIbL Xy, Xy, ...

.., Xp COCTABJISIIOT BEPIIMHBI HEKOTOPOTO MHOTOYTOJIHHNU-
ka [lenone.

BosbmeM Teriepb pe6po B pazbueruu Boponoro, coeu-
HSIIOIIEE JIBe CMEXKHbIE BEPIINHDBI Uy U 0y . OHO pazjessier

Puc. 9
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ase obnactu Bopouoro, nycrs ato Gyayr Vi, u V.
Kaxgoil u3 BepuuH, Kak Mbl BHJEJH, COOTBETCTBYIOT
muoroyroapaukn [lenone Dy n D, . Kaxablii us atux
MHOTOYTOJIbHIKOB MMeeT B KauecTBE BEPIIMH Y3JbI X
nx,.

[TostoMy oTpe3ok xyx, Oymer pe6poM B pasbueHNN
Henone, coomsememeyowum pebpy v,v, B pasOmeHnn
Bopomnoro. Bosee Toro, pe6po v, JEXKHAT HA CPEIUHHOM
HEPIIEHNKYISPE K OTPE3KY XyXy .

W, wmakownern, o6sactb Boponoro V. coorsercTByer
oueBHJIHBIM 06pa3oM Bepiinne pas6uenus [lenone — ys-
Iy X.

[Toxsenem utor. Mexxay MHOXKeCTBAMU BepIIHH, pebep
U MHOTOYTOJIbHUKOB B pa3éuenun BopoHoro n MHOXKeCTBa-
mu (83simoimu 6 06pamuom nopsoxe) MHOTOYTOJBHUKOB,
pebep 1 BepInH B pa3éueHnn /leloHe CyIecTByOT B3anM-
HO O/THO3HAUYHBIE COOTBETCTBUS, KaK TOBOPST, C COXpaHe-
HueM nHIieHTHOCTel. Hampumep, ecsm Bepmmaa v npu-
HAJITTESKUT peOpy e B OJTHOM pa3bueHn™, TO COOTBETCTBYTO-
Uil BepIIHEe v MHOTOYTOJbHUK M' B Ipyrom pa3buenun
COJIEPIKUT B KAueCcTBE CTOPOHBI Pe6po €', COOTBETCTBYIO-
mee pebpy e. llpuyeMm cooTBeTCTBYyIOIINE APYT APYTY
pebpa e u €' [MOKHBI ObITh TMEPHEHIAUKYJISPHBI APYT
JIPyTy, HO, 3aMETHM, He 00sI3aHbI TIepeceKath APYT Apyra.

B 3axsrouenue ormermM, uto pas6buenus /lesoHe u
Boponoro o06/aal0T MHOTHMHU 3aMe€YaTeJbHBIMU CBOII-
CTBaMM M 06a UMEIOT OYeHDb IMUPOKOE TIPUMEHEHME.

UcTtopunsa Ha3BaHue «pasbueHune [lenoHe»

Hwxe — mo00NbITHAsS MCTOPUS O TOM, IMOYEMY ITH
pas6uenusi, koropbie bopuc Hukosaesuy, a Bcjes 3a HUM
U €r0 CTY/IeHTDI, HAa3bIBaIN L-pa30ueHusiMil, Ternepb MOJIy-
ynm (K coKaJeHnio, IIocjie ero CMepPTH) Ha3BaHUE «Pas-
O6uenus [lemones.

Opmnaxapt B koniie 1950-x ronoB bopucy Hukosaesu-
gy TI0TIajia B PYKU CTaTbs OJHOTO U3 KPYHMHEHIINX reo-
MeTpoB XX Beka, KaHaJICKOro MaTtemaTuka [apoJsbia
Koxcrepa. B aroii cratbe Kokcrep BBes1 U MCIOJIB30BAI
L-pas3buenusi 6e3 yIOMHHAHUS COOTBETCTBYIOIIEH paGo-
T [lenone. bopuc Hukomaesny nanmcan Kokerepy nmch-

b.flenoHe (Bropovi cripasa) m [LKokcrep (YerBepTbivi CripaBa).
Kpavinmyi crnipasa — C CPbiukoB. MexayHapoaHbivi KOHpecc
marematvikos, Mocksa, MIY, asrycr 1966 roga
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MO, B KOTOPOM, MO cjoBaM camoro /lesioHe, OH cOOGIIUT
0 TOM, 4YTO 3T pas3bueHus WM ObLIH U3YYEHBI ellle B
1920-e ronpr. B 1924 rony [lesone monpocus akajeMuKa
B.A.CreknoBa?, KOTOpBIl HampaB/sicsad Ha MeKIyHa-
POJIHBIN KOHTpecc MaTeMaTHKOB B TOPOHTO, JOJIOXKUTH
ero, [lerone, pabory. Iloznnee, B 1928 romxy, ata pabora
ObLja ormyGJUKOBAaHA B TpyAax KoHrpecca. Ilpu atom B
nucbMe Bopuc HuxosnaeBnd He NnpeMuHyJ YHOMSHYTD,
YTO KOHTI'PEcC TPOXOHT B PoJHOM ropose Kokcrepa, B
Toponrto. OtBer Kokcrepa ObL1 ouenb KoppekTen. O
HallleJ B MaTepuaJaX MaTeMaTH4ecKoro kourpecca 1924
rogia yrnomunanue o padore esone. Kokcrep B mucbMe
npocun Jlenone M3BUHUTH ero, TeM OoJiee uto B 1924
roxny oH, Kokcrep, 6bLI CTOJIb I0H, UTO €IIle, OIATH JKe CO
cnoB Bopuca HukonaeBnya, «XOIUJ TIOJ CTOJ B KOPOT-
Kux mranuimkaxs». Torga ske Kokcrep narmcan B Kem6-
puk mpodeccopy K.A.Pojukepcy, KOTOpbIN 3akaHdm-
BaJl CBOIO CTaBIIYI0 CBOETO POJIa MAaTeMATUYECKUM OecT-
CeJIIepoM KHUTY «¥YKJaJIKU 1 MOKPbITHS». Popkepe Bera-
BUJI B KHUTY yromunanue o pas6uenun [lenone. Cropee
BCcero, TepMut — pasbuenue /lenone (B BBIYICIUTENBHOI
reoMeTpur — TPUAHTYJsAIMN J[eloHe) — BIepBble M0-
SABUJICS MMeHHO B 910l KHure. B 1980-e roapl oH cTata
pacipocTpaHeHHbIM Ha 3amnajie, OTKy/Ja B KOHIIE IPO-
1II0ro Beka rputies B Poccuio.

B 1990-e mue noBesioch BeTpedaThesi ¢ MpodheccopoM
Kokcrepom u BbICTyIIaTh y HETO Ha ceMuHape B TopoHTc-
KOM YHUBepcHTeTe. S Tonpocus MaTpa pacckasarb 06 ATOi
ucropun. Kokcrep B 11e710M TTOATBEP/IIT HCTOPHUIO, PACCKA-
3anHy10 bopncom Hukonmaesnuem, 3a MCKIIOYEHNEM «XO/Ib-
Obl TIOJZI CTOJI B KOPOTKUX ITaHWIIKax». B 1924 romy
Kokcrepy (1907-2003) 6biio yxxe 17 mer. A ¢pasa o
«xompbe 1oa CTOJ» ObLIa XapakTepHbiM s Bopuca
HuxomnaeBuya mposgBeHrEM dKCIPECCUU U IOMOpa — Ka-
4ecTB, KOTOPbIMU /lesioHe 06ajas CrioHa.

4 Baadunup Anopeesuu Cmexaos (1864—1926) — snamenumuiit
poccutickuil mamemamux, axademux. B 1920-e 200v. opzanusoseai
Dusuxo-mamemamuveckuti uncmumym Axademuu Hayx u Ovii
nepeuvim ezo dupexmoponm. Ilosonee, 6 1934 200y, amom uncmumym
pasdenuics na 0éa axademuueckux uncmumyma: Mamemamuuec-
Kuil uncmumym um. B.A. Cmexno6a u Dusuueckuil uncmumym um.
II.H.JIe6edesa.

b.H/lenoHe quraer nekumo

*

[T 1T ||

2010/ Ne?

JleHnHrpapckmnn nepuop, (1922-1934)

Pabora o pasz6bueHusix MpocTpaHcTBa 0603HAYNIA CABUT
HCCIeIoBaHMii B cTOpOoHY TeoMmeTpun. OH ObLI TIOCTEIEH-
HBIM U ecTeCTBeHHbIM. OTpeesleHHYI0 POJIb 3/IeCh ChIT-
pasio CONPUKOCHOBEHWE TPHU WCCJIEJOBAHNU HEOIIpe/ie-
JIEHHBIX ypaBHeHWH ¢ pabotamu Boponoro. Ho ocHoB-
Hag TpUYMHA TeoMeTpHU3allnu wuccaeaoBanuii bopuca
HuromaeBnya 3akJioyasach B HEM CaMOM, B €T0 HC-
KJTIOYUTETBHO 0OPA3HOM, XYI0KECTBEHHOM BOCHPHUITUU
Mupa.

XapakrepHno, yto bopuc HukomaeBuu He xajesn cua u
BpPEMEHH Ha TO, YTOGBI JIOBECTH TIOHWMAHUE YiKe 3aKOH-
YEeHHOT'O0 MaTeMaTH4YecKOro peayJ/bTara J0 YPOBHS, Ha
KOTOPOM pe3yJbTar o(opMJsiics Obl B TeOMEeTPUYECKUIA
ob6pa3. «UTo 3TO O3HAYaeT TMOMPOCTY?» — JTOOWMMBIi
BOIIPOC, KOTOPBII OH 3a/laBaji U cebe U KoJLJIeraM BCSIKUii
pas, Korjga oOcy:Kaanach ouepenHas paboTa.

[Tpusnanue HAy4HbIX 3aCJYT HE 3aCTABUJIO CeOsl 10JITO
sxkaatb: B 1929 rogy B.H./lesone BbiOUpAIOT B 4JeHbI-
KOPPECTIOH/IEHTHI AKaJileMun HayK. K aTOMy MOMEHTY OH
yxke 7 qet mpodeccopetByer B JIGHUHTPAJICKOM YHUBEP-
curere. Ero mpezmesbHO gcCHbIE W TPOJAYMaHHDIE JICKITUU
BBI3bIBAIOT OOJIBIION uHTEpec y cTyaeHToB. llomyuisip-
HOCTb €T0 ObLJIa CTOJIb BEJWKA, YTO HA MEPBBIX JEKIHIX
ero creruaibHbix ((akyabTaTUBHBIX) KypcoB cobupa-
JIOCh HECKOJbKO COTEH CTY/IEHTOB, KEJABIIUX YBHUETbH
JIETEeH/IAPHOTO JIEKTOPA.

Hano ckazatp, uro /lesone HUKOT/1a HE YITyCKaJl BO3MOK-
HOCTH paccKa3aTb CTyZleHTaM O TPYJAHOW HepeleHHOH
npo6eme. bopuc HukosaeBid pyKoBOICTBOBAJICS M3BEC-
THBIM TIPUHIIAIIOM, MPUHAJIEKAINM, KaxeTcs, [Laytap-
Xy: «YUueHuK — He COCY[, KOTOPbII HY)KHO HAIlOJIHUTD, &
(pakes, KOTOPBINl HYKHO 3a)Keub». A 3a’Keyb MOXKET TOT,
KTO caM TopuT. BbICOKMiT HayYHbIll aBTOPUTET, MIpe/laHHOe
U BMeCTe C TeM 3CTeTH4YeCcKoe OTHOIIEHUEe K HayKe, JTUYHOe
o6astHIIe — BCE 9TO MPUTSATHBAJIO K HEMY MOJIOJBIX JIFO/IE.
HeynusureapHo, 4T0 y HEro 6bIJI0 MHOTO YU€HUKOB, CPEIN
KOTOPBIX HECKOJbKO BBIJIAIONIUXCST MaTeMaTHKOB: aKa/ie-
mukn Anexcanap lanunosma Anekcanapos (1912—1999)
n Urops Poctucaasosny [adapesuy (1923 r.p.), daen-
KoppecroHieHT Akasemnn Hayk mutpuit KoncranTuno-
By Maytees (1907-1989).
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MHOTOTPAHHBINA JEJOHE

Becnoit 1934 roma B
Jlenunrpane bopuc
HukosaeBnu opranu-
30BaJI TIEPBYIO MIKOJIb-
HYIO OJIUMIHAAY IO
MaTeMaThke, ¢ KOTO-
poOii HAYaMCh MaTeMa-
TUYECKUE OJUMITAA/IDI
B Haleil crpaHe. Yuya-
CTHUKHU TIepBOH Je-
HUHTPAJICKON OJIMMIIN-
aJIpl elre JI0JTo TTOTOM
BCIOMUHAJH, KaKoe
oleJIOMJIAIoNIee  BIie-
YaTJeHue TTPOU3BEIH
Ha HWX BCTPEYH C
B.H. lenoue (cM., Ha-
npumep, «KBaaT» Ne9
3a 1984 1., ¢.52).

b.HLenoHe v U.PLLIagapesuy (koHey 1940-x roqos)
MockoBcknm nepuog, (1934-1980)

B 1934 rony B Jlenunrpase 6611 o6pasoBan MaremaTu-
yecknit mHCTUTYT uM.B.A.CreknoBa, B KoTopoMm bopuc
HwukomaeBuu pabortan ¢ momenta ocHoBauus. [lo 1960
rojla OH 3aBe/IOBAJ OT/IeJIOM ajreOpbl, a 3aTeM 10 KOHIIA
KW3HU OTZEeJOM TeoMeTpuu. Bckope Tmocse co3maHus
Maremarudeckuii nactutyT (ToUHee GOJIbINAsT €T0 YacTb)
MEPEBOJNTCS BMECTE € JPYTHMHU BEAYNIMMU HAyYHBIMU
yupexxaenuaymu Axagemnn Hayk B MockBy. C 1935 rona
[lenone paboraer mpodeccopoM B MOCKOBCKOM YHUBEPCH-
TeTe, B TEYCHNWE MHOTHX JIET PYKOBOAUT Kadeapoil reoMeT-
pun, tenepb aTo — Kadeapa BbICIIEH TeOMeTPUH U TOMOJIO-
rum Ha Mexmate. B MI'Y on coszaer BecbMa OpuUrnHasb-
HBIIl KypC aHAJUTUYECKOW TeOMETPUM, BbIEJSIBITUNCS
HCKJIIOUUTENbHBIM GOTATCTBOM reoMeTpudecKkux ujeil. B
3TOM HETPY/JHO YOEIUTHCS, OTKPBIB JIBYXTOMHUK TI0 aHa-
JUTUYECKON TeOMeTPUN, HATTMCAHHBIM UM B COAaBTOPCTBE C
[[.E.PaiikoBbiM. CTyneHTBI, UMEBIINE CYACTbE CJIYNIATh
€ro JIEKIUU, BPsI/| JIU TI0JI03PEBAJIH, UTO 32 UX BEJUKOJIE-
neM CKpbIBAJach TIaTeabHelnas noaroroska. Ha moa-
TOTOBKY /IBYX4aCOBOW JIEKIIUN y HETO YXOAWJO /IBA TI0JI-
HBIX JIHA, B JAajbHelimeM — geHb. OH OTHLIN(MOBBIBAJI
KaXXIyIo uJelo, KaKAbli pucyHnok. M, kak cieincrsue, BO

T ‘ 01-.p65 7

i

BpeMs JIEKI[MM Ha [JJOCKE JIETKO ¥ OBbICTPO IOSIBJISLIUCD
YeTKUe JOeKad/IPbl U UKOCAI/IPbI, dJIeTAHTHBIE Tapab0oJIo-
Ul ¥ TUTIEPOOJION/IbI, CUMTTATUYHBIE «a(UHHBIE KOTDI>
KOTOPBIX OH BBEJ B CBOI KYPC aHAJIUTHYECKON TeOMETpUN
JUIS. MJLTIOCTPAIIAN TOTO, YTO MPOUCXOUT ¢ (DUTYPOIT TTpu
adgpuHHOM TTPEO6pPaA3OBAHUM.

Y crynentos mexmata MI'Y oxnHO Bpems Oblia B Mojie
cepus BeCbMa OCTPOYMHDBIX aHEK/IOTOB O CBOUX TTpodecco-
pax Ha temy: «Kro (u3 npoeccopor) B yem Bapur cymn?»
[To crynenueckoil Bepcuu, He JinieHHON uponnu, bopuc
Huko/aeBrd BapuJl Cyll B n-MepHOil pemretke’: cy,
mpaB/ia, BBITEKAJ, 3aTO OCTaBaJaChb reoMeTpuueckas Ha-
[JIS/IHOCTD.

Bopuc HukomaeBnd 6b11 HAYUCTO JIUIIEH KAKOTO-TH60
pe3oHepcTBa, 3aHy/cTBa. [IpuBemy amm3ol, 0 KOTOPOM
mMHe pacckaszan H.A.Busenkun, yuusmmiics y /lemone.
Opraxapr bopnc HuxonaeBnd mosiBUCS Ha JIEKIUU C
KaKWM-TO 3JIbIM BBIPAKEHWEM JIMIa W HadaJl CTPOUTH
HETPUSTHBIE TPUMACHl U Jlayke pbruath. CTyIeHTbI, TTPH-
BbIKIIMEe Bujerh /lesoHe Bcerpa cjerka Xutpo yJbi6aio-
muMcst, OBLIN OIIEJOMJIEHBI: YTO CIYYUJIOCh ¢ Bopucom
HuxomaeBnyeM? ITO MPOJOJIKAIOCH CEKYH/ ACCATb-TIAT-
Ha/I1aTh, a 3aTeM I'pUMaca McyesJa, Bce YBUAEAN 3HAKO-
MYIO VJBIOKY ¥ YCJBIIIANN O6bSICHEHUE CJIyYUBIIEMYCS:
«ITo mopore x BaM BcTperui Baiero kyparopa. Ona MHe
OYeHb JKaJI0BaJach Ha Bac, IIPOILyCKaeTe 3aHATHs, MHOTHE
He CJaj¥ KOJJIOKBUYMBI W T.J., U OYEHDL TPOCHJIA BaC
MOMYTaTh. ..»

OTHOCHTETHHO HAY4HOI paGOThbl B MOCKOBCKUI TTEPUO/T
HA30BY JIUIITb HEKOTOPbIE OCHOBHbBIE HATIPABJIEHUS, B KO-
Topbix bopuc HukomaeBny ymopHo paboTana U MOJTyYHIT
BAJKHbBIC PE3YJbTAThl. IJTO — TPEXKIE BCErO T€OMETPUS
MOJIOKUTEJNbHBIX KBAJPATUYHBIX (DOPM 1 ee TPUJIOKe-
HUS K TEOPUM TaK HA3bIBAEMbBIX PEIIETYATHIX MOKPBITHI
M YIIaKOBOK IIPOCTPAHCTBA. BblIN moJyuyeHbl MPUHITUITN-
AJIbHO HOBDBIE PE3yJIbTATbl B TEOPUU MPABUJIbHBIX U KPH-
crajorpadyecknx pa36reHnii MHOTOMEPHOTO TIPOCTPaH-
CTBa, a Tak)Ke B reoMeTpuu uucesa. Psaj pesysbTaroB
1960—70 To/10B GBLT TIOJyYEeH COBMECTHO C KOJIJIETAMU U
YUEHUKAMU.

b.H./leoHe GbLT BBIIAONIMMCS TIOMYISSPU3aTOPOM Ma-
TEeMAaTUKW U BOOOIIe HayKu. Ero mormyJsipHble JeKIuH,
pacCunTaHHbIE HA IMUPOKYIO ayIUTOPUIO, COGUPAJIN COTHU
caymarteseil. Y Hero ObLIN 3apaHee 3aTOTOBJICHHbBIE «IKC-
MPOMTBI» — MPHUEMBbI, TIPU TIOMOIINA KOTOPBIX OH JIeJaJl
JIEKITUIO 3KUBOIA, YBJIEKaTeIbHOI 1 He3abbiBaeMoit. Harmpu-
Mep, B 1940-e ro/ibl OH HECKOJIBKO Pa3 YUTAJI JIEKIMIO HA
temy <«Teopema H.E.7KykoBckoro o mojgepxuBaionieit
cuje Kpbuia camoseras. CBOIO JIEKIIMIO B 3HAMEHUTOHN
Boabioii ayauropun [lomurexuunueckoro myses B Mockse
nepe/i HeCKOJTbKUMU COTHSIMU coGpaBimxcst bopue Huko-
JIaeBUY HAYMHAJ TaK.

b.H.: «Bor1, HaBepHOE, 3HAEeTE 3HAMEHNUTOTO MaTeMaTHKAa
axasemuka Ilana Cepreesuua Anekcanaposa’ ?»

OtenbHble To0ca: «/la, KOHETHO> .

5 Pewemxa sdecv osnauaem mnoxecmeo mouex c uesvlMU
KOOPOUHAMAMU.
I1.C. Aznexcandpos (1896—1982) — svidaiowuiics mamemamux,
odun u3 cozoamenetl OMeUecmeeHHOl MON0JI02UUECKOl WKOLbL,
axadenux, npogeccop mex-mama MIY.
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B.H.: «A 3Haere Jjm1 BBI, 4TO
3HAMEHUTBIH MaTeMaTHK aKaJIeMUK
AJlexcaHIpoOB HUKOT/IA HE JieTaeT
CaMOJIETOM? »

Jlerkuii TyJ1, ayauTopusi Heo-
yMeBaer.

b.H.: «A 3naer i Bbl, 104eMy
aKkazeMuk AJieKcaHjapoB GOUTCs
JIETaThb CaMOJIeTaMu?»

T'yn napacraer.

B.H. (¢ xutpoii yabi6Koii) 3a-
BepIiaer: «AKaIeMUK AJIeKCaH/I-
POB HUKOI'/Ia He JieTaeT caMoJieTa-
MM, IIOTOMY YTO He 3HAeT TeOPEMbI
JKyxoBckoro. A s BOT 3HAIO W
snerato MHOTO. CerojiHs s TIO3Ha-
KOMJIIO BaC C 3TOH TeOPeMOil, 1 BbI
HUKOT/1a He Oy/ieTe GOsIThCS ToJie-
TOB».

K atomy MOMeHTY ayauTopus
«pasorpera» M TOTOBA CJYIIATh
pacckas o Takoif BaXXHOU TeopeMe.

*

2010/ Ne?

BepumHa benyxa v vk fenoHe

He Tonbko Hayka

Cpeayt MHOTOYNCJIEHHBIX HeMaTeMaTUYeCKUX yBJIeYeHn i
Bopuca Hukosaesnya oco6oe MecTo 3aHIMAJ aJTbITHHU3M.
J10, 6ECCIOPHO, CaMO€e CUJIbHOE YBJIEUEeHHE MTPOIILIO Yepes
BCIO JKU3Hb. 3apOJAUJIOCh OHO, Kak y>Ke TOBOPUJIOCh, B
JIETCKUe TO/IbI BO BPEMsI JIETHUX BbIe3/10B ceMbl B I1IBeii-
mapuo. B anpnmHM3Me ero 0co0eHHO BJIeKJa KpacoTa
JlaJIeKO OTKPLIBAIOIUXCA IIaHOPaM, FeOMeTPUYeCKU Bblpa-
3UTEIbHBIX CUJTYITOB XPeOTOB 1 MTUKOB. V1, KOHEYHO, a3apT
n06eIUTh BBICOTY BO YTO ObI TO HU CTAJNO0. 3aHUMAJCS
AJIBIIMHU3MOM OH BIIOJTHE TIpodeccnoHa bHo. B Anbax on
eme B 1910 rogy noausics Ha BTOPYIO MO BBICOTE IOCJIE
Momu6Jana, HO TEXHIHYECKH HECJIOXKHYIO Bepinuiy Mownre-
Posa.

3arem 6b11 KaBkaz ¢ MHOTOUYMCJIEHHBIMU CJIOKHBIMI
BOCXOXK/IEHUSIMU, B TOM YHCJI€ U [1€PBOBOCXOXK/CHUAMHU.
Ho oco6enno bopuc HukomaeBuu sro6us Anraii. B 1926
rogy OBIBAJ W Ha Tope, Temepb Hocsmeld ero mMs. [Imx
[lenone HaxomWTCS Ha TI€Ue, BEAYIIEM HA BBICIIYIO
Bepuiuny Anrags — bBenyxy. Ilyremecrsys no Ausraio
sMecte V.E.TamMMoM’ , OHU OTKPBLIM U3YMHUTEJNBHOE 110
kpacote Mecto: o3epo IllaBrno, B uncreiinieir Bojge KOTO-
POrO OTPaKAJUCH JIBE MOKPBITbIC CHETAMU BEJUKOJIEII-
Hple Bepumubl. Oxny u3 uux [lenone wasBan Kpacasu-
yeu, npyryio Tamm HazBaa Crasxoii. 1lo muenuio [leso-
He, KpacoTa 3TOro MecTa IPEeBOCXO/UT BCe 3HAMEHUTbIE
Mecta B Asblax. B name Bpemsa mapuipyT k Kpacasuiie
n Ckaske — OJAUH M3 CaMbIX IIPUBJIEKATEJbHBIX Ha
Anrae.

B 30-e — 40-e roapr pomsioro Beka bopue Hukomraesmu
AKTUBHO 3aHUMAJICS OpraHu3aleil MaccoBOro aJblInHU3-
Ma B Hamiell crpane. Jletom 1931 roga on oprannsoBaJ Ha
KaBkase mepBblii B cTpaHe aJbIIMHUCTKUI Jarepb [JIs

7 Hzopw Eezenvesuu Tanm (1895—1971) — svidarouguiics pusux-
meopemux, aaypeam Hobeaesckoii npemuu (1958).

i

paboumx JEHNHTPAICKOTO MYTUIOBCKOTO 3aBO/IA M ITPOBO-
JULT B HEM 3aHATHS 10 TEXHUKE aJbIIMHU3MA, BMECTe C
WHCTPYKTOPAMH aHaJU3MpoBaa BocxoxkjaeHuss. B 1934
rojty eMy ObBLJIO MPHCBOCHO 3BaHNE MacTepa aJblIMHU3MA.
B 51O BpeMsi aJbIIUHU3M CTAHOBUJICS MACCOBBIM BHUIOM
CIOPTA, M CTAJ0 HEOOXOIMMBIM CO3/aTh CHCTEMY KJIAacCH-

HuxHee LLlasmHckoe 03epo 11 6ernocHexXHbIe BepLUyHb! CKa3ka
u KpacaBua
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ukary criopTUBHBIX HocTIsKeHMid. [lesone pazpabora
IIPUHIIUIIBI KJAACCU(PUKAIMU TOPHBIX BOCXOsKAeHUH (19T
CTyneHeld) M B COOTBETCTBUM C HUMM PACKJIacCUpUIINPO-
BaJst 6osiee 200 mapiipyToB Ha Bepunabl KaBkaza, Cpej-
neif Asuum u Anrag. B 1938 roay nanucasn nepsblil
MyTEBOUTEND [T aTbIIMHUCTOB «BepmmHbl 3arnaHoro
Kaskasa» (wactp Kaskasckoro xpe6ra, pacrnosoKeHHas K
3anajly ot dab6pyca). B HeM onmcaHbl HECKOIBKO J1ECAT-
KOB OCHOBHBIX BEPIIINH 3TOT0 PaiiOHa U ITyTH BOCXOXKIEHWH
Ha HuX. Onucanue compoBOXKAATOCh PUCYHKOM KaxKIOH
BEPIIMHBI BMECTe € KPOKaMM BOCXOXK/eHUS Ha Hee. B
KHUTe Ha BKJIEITKe ObITa moMelieHa maHopaMa BCero 3ama/i-
HO-KaBKa3CKoTo Xpe6Ta, KoTopyio caesnan bopuc Hukona-
€BUY, IlepeMellasch ¢ BepUIMHDI Ha BEepLIMHY Ha I1apaj-
JIEIBHOM XpeoTe.

C BO3pacToM Ha CMEHY aJbIIMHUCTCKUM BOCXOXKICHUSM
OPUIILIN TypucTckue moxozabl. He mporyakm wa 5—10
KIJIOMETPOB, a uMeHHO Hactogmue 30—40-KkuaoMeTpoBbie
MOXO/IbI, MHOT/IA OY€HD TPY/IHBIE, TPOXOAUBIITNE HEM3MEH-
HO 10 caMbIM KpacuBbIM MectaMm IlogmockoBbs. Bopuc
HuxomaeBuy Obin (puanyeckn MCKIIOYUTENBHO 3aKaJeH-
HBIM YesioBeKOoM. V Bce paBHO 6bL7T0 He 110 cebe HabII0aTh
B KOHIIe 3UMBI GBICTPO UAYIIETO C PIOK3AKOM OOGHAYKEHHOTO
M0 TOSAC MOKUJIOTO YesoBeka. Ilamaronuii cHer Tasua u,
CTeKkas 10 CeJoH TroJioBe, 3acTblBajJ B BHU/E KPYIIHBIX
CoCyJIeK.

Bopuc HukosaeBud odeHb JIOOUIJ MTPUPOY W BOCTOP-
raJicst ee KpacoToil Bcerjia MoJida, CJAOBHO CTapasch BIHU-
TaTh B ce6s Bce m Besd. Ero BocxuieHWe HEBOJHHO
nepe/aBasoch cryTHUKaM. OOTIeHre ¢ TPUPO/ION MTOXOIH-
JIO Ha TAWHCTBO, U eMy OBbLJIO HENPUSATHO, XOTS OH U He
M0/IaBaJI BU/TY , KOT/Ia 3TO TAMHCTBO HEYATHHO HAPYITATOCh
YBUMHU-TO PA3TOBOPAMHU. 3aTO y KOCTPA WU B 3JIEKTPUUYKE
€r0 CITyTHUKHU CTAHOBWJIMCDH CJIYIIATEJSIMU MHOTOUNCJICH-
HBIX NCTOPHUIi, OfiHa JpyToil mHTepecHeil. Pacckaszunkom
b.H./lenone 6bl1 3aMe4YarebHbIM... «Bbl, KOHEYHO, HE
3Haere, 4TO MOsi cecTpa cBstas (1aysa, JyKaBblil B3TJIsL
pacckasumka, HejoyMmeHue cayiareneit). /la-ga, cosep-
IIIEHHO CEePbe3HO0, CBATAs...»

... /lanpiie HAUMHAICS MHTEPECHEHTTNH PACCKa3 O IBOTO-
poaHoii cectpe u moapyre aerctBa Emuszasere [nmenko (B
samyxectBe Kyspmuna-Kapasaesa), mostecce (ee cruxm
BBICOKO IeHmsn Anexcanap bBumox). Ilocre pepomonnn
1917 rona ona amurpupoBasa Bo MDpaHimio, cTama MOHA-
xuneii (Matb Mapus — TakoBo OBLIO MOHAIIECKOE UMS, TaK
JKe Ha3bIBAJICA Y HAC XY/I0XKECTBEHHDIH (DUIbM, TTOCBAIICH-
Hblil eit). Bo Bpems okkynanum @panuun dammeraMmu
MaTb Mapus Berynusia B paabl ConporuieHus, Oblia
apecToBaHa u noru6ja B HEMEIKOM KoHIiliarepe. [locie
BOWHBI 6blIa ODUINATHHO KAHOHM3MPOBAHA KATOJIITYeC-
KOH TIepPKOBBIO.

«Bel-lep XKXU3HUN»

B mpusetctBennoM ajipece 1o cayydaio 80-retns [epman-
CKasg aKajJieMus ecTecTBOUCIIbITaTesell <«JleomoabauHas
nosxkesaJsa yieny atoit akajgemun b.H. /[lenone «crnokoiino-
ro Beuepa ;Ku3Hu». «Beuep )KU3HU» IPOI0JIKAICS /1eCATD
JIET. B 3TU I'O/Ibl OH BMECTE CO CBOUMU y‘{eHI/IKaMI/I HOJIy‘II/IJI
BaJKHbIC PE3YJIbTATDI 110 TEOPUU OTITUMATHHBIX MOKPBITHI
MIPOCTPAHCTBA MIAPaMU, TI0 JOKAJIBHON TEOPUH TaK Ha3bl-
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BaeMbIX [IPABUJIBHBIX CTPYKTYP, SIBJISIONIUXCSI CBOETO POJIA
MaTeMAaTHYECKIMU MOJIEJISIMU KPUCTAJLJIOB.

bBopuc HukosaeBud ObLI TIaBON U OMOPOW GOJBIION
cembl. OH 0YeHbD JTIOOWI CBOUX BHYKOB, KOTOPbIE 000K/
coero aena. bopuc HuxosaeBwu 3a6otusics o HUX, HO
oco6eHHO OH GecriokouJics 3a Cyab0y CTapiiero BHyKa —
Baamka. Bagum [lenone (em. http: //vadim-delaunay.org),
TAJIAHTJIMBBIN TT03T, KpacaBell, 06J1a/1aJl HEXKHBIM Cep/IIeM
n OT3bIBUMBON maymoi. B 18 mer cranm muccupertoMm,
npaBo3anmuTHUKOM. B 19 jieT GbLT 0CysK/IeH 32 OpraHu3a-
IO TTOJUTHYECKOU AeMoHcTpaluu B MockBe. Uepes roj
nocJie ocBoboxKaenus, 25-ro asrycra 1968 roza, Boiien B
cOCTaBe 3HAMEHUTON «ceMepKu» Ha Kpachyio miomnaib B
3HAK TIPOTECTa IPOTUB BBEJEHUS COBETCKUX BOIWCK B
YexocoBakmio. 3a JO3YHT «3a Ballly U HaILy cBOGOILY»,
KOTODBIIl OH JIep:Kajd B TeyeHHe HECKOJbKUX CEKYHI,
Bagum moyuns 3 rona «HecBo6oabl». bopuc Hukomae-
BUY JIeJTas BCe, 4TOObI 001erunTh cyab0y BHyKa. CobupaJ
MOJIMTUCH W3BECTHBIX JIIOJel B 3amuTy Bagawma, ¢ aTuMun
MUCHbMAMU TIOCETAJ «BbIcOUaiime» KaOnuersl Ha JIyGstH-
Ke. Y3Ke TIOCJe cy/la €31 K HeMy, KaK TOJbKO TOJIydaJ
paspelieHne, Ha CBU/IaHNE B Jlarepb Ha ceBepe TTOMeHCKOM
o6J1acTi.

[lpyrum o6bextoM oco6oii 3a60Thbl ObLTa KeHa, KOTO-
pas goJro 6oJiena u Hy;Kanach B yxoze. Ilocrie orbes-
na Baguma 3a TpaHMIly M CMEpPTH JKEHBI OH, yxKe 86-
JIETHWIT, «OpPOCUICS BO BCe TSDKKHE»: paboTa, JIEeKIHNH,
[oe3Ku, JBa 1oxoja B Hejemqio 1m0 20—40 KM Kask/blil.
B oxun u3 Hambosiee aKTUBHBIX [[HEW ero MOCTHUT yjaap:
UHCYJIbT, TIOUTH TOJHAS [OTeps peyu, MaMsTH, OTPaHHU-
YeHHas MOJBWKHOCTD. [IpwHUMast BO BHUMaHUE BO3PACT,
Bpauy ObLIN TPEJETHbHO CKYIbI B OIEHKE IMEPCIEKTHB.
Opnnako bopuc HukosaeBnd HaunHaeT 60pPOTHCS 32 TOJI-
HOIIEHHYIO JKM3HDb W OJIEP’KUBAET MOCJIEIHIO0, HO, MOJKET
6bITh, CaMyI0 BaKHYIO 1106e/1y B skusHu (He Ge3 momornu
CBOMX OJIM3KHMX, YYEHUKOB M KOJJIEr). Y Hero BoccTa-
HABJIMBAIOTCS YTePSHHbIE (DYHKIMU, ¥ OH BO3BPAIIAETCS
K HacToslell KU3Hu. Paszymeercsi, AJUHHbBIE TTOXOJIbI
CMEHUJINCH MPOTYJIKAaMU «Bcero» Ha kakue-to 10—15 ku-
JIOMETPOB, W He MO0 TJIYXUM JecaM, a II0 MecTaM C
<«UHIYCTPUAJTBHBIM Meii3aKeM», U He ABAK/bI, a TOJIbKO
pa3 B Henemo. Koneuno, paboTocrocoOHOCTh He Oblia
CTOJTb BBICOKOH, HO 3TO GbLIa MOJHOIEHHAS SPKast >KU3Hb.

OnHaKo «Bevyep SKM3HU» MOJOIIENT K CBOEH ecTecTBeH-
Holi Tpanuiie. Hukorma He 3a6y/y, KaK OJHAXK/BI CEPBIM
MapToBCKUM JHeM (910 ObLIO Mecsla 3a 4eThIpe /10
konna) Bopuc Hukomaesmd gocran U3 KHIKHOTO IIKa-
da kHUrY W pOYUTAT OJHO 3aMedyaresbHOEe MECTO Y
ITyankape.

[lpIxaHe OT BOJIHEHUsS IPEPBIBAIOCH, TOJIOC APOJKAI:
«... SKM3Hb €CTb JIHIIb GErJblil 3MHU30[ MEXAY ABYMS
BEYHOCTSIMU CMEDPTH HU... B 3TOM 3IMN307€ ITIPOLIE/IIas I
6yayast JJTUTeTbHOCTh CO3HATEBHOI MBbICJIN — He 6oJtee
yeM MIHOBeHUe. MbIC/Ib — TOJIBKO BCIIBIIIKA CBETA TOCPEIN
nosroit Houn. Ho aTa Bembilka — Bees.
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HTO MOXeT 3/1eKTpOoCTaTHKa

K. 6Or4AHOB

..Bce npenckazarmns 3n1eKTpoCTatky CeqyoT 13 ABYX
ee 3aKOHOB. Ho 0HO [E/10 BbICKA3aThb 3TH BELLM MATEMA-
TUYECKY, 11 COBCEM LPYIOe ~ MPUMEHSTH UX C JIETKOCTLIO
U C HYXHOM [OSIeV OCTPOYMUS.

Pryapn ®derHmaH

JEKTPOCTATUKA U3YUYAET BBAUMO/JIEMCTBUE

HEIO/IBUKHDIX 3aps/10B. KilloueBble sKCIIepUMeHTbl

aJieKTpocTaTuku 6bLin mpoBesienbl B X VI — XVIII
Bekax. C OTKpPbITUEM 3JIEKTPOMATHUTHBIX ABJEHUH U TON
PEBOJIIOIUY B TEXHOJIOTUAX, KOTOPbIC OHU IIPOU3BEJIH,
WHTEpeC K 3JIEKTPOCTATHKEe Ha HEKOTOpoe BPeMs ObLI
yTepsiH. OJHAKO COBpeMEHHbIEe HAayJHbIE HCCJIEOBAHU
TTOKA3bIBAIOT OTPOMHOE 3HAUYEHHe 3JEeKTPOCTATHKHU [T
ITIOHUMaHUSI MHOTUX IIPOIECCOB KUBOW M HEKMBOW IpH-
POJBL.

dneKTpocTaTuKa U XXN3Hb

B 1953 rony amepuxanckue yuenbie C.Mumiaep u I'.10-
pU TIOKA3ajM, YTO OJHU W3 <«KUPIUYUKOB SKUSHU> —
AMIHOKHUCJIOTBI — MOTYT GBITD OJIYYEHBI ITyTeM IIPOITYCKa-
HUST 3JIEKTPUYECKOTO paspsi/a depe3 ras, OJU3KWIA TI0
COCTaBy TIePBOOBITHOI aTMocdepe 3eMJH, COCTOSIIEH 13
MeTaHa, aMMMaKa, BOJOPOJA M TapoB BOJbI. B Tedenme
nocaexyomux S50 JeT Ipyrue nccae0BaTe I TOBTOPHIN
3TH OTIBITHI U TIOJIYINUJIN Te Ke pe3yJbTarsl. [Ipu mpomyc-
KaHUM KOPOTKUX MMITYJIbCOB TOKa 4epe3 OaKTepun B nX
o6osouke (MeMGpaHe) MOABJISIOTCS MOPbI, Y€PE3 KOTOPHIE
BHYTPb MOryT npoxoauthb ¢pparmentsr [JHK apyrux 6ak-
Tepuil, 3aIycKast OJUH U3 MEXAHU3MOB IBOJIIOIMH. TaKuM
06pa3oM, aHeprus, Heo6XoUMast s 3aPOSKIEHUST JKI3HI
Ha 3eMJie U ee BOJIONUU, JEeHCTBUTEIBHO MOTJA ObITH
5JIEKTPOCTATHYECKOI aHeprueii paspsaos Mosnuii (puc.1).

Puc. 1. Paspag mMosiHuiv
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Kak 3N1eKTPOCTaTUKa Bbi3biBaeT MOJIHUA

B kax/plii MOMEHT BpeMeH! B Pa3HbIX TOYKAX 3eMJIn
cBepraet okoso 2000 MosHIN, B KaXKAYIO CEKYHy TpH-
MepHO S0 MOJIHWI yAapsioT B 3eMJI0, KaKIblil KBa[paT-
HBIN KUJIOMETP MOBEPXHOCTH 3eMJIH OPAKAETCsT MOTTHUEH
B cpeqiHeM TecThb pa3 B roay. Eme B XVIII Beke Benmxa-
MuH DPAHKJINH JIOKA3aJ1, 9TO MOJHUY, ObIOIIIE U3 TPO30-
BbIX 06JIAKOB, 3TO 3JIEKTPUUECKIE PA3PSI/IbI, IEPEHOCSIIINE
Ha 3eMJII0 ompuyamenvrviil 3apsi. [1pu aToM Kaxk/blit u3
pa3psnoB cHaGKaeT 3eMII0 HECKOJIbKUMU IECATKAME KY-
JIOHOB 3JIEKTPUYECTBA, & aMILIUTy/a TOKA IIPU yAape
mostaun coctasiseT ot 20 1o 100 kunoammnep. CrkopocTHas
(orocpemKa nokazasa, 4To paspsii MOJTHUU JIJIUTCS JIUIITh
JIECSITBIE JIOJTM CEKYHJIBI M YTO KasK/1ask MOJIHUSI COCTOUT M3
HECKOJBKHUX 60Jiee KOPOTKUX.

C TIOMOIbI0 M3MEPUTEIBHBIX TTPHOOPOB, YCTAHOBJICH-
HBIX Ha aTMOoc(epHBbIX 30H/aX, B Havajse XX BeKka ObLIO
U3MEPEHO 3JEKTPUUYECKOe ToJie 3eMJIH, HaNPSKeHHOCTD
KOTOPOTO y TOBEPXHOCTU OKAa3aJach PAaBHOM MpuOIN3U-
tesbHO 100 B /M, 4TO COOTBETCTBYET CyMMapHOMY 3apsiy
mranersl okoJsio 400000 Ki. Ilepenocuukom 3apsijioB B
aTMocepe 3eMJIH CJIyKaT HOHBI, KOHIIEHTPAITH KOTOPbIX
YBEJIMYUBAETCS C BBICOTOW M [IOCTHTAeT MAaKCHMyMa Ha
BbicoTe S50 KM, T/ie o] IeficTBUEM KOCMUYECKOTrO U3JIyde-
HUsT 00PA30BAJICS 3JIEKTPOIPOBO/ISIIIIL CJI0I — HoHOChe-
pa. IToaToMy MOMKHO CKa3aTb, 4TO AJEKTPUUECKOE I10Je
3emun — 370 TI0JiIe chePUIECKOTO KOHIEHCATOPA € TPUJIO-
skeHHbIM HampspkerneMm okosio 400 kB. Ilox neiictBuem
9TOTO HANIPSPKEHUS U3 BEPXHUX CJIOEB B HIDKHIE BCE BPEMST
Te4yeT TOK CUION 2—4 KA, TIJIOTHOCTb KOTOPOTO COCTaBJSET
(1-2)- 10712 A/M2 , ¥ BbLEesIsIeTcst sueprus 1o 1,5 TBr. U
ec Obl He OBLIO MOJIHUII, 3TO 3JIEKTPUYECKOE I0Je
ucydesso 661! [losydaercs, 4TO B XOPOIIYIO TIOTO/LY 3JIEKT-
PUYECKWiT KOHZEHCATOP 3eMJIN Pa3psiKaeTcs, a Ipy rpose
— 3apsiKaeTcs.

I'po3oBoe 06J1aKO0 — 9TO OTPOMHOE KOJIUYECTBO Tapa,
YacTh KOTOPOTO CKOH/IEHCHPOBAJIOCDH B BH/IE METHUANTIINX
KaresjeK WM JbJINHOK. Bepx rpo3oBoro o6jaka MOKeT
HaXOJINThCST Ha BBICOTe 6—7 KM, a HU3 — HABUCATh HAJ
semsaeil Ha Bbicore 0,5—1 kM. Borme 3—4 kM o6iraxa
COCTOSIT U3 JIBJIMHOK PA3HBIX PA3MEPOB, TaK KaK TeMIlepa-
Typa TaM BCer/la HWKe HYJs. DTH JbIMHKNA HAXOIATCS B
MMOCTOSTHHOM JIBVKEHWUHU, BBI3BAHHOM BOCXO/ISIITUMHU TTOTO-
KaMWU TETJIOT0 BO3/IyXa, TIOAHIUMAIOIIEr0Ccst CHU3Y OT Harpe-
TOI TOBepXHOCTH 3eMJu. MesKne JbAUHKA JeTde, 4eM
KPYIHbIE, U OHU YBJEKAIOTCS BOCXOMSIIUMHU TTOTOKAMU
BO3/lyXa U TI0 JIOPOTe BCE BPEMS CTATKUBAIOTCS C KPYITHDI-
mu. [Ipu Kax10M TaKOM CTOJKHOBEHUH ITPOUCXOHT 3JIEK-
TPU3AIKs, TPU KOTOPOil KPYIIHbIE JbJAUHKU 3apPsKAIOTCS
OTPHUIATENBHO, a MEJIKIE — ToJIoKuTeTbHO. COo BpeMeHeM
MTOJIOKUTENBHO 3apsIKEHHbIE MEJTKUE JIbIMHKN COOUPAIOT-
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4YTO MOJKET DJNEKTPOCTATHKA 1

CS1 IIPEUMYIIIECTBEHHO B BEP-
XHell yactu 06J1aKa, a 0Tpu-
aTeJbHO 3apssKeHHDIE
Kkpynubie — BHu3y (puc.2).
[pyrumn caoBamMu, Bep-
XymIKa 06J1aKa 3apsKaeTest
MOJIOKUTENBHO, & HU3 — OT-
putiaresabHo. IIpu atom Ha
3eMJjie HEMOCPEJCTBEHHO
MOoJi T'PO30BBIM 06JaKOM
HABOJIATCS TTOJIOKUTEbHDIE
3apsbl. Terepb Bce roTOBO
JUISL pa3p4/ia MOJIHUM, TIPU
KOTOPOM IIPOMCXO/IUT [1PO-
6011 BO3/1yXa 1 OTPUIATEb-
HBIN 3aps/I ¢ HUXKHEN 4acTh
I'PO30BOH TyuH TIepeTeKaeT Ha 3eMJIIO.

XapaxTepHo, 4TO Tepeji TPO30i HANPSKEHHOCTD 3JIeKT-
pudeckoro mosst 3emun Moket gocturath 100 kB /M, T.e.
B 1000 pa3 mpeBbImaTh ee 3HAUYCHUE B XOPOMIYIO MTOTOTY .
B pesyJibraTe Bo CTOJIBKO XK€ pa3 yBeJNIUBACTCS TIOJIOKHU-

Puc. 2. Cxematmveckoe 1306-
PAXEHNE PAZLENICHIS /IeKT-
PUYECKIIX 33108 B [PO30BOM
0671aKe 1 MOABSIEHNS [TOSIOXM-
TeJIbHbIX 380FL40B HA 3eMJIE 104
obriakom (Bcrencrsme 3/1eKT-
POCTATNYECKON MHAYKLIM) r1e-
Pen pPa3paaoM MOSIHUI

Puc. 3. Kak BCTatoT BOJIOCHI B CUIIbHOM JJIEKTPUHECKOM [10/1€

TEJTbHBIN 3apsijl KaK/I0TO BOJOCKA Ha TOJIOBE YeJOBEKa,
CTOSIIETO TI0/] TPO30BOIT Ty4el, M OHU, OTTAJIKIBASICH JIPYT
oT apyra, Beraiot api6om (puc.3).

dynbryput — cnep MoOnHUU Ha 3emMne

[Ipu paspsiie MOJTHUU BbIIEJSETCS JHEPTHUS MOPSIKA
10° = 10" Ik . Bo/bInas gacTb 9T0i SHEPTUM TPATHTCS HA
IPOM, HATPeB BO3/yXa, CBETOBYIO BCIIBIIIKY U U3JIyYeHUEe
JIPYTUX 3JIEKTPOMATHUT-
HBIX BOJIH, M TOJIBKO Ma-
JIEHbKAST YaCTb BbIJIEJISIET-
CsI B TOM MecCTe, T/Jie MOJI-
HUS BXoJUT B 3emuiio. Ho
1 9TOW «MaJIEHbKOI» yac-
TH BIIOJHE JOCTaTOYHO,
4TOObI BBI3BATH IOKAP,
yOUTH YesoBeKa MIN pas-
pymuth 3x1anune. MomaHus
MOJKET pas3orpeBaTh Ka-
HaJ, [0 KOTOPOMY OHAa
neiskercst, 1o 30000 °C,

Puc. 4. Qyribryputsl, HaVLEHHbIE
aBTOPOM CTatbu B pavioHe Kpbi-
narckoe (MockBa); /19 Maclura-
6a Ha TOM Xe oTO 1oKa3aHa
nampybnesas MoHeTa
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4TO TOPa3/0 BbIE TeMIEPaTypbl Miasaenus necka (1600
— 2000 °C). TToaToMy MOJHHUH, MONAAAs B HECOK, IIABAT
€T0, a PaCKaJIEHHBIN BO3/yX U BOJSHBIEC TIAPBI, PACIIUPSI-
SCb, (POPMUPYIOT U3 PACIIIABIEHHOTO TTeCKa TPYOKY, KOTO-
pasi uepe3 HEKOTOpPOe BPEMsI 3aCTbIBaeT. Tak poXKIaoTcs
dyabrypurbl (rpoMOBbIE CTPEJIBI, YE€PTOBBI MAJbIBI) —
MoJible TIWJIMH/IPBI, CeJaHHble W3 OIJIaBJIECHHOTO TecKa
(puc. 4). Camble [TMHHbIE U3 PACKOTIAHHBIX (PYJIBIYpH-
TOB YXOJIUJIN TIO/T 3eMJII0 Ha TJy6uny GoJiee MATH METPOB.

Kak anekTpocTraTuKa 3alimiiaeT oT MOJIHUN

K cuactpio, GOJBITMHCTBO Pa3psi/IoB MOJHUHU MTPOUCXO-
JISIT MEK/Iy 00JIaKaMU U TI03TOMY HE YTPOKAIOT 3/I0POBbBIO
miogeil. OMHAKO CUUTAETCS, 4TO KasKbl TI'OJi MOJIHHU
y6uBaiotr O6oJiee Thicsuu Jrojeil 1o Bcemy wmupy. Ilo
kpaitaeit mepe, B CIIIA, tie BeaeTcs Takas CTaTHCTHKA,
€XKETOTHO OT yJapa MOJHUU CTPAJAOT OKOJIO TBICSUN
yeJIOBeK M 6oJiee cTa M3 HAX MOTHOAIOT. YUeHble JaBHO
[BITAIUCH 3AIUTUTh JIOJIEl OT 3TOI <«Kapbl OOXKbei».
Hanpumep, nzobperaresib 1MepBoro 3JeKTPUIeCKOr0 KOH-
nencaropa (meiigerckoit 6anku) Ilurep Ban MytueHOPYK
B cTaTbe 00 3JIEKTPUYECTBE, HATUCAHHOM JIJIsI 3HAMEHUTO
(paHITy3cKOI «IHIMKIOTECUNY, 3AIUIIAT TPAJAUIINOH-
HbIE CITOCOOBI TIPEOTBPAIIEHUST MOJHUU — KOJOKOJHHDBIN
3BOH M cTpesibba M3 MYIIeK, KOTOPble, KaK OH CUUTAJ,
OKa3bIBAIOTCS JIOBOJTHLHO 3(PPEKTUBHBIMHU.

B 1750 rogy ®@pankaun n3o6pen rpoMootso (MoJHue-
otBoz). IlbITasich 3amuTUTh 3/jaHe KaluToMus CTOUIIbI
nrrata MapuJieHT OT yjaapa MOJHWHM, OH MPUKPENUJI K
3[QHUTO TOJICTBIN JKEeJTEe3HBIH CTePsKEHDb, BO3BBITMAIONTANICS
HaJl KY[OJIOM Ha HECKOJBKO METPOB U COEMHEHHBIN ¢
3eMJieil. YUeHbIil 0TKa3ajcsd MaTeHTOBaTh CBOE M300peTe-
Hue, jKeJjas, 4TOObI OHO KaK MOMKHO CKOpee HayaJio
CJIY>KUTD JIIOJSIM. MeXaHu3M JIeficTBIs TPOMOOTBO/1A Jer-
KO OOGBICHUTDH, €CJIU BCIIOMHUTH, YTO HAIPIKEHHOCTb
AJIEKTPUUYECKOTO TIOJIsST BOJTM3U TIOBEPXHOCTH 3aPSIZKEHHOTO
MIPOBO/IHUKA YBEJIUYUBAETCS C POCTOM KPUBHU3HDBI ITOM
noepxHocT. [1o3aTOMYy 10/ TPO30BBIM 006JIAKOM BOJIM3U
OCTPUSI TPOMOOTBOJIA HANPSIKEHHOCTH TOJsI OYyJeT Tak
BBICOKA, YTO BBI30BET HOHM3AIINIO OKPYIKAIOIIETO BO3/IyXa
" KOPOHHBIN paspsii B HeM. B pesysbrare BEpOSTHOCTH
MOTIAIAHUST MOJIHUM B TPOMOOTBOJI 3HAUYKMTEJIBHO BO3pac-
ter. Tak 3HaHUE 2JIEKTPOCTATUKH HE TOJBKO O3BOJINJIO
O0GBICHUTD TIPOUCXO’K/IEHNE MOJIHUIN, HO U HAUTH CIIOCOO
3AI[UTUTHCI OT HUX.

Bectb 0 TpoMooTBOIe DpaHKINHA GBICTPO Pa3HECJACh
o EBporie, 1 ero BbIOpaIM BO BCe aKaIeMUH, BKJIOUast U
Poccuiickyio. Onnako B HEKOTOPBIX CTpaHax HaGOKHOe
HaceJieHne BCTPETUJIO 3TO U306pETeHNe ¢ BO3MYIIIEHUEM.
Cama MbICJTb, YTO Y€JOBEK TaK JIETKO U MPOCTO MOKET
VKPOTHUTb TJIaBHOE OpYyKue O0Kbero THeBa, Kasajach
KONIYHCTBeHHOI. [loaToMy B pasHbIX MecTaxX JIOIW W3
6J1ar04eCTUBBIX COOOPasKEHMIT JIOMAIH TPOMOOTBO/IBI.

JIto6ombITHBIN caaydait mpousores B 1780 roay B ogHOM
HeGOJIBIIIOM TOPO/IKe Ha ceBepe DpaHIuu, I/le TOPOKaHe
noTpe6GoBAIM CHECTH JKEJEe3HYI0 MAuTy IPOMOOTBOJA U
Jleio Jonuio o cynebuoro paséuparesberBa. Mosogoit
aJIBOKAT, 3all[UIIABIINI IPOMOOTBO/L OT HAIAJI0K MpaKobe-
COB, TTOCTPOMJI 3AIUTY HA TOM, YTO U PA3yM YeEJOBEKa, U
€ro CTOCOOHOCTD MOKOPSTH CUJIBI TIPUPOIBI UMEIOT GOKe-
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CTBEHHOE TIPOUCXOKjeHne. Bce, 4To Mmomoraer criactu
JKU3Hb, BO 6JIaro — JIOKa3bIBaJ MOJIOJON ajaBokar. OH
BBIUTPAJI TIPOIECC W CHHUCKAT OGOJIBIIYI0 W3BECTHOCTD.
AzBokara 3Basin... Makcumuaran PoGecribep.

Hy, a ceituac mopTper usoOperaTesiss TPOMOOTBO/IA —
camasi JKeJJaHHasl PETPOYKITNS B MUPE, BEJb OHA YKpaliia-
€T U3BECTHYIO BCEM CTO/IOJIJIAPOBYIO KYIIOPY.

3HEKTPOCTaTVIKa, BO3Bpalialolias XXU3Hb

DHeprus paspsi/ia KOHAEHCATOpa He TOJbKO IpUBeIa K
BO3HUKHOBEHUIO KU3HU Ha 3eMJje, HO U MOXKET BEPHYTb
JKU3HD JIOAAM, y KOTOPBIX KJETKU Cepllla MepecTaan
CUHXPOHHO COKpAIarbcsi. AcuHXpoHHOe (XaoTuuHOe)
COKpAllleHe KJIETOK Cep/Ila Ha3bIBAIOT (PUOPUILIAIINEI.
DubpuLIAINIO Cep/lla MOKHO IPEKPATUTD, €CJIH TIPOILY-
CTHUTD Yepe3 BCe ero KJAECTKU KOPOTKUN UMITYJIbC TOKa. J{ist
3TOTO K T'PYJHON KJeTKe MalueHTa TPUKJIAIBIBAIOT IBa
3JIEKTPO/Ia, Yepe3 KOTOpble MPOIMYCKAIT WUMITYJIbC JIJTH-
TEJBHOCTHIO OKOJIO JECATH MUJIJIUCEKYH]I U aMILIUTY/ 01
JI0 HECKOJbKHUX JIeCATKOB amiep. Ilpu artom sHeprus
paspsjia uepes TpyAHyTo KJAeTKY MoxKeT gocturathb 400 [[x
(4TO paBHO MOTEHIMAIBHON SHEPTH Iy/1I0BOH TUPH, TTO/I-
HATON Ha BBICOTY 2,5 M). YCTPOHCTBO, obecrednBaioniee
9JIEKTPUYUECKUIT pas3psl, MpeKparnaonuii Guépuiisinio
cep/iiia, HasbiBaloT gaedubpuastopom. Ilpocreiimii je-
pubpunisarop npencrasiser co6oii KomebaTe bHbIH KOH-
TYp, COCTOSNINI M3 KoHjleHcaTopa eMKOocTbio 20 MKMD u
KaTyHIKN UHAYKTUBHOCTDBIO 0,4 'H. 3apsaauB KoHaeHcaTop
Jlo HanpskeHust 1—6 kKB w1 pa3psus ero yepes KaTyliKy u
MAIMeHTa, COMPOTUBJIEHNE KOTOPOTO COCTABJSET OKOJIO
50 OM, MOXXHO MOJYyYUTb MMITYJTbC TOKA, HEOOXONMbIi
JUUIS. BO3BPAIIICHUS TIAIIMEHTA K JKU3HHU.

dnekTpocTaTuka, gatouias cseT

JltoMuHecHieHTHAsT JlamMIla MOJKET CJIYJKUTD y[[OéHbIM
WHAWKATOPOM HAIPAKEHHOCTH JSJEKTPUYECKOTO II10JIA.
Yro6bl yée[[I/ITbCH B 9TOM, HaXO/J4ACb B TEMHOM IIOMeEIIe-

Puc. 5. CBeYeHMe JIIOMUHECLEHTHbIX JIaMIT, BOTKHYTbIX B 3€MJIO
710L] BbICOKOBO/JIbTHBIMU JIMHWAMU S/IEKTPONEPELAY
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HUU, TIOTPEM JIAMITY TTOJIOTEHTIEM HJTH TIapd oM — B Pe3yJib-
TaTte BHEIIHSS MOBEPXHOCTD JJAMIIOBOTO CTEKJIA 3aPSI/IUTCS
MOJIOJKUTEJIBHO, a TKaHb — oTpuIlaTe/ibHO. Kak ToJIbKO 3TO
MTPOU30M/IET, MBI YBU/IUM BCIIOJIOXU CBETA, BO3HUKAIOIIIE
B T€X MECTaX JIaMIIbl, K KOTOPbIM MbI IIPUKAcaeMCsl 3apsi-
SKEHHOU TKaHbio. V3MepeHUs MOKa3asn, UYTO HAMpSKEH-
HOCTD 9JIEKTPUYECKOTO TOJIS BHYTPH PabOTaIoOIIEe JTIOMU-
HECIIeHTHOW JiaMmibl cocraBjsier okosio 10 B,/m. Ilpu
TAKOIl HAINPSIKEHHOCTU CBOOO/IHBIE 2JIEKTPOHBI 00JIa/1a10T
HEOOXOAMMO¥ aHeprueil /s MOHU3AIMH aTOMOB PTYTH
BHYTPH JIIOMUHECIICHTHOM JIAMIIBI.

DJIEKTPUYECKOE TI0JIE TI0J] BBICOKOBOJBTHBIMU JTMHUSIMU
asiekTponepenad — JIDII — MokeT gocTUTraTh O4eHb BHICO-
kux 3HaueHwuii. [loaTomy ecam B TeMHOe BpeMs CYTOK
JIIOMUHECIIEHTHYTO JJaMTTy BOTKHYTb B 3eMJtio ozt JIDIT, o
OHa 3aTOPHUTCS, U JOBOJBHO ApKo (puc.5). Tak ¢ TOMOIIbIO
SHEPIUM 3JIEKTPOCTATHYECKOrO IOJISI MOKHO OCBEIaTh
npoctpanctso nox JIDII.

Kak snekTpocTaTuka npegynpexpaaeTt o rnoxape
v penaeT AbiM yuLe

B GosbiiuncTBe caydaeB mpu BbIGOpE THUIIA JETEKTOPA
MOKAPHOI CUTHAIN3AINN PEJIIOUTEHNE OTAAETCS IbIMO-
BOMY JATUYWMKY, TaK KaK T0OXKap OOBIYHO COIPOBOXKIAETCS
BbI/leJIeHeM GOJTBIITOTO KOJIUYECTBA /IbIMA U UMEHHO 3TOT
THII IETEKTOPA CIIOCOGEH TIPeIyIIPeIUTD JIO/eH B 3MaHUN
06 omacHOCTH. /[BIMOBBIE JATYMKHU HCIIOJIb3YIOT MOHW3a-
10w GOTOIEKTPUYECKUN TIPUHIIUIT JIJIsT 0OHAPYKe-
HHS JIbIMA B BO3/JyXe.

B MOHM3AaMMOHHBIX IECTEKTOPAX AbIMAa UMEETCA NCTOYHUK
o -uzayvernns (Kak mpaBuio, aMmepunnii-241), nonusnpy-
IOH_[I/Iﬁ BO3AYX MEX Y METAJIVIMYECKUMU IIJIACTUHAMU-3JICK-
TPO/IAMU, 9JIEKTPUIECKOE COIIPOTUBJIEHUE MEXK/Y KOTOPBI-
MU IIOCTOAHHO HU3MEPAETCA C IOMOIbIO CHeL[PIaJIbHOfI
cxeMbl. O6pa3yIolecs B pe3yabTate O -U3JIyYeHUsT UOHBI
006€eCIieurBaIOT TPOBOAMMOCTD MEXKAY JJIEKTPOJAMHU, a
OKa3bIBAIOIIIECST TaM MUKPOUYACTHUIIBI JIbIMA CBSI3BIBAIOTCS
C NOHAMU, HEUTPAJIUIYIOT UX 3aPs/L M YBETUYHBAIOT TAKUM
06pa3oM CONPOTUBJIEHUE MEXKIY 3JEeKTPOJaMu, Ha 4YTO
pearupyer aJeKTpUYecKasi cxema, 1o/laBasi CUrHAJI TPEBO-
. ﬂaTqI/IKI/I, YCTPO€HHDbIE Ha 9TOM IpUHIIUIIE, IEMOHCTPU-
PYyIOT B€CbMa BIIEYATJIAIONIYIO YyBCTBUTEJIbHOCTD, pearu-
pysl emie J0 TOro, KaK CaMblil TepPBBI NMPU3HAK JIbIMA
o6GHAPY KUBACTCS XKUBBIM cyliecTBOM. CJie/lyeT OTMETUTD,
qTOo HCHOJIbSyeMbeI B JaTYUKE UCTOYHUK paJvalliil HUKa-
KO OIACHOCTH [IJIs1 YeJIOBEKa He IMPeJCTABJSIET, TaK KaK
aabda-aydn He MOTYT TIPOITH aXke uepe3 JUCT OyMaru u
MOJIHOCTBIO TIOTJIOMIAIOTCS CJI0EM BO3/yXa TOJIIMHOW B
HECKOJIbKO CAaHTUMETPOB.

Crioco6HOCTD YacTHYEK MBLIH K 3JeKTPU3AIUHU IHPOKO
UCIIOJIb3YETCS B IPOMBINIJIEHHBIX 3JIE€KTPOCTATHYECKUX
IbLIEYJIOBUTEISAX. [a3, cofepskaiiuii, HanpuMep, 4acTu-
bl CaKHu, IO/HHUMasACHh BBEPX, IPOXOJAUT HEPE3 OTpUla-
TEJIbHO 3aPSIKEHHY IO METAJINYECKYIO CETKY, B Pe3yJbTrare
Yero 9TH YaCTHUIbI TTIPUOGPETAIOT OTPUIATEIbHBIN 3apsi/l.
[Ipomonkas mogHUMATLCS BBEPX, YACTHUIIBI OKA3BIBAIOTCA
B 9JIEKTPUYECKOM I10JI€ TTOJIOJKUTEJTDbHO 3apAKEHHDIX TLJIa-
CTHH, K KOTOPbIM OHU ITPUTATUBAIOTCA, TIOCJIE YE€Tr0 YaCTHU-
1Bl TIA/IAI0T B CIIEIUAJIbHbIE EMKOCTH, OTKY/A UX TIePUOIH-
YeCKU YAAJSIOT.
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BVIO3HEKTPOCTaTVIKa

OHO U3 TPUYMH ACTMbI SIBJSIOTCS POILYKTDI JKI3He-
JIEATEJBHOCTH TIBLIEBBIX KJemmed (puc.6) — HacekoMbIx
pasMepoM OKOJIO
0,5 MM, JKUBYIINX B
HamreM nome. Uc-
cJIeloBaHUs II0Ka-
3aJI, YTO TPUCTY-
I1bI ACTMBbI BbI3bIBa-
FOTCSI OTHUM 13 6eJI-
KOB, KOTOPBIN BbI-
JIEJISTIOT  9TH  Hace-

Puc. 6. [TbineBovi kneLy, rnpoayKThl Xu3- Kxombie. CTpyKTypa

HenesTenbHoCTU Kotoporo Beissisaor O TOTO Geska Hatio-
acmmy MHHaeT IOJKOBY,

06a KOHI[A KOTOPOIt
3apSKEHbl  [OJIOKUTENbHO. JJIEKTPOCTATHYECKUE CHUJIbI
OTTAJIKMBAHUSA MESK/Y KOHIIAMU TaKOTO MOAKOBOOGPA3HO-
ro GejKa JIeIalOT €ro CTpyKTypy crabuibnoii. OpHako
cBoiicTBa GeJlKa MOKHO M3MEHHUTh, €CJU HeATPaau30BaTh
€ro II0JI0KKUTENbHDIE 3aPsi/bl. DTO yAAETCs CAeNaTh, YBe-
JIMYMB KOHI[EHTPAILIMIO OTPUIIATEBHBIX HOHOB B BO3/IyX€ C
MOMOIIBIO  JTIO60T0 MOHM3ATOPa, HAPUMEp JIOCTpbl Un-
xkeBckoro (puc. 7). OZHOBPEMEHHO ¢ HTUM YMEHBIIAETCS
1 YacToTa HpI/ICTyHOB aCTMDbI.

|

Puc. 7. OauH uU3 TUINoB JIIOCTPbI YxeBckoro

SJIGKTPOCTaTI/IKa IIOMOTra€T H€ TOJbKO 0683Bpe>KI/IBaTb
66J’IKI/I, Bbl/le/ideMble HaCEKOMbIMHM, HO M JIOBUTb HX Ca-
MHUX. YKe TOBOPUJIOCH O TOM, 4YTO BOJIOCBI <«BCTalOT
lIb160M>>, €CJIN NUX 3apAANTb. MozkHO cebe IIpeACTaBUThb,
YTO HCIBITBIBAIOT HAaCEKOMbIE, KOrjga OKa3bIBAaIOTCA 3JIEK-

Puc. 8. IneKTpocTatndeckas J10ByLLIKA AJ1A TaPakaHOB
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TPUYECKU 3apsKEeHHBbIMU. ToHUYaiilie BOJOCKM Ha WX
JIallKaxX PacXoJATCs B pa3Hble CTOPOHDBI, U HACEKOMbIE
TEPSIOT COCOOHOCTH TnepeBuraThesi. Ha TakoM mpuHIH-
e OCHOBaHa JIOBYITKA JIJIS TApaKaHOB, MOKa3aHHAS Ha
pucynke 8. TapakanoB nmpuBJieKaeT caaaKas Mmypa, Ipe/-
BapUTEJbHO 3JIEKTPOCTATHUECKHN 3apstkeHHass. [lymapoit
(na pucynke ona 6esast) MOKPHIBAIOT HAKJIOHHYIO MOBEP-
XHOCTDb, HaXOJMIIyIOCsS BOKPYT JOByHiKH. OKa3aBIINCDh
Ha Iy/pe, HACEKOMbIE CTAHOBSTCS 3apsKEHHBIMU U CKa-
TBIBAIOTCS B JIOBYIIKY.

Y10 Takoe aHTUCTaTUKN?

Opniexx1a, KOBPbI, TIOKPHIBAJIA U T.II. MPEJAMETHI 3apsizKa-
I0TCSI TTOCJI€ KOHTAKTA C APYTUMU [PEJMETAMU, a HHOT/IA U
MIPOCTO CO CTPYSIMU BO3/yXa. B ObITYy U Ha IMPOM3BOICTBE
3apsi/Ibl, BOBHUKAIOIINE TAaKUM 06Pa30M, 4acTO HA3bIBAIOT
CTAaTUYECKUM 3JIEKTPHUECTBOM.

[Ipn HOpMaJbHBIX aTMOC(EPHBIX YCIOBUSX HATYPAJb-
nble BoOKHA (M3 XJIONKa, MIEPCTH, MIEJIKAa U BUCKO3BI)
XOPOMIO BIUTHIBAIOT Baary (rugpoduibHbI) U OITOMY
cJerka IpPOBOAAT 3JeKTpudecTBO. Korja Takue BOJIOKHA
KacaloTcs JIPYTUX MaTepuasoB UM TPYTCS O HUX, HA UX
MOBEPXHOCTSIX TOSIBJSIIOTCST M30BITOUHBIE 3JIEKTPUUECKUE
3apsi/ibl, HO HA OYEHDb KOPOTKOE BPEMsI, TIOCKOJIBKY 3aPsI/IbI
cpasy JKe CTeKAIOT 06PaTHO 10 BJIAKHBIM BOJIOKHAM TKAHHU,
COJIEPIKATIUM PA3JIUYHbIE HOHDI.

B orsmume oT HaTypasibHBIX, CUHTETHUYECKUE BOJIOKHA
(nosmadupHbIe, aKPUIOBBIE, TIOJUITPOITUICHOBDIE) TLJI0XO0
BrUThIBAOT Baary (rugpodo6HbL), M Ha UX TTOBEPXHOCTSIX
UMeeTcsT MeHbIlee KOJMYECTBO MOJBUKHBIX WOHOB. [lpu
KOHTAKTe CHHTETHYECKUX MATEPUAJIOB JIPYT C IPYTOM OHU
3apsIKAIOTCS TTPOTUBOIOJIOKHBIM 3aps/laMi, HO TaK Kak
9TU 3apA/ibl CTEKAIOT OY€Hb ME/I[JIEHHO, MaTepraJIbl IIPUJIN-
MAIOT JIPYT K APYTY, CO3/aBasi HEY100CTBA U HETPUSITHBIE
omrymenus. KeraTu, BOJIOCH IO CTPYKTYpe 0YeHb OJIU3KH
K CUHTETHYECKUM BOJIOKHAM U TOXKe TuApodOGHbI, TT09TO-
MY IIPU KOHTAKTe, HAIIPUMED, C PACYECKON OHU 3apPsIKAIOT-
CSI 3JIEKTPUYECTBOM M HAYMHAIOT OTTAJIKUBATLCS JIPYT OT
Jipyra.

YT0o6b1 M36aBUTHCS OT CTATUYECKOTO 3JEKTPUYECTBA,
MOBEPXHOCTb OJIEK/BI WJU JAPYTOTO TPEAMETa MOKHO
CMa3aTh BEMIECTBOM, KOTOPOE YEP:KUBAET BJATY U HTUM
YBEJINYNBACT KOHIECHTPAIIUIO IMOJABUKHDBIX MOHOB Ha I10-
BepxHocTH. [loce Takoit 06pabOTKM BO3HUKIMUI 3JIEKT-
puueckuii 3apsi/i GbICTPO MCUYE3HET C MOBEPXHOCTH IIPE]I-
MeTa WM pacupefenutces o Heil. [mapoduabHOCTD 110-
BEPXHOCTH MOYKHO YBEJMYHUTDH, CMA3aB €€ MOBEPXHOCTHO-
AKTUBHBIMU BEIIECTBAMHU, MOJIEKYJbI KOTOPBIX IOXOMKH
Ha MBIJIbHBIE MOJIEKYJBI — OJ[HA YacThb OYEHb JIJIMHHON
MOJIEKYJIbI 3apsiKeHa, a jpyras Her. Bemectsa, mpensT-
CTBYIOIIME TIOSIBJIEHUIO CTATHUECKOTO 3JIEKTPUUYECTBA, Ha-
3bIBAIOT AHTUCTATUKAMW. AHTHUCTATUKOM SIBJISIETCS, Ha-
npuMep, ¥ OObIYHAS YTOJbHAS MbLIb WJIH CaXa, T03TO-
MY, 9TOOBI M30aBUTHCS OT CTATUYECKOTO 3JIEKTPUIECTBA,
B COCTaB TIPOTUTKU KOBPOJMHOBLIX MOKPBITHI 1 0OWBOY-
HBIX MaTEepUAJIOB BKJIOYAIOT TaK HA3bIBAEMYIO JIAMIIO-
Bylo caxy. [lig atux ke 1eseil B Takue MaTepHaJsbl
JNOGABJSIIOT 10 3% HATYPAJbHBIX BOJIOKOH, a WHOT/A U
TOHKHE METAJINYeCKIe HUTH.
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[eomeTpus 3Be34HOro Heba

B.[TPOTACOB

EBO HA/JI FOJIOBOI — CAMbII1 IPEBHUI YUEB-

HUK reoMeTpun. IlepBble MOHATHSA, TaKUe KaK TOY-

Ka u Kpyr, — orryzna. Ckopee Jake He yuyeOHHK, a
3a/la4yHuK. B KOTOPOM OTCYTCTBYET CTPAHUYKA C OTBETAMHU.
[IBa xpyra ogmHaxoBoro pasmepa — Comnne n Jlyna —
JBIDKYTCS TI0 HeOY , KK/IBII €O CBOei CKOpOCThIo. OcTamb-
Hble OODBEKTBI — CBETSIIUECS TOYKUH — JBUKYTCS BCE
BMeCTe, CJIOBHO OHM IIPUKPEILIEHDI K cepe, Bpamaoieii-
cs1 co ckopoctbio 1 o6opor B 24 waca. [Ipasaa, cpeau nux
€CTb UCKJTIOYEHUS — O TOYEK JBWKYTCS KaK UM B3/[yMaeTCs.
[ uux momo6panu ocoboe CIOBO — <«ILJIaHeTay, I0-
rpedecku — «6posiras . CKOJIbKO YeJI0BEYECTBO CYIIECTBY-
€T, OHO IIbITAeTCS Pa3raJlaTb 3aKOHbBI TOTO BEYHOT'O JIBIIKE-
nug. [lepsorit mpopeis ipousorie B 111 Beke 710 H.9., Kor/1a
rpeveckiie yueHble, B3sB Ha BOOPYsKeHUE MOJIOJYIO HAyKy
— TeOMETPHI0, CMOTJIN MOJYYUTh TepBble Pe3yIbTaThl 006
ycrpoiictBe Beemennoii. O6 3TOM U TIOHJET peyb.

YT06bI UMETH HEKOTOPOE TPE/ICTABICHUE O CJIOKHOCTU
3ajlaur, paccMOTpuM Takoii npumep. IlpeacraBum cebe
cBeTsiuiics map guamerpom 10 cM, HEMOABUKHO BUCSTITHI
B mpocTpaHcTBe. HazoseM ero S. Bokpyr Hero Ha paccro-
sguun 9yTh Gosibite 10 MeTpoB o6paiaercss MajieHbKUil
napuk Z pauamerpoM 1 MWJIJIUMETP, a BOKpPYTr Z Ha
paccrosgauu 6 cM 06palaeTcs: COBCEM KPOXOTHBIH TapUK

EHKoresa, M.B.lTeperiyxos. Yepes tepHum K 3B€34aM
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L, ero quameTp — 4eTBepTh MUJIMMeTpa. Ha nmosepxuoctu
CPEJIHETO MapuKa Z JKUBYT MUKPOCKOITNYECKHE CYIIECTBA.
Onu 06J1a/1a10T HEKUM PA3yMOM, HO MOKU/JATH MPEJIEJIb
CBOETO TapuKka He MOTyT. Bee, 4To OHM MOTYT, — CMOTPETh
Ha aBa apyrux mapa — S n L. CropammBaercsi, MOTYT Ji
OHM y3HATD JINAMETPBI 9TUX MTAPOB U U3MEPUTD PACCTOSTHIS
Jo Hux? CKOJIBKO HU JyMaii, Jesio, Kazaaoch Obl, Ge3Ha-
JleokHOe. Mbl HAPUCOBAM CUJIBHO YMEHDBIIEHHYIO MOJIEJb
Couneunoii cucremst (S — Counute, Z — 3emas, L — Jlyna).

Bor takas 3ajjaua crosiyia 1mepe/i JIPEBHUMU aCTPOHOMA-
mu. W onu ee pemmym! Bosee 22 BekoB Haszaj, He
M0JIb3YSICh HUUEM, KPOME CAMOiT aJIeMeHTaAPHOIT TeOMeTpUun
— Ha yposte 8 knacca (cBoiicTBa IPAMON 1 OKPY’KHOCTH,
nozo6HbIE TPpeyroIbHUKK 1 TeopeMa Iludaropa). U, ko-
Heuno, nabuonas 3a Jlywoit u 3a CoJHiieM.

Han perrenneM TpyaumJanuch HECKOJBKO YYEHBIX. Mbl
BBIZICJTUM JIBYX. DTO MaTeMaTHK JpaTocdeH, U3MEPUBIIUI
paJinyc 3eMHOTO IIapa, U aCTPOHOM APHUCTapX, BBIYNCITHB-
mii pa3meps! JIynpr, CosHita n paccrosinug o HuX. Kak
OHHU ITO CJIeTan?

Kak uamepunu 3emMHou wap

To, uto 3emJis He TJIOCKas, JIIOAW 3HAJAU JIaBHO. [[peB-
Hue MOpeIaBatesiv HabJII01a1, KK [TOCTEEHHO MEHSIET-
¢ KapThUHa 3Be3/IHOTO Heba: CTAHOBATCS
BU/IHBI HOBBIC CO3BE3/IMs, a Apyrue, Ha-
MIPOTHUB, 3aXO/IAT 32 TOPU3OHT. Y TIIbIBA-
IoIe BAATb KOPAGIM <«YXOIAT MOJ
BOJLY», IIOCJIE/THIMU CKPbIBAIOTCS 13 BU/1A
BepXylIKK uX MauT. KTo 11epBblii BblcKa-
3a7 WAE0 O Mapoo6pa3HOCTH 3eMJIH,
HemsBecTHO. Ckopee Bcero — mudaro-
peNIbl, cunuTaBIINe Iap COBEPHIeHHEel-
meit n3 uryp. Ilonropa Beka cmycrts
APHCTOTEb IPUBOJUT HECKOJIBKO JIOKA-
3aTeJbCTB TOTO, 4yTo 3emuid — map. [nas-
HOE 13 HIX: BO BPeMs JIYHHOTO 3aTMEHUS
Ha TIOBEPXHOCTH JIyHbBI OTYETIMBO BUJI-
Ha TeHb OT 3eMJIH, 1 3Ta TeHb KpyrJia!
C rex 1Op HOCTOSHHO NPEJIPUHUMA-
JIUCD TOIIBbITKY U3MEPUTD PAJUYC 3€MHO-
ro mapa. /[Ba mpocTeIX crocoba M3J0-
skeHbl B ympakHeHusix 1 u 2. V3mepe-
Hus, IIpaB/a, I0JIy4Yaaluch HETOYHBIMU.
ApucroTesb, HanpuMep, omubes 6osee
yeM B ToJiTopa pasa. Cumraercs, 4To
MEPBBIM, KOMY Y/IAJOCh C/I€JIaThb 3TO C
BBICOKOIl TOYHOCTHIO, OBLIT TPEYECKuil
MateMaTuk Iparocdhen Kupenckuii
(276-194 no u. 5.). Ero uma renepb
BCEM M3BeCTHO GJiarojiapsi peuemy Ipa-
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mocghena — cnocoby HaxoauTb mpoctbie yncaa (puc.1).
Ecyi BbluepKHYTb U3 HATYPAJIBHOTO Psijia eAMHUILY, 3aTeM
BBIYEPKMBATD BCE YETHBIE YUCIa, KpoMe nmepBoro (caMoro
upcsa 2), 3aTeM Bee YucIa, KpaTHbIe TPeM, KPOMeE TIePBOTO

A@ABEDE Y A@D12@ 1018 1608

Puc. 1

u3 Hux (yucsa 3), v T.1., TO B Pe3yJIbTaTe OCTaHyTCSA OJIHU
npocteie uncyaa. Cpeay COBPEMEHHUKOB JpaTocder ObLT
3HAMEHUT KaK KPYIHEHIINI yueHbIi-aHIINKIOTe/ICT, 3a-
HUMABIINICS He TOJIbKO MaTeMAaTUKOIl, HO U reorpadueii,
kaprorpadueii n acrpoHomueit. OH J0Jroe BpeMsl BO3-
TJIaBJISLT AJIeKCaHIPUIICKY0 6UGJINOTEKY — LIEHTP MUPO-
BOl Hayku TOrO BpeMmeHH. PaGoTas Haj coCTaBJICHUEM
nepBoro arsiaca 3emin (peub, KOHEYHO, 11171a 06 U3BECTHON
K TOMY BPEMEHHM €€ YacTH), OH 3a/lyMaJ IIPOBECTH TOYHOE
nu3Mepenue 3eMHOTO mapa. Mzes 6bina TakoBa. B Auek-
CaH/J[PUH BCe 3HAJN, 4TO Ha fore, B ropoge Cuena (coBpe-
MEeHHbBII AcyaH), OJluH JIeHb B IOy, B noJjeHb, CosHie
jJocturaer 3enuta. Vcuesaer TeHb OT BEPTUKAIBHOTO Iiie-
CTa, HA HECKOJbKO MHHYT OCBEN[AEeTCS JHO KOJIOJIIA.
[Tpoucxomut aTo B JIeHDb JIETHETO CONHIIECTOSHUS, 22 HIOHS
— JIeHb HauBbICIIero nosokenus CoJnia Ha He6e. Jparoc-
den nanpasager csoux nomomunkos' B Cueny, n e
YCTAHABJIMBAIOT, YTO POBHO B MOJeHb (110 COJHEYHBIM
vacam) CoJIHIIEe HAXOMUTCS TOUHO B 3eHuTe. OJHOBPEMEH-
HO (KaK HAIMCAHO B TEPBOMCTOYHUKE: <«B TOT K€ 4ac» ),
T.€. B IIOJIJIEHD 110 COTHEUHBIM YacaM, JpaTocqeH n3Mepsi-
€T JUINHY TEHU OT BEPTUKAJBHOTO TecTa B AJIEKCAH/[PHH.
[Monyunncsa tpeyronsunk ABC (AC — mecr, AB — Tenb,
puc.2). Urak, cosHeunbrii siyd B Cuene (N) neprieHuky-
JISIPEH MOBEPXHOCTH 3eMJIH, a 3HAYUT, IPOXO/IUT YePe3 ee

Puc. 2 B A

1eHTp — Touky Z. IlapasiesnbHblii eMy Jy4 B AJIeKCaH/IPUH
(A) cocraBasier yron y = DACB ¢ Beprukanbio. [Toab3y-
ACh PaBEHCTBOM HAKPECT JIesKALUX YIJIOB [IPU [1apaJljie/ib-
HbBIX, 3akjooudaeMm, uyro UAZN=vYy . Ecim o0603HauuTh
yepes [ JUIMHY OKPY’KHOCTH, a 4epe3 X JJINHY ee Ay AN,

X
TO I0JIy4aeM IIPOIOPIIUIO =—. ¥Yroxn Y B TpeyroJb-

360°
Huke ABC dparocdeH u3aMepu, oJydnaocsh 7,2° . Bemm-

YUHA X — HEe YTO WHOE, KaK JJIMHA TTYTH OT AJIEKCAHIPUN
1o Cuenbr, mpumepro 800 kM. Ee Dparocdhen akkypaTtHo
BBIUUCJISIET, WCXO/JS W3 CPEIHETO BPEMEHU JIBUKCHUS
BepOTIOKbUX KAapaBaHOB, PETYISIPHO XOAMBIINX MEXTY
JIBYMST TOPOJIAMH, & TaK)Ke MCIOIb3YST TAHHble 6eMAamuc-

"B HEKOMOPLIX UCTROUHUKAX COOOUACTNCS Jle2eHOd O TOM, 41O
00HUM U3 Hux OviL Opyz Ipamocehena — eeauruii Apxumeo.
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moe — JIoJiell crenuaJbHOll npodeccun, M3MePSBIINX
paccrosiHus maramu. Terepb 0CTaloCh PEMIUTH IIPOIIOP-

[ _ 800
360°  7,2°”
JuHYy 3eMHOTO Mepuamnana) [ = 40000 kM. Torma paamyc
3emun R pasen [/(21), ato npumepno 6400 km. To, uro
JUTHA 3eMHOTO MePUINAHA BBIPAMKAETCS CTOJIb KPYTJIbIM
yucyaom B 40000 kM, He yAWBUTETHHO, €CJU BCIIOMHUTD,
uTO eiMHUNA AJIMHBI B 1 Merp u Oblia BBegeHa (BO
@Dpannuu B konie XVIII BeKa) KaK OJ[Ha COPOKAMUJILIIN-
OHHas 4YacTb OKpyskHOcTH 3emsn (mo onpeneneHuio!).
JpatocdeH, KOHEYHO, WUCIIOJIb30BAJT JPYTYIO €IMHUILY
nusmepernss — cmaduii (oxono 200 m). CragmeB GbLIO
HECKOJIBKO: €TUIETCKUN, TPEYECKUil, BABUJIOHCKUI, 1 Ka-
KM W3 HHUX M0Jb30Bajcs IparocdeH — HEU3BECTHO.
[ToaToMy TpPyZHO CyIuTh HABEPHSKA O TOYHOCTH €TO
uzMepenus. Kpome Toro, Hens6exxnas onmmOKa BO3HUKAJIA
B CIJIY TeorpapuuecKoro moJIoKeHNs IBYX TOPOJOB. Jpa-
ToceH paccy KIaJl TaK: eCJu TOPo/Ia HAXOAATCS HA OJTHOM
Mepuuane (1.e. AJIeKcaHpus PaciookKeHa B TOYHOCTH
K cesepy or CueHbl), TO TOJAEHb B HHUX HACTyNaeT
onnospemenno. I[loatomy, ciesaB maMepeHusi BO BpeMs
HaWBBICIIEro ToJoxKeHns COoJHIIA B KasK/IOM TOPO/IE, MBI
JIOJIKHBI TIOJTYYNTh MPABUJIbHBIN pe3yJbTar. Ho Ha camom
nene Asexcanjpuss m CWeHa — JajieKo He Ha OJIHOM
Mepumane. Ceifuac B 3TOM JIETKO yOEIUTHCS, B3TJISTHYB Ha
KapTy, HO y dparocdera Takoil BO3MOKHOCTH He GbLTO0, OH
Kak pa3 W paboTaj HaJl COCTABJIEHHEM TIEPBBIX KapT.
IToatomy ero meron (aGcomoTHO BepHbIA!) mpuBea K
ommbKe B onpe/esneHnu paauyca 3eman. Tem He Menee,
MHOTHEe HCCJIe/IOBATENN YBEPEHbBI, YTO TOYHOCTb U3Mepe-
Hust Dparocdena 6bLIa BBICOKA M YTO OH OMUOCS MeHee
yeM Ha 2%. YJIYUIIUTh 3TOT PE3YJIbTAT UEJOBEYECTBO
CMOTJIO TOJIBKO uepe3 2 Thicsiun JieT, B cepeaute XIX Beka.
Han atuM Tpyamnach rpynma ydyeHbix Bo Dpanunum u
akcnequius B.A.Crpyse B Poccun. [laxe B aroxy Besu-
KuX reorpaduueckux oTkpbiTHil, B XVI Beke, moan He
CMOTJIN JIOCTUYD pe3ybrata dpaTtocheHa u moTb30BaINCh
HEBEPHBIM 3HAUYEHUEM JIJIMHBI 3eMHOM OKPYKHOCTH B
37000 kM. Hu Kosrym6, Hr MareJiian He 3HATH, KAKOBbI
UCTUHHBIE pa3Mepbl 3eMJIN U KaKue PACCTOSTHUS WM TIPH-
JietTcs mpeozoieBatb. OHU-TO CYNTAIH, YTO JIJTTHA 9KBATO-
pa Ha 3 ThICSYM KM MEHBIIIE, YeM Ha caMoM Jiejie. 3HaJu
OBl — MOKET, W He TOTLIBLIN ObI.

B uyeMm mpuynHa CTOJIb BHICOKOW TOYHOCTH MeToJa Jpa-
Tocpena (KOHEUHO, ecJIi OH TI0Jb30BAJICS HYKHBIM CMd-
Ouem)? JIo Hero usMepeHust OblLIN JLOKAIbHBLMU, HA PAC-
CTOSTHUSIX, OGO3PHMBIX YEJIOBEYECKHM TIJIa30M, T.e. He
6osee 100 kM. TakoBbI, HarIpuMep, COCOOBI B yIIPakHe-
Husix 1w 2. [Ipu aTOM Hem36esKHbI OTNOKHN 13-32a pesbeda
MECTHOCTH, aTMOC(EPHBIX SBJIEHUN 1 T./1. UTOOBI JOOUTDH-
cst 6OJbIIENl TOYHOCTH, HYXKHO IPOBOJUTD U3MEPEHUS
221004110, HA PACCTOSIHUSAX, CPAaBHUMbBIX C PanyCcOM
3emun. Paccrognue B 800 kM Mexay AJjexcanapueil u
CueHoli 0Ka3aJa0Ch BIIOJHE JIOCTATOYHDBIM.

IUIO HOJIYYUB JIMHY OKpyskHOCTH (T.€.

Yupaxuenust

1. Kak BblYnc/uTh pajimyc 3eMJd 10 CJAeIyIONM JaHHbIM: C
ropbl BbicoToit 500 M IPOCMaTPUBAIOTCS OKPECTHOCTH HA PACCTO-
auun 80 km?

2. Kak BBIUUCJIUTD paguyc 3eMJIU 10 CJeIYIONUM JaHHbIM:
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KopabJib Boicotoit 20 M, oTIIbIB 0T Gepera Ha 16 KM, TIOJTHOCTBIO
ncye3aer U3 BUAA?

3. IBa npyra — ogun B Mockse, apyroit — B Tyne, GepyT 1o
METPOBOMY MIECTY U CTaBSIT UX BepPTUKAJbHO. B MoMeHT, B
TeyeHme JIHs, KOT/a TE€Hb OT IIeCTa JOCTHTAeT HANMEHbINEHt
JUTMHBI, KOKIBII M3 HUX W3MepsieT JynHy TeHn. B Mockse
HOJIydnsIoch @ cM, a B Tysne — b cM. Beipasute paguyc 3emimn
4yepe3 a u b. Toposa pacmosiosKeHbl HA OJHOM MEpHINAHE Ha
paccrosgaun 185 KM.

Kak BugHO M3 ynpaxHeHust 3, omnpIT JpartocheHa MOKHO
[IPO/IeJIaTh U B HAINX IUPOTaX, rje CosHIle HUKOT/Ia He ObIBaeT
B 3enute. [IpaBa, st 9TOr0 Hy KHBI [BE TOUKU 0053aTETbHO HA
onHOM Mepuamnane. Ecism ske moBTOPUTD OMBIT JDpaTocdena st
Anexcanzipun 1 CHCHBI, U TIPU HTOM C/I€JIaTh U3MEPEHUS B 9THX
ropojgax ojHoBpeMenHo (ceffuac /g 9TOr0 €CTh TEXHUUYECKHE
BO3MOJKHOCTH ), TO MbI TIOJTyYUM BEPHbIil OTBET, IpU 9TOM Oy /1T
He Ba)KHO, Ha KakoM Mepuanane Haxoautcs Cuena (mouemy?).

Kak namepunu JlyHy n ConHue.
Tpu wara Apucrapxa

I'peuveckuii octpoB Camoc B ITeiicKOM MOpe — Telepb
rayxas 1npoputiug. CoOpok KMUJIOMETPOB B [VINHY, BOCEMb
— B mmpuny. Ha atom kpo-
XOTHOM OCTPOBE B pasHoe
BpEMSI POJIMJINCH TPU BEJIU-
YalMIMX TeHusT — MaTeMa-
tuk Iludarop, dunocod
IIUKYP U aCTPOHOM Apwuc-
tapx. [Ipo sxusnb Apucrap-
xa CaMOCCKOTOo M3BECTHO
MaJio. Jlarpl JKU3HU TIpU-
GJINBUTEHHDI: POJIUJICS OKO-
710 310 710 H.5., yMep OK0JIO
230 o u.95. Kak oH BbIrJs-
JleJT, Mbl He 3HaeM, HU OJIHO-
ro U300pakeHus He CoXpa-
Huoch (COBpEMEHHBIN T1a-
MSTHUK ApHCTapxy B Tpe-
yeckoM roposie CaToHWKHN
— b (HaHTa3Us CKYIbII-
Topa). MHOro JIeT poBeJt B
Aunexcanjipuu, rje paboTan
B 6ubmMoTeke u B o6cepBa-
topun. ['maBHoe ero poctu-
skenmne — kaura «O BesmunHax u paccroguugax CoJHia u
JIyHbl», — 110 €JUHO/YITHOMY MHEHUIO UCTOPUKOB, SBJIS-
€TCs HACTOAIUM Hay4YHbIM [I0BUTOM. B Heil oH BbruncJis-
et paauyc CouHia, pagnyc JIyHbI 1 paccTosHES OT 3eMJn
qo Jlyast m no Cosnna. Cpenas oH 3TO B OJAMHOYKY,
MOJIb3YSICh OYEHD ITPOCTON TEOMETPUEN 1 BCEM M3BECTHBIMU
pesyabraTamu Habmogernit 3a Comniem n Jlysoil. Ha
3TOM ApHCTapX He OCTAaHABJIMBAETCS, OH JIeaeT HECKOJIb-
KO BKHEHUIITUX BBIBOJIOB O cTpoeHun BeenenHoit, KoTopbie
HaMHOTO olepe/inyn cBoe BpeMs. He cayuaiiHo ero Hassa-
JIN BIIOCJIEICTBUM «KOTIEpHUKOM aHTHYHOCTH» .

Broruncsienne Apucrapxa MOXKHO YCJIOBHO pa36uTh Ha
Tpu 1mara. Kax/plii mar cBoJuTCs K MPOCTOi reoMeTpH-
yeckoii 3as1ave. IlepBble /1Ba 11ara coBceM aJieMeHTapHbI,
TPeTuil — uyTb I0ocJa0XKHee. B reoMeTpuueckux ocTpoetu-
X MbI 6yzieM 0o603Havath yepe3 Z, S u L 1eHTphl 3eMJIH,
Counna u Jlynbl cooTBeTCTBEHHO, a yepe3 R, R, u R, —

[lamsarHuk Apucrapxy Camoc-
ckomy B CasloHMKax
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ux pajuycol. Bee neGecubie Tesa GyjileM CUUTATD APAMH,
a MX OpOUTBI — OKPYXKHOCTSIMH, KaK M CUHTAJ] CaM
Apucrapx (X0Ts, Kak Mbl Telepb 3HaeM, 9TO HE COBCEM
TaK) . MBI HaunHaeM ¢ IIEpBOTIO 11ara, n Ji1 3Toro HEMHOTO
nonab.motaeM 3a JIyHoil.

Lar 1. Bo ckonbko pa3 ConHue aanblie, Yyem JlyHa?

Kak msBectHO, JIyHa CBETUT OTPa’K€HHBIM COJIHEYHBIM
cBeToM. Eciii B3SITD 11ap ¥ TOCBETUTH HA HETO CO CTOPOHBI
GOJIBIIIUM TTPOKEKTOPOM, TO B JIIOOOM TIOJIOKEHUU OCBE-
MIEHHOI OKa)KeTCs POBHO IMOJIOBHHA TIOBEPXHOCTH TIApa.
I'panuiia ocseleHHol moaycdepbl — OKPYKHOCTD, JieKa-
mas B IJIOCKOCTH, MepHeHANKYJISIPHON ayyam cBeta. Ta-
kM o6pazom, CoJHIle BCET/Ia OCBEIaeT POBHO MOJOBUHY
noBepxHoct JIynol. Buanmag nam dopma JlyHubr 3aBucur
OT TOTO, KaK PaclojoXeHa 3Ta OCBElleHHAas IOJIOBHHA.
[Ipu nogorynuu, xorna Jlyna BoBce He BUIHA Ha Hebe,
CouHile ocBeniaer ee 06paTHyI0 CTOPOHY. 3aTeM OCBelleH-
Has mosrycdepa TOCTETIeHHO TOBOPAYMBAETCS B CTOPOHY
3eman. Mbl HaunmHaeM BUETh TOHKWH CEpI, 3aTeM —
mecsrn («pacrymas Jlyna» ), ganee — noaykpyr (sra dasa
JIyHbI HA3bIBAETCS «KBA/PATyPOii» ). 3aTeM JieHb OTO JIHS
(BepHee, HOUb OT HOYM) MOJYKPYT JOPACTaeT 0 IOJHOM
Jlyusr. IloTom Haumnaercst 0GpaTHBII TIPOIIECC: OCBEIIEeH-
Hag nosycdepa or Hac orBopaunBaetcs. JlyHa «crapeers,
MIOCTETIEHHO TMPEBPAIIasich B MeCSIl, TMOBEPHYTbI K HaM
JIEBOI CTOPOHOIT, 1010610 6yKBe «C», U, HAKOHEIl, B HOYb
HOBOJIYHMS ncye3daeT. [lepnos oT 0HOrO HOBOJIYHHS [0
JIPYrOro JIJIUTCS IPUMEPHO YeTbIpe Hejlesin. 3a 9T0 BpeMs
Jlyna coBepimaer 1osiHblii 060poT BOKpyr 3emun. Ot
HOBOJIYHUS /10 IOJIOBUHDI JIYHBI IIPOXOJNT YeTBEPTh HePU-
oJla, OTCIO/Ia W Ha-
3BaHUE «KBaJ[paTy-
par.

3amevaTtenbHas
Joraska Apwuctap- T

Xa COCTOdA/1a B TOM, j S

YTO MPU KBA/PaTy-
pe  coJiHeuYHbIe
JIy4YH, OCBEIIAIONIHe
nonoBuHy JIyHbI, 3
HepIeHUKYJIApHbL £
NpsMOH, coefuHsa- L' S’
toueil JIyny ¢ 3em-
seit. Takum obGpa- gz’
30M, BTPEYTOJIbHI-

ke ZLS yron npu

gepimune I — npsamoit (puc.3). Ecau tenepb usmMepurh
yron LZS, o603HaunM ero 4yepe3 O, TO MOJYYHUM, UYTO

ZL
Z_S =cos 0 . [lost mpocToThl MBI cunuTaeM, 4To HabJII0/1a-

TEJTh HAXOJUTCS B IIEHTPE 3eMJTH. DTO HECHJIBHO TIOBJIUSIET
Ha Pe3yJbTar, MOCKOJbKY PAacCTOSTHUSA OT 3eMuin /10 JIyHbI
u 10 CoJIHIIa 3HAYUTENBHO MPEBOCXOJAAT PAJNYC 3EMJIH.

Wrax, usmepus yroa o Mexay Jjaydamu ZL u ZS Bo
BpeMS KBaJIpaTypbl, ApPUCTApX BbLIUYUCJSET OTHOIICHUE
paccrosinuit 1o Jlyner u go Counima. Kak ogHoBpeMeHHO
sacratb Connie u Jlyny Ha nHeb6ocBoJe? ITO MOKHO
cziesiaTb panHuM yTpoM. CJI03KHOCTb BO3HUKAET 110 J[PYTO-
My, HeOKMJaHHOMY, ToBo/y. Bo Bpemena Apucrapxa ne
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66110 KOCHHYCOB. llepBble TTOHATHS TPUTOHOMETPUU MO-
SIBATCS TIO3Ke, B paborax AnoJuionus u Apxumena. Ho
ApucTapX 3HaJ, Y4TO Takoe MOJOOHbIE TPEYTOJbHUKHU, U
3TOTO OBLIO JlocTaTOYHO. HavepTwB MasieHbKUI TPsSIMO-
VTOJbHBIN TpeyroabHuk Z'L'S' ¢ TeM e OCTPbIM yTJIOM
a=0L'Z'S wu usMepuB €ro CTOPOHBI, HAXOJHUM, YTO
ZL _ 7'l 1

75z @ W 970 OTHONIEHHE NMPUMEDHO PaBHO ..
[Monyuaercst, uro Counite B 400 pas gasbiie ot 3eMH, 4eM
Jlyra. ITY KOHCTAHTY — OTHOIIIEHUE PACCTOSHII OT 3eMJN
no Comaia n ot 3eMun A0 JIyHBI — MBI Oy/1eM 0603HA9aTh
O6ykBoii K . Wrtak, Mbl Hamu, 4to K = 400.

*-

[T 1T

TEOMETPUAd 3BE3/1HOTIO HEBA 17
a) 6)
( P
Q /
)
Z Z
Puc. 5

LLar 2. Bo ckonbko pa3s ConHue 6onblue JlyHbI?

[l151 TOTO UTO6BI HAWTH OTHOIIEHHE paanycoB CoJHIIa 1
Jlyapr, ApucrapxX NpHUBJEKaeT COJHEUYHbIe 3aTMEHUS
(puc.4). Onu mpoucxoaar, xorga JlyHa saropaskubaer
Counntie. [Ipn yacTH4HOM, WMJIH, KaK TOBOPAT aCTPOHOMBI,
ygcmmnom, 3atMeHun JlyHa JIMIIb TPOXOJUT TO JIUCKY
Cosniia, He 3akpbiBag ero 1osgHocTbio. Ilopoii Takoe

Puc. 4

3aTMEHNE JIaXKe HEeJIb3s PA3TJISeTh HEBOOPYKEHHDIM TJIa-
30M, CoJiHIle CBETUT KaK B OOBIYHbBIN JeHb. JIUIIb CKBO3b
CUJIbHOE 3aTeMHEHUe, HAIpUMep, 3aKOM4eHOe CTEeKJIO,
BU/IHO, KaK YaCTb COJIHEYHOTO [MCKA 3aKPbITa YEPHBIM
kpyroMm. l'opas/io peske MPOUCXOAUT TOJHOE 3aTMEHUE,
korga JlyHa Ha HECKOJIbKO MUHYT IIOJIHOCTBIO 3aKpbliBaeT
COJIHEUHDIIT UCK. B 3TO BpeMst cTaHOBUTCS TEMHO, Ha He6e
HOABJISIOTCS 3Be3/1bl. 3aTMEHUS HABOJUJIM YXKac Ha JPeB-
HUX JIIO/Iell, CUMTaInCh npeaBecTHUKaMu Tpareanii. CoJr-
HEYHOe 3aTMeHue HaGJI0AeTcsT T0-Pa3HOMY B Pas3HbBIX
yacTsax 3emuan. Bo BpeMst MOTHOTO 3aTMeHNs Ha MOBEPX-
HOCTU 3eMJIM BO3HUKAeT TeHb OT JIyHbI — KpyT, [uaMeTp
KoToporo He npeBocxoaut 270 kM. Jlunib B Tex paiioHax
3eMHOTO IIapa, MO KOTOPBIM MPOXOIUT 3TA T€Hb, MOKHO
Ha6I01aTh MOJHOE 3aTMeHue. [10aToMy B OJTHOM 1 TOM Ke
MecTe IMOJIHOe 3aTMEeHMEe TTPOMCXOANUT KpaiiHe peiko — B
cpeanem pa3 B 200—300 ser. ApucrapXy 1OBe3J0 — OH
CMOT Ha6JTI0/IaTh TOJIHOE COJTHEYHOEe 3aTMEHHe COOCTBEH-
HbIMU r1azamu. Ha 6ezo61aunom nHe6e CostHIle OCTETeH-
HO HAYaJsI0 TYCKHETb ¥ YMEHbIIATbCs B pa3dMepax, yCTaHo-
Busch cyMepkn. Ha Heckombko mraoBennii CosHile uc-
ye3no. [loToM porsiHyJ1 IepBbIi JIyY CBeTa, COTHEYHBIH
JIUCK cTaJ pacTw, u Bckope COJTHIlE 3aCBETHIIO B TIOJHYIO
cuny. Ilouemy 3armenue AIuTCS CTOJIb KOPOTKOE BpeMs?
Apucrapx oTBeuyaer: NpuyuHa B ToM, uyTo JIyHa umeer Te
JKe BUiMMble padmepbl Ha HeGe, uro u Cosile. Urto aro
3HaunT? lIpoBesieM MJIOCKOCTb 4epe3 IEHTPbI 3eMJIH,
Counnna u Jlyusl. [loayuusieecs ceuenne nzo6paskeHo Ha
PHUCYHKE 5,d. YTOJ MEKy KacaTeJbHbIMU, TIPOBEIEHHDI-
MU 13 TOYKU Z K OKPY>KHOCTU JIyHbI, HA3bIBACTCA Y2/1068bIM
pasmepom Jlyubl, uimn ee yzaosvin duamemponm. Tax ke
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ornpezensgercs yraooit pasmep Cosnina. Ecau yriosbie
quamerpol Cosiia u JIyHBI COBIAAOT, TO OHU MMEIOT
O/IMHAKOBbIe BUMMbIE Pa3Mephl Ha Hebe, a TIPU 3aTMEHUN
JlyHa geiicTBUTENBbHO TOJHOCTBIO 3aropaxuBaeT CoJHIle
(puc.5,6), HO JUIIb HA MTHOBEHKE, KOT/Ia COBNALYT JIyYH
ZL u ZS. Ha ¢pororpadun moiHOro COTHEUHOTO 3aTMEHUS
(cM. puc.4) sICHO BUIHO PaBEHCTBO Pa3MepOB.

BoeiBogm Apmcrapxa okasaJicss TopasuTesbHO TovyeH! B
peasibHOCTH cpejiHue yTyoBblie quaMeTpbl Comata u JIyHb
oTmyaioTces Beero Ha 1,5%. Mbl BBIHYK/IEHBI TOBOPUTD O
CpPeTHUX JInaMeTpax, OCKOJIbKY OHI MEHSIIOTCSI B TeUeHHe
ro/1a, TaK KaK TJIAHEeTBI IBIXKYTCS HE 10 OKPYJKHOCTSIM, a
0 AJITTATICAM.

CoenunuB 1enrp 3emyu Z ¢ 1nenrpamu Counna S u
Jlynbt L, a Takske ¢ ToukamMu Kacanug P u Q, MoJIy4uM /[Ba
IPAMOYTOJIbHBIX Tpeyroabinka ZSP u ZLQ (cMm. puc.
5,a). OHn No0GHBI, TOCKOJbKY Y HUX €CTh Mapa PaBHbIX

OCTPbIX YyTJIOB % CJIEIIOBaTeJII)HO, — =——=——_Ta-

KuM 06pasoM, omuowenue paduycoe Coanya u Jlyol
PAsHO OMHOWEHUIO PACCMOSHUL OM UX UEHMPO8 00

uenmpa 3emau. Vtax, R _ K =400 . Hecmotps Ha TO,

1
YTO WX BU/JMMbIE pa3Mepbl paBHbl, CoJHIIE OKa3aJoCh
6osbirre Jlympr B 400 pas!

PasencrBo yriosbix pasmepos Jlynbl u CoJHila — cyacTiuBoe
cosnaienne. OHO He BbITeKaeT U3 3aKOHOB MeXaHUKHU. Y MHOTUX
nyaner CoJsiHeyHoll cucreMbl ecTb clyTHUKU: y Mapca ux 1Ba,
y IOnmrepa — yerbipe (4 elle HECKOJIBKO AECITKOB MEJKUX), U
BCe OHM HMEIOT pa3Hble YIJIOBble Pa3Mepbl, He COBIaJalollue ¢
COJIHEYHDBIM.

Termepb MBI IPUCTYTIaeM K PENIaioNIeMy 1 CAMOMY CJIOK-
HOMY TIary.

LWar 3. BbluncneHue pasmepos ConHua n JlyHbl
M pacCcTOsIHAN A0 HUX

Wtak, HaMm M3BeCTHO OTHOIIEeHHEe pasMmepoB CoJHIA U
JIyHbI ¥ OTHOIIEHWE WX PACCTOSHUI 10 3eMau. ITa
uHbOpPMAITI OMHOCUMEbHA: OHA BOCCTAHABJIMBAET Kap-
THHY OKPYKAIONIEro MUPA JIUIIb C TOYHOCTHIO /10 T0J06Us .
Mosxno ypamuth Jlyny n Comnie or 3emuan B 10 pas,
YBEJIMYUB BO CTOJIBKO K€ pa3 UX pa3Mepbl, U BHIMMAs C
3eMJIH KapTUHA OCTAHEeTCs TaKoii ske. UTO6bI HAWTH peasib-
HbIe pa3Mepbl HEOECHBIX TEJT, HA/IO COOTHECTH X € KAaKIM-
TO M3BECTHBIM pazMepoM. Ho m3 Bcex acTpPOHOMUYECKHUX
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BeJIMUMH ApHCTapXy [OKa HM3BECTEH TOJBKO Pajuyc >
3demuoro mapa R = 6400 kM. [Tomosker sm aT0? XOTb B
KaKOM-TO W3 BUJIUMBIX SIBJIEHUI, TPOUCXOSAIINX Ha Heoe,
nosiJisiercst paauyc 3eman? He ciydaiiHo roBopsT «HEO0
1 3eMJist» , UMesT B BUJLY /IBe HecoBMecTHbBIe Bemu. U Bce ke
Takoe sIBJeHHWe ecTb. IJTO — JyHHOe 3aTMmeHume. C ero
MOMOIIbIO, TTPUMEHUB JIOBOJHHO XUTPOYMHOE T€OMETPHU-
YeCKOoe IOCTpOeHre, ApPHCTApX BBIYKCJSET OTHOIIEHUE
pauyca CoJiHIla K pajuycy 3eMJid, U 1elb 3aMbIKAeTCS
Terepb MbI OJIHOBPEMEHHO HaX0AuM pajuyc JIyHbl, paau-
yc Couniia, a 3a010 u paccrostuust ot Jlyusr u ot Cosmiia
J10 3eMJIn.

[Ipu nmynnoM 3arMenuu JlyHa yXOIHMT B T€Hb 3€MJIH.
CropsraBmuch 3a 3emuio, JlyHa Jmiraercs COJHEYHOTO
cBeTa, W, TakuM 00pa3oM, repecraeT cBeTHTh. OHa He
ncye3aeT U3 BUja MOJTHO-
CTBIO, TOCKOJIBKY HEGOJIb-
masi 4acTb COJIHEYHOTO
CBETA PaCCenBAETCS 3eM-
HOIT aTMOcdepoii 1 10X0-
mut no Jlyuer B 06Xon
3emsu. Jlyna Ttemmueer,
npuobperasi KpacHOBa-
ThIit orTeHok (uepes at-
Mocepy Jsydlie Bcero
MPOXOJAT KpacHble W
Puc 6 opanxesble qyunm). Ha

JIYHHOM JIUCKE TIPH 3TOM
oTyeTIMBO ButHa Tenb ot 3emun (puc.6). Kpyraas ¢popma
TEHW elle pa3 TMOATBEPKIAeT MAapooOpPasHOCTh 3eMJIH.
Apucrapxa ke WHTEPECOBaJ pasMep
artoil tenu. [lyig Toro, 4To6bI ONpesie-
JIUTH PAJMYC KPyTa 3eMHOiT TeHn (Mbl
caesaeM ato 110 ororpadun Ha pu-
cyHKe 6), J0CTaTOYHO PENUTh MPO-
CTO€e YTIpaKHeHue.

Yupaxknenne 4. Ha nsockoctu jana
ayra okpyxkHocTtu. C IOMOIIbIO UPKYJISA
U JIMHEHKHU TIOCTPOITE OTPE30K, PaBHbIN
ee pajauycy.

BpImosTHUB TIOCTpOEHKE, HAXO/UM,

YTO PAINYC 3eMHOH TeHH [IPUMEPHO B
2 _8

t = 2§ = 3 pasza GoJibllle paguyca
Jlynpr. O6paTumMcs Ternepb K pUCYHKY
7. CepbIM IIBETOM 3akKpaiieHa o00-
JIACTH 3€MHO TE€HW, B KOTOPYIO TIOMa-
naet Jlyna ipu 3atmennu. [Ipearmono-
JKUM, 9TO TIEHTPbBI OKPY’KHOCTE S, Z
u L nexxat Ha ogHOU psamoii. IIpose-
JgeM auametrp Jlynsr MM, , nepien-
JuKyaspHbil npsimoit LS. IIpomos-
JKEHUE 3TOTO JMaMeTpa IiepeceKkact
o61ue KacareJbHble OKPYKHOCTE
ruc. 7 Courrtta n 3emsn B Toukax Dy u D, .

2 Heuseecmno, 3nan au Apucmapx o6 usmepenuu Ipamocghena
UIU NOJBIOBANCS OPY2UM 3HAUEHUEM PAOUYCA FeMaAU. IMO He MAK
BAXKNO, NOCKOALKY OH Opas paduyc 3emiu 6 xawecmee eOunuibl
O2unbL.

i i

*
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Torpma orpesok DD, npubJnKeHHO PaBeH AUaMeTPy TeHU
3emsu. MbI OIPUILIN K cJAeAyIONell 3a1aue.

3amaua 1. Janvt mpu oxpyxnocmu ¢ yenmpamu S, Z u
L, nesxawumu na oonou npsmoi. Ompesox DD, , npoxo-
Odswuil uepes L, nepnenduxyaspen npsmot SL, a ezo
KOHUbL JeKAM HA 0OUUX SHEUHUX KACAMETOHBIX K Nep-
601 u 6MOPOLL OKpyKHOCMAM. H36ecmuo, umo omuoue-
Hue ompesxa DD, x duamempy mpemoeil OKpYKHOCU
pasno t, a omuowenue ouamempoe nepeol u mpemvei

AY
OKpYKHOCIU PAGHO — = K. Haiidoume omnowenue ou-

amempos nepeoil U 6MOPoll OKPYKHOCME.

Ecmm pemmuts a1y 337124y, TO Oy/1€T Hali/ieHO OTHOIIIEHNE
paaunycoB Couniia u 3emsu. 3Hauut, OyeT HAlJieH paji-
yc Comnna, a ¢ auM u Jlynsl. Ho pemuTtsb ee He ypacTcs.
Moskere mompo6oBath — B 3ajade He [JOCTAET OHOTO
pannoro. Hampumep, yriaa mMexay OOGIIMMHU BHEITHHMU
KacaTeJbHBIMU K TIEPBBIM /IByM OKpykHocTaM. Ho naske
€CJIN ATOT YroJI 6bLT O6bl M3BECTEH, pelnienne 6y 1eT UCII0b-
30BaTh TPUTOHOMETPUIO, KOTOPYIO Apucrapx He 3Haa (Mbl
(popMyupyeM COOTBETCTBYIONIYIO 33/1a4y B yIIPAsKHEHUU
6). On Haxoaut Gosree mpocToil BhIXOA. IIpoBeseM auna-
MmeTp AyA, nepBoil OKpy>KHOCTH U uameTp BB, BTOPOIi,
o6a — mapajtenbHble otpesky DD, . Ilyets C; u C, —
TOYKH Iepecedenus orpeska DyD, c npambimu AB; u
A,B, coorserctBenHo (puc.8). Toria B KauecTBe [ramMer-
pa 3emHOIT TeHn Bo3bMeM oTpe3ok C;C, BMecTO oTpe3Ka
D,D, . Crom, cromu! UTo 3HaYUT, «BO3bMEM O/IH OTPE30K
BMecTO Jipyroro»? Onu ke He paBubl! Orpesok C,C,Je-
SKUT BHYTpH otpeska DyD, , snauur, C,C, < DD, . Jla,
OTPE3KU pas3Hble, HO OHU NOYUMU
pasnol. [leso B TOM, YTO Paccrosi-
nue ot 3emuin 10 CoJsiHIla BO MHOTO
pas 6oubiie uamerpa Cosaita (pu-
MepHOo B 215 pas). IToatomy pac-
cTogHue ZS Me/ly IeHTpaMu mep-
BOI ¥ BTOPOI OKPY’KHOCTU 3HAYU-
TEJTHHO IMPEBOCXOIUT WX JHAMET-
pbI. 3HAYUT, YTOJ MEXKIY OOIUMU
BHENTHUMHU KAaCaTEJIbHBIMU K 3TUM
OKPYKHOCTAM 6J130K K HyJio (B
peasbHOCTH OH IpuMepHo (,5°),
T.e. KacaTesbHble <«IIOYTH IapaJ-
senbHbl». Ecom 6p1 oHM GbLn B
TOYHOCTH I1apaJljieJIbHbl, TO TOYKU
A n By coBnajamm 6Bl ¢ TOYKaMU
KacaHus, cjaeoBaTebHo, Touka C;
coBnayia 61 ¢ Dy, a Cy ¢ D,, n
snaunt, C,Cy, = DD, . Takum 06-
pasom, orpeskun C,C, u DD, 1o-
9TH paBHbI. VIHTYUIUS U 37€Ch He
mojBesia ApucTapxa: Ha CaMOoM Jiese
OTJINUKE MEKY JJTMHAMU OTPE3KOB
COCTaBJISIET MEHee COTOMN JI0JIH MTPO-
HeHra!l To — HUYTO 110 CPABHEHUIO
C BO3MOXKHDBIMH [IOTPEIIHOCTAMU U3~ p o
MepeHUil. Y6paB Tenepb JIHITHUE
JIMHWUH, BKJIIOUast OKPY>KHOCTH M WX OOTINe KacaTebHbIE,
MPUXONM K TaKOH 3asadqe.

3amaua 1'. Ha 6Ooxogvix cmoponax AC, u A,C,
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mpaneyuu A;A,C,Cy 63amor mouxu B; u B, max, umo
ompesox BB, napairenen ocnoeanusm. Illycmv S, Z u L
— cepedunvr ompesxoe AjA,, BB, u C,C, coomeem-
cmeenno. Ha ocnosanuu C\Cy nexum ompezox MM, ¢
AA, _ZS _
—L=2 ===k y
ZL

cepedunou L. Hszeecmno, umo
C,C A A MM,
—2_ =t Haiidume =% .
MM, B,B,
Pemenne. Tax xax Ady Z_S, DS _ Z_S, a
MM, ZL ML ZL

3Ha4nT, Tpeyroabuukn A,SZ n M;LZ mnopo6HbI ¢ KO3d-

urmenToM S—Z = K. Caeposarenbuo, 0A,SZ=0 M,LZ
1 IIO3TOMY TOUYKa Z JIEXKUT Ha oTpeske M A, . AHajorny-
HO, Z nexut Ha orpeske M,A; (puc.9). Tak kak

CCy=tMM, n MM, = %A1A2, to C,C,y = £A1A2.
[anee, rpeyroapauxu A,CoM; u A,B,7Z nogobupr. x

GbITh coBCceM TOUHBIM, (,53° ). Kak apeBHue acTpoHOMBI
€ero u3MepsIn, 06 3TOM pedb Brepean. OMycTHB KacaTeb-
HyI0 Z(Q Ha OKpY:KHOCTH JIyHBI, TTOJydaeM MPIMOYTOJIb-
Hblii TpeyroibHuk ZLQ ¢ octpbiM yriiom B/2 (puc.10).

z B
2
Puc. 10
W3 nero naxoqum ZL = .;Rl , 4TO TIPUMEPHO PABHO
sin (B/2)
215R;, nim 62R. Anasnoruuno, paccrosuue o Counina

paBHO 215R; = 234355R .
Bcé. Pasmepnr Counna u JIyHbl U paccTosTHUS [0 HUX

Hal/IeHbl.

Yupaxuenus
5. Tokaxure, uto npsimbie A(By, A,B, u jiBe o6I1ine BHENTHIE
Kacate/JbHble K HepBOH u BTOpO# okpyxkHocTsam (cMm. puc.8)

KkoadbuIenT moo6ust paBeH
M A, ZM, ZL 1 KkK+1 .
=1+ =1+— =1+ =—— repecekaoTcs B OJIHON TOYKe.
Z4, ZA,y A K K 6. Pemmre samady 1, ecim JOTNOJIHUTETBHO HU3BECTEH YTOJT
CreoBaTesIbHO, MEXK/Y KacaTeJbHbIMI MESK/Iy II€PBOM U BTOPOIl OKPYIKHOCTBIO.
K+1 K+1 7. Coseynoe 3aTMeHne MoKeT HaOJ0/4aThCA B OJHUX 4aCTIX
C,M, = " B,Z = 7K BB, . 3eMHOTO Iapa 1 He HabJI0aThCs APYTUX. A JIYHHOE 3aTMeHue?
8. /lokaskure, 4TO COJTHEYHOE 3aTMEHUE MOYKET HaOJII01aThCs
C zapyroit ctoponbl, TOJIBKO BO BPEMSI HOBOJIYHUSI, a JIYHHOE 3aTMEHHE — TOJBKO BO
1 1 BPEMST HOJHOJIYHUSI.
= + = _ +— =
CMy =G L+LM, 2 GG, K S4, 9. Uro npoucxoaur Ha JlyHe, korza Ha 3emiie TPOUCXOUT
t 1 JIYHHOE 3aTMEHHE?
= — A4+ — A4,
2K 2K
O nonb3e owmnboK
+1 t+1 H 6 T .
= —— A, A, . VI3 5TOr0 paBeHCTBA Cpa- a caMoM jieJie Bce ObLIO HECKOJIBKO CJIoKHee. I'eomeT
pus ToJbKO GOPMUPOBATACH, M MHOTHE ITPUBLIYHBIC /IS
HAac ellle ¢ BOCbMOTO KJIacca IKOJIbI BEIN ObLIN B TO BPEMST
COBCEM He OYEBUIHBI. ApUCTapXy MOTPeOGOBAJIOCH HAITH-

K
3unauutr, — BB
Ha4yuT 7K 1Do
AjAy, _k+1
3y noJjy4daeM, 4TO0 ——— = ——.
BB, t+1

A,

“

4

Al

K+
t+1

K+1

HO —K(t+1)

b
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Wrak, oTHOlLIEHUE JHaMeT-
poB CouiHlla U 3eMJIn PaBHO

1
, a Jlynpl u 3emsm pas-
IToxcraBiasas

U3BECTHbIE HaM BEJINYNHBI
8
K =400u t = 3 [oJIy4yaeM,

yto Jlyna npumepno B 3,66
pasa Menbie 3emun, a CoJ-
uie B 109 pas GoJsbiie 3em-
gu. Tak kak paanyc 3eman R
HAM U3BECTEH, HAXOAUM pa-
quyc Jlyaer R = R /3,66 u
paaunyc Comnna R, = 109R.
Ternepn paccTosinus ot 3eM-
au o Jlyner u go CousHia
BBIUUCJIAIOTCS B OJUH IIIAr,
3TO MOKeT ObITb CHIEJaHo C
MIOMOIIIBIO YTJIOBOTO /INaMeT-
pa. Yriosoii guamerp B Cou-

caTb IeNyI0 KHUTY, YTOOBI U3JIOXKUTD TO, YTO MBI U3JI0KHU-
JI1 Ha TpeX cTpanunax. VM ¢ skcnepuMeHTaJabHbIMU U3Me-
peHUAMHI TOKe Bce ObLTO HempocTo. Bo-mepBwIX, Apmc-
TapxX ommoOCcs ¢ M3MEepeHNeM AraMeTpa 3eMHOH TeHH BO
BpeMsS JIYHHOTO 3aTMEHUsI, TOJY4YUB OTHOIeHue t = 2

BMecTo t = 2= . Kpome Toro, oH, Bpoje 6bl, UCXO/INUJ U3

HeBepHOro 3Havenust yria B — yriosoro guamerpa Coi-
HIla, cunTasg ero paBHbIM 2°. Ho aTa Bepcus cmopHas:
Apxumen B cBoeM TpakTtare <«llcamMmmuty mmimieT, dUTO,
HAIMpoOTUB, ApPHUCTApPX MOJb30BAJICS TOUTH MPABUJIBHBIM
sunavenneM B (,5°. OxpmHako camas ykacHas omuOKa
MTPOM30IILTAa Ha IEPBOM IIare, MPU BbIYNCJICHUN ITapaMeTpa
K — orHomenusi paccrosuuit or 3emuau g0 CoJiHa u 70
Jlynbt. Bmecto K =400y Apucrapxa noJsyuuiaocb K =19.
Kak moxHO Obl10 ommubutbest 6osiee yem B 20 pas?

O6parumcs emie pa3 k mary 1, pucyHox 3. /17151 Toro 4To6n!
HaiiTu otnomenue K =ZS/ZL, Apucrapx usmMepuJi yroJ

1
o=0SZL, urorga K = osa Hanpumep, ecsu yroa o
cos

6b11 661 paBen 60°, To MbI mosyuniu 661 K = 2, u Cosnile
6b1710 6BI B/IBOE asiblie oT 3emun, yeM Jlyna. Ho pesyinb-
TAT MU3MEPEeHUsI OKA3aJICsd HEOKMJAHHBIM: YroJ O IOJIy-

30.03.10, 17:36

i



| NN T 1]

T ‘ 01-.p65

20

yaJscs IOYTH MPAMbIM. JTO O3HAYAJIO0, YTO KareT ZS BO
MHOTO pa3 mnpeBocxoaut ZL. Y Apucrapxa MnoJy4maoch

1
o =87°, urorna cos0 = — (HAIOMHUM, YTO BCE BHIYUC-

JIeHust y Hac — npubJKennbie) . VlcTHHHOE 3HAYEHNE YT1a

a= %9@] u cosa = L Tax morpemntHoCTh U3Mepe-
70 400 ° P P
HUsT MeHee 4yeM B 3° mpuBesna K omubke B 20 pas!

3aBepInB BbIUNCICHNS, APUCTapX IPUXOANUT K BBIBOLY,
yto paauyc Cosnila paBeH 6,5 pagnycoB 3eMJn (BMecTO
109).

Omu6Ky ObLTM HEU3OEKHDBI, YIUTbIBAsI HECOBEPIIIEHHbIE
M3MepuTeabHbIe TIPUOOPDI TOTO BpeMeHu. Baskuee To, 4To
METOJI OKa3aJICs MpaBUAbHBIM. Bekope (110 ncropuaecknm
MepKaM, T.e. mpuMmepno uepes 100 jer) Bwipaiommiics
acrponoM antuanoctu I'mimapx (190 — ok. 120 o H.5.)
YCTPAHUT BCE€ HETOUHOCTH U, CJEAYs METOay Apucrapxa,
BBIYUCJNT TpaBubHble pazMmepbl ComHna n Jlynsr. Bos-
MOJKHO, olnbOKa ApucTapXa 0Kasajach B KOHIlE KOHIIOB
Jlaxke moJiesHoii. [lo Hero rocroscTBoBaji0o MHEHUE, 4YTO
Coumnre u Jlyna 160 BOBce UMEIOT OJJMHAKOBbBIE PA3MEPbI
(Kak 1 KaxKeTcs 3eMHOMY HabJII0/IaTe o) , TM60 OTINaioT-
csa HecuabHo. [laxke oramune B 19 pas yauBuio cospe-
MeHHUKOB. [loaTOMy He UCcKII0UeHO, UTO, Hallin Apuctapx
npasuibHoe othomenue k = 400, B 3TO HUKTO ObI He
MOBEPUJI, @ MOXKET ObITh, M caM YYeHBIN 0TKa3ascs Obl OT
CBOETO METO/Ia, COUTS Pe3yJIbTaT Hecypas3HbIM. V13BecTHBIN
MPUHIINIL TJIACUT, YTO TEOMETPUS — 3TO UCKYCCTBO XOPOIIO
paccy’k/JaTh Ha TIJIOXO BBIMOJHEHHBIX deprexax. llepe-
¢pasupyss, MOKHO CKasaTb, YTO HAyKa B IEJOM — 3TO
MCKYCCTBO [IeJIaTh BEPHbIC BBIBOJBI M3 HETOUHBIX, WJIH
Jake ommbouHbIX, HabaogeHnit. M Apucrapx Takoit
BBIBOJI c/lesiast. 3a 17 BekoB jjo Konepuuka oH moHs1, 4T0
B 1enTpe mupa Haxoautcs ue 3emss, a Counne. Tax
BIIEPBbBIE TTOSBUJIACH TEJUOTIEHTPUYECKAST MOJIENb U TTOHSI-
te COJIHEUHOI CUCTEMBI.

Yrto B LeHTpe?

TFocriogctBoBaBiiee B /lpeBHeM Mupe mnpejcraBieHue
06 ycrpoiicTBe BceneHHOl, 3HAKOMOE HaM TIO ypOKaMm
UCTOPHH, 3aKJII0YaJ0Ch B TOM, YTO B IIEHTpPE MUpa —
HETOBIKHAST 3eMJIst, BOKPYT Hee 10 KPYTOBBIM OpOUTaM
Bpamtatorcs 7 miaset, Braovas Jlyny m CoJHile (xoro-
pO€ TOKE CUMTAIOCH ILTaHeTol ). 3aBepinaercs Bee Hebec-
HOIi cpepoil ¢ TpUKpeNIeHHbIMU K Hell 3Besamu. Cdepa
BPAIIAETCsT BOKPYT 3eMJIH, JieJiask MOJHbI 060poT 3a 24
yaca. Co BpeMeHeM B 3Ty MOJIeJb MHOTOKPATHO BHOCH-
JIICh ucnpasyenus. Tax, cramm cumrarb, 4yTo HebGecHas
cepa HenoJBMKHA, a 3eMJd BpalllaeTcsl BOKPYT CBOeil
ocu. 3aTeM CTaJu HCHPABJATb TPAEKTOPUU JIBUIKEHUS
MJIAHEeT: KPYTH 3aMEHUJIW IMKJOUJAMU, T.€. JUHUSMHU,
KOTOPBIE OIMICHIBAIOT TOYKU OKPY’KHOCTU TIPU ee JIBUKe-
HUU 10 ApyToii okpy:kHOCTH (06 9THX 3aMeYaTesbHBIX
JIMHUAX MOKHO pounTarh B KHurax [ H.Bepmana «Iluk-
Jgoujia», A.Vl.MapkynieBuya «3aMedaTebHbIC KPUBBIEY,
a rakxke B «KBanrte»: crarbst C.BepoBa «Taitubl 1ukaion-
nb1» Ne8, 1975, u crarbs C.I'.Tunauknna «3Be3/HbII BEK
mKJI0uAbI», No6, 1985). Iuxaonnl JIy4llle COTJIaCOBbBI-
BAJINCD C Pe3yJIbTaTaMi HAGIIOAEH !, B YACTHOCTH, O0BSIC-
HSJIM <IIOIISATHBIE» JIBUKEHUS IJIAHET. JTO — 2e0UeHM-
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puueckas cucreMa Mupa, B IIeHTpe KOTOpoil — 3emuis
(<res»). Bo II Beke ona MPUHSJIA OKOHYATETbHBIN BU/T B
xuure «Agabpmarect> Kmasnug IItonemes (87—165), Bbl-
JIAIOIIETOCS TPEYECKOTO acTPOHOMA, OXHO(AMIIbIIA erH-
merckux 1apeit. Co BpeMeHEM HEKOTOpbIE ITUKJIOWIBI
YCIOKHSINCD, NOOABJISINCH BCe HOBBIE TPOMEKYTOUHDIE
okpyxkuHoctu. Ho B menom cucrema Iltonemess rocmos-
CTBOBAJIa OKOJIO MOJyTOpa Thicsuenernit, 1o XVI Beka,
1o otkpbituii Konepuuka u Keriepa. [lonavyamny reoren-
TPUYECKO# Mozenu mpuepkuBasicst u Apucrapx. Ojna-
KO, BbrumcauB, 4rto paauyc Commnia B 6,5 pasz GoJiblie
paanmyca 3eMJM, OH 33JaJl IPOCTON BOIPOC: TOYEMY
takoe 6ouibiioe CoJiHIle JIOJKHO BpAIaTbCsi BOKPYT Ta-
Kol Masnenbkoil 3emsm? Benp ecom pammyc CouHia
6oJibiiie B 6,5 pa3, To ero o6beM GoJIblIe MoYTH B 275 pas!
3HauynT, B IIEHTpe MHUpa JOJUKHO HaxoauTbes CoJiHIe.
Bokpyr Hero Bpamatorcs 6 miamer, BKIodas 3emuao.3 A
cembMast mianeta, JlyHa, Bpamnaercsa BokpyT 3emun. Tak
HOSIBUJIACD 2€/UOUECHMPUUECKAs. cucTeMa Mupa («Tenocs
— Counrne). Yike cam ApucrapX OTMeYas, 4TO TaKast
MO/IeJTb Jiyullie O0bSCHIET BUINMOE IBUKEHIE TLIAHET 10
KPYTOBBIM OpOWTaM, JIy4llle COTJIacyeTcs ¢ pe3yJbTaTaMu
nabuioziennii. Ho ee He nmpuHsau HU ydeHble, HU OUITH-
aJbHbIe BJACTH. ApuctapX Obl1 06BUHEH B 6e300KUHM 1
nmoJiBepres rpecsefioBanusiM. 13 Bcex acTpOHOMOB aH-
TUYHOCTU TOJbKO CeJIeBK CTaJ CTOPOHHUKOM HOBOW MO-
Jes. BoJibliie ee He IPUHSLIT HUKTO, IO KpaliHeil Mepe, y
HWCTOPUKOB HET TBEPJbIX CBeJeHWi Ha aTOT cueT. [laxke
Apxumen n I'mnmapx, mountasiime Apucrapxa U pa3BUB-
e MHOTHE ero ujier, He peimnanch rnocraButb CoJiHile B
nenTp mupa. [logemy?

MoyeMy MUpP He NPUHAN refMoLeHTPUYECKON
cncTemMbi?

Kak sxe mosyumnsoch, 4to B TeueHnn 17 BEKOB yueHbIe
He TPUHUMAJIM TPOCTOH M JIOTUYHON CHCTEMbI MUDA,
npeaIokeHHoit ApucrapxoMm? U aTo HecMoTps Ha TO,
4TO0 OPUIMATBHO TPU3HAHHAS TE€OIEHTPIYECKAsT CUCTEMA
[TTonemes wacto maBana c60m, He COrJIACYSICH C PE3YJIb-
TaTaMu HaGJIIOJICHNI 32 TIJTaHeTaMu U 3a 3Besjamu. [Ipu-
XOANJIOCHh A06aBJIATh BCE HOBbIE OKPYKHOCTH (Tak Hasbl-
BaEMble GAOKECHHBIC UUKLbL) IS «[TPABUIBHOTO» OMHCA-
Hus askerns niaxHet. Camoro Iltosemest TpyiHOCTH He
myranau, oH nucas: «K deMy yAuBIATBCS CIOKHOMY
JIBIKEHUIO HeGECHBIX TeJl, eCJi UX CYIIHOCTb HAM HEU3-
BecTHA?» OnHako yxke k XIII Bexy aTux OKpysKHOCTEN
Hakomuioch 75! Mopeb cTasa crosib TPOMO3IKOIL, YTO
HAYaJIU PA3[aBaThCsl OCTOPOIKHDBIE BO3PAKEHUS: HeyKe-
JU MHD B CaMOM J[lejle YCTpoeH Tak cjoxHo? Illupoko
usBecten cayuail ¢ Anbdoncom X (1226-1284), xopo-
gem Kactummu u Jleona, rocymapcrBa, 3aHUMAaBIIEro
yacTb coBpeMeHHOl Vcnanuu. OH, TOKPOBUTEb HAYK U
HCKYCCTB, COOPABIINI MPU CBOEM JBOPE MSATHIECCAT Jyd-
X aCTPOHOMOB MHpA, Ha OJHONH W3 HAYYHBIX OGecell

3 Hnenno wecmo, a ne dessmov, nockonvky Ypan, Henmyn u
ITnymon 6o omxpuimur zopazdo nozxe. Coscem nedasno, 13
cenmsiops 2006 200a, no pewenuio Mex0yHapooHnozo acmporomu-
uecxozo coosa (IAU) aymon auwuics cmamyca naanemol. Tax
umo naanem 6 CoAHEUHOU cucmeme menepo 60CeMb.
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06MOJIBUJICS, UTO «ecJu 6bl IpU coTBopeHnu mupa loc-
MO/Ib OKAa3aJl MHE YeCTb U CIIPOCHJI MOETO COBETa, MHOTOe
6b1JI0 ObI ycTpoeHo Tporie». llogo6Has aep3ocTh He
Mpomazach Jgaxke KopossMm: AJb(oHC ObLT HUBJIOKEH U
ornpasJsen B Monactbipb.* Ho comuenns ocrammcs. YacTb
13 HUX MOKHO OBbLTO Obl pa3pennThb, noctaBuB CoJHIle B
neHTp Bcenennoit m npuHsAB cucremy Apucrtapxa. Ero
TPyAbl Oblin XOpomio u3BecTHbl. OHAKO ellle MHOTO
BEKOB HHUKTO U3 YYEHbIX He peIIajicss Ha TaKOIl Imar.
[Tprumbl 6bLTM HE TOJBKO B CTpaxe Iepe BAACTSIMU U
ouIManTbHON 1[ePKOBbIO, KOTOpas cuutasia teopuio Ilto-
JieMesl e[MHCTBEHHO BepHOii. 11 He TOJIBKO B MHEPTHOCTH
YeJIOBEYECKOTO MBINIJIEHHUS: He TAaK-TO IPOCTO MPU3HATD,
9YTO Hama 3eMJis — He IIeHTP MUpa, a JIUIIb PSI0Bas
miaaHera. Bce-Taku sl HACTOSIIETO YYEHOTO HU CTPax,
HU CTEPEOTUIIBI — He TPENSATCTBHS HAa MYTH K WCTHHE.
lenmorienTpryecKast cucTeMa OTBEPTAJNACD 10 BIIOJHE Ha-
VYHBIM, MOKHO Ja’ke CKa3aThb, TeOMETPUYECKUM TTPUYH-
HaMm. Ecam gomyctutb, 9To 3eMJs BpamiaeTcs BOKPYT
Counita, TO ee TPAEKTOPHUS — OKPYKHOCTb C PAIUYyCOM,
paBubiM paccrosiuuio ot 3emsn Jo Cosnina. Kak Mbl
3HAEeM, 9TO PACCTOSAHME PAaBHO 23455 paanycoB 3eMJH,
T.e. 6osiee 150 MUJIJIMOHOB KUJIOMETPOB. 3HAUYNUT, 3eMJIs
B Teuenue rnoJsyroja repemeniaercss Ha 300 MUIIMOHOB
kusoMerpoB. ['mrantckas Beamunna! Ho xapTtuna 3Be3n-
HOTO Heba /1T 3eMHOTO HAGJII0/IaTelIst IIPU 3TOM OCTAETCS
TaKol ske. 3eMJsi TO MPUOJIMKAETCS, TO YAAJSETCS OT
3Be31 Ha 300 MUIIMOHOB KMJIOMETPOB, HO HU BU/IUMbBIE
paccrosnust Mexxay sBesgamu (mampumep, Qopma co-
3Be3/Mi), HU UX APKOCTH HE MEHSIOTCS. ITO O3HAYAET,
YTO PACCTOSHUS /10 3B€3/T JOJIKHBI OBITH elle B HECKOJIb-
KO ThicsY pa3 GoJibine, T.e. HeOecHas cdepa T0JKHA
UMETb COBEPIIEHHO HEBOOOPA3UMbIe pazMepbl! ITO, MEKITY
MPOYNM, OCO3HABAT U caM ApPHCTapX, KOTOPBI MUCAT B
cBoeil kuure: «O6beM cdepbl HEMOIBUKHBIX 3BE3[ BO
CTOJIbKO pa3 GoJibiiie 06beMa chepbl ¢ PAANyCcoM 3eMJis—
CouHite, BO CKOJIbKO pa3 06beM TocyieHeil 6obiie oobe-
Ma 3eMHOTO Iapas, T.e. 10 APHCTapXy BBIXOIMJIO, YTO
paccTosHue 10 3Be3[ PaBHO (23455)2 R, aro 6onee 3,5
TPUJLTMOHOB KHUJIOMETPOB. B peasbHOCTH paccTosiHUE OT
Counnia 1o 6/vpkaiiineil 3se3/ipl eie npuMepHo B 11 pas
Goabure. (B Moaenu, KOTOPYIO MbI MIPEACTABUIN B CAMOM
HayaJse, Korjga paccroguue or 3emau po CouHna paBHO
10 M, paccrosuue o 6smskaiiiieii 38e3/1bl paBHo ... 2700
KuioMerpoB!) BMecTo KOMIAKTHOTO W YIOTHOTO MHpPa, B
I[EHTPe KOTOPOTO HAXOJUTCST 3eMJisl U KOTOPBIil TTOMeIa-
eTcsl BHYTPU OTHOCUTEJbHO HeGoJbInoil HebecHoil cde-
pbl, Apucrapx napucoBast 6e3auy. W ata 6e3nna nciyra-
JIa BCEX.

BeHepa, Mepkypuin n HeBO3MOXXHOCTb
reoL,eHTPUYECKOW CUCTeMbI

Meskty TeM HEBO3MOXKHOCTD TEOIEHTPUIECKON CUCTEMBI
MHUpa, C KPYrOBbIMH [ABMKEHUAMU BCEX IIJIAHET BOKPYT
3emJint, MOXKET OBITh YCTAHOBJIEHA C MOMOIIBIO TTPOCTOI
reoMeTpUYeCKON 3a/1auu.

4 Hcmunnoii npuuunoti onanvt xopoas Anvghonca 6vLra, euouMmo,
o0viunas 6opvba 3a 61ACMb, HO €20 UPOHUUHOE 3dMeudHue 00
ycmpoticmee MUPa NOCAYKUILO BECKUM NOBOOOM OISt €20 HEOPY206.
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3agaua 2. Ha naockocmu O0anvl 06e OKPYKHOCMU C
obugum uermpomn O, NO HUM PABHOMEPHO D8UKYMCSL 06e
mouku: mouxa M no o0Hotl okpyxHocmu u mouxa V no
dpyeoil. Jlokaxume, umo aubo onu 06uzalOMCcs 6 00HOM
Hanpagaenuu ¢ 00UHAK0BOU Y2710601 CKOPOCMbIO, AUOO &
HeKomopwLll MoMenm epemenu yzosr MOV mynotl.

Pemenne. Eciv TouKM IBUXKYTCS B OJHOM HaIpaBJie-
HUU C Pa3HBIMU CKOPOCTSIMHU, TO Yepe3 HEKOTOPOe BpeMs
ayun OM u OV oxkaxyrca conanpasieHubiMu. lasee
yroa OMOYV naunHaeT MOHOTOHHO BO3pacTaTb /0 CJie-
ayiorero copnajenus, T.e. 10 360°. Cienosarenbio, B
HexoTopbiii Moment on pasen 180° . Ciyuaii, korma Tou-
KU JIBMKYTCSL B PA3HBIX HAIIPABJIEHUSX, PAacCMaTpUBaeT-
cS Tak Ke.

Teopema. Cumyauus, npu Komopoiu ece niawemoi
Coaneunoti cucmemvt paeHOMEPHO EPAULAIOMCI BOKPY?
3emau no Kpyzoeuim OpoUMAM, HEGOIMOXKHA.

HoxazareabcrBo. Ilyctp O — mentp 3emaun, M -
neHTp Mepkypusi, a V — tmentrp Benepnr. CoruacHo
MHOTOJICTHUM HaOmo/ieHusM, y Mepkypus u Benepbl
pasmble mepuo/pl obpamienus, a yroax OMOV nHukorga
He TpeBocxoauT 76°. B cuiy pesysabrata 3ajaund 2
TeopeMa JoKa3aHa.

Koneuno, apeBHue TPEKH HEOJHOKPATHO BCTPEYATHUCD C
NOZ06HBIMY TTapasiokcamu. VIMeHHO 1moaToMy, 4ToO6bI cria-
CTH IeOLIeHTPUYECKYIO MO/IesIb MUPa, OHU 3aCTaBUJIM I1J1a-
HETBI IBUTATHCS HE TI0 OKPYKHOCTSIM, a MO ITUKJIOUIAM.

[lokasaTesbCTBO TeOpeMbl HE COBCEM YeCTHO, ITOCKOJbKY
Mepxkypuil u Benepa Bpamaorcst He B OJ{HOI IJIOCKOCTH, KaK B
3aj7a4e 2, a B pasHbIX. XOTS IJIOCKOCTH UX OPOUT IIOYTH
COBTIQ/IAIOT: YTOJI MEX/y HUIMH — BCET0 HeCKOJbKO TpaaycoB. B
yrupasknenun 10 Mbl mpejiiaraeM BaM yCTPAHHUTb 3TOT HEJOCTA-
TOK M PENIUTb aHAJOT 33Ja4u 2 JJIS TOYeK, BPAIlAoNUXcs B
Pa3HbIX IJIOCKOCTSAX. J[pyroe Bo3paskeHHe: MOKET ObITb, YTroJi
MOYV ObIBaeT TyIbIM, HO MbI 3TOTO HE BHJUM, MOCKOJbKY Ha
3emuie B 970 BpeMs JieHb? [Ipuanmaem n ato. B ympaskaenun 11
HY>KHO I0Ka3aTh, 4TO IS mpex BPALIAIOIIIXCS Py COB BCerga
HACTaHET MOMEHT BpPEMEHH, Korja oHU OyJyT oOpa3oBbIBaTb
JIPYT € APYroM Tymble Yriabl. Ecam Ha KOHIAX pajuycoB —
Mepxypuii, Benepa u ComHile, TO B 2TOT MOMEHT BpeMEHHU
Mepxkypuii 1 Benepa OyyT Buinbl Ha HeOe, a CoJtHIle — HET, T.e.
Ha 3emJe Oy/eT Houb. Ho [OJKHBI IPEAyTIPeInTD: YIPaskKHEHUST
10 n 11 3HaunTenbHO ciokHee 3amaun 2. Hakower, B yrpakne-
HUKM 12 MBI mpejiaraeM BaM, HM MHOTO HHM MaJjiO, BBIYHCJUTD
paccrosuue ot Benepnor 10 Cosnna u ot Mepkypus no Cosnia
(onu, xoweuno, Bpamaiorcss BOkpyr CosHia, a He BOKPYT
3emun). Y6eaurech caMi, HACKOJIBKO 9TO TIPOCTO, TIOCJE TOTO,
KaK MbI Y3HAJU MeTo/ ApHcTapxa.

Yupaxuenus

10. B npocTpancTBe AaHbI IBE OKPYKHOCTH € OOIIUM IIEHTPOM
O, 10 HUM PaBHOMEPHO C PA3HBLIMHU YIJIOBBIMH CKOPOCTSAMHU
JIBIDKYTCS /IBE TOUKHU: TOYKa M 110 OJTHOH OKPY>KHOCTH M TOYKaA
V no apyroit. lokaxxute, 4To B HEKOTOPbIIl MOMeHT yroa MOV
TYTOH’.

11. Ha mutockocTu 1anbl TPU OKPYSKHOCTH € OOIIUM IIEHTPOM
O, 10 HUM PaBHOMEDHO C PAa3HBIMHU YIJIOBBIMH CKOPOCTAMHU
JIBUSKYTCST TPH TOUKHU. J[OKakuTe, 9YTO B HEKOTOPBIII MOMEHT BCe
TPH yIJla MeX/IY JiydaMu ¢ BeplmnHOoil O, HanpaBJEHHBIMH B
JIaHHbIE TOYKH, TYTIbIEC.

12. V13BecTHO, YTO MAKCHUMAJILHOE YTJIOBOE PACCTOSTHHE MEK/TY
Benepoit u CosmreM, T.e. MAaKCHMaJIbHBINH YTOJI MEXK/Y JIy4aMH,
HalpaBJIeHHbIME ¢ 3eMJin K 1ieHTpaM Benepor u CouHila, paBHO
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. Haiigure paaun uTbl Bewnepsr. — s -
48°. Ha e paauyc opo Bene To xe Mepxk
pHsi, eCJM M3BECTHO, YTO MaKCHMAJbHOE YIJIOBOE PACCTOSHIE
mexxay Mepkypuem n CostHileM paBHO 28° .

MocnegHUN WTPUX: N3MepeHue yrinoBbiX pa3MepoB
ConHua v JlyHbl

Curesryd mar 3a niaroM paccysk/ieHusiM Apucrapxa, Mbl
VIYCTUJIM JIMIIb OJMH aCIeKT: KaK U3MepSJICs YIJIOBOU
muametp Cosnna? Cam ApucrapX aToro He JieJiaJl, I10Jb3y-
SCh UBMEPEHUSAMHE APYTHX aCTPOHOMOB (I10-BHAMMOMY, He
coBceM BepHbIME). Hamomnum, uro paamycsr CosHna u
JIyHBI OH CMOT BBIYMC/JIUTH, HE TPUBJIEKAS WX YTJIOBbIE
nuametpbl. [locMoTtpurte ere pas Ha mmaru 1, 2 u 3: HUTAE
3Ha4YeHHe YIJIOBOTO JuaMeTpa He ucromabsyercs! OH Hy-
JKEH TOJIbKO JIIs1 BbIYMCJeHNs pacctosinuii o CoJHIa u
o Jlysbl. IlombiTKa onpe/iesnTb yrJoBOH pasMep <«Ha
IJIa30K» ycliexa He MPUHOCUT. Ecu mompocuTh HECKOJIb-
KO YeJIOBEK OICHUTD YIJI0BOH AumaMeTp JIyHbl, GOJBITIH-
CTBO HA30BYT yroJ oT 3 /10 S IPajlycoB, U4TO B Pa3sbl
60Jblle MCTHHHOTO 3HauYeHust. CkasbiBaeTcss oOMaH 3pe-
Hust: sspro-6esast Jlyna na gone teMHOTO HeGa KayKeTcs
MaccuBHOI. [lepBbIM, KTO TIPOBEs MaTeMaTUYeCKH CTPO-
roe uaMepenue yriaosoro auamerpa Cosaia u JIyHasl, 6Lt
Apxumen (287 — 212 10 1.5.) OH U3JI0KNT CBOIT METOJ| B
kuure «Ilcammuts («Vcuucnenue mecanHok» ). Crox-
HOCTD 33/1a41 OH 0cO3HaBaJ: «IloayunTh TOUHOE 3HAYCHUE
3TOTO yrJaa — JeJO HeJeTKoe, TTOTOMY 4TO HU TJa3, HU
PYKH, HU TIPUOOPDI, TIPU TIOMOIIA KOTOPBIX TPOU3BOIUTCS
orcuer, He 06ECIeYynBaIOT J0CTATOUHON TouHOCTH». [lo-
aToMy Apxume[ He 6epercsl BBIYUCIUTH TOUHOE 3HAYEHUe
yraoBoro juamerpa CoJiHila, OH JIMIIb OLIEHUBAET €ro
cBepxXy ¥ cHusy. OH noMmelaer KpyrJblii HUJINHAD Ha
KOHIIE JITMHHOI JINHEN KM, HalPOTHB TIJ1a3a HaGJII0/[aTeIs.
Jluneiika Hanpasssgercs Ha CoJHIle, W TUJTMHAP TPUIBHU-
raercs K Iy1asy J0 TeX TI0p, TIOKa OH He 3acJOHUT cOoO0it
ConHIle MOJHOCTBIO. 3aTeM HabJio/aTesqb YXOINUT, a Ha
KOHIIE JTUHEIKN oT™MevaeTcst oTpe3ok M N, paBHBIN pa3me-
py uemnoBeueckoro 3pauka (puc.11). Torma yroa
Mex/y npssMbiMu MP 1 NQ MeHblie yrJjoBoro auamMerpa

Connia, ayroa a, = OPOQ — 6oabire. Mbl 0603HAYILIN
yepe3 PQ amamMeTp OCHOBaHUS ITWJINHIApPA, a depe3 O —
cepenuny orpeska MN. Urak, o, <P <a, (mokaxure
9TO B YIPAKHCHUU 13). Tax Apxumesn HaxXOIUT, YTO
yraoBoii guamerp CoJiHIIA 3aKJII0YeH B Ipejiesax oT
0,45° 1o 0,55°.

HescubiM ocraercd, mouemy Apxumes nsmepsier Costile, a He
Jlyny. OH 6bLT XOPOIIIO 3HAKOM € KHUTOI ApHcTapXa 1 3HaJI, 4TO
yrioBele guamerpbl Counna u Jlynsl ogmHakoBbl. JIyHy ke
MU3MEPSTDH TOPa3/o yAo6Hee: OHA He CJETHT IJ1a3a ¥ TPAHUIIDI ee
BU/IHBI OTYETJINBEE.

Hexkoropble apeBHHME acTPOHOMbBI U3MEPSJIN YIJIOBON
muamerp CosHIla, MCX0AS M3 TPOAOJIKUTENbHOCTH COJI-
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HeyHoro uiu ayHHoro sarmenusi. (ITonpoGyiite BocctaHo-
BUTb HTOT C1I0CO0 B yIIpakHeHUN 14.) A MOKHO c/1e/1aTh TO
JKe, He JIOKUIAsICh 3aTMEHUI, a MPOCTo HaGJI0Iast 3aKar
Connra. BeibepeM st 9TOTO JIeHb BECEHHETO PaBHOJEH-
ctBusg 22 mapra, korga CoJHIIE BOCXOAWT TOYHO HA
BOCTOKE, a 3aXO/IUT TOUHO Ha 3ama/ie. JTO O3HAYAET, YTO
Toukn Bocxona E m 3akara W auameTpaabHO MTPOTUBOIIO-
noxubl. [l 3emuoro nabaogaresss CoTHIlEe IBUKETCS 110
okpy:kHocTH ¢ quamerpoM EW. IlnockocTb 31Ol OKPYK-
HOCTH COCTaBJISIET C
MJIOCKOCTBIO TOPU30H-
tayroa 90° -y, rue y
—reorpaduueckas mu-
pora Touku M, B KOTO-
Poii HaXoUTCST HAGJTIO-
naresb (HarrpuMep, 171
MockBbl Y =55,5°,
aas  AjexcaHapun
y =31°). Jlokazaren-
CTBO TIPUBEICHO Ha
pucynke 12. Ilpsamasg
ZP — ocb BpalieHus
3eMiM, TIepIeHIuKY-
JIIpHAs MJIOCKOCTH K-
Batopa. lllupora Touku M — yrosa Mex/y oTpeskoM ZP u
IJIOCKOCTDIO akBaTopa. IIposenem yepes nentp Comnna S
TJIOCKOCTDh O , TIePHeHANKYJIIpHYo ocn ZP. Iliockoctb
TOPM30HTA KacaeTcsi 3eMHOro Tmapa B Touke M. [lna
Habuogaresnsa, Haxogdamerocas B touke M, CouHile B
TedeHne JTHS ABUXKETCS 10 OKPY>KHOCTH B IJIOCKOCTH O C
nesTpoM P u pagmycom PS. Yros Mexy MJIOCKOCTBIO O
U IJIOCKOCTBIO TOPU30HTA paBeH yriay MZP, KoTopblii
pasen 90° — Y, MMOCKOJIbKY IIJIOCKOCTb O TI€PIEHUKY ISIP-
Ha ZP, a MJIOCKOCTb TOPU30HTA NeplIeHAnKyasapHa ZM.
Wrak, B nenb paBHozeHcTBUSA COJIHIE 3aXO/AUT 3a TOPU-
30HT T1OJ YIJOM
90° - y. CienoBatesn-
HO, BO BpeMs 3akara
OHO TIPOXO/TUT JTyTY OK-
PYXHOCTH, paBHYIO
B/cosy, tie B — yrio- 1

Boit auametp CouHIa

(puc.13). C apyroit B
cropombl, 3a 24 waca AB=P  BW=gg
OHO TIPOXOUT TI0 3TOH
OKPY>KHOCTH TIOJIHBIH
o6opor, T.e. 360°.

Puc. 12

B

90° -y~ W

Puc. 13

B/cosy _ T T
Y~ ,rae — IIPOJOJIKN-
360 24" poa

TEeJbHOCTD 3aKaTa (e[[I/IHI/II_[a I/I3MepeHI/IH - qac). 3Ha${ V nu

usmepus Bpems T, Haxomum 3 =0,53°.

[Tosry4yaem mpornopIuio

Yunpaknenus

13. okaxmute, 9To yros 0 Mexay npsmbimua MP u NQ (cM.
puc.11.) mempme yraosoro amamerpa ConHNa, a yrod
0, = OPOQ - Goblite.

14. IIpeasosxkuTe crioco6 n3MepeHust yrIoBbIX pa3MepoB JIyHbI
BO BpEMsT JIYHHOTO 3aTMEHUS.

C aBTOPOM CTaTbM MOXKHO CB3aTbCs 110 ajpecy:
v-protassov@yandex.ru
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aK PacCMOTPeTb HAHOODbEKT
B OMTUYECKMI MUKPOCKON

A.EXXKOB

AK U3BECTHO, OCHOBHYIO JOJIIO NTHOOPMA-

1un 06 OKPY’KAIONEM MUPE YeJOBEK TOJydaeT C

TOMOTIIBIO 3peHus. [J1a3 yesoBeKa — CJAOKHBIN U
COBepIIeHHbIN TPUGOP. ITOT CO3MAHHBIN IPUPOIOIL TIPU-
60p paGoTaeT co CBETOM — 3JIEKTPOMATHUTHBIM U3JTyYeHU-
eM, JMAara3oH [JIUH BOJH KOTOPOTO HAXOAUTCI MEXKIY
400 u 760 wmanomerpamu. II[BeT, KOTOpBIN TpuU ITOM
BOCIIPUHUMAET YeJIOBEK, M3MeHsIeTCs OT (PUOJIeTOBOTO /10
KpPacHOro.

DJIeKTPOMArHUTHBIE BOJIHBI, COOTBETCTBYIOIIIIE BU/IIMO-
MYy CBETY, B3aNMO/ICHCTBYIOT C 3JIeKTPOHHBIMH 000JI0TKA-
MM aTOMOB ¥ MOJIEKYJT TJ1a3a. Pe3ynbTaT aTOro B3anMo/eii-
CTBUSI 3aBUCHUT OT TOTO, B KAKOM COCTOSTHUW HAXOJASTCS
3JIEKTPOHBI 3TUX 060J0ueK. CBET MOXKET IMOTJIONAThCS,
OTPaKATLCS UM paccenBaTbcs. UTO MMEHHO MTPOU3OIILIO
CO CBETOM, MOKET MHOTO€ paccKasarh 006 aToMax U MOJe-
KyJaX, ¢ KOTOPBbIMH OH B3amMojeiicTBoBast. /luamnason
pa3mepoB aromoB u MoJsiekya — ot 0,1 1o gecsTKoB
HAHOMETPOB. DTO BO MHOTO PAa3 MEHbIIIE, YEM [[JIITHA BOJTHBI
cera. Tem He Meree, 00bEKTbI UMEHHO TAKUX PA3MEPOB —
HA30BeM HX HAHOOOBEKTAMHU — OYeHb BYKHO YBHU/ETh. UTO
JKe HaJo AJd atoro craenarb? O6cynnM cHadasa, 4To
MOKET PACCMOTPETDh YeJOBEYECKUI TJIa3.

OO6BIYHO, KOT/J]a TOBOPSIT O pas3pelanineil crmoco6HOCTH
TOTO WJIV THOTO OTITHYECKOTO MPHOOpa, ONEepUPYIOT ABYMSI
nousatusMu. OJHO W3 HUX — YIJIOBOE PpaspelieHue, a
BTOpOEe — JWHEHHOe paspelnieHre. JTU TOHSATHS B3aUMO-
cBg3aHbl. K mpuMepy, /IS 4eJT0BEYECKOTO TJ1a3a yTraoBoe
paspeliiene cocraBpisier npubau3uTesbHO 1 yrioByIO
mMunyTy. [Ipn aTOM TJ1a3 MOXKET pa3IuvuTh ABA TOYETHDBIX
00beKTa, yAaleHHbIX OT Hero Ha 25—30 cM, TOJbKO TOra,
KOT/[a PACCTOSTHUE MEXK/Y 9TUMU O6beKTaMu GOJIbIle YeM
0,075 MM. DTO BIIOJIHE CPABHUMO C pa3pelierHneM 06bIuHO-
r0 KOMITBIOTEPHOTO CKaHepa. B camoM [este, paspelienue
600 Touek Ha JIOWM O3HAYAET, YTO CKaHEP MOXKET pPasJiu-
YUTH TOYKM, pacrojoxkeHHble Ha pacctogauu 0,042 mm
JIpyT OT JApyTa.

[yt toro uto6bl MOKHO OBLIO pasjindaTb OOBEKTHI,
PACIIOJIO’KEHHDIE Ha ellle MEHBINX PACCTOSHUSAX JIPYT OT
Jpyra, ObLI IPUIYMAH ONTHYECKHIT MUKPOCKOI — IIpu6op,
YBEJMYUBAIONINN Pa3pelaonyo crmocoOHOCTb TIJa3a.
Boirsisiasgr ati npu6opsl  mo-pasHoMy (4T0 BUIHO U3
pucyHKka 1), HO IPUHIUI JeHCTBUS Y HUX OAWH TOT JKe.
OnTHyecKkuii MUKPOCKOTI MMO3BOJINJ OTOABUHYTDH IPeJet
paspemienust 10 poJjeil MukpoHa. Y:ke 100 ser wazan
OTITHYECKasi MUKPOCKOINS C/IeJIala BO3MOKHBIM M3y4aTh
00BEKTBI MUKPOHHBIX pa3MepoB. OHAKO TOTAA JKe CTAaJo
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Puc.1. Onmmdeckmne MyuKpockorsl, (/1eBa — MUKPOCKON QUpMb/
Carl Zeiss 1906 roga, cripaBa — COBPEMEHHbIV NCCIIEL0BATE b -
CKUVT MUIKPOCKOIT TOV XK€ QUPpMbI C ABYMS BULEOKaAMEPaMU Ha
ocHoBe [13C-matpuL cBEPXY

SCHO, YTO IPOCTBIM yBEJIMYEHHEM KOJUYECTBA JUH3 U
yJIydIlleHHeM UX KauecTBa JOOUTHCS JTaJIbHEHIIEro yBe -
YeHUs paspeliaolieil crocoOHOCTH HEBO3MOKHO. Paspe-
HIeHre ONTHYECKOTO0 MUKPOCKOIIA OKAa3aJ0Ch OrPAHMYEHO
CBOICTBaMHU CaMOTO CBeTa, a MMEHHO €r0 BOJTHOBOHW TpH-
POJIOT.

Ente B KoHIle mO3ampoIioro Beka ObIJI0 YCTaHOBJIEHO,
YTO pa3perieHne ONTUIECKOT0 MHUKPOCKOIA COCTABJISET
A

2nsinu
a nsinu — yucsoBas ameprypa 00beKTHBA MUKPOCKOIIA,
KOTOpasl XapakTepusyeT Kak MUKPOCKOII, TaK U TO Bellle-
CTBO, KOTOPOE€ HAXOAUTCS MEXIAY OOBEKTOM U3ydeHUs U
camoii 6;TM3KOiT K HeMy JuH30i Mukpockona. U geiictu-
TEJbHO, B BbIPaKEHHE JIJIS YUCJIOBOH anepTypbl BXOJAT
MOKAa3aTeJib MPEJOMJIEHUS 72 CPE/IbI, HAaXOISAIIEHCS MEXTY
00BEKTOM U OOBEKTHBOM, W YIOJI # MEXK/Y OITHYECKOI
0CbI0 OOBEKTUBA M CAMBIMU KPAWHUMHU JIydaM#, KOTOPbIE
BBIXOJAT U3 00BEKTa M MOTYT IOTACTb B 3TOT OOBEKTHB.
[TokazaTenb mpesoMyieHns BakyyMa paBeH eauHUIE. Y
BO3/lyXa ATOT MOKa3aTesJb O4YeHb OJU30K K eJUHUIe, y
Bo/bI OH coctassier 1,33303, a y cmenmaabHBIX SKUIKO-
CTell, MCIOJb3YEMbIX B MUKPOCKOIWH [T TIOJYYCHUS
MaKCUMaJIbHOTO paspetienust, n goxoaut jno 1,78. Kakum
6bI HU GBI YTOJI ¢, BEJIMYUHA Sin ¢ He MOXKeT ObITb O0JIbIIle
eanHUIbI. TakuM 06pa3oM, paspeleHne ONTHYECKOTO
MUKPOCKOIIA He TPEBLINIAET J0Jel JINHBI BOJHBI CBETA.

. B aroit popmysie \ — mamna BOJIHBI CBETa,
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OOGBIYHO CUNTAETCST, YTO Pa3pelleHre COCTABJISET TOJIOBU-
HY JITUHBI BOJIHDI.

WHTEeHCMBHOCTD, pa3pelieHre 1 yBeJundeHne o6 beKTa —
paszHble Bem. MOKHO clieJaTh Tak, 4TO PaCcCTOSHUE
MeK/ly IEHTPaMu 300pakeHnii 06bEKTOB, KOTOPbIE pac-
nosioskenbl B 10 HM ApyT ot gpyra, Oyaet 1 mm. Jto Gyaer
coorBetcTBoBaTh yBesmuennio B 100000 pas. Tem =He
MeHee, pa3/IninuTb, O/IUH 3TO 06'I)GKT nJn /1Ba, HE IMOJIyYnT-
cs1. Jlemo B ToM, uTO M306pasKeHUsT 0OBEKTOB, pa3Mepbl
KOTOPBIX OYEHDb MAJIbl 110 CPaBHEHWIO C JITMHON BOJIHDI
cBera, OYJIyT UMETb OJMHAKOBbIE (POPMY U pasMephbl, He
3aBucsie ot (Gopmbl caMux 06beKTOB. Takue 06beKThI
HA3bIBAIOT TOYEYHBIMU — UX padMepaMu MOXKHO TpeHes-
peub. Eciii Takoit TOUeYHbIN 00BEKT CBETUTCS, TO ONITHYEC-
KW MHUKPOCKOI N300Pa3nT €ro B BUJIE CBETJIOTO KPYIKKA,
OKPYJKEHHOTO CBETJIBIMU N TEMHBIMU KOJIbIIaMU. By,lIeM
Jlasiee, JUISI IPOCTOThI, PACCMAaTPUBATh UMEHHO UCTOYHUKHI
cBeta. Tunuunoe nzo6pakeHne TOUEYHOTO HCTOYHIKA CBe-
Ta, TOJYYEeHHOE C MOMOIIBI0 ONTHYECKOTO MUKPOCKOIIA,
IIOKa3aHO Ha PUCYHKE 2 MHTEeHCUBHOCTD CBETJAbIX KoJ1ierg

Puc.2. M306paxeHs O4HOIoO 1 TOro Xe TOYEYHOro UCTOYHYIKE,
1071y 4EHHBIE C MOMOLLbIO OOBEKTUBOB C PA3STNYHBIMU Y1CTIOBbI-
My arepTypamu — /11 IEBOIO U30BPaXeHNsT OHA B [Ba pa3a
bosbLLe TOro, Yem AJis rpaBoro. MIHTeHCUBHOCTL LIEeHTPAITbHOIO
MaKCUMyMa COCTaBAIAET Mpuban3uTeibHO 85% CyMMapHoL
UHTEHCUBHOCTI OT BCEX YaCTewl M306paxeHns

HAMHOTO MEHbIIIE, YeM y KPYIKOUKa, U yOBIBAET 110 Mepe
yJaJdeHusi OT IeHTpa n3o0paxkenusi. Yaie BCEro BH/HO
TOJIBKO [1E€PBOE CBETJIOE KOJIbIIO. J[namMerp nepBoro TeMHo-
A
nsinu
BaeT TaKoe pacripe/ieJieHue MHTEHCUBHOCTH, HA3bIBAETCS
(pynkuumeil paccesHIA TouKu. JTa (PYHKIUS HE 3aBUCUT OT
TOro, KakoBO yBesnueHue. l300paskeHne HECKOJbKNX
TOYEYHBIX OOBEKTOB OY/ET TPE/ICTaBIATh cO00il UMEHHO
KPYTH 1 KOJIbIa, KaK aTO BU/IHO U3 pucyHka 3. [lomryuen-
HOe M300pa’keHHe MOXKHO YBEJUYMBATD, OJIHAKO €CJIH
N306pakKeHus JIByX COCEIHIX TOUYEYHBIX OGBEKTOB CJIMBA-
I0TCS1, TO OHM OY/IyT CJIUBAThCA 1 Janblie. Takoe yBeJnde-
HHUE 4aCTO Ha3bIBAIOT GECII0Ie3HbIM — OOJIbIIIIE H300paKe-
HILST TIpocTo 6y1yT 6ostee pa3MbIThIMU. [IpuMep Gecmosies-
HOTO yBeJWYEHHs TIOKa3aH Ha pucyHke 4. Dopmy.a

0 KOJIblla paBeH d = . DyHKIWMSA, KOTOpast ONUCHI-

YacTO Ha3bIBaeTcd AUMPAKIIMOHHBIM Ipejie-

2nsinu
JIOM, ¥ OHa HACTOJIbKO 3HAMEHUTA, YTO UMEHHO €€ BbICEKIU
HA TAMATHUKE ABTOPY 3TOH (OPMYyJbl — HEMEIIKOMY

usuxy-onruxy Ipucry AbGe.
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Puc.3. 30603 XEHMS royITbl TOYEYHBIX MCTOYHKOB. MICTOYHIIKY
7 1 2 pacrionoxXeHbl Ha [PacCTOSHUM, 3HAYUTEIbHO OOJIbLIEM

d=A / (nsin u), UCTOYHMKI 3 1 4 — HA pacCToAHMM 4/ 2, a MCToY-
HUKU 5 11 6 — Ha PacCTOAHMY, 3HAYUTENIbHO MEHbLLEM d/2

Puc.4. M306paxeHs ABYX TOYEYHbIX UCTOYHMKOB, [1071YYEHHbIE
0ObEKTUBAMY, UMEIOLLMIMI OfMHAKOBBIE Y1C/IOBbIE arnepTypbi,
HO  A3IOLMMU  Pa3SINYHbIE  YBESIMYEHUS. PaCcCTOSHNE MEXAY

TOYEeYHbIMU UCTOYHUKaMU PaBHO A/(Znsin U)

Koneuno, co BpeMeHeM OTITHYeCKIe MIKPOCKOIIBI CTAJN
cHaGXKaTh Pa3HOOOPA3HLIMU YCTPOMCTBAMU, TO3BOJISIO-
UMK 3allOMUHAThL u300pakeHusi. YesoBeueckuili rjas
JIOTIOJIHIJIN CHAYAJIA TLIeHOYHbIe (POTO- M KUHOKAMEPDI, a
MIOTOM — KaMepbl, B OCHOBE KOTOPBIX JIeKaT 1udpoBbe
ycTpoiicTBa, mpeo6pasyioliue MonaIaionuil Ha HUX CBET B
aJieKTpuueckne curuaspl. CaMbIMU PacrpoOCTPAHEHHBIMU
u3 takux ycrpoiicts sapasiorcs [13C-matpunpr (I13C
pacumdpoBbiBaeTcss Kak Mpubop ¢ 3apsagoBOil CBA3BIO).
KousmmaecTBo nukcedieil B iudpoBbIX KaMepax MPO0JIKAET
pacTy, OJIHAKO caMo Mo cebe 9TO He MOKET YJYUYIIUTh
pasperieHre ONTHYECKUX MUKPOCKOTIOB.

Emte aBaanarh mATH JIeT Ha3aJ Ka3aaoch, 4TO qudpak-
IIMOHHBIN TIpejiesl HEMPEOI0JUM W YTO, JIJIS TOTO YTOOBI
u3y4arb 06GbEKTDbI, Pa3MePbl KOTOPBIX BO MHOTO Pa3 MEHb-
1ile, YeM J[JIMHA BOJIHbBI CBETA, HEOOXOAUMO OTKA3aThCsI OT
CBEeTa KaK TaKOBOTO. VIMEHHO TaKUM ITyTeM TIOILIHN CO3/a-
TN HJIEKTPOHHBIX M PEHTTEHOBCKUX MUKPOCKOIOB. He-
CMOTPSI HA MHOTOYMCJIEHHBIE TPEUMYIIECTBA TAKUX MUKPO-
CKOTIOB, 33/1aua MCIOJb30BaHMS UMEHHO CBETA JIJII pac-
CMaTpUBAaHUS HAHOOOBEKTOB oOcTaBajach. llpwumH 711
3TOTO OBLIIO MHOTO: YI06CTBO M MPOCTOTA PAOOTHI ¢ 06HEK-
TamMu, HeOOJIbIIOEe BpEMsI, KOTOPOEe TPeOyeTCs /LIS TIoJTyde-
HUS U300pPaKEHUSI, M3BECTHDLIE CITOCOOBI OKpAITHBAHUS
06pa3IoB 1 MHOTOe Jipyroe. HakoHerr, mocje [0oATHX Jet
HaIPSDKEHHOI paboThl CTAJI0 BO3MOKHBIM PacCMaTpUBATh
HAHOOOBEKTHI € IOMOIIBIO ONTHYECKOTO MHUKPOCKOIIA.
Hawu6osbimmii mporpecc B 3TOM HAIIPABJIEHUHU TOCTUTHYT B
006.J1aCTH JTIOMIHECIIEHTHOI MUKpockomiu. Koneuno, nud-
PAKIIMOHHDBIN TIpe/ie]T HUKTO He OTMEHsL, HO €r0o yIaJoCh
o6oiiTu. B HacTosIlee BpeMsi CYIIECTBYIOT PasJnuHble
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OIITHYECKIEe MUKPOCKOIIBI, MO3BOJISIONINE PACCMATPUBATD
00BEKTDBI, pa3Mepbl KOTOPbIX HAMHOTO MEHbIIE [[JTHHDI
BOJTHBI TOTO CaMOTO CBETA, KOTOPBII CO3aeT N300 PasKeHI
9TUX 06DBEKTOB. Bce 3t mpuOOPLI OOGDBEAMHSET OJUH
obmuit mpuninn. [Hompo6yeM MOSCHUTD, KAKOH MMEHHO.

W3 toro, 4To yiKe TOBOPHUIOCH O Au(PAKIIMOHHOM IIpe-
JleJie Pa3peliennst, SICHO, YTO YBUETh TOUE€UHBINH NCTOUHIK
He Tak yK c10kHo. Eciu aToT ncrounuk obJagaer qocra-
TOYHOI WHTEHCHBHOCTBIO, €ro uzobpaxkenue OyneT OT-
yer/Bo BuAHO. Dopma u paszmep aToro usobpakeHus,
KaK YK€ TOBOPUJIOCH, GYIyT ONpPeNessaTbhCs CBOHCTBAMU
orntryeckoil cucrembl. [Ipu aToM, 3Has cBoiicTBa onTIHYEC-
KOIl cucTeMbl U Gy[yud YBEPEHHBIMU B TOM, YTO OOBEKT
TOYEUHDIII, MOJKHO OIPE/IEJUTD, I/le MMEHHO HAXOIMUTCS
06beKxT. TouHOCTD OTIpe/ieTeHNsT KOOPANHAT TAKOTO 0O BEK-
Ta JIOCTATOYHO BBICOKA. VlimocTparmefl aToro MoOKeT
CIYKUTb PUCYHOK 5. KOOpAMHATBI TOUEYHOTO OOBEKTA

Puc.5. NocnenosaresisHoe onpegesnermne rnoJioXeHus To4e4Horo
UCTOYHUKE C TOYHOCThIO, 3HAYUTEILHO [1PEBbILIAILYEN
A / (Znsin u) . KpacHbIM KpecToM OTMEYEHO TEKYLLEE [T10/I0KEHME
UCTOYHMKAE, & rosyObiM LIBETOM 0OO3HAYEHA TDAEKTOPUA [BUXKE-
HUS UCTOYHYIKE, [TOCTIPOEHHAS 10 TPEM €0 [10JI0KEHUAM. Pasmep
rosyboro Kpy>xKka COOTBETCTBYET TOYHOCTI OfPELRETIEHHS 10/10-
KEHUNST UCTOYHMKE

MOJKHO OIIpPE/IeJIUTh TeM TOo4yHee, 4YeM HWHTEHCHUBHEE OH
ceerutcs. Eme B 80-X rosax mpomwioro Beka ¢ moMoIbio
ONITUYECKOTO MUKPOCKOTIA YMEJH ONPE/IE/ISATD TOJ0KEHNE
OT/IEJIbHBIX CBETSIINXCS MOJIEKYJl ¢ TouyHocThio B 10—20
HaHOMETPOB. HeoOXOAMMbIM yCJIOBHEM CTOJbH TOYHOTO
orIpe/ieJIeHUsT KOOP/IMHAT TOYEYHOr0 MCTOUHUKA SABJISIETCS
ero ojguHodecTBo. bumkaiimmii k nemy Apyroil Toueunblit
HCTOYHUK I0JKEH HaXO/UThCS HACTOJIBKO JaaeK0, YTOObI
HCCJIeIOBATEb TOUHO 3HAJ, 4TO 0OpabdaTbiBaeMoe n300pa-
JKEHIe COOTBETCTBYET OJHOMY UCTOYHUKY. IloHsATHO, uTO
9TO paccrosuue [ [OKHO YAOBJIETBOPSITH YCJIOBUIO

2 ——— Boarom cJIydae aHain3 u3o6parkeHust MOXKeT
2nsinu

JlaThb OYEHb TOYHbBIE JIAHHBIC O TIOJIOKEHUU CaMOT0 MCTOY-
HUKA.

BonbmmHCTBO 06BEKTOB, pa3Mepbl KOTOPBIX HAMHOTO
MEeHbIIIe paspemniaroniell CHOCO6HOCTH ONTHIECKOTO MIKPO-
CKOTIa, MOXKHO TIPE/ICTABUTh Kak HAGOP TOUEUHBIX HCTOU-
HUKOB. VICTOUHWKH cBeTa B TAaKOM Habope HaXOASITCS IPYT
OT JIpyTa Ha PACCTOSHUAX, HAMHOTO MEHDBIIUX BEJUYMHDI

A

2nsinu
MEHHO, TO CKas3aTb YTO-IMO0 O TOM, /€ MMEHHO OHU

PacCIIOJIOKEHDI, 6y/:[eT HEBO3MOKHO. TeMm He MeHee, eCJIn

. Ecom a1 nctouHMKN OYAyT CBETUTH O/HOBPE-
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CYMETb 3aCTABUTH 3TU UCTOUHUKK CBETUTDH 110 OUEPEIH, TO
MOJIOJKEHNE KaXK/I0T0 HUX MOKHO OIPEJETUTb C BBICOKOI
TOYHOCTHIO. Ecji 3Ta TOYHOCTD TIPEBBINIAET PACCTOSHIE
MEK/ly HCTOYHUKAMU, TO, 00J1a/1asi 3HAHUEM O TIOJIOSKEHUN
KaXKJI0TO W3 HHUX, MOXKHO Yy3HATh O TOM, KaKOBO WX
B3aWMHOE PACIOJIOXKEHNE. A 3TO 03HAYAET, YTO MOJTyYeHa
undopmaius o opme u pazMepax 0ObEKTa, KOTOPBI
MpeJicTaBJeH Kak Habop TOYEYHBIX MCTOYHUKOB. /[pyruMu
CJIOBAMU, B TAKOM CJIy4ae MOKHO PacCMOTPETDb B ONTHYEC-
KU MUKPOCKOTI OOEKT, PasMepPhbl KOTOPOTO MEHbIIIE, YeM
qudpakinoHHbIil Ipesen!

Takum o6paszom, KJIIOUEBBIM MOMEHTOM SIBJISIETCS TOJTY-
yenue MHOOPMAIMKM O PA3JUYHBIX YaCTAX HAHOOODBEKTA
He3aBUCUMO JIpYT OT japyra. CyIllecTByIOT TpU OCHOBHbBIE
IPYIIBI METOIOB, MO3BOJISIIOININE CIETATh ATO.

[TepBas rpynma MeTOIOB IleJIeHAPABJIEHHO 3aCTABJISET
CBETUTb Ty WJM HHYIO YacTh MCCJIEAYeMOTO OODbEKTa.
Camblif M3BECTHBIH M3 3TUX METOZ0B — CKaHUPYIOMas
ONTUYECKAsT MUKPOCKOIHS OJIMKHETO T10Jist. PaceMoTpum
ee nojipobHee.

ECJII/I BHUMAaTEJIbHO I/I3y‘{I/ITb Te yCJIOBI/IH, KOTOpbIE T10/1-
pa3yMeBaioTcs, KOrja peub uer o AudpaxkiimoHHOM Ipe-
Jiesie, OGHAPYIKUTCST, UTO PACCTOSIHUST OT OGBEKTOB JI0 JIH3
3HAUNTETbHO GOJIBIIE IJTUHBI BOJHBI cBeTa. Ha paccrostam-
SIX, CPABHUMBIX U MEHDIITMX TON JIJTMHBI BOJHDI, KAPTHHA
noJtydaeTcs Apyroit. Bésmsu 1i060ro 00beKTa, MOTABIIEr0
B 2JIEKTPOMArHUTHOE TI0JIe CBETOBON BOJIHBI, CYTIECTBYET
repeMeHHOe JIEKTPOMArHUTHOE TI0JIe, 9acTOTa U3MEHEHUS
KOTOPOro Takas >Ke, KaK 4YacToTa M3MEHEHUs I0JIsT B
CBETOBOI BoJIHe. B oTsimyne oT ¢BETOBOU BOJIHDI, 3TO II0JIE
OBICTPO 3aTyXaeT MO Mepe yAAJeHUus OT HaHOOODHEKTA.
PaCCTOfIHI/Ie, Ha KOTOPOM IIPOUCXOAUT yMeHbH_IeHI/Ie NH-
TEHCUBHOCTU, HAIIPUMED, B € Pa3, CPAaBHUMO C pazMepaMu
o0bekTa. Taknum 06pa3oM, 3JEKTPOMATHUTHOE TI0JIE OTITH-
YeCKOW YacTOTHI OKA3bIBAETCSI CKOHIIEHTPUPOBAHHBIM B
o0beMe TIPOCTPAHCTBA, pasMep KOTOPOTO HAMHOTO MeHb-
1re, 4yeM JIJTMHA BOJTHBI cBeta. JII000i HaHOOOBEKT, TIOTaB-
I B 9Ty 006J1aCTh, Oy/IeT TaK WJIN WHAYe B3aUMO/IECTBO-
BaTh CO CKOHIIEHTPUPOBAHHBIM TI0JIeM. Ecyin TOT 00beKT,
C TIOMOIIBI0 KOTOPOTO OCYIIECTBJISIETCS TO KOHIIEHTPUPO-
BaHME TIOJIsSI, TIOCJEeOBATENIbHO IepeMeniarTh Mo KaKoii-
60 TPAEKTOPUH BJIOJIb M3y4aeMOTr0 HAaHOOObEKTA M Peru-
CTPUPOBATh CBET, U3JIy9aeMbIil 3TOW CHCTEMOW, TO MOKHO
MOCTPOUTH U300PaKEHUE TI0 OT/IEJbHBIM TOYKAM, JieKa-
UM Ha 3TOK TpaeKkropuu. KoHeuHo, B KaxK/0ii TOUYKe
nzo6pakenne GyleT BbITJSAAETb TaK, KaK MOKA3aHO Ha
pPHUCYHKE 2, HO pa3peleHue IIpu 3TOM OY/IET OTPEeIesAThCS
TeM, HACKOJIbKO Y/IAJ0Ch CKOHIIEHTPUPOBATH MoJie. A 310,
B CBOIO OUYEPE/Ib, OIIPE/IETSETCS pa3MepaMu TOro 06beKTa,
C TIOMOIIBI0 KOTOPOTO 3TO I0Ji€ KOHIIEHTPUPYETCS.

CaMbBIM pacrpoCTpaHEHHBIM COCOOOM TaKOil KOHIIEHT-
paIuy MoJisi SIBJSETCS M3TOTOBJIEHUE OYEHD MAJEHBKOTO
OTBEPCTHS B METAJLINYECKOM dKpaHe. OOBIYHO 9TO OTBEP-
CTHEe HAXOJUTCS Ha KOHIE 3a0CTPEHHOTO U IOKPBITOTO
TOHKOH ILTEHKOH MeTalta cBeToBoga (CBETOBOZ YacTo
Ha3bIBa€TCA OITUYECKUM BOJIOKHOM M IIHUPOKO I/ICHOJIbSy-
€TCA [JId Iepe/iadn /TaHHbIX Ha 6OJIbH_II/Ie paCCTOHHI/ISI).
Ceituac yaercst H3roTaBJIuBATh OTBEPCTUS C AHMAMETPAMU
or 30 o 100 uM. Takum xe 10 BeJMUYWHE MOJIYYAETCS U

(MpononxerHme cM. Ha ¢. 35)
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SAJAYHUK «KBAHTA»

3agayu

10T pasfen Beaercs y Hac U3 HOMepa B HOMEP ¢ MOMEHTa OCHOBaHUS XXypHana. [lybnukyemsie B Hem
3aga4yn HeCTaHAapTHbl, HO /IS UX PeLUeHUs He TPebyeTcs 3HaHWUM, BbIXOZALNX 33 PaMKU LUKO/TbHOM
nporpammel. Hanbonee tpyaHble 3a4a4yv OTMeYatoTcs 3Be3404Kou. [locrne gopmynnpoBku 3anayu mel
006bI4HO YKa3bIBaeM, KTO HaM ee Mpeanoxwi. Pasymeercs, He Bce 3Tu 3a[a4v MyoOuKyoTcs BriepBble.

PeluieHns 3a4a4 U3 3T0ro Homepa cieqyer oTrpasaTe He nosgHee 1 urona 2010 roga no agpecy: 119296
MockBa, JleHuHckmi npocnekT, 64-A, «KBaHT». Pewieuns 3aaay v3 pasHbIX HOMEPOB XXYPHaaa W o
Pa3HbIM rpeameTam (MaremaTvuke u QU3nKe) rnpucbiianTe B pasHbiX KoHBepTax. Ha koHBepTe B rpaghe
«Komy» Hannwmre: «3agaqyHuk «Kearnta» Ne2-2010» n Homepa 3a4a4, peLueHnsi KOTopbix Bbi nocbiiaere,
Haripumep «M2169» nnn «@D2175». B rpaghe «OT KOro» gpammninio v UMs rpPOCUM 1ucaTeb pazbopymso. B
MUCbMO BJIOXXUTE KOHBEPT C HalCaHHbIM Ha HeM BaLuvm agpecom v Heobxoanmbivi HA6op Mapok (B 3ToM
KOHBepTe Bbl ronyynre pe3ysibTatsl MPOBEPKU PeLLeHU). PeleHuns 3a4a4 110 MatemMaTuke v ¢omsnke MoXKHO
TPUCHINIATL TakXKe 10 3/IEKTPOHHBIM aapecam math@kvant.info u phys@kvant.info coorBeTcTBEeHHO.

YcroBus kaXxaovi opurnHaneHov 3a4a4u, rpeanaraeMon 4ns nyoenukaunm, npucsIiante B oT4e/1bHOM
KOHBEpTE B ABYX 3K3eMIISpax BMecTe ¢ BaLumm peluerHuem 31ovi 3a4a4u (Ha KOHBepTe romeTbTe: «3afavyHuK
«KBaHTa», HoBasi 3a4a4a o ¢usuke» nam «3agayHnk «KaHta», HoBasi 3aga4a o MareMaTuKe»).

B Hayvarne Kaxgoro nuceMa rpocumM yKasblBaTb HOMEP LUKOJIbI M KJ1acc, B KOTOPOM Bbl yynTecs.

3agayn M2171 u M2172 npegnaranucb Ha pervioHansHom 31are XXXVI Bcepoccuvickot onumnuaasi

DN3NKE

LUKOJIbBHUKOB 10 Martemaruke.

3apaun M2169-M2175, ®©2175-D2182

M2169. Kaxaas cropoHa 0CTPOYTOJbHOTO TPEYTOJbHUKA
ABC MeHbllle COOTBETCTBYIOIIEN CTOPOHBI TPEYTOJIbHUKA
A'B'C . Joxaxure, uto R < R', e Ru R’ — pamuycbl
OKPY’KHOCTEH, OIMCAHHBIX OKOJIO TpeyroibHUKOB ABC n
A'B'C COOTBETCTBEHHO.

I1. Kosxesnurxos

M2170. OxpyskHocTb mepecekaeT rpadur QYHKIINHA
y = x° —=2009x Buectn roukax. Haiianre cymmy aGermmce

STUX TOYEK.
H.Bozoanos

M2171. MoskHO 1 pa3OUTh TIPU KAKOM-TO HATyPATBHOM R
Bce HaTypaJsibHble unciaa or 1 g0 k Ha [Be TPyNIbI U
BBITIACATH YNCJIA B KaXK/OW TPYTITIe B HEKOTOPOM MOPSI/IKE
TaK, YTOOBI TOJYUYNJIUCH /[BA OJJMHAKOBBIX YHCJIA?
H.Azaxanos

M2172. B tpeyrosbhuuke ABC npoBeieHbl GUCCEKTPUCHI
AD, BE n CF, nepecekarotiuecst B Touke I. CepeuHHbBIIHI
MEPTIEH/INKYJISIP K oTpe3ky AD mepecekaet npsimbie BE u
CF B Toukax M u N. Jlokaxkutre, yto Touku A, I, M u N
JIeXKaT Ha OJTHOM OKPY>KHOCTH.

. IIpoxonenko

M2173. Ilyctb p > 3 — mpocToe YncJIo, @ i b — 1eJible 4ncia
Takue, uto @’ +ab +b° pemutcsa ma p. Jlokaxute, uTo
(a+b) —a’ -b” nemurcs: a) ma p*; 6*) ma p°.
b.JTypve
M2174. a) CyuiecTBYIOT Ji YeTbIpe PABHBIX MHOTOYTOJIb-

HUKa TaKUX, 4TO JIOOBblE /[BA U3 HUX HE MMEIOT OO6IINX
BHYTPEHHUX TOYEK, HO IPaHUYaT 110 OTPE3KY?
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6) Tor ke BONPOC [JISi YETBIPEX PABHBIX GbINYKLbLX
MHOTOYTOJIbHIKOB.
C.Mapxkenos

M2175. Ilyctb S — MHOXKECTBO U3 7 JCHCTBUTEIbHBIX
unces, nexkamux B orpeske [0; 1] (n =1). [I1a Hekoro-
poro k (0 < k < n) k-sneMeHTHOE IIOAMHOXKECTBO A
MHOKeCTBA S Ha3bIBAETCS XOPOULUM, €CIU PAZHOCTD MEXK-
ny cpennuM apudmernyecKuM R duces, Jexanux B A, u

cpeHIM apudMeTHIecKuM 1 — R uuces u3 .S, He JesKaImx
n
B A, He MPEBOCXOANT 53 i 7y k(n-k) [okaxure, 4TO cpean

BCeX Kk-3JIEMEHTHBIX IIOAMHOKECTB MHOKECTBa S J0JIA
2
XOpomux IMOAMHOJKECTB COCTaBJIAET HE ME€Hee — .

n
A.Badsan

®2175. I11ait6a CKOTB3UT IO TOPUBOHTAIBHON TOBEPXHO-
CTH, CUJIA TPEHUS O KOTOPYIO MPOTIOPITMOHATbHA KBAJ[paTy
cKopocTH Traitbpr. HavanabHas CKOpPOCTh MAlObI yraJa
B/IBOE uepes3 BpeMs 1 TocJie HavaJia IBIKEHNs . 3a Kakoe
BpPEMST CKOPOCTD YTIAJIET elrle

BTpOE?

A.Bunvbepman

®2176. KoHcrpykius B
Buge 6yksor I' (puc.1) cue-
JIaHa W3 TPOBOJIOKW NOCMO-
AMHO020 ceyenust, yToJ TIpsi-
MO, JIJTMHA KOPOTKOTO KYC-
Ka B 4 pa3a MeHbINE, 4YeM
panaHoro. Hurtu, Ha KoTO-

PBIX BUCUT KOHCTPYKIUA, \/i

BEPTUKAJIbHBI 1 O/ITHAKOBbI Puc. 1
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SAJAYHHUK

no mjaubHe. Haliure OTHOIIEHUME CUJA HATSOKEHUS 3STHUX
HUTEH.
3.Paghaunos

®2177. Ha xopiyce deHa, npeiHa3HAYEHHOTO [/ GBbICT-
poil cymku BoJioc, ectb Hajamuch: 1200 Br. [duametp
OTBEPCTHSI, I3 KOTOPOTO BBIXO/NT BO3/YX C TeMIepaTypoit
80 °C, pasen 4 cMm. TemiepaTypa Bo3ayXa B KOMHaTe
20 °C, nmaBrienHue BO3ayXa 10° Tla. C kakoit cpejHeii
CKOPOCTBIO OTHOCUTEIHHO KOpItyca (heHa IBUKETCS BbIXO-
AU Hapy Ky TOPSYWi BO3/yX?

C.Bapaamos

®2178. Tsepmoe BemectBo CO, TOXO)Ke Ha IJIOTHO
CJIETIJICHHBIN CHEYKOK — GeJIblif HETIPOUHBIN KYCOK CKOM-
KaHHOTO CHETa — M Ha3bIBAETCS «CyXOi Jie/[» , KOTOPBIH Tpu
arMocepHOM JlaBJieHUH uMeeT Temiepatypy —65 °C .
HexkoTopoe KoIuIecTBO 3TOTO BelecTBa B3BECUJIH 1 MOJIO-
JKIJTH B HEPACTSIHYTYIO PE3UHOBYT0 060JI0YKY BO3/YIIHOTO
mapuka, umetoltyio maccy 3 r. O60J104Ky 3arepMeTH3upo-
BaJIU, 3aBsSI3aB Y3JIOM PE3UHOBYIO BXOAHYIO TPYOKY IapH-
Ka, JOXAAJINCh, TOKA BeChb CYXOH JeJ WMCHAPUJICS U
HarpeJsicst 0 KOMHATHOI TeMIepaTypbl, a 3aTeM HaIyB-
MIMICS MIApUK B3BECUJIM HA TeX JKe BecaxX — TIOJIYYUJICST
pesyabraT 69 r. UTo TOKa3bIBaIN BeChl IPY B3BENTHBAHUN
TBEP/IOTO BEIeCTBa?

C.Bapaamos

®2179. Harpesatesib neaabHOI TETLIOBOM MAITNHBI TMe-
eT HauaJdbHyIO Temneparypy 27, ero TemaoeMmkocts C,
TeMIepaTypa X0JI0AnJIbHIKA B HadaabHblil MoMeHT T, ero
TEIJIOEMKOCTD B/iBoe Gosbire. Terioo6Mena ¢ okpy:karo-
meil cpefioif HeT, MalIMHA MUMeeT MaJIeHbKYIO MOIIHOCTD
Jlaxke IIpM HadaJbHOU pasHoctu temieparyp. Haiigure
TEMIIEPATYPBI Tesl Yepe3 odeHb GoJibinoe Bpems. Kaxyio
paboTy MOXKET COBEPITHUTDH MAIIMHA 32 3TO OUeHb 60JIbIIOe
BpeMs?

C.Mypasves

®2180. Konzencatopsl B cxeme (puc.2) oQMHAKOBEIE,

eMKocTb Kaskmoro 100 Mxd, cormpoTuBieHre pe3ncTopa
100 Om. Barapeiiky nanps-
>kenueM 12 B ¢ MasbiM BHYT-
PEHHUM COIPOTHUBJIEHNEM

1 o

1 I J_ MO/IKJIIOYAIOT K 3TOI CXeMe.

-

Kakoe xommuecTBo TEMIOTHI
o T BBIJIEJIUTCS 32 GOJIBINOE BPe-
Puc 2 M4 B pesnctope? Kakoe moJ-

HOE KOJIMYECTBO TEIJIOTHI BbI-
JIEJINTCST TIPU TIOJIKJII0UeHun GaTapeitku?

A.Iloemopos

®2181. B 0ogHOPOIHOM 3JIEKTPUYECKOM TOJIE HAIPSIKEH-
HOCTBIO E|, yAepsKUBAIOT UI0JIb, COCTOSALIMI 13 JIETKOTO
JKECTKOTO CTEPIKHS [ITMHON d, HA KOHI[AX KOTOPOTO YKpeTi-
JICHBI OJTMHAKOBBIC MaJICHbKHUE MMAPIKN MacCOM 7 KasK bl
¢ 3apsgamMu g u —q. Haiiaure MakCHMaJbHYO YTIJIOBYIO
CKOPOCTb CTEPKHS TIOcJe OTIMycKaHus aumoJsa. Cnia
TSIKECTH OTCYTCTBYET.

A.IlIpocmos

®2182. K nocsie1oBaTeIbHO COEIMHEHHBIM KATYIIKE H-
nykrusHoctbio 1 ' m kongencatopy emkoctbio 1 MKD
nozKo4alor ucrounuk (puc.3), cogepsxamuii Garapeitky
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HanpsoxkenueM 1 B u ugeampubiit amon. Yepes A

CEKYHJIy TOCJIe ATOTO UCTOYHUK OTKJIIOYUIH OT

KOHTYPa U MOJIKJIIOYUIN BHOBD, TOMEHSB TIOJISIP-

nocth (TToMeHsIM MecTaMy BuIBoAbI A 1 B), ere

yepes3 CeKYH/Iy CHOBA MMOMEHSIJIN MOJSIPHOCTD — U

tak 100 pa3. Haiijute HanpskeHne KOH/IEHCATO-

pa depe3 CeKyH/1y T0CJIe TIOCe/IHETO TIepeKJIoYe- TH

HUM. DJIEMEHTBHI 1IelId CUUTATh WeaJlbHbIMU.
V.buvinos

PeweHunsa 3apay M2146-M2152',
®d2160-d2167

M2146. Ha xoopounammoii naockocmu napucosaiu 2008
epaguxos keadpammvix mpexunenos. Mosxem au oxa-
3amucst, 4mo 045 KaxK0020 U3 HUX CYWecmaeyem npamas,
umerwas obuue MouKU ¢ 1100bIM 2PAGUKOM, KPOMeE 1e20?

Puc. 3

OT1BeT: MOKeT.

[Tpusesem npumMep gake GECKOHEYHOTO MHOKECTBA Mapa-
601 P, P, P;,..., yioBIeTBOpSIOMUX ycaoBuio. PaccMoT-
puM mapabosy P, 3aJaHHyl0 ypaBHEHHWEM ¥ = —x2, n
mycTh mapa6osa P, cuMMerpuyHa mapaboJie P OTHOCH-

2
TesbHO TOuKU K, ¢ KoOpAMHATaMU (n, -n ), n=1,2, ..

Kaxmas u3 mapa6o
P, umeer o6uryio xa-
caresibHylo [, ¢ napa-
6osoit P (cM. pucy-
Hok). IlapaGoma P,
JIESKUT BBIIIE TIPSIMOI
[, mnMeer ¢ Hell eiUH-
CTBEHHYIO OOIIYIO TOY-
ry K, . llapa6ona P
JIEXKUT HIDKE TPSIMOI
l,, B 4acTHOCTH, BCe
Touku Kacaunusa K,
1#n, Jexar CTporo
Huske npsaMmoi [, .
CABMHYB HEMHOTO
BHU3 npamyio [, , 1o-
JIYYUM TaKYI0 PSIMYI0
I, , aro Bce Toukn K;,
1#n, TO-TIPEXHEMY
JIeSKAT CTPOTO HIDKE I
Hee, a Touka K, — :
crporo Bbite Hee. Torma npsimasi [, He iepecekaeT TOJIbKO
ofmHy mapabony P, us mHOXectBa P, P, P;,...

I1. Kosxeenuxoe

M2147. B kaxooil kiemxe OecKOHeunou KAemudmou
NJOCKOCIMU 3ANUCAHO 0 lCTNEUMEbHOe YUCAO MAK, YO
6ce Geckoneunvie 6 00e CMOPOHbL 20PUSOHMATLHLIE U
B8EPMUKAIBHDIE NOCICO08AMESLHOCTRU YUCE NePUOOULEC-
Kue. Jloxaxume, umo natidemcs 6eCKOHeuHo MHO20 20pU-
30HMAILHBIX NOCACO08AMENLHOCTNEN ¢ PA3IULHOIMU HAU-
MEHLWUMU Nepuodamu mozdd u moavko moedd, Kozod
Haiidemcs 6eCKOHeUHO MHOZ0 GEPINUKAILHBLX NOCLe006d-
MeAbHOCMEl ¢ PA3IULHOIMU HAUMEHDUUMU NePUOOAMU.

HOHYCTI/IM, 410 6GECKOHEYHO MHOTO TOPMU3OHTAJIbHBIX I1OC-
JIelIOBaTeJIbHOCTeﬁ C pa3JIMYHbIMN HaUMEHbIINMU TI€PUO-

T Pewenue sadauu M2153 6ydem ony6auKo6ano nosxe.
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28 KBAHT:- 2010/Neo2

JlaMU He HaijieTcs. ITO 03HAYAET, YTO CYIIECTBYET TaKoe
KOHEYHOE MHOKeCTBO HaTypaJibHbIX YHCeI {T1,T2,...,Tk} ,
YTO JIJIST BCSKOHM TOPU3OHTAJIBHON TIOCJIEIOBATEIHHOCTH €€
HauMeHbINUHI Tepuo/ coBmagaer ¢ oauuM u3s 7T;. Torma
T =TT, ...T, aBnsercs nepuojoM JioO0H TOPU3OHTAJb-
HOI1 IIOCJIe0BATEJIbHOCTH. 3HAUYUT, KJIeTuaTasl IIJIOCKOCTh
pacriajilaeTcst Ha OJIMTHAKOBbIE BEPTUKAJIbHbBIE TIOJIOCHI TITH-
puHoii B T cTOJIOIOB, T.e. cyliecTByeT He 6osee T BepTH-
KaJTbHBIX TTOCJIEI0OBATETHHOCTEH ¢ PAa3TMIHBIMI HAaNMEHb-
muMn nepuogaMu (Tak KaK Pas/IMYHbIX BEPTHKAJIBHBIX
nocJieioBaresbHocTelt e 6osee T).
Pemenue 3aBepuimM, HOMEHSB B TIPEJBIIYIUX PACCYKIE-
HUSX POJISIMU BEPTUKAJIbHbIE U TOPU3OHTAJIBHbBIE TIOCJIE/I0-
BaTEJIbHOCTH.
3ameuanue. Unrarenam npeanaraercst yoeaurbes (1o He
OYEBU/HO!), UTO CYMIECTBYIOT PACCTAHOBKHU JEHCTBUTEb-
HBIX YUCEJI, /IJIS KOTOPhIX BCE TOPU30HTATbHbIE U BEPTHU-
KaJIbHbIE TIOCJIE/IOBATETbHOCTH TIEPUO/NYeCKNe, HO Hall-
Jiercst GECKOHEYHO MHOTO FOPU30HTaIbHbIX (M BEPTHKAIb-
HBIX) TOCJIE0BATENbHOCTEN ¢ Pa3INIHbIMA HauMeHbBIITH-
MU TIepPUOIaMH.

E.3nax

M2148. 1o kpyey evinucanvt wucaa 1, 2, 3, ..., 100 &
nHexomopom nopsioxe. Ilems eviuucaun 100 cymm 6cex
Mpoex CoCeOHUX Yucel  HANUCAL Hd 00CKe HAUMEHLULYTO
u3 amux cymn. Kaxoe nauborvwee uucio mozno 6vimo
HANUCano ma docke?

OrtBer: 150.
Paccmotpum 6oatee obiryio 3amauy, samenus 100 #a uncio

3n
n Bujia 6r + 4, M MOKaKeM, 4TO OTBETOM OY/IET YHUCJTIO 5

Beigenum umcio n, a octaBmmecd n — 1 = 67 + 3 uncia

pazobpem ma 2r + 1 = TPOEK COCEIHUX YHCEJI.

CymmMa umcesn B 9TUX TpeX Tpoikax paBHa 1 +2 + 3 + ...

...+<n—1>=@=?’2—”

OJTHOM W3 PACCMaTPUBAEMBIX TPOEK CYMMa Unces He 60Tb-

3n
me —.

2

OrnuiieM TpuMep, B KOTOPOM B JIO00OH TpOiike cymMa

[%1 , IIO9TOMY XOTA ObI B

3n

yuces 6y/IeT He MeHbIIle YeM PR Paso6bem uncma 1, 2,...
...,n—=1=6r+3narpoiiku uncen (a;,by,¢;), (a,by,6,),...
. (a2,+1,b2,+1,c2,+1) C PpaBHOIl CYMMO¥ cJIefyIONM
o6pasom. (3amernM, 4To Takoe pasOUEHUE UCIOJIb30BA-
JIOCh, HATIpUMep, Npu perteHun 3agaun M2068.) Tlycrb
b,by,...,b,,y — om0 umcaa 1, 2, ... , r + 1 B nopsiake
Bo3pactanus, b,,y,...,0y, 4 — 310 UMCTA ¥ + 2, ¥ + 3, ...
..., 2r + 1 B opsike yObIBaHUS; dy,dy,...,d,,; — TO YHCJIA
3r + 2, 3r + 3, ..., 4r + 2 B mopsi/ike BO3PACTAHUS,
Ayyy...,ly, 4 — ITO UETHDBIC uncaa 4r + 4, 4r +6, ..., 6r +
+ 2 B mOpsI/IKe BO3PACTAHUS; C(,Cy,...,Cppy — OTO HEUETHDIE
yucyaa 47 + 3, 4r + 5, ..., 6r + 3 B nopsiike yObIBaHus,
Cr4yeeesCopyy — OTO uMesa 2r + 2, 2r + 3, ..., 3r + 1 B
mopsiike yObIBAHII.

OrMeTHM, 4TO TPOIKHU cOpMUPOBAHBI TAaKUM 06Pa3oM,
YTO MOCJIEJOBATENbHOCTD dy,dy,...,dy,,; BO3PACTAET, a
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OCJIeJOBATEJNBHOCTD
Cy,Cy,...,Cypyq YODBIBACT.
PaccraBum umcaa mna
OKPY’KHOCTH B TIOPSIJIKE
n, a,b,c,ay,bycy,...
ey Ay, Doy, Copag (Ha
puMep, 1pu n = 22 1o-
JIydaeTcsl paccTaHOBKa,
n300paskeHHass Ha pH-
CYHKe, I OTBETOM B 3a-
nave Gyzer uncao 33.)
OueHuM CyMMbl TPOEK 16 7= L
[IOCJIe/IOBATENbHBIX Y-

ceJi. B kaxxzioit Tpoiike Buja (al-, b;, Cl-) cyMMa dKceJ paBHa

3n .
B TOMHOCTH =~ B rpoiike suna (b;,¢;, ;) (cunraem

TaKKe N = dy,,y ) CyMMa Godibile, ueM B Tpoiike (a;,b;,¢;)
13-3a BO3PACTaHNs ToceioBaTebHocTh {a} . Ananoruy-
Ho, B Tpoiike Buaa (c;_1,@;,b;) (cunmraem Takxe n =)
cymma Goablie, uem B Tpoiike (d;,b;,¢;) ns-3a yGbipanus
TTOCJIeIOBATETHHOCTH {c,} . Ocraetcs Tpoiika (62,+1,n,a1) ,

cyMMa ymcesl Kotopoii pasua (27 +2) +n + (3r + 2) >

3
>n+(3r+2)=7n.

3ameuanue. HeTpyHo mocunTarb, 4TO cpejiHee 3HAUECHNE
CYMMBI TpeX TIOCJIeOBATEJbHBIX YUCEJ HA OKPYKHOCTH

3(n+1)

paBHO — [Ipu n = 6r + 4 ato maer onenky Ha 1

60JIbIIe UICTHHHOTO OTBETA.
WNurepecho, Kakue pe3yabTaTbl MOKHO MOJYUYUTD, €CJIU B
UCXOIHON (POPMYTUPOBKE BAPHUPOBATH HAOOP PACCTABIS-
€MbIX YHCeJ, MEHSATh TPOUKHU COCEHUX YUCEN Ha YeTBEp-
KU, MSTEPKH, U T.JI.

1. Ko.xesnuxoe

M2149. B mpeyzorvnuxe ABC cmoponvt AB u BC pasoL.
Touxa D enympu mpeyzorvHuxa maxosd, umo
UOADC= 21 ABC. [lokxasxxume, 4mo ydgoennoe paccmo-
sHue om mouxku B do enewnei buccekmpucot yeaa ADC,
pasno AD + DC.

ITycrp onucannasg oxkpyskHOCTb Tpeyrosibuuka ADC 1ie-
pecekaer BbicOTy TpeyrosbHuka ABC, mpoBesieHHYIO U3
Touku B, B Toukax O u B

P, upuuem O Jjexut
BHYTPH TPEYTOJbHUKA
ABC (cm. pucyHok). 13
cummerpun O u P —
cepenunbl ayr AC (u
OP — puamerp), 1109TO-
my UOADP=0 CDP,
T.e. DP — Guccekrpuca
yraa ADC. IlockoJbKy
yron PDO onupaercs A
Ha JMaMeTp, TO OH TIpsI-
Moii, 3Haunt, DO — BHe-
IHsIs GUCCEKTPHCA YIJia
ADC.

3ameruM, uro JAOC=
=0ADC= 21 ABC nu
AO = OC, noatomy TOY- f2)
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SAJAYHHUK

ka O sBJsieTcsl HEeHTPOM OIMCAHHOM OKPYKHOCTH Tpe-
yronbuuka ABC.
Iycts amst ompenenennoctu AD = CD . Tlyerp K —
npoexius Toukn O na AD, L — npoekius Touku B Ha OD),
C' — 1ouka, cumMerpuyHas Touke C orHOoCcuTEbHO OD.
Tak xkak OD — Buemsist Ouccekrpuca, T0 C' jieskuT Ha
npojio/kennn orpeska AD 3a Touky D.
U3 cummerpun AC' =AD + DC' =AD + CD u OC' =
= OC. Ho nockosbky OA = OC, tpeyroapauk OAC' —
AC" AD+CD

5 = 5 . (910
paccysK/ieHIe TPAKTUYECKT COBIAIACT C PEIIEHNEM 33/[a4n
M1000 «3agaunuka «Kanra».) Tenepb a1 3aBepIlleHus
peleHus JOCTAaTOYHO YCTAHOBUTD PABEHCTBO OTPE3KOB BL
n AK.
Nmeem DAOK= 90-0 OAB 96-0 OPD OPOD-
= UBOL . Ilony4yaeMm, 4TO IPSIMOYTOJIbHBIE TPEYTOJIbHU-
kn AOK u BOL pasupi o runiorenyse (AO = OB, Tak Kak
O — 1eHTp ONMUCaHHOI OKPyKHOCTH Tpeyroabauka ABC)
n ocrpomy yray. CaemoBarenbHo, BL = AK, 4urto #u
Tpe6OBATIOCD.

paBHOOeipeHHbIil, 3HaunT, AK =

11.Kosxeenurxos

M2150. B cmpane Jleonapouu sce dopozu — ¢ 0OHOCMOPOH-
HuM Osuxenuem. Kasxoas dopoza coedumnsiem dsa zopoda u
He npoxodum uepes opyzue zopoodd. /lenapmamenm cmamu-
CIUKU BIUUCAUTL 0151 KAKO020 20p00d CYMMAPHOE UUCO
Kumeael 6 zopodax, omxyoda 6 nezo eedym Oopozu, U
CYMMApHOe YUCI0 JKumeell 6 20podax, Kyoa eedym dopozu
u3 nezo. [loxaxume, umo xoms 6v. 0as 00H020 20p00d
nepeoe UUCA0 0KA3AN0CH He MEHbULE 8TOPOZO.

Iycts n(A) — uucno sxureneii ropoga A, a f(A4) -
cyMMapHOe HaceJIeHle TOPOJIOB, JOPOTH 3 KOTOPBIX BXO-
JAT B A, MUHYC CyMMapHoe HaceJIeHie TOPO/IOB, B KOTOPbIe
BBIXO/IAT foporn u3 A. Ecam yTBep:/ieHune 3aiaun HeBep-
1o, 10 f (A) < 0 ans kaxoro ropoma A. Toraa cymma S
aucen n(A)f (A) 1o Bcem ropogam cTpaHbl OTpUIIATETb-
na. C apyroit CTOPOHBI, PACCMOTPHUM JIOOYIO JIOPOTY 13
ropoga X B ropox Y. B uucno n(Y)f(Y) ara popora
srocut «skaaa> +n(Y)n(X), a B uucio n(X)f (X) -
«sraany —n(X)n(Y). Cymma S nonyuaercss B pesybra-
Te CIOKEHHA <«BKJIAJ0B» BCeX Jopor, mosTomMy S = 0.
[IpotuBopeune.

3ameuanue. OTMETHM, YTO B PEIIEHUH Mbl HCIIOIb30BAIH
JUIIb TOT (aKT, 4TO BEJMYMHA <KOJMYECTBO >KHUTEJeil
ropozia» mojoxuTebHa. YTo6bl OHO ObIIO IeJbIM, He
Tpelyercs.

H.I'pasun
M2151. Yucarosou mpeyzonrvrnuk
1
[ |

T2 3 2 1
T3 6 7 6 3 1
14 10 16 19 16 10 4 1

cocmasaen no caedyuemy npasuiy. B nepsoil cmpoxe
00no uuciao, pasnoe 1. B k-it cmpoxe (k = 2, 3, ...)
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sanucvisaemes 2k — 1 wucen, Kaxooe u3 KOMOPwvIX PAGHO
CYMME Mpex UUcesl! YUcad, CIoauez0 HAd HUM U 08YX €20
cocedeii 6 npedvidywetl cmpoke (ecau HeKOMoOpvlx U3
MaAKUx mpex wuces Hem, mo OHU CHUMAIOMCS PAGHLIMU
0). [loka:xume, umo 6 cpednem cmobye ne 6Cmpemumcsi
quces, 0arwux ocmamox 2 npu deirenuu Ha 3.

o 1 2 2n
Ilycrs ay,,a,,a;,,...,a,

[pH 9TOM @, — YHCJIO U3 cpefpnero crosbua. [Tomoxnm

— (n +1) -2 crpoka TpeyrospHuKa,

TaKKe afl =0, ecim i < 0w i > 2n. Torpa u3 ycaoBusg

i-1 i-2
. ta,”.

samaun a,, =d. +a
JloKaskeM MHYKIWeElt 110 72, 9To ¢! paBHO Koo duImeHTy
npu x' (focie TpuBeeHus MOAOGHBIX CHAraeMbix) B
MHOTOUJIEHE (x2 +x+ 1)n . 9to BepHo aasg n = 0. IIpemmo-
JIOKHB, YTO 9TO BEPHO JUJISI YUCesT U3 R-il CTPOKH, nMeeM

9 k+1 9 k 9
(x +x+1) =(x +x +1) (x +x +1) =
= (azkx% +a,fk_1x2k'1 +... +a}€x +a2)(x2
_ aikx2k+2 +(a£k +a£k—1)x2k+1 +

" (aﬁk +a£k—1 +a£k—2)x2k +

+x +1) =

+ (a;f“ +aph +a£k'3)x2k'1 +... +(a}€ +a2)x +ay =

—  2k+2 2k+2 2k, 2k+ +

1 0
Ay X Ty X v F X Ty

T.e. yTBEpKAeHHME BepHO m juig umcen uz (k + 1)-i
CTPOKH.
Urak, yncio a, paBHO Koa(duiueHty npu x”" B MHOTO-

n n
yJjieHe (x2 +x +1) . Ho y mHorousenos (x2 +x +1) n

n 2
(x2 +x+1 —3x) =(x =1)™ coorsercrayionme koapu-
[[MEHTDI JIAI0T PaBHbIE OCTATKU IPH jlesiennn Ha 3. Tak kax
p _
(x-1)" =2 -Cyx™ ™+ +(A)" CLa" +.. 1 (rae
m!
Ck —

" (- ).
JList 3aBepIeH st PEIeH s OCTAeTCsT OKa3aTh YTBEPIK/Ie-
rue: uncao K, = (=1)" C3, we maer ocrarok 2 npu mesenumn
Ha 3. Bocnomabsyemcsi mugyknuein mo n. Ilpm n = 1
yTBepsK/IeHre BepHO. J[OKaskeM yTBepIKIeHHUE IS YHCIa
K, , TpefnosioKuB, YTO OHO BEpHO s Bcex K;, Tre
1 <n.

[IpeamosioxxuM BHauaste, 9To n He Aeautcs Ha 3. Vimeem

2n-1)(2n
n2)( ) , umm nK, =-2(2n -1)K,

= (2n-1)K,_ (mod3). Ecmm n=1(mod3), 10 K, =

= K,_(mod3); ecim xe n=-1(mod3), 10 -K,

= -3K,_; =0(mod 3), r.e. K, =0(mod3).

I[Tycrb Tenepb n geaurcst va 3, n = 3m. Torna

), 10 a =(-1)"C3, (mod3) .

Kn = _Kn—1

K, = (-1)" o =

n

-1y

3m + 1)(3m +2) (3m +3)...(6m —2)(6m —1)(6m)
12 B O.. E(Bm —2)(3m —1)(3m)

(D
[omoxxum A = (3m + 1)(3m + 2)(3m + 4)(3m + 5) ...
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. (6m—2)(6m— 1) (mpousBeseHNe YHCET, HE JEIAMUXCS
Ha 3, m3 orpeska [3m + 1;6m]), B=1RHZG0.

.[(3m —2)(3m —1) (upoussenenue unce., He JeasIIX-

ca Ha 3, us orpeska [1; 3m]); sacuo, utro A = B + 3C paa
nekoroporo Harypasibioro C. Cokparus B apobu ([])
KaXK/IbI TPETUN COMHOXKUTETh Ha 3, TOJydyaeM

= A e (D) fon)
- %c( )" Gt =K
BK, = AK,, =(B +3C)K,,
n, cjaea0BaTeJIbHO,
BK, - BK,, = B(K, -=K,,) =0(mod 3)..
Tax xax B ne gemures Ha 3, 10 (K, - K,,) =0(mod 3),

wm K, =K, (mod 3). HyxHoe yTBepsK/ieHHe JOKAa3aHO
10 WHTYKITHH.
H.Bozdanos

M2152*. I1apa (p,q) pasiuwunsix npocmoix wuces nasviea-
emcst 0co60il, ecau CYyuecmeyem d, npedcmagumoe 6 suoe
a=x"+y" =27 +t7 dna nexomopvix namyparvnoix x, y,
z, t, no ne npedcmasumoe 6 sude uP! + P, 20e u u v —
namyparvivie uucaa. Joxaxume, umo moboe npocmoe
YUCTO P BXO0UTN 68 OECKOHEUHOE YUCTO 0COOLLX NAp.

Ilyctb p=2,q=2t+1. Umeem 2[5 =1+ 3%, nosromy /1
a =207 umeem
a=(5) +(35) =57 +5.

Ecsin mpe/ioiosKuTh, 4T0 yKa3aHHOE d IMPEJCTABUMO B
Buge u*? +0%*! | T0 u M v HeYeTHDBIE, OLHOBPEMEHHO e
pasubie 1, sHauut, a =2 57 = 327 41>97 4 2> %ﬁ

92
>— — nporusopeune. Takum o6pasoM, s JH060r0
npocroro Hevernoro ¢ mapa (2, g) — ocobas.
[IpuMeHIM CXOJHBbIE PacCy’KJACHUS W B cjydae, KOTIa
p>2uq>2. lonoxkum 24 =1+3 (HeTpyHO BUAETD,
yro 2A E4(m0d8), 3HaunT, A jgemuTcd Ha 2, HO He
pemurest Ha 4). Yncna 104,207, 304,...,(p —1) [ nawor
pasJyimvHble HEHyJIeBble OCTATKH TP Jeiennu Ha p (zeil-
CTBUTEJBHO, €CJU X¢ W Y JAI0T PABHBIE OCTATKU IIPHU
nenenuu Ha p, o xq—yq =(x —y)q npenurca wa p, u
3HAYUT, X — y JeJuTcs Ha p). [109TOMYy MOXKHO B3ATH
o D{1,2,...,p— 1} takoe, yto O¢ maer ocratoxk 1 mpwm
JleleHuu Ha p, T.€. 0g = 1+ Bp [1J1s1 HEKOTOPOTO HATYPAJIb-
noro B. Honoxum a =2B7, rne B = A% . Torga

P p
a :(AB) +(3AB) =B7 + B9,
Tenepb MJIs1 pellicHUsT 3a/la4il [OCTATOYHO J0Ka3aTbh, YTO
JJIS KasK/oro o D{1,2,...,p— 1} uypcao 2BY ne npencras-
asiercst B Buzie u’? + 0P mpu gocratouHo GOJIBITHX (.
q q
IIpeanonosxum, uro pasencrso 2B7 = (u” ) + (v” ) Bep-

HO, U u=0v. B pasnoxenue umcaa u” Ha 1pocTbie
MHOKHMTEH JIBOHKA BXOANT B cTerenn () Mm B CTENeHn, He
Menblueii p, a B pasnoxkenue uncia B = A% — B crenenu
a0{1,2,...,p- } , nosromy u” # B . Ilonyuaem u” > B,
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PEf’ DB+

u 3HAuuT, 2 > %—ﬁ B_H OTKyla g < logﬂ 2.

B
Urax, npu q > log z,4 2 uncao 2B7 = 2A% ne npencras-

B
ngerea B suge ub? +oP7 .
3ameuanue. OKOHYAHWE PACCYXAeHUS (DAKTUIECKH CO-
CTOSLJIO B JIOKA3aTENbCTBE YTBEPIK/IEHUS: YPaBHEHNE

2B* =x" +y°
rae B — HatypaJbHOe, HMEET KOHEUHOe YHCJIO PEIeHn B
HATYPAJbHBIX X, ¥, Z C PAa3auYHbIMU X U y. VI3BecTHO
(cMm. 110 aToMy TIOBOJY perienue 3ajgaun M2025), 4to Hu
py KakoM HaTypasibHoM B Hukakas Tpoiika (x, y, 3)
pellleHneM 9TOTO ypaBHeHUsl He SIBJSeTcs. 3HAYWT, JIIO-
Gas mapa (p, 3), tme p > 3, — ocobass (310 HETPYAHO
JIOKa3aTh U HENOCPECTBEHHO).
Bbimie Mbl Bugeau, uto u Jiobas napa (p, 2), rae p > 2,
—ocoGasi. Ha camom sieie, 0co6oii siBJisieTcs u jmobast apa
PasJMYHBIX HPOCTBIX p W ¢, TAE p>q¢ =5, OJHAKO
aJIeMEHTapHOE JIOKA3aTebCTBO ATOTO (DaKTa aBTOPY HEN3-
BecTHO. HeasleMeHTapHOE OCHOBAHO Ha cJeayiomeM ¢ak-
Te: Tpu JTI060M (PUKCHPOBAHHOM 11€JI0M ¢ > 3 Ha KPUBOIi
27+ y? =2 jexur KOHeYHOE YHCIO PAIMOHATBHBIX TO-
yek. [IpeacraBiienue o JOKa3aTeabCTBE 3TOTO (haKTa MOK-
Ho mosyuntb u3 kuurum H.BacumbeBa m ap. «3aounble
MaTemarndeckne onumrmaabi» (M.: Hayka, 1987, c. 36).
Jrtor ¢akT o3HAYAET, UYTO MHOXKeCTBO M = {(x, y,z}

TPOEK B3aMMHO TIPOCTBIX YHCeN TakuX, uto x7 + y? =227,
upu g > 3 koneuno. Paccmorpum umcio Q = 8t + 3,
KpaTHOE MPOM3BEJICHUIO BCEX HEYETHDIX JICTUTEeNH TAaKIX
uyucea z; nonoxuMm 2A; =1+QF . Ilpeamonoxum, 4to
2B =u" +oP? rpe By = A} . Torpa u” = kx , o = ky,
B, = kz, rae (x,y,z)0M . U3 noctpoenust Q sicHO, UTO
z=2", tne m=20. Otciona HerpyaHo BbiBecTH (cM.
pemenue 3agaun M 2108), uro x = y, a 3HAYMUT, U = ©.
Paccykpas, kak B pelleHuu 3aJadyi, MOXKHO IPUBECTH
mocJie/[ee PABEHCTBO K MPOTHBOPEUHIO.

B.Cendepos

®2160. Ha zpacpuxe (cm. pucynox) npusedena sasucu-
MOCMb  CKOPOCU MOUKU, KOMOPAsi O08UKEMCs N0 OCU
koopounam X, 6 3asucumocmu om ee xoopounamol. Haii-
dume yckopenue mou-
KU 6 Haudie Koopou-
HAMHOU OCU U BpPeMs. T
NPOXOKOEHUs. NePEbIX
nsmu mempos. O0Ha
KJemKka no 20pu3on-
MAILHOU OCU — 3MO
1 M, no eepmuxarvHou
ocu — amo 1 m/c.

ONMN

S
>
Pemenne Gynmer mipu- x
GJIMKEHHBIM — TPad UK JOBOJBHO «MEJIKHH», TOCTPOECHHS
MOJIyYaloTCsl He CJOUMIKOM TouyHbIME. I[To rpaduky cko-
pOCTh TOYKM B HAYAJTBHBIN MOMEHT paBHa v, =3 M/c, a
CKOPOCTHh BO3pacTaHWs HAPUCOBAHHOW KPWBOHM B palioHe
HauyaJbHOU TOUYKHM TpaduKa COCTABJISIET MPUMEDPHO
Av/Ax =1,5 m/c Ha 1 M (U151 TTOJTyYeHHST HTOTO 3HAYEHHS
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YIOOHO MOCTPOUTD KacaTeJabHYIO K rpaduky). 3a Masiblii
MHTEPBaJI BpeMeHH A¢ Touka mpoesner uyAt (3a ovenb
MaJIblif UHTEPBAJI BPEMEHU CKOPOCTb U3MEHUTCS HEe3HAYH-
TEJIbHO, U JIJIS HAXOK/IEHUS CMEINeHUS MOKHO CUUTATD ee
HOCTOSIHHOM). [Ipu 9TOM CKOPOCTb HM3MEHHUTCS Ha
(Av/Ax)voAt . Ycropenue HalijieM, pas3/ieinB 3Ty BeJndn-
ny Ha At . Honyyum

a= Evo =4,5 M/c2 .
Ax 3.Touxun

®2161. Cmamysmrxa wxorvnuxa umeem nmaccy 20 e,
eon06a cmamyamku coenana usz cepebpa (niomuocmo
12 2fcn’® ), ocmanvnoe — us depesa (naommocmo
0,8 3/0M3 ). Hszsecmmno, umo ¢puzypra ne codepxum
nosocmeil u ne monem 6 gode. Odun epamm depesa cmoum
1 pybaw, odun epamm cepebpa cmoum 100 pybaeil.
Croavko moxxem cmoumsv Ima ueypra?

Cnpasxa: oannas cmamyamxa xyooKecmeeHHol uenHoc-
mu He umeem, ee CIouUMOCb PAGHA CMOUMOCINU Mamepu-
anos.

UYewm MenbIie cepebpa B CTATydTKe, TeM OHa jieleBJie. Ecin
cepe6pa TaM COBCEM MaJio, TO OHA CTOUT 4yTb GoJibiie 20
py6ieit — ato MuHuMaibHas Beanunna. Ho cepe6pa ne
MO3KeT ObITb U OYeHb MHOTO — TI0 YCJOBHIO CTaTy3TKa He
TOHET B Bojle. MakcuMasibHasl 1eHa TOJYYUTCST IPU MaK-
CUMAJIbHOM KOJINYECTBe cepebpa — B 3TOM CJIydae CpeJiHsis
MJIOTHOCTH CTATYATKU PaBHA TJIOTHOCTH BOABI W 00BEM
cratyaTku coctasaser 20 cv® . O603HauUNM Maccy cepebpa
yepes m, Torga Macca gepesa (20 — m) u moaHbIi 06beM
CTATy3TKU PaBeH

m, 20 -m

12 0,8
Orciona m = 4,3 r, u 1leHa cratyaTku 445,7 py6eii.

Wtak, CTOMMOCTD CTATY3ITKH HAXOAUTCS B TIpesesax ot 20
1o 445,7 pyb6aeii.

=20.

A.Hecno:xno86

®2162. B 20pu3onmaivHo pacnosoKeHHOM UUIUHOPU-
4eCKOM cocyde HAXOOUMC NOPUUSL 2eus, OMOeJeHNAs.
om oKkpyKaruwetl cpedvl MACCUBHBIM NOPULHEM, KOMOPbLI
moxem deuzamvcs 6e3 mpenus. Hapyxnoe dasaenue
oueHv Ovicmpo nosviwaiom 6 3 pasd. Bo ckoavko pas
YMEHLUUMCSL 00BeM 2d3d K MOMY MOMEHMY, K020d NOp-
WEHb OKOHUAMEALHO Nepecmanem 08Uuzdimvcsi?

Bynem cuutaTh cocy/i TEILIOU30JMPOBAHHDBIM, & TEILJIOEM-
KOCTU CTEHOK COCY/IA U TOPIIHS — IIPEHeOPEKIMO MaJIbI-
mu. Ecium mavanpHoe nasienue raza GbLIoO p, TO, KOTAA
MOpIIEeHb OKOHYATENbHO OCTAHOBUTCS, JaBJenne raza 6y-
net 3p. s HauaJbHOTO MOMEHTA YpPaBHEHUE COCTOSTHU
U/IeaJbHOTO Tas3a Jjaetr
pVi = VRT,,
JIUIST KOHEYHOTO —
3pV, =VRT,.

Ecm rerioo6mMena He ObLIO, TO BHYTPEHHSISI SHEPIHs Ta3a
YBEJIMYMJIACh 3a c4eT PabOoThl BHEIIHUX CHJI, KOTOPast
PaBHA Pyyem (V1 - V2). Torpa nosyuaem

3 3
(Vi - 1) =2 (R, ~vRT;) =2 (37, 1),
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Orcioia HaXOIUM UCKOMOE YMEHbIIEHE 00beMa:

wlw

W
Vy A.Ilosmopos

®2163. B zaybunax xocmoca, edaiu om Opyzux men u
noJietl HenOOBUKHO BUCUN HENPOGOOAUee TNOHKOE KOLbUO
paduycom R u maccoii M, pagnomepno 3apsixennoe no
Odaune 3apsidom Q. 3apsikenwoe maxum xe 3apsiooM
MALeHbKOe MeN0 MACCOt M 08UKEMCS 6006 OCU KOIbUA,
npuvem na 60AbUWOM PACCMOSHUU OM KOAbYUA CKOPOCID
mena wanpaeiena x xoavuy u pasma vy. Haidume
MAKCUMATLHYIO CKOPOCID KOLbUYA.

Ecsn ckopocTb HaJIeTaoIero Te1a vy A0CTaTOYHA, YTOObI
[POJIETETh CKBO3b KOJIBIO, TO MAaKCUMAJIbHAS CKOPOCTD
KOJIbIIA TIOJIYYUTCS] B TOT MOMEHT, KOT/[a TEJO HaXOAUTCS
B TIJIOCKOCTH KOJIbIfa (B €ro 1ieHTpe). 3anuiieM ypaBHeHHsI
COXPaHeHUs] MMITYJIbCa M DHEPrUU JUIS CHCTEMbI TeJo-
KOJIBIIO B 3TOM CJlydae:

moy _ mo? +Mu2 +kQ2 .

2 2 2 R
Vcxmouast U3 ATHX YpaBHEHHH BEJMYNHY O CKOPOCTH
TeJIa, TTOJIYYNM KBAJPATHOE YpaBHEHHE OTHOCUTETBHO CKO-
POCTH ¥ KOJIbIA. YUYHUTBIBAsi, YTO T4 CKOPOCTb JIOJDKHA
ObITh MEHbIIE CKOPOCTHU TeJIa, HOTYYHM

_ my, D_ 1_2kQ2(M+m)2E
M+m§ RMm*v} E

mo, =mo +Mu,

u

Ecuiu tesio e cMOKeT MPoJieTeTh Yepe3 KOJIbIl0, TO MAaKCH-
MaJibHasg CKOPOCTb KOJIbIIA TIOJYYUTCS TIOCJTE TOTO, Kak
TEJIO <«OTPA3UTCS» OT KOJbIA M YJIETUT HA3aJ OYEHD
Jasieko. B atoM ciryyae sHeprus B3auMo/1efiCTBHS 3apsi/10B
OKa’KeTCsl MAJION, ¥ MBI IOy YMM U3BECTHYTO (hOPMY.JTY /15
CKOPOCTH KOJIbIIA TI0cJie aOCOJIIOTHO YIIPYTOro yaapa:
_ 2mu,
M+m’

YcaoBue aas mpoJieta Tesa depe3 KOJbBIO CJeLyTolee:
MIHHIMAJIbHAS CKOPOCTD TeJla ©; Ha 6ECKOHETHOCTH ITOJTY-
YUTCS TIPU PABEHCTBE CKOPOCTEN Tejga U KOJbIA TPH
MTOJIOJKEHUU TeJia B IEHTPE KOJIbIa U COCTaBUT

. 2kQ* (M +m)
Y
RM
" A.3unvbepman

®2164. B 0dnopodnoe maznumnoe nose ¢ undyxyueii B
e21emaem co CKOpocmv1o o UACMUYA MACCOU M U 3APAIOM
q. Maznummnoe noae Jo-
KAIU306an0 6HYyMpuU 00-
aacmu paduycom R, cxo-
pocmy T Hanpagaenda nep-
NeHOUKYAAPHO JUHUAM
MazHumnot UHOYKuuuU,
npuuevHLlll napamemp
yoapa p (puc.1). Haiiou-
me yeon paccesmus 9,
m.e. yeos, Ha KOMOPbLU
wacmuua omxaonsemcs ¢ 7

(MpogonxerHmne cm. Ha ¢ 34)

30.03.10, 17:52



26-41.p65

KAJENJTOCKOII «KBAHTA»

LlenHble gpobu BOKPYr Hac

* Besxoe panumoHambHOE YUCTIO p,/g MOKHO IIpeJCcTa-
BUTh B BUJIE KOHEUHOW yentoi opobu

=[ay; ay,...,a,]

.. - .

dp
Yucsa, BXOIATINE B TETHYIO IPOOb, HA3BIBAIOTCS HENOI-
HOLMU YACMHBIMU, U3 HUX df,...,d, — HATYPAJIbHBIE, d
—1esio0e. VIpparmoHa bHble YHCTa Pa3aaraiorcs B 6ecKo-
HEYHbIE TeIHbIE TPOOH.
o OOpbiBasi 1enHyio Apo6b, MOMKHO MOJYYaTh OUYEHb
XOPOIITHE PAIUOHATbHBIE TIPUOIUKEHUS K JAHHOMY YHC-
JIy, KOTOPbIE Ha3bIBAIOTCS n00x00suumu Opobsmu (Hy-
Meparust OAXOASIMX [poleil, KaK U HEMOJIHBIX 4acT-
HbIX, HauMHaeTcst ¢ HyJist). [l yncsia

m=[37,1512921,..]

C APEBHUX BPEMEH M3BECTHDI HpI/I6JII/I>KeHI/IH

22137 w 3B =13,7,15,1].
7 113
IIpu stom
n_% <2 102, n—iﬁ <3 @07,

* Keadpamuunvie uppayuonarvrnocmu (MppanmoHasib-
HbIe KOPHU KBaJPaTHBIX YPaBHEHUI C 11eIbIMI K03 du-
[IUEHTAMI ), U TOJIbKO OHU, PACKJIA/BIBAIOTCS B nepuoou-
yeckue uenuble apo6u. Hanpumep (uepra ormeuaer
Iepuoz,),

V5 =[24,4,4,..] =B 48,
Vi3 =B 1,1,1,1, 65.

* Ecu, pazopBaB mpsiMOyroJibHbBIN JUCT GYMaru moro-
JlaM, Mbl XOTUM TIOJIYYUTb JIBa HOBBIX JIUCTA C TEM JKe
OTHOIIIEHNEM CTOPOH, TO CTOPOHBI MCXOJHOTO JINCTA
JIOJKHBI OTHOCHTBCS APYT K APYTY Kak~/2 :1. Vmenno
TaKUM CBOiicTBOM o6sajaior popmarsl 6ymaru cepun A
(A0,A1,...). Pasmepbl cTaHgapTHOTO Jincta Oymaru A4
— 210x 297 mm. VX orHolIeHue

ﬁzﬁz[tz,z,z,z,z]

210 70
ecTb mATas MOAXOAIIAs APoGb K umcay ~2 = H EH.
Pasnnita Meskly HUMU Ha TJIa3 He 3aMeTHa:

297
250

[Tpousseaenue cropon Jmcra (B MeTpax) Majo OT/InyYa-
ercst ot 1,/16:

<107,

’0,297 0,210 —% <2007,

ITO CBSI3aHO C TEM, UTO JIUCT A4 cocTaBseT 1/ 24 = 1/16
oT BaTMaHcKoro Jmcta AQ, TJI0mMaab KOTOPOTO paBHA
1 M2,

* OrHollleHne HATPSKEHWH B TpeX(a3HbIX 3JEKTPH-
YECKUX CETSIX

ﬁ:ﬁ:[th,LQ],
220 11
220

—=[51212132]
127
— 3TO XOpoIue MPUOTIIKEHUS K YHCIIY

V3=[t1212..]=F1L2H.

¢ [Mopxomsime apo6u K JJINHE COTHETHOTO TO/1a, H3Me-
PEHHOTO B COJIHEYHBIX CYTKaX, —

365,24219 ... =[365; 4, 7, 1, 3, 5, ...]
— TI03BOJISTIOT CTPOUTH KaJeHIapHbIe CTUJIH.

1
[TepBas moaxoasimas 1poOb 365Z COOTBETCTBYET 101U~

AHCKOMY CMUJII0, B KOTOPOM KaK/Iblil 4eTBepThIi roj —
BUCOKOCHBIII. B cpeanne Beka OT HEro OTKa3aJIHCh,
MOCKOJIbKY OH JaeT 3aMeTnyio omm6ky: 11 mumyr 14
CEeKYH/L B TOJ.

Tperbst moaxoasimas a1pobb [365; 4, 7, 1] = 365%

JIesKaJIa B OCHOBE Nepcuickozo kaienodpsi, KOTOpblil B
1079 romy mpeasoxusa MaTeMaTWK, acTPOHOM W TIO3T
Owmap Xaiism. Takoii kajgengapb 3a rof ormubaercs na 19
cexyn/. B Hem Bce ro/1pl pa36buthbl Ha 33-JI€THUE IUKJIbI,
BHYTPH IIUKJIA CEMb Pa3 BUCOKOCHBIM CUUTACTCS KaXK/[bIii
YeTBEPTDHIN IO/, a Ha BOCbMOI pa3 — TISATDHIN.

Kasienzapb, ocHOBaHHBIN Ha cieayiomem (derBepTom)

npubamxkenun [365; 4, 7, 1, 3] = 365%, npeja-

rajscst actponoMoM Morarmnom 'enpuxom MesepoM B
1864 romy. On He ObLT NMPUHSAT, XOTs 3a TOJ JAaBaJl Obl
OITOKY BCETO B OJIHY CEKYH/IY.

MbI JKUBEM TIO 2PU20OPUAHCKOMY CTRUIIO0, UCTIOJIb3YIOTIe-

My npubskenue 365 7 . DTOT KaJieH1apb omnbaercst

MIPUMEPHO Ha 27 CEeKyH/[ B TO/I.

¢ Tosmnanackuii yuenbiii Xpuctuan [oiirerc B 1862 romy
MTOCTPOMUJI OJTMH U3 ITEPBBIX MEXaHMUCCKUX TIJIAHETAPUCB.
Teopuio 1enHbIX Apo6eil OH TPUMEHHUT IPU TPOEKTUPO-
BaHuM 3yGUaThIX KOJIEC, YTO 0GECIIEYMIIO BBICOKYIO TOY-
HOCTb BO B3aMMHOM [[BU)KEHUU MOJeJiell TITaHeT.

* B 6oranuke u3BeCTHO sBJeHUE @uaromaxcuca —
CIMPAJIEBU/IHOTO PACIIOJIOKEHUST JINCThEB, KOJIOYEK,
YelryeK, ceMsH, ... Ecym mocyntaTh KOJMUECTBO CIHpa-
Jief, 3aKpyYNBAOIINXCS B OIHY U B APYTYIO CTOPOHBI,
TO, KaK TPABUJIO, TOJIYIATCs IBA COCETHNX uucaa Du-
6onauuu, T.e. YNCJIA U3 TOCJIEI0BATETHHOCTH

{F} ={0,1,1,23,5,8,13 21,34, 55,89,..} ,

30.03.10, 17:54



B KOTOPOU
F,=0, F=1, F, =F,+F,_ (nz1).

Taxk, Ha COCHOBO HIMINKE €CTh 3 CIMPATH, 3aKPYyUrBa-

IOIIIeCsT B OJTHY CTOPOHY, U 5 — B ipyryio. Ha esnoBoit —

5 u 8 crimpaJieil COOTBETCTBEHHO, Ha Ke[poBoit — 8 u 13.

OrHommenns coceHNX ncess OUGOHATIN PACKIAIbIBA-

I0TCS B OYEHD TIPOCTBIE IeTHbIe IPpOOH, HAIIPUMEP,

5 8
2= S =111,
Selin ], s=sn

ITo nojxosIme ApoOH K YUCTY, HA3bIBAEMOMY 30.10-
MbLM CeueHueM:

1+5 1 _
=1+ =
2 t+. 1 HE.

1+

Pacriosiokenve JTMCThEB MO TAKUM CITUPAJISIM [TO3BOJISIET
pacTeHUsM TI0JTy4aTh HAMGOJIbIllee KOJIUIECTBO COTHEY-
HBIX JIyYeil.

* Ha pucynkax 1 u 2 uzo6paskeH «4epresks» COCHOBOU
MINTIK.

i

jagiares 51 fl
FT NG dnvire
T LAY

////’/ ///’//’/ /’// 7
TN 4 . /
TN g fris
oL (FRRARERY ') VUED)
N i
(i 2 W o
N 3 128
e I8 Fran
i 2l )
Y| I VL
/ /

Puc. 2

[TpencraBbTe, UTO 5TH KBAAPATHI BBIPE3aHbI N3 OyMart
CKJleeHbl B IuHAPbI (JIeBasi CTOPOHA CKJIeeHa € Ipa-
BOIi, a 3aIITPIXOBAHHBIE KBA/IPATHI OJJHOTO IIBeTa HaKJIe-
eHbl Apyr Ha jpyra). Torga MOBEpHYTble KBajparbi
6yyT pacrosaraTbCst Ha IUJIUHIPE TaK Ke, KaK pacro-
JIaraloTcst Yenryiiky Ha cocHoBO# mmnike. Ha pucynke 1
BU/IHO 3 CIIMPAJIU, 3aKPy4eHHbIe B O/[HY CTOPOHY, a Ha
pPUCYHKe 2 — 5 CIHpaJeil, 3aKpyYeHHbIX B JPYIYIO.
[TorpoGyiiTe HAPUCOBATD «YEPTEKS> €JTOBOM MIUIIKK C 5
u 8 cinupassamu. Bocnosbayiitech 114 9TOr0 MUJLIMMET-
poBoii Gymaroit, BaM ToHao0uTCs KBagapar 89 %89 .
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* Co BpeMeH baxa B My3bIKe UCTIOTb3YETCSI PAGHOMEPHO
MeMNepuposannas wxdaid, copepxainas 12 moayToHoB
B Kak/10i1 okraBe. Ecom crpyna aumet [ (ipu 3aganHoM
HaTSKEHUN ) U3/1aeT 3BYK «00» MePBOM OKTaBbl, COOTBET-
CTBYIOIIHIT yacToTe f, paBHOil 512 KoJIe6aHUSAM B CEKYH-

. 2
Ay, TO CTpyHa AJINHON §l (Ha CTPYHHDBIX UHCTPYMEHTAX

9Ta JINHA TOJyYa€TCA HaKATUEM ITaJIblla B COOTBETCTBY -

3

IOIIEM MeCTe) HM3aeT 3BYK, MMEIOIMH YacToTy Ef

(HatypasibHasi KBUHTA), a CTPyHa JJMHONW —[ u3maer

3ByK, nmeromuii vacrory 2f (oxrasa). Hamre yxo npu
CPABHEHUU JIBYX 3BYKOB yJIABJIUBAET HE OTHOIIEHUE UX
4acToT, a JorapudM aToro oTHOIIeHus. EcrecTBenHei
Bcero 6parb JBOUYHBINA JorapudM, 4TOObI WHTEPBAT B
OJIHY OKTaBY M3MEPSLICS KaK ¢IMHUIA:
log, % =1.

[Touemy ke BO3HUKJIO JieJleHUE OKTaBbl MMEHHO Ha 12
uHTepBaioB? UTOOBI OKTaBa U HATYyPaJbHAS KBUHTA 110
BO3MOYKHOCTH 6OJIee TOYHO YKIJBIBAIICH B OJIHY W TY
Ke pasnomepnyio temrepanuio (JeneHue OKTaBbl Ha
PaBHbIE [10 CJIYXY HUHTEPBAJIbL), OKTABY HYKHO [O/IEIUTH

. 3
Ha CTOJIbKO 4YacCTeu, 4TOOBI YNCJIO 1082 5 XOpoIo 1pu-

6J3KAI0Ch JIPOODBIO ¢ BBIOpaHHBIM 3HaMeHareseM. 11of-
XOJSAIUME APOOSIME K YUCITY

mggzmmLzzaLJ

O6yayT npobu
1

137
2

3
571277

—_—_

[pubmuxenns 1 u 1 /2 caumkom rpy6oie. [Ipubamke-
HHUe 3,/ COOTBETCTBYET NEHMAMOHUKE, CYIEeCTBOBAB-
nreit y maponos Bocroka, a npubsikenue 7 /12 — camoe
yanaunoe. [lorperrnoctsb

<2003

log 3.7
29 12
Ha CJIYX Hepa3JII/I‘H/IMa.

Yr1o ymntatb B «KBaHTe» O LenHbIX ﬂpOGﬂX

1. A.Benaykunze. 3oiomoe ceuenue. — Ne8 3a 1973 r.

2. H.Beckun. Beckoneunvie ueniwvie opoou. — Ne8 3a 1970 .
3. H.Beckun. I[ennvie dpobu. — Nel 3a 1970 .

4. A.banxo. Qusuxa mysvikaavnou eapmonuu. — NeS 3a
1987 r.

5. I0.Hecrepenxko, E.Hukuumu. Ouepk o yenmvix opobsix. —
Ne5—6 3a 1983 r.

6. A.IlpoxopoB. 3ozomas cnupaiv. — Ne9 3a 1984 r.

220
7. JK.Pa66or. 3naeme nu 6vi, umo 7 =37 — Nell 3a

12
1978 r.
8. I.Ddyke, M.Dyke. O naurywwux npubauxenusix. — Ne6
3a 1971 r.
Mamepuan nodzomosus A.Ycmunos
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(Ha4ano cm. Ha ¢ 26)

om nepeoHaudlbHoz0 HaAnpdaesleHus nocie npO.XO)K@@Hu&Z
MAZHUMHO20 NOJIA.

B oaHOPOIHOM MArHUTHOM TI0JIe HA JABWSKYIIYIOCS 3apsi-
SKeHHYIO0 yacTHlIly AeiictByer cusia JlopeHna FJ 1 Jra cuiia
TTOCTOSTHHA 110 MOJIYJIO: Fﬂ= quB, Bcerja HampaBieHa
MEPIEH/IUKYJISPHO CKOPOCTH JIBUKEHUS YaCTHUITBI M CO00-

v
IaeT 4acTuile MeHTPOCTPEMUTETHHOE YCKOPEHHe IR 3a-

KOH JIBVKCHUS YACTHUIIBI 110 OKPY>KHOCTH MOXKHO 3aITHCATDh
B BUJjE

o _qB
R m
YTO ITO3BOJIAECT HaﬁTI/I paL[I/ch HCKOMOﬁ Opr)KHOCTI/IZ
_mo
qB -

Wrtak, npm BXoJe B MarHuTHOE IMOJI€ YacTUIA HAYMHAET
JIBUTAThCS 10 OKPYsKHOCTN pajauycoM R. TpeGyercs naiitn
yros 6 1o samaHHbIM BequuuHam R, R,, p. Buaum
(puc.2), 4ro yacThila ABUKETCS 1O JAyre OKPY>KHOCTH,
1nentp A KoTopoil Haxo-
JINTCS Ha MPAMOI, 1IPOX0-
jdieil yepes touky M u
TIepIeHNKYISIPHON  Tep-
BOHAYaJbHOMY HaIpaBJie-
HUIO JIBVDKEHUST YaCTHUIhI.
[Ipn sToM TpaexTOpUSs ABU-
JKeHUST YaCTUIIbl CHUMMeET-
pUYHA OTHOCUTEJBHO TPSI-
Moit AO, mpoxoasien ye-
A pes IeHTPbI 06enX OKPY K-
Hoctell. Bosee Touno — 1o
guan AO TTPOXOJNUT TIIOCKOCTh CUMMETPHH, T.€. TIpaBast
(o1 AO) nosioBMHA HAIIEro YepTeka SABJISETCs 3epPKasib-
HBIM oTpaxkeHueMm JeBoil. Orciofa cieayer, 4To yroJi
OAM pagen yriny OAD — Ha pUCYHKe 9TH yTJbl 0603Ha-
4enbl O . ickombiii yror 8 mwyron DAM = 20 paBHBI Kak
YIJIBbI C B3AUMHO TIePIIeH/INKY ISIPHBIMU CTOPOHAMU. TaknM
o6pasom, 6 =20.
Haitgem yroa a . CHauasa u3 npsiMoyroJibHOTO TPEYTOJIb-
Huka CMO nHaxoaum BesmunHy orpeska OC:

OC =R} -p*,

3aTeM U3 IpsAMoyro/buoro rpeyrojabiuka ACO naxoaum
yroma o :
ocC [R2 = 2 R2 — 2
tga = —:0—p, nmm o = arctgo—p.
AC R-p R-p

OKoHUATeNbHO TOIydaeM

N R§ - ,D2 mo
R

Puc. 2

0 = 2arctg ,Tme R=—.

-p qB

3amMeTnM, uTo B (PU3KKE 331441, PACCMATPUBAIOIIIE CTOJIK-
HOBEHME JBIKYIIerocss teja (4acTuiibl) ¢ MHUIIEHBIO U
U3MeHeHNe HAIIPaBJIeHHs JBIDKEHNS Tela II0C/Ie CTOJKHO-
BEHHUSI BCTPEYAIOTCS AOBOJIbHO yacto. CaMblil U3BECTHDIN

npumep — dopmyna Pesepdopaa, cBg3biBaoas yroJ
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paccesHUS ¢ TapaMeTPOM yjapa IpH KyJIOHOBCKOM B3au-
MOJIECTBIN JIBUXKYIIEHCS 3aPsI>KeHHON YaCTUIbI ¢ HeTo/I-
BIDKHBIM 3apsiKEHHBIM SIpOM aroma. B nameil 3amaue
TaKOoil MUINEHBIO, ¢ KOTOPOW CTAJKUBAETCS 3apsiKeHHas
YaCTUIA, SBJSETCSI JIOKAJUM30BaHHOE MarHuTHOe II0JIe.
[Tomo6GHbIe 3a/1aun UMeroTcs B acTpoU3nKe, KOrja pac-
cmatpuBaercst nddysust 3apsKEHHBIX YaCTUI] B MATHUT-
HBIX HEOTHOPOIHOCTSIX KOCMUYECKON CPEIDI.

IO.Hocoe

®2165. Boavmmemp u muniuamnepmemp coeounusU
nocaedosamesvho u nodkmouuau K Oamapeixe. Ilpu
amom noxasanus npubopog 6w 1,3 B u 0,5 mA.
Tenepv coedunuiu nociedosamesvHo 06d MAKUX Ke
BOJILIMMEIPA U MOM. Ke MULIUAMNEPMEMDP U NOOKIIOUU-
au K moil xe Gamapeiike — 00uH U3 G0ILMMEMPOG
nokasaz 0,7 B. Ymo noxa3svieaiom npu 3mom ocmaivvie
dea npubopa? A umo nokaxym npubopol, ecau Koauue-
CcMBo B0LIMMEMPOS Yeeunums 0o mpex? Hanpsixenue
bamapeiru nocmosHHo.

[TonsitHO, 4TO BTOPOIT BOJIbTMETP TTOKaXKeT Toxke 0,7 B, a
MOKa3aHust MUJLTHaMiepmMerpa ymenoiarcs 8 1,3 /0,7 pas
(BO CTOJTIBKO pa3 yMEHBUINJICS TOK YEPE3 BOJBTMETP) M
cocrasar 0,5 MA /(13/7) =7 /26 MA = 0,27 MA.
Tox B menu mpU MOJAKJIOYEHUH BTOPOTO BOJIBTMETPA
yMeHbIIICA B 13 /7 pa3, BO CTOIBKO ke pa3 yBeJINUNJI0Ch
[I0JIHOE COTIPOTUBJIEHHUE TIEIH — OTCIO/A CPa3y BUIHO, YTO
COTMPOTUBJIEHNE BOJbTMETPA B 6 pa3 GOJIbIIIE COTTPOTHBIIE-
Hus MIJLTHaMIiepmMerpa. [1pu 1o6aBaeHnN TPETETO BOJIBT-
MeTpa TOJIHOE COMPOTHBJEHWE TeNn 10 CPaBHEHUIO C
HavaJbHbIM yBesmuntcd B 19 /7 pas, Torna mokazaHus
mMunaMiepmerpa 6yayr 7/38 MA = 0,18 MA | a mokasa-
HUS KaXXJ0TO BOJbTMeTpa cocrasst npumepto 0,48 B.
A.IIpocmoe

®2166. DV D-duck epawaemcs ouenv 6vicmpo. Oyeru-
me CKOpocmy 08UNKeHUs MOUKU NOBePXHOCMU JUCKd
MUMO cuumvieaoujezo ycmpoicmea, ecau 3a 100 cexyno
cuumoieaemcs. 100 murruonos Gum ungopmayuu. /lo-
POKKU, HA KOMOPLIX 3aANUCAHA UHDOPpMAYUS, PACNOJO-
Kbl 0uens 6aU3K0 Opyez Kk Opyzy — PACCMOAHUE MeKIY
cocednumu doposxxamu cocmasasiem npumepro 1,/1000
MULIUMEMPA.

Tyt nomy4nrcs 10BoJbHO TPy6as olieHKa. byeM cunTtarn,
gro 1 6uT Ha aucKe nepegaer o6aactb pazmepa 1,/1000 My
Ha 1,/1000 MM (Kak paccTosTHUE MEXKIY COCEAHUMH J10-
poxkamu). Torga amuna goposxku Ha 100 MIILINOHOB GUT
cocraBut 100 MeTpPOB, M CKOPOCTb CUUTBHIBAHUS Oy/ET
10 m/c.

P.Ilugpos

®2167. B poxyc marenvkoil cobupaioweit 1un3vl nome-
Waom MOuHbLL MOUEUHBLI UCTNOUHUK C8eMA, NPU IMOM
Ha aunsy detlicmeyem ouenv manenvkas cuaa F. Kaxoi
cmawnem ama cuid, ecau UCMOYHUK OMOJBUHYMb 6060€
darvwe? A empoe Oarvwe? Juamemp aunsvt 6 10 pas
MeHvuwe ee hoKycHozo paccmosHus.

CBeToBOE JaBJICHIE OYEHD MAJIO, OITOMY YIOMSIHYTBIN B
3as1aue 3(hheKT COBEPIIEHHO He3HAUNTeIeH. TeM He MeHee,
MojiesTb pacdera Tnpejtoskena. Ilonpo6yem nocuurars.
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SAJAYHHUK

[TycTh MCTOYHUK MCIyCKAeT BO BCE CTOPOHBI (POTOHDI,
OyJieM CUNTATb UX HEPTUHU OJIMHAKOBBIMU, TOT/IA IMITY JTb-
Chl UX Tak)Xe paBHbI MO BesnyuHe. DOTOHBI MAJAI0OT HA
JUH3Y U3 ee HoKyca M0/ PA3JINYHBIMK YTJIaMHU, TPOEKITUS
UMILYJIbCa OZIHOTO (pOTOHA Ha HAllpaBJIeHMe TJIABHOM OIITH-
yeckoli ocu pasHa Pcosd . [lanbiie 1ydok (HOTOHOB
JIBUZKETCS 11apaJlyleJIbHO TJIABHOM ONTHYECKOI OCH JIMH3BI
— CHJIa HallpaBJeHa B CTOPOHY MCTOYHHMKA. IJTa CHJIA
oTIpeiesIsIeTcsT YNcaoM (POTOHOB M PA3HOCTHIO WMITYJIBCOB
MaIaf0MuX (DOTOHOB U «IIPOIIEIINX CKBO3b JINH3Y», T.€.

nonyuntest muoxkutens (1-cos @) =1, rae HysHO B3ATH
«cpeHuii yro» . Ero MosKHO MOJ0KUTD [IJIsE 3TOTO CJIyvast
pasupim 0,5arctg (0,25d/F) . Ecsm Mbl yBeuanm paccto-
sIHUe JI0 ucTounuka 0 2F, paccrostaue /10 n306paskeHust
B 9TOM cJIydae Toke 6yjer paBHo 2F — pe3yibTupyiomasn

CHJIa OépaTI/ITCH B HOJIb.
Hemnoro cyioxHee OTBETUTD Ha BTOpOﬁ BOIIPOC 3a/1a4n. B
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3TOM CJIy4yae MCTOYHMK HAaXOJUTCS Ha paccrosinuu 3F, a
n3obpakenne — Ha paccrosiuun 1,5F. Hucno najgaonmx
Ha JWH3Y (DOTOHOB TPUMEPHO B 9 pa3 MeHbINE, YeM B
nepsoM ciayuae (npu 3agannom auamerpe munssr d = 0,1F
YTJIBI TTOJIYYAIOTCS I0BOJIBHO MAJIBIMK ), TTPOTIE/IINE JTyIn
UAYT 1O OOJBIMUME yTJAMU, YeM MaJjaioliue, — CHJa
MOJIYYUTCS] HAIIPABJIEHHON OT MCTOYHMKA. Pa3HocTb MHO-
xuteneit (1= cos d,) = (1-cos ¢3), re yrusi HysHo 6patp
C YyYETOM W3MEHUBIIUXCS PACCTOSIHUE OT MCTOYHHKA [0
JINH3BI U OT JIMH3BI JI0 N300PASKEHNUsI, TTOJYUNTCS TIPUMEp-
HO B 3 pasa MeHbIlle, YeM B TepBOM cJjaydae. Taxkum
06pa3oM, TIOJIHAST CUJIa U3MEHUT HAIpaBJIeHUE U YMeEHb-
umres npubusuresbio B 30 pas. (BoJiee TouHbIil pacuer
JUIST TaKUX CJIy4YaeB CMbICTa He WMEET, XOTS BMECTO
«CPETHETO KOCHHYCa» MOKHO OBbLIO YeCTHO Y4YecTb BO3-
MOSKHBIE YTJIBI MTAJICHUS] ¥ B3SITh HECJOKHBIN WHTErPaT —
OTBET U3MEHUJICSA ObI HE3HAYMTENBHO. )

A.JTunsos

Kak paccMmoTpeTb HaHOOObEKT
B OMNTUYECKN MUKPOCKON

(Hayvano cm. Ha c.23)

paspermienue. [Ipu6opsl, paboTaromire 1o 3TOMY MTPUHITH-
My, ¥ Ha3bIBAIOTCS CKAHUPYIONMMU ONTHYECKUME M-
Kpockomamu GmskHero 1ojsi. OHU TMOSIBUJIMCH 25 JIeT
TOMY Ha3a/l.

CyTb BTOPOIi I'PYIIILI METOZOB CBOJIUTCS K CJEyIOINIe-
My. BMecTo Toro uTo0bn! 3aCTaBAATH COCETHIE HAHOOOBEK-
TBI CBETHUTD MO OUYEPEN, MOKHO MCIOJb30BATh OOBEKTHI,
KOTOPbIE CBETATCS PA3HbIMU I[BeTaMu. B aTOM ciydae ¢
MTOMOTI[BIO  CBETOMUIBTPOB, MPOIMYCKAIONIUNX CBET TOTO
WJIN WHOTO I[BETA, MOJKHO OIPEIETSTh MOJOKEHIE KasK-
JIOTO 13 OOBEKTOB, a TIOTOM — COCTABJISITh €INHYI0 KapTH-
Hy. JTO OuYeHb IOXOKEe Ha TO, YTO HM300PAKEHO Ha

PUC.6. CoaBHeH1e U306paxeHis, MOMyYeHHOro C MOMOLLbI0 0BbIYHOO MUKPOCKONA (ClIeBa) 1 OQHIM 5 6
13 METOHOB ONnTUYecKoro ceepxpaspelsenus (cnpasa). Cropora npasoro mnsobpaxerus coorser- —~ OYAET HIPUBJIEKATDH BCE OOJIBIICE HHC-
JIO mccaenoBareseil, M XOueTcs Be-

crByer 2.5 mkm. 310 rpmbnvizutensHo B 10—12 paz bosbLue, Yem BemmqmHa )\/ (ZHSinU) a9

PHUCYHKE 5, TOJbKO I[BETa IS TpeX M300paskeHuit OyayT
PA3TMYHBIMH.

[Tocensiss Tpymnma MeTOMO0B, MO3BOJISIONIMX TTPEOIO-
JieTh A PaKIUOHHDIIH TIPEes B PACCMOTPETH HAHOOOhEK-
TBI, UCTIOJIb3YET CBOMCTBA CAMUX CBETSIINXCST OOBEKTOB.
CyIIecTBYIOT TaKle UCTOYHUKHU, KOTOPBIE MOXKHO «BKJIIO-
YaTb» U <«BBIKJIIOYATb» C IIOMOIIBIO CIIEI[UAIbHO I10/10-
O6paHHOro cBera. Takue MepekIOUeHnsT TTPOUCXOIST CTa-
TucTHYecKu. VHavye roBOpPsI, €CJi UMEETCs MHOTO Tiepe-
KJTII0YaeMbIX HAaHOOGBEKTOB, TO, TOA0OPAB JIIUHY BOJIHBI
CBeTa U ero MHTEHCUBHOCTb, MOYKHO 3aCTaBUTh <«BbIKJIIO-
YUTHCI» TOJBKO YacTb M3 3TUX 00DbeKToB. OcTaabHbIe
00beKTbI OYIYT MPOJOJIKATD CBETUTD, U MOYKHO ITOJYyUUTD
oT HUX n3o6pakenne. [Tocse aTOT0 HAMO «BKIIOYUTHS BCE
HUCTOYHUKHU U CHOBA «BBIKJIOUNTH» YacTh n3 HUX. Habop
OCTaBIUXCS «BKJIIOYEHHBIMU»> MCTOYHUKOB OYIET OTJIHU-
qaThest OT HAaGopa, KOTOPBINA OCTATICS «BKIIOYEHHBIM> B
nepBblii pa3. [ToBTopsis Takyio 1mpo-
ey Py MHOTO pa3, MOKHO ITOJTYYHTh
60JIbITION HAGOP M306pasKeHuil, or-
JIMYAONIIXCS IPYT OT JIpyTra. AHAJH-
3UPYys TaKO HAGOP, MOKHO YCTaHO-
BUTb MECTOIOJIOKeHe OOJIBIION [0/I1
BCEX MCTOYHUKOB C OYEHb BBICOKOU
TOYHOCTHIO, 3HAYUTEJTHHO MPEBBITIA-
Totneit imd pakimonHbii mpesest. [pu-
Mep CBepXpaspelieHust, MoJydeHHO-
ro TakuM crmoco6oM, TPUBEIEeH Ha
pucynke 6.

B Hacrosiiiiee BpeMsi onrtuueckast
MUKPOCKOIIHUSI CO CBepXpaspelieHu-
eM ObICTpO pasBuBaercs. MOKHO €O
BCell YBEPEHHOCTHIO MPENOJaraTh,
4TO B TPSAYIIHAE TOABI 3Ta 06JACTD

VICMIONIb3YeMOoro obbekTBa M [/IMHbI BOJHbI CBETa. ObnacTs, Koropas co csepxpaspelseruers — PUTD, 9TO CPEIAN HUX OyIyT 1 unTaTe-

M306,0c7)KE'H3 Ha rpaBomM PUICYHKE, Ha JIEBOM PUICYHKE BblgesIEHa KBILPAaTOM
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JI1 9TOU CTATbU.
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KMII

3a0a4u

1. Ymucno KYB saBnsetcs kybom. [lokaxuTe, 4TO 4MCIIO
LLIAP kybom He siBnsieTcsl. (Kak 0Obl4HO, pa3Hble 3arnas-
Hble OyKkBbl 0603HAYaOT pa3Hble UMbpbI.)

AXaqarypsaH

2. Kpyr pagunyca 1 (1 3Ha41T, NNOLWAAM TD HaANOXEeHb!
LPYr Ha Apyra Tak, YTO UX rpaHnLbl 00Pa3yIoT KPY>KEeBHYIO
candetky (cm. pucyHoK). Hamawte nnowagb Gurypbl,
ABNAIOLLENCS 0ObeAMHEHNEM 3TUX KPYroB.

HABuwI0B

3 « Calla B3aNn pyyKy C TOHKUM

NepoM U KPaCKBO, KaK ero y4u-

Puc. 7

1, NO KJ1IeTOYKaM Hanwncan cio- I

Bo (puc.l).
ApTeM B34 TONCTbIM hiomacTep
M TOXe KpacKBO Hanmcan apyroe

cnoso (pnc.2).

A Malua B3sina WwrpokKoe-Lwmnpo-

KOe MnakaTHoe Mepo 1 Hanmcana
TpeTbe cnoso (puc.3).
Kakoe cnoBo Hanucana Mawa?

E.CokosioB
Puc. 3

4. Huskyio TeMnepatypy, HY>XXHYIO ANS XpaHeHWs npo-
LlYKTOB, NIOAW M3[aBHa yMenu nosyyats 6e3 xonognsb-
HWMKOB. [N 3TOro OHW 31MOW 3aKNnafblBanu B Noasasbl
nef, a NeToM pa3MonoTbivi ef CMeLLVBanm C conbto. [Mpu
nepemelLVBaHMM fibda C COMbi0 Temnepatypa Cmecu
MoKeT onyctntbca Ao —21°C (npoBepbTe 3TO Ha onbITe),
Kak B COBPEMEHHbIX MOPO3MIIbHbIX Kamepax.
A 3a4eM OBOPHMKM 31MMOW MOCbINAIOT AOPOXKM CO-
Nbt0? OHW YTO, XOTAT TeMnepaTypy Ha yauLe NOHU3UTL?
£ .Cokosos

11 334341 NPEAHA3HAYEHbI Tpexae Bcero yYaummcs 6 — 8
K/1ACCOB.
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5 « Y Myaporo namel Obino ABa NeHMBbIX ydeHurKa. Kak-
TO nama peLnn Mx NpoyYnUTb W NPensioXun Cbirpate B
CTapuHHYI0 Urpy. OHKM Cenm 3a KPyribivi CTON, Ha KOTOPbIN
ObINo BbICbiNaHO 999 cninyek. YYeHKKy, KOTOPbIA Cen Mo
NeBYIO PyKy OT NlaMbl, paspeLlaeTcs 3a xon opaTb nnbo 1,
nmbo 3, nubo 5 cnnyek. YYeHuK, KOTOPbIM CUAMT MO
npaBylo pyKy OT NlaMbl, OepeT 3a xon, oo 2, nnbo 4, nbo
6 cnuyek. Jlama, B cuy CBOen MyLopoCTuv, Bcerfga beper
poBHO 1 cnnyky. MNepBbiK Xxo4, AenaeT nama, 3aTem xofApl
[JenaloTca no oyepenm mo 4acoBow cTpenke. ToT, KTO He
MOXEeT CieNnaTb XOA, MPOMyCcKaeT ero. BelMrpbIBaeT TOT, KTO
BO3bMeT MOCNefHIon Cnnyky. KTo BbiMrpaeT?

Qosnbkiop

30.03.10, 17:55
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MbinbHble My3bIPY 1 XOPAbl

A.LUEHb

®dopmynupoBka 3agayumn

Tpu oxpyxnocmu nonapno nepecexaiomcs (puc.1).
/151 Kasx 00t napvL nepecexanuuxcs oKpyKHocmet npo-
sequ ux obuyio xopdy. /o-
Kaxume, 4mo mpu maxue
xX0p0bl NPOX0OSiM uepes
00HY MOUKY.

ATy 3aj1avy BIIOJTHE MOXK-
HO PEITh, OCTaBasCh B
pamkax maanumerpun (n
MbI TIPUBE/IEM TAKOE Peliie-
uue). Ho y Hee ectb Kpacu-
Boe (XOT4 1 He BIOJIHE CTPO-
roe) pereHue, NeroJb3yio-
I1ee BBIXO/ B TIPOCTPAHCTBO.

Haunem usganexa.

S

Puc. 7

Monycdepa Ha NnockocTn

Paspexxem cdepy
MJIOCKOCTBIO, TPOXOJIA-
1ieii yepes ee eHtTp («11o
akBaropy» ). [Toxydarcst
ase norycdepst. [lomo-
UM oziHy n3 Hux («ce-
BEPHOE T0JTyIapre» ) Ha
maockoctsb (puc.2).

Kak snaior ¢pusuku, nmenno takoil suz (mosycdepa)
MMeeT MbLIbHBIN ITy3bIPb Ha MOBEPXHOCTH BO/bI (puc.3).

Puc. 2

Puc. 3

Puc. 4

Ec/1 TocMOTpeThb Ha Hero cepxy, To 6y/eT BIHA IPOCTO
okpyskHOCTD (puc.4).

[ABe nonycgepsbl

Tenepp OJOKUM Ha HA TOPU30HTAJIBHY IO ILIOCKOCTD [IBE
nosycdepnr Tak, 4To6bl OHM nepecekaanch (puc.5). [IBe
cepbl mepeceKarTes Mo OKPYKHOCTU. ITa OKPYIKHOCTD
JIEKUT B BePTHKaAbHOIT 11ockoct. (B camom zene, ona
HepIeHANKYISpHa IPAMOIi, COeMHSAIONIEN HeHTpb cdep,
a B HallleM CJiyyae IeHTPbI cep JeKaT Ha MIO0CKOCTH. )
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Puc. 5

W crHoBa 310 XOpomIo BUAHO Ha MbBIJIbHBIX ITYy3bIPDAX

(puc.6).

Puc. 6

[TocMoTpuM Ha HUX cBepXy (puc.7): Toraa or Kaskaon
nosycdepbl Mbl YBHIUM OKPYKHOCTh (TOYHee, ee 4acTb,

Puc. 7

JiesKanyto BHe Apyroii). OKpPysKHOCTD, 110 KOTOPOIH Tepe-
cekaroTces mosrycdepsl, IpeBpaTutest B npsimyto (Beab oHa
JIE)KUT B BEPTUKAJIBHON MIOCKOCTH).

Bossparmascns k reomet-
puM, MbI BU/IUM [IBE€ OK-
PYKHOCTH U OOIIYIO XOP-
ny (puc.8).

PewieHne 3apaun

HaBepﬂoe, BbI yJK€ 110~
HAJIN, KYeMY UJIET AeJI0 1

KaK pEUINTDb Hallly 3a/iavy Puc. 8

30.03.10, 17:55
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C IIOMOILIBIO BbIXOJA B IIPOCTpaHcTBO. DBynem cuurarb
ILJIOCKOCTb TOPU30HTAJIbHOI, a OKPY»KHOCTM Ha Heil —
nzobpaxxenusamu cdep. Torga muanm nepecevenns chep
(Tpu OKPYKHOCTH B BEPTHKAJIBHBIX IJIOCKOCTSIX) OYIyT
uzo6pasxenpl orpeskamu (o6mumu xopaamn). Touka te-
pecedeHns BceX Tpex cdep IMOMajieT Ha 9TH TPH OTPe3Ka —
3HAYUT, OHU IIPOXO/IAT Yepe3 06ILyI0 TOUKY, 4TO 1 Tpe6o-
BaJIOCD JIOKA3aTh.

B kauectBe M/LTIOCTPAIMM K 9TOMY PEIICHUIO MOXKHO
[IPUBECTU TPU IPUMBIKAIOUUX APYI K JAPYrY MbLIbHBIX
nyspips (puc.9).

Puc. 9

Bup cBepxy npezcTaBiseT co60il TpU OKPYKHOCTH M TPU
o61iue Xop/bl, nepecekamolecs B ool Touke (puc.10).
Tounee TOBOPsI, TYT BUAHBI JHIITh YaCTH TUX OKPYIKHOC-

Puc. 10

Teil U XOP/I, HAXO/ISIINECs BHE JAPYTUX Ty3bipeil (BHYTpH
Iy3bIPU YCTPOEHDI MHAYE)

Monycdepa kak rpapuk

ITO pelleHHe MOXHO ITIepejiesaTbh B JABYMEPHOE, eCJH
paccMaTpuBaTh noaycdepy kKak rpadux (yHKIHH ABYX
nepeMeHHbIX. O6DBSICHUM, YTO 9TO 3HAUUT.

[IpencraBbre cebe, 4TO BBI KUBETE BHYTPHU MOJIyCdepbl
U ee KyIOJ JJIsI BaC CJY)KHUT MOTOJKOM. Bbicora atoro
MIOTOJIKA B PA3HBIX TOYKAX KPYTJIOH KOMHATHI pas3Has.
Camast GoJiblliast BbICOTa — B IleHTpe KoMHaThl (0Ha paBHA
paauycy noaycdepni). K Kpao KOMHATBI OHA yMEHbIITAeT-
cst 10 HyJist (IOTOJIOK CTAaHOBUTCSI CTEHOI).

Kak HaiiTi BBICOTY TTOTOJIKA HA/T HEKOTOPOI TOUKO M ?
OxaspIBaeTcst, 4TO MOKHO 0O0UTUCH (€3 JIa3ePHOTO /1aJib-
HOMepa UK JeCTHUIBI. /|0CTaTOUHO MPOBECTH Yepes3 ToU-
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2010/Ne?

Ky M npsamyio Ha 110J1y
(puc.11), usmepurp
paccrostnust @ u b 10
CTEHbI BOOOUX HATIPAB-
JIEHUSIX ¥ HAUTH BbICO-
Ty 1o ¢dopmyJe
h =+Jab (ona pasma,
KaK roBOPAT, cpejHe-
My TreoMeTpu4deckomy  Puc 17

paccrosinuii @ u b).

B camom pene, B BepTHKaJbHOM CEUEHUM, IIPOXOJS-
IeM 4Yepe3 OTPe3KH ¢ U b, MbI MOJydaeM HPSMOYTroJib-
HBII TPEYTOJHHUK, OMUPAIOIINNCS Ha JMAMETP OKPYKHO-
cru cevenns (puc.12). B mem BoicoTa /i paBHa cpepnemMy
TeOMETPUYECKOMY OT-
pe3KoB a u b, Ha KO- H
TOpbIC OHA JICJUT TH-

MOTEHY3Y, TOCKOJbKY

MIPSIMOYTOJIbHBIE TPEY- h

roabHukun AMH n u b

HM B 110106HbI: A Y 'B
a:h=h:b. Puc 12

CTteneHb TOYKM

SaMeTI/IM, 4YTO MPAMYIO Ha 1OJYy MOIKHO IIPOBOJAUTDH I10-
pasHoMy, u oTpe3ku ¢ u b GyayT pasHbIMH, HO BBICOTA
JTOJKHA OBITH OJIMHAKOBOM, TakK 4To MpousBejneHne ab we
3aBUCHUT OT BbIOOpA TIpsiMoii. Pambiie aTa Teopema BXoamia
B IIKOJbHBIA Kypc reomerpun (Teopema 00 oTpeskax
nepecekalomuxcs Xop) . Ee MoKHO Joka3aTb 6€30 BCAKHX
cdep, us nogobus rpeyrosbiukos AMA' u BMB (puc.13):

a:a =b":b.

[Ipoussenenne oTpes-
KOB XOp/bl Ha3bIBAIOT
CMEenenvlo TOYKU OTHO-
CUTEJIbHO OKPY’KHOCTH;
Tak, CTemeHb TOuKu M
paBHa MPOU3BEAEHNIO ab
(a TaksKe IPOU3BEIEHIIO
a't ). Takum o6pasoM,
BBICOTA TTOJTycepbl HaJ
TOYKOI paBHA KBaJpar- B
HOMY KODHIO U3 CTeNeHn B\/
3TOW TOYKH.

Bepremcsa k aBym mo- PG 13
sycdepaM, ONUPATOTIM-
cs Ha iBe OKpykHOCTH. IIpencTaBum cebe, 4TO MbI CTOUM
o/ iuHuedi nepecevenns atux noaycdep (r.e. Ha obuiei
xopze okpyskrocteit). Torma o6e moaycdepbl HAXOAATCS
Ha o/iHO# BpIcoTe. ClIe/I0BATEIbHO, €CAU MOUKA JIeHKUM HA
obuetl xopde 08YX OKPYHKHOCMEL, MO ee CmeneHu OMmHo-
CUMENBHO 00eUX OKPYKHOCET 00UHAKOGDL.

ITO, BIpOUYEM, SICHO 6Ge30 BCSAKMX cdep: ecau TOYKa
JIEKUT Ha XOpJe, TO ee crenenb (OTHOCHUTENbHO 060
U3 OKPY’KHOCTEi1) paBHa NMPOU3BEJIECHUIO OTPE3KOB XOP-
abt (puc.14). A ecam Touka J€KNT C6OKY OT XOPJBI, TO
O/IMH W3 OTPEe3KOB OyjeT OOIMUM, a JApyrue OTpe3Ka
OyZyT PasHbIMU, TaK YTO CTEHNEeHU TOXKe OYIyT PasHbIMU
(puc.15).

AI

{7

o
LS
(N

30.03.10, 17:55




Puc. 15

MnaHnmeTpunyeckoe pelleHue

BepremMcst K NCXO/IHOI 3a/1a4€e U PACCMOTPUM TPH TIepe-
cekalomuxcst okpyxknocru (1, 2 u 3 ma pucynke 16).
[TpoBezeM aBe 061ITIIe XOP/IBI: OHY — /IS OKPY KHOCTEH 1
u 3 1 BTOpyI0 — /11 OKpy>kHocTelt 2 u 3. Touku Ha 1epBoit
XOp/ie WMEIT, KaK MBI BHUJEIHN, OJMHAKOBYIO CTETeHb
OTHOCHUTEJbHO OKpPYKHOCTelr 1 m 3, a TOYKM HA BTOPOWH
XOp/ie UMeIOT OJIMHAKOBYIO CTeTIeHb OTHOCHTEIBHO OKPYSK-

2
SN

).

RS
8
)

HocTel 2 1 3. 3HaUuT, 00I1ast TOYKA 3TUX JABYX XOPJ UMeEET
OJIMHAKOBYIO CTEIIEHb OTHOCUTEIBHO BCEX TPEX OKPYKHO-
creii. [loaToMy oHa Takske JI€KUT HA OOIIEN XOPIe OKPYIK-
nocteit 1 u 2. Uro u Tpe6oBaJOCh JOKA3ATD.

ITO peleHne MOYKHO IIepecKasarhb TakK, YToObI OHO CTAJIO
COBCEM <IIKOJIbHBIM» U HE UCII0JIb30BAJIO IIOHATHE CTelle-
uu (puc.17). Tposeaem aBe obie Xopabl AB (0OKpysKHO-
ctu 21 3) u CD (oxpyxnocru 1 1 3). Ilycth O — ux TouKa
nepecevenusi. [IpoBegeM mpsamyio yepe3 Touky O U OJHY
U3 JIBYX TOUEK Tepeceuenus okpyskuocteii 1 n 2 (ckaxem,
BEPXHIOI0 Ha PUCYHKE) — TOUKy F.

Ecm yTBepsk/ieHMe 3a/auyil HEBEPHO, TO 3ATa NpAMas
nepecevyer OKPYKHOCTH 2 W 1 B Pa3iuYHBIX TOYKaX.
Hazosem ux F u F'. Tenepb 3amerum, 4To

EO[OF = AO OB

110 TeopeMe 06 0TPe3Kax ABYX ceKymuX (B OKPYKHOCTH 2).
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Puc. 17

[To Toii 5xe TeopeMe, HO yKe /IJIsI OKPYKHOCTH 3, PABCHCTBO
MO3KHO MPOJIOJIKUTD:

AOLOB=COILOD,
u pagbine (OKpyKHOCTD 1)
COLOD = EO [OF" .

CpaBHI/IBa}I HadaJO M KOHeI] ATOI IIEMOYKH PaBEHCTB,
IoJiy4aem

EO[OF = EO [DF',

T.e. Fu F' — oJHa U Ta ’Ke TOUKa, 4TO U TPeGOBAIOCH
10Ka3aTh.

BOHPOCbI n 3agadiun

1. O6paTuTe BHUMaHKE, KaK PACIOJIOKeHA TIJIEHKA, Pa3/iesis-
0111ast MbLIbHbIE 1y3bIpH. B Kakylo cropoHy oHa m3orHyra? B
KakoM u3 mysbipeit gapaenue 6oapme? (Ha nHammx dororpadu-
SIX 9Ta IJIEHKA BUIHA ILJIOXO, TaK YTO CTOMT IOCMOTPETh HACTO-
SINE Ty3BIPH.)

2. Yemy paBHa cTeleHb TOYKHM, HAXO/AIIENCS HA PACCTOSTHIN
d OT 1IeHTpa OKPYIKHOCTH PAJIIYCa 7, OTHOCUTEJIBHO ITOI OKPY K-
HOCTH?

3. MbI onpesie I CTENeHb [T TOYeK BHYTPH OKPY>KHOCTH.
[laiite reoMeTpuUecKoe OIpeesleHne /IJIsT TOUeK BHE OKPYKHOC-
TH, 4TOOBI (hOpMyJIa 3aaull 2 OCTaBaJIach BEPHOIL.

4. PaccMoTpuM JiBe OKPy KHOCTH (TIepecekaionecs: uin Her).
Haiigute reomerpnueckoe MeCTO TOYEK, KOTOPbIe HMEIOT OJIMHA-
KOBYIO cTerieHb (B CMbICJIE TIPEABILYIIEH 3a/[a4n) OTHOCUTEIbHO
3TUX /IBYX OKPYKHOCTEH.

Omeem: 9TO TIpsiMasi; OHA HA3BIBAETCS PAOUKANLHOU OCHIO
Tapbl OKPY>KHOCTEH.

5. Haiiinte paiukaabHyIio OCb JIJIsI TAPbI KACAIOTIITXCST OKPYIK-
HOCTeH.

6. VImMeroTcst TPU MOMApHO Kacaiomuecs: okpyskHocTH. Uepes
KaKIYI0 W3 TOUYEK KacaHHs IMpoBeJeHa oOImas KacaTeJbHas K
cooTBeTcTBYIoMIEel mape. /lokaxxuTe, 4TO TPH TH TIPSIMbIE TPO-
XOJAT 4epe3 OJHYy TOUKY.

7. Bo Bcex HAIIUX PACCYyKJIEHUSAX Mbl HESIBHO ITPE/IIIOJIATA,
YTO OKPY’KHOCTH HE TOJIbKO IIOTIAPHO [E€PeCceKaloTcst, HO U Bce
TPH TIepeKpbIBaioTest (eCTh TOUKA, JIesKAIask BHYTPU BCEX TPEX).
Ecur Taxoil TOUKN HeT, HAIM PACCY’KJICHUS yoKe He POXOJIT.
[Tokaxxure, 4TO, TEM HE MeHee, W B 3TOM CJydae TPH OOIIHe
xopapl (TouHee, UX MPOOKEHNsT) MEPECEKAIOTCSI.
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TennoBble ABAEHUA Ta3amMi
naccaxkmpa aBTOOYCa

B.KOTOB

OJIb3YACH ObIIECTBEHHBIM TPAHCIIOPTOM, Mbl
3aMevyaeM MHOXKECTBO TPOUCXOSANIMNX BOKPYT Hac
(busmyeckux SBJIEHWIT, B TOM YUCJIE U TEMJIOBBIX.

Ilopyunu caxona. Ilouemy mMeTannnyeckne TMOPYYHN B
caJioHe aBTOOyCa MOKPBLIBAIOT AMAJbIO, XOTS HHUKEJIHPO-
BaHHBIC BBITJIAAAT Takke Kpacuo? Oter mpoct. [leso
371eCh HE B KPacoTe, a B TETLIOMPOBOJIHOCTH MaTepuaJsa, K
KOTOPOMY HPHUKACAIOTCS PYKHU IMACCAKUPOB. 3UMOIL 1M0-
PYYHHU, MMOKPBITHIE IMAJIBIO, 13-32 MAJION TEILJIOTIPOBOIHO-
CTH TIOCJIE/THEH OTBOSAT MAJIO TEIJIa U He CO3/Ial0T HEMPH-
SITHBIX OMIYIIEHUN, B TO BPEMSI KaK XOJIOJ[HbIe METaJlJIu-
YecKue MOPYyYHN OGKUTAIOT PYKH JIHO/IEH X0JI0/I0M, OTHU-
Masi y HUX OOJIbIIOE KOJMYECTBO TEIlJIa U3-32 XOPOIIei
TETIONPOBOIHOCTH. Ho 3aTO B skapKoe BpeMsl Y Maccaku-
POB YacTO MOTEIOT JIAJIOHN PYK, KOTOPBIMHA OHU JIEPKATCS
3a TIOPYYHH, MOKPBITbIE 9MaJIbio. Termepb MOPYYHN OTBO-
[T JIUIITb MAJTyIo YacTh BBIJIESIEMOTO PyKaMU Terlia, Ha
YTO TIEPErPEBIINICS OPraHu3M pearupyer BblleeHueM
nora.

Bce mpeamMeTsl, ¢ KOTOPBIME COTTPUKACAETCS TEJIO TIacca-
JKUPA, JOJIKHBI 06eCTIerBaTh OTPEeJTeHHbI OTTOK Tell-
JIa, He JIOMYCKast MePeoXJIaKIeHIs 3MMOI U eperpeBaHiist
JietoM. [10aTOMy cTaHOBUTCS TIOHSATHOI 11€J1eCO00PA3HOCTD
JIEPEBSTHHBIX UJIN TIOKPBITBIX KOYKEN CUIEHUT B 3JIEKTPOTIO-
e3/1aX, TMO/YIIEeK CUJEHNI U3 PE3UHbI UJIN UCKYCCTBEHHON
KOKH B aBTOMOOHJIAX (JIOTIOTHATEIBHO CMATIAIOT HEITPH-
ATHPBIE TOJYKU Ha yXabax), SMaJMPOBAHHBIX METaJINYeC-
KUX CUJIeHUi B TpamBasx. Bce 3To O/HKHO cO3/aBarh
KoM((OpTHBIE YCJIOBUS JIJIS TTACCAXKUPOB KaK 3UMOH, TaK U
JIETOM.

[oxab Ha cTekae. UTo MpoucxXonT Ha OKOHHBIX CTEK-
Jlax aBToOyca BO BpeMs /1031497 BepTukaabHo majaonme
KallJii JIOK/IsI OCTABJSIOT HAa HAPYXKHOH ITOBEPXHOCTU
CTeKJIa HAKJIOHHbBIE BOJSHbBIE TOJOCKH. [IpnueM HaKJOH
ciaena teM GoJibliie, yeM ObIcTpee efeT aBToOyc. A Kak
Be/yT cebsl Kallii, OCe[aloNne Ha CTeKJe U3HYTPH, T.€.
KaIlIi, TIOMAJIAIoNINue Yepe3 OTKPbIThIE
(bOPTOYKHM MM CKOH/IEHCUPOBABIIMECS ;) [T I

n3-32 TOTO, YTO CHUJIA B3aUMHOTO TPUTSIKEHUS MEXIY
MOJIEKYJIAMU BOJIbI U CTEKJIA GOJIBINE, YEM MEKIY MOJIEKY-
snaMu Bogbl (cMavynBaHme).

Hcnapenne u koH/ieHcal¥s BO/IbI HA OKOHHOM CTeKJIe
nocye A0XAd. [laHHoe HaGM0/IeHre MPOXOAUJIO0 TIOCTe
JIO3K/IT B CAJIOHE 3JIEKTPOIIOe3/1a. BHeNTHsAS TeMieparypa
6bL1a 0K0J10 18 °C, CTEeKJIO 3IEKTPOTIOe3/1a CHAPY KK ObLIO
PaBHOMEPHO MOKPBITO KATLJISIMU JIOK/ISI PA3HOTO pa3Mepa.
OxHa OblLJIN 3aKPBITHI, TI03TOMY BJIQKHOCTb BO3/[yXa BHYT-
pu ObLTa BBICOKOIA.

B niporiecce nabutioienust pa3andnbix Ga3zoBbixX IpeBpa-
MIEHWIT BO/IbI OKa3aJ10Ch BO3MOXKHbBIM BbIJIETTUTHh HA CTEKJIE
TPU XapaKTepHbIe BEPTUKAJbHbIE 30HbI (CM. PHCYHOK).
[Tpu o6yBarWM, CBI3AaHHOM C JIBUKEHUEM TI0€3/Ia, CHAYa-
Jla WCTapsIOTCS Kallli Ha TepeaHell 4YacTh BHEITHEH
croponbl creknia (3oma I, puc.a), Tak Kak CKOPOCTb
HCIIapeHNs 3aBUCHT OT KouBeknuu. 3ateM (puc.6) mpue-
rafonias Kk Heil 3oHa Il cTeksa 3amoreBaeT U3HYTPH, 1IPU
aToM cJepyiomas 3a Heil 3oHa III msHyTpm ocraercs
yuctoil. Bunumo, B 30He Il mpomcxoauT MHTEHCHUBHOE
ucnapeHue Hapy KHBIX KalleJb, W3-3a MOTEpPH 3HEPIUn
CTEKJIO OXJIAKAETCS] HUXKE TOUKU POCHI, BCJE/ICTBUE YETO
Ha HeM U3HYTPU KoHJieHcupyercst Boja. Haubosee nnren-
CHUBHO HCIAPSIOTCS Hapy)KHbIe KaIllJU, PaCHOJOXKEHHbIE
Brepeu o xoay Aswkenus (B sone I1), u sTo mpensaTcTBy-
€T MCIapeHuIo CIEAYOINX 110 XO4y ABMKEHNs Kaneab (B
sone I11) n3-3a TTOBBINIEHNS BJIAaKHOCTU 06yBAIONIETO NX
noToka Bo3ayxa. [locsie ncnapennst Hapy>KHBIX Kallesb B
3oHe I ona ounaercs n OT BHyTpeHHero KOH/leHcaTa, TaK
KaK MHTEHCUBHAS TIOTEPSI SHEPTUU MTPEKPAIIAETCS U TEMITe-
paTtypa CTekJia MOBBINIAeTCs. 3aTeM HAUYMHAETCS HcIape-
HUe Hapy:KHbIX Kanesdb B 3oHe III, m ona samoreBaer
usnytpu (puc.6). Hakonerr, sona IT1 okazbiBaeTcst IOKPbHI-
TOM OT/IE/TbHBIMU BHYTPEHHUMHU TYMAHHDBIMU TISITHAMU BOK-
pPYT OCTaBIIMXCS HAPYKHBIX Karesb. Takoil mpoiiecc Ha-
6JTI0/IA€TCS IO TIOJTHOTO OUYMIIEHHS CTEKIA.

I 6) TIII II I

Ha XOJOHOM CTEKJIE M3 BJIAYKHOTO BO3-
nyxa canona? OMHM M3 HUX OCTAIOTCS
HEIIO/ABU)KHbIMU, a I[pyFI/IC HOJI3yT 10
CTEKJIy, OCTAaBJIsIS 32 cOGOU BOJSHYIO
noposkky. Ee naxson sasucur (ecim He
YUUTBIBATb BO3/IEHCTBUSI CTPYN BO3/LY-

Xa) YK€ HE OT CKOPOCTH, a OT YCKOpe-
HuA aBToéyca. HepeMEIHaTbCH HadyMHa-
0T T€ KallJii, 4bsd CHJIa TAXKECTU IIpe-

H56/7/0,a5€/\//8}7 KaprtrHa (ﬁMj‘M’-lE’CKMX ﬂpE’B,OaLL{E’HMﬁ BO4bl Ha OKOHHOM CTéeK/ie
/IEKTPON0E3]a. 3neck E] — YU1croe CrekJsio, E] — Karnam JOXAS Ha BHELIHeM C TOPOHE

BOCXO/IUT CUJTy CLEILICHUS CO CTEKJIOM.  CTeK/1a, — UCNapsIOLNECs Kariv Ha BHELIHEN CTOPOHe CTek/a, — obracrb
A crest 3a monsyiell Kareil OCTaeTCs  3a/10T€BaHUT Ha BHYTOEHHEV CTOPOHE CTeKIa
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JlegsHble VY30pbl Ha CcTek/ie

Jlex Ha creksax. 3uMoOii OKHA aBTOOyca 4acTo ObIBAIOT
TTOKPBITHI WHEEM WJIM PAa3pUCOBAHBI M3HYTPH MOPO3HBIMU
y3opamu. VIX BUJ 3aBUCUT OT TeMIIEPATyPbl W BIAKHOCTH
BO3ayxa B casone. [Ipu Masioii BJaKHOCTH 1 TOCTETIEHHOM
oxyaxkaenn or 0 g0 —6°C Ha TOBEPXHOCTH CTEKJA
OTJIATAETCSI OJIHOPOJIHBIN CJIOW HENPO3PAuyHOTO PHIXJIOTO
Jpja. B aToM ciydae Bce CTEKJIO UMeET TeMIlepaTypy HIKe
TOYKM POCHI, U BJlara U3 BO3/yXa OJHOBPEMEHHO KOH/ICH-
cUpyeTcs 10 Bcell TOBEPXHOCTH CTEKJA, MOKPBIBAs €ro
CJI0H 3a c10eM 1 06pasyst aMopgHOe HENTPO3PAYHOE COCTO-
SHUE JIbJIA.

Ecau ske oxJ1askieHne cTekia mpouCcXOIUT IPH GOJIbIION
BJAXKHOCTH BO3/[yXa, a B IpOIecce OXJAX/EeHUs MPOXO-
JINTCST TOYKA POCHI, TO KOH/IEHCUPYIOTIAsICst Ha CTeKJIe BOJa
3aKPUCTATI30BBIBAECTCS B BI/I€ MOPO3HBIX Y30POB, MTOXO-
JKMX Ha €JIOBbIE JIallbl WU BETKHU JUKOBUHHBIX PACTEHUI,
or6éupasi MpU ITOM TEILIO OT OJIU3JIEKANUX YIACTKOB
ctekJia. Takue y30pbl Ha3bIBAIOT AeHapuTamu. [lpn gaminb-
HeHIeM OXJaKICHUN CTEKOJ MEXKIY IEHAPUTAMHE, a 3aTeM
1 HA CaMUX JIEH/IPUTAX MPOUCXOUT OTJIOXKEHUE TOHKOTO
cyog uHes. VHOrga TemiepaTypa M BJIAKHOCTb TAKOBBI,
YTO TIPOTEPTOE CTEKJO 3aMep3aeT MpAMO Ha raa3ax, 10-
KPbIBASICh JeISTHBIMI KPUCTAJIJIAMU.

Kaxk-rto mocJie oTTernesnn pe3ko moX0J10/1aJ10, U y30Pbl U3
6oJiee KPYITHBIX JICHIPUTOB TOKPBLINA HIKHIOID YacTb
OKOHHBIX CTEKOJI, BBEPXY K€ KPUCTAJIBI OBLIN 3aMETHO
Mmesbye. [loyemy? OOBACHUTD HETPYAHO. KpucTtasaibt
00pa3yIoTcs M3 CKOH/IEHCHPOBABIIEHCS Ha CTEKJIE BOIbBI, a
OHA, BCJIE/ICTBUE JIEUCTBUS CUJIbI TSXKECTH, TEUYET U CKAall-
JINBAETCS BHU3Y.

3UMOI XOJIOAHBIN BO3AYX MOXET IMPOHHUKATb B CAJTOH
aBrobyca yepes e paM u OTKpbiTbie poprouku. C HUM
MIPUXO/IUT B COTIPUKOCHOBEHNUE TEILJIBIH 1 BIAASKHDBIN BO3YX
caJIoHa, KOTOPbIN TIPM 3TOM OXJIAXK/IAETCS, TePSIST U3JIHIII-
Hioto Biary. [Touemy ke B MecTaX MPOHUKHOBEHUS HAPY K-
HOTO BO3/yXa CTeKJIa He 3ar0oTeBaloT U He 3aMep3aioT? B
JIAaHHOM CJIy4ae BHYTPH CaJIOHA TIPONCXO/IAT BA ITpotiecca:
He TOJIbKO TETLTBbII BO3/yX OXJIAXK/IAeTCsI, HO U XOJOHBIH
BO3/lyX, TOMaJasi B CAJOH, HArpeBaeTcs U TIOTJIONAET
BO/y, TaK KaK €Tr0 BJIArOEMKOCTb YBEJUYUBAETCS. ITO
JIETKO TIOJITBEPAUTD IKCIEPUMEHTAJBHO.
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Ecam Bbl HOCHTE O4KM, TO 3Haere (BIpOYEM, 9TO BCe
3HAIOT), YTO 3UMOIT TIPU BXO/IE € YJIHI[BI B TEILIOE TIOMETIe-
HHe OHU 3aroTeBaioT. Ho Maso kTo o6parmaJ BHUMaHNe Ha
cJenyioliee: CTOUT, He TIPOTHPAast OYKOB, CHOBA BBIMTH HA
XOJIO/l, KaK BJiara ¢ HUX MOJHOCTbIO ucrmapurcs. [1pome-
JlaliTe TaKoOW OIBIT € KYCKOM CTeKJia, KOTOPbIN Jydle
JlepsKaTh He B PyKe, a 32 KaKkylo-HHOY/Ib OIPaBy.

[TpuBeny emie psii HAGJTIONEHHMIA.

OnuH pas g moAblag Ha TPOTEPThIi B 3aMOPOKEHHOM
OKHE YYaCTOK, U OH GBICTPO TTOKPBLJICS MYIIUCTHIM HHEEM,
npuyeM ¢ 60Jiee IJIMHHBIMU UTOJKAMHI, YeM Ha OCTAJIbHOM
crekJie. B apyroii pas 1ipu Hapy:xHoit temeparype —25 °C
Ha IIPOTEPTOM yUacTKe 3a 5—7 MUHYT Hapoc 60Jiee TOJICTHIIT
CJIOW MHes, YeM Ha HelIPOTEPTOM CTeKJIe, IIPUYeM JAblaTh
Ha CTEeKJO B 9TOT pa3 He upuuioch. llo-Bupumomy,
IIpoIiecc HApAINBAHMS CJI0OST MHES Ha CTEKJIe 3aBUCHUT OT
COYETAHUS OTIPE/ICJICHHDBIX YCIOBUI: TEMIIEPATY PbI U BJIAXK-
HOCTH B CaJIOHE U 3a OKHOM. llosiBisimuch Ha cTexJe,
BbIpacTas Ha TrJa3aX, W JieJsSHble KPUCTAIIbl B BUJE
JIEJITHBIX BOJIOKOH (TPUXUTOB) WM JIEASHBIX Y30POB B
BH/Ie e0BbIX Jan (1eHpuToB). IHTEPeCcHo, Y4To BO BpeMst
pocTa OoHU OBLIM OKPY’KEHBI HEGOJBIIUM CBOOOIHBIM OT
uHes IPOCTPAHCTBOM CTekJa. Kak u 1pezrnosaranoch
paHee, BbL/IEJIAIONASACS SHEPTH KPUCTAIN3YIONIEHCs BO/Ibl
BJIMET Ha YCJIOBUSA B OKPYXKAIOIIEM JEHJPUT IIPOCTPaH-
CTBE, IPEHATCTBYSI BO3HUKHOBEHUIO [PYTUX KPUCTAJIOB
BOJIM3U W BOKPYT pactyimux. CorJiacHO u3MepeHusiM yue-
HBIX, OCXK/EHHNEe JIbJa Ha TIOBEPXHOCTb COIPOBOXKIAETCS
KOJIEOGAHUSMU TeMIepaTypbl BOJM3U Hee BEJUYUHON 10
+5 °C, 4TO OKa3bIBAET HA CYIECTBOBAHUE B 3TOI 06J1aCTH
OII[yTUMOTO BBIJIEJICHUS TeIa U Tepelauyd ero IyTeMm
KOHBEKITHH.

CkazanHoe MOATBEPIKIAETCS CAeAYIONUM HAGTI0eHIEM
3a CTOSIIIMM B JIeNO 3JieKTporoe3sioM. OKOHHbIE CTeKJa
roe3/ia OBLIN /IBOIHbIE, HAPY)KHAS TeMIepaTypa BO3ayXa
6bLi1a okoJsio —12 °C . Ha BHelHeil MoBepXHOCTH BHEITHIX
CTEKOJI UMEJIUCh KPYIIMHKY JIbJIa — OT 3aMEP3IIUX PEeJKUX
KaleJb Bo/ibl. BHyTpeHHee Jke CTeKJIO CO CTOPOHbBI CaJIOHA
6BLIO TTIOKPBITO CJI0eM GeTOTO WHEST ¢ OKPYTJIBIME IMSTHAMHI
YIICTOTO CTEKJIA, IIEHTPBI KOTOPBIX COBIAJAIN C PACIIOJO-
JKEHUEM 3aMep3InX KareJab CHApYKH.
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OU3UYECKHUN ®AKYJIDBTATUB

OV EVIY,
B TYMaHe

C.BAPJIAMOB

AUYHEM C TAKOW 3AAYN: 3

Kanenvru 600vt 6 mymane umerom duanemp 107 m. Kaxo-
6a 600HOCMb 6030YXd, ecau OHeM 6 Mmymane 6 0ecsamu wazax
(7m) ysuamo wenosexa yaxe neco3moxno? Boonocmoio nazviea-
emcst Koauuecmeo xuoxoi 6odvl (6 epammax) e 1  6o30yxa.

He Briosie omnpejiesieHHOE YCJIOBHE <«y3HATH HEBO3MOKHO»
cJeyer nepeBecTn Ha (PUBUKO-MaTeMAaTHYeCKUIl S3BIK. UTOObBI
«y3HaTb» YeJIOBEKa, HY’KHO «IIPOYECTb HA/INICH» Ha €ro JIWIE,
T.€. PACHO3HATb CTPYKTYPY TEMHBIX U CBET/IbIX YUACTKOB, KOTO-
past y KaX/I0ro YesloBeKa MH/MBU/IYAIbHA.

OCHOBHBIMU TApaMeTPaMU, OTPEIESTIONUMI BO3MOKHOCTD
Y3HABAHUS, SIBJSIOTCS OCTPOTA 3PEHUST U KOHTPACT M300paxe-
HUS Ha ceTyaTke TJasa. HauHeM ¢ ocTporsl 3peHus. B Bosmyxe
IIPH OTCYTCTBUH TyMaHa 4eJIOBEeK MOXKET 0 4eTKol dororpaduu
OIIpe/IeJICHHOTO pa3Mepa y3HaTb, KTO Ha Hell H300pakeH, TOJIbKO
B HEKOTOPOM /lnanaszoHe paccrognuit. Yem jasblie oT rias
Haxoautes pororpadus, TeM MeHbIIe Pa3Mepbl ee N300PasKeHI
Ha CeTYaTKe TJIa3a U TeM MeHbllle CBETOUYBCTBUTEIBHBIX KJIETOK
— KOJIG0UEK — IIPUHUMAIOT YYaCTHE B «Y3HABAHUUY> .

W3mepenust, mpoBeieHHbIE ¢ GOJIBIINM KOJIMIeCTBOM YUaCTHH-
KOB, TIOKa3bIBAIOT, YTO 711 GOIBIINHCTBA JIO/Iel ¢ HOPMATbHBIM
3peHneM BIOJIHE IOCTYIHO ¢ paccTossHust 10 M pacrno3Hats Kak
pas/iesibHble OIMHAKOBBIE TEMHBIE TISITHA [MaMeTpOM a = 1 MM ¢
3230POM MEK/Iy HUMU, PABHBIM UX [uaMerpy. [Ipuuem rsatHa ati
PACIIOJIaraioTcsi Ha XOPOIIO OCBEIIEHHOH 6esioil TTOBEPXHOCTH.
[Tosydaetcst, 4TO YII0BOe pas3pelieHie I1a3a Ip1u HOPMaJIbHOM
3peHun cocTassger okoso 1 yraosoit MunyTel. Ilpn yBesmmuennn
paccrostnus B 2 (a Tem Gosee B 3) pasa GONBIMHCTBO JTIOACH yiKe
He MOTYT OTJIMYUTD JIBA TAKUX TIATHBINIKA OT CILJIONTHON 4epTOoY-
KM C JIINHOI, PABHOI TPEM [[aMeTpaM IISITHBIIIEK, 1 C TAKOH e
IJIONIA/(bI0 YePHOI ToBepXHOCTH. CBSI3aHO 39TO C TEM, YTO
KOJGOUKHM CETYATKH eoBedeckoro rrasa (puc.1) nmeror nome-
peunbie pasmepsl opsaka b = (0,001-0,004) mm, MakcnMasb-
Has «/IUTHA TJ1a3a» COCTaBJsAeT [ = 25 MM, a pafinyC KPUBU3HbI
POTOBULbI — IIPO3PAYHOI IePeAHell CTOPOHBI CKaepbl (060I0UKI
rjasa) — paBeH r = 8 MM. DTUMH TPeMs BEJUYNHAME U OTIPe/ie-
JISIETCS1 TIpe/IeJIbHOe YTJIOBOE pa3pelleHne — OCTPOTa 3PEHUsI.
Ecam paccrostHue OT rya3a J0 TSITHBINIEK C pa3MepaMu d
0003HAUUTD Uepe3 B, TO Mpe/elbHOe PAacCTOSIHIE, Ha KOTOPOM

Pozosuya
Craepa

Padysxxa Cocyducmas

3pauox obosouxa

Hepednaa SpumenvHolil

Kamepa 21d3a Hepe
Cemuamxa
Xpycmanux
. Cmexnoeuoroe
Pecuuunwiii
meJio
Puc. 1 NOSICOK
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€I1€ MOJKHO pa3/invdaTb 9TU IIATHDIIITKN KaK pa3HbIE, Haﬁ[leTCH n3
OYEBUIHOTIO TEOMETPUYECCKOIO COOTHOMICHUA:

Bs@-:@-m)w

ITpu atoM n3o6pakenue Ha ceTYaTKe I/1a3a, CO3/1aBAEMOe KaxK-
JIBIM TIATHBIIKOM (¢ imaMeTpoM 1 MM), MOKET «HAKPBITh»> OJIHY
K0oJI60uKy. UTOOBI TrJ1a3 MOT BUJETH JIBA TEMHBIX ISITHBINIKA
Pas/ieIbHBIMU, HYKHO, 4TOOBI OHHU MTONA/aIi Ha PadHble KOJI00Y-
KU U MEX/y HUMH Obla Obl KaK MHUHUMYM OJlHA OCBEIIEHHAS
Kkos6ouka. Ecam ke paccrosHue B yBeanmuuTb B 3 pasa, TO
M300PAYKEHUST PACIIOTOKEHHBIX PSIOM TSTHBIIEK <«JIATYT» Ha
OJIHY KOJIOOUKY WJIM He TOTIA/yT HH HA OJIHY KOJIO0UKY — B 060UX
CAyYasgX PasJMYUTDh MSATHBIINIKA HE Y/IACTCS.

CBeToBbIe TATHBINKKN (TEMHbBIC WM CBETJIbIC) Ha CETYATKE
rJ1a3a TCOPETHYECKU MOTYT MMETh MUHUMAJbHBINH pa3Mep OKOJIO
0,004 MM, uTO CBSI3AHO C BOJIHOBOU MPUPO/IOii cBeta. [lelicTBu-
TeJbHO, NPU JuamMerpe 3payka D = 6 MM U JJIMHE BOJIHbI
A = 0,5 MM (B Bosmyxe) Ha paccrosgHuu [ = 25 MM B cpejie ¢
koadunmentom mpenomaernsa n = 1,33 amamerp narma (mo
pasMepy MepBoro MUHIMyMa ANGPAKIMOHHON KapTHHbBI) COCTa-
BUT

d=2|],22)\—l=4 MKM .
Dn

Bcero kos6o4ek Ha ceTyatke OJHOTO TJia3a OKOJIO 7—8 MUJLIN-
OHOB, a o0sactb HauboJiee PE3KOr0 3pPeHus OTrPaHUYMBACTCS
TEJIECHBIM YTJIOM C MAaKCHMAJIbHBIM PAcTBOPOM Tiopsika 7° . Ha
ceTyaTke ATOMY YTIJIy COOTBETCTBYET TAK Ha3bIBaeMasl IeHTPasb-
Hast IMKa, B KOTOPOH cocpeorouero okoso 10% Beex Koabouex
(mpumepno 800 x 800 ), ocranbhble KOJOOUKH PACIIPe/IeJCHDI
110 TIOBEPXHOCTH CETYATKM B TEX MecTax, rje IJa3 BUIUT
«60KOBBIM 3penneMs». C yBesnueHneM yrja OTKJIOHEeHUs Jydeit
OT HarpaBJIeHust TPsAMOTo 3pernst 1o 10° ocTpora 3peHus maaer
MIPUMEPHO B 5 pas, a pu GOJIBIINX YTJIaX OHA YMEHbIITAETCS ellle
6osibiiie. VI 3TO JieTKO TOHSTH — Ha mnepudepuu CeT4aTku B
MIPUHIIAIIE HEBO3MOXKHO TIOJIYYUTh TOYEYHOE M300pa’KeHHe CBe-
TALIEHCS TOYKM, II03TOMY 3/leCb HET HEOOXOJMMOCTH HMeTb
6OJTBINTYI0 KOHIEHTPAIIIO CBETOUYBCTBUTENBHBIX KJETOK.

Bce ckasannoe crpaBe/sinBO He TOJIBKO [T TJia3a, HO U I
cobuparoleil JUH3bl B BO3JyXe, C KOTOPOW JIETKO TPOBOJMTD
MIPOBEPOYHBbIE AKCIepuMeHTbl. Kcratu, w s riasa uo s
MIPOCTOH CTEKJISHHOMN JINH3DI CO c(hePUUECKUMU TOBEPXHOCTIMU
napaJijieJibHble JIy4d CBETa, COCTABJISAIONNE HEMAJeHbKUE YIJIbl
C OCHIO CIMMETPHH ONTHYECKON CHCTEMbI, BOBCE HE COOMPAIOTCS
B (poKaJbHOI TIIIOCKOCTH, TEPIEeHANKYJISIPHON TJIaBHOH OINTH-
yeckoit ocu. Hanyuiast KOHIIEHTPAIUS TaKUX JIydeil moJydaer-
Cs HA KPUBOW BHYTPEHHEN IOBEPXHOCTH TJiada — Ha ceTyaTke,
(opma koTOpoit BbIOMPAIACh TPUPO/ION B TeYeHHE MUJINOHOB
JIET 3BOJIIOIMN 3PAYUX JKUBBIX CYIIECTB.

ITpu ypanenun ot ria3 nabaogarens dororpaduu, 1Mo KOTo-
POIl HY’>KHO y3HATD YeJIOBEKA, pa3Mep N300paKeHUs HA CEeTYATKe
rjia3a yMEHbBIIAETCsI, U, KOT/1a WH(MOPMAIIHN JIJIST PACTIO3HABAHUS
CTAHOBUTCSI HEJOCTATOYHO, y3-
HaTb, KTO n3o6pakeH Ha (oTo,
CTaHOBUTCS HEBO3MOXKHO. Ha-
CKOJIBKO BEJIUKO TpebyeMoe KO-
mmyectBo nHdopmarmn? Kon-
KpETHee: CKOJIbKO TISITHBINIEK
JIOJIZKHO ObITb B M306paKCHUN
U Kak [IOJDKHBI OTJIMYATDHCS
SIPKOCTH 3TUX TATHBIIEK? C
[TOMOIIBIO KOMIIBIOTEPA MOXKHO
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IPOBECTU MPOCTOH DKCIEPUMEHT, B KOTOPOM 1(ppoBbie (HOTO-
rpadun OJHUX U TeX e TeoMeTPHUecKUX pasMepoB (OPMUPY-
10TCS PA3HBIMU KOJIMYECTBAMHU CBETJIBIX U TeMHbIX IIATEH, T.€. UX
«pasMep B MUKcenax» (MM B KOJIO0YKAX) MOCTETICHHO YBETNYH-
paercsa (puc.2). Hauunas ¢ HEKOTOPOrO KOJMYECTBA TISITEH,

‘6><7

Puc. 2

MOKHO, TIpH HeGOJIBITON /10Jie (DaHTasnu, «y3HaTh» N300PaXKeH-
HOTO YesioBeka (3HAKOMOTO HaM IO MOPTPETam).

Ha cBetsiom ¢one tymMana Bcst purypa desoBeKka u €ro JIUIO
€CTECTBEHHO BBITJISAAT TeMHBIMI. MakcuManbHas OTHOCUTEb-
Hasl SIPKOCTb IIATEH Ha JIMIE OIpeesseTcss Koa(huimenTom
OTpasKeHus cBeTa u coctasiisgeT okoso 0,5. Ectb i GoJsiee TeMHbIe
YUACTKU U300PAKEHUs JHIA HA CeTUaTKe Ijasa — BILIOTH [0
kourpactaoct 1,0, KoTOpast omnpejiessercss Kak OTHOIIEHUe
PA3HOCTH MAKCHMAJbHON W MUHHMAJBHOH SPKOCTEH MATEH K
MaKCUMAJIBHOI SPKOCTH. MOKHO BBIPA’KATh 9Ty BEJIHYHHY B
[POLEHTAX, TOrJa MaKCUMajbHass KOHTpacTHOCTh Gyzer 100%.

Juamason ot 0,5 10 0,1 no crenenn sprocru (um ot 0 10 80%
[0 KOHTPACTHOCTH) MOKHO PasGUTh Ha HECKOJbKO dYacTeil.
[TpuveM /1151 HAJIEAKHOTO PACTIO3HABAHIS JIeTaieil Hy>KHO, 4TOOBI
Ha TPAHUIAX TISATEH SPKOCTb CKAYKOM M3MEHIACh HA 3aMETHYIO
Besmuniy. Ecoin mameHenne sproctn coctanisiet 20%, To mocTa-
TOYHO BCETO YETHIPEX YPOBHEH JIJIsT «3aMOJHEHIS» BCETO THafa-
sona (80,20 = 4 = 2 6ura). B pesy/braTe MUHUMAJIHLHOE
KosmmuecTso urdopmarun (B 6utax), HEOGXOUMOE JIUIS PACTIO3-
HaBaHU JIMIA YeIoBeKa, paBHo npumMepho 30 x 30 x2 =1,8 x10° .
Torga npu OTCYTCTBUM TyMaHa U TP HOPMAJbHOM OCBEIIEHUI
YyesoBeKa C XapaKTepHBIM pa3MepoM TOJOBbI 20 €M MOKHO
Y3HATh II0 JIUILY C paccTosiHns, paBHoro 0,3 m % (20 cM/4 CM) X
x(800/30) =40 m . 3xecp 0,3 M — 5TO PaCCTOSIHUE HAMLyYIIEro
spenust, muoxurenb (20 cM,/4 cm) obecreunBaer <«pasMelle-
Hie» M300paKeHus JUIA YeJoBeKa Ha IEHTPAJbHON sIMKe, a
muozxureab (800 ,/30) «moBoant» pasmep H306paskeHus B KOJI-
6oukax J0 BesmunHbl 30 x 30 . B ycaoBum 3amaunm ykazanHoe
paccrostnue — 10 1mraroB wim 7 M — Topasao Menbine, yem 40 M,
T.€. He 3TO 06CTOATENbCTBO (yMEHbIIEHHE Pa3MEPOB U300paske-
HUS HA CeTYATKE IJIa3a) MEIIAeT Y3HATh YeJTOBEKAa B TyMAaHe.

[Tpu HaTMIMN MeX/Iy IJ1a30M HAGJIo/AaTeN s U paccMaTpuBae-
MBIM OOBEKTOM <IIO/ICBEYEHHOTO» TyMaHa KOHTPACTHOCTb M300-

€.

=

12x 14 24 x 27 48 x 34

]
e

VS ——
[

NOMOHOCOB M .B. NOMOHOCOB M.B.

Puc. 3

3pHect PE3EPO®OPL  3prect PE3EP®OPI  3prect PEIEP®GOP]

noroHOCOB M.B

pakeHHs Ha ceTyaTKe TJiaza yObIBaeT 10 Mepe Y/IaJeHusi OT
00beKTa HAOMIONEHNSI, TIOCTEIICHHO YMEHBINASCh /10 HYJIST. ITO
00y CJIOBJICHO /IBYMSI ITPOIIECCAMH, HIYIINMI OHOBPeMeHHO. Bo-
TIEPBbIX, TI0 Mepe YyAaJeHUA OT MUCTOYHUKA CBET ITOCTECIICHHO
paccenBaercs, HO ATO He caMoe TJIaBHoe. A TyiaBHoe To, 4To (BO-
BTOPBIX) TI0 MePe YBEJMYEHUsT TOJIUHBI CJIOS TyMaHa MEXKIY
MCTOYHUKOM CBETA M TJIA30M PACTET TAK HA3bIBAEMAsT TTO/ICBETKA.
[lonst cBera, uAymero HampsiMylo B TJiaza HaGJiofartesiss OT
ncrounwka csera (Qororpadmm), mamaer, a A0S CBeTa OT
JIPYTUX WCTOYHUKOB, PACCESTHHOTO KATISIMH TyMaHa U TOXKE
MONAAIONIEro B T1a3a, pacter. Ha cepuu dororpaduit (puc.3),
NPUBEJIEHHBIX [ WTIOCTPAIUK 9TOTO siBJeHus (II0/CBeTKN),
OTYETJIMBO BUJIHO, YTO SIPKOCTb OKPY KEHHsI He MEHseTcs, CBeT-
JIble TISITHA HA KAPTHHKAX CTAHOBSITCS ellle CBeTJiee, a TeMHbIe
IITHA TTOCTEIIEHHO CBETJIEIOT, MOKA M Te M JpyTHe He CPAaBHHUBA-
10TCST TIO0 SIPKOCTH ¢ OKpy’KeHmeM. Ilepexo/i OT mepBoil mapbl
dororpacdwmii (cresa) ko Bropoit u Tak gasnee (BIpaso) cooTser-
CTBYET YBEJUYEHUIO «IIJIOTHOCTU» TyMaHa B OTIPe/IeIEHHOe YHC-
Ji0 pa3. Ilocrenenno ¢ororpadum cTaHOBATCS HACTOJBKO CBET-
JIBIMH, YTO MO JINIAM YK€ Y3HATh KOTO-JH00 3aTPY/IHUTENbHO, a
BOT IO/IINCH K PHCYHKAM BCe eIlle TTPOIOJIKAIOT YHTAThCSI. ITO
TOBOPUT O TOM, UTO JIJisI PACIIO3HABAHMS 00PA30B, B YACTHOCTH
JINIL JITO/Iell, Ba)KHBI pe3Kue TeMHble JWHUU. Takue JUHUN
xapakrepusyiot ¢opmy rJa3, 6poseii, pra, Hoca. BoT 1Mo aTuM
JINHUSIM MBI U Y3HAEM TeX, KTO M300pa’keH Ha PUCYHKe HJIU Ha
dororpadun.

Bepuemes k Hateii 3ajjaue. Korga roBopst 06 y3HaBaHUHM Ha
PACCTOSTHIN, TO OOBIYHO MPEITOATAIOT, UTO [IJISI ATOH OTIeparnm
JTOCTATOYHO «OIHOTO B3TJIsIZay . [109TOMY MBI 00JI€TYNM 32124y,
yKa3aB B KQuecTBe MUHUMAJIbHOI KOHTpacTHOCTU BeJmunny 20%.

Kanenpku Tymana auamerpoM 10 MKM 3HAUNTETBHO GOJIBIIE,
4eM JIIMHBI BCEX BUIAMMBIX TJIA3aMH CBETOBBIX BOJIH, MOITOMY
MOXKHO CUNTaTh, YTO PAaCcCEeMBAHUE CBEeTa HE 3aBUCUT OT JIJIMHDI
BOJIHBI, T.€. CBET BCEX IBETOB PACCEMBAETCS TAKUMHU MAPUKAMU
OJIMHAKOBO ¥ TPAKTUYECKH HE TOrJomaercs. ITOCKOIbKY Ha
KareJ bKi, HAXO/ISIINECS MEXK /Ty ABYMsI JIIOJbMHU, CBET TIAJA€eT CO
BCEX CTOPOH, Ka/as KaleJbKa SBJISEeTCS MAPOBBIM HCTOUHH-
KOM CBETa C OIPE/IeJIEHHOI SIPKOCTBIO WM CUJIOH cBeTa. bBemas
CTeHa TyMaHa — 3TO CIIONIHAS CTeHA M3 TAKIX [IAPHKOB, TaK KaK
B KaKOM 6I)I HallpaBJIECHUN Mbl HU CMOTpeJId, Jy4Y 3PEHUSA Ha
HEKOTOPOM DPACCTOSTHUU 00SI3aTEJBHO «YTIPETCSI» B KaKOI-HH-
Gyap u3 mapukos. Ecim Ha myt kK o0bexry Habmogenns 80%
IJIONIA/IM KAPTHHKUA OyJIeT TOKPBbITA IIAPUKAMH, TO B 3TOM
cJlydae KOHTPACTHOCTD BUAMMON KapTuHku He mpebicut 20 %.
Taxum o6pazom, MO3KHO GyIeT Haii-
TH CBSI3b MEK/IY Pa3MepaMi Karre-
JIEK-IapuKoB D, , X KOHIeHTpa-
nuell B Bo3yxe 7, U PacCcTOSHU-
eM L, HA KOTODOM 4YeJIOBEKA B
TyMaHe Y3HATb HEBO3MOXKHO.

PacemoTpuM cioit Tymana 110-
ma/bio S ¢ Masoi TosmmHoN x. B
oObeMe Sx HaXouTest N, Sx Karie-
gek. OHum 3akpbiBaioT co6oit

2
(TrDKnK Xx / 4) -10 J1OJTIO TLIOTIA/IH,
T.€. HE3aKPBITOIl OCTAETCS TOIBKO
2
(1 - TD;n, ><x/4) -1 JI0JIST TIJTONIA-
mu. Ecim takux cjioeB MHOTO, TO
[0 Mepe yBEeJNYEHUs KOJMYeCcTBA
CJIOEB [10J151 HE3aKPBITOM IO/
CTAHOBHUTCSI BCE MEHBINE U MEHb-
nie. Ilpu oGimeil TosiuHe cJost
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TyMaHa L nonsa 1jioma/iu, ocTaBlieics HESaKprTOfI, paBHa

L 4TID n.L
0 T[D2 éll _%1 TD2nK1E|4ﬂDKnKx _
10 mbZn, L0 2,
1+y;§ L =0,2

2,
o D K X
B aroit nenouke dhopMy.T Masas BeInInHA E’ 4 E 0003Ha-

yeHa CUMBOJIOM y. A 1po Bbipakenue (1 + n3BECTHO, 4YTO
y

npu y — 0 OHO WMMeeT 3aMedYaTeNbHbIH TpeJes] — YHCIO0 e.
OTCI0/1a MOXKHO HANTH KOHICHTPAINIO Kanep: 7, = 3107 M~

min -
1 MCKOMYIO BOJIHOCTb BO3JlyXa: p% =1,5007 KI‘/ M?

Jupuuecxoe omcmynaenue. Yto6bl «pazbopUMBOCTD> HAGJIIO-
JlaeMOll KapTUHKI WJIM Tlefisaka cTaja XysKe, COBCeM He 00s13a-
TEJIbHO HaJIM4Ke TyMaHa. Kak-To JIeTHUM [THEM TIpU COBEPIICHHO
MTPO3PAYHOM BO3/IyXe€ 5T PACCMATPUBAJ COCHBI HA TIPOTHBOTIOIOK-
HOM Gepery IpOJIMBAa MEK/Y OCTPOBOM M <«OOJIBbIION 3eMJeil»
(a10 6bL10 JeToM Ha octpoBe OubXoH, uTo Ha Baiikane). B te
MIPOMEXKYTKH BPEMEHH, KOT/Ia BO3YX HAJ MPOJUBOM MIUPUHOI

*
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B HECKOJIBKO KHJIOMETPOB 3aKPBIBAJIU OT COJIHIIA 06JiaKka, ObLIn
BU/IHBI MeJibuaiiiiie noapo6Hoctu. Korma ske He60 HaJ MTPOJIH-
BOM OUHMINAJOCH OT OOJaKOB, KapTHHKa Oepera ¢ COCHAMU
CTAHOBUJIACH sIpU€, HO «Pa3GOPUMBOCTb» 3PEHUS PE3KO Tajasa
UMEHHO W3 3a MOJCBETKH. BO3/yX Haj MPOJMBOM PACCEUBAJ
COJIHEUHBIN CBET, U MEJKUE JIeTaji, HAIPUMED BETOUKH COCEH,
yoKe He Pa3Invaich OTYETINBO.

HackoJbKO CHJIBHO paccenBaeTcsi BO3/yXOM COJTHEUHDII CBET,
MHe JIOBEJIOCHh YOeUTHCS TakKe, HaOI0/ast C 3eMJIU 32 TIOJIETOM
camoJieTa, KOTOPbIil B yncToM HeGe OCTaBJisia 3a co60il Gesiblit
caen. O6acTb BO3/LyXa, OKa3aBIIerocss B TEHU TYMaHHOTO CJIe/a
OT camoJieTa, JIETEBIIEro 10 MPSIMON JIMHUHU, TPEJACTABJISIA
€060l «TOJICTYIO CTEHY», U 51 TOJKe HaXo/uJics B 91oil Tenn. Tak
BOT, CMOTPSI Ha roJry6oe HeOO Tiepe/l CaMOJIETOM U €ro CJIEJIOM,
S BUJIEJT TEMHYIO TI0JIOCY, HAYILYIO OT CaMOJIeTa JI0 CaMOil 3eMJIN.
IITupura noJsiock cOBIaaa ¢ MUPUHON 6esIoro ciieaa. A cripaBa
U cJieBa OT 3TOW TEeMHOH TOJIoChI HeGO ObLIO TPEeKHUM —
roJyObIM-TOJIyObIM. B 06sacTu TeHu, CO3JaHHON CaMOJIETHBIM
CJIeZIOM, TIPOIIAJa TOJCBETKA, & TOJIINHA 9TOTO CJIOST BO3/YXa C
OTCYTCTBYIOIIEH TIOJICBETKON COCTABJIsIJIA [IJIST MOETO MecTa Ha-
OJTIO/IEHNST HECKOJIDKO KUJIOMETPOB. §1 exas Ha MallnHe, U 4epes
HEKOTOPOE BpeMs JIopora yBeJsia MeHs 13 o0sact Tenu. Temuas
1moJjioca Ha roxy6oM Hebe cTaJjla CBETJIETb U TOCTEIIEHHO COBCEM
nporaia...

HAIINX HABJIOAEHUNUA

CuHUUbI W... PU3UKKa

JKE KOTOPDII 'O/l OCEHDBIO IIPUJIETAIOT B PA3AHDb CU-
HUIIBI U CA/ISITCS HA JIEPEBbSI ¥ KYCTBI PSI/IOM € HATITUM JIOMOM.

A camble cMeJible TIPBITAIOT HA TIOJIOKOHHUKU 32 OKOHHBIMU
cTekaaMn — npocst ey. CHHUIIBI OXOTHO CKJICBBIBAIOT CEMEYKN
MO/ICOJTHEUHUKA, KOTOPbIe 3a00TJINBbIE JKUTEIH €KeHEBHO Ha-
CBITIAIOT HA TIOJIOKOHHUKY ¥ B MO/IBEIIIEHHbIE K /IEPEBbSIM TLIACT-
MacCOBbIE KOPOOOUKH.

O[HAKO TITHYKAM HAJ0 Ke 9TO-TO U muTh. OGbIYHO TPo6JieM
C 9TUM HET — BECHOM, JIETOM M OCEHBIO €CTb JIyKH, a 3UMON
CUHMIIBI KJTI0I0T cHer. Ho mipomibtii iexa6pb Bbigaics B Psazann
peKop/HO GeccHesKHbIM. [l03TOMY HEKOTOpbBIE JKHUTEJIH CTajn
BBIHOCHUTD IITHI[AM BOJLY B TAKHX K€ KOPOOOUKAX, YTO 1 CEMEUKH.
CUHWIIBI TPOSIBUJIN K HEll MHTEPeC — aKTUBHO YTOJISIH KA .

Kaxk-to BbIHEceHHass MHOIO KOPOGOYKA C BOJIOW OCTaJach Ha
HOYH, W BOJA B Heil mpomepana o0 aHa. Ilpunecs B oM
6ecCIioIe3Hblil JIJIST ITUI JIel, s 3aMEePUJI BPeMsi, 32 KOTOPOe OH
MOJTHOCTBIO PacTasiji, — OKa3aJ0Chb MPAKTUYECKU TOYHO 3a
YaCOB.

A Temepb faBaliTe OTIEHUM BpPEMSI TasSHUS JbJa TEOPETUIECK.
Y Ie/IbHYIO TETIOEMKOCTD JIbJIa U €T0 YEJbHYIO TEeIJIOTY TIaB-
JeHua Haxoaum 1o Ttabauiam: ¢ =2100 I[m/(Kr EK) R
A = 334000 [[xx/kr. BarisgHeM Ha TepMOMETPbI 32 OKHOM:
ty =-11°C (T, =262 K) usxyxue: t =22 °C (T =295 K).
Onpesieutb Macey Jiba (HcnapenneM Bo/Ibl B POIECCe TasHust
JibJla npenebperaem) momor MepHblii cocya: m = 0,2 kr. Kopo-
6ouka mpe/cTaBiseT co6oil yceueHublii konyc. OGmepus ee
JINHENKOIT, HETPYIHO OBLIIO BBIYUCIUTD TLJIOMIA/Ib TIOJTHO TOBEPX-
"octu: S =0,022 M2 . Kosmuectso TEIJIOTHI, HeOOXOUMOe IS
TasTHUS JIbJIa, PABHO

Q = —cmty + \m .
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Ternepb Ha/I0 OIIEHUTD ATY BEJMUYMHY, ITOCKOJbKY TOUHDIN pacyeT
Kpaitie satpyaantenen (ecam Boo6IIe BOZMOYKEH) 1 YK HaBep-
HSIKA HE HYJKEH.

Jlen B cocy/ie osyvaet TeIIo U3 OKpy»Kalolleil cpe/ibl 3a cueT
TEIJIONIPOBOIHOCTH M U3JIydenis, n60 KOHBEKITHSI SIBHO He3HAUN-
TeJIbHA. YUYECTh TEIJIONPOBOAHOCTD [IJIs1 IPAHUIBI BO3/LyX—JI€/]
ObLJIO TPYZHO, TaK KaK COOTBETCTBYIOMUI TaGauuHbIil K0ahdu-
IUEHT He Y/JaJ0ch Haiitm B cripaBoyHukax. Ho Beab eme ecth
rpaHuiia Bo3ayx—Iiactmacca... Cunras o6a Bujia Temnomnepe/a-
YU — TEIJIONPOBOJHOCTD ¥ U3JIyYeHHe — IIPUMEPHO PABHOBEJIH-
KUMHU, ITIPUMEM, 4YTO, B COOTBeTCTBMM € 3akoHOM Credana—
BoJsbrimana,

0~ OSI(T4 - T04),

e 0=>5670007° Z[>I</(M (¢ EK4) — mnocrostnnast Credana—
BosbiiMara, a T — HCKOMOE BpeMsl TasiHUS Jibja. VIHbIME
CJIOBaMHU, I10J1araeM, 4To Jie IOIJIOIAET TEILI0 Kak aOCOII0THO
yeproe Tesio. Koneuno, Ha caMoM JieJie OH TIOTJIONaeT MEHbIIe,
HO PasHUILY MEXK/Y «I€PHOTOU» U «CEPOCTHIO» OTHECEM Ha CUET
TEIIOTPOBOAHOCTH. OIEHOYHBIE PAaCYeThl BCeTha (PU3NUECKH
CMeJTBI U MaTeMaTHYeCKH MPOCThl. VMHaue 3a4eM OHU TOT/a?
WNrax, nomydyaem

oSt (T4 - T04) ~m(=cty + ),
OTKy[[a HaxXo/um
_ M ~20000¢ = 5,564 .
oS (T =Ty )

Becpma xopormas TOYHOCTD OIEHOYHOTO pacyeTa Mo CPaBHEHUTO
C 9KCIIEPUMEHTOM TOBOPHUT O NPHUHIUINAIBHON BEPHOCTU BBIG-
paHHoil (puU3MUYECKOI MOJIE/IH.

B./Ipo3dos
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MATEMATHUYECKHUMN KPYJXOK
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A.TOJIl1bIFO

A bbiBaeT elye 1 TaKk MHOIAA: ObeLIbCI Tbl HAZ KaKoM-
HUOYb 334a4KOM, @ OHA HE BLIXOAMT, 1 TOTAA Thl MPUAYMbI-
Baelllb KakoU-HUbyab HOBbIV, O4eHb XUTPbIV Cr10Cco6, 4T00b/
ee peLntb. U npeacrasb cebe, onare y 1ebs He BbixoquT! Bot
OT 37010, Ka3anock Obl, COBEPLUEHHO BECIIONE3HOro Tpyaa
HEPEAKO [1071Y4AETCH HEOXMAAHHAS 10J1b3a...

C.bobpoB. BonwebHbI aBypor

[l Havana copMyupyeM JBe 3a/1a4i.

3apmava A. [oxaxume, umo u3 100bLX N YSAbLX YUCET MOKHO
8bI0PAMb HECKOILKO, CYMMA KOMOPLIX OCJUMCS HA 1.

3anaua B. Joxaxume, umo uz moboix (2n — 1) uenvix uucen
MOXKHO GbIOPATD N UUCET, CYMMA KOMOPBIX OCSUMCS HA N.

3asaua A MUPOKO U3BECTHA U PEHIAETCS € TTOMOIIBIO TIPUHITH-
na Jlupuxue («ecmu (n + 1) KPoIMKOB TpeGyeTcst paccaguThb MO
7 KJIETKaM, TO XOTsI Obl B O/IHOW KJeTKe OyJieT He MeHee JIByX
KPOJIMKOB» ). A UMEHHO, HaJ0 paccMoTperb uucaa S, = 0,
Si=a;, Sy =a,+ay, S3=ay+ay +az, ..., S,=a +...+a,.
Posb «KJI€TOK», 110 KOTOPBIM HY3KHO PACCaUTh 9THX <«KPOJHU-
KOB», MI'PAIOT OCTaTKK OT JieJIeHUsT yncaa Ha n. 1o npuHimmy
Jlupuxjie, Kakue-To /IBa M3 <«KPOJHUKOB» TONAJAIT B OJHY
<KJETKY», T.€. [AI0T OJIMHAKOBBIA OCTATOK OT JeJIeHusT Ha 7.
ITosTOMy HMX pa3HOCTb JEJUTCS HAa 7, & 9TO U €CTb TO, 4TO
TpebyeTcs.

Hamportus, sagasa B (korga-to oma 6pima omy6auKoBana B
xypuane «Kpant» 3a 1970 rox mom momepom M45) cefiac
HE3aCJYKEHHO 3a0bITa. A MEX/IYy TeM TYT UMEETCS He TOJbKO
3aMeyYaresIbHbII MareMatndecKuil (pakT, HO U P/l KPACHBBIX
uzieit BOKpyr ee pemtenus. [IpaBna, kak Gy/er BUIHO JaJiblile,
HEKOTOPbIe M3 HUX BEJYT K JOKA3aTeJbCTBY, ApyTue HeT. TeM He
MeHee, TOJIE3HBI U Te, W JIPYTHe: €CJU HEKOTOpPble M3 HUX
HE/IOCTATOUHBI JIJIsi PEIleHus] JTOH 3ajauydl — TPUTOJSATCS B
JIpyTOil pas.

Huxe Oyner o6cy:xiarbes uMeHHO 3agada B. Ho npeasapu-
TEJIbHO PACCMOTPHM ellle Tapy 3a/a4 aHaJOrnYHOro THIIA.

1. Ewe aBe 3apaumn

3amaua C. Janvt N — 1 namypaivnolx uucen a,...,dy_; . Bee
onu 6oavwe nyas u menvwe N. Hzsecmio, wmo ecau 6vi6pano
moboe k, 0 < k <N, u moboie k wucen uz 3mozo nadopa, mo ux
cymma ne deaumcsi na N. /lokaxume, umo éce wucia 6 Habope
pasuvl mexdy coboll.

3agaua D. Jano 100 uucen, xaxdoe uz xomopoix 6oavwe 0
u menvwe 94. Joxaxume, 4mo u3 HUX MOXHO 6biOpaAM®
HeCKOAbKO uuces, cymma komopoix npu oesenuu na 101 daem
ocmamox 95.

Pemenne 3axaun C. I[Ipeanonoxum, yto @ % @, . Pacemor-
pumcymmpl S =a;, Sy =ay, S, =ay+tay,, S3=a, +a, +as,...
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vy Snoi=a tay +.. +ay_ . (Ilepsbie aBE CyMMbl PaBHbL
MePBBIM [[ByM 4YJI€HAM, OCTaJbHble — CYMMbI OT TIEPBOTO JIO
COOTBETCTBYIOMIETO).

ITo mpezroJoKeHUT0, HUI OJTHA U3 ITUX CYMM HE JIa€T OCTaTOK
0 mpm gmemenmm Ha N. CremoBaTesbHO, [Be M3 HUX JafOT
OJIMHAKOBBIN OCTATOK, TIPUYEM ITO He TiepBas 1 BTopas. Ho toraa
PA3HOCTb /IBYX COOTBETCTBYIOIINX CYyMM Jesautcss Ha N, a 910
IIPOTUBOPEYUT YCJIOBHIO.

Pemenne 3amaun D. Cpasy mpusnaemcs, 9YTo MbI OTpaHIIN-
smch yncsom 101, orgactu 4T06bI 06J1€r9nTH (DOPMYTUPOBKY, a
OTYACTH — YTOOBI HEMHOTO «3aMyTHTD BOJIY» U CJIETKA TPUKPBITH
naeo. Ha camom sxe nene ¢akT BepeH B JOCTATOYHO OOIIeit
curyamuu. A uMeHHo, 3aMeHuM uucao 101 Ha mo6oe mpocroe p,
a gucao 95 — Ha mo60e YUCT0 MeXKIY HYJIEM U P 1 JTOKAKEM, YTO
us (p — 1) uucen, darowux nenyiesoil ocmamox om deienus na
P, MOXKHO COCIMABUMY CYMMY, Komopas daem 71060t Hanepeod
3a0aAnHYIl HEHYEBOU OCMAMOK NpuU OeJeHuu Ha P.

Y1opsounM JJaHHbIE YNCJIAa TTPOM3BOJIbHBIM 06pa3oM. BoiGe-
pem o6oe k, 0<k<(p-1), u BosbMeM mepBble R Haumx
unces. COCTaBUM M3 HUX BCEBO3MOKHbBIE CyMMbI (OHO 4uCI0
WJIH HU OJTHOTO — TOXKE CyMMa; CyMMa ITyCTOTO MHOKECTBA YHCET
npe/noJraraeTcs pasHoit 0) 1 3anuiieM Bee pasindHble MOy YHB-
Imecst OCTaTKU OT JIeJIEHHsT 9THX CyMM Ha p. B dWactHocTH, Ha
nepsom mare (ecm k = () ecTh eAMHCTBEHHASA CyMMa, W OHA
pasHa 0.

IIpu 1pPoOM3BOJIBHOM kR MOJYYUJIUCH HEKOTOPbIE YHCJIA
M,,...,M, . Ecau cpesin HUX y3Ke €CTb BCe BOBMOKHbIE OCTATKHM,
TO JOKa3biBaTh Hewero. Ilyctb aTo He Tak. /lo6aBuM K yike
poiGpannbiM (kB + 1)-e uncao (IycTb OHO paBHO 7) W OMNATH
BBINMIIEM BCE CYMMbI U BCE OCTAaTKU. B pesysibrare noJydarcs,
BO-IIEPBbLIX, unciaa My,...,M, (Beap IOCIEAHEE YUCTIO MOKHO U
He 6parb), a BO-BTOPbBIX, OCTATKH OT JEJCHUS YHUCEJ
M;+r,...,M, +r Hap.

Ternepb MbI yTBep:K/1aeM, 4TO BO BTOPOII TPYIITIE €CTh XOTsI Obl
OJ/IHO YHCJIO, He BCTpevaroleecss B 1epBoil. B camom jnere,
JIONYCTUM MPOTHBHOE. Toraa moay4aercs, 4to ecjanm octatok N
COBIAIAET ¢ OHNM u3 M, , To 1 octaToK N + 7 TaK:Ke COBIIAaeT
C KakuM-To ApyruM umciaoMm u3 muoxecrsa {M} . Ho toraa
taxke n ocratok N + 2r = (N + r) + r Tak»Ke COBIIaIaeT ¢ KaKUM-
TO JIPYTUM 4HCJIOM U3 MHOXKecTBa { M} , To ke BepHO st N +
+3r = (N + 2r) + 7, u tak manee. OTCio[a NETKO CJELYET, 9TO
cpean {M} yxke BCTpedaloTcsi Bce BO3MOXKHBIE OCTATKH OT
JIeJICHHSE Ha P, a MBI IIPEIOJIOKUIN, YTO 3TO HE TaK.

Takum 06pasomM, /10 TeX Mop, TTOKA BBIIMCAHDBI He BCE OCTATKH,
YICJIO PA3JMYHBIX YMCET YBEJIWYMBAETCS HA KasKJOM Iare.
[TockosbKy YHMCJIO HIArOB PaBHO p, TO HE MO3[Hee 4YeM Ha
MOCJIE/THEM ITIare YHCJIO0 PA3HbIX OCTATKOB OY/IET He MEHbIIIEe YeM
p, 4TO U TpebyeTcs.

ITockoJIbKY HyJieBasg CyMMa BO3HUKJA Ha mepBoM miare (Tam,
rjae uucesa He ObLIO BOBCE), TO HET TapaHTUH, YTO MOYKHO
MOJy4nTh cyMMy ¢ octatkoM 0. U geficTBUTENIBHO, €CJ B3SITh
BCe YHCJIa PaBHBIMU MeXKy co60il, To ocTaTok 0 He ToydaeTcst
(n 210, cornmacno 3amave C, eIMHCTBEHHBIN Cydail, KOT/a 9TOT
0CTaToOK He mosydaercs). Bce ocTaibHbIe CyMMBI MOMYYaroTCs
TaK WJIN WHAYe.

2. 3apa4va B. CocTtaBHble 4yncna

Bepnemcs Tenepp k 3azaue B. [ yno6ctBa o603HAUNM ee
yrBepskenne Kak BC (n) («BbIGOp CyMMBI»); TaKnM 06pasoM,
samucp BC (21) ecTb cOKpaIenne yTBEPKAEHHS <BEPHO, UTO U3
JOOBIX 41 1esbIX Ynuces MOKHO BbIOpath 21, cyMMa KOTOPBIX
pesurest Ha 21».
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3aMeTnM, TIPex/e BCEro, 4TO OLCHKY HEb3s yJIydmmTh. B
CaMoM JieJie, eCJIU B3ATh TOJBbKO 2p — 2 4icJIa, TO JeTKO CTPOUTCS
KOHTPIIPUMED: JI0CTaTOYHO B3ATh p — 1 nyneit u p — 1 exunuil.
Mo:KHO Taxk)Ke HyJIN U €AUHHIBI 3aMEHHTb APYTHUMHU UUCTIAMH
(ecmn n mpoctoe — MOOBIMU JIBYMsI Da3iUYHBIMU, CJIydai
COCTABHOTO 71 MbI TIPEIOCTABISIEM Pa300paTh YUTATESIM).

Jlns xpaTkocTH HIKE Mbl Gy/IeM Ha3bIBaTh «HAG0POM» COBO-
KyIMHOCTh JaHHbix Ham (2p — 1) umcen, a «rpynmoii» — ero
TIOJIMHOXKECTBO U3 HECKOJBKUX YHCEJ, CYyMMa KOTOPBIX JI€JTUTCS
Ha p. TpeGyercsa nokasaTb, 4YTO CYILIECTBYeT Tpylla U3 p
3JIEMEHTOB.

[Mosmoe pernenue 3agaun (MHAue TOBOPSL, yTBepKAeHne BC (n)
JUIsL J060TO 1) MbI TIPUBEIEM B KOHIIE CTaTbi, HAYHEM K€ C
JIOKA3aTeJbCTBA HECHOKHOTO yTBepskaenus: ecau BC(p) u
BC (q) , mo BC (pq).

Nokasatenberso. [lycts n = pg, u gano 2n — 1 wncen {a)} ;
cornacio BC(p), U3 HIX MOXKHO BbIGPATH IPYIILY U3 p YUCEIL,
CyMMa KOTOPBIX Jiesiutest Ha p. OTJIOKUM 5Ty TPYIILY B CTOPOHY
1 pacCMOTPUM ocTasliuecs ynciaa. [lockorbKy ocTaauch Henc-
oJIb30BaHHBIME Gostee ueM (2p — 1) umces, M3 HUX MOXKHO
BBIOPATH ellle OJHY IPYIILY, CyMMa KOTOPBIX TaKKe JEJHUTCS Ha
p. HeilctBysa Tak M Jajbliie, MbI [IOJIyYUM MHOTO TPYIIL 1O P
4ucesa, CyMMa Kak/JOil U3 KOTOPBIX [EIUTCS Ha p; JIETKO
y6emuthest, 4to MOKHO moayuuth (2g — 1) rpymm. Ilycrs
Si=ply, S=phy, Sogt =P Uygy — ux cymmsl. Ilo-
cxombky {r} — nesbie uncsa, us mux, cormacno BC(g) , MOKHO
BBIOPATDH ¢ UNCeJI, CyMMa KOTOPBIX JieJTUTCs Ha ¢. Toraa u cymma
COOTBETCTBYIOIUX {S k} JIeJINTCA Ha pg, IpUYEM B 9TOH cymme
POBHO CTOJIBKO YHCEX {dy} , CKOJIBKO TPeGyeTcs.

Cy11ecTBEHHO 3aMETUTD, YTO B 3TOM /IOKA3ATEILCTBE HEBAXKHO,
GyIyT M 4YWCIA p W ¢ B3aUMHO IPOCTBI mian Her. [Toatomy
focratouno gokasatb BC(n) ans caywas, korga n = p —
mIpoctoe 4uca0. ToIbKo 9TUM cIydaeM Mbl B Oy/ieM 3aHHMATbCS
B JlaJibHEIIeM.

JlokaxeM Teneps yrBepxetne BC (p) /s HEKOTOPbIX 3Ha-
yeHuil p. 3aMeTHM, YTO XOTsI MbI GyJIeM U3Jarath JJOKa3aTe/b-
CTBO JIJI1 KOHKPETHOTO YMCJIa, OAHAKO (DAKTBI 6Y/yT BEPHDI JJIs
pasHbIx uncen. IloaToMy unTaTemo pekoMeHIyeTcs BCAKHIT pas
IIPUKHU/IBIBATD: MIPOXOAUT JIH JAHHOE PACCYKAEHHE TOJDbKO IS
JIAHHOTO p HJIU €TI0 MOXKHO OOOOIIHTD.

3. JokasatenbcTBo ans p = 7

3.1. Iosviuenue kpammocmu Hy.is.

Ecsin cpenn JaHHBIX YMCeJ BCTPEYAIOTCS BCE 7 BO3MOXKHBIX
0OCTaTKOB, TO JIOKa3bIBaThb Heuero, Tak kak 0 + 1+ 2 + ... + 6
nequrest Ha 7. [loatoMy MOXHO cumTarh, 4TO cpejau Hamux 13
yyces Bcrpevaercss He GoJiee 6 pasHbix octatkoB. Ho Ttorza
KaKOU-TO U3 HUX BCTPEUAETCS HE MeHee TPeX pas.

KosmuecTBo pa3, KOTOPOE TOT WJIM UHOIT OCTATOK BCTPEYAETCS
B HameM HaGope, Mbl HA30BEM €ro Kpamuocmwvio. Byaem cuu-
TaTh, 4To KpaTHOCTh TpH (Wi 6osee) nmeer ocratok 0. (B 1. 3.3
MBI TTIOKaKeM, KaK OO cTydail CBECTH K 5TOMY).

Ecin xpaTtHOCTD HYJIS HEe MEHbIE 7, TO /IOKa3bIBATh OISTb-
TaKU Hevero. B mpOTUBHOM cJIydae ecTb He MeHee 7 HEHYJIeBBIX
OCTAaTKOB, M, COIJIACHO 3ajade A, M3 HUX MOXHO BbIOPATDH
HeckosbKo (ckaxkeM, k), cyMMa KOTOPbIX JIeJUTCS Ha 7.

[TpaBma, weT ocHoBaHmit aymath, uto k = 7. Ilycts k < 7;
PACCMOTPHM JIBa CJIyyas.

a) Eciu k> 3, To MBI MOKeM B3ATb 9TH 4nCIA U JOOABUTD K
HUM HECKOJIBKO HyJIeii (0T OJIHOTO /10 TPeX); TOJyYuTCS TPyIa
u3 7 4uces, U yTBEPIXK/EHNE J[OKA3AHO.

6) Ilycrb Temepp k < 3. 3aech HaLO HOCTYIIUTD JO-APYIOMY.
3aMeHnM JaHHbII Habop HOBBIM. B HeM R umcest, cyMMa KOTOPbIX
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paBHa HYJIIO, BCE 3aME€HEHbI HYJ/JAMU, KaK B Taénnue:

0002231 ...

Ucxopnbrit Habop

0000001 ...

Usmenennpiit Habop

(ITockoabKy 2 + 2 + 3 gesutcst Ha 7, Mbl 3aMEHMJIM 9TH YKCJIA
HYJISIMH, & OCTAJIbHBIC OCTABUIN (€3 N3MCHEHWUSI. )

JlomyctuM, 4TO /I HOBOTO HAabOpa yTBEPKIEHHE 3a1auu
MIPOBEPEHO: B HEM €CTh TPYIMINA U3 7 YHUCeJ, CyMMa KOTOPBIX
nemutest wa 7. Torza To ke BepHO U i craporo na6opa. B
caMoM [leJie, TIyCThb B OTOW TpyIIe €CTb HECKOJbKO HYyJIei
(cxaxem, 7 nyneit, r20). Ecim 7 <3, To MBI GepeM Te ke
ynesa u3 craporo Ha6opa (Begb TaM eCTb TPU HyJIsI); €CIIU Ke
7> 3, TO MBI MOKEM B3SITb BMECTO TPeX HyJIel TPU YNCIa CTAPOTO
Ha6opa, 3aMeHeHHbIX Hy MU (CyMMa OT 9TOTO He U3MEHUTCS),
a Mpoyne Yucja — Te JKe, 9YTO B HOBOM HaGope.

Wrak, MbI CBeJIH /1eI0 K HOBOMY Habopy, T/e HyJeil 6oJblie,
yeM Oblo (Ha30BeM 5TO TaK: «IPHEM TMOBBINIECHUS KPATHOCTH
Hyss1» ). Jlasbine yke NOHATHO: 60 y HAC yske HaGpamoch 7
HyJIell, 160 MOXKHO MMOBTOPUTH TO K€ paccyskjeHue. Mbpl 160
MOJIYYUM HYSKHBIH HAGOp cpasy, JuOO OMSITh YBEJIUUUM UYHUCTO
HyJsieil, u Tak jgajee. BripoueMm, /sl ceMH SICHO, YTO JaJiblie
BTOPOTO IIara IBUTATHCS He TIPUAETCS.

MoOXXHO JII IPUMEHHTD TaKOe K€ PACCY>KAEHHe IS TIPOU3-
BOJIbHOTO p? OTBET MOHATEH: MOKHO, HO TOJIbKO B TOM CJIydae,
ecsIu HyJIel I0CTaToYHO MHOro: He Menee ueM (p — 1) /2.

Jlnst GOJIBIIMX p MbI, KOHEYHO, HAa 3TO PACCUUTBHIBATD HE
MOKeM, TaK 4YTO TPHUETCS UCKATh Apyrue nyTu. Tem He Merlee,
«IIpHeM TIOBBIIIEHNST KPATHOCTU» HAM HPUTOJUTCS W JIAJIbIIE;
TOJBKO TaM OJHOTO €ro He[oCTaTouHo. Iloka ke 3aKOHYNM
JIOKA3aTeIbCTBO IS CaIydas p = 7.

3.2. Unoyxyus?

OueBu/HO, TIpUBe/ieHHOE B 11. 3.1 paccysk/ieHue ecTecTBeHHee
ObLI0 OBl CTPOUTH METOJIOM MHAYKIIMH. UTO jKe TPUHATH 32 ee
napamerp? Yao6uee Bcero cuutath 1 (mapamerp WHYKIUI)
pasabiM (p + 1 — k), rae k — kpaTHOCTD HyJ1s1 (11711 TOTO OCTATKA,
KOTOPBIN BCTpewaercst yame Beero): «ecan <1, 10 oguH u3
OCTATKOB BCTPEYAETCS. He MEHee p pas, U yTBEPIK/CHIE OUeBU/I-
HO; MOITOMY €CJIM yAAJOCh [I0Ka3aTh, YTO HAWBBICIIYIO KPAT-
HOCTb MOKHO yBesmuuTh (Kak Mbl jenanu B 1. 3.1), To Bee
JIOKA3aHO» .

Tem He MeHee TPUMEHSTb WHIYKIUIO HAM HEYJA0OHO, U BOT
noueMy. [lyis IIPOU3BOJIBHOTO p MHAYKLUS, K COXKAJIEHUIO, He
MIPOXOUT: ecyiu Obl YIAJ0Ch TOKA3aTh, YTO HAMBBICIIYIO KpAT-
HOCTb MOJKHO YBEJHUYHTD, BCe ObLTO ObI B TIOPSIIKE, HO JOKA3ATh
9TOrO Mbl He MOKEM. A B cjydae p = 7 NpUMeHeHue UHYKIIUN
BIIOJIHE KOPPEKTHO, HO... ObLIO ObI «CTpeabOOil U3 MyIIeK 10
BOPOObSAM»: Kakas >Ke HHAYKIMS, eCIH BCe 3aKaHUIMBAETCS
MaKCHUMyM 3a /iBa iara?

3.3. Csedenue obuez0 cayuas K 4acmHoMy: Mpan3umue-
HOCYD.

Harme paccysxzienue u3 . 3.1. mpeanosaraio, 4To HaUBbIC-
nryio KpatHocTb nmeet ocratok 0. Ilyctp Temepp warie Bcero
BCTpevaercs, Harpumep, ocratok 2. Torga BbruteM 2 U3 Bcex
13-Tu maHHBIX ymces; Tenepb vaie Bcero Bcrpeuaetcs 0. Ilpn
9TOM CMBICJT HAlllell 3aaull He U3MEHUJICS: €eCU KaKas-TO
Ipyniia u3 7 4ucesa uMesia CyMMy, JeJSIIyIocs Ha 7, TO 1ocJie-
BBIYUTAHUS JIBOEK U3 CYyMMbI BbIUTEHO 14, T.e. OHA MO-TIpeXie-
My JleJuTes Ha 7.

TakuM 06pasoM, MPEANOJIOXKEHNE, YTO HAWBBICIIYIO Kpart-
HOCTb MMEEeT WMMEHHO TaKOW-To octatok (HaM G6bLIO yI06HO
CYMTATD, YTO ATO — OcTaToK (), HUKAK He HAPYIIAeT OOUIHOCTH
PACCYIK/IEHS: BBIYUTAS U3 BCEX JAHHBIX YHCET OJTHO ¥ TO JKe, MbI
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BCer/la MO>KeM CBECTH JIeJIo K 9ToMy cJiydalo. Bee octatkn y Hac
PABHOIIPABHbBI; 3TO CBOMCTBO HA3bIBAIOT MPAHIUMUSHOCNDIO.
(BoJiee TOUHO, TOBOPAT, YTO Ha MHOKECTBE OCTATKOB IO MOTYJTIO
p TPAH3UTUBHO AEHCTBYET TPYIIIA CABUIOB; OOBSCHATD TOUHBII
CMBICJI 3TOTO BBIPAYKEHMS MBI 3/1eCh He OyJieM, JIJIsS HaC BIIOJIHE
JIOCTaTOYHO MHTYUTUBHOIO U B JIAHHOM CJIydyae BIIOJIHE TOYHOI'O
[PE/JICTABJEHHS O TOM, YTO TaKOEe BbIYUTAHUE «HUYEro He MeHH-
eT» B CMBICJIC 3aJjaull.)

4. ApudpmeTnyeckme nporpeccmmn

4.1. Cokpawenue Koiuuecmed pa3nvlx uuce.

W3 paccyskaenntii . 3 BUAHO, YTO, BO-TIEPBBIX, BCET/Ia MOXKHO
CYUTATh, YTO HAGOP UMEET He MEHee TPEX HyJieil, U BO-BTOPBIX —
410 6BLIO ObI 11€J1eCO00PA3HO MOBBICUTH B HAOOpE KPATHOCTb
HYJIsI, €CJIM 3TO BO3MOJKHO.

Korzma 510 BO3MOKHO?

JloTycTiM, 9TO Cpert OCTATKOB OT JeJIEHIs Ynces Habopa Ha
p Berpevaiorest uncaa k u (p — k). Torga MOKHO 5TH /Ba 4nca
3aMEHUTD HYJISIMU; TOJTYYAETCST HOBBIIT HAOOP, KOTOPBIiT «JTydIies
[PEKHEr0 B TOM CMBICJIE, YTO B HEM HA JIBa HYJIs1 GOJIbILE; TIPU
9TOM, €CJIU JIJIsl HOBOTO HAaGopa CYIeCTBYET IPYIIa U3 P YUCEl,
TO OHa CYILIECTBYET U B cTapoM Haope (Kak BbIIIe: e/l B IPyIIIe
JIBa HYJIsT WK GOJIBINE, TO HAIO0 MCTOJIb30BATh «HOBBIEY HYJIM,
ecsm e HyJeli ne 6osiee OHOTO, TO XBATUT W CTapbIX HyJei).

Ecuin 1ocsie aToro ecrs ele ojHa napa uncest k u p — k (1ipu
TOM >Ke k, UTO U PaHblie, WK KAKOM-TO JPYTOM — HEBAJKHO), ee
TaK)Ke MOXKHO 3aMEHUTDH HyJisiME. Tak MOJKHO /IefiCTBOBATD /10
TeX TOP, TIOKa He OKayKeTCs, 4To B Habope ocTagoch He 6osee
(p +1) /2 pasubix unces, a umenHo: uncyao 0 1 He GoJee 4eM 1o
omHOMy 13 Kaxk10# naper uncen (I, p — ).

4.2. Ipozpeccuu.

3ameTnM, 4To TPOUKy unces p — k, 0, k MO>kHO paccMarpuBartb
Kak apuMeTHYeCKYI0 IIPOrPECCUIO: HAC BE/[b UHTEPECYIOT TOJIb-
KO OCTaTKU OT [eJieHHsl Ha p, TaK 4TO YHCJIO p — R MOKHO
3aMeHuTb Ha uyncao (—k).

Takum o6pas3oM, Mbl BIIpaBe CYMTATh, YTO B HabOpe HET HU
OJTIHO# apndMETHIECKOIT TIPOTPECCUN U3 TPEX UTEHOB, CPETHUM
YJIEHOM KOTOPOii SIBJISIETCS HOJIb.

MoskHO yTBepK/IaTh U GOJIBIIE: JOCTATOYHO PACCMATPUBATDH
TOJIBKO CJIy4Yail, KOTJa CPer JAHHbIX OCTATKOB HET HH OIHOI
apudMeTHIecKoii mporpeccun u3 Tpex uneHos (1, Tem GoJee, HET
6osiee JITMHHDIX).

B camowm fese, ecim B Habope TMPUCYTCTBYIOT Yncyia d, @ + b
u a + 2b, ToO MOXKHO TIEPBOE U TOCJIe/[HEE 3aMEHUTh HA a + b.

Ecsin B HOBOM Ha60pe y1aJI0Ch HAliTH IPYIILY, CyMMa KOTOPO
JIeJIUTCST HA P, TO TaKas TPyINa ecTb W B CTapoM Habope.
JlocTaTouHo, KaK ¥ BBINIE, PACCMOTPETH /Ba CJIyYas: KOTAa B
ATOM TPyTITie He 6oJiee OTHOTO YnCaa @ + b 1 KOT/ia TaKMX Yncest
nBa wan Oouiee.

VTtak, Mbl BIIpaBe OrPAHUYUTHCS CIy4aeM, KO/ CPe/u OCTaT-
KOB HaGopa HeT HU OJ[HOU apu(MeTHIeCKOil IIPOTPeCCHU U3 TPEX
(um Goustee) 4JIEHOB.

ITO TOCTATOYHO CUJIBHOE OTPAHIYEHHUE, W MOYKHO TIOMBITATD-
Cs, WCXOMS W3 HETOo, [0Ka3aTb, UYTO PA3HBIX YNCEJT CPEIn
ocTaTkoB MOKeT 6bith He (p + 1) /2 (Kak GbLIO TIOKA3aHO B 1.
4.1), a cylecTBeHHO MeHblite. Ho MbI noiijieM HeCKOJIbKO UHBIM
Iy TEM.

5. lokasaTenbcTBo ana p = 17

5.1. Bmopoe no cuemy 4ucio u 6mopas mpaH3umusHocmb.

Wrak, Mbl npejioaraeM, 4to B HaGope He CJIUIIKOM MHOTO
pasubIix unces. OTCIO/Ia JIETKO 3aMETUTD, YTO KPATHOCTD HYJISI HE
MOJKeT ObITh MeHbIIe 4.
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Xoresoch Gbl cBeCTH OOIIMIA Caydail K TAaKOMY, KOT/la KpaT-
HOCTH HyJisi emie OoJipiie: He Menee 6, ne menee 10... K
COKAJIEHUIO, ATO HE TIOJIy4aeTcsi. 3aTO MOXKHO OIEHHUTH KpaT-
HOCTH BTOPOTO MO CYETY YHCJA, IIPUTOM 3TO MOKHO C/IeJIaTh
Cpasy /st IPOU3BOJIBHOIO P.

Kax BbIllle, MbI CYMTAEM, YTO Yallle BCETO BCTPEYAETCS HOJIb.
[lomycTuM, YTO BTOPOE MO KPATHOCTH YHUCJO BCTPEYAeTCs He
6oJiee 3 pa3. Torja Bce ocTajbHbIe YUCIA BCTPEYAIOTCS He 6oJiee

qeM SDDT_1 pas, OTKyJa CJeIyeT, YTO KPaTHOCTb HyJs He
Menbuie yeM (2p —1) =3 L; :p2+1 .

Ho paccysxzenue u3 1. 3.1 1moKa3bIBaeT, YTO €CJU KPATHOCTD
HyJIsI TAK BBICOKA, TO €€ BCEr/la MOYKHO €IIle TIOBbICUTD (IIpUMeHsist
WH/YKIIMIO [0 METO/Ly, HaMedeHHOMY B 11. 3.2). B KoHIe KOHI[OB
OHa JION/IET 10 p, a TOTAA 3ajada Oy/eT pelleHa.

TakuM 06pa3oM, JOCTATOYHO PACCMATPUBATDL CJydail, Korja
BTOpPas MO BEJMYMHE KPATHOCTD HEe MEHBIIE 4, Kak n iepsas (10,
BIIPpOYEM, He 00513aTEJIbHO 03HAYAET, YTO OHYM PABHbBI; YTBEPIK/Ia-
eTcst TOJbKO, U4To 06e OHU He MeHbiie 4).

Ecuit BbIle Mbl yOEAMJINICH B TOM, YTO MEPBBIM IO KPaTHOC-
TH Bcerjia MOXHO cuutath 0, TO Ternepb Mbl Oy/neM YTBEPIK-
JIaTh, YTO BTOPOIi 110 KPATHOCTH OCTATOK TOKE MOKHO BbIOPATh
1o HamieMy kesjanuio. IIpm aTOM Mbl MOXKeM, Kak BBIIIE,
CYUTATb, YTO BTOPBIM [0 KPATHOCTH SIBJISETCS, K IIPUMEPY,
ocratok 1.

Ha xaxkom ocHoBanuu? /lesio B ToM, 4TO B MHOJKECTBE OCTaTKOB
110 TIPOCTOMY MOIYJIO p MOXKHO He TOJBKO CKJIAJbIBATh U
YMHOJKATh, HO TAKKE BBIYUTATH M 11T, [IOCKOIbKY MbI ceituac
OyzieM 3aHIMATbCSI TOJIBKO CaIydaeM p = 17, orpaHHunMCs TeM,
YTO IpuBe/ieM puMepbl. Eciin galie Bcero BCcTpeyaercs: 0CTaToK
2, YMHOXHUM Bce 4ucJja Habopa Ha 9; mpu 9TOM CMBICJ Halei
sajaun He Mensercsa (rpymma ¢ cymMMmoi, aensieiics Ha 17,
ocraercst rpymnmoii), a uucao 2 npespamaercs B 18 =1mod 17 .
Ecin uame Bcero BeTpevaeTcss 5 — HAJA0 YMHOXHTb Ha 7
(35=1mod17 ), u Tomy 1os06HOe.

B cko6kax 3ameTnM, 4TO «TpeTheil TPAH3UTUBHOCTUY 3/1€Ch, K
COKAJICHUIO, HET: HeJIb3d YTBEPXKAATh, YTO TPETbe 10 CYETY
YUCJIO MOXKHO CUUTATh, CKa)KeM, JBOUKOW. JTO HEBEPHO.

5.2. Iosviwenue Kkpammocmu.

[Tepeitnem k gokasaresnnctBy Auag p = 17. B atom caydae B
HamieM HaGope 33 u4ucJaa, W, 110 JOKa3aHHOMY, Mbl BIIPaBe
CUMTaTh, YTO B HEM He MeHee 4 HyJell U He MeHee 4 eIMHUIL.
Ternepn, eciu B HaGope umeiorcst yucaa 13, 14, 15 win 16, T0
OTIATD MOKHO TIPOBECTH «YBEJMUYCHUE KPATHOCTH HYJISI» : HAIIPH-
Mep, ecan nMeercs uncao 13, To MoxxHO 3aMeHnThb yncsaa 13, 1,
1, 1, 1 Ha TATH HYJIEH, MOBBICUB KPATHOCTb CPa3y Ha J.

Ha mepBblii B3rJIsii KasKeTCsI, 4TO ATO HUYETO OCOOEHHOTO He
JlaeT: BeJlb Mbl M TaK 3HaeM, YTO ymucja Habopa /IaloT He Bce, a
TOJIBKO, OT CHJIbI, TIOJIOBHHY Pa3HbIX ocTaTkoB. OjHako 6Jaro-
Jlapsl TOMY, YTO €/IMHHIIA TAK)KE NMEET BBICOKYIO KPATHOCTD, Mbl
MOJKEM TaK)Ke MCKJIIOUYUTDH U3 Habopa unchaa 2, 3, 4, 5. B camom
Jlesie, BbIYTEM U3 BCEX 4Hces Habopa e/IMHHUILY; TeNnepb y Hac 10-
NPEKHEMY €CTb He MeHee 4 Hyseii (ObIBUIME eMHUIBI) U HE
menee 4 uucen (—1). CoOOTBETCTBEHHO, CKIAAbIBasA, HAIIPUMED,
3+ (=1) + (=1) + (=1), MBI mOJIy4aeM HOJIb U TeM CaMbIM
YBEJINYMBAEM YHCJIO HyJell cpasy Ha 4.

Ho wner smm 3pech ommOkn? Beab <«HOBbie» HYJIH — 3TO
«ODBIBIINE» €IMHUIIBI, KOTOPBIX MOTJIO OBITH MEHbIIIE, YeM HYJI€ll;
HE MOJKET JIM CJAYYHMTDHCS, 4TO Ja’Ke TOCJEe YBEJIMUYCHUS YHUCJIO0
HyJIell Bce-Taku crayso Menbine? Mosker. Iloatomy 3aech Hajo
HEMHOTr0 MOZIMQUIIMPOBATD ATOT IIPUEM U YBEJIMYMBATD HE KpaT-
HOCTb HYJISI, @ CYMMapHYI0 KPaTHOCTb HYJIst ¥ eJ{uHUIbl (roBOpst
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TOYHEE — CYMMapHYIO KPAaTHOCTb TeX JBYX YHCEJ, KOTOPbIE
BCTPEYAIOTCS Yallle BCEro).

ITOT TpHEM TaKKe MOKHO WCTOJKOBATh KaK IPUMEHEHHE
WHIYKIIMH; TOJBKO Terepb NHAYKINS BEACTCS He 110 MapaMeTpy
n=(p+1-Fk), ano apyromy napamerpy n' ={(p+1—-k—1)
(k — naumsblcmasg xpatHocTh, [ — BTOpag mo cuery). Tak, B
NPE/IJIOKEHHOM TIPUMepe Mbl BHavajte umean k uyneii u [
e/IMHMUIL, & TAKIKE YUCJIO 4; TI0CTIe TPOBE/ICHUS OTePalliil IMeeM
(k = 3) mumyc eguunupr u (I + 4) myneit. CoOTBETCTBEHHO,
nmapameTp 7' yMeHbIIMACS Ha 1.

CrenaB Takue olepaiiy HECKOJbKO Pa3, Mbl HUCKJIIOYUM BCE
yucnaa 2, 3, 4, 5, 13, 14, 15, 16. YuurbiBas npu 3ToM, 4TO He
MOI'YT BCTpeuaThes Takske uncaa k u (17 — k) oHOBpEeMEHHO, Mbl
BUJIMM, 4TO OCTAJIOCh, caMoe GoJIbIliee, MEeCTh Pa3HbIX OCTATKOB,
a MMEHHO:

0, 1, (6 wmm 11), (7 uau 10), (8 unu 9), 12.

5.3. 3asepwenue dokasamenbcmsd.

Hagbie ysxe npocro. Eciu na 33 yncen Bctpevaercs He 6oee
HIECTH Pa3HbIX, TO HAMBBICIIAA KPATHOCTD (IO-TIPEKHEMY CUnTA-
€M, UTO 9TO KpaTHOCTb HyJis1) He Menbliue 6. Bosee Toro, eciu
KPaTHOCTH €/[MHUIIbI HE BBIIIE 5, TO KPATHOCTD HYJISI HE MEHbIIe
(33 = 50b ) = 8, m mamee paccyxaaeM, Kak B 1. 3.1.

Ecau ske KpaTHOCTb eauHuIbl Takke 6 (i Gosibiue), TO
paccysk/ias, Kak B I1. 5.2, Mbl BUJIUM, YTO UCKJIIOYEHDI HE TOJIHLKO
ypcaa 2, 3, 4, 5, HO Takke 6 u 7 — u, aHaJaoru4HoO, uncsaa ¢ 11
o 16. 3HaunT, BO3MOKHBI TOJTHKO 4 Pa3HBIX OCTATKA:

0,1, (8 wmm 9) u 10.

Ho TOTrla KPAaTHOCTDb HYJISA HE MEHbIIIE 9, a d9TO Cpady 3aBeplIacT
JA0Ka3aTeJbCTBO.

6. OueHku gnsa Gonbwnx p

[TpuBeieHHbIN BbIIIIE METOJ HETPY/HO TIPUMEHUTD JIJIsT YUCET
19 u (¢ nekoropbiMu TpyaHocTsMu) 23. Ho npoaBuHyTbCs
JlaJIbllle 3aTPYyIHUTEIbHO. [109TOMYy mocTapaeMcst penmmTh He-
CKOJIbKO MHYIO 33/lauy: KaK /0Ka3aTh CYIIECTBOBAHUE HYKHOI
TPYIIBL U3 p YHCEJI, eCJU COIJIACUTBCS C TeM, YTO B Habope He
(2p — 1) unces, a HeCKOJIBKO GOJIbIIE?

YiBepxaenue. Eciu p 00CmamouHo 6eauko, mo u3 inovix
p2 /8 wucesl MOKHO 8blOpaAMb ZPYNNY P YUcel, CYMMAd KOMOPbLX
deaumcs Ha p.

Ha6pocok nokasateabctBa. Kax Bbllie, Mbl CUMTaeM, 4To
HAMBBICHIYIO KPaTHOCTD nmeeT (), a BTopyio 10 cYeTy — eINHUIIA.

[JomycTuM, 4TO KPaTHOCTb €AUHMIbI He IIPEBOCXOAUT p /5.
Torga u octasbible KPaTHOCTH He GoJIbllie 4eM p /5, a TaK Kak,
10 IIPEABIIYIINM PACCY’KICHUSAM, CPeIN HAINX 4YHces He 6osee
4eM p,/2 Pa3INYHBIX, TO KPATHOCTb HYJISI HE MEHbIIe uYeM

Pop-tp p

8 2 5 40
neseil. Mrak, KpaTHOCTb eqUHUNbI Goblie p /5. KpaTHOCTb

> P, uero 6oJiee ueM JIOCTATOYHO AJId HalllnX

HyJIs1 TeM GoJiee 6oJiblle ueM p /5, M, paccyskaas, Kak B I. 5.2,
MBI BU/IMM, YTO CPEIN PA3JINYHBIX YHCce] HabOpa HET HU YHCEesT
or 1 no p /5, uu 4uces ot 4p /S5 1o p — 1, a U3 ocTaBUIUXCS —
He Gosee monoBuHbl (kKak B 1. 4.1). Ho Torma KoJW4ecTBO
pasubix yuces He 6osee 3p,/10.

Tenepb TOBTOPSiEM TO Ke paccyk/eHue, HO B YCHJIECHHOM
BapuanTe. Ecim KpaTHOCTD €JMHUIBI HE TIPEBOCXOINT p /4, TO
Ta ’Ke OIIEHKAa, YTO W BBIIIE, TTOKA3bIBAET, YTO KPATHOCTb HYJISI
6ompiie p. CraemoBareslbHO, KPATHOCTb €MHUIILI U KPATHOCTD
HyJIs1 GoJibliie p /4, OTKyJa cJe[yeT, YTO UCKJIIOUAIOTCS yxKe Bee
yucaa or 1 go p,/4 v or 3p /4 no p.
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Ho Torga pasubix umnces ne 6osiee ueM p /4. OTciona Kpat-
HOCTb HYJISI He MEHbIIIEe p /2, U, Kak ObLIIO HAMHU 3aMeUYeHO elle
B 1. 3.1, OTCIO/Ia CJIE/IyeT, YTO yTBEPIKEHUE 3a/1a4il BEPHO.

3ameyanue 1. IlpuBerenHoe BbIIE PACCy)XK/eHUE HE BIIOJHE
TOYHO, TaK KaK BCe OIEHKU JaBaJiiCh ¢ HEOOJIBIION OMIOKOIM:
omn6koil B 2—3 egununpl. (Hamnpumep, BHauase ObLIO CKa3aHO,
YTO Pa3HbIX YuceJs He 6osiee 4yeM p /2, Tor/la Kak B JeiCTBUTE b=
Hoctu — He Gosee ueM (p + 1) /2.) Tlocrapaiitech caMu ucrnpa-
BHUTb BCE 9TH HETOYHOCTH. BBISICHUTE, HACKOJIBKO GOJBITHM
JIOJLKHO OBITH p, YTOOBL 3TU HETOUHOCTU JEHCTBUTENbHO ObLIN
[TOTIPABUMDI.

3ameuanue 2. ITonpobyiiTe 3aMEHUTD B IIPUBE/IEHHOM PACCYXK-
pennu wucao p? /8 Ha MeHblee, HanpuMep Ha p’ /10 um

p2 /12 . Kax ganmexo Bam ygacTtcst TpoABUHYTHCS ?

7. PeweHve B obwem cnyyae

A Teriepb, HaKOHeEIL, Ja/IUM peliienne 3a/iaun B 11t nponsBoJib-
HOTO p.

PaccraBum umncsia Haiero Habopa B IIPOM3BOJILHOM MOPSI/IKE:
ay,dy;...,dy)—1 , HO C TAKUM PACUETOM, 4TOOBI PA3HOCTH Ay ~ Ay
He genuaach Ha p Hu npu kakom k. (OueBngHo, 3TO Beeraa
MOJKHO CIeJIaTh, €CJIU TOJIbKO KaKOH-HUOY/b OCTATOK He BCTpe-
qaeTcst p uin 6oJjiee pas; ITOT CJaydail Mbl, Pa3yMeeTcsi, MOXKeM
He paccmarpuBarb.) CorsacHo pemrennio sagauu D, u3 atux
pasHocTeil MOJKHO BBIOPATh HECKOJIBKO, JAAIONMX JIOOOW Hare-
pell 3a/IaHHbII OCTATOK IIPU JIeJIEHUU HA P.

Teneps paceMoTpuM uncao S = +dy +... +a, . Ilycrs r —
€ro ocraTok Ipu JeneHuu Ha p. CKOMOMHUDYyeM U3 4HUCE]
{a,,+k - ak} CYMMY, JIAIOIILYIO TIPH JIEJCHUU Ha p 0cTaTOK (p — 7).
Torga, npu6aBuB aTy CyMMy K .S, MBI IIOJIy4lM CHOBA CYMMY P
yuces1 Hanrero Ha6opa (ToJIbKO HEKOTOPbIE U3 YUCE d), 3aMeHe-
HBI Ha )4 ), U 9T CyMMa JIEJTHTCS Ha .

Tem cambIM, 33j1a4a pelneHa JJist IPOM3BOJIHHOTO IIPOCTOTO P,
a B CIJIy 1. 2 — TaKxKe U JJs1 JI060T0 7.

W 5710 Bce? — cHpOCUT yuTaTesb. — 3aueM ke ObLJIO CTOJBKO
TPYAUTDHCS, €CJU 33/aya UMeeT TaKoe KOPOTKOE U HU3SIIHOEe
peteHue?

OtBer 6ObLT JaH B Hauvaje cTaThi. /leiicTBUTETHHO, B 3TOM
pellleHny MCIOJIb30BabI, 10 CYTH, TOJbKO 3a7aun A u D, Bce
OCTaJbHOE MOXKHO M HE YUTATD... €CJU MUHTEPECOBATHCS TOJBKO
pemernem 3ajaun B. Ecom ske yuuTtbest pemath 3a1a4m, TO Bee
TIPUBE/IEHHDIE BbIIIE W/IeM BEChbMa MOJIE3HDI.

B oco6ennoctu xotesoch O6bl O6paTUTh BHUMAHUE Ha /(B
JTOKA3aHHBIX HaMU (aKTa, KOTOPbIE HMEIOT OYEHb IMHPOKIE
MIPUJIOKEHUST: HA NEPBYIO U BMOPYI0 MPAHIUMUSHOCTNU . 3ATIOM-
HHTE UX!

VIHGOpMaLo 0 XypHasie «KBaHT» 1 HEKOTOPbIE MATEPHA TbI
U3 XKYPHENA MOXHO Havitv B IHTEPHETE rio anpecam:

Pegakuyma XxypHana «KBaHT»

kvantinfo

MOCKOBCKYI  LUEHTD  HEMPepPLIBHOIrO MaTteMarn4eckoro
06pa30BaHMs

kvant.mccme.ru

Mockosckui ferckivi kiyb «KomriboTeps

math.child.ru

KOCTPOMCKOM LIEHTD  [OMOIHUTEILHOMO 06pPa30BaHMs
«IBPUKI»

ceemat.ru
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O0OTekaHue
BPALLAIOLLXCS
Ter

C.BETHAEB

KOJIECO, TYPBUHA, MUKCEP, JIOITACTb BUHTA - BCE 9T
BpaIAIoNnecs B BO3/[yXe UM B XKU/IKOCTU TeJla OKPY>KaioT
HAC Ha KaX/IOM mmary. XOTs CJIOXKHbIE THAPOJNHAMUYECKUE
SBJIEHNSI, COIYTCTBYIOIINE BpAIeHUIO TeJl, J0 KOHIla ele He
pasraJianbl, UX MOJEJUPOBAHUE JIETKO OCYIIECTBUTb B JOMAII-
HUX YCJIOBUSIX.

OmnsiTel Marnyca. [IepBbie ONBITBI 110 HCCJEI0BAHIIO O6TEKA-
HUS BO3/LyXOM BPAIIAIONIErocs MUJIMH/PA TOCTAaBUJ HEMEIKNI
¢usuk u xumuk, npodeccop bepaunckoro ynusepcurera I'en-
pux I'ycraB Marnyc. B 1853 roay on Briepsbie onucan agdexr
BO3HMKHOBEHMSI TIONIEPEYHON CHUJIBI, JEHCTBYIONEH Ha Bpalao-
1ieecs U O/THOBPEMEHHO JBIDKYIIEECs OCTYIATeIbHO TeJ0. TOT
adekT Bomes B uctopuio Hayku Kak apdexkr Marnyca.

B Tte pasexne BpeMeHa CTBOJIbI apTUJIICPUIICKUX OPYIMii He
UMeJIN HAape3KH, MPHJAIoNIell CHapsLy YCTOHuUMBOEe BpalleHue,
II03TOMY TIOJIET IYIIEYHOTO siipa ObLT HEYCTOWYMBBIM, Jake B
6€3BETPEHHYIO MIOTOLY €r0 TPAEKTOPUS CUIbHO OTKJIOHSIACH OT
pacuetnoii. [Ipycckue aprusepuctol o6paTujanch K Maraycy ¢
pocb60ii OOBSICHUTD ITO sIBJIEHNe. YUeHblil cpasy e [[oraja-
€S, 4TO NPUYMHOI TaKOTO MOBEJACHUS /1P CIYKUJI0 UX Bpalle-
HIe, Tpuo6peTaeMoe IPU BbLIETE M3 CTBOJIA BCJEICTBUE CIIydaii-
HBIX TpWYHH. /{715 TTOATBEPIKIEHNUS CBOEI JIOTAIKU OH TTOCTABUJI
CJIeYIOIININ OTIBIT.

[Tuusap A, ¢cBOGOAHO BPAIIAIONIUICS BOKPYT BEPTUKAIBHOI
oCH, PACIoJIarajcs Ha OJHOM KOHIIE CTEPXKHS, a Ha JPYTOM ero
KoHIle Haxo/ucs iporuBosec B (puc.1,a). Crepskenb BMecTe ¢
IUJIMHPOM U IPOTHBOBECOM MOT BPAIlaThCs B TOPU30HTAJIBHOMN
miockoctd BOKpyr ocu OC. Ilepes muannapoM pacroJiaraiach
Tpy6a D, 110 KOTOPOIl BEHTUJATOP rHasM Bo3ayX. CrepikeHb n
IUJIMH/P YCTAHABIMBAJIUCD TAK, YTOObI OHU OCTABAJIUCH B ITOKOE
T0/1 /leficTBreM HAGeraoIero MoToKa, Koraa IJInH/p He Bpalla-
ercda. Ecim nmiamuzap nmpuBeCTH BO BpallleHHe, TO CTEP’KEHb
HAYHET OTKJIOHATHCS B HAIIPABJICHUN BpallleHUs IUInHApa. Buj
YCTAaHOBKM CBEPXY MpUBEIEH Ha pucyHke 1,6, HampaBJeHHe
BpaleHNs IIJINH/Pa TTOKa3aHO CIJIONTHON JMHIeH, a HallpaBJie-
HUe BpallleHHs1 cTep)kHsl oTHocuTelabHO oc OC — IITPUXOBOiL
JuHueil. Bpamaonmiics B BO3JAYIIHOM IIOTOKE IUJIMH/P BeJI
ce6s1 TakuM 00pa3oM, Kak OYATO Ha HEro JeiicTBOBaJa HEKast

a) To 6)

T

Puc 1 ‘
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HeBesoMas cuia. OHa Ke M OTKJIOHsJIA IyIIeYHble sipa OT
PacUeTHOI TPAEKTOpUM JBUKEHHsI. TOJBKO CIyCTsI MOJBEKA
(noc.re Teopernueckux uceaeposanuii H.E.JKykosckoro) craso
SICHO, UTO Ta 3arajlouHas CIJIa UMEET TAKOE e TPOMCX0KIEHHE,
KaK M T0{beMHasl CUJla ITUYbEro KPblJa UM KPbLIa caMoJIeTa.

Iddekr Marnyca Gosiee TOJHO TPOSABJIAETCS B ONbBITAX €
MPOJIOJITOBATBIMU TEJIAMN TUTIA TIMJIMHIAPA, YeM C KPYTJIbIMH
T€JIaMU TUIIa ITyHI€YHbIX SA/1€P. EFO MOJKHO HarJis/1HO IIPOJIEMOH-
CTPUPOBaTh € MOMOIIbIO
JIETKOW KapTOHHOHN Ka-

TymKn ¢ HaMmoTamnoii Kamyuixa / /
MOJIOTHSIHOI JIEHTOII, _j
CBOGOHBIIT KOHEI[ KOTO-
poil TIpUKpeIJieH K Ta-

L

nouke (puc.2). Eciu aty
MAJOYKY I€PHYTb BOOK B Pyc 2

FOPU3OHTAJbHOM Ha-

MIPaBJIEHNH, TO KATYIIKa TPHOGPETET TOPU3OHTAIBHYIO COCTAB-
JIFAIONLYIO CKOpocTH. Bmecrte ¢ Tem, pasmarbiBaomiascs JieHTa
IPHJACT KaTyIIKe BpalleHne. Bo3HUKIIAS TP 3TOM TTOIbeMHAsT
CHJIa 3aCTaBUT IMJIMHAD ONUCAThb B BO3JyXe 3aMbICJIOBATYIO
TeTJIIO.

MOKHO YIIPOCTHUTD OIIBIT, TIPUBE/S JIETKUI IUJINHIP B GBICT-
poe BpallleHHe PyKaMH, a 3aTeM OTIYCTHB €ro B CBOOOHOE
najienne. Tpaekropueil ABMKeHUS UIMHAPa OyJIeT He BepTH-
KaJbHas TpsMasi, a I0JIo-
rasg kpusas. Kpome cuibl
TSOKECTH MG ¥ [OAbEMHOI
cubl Y , HepIeHuKy.Isap-
HOIl HAIpaBJICHUIO J[BUXKe-
HUS, Ha AJITHAP Oy IeT Jeii-
CTBOBATD €Ille CHJIa COIIPO-
THBJICHUS X , HAIPaBJICH-
Has IPOTUB JBMsKeHus (puc.
3). PasuopeiicTByonas
JTUX TPEX CUJI U OTKJIOHSET
TPAeKTOpUIO LUJIUHJApPA OT  Puc 3
Beprukasu. [Ipu HekoTopom
HaBbIKE AHAJIOTHYHBII OIBIT YAAETCS IPOBECTU U C IIPOJOJIT0OBA-
TOH IPSIMOYTOJIbHON IITACTUHOMW, BbIpE3aHHOH, HaIpuMep, U3
KapToHa.

KavecTBeHHOE 00BSICHEHNE IPUPO/IBI 3Ara/I0YHON CUIIBI Y /1A
emte U.Hpioton B 1671 tony: «f yacto Buzes1, Kak TEHHUCHBIIT
MY IIPU y/lape PaKeTKol onucbiBaeT KpuByio. Kora Taxoit yiap
BBI3BIBACT U MIOCTYTIATEJbHOE U BpalllaTeIbHOe ABIDKEHUE, YACTH
MsT4a C TOi CTOPOHDI, T/Ie IBUKEHUS COBIIA/IAIOT, JI0JKHDI JIaBUTD
Ha TPUJIEraIoNNii BO3yX CHJbHee W BO30OYKAATb IIPOIOPIIHNO-
HAJBbHO GOJIbIIIee COIPOTHBJICHNE U TPOTUBOIEIICTBIE BO3IYXa» .
KcraTu, B HacTosIiee BpeMsl YCTaHOBJICHO, YTO CHJIA, JCHCTBY-
1omas Ha puQJIeHBII MY, TTIOYTH B [[Ba Pa3a IPEBOCXOIUT CHUILY,
JCHCTBYIONIYIO IPH TEX K€ YCJA0BUSX Ha raaakuil msu. (Takoii
yAUBUTENbHDIH 3Q@EeKT CBI3aH € TeM, 4YTO PUdIEHDIT Mg4
repesiaeT OKPY KAIOIEMY €ro BO3/yXY ropas/io 60IbIINi MOMEHT

KOJIMYECTBA JIBMOKCHUS, YeM TJAJKUIl Msd.)
Camospaienue. [Iposienaiite Takoii OIBIT.

JlepeBSHHDBIN IUJINH/D 3aKpenuTe Tak, 4To-

< Obl oH MOr CBOGOAHO BpAILATHCs BOKPYT

<« CBOEIi OCH IIPU HECUMMETPIUIHOM OGTEeKAHNN

@ < ©ro crpyeil BOjbI, KaKk 9TO NOKa3aHo Ha
e

Jenuma Hanouxa

pucynke 4. B kakyio cropony 6yner Bpa-
S maTtbesd MUANHAP? 3APaBbIil CMBICI, T.€.
V34 HAIIl )KU3HEHHDI OIDIT, TOJCKA3bIBAET, YTO
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musmHap OyJieT Bpamarbes B TY
CTOPOHY, B KaKyIO €r0 PaCKpy4nBa-
eT ToJcras dacTb crpyn. OmHAaKO
IVIMHP He BCeT/ia Bpalaercs B
€CTECTBEHHO O)KHM/IA€MOM HATIPaB-
siennn. IIpu HEKOTOPBIX CIEIHAJb-
HO TOI00PAHHbIX 3HAYEHUSIX TTapa-
METPOB OH BpPAIaeTcsi B MPOTHBO-
TI0JIOXKHOM HAIPABJICHUM.

HauGosee mpasponogobHas ru-
oTe3a 00bICHSIET AHOMATBHOE BPa-
IeHne MIInHIPpa 06pa30BaHIEM 32
HUM J[BYX 3aMKHYTBIX 30H BO3BpPAT-
HOTO TeYeHNsI, TIOKA3aHHBIX HA PU-
CyHKe 4 3eJIeHbIM IIBeTOM. MOMeHT,
Bpalaomuil TUINHAD, CO3LACTCS
KacaTeJbHBIMU CUJIAMU TPEHUsT CO
CTOPOHBI BOJIBI, MPUJIOKEHHBIMU K
moBepxXHocTH IuannaApa. CuJb
TpeHHs, AeHCTBYIONINE HA ydacT-
kax OA (O — mepemHss Touka TOPMOKEHHS moToka) m BC,
CTPEMSTCS TIOBEPHYTb IUJMHAP MPOTHB YacOBOW CTPEJIKH, a
cuJIBl TpeHus, AelicTBytonue Ha yuactkax OB u AC, pasBopaun-
BaIOT €T0 B MPOTUBOIOJIOKHYIO CTOPOHY. AHOMATBHOMY Bparie-
HUIO TIMJIMHIPA CIIOCOOCTBYET TOT (hakT, uTo yyactok BC oKa3bi-
BaeTcs MpoTsKeHHee, yeM y4yacTok AC.

Takoe camoBpaleHHe IUJIMHAPA TPOHCXOANUT OTHOCHUTETHHO
ocH, NepIeHNKYJISIPHO HAIIPABJICHNIO CKOPOCTH €T0 MOCTYIIa-
TeJbHOrO JBUKeHus. [[pyroit ciydail — BpalieHue tejaa BOKPYT
mposioibHOfl ocu. CaMoBparienne KpbLIbeB MeJTbHUIIbI, BUHTA
BEPTOJIETA B PEXKUME aBTOPOTAIINY, TA/IAIONIET0 CEMEHN KJeHa He
VAUBUTEIBHO — HA UX JIOMACTH AEHCTBYIOT CHJIBI, KasKJasl W3
KOTOPBIX BHOCHT IOJIOKHUTEJbHBIH BKJIAQJ B CO3/aHHE Bpalla-
TEJIbHOTO MOMeHTa. VIHTEepecHO caMOBpallleHHe CUMMETPUYHOTO
TeJsla, KOT/J[a IMeeT MECTO MapaI0KC HEeAUHCTBEHHOCTH: HAPSILY
C CaMOBpAIATEJNbHBIM JBUXKEHUEM BUPTYATIbHO CYIIECTBYET U
HeBpAIATebHOE JIBUXKEHUE.

CamoBpaliieHune MpsiMOyTOJbHOTO KPBLIA, YCTAHOBJIEHHOTO MO/
YIJIOM aTaku o , BriepBbie o6Hapyskua B 1906 rosy samevare/ib-
HBII PYCCKHH yYeHbIH, OCHOBOIIOJIOKHUK COBPEMEHHON aapo/u-
namuku Hukoumait Eropo-
Buu sKyxoBckuii. KpbLio-
nactunka (puc.5) ykpern-
JISJIOCH B TIEHTPE TSIXKECTH
Ha OCH, COBIAJAIONIEH ¢
HalpaBJIeHueM CKOPOCTH
HEBO3MYIIEHHOTO TOTOKA,
TaKkuM 06pa3oM, YTOObI TPU
BpAIEHUH KPbLTA BOKPYT
9TOI OCH yTOJI aTaku He
namensicsa. Ha seBoe mo-
JIYKPBLIO ¥ Ha IIpaBoe Io-
JYKPBLIO JleficTBoBaM orbeMible cubl Yy u Y, . Ecam Kpblio
He BPAIAI0Ch, TO CHJIbI OBLIHN PABHBIMHU. 32 CUET BPAIIEHUS O/THO
MOJIYKPBLIO TIPUOGPETAIIO JIOTIOJHUTENBHO MOJIOMKUTENBHBII YT/
ataky Ad, a Apyroe — OTpPHUIATEJIbHbIH. Bpamaionmii MOMEHT
CO3/[IaBAJICSI, €CJIU TObeMHasl CHJa yObIBaJa € POCTOM yTJa
araku. Takasg 3aBUCUMOCTb HAGJIIO/IAJIACH TTPH JOCTATOYHO GOJIb-
MUX 3HAYEHUSAX O . B aBumarmm caMoBpaIieHne mposiB/sieTcs B
BHUJIE TITOMOPA — HEYIPAB/SIEMOTO CHUKEHUST MHTEHCUBHO Bpa-
IAIOTIErocst caMoJIeTa.

Tupockonmyeckuii addexr. Xorss Bospact GymepaHra —
MeTaTeJIbHOTO OPY/ANSl B BHJIE CEPIOBH/IHOI JOCKH — pPaBeH

Puc. 4

Puc. 5
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TPEM ThICAYAM JIEeT, MEeXaHu3M €ero 1oJieta Obll yCTaHOBJECH
JIMIb B CEMUJIECSITHIX TO/aX JBajaroro croserus. Ha Gyme-
paHT, Kak M Ha BCSKOE GBICTPO BPAIAIONIEECs, TOAO0GHO THPOC-
KOITy, TeJO, KPOMe THAPOJANHAMMYECKIX CHJI JCHCTBYIOT €Ile U
IUPOCKOTIMYECKUE CHJIBI — €r0 OCh MPENEeCCUPYyeT BOKPYT Bep-
THUKaJIbHOU OCH.

AHAJIOrHuHO, HeBpAIAONMICa CHAPAL 1O/ BO3JElCTBIEM
CHJIBI TSZKECTH U CUJIbI COITPOTUBJICHUST BO3/LyXa, HATPABICHHON
MPaKTUYECKW TMTPOTHBOIOIOKHO CKOPOCTH JBYIKEHHS IEHTpa
TSOKECTH CHAPSI/IA U TIPUJIOKEHHON HECKOTBKO BBIIIE €T0, OTPO-
KUJIBIBAETCS, U JIAJIBHOCTD CTPEIbObI 3HAYUTENHHO YMEHBIIACTCS
u3-3a BO3pactaHus cumabl conporusienus (puc.6,a). UtoGbi

@ ‘/,,,-L\ :
7 \

Puc. 6

CHapH]I CTaJt yCTOﬁ‘IHBbIM B ITOJIETE U II0IIa/1aJ1 B I1€JIb, HpI/I‘leM
roJI0BHOIT yacThio (prc.6,6), OH MpeBAPUTEIBLHO 3aKPYUHBACT-
cs B CTBOJIE OPYAUS, T/e JIJisi 3TOro Hape3ana pesbOa. Taxoit
MIPUHYUTEIBHO BPALIAONINICSA CHAPS/L, T0J00HO GyMepaHry,
IIpereccupyeT BOKPYT MPSIMOii, HAITPABJIEHHON 10 CKOPOCTH €ro
JIBUKEHMSI, T.€. BOKPYT KacaTeJbHOH K TPAeKTOPHU IIEHTPa
TskecTr. CHIIBI TSDKECTH CHAPSA m¢ W CONPOTHBJICHHS BO3/LY-
xa X , IEHCTBYIONTIE Ha
CHapsiji, CKOPOCTD €ro T10-
CTyHaTeJII)HOFO JBUIKCHUA
@i U KOHYyC IIpereccun
(3esienblii 11BeT) HoOKasa-
HbI Ha PUCYHKE 7.

Kcratu, 3emusa toxe
SABJISAECTCA TUTAQHTCKUM TU-
POCKOTIOM, COBepIIa-
muM 1pereccuto. OjHa-
KO TIPOSIBJIEHUE TIPEIECCUU 3/1eCh 0CJaa0JeH0 — BHYTPU 3eMJn
HAXOMUTCS JKUAKas cpefa. [IpeacraBierne 0 TaKOM JABUKEHUT
MOKHO TTOJIYYHTh C TTOMOIIBIO TTPOCTOTO OTIBITA: 3ajefiTe BHYTPb
JIETCKOTO TPe/IBAPUTENHHO 3arepMEeTH3UPOBAHHOTO BOJIYKA He-
KOTOPOE KOJIYECTBO BOJIBI M 3aMyCTUTE ero. Ec/i Bpamaionry-
10Csl UTPYIIKY HA MTHOBEHHE MPUTOPMO3UTH TAJbIEM, TO TIPO-
JIOJDKAIONIAsT BpallleHne >KUAKOCTb BHOBb PacKpyTut ee. Tot
daxT, 4TO TET0, 3aMOMHEHHOE KUAKOCTHIO, TIPOTHBUTCS BpaIlie-
HIIO, MBI KaXK/IbIN Pa3 OIIyIaeM, KOT/ia, Bpalas Ha CToJIe SO,
MIbITAEMCSI OTIPE/IEJIUTD, ChIPOE OHO WJIM BapeHoe. BapeHoe siiiio
BpAIIlaeTCsl «CTOSI», ChIPOE — HeT.

T'mpockonuyeckne CuJbl eHCTBYIOT M HA UTPYIIKY, Ha3bIBae-
MYIO Jietaioreil Tapesikoii. OHa crnoco6Ha MPoJIETaTh PacCTosI-
HUST BIUIOTH IO HECKOJBKO COTE€H METPOB W BO3BPAIIATHCS
o6parHo.

Puc. 7

30.03.10, 18:18




| NN T 1]

[ T [T ||

NPAKTUKYM ABUTYPUEHTA

3ada4uu
MEeXaHKN B
HeHepLUyanbHbIX
CCTEMAX
oTCYyeTa

B.LLUYTOB

B PAE CJIYUHAEB OKA3BIBAETCA ¥ IOBHBIM PACCMATPI-
BaTh /BIKEHWE TeJa B HEUMEPUUALbHOU CUCTEME OTCYEeTa
(HCO). Kak Hajo meficTBOBaTh B 9TOM CJydae?

Oco6eHHO TIPOCTO M HATJISI/IHO BBITJISIZIUT OTBET JIJISE TIOCTYTIa-
TEJBHOTO JIBUKeHUs cuctembl orcuera. Pacemorpum HCO,
JIBIDKYTIYIOCS MOCTYTATEIbHO € yCKOpeHueM dg, . Torzaa, 1o
dopmysie cioxKenus: yCKOpeHuit,

w = Gom +aco )

Ql

rje d, — yCKOpEeHWe TeJa B MHEPIHMAJbHOH CHCTeMe OTCYeTa
(MCO), oy — yexoperme tea 8 HCO. Bropoit sakon Hpio-
Tona % F; =md, B HCO moxno sanucarp B Buje

7

Z fi + (_maco) = ma(m—[ .
[

[Tomyuaem, yro B HCO BTOpOII 3aK0on Hbiorona BbIrISAANT Tak
Ke, Kak ¥ B MHEPIMaJbHOIl cuCTeMe OTCYeTa, €CJIN K PeasbHbIM
cusaM J06aBUTh (DUKTUBHYIO CUJLY, KOTOPYIO Ha3blBAIOT CUJIOH
UHEPIUU U KOTOpasl paBHA

F,, =-md. .

CuJia WHEPINK, KaKk U CHJIa TSKECTH, TIPOMOPIMOHATbHA Macce
Tesa. Ec/u Te0 HAXOAWTCS B TOJIE TSUKECTH € YCKOPEHHEM
CcBOGOIHOTO TAZIEHUsT § , TO MOKHO OOBEJIUHUTD ITU J[BE CHJIbI:

mg +F1m :m(g _aco) :mgacb )
BBe/Is a(PPeKTUBHOE YCKOPeHUe CBOOOHOTO Ma/IeHUS
Jopp =9 Ao -

Harpumep, ecsin Tesio HAXOANTCS B JII(TE, YCKOPEHUE KOTOPOTO
@ HampaBJeHO BBEPX, TO §,p, = ¢ +d, a ecln ¢ HalpaB/eHo
BHU3, TO §ugy =g ~a .

3amaua 1. Iradxuil
KAUH C Y2JI0M HAKIOHA O
u evicomoil h 0suxemcs
20PU3OHMAILHO C YCKO-
penuem a (puc.1). 3a
Kakoe 8pems MAaleHvKuil
OpYCcoK, nomeweHHvlil Ha

BePULUNY KJIUHA, COCKOJIb-
Puc. 1 3Hem K ez20 OCHOBAHUN?

=
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Pemenne. [lepeiiem B cucreMy oTcuera, CBSI3aHHYIO C KJIU-
HoMm. Torzma Ha GpyCOK, KPOMe CHJI TSDKECTH MG W PeaKIun
omopsr N , 6y/ieT AeficTBOBaTD ele ciuia naepiun F,, = —md .
B mpoeximn Ha ocb X MOJydIaeM

mgsin o — macosd = md,,, ,
nm
a

o = gSinO —acosa .

Tesio GyzieT cocKaab3biBaTh BHU3 TOJIbKO ipu ¢ < gtga (mpu
a=gtga BeKTOP o NEPIEHIUKYISIPEH ILIOCKOCTH KJIMHA).
Bpems cockasb3bIBaHUS Haii/ileM U3 ypaBHEHUS

ho _ay,t?
sina 2
OTKYy/Ia
‘= 2h _ 2h
Ay SIN A (g sind — a cosa )sincx

3amaua 2. B cocyde ¢ 6odou naasaem meno. Kax usmenumcs
2aybuna nozpyxenus mead 6 600y, ecau cocyd Haunem 06u-
2aMbest 6HU3 € YCKOpenuem a?

Pemenue. B niepsom ciryuae ypaBHeHIe PaBHOBECHUSI [IJisI TEJIa
uMeeT BU[{

FAl = mg’ nam ps‘/[ng = mg ,

rae V,, — o6beM Teia, 110-
IPY’KEHHOTO B BOAy. Bo A

F
BTOPOM CJIy4ae OTHOCHTE b= A

HO HEMHEPIUATbHON CcucTe- Fop
Mbl OTCYeTa, CBS3AHHOI €
cOCyzioM, TeJio Toxe Oyner d u

HaXOAUTbCS B IIOKOE, HO

y mgscb
yCKOpeHue cBOGOAHOTO Ma-
JICHUST HY>KHO 3aMEHUTH Ha
Jopp =g —d . OueBupno,

UTO HAIPABJIEHHE Jog Ta-
KOe JKe, KaK y BeKTopa ¢ Puc. 2
(puc.2). YciaoBue paBHOBecHs Tenepb GyeT BBINJSAAETh TakK:

FAZ = mgsd[) , W pBVHZga(b = mga(}) .

CpaBHUBAas /IBa yCJIOBUS PABHOBECHS, BUAUM, YTO 0OBEM IIOTPY-
JKEHHOII B BOJy 4acTu Tesa He uaMenurcs: Vi =V,,, 3Hauur,
ryOuHA TIOTPYYKEHIST OCTAHETCST TPesKHEN.

3amava 3. Haudume nepuod xoaebanuii Mamemamuieckozo
MasmHuxa 0aunod L = 1 m, Haxodswezocs 6 1ugme, 08UKYueM-
cs ¢ ycxopenuem a = 2 M/62 , €CAU: A) YCKOpenue HanpaeieHo
BEPMUKAILHO 68ePX; §) YCKOpeHUe HANPABACHO GHU3; ) YCKO-
penue nanpagieno enpaso; z) kabuna augma cxorvaum 6es
mpenus N0 HAKAOHHOU NAOCKOCMU € Yeaom o = 30° .

Pemenune. Byzem pemarb 3a/a4y OTHOCHTENIbHO HEMHEPIH-
AJIbHOI cucTeMbl oTcueta — KaGuHbI JudTa.

B cayuasx @) n 6) HanpapieHne «BepTUKAIN» HE MEHSETCS,
T.€. Jop HAIPABJIEHO JIEHCTBUTEIBHO 10 BEPTHKAIH.

a) Moxyb 5 (eKTUBHOTO YCKOPEeHHsT CBOOOHOTO MaICHUS
paBeH Yog = g ta (puc.3,a), u nepuo KomeGaHuil coCTaBsieT

T =2m =1,8 c.

gta
6) Moysb 3G GHEKTUBHOTO YCKOPEHHST CBOGOHOTO MaI€HHsI
paBeH ¢, = g —a (puc.3,6), u mepno/ KoJiebanmii cocTapser

l
g-a

T =2m

=2,2 c.
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puc. 3 Puc. 5

B) B aroMm ciryuae «BepruKasiby MeHsier HarpasJenue (puc.3,6),
MOLyJb 9(P@PEKTUBHOTO YCKOPEHUS CBOGOJHOTO IMa€HUS

Gop = «/gz +a° , 1 niepuoj; kosebanuii T = 2TT

r) YckopeHue ABuKeHus Judra MO IVIAJKOH HAKJIOHHOI
TJIOCKOCTH, OUEBH/IHO, PAaBHO d = ¢gSin O . PemmmM 3aaqy OTHO-
CHTEJIBHO YCKOPEHHO ABICKyIterocst ugra. Torga BeKTop Jag
OKa3bIBAeTCs MepIeHUKYIApHbIM Tmockoctu  (puc.3,2),

o = \/g2 -a’ = \/g2 —92 sin? a = gcos a . [lepuoj konebanunit

B 3TOM cJydae paBeH T = 2T L =21 # =2,1 c.
\ Goop \jgcosa

3anaua 4. Yepes nesecomuviii 640K nepexunyma numo, Ha
KOHUAx Komopoi nodsewenvt zpy3v. ¢ maccamu my; = 0,7 xz u
my = 0,3 xe. baox nepemewaiom
8HU3 C YCKOpeHuem a = 3 M/62
Onpedenume cuny HamsKeHus
HUMU U YCKOPEHUS 2PY306 OMHO-
CUMENLHO HEeNnoOBUKHOU cucme-
MblL Omcuemd.

Pemenne. Ilepeiiem B cucre-
My OTCYeTa, CBSI3AHHYIO C OCBIO
6JI0Ka, B KOTOPOI GJIOK, O4EBU/I-

9o HO, TIOKOUTCH. Y CKOPEHHUE CBO-
g GOJIHOTO TAJIeHUs § 3aMEHUM Ha
G4 . Hanpasiienue «BepTHKaI» ,
OIIPE/IEIAIEMON BEKTOPOM Jogy , HE
MEHSIETCS, & MOJ/LYJIb ATOTO YCKO-
peHUsI paBeH g = J = d (puc.4).
[ " y A kaxgoro rpysa sanumeM

1 yPaBHEHUE [IBUKEHUS:

DTH\

-l
-

Y My, -
i Moy = M5, -T,

YMiGsy

pnc. 4 My oy =T - myg. ah -

Wcxmouas n3 aTnxX ypaBHeHUN cuTy HaTsbkeHus 1, Halizem

0111 gsdf)mf = (g d)

MM )8/
my my +7nz

[lasnee, yaurtpiBast, uto Gy = d + dy,y U dy = d +dyy,, , U TIPOEK-
TUPYSI 9TH yPaBHEHUs HA HAILIPABJEHUE OCH ¥, HOJIyYUM

a; = a+da,, =958 M/CZ, ay =a=ay, =02 M/c2

CI/I]Iy HaTSKEHUS HUTU MOKHO HAaWTU U3 ypaBHeHUA ABUKEHUA,
HalpuMep, IepBOro rpyasa:
T= ny (gacp _aOTH) =my (g —a _aOTH) :2’94 H .

3agaua 5. Cocyd, umerowuii opmy xyba ¢ pebpom | u
HANOIOBUNY 3ANOAHEHHBIL 6000T, OBUKEMCS C 20PUSOHMALL-

HulM ycxopenuem a. Onpedeaume hopmy nogepxnocmu 600vL u
dasaenue 600vL Ha OHO cocyod.

Pemenne. B unepnuaipbHOll cucTeMe OTCYETa, CBSI3AHHOU C
3eMJiell, JaBJieHrue Ha TJIOCKOCTH, TapaJiieJIbHON MOBEPXHOCTH
BOJIbI M OTCTOSIIEN OT Hee Ha /1, paBHO p = P,gh . OTHOCUTENBHO
YCKOPEHHO [IBIJKYIIETOCS COCYy/la HAlPaBJICHHE <«BEPTUKAJIN»
M3MEHHUTCSI — HTO HAIIPABJICHHE Jog , M IOBEPXHOCTD BOJbI Gy/IeT
NepreHuKyIpHa sToMy Harpabienmio (puc.5). [laBnenne B
SKUZKOCTH OYZIET OJIHUM U TeM 3Ke Ha JH060il MJI0CKOi TOBEPXHO-
CTHU, TIapaJLJIeIbHON MTOBEPXHOCTU BOIbI, I PABHBIM pBgaq)h , rie

h — paccrosiHue MeK/Iy 9THUMHE MJIOCKOCTSIMHE, a Gopp = N gz +a* .
IlongaTHO, 4TO TOYKa A HE M3MEHUT CBOETO MOJOXKEHUS Ipu
JIBIDKeHUU. V13 BEKTOPHOTO TpeyroJIbHUKA /IS YCKOPEHUN cJie-
JLyeT, 4To

th(—g u cosa = ! = g
g \/1+tg20 \/g2+a2
Mg touku N
/) g 0
x = +—tg afjcosa = —1 + —Jcos a
EE 2 8 B 2%1 g%

¥ JIaBJICHUC B 9TOH TOYKE PaBHO

> 51 a EI [
pBga(bx pB g +a |j +— :pn (g+6l)*_
20 gDJg +a’ 2
Amnajiorngno, aas Toukn K
ol

l 0 [0 a0
x = -—tgapcosa = —1 - —[Jcosa,
EE 2 8 H 251 g%

U JIlaBJieHNE B 3TON TOYKEe PaBHO

> o1 aEI [
= PeFspX = PeVI +d El =pPy\9g—a)-.
b 2 gm/g + (=)

Tak ke TIPOCTO HAXOJWUTCS JaBJjeHne B J06O# JPYyroil Touke
SKUIKOCTH.

3anaua 6. Tpoinux us mpex eepmurxdaivHolx mpyoox, om-
Kpoimolx 6 ammocghepy, noanocmuio 3anoauen 6odoiu. Ilpu
20PU3OHMATLHOM PAGHOYCKOPEHHOM OBUNKEHUU U3 He2o 6blIU-
a0cw 9/32 sceil maccvl 600vl. Haiidume yckopenue mpoinuxa.

Pemenne. [Ipr paBHOYCKOPEHHOM JIBUXKEHWH BIIPABO YPOBHU
BOJIbI B BEPTUKAJBHBIX TPYOKax OY/yT TAKUMHU, KaK TIOKa3aHO Ha
pucynke 6 cripaBa (TI0BEPXHOCTD KUAKOCTH BCETIA TEPIEHNKY -
JIIpHA gaq) ). Tlycth Macca BOABI B TPyOKE €MHMYHON JIJTMHDI
paBHa m; . Torja Macca BBIIMBIIEHCS BOJbI

9
m=§4m1L =my (x +y).

N3 nopo6us tpeyroibuukoB ABC, DBE u TpeyroibHUKa ISt
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YCKOPEHUI CJie/tyer
y _a x a y= al vz al
~=— U ——=—,0TKyla Yy=— n X =_——.
L g L2 ¢ g 29
HOJICTaBJIﬂH 3HAYCHUAg X " y B Bpra}KeHI/IG A m, HOquI/IM

36mL—mE1u—L+aLH
oo il =my —0a.
32 X9 90
Orcioa HaXOUM
3
a=-=
4g.

3amaua 7. Mamemamuueckuil Masmuux, nPUKPenienHmoiil K
nomoaxy xabunvl augma, cosepuiaem koarebanus ¢ nepuodom
T =1 ¢ u yenosoti amnaumydoi o = 0,05 pad. B momenm
NPOX0KOEHUS MAANHUKOM NOJOKENUs. PABHOBECUS MPOC, Yoep-
KUsaowull Kabumny, odpvieaemcs, u oHA HAYUHAeM C80600HO
nadamo. Yepes xaxoe epems nocjie Imozo MAIMHUK yoapumcsi
0 NOMONOK KAOUHI?

Pemenne. B MoMeHT 06pbIBa Tpoca MEPEXOJMM B CHUCTEMY
orcuera, cBsidaHnylo ¢ Jjudrom. Ilockosnbky audT magaer c
yckopenneM G, TO Gy =G =g =0.
ITO 03HAYAET, YTO OTHOCUTENBHO JH-
Ta MasSTHUK HAXOJIUTCS B COCTOSTHUM
HEBECOMOCTH W JlaJTbHEMIIIee BIKEHTE
tesia OyIeT TPOUCXOAUTD 11071 JA€HCTBU-
eM TOJIbKO CUJIbI HATSDKeHUs HuTH F ,
KOTOpast uaMeHsaThes ne Gyzer (puc.7).
ITockoJibKy CUJTa HATSPKEHUST HUTH Tep-
NEeHNKYJISIPHA CKOPOCTH, TeJI0 OyIeT
JIBUTATBCS IO OKPYIKHOCTH C TOCTOSTH-
HOIT CKOPOCTBIO ¥ M YAPUTCS O TOTO-
JIOK, KOT/Ia MPOII/IET MO JyTe OKPY>KHO-
cru paccrognue TU/2 3a Bpema (=
= 10/(20). [luna MagTHUKA [ HAXOHUT-

Csd U3 TOrOo, 4YTO M3BECTEH IEPUO/L KOJIeOaHMii:

] 2
T=2m ;,omyaa l:M:O,ZSM.

417
CkopocTh, KOTOpasi MaKCHMaJbHa B MOMEHT 0OpbIBa TpOCa,
MOJKHO HAlTH M3 XapaKTePUCTHK KOJeOATeTbHOTO JIBUKEHUS:
V= Xy W, TIE Xy — JUTHHA JYTH, TPOXO/MMAS OT TOJIOKEHHST
MaKCHMaJIbHOTO OTKJIOHEHWS JI0 TOJIOXKEHUs] PaBHOBECHUS, a
® =2TfT . TIOCKOMBKY X, =10, a w:\/ﬁ , TO

v= «/glotz =0,08 m/c -

Taxkum 06pa30M, BpeMd, rpouieaniee /10 y/apa o I10TOJIOK, paBHO

Puc. 7

t= L dc.,
20
3anaua 8. Anomunuesviii wap o6semom Vy uniomnocmuio P
HAX00UmMcst 8 cocyde ¢ 8000U. Y201 MexdYy CMeHKamu cocyod u
20PU3OHMATLHIM OHOM O . Brympennss nosepxnocms cocyod
enadxas. ITnomnocmo 6odvt P . Haiidume cuny dasaenus wapa
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Ha ono cocyda 6 08yx cayuasx: 1) cocyd nenodsusxen; 2) cocyo
08UKEMCSL ¢ NOCNOSIHHOIM 20PU3OHMATILHbIM YCKOPEHUEM d.

Pemenue. B nepBoM corydae, KOrjia yCKOpeHHEe PaBHO HY.JIIO,
6OKOBasi CTEHKa COCY/la, OYEBH/HO, HE JABHUT HA IAPHUK, NHAYEC
OH He MOr Gbl HAXOJAUTbCS B MOKOEe. BeprukajibHble CUJIbI, a
MMEHHO CIJIA TSUKECTH M§ , apXUMe0Ba cuia F, U peaKiyus
oropbl N, , YPaBHOBEIIEHDI, TI03TOMY

N; =mg - F, =Vog(m - p).

ITo Tperbemy 3akony HploToHa Takas ke IO BeJMYMHE CHJIA
JIAaBUT HA JIHO.

B cayuae yckopennoro
NIBIDKEHWST COCY/Ia TIPOIIe
nepeiiTn B HEMHEPIUATb-
HYIO CHCTEMY OTCUeTa, CBSI-
3aHHyI0 ¢ HUM. B aroii cu-
cTeMe COCY[ TIOKOUTCS, U
§ Heo6XO0MMO 3aMEHUTh
Ha g, =g§-a (ycxope-
HUE §,4 ONpE/eser Ho-
BO€ TOJIOXKEHNE «BEepPTUKA-
JI» ), TIPH 3TOM CHJIBL TG qy
u Fy (Fy=pVyGy) na-
IIPABJIEHBI TIPOTHBOTIOIOK-
o (puc.8). BekropHoe ypaBHeHWe paBHOBECHs Imapa Oymaer
UMETb BUJT

X - o

Puc. 8

Vop(@ - g) +Vom (§ —@) +N +N, =0,
nian
Vod (Po = p) +Vod (p-p) +N +N, =0.
[IpoexTHpys Ha HampaBJeHns oceil X U y, TOTYIIM
Nsina =Va(py =p) u Vog(py —p) +Ncosa=N,.

Ucknouaa N, Halijem

N, =Vog(po —p)(g +actg a).
Ynpaknenusa

1. [IBa rpysa ¢ MaccaMu my = 2 KT U m, = | KI' IPUKPEILICHBI K
KOHI[AM HUTH, MEPEKUHYTOH 4epe3 OJIOK, MPHYEM MepBOHAYAIBHO
TSDKEJIBIE Tpy3 Haxojuics Ha 7 = 1 M Bbime Jerkoro. C KaknM
YCKOPEHUEM IIePEMEIAIOT BBEPX OCh OJI0KA, €CJIM IPY3bl OKA3aINCh
Ha OINHAKOBOM ypOBHe uepes ¢ = 0,5 ¢?

2. llpsaMoyrospHbIil 6ak 6€3 KPBIIIKN JABUXKETCS € TOPH30HTAND-
HBIM ycKopeHneM. B 6ak namTa Boja /10 ypoBHsi /2. VI3BecTHDBI TaKsKe
JunHa Gaka [ u ero Bbicota H. KakuM 073KHO GbITh yCKOpeHne 6aka,
qTOOBI BO/la HaydaJia BbIJIMBATbCA U3 Hero?

3. Cocyxn ¢ Bogoit (puc.9) ABMIKETCS ¢ TOPUBOHTATBHBIM YCKOPe-
HeM. TpyOKH, U3 KOTOPBIX COCTOUT COCY, TOHKHE, PACCTOSIHUE
MeX/ly BepTHKaabHbIMU TpyOKamu [ = 20 cM, pasHoCTb ypOBHE
BOJIBI B 91X TPyOKax i =1 cm. C kakum

T=="""""""""1 Ih YCKOPEHUeM JIBUKETCST cocy/1?
r|
a —»
d
h
!
[
Puc 9 Puc. 10

4. Ilncrepua (puc.10) MOTHOCTBIO 3aMONTHEHA BOJON U ABHIKETCS
C TOPH30HTAJIBHBIM ycKopeHneM a. Ompe/esute CHIy, ¢ KOTOPOH
BOla HeﬁCTByeT Ha KPbINIKY HUCTEPHDbI.

30.03.10, 18:19



PermoHanbHbIv 3Tan XXXV
Bcepoccmmckom onnmMmnmagbl
LLIKOJIbHWKOB MO MaTeMaTuKe

B 2009/10 y4eOHOM rofy permoHanbHbIA 3Tan Bcepoccuiac-
KOW onvmnuanbl WKONbHMKOB NPOBOAMICA OAHOBPEMEHHO BO
BCEX pernoHax Poccim no efuHbIM 3afaHUsAM U HOCU OTOOPOY-
HbI XapakTep AnS y4acTus B 3aKo4uTenlbHOM 3Tane Bcepoc-
CUINCKOM ONMMMagbl. B BapmaHT BOWM 33a4M pa3HOW Tema-
Tk (anrebpa, Teopus Ymcen, reoMeTpus, KOMOMHaTopMKa) U
pasnuyHon TpyAHOCTU. OCOBEHHO CMOXKHBIMU AN YHaCTHUKOB
oka3anuce 3agaym 4 B 9 knacce, 3aga4n 3 1 7 B 10 knacce u
3apa4va 8 B 11 knacce.

3AJA4YN

9 knacc
Hepsowuii denv
1. [lanbl ksagpathbie tpexuienst f;(x) = x” +2a.x +b;
£ (x) = 2% +2a,x +by, f;(x) = & +2a5x +by . Ussectno, uto

aa,az = bib,by > 1. JlokaxknTe, 4TO XOTS OBl OJUH M3 ITHX

TPEXUJIEHOB MMEET JIBa KOPHSI.
H.Azaxanos

2. CeMb JBDKHUKOB ¢ HOMepamu 1, 2, ..., 7 yuum co crapra
110 OYepein 1 MPOINLIN IUCTAHIINIO — KasKJbIH CO CBOEH TOCTO-
SIHHOW CKOPOCTBIO. OKaszasoch, YTO KaXK/bIH JBDKHIK POBHO
JBaXK/bI ydacTBOBal B o6ronax. (B kamaoM 06roHe y4acrBy-
0T POBHO [[Ba JIBDKHWKA — TOT, KTO OGrOHSIET, U TOT, KOTO
o6rousior.) Ilo okoHuanum 3a6era A0JKeH ObITh COCTaBJIEH
IIPOTOKOJI, COCTOSIIIUI M3 HOMEPOB JIbDKHUKOB B IOPsIIKe (DU-
uunmpoBanust. /lokaxkure, 4To B 3a6ere ¢ ONUCAHHBIMU CBOIi-
CTBAMU MOXKET MOJYYUTbCs He GoJiee ABYX PA3JIUYHBIX MPOTO-
KOJIOB.

C.Boauénkos

3. Cm. s3amauy M2171 «3agaunnka «KBanras.

4. B tpeyronbuuke ABC yron A pasen 60°. Ilycts BB, u
CC; — O6ucceKTpUCHI 3TOTO TPEYTroJbHUKA. JlOKaxwTe, dYTO
TOYKa, CUMMeTpuYHas Bepiuune A orHocuTeIbHO npamoit B,C; ,
Jexut Ha ctopoHe BC.

. IIpoxonenxo

Bmopoii denv

5. Hesnaiika Bbimmicas o kpyry 11 narypasnbhbix uncen. s
Ka)kK/IbIX JIByX COCEHUX YHUCEJ OH IOCUMTAJ UX PasHocTb. B
pesyJbTaTe cpean HallIeHHbIX Pa3HOCTEH OKa3ajloCh YeTbIpe
€/IMHUIIbI, 4YeTblpe JABOHKM UM Tpu Tpoiiku. J[lokaskure, 4To
Hesnaiika r/ie-To [0MyCTHI ONIHOKY.

P.2Kenodapos

6. Ilyctp Touku A, B, C jieskat Ha OKPY’KHOCTHU, a TpsMast b
KacaeTcs 3Toi OKpy»KHOCTH B Touke B. V13 Toukn P, jexareil Ha
upsiMoit b, omymiens! neprenukyasipel PA; n PC; na npsiMbre
AB u BC coorsercrsenno (touku A; u C; j1exxaT Ha OTpesKax
AB u BC). [okaxutre, uto A,C; 0 AC .

JI. Emenvsinos
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7. B KOMIIaHWM U3 CEMU YeJIOBEK JIIOObIE 1eCTh MOTYT CECTb 3a
KPYTJIBII CTOJI TAK, YTO KAK/IBIE JBA COCE/IA OKAXKYTCST 3HAKOMbI-
Mmu. Jlokakmrte, 4TO W BCIO KOMIIAHUIO MOXKHO YCaJHTb 3a
KPYIJIBIH CTOJT TaK, 4TO KaK/ble /[BA COCEIA OKAXKYTCS 3HAKO-
MbIMMU.

C.Boauénkos

8. I/t KaXKI0TO HATYPAJTBHOTO 7 0603HAYUM Yepe3 S, CyMMy
MEPBBIX 7 MPOCTBIX uncea: Sy =2, S, =2+3=5, S35 =2+
+ 3 + 5 = 10, MoryT a1 ABa HOAPS] HAYIMX YJIeHA
nocaegosareproctn (S, ) OKa3aTbCs KBAPATAMU HATYPAJIb-
HBIX 4HCeJ?

B.1lapuu

10 knacc

Hepsuiii denw

1. IeBATH JBDKHUKOB YIILIH CO CTapTa 110 OUepe/in U IMPOIILIH
JIACTAHITIIO — KaXK/IBIN CO CBOEH MOCTOSTHHON CKOPOCThI0. Morio
JIN OKA3aThCsl, YTO KAXKIBIH JBDKHUK YYacTBOBAJT POBHO B
yeTbipex o6ronax? (B kaskgioM O6TOHE YYacTBYIOT POBHO JIBa
JIBDKHUKA — TOT, KTO OGTOHSIET, U TOT, KOTO OGTOHSIOT.)

H.Bozdanos, C.Boauénros

2. Cm. 3agmauy M2171 «3agaunnka «KBanras.
3. Cm. zamauy M2172 «3agaunuka «KBanras.

4. HatypasbHoe 4rc/io b Ha30BeM yoauviM, €CJI 1JIst TI060TO
HATYPAJIBHOTO @ TAKOro, 4to @’ jemntcs wa b’ wucno @
nemurest Ha b, Haiimre KOJMYIECTBO YAAYHBIX HATYPAJBHBIX
ynces1, Mmeabimx 2010.

11. Ko:xesnukos

Bmopoii denv

5. Hewnyiesoie uncaa a, b, ¢ TakoBbI, 4TO ax® +bx +c¢ >cx
npu jiob6om x. Jlokaskute, 4Tto cx? —bx+a >cx b 1pu JIo-
60OM X.

M. Mypawxun

6. IIpamble, kacaomumecs OKPYKHOCTH W B ToukaxX B u D,
nepecekaiorcs B Touke P. Ilpsmas, npoxoxgmas uepe3 P,
BbIcekaeT Ha OKpyskHoctu xopay AC. Uepes 1pousBoJIbHYIO
Touky orpeska AC 1poBejeHa IpsgMas, napajieabHas BD.
Jlokaskure, 4to oHa jgeauT aaunbl jgomanbix ABC u ADC B
O/IMHAKOBBIX OTHONICHUSX.

JI. Emenvanoe

7. CyImecTBylOT JI TPH TOMAPHO Pa3JNYHBIX HEHYJIEBBIX
IEJTBIX YHCJIA, CyMMa KOTOPBIX PaBHA HYJIIO, & CyMMa TPHHAIA-
TBIX CTEIIEHeH KOTOPBIX SIBJISIETCS KBaPATOM HEKOTOPOTO HaTy-
PAJIbHOTO Ymcaa?

B.Cendepos

8. Hasosem siecmuuyeti 6vicomvr n purypy, COCTOSIILYIO U3
BCEX KJIETOK KBaJ[paTa 7 XN, JIeKANMX He BbIIIE JUATOHAJIM.
CKOJIbKIMHU PA3JINYHBIME CIOCO0AMH MOJKHO pPasGUTb JIECTHHU-
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I[y BBICOTBI 7 HAa HECKOJBKO MPSIMOYTOJBHUKOB, CTOPOHbBI KO-
TOPBIX WJYT IO JHUHUSAM CETKH, a IJIONQU MONapHO Pas3Jjmy-
HbBI?

. Xpamnuyoe

71 knacc

Iepsoviii denw

1. Kaxx/plil KaTeT IpsiMOyTOJIbHOTO TPEYTOJbHUKA YBETUIIIN
Ha euHuIly. MoTJIa Jim €ro THIOTEHY3a YBEJTMIUThCST 60JIee 1eM
Ha /2 ?

C.Boauénkos

2. B psany u3z 2009 rupex mMacca Kax/10il IMPbKU COCTABJISET
11eJ10€ YICJI0 I'PAMMOB U He 1pesbiiiaeT 1 kr. Maccebl Ji00bIX JABYX
COCeIHNX THPeK OTINYAIOTCs POBHO Ha 1 T, a o61mas Macca Bcex
TUpb B TpaMMaxX SIBJSIETCS YeTHBIM 4dncyoM. [lokaxure, 4TO
TUPBKU MOKHO Pa3/Ie/IUTh Ha J{BE KY4YKH, CYMMbI MacC B KOTOPbIX
paBHbI.

. Xpamnyoe

3. Yerbipexyrosubuuk ABCD Brmcan B OKPY>KHOCTD C JIHAMeT-
pom AC. Toukn K u M — npoekuun Ha npsamyio BD Bepinn A
n C coorBerctBenHo. Yepes Touky K TIIpoBe/ieHa IpsMas,
napasienbHas BC n nepecekatomas AC B Touxe P. [loxaxknre,
yto yroa KPM 1pamoii.

T.Emenvsanosa

4. HaszoseMm Tpoiiky Hatypaibhbix uucen (a, b, ¢) xeadpam-
nol, ecau OHH OOPA3yIOT BO3PACTAIONLYI0 apU(BMETHYECKYIO
nporpeccuio (MMEHHO B TaKOM IIOPSAKE), YUCJIO b B3aUMHO
HPOCTO € KasK/bIM U3 YHCEJl d U €, & YUCJIO abC SBISACTCS TOUHBIM
kBajiparoM. Jlokaskure, 4To JJIs1 J1H060H KBaJPATHOH TPOIKH

HalijieTcs Apyras KBaJpaTHas TPOiiKa, uMerolas ¢ Heil XoTs Obl
O/IHO 0011ee YUCJIO.

B.Cendepos

Bmopoii denv

3. Yrubl TpeyrosibHuKa O, B, Y yIOBJIETBOPSIIOT HEPABEHCTBAM
sina > cosf3, sin >cosy, siny >cos a. [lokaxkure, 4to Tpe-
YIOJIbHUK OCTPOYTOJIbHBIH.

H.Bbozdanos

6. B ocHoBanum yerpipexyrosibHoii mupamu/ipl SABCD nesxut
napaJstenorpamm ABCD. Jlokaxkute, 4To /s J11060i1 Toukn O
BHYTPHU TTHPaMU/IbI cyMMa 06beMoB TeTpasipoB OSAB u OSCD
paBHa cymme o6bemMoB TetpasipoB OSBC u OSDA.

A.Tepéwun

7. lesnie yncoa a, b, ¢ TAaKOBBI, YTO 3HAYEHUST KBA/PATHDBIX
TpexuieHoB ba’ +cx +a u cx’ +ax +b upn x = 1234 cosma-
faloT. Moxer M nepBblil TpexwsieH npu X = 1 npuHuMAaTh
snauenue 2009?

11.Ko3no6

8. B kuerkn kBazpara 100 %100 paccraBusm umcaa 1, 2, ...
.., 10000, kaxxmoe — TO OFHOMY pady; TpPU ITOM UNCJA,
passmyatoruecs: Ha 1, 3almcaHbl B COCETHUX TI0 CTOPOHE KJIET-
kax. [locsie atoro mocumranm paccTOSHUS MEXKILY HEHTPaMu
KaK/IBIX [IBYX KJIETOK, YUCJIA B KOTOPBIX PA3JIMYAIOTCS POBHO HA
5000. TIycrp S — MuHMMasibHOE U3 9THX paccrosiauii. Kakoe

HanGoJIblllee 3HAYEHHE MOXKET MPUHUMATD S?
U.Bozoanoes

Hy6auxauuio nodzomosunru H.Azaxanos, H.Bozdanos,
I1. Koxesnuxos, O.ITodruncxuii, /1. Tepéwun

PervoHanbHbIV 3Tan
XLIV Bcepoccmmckon onmmnmagbl
LLIKONbHWMKOB MO hn3MKe

TEOPETUYECKWUWN TYP
7 Kjiacc

3agzava 1. Typucr. Typuct nepeuies yepe3 CUMMETPUYHbBII
nepesaa (puc.1) u nomen ganee no pasuune. Ero cpemmss
CKOPOCTb Ha MHyTH dYepe3 IepeBaj 0Kaszajach PaBHOU
0 = 2,1 kM/u . Kakoe
paccroanue L Typucr
[polieJg 10 pPaBHUHE,
€CJIN JUUIST 9TOTO €My TIO-
Tpe6oBasoch 2 uaca?
MN3BectHno, uto npu
Puc 1 HO/IbeMe Ha [ePeBal ero
CKOPOCTb ¥; COCTaBJIsI-
Ja 0,6 OT CKOPOCTU ¥y [BUKEHUS 110 PABHUHE, a IIPU CILyCKE C
repeBajia CKOPOCTb ¥y ObLaa GOJIbIe CKOPOCTH MoibeMa B 7 /3
pasa.

. IToonecnuviii

3azaya 2. IJkcuepumeHT C ImumHApPoM. Ha pucynke 2
npuBesieHa ¢ororpadusi MEPHOTO COCY/la C BEPTHKAJIBHBIMUI
CTEHKaMHU [I0 TIOTPYKEHHSI B HEro IMJIMH/IPUYECKOTO I'py3a.
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+ 90 =+ 90

T 2 1 2

: S50 1 56

1 30 I 30

1 10 T 0
Puc. 2 Puc. 3

Buano, uro o6beM Bombl B cocyze paBeH 40 miu. dororpadus
cocy/ia TocJie TOTPY>KeHus IIUINH/Ipa TPUBe/ieHa Ha PUCYHKeE 3.
Yemy pasen o6bem V rpysa?

B.Opaoe

3agaua 3. I'onkH Ha MOTOPHBIX JOAKax. /[Be MOTOpHBIE
JIOJIKHU cTapToBasu oT npuyania /luBHnoMopcka B cropony lesen-
mknka. CKopocThb TepBoro karepa Obuta o; = 9 y3i0B, a
CKOpOCTb BTOPOTO 05 = 11 y370B. B cepeamne myTtnn — B Touke A
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56 KBAHT -

— 11epBblil KaTep yBeJ4uI CKOopocTb /10 11 y3i08. Bropoii katep
B HEKOTOPOIl Touke B yMEeHbIINI CKOPOCTb 10 9 y3JI0B, [IpHYeM
Ha (UHHIIE BBIACHUIOCH, YTO JO TOYKH B OH IUIBLI POBHO
II0JIOBUHY Bcero BpeMeHH. Kakast u3 Touex 6/mmke k JJuBHOMOp-
cky: A nnm B? Uemy paBho paccrosiiue AL ot Toun A 10 TOYKH
B? sBecTHO, UTO paccTosiHue OT MecTa cTapTa o dunuma L =
= 3,6 mun.
Hpumenwanue. Oun y3esa — aTo CKOPOCTb, IIPU KOTOPOIi CyAHO
npoxozut 1 muiio 3a 1 gac.
DosvKa0p

3anava 4. Ilox mmkpockomom. Ha pucynke 4 npuseneHo
n3o6pakeHne KOHUYMKA UTJIbI, HaGJI0/[aeMOe B MUKPOCKOTI. Pac-

Puc. 4

crosnue Mexxy jgejennsamu 0 u 1 cooTBETCTBYET OIHOMY MUJLIH-
Metpy. UeMy paBeH BHemHuit fuameTp urJst d ? Hafiinte takke
TOJIIUHY CTEHOK WTJIBbL /2.

H.Epoghees

8 knacc

3agaua 1. Berpeya. Masibunk CTONT HA 9CKAIaTOpE, MOILHH-
MAIoIIEeMCsl BBEPX CO CKOPOCTBIO v. POBHO HA MOJIOBUHE ITyTH OH
MIOPABHSJICS CO CBOEH yuuTeJbHHUllEH, cTosllell Ha cocefHeM
JcKaJIaTope, JBIDKYIIEMCS BHU3 C TOH ke CKOpocTbio. Kak
MaJIb4YnKYy ObIcTpee J06paThCs IO YUUTEIbHUIIBI, €CTH OH MOXKET
JIBUTATbCSI OTHOCUTEJBHO 3CKAIATOPA C MOCTOSIHHON CKOPOCTBIO
u > 2v: cHavyana 1o6Gexarb BBEPX, CMEHUTb 3CKAJIaTtop u
mo6ekaThb BHU3 WJIN MOGEKATh CHAYaJIa BHU3, CMEHUTD ACKAJIa-

TOp ¥ MOOEKATh HABCTPEUY BBEPX ?
B.Curo600snun

3anava 2. IlocaenoBaTeybHbIii KOHTaKT. B Tpex OjnHAKO-
BBIX TEIJIOU30JIMPOBAHHBIX COCYZAX HAXOJATCS OJMHAKOBBIE
KOoJINYecTBa MacJa IIpU KOMHaTHOM Temneparype. Harperbrii
METaJIMYECKUI TTMJIMH/D OIyCTUJIM B TIepBblii cocyx. Ilocae
TOTO, KaK MEK/Y IIMJIMHIPOM U MAcJIOM YCTAaHOBHJIOCH TEIIJIOBOE
paBHOBecHe, IUJINH/P TIepeHecJu Bo BTopoii cocy. Ilocre Toro,
KaK 1 TaM YCTaHOBWJIOCb paBHOBECUE, NUJNUH/AP II€pEeHEC/In B
Tperuii cocy. Ha cKoJIbKO TpajycoB MOBBICHIIACH TEMIIEpaTypa
MacJa B TPEThEM COCY/Ie, ECJI BO BTOPOM OHa Bodpocya Ha 5 °C

a B mepsoM — Ha 20 °C ?
DonvKop

3anava 3. I'pys Ha smHeiike. Ecom rpys maccoit m = 10 ¢
MOCTAaBUTb HA PACCTOSIHUU X OT Kpasd JUHEHKH, TO OHA IIPUMET
FOPU30HTAJIBHOE MOJIOKEHIE PABHOBECHS TIPH PA3MEIEHUN T10/]
Hell yropa Ha PaCCTOSIHUM ¥ OT TOTO »Ke Kpas jJuHeikn (puc.5).
3aBUCUMOCTD ¥ (x) [IPY PA3JINYHBIX PA3MELIEHUAX TPY3a IPe/i-
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Puc. 5

CTaBJIcHa B Taénm[e:

x,mM| 10 | 30 S50 70 90 | 100 | 120
y,mm| 120 | 129 | 137 | 146 | 155 | 160 | 160

Hocrpous rpaduk saucumoct y (x), onpeaenure maccy -
HelKu U ee JJIMHY.
C.Kapmasun

3anauya 4. Bor o kakoii, cusmkaTubiil kupnua! CumkatHblit
KUPITY UMeeT CJIeAYIONIHNe Pa3Mepbl CTOPOH: @ =5 ¢M, b =10 cm
n ¢ = 20 cM. /IBa Takux KupImya moctaBuian Oyksoil T cravasna
Ha OCHOBaHUE aX(C
Ha CTOJI, a II0TOM Ha
ocHOBaHuMe aXb Ha
JIHO aKBapuyma, 3a-
TMOJTHEHHOTO BOJON
(puc.6). B pesy.sbra-
TE OKA3aJI0Ch, YTO J1aB-
JeHue Kupnuueil Ha
o6e MOBePXHOCTH O/THO
u To e. Haiigure
Maccy m Takoro Kup-
nmaa. [Tockosbky Kup-
MY TEePIIaBblii, Boa

moJ1 Hero mojarekaer. ILnoTHocTh Boabl Py = 1000 KF/ M
Dosvraop

)

Puc. 6

(

9 knacc

3anauva 1. Ilnor ukarep. Ot npucranu «/[yOku» sxcriepuMeH-
tarop [JIIOK OTIIpaBuJICS B My TEIIECTBHE TI0 peKe Ha 10Ty . POBHO
yepes yac OH PUYasInI K npuctanu «[pubku», rie oGHAPY KU,
4yTO 3a0bLT CBOI proK3ak Ha npucranu «/lyoxu». K cyacrbio,
Tmok yBuzmen na Gepery cBoero jpyra — teopernka bara, y
KOTOpPOTro OblIa MOTOpHas Joaka. Ha Heil apysbs TOMIBLIN
00paTHO, 3a0paJl PIOK3aK U BepHYJMCh B «[pnbkns». CKOIbKO
BpEMEHU MOTOPHAas JIOJKA ILJIbLIA TPOTUB TEUCHUS, €CJU BCe
IJIaBaHue 3aHsA0 32 MUHYTbI? MOTOp JIOZIKH B TEYEHUE BCEro
IJIaBaHusl paboTaJ HA MOJHYIO MOIIHOCTb, a BPEMs, KOTOpPOe

oTpe6oBaJIOCh Ha MOA60P PIOK3aKa, MPEHeOPEKNMO MAJO.
B.Cro600snun

3anava 2. JluneiiHasi TENIOEMKOCTb. TerioeMKOCTb HEKOTO-
PBIX MaTepUAIOB MOXKET 3aBUCETD OT TeMIepaTypbl. PaccMoTpum
Opycok Maccoit my = 1 Kr, M3rOTOBJIEHHbIII U3 MaTepuaJa,
y/leJIbHas TETJI0EMKOCTD KOTOPOT'O 3aBUCUT OT TeMIIepaTypbl ¢ 110
sakony c=¢(1+at), rae ¢ =14 o? I[}K/(Kr 0C) ,
o =0,014°C™". Taxoii 6pycoK, HarpeTbiii 10 TeMIepaTypbI
t; =100 °C, omyckaioT B KaJOPUMETP, B KOTOPOM HAXO/UTCS
HEKOoTOopas Macca M, BOJipl Ipu TeMueparype t, = 20 °C . Ilocie
YCTaHOBJICHUST TEIJIOBOTO PABHOBECHS TeMIlepaTypa B KaJOPH-
MeTpe oKasasnach paBHOl ¢, = 60 °C . IIpenebperas TeroeMKo-
CTHIO KAJOPUMETPA U TEIJIOBBIMU [TOTEPSIMU, OIPE/ETUTE MACCY
m, BOJbI B Kasopumerpe. V3BeCcTHO, 4TO y/e/bHAs TENJIOEM-

KOCTb BOJBI Cy = 4,2 no? [[}K/(Kr D’C) .
C.Kosexn
3anava 3. Illens ¢ aAByMs amnepmerpamu. B siekrpuueckoit

nerm (puc.7) cuma TOKa, MPOXOAIIETO Yepe3 PE3UCTOP COMPO-
tuBJleHueM Rz, paBHa 1 MA. ColporTuBleHUS Pe3UCTOPOB
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) takoBol: Ry = 1 kOm,
&) -
R, R, Ry R; = 3 kOwm. Ilepepu-
— —— —— }— cylite pucynok B cBOWO

TETpajib M YKAKUTE HA
(A HeM HaIpaBJIeHUsI TOKOB,
. MAYIIX Yepe3 pe3ucTo-
! pol. Uemy paBHO Hamps-
Puc. 7 skenne U Garapeiiku? Ha

CKOJIBKO MUJITHAMIIED OT-
JIMYAIOTCST TIOKA3aHusl aMIepMeTpoB A; u A, ? Amrepmerpbl
cuuTaiiTe MIeaTbHBIMH.

A.Pycaxos

3amava 4. Ha xunoctyamu. [Ipn cheMKe XymoskecTBEHHOTO
¢unrbMa mOTpe6oBAIOCh 3aCHATH 3MU30[] C IIaJleHHeM BaroHOB
noesjfa ¢ mocra B peky. s aToro ObLl IIOCTPOEH MakeT
JKeJIe3HOI loporu, MocTta u BaronoB B Maciitate 1 : 50. C kakoit
9acToTOi KagpoB N; Heo6XOANMO CHUMATD 9TOT MM30], YTOOBI
IIPU IIPOCMOTPE €O CcTaHAapTHoi wactotoit N, = 24 xampa,/c

CHUTYyaIsl BbITJIsesla IPaBIoIoL06HO0?
M.T'aspunoe

3agaua 5. /IBa 3epkana. Ilepex cucremoii 3epran My u M,
pacrioyioxkena OykBa b Tak, Kak IOKa3aHo Ha pHCyHKe 8.
ITocTpoiiTe Ha TOM ’Ke PUCYHKe BCe M300PAKCHUS, AaBaeMble

aTol cucteMoii. Jlokaku-

Mz T€, UTO JPYruX u3obpa-

JKeHUil ObITh He MOJKET.

‘M JlmHa Kaa0ro u3 3ep-

KaJ PaBHA PACCTOSHUIO
MEJK/ly HUMU.

B.Bbenonyuxun

10 knacc

3amaua 1. AGcomorno ynpyruii yaap. locka maccoil M u
JUIMHOW L CKOJIB3UT C HEKOTOPOW CKOPOCTBIO ¥ TIO TJIAJKOI
TOPU30HTAJIbHOI MOBEPXHOC-

\ L |9 i (puc.9). Ha neBom kpaio
‘m ‘ JIOCKH JIEKUT KyOUK Maccou
(] M v K
| L _ o m. Koaddunmenr rtpenus
— _ CKOJIBYKEHST MEXK/TY KyOHKOM
Puc 9 u JIocKoil M . JToCKa UCIIBITHI-

BaeT aGCOJIIOTHO YNPYTHil
yaap O BepTHKaJbHyI0 cTeHKy. [Ipm kakoil MaxkcmMaabHOI
CKOPOCTH JIOCKU T = U, KyOHK ¢ Hee He ynajer? Pasmepamu

Ky6uKa 1o cpaBHeHuio ¢ L mpenes-
peub. B mporecce Bcero ABMKEHUS
KyOUK He OIPOKH/IBIBAETCS.

60° \L Doavkaop
3anava 2. JiEeKTPOCTATHYECKOE
2L m B3ammojeiicteue. Omnpenennte

MOJyJib I cujibl ajieKTpocTaThyec-

KOTO OTTAJIKMBAHUS /IBYX MaJeHb-

‘l'g KHUX 3apSPKeHHBIX IIapUKOB OHOMN

u Toit sxe Maccot m (puc.10). Oun

m U3 HUX BUCUT HA HUTH JJUHON L,
JIPYTOil — Ha HUTHU JTMHOM 2L, yroJ

Mexxay Hutamu 60° .

DosvKaop

3anava 3. IIpouecc ¢ naeanb-
HbIM Tra3oM. ljeanbHblii ra3 B
KOJITYECTBE V MOJIel y4acTByeT B
< npoiecce AB, n300pasKeHHOM Ha
pucynke 11 B koopaunarax p u 7T,
r7ie P — IMJIOTHOCTD rasa, a T — ero
temneparypa. [Ipu kakux ycosu-

Puc. 17
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ax (mpu xaxoii Temmeparype) C
JIaBJIEHNE Ta3a B 9TOM ITPOIIECCE
Ha 25% MeHbIIe MaKCHMaJbHO-
ro? Temmeparypa T, usBectHa. F

B.Ca0600smnumn B

3anava 4. Cepuuecknii pe-
3UCTOP. V13 Tpex IIPOBOJIOK, KaK-
Jlasi 13 KOTOPBIX HMMEET COIPO-
tuBaenne R = 96 Owm, caesiann
TPU KOJIbIA ¥ COeINHNJIN UX TaK,
4TO JUIMHA YYacTKa MEKIy JIO-
ObIMU IBYMST GJIVDKANIINMU y3-
namm ofHa n Ta ke (puc.12). Uemy pasno compotusicnne R,y
KOHCTPYKITUN MeXTy y3aamu A u B?

Puc. 12

Donvrsop

3azauva 5. IToaocTs B crene. B ToscToii 6eTOHHOIT cTeHe Gblia
oOHapy KeHa BHYTPEHHSIST OJI0CTh. [IJ1s1 onipe/iesienust ee oGbeMa
B CTEHE MPOCBEPJINIIN TOHKOE OTBEPCTUE, COEANHSIONIEE TI0JI0CTh
¢ armocdepoii. Uepes
9TO OTBEPCTHE TOHKIM
[IJTAHTOM TIOJIOCTDb Tep-
METHYHO COCAMHUIN C
TOPIITHEBBIM HACOCOM 1
manomerpom (puc.13).
B navambHOM cocTosi-
HUWM TIOPIIEHb Hacoca
HAXOMUJICST B BEPXHEM
MMOJIOKEHUM, a JlaBJie-
HUE B CHCTEME HACOC—
[OJIOCTh PaBHSAJIOCH at- = -
mocdepromy. 3areMm  p o o
Oblyia HCCJe0BaHa 3a-
BHCHUMOCTDb J[ABJICHHS p B cucreMe or ob6bema V BO3ayxa B
Hacoce. IlosyueHHble SKCIIEPUMEHTAIBHBIE PE3YJbTATHI MPE]l-
CTaBJICHBI B TaGJHIIC:

V,n 1,0 (08)06]| 04 ] 0,2
p.klla| 100 | 110 | 130 | 150 | 175

ITytem Tpadmueckoro aHagM3a Pe3yIbTATOB HKCIIEPUMEHTA OTI-
penenure o6beM V) BHyTpeHHeil nosioctu. ITorpemninocts name-
peHust [[aBJieHUsI B JIAHHOM SKCIIEPUMEHTe cocraBisiia 3%.
ITorpentaocTpio omnpenesneHnss o6beMa IOJ THOPIIHEM HAcoCa
MOJKHO TIpeHeOpeub. YMeHblIeHne o6beMa Hacoca MPOU3BO/IH-
JIOCh KBa3UCTATUYECKH, T.€. HACTOJBKO Me/JIEHHO, YTO TeMITepa-
TYPY BO3/[yXa B CHCTEMe HACOC—TIOJIOCTb Ha MPOTSDKEHUN BCErO
9KCIIEPUMEHTA MOKHO CUNTATh PABHOI TeMIlepaType OKpYy:Karo-
el cpesibl.

C.Kapmasun

17 knacc

3agaua 1. Ky6uk na ropke. CieBa HalpaBo IO TJIAJKON
IIJIOCKOCTH CKOJIB3WUT TsDKesasi TopKka Maccoil M, Ha BepIInHe
KOTOPOIT oKouTCs Jierkuii rpys Maccoit m (puc.14). Kunernuec-
Kas sneprusi K; rpysa B 4eTbipe
pasa MeHbllle ero NOTeHITHATHHON [ 1m g
anepruu I1. I'py3 cbesskaet ¢ Top-
ku 6e3 Tpenusi. Haiijure ero xu-
Hetnveckyto sHepruio K, , Koraa M
OH OKaxkeTcs Ha miaockoctu. Cun-

taitre, uro II =1 bk, a M =2m .

B.Cnobodanun  Pac. 14

3agava 2. Hapymenue paBHoBecusi. Hekto mpoBes cepuio
9KCIIEPHMEHTOB I10 HCCIEOBAHUIO YCTOHIIBOCTH CHCTEMBI, H306-
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g pakeHHO# Ha pucynke 15.
‘L W3 6yHKepa, pacrooxKeH-
HOrO Ha BbIcOTe H Hajn
BBICTYTIAIONIUM KPaeM O/I-
HOPO/IHOI JIOCKH, JiexKallei
Ha JBYX OIOpax, Cpasy
MOCJI€ OTKPBbIBAHUST 3aCJIOH-
KM HAYMHACT BBICBITIATBCS IIECOK € MACCOBBIM pacxofoM M (kr/c).
Paccrosiiue MesK/y OIopaMu COCTaBJsIeT 2 /3 OT JJUHbBI TOCKHU.
CucreMa ycTpoeHa Tak, 4To, MOMa/asl B JIETKYIO YaIly, 3aKpell-
JIEHHYIO Ha KPAIo JIOCKH, MECOK TaM U OCTAeTCsl. DKCIePUMEHTA-
TOP 3aMEeTHJI, YTO B TIEPBOM OIIbITE€ Kpail JOCKU OTOPBAJICS OT
ornopbl B cmycrss Bpemst Ty = 1,00 ¢ mocse OTKpbIBaHUS
3aCJIOHKU. 3aTeM TeCOK W3 JIerKoWl vamm Bbichimanu. llocse
ATOTO JKCIEPUMEHTATOP BJBOE YMEHBIIMJ MAaCCOBBIH PACXO/[]
mecka U OGHAPYIKIJI, YTO JI0OCKA CHOBA OTOPBAJIACh OT OTMOPHI B
cryctsi BpeMst Ty . B Tperuii pas oH yMeHbIITII PACXO0/l BUETBEPO
110 CPAaBHEHUIO C TIEPBOHAYAJBHBIM, M JOCKA OTOPBAJACH OT
oropsbl B y:ke ciiycrsi BpeMst Ty = 1,75 ¢. 3Hasi, 4To Macca J0CKN
M =700 r, onpenesnte BbicOTY H, ¢ KOTOpOIl majiaa mecok, n
MAacCOBBIN pacxo/ M IecKa B TEPBOM IKCIIEPUMEHTE.
M. 3amsamuun

Puc. 15

3anaua 3. Ilenbp ¢ KOHAEHCATOPOM. DJIEKTPUYECKAsS CXEMA
COCTOWT M3 UCTOYHMKA MTOocTOsTHHOTO ToKa ¢ J/]C & m BHyTpeH-
HUM COTIPOTUBJIEHUEM 7, KOHJIEHCATOPa eMKOCThIO C U pe3ncTopa
conporusiaenueM R (puc.16).

K B nHauanabHbII MOMEHT KOH-

JleHcaTop He 3apspkeH. Kiou

r K B cxeMe cHayaJsia 3aMbIKa-

0T, a 3aT€M Pa3MbIKAIOT B TOT

MOMEHT, KOI/la CKOPOCTb U3-

¢ '|' MEHEeHWs 9HEPTUH, 3araceH-
HOW B KOHJIEHCATOPE, JIOCTH-

raer Makcumyma. Kakoe ko-

= C R

Puc. 16

KBAHT -

*

[T (1 ||

2010/ Ne?2

JITYECTBO TEIJIOTbI BbLAGNUTCS B CXeMe II0cJe Pa3MbIKaHHs
KJIo4ya’?
A.Illeponos

3anava 4. Ilpusma na
Boze. [loBepxHocTn Bo/ibI
KacaeTcsi paBHOOEPEHHAS
crekJssgHHas npusma ABC
(puc.17). Jlyu cBera, na-
JTATOTTIH M3 BO3/yXa IO/
yraom ¢, ma rpanp AC,
110CJIe TIPOXO3K/ICHUS TIPU-
3MBbI BbIXO/IUT Yepe3 TpaHb
AB 1o TeMm ke yraom ¢ .
UYemy pasen yrou npejomiennst ¢, ? [Tokazaress npesomMieHnst
Bozbl 7y = 4/3, yron C npu BepiiuHe mpusMbl npamMoil. Bemu-
yuHa yria ¢, HenmsBecTHA.

Puc. 17

B.Caobo0anun

3anava 5. Tepmoauna-
Muueckuil taéupunr. Has
mosiem merana (CH,) co-
BepIIAeTCsT TPOIece, Tpa-
(pux xoroporo nzo6paxen
na pucynke 18. Ilepenecu-
Te rpaduK 1poiiecca B Tet-
pasib W BBIJEJTUTE B HEM
YYaCTKU, Ha KOTOPBIX K
razy TOJBOJUTCS TEILIO.
Kaxkoe xosmmdectBo Termio- 0
TbI OBLIO HOABEACHO KTA3Y  p,- 78
B artoM mpoiecce? Besn-
YUHBI Py UV, CUNTaTh U3BECTHBIMHU.

rd

P/ Pos
1

A4

A 4

1V, 7,

H.Kyopswosa

Hy6auxauuio nodzomosuau C.Kosen, B.Cao6odsmnun

Bcepoccnmckas cTyaeH4yeckas
onMmMmnnaga no usmke

C 11 no 13 Hosbps 2009 roga B MOCKOBCKOM rOCYapCTBEH-
HOM TexHW4eckom yHmeepcutete (MITY) nm. H.BaymaHa co-
CTOANCA 3aKO4UTENbHBIM 3Tan Bcepoccnnckon CTyaeHYeckom
onumnmagbl No (U3MKe B TEXHUYECKMX By3ax.

Mo pe3ynbTaTaM ONMMMVAAb!, B KOMaHLHOM 3a4eTe nepsoe
MeCTO 3aHfAna KomaHga MOCKOBCKOTO (MU3NKO-TEXHUYECKOro
nHctntyta (MOTW, rocynapCTBEHHbIA yHMBEpPCUTET), HabpaB-
was 157 Ganno., BTOpoe MecTo 3aHsna komaHaa CaHkT-Metep-
Oyprckoro rocyaapCTBeHHOro NONIUTEXHUYECKOro YHUBEPCUTETa
(98 bannos), TpeTbe MecTo — komaHaa CamMapckoro rocydap-
CTBEHHOMO a3pokocMm4eckoro yHusepcuteta M. C.IM.Koponesa
(82 6anna).

B nuyHOM 3a4eTe nepBoe MecTo 3aBoeBan AHApen KoToB
(M®TW), BTOpoe MecTo 3aBoeBan Masen MocToBbix (BanTunc-
KWW FOCYAapPCTBEHHBIN TEXHUYECKNIN YHMBEpCUTET «BoeHmex»
nm. 1.D.YcTmHoBa), Tpetbe Mecto — AHTOH Maxomos (Camapc-
KWW TOCyNapCTBEHHbIM a3POKOCMUYECKUN YHUBEPCUTET M.
C.MN.Koponesa).

KomaHza-nobegntens v npusepbl ONMMNMaabl NpeacTasie-
Hbl K Mpemun Mpe3uaeHTa Poccnnckon Oepepauyn.
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3AAAYN ONNMINNALDI

1. /IBa »xyKa 1oJi3yT Takum o0pasoM, YTO HEPBbIH BCE BpeMs
JIBIKETCST 110 HATIPABJIEHHIO KO BTOPOMY, & BTOPOI — TI€PIIEH 1~
KyJISIPHO COEJIMHSIONIEMY UX paanycy-BekTopy. HauamrbHoe pac-
CTOSTHHE MeXy XKyKaMu L, a CKOPOCTb IIEPBOTO B/BOe (OJIbIIe
ckopoctu Broporo. Omnpeziesiute nepemMenieHus xyKoB /10 TOYKN
BCTpeEYH.

2. Jlocka mammHOM L m Maccoil m JIeXXHWT HalepeBec Ha
HENIOJBIDKHOM IIJINH/IPE PAANyCcOM R, HaXO/Ch B PABHOBECHH.
Otpejiesiite IEPUO MAJBIX KOJIeGAHUN JOCKH, €CJTH TIPOCKAJIb-
3bIBAHME MEXK/Y JOCKOIl U IIMJIMHIPOM OTCYTCTBYET.

3. Ha HemomBmwkHylo mraitGy maccoil m u paamycoMm R,
JIESKAILYIo Ha IJIQKON TOBEPXHOCTH, HAJIETAeT CO CKOPOCTBIO U
Takas e maia, TPAeKTOPUs KOTOPOH TPOXOUT Yepe3 IEHTP
MIepBOIl ¥ KOTOPAst BPAIaeTcss OTHOCUTENHHO COOCTBEHHOM OCH €
yrJIoBoit ckopoctpio Q. Otpejesnnte yrioBylo W JHUHEHHYIO
CKOPOCTH KaXk/I0ii Iaii0bl 1oc/ie yaapa, ecjau yaap aGCoJI0THO
HEYIPYTHil ¥ TIPOCKAJIb3bIBAHIE MEK/IY TaiibaMi B KOHIIE UX
B3AMMOJIENICTBIS OTCYTCTBYET.
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OIPOTYJKHU C ®U3UKOM

4. JIBa 0IMHAKOBBIX HEOECHDBIX TeJa pajnycoM R u Maccoii m
Ka’K/I0€ JIBUTAIOTCST B CBOOGOHOM TIPOCTPAHCTBE CO CKOPOCTSIMHU
0y n U,. B HauanbHBII MOMEHT BPEMEHH pPaJNyC-BEKTOP,
coe/IMHAIONMUI 06a Tena, paBeH 7y, €ro MOJYJb paBeH 7.
Ornpeziesire ycaoBue, Ipu KOTOPOM 3TU TeJla CTOJKHYTCS.

3. BepxHuii cpe3 BepTHKAIBHO PACTIOJIOKEHHOTO CTEKJISTHHOTO
Kanuyispa JuaMeTpoM d HaXOIUTCSl HA TTOBEPXHOCTH BOJBI C
K03 PUINEHTOM TTPEJOMJICHUS 12 1 KOO PUITMEHTOM TOBEPXHO-
crioro mHarspkenuss O . CHu3y BBepX B/OJb OCH TPYGOUKH
HaIPaBJIeH JIa3epHbIil Jy4d paaunycoM r < d . Kamuuasap men-
JIEHHO TTO/THNUMAIOT U3 BO/IbI. OnpeaeJmTe MaKCHMaJIbHBIN JAna-
MeTp CBETOBOTO IIITHA OT PACCESHHOTO Ja3epHOro Jyda Ha
JKpaHe, PACIOJI0KeHHOM FOPU30HTAJIBHO Ha BbicoTe H OT noBepx-
HOCTH BO/IbI.

6. B navaybHbIT MOMEHT BPEMEHHU B NIEPBOM COCY/ie 00BEMOM
V ¢ n30TepMIUeCKUMHU CTEHKAMU ¢ TeMIepatypoil 7" HaXoauTcst
B PaBHOBECHU OJIHOATOMHBII Ta3 110/1 jaBjeHueM p. Bo Bropom
COCY/Ie TaKOTO JKe 06beMa, HO C TEIJIOM30JMPOBAHHBIMI CTEHKA-
MM, JJaBJIEHIE Taza paBHO HyJ 0. OmpesesnTe YCTAaHOBUBIILYIOCS
TeMIIEPATyPy BO BTOPOM COCY/Ie TIOCJIe 3aBePIIEeHNS epeTeKaHNs
rasa M3 IEpPBOrO COCy/Ja BO BTOPOH Yepe3 TOHKYIO TPYOKY €
JIETKMM KJIAITTAaHOM.

IIPOTYJRKH

C

7. CrepsKeHb JJIMHONW R OJHUM KOHIIOM HAXOJUTCS HAa OCH
KPYTOBOTO BUTKA C TOKOM W TepIeHAnKyIsIpeH eil. Ha apyrom
KOHIIE CTEPSKHS PACIIONIOKEH MArHUTHBIN JHUIOJb C MOMEHTOM
Py » TIEPTIEHINKYJISIPHBIM ¥ CTEPIKHIO, U OCH KPYTOBOTO BUTKA.
Omnpefesure cuiy, JeHCTBYONYIO Ha JANIOJb, €CJIH U3BECTHO,
YTO TIPOEKIHsI MATHUTHOTO TIOJISI, CO3/[aBaeMOr0 KPYTOBBIM BUT-
KOM, Ha CTep)KeHb B TOUKe, T/ie HAXOJWUTCS [UIO0Jb, paBHa B.

8. Merasmmueckas chepa paanycoM R pasjesieHa 1mo JuameT-
PAJBHO MTOCKOCTH, ¥ OJIOBUHKH H30IMPOBAHBI IPYT OT JIPyTa.
Opna nosycdepa 3apsiKeHa 3aps/ioM ¢, IPU 9TOM IOTEHIIHA
apyroii pased ¢ . Onpezesure suepruto cdepbi.

9. HemnpospauHas IJIACTHHKA OCBEIEHA IJIOCKOH CBETOBOM
BosiHO. Ecim B mytactiaKke mpopesanbl N y3KUX IeJieil MipH-
HOW @ w jumiHoi L ¢ tmarom d, ipudeM d > a u Nd > L, 10 B
MOJIYyIeHHON T PAKITMOHHON KapTHHE HHTEHCUBHOCTD TPETHETO
IJIaBHOTO MakcuMyMa paBHa [, . Kak naMeHUTCS ”HTEHCUBHOCTD
B 9TOI TOUKE, €CJH MOCPEeINHE MEKIY MMEIONIMUICS IesIMI
IIpOpe3aTh JIONOJHNUTEbHbIe eI TOH Ke JJINHBI, HO BJBOE
MEHbIIeN UPUHDI?

Hy6ruxauuio nodzomosuiu
M. Axosnes, B.ITonybes, C.ITupaun, H.Heanos

OU3BUKOMH

Jiunkasa snekTpoctatuka, unn Kak orpesatb
OJVNH HaHOKYIOH

(Ha4ano cm. Ha 4-vi cTpaHuLie obs10xki)

... IIponcxoaut aTo m3-3a TOro, 4To KJeiKas JeHTa 1 pyJoH
IIPH OTPBIBAHUM JIPYT OT JPYyTa 3JIEKTPUBYIOTCS, 3apsiKasiCh
pasHouMeHHbIMU 3apsiiamu. [Ipu atoM kieiikas JeHTa 3apsixa-
€TCS MOJIOKUTEJNBHO.

ITO MOXKHO JIETKO IIPOBEPUTH, HPHUKJEUB OTPE30K JICHTDbI K
11adoHy BBIKJIIOUEHHOH HACTOJIbHOM JaMmbl. Taxas cBOGOTHO
BUCSIIAS JieHTa Oy/IeT MPUTATUBATbCA K IJIACTMACCOBOI pacuec-
Ke, KOTOPOH He3aJ0JIr0 /0 3TOrO Mbl IIPUBOJUIM B IOPSIOK
IIpUYecKy. A 4TO pacuecKa 3apsuKaeTcsl OTPUIATEIbHO, JaBHO 1
HEO/THOKPATHO MTPOBEPEHO C MOMOINBIO 3JIEKTPOCKOTIA.

[IpoBeng mpocToOli OIBIT, MOKHO OILIEHUTH IJIOTHOCTH 3apsi-
JIOB, TIOSIBJIAIONIMXCS HA TTOBEPXHOCTH JICHTBI IIPH CMATbIBAHUU
¢ pyJoHa. B mammx omblTax OblIa WCHOJb30BAHA OOBIYHAS
KJIefiKas JIeHTa IMUPUHONH 48 MM ¥ TOJIUHON 45 MKM, cjie-
JIAaHHAs U3 [OJIMATUJICHA
mI0THOCTBIO 910 KF/ M

[Tpukaenm k madony
JIAMIIBI /B OTPe3Ka KJeii-
KOI JIeHTbl JJinHON L =
=30 cM KayK/Jblil U uU3Me-
pUM, Ha KakKoe PaccTosi-
HUe pasoiyTcs /iBa CBO-
6O/IHO CBUCAIOIUX KOHIIA
sentpl (eM. pucyHok). B
HallleM OIIbITe BEpXHHUE
KOHIIbI JIEHTBI OTCTOS/IN HA
d, =10 cM, a HIDKHEE — B
cpenteM Ha d, = 18 cM.

Y6enutbcsi B TOM, 4TO
OTPE3KH JICHT OTTAJIKNBA-
I0TCSI UMEHHO 3JIeKTPOCTa-
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THUYECKH, OYEHD JIeTKO. J[0CTaTOUHO Ha HECKOJIBKO CEKYH/L IToMe-
CTUTD MEK/Ly CBUCAIOIMHI OTPE3KAMHU JICHTDI 3a5KKEHHYIO CIINY-
Ky, 1 OHM CTAHYT MapaJsiIeJbHbIMKU, TaK KaK IIOHUMAIONINECCS
BBEPX HMOHDI, 3apsKEHHbIE YACTUYKM IIBLJIM M KOIOTH ObICTPO
HEUTPAIU3YIOT 3apsi/l KJIEHKOI JeHTHI.

[TpocTble pacyeTsl JAIOT, YTO OTPE30K TAKOM JIEHTDI /IJINHON B
30 cm umeer maccy m = 0,57 r. O4eBUIHO, YTO IIPU PABHOBECUH
MOMEHT CHJIbl TSDKeCTH, JelCTBYIolell, HallpuMep, Ha IIpaBblil
OTPE30K JICHTDI, OTHOCUTEJIbHO TOYKH O JOJKEH KOMIIEHCHPO-
BaTbCS MOMEHTOM KYJOHOBCKUX CHJI OTTAJIKUBAHM, JEHCTBYIO-
X CO CTOPOHBI JIEBOTO OTpe3Ka. YTOOBI YIIPOCTUTD pelleHue,

Oy/ileM CUYHMTATh, YTO PE3YJbTHPYIONAas F KYJOHOBCKUX CHJI
MPUJIOKEHA TaM JKe, TJe M CHJIA TSIKECTH Mg , T.e. B TOUYKE
repecevdeHns AuaroHasueil oTpeska JeHTbl. Toraa ycaoBne paBeH-
CTBa MOMEHTOB MOKHO 3aIIUCATDh CJEAYIONINM 06pPa3oM:

nian

ngdz_d1D: ! ¢ :
T4 B (4, + )2

[Tosyvennoe ypaBHeHnune mo3BoJsieT OLEHUTb 3apsifl ¢, UMeTo-
muUiicsT Ha KaXX/IOM U3 OTPE3KOB KJIEHKOIT JIEHTBI, — OH OKa3bIBa-
etcst paBHbIM puban3uTesibio 40 nKi. Tak Kak 1101aab JeHTbI

- 2
cocrapasier 4,8 cm %30 ¢cm =144 ¢M” | TO ILIOTHOCTH 3aps/I0B
2
Ha Jiente O6mmska x 0,3 HKJI/CM .
Takum o6paszom, uToObl «oTpesathb» 1 HKJI, HaJ0 OTOPBATDH
2 . o
OKO0JIO 3 €M~ OOBIYHO KJIEHKOI JIEHTDI.

K.Bozdanos
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NHDOOPMANINUA

BcepoCcCMNCKMI KOHKYPC Hay4HbIX paboT
LUKONbHUKOB «lOHMOpP»

C 1998 roga B MOCKOBCKOM WH)XKeHEPHO-(PH3NUECKOM HH-
cTuTyTe — HblHe 9T0 HalmonabHbIH nccse0BaTeIbCKUi s/1ep-
ubtii yausepcurer (HUAY) MUDU — nposogutcs Beepoc-
CHHCKIII KOHKYPC HAyYHBIX paboT MHIKOJBHUKOB <«IOHHODP».
OpranuzaTopaMu KOHKypca sBJsioTess MuHHCTEPCTBO 00paso-
Baust u Haykm Poccuiickoit ®exeparun, l'ocynapcrBeHHas
Koproparys 1o aromuoii sneprun «Pocarom», HUAY MUDU,
[lenapramenT o6GpasoBanusi ropojga MockBbl. ['eHepasbHBIIH
CIIOHCOP KOHKypca — Komnanus <«lnres».

Konkype «IOHHOp» opraHusoBaH B IIe/iIX Pa3BUTUS HMHTE-
peca y IIKOJbHUKOB K €CTECTBEHHBIM HayKaM M K TBOPYCCKOM
JIEITETBHOCT B PA3JIMYHBIX O0OJACTIX HAYKW M TEXHHUKH, a
TaKyKe IIPUBJIEYEHHS CIEIHAJIICTOB BBICIIEH MIKOJBI K paboTe
€O HIKOJIbHUKaMK. B Hay4HOe JKIOpM KOHKypPCa BXO/AT IIPE/i-
cTaBUTeM BeAylmx poccuiickux By3os: MUDU, MIY um.
M.B./TomonocoBa, MDOTU.

Konkypc mpoBOAUTCA 110 OCHOBHBIM HAIIPaBJICHUAM ecTe-
CTBEHHO-HAYYHDBIX, TEXHUYECKUX U MEJNKO-OMOJIOTMYECKUX 3HA-
HUIl B paMKax IIITH CEeKIWii: MareMarnka, gpusnka, nndopma-
THKa, OMOJIOTUS, XUMMUI.

Ha mepsom stame (3a0uHbIi Typ) KOHKypca B HOSAGpe-IeKat-
pe HIKOJbHUKHU IPUCHLIAIOT TE3UChl CBOMX HAyUYHBIX paboT B

aapec Oprkomurera xoukypca (http:/ /junior-fair.org, tam
JKe MPUBEEHBI paBuia opOPMJIEHUS TE3UCOB). 3aTeM Hayd-
HOE JKIOpHM BbIGMpAeT JIydllle M3 HUX, U aBTOPbI 3TUX paboT
TIPUTJIANIAIOTCS HAa 3aKJIOYUTEJbHBIH, OYHBIH Typ, KOTOPBII
npososuTes B KoHile siuBaps B HUAY MUDU. 3nech npouc-
XOJMT 3aIMUTA TPEJCTABIEHHbIX HA KOHKYPC PaboT, KOTOpas
MPOXO/JUT B PEXKUME, MAKCUMAJbHO TPUOJMKEHHOM K Hayd-
Holt KoH(pepeniyu. [o6posenatesbHOe, HO OOBEKTHUBHOE JKIOPH,
Ky/la BXOJISIT BE/yIHE CIENUATUCTBI BBICIIEH KOl 1 UCCJIe-
JIOBATEJNbCKIX MHCTUTYTOB Poccuiickoil akajeMun HaykK, Tia-
TEJIBHO AaHATM3UPYET JOKJIAbl YYaCTHUKOB M BbIGHpaer mnobe-
JIUTEJIeN.

OO6bI4HO B OTOOPOYHBIX Typax KOHKYypCa NPUHMMAIOT ydyac-
THE HECKOJBKO THICSY MIKOJIBHUKOB, B (PMHAJIBHDIN TP TPOXO-
ar okono 200 dyenosek, a nobemurtenamu cranosarcs 50-60
IIKOJBHUKOB (CYyMMapHO MO BCEM CEKIIUAM).

Konkype «lOnunop» Bxoant BO Beepoccuiickuii nepevyeHb
OJIUMITHA]] TIKOJBHUKOB, TOITOMY HOGEIUTETN KOHKypCa Io-
ayqaior 100 GamnoB EI'D 1o cooTBeTCTBYIONIEMY MpPEAMETY.
Ho aro eme ne Bce. Hayunoe >kiopu BbIOMpaeT W3 4YHCJIa
nobeuTesieil KOHKypca HanboJsiee JOCTOiHbIe paGoTbl U PEKO-
MeHjiyeT UX aBTOPOB K Y4acTHio B MeKIYHAPOIHOM CMOTpE
HAYIHOTO W WHKEHEPHOTO TBOPYECTBA IMIKOJBHUKOB <«Intel
ISEF», xotopsrii exxerogno mposoautcst 3 CIITA.

nuueH3usa A Ne181516
3aoyvyHada wkona MUDU

JUTS LIIKOJIbHUKOB
¢ 6-ro o 11-11 kymaccer

KYPChI
L ma— - KOMIIBIOTEPHBIE; - OyxranTep;
- husuke: > - OyXTalTepCKHUE; - IJIABHBIN OyXranTep
- PYCCKOMY SI3BIKY; =IARYHENILIEOh S S e .
g s - 'yMaHHTApHbIE - IPOTPAMMHUCT-3JIMUHUCTPATOP;
- TU3alHep;
HeszaBucumo ot ypoBHs MEHE :
% = = JUKED,
Bareii HavyanbHOM Beero Goutee 40 kypcos - MEHE/DKEp 110 MPOJAKAM . _oroycre
TIO/ITOTOBKH pa3sHoO# TEMATHKH H YPOBHS woWn IV

Br1 mpuobperére
MIPOYHBIE 3HAHUS
U TIOATOTOBUTECH

K ycnemHoi cnaue EI'D

3AKAXW BECMNATHbIA NMPOCMEKT:

115409, MockBa, Kawupckoe wocce, Aa. 31, 3aoyHas wkona MUDWU,
Ten. 8 (495) 323-90-26, 8-800-333-90-26 (seoHok GecnnatHbiii)
www.mifi.ru E-mail: school@mifi.ru

npuem npoBoaUTCA prrﬂblﬁ rog 6e3 BCTYNUTEJIbHbIX 39K3aMEHOB
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(0T KypCOB JIsl HAUMHAKOIITUX
J10 TIOBBIIIAOIINX
KBaJTU(UKAIIAIO CTICITAAITNCTOB)

HALlVIOHAHbeIVVI WCCNEOOBATEJIbCKUNA HﬂEPHbIV! YHUBEPCUTET
MOCKOBCKUN WUHXEHEPHO-®PU3UYECKUUN WUHCTUTYT

E AUCTAHLUMUOHHOE
AOYHO Il:cllTﬁonvquPons OPASOBAHVE osquH"E
B NNDOOU TOYKE FOCCUK, HE ane3)Kai| B OCKBy

HdononHuTenbHoe o6pa3oBaHue
JUISI CTAPILIEKJIACCHUKOB M B3POCIIBIX
HIHPOKHIA CIIEKTP KypPCoOB

npogdeccnoHaILHAS OATOTOBKA

30.03.10, 15:06
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OTBETHI,

KMLL
3AOAHU
(cm. <Keanms> Not)

1. 0%.
Yxasanue: 76 + 83 — 100 = 59.
2. 3amMeTuM, 4TO HPABHJIbHBII TPEYTOJbHUK MOXKHO Pa3/IeJHTb
IPSAMBIMH, MapaJIeTbHBIMI €T0 CTOPOHAM, Ha JII060e KOJIMYeCTBO
MIPAaBUIbHBIX TPEYTOJBHUKOB, PAaBHOE KBAJPATy HATYPAJbHOTO
YHCTA.
a) PaszesmuM MCXOMHBII TPEYTONIBHUK Ha 25 TPEYTOJbHUKOB, KO-
TOpbIe Ha30BeM GOJIbIINMEI. Bo3bMeM HATH GOJBIINX TPEyTOTbHH-
KOB 1 Ka)X/JbIil M3 HUX DPas/eJIM Ha deTbIpe MaJeHbKUX. B mrore
nostyuyntes 20 MaJ€HbKUX TPEYroJabHUKOB 1 20 GOJIbIINX.
6) Pasgennm UCXOAHBINH TPEYTOMBHUK Ha 49 GOJIBIIUX TPEYTOJib-
HUKOB. YeTbIpe M3 HUX pas/ieJM Ha JIeBATb MaJEeHbKIX Ka’kK/Iblii,
a emme JeBATh — Ha YeTbIpe CPeAHNX Kax/blii. B nTore Tpeyrosn-
HUKOB Kaxoro Buja Oyaer 36.
3. Ilpucsoum Boue6GHOI MAJOUKe, KOTOPYIO Hala AJica, HO-
Mep 1. Ilompocnm mamouky Nel coszmaTh Takyro ke TOYHO BOJI-
meGHyI0 104Ky U 1pucBonM eif Homep 2. Cosjath ele ojHy
BOJIIECOHYIO HAJIOUKY C IIOMOIIBIO HCXOJHOIl yXKe Hesb3s 10 YCJIo-
Buio. Onako nanouxa Ne2 ere He co3jaBaja Takylo jKe TOYHO
BOJIIEOHYIO MATOYKY, U AJNCAa CMOXKET € TTOMOIIBIO TAaJouKn No2
€03/1aTh BOJIIIEOHYIO MATO0YKy Ne3, ¢ TOMOMUIbIO MATOuKnu Ne3 —
nanouyky Ne4, u Tak jasee, moka HakoHelr He uarotosut 10 Bo-
me6HbIX nasouek. [locse aTOro Haj0 MONPOCUTH KAXK/IAYIO U3 Ha-
JIOUeK cjiesath 1Mo TpebyeMoMy GamMadky — ¥ 3ajada perreHa.
4. V3orHeM CcHavaJa TIPOBOJIOKY TAK, YTOObI OHA IPHHSAIA BUJL
naruyronsuuka ABCDE, B xotopoM Bepimuubl A, B, Cu D —
B 9TO BEPIIUHbBI KBajpara, a Bepmunbl A, D u
E — 5To BepIIMHBbI PaBHOCTOPOHHETO TPEY-
roapanka (puc.1). 3armem Temepb 3BeHbs
AE u DE rax, uto6bl 1aockocts AED crana
HepreHanKyasIpHoil miaockoctu ABCD.

D A 5. 22 rona.
[Tycte B roxy x ameit. Torga 6 00x = 60x
BBIKYPEHHBIX CUTAPeT COKPATAT JKu3Hb lo-
PBIHbIYA HA CTOJIBKO, YTO €My OCTAHETCSI
nposxkutb Beero 10 mer. A 17 [bx = 65x BbI-
PC ; B KYPEHHBIX CHUTAPET COKPATAT JKU3Hb [OpbI-
nc.

HBIYA HA CTOJIBKO, YTO €MY OCTAHETCSI MPO-

JKUTDb Bcero 5 Jier. 3uHauut, 65x — 60x = Sx curaper coKpauaior
sku3Hp Ha 10 — 5 = 5 ser. Torga T'opbiHbry, ecimm 6poCUT KypuTh,
nposkuBer 10 JeT 1a eme cTOIBKO, CKOJIBKO OoTHUMAIOT 60x cura-
pet, a aro eme 60x : Sx = 12 jer.

KOHKYPC « MATEMATNKA 6 — 8»
(cm. <Keaums No5 3a 2009 2.)

6. 1000.

Bcero 6pu1o ornpasseno 2000 [1000 npursamenuii, a BceBo3-
MOJKHBIX map Jmozei Ha caitre 2000 [1999 /2 = 1999000. IIpu-
rnamennit #Ha 1000 6osbie, 4eM map, MO3TOMY HailIyTcs XOTs Obl
1000 map, B Kaxx/0if U3 KOTOPBIX JIOAN OTHPABUJIN TIPHUTJIATICHIST
apyr apyry. Posrno 1000 nmap apyseit
MOJKET IOJIy4UTbCs Tak. PaccraBum
Beex 2000 yesoBek 1o Kpyry, u mycTb
kaxaprii npuraacut 1000 caemyronmx 3a
HUM 110 4acoBoil crpesike. Torma apysp-
SIMH OKQ)KyTCs TOJIBKO Te, KTO PacIIoJio-
SKeH CTPOTO JIPYT HAIPOTHB JPYTa.

7. Moxno. Cm. puc. 2.

8. IlocmoTpuM, Kak pacroJiaraloTcs
TUPBKH HA Yallax BecoB BHauase. Bmec-

Puc. 2
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YKA3AHNA, PEIIEHNA

Te ¢ KayKJ0i TUPBKOIT Maccoil @ rpamMmoB, Tje a < 31, paccMor-
puM emte Tpu rupbku ¢ Maccamu @ + 100, 101 —a u 201 — a
rpammoB (y6eanrech, 4TO BCE 9TH YeTbIPe THPbKU pasubie). Ecau
IUpbKa @ JIEXKUT Ha JeBoil vaie, To tuppku @ + 100 1 201 — a —
Ha mpaBoil, a ruppka 101 — ¢ — na zesoii (o ycaosmio). [pu
3TOM CyMMa Macc 3THX THpeK Ha jeBoil yame pasna 101 1, a Ha
mpasoil — 301 r, T.e. 3TU YeTbIpe TUPLKH CO3/AIOT Ha OJHOI U3
vamr <«mepeec» B 200 r. Bce aBectr rupex pensiTes takuMm o6pa-
30M Ha 50 TPyHII TI0 YeThIpe TMpM B Kaxkaoil. Tak kak mo ycio-
BUIO BECbI B PABHOBECHUM, TO 25 T'PYIII JAlOT IepeBec Ha JIEBYIO
Yally ¥ CTOJIBKO JKe TPYIII JIAloT IepeBec Ha MpaBylo yamry. 3a-
MEeTHM, YTO B Ka’K/Oil TpyIIe o Tape THPb ¢ YeTHBIMU U HeveT-
HBIMH MaccaMi, TIPIYeM THPH C MAcCaMM OHOH YeTHOCTH OTJIMYa-
forest Ha 100 r. Kpome toro, GoJsiee TsiKesble THPH B KayKIOM
nape Jieskat Ha o/Hoi vamre. [loatomy Korza yOoupaiotr Bce rupb-
KH C YeTHBIMH MaccaMy, TO IepeBec, CO3/1aBaeMblil KasK/I0il TpyI-
noif, cranoBures paBabiM 100 T, TIpIdeM Ha Ty ke Yalry, 4To H
paHbIIle, M BECHI CHOBA OKA3bIBAIOTCS B PABHOBECH.

9. Haiinyres.

ITockombry P+ 433 44° =1 +8+27+64= 100, To TIO/1O¥I-
JIyT, HAIpUMep, YucJja 100% ;2 00 , 3 100 s 4 200% .

10. IIycts E — cepeauna BC, a F — cepequna CD (puc.3). Ha-
MIOMHUM, YTO Me/[MaHbl

TPEYTOJbHUKA JIeJISATCS B Paal

X TOUYKOIl Hepecede- E

HUS B oTHOIIEHUN 2:1

(cuurasg or Bepmmun). A C
3amernM, uTo J060it 0]
OTPE30K € HAYaJIOM B

TOuKe A ¥ KOHIIOM Ha D
orpeske EF nenurcs puac. 3

orpeskoM BD Takske B orHomenun 2:1, cunras ot touku A (10-
KaKHUTE 5TO CaMOCTOSITE/IbHO, UCnob3yst Teopemy Daseca). Ilo-
aTOMy 3aj1aua Oy/eT pelliena, ecJii Mbl MOKaKeM, 4To Touka K
nepecevenust orpeakos EF u PQ saBasiercs cepepnnoin PQ.
Cuuraem, uto Toukn P u E pasmuunbl (MHaue 3a/aua OYEBUHA).
Ilycts P nexnt na orpeske BE (cayuwait, korna P esxut na CE,
ananornuen). Touka Q sexur torma Ha FC, npuyem PE = FQ
(rak xak BP = CQ 1o ycaosuio, a BE u CQ paBHbI KaK MOJOBH-
HbI cTOPOH pom6Ga). Ha syue FE 3a toukoii E ormMerum TOouKy L,
takyto uro PL = PE = FQ. Tpeyroapauk ELP paBHOOEIpEH-
Hplil, moatomy UPLE=0 PEE0 CEH] CFE. 3naunr,

PL|| FQ , u aTn OTpe3Ku paBHbl, OTKy/a cjaeayet, uro PLOF —
napaJstesorpamMmm, a K — Touka IepeceyeHus ero JguaroHajeii.
IToatomy K — cepepuna PQ, 4To 1 Tpe6GOBaJIOCH.

3AAAYUN MEXAHUKW B HEMHEPLUWATbHbIX

CUCTEMAX OTCYETA
1. a=2 n/c*. 2.azw.
2
3. a=0,5m/c*. 4.F:%.

PEFMIOHANbHbBINA 3TAM XXXVI BCEPOCCUNCKOM
OJIMMIMUAbI LUKONbHUKOB MO MATEMATUKE

9 knacc

1. HpeﬂHOHO}KI/IM IIPOTUBHOE; TOrJa JUCKPUMUHAHTBI BCEX TPEX-
WIEHOB HemooKuTeNbibr, T.e. af <b, (k=1, 2, 3). Jlesbie (a
3Ha4uT, 1 IlpaBble) 4aCTU ITUX HEPaBEHCTB HEOTpUllaTeJ/IbHbI, 110-
9TOMy X MOXKHO IIePEMHOKNTD, NOMYUHB (dyd,yd; )2 < bbby, T.€.
N?< N, e N = ajayay , uto nporusopeunt nepasenctsy N > 1.
2. 3aMeTHM, YTO YETHOCTh MECTa Kask/I0ro JbDKHHKA MEHAIACch
npu J1I060M 06TOHE; 3HAYKUT, €ro MecTo Ha (uHHMIIe — TOIl JKe YeT-

30.03.10, 18:31
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HOCTH, 4TO M Ha cTapre. Tak Kak CKOPOCTU MOCTOSIHHBI, KayK/ible
JIBa JIBDKHIKA BCTPEYAJUCh He 6oJiee OHOTO pasa. bymem 060-
3HAYaTh JBDKHUKOB UX CTapTOBbIMU HOMepamu. [loGemutesst HUK-
TO He MOT 06OrHATh, 3HAYNUT, OH caM oGOTHaJ /1BouX. [loaTomy oH
— 3 u o6oruas JbLKHUKOB 1 1 2. AHasornuto, GUHUIIIPOBAB-
I TTOCJIeTHIM He MOT HHKOTO O0OTHATD, TI0ITOMY €ro 0G0rHaJIN
nBoe, OH — 5, u ero oborHamu 6 u 7. [anee, npbpkHUK 1 He Mor
HMKOTO 000THATB, T.e. OH (pUHHIMpPOBaa TpeTbuM (M ero, Kpome
3, 060rHAM JBLKHUK, (PUHANINPOBABIINI BTOPBIM), a JbDKHUKA 7
HUKTO He MOT 060rHaTh, U OH (uHUIIUPOBas ATbIM (06OTHAB 5 1
JIBKHUKA, (PUHUIINPOBABIIETO MIECTHIM).

Wrak, ocTajgoch BBISCHUTD, KAaKUMU (DUHUIIIPOBAIN JBLKHUKH C
YeTHBIMU HOMepamu. Bropeim dbuHummposars Mor an6o 2, 6o
4. Ecsi 2 mipuiiies1 BTOPbIM, TO OH 000THAT 1, ¥ ¢ TPYIION Ju/e-
pos (1, 2, 3) Gosbire 06roHOB He TTPOUCXOANI0. 3HAYMT, JIbIK-
HUKa 4 MOTJIM TOJBKO OOTOHSATH, OH Ha (DUHUIIE IIECTOMU, a JIbIXK-
HUK 6 — 4eTBepTbIil.
Ecau ke BropbiM 11pH-
meJst 4, TO 2 MOT IPUATH
K (DUHUITY TOJBKO YeT-
BeprbiM (3Haunt, 4 060-
rHan 2 u 1), a mecTbiM
npumren 6 (o6oruas 5 u
yCTyIuB 7).

HToro, BO3MOXHbBI TOJIb-
KO J[Ba IpoTokoJia: 3, 2,
1,6,7,4,5u3, 4,1,
2,7,6,5.

4. Ilyctp I — Touka Tie-

Pac 4 pecedenns GUCCEKTPUC
tpeyrosbinka ABC (puc.4). Torna
OpIC=0 BIE 180-0U [Bd] I€B

=180° - (DABC+ 0 ACB)/Q 180° - 60° =120° =180° - OB, AC; .

3uaynt, yerbipexyrobauk ABIC; prnucannbii. OTciona
OACBE 0 AIB 0 ABO BAD {0A  B)/2
(nockosbky OAIB; — BHemnnii 8 AABI ) u, aHAJIOTUYHO,
UOABC= @AD C)/2.
ITyctp ommcannas okpy»kHOCTb Tpeyroabuuka BCiI mnepecexaer

npsimyio BC B touke K (JIerko MOHATD, YTO 5Ta TOYKA HE MOYKET
nomacTh Ha Tpojo/sKenue ctoporsl BC). Torma

OIKCG= 180-0 BKE O BGI

= 180° - JAC= 0 ABZ 180-0 IBC,

T.e. derbipexyroibuuk IBCK Ttakske BIIHCaH.
Haxkoner, mockosbky derbipexyrosbinkn ABIC; , BCIK u
CKIB, BrucaHbl, Mbl ©UMeeM

OKC,B= O KCHO ICa,

= OKBE O IAB; O(+B1 A2  ACB

1, aHAJIOTUYHO,

OKBC=0 KB# O IB€, (OG-0 A)20 ABC,.

3uaunr, tpeyroapunkun ABC; nu KBC; pasusl 1o cropone B;C
U JIBYM HpHUJIEXKAUM K Heil yriaM. Torja oHM CHMMETPUYHBI OT-
nocuresibio BC, , mostomy Toukn A u K Tak:ke CUMMETPHYHBDI.
ITockosbky Touka K jnexxut Ha BC, pelieHne 3aKOHUEHO.

5. 3amuireM Kax/ylo U3 HAIIUX PA3HOCTEH CO 3HAKOM ILIIOC,
ecJI B COOTBETCTBYIOIIEN mape 4dmnces GoJIblliee CTOUT Iepes
MEHDBIIINM [0 YaCOBOU CTPeJIKe, U CO 3HAKOM MUHYC B IPOTHBHOM
cayvae. Y Hac nosyunsuch 11 pasHocTeit MexK/y YUCJIOM U cJe-
JIYIOIIUM 32 HUM I10 9aCOBOW CTpeJIKe; 3HAYUT, CyMMa BCEX ATUX
4icesI paBHA HYJIO, T.€. YETHOMY YUCJIY. JTO HEBO3MOXKHO, IIO-
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CKOJIBKY CpPe/ll HIX POBHO C€Mb HEUETHbBIX YHCEs — YeThIpe Umc/Ia
Buga +1 u Tpu uncia Buga 3.

6. TTockompky OPC,B=01 PAB 90 , 4erpipexyroJbHUK
PAC\B suucannstit (puc.5). 3uaunr, JCC,A= 180 -

- 0A4CB=0 APB 9D()- O ABP . C gpyroii cTopoHsi,

UABP=0 ACB

OCCA= O APB 96-0 ACC,
t.e. npsimpie A/C; 1 AC mepeceka-
FOTCS TIOJ] TIPSIMBIM YTJIOM.

7. 3aMeTnM, 4TO y KaXIOTO B KOM-
MaHNK He MeHee TPEX 3HAKOMBIX.
JleiictBureibHO, eciu Obl HEKTO X
ObLJI 3HAKOM MeHee YeM C TpeMs,
TO, UCKJIIOUNB M3 KOMITAHNN OJHOTO
13 ero 3HAKOMBIX, MbI MOJIY4UIN
OBl 1ECTEPKY JIOJIEl, B KOTOPOii y
X He 6oJiee OJIHOTO 3HAKOMOTO, T.€.
MOCA/INTh UX 32 KPYTJIBIH CTOJT HEBO3MOXKHO. Bosee Toro, ecim

Obl Y KaXXzaoro ObBLIO POBHO 110 TPU 3HAKOMDIX, TO YHCJIO I1ap 3Ha-
21

KOMBIX JIofiell ObLJI0 Obl paBHO 7 D;i = 7 , UTO HEBO3MOXKHO.

Puc. 5 C

3Ha4yuT, y KAKOro-to uesoBeka X Xots Obl 4 3HakoMbiX. Pacca-
UM BceX, kpome X, 3a KpyrJblii cros. Torjga ns uersipex ero
3HAKOMBIX XOTSI OBl JiBoe cHIAT psgoM. Ecumr Mbl mocagmm X
MeX/ly HUMH, TO TMOJTyYnM TpeGyeMylo PaccaiKy.

8. He moryr.

O6o3Ha4uuM n-e¢ Ipocroe 4ucao uepes p, . llpeanonoxum, 4aro

— 2 :
namiocs m > 1, aas xoroporo S, =k*, S, =1*, tne kul -
narypaspible ynciaa. Yucaa S, =5, S3 = 10 kBagparamn ne siB-
JAI0TCA, Tak 4To m > 4. 3ameruM, uto p,, =S, =S, =

= (I - k)(I +k); BBURY TpOCTOTHI P, TOMydaeMm 1=1-Fk,

P =1+k=20-1=2JS, -1. Taxkum o6pasom, S, = %ﬂg

3aMeTnM TakKe, 4to p,, HedetHo (Tak Kak m =2 ), u

1+3+5+... +p,, =(12 —02) +(22 —12) ..

+10 0p, ~0B0p, +0°
o+ m _ m m
% 2 HH 2808 28 -
C apyroii ctopounbt, B cymmy S, =2+ p, +... +p, , Kpome [BOii-

KU, BXOJAT JIMIIb HEYETHDIE YWCJIa U IIpU m > 4 He BXOJAT He-
YeTHOE COCTABHOE YMCJIO 9 U 4UCII0 1, TI03TOMY

Sp<(1+3+5+...+p,)+2-1-9 <ﬁ%ﬂﬁ2 :

IIpoTuBopeune.
Bameuanue. B nocrenoarensnoctn (S, ) BeTpevaioTcs KBaapa-
TBI HaTypaJbHbIX uncesa. Kpome Sg = 100, usBectHs! ele He-
CKOJIbKO; MUHHMAJBHDI 13 HUX Syz4 = 25633969 = 50637 .
10 knacc
1. He moro.
4. 1961.  Ykazanue. [lokaxkute, 4To YUCIO b SBJISETCS ynad-
HBIM TOT/Ia M TOJIBKO TOT/Ia, KOTJa KaXXJ0e MPOCTOE YMCJO BXOHT
B passiokenne b Ha MpOCTble MHOKUTEIN C OJHUM 3 CJELYIOMNX
nokasareseii: 0, 1, 2, 3, 4, 6, 8.
5. Tak Kak [Is1 BeeX X BepHo HepaseHcTtso P (x) = ax? +(b -
-c¢)x +c¢ >0, TO AUCKPUMUHAHT TPEXICHA P(x) OTPUIIATEJIEH:
2
D =(b-c) —4ac =b* +c* —2bc —hac <0 .

Kpome toro, ¢ =P (0)>0. 3nauur, y tpexutena Q(x)=cx? -

= (b +c)x +(a +b) nonoxurenen crapumii koaduiment, a ero
JINCKPUMUHAHT

D' = (b +c)2 —4c(a +b) =b% +¢* +2bc —4ac —4bc =D
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OTBETbl, YKA3AHUA,

orpunareser. Jto suaunt, uto Q (x) >0 mpu Beex aeiicTBuTeb-
HbIX X, 4YTO U TpeéOBaﬂOCb JOKa3aThb.
6. Tpeyronmbauku PBA w PCB nono6ubl, Tak kKak [JBPC — 06-

g
muit, a OPBA O PCB 1AB (puc.6). 3nauwr, BA :ﬁ.
2 BC PC
Anajorndno, u3 noxo6us tpeyroabHukoB PDA n PCD crenyer,
DA _ PD
P —=—.T PB =
o o= =5 - Tax xax
- PD BA _ DA
)10 == o
AB _ CB

"AD+CD AD CD’
O6o3HaunM 4epe3 Q TOUKY Ie-

pecevennust orpeskoB AC u BD,
a yepe3 T — IIpOU3BOJIbHYIO TOY-
Ky Ha orpeske AC. Ilycrp ams
ornpesiesleHHOCTH T JIEXKUT Ha
orpeske QC, a mpsaMas, poxXo-
pamas yepes ', mapaJiesbHO
BD, nepecexaer CB u CD B
toukax B' u D' coorsercrBen-
CB _CB _ AB+CB

no. Torga o teopeme Maneca — = ——=————, U
CcD'" CD AD+CD
CB' CcD

AB+CB AD+CD”’
Ecam ke Touka T nexut Ha orpeske AQ, TO aHAJTOTUYHO pac-
CMATPUBAIOTCS OTPE3KH, BbiceKaeMble Ha ctopoHax AB u AD.

7. Cy1iecTByIor.

[l HatypaJbHOTO uncya ¢ Tpoiika unces 3t, —t, —2¢ yJI0BJIETBO-
PSIET BCEM YCJIOBUSM, KPOMe, BO3MOKHO, TTOCJEIHEr0. A 4TOOBI

cymMa (St)13 + (—If)13 +(—21§)13 =13 (313 -1 —213) ABJISIACH TOY-

HBIM KBa/[PAaTOM, JIOCTATOYHO B35Th, Hampumep, t = 38 -1 -213

4To n TpeéOBaJIOCb‘

8. 2" Vxasanue. JlokaxuTe, 4TO UHCIO MPSMOYTOMBHUKOB B
JM060M pa36UeHNN PaBHO 7, UX ILIOIIAN BBIPAKAIOTCS YHCIAMI
1, 2, ..., n ¥ KaXIbIIf M3 HUX COJAEPKUT KJIETKY BEPXHETO CJOS.

Hanee MIpUMEHUTEe UHAYKIUIO 110 72.
11 knacc

1. He morma.
2. fcHo, 4TO Macchl BceX rMpb, CTOSIIMX HA HEYETHBIX MECTaXx,
UMEIOT OJITHAKOBYIO YeTHOCTb, @ MAcCChl BCEX OCTAJIbHBIX THPb —
Ipyryio 4eTHOcTh. Tak Kak obmas macca 4etHa, 1o 1005 rupp Ha
HEYEeTHBIX MECTaX MMeEIOT YeTHbIe MaCChl.
[ToctaBuM MEpBYIO THPbKY HA JIEBYIO YaliKy BecoB (IycTb ee Mac-
ca pasHa 2a <1000 r), ocraabhbie 2008 rupb paso6bem Ha 1004
Hapbl CTOAMMX PAoM rupek (Torga Maccwl rupek B mo6oii mape
ormmyaorest Ha 1 1). Tenepp B Hekotopoix (502 — @) napax mo-
cTaBuM 6oJiee JierKHe THPH KaK/0i Iapbl HA IPaBYIO YallKy Be-
coB, a GoJiee TsKeJIble — Ha JIEBYIO; B OCTaibHbIX ke (502 + a)
mmapax MOCTaBUM JIETKHe THPH Ha JIEBYIO YaIlKy, a TSKesble — Ha
mpasylo. Torza pa3HoCTb CyMMapHbBIX MacC TUPb Ha JIEBO U IIpa-
Boii wamkax Gyzer pasua 2a + (502 — a) — (502 + a) = 0.
3. O6osnaunm uepes E Touky mnepeceuenust auaronaneit AC u
BD u paccMoTpuM ciydail, korza touka K JexuT Ha orpe3ke BE
(puc.7). 3amerum, uro OPAD=0 CABO CBIX1 PKD, t.e.
yerblpexyroibHuk AKPD Bnucan. 3uauur, JAKD= 0 APB
=90°. Torpa u3 paserncrea OCPD= 0O CMB 90 caenyer
BIIMCAHHOCTb YeTbipexyroibHuka CPMD, oTkyna

OEPM= 1860-0 CPM 0O EDBI  BAQA BAE .
CrenoBarenbuo, PM || AB O BC || KP , uto u Tpe6oBaioCh.

Coayuait, xorga K jexxut Ha orpeske DE, aHaJIOTHYeH.
4. Ecm b =1, 10 @ = ¢ = 1, 1 B KayecTBe APYTOIl TPOIKH MOXKHO
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PEIMEHMUA

BeiGparp (1, 25, 49). Ecam
ke b #1, TO U3 B3aNMMHOI
MIPOCTOTBI PA3HOCTH MPO-
rpeccun d HE MOKET OKa-
3arbest HyJsesoil. Torza Ges
orpannuenust o0mHOCTH d =
=b—-a=c—b>0.
TockosbKy b B3anMHO T1PO-
CTO KaK C d, TaK U C ¢, TO
OHO B3aHMHO IIPOCTO C dC.
[lanee, mpousBe/ieHre B3a-
HWMHO TPOCTBIX YHCET ac 1 b
SIBJIIETCST KBAJIPATOM, TIO-

9TOMY I KaXKJ0€ M3 HUX — TaKe KBajpar, T.c. b= f2,

ac=m* =(b-d)(b +d) =b* —d* A5 HEKOTOPbIX HATypPaJbHBIX
fum. Ipu atom m # d , Tak KaK B TIPOTUBHOM CJIydYae

b? = m? +d? =2m?*, aro HEBO3MOXIO.

Paccmorpum Tenepp Tpoiiky (b — m, b, b + m). Ee unensr o6pa-
3YIOT apu(METHYECKYIO HPOTPECCHIO, SIBJSIOTCS HATYPAJIbHBIMU

yucaamu (tak xkak b —m> =d?> >0), u ux NIPOU3BeEIeHIEe
(b-m)b(b+m) = 12 (b2 —mz) =(df)2 SIBJISIETCST KBAJPATOM.
Kpome toro, HOJT (b, mz) =HO/] (b, ac) =1, orkyma

1= HOI[(b, m) =HOI (b, b —m) =HO/J (b, b +m) .

3Haunt, 9Ta TPOilKa — KBajJpaTHas, OHA nMeeT OOUUIl a1eMeHT b
¢ ucxoaHoi u oramyna ot nee (6o b—m #b —d ), 4t0 U Tpe6o-
BaJIOCh.

5. TIpearnookuM MPOTHBHOE; MYCTh /IS OTIPE/eJeHHOCTH

y 290°. Toraa
oa+PB<90°, uyrasl O u
B octpoie. TToatomy
0<B<90°-0a<90°, or-
Kyaa cosf3 = cos (90° - 0() =
=sin O , 4YTO TPOTUBOPEYUT
YCJIOBHIO.

6. Ilyctp X — Touxa nepe-
ceuenust aydya SO c 1ioc-
kocthio ABCD (puc.8).
Tak kax Touka O JeXHUT
BHYTPU MUPAMUJIbI, TO TOY-
ka X JIeKUT BHYTPH ee
ocHoBanus. Ilpu atom

Sxap *Sxcp = Sxpc +Sxpa

(0/1HO U3 BO3MOJKHBIX JI0- X
KazaTeJbCTB 3TOTO (haKTa M\
YCMaTPUBAETCA U3 PHCYH- 4

Ka 9 — Kaxkjgas u3 CyMM

paBHA IIOJIOBUHE ILJIOMIA/IN
napasneorpamma ABCD). CreoBaTesbho,

Puc. 9

Vxsas * Vxsep = Vxsse +Vxspa » 0

Tak KaK BDBICOTA 3THX IHMPaMUJ, OMyIIEeHHAs U3 BEPIIMHBI S, 00-
mas. AHAJOTMYHO,

Vxoas * Vxocp = Vxose *Vxopa - 2
Borunras us pasenctsa (1) pasenctso (2), moayuaem tpeGyemoe.
7. He mosxer.
Paccmorpum mMuorodsen P(x) = (b —c)x2 +(c —a)x +(a —b) -
ero crernenp He Goupie 2. [o ycaosuio, P (1 234) =0 ; xkpome
TOTO, OYEBWJIHO, P(l) =( . 3uayur, ecJgu ero CTerneHb paBHa 2,
10 110 Teopeme Besy P(x)=(b-c)(x —1)(x —1234). Ecau xe
cTereHb MEHbIIe 2, TO OH MOJKET GbITh TOJIBKO HyJeBbiM (1o-
CKOJIBKY y HEro ecTb /[Ba KOPHs); Tora d = b = ¢, 1 Bce PaBHO
BepHO paserctBo P (x) = (b —c¢)(x —1)(x —1234) . [Ipupasansas
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cBOOO/IHBIE YJIEHDI B PABEHCTBE

P(x)=(b-c)x* +(c —a)x +(a -b) =(b~c)(x —1)(x —1234),
noiydaem a —b =1234 (b —c) , otkyzna a = 12356 —1234c¢. Torga
3HAYEHNe [epPBOTO TpexusieHa B Touke 1 paBHo @ + b + ¢ =

= 1236b — 1233c¢ = 3(412b — 411c¢), T.e. neautcd Ha 3; 3HAYNT,
oHO He MoxeT paBHATbCS 2009.

8. 5032 .

[Iponymepyem B KBajpare cTpoku (CHU3Y BBEPX) U CTOJIOIDI
(cneBa nanpaso) uncaamu ot 1 g0 100; Gyzem o6o3HAUATH KJeT-
Ky T1apoil HoMepoB ee cTpokH u crosnbua. Hasosem paccmosinu-
em MeX/ly KJIeTKaMH PacCTOSHHE MeXKIy WX IleHTpamu. Kierkn
HA30BEM NAPHbIMU, CCJN YUCJIA B HUX pasindaiorcs Ha 5000.
3ameruM, uto paccrosuue ot kiaerku (50, 50) mo mo6oit apyroit
V507 +50% =

=502 . 3HAUNUT, U MUHUMAJIb-

(B wacTHOCTH, /10 TIAPHOIT elf) He MPeBOCXOAUT

s
64| 3736{49(48147 46 41|3 HOE PaCcCTOSTHYE MEXK/Ly TapHbI-
631 38| 35|30 |4+ 42143144 ™Mu KaeTkamu TakxKe HE MPEBOC-
62[39]34|31 |46439488{37| xomur 50+/2 . Ha pucynxe 10

MIPUBE/IEH TIPUMEP PACCTAHOBKH

0] 33132 |33 {34 35[de| "PrescH npIMED P

yucea 1, ..., 64 B KkBagpare
5 | 12443 [ 39151130199 )
D | b DoV 4 8 x 8, Ip1 KOTOPOU MUHUMAJIb-
et osloz ] T ; .
65 |11 14 | 95126127128 moe paccrosnue Mexay uentpa
1T alaol—.| Mu mapubix Kietok (B gaHHOM
) 7/ (101524723 21
[pEMepe YHCJaa B MaPHBIX
1 Al 471 4 Q1 10 "JO
J [ tort 19 KJIETKAX OTJIMYAIOTCS Ha 32)
Puc 10 JIOCTUTAET CBOETO HanGOJIbIIEro

3HAueHMs 4+/2 .
DTOT TpUMeEp JIeTKO 0600IHTD, YTOObI PACCTAaBUTh HYKHBIM 06pa-
3oM uncaa B kBagpare 100 x100 .

PEFTMIOHANbHbBIN 3TAM XLIV BCEPOCCUNCKON
OJIMMIMUAbI LUKOJNIbHNKOB NO ®U3UKE

7 Knacc
1. L=yt =2,5xM/uRuy=5kmMm. 2.V =20 v
3. AL=1Lg-L, —5%%7 =0,18 mumm .
2EPZ+U1D
4.d =0,5mm, h=0,1 MM.
8 knacc

1. Bespasanuno, Kyaa 6exaTb BHAYAJE: BBEPX HJIU BHUS.

2. At,=1,25°C. 3. M=12,5r, L = 41,5 mm.
2
4 om =P o
c—-b
9 knacc
2 -t2)+2(t —t,
1. t =20 Mmun. 2. my =my G (1 0) (1 0)=0,707 KT .
26 b=t

M 3. Bce tpu pesucropa coefune-
2

HDBI MAPaJJIENbHO U TIO/IKJII0Ye-

AN HBI K ToJsiiocam Gartapeiiku; U =

M, VR T =3B; I,-1; =2 MA .
SIP e 4. N, =50N, =
AN =170 xaznpos/c .
. \\ \\ 5. B cucreme ectb Bcero Ba
S Y n306pakeHus1, TOJyYeHHbIE B
pac 11 2 sepkanmax M, u M, (puc.11).
10 knacc
_ |ngL m[Q
1. Opax = % +MB 2. F =0,65 mg.
1 3 5R

3. 1Ipu T, =—T, T,=-T,. 4. R, ==—=10Om.
PH140H240 aB = e M

5. V, =(0,82£0,05) x
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010/Ne?
11 knacc
1. K, =2,25IT =2,25 JIx .
2
M
2. H=9" =5yu; u=—-=02 xr/c. 3. Q= CﬁDREF.
2 21, +7r

4. tg ¢ = 0,347, ¢, =19,1°.
5. Temo moABOAUTCS HAa BCEX BEPXHHIX IOPU3OHTAJIbHBIX I HA
BCEX JIEBBIX BEPTHUKAIbHBIX y4acTtkax, Q =9,18p,Vj .

BCEPOCCUNCKAS CTYAEHYECKASA ONMMMNUALA

Mo ®U3UKE

1. s :L = 2
o \/— 5 J12gR
3. =2 222 o, [ QR
G T @ T B En S e

o110
Br " AH

2
=2r+(n—1)rng , ecan

1 ‘712 2‘01)‘2 <(Z72_Z71)2 +G
16 R? 4

:"‘

To D,

max

5. Ecom g S Py >

T0 D, 4o

max

> =2r +4(n-1)(H h“m) , e h

max ’
— MaKcHMaJbHas BbICOTa CTOJI0a JKUJAKOCTU B KallMJIJIAPE.

6. 7,=27. 7. F=Pul
3 R
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IMAXMATHASA CTPAHUYKA

Memorunall
TAIA

B nos6pe mponutoro roga B Mockse
COCTOSJICS TPa/IHLHOHHBIH Memopuan
Muxauna Tams. Ha ceit pas sto 6bL1
caMplif cHITBHBI TYpHID B Poccnu 3a Bcio
ucropuio — 21-t xareropun. Ilo6egun B
TYPHHPE 3KC-4eMIIMOH Mupa Baamumup
KpaMHuK.

M3 15 maxmatHbX KopoJeil GoJbine
MOJIOBHHBI — BOCEMbDB — COCTABJAIOT COBET-
ckue maxmarucrsl (KpaMuux toxke po-
muiacst B CoserckoM Coroze). Ho numnib
oaHoMy u3 HUX, Muxawny Tamo, yersep-
TBII TO/1 TOAPA/] MOCBSIAETCS CIELHA/b-
Hbiii Memopua.

Korpa xarer giMHHee THIOTEHY3BI

Muxaua Tans (1936 — 1992) 6bu1 oa-
HHM M3 CaMbIX MOMYJISIPHBIX TPOCCMeid-
CTCPOB Ha TLIAHETE, BCEOONMM JTHOGHM-
meM. W feso He TOIBKO B YANBHTEIbHOM
CTU/Ie MIPbl — KOMOHHALMK <BOJLEGHI-
Ka u3 Purn» 6b11n (paHTACTHYECKHMH, —
HO H B €T0 YeJI0BedeckoM o6mke. Bokpyr
Tana Bcerga mapmia atmocepa pagy-
wuA H JoOpOKeNaTe/IbHOCTH, OH ObLI
HEHCTOIUM Ha IoMop ¥ 1myTKH. Obagnne
€ro MOAKYMAj0 BCEX, KTO OBUI ¢ HUM
3HAKOM,

ABTOpY 3THX CTPOK He Pa3 /J0BO/ILIOCH
obmarses ¢ Muxannom Tanem, a B 1974
rofy s B3AJA y Hero 60JbIIOC MHTEPBBHIO
(gacTb ero 6bLIa OIMY6IMKOBAHA B KYPHA-
e «Ksanrs). Xora ¢ Tex 10p IpPOILIO
TPU/IIATH TIECTh JieT, KaXKeTcs, Hamia
Gecena He yerapeaa. Bor Heckombko ¢ppar-
MEHTOB H3 Hee.

— Muxaun HexembeBuy, npasja .M,
qTO B MIKOJIE BBI 00Ja/1aTH He3ay PAHbI-
MH MATEMATHYECKHMH CIHOCOGHOCTSAMH H
6bLIM HenoOeMMBI B OJIHMITHA/LAX M KOH-
Kypcax?

— HackospKo TIOMHIO, KOT/Ia HacTanio
BpeMS HATH B LIKOJIY, S yME IEePEMHO-
JKaTh B yMe TpexaHauHble umcia. Jlemo
KOHYHJIOCH ILIOXO — YYHTENS JIHOIHIH
MEeHsi JIeTCTBA, OTPE/IeJINB CPasy B TPeTHi
KJacc. BbIJIa ALKE IPEANPDHHATA IMOTIBIT-
Ka OTIIPABHTDH €IIe JAiblile — B YETBEP-
ThIif, HO 9Ty MApTHIO C TOPOHO AUPEKIIHS
TIKOJTBI TIPOUTPAA.

— KaxoMmy nipe/iMeTy BBI OTAABAIH IPe-
oyTeHHe — ajre6pe WIH FeOMeTPHH?

— Anre6panyecKue 3aZlaud A pelna
MOYTH MTHOBEHHO, a BOT C TeoMeTpHel
OTHOIMEHHA CRJAAJBIBAJIHCE HEDPOBHO.
Camoe riaBHOe 3/leCb — 4YepTex, a y
MeHs, KaK s HH CTapajics, KaTeT BCeria
OKAa3BIBAJICS [JJTHHHCE THIIOTCHY3BI.

—11 4yeM 3aKOHYAIACH Ballla MaTeMaTH-
yecKas Kapbepa?

— Y4nTe pHHIA HeJJlOyMeBaa, oueMy
s IMeJKan 3agaun kak opexu. OnHa He
COMHEBAJIACh, ITO S MOATJSIBIBAK B OT-

BeThI, M CTaBWJA ABOMKH. B KoHDEe KOH-
[OB POUTEJISAM ATO HAZI0E0, H OHH Ilepe-
BellH MeHS B Apyryio mxouy. Ilepecra-
HOBKa XOJIOB IAPOM He NPOIILIa — JI0G0OBb
K MaTeMaTHKEe HECKOJBKO OCThLIA, ¥ HHH-
I.l,'PIEITI[By nepexna'm.lm MAaxXMaThI.

— Ho BBl He cpasy nepenum B mpodec-
CHOHAJIBI. ..

— Ilocme OKOHYAHMS IOKOJIBI, a 3aTeM
PuKCKOro yHUBEPCHTETA 5 [IOJIYYH JIHIT-
J0M (brToIora B paboTal yIuTeIeM pyc-
CKOTO A3BIKa H JIMTepaTyphl. [IpenosaBat
C GOJII)]]]]!IM y,E[OBOJ'IbCTBHeM, HO KOTrJa 13-
3a MOHMX IIOCTOSIHHBIX OTJIY4Y€K y Y4eHH-
KOB HaKONMMJIOCh HECKOJBKO MECIEeB
«OKOH», s, YBbI, BBIHY>K/IEH GBLT HAIIH-
caTh 3asBJeHHe 00 yxoje.

— Ilpexye 4eM 3TO CAYYHJIOCH, IIPO-
H30IIeN, KakeTcs, ONHH cKanmald. Bor
CTaJIH YeMITHOHOM CTpaHbl, Bca Pura jm-
KOBajia, a KJacc, B KOTOPOM BBI BEJIH
JITEpaTypy, € YTpa [0 Beuepa paspir-
peBast kom6unamyn Tama. [IkoabHuKu
Jlayke He CTECHSJIMCh MIpaTh Ha Ballux
YPOKax...

— Hdeno 6bi1o Tak. Boiing opHaxKabl B
KJacc, s OGHAPYKMJI Ha MOJOKOHHHKE
JIOCKY € PAaccTaB/IeHHBIMH Ha Heli ¢ury-
pamu. Herpyano 6pumo y6emurbest, dTO
GeJible OOBABJSIOT MAT B 4YETbIpPe XOJA.
Ho s me momen na KougJIUKT, a MOBEJ
CBOM pacckas 0 «JMITHHX mojaxs». Of-
HAKO CHOBA B3IJIAHYB Ha JOCKY, TOHAI,
YTO CaM ABJAIOCH JIMUIHUM YeJ0BEKOM...
3a 5To BpeMs B MapTHH OBLIO CAEJaHO
ere HecKoJbKO X0/10B. Ecimn 661 Gesibre
JAOBeJH 3aMbIces A0 JOTrHYeCKOro KOH-
ua, 2 Obl HPOCTHJ HapylUIMTeJel [uc-
b, Ho OHE He TOJBKO YIIYCTHIIH
BO3MOXKHOCTD OOBSBHTH MaT, HO W BOOG-
e OKa3ajuch y paséuroro kopeita. Oc-
TaBJIATH TAKOE 110BE/leHNe YYeHnKoB 6e3-
HakasamHbIM GbLTO Obl HeTlefaroriymo,
W 51 morpe6oBan y Hux aHeBHmKH. IIpas-
Jla, K KOHIy YPOKa HEMHOTO YCIOKOMJI-
€A M OrpaHMYMJCH BHymenuwem. <Yep-
HeIe» 06PaIOBAIMCH, YTO BCe 06ONLIOCH,
a <«0OeJbiey TMOMPOCHJIA TIOCTABHTH ABTO-
rpad B AHeBHHKe. EqMHCTBEHHBIH pa3 B
JKU3HH A c/ieyall CTPorylo Hajamuch: «He
Hames MaT B dYeThIpe Xofla Ha Ypoke
JIUTEPaTypPhbI».

Hecars xopudeen

Beex yuactHukos Memopuana pac-
IOJIO)KHM 110 YGBIBAHMIO pelTHHTa /0
crapra:

1. Buwu Anand (Mamua) — 2788

2. Jleson Aponan (Apmenus) — 2773

3. Maznyc Kapacen (Hopserus) —
2772

4. Baadumup Kpamnux (Poccus) —
2772

5. IIemep Jlexo (Beurpus) — 2762

6. Bacunuit Heanuyx (Yxpamna) —
2756

7. Bopuc I'eavghand (Uspannn) — 2756

8. Anexcandp Moposesuu (Poccus) —
2750

9. ITemp Ceudnep (Poccus) — 2741

10. Pycaan Ionomapes (Ykpauna) —
2741

A BOT Kak PaACnoONMOKHANCH YIACTHHKH
B TYPHHPHOIi Ta6JIHIIe TTOCIe 3aBepIIeHHs
TypHHpa:

1. Kpamnux — 6 04KOB U3 [€BATH;

2-3. Heanuyx u Kapacen — 5,5

4-5. Anand u Aponsin — 5

6. l'envghand — 4,5

7. ITonomapes — 4

8. Ceudnep — 3,5

9-10. Jexo u Moposesuu — 3

IIpuse/ieM 0/iHY H3 CaMbIX HHTEPECHbBIX
napruii MemopHasa.

Amnanp — Jlexo

CaaBsiHCKas 3amlATa

1.d4d52.¢c4c63. 2f3 2f64. Ac3
e6 5. Lg5h66. &hide7. ed g5 8.
& g3 b5 9. & e2. Mopuslii, Tak HasbIBa-
eMBlii aHTHMOCKOBCKHiT Bapmadt. 9...
£ b7 10.0-0 2 bd7 11. D ed L g7 12.
a:d7 & :d7 13. & d6 a6 14. a4 e5 15.
& ghoed 16. e5 ¢5 17. Eel 4 :e5! 18.
&:e50-0 19, L:g7 ©:g7 20, Qe2f5
21. & hS f4.
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22. 4Q:d4l Vausurennnas HoBWHKa)
YepHsle oTAAMH QUIYPY, TOJYIHB 3a Hee
TPH IIPOXOAHBIE NEUKH — 9TO IOHSTHO.
Ho Gesible BO3BpaIIaloT KOHs TOKa BCEro
3a oaHy. Pamee mcrpewasocs 22. b4 co
cnoxHol urpoit. 22...ed 23. H e6! &L 8
24. Bg6+ ©2h7 25. ab B f6 26. B :f6
W f6 27. W2+ L £528. Wicd BEc8
29, ¥ d5 ab 30. h3! Twanit u Towkmit
X0/, NO3BOJSIIONHI 6EJbIM HAJEKHO
CHOpATATh CBOETo Kopossd. BoligcHsercs,
YTO YepHble COBEPIIEHHO GecIIOMOIIIEL.
30... 2h8 31. ¥:b5 Bf8 32. E a6l
¥ g7 33. Bd6 d3 34. ¥b6 He5 35.
& g6! d2 36. & of5 W :f5 37. ¥di+
@2 h7 38. ¥:d2 Bf7 39.f3h5 40. Bd>5
¥ g6 41. ¥ a5l B g7 42. h4! ¥ bi+ 43.
©2h2 ¥:b2 44. B :g5 B :g5 45. ¥ :g5.
YepHble CAATHCH.
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